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Numerical Analysis of Correctly Expanded Supersonic Jet Flow Using the k- ¢ Turbulent Model
(3" Report, Transition of Jet Structure)

Hideo KASHIMURA

Abstract
The numerical analysis of turbulent jet from axisymmetric nozzle with Me=2.22 using the compressible k - ¢ turbulence model and TVD scheme was
carried out. The pressure ratio of supersonic jet is settled from 1.973 to 50 in this study. The pressure and Mach number distributions in the axial
direction were determined and the flow fields are visualized by density distributions. The equation of Mach number downstream from potential core

region and cell lengths are proposed from these results.
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i ) Schlieren photograph by Yu et.al @

ii ) Numerically schlieren photograph

(a) Moderately under expansion jet (Me=1,Mj=1.51)
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i ) Shadowgraph by Woodmansee et.a

ii ) Numerically Shadowgraph

(b) Highly under expansion jet (Me=1,Mj=1.83)

Fig.1 Verification of numerical results.

Table1 Numerical conditions

Nozzle
Geometry AXxisymmetric
Nozzle Mach number M. 2.22
Nozzle exit diameter d. 25.58 mm
Reservoir conditions
Gas Air
Pressure ratio ¢ (=po/pn) 1.973~50.0
Temperature T, 291.7K
Ambient conditions
Gas Air
Pressure pp 101.3 kPa
Temperature Ty 291.7K

LTI T2 8 PR S 5 3 47 5 (2014 4F 1 )

NN T 3 —27 L, J ZVPEN O SRICEEE Sk S b
ZERIERVHOESD L ZATREERNNER ST
WHIRE, 2 ANV IR £ T) pe & 7 AV EFEO A po
ORIz LV RE 5,

—Ji. S ANV OISR TER SN DGR B A, W
WAl (La) . ik (FHAD oREZFEF1, 2T
ER=N

Mlee .................. (4. 1)
pl_ pe .................. (4 2)

1

_1)M2 2
| e=DMEr2 020 (4.3)

2kMZ —(x-1)
28 (M2_\lp - e
pz—[1+m(M1 —1)} L (4. 4)
Thd,

PLEIZ XD | IR po OKRENR T 3= ) AT K0 HE
KEhdEE, HE pp OEIZE Y T R— ) VD &
D FURICIERR S DB EEEIIK O L) TS b,

p2 > pb > pe J ANV O OS] pe 135E pb £ VK
W, T h, FiAuE ) AVNTEE LV IRWES E TR
T 25, GEMZIREN)

pb = pe Z =)L ) VOB IAEENREE T, &
RIX ) AVNTEZ Y brE—MIch X 9 EHEE TR
3%, GEIEIEETT

pb < pe : PRALIE/ AN THEIEpb T THEL &N T,
JAVHAENIEE LY &EL< D, (REBIEREER)

k=LA TKT D, A~ v B Me & WEGEE ST po/pb
DAE DRI L D EEED S EICET 23R R
2 (R, i ac B A OICEEENH LI5S, il
R ab FIXEER R ORAESEERT, JHIC LV RAE
T ORI, A RN TF 2 — 27 LARWEERR L OURR
D ERIC R SRS DRI . Sk B GEMZARVEDT) . fEIK
C (FRIEMIEER) CTREND, Me=2.22 OFE, it ab
BLWac EOEITENEN, ¢=11.034 & 1.973 TH 5,
Lo T R LITRT /) b= v g Me=2. 22 OBt B & s
J ZVTIEMERIE A B ¢ =1. 973 T/ AV O TR E #E
OFFHEFE, ¢ =11. 034 Tl ERZIRMEFE, 1. 973< ¢ <11. 034
T/ AVH O HRND B 2 TR T 5 IR EE R, ¢
>11. 093 THREEERMAH LD,



AL T2 R SF R P AR e 5 47 5 (201441 H)

1000 ————T———— T T —
: ; ; ! b
o i| Correctly ]
o !| expansion jet |
o : :
C : Under expansion jet | i

100 frrrs ——— R T — .

i [Shock wave
i |at nozzle exit H

A: Subsbnicjet downstream from exit ||
. . L 1 . . . L 1 . L

1 2 3 4 me 5
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isentropic flow equations.
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i) t'=4.23 (n=1000)

ii ) t’ =8.24 (n=2000)

iii) t’ =24.1 (n=6000)

iv) t'= 61.3 (n=15000)

V) t'=127.8 (n=30000)

(a) Computer schlieren photograph
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(b) Distribution of Mach number M.

Fig.4 Starting process of correctly expansion jet.
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Fig.5 Computer schlieren photographs showing wave—patterns and pressure distribution on jet axis (Me=2.22).
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Fig.8 Density distribution showing transition of jet structure

through correctly expansion jet.
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