%38 % 454 w5 i Vol. 38, No. 4
2018 4F 7 H EXPLOSION AND SHOCK WAVES Jul. , 2018

DOI: 10. 11883/bzycj-2016-0378 XEHS: 1001-1455(2018)04-0931-06

= SRS A & 5T R M A A

R B RE
(L AP R OB 08 2 e B A aR L S0 W Kb 4100755
2. I 520 2 A Py R AH O L BTE K Y 410075)

FEE: R TR B 0y B B s SR S 86 1 & S AR R AT T OB O L T A 4 7 K
WSS RV G FEMCIERE T X R 4 & G I AR 0 U AR Ak L AR SR T DA R SRR g AR R AT
M. AERF MR AR TR SRR A RS S L R R A TR D B E R R AL,
R R B F5 /0N o X6 2 i s ok R (0 55 T AT D Z0 L MR itk S R B, 3% ol S RVE R L RERE ZE A A0
HORES L BER 250 2 m/s,

KRR T ERAR ) B ST 5 B A RIS 5 25 S

hES%ES: 0351.2 EfRFRAE: 13025 XHkFRERD: A

R TR s G s AT Ak B v T B 2 A T T A ZE R R AR B B SRR AT IR AR S . R
128 o a0 | S G il A a0 T D A S M S WA R A S AR R . A R — T A e o R
BT v e SR K A 2 e 3 i 56 4 0 2y o (8 06 G A A R Y I T) PR A A A A R R E T R R
2 i @ 1Y B g oS KMl 18 S 6 4 (single stage air gun impact testbed, SSAGIT) 3 2 i fiff X BE . b
B e B A R AR R SR A, AR B O 1 ¢ R S 90 m/s,

FE A3 S B W5 7 T8 — SR T S5 00 T 1 K A B A SR S W B AT R W R
T8 H 1 J2 , Seigel ™ Ml Sheppard" ' Xt B2 A A 0 T U 25 40 2 K 10 2% S ok RR R AT T ER AN A L H
14 25 ML AR SR ) A A IR T SSAGTT H 56 9 48 T8 S REIE 3k b i mT A 4580 0kE i il 48 4 7 fin 3kt 3 7%
T A FES . O T IS/ INBE SR REL ), KRR IR AR TR ) A A 5 B DN RE A — i 1 R B L A2 S L SR
S5 L 38 0 3 RE AL 45 RN 10060, LS 92 00 45 S5 K B, il 48 2 o F R B T R B S R RE AT
TESE 0, 1l 42 3 E 55 O B ) 1 RE AN [

M & 18 AR 3h 1 % (computational fluid dynamics, CFD)AEfa i HitB i & &, flH CFD J&
FEIF45 5 3 RS BES B2 6DOF BRe i) 7 FH > A 5% 3038 & S oo 28 2 48 il — B 800 75 3k OF iz I
T M R 50 A R R S R AL AR B A0 e R AR T, kA Zhang SFHY A CFD
JrEESE T B B F 30 mm AR D5 A I sk B L A5 R R W] S EEAE 0. 8 ms I 843. 99 m/s
BN F] 899. 28 m/s. ARSCHIAI CFD J5 4 SSAGIT #y & 5 it 2 47 05 BLIF L, 45 4 ilf 488 242 1938 47
BREE , IT 5 SIS 45 A AL, BT 43 BT i S ok R v S RIS T B i R A B U S RO AR Rt 2
DA Ay el ST v A ) B i R LR SR AR A A 2 %

1 FEHERZE

ANSYS-Fluent H 4 3l [ 46 4570 0] R A5 8L 31 5 328 2 sl A8 HE 51 5 64 30 1A S AR il I 1] 22 1k ) A
TE SSAGIT % 5bad F v o Rif 43 42 7 A Iy 89 4 TR 1o A5 32 5 2y o i B 0 it T B A9 38 4 O AR 2
W 255 8 4 1) 2 2 T SR A T AR A AR A TR R X0 S TR R DX R Bl 2 R XA i

» WFmHHE: 2016-12-13; fEEIBH3: 2017-03-13
EEWME: ERALKREILLTH (U1334208)
F—1EE: HEXA989— H.HB. R Ad; BEEE: B85 % . qlzjzd@csu. edu. cn,



932 S < 5 o i %38 &

HW I8 SR R 6DOF S a8 o> . 2l RS (9 1155 5 BIUR - 7 BB R) 20 1 o35 i R 42 50 i
BLA% AR TH 5 T A5 20 5 A0 5 B ST P AR A R AR S R L
1.1 FBEMERERETFELE

S T A DX R AT 4 P A X 12!&1‘;9” AR 7 S 1 7 R A Bl i Oy B AT S RGE AR R A

(o)
dt

Ko Hil AR TN XY R0 MR EE u AR E.S, R o BT XN IR, Jr &
2 71 T T 43 1) 3 7 A% i B S 14 A8 Ak SR RN 3 5 RS 04 U 23 A 20 PRI 4 ) SR R B 0 | RS 1 1 2 A
5T 5 | AL ) 14 Jin %
1.2 FBMBXERETESE
AR AT B HIR V b, —ebi & o MsF R fE 1 af LR R N
ij pgpdVJrJ pgo(u—ug)dA:JWF VgodA+JVS¢dV 2)

2V S s (8] R /NI AR A Bt s 18] 728 P Fr) 42 ) (AR s A Sl 4 ) (A T XoF IO P T 10 5 0V iy 42 1 4R BLAR
BEN I su, I PG RYIZ S . CFD X i 8] A4 3073 TR F — [y 1) J5 22 23 J7 RE AT B .
1.3 imimiRE

R T G M A T O % T O BRI Realizable k-e BERSUST Hojin Sl BB X FEHUR fiv iz AR N

+V (ogu)=V+ (I'Vp)+ S, (D

I(ok) | Aok _ 2 [ ) ok -
(,)t + (’)xi == (71[. §23 + o (,) +(Ik + (11 pE YM + Sk (3)
d(pe) | I(peu;) 9 [( ;xl) 95] e €
+ =—||p+= +pCEe — pC, +C.. —C..G, + S. €]
ot dx; Iz, . k4 +/oe k
NP du;
Arfr.C, :maX(O. 43 ,774_?_%) 2 =4/25;S; *, S :?(TZ._’_ HZ]) sw, ATARAT @ 5 1) B A B s e R TR AR

BB Gy FR T35 BB B SR 1 SRR A Gy VR D052 5 R 4 i Bl BE 7 A 5 Y R AT R A it T

ik 20 1 ik X B FERCR B FE M 5 Cre  Coe \Coo \Co VA, 50 B0 BRIME T 43 A BUA 1. 44.1.92.,0.09,1. 9,
0. o Fl o, 4350 97 501 BE Al i 50 AE AL B3 X 7 A9 3 0 4 5, SR 4 90 9 1.0 1. 3,

1.4 6DOF #BEIZZhHIE

D5 Bt rp L R A A8 AT R T 32 1 R 8h A i e L X BLR FH 6DOF Jy vEN TR B ik

AR R TR 4 AR TR AR HOR IR G O R B R R T BB R R

ma = ZF (5)
P om R A o RS N B, 2 F O hlf 4 4 T 32 4 ) Z R
1.5 PISO &%

X F AR RS TR 46 3 s B AT B Tssa "R T PISO Bk B M E Tl X B Fa8lEk, 5
SIMPLE B35 A By /2 , PISO B33k v i Fe 0 Rk B i 75 28 5 R IR B IE  BD7E SIMPLE 5532 i BEily | %
JE 7 R0 BE HEAT B IE I 1 frk . 5 SIMPLE & kAl SIMPLEC B354 L, B4R PISO &k &
T2 A0 IR (e S B R T B ROCR T

|
| Pressure Correct the | —— SIMPLE

Prg(filcrt:;iszzrléue N Meor::gg;m »| correction —p{pressure and
P | q equations velocity ||
o ____—__—_—_ e Jp——
No

Correct the 2nd pressure
End Y Converge pressure and —— correction
8 velocity equations

P 1 PISO S 2
Fig. 1 Flowchart of PISO algorithm




54 B A s SRR S0 5 S B i AR B B AR AU 933

2 HHEHERERXSH

il 98 4 I AR AN P 2 TR . TR TR pR A A LR R G o B L R B R AN A AL L SR Y
BBR 4 m® B N 21 m, i BER A 2 ST S K B R 9 m, il 42 BE T 55 0 B B RE TR [R) A7
16 10 mm A4 TE] B, s B A TR B RS AR I 4 4 440 mm X 205 mm FEHE (MR BE | R T A 58
k200 mm f I AR, TR B A A Ao T A 5 AN A A R . A AR SR Y W T A T 5 A L
B Yk BRI A1 8 25 A H R S T R 85 4 T JE v o e B R B I A% K/ R 10 mum i) A By
2 mm , i S HE RSN 2 SR /N R 40 mm, S AR K 887 584, AN ZS AN i 1k IX I, i B A
TR BE A8 B X3, A2 R 1k X 3855 3 X 38R FH 1 RS 190 ks L T 32 2 . o 20 R s 11 5 R 8 1k
B 38 B X SOR 2 R A R A R B AR R 0.4, B 0.2,

Stationary  External air Decompression part

Acceleration part impact car Gash/older ZI
' ¢!

S

=]

y

Wall of acceleration part 10 mm
i

Sliding grid interface

Decompression part .
P p Crosssection of  Impact car

acceleration part

2 SSAGIT i
Fig. 2 SSAGIT model
WESREDVIERESI R po o B F SRR I 0 R A PISO 5305 K il s ) R 7 #R 41
o MR THT bR BT S BE T IX B 3 . 7R UDF rpog Rl 4 (9 BT & o A 6DOF P iz 3l A il B L 78
AR T G A H0E Ny s B RN y B P iz g, ARE S0 SR SRR AT 1Rl A
P4 Bl 5 S 0, HLRR AP T OLHEAT 2 IREE B MR SE R, SEI S BN R 1 R,

k1 IRSH

Table 1 Parameters in two different work conditions

RV R m/kg  py/MPa  T/T T B m/kg  po/MPa  T/T
C1 355 0.98 20 C2 1040 2.98 13
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Table 2 Experiment velocity
C1 C2
S G
v /(mes ') w/(mes ') v /(mes ') w/(mes ')
1 78.1 79.8 80. 3 82.1

2 77.6 79.5 80.0 81.7
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Fig. 5 Initial flow field in front of impact car
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Numerical simulation of launching process of air gun impact test-bed

XIAO Chenghuan'?, LU Zhaijun'**
(1. Key Laboratory of Traffic Safety on Track, Ministry of Education ,
Central South University , Changsha 410075, Hunan, China;
2. Collaborative Innovation Center of Traffic Safety on Track , Changsha 410075, Hunan, China)

Abstract: We simulated the launching progress of SSAGIT using the computational fluid dynamics
(CFD) and the velocity of the impact car obtained from calculation are consistent with the experiment
results. Based on this, we investigated the flow field, the pressure in the front and back of the car,
and the pressure of the gasholder. The results showed that the launch field was filled with the leakage
gas before the arrival of the impact car, causing the development of an initial flow field, and the alter-
natively positive and negative variations of the pressure in the front of the car, but its influence on the
acceleration process was negligible because of its small value. In addition, the acceleration was main-
tained due to the effect of the jet after the impacted car entered the decompression part, and the incre-
ment was about 2 m/s.

Keywords: computational fluid dynamics (CFD); simulation analysis; dynamic mesh; air gun
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