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On Vortex Reduction Characteristics of Pump Sump Circulating
Water Intake Basin of Power Plant Using Hydraulic Experiment

ABSTRACT

Among the main facilities of the power plant, the circulating water used for cooling the power generation system is supplied through
the Circulation Water Intake Basin (CWIB). The vortexes of various types generated in the Pump Sump (PS) of CWIB adversely affect
the Circulation Water Pump (CWP) and pipelines. In particular, the free surface vortex accompanied by air intake brings about
vibration, noise, cavitation etc. and these are the causes of degradation of CWP performance, damage to pipelines. Then power
generation is interrupted by the causes. Therefore, it is necessary to investigate the hydraulic characteristics of CWIB through the
hydraulic model experiment and apply an appropriate Anti Vortex Device (AVD) that can control the vortex to enable smooth
operation of the power plant. In general, free surface vortex is controlled by Curtain Wall (CW) and the submerged vortex is by the anti
vortex device of the curtain wall. The detailed specifications are described in the American National Standard for Pump Intake Design.
In this study, the circulating water intake part of the Tripoli West 4x350 MW power plant in Libya was targeted, the actual operating
conditions were applied, and the vortex reduction effect of the anti vortex device generated in the suction tank among the circulating
water intake part was analyzed through a hydraulic model experiment. In addition, a floor splitter was basically applied to control the
submerged vortex, and a new type of column curtain wall was additionally applied to control the vortex generated on the free surface
to confirm the effect. As a result of analyzing the hydraulic characteristics by additionally applying the newly developed Column
Curtain Wall (CCW) to the existing curtain wall, we have found that the vortex was controlled by forming a uniform flow. In addition,
the vortex angle generated in the circulating water pump pipeline was 5° or less, which is the design standard of ANSI/HI 9.8,
confirming the stability of the flow.
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Fig. 1. Scheme of Circulating Water Intake Basin

Fig. 2. Hydraulic Model of Circulating Water Intake Basin
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Table 1. Operating Conditions of Circulating Water Intake Basin

. Settling basin (on/off) Travelling band screen (on/off) Circulating water pump (on/off)

A B C D a b c d e f I-A | 1-B | 2-A | 2B | 3-A | 3-B | 4-A | 4B
1 ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON
2 OFF | ON | ON | ON | ON [OFF | ON | ON |OFF | ON | ON | ON | ON | ON | ON | ON | ON | ON
3 OFF | ON | ON | ON | OFF | ON | ON | ON | ON |OFF | ON | ON | ON | ON | ON | ON | ON | ON
4 ON [ OFF | ON | ON | ON | ON | OFF | ON | OFF | ON | ON | ON | ON | ON | ON | ON | ON | ON
5 ON | OFF | ON | ON | ON | OFF | ON | ON | OFF | ON | ON | ON | ON | ON | ON | ON | ON | ON
6 ON | OFF | ON | ON | OFF | ON | ON | OFF | ON | ON | ON | ON | ON | ON | ON | ON | ON | ON
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Table 2. Experimental Conditions of Circulating Water Intake Basin

. . . . . | Water level in circulating | Permeability of bar | Permeability of travelling .
Disch f 1 . . Disch
Case ischarge of circulating water intake basin water intake basin (m) screen (%) band screen (%) 1scharge
Prototype (m’/s 57.167 57.167
1 ype () -3.140 83.3 50
Model (m’/s) 0.181 0.181
Prototype (m’/s 57.167 57.167
2 type (m5) -3.140 83.3 50
Model (m?/s) 0.181 0.181
Prototype (m’/s 57.167 57.167
3 type (m5) -3.140 83.3 50
Model (m?/s) 0.181 0.181
Prototype (m’/s 57.167 57.167
4 il (3 ) -3.140 83.3 50
Model (m’/s) 0.181 0.181
Prototype (m’/s 57.167 57.167
5 el (3 ) -3.140 83.3 50
Model (m’/s) 0.181 0.181
Prototype (m’/s 57.167 57.167
6 el (3 ) -3.140 83.3 50
Model (m’/s) 0.181 0.181
Entrance bay Settling basin Travelling band screen Pump sump
—— [
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Fig. 4. Title of Each Section in the Circulating Water Intake Basin
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Table 3. Results of Vortex Angle in the Circulating Water Pump Pipeline (Before Installation)

Circulating water pump pipeline

Classification 1-A 1-B 2-A 2-B 3-A 3-B 4-A 4-B
Case 1 1.520 0.000 0.480 0.000 0.000 0.020 0.010 0.140
Case 2 6.120 1.260 3.740 0.000 0.160 4.680 6.920 0.390
Vortex angle ) Case 3 3.700 0.280 0.540 0.000 0.190 0.490 0.000 0.000
Case 4 2.800 0.620 0.050 2.430 0.310 5.060 7.250 0.380
Case 5 2.950 2.100 5.070 0.020 0.240 4.210 6.930 0.290
Case 6 0.990 0.020 0.030 1.790 0.210 0.010 6.090 0.540
ANSI/HI 9.8(1998) Below 5°
Table 4. Results of Vortex Angle in the Circulating Water Pump Pipeline (Curtain Wall Installation)
Circulating water pump pipeline
Classification 1-A 1-B 2-A 2-B 3-A 3-B 4-A 4-B
Case 1 0.000 0.063 0.000 0.042 0.000 0.105 0.000 0.000
Case 2 0.011 0.873 0.610 0.757 0.158 5.047 1.504 1.052
Vortex angle (° Case 3 0.000 0.894 0.042 0.210 0.042 0.736 0.137 0.053
Case 4 0.663 0.032 0.032 0.000 0.042 4.953 1.651 1.125
Case 5 0.926 0.011 0.694 0.011 0.011 4.733 1.567 1.262
Case 6 0.011 1.136 0.011 0.011 0.000 0.600 0.032 1.146
ANSI/HI 9.8(1998) Below 5°
Table 5. Results of Vortex Angle in the Circulating Water Pump Pipeline (Curtain Wall and Column Curtain Wall Installation)
Circulating water pump pipeline
Classification 1-A 1-B 2-A 2-B 3-A 3-B 4-A 4-B
Case 1 0.600 0.000 0.100 0.000 0.100 0.000 0.000 0.000
Case 2 0.600 0.200 1.400 0.000 0.000 0.300 0.800 0.200
Vortex angle (%) Case 3 0.300 0.300 0.100 0.000 0.100 0.100 0.000 0.100
Case 4 0.700 0.000 0.100 0.100 0.000 0.200 0.200 0.100
Case 5 0.600 0.400 0.400 0.000 0.100 0.100 0.300 0.100
Case 6 0.000 1.200 0.400 0.000 0.000 0.100 0.000 0.000
ANSI/HI 9.8(1998) Below 5°
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Fig. 9. Results of Vortex Angle in the Circulating Water Pump Pipeline
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