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Scheme and numerical simulation of LN, closed loop system for shrouds in
space environment simulator

SHAN Weiwei, WANG Zijuan, GONG Jie
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: Due to the numerous components and complex pipelines of the nitrogen system in space
environment simulator, there exists deviation between the system parameters designed by the conventional
theoretical calculation and the actual operation results, causing flow and pressure of the system deviating from
expectations. In order to accurately analyze and determine the key parameters of nitrogen system, the numerical
simulation software FloMaster was used to conduct a one-dimensional simulation of a single-phase closed loop
nitrogen system. The parameters of a single device model in the nitrogen system were studied to determine the
key parameters that affect the operation of the system. Comparing the simulation and the actual operation results
of the system, it was found that the flow resistance of liquid nitrogen (LN,) pipelines was the main factor causing
the deviation of the system flow and pressure. Moreover, the variation of LN, flow rate would also affect the heat
transfer, resulting in a deviation of LN, temperature at the outlet of the shroud. Whereas, the system deviation
does not affect the trend of changes in the characteristic parameters of the system. In summary, the proposed
simulation method simplifies the calculation process of theoretical calculation methods, improves design
efficiency, and provides a data foundation and equipment selection basis for system design.

Keywords: space environment simulator; nitrogen system; single-phase closed loop; liquid nitrogen; system
simulation

i HER: 2023-12-18; {&[EIHEA: 2024-10-23

SIEEI: B, L 445 £k T HRGARINEE R IE VIR 7 R BALEIUT]. AR EERIE THE, 2024, 41(5): 589-
594

SHAN W W, WANG Z J, GONG J. Scheme and numerical simulation of LN, closed loop system for shrouds in space environment
simulator[J]. Spacecraft Environment Engineering, 2024, 41(5): 589-594


https://doi.org/10.12126/see.2023184
https://www.seejournal.cn
mailto:htqhjgc@126.com

590 MoK # B TR

41 %

0 355

PR A B A TR A A 4R 4 100 K
IR > AR, 5 200 — ML SR AE N
U BRI IR . R (LN H LI AGR
T, PRIEARE - AN R AN R A8 B A a5, RO S
[ S5 5900 28 P e A A v TR P TR
AN RE AT AR 22 R, 38 HARE DT /3R B A
J&s Ko 2 B E AN R R R S8 TAR GRS - #8530
Wk [2-7] s, H AT E bR P ROE R MR A
FIT A R 7 B3R AR A 5
o [H AR 2 KB 2 1O BUR GEAR A 2
PIEIR R, R 2 W th U A R G0 8 A K
PR A DR AR PR B 2 R AR IE T
UUAEA BRI &R, XARAE 1 IR 2538 B AN
IR EEISIPEEOR . ML T IR 3CIE3F, & PG ol
R NPT R TR, I &, R AE [ S5 4k
BT AR BEAIR FE 2 SIVE SR AR & AT« el
X RIUSL IR, BEABE R SRR =
AL T R AL IR TR R A, 4R 1MTE A 2R
BoIETR bR b, BAREIT SEH R G 2
e b, (BRI AE RO . I BRI
HAE 2 9 SRR A IRES, (HRGEAR W ERR A ]
e B, i LK 20 VA B T AT 2= AR I
5, IR E TR

R A R SR E % B TR
G SN e NP ORI - N 4 D Erse of )
45, RGBT R EE WA R, BOVESR,
o R G0 0 TR T UL R R GEi
BOEBERELE, R RASHIME RIS R
TEAEAHER o ASCAE B F 7 & FloMaster 2
LE RS R GRA, HEAT O HAR A, WL R SR
SEISATHIIR T RGP & s R S8, KK
R B % R AR GBI e ik .

1 RGHEE

BB MR R G LR A TR R0 BB 1
HREBRITRG . BRAGHINERREADTLERAE
RIIRES, B A 3R B AR E I R 5. E R
SRz AT R, BT AT IR B O R IR, 7 T
%o MIMARIEN TR, 2 KEIRAL, e BOVE
AR T BE A IR B AN T AR, BEN AT
R R AT S BON R TR, RIIE AR
Z] LAEE FRHCHE AR . A AR I3 77308

T A7 VR U TR, R DR 11 e 4 v 0 AH B 1)
NI RIE R AR M AT IR SE UG, #A0T
TR EFEARLE 100~ 120 K 2 1], AJ DAAE & 3E N\ % 14
TEIR AL . TE% A R, WERE NN R
Gi BN i R Sk, K — T ) I B VA
WRRIEBFRIAN « THA BN RGP I ThRE 2
e, RIFIF I ¥ 45 P9 2525 TP 005 T 284 50 I
U F IR, DRIEE RGN RS 4& 2
AR A . BAG LEEBEWE 1 Fir.

Jisa

{ “EII]

T

FEhm]

K1 ARG ILAERME
Fig. 1 Working principle of the nitrogen system
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Fig. 2 Model of a centrifugal LN, pump
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