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SIJMMARY

Ttris report presents the result of a literature search lnto flow in open

channels wlth particular interest in Flood Channels.

The search is presented in the forn of three files:

a card index flle developed on the Apricot micro computer associated with

the Flood Channel Facility which indicates the source of the publication

and gives details of any ercperimental facility.

a precis of each paper or book accessed indicating the channel type

studied, the aims of the paper, conclusions dravn and the nature of the

Lnstruments used in the study.

- details of the channeLs studied in previous research into flow

interactlon, secondary flow, turbulence, momentum transfer etc' unified

in S.1 units. Three relevant dirnensionless parameters are also

presented.

Ttris report supplements The structure of flow in open channels - a

literature search, January 1987 and January 1988.

The layout of the contents of this report are the same as for Reports

Nos SR 96 and SR 153.
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2 CARD INDEX OF

PAPERS

The card index was compiled on the Apricot Xi-10 micro

computer associated with the Flood Channel Facility at

Hydraulics Research, usi-ng CARDBOX-PLUS, Version 3 as

supplied by Business Simulations Ltd.

The field captions used in the card index are detailed

below:

Author self explanatory

Title self explanatory

Pub'n publication (see Abbreviation of-Publications)

Data form of data presentation, graphical

notation

Key words self explanatory

Channel tlpe channel types are defined as

oqperimental, prototl4>ical,

theoretical, sirnple, compound, smooth,

rough, bend, duct or pipe.

Due to the restrj-cted spaee available

on the card format used, abbreviations

of the above channel descriptions are

frequently necessary.

FL, FW, FD flume length, width and depth

CL, CW, CD channel length, width and depth

FCS f lume or channel s lope, eg 2(-3)

represents a slope of 0.002

a discharge

INST instrr:ments used in orperimental work



Abbreviation of Publications

AUER

ANN

ASME

ASP

cH, CHAN

crv
CONF

CONG

CONST

CONT

DEPT

D,  DIV

DPRI

American

Annual

American Society of Mechanical

Engi.neers

Aspects

Channel

Civi l

Conference

Congress

Construction

Control

Department

Division

Disaster Prevention Research

Institute

Elements

Engineering Mechanics

Engineering

E>rperimental

Finite

Foundation

Geological

Geophysical

Hydraulics

International Association Hydraulic

Research

Irrigation and Drainage

Institut for Hydromechanik and

Wasserwirtschaft

Institute

International

ELEM

EM

ENG

EXP

FIN

FOTJND

GEOL

GEOPHYS

HYD, HYDR

IAHR

ID

IHW

INST

INT



IWES

J

JICE

JSCE

MEAS

MECH

MIN

MOD

NACA

NO

PASCE

PICE

PROC

REF

REG

RES

PGV

SED

soc
STN

STR

SYMP

TASCE

TASME

TECH

TN

Institute of Water Engineers and

Scient ists

Journal

Journal Institute of Civil Engineers

Japan Society of Civi-l Engineers

Measurements

Mechanics

Ministry

Modelling

National Advisory Conrnittee for

Aeronautics

Number

Proceedings

Engineers

Proceedings

Engineers

Proceedings

Refined

Regional

Research

Review

Sediment

Society

Stat ion

Structures

Symposium

American Society of Civil

Institute of Civil

Transactions American

Engineers

Transactions Arnerican

Mechanical Engineers

Technical

Technical note

4

Society of Civi l

Society of



TRANS

TUR

Transactions

Turbulence

UKAEA United Kingdom Atomic Energy

Authority

UNIV University

US United States

USWES United States l{aterways Experinental

Stat ion

VOL Volume

WH, WAT HAR Waterways and Harbours

A copy of each of the papers detailed in the card

index is kept on the Flood Channel Facility. Books

referred to are kept in the library at Hydraulics

Research Ltd. The author accepts that the literature

search does not give a comprehensive coverage of

papers and books relating to the structure of flow in

open channels. Ttre literature search will be updated

as further material becomes available in recognition

of this fact.











































PRECIS OF PAPERS

The precis of papers relating to turbulence and flow

characteristics in channels, ducts and pipes was

compiled on the Apricot Xi-10 micro computer using

Wordstar 3.40 suppl ied by Micro Pro.

This file indicates the aims and conclusions as

detailed in the papers as well as the channel types

investigated and instruments used in the experimental

work.

The channel type detailed is described either as an

experimental (flume), prototypical (river, irrigation

eanal) or theoretj-cal (rnathematical, computational)

channel.

Channel form is detailed as simple; rectangular flume,

channel or duct; or compound, a channel in which the

geometry of the cross-section changes significantly at

one particular elevation, giving rise to the

discontinuity in the shape of the channel.

Smooth flumes, channels or ducts are considered to be

formed of wood, steel floated concrete, glass or

perspex. Rough channels are considered to be flr:mes

and ducts with artificial roughening elements attached

to the channel surface or river channels whose

boundaries are consi-dered to be naturally rough.

The aims, conclusions and details of instrumentation

used are self explanatory.



ABRAHAMS 1984

The development of tributaries of different sizes along winding streams and

valleys

1 Prototype, theoret ical ,  s imple, rough

2 To examine the possibility and, in the event there is a differential

effect, to investigate the mechanism giving rise to the development of

tributaries of different sizes along winding streams and valleys.

3 An analysis of 40 winding streams and valleys reveals that a higher

proportion of large tributaries than small ones occur on the concave
(out) side of bends. Pricipal reason for this is that large tributaries

oqrerience greater difficulty than small ones forming in the llnited

amount of space on the convex (in) side of bends. proportion of srnall

and large tributaries on the concave side of bends are determined

Iargely by the spatial requirements of tributaries, valley sinuosity,

mean valley bend length, and mean rate of bend nigration. In addition,

the proportion of large tributaries on the concave side of bends is

affected by junction angle adjustments that deflect a mai.n stream toward

a large tributary, thereby creating a bend with the large tributary on

its concave side. These adjustments increase the proporti.on of large

tributaries on the concave side of bends, especially along low sinuosity

headwater streams.

4

ALAVIAN, CHU 1985

Turbulent exchange flow in shallow compound channel

1 &<perinental, compound, smooth, rough

2/3 Fotmulation of turbulent exchange flow from a set of depth averaged

eguations. Mean velocity profile of the exchange flow is obtained from

the integration of the depth averaged equations. The width of the shear



layer is related to a turbulent Reynolds mrmber whose value has been

determined fron comparing the theoretical profile with experimental data

and from a stability analysis of the mean f1ow.

4 -

AT{ERICAN SOCIETY OF CIVIL ENGINEERS 1976

RMRS 76 : Symposium on Inland Waterways for Navigation, Flood Control and

Water Diversions

Volune 1/2

Various papers relating to flood routing models, hydrodynamics,

flow resistance, unsteady flows

Authors - FREAD; MDOJKOVIC; CHEN, LI & SIMONS; CHRISTENSEN; REED &

WoLFKILL; HoU & CHRISTENSEN; ROBBINS; PONCE &, MAIIMOOD; THEUPSR,

BARNES & RICHARDSON; LIN, SCOTTRON & SOONG; KAO &, DEAN PERRY

ARNOLD, HOTTGES, ROWE 1988

Combined Digital Image and Finite Element Analysis of nixing in compound

open channal flow

1 Experimental, theoretical, compound, smooth, rough

2 To investigate the transverse mixing in channels with compound cross

section and non submerged flood plain roughness

3 The apparent shear stress model and its wall turbulence assumptions for

the interaction zone of the main channel is both physically well founded

and very efficient for the computation of the velocity profile. The

heterogeneity of geometry and roughness in compound open channels leads

to a domination of large scale non Fickian mixing mechanisms in the

regions adjacent to the channel banks. The model presented for the



calculation of the transverse diffusivity takes into account the effects

of interaction induced mixing and significantly improves the accuracy of

the transport model

4 Laser Doppler Anemometer, Fluorometer

ASHTON 19BO

Computer and physical modeling in hydraulic engineering,....

Various papers on the numerical analysis of open channel flows, modeling of

non uniform flows, effect of scale distortion on turbulent mixing

Authors - wYtrE; LAr, BALTZER & SCHAFFRAIIEK; FERRTGK; BRowN & TNGRAM;

FINDIKAKIS &, STREET; ROBERTS & STREET; CHANG; CAVES &, JOHNSON

BECHTELER, FARBER 1985

Investigations of velocity and pressure fluctuations i.n open channel flow

by a LDA and a Pitot tube

1 Experimental, simple, rough

2 The different performances of a LDA and a pressure measurement system

with respect to the determination of turbulence parameters in open

channel flow is demonstrated. The measurements are made simultaneously

to investigate the correlations between the pressure and velocity

signaLs

3 Differences are e>q)ressed in plots of autocovariance funetions of

velocities, time scales and spectra of turbulence

4 Laser Doppler Velocimeter,  Pi tot  tube



BOTCHEVA, IONCHEVA 1988

Estimation of the roughness coefficients in the prediction of the

geometrical parameters of stable river beds with compound cross sections

I Theoretical, compound, rough

2 A mathematical model is developed for the investigation of the influence

of the roughness coefficients on the geometrical parameters of streams

with compound cross section

3 The choice of channel roughness is of prime importance for the

determination of the geometrical parameters of a trained compound

channel. The flood plain roughness value is only of J:nportance for high

overbank flow depths. Bed sediluent transport is directly related to

channel and flood plain roughness and consequently it is important to

accurately deternine the roughness coefficient to prevent aggradation or

degradation of the proposed channel.

4 -

cHU, FALCO t9B8

Vortex ring/viscous waI1 layer interaction model of the turbulence

production process near wa1ls

I E:<perimental, simple, tank

2 To simulate oc.perimentally the interaction of vortex ring like eddies

with the sub layer of a turbulent boundary layer

3 Long low speed streaks are formed in pairs as the result of the

interactions of microscale very coherent vortex ring like eddies

propogating over the wal1. Streamwise vortices are not requi-red to

streamwise streaks. When the streak spacings obtained in the simulation

are conditioned by the probability of occurrence of typical eddy scales

found in the boundary layer, the simulation provides the correct streak

spacing of approximately 100 wall units.



4 Laser doppler anemometer

DIJMA 1981

rnfluenta unor parametri asupra capacitatii de transport la ape mari a

albilor riurilor indiguite

I bqperimental, rough, meanders.

2 To investigate the effect of roughened floodplains upon the conveyanee

of a meandering river.

3 Results are presented. for meandering channels with a range of sinuosity.

Relationships are shown between channel/floodplain depth ratios and

discharge, sinuosity, channel/floodplain roughness ratio. Roughness

coefficients are related to flow depth and density of vegetated cover.

4 -

DI]MA 1984

fnteractiunea dintre curgerea in alba minora si cea in albia majora la ape

mari

I E:rperimental, theoret,ical, compound, rough

2 lo investigate the interaction of channel and flood plain flows

3 Presentation of results from experimental work on a straight compound

channel with berms of different level. Velocity and shear stress

results detailed. Paper also relates to meandering work by same author

in  1981

4



DIJMA 1984

La perfectionarea metodelor de ca1cul hidraulic al curgerii apelor mari in

abiile cursurilor de apa amenajate prin lucraride indiguire si de

regularizare

I E:<perimental, theoretical, rough, compound, straight, meandering

2 Collation of authorrs work on the i.nteraction of flow between channel

and flood plain for straight and meandering channels

3 Presentation of data on velocity distribution, flow patterns, shear

stress, relative flow depths, sinuosity, roughness coefficients,

roughness density, as5zrrnetric berm heights and widths, relative channel

widths.

4 -

FLI}ilTHAM, CARLING 1988

The prediction of mean bed and wall boundary shear in uniform and

compositely rough channels

I bcperimental, prototypical, simple, rough

2 Experfunental procedures and data compilations are presented wtrich relate

to the prediction of mean bed and wall boundary shear in uniforrn and

compositely roughened channels. A tentative empirical model is proposed

to predict the nean bed and side wal1 shear stresses for straight

s5rnrnetrical trapezoidal and rectangular channels having uniform or

composite roughness

3 Equations are derived to determine the mean bed and wall shear stresss.

Shear related to channel wall/bed ratio and composite roughness ratio

4 Miniature current meter, point gauge



GRIJSEN, VREUGDENHIT 1976

Numerical representation of

Theoret ical ,  prototype,

flood waves in rivers

compound, rough

An attempt to classify the different tyPes of long waves and to study

the properties of a numerical method, when applied to each of them.

The velocity of propagation for the general case of dlmamic waves to the

characteristic velocity of inertial waves is presented. If the ratio is

unity, the waves have an inertial character. with increasing

unsteadiness and non uniformity the kinematic wave case is approached.

Effective velocities of propagation for the diffusive and kinematic

waves are compared with the dynamic wave. Both nethods give correct

velocities of propagation if the unsteadiness and non unifornity is

large, but the diffusive wave approach has a nnrch wider range of

application than the kinematic wave. Flood waves in rivers may not be

described by the diffusion analogy if the unsteadiness and non

uniformity i.s smarl, ie if the discharge varies quickly. Frood waves

may' therefore, have the character of a dynanic \rave. Damping length

for the diffusive wave is compared to the d5mamic wave; systematic

deviatj.on remains for large values of unsteadiness and non unifonnity.

This can be improved by accounting for the inertial and convective terms

in the momentum equation in an approximate way.

HALVERSON, GUTLMR 1986

Measurements of secondary flow in a moving bed flume

Experimental, simple, rough

Hydrogen bubbles illuminated by

visualise and measure secondary

a plane of laser light are used

currents in a moving bed flurne.



Nurnber of secondary cells in a cross section is six for a depth/width

rat io of 1:5 and 10 for a rat io of l :10. Veloci ty components of

secondary flow seem to be higher in a moving bed flurne than in previous

fixed bed flurne tests. Maximun secondary flow velocities between 6% and

L2% of the bed velocity with a tendency to decrease as bed velocity

increased.

Laser Doppler Veloci:neter, hydrogen bubbles.

HOLDEN, JAI{ES I9B9

Boundary shear distribution on flood plains

E:q>erimental, theoretical, compound, smooth

Experiments in a compound channel are described in which the inclination

of the main channel bank was varied

Ihe shape of the bank between the bed of the main channel and the flood

plain affects the interaction between main channel and flood plain

flows. In general for a given flow depth, the intensity of the

interaction decreases slightly as the slope becomes rnilder but at very

Iow flow depths the intensity was observed to be greater for a steeply

sloping bank than for both vertical and milder slopes. the intensity of

the interaction between the main ehannel and flood plain flows is

determined by channel slope as weII as geometric and roughness

parameters. The net effect can be described in terms of the relative

apparent shear stress. As the intensity of interaction decreases, the

form of distribution of bed shear stress on the flood plain changes from

a sirnple extrlonential decrease from the plain channel junction at high

intensities, to a flat topped distribution at internediate intensities

and a peaked distribution with the maximum shear stress displaced from

the junction at low intensities. Equations afe developed to describe

these distributions, and are based on laboratory data and have not been

verified for Iarger channels.



4 Preston tube, pressure transducer

INTERNATIONAL ASSOCIATION FOR HYDMUTIC RESEARCH 1983

20th CoNGRESS - MOSCOW

VOLUME 3

Vari-ous papers on the mathematical modelling and instruruentation of

hydraulic processes

Authors - DI UONACO &, MOLINARO; BEMOVA, KOLAR &, POLIERT; KIA; DEBIUS

IKEDA, NISHIUURA 1986

Flow and bed profile in meandering sand silt rivers

I Ttreoretical, experimental, simple, rough, meander

2 A mathematical model for predicting flow and large scale bed topography

in sinuous channels with suspendable bed materials is presented

3 Secondary flow in sinuous channels shows a reduction in magnitude from

that of uniformly curved channels; it also shows a phase lag relative to

the channel plan form. Model allows for predicting the rnagnitude and

Iocation of local scour and deposition in meandering sand silt rivers.

Analysis on bed topography is valid for sinuous channels with well

sorted bed mater ial .

4 Preston tube, pressure transducer

IMAMOTO, ISHIGAKI 1988

Mean and Turbulence Structure near the inclined side wa1l in an open channel

flow



E:qperimental, simple, smooth

To investigate the effect of the channel boundary on the mean and

turbulence structure in a trapezoidal channel section

For the trapezoidal channel,boundary shear stress ut bth" foot of the

inclined side waII does not show zero value but a larger value than the

funnediate vicinity. For the rectangular channel the value at the toe of

the side wall is zero. Results from velocity measurements and flow

visualisations show that the above phenomena is related to the coherent

structure ne'ar the side wall which is originated by a dominant secondary

flow to the corner and depth scale eddy motions induced by the flow. On

the water surface, the divergent part of the upwelling flow has large

turbulence intensity and the convergent part of the downwelling flow a

Iow turbulence intensity.

Laser Doppler Anemometer, Miniature current meter

JOHAIINESSON, PARKER 1989

Secondary flow in mildly sinuous channel

Theoretical, e><perimental, prototlpical, smooth, rough

Secondary flow in river bends is driven by the loca1 imbalance between

the centrifugal force and the transverse pressure force generated by

super elevation of the water surface. Analytical solutions for

secondary flows have previously not retained the effect of fluid inertia

in the equation governing the secondary f1ow. Consequently, no phase

shift is found between secondary current strength and local centreline

channel curvature.

Theoretical model for the calculation of secondary flow in mildly

sinuous channels is developed. Downstream convective acceleration of

the secondary flow is shown to give rise to a phase lag between the

secondary flow and channel centreline curvature, and also to suPpress

the magnitude of the flow. Analysis indicates that although the

t(l



predicted lag must be accounted for in the simulation of the flow field

and the bed topography i-n many experiments, it can be neglected nithout

making a large error for most natural meandering rivers.

4 -

I(AWAHAM, TAMAI 1988

Numerical caleulation of turbulent flows in compound channels with an

Algebraic Stress Turbulence model

I Experimental, theoretical, compound, smooth

2 To present an algebraic stress turbulence rnodel for calculati.ng flows in
eompound prismatic channels with turbulence driven secondary motion

3 Mode1 tested by application to a developed open channel flow and also

to a developed duct flow. Comparisons indicate that the model is able

to predict the mean velocity fields in compound channel flows, but is

incapable of erqplaining correctly the generation mechaniEm of turbulence

driven secondary flow in compound channels.

4 -

I(ELLER, PERERA, RODI 1988

Prediction of depth averaged f1-ow characteristics in compound channels

I theoretical, oqperimental, smooth, rough, compound

2 To describe the development of a two dimensional mathematical model and

its application to the flow predictions in compound channels

3 A two dimensional model utilising the k-e turbulence moder for

calculating depth averaged turbulent shear stesses, can be utilised to

predict velocity and bed shear stress distributions in compound channel



flows. fn using the rnodel, none of the empirical coefficients were

tuned to match the experirnental results but were simply adopted from the

literature. Two areas for improvement of the nodel are identified; the

determination of the bed shear stress, and the correct modelling of

turbulence production on submerged verti-eal or strongly inclined

walls. The flow in the region of the bed discontinuity is strongly

three dimensional and it is apparent that the simplified bed shear

stress model is inadequate in this region.

4 -

I(ELLER, RODI 1987

Prediction of flow characteristics j-n main channel/flood plain flows

"  
' l : *

I Theoretical, experimental, compound, rough

2 Paper presents a series of predictions of depth averaged flow

characteristics for a variety of compound channels and compares them

with the corresponding experimental data.

3 Indicated that a two dimensional model utilizing the k-e turbulence

model for calculating depth averaged turbulent shear stresses, can be

utilized to predict velocity and bed shear stress distributions in

compound channel flows. Empirical coefficients used were from

literature without adjustment based upon e>q)erirnental work. Tno areas

for irnproving the model were identified: determination of the bed shear

stress; the correct, modelling of turbulence production on submerged

vert ical  or strongly incl ined wa1ls.

4 Laser doppler anemometer, Preston tube, electro magnetie current meter

KLMSSEN, VA{ URK 1985

Resistance to flow of floodplains with grasses and hedges



I Experinental, protot54pe, simple, rough

2 To study the resistance to flow of floodplains with grasses and

hedgerows

3 Field measurements of the hydrauric roughness of grasses and the

derivation of a method to determine the resistance of flow of drowned

hedges is presented. The latter investigation is supported by some

flume experiments. Nikuradse k of floodplain of R Rhine larger than

0.07 rn previously accepted, reaching k values between 1.4 and 6.0 m.

Reduces to between 0.25 and 0.52 m in a flood. Charact,eristic roughness

length is larger during growing season. Resistance to flow of drowned

hedges can be schematised as a system of submerged openings and a short

crested weir. Discharge coefficient for the flow over hedges is only

slightly affected by the flow through a hedge. Coefficient value of I

can be used for the full range of flow depths when the hedge is

drowned.

4 -

LA HOUILLE BLANCHE

Turbulence: Les derniers progres de la connaissance

Various papers on the measurement and visualisation of turbulence

Authors - cOANTrc; GENCB; BURNAGE; cousrErx; JAEGGy & BERNER; FMUNTE;

LEUCHTER; LESIEUR

tAI, KNIGHT 1988

Distributions of streamwise velocity and boundary shear stress in compound

ducts



Experimental, theoretical, smooth, compound, ducts

To present the results of several measurements on streamwise time

averaged velocity and boundary shear stress in compound shaped ducts.

Flows in eompound ducts are strongly related to the relative depth.

The relative width is a less significant parameter. A value of 0.3 may

be used as a division of high and low relative depth. At high relative

depth,the 1aw of the wal1 is suitable for most part of the duct, but is

not suitable for low relative depths. At high relative depths, the

local friction factors are distributed 1atera1ly more evenly than for

1ow relative depths. This factor should be considered in numerical

simulation. A linear function may be sufficient for computational

purPoses.

Pitot tube, Preston tube

LARSSON 1988

Numerical simulation of flow in compound charmels

Theoretical, experimental, smooth, compound channels

To present the numerical sirmrlation of compound duct and open channel

flow using three different turbulence models

FuIIy developed 3 dimensional compound channel flow is amenable to

numerical simulation. The -simrlations suggest that the secondary

currents are essential for the downstream velocity distribution. The

algebraie stress model without wall proximity corrections is not

adequate for compound channel simulations. However, the inclusion of

such corrections makes the simulated velocity distribution agree quite

well with the measured one for the duct case. l{hen there is a free

surface the model does not give satisfactory results. Gross parameters

sucb as division of flow are noL so sensitive to the detailed structure

of the flow. With decreasing relative depth over the flood plain, the

influence of the secondary currents on the flood p1ain,/main channel



interaction will also decrease. It is therefore likely that refined

models, while necessary to predict detailed velocity and wa1l shear

stress distributions, are not needed for estimates of integral

character ist ics.

McKEE, ELSAWY, McI(EOGH 1985

A study of the hydraulic eharacteri-stics of open channels with flood plains

Experirnental, compound, smooth

To provide a semj- empirical correlati-on between channel geonetry and

the variables of the hydraulic charaeteristics of the flow under inter

acting and non interacting conditions.

The main channel can lose up to 25% of its energy at low depths and low

width ratios while flood plain energy was increasedby up to 25O%, as a

result of the interaction mechanism. Discharge ratios under inter

acting conditions were found to be equally affected by the depth ratio

and the width ratio. The discharge ratio was greater by up to 477-- thart

ratios for non j-nter acting conditions. correlation of velocity and

shear stress provided semi empirical formulae for discharge estimation

in an attempt to quantify the interaction between main channel and

f lood plain.

taser doppler anemometer, Preston tube

NALLURI, JUDY 1985

Interaction between main channel and flood plain flow

E>rperimental, compound, smooth, rough

To investigate the velocity and shear distributions in compound

channels



E>rperinents effeetively demonstrated that the momentum transfer

mechanism at rising stage plays a large part i-n raising the velocities

on the flood plain while lowering the velocities in the main channel

specifically at low flow depths and heavy vegetation on the flood

plain. Friction factor is found to be widely affected by the type and

shape of roughness elements and variations of more than 100% with depths

are qqperienced. Friction factors of the flood plain and main channel

above bankfull depths are found to be influenced by the shape, spacing

and distribution of the roughness elements. Comparisons of different

empirical *.thod" for discharge calculation in compound channel were

made. Suggested that a varied roughness coefficient is used with stage

or the degree of submergence of roughness elements. The apparent shear

stress used as a representative of the rate of momentum transfer j-s

found to be dependent on the width ratio of main channel to floodplain.

Pitot tube

NOKES, WOOD 19BB

Vertical and lateral turbulent dispersion:some e:cperimental results

Errperimental, smooth, simple

To present the results of an o<perimental programne designed to

investigate turbulent dispersion of a continuous contaminant source in a

wide channel

Experimental results for vertical dispersion support the use of the

eigenfunction solution with a paraboJ-ic diffusivity and logarithmic

velocity distribution. Measurements of the lateral diffusivity in the

near field mixing zone and the three dimensional eigenfunction suggest

that the vertical and lateral diffusion processes are uncoupled.

Implies that the lateral diffusivity distribution has the same form as

the velocity distribution



4 -

ODGMRD 1988

Meander flow model. 2 : Applications

I Theoretical, prototn>icaI, sfunple, rough, meander

2 An analytical model for simulating the frow and bed topography in a

meandering alluvial channel is tested with data from two field studies.

3 one set of data is used for testing a technique which invorves

discretizing the river channel into a number of straight and constant

radius reaches, and solving a set of governing equations for each

reach, using appropriate boundary conditions. Ihe other set of data is

used for testing a solution for a sequence of sine generated meander

curves. In both cases the simulated flow and bed features are in good

agreement with those measured without the need to use calibration

factors

4 -

PASCHE, ROWE, EVERS 1985

Flow in compound channels with extreme flood plain roughness

I Ttreoretical, experimental, _compound, smooth, rough

2 Experinental and theoretical investigations to develop a nodel by which

the flow in compound channels with highly vegetated flood plains can be
predicted.

3 An uncalibrated two dimensional- rnodel,based on the k-e moder, was

tested for its ability to predict the boundary shear stresses and depth

averaged velocities. Depth averaged velocities reproduced well but the

boundary shear stresses were over estimated. Adjustiag the empirical



constants of the k-e nodel did not improve results. Calibration of the

model with respect to the non dimensional diffusivity red to good

prediction of both boundary shear stresses and depth averaged

ve loc i t ies .

Laser doppler anemoneter, preston tube

PASCHE, ARNOLD, ROTME 1986

A Review of Overbank Flow Models

E>perinent,a1, compound, rough

Attention is given to methods in which

directly evaluated in order to reach a

overbank flow modelling.

turbulent shear stresses are

most sophisticated level of

By introducing vertical interface planes between the flood plain and

the main channel the apparent shear stresses acting on these interfaces

are equivalent to the turbulent shear stresses occuring in this part of

the flow domain. Apparent shear stress model can be recorunended in a lD

conputation of overbank flow. Depth averaged k-e model calculates 2D

flow re1iab1y. Depth averaged velocities, tufbulent shear stresses and

bed shear stresses are predicted wel1. 3D flow elements occuring in the

main channel have onry a minor influence on the flow field. Non

dimensional diffusivity coefficientwas numerically evaluated at 0.613

for non submerged flood plain roughness. Zero order turbulence models

with a constant eddy viscosity in the whole channel give satisfactory

results for most practical applications Eddy viscosity needs to be

determined by calibration or by calculations using the k-e rnoder.

I and 2 component laser doppler anemometers, preston tube.

PRINOS, TAVOULARTS, TOI{NSEND 19BB

Turbulence measurements in smooth and rough walled trapezoidal ducts



Experimental, snooth, rough, duct

To measure mean flow and turbulence

trapezoidal duct and to examine the

these character ist ics.

characteristics in a smooth

effect of a roughened top surface on

Mean velocities and turbulent stresses near the wall are compatible with

strong secondary current,s, which are approxirnately s5rrunetric about the

bisectors of corner angres between two smooth wal1s. Flow pattern

changes dramatically when one wal1 is roughened, normal stresses are

doubled and shear stresses are nearly tripled by the roughness to the

extent that the secondary currents in the acute corner between the

smooth and rough wall are strongly suppressed.

Preston tube, hot wire probe

PIIRI, KUO 1985

Numerical rnodelling of subcriti-cal open channel flow using the k-e

turbulence model and the penalty function finite element technique.

Theoret ical ,  s irnple, smooth, bend

To extend a free surface steady state hydrodlmamic model based upon the

penalty function finite element method and utilizing a simplified one

equation turbulence closure. Extension to include an advanced two

equation turbulence model, and also exami-ne different momentun

dispersion closure sehemes.-

The curvature modification adopted appears to have little effect on the

computation of strongly curved subcritical open channel flows that do

not exhibit separation. Momentum dispersion closure schemes computed

using a three dimensional normal velocity profile based upon helicoidal

flow in a wide, gentle, channel bend are not significant for the

predicti-on of strongly curved open channel flows that do not extribit

separation. The optimal computational model, results in excellent

agreement between model predictions and experimental data. The maximum



discrepancy between the predicted and observed normalized water depth

profiles is approximately 2.5%, and the predicted and observed velocity

fields also appear to be in good agreement. Model predictions are as

good as those made with a more expensive and restricted three

dimensional model. Simulation model is capable of predicting separation

in subcritical strongly curved open ehannel flow due to the elliptic

nature of the governing equations. Care must be taken to avoid

simulating flows in which the local Froude number exceeds unity.

l ! -

RADOJKOVIC L976

Mathematical modelling of rivers vith flood plai-ns

I Theoretical, experimental, compound, smooth

2 The basic physical aspects of interacting mechanism between the main

channel and flood plains during flood periods is analysed using

experimental data.

3 The method for the determi.nation of parameters defining the interaction

mechanisn between the main channel and flood plains during flood periods

on a rational physical basis are described. These parameters are

introduced into a flood routing procedure and a guideline for a

nurnerical solution is proposed.

4 -

RADOJKOVIC, DJORDJEVIC 1985

Computation of discharge distribution in compound channels



I Theoretical, experimental, compound, smooth, rough

2 To analyse two models for evaluation of eddy viscosity in the

application of the depth averaged momentum equation for computation of
discharge distribution in compound channels.

3 The depth averaged k-e model containing standard constants cannot be
used as a predictive tool without improvement to the constants. Further
experimental investigation of turbulent shear stresses is

required. Calibration of the dimensionless eddy viscosity used in a

computational model is required before practieal computations can be

made.Further investigations to irnprove the evaluation of resistance

coeff ic ient are needed.

4 -

RAJARAI}IAM, MTIRATIDHAR 1967

Yaw and pitch probes

I Experirnental, theoretical, simple, smooth

2 Presentation of the details of the development and calibration of yaw

and pitch probes for measurement of velocity and static pressure in two
dimensional f1ow.

3 In two dimensional flows,when the velocity vector is in the horizontal
plane of the probe, its magnitude and the direction can be conveniently

determined by means of a yaw probe.When the velocity vector is in the
vertical plane of the probe, a pitch probe is used to determi.ne its
magnitude and the direction. Static pressure easily determined using

either probe.

4 -



RODI 1988

Recent developnents in Turbulence Modelling

Theoretical

2/3 l\e paper first sunrnarises recent work in the area of turbulence

modelling in near wall regions. Separated flow calculations are

presented'' that were obtained with a two layer model in which the near

wal1 region is resolved with a one eguation rnodel and the core region

rvith the standard k-e nodellow Reynolds m:mber k-e models and their

damping functions and boundary conditions for e are scrutinised with the

aid of results from direct sirmrlations. Attempts to extend existing

Reynolds number regions are discussed. Finally,the paper reports on

some recent proposals for modelling the pressure strain term in the

Reynolds stress equations and for improving the e equation.

ROHR, ITSWEIRE, HELLAND, VAN ATTA 1988

An investigation of the growth of turbulence in a uniform mean shear flow

E:qperirnental, smooth, duct

Investigation to study the growth of the turbulent intensity as

functions of the mean shear, centreline velocity, and initial

disturbance lengthscales .

Wind tunnel and water channel experiments suggest that the measure of

the largest scale of motion in the flow must grow linearly with down -

stream distance and be independent of shear. Prediction for the growth

of turbulence for moderate dimensionless time scales is good. Latter

prediction shown to be independent of previous assumptions that the

as5rmptotic turbulence structure and turbulent kinetic energy are

constant with depth.



4 Hot filn anemometer.

SAMUELS 1988

Lateral shear layers in compound channels

1 Theoret ical ,  protot5apical ,  s imple, compound, rough

2 Presentation of a new analytical solution to a simplified. dynamic

equation for lateral velocity distribution for depth averaged flow j.n a

channel of single or compound rectangular section.

3 The drag of the flood plain flow in the main channel may influence the

velocity and hence shear stress across the entire width of British

rivers. There is a need to establish firm estimates of the momentum

exchange coefficient. In physical hydraulic models lateral extent of

the shear layers between the channel and flood plain, and hence the

distribution of shear stress, fray depend upon the scale distortion

adopted.

4 -

scHutz 1987

Zur naherungsberechnung des abflusses in naturnah gestalteten

f l iessgewassern

1 Experimental, protot54pical, compound, rough

2 To propose a method for calculating discharge in compound channels with

densely vegetated banks and berms using a rnodified Manning - Strickler

coeff ic ient.

3 Presents results from experimental work in which the roughness

coefficient for the vegetated berm is determined. Berm roughness

parameter is related to channel roughness coefficient by taking account



of characteristic vegetation length, drag coefficient for

vegetation, surface area of roughness elements. Drag on roughness

elements determined e>cperirnentally using natural roughness and

artificial roughness elements of varying density.

SELLIN, GITES 1988

IVo stage channel flow

Prototype, experimental, compound, rough

To investigate the capacity of two stage channels with variable

channel and berm roughness. To investigate the turbulence effect

between the main channel and berm flows. To examine the range of

practical variation in the geometry of the two stage channel in terms of

hydraulic and economic efficiency and envirorunental acceptability. To

consider the criteria eoncerned with the satisfactory management of the

channel berms. To improve the knowledge of flows in two stage channels

particularly where the nain channel follows a strongly meandering

course.

For shallow berm flows the surface florrs are clearly influenced by the

underlying flow where the two meet. Projecting berm banks result in

slack or dead water in thei-r lee. Deep bern flows have surface flows

little influenced by the presence of the lower channel. Main flow

confined to main channel for low berm flow depths. For deep berm flows

main discharge is on the berm. Flow interaction mechanism associated

with the two stage channel generates higher friction values than that

predicted by straight channel results. The flow leaving a berm at the

crossover point of the meandering main channel dominates the secondary

circulation associated with the sinuous main channel. Manning's n

values of 0.05 - 0.06 are predicted for a fu11y cut berm. Roughness

values of 0.05 - 0.09 are suggested for the uncut berms. Design

recormendations are given for main channel and berm channel realignment,

berm cutting policy; future channel plan arrangements, design roughness



values, berm maintenance, wild-Iife conservation, bank erosion, future

research requirements .

4 or i f ice prates, capacitance probes, pi tot  tube, camera, pressure

transducer, point gauge.

SHTONO, KNIGHT 1988

Two dimensional analytical solution for a compound channel

I Experimental, compound, smooth

2 To describe an exact analytic solution to the transverse variation of

depth averaged velocity or boundary shear stress in a trapezoidal I
compound channel. The equations governing the shear layer between a

river channel and a flood plain are based on a dimensionless eddy

viscosity model which arrows for laterar variations in depth.

3 Results indicate that the analytical solution predicts certain hydraulic

features of frow in a compound channel quite welr especiarry for

relative depths less than 0.3.As the depth increases the solution copes

werr despite the flow becoming increasingly three dimensional.

4 Miniature current meters, Preston tubes, point gauges

sItL 1986

Velocity profiles in the turbulent boundary layer

I  Theoret ical ,  experimental ,  s imple, smooth

2 Engineering analysis often balances between the rigours of the physical

sciences, and pragmatism of design problem solving, particularly for

complex si.tuations. The broad topic of turbulent fluid flows and more

specifically the turbulent boundary layer are prime examples of

compromise between rigour and empiricism. suggestions for a new



composition for the current complex of engineering profiles are

developed and shown to be both sufficiently accurate and utilj-tarian.

Investigation suggests that both logarithmic and power law oq>ressions

are valid in describing turbulent boundary layer profiles but in

different portions of the 1ayer. Implies a profile cornplex of adjacent

to the waII, near wal1, and outer near wall components moving from the

boundary layer inwards.

SLEATH 1987

Turbulent oscillatory flow over rough beds

Experimental, rough, duct

To present velocity measurements for turbulent oscillatory flow over

rough beds.

Turbulence intensities fluctuate significantly during the course of a

cycle. The variation has the approximate form of a modulated sine wave

with two maxima per cycle. Close to the bed the turbulence reaches its

maximr:m intensity as the flow decelerates. Further out, peak turbulence

diffuses steadily out at an approximately constant veloeity. In this

outer region there is no obvious correlation between the phase of

maximum turbulence j.ntensity and any of the flow parameters. Reynolds

stress is significantly smaller than the shear stress evaluated using

the usual momentur integral approach. In particular, the rnaxj:nr:m

Reynolds stress is much less than the mean horizontal force per unit

area on the bed. Suggested that this discrepancy i-s due to the effect

of the mean pressure gradient in oscillatory flows with rough beds and

to the momentrm transfers associated with vortex ejection on flow

reversal. Maximun Reynolds stress occurs at approximately the same

phase as one of the maxima of turbulence intensity. However, as

distance from the bed increases another peak,in phase with the second

maximum of turbulence intensity, begins to appear and eventually



dominates the record. Close to the bed the tirne mean eddy viscosity at

any given height is negative. Ttris region correlates roughly with the

region in which maximum Reynolds stress occurs at the first maxlmun of

turbulence rather than the second. It is suggested that these effects

are also produced by the jets of fluid associated with vortex ejection

on flow reversal. Further ouL, time mean eddy viscosity increases

steadily with height up to a maximum and then declines. In the region

where eddy viscosity increases with height the rate of growth is slower

than that usually found in steady flows. variation of eddy viscosity

during the course of the cycle is significant. variation of nixing

length with tine and with height is similair to that for eddy

viscosity. Mean velocity profiles appear to show that, in the outer

layer away from the bed, the non dimensionalised defect velocity is a

functi-on of the distance measured vertically up fron the crest leve1 of

the bed roughness; the Nikuradse roughness size;the orbital amplitude of

fluid particles outside the boundary layer.

Laser doppler anemometer.

STEIN, ROWE 1985

2D LDV Technique

flood plains - a

for

new

measuring flow in a meandering channel vith wetted

application and first results

Experimental, compound, smooth, meander

A physical model was designed and built to simulate various flow

processes of meandering rivers with confined flood plains. An Off-Axis

LDV system was used to measure two dimensional mean flow values and

their associated turbulent quantities.

Distinct secondary motion in the bends has an extreme influence on the

flow in the nain channel as well as on the flood plain. Highly

turbulent fluid mass welling out of the main channel is responsible for

slowing down the flow on the long part of the flood plain. The maxirmrn

velocity in the main channel can be found at the inner bank. Since

flood plain flow is almost parallel to the x axis, it forces the upper



part of the main channel flow in the same direction. This means that

there are not only vertical shear layers in the transition between flood

plain and main channel but also a horizontal shear layer between upper

and lower part of the main channel.

Laser Doppler Velocimeter, Miniature current meter

TAMAI 19BB

Coherent structures in the flow in ri-vers and open channels

Theoretical, experimental, smooth, compound

2/3 The paper directs itself at the topic of cohefent eddies relevant to

river mechanics. Fundamental structures and their effect on the mean

flow field or engineering problem are stressed. The paper also looks at

longitudinal eddies in inner and outer layers, boils or kolk eddies

which are represented by vortices with vertical axes.

THIRRIOT 1976

Unsteady flows in double profiled channels

Theoretical, experimental, compound, rough

To examine theoretically the effects of canal form on unsteady flows,

especially on the propogati-on of surges.

Surges in compound channels composed of two parallel flows related to

each other by exchange flow. At the inception of overflow the exchange

can be caleulated as for the discharge over a lateral spi1lway. This

overflow causes a rapid at,tenuation of the flood front height of the

propogating wave in the central part. The flow tends to a gradually

varying one with time and space. With sufficient submergence the



exchange flow takes place without any appreciable transverse head 1oss.

Level is almost constant across the section for the latter case.

Celerity of the disturbances is very close to the two celerities

obtained considering a single equivarent profire, except for the

appearance of a third celerity which is only a convective velocity.

4 -

TOMINAGA, EZAKT, NEZU 1988

Turbulent structure in compound channel flows wi-th rectangular and

trapezoidal main channel

I Experimental, theoretical, compound, smooth

2 To investigate the structure of turbulence in compound open channel

flows with rectangular and trapezoidal main channel cross section

3 Secondary current structure in compound channel flow i-s characterised by

the strong upflow from the junction edge and the flood plain vortex

regardless of the main channel shape. secondary currents on the

trapezoidal main channel are different from those in a rectangular main

channel. Primary mean velocity, turbulent stfucture and boundary shear

stress in both the trapezoidal and reetangular cross section channels

are not narkedly different. The apparent shear stress on the junction

interface is smaller in the trapezoidal main channel case, however, the

mechanism of momentum transfer from the main channel to the flood plain

is almost equal in both cas'es.

4 Hot film anemometer, pitot static tube

UTNES 1988

Two equation (k-e) turbulence computations by the use of a finite element

model



I Ttreoretical, simple, smooth, step

2 Paper presents a finite element rnethod which solves problems with tfune

dependent boundary conditions

3 The basic equations are the Reynolds averaged momentum equations in

conjunction with a two equation (k,e) turbulence model. The equations

are written in time dependent form and stationary problens are solved by

a time iteration procedure. The advection parts of the equations are

treated by the use of a method of characteristics, while the continuity

requirement is satisfied by a penalty function approach. The general

numerical formulation is based on Galerkin's method. Computational

results are presented for lD steady state and oscillatory channel flow

problems and for steady state over a two dimensional backward faci-ng

step

4 -

VINCENT, STRAUSS 1975

Cultivation of woods in flood plains of large rivers and its effect on the

runoff of high flood discharges

I E:cperimental, theoretical, simple, rough

2 To present the results obtained from studies into the hydraulie

resistance of flood plains planted with forests composed of fast growing

ta1 I  t rees .

3 Mode1 investigation results enabled derivation of Manning's roughness

coefficient dependent upon stem spacing, stem thickness and stream

depth.

4 -



WANG 1988

Three dimensionar models for fluvi-a1 hydrauric simulation

1 Theoretical, experimental, compound, smooLh, rough

2 To surrnarise the development, of 3D computational models and their

util isation in conjunction wi.th lD and 2D models

3 Effective numerical methodologies and reliable empirical functions have

been applied to construct the 3D computational models. Validity and

accuracy of hydrodynamic and sediment transport phenomena predictions

have been verified by comparing the FEM nodel against flume data.

4 -

WORMTEATON I9B8

Determination of discharge in compound channels using the dynamic equation

for lateral velocity distribution.

I fheoretical, experimental, compound, smooth

2 kr equation is derived,describing depth averaged velocity distribution

in a compound channel and applied to experimental data.

3 Equation provides good agreement between observed and calculated depth

averaged velocity profj.les-in laboratory compound channels of different

sizes,particularly at low overbank depths. Totar discharge and in

particular the main channel component, of discharge are more accurately

modelled by the equation than by the method of channel./floodplain sub

division at a vertical interface. The eddy vi-scosity ean be nodelled in

terms of two components representing bed generated and lateral velocity

generated turbulence. Equation to be used with care where the flow

becomes significantly three dimensional, ie large overbank depths or

narrow f lood plains.



4 Miniature current meters,Preston tube.

WORMLEATON, HADJIPANOS 1984

Modelling of discharge in compound ehannels

1 Experi-rnental , theoreti-cal , compound, smooth, rough

2 lo develop a method of discharge calculation that takes proper account

of the apparent shear stresses at ttre interface between a main channel

with its flood plains

3 Momentum transfer parameters suggested by Radojkovi.c can be used to

characterise the momentum transfer across either a vertical or

horizontal interface between main channel and flood plain in a compound

channel. In terms of total discharge, the vertical momentum transfer

method is generally an improvement over the traditional vertical

interface methods of either including or excluding the interface in the

main channel wetted perimeter. The distribution of discharge between

main channel and flood plain is modelled more closely by the horizontal

interface methods than by those using the vertical interface. In

general the vertical interface methods tend to overestiinate the main

channel discharge and underestimate flood plain f1ov.

4 Preston tube, mieromanometer, pressure transducer, miniature current

meter, hot film anemometer.

YOSHIDA, YAGI 1987

Development of laser doppler anemometry for river flow measurement

I  Prototype, simple, rough

2 Description of the use of a diode laser and an active band path filter

to overcome the problem of the optical head interfering with the flow

and to facilitate the operation of the signal processi-ng procedure.



3 Frow velocity rises by 1% in the measuring volume due to the
instrunent. The system can measure an extremely variable velocity as
induced by high frequency waves with large amplitude.

4 -



GEOMETRIC

PARAI'TETERS

This file detailing the dimensions of the channels

studied in investigations relating to flow in open

channels, ducts and pipes was compi.led on the Apricot

Xi-10 niicro computer usi.ng Wordstar 3.40 supplied by

Micro Pro.

AIl dimensions have been unified in S.1 units to

enable comparison between individual research work.

The data is presented in three lines representing the

flume dimensions, the channel dimensions and three

dimensionless parameters that are considered to be

representative of the channel form.

The flume dirnensions enable an assessment of the size

of research facility used in any particular work study

and are essentially restricted to experimental

facilities. Channel dimensions can relate to

ocperimental, prototypieal or theoretical

investigations.

In respect of rectangular fh:nes or ducts the channel

dirnensions, with the possible exception of the length,

are the same as the flune dimensions.

In respect of compound channels, the channel

dimensions with the possible exception of the

will essentially be different than the flume

di:nensions, as the width and depth of channel

the incised channel within the berms or flood

length,

refer to

plains.

Data referable to protot)ape research will only be

found in the lines relating to channel dimensions and

dimensionless parameters

The notation used in defini-ng the dimensionless

parameters is il lustrated in the diagrams a, b and c.



(a) Rectangular flume, elmple channel

le B/b = 1; H-h/H not appl leable; b/h dependent upon

f low depth .

(b) Duct -  rectangular

--T
h

_f
B

I
I
Fr- b

B/b  =  1 ;  H-h / t t  no t  app l l cab le ;  b /h  =  cons tan t .

{ . - --t-



(c) Conpound channel or duct

L
B/b = constant;  H-h/H dependent upon f low depth; b/h =

constant.

Aeynnetrlc compound channels or ducts are treated as

lf repreaentlng half a complete compound channel or

duct and consequently the same dlmenslonless

parametere apply.

,t

I
I
H

I

L

In respect of al l  channels,  b,  represents half  the

base wLdth of the channel whether lt ls rectangular

t rapezo lda l  ln  sec t ton .
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