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Cooling of Cryogenic Liquids by Gas Helium Injection (1)
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ABSTRACT

In this paper, to satisfy the temperature requirement of turbopump-inlet condition, the cooling of cryogenic
propellant is performed at the simulated suction-line of the Launch Vehicle. The cooling method is by using
Gas helium injection. This study investigates the effect of helium injection on the liquid nitrogen which
simulates the liquid oxygen. By using helium injection, the subcooling of liquid nitrogen can be achieved
within four minute when the ratio of gas volume flowrate to the volume of LN, is approximately v/vi=
0.8min™"

= g

2 APdNE AA2AY FAL F4 FRRA LTHE FAAY FF LEE 2RI 4B
e Fh2 BA Wzel UE £F A8 FUs, WEe B 9% 2% Al o
IdTE 53 2 A E4E& nFSAY. FF A48 AHRE SAHL AA= AA AL E AHEEA
on, Y& % 7t22E F7IEE AHSEEY AF FAM 9% 44 da HE d@de
g F ARoH, vi=08min” 2o ek 47 ojfjo] HhZ Y7 (subcooling) BE & F
t}.

Key Words : Cryogenic Liquid, Subcooling, Gas Injection, Liquid Nitrogen, Liquid Oxygen

A $37} F7hsA sl 228 BAst AN
LA g 4 @anze] Hojd 4 ArhFAA 2xs
100KY 5 90K FZ Ao} vl 6% FAxel ¥

BAAANN FAL FAA FIPE AAANA W 3. EF HRYZ JPRo)A Ay
s7HE 2349 3F LEE AFAA B3 o VAR P 4Bel AkPm, 4¥ B
B iy BLo &4 23T £= Yok Fa 34

T AAA2(LOX)S W

23 e 2 eEE Bade 9Kd mel exv) dan ¥
FHE exd RHAXA 2 A

Bage) 3 FFoz ARCIAW hesE FobAd

ox. i

" zdietm istgl 71A1F5H9 (Chungnam National University, Graduate School Dept. of Mechanical Eng,)

** e FF AT (Korea Acrospace Research Institute)

wxx 51 8k7]124) 7] A58} (Korea Advanced Institute of Science & Technology, Dept. of Mechanical Eng.)
- 141 -



"ot mebs SALA o] wAL "ol X Gel Aol F
A& F2A Ac]Md(conditicning) g F5t =
YR g€ {FYF FFEUAY 2 E 9724
7tA %E dart o AL 334 Ad9gMY
Uo 2= dFEA A3 HY, JAHAHE o
B3] FRGYE S REoR A 2= AR W
W, A viFE Ax3td 71EE AL 3
AE ARE 8= ¥y Fol g85Hx 9
th o] FollA F HAte] o7 W AE A
gl A WAty Al AF B ALANE B
sl BEAMNZSEAN 2EF APAIL @A}
X 4uds F39 EHEHEz iz A
7} 48 g3, SAHL F3AY xE ALA
e &3/t U B HYe vz AH
(Saturn) 274 @ Y9 H-II 27 Fof &85
dlon, th71 WE(vent)A] 2 3 bar 7}HA] H
S5k A7 MEA JA A B 2%
€ MK A=A EE 5 Ue AeE BuHA
o F2 AolAN " (geysering) ¥ EHEFZ sju]
Hold &S WAs7] 98 EFoz AA #
Aehele] EALHAG. B AFANE F§ BA}
o o 2% o it A¥FH ATE F3d

2 O|EN 1%

21 85 2Aloj| 2t 2% Xzt 22|

B e gF BEAl 939 AL A
E SEAA FEE 95 AL FAY ==
7 RolAA e YE ¥8IE Ao, 1F
22 BAldE 8F g S F34 &
g 73 2 FH AAY Ejbale] 9% A
%82k (Mass Diffusion)-& 83t I1¢ 12 €
F BAM 9% 2= AR vy Eez dF
Aol 9% MFAHQ) =7 WHE Bulk o
A2 (LOX) S} FdE b= dEe it
(GOx)2] AARANME 256 ©E B¢ F49
AHYL 7AA Eok =3 ayeA GOxs ¥
§712(GHe)7l EdHE REdE FTajd ¢

g Aol ols] ®Wl AW GOx7b ol F8HA
sof gHoAe] FHIFE oF7 AN F7HH
QA QA AT FEEHA ok BT dYA R
Me 71A%S Adaet dEo] EFH 9 &
ol stFo] FAHA €tk 8 19 Z AN
o %< At 19 25 EF £4H 9
§ A2 2xd mE FEY FH4E EAFn
Ak dF Bl o3 HAIre &I A
"ol we}h AAFae FEGS WolAA Hxn
BE3e =23A "o

{maintin constant system

/‘4—“\\\\ m

Psystom {%
Neoxs
.......... nwi‘ Ngon
Mo ¥ Moo
DTV,

Ague

Fig. 1 Schematic of Helium Injection to the Tank

Table 1 Phenomena by helium injection

No| Region Phenomena Ref.
. . Constant mass Injection at the
1 | Helium Injection L .
(mole) flow injection bottom region
Bulkk LOX & Phase Equitibrium
2 | boundary with Tendency according to | Evaporation
GOX butk LOX temperature
Gaseous Region | Concentration .
3 . Mass diffusion
(GOX+GHE) Equilibium tendency
. Initial Helium + Constant system
4 | Ullage Region )
mixture of GOX & GHE| pressure
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Fig. 3 LOX Vaporization in the Wake Region of
Bubble
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Fig. 4 Schematic of Gas Injection Cooling
System
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Table 2 Conditions of GHe Injection

No| V(GHe) | Vi(LNy) Vive
(L/min) L) (min™)

1 23.9 41.1 0.58

2 28.6 38.5 0.74

3 32.1 40.1 0.80

4 384 34.7 1.10
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Fig. 5 Vertical Temperature Distribution

43 7t BAjol 2ift izt

o™ 68 YRFY dHkar SAHE A4
Ao A4 BAE o, dAA2e HPG A
2 Jehis agzelnh 27| 94 exvt ¥
5 Atz oF 35K A= HYP He AL E
= qlew, 48 Ax ARH Fole o ol F

74 ge e ¢ F A

Temperaturz (°C)

i " s . i
a 0 100 150 200 250 300
Tims (53

Fig. 6 LN2 Subcooling of Helium Injection
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