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I HISTORICAL RES& 

The requirement for a literature search on the 

structure of flow in compound open channels was 

identified in the research strategy formulated by the 

SERC working party on Flood Channels and sponsored as 

a research objective by the Ministry of Agriculture, 

Fisheries and Food at Hydraulics Research Ltd. The 

importance of designing efficient flood alleviation 

schemes and understanding the flow processes within 

these channels is indicated by the fact that, an 

average of £73 m per annum has been spent by Water 

Authorities in England and Wales over the past six 

years on land drainage and flood protection works. 

Historically researchers such as Hegly (1936) have 

studied flow velocities in prototype compound channels 

and compared the results with similar measurements 

from scale models of the channel. The influence of 

interactive flows in compound channels upon stage has 

been illustrated in experimental and prototype 

channels by Zheleznyakov (1965). Similarly the 

influence of compound meandering channels upon stage 

has been studied by USWES (1956), Smith (1978) and 

Treske (1980). 

These studies all present the effect of the 

interaction rather than understanding the physical 

process of flow interaction and its expression in 

secondary flow, shear stress distributions, turbulence 

intensities and momentum transfer. 

In recent years, increasing use has been made of 

compound channels for flood alleviation schemes. One 

problem in assessing the dimensions of these channels 

is that different methods of calculating the 

conveyance produce results varying by as much as 30%, 

Samuels (1984). Similarly, comparing momentum and 

kinetic energy Flux values for different conveyance 

calculation methods can produce greater variation, 

indicating that though the overall discharge in a 



compound channel may be correct the distribution is 

incorrect, Wormleaton (1982, 1984). Knight (1984) 

investigated the effect of channel subdivision along 

apparent shear interfaces on stage discharge 

relationships and identified the importance of lateral 

transfer of momentum between flood plain and main 

channel. 

Another problem in defining the conveyance of a 

cross-section is how to account for the different 

roughnesses across the section. Turbulent losses will 

be higher through scrub growing on the banks of a 

channel than at the bed of a smooth channel. The 

fluid mechanics of these flows is complex. Pasche 

(1983, 1985) is attempting to derive a universal 

resistance law in order to be able to calculate the 

apparent shear stress due to the bank vegetation and 

so determine the conveyance of the main channel. 

Consequently, an alternative to such laboratory and 

field experiments is to construct a mathematical model 

of the main features of the flow, particularly the 

effects of drag exerted on the channel flow by the 

slower moving water on the flood plain, Vreugdenhil 

and Wijbenga (1982). However, uncertainties 

associated with current one dimensional mathematical 

models and also physical models in these situations 

still exist, Tagg (1985). 

Further work is, therefore, needed to quantify the 

range of error in conveyance of various simplifying 

assumptions commonly employed and the effects of such 

errors on simulated water levels such that efficient 

flood alleviation schemes can be designed in the 

future. 
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.CHANNEL TYPE EXP, DUCT, SMOOTH, ROUGH 

................................................................................ 
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.DATA SHEAR STRESS, FRICTION FACTOR, VEL. DIST. ,  .KEY WORDS TURBULENCE, 
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.FLOWS - PART 1: DEVELOPMENT OF THE MODEL ................................................................................ 
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.NORMALIZED REYNOLDS STRESS .CORNER FLOW, REYNOLDS . ...................................................... STRESS 

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

.FL . FW .FD ................................................................................ 

.CL . CW . CD ................................................................................ 

.FCS .Q . INST 

................................................................................ 
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.AUTHOR GESSNER F B ,  PO J K .PUB'N TASME, J ......................................................... L D S  ENG., JUNE, . 

. T I T L E  A REYNOLDS STRESS MODEL FOR TURBULENT CORNER . l 9 7 6  

.FLOWS - PART 2 :  COMPARISONS BETWEEN THEORY 6 EXP.  ................................................................................ 

.DATA CO-ORDINATE SYSTEM, MIXING LENGTH, NORMAL .KEY WORDS TURBULENT 

.STRESS,  REYNOLDS S T R E S S ,  TURBULENT K I N E T I C  ENERGY .CORNER FLOWS, REYNOLDS . ...................................................... S T R E S S  

.CHANNEL TYPE EXP,  S I M P ,  SMTH, DUCT ................................................................................ 
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.VARYING WALL ROUGHNESS ................................................................................ 
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.DISTRIBUTION,  VARYING ...................................................... WALL ROUGHNESS 

.CHANNEL TYPE EXP,  ROUGHENED, SIMPLE ................................................................................ 

.FL 5 1  FT .FW 3 F T  .FD ................................................................................ 

.CL 44 F T  .CW 0.656 FT .CD ................................................................................ 

.FCS 3 . 0 2 ( - 3 )  .Q 0.48 - 0.93 CUSECS . I N S T  PRESTON TUBE, P I T O T  S T A T I C  TUB. 
. E ,  DRAG BALANCE , V-NOTCH, MANOMETE. ................................................................................ 

................................................................................ 

.AUTHOR GHOSH S ,  JENA S B .PUB'N P I C E ,  VOL-49, . . 7 4 0 4 ,  AUGUST, 1 9 7 1  .......................................................... 
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.COMPOUND ................................................................................ 
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.SHEAR, COMPOUND CHANNEL . ...................................................... 

.CHANNEL TYPE E X P ,  COMPOUND, ROUGHENED ................................................................................ 
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.TUBE, VOLUEETRIC ................................................................................ 
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.VARYING ROUGHNESS DISTRIBUTION ................................................................................ 
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.CHANNEL TYPE EXP, COMPOUND, ROUGHENED ................................................................................ 
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.DISTRIBUTION, OPEN 

CHANNELS ...................................................... 
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.DATA DISCHARGE, DEPTH, S I N U O S I T Y ,  CHANNEL WIDTH .KEY WORDS S I N U O S I T Y ,  

.RATIO,  CHANNEL DEPTH RATIO .OVERBANK ROUGHNESS, ...................................................... 

.CHANNEL TYPE E X P ,  COMP, SMTH, RGH, BEND 

................................................................................ 

.CL 100 F T  .CV 1, 2 FT .CD 0.5 F T  ................................................................................ 

.FCS l ( -3)  .Q 0.86 - 16.4 CUSECS . I N S T  PIEZOMETERS 



................................................................................ 

.AUTHOR USLU 0 Dr  I n g  .PUB'N MUNICH 
TECHNICAL .......................................................... 

.TITLE CALIBRATION OF ROUGHNESS PARAMETERS FOR .UNIVERSITY, 30, 1 9 7 4  . 

.MATHEMATICAL MODELS OF RIVERS WITH FLOODPLAINS 

................................................................................ 

.DATA .KEY WORDS IIATHEEIATICAL . 
.MODEL, COMPOUND CHANNEL, . ...................................................... ROUGHNESS 

.CHANNEL TYPE THRY, PROT, RGH, COMP, BEND ................................................................................ 

. FL . FW . FD ................................................................................ 

.CL . CW .CD 

................................................................................ 

.AUTHOR UTAMI T ,  UENO T .PUB'N EXPERIMENTS I N  . 
FLUIDS, 2 ,  1 9 8 4  .......................................................... 

.TITLE VISUALIZATION AND PICTURE PROCESSING OF TURBULENT . 

.FLOW ................................................................................ 

.DATA VELOCITY VECTORS, VECTOR FIELD,  STREAMLINES, .KEY WORDS TURBULENCE, 

.ROTATION COMPONENT, 2 D DIVERGENCE .VISUALIZATION ...................................................... 

.CHANNEL TYPE EXP ,SIMPLE, SMOOTH ................................................................................ 

.FL 1 2  M .FW 0 . 4 0  M .FD ................................................................................ 

.CL 1 2  M .CW 0 . 4 0  M .CD 0 . 0 4 1  M ................................................................................ 

.FCS l ( - 3 )  .Q . INST CAMERA 

................................................................................ 

................................................................................ 

.AUTHOR VARSHNEY D V, GARDE R J .PUB'N PASCE, J HYD . 
D ,  VOL 1 0 1 ,  HY8, ....................................................... 

.TITLE SHEAR DISTRIBUTION I N  BENDS I N  RECTANGULAR .AUGUST, 1 9 7 5  

.CHANNELS ................................................................................ 

.DATA SHEAR DISTRIBUTION, LOGITUDINAL SHEAR, .KEY WORDS SHEAR 

.REYNOLDS NO .DISTRIBUTION, BENDS, ...................................................... RECTANGULAR CHANNELS 

.CHANNEL TYPE EXP, SIMPLE, ROUGH, BEND ................................................................................ 

.FL 4 1 ,  5 2  FT .FW 2 FT .FD 2 . 5  FT ................................................................................ 

.CL 4 1 ,  5 2  FT .CW 2 FT .CD 2 . 5  FT ................................................................................ 

.FCS 6 .7  - 4 0 ( - 4 )  .Q 2 1 . 3  - 59 L / S  .INST PRESTON TUBE 



................................................................................ 

.AUTHOR VEDULA S ,  ACHANTA R R .PUB'N P A S C E ,  J HYD . 
D VOL 111, H Y 1 ,  ........................................................ 

. T I T L E  BED S H E A R  FROM V E L O C I T Y  P R O F I L E S  : A NEW APPROACH . JANUARY,  1985 

................................................................................ 

.DATA V E L O C I T Y  D I S T R I B U T I O N ,  VON KARMAN C O N S T A N T ,  .KEY WORDS BED S H E A R ,  

.REYNOLDS NO . V E L O C I T Y  P R O F I L E S ,  
C H A N N E L S ,  P I P E S  ...................................................... 

.CHANNEL T Y P E  T H R Y ,  E X P ,  S I M P ,  P I P E  

................................................................................ 

. F C S  Q . I N S T  

................................................................................ 

.AUTHOR VREUGDENHIL C B ,  W I J B E N G A  J H A .PUB'N P A S C E ,  J HYD . .......................................................... D ,  VOL 108, H Y 1 1 ,  

. T I T L E  COMPUTATION O F  FLOW P A T T E R N S  I N  R I V E R S  .NOVEMBER , 1982 

................................................................................ 

.DATA V E L O C I T Y ,  B E D  S H E A R  S T R E S S , F L O W  D I S T R I B U T I O N ,  .KEY WORDS FLOW P A T T E R N S ,  . 

.MEASURED AND COMPUTED V E L  P R O F I L E S  .COMPUTATION ...................................................... 

.CHANNEL T Y P E  T H R Y ,  P R O T O ,  E X P ,  COMP, RGH ................................................................................ 

. F L  R MAAS P H Y S I C A L  HYD M.FW . F D  ................................................................................ 

. C L  7 0 0 0  M .CW 200, 400 M .CD 9 M ................................................................................ 

. F C S  .Q 2000 - 3 7 5 0  CUMECS . I N S T  

................................................................................ 

.AUTHOR d e  V R I E N D  H J ,  S T R U I K S M A  I N .PUB'N D E L F T  .......................................................... H Y D R A U L I C S  
. T I T L E  FLOW AND BED DEFORMATION I N  R I V E R  BENDS .LABORATORY, 3 1 7 ,  

.DECEMBER 1983 ................................................................................ 
.DATA V E L O C I T Y ,  D E P T H ,  D I S T A N C E ,  B E D  P R O F I L E  .KEY WORDS FLOW 

.DEFORMATION,  BENDS ...................................................... 
.CHANNEL T Y P E  T H R Y ,  E X P ,  RGH,  BEND,  S I M P  ................................................................................ 
. F L  4 7 . 3 2  M .FW 1.5 M . F D  ................................................................................ 
.CL 4 7 . 3 2  M .CW 1.5 M .CD ................................................................................ 
. F C S  .Q 0 . 0 4 7  - 0.061 . I N S T  M I N  CURRENT METER 

.CUMECS ................................................................................ 



................................................................................ 

.AUTHOR d e  V R I E N D  H .l, GELDOF H J .PUB'N D E L F T  .......................................................... U N I V E R S I T Y  O F  

. T I T L E  M A I N  FLOW V E L O C I T Y  I N  S H O R T  AND S H A R P L Y  CURVED .TECHNOLOGY, R E P O R T  . 

. R I V E R  BENDS -83 - 6 ................................................................................ 

.DATA L S O V E L S ,  D E P T H ,  V E L O C I T Y ,  S L O P E ,  SECONDARY .KEY WORDS MATHEMATICAL . 

.FLOW, S T A G E  .MODEL, MAIN FLOW 
V E L O C I T Y  ...................................................... 

.CHANNEL T Y P E  P R O T O ,  THEORY,  S I M P L E ,  RGH ................................................................................ 

. E L  . FW . F D  ................................................................................ 

. C L  2 8 5  M .CW 6 .1  M .CD 0.5 M ................................................................................ 

. F C S  6.03 - 6 . 9 5 ( - 4 )  .Q 1 . 2 1  - 1.53 CUMECS . I N S T  CURRENT METER 

................................................................................ 

.AUTHOR d e  V R I E N D  H J .PUB'N D E L F T  .......................................................... U N I V E R S I T Y  O F  

. T I T L E  THEORY O F  V I S C O U S  FLOW I N  CURVED SHALLOW CHANNELS .TECHNOLOGY, R E P O R T  . 
. 7 2  - 1 ................................................................................ 

.DATA T A N G E N T I A L ,  R A D I A L ,  SECONDARY, V E R T I C A L  .KEY WORDS THEORY,  

. V E L O C I T Y  COMPONENTS, STREAM F U N C T I O N  . V I S C O U S  FLOW, CURVED 
SHALLOW CHANNEL ...................................................... 

.CHANNEL T Y P E  T H R Y ,  S M T H ,  S I M P L E ,  BEND ................................................................................ 

. F L  . FW . F D  ................................................................................ 

.CL . CW .CD ................................................................................ 

. F C S  .Q . I N S T  

................................................................................ 

.AUTHOR d e  V R I E N D  H J .PUB'N D E L F T  
U N I V E R S I T Y  O F  .......................................................... 

. T I T L E  A MATHEMATICAL MODEL O F  STEADY FLOW I N  CURVED .TECHNOLOGY, R E P O R T  . 

.OPEN SHALLOW CHANNELS . 7 6  - 1 ................................................................................ 

.DATA FLOW D I S T R I B U T I O N ,  T R A N S V E R S E  S L O P E  C O E F F ,  .KEY WORDS MATHEMATICAL . 

.TRANSVERSE V E L ,  V E L O C I T Y  V E C T O R S ,  SHEAR .MODEL, STEADY FLOW, 
C V  SHALLOW ...................................................... 

.CHANNEL T Y P E  T H Y ,  E X P ,  SMTH,  RGH, B D ,  S 1  ................................................................................ 

. F L  . FW . F D  ................................................................................ 

.CL . CW .CD ................................................................................ 

. F C S  .Q . I N S T  

................................................................................ 



................................................................................ 

.AUTHOR d e  VRIEND H J .PUB'N DELFT .......................................................... UNIVERSITY OF 

.TITLE STEADY FLOW I N  SHALLOW CHANNEL BENDS (PARTS 1 h .TECHNOLOGY, REPORT . 
- 2 )  .81 - 3 ................................................................................ 
.DATA DEAN NUMBER, VELOCITY PROFILES,  SHEAR STRESS, .KEY WORDS STEADY FLOW, 
.SECONDARY FLOW, TURBULENCE VISCOSITY .CURVED CHANNEL, ...................................................... 
.CHANNEL TYPE THY, EXP, SMTH, RGH, BD, S 1  ................................................................................ . FL . FW . FD ................................................................................ 
.CL . CW .CD ................................................................................ 
.FCS .Q . INST 

................................................................................ 

................................................................................ 

.AUTHOR WAGNER H .PUB'N IAHR, 1 9 6 9 ,  .......................................................... KYOTO, PRDC 13 TH 

.TITLE LAMINAR FLOW I N  OPEN RECTANGULAR CHANNELS .CONGRESS 

................................................................................ 

.DATA BED SHEAR STRESS, WALL SHEAR STRESS, ASPECT .KEY WORDS LAMINAR FLOW, S 

.RATIO .OPEN RECTANGULAR ...................................................... CHANNEL, SHEAR STRESS 

.CHANNEL TYPE THEORY, SIMPLE, SMOOTH ................................................................................ 

.EL . FW .FD 

................................................................................ 

.AUTHOR WALLACE J M, BRODKEY R S ,  ECKELMANN H .PUB'N J FLUID MECH, . . .......................................................... L 83, 4 ,  DECEMBER, 

.TITLE PATTERN RECOGNIZED STRUCTURES I N  BOUNDED . l 9 7 7  

.TURBULENT SHEAR FLOWS ................................................................................ 

.DATA U, V, W VELOCITY COMPONENTS, NORMALIZED VEL .KEY WORDS PATTERN 

.COMPONENTS, AVERAGED VEL COMPONENTS .STRUCTURES, TURBULENT ..................................................... SHEAR FLOWS 

.CHANNEL TYPE EXP, SIMPLE 

................................................................................ 

.FCS .Q O I L  .INST 2 COMPONENT HOT FILM 
.ANEMOMETER ................................................................................ 



................................................................................ 

.AUTHOR WALLIS S G, KNIGHT D W .PUB'N 
ESTUARINE,COASTAL .......................................................... 

.TITLE CALIB STUDIES CONC A 1D NUMERICAL TIDAL MODEL .AND SHELF SCIENCE, 

.WITH PART REF TO RESISTANCE COEFFICIENTS .1984, 19 ................................................................................ 

.DATA STAGE, VELOCITY, MANNINGS N, SLOPE, CHAINAGE .KEY WORDS BOUNDARY SHEAR . 
.STRESS, RESISTANCE, 
TIDAL ...................................................... 

.CHANNEL TYPE THRY, PROTO, SIMPLE 

................................................................................ 

.AUTHOR WATTS F J ,  SIMONS D B, RICHARDSON E V .PUB'N PASCE, J HYD . 
D ,  93, HY6, ......................................................... 

.TITLE VARIATION OF ALPHA AND BETA VALUES IN A LINED .NOVEMBER, 1967 

.OPEN CHANNEL ( INC DISCUSSIONS ) ................................................................................ 

.DATA ISOVELS, ENERGY COEFFICIENT (ALPHA), MOMENTUM .KEY WORDS blOMENTUM, 

.COEFFICIENT (BETA), ASPECT RATIO .ENERGY, OPEN CHANNEL ...................................................... 

.CHANNEL TYPE PROTO, SIMP, SMTH, BEND ................................................................................ 

.FL 413, 3144 FT .FW 7, 12 FT .FD ................................................................................ 

.CL 144, 245 FT .CW 7, 12 FT .CD ................................................................................ 

.FCS 2 - 13(-4) .Q 187 - 1324 CUSECS .INST CURRENT METERS 

................................................................................ 

.AUTHOR WEISS H W, MIDGLEY D C .PUB'N PASCE, J HYD . 
D, VOL 104, HY3, .......................................................... 

.TITLE SUITE OF MATHEMATICAL FLOOD PLAIN MODELS .MARCH, 1978 

................................................................................ 

.DATA CELL ARRANGEMENT, SIMULATED 6 OBSERVED .KEY WORDS FLOOD ROUTING . 

.SEDIMENTATION DEPTHS, FLOOD DAMAGE FREQUENCY .MODEL ...................................................... 

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

. FL . FW .FD ................................................................................ 

.CL . CW .CD ................................................................................ 

.FCS Q . INST 

................................................................................ 



................................................................................ 

.AUTHOR WHITE W R ,  WHITEHEAD E .PUB'N HYDRAULICS 
RESEARCH STATION, .......................................................... 

.TITLE THE PERFORMANCE OF PIEZOMETRIC TAPPINGS . INT 9 8 ,  DEC, 1 9 7 1  

................................................................................ 

.DATA DIMENSIONLESS PRESSURE AND WALL SHEAR STRESS, .KEY WORDS PIEZOMETRIC 

.REYNOLDS NO, FRICTION FACTOR, TAPPING D I A  .TAPPINGS, PRESTON TUBE . ...................................................... 

.CHANNEL TYPE EXP, DUCT, SMOOTH, ROUGH ................................................................................ 

.FL 10 M .FW 4 I N  .FD 8 I N  ................................................................................ 

.CL 10 I N  .CW 4 I N  .CD 8 I N  ................................................................................ 

.FCS .Q . INST PRESTON TUBE 

................................................................................ 

.AUTHOR WOERNER J L ,  JONES B A, FENZL R N .PUB'N PASCE, J HYD . . D, VOL 9 4 ,  HY3, MAY, .......................................................... 

.TITLE LAMINAR FLOW I N  FINITELY WIDE RECTANGULM . l 9 6 8  

.CHANNELS ................................................................................ 

.DATA VELOCITY DISTRIBUTION, ASPECT RATIO, S IDE WALL .KEY WORDS LAMINAR FLOW, . 

.FUNCTION, FRICTION FACTOR, REYNOLDS NO .RECTANGULAR CHANNELS ...................................................... 

.CHANNEL TYPE EXP, SIMPLE, SMOOTH ................................................................................ 

.FL 2 0  FT .FW 1 0 . 0 2 1  I N  .FD 2 0  I N  ................................................................................ 

.CL 4 FT .CW 2 . 0 0 2 ,  1 0 . 0 2 1  I N  .CD 6 I N  ................................................................................ 

.FCS 1 . 2 3  - 6 . 8 3 ( - 4 )  .Q 0 . 0 0 0 2 9 1  - 0 . 0 1 2 2 1  . INST VOLUMETRIC TANK, PEIZOMETRIC . 
.CUSECS .TAPPINGS, POINT GAUGES, PITOT TUBE . ................................................................................ 

................................................................................ 

.AUTHOR WORMLEATON P R,  ALLEN J, HADJIPANOS P .PUB'N PASCE, J HYD . ....................................................... D VOL 108, HY9, 

.TITLE DISCHARGE ASSESSMENT I N  COMPOUND CHANNEL FLOW .SEPTEMBER, 1 9 8 2  

................................................................................ 

.DATA APPARENT SHEAR, DEPTH, DISCHARGE RATIOS .KEY WORDS DISCHARGE 
.ASSESSMENT,COMPOUND 

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

................................................................................ 

.CL 1 0 . 7 5  M .CW 0 . 2 9  M .CD 0 . 1 2  M ................................................................................ 

.FCS 4 . 3  - 1 8 . 0 ( - 4 )  .Q 9 - 4 8  L / S  . INST PRESTON TUBE, ADJ WEIR, POINT . 
.GAUGE, DALL TUBE, MANOMETER 



................................................................................ 

.AUTHOR WORMLEATON P R ,  H A D J I P A N O S  P .PUB'N A S C E ,  J HYD .U 

E ,  VOL 1.11, 2 ,  .......................................................... 
. T I T L E  FLOW D I S T R I B U T I O N  I N  COMPOUND CHANNELS .FEBRUARY,  1985 

................................................................................ 

.DATA V E L O C I T Y ,  MOMENTUM ENERGY F L U X ,  K I N E T I C  ENERGY .KEY WORDS FLOW 

.FLUX . D I S T R I B U T I O N ,  COMPOUND . 

...................................................... CHANNELS 

.CHANNEL T Y P E  E X P ,  T H R Y ,  COMP, SMTH,  RGH ................................................................................ 

. F L  1 0 . 7 5  M .FW 1 . 2 1  M .FD 0.4 M 

................................................................................ 

. F C S  -Q . I N S T  M I N  CURRENT M E T E R ,  A D J  W E I R ,  . 
. P O I N T  GAUGE, DALL TUBE ................................................................................ 

................................................................................ 

.AUTHOR WORMLEATON P R ,  A L L E N  J ,  H A D J I P A N O S  P .PUB'N 1 7  CONVENTION . 
ON HYD AND HYD .......................................................... 

. T I T L E  T H E  E F F E C T S  O F  S P A C I N G  O F  H E M I S P E R I C A L  E L E M E N T S  . C O N S T ,  PALERMO,  1980 . 

.ON T H E  HYD R E S I S T A N C E  O F  O P E N  CHANNELS ................................................................................ 

.DATA C H E Z Y ,  R E L A T I V E  ROUGHNESS,  ROUGHNESS .KEY WORDS H E M I S P H E R I C A L  . 

.PARAMETER,COLEBROOK-WHITE . E L E M E N T S ,  HYD 
R E S I S T A N C E ,  O P E N  ..................................................... 

.CHANNEL T Y P E  E X P ,  S I M P L E ,  SMOOTH, ROUGH .CHANNELS ................................................................................ 

. F L  6 M .FW 0.3 M . F D  ................................................................................ 

.CL 6 M .CW 0.3 M .CD ................................................................................ 

. F C S  4.3 - 2 5 . 8 ( - 4 )  .Q 0.00065 - 0 . 0 1 2 4 5  . I N S T  P O I N T  GAUGE, V O L U M E T R I C  T A N K ,  
.CUMECS . A D J  W E I R  ................................................................................ 

................................................................................ 

.AUTHOR WORMLEATON P R ,  A L L E N  J ,  H A D J I P A N O S  P .PUB'N P A S C E ,  J HYD . .......................................................... D ,  VOL 106, H Y 5 ,  

. T I T L E  I N T E R A C T I O N  BETWEEN MAIN CHANNEL AND F L O O D P L A I N  .MAY, 1980 

.FLOWS ( D I S C U S S I O N  ) ................................................................................ 

.DATA .KEY WORDS I N T E R A C T I O N ,  
.MAIN CHANNEL, F L O O D P L A I N  . ...................................................... 

.CHANNEL T Y P E  ................................................................................ 

. F L  . FW . F D  ................................................................................ 

.CL . CW .CD ................................................................................ 

. F C S  .Q . I N S T  

................................................................................ 



................................................................................ 

.AUTHOR WORMLEATON P R ,  ALLEN J ,  HADJIPANOS P .PUB'N PASCE,  J HYD . .......................................................... D VOL 109, H Y 1 1 ,  

. T I T L E  DISCHARGE ASSESSMENT I N  COMPOUND CHANNEL FLOW .NOVEMBER, 1983 
( CLOSURE ) ................................................................................ 

.DATA OBSERVED DISCHARGE, CALCULATED DISCHARGE, .KEY WORDS DISCHARGE 

.DEPTH R A T I O ,  ZERO SHEAR INTERFACE,  ROUGHNESS .ASSESSMENT, COMPOUND 
CHANNEL FLOW ...................................................... 

.CHANNEL TYPE ................................................................................ 

. F L  .FW . FD 

................................................................................ 

.AUTHOR WRIGHT R R ,  CARSTENS M R .PUB'N PASCE,  J HYD . ........................................................ D VOL 9 6 ,  HY9,  

.TITLE LINEAR MOMENTUM n u x  TO OVERBANK SECTIONS .SEPTEMBER, 1 9 7 0  

................................................................................ 

.DATA I S O V E L S ,  BOUNDARY SHEAR S T R E S S ,  P E R I M E T R I C  .KEY WORDS LINEAR 
.DISTANCE .MOMENTUM FLUX, COMPOUND . ...................................................... CHANNEL, SHEAR S T R E S S  
.CHANNEL TYPE EXP,  DUCT, COMP, SMOOTH ................................................................................ 
.EL 2 0  F T  .FW 10 I N  .FD 3 ,  5 I N  ................................................................................ 
.CL 2 0  F T  .CW 5 I N  .CD 1 I N  ................................................................................ . FCS .Q A I R  . I N S T  PRESSURE T A P P I N G S ,  PRESTON TUB. 

. E ,  TRANSDUCER, MANOMETER, P I T O T  TUB. ................................................................................ 

................................................................................ 

.AUTHOR YEN C L ,  OVERTON D E .PUB'N PASCE,  J HYD . .......................................................... L 9 9 ,  HY1,  

. T I T L E  SHAPE EFFECTS ON RESISTANCE I N  FLOOD PLAIN .JANUARY, 1973 

.CHANNELS ................................................................................ 

.DATA RESISTANCE COEFF,  BOUNDARY SHEAR, CONVEYANCE, .KEY WORDS SHAPE E F F E C T S ,  . 

.SHEAR D I V I S I O N  L I N E S  .RESISTANCE,  FLOOD PLAIN . 
CHANNELS ...................................................... 

.CHANNEL TYPE THEORY, E X P ,  ROUGH ................................................................................ 

.EL .FW 3,  6 FT .FD ................................................................................ 

.CL .CW 0.93 F T  .CD 0.6,  1.40 FT ................................................................................ 

.FCS 1.4 - 3.5(-3) .Q 5.35 - 11.15 . I N S T  
.CUSECS ................................................................................ 



................................................................................ 

.AUTHOR YEN C L ,  H0  S Y .PUB'N P A S C E ,  J HYD . 
D, VOL 111, HY5,  .......................................................... 

. T I T L E  FLOOD P L A I N  AND MAIN CHANNEL FLOW INTERACTION .MAY, 1985 
( DISCUSSION ) ................................................................................ 

.DATA DEPTH VARIATION, PROPORTIONAL DISCHARGE, ZERO .KEY WORDS FLOODPLAIN, 

.SHEAR INTERFACE,  ASPECT RATIO .MAIN CHANNEL, FLOW 
INTERACTION ...................................................... 

.CHANNEL TYPE ................................................................................ 

. F L  .FW . FD ................................................................................ 

.CL . CW .CD 

................................................................................ 

.AUTHOR YEN C L ,  H 0  S Y .PUB'N PASCE,  J HYD . 
D, VOL 109,  H Y l 1 ,  .......................................................... 

. T I T L E  DISCHARGE ASSESSMENT I N  COMPOUND CHANNEL FLOW .NOVEMBER, 1983 

. ( D I S C U S S I O N )  ................................................................................ 

.DATA ZERO SHEAR INTERFACE,  FLOODPLAIN PARAMETER .KEY WORDS DISCHARGE 
.ASSESSMENT, COMPOUND 

CHANNEL FLOW ...................................................... 
.CHANNEL TYPE ................................................................................ 
.EL . FW .FD 

................................................................................ 

.AUTHOR YEN C L ,  YEN B C .PUB'N PASCE,  J HYD . ....................................................... D VOL 9 7 ,  HY2,  

. T I T L E  WATER SURFACE CONFIGURATION I N  CHANNEL BENDS .FEBRUARY, 1 9 7 1  

................................................................................ 

.DATA SURFACE SLOPE C O E F F I C I E N T ,  SUPERELEVATION .KEY WORDS WATER SURFACE . 

.COEFF, BED TOPOGRAPHY, WATER SURFACE CONTOURS .CONFIGURATION, CHANNEL . 
BENDS ...................................................... 

.CHANNEL TYPE THRY, E X P ,  S I M P L E ,  BEND ................................................................................ 

.FL  1 0 2  FT  .FW 7.66 FT . FD ................................................................................ 

.CL 1 0 2  FT  .CW 6 ,  7 . 6 6  F T  .CD ................................................................................ 

.FCS Q . I N S T  



................................................................................ 

.AUTHOR YOON S E, LEE J T, LEE W H .PUB'N 5 TH CONG, .......................................................... ASIAN 6 PACIFIC REG . 

.TITLE FLOW CHARACTERISTICS IN SHALLOW CHANNEL BENDS .DIV, IAHR, AUG, 1986 . 

................................................................................ 

.DATA VELOCITY DISTRIBUTION, WATER LEVEL, DISTANCE, .KEY WORDS FLOW, SHALLOW . 

.TRANSVERSE WATER LEVEL, SUPERELEVATION, BEND ANGLE .BENDS ...................................................... 

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

.FL 25.76 M .FW 1.7 M .FD ................................................................................ 

.CL 13.35 M .CW 1.7 M .CD 0.18 M ................................................................................ 

.FCS .Q 0 .l87 CUMECS . INST 

................................................................................ 

................................................................................ 

.AUTHOR ZHELEZNYAKOV G V .PUB'N IAHR CONGRESS, . 
1 9 7  PARIS, VOL 5 . .......................................................... 

.TITLE INTERACTION OF CHANNEL AND FLOODPLAIN STREAMS 

................................................................................ 

.DATA DISCHARGE, VELOCITY, STAGE, KINEMATIC .KEY WORDS KINEMATIC 

.CONSTANTS .EFFECT, INTERACTION, 
CHANNEL, FLOODPLAIN ...................................................... 

.CHANNEL TYPE EXP, THY, COMP, SMTH, ROUGH 

................................................................................ 

.AUTHOR ZHELEZNYAKOV G V .PUB'N IBHR, 1965, . .......................................................... LENINGRAD, PROC 11 

.TITLE REL DEFICIT OF MEAN VEL OF UNSTABLE RIVER FLOW, .TH CONGRESS 

.KIN EFFECT IN RIVER BEDS WITH FLOOD PLNS ................................................................................ 

.DATA VELOCITY, STAGE, DISCHARGE CAPACITY .KEY WORDS KINEMATIC 
.EFFECT, FLOOD PLAIN ...................................................... 

.CHANNEL TYPE PROTO, EXP, COMP, ROUGH 

................................................................................ 

.FCS 3.0 - 30(-4) .Q 0.002 - 0.190 . INST 
.CUMECS ................................................................................ 



................................................................................ 

.AUTHOR ZHELEZNYAKOV G V,  NOVIKOVA N M .PUB'N IAHR, 1 9 7 3 ,  
ISTANBUL, PROC 15 TH . .......................................................... 

. T I T L E  KINEMATIC EFFECT OF THE FLOW I N  ERODIBLE CHANNELS .CONGRESS 

................................................................................ 

.DATA MEAN VEL,  WATER LEVEL .KEY WORDS KINEMATIC 
.EFFECT,  ERODIBLE 
CHANNELS ...................................................... 

.CHANNEL TYPE EXP,  COMP, ROUGH ................................................................................ 

.FL  1 4 . 3 ,  2 3  M .FW 0.98, 3.88 M . FD 

................................................................................ 

.FCS l ( -3 )  .Q 2 . 5  - 133 L / S  . I N S T  THERMOHYDROMETER, TRANSDUCER . 

................................................................................ 
.POINT GAUGE, DALL TUBE ................................................................................ 





4 PRECIS OF PAPERS 

The precis of papers relating to turbulence and flow 

characteristics in channels, ducts and pipes was 

compiled on the Apricot Xi-l0 micro computer using 

Wordstar 3.40 supplied by Micro Pro. 

This file indicates the aims and conclusions as 

detailed in the papers as well as the channel types 

investigated and instruments used in the experimental 

work. 

The channel type detailed is described either as an 

experimental (flume;, prototypical (river, irrigation 

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 rise to the 

discontinuity in the shape of the channel. 

Smooth flumes, channels or ducts are considered to be 

formed of wood, steel floated concrete, glass or 

perspex. Rough channels are considered to be 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 explanatory. 





. . . . . . P r e c i s  of p a p e r s  

T h i s  f i l e  i s  i n t e n d e d  t o  i n d i c a t e  t h e  aims and c o n c l u s i o n s  as d e t a i l e d  i n  

p a p e r s  r e l a t i n g  t o  t u r b u l e n c e  f l o w  c h a r a c t e r i s t i c s  i n  c h a n n e l s .  The f i l e  i s  

p r e s e n t e d  i n  t h e  form: 

1. Channel  t y p e  

2 .  A i m s  

3. C o n c l u s i o n s  

4. I n s t r u m e n t s  

A B M H M ,  HOLLEY, S I W O N S  1972 

Some a s p e c t s  of a n a l y s i n g  t r a n s v e r s e  d i f f u s i o n  i n  r i v e r s  

1. Theory ,  p r o t o t y p e ,  s i m p l e  

2 .  To i n v e s t i g a t e  d i f f u s i o n  c o e f f i c i e n t s ,  i n  p a r t i c u l a r  v a r i a t i o n  of  

d e p t h ,  l o n g i t u d i n a l  v e l o c i t y  and  d i f f u s i o n  c o e f f i c i e n t  w i t h i n  t h e  c r o s s  

s e c t i o n  and  t r a n s v e r s e  v e l o c i t i e s .  G e n e r a l  change  of moments method 

d e v e l o p e d  t o  c a l c u l a t e  d i f f u s i o n  c o e f f i c i e n t s  i n c o r p o r a t i n g  t h e s e  

c o n s i d e r a t i o n s  

3. Method i n d i c a t e s  t h a t  t r a n s v e r s e  v e l o c i t i e s  are as i m p o r t a n t  as  

d i f f u s i o n  i n  r e s p e c t  of s p r e a d i n g  

ADACHI 1962 

The e f f e c t s  of s i d e  walls i n  r e c t a n g u l a r  c r o s s  s e c t i o n a l  channe l  

1. Theory ,  e x p e r i m e n t a l ,  s i m p l e  

2. To re examine  t h e  i n t u i t i o n a l  a s s u m p t i o n s  and e x p l a i n  a p r i n c i p l e  o f  

e s t i m a t i n g  t h e  e f f e c t s  of s i d e  w a l l s  on t u r b u l e n t  f l o w  i n  a  r e c t a n g u l a r  

c r o s s  s e c t i o n a l  c h a n n e l .  



3. R e s i s t a n c e  formula  f o r  t u r b u l e n t  f low i n  a n  open channel  w i t h  

r e c t a n g u l a r  c r o s s  s e c t i o n  i s  p r e s e n t e d .  Channel width  i s  a  s i g n i f i c a n t  

f a c t o r  i n  e s t i m a t i n g  t h e  s i d e  w a l l  e f f e c t .  B a s i s  of t h e  assumpt ions  of 

t h e  p a r t i t i o n  method f o r  de te rmin ing  s i d e  w a l l  e f f e c t  i s  e x p l a i n e d .  

Momentum c o r r e c t i o n  f a c t o r  formula p r e s e n t e d .  

ADACHI 1964 

On t h e  a r t i f i c i a l  s t r i p  roughness  

1. Exper imenta l ,  s i m p l e ,  rough 

2.  To i n v e s t i g a t e  t h e  e f f e c t  of a r t i f i c i a l  s t r i p  roughness on f l o w  and t o  

deve lop  a n  e m p i r i c a l  l o g a r i t h m i c  roughness formula 

3. E q u i v a l e n t  sand roughness does no t  a lways  correspond t o  t h e  roughness 

p a t t e r n  and v a r i e s  wi th  f low dep th .  F o r  s t r i p  e lements  wi th  a  r e l a t i v e  

s p a c i n g  of 8 t o  160 i t  may be neccessa ry  t o  i n t r o d u c e  a  t r a n s i t i o n a l  

f low p a t t e r n  between wake i n t e r f e r e n c e  f low and i s o l a t e d  roughness 

f low. A r e l a t i v e  roughness s p a c i n g  of 8 i s  a  u s e f u l  c r i t e r i o n  f o r  

d i s t i n g u i s h i n g  t h e  r i d g e  and groove roughness.  For  r idge  roughness t h e  

datum i s  s e t  on t h e  base of t h e  f lume,  f o r  t h e  groove roughness on t h e  

s u r f a c e  of t h e  r idge .  The e m p i r i c a l  l o g a r i t h m i c  roughness formula  f o r  

t h e  r i d g e  roughness w i t h  t h e  incomple te  wake i n t e r f e r e n c e  f low 

developed i n  terms of t h e  r e l a t i v e  roughness h e i g h t  and t h e  r e l a t i v e  

r i d g e  s p a c i n g  

4 P o i n t  gauges ,  p e i z o m e t r i c  t a p p i n g ,  e l e c t r o n i c  p o i n t  gauge 

C h a r a c t e r i s t i c  l e n g t h s  f o r  non c i r c u l a r  d u c t s  

1. Theory,  e x p e r i m e n t a l ,  s i m p l e ,  d u c t  



2. To i d e n t i f y  c h a r a c t e r i s t i c  l e n g t h s  f o r  non c i r c u l a r  d u c t s  due  t o  t h e  

l a c k  of c o r r e l a t i o n  of t h e  t u r b u l e n t  f l o w  of non c i r c u l a r  d u c t s  w i t h  

t h a t  of c i r c u l a r  p i p e s  when u s i n g  t h e  h y d r a u l i c  d i a m e t e r  as t h e  

c h a r a c t e r i s t i c  l e n g t h .  

3. C h a r a c t e r i s t i c  l e n g t h  i s  s u g g e s t e d  which t a k e s  i n t o  a c c o u n t  t h e  s h a p e  

of t h e  h i g h e s t  and  l o w e s t  c u r v a t u r e  of t h e  i s o v e l s .  

ALFRINK 1982 

Value of r e f i n e d  t u r b u l e n c e  m o d e l l i n g  f o r  t h e  f l o w  o v e r  a  t r e n c h  

1. T h e o r e t i c a l ,  e x p e r i m e n t a l ,  compound, smooth 

2. To s t u d y  t u r b u l e n t  f l o w  i n  a t r e n c h  p e r p e n d i c u l a r  t o  t h e  main f l o w  

d i r e c t i o n  

3. R e l a t i n g  t u r b u l e n c e  and  d i f f u s i o n  c o n s t a n t s  t o  roughness  a l l o w s  

p r e d i c t i o n  of s t e a d y  f l o w  c o n d i t i o n s  

ALLEN, CHEE 1962 

The r e s i s t a n c e  t o  t h e  f l o w  of w a t e r  round a smooth c i r c u l a r  bend i n  a n  o p e n  

c h a n n e l  

1. Bend, smooth 

2. C l a r i f y  s c a l e  e f f e c t s  i n  open c h a n n e l  bends  

3. Head l o s s  a f f e c t e d  by d e p t h ,  F roude  and  Reyno lds .  S c a l e  e f f e c t  r educed  

by e x a g g e r a t i n g  v e r t i c a l  s c a l e ,  e x a g g e r a t i o n  depends  on h o r i z  s c a l e  and  

w i d t h l d e p t h  r a t i o  of c h a n n e l .  R e s i s t a n c e  caused  by bend i s  i n f l u e n c e d  

by w i d t h l d e p t h  r a t i o  and  Reynolds .  



4 .  P o i n t  gauge ,  v o l u m e t r i c  t a n k ,  a d j u s t a b l e  w e i r  

ALLEN, lJLLAI1 1 9 6 7  

The flow of w a t e r  through smooth open channe l s  of narrow r e c t a n g u l a r  and T  

shaped c r o s s  s e c t i o n s  

1. Compound, smooth, e x p e r i m e n t a l  

2. Study w a t e r  f low through narrow s e c t i o n  compound channe l s  w i t h  s p e c i f i c  

r e f e r e n c e  t o  c r i t i c a l  Reynolds,  F r i c t i o n  f a c t o r  and v e l o c i t y  

d i s t r i b u t i o n  

3. V e l o c i t y  p a t t e r n  r e l a t e d  t o  l a m i n a r ,  t r a n s i t i o n a l  and t u r b u l e n t  f low.  

F r i c t i o n  f a c t o r  i s  c o n s t a n t  a t  c r i t i c a l  Reynolds No. Laminar and 

T u r b u l e n t  f low can CO e x i s t  i n  a  compound channel  

4.  P o i n t  gauge,  Min c u r r e n t  m e t e r ,  Volumetr ic  t a n k ,  F l o a t s  

VAN ALPHEN, BLOKS, BOEKSTRA 1 9 8 4  

Flow and g r a i n s i z e  p a t t e r n  i n  a  s h a r p l y  curved r i v e r  bend 

1. P r o t o t y p e ,  s i m p l e ,  rough,  bend 

2. To v e r i f y  mathemat ica l  model p r e d i c t i o n  of main f low v e l o c i t y  f i e l d  a s  

proposed by Kalkwijk and de Vr iend ,  t o  g a i n  i n s i g h t  i n t o  secondary 

c i r c u l a t i o n  and i t s  e f f e c t  on bed s h e a r  s t r e s s ,  t o  o b t a i n  i n f o r m a t i o n  

on g r a i n s i z e  and bedf orm dimensions  

3. Bed s h e a r  s t r e s s  d i s t r i b u t i o n  i s  skewed outward.  Secondary c i r c u l a t i o n  

d e v e l o p s  i n  a  downstream d i r e c t i o n .  I n  upstream p a r t  of bend 

s t reamwise  s h e a r  s t r e s s  governs  g r a i n s i z e  d i s t r i b u t i o n .  C o a r s e s t  

m a t e r i a l  found n e a r  o u t s i d e  of bend, maximum d e p t h  averaged f low 

v e l o c i t y  n e a r  i n n e r  bank. I n  bend apex r e g i o n  secondary f l o v  

r e s t r i c t e d  t o  thalweg. I n  downstream p a r t  of bend secondary 

c i r c u l a t i o n  i s  s t r o n g l y  developed and s p r e a d s  l a t e  r a l l y .  



4.  Cur ren t  meter ,  E l e c t r o  magnet ic  cu r renc  mete r  

W R I C A N  SOCIETY OF CIVIL ENGINEERS 1963 

F r i c t i o n  f a c t o r s  i n  open c h a n n e l s . .  .. . Task f o r c e  

1. P ipes  and Channels ,  smooth and rough, exper imenta l  and p r o t o t y p e  

2 .  Summarizes c u r r e n t  thought  t o  1960 on f r i c t i o n  i n  open c h a n n e l s  

3.  Darcy Weisbach f  more r e l e v a n t  than  Mannings n  f o r  e x p r e s s i n g  

r e s i s t a n c e  t o  s t eady  f u l l y  developed f low i n  uniform channe l s .  

Mannings u s e f u l  f o r  f u l l y  rough f low.  F o r  smooth and p a r t l y  rough f low 

Moody r e s i s t a n c e  diagram can be used t o  e s t i m a t e  f .  Review of 

development of f i x e d  bed,  open channel  r e s i s t a n c e  formulae  

ANANYAN 1965 

Flu id  f low i n  bends of c o n d u i t s  Con ta ins  c h a p t e r s  on: 

B a s i c  e q u a t i o n s  of motion of a  t u r b u l e n t  s t r eam through a  condu i t  bend. 

Ana lys i s  of l i q u i d  f low th rough  a  condu i t  bend 

Development of t r a n s v e r s e  c i r c u l a t i o n  a t  t h e  bend of a  condu i t  and i t s  

damping beyond t h e  bend. 

Exper imenta l  s t u d y  of t h e  motion of a  l i q u i d  through a  condu i t  bend. 

A p p l i c a t i o n  of t h e  developed t h e o r y  t o  t h e  s o l u t i o n  of s e v e r a l  p r a c t i c a l  

problems. 



ANDREOPOULOS, DURST, ZARIC, JOVANOVIC 1984 

I n f l u e n c e  of Reynolds number on c h a r a c t e r i s t i c s  of t u r b u l e n t  w a l l  boundary 

l a y e r s  

1. Exper imenta l ,  smooth, d u c t  

2 .  To measure w a l l  boundary l a y e r  f l o w s ,  p a r t i c u l a r l y  t h e  n e a r  wal l  

r e g i o n ,  f o r  h igh Reynolds numbers 

3. Sublaye r  f low r e g i o n  independent  of Reynolds number. T u r b u l e n t  

v e l o c i t y  f l u c t u a t i o n s  depend on Reynolds up t o  lO(4) .  B u r s t i n g  c y c l e  

n o t  found t o  be independen t  of Reynolds 

4. Hot wi re  anemometer 

Low Reynolds number t u r b u l e n t  f low i n  l a b o r a t o r y  f lume 

1. Exper imenta l ,  s i m p l e ,  rough 

2. To de te rmine  t u r b u l e n c e  i n t e n s i t i e s .  Reynolds s t r e s s e s ,  s k i n  f r i c t i o n ,  

shape  f a c t o r  and l e n g t h  s c a l e  w i t h i n  t u r b u l e n t  pa ramete r s  a long  w i t h  

mean v e l o c i t y  p r o f i l e ,  energy s p e c t r a  and b u r s t i n g  e v e n t s .  

3. Mean v e l o c i t y  p r o f i l e s  a r e  l o g a r i t h m i c ,  von Karman c o n s t a n t  i s  0.4. 

S k i n  f r i c t i o n  c o e f f i c i e n t  and shape  f a c t o r  a r e  h i g h e r  t h a n  t h o s e  from 

wind t u n n e l  exper iments .  Turbu lence  i n t e n s i t y  i n  mean f low d i r e c t i o n  

dependent on Reynolds no,  l e s s  s o  i n  v e r t i c a l  d i r e c t i o n .  Length s c a l e s  

de te rmined  from a u t o  c o r r e l a t i o n  c o e f f i c i e n t s  of v e r t i c a l  and 

h o r i z o n t a l  v e l o c i t y  components. Length s c a l e  of h o r i z o n t a l  v e l o c i t y  

a u t o  c o r r e l a t i o n  on ly  dependent  on Reynolds no.  Mean d u r a t i o n  p e r i o d  

of a n  e j e c t i o n  o r i g i n a t i n g  from bed i s  comparable wi th  t h e  t ime  s c a l e  

o b t a i n e d  from v e r t i c a l  v e l o c i t y  a u t o  c o r r e l a t i o n  c o e f f i c i e n t .  Peaks of 

e n e r g y  s p e c t r a  of v e r t i c a l  v e l o c i t y  and of CO s p e c t r a  o c c u r  a lmos t  a t  

t h e  same non d imens iona l  wave numbers 

4. M i n i a t u r e  c u r r e n t  m e t e r ,  two component u l t r a  s o n i c  c u r r e n t  m e t e r  



Turbu len t  s c r u c c u r e  i n  a  r i v e r  bend 

1 P r o t o t y p e ,  s imple ,  rough 

2 To determine t h e  terms r e q u i r e d  f o r  c a l c u l a t i n g  t h e  f low around a  

bend, and a l s o  t o  show t h a t  t h e  e f f e c t  of che bend on t h e  Reynolds 

s t r e s s e s  diminished a t  a  s h o r t  d i s t a n c e  downstream from t h e  bend. 

F i e l d  s t u d y  used t o  overcome u n c e r t a i n  s c a l e  e f f e c t s  encountered i n  

l a b o r a t o r y  exper iments  

3 I n  s t r a i g h t  reach upstream of bend the  v e l o c i t y  p r o f i l e  i n  t h e  mean 

f low d i r e c t i o n  was l o g a r i t h m i c .  I s o v e l s  a t  bend e n t r a n c e  no t  a f f e c t e d  

by f low c u r v a t u r e .  Mean l a t e r a l  v e l o c i t y  became a p p r e c i a b l e  i n  t h e  

bend. Equal c o n t o u r s  of t h e  normal s t r e s s e s ,  i n  t h r e e  d i r e c t i o n s ,  a t  

t h e  bend e n t r a n c e  were a f f e c t e d  by t h e  curved flow. The Reynolds 

s t r e s s  i n  t h e  mean flow d i r e c t i o n  a t  t h e  bend e n t r a n c e  was s e n s i t i v e  t o  

t h e  curved f low.  Maximum v a l u e  of t h e  l a t e r a l  Reynolds s h e a r  s t r e s s  

occured n e a r  t h e  o u t e r  bank a t  t h e  bend e n t r a n c e .  The t u r b u l e n t  

p r o d u c t i o n  term f o r  t h e  l a t e r a l  d i r e c t i o n  was l a r g e  n e a r  t h e  o u t e r  

r eg ion  d e c r e a s i n g  toward t h e  i n n e r  bank and bend e x i t  

4 Two component e l e c t r o  magnet ic  c u r r e n t  mete r  

ANWAR, ATKINS 1982 

Turbu len t  s t r u c t u r e  i n  a n  open channel  flow 

1 Exper imental ,  s imple ,  smooth 

2 To i n v e s t i g a t e  t h e  s t a t i s t i c a l  p r o p e r t i e s  of t u r b u l e n c e  b u r s t  phenomena 

and t h e i r  c o n t r i b u t i o n  t o  Reynolds s h e a r  s t r e s s ,  d u r a t i o n  of b u r s t ,  

f requency of b u r s t  and t ime p e r i o d  between occur rence  

3 From t h e  measured d a t a  t h e  a u t o  c o r r e l a t i o n  f u n c t i o n s  and t h e  energy 

s p e c t r a  of t h e  h o r i z o n t a l  and v e r t i c a l  v e l o c i t y  f l u c t u a t i o n s  and t h e i r  

product  have been e v a l u a t e d .  



4 E l e c t r o m a g n e t i c  c u r r e n t  m e t e r ,  tw in  w i r e  wave p r o b e s  

Flow p r o c e s s e s  i n  open channe l  bends  

1 T h e o r e t i c a l ,  p r o t o y p e ,  s i m p l e ,  rough, bend 

2 I d e n t i f i e s  need f o r  method t o  c a l c u l a t e  maximum s h e a r  s t r e s s  i n  a r i v e r  

bend by semi e m p i r i c a l  c a l c u l a t i o n  methods 

3 Compares s h e a r  s t r e s s  v a l u e s  d e r i v e d  f rom f i e l d  measurement on a  

c h a n n e l  bend w i t h  e x p e r i m e n t a l  d a t a  w i t h  a b r i e f  rev iew of e x i s t i n g  

methodology 

4 P o i n t  g a u g e s  

A method f o r  t h e  d e t e r m i n a t i o n  of t h e  l o c a l  t u r b u l e n t  f r i c t i o n  f a c t o r  and  

h e a t  t r a n s f e r  c o e f f i c i e n t  i n  g e n e r a l i s e d  g e o m e t r i e s  

1. Theory ,  e x p e r i m e n t a l ,  complex,  d u c t s  

2. P r o p o s a l  of method f o r  d e t e r m i n a t i o n  of t h e  v e l o c i t y  d i s t r i b u t i o n  of 

t h e  l o c a l  h e a t  t r a n s f e r  and  f r i c t i o n  f a c t o r  f o r  f u l l y  deve loped  

t u r b u l e n t  f l o w s  of f l u i d s  of c o n s t a n t  p r o p e r t i e s  t h rough  d u c t s  of 

a r b i t r a r y  c r o s s  s e c t i o n  w i t h  a p r e s c r i b e d  h e a t  f l u  d i s t r i b u t i o n  a t  t h e  

w a l l .  

3. Theoretical/experimental compar ison  show s a t i f a c t o r y  ag reemen t .  

L i m i t a t i o n  of method r eached  where t h e  l o c a l  w a l l  c u r v a t u r e  becomes t o o  

small compared t o  t h e  a v e r a g e  h y d r a u l i c  d i a m e t e r  o r  i n  t h e  v i c i n i t y  of 

t a n g e n t  s u r f a c e s .  The e x i s t e n c e  of s econda ry  f l o w s  has  been  n e g l e c t e d .  

S t e a d y  s t a t e  c o n d i t i o n s  have been assumed. 



ASANO, HASBIMOTO, FUJITA 1985 

C h a r a c t e r i s t i c s  of v a r i a t i o n  of Nannings roughness c o e f f i c i e n t  i n  a  

compound c r o s s  s e c t i o n  

1. Exper imental ,  compound, smooth, rough, p r o t o t y p e  

2. To i n v e s t i g a t e  t h e  e q u i v a l e n t  roughness c o e f f i c i e n t  of a compound 

channe l  based on h y d r a u l i c  model exper iments  

3. E q u i v a l e n t  roughness c o e f f i c i e n t  i n c r e a s e s  w i t h  i n c r e a s i n g  w a t e r  l e v e l  

e s p e c i a l l y  when t h e  c h a n n e l / f l o o d p l a i n  wid th  r a t i o  i s  0 .4 .  Tendency 

exp la ined  by r e f e r e n c e  t o  a  mixing c o e f f i c i e n t  f o r  t h e  i n t e r a c t i o n  

between channel  and f l o o d p l a i n  flow which has  a  v a l u e  of t h e  o r d e r  of 

0.2.  A s  d e p t h  i n c r e a s e s  c o e f f i c i e n t  reduces  t o  0.045. 

4. P o i n t  gauge,  m i n i a t u r e  c u r r e n t  m e t e r .  

ATKINS 1980 

Turbulence measurements us ing  a  s m a l l  e l e c t r o  magnet ic  c u r r e n t  meter  i n  

open channel  f lows  

1. Exper imental ,  smooth, s i m p l e  

2 .  To i n v e s t i g a t e  a c c e l e r a t i n g  and d e c e l e r a t i n g  f lows  

3. Mean v e l o c i t y  p r o f i l e s ,  w a t e r  s u r f a c e  s l o p e s ,  bed f r i c t i o n  v e l o c i t i e s  

and t u r b u l e n c e  i n t e n s i t y  p r o f i l e s  i d e n t i f i e d  

4. E l e c t r o  magnet ic  c u r r e n t  mete r ,  m i n i a t u r e  c u r r e n t  mete r  



BAIRD, ERVINE 1984 

R e s i s t a n c e  t o  flow i n  channels  w i t h  overbank f l o o d p l a i n  f low 

1. Exper imental ,  compound, smooth 

2. D e t a i l s  of exper imenta l  r e s u l t s  of flume s tudy  i n t o  t h e  h y d r a u l i c  

behav iour  of channe l s  w i t h  overbank f l o o d p l a i n  f low.  

3 .  F r i c t i o n  f a c t o r j R e y n o l d s  no;Boundary s h e a r  s t r e s s  d i s t r i b u t i o n ; v e l o c i t y  

d i s t r i b u t i o n  and non d imens iona l  s t a g e  d i s c h a r g e  r e l a t i o n s h i p s  

d e t a i l e d  

4 .  P r e s t o n  t u b e ,  p i t o t  tube  

BARISBNIKOV, IVANOV, SOKOLOV 1971 

Role of f l o o d p l a i n  i n  f l o o d  d i s c h a r g e  of a  r i v e r  channel  

1. Compound, rough, smooth, e x p e r i m e n t a l  

2 .  To r e v e a l  p h y s i c a l  p r o c e s s e s  p r e s e n t  w i t h  v a r i o u s  d e g r e e s  of f low 

i n t e r a c t i o n .  I n v e s t i g a t e  f low from f l o o d p l a i n  t o  main channel  and v i c e  

v e r s a .  I n t e r a c t i o n  of f lows  w i t h  i n t e r s e c t i n g  axes  

3 .  Channel f l o o d p l a i n  f low i n t e r a c t i o n  reduces  flow d i s c h a r g e  c a p a c i t y  of 

10 t o  16% a t t r i b u t e d  t o  channel .  Reduction due t o  v o r t e x  f o r m a t i o n ,  

momentum t r a n s f e r  and secondary c u r r e n t s .  Recommend TOEBES and SOOKY 

c a l c u l a t i o n  method f o r  a l i g n e d  f lows.  Flow a t t r i b u t e d  t o  channel  and 

f l o o d p l a i n  i s  reduced by up t o  43% f o r  f low from f l o o d p l a i n  t o  channel  

and by a n  i n c r e a s e  of up t o  11% f o r  f low from channel  t o  f l o o d p l a i n  

Discharges  reduce markedly when f low a x e s  i n t e r s e c t .  Due t o  v o r t e x  

f o r m a t i o n  e t c  p l u s  s l o p e  r e d u c t i o n  i n  i n t e r a c t i o n  zone 



BARR 1978 

A new approach t o  f u l l y  g r a p h i c a l  (d imens iona l )  s o l u t i o n  of t h e  

Colebrook-White f u n c t i o n  

1. Theory, exper imenta l ,  rough. 

2. B a s i s  of Acker's system of d imensional  d e s i g n  c h a r t s  is o u t l i n e d  and a n  

a l t e r n a t i v e  approach t o  f u l l y  dimensional  working of the  s t a n d a r d  p ipe  

flow i s  proposed. 

3. No requirement f o r  numerical  c a l c u l a t i o n s  where c i r c u l a r  p i p e s  f lowing  

f u l l  a r e  concerned.  System based on wate r  a t  normal t empera tu re  being 

t h e  f l u i d  f lowing.  Adjustment p o s s i b l e  t o  accomodate f l u i d s  of o t h e r  

k i n e m a t i c  v i s c o s i t y .  Method can  be a p p l i e d  t o  non c i r c u l a r  c o n d u i t s  by 

making use  of e q u i v a l e n t  p i p e  f a c t o r  a s  proposed by Johnson and 

Acke rs . 

BARR. DAS 1986 

D i r e c t  s o l u t i o n s  f o r  normal dep th  us ing  t h e  Manning e q u a t i o n  

1. Theory, exper imenta l ,  s i m p l e ,  rough 

2. E x p l i c i t  s o l u t i o n  procedure  provided f o r  t h e  i n h e r e n t l y  i m p l i c i t  

problem of t h e  d e t e r m i n a t i o n  of normal dep th .  

3. Procedure  comprises  a numerical  s o l u t i o n  f o r  r e c t a n g u l a r  channe l s ,  and 

both  numer ica l  and g r a p h i c a l  procedures  f o r  t r a p e z o i d a l  channe l s  and 

f o r  c i r c u l a r  c o n d u i t s  running p a r t  f u l l .  R e s u l t i n g  e r r o r s  always 

remain w i t h i n  des ign  l i m i t s .  Semi g r a p h i c a l  s o l u t i o n  e a s i e r  t o  use 

than  methods proposed by Chow o r  Jeppson. 



BARRAGE 1979 

Research i n t o  t u r b u l e n c e  and suspended sediment i n  r i v e r s  

1. P r o t o t y p e ,  s i m p l e ,  rough 

2. To i n v e s t i g a t e  r i v e r  v e l o c i t y ,  t u r b u l e n c e  and suspended sediment  

c h a r a c t e r i s t i c s  

3. S t a t i s t i c a l  e v a l u a t i o n  of t u r b u l e n c e  measurements p r e s e n t e d  and r e l a t e d  

t o  suspended load  

4. P r e s s u r e  probe 

BATHURST 1978 

Flow r e s i s t a n c e  of l a r g e  s c a l e  roughness 

1. Simple ,  rough, p r o t o t y p e  

2 .  To i n v e s t i g a t e  f low r e s i s t a n c e  of l a r g e  s c a l e  roughness.  B a s i c  t h e o r y  

p r e s e n t e d  and t e s t e d  a g a i n s t  f i e l d  d a t a .  

3. R e s i s t a n c e  t o  f low i n  c o n d i t i o n s  of l a r g e  s c a l e  roughness depends 

mainly on t h e  roughness geometry,  v a r i e s  only  wi th  channe l  geometry i n  

r e s p e c t  of t h a t  parameters  e f f e c t  on t h e  d rag  of t h e  roughness 

e lements .  Roughness s p a c i n g  can be d e f i n e d  i n  terms of bou lde rs  

p r o t r u d i n g  through f low 

4. C u r r e n t  m e t e r s  

D i s t r i b u t i o n  of boundary s h e a r  stress i n  r i v e r s  

1. P r o t o t y p e ,  s i m p l e ,  rough 



2. To s tudy  f i e l d  da t a  c o l l e c t e d  a t  s e c t i o n s  a c r o s s  r i v e r s  wi th  cobble  

beds and t o  d e l i n e a t e  p a t t e r n s  of s h e a r  s t r e s s  d i s t r i b u t i o n  and t h e  

v a r i a t i o n s  which occur  wi th  changes i n  d i s cha rge  

3. D i s t r i b u t i o n  of s h e a r  s t r e s s  a t  a s e c t i o n  depends mainly on primary and 

secondary flow e f f e c t s .  I n  s t r a i g h t  reaches s h e a r  s t r e s s  d i s t r i b u t i o n  

i s  a f f e c t e d  by s t r e s s  induced secondary c i r c u l a t i o n  and by a c c e l e r a t i o n  

o r  d e c e l e r a t i o n  of flow. A t  bends t he  magnitudes and p o s i t i o n s  of 

s h e a r  s t r e s s  peaks a r e  determined by t h e  r e l a t i v e  i n f l u e n c e  of skew 

induced c i r c u l a t i o n .  Cross s e c t i o n a l  d i s t r i b u t i o n  of s h e a r  stress 

becomes more uniform a s  Reynolds number i n c r e a s e s .  Longstream changes 

i n  shea r  s t r e s s  cause e r o s i o n  and d e p o s i t i o n  

4 .  Cur ren t  meter  

BATHURST ( t o  be publ i shed)  

Flow processes  and d a t a  p rov i s i on  f o r  channel f low models 

1. Pro to type ,  t h e o r e t i c a l ,  s imple ,  compound, rough 

2. I n d t c a t e s  t h a t  p rocesses  represen t ing  flow r e s i s t a n c e  and i n t e r a c t i o n  

between channel  and f l ood  p l a i n  f lows a r e  poorly  reproduced by e x i s t i n g  

models. 

3. Advances i n  d a t a  p rov i s i on  and t he  unders tanding of f i e l d  p rocesses  

needed t o  match those  i n  numerical  techniques .  

BATHURST, THORNE, tlEY 1977 

D i r e c t  measurement of secondary c u r r e n t s  i n  r i v e r  bends 

1. Pro to type ,  s imple ,  rough 

2. To r epo r t  on measurement of longstream and c r o s s  s t ream v e l o c i t i e s  

c a r r i e d  out a c r o s s  s e c t i o n s  of a  r i v e r  pe rpend i cu l a r  t o  t h e  o u t e r  banks 

of s e v e r a l  bends us ing  an  e l ec t romagne t i c  f low mete r  



3 Presence oE s i n g l e  and compound c e l l s  i n c l u d i n g  r e v e r s e  c e l l s  detailed. 

Reverse c e l l  Eorm dependent on bank form. 

4 E lec t romagne t ic  c u r r e n t  m e t e r  

BATHURST, TBORNE. BeY 1979 

Secondary f low and s h e a r  s t r e s s  a t  bends 

1 Simple,  rough, p r o t o t y p e  

2 To i n v e s t i g a t e  c u r r e n t  p a t t e r n  a d j a c e n t  t o  r i v e r  banks,  t h e i r  v a r i a t i o n  

wi th  d i s c h a r g e  and r e l a t i o n s h i p  t o  boundary s h e a r  s t r e s s  d i s t r i b u t i o n .  

Cur ren t  knowledge reviewed 

3 Uniformity  of s h e a r  s t r e s s  depends on secondary c i r c u l a t i o n  s t r e n g t h .  

The secondary c i r c u l a t i o n  i s  s t r o n g e s t  a t  medium d i s c h a r g e s  and then  

does no t  possess  t h e  u n i f o r m i t y  of s h e a r  s t r e s s  i n  a s t r a i g h t  channel  

4. E l e c t r o  magnetic f lowmeter  

BATHURST, THORNE, HEY 1981 

Secondary f low and s h e a r  s t r e s s  a t  r i v e r  bends 

Closure  of paper  p resen ted  i n  1979 

BATHURST, L I ,  SIHONS 1981 

R e s i s t a n c e  e q u a t i o n  f o r  l a r g e  s c a l e  roughness 

1. T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  rough 

2 .  To i d e n t i f y  t h e  p r o c e s s e s  a E f e c t i n g  t h e  Elow h y d r a u l i c s  i n  respec t  oE 

l a r g e  s c a l e  roughness,  c o n s t r u c t  a theory  of f low r e s i s t a n c e  and t e s t  

t h e  theory  by us ing  flume d a t a  t o  develop a t h e o r e t i c a l  flow r e s i s t a n c e  

e q u a t i o n .  



3 .  Flow r e s i s t a n c e  of l a r g e  s c a l e  roughness depends upon t h e  form drag  of 

t h e  e lements  and t h e i r  d i s p o s i t i o n  i n  t h e  channel .  Relevant  f low 

p r o c e s s e s  can be d e s c r i b e d  a s  f u n c t i o n s  of Reynold's number, Froude 

number, roughness geometry and channel  geometry 

4 .  Poin t  gauge 

Flow i n  t r a p e z o i d a l  channe l s  wi th  extreme bank roughness 

1. Exper imental ,  t h e o r y ,  s i m p l e ,  rough 

2 / 3 .  To i n v e s t i g a t e  t h e  e f f e c t  of bank v e g e t a t i o n  on conveyance i n  a  

channel  and t o  develop a  numerical  method t o  c a l c u l a t e  f lows.  

4 .  Po in t  gauge,  p i t o t  t u b e ,  m i n i a t u r e  c u r r e n t  mete r  

Shear  s t r e s s  d i s t r i b u t i o n  and secondary c u r r e n t s  i n  s t r a i g h t  open channe l s  

1. Exper imental ,  t h e o r e t i c a l ,  p r o t o t y p e ,  s i m p l e ,  rough 

2 .  Analys i s  of p r e s e n t  s t a t e  of knowledge of s h e a r  stress d i s t r i b u t i o n  and 

secondary c u r r e n t s  i n  s t r a i g h t  open channe l s  

3 .  Attempt t o  c o n s i d e r  only  g r a v e l  bed r i v e r s ,  however most p a s t  work on 

l a b o r a t o r y  flumes and sand bed s t reams .  D i r e c t  and i n d i r e c t  methods of 

s h e a r  s t r e s s  measurement d e t a i l e d .  Proposed s t a n d a r d  d e f i n i t i o n  of 

secondary c u r r e n t .  Need t o  develop ins t rument  t o  measure secondary 

c u r r e n t s  i n  t h e  f i e l d .  Discuss ions  by Church, Thorne, B a t h u r s t ,  Hey, 

de R u i t e r ,  de  Vriend 



Carry ing  c a p a c i t y  of f l o o d p l a i n s  

1 Compound, rough, p r o t o t y p e  

2 To de te rmine  f l o o d p l a i n l m a i n  channe l  f low d i s t r i b u t i o n  

3 R e l a t e s  conveyance t o  r e t u r n  p e r i o d .  R e f e r s  t o  RAJARATNAM and AHMADI 

BLACK 1982 

Minimum s p e c i f i c  energy i n  compound open channel 

Discuss ion  of p a p e r  by Bla lock ,  Sturm 1981 

BLALOCK, STUM 1981 

Minimum s p e c i f i c  energy i n  compound open channe l  

1 Compound, smooth,  e x p e r i m e n t a l  

2 To p r e s e n t  a n  a n a l y t i c a l  f o r m u l a t i o n  of a compound channe l  Froude 

number which i d e n t i f i e s  t h e  occur rence  of p o i n t 6  of minimum s p e c i f i c  

energy f o r  f low i n  compound open channe l s  

3 Compound channe l  Froude no d e r i v e d  which r e f l e c t 6  t h e  s p e c i f i c  e n e r g y  

c u r v e  of f low i n  a compound channe l  by l o c a t i n g  p o i n t s  of minimum 

s p e c i f i c  ene rgy  



BLALOCK, STURM 1983 

Minimum s p e c i f i c  energy i n  compound open channel 

Closure  on d i s c u s s i o n  of paper  

BLENCH 1969 

MOBILE BED HYDRAULICS 

1 P r o t o t y p e ,  c i r c u l a r ,  t h e o r y ,  rough. 

2 A f o r m u l i z a t i o n  of g e n e r a l  theory  of a  r i v e r  bed development and 

sediment t r a n s p o r t  i n  a  s t ream along t h e  l i n e s  which i n i t i a t e d  t h e  

f r i c t i o n  f a c t o r  diagram of r i g i d  boundary h y d r a u l i c s  f o r  c i r c u l a r  

p ipes .  

3 The form of d i s c o n t i n u i t y  i s  d i f f e r e n t  f o r  sand than  f o r  g r a v e l  b u t  

cannot  be c a r r i e d  through due t o  smal l  range I n  D.  The graphs  t a k e n  as 

a  whole cannot show t h e  major p e c u l i a r i t i e s  due t o  v a r i a t i o n  of d / ~ .  

BLINCO, PARTHENIADES 1970 

Turbulence c h a r a c t e r i s t i c s  i n  f r e e  s u r f a c e  flows over  smooth and rough 

boundar ies  . 

1 Exper imenta l ,  smooth, rough, s i m p l e .  

2 Study of t h e  e f f e c t s  of boundary roughness and Reynolds no. on t h e  

t u r b u l e n c e  i n t e n s i t y  i n  t h e  d i r e c t i o n  of t h e  f low a s  measured i n  a n  

open channel  f lume. 

3 The r e s u l t s  of t h i s  s t u d y  s u g g e s t  t h e  e x i s t e n c e  of a  u n i v e r s a l  e q u a t i o n  

r e l a t i n g  t u r b u l e c e  i n t e n s i t i e s  t o  boundary s h e a r ,  k inemat ic  v i s c o s i t y  

and r e l a t i v e  d i s t a n c e  from t h e  boundary. 

4.  O r i f i c e  meter ,  w e i r ,  h o t  f i l m  probe,  anenometer,  



BBADBURY, DURST, LAUNDER, SCtiMIDT, YHITELAW 1983 

Turbu len t  s h e a r  f lows  

S e l e c t e d  papers  from 4 t h  I n t e r n a t i o n a l  symposium on t u r b u l e n t  s h e a r  f iows  

Comprising c h a p t e r s  on 

Fundamentals 

Free  f lows  

Boundary l a y e r s  

React ing f lows  

BRADSKAW 1 9 7 6  

Turbulence 

Contains  c h a p t e r s  on 

I n t r o d u c t i o n  t o  t u r b u l e n c e  

E x t e r n a l  f lows  

I n t e r n a l  f lows  

Geophysical  t u r b u l e n c e  and buoyant f lows  

C a l c u l a t i o n  of t u r b u l e n t  f lows  

Heat and mass t r a n s p o r t  

Two phase and non Newtonian f lows  

d e  BRAY 1 9 6 7  

Some i n v e s t i g a t i o n s  i n t o  t h e  spanwise non u n i f o r m i t y  of nominally two 

d imens iona l  i n c o m p r e s s i b l e  boundary l a y e r s  downstream of gauze s c r e e n s  

1 Exper imental ,  d u c t ,  s i m p l e ,  smooth 

2 To a s s e s s  t h e  importance of t h e  type of s c r e e n  f o r  u s e  i n  wind t u n n e l s  

by changing t h e  open a r e a  r a t i o ,  number of s c r e e n s  and t y p e  of 

honeycomb 



3 Non u n i f o r m i t i e s  i n  t h e  a i r  f low downstream of t h e  gauze  s c r e e n s  

p e r s i s t  t h rough  t h e  c o n t r a c t i o n  and test s e c t i o n .  Honeycomb mesh and 

d i r e c t i o n a l  u n i f o r m i t y  has  a powerful  i n f l u e n c e  on t n e  magni tude  of t h e  

boundary layer v a r i a t i o n s .  Type of s c r e e n  i s  t h e  main c o n t r o l l i n g  

f a c t o r  f o r  t h e  non u n i f o r m i t y  i n  c o n v e n t i o n a l  t u n n e l s .  W i t h  more t h a n  

one s c r e e n  t h e  open area r a t i o  of t h e  downstream s c r e e n  h a s  most 

e f f e c t .  Honeycomb of f i n e  mesh gave  b e t t e r  r e s u l t s  t h a n  s c r e e n s .  

E f f e c t  of c o n t r a c t i o n  shape  i s  small. Wall  c u r v a t u r e  s u b s t a n t i a l l y  

e f f e c t s  non u n i f o r m i t y .  L i t t l e  v a r i a t i o n  i n  boundary l a y e r  e i t h e r  i n  

t e s t  s e c t i o n  o r  i n  t h e  e n t r y  r eg ion .  E f f e c t  of t h e  p r e s s u r e  g r a d i e n t  

a l o n g  a f l a t  s u r f a c e  w i t h  f i x e d  t r a n s i t i o n  was n e g l i g i b l e .  When 

p r e s s u r e  g r a d i e n t  i s  used t o  c o n t r o l  t h e  p o s i t i o n  of f r e e  t r a n s i t i o n ,  

boundary l a y e r  n o r m a l i t y  i s  s t r o n g l y  i n f l u e n c e d  by t h e  c l o s e n e s s  of 

t r a n s i t  i o n  t o  t h e  measur ing  p l a n e .  Laminar boundary l a y e r s  shwed 

g r e a t e r  f r a c t i o n a l  v a r i a t i o n s  t h a n  t h e  t u r b u l e n t  boundary l a y e r s  

f u r t h e r  downstream on t h e  same s u r f a c e s .  

4 P r e s t o n  t u b e ,  s t a t i c  t u b e  

BROOKS, SHUKRY 1963 

Boundary s h e a r  s t r e s s e s  i n  curved t r a p e z o i d a l  c h a n n e l s  (IPPEN, DRINKER) 

D i s c u s s i o n  

l Simple ,  smooth,  e x p e r i m e n t a l  

213 I n i t i a l  p a p e r  p r o p o s e s  un i fo rm ene rgy  d i s s i p a t i o n  round a bend. P o i n t  

i s  q u e s t i o n e d  due  t o  non u n i f o r m i t y  of f low i n  bend from 

exper imen t .  O r i e n t a t i o n  of s h e a r  s t ress  n e g l e c t e d  i n  c o n s i d e r i n g  bank 

s t a b i l i t y .  Cons ide red  t h a t  i m p o r t a n t  t o  look  a t  X ,  y  and z f l o w  

components t o  u n d e r s t a n d  s h e a r  stress a t  bends 



BROWN, JOUBERT 1969 

The measurement of s k i n  f r i c t i o n  i n  t u r b u l e n t  boundary l a y e r s  w i t h  a d v e r s e  

p r e s s u r e  g r a d i e n t s  

1 Exper imental ,  t h e o r e t i c a l ,  s i m p l e ,  smooth, d u c t  

2 To d i s c u s s  t h e  methods of s k i n  f r i c t i o n  measurements a v a i l a b l e ,  and 

d e s c r i b e  t h e  ins t rument  which h a s  been developed,  i t s  c a l i b r a t i o n ,  and 

d e s c r i b e  t h e  secondary e f f e c t s  on t h e  ins t rument  of p r e s s u r e  g r a d i e n t s  

i n  two d imens iona l  f low.  

3 Parameter  d e f i n e d  t h a t  r e p r e s e n t s  f a i l u r e  of P r e s t o n  tube i n  s e v e r e  

a d v e r s e  p r e s s u r e  g r a d i e n t s .  Maximum secondary f o r c e  v a l u e  found t o  be 

15% of t h e  w a l l  s h e a r  s t r e s s  f o r c e .  Secondary f o r c e  shows some 

c o r r e l a t i o n  w i t h  p r e s s u r e  g r a d i e n t  and Reynolds number. 

Secondary f o r c e s  on t h e  element of a  f l o a t i n g  element ins t rument  due t o  

t h e  e f f e c t s  of a  p r e s s u r e  g r a d i e n t ,  and t o  t h e  d i s t o r t i o n  of the  

boundary l a y e r .  

4 Shear  s t r e s s  m e t e r ,  P r e s t o n  t u b e ,  s t a t i c  t u b e ,  p i e z o m e t r i c  t a p p i n g s  

Re-examination of Nikuradse roughness d a t a  

Paper  d e s c r i b e s  i n c o n s i s t e n c y  i n  t h e  o r i g i n a l  p r e s e n t a t i o n  of t h e  Nikuradse 

d a t a  and p r o v i d e s  a  Moody type diagram w i t h  some e n g i n e e r i n g  a p p l i c a t i o n s  

f o r  a  range of d a t a  b e l i e v e d  t o  be v a l i d  

BRUNDRETT, BAINES 1964 

The produc t ion  and d i f f u s i o n  of v o r t i c i t y  i n  d u c t  f low 

1 Duct, smooth, e x p e r i m e n t a l  



2 Discuss ion  on o r i g i n  and d i s s i p a t i o n  of secondary flows i n  square  d u c t s  

wi th  exper imenta l  proof 

3  Secondary flow c h a r a c t e r i s t i c  d e s c r i b e d  but eddy s t r u c t u r e  t h a t  

produces t h e  Reynolds s t r e s s  g r a d i e n t s  s o  inducing secondary f low no t  

i d e n t i f i e d  

4 Hot wire  anemometer 

BUCEIANAN, POSEY. YEN, R0 1983 

Discharge assessment  i n  compound channel  f low (WORMLEATON, ALLEN, 

HADJIPANOS) 

Discuss ion  

1 Compound, smooth, rough, exper imenta l  

213 Proposes  t r e a t i n g  channel  a s  s i n g l e  e n t i t y  w i t h  averaged Manning8 n  

between channel  and f l o o d p l a i n  a s  compared t o  paper  us ing  f i c t i t i o u s  

h o r i z o n t a l  i n t e r f a c e  a t  bankfu l  f o r  main channe l .  Discrepancy between 

o b s e r v e d j p r e d i c t e d  va lue  f o r  d i s c h a r g e  reduces  from +/- 20% t o  +3% t o  

-15% Proposes  method d i v i d i n g  f low i n t o  zone8 s e p a r a t e d  by p lanes  of 

z e r o  s h e a r  a s  compared t o  v e r t i c a l ,  d i a g o n a l  and h o r i z o n t a l  i n t e r f  a c e s  

BUTLER, ROCK. WEST 1978 

F r i c t i o n  c o e f f i c i e n t  v a r i a t i o n  w i t h  f low i n  a n  u rban  s t r e a m  

1 P r o t o t y p e ,  s imple ,  smooth, rough 

2  To i n v e s t i g a t e  t h e  v a r i a t i o n  of Mannings n  w i t h  va ry ing  s t a g e  

3  Dependence of Mannings n  on r i v e r  f low f o r  l i n e d  and u n l i n e d  channe l s  

demonstra ted 



4 Cur ren t  meter, s t a f f  gauge 

CALLANDER 1978 

River  meandering 

1 Pro to type ,  exper imenta l ,  t h e o r y ,  s i m p l e ,  rough, smooth, meanders 

2 To e x p l a i n  t h e  f low processes  i n  a  meandering channel  and t o  d e s c r i b e  

c u r r e n t  r e s e a r c h  

3  Review c l a s s i f i e s  r e s e a r c h  on meanders on t h e  b a s i s  of f i e l d  

measurements, f low i n  bends and e x p l a n a t i o n s  of meandering. 

Fundamental problem of f i e l d  measurement i s  t o  f i n d  e m p i r i c a l  

r e l a t i o n s h i p  between t h e  g e o m e t r i c a l  p r o p e r t i e s  of a  r i v e r  and t h e  flow 

w i t h i n  t h e  r i v e r .  Flow i n  bends s t u d i e d  i n  t h e  f i e l d  and u s i n g  

l a b o r a t o r y  flumes a s  w e l l  a s  by t h e o r e t i c a l  a n a l y s i s .  L a t t e r  hampered 

by l a c k  of knowledge of p h y s i c a l  p r o c e s s e s  p r e s e n t  i n  t h e  f low.  

E x p l a n a t i o n  of meandering s t i l l  n o t  determined though c a s e  f o r  dynamic 

i n s t a b i l i t y  cons idered  impor tan t .  

CAULSON. IRVINE 1961 

F u l l y  developed p r e s s u r e  d rop  i n  t r i a n g u l a r  shaped d u c t s  

1 Exper imental ,  s imple ,  smooth, d u c t  

2 To o b t a i n  p r e s s u r e  d rop  d a t a  f o r  d u c t s  wi th  narrow i s o c e l e s  t r i a n g u l a r  

c r o s s  s e c t i o n s  

3  Using t h e  e q u i v a l e n t  h y d r a u l i c  d i a m e t e r  measurements agreed  c l o s e l y  

wi th  c a l c u l a t e d  r e s u l t s  i n  t h e  l a m i n a r  regime. I n  t h e  t u r b u l e n t  regime 

t h e  p r e d i c t e d  v a l u e s  were 20% t o o  high.  Using t h e  apex a n g l e  and 

h y d r a u l i c  d iamete r  a s  c o r r e l a t i n g  parameters  gave agreement w i t h i n  2% 

f o r  Reynolds numbers between 5000 and 30000. 



4 P i e z o m e t r i c  t a p p i n g s  

CEBECI, SMITH 1974 

A n a l y s i s  of t u r b u l e n t  boundary l a y e r  

Con ta ins  c h a p t e r s  on:  

I n t r o d u c t i o n  t o  t u r b u l e n c e  

C o n s e r v a t i o n  e q u a t i o n s  f o r  c o m p r e s s i b l e  t u r b u l e n t  f l o w s  

The boundary l a y e r  e q u a t i o n s  

G e n e r a l  b e h a v i o u r  of t u r b u l e n t  boundary l a y e r s  

V a r i o u s  a p p r o a c h e s  t o  t h e  c a l c u l a t i o n  of t u r b u l e n t  boundary l a y e r s  

T r a n s p o r t  c o e f f i c i e n t s  i n  t u r b u l e n t  boundary l a y e r s  

The CS method 

The CS method f o r  l a m i n a r  boundary l a y e r s  

The CS method f o r  t u r b u l e n t  boundary l a y e r s  

Boundary s h a p e  and roughness  e f f e c t s  on s t r e a m f l o w  

l Theory ,  e x p e r i m e n t a l ,  s i m p l e ,  compound, smooth,  rough 

2 To d e s c r i b e  a  method of c a l c u l a t i n g  r i v e r  f l o w s  w i t h  compound c r o s s  

s e c t i o n s  and m u l t i p l e  roughness  w i t h o u t  r e c o u r s e  t o  t h e  u s e  of a  common 

e n e r g y  g r a d i e n t  

3 Exponent  d e t e r m i n e d  f o r  v a r i o u s  c r o s s  s e c t i o n a l  boundary s h a p e s .  Good 

agreement  be tween t h e o r e t i c a l  computa t ion  of f l o w  and l a b o r a t o r y  

r e s e a r c h .  S u g g e s t e d  t h a t  t h e  range  of c r o s s  s e c t i o n a l  s h a p e s ,  

r o u g h n e s s r s ,  and  d i s c h a r g e s  s h o u l d  be e x t e n d e d  and c o n f i r m e d  u s i n g  

p r o t o t y p i c a l  d a t a .  

4 M i n i a t u r e  c u r r e n t  meter, e l e c t r o  m a g n e t i c  c u r r e n t  meter.  



CHIU. CRIOU 1986 

S t r u c t u r e  of 3-D f low i n  r e c t a n g u l a r  open channe l s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  smooth, rough 

2 To p r e s e n t  a  method t h a t  does no t  r e q u i r e  v e l o c i t y  d a t a  i n  e s t i m a t i n g  

t h e  model pa ramete r s  of primary f low,  secondary f low,  3-D v e l o c i t y  

d i s t r i b u t i o n ,  and 3-D s h e a r  d i s t r i b u t i o n .  The i n t e r a c t i o n  among t h e  

pr imary and secondary f l o w s  and t h e  s h e a r  stress d i s t r i b u t i o n  was 

i n v e s t i g a t e d  under  v a r i o u s  v a l u e s  of Mannings n, a s p e c t  r a t i o  and s l o p e  

of channel .  

3 P o i n t  of maximum v e l o c i t y  d i p s  below w a t e r  s u r f a c e  f o r  s m a l l e r  a s p e c t  

r a t i o  c h a n n e l s ,  p a r t i c u l a r l y  smooth channels .  S i m i l a r l y  t h i s  f e a t u r e  

occurs  a s  channel  s l o p e  i s  i n c r e a s e d .  By r e l a t i n g  a  v e l o c i t y  

d i s t r i b u t i o n  c o e f f i c i e n t  t o  f low d e p t h  t h e  c h a r a c t e r i s t i c  of t h e  

i s o v e l s  f o r  channe l s  of va ry ing  a s p e c t  r a t i o  a r e  determined.  P a t t e r n s  

of secondary f low v a r y  l i t t l e  w i t h  s l o p e ,  however d i s t r i b u t i o n  v a r i e s  

a c r o s s  t h e  s e c t i o n .  S t r e n g t h  of secondary f low more uniformly 

d i s t r i b u t e d  wi th  i n c r e a s e  i n  s l o p e .  P a t t e r n  of s h e a r  s t r e s s  

d i s t r i b u t i o n  a f f e c t e d  by Mannings n  and a s p e c t  r a t i o .  

CHIU, HSIUNG, LIN 1978 

Three  d imens iona l  open channe l  f low 

1 Simple,  rough,  t h e o r e t i c a l ,  p r o t o t y p e  

2 T h e o r e t i c a l  computat ion of secondary f low and comparison w i t h  p r o t o t y p e  

d a t a  u s i n g  t h e  c u r v i l i n e a r  c o o r d i n a t e  sys tem formed by t h e  i s o v e l s  

3 P r e d i c t i v e  program f o r  secondary f low developed and v e r i f i e d  w i t h  

p r o t o t y p e  and e x p e r i m e n t a l  d a t a  



CHIU, ESUING 1981 

Secondary f low,  s h e a r  s t r e s s  and sediment  t r a n s p o r t  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  p r o t o t y p e ,  s imple ,  rough 

2  To s t u d y  t h e  r e l a t i o n s h i p  and i n t e r a c t i o n  between secondary f l o w ,  s h e a r  

s t r e s s  and sediment  c o n c e n t r a t i o n  i n  a l l u v i a l  c h a n n e l s  

3 Formula developed t o  c a l c u l a t e  s h e a r  s t r e s s  i n  t h e  f low and a long  t h e  

bottom and s i d e  w a l l s  of a l l u v i a l  channe l s .  Formula i s  a  polynomial  of 

t h e  2nd o r d e r  w i t h  c o e f f i c i e n t s  determined from a  b a s i c  hydrodynamic 

e q u a t i o n  and boundary c o n d i t i o n s  of both secondary f low and s h e a r  

s t r e s s .  No s h e a r  d a t a  r e q u i r e d ,  fo rmula  capab le  of i n c l u d i n g  e f f e c t s  

of g r a v i t y ,  pr imary and secondary f l o w s ,  and non u n i f o r m i t y  of f low. 

S h e a r  fo rmula  g i v e s  peak v a l u e s  of boundary s h e a r  on t h e  channe l  bottom 

n e a r  t h e  c o r n e r  o r  s i d e  w a l l s  and a l s o  on t h e  s i d e  w a l l s  between t h e  

channel  bottom and t h e  w a t e r  s u r f a c e .  

CHIU, LIN. MIZUnURA 1976 

S i m u l a t i o n  of h y d r a u l i c  p r o c e s s e s  i n  open c h a n n e l s  

1 Simple ,  rough,  t h e o r e t i c a l ,  p r o t o t y p e  

2  De te rmina t ion  of t h e  t h r e e  d imensional  d i s t r i b u t i o n  of f low v e l o c i t y ,  

c a l c u l a t i o n  of unsteady and s t e a d y  f lows  i n  i r r e g u l a r  c h a n n e l s ,  

d e t e r m i n a t i o n  of r e s i s t a n c e  c o e f f i c i e n t s ,  c a l c u l a t i o n  of secondary 

c u r r e n t s ,  c a l c u l a t i o n  of unsteady d i s p e r s i o n  i n  i r r e g u l a r  c h a n n e l s ,  

model l ing and s i m u l a t i o n  of i r r e g u l a r  c h a n n e l s  

3 P r e d i c t i v e  program developed u s i n g  t h e  c u r v i l i n e a r  c o o r d i n a t e  sys tem a s  

i t s  b a s i s  



CHIU,  L I N  1982 

Computation of 3D f low and s h e a r  i n  open channe l s  

1 Simple ,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 A computat ional  model t o  s i m u l a t e  primary flow v e l o c i t y  p a t t e r n s  which 

a r e  then  used a s  a  c o o r d i n a t e  sys tem t o  develop e q u a t i o n s  t o  compute 

s h e a r  stress and secondary f low p a t t e r n s  

3  Good s i m u l a t i o n  of s h e a r  s t r e s s  and primary flow v e l o c i t y  p a t t e r n  bu t  

d i s c r e p a n c y  i n  computat ion of secondary v e l o c i t i e s  

4 P r e s t o n  t u b e  

CEOUDARY, N A E A S I M W  1977 

Flow i n  180 degree  open channe l  r i g i d  boundary bends 

1 Simple,  smooth, e x p e r i m e n t a l ,  bend 

2 To s t u d y  t h e  conveyance, bed and wa l l  s h e a r  s t r e s s  a t  a  bend 

3  D e t a i l s  s h e a r  p a t t e r n  and s p i r a l  f low p a t t e r n  

4 P r e s t o n  t u b e ,  p i t o t  t u b e ,  p o i n t  gauge 

CLAUSER 1954 

Turbu len t  boundary l a y e r s  i n  a d v e r s e  p r e s s u r e  g r a d i e n t s  

1 Exper imenta l ,  smooth, s i m p l e ,  d u c t  

2 Exper imenta l  s t u d y  of t u r b u l e n t  boundary l a y e r s  i n  a d v e r s e  p r e s s u r e  

g r a d i e n t s .  A comparison i s  made between t h e  r e s u l t s  and conven t iona l  

methods of p r e d i c t i n g  t h e  e f f e c t  of p r e s s u r e  g r a d i e n t s  on t u r b u l e n t  

boundary l a y e r s .  



3 R e s u l t s  compared w i t h  t h e  method of a n a l y s i s  proposed by von Doenhoft 

and T e t e r v i n .  I n  r e s p e c t  of s k i n  f r i c t i o n  von Doenhoff u s e s  a  power 

law v a r i a t i o n  wi th  Reynolds number and assumes t h a t  t h e r e  i s  no e f f e c t  

of p r e s s u r e  g r a d i e n t .  C l a u s e r  r e s u l t s  i n d i c a t e  t h a t  t h e  p r e s s u r e  

g r a d i e n t  e f f e c t  i s  l a r g e .  Based on r e s u l t s  and a n a l y s i s ,  need 

e x h i b i t e d  f o r  r e l i a b l e  method of p r e d i c t i n g  t h e  behav iour  of t u r b u l e n t  

l a y e r s  under  t h e  i n f l u e n c e  of p r e s s u r e  g r a d i e n t s .  

4 P i t o t  tube ,  h o t  w i r e  anemometer 

COLEBROOK 1939 

Turbu len t  f low i n  p i p e s ,  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  t r a n s i t i o n  r e g i o n  

between t h e  smooth and rough p i p e  laws 

1 Exper imenta l ,  p i p e ,  rough 

2 Correspondence on t u r b u l e n t  f low i n  p i p e s  wi th  r e f e r e n c e  t o  f r i c t i o n  

f a c t o r s ;  c o n t r i b u t i o n s  by Blench,  Cha t l ey ,  Essex,  Finniecome, Lacey,  

McDonald, Will iamson 

3 Advantage of e x p o n e n t i a l  f low formula  i s  i t s  dynamical  d e r i v a t i o n  and  

freedom from t h e o r y  of v e l o c i t y  d i s t r i b u t i 0 n ; u s e  of de Chezy formula  

w i t h  t a b u l a t e d  c o e f f i c i e n t s  s i m p l i f i e s  c a l c u l a t i o n ; c l o s e  agreement 

between work based on t h e o r y  of d imensions  and work i n v e s t i g a t i n g  

r e l a t i o n s h i p  between Chezy and Reynolds n u m b e r s ; f r i c t i o n  l o s s  was 

dependent upon Reynolds number and roughness f a c t o r ; p i p e  f low fo rmulae  

need m o d i f i c a t i o n  b e f o r e  a p p l i c a t i o n  t o  open c h a n n e 1 s ; a l t e r n a t e  

approximate  formula  f o r  t r a n s i t i o n  c o n d i t i o n s  proposed;Nikuradse 's  work 

should  no t  be a p p l i e d  o u t s i d e  range of e x i s t i n g  e x p e r i m e n t a l  work 

L - 

COLEBROOK. WHITE 1937 

Experiments w i t h  f l u i d  f r i c t i o n  i n  roughened p i p e s  

1 Exper imenta l ,  p i p e ,  rough, a i r  



2 To de te rmine  how t h e  n a t u r e  of roughness a f f e c t s  t h e  t r a n s i t i o n  from 

smooth t o  rough law r e s i s t a n c e  

3 Uniform f i n e  sand is i n d i s t i n g u i s h a b l e  from smooth c o n d i t i o n s  f o r  Re = 

6000, wi th  i n c r e a s i n g  v e l o c i t y  t r a n s i t i o n  begins  and i s  complete  by 

100,000.  Adding a  few l a r g e  g r a i n s  i e  2% c o v e r  markedly i n c r e a s e s  

r e s i s t a n c e  e s p e c i a l l y  a t  low speeds .  T r a n s i t i o n  i s  g r a d u a l .  

I n c r e a s i n g  t h e  % of l a r g e  g r a i n  c o v e r  i n c r e a s e s  t h e  e f f e c t  on 

r e s i s t a n c e  

4 P r e s s u r e  t a p p i n g s ,  n o z z l e  mete r  

COLES, HIRST 1968 

Computation of t u r b u l e n t  boundary l a y e r s  

1 Exper imenta l ,  s i m p l e ,  d u c t ,  smooth 

2 To a s s e s s  t h e  p r e s e n t  and p o t e n t i a l  v a l u e  of v a r i o u s  methods f o r  

c a l c u l a t i n g  t h e  development of t h e  t u r b u l e n t  boundary l a y e r  i n  a  

p r e s s u r e  g r a d i e n t  

3 T y p i c a l  boundary l a y e r  f low can  be viewed a s  a  wake l i k e  s t r u c t u r e  

which i s  c o n s t r a i n e d  by a  w a l l .  Most impor tan t  p r o p e r t y  of t h e  law of 

t h e  w a l l  is t h a t  i t  p r o v i d e s  a  q u i t e  p l a u s i b l e  method f o r  e s t i m a t i n g  

s u r f a c e  f r i c t i o n .  Most impor tan t  p r o p e r t y  of t h e  law of t h e  wake i s  

t h a t  i t  a v o i d s  a  d i r e c t  c o n f r o n t a t i o n  w i t h  t h e  p h y s i c a l  mechanism of 

s h e a r  t u r b u l e n c e .  Impor tan t  t o  work a t  h i g h  Reynolds numbers. The 

f i n a l  wake seems t o  evo lve  smoothly from t h e  h y p o t h e t i c a l  wake p r o f i l e  

a s s o c i a t e d  w i t h  t h e  boundary l a y e r  f l o w ,  r a t h e r  from t h e  boundary l a y e r  

p r o f i l e  i t s e l f  



CRUFP 1965 

Cross  channel t r a n s f e r  of l i n e a r  momentum i n  smooth r e c t a n g u l a r  channe l s  

1 Simple,  smooth, r e c t a n g u l a r  

2 To i n v e s t i g a t e  t h e  l a t e r a l  t r a n s f e r  of momentum from t h e  c e n t r a l  

region t o  t h e  v e r t i c a l  w a l l s  i n  smooth r e c t a n g u l a r  channels  us ing  s h e a r  

s t r e s s  a s  t h e  governing parameter  

3 Depthlwidth r a t i o  of channel  c r o s s  s e c t i o n  only  c h a r a c t e r  t h a t  a f f e c t s  

boundary s h e a r  s t r e s s .  F o r  smal l  r a t i o s  bed s h e a r  predominates ,  t h i s  

f e a t u r e  reducing f o r  l a r g e r  d e p t h l w i d t h  r a t i o s  

4 P i t o t  tube ,  p i e z o m e t r i c  t a p p i n g s ,  p o i n t  gauges ,  o r i f i c e  m e t e r ,  v e n t u r i  

meter  

DAS, TOWNSEND 1981 

Shear  s t r e s s  d i s t r i b u t i o n  a t  channel  c o n s t r i c t i o n s  

1 Exper imental ,  s i m p l e ,  smooth 

2 An a n a l y s i s  of t h e  c u r v i l i n e a r ,  a c c e l e r a t i n g  and d e c e l e r a t i n g  flow 

through a  c o n s t r i c t i o n  and i t s  comparison wi th  f low through a  bend 

3 V e l o c i t y  d i s t r i b u t i o n  i s  h i g h l y  non uniform. Maximum l o n g i t u d i n a l  

v e l o c i c y  f i l a m e n t  i s  a t t a c h e d  t o  t h e  c o n s t r i c t i o n  f a c e  and i s  

c u r v i l i n e a r .  Nominal i n c r e a s e  i n  mean v e l o c i t y  through t h e  gap a n d  

a g a i n s t  t h e  upstream f a c e  of t h e  c o n s t r i c t i o n  i n  comparison t o  t h e  

u n r e s t r i c t e d  channel v e l o c i t y .  Shear  maxima i n  t h e  c o n t r a c t i o n  and a t  

t h e  upstream f a c e  of t h e  c o n t r a c t i o n  may reach many t imes  t h e  uniform 

bed s h e a r  s t r e s s  i n  t h e  u n c o n s t r i c t e d  reach.  Locus of t h e  s h e a r  s t r e s s  

maxima f o l l o w s  c l o s e l y  t h e  maximum v e l o c i t y  f i l a m e n t .  S h e a r  maxima 

i n c r e a s e s  e x p o n e n t i a l l y  w i t h  c o n t r a c t i o n  r a t i o .  

4 M i n i a t u r e  c u r r e n t  mete r ,  p o i n t  gauge,  e l e c t r o n i c  bed probe 



DAVIDIAN, C A W  1963 

D i s t r i b u t i o n  of s h e a r  i n  r e c t a n g u l a r  channe l s  

1 Exper imental ,  s imple ,  smooth 

2 To de te rmine  t h e  d i s t r i b u t i o n  p a t t e r n s  of boundary s h e a r  

3 With i n c r e a s i n g  Froude number t h e  r a t i o  of t h e  maximum w a l l  s h e a r  t o  

t h e  average  w a l l  s h e a r  s t r e s s  d e c r e a s e s  towards u n i t y ; t h e  r a t i o  of t h e  

average  f l o o r  s h e a r  t o  t h e  average  t o t a l  c r o s s  s e c t i o n a l  s h e a r  

d e c r e a s e s  towards u n i t y ; t h e  r a t i o  of t h e  average w a l l  s h e a r  t o  t h e  

average  f l o o r  s h e a r  i n c r e a s e s  towards u n i t y .  These f e a t u r e s  a l s o  o c c u r  

w i t h  a s h i f t  i n  a s p e c t  r a t i o  toward two dimensional  f low. 

4 P r e s t o n  tube 

DAVIES. WHITE 1928 

An exper imenta l  s t u d y  of t h e  f low of w a t e r  i n  p ipes  of r e c t a n g u l a r  s e c t i o n  

1 Exper imental ,  smooth, p i p e  

2 To s t u d y  t h e  range o v e r  which v i s c o u s  f low e q u a t i o n s  could be a p p l i e d  

t o  t h e  f low of f l u i d s  i n  smal l  c l e a r a n c e s  

3 Reynold's numbers from 60 t o  4600 i n v e s t i g a t e d .  Below 140 e d d i e s  n o t  

t r a n s m i t t e d  a long t h e  p i p e .  P i p e  l e n g t h  r e q u i r e d  f o r  eddy d i s s o l u t i o n  

i d e n t i f i e d  f o r  Reynold's numbers of 140 t o  900. For  t u r b u l e n t  f low,  

r e s i s t a n c e  c o e f f i c i e n t  v a l u e s  a r e  t h e  same a s  t h o s e  f o r  smooth c i r c u l a r  

p i p e s  provided h y d r a u l i c  mean dep th  i s  used.  Roughness c o n s t i t u t i n g  2% 

of t h e  f low dep th  has  no e f f e c t  on r e s i s t a n c e  o f f e r e d  t o  v i s c o u s  f low 

n o r  on t h a t  of t u r b u l e n t  f low 

4 Volumetric t ank ,  p r e s s u r e  t a p p i n g ,  thermometer 



DAVIES. WHITE 1929 

A rev iew of f l o w  i n  p i p e s  and c h a n n e l s  

1 E x p e r i m e n t a l ,  t h e o r y ,  s i m p l e ,  smooth ,  rough 

213 To summarise t h e  e a r l y  s t u d i e s  of p i p e  and  c h a n n e l  f l o w ,  t o  a t t e m p t  t o  

e x p l a i n  t h e  a ims  and r e s u l t s  of t h e  e x p e r i m e n t a l  work and t o  i n d i c a t e  

t h e  d i r e c t i o n  needed f o r  f u t u r e  work. 

DELLEUR, TOEBES, UDEOZO 1967 

Uniform f l o w  i n  i d e a l i z e d  c h a n n e l  f l o o d p l a i n  g e o m e t r i e s  

1 Compound, smooth,  rough,  e x p e r i m e n t a l  

2  To i n v e s t i g a t e  t h e  i n t e r a c t i o n  of  main c h a n n e l / f l o o d p l a i n  f l o w s  f o r  

v a r y i n g  r a t i o s  of c h a n n e l  t o  f l o o d p l a i n  w i d t h  r a t i o s  

3  F o r  w ide  f l o o d p l a i n s  r e l a t i v e  t o  c h a n n e l  l i t t l e  f l o w  i n t e r a c t i o n ,  f l o w  

i n t e r f e r e n c e  i n c r e a s i n g  as t h e  f l o o d p l a i n  w i d t h  r e d u c e s  i n  w id th  

r e l a t i v e  t o  t h e  c h a n n e l  

4 P i t o t  t u b e ,  p r e s s u r e  t r a n s d u c e r ,  p o i n t  gauge  

DELLEUR 1957 

The boundary  l a y e r  deve lopmen t  i n  open c h a n n e l s  

1 S i m p l e ,  smooth ,  t h e o r e t i c a l ,  e x p e r i m e n t a l  

2  T h e o r e t i c a l  a n a l y s i s  of boundary  l a y e r  deve lopment  and  i t s  compar i son  

w i t h  e x p e r i m e n t a l  r e s u l t s  



3 Exper imenta l  r e s u l t s  show presence of secondary c u r r e n t s  a t  i n t e r f a c e  

of t h e  boundary l a y e r  and main f low. Theory does no t  t a k e  accoun t  of 

t h i s  phenomena but g i v e s  an  average r e p r e s e n t a t i o n  of t h e  boundary 

l a y e r  development 

4 P i t o t  t u b e  

C a l c u l a t i o n  of t u r b u l e n c e  d r i v e n  secondary motion i n  non c i r c u l a r  d u c t s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  smooth, d u c t  

2 Review of exper iments  on and c a l c u l a t i o n  methods f o r  f low i n  s t r a i g h t  

non c i r c u l a r  d u c t s  i n v o l v i n g  t u r b u l e n c e  d r i v e n  secondary motion. 

Discuss ion  on t h e  o r i g i n  of secondary motion and shor tcomings  of 

e x i s t i n g  c a l c u l a t i o n  methods 

3 Exper imenta l  review shows t h a t  i n  s t reamwise  v o r t i c i t y  e q u a t i o n  t h e  

t e r n s  i n v o l v i n g  t h e  s e p a r a t i o n  between t h e  t u r b u l e n t  normal s t r e s s e s  

and t h e  s h e a r  s t r e s s  a r e  of t h e  same magnitude and of t h e  o p p o s i t e  

s i g n .  D i f f e r e n c e  of t h e  two v a l u e s  p r o v i d e s  d r i v i n g  energy f o r  

secondary motion and i s  of a s i m i l a r  o r d e r  of magnitude t o  t h e  

c o n v e c t i v e  t e r n  

DRAIN 1980 

The L a s e r  Doppler t e c h n i q u e  

Conta ins  c h a p t e r s  on: 

I n t  r o d u c t i o n  t o  L a s e r  Doppler Anemomet ry  

O p t i c s  and L a s e r s  

The Dopple r s h i f t  

O p t i c a l  bea t ing  and t h e  Refe rence  Beam t e c h n i q u e  

The D i f f e r e n t i a l  Doppler  t e c h n i q u e  



S i g n a l  P rocess ing  t e c h n i q u e  

D i r e c t i o n a l  D i s c r i m i n a t i o n  and Frequency S h i f t i n g  

P r o p e r t i e s  of S c a t t e r i n g  

A p p l i c a t i o n s  

DURST. LAUNDER. SCHHIDT. WHITELAW 1977 

Turbu len t  s h e a r  f lows  

S e l e c t e d  papers  from 1st I n t e r n a t i o n a l  symposium on t u r b u l e n t  s h e a r  f lows  

Comprising c h a p t e r s  on: 

F r e e  f l o w s  

Wall  f lows 

R e c i r c u l a t i n g  f lows  

Developments i n  Reynolds s t r e s s  c l o s u r e s  

New d i r e c t i o n s  i n  modeling 

DURST, MELLING, WHITELAW 1976 

P r i n c i p l e s  and p r a c t i c e  of l a s e r  d o p p l e r  anemomet r y  

Conta ins  c h a p t e r s  on: 

P r i n c i p l e s  of o p t i c s  

S c a t t e r i n g  phenomena and o p t i c a l  systems 

B a s i c  p r i n c i p l e s  of l a s e r  d o p p l e r  anemometry 

Components of o p t i c a l  sys tems 

I n t r o d u c t i o n  t o  s i g n a l  p r o c e s s i n g  

S i g n a l  p r o c e s s i n g  by f requency a n a l y s i s  

S i g n a l  p r o c e s s i n g  by f requency  t r a c k i n g  demodulat ion 

S i g n a l  p r o c e s s i n g  by coun t ing  

S c a t t e r i n g  p a r t i c 1 e s : s p e c i f i c a t i o n  

S c a t t e r i n g  p a r t i c 1 e s : g e n e r a t i o n  and measurement 

L a s e r  d o p p l e r  anemometers f o r  s p e c i f i c  r equ i rements  

A p p r a i s a l  of l a s e r  d o p p l e r  anemometry 



DYNAMIC FLOW CONFERENCE PROCEEDINGS 1978 

Dynamic measurements i n  uns teady  f l o w s  

Conta ins  c h a p t e r s  on: 

Probes f o r  m u l t i v a r i a n t  f low c h a r a c t e r i s t i c s  

Measurements i n  i n t e r m i t t e n t  and p e r i o d i c  f low 

Measurements i n  two phase f low 

Transducer  t e c h n i q u e s  

S p e c i a l  problems 

S i g n a l  and d a t a  p r o c e s s i n g  

M u l t i c h a n n e l  measurements and h igh  o r d e r  s t a t i s t i c s  

EINSTEIN, BANKS 1950 

F l u i d  r e s i s t a n c e  of composite roughness 

1 Simple,  smooth, rough, e x p e r i m e n t a l  

2 To de te rmine  t h e  composite r e s i s t a n c e  of d i f f e r i n g  types  of roughness 

i n  a n  open channel  

3 T o t a l  r e s i s t a n c e  can be e x p r e s s e d  a s  t h e  sum of i n d i v i d u a l  r e s i s t a n c e s  

s o  long a s  t h e  d i f f e r e n t  r e s i s t a n c e s  do no t  mutua l ly  i n t e r f e r e  

4 P o i n t  gauge,  o r i f i c e  

EINSTEIN. BARBAROSSA 1952 

R i v e r  channel  roughness 

1 Simple,  compound, rough,  p r o t o t y p e  

2 R a t i o n a l  approach t o  t h e  problem of de te rmin ing  t h e  f r i c t i o n  l o s s  i n  

n a t u r a l  s t r e a m s .  E x i s t i n g  theory  i s  reviewed 



3 D e r i v a t i o n  of formulas  and c h a r t s  t o  de te rmine  r e l a t i o n s h i p  between 

s t a g e  and d i s c h a r g e .  I n t e r d e p e n d e n t  t r e a t m e n t  of f low and sediment  

c h a r a c t e r i s t i c s .  F r i c t i o n  l o s s e s  due t o  g r a i n  roughness and channel  

i r r e g u l a r i t i e s  a r e  f o r m u l a t e d .  S u g g e s t i o n s  f o r  p r a c t i c a l  a p p l i c a t i o n  

of proposed method of f r i c t i o n  e v a l u a t i o n  a r e  made 

EINSTEIN, BABDER 1954 

V e l o c i t y  d i s t r i b u t i o n  and t h e  boundary l a y e r  a t  channel  bends 

1 Simple,  smooth, rough, bend, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To deve lop  a  t h e o r y  t o  p r e d i c t  t h e  c r o s s  d i s t r i b u t i o n  of f l o w  

v e l o c i t i e s  i n  r i v e r s  

3 Cross  d i s t r i b u t i o n  of f low v e l o c i t i e s  i s  dependent upon t h e  w i d t h f d e p t h  

r a t i o  

4 F l o a t s  

EINSTEIN, L1 1958 

Secondary c u r r e n t s  i n  s t r a i g h t  channe l s  

1 Simple ,  smooth, t h e o r e t i c a l  

2 To s tudy  t h e  e x i s t e n c e  of s t r a i g h t  uniform f lows w i t h o u t  secondary  

f lows  

3 Laminar f lows  w i t h o u t  secondary  f lows a r e  shown t o  be f e a s i b l e ,  w h i l s t  

t h e  spontaneous  f o r m a t i o n  of secondary c u r r e n t s  i n  t u r b u l e n t  f low i s  

e x e m p l i f i e d  



ELLIS, JOUBERT 1974 

T u r b u l e n t  s h e a r  f low i n  a  curved d u c t  

1 Simple,  smooth, e x p e r i m e n t a l  

2 I n v e s t i g a t e  t u r b u l e n t  boundary l a y e r  i n  curved channe l s  and compare 

w i t h  boundary l a y e r  development i n  s t r a i g h t  channe l s  

3 Non u n i f o r m i t y  of t u r b u l e n c e  development i n  a  bend, t u r b u l e n c e  

suppressed  on i n s i d e  of bend, a m p l i f i e d  on o u t s i d e  of bend 

4 P r e s s u r e  t a p p i n g s ,  t o t a l  head p robe ,  C l a u s e r  c h a r t  

ELSAWY, CRORY 1978 

E f f e c t s  of i n t e r a c t i o n  on a  channel  w i t h  one f l o o d p l a i n  

1 Exper imenta l ,  compound, smooth, rough 

2 To measure s h e a r  s t r e s s  under  both  i n t e r a c t i n g  and i s o l a t e d  c o n d i t i o n s  

i n  o r d e r  t o  r e v e a l  t h e  e x t e n t  of energy t r a n s f e r  from t h e  main channel  

t o  t h e  f l o o d p l a i n ,  and t h e  consequent  e f f e c t s  on boundary s h e a r  

d i s t r i b u t i o n s .  To a l s o  i n v e s t i g a t e  t h e  e f f e c t  of t h e  i n t e r a c t i o n  

mechanism on f r i c t i o n  and v e l o c i t y  i n  t h e  channel  and t h e  f l o o d p l a i n .  

3 Experiments demons t ra te  t h a t  t h e  momentum t r a n s f e r  mechanism p l a y s  a  

l a r g e  p a r t  i n  r a i s i n g  t h e  v e l o c i t i e s  on t h e  f l o o d p l a i n  whi le  lower ing 

t h e  v e l o c i t i e s  i n  t h e  main channel .  Shear  measurements show t h e  

i n t e r a c t i o n  phenomenon on t h e  s h e a r  d i s t r i b u t i o n  on t h e  r i v e r  model 

p e r i m e t e r .  

4 P r e s t o n  t u b e  

ELSAWY. McKEE, McKEOGH 1983 

A p p l i c a t i o n  of LDA t e c h n i q u e s  t o  v e l o c i t y  and t u r b u l e n c e  measurements i n  

open channel  of compound s e c t i o n  



1 Compound, smooth, e x p e r i m e n t a l  

2 To s t u d y  i n t e r a c t i o n  of channe l  and f l o o d p l a i n  f lows f o r  v a r y i n g  

geomet r l e s  

3 LDA more a p p r o p r i a t e  t o  measurement of v e l o c i t y  and t u r b u l e n c e  i n  

compound channe l s  t h a n  v i s u a l  o r  thermal  methods. Two component LDA 

r e q u i r e d  t o  e n a b l e  measurement of Reynolds s h e a r .  V e l o c i t y  g r a d i e n t  

and t u r b u l e n c e  i n t e n s i t y  dependent upon c h a n n e l / f l o o d p l a i n  d e p t h  and 

c h a n n e l / f l o o d p l a i n  wid th  r a t i o s .  T r a n s f e r  of momentum due t o  f low 

i n t e r a c t i o n  e v i d e n t ,  t r a n s f e r  i n c r e a s e d  w i t h  i n c r e a s e  of t u r b u l e n c e  

l o n g i t u d i n a l  component 

4 One component L a s e r  Doppler Anemometer 

ENGELUND 1975 

I n s t a b i l i t y  of f low i n  a  curved a l l u v i a l  channe l  

1 Simple ,  rough, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  a n n u l u s  

2 To de te rmine  p r o c e s s  of f o r m a t i o n  of bed topography by i n t e r a c t i o n  of 

f low and sediment  mot ion;bed i n s t a b i l i t y  and i t s  c o n t r i b u t i o n  t o  s c o u r  

h o l e  f o r m a t i o n  

3 P r e d i c t i o n  of bed forms a s s o c i a t e d  w i t h  sha l low d e p t h s  a c c u r a t e ,  l e s s  

s o  f o r  g r e a t e r  d e p t h s ,  inaccuracy  p o s s i b l y  due t o  g r e a t e r  w a l l  

i n £  l u e n c e  

4 P o i n t  gauge 

ENGELUND 1974 

Flow and bed topography i n  channel  bends 

1 Simple,  rough, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 To account  f o r  t h e  t h e o r y  of h e l i c a l  f low i n  c i r c u l a r  bends 



3 Flow i n  bends p r e d i c t e d  by ba lanc ing  c e n t r i f u g a l  f o r c e  wi th  p r e s s u r e  

g r a d i e n t .  Neg lec t s  e f f e c t  of f r i c t i o n  and t r a n s v e r s e  v e l o c i t y  

v a r i a t i o n ,  good s h e a r  d i s t r i b u t i o n  c o r r e l a t i o n  

4 Simple ,  rough, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

ERVINE, BAIRD 1982 

Rat ing  curves  f o r  r i v e r s  w i t h  overbank f l o w  

1 Simple ,  compound, smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To develop fo rmulae  f o r  p r e d i c t i n g  d i s c h a r g e  i n  compound c h a n n e l s  

3 Formulae developed u s i n g  e x p e r i m e n t a l  d a t a  from MYERS, RAJARATNAI4 and  

AHMADI, GHOSH and JENA, SELLIN. 

Not a p p l i e d  t o  roughened channe l s  

EUROMECH 130. 1980 

Turbu len t  d i f f u s i o n  and d i s p e r s i o n  i n  open channe l  f l o w  

Papers  and a b s t r a c t s  

EUROMECH 156, 1982 

Mechanics of sediment  t r a n s p o r t  

S e c t i o n s  on: 

Flow s t r u c t u r e  a s  r e l a t e d  t o  sediment  t r a n s p o r t  

S i n g l e  p a r t i c l e  dynamics 

I n i t i a t i o n ,  f o r m a t i o n  and behav iour  of r i p p l e s  and dunes 

T r a n s p o r t  of sediment  i n  s u s p e n s i o n  

Sediment t r a n s p o r t  i n  s t e e p  channe l s  

O t h e r  sediment  t r a n s p o r t  problems 



FARBER 1985 

Determinat ion of t u r h u l e n c e  parameters  i n  open channel  f low u s i n g  a  L a s e r  

Doppler Anemoroeter and a  P i t o t  tube  

1 Exper imenta l ,  s i m p l e ,  smooth 

2 To compare d i f f e r e n c e s  i n  o u t p u t  from LDA and P i t o t  tube  when 

measuring t u r b u l e n c e  pa ramete r s  i n  open channel  f low 

3 D i f f e r e n c e s  expressed  i n  p l o t s  of a u t o c o v a d a n c e  f u n c t i o n s  of 

v e l o c i t i e s ,  t ime s c a l e s  and s p e c t r a  of t u r b u l e n c e .  Measurements made 

s imul taneous ly  t o  i n v e s t i g a t e  c o r r e l a t i o n s  between p r e s s u r e  and 

v e l o c i t y  s i g n a l s .  P l o t s  of c r o s s c o r r e l a t i o n  f u n c t i o n s  a t  d i f f e r e n t  

d i s t a n c e s  of probes  show t h e  connec t ion  between dynamic p r e s s u r e  and 

v e l o c i t y  f l u c t u a t i o n s .  From c r o s s  c o r r e l a t i o n s  i n f o r m a t i o n  abou t  eddy 

s t r u c t u r e  a r e  g a t h e r e d .  

4 One component L a s e r  Doppler Anemometer, P i t o t  tube  

FIRTH 1979 

An i n t e r p r e t a t i o n  of rough s u r f a c e  h e a t  t r a n s f e r  u s i n g  roughness pa ramete r s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough, d u c t  

2 To p r e s e n t  a  s t u d y  of t h e  use  of roughness parameters  t o  i n t e r p r e t  

rough s u r f a c e  d a t a  

3 I n t e r p r e t a t i o n  of t r a n s v e r s e  r ibbed roughness d a t a  u s i n g  roughness  

pa ramete r s  p r e s e n t e d .  Method g i v e n  f o r  i n t e r p o l a t i n g  v a l u e s  of 

momentum roughness pa ramete r ,  f o r  r i b  p i t c h ,  wid th ,  h e i g h t  r a t i o s  

g r e a t e r  than  4 ,  u s i n g  d rag  c o e f f i c i e n t s .  The e f f e c t  of c o o l a n t  

p r o p e r t y  v a r i a t i o n  on t h e  roughness parameter  a s s e s s e d  f o r  r i b  

p i t c h ,  h e i g h t  r a t i o s  l e s s  t h a n  20. T h e o r e t i c a l  method f o r  c o r r e l a t i n g  

t h e  h e a t  t r a n s f e r  pa ramete r  i n c o r p o r a t i n g  a n  e m p i r i c a l  va lue  r e l a t e d  t o  

t h e  r e d u c t i o n  i n  d i f f u s i v i t y  between t h e  r i b s  compared t o  i n  t h e  bulk  

f low. 



FIRTH, MEYER 1983 

A comparison of t h e  h e a t  t r a n s f e r  and f r i c t i o n  f a c t o r  performance of f o u r  

d i f f e r e n t  t y p e s  of a r t i f i c i a l l y  roughened s u r f a c e .  

1 Exper imenta l ,  rough, d u c t  

2 To compare t h e  performance c h a r a c t e r i s t i c s  i n  terms of h e a t  t r a n s f e r  

performance and i n c r e a s e d  f r i c t i o n  f a c t o r  of f o u r  roughened s u r f a c e s  

which have t h e  form of r e g u l a r l y  spaced r i b s  o r  s t u d s  which a c t  a s  

t u r b u l e n c e  promoters .  

3 There  i s  no advan tage  i n  u s i n g  a  t r a n s v e r s e  t r a p e z o i d a l  roughness.  I f  

a  roughness i s  r e q u i r e d  w i t h  a  low f r i c t i o n  f a c t o r  bu t  wi thou t  a  

r e d u c t i o n  i n  r i b  h e i g h t  then  b e s t  a l t e r n a t i v e  i s  a  h e l i c a l l y  r ibbed  

s u r f a c e .  Bes t  o v e r a l l  the rmal  performance i s  g i v e n  by a  t h r e e  

d imens iona l  s u r f  a c e .  The s q u a r e  t r a n s v e r s e  r ibbed s u r f  a c e  performs a s  

w e l l  a s  o t h e r  s u r f a c e s  cons ide red .  The h e l i c a l l y  r ibbed s u r f a c e  h a s  a  

thermal  performance comparable t o  t h e  s q u a r e  r ibbed  6 u r f a c e ; t h e  h i g h  

r a d i a l  d i f f u s i v i t y  of t h i s  s u r f a c e  and t h e  p resence  of s t r o n g  secondary 

f low induced g i v e  t h i s  s u r f a c e  a n  advan tage  o v e r  t h e  square  r ibbed 

s u r f a c e .  

FLOKSTRA 1976 

Genera t ion  of two d imens iona l  h o r i z o n t a l  secondary c u r r e n t s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  p o s s i b i l i t y  of c a l c u l a t i n g  two d imens iona l  

h o r i z o n t a l  s t e a d y  mean f low p a t t e r n s  u s i n g  d a t a  from e x p e r i m e n t a l  

i n v e s t i g a t i o n s  

3 E f f e c t i v e  s t r e s s e s  must be cons ide red  i n  momentum e q u a t i o n s  t o  p r e d i c ~  

f l u i d  p a t t e r n s  where secondary f low i s  a n t i c i p a t e d .  Smoothing 

p rocedure  t o  s u p p r e s s  non l i n e a r  i n s t a b i l i t y  may i n t r o d u c e  c l o s u r e  



terms concerning e f f e c t i v e  s t r e s s e s .  Convect ion and t u r b u l e n c e  ~ n o s t  

impor tan t  c o n t r i b u t o r s  t o  e f f e c t i v e  s t r e s s e s .  Turbulence  t r a n s f e r s  

energy t o  secondary c u r r e n t s .  Convection t r a n s f e r s  energy out of 

secondary f low.  I n  r e s p e c t  of v o r t i c i t y  t h e  non s l i p  boundary 

c o n d i t i o n s  must be used.  

FLOOD 1981 

D i s t r i b u t i o n ,  morphology, and o r i g i n  of sed imenta ry  furrows i n  c o h e s i v e  

s e d i m e n t s ,  Southampton Water. 

1 P r o t o t y p e ,  e x p e r i m e n t a l ,  s i m p l e ,  rough 

2 To s t u d y  t h e  sed imenta ry  fu r rows  developed i n  t h e  cohes ive  e s t u a r i n e  

sediments  

3 Observa t ions  of bedform morphology and c u r r e n t  f low p a t t e r n s  a r e  

c o n s i s t e n t  w i t h  furrow i n i t i a t i o n  by l a r g e  s c a l e  secondary c i r c u l a t i o n  

w i t h i n  t h e  bottom boundary l a y e r .  

4 Sonar ,  echo sounders ,  c u r r e n t  m e t e r s ,  s a l i n i t y  mete r ,  thermometer.  

FRANCIS, ASFARI 1971 

V e l o c i t y  d i s t r i b u t i o n s  i n  wide curved open channel  f l o w s  

1 Exper imenta l ,  t h e o r e t i c a l ,  smooth, bend 

2 Exper imenta l  i n v e s t i g a t i o n  of secondary c u r r e n t s  i n  s h a r p  bends of wide 

s t r eams  

3 Computat ional  p rocedure  a  p a r t i a l  s u c c e s s ; d i s c r e p a n c i e s  due t o  channe l  

c r o s s  s e c t i o n  g r i d  being c o a r s e ,  c r o s s  s e c t i o n s  too  wide ly  spaced ,  

k i n e m a t i c  eddy v i s c o s i t y  d e r i v e d  on assumpt ion t h a t  r a d i a l  and v e r t i c a l  

v e l o c i t y  components a r e  z e r o ,  r e d i s t r i b u t i o n  of t a n g e n t i a l  v e l o c i t y  due 

t o  t u r b u l e n c e  e f f e c t s  being unaccounted f o r  by assumed eddy v i s c o s i t y  

p r o f i l e  



4 M i n i a t u r e  c u r r e n t  m e t e r  

PRANZ 1982 

Minimum s p e c i f i c  energy i n  compound open channe l  

D i s c u s s i o n  on p a p e r  by Bla lock ,  Sturm 1981 

FIIKUOKA, Km, EGUCBI 1986 

S t r u c t u r e s  of t h e  mean f low i n  meandering channe l s  w i t h  asymmetric 

con t inuous  bends 

1 Exper imenta l ,  t h e o r e t i c a l ,  s i m p l e ,  smooth, bend 

2 To i n v e s t i g a t e  t h e  f l o w  c h a r a c t e r i s t i c s  of a n  asymmetric meandering 

channe l ,  c o n s i d e r e d  t o  be r e p r e s e n t a t i v e  of n a t u r a l  r i v e r s  

3 I n  a  weakly curved bend, t h e  maximum v e l o c i t y  a lways  o c c u r s  n e a r  t h e  

i n n e r  bank ; in  a  s t r o n g l y  curved bank n e a r  t h e  i n n e r  bank and c e n t r e l i n e  

i n  t h e  f i r s t  h a l f  of t h e  bend, and n e a r  t h e  c e n t r e l i n e  a t  t h e  end of 

t h e  bend. The secondary f low i n  t h e  weakly curved bend does  no t  

develop f u l l y ,  w h i l s t  t h e  secondary f low i n  t h e  s t r o n g l y  curved bend 

d e v e l o p s  throughout  t h e  c r o s s - s e c t i o n .  The l a t e r a l  p r o f i l e  of t h e  

d e p t h  averaged  v e l o c i t y  i s  mainly formed under  t h e  e f f e c t  of t h e  

l o n g i t u d i n a l  p r e s s u r e  g r a d i e n t  and t h e  t r a n s p o r t  of h igh  o r  low 

momentum f l u i d s  caused by t h e  secondary  f low.  The o r d e r  e s t i m a t i o n  of 

t h e  e q u a t i o n s  of mot ion t o  t h e  asymmetr ic  meandering f low i s  made on 

t h e  b a s i s  of measured h y d r a u l i c  q u a n t i t i e s .  

4 P i t o t  t u b e  

FUTIAN 1986 

The t u r b u l e n t  s t r u c t u r e  of channe l  f low w i t h  suspended sediment  

1 Exper imenta l ,  t h e o r y ,  s i m p l e ,  smooth, rough 



2 T u r b u l e n t  c h a r a c t e r i s t i c s  of sediment  l a d e n  f low a r e  p r e s e n t e d  on t h e  

b a s i s  of e x p e r i m e n t s  i n  a  pe r spex  f lume .  

3 E x p e r i m e n t a l  d a t a  i n d i c a t e  t h a t  t h e  von Karman c o n s t a n t  i s  d i m i n i s h e d  

as t h e  c o n c e n t r a t i o n  of t h e  sed imen t  i s  i n c r e a s e d  a l o n g  w i t h  a n  

a s s o c i a t e d  i n c r e a s e  i n  t u r b u l e n c e  i n t e n s i t y .  

4 L a s e r  Dopp le r  V e l o c i m e t e r  

G A D D I N I ,  MORGANTI 1982 

T u r b u l e n t  s h e a r  s t r e s s e s  and v e l o c i t y  d i s t r i b u t i o n  i n  open c h a n n e l  f l o w  

1 S imple ,  smooth,  t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To a n a l y s e  t u r b u l e n t  s h e a r  s t r e s s e s  and i d e n t i f y  l i n e s  o f  z e r o  s h e a r  i n  

a  r e c t a n g u l a r  c h a n n e l  

3 Z e r o  s h e a r  s t r e s s  l i n e s  i n  t h e  a x i a l  d i r e c t i o n  a r e  o r t h o g o n a l s  t o  t h e  

i s o v e l s .  V e l o c i t y  p r o f i l e  a l o n g  l i n e s  of z e r o  s h e a r  a r e  l o g a r i t h m i c  i n  

p ro£  i l e  

4 Hot f i l m  anemometer 

Momentum t r a n s f e r  model f o r  Reynolds  s t r e s s e s  

1 T h e o r e t i c a l  

2 Development of a phenomenologica l  model  assuming t u r b u l e n c e  i s  composed 

of convec ted  t u r b u l e n c e  g e n e r a t e d  n e a r  t h e  v i s c o u s  s u b  l a y e r  and  

t u r b u l e n t  f l u c t u a t i o n s  formed by t h e  i n t e r a c t i o n  of mean s t r e a m  

v e l o c i t y  w i t h  t h e  s u b  l a y e r  t u r b u l e n c e  

3 S imple  a l t e r n a t i v e  t o  t r a d i t i o n a l  d e r i v a t i o n  of momentum t r a n s f e r  f o r  

t u r b u l e n c e  Reynold s t r e s s e s  p r e s e n t e d  



GERARD 1978 

Secondary f low i n  n o n c i r c u l a r  c o n d u i t s  

1 Duct, smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To show t h a t  t h e  momentum t r a n s f e r  r e l a t i o n s h i p  l i n k s  Reynolds s t r e s s  

and secondary f low 

3 Reynolds e t r e s s  a t  any p o i n t  i s  a  r e s u l t a n t  of background t u r b u l e n c e  

n o t  r e l a t e d  t o  l o c a l  mean v e l o c i t y  g r a d i e n t s  and t h e  momentum t r a n s f e r  

r e l a t e d  t o  t h e  l o c a l  mean v e l o c i t y  g r a d i e n t  

GERARD, BAINES 1977 

T u r b u l e n t  f l o w  i n  very n o n c i r c u l a r  c o n d u i t  

1 Exper imenta l ,  d u c t ,  smooth 

2 To s t u d y  t h e  v e l o c i t y  and boundary s h e a r  d i s t r i b u t i o n s  i n  a  v e r y  

non-ci r c u l a r  c o n d u i t  

3 Wide d i s p a r i t y  between form f a c t o r  and hence f r i c t i o n  f a c t o r  of c o n d u i t  

and t h a t  of a  p i p e .  D i f f e r e n c e  a t t r i b u t e d  t o  secondary f low 

e f f e c t s .  Length r e q u i r e d  f o r  f u l l y  developed f low t o  o c c u r  r e p r e s e n t e d  

by d i a m e t e r  of t h e  e x s c r i b e d  c i r c l e  r a t h e r  than  t h e  h y d r a u l i c  

d e p t h .  Measured v e l o c i t i e s  i n d i c a t e  t h a t  t h e  law of t h e  w a l l  i s  v a l i d  

o v e r  a  l a r g e  p o r t i o n  of t h e  c r o s s  s e c t i o n .  E f f e c t  of t h e  secondary 

f lows  was t o  d e p r e s s  t h e  boundary s h e a r  d i s t r i b u t i o n  n e a r  t h e  s i d e  

c e n t r e .  Secondary f low causes  a  21% d e c r e a s e  i n  maximum boundary s h e a r  

and 10% d e c r e a s e  i n  t h e  average  v e l o c i t y .  Average secondary f low 

magnitude was 0.7% of t h e  maximum st reamwise  v e l o c i t y .  

4 P r e s t o n  t u b e ,  p r e s s u r e  t a p p i n g s ,  p i t o t  tube  



The o r i g i n  of secondary flow i n  t u r b u l e n t  f low along a  c o r n e r  

1 Duct, smooth, t h e o r e t i c a l ,  exper imenta l  

2  To examine t h e  mechanisms t h a t  i n i t i a t e  secondary f low i n  deve lop ing  

turbulent flow along a  c o r n e r  

3 The Reynolds s t r e s s e s  which a f f e c t  t h e  s h e a r  c h a r a c t e r i s t i c s  of primary 

flow a r e  d i r e c t l y  r e s p o n s i b l e  f o r  t h e  g e n e r a t i o n  of secondary f low i n  

t u r b u l e n t  f low along a  c o r n e r  

4 Hot wi re  anemometer, p r e s s u r e  t a p p i n g s ,  micromanometer 

GESSNER. EMERY 1976 

A Reynolds s t r e s s  model f o r  t u r b u l e n t  c o r n e r  f lows  - P a r t  1:Development of 

t h e  model 

1 Theory, e x p e r i m e n t a l ,  s i m p l e ,  compound, d u c t  

2  A Reynolds s t r e s s  model i s  proposed f o r  model l ing t h e  l o c a l  t u r b u l e n c e  

s t r u c t u r e  i n  f low along a  s t reamwise  c o r n e r .  

3 An a l g e b r a i c  Reynolds s t r e s s  model is developed by o p e r a t i n g  on a  

modif ied form of t h e  Reynolds s t r e s s  t r a n s p o r t  e q u a t i o n s .  

GESSNER, PO 1976 

A Reynolds s t r e s s  model f o r  t u r b u l e n t  c o r n e r  f lows  - P a r t  2:Comparisons 

between theory  and exper iment .  

1 Exper imenta l ,  s i m p l e ,  smooth, d u c t  



2 To i n v e s t i g a t e  t h e  a p p l i c a b i l i t y  of t h e  Keynolds s t r e s s  model developed 

f o r  f u l l y  developed r e c t a n g u l a r  d u c t  f low. 

3 Model developed i n  which each component of t h e  Reynolds s t r e s s  t e n s o r  

i s  r e l a t e d  t o  components of t h e  primary mean r a t e  of s t r a i n .  When 

coupled w i t h  t h e  e q u a t i o n s  of motion t h e  model can be used t o  a n a l y s e  

i n c o m p r e s s i b l e  f low along a  s t reamwise  c o r n e r .  A mixing l e n g t h  model, 

i n c l u d i n g  a  damping f a c t o r ,  r e p r e s e n t a t i v e  of t h e  observed mixing 

l e n g t h  behaviour  i n  t h e  n e a r  w a l l  r eg ion  f o r  two di inensional  d u c t  f lows  

i s  proposed.  

GESSNER. EMERY 1981 

The numer ica l  p r e d i c t i o n  of deve lop ing  t u r b u l e n t  f low i n  r e c t a n g u l a r  d u c t s  

l Exper imenta l ,  t h e o r e t i c a l ,  s i m p l e ,  smooth, d u c t  

2 To deve lop  a  t h r e e  d imens iona l  l e n g t h  s c a l e  model t o  p r e d i c t  complex 

t u r b u l e n t  f lows  u s i n g  e x p e r i m e n t a l  d a t a .  

3 Model o f f e r s  a  v i a b l e  a l t e r n a t i v e  t o  p a r t i a l  and f u l l  Reynolds s t r e s s  

t r a n s p o r t  e q u a t i o n  models w i t h  r e s p e c t  t o  t h e  p r e d i c t i o n  of t h e  

deve lop ing  mean f low s t r u c t u r e  i n  a  s q u a r e  d u c t  and c e r t a i n  a s p e c t s  of  

t h e  l o c a l  t u r b u l e n c e  s t r u c t u r e .  The model can a l s o  be a p p l i e d  t o  

p r e d i c t  l o c a l  h e a t  t r a n s f e r  behav iour  w i t h i n  a  s q u a r e  d u c t  f o r  both  

symmetric and asymmetr ic  h e a t i n g  c o n d i t i o n s  a t  t h e  w a l l .  The primary 

f low s t r u c t u r e  i n  a  s q u a r e  d u c t  can be p r e d i c t e d  u s i n g  a  r e l a t i v e l y  

c o a r s e  g r i d .  A x i a l  mean v e l o c i t y  p r o f i l e s ,  f r i c t i o n  f a c t o r  behav iour  

and l o c a l  w a l l  s h e a r  s t r e s s  d i s t r i b u t i o n s  a r e  p r e d i c t e d  a c c u r a t e l y  

based on e x p e r i m e n t a l  d a t a .  Secondary f lows  a r e  p r e d i c t e d  w e l l  w i t h i n  

t h e  c o r n e r  r e g i o n  b u t  u n d e r e s t i m a t e d  i n  t h e  v i c i n i t y  of t h e  w a l l  

b i s e c t o r .  

4 P i e z o m e t r i c  t a p p i n g s ,  K i e l  t u b e ,  P r e s t o n  t u b e ,  Hot wi re  anemometer 



GESSNER,  J O N E S  1965 

On some a s p e c t s  of f u l l y  developed t u r b u l e n t  flow i n  r e c t a n g u l a r  c h a n n e l s  

1 Duct,  smooth, e x p e r i m e n t a l ,  t h e o r e t i c a l  

2 Secondary f low c h a r a c t e r i s t i c s  i n  square  and r e c t a n g u l a r  

channe l s .  E f f e c t  of Reynolds s h e a r  on secondary f 1 o w ; d i r e c t i o n a l  

c h a r a c t e r i s t i c s  of l o c a l  w a l l  s h e a r  s t r e s s ; R e y n o l d s  s t r e s s  p l a n e s  

normal t o  a x i a l  f low,Reynolds  e q u a t i o n  f o r  secondary f l o w  s t r e a m l i n e  

3 Non d imens iona l  secondary f low v e l o c i t i e s  d e c r e a s e  w i t h  i n c r e a s i n g  

Reynolds no. ;skewnrss  of l o c a l  w a l l  s h e a r  s t r e s s  occurs  i n  t h e  v i c i n i t y  

of c o r n e r s ;  i n  p l a n e s  normal t o  t h e  a x i a l  f low d i r e c t i o n  Reynolds 

s t r e s s e s  a r e  no t  normal t o  t h e  i s o v e 1 s ; i n  p l a n e s  normal t o  t h e  a x i a l  

f low d i r e c t i o n  opposing f o r c e s  a r e  e x e r t e d  by t h e  Reynolds s t r e s s e s  and 

s t a t i c  p r e s s u r e  g r a d i e n t  s o  producing secondary f low 

4 Hot w i r e  anemometer, p i t o t  t u b e ,  p r e s s u r e  t a p p i n g s  

GHOSH 1972 

Boundary s h e a r  d i s t r i b u t i o n  i n  channe l s  w i t h  va ry ing  w a l l  roughness  

1 Simple ,  rough, e x p e r i m e n t a l  

2 Study boundary s h e a r  d i s t r i b u t i o n  i n  channel  w i t h  l a t e r a l l y  v a r y i n g  

roughness 

3 Shear  d i s t r i b u t i o n  i s  non uniform i n  c h a r a c t e r .  Computation of mean 

s h e a r  from v e l o c i t y  pro£ i l e ,  energy g r a d i e n t  and d i r e c t  measurement 

a g r e e  f a v o u r a b l y  

4 P r e s t o n  t u b e ,  p i t o t  t u b e ,  d r a g  b a l a n c e ,  V no tch ,  manometer 



GHOSH 1972 

Boundary s h e a r  d i s t r i b u t i o n  i n  channe l s  w i t h  va ry ing  w a l l  roughness  

D i s c u s s i o n  by KNIGHT 

GHOSH 1972 

Boundary s h e a r  d i s t r i b u t i o n  i n  a  rough compound channe l  

Synopsis  

GHOSB, JENA 1971 

Boundary s h e a r  d i s t r i b u t i o n  i n  open channel  compound 

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  boundary s h e a r  d i s t r i b u t i o n  i n  smooth and a r t i f i c i a l l y  

roughened channe l s  

3 S h e a r  d i s t r i b u t i o n  i s  non uniform w i t h  t o t a l  d rag  f o r c e  being r e l a t e d  

t o  f low d e p t h  and roughness c o n c e n t r a t i o n  

4 P r e s t o n  t u b e ,  p i t o t  t u b e ,  v o l u m e t r i c  t a n k  

GHOSH, KAR 1975 

R i v e r  f l o o d p l a i n  i n t e r a c t i o n  and d i s t r i b u t i o n  of boundary s h e a r  s t r e s s  i n  a  

meander channel  w i t h  f l o o d p l a i n  

1 Compound, smooth, rough,  meander, e x p e r i m e n t a l  

2 To e v a l u a t e  t h e  i n t e r a c t i o n  e f f e c t  and d i s t r i b u t i o n  of boundary s h e a r  

s t r e s s  i n  a  meander channe l  w i t h  f l o o d p l a i n  

3 R i v e r / t o t a l  d i s c h a r g e  i s  a f u n c t i o n  of t h e  c h a n n e l / f l o o d p l a i n  w i d t h  

r a t i o ;  i n t e r a c t i o n  l o s s  i s  r e l a t e d  t o  f l o o d p l a i n  d e p t h  w i t h  channel  

geometry and roughness d i s t r i b u t i o n  having l e s s  i n f l u e n c e  a s  one moves 

o n t o  t h e  f l o o d p l a i n .  



2 I n v e s t i g a t i o n  of f low i n  s t e e p l y  s l o p i n g  rough channe l s .  

3 For roughness c o e f f i c i e n t  n  and index m , m = f ( n )  f o r  eve ry  kind of 

roughness and flow s t a t e  P .  

GOSMAN. RAPLEY 1980 

F u l l y  developed f low i n  passages  of a r b i t r a r y  c r o s s  s e c t i o n  

Chap te r  from Recent Advances i n  Numerical Methods of F l u i d s  

D e t a i l s :  Exper imenta l  e v i d e n c e  

Mathemat ica l  d e s c r i p t i o n  - e q u a t i o n s  of mean motion 

h e a t  t r a n s f e r  

e q u a t i o n s  f o r  t u r b u l e n t  s t r e s s  

s t r e s s  t r a n s p o r t  models 

a l g e b r a i c  s t r e s s  models 

o t h e r  s t r e s s  models 

n e a r  w a l l  r eg ion  

h e a t  t r a n s f e r  

Numerical a n a l y s i s  

A p p l i c a t i o n s  

GOTTLIEB, 1976 

Three  d imens iona l  f low p a t t e r n  and bed topography i n  meandering c h a n n e l s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough, s i m p l e  

2 To i n v e s t i g a t e  f low p a t t e r n  and bed topography i n  meandering channel  

by t h e o r e t i c a l  and e x p e r i m e n t a l  methods 



3 T h e o r e t i c a l  a n a l y s i s  based on t h r e e  d imens iona l  f low e q u a t i o n s  and a  

sediment  c o n s e r v a t i o n  e q u a t i o n  s e t  up i n  c u r v i l i n e a r  but o r thogona l  

c o o r d i n a t e s .  Theory checked a g a i n s t  measured secondary v e l o c i t i e s  and 

bed c o n f i g u r a t i o n ,  r easonab le  agreement c o n s i d e r i n g  model s i m p l i c i t y .  

4 M i n i a t u r e  c u r r e n t  m e t e r ,  V e l o c i t y  v e c t o r  probe.  

Secondary f low and s h e a r  s t r e s s  a t  r i v e r  bends 

Discuss ion  of paper  by B a t h u r s t ,  Thorne and Hey 

Remarks on measuring t e c h n i q u e s ,  r e s u l t s  of measurement, t h e o r e t i c a l  a s p e c t s  

and conc lus ions  

GBASS 1971 

S t r u c t u r a l  f e a t u r e s  of t u r b u l e n t  f l o w  over  smooth and rough boundar ies  

1 Exper imental ,  s i m p l e ,  smooth, rough 

2 To s t u d y  boundary l a y e r  t u r b u l e n c e  i n  a  f r e e  s u r f a c e  channe l  f l o w  

3 I n s t a n t a n e o u s  l o n g i t u d i n a l  and v e r t i c a l  v e l o c i t y  p r o f i l e s  al lowed 

d i s t r i b u t i o n  of i n s t a n t a n e o u s  Reynolds stress t o  be computed. F l u i d  

e j e c t i o n  and i n r u s h  phases  a t  boundary i d e n t i f i e d  and c o r r e l a t e d  w i t h  

Reynolds s t r e s s  and t u r b u l e n c e  p r o d u c t i o n  a t  t h e  boundary 

4 Hydrogen bubble  t e c h n i q u e ,  camera 

GRIJSEN, MEIJER 1980 

On t h e  model l ing of f l o o d  f low i n  l a r g e  r i v e r  sys tems wi th  f l o o d  p l a i n s  

1 T h e o r e t i c a l ,  compound, rough, p r o t o t y p e  



2  Resume of mathemat ical  model developed t o  model l a r g e  networks of 

channe l s ,  f l o o d p l a i n s ,  s t r u c t u r e s  e t c .  

3 Applied t o  Parana and Paraguay r i v e r s .  Model e lements ;  one 

d imens iona l  model, channel  r eaches  i d e n t i f i e d  by name and c o o r d i n a t e ,  

j u n c t i o n s  between reaches ,  c r o s s  s e c t i o n s  i n t e r p o l a t e d  i f  no t  g i v e n  

where r e q u i r e d ,  boundary c o n d i t i o n s .  

Simple and e x p l i c i t  fo rmulas  f o r  t h e  f r i c t i o n  f a c t o r  i n  t u r b u l e n t  p i p e  f l o w  

1 Theory, smooth, rough, p i p e  

213 E x p l i c i t ,  but  a c c u r a t e  fo rmulas  f o r  t h e  f r l . c t i o n  f a c t o r  a r e  g i v e n  a s  a  

s u b s t i t u t e  f o r  t h e  more i n c o n v e n i e n t  i m p l i c i t  fo rmulas  which a r e  a t  

p r e s e n t  cons idered  t o  be t h e  most a c c u r a t e .  

HADRYS; NOUTSOPOULOS, CBRISTODOULOU; P R I N O S ,  TOWNSEND; YEN. H 0  1985 

F l o o d p l a i n  and main channel  f low i n t e r a c t i o n  (KNIGHT, DEMETRIOU 1983) 

D i s c u s s i o n  

1 Compound, smooth, e x p e r i m e n t a l  

213 I n c o r r e c t  a ssessment  of main channel s h e a r  f o r c e ;  q u e s t i o n i n g  of 

e m p i r i c a l  e q u a t i o n s  a s  cons idered  they  o v e r e s t i m a t e  s h e a r ;  measurement 

of boundary s h e a r  and l o c a l  v e l o c i t i e s  us ing  min c u r r e n t  meter  

q u e s t i o n e d ;  s u g g e s t  z e r o  s h e a r  l i n e  shou ld  be used t o  d e f i n e  f low 

zones  



HARTNETT, KOH, McCOMAS 1962 

A comparison of p r e d i c t e d  and measured f r i c t i o n  f a c t o r s  f o r  t u r b u l e n t  f l o w  

through r e c t a n g u l a r  d u c t s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  smooth, d u c t  

2 To s t u d y  a n a l y t i c a l l y  and e x p e r i m e n t a l l y  t h e  f r i c t i o n  c o e f f i c i e n t  f o r  

bo th  l a m i n a r  and t u r b u l e n t  f low through r e c t a n g u l a r  channe l s  

3 The a n a l y t i c  e x p r e s s i o n  f o r  t h e  p r e s s u r e  l o s s  i n  f u l l y  e s t a b l i s h e d  

l a m i n a r  f low was v e r i f i e d  by exper iment .  The D e i s s l e r  and T a y l o r  

method of c a l c u l a t i n g  t h e  f r i c t i o n  c o e f f i c i e n t ,  which assumes t h a t  t h e  

u n i v e r s a l  v e l o c i t y  and t empera tu re  pro£ i l e s  found f o r  f l u i d s  f lowing 

t u r b u l e n t l y  i n  c i r c u l a r  t u b e s  i s  a l s o  v a l i d  f o r  f low through non 

c i r c u l a r  p a s s a g e s ,  was used.  C a l c u l a t e d  and measured r e s u l t s  ag reed  

f o r  d u c t s  w i t h  l a r g e  a s p e c t  r a t i o s .  For  a s p e c t  r a t i o s  l e s s  than  5:1, 

p r e d i c t e d  f r i c t i o n  f a c t o r s  were lower  t h a n  t h o s e  from t h e  e x p e r i m e n t a l  

d a t a .  

4 Piezomet r i c  t a p p i n g s  

HEAD 1976 

Eddy v i s c o s i t y  i n  t u r b u l e n t  boundary l a y e r s  

1 Theory,  e x p e r i m e n t a l  

2 To obse rve  v a r i a t i o n s  of eddy v i s c o s i t y  i n  t h e  o u t e r  r e g i o n s  of 

t u r b u l e n t  boundary l a y e r s .  

3 Eddy v i s c o s i t y  i s  c o n s t a n t  i n  any g i v e n  e q u i l i b r i u m  l a y e r ;  eddy 

v i s c o s i t y  d e c r e a s e s  i n  non e q u i l i b r i u m  l a y e r s  approaching 

s e p a r a t i o n ;  eddy v i s c o s i t y  i n c r e a s e s  i n  a n  a d v e r s e  p r e s s u r e  g r a d i e n t  

e q u i l i b r i u m  l a y e r  when t h e  p r e s s u r e  g r a d i e n t  i s  removed; eddy 

v i s c o s i t y  d e c r e a s e s  w i t h  l a t e r a l  convergence and i n c r e a s e s  w i t h  

d i v e r g e n c e .  Reynolds s t r e s s  i n c r e a s e s  i n  l a y e r s  approaching 

s e p a r a t i o n  



van der HEGGE ZIJNEN 1948 

Turbu lence  

Conta ins  c h a p t e r s  on: 

D e f i n i t i o n  of t u r b u l e n c e  

Genera t ion  of t u r b u l e n c e  

S t a b i l i t y  of l a m i n a r  f low 

I n t e n s i t y  

S c a l e  

Frequency 

Non e l e c t r i c a l  measurements of t u r b u l e n c e  

I s o t r o p i c  and non i s o t r o p i c  t u r b u l e n c e  

T r a n s f e r  by non i s o t r o p i c  t u r b u l e n c e  

T r a n s f e r  by i s o t r o p i c  t u r b u l e n c e  

Von Karman's s i m i l a r i t y  h y p o t h e s i s  

Summary of t h e o r i e s  on i n t e r c h a n g e  

Turbulence  and f lames 

Turbu len t  boundary l a y e r s  

Boundary l a y e r s  and a e r o f o i l s  

Turbu len t  r e s i s t a n c e  and bod ies  

Turbu len t  f l u i d  r e s i s t a n c e s  i n  p i p e s  

Sed imenta t ion  and e m u l s i f i c a t i o n  

Turbu len t  h e a t  t r a n s f e r  

Turbulence  and p e r i o d i c  mot ion  

Atmospheric t u r b u l e n c e  

Turbu len t  ocean c u r r e n t s  

EEGLY 1936 

The flow of w a t e r  i n  a  channel  of complex p r o f i l e  

1 Prococype,  compound, smooth 



2 To d e t e r m i n e  t h e  d i s t r i b u t i o n  of f l ow  v e l o c i t y  i n  a  c h a n n e l  of complex 

p r o f i l e  

3 Measurements  u n d e r t a k e n  on t h r e e  c h a n n e l s .  M a j o r i t y  of c o n c l u s i o n s  

a b s e n t  due  t o  ~ n i s s i n g  page i n  photocopy.  To d e t e r m i n e  segment  

d i s c h a r g e  f o r  a compound c h a n n e l  d e t a i l s  need t o  i n c o r p o r a t e  f i c t i t i o u s  

b o u n d a r i e s  a t  changes  i n  c h a n n e l  boundary ,  i d e n t i f y  mean h y d r a u l i c  

r a d i u s  f o r  segment  and mean v e l o c i t y  i n  o r d e r  t o  d e t e r m i n e  d i s c h a r g e .  

Found t h a t  p o s i t i o n  of maximum v e l o c i t y  i n  t h e  models  d i f f e r e d  from 

p o s i t i o n  i n  t h e  p r o t o t y p e ,  b e t t e r  ag reemen t  was found i n  t h e  case of 

s t r a i g h t  c h a n n e l s  t h a n  w i t h  cu rved  c h a n n e l s .  

4 P i t o t  t u b e ,  m i n i a t u r e  c u r r e n t  meter 

HERBICH, SHULITS 1964 

L a r g e  scale roughness  i n  open c h a n n e l  f l o w  

1 E x p e r i m e n t a l ,  s i m p l e ,  rough 

2 To examine  t h e  s y s t e m a t i c  r e l a t i o n s h i p  t h a t  ex i s t s  between Manning S 

n ,  Froude  no. and a q u a n t i t a t i v e  p a r a m e t e r  of t h e  roughness  p a t t e r n  

3 S y s t e m a t i c  r e l a t i o n s h i p  i n v o l v e s  roughness  p a t t e r n  p a r a m e t e r  t h a t  

relates p r o j e c t e d  a r e a  of roughness  e l emen t  i n  d i r e c t i o n  of f l o w  t o  

h o r i z o n t a l  area of c h a n n e l .  Roughness c o e f f i c i e n t  f o r  open c h a n n e l s  

may be p r e d i c t e d  f o r  c h a n n e l s  w i t h  symmet r i c  and  r e l a t i v e l y  random 

d i s t r i b u t i o n  of u n i f o r m  and non u n i f o r m  c u b i c a l  roughness  e l e m e n t s  

based  upon roughness  c o e f f i c i e n t  from s y m e t r i c a l l y  a r r a n g e d  cubes .  No 

scale e f f e c t s  e x i s t s  be tween g e o m e t r i c a l l y  similar c h a n n e l s  when 

F r o u d i a n  s i m i l i t u d e  i s  a p p l i e d .  

4 P o i n t  gauge  



4 P i t o t  t u b e .  manometer 

GHOSH. ElEHTA 1974 

Boundary s h e a r  d i s t r i b u t i o n  i n  a  compound c h a n n e l  w i t h  v a r y i n g  roughness  

d i s t r i b u t i o n  

1 Compound, smooth, rough,  e x p e r i m e n t a l  

2 l'o a s s e s s  t h e  boundary s h e a r  d i s t r i b u t i o n  a s s o c i a t e d  w i t h  d i f f e r e n t  

combina t ions  of bank and bed roughness  

3 S h e a r  d i s t r i b u t i o n  on boundary of r e c t a n g u l a r  and t r a p e z o i d a l  smooth 

compound c h a n n e l s  f o r  s imilar  d e p t h  a r e  comparable.  S h e a r  d i s t r i b u t i o n  

f o r  roughened c h a n n e l s  show g r e a t e r  v a r i a t i o n .  Roughening t h e  

f l o o d p l a i n  more t h a n  t h e  channe l  i n c r e a s e s  t h e  f l o o d p l a i n  d r a g .  

However roughening t h e  c h a n n e l  bed and f l o o d p l a i n  t r a n s f e r s  most of t h e  

d r a g  t o  t h e  c h a n n e l  

4 P r e s t o n  t u b e ,  p i t o t  t u b e ,  v o l u m e t r i c  t a n k  

GEOSH. MISRA 1977 

The f r e q u e n c y  d i s t r i b u t i o n  of boundary s h e a r  and e f f e c t  of non u n i f o r m i t y  

on s h e a r  d i s t r i b u t i o n  i n  open channe l  f l o w  r e s i s t a n c e  

1 E x p e r i m e n t a l ,  s i m p l e ,  compound, rough,  smooth 

2 To i n v e s t i g a t e  boundary s h e a r  d i s t r i b u t i o n  i n  v a r i o u s  c h a n n e l  s h a p e s  

3 Paramete r  e v a l u a t e d  t o  d e s c r i b e  non u n i f o r m i t y  i n  s h e a r  d i s t r i b u t i o n  i n  

open channe l  r e s i s t a n c e  

GBOSH, BOY 1970 

Boundary s h e a r  d i s t r i b u t i o n  i n  open c h a n n e l  f l o w  



1 Simple,  smooth, rough, exper imenta l  

2 To g a i n  knowledge on boundary s h e a r  d i s t r i b u t i o n  

3 F o r  smooth r e c t a n g u l a r  channe l s  t h e  e s t i m a t e d  s h e a r  from v e l o c i t y  

p r o f i l e s  a g r e e s  wi th  t h e  measured s h e a r  us ing  t h e  drag ba lance .  Shear  

measured wi th  a P r e s t o n  tube v a r i e s  from t h e  d i r e c t l y  measured 

s h e a r ,  d i f f e r e n c e  accounted f o r  by r e l a t i v e  p o s i t i o ~ ~ i n g  of t o t a l  and 

s t a t i c  head t u b e s .  Roughening of a r e c t a n g u l a r  channel  causes  a 

r e d u c t i o n  i n  t h e  upper  w a l l  s h e a r .  T r a p e z o i d a l  channe l s  show a marked 

r e d u c t i o n  a g a i n  i n  upper  w a l l  s h e a r .  Max. d r a g  s t r e s s  o c c u r s  toward 

t h e  c o r n e r  of t h e  channe l  a s  f o r  r e c t a n g u l a r  channe l s .  Discrepancy i n  

s h e a r  stress read ings  from v e l o c i t y  p r o f i l e s ,  d i r e c t  d rag  measurement 

and P r e s t o n  tube  

4 P r e s t o n  tube ,  d rag  b a l a n c e ,  V n o t c h ,  manometer 

Dynamics of channel  f l o w  

The mechanism of a p l a n e  f l o w  

The boundary l a y e r  of a t u r b u l e n t  f low 

The k i n e m a t i c  s t r u c t u r e  of t u r b u l e n t  channel  f l o w  

R e c t i l i n e a r  f lows  w i t h  r e c t a n g u l a r  c r o s s  s e c t i o n s  

R e c t i l i n e a r  r i v e r  f lows  

Flow i n  a channe l  bend 

A d d i t i o n a l  r e s i s t a n c e s  t o  channel  f l o w  

The dynamics of f low i n  deformable channe l s  

The i n f l u e n c e  of channe l  roughness and f low s t a t e s  on h y d r a u l i c  r e s i s t a n c e s  

of t u r b u l e n t  f low.  

1 Exper imenta l ,  rough, s i m p l e ,  t h e o r y .  



R i v e r  mechanics  

1 P r o t o t y p e ,  e x p e r i m e n t a l ,  s i m p l e ,  compound, smooth, rough 

2 To review r e c e n t  r e s e a r c h  on r i v e r  mechanics  and t o  c o n s i d e r  t h e  

a p p l i c a t i o n  of t h e s e  p r i n c i p l e s  f o r  r i v e r  e n g i n e e r i n g  p r a c t i c e  

3 Degree and e x t e n t  of channe l  r e sponse  t o  r i v e r  e n g i n e e r i n g  works 

depends  on t h e  n a t u r e  of t h e  imposed change and t h e  n a t u r a l  

c h a r a c t e r i s t i c s  of t h e  r i v e r  

HINZE 1959 

TURBULENCE - An i n ~ r o d u c t i o n  t o  i ~ s  mechanism and t h e o r y  

Comprises c h a p t e r s  on:  

Genera l  i n t r o d u c t i o n  and c o n c e p t s  

P r i n c i p l e s  of methods and t e c h n i q u e s  i n  t h e  measurement of t u r b u l e n t  f l o w s  

I s o t r o p i c  t u r b u l e n c e  

N o n i s o t r o p i c  t u r b u l e n c e  

T r a n s p o r t  p r o c e s s e s  i n  t u r b u l e n t  f l o w s  

N o n i s o t r o p i c  f r e e  t u r b u l e n c e  

Nonisot  r o p i c  w a l l  t u r b u l e n c e  

HOLLEY. ABEAHAM 1973 

F i e l d  t e s t s  on t r a n s v e r s e  mixing i n  r i v e r s  

1 S imple ,  rough,  p r o t o t y p e  

2 To i n v e s t i g a t e  mixing of non buoyant  s u b s t a n c e s .  V e r t i c a l  u n i f o n o i t y  

i s  assumed. Only t r a n s v e r s e  and l o n g i t u d i n a l  v e l o c i t y  and 

concen t  r a t i o n s  a r e  c o n s i d e  red .  



3 T r a n s v e r s e  s p r e a d i n g  v a r i e s  due t o  channel  geomer ry and v e l o c i t y  

d i s t r i b u t i o n .  To c a l c u l a t e  d i f f u s i o n  c o e f f i c i e n t s  impor tan t  t o  

i d e n t i f y  s p r e a d i n g  due t o  t r a n s v e r s e  v e l o c i t i e s  from d i f f u s i v e  

mechanisms. Long reach of r i v e r  r equ i red  t o  o b t a i n  average  r a t e  of 

d i f f u s i v e  mixing f o r  a  r i v e r .  E f f e c t  of t r a n s v e r s e  v e l o c i t i e s  easy  t o  

i d e n t i f y  i n  bends 

4 F luoromete r  

HOLLEY, ABRAHAM 1974 

Labora to ry  s t u d i e s  on t r a n s v e r s e  mixing i n  r i v e r s  

1 Simple ,  rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  mixing under  s i m u l a t e d  s t r e a m  c o n d i t i o n s  and mechanisms 

o t h e r  t h a n  bed s h e a r  t u r b u l e n c e  t h a t  c o n t r i b u t e  t o  t r a n s v e r s e  mixing 

3 Used g e n e r a l  change of moments method f o r  c a l c u l a t i n g  d i f f u s i o n  

c o e f f i c i e n t s  

4 F luoromete r  

HOLLEY, KABELSE 1974 

Model p r o t o t y p e  comparisons f o r  t r a n s v e r s e  mixing i n  r i v e r s  

1 Simple ,  e x p e r i m e n t a l ,  p r o t o t y p e ,  rough 

2 To i n v e s t i g a t e  t r a n s v e r s e  mixing i n  d i s t o r t e d  and u n d i s t o r t e d  s c a l e  

r i v e r  models and t o  compare r e s u l t s  w i t h  p r o t o t y p e  

3 T r a n s v e r s e  mixing c o r r e c t l y  reproduced i n  n a t u r a l  s c a l e  model, 

d i s t o r t e d  model e x a g g e r a t e s  t h e  d i f f u s i o n ,  e r r o r  dependent on 

d i s t o r t i o n  r a t i o  

4 F luoromete r  



HOLLICK 1976 

Boundary s h e a r  s t r e s s  measurement by P r e s t o n  t u b e  

1 P i p e ,  rough, e x p e r i m e n t a l  

2 To a t t empt  t o  g a i n  more a c c u r a t e  s h e a r  s t r e s s  measurements u s i n g  a  

Pres ton  tube on a  rough boundary 

3 Reduction i n  a p p a r e n t  s c a t t e r  of mean s t r e s s  by adding base p l a t e  

4 P r e s t o n  tube  

HOOKE 1974 

Shear  s t r e s s  and sediment d i s t r i b u t i o n  i n  a  meander bend 

1 Exper imental ,  s i m p l e ,  smooth, rough, meander 

2 To t e s t  t h e  h y p o t h e s i s  t h a t  a t  e v e r y  p o i n t  on t h e  bed of a  meandering 

c h a n n e l ,  bed geometry i s  a d j u s t e d  t o  provide p r e c i s e l y  t h e  s h e a r  s t r e s s  

necessa ry  t o  t r a n s p o r t  t h e  sediment  load  s u p p l i e d  t o  t h a t  p o i n t  

3 Maximum s h e a r  s t r e s s  is  on t h e  p o i n t  b a r  i n  t h e  upst ream p a r t  of t h e  

bend. It  c r o s s e s  channel  c e n t r e l i n e  i n  middle  o r  downstream p a r t  of 

bend. Secondary c u r r e n t s  i n c r e a s e  i n  s t r e n g t h  wi th  i n c r e a s e d  

d i s c h a r g e  

4 Po in t  gauge,  s t a t i c  t u b e s ,  V n o t c h ,  p r e s s u r e  t r a n s d u c e r ,  P r e s t o n  t u b e  

A n o t e  on von Karman's c o n s t a n t  i n  low Reynold's number t u r b u l e n t  f lows  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s imple ,  d u c t ,  smooth 

2 To a n a l y s e  e x i s t i n g  d a t a  on low Reynolds number Elows 



3 Logar i thmic  v e l o c i t y  p r o f i l e  v a l i d  f o r  a  wide range of low Reynolds 

numbers i f  t h e  d imens ion less  s h e a r  s t r e s s  g r a d i e n t  i n  t h e  i n n e r  l a y e r  

i s  not much g r e a t e r  than  1 0 ( - 3 ) .  Viscous  s u b l a y e r  more s e n s i t i v e  t o  

e x t e r n a l  i n f l u e n c e s  than  t h e  f u l l y  t u r b u l e n t  p a r t  of t h e  i n n e r  l a y e r .  

V e l o c i t y  d e f e c t  law does  no t  hold  i n  o u t e r  p a r t  of boundary l a y e r  a t  

low Reynold's numbers, due t o  v i s c o u s  s u p e r l a y e r  a t  i n t e r f a c e  

s e p a r a t i n g  t u r b u l e n t  and i r r o t a t i o n a l  f low 

WLSING, SMITH, COBB 1966 

V e l o c i t y  head c o e f f i c i e n t s  i n  open channe l s  

1 P r o t o t y p e ,  s i m p l e ,  compound, smooth, rough 

2 To s t u d y  t h e  v e l o c i t y  head c o e f f i c i e n t  i n  n a t u r a l  channe l s  

3 V a r i a t i o n  i n  h o r i z o n t a l  v e l o c i t y  d i s t r i b u t i o n  h a s  more e f f e c t  on 

a l p h a ,  t h e  v e l o c i t y  head c o e f f i c i e n t ,  than  does  t h e  v a r i a t i o n  i n  

v e r t i c a l  v e l o c i t y  d i s t r i b u t i o n .  For  channe l s  w i t h o u t  overbank f low a  

s i g n i f i c a n t  c o r r e l a t i o n  i s  shown between a l p h a  and channel  roughness 

e x p r e s s e d  a s  Manning's n. For  channe l s  w i t h  overbank f low a  r a t i o n a l  

method of e s t i m a t i n g  a l p h a  based on Manning's n  and channel  

conveyance. 

4 Curren t  m e t e r  

H U H P W Y ,  WHITELAW, YEE 1981 

T u r b u l e n t  f low i n  a  s q u a r e  d u c t  w i t h  s t r o n g  c u r v a t u r e  

1 Exper imenta l ,  d u c t ,  smooth, w a t e r  

2 To i n v e s t i g a t e  t h e  s t e a d y ,  i n c o m p r e s s i b l e ,  i s o t h e r m a l ,  deve lop ing  f low 

i n  a s q u a r e  s e c t i o n  curved d u c t  w i t h  smooth Walls  



3 Nain e f f e c t  of t h e  bend i s  t o  induce s t r o n g  c r o s s  s t ream motions which 

develop i n t o  a  p a i r  of c o u n t e r  r o t a t i n g  v o r t i c e s  i n  t h e  l o n g i t u d i n a l  

d i r e c t i o n .  D r i v i n g  f o r c e  i s  t h e  c e n t r i f u g a l  f o r c e / r a d i a l  p r e s s u r e  

g r a d i e n t  imbalance.  Secondary motion r e p o n s i b l e  f o r  t h e  c r o s s  s t ream 

convec t ion  of s t r e s s e s .  Secondary motion d r i v e n  by normal s t r e s s e s  

shown by bu lg ing  of t h e  v e l o c i t y  contours  toward t h e  d u c t  c o r n e r s .  

S t r e s s  h igh  toward t h e  w a l l s ,  d imin i sh ing  toward t h e  core  of t h e  flow. 

Consequence of t h e  secondary motion is an i n t e r c h a n g e  of t u r b u l e n c e  

energy between t h e  i n n e r  and o u t e r  w a l l  

4 L a s e r  d o p p l e r  anemometer 

BUSSEIN. SMITH 1986 

Flow and bed d e v i a t i o n  a n g l e  i n  curved open channe l s  

1 Theory, e x p e r i m e n t a l ,  s imple ,  rough, bend 

2 To i n v e s t i g a t e  t h e  v a r i a t i o n  of v e l o c i t i e s  and s h e a r  s t r e s s  i n  a  

v e r t i c a l  i n  a  bend 

3 For normal wid th /dep th  r a t i o  curved channe l s  primary v e l o c i t y  

d i s t r i b u t i o n  i n  v e r t i c a l  modif ied by s p i r a l  motion such t h a t  maximum 

primary v e l o c i t y  occurs  below wate r  s u r f a c e .  Modified l o g a r i t h m i c  law 

in t roduced  t o  d e s c r i b e  v e l o c i t y  i n  a  v e r t i c a l .  Non l i n e a r  d i s t r i b u t i o n  

of primary t u r b u l e n t  s h e a r  s t r e s s  assumed a l l o w i n g  t u r b u l e n t  eddy 

v i s c o s i t y  t o  be d e r i v e d .  P r e d i c t i o n  of r a d i a l  v e l o c i t y  d i s t r i b u t i o n  

wi th  v a r y i n g  wid th  d e p t h  r a t i o  a g r e e s  w e l l  wi th  observed d a t a .  

BWANG, LAURSEN 1963 

Shear  measurement t echn ique  f o r  rough s u r f a c e s  

1 P i p e ,  smooth, rough, exper imenta l  



2 I n v e s t i g a t i o n  t o  r e l a t e  dynamic p r e s s u r e  t o  w a l l  s h e a r  a s  a  f u n c t i o n  of 

P r e s t o n  tube s i z e  and roughness element 

3 P r e s s u r e  s h e a r  r a t i o  developed f o r  rough boundar ies  

4 P r e s t o n  tube  

IWDA 1975 

On secondary flow and bed p r o f i l e  i n  a l l u v i a l  curved open channel  

1 Simple ,  rough, t h e o r e t i c a l ,  exper imenta l ,  bend 

2 I n v e s t i g a t e  secondary f low i n  uniformly curved open c h a n n e l s ;  

de te rmine  t h e  s t a b l e  bed p r o f i l e  e q u a t i o n  

3 Bed p r o f i l e  i s  r e l a t e d  t o  secondary f low a t  p a r t i c l e  l e v e l  i e  

determined by t r a c t i v e  f o r c e  and channel  roughness 

4 P i t o t  tube  

IWDA 1981 

S e l f  formed s t r a i g h t  channe l s  i n  sandy beds 

1 Exper imental ,  t h e o r e t i c a l ,  s i m p l e ,  rough 

2 To s t u d y  t h e  p rocess  of widening and h y d r a u l i c  c h a r a c t e r i s t i c s  of s e l f  

formed s t r a i g h t  channe l s  wich non cohes ive  sands i n  i d e a l i z e d  

c i rcumstances .  Secondary c i r c u l a t i o n s  a r e  ana lysed  t h e o r e t i c a l l y  

3 Corresponding t o  a  combination of t h e  h y d r a u l i c  v a r i a b l e s ,  a  s t a b l e  

channe l  which a l l o w s  bed l o a d  t r a n s p o r t  i n  t h e  c e n t r a l  bed region does  

e x i s t .  The t r a n s v e r s e  bed shapes  i n  e q u i l i b r i u m  have a  u n i v e r s a l  shape 

i n  t h e  s i d e  bank reg ion  r e g a r d l e s s  of t h e  i n i t i a l  shape ,  d i s c h a r g e  and 

sand d iamete r .  S i d e  bank reg ion  keeps shape a l s o  i n  widening p rocess .  

E q u i l i b r i u m  d e p t h  and width  depend no t  only on d i s c h a r g e  but a l s o  on 

s l o p e  and bed m a t e r i a l s .  Secondary c u r r e n t s  a f f e c t  t h e  l o c a l  f e a t u r e s  

of t h e  s e l f  formed s t r a i g h t  channels  



4 Po in t  gauge,  p i c o t  cube 

IKEDA. TANAKA, CHIYODA 1984 

A b s t r a c t  

Turbu len t  f low i n  a  s inuous  a i r  d u c t  

1 Exper imental ,  smooth, bend, d u c t  

2 To i n v e s t i g a t e  t u r b u l e n t  t h r e e  dimensional  f low t o  g a i n  i n f o r m a t i o n  on 

mean v e l o c i t y  components, Reynolds s t r e s s e s ,  t u r b u l e n t  k i n e t i c  energy 

p r o d u c t i o n  and d i s s i p a t i o n  

3 Turbu len t  f low c h a r a c t e r i s t i c s  c o r r e l a t e d  w i t h  l o c a l  p r e s s u r e  g r a d i e n t .  

The k-e model p r e d i c t s  d i s t r i b u t i o n  of p r e s s u r e ,  mean v e l o c i t y  and 

t u r b u l e n c e  f i e l d .  

4 P i t o t  t u b e  

IPULnOTO, ISHICAKI 1 9 8 6  

The t h r e e  dimensional  s t r u c t u r e  of t u r b u l e n t  s h e a r  f low i n  a n  open channe l  

1 Exper imental ,  s i m p l e ,  smooth 

2 To i n v e s t i g a t e  t h e  d e p t h  s c a l e  s t r u c t u r e  of t u r b u l e n t  s h e a r  flow i n  a  

s t r a i g h t  open channel 

3 L o n g i t u d i n a l  v o r t i c e s  i n f l u e n c e  t h e  d i s t r i b u t i o n  of t h e  mean t u r b u l e n c e  

q u a n t i t i e s .  The p roduc t ion  term and t h e  d i s s i p a t i o n  term i n  t h e  

upwel l ing reg ion  of t h e  v o r t i c e s  a r e  l a r g e r  t h a n  t h o s e  i n  t h e  

downwelling region.  The sweep even t  i s  dominant i n  t h e  downwelling 

reg ion ,  and i n  t h e  upwel l ing reg ion  t h e  e j e c t i o n  even t  is as same as 

t h e  sweep e v e n t  i n  magnitude. 

4 L a s e r  Doppler Velocimeter  



INDLEKOFEB, BOBINSON, BOUVE 

On t h e  t r a n s p o r t  of bed l o a d  i n t o  channel  branches  and t h e  r e g u l a t i o n  by 

induc ing  a r t i f i c i a l  secondary f low 

1 Exper imenta l ,  t h e o r e t i c a l ,  s i m p l e ,  rough 

2 To s t u d y  t h e  i n t e r a c t i o n  between bed load t r a n s p o r t  i n t o  branch 

c h a n n e l s  of w a t e r  off  t a k e s  and t h e  r e s u l t a n t  s p i r a l  secondary f low.  

3 Exper imenta l  o b s e r v a t i o n s  l e a d  t o  t h e  d e f i n i t i o n  of a  d i m e n s i o n l e s s  

f a c t o r  which o f f e r s  a  numer ica l  e x p r e s s i o n  of t h e  s t r e n g t h  of t h e  

s p i r a l  secondary  f low a t  t h e  channe l  branch.  The i n f l u e n c e  of t h e  

w a t e r  d e p t h  r a t i o  and Froude no f o r  t h e  main channe l  and t h e  wid th  and 

d i c h a r g e  r a t i o s  of t h e  main and branch channe l s  on t h e  secondary f low 

i s  demonstra ted .  The s p i r a l  secondary f low i n f l u e n c e s  t h e  n e a r  bottom 

f low such  t h a t  a  s u p e r p r o p o r t i o n a l  p a r t  of t h e  whole bed load  w i l l  be 

t r a n s p o r t e d  i n t o  t h e  branch channel .  

4 P o i n t  gauges ,  bed l o a d  sample r s  

van INGEN 1981 

Observa t ions  i n  a  sediment  l aden  f low by use  of l a s e r  d o p p l e r  v e l o c i m e t r y  

1 Exper imenta l ,  s i m p l e ,  rough 

2 To s t u d y  t h e  mechanics of s u s p e n s i o n  and e n t r a i n m e n t  of sediment  

d u r i n g  t r a n s p o r t  by w a t e r  u s i n g  a  l a s e r  d o p p l e r  v e l o c i m e t e r  

3 I d e n t i f i e d  need f o r  long record l e n g t h  n e c e s s a r y  t o  s t u d y  f l u i d  

t u r b u l e n c e ,  problem of movement of mobile bed and i t s  e f f e c t  on meaning 

of measurements,  problem of sampl ing c o n d i t i o n a l  e v e n t s  and 

d e t e r m i n a t i o n  of t h e  accuracy  of t h e  sampled e v e n t .  C h a r a c t e r  of t h e  

i n t e r a c t i o n s  between t h e  f l u i d  t u r b u l e n c e  and t h e  mot ions  of t h e  

i n d i v i d u a l  sediment  g r a i n s  i d e n t i f i e d  



4 Laser  d o p p l e r  v e l o c i m e t e r  

INTERNATIONAL ASSOCIATION FOR HYDRAULIC RESEARCH, 1967 

1 2 t h  CONGRESS - FORT COLLINS - VOLUME 1 

Various papers  on secondary f low and c u r r e n t s  

Authors  - CIRAY; CHIU; ANANIAN; MURAMOTO; CHIKWENDU; LEBRETON h NICOLLET; 

YEN; RA0 h SEETHARAMIAH. 

VOLUME 2  

Various  papers  on macroturbulence i n  open channe l s  

Authors - MASAIR; KEMP h GRASS; PECHENKIN; DELLEUR, TOEBES h LIU; MASA 

AKSOY; HARTUNG h CSALLNER; IWASA; PLATE; ISHIHARA; LOCHER h 

NAUDASCHER; POZNIAJA;  HUNG; JEZDINSKY, CAKRT, RUDIS h SMUTEK; 

TIFFANY 

IPPEN. DRINgER 1962 

Boundary s h e a r  s t r e s s e s  i n  curved t r a p e z o i d a l  channe l s  

1 Simple ,  smooth, e x p e r i m e n t a l ,  bend 

2 To i n v e s t i g a t e  t h e  d i s t r i b u t i o n  and magnitude of boundary s h e a r  s t r e s s  

i n  curved reaches  of  smooth t r a p e z o i d a l  channels  

3 Shear  s t r e s s e s  i n c r e a s e d  i n  i n t e n s i t y  i n  curved reach c / £  s t r a i g h t  

reach.  Magnitude of s h e a r  maxima no t  p r e d i c t a b l e ,  p o s s i b l e  t o  

de te rmine  t o t a l  head l o s s .  Loca t ion  of s h e a r  maxima no t  g r e a t l y  

modif ied f o r  d i f f e r e n t  channel  a l ignments .  Shear  s t r e s s  o r i e n t a t i o n  i s  

impor tan t  i n  bank s t a b i l i t y  

4 P r e s t o n  tube ,  p i t o t  tube ,  po in t  gauges ,  manometers 



JAMES 1985 

Sediment t r a n s f e r  t o  overbank s e c t i o n s  

1 Compound, smooth, rough, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To s i m u l a t e  overbank t r a n s f e r  of suspended sediment  

3 Model a c c o u n t s  f o r  sediment t r a n s f e r  by convec t ion  and t u r b u l e n c e  

d i f f u s i o n  mechanisms. Secondary c u r r e n t s  accounted f o r  by t r a n s v e r s e  

d i f f u s i o n  

JAMES, BROW 1977 

Geometric pa ramete rs  t h a t  i n f l u e n c e  f l o o d p l a i n  f low 

1 Exper imental ,  compound, smooth, rough 

2 To e s t a b l i s h  s t a g e  d i s c h a r g e  r e l a t i o n s h i p s  f o r  v a r i o u s  channel  

f l o o d p l a i n  c o n f i g u r a t i o n s  and i f  p o s s i b l e  f o r m u l a t e  computat ional  

procedure  t o  account  f o r  apparen t  i n t e r a c t i o n  between channel  and 

f l o o d p l a i n .  To de te rmine  parameters  t h a t  d e s c r i b e  i n c r e a s e  i n  f low 

r e s i s t a n c e  t h a t  occurs  when a  channel  c r o s s e s  o r  meanders i n  a  

f l o o d p l a i n ;  a l s o  when channel  meanders o u t s i d e  o r  s e p a r a t e s  from t h e  

f l o o d p l a i n .  

3 Manning o r  Chezy e q u a t i o n s  d o  no t  a c c u r a t e l y  p r e d i c t  s t a g e  d i s c h a r g e  

r e l a t i o n s h i p  f o r  sha l low f l o o d p l a i n  d e p t h s  wi thou t  adjus tment  t o  e i t h e r  

r e s i s t a n c e  c o e f f i c i e n t  o r  t h e  h y d r a u l i c  r a d i u s .  Empi r ica l  

r e l a t i o n s h i p s  c o r r e c t i n g  b a s i c  e q u a t i o n s  i n c o r p o r a t i n g  a s p e c t  and dep th  

r a t i o s  have been developed. 

4 Ventur i  mete r s ,  p o i n t  gauge,  p i t o t  t u b e ,  t r a n s d u c e r ,  camera 



JOBSON, SAYBE 1970 

V e r t i c a l  t r a n s f e r  i n  open channel  f l o w  

1 Simple,  rough, exper imenta l  

2 To i n v e s t i g a t e  t h e  v e r t i c a l  t u r b u l e n t  t r a n s f e r  of momentum, f l u i d  mass, 

suspended sand p a r t i c l e s  and p a r t i c l e  f a l l  v e l o c i t y  i n  open channel  

s h e a r  f l o w  

3 Turbulence i n c r e a s e s  f a l l  v e l o c i t y  by 4% t o  5%. V e r t i c a l  mixing o c c u r s  

due  t o  d i f f u s i o n  by t a n g e n t i a l  components of t u r b u l e n t  v e l o c i t y  

f l u c t u a t i o n s  and by d i f f u s i o n  due t o  c e n t r i f u g a l  f o r c e  a s s o c i a t e d  w i t h  

p a r t i c l e  curved p a t h s  

4 F luormete r ,  dye 

JOHNSON 1942 

The importance of c o n s i d e r i n g  s i d e  w a l l  f r i c t i o n  i n  bed load i n v e s t i g a t i o n s  

1 Theory, e x p e r i m e n t a l ,  s i m p l e ,  smooth, rough 

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  of s i d e  w a l l s  on bed l o a d  t r a n s p o r t  and t o  

s t u d y  t h e  e f f e c t  of t empera tu re  and v i s c o s i t y  on sediment load.  

3 Primary e f f e c t  of t empera tu re  i s  i n  t h e  e f f e c t  of v i s c o s i t y  v a r i a t i o n s  

on t h e  magnitude of t h e  f r i c t i o n  a long  t h e  r e l a t i v e l y  smooth s i d e  

w a l l s .  T r e a t i n g  t h e  flow as two d imens iona l  t ends  t o  reduce t h e  

i n f l u e n c e  of t empera tu re  on bed l o a d  t r a n s p o r t .  

JONES 1976 

An improvement i n  t h e  c a l c u l a t i o n  of t u r b u l e n t  f r i c t i o n  i n  r e c t a n g u l a r  

d u c t s  



1 Theory,  e x p e r i m e n t a l ,  s imple ,  d u c t ,  p ipe  

2 To examine f r i c t i o n a l  p r e s s u r e  drop i n  r e c t a n g u l a r  d u c t s  

3 A t  c o n s t a n t  Reynolds numbers based on h y d r a u l i c  d iamete r  t h e  f r i c t i o n  

f a c t o r  i n c r e a s e s  monotonical ly  wi th  i n c r e a s i n g  a s p e c t  r a t i o .  Concluded 

t h a t  h y d r a u l i c  d i a m e t e r  i s  n o t  t h e  c o r r e c t  c h a r a c t e r i s t i c  l e n g t h  t o  use  

i n  t h e  Reynolds number t o  e n s u r e  s i m i l a r i t y  between between c i r c u l a r  

and r e c t a n g u l a r  d u c t s .  The Reynolds number was modif ied s o  t h a t  

g e o m e t r i c  s i m i l a r i t y  was provided i n  l a m i n a r  f low f o r  a l l  geomet r ies  

such t h a t  t h i s  Reynolds number provided good s i m i l a r i t y  i n  f u u l y  

developed t u r b u l e n t  f low. By us ing  t h i s  l aminar  e q u i v a l e n t  Reynolds 

number c i r c u l a r  tube  methods can be a p p l i e d  t o  r e c t a n g u l a r  d u c t s .  

JONES. LEUNG 1981 

An improvement i n  t h e  c a l c u l a t i o n  of t u r b u l e n t  f r i c t i o n  i n  smooth c o n c e n t r i c  

a n n u l i  

1 Theory, e x p e r i m e n t a l ,  smooth, a n n u l i  

2 To d e s c r i b e  t h e  a p p l i c a t i o n  of a  l aminar  e q u i v a l e n t  Reynolds number t o  

t u r b u l e n t  f low i n  smooth c o n c e n t r i c  a n n u l i  

3 C i r c u l a r  t u b e s  and c o n c e n t r i c  a n n u l i  a r e  mathemat ica l ly  shown t o  be 

g e o m e t r i c a l l y  s i m i l a r  i n  l aminar  f low,  and by d a t a  comparison t o  be 

s i m i l a r  i n  t u r b u l e n t  f low.  The modif ied Reynolds number which p r o v i d e s  

t h e  c o n s i s t e n c y  f o r  a l l  geomet r ies  u s e s  t h e  l a m i n a r  e q u i v a l e n t  d iamete r  

g i v e n  by t h e  p roduc t  of t h e  h y d r a u l i c  d i a m e t e r  and a  shape f u n c t i o n  and 

a p p l i e s  uniformly f o r  a l l  r a d i u s  r a t i o s  from 0 t o  1. The modified 

Reynolds p r o v i d e s  geomet r ic  equ iva lency  between smooth c i r c u l a r  

t u b e s ,  smooth r e c t a n g u l a r  channe l s ,  and smooth c o n c e n t r i c  a n n u l i  For 

l a m i n a r  and t u r b u l e n t  f low. 



JONSSON 1974 

L a s e r  v e l o c i t y  meter  f o r  wa te r  flow 

Paper  comprising c h a p t e r s  on: 

Ve loc i ty  measurements i n  l i q u i d s  

Review and o b j e c t i v e  of t h e  s t u d y  

Hovement of smal l  p a r t i c l e s  i n  a  f l u i d  

The p h o t o m u l t i p l i e r  

Doppler s h i f t  

Doppler s h i f t  a t  c e r t a i n  o p t i c a l  c o n f i g u r a t i o n s  

D i r e c t i o n a l  s e n s i t i v i t y  w i t h  o p t i c a l  he te rodyning  - r e f e r e n c e  beam 

D i r e c t i o n a l  s e n s i t i v i t y  w i t h  o p c i c a l  he te rodyning  - double  beam 

Uncer ta in ty  i n  v e l o c i t y  d e t e r m i n a t i o n  due t o  u n c e r t a i n t y  i n  p ropoga t ion  

d i r e c t i o n  f o r  t h e  l a s e r  beam 

I n t e n s i t y  d i s t r i b u t i o n  at  f o c u s  f o r  a  Gaussian beam 

L i g h t  s c a t t e r i n g  from smal l  p a r t i c l e s  

De tec ted  l i g h t  i n t e n s i t y  a t  t h e  passage of a  p a r t i c l e  through two d i f f e r e n t  

l i g h t  waves 

Doppler s i g n a l  i n  t h e  f requency  domain 

Doppler s i g n a l  when more than  one s c a t t e r i n g  p a r t i c l e  i s  p r e s e n t  

C a l c u l a t i o n  of t h e  s i z e  of t h e  measurement p o i n t  

Coherence 

R e f r a c t i v e  index v a r i a t i o n s  

S p e c t r a l  a n a l y s i s  of t h e  Doppler s i g n a l s  

Continuous f requency  d e t e r m i n a t i o n  methods 

Measurement 

JURISCH 1973 

I n s t a n t a n e o u s  v e l o c i t y  measurements i n  h y d r a u l i c  models by l a s e r  d o p p l e r  

enemometry. Paper  d e a l s  w i t h  i n s t a l l a t i o n  of a  back s c a t t e r i n g  

l a s e r ,  d i s c u s s e s  i t s  p r i n c i p l e  of o p e r a t i o n ,  i t s  r e l a t i v e  advantages  and 

d i s a d v a n t a g e s ,  and i t s  u s e  i n  h y d r a u l i c  p r a c t i c e  



KALKWIJK, de VRIEND 1980 

Computation of t h e  f low i n  s h a l l o w  r i v e r  bends 

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough, bend, s i m p l e  

2 To deve lop  a  d e p t h  averaged  computat ion p rocedure  i n c l u d i n g  t h e  

c o n v e c t i v e  i n f l u e n c e  of secondary f low f o r  l a r g e  a s p e c t  r a t i o ,  s h a l l o w  

bend c h a n n e l s  where f low i s  f r i c t i o n  c o n t r o l l e d ,  l o n g i t u d i n a l  

v e l o c i t i e s  dominate and Froude no i s  low. 

3 S teady  f low i n  s h a l l o w  r i v e r s  of moderate c u r v a t u r e  d e s c r i b e d  

mathemat ica l ly  a s  long  a s  c o v e c t i v e  i n f l u e n c e  of secondary f low t a k e n  

i n t o  a c c o u n t .  

I n f l u e n c e  of t h e  banks and f l o o d  p l a i n  on channe l  conveyance 

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  p r o t o t y p e ,  compound, rough 

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  and q u a n t i f y  t h e  e f f e c t  of t h e  shape and 

dimensions  of t h e  c r o s s  s e c t i o n  on conveyance. 

3 The momentum e q u a t i o n ,  which a l l o w s  f o r  mass exchange a t  t h e  l a t e r a l  

b o u n d a r i e s ,  pe rmi t s  a n  o v e r a l l  e s t i m a t e  of t h e  i n f l u e n c e  of t h e  banks 

and f l o o d  p l a i n  on conveyance. Empi r i ca l  pa ramete r s  r e l a t i n g  t o  

c h a n n e l s  w i t h o u t  f l o o d  p l a i n s  and t o  channe l s  w i t h  f l o o d  p l a i n s  a r e  

i n c l u d e d  i n  t h e  working r e l a t i o n s h i p s .  These pa ramete r s  t o  be r e f i n e d  

i n  r e s p e c t  of t h e  s t r u c t u r e  and c h a r a c t e r i s t i c s  of f low i n  subsequen t  

i n v e s t i g a t i o n s .  I n  r e s p e c t  of f low from t h e  channel  t o  t h e  f l o o d  p l a i n  

and v i c e  v e r s a  more i n v e s t i g a t i o n  i s  requ i red .  The dynamic 

scheme, which a l l o w s  f o r  t h e  mechanism of l a t e r a l  mass exchange,  h a s  

s i g n i f i c a n t  advan tages  o v e r  t h e  c o r r e l a t i v e  s t a t i s t i c a l  r e l a t i o n s h i p s .  



D i s t r i b u t i o n  of t r a c t i v e  f o r c e  i n  open channe l s  

L Simple,  smooth, exper imenta l  

2 I n v e s t i g a t i o n  of t r a c t i v e  f o r c e  d i s t r i b u t i o n  t o  a l l o w  comparison w i t h  

a n a l y t i c a l l y  p r e d i c t e d  s h e a r  s t r e s s  d i s t r i b u t i o n s  f o r  va ry ing  a s p e c t  

r a t i o  

3 Measured v a l u e s  of maximum non d imens iona l  s h e a r  s t r e s s  a r e  of s i m i l a r  

magnitude t o  s h e a r  s t r e s s  v a l u e s  computed from l a m i n a r  theory  o r  

deduced t u r b u l e n t  channel  f low a n a l y s i s .  A n a l y t i c a l  t echn iques  do n o t  

p rov ide  a  d e t a i l e d  p i c t u r e  of s h e a r  d i s t r i b u t i o n  

4 P r e s t o n  tube ,  p r e s s u r e  t a p p i n g s ,  f lowmeter ,  a d j  we i r ,  p o i n t  gauge,  

manometer 

KAZWIPOUR. APELT 1979 

Shape e f f e c t s  on r e s i s t a n c e  t o  uniform f low i n  open channe l s  

1 Simple,  smooth, e x p e r i m e n t a l ,  t h e o r e t i c a l  

2 Development of method t o  e s t i m a t e  i n f l u e n c e  of shape e f f e c t  of c r o s s  

s e c t i o n  on flow r e s i s t a n c e  

3 Shape f a c t o r  developed t h a t  accounts  f o r  non uniform d i s t r i b u t i o n  of 

s h e a r  s t r e s s  and v a r i a t i o n  of a s p e c t  r a t i o  

KAZWIPOUR. APELT 1982 

New d a t a  on shape e f f e c t s  i n  smooth r e c t a n g u l a r  channe l s  

1 Simple,  smooth, e x p e r i m e n t a l ,  t h e o r e t i c a l  



2 To i n v e s t i g a t e  method of r e f i n i n g  f a c t o r  which r e f l e c t s  e f f e c t  of 

a s p e c t  r a r i o  on r e s i s t a n c e  

3 F a c t o r  r e f l e c t i n g  e f f e c t  of a s p e c t  r a t i o  on r e s i s t a n c e  l i t t l e  changed 

by ref inement .  Considered t o  i n d i c a t e  c o n s i s t e n c y  of e x p e r i m e n t a l  

d a t a  

4 P o i n t  gauges  

KELLER, ROD1 1984 

P r e d i c t i o n  of two d imens iona l  f low c h a r a c t e r i s t i c s  i n  complex channe l  c r o s s  

s e c t i o n  

1 Theory,  e x p e r i m e n t a l ,  compound, smooth, rough 

2 The a p p l i c a t i o n  of a  d e p t h  averaged numerical  model t o  t h e  p r e d i c t i o n  

of i n t e r a c t i o n  phenomena 

3 The d e p t h  averaged form of t h e  k-e t u r b u l e n c e  model can be u t i l i z e d  t o  

p r e d i c t  t h e  e f f e c t s  of i n t e r a c t i o n  phenomena on f low p r o f i l e s  i n  

c h a n n e l l f l o o d  p l a i n  f lows .  The model r e q u i r e s  f u r t h e r  t e s t i n g  w i t h  

l a b o r a t o r y  and f i e l d  d a t a .  

KIKKAWA, IKEDA, KITAGAWA 1976 

Flow and bed topography i n  curved open channe l s  

1 Simple ,  smooth, rough, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 T h e o r e t i c a l  examina t ion  of mean f low c h a r a c t e r i s t i c s ,  bed s h e a r  

d i s t r i b u t i o n ,  bed p r o f i l e  change w i t h  t ime and maximum s c o u r  dep th .  

Comparison w i t h  f i e l d  and e x p e r i m e n t a l  d a t a  

3 Bed s h e a r  d i s t r i b u t i o n  and t r a n s v e r s e  d i s t r i b u t i o n  of mean v e l o c i t y  

w e l l  r e p r e s e n t e d  by f o r c e d  v o r t e x  t h e o r y .  V e l o c i t y  i n  v e r t i c a l  

e x p r e s s e d  by t h e  v e l o c i t y  d e f e c t  law 



4 P i t o t  t u b e ,  we i r .  a d j  t a i l g a t e  

KM, KLINE.  REYNOLDS 1971 

The p roduc t ion  of t u r b u l e n c e  n e a r  a  smooth w a l l  i n  a  t u r b u l e n t  boundary 

l a y e r  

1 Exper imental ,  s imple ,  smooth 

2 To examine t h e  s t r u c t u r e  of t h e  f l a t  p l a t e  i n c o m p r e s s i b l e  smooth 

s u r f a c e  boundary l a y e r  i n  a  low speed wate r  f low 

3 Turbulence occurs  d u r i n g  b u r s t s  i n  t h e  s u b l a y e r  t o  log  zone reg ion .  

B u r s t i n g  p rocess  comprised of t h r e e  phases .  B u r s t s  caused by t r a n s f e r  

of primary energy from mean f low v e l o c i t y  due t o  l o c a l  i n t e r m i t t e n t  

i n s t a b i l i t y  which has  a  p r e f e r r e d  range of f requency of occur rence  and 

o s c i l l a t i o n  

4 Hot wi re  anemometry, hydrogen bubble t echn ique  

KINGBORN, McHUGR, DUNCAN 1973 

An exper imenta l  comparison of two v e l o c i t y  a r e a  numerical  i n t e g r a t i o n  

t e c h n i q u e s  

1 Exper imental ,  s i m p l e ,  smooth, p i p e  

2 To e s t a b l i s h  i f  f i t t i n g  a  s e r i e s  of c u b i c  curves  between s u c c e s s i v e  

p a i r s  of l o c a l  v e l o c i t y  measurements can  be used a s  a  s a t i f a c t o r y  

a l t e r n a t i v e  t o  t h e  log  l i n e a r  method. 

3 The method of c u b i c s  i n t e g r a t i o n  t echn ique  may be used i n  p l a c e  of t h e  

l o g  l i n e a r  method but c o n s i d e r a b l e  e x t r a  computa t iona l  e f f o r t  i s  

r e q u i r e d .  



KIYEN 1968 

H y d r a u l i c  computat ion of f l o o d  p l a i n  channe l s .  

1 T h e o r e t i c a l ,  compound, rough. 

2 Using method of s e p a r a t i o n  of c r o s s  s e c t i o n  of a  w a t e r  course  i n t o  

p a r t s  t o  t r y  and a n a l y s e  problem of h y d r a u l i c  computation of f l o o d  

p l a i n  channe l s .  

3 The recommmended formulae  f o r  f low v e l o c i t i e s  i n  main channe l  and f l o o d  

p l a i n  channe l ,  w i t h  a l lowance  f o r  d i m e n s i o n l e s s  c o e f f i c i e n t s  Km and K f ,  

can be used f o r  h y d r a u l i c  computat ion of c a n a l s  w i t h  a  composite c r o s s  

s e c t i o n a l  p r o f i l e  and embanked channe l s .  

KLAASSEN, Van Der ZWAARD 1973 

Roughness c o e f f i c i e n t s  of v e g e t a t e d  f l o o d  p l a i n s  

1 Simple ,  e x p e r i m e n t a l ,  rough. 

2 Study on h y d r a u l i c  r e s i s t a n c e  of hedges and f r u i t  t r e e s  such a s  t h o s e  

i n  f l o o d  p l a i n  of t h e  Maas. 

3 The p r e s e n c e  of v e g e t a t i o n  such  a s  hedges and f r u i t  t r e e s  can a f f e c t  

t h e  roughness of t h e  f l o o d  p l a i n .  Roughness i n f l u e n c e d  by s p a c i n g  of 

hedges ,  number of t r e e s ,  w a t e r  l e v e l  o v e r  f l o o d  p l a i n .  Removal of 

v e g e t a t i o n  r e s u l t s  i n  lower  w a t e r  l e v e l s  and s m a l l e r  mean c u r r e n t  

v e l o c i t i e s  i n  t h e  minor  bed. 

4 P o i n t  gauges ,  Ot t - type c u r r e n t  m e t e r ,  p i t o t  t u b e .  



KLEIN 1981 

Review: Turbu len t  deve lop ing  p ipe  f l o w  

1 Theory,  exper imenta l ,  smooth, rough, p i p e  

2  To review e x p e r i m e n t a l  r e s u l t s  on t u r b u l e n t  deve lop ing  p i p e  f low 

3 Development of both  t h e  v e l o c i t y  p r o f i l e  and t u r b u l e n c e  i n  t u r b u l e n t  

p i p e  f low depends l a r g e l y  upon upst ream f low h i s t o r y .  Undis turbed 

e n t r y  f low g e n e r a t e s  a  maximum i n  p r o f i l e  peak iness  a t  a b o u t  40 p ipe  

d i a m e t e r s .  C e r t a i n  i n i t i a l  d i s t u r b a n c e s  produce smooth p r o f i l e  

development w i t h o u t  such maxima. F u l l  f low development may r e q u i r e  a  

d i s t a n c e  of  140 p i p e  d i a m e t e r s .  The beginning and t e r m i n a t i o n  of 

l a m i n a r  t u r b u l e n t  t r a n s i t i o n  is determined most r easonab ly  from a  p l o t  

of t h e  blockage f a c t o r  a g a i n s t  Reynolds number d e f i n e d  w i t h  f low 

d i s t a n c e .  

KNIGHT, HacDONALD 1979 

H y d r a u l i c  r e s i s t a n c e  of a r t i f i c i a l  s t r i p  roughness  

1 Simple,  smooth, rough, e x p e r i m e n t a l  

2  Study of f low p a t t e r n s  o v e r  roughness e l e m e n t s ,  bed r e s i s t a n c e  f a c t o r  

v a r i a t i o n  and dependence of Nikuradse  k on d i m e n s i o n l e s s  pa ramete r s  

3 R e s i s t a n c e  c o e f f i c i e n t s  determined f o r  2D f low o v e r  s t r i p  roughness f o r  

range of r e l a t i v e  s p a c i n g  and r e l a t i v e  d e p t h s ,  c l a s s i f i c a t i o n  of f low 

p a t t e r n s  f o r  2D f low;  o b s e r v a t i o n  of s t a b l e  c i r c u l a t o r y  mot ion i n  

g rooves  a t  b /k  of 2.5, a g r e e i n g  w i t h  t h e o r y .  V a r i a t i o n  of r e s i s t a n c e  

pa ramete r  cqns ide red  more r e l e v a n t  t h a n  Nikuradse  k  f o r  nonuniform 

roughness 

4 P r e s t o n  tube ,  min c u r r e n t  m e t e r ,  v e n t u r i ,  d a l l  t u b e ,  manometer, 

p r e s s u r e  t app ings  



KNIGHT, MacDONALD 1979 

Open c h a n n e l  f l o w  w i t h  v a r y i n g  bed roughness  

1 S imple ,  smooth,  rough,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  b a s i c  d i s t r i b u t i o n s  of v e l o c i t y  and boundary s h e a r  

s t r e s s  i n  c h a n n e l s  of s imp le  c r o s s  s e c t i o n  and roughness  d i s t r i b u t i o n  

3 Mean wa l l lmean  bed s h e a r  s t r e s s  dependen t  on boundary roughness  

d i s t r i b u t i o n  and a s p e c t  r a t i o ;  X s h e a r  f o r c e  c a r r i e d  by bed and walls 

v a r i e d  w i t h  d e p t h l b r e a d t h  r a t i o  and roughness .  Channel  can  be 

c o n s i d e r e d  wide ,  i e  two d i m e n s i o n a l  f l o w  e x i s t s  when w i d t h l d e p t h  r a t i o  

i s  g r e a t e r  t h a n  10.  T r a n s f e r  of l i n e a r  momentum i d e n t i f i e d  by 

r e f e r e n c e  t o  mean w a l l  s h e a r  s t r e s s  

4 P r e s t o n  t u b e ,  min c u r r e n t  m e t e r ,  v e n t u r i ,  d a l l  t u b e ,  manometer 

KNIGHT,  MacDONALD 1981 

Open channe l  f l ow w i t h  v a r y i n g  bed roughness  

C l o s u r e  of p a p e r  p r e s e n t e d  i n  1979 

KNIGHT 1981 

Boundary s h e a r  i n  smooth and rough c h a n n e l s  

1 S i m p l e ,  smooth,  rough,  e x p e r i m e n t a l  

2 Method f o r  c a l c u l a t i n g  mean wall  s h e a r  and  bed s h e a r  f o r  range  of  

b r e a d t h l d e p t h  r a t i o s  and range  of d i f f e r e n t i a l  roughness  

3 A b i l i t y  t o  d e t e r m i n e  %S£ c a r r i e d  by w a l l ;  r e d u c t i o n  of %af  on w a l l  

w i t h  i n c r e a s i n g  a s p e c t  r a t i o  and b e d l w a l l  roughness  r a t i o  

4 P r e s t o n  t u b e  



KNIGHT, PATEL, DEMETRIOU, MtfED 1982 

Boundary s h e a r  stress d i s t r i b u t i o n s  i n  open channel  and c l o s e d  condu i t  

f lows  

1 Simple,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To a n a l y s e  secondary f low and c o n t r a  r o t a t i n g  w a l l  c e l l s  

3 M u l t i  c e l l u l a r  secondary  f lows i n f l u e n c e  boundary s h e a r  d i s t r i b u t i o n s ;  

p r o p o r t i o n  of t o t a l  s h e a r  f o r c e  a c t i n g  on boundary w a l l s  v a r i e s  w i t h  

a s p e c t  r a t i o  

KNIGHT, DWETRIOU 1983 

F l o o d p l a i n  and main channelf low i n t e r a c t i o n  

1 Compound, smooth, e x p e r i m e n t a l  

2 To unders tand  t h e  g e n e r a l  n a t u r e  of t h e  i n t e r a c t i o n  between deep and  

s h a l l o w  regions  of f low 

3 Apparent s h e a r  f o r c e  a c t i n g  on v e r t i c a l  i n t e r f a c e  between channel  and 

f l o o d p l a i n  s t r o n g l y  d e p t h  dependent .  Apparent  s h e a r  f o r c e  always 

p o s i t i v e  i n d i c a t i n g  f l o o d p l a i n s  r e t a r d  channe l  f low. Apparent s h e a r  

f o r c e  on h o r i z o n t a l  i n t e r f a c e  v a r i e s  w i t h  f l o o d p l a i n / c h a n n e l  wid th  

r a t i o  and r e l a t i v e  d e p t h  

4 P r e s t o n  t u b e ,  min c u r r e n t  meter ,  v e n t u r i ,  p o i n t  gauges ,  manometer 

KNIGHT, DEMETRIOU 1986 

Flood p l a i n  and main channe l  f low i n t e r a c t i o n  

C l o s u r e  



KNIGHT, DEMETRIOU, HANED 1983 

H y d r a u l i c  a n a l y s i s  of channe l s  w i t h  f l o o d p l a i n s  

1 Compound, smooth, rough, exper imenta l ,  t h e o r e t i c a l  

2 I n v e s t i g a t i o n  of v e l o c i t y  and boundary s h e a r  s t r e s s  d i s t r i b u t i o n s  i n  

compound channe l s  

3 M a i n l f l o o d p l a i n  channel  f l o w  d i v i s i o n  i n f l u e n c e d  by momentum t r a n s f e r  

from channel  t o  f l o o d p l a i n .  F l o o d p l a i n  s h e a r  f o r c e  v a r i e s  w i t h  

c h a n n e l / f l o o d p l a i n  d e p t h  and roughness r a t i o s .  Apparent  s h e a r  f o r c e  a t  

v e r t i c a l  i n t e r f a c e  a s  a  Z of t o t a l  s h e a r  f o r c e  f o r  asymmetr ica l  

compound channe l  r e l a t e d  t o  t o t a l  s h e a r  f o r c e  a c t i n g  on f l o o d p l a i n .  

Apparent  s h e a r  f o r c e  a t  v e r t i c a l  i n t e r f a c e  v a r i e s  w i t h  d e p t h  and 

f  l o o d p l a i n  roughness.  I n t e r f a c e  a p p a r e n t  s h e a r  g r e a t e r  f o r  

a symmet r i ca l  compound channe l  c / £  symmetr ica l  compound channel  

4 P r e s t o n  tube ,  min c u r r e n t  m e t e r  

KNIGHT. DWETRIOU, BAnED 1984 

S t a g e  d i s c h a r g e  r e l a t i o n s h i p s  f o r  compound c h a n n e l s  

1 Compound, smooth, rough, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 I n v e s t i g a t i o n  i n t o  methods of de te rmin ing  s t a g e  d i s c h a r g e  r e l a t i o n s h i p  

f o r  symmetr ica l  compound c h a n n e l s  

3 Dimensionless  s t a g e  d i s c h a r g e  r e l a t i o n s h i p  developed.  Based on 

i n c l i n e d  i n t e r f a c e s  between channel  and f l o o d p l a i n ( z e r o  s h e a r  l i n e ? )  a s  

v e r t i c a l  i n t e r f a c e  does  not  accoun t  f o r  momentum t r a n s f e r  

4 P r e s t o n  t u b e ,  min c u r r e n t  meter, a d j  w e i r  



KNIGHT, DEMETRIOU. W n E D  1984 

Boundary s h e a r  i n  smooth r e c t a n g u l a r  channe l s  

1 Simple ,  smooth, exper imenta l  

2 To i n v e s t i g a t e  boundary s h e a r  s t r e s s  and boundary s h e a r  f o r c e  

d i s t r i b u t i o n  i n  smooth r e c t a n g u l a r  channe l s  

3 X t o t a l  s h e a r  f o r c e  a c t i n g  on w a l l s  reduces  w i t h  i n c r e a s i n g  a s p e c t  

r a t i o .  Con t ra  r o t a t i n g  secondary flow c e l l s  cause  d i f f e r e n c e s  i n  

boundary s h e a r  between channel  f low and d u c t  f low. Secondary f lows  

accoun t  f o r  d i f f e r e n c e  i n  maximum and c e n t r e l i n e  bed s h e a r  s t r e s s e s  i n  

low a s p e c t  r a t i o  c h a n n e l s ,  a l s o  comparing smooth p i p e s  w i t h  smooth 

r e c t a n g u l a r  channe l s  a t  s i m i l a i r  Reynolds no shows channel  r e s i s t a n c e  

t o  be h i g h e r  due t o  secondary c u r r e n t s  

4 P r e s t o n  t u b e ,  min c u r r e n t  m e t e r  

KNIGHT. BAnED 1984 

Boundary s h e a r  i n  symmetr ica l  compound c h a n n e l s  

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  of roughness on boundary s h e a r  stress and  

boundary s h e a r  f o r c e  d i s t r i b u t i o n  

3 Boundary s h e a r  f o r c e s  a r e  s t r o n g l y  dependent on d e p t h  and roughness 

r a t i o s .  X t o t a l  s h e a r  f o r c e  c a r r i e d  by f l o o d p l a i n s  v a r i e s  

s y s t e m a t i c a l l y  w i t h  f l o o d p l a i n / c h a n n e l  wid th  and d e p t h  r a t i o s .  

V e r t i c a l  and l a t e r a l  v e l o c i t y  d i s t r i b u t i o n  i s  s t r o n g l y  d e p t h  

dependent ;  d i v i s i o n  of f low between channel  and f l o o d p l a i n  i s  c l e a r l y  

i n f l u e n c e d  by l a t e r a l  t r a n s f e r  of moroentum. S t a g e  d i s c h a r g e  

r e l a t i o n s h i p  v a r i e s  s y s t e m a t i c a l l y  w i t h  f l o o d p l a i n / c h a n n e l  and 

roughness r a t i o s  

4 P r e s t o n  t u b e ,  min c u r r e n t  meter  



M I G H T ,  PATEL 1 9 8 5  

Boundary s h e a r  i n  smooth r e c t a n g u l a r  d u c t s  

1 Simple,  smooth, e x p e r i m e n t a l ,  duc t  

2 To i n v e s t i g a t e  t h e  boundary s h e a r  s t r e s s e s  i n  r e c t a n g u l a r  smooth d u c t s  

3 The number and d i s t r i b u t i o n  of c o n t r a  r o t a t i n g  secondary f low c e l l s  i s  

c o r r e l a t e d  w i t h  a s p e c t  r a t i o .  D i f f e r e n c e  i n  s h e a r  s t r e s s  between d u c t s  

and open channe l s  i s  put down t o  t h e  p resence  of a  f r e e  s u r f a c e  i n  open 

channe l  f low 

4 P i t o t  t u b e ,  P r e s t o n  t u b e ,  o r i f i c e ,  p r e s s u r e  t a p p i n g s ,  manometer 

KNIGHT, LA1 1985 

T u r b u l e n t  f low i n  compound channe l s  and d u c t s  

1 Compound, smooth, d u c t  

2 I n v e s t i g a t i o n  of f low s t r u c t u r e s ,  v e l o c i t i e s  and boundary s h e a r  

d i s t r i b u t i o n s  i n  d u c t s  of compound c r o s s  s e c t i o n  

3 A s  d e p t h  d e c r e a s e s  t h e  z e r o  s h e a r  i n t e r f a c e  between f l o o d p l a i n  and 

channe l  reduces  from a n  a n g l e  of 50 d e g r e e s  t o  3 d e g r e e s .  Bed s h e a r  

s t r e s s e s  a r e  f l o o d p l a i n  s h e a r  a t  h i g h  d e p t h  and > f l o o d p l a i n  s h e a r  a t  

low d e p t h s  

4 P i t o t  t u b e ,  P r e s t o n  tube  

KNIGHT, PATEL 1985 

Boundary s h e a r  s t r e s s  d i s t r i b u t i o n s  i n  r e c t a n g u l a r  duc t  f low 

1 Simple ,  smooth, d u c t  



2 To i n v e s t i g a t e  boundary s h e a r  s t r e s s  d i s t r i b u t i o n  f o r  va ry ing  a s p e c t  

r a t i o s  

3 P e r t u r b a t i o n s  i n  boundary s h e a r  due t o  m u l t i  c e l l u l a r  secondary f l o w  

p a t t e r n s  P e r t u r b a t i o n s  c o n t r o l l e d  by a s p e c t  r a t i o  

4 P r e s t o n  tube ,  o r i f i c e ,  p r e s s u r e  t a p p i n g s  

KOLOSEUS, DAVIDIAN 1966 

F r e e  s u r f a c e  i n s t a b i l i t y  c o r r e l a t i o n s  

1 Exper imenta l ,  s i m p l e ,  rough, smooth 

2 To s t u d y  t h e  c o r r e l a t i o n  t h a t  e x i s t s  between t h e  o b s e r v a b l e  p h y s i c a l  

c h a r a c t e r i s t i c s  of f low which is c l a s s i f i e d  a s  s t a b l e  o r  u n s t a b l e  

3 C o r r e l a t i o n  between u n s t a b l e  f low and r o l l  waves i s  f a i r .  R o l l  waves 

d e c r e a s e  t h e  maximum c a r r y i n g  c a p a c i t y  of a  channe l .  Minimum d i s t a n c e  

requ i red  f o r  t h e  development of r o l l  waves is  a  f u n c t i o n  of channe l  

roughness ,  channel  shape ,  d e p t h  of f low,  degree  of i n s t a b i l i t y .  F o r  a  

g i v e n  s l o p e  r o l l  wave development d i s t a n c e  i n c r e a s e s  w i t h  d i s c h a r g e .  

For  a  p a r t i c u l a r  d i s c h a r g e  t h e  r o l l  wave development d i s t a n c e  d e c r e a s e s  

a s  t h e  s l o p e  i n c r e a s e s .  Development d i s t a n c e  d e c r e a s e s  a s  channel  

roughness i n c r e a s e s .  

4 E l e c t r o n i c  p o i n t  gauge,  p i e z o m e t r i c  t a p p i n g  

KOLOSEUS. DAVIDIAN 1966 

Roughness c o n c e n t r a t i o n  e f f e c t s  on f low o v e r  hydrodynamical ly  rough 

s u r f a c e s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  smooth, rough 

2 To d i s c u s s  t h e  mechanics of s t a b l e  uniform f low s o  a s  t o  o b t a i n  a  

b e t t e r  u n d e r s t a n d i n g  of f low o v e r  rough boundar ies  



3 R a t i o  of t h e  sum of upstream p r o j e c t e d  a r e a s  t o  t h e  channel  a r e a  is a  

s a t i s f a c t o r y  measure of roughness c o n c e n t r a t i o n .  R e l a t i o n s h i p  between 

r e s i s t a n c e  c o e f f i c i e n t  and roughness c o n c e n t r a t i o n ,  independent of 

roughness shape ,  e x i s t s  o v e r  some range of c o n c e n t r a t i o n .  Upper l i m i t  

v a r i e s  w i t h  roughness shape;  upper  l i m i t  d e c r e a s e s  a s  l e n g t h  of body 

i n c r e a s e s  i n  d i r e c t i o n  of f low. L imi t ing  c o n c e n t r a t i o n  e x i s t s  above 

which r e l a t i o n  between r e s i s t a n c e  c o e f f i c i e n t  and c o n c e n t r a t i o n  becomes 

more complex. E f f e c t i v e  roughness i n c r e a s e s  w i t h  l i k e  changes i n  d r a g  

c o e f f i c i e n t .  No one c o n c e n t r a t i o n  e x i s t s  a t  which boundary r e s i s t a n c e  

i s  g r e a t e s t  and no one c o n c e n t r a t i o n  a p p l i c a b l e  t o  a l l  forms of 

roughness a t  which i n t e r f e r e n c e  e f f e c t s  a r e  f i r s t  n o t i c e a b l e  

KOMATSU, KOTSUBO, UMENAGA 1986 

C h a r a c t e r i s t i c s  of l a r g e  v o r t i c a l  s t r u c t u r e  i n  a  mixing s h e a r  f low and i t s  

h y d r a u l i c  r o l e s  

1 Exper imenta l ,  s i m p l e ,  smooth 

2 To i n v e s t i g a t e  t h e  h y d r a u l i c  r o l e  of a  l a r g e  v o r t i c a l  s t r u c t u r e  i n  

mixing s h e a r  f low 

3 Unique r e l a t i o n s h i p  between t h e  p e r i o d  of v o r t i c a l  s t r u c t u r e  and t h e  

r e c i p r o c a l  of maximum mean s h e a r .  V o r t i c a l  s t r u c t u r e  l i f e t i m e  i s  

s h o r t i n  a  mixing s h e a r  f low w i t h  l a r g e  Reynolds numbers. Large  

q u a n t i t i e s  of lower  l a y e r  f l u i d  i s  e n t r a i n e d  i n t o  t h e  mixing s h e a r  f low 

when t h e  v o r t i c a l  s t r u c t u r e  i s  g e n e r a t e d .  Phase v e l o c i t y  of t h e  

f requency  band which i n c l u d e s  t h e  v o r t i c a l  s t r u c t u r e  i s  d i s t r i b u t e d  s o  

a s  t o  make t h e  averaged v e l o c i t y  g r a d i e n t  uniform. The assumpt ion of 

Taylor ' s  f r o z e n  t u r b u l e n c e  i s  n o t  s t r i c t l y  s a t i s f i e d  i n  a  mixing s h e a r  

f low.  The c o n t r i b u t i o n s  of t h e  v o r t i c a l  s t r u c t u r e s  t o  t h e  t ime s p e c t r a  

of t h e  t u r b u l e n t  e n e r g i e s  a r e  s m a l l  i n  t h e  c e n t r a l  r eg ion  of t h e  mixing 

s h e a r  f low bu t  l a r g e r  i n  t h e  f a r  r eg ions  from t h e  c e n t r e .  The 

c o n t r i b u t i o n s  of t h e  h i g h  f r e q u e n c i e s  a r e  r eversed .  The CO s p e c t r a  

i n d i c a t e  t h a t  t h e  v o r t i c a l  s t r u c t u r e  c o n t r i b u t e s  t o  t h e  Reynolds s t r e s s  



and d e n s i t y  f l u x e s .  The v o r t i c a l  s t r u c t u r e  t r a n s p o r t s  momentum and 

mass v e r t i c a l l y  i n  t h e  r a i s i n g  and descending f low p a r t  of t h e  

r o t a t i o n a l  motion. 

4 Hot f i l m  anemometer 

KOMORA 1973 

H y d r a u l i c  r e s i s t a n c e  t o  f low i n  c h a n n e l s  

1 Exper imenta l ,  s i m p l e ,  rough 

2 To de te rmine  t h e  bed s h e a r  s t r e s s  i n  r e c t a n g u l a r  and t r a p e z o i d a l  

c h a n n e l s  f o r  uniform bed and w a l l  roughness and f o r  beds and w a l l s  of 

d i f f e r e n t  roughness 

3 For  uniform bed and w a l l  roughness bed s h e a r  dependent on a s p e c t  r a t i o  

D i s t r i b u t i o n  of v e l o c i t i e s  and s h e a r  s t r e s s  i n  open channe l s  

l Exper imenta l ,  t h e o r y ,  s i m p l e ,  smooth, rough 

2 To i n v e s t i g a t e  v e l o c i t y  d i s t r i b u t i o n  i n  c r o s s  s e c t i o n s  and s h e a r  s t r e s s  

d i s t r i b u t i o n  over  t h e  w e t t e d  p e r i m e t e r .  

3 Computational  method developed f o r  v e r t i c a l  v e l o c i t y  d i s t r i b u t i o n  i f  

t h e  channel  base  wid th  i s  g r e a t e r  than  twice  t h e  f low d e p t h .  Channels 

w i t h  un i fo rm roughness on bed and w a l l s  show a dependence of s h e a r  

s t r e s s  upon r e l a t i v e  channel  width .  I f  t h e  channel  width  i s  t e n  t imes  

t h e  d e p t h  then  t h e  s h e a r  s t r e s s  i s  r e p r e s e n t a t i v e  of a n  i n f i n i t e l y  wide 

channel .  Method devised f o r  computing average  s h e a r  s t r e s s  i n  channe l s  

where bed i s  rougher  than s i d e  w a l l s .  For  t r a p e z o i d a l  channe l s  w i t h  

uniform roughness t h e  average  s h e a r  s t r e s s  i s  dependent  upon r e l a t i v e  

channel  width .  Channel shape does n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  



average  s h e a r  s t r e s s  v a l u e  of t h e  s i d e  w a l l s .  F o r  smooth channe l s  t h e  

s h e a r  s t r e s s  on t h e  bed i s  lower  than t h a t  f o r  rough channe l s .  

The i n f l u e n c e  of i n t e r a c t i o n  between f l o o d p l a i n  and main channel  on t h e  

r e s i s t a n c e  c o e f f i c i e n t  of open channe l s  w i t h  compound c r o s s  s e c t i o n s  

1 Exper imenta l ,  compound, smooth, rough 

2 Development of a n  approximat ion method f o r  h y d r a u l i c  computat ion of 

open channe l s  w i t h  compound c r o s s  s e c t i o n s  

3 Good agreement between approx imat ion  and measured d a t a .  I d e n t i f i e s  

d i s c r e p a n c y  between approx imat ion  and c o n v e n t i o n a l  method 

4 Min c u r r e n t  m e t e r ,  l a s e r  d o p p l e r  anemometer, ho t  f i l m  anemometer, p i t o t  

tube  

Minimum s p e c i f i c  energy i n  compound open channel  

D i s c u s s i o n  of paper  by B l a l o c k ,  S t u m  1981 

KOSORIN 1983 

Turbu len t  s h e a r  s t r e s s  and v e l o c i t y  d i s t r i b u t i o n  i n  v e g e t a t e d  zone of open 

channe l  

1 Simple ,  rough,  t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  d rag  p r o p e r t i e s  of veed 



3 I n  t h e  weed zone t h e  s h e a r  d i s t r i b u t i o n  i s  not l i n e a r  and v e l o c i t y  

p r o f i l e  is no t  l o g a r i t h m i c .  S h e a r  s t r e s s ,  v e l o c i t y  and Chezy a r e  

dependent  upon d e n s i t y  of v e g e t a t i o n ,  c h a r a c t e r i s t i c  d i a m e t e r  of 

v e g e t a t i o n  roughness and v e g e t a t i o n  h e i g h t .  Mean c r o s s  s e c t i o n  

v e l o c i t y  is not  d e p t h  dependent i f  weed h e i g h t  i s  t h e  same a s  f low 

dep th .  

4 Min c u r r e n t  me te r ,  d rag  ba lance  

KRADOLFER. 1983 

Computation of d i s c h a r g e  i n  channe l s  of s imple  and compound c r o s s  s e c t i o n  

1 Exper imenta l ,  s imple ,  compound, rough 

2 P r e s e n t a t i o n  of un i fo rm s t e a d y  f low f o m u l a e .  E v a l u a t i o n  of uniform 

s t e a d y  flow formulae f o r  compound c h a n n e l s  

3 R e s u l t s  from d i f f e r e n t  c a l c u l a t i o n  methods compared wi th  l a b o r a t o r y  

t e s t .  C a l c u l a t i o n  method a p p l i e d  t o  n a t u r a l  r i v e r  

V e l o c i t y  d i s t r i b u t i o n  and energy d i s s i p a t i o n  i n  t u r b u l e n t  p i p e  and channel 

f low 

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  smooth, rough, smooth 

2 To i n v e s t i g a t e  v e l o c i t y  d i s t r i b u t i o n  and energy d i s s i p a t i o n  i n  c h a n n e l s  

of perspex and channe l s  roughened wi th  t a r  p a p e r  and pyramidal  

roughening 

e lements  

3 Comparison of r e s u l t s  wi th  p r e v i o u s  r e s e a r c h  



KRISHNAPPEN. LAU 1986 

Turbu lence  modeling of f l o o d  p l a i n  f l o w s .  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  compound, smooth, rough. 

2 Numerical model t o  c a l c u l a t e  f low and s h e a r  stress d i s t r i b u t i o n s  i n  

channe l  w i t h  compound c r o s s  s e c t i o n s .  

3 F o r  s p e c i f i e d  boundary roughness ,  channe l  s l o p e  and f low d e p t h  model 

p r e d i c t s  t o t a l  f low r a t e ,  s h e a r  s t r e s s  d i s t r i b u t i o n  around wet ted  

p e r i m e t e r  and v e l o c i t y  d i s t r i b u t i o n ,  from which t h e  d i v i s i o n  of f low 

and s h e a r  f o r c e  between t h e  main channel  can  be computed 

KROGSTAD, FANNELOP 1983 

E f f e c t  of roughness  on t h r e e  d imens iona l  t u r b u l e n t  boundary l a y e r s .  

1 Exper imenta l ,  rough, smooth, t h e o r y .  

2 A comparison of boundary l a y e r  d a t a  u s i n g  s c a l i n g  c r i t e r i a  developed 

from two d imens iona l  f low. To de te rmine  whe the r  i n c r e a s e  i n  t r a n s v e r s e  

f r i c t i o n  o r  i n c r e a s e  i n  s t reamwise  f r i c t i o n ( 2  opposing e f f e c t s )  i s  

dominant.  

3 The r e s u l t s  of 2 and 3 d imens iona l  f lows a g r e e  w e l l  i n  r e g i o n s  where 

p r e s s u r e  g r a d i e n t s  a r e  dominant c a u s e  of 3 d i m e n s i o n a l i t y .  I n  r e g i o n s  

where s h e a r  s t r e s s e s  a r e  more i m p o r t a n t ,  s i g n i f i c a n t  d e v i a t i o n s  i n  

pro£ i l e  c h a r a c t e r i s t i c s  appear .  

4 Impact probe,  P r e s t o n  t u b e ,  h o t  w i r e  anenometer 



K U I P E R S .  VREUGDENHIL 1973 

C a l c u l a t i o n s  of two d i m e n s i o n a l  h o r i z o n t a l  f l o w  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l  

2  To i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  and  l i m i t a t i o n s  of a p p l y i n g  a  

c o m p u t a t i o n a l  method f o r  non s t e a d y  f l o w  i n  two h o r i z o n t a l  d i m e n s i o n s .  

3 Two d i m e n s i o n a l  f l ow p a t t e r n s  i n c l u d i n g  e d d i e s  and  f l o w  s e p a r a t i o n  

r ep roduced  w e l l .  C o n v e c t i v e  a c c e l e r a t i o n  terms i n p o r t a n t  i n  r e s p e c t  of  

eddy g e n e r a t i o n .  E f f e c t i v e  s t r e s s e s  i n  v e r t i c a l  p l a n e s  n o t  c l a r i f i e d ,  

n o t  c o n s i d e r e d  i m p o r t a n t .  

KYOTO U N I V E R S I T Y ,  D I S A S T E R  PREVENTION RESEARCH I N S T I T U T E  

ABSTRACTS 

I W O T O ,  KUGE 

1974 Annual r e p o r t  no 1 7  

On t h e  b a s i c  c h a r a c t e r i s t i c s  of a n  open c h a n n e l  f l o w  i n  complex c r o s s  

s e c t i o n  

IHAnOTO,  I S H I G A K I ,  LNADA 

1982 Annual r e p o r t  no 25 

On t h e  h y d r a u l i c s  of a n  open c h a n n e l  f l o w  i n  complex c r o s s  s e c t i o n  

I W O T O ,  I S H I G A K I ,  F U J I S A W A  

1982 Annual r e p o r t  no 25 

On t h e  c h a r a c t e r i s t i c s  of open c h a n n e l  f l o w  i n  bend w i t h  f l o o d p l a i n s  



IMAHOTO, ISHIGAKI 

1983 Annual r e p o r t  no 26 

Exper imenta l  s t u d y  on t h e  boundary s h e a r  s t r e s s  d i s t r i b u t i o n  and 

l o n g i t u d i n a l  e d d i e s  i n  open channel  f low 

IMAHOTO, ISHIGAKI, KINOSHITA 

1984 Annual r e p o r t  no 27 

On t h e  h y d r a u l i c s  of a n  open channel  f low i n  complex c r o s s  s e c t i o n  

IMAMOTO, ISHIGAKI 

Boundary s h e a r  s t r e s s  measurement u s i n g  hydrogen bubble method i n  a n  open 

channe l  f low 

LAMONT 1954 

A review of p i p e  f r i c t i o n  d a t a  and formulae ,  w i t h  a proposed s e t  of 

e x p o n e n t i a l  formulae  based on t h e  t h e o r y  of roughness 

1 Exper imenta l ,  t h e o r y ,  p i p e ,  rough 

2 To summarize e x p e r i m e n t a l  r e c o r d s ,  compare them w i t h  t h e  theory  of 

roughness  and e x p o n e n t i a l  formulae  of Hazen/Will iams,  B l a i r ,  Manning, 

Barnes and Scimemi. New e x p o n e n t i a l  formulae  proposed.  

3 Theory of roughness p r o v i d e s  most r a t i o n a l  b a s i s  f o r  t h e  s o l u t i o n  of 

p i p e  f r i c t i o n  problems. Proposed e x p o n e n t i a l  formulae  p r o v i d e s  method 

f o r  s o l u t i o n  of p i p e  f r i c t i o n  problems o v e r  a v e r y  wide range of 

roughness and v e l o c i t y  



LANGBEIN. LEOPOLD 1966 

River  meanders Theory of minimum v a r i a n c e  

1 P r o t o t y p e ,  s i m p l e ,  rough, meander 

2 To examine t h e  p l a n i m e t r i c  shape of meanders and t h e  v a r i a t i o n s  i n  such  

h y d r a u l i c  p r o p e r t i e s  a s  d e p t h ,  v e l o c i t y ,  and s l o p e  i n  meanders a s  

c o n t r a s t e d  wi th  s t r a i g h t  r eaches .  

3 The geometry of a  meander i s  t h a t  of a  random walk whose most f r e q u e n t  

form minimizes t h e  sum of t h e  s q u a r e s  of t h e  changes i n  d i r e c t i o n  i n  

each u n i t  l e n g t h .  Changes i n  d i r e c t i o n  c l o s e l y  approximate  a  s i n e  

f u n c t i o n  of channel  d i s t a n c e .  Depth, v e l o c i t y ,  and s l o p e  a r e  a d j u s t e d  

s o  a s  t o  d e c r e a s e  t h e  v a r i a n c e  of s h e a r  and t h e  f r i c t i o n  f a c t o r  i n  a  

meander o v e r  t h a t  i n  a n  o the rwise  comparable s t r a i g h t  reach of t h e  same 

r i v e r .  

LANSFORD, MITCHELL 1948 

An i n v e s t i g t i o n  of t h e  backwater p r o f i l e  f o r  s t e a d y  flow i n  p r i s m a t i c  

channe l s  

1 Exper imenta l ,  s i m p l e ,  smooth 

2 To o b t a i n  and make a v a i l a b l e  s u r f a c e  p r o f i l e s  of t h e  l41 type  f o r  s t e a d y  

f low i n  p r i s m a t i c  channe l s ,  a l s o  t o  p rov ide  d a t a  f o r  s t u d i e s  on t h e  

i n t e r - r e l a t i o n s h i p  of s t a g e ,  s l o p e  and d i s c h a r g e  

3 Reasons f o r  d i f f e r e n c e s  i n  measured and computed read ings  s u g g e s t e d .  

Observa t ions  i n  r e s p e c t  of t h e  p o i n t  of maximum c u r v a t u r e  of t h e  

backwater p r o f i l e  pu t  forward.  

4 P o i n t  gauges ,  c u r r e n t  m e t e r s ,  p i t o t  t u b e  



LARSSON 1986 

C o r i o l i s  g e n e r a t e d  secondary c u r r e n t s  i n  channe l s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s imple  

2 To d i s c u s s  t h e  way i n  which flow i n  channe l s  is  a f f e c t e d  by t h e  

C o r i o l i s  a c c e l e r a t i o n s  due t o  t h e  r o t a t i n g  e a r t h .  

3 Theory e n a b l e s  a n  e s t i m a t e  t o  be made of t h e  magnitude of t h e  C o r i o l i s  

induced secondary v e l o c i t i e s  f o r  a  p a r t i c u l a r  channel  a t  a  c e r t a i n  

downstream l o c a t i o n .  The r e s u l t s  r e l a t e  only  t o  t h e  h o r i z o n t a l  

component a t  t h e  c r o s s  p l a n e  c e n t r e  p o i n t .  Considered t h i s  v e l o c i t y  i s  

r e p r e s e n t a t i v e  of t h e  h o r i z o n t a l  v e l o c i t i e s  i n  t h e  whole c r o s s  s e c t i o n .  

F o r  s m a l l  a s p e c t  r a t i o  channe l s  t h e  secondary h o r i z o n t a l  and v e r t i c a l  

v e l o c i t i e s  a r e  of s i m i l a r  magnitude,  t h e  v e r t i c a l  component reducing 

w i t h  i n c r e a s i n g  a s p e c t  r a t i o .  A channel  h a s  t o  be deep and slow 

f lowing f o r  t h e  C o r i o l i s  e f f e c t  t o  be impor tan t .  

LAU, KRISHNAPPAN 1977 

T r a n s v e r s e  d i s p e r s i o n  i n  r e c t a n g u l a r  c h a n n e l s  

1 Simple ,  rough, e x p e r i m e n t a l ,  t h e o r e t i c a l  

2 To i n v e s t i g a t e  t h e  v a r i a t i o n  of t h e  t r a n s v e r s e  d i s p e r s i o n  c o e f f i c i e n t  

and i t s  dependence on f r i c t i o n  f a c t o r  and a s p e c t  r a t i o  

3 A t  c o n s t a n t  v e l o c i t y  t h e  t r a n s v e r s e  d i s p e r s i o n  c o e f f i c i e n t  i n c r e a s e d  

w i t h  i n c r e a s i n g  d e p t h .  I f  d e p t h  c o n s t a n t  then  t u r b u l e n c e  s t r u c t u r e  

was unchanged. I n c r e a s i n g  channe l  w i d t h  reduced t h e  d i f f u s i o n  r a t e .  

Dominant mechanism i n  t r a n s v e r s e  s p r e a d i n g  i s  secondary c i r c u l a t i o n  

produced by v a r i a t i o n s  i n  t r a n s v e r s e  s h e a r  which i t s e l f  is governed by 

a s p e c t  r a t i o  

4 T r a c e r ,  c o n d u c t i v i t y  p robe  



LAUFER 1951 

I n v e s t i g a t i o n  of t u r b u l e n t  f low i n  a  two d imens iona l  channe l  

1 Exper imenta l ,  smooth, d u c t  

2 To i n v e s t i g a t e  t h e  f i e l d  of f l u c t u a t i n g  v e l o c i t y  components w i t h  

r e s p e c t  t o  t u r b u l e n t  s h e a r  s t r e s s  

3 The y  and z l a r g e  s c a l e  t u r b u l e n c e  components a r e  independent of 

Keynolds no i n  t h e  channel  c e n t r e .  Small  s c a l e  t u r b u l e n c e  c o n s i s t e n t l y  

has  a  maximum a t  y/d = 0.7.  Ve loc i ty  f l u c t u a t i o n / m e a n  v e l o c i t y  n e a r  

t h e  w a l l  i s  c o n s t a n t  i n  a  s t reamwise  d i r e c t i o n .  V e l o c i t y  f l u c t u a t i o n  

i n  y  and z d i r e c t i o n  a r e  s i m i l a r  i n  c e n t r a l  r eg ion  of channel .  Small  

s c a l e  t u r b u l e n c e  components i n c r e a s e  p r o p o r t i o n a l l y  w i t h  s t reamwise  

mean v e l o c i t y  f l u c t u a t i o n .  

4 Hot f i l m  anemometer, s t a t i c  t u b e  

LAUNDER 1975 

S t u d i e s  i n  convec t ion  

Conta ins  c h a p t e r s  on: 

Numerical p r e d i c t t o n  of t h r e e  d imens iona l  f lows 

A review of exper imenta l  d a t a  of uniform d e n s i t y  f r e e  t u r b u l e n t  boundary 

l a y e r s  

Developments i n  l a s e r  d o p p l e r  anrmometry a t  I m p e r i a l  Co l l ege  

Behaviour  of t r a n s p i r e d  t u r b u l e n t  boundary l a y e r s  

LAUNDER, Y I N G  1972 

Secondary f lows  i n  d u c t s  of square  c r o s s  s e c t i o n  

1 Simple,  smooth, rough, exper imenta l  



2 To measu re  s e c o n d a r y  f l o w s  i n  d u c t s  w i t h  e q u a l l y  roughened  s u r f a c e s  

3 S e c o n d a r y  v e l o c i t y  i n  a f u l l y  d e v e l o p e d  f l o w  t h r o u g h  a s q u a r e  s e c t i o n e d  

d u c t  i s  i n d e p e n d e n t  of w h e t h e r  a d u c t  is smooth  o r  rough  

4 Hot  wire anemomet ry ,  p r e s s u r e  t a p p i n g s  

LEE, PLAYS 1986 

H y d r a u l i c  u n c e r t a i n t y  i n  f l o o d  l e v e e  c a p a c i t y  

1 T h e o r y ,  p r o t o t y p e ,  s i m p l e ,  r ough  

2 To e x p l o r e  t h e  h y d r a u l i c  u n c e r t a i n t i e s  i n  t h e  c o m p u t a t i o n  of t h e  l e v e e  

c a p a c i t y  b a s e d  on t h e  u n i v e r s a l  f l o w  e q u a t i o n s ,  i n  p a r t i c u l a r  t h e  

u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  f r i c t i o n  s l o p e  a s  t h i s  a c c o u n t s  f o r  t h e  

m a j o r  u n c e r t a i n t y  i n  t h e  h y d r a u l i c  c o m p u t a t i o n  of n a t u r a l  f l o o d s .  

3 The h y d r a u l i c  u n c e r t a i n t y  o r i g i n a t e s  m a i n l y  f rom t h e  i n a b i l i t y  o f  a 

m a t h e m a t i c a l  model  o r  a n  e m p i r i c a l  e q u a t i o n  t o  d e s c r i b e  c o m p l e t e l y  t h e  

real p h y s i c a l  f l o o d  f l o w  p r o c e s s .  The u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  

f r i c t i o n  s l o p e  i n  t h e  f l o o d  f l o w  c o m p u t a t i o n  c a n  be e s t i m a t e d  d i r e c t l y  

f r o m  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  f l o o d  h y d r o g r a p h  and  t h e  c h a n n e l  

s e c t i o n  f o r  a g i v e n  l o c a t i o n .  

LEUTHEUSSER 1963 

T u r b u l e n t  f l o w  i n  r e c t a n g u l a r  d u c t s  

1 S i m p l e ,  smoo th ,  t h e o r e t i c a l ,  e x p e r i m e n t a l ,  d u c t  

2 I n v e s t i g a t i o n  of t u r b u l e n t  mean f l o w  i n  smooth r e c t a n g u l a r  d u c t s  o f  

v a r y i n g  a s p e c t  r a t i o  

3 Axial mean v e l o c i t y  and  w a l l  s h e a r  s tress show g r e a t e r  u n i f o r m i t y  w i t h  

i n c r e a s i n g  Reyno ld s  no  



4 P r e s t o n  t u b e ,  p i t o t  t u b e ,  micromanometer 

L I ,  SHEN 1973 

E f f e c t  of t a l l  v e g e t a t i o n s  on f low and sediment  

1 Theory, e x p e r i m e n t a l ,  s i m p l e ,  rough 

2 To i n v e s t i g a t e  t h e  e f f e c t  of t h e  drag due t o  v e g e t a t i o n  upon flow and 

i t s  e f f e c t  on sediment t r a n s p o r t  

3 D i f f e r e n t  p a t t e r n s  o r  g roup ings  have a  s i g n i f i c a n t  e f f e c t  on  

r e t a r d a t i o n  of t low r a t e s  and sediment  y i e l d s .  S taggered  p a t t e r n s  a r e  

most e f f e c t i v e  i n  reducing f low r a t e  and sediment  y i e l d ,  next  most 

e f f e c t i v e  a r e  rows p e r p e n d i c u l a r  t o  t h e  f low d i r e c t i o n .  Average 

boundary s h e a r  s t r e s s  i s  more s e n s i t i v e  t o  change of channe l  bottom 

s l o p e  and s i z e  of v e g e t a t i o n  t h a n  v a r i a t i o n  of d i s c h a r g e  and sediment  

s i z e .  

L I G G E T ,  C H I U ,  MIAO 1965 

Secondary c u r r e n t s  i n  a  c o r n e r  

1 Simple,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  "weak" secondary c u r r e n t  i n  s t r a i g h t  non c i r c u l a r  

c o n d u i t s  

3 C a l c u l a t i o n  of secondary c u r r e n t  only  f e a s i b l e  u s i n g  pr imary v e l o c i t y  

d i s t r i b u t i o n  i n f o r m a t i o n  

4 Hot f i l m  anemometer, P r e s t o n  t u b e ,  manometer 



T u r b u l e n t  f lows  and h e a t  t r a n s f e r  

Con ta ins  c h a p t e r s  on: 

T r a n s i t i o n  from l a m i n a r  t o  t u r b u l e n t  f low 

Turbu len t  f low 

S t a t i s t i c a l  t h e o r i e s  of t u r b u l e n c e  

Conduction of h e a t  

Convect ive  h e a t  t r a n s f e r  and f r i c t i o n  i n  f low of l i q u i d s  

Convect ive  h e a t  t r a n s f e r  i n  g a s e s  

Cool ing by p r o t e c t i v e  f l u i d  f i l m s  

P h y s i c a l  b a s i s  of thermal  r a d i a t i o n  

LIU, HWANG 1959 

Discharge  formula  f o r  s t r a i g h t  a l l u v i a l  channe l s  

Usefu l  r e f e r e n c e  i n  r e s p e c t  of i n s i g h t  i n t o  v e l o c i t y ,  d i s c h a r g e  and boundary 

l a y e r  t h e o r y  

O'LOUGHLIN, ANNAHBHOTLA 1969 

Flow phenomena n e a r  rough boundar ies  

1 Exper imenta l ,  s imple ,  rough 

2 To deve lop  a n  e x p r e s s i o n  f o r  v e l o c i t y  p r o f i l e s  c l o s e  t o  rough 

boundar ies  and e v a l u a t e  t h e  s t a b i l i t y  c r i t e r i o n  of t h e  v i s c o u s  sub  

l a y e r  on t h e  smooth boundary between roughness e lements  

3 R e s i s t a n c e  t o  f low over  d i s c r e t e l y  roughened boundar ies  can be 

p r e d i c t e d  by e q u a t i o n s  d e s c r i b i n g  20 f low v a r i a b l e s .  Wake l a y e r  behind 

roughness e l e m e n t s  must be accounted f o r  i n  v e l o c i t y  d i s t r i b u t i o n  over  

a  rough boundary 



LU, VILLMARTH 1973 

Measurements of t h e  s t r u c t u r e  of t h e  Reynold's s t r e s s  i n  a  t u r b u l e n t  

boundary l a y e r  

1 Exper imenta l ,  s i m p l e ,  d u c t ,  a i r ,  smooth 

2 D i s c u s s i o n  of measurements of t h e  s p a t i a l  s c a l e  and convec t ion  of t h e  

o r g a n i z e d  b u r s t i n g  s t r u c t u r e .  I4easurement of Reynold's s t r e s s  

throughout  t h e  boundary l a y e r ,  examina t ion  of methods and measurements 

used t o  de te rmine  mean t ime between b u r s t s  and sweeps 

3 E j e c t i o n  of low momentum f l u i d  from t h e  w a l l  i s  a  dominant f e a t u r e  of  

t h e  s t r u c t u r e  of t h e  t u r b u l e n t  boundary l a y e r .  Near t h e  w a l l  b u r s t s  

convected a t  l e s s  than  mean f low v e l o c i t y .  Burs t  p a t t e r n  grows i n  

s c a l e  and d i s t o r t s  a s  i t  moves downstream. Mean t ime i n t e r v a l  between 

e v e n t s  same f o r  b u r s t s  a s  f o r  sweeps. Time s c a l e  of e v e n t s  i n c r e a s e s  

w i t h  d i s t a n c e  from t h e  wa l l .  B u r s t s  account  f o r  77% of t h e  Reynold 'S 

s t r e s s  i n  t h e  boundary l a y e r .  

4 Hot w i r e  anemometry 

LUNDGREN. JONSSON 1964 

S h e a r  and v e l o c i t y  d i s t r i b u t i o n  i n  s h a l l o w  c h a n n e l s  

1 Simple,  rough, t h e o r e t i c a l  

2 To d e t e r m i n e  bottom s h e a r  s t r e s s  d i s t r i b u t i o n  i n  a  s h a l l o w  symmetr ica l  

channe l  

3 F a i r  approximat ion of s h e a r  s t r e s s  i f  s h e a r  v e l o c i t y  i s  equated w i t h  

d e p t h  normal t o  t h e  bed assuming l o g a r i t h m i c  v e l o c i t y  p r o f i l e .  F o r  

s l o p i n g  bed channe l s  a  l o g a r i t h m i c  p r o f i l e  i s  assumed w i t h  t h e  l o c a l  

f r i c t i o n  v e l o c i t y  used a s  a  r e f e r e n c e  v e l o c i t y  i n s t e a d  of a  mean v a l u e  



D i s c u s s i o n s  by LEUTHEUSSER, MACAGNO, HUNG, TAYLOR 1964 

Closure  by LUNDGREN, JONSSON 1965 

MACAGNO 1965 

R e s i s t a n c e  t o  f low i n  channe l s  of l a r g e  a s p e c t  r a t i o  

1 Simple,  rough, t h e o r e t i c a l  

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  of a s p e c t  r a t i o  on flow r e s i s t a n c e  

3 Shape f a c t o r s  i d e n t i f i e d  t o  a p p l y  t o  l a m i n a r  and t u r b u l e n t  f low t h e o r y  

t o  produce r e s i s t a n c e  c o e f f i c i e n t s  

R e s i s t a n c e  t o  f low i n  f i x e d  bed c h a n n e l s  wi th  t h e  i n f l u e n c e  of c r o s s  

s e c t i o n a l  shape and f r e e  s u r f a c e  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  rough 

2 To show v a l i d i t y  of u s i n g  formulae  analogous  t o  p i p e  f r i c t i o n  fo rmulae  

f o r  t h e  c a l c u l a t i o n  of f r i c t i o n  f a c t o r s  f o r  open channe l s  

3 E f f e c t  of channe l  s e c t i o n  shape and f r e e  s u r f a c e  i n f l u e n c e  i n t e r p r e t e d  

u s i n g  a  shape c o e f f i c i e n t  which a c t s  a s  a  m u l t i p l i e r  of t h e  h y d r a u l i c  

r a d i u s  

McKEOGB, PRASER, ERVINE 1983 

V e l o c i t y  and t u r b u l e n c e  measurements i n  a i r / w a t e r  f lows  u s i n g  l a s e r  dopp le r  

anemome t ry 



l Simple ,  smooth, e x p e r i m e n t a l ,  c y l i n d e r  

2 Exper imenta l  measurement of v e l o c i t y  and t u r b u l e n c e  i n  two phase f l o w  

induced by a i r  bubbles 

3 LDA s u c c e s s f u l l y  measured v e l o c i t y  and t u r b u l e n c e  l e v e l s ,  no s e e d i n g  

n e c e s s a r y  

4 2D component LDA 

Experiments on p i t o t  t u b e s  i n  s h e a r  f l o w  

1 Exper imenta l ,  smooth, p i p e  

2 To i n v e s t i g a t e  t h e  e f f e c t  of w a l l  s h e a r  on t o t a l  p r e s s u r e  r e a d i n g s  

3 E f f e c t  of s h e a r  a l o n e  expressed  a s  e f f e c t i v e  d i sp lacement  of p i p e  

c e n t  re toward h i g h e r  v e l o c i t y  f low.  C o r r e c t i o n  f a c t o r  a p p l i e d  t o  

v e l o c i t y  f o r  s h e a r  n e a r  w a l l  independent  of Reynolds no. E f f e c t  of 

w a l l  and s h e a r  t o g e t h e r  can be expressed  a s  a  t o t a l  d i sp lacement  of t h e  

e f f e c t i v e  c e n t  re 

4 P i t o t  tube  

P r i n c i p l e s  and measuring t e c h n i q u e s  of t u r b u l e n c e  c h a r a c t e r i s t i c s  i n  open 

channe l  f lows 

1 Experimental  

2 To d e s c r i b e  t h e  s t a t i s t i c a l  t u r b u l e n c e  c h a r a c t e r i s t i c s  t h a t  b e s t  d e f i n e  

t h e  s t r u c t u r e  of t h e  f low f i e l d  and t h e  r e l a t i o n  between t h e  

c h a r a c t e r i s t i c s  and t h e  e q u a t i o n s  of motion and energy.  

3 C o n s i d e r a t i o n s  necessa ry  t o  produce meaningful  t u r b u l e n c e  measurements 

i d e n t i f i e d .  



4 Hot f i l m a n e m o m e t e r  

McQUIVEY 1973 

Summary of t u r b u l e n c e  d a t a  from r i v e r s ,  conveyance c h a n n e l s ,  and l a b o r a t o r y  

f lumes 

1 Exper imenta l ,  p r o t o t y p e ,  s imple ,  rough 

2 To summarize t u r b u l e n c e  c h a r a c t e r i s t i c s  of t u r b u l e n t  s h e a r  f lows  f o r  

t h e  u s e  of r e s e a r c h e r s .  Data o b t a i n e d  u s i n g  h o t  f i l m  anemometer 

4 Hot f i l m  anemometers, p i t o t  t u b e ,  c u r r e n t  m e t e r  

McQUIVEY, KEEPER 1972 

Measurement of v e l o c i t y  c o n c e n t r a t i o n  c o v a r i a n c e  

1 Exper imenta l ,  s i m p l e ,  smooth, rough 

2 To review t h e  governing e q u a t i o n s  f o r  p r e d i c t i n g  d i f f u s i o n  and 

d i s p e r s i o n ,  t o  e v a l u a t e  t h e  l o n g i t u d i n a l  d i f f u s i o n  c o e f f i c i e n t  u s i n g  

t h e  Boussinesq type  t u r b u l e n t  mass t r a n s f e r  c o e f f i c i e n t ,  t o  compare 

measured c o e f f i c i e n t s  i n  t h e  f low f i e l d  w i t h  v a l u e s  o b t a i n e d  from 

s u r f a c e  f l o w  

3 Bouss inesq mass t r a n s f e r  r e l a t i o n  a p p e a r s  t o  be adequa te  f o r  d e s c r i b i n g  

s c a l a r  t r a n s p o r t  p r o c e s s .  L o n g i t u d i n a l  d i f f u s i o n  c o e f f i c i e n t s  from 

w i t h i n  f low were w i t h i n  20% of c o e f f i c i e n t s  d e r i v e d  from s u r f a c e  f lows  

4 Hot f i l m  anemometer, c o n d u c t i v i t y  p robe  



Some t u r b u l e n c e  measurements i n  open channel  f low 

1 Simple ,  smooth, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  energy and t u r b u l e n t  s h e a r  s t r e s s  d i s t r i b u t i o n s  

3 R e l a t i o n  of t u r b u l e n c e  i n t e n s i t i e s  t o  rough and smooth beds and 

r e l a t i o n  of v e r t i c a l  t o  l o n g i t u d i n a l  t u r b u l e n c e  i n t e n s i t i e s  i d e n t i f i e d  

4 Hot f i l m  anemometer, p i t o t  tube  

MAGGIOLO, GUARGA, BOUGH1 1969 

A new method f o r  measuring s h e a r  s t r e s s e s  i n  a h y d r a u l i c a l l y  rough f low.  

1 Theory, e x p e r i m e n t a l ,  compound, rough. 

2 Descr ibe  r e s u l t s  o b t a i n e d  by t h e  development of a new method f o r  

measuring s h e a r  stress i n  h y d r a u l i c a l l y  rough f low by f i n d i n g  a 

r e l a t i o n s h i p  between dynamic p r e s s u r e  and s t a t i c  p r e s s u r e  , s h e a r  

s t r e s s ,  g e o m e t r i c  c h a r a c t e r i s t i c  of f low and dimensions of measuring 

i n s t r u m e n t .  

3 Working i n  h y d r a u l i c a l l y  rough flow i n  a s t r a i g h t ,  c i r c u l a r  p i p e ,  t h e r e  

i s  a f u n c t i o n  t h a t  r e l a t e s  t h e  d i m e n s i o n l e s s  numbers (P-Po) / t ;y /k ;R/k ,  

which a r e  t h e  on ly  v a r i a b l e s  t o  appear .  

4 Impact t u b e ,  o r i f i c e ,  manometer. 

MATTHEW 1986 

V e l o c i t y  p r o f i l e s  and f r i c t i o n  f a c t o r  r e l a t i o n s h i p s  f o r  t u r b u l e n t  f low i n  

smooth p i p e s ,  a  reassessment  of some e a r l i e r  mixing l e n g t h  assumpt ions  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  smooth, p i p e  



2 To d e m o n s t r a t e  how a  r e l a t i v e l y  s i m p l e  a s s u m p t i o n  a b o u t  t h e  mixing  

l e n g t h  c a n  be  j u s t i f i e d  and  used  t o  o b t a i n  a n  a n a l y t i c a l  d e s c r i p t i o n  o f  

t h e  c o m p l e t e  v e l o c i t y  p r o f i l e  from t h e  wall t o  p i p e  a x i s  i n  a f u l l y  

deve loped  t u r b u l e n t  f l o w  i n  a smooth p i p e ,  and  hence  o b t a i n  a  

c o m p a t i b l e  r e l a t i o n s h i p  be tween f r i c t i o n  f a c t o r  and Reynolds  number 

3 A 2 p a r a m e t e r  a s s u m p t i o n  a b o u t  mix ing  l e n g t h  i s  shown t o  be c a p a b l e  of 

e x p l a i n i n g  t h e  s a l i e n t  f e a t u r e s  of t h e  c o m p l e t e  wall t o  a x i s  v e l o c i t y  

p r o f i l e  and  of c l a r i f y i n g  t h e  c o r r e s p o n d i n g  f r i c t i o n  f a c t o r / R e y n o l d s  

number r e l a t i o n s h i p .  

MELLING, WHITELAW 1976 

T u r b u l e n t  f l o w  i n  a  r e c t a n g u l a r  d u c t  

1 S i m p l e ,  smooth ,  e x p e r i m e n t a l ,  d u c t  

2 To s t u d y  d e v e l o p i n g  t u r b u l e n t  f l o w  i n  a r e c t a n g u l a r  d u c t  

3 R e s u l t s  p r e s e n t e d  i n  r e s p e c t  of symmetry o f  mean f l o w ;  mean f l o w  

p r o p e r t i e s  d e t e r m i n e d  by a x i a l  p r e s s u r e  g r a d i e n t  and  c e n t r e l i n e  mean 

v e l o c i t y ;  mean v e l o c i t y  c o n t o u r s ;  a x i a l  t u r b u l e n c e  i n t e n s i t y  

c o n t o u r s ;  t r a n s v e r s e  t u r b u l e n c e  i n t e n s i t y  c o n t o u r s ;  Reynolds  s h e a r  

s t ress  c o n t o u r s ;  t u r b u l e n c e  k i n e t i c  e n e r g y  c o n t o u r s  and  s e c o n d a r y  mean 

v e l o c i t y  c o n t o u r s  

4 One component LDA, p r e s s u r e  t a p p i n g s ,  o r i f i c e  p l a t e  

MEYER 1971 

Bed s h e a r  s t ress  and  v e l o c i t y  d i s t r i b u t i o n  i n  smooth t r i a n g u l a r  c h a n n e l s  

1 E x p e r i m e n t a l ,  smooth ,  s i m p l e  

2 Review of work on s h e a r  and  v e l o c i t y  d i s t r i b u t i o n  i n  smooth s i m p l e  

c h a n n e l s  and  p r e s e n t a t i o n  of e x p e r i m e n t a l  f i n d i n g s .  



4 D i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r ,  P r e s t o n  t u b e ,  p o i n t  gauge 

MILLER. RICHARDSON 1974 

D i f f u s i o n  and d i s p e r s i o n  i n  open channel  f l o w  

l Exper imenta l ,  s i m p l e ,  rough 

2 To r e l a t e  t h e  l a t e r a l  d i f f u s i o n  c o e f f i c i e n t  t o  t h e  f low p a r a m e t e r s ,  

de te rmine  t h e  e f f e c t  of mean v e l o c i t y  and r e s i s t a n c e  t o  f low on t h e  

l o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t ,  de te rmine  t h e  r e l a t i v e  importance  

of t h e  t u r b u l e n t  d i f f u s i o n  on t h e  magnitude of t h e  l o n g i t u d i n a l  

d i s p e r s i o n  p r o c e s s  

3 I n c r e a s i n g  v e l o c i t y ,  s l o p e  and t u r b u l e n c e  i n t e n s i t y  caused a n  i n c r e a s e  

i n  l a t e r a l  d i f f u s i o n  c o e f f i c i e n t .  Keeping v e l o c i t y  f i x e d  and 

i n c r e a s i n g  r e s i s t a n c e  t o  f low,  s l o p e  and t u r b u l e n c e  i n t e n s i t y  a l s o  

i n c r e a s e d  t h e  l a t e r a l  d i f f u s i o n  c o e f f i c i e n t .  L a t e r a l  d i f f u s i o n  

c o e f f i c i e n t  was s m a l l  compared t o  the  l o n g i t u d i n a l  d i f f u s i o n  

c o e f f i c i e n t .  L o n g i t u d i n a l  d i f f u s i o n  c o e f f i c i e n t  i n c r e a s e s  w i t h  both  

i n c r e a s e d  v e l o c i t y  and r e s i s t a n c e  

4 F l u o r m e t e r ,  h o t  w i r e  anemometer 

MISSOURI UNIVERSITY - E d i t o r s  ZAKIN, PATTERSON, 1975 

Turbulence  i n  l i q u i d s ,  P roceed ings  of t h e  4 t h  b i e n n i a l  symposium on 

t u r b u l e n c e  i n  l i q u i d s  

Conta ins  c h a p t e r s  on: 

Measurements by h o t  f  i l m f w i r e  anemometry 

Two phase  f low 

Applied t u r b u l e n c e  measurements 

Measurements by l a s e r  anemomet ry 

T u r b u l e n t  f l u i d  s t r u c t u r e  i n t e r a c t i o n  phenomena 



E l e c t r o c h e m i c a l  methods o f  t u r b u l e n c e  measurement 

S e p a r a t e d  t u r b u l e n t  f l o w s  

T u r b u l e n t  b u r s t  phenomena 

MORRIS 1955 

Flow i n  rough c o n d u i t s  

1 Theory ,  e x p e r i m e n t a l ,  s i m p l e ,  rough,  p i p e ,  c h a n n e l  

2 A c o n c e p t  of f l o w  o v e r  rough p i p e  and c h a n n e l  s u r f a c e s  i s  p r e s e n t e d ,  

t h e  c o n c e p t  be ing  based  p a r t i c u l a r l y  on t h e  e f f e c t  of t h e  l o n g i t u d i n a l  

s p a c i n g  of s u r f a c e  roughness  e l e m e n t s  and  t h e i r  a s s o c i a t e d  v o r t i c i t y  

S t reams.  

3 The l o n g i t u d i n a l  s p a c i n g  of t h e  roughness  e l e m e n t s  i s  t h e  roughness  

d imens ion  of paramount impor t ance  i n  rough c o n d u i t  f l ow.  T h r e e  b a s i c  

t y p e s  of f l o w  e x i s t ;  i s o l a t e d  roughness  f l o w ,  wake i n t e r f e r e n c e  f l o w ,  

and  skimming f low.  

MORRIS 1959 

Design  method f o r  f l o w  i n  rough c o n d u i t s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough,  p i p e  

2 P r e s e n t a t i o n  of d e s i g n  c u r v e s  and  methods  f o r  d e t e r m i n i n g  f r i c t i o n  

f a c t o r s  f o r  t u r b u l e n t  f l ow i n  c l o s e d  c o n d u i t s  and  t r a n q u i l  open channel  

f l o w  

3 R a t i o n a l  method d e t a i l e d  compared t o  p r e v i o u s  e m p i r i c a l  r e l a t i o n s h i p s .  

Method n e e d s  v e r i f y i n g  e x p e r i m e n t a l l y .  



MULLER, STUDERUS 1 9 7 9  

Secondary f low i n  a n  open channel  

1 Simple ,  rough,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  of secondary f low c e l l s  on mass and 

momentum exchange 

3 I n  t h e  w a l l  r eg ion  f low above roughness e l e n e n t s  i s  a c c e l e r a t e d  by 

a d v e c t i o n  and r e t a r d e d  by t h e  s h e a r  s t r e s s  g r a d i e n t .  Above smooth bed 

flow i s  a c c e l e r a t e d  by t h e  s h e a r  s t r e s s  and r e t a r d e d  by a d v e c t i o n  

4 Two component LDA, ho t  f i l m  anemometer 

MYERS 1 9 7 8  

Momentum t r a n s f e r  i n  a  compound channel  

1 Compound, smooth, e x p e r i m e n t a l  

2 To q u a n t i f y  t h e  momentum t r a n s f e r  due t o  f low i n t e r a c t i o n  between 

c h a n n e l / f l o o d p l a i n  f low 

3 I d e n t i f i c a t i o n  of magnitude of a p p a r e n t  s h e a r  f o r c e  a t  i n t e r f a c e  of 

c h a n n e l / f l o o d p l a i n  f low due t o  momentum t r a n s f e r  w i t h  r e f e r e n c e  t o  i t s  

e f f e c t  on d i s c h a r g e  computation 

4 P r e s t o n  t u b e ,  p o i n t  gauge,  a d j  w e i r ,  manometer 

MYERS 1982 

Flow r e s i s t a n c e  i n  wide r e c t a n g u l a r  c h a n n e l s  

1 Simple ,  smooth, exper imenta l  

2 To i n v e s t i g a t e  t h e  i n f l u e n c e  of a s p e c t  r a t i o  on t h e  f r i c t i o n  f a c t o r  



3 F r i c t i o n  f a c t o r  and Reynolds no found n o t  t o  conform t o  p i p e f l o w  

r e l a t i o n s h i p  R e l a t i o n s h i p  of f r i c t i o n  f a c t o r  t o  a s p e c t  r a t i o  complex 

and i n f l u e n c e d  by seconda ry  c i r c u l a t i o n  and c h a n n e l  shape  

4 P o i n t  gauge ,  v o l u m e t r i c  t a n k ,  v e n t u r i ,  a d j  w e i r  

MYERS 1984 

F r i c t i o n a l  r e s i s t a n c e  i n  c h a n n e l s  w i t h  f l o o d p l a i n s  

l T h e o r e t i c a l ,  e x p e r i m e n t a l ,  compound, smooth 

2 To e v o l v e  f r i c t i o n  f a c t o r  r e l a t i o n s h i p s  f o r  compound c h a n n e l s  

3 F r i c t i o n  f a c t o r s  i n  compound c h a n n e l s  a r e  a f u n c t i o n  of Reynolds n o  and  

Reynolds  n o  r a t i o  f o r  c h a n n e l  and  f l o o d p l a i n ,  t h e  l a t t e r  be ing  a 

f u n c t i o n  of channe l  geometry  and e f f e c t i v e  d e p t h  

4 M i n i a t u r e  c u r r e n t  m e t e r ,  v o l u m e t r i c  t a n k ,  o r i f i c e  p l a t e ,  manometer ,  

p o i n t  gauge  

MYERS 1985  

Flow r e s i s t a n c e  i n  smooth compound c h a n n e l s  - e x p e r i m e n t a l  d a t a  

1 E x p e r i m e n t a l ,  compound, smooth 

2 P r e s e n t a t i o n  of d a t a  f rom l a b o r a t o r y  e x p e r i m e n t s  f o r  u s e  by o t h e r  

r e s e a r c h e r s  

3 S e l e c t i o n  of measured and c a l c u l a t e d  p a r a m e t e r s  p r o v i d e d ;  d i s c h a r g e ,  

h y d r a u l i c  r a d i u s ,  a v e r a g e  s e c t i o n  v e l o c i t y ,  Darcy Weisbach f r i c t i o n  

f a c t o r ,  Reynolds  n o  

4 M i n i a t u r e  c u r r e n t  meter, p o i n t  gauge ,  v o l u m e t r i c  t a n k ,  o r i f i c e  p l a t e ,  

manometer 



MYERS, ELSAWY 1975 

Boundary s h e a r  i n  channe l  w i t h  f l o o d p l a i n  

1 Compound, smooth, e x p e r i m e n t a l  

2 To s t u d y  t h e  e f f e c t  of t h e  i n t e r a c t i o n  mechanism on s h e a r  s t r e s s  

d i s t r i b u t i o n  

3 I n t e r a c t i o n  causes  a  r e d u c t i o n  i n  channel  s h e a r  and a n  i n c r e a s e  i n  

f l o o d p l a i n  s h e a r  w i t h  g r e a t e r  i n f l u e n c e  a t  s m a l l e r  d e p t h s  

4 P r e s t o n t u b e , m a n o m e t e r ,  p o i n t g a u g e ,  a d j w e i r  

NAKAGAWA. NEZU, UEDA 1975 

Turbulence  of open channe l  f low o v e r  smooth and rough beds 

1 Exper imenta l ,  s i m p l e ,  smooth, rough 

2 To I n v e s t i g a t e  how t h e  s t r u c t u r e  of t u r b u l e n c e  i s  i n f l u e n c e d  by 

h y d r a u l i c  pa ramete r s  such  a s  Reynolds number and Froude number. 

3 Reynolds and Froude numbers kep t  n e a r l y  c o n s t a n t .  Mean eddy s i z e  and 

i n t e n s i t y  d e c r e a s e  w i t h  i n c r e a s e  of roughness.  Consequently i n f e r r e d  

t h a t  t h e  r e d i s t r i b u t i o n  of t u r b u l e n t  ene rgy  i n  t h e  f low o v e r  a  rough 

bed may deve lop  more r a p i d l y  t h a n  o v e r  a  smooth bed. Flow f i e l d  

d i v i d e d  i n t o  t h r e e  r e g i o n s  on t h e  b a s i s  of a  c l o s e  analogy between t h e  

wave number space  and t h e  t u r b u l e n t  f low f i e l d .  The v e l o c i t y  

d i s t r i b u t i o n s  have t h e n  been deduced from t h e  viewpoint  of t h e  

t u r b u l e n t  energy budget and comparisons made w i t h  e x i s t i n g  formulae .  

4 Hot f i l m  anemometer, p i t o t  tube  



NAKAGAWA, NEZU, TOHINAGA 1 9 8 3  

Turbu len t  s t r u c t u r e  w i t h  l o n g i t u d i n a l  secondary f low 

1 Simple,  smooth, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  i n t e r r e l a t i o n  between spanwise bed s t r u c t u r e s  and 

t h e  c e l l u l a r  secondary f low 

3 Turbulence  i n t e n s i t y  and Reynolds s t r e s s  i n c r e a s e  i n  upflow a s  main 

f low v e l o c i t y  reduces  c / f  downflow a r e a s  

4 Rot w i r e  anemometer 

NAKAYAHA, CHOW, SEARMA 1 9 8 3  

C a l c u l a t i o n  of f u l l y  developed t u r b u l e n t  f lows  i n  d u c t s  of a r b i t r a r y  c r o s s  

s e c t i o n  

1 Simple ,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  d u c t s  

2 To deve lop  a  numer ica l  model t o  p r e d i c t  f u l l y  developed t u r b u l e n t  

f lows  

3 P r e d i c t i o n  of mean v e l o c i t y  p a t t e r n  s a t i s f a c t o r y  but  u n d e r e s t i m a t e s  

Reynolds s t r e s s  f i e l d s  

NALLURI, ADEPOJU 1985 

Shape e f f e c t s  on r e s i s t a n c e  t o  f low i n  smooth channe l s  of c i r c u l a r  c r o s s  

s e c t i o n  

1 Exper imenta l ,  compound, smooth, t h e o r y .  

2 An a n a l y s i s  u s i n g  e x p e r i m e n t a l  d a t a  t o  d i s c o v e r  t h e  r e s i s t a n c e  t o  f low 

i n  smooth channe l s  of c i r c u l a r  c r o s s  s e c t i o n .  



3 The measured f r i c t i o n  f a c t o r s  a r e  l a r g e r  t h a n  t h o s e  f o r  a  p ipe  of 

e q u i v a l e n t  diameter(D=4R) 

4 O r i f i c e  p l a t e  m e t e r ,  V-notch, manometer, venet ioned- type t a i l p a t e .  

NALLURI, NOVAK 1 9 7 5  

Turbulence  c h a r a c t e r i s t i c s  i n  smooth bed c h a n n e l s  

1 Exper imenta l ,  s i m p l e ,  smooth 

2 To de te rmine  t h e  e f f e c t  of channel  shape and s c a l i n g  e f f e c t  on 

t u r b u l e n c e  l e v e l s  

3 I n  a  channel  of c i r c u l a r  c r o s s  s e c t i o n  t h e  l o c a l  mean v e l o c i t y  

d i s t r i b u t i o n  i s  a  f u n c t i o n  of t h e  d e p t h  of f low. A t  l a r g e  d e p t h s  t h e  

crowning e f f e c t  of t h e  c i r c u l a r  channel  i n c r e a s e s  t u r b u l e n c e .  R e l a t i v e  

t u r b u l e n c e  l e v e l s  range from 4% t o  10% of mean a r e a 1  v e l o c i t i e s .  The 

d e p t h l s u b l a y e r  c o r r e l a t i o n  s u g g e s t s  s i n g l e  r e l a t i o n s h i p  f o r  any 

conveyance shape w i t h  f r e e  s u r f a c e .  The energy s p e c t r a  i n  mean flow 

d i r e c t i o n  i s  e s s e n t i a l l y  composed of low f r e q u e n c i e s ;  i e  5 Hz. 

Turbulence  micro  and macro s c a l e s  of t h e  f low f i e l d  approach a  maximum 

a t  mid d e p t h  

NALLURI, NOVAK 1 9 7 3  

Turbulence  c h a r a c t e r i s t i c s  i n  a  smooth open channel  of c i r c u l a r  c r o s s  

s e c t  i o n  

1 Exper imenta l ,  s imple ,  smooth 

2 To i n v e s t i g a t e  t h e  t u r b u l e n c e  i n t e n s i t i e s  and energy s p e c t r a  i n  w a t e r  

f lowing i n  a  smooth channe l  of c i r c u l a r  c r o s s  s e c t i o n  



3 Varying d e p t h  produces marked v a r i a t i o n  i n  t h e  d i s t r l b u t i o n  of 

t u r b u l e n c e  i n t e n s i t i e s ,  t h e  va lue  of t h e  i n t e n s i t i e s  r e f l e c t  t h e  

v a r i a t i o n  i n  channel  shape wi th  depth .  D i f f e r n c e s  i n  r e l a t i v e  

t u r b u l e n c e  i n t e n s i t y  v a l u e s  a t  e q u a l  v a l u e s  of dep th jchanne l  r a d i u s  

r a t i o  and normalized dep th  a r e  reduced i n  p l o t s  a g a i n s t  d e p t h j h y d r a u l i c  

r a d i u s .  A s  dep th  i n c r e a s e s  t h e  crowning e f f e c t  of t h e  channel  c r o s s  

s e c t i o n  causes  a n  i n c r e a s e  i n  t u r b u l e n c e  l e v e l s  toward t h e  f r e e  

s u r f a c e .  A s  dep th  i n c r e a s e s  t h e  flow changes from 2 t o  3 dimens iona l .  

Measurements of t u r b u l e n c e  a long  30 d e g r e e  r a d i a l  a x i s  a r e  comparable 

t o  t h o s e  measured a l o n g  t h e  v e r t i c a l  a x i s .  The energy s p e c t r a  i n  t h e  

X d i r e c t i o n  show varying f requency ranges ,  wi th  t h e  main energy c o n t e n t  

being i n  t h e  low f r e q u e n c i e s .  Turbulence micro and macro s c a l e s  of t h e  

f low f i e l d  i n  t h e  X d i r e c t i o n  approach a  ~oaximum a t  about  mid depth .  

4 Hot f i l m  anemometer, miniature c u r r e n t  mete r .  

NAOT, ROD1 1982 

C a l c u l a t i o n  of secondary c u r r e n t s  i n  channel  f l o w  

1 Simple,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To c a l c u l a t e  t h e  f low i n  channels  wi th  t u r b u l e n c e  d r i v e n  secondary  

motion w i t h  emphasis on open channel  f low 

3 Eddy v i s c o s i t y  distribution s i m u l a t e d  c o r r e c t l y  a s  w e l l  a s  s e p a r a t i o n  

i n  v a r i a n c e s  of X and y  components t h a t  d r l v e  t h e  secondary motions 

NECE. GIVLER. DRINKER 1959 

Measurement of boundary s h e a r  s t r e s s  i n  a n  open channel  curve wl th  a  s u r f a c e  

p i t o t  tube  

1 Exper imenta l ,  s imple ,  smooth, bend 

2 To s t u d y  t h e  use  of a  round s u r f a c e  p i t o t  tube t o  measure l o c a l  s h e a r  

on a  smooth boundary 



3 U s e f u l  t e c h n i q u e  f o r  d e t e r m i n i n g  s h e a r  m a g n i t u d e s  i n  u n i f o r m  and  non 

u n i f o r m  f l o w  p r o v i d e d  t h a t  t h e  s e c o n d a r y  c u r r e n t s  n e a r  t h e  w a l l  a r e  

s m a l l  compared t o  t h e  p r i m a r y  components  

4 P i t o t  t u b e  

NECE, SMITH 1970 

Boundary s h e a r  s t ress  i n  r i v e r s  and  e s t u a r i e s  

1 E x p e r i m e n t a l ,  p r o t o t y p e ,  s i m p l e ,  rough  

2 To d e t e r m i n e  s u i t a b i l i t y  and  a c c u r a c y  of i n s t r u m e n t s  u s e d  i n  f i e l d  

measurement  of boundary s h e a r  stress 

3 P r e s t o n  t u b e  d e v i c e  a n d  a r r a y  of m i n i a t u r e  c u r r e n t  m e t e r s  d e s c r i b e d .  

T h e o r e t i c a l  e x p r e s s i o n  d e r i v e d  f o r  d e t e r m i n i n g  t h e  boundary s h e a r  

s t ress on a h y d r a u l i c a l l y  smooth s u r f a c e  and  e x t e n d e d  f o r  u s e  o n  

t r a n s i t i o n a l  a n d  h y d r a u l i c a l l y  rough s u r f a c e s .  No d a t a  o b t a i n e d  i n  

s t e a d y  f l o w  c o n d i t i o n s  bu t  good ag reemen t  be tween  P r e s t o n  t u b e  and  t i m e  

a v e r a g e d  v e l o c i t i e s  i n  o r d e r  t o  o b t a i n  s h e a r  s t r e s s  

4 P r e s t o n  t u b e ,  m i n i a t u r e  c u r r e n t  m e t e r s  

NEZU, NAKAGAWA 1984 

C e l l u l a r  s e c o n d a r y  c u r r e n t s  i n  s t r a i g h t  c o n d u i t  

1 E x p e r i m e n t a l ,  rough ,  d u c t  

2 To i n v e s t i g a t e  t h e  t u r b u l e n t  s t r u c t u r e  of s e c o n d a r y  c u r r e n t s  i n  a i r  

u s i n g  l o n g i t u d i n a l  r i d g e s  t o  s i m u l a t e  bedforms  i n  o r d e r  t o  d e v e l o p  

s e c o n d a r y  c u r r e n t s  

3 Reynolds  s h e a r  s t ress  n e a r l y  b a l a n c e d  w i t h  t h e  p r o d u c t i o n  t e r m  of 

v o r t i c i t y .  L o s s  of mean f l o w  e n e r g y  i s  n e a r l y  b a l a n c e d  w i t h  t h e  g a i n  

of e n e r g y  made by t h e  t r a n s v e r s e  Reynolds  s t r e s s  



4 Rot wire anemometer  

Open c h a n n e l  f l o w  measurements  w i t h  a laser d o p p l e r  anemometer 

1 E x p e r i m e n t a l ,  t h e o r y ,  s i m p l e ,  smooth 

2 To measure  a c c u r a t e l y  t h e  l o n g i t u d i n a l  and v e r t i c a l  v e l o c i t y  components  

i n  two d i m e n s i o n a l ,  f u l l y  d e v e l o p e d  open c h a n n e l  f l o w  o v e r  smooth beds  

3 When l o g  l a w  i s  a p p l i e d  t o  w a l l  r e g i o n  f o r  r e l a t i v e  d e p t h s  < 0.2 a l l  

d a t a  c a n  be d e s c r i b e d  by u n i v e r s a l  c o n s t a n t s  i n d e p e n d e n t  of Froude  and 

Reynolds  numbers. F r i c t i o n  v e l o c i t y  c a n  be a p p l i e d  a c c u r a t e l y  u s i n g  

c o n s t a n t s .  A s  Reynolds  number becomes l a r g e r  d e v i a t i o n  f rom l o g  l a w  i n  

o u t e r  r e g i o n  i s  a p p r e c i a b l e .  D i s t r i b u t i o n  of eddy v i s c o s i t y  n e a r l y  

p a r a b o l i c  

4 L a s e r  d o p p l e r  anemometer  ( 2  component)  

NICOLLET. UAN 1979 

Cont inuous  f r e e  s u r f a c e  f l o w  o v e r  compos i t e  b e d s  

1 E x p e r i m e n t a l ,  p r o t o t y p e ,  s i m p l e ,  compound, rough,  smooth 

2 To i n v e s t i g a t e  f l o w  c h a r a c t e r i s t i c s  i n  compound c h a n n e l s  by d e t e r m i n i n g  

i n d e p e n d e n t l y  t h e  roughness  c h a r a c t e r i s t i c  of main c h a n n e l  and 

f l o o d p l a i n s ,  d e t e r m i n i n g  i n d e p e n d e n t l y  t h e  d i s c h a r g e  of t h e  main  

c h a n n e l  and  f l o o d p l a i n s ,  d e t e r m i n i n g  t h e  t o t a l  d i s c h a r g e  u n d e r  

i n t e r a c t i v e  f l o w  c o n d i t i o n s  and  measu r ing  t h e  v e l o c i t y  p r o f i l e  a c r o s s  

t h e  s e c t i o n .  E x p e r i m e n t a l  work i s  c o n s i d e r e d  t o  r e p r e s e n t  c e r t a i n  

s e c t i o n s  of t h e  Rhone. 

3 S t r i c k l e r  roughness  c o e f f i c i e n t  i d e n t i f i e d  as s a t i s f a c t o r y  f o r  u s e  i n  

s i m p l e  c h a n n e l s .  Expe r imen t s  i n  compound c h a n n e l s  produced a 

r e l a t i o n s h i p  r e l a t i n g  f l o w  i n  main  c h a n n e l  t o  f l o w  on f l o o d p l a i n ;  a 

momentum t r a n s f e r  c o e f f i c i e n t ;  a d i s c h a r g e  r e l a t i o n s h i p  i n c o r p o r a t i n g  



a  e m p i r i c a l  c o e f f i c i e n t  t o  account  f o r  t h e  f low i n t e r a c t i o n  between 

main channe l  and f l o o d p l a i n  

Flow r e s i s t a n c e  from c y l i n d r i c a l  roughness 

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s imple ,  rough 

2 A s i m u l a t e d  v e g e t a l  component i s  s t u d i e d  i n  o r d e r  t o  o b t a i n  a  s i n g l e  

pa ramete r  which could  be used t o  c h a r a c t e r i z e  v e g e t a t i v e  roughness and 

i s  e x p r e s s i b l e  i n  terms of t h e  geomet r i c  c h a r a c t e r i s t i c s  of t h e  

roughness type  used.  

3  A r e l a t i o n s h i p  was d e r i v e d  f o r  t h e  r o o t  mean s q u a r e  of t h e  h e i g h t  of 

e q u a l l y  spaced roughness e lements ,  i n  terms of t h e  geomet r i c  

c h a r a c t e r i s t i c s  of t h e  e lements .  Considered t o  be a  good e s t i m a t i o n  of 

t h e  h y d r a u l i c  r e s i s t a n c e .  R e s i s t a n c e  pa ramete r  can  be expressed  a s  a  

power f u n c t i o n  of t h e  roughness p r o f i l e  and roughness c o n c e n t r a t i o n  

NOUTSOPOULOS, CHRISTODOULOU 1985 

Flood p l a i n  and main channel  f low i n t e r a c t i o n  

D i s c u s s i o n  of p a p e r  by Knight ,  Demetriou 1983 

NOUTSOPOULOS. HADJIPANOS 1983 

Discharge  computat ions  i n  compound c h a n n e l s  

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 To unders tand  t h e  f low c h a r a c t e r i s t i c s  of compound channe l s  and s o  

e n a b l e  d i s c h a r g e  computation f o r  compound s e c t i o n s  



3 V e r t i c a l  i n t e r f  a c e  boundar ies  o v e r e s t i m a t e  d i s c h a r g e  f o r  sha l low 

f l o o d p l a i n  d e p t h s ;  p l a n e s  of z e r o  s h e a r  i n t e r E a c e  g i v e  more a c c u r a t e  

r e p r e s e n t a t i o n  

4 P r e s t o n  t u b e ,  Da l l  t u b e ,  p o i n t  gauge,  o r i f i c e  

S h e a r  induced secondary  c u r r e n t s  

1 Simple ,  rough, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To propose  a n  a n a l y t i c a l  r e l a t i o n s h i p  between secondary f low s t r e n g t h  

and t r a n s v e r s e  v a r i a t i o n  of s h e a r  v e l o c i t y  and t o  e v a l u a t e  e f f e c t  of 

secondary  f low on v e l o c i t y  p r o f i l e  

3 P r e d i c t s  f low and s t r e s s  behav iour  i n  open channel  w i t h  symmetr ica l  

v a r i a t i o n  of bed s h e a r  s t r e s s  i n  a  t r a n s v e r s e  d i r e c t i o n .  Mechanism no t  

i d e n t i f i e d  

OKOYE 1970 

C h a r a c t e r i s t i c s  of t r a n s v e r s e  mixing i n  open channel  f l o w s  

1 Exper imenta l ,  s i m p l e ,  rough,  smooth 

2 To d e t e r m i n e  t h e  pa ramete r s  c o n t r o l l i n g  t h e  r a t e  of t r a n s v e r s e  

s p r e a d i n g .  C a l c u l a t i o n  of t r a n s v e r s e  d i f f u s i o n  c o e f f i c i e n t  i s  

emphasized 

3 T r a n s v e r s e  d i s t r i b u t i o n  was Gauss ian a t  a l l  f l o w  l e v e l s .  Var iance  of 

t r a n s v e r s e  d i s t r i b u t i o n  grew l i n e a r l y  i n  a  s t r eamwise  d i r e c t i o n .  

T r a n s v e r s e  mixing c o e f f i c i e n t  v a r i e d  through t h e  d e p t h ,  being g r e a t e s t  

n e a r  s u r f  ace. 

4 C o n d u c t i v i t y  probe,  p i t o t  t u b e ,  t r a n s d u c e r ,  camera 



OLESEN 1985 

A mathemat ica l  model of t h e  f low and bed topography i n  curved c h a n n e l s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough, bend, s i m p l e  

2 To i n v e s t i g a t e  t h e  accuracy  and s t a b i l i t y  of a  2D mathemat ica l  model 

used t o  p r e d i c t  f low and bed topography i n  l a r g e  a s p e c t  r a t i o  channel  

bends 

3 Model i n c o r p o r a t e s  fundamentals  of i n t e r a c t i o n  between bed s h e a r  

d i s t r i b u t i o n  and sediment  t r a n s p o r t  d i s t r i b u t i o n .  Model needs 

improving f o r  bed s h e a r  s t r e s s  d i r e c t i o n  i n  curved f low,  secondary f l o w  

convec t ion  i n  p r i s m a t i c  c h a n n e l s ,  sediment  t r a n s p o r t  r a t e  and sediment  

t r a n s p o r t  d i r e c t i o n  on a  s l o p i n g  bed 

OWEN 1954 

Laminar t o  t u r b u l e n t  f low i n  a  wide open channel  

1 Exper imenta l ,  t h e o r e t i c a l ,  s imple ,  smooth 

2 To i n v e s t i g a t e  t h e  t r a n s i t i o n  from l a m i n a r  t o  t u r b u l e n t  f low i n  open 

channe l s  

3 I n  t h e  l aminar  range,  t h e  curve  showing t h e  r e l a t i o n s h i p  between t h e  

f r i c t i o n  f a c t o r  and t h e  Reynolds number a g r e e s  w e l l  w i t h  t h e  

t h e o r e t i c a l  e q u a t i o n  d e r i v e d  from t h e  Nav ie r  S tokes  e q u a t i o n .  The 

Reynolds number a t  which f low f i r s t  d e p a r t s  from t h e  l a m i n a r  s t a t e  i s  

approx imate ly  4000. The t r a n s i t i o n  from larninar t o  t u r b u l e n t  f low 

e x t e n d s  approx imate ly  between Reynolds numbers of 4000 and 11000. The 

d a t a  f o r  t h e  t u r b u l e n t  range do n o t  a g r e e  w i t h  t h e  B l a s i u s  smooth p i p e  

curve ,  bu t  show a n  a lmos t  c o n s t a n t  v a l u e  of t h e  f r i c t i o n  f a c t o r .  

4  P o i n t  gauges  



PACHECO-CEBALLOS 1 9 8 3  

Energy  l o s s e s  and s h e a r  s t ress  i n  c h a n n e l  bends 

1 S i m p l e ,  r ough ,  t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 To s t u d y  e n e r g y  l o s s e s  i n  bends  and  e s t a b l i s h  a c o r r e l a t i o n  be tween  

maximum s h e a r  s t ress and  maximum v e l o c i t y  head 

3 Dependent  upon bend r a d i u s  / c h a n n e l  w i d t h  r a t i o  t h e n  f r e e  o r  f o r c e d  

v o r t e x  l a w  can  be a p p l i e d .  L o s s  of e n e r g y  i n  bend e s t a b l i s h e d  by 

compar ing  d e p t h  i n  bend w i t h  e q u i v a l e n t  d e p t h  i n  s t r a i g h t  c h a n n e l  

PARKER 1979  

H y d r a u l i c  geome t ry  of a c t i v e  g r a v e l  r i v e r s  

1 P r o t o t y p i c a l ,  t h e o r e t i c a l ,  s i m p l e ,  r ough  

2 To d e t e r m i n e  d i m e n s i o n l e s s  b a n k f u l l  power law r e l a t i o n s  f o r  t h e  

h y d r a u l i c  geomet ry  of s i n g l e  c h a n n e l  streams w i t h  g r a v e l  p e r i m e t e r s  

3 T h r e e  g e n e r a l  r a t i o n a l  regime r e l a t i o n s  f o r m u l a t e d .  E x t e n d i n g  

t h r e s h o l d  c a n a l  t h e o r y  t o  s t r a i g h t  g r a v e l  bed streams c u l m i n a t e  i n  

s t a b l e  c h a n n e l  pa r adox .  S t a b l e  w i d t h  i s  i n c o m p a t i b l e  w i t h  a c t i v e  bed. 

P a r a d o x  e x p l a i n e d  by la te ra l  r e d i s t r i b u t i o n  of p e r i m e t e r  s h e a r  stress 

d u e  t o  t u r b u l e n t  momentum t r a n s f e r  PARKER 1981 

PARKER 1 9 8 1  

H y d r a u l i c  geome t ry  of a c t i v e  g r a v e l  r i v e r s  

C l o s u r e  of p a p e r  p r e s e n t e d  i n  1979  



PARSONS 1960 

E f f e c t s  of f l o o d  f lows on channel  boundar ies  

1 P r o t o t y p e ,  exper imenta l ,  s imple ,  smooth, rough 

2 To r e l a t e  observed e f f e c t s  of f l o o d s  t o  t h e  channel  geometry and n a t u r e  

of f lood  flow 

3 Attempt a t  e v a l u a t i n g  boundary s h e a r  i n  a band based on e f f e c t  of f low 

on revetment and comparison of d a t a  o b t a i n e d  wi th  exper imenta l  work 

4 Water s u r f a c e  l e v e l  

PASCHE, EVERS, ROUVE 1983 

I n v e s t i g a t i o n s  on h y d r a u l i c  e f f e c t s  of v e g e t a t e d  f l o o d p l a i n s  i n  compound 

c r o s s  s e c t i o n s  and t h e i r  i n f l u e n c e s  on d i s c h a r g e  c a p a c i t y  

1 Compound, rough, exper imenta l ,  t h e o r e t i c a l  

2 I n v e s t i g a t i o n  of momentum exchange mechanism between main channel  and 

v e g e t a t e d  f l o o d p l a i n  

3 I d e n t i f i c a t i o n  of coheren t  f low s t r u c t u r e s  ( v o r t i c e s )  shows momentum 

exchange t o  be s t r i c t l y  o rdered .  C a l c u l a t i o n  of apparen t  s h e a r  s t r e s s  

a c t i n g  on i n t e r f a c e  between channe l  and v e g e t a t e d  f l o o d p l a i n  p o s s i b l e ,  

dependent upon v e g e t a t i o n  ( roughness)  c h a r a c t e r i s t i c  and Reynolds no. 

U n i v e r s a l  r e s i s t a n c e  law being developed 

4 One component l a s e r  d o p p l e r  anemometer, hydrogen bubble t e c h n i q u e ,  

camera 

PASCHE, ROUVE 1985 

Overbank f low wi th  v e g e t a t i v e l y  roughened f l o o d p l a i n s  

1 Compound, rough, e x p e r i m e n t a l ,  t h e o r e t i c a l  



2 I n v e s t i g a t i o n  i n t o  f low c h a r a c t e r i s t i c s  of complex c r o s s  s e c t i o n  

channe l s  w i t h  non submerged f l o o d p l a i n  roughness 

3 P r e d i c t i v e  method f o r  compound channel  d i s c h a r g e  when bank v e g e t a t i o n  

no t  submerged developed.  Width of v e g e t a t e d  zone and channel  bank 

s l o p e  of minor importance  i n  compound channe l s  w i t h  bank v e g e t a t i o n .  

F o r  channe l s  and f l o o d p l a i n s  w i t h  uniform roughness then  banks e x e r t  

pronounced i n f l u e n c e  on compound channel d i s c h a r g e  

4 One component LDA, p r e s s u r e  t a p p i n g s ,  P r e s t o n  t u b e ,  camera 

PATEL 1965 

C a l i b r a t i o n  of t h e  P r e s t o n  tube  and l i m i t a t i o n s  on i t s  use  i n  p r e s s u r e  

g r a d i e n t s  

1 Exper imenta l ,  smooth, p i p e  

2 A r e v i s e d  c a l i b r a t i o n  i s  p r e s e n t e d  f o r  a  P r e s t o n  tube i n  f u l l y  

developed f low 

3 Revised c a l i b r a t i o n  d i f f e r s  a p p r e c i a b l y  from o r i g i n a l  c a l i b r a t i o n  of 

P r e s t o n .  From t h e  c a l i b r a t i o n  curve  p o s s i b l e  t o  de te rmine  t h e  

c o n s t a n t s  a p p e a r i n g  i n  t h e  l o g a r i t h m i c  reg ion  of t h e  w a l l .  I n  s e v e r e  

f a v o u r a b l e  and a d v e r s e  p r e s s u r e  g r a d i e n t s  t h e  P r e s t o n  t u b e  

o v e r e s t i m a t e s  t h e  s k i n  f r i c t i o n .  The p r e s s u r e  g r a d i e n t  pa ramete r  was 

found n o t  t o  d e f i n e  t h e  f low i n  t h e  w a l l  r eg ion  complete ly  bu t  l i m i t s  

of a c c e p t a b l e  accuracy f o r  i t s  u s e  i n  t h i s  r eg ion  were d e f i n e d .  

4 P r e s t o n  t u b e ,  p i t o t  tube ,  p i e z o m e t r i c  t a p p i n g s  

PATEL. BEAD 1969 

Some o b s e r v a t i o n s  on s k i n  f r i c t i o n  and v e l o c i t y  p r o f i l e s  i n  f u l l y  developed 

p i p e  and channel  f l o w s  

1 Exper imenta l ,  p i p e ,  a i r  



2  To measure s k i n  f r i c t i o n  and mean v e l o c i t y  p r o f i l e s  i n  f u l l y  developed 

p i p e  and channel  f lows  f o r  Reynolds numbers from laminar  t o  f u l l y  

t u r b u l e n t  flow 

3  For  p i p e  f low;  w i t h  d i s t u r b e d  e n t r y  c o n d i t i o n s  t r a n s i t i o n  regime 

s t a r t s  a t  a  Reynolds no of 2000 and ends a t  3000; up t o  t h i s  no f low 

i s  i n t e r m i t t e n t l y  t u r b u l e n t ;  above t h i s  no f low is f u l l y  t u r b u l e n t ;  

between Re of 3000 and 10000 v e l o c i t y  d i s t r i b u t i o n  i s  poor ly  d e s c r i b e d  

by 117 power law and s o  t h e r e  i s  no connec t ion  between t h i s  power law 

and s k i n  f r i c t i o n ;  v e l o c i t y  d i s t r i b u t i o n  i s  s u b s t a n t i a l l y  l o g a r i t h m i c  

o u t s i d e  t h e  s u b l a y e r ;  a d d i t i v e  c o n s t a n t  d i f f e r s  from t h a t  i n  t h e  law 

of t h e  w a l l  on ly  a g r e e i n g  f o r  Re > 10000 For  channe l  f low;  w i t h  

d i s t u r b e d  e n t r y  c o n d i t i o n s  t r a n s i t i o n  regime e x t e n d s  from Re no of 1350 

t o  3000; f low is c o n t i n u o u s l y  t u r b u l e n t  f o r  Re ? 1800; f o r  Re > 2800 

s k i n  f r i c t i o n  r e s u l t s  a g r e e  w i t h  116 power law; v e l o c i t y  d i s t r i b u t i o n  

o u t s i d e  s u b  l a y e r  is l o g a r i t h m i c  D i f f i c u l t  t o  a c c u r a t e l y  s p e c i f y  f u l l y  

developed t u r b u l e n t  f low 

4 P i t o t  t u b e ,  o r i f i c e  p l a t e  

PERKINS 1970 

The f o r m a t i o n  of s t reamwise  v o r t i c i t y  i n  t u r b u l e n t  f l o w  

1 Simple ,  smooth, e x p e r i m e n t a l ,  t h e o r e t i c a l ,  d u c t  

2 I n v e s t i g a t i o n  of secondary f low induced by non uniform w a l l  t u r b u l e n c e  

3  Deduction of secondary  c u r r e n t  d i r e c t i o n  f o r  t h e  c o r n e r  boundary l a y e r ,  

t h e  s a l i e n t  edge f low and i n  t h e  non uniform boundary l a y e r  

4 Hot w i r e  anemometer 

PERRY. SCHOFIELD, JOUBERT 1969 

Rough w a l l  t u r b u l e n t  boundary l a y e r s  

1 Exper imenta l ,  t h e o r e t i c a l ,  s i m p l e ,  d u c t ,  a i r ,  rough 



2 D e s c r i p t i o n  of d e t a i l e d  e x p e r i m e n t a l  s t u d y  of t u r b u l e n t  boundary l a y e r  

development over  rough w a l l s  i n  both z e r o  and a d v e r s e  p r e s s u r e  

g r a d i e n t s  

3 Two major  roughness types  d i s t i n g u i s h e d ;  

( a )  Nikuradse  C l a u s e r  c o r r e l a t i o n  scheme t y p e  

( b )  Roughness t y p i f i e d  by d e p r e s s i o n s  o r  narrow l a t e r a l  grooves  

do no t  f o l l o w  c o r r e l a t i o n  scheme 

For  f u l l y  rough f low t h e  roughness f u n c t i o n  i s  a f u n c t i o n  of t h e  l e n g t h  

of s c a l e .  F o r  f low over  ( a )  type  l e n g t h  of s c a l e  f u n c t i o n  i s  

p r o p o r t i o n a l  t o  s c a l e  of t h e  roughness.  Foth of s c a l e  f u n c t i o n  i s  n o t  

p r o p o r t i o n a l  t o  roughness s c a l e  

F o r  p i p e  f low l e n g t h  of s c a l e  f u n c t i o n  a p p a r e n t l y  p r o p o r t i o n a l  t o  p i p e  

d i a m e t e r  

Zero  p r e s s u r e  g r a d i e n t  boundary l a y e r s  deve lop ing  on ( b )  h a s  a  c o n s t a n t  

w a l l  s h e a r  stress 

S k i n  f r i c t i o n  c o e f f i c i e n t s  determined from p r e s s u r e  t a p p i n g s  agreed  

w i t h  v a l u e s  determined u s i n g  momentum i n t e g r a l  method 

4 P r a n d t l  t u b e s  

PETRYK, GRANT 1978 

C r i t i c a l  f low i n  r i v e r s  w i t h  f l o o d p l a i n s  

1 Compound, rough, t h e o r e t i c a l ,  f i e l d  

2 Computat ional  method f o r  e s t a b l i s h i n g  c r i t i c a l  d e p t h  f o r  compound 

channel  t o  a l l o w  more a c c u r a t e  d i s c h a r g e  c a l c u l a t i o n  

3 Development of d i s c h a r g e  weighted Froude no model 



PETRYK. SHEN 1971 

D i r e c t  measurement of s h e a r  s t r e s s  i n  a  f lume 

D e t a i l s  f l o a t i n g  element ba lance  and compares r e s u l t s  w i t h  read ings  o b t a i n e d  

from P r e s t o n  tube 

PILLAI 1970 

On uniform f low th rough  smooth r e c t a n g u l a r  open channe l s  

l Simple ,  smooth, e x p e r i m e n ~ a l ,  t h e o r e t i c a l  

2  To i d e n t i f y  pa ramete r s  t h a t  r e f l e c t  t h e  i n f l u e n c e  of channe l  shape on 

f r i c t i o n  f a c t o r  

3 I n c o r p o r a t i o n  of we t t ed  p e r i m e t e r  i n t o  f r i c t i o n  f  ac to r /Reyno lds  

r e l a t i o n s h i p  a l l o w s  a s p e c t  r a t i o  ( shape  e f f e c t )  of r e c t a n g u l a r  channe l s  

t o  be accommodated i n  p i p e  f low formula  

POSEY 1983 

Discharge  assessment  i n  compound channe l  f low 

D i s c u s s i o n  of paper  by Wormleaton, A l l e n  and Hadjipanos 1982 

POSEY, CHIU 1973 

S t o c h a s t i c  n a t u r e  of secondary c u r r e n t s  i n  open c h a n n e l s  

1 Simple ,  smooth, e x p e r i m e n t a l  

2  To a t t e m p t  t o  measure secondary c u r r e n t s  

3 Primary v e l o c i t y  d i s t r i b u t i o n  a f f e c t e d  by secondary f low 



POSEY 1967 

Computation of d i s c h a r g e  i n c l u d i n g  overbank f l o w  

1 Compound, rough, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To i d e n t i f y  t h e  b e s t  method of computing d i s c h a r g e  i n  compound 

channe l s  

3 Considered t h a t  f l o o d p l a i n s  t r e a t e d  s e p a r a t e l y  t o  main channel  w i t h  

main channel  s h e a r  boundary being i n c l u d e d  a s  p a r t  of wet ted  p e r i m e t e r  

s o l e l y  f o r  main channel  

PRESTON 1954 

The d e t e r m i n a t i o n  of t u r b u l e n t  s k i n  f r i c t i o n  by means of p i t o t  t u b e s  

1 Exper imenta l ,  smooth, p i p e  

2 To de te rmine  t h e  l o c a l  t u r b u l e n t  s k i n  f r i c t i o n  on a  smooth s u r f a c e  

u s i n g  a  round p i t o t  tube  

3 Simple and a c c u r a t e  method of measuring s k i n  f r i c t i o n  developed,  a r e a  

n e a r  w a l l  0.1 of  boundary l a y e r  t h i c k n e s s  where c o n d i t i o n s  depend on ly  

on t r a c t i v e  f o r c e ,  f l u i d  d e n s i t y  and k i n e m a t i c  v i s c o s i t y  and a  

c h a r a c t e r i s t i c  l e n g t h .  V e l o c i t y  d i s t r i b u t i o n  i n  t h i s  r eg ion  i s  

u n i v e r s a l .  V e l o c i t y  d i s t r i b u t i o n  can be used t o  de te rmine  s k i n  

f r i c t i o n  from p i t o t  tube  t r a v e r s e s  i f  e f f e c t i v e  c e n t r e  of p i t o t  tube  

n e a r  w a l l  can be e s t a b l i s h e d .  Turbulence  i n t e n s i t y  n e a r  w a l l  can  be 

determined u s i n g  non d imens iona l  r e l a t i o n s h i p  compris ing t r a c t i v e  

f o r c e ,  f l u i d  d e n s i t y ,  k i n e m a t i c  v i s c o s i t y  and a  c h a r a c t e r i s t i c  l e n g t h  

4 P i t o t  t u b e ,  p r e s s u r e  t a p p i n g s  



PRINOS. TOWNSEND 1983 

E s t i m a t i n g  d i s c h a r g e  i n  compound open channe l s  

1 Exper imenta l ,  t h e o r e t i c a l ,  smooth, rough, compound 

2 P r e s e n t a t i o n  of i n i t i a l  r e s u l t s  of a  t h e o r e t i c a l  and e x p e r i m e n t a l  

s t u d y  concerned w i t h  e s t i m a t i n g  t h e  d i s c h a r g e  of r i v e r s  i n  t imes  of 

f l o o d  when i n t e r a c t i o n  between f lows i n  t h e  main channel  and t h o s e  i n  

t h e  a d j o i n i n g  f l o o d  p l a i n  zones can  s i g n i f i c a n t l y  i n f l u e n c e  t h e  s t a g e  

d i s c h a r g e  r e l a t i o n s h i p  f o r  t h e  system. 

3 Momentum t r a n s f e r  mechanism g e n e r a t e d  i n  t h e  j u n c t i o n  r e g i o n s  of 

h i g h l y  compound channe l s  t e n d s  t o  reduce boundary s h e a r  s t r e s s ,  

v e l o c i t y  and d i s c h a r g e  i n  t h e  main channel  and i n c r e a s e  boundary s h e a r  

s t r e s s  i n  t h e  f l o o d  p l a i n  zone. S t r e n g c h  of t h e  mechanism d e c r e a s e s  

w i t h  a n  i n c r e a s e  i n  r e l a t i v e  channel  wid th  and r e l a t i v e  roughness and 

i n c r e a s e s  w i t h  a  d e c r e a s e  i n  r e l a t i v e  dep th .  Apparent  s h e a r  s t r e s s  

p r o v i d e s  i n f o r m a t i o n  on t h e  s t r e n g t h  of t h e  mechanism. Proposed 

methodology i n c o r p o r a t e s  a p p a r e n t  s h e a r  s t r e s s  i n  t h e  c a l c u l a t i o n  of 

v e l o c i t y  i n  t h e  f l o o d  p l a i n  g i v e s  s a t i s f a c t o r y  r e s u l t s .  Method assumes 

same f r i c t i o n  f a c t o r  under  i n t e r a c t i n g  and i s o l a t e d  c o n d i t i o n s .  

4 P r e s t o n  t u b e ,  s t a t i c  t u b e ,  p i e z o m e t r i c  t a p p i n g s  

PRINOS, TOWNSEND 1984 

P r e d i c t i o n  of main c h a n n e l / f l o o d  p l a i n  f low i n t e r a c t i o n  w i t h  FEM 

1 Exper imenta l ,  compound, smooth, t h e o r y .  

2 D e s c r i p t i o n  of a  f i n i t e  e lement  model (FEM)for p r e d i c t i n g  v e l o c i t y  

d i s t r i b u t i o n s  i n  fu l ly -deve loped  compound channe l  f lows.  

3 Numerical model works w e l l  f o r  wide main channel  i n  compound channe l .  

F o r  narrow channe l  e r r o r s  i n  s i m u l a t i o n  o c c u r  a s  model cannot  reproduce 

a c c u r a t e l y  observed i s o v e l  p a t t e r n s  and p r e d i c t s  i n c o r r e c t l y  mean 

v e l o c i t i e s  i n  channe l  and on f l o o d  p l a i n  due t o  s t r o n g  momentum 



t r a n s f e r  mechanism i n  lnixing r e g i o n  only  being t a k e n  p a r t l y  i n t o  

accoun t .  

4 P i t o t  tube ,  d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r ,  d i g i t a l  i n d i c a t o r ,  

p r o p e l l e r  c u r r e n t  meter.  

PRINOS. TOWNSEND 1985 

Flood p l a i n  and main channel  f low i n t e r a c t i o n  

D i s c u s s i o n  of paper  by Knight ,  Demetriou 1983 

PRINOS, TOWNSEND, TAVOULARIS 1985 

S t r u c t u r e  of t u r b u l e n c e  i n  compound channel  f l o w s  

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  s t r u c t u r e  of t u r b u l e n c e  i n  wide and narrow channels  and 

t o  compare measured apparen t  s h e a r  s t r e s s  and e s t i m a t e d  v a l u e s  based 

upon boundary s h e a r  s t r e s s  measurements 

3  L o n g i t u d i n a l  and v e r t i c a l  t u r b u l e n c e  i n t e n s i t i e s  h i g h e r  i n  i n t e r f a c e  

zone t h a n  i n  c e n t r a l  p a r t  of channe l .  Turbulence  i n t e n s i t i e s  i n c r e a s e  

w i t h  i n c r e a s e  of r e l a t i v e  boundary roughness and w i t h  a  d e c r e a s e  i n  

r e l a t i v e  d e p t h  Negat ive  s h e a r  s t r e s s  due t o  l a r g e  eddy t r a n s p o r t  i n  

i n t e r f a c e  zone.  Numerical model l ing of Reynolds s t r e s s  shou ld  be based 

on a d v e c t i o n ,  d i f f u s i v e  t r a n s p o r t ,  t u r b u l e n c e  p r o d u c t i o n  and v i s c o u s  

d i s s i p a t i o n  

4 Hot w i r e  anemometer 

H e l i c a l  f low i n  open channel  bends 

1 Simple ,  rough,  smooth, e x p e r i m e n t a l ,  bends 

2 I n v e s t i g a t i o n  of h e l i c a l  f low i n  open channe l  



3 H e l i c a l  component d i s s i p a t e s  s lowly  once formed; s e n s i t i v e  t o  c r o s s  

c u r r e n t s  a t  e n t r y ;  causes  g r e a t  v a r i a t i o n  i n  sediment  t r a n s p o r t i n g  

c a p a b i l i t y  of f low;  ev idence  of h e l i c a l  motion i n  a l l  channe l  forms; 

i n t i m a t e l y  r e l a t e d  w i t h  meandering channe l s  

4 Dye, p o i n t  gauges  

C o e f f i c i e n t  of f r i c t i o n  i n  c o n d u i t s  w i t h  l a r g e  roughness 

1 Rough, p r o t o t y p e  model, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e  

2 Using r e s u l t s  of exper iments  of f r i c t i o n  l o s s e s  i n  c o n d u i t s  w i t h  l a r g e  

roughness a s  a  b a s i s  f o r  d e t e r m i n a t i o n  of r e f e r e n c e  datum t o  e n a b l e  

computat ion of f r i c t i o n  l o s s  wi thou t  f u r t h e r  e x p e r i m e n t a l  work. Study 

l i m i t e d  t o  rough t u r b u l e n t  zone. 

3 A mathemat ica l  model s e t  up f o r  t h e  computat ion of f r i c t i o n  c o e f f i c i e n t  

Model s u c c e s s f u l l y  t e s t e d  by exper iments  i n  channe l s  w i t h  uniform and 

random roughness s i z e  and shape .  Appl icab le  t o  c o n d u i t s  w i t h  roughness 

e lements  of any shape  and based on t h e  c o e f f i c i e n t  of d rag .  

4 O r i f i c e .  manometer. 

QUINTELA 1982 

Minimum s p e c i f i c  energy i n  compound open channe l  

D i s c u s s i o n  of p a p e r  by Bla lock ,  Stunu 1981 

On t h e  P r e s t o n  tube w i t h  a  h e m i s p h e r i c a l  n o s e  

1 Exper imenta l  

2 To compare P r a n d t l  tube  and P r e s t o n  tube d i f f e r e n t i a l  p r e s s u r e  

read ings  



3  Good c o r r e l a t i o n  though d/D f o r  P r a n d t l  = 0.3 a g a i n s t  accep ted  d/D f o r  

P r e s t o n  tube of 0.6 

4 P r e s t o n  t u b e ,  P r a n d t l  t u b e  

RAJARATNAH, AHEULDI 1980 

I n t e r a c t i o n  between main channel  and f l o o d  p l a i n  f lows  

Closure  

Boundary s h e a r  s t r e s s  d i s t r i b u t i o n  i n  r e c t a n g u l a r  open channe l s  

1 Simple,  smooth, e x p e r i m e n t a l  

2 S u p e r c r i t i c a l  f lows  s t u d i e d  due t o  measurement of v e l o c i t y  and s h e a r  a t  

low v e l o c i t i e s  being d i f f i c u l t .  S h e a r  s t r e s s  d i s t r i b u t i o n  i n  smooth 

r e c t a n g u l a r  channe l s .  

3  S i d e  w a l l  t o  bed s h e a r  stress v a r i e s  w i t h  a s p e c t  r a t i o ;  v e l o c i t y  

d i s t r i b u t i o n  e x h i b i t s  l o g a r i t h m i c  p r o f i l e  normal t o  bed f o r  89% of 

channel  wid th  

4 P i t o t  t u b e ,  P r e s t o n  t u b e ,  o r i f i c e  mete r ,  p iezomete rs  

RAJARATNAH, H U W I D B A B  1970 

The screw d r i v e r  probe 

1 Simple,  e x p e r i m e n t a l  

2 To compare screw d r i v e r  probe w i t h  p i t o t  t u b e  i n  r e s p e c t  of measuring 

s t a t i c  p r e s s u r e  i n  2 and 3D flow 

3 I n  2 and 3D f l o w  SDP a c c u r a t e  f o r  f low v e c t o r s  up t o  30" from normal ,  

more a c c u r a t e  t h a n  p i t o t  tube.  

4 S c r e w d r i v e r p r o b e ,  P i t o t  t u b e  



I n t e r a c t i o n  between main channe l  and f l o o d p l a i n  f lows  

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 Study of main channe l  and f l o o d p l a i n  f low i n t e r a c t i o n  

3 L a t e r a l  t r a n s f e r  of l o n g i t u d i n a l  momentum d e t a i l e d ,  v e l o c i t y  p ro£  i l e s  

above f l o o d p l a i n  l e v e l  i n  both f l o o d p l a i n  and main channe l  s i m i l a r .  

S h e a r  a t  i n t e r f a c e  i n c r e a s e s  on f l o o d p l a i n  and reduces  i n  main channe l  

w i t h  i n t e r a c t i o n  

4 P i t o t  t u b e ,  P r e s t o n  t u b e ,  p r e s s u r e  p robes ,  t r a n s d u c e r s ,  p o i n t  gauges  

H y d r a u l i c s  of channe l s  w i t h  f l o o d p l a i n s  

1 Compound, smooth, rough, exper imenta l  

2 To i n v e s t i g a t e  f low i n t e r a c t i o n  between main channe l  and f l o o d p l a i n ;  

s t u d y  t h e  g e n e r a l  f low s t r u c t u r e ;  s tudy  n a t u r e  of i n t e r a c t i o n  zone 

3 F l o o d p l a i n  bed s h e a r  s t r e s s  i s  i n c r e a s e d  by f low i n t e r a c t i o n ,  converse  

i s  t r u e  f o r  main channel .  Apparent  s h e a r  s t r e s s  e x e r t e d  by main 

channe l  on f l o o d p l a i n  i s  a  f u n c t i o n  of main c h a n n e l / f l o o d p l a i n  d e p t h s  

4 P i t o t  t u b e ,  P r e s t o n  t u b e ,  t r a n s d u c e r s ,  f lowmete r ,  p r e s s u r e  p r o b e s  

RAO, NARASIMHA, NARAYANAN 1971 

The b u r s t i n g  phenomenon i n  a  t u r b u l e n t  boundary l a y e r  

1 Exper imenta l ,  s i m p l e ,  smooth, d u c t  

2 To s t u d y  t h e  f r e q u e n t  p e r i o d s  of a c t i v i t y ,  i e  b u r s t s ,  n o t i c e d  i n  a  

t u r b u l e n t  s i g n a l  



3 Burs t ing  i n t e r v a l  r e l a t e d  t o  Reynolds no. Over a wide Reynolds no. 

range mean b u r s t  p e r i o d  r e l a t e s  t o  t h e  o u t e r  l a y e r  v a r i a b l e s  r a t h e r  

t h a n  t h e  i n n e r  l a y e r ,  i e  t h e  w a l l .  Burs t  i n t e r v a l s  d i s t r i b u t e d  

accord ing  t o  t h e  l o g  normal law. Dynamics of t h e  energy balance i n  a  

t u r b u l e n t  boundary l a y e r  can only  be understood on t h e  b a s i s  of a  

coupl ing between t h e  i n n e r  and o u t e r  l a y e r s  

4 H o t w i r e a n e m o m e t r y ,  p i t o t  tube ,  p i e z o m e t r i c t a p p i n g s  

Turbu len t  f low i n  smooth c o n c e n t r i c  a n n u l i  w i t h  s m a l l  r a d i u s  r a t i o s  

1 Exper imenta l ,  t h e o r e t i c a l ,  s i m p l e ,  annu lus ,  a i r ,  smooth 

2 To determine p o s i t i o n  of z e r o  s h e a r  s t r e s s  and consequent ly  w a l l  s h e a r  

s t r e s s  a t  t h e  i n n e r  and o u t e r  w a l l s  

3 P r e s s u r e  d rop  c o e f f i c i e n t s  a r e  dependent upon r a d i i  r a t i o s .  Zero s h e a r  

s t r e s s  i s  no t  c o i n c i d e n t  wi th  maximum v e l o c i t y .  V e l o c i t y  and 

t u r b u l e n c e  d i s t r i b u t i o n s  a r e  g r e a t l y  d i s t u r b e d  by s p a c e r s ,  c o r e  rods o r  

w i r e s .  D i s t u r b a n c e s  p a r t i c u l a r l y  a f f e c t  p o s i t i o n  oE z e r o  s h e a r  s t r e s s .  

A t  h i g h  Reynolds numbers t h e  methods based on t h e  laws of t h e  w a l l  used 

t o  i n t e r p r e t  measurements i n  a n n u l i  and rod bundles  w i t h  a r t i f i c i a l  

s u r f a c e  roughnesses  a r e  s u f f i c i e n t l y  w e l l  s u i t e d  f o r  t h e  c a l c u l a t i o n s  

of t h e  f low paramete rs  i n  smooth a n n u l i  

4 P i t o t  t u b e ,  o r i f i c e  p l a t e ,  P r e s t o n  tube ,  h o t  w i r e  anemometer 

REPLOGLE, CHOW 1966 

T r a c t i v e  f o r c e  d i s t r i b u t i o n  i n  open c h a n n e l s  

1 Simple ,  rough, e x p e r i m e n t a l ,  t h e o r e t i c a l ,  p i p e  

2 To de te rmine  f low c o n s t a n t s  r e f e r a b l e  t o  t u r b u l e n c e  and secondary f low 

by comparing computer g e n e r a t e d  t r a c t i v e  f o r c e  d i s t r i b u t i o n s  t o  

measured d i s t r i b u t i o n s  



3 I n c r e a s i n g  r e l a t i v e  roughness  r educes  maximum v e l o c i  t y  and changes  

t r a c t i v e  f o r c e  d i s t r i b u t i o n ;  channe l  geometry  i m p o r t a n t  i n  

e s t a b l i s h i n g  s e c o n d a r y  c u r r e n t s  w i t h  t h e i r  a s s o c i a t e d  i n f l u e n c e  on 

t r a c t i v e  f o r c e ;  t r a c t i v e  f o r c e  dependen t  upon a s p e c t  r a t i o ;  t r a c t i v e  

f o r c e  i s  independen t  of Reynolds and Froude  no; maximum t r a c t i v e  f o r c e  

n e a r  c e n t r e  of c h a n n e l  

4 P i t o t  t u b e ,  manometer 

Measurement of t u r b u l e n c e  i n  w a t e r  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  s i m p l e ,  smooth,  rough 

2 To d e s c r i b e  a method of measur ing  t u r b u l e n c e  i n  w a t e r  u s i n g  h o t  f i l m  

anemometers;  a l s o  t o  rev iew t h e  t h e o r y  of t h e  c o n s t a n t  t e m p e r a t u r e  h o t  

f i l m  anemometer  

3 Method deve loped  f o r  measur ing  t u r b u l e n c e  i n  d i r t y  w a t e r  based  on t h e  

h y p o t h e s i s  t h a t  d i r t  and  a i r  on  t h e  s e n s o r  d e c r e a s e  t h e  mean v o l t a g e  

f o r  a g i v e n  v e l o c i t y  b u t  t h a t  f o r  t h e  f r e q u e n c i e s  e n c o u n t e r e d  i n  w a t e r  

d o  n o t  a f f e c t  t h e  f r e q u e n c y  r e s p o n s e  of t h e  s e n s o r  t o  v e l o c i t y  

f l u c t u a t i o n s .  R e l a t i v e  t u r b u l e n t  i n t e n s i t i e s  a t  a g i v e n  p o i n t  i n  f l o w  

i n c r e a s e  w i t h  a n  i n c r e a s e  i n  Reynold's number. I n c r e a s e  more 

pronounced o v e r  a smooth boundary t h a n  a rough boundary.  

4 Hot f i l m  anemometer 

ROBINSON, ALBERTSON 1952 

A r t i f i c i a l  roughness  f o r  open c h a n n e l s  

1 Rough, t h e o r y ,  e x p e r i m e n t a l ,  s i m p l e .  

2 S tudy t o  choose  a n  a r t i f i c i a l  roughness  and  t e s t  i t  i n  a r ange  where 

t h e  c h a n n e l  would be  s o  rough t h a t  v i s c o u s  f o r c e s  would be r e l a t i v e l y  

i n s i g n i f i c a n t .  



3 A roughness s t a n d a r d  such a s  e x i s t s  f o r  p i p e s  may be s e t  up f o r  open 

channe l s  w i t h  rough boundar ies .  The channel  cannot  be cons ide red  a s  

i n f i n i t e l y  wide f o r  v a l u e s  of r e l a t i v e  roughness > 1 0 ,  a s  e f f e c t  of 

s i d e  w a l l s  becomes i m p o r t a n t .  The Chezy r e s i s t a n c e  coeff  remains 

c o n s t a n t  o v e r  t h e  range of Reynolds No obsented f o r  a p a r t i c u l a r  v a l u e  

of r e l a t i v e  roughness.  

4 P o i n t  gauge.  

ROUSE 1965 

C r i t i c a l  a n a l y s i s  of open channel  r e s i s t a n c e  

1 Simple,  smooth, rough, e x p e r i m e n t a l ,  t h e o r e t i c a l  

2 L i t e r a t u r e  review of e x i s t i n g  open channe l  r e s i s t a n c e  t h e o r y  

3 Secondary c u r r e n t s  cons ide red  i m p o r t a n t  f o r  a s p e c t  r a t i o s  5 

ROZOVSKII 1957 

Flow of w a t e r  i n  bends of open c h a n n e l s  

Conta ins  c h a p t e r s  on:  

T h e o r e t i c a l  i n v e s t i g a t i o n s  of f low i n  bends of c h a n n e l s .  

D i s t r i b u t i o n  of l o n g i t u d i n a l  and t r a n s v e r s e  v e l o c i t i e s  a c r o s s  t h e  wid th  and 

l e n g t h  of a bend. 

L a b o r a t o r y  and f i e l d  i n v e s t i g a t i o n s  of f low i n  channe l  bends. 

Comparison of t h e o r e t i c a l  and e x p e r i m e n t a l  d a t a .  

The FLUCOMP r i v e r  model package: a n  Eng ineers  g u i d e  

1 T h e o r e t i c a l ,  p r o t o t y p e ,  e x p e r i m e n t a l ,  rough, compound 



2 / 3  To p r e d i c t  wa te r  l e v e l s  and d i s c h a r g e  f o r  one d imens iona l  f lows a long  a  

r i v e r  channel .  Discharges  va ry ing  i n  time o r  s t e a d y  a t  each  s i t e  a long  

a  r i v e r  can be i n v e s t i g a t e d .  The s i m p l e s t  problem t h a t  can be t r e a t e d  

wi th  t h e  package i s  t h e  c a l c u l a t i o n  of a  s t e a d y  f low w a t e r  s u r f a c e  

p r o f i l e  a long  a  r e g u l a r  channel .  More complex problems can be t r e a t e d  

such a s  t h e  passage of a  f l o o d  a long  t h e  t i d a l l y  i n f l u e n c e d  reach of a  

n a t u r a l  r i v e r  i n  which f low o c c u r s  over  t h e  f l o o d  p l a i n  and t h e  w a t e r  

l e v e l  i s ,  pe rhaps ,  a r t i f i c i a l l y  c o n t r o l l e d  by b r i d g e s ,  w e i r s  and 

s l u i c e s .  The methodology of approach For d e s c r i b i n g  t h e  p h y s i c s  of t h e  

r i v e r  f low i s  d e s c r i b e d .  

SAMUELS 1984 

Computational  model l ing of open channe l  f low: a n  a n a l y s i s  of some p r a c t i c a l  

d i f f i c u l t i e s  

1 T h e o r e t i c a l ,  p r o t o t y p i c a l ,  e x p e r i m e n t a l ,  rough, s i m p l e ,  compound 

2 To i n d i c a t e  t h e  p r a c t i c a l  problems i n  c o n s t r u c t i n g  one d imens iona l  

r i v e r  problems and t h e  l i m i t s  o f  o u r  c u r r e n t  knowledge and i d e n t i f y  

p r a c t i c a l  c o n c l u s i o n s .  

3 The s p e c i f i c a t i o n  of su rvey  of a  r i v e r  f o r  c o n s t r u c t i n g  a  numer ica l  

model must i n c l u d e  a  l i m i t  on t h e  r a t i o  between c r o s s  s e c t i o n a l  a r e a s  

below normal o r  f l o o d  s t a g e s  a t  a d j a c e n t  c r o s s  s e c t i o n s .  When 

Priessman's scheme i s  used i n  t h e  numer ica l  model t h i s  r a t i o  shou ld  l i e  

between 0.65 and 1 .50.  The roughness pa ramete r  d e r i v e d  i n  c a l i b r a t i n g  

a  model may d i f f e r  from t h a t  u s u a l l y  a s s e s s e d  by an e n g i n e e r  from s i t e  

e x p e r i e n c e  because of t h e  way i n  which t h e  conveyance of compound c r o s s  

s e c t i o n s  i s  c a l c u l a t e d .  A model of a  t i d a l  reach of a  r i v e r  shou ld  

employ an i t e r a t i v e  s o l u t i o n  t echn ique  t o  minimize e r r o r s  i n  t h e  t o t a l  

volume of wa te r .  



SARGENT 1979 

V a r i a t i o n  of Mannings n  roughness c o e f f i c i e n t  wi th  f low i n  open r i v e r  

channe l s  

1 P r o t o t y p e ,  s imple ,  rough 

2 To s t u d y  t h e  e f f e c t  of v a r y i n g  channel  d i s c h a r g e  on t h e  roughness 

c o e f f i c i e n t  

3 Mannings n  v a r i e s  w i t h  f low tend ing  t o  a n  a s y m p t o t i c  v a l u e  a s  bankfu l  

d i s c h a r g e  i s  reached 

V e l o c i t y  d i s t r i b u t i o n  i n  smooth r e c t a n g u l a r  open c h a n n e l s  

1 Simple ,  smooth, e x p e r i m e n t a l ,  t h e o r e t i c a l  

2 To s t u d y  v e l o c i t y  d i s t r i b u t i o n  i n  open channe l s  f o r  s u b c r i t i c a l  smooth 

t u r b u l e n t  f low 

3 Froude no and a s p e c t  r a t i o  do n o t  i n f l u e n c e  v e l o c i t y  d i s t r i b u t i o n  i n  

t h e  w a l l  r eg ion  a d j a c e n t  t o  t h e  bed. Away from t h e  bed t h e  l a t e r a l  

v e l o c i t y  d i s t r i b u t i o n  i n  t h e  w a l l  r eg ion  a f f e c t e d  markedly by d i p  i n  

v e r t i c a l  v e l o c i t y  d i s t r i b u t i o n  

4 P i t o t  t u b e ,  manometer, p o i n t  gauge,  a d j  w e i r  

S A W ,  SASIKANTH 1965 

E v a l u a t i o n  of Mannings n  f o r  s t e a d y  non-uniform f l o w s  

1 Exper imenta l ,  rough,  s i m p l e ,  

2 To d e t e r n i n e  Mannings n  f o r  i r r e g u l a r ,  non u n i f o r n  f l o w  



3 IL c a n  be  d e m o n s t r a t e d  t h a t  by u s i n g  t h e  e n e r g y  s l o p e ,  Mannings n  can  

be e v a l u a t e d  a c c u r a t l e y  f o r  any  i r r e g u l a r ,  non un i fo rm,  s t e a d y  f l o w  i n  

a  u n i f o r m  channe l  w i t h  banks and bed of same roughness .  

4 P o i n t  gauge .  

SAYRE, ALBERTSON 1963 

Roughness s p a c i n g  i n  r i g i d  open c h a n n e l s  

1 E x p e r i m e n t a l ,  s i m p l e ,  rough 

2 To d e t e r m i n e  t h e  e f f e c t  of roughness  s p a c i n g  o n  open  channe l  f l o w  

3 V a r i a t i o n  of  t h e  Chezy r e s i s t a n c e  f u n c t i o n  w i t h  r e l a t i v e  roughness  i s  

l o g a r i t h m i c .  V e l o c i t y  d i s t r i b u t i o n  i n  t h e  v e r t i c a l  when t h e  roughness  

p a t t e r n  is r e l a t i v e l y  d e n s e  i s  similar t o  t h a t  d e s c r i b e d  by t h e  von 

Karman P r a n d t l  e q u a t i o n s  f o r  rough b o u n d a r i e s .  The g e n e r a l  r e s i s t a n c e  

d i ag ram and t h e  Co leb rook  Whi te  t r a n s i t i o n  f u n c t i o n  a r e  found t o  be 

a p p l i c a b l e  t o  u n i f o r m  f l o w  i n  w ide ,  r i g i d  boundary open c h a n n e l s .  The 

von K a m a n  t u r b u l e n c e  c o n s t a n t  is i n d e p e n d e n t  o f  t h e  roughness  p a t t e r n  

4 P i t o t  t u b e ,  p o i n t  g a u g e  

A l a b o r a t o r y  i n v e s t i g a t i o n  of open c h a n n e l  d i s p e r s i o n  p r o c e s s e s  f o r  

d i s s o l v e d ,  su spended .  and f l o a t i n g  d i s p e r s a n t s  

1 S imple ,  e x p e r i m e n t a l ,  rough 

2 To s t u d y  l o n g i t u d i n a l  and l a t e ra l  d i s p e r s i o n  p r o c e s s e s  i n  f l o w  

3 L o n g i t u d i n a l  d i s p e r s i o n  w e l l  r e p r e s e n t e d  by 1D F i c k i a n  d i f f u s i o n  

e q u a t i o n .  L o n g i t u d i n a l  d i s p e r s i o n  c o e f f i c i e n t  ( d i s s o l v e d  d i s p e r s a n t )  

c a l c u l a t e d  u s i n g  E lde r ' s  (1959)  e q u a t i o n ;  e n t r y  l e n g t h  b e f o r e  F i c k i a n  

e q u a t i o n  a p p l i e s  d e t e r m i n e d .  L a t e r a l  d i s p e r s i o n  r e p r e s e n t e d  by 2D 

F i c k i a n  d i f f u s i o n  e q u a t i o n ,  e n t r y  l e n g t h  b e f o r e  a p p l i c a b i l i t y  



determined.  L a t e r a l  d i s p e r s i o n  c o e f f i c i e n t  3% of l o n g i t u d i n a l  

d i s p e r s i o n  c o e f f i c i e n t .  S u r f a c e  d i s p e r s i o n  r a t e  d i s t o r t e d  by secondary 

c u r r e n t s  

4 F luoromete r  

SCHLICHTING 1949 

Lec ture  s e r i e s  Boundary l a y e r  t h e o r y ,  P a r t  2 ,  Turbu len t  f lows 

I n v e s t i g a t i o n  of t u r b u l e n t  f low theory i n c l u d i n g  g e n e r a l  remarks on 

t u r b u l e n t  f low,  theory  of t u r b u l e n t  f low,  p ipe  f low,  f r i c t i o n  d rag  of a  f l a t  

p l a t e  i n  l o n g i t u d i n a l  f low,  t u r b u l e n t  f r i c t i o n  l a y e r  i n  a c c e l e r a t e d  and 

r e t a r d e d  f low,  d e t e r m i n a t i o n  of p r o f i l e  d rag  from t h e  l o s s  of momentum, 

o r i g i n  of t u r b u l e n c e ,  c a l c u l a t i o n  of t h e  t u r b u l e n t  f r i c t i o n  l a y e r .  

SCHOELLHAMER, PETERS, LAROCK 1985 

S u b d i v i s i o n  Froude number 

The development and t e s t i n g  of a  s u b d i v i s i o n  Froude number by which t h e  f low 

regime i n  each  of t h r e e  major  c r o s s  s e c t i o n a l  s u b d i v i s i o n s ;  i .e.  main 

channel  and two f l o o d p l a i n s  i s  d e s c r i b e d  

SCHUYF 1966 

The measurement of t u r b u l e n t  v e l o c i t y  f l u c t u a t i o n s  w i t h  a  p r o p e l l o r  type  

c u r r e n t  meter  

1 Exper imenta l ,  s i m p l e ,  w a t e r ,  a i r  

2 To s tudy  t h e  e x t e n t  t o  which t u r b u l e n t  v e l o c i t y  f l u c t u a t i o n s  a r e  

measured c o r r e c t l y  w i t h  a  p r o p e l l o r  t y p e  c u r r e n t  m e t e r  

3 To measure i s o t r o p i c  t u r b u l e n c e  i n t e n s i t y  c o r r e c t l y  l o n g i t u d i n a l  

i n t e g r a l  s c a l e  should be 2 t o  3* t h e  r o t o r  d iamete r .  S e n s i t i v i t y  of 

non a x i a l  components may be n e g l e c t e d  f o r  l a r g e  s c a l e  movements; 

i n f l u e n c e  of t h e  wake of t h e  meter  frame may be n e g l e c t e d  f o r  mean 

v e l o c i t y  W 0 . 4  m / s .  



4 P r o p e l l e r  c u r r e n t  m e t e r ,  ho t  wi re  anenometer 

SELLIN 1964 

A l a b o r a t o r y  i n v e s t i g a t i o n  i n t o  t h e  i n t e r a c t i o n  between t h e  f low i n  t h e  

channe l  of a  r i v e r  and t h a t  over  i t s  f l o o d p l a i n  

1 Compound, smooth, rough, e x p e r i m e n t a l  

2 Review of e x i s t i n g  computa t iona l  methods and t h e i r  comparison w i t h  

e x p e r i m e n t a l  d a t a  

3 I d e n t i f i e s  t h e  momentum t r a n s f e r  mechanism i n  terms of Mannings n .  

Compares t h e o r e t i c a l  i n t e r f a c e  boundar ies  w i t h  e x p e r i m e n t a l  d a t a .  

D e t a i l s  f r equency  of v o r t e x  shedding 

4 P i t o t  t u b e ,  p r e s s u r e  t a p p i n g s ,  min c u r r e n t  me te r ,  camera, a d j  w e i r  

SELLIN 1970 

Some exper iments  w i t h  t h e  h o t  f i l m  anemometer i n  wa te r  

1 Simple ,  smooth, e x p e r i m e n t a l ,  c y l i n d e r  

2 To a s s e s s  e f f e c t  of i n c l i n i n g  probe head t o  i n c i d e n t  f low 

3 S i g n i f i c a n t  i n c r e a s e  i n  measured t u r b u l e n c e  when probe n o t  a l i g n e d  t o  

f low 

4 Hot f i l m  probe ,  o s c i l l o s c o p e  

SHIH, GRIGGS 1967 

A r e c o n s i d e r a t i o n  of t h e  h y d r a u l i c  r a d i u s  a s  a  geomet r i c  q u a n t i t y  i n  open 

channe l  h y d r a u l i c s  

1 Simple ,  smooth, e x p e r i m e n t a l  



2 To i n v e s t i g a t e  t h e  v a l i d i t y  of t h e  h y d r a u l i c  r a d i u s  a s  a  r e p r e s e n t a t i v e  

geomet r i c  parameter  i n  t h e  computation of t u r b u l e n t  uniform f low 

3 For  p a r t i c u l a r  channel  c o n d i t i o n s  i n c r e a s e  i n  mean v e l o c i t y  o r  d e c r e a s e  

i n  r e s i s t a n c e  i s  a t t r i b u t e d  t o  lower a s p e c t  r a t i o .  I f  a s p e c t  r a t i o  > 2 

then  use  of R i s  v a l i d ,  i f  < 2 then  e f f e c t  of channel  shape on R i s  

n e c c e s s a r y  

4 P o i n t  gauges ,  o r i f i c e ,  v o l u m e t r i c  t a n k ,  s l u i c e  g a t e ,  a d j  t a i l g a t e  

SBUKRP 1950 

Flow around bends i n  a n  open flume 

1 Simple,  smooth, e x p e r i m e n t a l ,  bend 

2 I n v e s t i g a t i o n  of t h e  s p i r a l  motion of f low around bends 

3 S p l r a l  motion e x i s t s  i n  s t r a i g h t  a s  w e l l  a s  curved channe l s .  S p i r a l  

motion due t o  c e n t r i f u g a l  f o r c e  no t  uniform around bend; s t r o n g e s t  a t  

mid s e c t i o n  of bend a l i g n e d  down toward bed. S t r e n g t h  of motion 

dependent  upon Reynolds no and bend r a d i u s / c h a n n e l  width  r a t i o .  F ree  

v o r t e x  t h e o r y  d e f i n e s  v e l o c i t y  d i s t r i b u t i o n  and w a t e r  s u r f a c e  p r o f i l e  

a t  p o i n t  of maximum s u r f a c e  d e p r e s s i o n  

4 P i t o t  s p h e r e  

SHUKRY 1963 

Boundary s h e a r  s t r e s s e s  i n  curved t r a p e z o i d a l  channe l s  

D i s c u s s i o n  of paper  by Ippen ,  D r i n k e r  1962 

SIEBERT, GOTZ 1975 

A s t u d y  on t h e  de fo rmat ion  of secondary f low i n  models of r e c t a n g u l a r  

meandering channe l s  



1 Simple ,  smooth, e x p e r i m e n t a l ,  meander 

2 To i n v e s t i g a t e  secondary f lows i n  meandering channe l s  

3 H e l i c a l  f low e x i s t s  but  i s  n o t  f u l l y  developed i n  meander bends. 

Transverse  motion i s  asymmetric C O  channel a x i s  n e a r  bed, s i m i l a r l y  

l o n g i t u d i n a l  f low i s  asymmetric t o  channe l  a x i s  

4 Hot f i l m a n e m o m e t e r  

S M O N ,  BLENCH, NEILL 1963 

F r i c t i o n  f a c t o r s  i n  open channe l s  

D i s c u s s i o n  on ASCE t a s k  f o r c e  p a p e r  1963 

SUITH 1978 

E f f e c t  of channel  meanders on f l o o d  s t a g e  i n  v a l l e y  

1 Exper imenta l ,  t h e o r y ,  s i m p l e ,  compound, rough, meanders 

2 To s t u d y  t h e  f low exchange p r o c e s s  and i t s  e f f e c t  on s t a g e  of a 

meandering channe l  w i t h i n  a v a l l e y  f l o o d p l a i n  

3 R e s u l t s  i n d i c a t e  t h a t  f o r  a meandering channel  i n  a v a l l e y  t h e r e  i s  a n  

i n t e r a c t i o n  between t h e  channe l  f low and v a l l e y  f low.  The n a t u r e  of 

t h e  i n t e r a c t i o n  v a r i e s  w i t h  s t a g e ,  i n  t h a t  t h e  channe l  f low remains 

dominant when t h e  overbank f low i s  r e l a t i v e l y  sha l low,  bu t  may become 

i n s i g n i f i c a n t  when t h e  overbank flow is deep.  Once t h e  v a l l e y  f low i s  

dominant,  t h e  p resence  of t h e  meandering channe l  can  a c t u a l l y  produce 

g r e a t e r  s t a g e s  than  would o c c u r  i f  t h e  channel  were a b s e n t .  The e x t r a  

f l e w  r e s i s t a n c e  produced by t h e  channel  more t h a n  o f f s e t s  t h e  added 

a r e a  t h a t  i t  p rov ides .  It can be expec ted  t h a t  t h i s  e f f e c t  w i l l  be 

even more pronounced i f  channel  bank v e g e t a t i o n  ex tends  above t h e  l e v e l  

of t h e  v a l l e y  f l o o r .  

4 P o i n t  gauges  



SOLIUAN, TINNEY 1968 

Flow around 180" bend i n  open r e c t a n g u l a r  channe l s  

1 Simple ,  smooth, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 To a t t e m p t  t o  minimize energy l o s s  i n  a 180 degree  bend 

3 Presence  of vanes causes  f l o w l i n e s  t o  p a r a l l e l  channel  boundary. I f  

channe l  w i d t h l c h a n n e l  r a d i u s  r a t i o  i s  < 0.15 and Froude < 0.6 t h e n  

l o s s e s  i n  bend s i m i l a i r  t o  those  i n  s t r a i g h t  channe l  

4 P i t o t  t u b e ,  p o i n t  gauge,  dye,  micromanometer 

SOOKY 1964 

The f low through a meander f l o o d p l a i n  geometry 

1 Exper imenta l ,  s imple ,  compound, smooth 

2 To i n v e s t i g a t e  t h e  r e s i s t a n c e  t o  f low through a meander f l o o d p l a i n  

geometry a s  a f u n c t i o n  of s t a g e .  T h e o r e t i c a l  c o n s i d e r a t i o n s  a r e  

p r e s e n t e d  concern ing  t h e  p l a n  form of meandering channe l s  and t h e  

n a t u r e  of i n c r e a s e  i n  r e s i s t a n c e  

3 Geometric s i m i l a r i t y  of meander p a t t e r n s  cannot be d e s c r i b e d  i n  terms 

of l i n e a r  r e l a t i o n s h i p s  independent  of dynamic f low paramete r s .  

F r i c t i o n  f a c t o r  i n c r e a s e s  w i t h  Froude and Reynolds Number. The f low i n  

a meander f l o o d p l a i n  combinat ion i s  s u b j e c t  t o  i n c r e a s e d  r e s i s t a n c e  

compared t o  d i v i d i n g  flow between channel and f l o o d p l a i n  f low f i e l d s .  

4 P r a n d t l  t u b e ,  o s c i l l o s c o p e ,  t r a n s d u c e r ,  p o i n t  gauge 

SOULSBP 1980 

S e l e c t i n g  record  l e n g t h  and d i g i t i z a t i o n  r a t e  f o r  n e a r  bed t u r b u l e n c e  

measurements 

1 P r o t o t y p e ,  rough, c o a s t  



2 To a s s e s s  t h e  e f f e c t  of l o s s  of low and high f requency  c o n t r i b u t i o n s ,  

s t a t i o n a r i t y ,  s t a t i s t i c a l  v a r i a b i l i t y ,  s e n s o r  response  and s i z e  of d a t a  

s e t  on t h e  accuracy  of measured v a l u e s  of t u r b u l e n c e  pa ramete r s .  

3 E s t i m a t e s  of t h e  e r r o r s  a s s o c i a t e d  w i t h  t h e  f a c t o r s  d e t a i l e d  above a r e  

p r e s e n t e d  and t h e i r  d i f f e r i n g  r e l a t i v e  importance  f o r  d i f f e r e n t  

t u r b u l e n c e  pa ramete r s  d i s c u s s e d .  

4 E l e c t r o  magnet ic  c u r r e n t  me te r  

STEFFLER, W A R A T N M ,  PETERSON 1985 

LDA measurements i n  open channe l  

1 Exper imenta l ,  s i m p l e ,  rough, smooth 

2 An e x t e n s i v e  s e t  of "U" v e l o c i t y  measurements were made f o r  t h r e e  

a s p e c t  r a t i o s ,  measurements a r e  p r e s e n t e d  

3 L o n g i t u d i n a l  v e l o c i t y  measurements i n  t h e  v i s c o u s  s u b l a y e r  a g r e e  w e l l  

w i t h  t h e  l i n e a r  form of t h e  law of t h e  w a l l .  I n  t h e  c e n t r a l  r e g i o n  of 

t h e  channe l  t h e  mean v e l o c i t y  measurements a g r e e  w i t h  t h e  l o g a r i t h m i c  

form of t h e  law of t h e  w a l l .  Near t h e  s i d e  w a l l s  t h e  v e l o c i t y  p r o f i l e s  

drop of from t h e  l o g  law l i n e ,  e x h i b i t i n g  a  s i g n i f i c a n t  d i p  i n  t h e  

v e l o c i t y  p r o f i l e  n e a r  t h e  w a t e r  s u r f a c e .  L o n g i t u d i n a l  s h e a r  s t r e s s  

p r o f i l e  i s  l i n e a r  i n  t h e  c e n t r e  of t h e  channe l ,  bu t  i n  t h e  w a l l  r e g i o n  

t h e  p r o f i l e s  a r e  complex 

4 L a s e r  d o p p l e r  anemometer 

STRAUB. SILBERMAN, NELSON 1956 

Open channe l  f low a t  s m a l l  Reynolds numbers 

1 Exper imenta l ,  s i m p l e ,  compound, smooth, rough. 

2 E s t a b l i s h i n g  p h y s i c a l  r e l a t i o n s h i p s  of f low a t  small Reynolds numbers 

u s i n g  o n l y  f lows w i t h  Froude Number l e s s  t h a n  u n i t y  and a t  h i g h  Weber 

Numbers . 



3 F r i c t i o n  and v e l o c i t y  d i s t r i b u t i o n  f o r  f low i n  smooth, open channe l s  a t  

s m a l l  Reynolds Number a r e  e q u a l  t o  t h a t  f o r  f low i n  c l o s e d  c o n d u i t s .  

F r i c t i o n  i n  rough channe l s  may be s i m i l a r  t o  f r i c t i o n  i n  rough p i p e s  o r  

p l a t e s .  Shape of channel  does  n o t  have impor tan t  e f f e c t  on f r i c t i o n  

f o r  t u r b u l e n t  f low i n  smooth channe l s  a t  low Reynolds Number. The 

lower  c r i t i c a l  Reynolds no f o r  t r a n s i s t i o n  between l a m i n a r  and 

t u r b u l e n t  f low i n  smooth channe l s  depends t o  some e x t e n t  on channel  

shape.  

SUNER, DEIGAARD 1979 

Exper imenta l  i n v e s t i g a t i o n  of mot ions  of suspended heavy p a r t i c l e s  and t h e  

b u r s t i n g  p r o c e s s  

1 Exper imenta l ,  s i m p l e ,  smooth, rough 

2 To s t u d y  t h e  t u r b u l e n c e  s t r u c t u r e  n e a r  t h e  w a l l ;  i . e .  b u r s t i n g  p r o c e s s  

and i t s  e f f e c t  upon p a r t i c l e  movement 

3 I d e n t i f i e d  t h a t  p a r t i c l e  n e a r  bed e x p e r i e n c e s  upward f o r c e  due t o  

i n s t a n t a n e o u s  p r e s s u r e  g r a d i e n t .  Determined f o r  s i n g l e  p a r t i c l e  above 

a  rough and smooth bed. L i f t  f o r c e  i n c r e a s e s  w i t h  i n c r e a s i n g  roughness 

b u t  d i s a p p e a r s  w i t h  d i s t a n c e  above t h e  bed. B u r s t i n g  p r o c e s s  i s  q u a s i  

c y c l i c  i n  form,  no t  random 

4 M i n i a t u r e  f lowmete r ,  p o i n t  gauges ,  o r i f i c e  p l a t e ,  camera 

SUNER, HULLER 1982 

Mechanics of sediment  t r a n s p o r t  

Con ta ins  c h a p t e r s  on: 

Flow s t r u c t u r e  a s  r e l a t e d  t o  sediment  t r a n s p o r t  

S i n g l e  p a r t i c l e  dynamics 

I n i t i a t i o n ,  fo rmat ion  and behav iour  of r i p p l e s  and dunes 

T r a n s p o r t  of sed iment  i n  s u s p e n s i o n  

Sediment t r a n s p o r t  i n  s t e e p  channe l s  

Other  sediment  t r a n s p o r t  problems 



TAGG 1985 

Computational model l ing of t h e  River  S t o u r ,  Dorset  UK 

1 T h e o r e t i c a l ,  exper imenta l ,  p ro to type ,  compound, rough 

2 To d e s c r i b e  t h e  a p p l i c a t i o n  of t h e  one dimensional  FLUCOMP model t o  t h e  

C h r i s t c h u r c h  reach of t h e  River  S tour .  

3 By u t i l i s i n g  t h e  r e s u l t s  from a  p h y s i c a l  model of t h e  I f o r d  reach,  i t  

was p o s s i b l e  t o  r e p r e s e n t  t h e  head l o s s  a t  t h e  b r i d g e s ,  r e s u l t i n g  from 

complex f lows  around and through t h e  s t r u c t u r e s ,  by t h e  one dimensional  

m o d e l  Without t h e  p h y s i c a l  model t h i s  would have been d i f f i c u l t .  A 

s t r e n g t h  of a  p h y s i c a l  model is t h a t  i t  i d e n t i f i e s  and reproduces  l o c a l  

e f f e c t s ,  such a s  s u r c h a r g i n g  of t h e  b r idge  a r c h e s  and can approximate 

t h e  energy l o s s e s  produced by v e g e t a t i o n  and b u i l d i n g s .  Complementary 

t o  t h i s  t h e  computa t iona l  model i s  b e t t e r  s u i t e d  f o r  r e p r e s e n t i n g  

l a r g e r  reaches  and reproducing g l o b a l  e f f e c t s ,  such a s  t h e  a r e a  

dominated by t i d e  o r  t h e  backwater e f f e c t  of channe l  works. Although 

t h e  a b s o l u t e  accuracy  of t h e  models d i scussed  h e r e  i s  approx imate ly  

+_ O . l m ,  t h e  s o u r c e s  of e r r o r  a r e  d i f f e r e n t .  For  t h e  p h y s i c a l  model t h e  

accuracy  of t h e  moulding, s c a l e  e f f e c t s  and r e p e a t a b i l i t y  of 

measurement a r e  t h e  dominant f a c t o r s .  The computat ional  model 

accuracy ,  on t h e  o t h e r  hand, i s  c o n t r o l l e d  by t h e  mathemat ical  

r e p r e s e n t a t i o n  of t h e  r i v e r  and t h e  numerical  methods used t o  s o l v e  t h e  

model e q u a t i o n s .  Both models a r e  of course  s u b j e c t  t o  t h e  p r e c i s i o n  

wi th  which t h e  p r o t o t y p e  d a t a  can be given.  

Three d imens iona l  f low o v e r  a l t e r n a t i n g  p o i n t  ba rs  i n  a  meandering channe l  

1  T h e o r e t i c a l ,  exper imenta l ,  s imple ,  bend, smooth 

2 To develop a  mathemat ical  model t o  s i m u l a t e  t h r e e  dimensional  f low over  

p o i n t  b a r s  i n  a  meander channel  and t o  compare model wi th  exper imenta l  

r e s u l t s  



3 Mathemat ica l  model s i m u l a t e s  secondary f low double  c e l l  p a t t e r n  i n  

meander channel  w i t h  a l t e r n a t i n g  p o i n t  b a r s .  S imula t ion  of pr imary 

v e l o c i t y  i s o v e l s  i n d i c a t e s  t h a t  combination of s u r f a c e  s h e a r  s t r e s s  and 

k-e model no t  s u f f i c i e n t  t o  reproduce f low p a t t e r n s  i n  meander channe l  

of low a s p e c t  r a t i o .  Bed s h e a r  s t r e s s  d i s t r i b u t i o n  reproduced 

q u a l i t a t i v e l y  by k-e model. 

4 Hot f i l m  anemometer, p o i n t  gauge 

TAMAI, IKEUCHI, YAMAZAKI, H O W E D  1983 

Exper imenta l  a n a l y s i s  on t h e  open channel  f low i n  r e c t a n g u l a r  con t inuous  

bends 

1 Exper imenta l ,  s imple ,  bend, smooth 

2 To i n v e s t i g a t e  t r a n s v e r s e  s u r f a c e  g r a d i e n t ,  primary and secondary 

v e l o c i t y  f i e l d s  i n  meander bends 

3 T r a n s v e r s e  w a t e r  s u r f a c e  p r o f i l e  n e a r l y  h o r i z o n t a l  a t  e n t r y  and e x i t  of 

bends Maximum primary v e l o c i t y  a t  c e r t a i n  d i s t a n c e  below w a t e r  s u r f a c e .  

Primary and secondary f low f i e l d s  vary  throughout  bend, no f u l l y  

developed s e c t i o n .  I n  c a s e  of con t inuous  bends ,  i . e .  meanders,  

r e s i d u a r y  secondary c i r c u l a t i o n  from p r e v i o u s  bend p r e v a i l s  i n t o  n e x t  

bend. I n  r e s p e c t  of l o n g i t u d i n a l  momentum e q u a t i o n ,  i n e r t i a  terms and 

l o n g i t u d i n a l  component of t h e  c e n t r i p e t a l  f o r c e  a r e  dominant.  I n  t h e  

t r a n s v e r s e  momentum e q u a t i o n ,  t r a n s v e r s e  p r e s s u r e  g r a d i e n t  and 

c e n t r i p e t a l  f o r c e s  a r e  dominant. 

4 M i n i a t u r e  c u r r e n t  me te r ,  s t a t i c  tube ,  p o i n t  gauge 

TAMAI, BIROSAWA 1986 

A f i e l d  o b s e r v a t i o n  of t h e  t r a n s v e r s e  v a r i a t i o n  of s h e a r  and d i f f u s i v i t y  i n  

t h e  Tama r i v e r ,  Tokyo 



1 P r o t o t y p e ,  s imple ,  rough 

2 To i n v e s t i g a t e  and unders tand  t h e  v a r i a t i o n  of h y d r a u l i c  q u a n t i t i e s  i n  

a  s e c t i o n  d u r i n g  a  low f low s t a g e .  

3 The v e r t i c a l  p r o f i l e  of t h e  l o n g i t u d i n a l  v e l o c i t y  is  e x p l a i n e d  by a  

q u a d r a t i c  f u n c t i o n  of t h e  d i s t a n c e  from t h e  bottom w i t h  s l i p  v e l o c i t y  

a t  t h e  bottom. Depth averaged  v e l o c i t y  shows p r o p o r t i o n a l  v a r i a t i o n  t o  

t h e  w a t e r  d e p t h  i n  a  s e c t i o n .  Loca l  s h e a r  v e l o c i t y  can be e s t i m a t e d  by 

t h e  v e r t i c a l  l i n e  method of p a r t i t i o n  of a  s e c t i o n .  T r a n s v e r s e  

v a r i a t i o n  of t h e  l o c a l  s h e a r  v e l o c i t y  i s  l a r g e  and t h e  r e p r e s e n t a t i v e  

s h e a r  v e l o c i t y  f o r  a  s e c t i o n  i s  i n s u f f i c i e n t  t o  d e s c r i b e  t h e  v a r i a t i o n  

of t u r b u l e n c e  c h a r a c t e r i s t i c s .  Non d imens iona l i zed  t r a n s v e r s e  eddy 

d i f f u s i v i t y  s u g g e s t  s m a l l e r  v a l u e s  t h a n  o b t a i n e d  by p r e v i o u s  

r e s e a r c h e r s .  

4 C u r r e n t  m e t e r s ,  e l e c t r o m a g n e t i c  c u r r e n t  m e t e r s  

TAYLOR 1961 

E x p l o r a t o r y  s t u d i e s  of open channel  f low o v e r  boundar ies  of l a t e r a l l y  

v a r y i n g  roughness 

1 Exper imenta l ,  p r o t o t y p e ,  s i m p l e ,  smooth, rough 

2 To de te rmine  how f r i c t i o n  f a c t o r  v a r i e s  w i t h  roughness d i s t r i b u t i o n  

r a t i o ,  and t o  s tudy  flow s t r u c t u r e  i n c l u d i n g  secondary f low a s  d e t a i l e d  

by v e l o c i t y  p r o f i l e s  

3 Bed f r i c t i o n  f a c t o r s  c o n s i s t e n t  w i t h  Karman P r a n d t l  e q u a t i o n  f o r  

t u r b u l e n t  f low. O v e r a l l  f r i c t i o n  f a c t o r  v a r i e d  c o n s i s t e n t l y  w i t h  

h y d r a u l i c  r a d i u s  o r  r e l a t i v e  roughness .  S u b d i v i s i o n  of t u r b u l e n t  f low 

i n t o  hydrodynamical ly  independent  zones  is  not  g e n e r a l l y  p o s s i b l e  a s  

bed g e n e r a t e d  t u r b u l e n c e  i s  d i f f u s e d  th roughout  t h e  channe l .  V e l o c i t y  

p r o f i l e s  i n d i c a t e  t h e  e x i s t e n c e  of s t r o n g  secondary c i r c u l a t i o n .  



THIJSSE 1949 

Formulae f o r  t h e  f r i c t i o n  head l o s s  a long  condu i t  w a l l s  under  t u r b u l e n t  

f l o w  

1 P i p e ,  t h e o r e t i c a l ,  rough 

2 C o n s i d e r a t i o n  of a c o n d u i t  w i t h  h y d r a u l i c  r a d i u s  R through which a  

f l u i d  p a s s e s  w i t h  mean v e l o c i t y  v .  S lope  o r  t o t a l  energy l i n e  i s  1, 

energy l o s s  being caused by w a l l  f r i c t i o n  on ly .  Roughness of w a l l s  

caused by p r o t u b e r a n c e s  w i t h  h e i g h t  k .  

3 Proposa l  n o t  t o  use  e x p e r i m e n t a l  formulae  f o r  r e s i s t a n c e  but  t o  

c a l c u l a t e  t h e  head l o s s  by means of l o g a r i t h m i c  formulae .  Impor tan t  

t h a t  l e n g t h  k h a s  same o r d e r  of magnitude a s  h e i g h t  of i n e q u a l i t i e s  of 

s u r f  a c e  

E f f e c t s  of overbank f low i n  f l o o d  computat ions  

1 Compound, rough, t h e o r e t i c a l ,  f i e l d  

2 To d e r i v e  c o n t i n u i t y  and momentum e q u a t i o n s  t o  d e s c r i b e  main channel 

and  berm f lows  when both  s t o r a g e  and dynamic c o n d i t i o n s  app ly .  

3 Channellberm i n t e r f a c e  d i v i d e d  a s  f o r  POSEY. Momentum c o r r e c t i o n  

f a c t o r  d e r i v e d  from n e t  momentum flux/momentum f l u x  r a t i o  f o r  each 

s e c t i o n .  Model w a t e r  s u r f a c e  l e v e l s  and d i s c h a r g e s  produced u s i n g  

D e l f t  node and branch computa t iona l  procedure  



TOEBES, SOOKY 1967 

Hydrau l i c s  of meandering r i v e r s  w i t h  f l o o d p l a i n s  

1 Compound, smooth, e x p e r i m e n t a l ,  meandering 

2 To i n v e s t i g a t e  t h e  i n t e r n a l  f low c h a r a c t e r i s t i c s  of meandering channe l s  

w i t h  f l o o d p l a i n s  and t o  supp ly  e m p i r i c a l  c o n s t a n t s  t o  r e p r e s e n t  t h i s  

f low i n  a  f l o o d  r o u t i n g  model 

3 For  a n a l y s i s  h o r i z o n t a l  i n t e r f a c e  a t  f l o o d p l a i n  l e v e l  i s  used .  

I n t e r a c t i o n  l o s s e s  i n c r e a s e  w i t h  d e c r e a s i n g  mean v e l o c i t y  and v a r i a t i o n  

i n  overbank f low dep th .  Energy l o s s  dependent  upon Froude and 

Reynolds. H e l i c o i d a l  p a t t e r n  more pronounced i n  meandering channe l  

w i t h  f l o o d p l a i n  f low than  s o l e l y  f o r  meandering channel .  

4 P i t o t  t u b e ,  p o i n t  gauge,  t r a n s d u c e r  

TOWNSEND 1968 

An i n v e s t i g a t i o n  of t u r b u l e n c e  c h a r a c t e r i s t i c s  i n  a  r i v e r  model of complex 

c r o s s  s e c t i o n  

1 Compound, smooth, exper imenta l  

2 Exper imenta l  i n v e s t i g a t i o n  i n t o  n a t u r e  of t u r b u l e n c e  c h a r a c t e r i s t i c s  i n  

a n  asymmetr ica l  compound channel  

3 Turbulence  i n t e n s i t y  f o r  low d e p t h s  a t  c h a n n e l / f l o o d p l a i n  i n t e r f a c e  i s  

approx imate ly  40% h i g h e r  t h a n  a t  t h e  w a l l  o r  on t h e  f l o o d p l a i n .  

I n c r e a s i n g  t h e  d i s c h a r g e  r e s u l t s  i n  i n c r e a s e  i n  d e p t h  and r e d u c t i o n  i n  

t u r b u l e n c e  i n t e n s i t y .  Reynolds no r a t i o  of f l o o d p l a i n  t o  channe l  

i n c r e a s e s  w i t h  reduced f l o o d p l a i n  d e p t h ,  i n d i c a t i v e  of momentum 

t r a n s f e r  mechanism 

4 Hot f i l m  anemometer, p i t o t  t u b e ,  camera, dye  



TOWNSEND 1976 

The s t r u c t u r e  of t u r b u l e n t  s h e a r  f low 

Conta ins  c h a p t e r s  on 

Turbu len t  f low 

P i p e s  

Open channe l s  

Boundary l a y e r  

Wall  j e t s  

Convect ion 

TRACY. LESTER 1961 

R e s i s t a n c e  c o e f f i c i e n t s  and v e l o c i t y  d i s t r i b u t i o n ,  smooth r e c t a n g u l a r  

channe l  

1 Simple ,  smooth, e x p e r i m e n t a l  

2 To e s t a b l i s h  t h e  e f f e c t  of t h e  channe l  s i d e  w a l l s  on t h e  v e l o c i t y  

d i s t r i b u t i o n  and r e s i s t a n c e  t o  f low 

3 Flow i s  symmetr ica l  abou t  t h e  channe l  a x i s .  V e r t i c a l  v e l o c i t y  p r o f i l e s  

e x h i b i t  a  l o g a r i t h m i c  p r o f i l e .  I n  t h e  v i c i n i t y  of t h e  w a l l s  t h e  

maximum v e l o c i t y  i s  d e p r e s s e d  below t h e  s u r f a c e .  No d e f i n i t e  

c o n c l u s i o n s  on secondary f low though t r a n s v e r s e  motion e v i d e n t  from 

v e l o c i t y  p r o f i l e s  

4 Piezomet r i c  t a p p i n g s ,  p o i n t  gauges ,  v e n t u r i ,  o r i f i c e  

TRACY 1965 

T u r b u l e n t  f l o w  i n  a  t h r e e  d imens iona l  channe l  

1 Simple ,  smooth, e x p e r i m e n t a l ,  d u c t  

2 To measure t h e  t u r b u l e n t  s t r u c t u r e  of f low i n  a  c o r n e r ;  t o  i d e n t i f y  

t h e  r o l e  of t u r b u l e n c e  i n  secondary f low 



3 Secondary f lows a r e  p r e s e n t  i n  long channe l s  of n o n c i r c u l a r  shape ,  t h e  

y  and z f l u c t u a t i n g  v e l o c i t y  components e s t a b l i s h  t h e  secondary motion 

and a r e  c o n t r o l l e d  by channel  con£ i g u r a t i o n .  Magnitude of v e l o c i t y  

f l u c t u a t i o n  nex t  t o  t h e  boundary i s  c o n t r o l l e d  by t h e  boundary. 

Boundary causes  y  component t o  be g r e a t e r  i n  t h e  v e r t i c a l  and t h e  

converse  i n  t h e  h o r i z o n t a l  s o  developing c o r n e r  secondary flow. 

Secondary flow inward toward t h e  c o r n e r s  and outward a long  t h e  

boundar ies  

4 Hot f i l m  anemometer, p r e s s u r e  t a p p i n g s ,  micromanometer 

TRACY 1976 

The s t r u c t u r e  of a  t u r b u l e n t  f low i n  a  channel  of complex shape  

1 Compound, smooth, e x p e r i m e n t a l ,  d u c t  

2 To s t u d y  t h e  t u r b u l e n t  and secondary mean mot ions  g e n e r a t e d  i n  t h e  

l a r g e  s e c t i o n  of t h e  compound channel  and t o  e v a l u a t e  t h e i r  e f f e c t  i n  

momentum t r a n s f e r  

3 The v a r i a t i o n  i n  f l u c t u a t i n g  v e l o c i t y  components i n  t h e  y  and z 

d i r e c t i o n  a r e  probably  r e s p o n s i b l e  f o r  secondary motion;  secondary 

motion magnitude i s  dependent upon t h e  channe l  c o r n e r  a n g l e ;  secondary 

mot ions  a r e  t h e  momentum t r a n s f e r  mechanism; boundary e f f e c t s  produce 

s h e a r  f o r c e s  g r e a t e r  t h a n  t h o s e  s o l e l y  a t t r i b u t a b l e  t o  p r e s s u r e ;  

secondary motion t r a n s f e r s  loomentum i n t o  c o r n e r  t o  compensate f o r  

e x c e s s  s h e a r  f o r c e ;  secondary mot ions  e q u a l i z e  boundary s t r e s s  o v e r  

boundary t h i s  accoun t ing  f o r  a b i l i t y  t o  use  roughness c o e f f i c i e n t s  t o  

compute f l o w  i n  open channe l s  

4 Hot w i r e  anemometer 

Mathemat ica l  s i m u l a t i o n  of unsteady f loodf lows  i n  compound p r i s m a t i c  and 

meandering channe l s  



1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  smooth, compound 

2 To a s s e s s  t h e  a b i l i t y  of ma themat ica l  models t o  s i m u l a t e  unsteady f l o w  

i n  open channe l s  

3 S e v e r a l  numer ica l  s o l u t i o n s  of unsteady f low e q u a t i o n s  a r e  examined and 

a r e  t e s t e d  a g a i n s t  e x p e r i m e n t a l  d a t a  from compound p r i s m a t i c ,  

meandering and conf luence  channe l s  

4 P o i n t  gauges  

TROPEA 1983 

A n o t e  concern ing  t h e  use  of a  one component LDA t o  measure s h e a r  s t r e s s  

terms Theory 

2 To a s s e s s  t h e  s t a t i s t i c a l  u n c e r t a i n t y  i n  measuring s h e a r  s t r e s s  t e r m s  

u s i n g  a  one component LDA 

3 Reynolds s h e a r  s t r e s s  and t u r b u l e n c e  i n t e n s i t y  measurement accuracy  

d e f i n e d  i n  r e s p e c t  of probe a l ignment  

4 One component LDA 

TURNER, LANGFORD, WIN, CLIFT 1978 

Discharge  dep th  e q u a t i o n  f o r  sha l low f low 

1 Exper imenta l ,  s i m p l e ,  rough 

2 To compare h y d r a u l i c  c h a r a c t e r i s t i c s  of sha l low f low o v e r  s o i l  and 

v e g e t a t e d  s u r f a c e s  w i t h  f low o v e r  s o i l s  wi th  a n  uneven s u r f a c e  

3 Shal low f low i s  i n a d e q u a t e l y  d e s c r i b e d  by d e e p e r  f low e q u a t i o n  

i n c o r p o r a t i n g  Mannings n. Flow o v e r  u n d u l a t i n g  b a r e  s o i l  d i f f e r s  i n  

behav iour  from f low o v e r  p l a n a r  b a r e  s o i l  s u r f a c e .  Retardance due t o  



v e g e t a t i o n  i s  g r e a t e r  than  t h a t  due t o  s o i l .  D e n s i t y  of v e g e t a t i o n  

a f f e c t s  f low r e s i s t a n c e .  

UNITED STATES WATERWAYS EXPERIMENTAL STATION 1956 

Hydrau l i c  c a p a c i t y  of meandering channe l s  i n  s t r a i g h t  f  loodways 

1 Exper imenta l ,  compound, smooth, rough,  meander 

2 To i d e n t i f y  f a c t o r s  a f f e c t i n g  f l o o d  channel  c a p a c i t y ,  s p e c i f i c a l l y  

r a d i u s  of c u r v a t u r e  of bends, s i n u o s i t y  of c h a n n e l s ,  dep th  of overbank 

f low,  r a t i o  of overbank a r e a  t o  channel  a r e a ,  overbank roughness 

3  I f  channel  narrow compared t o  f l o o d p l a i n ,  e f f e c t  of channel  s i n u o s i t y  

on conveyance of channel  and f l o o d p l a i n  i s  smal l .  E f f e c t  of l a r g e r  

channel  wid th  i n  reduced f l o o d p l a i n  i s  more c r i t i c a l .  When f l o o d p l a i n  

wid th  exceeds  meander b e l t  width  by 300% e f f e c t  of channel  s i n u o s i t y  on 

channel  and f l o o d p l a i n  conveyance i s  s m a l l .  Channel d i s c h a r g e  reduces  

w i t h  i n c r e a s e d  s i n u o s i t y .  

4 P iezomete r s  

USLU 1974 

C a l i b r a t i o n  of roughness pa ramete r s  f o r  mathemat ica l  models of r i v e r s  w i t h  

f l o o d p l a i n s  u s i n g  dynamic programming 

1 T h e o r e t i c a l ,  p r o t o t y p e ,  rough, compound, bend 

2 To deve lop  a  mathemat ica l  model t o  s i m u l a t e  f lows  i n  channe l s  w i t h  

f l o o d p l a i n s  

3 Flow computation c a l i b r a t e d  i n  r e s p e c t  of roughness c o e f f i c i e n t s .  

V a r i a b l e s  i n  one d imens iona l  f low e x h i b i t  s e q u e n t i a l  dependenc ies  and a  

dynamic programming approach h a s  been used t o  de te rmine  optimum 

roughness c o e f f i c i e n t .  R i v e r  d i v i d e d  i n t o  s u b  r e a c h e s ,  roughness 



c o e f f i c i e n t  determined f o r  channel  and f l o o d p l a i n  i n  each reach a s  a 

f u n c t i o n  of s t e a d y  s t a t e  f low.  O b j e c t i v e  f u n c t i o n  of t h e  o p t i m i s a t i o n  

p r o c e s s  d e f i n e d  a s  sum of s q u a r e s  of t h e  d e v i a t i o n s  between measured 

and c a l c u l a t e d  w a t e r  s u r f a c e  p r o f i l e s  

UTAMI, UENO 1984 

V i s u a l i z a t i o n  and p i c t u r e  p r o c e s s i n g  of t u r b u l e n t  f low 

1 Exper imenta l ,  s i m p l e ,  smooth 

2 To v i s u a l i z e  t h e  t h r e e  d imens iona l  s t r u c t u r e  of t u r b u l e n t  open channel  

f low u s i n g  t r a c e r  m a t e r i a l  

3 Flow p a t t e r n s  i n  h o r i z o n t a l  c r o s s  s e c t i o n s  t aken  s u c c e s s i v e l y ,  

d i g i t i z e d  and p rocessed  by computer. R e s u l t s  produced i n c l u d e  

d i s t r i b u t i o n  of v e l o c i t y  v e c t o r s  i n  h o r i z o n t a l  c r o s s  s e c t i o n s ,  p a t t e r n  

of s t r e a m l i n e s ,  d i s t r i b u t i o n  of r o t a t i o n ,  d i s t r i b u t i o n  of two 

d imens iona l  d i v e r g e n c e ,  d i s t r i b u t i o n  of v e l o c i t y  v e c t o r s  i n  

l o n g i t u d i n a l  and t r a n s v e r s a l  c r o s s  s e c t i o n s  

4 Camera 

VARSHNEY, GARDE 1975 

Shear  d i s t r i b u t i o n  i n  bends i n  r e c t a n g u l a r  c h a n n e l s  

1 Simple ,  rough, t h e o r e t i c a l ,  e x p e r i m e n t a l ,  bend 

2 To de te rmine  t h e  magnitude of maximum l o c a l  s h e a r  i n  r i g i d  bends 

3 V e l o c i t y  d i s t r i b u t i o n  n e a r  bend e x i t  f o l l o w s  f o r c e d  v o r t e x  law; s h e a r  

r a t i o  a t  o u t s i d e  of e x i t  bend dependent  on channel  wid th ,  d e p t h  and 

r a d i u s  r a t i o s  as w e l l  a s  Reynolds no 



4 P r e s t o n  t u b e  

VEDULA, ACWTA 1985 

Bed s h e a r  from v e l o c i t y  p r o f i l e s :  a  new approach  

1 T h e o r e t i c a l ,  s i m p l e ,  p i p e ,  smooth, rough 

2 To p ropose  a g e n e r a l  law of v e l o c i t y  d i s t r i b u t i o n  f o r  t h e  w a l l  and f low 

c o r e  i n  r e s p e c t  of f l a t  p l a t e s ,  p i p e s  and open channe l s  

3 A new b i n a r y  law of v e l o c i t y  d i s t r i b u t i o n  i s  p r e s e n t e d  which i s  

a p p l i c a b l e  t o  p i p e  and open channe l  f low. Using t h e  i n v e r s e  of t h e  von 

Karman c o n s t a n t  a p rocedure  i s  evolved t o  e s t i m a t e  t h e  bed s h e a r  i n  

open channe l s  o r  p i p e s  

VREUGDENHIL, WIJBENGA 1982 

Computation of f low p a t t e r n s  i n  r i v e r s  

1 Compound, rough, t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To deve lop  a f i n i t e  d i f f e r e n c e  method f o r  computing flow p a t t e r n s  i n  

r i v e r s  w i t h  v e r i f i c a t i o n  from p h y s i c a l  model d a t a  

3 L a t e r a l  d i f f u s i o n  of momentum has  a n  a p p r e c i a b l e  e f f e c t  on v e l o c i t y  

d i s t r i b u t i o n ;  r e l a t i v e l y  l i t t l e  known abou t  v i s c o s i t y  and bottom 

roughness i n  f i e l d  c o n d i t i o n s  s o  i t  i s  n e c e s s a r y  t o  have a c c u r a t e  f i e l d  

measurements of v e l o c i t i e s  and w a t e r  l e v e l s  t o  a l l o w  c a l i b r a t i o n  of 

bo th  pa ramete r s .  Research n e c e s s a r y  t o  unders tand  r o l e  of v i s c o s i t y  

4 Po in t  gauges ,  min c u r r e n t  m e t e r  



de VRIEND 1972 

Theory of v i s c o u s  f low i n  curved s h a l l o w  channe l s  

1 T h e o r e t i c a l ,  smooth, s i m p l e ,  bend 

2 To c o n s i d e r  t h e  v i s c o u s  ax i symmet r i ca l  curved f low i n  a n  open channel  

w i t h  a  c o n s t a n t  r e c t a n g u l a r  c r o s s  s e c t i o n  and a  f i x e d  h o r i z o n t a l  bed. 

3 Asymptotic expans ion  method i s  a p p l i c a b l e  t o  t h e  problem of v i s c o u s  

curved f low i n  a  s h a l l o w ,  r e c t a n g u l a r  open channe l .  Most i n t e n s i v e  

f l o w  i s  s i t u a t e d  w i t h i n  a  few t imes  t h e  dep th  of f low from t h e  i n n e r  

w a l l .  Secondary f low d e c r e a s e s  main f low v e l o c i t y  n e a r  i n n e r  w a l l  and 

i n c r e a s e s  v e l o c i t y  i n  r e s t  of c r o s s  s e c t i o n .  For  l a r g e  a s p e c t  r a t i o  

c h a n n e l s  r eg ion  of c e n t r a l  a x i s  f low no t  dependent upon s i d e  w a l l  

f r i c t i o n .  Th i s  being t h e  c a s e  then matched asympto t i c  expansions  can  

be a p p l i e d  t o  t h e  problem 

de VRIEND 1976 

A mathemat ica l  model of s t e a d y  f low i n  curved open sha l low c h a n n e l s  

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  smooth, rough, s imple ,  bend 

2 A p p l i c a t i o n  of secondary f low t h e o r i e s  t o  non ax i symmet r i ca l  f lows and 

and combinat ion of t h e o r y  w i t h  dep th  averaged computat ion methods f o r  

l a r g e  a s p e c t  r a t i o  channe l s  

3 Model assumes s h e a r  s t r e s s  i s  r e l a t e d  t o  s t r a i n  by c o e f f i c i e n t  of 

t u r b u l e n c e  v i s c o s i t y .  Away from t h e  banks v e r t i c a l  v e l o c i t y  g r a d i e n t s  

dominate h o r i z o n t a l  g r a d i e n t s .  Shear  s t r e s s  dominates 

i n e r t i a l ( a d v e c t i v e )  e f f e c t s .  Secondary f low p l a n e  i s  no t  p e r p e n d i c u l a r  

t o  s t r eamwise  d i r e c t i o n .  Transverse  bed s h e a r  s t r e s s  a r i s e s  from 

secondary  f low,  d i r e c t i o n  dependent upon s t r e n g t h  of main f low.  

Secondary bed s h e a r  s t r e s s  has  minor  e f f e c t  on dep th  averaged v a l u e  of 

bed s h e a r  s t r e s s .  



d e  VRIEND 1981 

1 Steady f low i n  sha l low channe l  bends - P a r t s  1 and 2 

2 To a n a l y s e  s t e a d y  f low i n  curved channe l s  p h y s i c a l l y  and m a t h e m a t i c a l l y  

and t o  deve lop  a  computa t iona l  method. 

3 Convect ive  i n f l u e n c e  of secondary f low i n  a  bend can r e d i s t r i b u t e  f low.  

I n  s t e e p  banked channe l s  l a t e r a l  d i f f u s i o n  i s  impor tan t  i n  

r e d i s t r i b u t i n g  flow. L a t e r a l  i n t e r a c t i o n  i n  curved channel  much 

s t r o n g e r  t h a n  i n  s t r a i g h t  channel .  I m p l i c a t i o n s  - s i m p l i f i e d  

computa t iona l  methods on ly  ho ld  f o r  v e r y  m i l d l y  curved f low.  I n  o t h e r  

c h a n n e l s  secondary f low should  be t a k e n  i n t o  a c c o u n t .  

Curved f low exper iments  i n  narrow channe l s  n o t  s u i t e d  t o  r e p r e s e n t  f low 

i n  l a r g e  n a t u r a l  r i v e r  bends. D i s t o r t e d  h y d r a u l i c  r i v e r  models a f f e c t  

secondary  f low.  

d e  VRIEND, GELDOP 1983 

Main f low v e l o c i t y  i n  s h o r t  and s h a r p l y  curved r i v e r  bends 

1 P r o t o t y p e ,  t h e o r e t i c a l ,  s i m p l e ,  rough 

2 To compare measured and computed v e l o c i t y  f i e l d s  and i n v e s t i g a t e  

i n f l u e n c e  of s t a g e  on main f low p a t t e r n .  V e l o c i t y  d i s t r i b u t i o n  

ana lyzed  u s i n g  mathemat ica l  model of s t e a d y  f lows  i n  s h a l l o w  c h a n n e l s  

3 Mathemat ica l  models p r e d i c t  f lows w e l l  i f  secondary c o n v e c t i o n  

ignored .  I f  i n c l u d e d  e r roneous  r e s u l t s  due t o  s t r i c t  assumpt ion of 

s i m i l a r i t y  between main and secondary f low. A t  e n t r y  t o  bend inward 

skewing of v e l o c i t y  d i s t r i b u t i o n  due t o  f low i n e r t i a  p l u s  t r a n s v e r s e  

s u r f a c e  s l o p e .  P o s i t i o n  of v e l o c i t y  maximum downstream of bend 

r e p r e s e n t s  r e t a r d e d  a d a p t a t i o n  t o  bed n o t  i n f l u e n c e  of secondary 



f low.  Secondary f low convec t ion  hampers outward skewing of 

f low. I n c r e a s i n g  s t a g e  l e a d s  t o  s h i f t  of maximum v e l o c i t y  t o  i n n e r  

bend of bank due t o  reduced asymmetry. 

4 C u r r e n t  me te r  

de V R I E N D ,  STRUIKSMA 1983 

Flow and bed d e f o r m a t i o n  i n  r i v e r  bends 

1 T h e o r e t i c a l ,  e x p e r i m e n t a l ,  rough, bend, s i m p l e  

2 To unders tand  f low phenomena and t o  p r e d i c t  them w i t h  mathemat ica l  

model, unders tand  and model sediment t r a n s p o r t  p r o c e s s e s ;  t o  model 

i n t e r a c t i o n  between f low and bed de format ion  

3 E s s e n t i a l  t o  model t h e  main f low i n e r t i a ,  t r a n s v e r s e  sediment  

t r a n s p o r t  component and bottom s h e a r  s t r e s s  due t o  secondary f low.  

E f f e c t  of s t reamwise  a c c e l e r a t i o n s  and secondary f low convec t ion  on 

main v e l o c i t y  p r o f i l e  h a s  minimal i n f l u e n c e  on main f low f i e l d ,  does  

however i n f l u e n c e  bottom s h e a r  s t r e s s .  I n t e n s i t y  of secondary f low 

r e t a r d e d  i n  r e s p e c t  of source .  Bottom s h e a r  s t r e s s  r e a c t s  q u i c k e r  t o  

s o u r c e  t h a n  i n t e n s i t y  

4 M i n i a t u r e  c u r r e n t  m e t e r  

WAGNER 1969 

Laminar f low i n  open r e c t a n g u l a r  c h a n n e l s  

1 Simple ,  t h e o r e t i c a l  

2 To deve lop  computa t iona l  program t o  p r e d i c t  f low c h a r a c t e r i s  t i c s  w i t h  

l a m i n a r  f low i n  r e c t a n g u l a r  channe l s  

3 Dependency of w a l l  and bed s h e a r  on a s p e c t  r a t i o  i n d i c a t e d  



WALLACE, BRODKEY, ECKEIMANN 1977 

P a t t e r n  recognized s t r u c t u r e s  i n  bounded t u r b u l e n t  s h e a r  f lows 

1 Simple,  smooth, exper imenta l  

2 Using p a t t e r n  r e c o g n i t i o n  t echn ique  f o r  a n a l y s i n g  t u r b u l e n t  v e l o c i t y  

s i g n a l s  i n  o r d e r  t o  d e t e c t  and d e s c r i b e  t h e  v e l o c i t y  s i g n a l  s i g n a t u r e s  

of coheren t  s t r u c t u r e s  i n  f u l l y  developed t u r b u l e n t  channel  f low 

3 Simple wave forms producing w a l l  region Reynolds s t r e s s  i d e n t i f i e d ;  X 

and y  p a t t e r n s  a r e  180° o u t  of phase; 65% of t o t a l  s i g n a l  i n  reg ion  of 

high Reynolds stress c o n t a i n s  recognized p a t t e r n  

4 Hot f i l m  anemometer 

WALLIS, KNIGHT 1984 

C a l i b r a t i o n  s t u d i e s  concerning a  one dimensional  numerical  t i d a l  model w i t h  

p a r t i c u l a r  r e fe rence  t o  r e s i s t a n c e  c o e f f i c i e n t s .  

1 T h e o r e t i c a l  

2 A reassesment of c a l i b r a t i o n  procedure  t o  improve unders tand ing  of 

behaviour  of f low r e s i s t a n c e  i n  t i d a l  channels  us ing  a  numerical  t i d a l  

model of Conwy e s t u a r y .  

3 R e s i s t a n c e  c o e f f i c i e n t s  show 3 main t r e n d s  - d e c r e a s i n g  wi th  i n c r e a s i n g  

s t a g e ,  a  f low d i r e c t i o n a l  dependence due t o  f l o o d  o r  ebb  dominated bed 

forms,  and a  high v a r i a b i l i t y  wi th  l o c a t i o n  a long t h e  e s t u a r y ,  

e s p e c i a l l y  where sand banks a r e  exposed a t  low water .  

WATTS, SIUONS, RICHARDSON 1967 

V a r i a t i o n  of a l p h a  and be ta  v a l u e s  i n  a  l i n e d  open channe l  



1 Exper imenta l ,  s i m p l e ,  smooth 

2 To s tudy  t h e  magnitude of t h e  k i n e t i c  energy f l u x  and momentum f l u x  

c o e f f i c i e n t s  i n  channe l  r eaches  a d j a c e n t  t o  and w i t h i n  s h a r p  bends 

3 Constant  v a l u e s  determined f o r  a l p h a  and b e t a  

Discuss ion  by Mavis and Apmann, Cobb and Powell. C losure  by 

Wat t s ,  Simons and Richardson.  

4 Cur ren t  meters  

YBISS, MIDGLEY 1978 

S u i t e  of ma themat ica l  f l o o d  p l a i n  models 

1 T h e o r e t i c a l ,  p r o t o t y p e ,  rough,  compound 

2 To s i m u l a t e  on a  t ime  s c a l e  t h e  r i s e  and f a l l  of f l o o d  w a t e r s ,  t h e  f low 

v e l o c i t i e s  and t h e  d e g r e e  of s c o u r  o r  sediment d e p o s i t i o n  a t  any p a r t  

of t h e  f l o o d  p l a i n  d u r i n g  e v e n t s  cover ing  a  wide range of s e v e r i t y .  

The model l ing t e c h n i q u e  i s  demonstra ted  w i t h  r e f e r e n c e  t o  t h e  Mfo loz i  

f l o o d  p l a i n  i n  South A f r i c a .  

3 Compendium of r e l a t e d  mathemat ica l  models developed t o  f a c i l i t a t e  f l o o d  

p l a i n  management. Given t h e  d i s c h a r g e  hydrograph of a  f l o o d  a t  e n t r y  

t o  a  f l o o d p l a i n ,  one can ,  w i t h  t h e  a i d  of topograph ic  and h y d r a u l i c  

models,  g e n e r a t e  t h e  t ime  g raphs  of d e p t h  of f low and of t h e  average  

v e l o c i t y  v e c t o r  of any e l e m e n t a l  a r e a  of t h e  f l o o d  p l a i n .  With t h e s e  

one can  de te rmine  t h e  d e p t h  and d u r a t i o n  of i n u n d a t i o n ,  t h e  approximate  

e x t e n t  of e r o s i o n  o r  sediment  d e p o s i t i o n ,  and t h e  degree  of v i o l e n c e  of 

t h e  f l o o d w a t e r s  anywhere on t h e  f l o o d  p l a i n .  

The performance of p i e z o m e t r i c  t a p p i n g s  



1 Exper imen ta l ,  s i m p l e ,  smooth, rough, d u c t  

2 To i n v e s t i g a t e  :he e r r o r s  t h a t  a r i s e  i n  t h e  measurement of head 

3 The form and v a l u e  of t h e  r e l a t i o n s h i p  between t h e  e r r o r  a t  a 

p i e z o m e t r i c  t a p p i n g  s e t  i n  a smooth wall and t h e  l o c a l  boundary f l o w  

a r e  b road ly  i n  l i n e  w i t h  o t h e r  r e s e a r c h e r s .  I n d i c a t i o n  t h a t  e r r o r  i s  

some f u n c t i o n  of hole  d i a m e t e r .  Holes  i n  dura lumin and s t a i n l e s s  s t e e l  

showed a lmos t  i d e n t i c a l  d i sp lacement .  Damage i n s i d e  t h e  t a p p i n g  has  no 

e f f e c t  on read ings  w h i l s t  s c o r i n g  around t h e  t app ing  h o l e  produces  v e r y  

v a r i a b l e  r e s u l t s .  

4 P r e s t o n  tube  

WOERNER, JONES, FENZL 1968 

Laminar f low i n  f i n i t e l y  wide r e c t a n g u l a r  c h a n n e l s  

1 Exper imen ta l ,  t h e o r e t i c a l ,  s i m p l e ,  smooth 

2 To d e t e r m i n e  t h e  e f f e c t s  of s i d e  w a l l s  on t h e  l a m i n a r  v e l o c i t y  

d i s t r i b u t i o n  and t o  de te rmine  t h e  change i n  f r i c t i o n  f a c t o r s  w i t h  

Reynold's numbers and wid th  t o  d e p t h  r a t i o s  i n  smooth, open, 

r e c t a n g u l a r  c h a n n e l s  

7 C e n t r e l i n e  v e l o c i t y  d i s t r i b u t i o n  of c h a n n e l s  w i t h  w i d t h  t o  d e p t h  r a t i o s  

> 10  t o  1 i s  i d e n t i c a l  w i t h  t h e  v e l o c i t y  d i s t r i b u t i o n  i n  a n  i n f i n i t e l y  

wide channe l .  Conf i rma t ion  of Bouss inesq  s o l u t i o n  of Poisson's  

e q u a t i o n  f o r  t h e  a v e r a g e  v e l o c i t y  of two d imens iona l  l a m i n a r  f l o w  i n  

smooth, open,  r e c t a n g u l a r  c h a n n e l s  w i t h  wid th  t o  d e p t h  r a t i o s  between 

2 . 7 4  and 100 t o  1. V e l o c i t y  d i s t r i b u t i o n  measurements i n d i c a t e  e r r o r s  

a s s o c i a t e d  w i t h  s u r f a c e  t e n s i o n  and a i r  t e n s i o n  a r e  n e g l i g i b l e .  Lower 

c r i t i c a l  Reynold's number i n  smooth r e c t a n g u l a r  c h a n n e l s  i s  800 

independent  of wid th  d e p t h  r a t i o  when t h e  c o r r e c t i o n  f o r  s i d e  w a l l  

e f f e c t s  is made. F r i c t i o n  f a c t o r s  and Reynold's numbers f o r  l a m i n a r  

f low can  be t r ans fo rmed  i n t o  v a l u e s  co r respond ing  t o  those  t h a t  would 

o c c u r  i n  a n  i n f i n i t e l y  wide channe l  independen t  of w i d t h  t o  d e p t h  

r a t i o .  



4 Volumet r i c  t a n k ,  p i e z o m e t r i c  t a p p i n g s ,  p o i n t  g a u g e s ,  p i t o t  t u b e ,  

f l o a t s  

WORHLEATON, ALLEN, BADJIPANOS 1980 

The e f f e c t s  of t h e  s p a c i n g  of h e m i s p h e r i c a l  e l e m e n t s  on t h e  h y d r a u l i c  

r e s i s t a n c e  of open c h a n n e l s  

1 Simple ,  smooth,  rough,  e x p e r i m e n t a l  

2 To d e t e r m i n e  t h e  e f f e c t  of roughness  s p a c i n g  on f low r e s i s t a n c e  

e q u a t i o n s  

3 Exponents r e l a t i n g  t o  h y d r a u l i c  r a d i u s  and s l o p e  v a r y  w i t h  i n c r e a s i n g  

boundary roughness ,  exponent  on R i n c r e a s e s  w i t h  roughness ,  exponent  on 

S v a r i e s  w i t h  no r e l a t e d  p a t t e r n .  Roughness p a r a m e t e r  r e l a t i n g  t o  

h e i g h t  and s p a c i n g  of roughness  e l e m e n t s  a p p l i e s  o v e r  f u l l  range  of 

roughness  c o n d i t i o n s .  T e s t s  e s s e n t i a l l y  i n  t r a n s i t i o n a l  f low r e g i o n ,  

e x p e r i m e n t a l  r e s u l t s  f i t  Colebrook White p i p e  f low t r a n s i t i o n  law 

4 P o i n t  gauge ,  v o l u m e t r i c  t a n k ,  a d j  weir 

WORMLEATON, ALLEN, WJIPANOS 1982 

D i s c h a r g e  a s s e s s m e n t  i n  compound c h a n n e l  f low 

1 Compound, rough,  e x p e r i m e n t a l  

2 E x p e r i m e n t a l  t e s t s  w i t h  compound c h a n n e l s  u s i n g  d i f f e r i n g  f l o o d p l a i n  

roughness  t o  p r o v i d e  d a t a  t o  a l l o w  assessmen t  of a p p a r e n t  s h e a r  

s t r e s s e s  a t  s e v e r a l  d i f f e r e n t  assumed i n t e r f a c e  p l a n e s  

3 C o n v e n t i o n a l  d i s c h a r g e  a s s e s s m e n t  methods make a s sumpt ions  i n  r e s p e c t  

of  a p p a r e n t  s h e a r  stress t h a t  can  l e a d  t o  i n a c c u r a t e  d i s c h a r g e  

computa t ion .  Apparent  s h e a r  a c t i n g  on v e r t i c a l  i n t e r f a c e  p l a n e s  i s  

s t r o n g l y  r e l a t e d  t o  v e l o c i t y  d i f f e r e n c e  between s u b d i v i s i o n s ,  d e p t h  

r a t i o  and w i d t h  r a t i o .  At low f l o o d p l a i n  d e p t h s  a p p a r e n t  s h e a r  a c r o s s  

a c r o s s  v e r t i c a l  i n t e r f a c e  h i g h e r  t h a n  main channe l  s h e a r ,  a l s o  



i n c r e a s e s  w i t h  i n c r e a s i n g  f l o o d p l a i n  roughness.  S t r e s s  reduced w i t h  

i n c r e a s i n g  d e p t h .  Apparent  s h e a r  reduced i f  h o r i z o n t a l  i n t e r f a c e  used 

g i v i n g  more a c c u r a t e  r e p r e s e n t a t i o n  of d i s c h a r g e  r a t i o s ,  a c c u r a c y  

v a r i e s  dependent  upon i n c l u s i o n  o r  n o t  of s h e a r  i n t e r f a c e  a s  

r e p r e s e n t i n g  we t t ed  p e r i m e t e r  

4 P r e s t o n  t u b e ,  Dall t u b e ,  p o i n t  gauge,  a d j  w e i r ,  manometer 

WOBMLEATON, ALLEN, W J I P A N O S  1 9 8 3  

Discharge  as sessment  i n  compound channel  f low 

C l o s u r e  

WOBPILEATON. ALLEN. HADJIPANOS 1 9 8 0  

I n t e r a c t i o n  between main channe l  and f l o o d  p l a i n  f l o w s  

D i s c u s s i o n  of p a p e r  by Rajara tnam,  Ahmadi 1979 

WORMLEATON, FlADJIPANOS 1 9 8 5  

Flow d i s t r i b u t i o n  i n  compound c h a n n e l s  

1 Compound, rough,  e x p e r i m e n t a l  

2 To i n v e s t i g a t e  d i s c h a r g e s  th rough  main channe l  and f l o o d p l a i n  

d i v i s i o n s  

3 R e s u l t s  i n d i c a t e  t h a t  though o v e r a l l  d i s c h a r g e  computa t ion  may be 

c o r r e c t  f o r  o v e r a l l  f l o w  s e c t i o n ,  i n c o r r e c t  a s sessment  of s u b d i v i s i o n  

d i s c h a r g e s  l e a d s  t o  i n a c c u r a c y  i n  momentum and e n e r g y  f l u x  and 

c o n s e q u e n t l y  t h e  a p p l i c a t i o n  of dynamic f low e q u a t i o n s  

4 Min c u r r e n t  m e t e r ,  Dall t u b e ,  p o i n t  gauge,  a d j  w e i r  

WBIGHT. CARSTENS 1 9 7 0  

L i n e a r  momentum f l u x  t o  overbank s e c t i o n s  



1 Compound, smooth, e x p e r i m e n t a l ,  duct  

2  To de te rmine  t h e  t a n g e n t i a l  f o r c e  on the i n t e r f a c e  between channel  and 

f l o o d p l a i n  f lows  

3  Apparent s h e a r  s t r e s s  a t  i n t e r f a c e  of s i m i l a r  magnitude t o  s h e a r  s t r e s s  

i n  main channel.  I n  r e s p e c t  of d i s c h a r g e  computation main channel  and 

i n t e r f a c e  t a k e n  a s  a  u n i t  f o r  computing mean boundary s h e a r  s t r e s s ;  

mean boundary s h e a r  s t r e s s  used t o  t o  compute a p p a r e n t  s h e a r  f o r c e ;  

a p p a r e n t  s h e a r  f o r c e  used a s  p r o p u l s i v e  f o r c e  f o r  minor channel  

4 P r e s t o n  tube ,  p r e s s u r e  t a p p i n g s ,  p i t o t  tube ,  t r a n s d u c e r ,  manometer 

YEN, R 0  1 9 8 3  

Discharge assessment  i n  compound channe l  f low 

D i s c u s s i o n  of paper  by Wormleaton, A l l e n ,  Hadjipanos 1982 

YEN, R 0  1 9 8 5  

Flood p l a i n  and main channel  f low i n t e r a c t i o n  

D i s c u s s i o n  of paper  by Knight ,  Demetriou 1983 

YEN, OVERTON 1 9 7 3  

Shape e f f e c t s  on r e s i s t a n c e  i n  f l o o d p l a i n  channe l s  

1 Compound, smooth, rough, t h e o r e t i c a l ,  exper imenta l  

2  To de te rmine  l i n e s  of z e r o  s h e a r  s t r e s s  

3  Considered analogy e x i s t s  between laminar  and t u r b u l e n t  f low boundary 

geometry based on d imens iona l  a n a l y s i s .  Zero  s h e a r  s t r e s s  l i n e s  

i n c l i n e  t o  channel  c e n t r e  from f l o o d p l a i n ,  a n g l e  dependent upon 

s t a g e .  Mannings n  from exper imenta l  d a t a  cons idered  t o  t a k e  account  of 

channel  geometry and boundary roughness 



YEN, YEN 1971 

Water s u r f a c e  c o n f i g u r a t i o n  i n  channe l  bends 

1 Simple ,  smooth, rough,  t h e o r e t i c a l ,  e x p e r i m e n t a l  

2 To i l l u s t r a t e  u s i n g  t h e  e q u a t i o n s  of mot ion  t h e  i n f l u e n c e  of h e l i c a l  

motion and channe l  bed topography on w a t e r  s u r f a c e  p r o f i l e  and 

s u p e r e l e v a t i o n  

3 Mathemat ica l  e x p r e s s i o n s  d e r i v e d  f o r  L o n g i t u d i n a l  and t r a n s v e r s a l  w a t e r  

s u r f a c e  s l o p e s .  T r a n s v e r s a l  s l o p e  and p r o f i l e  and consequen t ly  

s u p e r e l e v a t i o n  can be p r e d i c t e d  u s i n g  t h e  ma themat ica l  e x p r e s s i o n s  

p rov ided  l o n g i t u d i n a l  and t r a n s v e r s a l  v e l o c i t y  components a r e  

known. R e s u l t s  i n d i c a t e  t h a t  channe l  c r o s s  s e c t i o n  shape  and h e l i c a l  

motion a r e  i m p o r t a n t  i n  determining w a t e r  s u r f a c e  p r o f i l e  

YOON, LEE. LEE 1986 

Flow c h a r a c t e r i s t i c s  i n  s h a l l o w  channe l  bends 

1 Theory,  e x p e r i m e n t a l ,  s i m p l e ,  smooth, bend 

2 To p r e s e n t  and v a l i d a t e  a numer ica l  model composed of t h e  mass and 

momentum e q u a t i o n s  f o r  two d imens iona l  uns teady  f low i n  bends u s i n g  a n  

i m p l i c i t  f i n i t e  d i f f e r e n c e  method on a s t a g g e r e d  g r i d  sys tem.  

3 Good agreement d e r i v e d  from comparing computed d a t a  on d e p t h ,  v e l o c i t y  

and d i r e c t i o n  of f low i n  bends w i t h  d a t a  from l a b o r a t o r y  f lumes .  



R e l a t i v e  d e f i c i t  of mean v e l o c i t y  of u n s t a b l e  r i v e r  f l o w ,  k i n e m a t i c  e f f e c t  

i n  r i v e r  beds w i t h  f l o o d p l a i n s  

1 Compound, rough, e x p e r i m e n t a l  

2 To i n v e s t i g a t e  t h e  k i n e m a t i c  e f f e c t  i n  r i v e r s  w i t h  f l o o d p l a i n s  

3 Local  v e l o c i t i e s  and mean v e l o c i t y  of main channe l  f low d e c r e a s e  w i t h  

o n s e t  of f l o o d p l a i n  f low.  A t  a c e r t a i n  f l o o d p l a i n  d e p t h  v e l o c i t i e s  

t h e n  c o n t i n u e  t o  i n c r e a s e .  T h i s  c r i t i c a l  d e p t h  i n c r e a s e s  w i t h  

c h a n n e l / f l o o d p l a i n  wid th  r a t i o .  

I n c r e a s i n g  t h e  f l o o d p l a i n  roughness r e l a t i v e  t o  channe l  roughness  

reduces  t h e  channe l  v e l o c i t y .  C h a n n e l / f l o o d p l a i n  d e p t h  c o n s i d e r e d  i n  

i t s  i n v e r s e  f o n n  t o  r e p r e s e n t  r i v e r  bed c a p a c i t y ,  c a p a c i t y  v a r i e s  w i t h  

c h a n n e l / f l o o d p l a i n  wid th  r a t i o  

I n t e r a c t i o n  of channe l  and f l o o d p l a i n  s t r e a m s  

1 Compound, rough,  e x p e r i m e n t a l  

2 C h a r a c t e r i s t i c s  of k i n e m a t i c  e f f e c t  

3 Conc lus ions  a s  f o r  1965 p a p e r  

ZKELEZNYAKOV, NOVIKOVA 1973 

Kinemat ic  e f f e c t  of t h e  f l o w  i n  e r o d i b l e  c h a n n e l s  

1 Compound, rough,  e x p e r i m e n t a l  



2 I n v e s t i g a t i o n  of the  kinematic  e f f e c t  on channels  v i t h  e r o d i b l e  beds 

3 Kinematic e f f e c t  b e t t e r  developed i n  e r o d i b l e  channels  than i n  r i g i d  

channe l s .  In  unsteady r i v e r  f low the  k inemat ic  e f f e c t  can e x h i b i t  a 

h y s t e r e s i s  form. The k inemat ic  e f f e c t  has an eddy form of s p e c i f i c  

frequency . 

4 Thermohydrometer, t ransducer  





5 GEOMETRIC 

PARAMETERS 

This  f i l e  d e t a i l i n g  t h e  dimensions of che channe l s  

s t u d i e d  i n  i n v e s t i g a t i o n s  r e l a c i n g  t o  f low i n  open 

c h a n n e l s ,  duccs and p i p e s  v a s  compiled on che Apricot 

Xi-l0 micro computer u s i n g  Wordstar 3.40 s u p p l i e d  by 

Micro Pro.  

A l l  dimensions have been u n i f i e d  i n  S . l  u n i t s  t o  

e n a b l e  comparison becveen i n d i v i d u a l  r e s e a r c h  vork.  

The d a t a  i s  p resen ted  i n  t h r e e  l i n e s  r e p r e s e n t i n g  t h e  

flume dimensions ,  t h e  channel  dimensions and t h r e e  

d imens ion less  parameters  t h a t  a r e  considered t o  be 

r e p r e s e n t a t i v e  of t h e  channel  form. 

The flume dimensions enab le  a n  assessment  of t h e  s i z e  

of r e s e a r c h  f a c i l i t y  used i n  any p a r t i c u l a r  vork s t u d y  

and a r e  e s s e n t i a l l y  r e s t r i c t e d  t o  exper imenta l  

f a c i l i t i e s .  Channel dimensions can r e l a t e  t o  

exper imenta l ,  p r o t o t y p i c a l  o r  t h e o r e t i c a l  

i n v e s t i g a t i o n s .  

In  respec t  of r e c t a n g u l a r  f lumes o r  d u c t s  t h e  channel  

d imensions ,  w i t h  t h e  p o s s i b l e  e x c e p t i o n  of t h e  l e n g t h ,  

a r e  t h e  same a s  t h e  flume dimensions.  

In  r e s p e c t  of compound channe l s ,  t h e  channel  

d imensions  wi th  t h e  p o s s i b l e  excep t ion  of t h e  l e n g t h ,  

v i l l  e s s e n t i a l l y  be d i f f e r e n t  than  the  flume 

dimensions ,  a s  t h e  width  and dep th  of channel  r e f e r  t o  

t h e  i n c i s e d  channel w i t h i n  the  berms o r  f l o o d  p l a i n s .  

Data r e f e r a b l e  t o  p r o t o t y p e  r e s e a r c h  v i l l  only  be 

found i n  t h e  l i n e s  r e l a t i n g  t o  channel dimensions and 

d imens ion less  parameters .  

The n o t a t i o n  used i n  d e f i n i n g  t h e  d imens ion less  

parameters  is i l l u s t r a t e d  i n  t h e  diagrams a ,  b  and c. 

9 



( a )  Rectangular  f lume ,  s i m p l e  channel  

i e  B/b = 1 ;  H - h / ~  no t  a p p l i c a b l e ;  b /h  dependent upon 

f l o w  d e p t h .  

( b )  Duct - r e c t a n g u l a r  

,c 

~ / b  = 1; H-h/H not a p p l i c a b l e ;  b /h  = c o n s t a n t .  



( c )  Compound c h a n n e l  o r  d u c t  

B/b = c o n s t a n t ;  H-h/H dependen t  upon f l o w  d e p t h ;  b /h  = 

c o n s t a n t .  

Asymmetric compound c h a n n e l s  o r  d u c t s  a r e  t r e a t e d  a s  

i f  r e p r e s e n t i n g  h a l f  a  comple te  compound c h a n n e l  or  

d u c t  and c o n s e q u e n t l y  t h e  same d i m e n s i o n l e s s  

p a r a m e t e r s  a p p l y .  

I n  r e s p e c t  of  a l l  c h a n n e l s ,  b ,  r e p r e s e n t s  h a l f  t h e  

base  wid th  of  t h e  c h a n n e l  whether  i t  i s  r e c t a n g u l a r  o r  

t r a p e z o i d a l  i n  s e c t i o n .  
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