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SIJMUARY

This report presents the result of a literature search into flov in open

channels with particular interest in Flood Channels.

The search is presented in the form of three files:

- a card index file developed on the Apricot micro computer associated with

the Flood Channel Facility which indicates the source of the publication

and gives details of any e>rperimental facility.

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

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

instruments used in the study.

- details of the channels studied in previous research into flow

interaction, secondary flow, turbulence, momentun transfer etc, unified

in S.l units. Three relevant dimensionless parameters are also

presented.

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

literature search, January Ig87, January 1988 and June 1989.

Ttre layout of the contents of this report are the same as for Report

Nos SR 96, SR 153 and SR 209.
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2 CARD INDEI( OF

PAPERS

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

computer associated with the Flood Channel Facility at

Hydraulics Research, uging CARDBOX-PIUS, Version 3 as

suppli-ed by Business Simulations Ltd.

The field captions used in the card index are detailed

below:

Author self explanatory

Title self explanatory

Pubrn publication (see Abbreviation of

Publ icat ions)

Data form of data presentation, graphical

notation

Key words self explanatory

channer tvpe 
:H:;:":ff, ;::r::;;::r:"
theoretical, sfunp1e, compound, smooth,

rough, bend, duct or pipe.

Due to the restricted space 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 flume or channel slope, eg 2(-3)

represents a slope of 0.002

a discharge

INST instruments used in exoerimental work



Abbreviation of Publications

AMER

A}IN

ASME

ASP

CH, CHAN

CIV

CONF

CONG

CONST

CONT

DEPT

D ,  D I V

DPRI

American

Annual

Arnerican Society of l{echanical

Engineers

Aspects

Channel

Civi I

Conference

Congress

Construction

Control

Department

Division

Disaster Prevention Research

Institute

Elements

Engineering Mechanics

Engineering

Experimental

Finite

Foundation

Geological

Geophysical

Hydraulics

International Association Hydraulic

Research

Irrigation and Drainage

Institut for Hydromechanik and

Wasserwirtschaft

Institute

International

ELEM

EM

ENG

EXP

FIN

FOIJND

GEOL

GEOPHYS

HYD, HYDR

IAHR

ID

IH[,I

INST

INT



IWES Institute of Water Engineers and

Scient ists

Journal

Journal Institute of Civil Engineers

Japan Society of Civil Engineers

Measurenents

Meehanics

Ministry

Modelling

National Ad.visory Conrnittee for

Aeronautics

Number

Proceedings

Engineers

Proceedings

Engineers

Proceedings

Refined

Regional

Research

Review

Sediment

Society

Station

Structures

Symposium

Arnerican Society of Civil

Institute of Civil

J

JICE

JSCE

MEAS

},IECH

MIN

uoD

NACA

NO

PASCE

PICE

PROC

REF

REG

RES

REV

SED

soc
STN

STR

SYMP

TASCE

TASUE

TECH

TN

Transactions American

Engineers

Transaetions American

Mechanical Engineers

Technical

Technical note

Society of Civil

Society of



TRA}IS

rUR
Transactions

Turbulence

III(AEA United Kingdom Atomic Energy

Authority

UNIV University

US United States

USWES United States Waterways Experimental

Station

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 libraty 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. The literature search will be updated

as further material becomes available in recognition

of this fact.



.AUTHOR ARNOLD U, ROUVE G, STEIN G .PUB'N HYDROCOMP 89,
. . . D U B R O V N T K ,

.TITLE A REVIEW OF INVESTIGATIONS ON COMPOUND OPEN

.CHANNEL FLOW
.YUGOSLAVIA,  JUNE,
. 1 9 8 9

.DATA EXPERIMENTAL STUDIES, ANALYTICAL STUDIES,

.NUMERICAL },TODELING
.KEY WORDS BEVTEW,
.COMPOUND CHANNELS,

SECONDARY CURRENTS '
.CHANNEL TYPE THRY, EXp,  PROTO, COMP, SMTH, RcH .RESISTANCE, TURBULENCE

. F L . F W . F D

. C L . cw . C D

. FCS
: '

.  I N S T

.AUTHOR ARNOLD U, STEIN J,  ROUVE G .PUBtN  HYDROCOMP 89 ,

. i i i l ; ' ;o;;i; i i ;^i i l ' ; i l i l ff i" i ' i l ;H*ieffi ' ' ; ; ' ' ' '  :?l333ll$fu, JUNE,

.EXPERIMENTAL INVESTIGATION OF COMPOUND OPEN CHANNEL FLOW.1989

.DATA VELOCITY, REYNOLDS STRESS .KEY WORDS COMPOUND
.CHANNBL, LASER DOPPLER

.CHANNEL TYPE EXP, COMP, SMOOTH, ROUGH . TECHNIQUES

. F L . F W . F D

. cL .cl4l . C D

. FCS .a .  INST

.AUTHOR ARNOLD U, PASCHE E,  ROUVE G .PUB'(N 2L5T IAHR
. .  ' C O N G R E S S ,  V O L  2 '

.TITLE MIXING IN RIVERS WITH COMPOUND CROSS SECTION .MELBOURNE, 1985

.DATA TRANSVERSE DISPERSION COEFFTCIENT, TRANSVERSE .KEY WORDS COMPOUND

.DISPERSION COEFFICIENT, CONCENTRATION DISTRIBUTION .CHANNEL, DIFFUSION,
DISPERSION

.CHANNEL TYPE EXP, THRY, COMP, SMTH, RGH

. F L  2 5  M . F W  1  M . F D

. c L  2 5  M . c w  0 . 3 1 4 , 0 . 4 8 9  M .  c D  0  . 1 2 4  t 4

.  FCS .a . INST  LASER DOPPLER VELOCIMETER,
.TRACER,  D ]G ITAL  IMAGE PROCESSING



.AUTHOR ARNOLD U, HOTTCES J, ROUVE C .PUB ' !N  23RD CONGRESS,  .
, . . . . . r . . .  . . . I A H R '  O T T A ! , I A ,  .
.TITLE TURBULENCE AND MIXING MECHANISMS TN COMPOUND OPEN .AUGUST,1989
.CHANNEL FLOW
a . r . a

.DATA VBLOCITY COMPONENTS, REYNOLDS STRESS,

.TURBULENCE PARAMETER, TURBULENT SCHI.{IDT NO.
.KEY WORDS COMPOUND
.CHANNEL, TURBUTENCE,
MIX ING

.CHANNEL TYPE EXP, THRY, COMP, SMTH, RGH

. F L 2 5 M  . F W 1 M  . F D

. cL . cw . cD

. FCS .a .  INST LASER DOPPLER ANEMOMETER

.AUTHOR AUTRET A, GRANDOTTO M . P U B . N  I N T .  J .  F O R. 4 v r r r v r !  4 v r r l D r  4 t  u r l n l t g v l  t v  t a  .  r  v u  r t

.  .  .NUMERICAL METHODS IN
.TITLE FINITE ELEMENT COMPUTATION OF A TURBULENT FLOW .FLUIDS, VOL 8,  1988
.OVER A TWO DIMENSIONAL BACKWARD FACING STEP

.DATA STEP HEIGHT, CHAINAGE, VELOCITY PROFILE,

.TTIBBULENT KINETIC ENERGY, PRESSURE FIELD
.KEY WORDS k-e TLIRBULENCE.
.  MODEL, FINITE ELEMENT

r T T T T  M E T H O D '  P E N A L T Y  F U N C T I O N .
.CHANNEL TYPE THRY, EXp,  SIMP, SMTH, STEP . APPROACH, WALL LAW

. F L . F W . F D

. cL . cw . cD

. FCS .a .  INST

.AUTHOR BERBEE J G, ELLZEY J L .PUB.N  EXPERIMENTS IN
. . . F L U r D S ,  7 ,  1 9 8 9

.TITLE THE EFFECT OF ASPECT RATIO ON THE FLOW OVER A

.REARWARD FACING STEP

.DATA ASPECT RATIO, VELOCITY, TURBULENCE INTENSITY, .KEY WORDS ASPECT RATIO,

.STROUHAL NO.,  VELOCITY SPECTRA . TURBULENCE

.CHANNEL TypE EXp, SIMP, SMTH, DUCT

. F t  0 . 3 5  M .  F W  0 .  1 0 1 6  ,  0 .  2 5 4  M . F D  0 . 0 7 5  M

. c L  0 . 3 5  M . c w  0 . 1 0 1 6  ,  0 . 2 5 4  M . c D  0 . 0 7 5  M

.  FCS . Q  A I R .  INST LASER DOPPLER VELOCIMETER



a t a t a  a a a a a  t . a . .

.AUTHOR BOOIJ R .PUB 'N  23RD CONGRESS,  .

.TITLE DBPTH AVERAGED k-e MODELLING . 1 9 8 9

'DA'A MrxrNG LAYER 
.il#'ffili3,tH#li"ot
AVERAGED, MIXING

.CHANNEL TYPE THRY, EXP, COMP, SMTH

. F L . F W . F D

. cL . cw . cD

. FCS .a .  I N S T

.AUTHOR BOZZANI A,  MOLINARO P,  ANDREOLA M, STROBINO G .PUBIN 23RD CONGRESS,
. . . r A H R ,  O T T A W A ,

.TITLE MATHEMATTCAL MODELLING OF TRANSPORT AND DISPERSION.AUGUST, 1989

.  OF POLLUTANTS IN RIVERS.AN EXPERIENCE DEVELOPED AT ENEL.

.DATA DISTRIBUTION COEFF.,  TIME, CONCENTRATION,

.DEPOSIT ION COEFF. ,  EROSION COEFF. ,  SHEAR STRESS
.KEY WORDS NUMERICAL
.MODEL, POLLUTANTS,
DISPERSION

.CHANNEL TYPE THRY, PROTO, SIMP, RGH

. F L . F W . F D

. cL . cw . cD

. FCS .a .  I N S T

.AUTHOR CHAPMAN R S, KUO C Y . P U B I N  I N T .  J .  F O R^ v  v t  a v u  I r

. . . N U M E R I C A L  M E T H O D S  I N
.TITLE APPLICATfON OF THE 2 EQUATION k-e TURB. MODEL TO .FLUIDS, VOL 5,  1985
,A 2D STEADY,FREE SURFACE FLOW PROBLEM WITH SEPARATION

.DATA DEPTH AVERAGED VELOCITY FIELD, VELOCITY, ASPECT .KEY WORDS TURBULENCE

.RATIO, REATTACHMENT LENGTH .MODEL, FINITE DIFFERENCE.

.cHANNEL TypE THRY, EXp,  SIMP, SMTH, EXPANSION
.,  FREE SURFACE FLOW,
.CHANNEL EXPANSION,  QUICK.

. F L . F W . F D

. cL .c l . l . C D

. Fcs  5 { -4 ) .a .  I N S T



.AUTHOR CHAPMAN R S, KUO C Y . P U B I N  I N T .  J .  F O R

. . . . . . . . . . . . . . .  . . . . . . . . .  r  . . . N U M E B r C A I  I I E T H O D S  r N

.TITLE APPLTCATION OF A HIGH ACCURACY FINITE DIFFERENCE .FIUIDS, VOL 3, 1983

.TECHNIQUE TO STEADY,FREE SURF'ACE FLOW PROBLEMS

.DATA WATER SURFACE PROFILES, DEPTH AVERAGED VELOCITY .KEY WORDS QUICK, FINITE

. FIELD .DIFFSRENCE, FREE
STJRFACE FLOW

.CTIANNEL TYPE THRY, SIMP, SMTH, EXPANSION

. F L . F W . F D

. cL . cw . cD

. FCS .a .  I N S T

.AUTHOR CHATWIN P C,  SULLIVAN P J . P U B ' N  J  F L U I D
. . . M E C H A N T C S ,  V O L  1 2 0 ,

.TITLE THE EFFECT OF ASPECT RATIO ON LONGITUDINAL

.DIFFUSIVITY IN RECTANGULAR CHANNELS
. 1 9 8 2

.DATA LONGITUDINAL DIFFUSIVITY, ASPECT RATIO .KEY WORDS DIFFUSIVITY,
. LAMINAR FLOI{I, TURBULENT

: . . . .  . .  i .  .  FLow ,  AsPEc r  RATro
.CHANNEL TYPE EXP, THRY, SIMP, RGH

. F L .  F W  1 9 .  1 ,  3 8 .  1  C M . F D

. cL .  c w  1 9 .  1 ,  3 8 .  1  C M . cD

. FCS
: '

.  INST

.AUTHOR CHAUDRY M H, BHALLAMUDI S M .PUBIN  J  HYDRAULIC
.  .  .RESEARCH'  VOL  26  '

.TITLE COMPUTATION OF CRITICAL DEPTH IN SYMMETRICAL

.COMPOUND CHANNELS
. 1 9 8 8 ,  N O  4

.DATA SPECTFTC ENERcy, DEPTH, FROUDE, WATER SURFACE .KEY WORDS COMPOUND

.PROFIIES CHANNEL, CRITICAL DEPTH

,CHANNEL TypE THRY, EXp, COMP, SMOOTH

. F L . F W . F D

. cL . cw . cD

.  FCS
: '

.  I N S T



.AUTHOR CHIEN R,

.TITLE MOMENTUM

CHUNG J N, TROUTT T R
l a a a a  a a . a . a a a t .

TRANSPORT IN A TURBULENT MIXING LAYER

. P U B I N  I N T .  J .  F O R
. . NU}IERICAL METHODS IN

. F L U I D S ,  V O L  9 ,  1 9 8 9

a . a . .  a . a a .

.DATA FIOW FIELD, VELOCITY, TURBULENT INTENSITY,

.REYNOLDS STRESS, MOMENTUM FLUX & THTCKNESS

.CHANNEL TYPE THRY, EXP, SIMP, SMTH

.KEY WORDS MOMENTUM

.TRANSPORT, TURBULENT
.  . .  .M IX ING LAYERS,  D ISCRETE

.VORTEX METHOD

. F L . F W . F D

. cL .cl,v . cD

. FCS .a .  INST

.AUTHOR CHTU C L, KARAFFA I{ .PUB 'N  23RD CONGRESS,
. . . I A H R ,  O T T A W A ,

.TITLE A NEW VELOCITY DISTRIBUTION EQUATION FOR

.ESTIMATION OF DIFFUSION COEFFICIENT
. A U G U S T , 1 9 8 9

.DATA NORMALISED DEPTH, VELOCITY DISTRIBUTION EQUATION.KEY WORDS DIFFUSION,

.S'  vEL.  GRADIENTS'  DIFFUSION OOEFF.,  SEDIMENT CONO. .P0LLUTANT, OPEN
CHANNELS

.CHANNEL TYPE THRY, EXP, SIMP, RGH

. F L . F W . F D

. cL . cw . cD

. FCS .a .  I N S T

.AUTHOR CI{U V H, BABARUTSI S

.TITLE MODELLING THE TURBULENT MIXTNG LAYERS IN A

.SHALLOW OPEN CHANNEL

. P U B I N  2 3 R D  C O N G R E S S ,  .

. IAHR,  OTTAWA,

. A U G U S T , 1 9 8 9

.DATA TURBULENT VELOCITY FLUCTUATION, MAX. SLOPE

.WIDTH, MIXING LAYER
.KEY WORDS OPEN CHANNEL, .
.MIXINC LAYER, .

.CHANNEL TYPE THRY, EXP, SIMP, SMTH
TURBULENCE

. F L . F W  0 . 6 1  M . F D  0 . 1 3  M

. cL . c w  0 . 6 1  M . c D  0 . 1 3  M

.  FCS

: '
.  INST HOT FILM ANEMOMETER



.AUTHOR DAWKINS R A, DAVIES D R .PUBIN  J  FLUID

:;ii'i;"iil';r;;;'i6';F';fiFA&"i';##Hi";N'ilftffiM'Ail' :T38to*t"t' 
vol 108'

.MASS TRANSFER IN A TURBULENT BOUNDARY LAYER

.DATA VELOCITY PROFILES, PRESSURE DISTRIBUTION,

.FRICTION VELOCITY, CONCENTRATION
.XEY WORDS MOMENTUM,
.MASS TRANSFER, BOUNDARY
LAYER, TURBULENCE, DIFFU.

.CHANNEL TYPE EXP, THRY, STMP, SMTH, DUCT .SION, EVAPORATION RATE

. F L  1 0 . 5  M . F W  0 . 9  M . F D  0 . 5  M

. c L  1 . 5  M . c w  0 . 9  M . c D  0 . 5  M

. FCS
:n

AIR . INST PITOT TUBE

.AUTHOR DEI'IUREN A O, RODI W . P U B I N  J  F L U I D
. . . M E C H A N T C S '  V O L  1 7 2 ,

.TITLE CALCULATION OF FLOW AND POLLUTANT DISPERSION IN ,1986

.MEANDERING CHANNELS

.DATA VELOCITY VECTOR, VELOCITY PROFILES,

.ooNCENTRATION PROFILES, BED SHEAR STRESS
.KEY WOBDS COMPOUND
.CHANNEL,  D ISPERSION,
FLOW, MEANDERS'

.CHANNEL TYPE EXP, THRY, SIMP, SMTH, RGH, MEANDER .TURBULENCE MODEL

. F L  2 0 ,  3 0 M . F W  0 . 2 5 4 ,  2 . 3 4  t " l . F D

, c L  2 0 ,  3 0  M . c w  0  , 2 5 4 ,  2 . 3 4  M . C D

. FCS .a .  ]NST TRACER

.AUTHOR DJORDJEVIC S,  PETROVIC J,  MAKSII ' {OVIC C ET AL .PUB(N  HYDROCOMP 89 ,
DUBROVNIK ,

.TITLE EXPERIMENTAL TRACER INVESTIGATIONS IN

.LABORATORY CHANNEL
A COMPOUND .YUGOSLAVIA,  JUNE,

. 1 9 8 9

.DATA VELOCITY DISTRIBUTION, CONCENTRATIONS .KEY WORDS COMPOUND
.CHANNEL,  D ISPERSION
COEFFIC IENT

.CHANNEL TYPE EXP, COMP, SMOOTH

. F L  3 4 . 2  M . F W  0 . 7  M . F D

. c L  2 3 , 7  t 4 . cw  o .35  M .cD

. F C S  1 . 5 ( - 2 ) . Q  1 2 . 9  -  2 8  L l S .  INST  COLORIMETER,  V -NOTCH



a a a a a  a a r a a  a . . . a  . . a a .  a . . a .

.AUTHOR ELLIOTT S C A, SELLTN R H J .PUBIN J HYDRAULIC

.TITLE SERC FLOOD CHANNEL FACILITY : SKEWED FLOW

. EXPERIMENTS
.FOR PUBLICATION
.  1 9 8 9  )

.DATA SKEW ANGLB, DEPTH & VEL RATIO, ROUCHNESS, . KEY WORDS SKET.JED

.ISOVELS, BOUNDARY SHEAR STRESS, APPARENT SHEAR FORCE .COMPOUND CHANNEL, SHEAR
STRESS, SECONDARY FLOW

.CHANNEL TYPE EXP, COMP, SMOOTH, RGH, SKEW

. F L  5 6  M . F W  1 0  M . F D

. C L  5 0  M . cw  1 .50  M . c D  0 . 1 5  M

. F C s  1 . 0 2 7 ( - 3 ) . Q  0  -  1 . 1  C U M E C S . INST MINIATURE
.PRESTON TUBE,

CURRENT METERS,
DIRECTIONAL VANES

.AUTHOR ERVINE D A,  JASEM H K .PUB ' iN  23RD CONGRESS,
.  .  .  rAHR, oTTAWA, .

.TITLE FLOOD MECHANISMS IN MEANDERING CIIANNELS WITH

.FLOODPLAIN FLOW
.AUGUST,  1989

.DATA RELATM DEPTH, HEAD LOSS COEFF.,  VELOCITY

.PROFILB, ISOVELS, DEPTH, % DISCHARGE ERROR
.KEY WORDS COMPOUND
.CHANNELS, I ' IEANDERS,
FLOW SUB-D IV IS ION

.CHANNEL TYPE THRY, EXP, COMP, SMTH, RGIT,  MEANDER

. F L  1 0  M . F W  0 . 8  M . F D

. c L  1 0  M . cw  0 .14  M . c D  0 . 0 6 1  M

. Fcs  1 ( -3 ) . Q  0 . 0 6  C U M E C S . INST  POINT  GAUGES,
.METER,  D IRECTIONAL

MIN. CURRENT
VANE

.AUTHOR FODEMSKI T R,  VOKE P R,  COLLINS M W . P U B ' N  I N T .  J .  F O R
. ;  .NUMEBICAL METHODS IN

.TITLE FLOW SIMULATION IN CHANNELS WITH DISTORTED GEOMETR.FLUIDS, VOL 7,  198?

.Y USING A SPECTRAL CODE WITH CO-ORDTNATE TRANSFORMATTON

.DATA TURBULENT KINETIC ENERGY, TIME, VELOCITY FIELD .KEY WORDS LARGE EDDY
.SIMULATION, SPECTRAL
METHODS, CO-ORDINATE

.CHANNEL TYPE THRY, EXP, SIMP, SMTH, RGH . TRANSFORMATION

. F L . F W . F D

. C L . cw . C D

. FCS
: '

.  I N S T



a a a a a . a a a a a a . . a  a . a a .

.AUTHOR FUJISAKI K,  TANIGAWA H, AWAYA Y .PUBIN J.  OF
. . . . .  . . . H Y D R O S C I E N C E  A N D  H Y D N ,

.TITLE ON THE DISPERSION PHENOMENA OF SUSPENDED SOLID IN .AULIC ENGTNEERING,

.TURBULENT OPEN CHANNEL FLOW . vo l ,  6 ,  DECEMBER,  1988

.DATA CONC DTSTRTBUTION, VELOCTTY, DTSPERSION COEFF, .KEy WORDS DTSPERSION,

.CONC DECAY, TURBIDITY, REYNOLDS NO. .TURBULENCE

.CI IANNEL TYPE THRY, EXP, SIMP, RGH

. F L  8  M . F W  0 . 4  M . F D

. C L  8  M . cw  0 .4  M .cD

. FCS .a . INST TURBIDITY METER, CONDUCTIVITY
. METER

.AUTHOR GEORGIEV B V .PUBtN  23RD CONGRESS,
. . . . .  . . . r A H R ,  O T T A W A ,

.TITLE BED LOAD TRANSPORT IN FLOODPLAIN DURING HIGH

. WATERS
. A U G U S T , 1 9 8 9

.DATA GRAIN SrZE DISTRIBUTION, FLOOD HYDROGRAPH, .KEy WORDS COMPOUND

.SHEAR STRESS, VELOCITY PROFILE, BED LOAD DISTRIBUTION.CHANNEL, SEDIMENT
. . . . .  T R A N S P O R T

.CHANNEL TYPE PROTO, COMP, RGH
a . a a .

. F L . F W . F D

. cL . cw  33 .5  M . C D  1 . 6  M

.  Fcs  L  .25  (  -21 ..Q 122 - 450 cuMEcs 
::il3TrlilX"l*13"o*or*, 

cuRRENr METER,

.AUTHOR GIBSON M M,  RODI  W .PUB 'N  J .  HYDRAULIC
. . . R E S E A R C H ,  V O L  2 7 ,

.TITLE SIMULATION OF FREE SURFACE EFFECTS ON TURBULENCE .1989,  NO. 2

.WITH A REYNOLDS STRESS MODEL

.DATA TURBULENT ENERGY DISTRIBUTION, TURBULENT LENGTH

.SCALE, SURFACE PROXIMITY FUNCTION, DEPTI{  RATIO

.CHANNEL TYPB THRY, EXP, SIMP, SMOOTH, RGH

.KEY WORDS TURBULENCE,

. :**"ro"os 
srRESs

. F L . F W . F D

. cL . cw . cD

.  FCS
: '

.  I N S T



.AUTHOR HACKMAN L P, RATTHBY G D, STRONG A B .PUB'N INT. J.  FOn

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . N U M E R I C A L  M B T H O D S  I N

.TITLE NU}IERICAL PREDICTIONS OF FTOWS OVER BACKWARD . F L U T D S ,  V O L  4 ,  1 9 8 4

.FACING STEPS
a . a a .  . a . a a  a . a . a

.DATA REATTACHMENT LENCTH, REYNOLDS NO., VELOCITY .KEY WORDS I'INITE VOLUME

.PROFILE, TURBULENT KINETIC ENERGY, RSYNOLDS STRESS .METHOD, TUNBUIJENCE
. . . . .  . . . . .  M O D E L ,  N U M E R T C A L

.CHANNBL TYPE THRY, EXP, SIMP, S},ITH, STEP .DIFFUSION

. F L . F W . F D

. C L . cw . cD

. FCS
: '

.  INST

.AUTHOR HASEGAWA K .PUBIN PASCE, J HYD
. . . D ,  V O L  1 1 5 ,  6 ,  J U N E ,

.TITLE UNIVERSAL BANK EROSION COEFFICIENT FOR MEANDERING .1989

. RIVERS

.DATA MIGRATION LENGTH, BANK EROSION

.SCOURING FACTOR, BANK EBOSION COEFF,

.CHANNEL TypE THRY, PROTO, SrMp, RcH,

RATE, VEL RATIO,
PENETRATION

. . : . .
MEANDERS

.KEY WORDS MEANDERS,

.BANK EROSION

. F L . Fl'l . F D

. c L  1 0 0 0 ,  4 0 0 0  M . c w  8 0 ,  1 4 0  M . c D  1 . 3 ,  6 . 5  M

.  FCS .a .  INST

.AUTHOR HESLOP S E,  ALLEN C M .PUB 'N  23RD CONGRESS,
. . . 1 A H R '  O T T A W A ,

.TITLE TURBULENCE AND DISPERSION IN LARGER U.X.  RMRS .AUGUST, 1989

.DATA VELOCITY AVERAGED CONCENTRATION, TURBULENT

. VELOCITIES
.KEY WORDS OPEN
.CHANNELS, TURBULENCE,
DISPERSION

.CHANNEL TYPE PBOTO, SIMP, RGH

. F L . F W . F D

. cL . cw  45 ,  60  M . c D  \ , 2 ,  2  M

.  FCS .Q 20 -  43 CUI ' IECS .INST ELECTROMAGNETIC CURRENT METER,
.TRACER



. A U T H O R H U A N G W W L .PUB 'N  23RD CONGRESS,

.'i'i;fi "i'fi 
' 
fii :' ffiF .' ;&""il' ffift ' ;;;,i' :' ;;' ;p;N' ;ilN .' ; : i*8kt?tTfll'

.LOW DBTERMINED BY THE LAW OF MAX. BATE OF ENERGY DTSSIP. .

.DATA TURBULENT CORE, LAMINAR FILM, VELOCITY PROFTLE .KEY WORDS OPEN CHANNEL,

. FORI{ULA .VELOCTTY PROFTLE,
ENERGY DISSIPATION

.CHANNEL TYPE THRY, EXP, SIMP, RGH

. F L . F W  2 . 4 3 9  M . F D

. cL .  c w  2 . 4 3 9  M . cD

. F C S  3 . 4 ( - 4 ) . Q  0 . 0 9 6 9  C U M E C S . INST PITOT TUBE

.AUTHOR HYDRAULICS RESEARCH LIMITED . P U B I N  I N T .  C O N F .  O N
. . . R I V E R  R E G I M E ,

.TITLE INTERNATIONAL CONFERENCE ON RIVER RECIME .WALLINCFORD, MAY,
. 1 9 8 8

.DATA RMR MORPHOLOGY, ANALYTICAL APPROACH,

.EMPIRICAL APPROACH, FIELDWORK, LABORATORY STUDIES
.KEY WORDS RIVER REGIME,
.MEANDERS,  BRAIDS,  STRAIG.

. . .  i .  H T  C H A N N E L S '  S E D I M E N T
.CHANNEL TYPE PROTO, EXP, THRY, SMTH, RGH .LOAD, FRICTION FACTOR

. F L . F W . F D

. cL . cw . cD

. FCS .a .  INST

.AUTHOR IMAMOTO H, ISHICAKI T .PUBtN  HYDROCOMP 89 ,

.TITLE SECONDARY FLOW IN COMPOUND OPEN CHANNEL .YUGOSLAVIA ,  JUNE,
. 1 9 8 9

.DATA MEAN VELOCITY, TURBULENCE INTENSITY, SHEAR

.STRESS, SECONDARY FLOW CELLS
.KEY WORDS COMPOUND
.CHANNEL, SECONDARY

FLOW, SHEAR STRESS
.CHANNEL TYPE EXP, COMP, SMOOTH

. F L . F W . F D

. cL , cw  o .2 ,  L .00  M .  c D  0 . 0 1  ,  0 . 0 6  M

. F C S  5 . 8 8  -  2 0 ( - 4 ' ) . Q  0 . 3 2  -  2 4 . 5  L / S . INST  MIN  CURRENT METER,  HOT F ILM ANE.
.M, HYDROGEN BUBBLES, TRACER, CAMERA



.AUTHOR IMAMOTO H, ISHIGAKI T,  NISHIDA } , I .PUB' |N 23RD CONGRESS,

. .  . . .  . .  .  rAHn ,  oTTAWA,

.TITLE TURBULENCE,SECONDARY FLOW AND BOUNDARY SHEAR

.STBESS IN A TRAPEZOIDAL OPEN CHANNEL
. A U G U S T , 1 9 8 9

.DATA VELOCITY, TURBULENCE INTENSITY, SECONDARY FLOW .KEY WORDS OPEN CHANNEL,

....:iffigilil*:,1'3ho"
.CHANNEL TYPE EXP, SIMP, SMTH . STRESS

. F L  1 3  M . F W  0 . 3 9  M . F D

. c L  1 3  M . cw  0 .2 ,  o .39  M .cD

. F C S  1 . 2 5 ( - 3 ) . Q  0 . 0 0 0 9  -  0 . 0 0 5 6 8
.  L ITRES/SEC

. INST  PRESTON TUBE,  CAMERA,  V IDEO

.AUTHOR JOHANSSON A V, HENRIK ALFREDSSON p . P U B I N  J  F L U I D
. . . M E C H A N T C S '  V O L  1 2 2 ,

.TITLE ON THE STRUCTURE OF TURBULENT CHANNEL FLOW . 1 9 8 2

.DATA VELOCITY, TURBULENCB INTENSITY, FREQUENCY

. SPECTRA
.KEY WORDS FLOW
.STRUCTURE, TI'RBULENCE,
REYNOLDS NO.

.CHANNEL TYPE EXP, THRY, SIMP, SMTH, DUCT

. F L . F W  0 . 4  M . F D  0 . 0 8  M

. cL . cw  0 .4  M . c D  0 . 0 8  M

. FCS .a . INST LASER DOPPLER ANEMOMETER, HOT
.F ILM PROBE

. P U B ' N  J  O F  S B D I M E N T: iYT::: lYi:::i:.f: l lY??i:: RE'EAR.H, ,,1e8e,
.TITLE EXPERIMENTAL RESEARCH ON FLOW STRUCTURE AND
.MOVEMENT OF SUSPENDED SEDIMENT OF OVERBANK FLOW

.  B E I J I N G

.DATA ISOVELS, VELOCITY, STAGE, SEDIMENT

.CONCENTRATION, SBDIMENT FLUX
.KEY WORDS COMPOUND
.CHANNEL, SEDIMENT
CONCENTRATION,

.CHANNEL TYPE EXP, SIMP, COMP, RGH . TURBULENCE

. F L  1 8  M . F W  2  M . F D

. c L  1 2  M . c w  0 . 6  M . C D  0 . 1  M

. F C S  1 ( - 3 ) . Q  7 7 . 9  L I T R E S / S E C  .  I N S T



.AUTHOR KASTRINAXIS E C, ECKELMANN H .PUBIN  J  FLUID
MECHANTCS,  VOL  13? ,

.TITLE MEASUREMENT OF STREAMWISE VORTICITY FLUCTUATIONS .1983

.IN A TURBULENT CHANNEL FLOW

.DATA TRANSVERSE VELOCITY COMPONENT, CALIBRATION

. FACTOR

.CHANNEL TYPE EXP, THRY, SIMP, RGH, DUCT

.KEY WORDS VORTICITY,

. TURBULENCE

. F L  9 . 5  M . F W  0 . 1 8  M . F D  1 . 4 0  M

. c L  9 . 5  M . cw  0 .18  M . c D  1 . 4 0  M

. FCS . Q  A I R .  TNST VORTICITY PROBE

.AUTHOR KAUL U K,  KWAK D .PUBiN INT.  J .  FOR
. .  .NUMERICAL METHODS IN

.TITLE COMPUTATTON OF INTERNAL TURBULENT FLOW WITH A

.LARGE SEPARATED FLOW REGION
. F L U T D S ,  V O L  6 ,  1 9 8 6

. . . . t

.DATA TLTRBULENT KINETIC ENERGY, WALL FLUX & BOUNDARY, .KEy WORDS TWO EQUATTON

.VEL. PROF.,  TURB. SHEAR STRESS, PRESSUBE DISTRIBUTION.TURBULENCE MODEL, .
SEPARATED FLOW

.CHANNEL TYPE EXP, THRY, SIMP, SMTH, STEP

. F L . F W . F D

. cL . cw . C D

. FCS .a .  I N S T

.AUTHOR KAWAIIARA M, UMETSU T . P U B I N  I N T .  J .  F O R
. .  .NUMERICAL METHODS IN

.TITLE FINITE ELEMENT METHOD FOR MOVING BOUNDARY

.PROBLEMS IN RIVER FLOW
. F L U T D S ,  V O L  6 ,  1 9 8 6

.DATA STAGE, CHAINAGE, VELOCITY, CRITTCAL DEPTH,

.FROUDE NO.
.KEY WORDS FINTTE
.ELEMENT EQUATION,
MOVING BOUNDARY

.CHANNEL TYPE THRY, PROTO, SIMP, SMTH, RGH

. F L . F W . F D

. a L  7 5 ,  2 1 5 0  M . c w  8 ,  2 0 0  M n n

.  FCS . rq, .  I N S T



.AUTHOR KAI{AHARA Y, TAMAI N .PUB'.N 23RD CONGRESS,

:'i'i'i'i;'#;rr^Niil';;'il,i'Eili';ffiffi; 
"iil*;il"' i* 

' ' ' ' :i*H*;r:tltlf '
.COMPOUND CHANNEL FLOWS

.DATA VEIOCITY, SECONDARY FLOW, TURBULENT SHEAR .KEY WORDS MOMENTUM

.STBESS, MOMENTI.'M TRANSFER, APPARENT SHEAB STRESS .TRANSFER, COMPOUND
CHANNEL, SHEAR STRESS,

.CHANNEL TYPE THRY, EXP, COMP, SMTH, RGH .NUMERICAL MODEL

. F L . F W . F D

. cL . c w  0 . 0 8 7 ,  o . 1 6  M . c D  0 . 0 4 , 0 . 0 5  M

. FCS
: '

.  INST

.AUTHOR KNIGHT D I{, SHIONO K .PUBIN J I IYDRAULIC
. . . .RESEARCH ( ACCEPTED

.TITLE TI'RBULENCE MEASUREMENTS IN A SHEAR LAYER REGION .FOR PUBLICATION

.OF A COMPOUND CIIANNEL .1989)

.DATA DEPTH, VELOCITY, TURBULENT INTENSITY & KINETIC .KEY WORDS

: :iT::: : . ::Ti: . :::::: : . ::::, : :::: ::l : . llliT::i . :i:T?i : 3l?ilili;
.N  FACTOR,

COMPOUND
TURBULENCE,
STRESS,  FR ICT IO .

EDDY V ISCOSITY ..CHANNEL TYPE EXP, COMP, SMOOTH

. F L  5 6  M . F W  1 0  M . F D

. c L  5 0  M . cw  1 .5  M . c D  0 . 1 5  M

. F C S  1 . 0 2 7 ( - 3 ) . Q  0  -  1 . 1  C U M E C S . INST LASER DOPPLER ANEMOMETER

.AUTHOR KNIGHT D W, SHIONO K,  PIRT J .PUB 'N  INT  CONF HYD &
. . .ENVIRON MOD OF COASTA.

.TITLE PREDICTION OF DEPTH MEAN VELOCITY AND DISCHARGE .L.ESTUARINE & RIVER W.

.IN NATURAL RIVERS WITH OVERBANK FLOW .ATERS,  BRADFORD,  1989 .

.DATA STAGE, HYDRAULIC RADIUS' MANNINGS n, DARCY-WEISB.KEY WORDS COMPOUND

.ACH, VELOCITY, REYNOLDS NO.,  FRICTTON StOpE .CHANNEL, DTSCHARGE
. : . . .  E S T I M A T I O N ,  F R I C T I O N

.CHANNEL TYPE THRY, PROTO, COMP, RGH . FACTOR

. F L . F W . F D

. cL . c w  1 7  M . C D  6  M

. F C S  2 ( - 4 ) . o  1 0 6 . 5  -  3 3 0 . 8
. CUMECS

.  INST



.AUTHOR KNIGITT D W .PUBIN  UNIVERSITY  OF
BIRMINCITAI'I, DEPT OF

.TITIE SERC FLOOD CHANNEL FACILITY,  STRAIGHT CHANNEL .CIVIL ENGINEEBING,

. D A T A ,  S E R T E S  1  - 1 3  ( P R O V T S T O N A L )  . S E P T . ,  1 9 8 9

.DATA STAGE, DISCHARGE, VELOCITY, SI{EAR STRESS

a a . a .

.CIIANNEL TYPE EXP, COMP, SMTH, RCH

.KEY WORDS COMPOUND

. .  . .  : o H A N N E L ,  
S H E A B  S T R E S S ,

. F L  4 9 . 6 ?  M . F W  9 . 9 7 2  t " l . F D

. c L  4 9 . 6 ?  M . c I 4 '  1 . 5 0 0  M . c D  0 . 1 5 0  M

. F C S  1 . 0 2 7 ( - 3 )
: "  

o  -  1 .1  cuMECs . INST LASER DOPPLER ANEMOMETER, MIN
.CURRENT METERS, PRESTON TUBE

.AUTHOR KOMORI S,  UEDA H, OGINO F,  MTZUSHINA T . P U B ' N  I N T .  J .  H E A T

:'i'i'iiE"iil;;i;*&';'i'f ifi;';*;'ii^-;il;;'#;il*;il';i''':Xil'"3:^H'T36ruo"
.THE FREE SURFACE IN AN OPEN CHANNEL FLOW

.DATA TURBULENCE KINETIC ENERGY & INTENSITIES, HEAT .KEY WORDS TURBULENCE

::::T :i:::: ::::::Tl.::Y:TYiT::T: ::i::.::::::iTi:i :iHllS$H*T',ffi83","",
.CHANNEL TYPE EXP, THRY, SIMP, SMTH . INTENSITY

. F L  6 . 1  M . F W  0 . 3  M . F D  0 . 0 6  M

. c L  6 . 1  M . cw  0 .3  M .cD

. FCS .a . INST LASER DOPPLER VELOCIMETER,
.COLD FILM PROBE

.AUTHOR KOMORI S,  UEDA I I ,  OGINO F,  MIZUSHINA T . P U B ' N  J  F L U I D
. . . M E C H A N T C S '  V O L  1 3 0 '

.TITLE TURBULENCE STRUCTURE IN STABLY STRATIFIED OPEN .1983

.CHANNEL FLOW

.DATA VELOCITY, TEMPERATI.IRE, TURBULENCE KINETIC

.ENERGY, VERTICAL TIEAT FLUX, SHEAR STRESS

" "  'FLOW
.CHANNEL TYPE EXP, THRY, SIMP, SMTH

.KEY WORDS TURBULENCE

. STRUCTURE, STRATIFIED

. F L  6 . 1  M . F W  0 . 3  M , F D  0 . 0 6  M

. c L  4 . 5  M . cw  0 .3  M . c D  0 . 0 6  M

.  FCS .a . INST  LASER DOPPLER VELOCIMETER,
.COLD F ILM PROBE



.AUTIIOR KOTSOVINOS N E .PUBIN  APPL .  MATH.
MODELLING,  1988,  VOL

.TITLE SECONDARY CURRENTS IN STRAIGHT I{IDE CHANNELS ,L2, FEBRUARY.

. DATA .KEY WORDS SECONDARY
.CUREENTS, MARGINAL

. . . . .  S T A B I L I T Y '  T U B B U L E N C E

.oHANNEL TYPE THRY, PROTO, EXp,  SIMP, SMTH, RGH
4 . . . a  . . . a .

. F L . F W . F D

. cL . cw . cD

. FCS
: '

.  I N S T

.AUTHOR KRUGER F, BOLLRICH G .PUB 'N  23RD CONGRESS,

:'i'i'i'i;'ffiffi;*"';fio;';i;'i'"iffi;;"' iN';;;'i : '; .'i,;*; ;'.' 
' ' ' :i$**;r?'itl3'

.CHANNELS WITH UNIFORM & NON UNIFORM BED & WALL ROUGHNESS.

.DATA BED STRESS, WALL STRESS, DEPTH/WIDTH RATIO .KEY WORDS BOUNDARY
.SHEAR, ROUGHNESS RATIOS

.CHANNEL TYPE EXP, THRY, SIMP, RGH

. F L  2 8  M . F W  0 . 2 5  M . F D

. c L  2 8  M . c l l r  0 . 2 5  M . cD

. F C S  1 ( - 3 ) .a . INST SHEAR PLATE, PRESTON TUBE

.AUTHOR LARSSON R .PUB 'N  23RD CONGRESS,

:i'i'i.*' iA'i'ili' ;iiiN;' iN' ;;EN' ;;^Nilil' :' ffi 
' 
;ffi;'i A"i "' : itEfu t?tTtl8'

. PROCESSES

.DATA LATERAL WIND STRESS, CORTOLIS FORCB, REYNOLDS .KEy WORDS OPEN

.STRESS, DEPTH AVERAGED CONC.,  SECONDARY CURRENTS .CHANNELS, LATERAL
MIX INC

.CHANNEL TYPE EXP, THRY, PROTO, SIMP, SMTH, RGH

. F L . F W F N

. C L . clr

. FCS .a .  INST



.AUTHOR LEAN G H, WEARE T J .PUBIN  PASCE,  J  HYD

,TITIE MODELLING TWO DIMENSIONAL CIRCULATING FLOW .JANUARY,  1979

.DATA VBLOCITY, LATERAL SHEAR STRESS .KEY WORDS NUUERICAL
.MODEL, CIRCULATING
FLOW, SHEAn STRESS,

.CHANNEL TYPE EXP, THRY, SIMP, RGH .EDDY V ISCOSITY

. F L  3 2  M . F W  1 0 . 4  M . F D

. c L  3 2  M . c w  1 0 . 4  M . cD

. FCS
: '

.  INST

.AUTHOR LI S .PUBtN  23RD CONGRESS,
. . . r A H R '  O T T A W A '  .

.TITLE THEORETICAL LONGITUDINAL DISPERSION COEFFICIENT .AUGUST, 1989

.FOR NATURAL RIVERS - A STOCHASTIC APPROACH

. DATA .XEY WORDS OPEN
.CHANNELS,  D ISPERSION

. . . . .  C O E F F I C I E N T
.CHANNEL TYPE THRY, EXP, PROTO, SIMP, SMTH, RGH

. F L . F W . F D

. cL .cw . cD

. FCS .a .  INST

.AUTHOR LIREN Y,  SHU-NONG Z .PUBIN  23RD CONGRESS,

: iiil;' A' ffi ' ;#'i'H' ;ffi;ffi "iio' ;a;;;i;N' i ;:; ; "i.;;ffi ";' : i$Eil;':'TtHt'
.CLOSURE MODEL AND ITS APPLICATION

.DATA EDDY HEIGHT, EDDY SHAPE, JET WIDTH, VELOCITY, .KEY WORDS NUMERICAL

.TEMPERATURE, EDDY VISCOSITY, MASS SOURCE, ISOTHERMS .MODEL, TURBULENCE,
D IFFUSION

.CHANNEL TYPE THRY, PROTO, SIMP, SMTH

. F L . F W . F D

. cL . cw . cD

. FCS . Q  1 . ? 5  -  1 5 5 0
. CUMECS

. INST



a t a a a  r . . t .

.AUTHOR }IANSOUR N N, KI},l J, MOIN P .PUBIN  J  FLUID
. . . . . . . . M E C H A N I C S ,  V O L  1 9 4 ,  .

.TITLE REYNOLDS STRESS AND DISSIPATION RATE BUDCETS IN A .1988

.TT'RBULENT CHANNEL FLOW

.;ii'i"iuRffiENi'iiAililRi';'"i;;il;';i;"u;i;N;';i;;ip^'i:ili";oRDs TuRBULENcE'

.ION RATE, VETOCITY PRBSST'RE GRADIENT, PRESSURE STRAIN.REYNOLDS STRESS, .
D ISS IPAT ION '  D IFFUSION

.CHANNEL TYPE EXP, THRY, SIMP, SMTH

. F L . F W . F D

. cL . cw . cD

. FCS .a .  INST

.AUTHOR MARKATOS N C .PUBIN APPL. MATH.
.  .  -MODELLTNG'  1986  '  VOL

.TITLE THE MATHEMATICAL MODELLING OF TURBULENT FLOWS .  1 0 ,  J U N E

.DATA BOUNDARY LAYER, ENERGY SPECTRA, TURBULENCE .KEY WORDS TURBULENCE,

::::::::.iY::T::.il::.:::T,:::T:::.:Y:::::::.Tii:....:;133i3^f?3iT'3lir ,"orns
.CHANNEL TYPE . ,  E D D T E S ,  V T S C O S T T Y

. F L . F W . F D

.ct,l . C D. cL

. FCS .a .  INST

.AUTHOR McKEOGH E J, KIELY c K . P U B ' N  2 3 R D  C O N G R E S S ,
. . . r A H R '  O T T A W A ,

.TITLE EXPERIMENTAL STUDY OF THE MECHANISMS OF FLOOD

.FLOW IN MEANDERING CHANNELS
.AUGUST,  1989

.DATA VELOCITY VECTORS, VELOCTTY, DEPTH .KEY WORDS COMPOUND
.CHANNELS,  MEANDEBS,

: . . . .  . . . . .  F L o w  M E c H A N T ' M ,  E N E R c Y
.CHANNEL TYPE BXP, THRY, COMP, SMTH, MEANDER . LOSS

. F L  1 4 . 4  t ' l . F W  1 . 2  M .  F D  0 . 5  l ' {

. c L  1 4 . 4  t " l . cw  0 .2  M . c D  0 . 0 5  M

. FCS . Q  3 . 1  -  1 1 . 1
. LITRES/SEC

. INST LASER DOPPLER ANEMOMETER



. . a a a  a . . a a

.AUTHOR MaKEOGH E JI KIELY G K, JAVAN M .PUBTN INT CONF HYD &
ENVIRON MOD OF COASTA,.

.TITLE VEL. & TUNB. MEASUREMENTS IN A STRAIGHT CHANNEL .L,ESTUARINE & RIVER W.

.WITH INTERACTING FLOODPLAINS USINC LASER DOPPLEA ANEM. .ATERS, BRADFORD, 1989.
a a a a a a a a a a . a a a a  . a . a a

.DATA ISOVELS, TURBULENCE INTENSITY, VELOCTTY

. DISTRIBUTION
,KEY WORDS COMPOUND
.CHANNEL, TURBULENCE

INTENSITY
.CHANNEL TYPE EXP, THRY, COMP, SMTH

. F L  1 4 . 4  M . F W  1 . 2  M .  FD  0 .5  l . ' l

. c L  1 4 . 4  I ' l . c 1 , l  0 . 2  M . c D  0 . 0 5  M

. F C S  1 ( - 3 ) . Q  0 . 0 1  -  0 . 0 3 0 6
. CUMECS

. INST LASER DOPPLBR ANEMOMETER

.AUTHOR MOHN R, HANSCHEID P, ROUVE G . P U B I N  2 2 N D IAHR
LAUSANNE,CoNGRESS,

.TITLE DETERMINATION OF SURFACE ROUGHNESS FOR

.SIMULATIONS OF NATURAL RIVER RUNOFF
. 1 9 8 7

.DATA DIGITIZED IMAGING, INTENSITY TRANSFORMATION

.FUNCTION, DIGITAL DATABASE
.KBY WORDS
.ROUGHNESS,

CHANNEL
IMAGE

PROCESSING
.CHANNEL TYPE PROTO, COMP, RGH

. F L . F W . F D

. C L . cw . C D

. FCS .a .  INST

.AUTHOR MORGAN K,  HUGHES T G, TAYLOR C .PUB'N APPL. MATH.
.  .  . M O D E L L T N G '  1 9 7 7 ,  V O L

.TITLE INVESTIGATION OF A MIXING LENGTH AND A TWO EQUATIO. l ,  DECEMBER

.N TTJRBULENCE MODEL UTILIZING A FINITE ELEMENT METHOD

.DATA VELOCITY PROFILE, TURBULENT KINETIC ENERGY,

.TURBULENT VISCOSITY
.KEY WORDS MIXING
.LENCTH, PIPE FLOW,
CHANNEI FLOW'

.CHANNEL TYPE THRY, EXP, SIMP, SMTH .TURBULENCE, VISCOSITY

. F L . F W . F D

. cL .cl^i . cD

.  FCS . 0 .  TNST



.AUTHOR MUELLBR A .PUBTN 15TH CONGRESS,

. . . . .  . . . . . .  r . . .  . . . r A H R ,  T S T A N B U L ,  .

.TITIE TURBULENCE MEASUREI' 'ENTS OVER A MOVABLE BED WITH .19?3, VOL 1

.SEDIMENT TRANSPORT BY LASER ANEMOMETRY
a . a . a

.DATA DEPTH, MEAN VELOCITY, TURBULENCE INTENSTTY,

. TURBULENT FLUCTUATION AUTOCORRELATION
.KSY WORDS TUnBULENCE, .
.SEDIMENT TRANSPORT

.CHANNEL TYPE EXP, SIMP, RGH

. F L  ?  M . F W  0 . 1 5  M . F D  0 . 1 5  M

. C L  ?  M . c w  0 . 1 5  M . cD

.Fcs  2 .27  l - 21 . Q  2 6 0 0 / 2 6 5 0
. CENTIMETRES

CUBIC .  INST LASER DOPPLER ANEMOMETER
. /  sEcoND.

.AUTHOR MYERS W R C, BRENNAN E K

.TITLE FLOW RESISTANCB IN COMPOUND CHANNELS

.PUB'N J HYDRAULIC
RESEARCI{ {ACCEPTED

.FOR PUBLICATION

.  1 9 8 9  )

.DATA FRICTION FACTOR, REYNOLDS NO, MANNINGS, RELATIVE.KEY WORDS COMPOUND

. DEPTH, STAGE, VELOCITY BATIO, DISCHARGE RATIO .CHANNELS, FLOW
RESISTANCE, MOMENTUM

.CHANNEL TypE EXp, COMP, SMOOTH .TRANSFER

. F L  5 6  M . F W  1 0  M . F D

. c L  5 0  M . cw  1 .5  M . c D  0 . 1 5  M

. F C S  1 . 0 2 7 ( - 3 ) . Q 0 - 1 . 1 C U M E C S . INST MINIATURE CURRENT METERS,
.PRESTON TUBE, POINT GAUGES

.AUTHOR NEZU I, NAKAGAWA H, RODI W .PUB.N  23RD CONGRESS,
.  .  .  IAHR, OTTAWA, .

.TTTLE STCNTFTCANT DTFFERENCE BETWEEN SECONDARY CURREN?S .AUGUST, 1989

. IN CLOSED CHANNELS AND NARROW OPEN CHANNELS
. a a a a

.DATA VELOCITY, DEPTH, VORTICITY, TURBULENCE INTENSITY.KEY WORDS DUCT, NARROW

., STREAMLINES' SHEAR STRESS, SECONDARY CUBRENT VECTOR.OPEN CHANNEI, .
TURBULENCE, SECONDARY

.CHANNEL TYPE EXP, SIMP, SMTH, RCH .CURRENTS

. F . 1 , "  . F W  . F D

. cL . cw . cD

.  FCS .a . INST LASER DOPPLER ANEMOMETER, HOl '
.WIRE ANEMOMETBR



.AUTHOR NOKES R I, WOOD r R .PUB'N J  FLUID
MECHANTCS,  VOL  187 ,

.TITLE VERTICAL AND LATERAL TURBULENT DISPERSION:SOME .1988

.EXPERIMENTAL RESULTS

.DATA LATERAL DIFFUSIVITY, DIFFUSION COEFFICIENT,

.FRICTION FACTOR, ISOVELS, CONCENTRATION PROFILES
.KEY WORDS DIFFUSIVITY,
.FRICTION FACTOR,
TURBULENCE

.CHANNEL TYPE EXP, THRY, SIMP, SMTH

. F L  1 2  M . F W  5 6 0  M M . F D  4 3 0  M M

. c L  1 2  M . c w  5 6 0  M M . cD

. F C S  4 . ? ( - 4 )
: '

.  I N S T

.AUTHOR ODGAARD A J

.TITLE RIVER -  MEANDER MODEL.

.PUBIN  PASCE,  J  HYD

;';;ffi"ffi*'i ' ':R;"Xfil"iluinHI"'
1

.DATA BED SLOPES, WAVELENGTI{ ,  PHASE SHIFT,  WIDTH -

.DEPTH RATIO
.KEY WORDS MEANDERS,
.COMPUTATIONAL MODEL,

. . . . .  . . . . .  M E A N D E R  F L O W '  P L A N F O R M
.CHANNEL TYPE THRY, PROTO, EXP, RGH, MEANDERS . DEVELOPMENT

. F L . F W . F D

. cL . cw . cD

.  FCS .a .  INST

. AUTI{OR ODGAARD A J .PUB 'N  PASCE,  J  HYD
. . . D ,  V O L  1 1 5 ,  H Y 1 1 ,

.TITLE RIVEB -  MEANDER MODEL. 2 :  APPLICATIONS . N O V E M B E R , 1 9 8 9

.DATA MEANDER

. VELOCITIES ,
WAVELENGTHS, MIGRATION RATES, EROSION

DEPTII, VELOCITY
.KEY WORDS MEANDERS,
.PLANFORM DEVELOPMENT,

. .MEANDER FLOW
.CHANNEL TYPE THRY, PROTO, EXP, RGH, MEANDEBS .

. F L . F W . F D

. C L . cw . cD

.  FCS .a .  I N S T



.AUTHOB PRINOS P .PUBTN HYDROCOMP 89,
. . . D U B R O V N I K ,

.TITLE EXPERIMENTS AND NUI.{ERICAL MODELLING IN COMPOUND .YUGOSLAVIA, JUNE,

.OPEN CHANNEL AND DUCT FLOWS .1989

.DATA AVERAGE VELOCITY, BOUNDARY SHEAR STRESS,

. ISOVELS

.CHANNEL TYPE EXp, THRY, COMP, SMTH

.KEY WORDS COMPOUND

.CHANNELS, DUCTS, DEPTH

.DIMENSIONAL MODEL
AVERAGED MODEL, THREE

. F L  1 2 . 2  t 1 . F W  2 4  I N . F D  6  I N

. cL . c w  6  I N . C D  4  I N

. FCS .o . INST HOT FILM & HOT WIRE ANEMOMETER
. ,  PRESTON TUBE

.AUTHOR PRINOS P, TOWNSEND B D .PUBTN PROC
..  .NUMERICAL METHODS IN

.TITLE NIIMERICAL MODELLING OF TURBULENT FLOW IN COMPOUND .LAMINAR AND TURBULENT.

.OPEN CHANNELS .  FLOW, SWANSEA,  1985

.DATA VELOCITY, SHEAR STRESS .KEY WORDS COMPOUND
.CHANNEL, NUMERICAL

. . . . .  M E T H O D
.CHANNEL TYPE EXP, THRY, COMP, SMTH, RGH

. F L  1 2 , 2  y l . F W . F D

. c L  L 2 . 2  t 4 . c w  0 . 1 0 2 ,  0 . 2 9 0  M . c D  0 . 0 3 ,  0 . 1 0 2  M

. Fcs  3 /10 ( -4 ) .a . INST PITOT TUBE, PRESSURE
.TRANSDUCER, PRESTON TUBE

.AUTHOR PRINOS P,  TOWNSEND R D .PUBIN ADV WATER
. . . R E S O I I R C E S ,  V O L  7 ,

.TITLE COI.{PARISON OF METHODS FOR PREDICTINC DISCHARGE IN .DECEMBER, 1984

.COMPOUND OPEN CHANNELS

.DATA APPARENT SHEAR STRESS, DISCHARGE DISCREPANCY,

.RELATIVE DEPTH

.CHANNEL TYPE EXP, THRY, COMP, SMTH, RGH

.KEY WORDS DISCHARGE,

. . : "o"norND 
cHANNELS,

. F L  1 2 , 2  M . F W  1 . 3 7 ? .  M . F D

. c L  1 2 . 2  M . c w  0 . 2 0 3 ,  0 . 5 0 8  M . c D  0 . 1 0 2  M

. F C S  3 ( - 4 ) . Q  4 . 8  -  2 6
.  L ITRES/SEC

. INST PRESTON TUBE



a a a . a  a a a a a  a t a a a

.AUTHOR RAJARATNAM N, AHMADI R .PUB'|N HYDROCoMP 89,
. . . . .  . . . D U B R O V N T K '

.TITLE THREE NOTES ON HYDRAULICS OF CHANNELS WITH FLOOD- .YUGOSLAVIA, JUNE,

.  PLAINS .  1 9 8 9

.DATA VEL PROF., BED & WALL SHEAR PROF., TANGENTTAL & .KBY WORDS COMPOUND

::i::i:.lTl: :l:::f::11.:iT::i:.?TlTlf:Y::i:::.:iT:::31tlilTh,Y8l:"lH*
.CHANNEL TYPE EXP, SMOOTH, COMP, MEANDBRS .PROFILES

. F L  1 8  M . F W  1 . 2  M . F D  0 . 9  M

. c L  1 8  M . cw  0 .254  v l . c D  0 . 0 3 8 1  M

.  FCS .a . INST PITOT TUBE,  YAW TUBE,
. TRANSDUCER

.AUTHOR RASPOPIN G A, KOVALYOV E A .PUBTN 23RD CONGRESS,

: i i'i'i;' ;iffi ' ;'ilffi ' ;""AMi &' il'i'Hil^'i'i;;' il;;i;i*;' ;N "' : ifiEl;':'Tilt'
.RIVER BED AND FLOOD PLAIN

. DATA .KEY WORDS
.  CHANNEL,

COMPOUND
NUMERICAL

MODEL
.CHANNEL TYPE THRY, COMP, RGH

. F L . F W . F D

. cL .cl l l . cD

. FCS .a .  INST

.AUTHOR SALIKOV V G .PUBtN  HYDROTECH.
coNsTR. ,  voL  19 , NO

.TITLE ENERGY LOSSES OF A CHANNEL FLOW UNDER CONDITIONS .6,  1985

.OF OVERFLOW ONTO A FLOODPLAIN

.DATA CHANNEL WIDTH, MEANDER BELT

.ROUGHNESS, FLOODPLAIN ROUGHNESS,
WIDTH, CHANNEL
FRICTION SLOPE

.KEY WORDS COMPOUND

.CHANNEL, MEANDER,
ENERGY LOSS

.CHANNEL TYPE EXP, THRY, COMP, RGH, MEANDER

. F L . F W . F D

. cL . cw . cD

. FCS .o .  I N S T



.AUTHOR SAMUELS P G

.TITLE THE HYDRAULICS OF TWO

.CURRENT KNOWLEDGE

a a a . .

.PUBIN  OONF.  OF  R IVER
.  .  .  .ENCINEERS,

STAGE CHANNELS - REVIEW OF .LOUCHBOROUGH, JULY, .
. 1 9 8 9

.DATA CONVEYANCE,

.BED SHEAR STRESS,
MEANDERS' vELocITY DrsTRrBUTroN' .KEY woRDs coMPoUND

FROUDE NUMBER, STAGE - DISCHARGE .CHANNELS, MEANDENS,
.  .  . .SKEW,  CONVEYANCE,  BED

.CHANNEL TYPE EXP, TI{RY, PROTO, COMP, SMOOTH, RGH . SHEAR

. F L . F W . F D

. cL . cw . cD

. FCS .a .  INST

.AUTHOR SELLIN R H J,  GILES A . P U B I N  2 3 N D  C O N G R E S S ,
. . . I A H R ,  O T T A W A ,

.TrrLE FLOW I . IECHANTSMS rN SPTLLTNG MEANDER CHANNELS .AUGUST, 1989

.DATA FLOW DEPTH, ROUGHNESS HEIGHT, DISCHARGE,

.SURFACE VELOCITY
.KEY WORDS COMPOUND
.CHANNEL, MEANDERS, FLOW

. . M E C H A N I S M
.CHANNEL TYPE PROTO, EXP, COMP, RGH, MEANDERS

. F L . F W . F D

. c L  6 ,  3 0 0  M .cl,i . cD

. FCS . Q  0 . 0 0 1 2 5  -  4 0
. CUMECS

.  rNsT STROBE,

. DIRECTIONAL
cAMERA, POINT GAUGES,

VANE, MIN CURRENT METERS.

.AUTHOR SMITH C D

.TITLE SOME ASPECTS OF FLOOD

.A MEANDERING CHANNEL

.PUB,N  23RD CONGRESS,
IAHR, OTTAWA,

PLAIN FLOW IN A VALLEY WITH .AUGUST, 1989

.DATA STAGE, DISCHARGE .KEY WORDS MEANDERS,
.COMPOUND CHANNEL,

. . . F L O O D P L A I N  F L O W
.CHANNEL TYPE EXP, PROTO, COMP, SMTH, RGH, MEANDER

. F L  2 2  y l . F W  L . 2  M . F D

. C L  - .  c w  0  . 1 2 2  1 4 . c D  0 . 0 7 6  M

.  F C S  8  , 5  /  1 O  ( - 4 ' ) . Q  0 . 0 0 4 5  *  0 . 0 3 8
. CUMECS

.  INST POINT GAUGES



SPREAFICO M, LEIBUNDGUT Ch .PUB ' |N  23BD CONGRESS,
. . . I A H R ,  O T T A W A ,

.TITLE TRAVEL TIME AND TRANSPORT FORECASTING OF

.DISSOLVED MATERIAL WITHIN THE RHINE
. A U G U S T , 1 9 8 9

.DATA VELOCITY, TRAVEL TIME, FLOOD WAVE, DISCHARGE,

.TRACER CONC. ,  DISPERSION COEFF. ,  DEPTH
.KEY WORDS OPEN CHANNEL,
.TRAVEL  T IME,
DISPERSION, POLLUTANT

.CHANNEL TYPE PROTO, THRY, SIMP, RGH

. F L . F W . F D

rtr. v !  . c w  1 9 0  M  . c D  1 1  M

. FCS .Q 4OO _ 24OA CUMECS .  INST FLUOROMETER

.AUTHOR STEIN C J,  ROUVE G .PUB(N HYDROSOFT,
. . . 1 9 8 9 ,  V O L  2 ,  N O .  1

.TITLE 2D DEPTH AVERAGED NUMERICAL PREDICTIONS OF THB

.FLOW IN A MEANDERING CHANNEL WITH COMPOUND CROSS SECTION.

.DATA GRID CONFIGURATION, VELOCITY VECTORS, DISCHARGE .KEY WORDS MEANDERS,

.DISTRIBUTION, VELOCITY PROFILE, SI. 'RFACE PROFILE .NUMERICAL MODEL,
COMPOUND CHANNEL

.CHANNEL TYPE THRY, EXP, COMP, SMTI{, MEANDERS

. F L  1 5  M .FI , l  3  M . F D

. c L  1 3 . 7  M . cw  0 .4  M . c D  0 . 1  M

. Fcs  5 ( -3 ) .  Q  54  .  61  L ITRES. /SEC .INST LASER DOPPLER ANEMOI ' {ETER,
.TRACER, POINT GAUGES

.AUTHOR TALMON A M, KUNEN J M G, OOMS G . P U B I N  J  F L U I D
.  .  . M E C H A N T C S ,  V O L  1 6 3 ,

.TITLE SIMULTANEOUS FLOW VISUALIZATION AND REYNOLDS . 1 9 8 6

.STRESS MEASUBEMENT IN A TURBULENT BOUNDARY LAYER

.DATA ENERGY SPECTRA, VELOCITY DISTRIBUTION, .KEY WORDS REYNOLDS

.:Y::Y::iiT: llYiTYiT::i.T:T:|T: i::i::::.:::::: :83ifi3tu"'il?Hl:-3tu''

.CHANNEL TYPE EXP, SIMP, SMOOTH . STRUCTURE

. F L  2 8 0  C M . F W  1 5 0  C M . F D  1 2  C M

. c L  2 1 0  C M . cw  50  cM .cD

.  FCS .a . INST LASER DOPPLER ANEMOMETER,
.HYDROGEN BUBBLES, CAMERA



.AUTHOR TAMAI N, ASAEDA T, IKEDA H .PUBIN  WATER

: i;;il' ffi;i" oN' &ffi;'i i;,i' ;"' ffi io;i;;' il**' ffi;;&''' . l3i"Yil"i"-?:-3iliY :
.EDDIES IN A COMPOSITE CHANNEL FLOW . 1 9 8 6

.DATA LATERAL VELOCTTY PROFILE, FLOW PATTERN,

.REYNOLDS NO., EDDY WAVE NO.
.KEY WORDS EDDIES,
.COMPOUND CHANNEL

.CHANNEL TYPE EXP, THRY, COMP, SMTH

. F L  3 ,  3 . 5  M . F W  O . 2 5 ,  0 . 1 8 5  M . F D  0 . 1 5 ,  0 . 0 7  M

. c L  3 ,  3 . 5  M .  c w  0 . 0 ? ,  o . 0 8  M . c D  o . 0 5 ,  o . 0 3 5  M

. FCS .a . INST POINT GAUGE, HYDROGEN BUBBLE,
. CAMERA

.AUTHOR TAVOULARIS S, KARNIK U . P U B I N  J  F L U I D

:'i'i'ii;' ,* i'ffi 
' 
;#iliffiN'i,;' ;"',i fi 

' 
;";i"'i'i;*' 

";' 
ffi;;i;*i' . TH88^Nrcs' 

vo', 2 0 4'
.STRESSES AND SCALES IN UNIFORMLY SHEARED TURBULENCE

.DATA VELOCITY FLUCTUATIONS, REYNOLDS STRESS,

.TURBULENT KINETIC ENERGY
.KEY WORDS TURBULENT
.STRESSES, STRUCTURE

SCALES
.CHANNEL TYPE EXP, THRY, SIMP, SMTH, DUCT

. F L .  F W  0 . 3 0 5  M . F D  0 . 4 5  M

. C L . cw  0 .305  M . c D  0 . 4 5  M

.  FCS . Q  A I R . INST HOT WIRE ANEMOMETER

.AUTHOR TOMINAGA A,  NEZU T,  KOBATAKE S .PUB 'N  HYDROCOMP 89 ,
. . . D U B R O V N I K ,

.TITLE BXPERIMENTAL AND NUMERICAL INVESTIGATIONS ON

.TURBULENT STRUCTURE IN COMPOUND OPEN CHANNEL FLOW
.YUGOSLAVIA ,  JUNE,
. 1 9 8 9

.DATA SECONDARY CURRENT VECTORS, TURBULENCE INTENSITIE.KEY I.TORDS COMPOUND

.S,  TURBULENT KINETIC ENERGY, REYNOLDS STRESS .CHANNEL, TURBULENCE,
SECONDARY CURRENTS,

.CHANNEL TYPE EXP, THRY, COMP, SMTIT .REYNOLDS STRESS

. F L  1 2 . 5  M . F W  0 . 4 0  M . F D  0 . 4 0  M

. C L . cw  0 .20  M . c D  0 . 0 2 ,  0 . 0 6  M

.  FCS
: '

. INST LASER DOPPLER ANEMOMETER



.AUTHOR TOMINAGA A, NEZU I, EZAKI I{ .PUB 'N  23RD CONGRESS,

.TITLE EXPERIMENTAL STUDY ON SECONDARY CURRENTS IN . A U G U S T , 1 9 8 9

.COMPOUND OPEN CHANNEL FLOWS

.DATA SBCONDARY CURRENT VECTORS, ISOVELS, TURBULENCE .KEY WORDS SECONDARY

.INTENSITY, BOUNDARY & APPARENT SHEAR STRESS . CURRENTS, CO}{POUND

. . . .  r  0HANNELS,  MOMENTUM

.oHANNEL TYPE EXP, COMP, SMTH . TRANSFER

. F L  1 2 . 5  M .  F I . I  0 .4  M . F D  0 . 4  M

. c L  1 2 . 5  M . c w  0 . 1 8 8 ,  o . 2  M . c D  0 . 0 2 ,  o . 0 6  M

. FCS .a . INST LASER DOPPLER ANEMOMETER, HOT
.F ILM ANEMOMETER

.AUTHOR UTAMT T, UENO T . P U B I N  J  F L U I D

: ' i ' i ' i i ; ' ;#.'; ' i 'oy'"".,i#';ffi;N'i ' ' ;. iRU;'iGB'";.if i ' : 
';;EN:Y38fo*ttt ' vol 174'

. CHANNEL FLOW USING VISUALIZATION & PICTURE PROCESSING

.DATA VELOCITY VECTORS, VORTICITY, AUTO & CROSS .KEY WORDS TURBULENCE,

.CORRELATION COEFFIOIENTS, REYNOLDS STRESS, TURBULENCE.VORTICITY, REYNOLDS
STRESS, FLOW STRUCTURE

.CHANNEL ?YPE EXP, THRY, SIMP, SMTH

. F L .FW 40 CM . F D

. cL .cw  40  cM .cD

.  FCS .a . INST  CAMERA,  D IG IT IZER

.AUTHOR WEI T,  WILLMARTH W W . P U B ' N  J  F L U I D
. . . M E C H A N I C S ,  V O L  2 0 4 ,

.TITLE REYNOLDS NUMBER EFFECTS ON THE STRUCTURE OF A

.TURBULENT CHANNEL FLOW
. 1 9 8 9

.DATA TI'RBULENCE INTENSITy, VELOCITY, REYNOLDS

.STRESS, TI. 'RBULENT KINETIC ENERGY, POWER SPECTRA
.KEY WORDS TURBULENCE,
.REYNOLDS STRESS, OPEN
CHANNEL

.CHANNEL TYPE EXP, SIMP, SMOOTH

. F L  2 . 5 4  M . F W  0 , 0 2 5 7 2  V l .  F D  0 . 3 0 4 8

. c L  2 . 5 4  M . c w  0 . 0 2 5 ? 5  M . cD

. FCS . Q . INST  LASER DOPPLER ANEMOMETER,
.MANOMETERS



. a a . .  . a i a a

.AUTHOB WOOD I R, LIANG T .PUBIN J HYDRAULIC
. . . . . . . . . .  . . . . .  . . . R E S E A R C H ,  V O L  2 7 ,  .

.TITLE DISPERSION IN AN OPEN CHANNEL WITH A $TEP IN THE .1989, No 5

.CROSS SECTION

.DATA SOURCE CONDITIONS,

.  VELOCITY DISTRIBUTIONS,
THEORETICAL SOLUTIONS,
coNc. ,  DEPTH AVERACED CONC.

.KEY WORDS DTSPERSION,

. STEP

.cHANNEL TypE THRY, EXp,  COMP, SMTH, RcH

. F L  1 2  M . F W  0 . 5 5 9  M . F D

. cL  72  t r . c w  0 . 3 7 1  M .  c D  0 . 0 2 5  M

. F C S  4 . ?  -  6 0 ( - 4 ) . Q  4 . 7  L I T R E S / S E C . INST  P ITOT TUBE,  PRESSURE
.TRANSDUCER, CONDUCTIVITY CELL

.AUTHOR WORMLEATON P R, I"IERRETT D J .PUB 'N  J  HYDRAULIC
. . . R E S E A R C H  I A C C E P T E D

.TITLE AN IMPROVED METHOD OF CALCULATION FOR STEADY UNIFO.FOR PUBLICATION

.RM FLOW IN PRISMATIC MAIN CHANNEL,/FLOODPLAIN SECTIONS .1989)

.DATA DISCHARGE, DEPTH, RELATIVE DEP?H, RADOJKOVIC .KEY WORDS COMPOUND

.INDEX, DISCHARGE ERROR, APPARENT SHEAR STRESS .CHANNEL, FLOW
D]STRIBUTION, SHEAR

.0HANNEL TypE EXp, COMP, SMOOTH, RGH . STRESS

. F L  5 6  M . F W  1 0  M . F D

. c L  5 0  M . cw  1 .5  M . c D  0 . 1 5  M

. F C S  1 . 0 2 7 ( - 3 ) . Q 0 - 1 . 1 C U M E C S . INST MIN CURRENT
. 8 ,  P O I N T  G A U G E S ,

METERS, PRESTON TUB.
PRESSURE TRANSDUCER.

.AUTHOR XINGKUI W, NING Q

. TITLE TURBULENCE CHARACTERISTICS

.  P U B  I N

.  .  .  .D rv ,
OF SEDIMENT LADEN FLOW .JUNE,

PASCE,  J  HYD
v o l ,  1 1 5 ,  N O .

1  9 8 9
6 ,

.DATA TURBULENT TNTENSITY, AUTOCORRELATTON COEFF, .KEy WORDS TURBULENCE,

.PROBABILITY & SPECTRAL DENSITY, EDDY SIZE .SEDIMENT CONCENTRATION

.CHANNEL TYPE THRY, EXP, SIMP, SMTH, RGH

. F L  2 0  M . F W  0 . 3 0  M .  F D  0 . 4 0  M

. c L  2 0  M . cw  0 .30  M .cD

.  FCS .a .  INST FLUCTUATING VELOCIMETER



.AUTHOR YOTSUKUBA N, SAYRE W I{ .PUBIN WATER
. . .RESOURCES RESEARCH'

.TITLE TRANSVERSE MIXING IN NATURAL CHANNELS . v o l ,  1 2 ,  N O  4 ,
. A U G U S T , 1 9 7 6

.DATA TRACER CONCENTRATION, TRANSVERSE DISTANCE, DISCH.KEY WORDS DTFFUSION,

.ARGE, GBOMETRIC PARAMETERS, TEMPERATURE DISTRIBUTION .MIXING, MEANDERS

.CHANNEL TYPE EXP, THRY, PROTO, SIMP, RCH, MEANDERS

. F L . F W . F D

. c L  5 ,  2 9  K M . cw . cD

.  FCS .a .  INST



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 supplied by Micro Pro.

Tttis file indicates the aims and conelusions as

detailed in ttre papers as well as the channel types

investigated and instruments used in the ex;lerimental

work.

The channel type detailed is described either as an

experimental (flume), protot3rpical (river, irrigation

canal) or theoretical (mathematical, 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 ri.se to the

discontinuity in the shape of the channel.

Smooth flumes, channels or ducts are coasidered to be

formed of wood, steel floated concrete, glass or

perspex. Rough channels are considered to be flumes

and ducts with artificial roughening elements attached

to the channel surface or river channels whose

boundaries are considered to be naturally rough.

The aims, conclusions and details of instrumentation

used are self or.planatory.



ARNOLD, PASCHE, ROt'vE 1985

Mixing in rivers with compound cross section

E:qlerimental, theoretical, compound, smooth, rough

Paper describes an experimental investigation into fluvial mixing

processes, with special regard to the problen of transverse mixing in

channels with compound cross section and highly vegetated floodplain.

Concentration profiles were measured with a video system by means of

digital image processing.

The video technical concentration measuremenL system conbined with

digital image processing and analysis proved to be a powerful tool in

the investigation of rnixing processes. The usual assumptions for the

lateral variation of the transverse nixi-ng coefficient are not valid

within the neighbouring zones of the fictive wa1l between main channel

and floodplain. Conparison of turbulence intensities and turbulent

diffusivities points to a dominating influence of transverse shear on

the lateral mi:cing process in the interacting channel regions.

Laser Doppler Velocimeter,  t racer,  digi tal  image processing.

ARNOLD, HOTTGES, ROI'VE 1989

Turbulence and mi-xing mechanisms in conpound open channel flow

E:cperirnental, theoretical, conpound, smooth, rough

Paper describes an experimental and theoretical investigation of

turbulence and mixing mechanisms in compound open channels with extreme

floodplain roughness.

Depth averaged distributions of measured Relmolds stresses clearly

support the concept of subdividing the cross section of a compound

channel into several zones of differently dominating turbulence

mechanisms. The apparent shear stress model and the validity of wa}l

turbulence assumptions within the so ca11ed interactive main channel



zone are physically we1-l founded. Despite some small regions where the
eddy viscosity concept fails, Boussinesque type approaches to turbulence
modelling seem to be valid and appropriate for 2D fr.ow field

cornputations. The presented turbulence data and sinplified algebraic

methods of nodelling the velocity, transverse diffusivity and eddy

viscosity can be used to verify, initialise and speed up numerical flow

fierd computations. with regard to a 3D treatment of the flow
problem,additional investigations are necessary to back up and refine

some first observations of non-isotropic turbulence conditions and

secondary currents in the main channel.

4 Laser Doppler Anemometer.

ARNOLD, RouIIE, STErN l9B9

A review of investigations on compound open - channer frow

I Theoretical, experimental, protot54pical, compound, smooth, rough

2 To provide an overview for compound channel research.

3 Recent advancements (post 1985) in the e4perirnental,analytical and

numerical treatment of the flow problem are discussed and sununarised, in

order to show requirements for future research on compound open

channel flow.

4 -

ARNOLD, STETN, ROIIVE 1989

Sophisticated measurement techniques for experimental investigation of

compound open channel flow

I E:qperimental, compound, smooth, rough

2 Several applications of the sophisticated measurement techniques of
Laser Doppler Velocimetry and Digital fmage Processing are presented in



order to discuss the advantages and problems as well as the potential

for future applications.

3 The ocperimental results obtained from two or three channel Laser

Doppler Velocfuneters are extrenely useful for the development and

verification of flow and turbulence models. Digital image processing in

conjunction with appropriate flow visualization and video type inage

aquisition is flexible enough to cover both velocity and concentration

field measurements. Feasibility and accuracy tests based on Digital

Image Processing have showed promising results.

4 Laser Doppler Anemometer, Video, Di-gital Image Processor

AUTRET, GRANDOTTO 1988

Finite element computation of a tuulent flow over a two dimensional backward

facing step

1 Theoretical, experimental, simpLe, smooth, step

2 Paper deals with the nr:rnerical computatJ.on of a turbulent flow by way

of a two equation model using one partial differential equation for the

turbulent kinetic energy and another for the turbulent energy

dissipation rate. The closure of this set of partial differential

equations is then performed by algebraic relations.

3 The Galerkin finite element method predicts turbulent flow over a two

djmensional backward facing step faithfully. The penalty function

approach associated with the turbulence model is accurate for both the

laminar and turbulent conditions of f1ow. Numerical reattachment

length is underestimated until constant is applied which relates

reattachment to the diffusive terms of the momentum equation.

4



BERBEE, ELLZEY 1989

The effect of aspect ratio on the frow over a rearward facing step

I E:gerimental, simple, smooth, duct

2 To investigate the effect of the spanwise width on the development of a
ni:ring layer formed behind a step.

3 For aspect ratios of 4 and J.0,the mean velocity and turbulence intensity
profiles are constant across the width of the test section for either of
the Re]molds nunbers considered, but there are significant differences

€tmong the cases studied. At a distance greater than three step heights
downstream of the step, the peak turbulence intensity is greater for a
higher aspect ratio and is relatively insensitive to Reynolds ntgnber.
The peak frequency is Lower and the spectrum is narrower for a higher
aspect ratio in the region near the step.

4 Laser Doppler Velocimeter

BOOIJ 1989

Depth averaged k-e modelling

1 Theoretical, experimental, compound, smooth

2/3 Papet presents a modified depth averaged k-e model in which a more
correct weighting is applied to the turbulence prod.uced by the
horizontal velocity gradients and the presence of the channel bottom.

4 -



BOZZAIIT, UOLINARO, AIIDR.EOLA, STROBINO 1989

Mathematical modelling of transport and dispersion of pollutants in rivers.

An experience at ENEI.

I Theoretical, prototypical, simple, rough

2/3 Paper presents a mathematical rnodel for the lD simulation of the

advection and dispersj-on of pollutants in rivers. Model applied to a

real life problem and verified against measurements.

4 -

CHAPMAN, KUO 1983

Application of a high accuracy finite difference technique to steady, free

surface flow problems

I Theoretical , sirnple, smooth, e:cpansion

2 Paper applies the QUICK differencing technique to the solution of the

depth integrated. equations of motion for steady, free surface flow in

a wide, sha1low, rectangular channel with and without an abrupt

expansion.

3 Results show that it is possible to obtain stable,monotonic solutions to

advective free surface flow problems r,rithout having to resort to

inplicit or explicit nunerical smoothing. Comparison of the one

dimensional water surface profile computation with the Runge-Kutta

ealculation suggests that the QUICK technique is both stable and

accuraEe.

lL



CHAPMAN, KUO 1985

Application of the two equation k-e turbulence model to a two dimensional

steady, free surface flow problem with separation

I theoretical, oqrerimental, simple, smooth, expansion.

2 Paper presents a test application of the depth integrated k-e

turbulence clore model for separated flow in a wide, shallow,

rectangular channel with an abrupt, synmetric expansion in width. The
numerical technique employed is the spatially third order accurate eUICK
finite difference method of Leonard. The performance of the depth

integrated k-e turbulence closure model is evaluated. by comparison of
numerical results with e4perimental measurenents of flow past a rearward
facing step.

3 Nrrmerical problems associated with the use of upwind and central

differencing for convection have been overcorne by the adaption of the

spatially third order accurate QUICK finite difference nethod. Ttre

standard depth averaged k-e turbulence model results in significant

underprediction of the non-dimensional reattachment length. Adaption of
the depth averaged k-e model by streamline curvature correction
produces an improvement in model predictions.

4 -

CHATWIN, SULLIVAN 1982

The effect of aspect ratio on longitudinal diffusivity in rectangular
channels

1 Experimental ,  theoreLical ,  s imple, rough

2 To consider the value of logitudinal diffusivity in turbulent flow in a
flat bottomed channel of large aspect ratio.



3 Value of Taylors longitudinal diffusivity for laminar flow in a chanrrel

of rectangular cross section is a about eight times the parallel plate

diffusivity for large values of aspect ratio, where the parallel plate

diffusivity is the value of longi.tudinal diffusivity obtained by

ignoring all variation across the channel. Paper concludes wi-th a

discussion of the practical effects of aspect ratio on longitudinal

dispersion in channels whose cross section is approximately

rectangular.

4 -

CHAUDRY, BHALLAMUDT LgB/ g
I

Computation of critical depth in syrmnetrical compound channels

1 Theoretical, experimental, prototypical, compound, smooth

2 Paper presents a general definition of Froude number based on the one

dimensional, unsteady momenturn and continuity equations. Computational

proced,ures are then outlined to determine the number of possible

critical depths in a conpound channel and to compute their values.

3 An equation is derived for computing the critical depth in a s5nnnetrical

channel with flood plains. An efficient algorithm is presented for

calculating all the possible critical depths for a given channel and

discharge.A method is presented to design a compound channel section so

that there is only one critical depth.

4 -

cHErN, CHUNG, TROUTT 1989

Momentr:m transport in a turbulent rnixing layer

1 Theoretical, experimental, simple, smooth

2 Paper describes application of discrete vortex method for the sirmrlation

of a trro dimensional plane nixing layer. Paper also describes globaI



features of the nixing layer and also concentrates on features such as
the local instantaneous turbulent momentum fluxes and instantaneous

turbulent fluctuating velocity conponents.

Numerical simulation confirms previous investigators work showing that
the bulk of the turbulent momentum flux at the outer extremities of the
nixing rayer appears to be eonstructed from a series of infrequent

large anplitude spikes. On the low speed side of the mixing layer these
large infreguent fluxes are caused exclusively by high momentum fluid
transported downward from the high speedside, and that low momentum

fluid entering the high speed side also affects the turbulent fh:x in

the high speed region. Fluctuating activities are out of phase between

the 1ow and high speed sides. The calculations also show a definite

correlation between the passage of a large scale structure and a burst
in turbulent momentum flux. The vortex pairing process in the mixing
layer does not produce any special variations in the momenturn flux

history. Ttre probability density functions associated with these

fluctuating quantities mostry show Gaussian like distributions.

CHIU, KAMFFA 1989

A new veloeity distribution equation for estimat,ion of diffusion

coeff ic ient

Theoretical, experimental, simple, rough

2/3 Paper Presents a new velocity distribution equation to estimate the
diffusion coeffi-cient needed in the study of pollutant transport. The
equation is capabre of moderling and simulating the velocity

distribution and diffusion coefficient in an open channel, from the
water surface down to the bed.



CHU, BABARUTSI 1989

Modelling the turbulent mi:<ing layers in a shallow open channel

I Theoretical, orperimental, simple, smooth

2 Paper employs two versions of the depth averaged k-e model, a one

component nodel and a two component model to calculate the flows of the

turbulent mixing layers in a shallow open channel.

3 By treating the bed generated turbulence separately, and modelling the

transverse component by a k-e model, the flows of turbulent mixing

layers in a shallow open channel are calculated. e results are in good

agreement with oqrerimental data. The set of coefficients used in the

model to calculate the bed friction influence is identical to the set

used in the nodelling of stable gravity stratified free shear flows.

The analogy between the effects of bed friction and stable gravity

stratification is remarkable. The bed friction number in shallow

transverse shear florrs plays the analogous role as the Richardson number

in stable gravity stratified flows.

4 Hot film anemometer.

DAWKINS, DAVIES 1981

The effects of surface topography on momentum and mass transfer in a

turbulent boundary layer

I brperimental, theoretical, simple, smooLh, duct

2 An approximate,conveniently appli-ed theory with corresponding

experimental data is presented concerning the changes i-n momentum and

mass transfer produced by a ridge of small slopes in a flat surface

quasi stationary turbulent boundary Iayer.

3 Pressure gradient generated by the ri-dge near its surface can be deduced

from classical inviscid flow over a circular cylinder. Terms of a

higher order than the square of a parameter which measures the curvature



of the ridge surface for a given flow system

order terms of velocity perturbation can be

of mean motion.

Pitot tube

can be ignored. Second

neglected in the equations

DEMUREN, RODI 1986

Calculation of flow and pollutant dispersion in meandering channels

Experimental, theoreti-cal, simple, smooth, rough, meanders

Paper revi-ews e>r.periments on and calculation methods for flow and

pollutant spreading in meandering channels. A mathematical model is

presented whi-ch takes ful1 account of the three dimensionality of the

flow and pollutant concentration fields. Model is based on the solution

of the momentum equations governing the flow in the lateral, vertical

and longitudinal directions with a three dirnensional numerical procedure

together with the continuity equation. The turbulent stresses appearing

in the the momentum equations are calculated with a version of the k-e

turbulence model that accounts for the streamline curvature effects on

turbulence. Ttre pollutant concentration field is subsequently obtained

from a solution to its transport equation.

Model is tested against by application to three different meander

situations. Detailed comparisons of the velocity and concentration

fields show generally good agreement. The effect of streamline

curvature on the turbulent mass fluxes was found to be important only in

the narrow channel with a smooth bed. Bed generated turbulence appears

to overrule this i-n the two cases of a wide channel wi-th a smooth bed

and a narrow channel with a rough bed.

Tracer



DJORDJEVIC, PETROVIC, UAKSTUOVIC, MDOJKOVIC 1989

E:q>erimental tracer investigations in a compound laboratory channel

Experimental, cornpound, smooth

The results of tracer measurements in a compound channeL, used to

recognize and study certain flow phenomena and to validate and calibrate

mass transport mathematical models are presented.

Measurements of tracer concentrations are successfully reproduced by a

depth averaged rnathematical model in which the constant dimensionless

eddy viscosity concept has been used in the momentum

equation. The observed transverseispersion coefficient is close to

the value expected in rectangular charmels. This indicates that the

secondary currents are not significantly amplified by the specific

section geometry except near the channel floodplain interface. The same

can be concluded for the longitudinal dispersi-on coefficient.

ELLIOTT, SELLIN 1989

SERC Flood Channel Facility : Skewed flow experiments

Extrlerimental , cornpound, smooth, rough, skew

The article describes e:qperiments carried out on a skewed compound

channel and was desi-gned to prepare the vay for a later examination of

overbank flow in meandering charu:els.

The filament of maximum velocity occurs in the main channel section

when overbank flow is present but i-s displaced sideways in the sense

implied by the cross flow direction. For the deeper flows it almost

leaves the main channel. The stage discharge curve shows that the total

capacity of the cross section is reduced by an amount which diminishes

as the depth increases. llaximum reduction in capacity for both the 5



and 9 degree skew charurels is 12 per cent at a relative depth of 0.2.

The boundary shear stress distribution shows a strong peak where the

cross flow leaves the main channel and first moves over the floodplain.

Away from this localised high value the higher bed shear stress occurs

on the floodplain receiving flow from the rnain channel relative to the
floodplain supplyi.ng flow to the main channel. An analysis of velocity

and flow angle distribution in the main channel enables the construction

of a system of secondary cireulation eells in the main channel. Ttris is

found to be complex and assymetric. The momentum barance for the

elements of the skew channel has enabled the apparent shear force term

to be isolated from the cross flow momentum transfer term due to the

transverse net flow across the longitudinal i.nterfaces. The apparent

shear force term is relatively more irnportant at 1ow depth ratios while

the cross flow component appears to repress it at higher depths.

Miniature current meters, Preston tube, directionar vanes.

ERVINE, JASEU 1989

Flood mechanisms in meandering channels with floodprain flow

Iheoretical, orperimental, compound, smooth, rough, meander

Paper presents a brief sunrnary of work on meandering channels with

overbank flood plain flow.

At present unable to predict the stage discharge relationship for a

meandering river with overbank floodplain f1ow. This is because bed

friction is not the only source of energy dissipation,but the complex

shearing between main channel and flood plain flows needs to be included

in the form of turbulence terms not related to bed shear. Idealised

tests with floodplain flow passing over a slot in the channel bed have
revealed new data on the energy loss in such a system, and also the
recirculating velocity distribution in the sudden orpansion region.

Test with skewed main channe,, : loodplain system have shown that the
method of computing discharge b1r sub-dividing a channel-floodplain by

imaginary wal ls,produces €rrorr€,. , rs results, the error often being of the



order of 30 per cent. Test with skewed main channel/floodplain system

show that floodplain flow passing over the main channel generates

recirculation regions, where the recirculating ( or transverse )

velocity is around 5 per cent of the longitudinal velocity,when the skew

angle is 6 degrees.

4 Point gauges, miniature current meter, directional vane.

FUJISAKI, TANIGAWA, AWAYA 1989

On the dispersion phenomena of suspended solid in turbulent open channel

f  low.

I Tlreoretical, experimental, simple, smooth

2 To study the longitudinal dispersion of suspended particles i.n a

turbulent open channel flow.

3 Numerical solutions of the theoretical work show reasonable agreement

with the experimental data. Special attention has been directed to the

effect of the settling of particles on the dispersion phenomena. The

virtual velocity and the dispersion coefficient of the sedirnent cloud

are given as a function of the fall velocity parameter of particles and

the bed absorbency coefficient.

4 Turbidity meter, Conductivity meter.

FODEMSKI, VOKE, COLLINS 1987

FIow sirmrlation in channels with distorted geometry using a spectral code

with co-ordinate transformati-on.

I Theoreti-cal, erqlerimental, simple, smooth, rough

2 Paper reports a new code to simulate turbulence modelling using the

spectral methods of Orszag, but also incorporating a novel generalized

co-ordinate transformation approach.



3 Analysis and code successfully applied to give large eddy and direct
sfunulations of turbulent flow in smooth plane channels, either smooth or
with two dimensional surface distortions. Results from smooth channels
compare well with published data, and those for distorted geometries
include satisfactory predictions of circulating flows.

4 -

FUJISAKI, TANTGAWA, AWAYA 1988

On the dispersion phenomena of suspended solid in turbulent open channel

flow

I Theoretical, oqperimental, si_mple, rough

2 To study the longitudinal dispersion of suspended particles in a

turbulent open channel flow with special attention directed to the

effect of the settling of particles on the dispersion phenomena.

3 The virtual velocity and the dispersion coefficient of the sediment

cloud are given as functions of the particle fall velocity parameter and,

bed absorbency coefficient. There is a virtual increase of the sediment

c1oud, when the sediment cloud flows downstream with the decrease of its

concentration due to settling.

4 Turbidity meter, conductivity meter.

GEORGIEV I9B9

Bed load transport in floodplain during high waters

I PrototJpe, compound, rough

2 Paper presents information on sediment transport measurements made on a

floodplain during a flood.



Bedload t"ansport along the floodplain width is considerably affected by

the slope characteristic of the hydrograph. For steep slopes the

floodplain concentration is considered to be similar to the main channeL

concentration. The mean velocity in the vertical across the river width

depends on the relation between the rnain channel and fi.oodplain

depths. With increasing floodplain flow depths the velocity on the

floodplain has a sirnilar value to that of the channel. For large flow

depths on the floodplain the bottorn shear stress is similar to that in

the channel. At shallower floodplain depths the difference in bottom

shear values between channel and floodplain increases.

Level recorder, current meter, sedirnent trap

crBsoN, RoDr 1989

Simulation of free surface effects on turbulence with a Reynolds stress

model

Theoretical, extrlerimental, simple, smooth, rough

Ttre paper presents calculations obtained with model transport equations

for the Reynolds stresses,which al1ow for a more realistic description

of the di f fusion processes.

Anisotropy of the turbulence in the layers below the free surface in

open channel flow can be adequately predicted with a Reynolds stress

model containing surface effect terms in the model for the pressure

strain correlation. The nuch greater reduction in the pressure strain

mechanism in the surface layers, effectively to zero at the surface,can

be accounted for without any change in the surface effect model. The

nodel automatically leads t,o much larger values of the surface proxirnity

function, which is a function of the ratio of turbulent length scale to

distance from the surface anci was defined to be near unity in near wall

flow, in the surface layers. A zero gradient boundary condition for the

length scale deterrnining dissipation raLe eguation suffices to obtain

fairly good predictions of the turbulent energy at the surface.



HACKIIAN, RATTHBY, STRONG 19g4

Numericar predietions of flows over backward facing steps

1 Ttreoretical, ocperimental, sirnple, smooth, step

2 Paper attempts to obtain sufficiently accurate solutions to the backnard
facing step problem such that the performance of the k-e turbulence

moder can be evalted with an added degree of confidence.

3 Predictions presented show good agreement with or.perimentar

measurements, the agreement being considered to result from the

reduction of the error in solving the differential equations. Study
suggests that it is not feasible to use upstream differencing to obtain
accurate solutions for recirculating turbulent flows. The skew hybrid
upstream differencing scheme yielded virtually grid independent results
with relatively coarse meshes.

4

HASEGAI,IA 1989

universal bank erosion coefficient for meand.ering rivers

1 Theoretical, prototypical, sinple, rough, meanders

2 Paper uses the equation of sediment continuity to derive a serni

theoretical relation for the bank erosion rate.

3 A relation for the rate of bank erosion,and thus channel shift, rras

derived from the equation of sediment conti-nuity, accounting for the

various processes known to be associated with bank erosion. The final
result indicates that the erosion rate should be proportional to the
near bank excess streamwise flow velocity. An appropriate estimate of
the scouring parameter allowed for the determination of a relatively

high correlation between the erosion rate and the value of the near banl<
excess streamwise flow velocity. Sequential maps of river platform can



be used to estimate a value of the scouring parameter based on phase

shift, that optirnises the correlation between the erosion rate and the

near bank excess strearmsise velocity. The general bank erosion

coefficient and the bank erosion coefficient under flood conditions

decrease as the penetration test value for the bank material increases.

HESLOP, ALLEN 1989

Turbulence and dispersion in larger U.K. rivers

Prototypical, simple, rough

Paper describes field measurements used to provide the envj-ronmental

parameters for further development of a random walk model of contaminant

dispersion.

Cross stream fluctuations tend to be slightly larger than the vertical

ones. The cross stream fluctuations tend to increase on the outside of

bends. The mean cross stream velocities showed changes in direction

across the bend sections. Prelirninary results also indicate higher

turbulence values in both the vertical and cross stream directions near

the bed,and the downstream traces do show significant fluctuations from

the mean. The turbulence velocities across a straight section are

fairly uniform. Considered that the existing 2d random walk model will

simulate dispersion in straight sections of a river reasonably weIl,

although possibly requiring the addition of a dead zone component and

allowance for downstream fluctuations. However, for meandering sections

the nodel will need to be extended to 3d to a1Iow for variations in

turbulence not only vertically and downstream, but also across the

r iver.

Electromagnetic current meter



HUA}IG 1989

The velocity profile formula along section of open channel flow determined
by the law of naximurn rate of energy dissipation

I Ttreoretical, experimental, simple, rough.

2 Paper presents a formula of velocity profile along section of open
channel flow determined by the 1aw of maxirnum rate of energy
dissipat ion.

3 Calculations based on the proposed formula are close to the measured
data. Analysis shows that the nixing length depth ratio varies from 1
at the channel bed to 0 at the surface of flow. Considered that no von
Karmans constant, k = 0.4 exists even near the viscous sublayer.

4 Pitot tube

I{YDRAULICS RSSEARCH TIMITED 19BB

International Conference on River Regime

Contains sections on :

Analytical and empirical approaehes to river regime

Field and laboratory studies

Influences on river norphology

Selected papers on :

River regime

HEY et al; JULTEN; YANG; THORNE er al; wrLSoN; NOuH; CLARK et al; CHANG;
DIPLAS et aI; STRUIKSMA et al; LAMBERTI; BETTESS eal; NAKAGAWA et aI.

Field and Laboratory studies

KLAASSEN et aI; HERBERTSON et a1; CHEE et al; IIAIZELS: SUZUKI et a1; HO;
HIGGINSON et aI; FLIMIHAM et aI; FUJITA et al; LEE et al.



Influences on river morphology

NEILL et al; ACIGRS et aI; SCHEUERLEIN; ROOSEBOOM et aI; JORDAAI,I et a1;

I(ORNIS et al; GARRAD et al; GAVRILOVIC; BAPAT; LEWIN et al.

TMAMOTO, ISHIGAK] 1989

Secondary flow in cor4pound open channel

I $qperimental, compound, srnooth

2 The paper discusses the relation between the distribution of turbulent

shear stress and that of mean velocity.

3 the lateral distribution of mean velocity near the boundary is closely

related to the turbulent shear stress, and indicates the existence of

secondary flow. Based upon the distribution of the turbulent shear

stress it is possible to calculate the Iocal maximum and minimum value

of the velocity. Strong secondary flows were recorded from the vicinity

of the edge of the floodplain, with a weaker secondary flow welling up

from the edge of the floodplain to the water surface. The weaker cell

is intermittent and associated with its development are secondary cells

in the direction of flow.

4 Miniature current meter, hot film anemometer, hydrogen bubbles, tracer,

c€rmera

IMAMOTO, ISHIGAKI, NISHIDA 1989

Turbulence, secondary flow and boundary shear stress in a trapezoidal open

channel

1 brperimental, simple, smooth

2 Paper discusses the relation between the secondary flow and boundary

shear stress along the side wall of a channel based on an o<perimental

investigation.
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Preston tube, camera, video

JOHANSSON, HENRIK ALFREDSSON I9B2

On the structure of turbulent c

Experimental, theoretical,
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4 Laser Doppler Anemometer, Hot film probe.

JI'NGSONG, SHUDONG 1989

E:qleri.rnental research on flow structure and movement of suspended sedi-rnent

of overbank flow (in Chinese)

1 br.perimental, cotqpound, rough

KASTRINAKIS, ECKELMANN 1983

Measurement of streamwise vorticity fluctuations in a turbulent channel

f low

1 E:qperimental, theoretical, simple, rough, duct

2 A new vorticity probe is described. Probe is used to measure streamwise

vorticity fluctuations in a fully developed turbulent channel f1ow.

3 The distributions of skewness and flatness factors and of rms values for

the velocity fluctuations over the channel half width measured with the

new probe for all three components are in good agreement with

distributions published in the literature. A1so, the three correlation

coefficients relating the streamwise component of vorticity to the

fluctuating cosrponents of veloei.ty are measured to be zero, as eripected.

The strong increase of the flatness factor with wall distance indicates

a strongly interrnittent charaeter for the streamwise component of

vorticity in this region. The flatness factor shows values sirnilar to

those for the three fluctuating velocity components only in the vicinity

of the wall,where most streanwise vorlices are observed. The higher

values farther away from the wa11 could indicate that the streamwise

vortices occur sporadically.

4 Vorticity probe



KAUL, KI{AK 1986

Computation of internal turbulent

E:qperimental, theoretical,

Paper describes an implicit

generalized co-ordinates, used

incompres sib le Navier-Stokes

a channel and a channel with a

consistent boundary procedure

turbulence model is chosen to

The waII boundary procedure pr
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wall boundary approaehes yield
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KAWAHAM, ulfETsu 1986

Finite element method for moving

Theoretical, prototypical, s

Paper presents the two step
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3 Numerical illustration shows that the finite element method is entirely

flexible for the analysis in which the conplicated boundary

configuration must be dealt with. Considered that the finite element

method presented provides useful tools for the analysis of the design of

river structures, improvement of floodplains.

4 -

KAWAHAM, TAl,tAI 1989

Mechanism of lateral momentum transfer in comoound channel flows

1 Theoretical, o5perimental, compound, smooth, rough

2 Paper presents an attempt, using 3 dirnensional calculations, to clarify

the mechanism of lateral momentum transfer that determines apparent

shear stress.

3 The investigation of the mechanism of lateral momentum transfer or

apparent shear stress based on the 3d numerical model simulation

revealed : numerical model reproduced the behaviour of the apparent

shear stress under a wide variety of hydraulic conditions. The decrease

of the apparent shear stress with the increase of water depth is caused

through the weakness of both advection and diffusion. The increase of

the apparent shears stress with the increment of flood plain roughness

is mainly due to the enhaneement of diffusion, though advection

increases slowly. The change of the apparent shear stress with the main

channel width is due to the variation of advection.

4 -

KNIGHT, SHIONO 1989

Turbulence measurements in a shear layer region of a compound channel

1 E:qleri-rnental , compound, smooth



Ttre paper describes some turbulence measurements undertaken on a

facility representing a large scale model of a river system with flood
plains, designed to produce fu11y developed boundary Layer flows with

transverse shear. The article presents some of the open channel flow

data, including measurements of the primary velocity, the distribution

of turbulent intensities, the kinetic energy and the Relmolds stresses

in the region of strong lateral shear induced by transverse variation in

depth. Attention is focussed on the non linear nature of the Reynolds

stresses in the shear layer, flow structures and the lateral variations

in eddy viscosity and local friction factor.

the vertical distributions of primary velocity are essentia).1y

logarithmic in the regions of a compound channel where the lateral shear

stresses are low. In such regions, remote from the river

channel/floodplain interface, the vertical- distributions of Reynolds

stresses are correspondingly linear. Where the logarithmic law applies,

the vertical distributions of turbulent intensity and kinetic energy

follow standard forms and the appropriate empirical coeffi-cients have

been determined. The spatiar distributions of primary verocity,

turbulent intensity, kinetic energy and the two Relmolds stresses are

given for two overbanl< flows. In regions where there is high lateral

shear superirnposed on bed generated turbulence, the verticar

distributions of the Re5molds stress are highly non linear. An equati-on

is presented to describe the non linear nature of the Reynolds stress.

Longitudinal vortices, generating secondary frows along the river

channel/floodplain interface have been found to be important for

relative depths as low as 0.25. A loca1 force balance has been shown to

be valid throughout the shear layer region. The upwelling at the river

channel/floodplain interface causes considerable temporal variations in

the longitudinal and lateral velocities and the lateral Reynolds stress,

which in turn produce large plan form eddies that transfer momentum from

the ri-ver channel to the floodplain. At low rel-ative depths this

produces the discontinuity in the stage discharge curve. The lateral

variations in local friction factor for different relative depths

suggest that, unlike the depth averaged viscosity, constant values may

be ascribed to particular sub areas of a compound. channer.

Laser doppler anemometer.



KNIGHT, SHIONO, PIRT 1989

Prediction of depth mean velocity and discharge in natural rivers with

overbank flow

Theoretical, prototypical, compound, sirnple, rough.

Paper describes a theoretical model which may be used to estimate flows

in rivers which flow in an out-of-bank condition and on to the adjoining

f lood p1ain.

the analytic solution to the depth integrated form of the Navier-Stokes

equation has given reasonably close estimates of the lateral

distributions of depth mean velocity in the River Severn at Montford

Bridge. Calibration of the theoretical model using sub area resistance

coefficients and dimensionless eddy viscosities has been shown to be

relatively straight forward. Lateral integration of the depth mean

velocities appears to provide a rational method for extrapolating the

stage discharge curve at high flows. Ttre underlying assumptions in the

analysis are that the secondary flows are negligibly small and that the

local dimensionless eddy vi-scosity and friction factor values vary

systematically in transverse shear layers.

KOMORI, UEDA, OcrNO, MTZUSHTNA 1gg2

Turbulenee structure and transport mechanism at the free surface in an open

channel flow

Experimental, theoretical, simple, smooth

To investigate the turbulence structure and the transfer mechanism at

and near the free surface.

At and near the free surface vertical velocity fluctuations are darnped

and so the redistribution of the energy of the vertical motion promotes

the lateral and streamwise motions. Large energy containing eddies with



a size close to the integral scale of turbulence repl.ace the free

surface and control the heat and mass transfer aeross it. A simple

surface renewal model was presented, its assumptions confirmed by the

turbulence measurements; this rnodel predicted the observed results of

the liquid side mass transfer coefficients with satisfactory accuracy.

4 Laser Doppler Velocimeter, Cold film probe

KOMORI, UEDA, OGINO, I{IZUSHINA 1983

Ttrbulence structure in stably stratified open channel flow

I E:qperjmental, theoretical, sirnple, smooth

2 To clarify the bouyancy effects on the turbulence structure in a

developed stabry stratified outer layer in open channel f1ow.

3 Bouyancy effects on the turbulence structure in the outer layer of

stably stratified open channel flow have been investigated

e>qperimentally and a theoretical- eonsideration has been added. Ttre

outer layer of the present flow is close to local equilibriun, and there

the local gradient Richardson number becomes a significant parameter for

representing the bouyancy effects. Turbulence guantities in stable

conditions are well correlated with the Richardson nurnber are

qualitatively predicted by a spectral equation model based on two point

correlation equations. In stable conditions, fluctuating motions become

close to wavelike motions, and turbulent heat and momentun transfer

against the mean tenperature and velocity gradients occurs in strongly

stable stratification. Especially, the counter gradient heat transfer

in the vertical direction is remarkable, and it is due to the

intermittent bouyancy dri-ven motions : in the present flow

configuration, the intermittent upward motions of the advected eddies

with higher temperature than the mean temperature.

4 Laser Doppler Velocimeter,  Cold f i lm probe



KOTSOVINOS 1988

Secondary currents in straight wide channels

Theoretical, prototytrlical, e:gerirnental, sirnple, smooth, rough

To present a plausible mechanism which produces the cellular structure

of the secondary currents.

Flow pattern of secondary currents are considered to have their origin

in the variations of the normal stresses. Suggested that the Reynolds

normal stresses in combination with the viscous forces over a normal

section produce a flow pattern which is a result of a marginal stability

mechanism. The width of the secondary flow rolls is equal to the depth

of f1ow.

KRUGER, BOTLRICH 1989

Boundary shear distribution in rectangular and trapezoidal channels with

uniform and non-uniform bed and wa1l roughness

Experirnental , theoretical , simple, rough

Paper presents theoretieal and experimental investigations on the

dependence of boundary shear distribution on the shape of channel and on

the roughness in recLangular and trapezoidal open channels.

Agrees with results of KNIGHT (198i) for smooth or uniformly rough

rectangular channels. For bed to wall roughness ratio of 19.4 gained

agreement with tests by KNIGHT undertaken with a bed to walI roughness

rati.o of 1000. Reason for same results associated with widely divergent

roughness ratio put down to KNIGHT using artificial strip elements and

the authors using granular materials. Derivation of a regression

equati-on for the mean bed shear stress is confirmed by testing against

experimental data from FLINTHAM and CARLING (1988). Deviations between

equation values and experimental data of the order of 5 per cent.

Shear plate, Preston tube.



LARSSON 1989

Lateral mixing in open channels - the irnportant processes

I E:qperimental, theoretical, prototypical, simple, smooth, rough

2 Paper discusses the processes involved in lateral mi:<ing in open charvreL

flow

3 Considered that lateral mixing in open channel flow outside the

laboratory is dominated by the process of differential advection caused

by secondary.currents. Estimate shows that the mass flux caused by this

process is equal in magnitude to turbulent diffusive flux when the

secondary velocities are typically 1 per cent of the streamwise

velocity. Paper also presents three processes that may generate

secondary currents of this magnitude in straight channels.

4 -

LEAN, WEARE 1979

Modelling two dimensional cireuLating flow

1 Experirnental, theoretical, simple, rough

2 Paper looks at Reynolds stress due to bed generated turbulence,

consider its relevance to scale physical models, and illustrates some of

the points raised by FLOKSTM (1977) through numerical and physical

model experiments.

3 Relative significance of lateral shear stresses due to bed generated

turbulence, shear layer turbulence, and secondary flow has been

considered in relation to the generation of circulating flow in two

dimensions. Shown under certain circumstances that the shear layer

turbulence dominates lateral exchanges and the circulation can be

correctly reproduced in a seale physical model, even when vertically

distorted. Numerical experiments confirm the theoretical conclusions



that to produce main flow induced steady circulation reguires modelling

the advective momenturn terms and applying a no-slip constraint at

lateral boundaries. Numerical results are shown that indicate that

circulation can appear in the numerical solution even when the lateral

shear stress is excluded.

tr 1989

Ttreoretical longitudinal dispersion coefficient for natural rivers - a

stochastic approach

Theoretical, oq>erimental, prototypical, simple, smooth, rough

Paper analyses longitudinal dispersion in a stochastic framework and

attempts to quanti-fy the additional longitudinal dispersion

theoretically in terms of stati.st.ical properties of river geometry

,such as mean cross sectional area, flow depth, width, their variances

and variability scale.

Ttre existing theory based on Taylors analysis tends to grossly under -

estimate longitudinal dispersion in natural rivers due to the assunption

of uniform channel cross section. The ernpirically based formula for

predicti.ng longitudinal dispersion coefficient do not have any

generality other than those for which data are eollected since the

statistics of longitudinal variation of river geometry are not

eqplicitly incorporated except in the empirical coefficients whi.ch vary

from stream to sLream and flow to f1ow. This explains why field data

look so scattered when one try to fit then by empirical curve based only

on mean flow and geometric quantities. By using an assumed covariance

function to characterise the longitudinal variability of cross sectional

area, the stochastic theory leads to a simple analytical fornula that

predicts the effective longitudinal dispersion coefficient. The

longitudinel dispersion process j-n natural streams can be described as a

gradient diffusion process provided that the condition of statistical

homogeneity of longitudinal variation of river geometry is satisfied.



Longitudinal dispersion coeffj.cient in naturar rivers is directly

related to the variability of river cross section and more importantly

the scare of variability in addition to the mean flow and geometric

parameters. It is the flow non-unifonnity both within the cross section
and in the strearmrise direction that contribute importantly to the
longitudinal dispersion process. Longitudinal dispersion coefficient

for natural streams can be significantly higher than that for uniform
open channels because of the associated large seale variability in

river

cross section.

LIREN, SHU-NONG 1989

A new depth averaged two equation (k-w) turbulent closure model and its

application

Ttreoretical, prototytrrical, simple, smooth

Paper describes the modification made to a new depth averaged two

equation (k-w) turbulent closure model.

considered that for two dimensional depth averaged simulation and

prediction the two equation turlent closure nodel is suitable for

simulating turbulent mean behaviour. The k-w model is more accurate at

computing jet widths than the k-e moder in the case of small outlet

widths or small jet flow rates. Analysis has shown that the k-e model

is not suitable for depth averaged si.mulation in the case of channel

profile changes, since the eddy viscosity is a linear function of the

water depth. rn the k-w model the turburence paramet,er has been

replaced by the introduction of the gradient of mean field vorticity in

order to model the production terms.



UANSOUR, KIM, UOIN 1988

Reynolds stress and dissipation rate budgets in a turbulent channel flow

1 E:gerimental, theoretical, simple, smooth

2 The budgets for the Re5molds stresses and for the dissipation rate of

the turbulence kinetic energy are computed using direct simulation data

of a turbulent channel flow.

3 The budget data reveal that all the terms in the budget become important

close to the wa1l. For inhomogeneous pressure boundary conditions, the

pressure strain term is split into a return term, a rapid term and a

Stokes term. The Stokes term is important close to the wa1l. Ttre rapid

and return terms play different roles depending on the component of the

term. A split of the velocity pressure gradient terrn into a

redistributive term and a diffusion term is proposed, which should be

sinpler to model.

4 -

MARKATOS ].986

The mathematical modelling of turbulent flows

I -

2/3 Paper reviews the problems and successes of computing turbulent f1ow.

fncorporates sections on :

Field nodels of turbulence.

Turbulence transport models.

Recent developments and applications of two equation models.

Large eddy and fu11 simulations.

ftao fluid models of turbulence.

4 -



llcKEOGH, KIELY 1.989

Experirnental study of the mechanisms of flood flow in meandering channels

1 E:cperinental, theoretical, compound, smooth, meander

2 Paper reports on a comPrehensive research progr{ilme to measure velocity
and turbulence in a rmrltiple meander channel with floodplains, of
s inuos i ty  1 .25 .

3 Secondary currents of appreciable magnitude are shown to exist in flood
flow. In meandering flood flow, there is greater conveyance on the
floodplains than on similar straight channel floodplains. The flow
mechanisms of exPansion./contraction analagous to pipe flow are shown to
occur in meandering flood flow. Boundary shear is higher in meandering
flood flow than straight channel as ind.icated by st,eeper velocity
gradients close to the bed. At high floodplain depths the direction of
flood flow over the meandering charinel is essentially parallel with the
floodplain flow.

4 Laser Doppler Anemometer.

McKEOGH, KIELY, JAVAN 19S9

Velocity and turbulence measurements in a straight channel with interacting
floodplains using Laser Doppler Anemometry

1 E:qperimental, theoretical, compound, smooth

2 Mean velocities and turbulence intensities were measured in a straight
compound channel for varying f :,-l:dplain depths. Results are used as a
basis for qualitative descripL-Jns of mechanisms and quantitative

estimates of the momentum exchange coefficients which are used in recent
simplified mathematical models for velocity distribution prediction.



3 The lateral velocity profiles for varying depth ratios show steeper

gradients across the interface as the depth ratio decreases and are

shown to fit exponential and power funetions. Lateral turbulence

intensity profiles show a variation of 5 to l0 per cent. Peak values of

10 per cent occur at the main channel interface. At the highest depth

ratio of 0.5 there is almost no difference between the mean main channel

and mean floodplain values of turbulence intensit. At a depth ratio of

0.29 the difference is 5 per cent. The contours of turbulence intensity

show turbulence transfer from floodplain into the main channel. Ttre

calculated lateral eddy viscosity component for the main channel varies

from 0.000278 mzls at the lowest depth rat io to 0.00046 m2ls at the

highest. Similarly the calculated lateral eddy viscosity component for

the floodplain varies from 0.000016 mz/s at the lowest depth ratio to

0.000466 m2/s at the highest.

4 Laser Doppler Anemometer

UEULLER 1973

Turbulence measurements over a movable bed with sedirnent transport by laser

anemometry

1 E:<perimental, simple, rough

2 Paper presents a first step in a study of velocities in flow with

sediment transoort

3 Stricklers coefficient of the bed is reduced with sediment transport.

The logarithmic velocity gradient increases with sedirnent transport.

Turbulence intensi-ty increases proportionally to the logarithmic

gradient.

4 Laser Doppler Anemometer.



I'IOHN, HANSCHEID, ROIIVE 1987

Determination of surface roughness for simulations of natural river runoff

I Prototypical, compound, rough

2 Paper describes investigations to demonstrate the ability of irnage
processing algorithms to obtain data about the hydraulic roughness on
floodplains of natural channels.

3 An effective data acquisition technique for the hydraulic roughness of

natural channels with floodplains has been introduced. The data is

stored in a digital model so that it is available for use by any kind of

numerical approach. Ihe concept of this model features the storing of

data obtained by automated techni.ques.

4 -

MORGAI{, HUGHES, TAYLoR 1977

Investigation of a nixing length and a two equation turbulence model

utilizing the finite element method.

I Theoretical, orperimental, simple, smooth

2 Finite element nethod is used to analyse turbulent coaxial jet flow

using the mixing length viscosity mode1.

3 Paper demonstrates that the finite erement method,.using sirnple

turbulent viscosity models can be successfully employed in the analysis

of both free turbulent shear flows and flows of the wall turbulence

type.

4 -



}fYERS, BRENNA}I 1989

Flow resistance in compound channels

Experimental, compound, smooth

Results from ocperiments on a large scale compound channel facility are

analysed to assess flow resistance characteristics of simple and

compound channels having smooth boundaries.

Momentum transfer from maj-n channel to floodplains has been shovn to

red.uce significantly conpound section and main channel discharge and

velocity at depths above bankfull, while increasing the corresponding

paraneters on the floodplains. The resistance relationship obtained for

the flor.s confined to the main channel has been shown to conform to the

findings of other similar i-nvestigations, while extending previous work

into a higher range of Reynolds number. Flow resistance in smooth

cornpound channels has been presented in terms of Mannings and Darcy

lleisbach resistance coefficients for the full compound shape and the

main channel and floodplains ealculated separately. The eompound

channel resistance coefficients show a significant reduction in value at

depths just above bankfull, but increase to sinple channel values vith

increasing depth. The main channel and floodplain resistance

coefficients are increased and decreased respectively by the presence of

the momentum transfer mechanism.

Resistance relationships for compound channels are of a rnore complex

nature than those applicable to simple channel shapes, indicati-ng the

presence of other variables relating to the influence of the

momentum transfer chanism. The occurrence of errors in the application

of simple channel resistance coefficients to compound shapes has been

highlighted.

Miniature current meters, Preston tube, point gauges.



NEZU, NAI(AGAWA, RODr 1989

Significant difference between secondary currents in closed channels and
narrow open channels

E:rperimental, simple, smooth, rough

Paper reports on a study which examines secondary currents over smooth
and rough beds in narrow ehannels.

Significant difference between secondary currents in closed and open

channels is discussed. A strong free surfaee vortex is generated by the
anisotropy of turbulence due to the i r.ee surface damping effect. Ttris

vortex causes the suppression of the velocity maximum below the free

surface in narrow open channel flows. on the other hand, the bottom
vortex is generated by the anisotropy of the turbulence due to the side
wa1I effect, and this vortex generates a wavy distributj.on of bed shear

stress. The botton vortex is affected considerably by bed roughness.

Laser Doppler Anemometer, hot wire anemometer.

NOKES, WOOD 19BB

Vertical and lateral turbulent dispersion:some experi-rnental results

E:qperinental, theoretical, simple, smooth

The results of an experi-rnental prograrnme desi-gned to investigate

turbulent dispersion of a continuous contami-nant source in a wide

channel are presented.

The experimental results for vertical dispersion support the use of the
eigen function solution with a parabolic diffusivity and logarithnic
velocity distribution. Using this method, the ideal source location for
which the dilution is most rapid is well predicted. Ttre measurements of
the lateral diffusivity in the near field nixing zone and the three
dimensional eigen function solution suggest that the verti.cal and



lateral diffusion processes are uncoupled. This implies that the

lateral diffusivity distribution has the same form as the velocity

distribution. The published results for lateral rnixing in a long, wide

channel imply that the lateral turbulent diffusivity is independent of

all flow parameters except the friction factor. The shear velocity and

the flow depth are confi.rmed as the correct velocity and length scales

for both vertical and lateral turbulence in wide channels.

4 -

ODGAARD 1989

River - meander model. 1 : Development

I Theoretical, protot5pical, experimental, rough, meanders.

2 Paper describes a steady,two djmensional model of flow and bed

topography in an alluvial channel with variable curvature. Model is

used to describe meander flow and meander planform development.

3 Two bank erosion models are tested; the Ikeda model and the Odgaard

model. The latter relates the rate of bank retreat to increase in near

bank scour depth. Provides better correlation with data than the Ikeda

model particularly with regard to channel migration. Analyses lead to

formulas for calculation of velocity and depth distributions in

meandering channels, and rate and direction of channel nigration.

4

ODGAARD 1989

River - meander nodel. 2 t Applications

1 Theoretical, prototypical, ocperimental, rough, meanders.



2 Paper presents the results of testing a model developed in a study whose

objective was to establish a guide for evaluating characteristics of

meander flow and meander planform developnent.

3 l[eander model developed can be a useful guide in the planning, design,

and constructi-on of river basin projects. Model predicts rates and

direction of channel migration; magnitude and location of near bank

scour as a funetion of flow rate. Model is based upon a linearization

of the flow equations and should not be used for ehannels'with large

curvatures.

Proposed erosion model relating local rate of bank retreat to an

increase in loca1 near bank scour depth, is a viable alternative to

existing theories which assume that the local rate of bank retreat is

proportional to the local near bank velocity. Most uncertain feature of

models are the erosion constants. Also the erosion equations are

uncertain to a degree as the assumed linearity between erosion rates and

flow variables has not been specifically tested. Uncertainty also

exists in respect of the transvi- , . :e bed slope factor,  t ransverse mass

flux factor and the sediment triiiisport eqponent in the bed load

equation.

4

PRINOS 1989

E:q>erfunents and numerical modelling in compound open channel and duct flows

I E:cperi-rnental , theoretical , compound, smooth.

2 Paper presents a review of t-he oqperimental work undertaken in compound

open channels and ducts. Reeent attempts at the numerical modelling of

such complex flows is described with the merits and drawbacks of each

computational method applied.

3 For low relative depths, mean veloci-ties and boundary shear stresses in

the main channel or duct are overestinated by both depth averaged and

3-D nodels while the same flow characteristics are underestimated



on the floodplain. For high relative depths, with no significant

momentum transfer effects, flow characteristics are modelled properly by

both models rrhile the 3-D model predicts the main flow features most

satisfactorily. The use of an algebraic stress model in conjunction

with the 3-D rnodel predicts the complex flows present in compound open

channel and duct flow with a greater degree of certainty.

4 Hot film anemometer, hot wire anemometer, Preston tube.

PRINOS, TOWNSE$D 1984

Comparison of methods for predicting discharge in compound open channels

I Experinental, theoretical, compound, smooth, rough

2 The relative accuracies of four conventional stage discharge prediction

methods, for flow in compound channels, are compared in a laboratory

study. Discharge measurements in a compound channel facility, along

with observations from other research work, provided the basis for

comparison.

3 The single channel method significantly underestimates discharge in

compound open channels, especially for low relative depths of flow. The

separate channels method, whieh subdivides the compound channel by

imaginary vertical interface planes (either included or excluded in the

wetted perimeter of the main channel) overestimates the discharge

significantly. Subdividing the channel by horizontal interface plane,

but not including this in the wetted perimeter calculation, can produce

some i-mprovement over the vertical interface plane method especially for

1ow floodplain depths. The method based on multiple factor correlations

does not seem to produce mueh improvement over other methods. The two

nethods that employ the momentum equation appear to give superior

results. The accuracy of the method based on a statistical estimation

of apparent shear stress, rather than using correction factors eg

Karasevs method, can be improved llith the development of more accurate

friction factor relationships for compound channels.

4 Preston tube



PRINOS, TOWNSEND 1985

Nurnericar rnodelling of turbulent flow in compound open channels

Erq>erimental, theoretical, corqpound, smooth, rough

Paper describes the depth averaged model for predicting velocity and
boundary shear stress distributions in fully developed compound

channel flows. TLre rnodelling of turbulent shear stress is based on the

depth averaged version of the k-e mode1, which accounts for both bottom
and free shear influences on eddy viscosity. Ibo algebraic turbulence

models are considered, one employing a constant eddy viscosity

distribution the other aceounting only for waLl effects.

Momentum transfer effects associated with flow in compound channels

become significant when the velocity differential,between adjacent

deep and shallow zones, is large. A modified version of the k-e
turbulence model is used in the numerical modelling of compound flows in
an attempt to account for momentum transfer effects. The model gave

satisfactory results for compound channels with a wide main channel but
was less accurate for narrow main channels. fn the latter case momentun

transfer effects extend over a much wider region of the compound flow
field, with the result that, in general, both velocity,and boundary

shear stress are overestimated in the main channel and underestimated in
the flood plain zones. The eddy viscosity model based on bed generated

turbulenee gave improved results for the flood plain portions of the the
mixing regions, where the wall effect is dominant. This rnodel was found
to be inappropriate for the main channel porti-on of the mixing regions,
where turbulence is largely governed by free shear effects.

Pitot  tube, pressure transducer,  preston tube.

MJARATNAM, AHUADI 1989

Three notes on hydraulics of channers with floodplains

E:qperimental, compound, smooth, meanders



2 The paper presents a method of predicting the discharge in a straight

channel with floodplains using the shear layer concept. Velocity and

bed shear profiles in a channel with multi-level floodplains are

presented. E>qperi-rnental observations on a meandering main channel with

straight floodplains are also presented.

3 A nethod for eonstructing a rating curve for a compound channel is

proposed. Channels with nultiple floodplains can be analysed using the

interaction method developed for single level floodplains. Preliminary

ocperimental results for a meandering channel within a straight

floodplain are presented. The interaction method cannot be directly

applied because of the high veloci-ty channel flow entering and running

over the floodplains. The secondary flow in the meandering main channel

appears to be intensified by the floodplain flow.

4 Pitot tube, yanr tube, transducer.

MSPOPIN, KOVALYOV 1989

River stream dynanics mathematical modelling in river bed and floodplain

1 Theoretical, compound, rough

2/3 Paper describes the numerical modelling of flows in channels with

floodplains. Theoretical basis of the solution is based on differential

flow equations involving stresses,equation of continuity, Boussinesq

assumption as well as the hypothesis about linear distribution of shear

stresses over the depth. For numerical realization of the model, an

algorithm was proposed which is based on the implicit finite difference

scheme with non-linearity of iteratj.on.

4 -



SALIKOV 1985

Energy losses of a channel flow under conditions of overflow onto a

floodplain

E:cperimental, theoretical, compound, rough, meander

Paper describes investigations carried out on a schematized model of a

meandering river and on models of rivers with confined, free, and short

circuited meanders.

Main types of interaction of channel and floodplain flows which are

described by the equation of fl-uid motion wj.th a vari_ab1e discharge,

were distinguished. The effect of overflow onto the floodplain on the

energy losses and other characteristics of the channel flow was

establ ished.

SAMTJELS I9B9

The hydraulics of two stage channers - review of current knowledge

Theoretical, experimental, prototypical, compound, smooth, rough

Paper reviews the physical processes that govern fluid flow in a two

stage open channel.

More information is required on meandering two stage channels to

compliment the wide range of data available for straight two stage

channels. The conveyance of a straight two stage channel should be

estimated by including the interface between the main channel and the

floodplain as part of the boundary of the main channel but not the

floodplain. The lateral velocity equation is proposed as a method for

improving the predicti-on of the stage discharge rerationship, this

relationship may be discontinuous at bank-fulI. The flow through a

meandering two stage channel may be overestimated by up to 35 per cent



by using straight channel formulae. The area of highest velocity and

bed shear may occur on the floodplain adjacent to the top of the bank in

a rneandering two stage channel. Care is needed when setting up 2-D

depth averaged flow models of these channels. Knowledge regarding the

eddy viscosity parameter needs to be improved. The friction factor for

a two stage channel may show some variation with Froude number for flows

just out of bank.

Natural rivers are significantly different in some key parameters from

laboratory channels.

4 -

SELLIN, GILES 1989

Flow mechanisms in spilling meander channels

I Prototical, experimental, compound, rough, meanders

2 A conceptual nodel is proposed for the secondary circulation system in

spilling meander channels. The systematic visualisation of surface

flows in the cornplex flow geometry studied enabled spiral flows to be

identified in bend and crossover regions. This was compared with

detailed velocity vector measurements already available from experiments

in straight but skewed compound channels.

3 Where significant flow in a two stage channel with meanders leaves the

berm to pass over the lower ehannel flow it rrould appear to determine

the secondary circulation in this region. As a consequence the rows of

vertically aligned vortices positioned over the lower channel banks,

sueh a feature of the flow in straight two stage channels, appear not to

be present in this case. For shal low berm f low at crossovers where

there is strong crossflow, the bunching of surface streamlines indicates

a zone of strong downflow although there is no evidence of actual flow

reversal at the surface. At deeper flows over the berm the stronger

upper channel flow dominates that in the lower channel and prevents the

effects of any secondary circulation there from reaching the surface.



It is this type of flow mechanism that can generate the higher friction
factor values for spilling meander channels when compared lrith the
values from straight two stage channels.

4 Miniature current meters, directional vane, point gauges, strobe,

camera.

SMITH 1989

Some aspects of floodplain flow in a valley with a meandering channel

I E:cperimental, prototypical, compound, smooth, rough, meander

2 Paper describes a study of the mechanics of floodplain flow on a
physical hydraulic model.

3 Model demonstrated the occurrence of a complex flow pattern when flood
plain flow occurs in a va1ley with a meandering channel. The flow

exchange process between the valley and the channel was observed to

vary with stage. The net contribution of the charrnel flow to the total

flow decreased as the stage increased, above the bankfull leve1. Shown

that the meandering channel can act as a bed load trap during a flood

and, at least temporarily, may produce a higher low frow stage.

4 Point gauges

SPREAFICO, LEIBUNDGUT 1989

Travel tine and transport forecasting of d.issolved material within the
Rhine.

I  Prototypical ,  theoret ical ,  s imple, rough

2 Paper presents some tracer experiments conducted on the Rhine and their

contribution to the construction of a forecasting model in respect of
pol lut ion in r ivers.



For the foreeast of pollutant distributions in rivers, transport nodel

computations are necessary as well as tracer e:qperiments. While tracer

experiments allow the measurement or the determination of all transport

parameters, one dimensional computer models only predict the mean travel

times. However, tracer experiments allow only the investigation of

momentary flow conditions.

Fluorometer.

STEIN, RO{'VE 1989

2D depth averaged numerical predictions of the flow in a meandering channel

with compound cross section

Theoretical, experimental, compound, smooth, meanders

Paper presents a first step in the direction of calculating complex flow

processes in meandering rivers with confined floodplains.

TLre model will predict water levels for named flow conditions, results

of calculations showing a mean error of 2%. Because of the structure of

the basic equation system, the suitability for predictions of the exact

velocity distribution is not as good as for the water levels. The main

tendencies of fluid motion and the reaches of fluid mass exchange

between the nain channel and floodplain are predicted we1l. A refined

turb'ulence model should be incorporated, to improve the correspondence

of the measured and calculated velocity profiles. At present the

implementation of the k-e model is in progress.

Modification of the momentum disperon closure and a refined formulation

of the part ly constant eddy viscosit ies should be carr ied out,  to test

the possibility of improving the performance of the lower order

turbulence simulation.

Laser Doppler Anemometer, point gauges, tracer.



TALMON, KIJNEN, OOMS 1986

Simultaneous flow visualization and Reynolds stress measurement in a

turbulent boundary layer

I Experinental, simple, smooth

2 Flow visualization and Reynolds stress measurement were combined in an
investigation of a turbulent boundary layer in a water channel.

Hydrogen bubbres were used to visualize the flow; a Laser Doppler

anemometer was applied to measure instantaneous Reynolds stress values.

3 Owing to the three dimensional,ti.me dependent character of the flow it
was difficult to identify flow structures from measured velocity
signals, especially at larger distances from the wall. Despite this a
method based on the instantaneous value of the Reynolds stress could be
developed for deteeting bursts in the wa1l region of the boundary

1ayer. By this method the three dimensj.onal, time dependent character

of the flow is taken into account by attributing to the same burst

ejections occurring suceessively with very short time intervals. Ttris
identification procedure is based on a comparison on a one to one basis
between visualized flow structures and measured values of the Reynolds
stress. The detected bursts were found to make a considerable

contribution to the momenturn transfer in the boundary layer.

4 Laser Doppler Anemometer, hydrogen bubbles.

TAMAT, ASAEDA, IKEDA 1986

Study on the generation of periodical large surface eddies in a composi-te
channel flow.

I Experimental, theoretical, compound, smooth

2 Paper describes a set of cornparative experiments employed to identify a
predoninant factor in the generation of large eddies on the water
surface at the interface between the main channel and the floodplain in
a composite channel f1ow.



There exists a shear layer at the interface between the main channel and

the floodplain. Ttre most fundamental cause of the large eddies on the

water surface in the interfaci-al zone amounts to the shear layer in a

lateral velocity profile. In the interfacial zone the flow has

complicated three dimensional structures. One is a strong upward flow

originating from the corner of the fJ-oodplain, which is thought to be a

swirl induced by the interaction between a large eddy on the water

surface and the channel bed. The other is an i-nclined roller eddy on

the floodplain bed, spreading horizontally toward the middle of the main

channel. These two kinds of motion occur periodically in association

with the large two dimensional eddies on the water surface. Therefore

the generation frequency of large eddies on the water surface is

intrinsically the same as that of large vortices in two dimensional

shear layers. The periodicity of the large eddies on the water surface

is explained by linear stability theory for a two dimensi-onal free shear

flow. The wave nurnber of the large two dimensional eddies,in both an

open and closed channel, is interpreted as that of the most amplified

wave in the lateral shear layer at the j-nterface.

Point gauge, hydrogen bubbles, camera

TAVOULARIS, KARNIK 1989

Further eqperiments on the evolution of turbulent slresses and scales in

uniformly sheared turbulence.

E>r.perimental , theoretical , simple, smooth, duct

2/3 Paper details a study whose objectives were to expand the range of

available measurements and to re-evaluate earlier results in an attempt

to provide a uni-fied view of uniformly sheared turbulence.

Hot wire anemometer



TOMTNAGA, NEZU, EZAKI 1989

Ercperimental study on secondary currents in compound open channel flows

Experimental, compound, smooth

Paper describes study in which accurate turbulence measurements were

conducted in compound open channel flows using both a hot film

anemometer and a fibre optic laser Doppler anemometer.

The structure of the secondary currents in compound open channel flows

is rnainly composed of the floodplain vortex and the main channel vortex

which are separated by the inclined upflow from the junction edge. Ttre

magnitude of the inclined upflow is greater than the secondary currents

in rectangular open channel flows. When the flow depth of the

floodplain is large,the distributions of the primary mean velocity are

affected considerably by the secondary currents. The boundary shear

stress on the floodplain is rmrch increased by the lateral momentun

transport from the main channel. The contribution of secondary currents

to apparent shear stress is larger on the floodplain, whereas that of

the Reynolds stress becomes with an increase of the flow depth on the

f loodplain.

Laser Doppler Anemometer, hot film anenometer.

TOMINAGA, NEZU, KOBATAKE 1989

Experimental and numerical investigations on turbulent structure in compound

open channel flow

Experimental, theoretical, compound, smooth.

To investigate the primary mean flow field, turbulent structures and

associated secondary currents experimentally using a fibre optic laser

doppler anemometer. Numerical calculations using an algebraic stress

model are compared with the orperimental results.



3 Secondary currents in eornpound open channel flow wer€ measured. Ihe

structure of these currents is mainly composed of the floodplain vortex

and the main channel vortex which are separated by the inclined upflow

fron the junction between main channel and floodplain toward the free

surfaee. Ttre magnitude of the inclined upflow was greater than that of

corner secondary currents in rectangular channels. the secondary

currents become strongest for a relative depth of 0.5 with the

distribution of prirnary mean velocities being most signi.ficantly

affected by these secondary currents at this ratio. Measurement

technique revealed the three dimensional structure of the turbulence

intensities and Reynolds stresses. Model results'rrere compared with

numerical results from an algebraic stress model. ltre pattern of

secondary currents was well produced. However, the magnitude and

turbulence quantities were not well predicted.

4 Laser doppler anemometer.

uTAl,tI, UENO l9B7

Experirnental study on the coherent structure of turbulent open channel flow

using visualization and picture processing

I Experimental, theoretical, si-mp1e, smooth

2 Paper examines the coherent structures of turbulent open channel flow in

the wall region of a channel bed quantitatively using experimental data

obtained by flow visualization.

3 Successive pictures of flow patterns in two hori-zontal cross sections at

different levels near the channel bed were taken, and then digitized and

analysed by computer. This enabled the calculation of the distributions

of the three components of the veloeity vectors, also the distributions

of velocities, streamlines, two dimensional divergence and three

components of vorticity could be calculated. The idea of a two

dimensional correlation coefficient is introduced in the numerical

analyses, through which the degree of sfunilari.ty of turbulence

structures can be better estimated than with a one dimensional



coefficient. use of the data is based upon the premise that the
essential element in a turbulence structure is vortex motion. A
conceptual model of the turbulence structure is proposed in which the
elementary unit of coherent structure in the buffer layer is presumed to
be a horseshoe vortex and in which the characteristics of the rnultiple
structure of turbulence are shown with respect to the scale, arrangement
and generating process of horseshoe vortices and longitudinal vortices.
Model orplains the generating mechanism and mutual relations of low
speed regions,high speed regions, eject ions, sweeps and local ized free
shear layers.

Camera, digi t izer.

WEI, WILLMARTH 1989

Reynolds nr:mber effects on the structure of a turbulent channel flow

E>r.perimental, simple, smooth

Paper reports on laser Doppler anemometer velocity measurenents made in
turbulent channel flows over a range of Relmolds numbers from 3000 to
40000.

Inner scaling laws of the fluctuating quantities in the inner region are
Reynolds number dependent over the range examined. Near the wal1, power
spectra of the streamwise velocity fluctuations appear to scale with
inner variables over most of the energy containing frequency range.
However, at the same location, spectra of the velocity fluctuations
normal to the wa11 and the fluctuating Reynolds stress do not scale on
the inner variables in the inner energy containing frequency range. Ttre
lack of inner scaring is primarily due to increased stretching of
thinner region vortici-ty field in the stream direction. There is also a
geometry effect whereby the inner region structure from opposing channel
walls interact, particularly at lower Reynolds numbers.

Laser Doppler Anemometer, manometers



WOOD, LIA}IG 1989

Dispersion in an open channel with a step in the cross section.

I Theoretical , experirnental , corqpound, smooth, rough.

2 Paper oqplores the effects of the geometry change on the dispersion of

eff luent.

3 Main effect observed is that releasing effluent in the deeper rather

than the shallower channel gives a more rapid initial dilution. Minor

effects are releasing the effluent in the deeper channel near the step

leads to the maxirm:m concentrations moving toward the step. Releasing

effluent in the shallow channel near the step leads to the maximum

concentration moving away from the step. The eigenvalue - eigenfunction

calculation of diffusion in a stepped channel is in qualitative

agreement with the measured eoncentration.

4 Pitot tube, pressure transducer, conductivity cell.

WORMLEATON, UERRETT 1989

An improved method of calculation for steady uniform flow in prismatic main

channel/floodplain sections

1 Experinental, compound, smooth, rough.

2 Experimental results from a large scale compound channel facility are

presented for discharge and boundary shear stress distribution, for

sections of varying floodplain width and roughness. These are used to

assess the performance of several standard discharge calculation methods

which assume different locations of the interface between main channel

and floodplain sub-areas.

3 Relationshi-p developed for stage discharge curves above bank-ful1.

Equation indicates that the discharge at very 1ow overbank flow depths

decreases as the floodplain becomes wider, suggesting an increasing

degree of turbulent energy losses at the main channel/floodplain



interface. Three traditional discharge methods involving different

locations of the main channel/floodplain interface were compared for

four syrmnetrical cornpound sections of varying floodplain width and

roughness. In terms of total discharge the diagonal interface nethod

provided the best agreement. The verticar and diagonal interface

methods improved with narrower floodplains whilst the horizontal

interface is more accurate for wider floodplains. None of the methods

predicted individual main channel and floodplain cornponents accurately.

Vertical and diagonal interface methods tended to overestimate the nain

channel flow and underestimate the floodplain flow. With increasing

relati-ve depth these errors tended to cancel, so reducing errors in

total discharge. Ttre horizontal interface method greatly underestimated

the main channel discharge for higher depths. The Radojkovic indice was

used to characterise the degree of interaction and momentum between main

channel and floodprain sub-sections. Appricati-on of indice to the

diagonal and vertical interface methods provided a significant

improvement over the standard methods of discharge calculation,

particularly for the individual main channel and floodplain components.

rmprovement was most noticeable in the case of r,ride and roughened

floodplains. Diagonal interface in both its traditional and

modified form gave better results than the equivalent vertical interface

method. A simple regression equat,ion was found relating the apparent

shear stress on the vertical main channel,/floodplain interface to

parameters easily derived from channel geometry and roughness. Tfiis in

turn enabled the Radojkovic indices to be calculated for the particular

channel geometries investigated. This equation only strictly applies to

the geometries from vhich it was derived.

MiniaLure current meters, Preston tube, point gauges, pressure

transducer.

XINGKUI, NING 1989

Turbulence characteri-stics of sediment laden flow

sirnple, smooth, roughTheoretical, experimental,



Paper details oq>eriments carried out in open channel flow in a

laboratory flume, and turbulent structures of both clear water and

sediment laden f1ow.

The various statistical parameters of turbulence measured in clear water

are essentially consistent with data obtained by other authors. In

sedi-rnent laden flow the turbulent intensity decreases with increase in

concentration. In sediment laden flow,the probabi.lity density

distribution and the autocorrelation coefficient are simi-lar to those of

clear water flow. Turbulent frequency decreases and turbulent

energy is concentrated to large size eddies with low frequency. The

longitudinal sizes of macroscale and microscale eddies increase. The

results show that for a Newtonian flow with non cohesive particles, the

fundamental turbulent structure has no essential change, only the

turbulent intensity and frequency have some changes in magnitude.

Ttrerefore the mixing length theory can also be used to study the law

governing the distribution of tine average velocity for a sediment laden

f  low.

Fluctuating velocimeter

YOTSI'KUM, SAYRE 1976

Transverse mixing in natural channels

Experimental ,  theoret ical ,  prototy?ical ,  s inple, rough, meanders

Paper presents a mathematical model for predicting the steady state two

dimensional distribution of solute concentration in a meandering channel

where the depth and velocity of the flow vary in both the transverse and

longitudinal-  direct ions.

Solute eoncentration is a function of transverse cumulative discharge

and this concept can be incorporated into the steady state tvo

dimensional convection diffusion equation without neglecting the

transverse velocity term. Using the continuity equation it is shown

that the transverse velocity term is eliminated in the transformation



leading to a simpler form of mixing equation suitable for application to

no nuniform channels. Adoption of an orthogonal curviLinear coordinate

system based on the geometrical configuration of the channel and the

flow distribution within it was found to facilitate the inclusion of

effects due to ehannel curvature and irregularities. In particular, the

scalar diffusivity concept is much more compatible with the natural

coordinate system than with a rectangular Cartesian coordinate system.

4 -





GEO}IETRIC

PARA}IETERS

This file detailing the dirnensions of the channels

studied in investigations relating to flow in open

channels, ducts and pipes was compiled on the Apricot

Xi-10 micro computer using Wordstar 3.40 supplied by

Micro Pro.

AI1 dirnensions 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 dimensions enable an assessment of the size

of research facility used in any particular work study

and are essentially restricted to oqperimental

facilities. Channel dimensions can relate to

or.perimental, prototypi.cal or theoretical

investigations.

In respect of rectangular flunes or ducts the channel

dimensions, with the possible exception of the length,

are the s€rme as the f lune dimensions.

In respect of compound channels, the channel

dimensions with the possible exception of the

will essenLially be different than the flurne

dinensions, as the width and depth of channel

the incised channel within the berms or flood

length,

refer to

p la ins .

Data referab!e to protot5ape research wi l l  only be

found in the lj-nes relating to channel dimensions and

dimensionless parameLers .

The notation used in defining the dimensionless

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



(a)  Rectangular  f luue, sluple channel

-T
h

_l

le  B/b = 1;  H-h/ l i  nor  appt lcable;

f low depth.

(b) Duct -  rectangular

{..-

b/h dependent upon

---r
h

_t
B

I
I
ts-b

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



(c) Coupound channel or duct

B/b = consrant ;  i l -h /H dependent  upon f low depth;  b/h =

coos tan t .

Asynoetric compound channels or ducts are treated ag

lf representing half a couplete coopound channel or

duct  and consequent ly  the saoe d iuensLonless

paraaeCers apply.

I n  respec t  o f  a1 l  channe l s ,  b ,  r ep resen ts  ha l f  t he

base wldth of  the channel  shether  i t  ls  rectangular  or

t rapezo lda l  1n  sec tLon .
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