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Multi -objective Design Optimization of a Mach 6 Hypersonic Nozzle of a Shock
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ABSTRACT

In this paper, a systematic approach is considered to Design an optimal hypersonic Nozzle of a shock
tunnel. After assigning the requirements and accomplishment of conceptual and preliminary design
phases, a modern optimization strategy based on genetic algorithm and a CFD solver has been used to
fine tune the nozzle convergent divergent contour. In this way, parameterization of the overall nozzle
contour was done with a few control points and a Bezier curve. This arrangement showed a good
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Dezign Optimization flexibility to generate appropriate curves for nozzle shape. Design objectives were evaluated with a N-S
Shock Tunnel viscous solver with a two equation turbulence model. Three objective functions were scalerized in a

Hypersonic Nozzle

Nozz term with summation of weighted parameters: minimum total pressure loss, Mach number uniform
Nozzle starting time

distribution along test section and minimum axial flow deviation. A number of geometrical and physical
constraints such as nozzle length, throat area, inlet and outlet diameters and inlet boundary conditions
were also considered and finally, an optimized nozzle contour showed a significant improvement of
about 3% in quality of the Mach 6 flow in the test section.
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Fig. 4 effect of throat diameter on the test section diameter in terms of
Mach number
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Fig. 9 optimum design flowchart of a Mach 6 nozzle
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Fig. 12contours of a) Mach number and b) radial component of
velocity in the optimized nozzle

W J3U 50 e olad adlge 5 2o sae ,guls 12 JSB

(@)

o)l alold b cos alaie jo glay,o glael WSl 5l Lol olleg
w98l 5l eslanl b 53U a2k ailyd o al> e 0 0l bLs )
SRSl bl oad ploxil (5 pme o)l 3 Ol S el 5 S
s yee S50 (slp 0 Slae S5nr a0 )d B L dlge A (b, (ol 39

3 e g Al awain 90 ln (iU (29 axmbo o gl due DS
s codd i 1Sy yiell sl odmline G 11 S8 o
Aoy 3 sgam a4 wib e Fle sae mje 5l loanles 5 JISCul (g,lxe
Sl o e sanlive "11 USE" 5 a5 jsbilen bl ol ail sgms
o ool BB i o0 gaog @ 5 adly 2ol 53 J3U jemme o (gnezS
2,5 ssalin ]y o)ls o9y 2led g adsl 5k yo Elo vae g9 G
12 ST 5 aige J3U Gl S (lad adlse 5 glo sue anils
9.8 vsu> s Ll ley Gae o fdsd ol jo el sal w0l lis
ol ooty Lo gl 5l oS abile 101 L a5 ol aib L
WY TS 5 eyl Sl cdeds wilg oGS ) 5 s oS DS

Dol Gl zge b0

¢ %BmQoy

Ssd By slp 6 gle wgo slpsle J3U S ange (b @ dlis cnl o
4 dzg bl jo el sal aB oy olpl gladlse oKings ARIST
3B adsl 5 (sogeie (b Slaid 00 Sod figs sladatiie 5 Seb dg
olie g 0l e J3U g0,8hes Laulyd Jolie (nl po épndy O
il e 45 S iy & 4 by s ,T amabne U35 o sl
5w 5T o 4 bgrpe Slawle 0,38 oo L 0 (oS s Cnd
oS b absde g C8pdy Ojg0 dszge sl Joe 5l eslaisl b oss 56
3 el 1o s oy jo gley UL aslie jo oo cpl lade
é!a.E.A 6L®a)|%.> Q|)."i| WAL gy alio Q.;“ 5L O’SJB‘ Slp a5 (69,50
b 295 0 ol CedS oy » U o2l el WSl 5 s

gt EY _GAQ/ML%,EijdSMWOM‘QLml‘;lAw)):JéCn.w‘uyosbjl.o

M?) Colue A

Ladlgn oKimgsy Sl g5 ARIST

(M) J56 99,9 5 051,8bs o JUIS Jsbo L
Zlo sae M

O ol N

Fs P

U

Ssb algd )5 adol @3B Slays oo iy LW Lz ey
(/S) 5 e 15 5 5 o 515" cyms (ol ebns ety 5

(M/S) b 2 e oo Y

(MIS) Sgis gl ;o adgl W31 290 e pou W
(M/S) Sigo sy a

(mm) ka3 d

(M) gles r

(s) ol t

Sy e

skayze J3b 651y o ayglied il b
&9 w22 f

5 ol s g

W igiy
oobed b A0

gl D

052 %WBEY%W3I7L v 1 AwsP CyGAoup AU

__ optimized contour
- - baseline contour
- bezier control points

0 100 200 300 400 500 600
X, mm

Fig. 10comparison of baseline geometry with the optimized contour
nozzle for Mach 6
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