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Experimental Investigation of the LRE Thrust Chamber
Regenerative Cooling.

Kye-seung Park*, Yoo-Kim** and Tae-han Kim***

ABSTRACT

This paper describes a general design procedure of regenerative cooling system for liquid
rocket engine(LRE). From this design logic, cooling channels are designed and fabricated. The
measured heat flux from firing test is similar to the heat flux predicted by design logic.
Therefore, proposed design procedure of cooling channel can be applied to real LRE system. Also
the result of firing test indicates that soot from combustion products have strong influence on the
cooling characteristics of LRE.
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A; Emission of chamber wall at Tug Qeonv  Convective heat flux [W/mz]
8w Thickness of wall q:  Radiative heat flux [W/m’]
¢, Emission of combustios gas T, Temperature of combustion gas [K]
Ewer Effective emission of wall Twg Temperature of gas side wall [K]
Av Heat conductivity of wall [W/mK} Twi Temperature of coolant side wall [K]
hy Convective heat transfer coefficient of gas [W/mZK] Ti Temperature of coolant [K]
h, Convective heat transfer coefficient of coolant [W/mzK] Tae  Saturation temperature of coolant [K]
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Fig. 1 Temperature gradients in cooled rocket
thrust chamber. Given temperature
values are typical.
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Fig. 2 Design flow of cooling system

Thrust 250 kgf
Chamber pressure 300 psia
Fuel kerosene
Oxidizer liquid oxygen
Coolant water
Propellant mass flow rate 700 g/s
Mixture ratio 2.385
Pressure drop across the injector | 10 kgffcm’
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Table 2. Specifications of the model LRE

Material SUS-316
. Shape switl type
Injector Number 7 ea
Shape Cylindrical type
Diameter 70 mm
Length 200 mm
Number of cooling channel 40 ea
Shape Conical type
Diameter 28 mm
Convergent angle 50°
Nozzle Divergent angle 30°
o Convergent T2 e
ling chamel Throat 36 ea
o0 Divergent 72 ea
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Fig. 3 Arrangement of 7 injectors.
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Fig. 4 Schematic of iniector head
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Fig. 6 Nozzle with channel
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Fig. 9 Pressure loss of cooling passage in nozzle

Table 3. Condition of cooling channel

Pressure Drop Mass Flow Rate
(kggem®) (kg/s)
Chamber 1 1.97
Nozzle 6.5 2.58
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Fig. 10 Test resuit of hot firing test
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Fig. 11 Outlet temperature distribution of coolant
in chamber
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Fig. 12 Temperature comparison of measured
value with prediction in chamber
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Fig. 13 The wall temperature of gas side and
coolant temperature in chamber
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Table 4. Hot test result of LRE

Chamber | Mixture
. Propellant Mass
pressure Ratio
2 Flow Rate (gfs)
(kgffem’) | (OfF)
No Soot 17.1 2.875 620
Soot 17.2 2.03 728
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