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Parametric Study on Heat Flux Characteristics of
a Sub-scale Calorimeter

Jonggyu Kim* - Kwangjin Lee* - Seonghyeon Seo* - Yeoungmin Han*
Hwanseok Choi - Wonkook Cho**

ABSTRACT

Effects of the changes of a film cooling mass flow rate and operating conditions on the heat flux
characteristics of the subscale calorimeter were studied. A film cooling ring with twelve orifices is
inserted between the injector head and the calorimeter. The calorimeter is composed of nineteen
cooling channels. When a mass flow rate of film cooling is 105 % of a main fuel mass flow rate,
maximum heat flux at the nozzle throat is decreased by 30% compared to that without film cooling.
In the OD3(off-design point) test result, maximum heat flux at the nozzle throat is increased by 31%
compared to that of the DP(design point) test when a film cooling flow rate is zero.
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Fig. 1 Photo of Injector Head

22 Film Cooling Ring
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Fig. 2 Film Cooling Ring

Fig. 3 Spray Pattern of Film Cooling Ring
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23 Calorimeter
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Fig. 5 Photo of the Calorimeter

24 Firing Test
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Fig. 6 Photo of the Firing Test
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Pressure of Engine Manifold and Chamber
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Fig. 7 Pressures of the Manifolds and Chamber
(DP, F.C= 0%)
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Fig. 8 Temp. of the Cooling Water (DP, F.C.= 0%)
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Temperature of the Calorimetric Chamber Wall
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Fig. 9 Temp. of the Chamber Wall (DP, F.C.= 0%)

Table 1 Result of the Calorimeter Firing Test

Ad z2A DP | DP | DP | DP | DP |OD3|OD3
sec. 4.0 | 200 | 10.0 | 10.0 | 10.0 | 10.0 | 10.0

P Lox Maniqoar) | 644 | 65.9 | 64.2 | 637 | 66.1 | 77.7 | 764
P Fuel Manipar) | 63.6 | 65.0 | 63.4 | 63.0 | 655 | 75.3 | 76.0
Pe(bany 531 | 544 | 529 | 525 | 545 | 62.3 | 61.5
O/F ratio 2.5 2.7 2.7 2.8 2.6 28 2.8
O/F ratio
(w/o E.C)
F.C(%) 105( 92 | 33 | 00 | 105101 | 0.0

G throatw/men | 159 | 17.8 | 221 | 240 | 17.7 | 255 | 31.5
ATwa (K) | 80 88 | 105 | 117 | 88 | 163 | 242

28 | 29 | 28 | 28 | 28 | 31 | 28

Calorimetric Chamber Heat Flux
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Fig. 10 Heat Flux of the Calorimeter (DP)
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Calorimetric Chamber Heat Flux
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Fig. 11 Heat Flux of the Calorimetric Chamber (OD3)

Film Cooling Percentage vs. Heat Flux
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Fig. 12 Film Cooling Amount Vs. Heat Flux
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