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Development of liquid nitrogen supplying system of

0. 3m cryogenic wind tunnel

ZHANG Wei, GAO Rong, ZHANG Shuangxi, CHEN Wanhua,
CHEN Zhenhua, SONG Yuanjia

(Facility Design and Instrumentation Institute,

China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: A numerical model was built to investigate the dynamic performance of the
liquid nitrogen supplying system in the 0.3 m cryogenic wind tunnel. Based on one-dimen-
sional thermal fluid analysis, the model was used to analyze heat leakage, level of the accu-
mulator, two-phase flow and injection pressure. Combining the numerical model with control
strategy and experiments, the dynamic pressure analysis for the injection rake was achieved.
It showed that the relative error between numerical results and experimental data was below
10%. During experimental validation, the interference of the four regulating valves was a-
voided with universalization of the nominal working pressure of injection nozzles and conver-
gence of pipes after these valves. The second recirculation pipe above the injection rake was
used to eliminate the two-phase flow phenomenon of the terminal of the system, helping to
make the control accuracy reach 1. 1%, and adjust time to 23s. With the numerical studies
and reconstruction of the pipes and nozzles, the liquid nitrogen supplying system is able to

meet the requirement of the total temperature control of the wind tunnel.
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Fig.1 Schematic of original liquid nitrogen supplying system
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Table 1 Liquid nitrogen volume of different experiments

H A/ m’ H HR/m?
4 A 17 H 0.549 41 25H 0.552
4 A 18 H 0.532 5H4H 0.516
47 20H 0.518

F2 AEEBRFONEULEFRELEE

Table 2 Position and temperature of different sensors

el P AR /m’ T /K
T1 0.25 99.3
T2 0. 34 98.9
T3 0.42 98
T4 0.51 97.2
T5 0.59 272. 6
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Table 3 Liquid nitrogen flow rate and valves opening

under different nozzles

W I WA/ (kg/s) W1/
1/ 0.025 1.8
2 /N 0. 05 3.6
3N 0.075 5.4
3/NTH 0.175 12.4
3/ 2 0. 275 19. 4
3/N3 0. 375 24.3

B A8 AT R A A R O A T X T B
Z O TAWMR#AT T A, EINEE BT
W IR LA I b A T R
JE T PCV1808 , i B i i 4 K 5C AT (1 15 0 F
B E B A 2 0. 25 kg/s 1WA & 11 1]
PCV1804-1807 {1545 17. 8% () JF Ji , {8 4% & v b
AR Ry FRAR R B PR B TE o AR . S
B B IS W RS R G R RR AN 7 R

4 MEBEREFR

TE 58 UL 73 B s s B 48 A B L DU AR K
PE PR LA I TR T IR AN S RSk
i 1 12 R R 356 9

TEEL 8y KR b T R R B B, Bk R
0.19 BWHINE 0. 29, WEHHE S 7E 1. 46~1. 87

MPa [1] &l 3P 08 5, #8 G H % 1 i 250 A
Tt N 0. 28kg/s HELLHE I F] 0. 88kg/s. T B
MR E M 238K PRI 110K, 5135 [
T2 (— 1. 7 K/min) T4, 5 1] 3L B2 42 1] 5 K A
25— 0. 49 K, AT 2% 0. 37 %, A 23 PR B 3 [
sl Il B R Al ok Y S RO g AR IE T XU 45 4 1Y
Lk,

B9 BT s 2 RT3 13 s 110 KA 38 56 ol
W TER AL IF 7 (4 1sF 18] 3 B, XU B I % )
TR AN S L IS AR 2 CRcs B o3 A 7 1D oK Kk AR AR
fb.mg Gk R BRI el I KW 24
L1 %, XU 0 8 3 Je K 22 0. 14 K, 3 2 i
bR (£0.5 KD, I F 0.3TCT #) £+ 0. 25
K 7 P v 5 AE BT 7R 5 450 (Ma) ) 0.5 3
HEF) 0. 58 I, WL G I T I Bl A 8 Ak A TR
JIHE 23 s R B 22 /0 F 1% . KU S 5 R
2/ F TR 2T KR BT 48 55 25K

- : 4 8
2408 o KR e i =
5, WA — — RS 2
? Wi e 13 5
210 T B
Eé 72 7 ﬁ: ﬂﬂ
f 71 < Ea
T 180 2 | K
R
11 42
150 =
AAAAAAAAAAAAA-I, _Er

12000 13000 14000 15000 16000
I fi)/s
B8 B B B XU 45 S 40 1k
Fig. 8 Experimental data during wind tunnel’s

cooling-down process
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Fig. 9 Experimental data during wind tunnel

experiment period
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