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Effect of radial slots layout on spray angle for

cas-liquid pintle injector
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Xi’an 710100, China; 2. Academy of Aerospace Propulsion Technology, Xi’an 710100, China)

Abstract In present, the injection form of the center propellant in pintle injector is mostly discrete slot,
and radial slots layout plays a decisive role in the spray structure. In order to obtain the spray angle
formula of gas-liquid pintle injectors, a spray angle prediction formula of injector unit was deduced from
the momentum conservation based on the control volume. The momentum coefficient was derived from the
experimental results to modify the theoretical formula. For the spray angle of pintle multi-injectors, the
experimental results were used to modify the theoretical model of injector unit spray angle and the effect of
radial slots layout and blocking rate on spray angle was mastered. The results show that the theoretical
value of spray angle is in good agreement with the experimental value. Under the constant total injection

area and mass flow rate, the radial slots layout has little effect on the spray angle. The spray angle is
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determined by the local momentum ratio and blocking rate. When blocking rate is not more than 14. 55 %,

the interaction between adjacent injection units is minimal, and the spray angle of gas-liquid pintle multi-

injectors is approximate to the spray angle of gas-liquid pintle injector unit. When blocking rate is not less

than 25.46 %, the recommended value of momentum coefficient in the theoretical formula of spray angle

is 0. 87.
Key words

0 3|57

WA I ¢ sl ML R R A2 48 ) RE ) 02 AR Ok
ALRAT 55 1 B R 22— A8 4 ) WA K 5 4 3l
BURT LASE 34 2 Bl | e AR 0 45 IR BLIE P 3 %
SR FBH ARG M8 3 5 2 VA K A 2 sl AL S 30 R T A2
T B B R £ . AT TA% e WA i & sl
B33 £ 1P ol S g D E B L T W RTINS ML R S A
RSP TTR — AW 4%, T A ) % (45
P o BTG T A5 b R 1R TLART 255 4 B 37 e 1
BATEREAT U L G AR RABE RS E M IR AL
R

B oS 0 A a2 O 3 T2 B A 20 {2
50 AP £ A ] 22 700 20 04 0 23R S 5 v 4
. FfJ5, Thompson Ramo Wooldridge ( TRW ) /\ &]
M 20 28 60 AEATF %t B R m e SR e A T . B
19 e AL (0 A8 HE T R SR T IR SE IR B A Y
TR S, e F1H 4.4 ~ 44 kN (10: 1),
TRW S vl R /N E ) B R HE SR 7 B ke 2% B AL
VeI J7 ¥R B LAl b, SO /R R
T SR L ST IR . R RE Y
ek sl SpaceX 23 FIWH ] AU AR 1D % 3
BL7S HARPEROCRTE 0. 98 DL F #E B L 20 W 180,
[ XA e S IL I I 98 B W . X1 B DB 5 X BT A
AR BIHUHE ) % Ve AR PEE AT IS BT, 98
713 0 B B ET B B B TO T R B P 45 i,
TR A S R BE 3k 1 650 °C 75 BRI s
HAT E AN a9 7.5 kN &4 & s L F 2013 4
12 J B UORH i 1% =5 400 5 5 31 H sk m, X AE
2019 4F 1 F J2y Bh o7 1 18 D 5 R I 2% B O Bl
TAERSH

e A A Jry J7 AR B AR e I A e BT
SRz — . AT R T 2 4R B R I A G

gas-liquid pintle injector; spray angle; radial slot; blocking rate

AR AR S A AR G A Y A B, AR
SR BIHLR FH B 4 3 790 28 B R R} | AR R A ol
HMEITE B A 7 2, 48 A A )R 7 AT e o —
T 2 HAC ) LI R 79 PR B S A 1 AR, AR )
AT Jy D7 2 4 R W A8 ) a2 50 5 B e oA 3 ) S
i AR AR P AR, DT R e 55 Ak TR A SRk e
g, Hrb SR G i BRI, 5K
G AER T R USRS TR E R Y Kk A
STEACF IR o Semk [ 12 ] MR Bl B
M BT R Y O S T AR I A il ) S Y
VRE AR IS T 45 VAR5 R AR o 9B 1Y 25 kAR 4 X
0 =arccos[ 1/(1 + Cpyr) ] ,Z 0 Coyw HEBIE .
SCHRL 13 [t )Ry R sl & b Gl 3h & L A BH 28 58 2 [R] 11
KEIK Cyp = Cryw/ Cop ARATR 101 52/ Yl 1) S RU BT T
s A A B 2, g T AR T A ) G R O T
R SOCIROR 5 R R I R F A A 6 =
arccos[ 1/(1 + Cpy) |, 2P Cry HEBIRTE, Cyp
MFHZER, FHLSFAEIIRE T TSR
e o W oA o AR T X 25 Ak A T R R
TR E ST PR Y RO R o IR S
FAETIE N S AR A0 6 = arceos[1/(C, +
C,Cpi) ] + 0 = arccos{1/[C, + Cy(Cpy/Cie) 1} ™0
SCHRL 1S ]38 o 4805 A [v] BH 28 32 (10 42 1) R/l 1) 4 7Y
FrRemiERR s IR A R, s S A AR
0 = aarctan(BCy) , 2 a = 0.7 £0.05, 8 =
2.0 £ 0.5, Son A5 3 2 X AW FT 4 W 0 4% R 5 AT
ST iR s A G i S 53
B BB KRN 0 = 28.67 (Cryy/We) > 1
Boettcher 25 ISR MR T4 19 25 A6 £
PATIIRAT ST, K08 T S5 S sl L2 | SR N
@ = arccos(1/ m) ST ek 18-19 ] X4t
g % 1) AR AT A a2 R K% 55 Al A o R 0T 5
AT A



5549 & 5 6 ]

SR , A5 AR 1 RS AT R 7 SO B AR BT 28 55 46 A A2 3

RIS FF SCHR o OC T 51 W8 3 4 25 4k A 0 28
EAXFE R BT as s m A=, N
TR A T ARG R R G R0 KO8 B R S
A KT R BIHLR B SR R I 2%, T X RO
BE RS T 28 1 55 1k ok B R 0 55 4 R R T R AT 9T
TG YRR T A W 25 O ATF 9 TP 8 S A 1) A 28 Mg
TE 7R 14 55 Ak R 58 B VO T A% 1) e R o o %
PRI, AR SO 748 o] e A8 A IR A W 8 14 55 46 £ T
JEATSE o H T A8 1) R R WS T i 610 A48 1o 2 ) W8
Ty 2 B B REER AT LU R — N
TCo B G, M AT AL LG AR ET R B AT
s B3R 2 2, IR RIS Ko7 A5 R Ik 2
NI HERG M 5 FLUR, X R [ BH 2E 53R 1) o HE AR Fn
F RS R T 25 1 25 A0 A A TR e B 5, 43
AT BHZE AR ) R A7 oy 7 XX 25 Ak A 16 52 i B
5, R 2 W BT RO BT 8 W 5 19 25 16 AR ik
B 55 RN BT 5 AL A I BRS A SEA T IE, 3R
973 T 22 W B T SO B R I T 2% 9 25 1R A
T A=

1 KRS

1.1 EEXEX
EI R A ) BHL 28 SR 2 BT R TR 28 Br A B
T 1) 5 B 2 A5 R pY HU L, ek R

gi (1)
S AT E 5 b AR EIRISERE s D, ki
Hit.

Je3 S0 ik L B A% 1) 48 B 5 38 52 7 e
S 1 7 ) R 5 5 9 1 A
i, Feikat

Cyr =

N 2

C _ m,v _ PV lopen
LMR — . - 25
m,v, PVs0,

s my, B m, 53 R A ) SRURET SRR 55 45 ) Al 45
B F ] SRR BT i A i 5 o) R o, S35 ORI
B BE 5 py R p, 0 SR TR RS 56 25 L
SRR R ; 6, i) SRS

SN e R AR 4 2 R 2l i 5 A ) 4
Bl 0 AR, Rk X

(2)

mlvl _ nplvl blnpen

= CppCryy (3)

C = — =
TMR g, ngz 1TD 5'

s my Fmy, 5300k BT A2 1) YRR A S Y i
15 A ) SRR T B i A
1.2 &S

TR T 2R FH KRR 25 430 4 ) S UL AR R A AR 4
PR AT — 2 He 7 B AR XS AR G S A
SRR A 5T, AR Bt B AR BN o AR
1§ Z 5k A Phantom V12. 1 RS () & s AH AL 5
Wi, BRIR R 73 R 640 x 480, X5 R 40
el 1 s,

JEJ1
%E&%m ﬁ‘ @tﬂzgﬂ
iy 1 s
®
el s ]
Fjﬂ%”?%%
2 Ly %»ﬁ
- e i 7‘65 AL
L > o
L s
(]
I
L

Bl KBRS
Fig.1 Experimental system
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Fig.2 Schematic diagram of gas-liquid pintle

injector unit
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Tab.1 Structural parameters of pintle injector
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Tab. 2 Structural parameters of gas-liquid pintle

B4 ;mm injector with single-row slots
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Fig.3 Schematic diagram of gas-liquid pintle injector
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Tab.3 Structural parameters of gas-liquid injector with

primary and secondary slots
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Tab.4 Operating conditions of gas-liquid pintle injector unit

A/ (g-s™) WG/ (- s7") SRS
19. 40 7.90 ~32.31 0.52 ~8.71
22.17 8.72 ~38.13 0.49 ~9.29
24. 94 9.81 ~42.55 0.49 ~9. 14
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Tab.5 Operating conditions of gas-liquid pintle injector with single-row slots

FHLFER/ % SR (-7 Wittt/ (g - s™") Jei s B EE S
14.55 15.70 32.97 ~144.90 0.39 ~7.49 0.06 ~1.09
25.64 15.70 59.13 ~250. 10 0.41~7.29 0.10 ~1.86
32.74 15.70 75.32 ~324.36 0.40 ~7.41 0.13 ~2.43
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Tab. 6 Operating conditions of gas-liquid pintle injector with primary and secondary slots

BHLFER/ % ki (g5 Witk (g-s™") FEM RS BB
29.10 15.70 33.33 ~146.70 0.26 ~5.12 0.06 ~1.12
50.92 15.70 55.93 ~261.95 0.24 ~5.33 0.09 ~2.03
65.48 15.70 72.45 ~334.88 0.25~5.27 0.12~2.59
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Fig.6 Schematic diagram of spray angle caused by

liquid jet impinging on gas sheet
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Fig.9 Spray angle under various local momentum ratios
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momentum ratios
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Fig.11 Spray angle of gas-liquid multi-pintle injector

with various liquid mass flow rates under

different radial slot layouts
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