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3-D Numerical Simulation of Cold Flow Characteristics of

Cavity in Trapped Vortex Combustor
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(College of Energy and Power Engineering . Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: The flow structure in cavities is a key issue for trapped vortex combustors. Numerical method
is verified by experimental results. According to the numerical simulation in this paper, series of stre-
amwise vortexes which exist in the form of counter-rotating vortex pairs would be induced by the addi-
tion of specific rectangular stacks in the jet slots in the front body of cavities. Three cases in which the
stack blockage ratio BR (tab area to jet slot area ratio) are 0,0. 2,0. 4 respectively are investigated. In
cases BR=0.2,0. 4, the results show that: (1) the streamwise vorticities are significantly increased by
nearly 100% compared with that in the case BR=0, and the streamwise vorticities in the case BR=0. 2
are slightly stronger than the streamwise vortexes in the cases BR=0. 4; (2) in the streamwise vortex
mixing layer, the mean streamwise vorticity increases first and then decreases along the axis direction;
(3) the total pressure loss of the combustor is about 1% bigger than that in the case BR=0.
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Fig. 1 Physical model for computation
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(a) PIV measured

(b) Standard « - ¢ predicted

(c) SST k - & predicted

(d) RNG « - ¢ predicted (e) Realizable x - ¢ predicted
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Fig. 2 Comparison of vortex structure measured by PIV and predicted by different turbulence models (middle plane in Z

direction)
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Fig. 3 Comparison of axial velocity distribution between Standard ke model predicted and experimental results(middle

plane)
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Fig.4 Mesh generated for computation

SRR AR SR . 1S O RiTRE S R BLZE EE 0. 2 A
TUTE A [7) A% K0t B A5 20 00 B db X P JRE i 368 8
AL E A O - LR LA Mok 181 5 R A% 15
FIR M5 207 T3 RS A5 B A A SEAS B 5 DL R
15 181 J7 A% I 2 2245 21 1 RS 0 SC A - SO AR ST
5 04 A A5 280 o g gt SRR AR 5 7E 181 T A .

40
o 91X 10° .
—e 141X 10* sd
201 - 181X10°  es
v 207X10" ez
: 77
E 0r $i¢
N S
\:it;(“
201 TN
03
-40 1 1 1 !
00 02 04 06 08 10
X/L

K5 s Sz M T A

Fig.5 Grid independency results
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Fig. 6 Velocity vector in plane along radial strut
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Fig. 8 Flow field in cavity at different axial locations
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Fig. 9 Mean streamwise vorticities in cavity at different
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Fig. 10 Distribution of spanwise-vortex cores
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Fig. 11 Schematic diagram of vortexes in cavity
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