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Effects of Reynolds number and aft-end cavity configuration
on aft-end SRM internal flow-field

HAN Ximrhbo, CHEN Buxue, CAl Trmin

( Coll. of Astronautics, Northwestern Polytechnical Univ. | Xi an, 710072, China)

Abstract:

Internal flow-field in a cold flow model of solid rocket motor with rectangular channel and submerged nozzle was
measured using phase doppler particle analyzer ( PDPA) . The effects of Reynolds number and aft- end cavity configuration on aft- end
{low-field were studied. It is showed that the separation point of the flow moves downstream and recirculation velocily increases with
Reynolds number increasing. Recirculation velocity of the afi-end cavity with ellipse afi-dome and line back surface is higher than that

with round aft- dome and sidestep back surface. For large submergence, the flow separates at combustion channel and a strong vortex

forms in the aft-end cavity. However, for little submergence the flow separates at aft-dome and a weak vortex forms in the rear of the

cavily.
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Nozzle flow;

Insert nozzle;

Flow field calibration test
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Table 1 Aftend cavity configuration for each model

RO N2 5 Ok I 3k R O 3 ;. SR [ 3) Type |Aftdome]  Back surface of nozdle | Depth of submergence/ mm
WONTE B VA SO s 18 N BE B ORI s A 7 B DR 4] 5K L1 Ellipse Line 45
WAL T, WHKRGGRIER. Bo LEeE o i -~
LRI R RN T EA R, WA 2 = R 4 | Cicle Line R

Yoo ASSCAESCHR [4] BABVETEEX Mm B2 5 | Circle Line 18
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* UgFSBEHE: 1999-11-10; f2iT HHEA: 2000-02-12. EETIH: EFRELLKEELSEMIHE.
fEZ B wirst (19755, B, LA, s usCy Rt . Wi S SRS .



32 Eii A 5 A

2000

S B E T B IE B I R, AR R =

ST AR E RS AL 2.5% -
2.1 FiEH

K T N A BE (XK AR S AN T R i U I 4,
TGS MRAPREN EERE, Re= Rds/ U=
ped/( VRT) , FERRZFM Tl BOBEA TEE A
p RFETHE G XA 1 SEABE, TEEDS
4 0.17, 0.25, 0.33 MPa, XM HIE#EECN 3.7 x
10°, 5.4x10% 7.1x10%, 5BEX {3 A6 A 1
R 03 13 72 = R 1 = R 1 B e WY 15 S N ]
TEBEINR 2 Fin. SRULE PR B = BETH R 4 0 14,
PP AL T B, BE XN T GOE AR K (]
., 4 Re= 7.1x 10" I e K [H i E L F] 6.0 m/ s,
JE WA 2 I B (7] P 35 BE IR 67% , BT BE X 1)
[B] 37 )& T 9@ fiE i, Waeschel A Jyix b5 w88 N\ AR
5% = Jim 0 RE 1 R) BE ML AR IR IR O .

W R B N, SR B A T iR B,
PR s R [ 3 A o7 B G B S AR Ak, [ R [ A T
B 38K . Waesche! 2 i i 7K I S 36 & B0 & 35 1 &

WL ER O IN & it e BE X R A EE A, A
X5 FE AR — 2 e KGR S g T, WA
B AR, WUE N D ki T O P A
RWAK, Ui H BE X iR 1 58 5 £ RUE AR
Joo%, At R RO A B SR . XA RN
B VR N, AR RS R E R A, (B
TREM R H AR5 5 2 e B, {319 [l JA0 o A 4 K
RNy, GHZEBRNERKRGE SRR, R
SRR RE I SE R, BRI 2 2 A ) AR Al .

— A PRAIE 5 BAL A A AU EL A AR AU 1)
VEECH 10%, %I PR8I 3 30 3 B 43 A B
ERIUERN o ARV SEH PR WEUA R T IR S,
{BE v BR W BE X Ji a0 A s, Ul BN T8
BNBE I KB HURI 4 BREh, HiEBusE) 10t
ARETRIESE AR, B A U SUOKS S5 0 i
AR (HRSEE R e R, X
INSEB0AHERE . SEBRAR B AP O GR 10°,
HFBEX ek v B 5 R B nEir, XaX/E
Bt I 1 BE P 28 ™ H KR, I 38 UK B
BRR .

——, e s mm s e . 1 ottt mmmeemnay R A
e B Gl e fpeteisy mmpeltgle e et ok byl At 11 tr s e NN
SESINMIIIIIINNEY, SEREING SN = R
e T I T T i T T T T iy Mgty e R i
SSRRANINNNLE IS IIITIN N 3 i TrITIENANY SN e niidyg
TERTSRANA NN LY Ve R ve i \\\\\{n- e
e I S REE h) viie s ALY Bt i AN A IR R B R S
“\\"\k\%*k\\i\{t:\‘-::::::: § ....... 31} ——y \\§§§§{§{{::..-.44!1
e e e e A s 21 ——— YThinar =t
DN \\‘*\ 08 T i b gty e B bt B T B S el oA N R 3N ‘\ g e I
\.\ s R ol e - \ ﬂﬂﬂﬂﬂﬂ o D \ \ Q\\\ — g
SeApidaagdesace N NSNS eEl W e
“} 132822 33355 ’} WS
V.- b N
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Fig.1 Aft end flow-field for nozzle 1
Table 2 Characteristic parameters of recirculation zone
Reattachment Center Max. reflux
Pressure/ Separation
Nozzle Re point/ of vortex/ velocity/
MPa point/ { x/mm)
( 2/ min) mm {m/s)
0.17 3.7 10 - 7.5 7.5 27.5; 32 4.5
1 0.25 5.4 10° ~ 5.0 7.5 30, 32 5.6
0.33 7. 1% 10° 0 7.5 27.5, 4 6.0
2 0.25 5.4x10° S9s 10 27.5, 32 4.4
3 0.25 5.4x% 10° - 10 7.5 30. 28 3.1
4 0.25 5.4% 10 20 12.5 — 1.4
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Fig.2 Aftend flowfield for nozzle 2 Fig.3 Aftend flow-field for nozzle 3 Fig.4 Aft end flow-field for nozzle 4
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