wmOoE 5 &
Explosion and Shock Waves

DOI: 10.11883/bzycj-2026-0103

ARBEN S [ECKXEE R
MY E— 4 HERR T
B, W, s, W, UMY, REE, B,

CRATSS IR PR EE s 5200, Y1 4360 621000)

B MR E RSN T I O N S R X IR MR 7 A ) 3 AR A R R T 2 1
BRSO B, ASSCHRE AR RV BR B s AT 75 3K, B R SR AR HE— 4E 22 AR 1 i Nabier-Stokes T2, TTIE
T ARSI AR SRS ATIRAS P I I BUE AU 7. % L T R B B K h 2 S A U A T R B i
FitE, AR NGHAIE D BIRIRPER A R R IE DL WO Py 5 5 XISl Y ISR 43 o AT SR, SRS

U S 7 AR B AR R R RS o 5 SRR SRR T X I B AR g N SR S R B A AN R, A iR b
Xt AR TR AN, SRR A ) AR W (B>, T 2 SERIE BEE /NI PR SE AT i i 1)

VRN SRR B B R T SRR B 2 R KGR R I R A, AR IR OB A R K A 43 4 AR VR FE 5
T RN, OB R O B = N R K 2 R B S IS, TR A B R R A R BB T I R A
50 MPa Z/THR5) 0.1 MPa =/ T THL, R B8 BUK B2 % S8 AR HEBAREN BLA K 173, BRA BIR I (i) S AR R I
[Fi B S i 2 8 T R0 R B K B Fon) U R AR R

KHEIA: WK BOBCE s dE - 4EEUERL BRI

FESES: V2313 ERFE RS 030701 XHAFRIRAD: A

Quasi-one-dimensional numerical simulation study on the effect of
nitrogen isolation on flow field characteristics in the shock tube of a
hydrogen=-driven shock tunnel

QU Tao, SHEN Zhihao, rHUANG'Chengyang, HE Lin, KONG Xiaoping, WU Liyin,
LUO Shichao, YANG Xuan

(National Key Laboratory of Aerospace Physics in Fluids, Mianyang 621000, Sichuan, China)

Abstract: To address the’adverse‘effects of contaminants generated by mixing and combustion in the hydrogen-air contact region
of the shock tube on both the“effective test time and test gas quality in a hydrogen-driven shock tunnel, a nitrogen isolation
operating mode was proposed. Numerical simulations were conducted to investigate the flow field under typical operating
conditions of the” shock tunnel. The quasi-one-dimensional thermochemical non-equilibrium Navier-Stokes equations were
solved, where & cabiCiequation of state was employed to evaluate the thermodynamic properties of high-temperature gases. The
wall friction and/heaf transfer along the tube, as well as the thermochemical non-equilibrium eftects, were comprehensively
considered. The flow field characteristics under two configurations, namely direct hydrogen-air contact operation and isobaric
nitrogen isolation operation, were compared, covering incident shock Mach number, onset and evolution of mixing-induced
combustion, as well as pressure, temperature and species distribution in the stagnation chamber of the shock tube. On this basis,
the influence of the nitrogen isolation mode on the flow field characteristics of the shock tunnel was clarified. The results show
that nitrogen isolation has little effect on the incident shock Mach number at the end of the shock tube, and exerts no notable
impact on the tunnel’s capability to reproduce total temperature and total pressure in terms of shock strength. The oscillation
amplitude of the gas pressure curve in the stagnation chamber is reduced, and the pressure stabilizes earlier, which slightly
prolongs the effective test time. The addition of a nitrogen isolation section effectively suppresses combustion inside the shock
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tunnel. This is mainly manifested in a significant reduction in both the concentration and axial distribution width of water species
along the shock tube, as well as a marked decrease in water species concentration at the monitoring point in the stagnation chamber
at the end of the shock tube. Meanwhile, it effectively inhibits the sudden rise in the stagnation chamber temperature curve caused
by combustion heat release. Under the typical condition of hydrogen at 50 MPa driving air at 0.1 MPa, setting the nitrogen
isolation length to approximately one-third of the total length of the low-pressure driven section can achieve satisfactory
suppression of hydrogen-oxygen combustion while avoiding excessive loss of available test air caused by an overly long nitrogen
isolation section.

Keywords: shock tunnel; shock tube; quasi-one-dimensional numerical simulation; mixing and combustion
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Fig.1 Schematic diagram of the FD-14A shock tunnel

0.0

12 &5 %

Not U A R R 5 KK A b5 2%, R A — 4 1 SRR sl BB AR 5 v R B A T D b, A
1 FA 0 — S AL 2 RO AR P & ST-QIDRY), {58, JRIE. SRINE S A X% BT & 1
HEAR B HRISHAHHT T 784 B (210250,

ST-QID R AR {602 i3 R3S N LI B A P A 2 AP i v — R s ) T A F



wmOoE 5 &
Explosion and Shock Waves

Qg+—{éﬁé—Pf%J:Jm+Lﬂ+S
ot Ox ox
(D
v R
pY, pYu 0
2
+
U:PU’F: pu-+p ,P:P
pE (pE+p)u 0
pe, pe,u 0

)
b A VETERERIEAR, iR B AR e A2 U?J?TE T F XS <P A3 #i & 1B H
73 Yis Ev e, 3 HINSARASY i (R EL AL R IR RE LIRS A ARSI AL R 1
HBE:

E13

E= Z(h°+c T)+e (T )+ i

3)
A TNPEhEREE, T, NIRENEE; ho il c" I3 AN R 2H G R A R RN R 4 e AR LR
IRBBE e, A IRB R 1 R 4L
ev:Zew.— [h (T) c ]
! d 4)
A Aoy i ST AT ENEE S 515 20,
iﬁ(l)EP T B Jog N SiE DURTEE TS YR I, S NP2 e RIE I, B E 0N
A 0 &
M 0
in _i § D de = . S =
dx\tu+q,+q, 0,+0, 0
qV QV SV (5)
B TH) 21 5453 2 YR 00 MOFTERT g S 457 TR I Q I3RIE =N :
__1r YL P
S Pululs 0=2 555 Tl "

X D NEEIK NS HAZ; [N Darcy-Weisbach FEEE R0 ProNF BIREEG T, W 4HIBER: TN
YaFEERL, XPBhBE. PRBNEEALE 2 S HUE M 2 b R ~F 30 R BT 5

AR iR A2 ST Gupta 220110 [ N B Ty L, AUEUROBCR A Li SRR A
T2 N

ST-QID R FH 2 T AR 4544 WK HI A PRAK R L3R FR AL HEAT B BOR MR, R o 2R vtk
=y A 3 L e = O i~ 2 T A ARy S R Rt L 1l A A e s R = 2 el IS Y
PR ] 52 WS P SR 8 22 48 30 0 Rk 22t I8 B oy D R 2, DAL SE R — /NI TRDE (e idk . Al 2l 72
K Wik 25 K5 ¥ ) MUSCL-Hancock #% 3%, i&{ﬁﬁiLLHLLCT@ﬁlﬁﬁ“ﬁ‘ﬁ i ()25 K B CFL
el A5 SN UEICR F W PE 8 3070 77 #2 3K fif 4 DVODE HEAT K i o

TEASCH SO R, e A A i A BE T, FEARE BOR S B R, Fr NS B 5



wmOoE 5 &
Explosion and Shock Waves

0.5ms, R A A BEHIL Fr 25 AF R B ONIB T, AN REAR T i A BB K
1.3 HERERRE

PP EAR SR B BOR i S I g (R P I (S ) it S TR 38 A 175 02 B0 v — e Dy
EIMEE S IR 1 PR KR 2K ED 2 TS S TR R A A SR T LS, SR
PRI BE = I SR A IS DL, 5 e e/ e AT X b, S5 R aA 2 P

1 BUEXUE FD-14A #RGEIT IR
Table 1 Typical operating conditions of the FD-14A shock tunnel

TH EEIREIEL I EIED  RUEMRIEEIE REIR T 5 SRS
Ak Bk Ak B " %
] . 29.8MPa
Typical-a 5\ p, . o 100kPa Al . 10Pa o
2
Typicalb 300K 300Ky 300K 29.2MPa
400 40-
(a) (b)
3sf 35k |
30f 30F
5k sk
o] I - [
E 20F g 205
\'ﬂ I ~ E
A Bl wﬁ;
10F 1oF
i Exp-Air i EXP-N,
5t ST-Q1D 5P ST-Q1D
of of
i | I N FEEE s | N e . | i | I NS ENEEE Ry [N N i .
6 8 10 12 14 16 18 20 22 24 6 8 10 12 14 16 18 20 22 24
t/ms t /ms
(a) Typical-a (b) Typical-b

2 RS AT TN SR Eh R S B E AR L

Fig.2 Comparison between experimental and numerical results under two configurations: direct hydrogen-air contact and

isobdric nitrogen isolation
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Table 2 Initial operating conditions for nitrogen isolation operation
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Table 3 Incident shock Mach number at the end of the low-pressure driven section
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Fig. 6 Temporal profiles at monitoring point Ps in the stagnation chamber under different nitrogen isolation conditions
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Fig. 7 Temporal profiles at monitoring point 75 in the stagnation chamber under different nitrogen isolation conditions
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Table 5 Compreherisive evaluation of effective test time in the stagnation chamber
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Typical-b 10.79 13.4 2.61
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Fig. 8 Temporal profiles of species mole fractions in the stagnation chamber under different nitrogen isolation conditions
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