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NUMERICAL STUDY ON THE IMPROVEMENT OF VENTURI FLOWMETER WITH FOULING EFFECT

W.H. Kim! Y.J. Lee! JS. Yang’ Y.B. Kim® and B.S. Kim"

'Dept. of Aerospace Engineering, Chungnam National Univ.
*Fluid System Component Co., Ltd.
*Nuclear System Safety Lab., Central Research Institute, KFINP

In the paper, a study on the analysis of fouling effect of the venturi flowmeter is described. In the research
flow field solutions about the venturi flowmeter with fouling are obtained and then the effects on fouling states by
inserting a ring into the throat of venturi flowmeter are studied. As the result shows, it is found that the inserted
ring reduces the fouling effect due to the flow separation occurring at the ring. Consequently, a venturi flowmeter
with ring shows smaller pressure loss differences than the original configuration with no ring on fouling state. This
research suggests an efficient and economic method of inserting a ring to reduce the pressure loss effects due to
fouling.

Key Words : 3-(Feedwater), W72 fr%7l|(Venturi Flowmeter), 7F2%(Fouling), ®¥(Ring), 3% 7137](Wall Roughness),
Z ) (Axisymmetric), 92 <4 (Pressure Loss)
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Fig. 1 Schematic pipe flow across the inserted ring
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Fig. 2 Venturi flowmeter geometry
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Fig. 3 Ring inserted at the throat of venturi flowmeter
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Table 1 Grid system

Program Pointwise
X range 0 ~432
Y range 0 ~025
y+ 30 < y+ < 100
Total cell(without ring) 140,000
Total cell(with ring) 148,000
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Table 2 Flow condition

Material Water(Single phase) 3] A0l =7
Mass flow rate 809.424 kg /s 328 & a4
Reynolds number 18,000,000 ol o3t oy &M JUHR Qe YRR W
NETPY TR 23222 C o] Fojtx Zlg ] flal wiRel fEAle] & Helel ¥
Density 824.39 kg/m* o solate] oW st oliax] Fol
KN ) )7 = ;g_]'.?l o) . Al .ﬂ 7\(:]_
Viscosity_coefficient 0.00011472 kg/m.s i j°} 1 ol B Sl = O°H it 44 A4
Pressure 82.7 bar Me F7149 Ao k] 3E%o] 02 mm oo R
BEsA @] wEe] 05 nmel e 2Ae Al 3
Table 3 Solver setting XS FrasloiTh
Code FLUENT WA Fig. 594 ol F3A1e F0] BF Euhal e
Type Pressure-based
Time .Steady _ Table 5 Pressure loss with ring(ring position = 0 mm)
2D Space Axisymmetric
Viscous model Realizable k—e& Roughness AP(Pa) AP (%)
Near-wall treatment Standard wall function 0.00001 mm 170.109 N
Discretization _scheme Second order upwind 0.1 mm 170,917 0.47
0.2 mm 171,349 0.73

Table 4 Pressure loss without ring

Table 6 Pressure loss with ring(ring position =2 mm)

Roughness AP(Pa) AP (%)

0.00001_mm 157,154 - Roughness AP(Pa) AP(%)
0.1 mm 161,175 2.56 0.00001_mm 168,335 -
0.2 mm 162,368 332 0.1 mm 169,644 0.78
0.5 mm 164415 4.62 0.2 mm 170.197 L11
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Fig. 7 Ring position = 30 mm(Ring 30)
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Fig. 8 Ring position = 60 mm(Ring 60)
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Table 7 Pressure loss with ring(ring position = 30 mm)

Roughness AP(Pa) AP (%)

0.00001 mm 163,364 -
0.1 mm 165,772 1.47
0.2 mm 166,642 2.01

Table 8 Pressure loss with ring(ring position = 60 mm)

Roughness AP (Pa) AP (%)
0.00001 mm 163,044 -
0.1 mm 165,903 1.75
0.2 mm 166,825 2.32

180000
175000
............................ u
170000 Bhosesessessscsseensss Beeorenneninnnniseess =
e —4— w/o Ring
— - ——
AP 165000 — e e = B Ring 0
(Pa) ks —
/——————"—‘ Ring 2
160000 / == Ring 30
] == Ring 60
155000
150000 ; ‘
0 0.1 0.2

Fouling (mm)
Fig. 9 Comparison of absolute pressure loss(Pa)

4.00

3.50

3.00 /
2.50 /

AP -

3 —4— w0 Ring

2.00 @ Ring 0
(%) ' - )
1.50 - Ring 2
== Ring 30
1.00 —} Ring60
________ ]
0.50 L
0.00 T T 1
0 0.1 0.2 0.3

Fouling (mm)

Fig. 10 Comparison of relative pressure loss(%)
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Fig. 11 Axial velocity contour
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Fig. 12 Axial velocity contour(Close-up around the throat)
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Fig. 13 Static pressure distribution along the centerline
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Fig. 15 Static pressure contour
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Fig. 16 Static pressure contour(Throat)
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Note

This paper is a revised version of a paper presented at the 9"
ANSYS Seminar on Nuclear field, Dacjeon, Apr. 2, 2015.
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