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The neutron scattering device has been successfully developed to measure 
steam quality in a two-phase steam-water flow. This technique is based on the fact 
that neutrons lose a significant amount of energy as they collide with hydrogen 
nucleus of the liquid phase in a two-phase steam-water flow. As a result, the amount 
of slowing-down neutrons is proportional to the amount of liquid or void fraction in 
the steam. Consistency of the developed scatterometer was checked with static 
experiments, which employed a solid material (lucite) to simulate the water fraction. 
Testing the device in the actual flow pipe showed that the density of compressed 
water was proportional to the neutron count rate.
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นิวตรอนจะสูญเสียพลังงานเม่ือชนกับอนุภาคของไฮโดรเจนในนำ ดังนันจำนวนของอนุภาค 
นิวตรอนท่ีสูญเสียพลังงานน้ันเป็นสัดส่วนกับปริมาณของน้ัาหรืออัตราส่วนท่ีว่างในท่อ ความ 
สามารถของอุปกรณ์ได้ถูกตรวจสอบในการทดลองแบบสแตติก ซ่ึงเป็นการทดลองท่ี,ใช้ลูไซท์เพ่ือ 
แทนท่ีปริมาณนำภายในท่อ อีกทังได้มีการทดลองอุปกรณ์กับของไหลท่ีแท้จริง ซ่ึงผลท่ีได้คือ 
ความหนาแน่นของน้ัาท่ีมีความดันสูงเป็นสัดส่วนกันจำนวนนิวตรอนท่ีวัดได้จากอุปกรณ์



V

ACKNOWLEDGEMENTS

From the deepest of my heart, I would like to express my graceful thank to 
Prof. Somchai Osuwan and Asst. Prof. Pramoch Rangsunvigit for their useful 
suggestion and for correction of this thesis. Especially, I also deeply appreciate Prof. 
Frank R. Steward who always assisted me during I stayed in Canada. And I am so 
appreciated Prof. Derek Lister, Nuclear Engineering Department of Chemical 
Engineering of University of New Brunswick, who gave me beneficial advice. 
Moreover, my thanks are also extended to Prof. E.A.M Hussein, Professor of 
Mechanical Engineering Department of University of New Brunswick, who provided 
useful suggestions and widened my knowledge in Nuclear Radiation.

This thesis work could not be completed if I did not have assistance from 
Norm Arbeau and Willy Cook, who help me to set the experiment. And I sincerely 
thank all of the PPC staffs and also acknowledge to all PPC faculties.

Also, I would like to thank The Petroleum and Petrochemical College, 
Chulalongkom University for giving me a full scholarship.

However, I have to mention my cheerful for all of my friends who shared 
either enjoy or sorrow with me when we were together at PPC. Finally, I also 
appreciate my family and Edouard Valton who always give me cheerfulness and 
taking care of me.



TABLE OF CONTENTS

PAGE

Title Page i
Abstract (in English) iii
Abstract (in Thai) iv
Acknowledgements V
Table of Contents vi
List of Tables ix
List of Figures X
List of Symbols xi

CHAPTER

I INTRODUCTION 1

II LITERATURE SURVEY
2.1 Steam Quality Measurement Techniques 2
2.2 Development of Neutron Technique 3
2.3 Neutron Scatterometer 5

2.3.1 Neutron Source 7
2.3.2 Test Section 11
2.3.3 Detector 11

2.4 Thermodynamic Effect 12
2.5 Monte Carlo Method 13



III EXPERIMENTAL
3.1 MCNP Simulation 15

3.1.1 System Geometry 15
3.2.1 MCNP Simulation 16

3.2 Static Experiment 17
3.2.1 Experiment Arrangement 17
3.2.2 Test Section 18
3.2.3 Neutron Source 18
3.2.4 Neutron Detector 19
3.2.5 Electronics 19
3.2.6 Calibration Method 20
3.2.7 Static Experiment Procedure 21

3.3 Dynamic Experiment 22
3.3.1 Experimental Loop 21
3.3.2 Dynamic Experiment Procedure 22

IV RESULTS AND DISCUSSION
4.1 Simulation Results 24
4.2 The Static Results 26
4.3 Th Dynamic Results 28

vii

CHAPTER PAGE



Vlll

CHAPTER PAGE

V CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions 30
5.2 Recommendations 30

REFERENCES 32

APPENDICES
Appendix A 34
Appendix B 36
Appendix c  41
Appendix D 43

CURRICULUM VITAE 44



i>

\G

8
24
26
28
36
36
37
37
38
38
39
39
40

41

41

42

43

LIST OF TABLES

Summary of commercial isotropic sources (Hussein, 1987)
The simulation results
The mean of neutron count rate for various lucite fractions
The count rate for 12 seconds at different density values
The count rate for 2 minutes of lucite fraction of zero
The count rate for 2 minutes of lucite fraction of 0.086
The count rate for 2 minutes of lucite fraction of 0.173
The count rate for 2 minutes of lucite fraction of 0.259
The count rate for 2 minutes of lucite fraction of 0.345
The count rate for 2 minutes of lucite fraction of 0.432
The count rate for 2 minutes of lucite fraction of 0.518
The count rate for 2 minutes of lucite fraction of 0.604
The count rate for 2 minutes of lucite fraction of 1.00
The count rates for 12 seconds at temperature 50°c and
pressure 5 MPa
The count rates for 12 seconds at temperature 100°c and 
pressure 5MPa
The count rates for 12 seconds at temperature 150°c and 
pressure 5 MPa
The count rates for 12 seconds at temperature 200°c and 
pressure 5 MPa



X

LIST OF FIGURES

FIGURE PAGE

2.1 A schematic diagram of neutron scattering device with two
detectors (Waller, 1990) 6

2.2 The filter concept (Waller, 1990) 10
2.3 The history of neutron incident on a slab (Los Alamos National

Laboratory, 2000) 13
3.1 Geometry of the neutron scatterometer 15
3.2 The static experiment arrangement 18
3.3 The electronic system for the static experiment 20
3.4 The flow chart of experimental loop 23
4.1 The relationship between scattered neutron flux and void

fraction 25
4.2 The correlation between estimated void fraction and real lucite

fraction of static experiment 27
4.3 The relationship between count rate and density of compressed

liquid 29



LIST OF SYMBOLS

CR Contrast ratio
N(l) Count rate at one lucite fraction
N(p) Count rate at measured lucite fraction
N(0) Count rate at zero lucite fraction
î> Estimated lucite fraction
Eth Thermal energy of neutron
k Boltzmann’s constant
T Medium temperature
Nx The sample average
8 The standard error
% ANX The percentage of error


	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents


	Abbreviations



