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An Experimental Study of the Rocket Preburner Injector

Joonho Yang* - Seongman Choi**

ABSTRACT

The oxidizer-rich preburner is applied to the high efficiency closed cycle rocket propulsion system.
This system is generally operated on oxidizer-fuel mixture ratio over than 50. The spray quality and
mixing performance are very important for stable combustion of this preburner. This paper presents
basic design concept and spray characteristic of the oxidizer-rich preburner injector and this result

could be applied to the development of the oxidizer rich preburner system.
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F; : flow area of jet injector
F,, : flow area of orifice
a . r mlk / an D d ¢ 1
.. . » . diameter of nozzle
T @ liquid radius of the vortex chamber 1a
@ : flow area coefficient D,, : diameter of orifice
H : mass flow coefficient R, : bottom radius of nozzle
A : geometrical characteristics(¥a/x) R, : top radius of nozzle
F, : flow area of nozzle \ . o ]
D/ . oxidizer orifice diameter
D} . fuel orifice diameter
20073 19 179 E3 ~ 20073 2€ 18Y AL E D) . oxidizer nozzle diameter
* gAY, AEYSty FF¢FF, FYrEATAH DY : fuel nozzle diameter
= FA8 Y, ARgsty FFSFEE, TH7IEATAH
m : mass flow rate
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Fig. 1 Schematics of the Injector

rir

g8 EPle o 1A= dA4E Vi
Oxidizer SkirtE 3] &2+ AstAo] o) 9
25 olw] A3tA|e ¥ HA FIFEHE A
A9 oF 80%F =N, HF AA-I5 ETH
v & 703=0lth E3H A dg-25kA)
EFAAAE 7HA8ksy]) 918t Fig. 10149 2
o] Ed4 RZE AU mdx A A
o] &3ttt £ ATE HA3td HAH HAHe
Table 1 o AAH glow, JatA #Yg o4 d
A718 AMREE XA AR RD-1709] ¢
15% A= §% A7|E ZEE FATH3).
%}‘}‘7] gﬂ]}‘] ?ﬂﬁ ou?:}'ao 25 kgf/cm,
s FE9EL 10 kg/eom’E A8 o]
) Az AA FHAI) 15 kg/m’E F
A=A e EFEAC] Fu3 HEES AT
Table 26 AARE EA718 FAZQ Ado] A
Aol ok EF, d8x=Z9 AFL 1.67 mm,
AEA xZ9] FAL 55 mmE AASYY. &
AP 2e ALY dagwt FFE B 2
F2he 40°, 2 AT FFE A EFLGE 70°
7t He RS 71EoE AgAen, Abtae

o



H11A H1E 2007. 2.

230 LhatA 2te)

dleiay] EADIS MSEN AT 50

Table 1. Design Specifications of the Oxidizer—rich
Preburner Injector

e Design
Specification Point RD-170
Pressure 240 bar 512 bar

Total mass flow rate | 265 kg/s | 1672 kg/s

Table 20 A|4t® A7) Al o] AAE o] gl
o1, Variant 28 71& o=z 434 o+
2(DEye 02 mm, 97 2892(DiE 005
mm¥ Z7Hg 8t 77 Variant 13 3& A3
oy eejgxe F7)d wE FIFE Lo}
B kg

Number of injectors 254 254 Table 2. Injector Detail Dimension
E Mixture ratio(O/F) 70 52 - ;
g Item Variant 1 | Variant 2 | Variant 3
5 | Oxidizer Orifice flow
o} rate(1 injector) 0.21 kg/s | 1.36 kg/s Dﬁ 0.5 mm 0.45 mm 0.4 mm
Oxidizer skirt flow Number of
rate(l injector) 082 ke/s | 544 ke/s Fuel holes 47 4 4
Fuel flow rate DY 167 mm | 1.67 mm | 1.67 mm
(1 injector) 0.015 kg/s | 0.13 kg/s F
D} 14 mm | 1.2mm | 1.0 mm
V. Barzarov[4] °l &3] AAE 2L o] &3}y
Number of 8 7 8 7l 8 7l
A E AT & 2374 a 2RE Eq. Oxidizer holes
(1-6) A& ol &3] A Agm 2 AA Dg 5.5 mm 5.5 mm 55 mm
D& 78 5 itk Slot 22x22 mm |2.2x22 mm|22x2.2 mm
Slot 7N 8 7 8 7 8 7l
a = 2 arctan 1—a— Total length | 364 mm | 364 mm | 364 mm
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Fig. 2 Photographs of the Injector and Add
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Fig. 3 Mass Flow Rate of Fuel and Oxidizer
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Fig. 4 Discharge Coefficient of Fuel and Oxidizer
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Fig. 6 Fuel Spray Angle
arEkAel Ae dEse widR s AA
©] 1.0 mm(Variant 3)°14 1.4 mm(Variant 1)Z

1 Huzto © o] o
i LT i s amel 209 masas 4o
i TR
G R ABAD wRd ann se e e
. of Frhed  ERAR F7kE Sk 15
Variant7} @2 & 7FA a1 ot 2 . .
kgi/em® ol F-HE A 4 AxE M-S
Figure 72 A 8wt AMEE -4 E5ARZlof o 2 gt}
A A = o Fig. 8l Variant® ¥%-7Zto] 1 =T
AL, N RN Figure 9% 189 A3tAE S0 $3% 7
AL Ky A 3 o
Eﬂ—i;ﬂ‘]ﬂo‘ﬂ/v«‘:} HFE 7oA EFol 05; %9 ERAAelal Fig. 102 ©] A$dA
X Bdao A Rsha] o} N
kge/cm Oﬂj ‘JZ}]’E ™ ]4Q7L ];jolcj . Variant® #5728 22 R A3 Aoty B
X o olA S =R PANS
10 kgt/cm ‘:] 01]/\1: Lj} £ 0}6? F BARANA dnst ARAE TAd 2IE A
X nuozlo _
Ase: JWH EEAL 10 kg/em M o wn gae Az @dol SR B 2
T NSRS Joit et T gael ve gelng ¢ ¢ Av, gRAe o
SE AAEdR &S FRAE A, 65°~80° Atolol Stk ofwf skirtst 80%2] A¥s}
AP kgi/om’ AP:kgi/cm’
AP Varlant 2 variant 3 AP

Fig. 5 Photographs of the Fuel Spray
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Fig. 7 Photographs of the Oxidizer Spray



62

ol
M
fon

. EMo st Rzl x|

%0 85
. PS5 P10 215
W 80 — ¢ Vet
80 - bl A
G */'” = - :g75
£, & E\aiat2 |
z Falng 3 i
Bes | SRR R g7o [ :%
w
60
w-Variant 1 -4~ Variant 2 —ﬁ—Variantfz[» 65 AVaiat 3
- |
50 60 L
0 5 10 15 20 % 3 FI5-010 F20-010 F25-010
Pressure(kgffom®) Fuel-Oxidizer Pressure (kgf/cm?)
Fig. 8 Oxidizer Spray Angle Fig. 10 Combined Spray Angle
Ag TIY AL BRAL o 502 i
¥ B 4 Ak Fig 10014 Azs 23R < B 5 At oA 4RY EAIAA
FHA7 ARLFE BRZo] HALH, o1AL  Recess length®] Z7hel web 49 HAYR
A8 BRG] AZd wat A £57 T4 o] Hx} ZAasle BERZo] FaHE Ao
Yoz molhe & F vk B
AP kee/cm®
AP variant 1 variant 2 variant 3 35
F15 %
o10 I A
B2 | - L4
<
F20 g
- &
010 B
F25 0
- 5 7 9 1 13 15 17 19
010 Recess Length (mm)
F25
_ (@) Fuel Spray Angle (25 kg/em?)
05
S'5 100

95

Fig. 9 Photographs of the Combined Spray(Fuel,
Oxidizer, Oxidizer Skirt)

o —
85

80

Figure 112 Recess lengthol| wZ& X F-Z}o]
A Al =olgltl. BE Variantol] A Recess length
7t F7Hgd wel 257bo] age & S o _
th. Variant 22] 7% Recess length7} 6.4 mm - — ‘ ‘ ‘ ‘
oﬂ)\.] 184 mm= _20_7}% 73_?_ ﬂi% gj]: 907éE-__ 5 7 9 " 13 15 17 19

Recess Length (mm)
BAagn A= of 60T ZaEY Ag5¢
A E FAY FFY A o FHE Pgad (b) Oxidizer Spray Angle (10 kgycrr)

Spary Angle (*)

75

70




H113 H1E 2007. 2.

2 MIA Y odaT| 2AD(2 d5

54 o7 63

100

% b

®

o

[

<

>

o

Q

w
85 & Variant 1
60 W Variant 2
55 A Vaiant 3

50 4

<] 7 9 kb 13 15 17 19
Recess Length (mm)

(© Combined Spray Angle(Fuel 25 kg/cn?, Oxidizer
kaicn)

Fig. 11 Spray Angle for Variable Recess Length

o
[N

=
(=

e A ATl AR Thed A
€ AA AFstd A@Hrt sdo. SHES ¥
718 fF R EREAS 013}1% F AR
AAYGE 3ollM d87 FFE FS variant
L 18°~25° Atol& Wi 22 ge e
WA, 2el9ls 2 7o) Zopye wgt 252
I Fobde & %Ltﬂ oA dE =¥

72248
FE A ER4E AT TEE AR
o 5% 2 ¢ Uit o]AL dx

of s A BFZo] FHez =HolRs

& 4 2tk 28I Recess length7t F718 A
& 2R HA FAEE € F UjT

ol#3 AY AAZREH A #HY ddi
7] BAZIE AAE F e VI AEE ¥§5
g 5 Iz, FF AL A SHE R
ol HFY EAVE Frt AA ¢ AR e
PR EAS sl ol wE EFUAY &
T g =700 g AFEQd A48 A7 B
shthn AZrEc

gz 7

B dAye AEgstn FJ7eITAHY A

AL ke g3 M old A=Y

ik

L

A
o

1. G. P. Sutton, "Rocket propulsion elements",
Seventh Edition, 2001, pp.197-265

2. L. Schoenman, "Fuel/oxidizer-rich high
-pressure preburners,” NASA CR 165404,
October, 1981

3. V. Barzarov, "Development of Russian
Rocketry-Historical and Technical Aspects",
6th NRL Workshop, Issues on Rocket
Engine, 2005

4, V. Barzarov, "lecture on Liquid Propellant
Rocket Engine Injectors’, Seoul National

University, Jan. 28~Feb. 8, 2002



