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A Study for Rocket Exhaust Flow Cooling due to the Central Spray

Type Water Injection
Sun-Il Kang*, Jung-Won Nam**, Hwan-Il Huh**

Abstract

In this study, the cooling of rocket exhaust plume by sprayed water inside plume
were investigated as varying of sprayed water mass, location, and method using
computational fluid analysis. For Analyze rocket exhaust plume, a single species unreacted
analysis model based on the chemically frozen analysis was used and the discrete particle model
which was a kind of Euler-Lagrangian analysis model was used for simulate sprayed water
inside plume. It was confirmed that the temperature of plume was reduced without
cooling when water mass was two times of plume mass through analysis results.
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3.0 1800
814 Ax= KSLV-1 A 39feze &
A QAL =95 mlelxe Fe= ‘;‘ e
E}

Fig. 7914 W24 27}
of W Ad TR FARR/Re < 05) LE7

IN]
o
=]
]

1000

T R RS T R S LN |

0 1 |
0 2

Plume core — R / R e
Fig. 7 Static temperature distribution through cooling
water mass (overall)

&A% Fig. 79 A= dig

1.09 A (R/Re=1.0)0] EAst= A= H1
%] 9 9(T~2200~2300K)-> LM# FF ST
et a9 & WskE BA o3 gn ol W4
F7F Aa FH FAR TA}EM | HEow
7 3t B4 ¥4 94 FRY =2
EFoR 3 4 AH ol HFsA R
o

et A2 Fig. 89 A
Vo B} B TR A
Eof ul3) 1/29]
71]-r 3.001 M=
SR =

>

”

o
8,

m
Hﬁ
23]

E
2
(N
SRS

ne
2
g

> om
2
(3
o,

ofr

o

2 [d
-t

4y o> oo Romu pmoch fob

:?L,
1%
I3
X0 o
fr
fin}
o
0 M o
XNo—=
)
=

ot
Ho
H
i
=2
2
_%
e
w o2
)
fo o
=}
E)
o
oz M s 1 g

i

N o ot 2y

ox
=
>
=
o%
KN
4
il
M
>
o
2
N
=
M
o
u

Korea Aerospace Research Institute - 167



At Ak FF AW olFo] 4 5 YET
e WAT AT L% wr AW F

4000 (= —&— W/O Water Injection
HEEE8sEg —o— Mass Ratio 1.5

— —&— Mass Ration 2.0

é —v— Mass Ratio 3.0

[0)) 3000

2

o

8 2000 |

S

[}

|_

6 1000

°

'_

o ) | ) | )
0 1 2 3
Plume core ——p» R / R e
Fig. 8 Total temperature distribution
through cooling water mass
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Fig. 9 Water mass fraction distribution
through cooling water mass
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Fig. 10 Static temperature distribution
through cooling water spray location
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Fig. 11 Total temperature distribution
through cooling water spray location
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Fig. 12 Water mass fraction distribution
through cooling water spray location
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Table 2 Momentum between plume and cooling
water(mass ratio 1.5)

i T4 Momentum
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Fig. 13 Cooling water spray configuration in basic
injection at M.R. 1.5"
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HAL g2
'3H &1 = Zj ]' LG
mw/p
Plume Only N. A
Direct 0.5
Mixed Swirl, - 1.5
Inner Swirl 0.5
M. R. 15 (total)
Quter Swirl 0.5
Mixed Swirl Direct 0.5 20
ixed Swirl, - .
I Swirl 0.7
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Direct 0.5
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Fig. 15 Static temperature distribution
through cooling water mass in mixed injections
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Fig.16 Static temperature comparison
between Basic injection and mixed injection at M.R. 3.0
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Fig. 17 Total temperature comparison
between basic injection and mixed injection at M.R. 3.0
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Fig. 18 Water Mass fraction comparison
between basic injection and mixed injection at M.R. 3.0
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