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A Study on the Spray Characteristics of Swirl Injectors
Using ANSYS Fluent
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Abstract

Numerical studies on the spray characteristics of closed-type and open-type swirl injectors were conducted using ANSYS

Fluent. By changing injection pressures, discharge coefficient and spray angle were calculated using the Reynolds stress BSL

turbulent model. The numerical results were compared with previous experimental data to examine their accuracy. For a

closed-type swirl injector, spray angles matched well with experimental results and discharge coefficients showed approxi-
mately 8% differences. On the contrary, discharge coefficients of an open-type swirl injector were similar with experimental
result but its spray angles presented around 15% differences. Though the numerical results were not perfectly consistent with
experimental data, it is thought that they could be sufficiently used for analyzing spray characteristics, specially which is hard

to be measured from experiments. Numerical simulation with different turbulent models was also performed to examine their

effects on the numerical results.
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Fig. 2 Schematic of a typical bi-swirl coaxial injector with
internal mixing

Table 1 Geometric information of the present bi-swirl coax-
ial injector

Injector Unit Inner Outer

ny 8 4

do 3.5 7.5

dn 1.48 0.86

mm

dy 6.7 7.5
2.45 3.25

Ly 0.0
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Fig. 3 Modeling and boundary conditions of the present
bi-swirl coaxial injector
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Table 2 Mass flow rate by the variation of mesh level at

AP = 10 bar
Level Number of mesh m [g/s]
Lv. 1 323,383 216.37
Lv. 2 1,214,054 177.55
Lv. 3 2,366,990 166.47
Lv. 4 7,863,641 164.41
Lv. 5 12,764,566 168.00
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Fig. 4 Spray patterns of the closed-type swirl injector at
AP = 10 bar (from top to bottom: Lv. 1, 2, 3, 4, 5)

Table 3 Mass flow rate by the variation of iteration num-
ber at AP = 10 bar

Iteration m Value/(last no.)

no. [g/s] [%]

1,000 109.19 64.3

2,000 156.03 91.9

3,000 164.95 97.2

(Cloizgf;pe) 4,000 169.11 99.6

5,000 168.84 99.5

6,000 168.78 99.4

7,000 169.76 100.0

500 78.12 99.7

Outer 1,000 78.39 100.0

(open-type) | 1,500 78.39 100.0

3,000 78.39 100.0
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Fig. 5 Spray patterns by iteration number (from top to
bottom: Iteration no. 1,000/3,000/5,000/7,000)
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Fig. 6 Spray patterns of the close-type swirl injector
(from top to bottom: AP =5, 10, 15 bar)

Table 4 Numerical results of the closed-type swirl injec-
tor at different AP

AP [bar] 201[°] m [gs] Cp

5 56.6 119.74 0.3939

7 57.4 141.54 0.3935

10 63.4 168.84 0.3928

13 63.0 191.91 0.3915

15 64.2 207.02 0.3932
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Fig. 7 Spray pattern of the open-type swirl injector at AP
=10 bar

Table 5 Numerical results of the open-type swirl injector
at different AP

AP [bar] 20 m [g/s] Cp
5 107.2 55.15 0.0395
7 1072 65.42 0.0396
10 107.2 78.39 0.0397
13 107.2 89.51 0.0398
15 1072 96.23 0.0398
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Fig. 8 Experimental setup for the cold-flow tests of the
bi-swirl coaxial injector

Table 6 Experimental conditions for the inner/outer mass
flow rates

Injector Mass flow rate [g/s]

Inner (closed) 129.77 162.21 194.65

Outer (open) 46.35 57.97 69.52
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Fig. 9 Comparison of discharge coefficient and spray
angle for the closed-type swirl injector
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Table 7 Pressure loss at tangential holes’ inlet and corrected
discharge coefficient

AP [bar] | vy [m/s] | Pu [bar] Co
5 8.87 0.20 0.3862
7 10.46 0.28 0.3858
Inner
(closed) 10 12.35 0.40 0.3851
13 14.06 0.52 0.3840
15 15.03 0.60 0.3855
5 26.24 1.72 0.0341
7 31.13 242 0.0342
Outer ™5 3729 347 | 00342
(open)
13 42.59 4.53 0.0343
15 45.78 5.23 0.0343
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r A A &
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Fig. 11 Comparison of corrected discharge coefficient for
the close and open-type swirl injectors
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Table 8 Comparison of mass flow rate for the closed-type
swirl injector by solvers

AP [bar] m [g/s]

k-g 164.32

k-0 158.42
SST 10 161.58
RSM-omega 168.63
RSM-BSL 168.84
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Fig. 12 Spray patterns of the closed-type switl injector by
solvers
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