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A Comparison of the Effect of Tabs-Direction and Surface
Roughness of Nozzle Surface on Supersonic Jet Flowfields
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Abstract

in the form of small tabs projecting into the flow at the

axisymmetric supersonic nozzle exit and triangular thin tapes attached on the inner surface at the
nozzle exit, on the characteristics of supersonic mixing enhancements are experimentally investigated.
Delta-shaped tabs as small as 1% of the nozzle exit area produce strong counter-rotating vortices, and

is found to produce significant effects on the jet flowfield downstream of the nozzle.
larger on the under-expanded cases than over- and perfect-expanded cases.

The effects is
Nozzle inner surface

roughness also can do a role of centerline pressure decay for highly under-expanded jet cases. The
effects of the angle of tabs with respect to flow direction are also investigated.

71 EMY

M : Atk

P =W At

Po -‘7']5"?“1 ;ﬁc‘)}

T =3 A%

t : HolT 7

P xEFAoRRE wANYge Ay
6 : He AR Hgo] ol Ak
k @ =3dU¥ 29 AE7

D : =% 4

X x=EFETEYH FASEFY AY
m o SRR AR

m, : =EEFTA Y BFHF

Theta C : 959 2=
S REYTYn gud FIF
Tesgrunm EeT 2 AT

.M E
x2% MERSS BIEsiMol !y APE
HMEARS AZZ Fo| ofefdr Ao Hrt
(o} 2 2|3

=
&t O e ez £E4 mixing-layer2|
k= =

Lt 9—]‘7“0” ol 7]Et E&SF (protuberance)s &
EeEU (mixing
enhancements)® FIsle e AFIF ME o
ot O oz & Cl= H|ZUE =&
of ALyt 2ol o &8%02le AFE P
S22 YRs =EEF MHAE FH2 BHLR
O

15404 LIEFt= counter rotating vortices®| 38

E
1]
e
0
HI



ApCHN=o0| ok a2t O Fot 8
TE2 AHEH odg Mo HE %’é!
e} LHERE -‘-EW?-}EH MMl MER

of EHTE "IIslo 2o, ol Aol ‘1|’
2= EARE HEE R=AME = Uk 2 A
FoMeE =245 HulE HE (axisymmetric
circular free jet)e| =& &0 F Mo AZy
HE AFUEr 180% ZtTAlolof AMx|st2 Ol
&t .E=‘10| FEWE o|R L Us LT E BEH
ZEg o viEtte HES

I
FEo xE MEMeR S¥of 2L, o=
7

R re

0% My M 2
Ill,O o ks

o]

o
7| (roughness)?} HESo Hslo ojxles A&
Qrott fct.

2.1 TS25H EUMEK

2 dFoiMe sEEathsn D&EFIHE
AlS Al (HAUGDL)S| ZS&F ELMAXIL AR
=|2dch Fig. 10l GHERCE Hie} ZHo| M Ewtd F
X £ Cl2D 22 F2 £E22 o[R0X ULk
AEA ofo HxjE N8 ZV|AET| (Be
2l MS2(Q)= 2etAZ 2 25amMX| BZIE &
ZAY F e UHH ZI|= coolert 3THA
9|

ZEeE Sste 37IMFYIZ REufjol Z
ch S7|MEY39 37|= 3 m’0l0d, HA| 25atm
A Z7|M&Eo| Jhssich B39 AFKE S|

€ HOIZE S350 MM ol HXE AY
=HI|E 71?‘!“1 AHxHI| MFols 242 o
o 2 E SFY 5 U WAMIt £EEHO U

ct. ole| *ﬂé% Yoz UHHXHIIE SUE
37|l mol= &0 Xe =E2 S350 A
HMUz2 ®/ESECH ZE  converging-diverging
LE8 MOC (Method Of Characteristic)2t S O]
g5tof MA HME=Ac W el M2 clg =
Z£0| M ==0f H Eo}sl4(Mach number)E 1.0,
1.5, 20, 258 =HE = Uy, ol =EEF
HZg 7|88 ols=F< 78E+5 ~ 54E+62
gelol Uck ol =EETL HFE2 EFOlE
£ 10-EE 20 mm OlX LHHX[= 25 26 mm
olct.

COMPRESSCOR )
ROOM;DA '@“ -
Qﬁ/\% Ejgl(l)_gign RECEIVER
COMPRES

LABORATORY iy

{PRESSURE _ 1.cRMOMETERS P
TRANSDUCERS HERMOM o B -

LE™ EE

E=Ql=ﬂ:

NOZZLE\ » REGULATOR
H AUTO- PRE%U COMPRESSOR

REGULATO! | PCINSTRUMENT PANEL

Fig. 1 Schematic of the Supersonic Jet Testing
Facility in the HAUGDL.

22 REIIME DlERM UHEH

% 742l spherical mirror (Z1& 130 mm, focal
length=1000 mm)2t & 742 H&HEE ALEE
43 &l Z-type Schlieren Z*X& 0|83 HER
Zx9] JtAIEL o|RO{FCL olmf ALBE EH¥
A& Xl (continuous), tungsten filament (100
W)O| 04, horizontal knife edge7t S-& = UCH
SHU e Mets EXe7| fIE
ol HMzt=lo] 3% ol SZEX o
oof, ojuf ALEE HEPH
Z2 212 0.5 mm2t 2 mm

I'IO

o
=

H|

Y
A

H

2 olo

=
=
-

T2 oo

.S

-l_L

o
e
O
_.T_
]

3Q rJ;_o

Aw

9
ojct.

0¥ 00 Hn

2}

o

23 Heo Mx

CEET0 YAXT Y2 MUY ZYo2 HE
gen (UM 25 mm, =0/ 3 mm §4 1 mm),
LEED AR HFYE 180k HHLE F
M7t Mx{sldct $ JHel Hol 2lste] 24F=
(blocking) MEHE =& £7HEC 2F 1%0
SEict MY 2 oM EESFoMe HAS
Frel MaEts 2Me 2rlssicl, Ao ALE
Blo] =0l LEZF0AML ZAHASE FARC
Hez FZEs=Ich Fig. 200 LiEHS dHigt 2ol

2 gEwake tisle] FIR| M2 chE g
E(6=90, 135C)22 MX[=o I YEHsEst
SEH0 olxls dgo| HIt=EUcCh

N omy i

0 oo

24 HiojZ2| MX|
=E YR EHO| A2 E£5 (protuberance)E M A
£ o Lells RSE H3E AEHED| /510 8f

- 526 -



‘":\\\%V v
\ - e
( Unit=mm)

Fig. 2 Installation of 2 tabs at the
nozzle Exit.
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Fig. 4 Schlieren pictures of supersonic jets.
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