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Flow Visualization and Calculation at the Outlet of
Propellant Tank Pressurizing Gas Injector

*

Oh-Sung Kwon*, Sang-Yeop Han*, Ki-Jung Kwon* and Yong-Cahp Chung

ABSTRACT

Propellant tank pressurizing gas injector is used in the pressurization system of
liquid propellant rocket to reduce incoming gas velocity and distribute the gas in the
tank. Temperature distribution in the propellant tank ullage is varied according to the
gas injector shape, and it has influence on the required pressurant gas and thermal
phenomena in the tank. In this paper, diffuser type gas injector was studied to make
the ullage have stratified temperature distribution. Injected gas flow at the outlet of
prototype diffuser was visulized using particle image velocimetry method and it was
compared with the results of calculation. Calculation was well agreed with
measurement and was used as an inlet condition of propellant tank ullage calculation.

x =

P93 A8 PAEE AARDIR SIS AGAZIAY ARz §
2 gaA7D ol s BAA717] g8l s AAH
B AAY LEREIL GeAA HEd, olRe At &
= GFe vk B =RANE FAAYA A9

,H
tlo
E
H e

P AE3sle 8 xE 714

=

st OEA Al AAHel datel 2T 4
Fe 2 AWRT AL REA Ee o8 ALE AME oA AeHl
#52 NS, oS CFD slA2%s} Mual . A dRe S4A% v
A AASATL, o] AL FAAWA LA dHe] glo] YrENeT Agse A
o sele sHelstgt.

Hl
b+
r

Key Words : Pressurizing Gas Injector(7}48 <1 H), Propellant Tank(F7 A= 21),
Diffuser(t 5+ A), PIV(YA937¢H —i—?:]])

.M 2 AAR I ¥ s FAsE G I

NaE FRAADA WEE BASI AR )

QA 2d o8 23

2 8 Ftete defA(ullage) s LA
Hog A sHed, ou eFEE Tkt

o Fange 1AM AF 9 AP 2

+2009d 99 18 FHE ~ 20099 129 11 AR
* 43

WA A A}, E-mail : oskwon@kari.re kr

Agsked 9o FL3 W7} "ok

, FRYFSFATY

AN AT B2 115 5ol 7k el o8 A=, old 9

ol e Fol stgAsg AR T

kY

7tk FaARFES FAAYA LA W

re



- ANA

g - A7 B2 R gk

MAE FA QAE shxs 9 wuse 97
g, 7best 224 EWde @ ¥ 2R, o

IA W hael B Fol YrHIL 53 AR
Nge) dndsE AR neo2 8 A
27t A& R FAL FAADAE f
PEE Azdd B, AAA Wel gz

olf Ed FAL A Aol XL Uy
7128 WZAAZ1A "ok o]z d FIAHA

o] ¢S dASA FAE] st o #e 7t
d7hr T AT AA FhghAade] 7
272 ool XAl B2,

RPteE FENEe
2 wxoz §HEd,
oﬂ zilE]

ol
TAaA 713
e

A 32

Q) H]—Z—] [eI=4

SCERCE
AurH oz FAA Y
A2stel fUHE 7Hgrse)

Al el AEE 3

= @t QA Fe v
Mw A, UFA g8 5
SezA B SARE

o A=Al =
35, QHEE T

iy 4E

S M

P

o ox Ul b ox
SN

N

7

-
LA
N

N

E
e F2REE WsEA A

Quron FAYFoR BAHE AAHE
AT A ARee] el Y Ae A
oz eA e, ol meol At} F
AR Fuges dgol YrHos A

SRR R FE S
72l 2l 7}%} 2 4%
Bk gl EASI ATl T, o
A6 3 e ad
@ gele) 5w EARR S A A
vol £E 443 ge ATl BAT + AT
Bl wd OFA Ids) AAHE A48T A9
PAAR2 WRAN At F5E A T
Aol el weA EAE
PR ERE LR *3
°% REE MRS & 5 Atk o A4S
W BAE QAo Ha) Fhgrtae) &
T EAEAR gt eEE
A ERTe] FEAEL
L AYges Eans e
AEAL] AT 92

_1

d

oth

M’
i

N fd 4y doy oot
1o [o off X rif 10

o
ﬂH

ir
¥
rﬁ
R
2
_E
A‘l

oo B ApeldE UHFA @56 FA
A9 e e A Bz, Ay
EFAAY ke BAGHS BE &
8 2 CFD 1€ a3tk 1RH a}wo
Fatol A4E S Y4 ARt 0§ wgow

AR AAE] ske] 1749475 (particle
image velocimetry, PIV) 7|'H& o]&3lo &
7HNEE FREAT7]. 5, JAAH AAF
Weed 3%A AENLES FRARL ol F =3
At vla HIsA & AFeM= AdH
AAE Fot AAH STl EAEEHE It

tetedl FHE FUeu, AAE FTlN
o7 dolEHE FWANA delA HAL A%
drzAcE Agstel deiA RelHe vt
2 2R IR oS3 Bkt

ol

II. 7t 2tE S8t vEE &F

SRR e A SR
oFsliAl s Ao] BAHolgong, FUAY
WelAel gl Sla A el

A e nASA @3, B

—%XJXH FI) ok FUT 3o LA
27F Aeval Zpgskdnh ol whet
1°‘°l JAEE FAs= 7HE7H
o FAOo = A9k}

105+ t‘é/‘}i]-"% AsHA ®3e] H8o] The
St A ﬁ”—:‘.% AAstslet, el
2 A W delAe Tk
50 m/secolth. {IAE O 7= FHAol
mm, E7NX9 %] 5 m/secE HA &
=5 st

ad 12 71EEd A
Azt QA AAFES = Q%‘ 3
£o2 fFUEE 7IA7tart AAHE
JA #91e AAH ez n2A s¢

stol QAE e 9o ¥ we ZIiriRTE
AEES Y. R Bed
FAHE 7FE7E2e] g FEo] AA
Blo] ojFo g s dhe

lo
__>i‘4‘
)
Jo

o

B

¢

M fo
i

Pressurant gas

Perforated cone

1st perforated plate

2nd perforated plate

a# {1, A E] AlHZF

CIFA &



38 L B

1%k, 2010. 1 22492 FHE QAE 27N HE

7HAEE 2 s 75

)
ul
OH
rtu
lo
4l
N

E 1 EI=H

THAZA | FUMNF| HFE | FEE

IXFEFS B 2 mm 547 374 % | 50 mm

2AEFS E | 2 mm 1141 346 % | 75 mm
EtZ 2 3 mm 36 25.5% -

Frhze) ARE B THE ool AAH
o e Fepl Ao 28 bea

oF o9, ol 9io)
a5k,

7] 915ted oal 7
GHC et S T P e a
AHE FHEE ERbee A4 ARBL
=S SFch QA ATl 2=, FHAA
gkl AANE Fahshe ERkas) A4
242 Ak
PV 28 lats gy 83
o A AR B9, =Y

R 87 A2 24 TAEG & A

oLA
[y 1E

ot
F oy

P%OF&] 7} ol=9h= EiSH 1“15101] %
= st WHRe 3 F
Z+Z} 300 mmg} 1 mmeo]t}. CCD 7t &+
HAgo] F23 BFoew °F 700 mm
2 SIA el AA s AAEAY = gl
S A8 Ao FA, DEHC FAE A

b m&&érﬂirlrﬂﬁ&
S N
o X ©

N 2 © ff o
>

a7 2 #SItME A EER JHEE

| Az

e awaz]

EECECEI
=71 25E lgzns|  wa
(m*sec) | (inch) A 121
NERY
1 021 1 2
00 (50 m/sec)
2 0.030 1 + 50% wEk
0.011 1 - 50% w®&F

A7 1 me JAE A== 3}
2 FEFEEAS SFFH Aol
AAE ZToAMe kg7t~ BASE gehs
EXRoZ 3Hernz WHxo FIAYIA dXA
BEAPEA Qo] 2] AaE ATHAZ AHES)
o tr|Fez EAEdt. JAHE FHde
ANAFHFS AlFdzHe= 240} i, 7Eag
+50% fFEFE7o TPt
20 NExAL AP
ABzAS w57 g3ty AEFF5 AAH
JraMe 2%, 4¥S o)&std AFFHFS
ALst ATk 7Ft7E7E A EZAE AXEA &
da st S=AHAZMES Xy gadidoen
2, PIV SHAIZ 549 25, 48, % do]
HE sty AgzAe 4As)
Z7% 13 248 9o Fg A
T 22% Bot Hol® AHF
o}%‘ﬂ.
ﬂﬂﬂa‘r% o]-&

g3t B 473
‘IQF

3—'.:
[0
ol
2
_>‘,

st 299 91 94

0

EHH]“ ¢F 13 pixel/mm o]t} Q1A E o
He d44 75 1HEsd oA o

150 psel AIZF AR 7HA HSHALH F
zydE o83 s T (cross-correlation
method)°ll 2]} 03% A=Ak 2T 489 o
e dRen gAY SAHEAS H8 64 B
s HA 3‘33]'04 TR B AHE F
S WE FES 93] 32 x 32 pixel RAF 73

L



76 A4 -4

R e FRPAZE T @ R

(interrogation) % 50% 2W 3 (overlap)S 283}
o stute] WEZE AA FE5FelA oF 1.1 x 1.1
mm29] HFEE VA EE 3T

23 58& 1

% 4% PIV 23S B3 9o AAH &
AM e 7Hd7kE EALEE Ol e
J,].o]l:]. o]x%l]—;] z‘sﬂ)\l- 737g° _ﬂ-a—]]
Al s o] A} frAbsA JZ—IE% EE
B fgol EEHE AR5 45 F Udon,
7Fa7F BAMEA e HE B s85 e
S & AT

a9 49 (a), (b), (€ F+FEH Wl w
7INE Aos Ydeded, JAHZ f9E
fregel wiste] wel 7oA & =7
Zpol 7 A RE 7Hirk o) #AMEHE A 54
S B ok olne AAl A W A7t
&, F7EE Abel 9] Thtbs fFEEAle], F F
AR UFoAe] x| o 7ietrte {9
frge] wsto] fAglo]l AAH ESFoAY &
Fel= LAsA FAES 4u]a:}

ag 5= 19 Agxzel slol &
< 3A &t 7Tk ‘:‘*}E—G% 93 A
ojt}.

a8 6e 7]zoao ETHRYE 19 APz
Aoy Z4E JAE 27 SEWEE HAE
E} 1"401]*1 2 PIV 3AA 713 AR o

S Al olth. AAEH HHA 25 mm Eo
{ A F&S AuE 2 FAFAA Ho

(a) Case 1 (b) Case 2

Ic) Case 3

a3 4. SS57HAE 28 27 ST EH

a3 5. 7tetoka

ARG

/'/,

L2, .
_ @ﬂ o "H'n 3 o \ \&§\
g

L <PIV>
Working Maedia : Nitrogen
| Zene Radius: 190 mm from center

o
‘*vmg-

l Reference 3 misec

1
50

I
-50

x ol

a8 6 AME &7 ZZHEH (ME=EH 1)

AEE 50 m/secd 7FA7t~
o] Z=AX oJFo T BA
PAeR= S B2 R B b S0 o4 Eabd
AAE S5 A AA 1=2A EAIEE Ao
ofvi, FAFd gFow FHFo] EAHIL
NoBR TSFrr2e] EAPL oFgk dHdA Tt
7t2=9] Aol LA sEA T

AAE S AAELes A4
gog Aztd AAF et 3 f
TS FHAT

Gambit ZE2I1WE ALL3lY Z7|F02 AF
WEF 600 Gl st EFES FAAL, X*
AQdGel tated 1 mm 3719 AR} 306,521 &
FAstAe A8 AL ZZ I FluentE Ab
83} 3D, double precision, coupled implicit,
realizable kK — € modelE A4HS F3sATH 2
g 72 GambitS AHESH EF Y TA45 B

o



38 48 A1 %% 2010. 1 243 7194 QAE Zo e GEAE 2 A 77

E 3 9785 =4
st ez o £ i
TGS Wy
(m*/sec) (K (kg/m®) (m/sec) ‘i.lul’“m' h
0.0205 286.4 1.195 49.78 e
Zuﬂa;gd\ui alf)lll'llfﬂ'lll’ll:ul! ter 1Refenence$mlsec
Flowrate| actual volumetric) : 0.0206295 m3/sec
oy
X
/ <Fluent
wotingiteds toogen l Rt s
— Flvwmlelachnlwlumn:) 0020!295 m3isec
"y/ G — e —— 9'( . .
LR
w2 a8 9. ASRA0 oE 57 STHEH
=] SEEIIAMS o5 EESAAM
JE 7 wEdNE A ERdd AFeE AUS Afoln okl AEHAT 2
22 ARSRL ASolTh F A AS wE
PIV 423} 2ol Agrtast A4 o
o= © P3ue] ®AHL, TWAe fel
Aoz w2 e AIFS HYoH, AE
dEt goe] WS Fch ot f5AA
o o] A dge] T3} A7 HAAE F9
gEes BIne 27 7Hd ua FEe
A7 AAAAEA k7] Wl suction S

ue rr deode M QY

S3A 4L 7t ), o= 9_1—3}04 ;U]
E 32 A oy sy o]@m Q3 A
22 Zoltt a9 108 A" AAd g f5s4e 2

a9 82 7ERFH 24 tetd ATHAR g2 noFEu F=o Ay oA 7t

AFES AHES A9, AAH R L SFA9 7t~ £E5E U, $=2 AAE ZTHOA
FEdHE HAFY FUEE /M9 giF 25 mm "ol WolAY &muwlEE Jehdth
ol gl o3 AAEe Fo =z F3ti, PV A AT fAEA QAAE Y R =
B2 788 5 FAFINME gt A AR Jlrtay BA JEH 9 A
o]FojA 3 ok JAAE S IFFE {F&HE ¢ 5 gdo] TAFE AS FAT 4 Uk
m/seco]lil, 1 fldE HAHOZ 1~2 m/sec? I3 11914 7]% gz Ao thstd FF A
55 7R ed, 32T g JFgR=Z o s HAr=E 9E AF PIV SHEAHAY F53)
B2 77t A EE AR vEs T HNAHRE & ‘?‘4‘51%: Bt mlustAth A4
ag 9= VlEfE 2ddd distd JAAEH F FoAe JAE 704 HolAR sgrravt
HollAl 10 mm Bz AFY &melEd gt RAEZA g3 FENUAE FAS AZ AP
AAZAHE Ui RASZA, v FsHAE v EEFS BIAT, IRl AR AuF



78 AL -3 - UV - B84 BB P Bk

% By Hel stov, A f%°] 33 m/secE2A =
s Eﬁ; 719 A8k QAo EF/% 7]E 5 m/sec
=2 Bt ojats WEsIAth FgE Aol wig FE3
e B g AA#7h QAE =7 4 AR Azt
2 = AAFAE eghort /hgrhae #AF FEE )
= = WA F dqFs FA B ARde AREHA
000 -2asesnn 1L = - = -
Eh - gtou, X, Y S8 &5 Eash] W
= L Aoz slda F40] vlaz & Ak
Erine
A ~1.The- = =
= 2 15 33 =AML dalx oA
I8 10. AKX tE RSl 23 ZAA83 g g AeMe stx §5 2
SEFEE B o] A ST fFEs el
T | Sy A de HelEE FAAYA deA Ao o
:-.Joé— T HolHE FL&LHt. Ba Wie FIAAI
°E e W eztes 7pgsiglal, Bae vigd A
] Ag F8 7terk MAYAES Stk A
ok ARl W sfRE dE] ExxAS 85
sk A== 7Sk 25F 500 Ko7, ©=a 9
IS I W | PRI U juc]
100 50 o 50 100 -
X
004
»006
oosf
-0
012
014
016
=

Velocity magnitude (m/sec)

L | |
-1.0 0.8 oo 05 10

Normalized distance on diffuser surface

a3 13, ElX WHE JheIt

>
e
H
0

% 12 AME BT £537| HD sz B
ol ot Awdgdde] A So glo] =3 o =
Ave} A AHE AL 5 ddoh v. 2 =
Iy 12€ A FEolA 25 mm ol A
o thate] 7Fetrkae] &S wwa Aol & FRAAGA 7S AAE Lo dslow

AAH AAEFL AZH o] hF F57H5}

1%
iin)
i
2
>
1o,
El
P
o
o
o
iin)
i)
o7
i)
i
inj
W
O



38 48 A1 %% 2010. 1 243 7194 QAE Zo e GEAE 2 A 79
2 fEAHAE Tk SN sHdrks 2} FuEd
S dolr gt AAE AL AAT 9
o Artze) 48 FEE AT A : :
Ao e mo _‘,ﬂ_/\]_g_tlz_i‘j S 98] 249 1) Dieter, K. Huzel and David, H. Huang,
Bzae 7 h;]jz‘{— - Eﬂiﬁ A 25 0 uﬂ o) "Modern engineering for design of liquid
374:} ;ki = l";_— o UTF_O‘ etsbast HALEEE 5 propellant rocket engines", AIAA progress in
;] o%o;»; E}ﬁmi L/\ 18T PIV Sl A} astronautics and aeronautics, Vol. 147, 1992.

° T HHO . .

g3jo QAE £ 45 A fge 2 M BoRemoan T B Thomson

_ ‘_ - " i ta an analytica studies o
Wsbo] @A Arbael BAgEHE S PR

A exELe solstat. olAE A s A cryogenic propellant tank pressurant

o = =
- i ts", NASA TN D-3177, 1996.
A fEHAS st o)F g Ante} wamap  CLEMENS, ’
e o ° 3) Richard, L. DeWitt, Robert, J. Stochl and

o H¥ARES AZHAL =%, AAY o] _ ,
Aol HolHE 2AAEa el s ATy William, R. Johnson, "Experimental evaluatin of

olHZ Agsld UEA e o AAEES E3 pressurant gas injectors during the pressurized

dalx] Yy AzsE erRyE s1E & 9 discharge of liquid hydrogen", NASA TN
& s & A7E Fahol TFA gy DI 196

o] QIAMEE A3t Qo] FoEe WIS A 4) "Pressurization systems for liquid rockets",
ARAE g3 Za 71etrbao] Al oake n x| NASA SP-8112, 1975.

= g39 59 A4 wses e = 9o 5) "Centaur space vehicle pressurized
SEHNS Ea) olAE e BAIFYE o =3 4 propellant feed system tests", Lewis Research
9lee oty =T QAAEZE Algsle A Center, NASA TN D-6876, 1972.

A ZAAEI YR AL gobs= AFo] 6) Takehiro, H., Akira, K, Masanori, T,
APE AZolw I FAL Es) °oAE] dlst  Moriyasu, F, Osamu, K. and Toshinori, W,
Z7} A7}t F3E o Aol "Numerical investigation of liquid behavior in

the propellant tank of H-IIA", AIAA 2002-3987,
2002.

7y A4, 97174, 349, B&4, “PIVE <]
B A3 ger)eE EFATRAdel & £33 FAAYA AU FA F5F =37, 3
A EAA (KSLV-T) WAkl dgto g 43 Fe v FASGELRS] =7, 2007, pp.
How Ao A=t 1449 ~1452.

o
N



