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ABSTRACT

The study for the performance characteristics of the nozzleless booster used in ramjet booster was
carried out. Performances related to pressure and thrust for nozzleless booster are lower than classical
motor those because of absence of convergent and divergent sections of nozzle. To solve this problem,
it developed a high-performance propellant with maximum impulse density included Al as metal fuel.
Using the nozzleless booster casted the propellant, ground test of it was carried out by varying the
length-to-diameter ratio (L/D ratio) of the propellant. Specific impulse of nozzleless booster was limited
to about 75 percents of its value compared with that of classical motor adapted nozzle in the same
propellant and propellant length and will be estimated approximately 85 percents of its value compared
with that of classical motor at same average pressure in terms of the curve fitting by our test results.

E R2HE ASHE PeE $2HY 54 olur] 98 A7E fyag Pz 5
2HE £5438E PE =220 glo] YA BHEY ¢y L FHo B Yol Pa
Ah ol mekaly] A8 FHARE FFUES Aol AEHFHo A YT FAAE
Awsgn, A4A2ADe Bl AFHUL/D) BE 5 542 dolugch F5F FAAG
Qg AFH NP =EES ASH AwrA BH) wlaA HFge 75%717 Yesto,
9 HFFY el e 85%7HA ehd Aoz dZHn

Key Words: Nozzleless Booster(F-x=% H2H), Cylindrical Motor(2dH3 =E), Maximum
Impulse Density(3t] WXH|32), High-performance Propellant(ids XA,
Length-to-diamenter Ratio(4]7H])

Received 8 February 2017 / Revised 4 April 2017 / Accepted 10 April 2017
Copyright © The Korean Society of Propulsion Engineers 1. M =
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
[licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.6108/KSPE.2017.21.4.052&domain=journal.kspe.org&uri_scheme=http:&cm_version=v1.5

H21# HN4s 2017. 8.

UYROS(AL) SLHE ZHO FUNE 012 F=F FAH HY 53

AA HAES] EAHS SEHSHZ] fs) AT
® IRR (Integral-rocket-ramjet)e LA FZA &
A2 A7), #7158 Fdske] 7k 2]
of 93] FFEHE AEE daANA FEHE DA
A7l 9HE 24 Aolt1,2]. 1970 o]
IA FANH AL 2 =55 AN
E

o > HOX
£oah |m
N

i
N
N
3
ox
i,
2
& o
N @ rr Lo ot

i
lo
T 18 L
]
o
froAm ok iy

dAS] W FxA w
29 Aal 59 BA Qo] 41F
S gom, 24 v A

=20 FAZ s o
£3) 10~20%] 4
o a2ddx= &8t
st FA7HA =
188531 ot
Procinsky[4] 52 AAFHAY FHo]
d FAFAA (Al Zr) 24400 el sfA BloH
WE FYP3he] IRR F2EHols it B2EHEG
T HFAEHZE Adsiga FAEsA
Farinaccio[5,6] &< 14

sto] Fied B2y AEsith AFHI(L/D)
o wet 4% A% 8 F 1D EES ol &%
o= ZAdet  Buddd. Gany[7] T2
quasi-steady-state 1D analysis® 283l Alg
Aet dAAES FAFAT. Pave/Pravs F3A

2 R I L2 O
3L o 2 et )

d

Ath Nahon[8] 52 CTPB (Carboxyl-terminated
polybutadiene)/Al 24 9] 44 0.233 0.37

o) 3RAE olgdtel APL TR, 4

2
A9t FE€o Ui FTAAE FHIHoH,
conical¥} contour =&/ g 3 HFE &l

&4tk Javobus[9] 5 FHAFE ©F7]

SRS CE I

)

oo
ofs
ol
R
2%
olr
tlo
[ o
3
>
A
A

iin)
_&L_l’
N
o™
o

N’
aa L
5w
mlm"{
b
2w
5 5
:rﬁf%
g oo
mmﬁm
ooy 2
ey
PFLJ.(—}‘WOVQL_
o 2 om R g
ox:iﬂ_&p

iy

d 2 [ BN o o

pd

1o o

oy 1o

of

to ok
rir

¥ =

\

T

N

NS

o 2

:<IDI=I

2

A, =
4o T

(¥ iz o
[0
ol
4t
o
=
=
i)
i
4»1
™
>
N
oX,

o
2

(L/D)dll w2 54L& 43193, Basic Motor,
Cylindrical Motor B d¥HZQl ®H & 45 H|
SA=

[\
r
il

21 QEEHAl 24 TS A A

FeE F2E A5 FAA=R
Procinsky[2] & 24 UE8E AlY Zro] X3

5
HTPB(Hydroxyl-terminated polybutadiene) %!
A, Farinaccio[3] 5 flake Ale] X3%+¥ HTPB

300 490

——@—— Impulse Density

——m— Specific Impulse |

N

©

=]
T

k) e 480 ”E
E; e ® oo E
0] ,' 4
;280 . o z

Z F s Y X
= ¥ 2 . o
= =
= . =
Q >
2 2701 @ ° uo £
g ‘o 5
©

° e o e i %
£ 260 2
a 2
o —460 g

N

a

S
T

240 | T TR (RN N I I E——| 450

Al content [%]

Fi

0. 1 Calculation of Performance for Al containing
HTPB/AP Propellant.



54 dels - 3

rlo
lok

o7l - FEASH - O St RZIBE S|

[=3

| 2r

Basic Motor Cylindrical Motor Nozzleless Booster
w/ nozzle shape;
Basic formation Basic formation

Basic formation

& performance [~ Performance degradation by [<—>  Improved performance by

nozzle absence changing geometry

Changing of formation Changing of formation
Improved performance due to internal  [<—>  Improved performance by
pressure rise changing geometry

Fig. 2 Development of nozzleless booster.
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Fig. 4 Igniter.

Table 1. Booster Dimensions.

Conditions 5D 6D 7D 9D

Propellant length,

321.0 | 385.2 | 4494 | 577.8
L (mm)

Conditions 11D 13D 9DC 7DC

Propellant length,
706.2 | 8346 | 5778 | 4494

L (mm)
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Table 2. Test motor performance.

Do m t Prmax Trmax Pave Tave It lep
Motor Propellant L/D WF
P / (in) (Ib) (sec) (psi) (Ibf) (psi) (Ibf) (Ibf-sec) (sec)
Classical HTPB/Reduce | 7 4.18 435 271 291 168 175 714 171
Motor d-smoke 14 8.30 2.05 1056 1331 809 1011 1939 234
Basic
HTPB/AI 7 422 0.85 1738 2319 998 1316 1089 258
Motor
7 4.04 173 435 497 183 420 706 174
104 | 06
Nozzleless 9 536 132 685 1105 336 853 1063 198
HTPB/AI
Booster 11 7.01 111 971 1563 490 1305 1407 201
13 8.13 1.01 1323 2082 679 1759 1718 211
Cylindrical
HTPB/AI 9 569 1.16 886 1162 431 959 1103 194
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