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Investigation of Turbulent Combustion Characteristics for

Different Injector Port Diameter in Hybrid Rocket

Hee-Jang Moon* - Ja-Ye Koo** - Chang-Jin Yoon* - Moon-Ki Min* - Won-Jae Jang*

Abstract

Numerical analysis of the flow field in the reactive medium of End-burning combustor is

studied in order to investigate the combustion characteristics of hybrid combustion. The main

part of this study is focused on the port diameter effects of oxidizer injector on the
temperature distribution within the reactive field. It is found that the case having the largest
port diameter(2.5 mm) delivers the optimum conditions for the design of End-burning

combustor where the predicted temperature field showed the most acceptable distribution.

Key Words :
Mixing

.M E

A7) AeAst 1A ARE FAAZ A gEE
solngs AL TAZANAE 2713 A
&0 FE/AN 2 FE Aort ey A
g9 4slAle] Eelz Qs 89 <A &
7] & ZFEa Yok w13 A =2A A|AH
of wls) Rt} Fx7} vadle] Aze] 49w,
AR FHAF ARG 7HAA Qo] A 2A
I AR zA ] FHE FuUFgAR FRV|HeR
2 7 N1

a8y gRtd o g FlolHElE AL B 1

T @S dEgn e 3 AR
E-mail : hjm@hau.ac.kr
TEL : (02)300-0118 FAX : (02)3158-4429
P REPFUSL FBEF 9 AR
= FEgBUtn el FBEE 3 AT

Hybrid Rocket, End-burning, Combustion, O/F Ratio, Injector, Turbulent

A dge FHE r(regression rate)d AA7}
el wet O/F vl7p Bigrhs @348 Ay
drh. ol# g o fE FEES FEATNV A
3z} A7l 2 digtxe Aol /F5R Wl
4 ARE ol &3] Arst A EFES
FIINA B REEE WA T A2, B
~ Abg-ste] olEgt EAES
7hi Sl AAeIns]. ¥ 9d ¥
=

K

Y 2 iz i
o 1o 9 o
o
e »
lo

(g of

b
i

bo [ ml o 80 8 NN > ooft I o o >

S da A F A5 FWAHo| Frhet
Wil 7188 nAAE Tk B Fo] F
gto] A4 Z7VEH Eo E9EC] FEd A
o ol2A Ho HA A4 P& FAY
A gtct ¥ AxA|ZRe] A E 1A AR
F A o] dAst AR TpAIF A ¥
5= End-burning el slo]Hal= FA|
B A4S FES AL F U E F

s 5l

-4
ol
rr
_1)1‘ o2l



ok
Hi
ok
ok
o
ok
©
o
of

solnele 24 JAH TEH7 sl e URds 57 94 3
5] T T80 .

FHALFORE $&o] hEdtyld Be Ay
7F A3 4], we}bA End-burning type
selBHE= 2 A4 Uy v AERY
< Ao Axd dA¢ 4% TS A& 47
3 Fad AT "HrtE B 4 ok

o} ds & dyeiMe O/FMzt dAw
End-burning FE ] sielBylE FAA2HE e
FEEE Fuigslyl A8 g d48 e

7o) we Axd U dae] B4e FaHo

2 e Bokrt

on

2 AXWHA U LAY

4o Fe s 7[5

stolRels dAae HA o AFAE 24
olEHQl AT olFol Aoy, ATdE A
FElY] e wel ¥ dREe FAEAAE §
3 Ahsfdo]l A WAL o] R dF B
o] Marxman et al[56]2] dojdalm ¢iiel
FEAS sld 2dE 7o 2 Helman et
alj7]e FA4d WHos AAZ UPAL Fol
dad URe £, 25, aga gerEe
=4S 7R =3 Karabeyoglu et al[8]&
Hg4 slolnEls dh W BHAL ATetd

©n, Antoniou et al[9]-2 HMFA YL o] &

Lo

Shod WA Aa A o) ATE St
ATk ol# gt V&S AFEL dY LE slo]B
= ol

2A0AM, W 234 A HEF
gk A paEle] gtk B AFdAe ¢
FE7} ol End-burning 3telHI=
A7 o] T4 FAD. LI M
A o nAGgY F3FEE HE3
A Bhe mdel gade] thFEHY
2 Q3] B dAFiMe kg
ZHHo =z FHA Q)

I 0¥ End-burning dtelE = 27 d47[6]
St

of /WEF== Fig. 29 2ow AT Ade
Table 17 2tk w8 5780 48 e
7] g8l dE W, AR =& ¥Es 37
2 23 #5857 i &

Oxidizer(Gas phase)
T —
— ,//i/«/‘
‘[{:;' Pyrolysis Fuel{Gas phase) |,
Sﬂhd Ft;ei o 5 s

SUS part
Fael(PE)
Carbon part
Irjector
Combustion
Chamber

Fig. 2 Schematics of Lab-scale End-
burning hybrid rocket

I 1 Specification and operating condgitions
for hybrid combustor

Fuel  |Propane(Vel.= 0.277 m/s)
GOX

O/F Ratio [3.71

Operating

) Oxidizer
Conditions

Fuel Supply |diameter : 50 mn

i Oxidizer |diameter : 1.5 mm x4
Specification
of Supply (L5 mm, 2.0 mm, 2.5 m)
Hybrid chamber height : 24 mn
Combustor | Combustor |converging section : 35 mp

Configuration |exit port & nozzle : 35.5 mn
total : 94.5 mm
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Combustion chamber

Fig. 3 Simplified model of the combustion
chamber for CFD analysis
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¥ 2. Boundary conditions for CFD model

Angle based
C Diameter Injection ni e . asi 1
e {mm) Speed (m/s) on horizonta
line (deg.)
2.0 225 0
15 400 0
25 144 5




downstream cross—section and
centerline cross—section

Fig. 5 Mixture fraction field at 3 mm
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Fig. 6 Temperature distribution at 3 mm
downstream cross-section and

centerline cross-section
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Fig. 7 Mixture fraction(upper fig.) and Temp.
distribution(lower fig.) at top view
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Fig. 8 Mixture fraction(upper fig.) and
Temp. distribution{lower fig.)
at front view

¥ 3. Comparison of the momentum thrust
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