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An Experimental Study of Laser-induced Ignition of
Solid Propellant with Strand Burner

**‘k*

Sanghyup Lee* - Taeho Ko* - Heesung Yang™ - Woongsup Yoon

ABSTRACT

Basically, in order to apply solid propellant as ignition source to high energy metal particle
combustion system, we analyzed combustion characteristics of the HIPB/AP/Al, HIPE/AP/Al
propellants by using a strand burner. The propellants were tested in a high-pressure windowed strand
burner, which was pressurized up to 300 psia with pure argon gas. Strand burner was visualized with
two quartz windows and ignition was accomplished by a 10 W CO, laser. The burning rate of
propellant was measured with high-speed camera method for frame analysis and photodiode method
for combustion time analysis. Emission spectrum was measured with spectrometer at 300 nm ~ 800

nm and 1500 nm ~ 5000 nm and then we analyzed species during propellant combustion.
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Key Words: Solid Propellant(Z2 A 53%14]), Burning Rate(314 £X%), Photodiode(F o]l E),
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Table 16 AA5FETH
Strand burner+ 580 psi ¥ 7IA] A& &=
2 248 + U=% 4T 44 2 ANH9
or, AMAL AFa(steel alloy)S AHE3IAL
WA 2 ol oF 300, 780 mm °|H Wi &
A2 oF 23 liter o]tk FXA9 3 H dx
g2 7HAstetr] fs 2789 AP F3B0 x 365

It

Table 1. Formulation of Tested Propellants

Propellant Ingredients
A AP, HTPB, Al, etc.
B AP, HTPE, Al etc.

ZnSe Mirror

———Laser Light:

CO2 Laser

=
Control
Computer

Window |
Pressure Sensor 2

A

DAQ

Photodiode
Detector

Backlight
LED

Pressure
3 Chamber
i3

Positioning System
Light guide

‘

Control
Computer  IR-Spectrometer

Ar gas Outlet

,7 High Speed
4

Positioning System

Solenoid  Mass flow
valves Controller

Figure 12 A 49 #AAS yehd 7)o
t}. A A@EFe} o] Universal?l 10 WF CO,
golHE o]&dd FIAE HEsAoH,
strand burner WHZ ol AW & HAEs}7] 93l
ZnSe AMA9 ALH FS AAFAT F3A 9
A& A Z2AFE A8 ¥F £=7F 1 ns ¢
Thorlabs®] DET 10A/M Photodiode detectorE
ARgstel "ol A7l WstE #EAe AR, e
Sensys®] 119 PSH AIAE strand burner %
ol ZEsted ZAsAT HAFHoE FZA
da& 54 9 A& EEE A5 8
Phantom¢] V73 %1% 7HH#e; 50 W &
LED #glo]EE o]&atfom, A9 9 7hA|
B oA A FAA ARy =HEY
98] Princeton®] SP-2500 3379}
Piacton®] PIXIS-256BR CCD, % %] (Mid-IR)
G A SAHES 93 Spectral - products]
SM-301EX #3%7]9} Chalcogenide &<
Optical fibergE A&t

A3 2 strand burnerg ©|-&3te] AF2oA

X

HS 1 ~ 300 psiaZ WHIAZ|EA FAAZ A

= o
=4S

Camera

E

Control

Optical Fiber —ille—
e Computer

Light guide

ON/OFF Check Regulator
Valve Valve

Fig. 1 Schematic Diagram of Strand Burner
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Table 2. Experiment Condition 318 14
Propellant A —-—- Chamber pressure
nsr Photodiode J12
Pressure ~300 psia 312
Ignition 10W-CO; Laser 2 sl cumerten 0%
Burn-rate Frame Analysis(1000 fps) B etodiode - T s
$ 303 2
Measurement Photodiode(0 ~ 10 V) E Lol ) le =
Spectroscopy 300 nm ~ 800 nm é 2070 tgniton ||/ 1. 3
Range (300 ms, 1 ps) S SR 4 R -
(Integration, 1500 nm ~ 5000 nm L - R i 0\ N
288 L n) 1 1 L 1 1 1 1 1 A 0
Exposure) (1000 ms, 1 us) 84 85 86 87 83 89 90 91 92 93 94 95 96
Propellant 10 mm(dia) X Time, sec
Sample 40 ~ 45 mm(length) Fig. 2 Propellant A Pressure  Diagram and
Pressure Gas Pure Argon Photodiode Voltage Output According to the

zHste] #3719 CCD7} Eﬁr(saturatlon) =HA
B oA ndEZ AR FAHY

3 Z7L Table 29| AAsH T

i &

4. Znt 2 D&

Strand burner W oA 4] =24 A¢ BS
CO; #olAE ARg3ste] A3bstAdtt. Fig. 29} 3
2 AZte] W& FXA9 ¢4¥€ 3 Photodiodes
o] &3 W g A Aol

AN ko 2ol Hat F 4 BES} F
F7hstR o, A A&k FhAAAE 2 A
Photodiode®] HW &9 4
(Saturation) Ao A3} A%
< BE3 AGE F YA B2 o Sl
[4-7]9¢ fA}8HAl strand burner WH2] <tE o]
Azt & 129 davtzo o x7] HHR
oo g oF 5 ~ 15% AeTE AU &

on, W3 AAHH ¥ A% Aol FU
e As & F ST

Figure 49} 5= 214 7MW EE ©]§3ty 1
A 224 A% B Q4
&

A543k Azo|th. 1 =9 1000 =

Time Variation(After ignition)

318 14
35| Propellant B —-—- Chamber pressure
Photodiode 112
= 2 Chamber Pressure —» .=~ "=" 77T T
2 ) JRZe {10 >
2 309 - Photodiode s o
- - 2
g 306 4 i
5 18 2
2 303 ’ 2
2 =
i @
= 300 /! 63
i =
£ 297 [-Ignition / 14 2
] Point / =
O 294f H ¥4 Combustion ' 2 ]
CL L time WML -
288 Y 1 L 1 1 | 1 0

297 298 299 300 301 302 303 304 305 306

Time, sec

Fig. 3 Propellant B Pressure  Diagram  and
Photodiode Voltage Output According to the
Time Variation(After ignition)
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Fig. 4 Propellant A : High Speed Recording Result

Fig. 5 Propellant B : High Speed Recording Result

O o momet )
Equation y=ab O HTPB
gL oo oo O mmwe
AdiR-Square 096799 094402 — = FitCurve of B
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= i b 02592 001779, _
g 6f — _aa==0
= g-"" -
s 5r -7
£ Q-- ----H
g g - _--
4L D3 - -
o0 - F-
£ 7 -7
Esr - n h-
s a A
m oL é <
1}k
0 1 1 1 1 1 1 1
0 50 100 150 200 250 300

Pressure, psia

Fig. 6 Bumning Rate Comparison of Solid Propellants
(AP/HTPB/AI. vs AP/HTPE/AL) according to
the Pressure Variation
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Figure 72 8 7}A|3341(Visible) ol 3
A A4 w-g A BAse BE AFEYS

Table 3. Burning Characteristics

Propellant a n
A 0.74416 0.32296
B 1.42806 0.2592
4.0k
3.5k - Na
3.0k -
i; 28k Al XY
2 —
20k ! '
g
E askf
1.0k -
500.0 -

400 450 500 550 600 650 700 750 800
Wavelength, nm

Fig. 7 Visible : Emission Spectrum of Propellant A
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3.0k |-

2.5k | Na K

2.0k |-

AlO X*3"-B%s
1.5k [ :

' '
——
' '

Intensity, a.u.

1.0k -

500.0 -

oo b—o vy
400 450 500 550 600 650 700 750 800

Wavelength, nm

Fig. 8 Visible : Emission Spectrum of Propellant B
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