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Numerical analysis on effect of cooling air pocket area on

performance of air-cooled fuel injector
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Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Based on an air-cooled fuel injector in an afterburner of turbofan engine, geo-
metric models cooling air pocket areas with different were obtained by changing the the upper
bottom length of trapezoidal section cooling air pocket, but with the constant down bottom
and height. Considering the effect of the external flow field on the internal flow and heat
transfer characteristics of air-cooled fuel injector comprehensively, its conjugate heat transfer
three-dimensional numerical simulation was conducted on the cruise flying state, so as to get
an effect laws of different cooling air pocket areas on the entraining rate of air-cooled fuel in-
jector, the mass flow rate of cooling air nozzle, the average cooling effectiveness and the
maximum wall temperature. Results shows that, the entraining rate increases linearly with
the increasing of cooling air pocket area; the mass flow rate of cooling air nozzle around the
fuel nozzle convex platform changes by conic rule along the air-cooled fuel injector axis, first-
ly increases and then decreases; the mass flow rate tends to be uniform with increasing of
cooling air pocket area; the fuel injector’s and insulated jacket’s average cooling effectiveness
increases linearly and the maximum wall temperature decreases with the increasing of cooling
air pocket area; inhibiting effectively the backflow of the hot gas into the insulated jacket is

the key to avoid a partial high wall temperature.
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Fig. 1 Structure of calculation model and air-cooled fuel injector
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Table 2 Mass fraction of gas components on

the core and bypass flow

. J5T 4 4k
for &
O, N, CO, H.O
N i 0.1434 0.7766 0.0770 0.0030
H1 i 0.2320 0.7680 0 0
1.5 tEAH*

25 W A5 SR I BR U R-e it AR TR X PR S
Y W THAT 1T A0 R T8 (14 98 20 1 R AT T 90 25 B
FT Ao B 5 36 5 W B 4 AR O AR SOUU R
Y WA Hy T B AR PN TR o A A U Bl
RN B B A6 HL B AR HE k-¢  RNG (re-normaliza-
tion grop) s SST (shear stress transport) k-¢ = Fb
T VAL R 45 R )5 . KB RNG k-e i RE LA
SCHY 3 S HLIAT 00 #AR SR RNG ke ifi i
RERY , BE [ B 2 2K FH Scalable BE IR %K. T 3 B
MUSCL (monotonic upstream centered scheme
for conversation laws) & = %} JE 45 # 1b W #% B A
SR RORS B, B LR 3h J7 B 60 TR A3 B
MUSCL #% 47 B, HAb I FER T 2 B 25 i
62X i B B T R A R T SIMPLE (semi-im-
plicit method for pressure-linked equations) %
2 CEOR LR 100,
2 HR5H®R

B

AT AL O A AR AR

T e TR AR B A T R AL R M3 X AR T (A
JEAF IR UL A AR SCRF 5 25 A7 700 W0 A A X A 1D

2.1

I R b g e R (VO A A, IR 3 R,
HEARR T A PO 4 10 R T L BT [0 90 5 228 ey W
T o™ 15 J] T ) ¥ 0 2 MGG T ] 1) B Y S g 3
SRR )AL BE A T B A R T T i
i) 3 JEE o 5 B0V 0 s AU R 1) SRR U RO
7 1) o R P A A i O 2l R U Al 1)
JE B IR

) .
Vimis) —70 2 73 145

&3 M3 XFFRIE o J7 ) i 5 43 A
Fig. 3 Distribution of velocity at symmetry plane of

M3 along x direction

B TR A B v 0 23 0 O 1) R E (V) A3 A
V4 B o T B SRR TR K
Vi I J3E 3 A1 S o 4% 2 ] ) A R e e AR A
THE TR i VS 1 28R A W 094 i S oy T B R XL
S TR R L DAL 9 51 R U R R AT ST
¥ B2 KO 2 L o R
2.2 RESHGHH

AT BRI 1 O, 5T i 43 8050 A B HAE
B P TR I SR TR O S (L 2k = A& 5 BT,
BARORT » TR AL S WAk e A o i A 3 L AT
BIR s 53 SR U Ve #0454 e XUE ok A AR
A v H A UG R ) S R A R 28 e B AR
B A I UL S R X T R ) 38 R T 3
R RBUAE S 0% W AT B 3 iy DX
O, Hik 5 B D R i A XL R T K
PN

V' /(m/s) V/(m/s) ¥ /(mfs) V/(m/s) V /(m/s)
wme 86 wa ¥ 86w R R %wm u
. (\ | . \ '[_ . A ¥ w . - “ . 4
64 1 65 \ 64 B 641 - 640
£ 43\ 42 \ £ \ 2 \
\ 9
[ 20 =] 22 \ [ 20 \ & \ N 20 A | 20 A
| \I = I N L . N I \ “ | I \ .‘.'
| —12 \ 8 -1 \ i i -
' ‘ =21 \ ! 23 ) (23 \ -23 v
-34 A \ i = \
—42 I_45 \ I—45 1 —45
~56 \ . \ \
A\
(a) L, =0.0152D (b) L, =0.0229D (¢) L, =0.0305D (d) L, =0.0381D (e) L, =0.0458D

Pl 4 el A N R v 0 A W 1 R R A
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