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ABSTRACT

The heat transfer coefficient on the wall, which is used as a boundary condition in the thermal
analysis of general contract-divergent supersonic nozzles, affects the thermal analysis accuracy of
the entire nozzle. Accordingly, many methods of deriving a heat transfer coefficient have been
proposed. In this study, the accuracy of each method was compared. For this purpose, the heat
transfer coefficients were calculated through theoretical-based analogy methods, semi-empirical
equations, and CFD simulations for the previously performed heat transfer experiment with an
isothermal wall and compared with the experimental results. The results show that the
Prandtl-Taylor analogy methods and the CFD results with the k-w SST turbulence model were in
good agreement with the experimental results. Furthermore, the Modified Bartz empirical formula

showed an overall over-prediction tendency.
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Nomenclature
A : Nozzle cross section area
A : Nozzle cross section area at throat
C : Constant
G, : Specific heat at constant pressure
c : Characteristic velocity
D : Diameter of nozzle throat
b4 : Specific heat ratio
h : Heat transfer coefficient
k : Thermal conductivity of gas
K, : Temperature correction factor
m : Mass flow rate
M : Mach number
Y : Viscosity at stagnation condition
Nu : Nusselt number
P, : Pressure at chamber
Pr : Prandtl number
é] : Heat flux
Re : Reynolds number
Cr : Skin friction coefficient
7, : Curvature at nozzle throat
: Density of gas
: Velocity of gas
7, : Hot gas temperature at axis
T, : Adiabatic wall temperature
Ty, : Gas side wall temperature
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(b) Bartz equation with nozzle curvature correction
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Fig. 1 Nozzle configurations of Back’s test model[10].
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Fig. 3 Heat transfer coefficient with analogy methods.
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Fig. 8 Heat flux result according to turbulence model.
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