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Numerical simulation of liquid sheet breakup process and structures
in gas-liquid pintle injector
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Abstract: Numerical simulations of the primary atomization in the gas-liquid pintle injector were
conducted, using the VOF (volume of fraction) method with the adaptive mesh refinement to capture the
gas-liquid interface. The realizable k-& turbulence model was adopted for the turbulence modelling. The
entire breakup process and the gas-liquid interaction at different instants were captured. The numerical
results were qualitatively and quantitatively in good agreement with the high-speed photograph
measurement results, which verified the accuracy of the numerical method. The breakup process and
mechanism of the primary breakup and atomization were studied by analyzing the evolution of the gas-
liquid interface, the vortex structure of the flow field and the velocity field in the pintle injector. The
results showed that the formation of the liquid bridge was mainly caused by the expansion, stretching and
coalescence of the liquid hole, while the droplet was mainly caused by the stretching of the central liquid
sheet, the fractures of the liquid ligament and liquid bridge. The fracture and displacement of liquid sheet

was mainly attributed to the vortex structure formed in the liquid sheet breaking stage.

Y #5 H HA: 2021-09-14
E 2B : BRARFFEE(51976193); WiTTA B AR E A (LY21E060009);
BRI I R ) 4 A S 06 8 P 4 (ZJU-CEU2020004 ) 5 #7148 F:Aih 28 25 31R1951 H (LGG22E060011)
1E & 18 17 : RHE(1996—), B, Wi 2k, NG METE SR B ALHLEIRTIE .
BIEEE: £6(1988—), B, BIHUZ, W1, EENH MRS GBS, E-mail: jintai@zju.edu.cn

SR AR = AR, FROKAE, S8, 45, SRR # S I 75 VRS RS R A A R0 485 1 R BB 9T (D). s 3l 70 241k, 2023, 38(3): 618-629. LIN Wei,
ZHENG Shuihua, CHAI Min, et al. Numerical simulation of liquid sheet breakup process and structures in gas-liquid pintle injector[J].
Journal of Aerospace Power, 2023, 38(3): 618-629.



95531

M AR AT A B VR A e o R R A ) B 5 619

Keywords: pintle injector; primary breakup process; vortex structure; atomization mechanism;

adaptive mesh refinement

Wit NS IA R0 S B B R, RS IRE T
16 Bl B AESG N, BE =2 0 0 T I o 2% Ak i,
X KT A B ALY AR HE T P e ROk
Goddard 4 i 58 BAC K FF B AR B e ir 2 —,
FLTE 20 T 20 W1 30wl 52 180K ) e A 4 g 4 o 1)
KET R BPL B A] R RE T i A sh LR
S — AR K & B LA T R, A7 345 EI AR
FHIAME I T2 G o

R A AR TR T 20 40 50 AR mE A HE
PE 52 56 % (jet propulsion laboratory, JPL) 15 i1 ) —
RS 187 i 3 56 e B, )5 >k £ TRW (Thompson
Ramo Wooldridge) 73 w] (4 & J& T 5, WF il o T 4
¥ 28 A 8 T % & 31 FL (lunar module descent en-
gine, LMDE), 3 H.7E Pl & 48 N\ AT RS 153
FRII o 3 35 44 0B 1k 3 5 R R A2
e 1R B L, S T H B ECE B 45— R
51, RS KRERNSREHT 26
400~3 000 N F) A 7 S LA PR UEAE K L 3 o
BFRRE B AT ARk, Sy T BRI K & 3T Y 1k
A, B TR RS & shHLpE )iz N T AT E A Al
iz 2 28 i WE ], 3¢ E Space X /A &) ) Merlin &
) A B HILFN A [ AR W A < R RS (T-12) &
SIALI R BT A e AR A 2 UmE T R B
PERORAR 5 (96%~99%) , HAT AR 58 19 9 15 BE ) |
AIEEPE s DA S R e PR SRR A it B e
S b oK CHT K ShAIL B T A AT PR RE AR, BT R
W% I i S5 RAORG fRT . LA R s A s L W B U2 A,
LA ECRE AR SN L, I HaZmiE s
AT DL RAAR P 4 3 0 4 2 A L S B o A 12
e, AR KA LA T & A o

WEE B R S i 2 1 Z5 Aok A ] LA o i 0
FBUE AL ik e, Hor, il it A A
W, A0 7 & 8 &2 2%, 0 B K A
Mo B T B ALY T i 6 A 2 v 2 Y U
Yyt A7, AT LA I Oy (i PR 1 A5 21 B 4 2
T A% 1 55 ALRRIE S8 VR i ao A DA R N S
YAk, BT, B RANATF &R B SCER Y, B
KT 2 7 2% 5 A R L VR RS A P AT 5% T
YRR 8D, 0T Z2 B BIF 5 #2270 2 AR A A1
12 1 fLJE MR . W % KL 4% (Sauter mean diameter,
SMD) VA K Z5 AL IR G i FEAEJ7 T o g 41 5
o S A BUE AL AT IS Y A T T, X R

W W 2% 55 A0 A AR R AT F0I 43 A, HE
FA A AR, SR G I E AR A A R S X A
XUAT TR, EHLAFER R Gerris B X R
fii il R A s AT A i B AT R AU 5T,
JE B 4 5 T R I 55 B e = 4R, Ah e T
Z5 45K AR, D MR E R T TR L B R
SORFBE B R, 53] T B T IR
Bt FEEAN S M FRAE o Son S5 A 6 1Y X,
WF5E T AR5 2510 T gl B LA K T3 A BOM AR
O AR R U R A8 S AL e . BREX
R AU 3 L I I I 5 T AR ) LIRS B Lkt
Wi 25 A . WEEHE A | WEE U B O A R DL S %
AT BE F S MR, 45 2R 3R W £ L AR 1) 22 A X 554k
SMD 5% Wi 5 /)N, T /&5 B b 6 39 i g 55 37 vh
SMD (¥ 43 A BN 5] . Zhou 5! X W B 4 =X
% T3 45 BTG L AN [ 48 o) S 0t 3 T ) — B
I S AT HE AU, $5 M8 I Fn 3 1 gk oy ox
B 1o R R A Ao R Y 7 A Y LR 22 AR T 22 1
BB AR . B T AR ER UmE  As ThR
PSR AE SR s A R Ao R 5 R AR S A A A
) S A AR TR AR e FR 2R AL, PRt ik b 250 S
B E R R I EE RS T IR AR 17 S e AU Y
e ok A, A3 AT T AR S It 3R T 1 7 AR LB,
25 R R IIBARSHRAE SN T EZ AR IR B
TR LA B 3R TR A o 5 gl 7 00T 3 o B 1 T Tk
e SR A AR B R 1 I T 9554k A Sl
A, R S B B4 R Sk
FUEAT S R UE o 5K B % 4517 SR ] PDA(phase
Doppler anemometry ) ¥ I £ 18 BT H o055 fl kR
PSS AL AT IS W 5Y, 5 H L e i 1 IX
B A AR S5 Sy b RN, R S ER R O B G
[ i T AN S S i N Y (TS WA

T AT A e v A8 o5 Ak B A 2%, H i Sk
o LR B N 55 At AR A A AR X A 1R 2 LR
WSV R, T S A U R S 28 5 At
TR MR PR R S A, A SCHE T A [ 3 7 0 %% (ad-
aptive mesh refinement, AMR) 4 AL K VOF (volume
of fraction) 77 ¥ 18 Ex UK 1 73 5+ T, & ] realiz-
able k-g Jiii it 15 AU AU A Sl 72, I8 5 T AR
Ik 200 S/ T TR BB S R, — 2D R 2K
WS 3 o AR T PR RIS | AR S5 A 7
TR IR 5 4 | 3 B S i A 40 i, WESE T WK



620 = B

38 %

TR 55 A ) o R MIBIL B, AR SCRT o OB e I 1
i TR RS %

1 HERBEMSHIRE

1.1 YIRER

AL 3K [18] H BT A Wt i A A AU A
THERIRL, & 1(a) s, fffE AR A Al 1(b)
JE 7, a0 =k on = A Bh B AR, IR AR Sk
R WK TR IR . HFREER S
2 1 IR, PP & Y5230k [18] . Kanmaniraj
AU A A o R A e O I AR A A R AT 25 4k
1 B AR B, v R T ASGE 3 5 X LA AT
5% 19 55 A 2k R YR Rl R ), AR AR R 4
ST PR ABE U ASE AL AN B v A b Sz 55 ek R R
TR BRI o AR SOR = AE AR E 47 8 25 2o 7 5 L,

~_
D,

! o
g 5
= =

1= 1

BRI

TR B et

(b

O e e U R NS U o S

Fig. 1  Structure of pintle injector and boundary conditions
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Table 1 Geometrical dimensions of the pintle injector
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Fig.2 Zoomed local mesh
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Fig. 3 Adaptive mesh refinement based on gradient
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Fig. 6 Spray patterns from simulations with three different grids
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