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ABSTRACT

Multi-port HDPE and Paraffin firing tests are conducted for hybrid gas generator application of a
ducted rocket in the low oxidizer mass flux range. A fuel rich gas of O/F ratio from 0.3 to 0.8, a
typical O/F operating range of a ducted rocket gas generator, have been achieved with paraffin fuel
implying that the hybrid system can be a potential candidate. It was also found that an almost
constant O/F ratio regime exists under 35 kg/ m?s of the oxidizer mass flux, opening a possibility for

the paraffin fuel toward the VFDR gas generator application.
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a  : regression rate coefficient EH(Gy)Y dFE Bey
: initial fuel port diameter (mm)
: final fuel port diameter (mm) r=aGr )

Dy
D averaged fuel port diameter (mm)
G,

: instantaneous oxidizer mass flux (kg/m”s)

G, .y+ averaged oxidizer mass flux (kg/m?s)
m, : oxidizer mass flow rate (kg/s)
EO : averaged oxidizer mass flow rate (kg/s)
n : regression rate exponent
r : regression rate (mm/s)
t, : burning time (s)
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Fig. 1 Schematic of hybrid gas generator for ducted
rocket[1].
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Fig. 2 Specific impulse and specific thrust of ramijet,
ducted rocket and rocket with hydrocarbon fuel
vs. OFF ratio of gas generator1].
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Fig. 5 Regression rates of paraffin on fuel port
diameter vs. oxidizer mass flux.
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Table 1. Gas generator operating condition. 35 T
20 A Paraffin 20mm
Oxidizer Gaseous N20
Feeding Pressure 30 bar + T B
Solid Fuel HDPE Paraffin é 20
8 &
Solid Fuel density |951 kg/m?| 916 kg/m? S st /A
Combustion Time 10 s 5s g 10} i
[
Oxidizer Mass flow 15 ~ 25 g/s § 05 W EEBNBERREE R
rate 0o L |
Initial Port g
m.la or 10 mm 20 mm Y] L L .
Dlameter 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Fuel Outer Averaged Oxidizer Mass Flux(kg/m’s)
. . 70 mm 70 mm
Gra1'n Diameter Fig. 8 Regression rates of HDPE and of paraffin vs.
Configr|  Grain 200 mm 200 mm oxidizer mass flux.
ation Length
Grain Port 7 1 o
Number =0.01393Gy7 (5)
(O/F)sto’i(’,h 8 8.1
pnrn =0. 11590(?07172(] (6)
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Table 2. Experimental results on the range of mass flux, mass flow rate, O/F ratio and E.R.
Averaged . .
Casot Fuel port | o idizer mass Oxidizer mass flow O/F ratio EqulVélence
(mm) ) rate(g/s) ratio
flux(kg/m?s)
1 HDPE 10 15.45 1.42 2.59 3.08
2 HDPE 10 20.01 2.00 2.31 3.45
3 HDPE 10 28.44 3.43 2.38 3.35
4 HDPE 10 35.03 4.00 2.70 2.96
5 HDPE 10 42.80 5.43 2.94 2.72
6 Paraffin 20 20.32 9.55 0.76 10.50
7 Paraffin 20 26.55 14.36 0.76 10.50
8 Paraffin 20 30.93 18.63 0.76 10.53
9 Paraffin 20 41.80 26.41 0.96 8.26
10 Paraffin 20 62.56 48.30 1.17 6.78
i S0 9e O/FIa wske The 390l U
| B Tg[ T 7 enftn20mm ehseh. shebel B9 35 kg/mPsolstel f&T
e Zvoll A 2bskAl ol #AIRlel 93 O/FH|
20 7F FAEAS H(case 6 ~ case 8) &5 7)ol
2, wZ O/FHI¢ Z7H& %= HDPEe] Hl&| @& A
5 g & © 2 YEHTH(case8 ~ case 10). whA], it
r 6 7 8 = AZo) gk Aol/ A A W3}, AL STt
I BE HY AR dE 37 a7 22F Ao
2 Alg "t}
0.0 ! ! ' : ! !
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Averaged Oxidizer Mass Flux (kg/mzs)

Fig. 9 O/F ratio variation on averaged oxidizer mass

flux.
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Fig. 10 Equivalence ratio variation vs.
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