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Simulation Study on Pressure Holding Process of Cold Air Simulated
Rocket Interstage Separation Test

LI Xiaohao, PAN Wuxian, LI Guangwu, ZUO Hongxing, LUO Yuchuan
(Xi'an Aerospace Institute of Solid Propulsion Control and Measurement Technology, Xi'an, 710025)

Abstract: Interstage thermal separation is one of the core technologies in the flight process of solid rocket. The traditional "three
in one" test usually includes three main subsystems: upper stage motor, servomechanism and separation system. For practical
engineering development, it is costly, expensive and long cycle. It can only be used for system level performance verification test, and
is not suitable for exploratory developmental test. Based on the new ground test method of cold air simulated rocket interstage
separation test, combined with theoretical model, numerical simulation and ground test verification, the internal flow field in the initial
pressure holding stage of interstage separation is simulated, the law of gas pressure change in interstage section is revealed, and the
test mechanism of cold air simulated rocket interstage separation is expounded; Through numerical simulation analysis, the effects of
different initial pressure of pressure accumulator, different volume of pressure accumulator, different pipe area and different volume of
interstage section on the change of gas pressure are studied, which provides a solution for the design of interstage separation test of
cold air simulation.
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Fig.1 Schematic diagram of experimental platform

1.2 HEFEE

BB 8] 7 B bR TAE R AR 2 A, Bt
AR SCHTASE F R0 77 AN 4y BT A6 e e R, T
T, PR SSEEE SRR T 2 2R A
f7AE =0, KA ST BT T A i R B A — A
ARG - NEHRR AR, BB 2 B
8 AN TO R TR AR SR, 9 R AR ARURIRES
Tites b TR Xy = 4R R PR X, BE E )
(N2 RN Sl b & A LI A e R U R S | o S iB U
ARG, MO & AR TS SEN
I, AERIA BN AR 5 S NS R L AR 2 i
ZIRE. AR LT SRR K T 7 B B e A 3

1A Bk 1 AT AR R Al IOT 1 R e R T A
TR, b 4 TR AT A

mdu + udm = hdm QD)

Hod, w I JI%Re, u=cT o, NEFLIH: Rk,
h=c,T; cpj\j/"\'_E'EHﬁ#@o

FERES, BARSAOIRE 1R 5 PR TE LA 2R
K, 2 AT RS FE o 1) R-KOCIR S 75 78 7 oF B U4k
28, AN

RT a
= - 2)
PTN T T*v(v+b)
225
"= 0.427480R°T; (3)

Po

_ oosif4R7; @

Xt o b ABFYIRNIEA L, KRR S
BORFEAME: p NIETT; TORIREE; vHARR: R
NAEFEEG p AGTIE ST TR FHEREE -

WA PRI R /N 32 dr /MU 1 2, R RS
P S S 2 e R IR E g, T
B

b

7
y+1

2
ﬂcr_(y+1

Xy AEAEAR L. XSS E =14, WA
HA 153 5,=0.528 3.

BUE BRI T N p MRS N, T
%%>mﬁ,%ﬂ%ﬁﬁ@,m@ﬁ%%%§ﬁﬁﬁ
SR R AT B R B E m R, MR E N
IS A T RS

(5

| 2 21
/7 | Y Y
m'= Ap, /727)?1;0 q’(&) - (&) (6)
NV N\ Po Po

RoF o, AR 7,09 BIFARIRE: 4%
IR MV
P < p B, HAENEAS p R BRI ARSI
0
WERHRENAETE, AR, TR R



=

55434 Zs

DESEAE Vo URBLDLK R 2 1A] 2 25 16 T e e 07 L 9T 43

D

SINRE R C, (0<Cc, <), HLARAEH T EERE
SEFERN R TR AR AR, W SEBR T R IRE m
m=m'C, (8
W RBCKH Perry i3 0 I L5

3

2
q=osm4—omm4ﬁL+08M5Fﬂ)—39vi +
Po Po Po
4 5
46001(Bi) - 1.6827 Bi) (9
Po Po

FEH A S HE e RS OL N, I BE A IR 4324
B2 LRI (A R, [FIBE, R Bo N U . 2
BN R &R AR D) &R TR
JE . IE R AR A 2 LU TRy B AR R 1 PR
XL pR B AR RIA A TC R, BRI AT BAE S AN
I At T2 T R AR 2R

B, I 20 E L HEN SRS S E N p, ETD .
7, GREE) my JRED. p, CEEED. v, (HLAEFD; &
B BARREZE N pos Tos mos pon vis KRN,

B, I 218 A TEIRESE N p,. T mys
Plox Vs é&lmgﬁ%1¢4k%<§ﬁj‘jp'z\ T’y miys plyn Vs
EEFEREANm, NEDZKAY=1,-1, , &L
BNV, RIEBERA T,

Hie, 20 E IS0 I BRRESHOHEE
EERE AN

m, = Ap 2R, |(p2)7 (2] -C (10D
? V=1 \po Po I

A i B R R 5

c,, =708.8 + 0.093 x (T, — 273.15) an
¢,y = 995.6 +0.093 x (T, - 273.15) (12)
¢, = 708.8 + 0.093 x (T, - 273.15) (13)
€,0=995.6 +0.093 x (T, - 273.15) (14>

t, I 2% 1) B SR 5T & e, R 2B
m'y=m,+m;V, (15)

¢, I 2 9% 1) B SR B2 7y N S
m'y e, Ty = mycy Ty = mgc Ty V, (16>

t, I 2N 8] B SAAR T p N

vg:£%:;z (7
=R T a (18)

P~ -
v, =b ,\/Ti'z"’,z(vrz"'_b)
o 20 TR A B, 9
=V (19

¢, I 20 & I A AR 7 N

m'y e Ty = my ey Ty=mycy Ty V, (20
1, I 20 & R SE N SRR g pr, AT EH R STHA
B an
Po My
po=NTo a 22)
Vo—b m.vro(vlo+b)

1T & R SEAN 22 1) B R SRR S S EAE TR I %
CUAT, DRI AT DI g 326 4 1 SR S RA AT I 1 R S MR
N
1.3 THEE R MIEX 5

F BRI & A B R PR, TR
AT AR, A SO FH DU 43 22— Bl R = 4 A
B, B2 B . W E R RERI R T i E E AT R
B X SiIaa Ak, HARRPE AN R T o & R S 4
JEF. BIEHER. HEHEHAMBNEFR, LUk
FIBA [FRIE T B 1

B2 25 T TE S Al A L, G o A% BT
SMBON14275 0 BT R AT LR A (1) A
e, PSR4 % = )2 O-block Z5 #y AL W%, {15
TG & o R 8 5 2 R) B HCR F AUSM+up 46 5X,  B
T B HCR H B 2R i =R

a) TR — 4ERLE

b) PAE 4P
B2 HEEMERS

Fig.2 Mesh generation of computing domain

I X AR R AT B, I EN KN
60 ms, HELKN1x107 s,



44 T 5 R 2 BB ROBSED

2024 4F

2 HBIRIE

B8 UE T SR A 2R A 7 v ) R AT S B A
AR XoF FE T 78 SUREADL K T 40 s i e s iR 4T
b, BIEGEAARRIN3.S5 m’, WK1 N4.8 MPa, &
1 EAR 245 mm, HIAIBAEF N 4.0 m®, 08 Beoe
B, BEE K. T IHHTE Sk LLLBE N MY T
YNGR O B I BE 2 (BERER A N300 KD o i
RGN KRR A %A B34 H T Bk T
NG R B e RE 1SR R SR AR A i 2 5 A SBLL K R 4
2 T e N B 2 SR X B

800000
— B{EAH
o HumEie
600000 |
<
&
bt
H 400000 F
200000 -

0

0 0.02 0.04 0.06
IR Rl/s
El3 HERMERSHNINLERITL
Fig.3 Comparison between numerical simulation results and

experimental results

Horb, KR A7 B4 SR AN R 4 B b R s A
PR P 5195 9 ms B ZI B 4R BB R iy B, Foh
LY BOIRG Tk, HiREaAET;, B
FULE 60 ms 4bJE 5RIEE A 720 kPa, =T M iR 56 45 51
112 kPa, JF HBEE &R AT SUE TS H iR
56 FE 73R Z WA K, T DR DR b T R 6 v A% SRR B A 4.
23 (18 RS = R B N AFAE DVl R A 5L . AT
PRI, BUEMIZ RS R &8, WHER
Ve, RA S AR e HE T
REA% 1 FH T4 SR KT ) 7 B ik

3 HEERRAH

SR AR E R FEVTUG K 71 A F & R HEAR A
AN [F)E T8 BLAR DL SAN [ ) 20 18] B A5 AR A5 46 40 IR 3R 3R AT
BUEDT L, R EE 2 AT & PR 250 v AABE4DL K 57 49 B9 e
e I 1 R s DAL R B2
3.1 AEiBEBEIIERIAFE

4~5 3 e T BUE B T G R )
4.8 MPa, & EHEAM3.S5 m’, &G R 245 mm, 2
] B AR 4.0 mD T 2[R B e R ol B A [ I )

(10 ms. 20 ms. 30 ms. 40 ms. 50 ms. 60 ms) 5
NGNS Y537 i TP I

M 4 6 A IEZI 0 e 5 2 R AT DA SE 3], B AR
Rz, HTEEMES (48 MPa) & T %
B B WI GG R 58 (101 kPa), & JR 6 & I AR IR
PHRREE MBI B, B E 2 S R A T )
ETP2 g S K T TS U &3 DA AB B A =P & e = L}
BT AN A e EL A N AT E Sk, RlE 21 [ B2 5 kA=
S I B0 5 R JIBESR BTt .

JEs®/Pa 1x10°  1x10°  1.9x10° 2.8x10°
4 BELREEBTURE
Fig.4 Cloud chart of pressure change during pressure holding

FH P 4 T T, 10 ms e A7 B0 21008 R RT3k
Ja s A MUK AR . ST TRIES S B i A
B W8 R AT Sk 2 [ 4 BRI AME 3l . TESEIE W
FIALE, R A3 Sk I S SRt e 4& B 1) 4138 )
1B FWIAEER, — (R A 2 (R B e BE IS B I T OR
135 J5 e BER T K I WERT 38N, W UR R AE AT &
SLANGERE AR G, e RE S A S BEAL) I
i) P 4k 2232 2, i F R 48 2508 % Ak R 5O T
T

HE 4T 6 Mz R RS, kgL
WIS FREETREAT, GBS N E T TR AT Sk 1



5 4 401 ZEIRSEAE VU T ] 53 1 G 1 A 0 LT 7 45

N EVAE S D328 T, (52 60 ms W 5 I8 7772 — &
IMRIEIX, IR R A R NG 5K T = T
TR, T2 I I £ W BE T R AT SN KT B ik
B, UK LA, B A AR, AR BT Y
T PR 0 T R AR B 11 Ak A e

K s ik s e AR . IR SRR, S
b Ll TR EEE N, R A R, 1
LA H 0 T R 3 ) PR 1R TS e K. AR S R
I, AN e TR S B TR A AR
) el . X — s B4R s KBaEE .
AR LERE DN, BB R AR5, BT PR 3 Al s o6

S} AUTRIEN <N
= N Eﬂ =10ms
_:{ 1=20ms
1=30ms

l

t=40ms

:IH t=50ms

t=60ms

B/ (ms™) 150 0 150 300 450 600
Es5 BEIEEETHZE
Fig.5 Cloud chart of velocity change during pressure holding

M R AR — e R, REWHEN AR
WBl, ABATSICTE v MR 0 A B, DRI S R B T
BRI EIME, 5B XE5HKX—F, EE A
Ao B X A B A B — e fETiR
LR G, TR AR I R AT A S T2 B R
46, RIS N0 5 X T =2k — RAE4E D, IF
TCA B, RIS 60 ms 33 2 TR

MBPOEAEE AL, WEE S RIEMT
i, ORI FARAEE T, EMIBLR A

FUAL BB Tt N 78 A, BN ] m] B A HEAS .
H T BN XS OSB3l R X AT 4R
1E1E
32 BEEVIIGE DX E IS IZRS

AL F S A S K R 2R oy B e T ik,
I & R G 1 ey R RS, ASLAUL T 23 B I b T 2 1
SR R IER, R E R REE 1 KNk T
Iy B T IRIAE S A ST . BT AR LT
Ky B RS BTG T IER, AN TRIAEE
JE B s 7% R F2 R AR A se i 34T T BUE
W5t o

Bl 6 lh T & R 584 3.8 MPa. 4.8 MPa.
5.8 MPa. 6.8 MPa. 8.8 MPa 5Ff Tt ity I J i 72
AT, HRIUTESHCN . EERMEAHM
3.5 m’, 18 H %245 mm, AR FMR40m’. M
Blom LG, TEAFEERLIT, & Lk k-if
V) [ 28R A AR — B, B e o R 46 AR i
THBERIUE I 1 T s T, 3.8 MPa it R K J1 3% 3h
/)N, 8.8 MPa L T ik 2 i 2, X EWRE AN
I &5 s 4 I 5 o} AR 56 7 V29T 9 K 5 0 8 ) R T AN
K, AT DL 38 0 E R G s 5 SR ARLADL K i 7 B N AN
BRI
1600000
1400000
1200000
£ 1000000
800000
600000

400000
200000

JE5R/P

0

0 0.02 0.04 0.06
RGNS

Elo SFER-AEAHIEMEEEENRELER
Fig.6 Variation of gas pressure time history with accumulator

pressure

3.3 EEEAXEETIENS

EIETH AR E T 37E N B IR S0 Il A &
Rl E XS AT K e i R A H o R R . BT
BIEHEE O, AR, BB 1
K, A5 30 & I8 1424 160 mm. 180 mm,
200 mm. 220 mm. 245 mm 5 FfAS 7] 0 A AR AR k4T
THMEBR, KRUTESEN: EREVIGEE T
48 MPa. EBILHEAM3S m's HIABEAER40m’. *f



46 T 5 R 2 BB ROBSED

2024 4F

EE R 7 o, A BRI AT SR, AN [ TE T
B, IS FINETH R dn i B A A [F], 8 A4 K B
RUEME R S, TR, DR k] JE i 4 )
AR R A ) HE N 2 1) B R UM R, AT R
JETH 21— 5 (B I 5 ZEIN 18], 92 J5 HoAt T8 Ak 56
FEUEMTE -

800000 f
—— 160mm

600000 +
<
&
o
E 400000 ¢

200000 ¢

O 1 1 I
0 0.02 0.04 0.06

1 a)/s
7 REEAFEREEEEERATHER

Fig.7 Variation of gas pressure time history with pipeline area
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