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COMPUTATIONAL DESIGN OF A FLUTED NOzzLE
FOR ACHIEVING TARGET AERODYNAMIC PERFORMANCE

Y. Kamg,1 YR Yang,1 U.C. Hwang,2 RS. Myong*1 and T.H. Cho'

As a preliminary design study to achieve target aerodynamic performance, this work was conducted on an
original nozzle with 9 flutes in order to design a fluted nozzle with 12 flutes. The thrust and rolling moment of the
nozzle with 12 flutes were analyzed using a CFD code according to the depth and rotation angle of the flutes.
Based on this, a fluted nozzle with 12 flutes was optimized to yield the same thrust as that of the original nozzle
with 9 flutes. The response surface method was applied for shape optimization of the fluted nozzle and design

variables were selected to determine the depth angle and

rotation angle of the flutes. An optimized shape that led

to a thrust as strong as that of the original nozzle was obtained.
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Fig. 1 Fluted nozzle
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Table 1 Flute types (9 and 12)

Number @ 8 10)

of flutes (deg) (deg) (mm)
9 12.38 27.5 12.7
12 12.38 27.5 11.0

(mm2)
2580.6
2703.9

Fig. 3 Definition of 0, B

(a) Nozzle exit (9 flutes) (b) Nozzle exit (12 flutes)

Fig. 4 Shape of the nozzle exit

Inlet Outlet

Fig. 5 Grid configuration of the nozzle section
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Fig. 6 Grid configuration for nozzle without plume
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Fig. 7 Grid configuration for nozzle with plume

FQ FAVIHORE Cell 7]HF 3+ AZ R (Cell-based finite
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Table 2 Analysis result
Pressure | Velocity | Mass flow

Modeling Thrust atexit | atexit rate Al

(o) | “pa) | (mls) | (kgls) | (MM2)

ID without | 154 ¢ |3 96p+05| 1774 | 358 | 1456.9
plume

2D with | 4501 6 1391E+05| 1778 358 | 14569
plume

(b) Nozzle with plume

(a) Nozzle without plume

Fig. 8 Pressure contour
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(a) Nozzle without plume (b) Nozzle with plume

Fig. 9 Mach contour

7] 270& FYs] witel =5 w7 FH(Plume)= 1L
2] gtk ool s =2 wiy] FH7F e A9 gle
TYs Aot et dEEck BA =4
2 7] EE AA Tt 2
S =& Pl g3l SIS sk A4 =4
o A 918k Fig 6, 79 2ol AxE AL

Z % IS st A= EE(Pressure contour)S}t WS}
4 =¥ (Mach contour)E Fig. 8, 9o YeRIUTE 14 A=
Table 29} 20w, ¥l7] $7E efahA] FaE = U

o O = 2~ OO 3 5 2~
fres AT F UdeS dAE = JsUTh

3 BRE g e
£ o 23 DUE Wal

b Aud 2 wZ g4 2l 9 S8 7Es
ol g3te 7|&E Ao w23 EFE JFE 12712 S A
48 =33k Table 32
= 12 F7F AR ol
2 3L ot 3k Jhd

L_Z:}—]—\__L



4 / B=HLURHS S K|

(a) 9 flutes (b) 12 flutes

Fig. 10 Pressure contours of the nozzle section
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Table 3 Results of 9 and 12 flutes
Rolling | Pressure | Velocity
L\Ifufrlr:ﬁgsr T(Tglfj)s'[ moment | atexit at exit (rﬁﬁg)
(Ibf-in) (Pa) (mls)
9 1443.8 46.4 |2.01E+05| 1734 2580.6
12 1436.0 62.2 1.89E+05| 1728 2703.9
Table 4 Thrust and rolling moment with o
Rolling
Number of @ Area Thrust e
flutes (deg) (mm2) (Ibf) (Ibf-in)
2 2174.098 1466.8 29.3
4 2276.833 1462.3 36.5
12 6 2380.574 1454.9 43.8
8 2484.097 1449.6 50.2
10 2586.34 1441.0 55.4
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Fig. 11 Thrust vs. a:(3=27.5°)
50 | —&— Flute:12
— — Flute:3
<
5
€
[]
£
=]
£
[=)]
£
3
x
2 4 6 8 10 12
a (deg)
Fig. 12 Rolling moment vs. cv(3=27.5°)
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Fig. 13 Thrust vs. 3 (0=9.349°)
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Fig. 14 Rolling moment vs. 3 (x=9.349°)
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Table 5 Results of 9 and 12 flutes type Table 7 Thrust and rolling moment with o and 3
Number| «a | Thrust nﬁgmgrgt P;izsxui{e V;etlg)c(;{y Area Numberof| B | Thrust | Roll [Thrust| Roll
of flutes | (deg) | (100 | \ipeiny | “(Pa) | (mis) | (™M) flutes | (deg) [(deg)| (Ibf) | (Ibf-in) | (%) | (%)
9 123814438 | 464 |[2.01E+05| 1734 [2580.6 ) 12;8 275 ijzzg ‘2‘8‘3‘ 1'6 3&9
1219349 | 1444.8| 542 [2.04E+05| 1732 |25523 ' ' —
4 14623 | 365 | 13 |[-213
6 14549 | 438 | 08 | -5.6
Table 6 Result of thrust and rolling moment with [ (2) 8 275 | 1449.6 50.2 0.4 8.2
Rolling | Pressure Tvelocity 9.349 14448 | 542 | 0.1 | 1638
Number | 3 | Thrust 9 ; Y1 Area 10 14410 | 554 | 02 | 194
of flutes |(deg)| (Ibf) moment | atexit | atexit (mm2)
(Ibf-in) | (Pa) | (mis) 12.38 14360 | 622 | -0.5 | 34.1
20.0[1470.8] 349 [2.27E+05] 1757 | 22825 200 | 14708 | 349 | 19 |-248
|y [240]14612] 43.1 |2.18E+05] 1748 | 23903 12 o340 | 240 | 14612 | 431 | 12 | 71
27.5|1444.8| 542 [2.04E+05| 1732 | 25523 (8) ‘ 275 | 14448 | 542 | 0.1 | 168
30.01429.5] 994 |1.96E+05| 1716 | 2656.1 300 | 14295 | 994 | 09 |114.1




2R -FIE-F4F- B N-2H %
EAFE - Minimize AZ(T, — T,(X,, X)) 1)
AARE X a9 <a<127)
X, B(24° < 5<28°)
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09 ekl HE WETSl BN SRS
P4 HAAgA = 71E 2 BHO =& Y% (MMFD: Modified Method of Feasible Directions)S ©]-&3}o]
TE 2 FTE N =E5E Ak Aol HHel A4S EEerh A3t F8 Ad), HHHEE a=9.55
$13] WS 7]HRSM: Response Surface Method)S- 3=2789°%2 UJEPFom 22S 14438 Ibf2E ERyich
=5 9 3‘475@}3 Feaoich. <A 710 RSM AAF2 29 et AAA] s CFDE o £3he] w
detel HAskE FAE olfre @M AT =T Y 2 AMe S A9 FHS 14437 bf, EY RHEE 525
e e W) Z—iﬁrg‘r EFEY 718U 7t a bfZ AAESTE Table 901= HAHo| thak CFD sjAl At
2 3 ¥zl gAste 2ds s &3 & o} 71& 27 BH =Zo 23 W 28 pdE zlo]|Z Ue
AA 2zt fARSE o] wERLE Ko uigicth 712 2 BE9 w2 32 A%l 14438 Ibfe} H]
WS u FP45e AL Ao} 9l Aoz Yehgo
o, 28 EHES A4 71E 2 EHY =52 464 bfE
A2t o 13%2] Zol& Bt
Fe3 ZRE 1R AAE wF S0
A& BEAFgFR Atk o5 2o 6.4 =
7} Zow @01]*1 T, 71E =29 F
Pl A 2B E] TS . Bl 24 3EEg 948 918 ARTRA,
Table 8 Experimental points 1A AR m=F SRR oAl 2 w2l s
=E FFES 12z wAse] 7€ 2 B =53 4
eellialue Rolling 5 umasith A4 NS J4skel V) 27 2He
o |y | | eee vuw 2ae 2 gne wAsen: o8 9
9 28 1446.1 51.2 CFD F=& Agste] 71E9 FFEZ} 9N 24 w33
11 26 1449 4 51.9 EFEE 22 S7MZ =20 sl 7€ 7t o, BE
9 26 1456.1 46.7
10 26 1452.3 49.3 Table 9 Optimization result
9 24 1462.8 42 _ .
| 24 | 14585 474 Number| o | @ | Thrust | ROUING | gy | Rolling
1 28 1439.7 56.8 of flutes | (deg) | (deg) | (Ibf) (Ibf-in) (%) (%)
10 24 1460.0 448 9 [1238] 275 | 14438 | 464 - .
10 28 1441.6 53.8 12 ] 955 2789 ] 14437 | 525 | 001 | 13.16
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