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The purpose of this study is to investigate the flow characteristics of
multiple jets formed by a circular nozzle surrounded by multiple sub nozzles, and to propose a
method to control mixing of the circular main jet by the sub jets.
When circular sub nozzles are used, the velocity ratio is 1. When the diameter ratio of the main and
sub nozzles is 1/2, the main jet reached about 5 times the nozzle diameter.
The merging of the jets is caused by the spreading of the each circular jets, regardless of the
number of sub nozzles, and mixing of the main jets can be accelerated by increasing the distance
between the main nozzle and the circular sub nozzles to about three times the main nozzle diameter.
A similar effect can be obtained with elliptic sub nozzles, where the distance between the main and
sub nozzles is also about three times the diameter of the main nozzle.
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Fig. 1 Schematic diagram of experimental facilities. A-A cross section
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Table 1 Dimensions of the nozzles. ( >
- [ 1
Sub-nozzle B
shape rid, d, d, D, Main nozzlel Q ZA T L g;
Round 1.5 24 mm 12 mm 41.6 mm ”,®,” - )77@”' =
Round 3 16 mm 8 mm 27.7 mm Sub nossi ‘\\ ¥
Round 4 17 mm 7 mm 24.2 mm \@ . ) Q
Ellipti 3 16 7omm g 9
phc mim (: 2\/%) .2 nm

Fig. 2 Round nozzle surrounded by (a) round and
(b) elliptic multiple sub nozzles.
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Fig. 3 Distributions of dimensionless centerline Fig. 4 Variation of the jet half width of dimensionless
velocity along x-axis, u./Ue, for number of mean velocity profiles, b12/d1, for number of sub
sub nozzles, n =2 ~ 10. nozzles n =2 ~10.
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Fig. 5 Profiles of dimensionless mean velocity, u#/U., along x-axis for number of sub nozzles,
n =2 ~ 10 at the nozzle center plane of y/di = 0.
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Fig. 6 Distributions of dimensionless centerline Fig. 7 Distributions of dimensionless centerline
velocity along x-axis, #e/U.. Reynolds shear stress, -u"v"/Ue on the centerline.
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Fig. 8 Profiles of dimensionless velocity mean velocity, #/Ue, along x-axis for the nozzle spacing ratios,
r/d1 = 1.5, 3 and 4 at the nozzle center plane of z/d1 = 0.
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Fig. 9 Contour plots of dimensionless velocity along x-axis, u/Ue at the y-z cross section for
(a) round sub jets and (b) elliptic sub jets with the nozzle spacing ratio, r/d1 = 3.
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