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Thermal barrier coatings (TBCs) are applied blades, vanes, combustion chamber walls and exhaust 
nozzles in gas turbines in order to protect the metallic parts and to increase performance at high 
temperatures. In this present work, numerical steady-state exhaust nozzle heat transfer mechanisms 
were studied. Radiation to the external surface of coating and conduction to the coating and superalloy 
nozzle were modeled. The effective heat transfer coefficient was simulated. This analysis includes the 
CFD model of gas, coating and metal parts.   
 

INTRODUCTION 
 
Thermal conductivity plays an important role in heat transfer processes in gas turbines because of high 
turbine temperatures. The last generation hot path components of gas turbines like combustion 
chambers, transition pieces, turbine blades and vanes, exhaust nozzles are protected against hot gases 
by ceramic thermal barrier coatings. These coatings can drastically reduce the temperature by 100-300 
°C of the internally cooled metallic materials, depending on coating thickness, materials, deposition 
technique, and pore structure [Cernuschi et al. 2004]. In current industry standard for thermal barrier 
coatings (TBCs) in metallic parts of gas turbines are yttria-stabilized zirconia (YSZ), deposited either 
by plasma spraying or physical vapour deposition (PVD) [Altun and Boke 2008]. Plasma sprayed 
ceramics (Fig. 1), at present, offer the lowest thermal conductivities (0.8 – 1.1 W/mK) but at the 
expense of surface finish, strain tolerance and erosion resistance [Raghavan et al. 1998, Zhu et al. 
2001]. 
 

          
 
 

Fig. 1. A plasma sprayed TBC 
 
The main objective of the present paper is to predict the temperature behavior of the TBC and metal 
component of nozzle oriented CFD code. The behavior of the TBC and metal part will be discussed.  
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NUMERICAL METHOD 

 
The numerical analyses were conducted by using the commercial CFD code Fluent 6.1.22. Schematic 
illustration of the problem has been given in Fig. 2. The left and right boundaries of coating and metal 
substrate, lower and upper surface are taken symmetry boundary condition. Left and right boundaries of 
the gas region are taken constant temperature.  
 
In CFD analysis, fluid regions on thermal barrier coating has been defined as air and the following 
acceptance have been made. 
a) Steady-state conditions 
b) One-dimensional heat transfer by conduction through coating and metal substrate 
c) Emissitive value of the coating material is taken as 0.5 [Liebert 1978, Zhu et al. 1999]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Model and boundary condition of CFD analysis 
 
 
There is radiation from the hot gases to the coating surface, and conduction from the coating to the 
metal substrate. The energy balance, 
                                                                          ( ) ( ) 0=′′−′′ radcon qq                                                                (1) 
 
Fluent 6.1.22 solves the heat and mass transfer problems by finite difference method based on control 
volume approach. This program solves the Eq. 1 for heat transfer in solid,  
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where ρ is density of solid, k is thermal conductivity, T is temperature and hd is enthalpy, 
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and q ′′  is the rate of energy generation per unit volume, ui is speed area. 
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The radiative transfer equation Eq. (4) is solved for a discrete number of finite solid angles, 
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The substrate material is steel and the TBC is composed of 8 YSZ (92 wt% ZrO2 and 8 wt% Y2O3 ). 
Polynomial expressions for thermal conductivity and specific heat for both substrate and TBC have 
been derived and taking into account for investigated temperature range: 
 

Steel thermal conductivity (W/mK): 
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8YSZ thermal conductivity (W/mK):  
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Air thermal conductivity (W/mK) [Incropera 1996]: 
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321 Stainless steel specific heat (J/kg K): 

Cp = 500 J/kg K 

8YSZ specific heat (J/kg K): 
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Air specific heat (J/kg K) [Incropera 1996]: 
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