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Axisymmetric Thermal Analysis of
3D Regenerative Cooling System

Sung In Kim* -+ Seung O Park**

ABSTRACT

Axisymmetric numerical thermal analysis for a 3-dimensional regenerative cooling system in a rocket
engine is carried out. To predict the accurate heat transfer with the stiff temperature distribution,
several tests have been conducted for the grid size, the properties variation of the coolant and the
combustion gas depending on temperature. The axisymmetric heat flux model is defined using fin
efficiencies and is designed to be equivalent to the heat flux of the 3-dimensional coolant channel. For
comparison purposé, the 1-dimensional analysis using Bartz equation is also conducted. The
performance of the present model in predicting the cooling characteristics of a 3-dimensional
regenerative cooling system is compared with the 3-dimensional results of RTE(Rocket Thermal
Evaluation). It is found that the present method predicts much closer results to those of RTE code

than 1-dimensional analysis.
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Table 1. Descriptions of combustion chamber

parameter value
chamber diameter 340 mm
throat diameter 215 mm
exit diameter 645 mm
chamber length 316 mm
expansion angle 30 degree
exit angle 10 degree
expansion ratio 9
chamber pressure 41.4 bar
chamber temperature 3550 K
combustion liner thickness 0.001 m
mass flow rate of coolant 26 kg/s
channel height 0.004 m
coolant inlet temperature 300 K
C18200 conductivity 268.2 W/mK
C18200 density 8900 kg/m’
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Nomenclature

: local cross-sectional flow area
: half width of channel

: height of fin

: specific heat

"

: characteristic velocity
: diameter ‘
: gravitational constant
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h : enthalpy

h¢y : heat transfer coefficient of ()

k  : thermal conductivity

M :Mach number at edge of boundary

layer

m . fin performance factor, (2h/ kt)"?,
(h P/kA)

m : mass flow rate

Nu : Nusselt number, h()D/k

n :exponent of temperature dependence
of viscosity

P : perimeter

Pr : Prandtl number, nC,/k

p : pressure

g : heat flux
R : radius of curvature of nozzle throat
Re : Reynolds number,

y :radial coordinate

Sy @ Axisymmetric base area, 27R
T :temperature

t : time

x  : axial coordinate

: ratio of specific heat
7y fin efficiency

@ @ viscosity

o :variable properties correction factor,
Eq(3)

Subscript

0 : chamber or stagnation property
2d : 2-D axisymmetric

3d :3 dimensional

B : liner

C : coolant

g hot gas in combustion chamber
h  : hydraulic

t : nozzle throat

v : viscous term

w : wall condition
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