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Analysis of Three Dimensional Liquid Ramjet Engine
with Spray and Combustion

D. H. Oh" - S. G. Lim" + C. H. Sohn™ - C. W. Lee™

ABSTRACT

Liquid ramjet combustor is closely connected with complex phenomena due to a series of
processes such as intake air, spray, mixing, and combustion. The present numerical
experiments were performed to investigate these flow characteristics for two and three
dimensional liquid ramjet combustor. Grid system was made with three domains: intake
region where air is supplied and fuel is injected, combustor and nozzle region, and exit
atmosphere region. The numerical results showed that two and three dimensional flow
patterns in recirculation region of combustor were significantly different each other and
spray model was necessary to predict correctly the chemical reaction flow characteristics.
Numerically examined for two different location of fuel injector, one is located on the bottom
position of curved intake and the other is located on the top position. We found that bottom
position of fuel injector is better than top position because fuel influx to the recirculation
region which is need to sustain chemical reaction is more than the latter.
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Fig. 1. Liquid fueled ramjet
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Table 1. Setting value of droplet size

Volume Mean Dia. 35e-5 m
Minimum Dia. 2.0e-5 m
Maximum Dia. 1.0e-4 m

Standard Deviation 10e-5 m
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(a) 2D Grid and Boundary condition

(b) 3D Grid and Boundary condition

Fig. 3. Grid and Boundary condition
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(a) Case 1

(b) Case 2

Fig. 4. Fuel injector positions
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(b) Velocity vector and streamline

Fig. 5. Flow characteristics of 2D ramjet
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{(b) Velocity vector of 3D

Fig. 6. Comparison of velocity vector at center
plane
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(b} Flow patterns in main stream
Fig. 7. Flow patterns of 3D combustor
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(b) Reaction with spray model

Fig. 8. Temperature distribution of 2D ramjet

Injection

(a) Case 1 with spray model
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(b) Case 2 with spray model

Fig. 9. Temperature distribution of 3D ramjet
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6. 712A

« ,v ,w : cartesian component of velocity
in X, y, z direction

k : turbulent Kinetic energy

& ! rate of turbulence dissipation

H : stagnation or total enthalpy

f : mixture fraction

Y, : mass fraction of i " species

ej ,ek . contravariant base vectors

J  : jacobian

I' : diffusion coefficient

o  density

A : pre-exponential constant

T, : activation temperature

F: mass fraction of droplet cloud

D : volume mean diameter of droplet cloud

¢ : standard deviation
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