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Abstract: Zirconia (ZrO2) is found to be of great interest in the field of research of thermal 

barrier coatings (TBCs) particularly due to its low thermal conductivity. The present analysis 

in this paper reveals the simulation based analysis of application of yttria stabilized (partially 

8% by weight) zirconia coating applied over an AlSi (12% by weight) alloy using an 

intermediate bond coat of NiCrAlY. Heat penetration reduction effect was analyzed for 

different thicknesses of the top layer of zirconia with constant bond coat thickness. 

Simulation was also carried out to investigate a particular TBC set up for different operating 

temperatures. The results obtained clearly showed that this particular TBC could have 

significant effects in reducing heat loss through penetration from the hot media and 

increasing thermal efficiency of the high temperature engineering components, along with 

increase in the life of the components. 
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1. INTRODUCTION 

Increase in the thermal efficiency of the engineering devices, like internal combustion 

engines or gas turbines, is restricted due an important factor of heat loss from the hot 

working media. However, if this heat loss is reduced by applying a fine coating of a suitable 

material of extremely low thermal conductivity over the substrate material of piston in case 

of IC engines or blade in case of gas turbines, then penetration of heat from within the hot 

media into the substrate can be restricted to an appreciable extent which would directly 

result into a hike in the thermal efficiency of the system, decrease in the cooling load of 

system and increase in life of the substrate by lowering the temperatures within it. Such a 

coating of low thermal conductivity has been referred to as thermal barrier coating and 

worldwide, the researchers have been working in the development of suitable coating 

materials of such kind. Application of yttria (Y2O3) stabilized zirconia as TBC with a suitable 

metallic interlayer has proven to be effective in this context due to phase stability also [1]. 

In the present investigation, finite element modeling based simulation was carried out for a 

substrate material of AlSi (12% Si by weight) alloy overcoated with Y-PSZ layer (8% yttria by 

weight) and an intermediate bond coat of NiCrAlY, using commercial ANSYS code. The 

model was then simulated against some typical operating conditions so as to determine the 

transient temperatures within the substrate and compare the distribution with that 

obtained in case of transient thermal simulation of uncoated substrate. 

2. METHODOLOGY 

The part geometry considered for the analysis was a quarter part of a 5 mm thick and 80 

mm diameter cylindrical disc. This model was taken as an uncoated substrate. To analyze 

the effect of TBC, six other similar models were generated respectively with top flat layers of 

150, 300, 600, 900, 1200 and 1500 microns but all with an intermediate layer of constant 

thickness of 150 microns. The top layer, intermediate layer and 5 mm thick substrate in each 

coated model were assigned the thermal properties viz. isotropic thermal conductivity (k), 

density (ρ) and specific heat (c), of respectively 8Y-PSZ, NiCrAlY and AlSi (12% by weight) as 

stated in Table 1 [2-3]. The uncoated 5 mm thick model was assigned the material 

properties of AlSi (12% by weight) itself as substrate material. 
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Table 1: Typical values of properties of materials used as TBC, bond coat and substrate  

Material k (W/mK) ρ (kg/m3) c (J/kgK) 

8% Y2O3-ZrO2 1.05 5650 483 

NiCrAlY 95 8210 468 

AlSi (12 wt. %) 150 2660 977 

 

Fig. 1 shows typical meshing of a model coated with 300 microns thick 8Y-PSZ layer and 150 

microns thick NiCrAlY layer (referred to as 300/150 model). In the thermal analysis, thermal 

elements with eight nodes and of the type SOLID70 were used. 

 

Fig. 1: Meshing of the model 

The coated free surface was considered to be exposed to typical convection conditions of 

high temperature environment as 923 K and convection coefficient as 800 W/m2K while the 

free flat surface opposite to it was imposed convection conditions of 300 K and 1392 W/m2K 

[4-5]. Similar conditions were used for either flat surface of uncoated model. Furthermore, 

an initial uniform temperature of 300 K was assigned for each model under investigation. 

Finally, transient state analysis was performed for each model and the temperature 

distribution was observed after 5 seconds of thermal loading. Also, 300/150 model was 

tested for different operating temperatures of high temperature environment ranging from 

400 K to 1800 K with the intervals of 200 K keeping remaining conditions as such. 

3. RESULTS AND DISCUSSION 

Fig. 2 shows temperature distributions along the thickness between two flat free surfaces 

after 5 seconds of convection conditions exposure, for one uncoated model and six coated 

models. 
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(a) 

(b) (c) 

(d) (e) 

(f) (g) 

Fig. 2: Temperature distribution along thickness after 5s of thermal loading for (a) 

uncoated model; (b) 150/150 model; (c) 300/150 model; (d) 600/150 model; (e) 900/150 

model; (f) 1200/150 model; (g) 1500/150 model 
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Using the simulation results of Fig. 2, percentage increases in coating top surface 

temperature were evaluated as compared to uncoated model for different thicknesses of 

TBC and are plotted in Fig. 3.  

 

Fig. 3: Percentage increase in top surface temperature for different coating thicknesses 

after 5s of thermal loading 

It has been found that there is about 9.65% increase in top surface temperature by applying 

150/150 TBC set up. More thick coating causes further rise in top surface temperature and 

in case of 1500/150 coating set up, about 46.1% increase is observed in the top surface 

temperature as compared to the uncoated model. 

Fig. 4 shows temperature distribution for uncoated and 300/150 coated model after 5 

seconds of thermal loading for different operating temperatures from 400 K to 1800 K. The 

left side figure shows the results for uncoated model while right side model represents 

coated model results. 
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(b)       

 

(c)       
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(f)        

(g)        

(h)        

Fig. 4: Simulated temperature distribution along thickness after 5s of thermal loading at 

different operating temperatures (a) 400 K; (b) 600 K; (c) 800 K; (d) 1000 K; (e)  1200 K;  (f) 

1400 K; (g) 1600 K; (h) 1800 K ;(left side figure refers to uncoated model while right side 

figure refers to 300/150 coated model) 

The simulation results of Fig. 4 were used to evaluate percentage increase in top surface 

temperature for 300/150 coated model as compared to uncoated model for varying 

operating temperatures. The calculated results are plotted in Fig. 5 and show that same 

coating exhibits about 3.7% increase in top surface temperature at low working 

temperature of 400 K and the value increases to 31.3% at elevated operating temperature 

of 1800 K. 
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Fig. 5: Percentage increase in top surface temperature with 300/150 coated model for 

different operating temperatures after 5s of thermal loading 

4. CONCLUSION 

Finite element methodology based ANSYS simulation was performed to determine thermal 

behavior of 8Y-PSZ/NiCrAlY thermal barrier coating set up over AlSi alloy material. The 

coating was found to be highly effective in lowering down the temperatures within the 

substrate suggesting the appreciable reduction in the heat penetration into the substrate 

from the hot environment. It was found that for the same thickness of intermediate bond 

coat layer of NiCrAlY, a thicker Y-PSZ coating was even more effective than a thinner one in 

terms of heat loss reduction effect. Further, it was observed from the thermal simulation 

results that the same particular coating thickness behaves in a thermally better and 

effective manner at elevated operating temperatures and it is worth noting here in this 

context that the elevated operating temperatures are in fact desirable in the high 

temperature working devices like IC engines or gas turbines so as to increase thermal 

efficiency of the system. 
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