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Abstract—Effective mixing and rapid combustion is very o O o a
important to the flow field of combustion chamber in solid rocket r Y ; N
ramjet. The flow field of combustion chamber in solid rocket \_ | T 1%
ramjet was simulated based on finite rate chemical reaction [ ' '

model and infinite rate chemical reaction model .The result of
two kinds of chemical reaction model compared with the FIGURE I.STRUCTURE GRAPH IN THE COMBUSTION CHAMBER OF

experimental result. The result shows that the two kinds of SOLID ROCKET RAMJET.
chemical reaction model are feasible, and the calculated result is

reasonable. Calculation of the boundary condition is determined

according to the real working state of the engine. The
Keywords-solid rocket ramjet; combustion chamber; numerical simulation of engine work status to: under a certain altitude,

simulation; chemical reaction model the air in the inlet through three oblique shock wave and a
normal shock into the combustion chamber. The inlet and
I INTRODUCTION outlet boundary conditions as follows: total temperature was

Solid rocket ramjet can work normally under complex573 K in air inlet; The air flow was 0.3685 kg/s in every air
environment that is a key prob|em in engine deve]opmenﬂ_nlet. Gas flow aCCOfdlng to the air-fuel ratio of 12.6 . The gas
More additions which like aluminum and magnesium metaflow was 0.117 kg/s, total gas temperature was 1850 k.
components were currently used in solid rocket ramjefluminized propellant was chosen as the gas generator
propellant. With the metal content increasing in the propellanPropellant, gas components of lean oxygen were calculated by
combustion products will contain a large amount of unburne¢hermodynamic calculation program, and mass fraction of the
completely particles from the combustion chamfére heat components is more than 1% as gas entrance components in
influences in flow field was determined by whether particlessombustion chamber.
was fully mixed and completely burned with air or not.
Therefore gas mixture combustion with particles was analyzed
on different reaction rate of chemical reaction model. A. Finite Rate Reaction Model

Research on chemical reaction rate model, there have been Solid rocket ramjet gas is composed of multiple
many studies reportéd®, In this article, infinite and finite components, which in the process of flow with chemical
rate chemical reaction model which 20 components and 2®action between components. Aluminized composite
reaction was used in the process of combustion. The flow fielgropellant gas composition was very complicated, including
which contains three kinds of condensed particle wagore than 40 kinds of components, need to spend a lot of time
simulated in combustion chamber of solid rocket ramjet. Own the solution. For simplicity, 20 kinds of main components
the basis of the above discussion, the relate parameters wégre  calculated such as H, O, OH, ,H

Ml CHEMICAL REACTION MODEL

combustion in solid rocket ramjet was analyzed. H.0,C0,,CO,N,N,,CLLALAICILAICI 5, AIO,AIOCI,AIOH,HCI.
Main components and chemical reaction model are listed
1. PHYSICAL MODEL AND BOUNDARY CONDITIONS below:
A. Physical Model H+H+M<=>H+M, H+OH+M<=>HO + M,

Content of oxygen was 23% that in the oxidant propellant g 4 g + M <=> CQ + M, AICI + Cl + M <=> AICL + M
was used in gas generator. The burning gas fill into the ' '
combustion chamber is rich. Air through four 45 °inlet into the =~ CO + OH <=>CQ + H, HCIl+ OH <=>HO + CI,
combustion chamber was reacted with fuel gas. The form of ,, , Lioj<=> AICI+H. Al O + HCI <=> AIOCI + H
nozzle was single nozzle in the gas generator, the physical ' '
model that in this paper numerical simulation of solid rocket AICI + OH <=> AIOCI + H,AICI, + H <=> AICI + HCI,
ramjet was shown in figure 1. It take 1/4 part of the structure _ _ _
as a model to calculate because the structure is symmetrical ir{\Iz *M<=>N+N+ M,’AIOA|++OQ =>A0AO+CQ=>
2 ’

this paper.
Al + CO, => AIO+CO, Al + HO=> AIO+H,
2Mg+ O, => 2Mg0O, Mg+ CQ=>MgO+CO,
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Mg+ H,O0=>MgO+H,, Mg+ HCI <=> MgCl + H,

MyO + HXA <=> MyOXA +H 1)

B. Infinite Rate Reaction Model (PDF Model) o

Infinite rate reaction model is non premixed combustion FIGURE Iil. THE MASS FRACTION OF H20 AND CO2 ON THE TWO
p RATE REACTION

model, which is suitable for the fuel and oxidant respectively

from different entrance. That is to say, fuel and oxidant is not Exit parameters table can be seen in table 1. The pressure
mixture before burning, so it is called "non premixed”. Finitetemperature speed of Infinite rate model were higher than
rate chemical reaction model is not used in non premixefinite rate model, because chemical reaction was not sufficient
combustion calculation, but using the probability densityin the finite rate chemical reaction model, and it didn't full
function (PDF) to solute unknown variables which the uniformcombusted. So it lead to reduces specific impulse of solid
mixture concentration can be obtained. The source term whigcket ramjet ,we should adopted chemical reaction equation
generated or disappear was not calculated in the calculation.gnd mechanism which more reasonable and detail.

IV. PARTICLES COMBUSTION MODEL TABLE | .EXIT PARAMETERS VALUE TABLE.
Due to the low melting point and boiling point of - —

. . L . Exit pressure | V(m/s) | temperature | specific
magnesium, magnesium as gas to deal with in theory into the (pa) ® impulse
combustion chamber. Therefore only consider aluminum (N.S/kg)
particles and carbon particles in the combustion chamber. So Infinite | 70551 1227.77 1718.427 7158.3
particle combustion droplet evaporation model was ad8pted rate
When the mass and heat exchange between particles and the | finite | 55672 1145.59 1645.321 6444.4
continuous phase, the mass transfer equation was: rate

dTp dmp . .
Mplp—== hd (T.-T,) +?hfg +4,8,(6;-T,) (2) VI.  CONCLUSION

(1) Flow field is very complex, there were some vortex in

V. THERESULTS OFSIMULATION AND ANALYSIS the combustion chamber .

; (2) Compared with infinite rate reaction model, found that
A. FlowField X . S

i ) ) ) the basic flow field performance are the same, but the infinite

Flow field is very complex in combusion chamber, as;5te model of the pressure, temperature, more higher than

shown in figure 2. The results was calculated both Infinite angyite rate model. it may be that the finite rate under the
finite rate reaction model which there were eddies in the wholg,gition of chemical reaction was not sufficient, didn't get the
flow field in combusion chamber. Eddies which in the uppers, ;| combustion.
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