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Effects of momentum ratio and mixture ratio on
combustion efficiency in liquid rocket engine

J.S. Han" - S.J. Kim™ - S.G Kim" - Y. kim"

ABSTRACT

An experimental study was carried out, in order to set up the procedure for evaluation of
hot fire test, to investigate the effect of mixture on combustion performance and combustion
stability , and to determine the optimum design condition for designing the liquid rocket
engine. HNOs/Kerosene uni-element liquid rocket engine(thrust 24 lbf, chamber pressure
200psia) using impinging streams doublet injector was designed, and ground hot-fire test
was carried out.

To prevent or reduce the hard start during ignition period, two step ignition method was
used. This was accomplished by maintaining about 25% of the designed operating pressure
during transient period, then chamber pressure was built up to the designed operating
pressure. Maximum combustion efficiency was at O/F ratio 3.6, and combustion efficiency is
decreased with increasing momentum ratio.
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I, © Specific impulse
. Characteristic length

. - Chamber pressure

. Characteristic velocity

¢+ - Nozzle throat area
7. : Efficiency of C
¢  Standard deviation

D, Mean Pressure
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Table 1. Design Requirements and Design
Values of Liquid Rocket Engine

Thrust 24Ibf
(}';‘lrlgsrgl?g 200psia
Propellants Oxidizer Nitric Acid
Fuel Kerosene
Like Imming
Tyee Doublet
Fuel | 0.98mm
Orifice L/d 10
Fan spacing 20mm
Injector Inclination Angle 0 Degree
Impingement Angle 60 Degree
Impingement Distance Smm
Oxi. |4121g/s
Mass Flow Rate T 105
s . Oxi. |1818my/s
Injection Velocity o 1 85mrs
Momentum Ratio 838
Shape Cytindrical
Chamber Diameter 60mm
Length 195mm
Shape Conical
Expansion Half Angle 15 Degree
Contraction Half Angle 30 Degree
Nozzle Throat Diameter 8618mm
Exit Diarneter 1487mm
Length of Expansion 1216mm
Length of Contraction 45.54mm
Isp 2104s
c 1561 m/s
O/F Ratio 2%

Photo 1. Thrust Chamber
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Fig. 3 Signal showing thrust and pressure
during hot firing test

Photo. 2 Hot firing test
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Fig. 4 The effect of mixture ratio on C*
efficiency
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Fig. 5 The effect of momentum ratio on C’
efficiency
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