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Effects of Injection Pressure on the Spray Performance
Characteristics of the 70 N-class Liquid-rocket Engine
Injector

Hun Jung* - Jong Hyun Kim* - Jeong Soo Kim**' - Jeong Park** - Jae-Won Lee***

ABSTRACT

A water-flow test for acceptance verification is carried out for a nonimpinging-type injector prior to
the design-performance verification of 70 N-class liquid-rocket engine under development. It is
observed that there exist varying characteristics of atomization among the injector-orifices caused by a
fabrication crudeness of orifice holes which can be judged from a microscopic standpoint. The flow
shedding phenomenon and ruffle on the surface of liquid column (or droplet) could be caught from

the instantaneous spray images.
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Fig. 1 Configuration of the mechanical injector—
patternator
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Fig. 2 Schematic diagram of the injector-spray
visualization system
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Fig. 3 Prototype injector used in the experiment
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Fig. 4 Configuration of

orifice

Table 1. Inspection results: manufacturing error  of
the each injector-orifice
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Fig. 5 Verification of angular injection requirement
through mechanical injector—patternator
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Fig. 6 Distribution of velocity at the orifice exit
according to injection pressure variation

C, =0827— 0.0085;—: )

CLD: C;m+12?—a(1+225;—0) )
V.=Cp H oy~ Fim) 3)

P

AN, Cpe FEAS, 1, 2 dE 28529
Adolel HA, Re= AE dHolszs, il 1,
£ o892 FTNe =8 vl Eq. 2
= Eddel UehiA e eeRilez
(plain  orifice)ell  =tated [ /d =2~10, Re
=10~20,000¢] el AL 7hedt APHe=

A[15], Aol AHEE JAAE Iz Al
(1,/d,=5.2; 5.6, Re=3,000~12,000) 71Z3}o] =
e ieh. AAAF A7) s 9% G B
ol Ao]ZHH egds Uit

o
as)

N

2

by

O

>

>

o

T

z

ox

ob

=]

gO
r\r
N
[o

b

=)

Figure 72 %%Lf—zé/\] g Z2A=HH
F8 FAA wiHSs
Bl 9] 13} <Y (primary breakup) 3%
Aolw, Jpdrde] AR HAsHSS
A7eel o8 FAH[13,14] AA AAF
Z=87) A AFdARE 374 Yehd.

(MU

o
ox O
rJ
rJ
)
it
o of
ol
= i
B2 ool ok

=)0 " see Oh
A see W |
Rayleigh "‘bj % Al tion'™ :
0| Breakup” AV mization | ]
) L b3 1 410
~ ~ ﬂr
NN =
A AN .
*f, Cm
\\%,;\ -
g W0°F e 410" g~
S] } \\ ~ L : =
Atomization| Turbulent | _
Regime™ | *. ‘. |Regime”
i0? Sl Lo | 10t
0 . > 0
Oh:05N, 870N * .
We 05N 70N P e
101 " dedbisl i Ak '} i e al. PR | bl 10'
10° 10' 10° 10° 10 10°
Re

Fig. 7 Categorization of spray-flow regime by the
interrelation of Re-Oh and Re—We;

AEARFE Q024 MPaol XM= Re7b 2,300 ©]%
o2 =&ded, of Be A% BFAD dFEH
Fo wgE s AMEH PR FIo
(breakup length)7} ZolA= AHo] UnkA o}
AN o] W YstE(degree of atomization)o| 7|
’3}% We; o] W= HASGS AQdstales v Hs}
o] 71E(We,;=100)[16] BTt $ 219 (order)
RO Z Yehdtt &, Re— Oh *PJJrJJrﬁ]
FAMNE =& EFFIZAAM &

n 3t G ol #‘G}E 7i°l ZH
Higird QA Ha]
102 Fgro] Aedt uf
a7, AAstAeH
54 ‘ﬂJ ol ‘”B}

=

9
o_?; _I
P

i
<
oo iU
%
e

2y
o

N

‘O,

- rlr By

=

ofr
o

Mot ox
m
o
e
N
o

N
&
>,\I

2
£
_l_a
m{m

X,
ofr
Y,
N
>
o o -
o
e e

>
e _1
e

lo
o
ro
i)
a
AN r-111
N
— —|—4
e &Y
llo
| i
o
0110 o_u‘,
ofr
-

)
N
N,

X
b
19
z

i

[o
o o

e
>

>,

(Fig. 5 #Z)9

A ol
el 2
g N oY
S ok
SN
g
RN

>,

ki

of

ol

32

Auj

ox,
[
>

)

>
o
N
=
w0
BN
Al
o
—_
P
)
i
o2
K3
o

2
OIF e .

)

2}
o )

o o X

o ol K

it
>
N
13
HU
e
i
lr Lo
A
i—"/

4o« 2
AN ot

232
@

wdd + Aok e FEAE
=Agtete] &5-olm A 9
23 71AA sgdleld Ad¥ 2] P,=0.93
MPa®] A9 EF9 #HHol FA7IE HlelA
glojuh ol At 59 F9Z ()0l
2 3E@BR)°l 1E@AR)C HI&l 5o #2917}

5A WA BESE 2 £ BEAHEH, ot

N

(

=
C
g 2ol 7P 0}04 As71E o
3]
=

2447 Bas

pad

|
—
oo
w
|



EETE

)
oro}, 0.93, 1.62 MPaolA] x| ol

15

=

I

=

A4 A &lde o,,=80°%0

%
L

ol v A]

i=]
-

pi

L

H] 2]

!

oy

o tha

13

To°
go

wJ

Apqrelel w

ol 7Idste] &

E
=

0} 3]

Z3F o
=

N

I o=, Fig. 7

pud

S

Jp
—~
o

§
&
§
by
3
¥
&
&
¥
&
§
£
°
°
o
&
&

0.93 MPa, «,,=60° 21O

I&Ug %E‘:’j Pinj

[e)

(mrn)

B
"

N

o
"
k-
i

o

F AR o

A

i

k<]
pil

o o

p==
[e]

=z

SE:

=i}
=

& MEEQ 70 N7 dAA=A

3]

2, 11 F7]

=S

o
A e 9

E
R

[e;

8

ﬁo

R op o B
G Al o
o w
TN oW
o o,#_ﬂl
. o}
o I
. o B W
T . 4
Hﬂ -y
= 0 ~
e 4=
qu o T
oymm o T
X T E
T PR
M.]mwﬂ B
)
7/4%&%1%
AN R
ﬂurmEﬂ%
BN = Mo
* oUW

— 10
— 20

— 30
— 40
— 50
— 60
— 70
— 80

T W

i

Y
:

TT]YJY
Ol
i

|

raalait

trajectory (variation of injection angle)

|

Fig. 8 Overlapped images for evaluation of spray

BdiN 2971

BdW LEZ ="

oy
A
&

ol

R

I

as a variation of the

Fig. 9 Spray behavior

B71A19

injection pressure and orifice inlet angle

3

&)

4

el

i

)

& qn.

oW

o

ARE A

o ®kd, 7hA 8t

3} (ruffle

}

T3 ol

-70 mm

I

Al7ES 50 psE AR

TEZHH 10

=
=

of eEjus

Ae.

A5

o]

)

L
.

5

el 35 (ruffle)o] =)

22

— 184 —



27459 A7t weEA "ast =9, 4
guzd AFHF FHL FF A48 4%
FAE H4Zol Basteh
z 7
B ATE FRATAVE Fa wEHIE
B SFNNEAEALY ANS ol FY

- (No. 20110020890).

t o

D
Ho
rek

1. Ryan, H. M., Anderson, W. E,, Pal, S., and
Santoro, R. J., "Atomization Characteristics
of Impinging Liquid Jets," J. of Propulsion
and Power, Vol. 11, No. 1, 1995,
pp-135-145

2. Li, X. and Shen, J., "Experimental Study of
Sprays from Annular Liquid Jet Breakup,"
J. of Propulsion and Power, Vol. 15, No. 1,
1999, pp.103-110

3. Miller, K., Sisco, J.,
Anderson, W.,,

a Single-element

Nugent, N., and
"Combustion Instability with
Injector," J. of

23, No. 5,

Swirl
Propulsion and Power, Vol.
2007, pp.1102-1112

4. Tamaki, N., Shimizu, M., Nishida, K., and
Hiroyasu, H., "Effects of Cavitation and
Internal Flow on Atomization of a Liquid
Jet," Atomization and Sprays, Vol. 8, No.
2, 1998, pp.179-197

5. Hiroyasu, H., "Spray Break-up Mechanism
from the Hole-type Nozzle and Its

Applications," Atomization and Sprays, Vol.

10, No. 3-5, 2000, pp.511-527

10.

11.

12.

13.

14.

— 185 —

. Kent, J. C. and Brown, G. M.,

. Kato, M., Kano, H., Date, K., Oya, T., and

Niizuma, K., "Flow Analysis in Nozzle

Hole in Consideration of Cavitation," 1997,
SAE Paper 970052

"Nozzle Exit
Flow Characteristics for Square-edged and
Rounded Inlet Geometries,"
Science and Technology, Vol. 30, No. 1-6,

1983, pp.121-132

Combustion

. Ganippa, L. C., Bark, G. Andersson, S,

and Chomiak, ], "Cavitation: A
Contributory Factor in the Transition from
Symmetric to  Asymmetric Jets in
Cross-flow Nozzles," Experiments in Fluids,

Vol. 36, No. 4, 2004, pp.627-634

. Baumgarten, C., Stegemann, J., and Merker,

G. P, "A New Model for Cavitation
Induced Primary Break-up of
Sprays," Proceeding of 18th ILASS Europe
Conference, 2002, pp.15-20, Zaragoza, Spain
Heidmann, M. F.
"Fluctuations in a Spray Formed by Two

Impinging Jets,"” NACA TN 2349, 1951

Diesel

and Humphrey, ]J. C,

Heidmann, M. F, Priem, R. ], and
Humphrey, J. C, "A Study of Sprays
Formed by Two Impinging Jets," NACA

TN 3835, 1957

Kim, J. S, Park, J., Kim, S., Choi, J., and
Jang, K. W, '"Test
Evaluation of Small Liquid-monopropellant
Rocket Engines," AIAA-2006-4388, 2006

and Performance

xg_g_, 71x4/‘~ “/\d oﬂxﬂiao} z] 0114151 B
wo ARPALY Moo wE o] F3
X B4 =383, A124, A5
<, 2008, pp.1-8

Kim, J. S and Kim, J. S, '"A

Characterization of the Spray Evolution by
Dual-mode Phase Doppler Anemometry in
an Injector of Liquid-propellant Thruster,"
J. of Mechanical Science and Technology,
Vol. 23, No. 6, 2009, pp.1637-1649



15. Lichtarowicz, A., Duggins, R. K., and pp-210-219
Markland, E., "Discharge Coefficients for 16. Kenny, R. J.,, Moser, M. D., Hulka, J., and

Incompressible Non-cavitating Flow Jones, G., "Cold Flow Testing for Liquid
through Long Orifices," J. of Mechanical Propellant Rocket Injector Scaling and
Engineering Science, Vol. 7, No. 2, 1965, Throttling," AIAA-2006-4705, 2006

— 186 —





