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A Study on Combustion Characteristic of the Cylindrical
Multi-port Grain for Hybrid Rocket using Swirl Injector
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ABSTRACT

In this paper, a study for hybrid rocket combustion with cylindrical multi-port grain and swirl
injector was performed to take advantage of regression rate. Change of the regression rate in the
multi-port grain the placement of a swirl Injector experiments were performed. The results of
multi-port grain using swirl injector were showed that the regression rate was increased compare

with the shower head type injector.
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Table 1. Specification of the combustion test
Oxidizer Gas Oxygen
Solid Fuel PolyEthylene(HDPE)

- Each port swirl
- Center port swirl
- Shower head

Injector type

Combustion Time 10 sec

Port Number 2 5

Oxidizer Mass Flow Rate |20~40 g/s|20~60 g/s

Initial Port 10 mm
Diameter(Di)
Fuel Grain Outer
. 70 mm
Configuration | Diameter(Do)
Total Grain
Length(L) 200 mm
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Fig. 1 Schematic of swirl injector and swirler
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Fig. 2 Swirl injector configuration (L : 5port-Each port
swirl injector, R : 2port-Each port swirl injector)
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Fig. 3 Oxidizer average mass flux vs regression rate
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Fig. 4 Oxidizer average mass flux vs
without End-burning effect
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Fig. 5 O/F ratio vs Specific Impulse
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Fig. 6 Oxidizer average mass flux vs regression rate

60%, 2port ¢ A 8%AHES THE F/IE H

=293 AL AFE ke 24 AAEHE AR
32l % single-portoll B3} 2porte] FE &
F7hEo] He Aje AAS 29 JdAHY g
Alz=e] dol7h A Ao AEE =Y Q1AH
BT} 3l Pre-chamber®] Zo|7} Zo] Aujdo

2 Ao ZEe 29 f%0 WARYY 24

1
29 f5°| prechamber®Z #AME of & 7te
Aol WAste] XE el A3 29 FFS

48 =

Solng= =AM e FHES A
S5l WE EE adle] 2YAAHE 83
t A9e ST ZE 59 29 ArE e
ujo) et FE o] Frbekn We TE 4
gle) A9 = Fehol AAEE FEHE Aol
ustel FE &0l 74ES F9 T+ Uk

W 29 QAE] F43 AAE Aol 7
Aoz A 5 4 BFow 29 FEol
FgHol o ¥ FHE FrhEo] veA o
e Rez B9 ¥ 5 AAY

FF ZE UolN 3 29 EWHE WAL
S UE% 29 QAHE AUAS BE TE
QA FEHE A B A7 % 29
9 Yol me 29 FES FHE W] @
& A7E 59 ¥ Aolvh

— 482 —



7|

ok

o] = 20079% ARV A
3

ox @RVIATY FANHATFANGOR

F3 ¥ 59 (No. ROA-2007-000-10034-0(2007)."

CAHFE, 2YdAA Stolrg= 27 A
o] ~¥uj9} pre-chamber W3lo] W AR
FEE A3 A7, F= FIUHu At

9] =, 2004
CAAE ¢ 95W 9 EE 2992 489
PE/N:O stolBg= 219 A& 54
T, &% G A4 59 =
3. Tamura, T., Yuasa, S. and Yamamoto, K., "
Effects of Swirling Oxidizer Flow on Fuel
Regression Rate of Hybrid Rockets", AIAA
paper 99-2323, 35th AIAA/ASME/SAE/
ASEE Joint Propulsion Conference &
Exhibit., 1999

— 483 —

4. Yuasa, S., Yamamoto, K., Hachiya, H., and

Kitagawa, K., "Development of a Small
Sounding  Hybrid  Rocket  with a
Swirling-Oxizer-Type Engine", AIAA paper
2001-3537, 37th AIAA/ASME/SAE/ASEE
Joint Propulsion Conference & Exhibit.,
2001

. Soojong Kim, Jungpyo Lee, Gihun Kim,

Jungtae Cho, Suhyang Park, Heejang
Moon, Honggye Sung and Jinkon Kim, "
Combustion Characteristics of the
Cylindrical Multi-port Grain for Hybrid
Rocket Motor", 45th
AIAA/ASME/SAE/ASEE Joint Propulsion
Conference & Exhibit, 2 - 5 August 2009,

Denver, Colorado, AIAA 2009-5112

. Gupta, A. K, Liley, D. G. and Syred, N.,

"Swirl Flows," Abacus Press, New York,
1984, pp. 2~4, pp. 296~315

. Beer, J. M., and Chigier, N. A, "

Combustion Aerodynamics", Applied

Science Pub., London, 1972, pp.109.





