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Design of the Submerged Outlet Structure for Reducing Foam at a Power Plant

using a Numerical Model Simulating Air Entrainment
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Abstract : Anti-foaming agents and foam fences have been used to remove the foam at the outfall of power
plants, but there are some problems as consumption of maintenance costs and insufficiency of effect. Therefore,
development of the methods how to remove the foam by stable coastal structure has been required. In this study,
numerical simulation of air entrainment was carried out to design the submerged outlet structure for reducing
foam using curtain walls. The air entrainment rate and the discharge of entrained air change according to the
shape of weir and curtain wall. Hence, it is necessary to design the optimum section through comparison of each
case. The optimum section which has the maximum rate of foam reduction was determined by the simulation
results. In addition, it was found that the flow velocity at the submerged outlet is to be smaller than 1 m/s and the
submerged depth of curtain wall is to be taller than height of the submerged outlet section.

Keywords : power plant, outlet structure, foam reduction, air entrainment, numerical model
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Fig. 2. Modifiable points of the section and measurement points(unit : m).

Table 1. Experimental conditions

Conditions (a)point elevation

(b)point elevation

(c)point elevation (d)point elevation

(EL. m) (EL. m) (EL. m) (EL. m)
Case 1-1 0 -7 -1 -5
Case 1-2 -1 -7 -1 -5
L.W.O.S.T, Case 1-3 -2 -7 -1 -5
Flowrate78 cms Case 2-1 determine by Case 1 no curtain wall -1 -5
Case 22 etermine by Case % 1 s
results
Case 2-3 -8 -1 -5
Case 3-1 0 -5
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Fig. 6. Contour plots of entrained air volume fraction(Case 1).
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Fig. 9. Contour plots of entrained air volume fraction(Case 2).
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Table 2. Experimental conditions of Case 3

(a)point elevation

(b)point elevation

(c)point elevation (d)point elevation

Conditions (EL. m) (EL. m) (EL. m) (EL. m)
SHP St " Case 3-1 -2 -7 0 -5
op operation,
-2 -2 - -1 -
Flowrate 153 cms Case 3 7 >
Case 3-3 -2 -7 -2 -5
Measurement point 3 Measurement point 3
0025 1.800
1600
0.020 1400
1.200 l
§ 0015 & oo ‘ S
= .
E ,E, i +oes Cased-1
= 0010 = = @= Cased-2
< 0.500
—ir—Case3-3
0.005 0400
0.200
0000 B 0.000
o 50 100 150 200 250
Time [sec) Time (sec)
(a) Entrained air volume fraction (b) Horizontal mean velocity
Fig. 10. Time series of entrained air volume fraction and horizontal mean velocity at each point(Case 3).
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Fig. 11. Contour plots of entrained air volume fraction(Case 3).
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Table 3. Experimental conditions of Case 4

(a) point elevation  (b) point elevation  (c) point elevation  (d) point elevation

Conditions (EL. m) (EL. m) (EL. m) (EL. m)
SHP St . Case 3-1 -2 -7 0 -5
op operation,
Flowrate 153 cms Case 4-1 2 7 0 4
Case 4-2 -2 -7 0 -6
Measurement point 4 Measurement point 3
2.000
1500 |8
1600 : l‘
1.400
- 1200 (% |
s Casedl ,E, 1.000 ugﬁ:%%’“m“‘l
-@= Cased-2 = os00 ry —®- Cased-2
—a—Case3-1 0500 —tr— Case3-1
0.400
0.200
0.000
250 0 50 100 150 200 250
Time (sec) Time (sec)
(a) Entrained air volume fraction (b) Horizontal mean velocity

Fig. 13. Time series of entrained air volume fraction and horizontal mean velocity at each point(Case 4).
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Fig. 14. Contour plots of entrained air volume fraction(Case 4).
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Fig. 15. Final design of the outlet structure(unit : m).
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