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ABSTRACT

Ignition test of the fuel-rich propellant coated with ignition support material in the ramjet combustor
condition was conducted. Ignition delay and flame holding was measured. Fuel grain consist of HTPB
mixed with AP particle 15 wt.%, Al particle 5 wt.%. To cause the short ignition delay, ignition
support consist of NC/BKNO; and composite propellant was coated to the fuel grain. Ethanol blended
H;O, gas generator control the temperature, pressure, O, concentration in the oxidizer gas in the air.
Gas is supplied with mass flux of 200 kg/m’s. Through the test ignition support operated well and
ignition delay of 0.6 second and the Flame was sustained.
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Fig. 1 Concept of solid fuel ramjet.

HTPB : Hydroxyl Terminated Poly Butadiene

Shock wave
Al : Aluminium
NC : Nitrocellulose — =
BKNOs; : Boron potassiumnitrate ==
IPDI  : Isophorone diisocyannate = p=

H,0, : Hydrogen peroxide
T . Adiabatic d ition t ‘ M:26 M:
ud : Adiabatic decomposition temperature T:300K T:

QR

0
700 K
wt.% . Weight percent

Fig. 2 Operation of the ramjet diffuser.
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Fig. 3 Velocity decrease with ignition delay.
WA FHE T3 go] 1x 20 km7tA &7}
I B B gE vgs A HEZ o5

vAbd el B3] WAF B8] A

| o] et AAYE 58 &
FRE A7) #eolA &) 218
"= US Army Ballistic Research
Laboratory °lA& 75 mm ILAAE YAE &
< ATt AMAE FHAA FIE aHE @
< #} 9ler, Nordon Systemol|A= 203 mm
T 733—3— g &8 60 km ©] ZHEW
Ao g HAEQTH4]. HIol dotzelzt 3
=9] Deneloﬂ A= 155 mm PBAE FHES I
I Fo|tH5,6].

A Az FAES ML) fI VEHe=
AT EA T shue HAF FA] T AqF
1 BAoA 12 o9 W& HE 3}
24E T FHE FAL F A= 1Lz
ARste Aotk 2o WA ¥ £&
Fig. 3¢ Jeliiitt. Biygds 714
Azo] Jojgd HA &£TE 850 m/so|th
245 900 m/sE 7HREE XEe &L e
¢toll 850 m/sE ZAstw 1 <kol] WAl
o] dojrfof gttt ojuf, ¥ I} T WAL 2

Ao A gt J3t A= =Ystr] oH e, 1
A A8 #AS MAEr] HAsiAE 12 ol
A3l AA AE Bole 98 g o] &7F
oH2].

ol AT 1zl ZHET HI Ao

H

lo
>
= N3

do ot P4 B o2

i w2 ol

_

l_,

Table 1. Physical properties of the materials in the

fuel grain.
Material |Ignition point (C) | Density (g/cm’)
AP 245 1.95
Al 496 2.69
IPDI 500 1.06
HTPB 420 0.9
Hyd  HIREAE =¥3I AP/HTIPB
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Fig. 5 Coated ignition support material.

Fig. 4°] HalrnzA7t =x® A8 2#9
Mads JeErSITE 28l AWFEY FFS
45522 Fo] ud Qlo] frE 2xE F AT
T AEE S A8 TdEle] AWy XE
HF 10 cm Zoldl 3l composite FIAE 2

mm ZolE ujXsn FrtE 2 o NC/
BKNO:Z % 100 mg =%3}4lt} Fig. 5& A%
¥ A8 a9 Apxlelth

23 7k A7)
WA AxHoA JdEE HE=
7] &9 AaiAolt) o]

e
o
3
fr
el

BN

2
)

1 _EL ri

flo

ol

jins

-

=2

o
N
i
H ofy
i
oM o g
<
-8
rEI
ar oo 2
2
2 rFi il
v Mo
2
o,
to 44 ol
2 N
- Lo
Ny orlo

f
ofj
Y
[RUAE

r
b
2
K5
%
e
b
i
of
)

W E o g
i

)

offt
i)
o
)
2
=~
=)

=N
3
. Lo
2
b
B
6
m{o
g,

o 7tg AAE oW Agel
L% AslEkel O/F ¥ 700%
EFF FAAE H§FHATH]. Table

§ ALE Fa PR AsRal
o wgRse=s 44

2 x> oo O
Mo > N oA e

flo
y o o rr

~ N
T 2
o
ot

oX, OFD

7F2=9]

2
o Mo it o
BT 5
e >
oz =
N
o
S
=2
r!I’,

st o[o

Mmoo o e
fo sa s Hﬂ
re
B
O, >
3.°l
ﬁ
td
).
>,
N
N
N
N
olr
ol
ok
)

Table 2. Propellant characteristics and product gas

composition.

Propellant characteristics
Oxidizer 75 wt.% HyO,
Fuel Ethanol

O/F ratio 70
Taa () 571.39
Product gas composition (mol.%)
O 21.22
H,O 77.88
CO, 1.30




H21H M45 2017, 8. B A4 UM HSEZNIt =ZE Fuel-rich FEIH 2| At 83

Ignition support
Fuel-rich propellant

Injector
Distributor
e )
le ve T
. | Test bed Catalyst bed
Fig. 6 Schematics of the gas generator.
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Fig. 11 Chamber pressure curve.

Table 3. Ignition test condition.

.. Ramjet .

Condition opera’zion Experiment
Mass flux - 200
Gas Mach number ~ 0.2 0.15
Ignition delay (s) <1 0.6
Gas temperature (C) 430 516
Gas pressure (bar) <75 3.3
Chamber pressure (bar) < 85 52
Operation time (sec) 14 16

Table 4. Operation mode during ignition test.

Mode t (sec) m (g/s) P2 (bar)

A 0~0.33 82.9 1.07

Bl 0.33~0.63 67.7 2.58

B2 0.63~1.07 38.7 6.95

B3 1.07~16 48.8 4.51
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Fig. 12 Captured image during the test.

Table 5. Fuel grain measurement.

Measurement Front Rear
Initial diameter (mm) 18.4 18.4
Final diameter (mm) 20.5 21.8

Regression rate (mm/s) 0.07 0.11
Initial length (mm) 300
Final length (mm) 260
Initial weight (g) 599.4

Final weight (g) 447.3
Fuel feeding rate (g/s) 9.5
O/F ratio 5.1
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Fig. 13 Fuel grain after ignition test (Left : front side,
Right : rear side).
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