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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

Fig. 2 Nozzle profile
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Table 1 Flute types (9 and 12)
Number @ 8 10) Area
of flutes (deg) (deg) (mm) (mm2)
9 12.38 27.5 12.7 2580.6
12 12.38 27.5 11.0 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
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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
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Table 2 Analysis result
Pressure | Velocity | Mass flow
Modeling Thrust atexit | atexit rate i
0 | "y | (ms) | (kgs) | (MM2)
2D without | 1500 ¢ |3 96E105| 1774 | 3.58 | 14569
plume
IDwith | 1501 6 1391E+05| 1778 | 358 | 14569
plume
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(b) Nozzle with plume

(a) Nozzle without plume

Fig. 8 Pressure contour

(b) Nozzle with plume

(a) Nozzle without plume

Fig. 9 Mach contour
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(a) 9 flutes (b) 12 flutes

Fig. 10 Pressure contours of the nozzle section

o

+ t}. Fig. 10

=

dr 4>
H S
Ne)
3
o
~

a4l
EFEZF 12709 =5

3L =2

=T

()l &=

o8 BFE 4wl BE 39 Wi A7s s
Fo] F2 G vAE PR =2 F7 WY F
Eof &l gtojzl Fie] §] g Wfolr). o]9h ¥dE
A MEE FRES] Zo|L), FFES A4(¢), FFES
ol(a) % WHBeIT o F BFES Lol wF A
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) (m/s)
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. 12 Rolling moment vs. cv(3=27.5°)
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Table 5 Results of 9 and 12 flutes type Table 7 Thrust and rolling moment with v and 3
Number| « |Thrust Rollingt PTSSL!{S Vetloc!{y Area Numberof| o 6 | Thrust | Roll |Thrust| Roll
of flutes | (deg) | (Ibf) Q]g?“fn’; a(l:‘f;‘)' %nfjé') (mm2) flutes | (deg) [(deg) | (Ibf) | (Ibf-in) | (%) | (%)
9 1238 |1443.8| 464 |[2.01E+05| 1734 [2580.6 2 12;8 275 ijzzg ‘2‘8‘3‘ 1'6 3&9
12 [9349]1444.8] 542 [2.04E+05] 1732 |2552.3 : : 2
4 14623 | 365 | 13 [-213
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Table 6 Result of thrust and rolling moment with [ (2) 8 275 | 1449.6 50.2 0.4 8.2
ET— p— 9.349 14448 | 542 | 01 | 168
Numeen| 8 |Thit ol | Pressue [VEodY | Area 10 14410 | 554 | 02 | 194
of flutes |(deg)| () | jptin) | “(Pa) | (mss) | (MM2) 12.38 14360 | 622 | 0.5 | 34.1
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