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Numerical study of mixing characteristics of triplet impingement injectors

JIN Dong-huan, LIU Wen-guang , LU Qi-sheng
( College of Opto-Electronic Science and Engineering, National University of Defense Technology, Changsha 410073, China )

Abstract; In order to enhance mixing effect, two novel styles of triplet impingement injectors were presented by changing
middle jet orifice or the other two jet orifices into cone-shaped orifices. Flow field characteristics of above-mentioned two kinds of
injectors and traditional injectors with triple straight-wall jet orifices under conditions of fuel-oxidizer-fuel triplet arrangement were
analyzed based on 3-D computational fluid dynamic methods. The numerical simulation results demonstrate that mixing of triplet
impingement injectors is principally accelerated by transverse vortices. For the injector with cone-shaped oxidizer jet orifice, the
vertex intensity of flow field is lower than that of the injector with triple straight-wall jet orifices. For the injector with cone-shaped
fuel jet orifices, there is a definite increase of the verféx intensity of flow field. Mass-weighted average unmixedness was introduced
to evaluate the mixing performances of three kinds of imectors. It is indicated that the mixing effect of injector with cone-shaped fuel
jet orifices is better than that of injector with triple straight-wall jet orifices and the injector with cone-shaped oxidizer jet orifice is
the worst of three. For injector design of chemical laser combustors, oxidizer and fuel jet orifices adopt different styles, for
example, the injector with cone-shaped fuel jet orifices, which helps improve mixing effect of oxidizer flow and fuel flow further.
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Fig.1 Computational models of triplet impingement injectors

a—general model b—T [-0: section dimensions of injector with triple

straight-wall jet orifices ¢—T [I-1: section dimensions of injector with cone-
shaped oxidizer jet orifice d—T I[-2: section dimensions of injector with

cone-shaped fuel jet orifices
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Table 1 Boundary conditions of computational model

boundary names descriptions

flow inlet; 0. 15g/s, species: NF,, total t -
NF, -inlet mass flow 1nle g/s, species 3,10 empera

ture: 300K
. mass {low inlet: 0. 0087g/s,species: D, ,total tempera-
D, -inlet
ture: 300K
outlet pressure outlet,static pressure: 0. 1519875kPa
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Fig.2 Mach number contour distribution on plane z =0
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Fig.3 Mass fraction of D, contour distribution on plane z =0
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Fig.4 Mass fraction of D, contour distribution and velocity vector distribution on a couple of parallel planes with combustion entrance plane

a—combustion entrance plane b—distance [rom combustion entrance plane :2mm c¢—distance from combustion entrance plane;4mm d-—distance from combus-

tion entrance plane:10mm e—distance from combustion entrance plane.30mm f{—distance from combustion entrance plane:50mm
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Fig.5 Absolute value of helicity distribution along the direction of gas flow
TSI I RSB A E I At R, T LU
i, W AR Y T, SRR B 4 Xt (B VB GA B B K,
e e I B 55, 2 J5 T TR 5 A Y UL 4 T 16 o T R R
FEX FREMEM RS, T2 BN E RS T A=A, W
TI-1RY, e 35 5 B U A BT [ X B B0k 1 A T Y
ST o

&G, BBCRIRE EEAEN 2R, @ 80 D,
FER NF; SRS BRI R 451 3 BRE. &3
B SRR G BOR . B 6 haaH T 3 M3 e i = me
FERE WA TR BEEN ALK, 3 KK BH
HA B ARG MARR & BB HE/, RE
KL, ARIGHHIBIES R SRR EZNEAHE,
HERE T2 B, BB R LG, & T
BEESRMRE SR, RRE R ORBESE TRATI-O
B 74. 2% (AEBE MR EA D FE LY 13mm DL
KIEGHERMAT TI 0 B X ATREE N & — 75, 8
SREIER L T RMA S WIRA, 55— J7 |, BFEiR A

FEK 3 RGO IHE AR A SR 233
1.08 -a—=TI[-01
—=TI[-1
0.8 -+=TII-21
éo.e-

£ ]
0.4t ]
§0.2-
0.0

000 002 004 006 0.08
distance from combustion entrance plane/m

Fig.6 Unmixedness distribution along the direction of gas flow
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