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Experimental Study on Regenerative Cooling Characteristics
for Uni-element Injector Face during prolonged
Combustion Time
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Youngsung Ko* - Yoo Kim*™**

ABSTRACT

The purpose of this study is to propose a method for protecting injector face for prolonged
combustion time and heat flux measurement technique at the injector face. To obtain basic design data
and verify the performance of the proposed method, a regenerative cooling injector face was designed
and manufactured for the hot firing test. Due to the safety reason, hot fire test were performed 3, 10,
30, 60 and 120 seconds time step. The discrepancy between analytical results adapting to combustion
and nozzle and experimental results is believed due to the over estimation of the convection heat
transfer calculation. For the injector face, flow velocity is almost negligible, therefore radiation is more
important than convection. Consecutive hot firing test during 10, 30, 60 and 120 seconds combustion
time shows good repeatability.
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Fig. 2 Development procedure for Regenerative
Cooling Uni—element Injector
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Table 1. Specifications of the model LRE 4, Zn} 9 pE

Material SUs316 41 AN F7 AN2" AAS AT A
Shape swirl type A B2 Az" dAE 98 Fig 49 77
Injector Number lea S B3 Ealy] Woge dxdFS 4%, 4
coolant channel type st A STk BAZL A oA A dHE%T
Shape Gytinrical type BAA7 F48 5D He FF2A] o
Chamber Diameter 8118 mm Arr7ts & HELEd YA & duiex o
Length 18 mm 7AA L= $& AVSRATH. ol AF 2
Shape Conical type Fo} wms] B Azt A4 2 =E4M F=2
ol Diarmeter 31 o olgHole FEARIH Be Holg BYL &
Convergent angle 45 QlslRtt oly B FEF 2¥ EAbUY A
Divergent angle 15° BAl7) B 2oz i HZ ¥o] Hm 3
o] BA} cone ¢HE HAEH W ZHoF 9
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Fig. 3 Schematic of Cooling Channel
in the Injector Face

Table 2. Fire conditions of LRE

—

Chamber pressure 7bar
Fuel kerosene
Oxidizer liquid oxygeTm‘
Coolant water
Propellant mass flow rate 300 g/s
Mixture ratio 2.0
Pressure drop across the injector | 10 kgf/cm®

Fig. 4 Schematic of calculation

Table 3. Results of fire test

A8 dad ¥z g
" | O/F ratio| Pc[bara] | 5% A f#[kg/s]| Tin[C] | AP[barg] | ¥2A ##H[kg/s]| Tout[T]
10s test | 1.97 5.71 0.294 2422 3.68 0.609 27.15
30s test | 1.92 5.97 0.297 21.88 345 0.581 25.06
60s test| 1.99 591 0.296 25.73 3.88 0.623 28.79
120s test| 2.00 6.07 0.298 24.78 35 0.583 27.77
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Fig. 5 Difference of Temperatures between Inlet T
and Qutlet T concerned with other test
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Fig. 6 Heat Flux along with steady state Time
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Fig. 7 Injector Face after 120s fire test
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