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Numerical Simulation of Flow Field in Circularly Lobed
Exhaust-—FEjector Mixer with/ without a Central Plug
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Abstract: T he role of the central plug in promoting the thermal mixing between the prima-—
ry and the secondary flows of the circularly lobed nozzle was assessed mainly by the numerical
simulation. The fundamental equations were derived in the bodyfitted nonorthogonal coordinates
from cylindrical coordinates for the circularly lobed ex haust—ejector mixers with/ without a plug in
the center of the lobe. T hese equations were solved using SIM PLEC and a kind of complete pres—
sure correction algorithm in the nonstaggered grids, with the velocity components in physical
plane as solving variables and the contravariant velocity components as boundary velocities of the
controlled volume. Better agreements have been observed between the numerical results and the
experimental values. The numerical results show that there are great differences between the tem—
perature contour in the outer section of the column mixer with the plug in which the low tem per—
ature contour lines can reach the center line of the mixer, and that in the outer section of column
mixer without the plug in which the elevated temperature contour lines always lie in the central
zone- This is the basic reason why the thermal mixing efficiency of the mixer with the plug is

much more than that of the mixer without the plug.

: 2001- 06— 20; : 2001- 10- 08
(1963- ),



281

Key words: plug; lobe; exhaust—ejector; thermal mixing efficiency

1
[1]
2
2.1
k€
P 2] 5’(57'7’@
1 apU1¢§+ a(pU2¢§+ A PUD |
Jr 0¢ on 0C— )~
1) 0 [Te|oa [oke> foke)
Bk [] EB{+ a,7B%+ 5 B%]+

i Jacob , Ui &

U= (zmc— zgnuw + r(Bec— Bznuz +
r(mBc— rdh)us

U= (zgc— zerQui + r(Bgg— Bzgus +
r(re@ — reBd us

Us = (zern— zmrg)w + r(egz'?— e7z§)u2+

r(re— ) us (2
B :
L= BB (3)
~ Ozi
B = r’{COf 5_§J (4)
,c(f[g—féj Jacob g—gk

B

re=1 i= (ie.,zi= ©

re=r1 1= 2,3 (lLe.,zi= r,z) (5)
k€

[1]

2.2
SIM PLEC
[2]
N-S ,
[3]
138
42 92

=~
EE

$108
|
{ ¢28 .
J0°
78
I

73

1
Fig.1 Circularly lobed nozzle with a central plug

2= 13 1Z=12 [z=17 1Z=M 1243
A0 b 25 4 T 1 R

2

Fig.2 Com putational grids in sequential cross-sections
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Fig.4 Velodty vectors andthe local magnifying map

without the central plug
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Fig-6 Axial velocity contours without the central plug
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Fig.7 Thermal mixing efficiency versus axial distance
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Fig. 10 Axial velocity pattern in outer-section

with the plug
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Fig. 11  Axial velocity pattern in outer-section
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Fig.12 Temperature distribution with the plug
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Fig- 13— Temperature distribution without the plug
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