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A Study on Combustion Characteristics of Non-Circular Grain in Hybrid

Rocket for RATO (Rocket-Assisted Take Off) System
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ABSTRACT

In an attempt to apply hybrid rocket to the RATO (Rocket-Assisted Take Off) system,
combustion characteristics of the non-circular grain were figured out in this study. Having
larger combustion area, it was reconfirmed that the non-circular grain has advantages over
regression rate, characteristic velocity and chamber pressure in which all gave higher values.
Experiments were performed to understand the effect of the non-circular grain geometry over
time where local regression rates depending on grain location were analyzed. It was found that
the regression rate of five distinct locations were different. Partial conclusion driven was that
these differences are due to the heat transfer caused by dissimilar distances from the flame
layer. Besides, as combustion duration increased, the fuel port became circular, and the
regression rate converged to a single value over the whole grain.

Key Words : Hybrid Rocket(5}o]H2]= 27]), Regression Rate(FE|&), Local Regression Rate(A|
¥ 3E58), Non-Circular Grain(8]9+&d 18|91), Hydraulic Diameter(5:227)
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Table 1. Specification of the combustion test

Oxidizer Gas oxygen
Fuel HDPE
Oxidizer supply pressure (bar) 30
Burning time (sec) 10
Average oxidizer mass flow rate 25~50
(g/sec)
Fillet
Outer diameter
diameter

Inner
diameter

n. &

T

21
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Fig. 2. Configuration of non—-circular grain Fig. 4= vjibgdg Id07 59 84S 2=
(top view) B3 29d = 1 mm) € 5 RE BExg g
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Table 2. Specification of non—circular grain (averaged oxidizer flux)¥} & HAE Lepdth
Y FEAALS 2= vdEy gl 93 aE
Grain configuration _ _ _
s Hwek Ay}, vy 1Y FEEo] =4
Grain length (mm) 200
Outer diameter (mm) 60
Number of star point 8 Table 3. Regression rate constant and exponent
value
Filet diameter (mm) 6
Inner diameter (mm) 18 r=aG), ., |dn (mm) A, (mm?)| a n
Slot diameter (mm) 23 Non-circular | 15 500 |0.0174| 0.740
Segment number 5 Circular 15 180 0.01 0.771
Circular 25 500 0.0178 | 0.628
40mm
p ’ 08
0.7 ® Non-circular
= = 06 ® Circular (d=15mm)) 2
/ A Circular(d=25mm) u
4 ’g 0.5
200mm % 0.4 ~
Fig. 3. Configuration of non—circular grain j.E;Ug_ .,':
(side view) < o°
o
g 0.2 }/‘(//‘/
Density PolyEthylene)g AMESIAI AR F4 ) r
3} S3)= Fig. 29 Table 20 217} Uehuiglch. gt 1 | A
o 40 80 120 160 200

T8 IHQ2 200 mm ZoJ9] A=RE 5709 segment
2 o] Z23sks 3o g AlEstele™ Fig. 39
eIt

Averaged oxidizer mass flow (kg/m*-sec)

Fig. 4. Regression rate with average oxidizer
mass flux
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Table 4. Regression rate of each point over time

Time Regression rate (mm/s)

(sec) | Point A | Point B | Point C | Point D | Point E

2 0.715 | 0.961 | 0.405 | 0.084 | 0.064

5 0.452 | 0395 | 0.172 | 0.101 0.052

8 0.211 | 0.205 | 0.188 | 0.142 | 0.159

11 | 0.325 | 0.294 | 0.206 | 0.177 | 0.167
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Fig. 11. Time trace of local reggression rate
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