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Turbulent combustion flow field calculation
for afterburner with heat shied

ZHANG Hatao, ZHAO Jiar2xing

( College of Energy and-Power Engineering, Nanjing University of
Aeronautics and-Astronautics, 210016 Nanjing, China)

Abstract: In-an arbitrary curvilinear coordinate system, numerical simulation was per2
formed for-3D turbulent'combustion-flow field-of the afterburner with the cros2rippled heat
shield, outer cold passage and jet nozzle. The body2fitted grids were generated using a system
of elliptical partial differential equations” T he KE model was employed to describe the turbu2
lent characteristics. EBU2Arrehenius turbulent combustion model was used to determine the
chemical reaction-rate, while a six2flux model was applied to predict heat radiation and its in2
fluence on the wall"and gas temperature. The discretion of governing equations in a non2stag2
gered grid system was obtained by hybrid scheme and was solved with SIMPLE algorithm.
The influences of two different inlet gas parameter distributions on afterburner flow charac2
teristics and wall temperature profiles were analyzed numerically. Calculations were in good

agreement with the experimental data and show that numerical procedures are fairly reasona2

ble.
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shield; body2fitted grids

1 200Q07231; 1 200€10216
(1982),
(1932), , , E2mail: zjx zhao@nuaa. edu. cn



1242 22

. ma, g,
, el R«, R:, Rig #s :Ss
1.2 3]
Vdy U2,
Gri= —= QCLke G 1 4i(i= 1,2)
’ Rr[iln(EyEi-i- PR;)]
, . (3)
1 R(THi - Ti)
v = (QCl ki) Las =) RD=TA),
Th - T21
« + ) ICE o= Tu- T _
" /G + /K + 1/Gr?
EBU2Arrehenius 1 F ’
[3] k= 1112+ 1014 (Tw- 373)/700
L1 Tm , Tc
. , Tw
(4] @i , Qw , ke
SNWS) + 2Ls)+ SHQVS)= | .
5N 5d 5F 1.3
5[ # ] )
2| = + +
5]\[1‘.] (qudSn+ qi2 56 qi35%) | + ’
SS_C[I#TS( Q21 SnA+"q2 56+ Q3 5F)]+ > . >
S[#s ’
SH 1] (g3 5n+ g2 56t @ S5e) |+ 1JSs (1) R
J = xx(rdF- reblb) - ~(xdF - xrHo) +
H(xar- X o) gre+ A(Tc- Tw)= A(Tw- Ta) (4)
A A
qgi = r2A1iA1j + rzAZiA2j+ AGiAsj; > qr2
UV, W > T
U= rAuu+ rAav+ Asw 2
V= rAnvu+ rAav+ Anw (2)
W= rAiu+ rAxsv+ Anw 2.1
Ai ] ; XN X G XF, IN, TG TF, s s
H K, H (x,r, B
(NGDH ; 5 uvoow,



8 1243
3 3 - 3

E Eg”rNN' + EgPux=0 (5 ’

i=1 j= k=1 ,
P« , « ;N 29

, g )T
[5] 8 ’
5 [71 .’
’ G =<, = <.
, : 3
15 , 1
, 424 @A5 @34. 2

Fig. 1

Fig. 2

1
Grid of aft erburng the cross heat shield
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Fig.3 Gas velocity vector profile at section K= 26 ( nouniform distribution)
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Fig.4 Gas temperature contours at section K= 26 ( nor2uniform distribution)

Level 1 2 3 4 S5 6 7 8 9 10 11 12 13 14
T/K: 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

gmmelu r-’ﬁﬁg]l-zé“'g = ——

2 D
133 . [ % 3mmr—13—
13
414

=L ;7 14 14 —14

-\\—z.(lj’
/

5 K=3 ( )

Fig. 5 Temperature contours at section K= 3 (uniform
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cont ours magnified at section K= 26 near entrance(nor2uniform distribution)
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Fig.7 Turbulent kinetic energy contours at section K= 26 ( no2uniform distribution)
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Fig.8 Heat shield wall temperature contours magnified of at section J= 36 ( nor2uniform distribution)
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Fig. 11 Exit temperature radial profiles
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Fig. 14 Axial profiles of cylinder wall temperature



