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ABSTRACT

This paper describes the combustion characteristics of aluminized paraffin fuel on the contents of
micron-sized aluminum particles with nominal diameters of 8um. Aluminized paraffin fuels with
mixture ratio of aluminum 0 wt%, 5 wt% and 10 wt% as fuel and GOx(Gaseous Oxygen) as oxidizer
were used to perform the experiments. The experimental investigations were performed on the regression
rate, the chamber pressure and the combustion efficiency. Increasing a content of micron-sized aluminum
particles, the results of regression rate, chamber pressure and combustion efficiency show minor increase

compared to those without particles.
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Fig. 1 Schematic of the Hybrid Experimental System
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Table 1. Specifications of the combustion experimental condition

Oxidizer

Gaseous Oxygen

Paraffin Wax Paraffin Wax
. Paraffin Wax + 5 wt% Micro + 10 wt% Micro
Solid Fuel Type . )
(PR100) Aluminum Aluminum
(PR95- 1 Al5) (PR90- 1, AI10)
Solid Fuel Density 923 kg/m’ 951 kg/m’ 988 kg/m’
Oxidizer supply pressure 29.6 bar 27.5 bar 28.5 bar
Combustion time 5 sec
Oxidizer Mass Flow Rate 5 - 45 g/sec
Injector Type Axial

Fuel Grain Configuration

Port number

Single port
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TPfuel (D;_ D,?)L

Amfm = pfuelA V= (1)
4Am,
D, = ( '/UCZ)*FD.Z 2
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D,— D,
o S i
r %, ©)]
T a Go avg (4)

Ds : Diameter of final fuel port
D; : Diameter of initial fuel port
L : Length of fuel grain

tp, : Combustion time

7 : Regression rate

: Averaged oxidizer mass flux

0,avg
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Initial Port Diameter (D) 15 mm

Outer Diameter (D) 60 mm

Grain Length (L) 200 mm
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Fig. 2 Comparisons of overall regression rate
for different content of micron-sized
aluminum particles

Table 2. Comparisons of the regression rate

mm ki —n
Fuel Type [oec mzsgec) n
PR100 0.1813 0.49
PR95-uAl5 0.3177 0.37
PR90- 11 A110 0.2701 0.42
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m, : Averaged propellant mass flow rate(kg/s)

2000
(O/Fsmm)PRim
. 1800 | 100%|
[ —
9 1600 90%)
E
§ R
S — ™
‘%: ) 60%)
o= 1m . —
£ 50%
g 800 omnm
o u PRI00
600+ u ® PRI5LA5
A PRIOAI0
400 T T T T T T —F—

APgHor 3 EA £EE o]l EA £
thH] oF 50~60%29 EES HJow LFuFH
AA} o] EoldFE ¥ & 58S e
Age FASIATE ole UAY diaWgoR
olg tEHAFo o AxFEo FES o
At F3 AFE FI R A% 2o B4y
S FYPL gAFoIn

4.2 B
B AFAs wlolaz =r|e &FuE I

o W v/ EFrE AR d4a54 WEE
ATt s ZAdAE AREEl e
T vy vlejlag dFvlwe] A7 5
wt% ok 10 wt% FFFoez Hgd A=l vl
da EAS detsta B4sisith daAd 2
I EdRuE dA IRl wmoMEsE A%
o] FHEo] FTrtstlon dad dHI 54
S5 3 IR od AsFe A4 ¥ee
glstith. 5 dA FHF 2 AsA fEol
ek F7HAQl Aol s FEstd fdA A
Zhell o7k gFS Hop AE A #4494
ol ).
5

2 =82 Fiaed T4 x94(UDI150033GD)

< ol Y E ATEA Aol A=Y
123

1. Fry, RS, “A Centrury of Ramjet

Technology Propulsion Evolution”, Journal

of Propulsion and Power, Vol. 20, No. 1,
pp27-58, 2004

2. 357, AAS, F4Y, A48T
=, “stolBglE 27 EEiT‘Z:— o] &3 4
2AE 7t EAY] A7, dEFIEEI
20149 % FASEHI =&3F pp.689-694,
2014

3. &%, A4, =AW, °1B%, £3H, 4
A, AREZ “LFF BHEZE ¢l =
JAEE &3 stolBge 2H 9 d4 &
4 AT dEFNFEE

4 QT UBY WE ZE 19S A4
PE/N20 3dlelBgle 2A9 A4 EA o
=

77, d=dEiista 4AHeke] =7, 2010

5. Cantwell, B, Karabeyoglu, A, and Altman, D,
“Recent  Advances in Hybrid Propulsion,”
International Journal of Energetic Materials and
Chemical Propulsion, Vol.9, No4, pp. 305-326, 2010

— 493 —



6. Dermanci, Omer, and Arif M. Karabeyoglu.

"Effect of Nano Particle Addition on the
Regression Rate of Liquefying Fuels." 51st
ATAA/SAE/ASEE
Conference, 2015
. Karabeyoglu, M. A., Altman, D.,& Cantwell,
B. .
propellants: Part 17, general theory. Journal
of Propulsion and Power, 18(3), 610-620,
2002

. National Instrument, “LabVIEW,”

http:/ /www.ni.com/ko-kr.html

Joint Propulsion

“Combustion of liquefying hybrid

— 494 -

9.

10.

11.

Humble, R. W., Space Propulsion Analysis
and Design, First Edition-Revised, The
McGraw-Hill Companies Inc., 1995

National Aeronautics and Space Administration
“Chemical Equilibrium with Applications”

Ephraim, B. W. and Matthew, L. Gross,
“Fundamental Simulation of Aluminum
Droplet Combustion”, 46th

AIAA/ASME/SAE/ASEE Joint Propulsion
Conference and Exhibit, AIAA 2010-6677,
Nashville, TN, July 2010





