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Numerical simulation study on the structural characteristics of

annular counterflow jets flow field
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Abstract: The counterflow jet is an important technical means for flame stability. In order to explore the effect of counterflow jet on steady
burning of the reversed injection burner of coal particle combustor, the flow field structure of different annular and round jets into a counter-
flow were computationally investigated using the Realizable k—& Model in Fluent platform. By computing the penetration length in varia-
tional velocity ratios of each jets,the results show that the penetration length of annular jet is larger than that of round jet,and it increases
when the annular grows, The permeability of annular jet in ambient flow increases which is conductive to increase the backward propagation

distance of pulverized coal and residence time and improve combustion stability. Unlike round jet,the penetration length of annular jet does
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not have a monotonic linear relationship with velocity ratio. There exists a smooth transition when velocity ratio between 7.5-12.5, which
indicates that the decrease of velocity ratio does not cause significant decrease of penetration length within a certain interval and has guid-
ing significance for the design of existing burners. By calculating the maximum zero velocity half—width of each jet tube at different velocity
ratios, it is found that the half width of zero velocity of annular jet is wider than that of round jet,and increases with the increase of the in-
ner diameter,which indicates larger radial expansion width and stronger suction capacity. The half width of zero velocity of annular jet in-
creases linearly with the velocity ratio,and the slope increases with the increase of the inner diameter. The radial expansion capacity of an-
nular jets in counterflow with high velocity ratio is stronger than that of annular reverse efflux with low velocity ratio. By plotting streamline
according to the calculation result, it is found that the streamline of annular jet is similar with round jet at lower velocity ratio, At higher ve-
locity ratio, although the axis velocity decreases to zero at the stagnation point,the fluid still propagates downsiream in a certain area near
the axis,and it takes some distance before the velocity drops to zero and return, the dividing streamline also becomes irregular. The circum-
ferential flow has a certain degree of compression and obstruction effect on the annular jet in the axial direction,so that the radial expansion
width of the jet increases and the suction capacity of the jet increases,which is helpful to promote the mixing of pulverized coal and com-
bustion air in the burner. By studying the change of axial velocity along the reverse jet axis of different jet tubes, it is found that the velocity
attenuation on the annular jet axis is more gentle than that on the circular jet axis,which indicates that the mixing with the environmental
flow is not as strong as that of the round jet. As the inner diameter decreases,the peak value of the axial velocity of the annular jet increa-
ses and its position advances, and the attenuation velocity increases, which gradually approaches the attenuation on the central axis of
the circular jet
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Fig. 1 Schematic of annular counterflow jet model
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Table 1 Size and serial number of the jet pipes
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SRPIAL B PG R 1Ak XA R P R 1T i B H
H SR 3L TR PR A (L, 8 3 40 S A [R) A B B It A
T UL SR It - PR A R L, Y O A i R
UL BE X R FHR IV ) TG B B T 24, Ui 3 s 11 Ak
K 2RI AR (KERBE N 0) , ETRE
i UL 5 MK ) BLAR 4 M 0 3N 1 A0, AN [R] T
8 it 2 B S B 10% , 25 A K ) BAR TS
B, A B 2257
1.2 HEFGE

ARSCUL Fluent BAAE TR G R A BRIK
AL (finite volume method, FVM) B8 Hl 5 2, J&
FEEE SR SIMPLE ( Semi —Implicit Method for
Pressure Linked Equation) B SR IR Y O R
KBl XAg X, T SRR T« PSS (Real-
izable ) 1Y) k—e FELX 05 ) S A4 3 Sl e R4 T 80
Bl k—s BERELIRHRE k—s BB RNG k-g fHAY
FCTTSEI” ) k—e AERIDSTT 0 Horp < TSI

82

k- AR RE TR & J7 B2 oh i bk 3 Y ¥ 07 25
Hh, BEAE I 2 By R RURT TR N ) AR, T3k
it U A P AR, PR A 900 B30 A 0 37 1) A5 4 , %
TATERE o3 I A B AR IR S AT B A A T
éﬁ%:zo—zz] .

2 HRE5HM

2.1 BANRE

WS b SR LA AR U, A S S
J& , HEREEG A s UM EAE R R SR R R i i
[N e i R 2N N TN BT A 82 by N TR - R i
BN RN 0, FliZ sy 0 0y s FR A i A, i
SIS O KT I RO AR L

K AR SCEUE AU D7 2245 2 1) (B I 1 5 S5F 3t
(W Ja) SUATREE L BEVRE L R A8 fL 15T 2 fr
/R o 5 Bernero %5 fil Konig 251 #5381 (i 5645
XT LG ETE 5307 F5 75 31 5T A TR BE 5 0 R IE TG &R
L,/ a=2.66R , BALA5 2 A 5T TR 5 I 3 L ] 2R 4
55 Bernero 1 Konig 4515 21 912050 B4 AH 22 1R/, 3R
WA SO AR R MR B Wl IS 56 3 i e sl Rk

= PEAER "
401 o Bernero% L
v Konigh >
< 0r—27R
I 2.8R
201 ,"
10}

0 2 4 6 8 10 12 14 16
R
K2 BERERRHRTENEREGRELE X R
Fig.2 Relation between penetration length and velocity

ratios of circular reverse jet
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and velocity ratio of counterflow jets with different jet tubes
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