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ABSTRACT

A numerical study has been conducted on CO after burning and NO generation of the rocket plume
as the cooling water injected to the rocket plume. The present study shows that the cooling water has
a role of increasing the degree of CO after burning and reducing NO generation. However the effect
varies as the injection configuration of the cooling water. When the cooling water is injected at the
side of the plume, NO generation is dramatically reduced while the degree of CO after burning is
relatively low. When the cooling water is injected at the side and the center of the plume, CO after

burning is highly increased and NO generation is also dramatically reduced.

B
I

2 EF YAG BASI] Quses Adis AANEE 44 FYS IS 4549 W
A AN A7 A% FE AR YAsE 3 %
Ak e W25 B4 RAe) mel o mvke i

A8 AAe 27 AASAAT, Auses 7 °

[e>
= = <)
SHoNA FAO EAMsHE A AaidstE A oAt ddstea AdaE A FA

Key Words: KSLV-I(g+=r 3 ®ALA]), Liquid Rocket Engine(HAZA A3, After burning(©] X+ 4),
Flame Guiding Duct(3}99=2&), Discrete Phase Model(¢]4F 74 =)

.M B Az AP AL QR EEOl o 25T

e FFoRRE Muls By 93 39

fEzo @ WASE BAE AgAT B¢

Received 24 Apil 2015 / Revised 4 May 2015 / Accepted 8 May 2015 ;r .l . L:‘g R }] i }i} i
Copyright © The Korean Society of Propulsion Engineers AolA 7 Fl 75 F <lxle] A Al
pISSN 1226-6027 / eISSN 2288-4548 < Fig. 13 #o] ZdFEZ(Flame Guiding

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



40 Uy8 - Y

r

ro
02
ro
ro
y
I
>
OH
1o
on
i

Fig. 1 Flame guiding duct and flame deflector.
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Fig. 2 Mesh of nozzle and flame guiding duct.

Table 1. Boundary condition at nozzle inlet.

Press
ure

Tempe

Mass fraction
rature

H2
6 |0.0052
OH
0.0466

o1
0.0076
CcO
0.3235

02
0.0314
CcOo2
0.3286
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Table 2. Reaction mechanism k; = ATPe FIRT,

Reaction A I3 E/R
1 | H2+O2<=>0H+OH [1.700E13| 0.00|2.407E04
2 | OH+H2<=>H20+H [2.190E13| 0.00|2.590E03
3 | OH+OH<=>H20+0 |6.023E12| 0.00|5.500E02
4| O+H2<=>H+OH [1.800E10| 1.004.480E03
5| H+02<=>0+OH [1.220E17/-0.91|8.369E03
6 | O+H+M<=>0OH+M [1.000E16| 0.00|0.000E00
7 | O+O+M<=>02+M [2.550E18|-1.00|5.939E04
8 | H+H+M<=>H2+M [5.000E15| 0.00|0.000E00
9 | H+tOH+M=H20+M (8.400E21(-2.00|0.000E00
10| CO+OH<=>H+CO2 [4.000E12| 0.00/4.030E03
11| CO+02<=>C0O2+0O |[3.000E12| 0.00]2.500E04
12 |CO+O+M<=>CO2+M|6.000E13| 0.00/0.000E00
13| O+N2<=>N+NO [1.360E14| 0.00(3.775E04
14| N2+0O2=NO+NO [9.100E24{-2.50|6.460E04
15 NO+O=02+N 1.550E09| 1.00[1.945E04
16| NO+M=0O+N+M [2.270E17|-0.50|7.490E04
17| N+OH=NO+H  [4.000E13| 0.00/0.000E00
18| CO2+N=CO+NO [2.000E11|-0.504.000E03

M is third body collision parameter
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Fig. 4 Velocity magnitude of plume.
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Fig. 5 Temperature of plume.
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Fig. 6 H20 mass fraction of plume.
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Fig. 7 H20 at exit of flame guiding duct.
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Fig. 8 Temperature at exit of flame guiding duct.
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Fig. 9 CO, CO2 at exit of flame guiding duct.

Table 3. Species flow rate through the flame guiding

ductlkg/s].
V29 | co | co2 | NO
apor
Inlet of F.G.D. 73.7 481 | 1315 | 1.2
Badt of FGD 1775 | 255 | 1684 | 35
nly
Exit of F.G.D.
with side 1446 | 225 | 1713 | 2.0
injection
Exit of F.G.D.
with core/side | 180.2 | 9.6 | 1943 | 1.5
injection

Table 4. Rate of variation of species relative to the
flame guiding duct only[%).

H20 CcO CO2 NO
Vapor Redu | Incre | Redu
Increment | ction | ment | ction
| Side 12 127 |81 |661
injection
Core/Si
de 18 89.8 73.7 89.7
injection
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Fig. 11 Velocity at exit of flame guiding duct.

Fig. 10 NO at exit of flame guiding duct.
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