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Comparative investigation and experimental verification on depth
subcooling schemes of cryogenic liquid oxygen
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Abstract: The advantages of using subcooled liquid oxygen were illustrated in terms of density,
apparent cooling capacity and pressurization pressure of the tank. For the purpose of acquiring 66 K
subcooled liquid oxygen, three subcooling schemes, including: liquid oxygen evacuation, negative pressure
liquid nitrogen bath and helium refrigeration cycle, were quantitatively and qualitatively compared from
the perspectives of cryogenic mass consumption, work consumption, system process complexity and
system security. The single-stage and two-stage subcooling schemes were further compared for the liquid
nitrogen bath subcooling technology, and the two-stage liquid nitrogen bath subcooling scheme was finally
recommended to acquire 66 K depth subcooled liquid oxygen. A semi-industrial experimental system of
subcooled liquid oxygen acquisition was established based on the two-stage subcooling scheme, and liquid
nitrogen was successfully subcooled to below 66 K. The experimental results showed that within the
flowrate range of 0—3 L/s, the temperature of liquid oxygen in the process of subcooling filling decreased

with the increase of flowrate due to the pipeline heat leakage. The feasibility of the two-stage liquid
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nitrogen bath subcooling scheme was verified by this experiment. This research could provide a theoretical

and technical reference for the upgrading of propellant filling systems at launch sites for cryogenic rockets.

Keywords: liquid oxygen depth subcooling; schemes comparison; performance advantages;

liquid nitrogen bath subcooling; two-stage subcooling

IRV S VR TR T & sh Bl e # R kb 2
—, RAE RS | 55 8 L5 S A2 2T YR
HAEMHEDER . BB B, 45 AT 32 BER FH 8 o5
AR AR A 2 0], I PEVE BB A AE B 2R K
PN AR R ¥ /NS R 20 42 60 A AR
Carney B UK & T 20 ¥4 2 50 0 AE 20, S 1] [
FML ALK s (NASA) B985 N 48, ST E
5V A 5 B A AR 8% 5 10%, 1] i & il
iz # K (RLV) R G0 1Y Sk T 5T it 0l BRI 2 36
20%M A A v B AR HE R, PR AL
RLV A] 9 /0> 820 t 19 &2 & BT &, AH > F H A 302
MG 27.8 £5502, BRI LA, o vA 115 T e 0k 70038 2
A R AR PRSI R R BRT Ak e U R A A
SO R X il AP T S R A A VR I Y LA
BN A

NASA X1 .5 W i 5% rf .0 B 1945 4F FF 46 XK
TR TT R T KBRS, O R IR T S O
IR R 550, NASA M AE 58 0 78 S40 i
Wit b iEAT T — R 500 B TR R S R 5
SR R T 7, T SR v VR R 4 AR B O 2k
DARBUCT 3 A, Lak 45 AR T 9% % 28 @) )
FHE A D5 W TR R R o ¥ A 500 9 BT8R
AR R A A TR e B R AR
B 4 st ¥ I 75 2C07, PR T — Aok s s
FE A P2 A HLEE A 3t v B D AR IO 1A,
T 7 AN Z2 AR TR A 7 v BE AR IO R IEAT T
FEVEXT EE, AR AS TR 7 008 9 20Tt 6 s T T
S IR e 1) A v B AR TR, T SRS S A vl
TN 1 7 S v 1

H A, AR 5 2 H R [ b L e 44
AR F 1 B AT A T LA AT B B, A T HE
T E [ R IO R, AR ST R B
38 VA i YR 1 R R ) R T A v T AR
MAR T T AE . RS A I FE . RE R
R i N DO Kt ] I T UR NS & - R{-SURC il
FAFI LS 3 P AT T e 5 | XS, I
YRR i —20 A T 9T % 5 W st %
Jr %, X R B AR v A USOR W i /IR
AT G, IR T M e G

1 BERRELLHERE

YT R AP I A 530 1y FH SO S iR m B Be
KT 80 K i VWA, TEREFE AR ABR . SpaceX
7 E) A U FE AL TR 66 KR BE i VR VAR,
BATLER R PERE, ASCK L 66 K AR B i
% BAnIT R Aot
11 REZERBRE

5 B FAE B AR AE B 25 4 HE 4 0 1) o o,
FAA AR Sk v A HE R pR ok v RS T AR v
RURAS PTG it o IR HE 2R 0 8, SR G T
HE 5%k, A 1 PR, WA H B
(normal boiling point, NBP )R &1 ¥4 & 66 K, % &
LA TF 29 10%. X T 505 KR, AR ki
SRR (0 R BRI 2, e 0 700 2 B K, A [m] 4
TR BT 8 25 98 1 4k i I 22, XT38 3K
e IRTF HAEEE X B ISR R
Ve BBV B ML 2B AR, WA R
JEAR N AT V8 2 66 K B, B PR B Gk v 1 4 Jin
T 51.2 MI/my?, #5744 ¥ 1 A 38 IR A A 9 i

HTJ‘ I‘Eﬂ o

1260

NBP F# JEMEAIS 60
1240 |

°
v
%3
=

SIS
S ©
ST

L

~

S

B /(kg/m®)

1180

&=

&
>
o

e
(=) ()
AR 8 /(MI/m?)

1140 L = RAEE e .-
o M AR ‘\ol\‘TEP
1120 1 1 1 1 1 1 1 1 1 1 1 \Q 0
66 68 70 72 74 76 78 80 82 84 86 88 90

AR /K

(=]

SR R URER &=k DI AL AR TS Gl 4
Fig. 1 Variation of density and apparent cooling capacity per

unit volume of subcooled liquid oxygen
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Fig.2 Variation of pressurization pressure in propellant tank
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Table 1 Comparison of acquisition schemes for 66 K liquid oxygen
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Fig.4 Schematic of the two-stage subcooling
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