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SUMMARY

Phases and phasic velocity distributions in a horizontal pipe are asymmetric
due to a density difference between the phases, while they are symmetric in
a vertical pipe. The asymmetric phase distribution across the cross section in
a horizontal bubbly flow due to a buoyancy can cause a flow pattern to
change. Most experimental studies have been performed for the vertical pipes
in which a symmetric phase distribution is formed, while few studies for
bubbly flow at low flow rate have been performed for horizontal pipes. So a
study about how overall bubbly flow changed is needed to perform. This
study consists of two experiments. One experiment 1is performed to identify
a horizontal two—phase flow pattern by using the ultrasonic sensor. The other
1s performed to understand phasic distributions in a horizontal channel.
Required parameters are local void fraction, interfacial area concentration,
Sauter mean diameter and bubbly velocity in this study. These parameters
are measured by using the two-sensor conductivity probes. And the bubbly
flow at several flow conditions is examined at a location, L/D = 154, in
which represents near fully developed bubbly flow patterns. Based on the

measured parameters, the phase distribution is experimentally analyzed.
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Fig. 2-1. (a) A Bubbly flow in a Vertical Flow
and (b) A Bubbly flow in a Horizontal Flow
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Table 3-1. Test Section specification.

A Z T olad
274 (D) 80mm
4 ol(L) 14700mm
L/D 184

Table 3-2. The Specification of Reservoir

Reservoirs
W7 (mm) |Inlet:600/Outlet:600x600
AE o] (mm) 300
7 (mm) 5
2 7 (mm) 700
Plaig 77 (mm) 10
oz 2 7 | ZHEXAH 2 (mm) 200/290
77 (mm) 20

Table 3-3. The Specification of SIT and HPSI Pump

SIT Pump HPSI Pump
Head(m) 180 130
Revolution(rpm) 2180 3600
Poles(P) 2 2
Frequency (Hz/V) 60/440 60/440
Motor Power(kW) 132 30
Capacity (m”/min) 2.67 0.247
Type Centrifugal Centrifugal
Control Type VVVF VVVEF
Material SUS304 SUS304
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Fig. 3-1. The Diagram of Horizontal Two-phase Experimental Apparatus
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Table 4-1. The Specification

of High Speed ADC

PULSER

Pulse Type (Main Bang) Negative Square Wave | Spike Wave
Max. Pulse Amplitude 400V (no external load) | 245V
10 preset fixed widths;
Pulse Width each can be tune by at |22~230ns
least £25%
Repetition Rate 0.1~5.0kHz 0.1~5.0kHz

Pulse Rise and Fall Time

typically 10ns

typically 10ns

Available Pulse Voltage
(no load)

100, 200, 300, 400 volt

60, 160, 270 volt

noninverting

Sync Signal Output +3.0V TTL +5.0V TTL
. Pulse-Echo

Mode Ellrl l’SI‘ehrEd&%ansmission or Thru

Transmission

RECEIVER

Input Resistance

- Pulse Echo Mode 50 or 500 ohms 900 ohms

- Thru Transmission Mode| 500 ohms 900 ohms

Max. Input Power

(Thru Transmission Mode) 500mW

Phase (RF Output) Inverting or noninverting

Voltage Gain (R =500hm)

0 to 59 dB in 1dB

7 to 79 dB in 1dB

(Referred to Input)

steps steps
Bandwidth 35MHz 35MHz
Noise Typically 300V RMS | N/A

High Pass Filter

1kHz or 1MHz

0.001, 0.3, 1.0, 5.0
MHz

Low Pass Filter

35MHz or 10MHz

10, 15, 25, 35MHz

Isolation

(Thru Transmission Mode) 53dB min. @ 10MHz N/A

) £1.0Vpk min. +£3.0Vpk max.
Max. Qutput Voltage (R.=500hm) (R1.=5000hm)
Output Impedance 50 ohms 50 ohms

Table 4-2. The Flow Condition

of Experiment 2

No. j(m/s) | j,(m/s)
1 3.8 0.25
2 3.8 0.7
3 4.4 0.25
4 44 0.7
o) 4.4 1.10
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Transmitted Wave Signal, Volt

Time, sec

Fig. 5-1 A Plug Flow on the Upper Test Section at j,
=0.9m/s, j,;=0.3m/s by Using Ultrasonic Sensor

Transmitted Wave Signal, Volt

" 1 " 1 " 1 " 1 "
0 2 4 6 8 10
Time, sec

Fig. 5-2 A Plug Flow on the Lower Test Section at j,
=0.9m/s, j;=0.3m/s by Using Ultrasonic Sensor
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Fig. 5-3 A Slug Flow on the Upper Test Section at j,
=4.3m/s, j,=1.0m/s by Using Ultrasonic Sensor
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Fig. 5-4 A Slug Flow on the Lower Test Section at j,
=4.3m/s, j,=1.0m/s by Using Ultrasonic Sensor
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Fig. 5-5 A Bubbly Flow on the Upper Test Section at j,
=0.9m/s, j,=5.4m/s by Using Ultrasonic Sensor
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Fig. 5-6 A Bubbly Flow on the Lower Test Section at j,
=0.9m/s, j,=5.4m/s by Using Ultrasonic Sensor
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Fig. 5-7 A Bubbly Flow on the Upper Test Section at j,
=4.5m/s, j,=5.3m/s by Using Ultrasonic Sensor
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Fig. 5-8 A Bubbly Flow on the Lower Test Section at j,
=4.5m/s, j,=5.3m/s by Using Ultrasonic Sensor
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Fig. 5-9 A Stratified Flow on the Upper Test Section at
j,=1.24m/s, j,=0.11m/s by Using Ultrasonic Sensor
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Fig. 5-10 A Stratified Flow on the Lower Test Section
at j,=1.24m/s, j,=0.11m/s by Using Ultrasonic Sensor
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Fig. 5-11 The Photograph of Case 1
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Fig. 5-13 The Profiles of Bubble-passing Frequency and
Bubble Velocity of Case 1.
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Fig. 5-17 The Profiles of Bubble-passing Frequency and
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Fig. 5-19 The Photograph of Case 3
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Fig. 5-21 The Profiles of Bubble-passing Frequency and
Bubble Velocity of Case 3.
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Fig. 5-22 The Profile of Sauter Mean Diameter of Case 3
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Fig. 5-23 The Photograph of Case 4
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Fig. 5-25 The Profiles of Bubble-passing Frequency and
Bubble Velocity of Case 4.
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Fig. 5-27 The Photograph of Case 5.
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Fig. 5-33 The Comparison of Influences of Liquid
Velocity on the Bubble Frequency at the Gas Velocity
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