S Ee s 20119 % FAStEt 3 =3 pp.807~812 2011 KSPE Fall Conference

F ARG A&7 AEAFAA
A8 FFAE 2 AG A

Fuel-Side Cold-Flow Test and Pressure Drop Analysis
on Technology Demonstration Model of 75 ton-class
Regeneratively-Cooled Combustion Chamber

Kyubok Ahn*' - Jong-Gyu Kim* - Byoungjik Lim*
Munki Kim* -+ Donghyuk Kang* - Seong-Ku Kim* - Hwan-Seok Choi*

ABSTRACT

Fuel-side cold-flow tests were performed on the technology demonstration model of a 75
ton-class liquid rocket engine combustion chamber for the first stage of the Korea space launch
vehicle II. Pressure drop in the cooling channels of the combustion chamber was measured by
changing fuel mass flow rate through a pressure regulating system. Pressure drop in each
segment of the chamber could be obtained and a lot of pressure drop was caused by high flow
velocity in the nozzle throat segment. The accuracy of a hydraulic analysis method for calculating

a pressure loss in cooling channels could be verified by applying it to the cold-flow test

conditions.
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Fig. 1 Schematic of Combustion Chamber
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Fig. 3 Set-up of Combustion Chamber in Test
Stand

Fig. 4. Cross Section of Combustion Chamber

Table 1. Cold-Flow Test Condition

AEH T K1 K2 K3

AZA F% [kg/s] | 440 | 485 | 558
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Fig. 5 Pressure at K-1 Cold—Flow Test
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Fig. 6 Flow Rate at K-1 Cold-Flow Test
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Fig. 7 Pressure at K-3 Cold—Flow Test
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Fig. 8 Flow Rate at K-3 Cold-Flow Test



Table 2. Cold-Flow Test Results

Al s K1 K2 K3
P1 [bar] 168 | 199 | 258
P2 [bar] 149 | 176 | 228
P3 [bar] 131 | 155 | 201
P4 [bar] 85 99 | 128
P5 [bar] 7.9 92 | 119
P6 [bar] 6.6 7.7 9.9
P7 [bar] 5.4 6.3 8.2
P8 [bar] 1.0 1.0 1.0
AP (P1-P7) [bar] | 114 | 135 | 17.6
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Table 3. Pressure Loss Prediction for Cold-Flow Tests

A S K1 K2 K3

AP (stagnation
10.7 12.8 16.6
pressure loss) [bar]
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Table 4. Comparison

of Cold-Flow Test and Pressure Loss Prediction

K1(%) K2(%) K3(%)
o K1 K1 ) K2 K2 ) K3 K3 )
e e | [ e | e | S e | e |
A 9] Al 9] Al 9]
22 =& 4 [bar] 19 2.6 33.7 23 3.1 33.2 3.0 4.0 32.8
123} =Z% [bar] 1.8 1.5 -19.0 2.1 1.7 -16.0 2.7 2.2 -15.9
=S5 [bar] 5.2 4.4 -16.9 6.3 5.2 -17.4 8.3 6.8 -18.0
AATEE [bar] 24 1.8 -27.1 29 2.1 -26.7 3.7 2.7 -26.1
AA| AP [bar] 11.4 10.2 -10.8 13.5 121 -10.6 17.6 15.7 -10.7
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