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The Design and Hot-firing tests of a Water-cooled High
Pressure Sub-scale Combustor

Kwang-Jin Lee* - Jong-Gyu Kim** - ByoungJik Lim* - Kyubok Ahn* - Seonghyeon Seo** -
Yeoung-Min Han* + Hwan-Seok Choi*

ABSTRACT

A 3-tonf-class high pressure sub-scale combustor was designed and manufactured to study the
performance improvement of combustor. The combustor consists of a combustion chamber with film
cooling, thermal barrier coating and water cooling channels to prevent thermal demage of the hardware
and an injector head with 37 coaxial swirl injectors. Hotfiring tests were carried out at the design
point with varying flow rate for film cooling. The test result revealed that the increase of film cooling
flow rate decreases the combustion performance, but in the cases of similar film cooling flow rates, the

combustion performance is dependent on the mixture ratio of main injector excluding the film cooling

flow rate.
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Table 1. Design parameters of the water-cooled
sub—scale combustor

FE % | =9
A2t 700 | MPa
E3(©O/F) 244
AT A R 6.80 keg/s
GEEE 278 | kg/s
o 37 gAARaA)[3552] %
OJREANLET 1777 m/s
Az 47 128 | mm
=5547 55 | mm
CEE7eE 023 | MPa
23 A7 2.50 msec
“ZEAAS] axdgel | 84 | mm

27k 15°9] 9F¥xg2 AFsiglon
23 AL 123 mmo|t}. o] B9 47
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Fig. 1 Schematic of 1% film cooling ring (eft side)
and 2 film cooling ring (right side)
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Fig. 2 Injector head and combustion chamber of
the water-cooled sub-scale combustor

Fig. 3 Configuration of the water-cooled
sub-scale combustor
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Table 2. Mass flow rates of propellant and coolant

A % 7% | 945 0%
Test-Al 10.1 kg/s 12.1 kg/s
Test-A2 9.9 kg/s 12.4 kg/s
Test-A3 10.0 kg/s 12.1 kg/s
Test-Ad 9.9 kg/s 12.0 kg/s
Test-B1 9.7 kg/s 10.8 kg/s
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Fig. 4 Combustion chamber pressures in the hot-firing

tests
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Fig. 8 Variation of RMS of pressure fluctuation

in combustion chamber
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