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The Effect of Swirl Flow on Solid Fuel Regression Rate of
Hybrid Rocket
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ABSTRACT

Hybrid rocket had many advantage with compared to solid and liquid rockets. In this study,
swirl flow hybrid motor was designed and manufactured. And the methods of regression rate
improvement were considered. Thrust was calculated with pressure of the combustion chamber
and the regression rate was measured in low flow rate of oxidizer. Several problems and

solutions of operating hybrid rocket was presented.

= g

tojlagle 2L 7]1EY 1A, JA 2 vty F& oHE VA o £ dFeAe A
37 stojEg= 2AS dA H ;ﬂlz—}ﬁ}oﬂ regression rate?] 3 WehE EAStnA} &t 4FshA|
A3z ®gd we dad dEE FAHs FHE A ?ﬂiﬂ}xé-gl 7tAgE T3l
A regression rate® FA 3t “"—5} stolrele 24 AlY e FAHE A
WE A A ST

Key Words: Swirl flow hybrid motor(d 3|5 3lo]2 @] = EE), Regression rate(FE &)

LN B o A= Bl AN A& FAALH o
et WA AAAY Aoz AHT Utk 2
sojna= =Ae P} 7129 Solngs RHE DA 2A W)

AP F¥ =34,
shutdown ¥ restart& H&HA9] fF%F& =¥ dlod ofF e TAAE regression rated} A

A4 B&S 7HE 2HE 7K@ Aok

oz2x golatA =dE F Ue Aol Utk
tolEi= REY o]yF o]HE WEd =A

* AEusty FHEr 7 A TR
o Rk s A
A2 2}, E-mail: 1ab2002@hanmail.net

watr] @2 regression rateE 7}X i 875
< FE& AT YN e dERFHS F
JEAASE dtn olE $HE 1A A8 a4
teol AEXEE e 1AAEY FWUHS
F7hAIACE k. Ad 4 Az Z2A dfoln

- 311 -



E ARNA HE regression 54 %L AA
A TS A% dF7 ASHA o HZ
od A9 AHMH FAE AT d7Y
regression &-& F¥FA717] ¥dtq AIHEE
o]&sl= dlolHIE= =2 A E AUHT
A} =3 1A A8 o) 43A HE ZL A
Q) R EAE JRIAY 35
NP2 dxES IV A7 5
FYEROY ol di By FAo) Aoy
7] A9 BHELEE F
B dFdMe d3F stelazls BE AA
2 AL HIT AAZHe dAiLdPE
&3] full-scale Al EAA & F gle
regression rate®l] W3t A& 2 L scale-up A7)
7eE MEstaa o

r

O

tlo

o

2 4

g

I

21 4357 o= 2eje] A7)
2 AdFodA AHEE slolHEl=E EEHE 4F
9 hAe melste] 944 §heEo] 30 barE
A Fon BA FHol 200N F< motors: A
A7VFes 34
TH AsAe VAIAE AL uA 4
© PMMA(Polymethyle methacrylate)g AF§-
o] A&y F<Y NSt hEEEs 8
Atk AAlo) AHE-E regression rate AF 2L S,
Krishnan ol <8 A€ 714 4t4 9 HIPB
HEE ol§F solH= HEY HdyHoz
obej e} k1]
T =6x10"°"x GMx D, 0% @)
AR ElE  AstAlel A
kg/m2-s2 XA} Eq. (1)L ol&3d %7]
2 da F d8 XE AL Adsden A
A A1 TR A B A5 W
Ast gt Add A 2 98 o
B A4 AFHF 2 FHUE AdEe =
wHog AR =& F4H &
A

P e oo
sy

B o] ghe o)gde] =F T UHHL AR
ot

soluels mEe AFE sigtd dPAL
olgtdon FFABL FFIE UstA 2
FAF] wep olg Bgu 2@ YAHE @
o2 ARHAT. ol 4NN ALY IS Table 1
o Uehy e

r

Table 1. Operating conditions of oxygen flow

condi- |Oxidizer| Fuel
length | (kg/m’s)| tion | (kg/s) | (kg/s)
600 |intial | 0.068 | 0.016 |4.375
160 | 8455 | final | 0.068 |0.0149 |4.563

Grain G
' ox O/F

mm 200 | initial{ 0.0226 (0.01037|2.179
2810 | final | 0.0226 |0.00961{2.352
400 600 | initial| 0.068 | 0.040 | 1.7
8455 | final | 0.068 |0.0373|1.823
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Fig. 1 Photograph of PMMA
(swirl intensity = 9.4, after 7 sec bumning)
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Fig. 2 Schematic diagram of oxygen injector and
pre-chamber
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Fig. 3 Schematic diagram of swirl injector
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Table 2. Geometric swirl number

Rx(mm) | Ré$(mm) Sg n
20 3 9.4 4
20 4 4
20 5 4
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Fig. 4 Measurement technique of using ultra sonic
sensor
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Fig. 5 Photograph of ultra sonic sensor
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Fig. 6 Comparison of ultra sonic sensor signal and
visual measurement
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Fig. 7 Variations of fuel port diameter with using ultra
sonic sensor
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Fig. 9 effect of oxygen mass flow rate
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solid fuel length
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