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ABSTRACT

In this study, the variation of the flow field in Hydro-reactive engine combustor was numerically studied
through 2-dimensional axisymmetric model with aluminum and heated water vapor. For calculating all velocity
fields, compressible Navier-Stokes equation was used with Pre-conditioning. AUSM+up(p) method was used
to exactly calculate mass flow in the control volume. As using SST model that is a turbulent model, the result
had high accuracy for free stream and the flow near the wall. The effects of the temperature, variation of the
flow field and distribution of chemical products on inject angle of heated water vapor were studied.
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Alphabets Greek Symbols
C : concentration € : turbulent dissipation
e : specific total internal energy x : turbulent kinetic energy
h : specific enthalpy o density
T, : regression rate 7 shear stress
A : temperature @ : vorticity
v, : supply velocity of aluminum gas
wv,w : bulk velocities in axial and Subscripts
vertical direction it i-th species
Y : species mass fraction [ : liquid phase
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Fig. 2. Pressure distribution in JPL nozzle.
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Fig. 3. Temperature distribution in combustion chamber.

0

Ao el AFS vegm F7|7F AshstH
| o3t Lxwsle}l 35t
AT} v wsie Fig 32
25 Uiz Adel AHEE
4 1.27 cmo]| 4] 0.045 m/so| a1, &
5.08 cmoj| 4] 0.0988 m/so|w Az}
01 x 612 A4ttt Fig. 404 7] i =
of gt sletFol R E AP E FX 34
e} vl W s AT 15].
e L L RE e PEE T EE
A3 oS $AEHE oF 4 ik ShAE 2Rt
A= RS T8 AlbolA= & A4
S 7HESHRARE A oA §ax9] sooto 2 Q15}o]
HHAALTE o] FRAIA] YA EALRIT} 3 A] 7]
o 2ol WAk g A s A w5719
2 SRS HO AT WSt Ao R AR X T
1A 2= BhgHol f3e FAE 2 gleng 3}

BE QAN a7k skl

P
>

ol do &l
rlo ol (o

_\Erlor

o @ b
4o 0 nx

>

i oL [ N E 2 oy x
Og‘.'. —

>
o]

3.2 1t
S CEL

Slsjoll ALGEl e AR Fig 59k 2 o] 0313
m, $0] 0045 m, =S Au|L 7.840]ch AR X
ol 2349 7Y et A AR dad 4
F WS emo] oo WYL 1, 2700 K2 A4

201

03 .

Radius [m]

Axial distance [m]
Fig. 5. Rocket motor nozzle mesh.

Table 1. Supply condition of single injector

Pressure (bar) 40
Temperature (K) 700
Mass flow rate (kg/s) 2.0
Nozzle radius (cm) 1.00
Inlet velocity 514.6
Mach No. 0.84

Table 2. Supply condition of co-axial injector

Center Co-axial
Pressure (bar) 40 40
Temperature (K) 700 700
Mass flow rate (kg/s) 1.00 1.00
Nozzle radius (cm) 0.71 0.71
Inlet velocity 514.7 514.0
Mach No. 0.84 0.84
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Fig. 4. Chemical species distribution along axial direction.



Hydro-Reactive 217219] A8HA| £AHZH o] w2 254 i A7

6]

Fig. 6. Injection location and angle of water vapor.
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Fig. 9. Temperature, flow field, and species distribution
of 45°, single injector.
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Fig. 11. Temperature, flow field, and species distribution
of 0-45°, co-axial injector.
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Table 3. Thrust and regression rate of each of cases
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X ™) (mmy/s)
Center | Co-axial
. 0 - 4235 8.370
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45 - 3747 8.131
0 4313 8.482
. 0 45 4132 8.434
Co-axial
45 0 4078 8.375
45 45 3810 8.193
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