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Theoretical and experimental studies of vacuum cooling

of liquid nitrogen
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Abstract; Considering the total mass change of liquid nitrogen and heat capacity of
tank, the mathematical model of vacuum cooling of liquid nitrogen based on the physico-
chemical depression, heat transfer coefficient and mass transfer coefficient approach was
built. The theoretical results were in satisfactory agreement with the experimental data of
making subcooled liquid nitrogen, which indicated the mathematical model could well predict
the phase change of liquid nitrogen. The physico-chemical depression of 1. 21K, heat trans-

fer coefficient of 2942. 37W/(m? « K) and mass transfer coefficient of 0. 0044m/s respective-

ly were also obtained.

Key words:

vacuum cooling; subcooled liquid nitrogen; physico-chemical depression;

heat transfer coefficient; mass transfer coefficient

DRI 136 2 A — 28 51 AR RLHE U, HG rp R i
Boem FEMMMSEZ — . il BERAE A
(KWIRCE i VI AP R ESh E AP S
B O T RN, AT R T R A SR R R AR X
i) P AL TR (3 o 4 e i R R A

78 B H#:2019-03-22
BEETH :HEK A RP#H S (51806234)

BUAE 5 1 AN 1 9 A8 2 7 R i R ORI
2 [ [ 58 5 7 3 KUIR (NTE) IR 9 %5 75 5 X3
(ETW) $55 J A KA & e & R A& L. K
RS 25 it R 6AT 55 3 B B AT A A
RIET2HRBEIER AT T REEN .2

B2 T8 97 s BRIR R (1966 —) 5  BF 58 B3, B+, 3 AT RUIR 5 W 18 3T

SIS BRIRA, SRR, o 20, 55 IR U 07 18 i B0 MO SR [0 B2 3 J1 2 4, 2019, 34.(9) : 1971-1976. CHEN Zhenhua,

ZHANG Wei,GAO Rong.et al. Theoretical and experimental studies of vacuum cooling of liquid nitrogen[J]. Journal of

Aerospace Power,2019,34(9):1971-1976.



1972 o= 9 o R

LRI

RTINSy Y (e AR VIR OE R R A ) S AN T L L i
AR b B ERETEET . A
AT A RS A i e R RG] DA 2 453 44 9 )
A o H AR R IR 56 32 A7 B A (R B R
HLE 24 h 3B B 3B AT T 00 TE . A I b i HE H A
AANELL, A ERSY . DL ETW S fi], HES
JoT L [ R 0.6 ~ 250 kg/s, ik BE A
110~280K, & FEEE A 115~450kPa( A, 4 %} &
710 o FRURA IR i T HE AR IR 2 2 700 1
HEA110~280 KOV i S6 A AR A B K%
fig. AN F @ vk, Ay PR A 250 ~280t, {H
R KU 32 47 600 98 B 98 i 4 A BUR R IR
BANSETOATE 4 RGBT R Kk
o H LAY EE Y A B (a8 i Uy 5 RN R 4 AR T
ZE BN BE S IR Ve o Y (R s LS, sOE DL
AP R DT B3z 17

I %o A0 U IRl 7k 20 R [l A A 5
B 2 B MR AL R SR RCCLNG) ¥ 35t 751 .
Bai %%\ Bian % | ffLBH %" 5l 3 2 GG IR 41 A
BHE B EALING A RNEEMH. & R%
HARYOE X EERE 5 s B 2 G 25 2 T 4
MAINGEHBRAES B RERNASEE TR
A # o AR TR XU ) AR M v i [l A A
AR 5 i R AR T AL — 20 4R A0 b W Ak
I, U S B B £ R A 48 T LA R
{1 [l e ) 7 2 o EE R A I el i Ty 2URE
FHIBY 22 o AR I HLAS BB S5 90 2006 26
117 25 43 VR Ak 25 8 10 A 00 e LA 3 iz XU HE T 10
AT E M. maRS MER W TEH R A KM
WRA AT . 55— J7 1 R A WESE 4 52 il
% o R b A% A% A Bl T e A S B i B
RAKLB SR RS AW R KLV, Sun
T T Z AL b el A I AL AR BT
N EE I G R = I WA 7 S N S I = o I S W
A5 B K G B BR L R 20 T R A A
WA SE T RAELSEETR TR TAES R
it R T o TR (B A W |

B0 35 ¥ B B TR AU 2 T i i A i
VA IR TR T 20 1 B R Y,
ST TSR BN 0% T R koAb RO 2
AT AL TAFR K S5 1WA 525 i v B AL,
TEA AT T A2 BRI TR sk v W R i) e F4
&5, B TH 45 3 5 0T JR 0 50 IR 56 Bl v
BT o BEUS T I 1 A ) R R

1 EBigHHh

RHF VS IR T %O 2R AU = A
Ak WA 1 iR . BAAEAE b KU 3 3 A 5
[ B SR A A% 3 1 A . IR 3 56 i 9 4 o
AR A (R B 63K, 12kPa(A) R [ & A
IR AW AR iz 17 WHE HE 5 RS GREE N
110~300K,115~450 kPa(A)) H £ AR K |
AL ST RN B R,
UK 5 AR A A B s Ve B DR A R
[ I ASPAR R & e A BN T “ S (7
VORI S M 3 B Bk R B I R Ak M T 3R
R SR E s 5 U AR A
BN 25 43 U R 1 T 4 12 T A Ak 3R PO R R T
S Foee i 2% 3 1) 2 YA R o DA T 52 B0 XDl
{14 AEK T R0 11 ¥4 S R 5 [ B [l

S G 3 : 45 A
TR % e N A e
e i PR R SR
A | i
A4
AS T 253 Pt
FFEWA o s ikl A K

1 FHY B R AT R
Fig. 1 Schematic of reclaiming system using cooling

energy-stored slush nitrogen
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making slush nitrogen
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