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Design and Cold Flow test of a Multi-injector Engine
using Hydrogen Peroxide/Kerosene
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Kiwoo Kim* - junsu Jeon* - jinho Park* - Youngsung Ko** - Yoo Kim Sunjin Kim

ABSTRACT

A multi-injector rocket engine using high concentrated hydrogen peroxide and kerosene as the
oxidizer and fuel was designed and fabricated. Six coaxial swirl injectors were mounted on the mixing
head and flow analysis in the manifold was performed to minimize stagnation and recirculation zones.
Finally, uniformity of mass flow rate and spray pattern was evaluated by cold flow tests and the

mixing head design process was successfully verified the results.

g AxnE MUES F2E AA, A5
o o

, A=E o] A7

Key Words: Hydrogen Peroxide(H,0,, Z4t8l4=2), Kerosene(#H|Z4l), Bi-Propellant(©] ¥ FZ1A)),

Coaxial Swirl Injector(s 3 A3]3 £417]), Cold Flow Test(FF23)

.M = Z Q3] Hitsteats AR R nA ol

Agso] -3 Hydrazined} AMF3IdA 5o

DA A5 AsAse 24 ATEFe 2 AHEA g o§d 2AATE WA

Zastah. 18y Hydrazine® AMitslda A

L L g mE B7ed 3 & A APz A3
= Zyistn 297 s 3 = T

o Ot 7170 %85} Al e AasEaT g/

weee ) okrf|Shw AmbolA gha) s} o ASAIEA AR Ha o Ed s

AgA A}, E-mail: ysko5@cnu.ac.kr 29 kgAol A MAET IFEE HAiksS



v o]

P Q1A e A7)

1] Z
of AF A t5e] AAEE A Wol

B] L
Y Aol HoluAy BAz|wel

ksl

Al

HBrtslea /AR

=
L

Aol A

£

i

yad

H%Ulﬁ

|

4

2%

v

MM = o | < %
N _ ~ ]
o] © d‘LﬂlwAL _z_lwl‘%_/_uMnZ‘_Hf
g o Mﬁ&o% ﬂ,ﬂ%aﬂ%i N i
LR R %O o ey o X o W fh . INgloy
o = o N — X o+ o & N o
= o A Moo X f L R
LT g o mg B P = o] A =L
L, ~ " Ho B oo Nk Cule!
o o — 1]:_._ ey W ﬂoozﬁo\.rivr.ﬂ
_ 1+ X mH .ALO#Mﬂ < k] jUL
L0y & I E M 3 W= ®
R g BRI R ! £ i s T
Ho gy o W g ) ™ ) Ho w o T X ook~
1__/l o ‘l._)riﬂﬂ = = HEZLMﬂL_o A
B oy mpdnﬂ] oy o > X N i 0
W o B aﬁ.ozoﬂae% . S m u N
o NN o g S \ 5 s L
o o Esth N r - i © of o =
ﬂ_oWAATllelo.oH_T = oy - i g 1) &oUlo ~
- B T — X % o = = il o}/ ) e = ol o = Mo Mo Nlo
_oo.mLE._HﬂL &_%mHLloﬂ%mawﬁ_ \ 7 W ﬂ_u.ioio
b Hoﬂ%xmiﬁ&ﬂvﬁﬁm \\\\\ \\ i N T
T el R No mp ¥l B N Fo > » = ar o ° XX
w o T m W= = SR \ - of
o B o= ~ " B o ® o oEo N
Fr oo o] T oo S MER_® "
m%m%o%@uia o 3 : g FTET4s
® W w ® g W rE® B ¥ 0T T LR ¥
W B T FC g S E® TR
SRR AL : i .
o) - : 3 e |
o) o N i
mamﬁ% d T _nanT
250 mpewT o L
! — Ne T T
ﬂ,_EoA Eﬁu%ﬁwﬂw Emwwﬁmwmﬂﬁke%
ﬁov.mlu %Wwwﬁmﬂ oo C%OMq KK
— r o = T = % = MU =)
ﬁkiv muﬁovmggmwo@q i) I EINE 2o
7 0 ﬂ%iiW%maémﬁﬂu%H%@ﬁW nwuwny.%mnwowo
3 N T o| S %P T 0 2 S8 BN S
£*3 = @ﬂﬁamgmaﬁggwaadq s[5 |
G % = G % B N o w o oE T % > m =
F @ o= ﬂﬂ%%%ﬂﬂﬁ%ggx___ﬁ& o
A .]OH — =
o L2 [y gﬂwqu@%@EWW@%%%@& 51 1= 2l |e
Tom e & %ﬂLwﬂLo_EJwiﬂoiﬁ_%}%aﬁ m < Dmmozm
) ) &~ Q
N = . 7@&1_%.&0_0Heﬂm«mﬂﬁ_qrEuro%%é = .mR(/szo
T 5l i K F 0 g L = o+ N F - 5= 0|9 " g
> o mﬂ;ﬁoﬂ_m ﬂﬂ%?@%%m X w Mmmmmﬂm ~
~ 1 i‘_ -— % ey o — mtat.lt
J — E)A — 1 - | S =
Lo EE %o%ﬂyﬂﬂw@alwaawﬁy "B 5|2 5|E 2
| ® % Lﬁe_eauxoaad?éid.s%z.udH T |8 gl &8
do B T < o o~ = ° 7R W o~ = <S8 = g |~ 2 S|g|& T
e =BT TR SEAN L om " £l .|8|58]0 &
o3 1oﬂa«l,e ﬂo_iE < o 518 .lE 58S
=~ — T E W M o T Ead|ﬂ|E PG%.lHOS
o B % o] T mau}mo_;aocw & I1S|1%E|T <
9X0le0 =} 9]
7c&om%ﬂo MMM_\




HE 12/t Az spze] o3k QlAE
9] EA4fo] dojd & Aok mEkA ARA F
B Bases FE =
43

5 I

el splittere} WA
BA} A 99
o

no gzt

S o BT
s
QE
3R
(o
\oko
2 %
Moo, &
off
L Lo

Iy

g
i
py
_Oll‘
8
o

3
\
w
il
Jo
B
o
o

24 TIEE 584 B e A%
4g AR A TR GambitE o] &3}

<]
4T F Fluent F54 Z21dL AL

3t FEEHe FAAY fFreg E43IY. H
Al 2L Z = pressure inlet, outlet® = A3}
§ & 994

Rew, FAFols AA Al Sbar
o]

FrEdds FHsAH
Figure 2& 7

o,
__){1_1"
-4
)
)
2
M
ot
o
12
flo
i)
ox
o
Y
8%
)
S

#F MHe Tl ASE AR 2F Ae]
2 9 74F 27183 e Bl
WESAdS Este] SUS3M4ZE Al&stHa AF
Beolg syor Agd Ao A T
Fe o2 FHoE 9RAclaet Adshe
WAS AMEEATE Fig. 4= AZE oe A
ol AAH S RAFT T 19 A

=

AZE =y s=] AFgs st FF
el wmE 25 54 2 #FS vl 9
stol FRAFS FISHAY. B FAR=
28 ARgSHgla ®o] A fFel ExE
Bk WHoR siddgare] F4 #%

2208401
2.09e+01

BN 1988401

L R €

1768401 bl

1.66e+01 62./ % ’\'\’

1548401

: /
1320401 ,‘\
1 N

1218401

-
1108401 h
g 9.9364+00 :\_ " $
883400
oy
-

7.740+00 \
6640400 § '
5 548400 X

- \
4.458400 i ‘.'
3.35e400 -
2.260+00
1.160+00 Ex
6.740-02

Welocity Vectars Colored By Velocity Magnitude (m/s)

Fig. 2 Flow Velocity at Kerosene manifold
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Fig. 3 Flow Velocity at H, O, manifold

Fig. 4 Fabricated Mixing Head
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Fig. 5 AP - Mass Flow rate(#,0,)
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AP - Mass Flow rate(Kerosene)

(a) Hydrogen Peroxide

(b) Kerosene

(c) Hydrogen Peroxide + Kerosene
Fig. 7 Spray Pattern (AP = Sbar)
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