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Study on Spray Phenomena and Optimal Design of Injector for

Improving Small Thruster Performance

Kiro Kim*, Su-Kyum Kim***, Do-Young Byun*, Se-Min Lee**, Kang-Su Jung**, Soo-Hyung Park**,
Sung-Kyun Kim** and Myoung-Jong Yu***

ABSTRACT

This work studies the performance of an injector for a monopropellant thruster,
comparing a conventional and new injector types. The conventional injector consists of
8 nozzles on a convex surface allowing the jet to be diverged. The new injector, we
suggested, is an impinging type with nozzle holes on a concave surface. The fuel
streams through the nozzle holes are collide at a point on an axial direction, which
allow to atomize the liquid streams and to spray more uniformly along circular
direction. The performance of the injectors is investigated by using computational fluid
dynamics, particle image velocimetry and high speed camera visualization.

x =

¥ oATE V12 Qe A2 Feje] AANE MaRd FozH 28 F879
geg AN, e AAHE HRD LA B w2 24 A L
g #AsE FHE ARHAL FAt AXE A2 Fee] AAEE LBG EH
4568 ol xge 749 FEY Qe nEel 7y % 5 2AEE o)
AL & 3gon @ PoIA FLRA AAGYCH, e BAE oA Fa49)
Qe Bs ARHse] Apon QPSR 2RI & AES Stk B =RAE A
AFAGY, A4 FEA 2 0% A ol gekel BE G 2 QA 452 o
+ stan

Key Words : Monopropellant thruster(t¥d F7A F87]), Computational Fluid
Dynamics(ZA A+ 9 8}), Particle Image Velocimetry(4# R4,
Injector(F 9} 71), Spray(&5)

2010 119 159 A5 ~ 20119 39 319 AAE
Qe At FF9FARA 2T T
2142}, E-mail : dybyun@konkuk.ac.kr

UOEEVESE S DSk o
UM 1 oE7] 3 R 5o 25E =
W QR pae 98 AFA4Y FEe od

al A

MEA BRAT stFE 1UA 2
= 489, ATt FFSFYRA 2T 33 71 E A ¢ AES 27 Ha ok
= g5, dRPTeFATA o w ©d FFA F77](Monopropellant



342 A7 - ey

LR o e

Thruster)2] S 240] ZZ=a Qo) dwrzoz
@ FAA AN HA G stol=gtle A
to g FHHHEA ALY U Fvf EAY 3
kgS dod|A "k o= Q3 TEde] =
Z

do| BalEm me/3e] 7taE EEIY F
2o gkl g g2 slo)l=ekx(Hydrazine,
NoHy) S FRAAZ 0] 843 add F3A4 FH7|=
A F3e A H3 Y & MHEE A3}

F FINA S AdFE FAEE AT
Ao FHASA AFEH T Aok o] wWE 3}

H

A=
o=kl #all Hs AE % FH7] AT Al
sl Be A7t Ay HA
TG F=A Ala"e] A vud @ 53te)
a Ry diE s Afei, |4, FE
vl Fo] d#e AEZ a7EHI, A2 AR
del dEstve 3 58 = 5 vk wEkA vt

& =
o B4 5 Hasss wd £y A
de A5 Hushshe A7 ddselor @
1;]__[61
®oAgolAe w2 e ol
W Aeye setshed FHE T oolg B
g 47 2% A 3

2.1 Injector & 4&F 3 7j gt

71E9 JAEE Fig. 13 2L HEEE ng
o2 AAHIJeH, AA] FAA FHUHE =
Z FEo| o 30x9 =g EAEE JH ol
I A7)+ Aol 12mm, ¥°|= 4mm ©]H, o
Al FRAAZE BAE O des =& AHAL 150
m, =29 g¢e SHE AA AFEUAC.

C : +30deg (origin)

Fig. 1. schematic of the conventional injector
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Fig. 2. schematic of the new designed injector

Fig. 3. conventional injector(a) and new
designed injector(b)

Fig. 4. The new designed injector
(a) 4 holes, (b) 5 holes, (c) 8 holes, (d) 9 holes
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Fig. 5. The injector test bench for jetting
test and flow chart

Fig. 6. Schematic of PIV and experimental
setup for high speed camera
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P Table 3. Static pressure
: * \"“ Inlet Qutlet Mass
Deg pressure pressure | flow rate
it (Pa) (Pa) (g/s)
Fia. 9. Grid tion for S lysi q +30 2380894 1.00E+05 2
ig. 9. . I:I tsec |c?(rj1 g:h fpra); alna ysis an (model C)
injector grid with front view 0 5478331 1 00E+05 5
Table 1. Condition of Fluid -30 2549819 1.00E+05 2
Properties of conditions Given value (model G
Mass flow rate 2 o5
Table 4.Total
Static pressure 2413156.64 Pa able otal pressure
Temperature 20 T Total Inlet | Total oulet | Differe—
Density(water) 998 kg/m’ Deg pressure pressure nce
Viscosity(water) 1.00e-3 kg/m’ (Pa) (Pa) (%)
Average velocity at 14 m/s +30 2500491 891047 35.63
entrance (model O)
Reynolds No.(entrance) 7832 0 2597931 820250 31.57
N . -30 2669417 865317 32.42
Table 2. Condition of Spray analysis and model (model G

Water
Air
2 a/50.25¢g/5eachhole)
20 T
Plain jet atomizer
Blob Model
TAB model

Material
Material (surround)
Mass flow rate
Temperature
Injector type
Plain jet type
Secondary breakup
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Fig. 10. Velocity distribution of the
conventional injector at 0.5atm
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Ambient
pressure :

0.5 atm

Ambient
pressure

1 atm

Fig. 11. Velocity distribution of the new
designed injector at 0.5atm and 1atm
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Fig. 12. The result of PIV system at injection
pressure : 23.816atm (ensemble average:
500) ; The conventional injector
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Fig. 13. The result of PIV system at injection
pressure : (a) 3.4atm, (b) 6.8atm, (c)
10.2atm, (d) 13.6atm, (e) 17atm, (f)
20.4atm (ensemble average : 500) ;

The conventional injector

Fig. 14. The result of PIV system at
injection pressure : 23.816atm (a)
4holes, (b) 5holes, (¢) 8holes, (d)
9holes (ensemble average : 500) ;
The new designed injector
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Fig. 15.

The conventional (left) and the new

designed (right) injector jetting
visualization without the net
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Fig. 16. At 23.816atm, pressure vs. ejecting
angle of the new designed injector
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Fig. 17. Sequential jetting photos. At
23.816atm the conventional injector
with the semicircle net, the particle
(Al203) and sand (up) and the new
designed injector with flat net, the

particle (AI203) and sand (down)

Fig. 18. Sequential jetting photos. At
23.816atm the conventional injector
with the semicircle net, the particle
(Al203) and sand (up) and the new
designed injector with flat net, the
particle (Al203) and sand (down)
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