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ABSTRACT

In this study, two computational methodologies were compared to consider an effective conjugate heat transfer analysis
technique for the cooled vane with thermal barrier coating. The first one is the physical modeling method of the TBC layer
on the vane surface, which means solid volume of the TBC on the vane surface. The second one is the numerical modeling
method of the TBC layer by putting the heat resistance interface condition on the surface between the fluid and solid domains,
which means no physical layer on the vane surface. For those two methodologies, conjugate heat transfer analyses were
conducted for the cooled vane with TBC layer having various thickness from 0.1 mm to 0.3 mm. Static pressure distributions
for two cases show quite similar patterns in the overall region while the physical modeling shows quite a little difference around
the throat area. Thermal analyses indicated that the metal temperature distributions are quite similar for both methods. The
results show that the numerical modeling method can reduce the computational resources significantly and is quite suitable
method to evaluate the overall performance of TBC even though it does not reflect the exact geometry and flow field

characteristics on the vane surface.
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Table 1. Main flow boundary conditions

Location Variables

Total pressure = 243.5 [kPal

Inlet Total temperature = 808 [K]
Turbulent intensity = 8.3[%]
Outlet Static pressure = 180 [kPa]
Table 2. Coolant boundary conditions
Channel Mass Inlet Total Inlet Turbulence
Nuinnlr)ler Flow Rate Temperature Intensity
[kg/s] (K] (9]
1 0.167x10™" 3495 5
2 0.174x10™" 3510 5
3 0.148x10™ 3405 5
4 0.165x10™" 3430 5
5 0.175x10™" 3335 5
6 0.165x10™" 363.0 5
7 0.161x10™" 3415 5
8 0.550%10°2 365.0 5
9 0.349x102 3395 5
10 0.171x10°2 4195 5

Table 3. Material properties of ASTM 310 stainless steel

8030 [kg/m’]
ol 502 [J/kg-K]
0.00115T+9.9105 [W/m-K]

Density, p

Specific heat,

Thermal conductivity, &
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Table 4. Number of elements of the computational domain

= 195 —o— 12YSZ
;é o— 14YSZ No TBC/ | Physical Physical Physical
= —&— 16YSZ TBC .
> . Numerical TBC TBC TBC
Z 1.857 —— 18YSZ thickness
= —4— 20YSZ TBC 0.1 mm 0.2 mm 0.3 mm
‘E Main Flow 2.7 mil. 2.7 mil. 2.7 mil. 2.7 mil.
5 1.751
-:.;" Vane 1.4 mil. 1.4 mil. 1.4 mil. 1.4 mil.
= 4
,; 5% Coolant 3.1 mil. 3.1 mil. 3.1 mil 3.1 mil
E TBC - 18mil. | 14mil | 06mil
= 1554 Total 7.2 mil. 9.1 mil. 8.7 mil. 7.9 mil.
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Fig. 6. Normalized static pressure distributions at midspan
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Table 5. Average surface effectiveness
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