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Abstract This paper investigates the effect of the rotational motion of a driving fluid generated by a rotational motion
device at the inlet of a driving nozzle for a gas-liquid ejector, which is the main device used for ozonated ship ballast
water treatment. An experimental apparatus was constructed to study the pressure and suction flow rate of each port
of the ejector according to the back pressure. Experimental data were acquired for the ejector without rotational
motion. Based on the data, a finite element model was then developed. The rotational motion of the driving fluid
could improve the suction efficiency of the ejector based on the CFD model. Based on the CFD results, structure
optimization was performed for the internal shape of the rotation induction device to increase the suction flow rate
of the ejector, which was performed using the kriging technique and a metamodel. The optimized rotation induction
device improved the ejector efficiency by about 3% compared to an ejector without rotational motion of the driving
fluid.
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Fig. 2. Test bench of Ejector System
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Table 1. Test results of non-swirling primary fluid of

ejector
P1 P2 P3 P4 Ql (?2
[bar] [bar] [bar] [bar] [m’/hr] [m’/hr]
0.5 9.3 0.3 0.0 14.6 28.8
1.0 9.3 1.7 0.0 14.6 24.5
1.5 9.3 20 0.0 14.5 20.8
2.0 9.3 25 0.0 14.5 16.5
2.5 9.3 2.8 0.0 14.5 12.3
3.0 9.3 33 0.0 14.6 8.5
35 9.3 3.9 0.0 14.5 6.6
4.0 9.3 43 0.0 14.6 33
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Fig. 3. Boundary conditions of gas-liquid ejector
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Table 2. Detail of Boundary Condition

Remark Description

Inlet 1 | Inlet only water & uniform pressure condition

Inlet 2 | Inlet only water & uniform massflow condition
Inlet 3 | Inlet only air and pressure condition
Outlet | Outlet and uniform pressure condition
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Fig. 4. Each grids around ejector

Table 3. Size of grids for different discretizations of
flow volume

I\/(I)i:.g:iige N{)afxg;ge Nodes Elements
Mesh 1 1.50 mm 100 mm 100,268 358,939
Mesh 2 1.00 mm 30 mm 144,622 471,500
Mesh 3 0.50 mm 40 mm 248,994 855,988
Mesh 4 0.45 mm 36 mm 333,126 1,136,054
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Fig. 5. Each grids around ejector
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Fig. 6. Swirling induction device
(a) General view (b) Section view
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AFLAE HA2deus BRAFAHE 2108 WA ca ! d Q/ Q/
e | mm | o wh] | [mh
ca mm mm m’/hr m/hr
7] ©]3] )= te Ayl 7+
1918 flz)e o A0 2 1 5 39.29 22.86 15.191 5382
. X A 2 4 133.57 21.49 15.109 5.183
f(z) = B++"(x) R y—Bi) (10) 3 4 65.00 2114 15.157 6.062
4 5 70.71 19.26 14878 4225
. . 5 4 59.29 23.89 15208 4603
714, RE& AHsyd r& ATE = glo]EHE
714, = oc v, e 1y 12 6 4 87.86 2097 15527 5.050
old], Al 2 AdaE ] dis Hole o Erk 7 4 53.57 217 15213 4.866
8 5 13071 23.54 15111 4676
n \ 9 5 96.43 19.77 14926 4179
k) __ j k
R(X?, X")=Exp|— Y, 0,[z) — ! ] (11) 0| 3 8500 | 2029 15,180 4830
i1 1 3 47.86 21.66 15.261 5291
12 4 76.43 2131 15.112 4582
r(z) = (12) 13 3 3643 2474 15227 5388
W @) s\ 17T 14 4 73.57 2423 15.180 5.694
[R(e.2"V), Ra.a"). Rlz,e")] 15 4 113.57 23.03 15.160 4856
16 3 127.86 19.09 14959 5309
- . 17 3 62.14 19.43 15.060 5.892
Elndle o|R5t = A
43 HEZES Ol8et 7S s 18 5 56.43 19.60 14.899 4.695
AA3Z 93 A SE % A9 FAF META 19 5 11071 24.06 15.017 4404
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Fig. 73} o] Al e I, vii- 44 d, @70 7k n2 21 5 90.71 2234 15.135 4799
AAE), 2k e dgk W9l A4 A% FeAS 2| 3 67.86 20.63 15.143 5391
N 23 5 122.14 22.69 15.102 4.586
atefetel, 35mm < I < 135mm, 19mm < d < 2% 4 99.29 19.94 15.036 4222
25mm, 3 < n < 5 2 AAICL 25 4 79.29 20.11 15.065 4522
26 4 11643 22.00 15.149 4455
27 4 45.00 20.80 15.125 5724
phmer Blade 23 4 .14 2251 15232 4507
@ Number () 29 3 93.57 2371 15.225 5.792
7 30 4 105.00 21.83 15175 4291
31 5 82.14 2337 15.134 5302
2 3 125.00 2046 15.103 3.906
- 33 4 102.14 2320 15.181 4907
34 3 107.86 2491 15215 4.648
.,L 35 4 50.71 24.40 15.193 5307

Fig. 7. Optimal parameters for ejector
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