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The Design of The Bell-Shaped Nozzle
for The Maximum Thrust

Min-chul Kim* - Soon-ho Park** - Gui-hwan Lee*** - Choong-won Lee****

ABSTRACT

The thrust Control in Solid Propellant Rocket is incomparably limited than that in Liquid Propellant
Rocket. Because it is fixed that section to relate a combustion, that is a natural result. The control of a
thrust directions in a Solid Propellant Rocket is not efficient for the purpose of a Solid Propellant
Rocket. But it is a problem to solve that a weight on board should increase through the maximization
of the thrust in a Solid Propellant Rocket.

B
I

22 20 oMY FHACE AA A 2AY 2RRG S} Utk FAA ] Eg
5 f BE FEE| oful A 97] MRl FAY Aolch
oleist mA #3 2A9 F¥g W Aoleirle 1A 21 2A 54 21 gy 58§ WA

¢

43017 2P PRk FAY 2A 23 2219 el Juisiel PAE T WAE wHD
ST BE 2HE A2 AT e 94 zeg

o]Fojof & FHAolct ;A F3 Ef‘i"ﬂ/ﬂ—@] F8<

Key Words: Solid Propellant Rocket(3 3| 5% 271), Cone-Shaped Nozzle(¥5 % »=%), Bell-Shaped
nozzle(3¥ =%), High Pressure Gas Vector Control(Z 7t #E o)

N = ¥ 2a 2AS AASE ohvide] ZALMA
A o et sb aAe AN HAE she
Suh NURA 270 Ao 3748 s8A & $EE oot 42 HEY Aolth Ads 4T
- e ARzt Azel F JHA Wy 71E FelA B
* ABdstu 7IAFRA olgl= AMAL Holgt &y AR 24
w AAG D AT e a2 wa e B8 ma
w BEWE L 7)A & R4 =T e v iEomE ow e
wooe AV Y 7 A BT mS 2t 2% 14 249 34H FA=rt dEA
Aol ME B3 Sx we Yol Bol

o4

1]/

AgA 2}, E-mail: carlitoway@naver.com



rlr

g3l #AP 2AS FAN AE2 4T
279 47 A% = YRl o]y AU
42 dge) AAF 7 BEe 2AEClEL
5 A% HE 4F¢ 43 A4S BET}
A9l Bz} By ol FolA gk,

dAT Bde A9 WAL dAzeln 24
gele Polzke AL OAF FAMA @
S A AEe ANE URA @ 74 W)
Mol 712 HAATSE TG BAL A
S 29 2AHAY 29 $U 4 22
S5 gol 9P 1 B&S W ¥ oz Y
B3 ge Aol o] Z2AEY A,

o BEe 297 AW Aol oviFolr}
Asn BATL A5E 2A FAA Fe
500g ©1sh2 @yel Sl glvh FAA ol
7(-]3]]1] o])dr ];(-]]_,] A—]H 1;]._@_ s].
Y CId 2T RS GRIE o)
g9 ZFusE B/ + A e
A1l FAAS JReA o}u}m =A%)

s
=

2

ofj l“ﬂ

mlo

l

2
ox,

o

‘%I

Em
rE

to

rlr
UE
10

oF
=

So] A7 g0z AgI}E J1EY Aoz
e =3¢ ¥4e AFA HAQH F
Wa Al S g

Fd7A $7 dmel zAL T A% A
Ust 7129 the digte] BE ZASAXE =
Pozgk txdEo YA
r39s mia) ggsﬁ x
AL 7HAA sl dA 3

10}2]. ol &gt %}7}"«1 ‘1‘151
oz sko].Ei Eo} @'&é

fljo r°l' 2 2 v

= d &4 FH& BYsto Ta_g_ =g
B A F dE FY 5L AAN HF
(3]

2 W & MA np™

21 A8 718 2 A

TR e 4 40 me da SR
=2 Qo] A%, £79) A7, d289) WA 2
o) FAEe 958l =59) o) wedk o 95

o) xZo] BE FJS WY Hsrglo M 58
9] Hzl7} ofgA olFolAeA], T3 o EAHE
o] JERE 7Fss 23]

=290 N

= 875 N .sec
AAA ¢ : 500 psi = 3447378 Pa
o]’ 714l 4 = 8317

2) =& 718X
2742l AE . Sorbitol & KNO3
F2A9 3 AR vE

8 : 2k&A = Sorbitol :

Sorbitol A ¥ EAF A
A4 4% v = 0007852 m/s
A A t = 25 sec

(3) pep AHX
F3A Y= = 1.7236 kg/m3
By k = 1.1378
dx4deE T,=1584 C

KNO3 = 35 : 65

W FA5
2 b1 Lk
¢= \/,ffl eE) = () F
= 1.45425468
(5) %1 ¥ =& ALY (Fig. 1 &)
= 2781049768
g= 5.8927

D,= 0.0094419911 m
D, = 0.022920128 m

m' = 0.04230665
D, = 0.014162866 m

D, = 0.053422866 m

Web = 0.01963 m
I, = 574.0510925 m/s

L, = 0.157620214 m
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Figure 1 Cone-Shaped Nozzle

E 29 E g

.= —-= 0.011460064m

1.5R,= 0.007081432m  (Fig. 2 3=)

0.382 R, = 0.001803404m

e

1587 0 ag2mt Lo

Re
Rt

Ln

Figure 2 Bell-Shaped Nozzle Blueprint
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Figure 3 Bell-Shaped Nozzle
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Figure 4 The Graph of Cone-Shaped Nozzle
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Figure 5 The Graph of Bell-Shaped Nozzle
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