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ABSTRACT

In this study, a hot-firing test of a lab-scale gel rocket motor using liquid kerosene and gelled
kerosene as fuel was performed in order to analyze the discrepancy of the static and dynamic
pressure between the two fuels. The static pressure, characteristic velocity, and characteristic
velocity efficiency of the liquid kerosene and gelled kerosene did not show any significant
difference. However, in the case of dynamic pressure characteristics, the pressure oscillation
amplitude in a specific high frequency region of the gelled kerosene demonstrated a significantly
higher amplitude than liquid kerosene case. This is considered to be the effect of an intrinsic
combustion mechanism of the gel propellant, and it can be postulated that this may act as a

dominant factor influencing the high frequency combustion instability of the gel rocket motor.
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Fig. 1 Schematic of gel droplet burning [6].
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Fig. 2 Rheological properties of gelled kerosene [12].

Table 1. HB model coefficient of gelled kerosene.

Fluid T, K n R?
K/T 2.5 wt% | 7.08 0.77 0.49 0.99
K/T 5.0 wt% | 9.11 0.45 0.01 0.99
K/T 7.5 wt% - - - -
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Fig. 3 Schematic of gel rocket motor experimental setup.
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Fig. 4 Slice view of lab-scale gel rocket motor.

Table 2. Specification of combustion chamber [13].

Combustion chamber length, Z, (mm) 246
24.30

Combustion chamber diameter, d, (mm) 60

Nozzle contraction length, Z, (mm)

Nozzle throat diameter, d, (mm) 9

10.93

Characteristic length, Z* (m)
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Table 3. Specification of shear coaxial injector [13].

) Shear coaxial
Injector type .
injector

Injector orifice diameter,
d

‘gel

0.60 | 0.85 | 1.00
(mm)

Tip thickness, ¢, (mm) 05 | 05 0.5

Orifice length, 7, (mm) | 18 18 18

L/D, L,./d,, 30 | 21 | 18

Annular gas gap diameter
485 | 495 | 5.00
dUl (mm)

Area of annular Gas Gap | 16.46 | 16.56 | 16.49




AYFHLD) Ol B WGHA 5 Y f
% BAHOERE Y ASLE EE3e] Table

o Fow uAHHY A ke EEF A, EE
A, FA4 259 AR7L 23H o] Ut

Mass flow rate : m = kAp’

—
W
=

A dRel A%, e HE A8 FAT A
b 8 el Bl s EEEE el &
2o syt ww, QA G e A
ol QAH Agrel wE Bz A Azl
% % Fol7t 24 dpont, AAE Mol
2HE5E ES F3 Aot AAE AL I
At ol ATEol weh Wb Pashs
Ao BHOE A% HFGol AL B AW
go| Asirt we| FARAA AshEol Ao A
=7} 83 wolA: Ao AR

3.2 Hot-firing Test A%}
321 ADAE =4 2 AL
A AZA D A} AZANE FFAEH FY
stAl 3 7HA A E AR & At A
gstRom Al 7HA JAAH B
FHoNAN AdFE FHsAT. ALANEL FEH
=

2 Wzte Aoz A¥ A% 2kolA 5

O K/T5wt%d=1.0
v Waterd=1.0
0.06 A KIT 5 wt% d=0.85)
O Water d=0.85 /
O KIT5wt% d=0.6
S 0.05 < Water d=0.6
Q
2
o
< 0.04
2
o
N 0.03
2
=
& 0.02 ;
©
=
0.01 |- T
0.00 I | | | I I I

0.0 0.5 1.0 15 20 25 3.0 35 40
Injection Pressure (MPa)

Fig. 6 Cold flow results of water and gelled kerosene
[131.

A4 F "2E olgstel Bolzkx MEY Ak
o

7 W7e 102 B SS9 A=
2 A AR A2APY AR E£DL Table

322 Aod HeEY

Fig. 73 Fig. 8 d=1.0 mm #|©]2=9] A|7te]
bE 4 Az 2 A ALY yEs 3
o B dad AYS yehig, d&e AsA vt

Hell whe} 4258 A2 o] Fssiy,
9% SWells A& HAR da A4 b=l
5

¢F 0.5 MPa AE A<s3tAath dHeolHY A&
8] Axd dFHo] A HE T 6= A
8% Alolol HH HIOHE o]&sty AAE =
sl o A FEstd daAdE ddE 7
zt +

Table 4. Experimental conditions of cold flow test [13].

) . K/T 5
Operating fluid Water
wt%
Fluid density (kg/m’) 810 1000

Injector diameter (mm) 06 | 085 | 1.0
Supply pressure (MPa) 1.0 1.5 | 3.0
Fuel mass flow rate (kg/sec) | 0.011 | 0.015 | 0.025

Spray time (sec) 5

Table 5. Mass flow rate coefficient in Eq. 3.

Operating | Injector diameter . ,
fluid (mm)
d= 0.60 0.0089
Water d= 0.85 0.0187
d= 1.00 0.0304
0.5
d= 0.60 0.0080
K/T
d= 0.85 0.0163
5 wt%
d= 1.00 0.0272
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Table 6. Experimental conditions of hot-firing test [13]. 5.0 —
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Fuel supply pressure 25 30 | 35 Fig. 7 Static pressure time trace of manifold and
(MPa) combustion chamber for liquid kerosene [13].
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ST 5 wt% Fig. 8 Static pressure time trace of manifold and
; combustion chamber for gelled kerosene [13].
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Table 7. Hotfiring test results of liquid kerosene [13].

Fuel Kerosene

Fuel injector diameter
0.6 | 085 | 1.0
(mm)

Averaged oxidizer mass
0.024 | 0.043 | 0.059
flow rate (kg/sec)

Averaged fuel mass
0.013 | 0.022 | 0.029
flow rate (kg/sec)

Averaged fuel injection
) 34.01 | 39.54 | 41.71
velocity (m/sec)

Averaged combustion
091 | 1.73 | 2.26
chamber pressure (MPa)

Averaged O/F ratio 1.84 | 1.94 | 2.02

Table 8. Hotfiring test results of gelled kerosene [13].

Kerosene
/Thixatrol ST 5 wt%

Fuel

Fuel injector diameter
06 | 085 | 1.0
(mm)

Averaged oxidizer mass
0.024 | 0.038 | 0.055
flow rate (kg/sec)

Averaged fuel mass
0.012 | 0.018 | 0.023
flow rate (kg/sec)

Averaged fuel injection
] 283 | 278 | 284
velocity (m/sec)

Averaged combustion
0.76 | 1.39 | 217
chamber pressure (MPa)

Averaged O/F ratio 194 | 210 | 235
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