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Spray Characteristics of Side unlike Impinging Platelet Injector
GUO Zhi-hui, CAO-Yong, HUANG Yong

(National Key Laboratory of Aircraft Engine,
Beijing U niversity of Aeronautics and-Astronautics, Beijing 100083, China)

Abstraet: \ An experimental study of the-spray characteristics of side unlike impinging
platelet injector \was conducted using a Particle Dynamics Analyzer (PDA). The droplet
velocities, diameter and flux ‘density of the spray were measured at three axial locations. The
atomization process and’ special spray feature have been analyzed. The results show that the
atomization process’is different from that of common impinging injector. The mixing ratio
Y. and geometric parameters have important effect on the atomization and spray distribution.
For a certain ¥» and passage area ratio ¥« , thereis an optimum nozzle geometry to attain good
atomization and spray pattern. On the other hand, both higher Y. and ¥» can improve
atomization performance within an appropriate nozzle width. The atomization performance and

spray pattern can be controlled by selecting appropriate and geometric parameters.

Key words: aerospace propulsion system; platelet injector; unlike impinging;

atomization; spray pattern

[1 3]

. 2004- 02— 24; . 2005- 02— 27
(1969- ),



2 : 203

[2,3]

Ym: (]mf/(]mn7 ymz 1, 1 65, 2 2
[4‘5], z= 15 mm,
30 mm, 50 mm X0Z7
) (Y=
, 0), Y Smm, X 3 mm,
) 140 180 , 5 000
1
1
1. 1 X0z YOz
90<= 1. 3
) 3 1.0 mm PDA )
2 1 2
Ar= 1.0><1. 0 mm’, SMD 7
do= 1. 13, 1. 4, 1.8 mm., Y s R
Y. 1.0, 1.54, 2.54, , SMD—,
w 1.0do, 1.5do, 2. 0do, [ 12mm
T‘% 7 Z doxi ® conui
- N ¥ SMD = =
e TG )'(' 4 Zd%m ® CcOnxi
w COnyi [}
2. 2 Y
¥
, Y
st A ’ -
V.Flux, = Z v. fluxui
2
2.1
1 2
Fig. 1 Schematic of the injector and
test coordinate ’
[5]
1. 2 2 , (Yoz
Z0X
; ) )
) LWGY+4 ,
( 2D-PDA),
9 q’"f 5

qny



204

20

¥nm

2 YOz Z0X
Fig- 2 Spray picture at YOZ and Z0X

3 5
= 1.54, 9= 2.1 mm),
SMD
70 ¢
Level ‘2{m/s)
15 24.0
14 225
13210
12 195
E 11 180
40 F 10 165
L 9 150
[ ] = & 135
30F 7 120
| ¢
20 4 175
" .
2 .
10 é\,, 1 30
0 :._l . I 1

()/m: 1 65, )/m

-l‘--'
c-
w
<D

3

60

YAnm

Level ¥Flux/(cm’/cm.s™)

15 3.0
14 2.8
13 %-6
2 34
10 24
'} 1.8
8 1.6
7 1.4
6 1.2
5 1.0
4 0.8
3 0.6
2 0.4
1 0.2
IS AT A S |

40 50 &0

Fig- 4 Contout of droplets volume flux

70 F Vevel /SMD/am
260.00
7 7]\ 17
16 193.75
60 & i ¢ 18750
V 14 181.25
50 175.00
NN
g, G
g 4 /s\fs’\éi o 13625
9 150.00
ST Q,\ g 14375
—J 7 13750
~ NER
20 (’\ N 1251
R 4 11878
lL @ w/ 3 11250
R~ s
1 .
0 \\ij. /,.i'?l‘.ul...h‘..l‘...l
0 10 20 30 40 50 6O
X/mm
5 SMD

Fig. 5 Contour of droplets SMD

5
SMD
.Y SMD
6 3 Y
SMD,
SMD, Y
7 ,

SMD ,

120 180 pm :
D ¢ . SMD
SM Dy ,



205

SMD, fum

VFlux/{c/em®g)

SMD Aim

180 / P
160 -0 s ’ ’
140 | A_DA/A
1201 —o— z=15mm
100 | —o— z=30mm M- 5 y=100
—A— z=50mm 21 —o— 1,=165
80 o gl e %7220 Aa
G0 ':E_-,IS— /‘o\\
0 10 20 30 40 S0 60 70 80 90 = NS 3
£ 12p At
¥/mm % & A \
= z_ O:g—/’g::g—n/ﬂf \
o L
6 SMD, 3t
Fig. 6 T hedistribution of SM D, ol . . . .
0 0 20 30 40 30 60 70
24 FAnm
21+ —b0— z=15mm
—0— z=30mm
18 - —y— z=50mm 9 Y
L o
15 o Ty o Fig- 9 The effect of ¥» on-cumulation v. flux
12] ] d/}g/ 0T,
0
9l _;E?;;:',:Lo— . 9 ,
a v/v__v¥¥/v/ . \V
6 vw—v— \ \ , Y
s o
ﬂ L L 2 2 2
o 10 20 30 40 50 60 70 30 91}
¥/mm
2. 4
7 3 2. 4.1
Fig. 7 T he distribution of cumulation v-flux Y,
Yoz 1.0, 1.65, 2.2 Y
(1) ¥ ) w , Ya
2 2 Z
2401  —p— w=2.1mm ¥=1.0
’ ’ ol —o— w=2.1mm ¥=1.54
Y —a— w=2.8mm 7 ~1.54
200F  —a— w=2.8mm 3=2 54 aat
180 |
g ahs, aaat q%"ﬂ/"
2000 pg- y=1.00 . leol e
n A ) 2
180t —o— 1,=1.65 = 140f ﬂﬁ;‘aﬁ’
—A— ¥ =220 B
160 Y’” u)/j:;g:ﬁ 120 - 63T ,nf“’ﬂ
1o TP /073/& 1g | g e
e\et o sol o o
126 - o OO /A 0 10 20 30 40 50 60 70 RO
A-A__A,J3:/A Finm
100
B30 |
10 SMD,
60 L : . . : . . ;
0 10 20 30 40 50 &8¢ 70 Fig. 10 The effect of ¥, on SMD,
¥Fmm
) Ya
8 SMD, 10 , )
Fig- 8 The effect of mixing ratio on SMD, , ¥
8 Y . SMD, Y (



206 20

Yo ,
2 y“ )/(l . MI
, Y. :
24 r—o—w=2.0mm ¥=1.0 ; g
oy [—o—w=2lmm =154 ¥ Ya , Ya
2l —&—w=2.8mm y~1.54
o lSF*Fw:ZSmm Y =254 L 1.54 ,
E o1sp 1. 22
~ B,
E ]2‘44'_76 \.'_,f - \ 21 _
B 9 o000l A —o— ¥=10
£ ol B Fa-om \ 18F _o—y=154 A
> v\’ T oqs | A v=254 /(}/ A
3f % \
1] 2 Izt Q(ﬂ/‘?/ b
0 10 20 30 40 50 60 70 80 5 >
¥ 5 9 "Ag%.— -
i E a,-/lc:)o” A
= 6l \
- N
11 Y 3r
Fig. 11 The effect of ¥ on cumulation v. flux 0 6 1'0 2'0 3'0 4'0 5'0 6I() 7'0 LSIG
(2) Y , w/!do , Y Y
12 Yo ) wldo= 1.5 ) 13
SM Dy 12 . wl/do=1.5 , Fig. 13 The effect of ¥ 'on cumulation v. flux
Ya , ; Y= 2.54 Y= 2. 4. 2
1.0, 1.54 , SMDy , w
’ 14 SM D,
73 1 - s 1.4 mm 2. 1 mm
0.65 0.39
200
240 o };:]_0 —ag— w=l.4mm —n
o ¥=1.54 180 F —C— w=Z.lmm LA
LN By > A —A— =2 8mm
R, — ']:’ . N §- 160 L — /o_,c
EL o a«—A’A‘A-—AfAJA”""‘/A o o 140t S 4
el S -
g 107 o n/nl & e o
3 T 120} SreTaEeR o
120 | E(O—Q/O/Df A
u«u’“— B-o~F 100}
a0 |-
S0l 0 e
60 b e o e ey 0 10 20 30 40 30 60 70 80
D 10 20 30 40 S0 60 70 80 Yimm
¥/mm
14 SMD,
12 SMD, Fig. 14 The effect of w on SM D,
Fig. 12 The effect of ¥, on SMD,
D D 2 8 mm )
13 , Yo
) , Y.
Ml



207

S
—
T

VFlhux/(cm’fem?.s 1)

Fig.

(2)

(3)

Y Yo,

—— w=1.4mm
—0— w=2.1lmm /'3\
—&— w=2.8mm

12 0‘0,0 D

ogor’

\‘_ﬂ/lﬂ—_n_k

1 ) I I S | 1

0 10 20 30 40 50 60 70
Fmm

15

15 The effect of w on cumulation v. flux

15

[ 2]

[3]

[4]

[ 5]

[ 6]

7]

Ya Y.
)/’" ) )

[J]. , 1994, (1): 33
37.
Shi Shaoping, Lu Zhenlin, Zhuang Fengchen. On Summary
of Application of Platelet Injectors to Engines for Spacecraft
[J1. Chinese Space Science and T echnology, 1994, (1): 33

37.
[J].
, 1994, 15 (5): 10 16.
Shen Chibing. Experim ental Investigation on Atomization
Characteristics of Splash-Plate Platelets Injector[J]. Chinese
Sp ace Science and \T echnology, \1994,715 (5): 10 16.
[J1. , 1998, 19
(4): 7—10:
Ge Guohua- Bipropellant Miniature Divert Thruster [ J]-
Jotrnal of Propulsion Teclinology, 1998, 19 (4): 7 10.
[J]. , 1999, 20 (4): 73 76.
Zhang Mengzheng, Fu Yonggu, Zhang Zeping, et al. Spray
Property Reasearch and Application of Unlike Imoinging
Injector [J1. Journal of Propulsion T echnology, 1999 , 20
(4): 73 176.
Anerson W E, Rtan H M, Santoro R J, etc. Impinging Jet
Injector Atomization. Liquid Rocket Engine Combustion
Instability [A]. Progress in Astronautics and Aeronautics
[C]. ATAA Ine., 1995, 169: 215 246.
[D].
, 2001.

Vassallo P, Ashgriz N, Boorady F A. Effect of Flow Rate
on the Spray Characteristics of Impinging Water Jets [J].
Journal of Prequlsion and Power, 1992, 8 (5): 821 829.



