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ABSTRACT

The great need for cooling combined with Mexico's large availability of low

enthalpy energy from non conventional energy resources such as geothermal

energy, solar heat and waste heat from industrial processes, makes it very

attractive to utilize these resources for cooling using heat driven absorp-

tion systems.

The main purpose of the work described in this thesis is to obtain experi-

mental and theoretical data on heat driven absorption cooling systems for

the design of large scale systems.

Thermodynamic design data have been theoretically derived for heat driven

absorption heat pumps and heat transformers using the working pairs

ammonia-water and ammonia-lithium nitrate for cooling, heating and simul-

taneous heating and cooling. The interaction between the operating para-

meters has been illustrated graphically.

A computer model of the steady state thermodynamics of a heat driven

ammonia-water system and an ammonia-lithium nitrate system has been devel-

oped. A comparison of both systems is made by assessing the effect of

operating temperatures and heat exchanger effectiveness on the coefficient

of performance for cooling and the heat transfer rates within the system.

An experimental study on the performance of the absorber of an absorption

cooling system operating on water-lithium bromide has been made. The ex-

perimental study of the adiabatic absorber was concerned with the determi-

nation of the effect of the evaporator heat load and the absorber reflux on

the performance of the absorber.



An experimental study of the operating characteristics of an experimental.

absorption cooler using water-lithium bromide-lithium iodide and water-

lithium bromide-zinc bromide as ternary systems has been made in order to

achieve higher coefficients of performance and a lower risk of crystal-

lization.

Experimental studies with a small heat driven absorption cooling system

operating on ammonia-water using a falling film generator were made. Low

generator temperatures were achieved which will'enable the use of non

focussing solar collectors as a heat source for the system.

An ammonia-water absorption cooler operating on low enthalpy geothermal

energy was installed and operated at two geothermal fields. The system

was used to cool a small cold storage facility below freezing temperatures.

The experimental and theoretical results on absorption cooling systems

will provide a basis for the design of heat pump systems for industrial

and commercial applications.
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CHAPTER 1 

INTRODUCTION AND PERSPECTIVES FOR

HEAT PUMPS IN MEXICO

1.1	 ENERGY RESERVES 

Even though Mexico has large proven reserves of hydrocarbons, about 420 EJ,

where lEJ = 10
18
J, the diversification of energy sources and energy conser-

vation measures are necessary: (i) there are technical and economic limits

on the volume of hydrocarbons which can be extracted from the earth, (ii)

there are also restrictions on the acquisition of foreign currency needed

for industrial development; the by-products of the hydrocarbons industry

are of great importance, (iii) the cost per Joule for non-renewable sources

may possibly increase, and (iv) an ecologically needed limit to the CO
2

emissions may be imposed.

1.2	 NEED FOR HEAT PUMP TECHNOLOGY

Heat pump technology for both heating and cooling has considerable indus-

trial and commercial potential in Mexico. Mexico has vast reserves of low

grade heat in the form of geothermal energy, solar heat and waste heat from

industrial processes. Heat pumps can be used to increase the temperature

of this low grade heat to a more useful level, for example to produce low

pressure steam. Alternatively the low grade heat can be fed to a heat

driven absorption cooler or refrigeration system. It has been estimated

that, in Mexico, between 35 and 50% of all the food produced is lost

because of inadequate handling and cooling facilities with sea food having

the highest loss [1.1]. Since Mexico is also importing large quantities of

food, this is a major economic burden. Mexico's vast resources of low

grade heat could be used to operate large scale heat driven absorption
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refrigeration units for the storage of perishable foodstuffs.

Spauschus [1.2] has published data on the world market for refrigeration

and air conditioning equipment. The study showed that North America, Japan

and Europe produce and purchase almost 90% of the refrigeration equipment

in the world, although they account for less than 25% of the world popula-

tion. The Middle East, Africa, China,'india and the USSR, with 59% of the

world population, produce and purchase less than 5% of the refrigeration

equipment in the world. Latin America, with 10% of the world population,

produces and purchases 6% of the refrigeration equipment in the world.

The enormous potential demand for refrigeration in the less developed

regions of the world, will need to be met by all the available technologies

and energy sources. The low enthalpy heat from solar radiation, geothermal

fluids and biomass can play an important role in meeting this demand.

1.3	 SOLAR COOLING 

Solar energy can be used to produce cooling in two distinct ways. The most

common way is to convert solar radiation to thermal energy to drive a

Rankine/Rankine vapour compression system, an absorption cooler or a des-

iccant system. The other approach is to convert solar radiation directly

into electricity using solar cells to drive electric cooling units. This

last method of cooling has been restricted to small size systems such as

refrigerated boxes for vaccine conservation due to the high cost of the

solar cells.

Of the various solar thermal driven systems the most common and most de-

veloped is the absorption refrigeration system. These systems have the

advantage that they do not require compressors which are not always readily
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available in developing countries.

Present costs of solar cooling systems are high, although an analysis made

showed that solar refrigeration could be economically feasible already in

certain areas of Mexico and other developing countries in regions without

interconnected electricity grids.

A recent study [1.3] summarizes the main improvements needed to make solar

cooling cost effective:

( 1 )	 reduction in the cost of solar collectors by using light-

weight and inexpensive materials with improved optical and

thermal efficiencies.

(ii)	 increase in the efficiency (COP) of the absorption system

as a result of improvements in absorption technology.

1.4	 GEOTHERMAL COOLING

It has been estimated by Mercado [1.4] that the potential reserves of high

enthalpy geothermal energy, for the generation of electricity in Mexico,

could be larger than 1 EJ yr
-1

. Nevertheless, the forseen installed capaci-

ty in the year 2000 would only be generating about 91.5 PJ yr
-1
 where

1PJ = 10 J
15

.

Low enthalpy resources predominate over the high enthalpy ones in a propor-

tion of 10 to 1 [1.51. If a range of temperatures from 140 to 200°C is

considered, the proportion is reduced to 4 to 1 [1.6]and another 1 EJ yr
-1

could be added for electricity generation using organic Rankine cycle (ORC)

technology.
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Mexico possesses large amounts of geothermal brine at temperatures which

are too low to enable electricity to be generated efficiently and economi-

cally. Of the possible non-electric uses of low and medium enthalpy geo-

thermal energy, the one which appears to have the greatest potential is the

use of heat driven absorption systems to provide cold storage facilities

for perishable food.

Most of the geothermal fields in Mexico are located near important agricul-

tural areas. The largest geothermal field in Mexico is at Cerro Prieto

which is near the growing city of Mexicali in Baja California. Mexicali is

on the border with the U.S. state of California.

1.5	 PROSPECTS FOR HEAT PUMPS 

To date, little use has been made of Mexico's vast reserves of low grade

energy, even though relatively risk free technology is available to upgrade

and use it for useful and profitable purposes. Energy conservation and a

more efficient use of available energy are an essential basis for future

economic growth and international competitiveness. The national aims, in

accordance with the National Commission for Energy Savings, should be to

(1)
	

increase the gross national product per unit of primary

energy consumed,

(ii) curtail the growth of indigenous hydrocarbon consumption,

(iii) enable Mexico to continue to benefit from an energy export

income well beyond the year 2000

and

(iv) reduce environmental pollution.
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Since heat pump technology can make a significant contribution to all these

national aims, an investment in heat pump technology is an investment in

the future.

Energy prices well below international levels and the lack of readily

available equipment have inhibited indigenous developments in heat pump

technology in Mexico. With the progressive opening up of international

trade and development, the use of heat pumps to recycle heat energy in

industrial processes should prove to be highly economic in the long term.
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CHAPTER 2

HEAT PUMPS 

2.1	 TYPES OF HEAT PUMPS 

2.1.1	 VAPOUR COMPRESSION HEAT PUMPS 

The most common type of heat pump is the vapour compression heat pump using

a mechanical compressor, as shown schematically in Figure 2.1. It consists

of a compressor, two heat exchangers an expansion valve and a working

fluid. In the evaporator heat exchanger the working fluid evaporates at a

temperature TEv whilst extracting an amount of heat Q
EV 

from the source.

The working fluid is then compressed to give up an amount of latent heat

Q	 at a higher temperature T
O
 in the condenser heat exchanger. The con-

CO	 C

densed working fluid is then expanded through the expansion valve to the

low evaporating pressure and is returned to the evaporator to complete the

cycle. In Chapter 3 the thermodynamic basis of vapour compression heat

pumps is discussed.

2.1.2	 VAPOUR JET HEAT PUMPS 

This system shown schematically in Figure 2.2 is analogous to a typical

compression cycle with the mechanical compressor replaced by a vapour-jet

ejector. In the injection nozzle, the drive vapour is expanded and a va-

pour jet with a velocity several times the velocity of sound is produced.

This carries forward the expansion vapour and accelerates it. Because of

the decreased pressure on the suction side, evaporation takes place and the

vapour is cooled by extracting the evaporation enthalpy. The pressure of

the vapour mixture is increased in the diffuser to the condensing pressure
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P	 at which condensing can take place in the condenser. Such systems are
CO

worth consideration when waste heat is available in the form of reasonably

high pressure steam to act as the driving force for the jet. The system

has the advantages of mechanical simplicity and low technology maintenance.

2.1.3	 THERMOELECTRIC HEAT PUMPS 

The principle of this type of heat pump is based on the fact that if a

direct voltage is applied to a junction of two different electrical conduc-

tors so that an electric current flows, the joint is cooled or heated, de-

pending on the direction on which the current flows. This thermoelectric

effect provides the means for pumping heat without using moving parts.

Heat exchangers are required at hot and cold junctions to transfer heat as

needed.

2.1.4	 ABSORPTION HEAT PUMPS 

In the heat driven absorption heat pump the condensation, expansion and

evaporation of the working fluid are the same as in the conventional com-

pressor driven systems. However, in the absorption cycle, the compressor

is replaced by a secondary circuit in which a liquid absorbent is circula-

ted by a pump, as it is shown schematically in Figure 2.3. Details of

absorption heat pumps are discussed in Chapter 3 of this Thesis.

2.1.5	 COMPRESSION-ABSORPTION HEAT PUMPS 

The compression-absorption hear pump shown schematically in Figure 2.4

consists of a combination of a compression heat pump and an absorption heat

pump. It utilizes a binary or multicomponent mixture as the working fluid.

An amount of heat QDE is transferred from the heat source to the desorber

in which a small proportion of the more volatile component of the mixture
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evaporates. The vapour leaving the desorber is compressed to the high

pressure PRE prevailing in the resorber. The strong absorbent solution

from the desorber is pumped into the resorber. In the resorber the vapour

is reabsorbed into the solution producing an amount of heat Q
RE 

at a rela-

tively higher temperature TRE . The Weak absorbent solution is then ex-

panded through an expansion valve before entering into the desorber to

complete the cycle.

2.1.6	 ABSORPTION-RESORPTION HEAT PUMPS 

The absorption-resorption heat pump is shown schematically in Figure 2.5.

The difference between this cycle and the conventional absorption cycle is

that in the absorption-resorption cycle the condenser and the evaporator

are replaced by a second solution loop called the resorption loop. This

comprises a second absorber called resorber and a second generator called

desorber. The absorption-resorption cycle makes it possible to operate at

high temperatures and with lower pressure levels compared to those of the

conventional absorption equipment.

2.1.7	 HEAT OF REACTION CHEMICAL HEAT PUMPS 

Chemical heat pumps utilize chemical reactions that involve formation of

chemically stable products from chemically stable reactants by way of elec-

tron transfer or sharing associated with the breakage and formation of new

bonds. In a typical chemical heat pump , a low temperature source is used to

drive an endothermic reaction and heat is liberated at a higher temperature

by an exothermic reaction to deliver heat to a process stream.
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2.2	 HEAT PUMP 1N PROCESS APPLICATIONS 

Absorption heat pumps, either for heating or cooling, have enormous poten-

tial for primary energy savings in both domestic and industrial aspects.

Moser and Schnitzer [2.1] described in detail a wide variety of process ap-

plications of heat pumps. Bjustrom and Raldow [2.2] gave a literature

survey on the wide range of applications of the absorption process from

household refrigerators to topping process in power plants. Hodgett [2.31

described the developments in absorption heat pumps in Europe since 1974

both for residential and commercial uses. Hana and Wilkinson [2.4] de-

scribed the developments on absorption heat pumps for the same period in

U.S.A. Bogart [2.5] presented a comprehensive book on the design of

ammonia-water refrigeration plants in industrial processes. Zimmerman

[2.6] presented a number of industrial applications in various nations.

Zegers and Miriam [2.7z presented the most recent developments in absorp-

tion heat pumps. Holland and Heard [2.8] presented a selection of papers

on energy conservation and industrial and commercial applications of heat

pumps.

2.3	 SOLAR ENERGY AS HEAT SOURCE FOR ABSORPTION COOLING SYSTEMS 

The thermal energy produced by solar collectors can be used instead of a

fuel fired heater to operate an absorption unit. The fuel fired heater

provides a backup capability for periods when solar radiation is not avail-

able and the thermal storage is depleted.

Solar air conditioning systems with water-lithium bromide as the working

pair are sold commercially and have proven to be efficient working with

flat plate collectors [2.9, 2.10]. In order to use flat plate collectors

efficiently it is necessary for the system to be water cooled. This is a
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great problem for the large scale use of the solar cooling systems in hot

arid zones, although a study showed that in arid areas with low wet-bulb

temperatures the cooling tower coupled with the chiller could handle loads

much higher than the rated capacity [2.11]. Air cooling implies condenser

and absorber temperatures 15°C or more above temperatures possible with

water cooling which in turn necessitates generator temperatures well in ex-

cess of 100°C. Such temperatures are in the limit of efficient flat plate

collector performance.

Double effect water-lithium bromide systems with (COP) values higher than

1.0 are available but require heat source temperatures above 150°C which

imposes the use of concentrating or evacuated tube solar collectors.

The use of water as a refrigerant is limited to evaporator temperatures

above 0°C. The most common absorption system for below freezing applica-

tions is the ammonia-water system where ammonia is the refrigerant.

Although ammonia-water systems have also been designed as direct fired air-

cooled water chillers they are less efficient than the water-lithium

bromide systems [2.12]. The development of commercial solar ammonia-water

systems for food conservation would appear to have a great potential in the

developing countries. Conventional ammonia-water systems operate with

generator or heat supply temperatures in excess of 150°C. The development

of efficient ammonia-water refrigeration systems operating with low en-

thalpy heat from solar collectors could help to meet the enormous demand

for refrigeration in the less developed regions of the world.
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2.4	 GEOTHERMAL ENERGY AS HEAT SOURCE FOR ABSORPTION COOLING SYSTEMS 

The vast bulk of geothermal energy is at too low a temperature to economi-

cally produce electricity using Rankine power cycle plants, so that cur-

rently only a tiny proportion of the world's geothermal energy is made use

of.

Geothermal energy can be used to provide cooling for human comfort.

Reynolds [2.13] gave a description of a geothermal energy driven commercial

absorption chiller with a capacity of 445 kW (130 tons). Hot geothermal

water at 150°C with a total salt content of 1786 ppm was used in a second-

ary heat exchanger to heat clean water to 121°C to drive the water-lithium

bromide absorption chiller. Kumar [2.14] described the potential for geo-

thermal cooling in India and the utilization of heat recovered from dry or

abandoned wells and of waste natural gas. The potential for heat pump

technology utilizing geothermal energy for cooling, heating and simulta-

neous heating and cooling has been discussed by Best et al [2.15].
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CHAPTER 3 

THERMODYNAMIC CONSIDERATIONS FOR

ABSORPTION HEAT PUMPS 

3.1	 HEAT PUMPS 

Heat pumps are devices which are used to create temperature differences.

In a heat pump cooler or refrigerator a working fluid or refrigerant ex-

tracts heat from a cooling chamber by evaporation. The evaporated working

fluid is then compressed before delivering heat at a higher temperature as

it is condensed. The working fluid is then expanded and returned to the

evaporator to complete the cycle. A heat pump heater works on the same

principle. The working fluid in a heat pump extracts heat from a source

which may be at a relatively high temperature. The evaporated working

fluid is then compressed before delivering heat at an even higher tempera-

ture as it is condensed. Heat pumps have been used to deliver heat at tem-

peratures greater than 200°C. Heat pumps and coolers can be divided into

two categories:

(1) mechanical vapour compression systems,

(2) heat driven absorption systems.

In the first category compressors are used to increase the pressure of the

working fluid. in the second category the increase in pressure is achieve

by using a secondary circuit, in which a liquid absorbent is recirculated

with a pump. In the first category all the input energy is high grade

mechanical energy. In the second category the bulk of the input energy is

heat energy supplied to the generator in the secondary circuit since the
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recirculation pump is operated on a negligible amount of mechanical energy

compared with a compressor. The great advantage of absorption systems is

that they do not require compressors which are expensive and not always

readily available.

3.2	 MECHANICAL VAPOUR COMPRESSION SYSTEMS 

The most common type of heat pump is the vapour compression heat pump usin

a mechanical compressor as shown schematically in Figure 3.1. It consists

of two heat exchangers, a compressor, an expansion valve and a working

fluid. In the evaporator heat exchanger, the working fluid evaporates at

an absolute temperature T
EV 

whilst extracting an amount of heat Q
EV 

from

the source which may be in the gaseous, liquid pr solid state. The workin

fluid is then compressed and gives up an amount of latent heat Q 	 at a
CO

higher absolute temperature TCO in the condenser heat exchanger. The con-

densed working fluid is then expanded through the expansion valve and is

returned to the evaporator to complete the cycle.

From the first law of thermodynamics, the amount of heat delivered 
QCO at

higher temperature T
O
 is related to the amount of heat extracted Q

EV 
at a

C

lower temperature T
EV 

and the amount of high grade energy input W by

equation (3.1)

QCO = QEV	 W

	
(3.1)

The coefficient of performance of a compressor driven vapour compression

heat pump can be the written in the forms

(COP) R -
QCO	 QCO 

Q	 QCO - EV

(3.2)
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and

(COP) CL=
QEV 	 QEV 

W	 QCO QEV
(3.3)

where (COP) 11 is the coefficient of performance for heating and (COP)
CL
 is

the coefficient of performance for cooling.

From equations (3.1 - 3.3) the coefficient of performance for a heat pump

is related to the coefficient of performance of a refrigerator by equation

(3.4)

(COP) 11 = (COP)CL + 1	 (3.4)

3.3	 HEAT DRIVEN ABSORPTION SYSTEMS 

3.3.1	 CONVENTIONAL ABSORPTION HEAT PUMPS 

A conventional heat driven absorption heat pump is shown schematically in

Figure 3.2. The condensation, expansion and evaporation of the working

fluid are the same as in the conventional compressor driven system illus-

trated in Figure 3.1 however in the absorption cycle, the compressor is

replaced by a secondary circuit in which a liquid absorbent is circulated

by a pump. The evaporated working fluid is absorbed by the circulating

liquid and the pressure increased by the pump prior to entering the genera-

tor. An amount of heat Q
GE 

is added at an absolute temperature T
GE 

in the

generator to produce the high pressure working fluid vapour required to be

fed to the condenser.. The mechanical energy required to pump the liquid Is

usually negligible compared with the input of high grade heat energy QGE.

The pump in the secondary circuit of an absorption heat pump provides the

compression ratio (CR) = PCO/PEV.
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(COP)	 =

ACL
GE

(3.5)
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A coefficient of performance of a conventional absorption cooler can be

defined as

A coefficient of performance for an absorption heat pump can be defined

as

(COP)AH 	
+ GAB) 

QGE

= (c°P)Aci,

(3.6)

(3.7)

In a conventional absorption heat pump there are two pressure levels

'CO = 'GE 
> P

EV 
= 

AB

andand either three or four temperature levels

T
GE 

> T
O
 > T

AB 
> T

EVC - 

depending on whether the condenser and absorber are operated at the same

temperature or not.

The flow ratio (FR)is an important design and optimising parameter. It is

essentially the ratio of the mass flow rate of solution in the secondary

circuit, linking the generator and the absorber, to the mass flow rate of

pure working fluid or refrigerant in the primary circuit, linking the con-

denser and evaporator. It can be defined in terms of either the mass flow



QEV. Q CO
TEy	 T co

(3.11)
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rate of solution from the absorber to the generator, M AB or the mass flow

rate of solution from the generator to the absorber, M GE with reference to

the mass flow rate of refrigerant MR.

Following the first definition

MAB
(FR) - MR

which can also be rewritten in terms of concentrations as

X
GE 

(FR)- x	 _
GE XAB

3.3.2	 IDEAL COEFFICIENT OF PERFORMANCE OF AN ABSORPTION SYSTEM 

From the overall balance

QEV + QGE = QAB + QCO

(3.8)

(3.9)

(3.10)

An absorption cycle may be thought of as the combination of a heat engine

and a mechanical vapour compression system. The heat engine converts heat

into work which, in turn, drives the mechanical vapour compression system.

For a thermodynamically reversible process in the condenser and evaporator,

the reduction in entropy in the condenser would equal the gain in entropy

in the evaporator, i.e.
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in this theoretically ideal situation, the change in entropy for the whole

cycle would also be zero, so that

QEV QGE QAB CO
T
EV

T
GE

T
AB CO

From equations (3.11)	 and	 (3.12) it can be concluded that

QGE	 QAB
T
GE	

T
AB

(3.12)

(3.13)

Combining equations (3.10) with equations (3.11), (3.12) and (3.13) gives

QEV

CO
= 1+

TGE - TAB	 TEV
(COP)

CCL
 = 

QG E

QAB +

T
GE	 )

TGET- TAB

( TCO	 TEV 

)

TEVT
(COP)CH

QCE GE	

) T

CO	 EV

=	 (C°P)CCL
	 (3.16)

(3.14)

(3.15)

3.3.3 ENTHALPY BASED COEFFICIENT OF PERFORMANCE 

With reference to Figure 3.3, the mass and heat balances of the system

using mass flow rates and enthalpies at different state points of the cycle

can be expressed as follows:

(3.17)

(3.18)

(3.19)
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(3.20)

(3.21)

(3.22)

QAB -Q+Q - QGE	 EV	 CO

M4
	

mi mw

M
8 

= M
9 
= M

10 
= M

AB

M
10 

= M5 + M1

M
8	

M
4 

= M
7

M
5 

= M
7 
= M

6

Equations (3.8) and (3.17) - (3.25) give

EV _	
(11

4
 - 11

3 )

(3.23)

(3.24)

(3.25)

(3.26)(COP)	 =ECL	 Q
GE	

H1 + [(FR) - 11 H5 - (FR) H10

(Q	 Q )	 (H
4
 - H

3
)

(COP)
"=	

AB 
"'	 C n	 (3.27)= I +1

11 + [(FR-1)] H
5 
-(FR) H

10.]'GE

and

(COP)EH = 1 	 (COP)ECL
	 (3.28)

where (COP) ECL
 and (COP) " are the enthalpy based coefficients of perfor-

mance for a cooler and a heat pump respectively.



AB 
(COP)(COP)	 =

AT 0
-GE 4- QEV

(3.29)
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3.4	 HEAT TRANSFORMERS 

A heat transformer which is also called a reversed absorption heat pump is

shown schematically in Figure 3.4 . Heat is added at a relatively low

temperature TGE to the generator. The vapourized working fluid is condense(

in the condenser at a temperature T c0 . The liquified working fluid leavii.q

the condenser is pumped to a higher pressure region where it is evaporated

by the input heat at a temperature T Ev . The evaporated working fluid is

then absorbed in the absorber at a higher temperature T
AB' 

Thus an absorp-

tion heat transformer has the unique capability of raising the temperature

of a working fluid above that of the input heat.

There are three temperature levels in an absorption heat transformer when

the same input heat is used at the evaporator and generator.

The coefficient of performance of an absorption heat transformer	 equal

to the heat load in the absorber per unit of combined heat load in the

generator and the evaporator

. It can be shown that the Carnot coefficient for an absorption heat trans-

former shown in Figure 3.4 is

(COP)CT = .(1

T
CO ) (

T
AB 	 )

T
GE	 TAB - TCO

(3.30)



29

Heat and mass balances can be used to theoretically derive an enthalpy

based coefficient of performance for an absorption heat transformer

QAB	
H
4
+[(FR)-1] 11

5
 (FR) H

10 (COP)
ETQ

GE
 + Q

EV	
H

1
 +[(FR)-1] H

5
 - (FR) H

10
+ 11

4
 - 113

.

3.5	 WORKING FLUID PAIRS FOR ABSORPTION SYSTEMS 

3.5.1 WORKING FLUID-ABSORBENT COMBINATIONS 

The performance of an absorption system is critically dependent on the

thermodynamic, physical and chemical properties of the working fluid and

the absorbent. An extensive effort has been made in the evaluation of

fluid combinations for absorption systems. [3.1 - 3.4].

3.5.2 PROPERTIES OF THE WORKING FLUID

Latent heat: The latent heat of vapourization of the working fluid should

be as high as possible so that the mass flow rate of the working fluid

within the system is reduced per unit of the heat delivered. This, in

turn, will reduce the rate of circulation of the absorbent for a given

change in concentration. [3.5].

Vapour pressure: The working fluid should give a reasonable pressure at

the condensing temperature. Very low pressures cause inward leakage

problems and cavitations in the pumps, whilst high pressures demand stronE

containers and expensive pumps.

Freezing point: The compounds with relatively low freezing points are

preferred because the freezing point imposes a lower limit to the possibl

operating temperature of the evaporator. In some cases, additives can be

used to lower the freezing point of the working fluid.
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Critical point: The critical point should be high relative to the top

cycle temperature.

3.5.3 PROPERTIES OF THE ABSORBENT

The absorbent should have a high boiling point and a negligible vapour

pressure to avoid its transference into the condenser. The absorbents with

large molecular weights or high polarity will be better for absorption

systems. It is generally accepted that to avoid rectification, the differ-

ence between the boiling points of the working fluid and absorbent should

be greater than 200°C. The absorbent should have a high affinity towards

the working fluid which is fundamental to the absorption process. Either

solid or liquid absorbents can be used in absorption systems although the

use of solid absorbents necessitates an intermittent cycle. A great many

mineral and organic compounds simultaneously fulfil these criteria. The

mineral salts such as halides and alkaline thiocyanates and organic com-

pounds such as glycols and their derivatives are suitable absorbents.

Solubility: One of the conditions to be fulfilled by the mixture is the

complete solubility of the absorbent in a working fluid, over a large rangc

of concentrations, so that it will not crystallize during the operation.

This implies that the crystallization point should be below the working

temperature of the absorber and preferably below room temperature.

Negative deviations from Raoult's law: An important thermodynamic propert3

of the working fluid-absorbent mixture is the relationship between the

vapour pressure and its concentration. According to Raoult's law, the

vapour pressure of an ideal solution of two components is equal to the sum

of the partial pressures of the two components. The partial pressure of a

component is a function of its concentration. Real solutions usually give
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lower vapour pressures. This negative deviation from Raoult's law is very

necessary for absorption cycles. Its importance lies in the fact that less

solution is required to be circulated around the cycle for a given flow of

the working fluid. Negative deviations from Raoult's law also result in a

higher temperature lift between evaporator and absorber. Polar molecules

generally exhibit negative deviations.

Enthalpy of mixing: The enthalpy of mixing or the heat of solution of an

ideal solution is zero. The absorption working pairs, generally give a

negative enthalpy of mixing. Solutions giving large negative deviations

from Raoult's law, generally give high values for the enthalpy of mixing.

3.5.4	 CRITERIA COMMON TO ALL FLUIDS 

The other general requirements to be fulfilled by all the fluids (working

fluid, absorbent and mixture) are as follows.

Chemical properties: All the fluids should be non-flammable, non-explosive

non-toxic. They should be chemically stable in the operating range.

Fluids which are corrosive to the material of construction should be

avoided, but in certain cases, corrosive chemicals which are thermodynam-

ically attractive may be used with inhibitors. All the fluids must be

readily available, cheap and compatible with materials of construction.

Transport properties: The viscosity should be preferably low to promote

the mass and heat transfer. However, the viscosity and surface tension

should not be too low to inhibit dropwise condensation which improves heat

transfer. The thermal conductivity of fluids should be relatively high to
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maximize the heat transfer in heat exchangers. The specific heat capacity

should preferably be low in order to minimize the demands on the solution

heat exchanger.
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CHAPTER 4 

THERMODYNAMIC DESIGN DATA FOR

ABSORPTION HEAT PUMPS

4.1	 INTRODUCTION

A conventional heat driven absorption heat pump basically consists of an

evaporator, a condenser, a generator and an absorber as shown in Figure

4.1 The choice of the designer in the selection of the four basic opera-

ting temperatures T
EV' 

T
AB' 

T
CO 

and T
GE 

is limited by the Gibbs phase rule.

For an absorption system with two components and two phases, the number of

degrees of freedom is two. If two of the operating variables are chosen as

the free variables, then the other conditions are determined by the thermo-

dynamic equilibrium data for the working pair.

The flow ratio (FR) is the ratio of the mass flow rate of solution to the

mass flow rate of pure refrigerant in the primary circuit linking the con-

denser and the evaporator [4.1]. This can be written for ammonia-water as

Alternatively, it can be rewritten in terms of concentrations as

where X
AB 

is the weight per cent of ammonia in the solution entering the

generator from the absorber, and X
GE 

and X	 are the corresponding concen-

trations of ammonia in the streams leaving the generator for the absorber



QEV
(COP)	 =

ACL Q
GE

(4.3)

and
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and condenser rcspectively.

In this work, the data have been correlated using equations (1) and (2) for

the ideal case of pure ammonia entering the condenser X 	 = 1.0.
AM

Figure 4.2 illustrates the absorption cycle on an equilibrium chart for

ammonia-water solutions. The points on the cycle correspond to the num-

bered positions in Figure 4.1. Points 3, 5, 4 and 2 represent the solution

cycle.

4.2	 IDEAL COEFFICIENT OF PERFORMANCE OF AN ABSORPTION COOLING SYSTEM

The coefficient of performance of an absorption cooling system is equal to

the heat load in the evaporator per unit heat load in the generator

From thermodynamic, mass and heat balance considerations and referring to

Figure 4.1, it can be shown [4.2] that

( TGE - TAB) (  TEV 	 )QEV
(C°P)CCL 

m(-TE" 
m	 T	 -T

GE	 CO	 rEv

	

QEV 	
(H

1
 - H

8
)

(C°P) ECL m Q

	

GE	
H
6 

+ [ (FR) - Ii 11
4
 - ( FR) H

5-

(4.4)

(4.5)

where (COP)CCL is the Carnot coefficient of performance for the system and

is dependen t only on the four basic temperatures Tail , TAB , Tco and ToB.

(COP)
ECL

 is the enthalpy based coefficient of performance for cooling.



QGE

QAB QCO
(COP)

AH -
(4.6)

QAB 
(COP)	 =

AT Q
GE 

+ Q
EV

(4.10)
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4.3 .	IDEAL COEFFICIENT OF PERFORMANCE OF AN ABSORPTION HEATING SYSTEM

The coefficient of performance of an absorption heat pump is equal to the

'heat load in the absorber and condenser per unit heat load in the generator

From thermodynamic mass and heat balance considerations and with reference

to Figure 4.1, it can be shown that

(COP) ca = 1 +
TGE - TAB	

T
Ey

(4. 7)
)	 )

T
GE	

T
GO 

- T
EV

and

(COP) 11 =
H

1
 +[(FR)-1]1-1

4
 -(FR)H

5
 + H

6
 - H

8
(4. 8)

H
6
	[ (FR) -1 J11

4
- (FR) H

5

where (COP)
CH
 is the Carnot coefficient of performance for the system and

	

is dependent only on the four basic temperatures TE", TAB, 	 and T ;

	

V rAB ,	 GE

(COP) EH is the enthalpy based coefficient of performance for heating.

In the same way it can be shown that

QAB QCO
(COP) En =	 = 1 + (COP)

ECL
QGE

(4.9)

4.4	 COEFFICIENT OF PERFORMANCE OF AN ABSORPTION HEAT TRANSFORMER

The coefficient of performance of an absorption heat transformer is equal

to the heat load in the absorber per unit heat load in the generator and

the evaporator



(4.11)

(4.12)

(COP)	 =
ET	 116 + [(FR) - 1] 114 - (FR)115 + H I - 118

(4.13)
H

1
 + [(FR) - 1] 11

4
 - (FR)11

5

41

From thermodynamic, mass and heat balances considerations and with

reference to Figure 4.3, it was shown [4.3 - 4.5] that

(T
EV 

- T
CO

)T
AB 

(COP)	 =
CT	 (T

EV 
- T

CO
)T
GE 

+
AB 

- T
GE

)T
EV

\
For T

EV 
= T

GE 
equation (4.11)becomes

(  T
AB  )( 1 TCO )

(COP)
CT = TGE

AB 
- T

CO

and

where (COP)
CT
 is the Carnot coefficient of performance for the system and

is dependent on four basic temperatures T Ev , TAB, To and TGE , and (COP)ET

is the enthalpy based coefficient of performance.

4.5	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-WATER FOR COOLING 

The theoretical Carnot coefficient of perforpance 
(COP)CCL' 

the enthalpy

based coefficient of performance 
(COP)ECL' 

the concentration of the solution

in the absorber and the generator, and the flow ratio (FR) have been calcu-

lated for the ammonia-water system for the following range of temperatures:

(1) evaporator temperatures TEv from -30°C to 10°C in 5°C

increments at absorber temperatures T
AB 

of 30, 40 and 50°C,

and

(2) generator temperatures T
GE 

from 60°C to 200°C at condenser

temperatures Tco from 30°C to 50°C in 10°C increments.
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Equation (4.4) has been used for the calculation of the Gamut coefficient

of performance. Equation (4.5) has been used for the calculation of the

enthalpy based coefficient of performance. Equation (4.2) was used to cal-

culate the flow ratio. The concentrations of ammonia in the absorber X
AB'

and the generator XGE and the enthalpies at different state points were

calculated using the thermodynamic data of Macriss et al [4.6]. Tables

(A1.1) list the design data for each combination of the four basic operating

temperatures. (Appendix 1).

4.6	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-WATER FOR HEATING

The theoretical Carnot coefficient of performance (COP) GB , the enthalpy

based coefficient of performance (COP)EH' the concentration of the solution

in the absorber and generator and the flow ratio (FR) have been calculated

for the ammonia-water system for the following ranges of temepraturesl

(1) evaporator temperatures T Ev from 20°C to 50°C in 10°C

increments at absorber temperatures TAB from 50°C to 100°C

in 10°C increments,

and

(2) generator temperatures TGE from 80°C to 200°C at condenser

temperatures from 50°C to 70°C in 10°C increments.

Equation (4.7) has been used for the calculation of the Carnot coefficient

of performance. Equation (4.8) has been used for the calculations of the

enthalpy based coefficient of performance. Equation (4.2) was used to

calculate the flow ratio. The concentrations of ammonia in the absorber

X
AB 

and the generator X
GE 

and the enthalpies at different state points were

calculated using the thermodynamic data of Macriss et al [4.6]. Tables

(A1.2) list the derived thermodynamic design data for each combination of

the four basic temperatures. (Appendix 1).
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4.7	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-WATER FOR COOLING 

AND SIMULTANEOUS HEATING

The theoretical Carnot coefficient of performance (COP) CL , the enthalpy

based coefficient of performance (COP)ECL' the concentrations of the solu-

tion in the absorber and generator, and the flow ratio (FR) have been cal-

culated for the ammonia-water mixture for the following ranges of tempera-

tures:

(1) evaporator temperatures TEv from -10°C to 10°C in 5°C

increments at absorber temperatures TAB from 50°C to 100°C

in 10°C increments,

and

(2) generator temperatures T
GE 

from 80°C to 200°C at condenser

temperatures Tco from 50°C to 70°C in 10°C increments.

Equation (4.4) has been used for the calculation of the Carnot coefficient

of performance. Equation (4.5) was used for the calculation of the

enthalpy based coefficient of performance. Equation (4.2) was used to

calculate the flow ratio. The concentrations of ammonia in the absorber

X
AB 

and in the generator X
GE 

and the enthalpies at different state points

were calculated using the thermodynamic data of Macriss et al [4.6].

Tables (A1.3) list the design data for each combination of the four basic

operating temperatures. (Appendix 1).
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	4.8	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-LITHIUM NITRATE

FOR COOLING

The thermodynamic design data have been calculated for the following ranges

of temperatures:

( 1)
	

evaporator temperatures TEv from -30°C to 0°C in 5°C

Increments at absorber temperatures TAB of 30, 40 and 50°C,

and

(2)	 generator temperatures TEv from 65 to 145°C at 5°C increments

at condenser temperatures T co from 30 to 50°C at 10°C

increments.

Tables (A1.4) list the design data for each combination of the four basic

operating temperatures. (Appendix 1).

	

4.9	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-LITHIUM NITRATE

FOR HEATING

The thermodynamic design data have been calculated for the following ranges

of temperatures:

(1) evaporator temperatures TEv from 20 to 50°C in 10°C

increments at absorber temperatures T
AB 

from 50 to 100°C in

10°C increments

and

(2) generator temperatures ToE from 90 to 170°C at condenser

temperatures Tco from 50 to 70°C in 10°C increments.

Tables (A1.5) list the design data for each combination of the four basic

operating temperatures. (Appendix 1).
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4.10	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-LITHIUM NITRATE FOR

COOLING AND SIMULTANEOUS HEATING

The thermodynamic design data have been calculated for the following ranges

of temperatures:

(1) evaporator temperatures TBv from -10°C to 15°C in 5°C at

absorber temperatures TAB from 50°C to 100°C in 10°C

increments,

and

(2) generator temperatures TGB from 90°C to 170°C in 10°C

increments at condenser temperatures T co from 50°C to 100°C

in 10°C increments.

Tables (A1.6) list the design data for each combination of the four basic

operating temperatures. (Appendix 1).

4.11	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-WATER FOR

HEAT TRANSFORMERS 

The theoretical Carnot coefficient of performance (COP) a , and enthalpy

based coefficient of performance (COP)ET' the concentrations of the

solution in the absorber and generator, and the flow ratio (FR) have been

calculated for the ammonia-water system for the following ranges of temper-

atures:

(1) evaporation temperatures T Bv from 30°C to 70°C in 10°C

increments at absorber temperatures TAB from 40°C to 120°C

in 10° increments,

and

(2) generator temperatures TGB from 30°C to 90°C at condenser.
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temperatures T co from 10°C to 50°C in 10°C increments.

Equation (4.11) has been used for the calculation of the Carnot coefficient

of performance. Equation (4.13) was used for the calculation of the

enthalpy based coefficient of performance. Equation (4.2) was used to

calculate the flow ratio. The concentrations of ammonia in the absorber

X
AB 

and the generator X
GE 

and the enthalpies at different state points werE

calculated using the thermodynamic data of Macriss et al [4.6]. Tables

(A1.7) list the design data for each combination of the four basic

operating temperatures. (Appendix 1).

4.12	 THERMODYNAMIC PROCESS DESIGN DATA FOR AMMONIA-LITHIUM NITRATE

FOR HEATTRANSFORMERS 

The theoretical Carnot coefficient of performance (COP) n , and the enthalpy

based coefficient of performance (COP)
ET
 the concentrations of the solution

in the absorber and generator, and the flow ratio (FR) have been calculated

for the ammonia-lithium nitrate system for the following ranges of tempera-

tures:

(1) evaporation temperatures TEv from 30 to 90°C in 5°C

increments at absorber temperatures T
AB 

from 70 to 140°C

in 10°C increments,

and

(2) generator temperatures Ta, from 50 to 90°C in 5°C increments

at condenser temperatures TCO from 10 to 50°C in 10°C

increments.

Equation (4.11) has been used for the calculation of the Carnot coefficient

of performance. Equation (4.13) was used for the calculation of the
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enthalpy based coefficient of performance. Equation (4.2) was used to

calculate the flow ratio. The concentrations of ammonia in the absorber

X
AB 

and the generator X
GE 

and the enthalpies at different state points wer

calculated using the thermodynamic data of Infante Ferreira [4.7].

Tables (A1.8) list the derived thermodynamic design data for each

combination of the four basic operating temperatures. (Appendix 1).

4.13	 DISCUSSION OF THERMODYNAMIC PROCESS DESIGN DATA

For the two working systems ammonia-water and ammonia-lithium nitrate the

interactions of the operating temperatures have been illustrated graphi-

cally in Figures (4.4 - 4.28) for different operating modes.

4.14	 THE IMPORTANCE OF DERIVED THERMODYNAMIC DATA

In absorption systems, the coefficient of performance is a measure of the

system efficiency. The flow ratio determines the size of the various item

of equipment. An increase in the flow ratio affects the performance in thl

following ways:

(i) the concentration difference between the absorber and

generator is decreased,

(ii) the load on the economiser, normally placed between the

absorber and generator is increased [4.8], [4.9],

(iii) the heat losses from the system could be higher,

and

(iv) the power required for the solution pump will increase.
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For the same value of the coefficient of performance, the flow ratio will

be different from one working pair to another.

For working pairs for which the thermodynamic and thermophysical data are

available, the correlation between the operating temperatures together wit

the theoretical coefficients of performance and the flow ratios presented

in this work will also help the process design engineer in the choice of

items of equipment and their sizing, especially for the economiser heat

exchanger. The data presented will provide information on the effect on

efficiency due to changes in operating conditions and information on pos-

sible combinations and operational limits of .temperatures for the ammonia-

water and ammonia-lithium nitrate systems.

4.15	 CONCLUSIONS 

Thermodynamic design data for absorption heat pumps and heat transformers

operating on ammonia-water and ammonia-lithium nitrate have been presented

in tabulated form together with the possible combinations of operating

temperatures and the corresponding concentrations in the absorber and

generator. The interactions of these parameters have also been graphical).. .

illustrated for different operating modes.
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Fig.4.1 Simplified block diagram for a basic absorption
heat pump.



( -tug ) 'a altissoid anociv.A



condenser 6
generator

solution pump

expansionZ
valve

3

evaporator absorber

QAB

Fig. 4.3 Simplified block diagram for a basic absorption
heat transformer.



T 	 -10°C

TCQ = 30°C

n

\
\	 (PR)	 \sec

\	 \	 \
\	 \400c	 N

50°C

40°

54

2.4

2.0
In
In0

1.6

g

• 

0.8

0 0.5

8

2
p0.4

0• 0.3

5

8

▪ 

0.2

10.0

7.5

In
a)

In

0
.5

5.0

2.5

0. 1

VN\-A-i:\--\25D c- - n
.	 I	 .	 I	 .	 I	 1	 1 

80	 1C0	 120	 140	 160	 180	 200
.	 .

generator temperature 1	 °C)C.)

Fig. 6.4 Plot of coefficients of performance and flow ratio
against generator temperature at three different
absorber temperatures

Pages 54-56

ammonia-water for cooling.
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ammonia-water for heating.

Fig. 4.7
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simultaneous heating.
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CHAPTER 5 

MODELLING OF CONTINUOUS ABSORPTION

COOLING SYSTEMS

5.1	 INTRODUCTION

Mass and energy balances for the computer modelling of continuous absorp-

tion systems for refrigeration using ammonia-water and ammonia-lithium

nitrate as working pairs have been made. The performance of the systems

was studied by considering the effect on the enthalpy based coefficient of

performance (COP)
ECL

 of varying the most important parameters which would

be very difficult to achieve experimentally.

5.2	 THERMODYNAMIC CONSIDERATIONS 

In order to simplify the model, the following thermodynamic conditions were

specified.

(1) The absorption refrigeration system operates at steady state.

(2) The high pressure in the system is the equilibrium pressure corre-

sponding to the temperature and concentration of the refrigerant at

the condenser outlet Pco = P(XR, Tco ) and is equal to the pressure

in the generator and in the rectifier i.e. P co

(3) The low pressure in the system is the equilibrium pressure corre-

sponding to the temperature and concentration of the refrigerant at

the evaporator outlet PEv ... P(XR , r'EV-) and is equal to the pres-

sure in the absorber P
EV 

= P
AB '

=P 
=PGE	 RE'
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(4) The pressure drops due to friction in the system are considered to

be negligible.

(5) The temperatures in the generator, rectifier, condenser, evaporator

and absorber are considered constant during the modelling.

Also following the numeration of Figures 5.1 and 5.2

T
GE 

= T
4
 = T

7
	(5.1)

T	 =
REC 

T
8
 = T

9
	 (5.2)

TCO m T1O
	

(5.3)

T
EV 

= T
13
	 (5.4)

T
AB 

= T
1
 = T

2 .
	 (5.5)

(6) The passage of the fluids through valves and pumps is considered to

be an isenthalpic process

H
I

.. H
2 (5.6)

11
5

= 116 (5.7)

H
11 

= 11 12 (5.8)

(7) There is no heat exchange between the piping, valves and pump and

the ambient.
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(8) The generation, rectification, condensation, evaporation and ab-

sorption processes occur at saturation conditions.

(9) The mass flow rate and concentration of the refrigerant remain

constant from the rectifier outlet to the absorber inlet

M
R
 = M

9
 = M

10 
= M

11 
= M

12 
= M

13 
= M

14
	

(5.9)

X
R
 = X

9
 = X

10 
=	 = X

12 
= X

13 
= X

14	
(5.10)

(10) The effectiveness of the heat exchangers are defined as

ETA1 = ( H4 - 115 ) / (H4 - 1152 )	 (5.11)

ETA2 = (H13 - 11 14 ) / (H 13 - H1410)
	

(5.12)

where

1152	
is the enthalpy of the ammonia-water solution at the

concentration of state 5 and at the temperature of

state 2.

and

is the enthalpy of the refrigerant at the concentration11 1014
•

of state 10 and at the temperature of state 14.

The same considerations were made for the ammonia-lithium nitrate mixture

with the only difference that the ammonia vapour at the generator outlet

was considered pure, so that no rectification was needed( 	 12ICREC I. X	 Im 1).
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5.3	 THERMODYNAMIC PROPERTIES OF THE AMMONIA-WATER MIXTURES 

An important factor in the modelling of the absorption system is the avail-

ability of thermodynamic properties of the working pair. In this work the

equations developed by Dao [5.1] based on the data published by Macriss et

al [5.2] were used for ammonia-water. For ammonia-lithium nitrate the

equations developed by Infante-Ferreira [5.3] were used.

5.4	 MASS AND ENERGY BALANCES FOR THE AMMONIA-WATER ABSORPTION SYSTEM

In order to determine the heat and mass transfer as well as the thermody-

namic properties of some components, it is necessary to make energy and

mass balances on each of the components of the system as follows,

Generator:

M
3
 + M

8
 = M

4 
+ m

7

M
3
X
3
 + M

8
X
8 
° M

4
X
4 
+ M

7
X
7

M
3
0
3
 + M8H

8
 + Q

GE 
n M

4
H
4 

+ m
7

11
7

Rectifier:

M7 = M8 
+ m9

m
7
x
7 
= M

8
X
8
 + M

9
X
9

(5.13)

(5.14)

(5.15)

(5.16)

(5.17)

m
7
a + m

8
H
8 

+ m
9

H
9 
+

REG
	

(5.18)
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Condenser:

M
9
 = M

10 (5.19)

M
9
X
9
 = M

10
X
10 (5.20)

M
9

11
9
 = M

10
X
10 

+ Q
CO (5.21)

Absorber:

M
14 

+ M
6
 = M

I
(5.22)

M
14
X
14 

+ M
6
X
6 
= M

1
X

1
(5.23)

M
14

H
14 

+ M
6

11
6
 = M

I
H
1 
+ Q

AB (5.24)

Evaporator:

M
12 

= M
13

(5.26)

M
12
X
12 

= M
13

H
13

(5.26)

M
12

H
12 

+ Q
EV 

= M
13

II
13

(5.27)

Economiser:

(5.28)

(5.29)

(5.30)



...

M
1
 = M

2

M1X 1
 = M

2
X
2

M
1
H
1
 + W

P
 = M

I
H
2 (5.43)
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M
4
X
4
 = M

5
X
5

M
2
X
2
 + M

4
H
4 
= M

3
11
3
 + M

5
H
5

ETAI = (H
4
 - H

5
) / (H

4 - 1152
)

Q1 = M
4
 (H

4
 - H

5
)

Precooler:

M
13 = M14

M
10

X
10 .12 

M
11

X
11

M
13

X
13 

= M
14
X
14

M
10

H
10 

+ M
13

H
13 

= M
II

H
II 

+ M
14

H
14

ETA2 = (H13 - 11 14 ) / (1113 - H1410)

QII = M
10 

(H
10 

- 11 11
)

(5.31)

. (5.32)

(5.33)

(5.34)

(5.35)

(5.36)

(5.37)

(5.38)

(5.39)

(5.40)

Pump:
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Valves:

M
5
 = M

6

M
5
X
5
 = M

6
H
6

M
5
H
5
 = M

6
H
6

(5.44)

(5.45)

(5.46)

(5.47)

(5.48)

(5.49)

5.5	 MASS AND ENERGY BALANCES FOR THE AMMONIA-LITHIUM NITRATE 

ABSORPTION SYSTEM

The energy and mass balances for the components of the system are as

follows.

Generator:

(5.50)

(5.51)

(5.52)
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Condenser:

M
7 
=M

8
(5.53)

M
7
X
7
 = M

8
X
8

(5.54)

M
7
H
7
 = M

8
H
8 

+	
co

Q (5.55)

Absorber:

M
6
 + M12 

= M
I

(5.56)

M
6
X
6
 + M

12
X
12 

= M
1
X
1

(5.57)

M
6
H
6
 + M

12
H
12 

= M
I
H
I 
+ Q

AB
(5.58)

Evaporator:

M = M (5.59)
10	 11

MX= MX (5.60)
1010	 1111

(5.61)
QEV + MIOH 10 " M111111

Economiser:

(5.62)

(5.63)

(5.64)
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M
4

X
4
 = M

5
X

5	(5.65)

M
2

11
2 

+ M
4

H
4 

= M
3

H
3 

+ M
5

H
5

ETA1 = (H
4
 - H

5
) / (H

4
 - H

52
)

Q
1
 = M

4
 (11

4
 - 11

5
)

Precooler:

M
II = M12

MX11 - M 12X 12

M 8 = M
9

M 8 X
8
 = M

9
X

9

(5.66)

(5.67)

(5.68)

(5.69)

(5.70)

(5.71)

(5.72)

(5.73)M8 H8 + M11
H
11 

= M
9

H
9 

+ M
12

H
12

ETA2 = (Hil - H 12 ) / (11 11 - 11I28)

Q 11 = M8
 (H

8
 - 11

9
)

Pump:

M
1
 =M

2

(5.74)

(5.75)

(5.76)

M 1 X 1 = M2 X2	(5.77)
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M
1

H
1
 + W

P
 = M

2
H

2
	 (5.78)

Valves:

M
5 

= M
6
	 (5.79)

(5.80)M
5
X
5 

= M
6
X

6

M
5
H
5 

= M
6

11
6

M
9 
= M

10

M
9
X
9 
= M

10
X

10'

M
9

H
10 

= M
10

H
10

(5.81)

(5.82)

(5.83)

(5.84)

5.6	 RESULTS AND DISCUSSION

A base case was selected which does not change unless specified in the

simulation. The values of the parameters were as follows:

concentration of ammonia vapour for ammonia-
	

X
R 

= 0.99 weight fraction

water entering condenser,	 ammonia

concentration of ammonia vapour for ammonia-
	

X
R 

= 1.00 weight fraction

lithium nitrate,	 ammonia

evaporator temperature,	 TEV = -4.0°C
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absorber temperature,

generator temperature,

condenser temperature,

economiser efficiency,

precooler efficiency,

T
AB 

= 23°C

TGE = 100°C

T
CO 

= 25°C

ETA1 = 0.7

ETA2 = 0.6

Figure 5.3 shows the effect of the generator temperature TGE on the coef-

ficient of performance (COP)ECL at different condensation tewematomes iot

the ammonia-water system. It can be seen that high values of the enthalpy

based coefficient of performance (COP)ECL are obtained at low generator and

condenser temperatures. As the generator temperature increases the value

of the (COP)ECL decreases. The rate of decrease is higher for the lower

condensing temperatures. This coincides with results from other works

[5.4).

Figure 5.4 shows the effect of the generator temperature T GE on the coef-

ficient of performance (COP)ECL at different condensation temperatures for

the ammonia-lithium nitrate system. It can be seen that the (COP) ECL

increases rapidly at low generator temperatures to a maximum value and then

decreases slowly at higher values. ofTGE. The highest (COP) ECL values are

for the lower condensation temperatures.

Figure 5.5 shows the effect of the generator temperature TGE on the coef-

ficient of performance (COP) E cL at different absorption temperatures TAB,



89

for the ammonia-water system.. It can be seen that the (COP)
ECL 

values ar

high at low generator temperatures and absorber temperatures. As the

generator temperature increases, the (COP)ECL decreases and the lowest

values correspond to the higher absorption temperatures.

Figure 5.6 shows the effect of the generator temperature T
GE 

on the coef-

ficient of performance (COP)
ECL 

at different absorption temperatures TAB

for the ammonia-lithium nitrate system. It can be seen that the (COP) ECL

increases at low generator temperatures until a maximum is reached and tha

decreases slowly at higher generator temperatures. The highest (COP) ECL

values for all generator temperatures correspond to the lowest absorber

temperatures.

Figure 5.7 shows the effect of the generator temperature T
GE 

on the en-

thalpy based coefficient of performance (COP)ECL for the ammonia-water and

the ammonia-lithium nitrate mixtures. It can be seen that higher values o

(COP) ECL 
are obtained for ammonia-water at low generator temperatures.

Near 90°C both (COP)
ECL 

values are equal and for higher values of T GE the

ammonia-lithium nitrate is more efficient.

Figure 5.8 shows the effect of the condenser temperature TCO on the coef-

ficient of performance (COP)
ECL 

for both mixtures. It can be seen that th(

ammonia-water system has a maximum (COP)ECL at condenser temperatures

between 30 and 33°C. For the ammonia-lithium nitrate system, the (COP) CL

always decreases with higher condenser temperatures and the values are

always higher than for ammonia-water.
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Figure 5.9 shows the effect of the absorber temperature T
AB 

on the enthalpy

based coefficient of performance(C°P)ECL for both mixtures. It can be

seen that both mixtures have lower values of (COP) ECL 
as the absorber

temperature increases. The ammonia-lithium nitrate mixture has higher

values of (COP)
ECL 

for all values of the absorber temperature.

Figure 5.10 shows the effect of the evaporator temperature T
EV 

on the

enthalpy based coefficient of performance (COP)ECL. 
It can be seen that

higher values of the (COP)ECL are obtained for the ammonia-lithium nitrate

system than for the ammonia-water system. Both systems show an increase in

performance as the evaporator temperature increases.

Figure 5.11 shows the effect of the economiser effectiveness(ETA1) on the

enthalpy based coefficient of performance (OOP)
ECL

 for both systems. As

the effectiveness increases, the value of (COP) ECL 
increases significantly

for both systems, with higher values for the ammonia-lithium nitrate

system.

Figure 5.12 shows the effect of the precooler effectiveness (ETA2) on the

enthalpy based coefficient of performance (COP) ECL. 
It can be seen that

there is only a slight increase in the (COP)
ECL 

values as the effectiveness

increases for both systems, with higher values for the ammonia-lithium

nitrate system.

5.7	 CONCLUSIONS 

The computer modelling of an absorption refrigeration system using ammonia-

water and ammonia-lithium nitrate has been carried out. The model results

show that the ammonia-lithium nitrate system has a higher enthalpy based
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coefficient of performance (COP)ECL at higher generator temperatures than

the ammonia-water system.

A detailed parametric study for the continuous absorption refrigeration

system using ammonia-water and ammonia-lithium nitrate as working fluids

has been carried out for different operating temperatures of each component

of the system.

The model was based on steady state.operation and was used to assess the

effect of operating temperatures and heat exchanger effectiveness on the

coefficient of performance for cooling and the heat transfer rates within

the system.

Lithium nitrate is a promising alternative absorbent for ammonia since no

rectification is required. However, experimental data are needed in order

to evaluate the problems which may arise from higher viscosities, possible

crystallization and risk of explosion.
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CHAPTER 6 

EXPERIMENTAL STUDIES ON THE PERFORMANCE OF THE ABSORBER 

OF AN ABSORPTION COOLING SYSTEM

6.1	 INTRODUCTION 

In a heat driven absorption cooling system, the refrigerant vapour produced

in the evaporator is absorbed by the circulating liquid in the absorber.

The pressure is increased by the pump prior to entering the generator. An

amount of heat Q
GE 

is added at an absolute temperature T
GE 

in the generator

to produce the high pressure refrigerant vapour required to be fed to the

condenser. The condensation, expansion and evaporation of the refrigerant

are the same as .in the conventional compressor driven system.

The absorbent liquid consists in the water-lithium bromide system of a con-

centrated solution of the salt.

The absorption of water vapour into salt-water solutions involves the

release of a large quantity of heat due to the high value of the heat of

absorption. This includes both the latent heat of condensation of water

vapour and the heat of dilution of the aqueous solution. The heat is gen-

erally removed by indirect heat exchange to a coolant such as air or

cooling water.

In an adiabatic absorber the release of the heat Of absorption will cause

an increase in the bulk temperature of the circulating liquid. Concentra-

tions and temperature gradients are established and the gas-liquid inter-

face must be necessarily hotter [6.1]. Due to the high value of the heat

of absorption only a small amount of vapour will be absorbed in the
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adiabatic process before the solution reaches equilibrium and hence the

change in concentration will be small, resulting in a high value of the

flow ratio.

Earlier studies showed the importance of the flow ratio and reflux ratio in

the coefficient of performance of the absorption system [6.2], [6.3]. The

present work deals in more detail with the absorption process and analyses

the performance of an adiabatic absorber.

6.2	 THERMODYNAMIC CONSIDERATIONS 

The amount of heat that is transferred in a differential section of an

adiabatic absorber as shown in Figure 6.1 is given by

dq = -ML C
L
 dT

L
 + HdM = 0	 (6.1)

The mass transfer is governed by a relation of the form

divit = KA p (X - X8 )	 (6.2)

Combining equations (6.1) and (6.2) we can obtain an expression for the

increase of the solution temperature in the absorber

AHK 
dT =

L	 M CL
p (X - X

B
) (6.3)

Equation (6.3) shows in a'simplified form that the temperature rise in the

absorber is dependant for fixed absorber dimensions and operating tempera-

tures on the flow rate of solution circulating in the absorber.

An important parameter in the evaluation of the absorber [6.4] is the



n
AB

X
FD 

-X

X
FD 

- X
AB

(6.4)

x
FD

1)MW MFD ( X
AB

(6.7)
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absorption ratio n
AB 

, and is defined as the actual difference between the

inlet and outlet concentrations of the solution in the absorber X
FD 

and X
AB

respectively and the maximum possible change in concentration with respect

to the equilibrium concentration corresponding to the pressure and tempera-

ture in the absorber outlet.

Also with reference to Figure 6.1 the mass of solution entering the absor-

ber M
FD 

is given by

M
FD 

=
GE 

+ M
RF
	 (6.5)

and the concentration of the solution entering the absorber is given by

	

M
GE	

XGE - 
X

AB)X = X +
FD	 AB M

FD

(6.6)

The amount of water absorbed in the absorber is given by

The flow ratio (FR) which is defined as the mass flow rate of solution in

the secondary circuit linking the generator and absorber to the mass flow

rate of refrigerant in the primary circuit linking the condenser and the

evaporator is given by

(FR) = 
m

AB	
(6.8)



T' =
-2E 

D + D
2 

- 4E (C - log P)
(6.10)

33n
T
L 

= E	 Bx. +T
1
 E	 AX

o n	 o n n
(6.11)

and

A
o
 = 2.00755

A1 = 0.16976

= 3.133336E-3
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or

X
CE 

(FR) = x
GE XAB

(6.9)

The equilibrium concentrations were calculated through an iterative process

from the expressions by McNeely [6.5].

where

	

B
o
 = 124.937	 C =	 7.05

B
1 

=	 7.7165	 D = -1596.49

B
2 =
	 0.152286	 E = -1040955

6.3	 EXPERIMENTAL 

The experiments were carried out in a glass absorption cooler shown sche-

matically in Figure 6.2.

The system consisted of a generator, an evaporator, a condenser, a condens-

er-receiver, an absorber, an external absorber heat exchanger, an absorber-

receiver and an economiser heat exchanger.

The generator contained a 	 sparge pipe extending longitudinally over the

heater and a sump which provided a constant level of solution in the gener-

ator.

The evaporator was of a similar shape to the generator with the excemption
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of the sump. The evaporator was joined to the absorber column by a glass

tube and flanges; 1 kW bayonet heaters in a horizontal alignement were used

as the heat source in the generator and in the evaporator.

The absorber was a spray column type. A 200 ml spherical flask, wide neck

and a glass tube 0.80 m long and 0.1 m diameter were connected by flanges

to form the absorber with a total height of 1.0 m.

The condenser was constructed by using two multicoil condensers. Both

condensers were welded into a compact unit. The economiser heat exchanger

was a standard multicoil condenser as well as the external absorber cooler.

Details of the equipment have already been published [6.6].

In the absorber, there were 9 thermocouples in the absorption section

spaced 7 cm from the bottom and a thermocouple in the spray section at

0.28 m from the spray.

6.4	 RESULTS 

A series of experiments using a solution of 11
2
0-LiBr were carried out with

TCO = 50°C' TEV < 15°C and the absorber temepratures T
AB 

of 35°C or higher.
—

The generator temperature T GE was varied from 85°C up to 105°C. Figure 6.3

shows the variation of the actual value of the coefficient of performance

(COP)
A
 and flow ratio (FR) with respect to the generator temperature T OE

for constant condenser absorber and evaporator temperatures. The coef-

ficient of performance increases and the flow ratio decreases as expected

with an increase in generator temperature.
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Figure 6.4 shows the variation of the absorption ratio n AB with respect to

the flow ratio (FR) at absorber temperatures TAB of 35 to 40°C and genera-

tor temperatures T GE of 100°C. It can be seen that the absorption in-

creases as the flow ratio decreases.

Figure 6.5 shows the temperature rise of the solution inside the absorber

for three different values of M FD . It can be seen as expected from

equation (6.3) that the temperature increase is higher at lower flow rates.

Figure 6.5 also shows the temperature rise of the solution with respect to

levels of evaporator heat load for a constant flow rate of solution in the

absorber. It can be seen that at higher values of Q
EV 

there is a greater

increase of solution temperature due to a higher driving force.

Figure 6.6 is a plot of the amount of water absorbed in the absorber Mw

with respect to the evaporator load 0
	

It can be seen that the amount

of water absorbed increases as the load increases. In order to maintain an

adequate evaporator temperature the temperature in the absorber must be

lowered with an increase of circulating solution.

• 6.5	 CONCLUSIONS 

It has been shown that the temperature in an adiabatic absorber can

increase very rapidly to values 8°C above the entering temperature. In

order to reduce this temperature and in consequence the temperature in the

evaporator, higher flow rates of circulating solution are required. It has

also been shown that saturation conditions in the adiabatic absorber are

reached very rapidly and hence higher flow rates are required than in

absorbers where the heat released is simultaneously removed.



111

	

6.6	 REFERENCES 

	

6.1	 M.L. King, Absorption of water vapour into aqueous salt solutions,

Ph.D Thesis University of Delaware (1981).

6.2	 M.A.R. Eisa, M.G. Sane, S. Devotta and F.A. Holland, Experimental

studies to determine the optimum flow ratio in a lithium bromide

absorption cooler for high absorber temperatures, Chem. Eng. Res.

Des., 63 (4), 267-270 (1985).

6.3	 M.A.R. Elsa, P.J. Diggory and F.A. Holland, Experimental studies

to determine the effect of absorber reflux on the performance of

a water-lithium bromide absorption cooler, Int. J. Energy Research,

10, 3337341 (1986).

6.4	 J.W. Audberg, D.C. Vilet, Design guidelines for water-lithium

bromide absorbers, paper AC-83-05 No. 2, ASHRAE Transactions 89

(1983).

6.5	 L.A. McNeely, Thermodynamic properties of aqueous solutions of

lithium bromide, ASHRAE Transactions, 85, 413-434 (1979).



112

MFD

.Igenerator

1
----n.......

MAB

MG

la--v--
MRF

MFD

MGE

Fig. 6.1 Flow diagram for the modified absorber

with controlled reflux



<
4

113

I>4
110

1
T12

-.

...-.

<-- — _ )

condenser

T3

„„,...-..-....,, \

14

QEV

1,1It,evaporator
T9

IN /T% A% Jr. A ir. #7,

..

QC

QGE

MGE 

1
T20

M AB

generator

,,, ,T, ,T, ,T, 	 ,,.., 0.

1
I

T2
1

1	
>

4->>
<
< ›
< >

>economiser
< >

\ :n
T14-

.

absorber	 ..-.°

cooling :,--..
water <

T1
1
5 

n	 ../
,

..-..:

.s
we

-...

QAB

----xM RF 	 -T16n..._/

. -1-
1 23 ..._._

124 -
125 --

126 -
T27 _

T22 -

118 -1-

T5____

.......-".......

solution	 solution
pump	 pump

-

Fig. 6.2 Schematic diagram for the experimental absorber cooler



114

-

_

_

_

_

-

1

50

45

40

35

x
— 30 IL

o..7.:
0
L.

r

3
0
E

90	 95	 100	 105

25

20

15

Generator temperature TGE , (°C)

Fig. 6.3 Actual coefficient of performance (COP) A and flow ratio

(FR ) against generator TGE



.30

.10

.05
20
	

25
	

30
	

35
	

40
	

45

115

Flow ratio (FR) , (dimensionless))

Fig. 6.4 Absorption ratio ( D AB) against flow ratio (FR)



116

.10	 .20	 .30	 .40	 .50	 .60	 .70

Distance from spray shower in absorber (m)

Fig. 6.5 Temperature rise of the solution in the absorber against

absorber length



.50

.40

.30

.20

.10

117

14020	 40	 60 80	 100	 120

Heat load in evaporator, (0 E v), (W)

Fig. 6.6 Amount of water absorbed against heat load

in evaporator



118

CHAPTER 7 

A STUDY ON THE OPERATING CHARACTERISTICS OF AN EXPERIMENTAL

ABSORPTION COOLER USING TERNARY SYSTEMS 

7.1	 INTRODUCTION

Absorption refrigeration systems are based on the fact that the vapour

pressure of the refrigerant can be reduced by the formation of a solution

between the volatile refrigerant and a much less volatile absorbent. The

solution should have a lower partial pressure of refrigerant over the ab-

sorbent-refrigerant solution than would be predicted by Raoult's Law [7.1].

The most successful system for absorption refrigeration has been the use of

water as a refrigerant and a strong aqueous solution of lithium bromide as

the absorbent. The solution presents the risk of crystallization when high

generator temperatures are used. On the other hand with lower generator

temperatures, the absorber solution must be relatively cool in order that

the vapour pressure of the refrigerant over the solution is low enough to

permit practical operation.

Previous researchers have attempted to overcome the problem of crystalliza-

tion by using high flow ratios [7.2] or by using an antifreeze additive

[7.3].

The present work is concerned with the use of salt mixtures. The mixtures

were selected with the following criteria:

(i) higher solubilities than lithium bromide

and

(ii) lower vapour pressures than lithium bromide
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Zinc bromide is a salt with a high solubility, 82% by weight at 25°C [7.4]

and with a vapour pressure of 0.67 kPa at 43°C compared with values of

62.4% by weight and 0.61 kPa for lithium bromide at the same conditions.

When zinc bromide is used alone very high viscosities occur. Aronson [7.5]

was the first one to propose the use of the mixture of lithium bromide and

zinc bromide, together with other salts. The patent includes data on solu-

bility and vapour pressure for ternary and quaternary systems. Ohuchi

[7.6] presented a study on the development of a heat pump for heating and

cooling utilizing a mixture of lithium bromide and zinc chloride. The work

included studies on corrosion and corrosion inhibitors. Figure 7.1 has

been adapted from Ohuchi [7.6]. It shows the crystallization curve for a

lithium bromide-water solution and for a lithium bromide-zinc bromide-water

zinc bromid 
solution with a composition by weight of (0.39/1.0) ( 

total
	 It

clearly	

It

clearly shows the extended use of the ternary mixture at salt concentra-

tions higher than 80% by weight and at higher temperatures.

Lithium iodide is a salt with a high solubility and a low vapour pressure

at elevated temperatures [7.7]. Theoretical research on the properties of

various lithium salts showed that lithium iodide has some advantages over

lithium bromide [7.8]. Unfortunately, the solubility of lithium iodide is

significantly reduced at the concentrations and lower temperatures required

in au absorption cooler by the formation of a series of hydrates in the

solid phase. Figure 7.2 is a plot of vapour pressure against weight per-

centage with isotherms for aqueous solutions of lithium iodide adapted from

Bach et al [7.7]. It can be seen that the crystallization curve increases

rapidly from the value of X = 65% to a value of X = 70% and then decreases

sharply, down to a value of X = 82%. The range of concentrations of
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interest for an absorption cooler operating at absorber temperatures T
AB

between 30 and 50°C and with corresponding vapour pressures low enough for

evaporating temperatures TEv for cooling (10°C) fall precisely in the 65 to

70% by weight lithium iodide region. Three solutions of 65, 67 and 70% by

weight lithium iodide were made and used to verify the crystallization

point. The results coincided within 1°C with those of Bach et al [7.7]

despite the simplicity of the experiments.

Hensel et al [7.9] showed that a mixture of lithium bromide and lithium

iodide of 10 to 50% lithium iodide in the solids had a lower crystalliza-

tion temperature than each of the salts alone with a minimum at about 30%

lithium iodide by weight in the solids. A mixture with this concentration

was made and used to form solutions of 60, 65 and 70% weight percent of

total salt. The salt of 60% did not crystallize even at -10°C. The 65%

solution crystallized at 12°C and the 707. solution crystallized at 32°C.

The crystallization temperatures obtained were slightly lower than the

values reported by Hansel et al [7.9]. It was decided that a maximum salt

concentration of 66% by weight would be a safe value to work with.

7.2	 EXPERIMENTAL 

The experiments were carried out in a glass absorption cooler described in

chapter 6 and shown on Figure 7.3. The unit was constructed for the most

part from standard items supplied by Quickfit Ltd., U.K. Landauro Paredes

et al [7.10] have given a detailed description of the equipment and oper-

ating techniques.

Lithium bromide-zinc bromide-water. The absorbent solution was made from

distilled water, anhydrous lithium bromide and zinc bromide hydrate
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supplied by Foote Mineral Company Ltd. and John Ross Chemicals Ltd. U.K.

respectively. A mixture with a concentration of (0.42)/(1.0) (lithium bro-

mide/zinc bromide) by weight was prepared as absorbent. The concentrations

of the ternary solutions were determined from refractive index measurements

using a high quality Abbe refractometer supplied by Bellingham and Stanley

Ltd. U.K. This was equipped with a constant temperature bath. The experi-

mental relationship between the percentage concentration of the mixture X

and the refractive index at 40°C, N D , was determined to be

X = -918.85 (N
D

)
2
 + 2995.29 N

D
 -2352.53
	

(1)

with a maximum error of 0.16%.

Lithium bromide-lithium iodide-water. The absorbent solution was made from

distilled water, anhydrous lithium bromide and lithium iodide hydrate sup-

plies by Foote Mineral Company Ltd. U.K. A mixture of lithium iodide-lith-

ium ' bromide with a (0.30/1.0) by weight ratio was used as the absorbent.

The concentrations of the ternary solutions were determined from refractive

index measurements. The experimental relationship between the percentage

concentration of the salt mixture, X, and the refractive index at 40°C, ND,

was determined to be

X = 25.70 (N
D

)
2
 + 147.97 N

D
 -212.47
	

(2)

with a maximum error of 0.72%.

7.3	 RESULTS AND DISCUSSION

Lithium bromide-zinc bromide-water. Performance data were obtained on the

experimental absorption cooler which was charged with approximately 5
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litres of a solution of 75% by weight total salt. A maximum generator tem-

perature T
GE 

of about 110°C was used in order to avoid any damage to the

glass and rubber components. The condensing temperature TCO was fixed at

50°C. Figure 7.4 shows the typical performance of the system for an absor-

ber concentration X
AB 

of 80% by weight total salt. The value of the actual

coefficient of performance (COP)
A
 against flow ratio (FR) varied from a

value of 0.36 to a value of 0.286 for flow ratios of 39 to 56.45 respec-

tively. The temperature level in the absorber T
AB 

varied between 40.3 to

42.5°C and the evaporator temperature T
EV 

showed a small increase from 11.7

to 13.7°C. The generator temperature decreased from 112 to 105.6°C.

Figure 7.5 shows the variations of the heat loads against flow ratio. The

generator and absorber heat loads increased with increasing flow ratio

whilst the evaporator and condenser loads remained almost constant.

Figure 7.6 shows the actual coefficient of performance (COP)
A
 and tempera-

ture levels for a series of experiments with an absorber concentration of

79% by weight. It can be seen that lower values of (COP) A are obtained for

the same temperature levels of Figure 5 although the flow ratio values are

lower. A lower cooling load was required in order to maintain an evaporator

temperature TEv in the range of 10°C. This can be explained by the combined

effect of the high viscosity of the strong solution and the lower flow rate

of solution entering the absorber which caused restricted spraying. A

visual inspection confirmed that the solution distribution in the absorber

wall was poor.

Figures 7.7 and 7.8 show the results of a series of experiments where the

temperature of the absorber TAB was maintained constant as much as the

practical limitations of the system would permit. The heat loads Q	 and
EV
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QGE 
had to be manipulated to obtain this condition. Figure 7.7 shows the

values of the coefficient of performance (COP) A and the temperature levels

in the equipment as a function of the mass flow rate of solution M AB . It

can be seen that the values of (COP)
A
 increased as the mass flow rate of

solution increased. Figure 7.8 is a plot of the heat loads against mass

flow rate of solution MAB . It can be seen that the loads constantly in-

creased as the flow ratio increased. The rate of increase of Q
AB 

is higher

than the other loads.

Lithium bromide-lithium iodide-water. Figure 7.9 shows the typical perfor-

mance of the system for an absorber concentration XAB of 63% by weight.

The value of the actual coefficient of performance (COP)
A
 against flow

ratio varied from a maximum value of 0.27 to a value . of 0.22 for flow

ratios of 30 to 68 respectively. The temperature level in the absorber TAB

was maintained constant as much as practical limitations of the system

would permit at 36°C. The condensing temperature. Tc0 was fixed at 50°C.

The generator temperature TGE was maintained at around 100°C with a maximum

value of 103°C corresponding to a strong solution concentration XGE 
= 65%

by weight. The evaporator temperature T Bv varied from 10.5 to 13°C.

Figure 7.10 shows the values of the heat loads in the system. It can be

seen that generator and absorber heat loads increased with increasing flow

ratio whilst the evaporator and condenser loads remained almost constant.

7.4	 CONCLUSIONS 

Ternary systems consisting of a mixture of lithium bromide-zinc bromide-

water and lithium bromide-lithium iodide-water have been used in an absorp-

tion cooler at high absorber temperatures. For the ternary system using

zinc bromide the experimental data showed a good coefficient of performance
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(COP) A. The flow ratio values were higher than in a lithium bromide system

due to the higher level of concentrations employed. The system had a sig-

nificantly higher viscosity than the lithium bromide solutions. This

resulted in reduced values of the coefficient of performance (COP) A and

cooling capacit y QEv at low flow ratio values. It is apparent that there

is no significant disadvantage with respect to heat and mass transfer

rates. Further studies on this area and in viscocity and corrosiveness

should be carried out.

For the lithium iodide ternary system the coefficient of performance values

obtained were comparable with values of lithium bromide-water systems

[7.11]. The advantage of a higher solubility should be analysed in more

detail in order to fix the limiting values of the generator temperature.

At present it seems that there is a slight advantage using the ternary

system.

It has been shown that salt mixtures are a viable solution to overcome the

problem of crystallisation in absorption systems. Higher solubilities and

lower vapour pressures than lithium bromide are achieved with ternary

systems.

Further studies on heat and mass transfer rates, transport properties and

corrosiveness should be carried out.
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CHAPTER 8 

EXPERIMENTAL STUDIES WITH AN AMMONIA-WATER ABSORPTION SYSTEM

USING A FALLING FILM GENERATOR FOR SOLAR COOLING

8.1	 INTRODUCTION 

Mexico, in common with most other developing countries, suffers from a

deficit in cooling facilities both for food preservation and human comfort.

This great need for cooling, combined with the high insolation levels in

most of these countries, makes solar cooling with absorption refrigeration

systems very attractive, especially where electricity from central power

stations is not available.

Absorption systems have a number of advantages compared with mechanical va-

pour compression systems. They do not require compressors (which are not

readily available in developing countries) and they can be driven with

relatively low-grade heat energy.

Solar driven air conditioning systems using water-lithium bromide solutions

as the working pair are sold commercially and have proved to be efficient

when working with flat plate collectors [8.1]. Unfortunately, the use of

water as a refrigerant is limited to applications above freezing tempera-

tures. The ammonia-water system, which is not subject to these freezing

limitations, is still at the stage of the design and testing of components

and experimental prototypes. The main reason for the delay in the develop-

ment of commercial solar ammonia-water systems is that conventional systems

operate with generator . or heat supply temperatures in excess of 150°C.

Theoretical investigations on solar cooling systems have been reported by
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Wilbur and Mancini [8.2] and Clerx and Trezek [8.3]. Nakahara et al [8.4]

presented experimental data for air conditioning using a lithium bromide-

water absorption cooling system.

8.2	 DESIGN CONSIDERATIONS 

The system was designed to have a cooling capacity of 2.4 kW, when the av-

erage cooling water temperature was 22°C and the evaporator and generator

temperatures were -10 and 85°C respectively. These conditions resulted in

condensation and absorption temperatures of 25°C, condensation and evapora-

tion pressures of 11 and 3 bar respectively, and strong and weak ammonia

solution weight per cent concentrations of 0.48 and 0.40 respectively. The

theoretical cycle is illustrated in Figure 8.1.

To improve the efficiency of the system, two heat exchangers were added.

Figure 8.2 shows a block diagram of the ammonia-water absorption system.

8.3	 EQUIPMENT DETAILS 

The experimental absorption cooler shown schematically in Figure 8.3 con-

sisted of a generator, a condenser with a condensate tank, an evaporator,

an absorber and two heat exchangers. All the components were made of

carbon steel and followed the minimum requirements specified by the stan-

dards of the Tubular Exchangers Manufacturers Association (TEMA), U.S.A.

A falling film generator was selected as the means of transferring heat

efficiently from the heat source to the solution. Falling film heat ex-

changers have been used for heating water and also in ammonia condensers

[8.5], [8.6]. Heat transfer through falling film evaporators has been used

in heat exchanger equipment for the concentration of different kinds of

solutions in the chemical, refrigeration, petroleum refining and food in-
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dustries [8.7].

The main advantages of vertical and horizontal falling film evaporators are

high heat transfer rates at small temperature differences and small liquid

inventories as compared with flooded-bundle evaporators [8.8], [8.9].

The generator shown in Figure 8.4 consisted of two parts. The upper sec-

tion was a rectifier. The strong ammonia solution was fed by a spray

through a packed region where it was contacted with the vapour generated

from the lower section. This was done in order to reduce the water content

of the vapour before leaving the generator. The resultant solution passed

to the lower section which was a falling film heat exchanger.

There, the solution fell to a distributor which had the function of feeding

a film of solution by overflow to the inside of 25, 0.50 in. (1.27 mm) 16

BWG tubes, 1.5 m long. Liquid solution entered the tubes at such a rate

that the liquid descended by gravity along the inner wall as a film. It

was essential, in order to have a good liquid distribution in the tubes,

that the generator was always in a completely vertical position. There,

the solution was heated inside the tubes producing vapour. The vapour

flowed to the upper section, whilst the weak ammonia solution was extracted

from the bottom. Hot oil flowed countercurrent through the shell of the

exchanger to provide the heat of generation.

The condenser was a U bend 1-2 heat exchanger in which ammonia vapour was

condensed in the shell side by cooling water flowing through the tubes. The

condensate was stored in a tank below the condenser.

The evaporator consisted of a coil where liquid ammonia was evaporated at a



140

low pressure and temperature. The coil was partially heated by an electric

resistance that was controlled by a variac.

The ammonia recuperator was a coil inside a shell. The liquid ammonia

coming from the condensate tank went through the coil whilst the ammonia

vapour coming from the evaporator flowed countercurrently through the

shell.

The absorber consisted of a jacketed vessel as shown in Figure 8.5. Weak

ammonia solution was fed to the upper part of the absorber to a circumfer-

ential distributer where the solution ran in a film down the vessel wall,

absorbing ammonia vapour that was fed to the lower part of the absorber.

The heat of absorption was transferred through the wall to cooling water

flowing countercurrently in the jacket.

The solution recuperator also consisted of a U bend 1-2 heat exchanger. The

strong ammonia solution was pumped through the shell from the absorber to

the generator absorbing heat from the weak solution flowing inside the

tubes. The weak ammonia solution was throttled from the generator to the

absorber.

Temperatures in the absorption system were measured using iron-constantan

thermocouples installed in the inlet and outlet of each component. In the

heating oil and cooling water lines, copper-constantan thermocouples were

used. Pressure gauges were installed in the generator, condenser, absorber

and evaporator. Flow rates were measured using rotameters. A controlled

volume diaphragm pump was used to meter the strong ammonia solution.
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8.4	 EXPERIMENTAL PROCEDURE 

A series of experiments was carried out in order to study the effect of

changes in the generator temperature, at different strong solution flow

rates with constant condenser, absorber and evaporator temperatures. A

manual expansion valve helped to keep the refrigerant flow to the evapora-

tor approximately constant, although fluctuations in the flow rate were

inevitable. .

Generator temperatures were varied from 80 to 100°C in approximately 5°C

increments. This range of temperatures was selected as the operating range

appropriate to non focussing solar collectors. The high pressure was main-

tained at about 11 bar in order to assure a high purity of the condensing

ammonia vapour. -The low pressure side was maintained below 3 bar to obtain

evaporator temperatures below 0°C. Three strong solution flow rates were

-1
used: 0.012, 0.015 and 0.0175 kgs . The absorber and condenser tempera-

tures were kept below 30°C and the outlet evaporator temperature was main-

tained at 0°C or lower.

8.5	 RESULTS AND DISCUSSION 

Fifteen different experimental runs were carried out based on the combina-

tion of generator temperatures and strong solution flow rates previously

described. Each experimental run lasted from two and a half to three hours

after reaching steady state. The temperatures, pressures and flow rates

were recorded every 15 minutes, in such a way that there were 11 to 13 data

groups in every run. Because the temperatures of the evaporator, condenser

and absorber were kept almost constant, the analysis considered the varia-

tions in generation temperature and flow ratio. Table 8.1 shows the oper-

ating conditions of the ammonia-water refrigeration prototype.
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Figure 8.6 is a plot of the heat 'load in the generator QGE 
against the

generator temperature TGE for the three values of the strong solution flow

rate MAE . It can be seen that the generator heat load increased as the

generator temperature increased. The highest value of Q GE was about 5.7 Id

at a generator temperature of 370 K and a strong solution flow rate of

0.0178 kgs
-1

. The rate of increase of the generator heat load with temper-

ature was higher for the highest value of the solution flow rate.

The effect of the variation of the generator temperature T
GE 

on the evapo-

rator heat load 
QEV' 

for the three values of the solution.flow rate MAE , is

shown in Figure 8.7. It can be seen that the cooling capacity increased

with generator temperature to a value of 2.26 kW at 370 K and was indepen-

dent of the solution flow rate used. This is due ta the heat transfer

characteristics of the falling film generator. As the solution flow rate

increases from the design value of 0.012 kgs
-1
 to the highest value of

0.018 kgs
-1

, the thickness of the falling film solution flowing in the

generator also increases and less heat is effectively used for vapourising

the refrigerant.

Operation with low temperature energy sources such as solar energy intro-

duces limitations to the operating level of generator temperatures. Figure

8.8 is a plot of the generator temperature TGE 
against the flow ratio (FR)

for three values of the solution flow rate. It can be seen that the system

operated at lower generator temperatures when the flow ratio was increased.

An increase in the refrigerant mass flow rate will correspond to a decrease

in the flow ratio (FR). As the generator temperature TGE 
increases the

refrigerant mass flow rate M
R
 also increases.
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Figure 8.9 is a plot of the actual coefficient of performance (COP) A of the

system against the generator temperature T GE for three values of the solu-

tion flow rate. It can be seen that the actual coefficient of performance

increases with generator temperature and is significantly higher for the

lower flow rate of strong solution MAB flowing in the system.

Figure 8.10 is a plot of the value of the actual coefficient of performance

(COP)
A
 against flow ratio (FR) for the three values of the solution flow

rate MAB . It can be seen that the value of the coefficient of performance

is reduced significantly as the value of the flow ratio increases.

8.6	 CONCLUSIONS 

It has been shown experimentally that an ammonia-water absorption system

can be operated successfully at relatively low generator temperatures of 80

to 100°C whilst providing cooling below the freezing temperature of water.

A novel type of generator using the falling film principle was used and

proved to be an efficient way to extract heat from a low temperature energy

source.

It as demonstrated that the performance of an absorption system with a

falling film generator is very sensitive to variations of the solution flow

rate. When the system was operated at the designed flow rate, less heat

was required in the generator per unit mass of refrigerant generated than

when higher flow rates were used.
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The highest coefficient of performance (COP)
A
 of 0.48 was achieved with the

lowest value of the solution flow rate of 0.013 kgs
-1

, a flow ratio (FR)

value of 8 and a generator temperature TGE of 370 K (97°C).

Lower generator temperatures can be used at higher flow ratio values and at

reduced efficiencies. A generator temperature of 360 K could be used with

a flow ratio of 20 and a reduced coefficient of performance of 0.27.
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Experimental ammonia-water absorption refrigeration system, at the Solar Energy
Laboratory, UNAM.
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CHAPTER 9 

EXPERIMENTAL STUDIES WITH AN AMMONIA-WATER ABSORPTION SYSTEM

OPERATING ON LOW ENTHALPY GEOTHERMAL ENERGY

9.1	 INTRODUCTION 

Mexico possesses large amounts of geothermal brine at temperatures which

are too low to enable electricity to be generated efficiently and economi-

cally. Of the possible nonelectric uses of low and medium enthalpy geo-

thermal energy, the one which appears to have the greatest potential is the

use of heat driven absorption systems to provide cold storage facilities

for perishable food. It has been estimated that perishable food losses in

Mexico, resulting from inadequate handling and cooling facilities, vary

from 35 to 50% with sea food having the highest loss [9.1]. Spauschus [9.2]

has published data on the world market for refrigeration and air condition-

ing equipment. The study showed that North America, Japan and Europe

produce and purchase almost 90% of the refrigeration equipment in the

world, although they account for less than 25% of the world population.

The Middle East, Africa, China, India and the USSR, with 59% of the world

population, produce and purchase less than 5% of the refrigeration equip-

ment in the world. Latin America, with 10% of the world population, pro-

duces and purchases 6% of the refrigeration equipment in the world.

The enormous potential demand for refrigeration in the less developed

regions of the world, will need to be met by all the available technologies

and energy sources. The low enthalpy heat from solar radiation, geothermal

fluids and biomass can play an important role in meeting this demand.
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Most of the geothermal fields in Mexico are located near important agricul-

tural areas. The largest geothermal field in Mexico is at Cerro prieto

which is near the growing city of Mexicali in Baja California. Mexicali is

on the border with the U.S. state of California.

In order to prove the technical feasibility of operating heat driven ab-

sorption cooling systems on low enthalpy geothermal energy, a prototype

ammonia-water absorption cooler was installed in the Cerro Prieto geother-

mal field, where the ambient temperatures exceed 40°C and the cooling water

temperatures reach 30°C. This prototype ammonia-water cooler was original-

ly designed for and installed in the Los Azufres geothermal field where the

ambient conditions are much less demanding than at Cerro Prieto.

9.2	 EXPERIMENTAL FOR INSTALLATION AT LOS AZUFRES 

9.2.1	 EQUIPMENT 

Figure 9.1 is a schematic diagram of the experimental absorption cooler

which was installed at the Los Azufres geothermal field. The unit was

designed for fabrication at minimum expense. The helical coil in the

generator was the only component made of stainless steel. This was neces-

sary to minimize corrosion and scaling during its contact with geothermal

fluid. The other components in the system were made of carbon steel. The

size of the components were determined by the availability of materials.

The condenser and evaporator were standard commercially available units.

The condenser was a model CAH-06 shell and tube heat exchanger with a

nominal capacity of 17.6 kW supplied by the Herdel Co., Mexico. It consis-

ted of a 0.27 in internal diameter shell and thirty 2.5 in long tubes with an

internal diameter of 0.016 in in a pass arrangement. The evaporator was a

model 1500 XRWA shell and tube heat exchanger supplied by the Recold Co.,
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Mexico, with a nominal capacity of 10.6 kW at a 5.6°C difference in temper-

ature between the air entering the evaporator and the saturation tempera=

Lure of the working fluid at the evaporator.

The generator, rectifier and precooler were all shell and tube heat ex-

changers. The generator is illustrated schematically in Figure 9.2. The

1 m long shell was made of available tube with an internal diameter of

0.318 m. Geothermal steam entered at the bottom of the shell and was dis-

tributed through a perforated vertical pipe (not shown) with an internal

diameter of 0.027 in in the centre of the surrounding coil. The ammonia-

water solution circulated through the 17.3 . m long stainless steel helical

coil which had an'internal diameter of 0.0158 m.

The shells of the rectifier and precooler were constructed of available

tube with an internal diameter of 0.15 m. The rectifier was filled with

glass packing. The helical coils were constructed of piping with an inter-

nal diameter of 0.0097 m. The coils in the rectifier and cooler were 5.1

and 10.0 m long respectively.

The recuperator was a double pipe heat exchanger fabricated from carbon

steel pipes with internal diameters of 0.016 and 0.04 m respectively. The

recuperator was 12 m long.

The absorber is illustrated schematically in Figure 9.3. It consisted of a

vertical one pass shell and tube heat exchanger. The internal diameter of

the shell was 0.20 m and the tube bundle contained thirty six tubes with an

internal diameter of 0.02 m. Dilute ammonia solution was mixed with

ammonia vapour before entering the absorber in order to enhance heat and

mass transfer. The absorber was 1.8 m long.
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The evaporator was enclosed in a 17.5 m
3 

cold storage chamber which was

fitted with an insulated door. The chamber was constructed from expanded

multipanel 0.064 m thick polyurethane modules and covered by a thin sheet

of galvanized steel.

The unit also included a separator for the two phase mixture produced by

the generator and three accumulators to reduce the effect of flow fluctua-

tions. A 0.56 kW model 2607AF rotary vane pump supplied by the Procon

Pump Co., U.S.A. was used to pump the ammonia-water solution in the second-

ary circuit.

Temperatures were measured to an accuracy of + 1°C using iron constantan

thermocouples. The wires were soldered to the external surface of the

pipes and covered with thermal insulation. Temperatures were read directly

from a digital temperature indicator supplied by the Transmation Co.,

U.S.A. Pressures were measured to an accuracy of + 1 psi using Bourdon

gauges supplied by the Wika Co., W. Germany. The flow rates of the dilute

ammonia solution and the liquid ammonia were measured using No. 511CF13 and

No. 3HCFB Safeguard rotameters respectively. Separate cooling water lines

were installed fol. the absorber, condenser and rectifier. The water was

obtained from a nearby stream and the flow rates were measured by weighing

amounts of water collected in a given time using a stop watch.

9.2.2	 EXPERIMENTAL PROCEDURE

Initially the system was put under vacuum before charging with 49.3 kg of

water, 35.7 kg of ammonia and 0.74 kg of sodium chromate as a corrosion

inhibitor. Geothermal steam was fed to the generator and the pressure and

temperature were controlled until the required steam temperature was
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t.
reached. When the pressure of the ammonia solution in the generator in-

creased to the operating value, the solution pump and the evaporator fans

were turned on. The various temperatures, pressures and flows were contin-

uously recorded during each run. For a particular geothermal steam temper-

ature, steady state conditions were achieved when the flow readings in the

rotameters and the liquid levels in the accumulators were constant. Steam

temperatures were varied from 90°C to a maximum temperature of 104°C. The

cold storage temperature was maintained at -5°C or lower.

9.2.3	 RESULTS AND DISCUSSION FOR INSTALLATION AT LOS AZUFRES 

A number of experimental runs were carried out on the absorption cooler.

On average, steady state conditions were reached in about thirty minutes.

Temperatures, pressures and flow rates were all recorded. Manually oper-

ated expansion valves were used to maintain the refrigerant and dilute am-

monia solution flow rates constant.

Figure 9.4 is a plot of the temperature levels and flow rates for a typical

run. The operation of the unit was very stable. The absorber temperature

was always higher than the condenser temperature as a result of the rela-

tively high inlet temperature of the dilute ammonia solution and the small

size of the recuperator used. The cold storage temperature decreased

rapidly from ambient (17 to 24°C) to -5°C or lower.

Figure 9.5 is a plot.of the temperature levels in the system against flow

ratio for the various runs. The generator temperatures ranged from 81 to

95°C and the flow ratios from 10.6 to 25.4. The flow ratios were calcula-

ted from the actual flow rates measured by the rotameters. These were

somewhat higher than the equilibrium values obtained using equations (6)
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and (7). Generator pressures ranged from 9.0 to 10.0 bar and evaporator

pressures from 2.4 to 2.8 bar. The pressure drops between the generator

and condenser and the evaporator and absorber were 0.50 and 0.36 bar re-

spectively. Absorber temperatures varied from 30.0 to 35.0°C and condens-

ing temperatures from 22.0 to 25.7°C. The evaporator was maintained at a

temperature between -10.3 and -15.1°C. The unit could operate at even

lower generator temperatures with increasing flow ratios. This trend was

previously observed by Kumar et al [9.3].

Fig. 9.6 is a plot of the generator and evaporator heat loads and the

actual coefficient of performance (COP)
A
 against generator temperature.

Generator temperatures as low as 81°C can be used to give a reduced (COP)A

value of 0.30 and a reduced cooling capacit

temperature is increased the cooling capacity increases significantly. The

actual coefficient of performance (COP) A also increases but at a lower

rate.

A comparison of the Carnot coefficient of performance (COP) c , the enthalpy

based coefficient of performance (COP)
ECL

 and the actual coefficient of

performance (COP) A plotted against the generator temperature is shown in

Figure 9.7. The comparison was made for a constant evaporator temperature

T
EV 

= -43°C and a constant condenser and absorber temperature T O
 = T

AB 
=

C

25°C. The generator temperatures T
GE 

were varied between 80 and 96°C.

The effectiveness of the precooler was fixed at 0.40 and that of the recu-

perator at 0.80. The experimental values of the actual coefficient of per-

formance (COP)
A
 were between 50 to 70% of the calculated coefficients of

performance based on enthalpy values.

y QEv of 6 kW. As the generator
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,
9.3	 EXPERIMENTAL FOR INSTALLATION AT CERRO PRIETO

9.3.1	 EQUIPMENT

The prototype ammonia-water absorption refrigerator used in the experiments,

which were carried out in the Cerro Prieto geothermal field, was a modified

version of the unit already described. The layout of the unit is shown

schematically in Figure 9.8. A more detailed diagram is shown in Figure

9.9 and Figure 9.10 shows the cooling water system used.

The following modifications were made to the original unit. A new

separator/rectifier was installed. This consisted of a single vessel with

a larger inside volume for vapour-liquid separation than the one originally

used. This enabled the system to be operated over a wider range of strong

solution flow rates MAB . An extra heat exchanger using water from the

cooling tower was installed between the recuperator and the mixer. This

was used to provide further cooling for the weak ammonia solution before

entering the absorber when the cooling water temperature was high. The
1

original rotary vane solution pump suffered from cavitation problems. This

was replaced by a piston pump. The modified unit shown in Figures 9.8 to

9.10 was fully instrumented. A data acquisition system was also installed

to record flow rates, temperatures and pressures. The evaporator was

located inside a strong chamber with a volume of 19.2 m
3
. It was equipped

with three low energy consumption fans to increase the air circulation rate

and to make the temperature uniform. The storage chamber was constructed

with 0.05 m thick polyethane and covered by a 0.06 m thick wood sheet.

The system was operated manually. It was controlled by fixing the flow

rates of the solution and the refrigerant. This was accomplished by manip-

ulating the liquid refrigerant expansion valve between the precooler and,
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the evaporator and the ammonia-water solution expansion valve between the

recuperator and the mixer. Geothermal steam was fed to the generator from

a small separator adjacent to the unit and the pressure and temperature

were controlled until the required steam temperature was reached. When the

pressure of the ammonia solution in the generator increased to the opera-

ting value, the solution pump and evaporator fans were turned on. Separate

water lines from the cooling tower were installed to the absorber, condens-

er and rectifier.

9.3.2 RESULTS AND DISCUSSION FOR INSTALLATION AT CERRO PRIETO 

The system was operated at fixed generator temperatures and the solution

flow rate was varied for each of the generator temperatures selected.

Steady state conditions were achieved when the flow readings in the rota-

meters and the liquid levels in the accumulators were constant. In order

to check that the latter was true, the actual flow ratio (FR)
A
 was compared

with the thermodynamic flow ratio (FR) as given by equation (5). The ex-

perimental values which were more than 10% below the thermodynamic values

were rejected. Figure 9.11 is a plot of the ratio of the thermodynamic

flow ratio (FR) against the actual flow ratio (FR) A for all the data that

met the preceeding criteria. All the data points above the 45 0 line are

the experimental values where (FR) A 4 (FR) but that fell in the 10% error

range.

Figure 9.12 is a plot of the actual coefficient of performance (COP)A

against actual flow ratio (FR)
A'
 It can be seen that at lower values of

the flow ratio the 'system operated at higher efficiencies and values of

(COP)
A
 of 0.50 were obtained.
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Figure 9.13 is a plot of the evaporation cooling load Q Ev against the

,
actual flow ratio (FR)

A
 for four different values of the strong solution

flow rate FS. It can be seen that values of QEV 
of 18 kW were obtained

which were 1.8 times higher than the design value of 10 kW. As higher

values of the solution rate FS were used, higher values of (FR)
A
 were ob-

tamed and hence lower values of Q
EV'

Figure 9.14 is a plot of the efficiency of the generator against flow

ratio. It can be seen that the efficiency of transferring heat from the

geothermal steam to the ammonia-water solution in the generator varied from

0.65 to 0.90 with no evident effect of changes in the flow ratio. Such

differences in efficiency show the necessity of controlling the steam flow
I

rate and temperature in a better way in order to maintain the high effi-

ciency values.

Figure 9.15 is a plot of the value of the actual coefficient of performance

against the efficiency of the recuperator heat exchanger. It can be seen

that as the efficiency of the heat exchanger increases, the coefficient of

performance also increases. The values of NREC 
varied between 0.4 and 0.7.

Figure 9.16 is a plot of the efficiency of the recuperator N REc against

values of the actual flow ratio (FR)
A
. It can be seen that as the flow

ratio increases the efficiency of the recuperator heat exchanger decreases.

Figure 9.17 is a plot of Carnot coefficient of performance (COP) cci2
 the

enthalpy coefficient of performance (COP) ECL
 and the actual coefficient of

performance (COP)
A
 against generator temperature for a fixed value of solu-

tion flow rate of 6.3 X 10
-5 

m
3 

s
-1 

(1.0 gPrn). It can be seen that the
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actual coefficient of performance . (COP)A is always less than the enthalpy

based coefficient of performance and both are much lower than the maximum

limit given by the Carnot coefficient of performance (COP)CCL' The values

of (COP) A are within 60% of (COP) En . All (COP) values increase as the

generator temperature increases.

9.4	 CONCLUSIONS 

It has been shown that an ammonia-water absorption refrigeration system can

be operated successfully using low enthalpy geothermal steam in Los Azufres

and the Cerro Prieto geothermal field, with extreme hot weather conditions

and high cooling water temperatures. The experimental data obtained, will

be used to improve the design and operation of the system and will provide

an excellent basis for the design of large scale heat driven absorption

refrigeration systems which can operate on various kinds of low enthalpy

heat available throughout the world.

Thv letun1 coefficient of performance (COP)
A was higher at lower flow ratio

values where a (COP)
A value of 0.5 was obtained.

The heat load in the evaporator was increased to 1.8 times the design value

o f 10 kW. As higher values of the solution flow rate were used higher

values of the flow ratio (FR)
A
 were obtained and hence lower values of 0

'EV'

The actual coefficient of performance (COP) A values obtained were within

60% of the enthalpy based coefficient of performance (COP) ECI:
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Experimental ammonia-water absorption refrigeration system, at the Cerro Prieto,

geothermal field.
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CHAPTER 10

CONCLUSIONS AND RECOMMENDATIONS 

10.1	 CONCLUSIONS 

Thermodynamic design data have been theoretically derived for coolers, heat

pumps and heat transformers operating on ammonia-water and ammonia-lithium

nitrate for different conditions. The data provide the process design

engineer with the operating efficiencies of possible combinations of condi-

tions for each system and the mode of operation.

A computer model of the steady state thermodynamics of a heat driven absorp-

tion cooler operating on ammonia-water and ammonia-lithium nitrate has been

carried out. The model results showed that the ammonia-lithium nitrate

system has a higher enthalpy based coefficient of performance than ammonia-

water at temperatures above 90°C at the fixed operating conditions consid-

ered.

The model was based on steady state operation and was used to assess the

effect of operating temperatures and heat exchanger effectiveness on the

coefficient of performance for cooling and the heat transfer rates within

the system.

A glass absorption cooler was utilized in order to do experimental work in

the following areas:

A)	 A study was carried out in order to evaluate the performance of an

adiabatic absorber in a lithium bromide-water absorption cooler.



186

The performance of the absorber was quantified at various cooling'

loads, flow rates and solution temperatures. It was shown that the

amount of solution circulated in the absorber is the critical para-

meter in the design of an adiabatic absorber.

An alternative to the use of the traditional lithium bromide-water

system for absorption cooling was investigated. A study was com-

pleted on the use of salt mixtures of lithium bromide-zinc bromide

and lithium bromide-lithium iodide as absorbents for water.

For the ternary system using zinc bromide the experimental data

showed a . good coefficient of performance (COP) A . The flow ratio

values were higher than in a lithium bromide system due to the

higher level of concentrations employed. The system has a signifi-

cantly higher viscosity than the lithium bromide solutions. This

resulted in a reduced (COP) A and cooling capacity 
Q	

at low flow
EV 

ratio values.

For the lithium iodide ternary system the coefficient of perfor-

mance values obtained were comparable with values for lithium

bromide-water systems. The advantage of higher solubility should

be analyzed in more detail in order to fix the limiting values of

the generator temperature TGE . At present it seems that there is a

slight advantage using the ternary system.

An ammonia-water absorption cooling system using a falling film

generator was designed and constructed using hot oil as a heat

source at temperatures compatible with non-focussing solar collec-

tors.



187

A series of experiments was carried out in order to study the ef-

fect of changes in generator temperature, at different strong solu-

tion flow rates with constant condenser, absorber and evaporator

temperatures. It was demonstrated that the performance of an ab-

sorption system with a falling film generator is very sensitive to

variations of the solution flow rate. When the system was operated

at the design flow rate, less heat was required in the generator

per unit mass of refrigerant generated than when higher flow rates

were used.

An ammonia-water absorption cooling system was designed and con-

structed to operate on low enthalpy geothermal heat at the Cerro

Prieto geothermal field. The system was operated with low pressure

steam and cooling water from a small cooling tower at high ambient

temperatures. Initially the ammonia-water absorption cooler was

successfully operated in the geothermal field of Los Azufres which

has a cold to mild climate. It was subsequently modified in order

to operate in Cerro Prieto's extreme conditions.

The objective of the experimental work, which was done with the

prototype ammonia-water absorption cooler at Cerro Prieto, was to

operate with evaporator temperatures in the region of 0°C or lower

at the existing high ambient temperatures. This objective has been

achieved.

The experimental data obtained from the prototype heat driven

absorption coolers will provide a basis for the design of large

scale commercial systems.
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10.2	 RECOMMENDATIONS 

Further studies on the operation of adiabatic absorbers and ways to in-

crease its efficiency should be carried out due to their simplicity of con-

struction and maintenance.

The large temperature increase at the adiabatic absorber inlet could be

used in advantage in an absorption heat pump system designed for cooling

and simultaneous heating or in a heat transformer.

Salt mixtures are a viable solution to overcome the problem of crystal-

lization in absorption systems. Higher solubilities and lower vapour pres-

sures than lithium bromide are achieved with ternary systems. Further

studies on heat and mass transfer rates, transport properties and corro-

siveness should be carried out.

Absorption cooling systems operating on solar energy from non-focussing

solar collectors for food conservation would appear to have a great poten-

tial in the developing countries. In order to be economically feasible the

actual coefficient of performance of the absorption system should be in-

creased.

At present, it seems that ammonia-water would be selected as the working

fluid for below freezing applications. The use of other non-volatile ab-

sorbents such as lithium nitrate should be evaluated experimentally.

Geothermal energy is an excellent and abundant resource in Mexico. The

potential for the large scale use of absorption cooling systems for cold
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,

storage should be analyzed extensivelly. The experimental evaluation of

new heat exchange technologies such as fluidized bed heat exchangers in

order to minimize scaling of the generator heat transfer surface should be

carried out.

Concern on environmental aspects in the use of energy such as the green

house effect, the depletion of the ozone layer by the CFC refrigerants

together with the need in energy conservation measures are motivating an

increased interest in absorption heat pump . technology and in traditional

fluids such as ammonia.

Nevertheless, thermodynamic data on environmentally safe new working fluid

mixtures is necessary in order to evaluate their potential use in advanced

heat pump systems.

The use of low grade heat as a heat source limits the use of absorption

systems to one stage systems. Two stage systems could be used when re-

sources above 130°C are available.

Research in systems capable of cooling and simultaneous heating would

enhance the industrial use of absorption heat pumps. Double effect coolers

combining the best working fluids for the particular range of each effect

should be investigated.

Research in double effect heat transformers, compression-absorption and

resorption heat pumps should be carried out as systems for the future as

energy saving and environmentally safe large scale industrial systems.
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T 1 .
C GE '	 P

v
"GE (FR) (COP)ca (COF) ci:

-30 30 30 110 31.18 29.94 56.50 0.85 0.080

-30 30 30 160 31.18 9.26 4.14 1.22 0.240

-30 30 30 180 31.18 2.33 3.39 1.34 0.230

-30 30 40 120 31.18 30.00 59.32 0.80 0.039

-30 30 40 170 31.18 10.50 4.33 1.10 0.217

-30 30 40 190 31.18 3.51	 . 3.49 1.20 0.214

-30 30 50 140 31.18 26.80 16.74 0.81 0.096

-30 30 50 190 31.18 8.20 4.00 1.05 0.197

-30 30 50 200 31.18 4.67 3.60 1.09 0.197

-30 40 30 120 25.76 24.63 66.70 0.82 0.041

-30 40 30 170 25.76 5.80 4.72 1.19 0.216

-30 40 30 180 25.76 2.33 4.17 1.25 0.214

-30 40 40 140 25.76 21.79 19.70 0.84 0.095

-30 40 40 190 25.76 3.51 4.33 1.13 0.196

-30 40 50 150 25.76 22.90 26.96 0.79 0.063

-30 40 50 200 25.76 4.67 4.52 1.03 0.179

-30 50 30 140 20.58 16.54 20.64 0.88 0.105

-30 50 30 180 20.58 2.33 5.35 1.16 0.196

-30 50 40 150 20.58 17,88 30.41 0.82 0.066

-30 50 40 190 20.58 3.51 5.65 1.05 0.176

-30 50 50 160 20.58 19.19 58.14 0.77 0.032

TABLE A1.1	 Derived thermodynamic design data for absorption
systems operating on ammonia-water for cooling.

....continued
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Tco T
GE '

X
GE

(FR) (CONCCL (CONE 1

-._.-------

-30 50 50 200 20.58 4.67 6.00 0.96 0.157

-25 30 30 100 34.68 33.52 57.31 0.65 0.054

-25 30 30 150 34.68 12.81 3.99 1.26 0.267

-25 30 30 180 34.68 2.33 3.02 1.49 0.246

-25 30 40 110 34.68 34.52 409.25 0.0° 0.006

-25 30 40 160 34.68 14.11	 ' 4.18 1.0 0.240

-25 30 50 130 34.68 31.00 18.78 0.62 0.096

-25 30 50 180 34.68 11.75 3.85 1.09 0.217

-25 30 50 200 34.68 4.67 3.18 1.0 0.213

-25 40 30 110 29.20 28.94 273.31 0.62 0.012

-25 40 30 160 29.20 9.27 4.55 1.25 0.240

-25 40 30 180 29.20 2.33 3.63 1.39 0.232

-25 40 40 130 29.20 25.76 21.58 0.05 0.097

-25 40 40 180 29.20 7.00 4.19 1.18 0.216

-25 40 40 190 29.20 3.51 3.76 1.24 0.214

-25 40 50 140 29.20 26.80 30.50 0.0 0.062

-25 40 50 200 29.20 4.67 3.89 1.12 0.197

-25 50 30 130 23.97 20.59 23.47 0.90 0.105

-25 50 30 180 23.97 2.33 4.51 1.29 0.216

-25 50 40 140 23.97 21.79 35.88 0.83 0,063

-25 50 AO 190 23.97 3.51 4.72 1.15 0.197

TABLE A1.1	 Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for cooling.
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'1"
'EV

T
AB

T
CO

T
GE

X 
AB

}Cu
(1:11) (CCP)CCL (C°P)ECL

-25 50 50 150 23.97 22.90 72.06 0.78 0.028

-25 50 50 200 23.97 4.67 4.94 1.05 0.178

-20 30 30 100 38.15 33.52 14.36 0.95 0.176

-20 30 30 140 38.15 16.54 3.86 1.35 0.295

-20 30 30 180 38.15 2.33 2.37 1.68 0.260

-20 30 40 110 38.15 34.52 . 18.04 0.88 0.127

-20 30 40 160 38.15 14.11 3.57 1.27 0.265

-20 30 40 190 38.15 3.51 2.79 1.46 0.245

-20 30 50 120 38.15 35.48 24.14 0.83 0.086

-20 30 50 170 38.15 15.38 3.72 1.14 0.239

-20 30 50 200 38.15 4.67 2.85 1.30 0.228

-20 40 30 110 32.60 28.95 19.47 0.93 0.138

-20 40 30 150 32.60 12.81 4.40 1.32 0.266

-20 40 30 180 32.60 2.33 3.22 1.56 0.248

-20 40 40 120 32.60 30.00 26.92 0.86 0.090

-20 40 40 170 32.60 10.52 4.05 1.24 0.239

-20 40 40 190 32.60 3.51 3.32 1.37 0.231

-20 40 50 130 32.60 31.00 43.13 0.81 0.050

-20 40 50 190 32.60 8.20 3.76 1.17 0.216

-20 40 50 200 32.60 4.67 3.41 1.22 0.213

-20 50 30 120 27.32 24.63 27.99 0.90 0.101

	

TABLE AA1. 1	 Derived thennodynamic design data for absorption

	

(continued)	 systems operating on ammonia-water for cooling.
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TEv A3 `CO
TGE XA.3

X
GE (FR) (CM CCL (C°2)ECL

-20 50 30 160 27.32 9.27 5.03 1.29 0.240

-20 50 30 200 27.32 2.33 3.91 1.45 0.234

-20 50 40 130 27.32 25.76 47.59 0.84 0.054

-20 50 40 180 27.32 7.00 4.58 1.21 0.216

-20 50 40 190 27.32 3.51 4.05 1.27 0.215

-20 50 50 140 27.32 26.80 . 140.77 0.79 0.016

-20 50 50 200 27.32 4.67 4.21 1.15 0.197

-15 30 30 90 41.56 38.32 19.04 0.95 0.163

-15 30 30 130 41.56 20.59 3.79 1.42 0.323

-15 30 30 180 41.58 2.33 2.49 1.90 0,274

-15 30. 40 100 41.56 39.28 26.63 0.88 0.104

-15 30 40 150 41.56 17.88 3.47 1.33 0.292

-15 30 40 190 41.56 3.51 2.54 1.62 0.259

-15 30 50 110 41.56 40.23 44.91 0.83 0.055

-15 30 50 170 41.56 15.38 3.23 1.25 0.263

-15 30 50 200 41.56 4.67 2.58 1.43 0.243

-15 40 30 100 35.98 33.52 27.02 0.92 0.121

-15 40 30 140 35.98 16.54 4.29 1.39 0.294

-15 40 30 180 35.98 2.33 2.90 1.77 0.262

-15 40 40 120 35.98 30.00 11.73 0.96 0.177

-15 40 40 160 35.98 14.11 3.93 1.30 0.264

TABLE A1.1	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-water for cooling.
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1 Tol
I

TAB Tco

I

T

,

X (CCP)ca (COP) Er;

-15 40 40 190 35.98 3.51 2.97 1.52 0.246

-15 40 50 120 35.98 35.48 129.04 0.81 0.020

-15 40 50 180 35.98 11.75 3.64 1.23 0.237

-15 40 50 200 35.98 4.67 3,05 1.34 0.228

-15 50 30 110 30.63 28.95 42.06 0.90 0.082

-15 50 30 150 30.63 12.81 • 4.89 1.36 0.266

-15 50 30 180 30.63 2.33 3.45 1.65 0.250

-15 50 40 120 30.63 30.00 111.11 0.84 0.028

-15 50 40 170 30.63 10.52 4.45 1.27 0.239

-15 50 40 190 30.63 3.51 3.56 1.42 0.232

-15 50 50 140 30.63 26.80 19.11 0.87 0.104

-15 50 50 200 30.63 4.67 3.67 1.26 0.214

-10 30 30 80 45.00 43.51 37.91 0.93 0.110

-10 30 30 120 45.00 24.63 3.70 1.51 0.358

-10 30 30 180 45.00 2.33 2.29 2.18 0.288

-10 30 40 90 45.00 44.53 118.02 0.87 0.031

-10 30 40 140 45.00 21.79 3.37 1.40 0.321

-10 30 40 190 45.00 3.51 2.33 1.82 0.273

-10 30 50 110 45.00 40.23 12.50 0.92 0.169

-10 30 50 150 45.00 22.90 3.49 1.24 0.289

-10 30 50 200	 . 45.00 4.67 2.36 1.58 0.257

TABLE A1.1
(continued)

Derived thermodynamic design data for absorption
systems operating on ammonia-water for cooling.
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TE,1 TAB Tr0 T Xp XGE (FP') (C°2)CCL (C")ECL

-10 40 30 90 39.32 38.32 61.68 0.91 0.070

-10 40 30 140 39.32 16.54 3.66 1.59 0.323

-10 40 30 180 39.32 2.33 2.64 2.03 0.276

-10 40 40 110 39.32 34.52 13:64 0.96 0.178

-10 40 40 150 39.32 17.88 3.83 1.37 0.290

-10 40 40 190 39.32 3.51 2.69 1.70 0.260

-10 40 50 120 39.32 35.48 16.80 0.89 0.130

10 40 50 170 39.32 15.38 3.53 1.29 0.261

-10 40 50 200 39.32 4.67 2.75 1 48 0.243

-10 50 30 110 33.92 28.95 14.29 1.03 0.198

-10 50 30 140 33.92 16.54 4.80 1.43 0.294

-10 50 30 180 33.92 2.33 3.09 1.89 0.265

-10 50 40 120 33.92 30.00 17.91 0.94 0.143

-10 50 40 160 33.92 14.11 4.34 1.34 0.264

-10 50 40 190 33.92 3.51 3.17 1.59 0.247

-10 50 50 130 33.92 31.00 23.63 0.87 0.097

-10 50 50 180 33.92 11.75 3.98 1.26 0.237

-10 50 50 200 33.92 4.68 3.26 1.39 0.229

5 30 30 80 48.66 43.51 10.98 1.08 0.287

5 30 30 110 48.66 28.94 3.60 1.60 0.399

- 5 30 30 180 48.66 2.33 2.11 2.54 0.302

TABLE Al . 1	 Derived thermodynamic design data for absorption
(continued)) systems operating on anunonia-water for cooling.
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z TGE xAB XGE (FR) (COP)ca (COP)Ecf,

30 40 90 48.66 44.53 13.45 0.98 0.211

- 5 30 40 130 48.66 25.76 3.24 1.48 0.357

5 30 40 190 48.66 3.51 2.14 2.06 0.287

- 5 30 50 100 48.66 45.56 17,56 0.91 0.145

- 5 30 50 140 48.66 26.80 3.35 1.30 0.321

-5 30 50 200 48.66 4.67 2.17 1.75 0.271

5 40 30 90 42.63 38.32 14.30 1.06 0.235

5 40 30 120 42.63 24.63 4.19 1.56 0.356

5 40 30 180 42.63 2.33 2.42 2.37 0.290

5 40 40 100 42.63 39.28 18.10 0.96 0.167

- 5 40 40 140 42.63 21.79 3.75 1.44 G.316	 C

- 5 40 40 190 42.63 3.51 2.47 1.93 0.274	 I

5 40 50 110 42.63 40.22 24.81 0.89 0.108

- 5 40 50 160 42.63 19.19 3.45 1.35 0.286

5 40 50 200 42.63 4.67 2.51 1.65 0.257

- 5 50 30 100 37.17 33.52 18.18 1.03 0.193

- 5 50 30 140 37.17 16.54 4.04 1.67 0.325

- 5 50 30 180 37.17 2.33 2.80 2.20 0.279

5 50 40 110 37.17 34.52 24.71 0.93 0.126

5 50 40 150 37.17 17.88 4.26 1.41 0.289

5 50 40 190 37.17 3.51 2.87 1.80 0.262

TABLE A.1.1	 Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for cooling.
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. •rAB Tco TGE XAB XGE
(FR) (COP)c L (COP)EcL

50 50 120 37.17 35.48 38.18 0.87 0.073

50 50 170 37.17 .15.34 3.88 1.32 0.260

50 50 200 37.17 4.67 2.93 1.55 0.244

30 30 70 52.59 49.25 15.19 1.06 0.272

0 30 30 100 52.59 33.52 3.49 1.71 0.447
.

0 30 30 180 52.59 2.33 1.94 3.01 0.317

30 40 80 52.59 50.31 21.79 0.97 0.169

30 40 120 52.59 30.00 3.10 1.56 0.399

30 40 190 52.59 3.51 1.97 2.36 0.321

0 30 50 90 52.59 51.36 39.49 0.90 0.083

0 30 50 130 52.59 31.00 3.20 1.35 0.359

0 30 50 200 52.59 4.67 1.99
,
1.96 0.286

0 40 30 80 46.08 43.51 21.98 1.03 0.206

0 40 30 110 46.08 28.95 4.15 1.66 0.396

0 40 30 180 46.08 2.33 2.23 2.81 0.304

40 40 90 46.08 44.53 35.79 0.94 0.111

0 40 40 130 46.08 25.76 3.65 1.52 0.353

40 40 190 46.08 3.51 2.27 2.21 0.288

0 40 50 100 46,08 45.56 104.69 0.88 0.033

0 40 50 150 46.08 22.90 3.33 1.42 0.316

0 40 50 200 46.08 4.67 2.30 1.85 0.271

TABLE Al. 1	 Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for cooling.
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TAB
,

Tco XAB X
GE (PR) (COP)ca

1
(C°P)ECL

0 50 30 90 40.41 38.32 29.54 1.00 0.161

0 50 30 130 40.41 20.59 4.00 1.81 0.355

0 50 30 200 40.41 2.33 2.57 2.61 0.292

0 50 40 100 40.41 . 39.28 53.74 0.92 0.076

0 50 40 150 40.41 17.88 3.65 1.61 0.317

0 50 40 190 40.41 3.51 2.62 2.06 0.275

0 50 50 110 40.41 35.48 13.09 0.97 0.178

0 50 50 160 40.41 19.19 3.81 1.39 0.283

0 50 50 200 40.41 4.67 2.67 1.73 0.258

5 30 30 60 56.96 55.91 41.99 1.00 0.157

5 30 30 90 56.96 38.32 3.31 1.84 0.506

5 30 30 180 56.96 2.33 1.79 3.68 0.332

5 30 40 80 56.96 50.31 7.46 1.13 0.362

5 30 40 100 56.96 39.28 3.43 1.49 0.451

5 30 40 190 56.96 3.51 1.81 2.74 0.318

5 30 50 90 56.96 51.36 8.68 1.02 0.282

5 30 50 120 56.96 35.48 3.00 1.41 0.406

5 30 50 200 56.96 4.67 1.82 2.22 0.302

5 40 30 80 49.74 43.51 9.07 1.26 0.374

5 40 30 100 49.74 33.52 4.10 1.79 0.443

5 40 30 180 49.74 2.33 2.06 3.44 0.317
,

TABLE A1.1	 Derived thermodynamic design data for absorption

(continued)	 systems operating on ammonia-water for cooling.
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TEV TAB TCO TGE XAB X (COP) CCL
(COP)ErL.

5 40 40 90 49.74 44.53 10.65 1.09 0.285

5 40 40 120 49.74 30.00 3.55 1.62 0.394

5 40 40 190 49.74 3.51 2.09 2.57 0.302

5 40 50 100 49.74 45.56 13.06 0.99 0.209

5 40 50 130 49.74 31.00 3.68 1.38 0.352

5 40 50 200 49.74 4.67 2.11 2.09 0.286

5 50 30 90 43.69 38.32 11.48 1.23 0.318

5 50 30 120 43.69 24.63 3.95 1.96 0.395

5 50 30 180 43.69 2.33 2.36 3.19 0.305

'	 5 50 40 100 43.70 39.28 13.76 1.06 0.235

5 50 40 130 43.70 25.76 4.14 1.58 0.350

5 50 40 190 43.70 3.51 2.40 2.40 0.289

5 50 50 110 43.69 40.23 17.27 0.97 0.167

5 50 50 150 43.69 22.90 3.71 1.46 0.313

5 50 50 200 43.69 4.67 2.44 1.96 0.272

10 30 30 60 62.13 55.91 7.09 1.27 0.510

10 30 30 80 62.13 43.51 3.03 2.00 0.578

10

10

30

30

30

40

180

70

62.13

62.13

2.33

57.02

1.63

'	 8.41

4.69

1.10

0.350,

0.391

10 30 40 90 62.13 44.53 3.15 1.56 0.516

10
.

30 40 190
t

62.13 3.51 1.65 3.26 0.336

TABLE AilI	 Derived thermodynamic design data for absorption
(cc.ifitinupri )	 systems operating on anmonia-water for cooling
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T.
'EV

T41
T
CO

T
GE A

X
GE

(FR) (COP)ca (COP)Ecf,

10 30 50 80 62.13 58.12 10.43 1.00 0.286

10 30 50 110 62.13 40.23 2.73 1.48 0.465

10 30 50 200 62.13 4.67 .1.66 2.54 0.320

10 40 30 70 53.70 49.25 11,42 1.24 0.392

10 40 30 90 53.70 38.32 4.01 1.95 0.500

10 40 30 180 53.70 2.33 1.90 4.37 0.332

10 40 40 80 53.70 50.31 14.66 1.07 0.271

10 40 40 110 53.70 34.52 3.41 1.72 0.443

10 40 40 190 53.70 3.51 1.92 3.06 0.317

10 40 50 90 53.70 51.36 20.79 0.98 0.169

10 40 50 120 53,70 35,48 3,54 1,44 D,394	 (

10 40 50 200 53.70 4.67 1.94 2.39 0.301

10 50 30 80 47.14 43.51 15.56 1.20 0.322

10 50 30 100 47.14 33.52 4.88 1.90 0.442

10 50 30 180 47.14 2.33 2.18 4.06 0.319

10 50 40 90 47.14 44.53 21.25 1.04	 . 0.205

10 50 40 120 47.14 30.00 4.08 1.68 0.390

10 50 40 190 47.14 3.51 2.21 2.85 0.303

10 50 50 100 47.14 45.56 34.46 0.95 0.110

10 50 50 140 47.14 26.80 3.60 1.54 0.347

10 50 50 200 47.14 4.67 2.24 2.24 0.286

TABLE A1.1 . Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for cooling.
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T.T T
AB

,

T
CO

T
GE

X
AB

.

X
GE

(FR) (COP)ca (COP) Ea

k

20 50 50 90 54.81 51.36 14.10 2.08 1.269

-20 50 50 120 54.81 35.48 3.34 2.74 1.437

20 50 50 200
,

54.81 4.67 1.90 4.10 1.315

20 50 60 100 54.81 52.41 19.83 1.98 1.168

20 50 60 140 54.81 31.94 2.98 2.60 1.388

20 50 60 200 54.81 9.37 1.99 3.32 1.313

20 50 70 110 54.81 53..46 34.47 1.92 1.085

20 50 70 150 54.81 27.78 3.06 2.39 1.347

20 50 70 200. 54.81 14.13 2.11 2.86 1.305

20 60 50 100 48.20 45.56 20.62 2.05 1.200

20 60 50 130 48.20 31.00 4.01 2.70 1.384

20 60 50 200 48.20 4.67 2.19 3.89 1.301

20 60 60 110 48.20 46.58 32.98 1.96 1.109

20 60 60 150 48.20 27.78 3.54 2.56 1.341

20 60 60 200 48.20 9.37 2.33 3.17 1.30

20 60 70 120 48.20 47.61 88.80 1.89 1.035

20 60 70 160 48.20 28.70 3.66 2.35 1.303

20 60 70 200 48.20 14.13 2.52 2.73 1.284

20 70 50 110 42.49 40.23 26.45 2.02 1.165

20 70 50 140 42.49 26.80 4.67 2.66 1.342

20 70 50 200 42.49 4.67 2.52 3.68 1.288

20 70 60 120 42.49 41.21 45.93 1.93 1.081

20 70 60 160 42.49 23.93 4.10 2.52 1.303

20 70 60 200 42.49 9.37 2.74 3.01 1.280

TABU. Al. 2 Derived thermodynamic design data for absorption
systems operating on ammonia-water for heating.
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' C X (COP)GGL (CCP)Ea:

20 70 70 130 42.49 42.21 206.40 1.87 1.015

20 70 70 180 42.49 21.40 3.73 2.42 1.269

20 70 70 200 42.49 14.13 ,3.03 2.61 1.264

20 80 50 120 37.32 35.48 35.12 1.99 1.128

20 80 50 160 37.32 19.19 4.46 2.80 1.312

20 80 50 200 37.32 4.67 2.92 3.48 1.278

20 80 60 130 37.32 36.40 69.17 1.91 1.056

20 80 60 180 37.32 16.61 4.03 2.62 •1.276

20 80 60 200 37.32 9.37 3.24 2.86 1.26

20 80 70 150 37.32 32.84 14.99 1.97 1.146

20 80 70 200 37.32 14.13 3.70 2.49 1.245

20 90 50 130 32.45 31.00 47.73 1.97 1.098

20 90 50 170 32.45 15.38 4.96 2.76 1.288

20 90 50 200 32.45 4.67 3.43 3.27 1.268
(

20 90 60 140 32.45 31.94 134.56 1.897 1.030

20 90 60 190 32.45 12.95 4.46 2.58 1.254

20 90 60 200 32.45 9.37 3.93 2.70 1.252

20 90 70 160 32.45 28.70 19.03 1.95 1.120

20 90 70 200 32.45 14.13 4.69 2.36 1.225

20 100 50 150 27.81 22.90 15.71 2.15 1.195

20 100 50 200 27.81 4.67 4.12 3.06 1.260

TABLE A1.2 Derived thermodynamic design data for absorption
(continded) ! systems operating on ammonia-water for heating.
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• Tco
XGE

(FR) (COP) CCL
(CCP)ErL

20 100 60 160 27.81 23.93 19.63 2.02 1.138

20 100 60 200 27.81 9.37 4.92 2.55 1.235

20 100 70 170 27.81 24.89 25.76 1.93 1.093

20 100 70 200 27.81 14.13 6.28 2.24 1.200

30 50 50 80 64.62 58.12

.,

6.44 2.29 1.514

30 50 50 100 64.62 45.56 ' 2.86 3.03 1.573

30 50 50 200 64.62 4.67 1.59 5.80 1.350

30 50 60 90 64.62 59.19 7.52 2.11 1.397

30 50 60 110 64.62 46.58 2.96 . 2.58 1.509

30 50 60 200 64.62 9.37 1.64 4.20 1.353

30 50 70 100 64.62 60.28 - 9.15 2.02 1.292

30 50 70 130 64.62 42.21 2.58 2.50 1.454

30 50 70 200 64.62 14.13 1.70 3.40 1.350

30 60 50 90 55.91 51.36 10.68 2.25 1.386

30 60 50 110 55.91 40.23 3.81 2.98 1.492

30 60 50 200 55.91 4.67 1.86 .5.48 1.329

30 60 60 100 55.91 52.41 13.59 2.08 1.266

30 60 60 130 55.91 36.40 3.26 2.75 1.431

30 60 60 200 55.91 9.37 1.95 3.99 1.329

30 60 70 110 55.91 53.46 18.94 1.99 1.167

30 60 70 140. 55.91 37.29 3.37 2.47 1.382

30 60 70 200 55.91 14.31 .	 2.06 3.24 1.320

TABLE Al.? Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for heating.
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TE/ TAB C X (C°P)CCL (C°P)ECL'

30 70 50 100 49.25 45.56 14.73 2.22 1.314

30 70 50 120 49.25 35.48 4.68 2.93 1.431

30 70 50 200 49.25 4.67 2..14 5.16 1.315

30 70 60 110 49.25 46.58 20.01 2.05 1.199

30 70 60 140 49.25 27.78 3.36 2.91 1.374

30 70 60 200 49.25 9.37	 ' 2.27 3.78 1.312

30 70 70 110 49.25 47.61 31.95 1.96 1.107

30 70 70 160 49.25 28.70 3.47 2.57 1.333

30 70 70 200 49.25 14.13 2.44 3.08 1.301

30 80 50 110 43.51 40.23 18.20 2.19 1.269

30 80 50 140 43.51 26.80 4.38 3.20 1.384

30 80 50 200 43.51 4.67 2.45 4.84 1.304

30 80 60 120 43.51 41.21 25.61 2.03 1.162

30 80 60 150 43.51 23.93 3-89 2.87 1.334

30 80 60 200 43.51 9.37 2.65 3.56 1.297

30 80 70 130 43.51 42.21% 43.45 1.94 1.080

30 80 70 170 43.51 24.89 4.03 2.54 1.295

30 80 70 200 43.51 14.13 2.92 2.92 1.283

30 90 50 120 38.32 35.48 22.72 2.16 1.223

30 90 50 150 38.32 22.90 5.00 3.15 1.347

30 90 50 200 38.32 4.67 2.83 4.52 1.294

TABLE 41.2	 Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for heating.
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T	 X
GE	 AB XGE (FR) (COP) ca (COP) Ea

30 90 60	 130	 38.32	 36.40 33.08 2.00 1.129

30 90 60	 170	 38.32	 20.39 4.44 2.82 1.302

30 90 60	 200	 38.32	 9.37 3.13 3.35 1.284

30 90 70	 140	 38.32	 37.29 59:88 1.92 1.060

30 90 70	 190	 38.32	 17.82 • 4.61 2.64 1.267

30 90 70	 200	 38.32	 14.13 3.55 2.76 1.265

30 100 50	 130	 33.52	 31.00 27.45 2.13 1.193

30 100 50	 160	 33.52	 19.19 5.64 3.10 1.320

30 100 50	 200	 33.52	 4.67 3.30 4.20 1.286

30 100 60	 140	 33.52	 31.94 43.25 1.98 1.102

30 100 60	 180	 33.52	 16.61 4.93 2.78 1.280

30 100 60	 200	 33.52	 9.37 3.75 3.14 1.272

30 100 70	 150	 33.52	 32.84 1,90 1.038

30 100 70	 200	 33.52	 14.13	 4.43 2.60 1.247

40 50 50	 70	 78.48	 67.12	 2.89 2.83 1.769

40 50 50	 200	 78.48	 4.67	 1.29 10.92 1.394

40 50 60	 80 '	 78.48	 68.40	 3.13 2.33 1.665

40 50 60	 90	 78.48	 59.19	 2.16 2.72 1.693

40 50 60	 200	 78.48	 9.37	 •1.31 5.96 1.404

40 50 70	 90	 78.48	 69.70	 3.45 2.15 1.566

40 50 70	 100	 78.48	 60.28	 2.18 2.40 1.624

40 50 70	 200	 78.48	 14.13	 1.33 4.31 1.407

TABLE 41.2 Derived thermodynamic design data for absorption
(continued) systems operating on ammonia-water for heating.
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TEV TAB COT TGE xAB XGE (FR) (COP)GGL (C°13) ECL.

-

40 60 50 80 65.86 58.12 5.41 2.77 1.648

40 60 50 90 65.86 51.36 3.35 3.59 1.660

40 60 50 200 65.86 4.67 1.56 10.26 1.364

40 60 60 90 65.86 59.20 6..12 2.29 1.515

40 60 60 100 65.86 46.58 2.77 3.04 1.567

40 60 60 200 65.86 9.37.. 1.60 5.63 1.370

40 60 70 100 65.68 60.28 7.12 2.19 1.396

40 60 70 120 65.86 47.61 2.87 2.59 1.503

40 60 70 200 65.86 14.13 1.66 4.09 1.368

40 70 50 90 57.02 51.36 8.59 2.72 1.530

40 70 50 100 57.02 45.56 4.75 3.52 1.561

40 70 50 200 57.02 4.67 1.82 9.60 1.344

40 70 60 100 , 57.02 52.41 10.32 2.26 1.381

40 70 60 120 57.02 41.21 3.72 2.99 1.483

40 70 60 200 57.02 9.37 1.90 5.30 1.345

40 70 70 110 57.02 53.46 13.06 2.09 1.262

40 70 70 140 57.02 37.29 3.18 2.77 1.422

40 70 70 200 57.02 14.13 2.00 3.87 1.340

40 80 50 100 50.31 45.56 11.46 2.68 1.452

40 80 50 110 50.31 40.23 5.93 3.45 1.500

40 80 50 200 50.31 4.67 2.09 8.94 1.330

TABEL Al. 2 Derived thermodynamic design data for absorption
( continued) systems operating on anunonia-water for cooling.
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Tr TAB C
X

AB
X

GE
(FR) (COP)ca (COP)Ea.

40 80 60 110 50.31 46.58 14.35 2.23 1.308

40 80 60 130 50.31 36.38 4.57 2.94 1.424

40 80 60 200 50.31 9.37 2:21 4.97 1.329

40 80 70 120 50.31 47.61 19.45 2.06 1.194

40 80 70 150 50.31 32.84 3.65 2.73 1.369

40 80 70 200 50.31 14.13 - 2.73 3.65 1.319

40 90 50 110 44.53 40.22 13.88 2.63 1.402

40 90 50 120 44.53 35.48 7.13 3.39 1.441

40 90 50 200 44.53 4.67 2.39 8.28 1.319

40 90 60 120 44.53 41.21 17.72 2.19 1.264

40 90 60 150 44.53 27.78 4.31 3.22 1.375

40 90 60 200 44.53 9.37 2.58 4.64 1.315

40 90 70 130 44.53 42.21 24.90 2.04 1.158

40 90 70 160 44.53 28.70 4.50 2.69 1.327

40 90 70 200 44.53 14.13 2.82 3.43 1.302

40 100 50 120 39.28 35.48 16.98 2.59 1.342

40 100 50 140 39.28 26.80 5.87 4.03 1.397

40 100 50 200 39.28 4.67 2.75 7.62 1.310

40 100 60 130 39.28 36.40 22.06 2.17 1.218

40 100 60 160 39.28 23.93 4.96 3.17 1.337

TABLE A1.2	 Derived thermodynamic design , data for absorption
(continued) systems operating on ammonia-water for heating.
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EV
TTT

AB CO
T
GE

t

X,
AB

X
GE

(FR) (COP)ca (COP)m.

-10 80 70 190 18.98 17.82 71.14 0.78 0.024

-10 80 70 200 18.98 14.13 17.71 0.83 0.079

-10 90 50 186 14.51 11.75 31.93 0.87 0.068

-10 90 50 200 14.51 4.67 9.69 1.02 0.146

-10 90 ' 60 190 14.51 12.95 55.74 0.81 0.036

-10 90 60 200 14.51 9.37	 - 17.62 0.87 0.090

-10 100 50 190 10.80 8.20 35.35 0.85 0.062

-10 100 50 200 10.80 4.67 15.56 0.93 0.112

-10 100 60 200 10.80 9.37 63.41 0.79 0.032

- 5 50 50 120 37.17 35.48 38.12 0.87 0.073

- 5 50 50 170 37.17 15.38 3.88 1.32 0.260

- 5 50 50 200 37.17 4.67 2.93 1.55 0.244

- 5 50 60 130 37.17 36.40 82.03 0.82 0.030

- 5 50 60 190 37.17 12.95 3.59 1.25 0.233

- 5 50 60 200 37.17 9.37 3.26 1.31 0.231

- 5 50 70 150 37.17 32.84 15.49 0.84 0.104

- 5 50 70 200 37.17 14.13 3.73 1.13 0.210

- 5 60 50 140 31.95 26.80 14.21 0.94 0.147

- 5 60 50 180 31.95 11.75 4.37 1.29 0.236

- 5 60 50 200 31.95 4.67 3.49 1.44 0.231

7 5 60 60 150 31.95 27.78 17.31 0.88 0.109

- 5 60 60 200 31.95 9.37 4.01 1.22 0.213

- 5 60 70 160 31.95 28.70 21.92 0.83 0.077

- 5 60 70 200 31.95 14.13 4.82 1.06 0.186

- 5 70 50 160 26.97 19.19 10.39 1.01 0.168

(COP)CFI =(C°P) CCL	 1	
(COP)EH = (COP) EcL + 1

TABLE N1.3 Derived thermodynamic design data for absorption systems

(continued) operating on amonia - water for coolinrr, and simultaneous,
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EV
TTTT

AB CO GE
X
AB X

GE
(FR) (COP)

CCL (MP)Ea

- 5 70 50 200

._

26.97 4.67 4.28 1.34 0.216

- 5 70 60 160 26.97 23.93 25.07 0.86 0.079

- 5 70 60 200 26.97 9.37 5.15 1.13 0.192

- 5 70 70 170 26.97 24.89 36.21 0.81 0.049

- 5 70 70 200 26.97 14.13 6.69 0.98 0.157

- 5 80 50 160 22.20 19.19	 - 26.80 0.90 0.087

- 5 80 50 200 22.20 4.67 5.44 1.24 0.198

- 5 80 60 170 22.20 20.39 43.78 0.84 0.048

- 5 80 60 200 22.20 9.37 7.06 1.04 0.166

- 5 80 70 • 180 22.20 21.40 97.47 0.79 0.019

- 5 80 70 200 22.20 14.13 10.63 0.91 0.119

- 5 90 50 170 17.45 15.38 40.78 0.88 0.061

- 5 90 50 200 17.45 4.67 7.46 1.13 0.174

- 5 90 60 180 17.45 16.61 99.46 0.82 0.023

- 5 90 60 200 17.45 9.37 11.21 0.96 0.128

- 5 90 70 200 17.45 14.13 25.83 0.83 0.062

- 5 100 50 180 . 13.37 11.75 54.57 0.86 0.047

- 5 100 50 200 13.37 4.67 10.96 1.03 0.144

- 5 100 60 190 13.37 12.95 209.94 0.80 0.011

- 5 100 60 200 13.37 9.37 22.67 0.87 0.080

0 50 50 120 40.41 35.48 13.09 0.97 '	 0.178

0 50 50 160 40.41 19.19 3.38 1.39 0.283

0 50 50 200 40.41 4.67	 . 2.67 1.73 0,258

0 50 60 130 , 40.41 36.40 15.86 I	 0.90 0.132

(COP)CH = (C°P) CCL + 1	 (COP)EH = (C°P) ECL + 1
TABLE Al..8 Derived thermodynamic design data for absorption systems

(continued) operating on ammonia - water for coolin rr and simultaneous

heating.'
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T
AB

T
CO

T
GE

xid3 X
(C°F)CCL (C°P)ECL

_

o 50 60 180 40.41 16.61 3.50

,

1.31 0.255

50 60 200 40.41 9.37 2.92 1.44 0.247

50 70 140 40.41 37.29 20.09 0.85 0.093

50 70 200 40.41 14.13 3.27 1.24 0.229

0 60 50 130 35.13 31.00 16.72 0.95 0.145

0 60 50 170 35.13 15.38	 - 4.28 1.36 0.259

0 60 50 200 35.13 4.67 3.13 1.62 0.246

0 60 60 140 35.13 31.94 21.36 0.88 0.102

0 60 60 190 35.13 12.95 3.93 1.28 0.232

0 60 60 200 35.13 9.37 3.52 1.35 0.231

0 60 70 150 35.13 32.84 29.28 0.83 0.066

0 60 70 200 35.13 14.13 4.09 1.15 0.208

0 70 50 140 30.08 26.80 22.34 0.93 0.115

0 70 50 190 30.08 8.20 4.20 1.42 0.236

0 70 50 200 30.08 4.67 3.75 1.50 0.232

0 70 60 150 30.08 27.78 31.43 0.86 0.073

70 60 200 ' 30.08 9.37 4.38 1.25 0.212

0 70 70 160 30.08 28.70 51.68 0.81 0.039

70 70 200 30.08 14.13 5.38 1.07 0.183

80 50 150 25.26 22.90 32.68 0.90 0.083

80 50 200 25.26 4.67 4.63 1.39 0.217

(C°P)CHEH(C°P) CCL	 1	 (COP) EH 	 (C°P) ECL +1
TABLE 411.3) Derived thermodynamic design data for absorption systems

(continued) operating on ammonia - water for coolim and simultaneous

heating.
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CO X
GE

(FR) (COP) ca (C°P)ECI:

0 80 60 160 25.26 23.93 57.30 0.84 0.042

0 80 60 200 25.26 9.37 5.70 1.15 0.190

0 80 70 180 25.26 21.40 20..37 0.66 0.082

0 80 70 200 25.26 14.13 7.71 0.99 0.151

0 90 50 160 20.67 19.19 54.49 0.68 0.053

0 90 50 200 20.67 4.67 - 5.96 1.27 0.199

0 90 60 180 20.67 16.61 20.54 0.9° 0.095

0 90 60 200 20.67 9.37 8.02 1.06 0.163

0 90 70 190 20.67 17.82 28.79 OM 0.061

0 90 70 200 20.67 14.13 13.12 0.91 0.109

0 100 50 170 16.12 15.38 114.74 0.86 0.027

0 100 50 200 16.12 , 4.67 8.33 1.15 0.173

0 100 60 190 16.12 12.95 27.52 0.88 0.074

0 100 60 200 16.12 9.37 13.43 0.96 0.121

0 100 70 200 16.12 14.13 43.21 0.82 0.043

5 50 50 110 43.69 40.23 17.23 0.97 0.167

5 50 50 150 . 43.69 22.90 3.71 1.46 0.313

5 50 50 200 43.69 4.67 2.44 1.96 0.272

5 50 60 120 43.69 41.21 23.71 0.90 0.107

5 50 60 170 43.69 20.39 3.42 1.37 0.279

5 50 60 200 43.69 9.37 2.64 1.60 0.263

5 50 70 130 43.69 42.21 38.98 0.65 0.058

5 50 70 190 43.69 17.82 3.18 1.29 0.250

5 50 70 200 43.69 14.13 2.90 1.36 0.248

(COP)CH = (C°P) CCL 4. 1	 (COP) 	 (C°P) ECL 	 1
TABLEA.1.3 Derived thermodynamic design data for absorntion systems

(continued) onerating on ammonia - water for cooling and simultaneous

heating .
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CO X
GE (FR) (COP)ca (COP)EL,

60 50 120 38.29 35.48 23.00 0.94 0.129

5 60 50 170 38.29 15.38 3.69 1.53 0.283

5 60 50 200 38.29 4.67 2.84	 ' 2.83 0.259

5 60 60 130 38.29 36.40 33.68 0.88 0.078

5 60 60 180 38.29 16.61 3.85 1.34 0.253

5 60 60 200 38.29 9.37	 *. 3.13 1.50 0.247

5 60 70 140 38.29 37.29 62.73 0.83 0.037

60 70 200 38.29 14.13 3.55 1.27 0.227

70 50 130 33.18 31.00 31.74 0.92 0.098

5 70 50 180 33.18 11.75 4.19 1.50 0.259

5 70 50 200 33.18 4.67 3.34 1.70 0.248

5 70 60 140 33.18 31.94 55.15 0.86 0.049

70 60 190 33.18 12.95 4.30 1.31 0.232

5 70 60 200 33.18 9.37 3.81 1.39 0.231

70 70 160 33.18 28.70 15.93 0.89 0.112

70 70 200 33.18 14.13 4.51 1.18 0.206

80 50 140	 . 28.29 26.80 49.23 0.90 0.066

80 50 190 28.29 8.20 4.57 1.47 0.237

80 50 200 28.29 4.67 4.04 1.57 0.234

5 80 60 160 28.29 23.93 17.45 0.93 0.120

80 60 200 28.29 9.37 4.79 1.28 0.210

(COP) cm = 
(C4) CCL 4. 1
	

(COP)E1 1 = (COP)a,+ 1

TABLE Al.3 Derived thermodynamic design data for absorption systems

(continue) operating on ammonia - water for coolinc, and simultaneous

heating



216

T EV
T

AB
T

CO
T

GE
X

AB
X

CE
(FR) (GOP)ca (COP)

ECL,

5 80 70 170 28.29
..t. 24.89 22.10 0.87 0.085

5 80 70 200 28.29 14.13 6.06 1.09 0.179

5 90 50 160 23.64 19.19 18:18 0.99 0.135

5 90 50 200 23.64 4.67 5.03 1.47 0.219

5 90 60 170 23.64 20.39 24.51 0.91 0.090

5 90 60 200 23.64 9.37  6.35 1.18 0.189

5 90 70 180 23.64 21.40 35.15 0.85 0.056

5 90 70 200 23.64 14.13 9.03 0.99 0.145

5 100 50 170 19.13 15.38 22.55 0.98 0.114

5 100 50 200 19.13 4.67 6.59 1.31 0.200

5 100 60 180 19.13 16.61	 ' 33.14 0.89 0.070

5 100 60 200 19.13 9.37 9.28 1.07 0.158

5 100 70 190 19.13 17.82 62.73 0.83 0.033

5 100 70 200 19.13 14.13 17.16 0.90 0.096

10 50 50 100 47.14 45.56 34.35 0.95 0.110

10 50 50 140 47.14 22.90 3.18 1.67 0.344

10 50 50 200' 47.14 4.67 2.24 2.24 0.286

10 50 60 120 47.14 41.21 9.92 1.01 0.217

10 50 60 160 47.14 23.93 3.28 1.44 0.310

10 50 60 200 47.14 9.37 2.40 1.79 0.280

10 50 70 130 47.14 42;21 11.72 0.94 0.164

(COP)c" 
m (C°P) CCL 4. 1	 (CONE/ = (C°P) ECL 4. 1

TABLE 41.3 Derived thermodynamic design data for absorption systems

(continued) operating on ammonia - water for coolin-i. and simultaneous

heating.
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T
EV

T
AB

T
CO

T
GE

x
AB

.

X
GE (FR) (COP)CCL

,

(COP)ECL'

10 50 70 170 47.14 24.89 3.38 1.28 0.278

10 50 70 200 47.14 14.13 2.60 1.50 0.266

10 60 50 120 41.45 35.48 10:80 1.08 0.231

10 60 50 150 41.45 22.90 4.16 1.51 0.310

10 60 50 200 41.45 4.67 2.59 2.09 0.273

10 60 60 130 41.45 36.40 - 12.58 0.98 0.177

10 60 60 170 41.45 20.39 3.78 1.41 0.276

10 60 60 200 41.45 9.37 2.82 1.68 0.263
1

10 60 70 140 41.45 37.29 15.05 0.91 0.132

10 60 70 190 41.45 17.82 3.48 1.32 0.248

10 60 70 200 41.45 14.13	 ' 3.14 1.40 0.246

10 70 50 130 36.26 31.00 13.13 1.05 0.198

10 70 50 170 36.26 15.38 4.05 1.60 0.284

10 70 50 200 36.26 4.67 3.02 1.94 0.262

10 70 60 140 36.26 31.94 15.77 0.96 0.146

10 70 60 180 36.26 16.61 4.24 1.37 0.252

10 70 60 200 . 36.26 9.37 3.37 1.56 0.248

10 70 70 150 36.26 32.84 19.62 0.89 0.105

10 70 70 200 36.26 14.13 3.88 0.29 0.226

10 80 50 140 31.31 26.80 16.25 1.03 0.167

10 80 50 180 31.31 11.75 4.51 0.56 0.260

(COP)CH	 (C°P) CCL	 1	
(COP)EH	 (C°P)ECL ' 4' 1

TABLE A1.3 Derived thermodynamic design data for absorption systems

(continuecl ) onerating on ammonia - water for cooling and simultaneous

heating



218

T
CO

T
GE

xa kir
(C") ECL

10 80	 50 200	 31.31	 4.67 3.58 1.79 0.250

10 80	 60 150	 31.31	 27.78 20.49 0.94 0.118

10 80	 60 200	 31.31	 9.37 4..13. 1.44 0.232

10 80	 70 160	 31.31	 28.70 27.36 0.81 0.078

10 80	 70 200	 31.31	 14.13 5.00 1.2D 0.204

10 90	 50 150	 26.58	 22.90 .. 20.94 1.00 0.137

10 90	 50 190	 26.58	 8.20 4.99 1.53 0.239

10 90	 50 200	 26.58	 4.67 4.35 1.65 0.237
..

10 90	 60 160	 26.58	 23.93 28.70 0.92 0.089

10 90	 60 200	 26.58	 9,37 5.27 1.32 0.213

10 90	 70 170	 26.58	 24.89 44.43 0.85 0.051

10 90	 70 200	 26.58	 14.13 6.89 1.10 0.175

10 100	 50 160	 22.10	 19.19 27.79 0.98 0.109

10 100	 50 200	 22.10	 4.67 5.47	 1.50 0.222

10 100	 60 170	 22.10	 20.39 46.52	 0.89 0.058

10 100 60 200 22.10	 9.37 7.12	 1.20 0.188

10 100 70 190 • 22.10	 17.82 19.20	 0.92 0.096

10 100 70 200 22.10	 14.13 10.77	 1.00 0.138

(COP) cH	= (C°P)CCL	
+ 1 +1(COP)EH	 =	 (C°P)ECL

TABLE Al. 3

( continued )

Derived thermodynamic design data for absorntion systems

operating on =Ionia water for coolina and simultaneous

heating.
I

1
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1EV TAB ru •r GE XAB	 . x GE (FR) (CUP) CCL (COP) ECL

-30 30 30 100 38.99 38,46 123 0.76 0.043

-30 30 30 105 38.99 36.87 29.75 0.80 0.133

-30 30 30 110 38,99 35.34 17.68 0.85 0.189

-30 30 30 115 38.99 33.85 12.86 0.89 0.226

-30 30 40 115 38.99 37.17 34.47 0.76 0.101

-30 30 40 120 38.99 35.64 19.22 0.80 0,154

-30 30 40 125 38,99 34.17 13,65 0.83 0,191

-30 30 40 130 38.99 32.73 10.75 0,86 0.218

-30 30 50 125 38.99 37.42 39.77 0.73 0.076

-30 30 50 130 38.99 35.90 20.75 0.75 0.126

-30 30
.

50 135 38.99 34.43 14.39 0.78

.

0.162

-30 30 50 140 38.99 33.01 11.20 0.81 0.188

-30 40 30 115 35.48 33.85 40.58 0.78 0.104

-30 40 30 120 35,48 32.41 22.00 0.82 0.162

-30 40 30 125 35.48 31.01 15.42 0.87 0.201

-30 40 40 125 35.48 34.17 50.16 0.74 0.073

-30 40 40 130 35.48 32.73 24.50 0.78 0.129

-30 40 40 135 35.48 31.34 16.58 '	 0.81 0,167

-30 40 50 135 35.48 34.43 62.70 0.71 0.051

-30 40 50 140 35.48 33.01 27.11 0.74 0,102

-30 40 50 145 35.48 ' 31.62 17.72 0.76 0.139

Table A1.4	 Derived thermodynamic design data for absorption systems
operating on ammonia-lithium nitrate for cooling.

... continued

;



XGE	 J	 (FR)	 (COP) CCL (COP) ECL

40.11 I 55.20	 0.80 0,089

38.46 I 22.48	 0.85	 I 0.174

36,87 14.59	 0.90 J 0.225

35.34 I 11.03	 0.94	 I 0.259

33.85 I	 9.00	 1,00 J 0.282

32.41

31.01

38,75	 25,02

37.20 I 15.60

35.64 I 11.59

1.03	 I 0.298

	

1.08
	

0.311

	

0,80
	

0,137

	

0.84
	

0.187

	

0.87
	

0.221

7.69

6.77

0.91 0.2469,3734.17

220

1:EV TAB TCO TGE XAB

-25 30 30 95 41.20

-25 30 30 100 41.20

-25 30 30 105 41.20

-25 30 30 110 41.20

-25 30 30 115 41.20

-25 30 30 120 41,20

-25 30 30 125 41.20

-25 30 40 110 41.20

-25 30 40 115 41.20

-25 30 40 120 41.20

-25 30 40 125 41.20

-25 30 40 130 41.20 32.73 7.95 0.95 0.264

-25 30 40 135 41.20 31.34 6.97 0.98 0.277

-25 30 50 120 41.20 38.99 27.62 0.76 0.108

-25 30 50 125 41.20 37.42 16.56 0.79 0.156

-25 30 50 130 41.20 35.90 12.11 0,82 0,190

-25 30 50 135 41.20 34.43 9.70 0.85 0.214

-25 30 50 140 41.20 33.01 8.18 0.88 0.232

-25 30 50 145 41.20 31.62 7.14 0.91 0.246

-25 40 30 1.10 37.53 35.34 29.41 0.82 0.143

-25 40' 30 115 37.53 33.85 17.96 0.87 0.196

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium hitrate for cooling.
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TEV TAB TCO GE XAB %	 X GE (FR) (COP) CCL (COP) ECL

-25 40 30 120 37.53 32.41 13.19 0.92 0.232

-25 40 30 125 37.53 31.01 10.57 0.96 0.257

-25 40 40 120 37.53 35.64 34.06 0.78 0.107

-25 40 40 125 37.53 34.17 19.56 0.82 0.160

-25 40 40 130 37.53 32.73 14.01 0.85 0.196

-25 40 40 135 37.53 31.34 11.08 0.89 0.221

-25 40 50 130 37.53 35.90 39.29 0.74 0.081

-25 40 50 135 37.53 34.43 21.15 0.77 0.130

-25 40 50 140 37.53 33.01 14.80 0,80 0.165

-25 40 50 145 37.53 31.62 11.57 0.83 0.190

-25 50 36 125 34.17 31.01 27.77 0,85 0.172

-20 30 30 90 43.47 41.84 35.55 0.84 0.136

-20 30 30 95 43,47 40.11 17.82 0.89 0.216

-20 30 30 100 43,47 38.46 12.28 0.95 0.263

-20 30 30 105 43.47 36.87 9.56 1,00 0.293

-20 30 30 110 43.47 35.34 7.95 1.06 0.313

-20 30 30 115 43.47 33.85 6.87 1.11 0.328

-20 30 30 120 43.47 32.41 6.11 '1.16 0,338

-20 30 30 125 43.47 31,01 5.53 1.21 0.346

-20 30 40 100 43,47 42.10 42.26 0.79 0,098

-20 30 40 105 43.47 40.39 19,34 0.84 0.174

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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(FR)	 (COP)cci. (C°P) ECL 1

-20 30 40 110 43.47 38.75 12.97 0.88

-20 30 40 115 43,47 37.17 9.97 0.92

-20 30 140 120 43.47 35.64 8.22 0.97

-20 30 40 125 43,47 34.17 7.08 1.01

-20 30 40 130 43,47 32.73 6.26 1.05

-20 30 14 0 135 43.47 31.34 5.66 1.09

-20 30 50 1 10 43.47 42.32 49.96 0.76

-20 30 50 115 43.47 40.62 20.80 0.79

30 50 120 43.47_ 38.99 13.60 0.83

-20 30 50 125 43.47 37.42 10.34 0.86

-20 30 50 130 43.47 35.90 8.47 0.90

-20 30 50 135 43.47 34.43 7,25 0.93

-20 30 60 140 43,47 33.01 6.40 0.96

-20 30 50 145 43.47 31.62 5.77 0.99

-20 40 30	 • 100 39.63 38.46 52.45 0,81

-20 40 30 105 39.63 36.87 22.85 0.87

-20 '40 30 1 10 39.63 35.34 15.05 0.93

-20 40 30 115 39.63 33.85 11.44 '	 0.98

-20 40 30 120 39.63 32,41 9.36 1,03

-20 40_ 30 125 39,63 31.01 8.00 1.08

I 0.258

I 0.241

I 0.142

I 0.071

I 0.311

I 0.302

I 0.291

I 0.275

0.222

0.253

TA13TEV TC U TGE X GEX AB

0.270

0.280

0.100

0.182

I 0.232

I 0.264

I 0.287

I 0.303

f 0.187

I 0.219

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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T EV TAB T co GE X AB X GE (FR) (COP)cu
i

(COP)Eu

-20 40 90 110 39.63 38.75 69.30 0.77 0.064

-20 40 40 115 39,63 37.17 25.50 0.82 0.142

-20 40 40 120 39.63 35.64 16.13 0:86 0.191

-20 40 40 125 39.63 34.17 12.05 0.90 0.225

-20 40 40 130 39.63 32.73 9.75 0.94 0.250

-20 40 40 135 39.63 31.34 8.28 0.98 0.266

-20 40 50 120 39.63 38.99 94.56 0.74 0:039

-20 40 50 125 39.63 37.42 28.26 0.77 0.111

-20 40 50 130 39.63 35.90 17.18 0.81 0.159

-20 40 50 , 135 39.63 34.43 12.61 0.84 0.192

-20 40 50 140 39.63 33.01 10.11 0.88 0.216

50 39.63 31.62 8.54 0.91 0,234

30 I 36.14 35.34 79.99 0.79 0,069

30 • 33.85 28.84 0.85 0.154

30 32.41 18.09 0.90 0.206

30 • 31.01 13.43) 0.95 0.240

40 120 36.14 35.64 128.87 0.75 0.036

40 125 36.14 34.17 33,31 1 0.80 0.115

40 130 36.14 32.73 19.73 0.84 0.166

40 135 36.14 31.34 14.29 0.88 0.201

20 50 50 130 36.14 35,90 265.72 0.72 0.015

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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TEV TAB Tco GE XAB .	 xGE (FR) (COP) CCL COP) ECL

-20 50 50 135 36.14 34.43 38.36 0.75 0.087

-20 50 50 140 36.14 33.00 21.37 0.79 0.135

-20 50 50 145 36.14 31.62 15.12 0.82 0.169

-15 30 30 80 45.84 45.55 187.58 0.81 0.036

-15 30 30 85 45.84 43.64 25.69 0.88 0.186

-15 30 30 90 45.84 41.84 14.54 0.95 0,260

-15 30 30 95 45.84 40.11 10,46 1,01 0.302

-15 30 30 100 45.84 38.46 8.34 1.08 0.329

-45 30 30 105 45.84 36.87 7.04 1.14 0.346

-15 30 30 110 45.84 35.33 6.16 1.20 0.358

-15 30 30 115 45.84 33.85 5.52 1.26 0.366

-15 30 30 120 45.84 32.41 5.03 1.31 0.372

-15 30 30 125 45.84 31.01 4.65 1.37 0.376

-15 30 40 95 45.84 43.90 28.91 0.83 0,142

-15 30 40 100 45.84 42.10 15.50 0,88 0.214

-15 30 40 105 45.84 40.39 10.94 0.93 0.258

-15 30 40 110 45.84 38.75 8.64 0,98 0.286

-15 30 40 115 45,84 37.17 7.25 ' 1.03 0,306

-15 30 40 120 45.84 35.64 6.31 1.07 0.319

15 30 40 125 45.84 34.17 5.64 1.12 0.330

-15 30 40 130 45.84 32.73 5.13 1,16 0.337

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium 'nitrate for cooling.
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T CO TGE XAB X GE .(FR) (COP) CCL (C0P)---.-ECL

-15	 30	 40 135 45.84 31.34 4.74 1.21 0.342

50 105 45.84 44.10 32.14 0.79 0.109

50 110_ 45.84  42.32 16.39 0.e3

0.87

_0.177

0.22050 115 45.84 40.62 11.38

50 120 45.84 38.99 8.91 0.91 0.249

50 125 45.84 37.42 7.43 0.95 0.270

-15	 30	 50 130 45.84 35.90 6.45 0.99 0,284

-15 30 50 135 45.84 34.43 5,75 1.02 0.295

15 30 50 140 45.84 33.01 5.22 1.06 0.304

-15 30 50 , 145 45.84 31.62 4.81 1.09 0.310

-15 40 30 95 41.79 40.11 35.71 0,86 0.146

-15 40 30 100 41.79 38,46 18.48	 0,92	 0,223

-15 40 30 105_ 41.79 36.87 12.83	 0.99	 0.268

-15 40 30 110 41.79 35.34 10.02	 1.05	 0.298

-15 40 30 115 41.79 33.85 8.33	 1.11	 0.317

30 120 41.79 32.41 7.21	 1.17	 0,331

0 125 41.79 31,01 6.40	 ' 1.22	 0,341

40 105 41.79 40,39 42.62	 0.81	 '	 0.104

40 110 41.79 38.75 20.15	 0.86	 0.179

-15 40 40 115 41.79 37.17 13.60	 0.91	 0.225

-15 40 40 120 41.79 35.64 10.47	 0.96	 0.256

Table A1.4 Derived thermodynamic design data for absorption system;
(continued) operating on ammonia-lithium nitrate for cooling.,
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TEV TAB T CO T GE X AB .	 x GE (FR) (COP) CCL (COP) ECL

-15 40 40 125 41.79 34.17 8.64 1.00 0.277

-15 40 40 130 41.79 32.73 7,43 1,05 0.293

-15 40 40 135 41.79 31.39 6.57 1:09 0.304

-15 40 50 115 41.79 40.62 50.71 0.77 0.074

-15 40 50 120 41.79 38.99 ' 21.78 0.81 '0.144

-15 40 50 125 41.79 37.42 14.32 0.85 0.189

-15 40 50 130 41.79 35.90 10.89 0.89 0.220

-15

,

40 50 135 41.79 34.43 8.92 0.92 0.242

L 15 40 50 140 41.79 33.01 7,63 0.96 0.258

-15 40 50 145 41.79 31.62 6.73 1.00 0.271

-15 50 30 105 38.15 36.87 49.34 0.83 0,113

-15 50 30 110 38.15 35.34 22.98 0.90 0.193

-15 50 30 115 38.15 33.85 15.39 0.96 0.240

_-15 50 _30 120 38.15 32.41 11.77 1.32 •	 0.272

-15 50 30 125 38,15 31.01 9.66 1.08 0,293

-15 50 40 115 38.15 37.17 64.13 0.79 0.074

-15 50 40 120 38.15 35.64 25.69 0,84 0.149

-15 50 40 125 38.15 34.17 16.53 ' 0,88 0.198

-15 50 40 130 38.15 32.73 12.42 0.93 0.230

_-15 50 40 135 38.15 31.34 10.08 0.98 0.253

Table A1.4	 Derived thermodynamic design data for absorption systems
'	 (continued) operating on ammonia-lithium nitrate for cooling.
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TEV TAB T CO TGE XAB % X GE (FR) (COP) CCL (COP) ECL

-15 50 50 125 38.15 37.42 85.59 0.75 0.047

-15 50 50 130 38.15 35.90 28.53 0.79 0.117

-15 50 50 135 38.15 34.43 17.65 0.83 0.163

-15 50 50 140 38.15 33.01 13,03 0 ..87 0.195

-15 50 50 145 38.15 31.62 10.47 0.90 0.219

-10 30 30 75 48.31 47.57 69.96 0.85 0.096

-10- 30 30 80 48.31 45.55 19.67 0.93 0.239

-10 30 30 85 48.31 43.64 12.06 1.01 0.306

-10 30 30 90 48.31 41.84 8,98 1.09 0.343

-10 30 30 95 48.31 40.11 7.30 1.16 0.366

-10 30 36 100 48.31 38.46 6.25 1.23 0.380

-10 30 30 105 48.31 36.87 5.52 1.31 0.390

-10 30 30 110 48.31 35.34 4.98 1.37 0.396

-10 30 30 115 48.31 33.85 4.57 1.44 0.400

-10 30 30 120 48,31 32,41 4.25 151 4.443

-10 30 30 125 48.31 31.01 3.99 1,57 0.404

-10 30 40 85 48.31 47.79 98.95 0.81 0.056

-10 30 40 90 48.31 45.79 21.43 '	 0.87 0.188

-10 30 40 95 48.31 43.90 12.70 0.93 0.256

-10 30 40 100 48.31 42.10 9.32 0.99 0.296

-10 30 40 105 48.31 40.39 7.52 1.04 0.321

Table A1.4	 Derived thermodynamic design data for absorption systems.
(continued) operating on ammonia-lithium nitrate for cooling.
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-10

	

TEV 1AB TCO TGE	 XAB	 X GE	 (FR)

-10	 30 40	 110 48.31 38.75 6.40

48.31 34.17 4.65 1.26 0.363

48.31 32.73 4.32 1.31 0.367

48.31 31.34 4.05 1.35 0.370

48.31 47,96 145.19 0.77 0.031

48.31 45.97 23.06 0.82 0.150

48.31 40.62 7,62 0.96 0.282

48.31 38.99 6.54 1.00 0.300

48.31 37.42 5.74 1.05 0.313

48.31 35.90 5.16 1.09 0.322

48.31 34.43 4.72 1.13 0.329

48.31 33.01 4.38 1.17 0.334

48.31

44.02

44.02

31.62

43.64

4,1() 1,21 4.338

151.03 0.83 0.049

41.84 26.68 0.91 0.195

44.02 40.11 15.34 0.98 0.266

44.02 38.46 11.08 1.06 0.307

44.02 36.87 8.83 1.13 0.332

44.02 35.34 7,45 1,20 0.350

-10	 40 30	 95

- 10	 40 30	 100

- 10	 40 30	 105

-10	 40 30	 110

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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T EV 'A13 Tco GE x AB	 . x GE (FR) (COP) CCL (COP) ECL

-10 40 30 115 44.02 33.85 6.51 1.27 0.361

-10 40 30 120 44,02 32.41 5.82 1.34 0,369

30 125 44.02 31.01 5.30 1.40 0.374

40 95 44.02 43.90 467.20 0.79 0.013

40 100 44.02 42.10 30.25 0.85 0.146

40 105 44.02 40.39 '16.44 0.90 0.217

40 110 44.02 38.75 11.63 0.96 0.260

40 115 44.02 37.17 9.18 1.02 0.288

40 120 44.02 35.64 7.69 1.07 0.307

40 125 44.02 34.17 6.70 1.12 0.320

40 ' 130 44.02 32.73 5.96 1.18 0.330

40 135 44.02 31.34 5.42 1.23 0.337

50 110 44.02 42.32 33.96 0.80 0.111

50 115 44.02 40.62 17.47 0.85 0,178

50 120 44.02 38,99 12.13 0.89 0.220

50 125 44.02 37.42 9.49 0.94 0.249

-10 40 50 130 44.02 35.90 7.90 0.98 0.270

-10 40 50 135 44,02 34.43 6.84 ' 1.02 0.284

-10 40 50 140 44.02 33.01 6.09 1.06 0.295

-10 40 50 145 44.02 31.62 5.52 1.10 0.304

,

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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TEV TAB T CO TGE XAB	 . XGE (FR) (COP)ca (COP) Eu 1

-10 50 30 95 40.20 40.11 670.01 0.80 0.012

-10 50 30 100 40.20 38.46 35.33 _	 0.88 _ 0.159

-10 50 30 105 40.20 36.87

_

18.95  0.96 0.233

-10

_

50 30 110 40.20 35,33 13.29 1.03 0.277

-10 50 30 115 40.20 33.85 10.42 1.10 0.304

-10 50 30 120 40.20 32.41 8.67 1.17 0.323_

-10 50 30 125 40.20 31.01 7.50 1.24 0.336

-10 50 40 110 40.20 38.75 42.17 0.82 0.112

-40 50 40 115 40.20 37.17 20.72 0,88 0.185

-10 50 40 120 40.20 35.64 14.12 0.94 0.230

-10 50 40 125 40.20 34.17 10.91 0.99 0.260

_-10 50 _40 130 40.20 32.73 9.01 1.04	 _ 0.281

-10 50 40 135 40.20 31.34 7.75 1.10 0.296

-10 50 50 120 40.20 38.99 50.27 0.78 0.080

-10 50 50 125 40.20 37.42 22.49 0.83 0,148

-10 50 50 130 40.20 35.90 14.91 0.87 0.192

-10 50 50 135 40.20 34.43 11.37 0.91 0.222

-10 50 50 140 40.20 33.01 9.31 '	 0.96 0.244

:10 50 50 145 40.20 31.62 7.97 1.00 0.260, _

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.

:

i
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T E TAB Tco rGE XAB X GE (FR) (COP)cc i. (COP)EcL

5 30 30 70 50.94 49.72 41.36 0.89 0.162

-5 30 30 75 50.94 47.56 15.55 0.99 0.296

30 30 80 50.94 45.55 10.10 1.09 0.356

-5 30 30 50.94 43.64 7.73 1.18 0.388

50.94 41.84 6.39 1.27 0.406

50.94 40.11 5.53 1.35 0.417

50.94 38.46 4.93 1.44 0.424

50.94 36.87 4.50 1.52 0.428

50.94 35.33 4.15 1.60 0.430

50.94 33.85 3.87 1.68 0.431

50.94 32.41 3.65 1.75 0.431

50.94 31.01 3.46 1.83 0.431

50.94 49.92 49.46 0.84 0.111

50.94 47.79 16.58 0.92 0.239

50.94 45.79 10.52 0.98 0.302

40 • 50.94 43.90 7.97 1.05 0.337

40 Is 50.94 42.10 6.55 1.12 0.359

40 I 50.94 40.39 5.65 ' 1.18 0.373,

5 30 40 110 50.94 38.75 5.03 1.24 0.382

5 30 40 115 50.94 37,17 4.56 1.31 0,388

30 40 120 50.94 35.64 4.21 1.36 0.392

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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TEV TAB T CO TGE X AB	 . XGE I	 (FR) (COP)cu (COP) ECL

30 40 125 50.94 35.64 4.21 _ 1.36 0.392

30 40 130

_

50.94

_

32.73 3.70 1.48 0.396

30 40 135 50.94 31,34 3.50 1.53 0.397

30 50 90 50.94 50.07 57.85 0.81 0.078

-5 30 50 95 50.94 47.96 17.46 0.86 0..195

0.257-5 30 50 100 50.94 45.97 10.88 0.91

-5 30 50 105 50.94 44.10 8.17 0.97 0.293

-5 _ 30 _50 110 50.94 42.32 6.69 1.02 0.317

t-5 30 50 115 50194 40.62 5.76 1.07 0.333

30 50 120 50.94 38.99 5.11 1.12 0.343

-5 30 50 125_ 50.94 37.42 4.63 1.16 0.351

-5 30 50 130 50.94 35.90 4.26

_

1.21 0.356

-5 30 50 135 50.94 34.43 3.97 1.25 0.360

30 50 140 50.94 33.10 3.74 1.30 0.363

30 50 145 50.94 31.62 3.54 1.34 0.364

-5 40 30 80 46.33 45.55 69.28 0.87 0.108

-5 40 30 85 46.33 43.64 20.95 0.96 0.247

-5 , 40 30 _	 90 46.33 41.84 12.94 '1.06 0.318

-5 40 30 95_	 46.33 40.11 9.63 1.14 0.348

-5 40 30 100_	 46.33 38.46 7.82 1.23 0.369

-5 40 30 105	 46.33 36.87 6.67 1.32 0.383

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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T EV TAB T CO TGE X AB	 . x GE (FR) (COP) CCL (coP)----ECL

-5 40 30 110 46.33 35.34 5.88 1.40
'

0.392

-5 40 30 115 46.33 33.85 5.30 1.48 0.398

-5 40 30 120 46.33 32.41	 _ 4.85 1.56 0.402

-5 40 30 125 46.33 31.01 4.50 1.64 0.404

-5 40 40 90 46.33 45.76 99.00 0.82 0.061

-5 40 40 95 46.33 43.90 23.03 0.89 0.191

-5 40 40 100 46.33 42.10 13.69 0.96 0.258

-5 40 40 105 46.33 40.39 10.03 1.02 0.297

t-5 40 40 110 46.33 38.75 8.08 1.09 0.322

-5 40 40 115 46.33 37.17 6.86 1.15 0.338

-5 40 40 v 120 46.33 35.64 6.02 1.21 0.350

-5 40 40 125 46.33 34.17 5.41 1.27 0.358

-5 40 40 130 46.33 32,73 4.95 1.33 0.363

-5 40

_

40 135 46.33 31.34 4.58 1.39 0.367

-5 46 50 100 46.33 45.97 149.59 0.78 0.033

-5 40 50 105 46.33 44.10 25.01 0,84 0.150

-5 40 50 110 46.33 42.32 14.37 0.89 0.214

-5 40 50 115 46.33 40.62 10.39 ' 0.94 0.254

-5 40 50 120 46.33 38.99 8.31 0.99 0.281

-5 40 50 125 46.33 37.42 7.02 1.04 0.299

-5 40 50 130 46.33 35.90 6.15 1.09 0.312

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium ftitrate for cooling.
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T EV TAB T CO T GE XAB	 : X GE (FR) (COP) CCL (COP) ECL

-5 40 50 135 46.33 34.43 5.51 1.14 0.321

-5 40 50 140 46.33 33.01 5.03 1.18 0.328

-5 40 50 145 46.33 31.62 4.65 1:22 0.333

-5 50 30 90 42.31 41.84 122.51 0.84 0.066

-5 50 30 95 42.31 40.11 27.24 0.94 .0.208

-5 50 30 100 42,31 38.46 15.98 1.03 0.276

-5 50 30 105 42.31 36.87 11.60 1.11 0.315

50 30 110 42.31 35.34 9.27 1.20 0.339

-5 50 30 115 42.31 33.85 7.82 1.28 0.355,

-5 50 30 120 42.31 32.41 6.83 1.36 0.366

-5 50_36 125 42.31 31.01 6.10 1.44 0.373

-5 50 40 100 42.31 42.10 277.82 0.80 0.023

-5 50_40 105 42.31 40.39 31.04 0.87 0.154_

-5 50 40 110 42.31 38.75 17.20 0.93 0.223

50 40 115 42.31 37.17 12.22 1.00 0.265

-5 50 40 120 42.31 35.64 9.65 1.06 0.292

50 40 125 42.31 34.17 8.08 1.12 0.310

-5 50 40 130 42.31 32.73 7.02 '	 1.18 0.323

-5 50 40 135 42.31 31.34 6.26 1.24 0.333

-5 50 50 115 42.31 40.62 35.08 0.82 0.115

-5 50 50 120 42.31 38.99 18.36 0.87 0.181

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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T EV TAB T C0 TGE X AB	 • X GE (FR) (COP)ca (COP)Eci.

-5 50 50 125 42.31 37.42 12.79 0.92 0.223

50 50 130 42.31 35.90 10.00 0.97 0.251

-5 50 50 135 42.31 34.43 8.32 1.02 0.271

-5 50 50 140 42.31 33,01 7.20 1.06 0.286

-5 50 50 145 42.31 31.62 6.40  1.11 0.297

30 30 65 53.75

_

52.05 28.19 0.94 0.236

0 30 30 70 53.75 49.72 12.49 1.06 0.358

30 30 75 53.75 47.57 8.48 1.18 0.409

0 30 30 80 53,75 45.55 6.64 1.29 0.435

0 30 30 85 53.75 43.64 5.58 1.40 0.448

30 30 90 53,75 41.84 14.88 1.50 0,456

0 30 30 95 53.75 40.11 4.39 1.61 0.460

0 30 30 100 53.75 38.46 4.03 1.71 0.462

0 30 30 105 53.75 36.87 3.74 1.81 0,462

30 30 110 53.75 35.34 3.51 1.90 0.461

0 30 30 115 53.75 33.85 3.32 1.99 0.460

0 . 30 30 120 53.75 32.41 3.17 2.08 0.458

0 30 30 125 53,75 31.01 3,03 i	 2.17 0.456

30 40 75 53.75 52.23 31.43 0.88 0.173

30 40 80 53.75 49.92 13.10 0.97 0.295

0 30 140 85 53.75 47.79 8.76 1.05 0.351

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.

•
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T EV TAB T CO TGE X AB
.

GEX (FR) (COP) CCL (COP) ECL

0 30 40 90 53.75 45.79 6.81 1.13 0.381

30 40 95 53.75 43.90 5.70 1.21 0.399

30 40 100 53.75 42.10 4.97 1.28 0.410

0 30 40 105 53.75 40.39 4.46 1,35 0.416

O 30 40 110 53.75 38.75 4.08 1.43 0.420

30 40 115 53.75 37,17 3.79 1.50 0.423

0 30 40 120 53.75 35.64 3.56 1.56 0.424

30 40 125 53.75 34.17 3.36 1.63 0.424

0 30 40 130 53.75 32.73 3.20 1.70 0.423.

0 30 _40 135 53.75 31.34 3.06 1.76 0.422

0 30 50 85 53.75 52.36 34.19 0.84 0.130

0 30 50 90 53.75 50.07 13.59 0.90 0.245

0 30 50 95 53.75 47.96 8.99 0.96 0.302

0 30 50 _100_ 53.75 45.79  6.95 1.03 0.334

0 30 50 105 53.75 '	 44.10 5.79 1.08 0.355

0 30 50 110 53.75 42.32 5.05 1.14 0.368

0 30 50 115 53.75 40.62 4.52 1.20 0.376_

30 50 120 53.75 38.99 4.13 ' 1.25 0.382

0 30 50 125 53.75 37.42 3.83 1.30 0.386

0 30 50 130 53.75 35.90 3,59 1.36 0.388

_0 30 50 135 53.75 34.43 3.40 1.41' 0.389

Table A1.4 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium riitrate for cooling.
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T Ev T AB Tco T GE X AB o	 X GE (FR)	 (COP)ca (C°11)ECL

0 30 50 140 53.75 33.01 3.23 1.45 0.390'

30 50 145

_

53.75

_

31.62 3.09 1.50 0.390

0 40 30 75 48,76 47.57 43.82 0.92 0.173

0 40 30 80 48.76 45.55 16.94 1.03 0.303

0 40 30 85 48.76 43.64 11.01 1,14 .0.360

0 40 30 90 48.76 41,84 8,40 1.25 0.391

0 40 30 95 48.76 40.11 6.92 1.36 0.408

0 40 30 100 48.76 38.46 5.97 1.46 0.419

0 40 30 105 48.76 36.87 5.31 1.57 0.425

0 40 30 110 48.76 35.34 4.82 1.66 0.429 

0 40

,

30 115 48.76 33.85 4.44 1.76 0.431

0 40 30 120 48.76 32.41 4.13 1.85 0.432

0 40 30 125 48.76 31.01 3.89 1.94 0.431

0 40 40 85 48.76 47.79 53.57 0.86 0.114

0 40 40 90 48.76 45.79 18.22 0.94 0.240

0 40 40 95 48.76 43.90 11.53 1.02 0.302

0 40 40 100 48.76 42,10 8.90 1.10 0.337

40 40 105 48.76 40.39 7.12 ' 1.17 0.358

0 40 40 1101 48.76 38.75 6,12 1.25 0.372

0 40 40 115 48.76 37.17 5.42 1,32 0.381

0 40 40 120 48.76 35,64 4.91 1.39 0.387

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium nitrate for cooling.
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TEv TA"
AD r CO GE X AB : XGE (FR) (COP) CCL (C°P)ECL

1

o 40 40 125 48.76 34.17 4.51 1.46 0.391

40 40 130 48.76 32.73 . 4.20 1.52 0.394

40 40 135 48.76 31.34 3.94 1.59 0.395

0 40 50 95 48.76 47.96 64.61 0.82 0.077

O 40 50 100 48.76 45.97 19.37 0.88 '0.192

40 50 105 48.76 44.10 11.99 0.94 0.254

40 50 110 48.76 42.32 8.95 1.00 0.290

0 40 50' 115 48.76 40.62 7.29 1.06 0.314

0 40 50 120 48.76 38.99 6.24 1.11 0.330

40 50 125 48.76 37.42 5.52 *1	 17 0.341

40 50 130 48.76 35.90 4.99 1.22 0,349

0 40 50 135 48.76 34.43 4.58 1.27 0,354

0 40 50 140 48.76 33.01 4.25 1.32 0,358

0 40 50 145 48.76 31.62 3.99 1.37 0.361

0 50 30 85 44.49 43.64 66.40 0.89 0.126

50 30 90 44.49 41.84 21.90 1,00 0.260

0 50 30 95 44.49 40.11 13.67 1.11 0.321

50 30 100 44.49 38.46 10.20 '	 1	 22 0.355

0 50 30 105 44.49 36.87 8.28 1.32 0.375

0 50 30 110 44.49 35.34 7.06 1.43 0.388

0 50 30 115 44.49 33.85 6,22 1.52 0.396

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium fiitrate for cooling.

t
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TEV
.

TAB T CO TGE X AB .L.XGE (FR) (COP)ca. (COP)Ea.

0 50 30 120 44.49 32.41

_.

5159 1.62
,

0,402

0 50 30 125 44.49 31.01 5.12 1.72 0.405

0 50 40 95 44.49 43.90 94.19 0:84 0.070

0 50 40 100 44.49 42.10 24.23 0.92 0.198

0 50 40 105 44.49 40,39 14.53 .	 0.99 .0.263

0 50 40 110 44.49 38.75 10.67 1.07 0.301_

50 40

_

115 44,49 37.17 8.58 1.14 0.325

50 40 120 44.49 35.64 7.27 1.22 0.341

50 40 125 44.49 34.17 6.38 1.29 0.352

0 50 40 130 44,49 32.73 5.72 1.36 0.360

0 50 '_40 135 44.49 31.34 5.22 1.42 0.365_

50 50 105 44.49 44.10 141.88

_

0.79 0.038

50 50 110 44.49 42.32 26.53 0.86 0.153

50 50 115 44.49 40.62 15.33 0.92 0.216

50 50 120 44.49 38.99 11.09 0.97 . 0.256

0 50 50 125 44.49 37.42 8,85 1.03 0.282

50 50 130 44.49 35.90 7.46 1,08 0.300

50 50 135 44.49 34.43 6.52 i	 1.14 0.312

50
i

50 140 44.49 33.01 5.83 1.19 0.322

5050 145_	 44.49 31.62 5,31 1.24_ 0.329

_

_

Table A1.4	 Derived thermodynamic design data for absorption systems
(continued) operating on ammonia-lithium 'nitrate for cooling.
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EV
TTTT

AB CO GE
x

AB
XG E (FR) (COP)

CH
(COP)

EH

20 50 50 90 54.37 50.07 11.62 2.076 1.346

20 50 50 100 54.37 45.97 6.43 2.309 1.415

20 50 50 110 54.37 42.32 4.79 2.530 1.435

20 50 50 120 54.37 38.99 3.97 2.740 1.441

20 50 50 130 54.37 35.90 3.47 2.939 1.441

20 50 50 140 54.37 33.01 3.14 3.128 1.438

20 50 50 150 54.37 30.27 2.89 3.309 1.434

20 50 60 100 54.37 50.17 11.87 1.982 1.286

20 50 60 110 54.37 46.11 6.52 2.148 1.363

20 50 60 120 54.37 42.48 4.84 2.305 1.389

20 50 60 130 54.37 39.18 4.00 2.454 1.399

20 50 60 140 54.37 36.11 3.50 2.596 1.403

20 50 60 150 54.37 33.23 3.16 2.732 1.402

20 50 60 160 54.37 30.51 2.91 2.861 1.400

20 50 70 110 54.37 50.22 12.00 1.918 1.240

20 50 70 120 54.37 46.20 6.58 2.044 1.318

20 50 70 130 54.37 42.60 4.88 2.163 1.348

20 50 70 140 54.37 39.32 4.03 2.277 1.361

20 50 70 150 54.37 36.28 3.52 2.385 1.367

20 50 70 160 54.37 33.41 3.18 2.489 1.369

20 50 70 170 54.37 30.70 2.93 2.587 1.368

20 60 50 100 49.46 45.97 15.48 2.047 1.294

20 60 50 110 49.46 42.32 8.07 2.275 1.372

20 60 50 120 49.46 38.99 5.83 2.491 1.399

20 60 50 130 49.46 35.90 4.73 2.696 1.408

20 60 50 140 49.46 33.01 4.07 2.892 1.411

Table A1.5 Derived thermodynamic design data for absorption
systems operating on ammonia-lithium nitrate for
heating.

... continued
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TEV T AS T CO T GE X AB X GE (FR) (COP) CH (COP) EH

20 60 50 150 49.46 30.27 3.63 3.078 1.411

20 60 60 110 49.46 46.11 16.07 1.956 1.237

20 60 60 120 49.46 42.48 8.24 2.118 1.320

130 5.91 2.272 1.352

140 4.79 2.419 1.367

150 4.11 2.559 1.373

160 I 3.67 2.692 1.375

120 16.49 1.895 1.194

130 8.37 2.018 1.276

140 • 5.98 2.135 1.312

150 4.83 2.247 1.329

160 4.15 2.353 1.338

20 s. 49.46 30.70 3.69 2.455 1.342

20 S S 5 45.25 42.32 19.65 2.020 1.254

20 S I I 45.25 38.99 9.74 2.243 1.338

20 I I I 45.25 35.90 6.85 2.454 . 1.369

20 I S 5 45.25 33.01 5.47 2.655 1.382

20 S S I 45.25 30.27 4.65 2.847 1.387

20 45.25 42.48 20.77 1.932 1.199

20 45.25 39.18 10.01 2.091 1.287

20 I I 5 45.25 36.11 6.99 2.242 1.323

20 45.25 33.23 5.55 2.385 1.341

20 70 60 160 45.25 30.51 4.71 2.523 1.349

20 70 70 130 45.25 42.60 21.66 1.872 1.159

20 70 70 140 45.25 39.32 10.23 1.993 1.244

20 70 70 150 45.25 36.28 7.10 2.108 1.283

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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EV AB
TTTTX

CO GE AB
XGE (FR) (COP)

CH
(COP) EH

20 70 70 160 45.25 33.41 5.62 2.218 1.303

20 70 70 170 45.25 30.70 4.76 2.323 1.315

20 80 50 120 41.52 38.99 24.13 1.994 1.222

20 80 50 130 41.52 35.90 11.42 2.212 1.310

20 80 50 140 41.52 33.01 7.87 2.419 1.344

20 80 50 150 41.52 30.27 6.20 2.616 1.360

20 80 60 130 41.52 39.18 26.01 1.909 1.169

20 80 60 140 41.52 36.11 11.82 2.064 1.260

20 80 60 150 41.52 33.23 8.06 2.212 1.299

20 80 60 160 41.52 30.51 6.31 2.353 1.319

20 80 70 140 41.52 39.32 27.66 1.851 1.131

20 80 70 150 41.52 36.28 12.16 1.970 1.218

20 80 70 160 41.52 33.41 8.22 2.083 1.260

20 80 70 170 41.52 30.70 6.41 2.191 1.282

20 90 50 130 38.12 35.90 28.95 1.969 1.196

20 90 50 140 38.12 33.01 13.11 2.182 1.287

20 90 50 150 38.12 30.27 8.88 2.385 1.324

20 90 60 140 38.12 36.11 31.87 1.887 1.145

20 90 60 150 38.12 33.23 13.68 2.039 1.237

20 90 60 160 38.12 30.51 9.13 2.184 1.279

20 90 70 150 38.12 36.28 34.62 1.831 1.110

20 90 70 160 38.12 33.41 14.16 1.947 1.197

20 90 70 170 38.12 30.70 9.35 2.058 1.241

20 100 50 140 34.97 33.01 34.11 1.946 1.174

20 100 50 150 34.97 30.27 14.82 2.154 1.268

20 100 60 150 34.97 33.23 38.41 1.866 1.125

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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TEV TAB TCO TGE XAB XGE (FR) (COP) CH (COP)
EH

20 100 60 160 34.97 30.51 15.56 2.015 1.219

20 100 70 160 34.97 33.41 42.73 1.812 1.092

20 100 70 170 34.97 30.70 16.22 1.926 1.180

30 60 50 90 54.59 50.07 11.06 2.252 1.412

30 60 50 100 54.59 45.97 6.27 2.625 1.464

30 60 50 110 54.59 42.32 4.70 2.978 1.476

30 60 50 120 54.59 38.99 3.91 3.313 1.476

30 60 50 130 54.59 35.90 3.43 3.632 1.471

30 60 50 140 54.59 33.01 3.10 3.935 1.465

30 60 50 150 54.59 30.27 2.87 4.223 1.459

30 60 60 100 54.59 50.17 11.29 2.083 1.337

30 60 60 110 54.59 46.11 6.36 2.319 1.404

30 60 60 120 54.59 42.48 4.75 2.542 1.424

30 60 60 130 54.59 39.18 3.95 2.754 1.430

30 60 60 140 54.59 36.11 3.46 2.956 1.430

30 60 60 150 54.59 33.23 3.13 3.149 1.427

30 60 60 160 54.59 30.51 2.89 3.333 1.423

30 60 70 110 54.59 50.22 11.40 1.989 1.280

30 60 70 120 54.59 46.20 6.41 2.156 1.352

30 60 70 130 54.59 42.60 4.79 2.316 1.378

30 60 70 140 54.59 39.32 3.98 2.467 1.388

30 60 70 150 54.59 36.28 3.48 2.612 1.391

30 60 70 160 54.59 33.41 3.14 2.749 1.391

30 60 70 170 54.59 30.70 2.90 2.881 1.389

30 70 50 100 49.72 45.97 14.41 2.218 1.361

30 70 50 110 49.72 42.32 7.79 2.582 1.423

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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EV AB
TTTTX

CO GE AS
X

G E
(FR) (COP)

CH
(COP)

EH

30 70 50	 120 49.72 38.99 5.68 2.927 1.440

30 70 50	 130 49.72 35.90 4.64 3.256 1.443

30 70 50	 140 49.72 33.01 4.01 3.568 1.442

30 70 50	 150 49.72 30.27 3.58 3.865 1.438

30 70 60	 110 49.72 46.11 14.92 2.055 1.287

30 70 60	 120 49.72 42.48 7.95 2.285 1.362

30 70 60	 130 49.72 39.18 5.77 2.504 1.388

30 70 60	 140 49.72 36.11 4.69 2.712 1.398

30 70 60	 150 49.72 33.23 4.05 2.910 1.401

30 70 60	 160 49.72 30.51 3.62 3.099 1.400

30 70 70	 120 49.72 46.20 15.27 1.964 1.233

30 70 70	 130 49.72 42.60 8.07 2.128 1.311

30 70 70	 140 49.72 . 39.32 5.83 2.284 1.342

30 70 70	 150 49.72 36.28 4.74 2.433 1.356

30 70 70	 160 49.72 33.41 4.08 2.574 1.362

30 70 70	 170 49.72 30.70 3.64 2.710 1.365

30 80 50	 110 45.55 42.32 17.86 2.187 1.321

30 80 50	 120 45.55 38.99 9.30 2.542 1.390

30 80 50	 130 45.55 35.90 6.65 2.880 1.411

30 80 50	 140 45.55 33.01 5.34 3.201 1.418

30 80 50	 150 45.55 30.27 4.56 3.507 1.419

30 80 60	 120 45.55 42.48 18.78 2.028 1.249

30 80 60	 130 45.55 39.18 9.55 2.253 1.329

30 80 60	 140 45.55 36.11 6.77 2.467 1.359

30 80 60	 150 45.55 33.23 5.42 2.671 1.372

30 80 60	 160 45.55 30.51 4.62 2.866 1.377

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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T
EV

T
AB

T
CO

T
GE

X
AB

X
GE

(FR) (COP) CH (COP) EH

30 80 70 130 45.55 42.60 19.51 1.940 1.197

30 80 70 140 45.55 39.32 9.75 2.100 1.278

30 80 70 150 45.55 36.28 6.87 2.254 1.313

30 80 70 160 45.55 33.41 5.49 2.400 1.330

30 80 70 170 45.55 30.70 4.67 2.539 1.339

30 90 50 120 41.84 38.99 21.42 2.156 1.290

30 90 50 130 41.84 35.90 10.80 2.504 1.362

30 90 50 140 41.84 33.01 7.59 2.834 1.387

30 90 50 150 41.84 30.27 6.03 3.149 1.396

30 90 60 130 41.84 39.18 22.88 2.002 1.218

30 90 60 140 41.84 36.11 11.16 2.223 1.302

30 90 60 150 41.84 33.23 7.76 2.433 1.335

30 90 60 160 41.84 30.51 6.13 2.633 1.350

30 90 70 140 41.84 39.32 24.13 1.917 1.169

30 90 70 150 41.84 36.28 11.46 2.074 1.252

30 90 70 160 41.84 33.41 7.91 2.225 1.290

30 90 70 170 41.84 30.70 6.22 2.368 1.309

30 100 50 130 38.46 35.90 25.07 2.128 1.263

30 100 50 140 38.46 33.01 12.29 2.467 1.340

30 100 50 150 38.46 30.27 8.51 2.791 1.367

30 100 60 140 38.46 36.11 27.22 1.978 1.194

30 100 60 150 38.46 33.23 12.78 2.194 1.279

30 100 60 160 38.46 30.51 8.74 2.400 1.315

30 100 70 150 38.46 36.28 29.18 1.895 1.146

30 100 70 160 38.46 33.41 13.20 2.050 1.231

30 100 70 170 38.46 30.70 8.93 2.197 1.271

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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,..

TEV TAB TCO TGE XAB XGE (FR) (COP) (COP)(COP) EH

40 70 50 90 54.74 50.07 10.69 2.725 1.499

40 70 50 100 54.74 45.97 6.16 3.517 1.524

40 70 50 110 54.74 42.32 4.64 4.269 1.522

40 70 50 120 54.74 38.99 3.87 4.982 1.515

40 70 50 130 54.74 35.90 3.40 5.660 1.505

40 70 50 140 54.74 33.01 3.08 6.305 1.496

40 70 50 150 54.74 30.27 2.85 6.920 1.487

40 70 60 100 54.74 50.17 10.90 2.259 1.401

40 70 60 110 54.74 46.11 6.24 2.634 1.453

40 70 60 120 54.74 42.48 4.69 2.991 1.464

40 70 60 130 54.74 39.18 3.91 3.330 1.464

40 70 60 140 54.74 36.11 3.43 3.653 1.460

40 70 60 150 54.74 33.23 3.10 3.960 1.455

40 70 60 160 54.74 30.51 2.87 4.253 1.448

40 70 70 110 54.74 50.22 11.01 2.090 1.328

40 70 70 120 54.74 46.20 6.30 2.327 1.392

40 70 70 130 54.74 42.60 4.73 2.553 1.412

40 70 70 140 54.74 39.32 3.93 2.768 1.418

40 70 70 150 54.74 36.28 3.45 2.973 1.418

40 70 70 160 54.74 33.41 3.12 3.169 1.416

40 70 70 170 54.74 30.70 2.88 3.355 1.412

40 80 50 1 100 49.92 45.97 13.67 2.678 1.451

40 80 50 110 49.92 42.32 7.58 3.452 1.485

40 80 50 120 49.92 38.99 5.58 4.186 1.488

40 80 50 130 49.92 35.90 4.57 4.883 1.483

40 80 50 140 49.92 33.01 3.96 5.547 1.477

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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EV AB
TTTTX

CO GE AS
XGE (FR) (COP) (COP)(COP) EH

40 80 50 150 49.92 30.27 3.55 6.180 1.469

40 80 60 110 49.92 46.11 14.12 2.226 1.351

40 80 60 120 49.92 42.48 7.73 2.593 1.412

40 80 60 130 49.92 39.18 5.66 2.942 1.428

40 80 60 140 49.92 36.11 4.63 3.274 1.432

40 80 60 150 49.92 33.23 4.00 3.590 1.431

40 80 60 160 49.92 30.51 3.58 3.891 .1.428

40 80 70 120 49.92 46.20 14.44 2.062 1.280

40 80 70 130 49.92 42.60 7.84 2.294 1.351

40 80 70 140 49.92 39.32 5.72 2.516 1.376

40 80 70 150 49.92 36.28 4.67 2.727 1.386

40 80 70 160 49.92 33.41 4.03 2.928 1.389

40 80 70 170 49.92 30.70 3.60 3.120 1.389

40 90 50 110 45.79 42.32 16.64 2.634 1.414

40 90 50 120 45.79 38.99 8.98 3.389 1.453

40 90 50 130 45.79 35.90 6.49 4.107 1.460

40 90 50 140 45.79 33.01 5.24 4.789 1.458

40 90 50 150 45.79 30.27 4.49 5.440 1.454

40 90 60 120 45.79 42.48 17.42 2.195 1.313

40 90 60 130 45.79 39.18 9.21 2.553 1.379

40 90 60 140 45.79 36.11 6.60 2.895 1.400

40 90 60 150 45.79 33.23 5.32 3.220 1.407

40 90 60 160 45.79 30.51 4.55 3.530 1.408

40 90 70 130 45.79 42.60 18.04 2.036 1.243

40 90 70 140 45.79 39.32 9.39 2.263 1.319

40 90 70 150 45.79 36.28 6.70 2.480 1.348

Table A1.5	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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EV
TTTT

AB CO GE
x

AS
X

G E
(FR) (COP)

CH
(COP)

EH

40 90 70 160 45.79 33.41 5.38 2.687 1.361

40 90 70 170 45.79 30.70 4.59 2.884 1.366

40 100 50 120 42.10 38.99 19.59 2.593 1.383

40 100 50 130 42.10 35.90 10.34 3.330 1.427

40 100 50 140 42.10 33.01 7.37 4.031 1.437

40 100 50 150 42.10 30.27 5.89 4.700 1.438

40 100 60 130 42.10 39.18 20.80 2.165 1.282

40 100 60 140 42.10 36.11 10.66 2.516 1.352

40 100 60 150 42.10 33.23 7.53 2.850 1.376

40 100 60 160 42.10 30.51 5.99 3.169 1.386

40 100 70 140 42.10 39.32 21.82 2.010 1.214

40 100 70 150 42.10 36.28 10.94 2.233 1.292

40 100 70 160 42.10 33.41 7.66 2.446 1.325

40 100 70 170 42.10 30.70 6.08 2.649 1.340

50 80 60 100 54.84 50.17 10.67 2.732 1.486

50 80 60 110 54.84 46.11 6.17 3.530 1.512

50 80 60 120 54.84 42.48 4.65 4.288 1.511

50 80 60 130 54.84 39.18 3.88 5.007 1.504

50 80 60 140 54.84 36.11 3.41 5.692 1.495

50 80 60 150 54.84 33.23 3.09 6.345 1.485

50 80 60 160 54.84 30.51 2.86 6.968 1.476

50 80 70 110 54.84 50.22 10.78 2.265 1.389

50 80 70 120 54.84 46.20 6.22 2.644 1.440

50 80 70 130 54.84 42.60 4.69 3.004 1.452

50 80 70 140 54.84 39.32 3.91 3.346 1.453

Table A1.5 . 	Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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T
EV

T
AB

T
co

T
GE

x
AB

X

GE

(FR) (COP) (COP)(COP)

EH

50 80 70 150 54.84 36.28 3.43 3.673 1.449

50 80 70 160 54.84 33.41 3.11 3.984 1.444

50 80 70 170 54.84 30.70 2.87 4.281 1.438

50 90 60 110 50.07 46.11 13.59 2.687 1.439

50 90 60 120 50.07 42.48 7.58 3.466 1.473

50 90 60 130 50.07 39.18 5.58 4.206 1.477

50 90 60 140 50.07 36.11 4.58 4.910 1.473

50 90 60 150 50.07 33.23 3.96 5.582 1.466

50 90 60 160 50.07 30.51 3.55 6.222 1.459

50 90 70 120 50.07 46.20 13.88 2.233 1.341

50 90 70 130 50.07 42.60 7.68 2.603 1.400

50 90 70 140 50.07 39.32 5.64 2.955 1.417

50 90 70 150 50.07 36.28 4.62 3.291 1.421

50 90 70 160 50.07 33.41 4.00 3.611 1.420

50 90 70 170 50.07 30.70 3.58 3.916 1.417

50 100 60 120 45.97 42.48 16.49 2.644 1.402

50 100 60 130 45.97 39.18 8.95 3.404 1.442

50 100 60 140 45.97 36.11 6.48 4.128 1.449

50 100 60 150 45.97 33.23 5.24 4.818 1.448

50 100 60 160 45.97 30.51 4.49 5.476 1.444

50 100 70 130 45.97 42.60 17.05 2.202 1.304

50 100 70 140 45.97 39.32 9.13 2.564 1.368

50 100 70 150 45.97 36.28 6.57 2.909 1.389

50 100 70 160 45.97 33.41 5.30 3.238 1.396

50 100 70 170 45.97 30.70 4.54 3.552 1.397

Table A1.5	 'Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

heating.
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T
EV

T
AB

T
co

T
GE

x
AB

X
EG

(FR) (COPLL (COP)
ECL

0.080-10 50 50 120 40.20 38.99 50.27 0.781

-10 50 50 130 40.20 35.90 14.91 0.870 0.192

0.244-10

-10

50 50 140 40.20 33.01 9.31 0.955

50 50 150 40.20 30.27 7.02 1.036 0.273

-10 SO 60 130 40.20 39.18 59.43 0.746 0.057

0.161-10 50 60 140 40.20 36.11 15.62 0.819

-10 50 60 150 40.20 33.23 9.58 0.888 0.212

-10

-10

50 60 160 40.20 30.51 7.17 0.954 0.242

50 70 140 40.20 39.32 69.01 0.716 0.042

-10 50 70 150 40.20 36.28 16.23 0.777 0.135

-10 50 70 160 40.20 33.41 9.81 0.835 0.185

-10

-10

50 70 170 40.20 30.70 7:29 0.891 0.214

50 80 150 40.20 39.42 77.74 0.691 0.031

-10_
-10

50 80 160 40.20 36.40 16.71 0.742 0.115

50 80 170 40.20 33.55 9.99 0.792 0.161

-10 50 90 160 40.20 39.48 83.88 0.668 0.025

-10 50 90 170 40.20 36.47 17.04 0.712 0.098

-10 50 100 170 40.20 39.50 85.90 0.648 0.020

-10 60 50 130 36.73 35.90 77.02 0.761 0.055

-10 60 50 140 36.73 33.01 17.98 0.849 0.168

-10 60 50 150 36.73 30,27 10.78 0.933 0.223

-10 60 60 150 36.73 33.23 19.08 0.799 0.139

-10 60 60 160 36.73 30.51 11.16 0.868 0.02

-10 60 70 160 36.73 33.41 20.06 0.759 0.115

-10 60 70 170 36.73 30.70 11.49 0.816 0.166

Table A1.6 Derived thermodynamic design data for absorption
systems operating on ammonia-lithium nitrate for
cooling and simultaneous heating.

... continued
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EV AB
TTTT

CO GE
X	 -

AB'
X

GE
(FR) (COPLL (COPI

ECL

-10 60 80 170 36.73 33.55 20.87 0.726 0.096

-10 70 50 150 33.53 30.27 21.37 0.829 0.149

-10 70 60 160 33.53 30.51 22.99 0.781 0.120

-10 70 70 170 33.53 30.70 24.49 0.742 0.098

-5 50 50 120 42.31 38.99 18.36 0.868 0.181

-5 50 50 130 42.31 35.90 10.00 0.967 0.251

-5 50 50 140 42.31 33.01 7.20 1.062 0.286

-5 50 50 150 42.31 30.27 5.79 1.152 0.305

-5 50 60 130 42.31 39.18 19.41 0.818 0.148

-5 50 60 140 42.31 36.11 10.31 0.898 0.216

50 60 150 42.31 33.23 7.36 0.975 0.252

-5 50 60 160 42.31 30.51 5.89 1.047 0.273

50 70 140 42.31 39.32 20.30 0.779 0.122

-5 50 70 150 42.31 36.28 10.56 0.845 0.187

-5 50 70 160 42.31 33.41 7.48 0.908 0.223

50 70 170 42.31 30.70 5.97 0.968 0.244

50 80 150 42.31 39.42 20.97 0.745 0.102

50 80 160 42.31 36.40 10.75 0.801 0.162

-5 50 80 170 42.31 33.55 7.58 0.854 0.197

-5 50 90 160 42.31 39.48 21.38 0.717 0.087

-5 50 90 170 42.31 36.47 10.88 0.764 0.141

-5 50 100 170 42.31 39.50 21.50 0.691 0.074

-5 60 50 130 38.69 35.90 22.95 0.846 0.154

-5 60 50 140 38.69 33.01 11.78 0.944 0.227

-5 60 50 150 38.69 30.27 8.27 1.037 0.264

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

. cooling and simultaneous hearing.
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EV
TTTT

AB CO GE
X
A:B

X
GE

(FR) (COP) (COP) L

-5 60 60 140 38.69 36.11 24.74 0.799 0.123

-5 60 60 150 38.69 33.23 12.23 0.877 0.193

-5 60 60 160 38.69 30.51 8.49 0.952 0.231

-5 60 70 150 38.69 36.28 26.34 0.760 0.099

-5 60 70 160 38.69 33.41 12.61 0.825 0.165

-5 60 70 170 38.69 30.70 8.67 0.887 0.203

-5 60 80 160 38.69 36.40 27.66 0.728 ,	 0.081

-5 60 80 170 38.69 33.55 12.92 0.783 0.142

-5 60 90 170 38.69 36.47 28.59 0.700 0.068

-5 70 50 140 35.38 33.01 28.26 0.826 0.131

-5 70 50 150 35.38 30.27 13.64 0.922 0.206

-5 70 60 150 35.38 33.23 31.14 0.780 0.102

-5 70 60 160 35.38 30.51 14.27 0.857 0.174

-5 70 70 160 35.38 33.41 33.90 0.743 0.080

-5 70 70 170 35.38 30.70 14.81 0.807 0.147

-5 70 80 170 35.38 33.55 36.33 0.712 0.064

-5 80 50 150 32.29 30.27 34.42 0.806 0.113

-5 80 60 160 32.29 30.51 38.91 0.762 0.085

-5 80 70 170 32.29 30.70 43.51 0.726 0.065

0 50 50 110 44.49 42.32 26.53 0.855 0.153

0 50 50 120 44.49 38.99 11.08 0.973 0.256

0 50 50 130 44.49 35.90 7.46 1.084 0.300

0 50 50 140 44.49 33.01 5.83 1.190 0.322

0 50 50 150 44.49 30.27 4.90 1.291 0.334

0 50 60 120 44.49 42.48 28.65 0.810 0.120

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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T
EV

T
AB

T
CO TOE '

X AB	 • XGE
(FR) (COPL L (COP)

ECL

0 50 60 130 44.49 39.18 11.45 0.903 0.218

0 50 60 140 44.49 36.11 7.62 0.992 0.263

0 50 60 150 44.49 33.23 5.93 1.076 0.287

0 50 60 160 44.49 30.51 4.97 1.156 0.301

0 50 70 130 44.49 42.60 30.41 0.774 0.095

0 50 70 140 44.49 39.32 11.74 0.850 0.186

0 50 70 150 44.49 36.28 7.76 0.922 0.231

0 50 70 160 44.49 33.41 6.01 0.991 0.256

0 50 70 170 44.49 30.70 5.02 1.056 0.272

0 50 80 140 44.49 42.68 31.64 0.744 0.078

0 50 80 150 44.49 39.42
_

11.95 0.807 0.160

0 50 80 160 44.49 36.40 7.86 0.867 0.203

0 50 80 170 44.49 33.55 6.07 0.924 0.229

0 50 90 150 44.49 42.71 32.21 0.717 0.065

0 50 90 160 44.49 39.48 12.07 0.771 0.139

0 50 ' 90 170 44.49 36.47 7.92 0.822 0.179

0 50 100 160 44.49 42.71 32.08 0.694 0.056

0 50 100 170 44.49 39.50 12.11 0.740 0.121

0 60 50 120 40.70 38.99 35.59 0.834 0.121

0 60 50 130 40.70 35.90 13.35 0.948 0.227

0 60 50 140 40.70 33.01 8.71 1.058 0.275

0 60 50 150 40.70 30.27 6.68 1.162 0.299

0 60 60 130 40.70 39.18 39.91 0.790 0.091

0 60 60 140 40.70 36.11 13.92 0.881 0.191

0 60 60 150 40.70 33.23 8.94 0.968 0.239

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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T
EV

T
AB

Tco T
GE

x
AB'

X 
GE

(FR) (COPL L (COP)
ECL

0 60 60 160 40.70 30.51 6.82 1.051 0.266

0 60 70 140 40.70 39.32 43.97 0.755 0.070

0 60 70 150 40.70 36.28 14.40 0.830 0.161

0 60 70 160 40.70 33.41 9.14 0.901 0.208

60 70 170 40.70 30.70 6.93 0.968 0.235

0 60 80 150 40.70 39.42 47.33 0.726 0.055

0 60 80 160 40.70 36.40 14.77 0.788 0.137

0 60 80 170 40.70 33.55 9.29 0.847 0.182

0 60 90 160 40.70 39.48 49.52 0.701 0.044

0 60 90 170 40.70 36.47 15.02 0.753 0.117

0 60 100 170 40.70 39.50 50.21 0.678 0.037

0 70 50 130 37.26 35.90 47.30 0.813 0.096

0 70 50 140 37.26 33.01 15.77 0.925 0.204

0 70 50 150 37.26 30.27 9.98 1.033 0.254

0 70 60 140 37.26 36.11 55.78 0.771 0.068

0 70 60 150 37.26 33.23 16.60 0.861 0.169

0 70 60 160 37.26 30.51 10.30 0.946 0.219

0 70 70 150 37.26 36.28 64.91 0.738 0.049

0 70 70 160 37.26 33.41 17.33 0.811 0.140

70 70 170 37.26 30.70 10.57 0.880 0.189

0 70 80 160 37.26 36.40 73.77 0.709 0.036

0 70 80 170 37.26 33.55 17.92 0.770 0.118

0 70 90 170 37.26 36.47 80.94 0.685 0.028

0 80 50 140 34.07 33.01 62.86 0.793 0.076

0 80 50 150 34.07 30.27 18.32 0.904 0.184

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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EV

T
AB

T
co

T
GE

X
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X
GE

(FR) (COP)
L (COP)ECL

0 80 60 150 34.07 33.23 79.53 0.753 0.050

0 80 60 160 34.07 30.51 19.49 0.841 0.150

0 80 70 170 34.07 30.70 20.54 0.792 0.123

0 90 50 150 31.09 30.27 84.34 0.774 0.059

5 50 50 100 46.76 45.97 68.38 0.828 0.079

5 50 50 110 46.76 42.32 12.98 0.968 0.254

5 50 50 120 46.76 38.99 7.85 1.100 0.314

5 50 50 130 46.76 35.90 5.90 1.226 0.341

5 50 50 140 46.76 33.01 4.87 1.346 0.354

5 50 50 150 46.76 30.27 4.23 1.460 0.360

5 50 60 110 46.76 46.11 82.51 0.792 0.053

5 50 60 120 46.76 42.48 13.45 0.900 0.213

5 50 60 130 46.76 39.18 8.02 1.003 0.274

5 50 60 140 46.76 36.11 6.00 1.101 0.303

5 50 60 150 46.76 33.23 4.94 1.195 0.319

5 50 60 160 46.76 30.51 4.28 1.284 0.328

5 50 70 120 46.76 46.20 95.49 0.762 0.038

5 50 70 130 46.76 42.60 13.81 0.849 0.180

5 50 70 140 46.76 39.32 8.16 0.932 0.239

5 50 70 150 46.76 36.28 6.08 1.011 0.270

5 50 70 160 46.76 33.41 4.99 1.087 0.287

5 50 70 170 46.76 30.70 4.31 1.159 0.297

5 50 80 140 46.76 42.68 14.04 0.808 0.153

5 50 80 150 46.76 39.42 8.25 0.876 0.209

5 50 80 160 46.76 36.40 6.14 0.942 0.240

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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T
EV

T
AB

T
CO

T
GE XAD

X
GE

(FR) (COP)
cCL

(COP)
ECL

5 50 80 170 46.76 33.55 5.03 1.004 0.258

5 50 90 150 46.76 42.71 14.15 0.773 0.131

5 50 90 160 46.76 39.48 8.31 0.831 0.184

5 50 90 170 46.76 36.47 6.17 0.886 0.213

5 50 100 150 46.76 46.20 96.57 0.692 0.021

5 50 100 160 46.76 42.71 14.13 0.743 0.113

5 50 100 170 46.76 39.50 8.33 0.793 0.161

5 60 50 120 42.77 38.99 16.14 0.943 0.221

5 60 50 130 42.77 35.90 9.34 1.073 0.285

5 60 50 140 42.77 33.01 6.86 1.197 0.315

5 60 50 150 42.77 30.27 5.58 1.314 0.331

5 60 60 130 42.77 39.18 16.95 0.878 0.181

5 60 60 140 42.77 36.11 9.60 0.979 0.246

5 60 60 150 42.77 33.23 7.00 1.075 0.278

5 60 60 160 42.77 30.51 5.67 1.167 0.296

5 60 70 140 42.77 39.32 17.61 0.828 0.150

5 60 70 150 42.77 36.28 9.82 0.910 0.212

5 60 70 160 42.77 33.41 7.12 0.988 0.245

5 60 70 170 42.77 30.70 5.74 1.062 0.265

5 60 80 150 42.77 39.42 18.11 0.789 0.126

5 60 80 160 42.77 36.40 9.98 0.856 0.184

5 60 80 170 42.77 33.55 7.21 0.920 0.217

5 60 90 160 42.77 39.48 18.41 0.755 0.106

5 60 90 170 42.77 36.47 10.09 0.812 0.160

5 60 _100 170 42.77 39.50 18.50 0.727 0.091

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.

ii
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T
EV AB

Tco T
GE

:.
X

AB'
X

GE
(FR) (COP)( CULLT

5 70 50 130 39.17 35.90 19.59 0.920 0.194

5 70 50 140 39.17 33.01 10.86 1.047 0.261

5 70 50 150 39.17 30.27 7.83 1.168 0.294

5 70 60 140 39.17 36.11 20.86 0.857 0.156

5 70 60 150 39.17 33.23 11.24 0.956 0.222

,	 5 70 60 160 , 39.17 30.51 8.02 1.051 0.257

5 70 70 150 39.17 36.28 21.98 0.809 0.127

5 70 70 160 39.17 33.41 11.56 0.889 0.190

5 70 70 170 39.17 30.70 8.18 0.965 0.225

5 70 80 160 39.17 36.40 22.88 0.770 0.104

5

,

70 80 170 39.17 33.55 11.81 0.837 0.163

5 70 90 170 39.17 36.47 23.51 0.738 0.087

5 80 50 140 35.88 33.01 23.33 0.897 0.171

5 80 50 150 35.88 30.27 12.43 1.022 0.241

5 80 60 150 35.88 33.23 25.24 0.836 0,135

5 80 60 160 35.88 30.51 12.94 0.934 0.203

5 80 70 160 35.88 33.41 27.01 0.790 0.108

5 80 70 170 35.88 30.70 13.38 0.869 0.172

5 80 80 170 35.88 33.55 28.52 0.753 0.087

5 90 50 150 32.81 30.27 27.39 0.876 0.153

5 90 60 160 32.81 30.51 30.14 0.817 0.118

5 90 70 170 32.81 30.70 32.80 0.772 0.092

10 50 50 100 49.14 45.97 17.04 0.948 0.239

10 50 50 110 49.14 42.32 8.45 1.108 0.329

10 50 50 120 49.14 38.99 6.01 1.260 0.362

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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T
AB

Tco T
GE

X
AB'

X
GE

(FR) (COP) (COP) 
ECL

10 50 50 130 49.14 35.90 4.84 1.404 0.377

10 50 50 140 49.14 33.01 4.15 1.542 0.384

10 50 50 150 49.14 30.27 3.69 1.673 0.386

10 50 60 110 49.14 46.11 17.76 0.887 0.194

10 50 60 120 49.14 42.48 8.64 1.008 0.284

10 50 60 130 49.14 39.18 6.10 1.124 0.321

10 50 60 140 49.14 36.11 4.90 1.233 0.339

10 50 60 150 49.14 33.23 4.20 1.338 0.348

10 50 60 160 49.14 30.51 3.73 1.438 0.352

10 50 70 120 49.14 46.20 18.27 0.840	 0.160

10 50 70 130 49.14 42.60 8.78 0.936	 0.246

10 50 70 140 49.14 39.32 6.18 1.028	 0.284

10 50 70 150 49.14 36.28 4.95 1.115	 0.304

10 50 70 160 49.14 33.41 4.23 1.198	 0.315

10 50 70 170 49.14 30.70 3.76 1.278	 0.321

10 50 80 130 49.14 46.24 18.54 0.803	 0.134

10 50 80 140 49.14 42.68 8.87 0.881	 0.214

10 50 80 150 49.14 39.42 6.23 0.956	 0.252

10 50 80 160 49.14 36.40 4.99 1.027	 0.273

10 50 80 170 49.14 33.55 4.26 1.095	 0.285

10 50 90 140 49.14 46.24 18.55 0.771	 0.114

10 50 90 150 49.14 42.71 8.91 0.836	 0.186

10 50 90 160 49.14 39.48 6.26 0.899	 0.224

10 50 90 170 49.14 36.47 5.01 0.958	 0.245

10 50 100 150 49.14 46.20 18.31 0.743	 0.098

Table A1.6
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(continued)
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cooling and simultaneous heating.
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x
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X
GE

(FR) (COP)
uCL

(COP)
ECL

10 50 100 160 49.14 42.71 8.90 0.799 0.163

10 50 100 170 49.14 39.50 6.27 0.852 0.198

10 60 50 110 44.90 42.32 22.31 0.924 0.199

10 60 50 120 44.90 38.99 10.31 1.080 0.294

10 60 50 130 44.90 35.90 7.12 1.229 0.332

10 60 50 140 44.90 33.01 5.63 1.370 0.350

10 60 50 150 44.90 30.27 4.76 1.505 0.359

10 60 60 120 44.90 42.48 23.78 0.864 0.157

10 60 60 130 44.90 39.18 10.62 0.983 0.250

10 60 60 140 44.90 36.11 7.27 1.096 0.292

10 60 60 150 44.90 33.23 5.72 1.204 0.313

10 60 60 160 44.90 30.51 4.83 1.307 0.324

10 60 70 130 44.90 42.60 24.97 0.819 0.125

10 60 70 140 44.90 39.32 10.87 0.914 0.214

10 60 70 150 44.90 36.28 7.39 1.004 0.256

10 60 70 160 44.90 33.41 5.80 1.089 0.279

10 60 70 170 44.90 30.70 4.88 1.171 0.292

10 60 80 140 44.90 42.68 25.78 0.783 0.102

10 60 80 150 44.90 39.42 11.05 0.860 0.184

10 60 80 160 44.90 36.40 7.48 0.934 0.225

10 60 80 170 44.90 33.55 5.85 1.004 0.249

10 60 90 150 44.90 42.71 26.16 0.753 0.085

10 60 90 160 44.90 39.48 11.16 0.817 0.159

10 60 90 170 44.90 36.47 7.54 0.878 0.198

10 60 100 160 44.90 42.71 26.07 0.726 0.073

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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X '
AS

X
EG

(FR) (Cu!' ) L(COP)
LCL

10 60 100 170 44.90 39.50 11.19 0.781 0.138

10 70 50 120 41.14 38.99 28.36 0.900 0.168

10 70 50 130 41.14 35.90 12.24 1.053 0.266

10 70 50 140 41.14 33.01 8.24 1.199 0.308

10 70 50 150 41.14 30.27 6.41 1.338 0.328

10 70 60 130 41.14 39.18 31.01 0.843 0.128

10 70 60 140 41.14 36.11 12.71 0.959 0.223

10 70 60 150 41.14 33.23 8.45 1.070 0.267

10 70 60 160 41.14 30.51 6.54 1.176 0.291

10 70 70 140 41.14 39.32 33.40 0.799 0.099

10 70 70 150 41.14 36.28 13.10 0.892 0.188

10 70 70 160 41.14 33.41 8.62 0.980 0.233

10 70 70 170 41.14 30.70 6.64 1.065 0.258

10 70 80 150 41.14 39.42 35.28 0.765 0.079

10 70 80 160 41.14 36.40 13.41 0.840 0.160

10 70 80 170 41.14 33.55 8.76 0.913 0.203

10 70 90 160 41.14 39.48 36.48 0.735 0.064

10 70 90 170 41.14 36.47 13.61 0.799 0.137

10 70 100 170 41.14 39.50 36.85 0.710 0.054

10 80 50 130 37.72 35.90 35.32 0.878 0.142

10 80 50 140 37.72 33.01 14.23 1.028 0.243

10 80 50 150 37.72 30.27 9.36 1.171 0.287

10 80 60 140 37.72 36.11 39.81 0.822 0.104

10 80 60 150 37.72 33.23 14.90 0.937 0.201

10 80 60 160 37.72 30.51 9.64 1.046 0.247

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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XAB'

X
GE

(FR) (COPL L (COP)
ECL

10 80 70 150 37.72 36.28 44.22 0.781 0.078

10 80 70 160 37.72 33.41 15.48 0.871 0.168

10 80 70 170 37.72 30.70 9.88 0.958 0.214

10 80 80 160 37.72 36.40 48.13 0.747 0.060

10 80 80 170 37.72 33.55 15.95 0.821 0.141

10 80 90 170 37.72 36.47 51.05 0.719 0.047

10 90 50 140 34.55 33.01 43.36 0.857 0.121

10 90 50 150 34.55 30.27 16.27 1.004 0.223

10 90 60 150 34.55 33.23 50.63 0.803 0.085

10 90 60 160 34.55 30.51 17.18 0.915 0.182

10 90 70 160 34.55 33.41 58.46 0.763 0.061

10 90 70 170 34.55 30.70 17.99 0.852 0.150

10 90 80 170 34.55 33.55 66.22 0.730 0.045

10 100 50 150 31.59 30.27 52.67 0.836 0.104

10 100 60 160 31.59 30.51 64.11 0.784 0.070

10 100 70 170 31.59 30.70 77.79 0.745 0.048

15 50 50 90 51.67 50.07 31.37 0.907 0.180

15 50 50 100 51.67 45.97 9.49 1.103 0.341

15 50 50 110 51.67 42.32 6.17 1.289 0.387

15 50 50 120 51.67 38.99 4.81 1.466 0.404

15 50 50 130 51.67 35.90 4.07 1.633 0.410

15 50 50 140 51.67 33.01 3.59 1.793 0.411

15 50 50 150 51.67 30.27 3.26 1.945 0.410

15 50 60 100 51.67 50.17 33.37 0.858 0.136

15 50 60 110 51.67 46.11 9.70 1.003 0.290

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-iithium nitrate for

cooling and simultaneous heating.
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X
GE

(FR) (COP) (COP)
CL

15 50 60 120 51.67 42.48 6.26 1.140 0.341

15 50 60	 130 51.67 39.18 4.87 1.270 0.362

15 50 60	 140 51.67 36.11 4.11 1.395 0.372

15 50 60	 150 51.67 33.23 3.62 1.513 0.376

15 50 60	 160 51.67 30.51 3.28 1.626 0.377

15 50 70	 110 51.67 50.22 34.48 0.820 0.107

15 50 70	 120 51.67 46.20 9.84 0.933 0.248

15 50 70	 130 51.67 42.60 6.33 1.039 0.301

15 50 70	 140 51.67 39.32 4.92 1.141 0.325

15 50 70	 150 51.67 36.28 4.14 1.238 0.337

15 50 70	 160 51.67 33.41 3.65 1.330 0.342

15 50 70	 170 51.67 30.70 3.31 1.418 0.345

15 50 80	 120 51.67 50.23 34.56 0.789 0.088

15 50 80	 130 51.67 46.24 9.91 0.880 0.214

15 50 80	 140 51.67 42.68 6.38 0.966 0.265

15 50 80	 150 51.67 39.42 4.95 1.047 0.291

15 50 80	 160 51.67 36.40 4.17 1.126 0.304

15 50 80	 170 51.67 33.55 3.67 1.200 0.312

15 50 90	 130 51.67 50.18 33.63 0.762 0.074

15 50 90	 140 51.67 46.24 9.92 0.837 0.185

15 50 90	 150 51.67 42.71 6.40 0.908 0.234

15 50 90	 160 51.67 39.48 4.97 0.976 0.260

15 50 90	 170 51.67 36.47 4.18 1.040 0.274

15 50 100	 140 51.67 50.10 31.89 0.738 0.065

15 50 100	 150 51.67 46.20 9.85 0.801 0.162

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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GE
(FR) (COPL L (COP1

ECL

15 50 100 160 51.67 42.71 6.39 0.861 0.207

15 50 100 170 51.67 39.50 4.97 0.918 0.232

15 60 50 100 47.13 45.97 46.74 0.882 0.133

15 60 50 110 47.13 42.32 11.99 1.074 0.300

15 60 50 120 47.13 38.99 7.50 1.256 0.351

15 60 50 130 47.13 35.90 5.71 1.429 0.373

15 60 SO 140 47.13 33.01 4.74 1.594 0.382

15 60 50 150 47.13 30.27 4.14 1.751 0.386

15 60 60 110 47.13 46.11 52.89 0.836 0.093

15 60 60 120 47.13 42.48 12.39 0.977 0.250

15 60 60 130 47.13 39.18 7.65 1.112 0.306

15 60 60 140 47.13 36.11 5.80 1.240 0.331

15 60 60 150 47.13 33.23 4.81 1.362 0.344

15 60 60 160 47.13 30.51 4.18 1.478 0.350

15 60 70 120 47.13 46.20 57.90 0.799 0.069

15 60 70 130 47.13 42.60 12.69 0.910 0.210

15 60 70 140 47.13 39.32 7.77 1.014 0.267

15 60 70 150 47.13 36.28 5.87 1.114 0.294

15 60 70 160 47.13 33.41 4.86 1.209 0.309

15 60 70 170 47.13 30.70 4.22 1.300 0.318

15 60 80 130 47.13 46.24 60.77 0.770 0.053

15 60 80 140 47.13 42.68 12.89 0.858 0.178

15 60 80 150 47.13 39.42 7.86 0.943 0.233

15 60 80 160 47.13 36.40 5.93 1.023 0.261

15 60 80 170 47.13 33.55 4.89 1.100 0.278

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.



264

T
EV

T
AB

T
CO

T
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'
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XGE (FR)
(MPLL (WPICL

15 60 90 140	 47.13 46.24 60.87 0.744 0.044

15 60 90 150	 47.13 42.71 12.98 0.817 0.152

15 60 90 160	 47.13 39.48 7.91 0.887 0.204

15 60 90 170	 47.13 36.47 5.96 0.953 0.232

15 60 100 150	 47.13 46.20 58.29 0.721 0.038

15 60 100 160	 47.13 42.71 12.96 0.783 0.131

15 60 100 170	 47.13 39.50 7.93 0.841 0.179

15 70 50 110	 43.16 42.32 68.40 0.859 0.097

15 70 50 120	 43.16 38.99 14.62 1.047 0.266

15 70 50 130	 43.16 35.90 8.83 1.225 0.323

15 70 50 140	 43.16 33.01 6.60 1.395 0.347

15 70 50 150	 43.16 30.27 5.41 1.556 0.359

15 70 60 120	 43.16 42.48 84.99 0.814 0.062

15 70 60 130	 43.16 39.18 15.27 0.953 0.218

15 70 60 140	 43.16 36.11 9.06 1.085 0.278

15 70 60 150	 43.16 33.23 6.73 1.210 0.306

15 70 60 160	 43.16 30.51 5.49 1.330 0.321

15 70 70 140	 43.16 . 39.32 15.81 0.888 0.180

15 70 70 150	 43.16 36.28 9.26 0.990 0.239

15 70 70 160	 43.16 33.41 6.83 1.088 0.270

15 70 70 170	 43.16 30.70 5.56 1.182 0.287

15 70 80 150	 43.16 39.42 16.20 0.838 0.150

15 70 80 160	 43.16 36.40 9.40 0.921 0.207

15 70 80 170	 43.16 33.55 6.91 1.000 0.238

15 70 90 160	 43.16 39.48 16.44 0.798 0.127

Table A1.6	 Derived thermodynamic design data for absorption
(continued)	 systems operating on ammonia-lithium nitrate for

cooling and simultaneous heating.
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X
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X
•GE

(FR) (COPLL (COP)
ECL

15 70 90 170	 43.16 36.47 9.50 0.867 0.180

15 70 100 170	 43.16 39.50 16.51 0.765 0.108

15 80 50 130	 39.59 35.90 17.37 1.021 0.239

15 80 50 140	 39.59 33.01 10.17 1.195 0.299

15 80 50 150	 39.59 30.27 7.48 1.362 0.326

15 80 60 140	 39.59 36.11 18.35 0.930 0.192

15 80 60 150	 39.59 33.23 10.50 1.059 0.254

15 80 60 160	 39.59 30.51 7.65 1.182 0.285

15 80 70 150	 39.59 36.28 19.21 0.867 0.156

15 80 70 160	 39.59 33.41 10.78 0.967 0.217

ic on •n 17n	 'la co -An 7n 7 74 1	 nrai n 2cnI • •

15 80 80 160 39.59 36.40 19.89 0.819 0.129

15 80 80 170 39.59 33.55 11.00 0.900 0.186

15 80 90 170 39.59 36.47 20.36 0.780 0.107

15 90 50 140 36.32 33.01 20.24 0.996 0.217

15 90 50 150 36.32 30.27 11.52 1.167 0.279

15 90 60 150 36.32 33.23 21.65 0.908 0.171

15 90 60 160 36.32 30.51 11.96 1.035 0.235

15 90 70 160 36.32 33.41 22.92 0.847 0.137

15 90 70 170 36.32 30.70 12.34 0.946 0.199

15 90 80 170 36.32 33.55 24.00 0.800 0.111

15 100 50 150 33.27 30.27 23.22 0.973 0.198

15 100 60 160 33.27 30.51 25.14 0.887 0.154

15 100 70 170, 33.27 30.70 26.96 0.827 0.121

Table A1.6	 Derived thermodynamic design data for absorption

.(continued)	 systems operating on ammonia-lithium nitrate for
cooling and simultaneous heating.
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EV

TAB T CO
TGE

XAB
X

GE
(FR) (COP) CT

(COP) ET '

30 40 10 30 77.15 62.13 2.52 .689 .457

30 40 20 30 77.15 75.85 18.60 .517 .200

30 50 10 40 64.62 53.70 4.24' _	 .695 .437

30 60 10 50 55.91 47.14 6.02 .702 .419,

30 70 10 60 49.25 41.45 7.51 .708 .399

30 80 10 70 43.51 36.26 8.79 .714 .392

30 90 10 80 38.32 31.31

,

9.80 .716 .387

30 100 10 90 33.52 26.59 10.59 .725 .369

40 50 10 30 78.48 62.13 2.32 .631 .434

40 50 10 40 78.48 53.70 1.87 .774 .453.

40 50 20 40 78.48 63.38 2.43 .688 .454

40 50 30 40 78.48 77.15 J7.)3 .526 .222

40 60 10 40 65.86 53.70 3.81 .638	 .393

40 60 10 50 65.86 47.14 2.82 .779	 .440

40 _60 0 50 ' 65.86 54.81 4.09 .694 .430

40 70 10 50 57.02 47.14 5.35 .645	 .355

40 70 10 60 57.02 41.45 3.76 .784	 .432

40 70 20 60 57.02 48.20 5.87 .701	 .411

40 80 10 60 50.31 41.45 1	 6.61	 .
,

.652 .316

40 30 10 70 0.31 36.26 4.54 .789	 .425

40 30 20 70 0.31 42.49 7.35 .707 .390

40 90 10 70 4.53 36.26
,

7.70 .658 .293

40 90 10 80 144.53 31.31 5.19 .794 .421
Table A1.7 Derived thermodynamic design data for absorption heat



267

T
EV

T
AB

T
CO

T
GE

X
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X
GE

(FR) (COP)
CT

	(COP)
ET

40 90 20 80 44.53 37.32 8.69 .712	 .378

40 100 10 80 39.28 31.31 8.62 .664	 .280

40 100 10 90 39.28 26.58

_

5.78 .	 .798	 .416

40 100 20 90 39.28 32.45 9.89 '	 .718	 .375

50 60 10 30 79.83 62.13 2.14 .611	 .412

50 60 10 40 79.83 53.70 1.77 .702	 .434
,

50 60 10 50 79.83 47.14 1.62

,

.825	 .442
-

50 60 20 30 79.83 75.85 6.07 .532	 .218

50 60 20 40 79.83 63.38 2.23 .630	 .431

50 60 20 50 79.83 54.81 1.81 .773	 ,	 .449

50 60 30 40 79.83 77.15 8.53 .524	 .230

50 60 30 50 79.83 64.62 2.33 .687	 .452

50 70 10 _30 67.18 62.13 7.59 .548	 .234

50 70 10 40

,

67.18 53.70 3.45 .618	 .351

50 70 10 50	 ' 67.18 47.14 2.65 .708	 .409

50 70 10 60 67.18 41.45 2.28 .829	 .431

50 70 20 50 67.18 54.81 3.67 .637	 .384

50 70 20 60 67.18 48.20 2.74 .778	 I	 .432

.50 70_ 30 60 67.18 55.91 3.94 .694 .422

50 80 10 50 58.12 47.14 4.82 .625 .292

50 - 80 10 60 58.12 41.45 3.51 .714 .390

50 80 10	 70 58.12	 , 36.26 2.92 .833	 1 .429

Table A1.7 Derived thermodynamic design data for absorption heat
. transformers operating on ammonia-water. (continued)
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X
GE

(FR) (COP)
CT

(COP)
ET'

50 80 20 60 58.12 48.20 5.22 .644 .344

50 80 20 70 58.12 42.49 3.68 .783 .423

50 80 30 70 58.12 49.25 5.72 .700 .402

50 90 10 60 51.36 41.45 5.91 .631 .231

50 90 10 70 51.36 36.26 4.22 .720 .375

50 90 10 80 51.36 31.31 3.43 .837 .424

50 90 20 70 51.36 42.49 6.48 .650 .302

50 90 20 80 51.36 37.32 4.46 .788 .414

50 90 30 80 51.36 43.51 7.20 .706 .379

50 100 10 70 45.56 36.26 6.86 .637 .188

50 100 10 80 45.56 31.31 4.82 .725 .365

50 100 10 90 45.56 26.58 3.87 .841 .418

50 100 20 80 45.56 37.32 7.61 .656 .272

50 100 20 90 45.56 32.45 5.15 .792 .410

50 100 30 90	 . 45.56 38.32 8.52 .711 .363

60 70 10 30 81.14 62.13 1.99 .602 .390

60 70 10 40 81.14 53.70 1.69	 i .669 .414

60 70 10 50 81.14 47.14 1.55 .752 423

60 70 10 60 81.14 41.45 1.48 .858 .427

60 70 20 30 81.14 75.85 4.56 .539	 .210

60 70 20 40 81.14 63.38 2.06 .610	 .407

60 70 20 50 81.14 54.81 1.72 .701 .428

Table A1.7. Derived thermodynamic design data for absorption heat
transformers operating on ammonia-water. (continued)
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T
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T
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T
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-

X
AB

X
GE

(FR) (COP)
CT
	(COP)

ET
'

_

60 70 20 60 81.14 48.20 1.57 .824	 .435

60 70 30 40 81.14 77.15 5.72 .531	 .219

60 70 30 50 81.14 64.62 2.14..

_

.630	 .426

60 70 30 60 81.14 55.91 1.75 .773	 .443

60 70 40 50 81.14 78.48 8.08 .523	 .224

60 70 40 60 81.14 65.86 2.23

.	 ,

.687	 .448

60 80 10 40 68.40 53.70 3.15

_

.609	 .310

60 80 10 50 _68.40 47.14 2.49 .675	 _	 .377_

60 80 10 60 68.40 41.45 2.17 .757	 .404

60 80 10 70 68.40 36.26 1.98 .862	 .419

60 80 20 50 68.40 54.81 3.32 .616	 .340

60 80 20 60 68.40 48.20 2.56 .707	 .399

60 80 20 70 _68.40 42.49 2.22  .828	 .422

60 80 30 50 68.40 64.62 9.37 .538	 .042

60 80 30 60 • 68.40 55.91 3.53 ' .636	 .375

60 80 30 70 68.40 49.25 2.65 .778	 .423

60 80 40 70 68.40 57.02 3.78 .693	 .413

60 90 10 50 59.19

_

47.14 4.39 .616 .226

60 90 10 60 59.19 41.45 3.30 .681 .347
_

60 90 10 70 59.19 36.26 2.78 .762 .395

60 90 10 80 59.19 31.31 2.46 .865 .418

60 90 20	 60 59.19 i 48.20 4.71 .623 .276

Table A1.7 Derived thermodynamic design data for absorption heat
. transformers operating on ammonia-water. (continued)
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xAB
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	 (FR)
	

(COP)CT	 (COP)E.

.712 .3793.4442.49

.832 .4182.8737.32

49.25 5.10: .642 .331

43.51 3.60 .782 .413

50.30 5.59 .699 .392

41.45 5.34 .622 .141

36.26 3.95 .687 .323

31.31 3.25 .767 .385

26.58 2.84 .868 .412

42.49 5.79 .629 .211

37.32 4.15 .718 .361

3.38.32.45 .836 .413

.286.6496.3543.51

38.32 4.38 .787 .402

44.53
	

7.04	 .704	 .367

36.26

6.7737.32

32.45
	

4.78	 .723	 I .349

7.4738.32 .655 .250

31.31
	

6.93	 .634	 .024

270

20	 70	 59.19

20	 80	 59.19

- -

6.17	 I	 .628	 .074

31,31 4.50	 .693	 .305

26.58 3.67	 1	 .772	 .375

.635	 I .158

60	 120

Table A1.7 ' Derived thermodynamic design data for absorption heat
• transformers operating on ammonia-water. (continued)
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70	 80 ,30 JO	 82.43

.606	 .2702.89

I. 271

.698 .28860	 120 10

60	 120 20 

70	 80	 10	 30	 82.43

26.58	 5.02

32.45	 7.71	 .641	 .120

62.13	 1.87	 .599	 .367

90	 41.21

90	 41.21

80	 10

70	 80	 10

70	 80	 10 60	 82.43

50	 82.43

40	 82.43

41.45	 1.43	 .789	 .407

47.14	 1.50	 .714	 .403

53.70	 1.61	 .652	 .393

70	 80	 10 70	 82.43 36.26	 1.38	 .882	 .409

80	 20 30	 82.43 75.85	 3.67	 .546	 .198

70	 80	 20 40	 82.43 63.38	 1.92	 .601	 .382

70	 80	 20 50	 82.43 54.81	 1.64	 .668	 .406

70	 80	 20 60	 82.43 48.20	 1.51	 .751	 .414

70	 80	 20 70	 82.43 42.49	 1.44	 .858	 .417

70	 80	 30 40	 82.43 77.15	 4.33	 .538	 .203

70	 80	 30 50	 82.43 64.62	 1.99	 .608	 .400

70	 80	 30 60 •	 82.43 55.91	 1.66	 '	 .700	 .419

49.25	 1.53 .823	 .426

70	 80	 40 50	 82.43 78.48	 5.45	 .530 .205

70	 80	 40 60	 82.43 65.86	 2.06	 .628	 .420

70	 80	 40

70	 80	 50

70	 82.43

60	 82.43

57.02	 1.69'	 .772	 .435

79.83	 7.76	 .522	 .195

70	 80	 50 70	 82.43 67.12	 2.15	 .686	 .442

70	 90	 10 40	 69.71 e 53.70

Tablem.7 Derived thermodynamic design data for absorption heat
transformers operating on ammonia-water.(continued)
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-

TT
EV

-

AB
TT
CO GE

.

X
AB

.

X
GE

(FR) (COP) 
CT

(COP)
E

70 90 10 50 69.71 47.14 2.34 .658 .345

70 90 10 60 69.71 41.45 2.07 .720 .375

70 90 10 70 69.71 36.26 1.91 .794 .393

70 90 10 80 69.71 31.31 1.79 ' .885 .402

70 90 20 50 69.71 54.81 3.03 .608 .298

70 90 20 60 69.71 48.20 2.41 .674 .366

70 90 20 70 69.71 42.49 2.11 .756 .393

70 90 20 80 69.71 37.32 1.94 .861 .408

70 90 30 60 69.71 55.91 3.20 .615 .330

70 90	 30 70 69.71 49.25 2.48 .706 .389.

70 90	 30 80 69.71 43.51 2.16 .827 .411

70 90 _40 , 70 69.71 57.02 _ 3.39 .635 .365

70 90	 40 80

,

69.71 50.31 2.56 .777 .414
,

70 90	 50 ' 80 69.71 58.12 3.61 .692 .405

70 100	 10 50 • 60.28 47.14 4.02 .613 .157

70 100	 10 60 60.28 41.45 3.11 .664 .301

70 100	 10 70 60.28 36.26 2.65 .725 .358

70 100	 10 •80 60.28 31.31 2.37 .798 .387

70 100	 10 90 60.28 26.58 2.18 .888 .401

70 100	 20	 60 60.28 48.20 4.29 .614 .204

70 100	 20	 70 60.28 42.49 3.23 .680 .332

70 100	 20	 80 60.28	 , 37.32 2.73 .761 .381

Table A1.7 Derived thermodynamic design data for absorption heat
. transformers operating on ammonia-water. (continued)
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T
EV

T
AB

T
CO

T
GE

XAB
X
GE

(FR) (COP)
CT

,

(COP)
ET

70 100 20 90 60.28 32.45 2.43 .864 .406

70 100 30 70 60.28 49.25 4.60 .621 .256

70 100 30 80 60.28 43.51 3.37 ' .711 .366

70 100 30 90 60.28 38.32 2.81 .831 .406

70 100 40 80 60.28 50.31 4.98 .611 .315

70 100 40 , 90 60.28 44.53 3.52 .781 .401
.

70

_

100 50	 90 60.28 51.36 5.45

_

.698 .379

70 110 10	 60 53.46 41.45 4.88 .619 .045,

70 110 10	 70 53.46 36.26 3.71 .670 .267

70 110 10	 80 53.46 31.31 3.10 .730 .343

70 110 10	 90 53.46 26.58 2.73 .802 .378

70 110 20	 s_ 70	 53.46 42.49 5.24 .620 .113

I	 70 110	 20	 80	 53.46 37.32 3.88 .685

,

.305

70 110	 20	 90	 53.46 32.45 3.22 .766 .371

70 110	 30	 80	 •	 53.46 43.51 5.68 .628 .187

70 110	 30	 90	 53.46 38.32 4.07 .717 .346

70 110	 40	 90	 53.46 44.53 6.21 .647 .268

70 120	 10	 80	 47.61 31.31 4.21 .676 .240,

70 120	 10	 90	 47.61 26.58 3.49 .735 .329

70 120	 20	 80	 47.61 37.32 6.09 .626 .033

70 120	 20	 47.61_90 32.45 4.45 .691 .284

70 120	 30	 90	 47.61	 , 38.32 6.64 .634 .126

TableM..7	 Derived thermodynamic design data for absorption heat
transformers operating on ammonia-water. (continued)
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;

EV AB
TTTTX

CO GE AB
X
GE

(FR) (COP) (COP)

30 70 10 55 49.72 46.95 19.16 0.618 0.299

30 70 10 60 49.72 44.90 11.44 0.708 0.463

30 70 10 65 49.72 42.97 8.45 0.829 0.507

30 80 10 65 45.55 42.97 22.15 0.625 0.250

30 80 10 70 45.55 41.14 13.35 0.714 0.450

30 80 10 75 45.55 39.39 9.85 0.833 0.503

30 90 10 75 41.84 39.39 24.79 0.631 0.199

30 90 10 80 41.84 37.72 15.12 0.720 0.438

30 90 10 85 41.84 36.11 11.15 0.837 0.499

30 100 10 85 38.46 36.11 27.16 0.637 0.148

30 100 10 90 38.46 34.55 16.76 0.725 0.425

35	 70 10 50 52.14 49.14 16.94 0.602 0.212

35	 70 10 55 52.14 46.95 10.22 0.669 0.429

35	 70 10 60 52.14 44.90 7.61 0.752 0.484

35	 70 10 65 52.14 42.97 6.22 0.858 0.509

35	 80 10 60 47.68 44.90 19.82 0.609 0.128

35	 80 10 65 47.68 42.97 12.11 0.675 0.408

35	 80 10 70 47.68 41.14 9.00 0.757 0.476

35	 80 10 75 47.68 39.39 7.31 0.862 0.506

35	 90 10 70 43.78 41.14 22.32 0.616 0.041

35	 90 10 75 43.78 39.39 13.82 0.681 0.387

35	 90 10 80 43.78 37.72 10.28 0.762 0.467

35	 90 10 85 43.78 36.11 8.33 0.865 0.503

35	 100 10 85 40.26 36.11 15.39 0.687 0.366

35	 100 10 90 40.26 34.55 11.47 0.767 0.458

35	 100 20 90 40.26 38.12 28.90 0.656 0.288

Table A1.8
	

Derived thermodynamic design data for absorption
heat transformers operating on ammonia-lithium
nitrate.

... continued
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EV AB
TTTTX

CO GE AB
X
GE

(FR) (COP)
CT

(COP)
ET

40 70 10 50 54.74 49.14 9.08 0.645 0.398

40 70 10 55 54.74 46.95 6.81 0.708 0.463

40 70 10 60 54.74 44.90 5.60 0.784 0.492

40 70 10 65 54.74 42.97 4.84 0.879 0.508

40 80 10 60 49.92 44.90 10.97 0.652 0.367

40 80 10 65 49.92 42.97 8.20 0.714 0.450

40 80 10 70 49.92 41.14 6.70 0.789 0.486

40 80 10 75 49.92 39.39 5.75 0.882 0.506

40 90 10 70 45.79 41.14 12.67 0.658 0.335

40 90 10 75 45.79 39.39 9.48 0.720 0.436

40 90 10 80	 45.79 37.72 7.72 0.794 0.479

40 90 10	 85	 45.79 36.11 6.60 0.885 0.503

40 100	 10	 80	 42.10 37.72 14.20 0.664 0.304

40	 100	 10	 85	 42.10 36.11 10.66 0.725 0.422

40	 100	 10	 90	 42.10 34.55 8.67 0.798 0.472

40	 100	 20	 85	 42.10 39.78 25.93 0.629 0.112

40	 100	 20	 90	 42.10 38.12 15.53 0.718 0.422

45	 80	 10	 55	 52.30 46.95 9.92 0.636 0.328

45	 80	 10	 60	 52.30 44.90 7.45 0.686 0.425

45	 80	 10	 65	 52.30 42.97 6.11 0.744 0.467

45	 80	 10	 70	 52.30 41.14 5.27 0.814 0.490

45	 80	 10	 75	 52.30 39.39 4.70 0.897 0.504

45 90	 10	 65	 47.88 42.97 11.62 0.642 0.283

45 90	 10	 70	 47.88 41.14 8.73 0.692 0.406

45 90	 10	 75	 47.88 39.39 7.14 0.750 0.457

45 90	 10	 80	 47.88 37.72 6.13 0.818 0.485

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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EV AB
TTTTX

CO GE AB
X

GE
(FR) (COP)

CT
(COP)

ET

45 90 10 85 47.88 36.11 5.43 0.900 0.502

45 100 10 75 44.00 39.39 13.14 0.649 0.236

45 100 10 80 44.00 37.72 9.91 0.698 0.386

45 100 10 85 44.00 36.11 8.09 0.755 0.446

45 100 10 90 44.00 34.55 6.93 0.822 0.479

45 100 20 85 44.00 39.78 14.26 0.680 0.362

45 100 20 90 44.00 38.12 10.51 0.761 0.457

45 100 30 90 44.00 41.84 26.84 0.649 0.279

50 80 10 50 54.84 49.14 8.92 0.625 0.294

50 80 10 55 54.84 46.95 6.72 0.666 0.404

50 80 10 60 54.84 44.90 5.54 0.714 0.450

50 80 10 65 54.84 42.97 4.80 0.769 0.475

50 80 10 70 54.84 41.14 4.30 0.833 0.491

50 80 10 75 54.84 39.39 3.92 0.909 0.502

50 90 10 60 50.07 44.90 10.66 0.631 0.231

50 90 10 65 50.07 42.97 8.03 0.672 0.377

50 90 10 70 50.07 41.14 6.59 0.720 0.435

50 90 10 75 50.07 39.39 5.67 0.774 0.467

50 90 10 80 50.07 37.72 5.04 0.837 0.487

50 90 10 85 50.07 36.11 4.57 0.911 0.500

50 100 10 70 45.97 41.14 12.18 0.637 0.165

50 100 10 75 45.97 39.39 9.21 0.678 0.349

50 100 10 80 45.97 37.72 7.55 0.725 0.420

50 100 10 85 45.97 36.11 6.48 0.779 0.458

50 100 10 90 45.97 34.55 5.73 0.841 0.481

50 100 20 80 45.97 41.52 13.13 0.656 0.298

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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TEV TAB TCO TGE XAB XGE (FR) (COP)
CT

(COP)
ET

50 100 20 85 45.97 39.78 9.73 0.718 0.421

50 100 20 90 45.97 38.12 7.88 0.792 0.471

50 100 30 85 45.97 43.64 24.20 0.621 0.090

50 100 30 90 45.97 41.84 14.06 0.711 0.422

55 90 10 55 52.40 46.95 9.74 0.623 0.181

55 90 10 60 52.40 44.90 7.35 0.658 0.350

55 90 10 65 52.40 42.97 6.05 0.698 0.416

55 90 10 70 52.40 41.14 5.23 0.743 0.450

55 90 10 75 52.40 39.39 4.66 0.794 0.472

55 90 10 80 52.40 37.72 4.24 0.852 0.487

55 90 10 85 52.40 36.11 3.92 0.920 0.497

55 100 10 65 48.02 42.97 11.29 0.629 0.090

55 100 10 70 48.02 41.14 8.55 0.664 0.313

55 100 10 75 48.02 39.39 7.02 0.703 0.396

55 100 10 80 48.02 37.72 6.04 0.748 0.438

55 100 10 85 48.02 36.11 5.36 0.798 0.465

55 100 10 90 48.02 34.55 4.86 0.856 0.482

55 100 20 75 48.02 43.34 12.09 0.641 0.230

55 100 20 80 48.02 41.52 8.99 0.690 0.386

55 100 20 85 48.02 39.78 7.31 0.748 0.446

55 100 20 90 48.02 38.12 6.25 0.817 0.478

55 100 30 85 48.02 43.64 12.87 0.672 0.363

55 100 30 90 48.02 41.84 9.40 0.755 0.457

55 100 40 90 48.02 45.79 24.24 0.641 0.281

55 110 10 80 44.18 37.72 9.64 0.670 0.275

55 110 10 85 44.18 36.11 7.91 0.709 0.375

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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EV AS
TTTTX

CO GE AB
X

GE
(FR) (COP)

CT
(COP)

ET

55 110 10 90 44.18 34.55 6.80 0.753 0.426

55 110 20 85 44.18 39.78 13.69 0.647 0.167

55 110 20 90 44.18 38.12 10.21 0.696 0.360

55 120 10 90 40.71 34.55 10.62 0.676 0.235

60 90 10 50 54.89 49.14 8.86 0.616 0.138

60 90 10 55 54.89 46.95 6,69 0.647 0.327

60 90 10 60 54.89 44.90 5.52 0.681 0.398

60 90 10 65 54.89 42.97 4.79 0.720 0.436

60 90 10 70 54.89 41.14 4.28 0.762 0.459

60 90 10 75 54.89 39.39 3.91 0.810 0.474

60 90 10 80 54.89 37.72 3.63 0.865 0.485

60 90 10 85 54.89 36.11 3.40 0.928 0.493

60 100 10 60 50.17 44.90 10.46 0.622 0.013

60 100 10 65 50.17 42.97 7.92 0.653 0.279

60 100 10 70 50.17 41.14 6.52 0.687 0.372

60 100 10 75 50.17 39.39 5.62 0.725 0.420

60 100 10 80 50.17 37.72 5.00 0.767 0.449

60 100 10 85 50.17 36.11 4.54 0.815 0.468

60 100 10 90 50.17 34.55 4.19 0.868 0.481

60 100 20 70 50.17 45.25 11.13 0.629 0.161

60 100 20 75 50.17 43.34 8.29 0.671 0.351

60 100 20 80 50.17 41.52 6.76 0.718 0.421

60 100 20 85 50.17 39.78 5.79 0.772 0.458

60 100 20 90 50.17 38.12 5.13 0.836 0.481

60 100 30 80 50.17 45.55 11.77 0.649 0.302

60 100 30 85 50.17 43.64 8.63 0.711 0.423

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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T
EV TAB T0 T 

GE
X 

AB
X
GE

(FR) (COP)
TC

(COP)
ET

60 100 30 90 50.17 41.84 6.98 0.787 0.472

60 100 40 85 50.17 47.79 21.89 0.614 0.092

60 100 40 90 50.17 45.79 12.36 0.704 0.425

60 110 10 75 46.11 39.39 9.02 0.659 0.228

60 110 10 80 46.11 37.72 7.42 0.693 0.345

60 110 10 85 46.11 36.11 6.39 0.730 0.403

60 110 10 90 46.11 34.55 5.66 0.772 0.438

60 110 20 80 46.11 41.52 12.73 0.635 0.067

60 110 20 85 46.11 39.78 9.52 0.677 0.316

60 110 20 90 46.11 38.12 7.74 0.723 0.403

60 110 30 90 46.11 41.84 13.61 0.655 0.249

60 120 10 85 42.48 36.11 10.02 0.665 0.175

60 120 10 90 42.48 34.55 8.25 0.698 0.317

65 100 10 60 52.45 44.90 7.30 0.644 0.247

65 100 10 65 52.45 42.97 6.02 0.674 0.351

65 100 10 70 52.45 41.14 5.21 0.707 0.403

65 100 10 75 52.45 39.39 4.64 0.744 0.434

65 100 10 80 52.45 37.72 4.23 0.784 0.454

65 100 10 85 52.45 36.11 3.91 0.829 0.469

65 100 10 90 52.45 34.55 3.66 0.879 0.480

65 100 20 65 52.45 47.29 10.22 0.621 0.092

65 100 20 70 52.45 45.25 7.61 0.656 0.319

65 100 20 75 52.45 43.34 6.22 0.696 0.399

65 100 20 80 52.45 41.52 5.35 0.741 0.440

65 100 20 85 52.45 39.78 4.75 0.792 0.464

65 100 20 90 52.45 38.12 4.32 0.851 0.481

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.	 -
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T
EV

T
AB

T
CO

T
GE	

X
AB	

X
GE	

(FR) (COP) CT (COP)
ET

65 100 30 75	 52.45	 47.57	 10.74 0.633 0.240

65 100 30 80	 52.45	 45.55	 7.89 0.683 0.391

65 100 30 85	 52.45	 43.64	 6.40 0.742 0.448

65 100 30 90	 52.45	 41.84	 5.48 0.812 0.478

65 100 40 85	 52.45	 47.79	 11.20 0.665 0.371

65 100 40 90	 52.45	 45.79	 8.14 0.749 0.460

65 100 50 90	 52.45	 50.07	 21.04 0.634 0.296

65 110 10 70	 48.12	 41.14	 8.44 0.650 0.182

65 110 10 75	 48.12	 39.39	 6.95 0.680 0.316

65 110 10 80	 48.12	 37.72	 5.99 0.713 0.382 -(1

65 110 10 85	 48.12	 36.11	 5.32 0.749 0.420

65 110 10	 1 90	 48.12	 34.55	 4.83 0.788 0.445

65 110 20 80	 48.12	 41.52	 8.86 0.662 0.271

65 110 20	 85	 48.12	 39.78	 7.22 0.702 0.374

65 110	 20	 90	 48.12	 38.12	 6.19 0.746 0.425

65 110	 30	 85	 48.12	 43.64	 12.60 0.639 0.159

65 110	 30	 90	 48.12	 41.84	 9.26 0.689 0.361

65 120	 10	 80	 44.31	 37.72	 9.45 0.656 0.112

65 120	 10	 85 44.31 36.11 7.79 0.686 0.281

65 120	 10 90 44.31 34.55 6.71 0.718 0.360

65 120	 20 90 44.31 38.12 9.99 0.668 0.220

65 130	 10 90 40.87 34.55 10.36 0.662 0.036

70 100	 10 55 54.88 46.95 6.69 0.637 0.221

70	 100 10 60 54.88 44.90 5.52 0.664 0.333

70	 100 10 65 54.88 42.97 4.79 0.693 0.388

70	 100 10 70 54.88 41.14 4.28 0.725 0.420

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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EV	 AB
TTTTX

CO GE AB
XG E (FR) (COP)

CT
(COP)

ET

70	 100 10 75 54.88 39.39 3.91 0.760 0.442

70	 100 10 80 54.88 37.72 3.63 0.798 0.457

70	 100	 10 85 54.88 36.11 3.40 0.841 0.468

70	 100	 10 90 54.88 34.55 3.22 0.888 0.477

70	 100	 20 60 54.88 49.46 9.33 0.614 0.029

70	 100	 20 65 54.88 47.29 6.94 0.645 0.290

70	 100	 20 70 54.88 45.25 5.69 0.680 0.379

70	 100	 20 75 54.88 43.34 4.91 0.718 0.423

70	 100	 20 80 54.88 41.52 4.38 0.761 0.450

70	 100	 20 85 54.88 39.78 3.99 0.809 0.467

70	 100	 20 90 54.88 38.12 3.69 0.864 0.480

70	 100	 30 70 54.88 49.72 9.75 0.621 0.182

70	 100	 30 75 54.88	 47.57 7.17 0.663 0.361

70	 100	 30 80	 54.88	 45.55 5.83 0.711 0.426

70	 100	 30 85	 54.88	 43.64 5.02 0.767 , 0.460

70	 100	 30 90	 54.88	 41.84 4.46 0.831 0.480

70	 100	 40 80	 54.88	 49.92 10.11 0.641 0.318

70	 100	 40 85	 54.88	 47.79 7.36 0.704 0.429

70	 100	 40 90	 54.88	 45.79 5.96 0.781 0.473

70	 100	 50 85	 54.88	 52.35 18.87 0.606 0.128

70	 100	 50 90	 54.88	 50.07 10.39 0.698 0.433

70	 110	 10 65	 50.22	 42.97 7.87 0.643 0.137

70	 110	 10 70	 50.22	 41.14 6.48 0.670 0.289

70	 110	 10 75	 50.22	 39.39 5.60 0.699 0.361

70	 110	 10 80	 50.22	 37.72 4.98 0.730 0.403

70	 110	 10 85	 50.22	 36.11 4.53 0.765 0.430

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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TEV TAB TCO TGE XAB XGE (FR) (COP) (COP)(COP) ET

70 110 10 90 50.22 34.55 4.18 0.802 0.449

70 110 20 75 50.22 43.34 8.23 0.651 0.227

70 110 20 80 50.22 41.52 6.72 0.685 0.346

70 110 20 85 50.22 39.78 5.77 0.723 0.404

70 110 20 90 50.22 38.12 5,11 0.766 0.437

70 110 30 80 50.22 45.55 11.65 0.628 0.062

70 110 30 85 50.22 43.64 8.57 0.669 0.318

70 110 30 90 50.22 41.84 6.94 0.717 0.404

70 110 40 90 50.22 45.79 12.22 0.647 0.254

70 120 10 75 46.20 39.39 8.90 0.649 0.045

70 120 10 80 46.20 37.72 7.34 0.676 0.244

70	 120	 10 85 46.20 36.11 6.33 0.704 0.334

70	 120	 10 90 46.20 34.55 5.62 0.735 0.384

70	 120	 20 85 46.20 39.78 9.38 0.657 0.159

70	 120	 20 90 46.20 38.12 7.66 0.691 0.312

70	 130	 10 90 42.60 34.55 8.13 0.681 0.196

75	 110	 10 60 52.45 44.90 7.30 0.638 0.096

75	 110	 10 65 52.45 42.97 6.02 0.662 0.265

75	 110	 10 70 52.45 41.14 5.21 0.687 0.342

75	 110	 10 75 52.45 39.39 4.64 0.715 0.387

75	 110	 10 80 52.45 37.72 4.23 0.746 0.416

75	 110	 10 85 52.45 36.11 3.91 0.779 0.436

75	 110	 10 90 52.45 34.55 3.66 0.815 0.451

75	 110	 20 70 52.45 45.25 7.61 0.643 0.186

75	 110	 20 75 52.45 43.34 6.22 0.673 0.320

75	 110	 20 80 52.45 41.52 5.35 0.706 0.384

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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EV AB
TTTTX

CO GE AB
X
GE (FR) (COP)

CT
(COP)

ET

75 110 20	 85 '52.45 39.78 4.75 0.742 0.420

75 110	 20	 90 52.45 38.12 4.32 0.782 0.444

75 110	 30	 80 52.45 45.55 7.89 0.655 0.278

75	 110	 30	 85 52.45 43.64 6.40 0.695 0.378

75	 110	 30	 90 52.45 41.84 5.48 0.740 0.427

75	 110	 40	 85 52.45 47.79 11.20 0.631 0.172

75	 110	 40	 90 52.45 45.79 8.14 0.682 0.367

75	 120	 10	 75 48.16 39.39 6.91 0.667 0.208

75	 120	 10	 80 48.16 37.72 5.96 0.693 0.308

75	 120	 10	 85 48.16 36.11 5.30 0.721 0.364

75	 120	 10	 90 48.16 34.55 4.81 0.751 0.400

75	 120	 20	 80 48.16 41.52 8.80 0.648 0.095

75	 120	 20	 85 48.16	 39.78	 7.18 0.678 0.276

75	 120	 20	 90	 48.16	 38.12	 6.16 0.711 0.357

75	 120	 30	 90	 48.16	 41.84	 9.19 0.661 0.215

75	 130	 10	 85	 44.39	 36.11	 7.71 0.673 0.147

75	 130	 10	 90	 44.39	 34.55	 6.65 0.698 0.273

80	 110	 10	 55	 54.82	 46.95	 6.74 0.633 0.063

80	 110	 10	 60	 54.82	 44.90	 5.55 0.655 0.245

80	 110	 10	 65	 54.82	 42.97	 4.81 0.678 0.327

80	 110	 10	 70	 54.82	 41.14	 4.30 0.703 0.373

80	 110	 10	 75	 54.82	 39.39	 3.93 0.730 0.403

80	 110	 10	 80	 54.82	 37.72	 3.64 0.759 0.424

80	 110	 10	 85	 54.82	 36.11	 3.41 0.791 0.440

80	 110	 10	 90	 54.82	 34.55	 3.23 0.826 0.451

80	 110	 20	 65	 54.82	 47.29	 7.00 0.635 0.151

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.

t
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EV AS
TTTTX

CO GE AS
X EG

(FR) (COP)
CT

(COP)
ET

80 110 20 70 54.82 45.25 5.72 0.662 0.298

80 110 20 75 54.82 43.34 4.93 0.691 0.366

80 110 20 80 54.82 41.52 4.39 0.723 0.405

80 110 20 85 54.82 39.78 4.00 0.758 0.431

80 110 20 90 54.82 38.12 3.70 0.797 0.448

80 110 30 75 54.82 47.57 7.22 0.644 0.242

80 110 30 80 54.82 45.55 5.87 0.678 0.354

80 110 30 85 54.82 43.64 5.04 0.717 0.407

80 110 30 90 54.82 41.84 4.48 0.760 0.439

80 110 40 80 54.82 49.92 10.22 0.620 0.089

80 110 40 85 54.82 47.79 7.42 0.662 0.330

80 110 40 90 54.82 45.79 6.00 0.710 0.410

80 110 50 90 54.82 50.07 10.51 0.640 0.274

80 120 10 70 50.23 41.14 6.48 0.660 0.174

80 120 10 75 50.23 39.39 5.59 0.684 0.285

80 120 10 80 50.23 37.72 4.98 0.708 0.346

80 120 10 85 50.23 36.11 4.53 0.735 0.384

80 120 10 90 50.23 34.55 4.18 0.764 0.410

80 120 20 75 50.23 43.34 8.23 0.641 0.031

80 120 20 80 50.23 41.52 6.72 0.668 0.242

80 120 20 85 50.23 39.78 5.77 0.697 0.333

80 120 20 90 50.23 38.12 5.11 0.728 0.384

80 120 30 85 50.23 43.64 8.56 0.649 0.157

80 120 30 90 50.23 41.84 6.93 0.684 0.313

80 130 10 80 46.24 37.72 7.31 0.666 0.097

80 130 10 85 46.24 36.11 6.30 0.689 0.241

Table A1.8 . Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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TEV T
AB

T
CO

T
GE

X
AB X

GE
(FR) (COP)

CT
(COP)

ET

80 130 10 90 46.24 34.55 5.60 0.714 0.317

80 130 20 90 46.24 38.12 7.62 0.674 0.181

80 140 10 90 42.68 34.55 8.05 0.671 0.013

85 120 10 65 52.40 42.97 6.05 0.654 0.144

85 120 10 70 52.40 41.14 5.23 0.676 0.264

85 120 10 75 52.40 39.39 4.66 0.698 0.329

85 120 10 80 52.40 37.72 4.24 0.723 0.369

85 120 10 85 52.40 36.11 3.92 0.748 0.397

85 120 10 90 52.40 34.55 3.67 0.776 0.417

85 120 20 75 52.40 43.34 6.25 0.660 0.211

85 120 20	 80	 52.40 41.52 5.37 0.685 0.311

85 120 20	 85	 52.40 39.78 4.77 0.714 0.365

85 120	 20	 90	 52.40 38.12 4.33 0.744 0.400

85 120	 30	 80	 52.40 45.55 7.94 0.641 0.100

85 120	 30	 85	 52.40 43.64 6.44 0.671 0.281

85 120	 30	 90	 52.40 41.84 5.51 0.704 0.360

85 120	 40	 90	 52.40 45.79 8.20 0.653 0.224

85 130	 10	 75	 48.17 39.39 6.91 0.660 0.047

85 130	 10	 80	 48.17 37.72 5.96 0.681 0.210

85 130	 10	 85	 48.17 36.11 5.30 0.704 0.293

85 130	 10	 90	 48.17 34.55 4.81 0.728 0.344

85 130	 20	 85	 48.17 39.78 7.18 0.665 0.133

85 130	 20	 90	 48.17 38.12 6.16 0.691 0.267

85 140	 10	 90	 44.43 34.55 6.63 0.686 0.152

90	 120 10	 60	 54.72 44.90 5.61 0.649 0.119

90	 120 10	 65	 54.72 42.97 4.85 0.669 0.246

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.
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..

TEV TAB TCO TGE XAB XGE (FR) (COP) (COP)(COP)
ET

90 120 10 70 54.72 41.14 4.33 0.690 0.314

90 120 10 75 54.72 39.39 3.95 0.712 0.356

90 120 10 80 54.72 37.72 3.66 0.735 0.385

90 120 10 85 54.72 36.11 3.43 0.760 0.405

90 120 10 90 54.72 34.55 3.25 0.787 0.421

90 120 20 70 54.72 45.25 5.78 0.653 0.184

90 120 20 75 54.72 43.34 4.98 0.676 0.291

90 120 20 80 54.72 41.52 4.43 0.701 0.349

90 120 20 85 54.72 39.78 4.03 0.728 0.386

90 120 20 90 54.72 38.12 3.73 0.758 0.410

90 120 30 75 54.72 47.57 7.33 0.634 0,050

90 120 30 80 54.72 45.55 5.94 0.661 0.253

90 120 30 85 54.72 43.64 5.09 0.690 0.339

90 120 30 90 54.72 41.84 4.51 0.722 0.387

90 120 40 85 54.72 47.79 7.53 0.642 0.176

90 120 40 90 54.72 45.79 6.07 0.677 0.323

90 130 10 70 50.18 41.14 6.51 0.655 0.000

90 130 10 75 50.18 39.39 5.62 0.674 0.181

90 130 10 80 50.18 37.72 5.00 0.695 0.272

90 130 10 85 50.18 36.11 4.54 0.717 0.327

90 130 10 90 50.18 34.55 4.19 0.740 0.363

90 130 20 80 50.18 41.52 6.75 0.658 0.087

90 130 20 85 50.18 39.78 5.79 0.681 0.237

90 130 20 90 50.18 38.12 5.13 0.706 0.315

90 130 30 90 50.18 41.84 6.97 0.666 0.179

90 140 10 85 46.24 36.11 6.30 0.680 0.109

90 140 10 90 46.24 34.55 5.60 0.700 0.227

Table A1.8	 Derived thermodynamic design data for absorption
(continued)	 heat transformers operating on ammonia-lithium

nitrate.



LO/

R.	 No. 1	 , 2 3 4 5 6]....

T
1 93.7 92.8	 . 91.6 91.3 95.2 94.7

T
2 29.2 29.9 29.3 29.4 29.8 30.3

T
3 49.8 50.0 49.9 49.9 50.1 49.9

T
4 39.4 40.2 42.2 38.8 40.1 39.4

T
5 32.3 34.9 35.2 35.2 35.5 36.4

T
6 28.6 30.0 30.9 30.3 29.9 30.4

T 7 32.9 35.7 36.6 35.9 36.0 37.0

T8 19.9 20.3 18.8 13.6 14.8 15.6

T
9 29.4 17.5 32.8 13.7 13.4 16.6

T
10 26.9 27.5 27.7 27.6 28.3 28.5

T
11 25.1 25.7 25.7 25.8 26.2 26.4

T
12 ,30.0 31.5 31.5 29.1 29.9 30.9

T13- - - - -

T
14 30.7 32.8 33.8 34.0 33.6 34.1

T
15 25.0 25.3 25.5 25.7 26.1 26.5

T
16 32.9 35.5 36.5 36.3 35.3 46.7

T
17 28.6 30.2 31.0 30.2 30.0 30.3

T
18 29.7 30.3 29.9 29.5 29.9 29.9

T
19 72.1 75.2 75.9 68.2 71.9 60.0

T
20 46.5 54.3 49.3 60.3 58.7. 35.6

T
21 77.0 78.3 86.8 88.3 82.4 77.4

T
22 32.6 3540 35.7 35.1 35.3 36.2

T
23 31.9 35.3 36.1 34.2 35.5 34.7

T
24 32.9 35.7 36.4 35:4 35.9 37.0

T
25 32.7	 ' 35.6 36.2 35.4 35.8 36.7

T
26 32.6 35.4 36.0 35.4 35.7 36.7

T
27 32.6 35.3 36.0 35.3 35.5 36.5

T
28 29.3 30.0 29.4 .	 29.2 29.8 30.0

M
WAB

1. 42.5 41.0 41.5 40.5 46.5 46.5

MWCOt 23.5 23.5 23.5 23.5 23.5 23.5

QGE+ 371.0 358.8 393.0 364.0 344.3 364.0

CIEV+ 70.0 97.5 90.0 65.0 70.0 111.6

X
GE

* 59.2 60.5 60.2 60.0 60.8 61.6

XAB
* 57.8 58.4 58.5 58.0 59.2 59.9

T in °C
	

t kg h 1
	

141

	

* dimensionless

Table A2.1 Raw experimental performance data for the operating
characteristics of the water-lithium bromide .absorp-
tion cooler.

...continued
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R.	 No. 7 8 9 10 11 12 .1

T 1 94.5 84.9	 . 84.6 97.6 97.5 103.2

T
2 30.4 29.3 29.4 30.2 30.9 26.6 .

T
3 50.0 50.3 50.0 50.2 50.1 50.1

T
4 38.6 37.5 39.0 40.4 40.7 37.9

T
5 34.6 33.3 35.2 37.9 39.2 37.7

T
6 30.0 31.1 •32.5 31.2 31.9 34.3

T
7 35.1 34.2 36.3 38.6 40.4 39.5

T
8 13.7 10.9 24.5 12.3 14.8 16.5

T
9 25.1 11.8 27.7 20.2 30.5 30.2

T
10 28.3 29.2 30.3 29.1 29.5 31.9

T
11 26.3 28.4 29.7 27.4 28.0 31.3

T
12 32.1 30.8 32.2 32.8 34.3 37.3

T
13 - 30.4 31.0 - - -

T
14 33.5 32.1 33.9 34.7 35.4 32.4

T
15 26.2 28.4 29.8 27.6 27.9 32.3

T
16 35.3 ' 36.4 36.0 38.5 38.8 37.9

T
17 30.0 31.3 32.6 31.7 32.1 34.7

T
18 30.2 29.0 29.6 29.9 30.0 27.1

T
19 73.3 69.8 68.7 77.6 76.9 81.1

T
20 47.0 48.1 43.9 53.7 48.8 43.3

T
21 81.1 72.1 70.7 .	 84.8 84.5 80.1

T
22 34.8 33.6 35.6 37.5 38.9 37.5

T
23 34.5 34.1 35.2 39.8 39.8 37.9

T
24 35.1 34.4 36.3 38.6 40.2 39.5

T
25 35.1 % 34.2 36.0 38.2 39.8 39.2

T
26 35.2 34.0 35.8 38.2 39.7 39.1

T
27 35.1 33.9 35.6 38.2 39.4 38.6

T
28 29.9 29.4 29.8 ,	 29.3 29.4 26.5

MWABt 46.5 48.5 46.5 48.5 48.5 48.5

MWCO t 23.5 24.0 25.5 23.5 23.5 23.5

QGE+ 293.8 247.8 247.8 420.0 420.0 391.5

(IEV+ 60.3 38.5 70.0 120.0 120.0 120.0

X
GE

* 61.5 56.1 56.1' 63.5 63.5 64.6

X
AB

* 59.8 54.3 54.1 60.6 61.5 61.5

Tin °C

	

t kg ' h-1	 W
	

* dimeftsionless

Table A2.1 Raw experimental performance data for the operating
(continued) characteristics of the water-lithium bromide absorp-

tion cooler.



1
ZOY

R.	 No. 13
n•••n

14 15. 16 17 18

•1 104.0 100.1 -	 99.4 99.7 99.4 97.9
T
2 26.7 23.2 24.0 24.1 24.2 24.2

T3 50.1 50.0 50.0 50.1 50.1 50.1
T
4 38.4 34.4 36.1 35.6 35.8 33.7

T5 39.0 33.2 35.2 35.5 33.3 31.9
T
6 34.6 29.7 30.8 30.4 30.6 28.3

T
7 40.5 34.7 36.3 37.6 34.8 33.5

T8 17.5 9.2 9.7 11.1 8.4 8.2
T 37.7 9.7 14.9 23.5 10.7 23.4

10 32.1 26.8 27.3 27.4 27.7 24.2

T
11 31.4 27.1 27.5 27.6 27.2 22.8

T
12 .37.4 30.0 32.4 30.4 30.3 25.9

T13 30.1 30.2 29.7 -

T
14 33.1 28.8 30.3 30.3 31.3 29.2

T
15 32.5 27.5 27.9 27.9 27.6 22.8

T 16 38.6 33.4 35.7 35.6 33.7 33.9

T
17 34.7 30.1 31.1 30.7 30.9 27.8

T
18 27.1 24.5 24.6 24.6 24.9 25.1

T19 79.1 68.2 78.9 73.8 67.9 82.7

T
20 41.4 40.8 46.8 48.0 48.0 54.0

T21 76.0 72.8 78.3 77.4 73.4 80.0

T
22 39.3 33.7 35.5 35.7 33.2 32.6

T
23 39.2 33.7 35.8 36.7 33.9 32.5

T24 40.6 34.7 36.3 36.9 34.7 33.4

T25 40.3 34.5 36.1 36.6 34.5 33.1

T26 40.1 34.4 36.1 36.5 34.4 33.0

T27 39.8 34.2 35.8 36.2 34.2 32.7

T
28 25.8 23.5 23.5 •	 23.3 24.0 23.2

MWABt 48.3 46.0 46.5 47.0 46.5 47.0

NWCOt 23.5 23.5 24.0 24.5 23.0 23.0

(ICE+ 376.3 312.0 312.0 298.5 312.0 312.0

QEV+ 120.0 70.0 70.0 70.0 70.0 70.0

X*
GE 65.8 63.5 64.0 63.7 63.8 62.9

XAB* 61.5 61.7 62.0 61.4 61.4 61.6

Tin °C t kg	 W	 * dimensionless

Table A2.1 Raw experimental performance data for the operating
(continued) characteristics of the water-lithium bromide absorp-

tion cooler.



LYU

R.No. 1	 . 2 3 4 5 6 ....)
_

T
1	_ 111.0	

_
111.0	 . 110.0	

-..
110.1 109.1 109.1

T
2 26.1 25.8 25.5 28.7 28.9 28.3

T
3 50.1 50.1 50.2 50.2 50.1 49.9

T
4 35.8 36.2 38.4 37.8 38.4 40.6

T
5 38.8 38.2 37.4 38.1 38.3 37.9

T
6 34.8 34.4 33.1 33.4 33.3 32.7

T
7 40.3 39.6 42.0 . 40.4 41.1 39.8

T
B 11.4 10.2 10.2 11.7 11.9 11.9

T
9 10.5	 . 9.8 11.2 10.3 10.9 11.0

T
10 31.8 31.8 30.3 30.9 30.3 30.1

T
11 32.7 32.3 29.7 30.4 29.8 29.0

T
12 34.7 35.6 35.7 35.2 35.1 34.7

T13- -
_ -	 1

T
14 31.5 30.3 33.1 32.5 33.0 34.0

T
15 33.4 33.0 30.6 30.4 30.1 29.0

T
16 38.7 37.8 37.9 38.6 39.3 38.5

T
17 35.4 34.9 33.7 33.4 33.4 32.6

T
18 25.8 25.5 24.5 27.6 28.0 28.3

T
19 78.2 70.4 76.6 76.5 .82.5 73.4

T20 47.7 33.1 38.9 51.5 55.6 49.6

T
21 75.1 68.6 79.2 77.5 83.1 77.4

T
22 40.0 39.2 38.9 39.1 40.0 39.3

T
23 41.2 40.2 40.0 40.0 40.7 39.7

T
24 41.1 40.4 39.9 39.7 40.8 40.1

T
25 40.9	 ' 40.1 39.8 39.5 40.5 39.9

T
26 40.8 40.0 39.8 39.5 40.5 40.0

T
27 40.5 39.7 39.3 39.4 40.1 39.8

T
28 24.0 24.1 24.2 .	 25.8 25.6 25.7

MWABt 43.0 43.0 42.5 49.0 50.5 50.5

M	 t
WCO 23.5 23.5 22.5 23.5 23.5 23.5

(IGE+ 293.8 293.8 381.3 376.3 376.3 345.0

QEV+ 70.0 70.0 97.5 108.3 108.3 111.6

X
GE

* 82.0 82.5. 81.8 81.3 81.8 81.9

X
AB

* 80.0 80.0 79.8 79.7 79.7 79.9

, .

T in °C
	

• t kg h -1
	

W
	

* dimensionless

Table A2.2 Raw experimental performance data for the operating
characteristics of the water-lithium bromide-zinc
bromide absorption cooler.

...continued
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R.	 No. 7 8 9 10 11 12

T
I 109.2 109.2 110.5 110.5 111.3 111.5

T
2 27.9 27.8 26.3 28.5 29.2 29.3

T
3 50.0 50.3 50.0 49.9 50.1 50.1

T
4

40.2 40.0 39.5 40.2 40.5 37.5

T
5 36.1 34.4 34.2 37.7 38.6 40.0

T
6

30.6 29.4 29.4 32.5 32.8 33.3

T
7

39.1 37.1 35.7 39.1 39.8 41.6

T
8 11.7 11.1 10.7 11.0 12.6 14.6

T
9

10.6 9.9 9.6 10.2 11.4 13.3

T
10

28.1 27.3 27.2 31.1 30.9 30.4

T
11

26.5 26.3 26.3 30.7 30.3 30.6

T
12 31.9 30.0 30.0 35.6 36.2 37.6

IT
13

T
14 32.4 31.4 30.8 31.7 32.7 34.3

T
15

26.4 26.2 26.2 31.0 30.6 30.6

T
16 37.1 35.3 34.8 36.7 37.6 39.8

T
17 30.4 29.5 29.5 33.2 33.2 33.8

T
18 28.3 28.0 27.5 25.2 25.3 30.9

T
19 82.1 73.2 66.2 77.2 84.5 86.9

T
20 54.0 51.6 45.4 41.3 40.8 53.6

T
21 80.6 76.2 70.6 76.3 78.2 80.4

T
22 37.5 36.0 34.9 38.2 39.3 40.5

T
23 37.7 34.1 35.3 38.8 40.5

24 38.1 36.1 34.1 39.3 40.5 40.8

25 38.0 35.8 34.2 39.1 40.2 40.8

26 38.1 36.0 34.4 38.9 40.0 40.6

27 38.0 35.0 35.1 38.6 39.7 41.0

28 25.5 25.5 25.5 27.2 27.3 29.6

WAB
t 50.5	 . 50.5 50.5 40.0 43.0 43.0

t
WCO 23.5 23.5 23.5 23.5 22.5 23.5

(ICE+ 391.5 351.9 337.5 337.5 337.5 297.0

CIEV+ 108.5 90.0 97.5 70.0 70.0 70.0

*
GE 82.2 82.0 82.1' 81.9 82.0 82.4

*
AB 80.1 80.0 79.8 78.8 78.9 79.8

An °C	 •	 t kg h-I.	 W	 * dimensionless

T

T

T

T

T

M

M

X

X

T

Table A2.2 Raw experimental performance data for the operating
(continued) characteristics of the water-lithium bromide-zinc

bromide absorption cooler.
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R.	 No. 13	 . 14 15 16 17

,

18

T 1 111.4 108.7 110.8 109.4 110.4 111.9

T
2 24.6 23.1 24.9 23.4 22.8 29.3

T
3 49.8 50.0 50.1 49.8 49.9 49.9

T
4 36.6 35.7 36.5 36.5 37.1 35.3

T
5 28.5 28.6 28.9 30.2 28.4 40.3

'r6 24.7 24.3 25.3 24.7 23.5 33.9

T
7 28.8 31.4 30.0 30.8 30.9 42.0

T
8 7.7 8.1 11.8 9.7 8.6 12.9

T
9 5.4 10.6 10.8 19.9 14.0 11.7

T
10 23.5 23.1 23.5 23.1 22.2 31.4

T
11 22.1	 . 22.1 22.3 21.7 20.5 30.4

T
12 .27.7 27.9 26.0 28.8 24.1 34.8

T13- - - - _ -	 .

T
14 26.6 25.8 26.9 26.9 27.4 34.6

T
15 44.7 22.2 46.4 21.5 20.7 30.7

T
16 - 29.5 30.0 30.6 29.6 39.5

T
17 24.6 24.4 25.2 24.4 23.3 33.9

T
18 25.6 23.2 25.6 23.3 23.0 27.4

T
19 68.9 74.9 82.3 76.9 61.9 76.6

T
20 31.2 55.4 50.7 32.0 43.9 38.9

T
21 65.3 79.3 78.5 66.4 66.2 78.9

T
22 28.0 29.6 28.7 31.0 30.0 40.3

T
23 29.2 31.4 29.7 33.5 32.2 42.2

T
24 28.1 30.7 31.0 32.4 31.5 41.8

T
25 27.7	 ' 30.2 29.5 32.3 31.3 41.4

T
26

27

27.8

28.1 •T

29.9

29.3

29.0

28.9

31.8

30.3

30.9

30.5

40.9

40.8

T
28 25.2 23.6 25.3 .	 23.5 23.7 28.8

MWABt 58.5 58.5 57.5 58.0 58.0 45.5

M	 t
WCO 23.5 23.5 23.5 24.0 24.0 26.5

(ICE+	 ' 376.3 364.0 364.0 351.9 325.9 337.5

CI EV+ 93.8 93.0 120.0 115.2 77.0 120.0

X
GE

* 81.8 81.9 82.0 82.0 82.2 82.3

X
AB

* 80.1 79.6 80.1 79.7 79.7 80.2

-

Tin °C
	

t kg h	
1 •
	 * dimensionless

Table A2.2 Raw experimental performance data for the operating
(continued) characteristics of the water-lithium bromide-zinc

bromide absorption cooler.
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R.	 No. 19 20 21

T 1 108.8 107.2 105.6
/.•

T2 30.3 29.9 30.6

T3 50.2 49.8 50.2

T
4. 35.7 35.8 36.3

T
5 41.0 41.4 42.5

T
6 34.3 34.7 35.1

T7 42.6 43.1 44.1

T
8 13.2 13.0 13.7

T
9 11.9 14.9 15.1

T
10 31.5 31.6 31.6

11 30.5 30.5 30.5

T
12 34.8 35.5 35.0

T 13
T14 36.0 37.2 38.5

T
15 30.7 30.7 31.0

T
16 40.7 41.4 43.1

T
17 34.3 34.6 35.2

T
18 27.7 27.7 27.6

T19 79.9 82.0 78.9

T
20 55.3 54.1 58.7

T21 80.3 85.3 86.4

T22 40.6 41.2 42.1

T
23 42.7 42.9 43.5

T
24 42.5 43.1 43.9

T
25 41.9 42.6 43.4

T
26 41.5 42.2 42.9

T
27 41.3 41.9 42.7

T28 28.5 28.5 28.6

MWABt 46.5 47.0 47.0

M	 tWCO 26.5 26.5 26.0

(1GE+ 352.0 391.5 420.0

QEV+ 120.0 120.0 120.0
XGE* 82.0 81.6 81.3'
X*AB 79.9 79.8 79.9

T in °C
	

t kg 11-1	W
	

* dimensionless

Table A2.2 Raw experimental performance data for the operating
(continued) characteristics of the water-lithium bromide-zinc

bromide absorption cooler.



R. No.

T1

T2
T3
T4
T
5

T6
T 7
T8
T9
10

T 11
T12
T13
T14
T15
T16
T17
T18
T19
T20
T21
T22
T23
T24
T25
T26
T27
T28
MWABt
M tWC0

(ICE+

QEV+

X *GE
XAB *

1 2 3	 4 5, 6

97.2 95.8 100.7	 103.9 102.9 101.7

28.5 28.4 29.1	 28.4 29.0 28.2

50.0 50.2 50.5	 49.9 50.0 50.0

38.9 38.6 36.0	 37.3 36.6 37.4

36.1 36.2 36.1	 33.8 36.7 36.5

31.2 31.0 32.3	 30.1 32.1 32.2

36.9 37.0 37.0	 34.6 37.5 37.8

12.5 13.1 12.3	 16.2 11.1 11.0

11.4 11.9 11.5	 15.4 13.9 17.2

27.8 26.9 29.7 28.4 28.4 28.3

25.8 25.9 28.8 26.8 27.2 27.2

.30.3 31.1 33.4 32.3 31.0 31.0

-

36.6 35.9 33.5 32.3 35.0 35.2

25.6 25.9 28.9 26.9 27.4 27.2

38.7 38.8 36.8 34.9 38.7 38.7

30.7 30.9 32.5 30.1 32.4 32.3

27.1 27.2 28.4 27.7 27.6 27.6

70.6 70.6 75.7 75.8 83.8 82.9

61.1 57.5 48.2 50.8 59.1 59.4

83.2 83.7 77.6 78.7 87.1 87.6

36.3 36.4 36.3 34.2 37.2 37.4

36.9 36.7 35.8 34.1

37.2 37.1 37.2 35.1 38.0 38.1

37.0	 k 36.9 36.9 34.9 37.7 37.9

36.8 36.7 36.8 34.7 37.6 37.6

36.9 36.8 36.7 34.6 37.7 37.5

28.7 28.8 28.8 ,	 28.2 28.6 28.1

58.5 58.5 46.5 47.5 48.5 48.5

23.5 22.0 23.5 23.2 24.0 23.7

420.0 458.0 364.0 391.5 364.0 391.5

90.0 90.0 90.0 80.0 108.5 108.5

63.45 62.75 64.36 65.88 64.85 64.83

62.39 62.14 62.69 63.85 63.78 63.53

294

T in °C	 • t kg h	 1,	 W	 * dimensinnlegs

Table A2.3 Raw experimentallperformance data for the operating
characteristics of the water-lithium bromide-lithium
iOdide absorption cooler.
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R.	 No. 7 8 9 10 11 12

T 1 100.2 99.0 98.7 97.8 99.3 99.8
T 2 28.6 27.4 26.9 28.3 27.2 26.8

T
3 50.0 49.7 50.0 50.1 51.0 50.3

T
4 38.5 37.1 37.4 38.3 39.4 38.6

T
5 36.8 36.4 37.1 37.6 36.4 34.7

T 6 32.5 32.9 33.2 33.6 34.3 31.9

T 7 38.0 36.7 37.7 38.6 37.0 35.0

T8 11.7 10.5 11.1 12.0 12.7 15.5

T
9 13.9 9.6 10.1 10.8 12.3 13.9

T 10 28.4 28.8 28,8 29.0 30.2 30.1

T 11 27.3 28.1 28.3 28.0 30.0 28.8

T
12 32.0 32.6 32.4 32.9 31.8 34.7

T13- - - - - -	 .

T 14 35.5 35.2 35.7 36.8 34.9 33.0

T
15 27.4 28.5 28.7 28.1 30.5 28.2

T 16 38.7 38.5 37.8 40.3 40.2 35.4

T 17 32.5 32.9 33.0 33.8 34.9 31.5

T 18 27.3 26.0 26.2 26.5 26.6 26.6

T 19 79.4 80.3 76.1 78.2 80.7 75.5

T20 55.3 57.2 44.2 58.6 55.9 43.6

T21 85.6 86.2 81.7 86.6 84.9 78.5

T 22 37.5 36.8 37.0 37.4 37.3 34.8

T23 - 37.6 38.3 38.5 37.5 34.5

T24 38.4 37.6 37.7 38.5 38.0 35.3

T
25 38.2	 ' 37.4 37.5 38.3 37.9 35.2

T26 38.0 37.4 37.5 38.3 37.8 35.1

T27 38.0 37.2 37.3 38.2 37.7 35.0

T28 27.7 27.2 27.0 26.7 27.5 27.7

MWABt 48.5 51.0 50.0 51.0 51.0 52.5

M	 tWCO 23.5 23.5 23.0 23.5 23.5 24.0

(IGO" 420.0 420.0 407.0 476.0 386.0 323.4

(IEV+ 120.0 90.0 90.0 120.0 87.0 64.7
XGE* 64.28 64.14 63.78 64.10 64.05 64.65
XAB * 63.18' 63.39 62.83 62.83 62.96 63.16

Tin °C
	

• t kg h- •	 + W
	

* dimdhaianleas

Table A2.3 Raw experiMental performance data for the operating
(continued) characteristics of the water-lithium bromide-lithium

iodide absorption cooler
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R.	 No. 13 14 15 16

T
1 100.2 97.0 98.3 102.8

T
2 27.8 27.6 27.8 28.9

T
3 49.8 49.9 50.2 50.0

T 37.4 39.0 39.0 39.3

T
5 36.9 36.1 36.5 35.4

T
6 33.1 32.3 32.5 31.8

T
7	38.1 37.1 37.5 36.3

T
8	 11.2 11.3 12.0 11.5

T
9	9.8 10.4 11.7 10.4

10	 29.7 28.7 28.8 28.2

T
11	 29.4 27.9 28.0 26.5

T
12	 32.3 32.7 31.8 33.1

T
13

T
14	 35.4 35.6 35.9 33.9

T
15	 29.8 28.0 28.2 26.6

T
16	 37.7 37.7 38.2 35.9

T
17

'	 33.3 32.4 32.7 32.2

T
18	 27.3 27.0 27.0 27.3

T
19	 76.8 71.5 72.0 79.3

T
20	 54.7 60.3 62.8 44.5

T
21	 79.4 81.8 82.5 84.4

T
22	 37.4 36.7 37.0 35.8

T
23	 37.4 37.0 37.3

T
24	 38.1 37.6 37.7 36.6

T
25	 37.9 37.5 37.6 36.4

T
26	 37.8 37.2 37.3 36.1

T
27	 37.7 37.2 37.3 36.1

T
28	 28.5 28.0 28.2 28.5

MWABt	 46.5 46.5 46.5 46.5

M	 t	 22.5WOO 23.2 22.5 23.2

QGE+	 312.0 377.0 377.0 391.5

QEV+	 70.0 90.0 90.0 105.0
X*
GE
	 64.38 63.87 63.78 64.85

X
AB

*	 62.83 62.62 62.66 62.67

T in °C	 t kg h-1 + W * dimensionless

Table A2.3 Raw experimental 7performance data for the operation
(continued) characteristics of the water-lithium bromide-lithium

iodide absorption cooler.
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	Ti	 solution vapour vapour mixture entering absorber (after
mixer), °C

	

T2	 solution leaving absorber, °C

	

T3	 strong refrigerant solution entering economiser, °C

	

T4	 strong refrigerant solution leaving economiser, °C

	

T5	 weak refrigerant solution'leaving economiser, °C

	

T6	 weak refrigerant solution entering economiser, °C

	

T7	 strong refrigerant solution entering generator, °C

	

T8	 two-phase mixture leaving generator, °C

	

T9	 two-phase mixture entering rectifier, °C

	

TIO	 refrigerant vapour leaving rectifier, °C

	

T11	 strong refrigerant solution leaving rectifier, °C

	

T12	 refrigerant vapour entering condenser, °C

	

T13	 cooling water entering condenser, °C

	

T14	 cooling water leaving condenser, °C

	

T15	 cooling water entering absorber, °C

	

T16	 cooling water leaving absorber, °C

	

T17	 cooling water entering rectifier, °C

	

T18	 cooling water leaving rectifier, °C

	

T19	 geothermal fluid entering generator, °C

	

T20	 geothermal fluid leaving generator, °C

	

T21	 ambient temperature, °C

	

T22	 liquid refrigerant entering precooler, °C

	

T23	 liquid refrigerant leaving precooler, °C

	

T24	 liquid refrigerant entering evaporator, °C

	

T25	 refrigerant vapour leaving evaporator, °C

	

T26	 refrigerant vapour entering precooler, °C

	

T27	 refrigerant vapour leaving precooler, °C

	

T28	 cold storage temperature, °C

	

FEV	 liquid refrigerant flow rate, GPM

	

FAB	 weak refrigerant solution flow rate, GPM

	

FWRE	 cooling water flow rate to rectifier, LPM

	

FWAB	 cooling water flow rate to absorber, LPM

	

FWCO	 cooling water flow rate to condenser, LPM

	

FCS	 geothermal steam flow rate, LPM

	

PCO	 condenser pressure, PSIG

	

PAB	 absorber pressure, PS1G

	

PREC	 rectifier pressure, PS1G

Table A2.4	 Raw experimental performance data for the operating
characteristics of the ammonia-water absorption
refrigerator operated with geothermal steam at Los
Azufres, Michoac gn, Mexico.

... continued
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U.	 No. 1 2 3 4 5 6

1 42.6 41.33 45.7 44.0 44.1 45.9

T
2 29.6 29.4 32.8 32.1 32.5 31.4

T 1 30.8 30.7 34.4 33.1 33.7 33.2

1 54.0 54.1 58.3 55.4 56.6 57.3

T1 77.6 78.7 86.2 82.4 85.0 86.2

T
6 56.6 56.9 63.1 59.7 62.9 62.9

1
7 55.8 56.1 62.4 59.0 62.5 62.5

T
8 82.2 82.5 90.8 87.1 90.0 91.6

1
9 78.6 79.1 87.8 84.3 87.8 89.6

T
10 57.0 60.1 67.4 63.9 68.3 71.7

T
11 55.0 66.7 64.6 66.3 60.1 63.8

1 12 46.6 48.0 61.1 56.1 63.2 68.3

T 11 21.2 21.3 23.4 20.4 25.9 20.6.

T 14 23.4 23.1 25.9 22.4 28.2 24.1

1 15 21.8 22.6 23.5 21.4 24.7 19.8

T
16 25.4 25.3 26.4 24.4 27.5 23.4

T17 20.6 21.6 22.0 19.3 24.6 18.8

T
18 25.2 36.9 30.25 28.4 31.3 27.5

T
19 93.2 93.1 98.7 96.1 96.7 100.1

T
20 86.4 84.6 94.9 91.3 93.7 95.4

T
21 22.4 22.1 23.7 21.5 26.3 21.8

T
22 22.4 22;3 23.9 21.3 26.6 22.5

T
23 17.8 12.1 10.3 14.9 13.7 10.6

T
24 -11.4 -13.3 -13.4 -14.9 -10.5 -12.7

1 25 -	 2.8	 ' - 5.6 -	 6.1 -	 1.0 - 7.0 - 4.1

T
26 - 0.6 - 4.6 - 5;8 0.5 - 6.7 - 3.8

T
27 9.4 1.9 0.1 10.3 - 4.7 1.4

1 28 - 5.4 - 6.9 - 7.2 -	 4.1 -	 7.1 - 4.8

T in °C

Table A2.4 Raw experimental performance data for the operating
(continued)characteristics of the ammonia-water absorption

refrigerator operated with geothermal steam at Los
Azufres, Michoacan, Mexico.



11.	 No. 7	 , 8 9

.1 ,
t 47.8 43.9 40.7

1 2 33.5 32.1 30.4

1
3 34.7 32.6 31.1

1'4 59 56.8 53.8

T,3
T
6

88.9

65.4

83.7

61.2

77.7

56.8

T
7 64.6 60.6 55.9

T
8 94.4 88.1 81.6

T
9 92.4 85.2 78.1

T
10 72.9 64.0 56.1

T
II 64.5 60.9 56.1

T
12 66.9 55.8 47.5

T
11 23.9 22.0 22.1

'1' J4	 • 27.1 24.4 23.5

T
15 23.8 22.4 23.2

T
16 26.8 25.3 25.6

T
17 22.7 21.2 21.1

T
18 30.3 27.6 26.4

T
19 101.6 94.8 92.1

T
20 97.1 91.5 82.5

T
21 24.8 22.8 22.3

T
22 24.9 224 22.1

T
23

r
24

16.1

-11.9

16.2

-14.6

17.1

-14.1

.

1 25 -- 1.9 - 2.1 0.4

T
26 -	 1.3 - 0.6 3.2

1 27 4.4 7.6 13.0

1 28 - 3.6 - 4.2 - 2.5 '

Tin °C

Table A2.4 Raw experimental performance data for the'operating
(continued)characteristics of the ammonia-water absorption

refrigerator operated with geothermal steam at Los
Azufres, Michoacgn, Mexico.
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-

R.	 No. 1 2 3 4 5 6

F*
EV

0.14 0.13 0.16 0.16 0.17 0.21

F*
AB 2.11 2.02 1.68 1.75 1.56 1.64

F
WRE

+ 2.0 2.0 3.6 3.7 6.0 5.0

F
WAB

+ 35.3 35.3 75.0 66.7 66.7 66.7

F	 +
WCO

42.0 42.0 46.7 38.2 42.0 35.3

+ - - 0.67 0.75 0.59 0.79
GS

P0
CO

111.2 111.1 118.1 110.7 126.8 112.4

P°
AB

25.3 22.5 22.4 20.6 26.2 22.8

P0
RE

120.0 119.0 126.4 119.4 134.2 121.4

* GPM
	

+ LPM	 ° PSIG

Table A2.4 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

refrigerator operated with geothermal steam at Los
Azufres, Michoac gn, Mexico.
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R.	 No. 7	 i 8 9

F
EV

* 0.19 0.15 0.10

F
AB

* 1.64 1.80 1.85

F
WRE

+ 6.0 5.4 5.4

F
WAB

+ 75.0 75.0 75.0

FWCO + 35.3 33•3 31•6

F
GS
+ 0.9 0.76 0.58

PCO ° 122.5 115.0 113.4

P
AB

°

p	 0
RE

23.7

130.9

20.5

123.6

22.1

121.9

,

* GPM
	

+LPM
	

PSIG

Table A2.4 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

refrigerator operated with geothermal steam at Los
Azufres, Michoacan, Mexico.
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Ti	 weak refrigerant solution leaving generator, K
T2	 strong refrigerant solution entering generator, K
T3	 refrigerant vapour leaving generator, K
T4	 refrigerant vapour entering condenser, K
T5	 liquid refrigerant leaving condenser, K
T6	 liquid refrigerant entering economiser (precooler), K
T7	 liquid refrigerant leaving economiser (precooler), K
T8	 liquid refrigerant entering evaporator, K
T9	 refrigerant leaving evaporator (entering precooler), K
T10	 refrigerant leaving economiser (precooler), K
T11	 strong refrigerant solution leaving absorber, K
T12	 strong refrigerant solution entering economiser, K
T13	 weak refrigerant solution entering absorber, K
T14	 cooling water entering condenser, K
T15	 cooling water leaving condenser, K
T16	 cooling water entering absorber, K
T17	 cooling water leaving absorber, K
T20	 hot oil entering generator, K
T21	 hot oil leaving generator, K
P2	 condenser pressure, MPa absolute
P3	 absorber pressure, MPa absolute
P4	 evaporator pressure, MPa absolute
M7	 liquid refrigerant mass flow rate, kg s

-1

Mll	 strong solution flow rate, kg s
-1

M14	 cooling water flow rate to condenser, kg s
-1

M16	 cooling water flow rate to absorber, kg s
-1

M20	 hot oil flow rate, kg s
-1

Table A2.5	 Raw experimental performance data for the operating
characteristics of the ammonia-water absorption
system at UNAM.

... continued



Ti T2 T3 T4 .	 T5 T6
3U3

T7

351.8 319.7 304.1 301.6 301.1 299.1 292.0
351.6 317.0 301.0 300.7 300.8 300.1 290.9
351.4 320.5 302.0 301.3 301.7 300.3 292.5
351.0 320.4 303.9 302.1 301.0 300.6 292.5
352.8 320.1 305.1 303.2 302.3 300.7 290.9
350.4 311.2 306.9 303.0 299.6 300.8 299.8
353.7 322.9 305.9 304.1 302.7 300.0 291.2
351.6 320.1 304.5 302.1 300.0 300.0 292.7
349.9 318.1 303.0 301.3 301.3 300.0 294.0
350.6 315.2 303.4 302.2 302.4 300.7 291.3

T8 T9 T10 T11 T12 T13 T14

268.0 290.7 291.6 295.5 296.0 331.1 285.5
271.0 289.5 293.1 298.9 297.4 329.9 284.9
269.5 290.0 291.8 296.1 296.8 330.8 285.4
270.5 291.9 292.5 296.0 296.4 331.4 283.4
269.7 292.5 292.3 295.5 296.5 331.9 283.0
263.2 290.1 290.1 296.7 297.8 325.2 282.8
271.2 288.7 297.5 295.2 295.6 334.8 282.5
271.5 288.5 295.1 294.5 295.5 335.9 282.6
268.5 288.1 294.3 296.7 297.4 330.9 282.8
265.9 288.3 293.2 296.7 296.9 326.8 283.5

T15 T16 T17 T20 T21 P2 P3

287.9 283.8 285.4 373.4 352.6 1.072 0.311
287.9 283.3 283.3 363.7 352.3 1.051 0.301
288.5 283.8 283.4 363.0 353.7 1.072 0.331
287.0 283.5 283.1 365.3 354.2 1.051 0.342
287.4 283.2 282.6 367.2 355.6 1.092 0.340
286.9 282.9 283.3 368.8 355.2 1.031 0.260
285.7 282.1 282.6 367.4 355.7 1.087 0.352
286.3 281.4 282.3 364.9 354.2 1.062 0.385
286.8 281.0 281.6 362.3 352.2 1.062 0.321
287.8 281.1 280.9 364.5 353.0 1.092 0.291

P4 M7 M11 M14 M16 M20

0.330 0.000333 0.011984 0.010822 0.232452 0.101663
0.386 0.000207 0.012154 0.010822 0.232452 0.125815
0.345 0.000393 0.012035 0.010822 0.232452 0.155486
0.355 0.000393 0.012159 0.010822 0.235066 0.146301
0.347 0.000393 0.011925 0.010822 0.235066 0.140774
0.276 0.000393 0.012144 0.010822 0.227224 0.132462
0.366 0.000207 0.011966 0.010822 0.229838 0.134181
0.404 0.000207 0.012136 0.010822 0.232452 0.127615
0.335 0.000269 0.012086 0.010822 0.229838 0.150054
0.299 0.000393 0.011864 0.010822 0.229838 0.147300

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.
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Ti T2 T3 T4 T5 T6 T7

356.6 318.7 319.3 313.5 300.1 299.8 295.9
359.3 323.7 320.1 314.4 302.1 300.9 300.5
358.2 323.3 312.1 306.1 302.9 300.7 298.4
356.5 322.3 308.8 303.2 300.5 301.4 299.7
356.8 323.3 309.0 304.0 301.4 300.8 299.8
358.3 324.5 309.9 305.6 301.9 300.9 299.2
358.1 322.9 308.6 305.5 302.4 301.5 296.4
357.3 324.2 308.8 306.0 302.4 301.7 287.0
357.7 323.4 313.8 308.6 302.7 299.8 282.0

T8	 T9	 T10 T11	 T12	 T13 T14

279.0 295.9 299.1 297.5 298.1 335.0 284.5
267.3 292.7 293.7 294.3 300.1 337.7 283.2
267.4 291.8 298.4 298.9 299.2 335.5 283.6
269.9 292.1 299.7 302.1 301.4 335.5 283.5
270.7 291.1 299.6 299.9 299.8 336.5 283.1
270.5 285.9 299.8 299.9 299.5 336.8 283.5
272.6 285.1 302.0 302.5 302.1 335.7 283.1
270.8 283.9 285.4 303.7 302.1 336.6 283.5
269.7 283.0 282.7 301.5 302.1 335.6 283.2

T15 T16 T17 T20 T21 P2 P3

287.9 284.1 285.7 389.7 358.4 1.031 0.280
287.8 283.2 286.4 387.9 357.6 1.072 0.301
292.0 283.6 287.2 388.0 354.0 1.072 0.301
290.5 283.2 283.4 390.6 352.6 1.051 0.301
291.0 283.4 283.2 390.7 353.7 1.072 0.321
292.0 283.3 282.8 391.4 354.5 1.092 0.331
291.7 283.6 282.0 391.6 354.7 1.072 0.301
287.6 283.1 282.4 396.2 354.6 1.092 0.321
291.5 282.8 281.7 392.7 353.4 1.072 0.311

P4 M7 M11 M14 M16 M20

0.294 0.000208 0.012196 0.039026 0.159261 0.101658
0.315 0.000455 0.011937 0.039026 0.151419 0.082643
0.315 0.000455 0.012043 0.022104 0.130507 0.066071
0.345 0.000578 0.012225 0.022104 0.130507 0.071770
0.355 0.000579 0.012106 0.022104 0.130507 0.079240
0.366 0.000455 0.012016 0.022104 0.130507 0.080907
0.386 0.000578 0.012125 0.022104 0.130507 0.081383
0.366 0.000701 0.012084 0.050308 0.122665 0.071431
0.325 0.000581 0.012121 0.039026 0.122665 0.076353

Table A2.5
	

Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.
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Ti T2 T3 T4 T5 T6 T7

360.8 314.0 321.3 317.0 300.2 298.2 268.4
367.2 317.9 327.9 323.1 301.7 299.3 273.1
366.6 326.7 329.6 324.0 301.3 301.3 271.5
366.2 329.2 331.8 325.8 300.8 301.6 269.0
367.6 324.7 329.8 323.6 300.7 300.4 267.7
364.3 329.6 328.1 323.0 300.9 301.0 269.3
365.2 330.2 330.4 325.1 302.6 301.2 270.1
365.7 327.3 331.6 325.4 302.6 301.8 270.7
365.5 323.9 331.1 325.3 303.0 302.3 269.0
365.2 328.3 327.4 325.2 302.7 302.4 268.8
365.8 329.1 324.3 322.6 301.4 302.8 270.2
365.2 324.8 332.2 325.5 300.8 301.4 268.8
366.1 323.4 331.7 326.6 301.5 301.7 268.3

T8 T9 T10 T11 T12 T13 T14

263.6 293.8 286.2 299.5 298.3 331.3 285.0
265.8 294.1 286.6 302.8 301.9 333.5 285.2
265.7 282.0 286.6 303.5 303.1 340.6 284.6
265.8 282.0 284.0 304.2 303.6 342.4 283.7
265.2 281.2 266.8 304.7 304.0 339.1 283.6
267.9 282.9 268.4 305.1 304.1 342.9 283.6
269.1 282.1 268.8 304.2 304.6 342.4 282.5
268.4 282.0 268.2 302.3 303.1 340.8 281.4
268.3 281.7 267.5 302.4 302.7 337.5 281.1
268.2 281.2 267.4 302.9 303.0 343.3 281.5
268.7 281.4 268.6 303.6 303.0 342.0 281.5
267.2 280.7 267.2 303.1 302.3 338.0 280.7
268.0 280.8 280.2 302.3 302.4 337.2 281.0

T15 T16 T17 T20 T21 P2 P3

287.2 284.8 286.4 402.7 360.7 1.031 0.260
287.4 284.5 286.5 398.0 371.0 1.092 0.260
286.9 284.4 285.8 395.1 365.9 1.072 0.260
286.5 283.8 284.7 391.7 366.5 1.031 0.260
287.1 283.7 283.3 390.1 369.3 1.051 0.250
286.9 283.3 284.5 388.2 365.4 1.062 0.280
286.3 282.4 283.1 387.7 367.8 1.072 0.280
285.6 281.7 282.5 384.6 368.9 1.072 0.280
285.3 281.0 282.3 382.0 367.8 1.082 0.280
284.9 281.2 281.1 380.1 367.3 1.072 0.280
285.0 281.4 281.2 378.8 367.4 1.072 0.285
284.3 281.0 280.8 376.3 365.5 1.072 0.270
284.9 281.4 281.9 374.8 364.9 1.072 0.260

P4 M7 Nil M14 M16 M20

0.284 0.000986 0.012204 0.151843 0.133121 0.090757
0.294 0.001083 0.011936 0.129280 0.133121 0.132334
0.294 0.001262 0.012063 0.123639 0.133121 0.118564
0.294 0.001137 0.012307 0.117998 0.133121 0.130170
0.294 0.001254 0.012186 0.072871 0.140963 0.138939
0.315 0.001326 0.012201 0.072871 0.140963 0.124604
0.335 0.001449 0.012122 0.072871 0.140963 0.133011
0.325 0.001384 0.012077 0.072871 0.143577 0.143143
0.325 0.001320 0.012025 0.084153 0.138349 0.154069
0.325 0.001196 0.012091 0.095435 0.138349 0.162706
0.335 0.001070 0.012117 0.095435 0.138349 0.183376
0.315 0.001138 0.012075 0.095435 0.138349 0.186140
0.315 0.001199 0.012039 0.095435 0.138349 0.187804

Table A2.5
	

Raw experimental performance data for the operating
(continued)
	

characteristics of the ammonia-water absorption
system at UNAM.



Ti

360.9
362.1
364.5
361.4
361.7
361.5
361.4
361.0
361.5
361.2
362.4
361.4
361.8

T8

267.6
267.8
268.1
268.6
268.4
268.7
268.9
269.5
269.5
268.9
269.1
269.3
270.7

T15

289.6
287.9
288.1
287.0
287.4
286.9
286.9
286.5
286.7
285.8
285.0
285.7
285.6

P4

T2

316.6
324.2
326.3
326.9
326.6
326.4
326.4
328.4
327.0
326.6
326.0
325.0
327.8

T9

292.7
283.2
283.3
282.6
282.4
281.5
281.4
281.2
281.7
281.2
282.1
282.2
283.0

T16

286.2
285.0
284.8
285.0
284.0
283.8
283.7
283.0
283.2
282.5
282.3
282.2
282.0

M7

T3	 T4

318.3	 314.3
323.9	 318.9
326.6	 321.2
327.2	 321.0
323.8	 318.0
328.3	 321.7
327.6	 321.2
326.3	 319.7
329.5	 322.5
330.3	 324.0
331.3	 325.3
333.2	 327.1
333.5	 327.1

T10	 T11

288.9	 301.6
289.2	 302.8
288.0	 303.8
284.7	 304.7
281.4	 304.3
281.9	 305.7
281.2	 305.2
281.5	 304.8
281.6	 304.0
281.0	 304.5
281.0	 303.3
282.0	 302.9
283.6	 303.1

T17	 T20

286.8	 395.6
285.2	 392.0
285.6	 389.8
283.7	 388.3
282.8	 386.9
281.7	 385.9
282.1	 385.7
281.5	 384.8
282.1	 384.0
281.5	 383.9
282.3	 383.0
281.4	 382.8
281.6	 382.6

M11

T5

302.1
301.0
301.4
300.5
300.3
301.4
301.7
301.3
302.4
300.9
301.7
301.5
302.4

T12

300.6
301.9
304.5
304.2
304.4
304.9
304.9
304.2
304.2
303.6
303.2
303.7
304.3

T21

366.4
366.4
365.0
362.5
362.6
362.2
361.3
361.9
362.7
361.8
360.9
360.1
360.8

M14

T6	 T7

299.4	 279.4
301.0	 280.8
301.9	 275.9
301.0	 273.6
300.5	 274.7
300.7	 275.1
301.4	 275.0
301.4	 275.6
301.6	 275.9
301.7	 275.2
301.5	 275.5
302.2	 276.1
292.6	 277.1

T13	 T14

326.6	 287.5
338.2	 285.6
339.2	 285.6
339.3	 284.7
339.3	 283.7
339.3	 283.5
338.8	 284.0
339.9	 283.1
339.3	 283.0
338.4	 282.9
338.2	 282.1
337.7	 282.3
339.2	 282.1

P2	 P3

1.092	 0.280
1.072	 0.280
1.051	 0.270
1.051	 0.280
1.051	 0.291
1.072	 0.291
1.072	 0.291
1.072	 0.301
1.092	 0.301
1.072	 0.295
1.072	 0.291
1.072	 0.280
1.072	 0.303

M16

306

M20

0.305 0.000957 0.011950 0.151843 0.122665 0.132170
0.315 0.000828 0.012089 0.157484 0.117437 0.135006
0.315 0.000950 0.012204 0.123639 0.122665 0.119825
0.325 0.000828 0.012247 0.081333 0.106981 0.107700
0.335 0.000705 0.012258 0.067231 0.101753 0.106374
0.335 0.000829 0.012181 0.055949 0.106981 0.102958
0.335 0.000827 0.012168 0.055949 0.106981 0.102274
0.345 0.000951 0.012180 0.055949 0.127893 0.099194
0.345 0.000827 0.012047 0.055949 0.133121 0.102621
0.343 0.000827 0.012159 0.055949 0.133121 0.099180
0.345 0.000703 0.012120 0.067231 0.135735 0.099967
0.345 0.000764 0.012091 0.067231 0.135735 0.100198
0.362 0.000763 0.012142 0.064410 0.133121 0.097400

Table A2.5
	

Raw experimental performance data for the operating
(continued)
	

characteristics of the ammonia-water absorption
system at UNAM.



Ti

370.G
371.3
371.2
371.2
371.0
369.6
368.1
369.1
368.1
368.1

T8

268.7
263.5
263.4
262.4
263.9
264.4
265.2
265.6
266.4
266.7

T15

289.2
287.5
287.6
287.6
287.7
287.6
286.5
286.4
286.0
285.8

P4

T2

323.7
330.9
332.1
330.1
329.4
332.2
329.6
330.9
328.6
327.0

T9

295.7
284.1
283.6
282.6
282.4
282.6
282.7
282.6
282.7
282.2

T16

287.2
285.8
284.7
284.7
284.3
284.6
283.8
283.6
283.3
283.0

M7

T3	 T4

335.9	 331.9
340.4	 335.8
341.0	 335.6
341.7	 336.3
342.0	 336.7
340.5	 335.1
339.7	 335.0
341.2	 335.8
339.0	 332.7
337.2	 332.5

T10	 T11

295.6	 306.9
290.8	 307.2
285.3	 305.6
263.0	 305.1
262.9	 304.4
263.9	 304.1
264.0	 304.0
265.2	 305.1
265.2	 303.5
266.0	 301.0

T17	 T20

289.5	 388.9
287.1	 385.9
285.2	 383.4
285.2	 383.4
285.1	 382.2
284.8	 381.1
283.7	 379.4
282.9	 378.5
283.5	 377.2
286.6	 375.9

M11

T5

299.2
299.1
299.5
300.2
301.1
301.9
302.1
302.6
301.9
301.3

T12

304.3
307.7
306.2
304.9
304.2
304.2
304.8
305.0
304.5
305.0

T21

376.0
374.8
373.0
373.0
371.9
371.4
370.1
369.1
368.2
367.1

M14

T6	 T7

300.8	 285.2
301.9	 274.1
300.9	 266.8
300.9	 264.0
300.8	 264.2
301.9	 264.6
302.1	 265.6
302.2	 265.7
301.9	 266.1
301.6	 266.5

T13	 T14

340.1	 287.6
345.5	 285.8
345.2	 284.8
343.9	 284.8
343.3	 284.7
343.4	 284.8
342.9	 283.6
342.2	 283.7
341.2	 283.7
340.9	 282.9

P2	 P3

1.072	 0.331
1.062	 0.260
1.051	 0.250
1.051	 0.250
1.072	 0.260
1.072	 0.270
1.082	 0.275
1.072	 0.280
1.072	 0.280
1.072	 0.291

M16

307

M20

0.345 0.001204 0.012303 0.208252 0.080842 0.216473
0.274 0.001637 0.012211 0.219533 0.075614 0.200007
0.264 0.001455 0.012208 0.123639 0.075614 0.192857
0.264 0.001456 0.012196 0.123639 0.075614 0.192857
0.264 0.001706 0.012085 0.095435 0.075614 0.206007
0.284 0.001512 0.012098 0.112357 0.075614 0.213647

.	 0.284 0.001399 0.012050 0.123639 0.075614 0.215131
0.284 0.001300 0.012144 0.123639 0.075614 0.215918
0.294 0.001449 0.012104 0.123639 0.075614 0.217056
0.305 0.001450 0.012069 0.123639 0.075614 0.218197

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



Ti T2 T3 T4 .	 T5 T6

.1Uti

T7

366.8 320.3 332.1 328.9 303.0 302.7 296.5
366.5 325.6 337.5 333.2 299.1 301.8 269.2
367.2 326.6 340.0 333.8 300.1 301.3 267.6
366.5 327.4 338.5 333.2 296.9 300.8 265.8
366.3 329.4 337.2 331.3 299.6 300.3 266.5
365.3 328.0 336.9 329.9 301.8 300.9 267.7
365.2 327.5 336.7 330.1 302.7 301.7 268.4
365.2 325.8 335.9 330.8 298.9 300.6 268.4
364.7 325.3 336.4 330.9 301.5 301.1 269.2
364.3 325.6 336.3 330.8 301.6 301.4 269.4

T8 T9 T10 T11 T12 T13 T14

285.6 295.6 284.4 304.8 304.0 336.1 287.4
266.8 293.7 290.7 303.5 304.1 338.6 286.5
266.8 284.5 290.2 305.7 303.9 340.8 285.2
265.6 283.0 266.6 303.0 302.5 341.6 285.0
265.9 283.6 265.8 304.1 303.3 342.9 285.5
267.6 285.4 267.0 304.2 303.0 341.9 284.8
268.1 285.1 267.4 302.8 301.9 340.3 284.6
268.1 284.3 267.7 303.5 301.9 339.4 284.4
268.7 284.2 268.0 302.9 302.1 338.8 283.8
268.4 284.2 267.6 304.4 301.3 338.4 283.8

T15 T16 T17 T20 T21 P2 P3

289.3 286.8 288.6 388.5 371.1 1.132 0.311
288.3 286.0 290.8 384.8 372.6 1.092 0.250
286.8 285.0 286.9 382.0 370.7 1.062 0.255
287.7 285.4 285.8 380.2 370.0 1.051 0.260
289.1 285.6 288.1 379.5 369.9 1.062 0.280
289.5 285.0 287.9 378.2 369.0 1.072 0.280
287.3 284.9 287.5 376.9 367.7 1.072 0.301
287.3 284.2 285.5 376.2 366.5 1.072 0.285
287.1 283.7 286.3 375.2 365.6 1.072 0.291
287.1 283.7 286.2 374.4 364.9 1.072 0.301

P4 M7 M11 M14 M16 M20

0.305 0.000206 0.014635 0.242097 0.075614 0.150229
0.305 0.001263 0.014736 0.151843 0.159261 0.200744
0.259 0.001203 0.014986 0.140562 0.195856 0.199555
0.294 0.001205 0.014973 0.095435 0.201084 0.194794
0.305 0.001207 0.014973 0.039026 0.190628 0.201999
0.325 0.001203 0.014918 0.039026 0.190628 0.184039
0.325 0.001200 0.014908 0.039026 0.185400 0.185476
0.325 0.001143 0.014903 0.078512 0.221996 0.211582
0.305 0.001701 0.014895 0.067231 0.232452 0.212516
0.325 0.001139 0.014955 0.067231 0.232452 0.213264

Table A2.5 .Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



309

Ti T2 T3 T4 .	 T5 T6 T7

364.3 327.1 331.8 330.9 302.5 302.7 268.6
364.3 328.1 335.9 330.3 300.9 302.2 265.9
363.3 329.7 336.1 329.5 300.0 301.0 266.0
362.9 326.6 316.7 309.4 298.9 300.2 268.8
360.4 326.2 307.1 305.3 298.8 299.2 268.9
362.3 327.6 318.4 311.3 299.8 299.1 267.0
362.3 324.7 313.9 307.4 302.6 300.3 268.4
361.6 324.3 328.3 322.5 302.7 300.9 267.2
361.4 326.4 334.5 329.2 298.5 300.7 267.9
361.4 324.8 335.3 330.7 299.7 300.0 266.6
361.4 324.2 335.0 330.3 300.3 300.7 267.1
361.4 324.6 335.1 330.0 298.5 300.8 266.2

T8	 1119
	 T10	 T11	 T12	 T13	 T14

265.0 294.5 281.6 303.6 303.4 340.6 286.8
264.5 293.1 284.5 305.0 304.7 343.3 286.7
263.6 284.6 286.7 304.3 304.8 343.3 285.8
265.4 285.3 299.7 301.0 300.7 340.9 288.1
265.5 285.4 296.7 302.6 302.6 338.6 289.0
265.9 285.3 303.2 305.6 304.8 341.3 286.6
266.4 284.9 266.0 302.6 303.6 339.2 285.2
267.8 284.6 272.9 301.0 300.8 340.0 284.6
266.7 284.6 266.3 303.2 301.8 340.1 284.3
264.6 282.8 264.3 302.3 302.5 338.8 284.0
265.6 283.1 264.8 302.1 301.9 338.9 284.2
265.2 282.8 264.3 301.9 301.3 338.0 283.1

T15	 T16
	

T17	 T20
	

T21	 P2	 P3

288.3 286.2 292.4 385.9 373.7 1.132 0.280
287.8 286.3 292.4 383.7 372.7 1.092 0.275
287.2 285.4 289.7 381.2 371.2 1.051 0.270
288.3 285.6 289.0 371.8 364.0 1.051 0.291
289.0 285.5 288.9 382.9 358.6 0.971 0.280
288.4 285.1 289.2 382.4 363.8 1.051 0.280
289.3 284.8 288.5 382.8 362.0 1.122 0.291
287.1 284.8 286.1 382.2 363.5 1.112 0.311
286.3 284.3 287.5 380.6 365.1 1.072 0.301
286.9 284.1 286.9 378.9 365.8 1.072 0.280
286.9 283.9 286.9 377.6 364.8 1.072 0.280
287.4 283.7 286.7 377.1 364.5 1.072 0.280

P4 M7 Mll M14 M16 M20

0.294 0.001134 0.014548 0.208252 0.086069 0.061449
0.284 0.001012 0.014817 0.213893 0.080842 0.000000
0.284 0.001078 0.015024 0.208252 0.106981 0.000000
0.294 0.000954 0.014959 0.010822 0.133121 0.065076
0.294 0.000957 0.015457 0.010822 0.211540 0.085056
0.294 0.001145 0.015079 0.010822 0.211540 0.103700
0.305 0.001078 0.014596 0.055949 0.232452 0.091148
0.315 0.000953 0.014641 0.140562 0.195856 0.116193
0.305 0.000955 0.014917 0.078512 0.195856 0.143090
0.294 0.000958 0.014862 0.084153 0.227224 0.164126
0.294 0.001080 0.014857 0.084153 0.216768 0.165667
0.335 0.001141 0.014852 0.081333 0.227224 0.172580

Table A2.5
	

Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



Ti T2 T3 T4 .	 T5 T6 T7

357.0 319.2 323.4 317.6 300.5 300.1 271.4
358.4 322.7 329.4 324.8 301.1 301.8 274.3
357.4 325.7 328.7 321.8 299.5 300.8 283.2
357.1 322.9 329.1 322.7 299.8 300.7 273.4
356.5 323.4 330.3 323.8 300.7 300.3 271.9
357.3 323.5 331.1 325.0 301.2 300.9 271.3
356.7 323.6 329.8 323.2 300.5 301.1 271.2
356.9 321.0 331.3 325.2 301.9 301.7 268.3
356.1 323.2 331.9 325.3 300.5 300.8 278.7

T8 T9 T10 T11 T12 T13 T14

265.7 285.8 277.8 301.3 301.5 330.0 287.0
266.8 287.8 296.6 300.2 300.6 336.6 285.8
267.9 285.9 277.1 301.5 302.3 336.9 284.7
266.3 285.1 272.6 300.7 300.4 335.6 284.6
266.8 284.8 270.1 301.1 299.6 335.1 284.1
267.4 284.9 270.1 299.4 299.8 336.0 284.1
268.5 284.7 270.2 300.6 300.2 336.4 283.8
267.0 285.0 292.1 299.9 299.8 336.1 283.6
268.5 284.9 277.9 300.5 300.1 334.7 283.3

T15 T16 T17 T20 T21 P2 P3

289.0 286.8 289.5 399.7 359.1 1.031 0.280
287.8 285.9 287.4 397.6 364.4 1.072 0.301
288.4 284.8 289.0 396.6 357.1 1.072 0.321
288.1 284.5 288.3 396.0 355.5 1.062 0.301
288.4 284.1 287.7 395.2 354.5 1.072 0.301
288.4 284.2 287.8 394.7 354.8 1.072 0.321
289.1 284.2 287.4 394.0 355.6 1.072 0.331
287.3 283.5 287.0 393.3 354.4 1.092 0.321
286.6 283.7 287.1 393.0 354.0 1.072 0.331

P4 M7 M11 M14 M16 M20

0.294 0.000457 0.015070 0.084153 0.138349 0.064456
0.315 0.000702 0.014835 0.143382 0.195856 0.068636
0.325 0.000580 0.014901 0.039026 0.237680 0.085099
0.305 0.000892 0.014907 0.039026 0.237680 0.086477
0.315 0.000706 0.014860 0.039026 0.242908 0.088316
0.325 0.000953 0.014842 0.039026 0.242908 0.097002
0.345 0.000704 0.014890 0.033386 0.248136 0.094894
0.325 0.000703 0.014741 0.067231 0.232452 0.096558
0.335 0.000580 0.014888 0.061590 0.232452 0.096264

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



311
Ti T2 T3 T4 .	 T5 T6 T7

351.7 319.1 307.2 308.3 295.7 296.9 285.6
351.6 315.1 307.4 103.7 297.2 296.2 287.0
353.6 322.3 313.2 308.0 299.2 297.4 287.4
353.1 320.1 304.3 302.8 301.3 298.8 285.6
352.9 320.1 299.3 299.5 299.1 299.0 285.2
350.7 318.5 297.4 297.6 297.5 297.6 287.0
352.1 319.6 297.8 302.2 300.5 298.0 287.1
352.2 321.3 307.9 305.0 300.3 298.6 290.8
352.6 322.2 311.1 306.6 300.3 299.9 291.6

T8 T9 T10 T11 T12 T13 T14

279.8 291.7 292.5 298.0 298.3 329.9 288.2
282.6 290.7 298.1 297.7 297.7 330.1 288.6
284.5 290.9 297.5 297.6 297.6 335.5 285.6
269.5 291.5 300.8 298.1 298.8 333.2 285.7
270.7 290.8 294.7 296.6 297.3 331.9 285.8
268.9 291.1 294.4 297.2 297.2 330.0 285.8
269.5 291.2 294.3 296.4 296.9 332.4 285.4
268.9 289.8 291.6 298.7 298.6 333.8 283.8
269.5 290.3 291.5 299.4 299.8 334.1 283.3

T15	 T16	 T17	 T20
	

T21
	

P2	 P3

287.9 286.3 289.1 391.0 346.5 1.031 0.321
288.3 286.3 288.5 390.3 357.5 1.051 0.321
289.0 285.4 287.0 388.7 356.5 1.051 0.352
287.8 284.7 286.1 388.6 354.1 1.072 0.321
287.9 284.2 285.2 390.0 348.7 0.971 0.342
287.2 283.9 284.9 392.2 349.5 0.971 0.321
287.4 283.9 284.7 391.3 353.8 1.072 0.331
286.0 283.8 284.2 390.9 354.8 1.072 0.342
287.2 283.0 283.7 390.4 354.0 1.072 0.331

P4 M7 M11 M14 M16 M20

0.335 0.000335 0.015030 0.010822 0.258591 o. 072644
0.325 0.000336 0.014907 0.010822 0.263819 o. 114323
0.355 0.000360 0.014943 0.010822 0.258591 o. 088237
0.335 0.000208 0.014804 0.010822 0.258591 o. 074227
0.345 0.000358 0.015292 0.010822 0.258591 o. 070457
0.335 0.000334 0.015350 0.010822 0.258591 o. 082810
0.345 0.000334 0.014767 0.010822 0.263819 o. 095430
0.355 0.000333 0.014850 0.010822 0.263819 o. 094326
0.345 0.000332 0.014856 0.010822 0.263819 o. 078525

Table A2.5
	

Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



T13	 T14

314.0 292.0
336.0 290.1
344.0 289.0
343.7 288.8
345.3 287.7
343.6 285.9
343.1 285.1
341.4 284.6
342.4 284.0
337.7 283.5

P2	 P3

1.172 0.178
1.122 0.229
1.092 0.2.6(1
1.072 0.219
1.072 0.209
1.072 0.240
1.072 0.250
1.072 0.240
1.051 0.260
1.072 0.301

312
Ti T2 T3 T4 T5

371.1 299.1 319.3 316.2 302.1
371.0 320.9 335.0 330.2 300.0
370.3 329.8 339.6 334.4 300.3
370.5 ,328.2 341.7 336.1 296.1
369.7 331.7 341.8 335.2 299.9
369.6 329.8 341.7 339.9 300.8
369.1 330.0 339.1 334.7 299.7
369.1 327.5 340.2 335.1 301.1
368.1 330.7 338.2 332.4 301.7
368.1 326.4 336.3 329.2 300.4

T6	 T7

296.8 262.7
300.2 260.7
300.8 261.6
299.3 258.5
300.4 261.4
301.4 261.4
300.1 262.4
301.0 262.2
301.5 271.3
300.3 287.2

T8 T9 T10 T11 T12

253.8 297.0 285.8 296.4 295.8
259.0 294.4 281.5 303.8 303.5
261.5 282.1 282.9 304.8 304.2
258.2 282.6 258.6 304.1 304.5
261.1 283.4 261.1 305.9 305.5
260.8 282.4 260.0 304.9 304.1
261.6 282.2 260.8 306.5 304.0
261.0 281.3 260.0 306.2 304.0
261.6 289.6 300.6 300.5 301.1
268.4 283.8 275.1 306.2 304.9

T15 T16 T17 T20 T21

291.7 289.9 294.9 400.7 378.9
290.2 288.0 292.4 394.3 379.1
289.7 288.9 294.4 391.7 378.2
290.0 288.4 292.8 388.1 376.3
290.3 288.6 291.9 384.8 374.9
288.7 286.2 290.6 382.0 372.7
288.2 285.2 289.3 379.1 371.0
287.5 284.7 287.7 375.7 369.5
286.3 284.4 286.3 372.8 369.4
286.4 283.6 286.3 371.6 366.5

P4 M7 Mll M14

0.193 0.001469 0.014025 0.213893
0.243 0.001456 0.014542 0.185688
0.264 0.001330 0.014789 0.185688
0.233 0.001464 0.014838 0.151843
0.254 0.001208 0.014885 0.067231
0.243 0.001206 0.014883 0.095435
0.264 0.001209 0.014944 0.078512
0.254 0.001205 0.014922 0.095435
0.264 0.001451 0.014907 0.163125
0.335 0.001156 0.015012 0.089794

M16

0.080842
0.127893
0.122665
0.164488
0.174944
0.169717
0.174944
0.180172
0.174944
0.227224

M20

0.198516
0.247764
0.243113
0.233648
0.214437
0.233086
0.268244
0.378063
0.401659
0.398040

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



.71.3

Ti T2 T3 T4 T5 T6 T7

362.1 326.6 336.1 330.9 300.5 299.8 282.9
363.1 326.9 336.4 130.5 299.5 300.0 273.4
363.1 328.0 336.3 330.2 299.7 299.6 269.7
363.1 326.0 335.2 329.9 299.9 299.6 267.6
361.4 325.9 334.9 329.7 300.2 300.3 268.0
361.4 325.4 334.8 328.8 301.1 300.8 268.0
361.0 324.4 332.5 326.9 299.6 300.3 268.1
360.4 323.8 332.6 328.0 300.0 300.9 269.0
358.4 322.9 331.4 326.4 299.5 300.0 268.9
358.4 323.7 331.8 327.3 299.5 299.5 268.7
357.5 323.4 331.2 326.2 298.9 299.7 270.4
356.5 322.0 330.3 325.4 299.9 300.4 273.4

T8 T9 T10 T11 T12 T13 T14

264.2 280.8 285.4 300.0 300.9 340.2 288.8
263.9 280.0 271.4 303.3 303.0 340.4 289.6
265.4 281.0 268.4 302.9 303.3 340.9 289.9
264.8 280.7 265.7 302.2 302.3 338.9 289.8
266.3 281.8 267.2 300.6 301.8 339.7 290.8
267.0 282.4 267.0 301.5 302.3 338.2 290.8
267.4 282.3 266.9 301.5 300.2 337.4 290.5
267.5 283.3 267.3 302.5 302.1 335.9 291.9
268.2 283.4 268.2 300.9 299.9 335.8 291.5
268.9 284.2 281.7 298.6 299.7 335.8 290.8
269.4 284.7 268.9 299.6 300.4 335.3 291.3
269.0 285.3 269.1 298.9 300.3 335.5 288.8

T15 T16 T17 T20 T21 P2 P3

292.2 288.4 290.2 384.3 373.1 1.072 0.280
292.3 289.0 291.2 382.5 372.2 1.072 0.280
292.8 289.5 292.1 380.9 371.1 1.072 0.291
293.0 289.0 292.1 379.4 369.7 1.072 0.291
294.2 290.1 292.9 378.6 369.5 1.072 0.311
294.2 290.5 293.9 377.8 369.4 1.092 0.321
294.0 290.4 293.9 376.4 368.2 1.092 0.342
294.2 291.4 295.5 376.7 367.5 1.072 0.337
293.2 290.5 295.6 375.3 366.7 1.072 0.337
292.2 289.3 294.9 372.8 365.0 1.072 0.352
292.8 290.2 296.1 373.3 365.2 1.072 0.362
288.2 285.5 292;3 369.2 359.5 1.072 0.352

P4 M7 Ml]. M14 M16 M20

0.294 0.001146 0.017484 0.067231 0.159261 0.218364
0.294 0.001207 0.017587 0.067231 0.159261 0.212428
0.305 0.001409 0.017581 0.055949 0.211540 0.217138
0.305 0.001334 0.017556 0.055949 0.227224 0.221682
0.325 0.001206 0.017514 0.055949 0.232452 0.183597
0.325 0.001328 0.017437 0.055949 0.232452 0.184481
0.355 0.001080 0.017449 0.055949 0.227224 0.186030
0.345 0.000954 0.017593 0.078512 0.211540 0.185697
0.355 0.000832 0.017536 0.078512 0.216768 0.187249
0.366 0.000958 0.017463 0.078512 0.211540 0.190027
0.376 0.000957 0.017504 0.055949 0.227224 0.189471
0.366 0.000207 0.017474 0.055949 0.227224 0.194046

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



M20

0.052939
0.050435
0.062792
0.067541
0.070943
0.084615
0.087763
0.089460
0.094825
0.099680
0.101216

314
Ti T2 T3 T4 T5 T6 T7

357.5 320.3 307.3 305.2 300.0 296.6 272.2
356.1 326.6 300.1 300.0 296.8 297.6 275.5
356.6 320.7 301.4 301.3 296.0 296.9 277.8
356.7 322.7 306.3 304.0 300.7 297.8 283.2
356.2 321.3 305.5 302.4 298.8 298.9 287.1
356.7 323.8 308.8 304.8 299.0 299.6 284.6
356.9 322.0 302.8 301.4 300.7 299.6 284.5
357.1 323.1 303.1 301.7 301.3 300.7 285.4
355.7 321.9 301.5 300.1 300.2 300.5 285.7
358.4 322.5 305.0 302.2 302.2 300.1 285.8
356.9 322.7 310.6 305.2 298.7 300.5 285.8

T8 T9 T10 T11 T12 T13 T14

265.9 282.8 283.4 310.2 308.3 333.9 285.6
269.5 283.7 274.2 301.5 301.8 337.3 284.8
271.2 285.1 295.6 301.8 301.1 338.8 284.9
268.6 285.7 300.8 298.8 299.0 336.0 283.9
267.8 285.8 299.3 299.5 299.2 335.8 284.2
266.8 282.7 300.8 299.5 299.7 337.3 284.2
267.6 281.8 301.9 299.2 299.1 335.3 284.3
267.3 282.7 303.1 300.8 299.5 335.8 285.7
267.7 283.4 303.7 299.0 298.4 334.9 285.9
268.5 284.1 304.2 298.6 299.8 336.9 284.4
266.8 284.8 300.7 299.5 298.4 337.5 284.6

T15 T16 T17 T20 T21 P2 P3

287.6 285.8 282.9 408.3 364.5 1.092 0.311
287.2 284.7 284.2 406.8 354.8 0.971 0.331
286.0 284.4 284.3 406.4 357.8 1.031 0.331
289.2 284.4 284.0 404.3 355.6 1.072 0.321
288.3 284.2 283.9 402.8 355.5 1.031 0.321
290.2 284.2 284.1 399.8 357.2 1.072 0.311
287.1 284.0 283.8 398.5 357.7 1.072 0.321
288.2 284.3 285.0 397.8 356.7 1.072 0.321
288.4 284.2 284.7 398.5 357.5 1.072 0.321
291.1 284.2 285.5 396.6 360.6 1.072 0.331
289.6 284.4 285.7 396.0 360.9 1.072 0.321

P4 M7 M11 M14 M16

0.305 0.000210 0.017749 0.123639 0.195856
0.345 0.000209 0.018104 0.010822 0.263819
0.345 0.000209 0.017784 0.010822 0.258591
0.345 0.000459 0.017458 0.039026 0.248136
0.335 0.000458 0.017702 0.039026 0.248136
0.325 0.000906 0.017478 0.039026 0.253363
0.335 0.000905 0.017471 0.010822 0.258591
0.325 0.000902 0.017525 0.010822 0.263819
0.325 0.000903 0.017465 0.010822 0.263819
0.345 0.000904 0.017455 0.010822 0.263819
0.325 0.000903 0.017482 0.039026 0.263819

Table A2.5	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



315
Ti T2 T3 T4 .	 T5 T6 T7

351.1 314.0 302.1 301.6 298.7 298.1 285.8
353.0 320.7 308.4 304.7 299.7 298.8 291.2
353.1 320.3 306.7 302.3 300.1 299.6 293.6
352.2 320.1 302.0 299.9 298.8 299.7 294.5
352.0 321.0 301.2 300.2 299.1 300.2 295.3
352.8 321.2 302.1 301.1 298.9 299.5 299.9
353.5 320.3 303.2 302.2 300.9 300.1 301.4
353.2 321.5 302.2 301.2 300.6 299.8 299.6
353.5 322.0 302.1 301.2 301.3 300.2 300.0
352.8 320.6 301.6 301.7 301.2 300.5 299.3

T8	 T9	 T10	 Ti].	 T12	 T13	 T14

282.5 297.0 299.9 299.3 298.9 327.8 291.3
267.2 295.9 299.2 299.9 300.1 334.5 288.5
267.0 295.3 298.3 298.6 298.6 333.3 287.2
267.7 295.8 296.9 298.2 298.4 334.1 287.4
268.3 294.9 297.4 298.3 298.2 334.0 286.8
269.1 295.0 303.4 298.9 298.7 333.8 286.6
272.7 294.8 301.3 298.4 298.8 334.1 285.8
272.1 293.9 305.4 297.8 297.8 334.3 285.1
270.2 293.6 302.6 298.4 298.3 333.8 284.9
269.3 293.6 302.1 299.3 298.9 333.6 284.7

T15 T16 T17	 T20 T21 P2	 P3

290.4 288.7 289.9	 388.5 357.1 1.072	 0.301
289.8 286.6 288.9	 387.2 358.0 1.072	 0.321
293.1 286.4 288.5	 387.0 356.7 1.072	 0.316
290.6 285.8 288.0	 387.0 355.5 1.051	 0.321
288.7 284.8 286.9	 386.2 354.8 1.051	 0.321
288.3 283.9 286.4	 386.1 354.4 1.072	 0.342
287.9 283.6 286.2	 385.9 353.7 1.072	 0.337
287.5 283.0 285.4	 385.6 353.2 1.072	 0.352
287.8 282.9 285.3	 385.4 353.2 1.072	 0.342
287.8 282.6 285.4	 385.7 352.2 1.072	 0.342

P4 147 M11 1414 1416 M20

0.305 0.000459 0.017468 0.010822 0.263819 0.108364
0.325 0.000583 0.017495 0.010822 0.263819 0.097365
0.315 0.000332 0.017450 0.033386 0.253363 0.083516
0.325 0.000394 0.017548 0.010822 0.263819 0.083516
0.335 0.000331 0.017551 0.010822 0.263819 0.081289
0.355 0.000208 0.017469 0.010822 0.263819 0.081011
0.345 0.000207 0.017450 0.010822 0.263819 0.086847
0.355 0.000332 0.017434 0.010822 0.263819 0.085955
0.355 0.000394 0.017452 0.010822 0.263819 0.079059
0.345 0.000393 0.017483 0.010822 0.263819 0.079896

Table A2.5 . Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



.210

Ti T2 T3 T4 .	 T5 T6 T7

374.0 322.8 338.0 333.6 299.5 297.9 291.6
371.0 326.9 337.5 333.3 294.8 298.0 294.1
370.2 329.6 336.5 330.3 294.7 298.2 291.2
370.1 324.2 331.7 323.5 293.9 296.4 269.4
371.0 323.0 334.2 326.4 297.4 297.3 275.1
369.1 328.8 335.4 329.1 297.2 298.1 266.3
369.1 327.8 332.2 325.0 297.0 298.2 265.2
369.1 325.6 330.3 323.0 299.1 298.0 263.5
368.9 326.7 329.7 323.4 301.0 300.1 265.5

T8	 T9	 T10	 T11	 T12	 T13	 T14

258.0 294.1 292.3 298.4 297.9 341.1 288.2
256.5 291.4 294.1 305.3 305.5 342.4 288.7
258.3 282.5 295.4 306.3 307.2 342.9 289.9
256.0 279.9 278.6 304.2 303.4 341.0 291.4
259.3 281.4 278.3 305.1 304.9 341.6 292.0
261.3 283.4 280.3 300.9 301.3 343.2 292.3
261.7 282.8 263.6 305.1 304.9 342.3 289.9
261.2 282.2 262.1 302.4 303.1 341.2 288.4
263.8 283.8 263.8 303.9 304.2 341.2 287.3

T15	 T16	 T17	 T20	 T21	 P2	 P3

290.1 287.9 297.0 400.1 383.6 1.172 0.219
289.5 288.2 299.6 394.7 381.7 1.072 0.209
291.8 289.4 293.9 392.4 380.8 1.072 0.229
292.8 291.0 294.1 391.0 382.0 1.031 0.219
293.9 291.4 295.1 389.4 378.9 1.072 0.240
294.0 292.0 296.4 387.0 378.5 1.051 0.260
292.5 289.7 292.5 382.4 377.6 1.051 0.260
290.0 287.3 289.1 377.9 370.3 1.092 0.270
288.5 285.6 287.3 377.0 366.8 1.072 0.280

P4 M7 M11 M14 M16 M20

0.233 0.000965 0.016870 0.213893 0.075614 0.240086
0.223 0.001216 0.017656 0.213893 0.070386 0.258087
0.233 0.001617 0.017684 0.106716 0.211540 0.258511
0.223 0.001473 0.017839 0.089794 0.242908 0.257951
0.254 0.001721 0.017641 0.106716 0.211540 0.292986
0.274 0.001592 0.017620 0.134921 0.201084 0.288539
0.264 0.001464 0.017758 0.039026 0.242908 0.430318
0.284 0.001640 0.017445 0.055949 0.237680 0.275143
0.284 0.001455 0.017609 0.055949 0.237680 0.268796

Table A2.5
	

Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at UNAM.



Ti

365.7
367.1
366.4
366.2
366.8
366.3
366.2
366.2
365.2

T8

259.2
262.5
261.6
263.1
265.7
268.8
272.0
274.4
274.4

T15

292.0
292.8
294.5
295.0
293.5
293.0
292.4
290.2
290.3

P4

T2

312.1
320.8
325.4
327.6
328.5
328.5
327.0
328.2
326.0

T9

285.2
284.4
280.2

,280.9
1282.3
283.6
285.2
286.5
286.7

T16

289.2
290.2
291.1
290.8
289.6
290.6
288.0
286.9
287.2

M7

T3	 T4

325.8	 321.8
334.8	 330.4
335.5	 332.0
334.9	 327.2
327.7	 318.1
329.9	 320.4
329.6	 322.1
332.4	 324.8
332.7	 326.0

T10	 T11

276.8	 297.2
280.1	 301.4
282.6	 302.3
284.4	 303.9
264.8	 303.3
267.8	 301.9
271.5	 304.4
273.2	 302.8
273.6	 301.5

T17	 T20

292.5	 397.9
293.9	 393.0
294.3	 388.9
294.1	 386.4
292.3	 384.0
292.3	 383.0
290.8	 380.4
289.7	 377.3
289.4	 375.9

M11

.	 T5

300.9
300.3
299.1
299.1
306.4
299.2
300.7
300.3
300.7

T12

296.8
300.7
301.4
303.3
303.9
301.8
302.2
303.0
301.3

T21

374.1
378.4
377.0
376.5
374.7
373.1
371.9
370.1
368.6

M14

T6	 T7

294.5	 278.3
299.3	 265.4
298.5	 262.3
299.5	 264.1
299.4	 266.0
300.0	 268.6
300.6	 272.2
300.8	 274.1
300.2	 275.0

T13	 T14

330.9	 289.6
337.1	 290.5
341.7	 291.5
342.3	 291.5
343.0	 290.0
341.9	 290.3
341.1	 289.1
341.6	 287.4
341.0	 287.8

P2	 P3

1.092	 0.219
1.092	 0.229
1.072	 0.260
1.072	 0.260
1.092	 0.260
1.051	 0.270
1.072	 0.270
1.072	 0.291
1.092	 0.301

M16

317

M20

0.233 0.000720 0.017290 0.163125 0.154033 0.177481
0.274 0.001210 0.017408 0.168766 0.154033 0.258110
0.274 0.001214 0.017552 0.055949 0.195856 0.234642
0.284 0.001208 0.017602 0.039026 0.195856 0.220247
0.305 0.001207 0.017468 0.010822 0.216768 0.216580
0.355 0.001155 0.017652 0.039026 0.237680 0.211993
0.396 0.001153 0.017623 0.039026 0.242908 0.230835
0.427 0.001028 0.017577 0.039026 0.237680 0.314654
0.447 0.001018 0.017427 0.055949 0.237680 0.313921

Table A2.5	 Raw experimental performance data for the operating

(continued) characteristics of the ammonia-water absorption

system at UNAM.
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Ti	 geothermal fluid leaving generator, °C
T2	 geothermal fluid entering generator, °C
T3	 refrigerant vapour entering condenser, °C
T4	 solution-vapour mixture entering absorber (after mixer), °C
T5	 solution leaving absorber, °C
T6	 refrigerant leaving condenser, °C
T7	 two-phase mixture leaving generator, °C
T8	 refrigerant entering evaporator, °C
T9	 refrigerant leaving evaporator, °C
TIO	 cold storage temperature, °C
T11	 ambient air temperature, °C 	 .
T12	 refrigerant vapour entering mixer, °C
TI3	 weak refrigerant solution entering mixer, °C
T14	 weak refrigerant solution leaving economiser, °C
T15	 weak refrigerant solution entering economiser, °C
T16	 cooling water entering absorber, °C
TI7	 cooling water leaving absorber, °C
T18	 strong refrigerant solution entering generator, °C
T19	 strong refrigerant solution leaving economiser, °C
T20	 strong refrigerant solution entering economiser, °C
T21	 liquid refrigerant leaving precooler, °C
T22	 liquid refrigerant entering precooler, °C
T23	 refrigerant vapour leaving precooler, °C
T24	 refrigerant vapour entering precooler, °C
T25	 cooling water entering rectifier, °C
T26	 cooling water entering condenser, °C
T27	 cooling water leaving condenser, °C
T28	 two-phase mixture entering separator-rectifier, °C
T29	 refrigerant vapour leaving separator-rectifier, °C
T30	 weak refrigerant solution leaving separator-rectifier, °C
T31	 cooling water leaving rectifier, °C
PEV	 evaporator pressure, bar absolute
PCO	 condenser pressure, bar absolute
FSOL	 weak refrigerant solution flow rate, m

3 
s
-1 

(10
-3

)

FREF	 liquid refrigerant flow rate, m
3 

s
-1 

(10
-3

)

FWRE	 cooling water flow rate to rectifier, m
3 

s
-1 

(10
-3

)

FWCO	 cooling water flow rate to condenser, m
3 

s
-1 

(10
-3

)
.3 -1

FWAB	 cooling water flow rate to absorber, m s 	 (10
-3

)

FGS	 geothermal steam flow rate to generator, kg h
-1

Table A.2.6	 Raw experimental performance data for the operating
characteristics of the ammonia-water absorption
refrigerator at the Cerro Prieto geothermal field.

... continued
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:

date
6/10/88

time 11 12 T3 14 15 16 17 18 19 110 111 112

12:04:07 100.3 114.2 72.5 45.0 39.1 34.1 105.5 -1.0 -0.8 0.8 32.1 -0.8
12:17:21 98.2 118.7 72.8 43.8 38.2 33.6 104.3 -1.3 -0.9 1.3 32.6 -0.9
12:33:57 99.0 116.2 72.3 44.8 38.1 33.7 104.6 -1.4 -1.0 0.4 32.5 -1.0
12:47:02 99.1 118.0 71.9 44.2 38.0 33.4 104.7 -1.3 -1.1 0.3 32.3 -0.9
13:00:45 96.3 116.4 71.8 42.2 38.1 33.3 103.5 -1.2 -1.0 0.2 ---- -1.0
13:15:10 96.8 117.4 72.5 43.4 38.1 33.5 103.8 -1.4 -1.0 0.1 ---- -0.9
13:32:01 97.2 117.7 71.8 44.8 38.1 33.5 104.0 -1.6 -1.2 0.2 33.5 -1.2
13:46:10 97.3 118.5 72.2 43.8 38.4 33.6 104.1 -1.1 -1.1 0.7 33.2 -0.7
14:04:38 . 96.8 118.6 72.0 44.9 38.3 33.5 103.9 -1.4 -1.2 0.2 34.1 -1.2
14:32:21 99.8 121.5 74.4 45.4 38.1 34.7 105.7 -1.0 -0.6 0.6 34.5 -0.6
15:02:03 101.4 120.9 75.6 46.9 39.0 35.5 106.9 -0.7 -0.5 0.7 35.0 -0.3
15:18:14 102.0 122.1 76.1 46.7 39.1 35.6 107.0 -0.6 -0.4 0.8 35.2 -0.4
15:31:53 100.4 118.6 74.6 45.8 39.1 35.3 105.4 -0.6 -0.4 1.0 35.3 -0.2
15:47:57 98.4 118.8 74.5 45.9 39.5 35.1 104.7 -0.5 -0.1 1.4 35.1 -0.1
16:02:32 99.6 118.8 74.8 44.5 38.7 35.3 105.2 -0.8 -0.6 0.8 35.5 -0.4

date
7/10/88

10:00:35 103.1 124.2 80.8 44.4 38.5 34.2 110.7 -0.4 -0.4 1.1 26.5 0.0
10:30:15 103.1 123.3 80.0 46.5 38.1 34.3 110.5 -0.8 -0.6 0.8 27.5 -0.4
10:47:17 103.4 123.5 80.5 46.1 38.5 34.6 110.8 -1.0 -0.8 0.5 26.1 -1.5
11:01:01 105.8 124.8 82.2 45.5 38.1 34.8 112.3 -0.6 -0.6 0.7 28.6 -0.3
11:31:03 104.0 124.2 82.0 46.7 38.4 35.2 110.8 -0.5 -0.5 0.7 29.8 -0.1
11:45:28 104.1 124.3 81.2 46.4 39.7 35.3 110.7 -0.2 0.0 1.0 30.2 0.2
12:00:13 103.8 124.2 81.4 47.6 39.7 35.7 111.0 -0.1 0.1 1.3 30.7 0.3
12:16:01 105.0 125.9 82.5 47.1 39.8 36.2 111.8 0.4 0.4 1.6 31.4 0.8
12:30:32 104.6 123.2 80.8 45.6 39.1 35.7 110.5 0.0 0.4 1.6 31.6 0.6
12:46:11 103.8 123.3 80.2 47.3 40.9 36.3 110.1 0.5 0.7 1.9 ---- 0.9
13:00:04 104.6 122.6 80.6 47.7 40.0 36.6 110.8 0.8 0.8 1.9 32.5 1.1
13:31:54 106.4 124.6 80.9 46.7 40.0 35.8 111.4 0.5 0.7 2.1 33.3 0.9
13:46:25 104.0 123.4 80.2 46.7 41.6 36.6 110.1 1.0 1.0 2.4 .... 1.2
14:00:10 102.9 122.1 80.6 47.3 41.0 36.6 110.0 1.2 1.4 2.4 33.5 1.6

date
10/10/88

10:46:19 108.9 127.8 88.1 48.7 41.4 37.0 116.0 0.2 0.4 2.2 30.8 0.6
11:00:16 108.7 127.3 85.5 46.8 40.7 36.5 115.3 0.4 0.8 2.4 31.1 1.4
11:29:34 111.4 129.4 87.7 48.4 41.9 37.1 117.5 0.9 0.9 2.5 31.5 1.3
11:47:10 109.3 125.1 87.6 49.1 41.9 36.9 116.3 1.5 1.7 2.9 32.3 2.3
12:03:20 110.5 128.5 86.6 48.7 42.2 37.6 116.8 1.2 1.4 2.8 32.9 2.0
12:15:21 105.4 123.3 84.4 47.0 40.9 36.5 113.4 2.1 2.3 3.0 33.4 2.9
12:32:03 106.3 125.6 85.5 48.5 41.8 36.8 114.0 1.8 1.8 3.0 33.3 2.2
12:45:57 107.5 126.4 86.1 48.6 41.3 36.7 114.8 1.5 1.7 2.9 34.0 2.3
13:00:53 107.8 127.4 85.8 47.7 41.4 36.8 115.1 1.4 1.6 2.8 33.5 2.2
13:18:05 109.0 129.1 87.1 46.5 40.9 36.9 115.9 1.5 1.5 2.9 33.6 2.1
13:31:39 108.8 127.7 86.7 48.8 41.6 37.1 115.8 1.5 1.5 2.9 33.9 1.9
13:51:45 109.9 128.0 87.2 49.7 42.1 37.7 116.3 1.9 1.9 3.3 34.6 2.3
14:00:52 108.1 125.0 86.7 49.0 41.9 37.3 115.4 1.9 1.9 3.3 34.8 2.5

Table A2.6 Raw experimental performance data for the operating

(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
6/10/88

113 114 115 116 117 118	 119 120 121 122 123 124 T25

38.9 62.5 95.1 26.7 28.9 70.6	 71.2 38.3 5.3 35.2 0.4 -0.8 27.5
39.0 61.9 95.1 27.0 29.0 69.0	 69.4 38.2 30.5 34.7 0.1 -0.9 27.8
39.1 62.3 95.0 26.9 29.1 70.1	 70.3 38.5 19.5 34.6 0.2 -0.8 27.5
38.8 62.1 94.7 26.7 28.8 69.8	 70.2 38.6 28.4 34.5 0.5 -0.9 27.4
38.7 60.8 94.0 27.0 28.9 67.1	 67.3 38.3 24.6 34.4 0.0 -1.0 27.7
38.8 61.1 94.5 26.7 28.8 67.8	 67.8 38.3 25.5 34.6 -0.1 -1.1 27.5
39.3 61.6 94.6 26.9 28.9 68.2	 68.6 38.2 30.5 34.5 0.0 -1.1 27.8
39.2 61.5 94.7 26.6 28.8 68.3	 68.3 38.3 15.6 34.6 -0.2 -0.8 27.3
39.5 61.4 94.2 27.2 29.1 68.0	 68.0 38.3 29.8 34.8 0.1 -1.1 27.9
40.4 63.5 96.6 27.5 29.9 71.4	 71.4 38.9 6.5 35.6 0.6 -0.4 28.3
41.3 64.7 98.8 28.8 30.7 73.2	 73.2 39.7 3.0 36.9 0.5 -0.3 29.4
41.0 64.4 98.7 28.7 30.8 72.9	 73.1 40.0 5.5 36.7 0.7 -0.4 29.4
41.0 63.9 98.0 28.9 31.0 72.5	 72.5 40.0 19.0 36.4 0.6 -0.2 29.6
40.9 63.2 97.2 28.9 30.9 70.5	 70.3 39.9 7.5 36.4 .	 0.8 -0.2 29.5
41.0 63.7 97.8 28.9 31.0 71.6	 72.0 39.8 21.5 36.4 0.4 -0.4 29.6

date
7/10/88

37.5 63.1 99.6 24.4 26.9 71.2	 71.2 38.3 8.4 35.8 1.1 -0.2 25.4
37.3 62.9 99.8 24.4 26.7 70.8	 71.2 38.2 7.4 35.7 1.1 -0.7 25.3
37.9 63.0 100.3 25.2 27.5 71.2	 71.5 38.2 5.3 36.2 0.2 -0.8 26.0
38.7 64.7 101.4 25.5 27.9 74.2	 74.4 38.9 8.1 36.6 0.6 -0.4 26.4
39.4 64.3 100.8 26.1 28.6 72.4	 72.8 39.0 20.9 36.9 1.5 -0.3 27.1
39.3 64.2 100.5 26.4 28.7 72.5	 72.7 39.5 13.9 37.0 1.2 0.0 27.1
39.7 64.5 101.0 26.6 29.0 71.9	 72.4 39.5 12.0 37.2 1.6 0.1 27.6
40.4 65.3 101.8 27.3 29.6 73.3	 73.5 40.2 9.6 37.7 1.9 0.5 28.1
40.5 65.4 100.8 27.6 29.9 74.1	 74.6 40.4 27.5 37.2 1.8 0.4 28.3
40.9 64.9 100.5 28.2 30.6 73.2	 73.2 40.5 15.0 37.8 1.7 0.9 29.0
41.2 65.9 101.4 28.1 30.6 74.6	 74.4 40.9 13.3 38.1 2.1 0.9 29.0
40.8 66.5 101.2 27.7 30.0 76.1	 76.4 40.9 32.7 37.3 1.9 0.9 28.6
41.0 65.0 100.3 28.5 30.8 73.1	 73.5 41.2 13.7 38.1 2.5 0.9 29.2
41.4 65.0 100.7 28.7 31.0 72.5	 72.5 41.2 22.8 38.3 2.5 1.5 29.6

date
10/1 0/88

40.4 67.6 105.5 26.0 28.7 76.9	 76.9 41.6 16.5 38.9 2.8 0.4 27.2
39.7 66.2 104.5 26.4 28.9 76.0	 76.3 40.8 33.5 38.1 3.0 1.0 27.7
40.4 67.6 106.4 26.7 29.2 78.1	 78.7 41.3 13.0 39.0 3.2 0.8 27.8
40.3 66.4 105.1 27.0 29.6 75.6	 76.0 41.4 12.2 38.9 2.7 1.8 27.9
40.8 67.3 105.5 27.3 29.9 76.7	 77.4 41.5 6.0 39.4 3.2 1.3 28.8
40.3 65.3 102.7 27.6 29.9 72.8	 73.0 41.6 24.6 38.5 3.7 2.4 28.7
40.6 65.9 103.3 27.2 29.7 73.7	 74.1 41.5 8.6 38.6 3.3 1.9 28.2
40.4 66.2 104.2 26.5 29.2 74.5	 74.9 41.6 20.7 38.5 3.2 2.0 27.5
40.4 66.3 104.4 26.6 29.3 75.0	 75.4 41.3 21.0 38.6 3.8 1.7 27.8
40.5 66.8 105.4 26.7 29.2 76.2	 76.0 41.4 12.8 38.9 2.7 1.8 27.9
41.0 66.8 105.1 27.3 29.8 75.9	 76.3 41.8 22.9 39.1 3.8 1.6 28.3
41.3 67.5 106.0 27.6 30.1 77.1	 77.5 42.1 13.7 39.6 3.5 2.0 28.7
41.0 67.0 105.1 27.3 29.8 75.7	 76.2 42.2 16.1 39.3 3.8 2.0 28.3

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
6/10/88

126 127 728 129 130 131 PEV PCO FSOL FREF FWRE FWCO FWAB

27.0 34.1 100.2 73.8 93.8 28.1 4.15 13.48 0.123 0.017 0.442 0.631 1.140
27.2 33.8 98.0 74.1 93.7 28.4 4.16 13.34 0.123 0.019 0.442 0.631 1.140
27.1 33.7 98.8 73.4 94.2 28.3 4.12 13.34 0.123 0.018 0.442 0.631 1.140
26.8 33.6 98.9 73.0 94.5 28.2 4.11 13.26 0.123 0.019 0.442 0.631 1.140
27.1 33.5 95.9 73.2 92.1 28.3 4.13 13.24 0.123 0.019 0.442 0.631 1.140
26.9 33.6 96.6 73.4 92.9 28.2 4.13 13.30 0.123 0.019 0.442 0.631 1.140
27.0 33.8 97.0 73.3 92.6 28.3 4.08 13.30 0.126 0.019 0.442 0.631 1.140
26.9 33.7 97.0 73.2 93.4 28.3 4.14 13.29 0.126 0.018 0.442 0.631 1.140
27.3 33.8 96.6 73.4 93.0 28.6 4.12 13.38 0.126 0.019 0.442 0.631 1.140
27.7 34.6 99.4 74.8 96.2 29.2 4.16 13.72 0.126 0.016 0.442 0.631 1.140
29.0 35.9 101.2 76.2 98.2 30.1 4.20 14.16 0.123 0.017 0.442 0.631 1.140
28.8 35.8 101.6 76.8 90.5 30.4 4.23 14.11 0.123 0.017 0.442 0.631 1.140
29.3 35.4 100.0 76.3 96.6 30.4 4.26 13.96 0.120 0.017 0.435 0.624 1.120
29.1 35.4 98.1 75.9 95.9 30.2 4.29 13.98 0.120 0.017 0.429 0.618 1.120
29.0 35.4 99.4 76.3 96.6 30.4 4.26 13.92 0.120 0.018 0.429 0.618 1.120

date
7/10/88

24.8 34.4 102.7 77.6 98.5 26.5 4.17 13.51 0.126 0.024 0.442 0.631 1.140
24.7 34.4 103.0 78.1 97.8 26.5 4.11 13.51 0.126 0.024 0.442 0.631 1.140
25.4 34.9 103.3 78.7 98.0 27.2 4.08 13.71 0.126 0.024 0.442 0.631 1.140
25.8 35.1 105.5 79.3 100.9 27.5 4.18 13.79 0.126 0.024 0.442 0.631 1.140
26.5 35.4 103.6 79.2 99.0 28.0 4.17 13.90 0.126 0.023 0.442 0.631 1.140
26.8 35.6 103.9 79.8 99.6 28.3 4.21 13.97 0.126 0.024 0.442 0.631 1.140
27.0 35.9 103.5 80.7 99.1 28.6 4.22 14.08 0.126 0.023 0.442 0.631 1.140
27.7 36.4 104.7 81.3 101.0 29.2 4.30 14.30 0.126 0.022 0.442 0.631 1.140
27.7 36.0 104.6 80.2 100.4 29.3 4.30 14.13 0.126 0.022 0.442 0.631 1.140
28.6 36.7 103.6 80.3 99.9 29.9 4.35 14.39 0.126 0.021 0.442 0.631 1.140
28.4 36.7 104.4 80.7 100.3 30.0 4.34 14.43 0.126 0.021 0.442 0.631 1.140
27.8 36.1 106.2 80.3 101.2 29.6 4.39 14.18 0.126 0.023 0.442 0.631 1.140
28.6 36.7 103.8 80.6 99.6 30.2 4.38 14.48 0.126 0.021 0.442 0.631 1.140
29.0 36.9 102.7 81.3 98.8 30.4 4.46 14.46 0.126 0.022 0.442 0.631 1.140

date
10/10/88

26.2 37.2 108.5 85.5 103.0 28.3 4.26 14.60 0.126 0.027 0.505 0.694 1.200
26.8 36.6 108.5 84.9 101.5 28.7 4.34 14.36 0.126 0.027 0.505 0.694 1.200
26.8 37.4 111.1 85.1 103.7 28.9 4.34 14.64 0.126 0.026 0.505 0.694 1.200
27.1 37.2 109.0 85.5 103.5 29.1 4.48 14.60 0.123 0.023 0.505 0.694 1.200
27.6 37.6 110.4 84.8 102.3 29.6 4.42 14.89 0.126 0.023 0.505 0.694 1.200
27.9 37.0 105.1 84.5 99.4 29.5 4.52 14.49 0.126 0.023 0.505 0.694 1.200
27.4 37.1 106.0 85.0 100.8 29.2 4.52 14.56 0.126 0.022 0.505 0.694 1.200
26.8 37.0 107.2 84.3 102.0 28.7 4.46 14.51 0.126 0.024 0.505 0.694 1.200
26.8 37.1 107.5 84.4 101.4 28.8 4.48 14.51 0.126 0.025 0.505 0.694 1.200
26.9 37.2 108.3 85.5 103.1 28.9 4.49 14.58 0.126 0.025 0.505 0.694 1.200
27.6 37.6 108.5 85.5 102.2 29.5 4.48 14.76 0.126 0.025 0.505 0.694 1.200
27.9 37.9 109.4 86.2 104.0 29.8 4.48 14.94 0.126 0.024 0.505 0.694 1.200
27.6 37.8 107.8 85.9 102.4 29.5 4.52 14.84 0.126 0.024 0.505 0.694 1.200

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
24/10/88

time 11 12 13 14 15 16 T7 18 19 110 111 112

11:01:41 95.8 104.3 66.6 44.5 38.0 33.8 100.2 -2.3 -1.3 -0.1 22.2 0.1
11:16:41 95.2 104.4 66.7 44.7 37.2 34.1 100.2 -2.4 -2.0 -0.6 22.1 -0.2
11:31:14 96.8 105.1 67.4 46.7 37.1 34.4 101.4 -3.2 -2.2 -1.0 22.4 15.2
11:46:20 96.7 105.1 66.0 43.2 38.6 33.4 100.3 -2.5 -2.3 -0.9 22.4 -0.7
12:01:25 97.6 105.6 65.8 44.9 38.0 34.0 101.4 -2.7 -2.3 -0.9 22.8 -0.5
12:15:43 95.8 104.7 64.9 44.0 38.8 33.8 99.9 -2.7 -2.3 -0.9 23.6 -0.9
12:30:27 95.6 104.7 65.3 44.6 37.7 34.2 100.6 -2.7 -2.3 -0.9 24.0 -0.7
12:46:02 96.2 104.9 65.1 43.8 38.7 34.1 100.5 -2.8 -2.4 -1.0 23.4 0.4
13:00:53 95.0 104.4 65.0 43.3 38.7 33.9 100.2 -2.6 -2.2 -0.8 24.8 -0.2
13:15:22 96.5 105.4 65.0 44.7 37.4 34.3 101.3 -2.1 -1.9 -0.8 22.5 1.0
13:30:46 96.2 105.0 67.3 45.3 37.8 34.6 101.0 -2.3 -2.1 -0.7 24.7 -0.5
13:45:31 96.7 105.1 69.2 45.3 38.0 34.8 101.7 -2.3 -2.1 -0.7 26.1 -0.1
14:01:48 95.0 104.1 67.3 44.9 39.3 34.5 100.4 -1.9 -1.5 -0.4 24.3 0.4

date
25/10/88

12:30:17 92.2 102.6 62.6 45.3 39.5 33.2 97.1 -1.1 6.7 6.6 31.1 23.3
12:46:45 92.4 102.3 63.2 45.1 39.9 32.8 97.1 -1.9 4.8 4.6 31.3 22.2
13:00:15 91.4 101.5 61.4 44.1 39.5 32.7 95.9 -2.6 1.6 1.6 30.0 20.2
13:15:09 90.8 101.4 61.5 44.0 39.2 ---- 95.4 -2.3 -1.3 0.5 31.5 9.0
13:30:07 88.8 101.1 59.7 42.6 38.5 32.0 94.1 -2.9 -1.8 -0.2 32.2 5.7
13:45:50 90.1 101.4 60.0 42.1 38.5 32.5 95.3 -3.0 -2.2 -0.6 32.7 6.8
14:00:38 89.8 101.5 60.3 42.4 38.3 32.6 95.2 -2.9 -2.4 -0.8 33.2 3.0
14:15:29 90.2 101.5 60.9 42.0 38.2 32.6 95.4 -3.3 -2.5 -0.9 33.0 3.6
14:30:07 90.1 101.6 60.8 42.0 37.7 32.5 95.9 -3.2 -2.6 -1.0 34.1 0.6

date
26/10/88

10:01:40 84.0 100.5 52.7 40.0 35.8 29.7 89.9 -3.8 3.7 4.1 26.2 24.2
10:30:56 84.8 100.6 54.4 40.1 36.7 30.7 90.8 -3.7 2.0 1.7 27.4 27.4
10:46:29 84.2 100.2 54.1 40.3 36.7 30.5 90.0 -3.7 0.5 0.1 26.3 27.4
11:32:12 83.2 100.1 52.0 38.5 35.0 29.6 89.0 -5.6 -0.6 -0.4 27.5 24.8
11:46:10 86.6 100.4 57.5 39.0 34.3 30.9 91.5 -5.9 0.3 0.3 28.6 25.7
12:00:38 84.7 100.0 59.9 39.8 36.0 30.0 90.1 -5.2 0.2 -0.4 28.5 27.1
12:15:42 85.4 100.1 63.2 39.8 35.8 30.4 90.8 -5.0 -0.7 -0.9 29.2 28.0
12:31:45 85.4 100.1 63.8 40.2 36.1 30.2 90.4 -4.6 -1.1 -1.3 24.5 24.9
12:45:42 84.9 100.0 63.1 39.5 35.7 30.1 90.2 -4.9 -1.1 -1.1 29.5 27.4
13:00:36 84.9 100.0 62.5 39.6 35.8 30.2 89.9 -4.8 -1.0 -1.0 31.0 23.1
13:15:46 86.3 100.1 64.1 40.0 35.9 31.3 91.3 -5.0 -0.1 -0.1 30.9 25.9
13:31:04 85.8 99.6 64.0 41.4 35.6 30.2 90.5 -4.0 -1.0 -0.8 31.0 20.2
13:45:27 84.6 99.7 61.6 41.1 34.3 29.9 90.0 -3.7 -0.3 -0.3 31.8 28.4
14:00:19 84.4 99.7 59.0 39.8 33.8 29.6 89.3 -4.4 0.1 0.5 32.5 30.0

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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,

date
24/10/88

113 114 115 116 117 118	 119 120 T21 122 123 124 T25

40.7 61.6 92.6 29.9 31.6 69.6	 69.2 38.7 30.8 34.5 0.4 -1.2 30.4
41.0 61.6 92.6 30.0 31.6 68.0	 68.2 38.4 15.4 34.8 -0.5 -1.7 30.5
41.7 63.0 93.8 30.0 ---- 70.6	 70.6 38.6 14.2 34.3 -1.1 -2.3 30.5
40.5 61.7 92.5 30.0 31.5 69.8	 70.4 38.5 33.9 34.5 -1.0 -1.9 30.5
41.1 62.8 93.7 29.9 31.7 71.7	 71.5 38.3 31.2 35.1 -0.4 -1.8 30.4
40.7 61.1 92.4 29.9 31.5 68.3	 69.0 38.2 29.5 34.7 -0.6 -1.9 30.5
41.1 61.5 93.0 30.2 31.9 68.3	 68.5 38.2 27.4 34.9 -0.5 -1.9 30.7
40.8 61.2 92.1 30.0 31.5 68.0	 69.1 38.2 21.1 34.6 -0.7 -2.1 30.5
40.8 61.0 92.7 30.2 31.8 67.6	 67.8 38.3 32.9 34.6 -0.8 -1.8 30.6
41.6 62.0 93.3 30.3 32.2 69.0	 69.2 38.3 0.6 34.9 -0.8 -1.6 30.8
41.5 61.8 93.0 30.5 32.2 68.7	 69.0 38.6 2.0 35.5 -1.1 -1.9 31.0
42.6 63.4 95.2 30.7 32.6 70.9	 70.9 39.1 27.8 35.7 -1.0 -1.7 31.2
42.0 61.8 93.3 30.9 32.6 68.1	 68.6 39.0 34.1 35.2 0.0 -1.2 31.4

date
25/10/88

40.1 61.4 88.3 28.2 30.3 67.5	 67.5 39.9 23.3 33.9 20.7 12.2 28.9
40.3 61.7 90.0 28.8 30.7 67.3	 67.5 39.9 21.4 33.2 18.3 8.7 29.3
40.2 61.0 89.2 29.1 31.0 66.7	 66.9 39.8 18.7 32.9 16.2 5.8 29.8
40.5 61.1 88.6 29.2 31.1 66.6	 66.8 39.9 32.0 33.2 5.4 -1.0 29.7
40.1 59.3 86.4 29.1 30.8 63.9	 64.1 39.2 30.0 32.7 2.5 -1.1 29.6
40.0 59.8 87.7 29.0 30.8 64.9	 65.1 38.9 22.2 33.2 2.0 -1.3 29.5
39.9 59.7 87.4 28.9 30.6 64.6	 64.8 39.0 22.8 33.2 0.3 -1.9 29.6
40.1 59.9 87.6 28.9 30.7 65.4	 65.4 38.8 21.6 33.2 -0.5 -2.1 29.4
40.0 60.1 87.7 28.7 30.4 65.2	 65.4 38.5 15.9 33.2 -1.2 -2.1 29.1

date
26/10/88

37.5 56.1 81.7 26.9 28.5 59.9	 59.9 37.0 26.0 30.1 19.2 9.7 27.4
38.2 56.3 82.4 27.8 29.3 60.3	 60.5 36.8 27.7 31.2 20.2 9.7 28.3
38.6 56.7 82.2 28.2 29.8 61.1	 61.3 37.4 28.0 31.0 18.3 4.8 28.7
37.9 55.3 81.5 28.3 29.4 58.3	 58.5 35.8 26.1 30.2 9.6 3.1 45.6
38.8 57.5 83.5 28.2 29.5 62.4	 62.6 35.3 15.4 30.7 11.6 6.6 62.0
38.7 57.4 82.8 28.3 29.4 61.8	 61.9 36.0 27.1 30.6 14.3 8.4 66.9
38.6 57.3 82.8 28.2 29.4 61.9	 62.1 36.3 22.6 31.3 15.6 4.3 69.5
39.0 57.9 83.3 28.2 29.6 62.6	 62.6 36.5 28.4 31.1 15.4 2.1 70.6
38.8 57.5 82.7 28.4 29.7 61.6	 61.8 36.3 23.9 30.9 15.2 2.8 70.5
38.9 57.4 82.5 28.5 29.8 61.8	 61.9 36.4 24.8 31.2 14.9 2.0 70.8
39.4 58.1 84.1 28.6 29.8 62.8	 63.0 36.1 19.3 31.7 14.6 3.6 71.9
39.5 58.9 83.2 28.5 30.0 65.2	 65.2 36.8 29.6 31.4 12.1 1.7 72.1
39.1 57.5 82.9 28.6 29.7 62.8	 63.0 36.0 21.7 30.6 13.4 3.0 71.8
38.6 56.4 82.0 28.4 29.8 62.3	 62.4 35.1 24.5 30.3 15.6 5.4 70.7

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
24/10/88

126 127 128 129 130 131	 PEV PCO FSOL FREF FWRE FWCO FWAB

30.0 33.5 ---- 68.7 92.2 31.0	 4.00 13.36 0.126 0.013 0.397 0.568 1.060
30.0 33.8 ---- 68.9 92.1 31.1	 3.97 13.46 0.126 0.012 0.397 0.574 1.060
30.1 34.3 ---- 69.4 93.9 31.1	 3.90 13.66 0.126 0.012 0.397 0.574 1.070
30.1 33.4 ---- 68.4 91.6 31.0	 3.95 13.23 0.126 0.014 0.397 0.574 1.070
30.1 33.9 ---- 67.8 93.7 31.0	 3.96 13.46 0.126 0.013 0.397 0.574 1.060
30.1 33.7 ---- 67.1 91.5 31.0	 3.94 13.37 0.123 0.012 0.397 0.568 1.060
30.3 34.1 ---- 67.5 92.8 31.3	 3.93 13.53 0.126 0.013 0.397 0.574 1.060
30.1 34.2 95.3 67.5 92.3 30.9	 3.94 13.44 0.126 0.013 0.397 0.574 1.070
30.4 34.0 ---- 67.6 91.9 31.2	 3.96 13.43 0.126 0.013 0.397 0.574 1.060
30.6 34.5 ---- 68.2 93.8 31.4	 4.01 13.64 0.126 0.014 0.397 0.574 1.060
30.9 34.7 95.7 69.9 93.3 31.6	 3.96 13.70 0.126 0.011 0.397 0.574 1.060
31.0 34.9 96.5 71.1 95.2 31.8	 4.00 13.73 0.126 0.012 0.397 0.574 1.060
31.2 34.8 ---- 70.4 92.5 31.7	 4.02 13.61 0.126 0.013 0.397 0.574 1.060

•

date
25/10/88

28.7 33.3 ---- 63.3 89.4 29.5	 4.07 13.09 0.129 0.011 0.410 0.574 1.040
29.1 33.2 ---- 64.8 89.4 29.9	 3.97 13.06 0.126 0.011 0.410 0.574 1.040
29.4 32.9 ---- 64.2 88.6 30.2	 3.89 12.95 0.123 0.011 0.410 0.574 1.040
29.7 32.8 90.3 63.5 87.7 30.3	 3.96 12.82 0.123 0.011 0.410 0.568 1.030
29.4 32.5 88.4 62.6 86.0 30.0	 3.84 12.67 0.126 0.010 0.410 0.568 1.030
29.5 32.8 ---- 62.4 87.0 30.1	 3.81 12.83 0.126 0.010 0.410 0.568 1.030
29.6 32.8 ---- 62.4 86.7 29.9	 3.84 12.88 0.126 0.010 0.410 0.568 1.030
29.4 32.8 ---- 62.6 87.0 29.9	 3.82 12.89 0.126 0.010 0.397 0.568 1.020
28.9 32.8 ---- 63.3 87.7 29.7	 3.83 12.90 0.126 0.010 0.397 0.568 1.020

date
26/10/88

27.2 29.7 56.3 81.6 27.7	 3.67 11.80 0.126 0.008 0.423 0.574 1.050
27.9 30.6 57.4 82.7 29.3	 3.71 12.12 0.126 0.009 0.442 0.309 1.100
28.5 30.8 57.6 81.4 29.7	 3.75 12.18 0.126 0.008 0.442 0.315 1.100
28.4 29.8 58.9 80.7 45.6	 3.47 11.79 0.126 0.006 0.467 0.000 1.170
28.4 30.9 65.6 84.0 60.3	 3.44 12.17 0.126 0.006 0.473 0.000 1.170
28.5 30.2 70.4 82.3 65.2	 3.54 11.96 0.126 0.008 0.473 0.000 1.170
28.4 30.6 73.2 83.2 68.1	 3.53 12.04 0.126 0.008 0.467 0.000 1.160
28.4 30.6 74.5 83.0 69.1	 3.56 12.00 0.126 0.008 0.467 0.000 1.160
28.6 30.5 74.7 82.3 69.2	 3.51 11.98 0.126 0.008 0.467 0.000 1.160
28.7 30.6 74.8 82.5 69.5	 3.53 12.00 0.126 0.006 0.467 0.000 1.160
28.8 30.9 75.8 84.1 70.4	 3.48 12.19 0.126 0.008 0.467 0.000 1.160
28.7 30.6 76.1 83.4 70.6	 3.69 11.99 0.126 0.008 0.467 0.000 1.160
28.7 30.3 75.9 82.5 70.5	 3.72 11.85 0.123 0.006 0.467 0.000 1.160
28.6 29.9 74.7 82.0 69.6	 3.66 11.79 0.123 0.006 0.467 0.000 1.160

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
28/10/88

time Ti T2 13 14 15	 16 17 18 19 110 111 112

10:16:15 96.5 121.8 71.9 45.9 40.9	 35.2 105.4 0.3 0.3 2.1 26.7 0.7
10:30:33 97.0 122.1 72.3 45.4 40.6	 35.2 105.7 0.0 0.0 1.8 27.1 0.0
10:47:12 97.2 121.8 71.5 44.7 40.7	 35.3 105.6 -0.5 -0.3 1.4 27.6 0.1
11:01:19 96.5 120.7 71.3 43.9 40.3	 35.1 105.6 -0.2 0.0 1.4 28.2 0.4
11:15:43 96.1 120.4 70.6 43.3 39.5	 34.5 105.3 -0.4 -0.4 1.2 29.1 0.0
11:30:12 96.4 121.7 70.6 44.0 39.6	 34.5 106.1 -0.4 -0.4 1.0 29.4 -0.2
11:47:47 95.7 119.5 70.1 42.9 39.5	 34.3 105.4 -0.8 -0.6 0.8 30.3 -0.4
12:00:55 95.5 121.7 70.3 43.1 39.5	 34.3 105.6 -0.8 -0.8 0.8 30.7 -0.6
12:15:16 95.8 121.4 70.3 42.8 39.0	 34.2 105.6 -0.9 -0.9 0.5 30.1 -0.7
12:30:33 96.1 121.7 70.6 43.3 39.3	 34.3 105.9 -1.0 -0.8 0.6 31.2 -0.6
12:46:07 95.2 119.4 69.6 43.8 39.2	 34.0 105.0 -0.9 -0.9 0.7 31.9 -0.7
13:00:15 94.7 121.0 69.1 43.5 38.9	 33.9 104.9 -1.0 -1.0 0.6 31.9 -0.6
13:16:19 95.0 121.8 69.4 42.2 38.4	 34.2 105.2 -1.1 -0.9 0.5 32.1 -0.7
13:31:36 94.2 120.4 68.9 42.9 39.1	 34.1 104.6 -0.6 -0.6 0.9 31.7 -0.2
13:46:22 94.8 121.6 69.7 43.0 39.7	 34.1 105.2 -0.4 -0.2 1.2 31.8 0.2
14:00:54 94.5 121.6 69.2 43.6 39.1	 34.0 105.0 -0.3 -0.1 1.2 31.4 0.1

date
31/10/88

12:00:13 104.7 124.2 79.7 47.6 42.6	 36.8 110.9 1.6 1.8 3.2 31.3 1.8
12:16:50 106.6 124.4 82.2 49.2 41.1	 36.9 111.9 1.3 1.5 2.9 ---- 1.5
12:32:47 95.4 105.6 70.5 47.2 39.7	 33.2 101.5 -0.1 0.7 2.2 29.0 1.5
12:45:59 92.1 103.7 66.0 46.1 37.8	 32.2 99.3 -1.7 -0.7 0.9 32.2 1.5
13:00:14 91.8 104.3 65.2 44.3 39.3	 31.8 99.1 -2.3 -1.7 -0.2 32.6 -0.4
13:16:28 93.7 105.0 66.1 45.2 38.2	 32.2 100.2 -2.2 -1.6 0.0 32.4 -0.6
13:30:27 93.0 104.7 65.5 44.4 38.4	 31.3 99.9 -2.9 -2.5 -0.7 33.8 -1.3
13:45:22 91.6 103.8 65.2 42.5 39.6	 31.9 98.8 -2.2 -2.0 -0.8 33.7 -0.8
14:00:39 94.6 105.0 66.3 44.8 38.9	 32.9 100.2 -2.6 -2.0 -0.6 33.1 0.0
14:17:51 93.9 104.8 65.4 45.6 39.5	 33.0 100.0 -2.5 -1.8 0.0 33.7 -0.6
14:30:25 95.7 105.5 67.4 46.0 39.6	 33.5 101.3 -2.2 -1.6 -0.2 34.8 -0.4
14:45:28 93.4 104.8 65.1 45.4 38.1	 32.9 100.1 -2.0 -1.4 0.0 33.9 -0.2
15:00:21 93.3 104.6 65.3 44.0 38.1	 32.5 99.8 -2.0 -1.8 -0.4 31.9 -0.8

date
1/11/88

10:33:24 94.1 116.2 65.2 45.2 40.1	 29.1 101.9 -2.5 5.5 4.8 22.7 20.2
10:45:43 93.8 114.7 65.7 44.9 40.2	 30.3 101.4 -2.3 -1.7 1.1 22.4 2.1
11:00:22 91.7 114.4 65.8 43.5 38.7	 32.6 100.0 -0.7 -0.5 1.2 22.7 -0.2
11:16:03 93.3 116.6 67.2 43.3 40.0	 33.9 101.6 -0.8 -0.8 1.0 23.5 -0.4
11:30:54 92.3 112.5 65.5 44.8 40.4	 33.8 100.3 -0.9 -0.7 0.9 23.0 0.1
11:45:35 92.4 113.5 66.5 42.9 39.9	 34.1 100.4 -0.8 -0.6 0.8 22.7 -0.2
12:01:00 93.2 114.3 66.3 43.8 40.2	 34.4 100.8 -0.5 -0.5 0.9 23.2 -0.3
12:15:34 93.3 114.4 66.7 44.5 40.3	 34.9 101.1 -0.3 -0.3 0.8 23.7 -0.1
12:30:59 94.2 111.6 67.8 45.4 40.8	 34.8 101.4 -0.6 -0.2 1.0 23.4 -0.2
12:45:32 93.5 113.9 67.9 45.7 40.9	 34.7 101.0 -0.7 -0.5 0.7 23.5 -0.1
13:01:11 93.7 113.6 67.3 43.3 40.6	 34.7 101.1 -0.4 -0.4 0.8 22.9 0.4
13:15:36 94.1 113.4 68.5 45.5 40.9	 35.0 101.6 -0.5 -0.1 1.1 22.2 0.3

13:30:26 94.4 111.8 67.6 45.6 40.8	 34.7 101.3 -1.0 -0.6 0.6 23.5 0.0

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
28/10/88

113 114 115 116 117 118 119 120 121 122 123 124 125

41.7 63.8 93.9 27.6 29.8 69.2 68.9 41.2 26.9 36.4 2.9 0.3 27.9
41.6 63.3 93.5 27.5 29.8 69.5 68.6 40.6 27.7 36.4 1.6 0.0 27.9
41.8 63.3 93.9 27.6 29.9 69.2 69.2 40.9 7.1 36.4 1.6 -0.2 28.0
41.6 63.1 93.3 27.6 29.7 68.8 68.2 40.4 13.8 36.0 1.8 0.2 27.9
40.6 62.3 92.7 26.8 29.1 68.2 67.6 40.0 16.2 35.6 1.3 -0.2 27.1
41.0 62.7 92.7 26.3 28.7 68.4 68.0 40.0 7.0 35.6 0.9 -0.5 26.7
40.6 62.2 91.5 25.8 28.1 67.7 67.5 39.9 5.7 35.3 0.6 -0.4 26.2
40.5 62.2 92.2 25.6 28.1 67.7 67.3 39.5 4.5 35.3 0.6 -0.6 26.0
40.3 62.0 92.2 25.5 27.8 67.5 67.3 39.4 4.0 35.1 0.1 -0.9 25.9
40.8 62.3 92.5 25.6 28.1 67.6 67.4 39.5 4.7 35.4 0.6 -0.8 26.2
40.5 62.0 92.1 25.5 28.0 67.3 67.1 39.4 5.0 35.2 0.7 -0.7 25.9
40.2 61.5 91.4 25.4 27.9 66.7 66.3 39.3 4.1 34.8 0.6 -0.8 25.8
39.9 61.3 91.7 25.5 27.8 66.6 66.2 39.0 2.7 35.2 0.3 -0.9 25.9
39.8 61.2 90.8 25.4 27.9 66.3 65.7 39.1 7.3 35.0 1.4 -0.2 25.8
40.7 61.8 91.1 25.4 28.1 67.1 66.7 39.3 6.9 35.3 1.6 -0.2 25.8
40.3 61.6 91.1 25.3 28.0 66.7 66.6 39.3 8.3 35.1 1.8 -0.2 25.6

date
31/10/88

45.7 68.1 99.5 28.6 76.2 76.7 43.2 35.3 38.4 3.2 1.8 29.1
46.9 70.4 102.5 29.0 79.8 80.2 43.6 33.6 38.6 2.6 1.7 29.7
44.0 64.3 93.0 28.2 30.9 71.5 72.0 41.8 30.0 34.5 3.1 0.8 28.9
43.4 62.4 90.6 27.6 30.1 67.1 67.5 39.6 31.7 32.9 3.3 -0.5 28.3
42.6 60.9 89.8 27.8 29.9 65.8 66.2 38.8 31.7 32.6 1.3 -1.5 28.4
43.1 62.5 91.3 27.4 29.9 68.8 69.3 39.1 30.5 33.0 0.2 -1.6 27.9
42.1 61.5 90.4 27.0 29.0 67.5 68.1 38.8 30.9 32.3 -0.1 -2.3 27.6
42.7 60.2 89.9 28.5 30.4 64.8 65.0 38.5 1.3 32.7 -0.7 -1.6 29.0
43.5 62.3 91.4 28.9 31.2 68.9 69.7 39.0 24.2 33.8 -0.1 -2.0 29.6
43.7 62.7 91.3 28.5 30.7 68.6 69.2 39.4 17.4 33.7 0.4 -1.6 29.0
44.6 64.0 93.1 29.3 31.6 71.2 71.6 39.8 32.6 34.4 0.3 -1.5 29.9
43.8 62.5 90.8 28.3 30.8 68.3 68.0 39.6 25.3 34.0 0.1 -1.1 29.0
42.9 61.9 90.8 28.1 30.4 67.8 68.0 39.2 30.7 33.2 -0.5 -1.5 28.6

date
1/11/88

40.1 60.7 89.4 25.2 27.6 66.3 65.8 39.3 23.1 28.9 18.9 10.7 25.7
40.7 61.7 90.0 26.3 28.2 67.0 66.4 40.4 5.9 29.8 3.5 -1.4 26.5
41.2 61.4 89.4 26.8 28.7 65.8 65.4 39.7 32.8 33.4 1.1 -0.3 27.0
42.3 61.8 89.9 27.5 29.5 66.5 65.9 40.1 13.6 34.9 1.4 -0.6 27.7
42.6 61.9 89.7 ---- 30.0 66.2 66.2 40.4 6.0 34.6 1.1 -0.5 28.2
42.8 61.8 89.6 28.1 30.1 66.1 66.3 40.1 23.7 35.1 0.8 -0.4 28.3
43.1 61.9 89.5 30.4 66.8 66.8 40.2 30.2 35.4 1.3 -0.2 29.0
43.6 62.4 90.4 30.9 67.1 67.3 40.7 14.4 35.9 0.7 -0.1 29.3
44.6 63.6 91.6 28.9 31.0 68.2 68.5 41.6 1.9 35.6 0.2 -0.2 29.4
44.1 63.0 91.1 29.1 31.1 67.5 67.7 41.1 9.5 35.5 1.1 -0.3 29.5
44.1 63.1 91.1 29.1 31.2 67.8 68.0 41.4 4.9 35.4 0.6 0.0 29.5
44.6 63.8 90.6 29.4 31.3 68.3 68.3 41.7 6.8 35.7 1.3 -0.1 29.8
44.7 63.5 90.7 29.1 31.2 68.4 68.4 41.6 3.0 35.5 0.4 -0.4 29.5

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
28/10/88

726 727 128 129 130 T31 PEV	 PCO FSOL FREF FWRE FWCO FWA8

27.9 35.2 ---- 69.3 93.2 29.2 4.24	 13.83 0.155 0.021 0.423 0.580 1.070
27.7 35.1 ---- 70.7 93.3 29.1 4.21	 13.88 0.158 0.021 0.423 0.580 1.070
27.8 35.3 ---- 69.9 93.3 29.1 4.15	 13.92 0.158 0.021 0.416 0.599 1.080
27.7 35.1 .... 69.1 93.1 29.1 4.20	 13.79 0.155 0.021 0.410 0.587 1.070
26.9 34.4 ---- 68.3 92.3 28.3 4.16	 13.61 0.151 0.021 0.410 0.587 1.070
26.5 34.4 ---- 67.8 92.3 27.9 4.14	 13.62 0.158 0.021 0.410 0.593 1.070
26.0 34.1 ---- 67.4 92.0 27.5 4.13	 13.54 0.158 0.021 0.410 0.593 1.070
25.8 34.1 ---- 67.5 91.8 27.4 4.11	 13.51 0.158 0.021 0.416 0.587 1.070
25.7 34.0 ---- 67.5 91.9 27.2 4.10	 13.44 0.158 0.021 0.416 0.599 1.070
26.0 34.1 ---- 67.8 92.3 27.3 4.11	 13.51 0.158 0.021 0.416 0.599 1.070
25.7 33.8 ---- 67.2 91.5 27.2 4.09	 13.43 0.158 0.021 0.423 0.587 1.070
25.4 33.7 ---- 66.5 90.9 26.9 4.09	 13.38 0.156 0.021 0.423 0.587 1.070
25.5 34.0 ---- 66.4 91.3 27.1 4.10	 13.47 0.155 0.021 0.423 0.587 1.070
25.6 34.1 ---- 66.1 91.0 27.1 4.14	 13.45 0.151 0.021 0.423 0.587 1.070
25.6 33.9 ---- 66.2 91.5 27.2 4.21	 13.48 0.161 0.022 0.423 0.587 1.070
25.4 33.9 ---- 66.3 90.9 27.0 4.22	 13.41 0.158 0.022 0.423 0.587 1.070

date
31/10/88

28.8 37.0 77.3 99.8 30.3 4.49	 14.50 0.158 0.025 0.429 0.599 1.140
29.2 37.2 106.3 80.7 102.6 30.7 4.44	 14.50 0.158 0.024 0.429 0.599 1.140
28.3 33.7 74.8 91.8 29.4 4.27	 13.06 0.155 0.014 0.429 0.599 1.140
27.9 32.5 70.0 89.7 28.8 4.03	 12.69 0.155 0.014 0.429 0.599 1.140
28.0 32.1 68.3 89.3 29.0 3.95	 12.55 0.156 0.015 0.429 0.599 1.140
27.6 32.4 67.5 90.5 28.5 3.97	 12.70 0.158 0.013 0.429 0.599 1.140
27.2 31.7 67.3 89.7 28.2 3.88	 12.44 0.155 0.015 0.429 0.599 1.140
28.6 32.3 67.6 89.3 29.4 3.93	 12.59 0.153 0.015 0.429 0.599 1.140
29.0 33.3 68.3 89.9 30.2 3.90	 13.02 0.156 0.015 0.429 0.599 1.140
28.7 33.1 67.8 90.7 29.6 3.89	 13.01 0.158 0.015 0.429 0.599 1.140
29.6 33.6 69.0 92.8 30.5 4.00	 13.17 0.158 0.013 0.429 0.599 1.140
28.6 33.2 67.9 91.1 29.6 4.00	 13.00 0.158 0.013 0.429 0.599 1.140
28.2 32.7 67.2 90.6 29.2 3.97	 12.82 0.151 0.013 0.429 0.599 1.140

date
1/11/88

25.5 31.8 62.6 90.6 26.6 3.79	 12.67 0.158 0.016 0.442 0.631 1.200
26.5 32.3 64.0 89.9 27.5 3.87	 12.79 0.158 0.020 0.442 0.631 1.200
27.0 32.6 64.9 88.3 28.0 4.12	 12.78 0.155 0.020 0.442 0.631 1.200
27.7 33.9 66.5 90.0 28.7 4.12	 13.33 0.158 0.018 0.442 0.631 1.200
28.2 33.8 65.5 88.8 29.2 4.10	 13.39 0.156 0.018 0.442 0.631 1.200
28.3 33.9 66.2 89.0 29.3 4.14	 13.50 0.158 0.016 0.442 0.631 1.200
28.7 34.4 66.3 89.5 29.8 4.19	 13.68 0.156 0.015 0.442 0.631 1.200
29.1 34.7 65.8 90.4 30.3 4.22	 13.87 0.158 0.015 0.442 0.631 1.200
29.1 34.8 69.1 91.0 30.2 4.15	 13.22 0.156 0.016 0.442 0.631 1.200
29.3 34.7 68.5 90.6 30.3 4.15	 13.64 0.157 0.015 0.442 0.631 1.200
29.3 34.9 67.8 90.7 30.2 4.21	 13.60 0.158 0.016 0.442 0.631 1.200
29.6 35.2 68.3 91.5 30.5 4.20	 13.69 0.161 0.017 0.442 0.631 1.200
29.3 34.9 69.2 91.3 30.3 4.12	 13.72 0.158 0.016 0.442 0.631 1.200

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
2/11/88

time Ti T2 13 14 15	 16 17 T8 19 110 111 112

11:01:38 88.7 102.6 63.7 42.0 37.6	 30.3 96.1 -4.9 -4.7 -2.9 23.3 -4.5
11:15:47 86.3 102.3 57.9 40.9 36.9	 29.4 94.3 -4.6 -4.4 -2.8 23.6 -3.4
11:31:06 86.8 102.6 58.0 40.4 36.4	 30.1 94.6 -4.3 -4.1 -2.8 23.9 -3.9
11:45:32 88.7 103.5 60.7 41.8 37.4	 30.7 96.5 -3.9 -3.7 -2.3 24.5 -3.1
12:15:27 88.3 102.4 59.4 41.8 37.8	 30.5 95.6 -4.7 -4.1 -2.7 25.3 -1.9
12:33:55 89.9 103.6 60.0 42.1 37.9	 31.1 96.9 -4.6 -4.2 -2.8 25.5 -3.0
12:45:22 88.0 102.5 60.4 39.8 37.3	 30.7 95.8 -4.3 -4.1 -2.9 25.5 -3.1
13:00:35 88.2 102.8 59.6 41.1 37.3	 30.7 95.4 -4.1 -3.9 -2.7 26.3 -3.5
13:15:12 88.5 103.0 60.3 40.5 37.6	 30.9 96.0 -3.9 -3.7 -2.5 26.3 -2.5
13:30:12 90.0 102.8 62.8 42.6 38.2	 31.5 96.9 -4.1 -4.3 -2.5 26.8 -2.3
13:45:32 87.9 102.4 59.0 42.0 37.6	 30.5 95.6 -4.7 -4.3 -2.7 27.4 -2.5
14:01:12 86.6 102.2 57.8 39.9 36.8	 29.9 94.8 -4.3 -4.3 -2.9 27.2 -2.7
14:32:37 89.3 103.6 59.5 40.6 37.3	 31.0 96.6 -4.8 -4.4 -3.0 27.9 -3.0

date
3/11/88

10:46:16 87.8 103.0 59.6 41.9 36.9	 27.8 95.8 -5.1 -4.7 -2.5 24.1 -4.1
11:02:06 87.5 103.5 59.1 40.3 36.0	 28.5 95.9 -5.7 -5.1 -3.3 24.3 -3.7
11:17:17 86.1 102.8 59.1 40.3 36.0	 28.1 95.0 -5.1 -4.9 -3.3 24.7 -4.3
11:30:34 88.2 103.4 59.4 40.5 36.7	 29.7 96.2 -5.3 -4.9 -3.5 25.3 -4.1
11:46:37 87.3 103.3 60.4 41.1 37.3	 29.8 95.8 -4.4 -4.2 -2.8 25.7 -3.6
12:00:50 90.0 102.7 61.9 41.1 37.6	 30.5 96.7 -3.7 -3.3 -2.3 25.9 -3.3
12:16:03 90.7 102.4 62.0 43.1 38.4	 30.7 96.7 -3.9 -3.5 -2.3 26.2 -2.9
12:30:50 88.7 102.1 60.7 41.9 38.0	 30.3 95.6 -4.2 -3.8 -2.5 26.7 -2.9
12:46:09 87.3 102.4 58.5 40.6 37.5	 30.0 94.6 -4.8 -4.2 -3.0 26.8 -2.4
13:00:43 87.7 102.4 58.6 41.0 37.2	 30.3 95.2 -4.7 4.3 -3.1 27.2 -2.3
13:15:32 90.6 104.1 61.3 42.2 38.0	 31.5 97.6 -4.5 -4.1 -2.7 27.6 -3.1
13:30:55 89.8 102.8 60.5 41.5 37.6	 30.9 96.5 -4.1	 . -3.9 -2.7 27.6 -2.9
13:45:40 89.5 102.8 62.0 42.6 38.2	 31.3 96.5 -3.5 -3.3 -2.1 28.0 -2.7
14:00:46 88.3 102.6 60.9 41.5 37.8	 31.3 96.0 -3.5 -3.3 -2.1 27.8 -2.5
14:15:56 90.4 102.8 61.2 42.6 38.6	 31.6 97.0 -3.3 -2.9 -1.7 29.1 -1.7
14:30:54 89.7 102.0 61.4 42.2 38.7	 31.4 96.3 -3.2 -3.0 -1.6 29.1 -2.6

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
2/11/88

113 114 115 T16 117 T18	 119 120 121 122 123 124 125

40.7 59.9 87.5 25.4 27.4 63.7	 63.9 38.2 -3.3 29.9 -3.9 -4.5 26.0
39.8 57.9 84.3 25.5 27.3 61.3	 61.5 37.3 26.9 30.0 -1.9 -4.0 26.1
39.7 57.8 83.8 25.6 27.4 61.4	 61.6 37.0 27.5 30.6 -2.4 -4.0 26.2
40.5 58.8 85.1 25.8 27.8 63.0	 63.1 37.6 -0.2 31.4 -1.8 -3.6 26.4
40.9 59.0 85.3 26.6 28.4 63.0	 63.2 38.1 26.4 31.2 -0.6 -4.0 27.1
41.1 59.4 86.0 26.5 28.4 63.8	 64.0 38.0 11.3 31.8 -1.7 -4.1 27.0
40.9 59.2 86.1 26.5 28.4 62.8	 62.8 38.0 -2.3 31.4 -3.3 -3.9 27.0
40.9 58.8 84.8 26.3 28.2 63.0	 63.2 37.6 21.0 31.4 -2.3 -3.7 27.0
40.9 59.2 85.9 26.5 28.4 63.4	 63.6 38.2 0.6 31.6 -2.3 -3.3 27.0
42.2 61.3 87.0 26.4 28.6 65.8	 66.0 38.9 2.0 32.4 -2.6 -4.0 27.0
41.1 59.2 84.8 26.0 28.2 63.0	 63.0 38.1 7.6 31.2 -2.2 -4.0 26.7
40.8 58.6 84.6 26.2 27.9 61.8	 61.8 37.9 29.8 30.4 -3.0 -4.0 26.7
41.0 58.9 84.3 26.3 28.3 63.2	 63.4 37.6 13.0 31.7 -2.5 -4.3 27.0

date
3/11/88

39.2 58.1 85.4 23.0 25.1 62.4	 62.6 36.9 4.7 28.4 -2.2 -4.4 23.6
38.7 57.2 84.2 23.3 25.2 60.6	 61.0 36.4 6.3 29.3 -2.4 -4.5 23.9
39.3 57.4 84.4 23.7 25.6 60.7	 60.9 36.6 26.0 28.9 -2.6 -4.6 24.4
40.1 58.1 85.0 24.5 26.5 62.0	 62.0 36.8 -2.2 30.4 -3.4 -4.8 25.2
40.6 58.1 85.0 25.2 27.1 61.3	 61.5 37.6 1.8 30.6 -2.4 -4.0 25.8
42.4 61.5 86.9 25.7 27.8 66.8	 67.0 38.1 28.4 31.1 -2.5 -3.2 26.3
42.8 62.0 87.4 26.4 28.5 67.5	 67.5 38.7 28.3 31.4 -1.4 -3.3 27.0
42.1 59.8 86.3 26.7 28.6 64.3	 64.7 38.2 25.7 31.1 -1.7 -3.7 27.2
41.2 58.5 84.9 26.6 28.3 61.6	 61.8 38.1 19.9 30.8 -2.2 -3.8 27.1
41.2 58.6 84.9 26.4 28.1 61.8	 61.8 37.9 -1.8 31.0 -2.8 -3.8 26.9
41.8 59.7 86.3 26.2 28.2 64.3	 64.5 38.1 -2.4 32.0 -3.3 -4.1 27.0
41.7 60.3 85.7 26.5 28.4 64.9	 64.9 38.2 -1.4 31.6 -2.5 -3.5 27.0
42.2 60.3 86.9 26.8 28.8 64.9	 64.9 38.7 -0.6 32.0 -1.9 -3.1 27.6
42.0 59.4 86.1 27.0 29.0 63.7	 63.7 38.5 20.0 32.0 -2.0 -3.2 27.5
42.8 61.2 85.7 27.2 29.1 66.2	 66.2 39.0 2.9 32.3 -1.6 -2.8 27.7
42.9 61.6 87.1 27.1 29.1 66.7	 66.9 39.0 17.7 32.1 -1.9 -2.9 27.6

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
2/11/88

726 T27 T28 129 130 T31 PEV PCO FSOL FREF FWRE FWCO FWAB

25.6
25.7

30.5 ,
29.6

64.7
61.7

86.3
83.3

26.6
26.5

3.52
3.58

11.94
11.74

0.158
0.155

0.014
0.014

0.442
0.442

0.631
0.631

1.200
1.200

25.8 30.0 60.2 83.4 26.7 3.62 11.91 0.155 0.012 0.442 0.631 1.200
26.0 30.8 60.8 85.3 27.0 3.68 12.11 0.158 0.014 0.442 0.631 1.200
26.8 30.6 87.9 62.9 85.3 27.5 3.56 12.03 0.156 0.014 0.442 0.631 1.200
26.8 31.1 89.1 61.8 86.1 27.6 3.60 12.38 0.161 0.011 0.442 0.631 1.200
26.6 30.9 87.4 62.0 85.1 27.6 3.65 12.13 0.156 0.014 0.442 0.631 1.200
26.6 30.8 87.2 61.0 84.6 27.6 3.65 12.17 0.158 0.011 0.442 0.631 1.200
26.6 31.0 88.1 61.4 85.3 27.6 3.72 12.24 0.158 0.014 0.442 0.631 1.200
26.6 31.4 ---- 65.0 86.8 27.5 3.60 12.38 0.164 0.016 0.442 0.631 1.200
26.3 30.6 62.3 84.9 27.1 3.59 12.12 0.161 0.010 0.442 0.631 1.200
26.3 30.0 ---- 61.2 84.1 27.1 3.63 11.87 0.158 0.013 0.442 0.631 1.200
26.6 30.9 88.9 60.9 85.7 27.6 3.58 12.35 0.161 0.011 0.442 0.631 1.200

date
3/11/88

23.2 27.8 -"- 59.8 84.5 24.2 3.54 11.15 0.155 0.016 0.442 0.631 1.250
23.5 28.5 ---- 59.5 83.6 24.4 3.40 11.36 0.156 0.016 0.442 0.631 1.250
24.0 28.3 ---- 59.9 83.0 25.0 3.50 11.35 0.155 0.014 0.442 0.631 1.250
24.8 29.6 ---- 60.0 84.7 25.8 3.47 11.80 0.161 0.013 0.442 0.631 1.250
25.4 29.8 87.0 60.8 84.3 26.4 3.61 11.92 0.158 0.015 0.442 0.631 1.250
25.9 30.5 89.7 62.6 86.7 26.9 3.72 12.03 0.158 0.015 0.442 0.631 1.250
26.8 30.8 90.3 63.5 87.5 27.6 3.71 12.10 0.158 0.013 0.442 0.631 1.250
26.8 30.5 88.2 63.0 86.1 27.6 3.65 11.97 0.156 0.011 0.442 0.631 1.250
26.7 30.0 86.7 61.2 83.9 27.5 3.56 11.93 0.156 0.009 0.442 0.631 1.250
26.6 30.4 87.1 60.8 84.7 27.5 3.57 12.07 0.156 0.013 0.442 0.631 1.250
26.6 31.4 90.0 61.8 86.6 27.5 3.56 12.49 0.164 0.011 0.442 0.631 1.250
26.8 30.8 ---- 61.6 86.2 27.6 3.70 12.22 0.153 0.013 0.442 0.631 1.250
27.2 31.4 ---- 62.9 86.2 27.9 3.75 12.36 0.155 0.012 0.442 0.631 1.250
27.1 31.2 62.7 85.3 28.1 3.76 12.41 0.158 0.011 0.442 0.631 1.250
27.3 31.7 61.9 87.3 28.3 3.79 12.56 0.158 0.013 0.442 0.631 1.250
27.2 31.5 62.8 86.9 28.2 3.80 12.47 0.158 0.011 0.442 0.631 1.250

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
4/11/88

time 11 12 13 14 15	 16 17 TB 19 110 111 T12

10:45:27 88.8 103.0 58.6 43.3 34.7	 28.5 96.1 -4.9 -3.7 -2.0 25.0 0.2
11:00:33 88.9 102.8 59.0 42.6 34.9	 28.3 96.3 -5.1 -4.5 -2.7 25.3 -1.7
11:15:36 88.6 102.5 58.5 41.2 34.7	 28.3 95.9 -5.4 -5.0 -3.2 26.0 -2.4
11:30:43 87.9 102.4 58.0 41.0 34.5	 28.1 95.4 -5.1 -4.9 -3.3 26.4 -3.5
11:46:46 88.1 102.2 58.2 41.8 34.7	 28.5 95.4 -5.3 -4.7 -3.3 26.6 -2.3
12:00:44 88.7 102.3 58.1 42.4 34.8	 28.8 95.2 -5.4 -5.0 -3.5 27.4 -2.7
12:17:06 88.4 102.0 58.0 42.5 34.9	 28.9 95.0 -5.2 -4.8 -3.4 27.7 -2.4
12:31:06 89.2 102.2 58.3 41.5 35.0	 ---- 95.9 -5.2 -4.4 -3.4 27.9 -2.0
12:47:16 88.8 102.0 58.9 42.5 36.0	 29.4 95.3 -4.8 -4.2 -3.0 28.8 -2.6
13:00:29 89.6 102.0 58.7 43.3 36.2	 30.2 95.9 -4.8 -4.2 -2.8 29.3 0.2
13:15:48 89.0 101.9 59.2 43.3 36.4	 30.1 95.2 -4.1 -3.7 -2.3 29.5 -0.7
13:30:12 88.9 101.7 58.0 42.8 36.7	 30.1 95.2 -3.9 -3.1 -2.1 29.5 0.1
13:45:58 89.7 102.0 58.1 43.4 36.1	 30.4 95.6 -4.2 -3.0 -2.0 30.4 9.4
14:00:13 89.2 101.8 57.8 43.3 36.4	 30.2 95.5 -4.0 -3.6 -2.2 30.0 2.9
14:15:56 88.7 101.5 57.9 43.2 36.5	 29.9 95.0 -4.1 -3.1 -2.1 30.5 1.7
14:30:33 88.6 101.6 56.8 42.7 35.4	 29.4 95.3 -4.8 -3.2 -2.4 31.0 4.7

date
7/11/88

11:46:06 85.5 101.1 52.7 42.4 35.5	 28.6 92.4 -3.3 8.7 7.3 29.3 24.5
12:00:27 83.2 100.5 52.9 41.2 34.7	 28.3 90.5 -3.6 5.9 5.3 29.5 26.2
12:15:12 85.0 100.7 54.9 41.3 34.6	 28.8 91.6 -4.2 5.1 4.7 30.2 27.9
12:31:10 83.5 100.6 59.0 40.9 34.2	 28.4 90.8 -4.1 4.0 3.6 30.5 26.7
12:45:18 83.8 100.5 61.2 41.0 34.1	 28.5 91.0 -4.4 3.3 3.1 30.6 28.1
13:00:29 84.0 100.6 62.0 40.7 33.8	 28.2 91.1 -4.7 2.8 2.4 31.2 27.6
13:15:53 84.1 100.6 62.1 41.1 33.8	 28.4 91.5 -4.6 1.9 1.5 31.9 27.3
13:30:14 84.1 100.6 62.5 40.9 34.2	 28.2 91.2 -4.8 1.5 1.1 30.6 27.1
13:46:11 84.7 100.7 62.5 41.2 34.4	 28.5 91.6 -4.6 0.5 0.3 31.5 21.3
14:01:26 83.2 100.8 60.6 39.6 35.0	 27.9 90.6 -5.2 0.3 -0.1 31.3 23.8
14:15:57 81.6 100.3 60.5 38.8 35.2	 27.8 89.5 -5.8 -0.1 -0.3 32.7 24.3
14:30:54 82.7 100.6 61.1 38.9 35.5	 28.6 90.4 -5.3 0.2 0.1 32.2 25.8
14:48:04 82.9 101.1 62.6 39.3 35.7	 28.5 90.5 -5.1 -0.2 -0.8 31.8 17.5
15:00:36 84.5 101.2 64.2 39.4 35.6	 29.2 92.3 -5.8 -1.0 -1.0 32.3 22.9

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
4/11/88

113 T14 115 116 117 T18 119 120 121 122 123 124 125

40.1 59.3 85.9 23.3 25.8 63.9 64.3 35.6 10.1 29.4 -0.5 -3.8 24.0
39.9 59.0 86.2 23.7 ---- 63.7 63.9 35.2 12.9 29.2 -1.7 -4.2 24.3
40.0 58.7 85.8 24.2 26.4 63.3 63.5 34.9 -3.6 28.9 -3.8 -4.6 24.8
39.9 58.0 85.1 24.5 26.6 62.7 63.1 34.9 25.4 29.1 -3.6 -4.8 25.0
40.1 58.2 85.5 24.7 26.8 62.6 62.9 34.8 -2.6 29.0 -3.2 -4.4 25.2
40.5 58.8 85.7 24.9 27.0 64.3 65.1 35.0 3.3 29.4 -3.6 -4.8 25.6
40.8 59.1 85.8 25.6 27.7 64.4 64.6 35.3 24.7 29.7 -2.5 -4.5 26.2
41.2 59.3 86.7 26.0 28.1 64.2 64.2 35.2 -1.6 30.2 -3.0 -4.0 26.6
41.5 59.1 86.2 26.7 28.6 64.4 64.7 36.0 27.7 30.2 -2.6 -4.0 27.3
42.3 60.1 86.9 27.1 29.3 65.7 65.9 36.2 6.7 30.8 -2.2 -3.8 27.7
42.4 59.7 86.6 27.6 29.5 65.2 65.4 36.4 24.4 30.8 -1.8 -3.4 28.1
42.4 59.8 86.7 27.8 29.7 64.9 65.1 36.6 27.6 30.8 -1.4 -2.7 28.3
42.9 60.6 86.7 27.7 29.8 66.4 66.6 . 36.7 8.0 31.1 -1.5 -2.9 28.4
42.5 60.2 86.9 27.7 29.6 65.7 66.1 36.7 18.9 31.0 -0.6 -2.8 28.3
42.0 59.8 86.1 27.2 29.3 65.2 65.6 36.6 18.9 30.7 -0.5 -2.7 27.8
41.7 59.8 86.2 26.5 28.6 65.3 65.7 36.3 6.8 30.2 -1.3 -2.9 27.1

date
7/11/88

40.5 57.8 83.3 26.0 28.0 62.6 62.6 35.4 22.6 28.4 21.5 17.6 26.5
40.1 56.5 81.2 26.4 28.3 59.9 60.5 35.5 24.9 28.9 21.6 15.5 27.0
40.2 57.7 82.6 26.3 28.3 63.4 63.4 35.0 24.0 29.6 21.5 14.1 54.5
40.0 56.6 81.8 26.1 28.0 60.9 61.1 34.8 24.9 29.4 21.1 12.5 64.1
40.0 56.6 82.1 26.4 28.1 61.2 61.2 34.5 20.0 29.3 19.4 10.2 67.4
40.1 56.7 82.1 26.0 28.0 61.6 61.6 34.3 18.4 29.3 17.9 8.9 69.0
40.7 57.1 82.4 26.3 28.0 61.5 61.7 34.6 18.7 29.5 16.4 5.8 70.0
40.7 57.0 81.8 26.1 28.0 61.3 61.5 34.6 15.8 29.2 15.4 5.4 70.3
40.8 57.6 82.4 26.3 28.1 62.3 62.5 34.8 22.0 29.6 14.2 3.6 55.2
40.2 55.8 81.3 25.9 27.5 59.8 60.0 34.7 25.5 28.8 14.6 4.2 67.3
40.0 55.0 80.0 26.3 27.8 57.5 57.5 35.5 18.3 28.7 14.4 3.4 69.4
40.7 56.5 80.8 26.4 28.0 59.2 59.2 35.8 17.2 29.8 14.9 4.1 69.5
40.1 56.1 80.3 25.8 27.8 59.0 59.1 36.3 25.4 29.4 13.3 2.3 68.5
40.4 57.0 81.7 25.6 27.3 60.2 60.2 35.9 18.3 30.1 11.9 2.5 69.8

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date

T26

23.6
24.2
24.4
24.6
25.0
25.2
25.8
26.2
26.9
27.3
27.7
27.9
28.0
27.9
27.6
26.7

26.1
26.6
26.5
26.3
26.6
26.2
26.3
26.5
26.5
26.1
26.4
26.5
25.9
25.9

127

28.4
28.4
28.7
28.3
28.7
28.9
29.1
29.7
29.8
30.4
30.2
30.5
30.7
30.6
30.1
29.6

29.0
28.7
29.1
28.6
28.9
28.5
28.8
28.6
28.6
28.2
28.1
28.8
28.6
29.0

128 729

59.8
60.0
60.3
60.2
60.4
60.6
60.5
60.8
62.1
61.9
62.0
61.6
61.5
61.7
60.9
60.2

55.1
55.7
59.7
66.2
69.5
71.6
72.0
73.0
72.1
71.7
72.2
71.9
70.8
71.7

130

85.0
85.6
84.7
84.5
84.9
84.7
85.1
86.4
85.8
86.7
85.8
85.7
86.7
86.5
85.5
85.8

83.0
80.6
82.4
81.3
81.5
81.9
82.2
82.0
82.4
80.7
79.7
80.8
80.5
82.2

T31

24.6
24.9
25.2
25.4
25.8
26.0
26.6
27.1
27.7
28.1
28.5
28.7
28.8
28.6
28.2
27.5

28.6
28.9
52.6
62.1
65.4
66.5
67.5
67.5
57.1
64.7
67.1
67.2
66.6
67.5

4/11/88

PEV

3.59
3.57
3.49
3.52
3.50
3.50
3.54
3.58
3.60
3.63
3.72
3.73
3.69
3.72
3.68
3.60

date
7/11/88

3.73
3.72
3.67
3.65
3.62
3.56
3.60
3.55
3.58
3.44
3.36
3.35
3.46
3.32

PCO

11.34
11.32
11.36
11.35
11.37
11.49
11.49
11.74
11.78
12.08
11.95
11.97
12.01
12.08
11.85
11.77

11.53
11.42
11.57
11.36
11.37
11.29
11.39
11.34
11.33
11.21
11.19
11.36
11.33
11.51

FsoL

0.158
0.161
0.158
0.158
0.155
0.158
0.158
0.158
0.158
0.158
0.158
0.156
0.158
0.155
0.158
0.155

0.161
0.156
0.158
0.158
0.158
0.157
0.157
0.157
0.158
0.158
0.158
0.158
0.158
0.158

FREF

0.010
0.011
0.011
0.011
0.011
0.008
0.009
0.011
0.009
0.009
0.008
0.009
0.009
0.008
0.008
0.009

0.009
0.008
0.006
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.008
0.009

FURE

0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442
0.442

0.429
0.429
0.442
0.442
0.435
0.435
0.435
0.435
0.435
0.435
0.435
0.435
0.435
0.435

FWco

0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631
0.631

0.126
0.126
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

FWAs

1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250
1.250

1.060
1.060
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080
1.080

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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1

date
10/11/88

time Ti 12 13 14 15 16 T7 18 T9 110 111 112

10:30:30 101.0 128.0 77.1 48.7 39.2 31.7 111.0 0.5 0.7 2.1 21.6 1.1
10:46:15 100.7 127.0 75.9 49.6 40.0 32.2 110.7 0.8 1.0 2.2 21.7 1.2
11:00:28 100.6 126.3 75.2 49.7 40.5 32.2 110.6 0.5 0.6 2.0 22.7 1.2
11:15:43 101.2 127.7 75.1 49.7 40.0 32.3 111.2 0.3 0.5 1.9 23.2 1.1
11:30:38 100.8 126.7 74.7 49.7 39.9 32.0 110.8 0.5 0.9 1.8 23.0 1.7
11:46:15 100.6 125.6 74.4 49.5 39.3 31.6 110.5 0.0 0.4 1.6 23.1 1.2
12:00:59 100.7 127.2 75.7 50.0 39.7 31.6 110.7 0.2 0.4 1.4 23.5 0.8
12:15:45 101.6 128.5 76.4 50.2 40.4 32.3 111.6 0.8 0.8 1.7 24.6 1.3
12:30:41 101.2 126.4 75.4 50.5 40.7 32.6 110.8 1.1 1.3 2.3 24.1 1.9
12:45:13 101.5 126.1 75.0 50.8 41.2 32.7 111.1 1.0 1.2 2.2 25.8 1.6
13:00:46 102.1 127.3 76.2 50.7 41.7 33.2 111.3 1.1 1.3 2.5 25.3 2.3
13:15:29 101.8 127.2 76.3 51.5 42.2 33.5 111.1 1.6 2.0 3.0 27.5 2.8
13:30:47 101.2 124.6 74.7 50.5 41.3 33.3 110.1 1.7 2.1 3.1 24.8 3.1
13:45:35 100.8 124.8 75.3 50.1 41.5 32.9 109.9 1.9 2.1 2.9 25.3 2.9
14:01:32 101.0 124.6 74.7 50.1 41.3 33.1 109.9 1.5 1.7 2.7 25.7 3.1

date
11/11/88

10:01:03 97.9 118.9 69.7 45.6 36.3 25.7 109.2 -3.8 -3.6 -2.0 22.1 -3.2
10:15:51 95.6 116.0 71.0 46.5 36.0 27.3 108.0 -2.0 -1.8 -0.9 22.6 -1.3
10:30:42 96.3 118.7 71.5 46.2 37.0 28.0 110.6 -1.7 -1.7 -0.3 22.8 -0.9
10:45:13 95.5 116.5 69.1 46.9 35.8 27.8 109.0 -2.2 -2.1 -0.7 22.8 -0.9
11:01:46 96.8 120.4 70.8 46.3 35.8 27.7 111.6 -2.2 -1.8 -0.7 23.4 -1.1
11:15:32 97.0 123.9 72.9 46.2 36.6 27.9 111.2 -1.8 -1.6 -0.4 23.5 -0.8
11:30:30 97.5 126.2 72.7 47.5 37.1 28.6 111.2 -1.4 -1.4 -0.3 23.6 -0.9
11:15:35 97.4 118.3 71.0 47.7 37.0 ---- 110.7 -1.8 -1.6 -0.2 23.5 -0.8
12:00:29 98.2 121.1 71.5 47.6 36.7 28.8 111.3 -1.7 -1.3 -0.3 23.7 -0.5
12:17:00 97.5 120.2 72.3 46.3 37.3 28.7 111.2 -1.4 -1.2 0.0 24.2 -0.4
12:31:02 97.6 118.8 72.9 46.8 37.4 28.7 111.1 -1.2 -1.0 0.0 24.3 -0.2
12:45:50 97.8 121.4 73.2 47.8 37.7 29.0 111.3 -1.1 -0.9 0.1 24.5 -0.3
13:00:46 97.0 117.3 71.2 47.3 37.4 28.9 110.0 -1.2 -1.2 0.0 24.5 -0.2
13:15:33 97.9 118.8 71.0 47.3 37.5 29.3 110.9 -1.6 -1.4 -0.2 26.0 -0.6
13:30:27 98.8 123.3 71.4 47.3 37.7 29.4 111.2 -1.8 -1.6 -0.2 25.6 -0.4
13:45:43 98.1 117.6 70.8 47.7 37.3 29.2 110.8 -1.4 -1.0 -0.1 25.0 0.1
14:00:52 97.3 120.5 70.9 47.0 38.0 29.0 110.6 -1.3 -0.9 0.3 25.5 -0.3

date
14/11/88

10:31:50 113.0 129.1 84.1 49.0 40.5 27.1 118.3 -5.4 -5.2 -3.4 21.8 -5.0
10:45:37 103.3 128.3 78.2 49.1 40.3 29.1 112.9 -1.6 -1.6 -0.6 22.9 -1.0
11:01:23 101.4 128.6 76.8 50.1 40.2 30.6 112.3 1.3 1.1 1.7 23.4 1.7
11:15:57 101.5 128.1 76.1 50.6 39.9 31.0 112.5 1.0 1.2 2.4 23.9 1.8
11:30:17 101.1 128.3 75.9 50.2 39.1 30.8 112.5 0.4 0.6 1.8 23.5 0.8
11:45:37 101.6 128.8 76.6 50.0 38.5 31.0 112.9 0.0 0.2 1.3 23.8 0.7
12:00:34 102.3 130.4 77.9 49.5 38.2 31.3 113.4 -0.3 -0.3 1.1 24.4 0.3
12:16:07 103.0 131.8 78.6 49.3 39.9 31.7 113.9 0.3 0.3 1.3 25.5 0.9
12:31:00 104.4 130.9 79.9 51.9 41.0 32.6 114.8 1.2 1.2 2.2 25.0 2.8
12:46:39 96.9 116.1 70.1 47.4 37.6 29.7 108.7 -0.7 0.2 1.2 22.0 1.8
13:01:40 95.4 115.3 67.5 46.4 35.7 27.8 107.2 -2.7 -2.1 -0.8 21.9 -0.8
13:16:18 92.8 113.9 64.5 43.2 34.4 26.3 105.6 -3.9 -3.5 -1.9 21.2 -2.1

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
10/11/88

713 114 T15 116 117 T18 119 120 121 122 123 124 125

49.3 71.5 96.2 26.1 29.4 76.6 76.7 39.4 31.5 33.2 1.7 0.9 26.8
50.2 72.2 96.4 30.0 76.7 77.0 40.0 26.0 33.7 2.1 1.2 27.3
49.9 72.0 96.5 26.4 29.7 76.3 77.1 40.1 17.1 33.5 2.2 0.8 27.0
50.1 72.8 97.1 26.5 29.8 77.5 78.1 40.1 12.8 33.6 1.6 0.6 27.2
50.4 73.0 96.1 26.1 29.5 77.3 77.7 40.0 6.5 33.3 2.0 0.8 26.7
49.8 72.6 95.9 25.8 29.1 76.7 77.3 39.8 3.9 32.9 1.5 0.7 26.5
50.0 72.3 96.1 26.0 29.3 76.9 77.2 39.8 5.6 33.2 1.5 0.3 26.7
51.3 73.8 97.2 26.9 30.2 78.1 78.5 40.1 10.1 33.8 2.0 1.1 27.8
51.4 73.6 96.7 27.6 30.7 77.9 78.4 40.8 73.3 34.1 2.5 1.6 28.3
51.5 74.0 97.4 27.5 30.8 78.3 78.9 41.1 19.8 34.2 2.4 1.3 28.2
52.0 74.3 97.5 28.4 31.5 79.2 79.6 41.4 27.1 34.6 2.5 1.5 29.0
52.5 74.0 97.9 28.9 32.0 78.9 79.1 41.9 25.9 34.9 3.4 2.1 29.5
52.2 74.0 96.0 28.6 31.7 78.9 78.9 42.0 30.9 34.5 3.4 2.2 29.3
52.0 74.0 96.6 31.5 78.5 78.5 41.8 25.6 34.1 3.2 2.6 29.1
51.7 74.0 96.0 28.3 31.3 78.9 78.9 41.8 21.8 34.6 2.8 2.0 29.0

date
11/11/88

47.1 70.8 92.9 21.1 24.4 74.2 74.7 36.7 -2.6 25.5 -3.4 -3.6 21.8
45.3 67.0 90.8 21.3 24.8 70.6 71.3 36.1 26.3 28.8 -0.3 -1.7 22.2
45.5 67.1 91.5 21.4 25.1 71.1 71.8 36.2 7.3 29.7 0.2 -1.6 22.3
44.8 67.2 90.4 21.3 24.8 71.0 71.7 36.2 1.0 29.3 -0.6 -2.0 22.1
45.5 67.8 i 91.7 21.5 25.0 71.7 72.3 36.0 18.8 29.1 -0.6 -1.6 22.1
46.2 68.2 92.0 21.9 25.4 72.3 72.7 36.4 25.9 29.6 0.0 -1.4 22.7
46.9 68.9 93.0 22.2 25.7 73.0 73.6 36.8 6.6 30.3 0.1 -1.3 22.9
47.0 69.7 92.6 22.5 25.8 73.5 74.1 37.3 1.1 30.1 -0.3 -1.5 23.2
47.6 70.7 93.2 22.6 25.9 74.3 74.9 37.1 1.7 30.0 -0.4 -1.2 23.4
47.5 69.7 92.9 22.7 26.1 73.6 74.2 37.4 22.3 30.1 -0.2 -0.9 23.3
47.3 69.5 92.8 22.9 26.4 73.7 74.2 37.4 28.0 30.3 0.3 -0.9 23.6
47.4 69.8 93.0 23.0 26.3 73.9 74.3 37.5 12.9 30.6 0.4 -0.8 23.6
47.2 69.4 92.2 22.9 26.2 73.3 73.9 37.7 3.5 30.4 0.1 -1.1 23.6
47.9 70.4 93.3 22.9 26.4 74.4 75.0 37.7 1.3 30.5 -0.5 -1.5 23.8
48.0 71.2 93.8 23.0 26.3 75.3 75.9 37.8 0.3 30.5 -0.9 -1.5 23.7
48.4 71.3 93.2 23.2 26.5 74.9 75.5 38.0 1.4 30.5 -0.3 -0.9 23.9
48.2 70.5 93.0 23.4 26.7 73.9 74.9 38.1 17.4 30.4 0.0 -0.6 24.0

date
14/11/88

50.3 78.1 106.7 24.6 27.8 88.7 90.1 41.3 -4.0 26.9 -4.6 -5.2 25.2
51.7 75.6 98.5 25.4 28.5 80.2 80.4 40.5 -0.2 28.5 -1.0 -1.4 26.0
50.9 74.2 95.3 25.3 28.8 77.7 77.9 39.8 5.1 32.7 1.9 1.3 25.9
50.4 74.0 96.3 24.6 28.3 77.8 77.8 39.4 2.7 32.7 1.9 1.1 25.2
49.2 72.1 95.5 24.0 ---- 76.3 76.6 39.2 6.4 32.3 1.9 0.5 24.7
49.0 71.2 96.2 23.8 27.5 76.3 76.3 39.0 5.6 32.6 1.5 0.3 24.5
49.5 72.1 96.6 24.4 28.2 77.1 77.5 38.4 19.2 33.0 1.0 0.0 25.1
50.6 73.7 97.8 25.3 28.6 78.6 78.8 39.1 10.0 33.3 1.6 0.6 26.0
52.7 75.9 99.1 26.4 29.9 80.6 81.2 40.4 6.2 34.2 2.5 1.3 27.1
47.0 68.2 92.4 23.3 26.8 72.9 73.9 38.9 9.4 31.0 2.2 0.4 24.4
44.1 65.2 90.5 21.2 24.7 70.3 71.1 36.5 6.4 29.0 0.1 -2.0 21.9
42.0 63.2 88.2 19.5 23.0 68.3 69.2 34.8 2.5 27.5 -1.8 -3.4 20.5

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
10/11/88

126 127 128 129 130 131	 PEV PC0 FSOL FREF FWRE FWCO FWAB

26.3
26.9
26.6
26.6
26.4
25.9
26.1
27.2
27.7
27.8
28.5
29.0
28.7
28.5
28.4

32.1
32.3
32.4
32.4
32.2
31.7
31.9
32.6
32.9
33.0
33.5
33.8
33.6
33.2
33.2

....

.---

....

....

....

....

....

....

....

....

....

....

....

....

....

75.8
75.5
74.8
74.8
74.8
74.2
74.9
76,5
76.1
75.8
77.0
76.9
76.1
75.8
75.8

96.9
96.6
96.5
97.0
96.2
96.0
96.6
97.8
96.8
97.3
98.1
98.0
96.5
96.5
96.9

27.6	 4.27
28.1	 4.36
27.7	 4.28
28.0	 4.26
27.7	 4.26
27.3	 4.22
27.4	 4.23
28.6	 4.34
29.1	 4.36
29.0	 4.37
29.8	 4.44
30.1	 4.48
30.1	 4.53
29.9	 4.55
29.7	 4.47

12.53
12.60
12.58
12.65
12.61
12.42
12.47
12.74
12.84
12.88
13.03
13.16
12.86
12.91
12.94

0.189
0.189
0.189
0.189
0.189
0.189
0.189
0.189
0.189
0.189
0.189
0.186
0.189
0.189
0.189

0.019
0.016
0.016
0.016
0.016
0.017
0.017
0.016
0.015
0.015
0.015
0.014
0.014
0.015
0.015

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555
0.555

0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978
0.978

date
11/11/88

21.3 26.9 ...- 68.3 92.3 22.8	 3.64 10.83 0.189 0.019 0.000 0.555 1.010
21.6 27.4 .... 67.5 90.2 23.0	 3.89 10.94 0.189 0.020 0.000 0.555 1.010
21.7 28.1 .... 68.0 90.7 23.1	 3.94 11.18 0.189 0.017 0.000 0.555 1.010
21.5 27.9 ."- 66.0 89.4 23.1	 3.87 11.14 0.189 0.016 0.000 0.555 1.010
21.5 27.7 ---- 68.2 91.2 23.1	 3.90 11.10 0.189 0.020 0.000 0.555 1.010
22.1 28.1 ---- 70.2 91.4 23.4	 3.99 11.16 0.189 0.020 0.000 0.555 1.010
22.4 28.8 --- 70.7 92.4 23.9	 3.99 11.40 0.189 0.016 0.000 0.555 1.010
22.6 28.8 -- 70.4 92.1 24.0	 3.93 11.43 0.189 0.016 0.000 0.555 1.010
22.8 28.8 --- 70.4 92.7 24.2	 3.97 11.42 0.189 0.018 0.000 0.555 1.010
22.7 28.7 -- 71.4 92.8 24.3	 4.05 11.35 0.189 0.018 0.000 0.555 1.010
23.2 29.0 -- 70.4 92.1 24.5	 4.00 11.49 0.187 0.018 0.000 0.555 1.010
23.1 29.1 ...- 70.8 92.7 24.6	 4.06 11.51 0.188 0.016 0.000 0.555 1.010
23.0 29.0 -- 69.5 91.4 24.4	 4.03 11.49 0.189 0.015 0.000 0.561 0.997
23.2 29.2 ...- 70.6 92.6 24.5	 3.97 11.67 0.189 0.015 0.000 0.555 0.997
23.2 29.4 -- 70.7 93.4 24.7	 3.92 11.65 0.189 0.015 0.000 0.555 0.997
23.3 29.3 -- 69.8 93.2 24.7	 3.97 11.59 0.189 0.018 0.000 0.555 0.997
23.5 29.3 ---- 70.8 92.9 25.0	 4.06 11.53 0.187 0.018 0.000 0.555 1.000

date
14/11/88 .

24.8 32.5 0,MOM 80.4 108.1 26.3	 3.44 12.48 0.177 0.021 0.000 0.568 1.010
25.6 30.6 ''.. 77.8 99.1 27.0	 3.89 12.00 0.183 0.020 0.000 0.568 1.010
25.5 30.9 OMMS 75.1 96.6 26.9	 4.40 12.11 0.189 0.015 0.000 0.568 1.010
25.0 31.0 MMOM 73.8 96.4 26.3	 4.33 12.25 0.189 0.014 0.000 0.568 1.010
24.4 30.7 .M04.1 73.6 96.0 25.7	 4.26 12.19 0.189 0.017 0.000 0.568 1.010
24.1 30.9 =Ma= 73.9 96.3 25.7	 4.19 12.20 0.189 0.018 0.000 0.568 1.010
24.5 31.4 75.2 97.4 26.0	 4.16 12.34 0.188 0.019 0.000 0.568 1.010
25.4
26.7

31.8
32.7

OPMM.

aU.O.

76.7
79.0

98.5
99.4

26.9	 4.22
28.1	 4.34

12.52
12.85

0.189
0.186

0.018
0.018

0.000
0.000

0.568
0.568

1.010
1.010

23.6 29.8 M.OM 68.4 89.7 25.2	 4.08 11.77 0.183 0.018 0.000 0.568 1.010
21.3
19.7

27.9
26.3 mi.mm

66.4
63.2

87.8
85.0

22.8	 3.80
21.3	 3.63

11.11
10.62

0.180
0.180

0.018
0.018

0.000
0.000

0.568
0.561

0.990
1.000

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
1,



337

date
15/11/88

time Ti 12 13 T4 15 16 17 18 19 T10 111 112

12:31:50 97.3 122.2 70.3 47.8 38.2 30.1 106.3 -1.7 -1.3 -0.3 21.0 -0.7
12:46:47 96.4 121.9 70.8 47.5 39.5 30.2 105.9 -0.8 -0.4 0.6 21.1 0.0
13:01:10 96.7 121.3 70.9 49.3 39.8 30.7 106.2 -0.3 -0.5 0.7 22.4 0.3
13:15:35 96.2 118.7 69.5 48.0 38.8 30.2 106.2 -0.5 -0.1 0.9 21.5 0.5
13:30:25 95.2 116.5 68.3 48.3 39.2 29.7 105.2 -0.5 -0.1 0.9 21.8 0.7
13:45:58 95.7 119.7 68.4 48.3 39.1 30.0 105.3 -0.4 -0.2 0.8 21.7 0.6
14:00:58 96.5 122.1 69.7 49.2 39.7 30.3 105.9 -0.6 0.0 1.0 23.3 0.4
14:15:49 96.6 120.6 69.3 48.5 40.1 30.4 105.9 -0.4 0.0 0.8 21.7 1.0
14:30:52 96.3 119.5 67.6 47.9 39.1 29.8 105.3 -1.2 -0.6 0.2 21.1 1.0
14:45:59 95.1 119.5 67.2 48.3 38.7 28.9 105.0 -1.2 -0.8 0.2 22.1 0.2
15:00:31 94.8 118.6 66.7 47.7 38.1 28.7 104.6 -1.4 -1.0 0.0 21.3 0.2
15:15:30 96.4 121.9 68.0 46.9 38.3 29.1 106.3 -1.8 -1.6 -0.6 22.3 -0.4
15:30:20 96.4 122.4 69.4 48.2 39.4 29.2 105.8 -1.1 -1.1 -0.1 23.8 -0.3

date
16/11/88

12:45:25 90.0 117.6 59.2 42.8 34.2 23.8 100.3 -5.8 -5.0 -2.3 20.7 1.3
13:00:10 89.8 118.3 61.8 43.4 34.4 24.7 100.6 4.3 -4.3 -2.5 20.8 -3.9
13:15:34 90.4 115.5 61.8 44.5 34.7 25.5 101.1 -4.1 -3.5 -2.3 21.2 -2.7
13:30:53 89.6 114.7 60.4 43.9 34.3 25.4 100.0 -4.4 -3.8 -2.8 21.1 -3.0
13:48:48 89.9 113.1 60.6 44.2 35.4 26.1 99.8 -4.4 -4.2 -2.6 21.3 0.6
14:01:42 89.7 . 114.9 60.6 44.2 35.2 26.0 100.0 -4.0 -4.0 -2.6 21.3 -2.8
14:15:30 90.7 114.0 59.3 43.5 34.8 26.2 100.7 -3.8 -4.0 -2.8 21.5 0.0
14:31:31 91.2 115.4 61.7 44.2 35.6 26.3 101.0 -3.6 -3.6 -2.4 22.2 -2.0
14:45:47 91.8 115.7 62.2 45.2 36.6 27.0 101.8 -3.2 -2.8 -2.0 22.5 -1.4
15:00:16 91.7 110.9 60.7 43.9 36.5 27.4 101.1 -3.1 -2.7 -1.7 22.8 -0.5
15:15:44 91.0 106.2 61.1 45.1 37.3 27.4 100.2 -2.5 -2.5 -1.5 22.4 0.5
15:30:17 91.4 106.4 60.8 46.5 37.9 27.9 100.5 -2.2 -1.8 -1.1 22.2 2.9

date
17/11/88

10:01:04 85.8 104.4 53.2 42.3 33.9 23.1 96.1 -6.3 -2.2 -2.2 17.2 12.4
10:33:43 85.9 103.4 56.0 42.2 34.0 24.9 95.8 -5.1 -4.5 -3.5 17.3 -2.3
10:46:07 85.4 103.1 55.5 42.1 34.0 24.8 95.5 -5.2 -4.8 -3.6 18.0 -3.0
11:00:10 85.7 103.2 55.2 42.2 33.6 24.7 95.8 -5.3 4.9 -3.7 18.7 -2.7
11:16:34 84.9 103.1 54.3 41.6 33.3 24.4 95.1 -6.2 -5.4 4.4 18.8 4.2
11:30:10 85.9 103.6 55.0 40.7 33.0 23.9 96.0 -6.4 -6.0 -4.9 19.3 -4.7
11:45:26 86.4 103.6 55.9 41.9 33.5 24.6 96.2 -6.4 -6.0 -5.0 20.1 4.4
12:00:17 85.8 103.1 57.0 41.8 33.9 25.0 95.5 -5.7 -5.7 -4.5 21.3 -4.0
12:15:16 85.7 103.0 56.1 41.6 34.1 25.1 95.4 -5.3 -5.1 -4.1 21.2 -2.7
12:30:23 86.3 103.1 56.2 43.0 34.8 25.3 96.0 -5.0 -4.6 -3.8 21.8 -1.5
12:45:44 86.6 103.4 56.9 43.0 34.5 25.5 96.3 4.5 4.3 -3.5 21.8 -1.1
13:00:19 86.0 102.4 56.3 43.1 35.4 25.8 95.5 -4.6 -4.2 -3.2 22.1 0.2
13:16:05 84.9 102.2 53.8 41.9 34.5 25.0 94.4 -5.2 -4.6 -3.4 22.1 0.8
13:30:19 85.8 102.9 54.0 42.1 33.7 --- 95.1 -5.6 -4.8 -4.0 22.5 0.8
13:45:12 85.1 102.3 54.0 41.9 33.9 24.4 94.9 -5.8 -5.4 -4.2 22.5 0.4
14:00:18 83.9 102.4 52.1 41.0 32.5 23.6 94.2 -6.4 -5.8 -4.8 22.9 -0.8

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
15/11/88

113 114 115 116 117 118	 119 120 121 122 123 124 125

48.7 68.6 92.8 24.9 27.8 73.5	 73.7 38.3 4.1 30.8 -0.5 -1.2 25.5
49.0 67.8 92.3 25.4 28.5 72.5	 72.9 38.9 19.2 31.8 0.8 -0.2 26.0
49.5 68.7 92.8 25.7 29.0 73.2	 73.8 39.3 27.0 32.0 0.8 -0.4 26.4
49.5 69.5 92.3 25.5 28.6 73.4	 74.2 39.5 28.7 31.4 1.0 0.0 26.2
49.7 68.8 91.3 25.1 28.4 72.4	 73.4 39.4 29.5 31.1 1.3 0.3 25.7
49.6 68.9 91.6 25.4 28.5 73.1	 73.6 39.2 19.7 31.2 0.7 -0.1 25.9
50.2 69.2 92.4 26.2 29.3 73.7	 73.9 39.4 30.4 31.4 1.5 0.4 26.7
50.6 69.9 92.4 26.4 29.5 74.4	 74.6 40.0 16.4 31.7 1.1 0.3 27.1
50.2 70.1 91.8 25.4 28.5 74.4	 74.6 39.6 1.3 30.9 -0.1 -0.5 26.1
49.8 69.5 91.4 24.8 28.1 73.3	 73.8 39.2 2.5 30.2 0.1 -0.7 25.5
49.0 68.9 90.9 24.0 27.5 72.9	 73.5 38.8 0.7 29.8 -0.1 -0.9 24.7
50.4 70.6 92.2 24.4 27.7 74.2	 75.0 38.4 -0.3 30.2 -1.1 -1.5 24.9
50.7 70.4 92.5 25.5 28.4 74.3	 74.7 39.1 27.5 30.6 -0.2 -0.8 26.2

date
16/11/88

41.9 61.1 85.4 18.7 22.0 65.3	 65.7 33.7 -3.2 24.0 -0.3 -4.6 19.3
42.6 61.5 85.2 19.5 22.8 65.3	 65.8 34.0 17.5 25.9 -3.1 -4.1 20.1
43.7 63.0 85.7 20.4 23.5 66.5	 67.1 34.3 8.7 26.4 -2.1 -3.5 21.2
43.9 62.5 84.9 20.6 23.7 66.3	 66.7 34.5 -2.2 26.2 -3.0 -3.6 21.3
43.8 62.7 85.1 21.5 24.4 66.7	 67.4 35.0 0.1 27.3 -2.6 -4.0 22.1
44.1 62.7 85.3 21.5 24.4 66.7	 67.2 35.0 18.2 27.3 -2.6 -4.0 22.0
45.0 64.6 86.0 21.5 24.4 68.0	 68.6 35.4 -1.9 26.9 -3.1 -3.8 22.0
45.7 64.9 86.3 22.6 ---- 68.7	 69.3 35.6 24.5 27.4 -2.6 -3.5 23.1
47.0 65.9 87.7 23.1 26.2 69.5	 70.1 36.3 1.1 27.8 -1.7 -2.7 23.7
47.6 66.9 87.4 23.9 26.8 70.3	 70.9 36.9 -2.3 28.0 -2.3 -2.7 24.5
47.0 66.0 86.7 24.5 27.4 69.8	 70.2 37.5 25.9 28.4 -1.5 -2.3 25.1
48.0 67.2 87.5 25.0 27.7 70.6	 71.0 37.7 -0.4 28.7 -0.8 -1.4 25.6

date
17/11/88

41.4 58.4 81.9 22.5 62.0	 62.5 32.6 11.7 23.0 8.9 2.6 20.0
43.4 60.0 82.2 21.8 24.5 63.6	 63.7 34.1 24.6 25.6 -3.2 -4.2 22.3
43.1 59.6 81.7 21.5 24.4 62.9	 63.2 34.2 24.5 25.7 -3.5 -4.7 22.2
43.4 60.1 82.2 21.2 24.1 63.5	 63.9 34.1 -1.8 25.4 -3.8 -4.6 21.7
42.1 58.7 81.3 20.3 23.2 62.1	 62.7 33.5 -4.3 25.0 -4.7 -5.3 21.0
43.2 60.0 82.2 20.5 23.2 63.8	 64.1 33.4 -5.4 24.5 -5.6 -5.8 21.0
43.7 60.8 82.6 21.1 23.8 64.6	 64.8 33.6 -5.4 25.3 -5.6 -6.0 21.8
43.7 59.9 81.9 21.9 24.6 63.7	 63.9 34.0 4.5 25.7 -4.8 -5.4 22.5
43.9 60.1 81.8 22.2 24.9 63.9	 64.1 34.5 14.1 26.0 -4.2 -4.7 22.9
44.2 60.9 82.8 22.4 25.1 64.7	 65.1 34.8 -3.1 26.1 -3.7 -4.3 23.0
45.1 61.4 82.7 22.9 25.5 65.2	 65.4 34.9 12.8 26.2 -3.3 -3.9 23.5
44.6 61.0 82.3 23.3 26.0 64.8	 65.2 35.2 24.8 26.6 -2.8 -3.8 23.8
43.3 59.7 81.3 21.9 24.6 63.8	 63.8 35.0 7.3 25.8 -3.2 -4.2 22.7
43.7 61.0 81.5 21.5 24.2 64.6	 64.8 34.5 -3.2 25.6 -4.0 -4.5 22.1
43.1 59.8 81.3 21.3 24.0 64.0	 64.2 34.3 -2.6 25.4 -4.0 -5.2 21.9
42.1 59.1 80.2 20.1 22.9 62.7	 62.9 33.5 -4.3 24.3 -4.9 -5.5 20.8

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
15/11/88

126 127 128 729 130 T31 PEV	 PCO FSOL FREF FWRE FWCO FWA0

25.2 30.4 70.4 92.7 26.3 3.97	 11.93 0.186 0.019 0.000 0.568 1.010
25.6 30.4 71.0 92.5 26.7 4.11	 11.96 0.189 0.014 0.000 0.568 1.010
26.0 30.8 71.4 92.6 27.2 4.15	 12.06 0.189 0.015 0.000 0.568 1.010
25.8 30.6 69.3 92.0 26.9 4.20	 11.93 0.188 0.015 0.000 0.568 1.010
25.3 30.1 69.0 90.8 26.4 4.19	 11.80 0.189 0.015 0.000 0.568 1.010
25.5 30.2 ---- 68.5 91.6 26.7 4.16	 11.87 0.189 0.014 0.000 0.568 1.010
26.3 30.6 ---- 70.4 92.9 27.5 4.20	 11.94 0.189 0.015 0.000 0.568 1.010
26.5 30.8 ---- 70.6 92.7 27.7 4.20	 12.01 0.189 0.015 0.000 0.568 1.010
25.5 30.0 ---- 69.4 92.3 26.7 4.08	 11.82 0.189 0.013 0.000 0.568 1.010
24.9 29.2 ---- 68.5 91.0 26.1 4.07	 11.53 0.189 0.013 0.000 0.568 1.010
24.4 29.0 ---- 67.9 90.6 25.3 4.06	 11.35 0.189 0.013 0.000 0.568 1.010
24.5 29.2 ---- 68.5 92.1 25.7 3.95	 11.66 0.189 0.013 0.000 0.568 1.010
25.6 29.5 ---- 70.3 92.6 26.8 4.10	 11.70 0.189 0.014 0.000 0.568 1.010

date
16/11/88

18.9 24.6 56.2 85.0 20.1 3.36	 10.10 0.189 0.016 0.000 0.568 1.010
19.7 24.7 60.0 84.8 20.9 3.58	 10.25 0.189 0.017 0.000 0.568 1.010
20.6 25.5 60.7 84.2 21.8 3.65	 10.43 0.189 0.016 0.000 0.568 1.010
20.8 25.4 62.0 84.9 21.9 3.62	 10.34 0.189 0.016 0.000 0.568 1.010
21.7 26.1 61.7 84.3 22.6 3.61	 10.59 0.189 0.009 0.000 0.568 1.010
21.7 26.1 61.5 84.7 22.8 3.66	 10.57 0.189 0.013 0.000 0.568 1.010
21.6 26.1 60.9 85.6 22.8 3.64	 10.57 0.189 0.011 0.000 0.568 1.010
22.7 26.6 62.0 86.0 23.7 3.74	 10.71 0.189 0.012 0.000 0.568 1.010
23.2 27.2 63.2 87.2 24.1 3.80	 10.88 0.189 0.013 0.000 0.568 1.010
24.2 27.6 63.4 87.1 24.9 3.80	 11.06 0.126 0.009 0.000 0.568 1.010
24.7 27.6 64.0 87.1 25.5 3.88	 11.01 0.189 0.011 0.000 0.568 1.010
25.0 28.1 63.9 87.5 26.0 3.95	 11.25 0.189 0.009 0.000 0.568 1.010

date
17/11/88

19.8 23.9 51.6 81.6 20.6 3.36	 9.98 0.189 0.011 0.000 0.568 1.010
22.1 25.2 58.2 81.7 22.9 3.55	 10.21 0.189 0.0,3 P.M OJOS r.ata
21.8 25.1 58.7 81.6 22.6 3.52	 10.24 0.189 0.011 0.000 0.568 1.010
21.3 24.8 58.3 82.1 22.3 3.49	 10.10 0.189 0.011 0.000 0.568 1.010
20.6 24.5 57.2 81.0 21.6 3.39	 10.00 0.189 0.010 0.000 0.568 1.010
20.6 24.3 57.5 82.2 21.6 3.33	 9.97 0.189 0.010 0.000 0.568 1.010
21.5 24.8 58.5 83.0 22.2 3.38	 10.14 0.189 0.010 0.000 0.568 1.010
22.1 25.2 58.9 82.4 22.8 3.41	 10.23 0.189 0.009 0.000 0.568 1.010
22.5 25.4 59.1 81.9 23.3 3.52	 10.30 0.189 0.009 0.000 0.568 1.010
22.6 25.5 59.4 82.2 23.6 3.52	 10.39 0.189 0.009 0.000 0.568 1.010
23.1 25.6 59.9 83.5 23.9 3.61	 10.34 0.189 0.009 0.000 0.568 1.010
23.5 26.0 57.6 81.7 24.2 3.58	 10.44 0.189 0.009 0.000 0.568 1.010
22.3 25.2 55.5 80.0 23.1 3.52	 10.22 0.189 0.008 0.000 0.568 1.010
21.7 24.8 55.1 81.2 22.7 3.45	 10.17 0.189 0.009 0.000 0.568 1.010
21.5 24.6 54.9 80.4 22.3 3.42	 10.12 0.189 0.009 0.000 0.568 1.010
20.4 23.7 54.2 79.5 21.1 3.36	 9.80 0.189 0.009 0.000 0.568 1.010

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
18/11/88

time 11 12 13 T4 15 16 17 18 19 110 111 T12

10:15:24 79.4 101.2 41.9 35.6 29.8 15.4 90.6 -14.2 -7.4 -8.2 15.4 9.6
10:30:13 80.3 101.5 42.6 35.5 29.5 15.1 91.1 -15.1 -11.3 -11.3 16.1 8.3
10:45:32 79.5 100.9 41.6 34.1 29.3 15.3 90.3 -15.3 -14.9 -12.9 16.5 -7.5
11:00:29 78.5 101.1 42.4 33.9 27.9 15.5 89.8 -15.5 -15.1 -13.5 16.7 -13.9
11:16:12 78.1 101.0 42.3 33.7 27.7 16.0 89.7 -15.4 -15.0 -13.4 17.0 -13.8
11:31:22 77.6 101.5 41.2 32.8 27.7 16.5 89.8 -15.1 -14.9 -13.5 17.5 -13.7
11:45:21 77.5 101.7 41.1 33.0 28.0 16.7 89.2 -14.7 -14.5 -13.3 17.3 -13.5
12:00:14 78.2 102.1 42.8 33.0 28.0 17.5 90.4 -14.0 -14.0 -12.8 17.7 -13.0
12:15:54 76.2 101.6 40.9 32.9 27.8 17.8 89.7 -14.2 -14.0 -12.8 18.0 -12.6
12:30:23 77.6 102.0 41.4 32.5 27.3 17.6 89.9 -14.1 -14.1 -12.7 18.0 -13.1
12:45:38 77.1 101.7 41.6 32.6 27.4 18.1 90.0 -13.6 -13.8 -12.4 17.5 -12.8
13:00:40 77.4 102.2 42.3 31.9 27.1 18.2 90.1 -13.6 -13.4 -12.2 17.8 -12.2
13:16:10 78.4 101.9 43.4 33.6 26.4 18.9 90.9 -13.1 -13.1 -11.9 18.1 -10.3
13:30:24 74.9 101.1 40.6 33.1 26.0 18.0 88.6 -12.3 -12.3 -11.1 18.2 -11.7
13:45:42 78.3 101.7 41.3 34.4 25.9 19.1 90.8 -12.6 -12.6 -11.4 17.7 -9.0
14:00:15 77.8 101.5 42.2 34.5 26.0 18.2 90.5 -12.9 -12.5 -11.5 18.6 -10.3

date
21/11/88

11:15:50 108.8 132.6 86.2 44.4 33.9 28.1 116.7 -5.2 -5.4 -4.4 18.4 -4.8
11:30:26 109.7 133.3 82.2 44.3 35.1 28.8 116.5 -5.5 -5.5 -4.1 18.7 -5.5
11:45:09 102.7 132.3 81.7 42.5 35.2 28.8 114.5 -4.0 -4.2 -3.2 19.0 -3.8
12:00:42 104.6 133.8 84.0 41.8 35.2 28.9 116.0 -4.0 -4.2 -3.4 20.0 -3.8
12:16:10 104.0 132.5 84.3 42.0 34.5 28.3 115.3 -3.8 -4.0 -3.2 20.0 -3.2
12:31:07 105.3 132.3 84.3 42.3 32.5 28.1 115.8 -4.4 -4.2 -3.4 20.5 -3.6
12:46:08 109.8 133.6 81.3 45.6 35.8 29.1 116.0 -4.8 -4.8 -3.2 20.5 -4.6
13:00:23 104.7 133.0 82.2 43.8 35.6 28.8 114.8 -3.8 -3.8 -2.9 20.3 -3.4
13:15:24 105.2 133.6 83.8 44.1 34.9 28.2 115.7 -3.3 -3.3 -2.7 20.4 -2.9
13:30:31 106.2 132.8 83.7 42.7 33.8 28.2 115.6 -4.0 -3.6 -2.8 20.9 -3.0
13:45:30 109.8 133.4 84.0 46.0 36.0 28.9 117.1 -4.6 -4.4 -3.0 20.7 -4.0
14:00:15 104.3 133.1 82.9 44.3 37.0 29.1 114.4 -2.9 -2.9 -2.0 21.4 -2.5
14:16:06 105.2 133.6 83.6 44.3 35.9 28.7 115.7 -3.1 -3.1 -2.3 21.8 -2.5

date
22/11/88

11:01:38 94.3 114.6 66.2 32.8 28.8 21.4 99.3 -9.2 -9.0 -7.5 16.7 -9.0
11:15:22 96.0 116.3 68.7, 30.9 28.2 23.8 100.3 -7.6 -7.6 -6.4 17.5 -7.6
11:30:17 98.2 114.1 70.6 35.2 30.0 24.9 100.8 -6.6 -6.6 -5.4 18.0 -6.6
11:45:39 97.1 104.9 69.6 33.2 30.5 24.9 99.9 -6.2 -6.2 -5.0 18.5 -6.2
12:00:37 97.4 105.4 69.2 33.2 30.5 25.8 100.2 -5.7 -5.7 -4.7 19.2 -5.5
12:15:19 98.4 105.7 70.4 34.2 31.0 26.5 100.3 -5.0 -5.0 -4.0 19.7 -5.0
12:30:11 99.6 106.1 71.1 30.9 30.9 26.8 101.3 -4.7 -4.5 -3.7 20.2 -4.7
12:47:06 97.7 104.8 70.3 34.5 31.4 27.3 100.1 -4.4 -4.4 -3.4 20.7 -4.4
13:02:00 98.0 105.0 70.3 33.9 30.6 27.9 100.4 -4.1 -4.1 -3.3 21.2 -4.1
13:15:13 98.9 105.3 69.7 32.2 31.4 28.3 100.3 -4.2 -4.2 -3.2 21.3 -4.2
13:30:16 98.9 105.4 70.7 33.7 31.8 28.7 100.7 -3.9 -3.9 -2.9 21.7 -3.9
13:45:26 97.8 105.0 70.3 36.6 32.4 29.7 100.0 -3.6 -3.6 -2.6 22.3 -3.6
14:00:14 97.3 104.7 70.2 33.8 31.9 30.4 99.7 -2.8 -2.8 -2.0 22.4 -3.0
14:15:44 97.8 104.9 69.6 37.3 32.5 30.7 99.9 -2.7 -2.7 -1.7 22.6 -2.7
14:30:35 96.9 104.6 69.7 34.5 31.4 30.9 99.8 -2.3 -2.3 -1.3 22.5 -2.3

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
18/11/88

113 114 T15 116 117 118 119 120 121 T22 123 124 T25

34.8 51.8 76.0 13.5 16.2 53.7 54.3 29.6 -11.8 15.6 1.5 -1.5 14.2
35.1 52.3 77.1 13.8 16.3 54.4 55.0 29.6 -13.4 15.4 -1.6 -7.0 14.3
35.0 52.1 76.7 13.9 16.3 54.2 54.7 29.5 -14.3 15.7 -11.5 -14.7 14.3
34.7 51.3 75.7 13.7 16.3 53.2 53.6 28.7 -14.6 15.9 -14.6 -15.0 14.3
34.4 50.7 75.3 13.9 16.4 52.6 53.0 28.2 -181.5 16.1 -14.7 -14.9 14.4
34.1 50.4 75.0 13.9 16.3 51.9 52.7 27.8 11.3 16.8 -14.4 -14.8 14.6
34.0 50.2 74.3 13.8 16.1 52.0 52.3 27.9 -13.8 17.0 -14.0 -14.2 14.3
34.2 50.5 74.7 13.8 16.2 52.4 52.6 28.1 -13.4 17.8 -13.8 -14.0 14.3
34.0 49.9 73.8 13.7 16.2 51.4 52.0 27.7 -13.5 17.8 -13.5 -13.9 14.5
33.9 49.8 74.0 13.7 16.1 51.5 51.9 27.6 -13.4 18.1 -13.6 -13.8 14.4
33.8 49.7 73.7 13.8 16.3 51.2 51.8 27.5 -12.9 18.4 -13.5 -13.7 14.5
33.9 49.8 73.8 13.7 16.2 51.5 52.0 27.4 -12.9 18.7 -13.1 -13.3 14.4
34.5 50.8 74.8 14.0 16.7 52.9 53.7 27.3 -12.6 19.4 -12.8 -13.0 14.9
33.5 49.0 72.3 14.1 16.8 50.5 51.3 26.3 -11.8 18.5 -11.8 -12.0 14.8
34.4 50.5 74.5 14.0 16.6 53.3 53.9 26.2 -12.1 19.6 -12.3 -12.5 14.7
34.7 51.0 74.1 14.2 16.9 53.8 54.2 26.3 -12.2 18.5 -12.2 -12.2 14.8

date
21/11/88

37.1 64.2 103.4 17.0 19.9 78.3 79.1 34.2 10.2 30.4 -4.0 -5.2 18.2
36.5 62.2 102.8 17.7 20.4 76.6 77.9 33.9 -1.6 30.6 -4.2 -5.5 18.8
37.1 60.2 98.8 18.2 21.1 69.5 70.2 33.3 -1.6 31.0 -3.1 -4.1 19.2
37.7 62.9 100.5 18.6 21.3 73.5 73.6 34.1 5.0 31.2 -2.9 -3.9 19.6
38.9 64.6 100.0 18.8 21.3 75.2 75.2 34.3 20.0 30.7 -2.5 -3.5 19.8
38.7 68.8 101.3 19.0 21.7 79.3 79.5 34.7 18.8 30.3 -2.7 -3.9 20.0
38.7 65.2 103.1 19.0 21.9 78.5 79.8 35.1 -0.2 30.8 -3.2 -4.7 20.0
39.8 65.7 100.1 19.1 21.8 76.4 77.1 35.2 3.3 30.9 -2.0 -3.8 20.1
40.7 67.7 100.8 19.4 22.0 78.4 78.6 35.3 25.8 30.5 -2.1 -3.1 20.4
39.8 71.0 101.6 19.7 22.4 80.7 81.3 35.7 24.5 30.2 -2.5 -3.5 20.7
40.0 72.3 103.9 19.8 22.5 83.6 84.7 35.6 4.5 30.8 -2.6 -4.4 20.7
40.6 65.6 100.2 19.8 22.7 75.6 76.1 35.6 1.5 31.4 -1.4 -2.8 20.7
42.0 69.0 101.1 20.0 22.7 79.0 79.7 35.6 2.6 31.0 -2.0 -3.0 20.9

date
22/11/88

24.5 46.6 90.8 17.7 19.1 57.5 57.7 30.9 -7.6 21.2 -8.4 -9.0 18.5
25.3 47.4 90.6 18.7 19.9 59.4 59.4 30.1 -6.3 23.3 -7.3 -7.5 19.5
26.3 49.0 91.7 19.7 20.9 62.6 63.4 29.9 -4.7 24.7 -5.9 -6.5 20.4
27.3 49.9 93.2 ---- 21.6 64.3 64.9 30.5 -4.7 24.9 -5.7 -6.1 21.2
27.4 50.2 92.4 ---- 22.2 64.3 64.5 31.0 -4.2 25.5 -5.2 -5.6 21.7
27.9 50.5 91.9 21.1 22.4 64.9 65.3 31.2 -3.3 26.2 -4.5 -4.9 22.0
28.2 51.4 92.2 21.6 22.7 66.5 66.9 31.3 -3.2 26.7 -4.2 -4.4 22.2
28.7 51.7 93.1 21.9 23.1 66.1 66.3 32.0 -2.7 27.2 -3.9 -4.3 22.7
28.7 .51.5 93.1 21.9 23.1 66.5 66.3 32.2 -3.1 27.8 -3.9 -4.1 22.8
28.7 51.9 92.9 22.1 ---- 66.7 67.1 32.2 -2.7 28.2 -3.7 -3.9 22.7
29.1 52.1 93.3 22.3 ---- 66.9 67.1 32.4 -2.5 28.5 -3.5 -3.7 23.1
29.3 51.9 93.3 22.5 23.9 65.7 66.3 32.8 -1.8 29.3 -3.2 -3.3 23.3
29.0 51.5 92.1 22.4 23.6 65.9 65.9 32.5 -1.2 30.2 -2.4 -2.6 23.2
29.0 51.4 92.5 22.4 23.8 65.8 66.4 32.6 -0.7 30.5 -2.3 -2.7 23.2

29.1 51.4 92.2 22.7 23.9 65.8 65.6 32.6 -1.0 30.9 -1.9 -2.1 23.5

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
18/11/88

126 127 128 129 130 131	 PEV	 PCO FsoL FREF FWRE FWco FWAR

13.7 18.1 ...- 41.1 73.6 14.8	 2.36	 8.28 0.189 0.010 0.000 0.568 1.010
13.9 18.0 -- 42.3 74.7 14.9	 2.28	 8.30 0.189 0.010 0.000 0.568 1.010
14.0 17.7 --- 43.5 74.4 14.9	 2.27	 8.15 0.189 0.011 0.000 0.568 1.010
13.9 17.6 --- 43.1 73.8 14.9	 2.27	 8.20 0.189 0.011 0.000 0.568 1.020
14.0 17.9 --- 43.2 73.2 15.0	 2.30	 8.22 0.189 0.011 0.000 0.568 1,010
14.0 18.1 --- 40.3 70.7 15.2	 2.31	 8.32 0.189 0.011 0.000 0.568 1.020
13.9 18.0 -- 40.6 72.1 15.0	 2.35	 8.28 0.189 0.012 0.000 0.568 1.020
13.9 18.6 -- 40,8 72.3 15.1	 2.42	 8.44 0.189 0.011 0.000 0.568 1.020
13.9 18.6 -- 39.7 69.1 15.1	 2.40	 8.36 0.189 0.011 0.000 0.568 1.010
14.0 18.5 --- 40.3 70.7 15.2	 2.40	 8.41 0.189 0.011 0.000 0.568 1.020
13.9 18.8 -- 40.0 69.7 15.3	 2.44	 8.47 0.189 0.012 0.000 0.568 1.010
14.0 18.9 --- 40.5 70.3 15.2	 2.49	 8.46 0.189 0.012 0.000 0.568 1.020
14.3 19.2 -- 40.6 70.4 15.7	 2.55	 8.62 0.189 0.012 0.000 0.568 1.020
14.4 18.1 -- 40.5 68.7 15.6	 2.64	 8.21 0.189 0.011 0.000. 0.568 1.020
14.2 18.8 --- 40.5 71.1 15.3	 2.60	 8.46 0.189 0.010 0.000 0.568 1.020
14.5 18.4 .... 41.9 72.7 15.4	 2.57	 8.44 CI AE19 C!..CAO 0.000 0.)1)11 1.020

date
21/11/88

17.2 28.2 ...- 77.3 101.8 19.5	 3.35	 11.20 0.126 0.029 0.000 0.568 1.010
18.0 28.5 -- 76.7 99.8 20.2	 3.28	 11.42 0.189 0.025 0.000 0.568 1.010
18.4 28.3 ---- 77.1 96.7 20.6	 3.49	 11.50 0.126 0.022 0.000 0.568 1.010
18.8 28.7 ---- 77.4 99.3 21.0	 3.50	 11.49 0.126 0.023 0.000 0.568 1.010
19.0 28.3 --- 78.2 98.9 21.2	 3.54	 11.27 0.126 0.024 0.000 0.568 1.010
19.2 28.5 --- 75.6 100.6 21.2	 3.52	 11.20 0.126 0.026 0.000 0.568 1.010
19.2 28.9 -- 75.5 100.5 21.3	 3.40	 11.47 0.126 0.025 0.000 0.568 1.010
19.3 28.6 -- 75.8 99.0 21.3	 3.59	 11.47 0.126 0.023 0.000 0.568 1.010
19.6 28.4 -- 77.7 100.0 21.6	 3.61	 11.13 0.126 0.025 0.000 0.568 1.010
19.9 28.6 --- 75.8 101.2 21.6	 3.61	 11.16 0.126 0.025 0.000 0.568 1.010
19.9 29.2 -- 78.1 103.3 21.9	 3.45	 11.39 0.126 0.025 0.000 0.568 1.010
20.1 29.0 -- 77.2 98.8 22.1	 3.67	 11.63 0.126 0.020 0.000 0.568 1.010
20.2 28.7 .... 76.3 99.6 22.1	 3.64	 11.43 0.126 0.023 0.000 0.568 1.010

date
22(11188

17.9 25.1 .... 65.3 89.8 19.5	 2.90	 10.34 0.063 0.019 0.000 0.568 1.010
18.9 26.8 --- 65.6 91.9 20.6	 3.10	 10.97 0.063 0.020 0.000 0.568 1.010
19.9 28.2 ---- 67.5 93.9 21.6	 3.23	 11.36 0.063 0.019 0.000 0.568 1.010
20.6 28.3 --- 67.8 92.6 22.1	 3.30	 11.44 0.063 0.019 0.000 0.568 1.010
21.1 28.8 -- 66.6 92.5 22.6	 3.40	 11.60 0.063 0.020 0.000 0.568 1.010
21.4 29.1 --- 67.3 93.1 22.9	 3.45	 11.66 0.063 0.020 0.000 0.568 1.010
21.7 29.6 --.. 68.1 94.5 23.2	 3.52	 11.88 0.063 0.020 0.000 0.568 1.010
22.2 29.7 ..- 68.2 93.5 23.7	 3.54	 11.91 0.063 0.019 0.000 0.568 1.010
22.2 29.7 --- 67.9 93.4 23.7	 3.60	 11.90 0.063 0.018 0.000 0.568 1.010
22.3 29.7 ---- 67.7 93.7 23.7	 3.60	 11.90 0.063 0.018 0.000 0.568 1.010
22.5 30.1 --- 68.6 94.3 24.1	 3.61	 12.03 0.063 0.018 0.000 0.568 1.010
22.7 30.3 -- 68.4 93.3 24.3	 3.69	 12.02 0.063 0.020 0.000 0.568 1.010
22.6 30.4 --- 67.6 92.7 24.2	 3.77	 12.21 0.063 0.020 0.000 0.568 1.010
22.6 30.5 ---- 67.2 92.6 24.1	 3.82	 12.11 0.063 0.020 0.000 0.568 1.010
22.9 30.7 ---- 67.3 92.8 24.5	 3.89	 12.22 0.063 0.020 0.000 0.568 1.010

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
23/11/88

time Ti T2 13 14 TS 16 17 18 19 110 111 T12

11:14:56 104.1 122.9 79.3 35.3 33.0 30.7 106.1 -0.3 -0.3 0.7 20.4 -0.1
11:30:26 103.1 122.3 78.9 37.6 33.7 30.8 105.2 0.0 0.0 1.0 21.7 0.2
11:45:14 103.3 122.6 78.3 37.7 33.7 30.8 105.3 -0.1 0.1 1.1 22.6 0.1
12:00:12 103.9 122.3 79.0 40.3 34.0 30.9 105.4 -0.1 0.1 1.1 23.0 0.1
12:16:48 103.2 122.7 79.0 37.1 34.0 31.1 105.4 0.3 0.3 1.3 23.7 0.5
12:31:04 103.6 122.4 78.5 39.6 33.7 30.8 105.7 0.0 0.2 1.1 23.8 0.2
12:45:21 103.2 121.0 78.0 36.8 33.2 30.1 105.2 -0.4 -0.4 0.8 23.3 -0.2
13:00:13 104.9 121.8 78.0 38.0 33.0 29.9 106.0 -1.1 -0.9 0.3 23.9 -0.9
13:16:02 104.7 122.2 79.0 38.8 32.8 29.9 106.0 -1.7 -1.5 -0.1 24.7 -1.5
13:30:29 103.5 121.9 78.9 36.4 32.6 29.7 105.7 -2.0 -2.0 -0.8 24.7 -1.8
13:45:23 103.3 121.9 78.0 36.6 32.7 29.6 105.3 -2.2 -2.2 -0.8 25.2 -2.0
14:00:28 102.5 121.9 77.2 34.0 32.1 29.8 105.1 -1.8 -1.8 -0.6 25.9 -1.6
14:15:27 103.4 122.7 77.7 39.6 32.3 29.9 105.6 -1.9 -1.7 -0.5 26.1 ,-1.7
14:30:49 103.4 122.5 78.0 37.2 32.0 30.1 105.6 -1.5 -1.3 -0.3 26.0 -1.3

date
24/11/88

11:01:39 95.7 103.9 71.4 33.2 29.5 24.9 97.8 -1.7 -1.7 -0.6 14.9 -1.6
11:15:50 94.6 102.8 65.2 37.8 31.6 24.9 95.9 -2.9 -2.7 -1.2 14.6 -2.5
11:30:23 90.7 101.3 65.6 35.5 30.5 24.1 95.0 -4.7 -4.3 -3.1 14.8 -4.1
11:45:32 88.9 101.4 63.4 34.2 30.3 24.4 93.8 -5.6 -5.8 -4.2 14.8 -5.6
12:02:12 103.4 105.6 63.0 37.6 30.5 24.5 102.3 -7.7 -7.3 -5.7 15.2 -7.5
12:15:17 94.2 101.8 62.1 37.3 31.4 25.6 95.9 -7.8 -7.2 -5.8 15.1 -7.2
12:30:08 91.3 101.3 60.3 35.5 31.3 25.5 94.7 -7.5 -7.3 -6.1 15.4 -7.5
12:45:52 88.8 100.9 58.3 35.6 29.8 25.0 93.6 -7.6 -7.6 -6.4 14.9 -7.4
13:00:14 93.6 101.5 60.7 35.3 29.4 24.7 96.0 -9.0 -9.2 -7.6 15.0 -8.6
13:15:23 87.9 100.7 56.5 31.6 28.9 24.1 93.1 -9.1 -8.9 -7.7 15.3 -8.5
13:30:36 85.8 100.6 53.1 33.4 28.4 23.4 91.5 -8.8 -8.6 -7.6 15.0 -8.2
13:45:23 95.4 101.9 58.0 31.8 26.8 23.3 96.3 -9.3 -9.1 -7.9 16.3 -8.7
14:00:20 97.7 102.7 63.4 31.7 26.3 22.6 98.4 -10.4 -10.2 -9.0 16.6 -10.0
14:15:22 94.9 101.6 63.8 33.8 26.9 22.4 95.8 -12.0 -11.8 -10.2 16.4 -11.4
14:30:20 83.7 99.9 53.3 28.4 25.7 21.8 90.8 -12.2 -11.8 -10.8 16.7 -11.2

date
25/11/88

11:00:59 86.0 99.4 51.3 32.3 26.2 15.9 89.7 -15.1 -14.3 -12.5 14.9 -12.1
11:16:08 82.0 99.4 45.0 30.2 25.3 16.4 88.2 -15.6 -15.2 -13.4 16.6 -14.6
11:30:43 81.3 99.9 45.7 29.2 24.9 17.4 88.7 -15.4 -15.0 -13.6 17.8 -15.0
11:45:34 83.9 103.6 46.3 27.5 24.2 18.4 89.7 -14.6 -14.4 -13.2 17.6 -14.2
12:00:50 81.7 104.2 48.9 25.6 23.3 19.8 89.4 -12.7 -12.7 -11.9 17.8 -12.7
12:15:29 85.5 102.0 49.1 26.6 24.1 21.0 90.5 -11.7 -11.7 -10.7 18.6 -11.7
12:30:46 84.4 101.7 51.0 30.7 25.9 21.4 90.2 -11.2 -11.2 -10.1 18.9 -11.0
12:45:15 82.2 101.5 49.1 30.5 25.9 21.2 89.1 -10.4 -10.4 -9.4 19.1 -10.0
13:00:14 82.9 103.7 49.5 29.9 26.4 21.4 89.4 -9.7 -9.7 -8.7 20.0 -9.5
13:15:37 86.4 104.8 52.7 30.7 26.2 22.1 91.5 -9.5 -9.3 -8.3 20.4 -9.3
13:30:26 81.5 100.3 50.7 31.6 27.1 89.0 -8.9 -8.9 -8.0 20.0 -8.5
13:45:06 92.1 101.5 51.6 31.9 27.2 93.0 -10.0 -9.8 -8.4 21.0 -9.4
14:00:32 81.9 99.8 50.0 31.8 26.4 21.2 88.3 -10.3 -10.1 -8.9 21.0 -10.1
14:15:10 82.0 99.7 49.2 31.5 27.1 21.3 89.1 -11.0 -10.8 -9.6 21.6 -10.0
14:30:23 87.4 100.7 51.2 33.5 28.0 22.1 91.3 -11.5 -11.3 -9.9 21.6 -10.1

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
23/11/88

113 114 115 T16 117 118 119 120 121 T22 123 124 125

27.6 52.5 97.6 21.0 22.6 68.4 68.8 33.9 2.2 32.3 0.4 0.0 21.9
27.7 52.7 98.0 21.4 22.9 68.2 68.6 34.2 3.7 32.5 0.9 0.1 21.9
27.5 52.4 97.7 21.1 22.6 68.1 68.5 34.3 4.2 32.4 1.0 0.3 21.8
27.4 52.4 98.0 21.2 22.6 67.9 68.7 34.3 3.9 32.4 1.4 0.0 21.7
27.6 51.8 97.6 21.4 23.0 67.9 68.1 34.3 3.3 32.7 1.0 0.4 22.1
27.9 53.2 98.3 20.9 22.5 69.1 69.5 34.4 3.6 32.2 1.1 0.3 21.6
27.4 52.7 97.4 20.4 22.1 68.8 69.4 34.0 2.5 31.7 0.3 -0.3 20.9
26.8 52.3 97.6 20.0 21.8 69.4 70.0 33.6 1.5 31.3 -0.3 -0.9 20.7
26.6 51.6 98.4 20.0 21.6 68.5 69.0 33.2 1.7 31.5 -0.7 -1.5 20.7
27.2 52.7 98.5 20.0 21.7 69.2 69.4 33.2 0.7 31.3 -1.1 -1.9 20.6
27.1 51.9 97.7 20.2 21.9 67.8 68.4 33.3 0.6 31.2 -1.4 -2.0 20.6
27.1 51.5 97.7 20.3 21.9 67.2 67.6 33.5 0.6 31.4 -1.2 -1.6 20.9
26.9 51.0 97.7 20.1 21.8 67.5 67.9 33.3 1.3 31.5 -0.9 -1.6 20.7
26.6 50.8 98.0 20.2 22.0 67.5 67.9 33.0 0.9 31.7 -0.9 -1.3 20.8

date
24/11/88

23.9 49.5 83.6 17.3 18.6 62.4 62.2 29.7 3.4 26.5 -0.7 -1.7 17.7
23.9 49.3 86.1 17.7 19.2 63.3 63.9 30.7 3.0 26.1 -1.1 -2.7 17.9
24.5 50.8 87.9 17.9 19.5 64.5 63.5 30.9 24.0 25.3 -2.5 -4.2 18.1
25.3 49.0 86.3 18.3 19.7 60.7 60.9 31.0 18.8 25.6 -4.2 -5.8 18.8
26.8 56.5 88.9 19.5 ---- 73.4 73.2 31.3 -3.5 25.3 -6.5 -7.3 20.0
26.9 51.3 88.6 20.1 21.5 64.6 65.9 31.3 0.7 26.5 -5.6 -7.0 20.7
27.0 49.7 87.6 20.2 21.6 61.5 62.4 31.4 10.8 26.4 -5.9 -7.1 20.8
26.2 49.0 86.4 19.6 20.9 59.5 60.4 31.0 -3.0 25.7 -6.8 -7.6 20.3
26.3 51.0 88.3 19.1 20.5 63.7 64.9 30.3 -7.5 25.6 -8.5 -9.1 19.6
25.2 47.7 85.7 18.6 20.0 58.2 58.9 30.0 -6.4 24.8 -8.0 -8.8 19.4
24.4 45.7 82.6 18.1 19.5 55.4 56.2 29.5 -5.1 24.1 -7.4 -8.6 18.9
23.7 49.1 84.0 17.1 18.3 62.6 64.1 28.4 -8.1 24.1 -8.9 -9.1 17.7
23.6 50.7 86.7 16.2 17.6 67.0 67.4 27.5 -9.1 22.5 -9.9 -10.3 17.1
24.0 50.9 88.4 16.4 17.7 67.2 67.5 27.6 -10.1 22.3 -11.1 -11.7 17.3
22.8 44.3 82.5 16.1 17.5 54.4 54.2 27.1 -10.7 21.9 -11.5 -11.9 16.8

date
25/11/88

23.3 51.1 81.1 14.7 16.3 63.5 63.6 26.6 -13.3 16.1 -12.1 -14.1 15.1
22.2 47.1 79.4 14.8 16.0 58.3 57.3 26.3 -14.2 16.6 -14.2 -15.0 15.1
22.0 44.4 79.2 14.6 16.0 53.9 53.3 25.8 -13.9 17.2 -14.3 -14.9 15.1
21.3 42.7 78.1 14.7 15.8 52.0 51.8 25.2 -13.5 18.2 -13.9 -14.3 15.1
21.5 42.4 78.9 14.9 16.1 51.3 51.0 24.9 -11.8 19.9 -12.2 -12.6 15.2
22.0 44.1 78.9 15.1 16.3 55.4 55.4 24.7 -10.8 21.4 -11.2 -11.4 15.6
22.6 45.1 79.2 15.8 16.9 56.0 56.0 25.3 -9.6 22.0 -10.4 -11.0 16.0
22.6 44.1 79.0 16.0 17.3 54.1 54.3 26.3 -8.4 21.9 -9.2 -10.2 16.4
22.8 44.3 78.2 16.3 17.5 54.2 54.2 27.1 -7.2 22.0 -8.6 -9.4 16.6
23.7 47.0 80.6 16.7 17.9 58.8 58.6 27.2 -8.3 22.7 -8.7 -9.3 17.1
23.6 45.4 79.5 16.8 18.2 55.5 55.1 27.7 -6.3 22.3 -7.9 -8.7 17.4
24.1 48.9 81.1 17.0 18.3 62.2 63.2 27.8 -8.2 22.6 -9.0 -9.6 17.4
24.3 46.4 79.9 17.3 18.4 57.4 57.4 28.1 11.8 21.7 -9.1 -10.1 17.7
24.4 46.7 80.0 17.4 18.5 57.1 56.8 28.0 20.3 22.0- -8.8 -10.6 17.7
24.7 47.7 81.0 17.7 19.0 59.3 59.3 28.1 -7.5 22.7 -9.3 -10.9 18.1

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
23/11/88

726

21.3
21.5
21.4
21.3
21.7
21.2
20.7
20.3
20.3
20.2
20.4
20.5
20.3
20.4

17.3
17.7
18.1
18.4
19.7
20.3
20.4
19.7
19.2
18.8
18.5
17.1
16.5
16.5
16.5

14.9
15.1
14.9
14.9
15.2
15.4
15.8
16.2
16.4
16.7
17.1
17.2
17.5
17.6
17.9

727

30.6
30.8
30.5
30.6
30.8
30.5
30.0
29.6
29.8
29.5
29.5
29.6
29.8
29.9

24.7
24.5
24.2
24.2
24.5
25.5
25.2
24.8
24.7
23.8
23.4
23.1
22.3
22.1
21.5

18.4
18.2
19.0
19.6
20.3
20.9
21.1
21.1
21.1
22.0
21.5
22.0
21.2
21.2
22.1

728 729

75.1
75.1
74.3
75.2
74.8
74.1
74.4
74.0
75.3
75.2
74.6
73.8
74.0
74.5

65.6
63.4
62.3
61.7
62.2
62.7
58.6
54.9
56.7
53.6
50.1
53.7
60.6
63.7
56.4

53.2-
48.6
47.3
46.2
47.8
48.2
50.3
49.4
49.0
51.8
51.1
51.6
52.3
50.7
51.3

130

99.8
98.8
98.5
99.1
98.9
98.9
98.8
99.2
99.5
99.5
98.5
98.1
99.0
98.9

92.1
88.7
88.9
85.8
97.1
88.4
86.1
83.2
87.0
82.1
79.7
86.8
90.9
88.8
78.5

82.6
78.9
78.7
79.7
78.4
81.1
80.7
78.7
78.8
83.3
78.5
86.3
78.4
79.2
83.8

131	 PEV

23.1	 4.13
23.2	 4.20
23.1	 4.21
23.1	 4.20
23.5	 4.20
23.0	 4.17
22.4	 4.12
22.0	 4.01
22.0	 3.89
22.2	 3.87
22.1	 3.87
22.3	 3.93
22.0	 3.90
22.2	 3.96

date
24/11/88

18.9	 3.89
19.1	 3.73
19.3	 3.52
19.6	 3.38
21.0	 3.12
21.3	 3.14
21.4	 3.18
21.1	 3.17
20.6	 2.98
20.1	 2.99
19.7	 3.04
18.7	 2.96
18.0	 2.79
17.9	 2.59
17.6	 9.24

date
25/11/88

15.7	 2.31
15.7	 2.27
15.9	 2.31
15.9	 2.36
16.2	 2.56
16.6	 2.70
17.0	 2.73
17.2	 2.87
17.4	 2.94
17.9	 2.97
18.0	 3.01
18.1	 2.91
18.2	 2.85
18.3	 2.80
18.6	 2.73

PCO

12.03
12.11
12.15
12.19
12.31
12.13
11.88
11.77
11.89
11.75
11.77
11.80
11.85
11.97

10.13
10.11
9.99

10.07
10.04
10.43
10.40
10.01
10.16
9.89
9.76
9.72
9.48
9.41
0.00

8.31
8.24
8.47
8.66
8.87
9.05
9.12
9.07
9.14
9.36
9.23
9.27
9.05
9.02
9.35

FSOL

0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063

0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.014

0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063
0.063

FREF

0.023
0.023
0.023
0.023
0.023
0.023
0.023
0.022
0.022
0.022
0.022
0.022
0.022
0.022

0.021
0.019
0.020
0.016
0.015
0.013
0.013
0.012
0.015
0.015
0.015
0.015
0.014
0.014
0.000

0.011
0.011
0.011
0.012
0.015
0.014
0.014
0.014
0.014
0.014
0.014
0.014
0.011
0.012
0.013

FWRE

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.568

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

FWCO

0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568

0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
1.010

0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568
0.568

FWAB

1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010

1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010

1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010
1.010

Table A2.6 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

system at Cerro Prieto.
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date
6/10/88

time	 FGS

date
25/10/88

time	 FGS

date
1/11/88

time	 FGS

date
7/11/88

time	 FGS

13:00 62.4 12:30 39.8 10:30 55.8 11:30 31.2
13:30 52.9 13:00 29.8 11:00 55.4 12:00 33.5
14:00 51.7 13:30 35.3 11:30 51.7 12:30 33.2
14:30 52.3 14:00 37.2 12:00 52.6 13:00 32.9
15:00 52.0 14:30 37.1 12:30 49.7 13:30 33.2
15:30 46.9 13:00 50.1 14:00 34.9
16:00 47.5 26/10/88 13:30 48.6 14:30 33.1

15:00 39.6
7/10/88 10:00

10:30
34.3
35.1

2/11/88
W41‘;88

10:00 66.9 11:00 23.6 11:00 43.6
10:30 60.9 11:30 26.0 11:30 46.1 10:00 69.4
11:00 66.6 12:00 28.2 12:00 43.8 10:30 71.9
11:30 63.3 12:30 27.4 12:30 47.2 11:00 69.0
12:00 63.3 13:00 27.4 13:00 47.5 11:30 70.1
12:30 61.4 13:30 23.1 13:30 42.6 12:00 68.8
13:00 58.4 14:00 25.0 14:00 48.1 12:30 66.9
13:30 63.4 14:30 48.0 13:00 67.8
14:00 66.6 28/10/88 13:30 64.5

3/11/88 14:00 64.8
10/10/88 10:00	 60.2

10:30	 61.2 11:00	 49.4 11/11/88
11:30	 70.9 11:00	 64.5 11:30	 50.2
12:00	 72.7 11:30	 66.4 12:00	 43.7 10:00	 64.1
12:30	 67.0 12:00	 63.0 12:30	 41.7 10:30	 65.8
13:00	 68.5 12:30	 64.1 13:00	 44.1 11:00	 69.1
13:30	 68.4 13:00	 64.0 13:30	 45.4 11:30	 72.9
14:00	 68.1 13:30	 64.0 14:00	 45.3 12:00	 71.5

14:00	 63.7 14:30	 40.0 12:30	 71.5
24/10/88 13:00	 69.9

31/10/88 4/11/88 13:30	 70.7
11:30	 42.0 14:00	 69.1
12:00	 42.5 11:30	 58.6 10:30	 45.8
12:30	 42.0 12:00	 62.8 11:00	 46.9 14/11/88
13:00	 41.9 12:30	 44.4 11:30	 44.7
13:30	 42.3 13:00	 50.1 12:00	 43.5 10:30	 53.1
14:00	 39.9 13:30	 48.4 12:30	 43.7 11:00	 72.5

14:00	 46.4 13:00	 39.4 11:30	 75.4
14:30	 46.1 13:30	 37.2 12:00	 74.4
15:00	 45.4 14:00	 38.0 12:30	 73.6

14:30	 37.2 13:00	 69.7

Table A2.6	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

refrigerator at the Cerro Prieto geothermal field.
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date	 date	 date
15/11/88

time	 FGS

18/11/88

time	 FGS

24/11/88

time	 FGS

12:30 66.5 10:00 62.0 11:00 50.9
13:00 62.4 10:30 49.8 11:30 37.1
13:30 60.8 11:00 49.5 12:00 38.2
14:00 61.1 11:30 48.5 12:30 38.6
14:30 59.5 12:00 52.5 13:00 40.7
15:00 60.2 12:30 49.7 13:30 42.4
15:30 60.8 13:00 50.2 14:00 43.3

13:30 46.6 14:30 36.1
16/11/88 14:00 49.1

13:00 67.4 21/11/88
25/11/88

13:30 57.8 11:00 21.5
14:00 57.9 11:30 75.2 11:30 27.1
14:30 55.4 12:00 74.7 12:00 25.8
15:00 54.6 12:30 71.2 12:30 32.4
15:30 52.5 13:00 73.4 13:00 32.8

13:30 70.9 13:30 31.2

17/11/88 14:00 71.8 14:00 25.4
14:30 31.0

10:00
10:30

53.6
41.9

22/11/88

11:00 50.0 11:00 50.4
11:30 50.2 11:30 55.4
12:00 49.0 12:00 51.6
12:30 42.8 12:30 47.4
13:00 46.8 13:00 43.7
13:30 48.5 13:30 45.0
14:00 47.8 14:00 43.5

14:30 45.9

23/11/88

11:00 50.7
11:30 53.1
12:00 61.0
12:30 59.3
13:00 50.8
13:30 53.1
14:00 59.7
14:30 57.0

I

I
;

Table A2.6	 Raw experimental performance data for the operating
(continued) characteristics of the ammonia-water absorption

refrigerator at the Cerro Prieto geothermal field.
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