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Abstract: In order to study the effects of thermal barrier coating on service temperature and stress of tur-
bine blades, the first—stage turbine rotor blade of a gas turbine was taken as the research object. Utilizing numeri-
cal simulation method based on fluid—thermo—structure coupling, the characteristics of flow and heat transfer and
the variation of the blade stress response were compared and analyzed under different thickness of thermal barrier
coating. The temperature and stress analysis results were compared with the damages of the actual service blade
such as the spalling of the thermal barrier coating and crack initiation on the blade substrate. The results show
that the numerical simulation method can reveal the temperature and stress distribution characteristics of the tur-
bine blade in actual operation.The thermal barrier coating can effectively reduce the average temperature of the

blade substrate, but for the local high temperature area, if there are flaws in the air cooling design, the protective
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effect of thermal barrier coating is limited. Changes of thermal barrier coating thickness do not change the weak

position of blade stress. As the thickness increases, the stress in the dangerous part of the blade gradually de-

creases. For the research object of this paper, compared with bare blade, thermal barrier coating with a thickness

of 0.4mm can reduce the maximum equivalent stress in the high stress region of the blade by 30 to 60MPa.

Key words: Gas turbine; Turbine rotor blade; Thermal barrier coating; Fluid—thermo—structure cou-

pling; Temperature distribution; Thermal stress
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Fig. 2 Details of the inner cooling structure
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Fig.3 Computational model
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Table 1 Sutherland law parameters""!
Parameter Inlet gas Cooling air
S,/K 110.56 111.0
S,/K 110.56 194.0
e/ (Pa-s) 1.7894x107° 1.7160x107°
A/(W/(m-K)) 0.0261 0.0241
Cpu=a, T'+a,T"+a, T +a,T+a; (3)
Table 2 Specific heat capacity parameters
Parameter Inlet gas Cooling air
a, 1.18202x107" 1.43811x107"°
a, -5.62668x107 -6.74555x1077
a, 8.75313x10™* -1.05176x107°
a, -0.312364 -0.456092
as 1081.0 1076.8
MR AR HEER C L AT IR R B, BUE
1) 58 (31 72 W & 4 DZA 1T I HDCHEE IR LA i R A
AL AP REOL R 3,
Fig. 5 Details of blade surface mesh C,i=b, T*+b,T+b, (4)
A u=b, T*+b,T+b, (5)
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Fig. 6 Grid dependence of monitor point temperature
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Table 3 Specific heat capacity parameters

Parameter 'w“d A
b, 4.0535x107° -6.00x10™°
b, 4.5376x1072 2.43x1072
b, 451.66 1.868

PR TR 2 R B S N R RS 25 R
ARSCHCHR 1.70W/(m-K) , LA BUR 5050/ (kg K)o

MR 4 JE R B % R 8344ke/m’, VI ik R B
BT B AR A, YOG RN T iR
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Fig. 7 Coefficient of thermal expansion vs. temperature
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Table 4 Orthotropic elasticity parameters

T/°C E_,E_/MPa E /MPa s v, G, .G /MPa G _/MPa
20 1.796x10° 1.366x10° 0.361 0.496 1.070x10° 6.001x10"
100 1.731x10° 1.325%10° 0.363 0.506 1.060x10° 5.749%10"
200 1.662x10° 1.293x10° 0.365 0.512 1.050x10° 5.498x10"
300 1.604x10° 1.263%10° 0.368 0.516 1.040x10° 5.291x10"
400 1.541x10° 1.225%10° 0.372 0.522 1.030x10° 5.062x10"
500 1.496x10° 1.172x10° 0.376 0.529 1.015x10° 4.891x10*
600 1.445%10° 1.124x10° 0.381 0.535 9.750x10" 4.706x10"
700 1.373%x10° 1.076x10° 0.385 0.541 9.250x10* 4.455%10*
800 1.273%10° 1.024x10° 0.389 0.549 9.050x10* 4.108x10*
900 1.185%x10° 9.262x10* 0.407 0.560 8.900x10* 3.799x10*
1000 1.084x10° 8.424x10* 0.418 0.572 7.250x10* 3.448x10*
1100 1.040%x10° 8.000x10* 0.430 0.575 6.900x10* 3.300x10*
1200 1.020x10° 7.500x10* 0.450 0.578 6.700x10* 3.200%10*

Table 5 Boundary conditions

Parameter Value Parameter Value

Inlet total temperature/K T, Total temperature at cool air inlet 1/K 622.3

Inlet total pressure/MPa P Flow mass of cool air inlet 2/(kg/s) 0.01

Absolute inlet flow angle/(*) 15 Total temperature at cool air inlet 2/K 622.3

Outlet static pressure/MPa 0.709 Rotating speed/(r/min) 3000

Flow mass of cool air inlet 1/(kg/s) 0.2
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Fig. 8 Span distribution of inlet total pressure and total

temperature

Table 6 Computational cases

ID

Thickness of the thermal barrier co

ating/mm

TBC 0
TBC 1
TBC 2
TBC 3
TBC 4
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Fig. 9 Root mean square residual vs. time step
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Fig. 12 Distribution of relative Mach number in cooling

channel at different span
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(a) Pressure side

(b) Suction side

(¢) Trailing edge looking forward

Fig. 14 Streamlines emanating from film cooling holes
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Fig. 17 Surface temperature of case TBC 4 and actual blade appearance after long-time service
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Fig.23 Von Mises equivalent stress distribution of case TBC 4
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