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Study on Combustion Characteristics of Chemical Rockets with Multi-layered Grain

Hiroki ABE and Takakazu MORITA
(Dept. of Aeronautics and Astronautics, School of Engineering, Tokai University)

Abstract

In order to improve the combustion efficiency by controlling O/F shift of hybrid rockets and reusability of solid
rockets, the authors conducted the combustion experiments for the motors which have multi-layered grain with different
composition for each layer. In this study, unsaturated polyester resin was used as a fuel, and gaseous oxygen and ammonium
perchlorate were used as oxidizer. As a result, non-steady combustion characteristics during the transition between adjacent

layers were obtained.
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Fig.1 Experimental setup.
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Fig.2 Schematic of the combustor.
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Fig.3 Propellant grain with two layers.

Table 1 Experimental condition.

e [ UP (REFnARY =27 L)
Kefb] [ GOX, APCBSAm T~ T=1 L)

JZO)VAE—RE [mm] 8
AV 7 4 A [mm] 2.286
A—ME (1 H) [mm] 19.5
A—MEQEH) [mm] 255
AR [mm] 32.8

PREHE X [mm] 60

BRE 7 — R P EE [mm) 70

3. ERER-BE

3.1 UPE{kL AP #EF L7z UP O L/ itk
FEEREAEIT S HE T NASA-CEA Z VY, BREHER

B EORELR ZHEMESE D O/F [kt 5 HeHE ) I, Dt

BEAZLEBR L0 X 2 12RT.

1050

i -9-GOX/AP/UP
1000 F -m GOX/UP
o 950 r
- K 1
L 1
900 r :
i |
l | !
r 1
850 P R SO SO NN TN TN T TR NN TR SN TR SR I SO S SR
0 1 2 3 4
O/F [-]
Fig.4 Effect of O/F on the specific impulse of
the hybrid rockets.

Table 2 Experimental results of the GOX/UP

and GOX/AP /UP hybrids.
GOX/UP GOX/AP/UP
fuel [ UpP UP
AP [%] 0 10
D, [mm] 8 8
L [mm] 58.5 60
e [MPa-A] 0.219 0.280
¥ [mm/s] 0.349 0.506
bj [MPa-A] 0.692 0.779
Gox [kg/m?-s]| 20.16 21.14
0/F [ 3.86 2.90
My [a] 110.84 102.31
My, [a] 105.14 92.14
Apo [mm] 19.4 19.65
u [m/s] 6.72 5.49
14 [-1 1.1178 1.1137
M [o/mol] 31.404 30.215
Ty K] 2910.16 3051.76
c* [m/s] 1361.8 1397.7
cin [m/s] 1389.3 1452.6
Ner [%] 98.0 96.2
L* [m] 0.8 0.8
Ty [s] 0.00152 0.00152
ILFI [HZ] 530.1 440.5
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Fig.5 Time history of the combustion chamber pressure.
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Fig.6 Magnification of the pressure transition from the

solid fuel to the fuel-rich solid propellant.

Table 3 Experimental results of the pressure transition.

No. 1 No. 2 No. 3
L [mm] 60.2 60.3 60.2
Ate [s] 1.744 1.445 2.543
7 [mms] 34.52 41.73 23.67
pe  [MPa-A] 0.273 0.293 0.281
Gox [kg/(m? - s)] 15.23 18.15 12.44
c* [mis] 1433.5 1382.9 1398.7
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Fig.7 Transition speed between two adjacent layers.
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Fig.9 Short-time Fourier transform
(AP/UP=10/90).
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(a) Solid rocket mode
(b) Hybrid rocket mode
Fig. 12 Reusable solid rocket.
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Fig. 13 Flight sequence of a reusable solid rocket.
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Table 4 Design data of SRB-3.
My | 755 ton

M,| 668 ton

W | 87 ton

F, | 2130 kN

fuel | HTPB -

Pr | 900
Lel 14 m
Dpl 18 m
Ap| 792 m
D;| 039 m
Y 12
Wy| 28
Ne<| 95 %
C*| 1700 m/s
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Table 5 Thrust-to-weight ratio of hybrid rockets.

GOX N,0
""" swirl | Axial
Mo [kg/s] 20~60 550~590
7 [mm/s] | 0.14~0.35 | 1.14~1.16
My [kgls] | 9.93~32.14 | 631~673
0/F [] 2.0~24 | 6.8~71
Pey [MPa] | 0.4~1.15 |8.98~9.57
T [ton] 5.9~16.8 | 131~140
T/WI[-] 0.68~1.93 | 15.1~16.1
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