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Comparative Study on the Effect of Turbulence Models for the

Numerical Analysis on Exhaust Plume of Oxidizer-Rich Preburner
Seong-Up Ha*, II-Yoon Moon**, Insang Moon**, Soo-Yong Lee****

Abstract

The oxidizer-rich preburner's combustion tests were fulfilled in the development process of
staged combustion cycle rocket engines. The exhaust plume from an oxidizer-rich preburner is
relatively transparent because combustion takes place in oxidizer rich state. During hot fire tests
a still and infrared images were captured to visualize the plume structure, temperature
distribution and so on. In addition, the exhaust plume was numerically investigated to figure out
the detailed characteristics. The combustion was not considered for the numerical modeling, but
the mixing of exhaust plume with circumstantial air was modeled by species transport model
with several turbulence models. The inner structure of plume was configured out by the
comparison of numerical results with experimental results, and the validity of applied numerical
models was verified.

hu

e
J

gadaAteld 2R Ao dsoz s #e ddar|e gE dnAPe] &
FE At s Hd dadhe S vay £ A FRE B UMy, A4
&7 daAd Foulede sde I AT 43 AAYE o 85kl E9sAe
B, o] T e e 2EEE S5 #FE F A W] 2F T7ES SA4S
F O Wg3] gotsr] st dfE FAA ] A FHEAY. dae LA G
o, wj7|7kasr FHETe EFL FeF £F XA ARSAL, AR gE dR &2
A2 FEate] s FAAT Al HE Hlugoers S5 WETEE

tlo oot
&
olN St
e
‘h‘ iy,
¥2,
32
T

7%= 2A (rocket), dAA27] (preburner), ¥l7] E& (exhaust plume), =Z (nozzle), &7 22

(turbulence model), 385 4~% 9 (species transport model)

A4Y(0149 29 59),  FAHYAA : 6¥ 4%, 23 : 62 26Y),  AA FHFL(2014d 7€ 1Y)
* WAL <l 21§ / haje@kari.re kr w A A /iymoon@karirekr  *** WALA A WY /insang@kari.re kr
ek AL 71 A / sylee@kari.re.kr

Korea Aerospace Research Institute + 63



LM B

W7 Eg0) B ATE R 2719 L
BE, 47 de) A}, wolzg TP uly] B
g AA9 B4 % ol T2 FAsol 4k
7l BEE A BAE B A9, 24
5o TR FHL wAH, WA SIAR)
A old@ EAS welstel FYsolol @t
=9 EE AL MY FHE AR AR

fu
gk
o
i)
< g

aole e Aoz EAs|. 28y =&
Bole 38t we wuS AlesE Ao ul

)
o ¢
Hsrin Weln U ol FAY FB|Y AT

o

lo,

1 rlo

o
=

o g5z Bostel AgATHE 83
2
gk

o oo )
i

Bl g o

<,
&)

=
r o

-l b
=2
>
rir
=~
™
-

S
td
1

tu o

e =

rlo

A=)

N
N
fol
offl
i)
-

i
k=)
1
rlo
offl
i)
S
ox
N
2

1
e

—
(W
=i
H:] ol
e,
o
o
oo
ol
ol
2
i3
oo
B
r

!
>

= o

<l

g

ne
32
o
)
iz
Y
"0,

i}
i)
i

o
EE
(T ot
Hu
4 o o ot

f
olo

e
e

2,
E{o SY[E !

i)
TN

A=)
o
>
>
rot
iin)
K

AE Aoz A
A7l e da
A APz ot
(species transport model
¥ EFE FTY A4S dYstd, ol dad

sob /A .

* o
0
oo
Qﬂ.
ki

Y,

N

N

o

=

T

-\—'m?_l:
X

o
> = o

2Rl
N
ogh <=

X

32

e
to 2 g

o ox £
Bl (o o 8 5 A

-

o I ot
kRl
! ok

=g

2
T

B N
N

rir ot

>

=

N

N
re
X

G2
N
<

-

O
—

¥
-



A

LAY 0l | i IBS SRIBI0IMC| HRRE0 ME St Bl

(a) (b) (0 (d)
Fig. 2. Schematic of Preburner
(@) 1st Zone (b) 2nd Zone
(c) Turbulence Ring (d) Extended Nozzle

2.2 #Y dd# 3 Aq

7] E59 A4S gostr] g AEE &
3tz AxAg T Gk Aane Q3 A
IYE AL FFE YA, o] o=
e 7] 259 F2E Bo 4 A g9l
g AAh

a9 3@l Hole AXHA wj7|7tae Blag
T Bust g Holx e, ole 35
HkS-o] Aol R AL JgA o] Fo]Ho et
w717k F FE4s Yellle CN, CO, Ny,
NH; 5°] A9 §1a, dFE 0% &2%9 CO,
o} H,OZ o] FoA Q7] wZeltt.

FTH LEEXY AFAZLS e # 1
W e gy AIYTE AREEHAT 28y 4
3 AR E B g5 dHolHe F5TEE

Zol7] W&ot H
o hd A& &=
, °] ARZRH

280

Temperature(K)
(b)
Fig. 3 Still and Infrared Images

Table 1. Specification of Infrared Camera

Model VarioCAM Inspect 175

JENOPTIC
Spectral range (um) 75~ 14
Temperature 40 ~
measurement range (°C) 40 ~ 1200
Temperature resolution -
@ 30 °C 0.08 K ~ 0.05 K

+ 15K (0 ~ 100 °C);
+2 % (<0 and > 100 °C)

uncooled microbolometer
Focal Plane Array

50/60

Measurement accuracy

Detector

IR-frame rate (Hz)
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Fig. 4 Numerical analysis model
(1) Pressure inlet (2) Axis
(3) Pressure far field (4) Nozzle outlet

Fig. 5. Calculation Grid near Nozzle
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Table 2. Thermodynamic Properties by CEA
Calculation(Equilibrium)

Section Head Body Throat Exit
O/F ratio 15 60 60 60
Ae/At 7.84 16 1 16
P (bar) 200 200 107.29 0.96
T (K) 2178 614 524 177
p (kg/md) 35.06 125.01 78.65 215
Cp (KJ/kg-K) 1.425 1.302 1.002 0.908
k 1.228 1.337 1.351 1.382
Mach Number - - 1 3.953
Mole fractions
*C02 0.1419 0.0375 0.0375 0.0375
H20 0.1373 0.0365 0.0365 0.0000
*Q2 0.7183 0.9260 0.9260 0.9260
H20(cr) 0.0000 0.0000 0.0000 0.0365

34 B dAid YFol= pressure inlet
ZZ710.2 200 bar, 620 Ko ZAE FUth 99
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232 sl Az} Fig. 6 Pressure and Velocity Distribution
along Nozzle Exit Section
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Fig. 7 Density—gradient Image (RSM)
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Fig. 8 Results: (@) RKE (b) KWSST (c) RSM
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