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An Experimental-Analytical Calculation of Combustion Performance
of LOX/GH; Rocket with Coaxial Injectors

By Nobuyuki YATSUYANAGI, Akio SUZUKI, Hiromi GoMI
and Hiroshi SAKAMOTO

In a liquid propellant rocket combustion chamber, the local mass vaporization
and burning rates correspond to the axial pressure gradients reslting from the
momentum change. This paper gives a semi-analytical calculation of combustion
gas parameters and the characteristic velocity performance, based on the experi-
mental pressure distribution of LOX/GH. rocket combustion chambers with con-
stant cross-sectional areas and coaxial type injectors. The experimental conditions
were as follows. The thrust level was 300 kgf with a nominal chamber pressure
of 20 atm. The oxidant-fuel mixture ratios ranged from approximately 2 to 10.
The combustion chamber geometry varied in lengths from 11 to 26 cm and contrac-
tion ratios of 2.03, 3.41 and 4.46, with a constant nozzle throat area. The injector
has twelve coaxial elements with three replaceable faceplates having different
hydrogen port areas.

In the first part of the paper, vaporized mass, combustion gas temperature
and velocity distributions were calculated by means of measured pressure distri-
bution, then, in the second part, a semi-analytical method of calculating these
parameters and C* performances was described. The method assumes the equations
governing the spray formation and the process of droplet vaporization down to the
nozzle convergent portion, along with the coefficients which meet the measured
pressure distribution.

The comparison of calculated C* efficiencies with experimental values resulted
in a good agreement for a high contraction ratio chamber; however, for chambers
having lower contraction ratios, the calculation tended to provide lower values
than those observed, especially in the high mixture ratio range. This deviation
may be partly attributed to stagnation pressure loss due to combustion in the
nozzle, which was neglected in estimating experimental C* values.
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