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ABSTRACT

A basic numerical analysis was performed to confirm the possibility of combining a dual bell nozzle
and an Expansion-Deflection(E-D) nozzle. The dual bell nozzle was designed based on the first-stage
nozzle of the Korean Space Launch Vehicle that is being developed, and the E-D nozzle concept was
applied to the dual bell nozzle. The inlet condition was analyzed by applying eight types of frozen flow
analysis, and k-w SST was selected as the turbulence model. The number of optimal grids was obtained
as 240,000 through the grid sensitivity analysis. As a result, it was confirmed that the transition altitude
increased owing to over-expansion when the E-D nozzle concept was applied to the dual bell nozzle, and

the specific impulse gain was obtained at high altitudes compared with the KSLV-II first-stage engine.
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Fig. 5 Reference dual bell nozzle with KSLV-II[10]
(a) nozzle contour and (b) name by shape.
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Fig. 4 Designed KSLV-Il first-stage engine (a) 0. v
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modeled shape, (b) cross-section[24], and
(c) overlapping result{10]. Fig. 6 Schematic of E-D nozzlel4,19).



223 R1S 2018. 2. = 8l =7

=

E-D =5E AT SIYLAIN e v[FE St 19

gA-2d =5 AN L Fig. 63 2ol 5
DLR* = Bristol th8toll Al 283k TOC (Thrust
Optimised Contour) W& ©]83tHtH4,8]. & A
T FFFTAAE 7oz A8 7L 8
w2 -2 d =& NS A 857 Wil
2E 5 450)% =E AW BHAFR,), E HE
A (GY7F A HA At ek dAESs T A
=24 A=O)E o2 A T 2. A
=4 A451) 24 A 5F UNSWe g
Bristol th&tol| A G278 =& #sf A7 W
& T UE =H A0 275 =€ A%l F
obFIThH= W8(4,617] W2 E Z YelA 7}
ZFEad5r AA 7besk17° = A Ak T

i

.79 (@) Yeld vie}

S|
R N i %v‘i‘fl WS 5 9T T
< HA2sd F UAEF AU =& Hll A
BAZE 83 DAY 5 =S yre] e 1 o]
= MASAT £ =F WA 5] W}
A deh= 2ol AAE 58k Fig. 7¢] (b)
o} Zo] A&k Tt
lal Far-Field B.E-
Irg: Elle,rgfgl'll?l%glr;;fﬂ radius]
Pressure inlet. ;:essure far-field
conditions Wall, Axis
meteC. R
(b) "

Number of grid : 240,00

Fig. 7 Numerical and boundary conditions.
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Table 1. Chemical compositions of KSLV-II first stage
engine from CEA codel[15].

Inlet conditions
Non-reacting multi-components
Species Mass fractions

CcO 0.42702
CO, 0.24407
H 0.00162
H, 0.00863
@) 0.00888
O, 0.02104
OH 0.04683
H,O 0.21040
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Table 2. Validation of results of KSLV-Il first stage
enginel10,21,22,24].

Results of Performance
numerical of KSLV-II 1%
analysis stage engine

Sea 30 km Sea

level level Vacuum

Thrust [kN] | 617.4 | 7037 | 6545 | 745.6
m [kg/s] | 239.6 | 239.6 | 243.6 | 243.6

Ly [s] 262.7 | 2994 | 2620 | 2985
C* [m/s] | 1797 | 1797 | 1730 | 1730

1.485 1.692
Cr 1434 | 1.634 (Cal) (Cal)
700 = 704.9 kN KSLV-II 1st stage nozzle
- (at 54 km thrust graph up to 54 km
__ 680 |
S
— 660 -
R
7]
E 617.4 kN
= 640 (at sea level)
= ,
620 L/ ——KSLV-II Ist stage nozzle(prediction)
L T T T T T T

0 10 20 30 40 50
KSLV-II 1st Stage Operating Altitude [km]

Fig. 8 Thrust graph up to 54 km of KSLV-IlI 1st stage
engine.
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w
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Fig. 10 Nozzle wall pressure distribution with  axial
distance.

Table 3. Results of grid sensitivity.

Performance at sea level - DB0724ED1017
Number | Thrust Isp MER
of grids [kN] [s] [kg/s]

(a) | 180,000 552.55 254.53 221.38
(b) | 240,000 552.64 254.55 221.40
(c) | 300,000 552.65 254.55 221.41
(d) | 400,000 552.87 254.65 221.58
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Fig. 11 Mach contour of (a) DB0724ED1017 and (b)
DB1024ED1005 at sea level.
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Table 4. Comparison of specific impulse gain (based on
the KSLV-II 1st nozzle)[10].
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