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Abstract

This paper describes the preliminary design procedure for the hybrid propulsion system.
For a given mission defined by velocity increment, the design of a polyethylene/LOX hybrid
rocket was implemented. In addition, Seven-cluster multi-port fuel-grain was considered. After
determining the system size including the combustion chamber, the performance parameters
such as specific impulse, thrust, characteristic velocity, and thrust coefficient can be predicted
by using empirical regression rate correlation, though most of preliminary design code
assume constant regression rate. The results of the performance prediction indicated that
besides the widely used HIPB/LOX, polyethylene/LOX hybrid motor can be a viable
alternative to the more widely used SRMs.
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Fig. 1. Mission Design using
Hohmann Transfer
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Table 1. Specification of the Required Propuision

System
7 Cluster Multi-port Grain
Number /o
of SR
the Grain Ports \7 N
Max. Vehicle Mass 5,200 kg
Payload Mass 1,500 kg
Initial O/ F Ratio 4.5
Avg. O/ F Ratio 5.0
Chamber Pressure 14 bar
Fuel Polyethylene (PE)
Oxidizer GOX
Nozzle Expansion Ratio 50
Required ' Ap 1,797 m/s
Initial Thrust-to-weight
Bk 9 welgh 15

Table 2. Summary of thermochemical
parameters from CEA CODE[12}

Initial O/ F  |Avg. O/ F Ratio
, Ratio (4.5) (5.0)
Combustion
Temperature(k) 3396.3 3352.0
Specific heat ratio 1.1222 11225
M“%?Q%%‘” 26.69 27.38
Characteristic -
Velocity, ¢ “(mis) 1575.61 1593.72
Thrust Coefficient 1.8838 2.0015
Specific Impulse
{sec) 224.07 219.76
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Fig. 2. Experimental Results for PE-GOX
Propellant
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Fig. 7. Predicted Grain Configuration

a) Before Firing and b) After Firing

g A= FF Hae &7 OfF Bl 45§
¥ 5482714 Bt} 3)urg
WAEE Aadch ol F
$o] solne s FRA2HE
Hol] 7] dAIMog A z7] HFH F
o 154719 Feonny e 3
W, Ry E9 AT TS HYS U
& AJt oled F R H|FH PFLae F
62 EA4%%, ¢ 2 FHAF Cp o NS
(time evolution)2 A9 E & Qv dA44 =4
ol utal o) mak A2 EEE 9Tl SA4%
TE Az wEt #AsY, FEAFE 438G
g sl muel watdl o8 SRS F
A Y. wepy FAe 54 Sxo 9@
A& 587 FHAF 9% =5 F&o] Yo
A BAZ AA F¥ L HFHo] ZAEA H
= Ao AlgdEU

Fig. 7& @4 AF9 ds 1< XES §
32 Uvehiz glon, di F Hio o 4
27t 3= d8 a¥Q 9B APESE I

4.8 B

nA=ZA 2y £g 48BFE dAY & de
stolBnF = F3 A|A"d] tF ou HAS A
Al B dFE B3 29 R2EHEHNY
E FY317] 9% stolHEg= FA A 2H Y
T GHUHE oS3t AA A dis A
L AAES JheAdE AR F3 A
%ﬂ«l bl AA #AF AEE FHELS AY
P =&d dolHE o/ &3 BAR H
%kﬂ Aol APES 53 HAFo] I8
oz gwadg. 35 AAEA FFdME
gdguy &S FPsted 3o Bt A
F A da fE5EY o] g8¥ AR
%E} E=RoA E&E JoH A dA=
Hd dAe "ulgo] Hol AAAENA
£ FPstedl oA AxE Alejz & A
#

|

L[> o
olr%:”;

A% 7xA AZ2H 48T Ao

]

t

Mo
ret

[1] Sutton, G.P. and O. Biblarz, "Rocket
Propulsion Flements, 7th ed.",Wiley
Interscience, 1992, pp. 487-494.

[2] Karabeyoglu, M. A., 'Transient

Combustion in Hybrid Rockets." Ph. D. thesis,
the  Department of  Aeronautics  and
Astronautics, Stanford University, 1998.

[3] Chiaverini, M. ], "Regression rate and
Pyrolysis behavior of HTPB-Based solid fuels
in a hybrid rocket motor." Ph. D. thesis,
Department of Mechanical Engineering, The
Pennsylvania State University, 1997.

[4] Federal Aviation Administration Office of
Commercial Space Transportation, "Suborbital
Reusable Launch Vehicles and Emerging
Markets.", Feb. 2005.

[5] Stenger, R., "Futuristic rocket soars in test
flight", in CNN.com/SCIENCE&SPACE.

[6] &3, o1F3F, AeH, "TFT TAE 4
3 HTPB/LOX slolrg]l= 23 5]1‘1 A", &
829383 %), 2004. Vol. 32, No. 4, pp
53~60.

[7] Vonderwell, D. R, Murray, I. F. and
Heister, 5. D. "Optimization of Hybrid-Rocket-



R A AR

ojrwe S A2He ov HA 9 Ay o B A7 23

Booster Fuel-Grain Design", ASME, SAE, and
ASEE, Joint Propulsion Conference and Exhibit,
30th, Indianapolis, IN, June 27-29, 1994, 1994
[8] Schoonover, P. L, Crossley, W. A. and
Heister, S. D. ‘"Application of Genetic
Algorithms to the Optimiazation of hybrid
rockets.” Journal of spacecraft and rockets, Vol.
37, No. 5, 2000, pp. 622-629,
[9] Casalino, L. and Pastrone, D. "Optimal
Design of Hybrid Rockets for Small Satellites”,
38th AIAA/ASME/SAE/ASEE Joint Propulsion
Conference and Exhibit, Indianapolis, Indiana,
July 7-10, 2002.
[10] fE 2, HAZ, £8%, A5F I8, "8
olEgE Al W2 WA FFNAM
€ aAdg FHE Hsiue 434 A9,

AEAL

[12] McBride, BJ. and S. Gordon, "Computer
Program for Calculation of Complex Chemical
Equilibrium Compositions and Applications®,
1996, NASA Lewis Research Center.

[13] Marxman, G. and Gilbert, M., "Turbulent
Boundary Layer Combustion in the Hybrid
Rocket.” 9th Sym. Combustion.

[14] Marxman, G. A. and Muzzy, R. ],
"Fundamentals of hybrid boundary-layer
combustion." ATAA Journal, 1963.

[15] Humble, R, "Space Propulsion Analysis
and Design", McGraw-Hill, 1995.



