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Effects of Additives and Ignition Support Material
on HTPB Fuel Grains for Solid Fuel Ramjet

Woosuk Jung* * Seungkwan Baek* - YeonSoo Jung* -
Taesoo Kwon** -« Juhyun Park** - Incheol Kim** - Sejin Kwon*"

ABSTRACT

Firing test of the fuel grain for solid fuel ramjet with additives and ignition support material was
conducted. Fuel grain consist of HIPB mixed with AP particle 15 wt.%, Boron particle 5 wt.%. To
cause the short ignition delay, ignition support consist of NC/BKNO; and composite propellant was
coated to the fuel grain. An oxidant gas having a controlled temperature, pressure and oxygen
composition close to the air condition in the ramjet combustor was supplied using the Ethanol blended
HyO, gas generator. Gas was set to flow at a mass flow rate of 150 g/s and mass flux of 200 kg/ m?
in the grain port. Through the test, ignition support operated well and ignition delay of 0.5. During

the test, stable chamber pressure with 8 bar and high combustion efficiency of 0.86 was confirmed.
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Table 1. Physical properties of the materials

in the fuel grain

. Ignition Density
Material o ;
point (°C) (g/cm’)
AP 245 1.95
B 580 2.34
IPDI 500 1.06
HTPB 420 0.9
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Table 2. Propellant characteristics and

product gas composition

Propellant characteristics
Oxidizer 75 wt.% HyO,
Fuel Ethanol

O/F ratio 70
Ta 571.39 °C
Product gas composition
O, 21.22 mol.%
H,O 77.88 mol.%
CO, 1.30 mol.%
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Fig. 4 Test set up of the ramjet fuel firing test
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Table 3. Firing test condition
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Fig. 10 Captured video at the ignition
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Table 4. Operation mode during ignition test

Mode Ignition slillgtr:ii Combustion
t (sec) 0.5-1.02 1.02-6.5 6.5-15.0
m (g/s) 145.7 147 .4 144.5
P3 (bar) 8.7 6.1 8.0
o (bar) 1.86 0.52 0.35

42 Ame| A&
A8 & A IS Fe 1101 JeRiith &3

B o] wixe s J#9lS JERTE BE T8
QoA ZEV}L Yol S Aavt F dojt AL R
39t s T8l 2 Fe| FA =4 AHE Table
5o JeRARIE FA] 278 Ay} B 1928 g/so] %
o] FFE A& IS oA O/F Ml 76, ]
1179 s #de ERIsl s A davt ¥
oS ERISITE SHH FA Ao|E o]83) Bt $H
5 AR A3} 0524 mm/se] B TELS BYS
I8t

%)

EY

Fig. 11 Fuel grain after the test



Table 5. Weight measurement

Length (mm) 300
Before | After
Fuel weight (g) 1585 | 70.1
156.0 | 58.6
149.1 | 45.6
Sum (g) 463.7 | 174.3
Density (kg/m3) 1030.8
Fuel mass flow rate, g/s 19.3
Oxidizer mass flow rate, g/s 1474
O/F ratio 7.6
Nozzle weight, g 301.4 | 301.6
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