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SUMMARY

The work of this thesis is an experimental study of flow
behaviour in meandering compound channels. The work was
carried out as part of an S.E.R.C. Research Grant( GR/E/75783)
and a large component of the data was measured at the S.E.R.C.
Flood Channel Facility located at H.R. Wallingford Ltd. A smaller
component of the project was carried out in a flume at the
University of Glasgow.

The purpose of the research was to identify the main flow
mechanisms in meandering compound flow, to carry out detailed
measurements of all the flow parameters, to provide refined flow
data for numerical models, and to provide a framework for
understanding such complex three dimensional flows so that
hydraulic ¢ngineers would be more able to predict stage-discharge
relationships, design two-stage channels and improve
understanding of morphology of river forms during overbank flow.

The Flood Channel Facility at Hydraulic Research Wallingford
Ltd is 10 m wide and 50 m long with discharge rates in excess of
1 ma/s. The main experimental parameters varied were main channel
sinuosity( 1.374 and 2.04), main channel cross—section(
trapezoidal and natural cross-section), depth ratios( floodplain
depth/main channel depth) varying between O and 0.5 as well as
several variations of floodplain roughness. The measurement
programme included discharge measurements, local water levels by
digital gauges, streamline angle measurements, velocity
measurements in two dimensions by mini-propellers, Reynolds shear
stress and turbulence intensities by Laser Doppler Velocimeter,
boundary shear stress measurements by Preston tube, producing a
large comprehensive data set.

A smaller scale complementary physical model study was also
conducted at the University of Glasgow investigating the
behaviour of one channel bend during overbank flow.

The research has shown very clearly that meandering compound
flow behaviour bears 1little or no resemblance to straight
parallel compound flow. Large secondary flow structures are
devéioped which are driven by floodplain flow crossing the main
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channel. These cells are transmitted to the bend regions where
they completely overcome conventional bend secondary flows
causing reversal of cell direction at the bends. Beyond the apex
of each bend these cells decay and dump fluid from the main
channel on the floodplain on the downstream side.

A detailed parametric study in this thesis also reveals that
discharge conveyance in meandering compound flows depends on
sinuosity of the main channel, floodplain roughness, main channel
aspect ratio and cross-sectional shape, as well as the ratio of
meander belt width to total floodway width.

Analysis of results in this thesis also reveals the energy
distribution and loss system in meandering compound flows, the
flow discharge distribution in each sub-section of the flow field
as well as how the force-momentum balance can be applied in such
flows, although the 1later analysis shows the difficulty in
producing any trends in apparent shear force, comparable to
straight/parallel cases. The thesis concludes with some pointers
to one-dimensional model which might be adopted for discharge
conveyance calculations.

(VI)



PAGE No
ACKNOWLEDGEMENTS IIT
SUMMARY \'
LIST OF TABLES VII
LIST OF FIGURES XVIII
LIST OF APPENDIXES LIII
NOMENCLATURE LIV
CHAPTER 1 - INTRODUCTION 1
1.1 RIVERS and FLOODPLAINS 2
1.2 CONTROLLING FLOODS 3
1.3 THE COMPOUND CROSS-SECTION - A BETTER SOLUTION 3
1.4 BACKGROUND AND PURPOSE OF THE WORK 5
1.5 LAYOUT OF THE THESIS 9
CHAPTER 2 - LITERATURE REVIEW 14
INTRODUCTION 16
STRAIGHT COMPOUND CHANNELS 17
2.2.1 Flow Mechanisms in Straight Compound Channels 17
2.2.2 Flow Resistance in Straight Compound Channels 18
2.2.3. The Stage-Discharge Relationship in Straight
Compound Channels 21
Secondary Currents in Straight Compound Channels 23
2.2.5 Primary Velocities in Straight Compound Channels 24
Boundary Shear Stress in Straight Compound
Channels 26

TABLE OF CONTENTS

(VII)



.2,

.2,

2.3.1
2.3.2

2.
2.

N N NN
w w w w
0 g3 0 O

3.
3.

3
4

Turbulence Intensities and Reynolds Shear Stress

in Straight Compound Channels

Methods for

Compound Channels
2.3 SKEWED COMPOUND CHANNELS

Introduction

Discharge

Assessment

in St

Flow Mechanisms in Skewed Compound Channels
Flow Resistance in Skewed Compound Channels

The Stage-Discharge
Compound Channels

Relationship

raight

in Skewed

Secondary Currents in Skewed Compound Channels

Primary Velocity in Skewed Compound Channels

Boundary Shear Stress in Skewed Compound Channels

Methods for

Compound Channels

Discharge

2.4 MEANDERING COMPOUND CHANNELS

2.4
2.4
2.4
2.4
2.5
CHAPTER

.1
.2
.3
.4

Introduction

Assessment

Geometry of Rivers Meanders

Flow Behaviour for Inbank Case

Flow Behaviour for Overbank Case

SUMMARY

3 - EXPERIMENTAL APPARATUS

3.1 INTRODUCTION
3.2 THE S.E.R.C. FLUME, WALLINGFORD

3.

W W W w
N

2

N
A &= W N

N

A

Introduction

Construction

Floodplains

3.3 INSTRUMENTATION

3.3.1. Introduction

of

The Design Concept.

Main

(VIIT)

Channel

in

Meander

Skewed

Design of Plan Geometry of the Meander Channel

Design of Main Channel Cross-Sectional Geometry

and

44
L4
44
45
47
51
60

94

96
100
100
102
103
107

109
111
111



Orifice Meter and Differential Manometers for

3.3.2
Discharge Measurement
Stage Measurement
Vane for Measurement of Streamline Angle
Minipropellers for Velocity Measurement
3.3.6 Churchill Probe for Water Surface Levels
Preston Tube for Boundary Shear
Measurement
3.3.8. Laser Doppler Velocimeter
3.4 GENERAL CALIBRATION AND CROSS CHECKING
3.5 SETTING UP UNIFORM FLOW IN THE S.E.R.C. FLUME
3.6 PROGRAMME OF TESTING (S.E.R.C. FLUME)
3.7 THE GLASGOW FLUME.
3.7.1. Introduction
3.7.2. Design Concept
3.7.3. Construction
3.8 INSTRUMENTATION FOR THE GLASGOW FLUME
3.8.1. Introduction
3.8.2. Discharge Measurement
3.8.3 Pointer Gauges
3.8.4. Streamline Angle Measurement
3.8.5. Pitot Tubes and Vélocity Measurement
3.8.6. Program of Testing
3.8.7. Methodology of Testing
3.8.8 Scale Effects in Glasgow Flume
3.9 SUMMARY

Stress

CHAPTER 4 - STAGE-DISCHARGE, FLOW CONVEYANCE AND ENERGY LOSSES

4.1.

4.2

4.3

IN MEANDERING COMPOUND FLOWS
INTRODUCTION

STAGE-DISCHARGE CURVES FOR S.E.R.C. SERIES B TESTS
FLOW RESISTANCE IN MEANDERING COMPOUND CHANNELS

4.3.1 Approximate Friction Factors
4.3.2. Refined Friction Factors

(IX)

112
113
114

119
121

123
130
138
138
140
141
141
143
147
150
150
150
154
154
156
159
159
161
163

231
232
234
239
239
247



4.4 BOUNDARY SHEAR STRESS DISTRIBUTION 250

4.5 PARAMETRIC

ANALYSIS OF FLOW CONVEYANCE 1IN MEANDERING

COMPOUND CHANNELS 253
4.5.1. Introduction 253
4.5.2. Computational Method for Inbank Function Fi 254
4.5.3. Computational Method for Overbank Function F4 255
4.5.4. Computational Method for Overbank Function Fs 257
4.5.5, Parametric Analysis of Fi1 for Inbank Flows 258
4.5.6. Parametric Analysis of Fs4 for Overbank Flows 260
4.5.7. Parametric Analysis of Fs for Overbank Flows 261
4.5.8. Comparison with other Studies 262
4.5.9. Summary of the Parametric Analysis 265
4.6 SEPARATION OF THE MAIN CHANNEL AND FLOODPLAIN . ENERGY
LOSS 270
4.7 CONCLUSIONS 272
CHAPTER 5 - VELOCITY DISTRIBUTION AND FLOW STRUCTURES IN
MEANDERING COMPOUND CHANNEL 321
5.1 INTRODUCTION 322
5.2 VELOCITY DISTRIBUTION IN THE S.E.R.C. FLUME 323
5.2.1. Introduction 323
5.2.2 Streamwise Velocities for Inbank Flows 324
5.2.3. Transverse Velocities for Inbank Flows 326
5.2.4 Streamwise and Longitudinal Velocities for
Overbank Flow 327
.5. Transverse Velocities for Overbank Flow 331
Further Analysis of Secondary Currents in
Meandering Compound Flow 335
5.2.7. A Summary of Flow Mechanisms and Implications for

Sediment Transport 338

5.3 VELOCITY DISTRIBUTION AND FLOW STRUCTURES IN THE GLASGOW
FLUME

5.3.1.

340
Introduction 340

(X)



a g a oa

W W w
a & w

. 3.

6.

Flow

Flume
Veloc
Strea
Trans

Trans

5.4 CONCLUSIONS

Resistance Coefficients for the Glasgow

ity Measurements in the Glasgow Flume
mwise Velocity Components
verse Velocity Components
verse Water Surface Slope

CHAPTER 6 - CONTINUITY, ENERGY AND MOMENTUM EQUATIONS APPLIED TO

MEANDERI

INTRODUCTI

NG COMPOUND CHANNELS

ON

CONTINUITY EQUATION APPLIED TO MEANDERING COMPOUND

CHANNELS
6.2.1
6.2.2.

6.2.6

Introduction

Discharge Distribution of The Meandering
Compound Channels of The S.E.R.C. Flume
Series B

Analysis of The Total Main Channel Discharge
in the Streamwise Direction of The S.E.R.C.
Flume Series B

Analysis of The Main Channel Discharge Below
Bankfull of The S.E.R.C. Flume Series B
Analysis of The Balance of The Vertical
Discharge ‘

Modelling Discharges Distributions

ENERGY EQUATION APPLIED TO MEANDERING COMPOUND

CHANNELS
6.3.1.
6.3.2.

Introduction

Contours of Locally Measured Water Surface
Levels

Contours of The Total Energy Levels for
Meandering Compound Channels

Implications of the Energy Study

(XI)

341
343
343
344
345
346

393

395

396

396

397

404

406

407
408

411
411

414

416
419



6.4 THE MOMENTUM EQUATION APPLIED TO MEANDERING COMPOUND
CHANNELS 420
6.4.1 Introduction 420
6.4.2 The Momentum Equation Applied to the S.E.R.C.
Flume Series B Data with Sinuosity 1.374. 424
6.4.3 The Momentum Equation Applied to the
Floodplain Region in X Direction 425
6.4.4 General Application of the Force-Momentum
Equation in the X-Direction on the
Floodplains 431
6.4.5 The Momentum Equation Applied to the
Floodplain Region in Y Direction 434
6.4.6 The Momentum Equation Applied to the Main
Channel 438
6.4.7 Application of Force-Momentum Equation to an
Inbank Flow in the Natural Main Channel 441
6.4.8 Force Momentum Equation for the Main Channel
Region During Overbank Flow 445
6.4.9 Summary of Apparent Shear Force in the Main
Channel Region only 448
6.5 CONCLUSIONS 451
CHAPTER 7 - MODELLING, CONCLUSIONS AND FUTURE RESEARCH 502
7.1 Towards a Model of Meandering Compound Flow 503
7.1.1 Introduction 503
7.1.2 A One Dimensional Energy Method 504
7.1.3 A Three Dimensional Numerical 510
7.2 CONCLUSIONS 514
7.2.1. General Conclusions 514
7.2.2. Conclusions on Flow Resistance of Meandering
Compound Flows 516
7.2.3. Conclusions on Conveyance of Meandering Compound
Channels 517

(XI1)



7.2.4 Conclusions on Flow Mechanisms and Flow
Structures in Meandering Compound Flows 518

7.2.5, Conclusions on The Continuity, Energy and
Momentum Equations Applied to Meandering Compound

Flow 518
7.3 FURTHER RESEARCH 519
REFERENCES 527
APPENDIXES 536

(XII1)



Table(3.1)

Table(3.2)

Table(3.3)

Table(3. 4)

Table(3.5)

Table(3.6)

Table(3.7)

Table(3.8)

Table(3.9)

Table(3.10)

INDEX OF TABLES

Page No.

CHAPTER 3

Design of Plan Geometry of 2nd Meander Channel of
The S.E.R.C. Flume Series B

17 References Used in the Design of Apex Section
of the Natural Meandering Channel of The S.E.R.C.

Flume Series B
Geometric Data from 17 River Bends

Design of the Natural Inserts of the Meander
Channel with Sinuosity 1.374

Geometric Parameters of the Natural Inserts for
Sinuosity 1.374

Design of the Natural Inserts of the Meander
Channel with Sinuosity 2.04

Geometric Parameters of the Natural Inserts for

Sinuosity 2.04
Comparison of Discharge Measurements between
Orifice Meter and Velocity Integration Method in

The S.E.R.C. Flume Series B

Test Programme of Measurements of Stream Angles

and Velocities in The S.E.R.C. Flume Series B

Test Programme of Measurements of Boundary Shear
Stress in the S.E.R.C. Flume Series B

(X1IV)

164

165

166

167

168

169

170

171

172

174



Table(3.

Table(3.

Table(3.

Table(3.

Table(3.

Table(3.

Table(3.

| Table(4.

Table(4.

11) -

12) -

13) -

14) -

15) -

l16a) -

16b) -

2) -

Test Programme of Measurements of Flow Turbulence
in The S.E.R.C. Flume Series B

Cross-Checks of Measurements Performed in The
S.E.R.C. Flume Series B Results

Case Studies of Stage-Discharge Curve in the
S.E.R.C. Flume Series B

Comparison of Discharge Measurements by the
Orifice Meter and by the Velocity Integration
Method in The Glasgow Flume |

Calibration Constants of the Potentiometers of

The Glasgow Flume

Analysis of Scale Effects in the Main Channel of
The Glasgow Flume.

Analysis of Scale Effects in the Floodplain
Channel of The Glasgow Flume.

CHAPTER 4

Effect of Cross- Section, Sinuosity, and
Floodplain Roughness on The Conveyance of
Meandering Channels. Comparison Made in Relation
to the Meandering Channel with Sinuosity 1.37,
Natural Cross-Section and Smooth Floodplains

Effect of Floodplain Roughness on the Conveyance

of the Natural Meandering Channels. Data from
the S.E.R.C. Flume Series B

(Xv)

175

175

176

177

177

178

178

279

280



Table(4.3)

Table(4. 4)

Table(4.5)

Table(5.1)

Table(5.2)

Table(5.3)

Table(6.1)

Table(6.2)

Geometric Characteristics of The S.E.R.C. Flumes
Series A Used in the Comparative Study of the
Conveyance of Compound Channels - Smooth Case

Geometric Characteristics of The S.E.R.C. Flumes
Series A Used in the Comparative Study of the
Conveyance of Compound Channels - Fully Roughened
Floodplain Case

Geometric Characteristics of the Meander Compound
Channels Used in the Analysis of the Conveyance

CHAPTER 5

Analysis of the Strength of Secondary Currents at
Bend Apex. S.E.R.C. Series B Sinuosity 1.37,
Trapezoidal Cross-Section

Analysis of the Strength of Secondary Currents at
Bend Apex. S.E.R.C. Series B Sinuosity 1.37,

Natural Cross-Section

Analysis of the Strength of Secondary Currents at
Bend Apex. S.E.R.C. Series B Sinuosity 2.04,

Natural Cross-Section

CHAPTER 6

Analysis of Vertical Discharge at Bankfull Level
of the Meandering Channels of S.E.R.C.Flume
Series B

Apparent Shear Force in X and in Y Directions in
the Floodplain. S.E.R.C. Series B. Sinuosity
1.37.

(XVI)

281

281

282

350

350

350

456

457



Table(6.3)

Table(6. 4)

Table(6.5)

Apparent Shear Force in S Direction in the
Meandering Channel. S.E.R.C. Series B. Sinuosity
1.37. Smooth Floodplains.

Apparent Shear Force in S Direction in the Blocks
Nos. 2 and 5 of the Floodplain. S.E.R.C. Series
B. Sinuosity 1.37.

Apparent Shear Force in S Direction in the
Sub-Volumes II and III of the Floodplain.
S.E.R.C. Series A. Skew Compound Channel( from
Elliot and Sellin(1990)).

(XVII)

458

459

460



LIST OF FIGURES

PAGE No.

CHAPTER 1
FIG (1.1) - Types of Compound River Channels in Rural

Areas( After Sellin(1991). 11
FIG (1.2 a) - Two-Stage Channels( After Pursglove(1989)). 12
FIG (1.2 b) - River Ray in Oxfordshire( After Pursglove

(1989)). 12
FIG (1.3) - Plan View of Compound Channels. a) Straight

Case, b) Skewed Case and c) Meandering Case 13
CHAPTER 2
FIG (2.1) - Typical Cross-Section of a Compound Channel

Used in S.E.R.C. Flume Series A Tests :

Definitions and Terminology by Myers and

Brennan(1990). 62
FIG (2.2) - Flow Mechanisms in Straight Compound

Channels by Knight(1991). 62
FIG (2.3) - Plan View of Vertical Vortices in a Straight

Compound Channel by Sellin(1964) 63
FIG (2.4) - Effect of Water Depth, Floodplain Roughness

and Main Channel Width on the Mechanics of

the Lateral Momentum Transfer in Straight

Compound Channels( After Kawara et.

al. (1989)). 63
FIG (2.5) - Flow Resistance Coefficients in Straight

Compound Channels by Myers and Brennan(1990) 64
FIG (2.6(a)) - River Severn at Monford Bridge. Variation of
Manning’s n with Stage (after Knight(1989)) 65
FIG (2.6(b)) - River Severn at Monford Bridge. Variation of
friction factor with Reynolds number(after
Knight(1989)). 65
FIG (2.7) - Variation of Average Velocity with Stage in

Main Channel, on Floodplain and Considering

(XVIII)



S

FIG (2.8)

FIG(2.9(a))

FIG(2.9(b)) -

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(2.10(a))-

(2.10(b))-

(2.

11)

(2.12) -

(2.13)

(2.

(2.

(2.

(2.

(2.

11)

15)

16)

17)

18)

Composite Cross Section( after Bhowmik 1982)
Typical Rating Curve of a Straight Compound
Channel by Myers(1989).

Plan View and Cross-Sections of the Flume
Used by Nalluri and Judy(1985) in the Study
of Compound Channels with Vegetated
Floodplains.

Comparison of Manning’s n( floodplain only)
for Different Cross-Sections and Roughness(
After Nalluri and Judy(1985)).

Secondary Currents in an Asymmetrical
Compound Cross-Section by Tominaga(1991).
Secondary Currents in a Symmetrical Compound
Cross-Section by Shiono(1991).

Variation of Depth Averaged Velocity in a
Straight Symmetrical Compound Channel by
Myers(1987)

Non-Dimensional Profiles of Longitudinal
Velocity in a Symmetrical Cross Section of a
Compound Channel by Shiono(1989)
Non-Dimensional Profiles of Longitudinal
Velocity in an Asymmetrical Cross Section of
a Compound Channel by Tominaga(1991)

Width of The Lateral Shear Layer in a
Straight Compound Channel by Knight(1991)
Typical Distribution of Boundary Shear
Stress in Straight Open Channels. a) Single
Channel b) Compound Channel.

Boundary Shear Stress in a Straigh Compound
Channel. Comparison Between Experimental
Data and Shiono(1991) Model.

Contours of Turbulence Intensity in a
Straight
Mckeogh(1989).
Distribution of Reynolds Shear Stress in an

Compound Channel by

Asymmetrical Cross-Section of a Compound

(XIX)

66

66

67

67

68

68

69

69

69

70

70

71

72



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG
FIG

FIG

FIG

FIG

FIG

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.
.29)

(2.

(2.

(2.

(2.

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

30)

31)

32)

33)

Channel by Tominaga(1990).

Non-Dimensional Profiles of Turbulent
Intensities in a Symmetrical Cross-Section
of a Compound Channel by Shiono(1989).
Distribution of Tzx in a Straight Compound
Channel by Shiono(1989).

Distribution of 7Txy in a Straight Compound
Channel by Shiono(1989).

Illustrative Explanation of Shear Stress
Distribution in a Straight Compound Channel
by Knight(1989)

Division Line Method Applied to Compound
Channels. .
Comparison of Measured Data and Theoretical
Methods for Prediction of Stage-Discharge
Relationship by Brown(1977).

The oOut Balance of Forces in a Straight
Compund Channel.

Comparison of Kiely(1990) Experimental
Results with Wark(1990) Numerical Model.
Comparison of S.E.R.C. Experimental Results
with Shiono(1991) Numerical Model.

Coherence of River Severn by Ackers(1991).
Variation of DISADF with Depth Ratio by
Ackers(1991)

Ocurrence of Flow Bifurcation in Skewed
Compound Channels by Ervine and Jasem(1992).
Distribution of Longitudinal Velocities in
Skewed Compound Channels by Elliot and
Sellin(1990).

Friction Factors for Skewed Compound
Channels by Ervine and Jasem(1991).

Percent Reduction in Discharge in Skewed
Compound Channels in Comparison with
Straight Compound Channels by Elliot and
Sellin(1991)

(XX)

72

73

73

74

T4

75

75

76

76

77
77

78

78

79

79

79



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG
FIG

FIG

FIG

(2.

34) - Velocity Profiles in a Skewed Compound
Channel by James and Brown(1977).

(2.35) - Lateral Distribution of Depth Averaged

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.
.44) - Energy Line and Flow Profile around the Bend

(2.

(2.

Velocity in a Skewed Compound Channel by
Ervine and Jasem(1992).

36) - Variation of Longitudinal Boundary Shear
Stress Values Across The Skewed Channel by
Elliot and Sellin(1990).

37) - Percentage of Error Between The Estimated
and Experimental Discharge with Relative
Depth by Ervine and Jasem(1992).

38) - Plan Geometry of a Regular Meander:
Definitions and Terminology( After
Chang(1987)

39) - Relationship between Radius of Curvature,
Bankfull Width and Arc Angle by Hey(1976).

40) - Development of Secondary Currents around the
Bend.

41) - Distribution of Primary and Secondary
Velocities at Bend Apex at Maes Mawr River
by Bathurst et al. (1979)

42) - Theoretical and Experimental Velocity

Profiles for Secondary Flow in River Bends
after Kondrat’ev(1959).
43(a)) - Contour Lines of Primary Velocities in a
Flow Around the Bend( After Shukry(1950))
43(b)) - sketch of Flow Separation in a River Bend.

for Sub-Critical Flow( After Chow(1957)).
45) - Pattern of Primary Velocities Isovels and
Distribution of Ratio of Boundary Shear
Stress at Maes Mawr Bend at Discharges of:
i) 5.25 m3/s ii) 6.84 m3/s iii) 15.48 m3/s
(After Bathurst et al. (1962))
46) - Boundary Shear Stress Distribution in Curved

Trapezoidal Channels obtained experimentally

(XXI)

80

80

81

81

82

82

82

83

83

84
84

85

85



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.

(2.57)

(2.

(2.59) -

47)

48)

49)

50)

51)

52)

53)

54)

55)

56)

58)

by Ippen and Drinker(1962).
Flow Mechanisms for Meandering Compound
Channels{ After Ervine and Jasem(1991))
Helicoidal Currents for Inbank Case and
Overbank Case in Meandering Compound
Channels( After Toebes and Sooky(1967))
Expansion and Contraction Phenomenom in
Meandering Compound Channels( After Ervine
Ellis(1987))

Friction Factors for Various Types of Smooth
Compound Flow( After Ervine and Jasem(1992))
Stage-Discharge Relationship for Various
Channel Sinuosities from U.S. Army Corps of
Engineers(1956).
Effect of Cross-Section Geometry on
Stage-Discharge Relationship for Meandering
Compound Channels from Willetts and
Hardwick(1990).
Plan of the Reach of River Roding Modelled
by Sellin and Giles(1988).

Effect of Floodplain Roughness on the
Stage-Discharge Curve of River Roding in
Essex from Sellin and Giles(1988).
Growth and Decay of Secondary Cells in
Meandering Compound Channels by Stein and
Rouve’ (1989).
Distribution of Depth Averaged Longitudinal
Velocity Across the Main Channel and
Floodplain in a Compound Bend( After
Goncharov(1957)).

Flow Patterns in a Compound Bend by
Goncharov(1957).
Distribution of Resultant Velocity in a
Meander Compound Channel by Toebes and
Sooky(1967).
Discharge Distribution in a Meandering

(XXII)

86

86

87

87

87

88

88

88

89

-89

90

91

91



FIG

FIG

FIG

FIG

FIG

(2.60)

(2.61)

(2.62)

(2.63) -

(2.64)

CHAPTER 3

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)

Compound Channel ( After Toebes and
Sooky(1967)).

Isolines of Primary Velocities in a
Meandering Compound Channel by Ahmadi(1979).
Distribution of Resultant Velocity Vector in
a Meander Compound Channel: a) 30 mm above
main channel b) 20 mm above floodplain(
After McKeogh and Kiely(1989)).

Comparison between Experimental Data( U.S.
corps of Engineers) and Ervine and
Ellis(1987) Model for Sinuosity:1.2.
Comparison between Measured and Calculated
Values of Primary Velocities, obtained by
Stein and Rouve’ (1989)

Qualitative Distribution of Discharge in a
Meandering Compound Channel( After Stein and
Rouve’ (1989)).

General View of The S.E.R.C. Flume Series B
with Sinuosity 1.374 and Smooth Floodplains.
General View of The S.E.R.C. Flume Series B
with Sinuosity 2.04 and Smooth Floodplains.
Case Studies of The S.E.R.C. Flume Series B.
Roughness Frame Used in The S.E.R.C. Flume
Series B Tests.

General View of The S.E.R.C. Flume Series B
with Sinuosity 1.374 and Fully Roughened
Floodplains.

Plan View of The Location of The Brick
Blocks in The S.E.R.C. Flume Series B with
Sinuosity 1.374.

Plan View of The Location of The Brick
Blocks in The S.E.R.C. Flume Series B with
Sinuosity 2.04.

(XXIITI)

92

92

92

93

93

93

179

180

181

182

183

184

185



FIG (3.8) -

FIG (3.9a) -

FIG (3.9Db)

FIG (3.10)

FIG (3.11) -

FIG (3.12)

FIG (3.13)

FIG (3.14)

FIG (3.15) -

FIG (3.16)

FIG (3.17)

FIG (3.18)

FIG (3.19) -

FIG (3.20)

FIG (3.21)

Plan View of The Location of The Brick Wall
in The S.E.R.C. Flume with Sinuosity 2.04.
Definition of the Parameters of a Meandering

Compound Channel.

- Definition of The Geometry of The Meandering

Channel of S.E.R.C. Flume Series B with
Sinuosity 1.374.

Plan View of The S.E.R.C. Flume Series B
with Main Channel Sinuosity equal to 1.37.
Definition of The Geometry of The Meandering
Channel of S.E.R.C. Flume Series B with
Sinuosity 2.04.

Plan View of The S.E.R.C. Flume Series B
with Main Channel Sinuosity equal to 2.04.
Trapezoidal Cross-Section Used In The
S.E.R.C. Flume Series B with Sinuosity
1.374.

Bend Apices of Natural River Meanders.
Typical Bend Apex of a River Bend Based in
Average Values of Bend Apices of Natural
River Meanders.

Bend Apex of the Natural Meander Channel of
SEE.R.C. Flume Series B Tests.

Design of the 1Inser ts of the Natural
Meandering Channel of The S.E.R.C. Flume
Series B with Sinuosity 1.374.

Design of the 1Inserts of the Natural
Meandering Channel of The S.E.R.C. Flume
Series B with Sinuosity 2.04.

Phase of Construction of The S.E.R.C. Flume
Series B with Sinuosity 1.374 and
Trapezoidal Cross-Section.

Inserts as Built of the Natural Meandering
Channel with Sinuosity 1.374 of The S.E.R.C.
Flume Series B.

A View of the Bend Region of the Natural

(XXIV)

186

187

188

189

190

191

192
193

195

195

196

197

198

199



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(3.

(3.

(3.

(3.

(3.

22) -

23) -

24) -

24a) -

25) -

(3.26) -

(3.

(3.

(3.

(3.

(3.

(3.

(3.

27) -

28) -

29) -

30) -

31) -

32) -

33) -

Meandering Channel( sinuosity 1.37), after
Construction. S.E.R.C. Series B.

Moulding Procedure of the Inserts of the
Natural Meandering Channel with Sinuosity
2.04 of The S.E.R.C. Flume.

Digital Gauge Used for Measurements of Water
Levels in The S.E.R.C. Flume.

Vane Used for Measurements of Streamline
Angles in The S.E.R.C. Flume Series B.
Sketch of the Vane used in The S.E.R.C.
Flume Series B.

Location of the Measurement Sections in The
S.E.R.C. Flume Series B with Sinuosity
1.374.

Location of the Measurement Sections in
S.E.R.C. Flume Series B with Sinuosity 2.04.
Grid of Measurements in the Main Channel of
The S.E.R.C. Flume Series B with Sinuosity
1.374.

Grid of Measurements in the Main Channel of
The S.E.R.C. Flume Series B with Sinuosity
2.04.

Mini-Propeller Mounted in the Main Channel
Instrument Carriage of The S.E.R.C. Flume

Series B.

Churchill Probe Used in The S.E.R.C. Flume
Series B for Water Surface Levels
Measurements.

Preston Tube and Pressure Transducer Used in
The S.E.R.C. Flume for Boundary Shear Stress
Measurements.

Components of the Laser Doppler Velocimeter
Installed in The S.E.R.C. Flume for
Measurements of Flow Turbulence.

Submersible Probe of the LDV Installed in

the Main Channel Instrument Carriage of The

(XXV)

200

201

202

203

204

205

206

207

208

209

210

211

212



FIG
FIG
FIG
FIG

FIG
FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG
FIG

FIG

FIG

FIG

FIG

(3.
(3.
.44) -

(3.

(3.

(3.

(3.

(3.

.34) -

.35) -

.36) -

.37) -

.39) -

.40) -
(3.

41) -

42) -
43)

44a)

44b)

.45) -

.46) -
.47) -

.48)

49)

50) -

51) -

S.E.R.C. Flume Series B.

Diagram Showing the Doppler Shift.

Diagram of the Fringe Model.

How to Set up Uniform Flow in S.E.R.C.
Flune.

Lateral View of The Glasgow Flume.

Upstream View of The Glasgow Flume.

View of the Sump, the Pump, the Gate Valve
and the Differential Manometers of the Main
Channel System of The Glasgow Flume.

Plan of The Glasgow Flume.

Ilustrative Sketch of the Design of the Size
of the Glasgow Flume’s Tanks.

Orifice Meter and the Butterfly Valve.
Instrument Carriage of The Glasgow Flume.
Cross-Section of the Orifice Meter Used in
The Measurements of Discharge of the Main
Channel System of The Glasgow Flume.
Calibration Curve of the Orifice Meter of
The Main Channel of The Glasgow Flume.
Calibration Curve of the Orifice Meter of
The Floodplain Channel of The Glasgow Flume.
Bank of Three Vanes Mounted on Instrument
Carriage.

Computer System of The Glasgow Flume.
Display Screen Showing Icons Connections for
The Angle Measurements at The Glasgow Flume.
Display Screen Showing Six Windows with
Results of Three Average and Three Standard
Deviation Angles at the Glasgow Flume.

The Pitot Static Tube and The Pressure
Transducer Mounted on the Instrument
Carriage of The Glasgow Flume.

Calibration Device for the Pressure
Transducer of the Glasgow Flume.

Sketch of the Calibration Device with Valve

(XXVI)

213
214
214
215

216
216

217

218

219

220

220

221

222

222

223
223

224

224

225

226



FIG (3.52) -

FIG (3.53) -

FIG (3.54) -

CHAPTER 4

FIG (4.1) -

FIG (4.2) -

FIG (4.3) -

FIG (4.4) -

FIG (4.5) -

FIG (4.6) -

FIG (4.7a) -

Arrangements.

Calibration Curve of the Pressure Transducer
of The Glasgow Flume.

Test Sections and Verticals of The Glasgow
Flume.

Moody Diagram for Open Channels( from
Weber(1974))

Stage-Discharge Curve. S.E.R.C. Series B:
Inbank and Overbank Cases; Sinuosities 1.37
and 2.04; Trapezoidal and, Natural
Cross—-Sections; Smooth and Fully Roughened
Floodplain.

Effect of The Floodplain Roughness on The
Stage-Discharge Curve. S.E.R.C. Series B:
Sinuosity 1.37.

Effect of The Floodplain Roughness on The
Stage-Discharge Curve. S.E.R.C. Series B.
Sinuosity 2.04.

Variation of Manning’s n with Stage.
S.E.R.C. Series B: 1Inbank and Overbank
Cases; Sinuosities 1.37 and 2.04;
Trapezoidal and Natural Cross—-Sections;
Smooth and Fully Roughened Floodplain.
Effect of Floodplain Roughness on Variation
of Manning’s n with Stage. S.E.R.C. Series
B: Sinuosity 1.37.

Effect of Floodplain Roughness on Variation
of Manning’s n with Stage. S.E.R.C. Series
B: Sinuosity 2.04.

Variation of Darcy-Weisbach Friction Factor
with Reynolds Number. S.E.R.C. Series B:
Inbank and Overbank Cases; Sinuosities 1.37
and 2.04; Trapezoidal and Natural

(XXVII)

227

228

229

230

283

283

284

284

285

285



FIG

FIG

FIG

FIG

FIG

FIG

FIG

(4.7p) -

(4.8) -

(4.9) -

(4.10)

(4.11)

(4.12)

(4.13a)

Cross-Sections; Smooth Floodplain.

Variation of Darcy-Weisbach Friction Factor
with Reynolds Number. S.E.R.C. Series B:
Overbank Case; Sinuosities 1.37 and 2.04;
Trapezoidal and Natural Cross-Sections;
Smooth Floodplain.

Effect of The Floodplain Roughness on
Variation of Darcy-Weisbach Friction Factor
with Reynolds Number. S.E.R.C. Series B:
Sinuosity 1.37.

Effect of Floodplain Roughness on Variation
of Darcy-Weisbach Friction Factor with
Reynolds Number. S.E.R.C. Series B:
Sinuosity 2.04.

Comparison of Friction Factors of The
Straight, The Skew and The Meandering

Compound Channel. S.E.R.C. Series B:
Trapezoidal Cross-Section and Smooth
Floodplains.

Comparison of Friction Factors of The
Straight, The Skew and The Meandering
Compound Channel. S.E.R.C. Series B: Natural
and Trapezoidal Cross-Sections and Fully
Roughened Floodplains.

Comparison of Friction Factors of The Inbank
Case of The Straight Channel Fully Roughened
with The Overbank Case of Meandering Channel
with Fully Roughened Floodplain. S.E.R.C.
Series A and B.

Analysis of the Effect of the Ratio Meander
Belt Width to the Total Channel Width on the
Conveyance of Meandering Compound Channels.
Data from the S.E.R.C. Flume Series B
Sinusity 1.37, Natural Meandering Channel
with Smooth Floodplains.

FIG (4.13b) - Analysis of the Effect of the Ratio Meander

(XXVIII)

286

287

287

288

288

289

289

290



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

14)

15)

16)

17)

18)

19)

20)

21)

22)

Belt Width to the Total Channel Width on the
Conveyance of Meandering Compound Channels.
Data from U.S. Army Corps of Engineers(
1956).

Contour Levels of Friction Factors. S.E.R.C.
Series B: Sinuosity 1.37; Inbank Case;
Natural Cross—-Section; Stage 140.00 mm.
Contour Levels of Friction Factors. S.E.R.C.
Series B: Sinuosity 2.04; Inbank Case;
Natural Cross-Section; Stage 140.00 mm.
Contour Levels of Friction Factors. S.E.R.C.
Series B: Sinuosity 1.37; Overbank Case;
Natural Cross-Section; Stage 165.00 mm;
Smooth Floodplains.

Contour Levels of Friction Factors. S.E.R.C.
Series B: Sinuosity 1.37; Overbank Case;
Natural Cross-Section; Stage 200.00 nmm;
Smooth Floodplains.

Contour Levels of Friction Factors. S.E.R.C.
Series B: Sinuosity 2.04; Overbank Case;
Natural Cross-Section; Stage 200.00 mm;
Smooth Floodplains.

Contour Levels of Boundary Shear Stress.
S.E.R.C. Series B: Sinuosity 1.37; Inbank
Case; Natural Cross-Section; Stage 140.00
mm.

Contour Levels of Boundary Shear Stress.
S.E.R.C. Series B: Sinuosity 2.04; Inbank
Case; Natural Cross-Section; Stage 140.00
mm.

Contour Levels of Boundary Shear Stress.
S.E.R.C. Series B: Sinuosity 1.37; Overbank
Case; Natural Cross-Section; Stage 165.00
mm; Smooth Floodplains.

Contour Levels of Boundary Shear Stress.
S.E.R.C. Series B: Sinuosity 2.04; Overbank

(XXIX)

290

291

292

292

293

293

294

294

295



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

23)

24)

25)

26)

27)

28)

29)

30)

31)

Case; Natural Cross-Section; Stage 165.00
mm; Smooth Floodplains.
Contour Levels of Boundary Shear Stress.
S.E.R.C. Series B: Sinuosity 1.37; Overbank
Case; Natural Cross-Section; Stage 200.00
mm; Smooth Floodplains.

Contour Levels of Boundary Shear Stress.

S.E.R.C. Series B: Sinuosity 2.04; Overbank
Case; Natural Cross-Section; Stage 200.00
mm; Smooth Floodplains.

Analysis of the Conveyance of The Meandering
Compound Channels. Method of Calculation
Functions F4 and Fs. v

Variation of Function Fi1 with Depth Ratio.
Comparison of Cross—-Sections. S.E.R.C.
Series B: Inbank Case; Sinuosity 1.37;
Natural and Trapezoidal Cross-Section.
Variation of Function Fi1 with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series
B: Inbank Case; Sinuosity 1.37 and 2.04;
Natural Cross-Section.

Variation of Function Fi1 with Depth Ratio.
Comparison Between Kiely’s and Toebes and
Sooky ’s Results.

Variation of Function Fs4 with Depth Ratio.

Comparison of Cross—-Sections. S.E.R.C.
Series B: Sinuosity 1.37; Natural and
Trapezoidal Cross-Section; Smooth
Floodplains.

Variation of Function Fs4 with Depth Ratio.
Comparison of Roughnesses. S.E.R.C. Series
B: Sinuosity 1.37; Natural Cross-Section;
Smooth and Fully Roughened Floodplains.

Variation of Function F4 with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series
B: Sinuosity 1.37 and 2.04; Natural

(XXX)

295

296

296

297

298

298

298

299

299



|

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

(4.

32)

33)

34)

35)

36)

37)

38)

39)

40)

Cross-Section; Smooth Floodplains.

Variation of Function Fs4 with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series
B: Sinuosity 1.37 and 2.04; Natural
Cross—-Section; Fully Roughened Floodplains.
Variation of Function Fs with Depth Ratio.
Comparison of Cross-Sections. S.E.R.C.
Series B: Sinuosity 1.37; Natural and
Trapezoidal Cross-Section; Smooth
Floodplains. ‘

Variation of Function Fs with Depth Ratio.
Comparison of Roughnesses. S.E.R.C. Series
B: Sinuosity 1.37; Natural Cross-Section;
Smooth and Fully Roughened Floodplains.
Variation of Function Fs with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series
B: Sinuosity 1.37 and 2.04; Natural
Cross-Section; Smooth Floodplains.

Variation of Function Fs with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series
B: Sinuosity 1.37 and 2.04; Natural
Cross—-Section; Fully Roughened Floodplains.
Variation of Function Fs4 with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series A
and B. The Straight, The Skew and The
Meandering Channel. Smooth Floodplains.
Variation of Function Fs with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series A
and B. The Straight, The Skew and The
Meandering Channel. Smooth Floodplains.
Variation of Function F4 with Depth Ratio.

Comparison of Sinuosities. Results from
U.S.A. Corps of Engineers. Smooth
Floodplains.

Variation of Function Fs with Depth Ratio.

Comparison of Sinuosities. Results from

(XXX1)

300

300

301

301

302

302

303

303

304



FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

(4.

(4

(4.

(4.

(4.

(4.

(4.

(4.

41)

.42)

43)

44)

45)

46)

47)

48)

U.S.A. Corps of Engineers. Smooth
Floodplains.

Variation of Function Fs2 with Depth Ratio.
Comparison of Sinuosities. Results from
Kiely, Sooky, Jasem and Willetts. Smooth
Floodplains.

Variation of Function Fs with Depth Ratio.
Comparison of Sinuosities. Results from
Kiely, Sooky, Jasem and Willetts. Smooth
Floodplains.

Variation of Function Fs4 with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series A
and B. The Straight, The Skew and The
Meandering Compound Channel. Roughened
Floodplains.

Variation of Function Fs with Depth Ratio.
Comparison of Sinuosities. S.E.R.C. Series A
and B. The Straight, The Sk