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Measurements of Axial Void Fraction Distributions and Swelled Level of

Two—Phase Mixture in a Vertical Tank During Depressurization
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Abstract

To analyze the two-phase mixture level swelling and the water entrainment and/or off-take
phenomena from the two-phase mixture surface in a vertical tank during a depressurization, a
series of experiments were performed using a pressurized vessel with 2m height and 0.3m ID.
To vary the depressurization rate, two different orifice plates whose inner diameters were
10mm and 20mm, respectively, have been used and a total of 15 tests have been performed
varying the initial pressure from 10 to 40bars and changing the initial water level from 40%
to 80%. This paper presents the measurement methods and the experimental results obtained
with a parallel set of DP Cells for axial void fraction distributions and the level swelling of a
two-phase mixture in a vertical tank during a depressurization. A comparison between the
measured axial void fraction distributions and the level swelling with DP Cells and the results
obtained by visual observations using a view port attached to the pressurized tank showed a

good agreement.
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3.1 APR1400 7Ft7]sb A3 Al Hla

Item APR1400 Prz. Expermental App. Remarks
Valve Set Point [bar] 165 40
Height [m] 14.61 2
Inner Diameter [m] 2.44 2
Ratio of Height to Diameter [H/D] 6 6.6
Volume (Liquid/Total) [m?] 34.98/64.24 (0.057-0.113)/0.141 40%-80% of Total Vol.

Initial Water Level (Relative) [m]

7.683 (53%)

0.8 - 1.6 (40-80%)

3 7.85x10*
Valve Area 2.156 X107 x4 4 4 POSRV
3.14x10
- InsentropicDischarge
Discharge Mass Flux [kg/m’-s] 31,558-36,818 6,085-21,985 of Pure Steam
- Fauske Model
x2 F8AF A L AF U
Instrument
Measurement (Method) Range Accuracy Remarks
. 5 MPa
System Pressure -Pressure Transmitter 0.5% of Range -
0.2 MPa
. . 0 - 4 kPa 10 Set (0.2m Interval)
0,
Void Fraction -DP Cell 0 - 40 kPA 0.1% of Range 11 Set (2m Interval)
. -DP Cell 0 - 4 kPa 0.1% of Range 10 Set (0.2m Interval)
Mixture Level .
-Video Camera - - -
Pressure Vessel
Temperature -T/IC (K-type) 0 -250TC 1T Suppression Pool
Discharge Line
-Mass Inventory - -
Mass Flowrate -Suppression Pool Level - -
Steam Quality -Turbine+Venturi - -
-Orifice 20 kPa 0.1% of Range

3.3 Test Matrix

Initial Pressure Orifice Plate ID Initial Water Level

10 mm

10 bar 40% - 80%
20 mm
10 mm

20 bar 40% - 80%
20 mm
10 mm

30 bar 40% - 80%
20 mm
10 mm

40 bar 40% - 80%
20 mm




2

Exchangeable
Orifice Plate

@==

DX Blowdown
Valve

Suppression Pool

Pressure 6@4___FIVenturti
Relief owmeter
Valve Turbine
—
Water Supply ;A moe Flowmeter
Filter
—-—— G N
Visual H
Window™N\ @— H

PPPPPP?

200

| 150 | 430

| 121

;A®/

Venturi
Flowmeter

Turbine
Flowmeter

0.2m (:)
] E 5 :
2 DP
-~ ( oPUOPIEP) up@ ltf C()
~ Electrical oo
Heater
— @
Water Drain 0.3m = —k 1 o
3
B
@ Pressure Transmitter AN _@ §
DP Cell [ ,
@ Thermocouple )‘_ 0.3m—>{ |-|—|—|
@ Mass Flowmeter
. R = o - =
(a) AA&A 4% (b) = v 2 7 54 FA
2~ 2= & >
SR A R FEde WP TAE
20 L L L L L 20 L L L L L
_ DP CELL: A — DP CELL: B
& 154 HIGH: 2.06m § 15 HIGH: 1.8m
= LOW: 1.8m = Low: 1.6m
] ©
5 5
2 2
o} 1.0 O 1049
o [:%
= =
g 05 2 05
£ 2
&) a

05 T T T T

T T T T T T
0 50 100 150 200
Time [sec]

S92 FhHE Y] ulRe] 7 A4S AR A Al WE AgHA we Ws} Fol.

05 T T T T T T T T T
0 50 100 150 200
Time [sec]

(Initial Pressure: 20.3bar, Initial Water Level:1.11m, Orifice ID:10mm)



Differential Pressure [kPa] Differential Pressure [kPa]

Differential Pressure [kPa]

20 ! ! ! ! !
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Differential Pressure [kPa] Differential Pressure [kPa]
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(Initial Pressure: 20.3bar, Initial Water Level:1.11m, Orifice ID:10mm)



Void Fraction

Pressure [bar]

Pressure [bar]
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0.6 4 o
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Initial Pressure : 29.5 bar
Initial Water Level : 1.09m
024 Orifice Inner Dia. : 10mm |
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02 04 06 08 10 12 14 16 18 20 22

Axial Distance [m]
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Pressure Transient in the Tank
Orifice ID : 10mm

Initial Pressure : 29.5bar

Initial Water Level : 1.09m

Valve Open

Valve Close

T T
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5 U/Q | | )
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LU, AL AL AL UL AL B NNLENN BN B
02 04 06 08 10 12 14 16 18 20 22
Axial Distance [m]
= = . . B 37
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T T T T T
2.0 4
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O Visual Level by Scale 1
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0.5 Valve Open Orifice ID : 10mm N

Initial Pressure : 29.5bar
Initial Water Level : 1.09m 1

Two-Phase Mixture Level [m]

T
100
Time [sec]
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(Initial Pressure: 29.5bar, Initial Water Level:1.09m, Orifice ID:10mm)

Pressure Transient in the Tank
Orifice Inner Dia. : 20mm
Initial Pressure : 29.97bar
Initial Water Level : 1.25m

25 | Valve Opel

Valve Close
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T T T T T
2.0 -
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T 15
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3 10 /
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£ |
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Q 05 g
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0. T T T T T T T T T T
0 20 40 60 80

Time [sec]
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(Initial Pressure: 29.97bar, Initial Water Level:1.05m, Orifice ID:20mm)
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