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Optimal Design of Hybrid Motor
for the First Stage Air Launch Vehicle

Bong Kyo Park* - Sun Tak Kwon* - Jae-Woo Lee* and Changjin Lee*

ABSTRACT

The feasibility of hybrid motor as a first stage of the air launch vehicle is investigated, and the result
shows the hybrid motor can replace the solid motor. Optimal design study has been performed for the
hybrid motor as a first stage of nanosat air launch vehicle. The first stage hybrid motor of the nanosat air
launch vehicle, which uses the F-4E Phantom as a mother plane is designed for given mission
requirements. Selected design variables are the number of ports, the initial oxidizer flux, the combustion
chamber pressure, and the nozzle expansion ratio. The design results show that a hybrid motor can be
successfully applicable to very small air launch vehicles which have severe physical constraints of length

and diameter imposed by the mother plane.
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Table 1 Design space

Variables Il;glv;g Eg’f:é Type

N 10 21 Integer
Goxi(kg/m‘sec)| 100.0 350.0 Real
Pc(Mpa) 1.0 5.0 Real
e 4.0 20.0 Real
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Table 2 Comparison of optimized results

Pegasus Hybrid motor
(D=127)| (D=13) | (D=14)
Total mass(kg) | 22584 17439 17315
Isp(sec) 293 322 319
L(m) 10.27 11.93 10.43
AV (mfsec) 31724 3171.0 3170.8
Port . 15 21
Goxi(kg/m’sec) | - 3489 335.1
Pc(Mpa) . 3.04 2.36
e . 10.95 9.72
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Fig. 3 Convergence history of the motor length
using GA

Table 3 Comparison of optimization results

Algorithm SQP GA
L(m) 3.59 3.58
D(m) 0.50 0.50
Port 14 14

Goxi(kg/m’sec) 200.00 187.9

Pc(Mpa) 1.04 1.61

e 7.80 13.0
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Fig. 4 Configuration of optimum hybrid motor of
micro air launch vehicle
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