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ABSTRACT

For the design of the shortened ED(Expansion Deflection) nozzle, a numerical study of ED
nozzle was performed according to the length reduction methods. The first method is to reduce
the extension length of the ED nozzle with 80% bell nozzle length by 10%, 20% and 30%. The
second method is to shorten the extension length by increasing the nozzle throat angle. Due to
the increase in the curvature of the contour as the length shortened, the decrease in the nozzle
exit velocity between the ED nozzle with 80% bell nozzle length and the ED nozzle in the first
method was reduced, and the thrust become similar. The ED nozzle of the second method
increased the thrust by increasing the nozzle exit velocity compared to the ED nozzle with 80%
bell nozzle length.

P
T

ZdolE @53 ED(Expansion Deflection) =52 2AIE flsf 2ol &= Wetel] @& ED =59
FAH ATE FYAT. A A WAL 80% W =& FolE e ED =9 AR AolE
10%, 20%F 30% 4 @=sh= Aotk F WA W =E 5 AEE F7MAA ZF ZolE v
st Zolth Aol o] g &AM FE FUIE U8 80% B =F Zold ED =&3 A HA
Weke]l ED =59 &7 % £ FaFo] FolEo] FHo| FAEAT F HA WUt ED =
2 80% ¥ =F Zo|dd ED ERY =7 f+F $57F F71sk FHo] SUskdt

Key Words: Altitude Compensation Nozzle(ZLE=R A x=%), Expansion Deflection Nozzle(ED =%)
Nozzle Length()=Z Z°]), Nozzle Throat Angle(=%& & Z}%)

1. M

rh

, , waslols AUE welstel FmAF AAE
Received 7 June 2022 / Revised 9 October 2022 / Accepted 15 October 202

i S == XA A HEFA 2 g
Copyright © The Korean Society of Propulsion Engineers T ARl A AR 27t Fast
pISSN 1226-6027 / elSSN 2288-4548 ok A Y AAE S FHEY] fElA= A

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/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.2022.26.5.011&domain=http://journal.kspe.org/&uri_scheme=http:&cm_version=v1.5

12 olZ=0|

Zo] Aaile
exhaust velocity)& #=olv WY} =59 &4
Ql 8 A4 (G, thrust coefficient) &

o

—
=

Utk o FelA 54 w7 &=
Azale] Aol wBe oaTAz
% =3 94 UPVOE 3 ASE Eo
=]

S gAFThE w7 ) 7%

fo o oE 0
s Ve

=

A A

2

A RES 2 F AT olHF et
23 i%(altitude compensation nozzle

ERY £EL 159 tﬂrf-ﬂr EE
FUAEE FE =
=

ad=

7

It

32 K
SO

N

]
ol o4
Zo] W3l
4 4 AT
1% BY =& Fo Fig 29 2ol =&

B oo #EolglE FERAV EASE E
(Expansion Deflection) =&°] 3t ED =& 3
WER As) =5 ¥Ho fE4 £ A
yaze weh 247 AR, HA55%
FAsEAM =5 7 FE W] Wty
By E3ph DAJTB] ED =Sl Ol
= 19 Ldﬂhra NREte] G = 57
T TolA FHEATG3-12]. FHelME
dliuoﬂfﬂ ED x=Zo] thd AF
o 91t}13-32]. ED 2o

2 ED =29 AA W w
a3 tisle] Y= AT

ED =2 3 9+

o

q r[
e

Bl ml

i 2 Ho

A
P

+

I o
R

X} NIN

Al

@
o
)

b

~

~

rll‘ ofN off Jo R kI o 1~r1
of o 4

O{N
mO
™
re
4
=
3]
w)

°ﬂ HEstH &
of 4% %’—‘1'3]'93\‘:}[ 3. AFollAE dolEs
353 ED =52 94 (inverse thrust chamber)
I Agste] AT S HAASIAT. gL
Az /‘]- R2 et A
& dARA

o A% A
& 7t

AL 1y

MY

Nozzle

Fig. 1 Relationship among the 7, ¢ and Cp.

Inclined throg

Fig. 2 Schematic of ED(expansion deflection) nozzlel2].

o

o o o o ot L i

st EARA 8] As #4 23, ED
|3 A AXe] E E =SS A
AFEG Jg HFHo] 2 57} ST}k
GTO(Geo Transfer Orbit)dll Fdst= ©A
< 180 kg2 & °F 15%7F F7tetdeh @A

o $7h=

oo |
oy

o

£
fT o o i

2 4

L
r =
- =
3
£g
@
e CY
Ol
oz
&é
s s
~
2
1E
3L
gl
> G
o
offt 32
2N
oz
g

J

SR H*d 7Ve’3
At SEUStM = ED 2Ee 8T
g GARA (KSLV-1)<] 4 <
7] g A BAe xlﬁﬂo}%lﬂr = LA
iﬂ(KSLV- )el 1 w=Ze A
< AR Zojvhs 10%4

o
e lo
HSE

SEERRES
%iEH34]. sS4 A3, dolg BT ED =2
AEFE 8 AT Dol wEIA gL

ED =&x4 F7etdt. A+ 2d34E 53l ED
=29 HEE 53 A=y ‘%/\PXI(KSLV-H)QI
g Az do] TS 53 3=y WAA|



H26@ H55 2022. 10. = Zo| o= otof| ME B =52 45 4 13

of
-

(KSLV-T)9] #A &z 7hs
Ad Zol7} =% ED
of WARA e FA Az B oH|
o] EAZITE 53] WAA kel A&
A HAEE T3 LAAY FxHE 3
SE Aok FREE B AA FA
g FRE FA vgolth wEtA WAL
of dol7} ©&H ED =&& FH&3tH
v ZaE I wAAY] HAE &F
AR vk AFAFB4A = 5P
APA(KSLV-1T) 15+e tidoz 3t s4d
Ao Aol dolg @3 ED =5 X4
SFAARE o] WAA dehel] A&

o 159 Ao ED =& A%S AA

tlo L
L

¥ 3R
N e BN 2 ol o oox 8

boofr
)
0% oo 2

Ry
N
N
off

=

ok

o

n.qo
N
=2 f; )

=

\

8y oox

¢

|

“
0|

P

off

o

(0, yq)

EI
>

et
i >

of
oL
N

Fig. 3 Design parameters of ED nozzle(Bristol Univ.)
(51,

= 2E

Wete Tt dade] ¥ %01 249 *JEH Length reduction

Oﬂ }\_] —‘T_é 21-78-}-?_9/] 60:] }\J—% %7(:)] S}E ED Ij‘_é Curvature of final nozzle contour 20?’0%

9/] 7‘_2101 %% Ho]—o}% X‘“ /\] s}lxl' ‘:‘l’q‘ B‘:—?:s_]_' H] increases as nozzle length reduces é%; o
al

(8, =30%)

Case 2
(0, = 30°)

Case 3
(8, = 30°)

= =
EE qUsd WA YeE dyes Consiant

il

Case 4

<
S s LA ATl g =
— 9 - Nozzle length of Case 1
s el 7= AR @
Length reduction

L
-
2 7l gt Curvature of initial and final nozzle 27%
contour increases as nozzle length 13%
reduces ////// Case 1
(8, = 30°)

2. ED =& & ereasing G
= Case 6
ED &9 IEL Fig. 3% #o] I By — Sone 8 1625

E t)3te] Taylor®t Hempsello] A|QFah A7 Noszle length of Case 1
HE o] &3t AASIATHS]. Fig. 3 YeERAST Fig. 4 ED nozzles for the analysis.
8 A WFE =F B Zx(), B W 2
Z0,) =% 98 ¥AE(R,) VE HL: A qAE WE Ha Agrt EolE7] Wi IE
(G)st AE WA E(R)eIth AE HAx Age Ha A o|F9 ME A7V AxITH26]. ED
ED =Z¢ & 982 £335H, =& $347} =g &FAHe dnzeE AgHI e
FE S Aol HIAT oty HE AHA o TOP(Thrust Optimized Parabola) W™ & ©]-83}
Hell wa2w Z} 4 Wy dAHAUY] W' Atk
o el AA Wyl 2w HE Alo) A AFA 159 F4AE VHAE 4F
ST AR w2 B Zterl Z71eEA] ) Y == ol 80% W 2o AES 83}
A ke F WA A FASH] A i, ED =&9 &A% ZolE 10%% T3t



14 o|==0] z&Ey 513 SrEFEIZE 3 K|
=F Zolo AT JteAdE A bk Joh34]. o] x& & %7} 747t 40°, 50°%1 Case 5~6&
olg} 2L WS A WA o] TF Wete=z M AEE T Case 5~62 Case 139 Zo] T
G183 Fig 4ol () Lol Cuse 14F WA o BE £ A A3k A 03
S}th Case 1€ 80% 8 =29 £%Me] WE B WHo] BYHEE AN =3 UE A
& 8% ED xE°|t}h Case 2~4% Case 19 & AP olde AE FHol FARIEE AW
=Z ZolE 10%, 20%F 30%% ©=3% ED = HE W 4%, 95 A4 ALy HEo] F
Zo|t}. Case 2~4+= Case 1% =& &5 4%, = 43 =& oY BHAEY dE IHEES AES
= 7 44T = 5 A4S LT Al sttt Case 2~49F ThEA Case 5~62 =& &
A = Zolg EAV] WEY FHE wZE & AR IVE Q) wF &Fde 2] FEE
o] Fgol Flsch ZSRAT =3 #3%9 ot BEW ED
TOP WHoz AHAAE =& g7 Zdol= =5 AgE AA WS, VEEE)d =& H
2 5 458 SI/MAA Y F AT 35]. ©l Mz, Y9} Case 1 ©iv] Zo] THEL
E F AR Peo® B8] Fig 49 ()9 & Table 19 YERALATH
Table 1. ED nozzle design parameters. 3. ED L 2x[ohA] B ol X7
Method 1 | Case 1 ‘ Case 2 ‘ Case 3 ‘ Case 4
e 16 5 GAHY dolg BE% ED =59 F
A, (mm?) 154.00 234> ANSYS Fluent 17.0& AH§ 6} o <
R, (mm) 28.00 Ao ® orEA GEo] ALLEE= W% y|dlw
0, (deg) 30 =Z 34 2D HFUA F4E o8 a}oq ek
0, (deg) 10 e AYsPd. diF EdE k-o SST 2d-S
R (mm) 267 o] &3l tH36]. AAFATFolA+= ko SST &
ol g@ X4 A}sk ED =F FY 4Y 4
G, (mm) 4.55
sl fAEHS Bl B Qois].
£, (mm) 10 G o 5 = = 5
. 106 | 5783 | 512l | 2298 A% FA= olrIAY FIE AESEATH
L<mn}? : : : ' Fig. 5 S840 A8 AA =A% ARE
t
enst 0% | 10% | 20% | 30% Uehith 2+ AA 23 Table 29} Zo] 20
reduction of el o7 AT T 13 K
Method 2 Case 5 Case 6 MPa, 29815 K| = rfl
16 o &7 =& AEstATh AA 2L FE
e
A, (mm?) 154.00
R (mm) 28.00
-¢——————— Pressure Far-Field —
0, (deg) 40 50
Axis B.C.
. P I
0, (deg) 18 24 resirs [wi 7
R, (mm) 2.67
G (mm) 4.03 3.61
R, (mm) 1.0 G
L (mm) 55.91 46.91
Length 13% 27%
reduction Fig. 5 Boundary conditions and grids.




N26 H5S 2022. 10.

=& Zo| H5 weto| e B =F2| 845 &4 15

Table 2. Numerical conditions.
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Table 3. Results of grid sensitivity test.

Number of grids
Variables 200,000 | 300,000 | 400,000
m [kg/s] 0.638 0.644 0.644
Fpe INT | 413728 | 410641 | 410524
Gy 1.221 1.212 1.211
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Table 5. Reattachment shock of ED nozzles.

Angle (deg)
Nozzle | M1 | M2 Wil‘:d((&) Deflection()
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