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Time !
1.INTRODUCTION 4. ANSYS MESH AND THERMAL STRESS ANALYSIS j&
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Several studies have been communicated in recent years considering nano-coating protective layers for gas A three-dimensional model was created using the ANSYS static structural geometry modeller to represent a e 3%2&66 S Y e T
. . . . . . . . . . . . . i — f.fze- : i YA
turbine environments. They have generally shown that improved protection is achieved compared with steel sample under high temperature corrosion. A two-layered domain in (x,y,z) space is created with the . | 7.2811e-6 ] :
conventional thermal barrier coatings (TBCs) which are susceptible to various life limiting issues associated base layer representing the gas turbine blade substrate (AISI 304 super alloy) and the upper layer simulating u E :g;g;:g N Y
. . . . . . . o a a a a q o a q a a q a (1i1te 7 g 5
with their operating environment including erosion, corrosion, oxidation, sintering and foreign object the Alumina-Titanium oxide nano-coating, as shown below. Note the nano-coating completely engulfs the L | sames
damage (FOD) [1,2]. Nano-coatings engineered for high temperature applications have been investigated for substrate specimen. The fixture (cylindrical hole) is also shown in order to compare simulations with future s Ejéiﬁeg
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surface roughness and topography, residual stress, adherence, damage tolerance and resistance, tribological HVOF experiments. Below shows the front (top) and 3-D rendition of the model. The clamping is achieved via : 4.4554e-6 Min &
properties, lubrication, coefficient of friction and hot hardness. Motivated by these developments, in this the hole which penetrates the entire substrate and is filled with nano-material during the coating process.
presentation we describe recent finite element thermal stress simulations of nano-coated (Aluminium The nano coating thickness is 0.816 mm. The substrate sample dimensions are 10.98mm (depth), 20.76mm / i
Oxide/Titanium Oxide metallic nano-particle mix). The simulations demonstrate that largely due to the (length) and width (186mm). The boundary conditions imposed on all six faces of the coated model is a R AR R AR R
hlghet: tl.'nermal conductivity and smallt?r size o.f nano-p.artlcles, they.achle.ve improved l?onc.ilng |r.| coatings ther|?1:fll one due to the hot gas .at an ave.rage temperature of 1000 °C. The structural boundary condition is ' High thermal strain zone on central
and dissipate I:ne.a.t better than.conventlonal mu-:ro-c.oatlngs.. Greatfer integrity of.the coating is ach.leved.and the fixing hole where the model is constrained. ‘, section of top face- this is eliminated
Iowe:r susceptibility to corrosmrf gas penetration is obtained with .nano-coatmgs compared with micro- completely with nano-coating .
coatings. ANSYS Workbench version 19.1 [3] has been employed to simulate the thermal stress response of Na:?' 0 . " o T X
. . . q q . A . . coatin _ M i ;
nano-coatings. Extensive visualization of results is included. Important deductions on nano-coating : . —5000:'
a o o a c G i il 0005 :
performance are made. The study provides a useful compliment to experimental tests which are also being
conducted. . . . o . .
Equivalent strain -60:40 Alumina-Titanium oxide nano-coating versus
micro-coated titanium case
2. NANO-COATING PROPERTIES e o o ;
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Since a continuum-based finite element approach is adopted, molecular variations in nano-particle dynamics Hole for S = ) mmm -aucea @ = OUHET EALTE
in the coating cannot be simulated. Instead an average value of materials properties is adopted for a 60:40 % B . i
o . . i . . . . . . section . = ST ’,
titanium oxide (T'i0;) : aluminium oxide (Al,03) mix nano-coating (powder). The table below summarizes i i Hmm | 0.14155 Max
the key material properties (Young modulus, Poisson ratio, density and thermal conductivity) for the original —— ] — — W g}ﬁg
nano—powders and the composite nano-coating: mi ; | f | | g oaess
. . . I ‘ | 0.079288
Property Steel Titanium oxide Alumina Nano-coating The von M'Ses or eqUIvaIent Stress O'e (Output as SEQV) IS Computed as: _ | mﬁ - || 0.063722
Alumina-Titanium L o ’ 1 0.048157
(AISI 304 (nano-powder) (Aluminium oxide el 7\ | 1 0.032591
Oxide 60:40 mix . . . . . o. = Es¢ I ! £ 0017025
nano-powder) The equivalent stress is related to the equivalent strain &, through: e e il :
Superalloy) ‘ ‘ 0.0014595 Min
Poisson Ratio 028 029 0.33 0.314 . . ) . . .
N.B. In ANSYS workbench, the data is usually supplied as a mean value and this data is correctly used by ANSYS, if T is not { Dual hich d ) both - del
Density 7850kgim’ 4050Kkg/m? 3980 kg/m? 4008 kg/m’ only the definition temperature about which the data is supplied but also the reference temperature at which zero strains U V da ig YA zones at both extremities ,of moae
. . . .- N\ indicating greater susceptibility to thermal loading with
exist. Mesh independence was tested for. A default mesh of 140,000 elements was found to achieve grid independent results. : .
Thermal conductivity | 50W/mK 20W/imK 24WImK 9 BWIimK i ; i : . i . i . : . micro-coating
The nano-coating simulations are compared with micro-coated steel samples using a single Titanium thermal barrier coating oo SR X
layer also engulfing the sample with 1mm depth, performed in an earlier study [4]. i i) Ui — )
5,000 |
3. ANSYS THERMAL STRESS FORMULATION
In ANSYS to simulate coupled thermal stress analysis, the stresses are related to the strains as follows [3]: _ ) T Total deformation plot for 60:40 Alumina-Titanium oxide nano-coating versus micro-coated titanium case
Attt Significant suppression of stress is attained, indicating
Eilot e that nano-coating resists heat more effectively and
el {{f} = Stress Vector UllErllds leahts SR (L s TS mitigates the penetration of thermal gradient through
‘: H} - | [}] { E } , L ) ks the titania-alumina coating to the steel substrate. 5 - CO N C LU SI O N S
D] = Elastic or elastic stiffness matrix it
. . e
{ﬁ'} = Elastic strain vector PN — In all cases the nano-coating is found to provide superior thermal protection to the steel substrate (AlISI 304 super alloy).
(€} _ Total strain vector T84k 35645 Max High stress zones are completely eliminated with nano-coating whereas they are prevalent with titanium micro-coating.
' il 19747 Although titanium oxide has excellent thermal resistance properties, the alumina nano-powder when mixed with titania,
{t-th]. — Thermal strain vector i 2170 ;: X T y A produces an inert performance which is and resistant to inter-diffusion and this leads to stability during exposure to
[ J [ J L — 2.9847 o TRy e AVl elevated temperatures for long periods of time, thus preserving the sharp interface and minimizing thermal stresses which
\ B A - nodl
. . . . W | 2.7914 g R o WL are necessary for good thermal barrier performance. The alumina material tends to form an amorphous structure when it
_ . | LA AR Tyt B / . . . . . . . .
For the 3-dimensional analysis, thermal strain vector takes the form: il | oo [‘: TR A - is deposited onto a substrate which is held at a relatively low temperature and in the alternative it tends to form a
(1 = thermal coefficient of expansion in the x direction (/K) i L1 24048 Ejfh crystalline structure when applied by a vapor deposition to a substrate held at a relatively high temperaturesubstrate.
] 1 el 22116 é Either case will result in a very resilient nano-coating which achieves excellent bonding to the super alloy substrate and
F ’ 4- . . . ) e @ . .
™) = AT L ay oy o, 0 0 UJ AT - T-Tem K) gmM E 2,018 ‘,3 prevents the penetration of hot gas since at the nanoscale cracks of micro-scale magnitude are mitigated. This is not
' i 1.825 Min g' possible in the micro-coating which flakes, permits heat penetration, has reduced integrity and eventually cracks. Alumina
: _ : : 7 being integral to the coating layer and in contact with the substrate has the desirable characteristic that since the native
The element integration point strains and stresses are computed by T = current temperature (K) , oxide which forms on the substrate due to oxidation of the substrate will be alumina, therefore having a nano-structured
combining the following two equations: AR AT CEa alumina layer in the coating adjacent to a naturally occurring alumina layer will probably provide the best coating
TRer = reference (strain - free) temperature R i o adherence as noted in [2]. Overall much lower stresses, strains and deformations are produced with nano-coatings
o ) ) compared with micro-coatings.
(ecl} = [B] {u] - (&™) 1€} = Strains High central stress zone leads to eventual spalling
V and de-lamination of the titanium coating. RE FE REN C ES
[B] = Strain — displacement matrix evaluated at integration point
Fourier heat [1] N.B. Dahotre and S. Nayak, Nanocoatings for engine application, Surface and Coatings Technology, 194, 58-67 (2005).
0 {u} = Nodal displacement vector . ’ 3 . . . . Lo .
o] = [D] {e%} conduction 0,000 10,000 rar) [2] C.G. Zhou and Q.H. Yu, Nanostructured thermal barrier coatings, Thermal Barrier Coatings, Woodhead Publishing Series
(™M} — Thermal strain vector assumed T a— in Metals and Surface Engineering, 75-96 (2011).
(o} A [3] ANSYS Theory Manual, ver 19.1, (Thermal stress analysis theory) Swanson Analysis Systems, Pittsburgh, USA (2018).
g = stress vector
[4] Ali Kadir and O. Anwar Bég, Thermal stress and computational fluid dynamics analysis of coatings for high-temperature
[D] = Elasticity matrix Equivalent stress - 60:40 Alumina-Titanium oxide nano-coating versus micro-coated titanium case corrosion, ICHTFM 2018: 20" International Conference on Heat Transfer and Fluid Mechanics, Istanbul, Turkey, August 16 —

17 (2018).




