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Cooling Performance Analysis of a Sub-scale Calorimeter

Won Kook Cho* - Yoon Wan Moon**

ABSTRACT

A cooling performance analysis has been made in the 8-channel calorimeter based on sub-scale KSR-II
engine. Three-dimensional heat transfer analysis in cooling channels has been performed using the heat
flux distribution through the chamber wall predicted from axi-symmetric compressible flow inside the
combustion chamber. The heat flux distribution is verified against the published literature. Presented for
the development and operation of the calorimeter are the coolant pressure drop, coolant temperature rise
and the maximum chamber wall temperature. Required coolant flow rate is determined for given chamber
pressure. Cooling performance is also predicted for temperature dependant coolant properties.
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Fig. 1 Sketch of calorimeter
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Fig. 5 Temperature distribution on hot-gas side
wall of stainless for chamber pressure of
13 bar
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Fig. 6 Temperature distribution at y=0 plane
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Fig. 7 Temperature distribution on hot-gas side
wall of copper alloy for chamber
pressure of 13 bar
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Table 2. Heat transfer of a calorimeter with a
copper alloy liner for chamber pre-
ssure of 13 bar

chamber contraction throat nozzle.
m (kg/s) 0.5 0.5 1.0 0.5
uc (mfs) 3.7 6.9 10.7 2.6
Re 3700 7000 11000 2600

Ap (bar) 0.14 0.37 0.75 0.12
Trax (K) 511 455 484 542
T (K) 450 388 415 426

AT, (K) 20 11 9 15
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Fig. 8 Temperature distribution on hot-gas side
wall of copper alloy for chamber
pressure of 60 bar
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Fig. 9 Maximum temperature at throat vs.
Reynolds number of coolant flow
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Fig. 10 Temperature dependancy of material
properties of coolant
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