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ABSTRACT 

Hydraulicians have long sought a comprehensive equation that would 

define the discharge characteristics of the rectangular-notch, thin-plate 

weir for a full range of fluid, flow, and geometric variables. However, 

most investigators have not attempted to embrace a full range of variables 

for the basic weir form, but have dealt with a "practical" range of the 

critical variables. The inevitable result has been the establishment of 

limitations on the use of various weir formulas. Among the best-known 

investigators, nevertheless, there has been no general agreement regarding 

these physical limitations, nor even the discharge characteristics of the 

simpler forms of the sharp-crested weir. 

In this investigation, experiments guided by dimensional analysis 

were used to obtain an equation which expresses the discharge character­

istics of the weir in terms of geometric, fluid property and flow vari­

ables. The principal variables are believed to be contained in the ex­

pression 

C = f(h, b, |, | ) , 

in which C is the coefficient of discharge; the dimensional quantities h 

and b, representing the head on the weir and the width of the notch, 

respectively, are proportional to the Reynolds number and the Weber number; 

and the ratios b/B and h/P describe the boundary geometry. 

Rehbock in Germany found earlier that for suppressed weirs (b/B = 1, 

the effect of viscosity and surface tension could be accounted for by add­

ing a small constant to the measured head. It is shown in this thesis 



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

o f n o t c h w e i r s c a n b e t r e a t e d i n a s i m i l a r m a n n e r . T h u s , i t i s p r o p o s e d 

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

Q = C ' ( b + k b ) ( h + k h ) 3 / 2 , ( A ) 

i n w h i c h Q i s t h e d i s c h a r g e , b i s t h e w i d t h o f t h e n o t c h , a n d a r e 

e x p e r i m e n t a l l y d e t e r m i n e d l e n g t h s , h i s t h e h e a d o n t h e n o t c h , a n d 

c = f(|, |>. 
in which r e p r e s e n t s a n experimentally determined function, P is the 
h e i g h t o f t h e w e i r n o t c h a b o v e t h e c h a n n e l f l o o r , a n d B i s t h e c h a n n e l 

w i d t h . 

T h a t e q u a t i o n A c a n b e u s e d o v e r a w i d e r a n g e o f g e o m e t r i c a n d 

f l o w v a r i a b l e s was c o n f i r m e d b y l a b o r a t o r y e x p e r i m e n t . I t was f o u n d t h a t 

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

r a t i o . V a l u e s o f C ' f o r a w i d e r a n g e o f t h e g e o m e t r i c r a t i o s w e r e d e f i n e d 

b y l a b o r a t o r y e x p e r i m e n t . 
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CHAPTER I 

INTRODUCTION 

DESCRIPTION OF THE PROBLEM.--HYDRAULICIANS HAVE LONG SOUGHT A COMPREHENSIVE 

DISCHARGE EQUATION THAT WOULD DEFINE THE DISCHARGE CHARACTERISTICS OF THE 

RECTANGULAR-NOTCH, THIN-PLATE WEIR FOR A FULL RANGE OF FLUID, FLOW, AND 

GEOMETRIC VARIABLES. THE GEOMETRY OF THE BASIC WEIR, AS SHOWN IN FIGURE 1, 

IS DESCRIBED BY THE WIDTH OF THE APPROACH SECTION, B, THE WIDTH OF THE WEIR, 

B, THE HEIGHT OF THE WEIR, P, AND THE PIEZOMETRIC HEAD UPSTREAM FROM THE 

WEIR, H. THE WEIR IS CONSIDERED TO BE A THIN PLATE WITH SHARP-EDGED NOTCH 

BOUNDARIES. IT IS ASSUMED TO BE FULLY VENTILATED AND UNSUBMERGED. THE 

FLUID PROPERTY VARIABLES INVOLVED ARE THE DENSITY,^, VISCOSITY,^/, AND 

SURFACE TENSION, THE FLOW VARIABLES ARE REPRESENTED BY THE MEAN VELOC­

ITY AT THE CREST SECTION, V, AND THE PIEZOMETRIC HEAD, H. 

BECAUSE OF THE COMPLEX BOUNDARY CONDITIONS AND THE SEVERAL FLUID 

PROPERTIES INVOLVED, THE FLOW PATTERN FOR WEIR DISCHARGE IS NOT SUBJECT TO 

COMPLETE ANALYTICAL DESCRIPTION. PUBLISHED WEIR FORMULAS THAT ARE BASED ON 

THE INTEGRATION OF AN APPROXIMATE VELOCITY EQUATION ACROSS THE FULLY-

CONTRACTED FREE JET ARE NOT THEORETICALLY CORRECT, AND NOTHING IS GAINED 

BY THEIR USE. A MORE DIRECT SOLUTION IS OBTAINED BY A COMBINATION OF 

EXPERIMENT AND DIMENSIONAL ANALYSIS. 

MOST INVESTIGATORS HAVE NOT ATTEMPTED TO EMBRACE A FULL RANGE OF 

VARIABLES FOR THE BASIC WEIR FORM. INSTEAD, THEY HAVE DEALT WITH A 

"PRACTICAL" RANGE OF THE CRITICAL VARIABLES. THE INEVITABLE RESULT HAS 

BEEN TO ESTABLISH A "STANDARD" MEASURING WEIR. THE FUTILITY OF THIS EVA­

SIVE PROCEDURE IS REVEALED BY THE FACT THAT VARIOUS WORKERS CONTINUE TO 
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d i s a g r e e r e g a r d i n g t h e p h y s i c a l l i m i t a t i o n s a s w e l l a s t h e d i s c h a r g e 

c h a r a c t e r i s t i c s of t h e " s t a n d a r d " i n s t r u m e n t . 

The s h a r p - c r e s t e d w e i r i s a u s e f u l and common m e a s u r i n g d e v i c e , 

b o t h i n t h e l a b o r a t o r y and i n t h e f i e l d . F u r t h e r m o r e , t h e f low p a t t e r n 

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

t i o n of t h e d i s c h a r g e c h a r a c t e r i s t i c s o f o t h e r forms of w e i r s and s p i l l ­

ways . I t a p p e a r s , t h e r e f o r e , t h a t t h e p u r p o s e of t h i s i n v e s t i g a t i o n - -

n a m e l y , t o d e f i n e t h e d i s c h a r g e c h a r a c t e r i s t i c s of t h e s h a r p - c r e s t e d w e i r 

o v e r a f u l l r a n g e of most of t h e i n d e p e n d e n t v a r i a b l e s - - i s j u s t i f i e d . 

T h i s work i s t h e second o f a s e r i e s of r e l a t e d i n v e s t i g a t i o n s 

u n d e r t a k e n a t t h e G e o r g i a I n s t i t u t e of T e c h n o l o g y . The i n i t i a l s t u d y , 

" D i s c h a r g e C h a r a c t e r i s t i c s of R e c t a n g u l a r Notch Wei r s i n R e c t a n g u l a r 

C h a n n e l s , " was t h e s u b j e c t o f a M a s t e r ' s t h e s i s by James R. We l l s ( 1 9 5 4 ) . 

Scope of t h e I n v e s t i g a t i o n . — T h e l a b o r a t o r y i n v e s t i g a t i o n on which t h i s 

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

V a r i a b l e Range ( f e e t ) 

B 0 . 1 t o 9 . 1 

b 0 . 1 t o 2 . 7 

P 0 . 3 t o 1.45 

h 0 . 0 8 1 t o 0 . 7 6 5 

I t i s r e c o g n i z e d t h a t t h e t e s t s d i d n o t i n c l u d e v a l u e s of h / P 

l a r g e enough t o d e f i n e t h e d i s c h a r g e c h a r a c t e r i s t i c s of low s i l l s . How-

•k 
e v e r , i t h a s been shown by Boss (1 ) t h a t c r i t i c a l f low w i l l p r e v a i l 

The numbers i n p a r e n t h e s i s c o r r e s p o n d t o r e f e r e n c e s l i s t e d i n 
t h e B i b l i o g r a p h y . 
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u p s t r e a m f r o m s i l l s o f s m a l l b u t f i n i t e h e i g h t . E x p e r i m e n t s b y R o u s e ( 2 ) 

a t t h e M a s s a c h u s e t t s I n s t i t u t e o f T e c h n o l o g y i n d i c a t e d t h a t t h e t r a n s i t i o n 

f r o m w e i r f l o w t o s i l l f l o w o c c u r s w h e n h / P i s a p p r o x i m a t e l y e q u a l t o 5 . 

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

l i m i t e d i n a p p l i c a t i o n t o v a l u e s o f h / P l e s s t h a n 5 . 

S m a l l v a l u e s o f b a n d h w e r e i n c l u d e d i n t h e 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 i n o r d e r t o d e t e r m i n e t h e r e l a t i v e i n f l u e n c e o f s u r f a c e t e n s i o n 

a n d v i s c o s i t y o v e r a s m a l l r a n g e o f t h e W e b e r a n d R e y n o l d s n u m b e r s . O n l y 

o n e f l u i d , w a t e r a t a n a r r o w r a n g e o f r o o m t e m p e r a t u r e s , w a s u s e d . 

R e v i e w o f t h e L i t e r a t u r e . - - F e w p r o b l e m s h a v e r e c e i v e d m o r e a t t e n t i o n i n 

t h e t e c h n i c a l l i t e r a t u r e o f h y d r a u l i c s t h a n t h e m e a s u r i n g w e i r . F r a n c i s 

( 3 ) , i n 1 8 8 3 , p u b l i s h e d a c l a s s i c a c c o u n t o f h i s e x p e r i m e n t s o n w e i r s 

made i n t h e L o w e r L o c k a t L o w e l l , M a s s a c h u s e t t s . B a z i n ' s w o r k ( 4 ) i n 

F r a n c e w a s f i r s t p u b l i s h e d i n 1 8 8 8 . One o f R e h b o c k ' s f i r s t p u b l i c a t i o n s 

o f h i s w o r k i n G e r m a n y w a s i n 1 9 1 2 . M a n y o t h e r s , i n c l u d i n g F t e l e y a n d 

S t e a m s ( 5 ) , N a g l e r ( 6 ) , F r e s e ( 7 ) , a n d S c h o d e r a n d T u r n e r ( 8 ) made i m p o r ­

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

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

w e i r . T h i s , a s c o n t r a s t e d w i t h t h e n o t c h w e i r , I n v o l v e s a l e v e l c r e s t 

w h i c h o c c u p i e s t h e f u l l w i d t h o f t h e c h a n n e l . H o w e v e r , e v e n f o r t h i s 

s i m p l e c a s e , t h e l a c k o f a g r e e m e n t b e t w e e n many c a p a b l e w o r k e r s i n t h e 

f i e l d i s n o t a b l e . F o r s u p p r e s s e d w e i r s , t h e R e h b o c k f o r m u l a ( 1 ) i s p r o b ­

a b l y u s e d m o r e t h a n a n y o t h e r . I n i t s m o s t common f o r m , t h i s f o r m u l a i s 

Q = ( 0 . 6 0 5 + 0 . 0 0 8 ^ + | v/2g" b h ^ 2 . ( 1 ) 
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R e h b o c k c l a i m e d a v e r y h i g h d e g r e e o f a c c u r a c y f o r t h i s f o r m u l a w h e n 

a p p l i e d t o w e i r s o f a l l s i z e s a n d f o r a l l h e a d s g r e a t e n o u g h t o e n s u r e 

a f r e e n a p p e . O t h e r s d i s a g r e e w i t h t h e o r i g i n a t o r , h o w e v e r , c l a i m i n g 

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

a s w o u l d b e i n v o l v e d i n l a b o r a t o r y - s i z e w e i r s . 

A n o t h e r f o r m u l a f o r s u p p r e s s e d w e i r s , w i d e l y u s e d i n E u r o p e , i s 

t h a t p r o p o s e d b y t h e S w i s s S o c i e t y o f E n g i n e e r s a n d A r c h i t e c t s ( S . I . A . ) 

( 1 0 ) i n 1 9 2 4 . A s g i v e n i n t h e S . I . A . C o d e f o r W a t e r M e a s u r e m e n t s , t h i s 

f o r m u l a i s 

Q = L Q ' 6 1 5 ( 1 + 305h I 1 . 6 ) ] U + ° - 5 ( F T ^ ) 2 ] 3 ̂  ( 2 ) 

I t i s s p e c i f i e d i n t h e Code t h a t e q u a t i o n 2 i s a p p l i c a b l e o n l y w h e n P 

i s e q u a l t o o r g r e a t e r t h a n 1 1 i n c h e s , h i s b e t w e e n 1 i n c h a n d 3 1 . 4 

i n c h e s , a n d h / P i s e q u a l t o o r l e s s t h a n u n i t y . 

When s u p p r e s s e d - w e i r f o r m u l a s a r e u s e d f o r n o t c h w e i r s , i t i s 

c u s t o m a r y t o l i m i t t h e i r a p p l i c a t i o n t o v a l u e s o f b g r e a t e r t h a n 3 h a n d 

v a l u e s o f B n o t l e s s t h a n ( b + 6 h ) . W i t h i n t h e s e l i m i t s t h e e f f e c t o f 

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

p r o p o s e d b y F r a n c i s , 

b n e t = b g r o s s " ° * 1 n h * O) 

i n w h i c h b g r 0 s s * - s t h e ^ u i i l e n g t h o f t h e w e i r c r e s t ; b n e t i s t h e e f f e c t ­

i v e l e n g t h o f t h e w e i r c r e s t , a n d n i s t h e n u m b e r o f e n d c o n t r a c t i o n s . 

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

was a l s o p r o p o s e d b y t h e S . I . A . i n t h e i r C o d e f o r W a t e r M e a s u r e m e n t s . 
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T h i s f o r m u l a , 

2 3 . 6 1 5 - 3 ( | ) 2 

Q = [ 0 . 5 7 8 + 0 . 0 3 7 ( § ) + 3 Q 5 h - j — | ] 

b 4 h 2 , 2 I — 3 / 2 

[ 1 + 0 . 5 ( f ) ( p - ^ - g ) ] f v / i i b h , ( 4 ) 

i s recommended o n l y when P i s e q u a l t o o r g r e a t e r t h a n 11 i n c h e s ; h i s 

be tween 1,0 B/b i n c h e s and 3 1 . 4 i n c h e s , h / P i s e q u a l to o r l e s s t h a n 

u n i t y ; and b /B i s e q u a l to o r g r e a t e r t h a n 0 . 3 . 

In v iew of t h e l i m i t a t i o n s imposed on a l l of t h e s e f o r m u l a s i t i s 

a p p a r e n t t h a t a c o m p r e h e n s i v e w e i r fo rmula i s s t i l l n o t a v a i l a b l e . 

Review of t h e P r e v i o u s R e s e a r c h a t G e o r g i a T e c h . - - T h e d i s c h a r g e c h a r a c t e r ­

i s t i c s of n o t c h w e i r s was t h e s u b j e c t of an i n v e s t i g a t i o n by James R. W e l l s 

(11) a t t h e G e o r g i a I n s t i t u t e of Techno logy i n 1953 . U s i n g a s h a r p - e d g e d , 

f u l l y v e n t i l a t e d and unsubmerged w e i r f o r h i s t e s t s , W e l l s ' 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 c o v e r e d t h e f o l l o w i n g r a n g e of v a r i a b l e s : 

V a r i a b l e Range ( f e e t ) 

B 3 . 0 

b 0 . 1 5 to 2 . 7 0 

P 0 .15 to 1.84 

h 0 .05 t o 0 . 9 0 

A l l of h i s t e s t s were made i n a f lume t h r e e f e e t w i d e . V a r i a t i o n s 

i n w e i r h e i g h t P were o b t a i n e d w i t h an a d j u s t a b l e f l o o r u p s t r e a m from t h e 

w e i r . V a r i a t i o n s i n c r e s t w i d t h b were o b t a i n e d by a t t a c h i n g f a l s e w a l l s 

t o t h e u p s t r e a m s i d e of t h e b a s i c w e i r . The c o n d i t i o n f o r t h e s u p p r e s s e d 
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w e i r , b / B = 1 . 0 , w a s n o t i n v e s t i g a t e d . 

I n h i s a n a l y s i s M r . W e l l s u s e d a s i m p l i f i e d d i s c h a r g e e q u a t i o n , 

Q = C w b ( § ) f ) 2 g h 
3 / 2 

(5 ) 

i n w h i c h , f r o m d i m e n s i o n a l a n a l y s i s , 

cw = fw(R» W. f> 
(6) 

i n w h i c h R i s t h e R e y n o l d s n u m b e r a n d W i s t h e W e b e r n u m b e r . 

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

m i n e d t h a t a n a l t e r n a t e f o r m o f t h e f u n c t i o n a l r e l a t i o n s h i p f o r CJJ, i n 

w h i c h R a n d W w e r e i g n o r e d , w a s b e s t a d a p t e d t o t h e c o r r e l a t i o n o f m o s t 

o f h i s t e s t d a t a , 

F r o m h i s a n a l y s i s , M r . W e l l s c o n c l u d e d t h a t t h e i n f l u e n c e o f P / b 

w a s n e g l i g i b l e a n d t h a t t h e c o e f f i c i e n t o f d i s c h a r g e f o r a l l t e s t s , e x c e p t 

t h o s e f o r s m a l l v a l u e s o f h o r b ( w h i c h w e r e i g n o r e d ) w o u l d b e c o r r e l a t e d 

a s a f u n c t i o n o f t h e w i d t h a n d a r e a r a t i o s g i v e n i n e q u a t i o n 7 . H o w e v e r , 

t h e d a t a f a i l e d t o show a s y s t e m a t i c i n f l u e n c e o f t h e b / B r a t i o . 

I n a n u n p u b l i s h e d r e p o r t o n n o t c h w e i r s p r e p a r e d f o r t h e U . S . 

G e o l o g i c a l S u r v e y , P r o f e s s o r C . E . K i n d s v a t e r s u g g e s t e d t h e m e t h o d o f 

a n a l y s i s w h i c h i s d e s c r i b e d s u b s e q u e n t l y i n t h i s t h e s i s . 

°W ~ f W < B 
b b h 
B ' B ( h + P ) » b ( 7 ) 
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CHAPTER I I 

ANALYSIS OF THE PROBLEM 

D e f i n i t i o n . - - T h e b a s i c w e i r f o r m i s a s y m m e t r i c a l , s h a r p - e d g e d , r e c t a n ­

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

h o r i z o n t a l , r e c t a n g u l a r c h a n n e l . T h e d i s c h a r g e i s f u l l y v e n t i l a t e d a n d 

u n s u b m e r g e d . A d e f i n i t i v e s k e t c h o f t h e b a s i c w e i r i s s h o w n i n f i g u r e 1 . 

D i m e n s i o n a l A n a l y s i s . - - T h e g e o m e t r y o f t h e b a s i c w e i r i s d e s c r i b e d b y t h e 

w i d t h o f t h e n o t c h , b , t h e w i d t h o f t h e c h a n n e l , B , t h e h e i g h t o f t h e 

w e i r , P, a n d t h e p i e z o m e t r i c h e a d upstream f r o m t h e w e i r , h . T h e fluid 

p r o p e r t i e s i n v o l v e d a r e t h e s p e c i f i c w e i g h t , 2f> t n e d e n s i t y , ^ , t h e 

v i s c o s i t y , a n d t h e s u r f a c e t e n s i o n , jgr. D e s i g n a t i n g t h e v e l o c i t y o v e r 

t h e c r e s t , V , a s t h e d e p e n d e n t f l o w v a r i a b l e , a n d h o r ^ a s t h e i n d e ­

p e n d e n t f l o w v a r i a b l e , a n e x p r e s s i o n t h a t c o n t a i n s a l l t h e s i g n i f i c a n t 

v a r i a b l e s i s 

f x ( b , B , P , 7 , / ? , , * , cr, V , h o r A p ) - 0 . ( 8 ) 

A s t h e r e a r e t h r e e i n d e p e n d e n t d i m e n s i o n s a n d n i n e v a r i a b l e s i n 

e q u a t i o n 8 a m a x i m u m o f s i x d i m e n s i o n l e s s r a t i o s c a n b e f o r m e d . One o f 

t h e s e i s t h e c o e f f i c i e n t o f d i s c h a r g e , C , a f l o w p a r a m e t e r t h a t i s a f o r m 

o f t h e E u l e r n u m b e r . T h e i n d e p e n d e n t f l u i d - p r o p e r t y r a t i o s a r e t h e 

R e y n o l d s n u m b e r , R , a n d t h e W e b e r n u m b e r , W. T h e r e m a i n i n g r a t i o s i n t h e 

f o l l o w i n g e x p r e s s i o n d e s c r i b e t h e s i g n i f i c a n t g e o m e t r i c c h a r a c t e r i s t i c s 

o f t h e w e i r a n d w e i r c h a n n e l , 
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~ C - f2(R, W, |, * fe. (9) 
B P h 

Expressing C in terms of the discharge, gross area of the weir 

notch, and the piezometric head, 

bh 

yO W) 

(10) 

In American engineering practice the acceleration due to gravity, £, 

which is essentially constant, is included in the value of C. A conven­

ient and practical equation for discharge, therefore, is 

Q = C b h 3' 2. (11) 

In equation 11 the coefficient C has the dimensions of \fg. Because 

of its obvious simplicity, however, and despite its lack of dimensional 

purity, equation 11 is used as the basic discharge equation in this thesis. 

Influence of Viscosity and Surface Tension.--The discharge function repre­

sented by equations 9 and 11 has not been evaluated successfully by analyt­

ical means. Thus, the relative influence of each of the independent vari­

ables must be evaluated by experiment. 

Perhaps the most controversial ratios in equation 9 are the Reynolds 

number and the Weber number. Actually, very little is known about the 

character and magnitude of the separate influences of viscosity and surface 

tension represented by R and W, respectively. It is generally agreed that 

the effect of surface tension is the greatest of the two when narrow notch 
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WEIRS IN CHANNELS OF CONSIDERABLE WIDTH ARE INVOLVED. ON THE OTHER HAND 

THE EFFECTS OF VISCOSITY ARE DOMINANT FOR NARROW, SUPPRESSED WEIRS. BOTH 

THE VISCOSITY AND SURFACE TENSION EFFECTS ARE NEGLIGIBLE IN COMPARISON 

WITH THE INFLUENCE OF THE GEOMETRIC VARIABLES WHEN THE WEIRS AND HEADS ON 

THE WEIRS ARE COMPARATIVELY LARGE. 

FOR A GIVEN LIQUID FLOWING OVER A THIN-PLATE WEIR WITH SUPPRESSED 

SIDE CONTRACTIONS, EXPERIMENTS INDICATE THAT THE COMBINED EFFECT OF VISCOS­

ITY AND SURFACE TENSION IS RELATED TO THE MAGNITUDE OF THE HEAD. FOR SUP­

PRESSED WEIRS THE CRITICAL HEAD, BELOW WHICH THESE EFFECTS ARE APPRECIABLE, 

IS ABOUT 0.3 FEET. CORRESPONDING LIMITS ON THE WIDTH OF EITHER NOTCH WEIRS 

OR SUPPRESSED WEIRS HAVE NOT BEEN ESTABLISHED, BUT VARIOUS INVESTIGATORS 

HAVE SPECIFIED THAT THE APPLICATION OF FORMULAE BASED ON EXPERIMENTAL DATA 

BE RESTRICTED TO WEIRS OF COMPARABLY LARGE SIZE. 

FORMULATION OF THE WEBER NUMBER.--LINDQUIST (12 ) SUGGESTED THAT THE EFFECT 

GENERALLY ATTRIBUTED TO SMALL VALUES OF HEAD ON SUPPRESSED WEIRS WAS LARGELY 

A CONSEQUENCE OF TWO INDEPENDENT SURFACE-TENSION PHENOMENA. IN THE FIRST 

PLACE, AS OBSERVED BY OTHERS, LINDQUIST NOTED THAT THE NAPPE CLINGS TO THE 

TOP SURFACE OF THE CREST. THE RELATIVE EFFECT OF THIS OCCURRENCE, WHICH IS 

SIMILAR TO THE EFFECT OF A CREST ROUNDING, INCREASES WITH DECREASING VALUES 

OF HEAD. SECONDLY, SURFACE TENSION IN BOTH THE UPPER AND LOWER NAPPE SUR­

FACES YIELDS RESULTANT FORCES ACTING IN THE DIRECTION OF THE CENTER OF CUR­

VATURE OF THE NAPPE. THESE SURFACE-TENSION FORCES VARY INVERSELY WITH THE 

RADIUS OF CURVATURE OF THE FREE SURFACE. THUS, WITH DECREASING HEADS, THE 

RADIUS OF CURVATURE DECREASES AND THE RESULTANT SURFACE-TENSION FORCE IN­

CREASES. IN EFFECT, BOTH PHENOMENA DESCRIBED BY LINDQUIST HAVE THE SAME 

INFLUENCE ON THE DISCHARGE AS AN INCREASE IN HEAD. ONLY AT RELATIVELY LOW 
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HEADS, HOWEVER, WOULD EITHER OF THE SUGGESTED SURFACE-TENSION EFFECTS 

HAVE AN APPRECIABLE INFLUENCE ON THE FLOW PATTERN. 

IT IS NOW SUGGESTED THAT THE INFLUENCE OF SURFACE TENSION ON THE 

BASIC-NOTCH WEIR IS RELATED TO THE WIDTH OF THE NOTCH AS WELL AS THE HEAD. 

THE CLINGING-NAPPE PHENOMENON OCCURS ON THE SIDES OF THE NOTCH AS WELL AS 

THE BOTTOM. AS THE WIDTH DECREASES, THE RELATIVE INFLUENCE OF THIS OCCUR­

RENCE INCREASES. EXPERIMENTS INDICATE, FURTHERMORE, THAT FOR NARROW 

NOTCHES THE RADIUS OF CURVATURE OF THE CONTRACTING NAPPE SURFACES (SIDES) 

DECREASES WITH DECREASING VALUES OF B. THE RESULT OF THIS PHENOMENON IS 

A SURFACE-TENSION FORCE IN THE DIRECTION OF THE CENTER OF CURVATURE OF 

THE SIDE SURFACE OF THE NAPPE. THE COMBINED EFFECTS OF THE TWO PHENOMENA 

ON THE RATE OF FLOW I S , IN GENERAL, THE SAME AS AN INCREASE IN WIDTH. 

THE WEBER NUMBER, AN ACCEPTED CRITERION OF THE RELATIVE INFLUENCE 

OF SURFACE TENSION, IS DEFINED BY THE EQUATION W = V/S/ <r /(^L)"T IN WHICH 

V IS A SIGNIFICANT VELOCITY AND L IS A SIGNIFICANT LENGTH. IN WEIR FLOW, 

THE VELOCITY IS PROPORTIONAL TO THE SQUARE ROOT OF THE HEAD. FOR A PAR­

TICULAR LIQUID AT A GIVEN TEMPERATURE, THE SURFACE TENSION, 5-, AND DENSITY, 

ARE CONSTANT. FROM THE PRECEDING DISCUSSION IT APPEARS THAT THE CRITI­

CAL LENGTH PARAMETER MIGHT BE EITHER THE HEAD OR THE WIDTH OF THE WEIR. 

THUS, FOR WIDE WEIRS AT LOW HEADS, W •Th (Jh)~ H. ON THE OTHER HAND, 

FOR NARROW WEIRS AT HIGH HEADS, W ~ S/h (*/B) ~ *v/H B. FOR THE GENERAL CASE, 

THEREFORE, TWO INDEPENDENT FORMS OF THE WEBER NUMBER MUST BE CONSIDERED IN 

THE ANALYSIS OF THE DISCHARGE FUNCTION FOR THE BASIC, THIN-PLATE WEIR. 

FORMULATION OF THE REYNOLDS NUMBER.--THE EFFECT ON THE DISCHARGE FUNCTION 

WHICH IS ATTRIBUTED TO VISCOSITY IS RELATED, FIRST, TO THE OCCURRENCE OF 

SEPARATION IN THE UPSTREAM CORNERS BETWEEN THE WEIR PLATE AND THE CHANNEL 
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w a l l s a n d b o t t o m , a n d , s e c o n d , a l t h o u g h n o t i n d e p e n d e n t l y , t o t h e o c c u r ­

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

t h e w e i r . F o r h i g h , w i d e w e i r s a n d l o w h e a d s , t h e r e t a r d e d f l o w a l o n g 

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

w h i c h i s s i m i l a r t o t h a t o f n o t c h - e d g e r o u n d i n g . L i k e s u r f a c e t e n s i o n , 

t h e r e f o r e , i t h a s t h e same e f f e c t o n t h e d i s c h a r g e a s a n i n c r e a s e i n h e a d . 

A s i m i l a r e f f e c t r e s u l t s f r o m t h e o c c u r r e n c e o f s e p a r a t i o n i n t h e b o t t o m 

c o r n e r w h e n t h e w e i r i s v e r y l o w . F u r t h e r m o r e , f r o m t h e o b v i o u s s i m i l a r i t y , 

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

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

w e i r e x c e p t w h e n b / B a p p r o a c h e s u n i t y , i n w h i c h c a s e t h e e f f e c t i s o p p o ­

s i t e . I t f o l l o w s t h a t t h e r e a r e t w o i n d e p e n d e n t f o r m s o f t h e R e y n o l d s 

n u m b e r j u s t a s t h e r e a r e t w o f o r m s o f t h e W e b e r n u m b e r . 

T h e R e y n o l d s n u m b e r i s d e f i n e d b y t h e r a t i o R = ( V L y o ) ^ ; i n w h i c h 

i s t h e v i s c o s i t y . F o r a g i v e n w e i r a n d l i q u i d t h e v e l o c i t y i s p r o p o r ­

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

s t a n t . W i t h h a s t h e l e n g t h p a r a m e t e r , R ^ Vh ( h ) ^ h 3 / 2 . W i t h b a s 

t h e l e n g t h p a r a m e t e r , R — \ / h b . T h u s , f o r a g i v e n w e i r f o r m , a n d w i t h 

j>i yg, a n d c o n s t a n t , t h e i n f l u e n c e o f v i s c o s i t y a s w e l l a s t h e i n f l u e n c e 

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

T h i s c o n c l u s i o n s u b s t a n t i a t e s t h e u s e o f a t e r m I n v o l v i n g h t o c o m p e n s a t e 

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

f o r t h e f l o w o v e r s u p p r e s s e d w e i r s . T h e a b s e n c e o f s i m i l a r t e r m s t o r e ­

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

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

t i v e l y w i d e w e i r s . 
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Influence of the b/B Ratio.--The notch weir has been defined as the basic 

weir form. The weir which has been most extensively investigated in the 

laboratory, however, is the so-called suppressed weir. This designation 

implies that the notch width is equal to the width of the approach chan­

nel; that is, the side contractions are "suppressed", and b/B = 1.0. 

It is reasonable to assume that the influence of the b/B ratio on 

weir discharge is similar to that of the corresponding width or diameter 

ratio on orifice discharge. In fact, this ratio, which is a width-contrac­

tion ratio, is complementary to h/P as an area-contraction ratio. 

Strangely, in view of the great volume of recorded research on 

weirs of all forms, the relative influence of b/B in the total function 

expressed by equation 9 has received little attention. Several published 

discharge formulae containing the b/B ratio appear to have been based on 

insufficient experimental evidence. 

Influence of the b/h Ratio.--The effect of the b/h ratio is believed to 

be negligible over the full range of the other variables. In his thesis 

Wells concluded that the effect of the b/h ratio could be ignored. A few 

recorded attempts by others to incorporate the b/h ratio in discharge 

formulae are believed to be, actually, the result of efforts to correlate 

the effect of h and b as measures of the influence of viscosity and sur­

face tension. 

Influence of the h/P Ratio.--The h/P ratio is a primary geometric ratio, 

a measure of the vertical channel-contraction characteristic of the weir. 

Thus, h/P is a ratio that describes the degree of vertical contraction 

of the channel. It is evident that the upper and lower nappe profiles 
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a r e a f u n c t i o n of h / P . 

E v a l u a t i o n of C . - -F rom t h e f o r e g o i n g d i s c u s s i o n , t h e g e n e r a l d i s c h a r g e 

f u n c t i o n e x p r e s s e d by e q u a t i o n 9 can be s i m p l i f i e d to 

i n which t h e f i r s t two i t e m s i n t h e r i g h t - h a n d member a r e f l u i d p r o p e r t y 

p a r a m e t e r s and t h e l a s t two a r e g e o m e t r i c p a r a m e t e r s . 

E q u a t i o n 12 h a s n o t y e t been e v a l u a t e d a n a l y t i c a l l y . P r e v i o u s 

e f f o r t s t o e v a l u a t e t h e f u n c t i o n e x p e r i m e n t a l l y have been c o n c e r n e d a l m o s t 

e x c l u s i v e l y w i t h t h e r e s t r i c t e d c o n d i t i o n s r e p r e s e n t e d by s u p p r e s s e d w e i r s 

of c o n s i d e r a b l e w i d t h , f o r which 

The i n f l u e n c e r e p r e s e n t e d by h i n e q u a t i o n 1 3 , a t t r i b u t e d t o a 

c o m b i n a t i o n of v i s c o s i t y and s u r f a c e - t e n s i o n phenomena, i s a p p r e c i a b l e 

o n l y when h i s l e s s t h a n a b o u t 0 . 3 f e e t . I n 1928 Rehbock , f o l l o w i n g a 

s u g g e s t i o n by P r a n d t l , r e p o r t e d t h a t e x p e r i m e n t a l d a t a on s u p p r e s s e d w e i r s 

f o r a f u l l r a n g e of h e a d s c o u l d be c o r r e l a t e d i f a c o n s t a n t ( 0 . 0 0 4 f e e t ) 

we re added t o t h e o b s e r v e d p i e z o m e t r i c h e a d s . T h i s p r o c e d u r e i s c o n s i s t ­

e n t w i t h t h e f o r e g o i n g e x p l a n a t i o n of t h e i n f l u e n c e of s u r f a c e t e n s i o n 

and v i s c o s i t y . I n o t h e r w o r d s , i f an " e f f e c t i v e " h e a d , h e = h + 0 . 0 0 4 , 

i s u s e d i n s t e a d of h i n e q u a t i o n 1 1 , t h e same v a l u e of C w i l l a p p l y t o 

a l l v a l u e s of h on a g i v e n s u p p r e s s e d w e i r ; t h a t i s , h a s an i n d e p e n d e n t 

v a r i a b l e i s " removed" from e q u a t i o n 1 2 . 

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

i z o n t a l f low p a t t e r n i n t h e same manner a s t h e y i n f l u e n c e t h e v e r t i c a l 

C = f 3 ( h , b , | , | ) , (12) 

C = f 4 ( h , | ) . (13) 



f low p a t t e r n , i t would seem t o f o l l o w t h a t a c o n s t a n t c o u l d a l s o be added 

t o t h e w i d t h of t h e w e i r t o " remove" b from t h e i n d e p e n d e n t v a r i a b l e s i n 

e q u a t i o n 12 . I t i s p r o p o s e d , t h e r e f o r e , t h a t a c o m p r e h e n s i v e e q u a t i o n 

f o r t h e b a s i c w e i r be w r i t t e n i n t h e fo rm, 

Q = C ' ( b + k b ) ( h + k h ) 3 / 2 , (14) 

i n which and k^ a r e q u a n t i t i e s which a c c o u n t f o r t h e e f f e c t of s u r f a c e 

t e n s i o n and v i s c o s i t y , and 

C = £ 5 ( f ' ! > • (15) 

an e q u a t i o n which must be e v a l u a t e d by e x p e r i m e n t . I t was t h e main p u r ­

p o s e o f t h e w r i t e r ' s 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 t o s u b s t a n t i a t e e q u a t i o n s 

14 and 15 . 
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CHAPTER I I I 

LABORATORY SET-UP 

G e n e r a l A r r a n g e m e n t . — T h e l a b o r a t o r y t e s t s f o r t h e w r i t e r ' s i n v e s t i g a t i o n 

were made I n t h e H y d r a u l i c s L a b o r a t o r y , Schoo l of C i v i l E n g i n e e r i n g , 

G e o r g i a I n s t i t u t e of T e c h n o l o g y . The g e n e r a l a r r a n g e m e n t of t h e e x p e r i ­

m e n t a l equipment u s e d f o r most of t h e t e s t s i s shown i n f i g u r e s 2 and 3 . 

The w e i r s e c t i o n i n t h i s s e t - u p was l o c a t e d a t t h e end of t h e f lume and 

25 f e e t downst ream from t h e b a f f l e s . Wate r was s u p p l i e d t o t h e f lume from 

t h e c o n s t a n t - h e a d r e c i r c u l a t i n g s y s t e m . A v a l v e i n t h e s u p p l y l i n e was 

u s e d t o r e g u l a t e t h e d i s c h a r g e . The maximum c a p a c i t y of t h e w a t e r s y s t e m 

f o r t h e f lume i s a b o u t 6 . 0 c u b i c f e e t p e r s e c o n d . 

The F l u m e s . - - T h e f lume used f o r mos t of t h e t e s t s made f o r t h i s i n v e s t i ­

g a t i o n i s t e n f e e t wide and 25 f e e t l o n g . B a f f l e s r e q u i r e d t o p r o d u c e a 

u n i f o r m f low c o n s i s t e d of two wooden c r i b s , and e x p a n d e d - m e t a l s c r e e n , 

and a s u r f a c e f l o a t . The f l o o r of t h e f lume c o n s i s t e d o f aluminum p l a t e s 

i n t h e v i c i n i t y of t h e w e i r and s h e e t s of t r a n s i t e on t h e r e m a i n i n g p o r ­

t i o n . The f l o o r p l a t e s were s u p p o r t e d by a g r i d of b a r s and l e v e l i n g 

s c r e w s . The w i d t h of t h e f lume was v a r i e d by means of f a l s e w a l l s . These 

w a l l s were f a c e d w i t h aluminum p l a t e s and were b o l t e d t o t h e s i d e s of t h e 

pe rmanen t f lume w i t h t h r e a d e d r o d s . F o r t h e t e s t s on c o n t r a c t e d w e i r s t h e 

f a l s e w a l l s were made t o b u t t a g a i n s t t h e b u l k h e a d i n which t h e w e i r was 

moun ted . F o r t h e s u p p r e s s e d - w e i r t e s t s t h e aluminum p l a t e s on t h e f a l s e 

w a l l s we re made t o p r o t r u d e t h r o u g h t h e w e i r n o t c h and p a s t t h e w e i r c r e s t 

f o r a d i s t a n c e of s i x i n c h e s . The b o t t o m s of t h e p r o t r u d i n g p o r t i o n s of 
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t h e p l a t e s were l e v e l w i t h t h e c r e s t of t h e w e i r . 

A u n i f o r m v e l o c i t y d i s t r i b u t i o n was m a i n t a i n e d by a d j u s t i n g t h e 

b a f f l e s i n t h e flume f o r each p o s i t i o n of t h e f a l s e w a l l s . The v e l o c i t y 

d i s t r i b u t i o n was f r e q u e n t l y checked w i t h c u r r e n t - m e t e r m e a s u r e m e n t s . 

T y p i c a l v e l o c i t y - d i s t r i b u t i o n measu remen t s a r e shown I n t a b l e 1. 

A few t e s t s were made i n t h e t h r e e - f o o t f lume i n which Mr. We l l s 

made t h e t e s t s f o r h i s t h e s i s . The m e a s u r i n g equ ipment and b a f f l e 

a r r a n g e m e n t u s e d by Mr. W e l l s was a l s o u s e d i n t h e s e t e s t s . 

The Weir P l a t e s . - - T h e p l a t e s u sed t o form t h e w e i r s f o r t h i s i n v e s t i g a t i o n 

we re t h e same a s t h o s e u sed by Mr. W e l l s . The b a s i c frame f o r t h e w e i r s 

was made of 3 / 8 - i n c h aluminum p l a t e . The n o t c h e d g e s we re made of 

1 / 8 - i n c h s t a i n l e s s s t e e l p l a t e . These edge p i e c e s were b e v e l e d on t h e 

downs t ream s i d e and machined a c c u r a t e l y t o s h a r p - c o r n e r e d edges n o t o v e r 

1 / 1 6 - i n c h t h i c k . The w i d t h of t h e w e i r n o t c h was v a r i e d by means of 

a d d i t i o n a l aluminum p l a t e s which we re a t t a c h e d t o t h e b a s i c frame b e f o r e 

t h e s t a i n l e s s s t e e l edges were i n s t a l l e d . Notch w i d t h s w e r e v a r i e d from 

0 .10 f e e t t o 2 . 6 8 f e e t . The n o t c h was one f o o t d e e p . 

The h e i g h t of t h e w e i r c r e s t w i t h r e s p e c t t o t h e f l o o r , P , was 

v a r i e d by v a r y i n g t h e h e i g h t of t h e b a s i c w e i r r a t h e r t h a n t h e e l e v a t i o n 

of t h e f l o o r . Va lues of P u s e d f o r t h e t e s t s we re 0 . 3 , 0 . 5 6 , and 1.45 f e e t . 

Head M e a s u r e m e n t s . - - T h e head on t h e w e i r was measu red w i t h a hook gage 

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

two i n c h e s above t h e f l o o r and f i v e f e e t u p s t r e a m from t h e w e i r p l a t e . 

The datum of t h e hook gage was d e t e r m i n e d w i t h an e n g i n e e r ' s t r a n s i t . 

I t was checked r e g u l a r l y . 



11 

D i s c h a r g e M e a s u r e m e n t s . - - T h e r a t e of f low was measured by means of a 

w e i g h i n g t a n k l o c a t e d a t t h e u p s t r e a m end of t h e f l u m e . Weigh t s were 

r e c o r d e d t o t h e n e a r e s t pound on a beam s c a l e . Time measu remen t s were 

made t o t h e n e a r e s t 0 . 0 1 s e c o n d s by means of an e l e c t r i c s t o p c l o c k . 
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CHAPTER IV 

EXPERIMENTAL PROCEDURE AND RESULTS 

Compar ison of T e s t s i n t h e T h r e e - F o o t and Ten-Foo t F l u m e s • - - T e s t s 1 t o 9 7 , 

l i s t e d i n t a b l e 2 , were made i n t h e t h r e e - f o o t f lume u s e d by Mr. We l l s 

f o r h i s t h e s i s . T e s t s 98 t o 3 4 6 , l i s t e d i n t a b l e 3 , were made i n t h e t e n -

f o o t f lume d e s c r i b e d i n t h e p r e v i o u s c h a p t e r . The t e s t s i n t h e t h r e e - f o o t 

f lume were made , f i r s t , t o d e t e r m i n e w h e t h e r Mr. W e l l s ' d a t a c o u l d be 

d u p l i c a t e d ; s e c o n d , t o o b t a i n a d d i t i o n a l d a t a f o r a l ower v a l u e of P t h a n 

was i n c l u d e d i n h i s t e s t s ; a n d , t h i r d , t o o b t a i n d a t a f o r t h e s u p p r e s s e d -

w e i r c o n d i t i o n . I n p l a n n i n g t h i s i n v e s t i g a t i o n i t was e x p e c t e d t h a t t h e 

t e s t s made i n t h e t e n - f o o t f lume would complement t h e t e s t s made i n t h e 

t h r e e - f o o t f lume . P l a n s f o r t h e i n v e s t i g a t i o n were c h a n g e d , h o w e v e r , when 

i t became a p p a r e n t t h a t t h e t e s t s made i n t h e t h r e e - f o o t f lume c o u l d n o t 

be d u p l i c a t e d i n t h e t e n - f o o t f l u m e . 

F i g u r e 4 shows a c o m p a r i s o n o f d a t a d e r i v e d from t e s t s made on s u p ­

p r e s s e d w e i r s i n t h e two f l u m e s . A l t h o u g h t h e geomet ry of t h e w e i r and 

a p p r o a c h c h a n n e l was i d e n t i c a l i n t h e c o m p a r a t i v e t e s t s , t h e d i s c h a r g e 

c o e f f i c i e n t s d e r i v e d from t h e t h r e e - f o o t f lume were c o n s i s t e n t l y a b o u t two 

p e r c e n t h i g h e r t h a n t h e c o e f f i c i e n t s d e r i v e d from t h e t e n - f o o t f l u m e . T h i s 

d i f f e r e n c e i s b e l i e v e d t o be c a u s e d by t h e d i f f e r e n c e i n t h e v e l o c i t y d i s ­

t r i b u t i o n s i n t h e two f l u m e s . The 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 t h r e e - f o o t 

f l u m e , a s shown by Mr. W e l l s ' m e a s u r e m e n t s , was n o t u n i f o r m . F u r t h e r m o r e , 

i t i s p o s s i b l e t h a t t h i s n o n - u n i f o r m i t y may h a v e been i n c r e a s e d by c h a n g e s 

made i n t h e b a f f l e a r r a n g e m e n t a f t e r t h e c o m p l e t i o n of Mr. W e l l s ' i n v e s t i ­

g a t i o n . Fo r t h e s e r e a s o n s i t was d e c i d e t o d i s r e g a r d a l l of t h e d a t a from 
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t h e t h r e e - f o o t f l u m e , and t o make a c o m p l e t e 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 

i n t h e t e n - f o o t f l ume . 

D i s t r i b u t i o n of V e l o c i t y i n t h e Ten-Foo t F l u m e . - - B y a d j u s t i n g t h e b a f f l e s 

and e n t r a n c e g u i d e - w a l l s i n t h e t e n - f o o t f lume a u n i f o r m v e l o c i t y d i s t r i ­

b u t i o n was s e c u r e d f o r e v e r y p o s i t i o n of t h e f a l s e w a l l s . S u r f a c e f l o a t s 

were used t o q u i e t t h e waves p roduced a t t h e e n t r a n c e t o t h e t e s t f lume . 

The v e l o c i t y d i s t r i b u t i o n was checked w i t h a c u r r e n t m e t e r and w i t h dye 

s t r e a k s . T y p i c a l v e l o c i t y measu remen t s a r e shown i n t a b l e 1. 

T e s t s Made i n t h e Ten -Foo t F l u m e . - - A g e n e r a l o u t l i n e of p r o c e d u r e f o r t h e 

t e s t s i n t h e t e n - f o o t f lume i s g i v e n be low. 

1. Wi th a c o n s t a n t c r e s t w i d t h , b , of 1.800 f e e t and a c o n s t a n t 

w e i r h e i g h t , P , of 1.44 f e e t t h e w i d t h of t h e a p p r o a c h c h a n n e l , B , was 

v a r i e d t o o b t a i n v a l u e s of b/B i n t h e r a n g e from 0 .2 t o 1 .00 . F o r each 

v a l u e of b /B a s e r i e s of t e s t s we re made f o r t h e l a r g e s t p o s s i b l e r a n g e 

of d i s c h a r g e s . 

2 . The p r o c e d u r e d e s c r i b e d above was r e p e a t e d f o r two o t h e r v a l u e s 

of w e i r h e i g h t , 0 . 5 6 and 0 . 3 0 f e e t . The w i d t h of t h e c r e s t was h e l d c o n ­

s t a n t a t 1 .800 f e e t . 

3 . With t h e h e i g h t of t h e w e i r e q u a l t o 0 . 3 0 f e e t , t h e w i d t h of 

t h e c r e s t was v a r i e d from 0 . 1 0 t o 1.20 f e e t . At e ach c r e s t w i d t h , s e v e r a l 

v a l u e s of b /B w e r e t e s t e d f o r a c o m p l e t e r a n g e of d i s c h a r g e . 

F o r a l l t e s t s t h e d i s c h a r g e was d e t e r m i n e d by w e i g h t m e a s u r e m e n t s , 

t h e head on t h e w e i r was measured w i t h a hook g a g e , and a l l w e i r d imen­

s i o n s were measured w i t h m i c r o m e t e r s . 
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The d a t a o b t a i n e d from t h e t e s t s made i n t h e t e n - f o o t f lume and 

c e r t a i n computed r a t i o s and c o e f f i c i e n t s a r e shown i n t a b l e 3 . Va lues 

of C and C' shown i n t a b l e 3 were computed from t h e f o l l o w i n g e q u a t i o n s . 

From e q u a t i o n 1 1 , 

C = ^ ~ / 9 , (16 
b h J / Z 

a n d , from e q u a t i o n 1 4 , 
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CHAPTER V 

ANALYSIS AND DISCUSSION OF RESULTS 

I n f l u e n c e of Very Smal l H e a d s . — T h e c o e f f i c i e n t o f d i s c h a r g e f o r t h i n -

p l a t e w e i r s i s a p p r e c i a b l y i n f l u e n c e d by v i s c o s i t y and s u r f a c e - t e n s i o n 

f o r c e s o n l y when t h e head on t h e w e i r , h , o r t h e w i d t h of t h e n o t c h , b , 

o r b o t h , a r e v e r y s m a l l . I n o r d e r t o i s o l a t e t h e e f f e c t of h a s e r i e s 

of t e s t s was made w i t h l a r g e v a l u e s o f b , and a r a n g e of v a l u e s o f h / P 

and b / B . A c r e s t w i d t h of 2 . 6 8 f e e t was used w i t h b /B = 1 . 0 0 , and a 

c r e s t w i d t h o f 1.80 f e e t was used w i t h b /B = 0 . 2 , 0 . 4 , 0 . 6 , 0 . 8 , and 0 . 9 . 

The v a l u e s o f C ( e q u a t i o n 16) d e t e r m i n e d from t h e s e t e s t s a r e shown p l o t ­

t e d a s t h e open c i r c l e s on f i g u r e s 5 t o 1 0 , i n c l u s i v e . The combined 

e f f e c t s o f s u r f a c e t e n s i o n and v i s c o s i t y i n i n c r e a s i n g t h e c o e f f i c i e n t 

a t low h e a d s i s shown by t h i s p l o t . 

A c u r v e drawn t h r o u g h t h e open c i r c l e s on f i g u r e s 5 t o 10 shows 

t h a t C i n c r e a s e s a s h d e c r e a s e s ( i n d i c a t e d h e r e by d e c r e a s i n g v a l u e s of 

h / P ) . The e f f e c t of a d d i n g a c o n s t a n t , k ^ , t o e v e r y v a l u e of h i s demon­

s t r a t e d by t h e s o l i d c i r c l e s p l o t t e d on t h e same f i g u r e s . These p o i n t s 

show C' a s a f u n c t i o n of h / P . The b e t t e r d e f i n i t i o n of a s i n g l e c u r v e 

f o r a l l v a l u e s of h d e m o n s t r a t e s t h e v a l i d i t y of t h e t h e o r y t h a t t h e com­

b i n e d e f f e c t s of v i s c o s i t y and s u r f a c e t e n s i o n a r e s i m i l a r t o an i n c r e a s e 

i n h e a d . I t was found by s u c c e s s i v e a p p r o x i m a t i o n s t h a t a v a l u e = 0 . 0 0 3 

f e e t c o u l d be u s e d t o c o r r e l a t e a l l t e s t s ( a l l v a l u e s of b / B , h , and P) 

wh ich i n v o l v e l a r g e r v a l u e s of b . 

I n an u n p u b l i s h e d s t u d y of e x p e r i m e n t s on s u p p r e s s e d w e i r s by 

Baz in (4 ) Schode r and T u r n e r (8) and t h e U. S. Bureau of R e c l a m a t i o n ( 1 3 ) , 
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H. J . Tracy' ' ' d e t e r m i n e d v a l u e s of k^ which would c o r r e l a t e t h e d a t a f o r 

each of t h e s e i n v e s t i g a t i o n s . Fo r B a z i n ' s d a t a t h e v a l u e of k^ d e t e r m i n e d 

by Mr. Tracy was + 0 . 0 0 6 f e e t . For d a t a o b t a i n e d by Schoder and T u r n e r a s 

w e l l a s t h a t o b t a i n e d by t h e U. S. Bureau of R e c l a m a t i o n , k^ was + 0 . 0 0 3 

f e e t . Va lues of C 1 computed w i t h t h e s e v a l u e s of k^ a r e shown i n f i g u r e 11 , 

I n a l l of t h e i n v e s t i g a t i o n s summarized on f i g u r e 1 1 , t h e w i d t h of t h e 

c r e s t was r e l a t i v e l y l a r g e and t h e b e f f e c t i s b e l i e v e d t o be n e g l i g i b l e . 

From t h e s e and o t h e r s t u d i e s i t was i n d i c a t e d t h a t a s i n g l e c o n s t a n t 

v a l u e of k^ w i l l c o r r e l a t e t h e d a t a f o r any one i n v e s t i g a t i o n . However, 

d i f f e r e n t v a l u e s of k^ a r e r e q u i r e d t o c o r r e l a t e t h e d a t a from d i f f e r e n t 

i n v e s t i g a t i o n s . I t i s b e l i e v e d t h a t d i f f e r e n c e s i n t h 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 t h e l a b o r a t o r y s e t - u p a r e r e s p o n s i b l e f o r t h e d i f f e r e n c e s i n 

I n f l u e n c e of Very Smal l Opening W i d t h s . - - I n o r d e r t o i s o l a t e t h e b e f f e c t , 

t e s t s were made i n which t h e w i d t h of t h e c r e s t was v a r i e d f o r d i f f e r e n t 

v a l u e s of b / B . Fo r e x a m p l e , w i t h b /B < 0 . 1 3 t e s t s were made w i t h v a l u e s 

of b e q u a l t o 0 . 1 2 , 0 . 2 8 , 0 . 5 8 , and 1.2 f e e t . The computed v a l u e s of C 

( e q u a t i o n 16) f o r t h i s s e r i e s a r e shown on f i g u r e 12 by t h e open s y m b o l s . 

The d a t a f o r each v a l u e of b i s i d e n t i f i e d by a d i f f e r e n t symbol . The 

t r e n d of i n c r e a s i n g v a l u e s of C w i t h d e c r e a s i n g v a l u e s of b i s b e l i e v e d 

t o i n d i c a t e t h e combined e f f e c t s of s u r f a c e t e n s i o n and v i s c o s i t y . By a 

method of s u c c e s s i v e a p p r o x i m a t i o n s i t was found t h a t a d d i n g 0 .008 f e e t t o 

a l l v a l u e s of b would c o r r e l a t e a l l t h e d a t a i n t h i s s e r i e s . T h u s , v a l u e s 

of C' ( e q u a t i o n 17) shown by t h e s o l i d symbol d e f i n e a s i n g l e c u r v e f o r 

^ H y d r a u l i c E n g i n e e r , U. S. G e o l o g i c a l S u r v e y , A t l a n t a , G e o r g i a . 
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a l l v a l u e s of b . 

From s i m i l a r t e s t s f o r d i f f e r e n t v a l u e s of b/B i t was i n d i c a t e d 

t h a t k^ i s a f u n c t i o n of b / B . F i g u r e 13 shows v a l u e s of d e t e r m i n e d 

from t e s t s c o v e r i n g t h e f u l l r a n g e of b / B . I t i s a p p a r e n t t h a t k^ i n ­

c r e a s e s a s b /B i n c r e a s e s from 0 . 2 t o 0 . 8 , and d e c r e a s e s a s b /B i n c r e a s e s 

from 0 . 8 t o 1 .00 . The shape of t h e c u r v e drawn t h r o u g h t h e p o i n t s on 

f i g u r e 13 i s e x p l a i n e d a s f o l l o w s : As b /B a p p r o a c h e s 1.0 t h e e f f e c t of 

t h e boundary l a y e r on t h e s i d e s of t h e f lume i s t o c a u s e a d e c r e a s e i n 

t h e e f f e c t i v e w i d t h ; a l s o , a s b /B a p p r o a c h e s 1 . 0 , t h e e f f e c t of s u r f a c e 

t e n s i o n (on t h e e f f e c t i v e w i d t h ) d i s a p p e a r s . T h u s , a t b /B = 1 . 0 , t h e 

combined e f f e c t s of t h e two f l u i d p r o p e r t i e s a t s m a l l v a l u e s of b i s 

r e p r e s e n t e d by a n e g a t i v e v a l u e of k^ . 

I n f l u e n c e of t h e R a t i o o f Head t o Weir H e i g h t . - - T h e e f f e c t of t h e h / P 

r a t i o on t h e c o e f f i c i e n t of d i s c h a r g e i s r e p r e s e n t e d by t h e s l o p e of t h e 

c u r v e s drawn on f i g u r e s 5 to 10 . F o r e x a m p l e , a t b /B = 0 . 2 , t h e s l o p e 

of t h e s t r a i g h t l i n e i s - 0 . 0 0 1 , and a t b /B = 1 . 0 0 , t h e s l o p e of t h e l i n e 

i s 0 . 4 0 . 

I n f l u e n c e of Width-Head R a t i o . - - T h e e x p e r i m e n t a l d a t a showed no s y s t e m ­

a t i c c o r r e l a t i o n w i t h t h e w i d t h - h e a d r a t i o . The r e l a t i v e u n i m p o r t a n c e 

of t h i s r a t i o had b e e n d e m o n s t r a t e d p r e v i o u s l y by Mr. W e l l s . 

I n f l u e n c e of W i d t h - C o n t r a c t i o n R a t i o . - - T h e i n f l u e n c e of t h e w i d t h -

c o n t r a c t i o n r a t i o , b/B ( a s w e l l a s t h e i n f l u e n c e of h / P ) , i s demon­

s t r a t e d i n f i g u r e s 14 t o 2 1 . Va lues of C 1 computed f o r a l l t h e d a t a 

o b t a i n e d i n t h i s i n v e s t i g a t i o n a r e shown a s a f u n c t i o n of h / P i n t h i s 

s e r i e s , i n which each g r a p h r e p r e s e n t s a d i f f e r e n t v a l u e of b / B . The 
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s t r a i g h t l i n e s t h a t d e f i n e t h e t r e n d s on each g r a p h a r e summarized on 

f i g u r e 2 2 . The e q u a t i o n s of t h e s e l i n e s a r e of t h e form 

where C£ = C 1 a t h / P = 0 , and m i s t h e s l o p e of t h e l i n e . 

F i g u r e 22 shows t h a t t h e e f f e c t of b /B i n c r e a s e s a s h / P i n c r e a s e s . 

The e f f e c t of b/B a t v a r i o u s v a l u e s of h / P i s d e m o n s t r a t e d i n f i g u r e 23 

by a c r o s s - p l o t of v a l u e s t a k e n from t h e f a m i l y of c u r v e s i n f i g u r e 22 . 

The c u r v e s shown on f i g u r e 23 a r e l o g i c a l l y s i m i l a r t o c u r v e s showing t h e 

e f f e c t of b /B on t h e d i s c h a r g e c o e f f i c i e n t s f o r s l o t s (2 ) and o p e n - c h a n n e l 

c o n s t r i c t i o n s ( 1 4 ) . 

F i g u r e s 22 and 23 d e m o n s t r a t e t h a t t h e w i d t h - c o n t r a c t i o n r a t i o h a s 

a l a r g e i n f l u e n c e on t h e d i s c h a r g e c o e f f i c i e n t . T h u s , f o r e x a m p l e , a t 

h / P = 1 . 0 t h e v a l u e of C' v a r i e s from 3 . 1 2 a t b /B = 0 t o 3 . 6 2 a t b /B = 1 .0 . 

Summary of A n a l y s i s . - - I n C h a p t e r I I i t was shown t h a t t h e c o e f f i c i e n t of 

d i s c h a r g e f o r t h e b a s i c w e i r can be d e s c r i b e d by t h e f u n c t i o n a l r e l a t i o n ­

s h i p , 

C = f 3 ( h , b , | , | ) , (12) 

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

and b /B and h / P a r e g e o m e t r i c r a t i o s . I t was r e a s o n e d t h a t t h e h and b 

e f f e c t s c o u l d be a c c o u n t e d f o r by a d d i n g a q u a n t i t y k^ t o t h e w i d t h of t h e 

w e i r and a q u a n t i t y k^ t o t h e measured h e a d , whence , 

Q = C ' ( b + k b ) ( h + k h ) 3 / 2 , (14) 
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and 

C = f 5 ( | , | ) . (15) 

The p r o p o s e d form of a n a l y s i s was v e r i f i e d by t h e d a t a o b t a i n e d 

i n t h e l a b o r a t o r y . I t was found t h a t a s i n g l e v a l u e of ( 0 . 0 0 3 f e e t ) 

i s a p p l i c a b l e to a l l v a l u e s of h / P and b / B , b u t t h a t i s a f u n c t i o n of 

b /B a s shown i n f i g u r e 1 3 . The f u n c t i o n e x p r e s s e d by e q u a t i o n 15 was 

d e f i n e d by t h e l a b o r a t o r y d a t a and i s summarized a s a f a m i l y of s t r a i g h t 

l i n e s I n f i g u r e 22 . The e q u a t i o n s of t h e s e l i n e s f o r s e v e r a l v a l u e s of 

b /B a r e g i v e n be low: 

| = 1.00 C ! = 3 . 2 2 + 0 . 4 0 ( | ) 

| = 0 .80 C = 3 . 1 9 + 0 . 2 5 ( | ) 

| = 0 .60 C = 3 . 1 8 + 0 . 1 0 ( | ) 

| = 0 . 4 0 C = 3 .16 + 0 . 0 3 ( p ) 

| = 0 . 2 0 C = 3 . 1 5 + 0 . 0 1 ( | ) 

Comparison With O t h e r F o r m u l a s . - - M o s t of t h e p r e v i o u s i n v e s t i g a t i o n s of 

w e i r d i s c h a r g e have d e a l t w i t h s u p p r e s s e d w e i r s . Two f o r m u l a s f o r t h e 

r e c t a n g u l a r - n o t c h w e i r a r e t h e F r a n c i s w i d t h - c o r r e c t i o n fo rmula ( e q u a t i o n 3 ) , 

and t h e S . I . A . fo rmula ( e q u a t i o n 4 ) . Both of t h e s e f o r m u l a s were r e s t r i c t e d 

by t h e i r a u t h o r s t o a n a r r o w r a n g e of w e i r g e o m e t r y . 

The F r a n c i s w i d t h - c o r r e c t i o n fo rmula i s u s u a l l y r e s t r i c t e d t o 

v a l u e s of h l e s s t h a n o n e - t h i r d t h e c r e s t l e n g t h . Even w i t h t h i s l i m i t a t i o n , 
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howeve r , i t a p p e a r s from d a t a o b t a i n e d i n t h i s i n v e s t i g a t i o n t h a t t h e 

F r a n c i s fo rmula i s o n l y an a p p r o x i m a t i o n . Th i s i s d e m o n s t r a t e d I n 

f i g u r e 24 by p l o t t i n g t h e d i s c h a r g e c o e f f i c i e n t computed from an e q u a t i o n 

d e r i v e d from t h e F r a n c i s f o r m u l a , 

c = 2 , 
F (b - 0 . 2 h ) ( h ) 3 / 2 

f o r a s e l e c t e d group of t h e a u t h o r ' s d a t a . I t i s e v i d e n t from t h e f a c t 

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

fo rmula does n o t a c c o u n t f o r t h e e f f e c t of w i d t h c o n t r a c t i o n , even w i t h i n 

t h e l i m i t s s e t by t h e a u t h o r . 

I t i s d i f f i c u l t t o make a d i r e c t c o m p a r i s o n be tween t h e d a t a 

o b t a i n e d i n t h i s i n v e s t i g a t i o n and t h e S . I . A . fo rmula b e c a u s e t h e r e s t r i c ­

t i o n s p l a c e d by t h e S . I . A . on t h e fo rmula l i m i t i t s a p p l i c a t i o n t o a much 

s m a l l e r r a n g e of c o n d i t i o n s t h a n w e r e i n v e s t i g a t e d by t h e a u t h o r . An i n ­

d i c a t i o n of t h e f o r m u l a ' s a b i l i t y t o c o r r e l a t e t h e i m p o r t a n t b /B v a r i a b l e , 

howeve r , c a n be o b t a i n e d from a c o m p a r i s o n of t h e a u t h o r ' s C' and a coe f ­

f i c i e n t Cg d e f i n e d by t h e e q u a t i o n 

k 2 K 4 h 2 2 r— 
C s = [ 0 . 5 7 8 + 0 . 0 3 7 ( f ) ] [ l + 0 . 5 ( f ) ( p ^ n r ) ] 3" v 2 g . 

In o r d e r t o j u s t i f y t h e o m i s s i o n of t h e t e rm c o n t a i n i n g t h e a b s o l u t e 

v a l u e of h i n t h e S . I . A . d i s c h a r g e fo rmula ( e q u a t i o n 4 ) , t h e c o m p a r i s o n of 

C' and p_s was made f o r a head of t e n f e e t ( l a r g e enough t o make t h e e f f e c t 

of h n e g l i g i b l e ) . T a b l e 4 shows a c o m p a r i s o n o f t h e two c o e f f i c i e n t s i n 

t h e form of a r a t i o , C g / C 1 , which v a r i e s from 0 .957 t o 1.006 f o r a f u l l 

r a n g e of v a l u e s of h / P and b / B . 
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CHAPTER VI 

CONCLUSIONS 

L. The c o e f f i c i e n t o f d i s c h a r g e f o r r e c t a n g u l a r - n o t c h w e i r s i s a 

f u n c t i o n o f two g e o m e t r i c p a r a m e t e r s and t h e Reyno lds and Weber 

n u m b e r s , 

C = f 2 ( R , W, | , | , | ) . (9) 

2 . F o r t h e f low of any g i v e n l i q u i d t h r o u g h n o t c h w e i r s , t h e a b s o l u t e 

v a l u e s of b and h a r e s u f f i c i e n t m e a s u r e s of t h e i n f l u e n c e r e p r e ­

s e n t e d by t h e Reyno lds and Weber n u m b e r s , o r , 

C = f 3 ( h , b , | , | ) . (12) 

3 . The r e l a t i v e e f f e c t of b and h on C may be r e p r e s e n t e d by a c o n s t a n t , 

k ^ , added t o t h e measu red head and a q u a n t i t y , , added t o t h e w i d t h 

of t h e w e i r n o t c h . A c o n s t a n t v a l u e of k^ = 0 .003 f e e t can b e used 

f o r a l l v a l u e s of h / P and b / B , b u t t h e v a l u e o f k^ v a r i e s w i t h t h e 

r a t i o b /B a s shown i n f i g u r e 1 1 . 

4 . The v a l u e o f t h e d i s c h a r g e c o e f f i c i e n t C' i n t h e e q u a t i o n l i s t e d be low 

has been d e f i n e d i n f i g u r e 22 f o r a f u l l r a n g e of t h e g e o m e t r i c r a t i o s 

h / P and b / B . These v a l u e s of C 1 a r e a p p l i c a b l e t o w e i r s of any c r e s t 

w i d t h and f o r any head i n t h e e q u a t i o n , 

Q = C ' ( b + k b ) ( h + k h ) 3 / 2 . ( 14 ) 
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5 . The F r a n c i s e q u a t i o n f o r n o t c h w e i r s i s n o t r e l i a b l e , even w i t h i n 

t h e l i m i t s imposed by t h e a u t h o r . 

6. A c o m p r e h e n s i v e s o l u t i o n f o r t h e d i s c h a r g e o v e r r e c t a n g u l a r - n o t c h 

w e i r s h a s been a c c o m p l i s h e d f o r t h e r a n g e of f l u i d p r o p e r t y p a r a m e t e r s 

c o v e r e d i n t h i s i n v e s t i g a t i o n . 
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T a b l e 1 . V e l o c i t y D i s t r i b u t i o n be tween F a l s e W a l l s i n t h e Ten -Foo t Flume 

T e s t P b x y V 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( f e e t ) ( f p s ) 

0 . 5 6 4 2 . 6 8 0 .2 0 . 1 0 .837 
0 . 5 6 4 2 . 6 8 0 . 2 0 . 3 0 .944 
0 . 5 6 4 2 . 6 8 0 .2 0 . 5 0 .965 
0 . 5 6 4 2 . 6 8 0 . 2 0 . 7 0 .944 
0 . 5 6 4 2 . 6 8 0 . 2 0 . 8 0 .987 

0 .564 2 . 6 8 0 . 5 0 . 1 0 .885 
0 . 5 6 4 2 . 6 8 0 . 5 0 . 3 0 .965 
0 .564 2 . 6 8 0 . 5 0 . 5 0 .965 
0 .564 2 . 6 8 0 . 5 0 . 7 0 .965 
0 .564 2 . 6 8 0 . 5 0 . 8 0 . 9 7 6 

0 . 5 6 4 2 . 6 8 0 . 8 0 . 1 0 .923 
0 . 5 6 4 2 . 6 8 0 . 8 0 . 3 0 . 9 4 4 
0 . 5 6 4 2 . 6 8 0 . 8 0 . 5 0 . 9 4 4 
0 . 5 6 4 2 . 6 8 0 . 8 0 . 7 0 .923 
0 .564 2 .58 0 . 8 0 . 8 0 . 9 4 4 

0 . 5 6 4 2 . 6 8 1.1 0 . 1 0 .826 
0 . 5 6 4 2 . 6 8 1.1 0 . 3 0 .965 
0 . 5 6 4 2 . 6 8 1.1 0 .5 0 . 9 4 4 
0 .564 2 . 6 8 1,1 0 . 7 0 .934 
0 .564 2 . 6 8 1.1 0 . 8 0 . 9 4 4 

0 . 5 6 4 2 . 6 8 1.4 0 . 1 0 .876 
0 . 5 6 4 2 . 6 8 1.4 0 . 3 0 . 8 3 4 
0 . 5 6 4 2 . 6 8 1.4 0 . 5 0 , 8 6 8 
0 . 5 6 4 2 . 6 8 1.4 0 .7 0 . 9 0 4 
0 .564 2 . 6 8 1.4 0 . 8 0 .914 

0 .564 2 . 6 8 1.7 0 . 1 0 .868 
0 .564 2 . 6 8 1.7 0 . 3 0 . 9 0 4 
0 .564 2 . 6 8 1.7 0 . 5 0 . 9 0 4 
0 .564 2 . 6 8 1.7 0 . 7 0 . 9 0 4 
0 .564 2 . 6 8 1.7 0 . 8 0 . 9 0 4 

* x = d i s t a n c e from l e f t w a l l 
** y = d e p t h be low s u r f a c e 
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T a b l e 1. Con t inued , 

T e s t P b x y V 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( f e e t ) ( f p s ) 

0 . 5 6 4 2 . 6 8 2 . 1 0 . 1 0 .803 
0 . 5 6 4 2 . 6 8 2 . 1 0 . 3 0 . 9 0 4 
0 . 5 6 4 2 , 6 8 2 . 1 0 . 5 0 .923 
0 . 5 6 4 2 . 6 8 2 . 1 0 . 7 0 .944 
0 . 5 6 4 2 . 6 8 2 . 1 0 . 8 0 .944 

0 .564 2 . 6 8 2 . 4 0 . 1 0 . 9 0 4 
0 .564 2 . 6 8 2 . 4 0 . 3 0 . 8 6 8 
0 .564 2 . 6 8 2 . 4 0 . 5 0 .987 
0 . 5 6 4 2 . 6 8 2 . 4 0 .7 0 .987 
0 .564 2 . 6 8 2 . 4 0 . 8 0 .987 

I I 0 .302 2 . 6 8 0 . 2 0 . 1 1.40 
0 .302 2 . 6 8 0 .2 0 . 2 1.47 
0 .302 2 . 6 8 0 . 2 0 . 3 1.54 
0 .302 2 . 6 8 0 . 2 0 . 4 1.50 
0 .302 2 . 6 8 0 . 2 0 . 5 1.50 

0 .302 2 . 6 8 0 . 5 0 . 1 1.52 
0 .302 2 . 6 8 0 . 5 0 . 2 1.50 
0 .302 2 . 6 8 0 . 5 0 . 3 L.50 
0 .302 2 . 6 8 0 . 5 0 . 4 1.50 
0 .302 2 . 6 8 0 . 5 0 . 5 1.50 

0 .302 2 .68 0 . 8 0 . 1 1.47 
0 .302 2 . 6 8 0 . 8 0 . 2 1.50 
0 .302 2 . 6 8 0 . 8 0 . 3 1.50 
0 .302 2 . 6 8 0 . 8 0 . 4 1.47 
0 .302 2 . 6 8 0 . 8 0 . 5 1.47 

0 .302 2 . 6 8 1.1 0 . 1 1.40 
0 .302 2 . 6 8 1.1 0 .2 1.43 
0 .302 2 . 6 8 1.1 0 . 3 1.47 
0 .302 2 . 6 8 1.1 0 . 4 1.47 
0 .302 2 . 6 8 1.1 0 . 5 1.43 



T a b l e 1. C o n t i n u e d . 

T e s t P b x y V 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( f e e t ) ( f p s ) 

I I 0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 .68 
0 .302 2 . 6 8 
0 .302 2 . 6 8 

0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 . 3 0 2 2 . 6 8 

0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 .68 
0 .302 2 ,68 

0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 

0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 
0 .302 2 . 6 8 

1.4 0 . 1 1.25 
1.4 0 . 2 1.31 
1.4 0 . 3 1.37 
1.4 0 . 4 1.37 
1.4 0 .5 1.38 

1.7 0 . 1 1.24 
1.7 0 . 2 1.29 
1.7 0 . 3 1.43 
1.7 0 . 4 1.43 
1.7 0 . 5 1.42 

2 . 0 0 . 1 1.43 
2 . 0 0 . 2 1.43 
2 . 0 0 . 3 1.47 
2 . 0 0 . 4 1.43 
2 . 0 0 . 5 1.43 

2 . 3 0 . 1 1.40 
2 . 3 0 . 2 1.43 
2 . 3 0 . 3 1.43 
2 . 3 0 . 4 1.47 
2 . 3 0 . 5 1.47 

2 . 5 0 . 1 1.17 
2 . 5 0 . 2 1.37 
2 . 5 0 . 3 1.43 
2 . 5 0 . 4 1.40 
2 . 5 0 .5 1.40 
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T a b l e 2 . Summary of T e s t s i n t h e T h r e e - F o o t F lume . 

T e s t B b P T Q h | | C 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( °F) ( c f s ) ( f e e t ) 

(*) (*) 

... 3 . 0 0 2 . 4 0 5 1.842 71 1.627 0 .349 0 . 8 0 
2 3 .00 2 . 4 0 5 1.842 71 2 .085 0 . 4 1 1 0 . 8 0 
3 3 . 0 0 2 . 4 0 5 1.842 71 2 .806 0 .505 0 . 8 0 
k 3 . 0 0 2 .405 1.842 71 3 .677 0 .598 0 . 8 0 
5 3 . 0 0 2 . 4 0 5 1.842 71 4 . 3 0 2 0 . 6 7 1 0 . 8 0 

6 3 . 0 0 2 . 4 0 5 0 .075 71 0 .298 0 .103 0 . 8 0 
7 3 . 0 0 2 .405 0 .075 71 1.212 0 .255 0 . 8 0 
G 3 . 0 0 2 .405 0 .075 71 1.892 0 .339 0 . 8 0 
9 3 . 0 0 2 .405 0 .075 71 2 .639 0 .417 0 . 8 0 

10 3 . 0 0 2 . 4 0 5 0 .075 71 3 .559 0 .497 0 . 8 0 

11 3 . 0 0 2 . 4 0 5 0 . 0 7 5 71 4 . 4 0 5 0 . 5 7 1 0 . 8 0 
12 3 . 0 0 2 . 4 0 5 0 .075 11 5 .002 0 .145 0 .80 
13 3 . 0 0 1.805 0 .075 71 0 . 3 6 5 0 .147 0 . 6 0 
14 3 . 0 0 1.805 0 .075 71 1.019 0 . 2 9 3 0 . 6 0 
15 3 . 0 0 1.805 0 .075 71 0 . 6 9 8 0 .229 0 . 6 0 

16 3 . 0 0 1.805 0 . 0 7 5 71 1.350 0 .353 0 . 6 0 
1; 3 . 0 0 1.805 0 .075 2 .038 0 . 4 6 1 0 . 6 0 
LS 3 . 0 0 1.805 0 . 0 7 5 71 2 . 3 8 5 0 . 5 1 3 0 . 6 0 
19 3 . 0 0 1.805 0 .075 71 0 . 0 9 4 0 . 0 6 0 0 . 6 0 
20 3 . 0 0 1.805 0 .075 41 3 . 1 0 6 0 .603 0 . 6 0 

21 3 . 0 0 1.805 0 .075 71 3 . 9 5 5 0 . 7 1 1 0 . 6 0 
3 . 0 0 2 . 7 1 1 0 .075 ; ;i 0 . 3 7 3 0 .108 0 . 9 0 

23 3 . 0 0 2 . 7 1 1 0 . 0 7 5 7L 0 . 6 5 0 0 . 1 5 4 0 . 9 0 
24 3 . 0 0 2 . 7 1 1 0 .075 71 0 .769 0 .170 0 .90 
25 3 . 0 0 2 . 7 1 1 0 .075 71 0 .980 0 .199 0 . 9 0 

26 3 . 0 0 2 . 7 1 1 0 .075 71 1.945 0 .303 0 .90 
27 3 . 0 0 2 . 7 1 1 0 .075 71 3 . 2 4 0 0 .412 0 . 9 0 
28 3 . 0 0 2 . 7 1 1 0 .075 7.1 4 . 4 4 0 0 .489 0 . 9 0 
29 3 . 0 0 2 . 7 1 1 0 . 0 7 5 71 1.380 0 .246 0 . 9 0 
30 3 . 0 0 1.206 0 .075 70 0 . 6 5 1 0 . 2 9 4 0 . 4 0 

Dash i n d i c a t e s t h a t t h e v a l u e s were n o t computed . 



T a b l e 2 . C o n t i n u e d . 

T e s t B b P T Q h £ £ 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( °F ) ( c f s ) ( f e e t ) 

(*) (*) 

3 , 3 . 0 0 1.206 0 .075 70 1.125 0 .427 0 . 4 0 
32 3 .00 1.206 0 .075 70 1.708 0 . 5 6 4 0 . 4 0 
33 3 . 0 0 1.206 0 .075 70 0 . 2 5 3 0 .157 0 . 4 0 
34 3 . 0 0 1.206 0 . 0 7 5 70 0 .446 0 .228 0 . 4 0 
3:> 3 . 0 0 0 .600 0 .075 71 0 . 3 7 4 0 .329 0 . 2 0 

36 3 . 0 0 0 .600 0 .075 7 1 0 .162 0 . 1 9 0 0 . 2 0 
37 3 .00 0 .600 0 .075 71 0 . 2 7 1 0 .267 0 . 2 0 
38 3 . 0 0 0 .600 0 .075 71 0 .059 0 .094 0 . 2 0 
39 3 . 0 0 0 .600 0 .075 ; t 0 . 124 0 .158 0 . 2 0 
40 3 . 0 0 0 .600 0 . 0 7 5 0 .720 0 .519 0 . 2 0 

41 3 . 0 0 0 .600 0 .075 . . 0 . 5 0 7 0 .413 0 . 2 0 
42 3 . 0 0 0 .121 0 .075 J L 0 .077 0 . 3 3 5 0 . 0 4 
43 3 . 0 0 0 .121 0 .075 71 0 .016 0 .117 0 . 0 4 
44 3 . 0 0 0 . 1 2 1 0 .075 71 0 . 1 5 9 0 . 5 4 5 0 . 0 4 
45 3 . 0 0 0 . 1 2 1 0 .075 >- 0 . 0 4 9 0 .247 0 . 0 4 

46 3 . 0 0 0 . 1 2 1 0 . 0 7 5 7! 0 . 0 3 1 0 . 1 8 1 0 . 0 4 
47 3 . 0 0 0 . 1 2 1 0 .075 7 i 0 . 0 4 2 0 .223 0 . 0 4 
48 3 . 0 0 0 . 1 2 1 0 . 0 7 5 ? L 0 .065 0 .299 0 . 0 4 
49 3 . 0 0 0 . 1 2 1 0 . 0 7 5 71 0 .097 0 .390 0 . 0 4 
50 3 . 0 0 0 .292 0 . 0 7 5 1 1 0 .126 0 .264 0 . 1 0 

51 3 . 0 0 0 .292 0 .075 71 0 .057 0 . 1 5 3 0 .10 
52 3 . 0 0 0 . 2 9 2 0 . 0 7 5 7 i. 0 .035 0 . 1 1 0 0 . 1 0 
53 3 . 0 0 0 .292 0 . 0 7 5 71 0 . 0 7 4 0 . 1 8 4 0 . 1 0 
54 3 . 0 0 0 .292 0 . 0 7 5 } 1 0 .202 0 .362 0 . 1 0 
55 3 . 0 0 0 ,292 0 . 0 7 5 71 0 . 3 1 4 0 .487 0 . 1 0 

56 3 . 0 0 0 . 2 9 2 0 .075 71 0 . 1 8 6 0 . 3 4 4 0 . 1 0 
57 3 . 0 0 0 .292 0 . 1 4 8 71 0 . 0 4 9 0 .138 0 . 1 0 
58 3 . 0 0 0 .292 0 , 1 4 8 3 i 0 .078 0 . 1 9 0 0 . 1 0 
59 3 . 0 0 0 . 2 9 2 0 .148 7 i 0 .128 0 .268 0 . 1 0 
60 3 . 0 0 0 . 2 9 2 0 . 1 4 8 3:. 0 . 210 0 .373 0 . 1 0 

T)ash i n d i c a t e s t h a t t h e v a l u e s were n o t computed . 
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T a b l e 2 . C o n t i n u e d . 

T e s t B b P T Q h | | 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) B P 

(*) (*) 

61 3 . 0 0 0 
62 3 .000 
63 3 .000 
64 3 . 0 0 0 
65 3 .000 

66 3 . 0 0 0 
67 3 . 0 0 0 
68 3 .000 
69 2 .686 
70 2 .686 

71 2 . 6 8 6 
72 2 .686 
73 2 .686 
74 2 .686 
75 2 .686 

76 2 .686 
77 2 .686 
78 2 . 6 8 4 
79 2 . 6 8 4 
80 2 . 6 8 4 

81 2 . 6 8 4 
82 2 . 6 8 4 
83 2 . 6 8 4 
84 2 . 6 8 4 
85 2 . 6 8 4 

86 2 . 6 8 4 
87 2 . 6 8 4 
88 2 . 6 8 4 
89 2 . 6 8 4 
90 2 . 6 8 4 

0. 292 0 .148 
0. 292 0 .148 
0 . 292 0 .427 
0 . 2 9 2 0 .427 
0 . 292 0 .427 

0 . 292 0 .427 
0 . 292 0 .427 
0 . 292 0 .427 
2 . 686 0 .148 
2 . 686 0 . 1 4 8 

2 . 686 0 .148 
2 . 686 0 .148 
2 . 686 0 .148 
2 . 686 0 . 1 4 8 
2 . 686 0 .148 

2 . 686 0 . 1 4 8 
2 . 686 0 . 1 4 8 
2. 684 0 .427 
2 . 684 0 .427 
2. 684 0 .427 

2 . 684 0 .427 
2 . 684 0 .427 
2 . 684 0 .427 
2. 684 0 .427 
2 . 684 0 .427 

2 . 684 0 .427 
2 . 684 0 .427 
2 . 684 0 .427 
2 . 684 1.047 
2 . 684 1.047 

71 0 .385 
71 0 .282 
71 0 . 0 3 1 
71 0 .066 
71 0 .130 

71 0 .245 
71 0 .499 
71 0 .370 
73 0 . 3 1 3 
73 0 . 5 7 8 

73 1.162 
73 1.911 
73 2 . 8 4 4 
73 3 . 9 4 0 
73 0 . 4 0 4 

73 0 . 8 1 2 
73 1.495 
71 0 .402 
71 0 . 2 2 4 
71 0 .769 

71 1.188 
71 1.952 
71 2 . 8 7 0 
71 3 . 4 6 6 
71 4 . 0 9 6 

71 5 .995 
71 4 . 9 1 6 
71 1.472 
70 0 .229 
70 0 . 7 4 3 

0 .550 0 . 1 0 
0 .452 0 . 1 0 
0 .100 0 . 1 0 
0 . 1 7 1 0 . 1 0 
0 . 2 7 1 0 . 1 0 

0 .409 0 . 1 0 
0 .659 0 . 1 0 
0 .538 0 . 1 0 
0 .099 1.00 
0 . 1 4 5 1.00 

0 .225 1.00 
0 . 3 0 4 1.00 
0 . 3 8 4 1.00 
0 . 4 6 4 1.00 
0 .117 1.00 

0 . 1 8 1 1.00 
0 .263 1.00 
0 .122 1.00 
0 . 0 8 1 1.00 
0 .187 1.00 

0 .249 1.00 
0 . 3 4 0 1.00 
0 .435 1.00 
0 . 4 8 8 1.00 
0 .539 1.00 

0 .679 1.00 
0 . 6 0 4 1.00 
0 .288 1.00 
0 .083 1.00 
0 . 1 8 6 1.00 

0 .286 3 . 515 
0 .190 3 . 610 
0 . 4 3 8 3 . 536 

0 . 5 8 4 3 . 558 
0 .797 3 . 662 
1.020 3 . 725 
1.140 3 . 788 
1.260 3 . 850 

1.590 3 . 990 
1.410 3 . 910 
0 . 6 7 5 3 . 550 
0 .079 3 . 565 
0 . 1 7 8 3 . 450 

Dash i n d i c a t e s t h a t t h e v a l u e s were n o t computed . 
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T a b l e 2 . C o n t i n u e d , 

T e s t B b P T Q h | 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) P 

(*) (*) 

91 2 . 684 2 . 684 1.047 70 1.281 0 .266 I . 00 0 . 2 5 4 3 . 4 9 0 
92 2. 684 2 . 684 1.047 70 1.682 0 .319 1 .00 0 . 3 0 5 3 . 4 7 5 
73 2 . 684 2 . 684 1.047 70 2 . 1 2 6 0 .373 : .00 0 .356 3 .475 
94 2 . 684 2 . 684 1.047 70 2 .800 0 .449 i . 00 0 .429 3 . 4 6 5 
7 . 2 . 684 2 . 684 1.047 70 3 . 5 9 0 0 .529 i . 00 0 . 5 0 5 3 . 4 7 4 

96 2 . 684 2 . 684 1.047 70 4 . 5 0 2 0 .615 I . 00 0 . 5 8 8 3 . 4 7 8 
9 7 2 . 684 2. 684 1.047 70 5 . 5 1 0 0 .705 l . 00 0 .673 3 . 4 6 2 

Dash i n d i c a t e s t h a t t h e v a l u e s were n o t computed . 
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T a b l e 3 . Summary of T e s t s i n t h e Ten -Foo t F lume. 

T e s t B b P T Q h 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) 

98 2 .682 
99 2 . 6 8 2 

100 2 . 6 8 2 

2 . 6 8 2 
2 .682 
2 .682 

0 .302 
0 .302 
0 . 3 0 2 

70 0 . 6 3 1 
70 0 .289 
70 1.070 

0 . 1 6 7 1.00 
0 .098 1,00 
0 . 2 3 3 1.00 

0 . 5 5 4 3 . 4 5 0 3 . 3 5 8 
0 . 3 2 5 3 . 4 0 0 3 .352 
0 .772 3 . 5 4 7 3 . 4 8 3 

101 
102 
103 
104 
105 

2 . 6 8 2 
2 . 6 8 2 
2 .682 
2 . 6 8 2 
2 .682 

2 .682 
2 .682 
2 . 6 8 2 
2 . 6 8 2 
2 .682 

0 . 3 0 2 
0 . 3 0 2 
0 .302 
0 . 3 0 2 
0 . 3 0 2 

70 
70 
70 
70 
70 

1.495 
2 . 0 5 4 
2 . 5 2 4 
3 .095 
3 .685 

0 . 2 8 7 
0 .349 
0 . 3 9 7 
0 ,448 
0 . 4 9 8 

1.00 
1.00 
1.00 
1.00 
1,00 

0 . 9 5 1 
1.16 
1.32 
1.48 
1.65 

3 . 6 2 4 
3 . 7 1 4 
3 . 7 6 3 
3 . 8 4 8 
3 . 9 1 0 

3 . 5 7 1 
3 . 6 6 8 
3 .722 
3 .812 
3 , 8 7 7 

106 
107 
108 
109 
110 

111 
112 
113 
114 
115 

2 . 6 8 2 
2 . 6 8 2 
2 ,682 
2 . 6 8 2 
2 . 6 8 4 

2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 

2 . 6 8 2 
2 .682 
2 .682 
2 .682 
2 . 6 8 4 

2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 4 

0 .302 
0 .302 
0 .302 
0 .302 
0 .564 

0 . 5 6 4 
0 .564 
0 , 5 6 4 
0 , 5 6 4 
0 . 5 6 4 

70 
70 
70 
70 
70 

70 
70 
70 
70 
70 

4 . 2 5 9 
4 . 6 6 7 
5 .413 
6 .232 
1.530 

1.006 
0 .293 
2 . 2 1 8 
3 .155 
3 .709 

0 . 5 4 4 
0 .575 
0 .625 
0 ,678 
0 . 3 0 1 

0 . 2 3 0 
0 . 1 0 0 
0 . 3 8 1 
0 . 4 7 6 
0 .527 

1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 

1.80 
1 .91 
2 . 0 7 
2 . 2 5 
0 . 5 3 4 

0 . 4 0 8 
0 .177 
0 . 6 7 6 
0 .845 
0 ,935 

3 , 9 5 8 
3 . 9 9 1 
4 . 0 8 5 
4 . 1 6 2 
3 . 4 5 1 

3 .399 
3 . 4 5 5 
3 . 5 1 3 
3 . 5 8 0 
3 . 6 1 2 

3 .927 
3 .962 
4 . 0 5 7 
4 . 1 3 7 
3 . 4 0 4 

3 . 3 3 3 
3 .307 
3 . 4 7 4 
3 .548 
3 . 5 8 4 

116 
117 
118 
119 
120 

2 . 6 8 4 
2 . 6 8 4 
2 . 6 8 2 
2 .682 
2 . 6 8 2 

2 . 6 8 4 
2 . 6 8 4 
2 .682 
2 . 6 8 2 
2 . 6 8 2 

0 . 5 6 4 
0 . 5 6 4 
1.445 
1.445 
1.445 

70 
70 
75 
7 J 
75 

4 . 5 3 0 
5 .380 
1.894 
2 .738 
3 . 5 4 8 

0 .593 
0 .659 
0 . 3 5 3 
0 . 4 5 0 
0 . 5 3 3 

1.00 
1.00 
1.00 
1.00 
1.00 

1.15 
1.17 
0 . 2 4 4 
0 .312 
0 . 3 6 9 

3 .696 
3 . 7 4 7 
3 .368 
3 . 3 8 1 
3 . 4 0 0 

3 . 6 7 0 
3 . 7 2 4 
3 . 3 2 7 
3 . 3 5 0 
3 . 3 7 3 

121 
122 
123 
124 
125 

2 .682 
2 . 6 8 2 
2 . 6 8 2 
2 . 6 8 2 
2 . 0 0 0 

2 .682 
2 .682 
2 . 6 8 2 
2 . 6 8 2 
1.800 

1.445 
1.445 
1.445 
1.445 
1.445 

75 
75 
75 
75 
75 

2 .148 
1,674 
1.185 
0 . 8 3 5 
2 . 2 3 3 

0 .384 
0 .325 
0 .259 
0 . 1 6 1 
0 .512 

1.00 
1.00 
1.00 
1.00 
0 .90 

0 . 2 6 6 
0 .225 
0 .179 
0 . 1 1 1 
0 . 3 5 4 

3 . 3 6 5 
3 .368 
3 . 3 5 2 
4 . 8 1 8 
3 .386 

3 .316 
3 . 3 1 2 
3 . 2 9 6 
4 . 6 7 0 
3 . 3 3 4 
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T a b l e 3 . Con t inued 

T e s t B b P T Q h b h C 2 i 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) B 

126 2 . 0 0 0 1.800 1.445 75 1.855 0 .455 0 . 9 0 0 . 3 1 5 3 .358 3 . 299 
127 2 .000 1.800 1.445 75 1.517 0 .399 0 . 9 0 0 . 2 7 6 3 . 344 :>., 291 
128 2 . 0 0 0 1.800 1.445 75 0 .999 0 .303 0 .90 0 . 2 1 0 3 . 328 3 . 264 
129 2 . 0 0 0 1.800 1.445 75 0 . 5 6 2 0 .206 0 . 9 0 0 . 1 4 3 3 . 339 3 . 249 
130 2 . 2 5 0 1.800 1.445 72 2 .207 0 . 5 1 8 0 . 8 0 0 .356 3 . 289 3 . 245 

131 2 . 2 5 0 1.800 1.445 72 2 . 0 8 4 0 .499 0 . 8 0 0 .345 4 . 284 3 . 228 
132 2 . 2 5 0 1.800 1.445 72 1.735 0 . 4 4 1 0 . 8 0 0 .306 3 . 291 3 . 232 
133 2 . 2 5 0 1.800 1.445 72 1.453 0 .393 0 . 8 0 0 .272 3. 276 3 . 213 
134 2 . 2 5 0 1.800 1.445 72 0 .980 0 . 3 0 1 0 . 8 0 0 . 2 0 8 3 . 295 3 . 222 
135 2 .250 1.800 1.445 72 0 .399 0 .165 0 .80 0 . 1 1 4 3 . 308 3 . 197 

136 2 . 2 5 0 1.800 1.445 72 0 . 6 0 1 0 . 2 1 8 0 . 8 0 0 . 1 5 1 3 . 281 3 . 189 
137 3 . 0 0 0 1.800 1.445 72 2 .277 0 .537 0 . 6 0 0 .372 3 . 215 3 . 167 
138 3 . 0 0 0 1.800 1.445 72 1.830 0 .464 0 . 6 0 0 . 3 2 1 .3. 216 3 . 165 
139 3 . 0 0 0 1.800 1.445 72 1.272 0 . 3 6 3 0 . 6 0 0 . 2 5 1 3 . 231 3 . 171 
140 3 .0 0 0 1.800 1.445 72 1.445 0 . 3 9 4 0 . 6 0 0 .273 3 . 245 3 . 194 

141 3 .0 0 0 1.800 1.445 72 0 .857 0 .278 0 . 6 0 0 .193 3. 247 3 . 174 
142 3 . 0 0 0 1.800 1.445 72 0 , 3 2 8 0 . 1 4 4 0 .60 0 . 1 0 0 3 . 337 3 . 210 
143 3 . 0 0 0 1.800 1.445 72 0 .547 0 . 2 0 4 0 . 6 0 0 . 1 4 1 3 . 299 3 . 203 
144 4 . 5 0 0 1.800 1.445 7 2 1.568 0 .420 0 . 4 0 0 . 2 9 1 3 . 200 3 . 150 
145 4 . 5 0 0 1,800 1.445 72 2 . 3 4 4 0 .552 0 . 4 0 0 . 3 8 2 3 . 175 3 . 131 

146 4 . 5 0 0 1.800 1.445 72 1.242 0 .358 0 . 4 0 0 . 2 4 8 3 . 221 3 . 165 
147 4 . 5 0 0 1.800 1.445 72 0 .719 0 .247 0 . 4 0 0 . 1 7 1 3 . 253 3 . 180 
148 4 . 5 0 0 1.800 1.445 72 0 .949 0 .299 0 . 4 0 0 .207 .3. 225 3 . 163 
149 4 . 5 0 0 1.800 1.445 72 0 .360 0 . 1 5 4 0 . 4 0 0 .107 3 , 312 3 . 198 
150 4 . 5 0 0 1.800 1.445 72 2 . 5 4 5 0 . 5 8 4 0 . 4 0 0 .404 3 . 168 3 . 128 

151 9 .104 1.800 1.445 74 1.437 0 .396 0 . 2 0 0 . 2 7 4 3 . 203 3 , 154 
152 9 . 1 0 4 1.800 1.445 74 1.765 0 .455 0 . 2 0 0 .315 3 . 195 3 . 149 
153 9 . 1 0 4 1.800 1.445 74 2 .249 0 .538 0 . 2 0 0 .372 3 . 166 3 . 126 
154 9 . 1 0 4 1.800 1.445 74 1.137 0 . 3 3 8 0 . 2 0 0 . 2 3 4 3 . 215 3 . 158 
155 9 . 1 0 4 1.800 1.445 74 0 .628 0 .225 0 , 2 0 0 .156 3 . 270 3 . 190 



41 

T a b l e 3 . C o n t i n u e d . 

T e s t 
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3 
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P 

G C 11 

156 9. 104 1.80 1.445 74 (4. 379 0 .160 0 . 2 0 0 . 1 1 1 3 . 2 9 0 3 . 187 
157 4 . 104 1.80 0 .559 75 1. 812 0 . 4 6 0 0 . 2 0 0 . 8 2 3 3 .226 3 . 182 
158 9 . 104 1.80 0 .559 75 518 0 .409 0 .20 0 .732 3 . 2 2 4 3 . 174 
159 4 . 104 1.80 0 .559 75 1, 131 0 .336 0 .20 0 . 6 0 1 3 . 2 2 6 169 
160 9 . 104 1.80 0 .559 75 0 . 899 0 .286 0 . 2 0 0 .512 3 . 2 6 4 3 . 200 

161 9. 104 1.80 0 .559 75 0, 577 0 .212 0 . 2 0 0 . 3 8 0 3 . 2 8 4 3 . 179 
162 9, 104 1.80 0 .559 75 0 . 299 0 .136 0 . 2 0 0 . 2 4 4 3 .305 3 . 191 
163 9 . 104 1,80 0 .559 75 3 . 230 0 ,686 0 .20 1.23 3 . 1 5 8 3 . 124 
164 9 . 104 1.80 0 .559 75 2 . 951 0 . 6 4 4 0 . 2 0 1.15 3 .172 3 . 136 
165 9 . 104 1.80 0 .559 75 2, 428 0 .565 0 . 2 0 1 .01 3 . 1 7 6 3 . 137 

166 4 . 500 1.80 0 .559 74 2. 877 0 . 6 2 5 0 . 4 0 1.12 3 . 2 3 5 3 . 195 
167 4 . 500 1.80 0 .559 74 2. 694 0 .599 0 . 4 0 1.07 3 . 2 2 8 3 . 188 
168 4 , 500 1.80 0 .559 74 3 . 356 0 .547 0 . 4 0 0 .98 3 .235 3 . 193 
169 4 . 500 1.80 0 .559 74 1, 895 0 .473 0 . 4 0 0 .846 3 . 2 3 7 3 . 190 
170 4 . 500 1.80 0 .559 74 1. 573 0 .416 0 . 4 0 0 . 7 4 5 3 ,257 3 . 206 

171 4 . 500 1.80 0 .559 74 7. 012 0 . 3 1 0 0 . 4 0 0 .555 3 ,256 3 . 195 
172 4 . 500 1.80 0 .559 74 1, 369 0 .380 0 . 4 0 0 .680 3 . 2 4 6 3 . 193 
173 4 . 500 1.80 0 .559 74 2 . 670 0 . 2 3 4 0 . 4 0 0 .419 3 .288 3 . 209 
174 4 . 500 1.80 0 .559 74 2, 208 0 . 1 0 5 0 . 4 0 0 .188 3 . 3 9 9 3 . 238 
175 4 . 500 1.80 0 .559 74 3, 594 0 .725 0 , 4 0 1.300 3 . 2 3 5 3 . 198 

176 3 . 000 1.80 0 .559 74 3 . 651 0 .719 0 . 6 0 1.290 3 . 3 2 7 3 . 289 
177 3 . 000 1.80 0 .559 74 3 . 097 0 . 6 4 2 0 . 6 0 1.150 3 .337 3 . 300 
178 3 . 000 1.80 0 .559 74 2. 532 0 .562 0 . 6 0 1.010 3 .339 3 . 290 
179 4 . 000 1.80 0 .559 74 2. 072 0 .493 0 . 6 0 0 .882 3 .325 3 . 274 
180 3 . 000 1.80 0 .559 74 7. 683 0 .429 0 . 6 0 0 . 7 6 8 3 . 3 2 7 3 . 270 

181 3 . 000 1.80 0 .559 74 3 . 198 0 . 3 4 2 0 . 6 0 0 . 6 1 2 3 . 3 2 8 3 . 263 
182 3 . 000 1.80 0 .559 74 4 . 906 0 .283 0 . 6 0 0 .506 3 . 3 4 2 3 . 268 
183 3 . 000 1,80 0 .559 74 2. 586 0 .213 0 . 6 0 0 . 3 8 1 3 . 3 1 3 3 , 221 
184 3 . 000 1.80 0 .559 74 2. 273 0 .127 0 . 6 0 0 .227 3 . 3 5 7 3 . 218 
185 2 . 250 1.80 0 .559 V"/ 3. 842 0 .716 0 .80 1.280 3 .523 3 . 473 
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T e s t B b P T Q h 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) 

186 2 .250 1.80 0 .559 77 
187 2 . 2 5 0 1.80 0 .559 77 
188 2 . 2 5 0 1.80 0 .559 77 
189 2 . 2 5 0 1.80 0 . 5 5 9 77 
190 2 . 2 5 0 1.80 0 .559 77 

191 2 . 2 5 0 1.80 0 .559 77 
192 2 . 2 5 0 1,80 0 .559 77 
193 2 . 2 5 0 1.80 0 . 5 5 9 77 
194 2 . 0 0 0 1.80 0 . 5 5 9 7 7 
195 2 . 0 0 0 1.80 0 .559 77 

196 2 . 0 0 0 1.80 0 .559 77 
197 2 . 0 0 0 1.80 0 .559 77 
198 2 . 0 0 0 1.80 0 . 5 5 9 77 
199 2 . 0 0 0 1.80 0 .559 77 
200 2 . 0 0 0 1.80 0 .559 77 

201 2 . 0 0 0 1.80 0 .559 7 7 
202 2 . 0 0 0 1.80 0 . 5 5 9 77 
203 2 . 0 0 0 1.80 0 . 5 5 9 77 
204 2 . 0 0 0 1.80 0 .300 77 
205 2 . 0 0 0 1.80 0 . 3 0 0 7 7 

206 2 . 0 0 0 1.80 0 . 3 0 0 7 7 
207 2 . 0 0 0 1.80 0 . 3 0 0 77 
208 2 . 0 0 0 1.80 0 .300 77 
209 2 . 0 0 0 1.80 0 .300 77 
210 2 . 0 0 0 1.80 0 . 3 0 0 77 

211 2 . 0 0 0 1.80 0 .300 77 
212 2 . 0 0 0 1.80 0 .300 77 
213 2 .000 1.80 0 .300 77 
214 2 . 0 0 0 1.80 0 . 3 0 0 77 
215 2 . 0 0 0 1.80 0 . 3 0 0 77 

3 . 7 0 3 
3 .174 
2 .497 
1.815 
2 .199 

1.350 
0 .697 
0 .326 
0 . 7 6 0 
0 ,585 

3 . 4 6 2 
3 .403 
2 . 6 6 6 
2 . 3 1 4 
2 .006 

1.539 
1.298 
0 . 9 8 6 
3 . 8 1 3 
3 . 6 0 4 

3 . 3 2 8 
2 . 9 4 5 
2 . 5 8 6 
2 .242 
1.809 

1.526 
1.210 
0 .914 
0 . 5 8 3 
0 , 4 0 1 

0 .694 
0 . 6 3 1 
0 . 5 4 2 
0 .443 
0 .499 

0 .365 
0 .236 
0 . 1 4 3 
0 .247 
0 .209 

0 . 6 5 4 
0 . 6 4 5 
0 .553 
0 .505 
0 .463 

0 .389 
0 .350 
0 . 2 9 3 
0 . 6 5 6 
0 . 6 3 4 

0 . 6 0 3 
0 . 5 6 0 
0 . 5 1 9 
0 .475 
0 .417 

0 . 3 7 5 
0 .326 
0 . 2 7 3 
0 ,205 
0 . 1 6 1 

0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 9 0 
0 .90 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 .90 
0 . 9 0 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

1.240 
1.130 
0 . 9 7 0 
0 .792 
0 .892 

0 .653 
0 . 4 2 2 
0 .256 
0 . 4 4 2 
0 . 3 7 4 

1.170 
1.150 
0 .989 
0 . 9 0 4 
0 . 8 2 8 

0 .695 
0 . 6 2 6 
0 . 5 2 4 
2 . 1 9 0 
2 . 1 2 0 

2 . 0 1 
1.87 
1.73 
1.58 
1.39 

1.25 
1.09 
0 .911 
0 . 6 8 4 
0 .536 

3 . 5 5 8 3 .507 
3 .518 3 , 4 6 6 
3 .477 3 . 4 2 1 
3 .419 3 . 3 6 2 
3 .467 3 . 4 0 8 

3 . 4 0 1 3 . 3 3 4 
3 . 3 7 9 3 . 2 9 0 
3 . 3 4 7 3 . 2 2 1 
3 .439 3 .356 
3 . 4 0 3 3 . 3 0 8 

3 . 6 3 7 3 . 5 8 8 
3 . 6 5 0 3 . 6 0 0 
3 . 6 0 2 3 . 5 4 8 
3 . 5 8 2 3 .526 
3 . 5 3 8 3 .479 

3 . 5 2 4 3 . 4 6 0 
3 .482 3 . 4 1 5 
3 . 4 5 4 3 . 3 7 8 
3 .987 3 . 9 3 3 
3 . 9 6 7 3 . 9 1 1 

3 .949 3 . 8 9 2 
3 . 9 0 4 3 . 8 4 8 
3 .842 3 .785 
3 . 8 0 5 3 . 7 4 4 
3 .732 3 . 6 6 7 

3 . 6 9 2 
3 . 6 1 2 
3 . 5 6 1 
3 . 4 9 1 
3 .448 

3 .623 
3 . 5 3 8 
3 .478 
3 . 3 9 0 
3 . 3 3 4 
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T e s t B b P T Q h b •3 C C 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) B I? 

216 2 .250 1.80 0 .300 77 3 .777 0 .678 0 . 8 0 2 . 2 6 3 .759 3 .705 
217 2 .250 1.80 0 .300 77 3 .555 0 .653 0 . 8 0 2 . 1 8 3 .742 3 .688 
218 2 . 2 5 0 1.80 0 . 3 0 0 77 3 .137 0 . 6 0 6 0 .80 2 . 0 2 3 . 6 9 4 3 . 6 3 8 
219 2 .250 1.80 0 .300 77 2 . 8 1 1 0 . 5 6 6 0 .80 1.89 3 . 6 6 8 3 . 6 1 0 
220 2 . 2 5 0 1.80 0 .300 77 2 . 4 6 0 0 .519 0 .80 1.73 3 .655 3 .596 

221 2 . 2 5 0 1.80 0 .300 77 2 .068 0 .466 0 .80 1.55 3 .612 3 .549 
222 2 . 2 5 0 1.80 0 .300 77 1 .691 0 .410 0 . 8 0 1.37 3 .579 3 .512 
223 2 . 2 5 0 1.80 0 . 3 0 0 77 1.288 0 .346 0 . 8 0 1.15 3 .516 3 .443 
224 2 . 2 5 0 1.80 0 .300 77 1.018 0 .296 0 .80 0 .987 3 .510 3 .432 
225 2 .250 1.80 0 .300 7 7 0 .660 0 . 2 2 6 0 . 8 0 0 . 7 5 3 3 .414 3 .319 

226 2 . 2 5 0 1.80 0 .300 77 0 .185 0 .097 0 .80 0 .324 3 . 4 0 1 3 . 2 2 5 
227 3 .000 1 .80 0 .300 76 3 . 7 9 6 0 .720 0 . 6 0 2 . 4 0 3 . 4 5 2 3 .407 
228 3 . 0 0 0 1.80 0 .300 76 3 . 4 1 4 0 .673 0 . 6 0 2 . 2 4 3 .435 3 . 3 9 0 
229 3 . 0 0 0 1.80 0 .300 7:. 3 . 0 3 0 0 .625 0 . 6 0 2 . 0 8 3 .407 3 . 3 6 0 
230 3 . 0 0 0 1.80 0 .300 76 2 .629 0 .568 0 . 6 0 1.89 3 . 4 1 2 3 .363 

231 3 . 0 0 0 1.80 0 .300 76 2 .290 0 . 5 2 0 0 .60 1.73 3 . 3 9 3 3 .342 
232 3 . 0 0 0 1.80 0 .300 76 1.949 0 .467 0 . 6 0 1.56 3 . 3 9 3 3 . 3 3 8 
233 3 . 0 0 0 1.80 0 .300 76 1.693 0 .426 0 . 6 0 1.42 3 .382 3 . 3 2 5 
234 3 . 0 0 0 1.80 0 . 3 0 0 76 1.312 0 .362 0 . 6 0 1 .21 3 . 3 4 7 3 . 2 8 4 
235 3 . 0 0 0 1.80 0 .300 76 1.010 0 .304 0 .60 1.01 3 . 3 4 8 3 .276 

236 3 . 0 0 0 1.80 0 .300 76 0 . 5 7 8 0 .209 0 . 6 0 0 .697 3 . 362 3 . 268 
237 3 . 0 0 0 1.80 0 . 3 0 0 75 0 . 2 5 5 0 . 1 2 1 0 . 6 0 0 .404 3 . 364 3 . 226 
238 4 . 5 0 0 1.80 0 .300 73 3 . 8 7 0 0 .756 0 . 4 0 2 . 5 2 3 . 271 3 . 235 
239 4 . 5 0 0 1.80 0 .300 76 3 . 3 0 2 0 .679 0 . 4 0 2 . 2 6 3 . 279 3 . 240 
240 4 . 5 0 0 1.80 0 .300 76 3 . 0 3 3 0 . 6 4 4 0 . 4 0 2 . 1 4 3 . 261 3 . 221 

241 4 . 5 0 0 1.80 0 .300 73 2 . 5 8 3 0 .579 0 . 4 0 1.93 3 . 257 3 . 215 
242 4 . 5 0 0 1.80 0 .300 76 2 .156 . 0 . 513 0 . 4 0 1.71 3 . 260 3 . 214 
243 4 . 5 0 0 1.80 0 .300 73 1.714 0 .439 0 . 4 0 1.46 3 . 273 3 . 223 
244 4 . 5 0 0 1.80 0 .300 76 1.286 0 . 3 6 4 0 .40 1.21 3 . 253 3 . 198 
245 4 . 5 0 0 1.80 0 .300 76 0 .872 0 .282 0 . 4 0 0 .940 234 3 . 166 
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T e s t B b P T h b G C 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) 5 P 

246 4 . 5 0 0 1.80 0 .300 77 0 . 6 8 1 0 .238 0 .40 0 . 7 9 4 3 , 258 3 . 182 
247 8 . 9 2 0 1.80 0 . 3 0 0 7 7 3 . 7 8 5 0 .765 0 . 2 0 2 . 5 5 3 . 143 3 . 110 
248 8 . 9 2 0 1.80 0 . 3 0 0 7 7 3 . 3 0 6 0 .697 0 . 2 0 2 . 3 2 3 . 156 5 . 122 
249 8 .920 1.80 0 , 3 0 0 77 2 .958 0 . 6 5 0 0 . 2 0 2 .17 3 , 136 3 . 100 
250 8 . 9 2 0 1.80 0 . 3 0 0 7 7 2 .529 0 .582 0 . 2 0 1.94 3 . 164 5 . 126 

251 8 . 9 2 0 1,80 0 .300 7 7 1.964 0 . 4 9 0 0 . 2 0 1.63 3 . 181 3 . 137 
252 8 . 9 2 0 1.80 0 .300 77 1.634 0 . 4 3 3 0 . 2 0 1.44 3 . 192 3 . 144 
253 8 . 9 2 0 1.80 0 .300 77 1.267 0 . 3 6 4 0 . 2 0 1.22 3 . 205 3 , 152 
254 8 .920 1.80 0 .300 77 0 .710 0 .246 0 . 2 0 0 . 8 2 0 3 . 227 3 . 159 
255 8 . 9 2 0 1.80 0 . 3 0 0 77 0 .316 0 . 1 4 1 0 . 2 0 0 . 4 7 0 3 , 318 3 . 200 

256 8 . 9 2 0 0 .577 0 .300 7; 0 .506 0 . 4 2 3 0 . 0 6 1 .41 3 . 188 3 . 110 
257 8 .920 0 .577 0 .300 77 1.092 0 . 7 1 0 0 . 0 6 2 . 3 7 3 , 163 3 . 101 
258 8 .920 0 .577 0 . 3 0 0 77 0 .775 0 . 5 6 4 0 . 0 6 1.88 3 . 171 3 . 103 
259 8 .920 0 .577 0 . 3 0 0 7 7 0 .342 0 .325 0 . 0 6 1.08 5 . 198 3 , 111 
260 8 . 9 2 0 0 .577 0 .300 77 0 .933 0 . 6 3 4 0 . 0 6 2 . 1 2 3 . 202 3 . 136 

261 8 .920 0 .577 0 . 3 0 0 77 0 .679 0 .517 0 . 0 6 1.73 3 . 166 3 , 095 
262 8 .920 0 .577 0 .300 7 7 0 .539 0 .439 0 . 0 6 1.46 3 , 211 3 . 134 
263 8 .920 0 .577 0 . 3 0 0 77 0 .268 0 . 2 7 5 0 . 0 6 0 . 9 1 8 3 , 221 3 . 124 
264 8 .920 0 . 2 8 1 0 . 3 0 0 77 0 ,1289 0 . 2 7 3 0 . 0 3 0 ,912 3 . 217 3 . 076 
265 8 .920 0 . 2 8 1 0 . 3 0 0 7 7 0 . 4 6 7 1 0 . 6 4 0 0 . 0 3 2 . 1 4 3 . 247 3 . 135 

266 8 .920 0 . 2 8 1 0 . 3 0 0 77 0 .2749 0 . 4 4 9 0 . 0 3 1.50 3 . 251 3 . 130 
267 8 .920 0 . 2 8 1 0 .300 77 0 .1993 0 .365 0 . 0 3 1 .21 3 . 217 3 . 091 
268 8 .920 0 . 2 8 1 0 . 3 0 0 77 0 .407 0 .583 0 . 0 3 1.94 3 . 254 3 . 140 
269 8 .920 0 . 1 1 8 0 . 3 0 0 76 0. L274 0 .472 0 . 0 1 1.58 3 . 329 3 . 089 
270 8 .920 0 ,118 0 . 3 0 0 76 0 .2083 0 . 6 5 0 0 . 0 1 2 . 1 7 3 . 369 3 . 133 

271 8 .920 0 .118 0 . 3 0 0 76 0 .0856 0 . 3 6 1 0 . 0 1 1.20 3 . 345 094 
272 8 .920 0 . 1 1 8 0 .300 76 0 .0656 0 .303 0 . 0 1 1.01 3 . 335 3 . 077 
273 8 .920 0 . 1 1 8 0 .300 76 0 .0170 0 . 1 2 1 0 . 0 1 0 . 4 0 4 3 . 428 3 , 100 
274 8 .920 0 . 1 1 8 0 .300 76 0 .0096 0 . 0 8 1 0 . 0 1 0 . 2 7 0 3 , 544 3 . 142 
275 8 .920 0 .118 0 .300 76 0 .472 0 . 2 4 1 0 . 0 1 0 .800 3 . 381 3 . 108 
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T e s t B b P T Q h ^ ^ C C 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) B 

276 8 .920 1.199 0 . 3 0 0 77 1.555 0 .555 0 . 1 3 1.85 3 .136 3 . 0 9 0 
277 8 .920 1.199 0 .300 77 1.998 0 . 6 5 8 0 . 1 3 2 .19 3 .122 3 . 0 8 1 
278 8 .920 1.199 0 .300 77 1.311 0 .494 0 . 1 3 1.64 3 .149 3 . 1 0 0 
279 8 .920 1.199 0 .300 77 0 . 9 9 7 0 . 4 1 0 0 . 1 3 1.37 3 .168 3 .112 
280 8 .920 1.199 0 , 3 0 0 77 0 .835 0 .363 0 . 1 3 1.21 3 . 1 8 9 3 . 1 2 4 

281 8 .920 1.199 0 . 3 0 0 77 0 .647 0 . 3 0 5 0 . 1 3 1.02 3 . 2 0 4 3 . 1 3 6 
282 8 .920 1.199 0 . 3 0 0 77 0 .465 0 . 2 4 4 0 . 1 3 0 . 8 1 4 3 .218 3 . 1 3 7 
283 8 .920 1.199 0 . 3 0 0 77 0 . 3 4 0 0 .198 0 . 1 3 0 .660 3 .219 3 , 1 2 6 
284 8 ,920 1.199 0 .300 77 0 .238 0 .155 0 . 1 3 0 .517 3 . 2 5 4 3 . 1 4 0 
285 8 .920 1.199 0 . 3 0 0 77 0 .148 0 . 1 1 3 0 . 1 3 0 .377 3 . 2 4 8 3 . 1 0 4 

286 0 .125 0 .100 0 . 3 0 0 82 0 . 0 3 6 4 0 .209 0 . 8 0 0 . 6 9 8 3 .812 3 .272 
287 0 .125 0 . 1 0 0 0 ,300 82 0 .0212 0 . 1 4 8 0 . 8 0 0 . 4 9 4 3 . 7 2 6 3 . 1 6 8 
288 0 .125 0 .100 0 .300 82 0 .0593 0 . 2 8 3 0 . 8 0 0 . 9 4 4 3 .938 3 , 4 0 0 
289 0 .125 0 . 1 0 0 0 . 3 0 0 82 0 .0953 0 . 3 8 1 0 . 8 0 1.27 4 . 0 5 2 3 . 5 1 2 
290 0 .125 0 . 1 0 0 0 .300 82 0 .1985 0 .608 0 . 8 0 2 . 0 2 4 . 1 8 7 3 . 6 4 6 

291 0 .125 0 . 1 0 0 0 .300 82 0 .1365 0 . 4 8 0 0 . 8 0 1.60 4 . 1 0 5 3 ,567 
292 0 . 2 0 0 0 . 1 0 0 0 . 3 0 0 83 0 .0352 0 . 2 1 4 0 . 5 0 0 . 7 1 4 3 .556 3 . 1 6 5 
293 0 .200 0 . 1 0 0 0 . 3 0 0 83 0 .0592 0 . 2 9 8 0 . 5 0 0 . 9 9 4 3 . 6 3 9 3 .258 
294 0 .200 0 . 1 0 0 0 .300 83 0 .0935 0 .404 0 . 5 0 1.35 3 . 6 4 1 3 .273 
295 0 . 2 0 0 0 . 1 0 0 0 . 3 0 0 83 0 .1699 0 , 5 9 2 0 . 5 0 1.97 3 . 7 3 0 3 . 3 6 5 

296 0 .200 0 .100 0 . 3 0 0 83 0 .1292 0 . 4 8 8 0 . 5 0 1.63 3 .702 3 . 3 3 4 
297 0 . 2 0 0 0 .100 0 .300 83 0 .1160 0 . 4 6 3 0 . 5 0 1.54 3 . 6 8 3 3 . 3 1 5 
298 0 .250 0 . 2 0 0 0 .300 84 0 .1979 0 . 4 0 0 0 . 8 0 1.33 3 . 9 1 1 3 . 6 1 5 
299 0 . 2 5 0 0 . 2 0 0 0 .300 84 0 . 1 2 7 1 0 .305 0 . 8 0 1.02 3 . 7 8 3 3 . 4 7 5 
300 0 . 2 5 0 0 .200 0 . 3 0 0 84 0 .0630 0 .197 0 . 8 0 0 .656 3 . 6 0 4 3 .293 

301 0 . 2 5 0 0 .200 0 . 3 0 0 84 0 . 0 2 4 1 0 .105 0 . 8 0 0 . 3 5 0 3 . 5 4 0 3 . 1 7 0 
302 0 .250 0 .200 0 . 3 0 0 84 0 .2775 0 .492 0 . 8 0 0 . 1 6 4 4 . 0 2 1 3 . 7 2 3 
303 0 .250 0 . 2 0 0 0 .300 84 0 .4022 0 .625 0 . 8 0 0 .208 4 . 0 7 0 3 .785 
304 0 . 2 5 0 0 .200 0 . 3 0 0 84 0 .0772 0 . 2 2 4 0 . 8 0 0 .747 3 .642 3 .337 
305 0 .400 0 .200 0 .300 82 0 . 3 3 0 4 0 .600 0 .50 2 . 0 0 3 . 5 5 4 3 . 3 6 0 
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306 0 .400 0 .200 0 .300 82 0 .1703 0 .400 0 . 5 0 1.33 3 . 366 3 . 170 
307 0 .400 0 .200 0 . 3 0 0 82 0 .2496 0 .503 0 . 5 0 1.68 3 . 499 3 . 303 
308 0 . 4 0 0 0 . 2 0 0 0 . 3 0 0 82 0 .1075 0 . 2 9 4 0 . 5 0 0 . 9 8 0 3 . 372 3 . 162 
309 0 .400 0 .200 0 . 3 0 0 82 0 .2752 0 .536 0 .50 1.79 3 . 477 3 . 312 
310 0 . 5 0 0 0 .400 0 . 3 0 0 83 0 .0470 0 .106 0 .80 0 . 3 5 3 3 . 406 3 . 153 

311 0 . 5 0 0 0 .400 0 . 3 0 0 83 0 .1248 0 . 2 0 0 0 . 8 0 0 .667 3 . 490 3 . 294 
312 0 .500 0 . 4 0 0 0 . 3 0 0 83 0 .2365 0 . 3 0 0 0 .80 1.00 3 . 599 3 . 424 
313 0 .500 0 .400 0 . 3 0 0 83 0 .3754 0 . 3 9 8 0 . 8 0 1.32 3 . 696 3 . 570 
314 0 . 5 0 0 0 .400 0 . 3 0 0 83 0 .4162 0 . 4 2 4 0 . 8 0 1.41 3 . 769 3 . 602 
315 0 .500 0 .400 0 .300 33 0 .7408 0 .599 0 .80 2 . 0 0 3 . 995 3 . 830 

316 0 . 5 0 0 0 . 4 0 0 0 . 3 0 0 83 0 .5372 0 .496 0 . 8 0 1.66 3 . 845 3 . 680 
317 0 . 8 0 0 0 .400 0 . 3 0 0 83 0 .6272 0 .597 0 . 5 0 1.99 3 . 399 3 . 291 
318 0 .800 0 . 4 0 0 0 . 3 0 0 83 0 .4756 0 . 5 0 1 0 . 5 0 1.67 3 . 353 3 . 241 
319 0 . 8 0 0 0 .400 0 . 3 0 0 83 0 .3348 0 .400 0 . 5 0 1.33 3 . 308 3 , 192 
320 0 . 8 0 0 0 .400 0 . 3 0 0 83 0 .2169 0 . 3 0 2 0 . 5 0 1.01 3 . 267 3 . 141 

321 0 .800 0 .400 0 . 3 0 0 83 0 .0465 0 .107 0 . 5 0 0 .356 3 . 322 3 . 107 
322 0 .800 0 . 4 0 0 0 .300 83 0 .4158 0 . 4 6 0 0 . 5 0 1.53 3 . 332 3 . 219 
323 0 .800 0 .400 0 . 3 0 0 83 0 .2957 0 .369 0 . 5 0 1.23 3 . 297 3 . 178 
324 0 . 8 0 0 0 .400 0 . 3 0 0 83 0 .0595 0 .127 0 . 5 0 0 .423 3 . 291 3 . 094 
325 0 . 4 0 0 0 .400 0 . 3 0 0 82 0 .5673 0 . 5 0 4 1.00 1.68 3 . 964 3 . 958 

326 0 . 4 0 0 0 .400 0 . 3 0 0 82 0 .7530 0 .595 1.00 1.98 4 . 101 4 . 101 
327 0 . 4 0 0 0 .400 0 . 3 0 0 82 0 .3840 0 .399 1.00 1.33 3 . 810 3 . 797 
328 0 .400 0 .400 0 . 3 0 0 82 0 .237 0 .297 1.00 0 . 9 8 0 3 . 660 3 . 632 
329 0 .400 0 .400 0 . 3 0 0 82 0 . 1 2 8 0 . 2 0 2 1.00 0 .673 3 . 524 3 . 469 
330 0 .400 0 .400 0 . 3 0 0 82 0 .0483 0 . 1 0 8 1.00 0 . 3 6 0 3 . 402 2 . 287 

331 0 .200 0 . 2 0 0 0 .300 82 0 .372 0 .598 1.00 1.99 4 . 022 4 . 052 
332 0 .200 0 . 2 0 0 0 .300 82 0 . 2 8 1 0 .506 1.00 1.69 3 . 904 3 . 929 
333 0 .200 0 .200 0 .300 82 0 .173 0 .378 1.00 1.26 3 . 722 3 . 734 
334 0 .200 0 . 2 0 0 0 . 3 0 0 82 0 . 1 2 4 0 . 3 0 4 1.00 1.01 3 . 699 3 . 701 
335 0 .200 0 . 2 0 0 0 .300 82 0 .060 0 . 1 9 4 1.00 0 .647 3 . 513 3 . 4 8 5 
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T a b l e 3 . C o n t i n u e d . 

T e s t B b P T Q C C 
No. ( f e e t ) ( f e e t ) ( f e e t ) ( ° F ) ( c f s ) ( f e e t ) B 

336 0 .200 0 . 2 0 0 0 .300 82 0 .0219 0 .100 1.00 0 .333 3 . 4 6 5 3 .359 
337 0 .200 0 .200 0 .300 82 0 .2140 0 . 4 2 8 1.00 1.43 3 . 8 2 1 3 . 8 3 8 
338 0 .200 0 .200 0 .300 82 0 .3321 0 . 5 6 0 1.00 1.87 3 .962 3 . 9 9 1 
339 0 . 1 0 0 0 .100 0 .300 83 0 .0896 0 .395 1.00 1.32 3 . 6 0 9 3 . 7 5 0 
340 0 .100 0 . 1 0 0 0 .300 83 0 .0687 0 . 3 3 3 1.00 1 .11 3 . 5 7 4 3 . 6 3 4 

341 0 . 1 0 0 0 .100 0 . 3 0 0 83 0 . 0 4 0 0 .237 1.00 0 .790 3 .466 3 . 5 0 5 
342 0 . 1 0 0 0 . 1 0 0 0 .300 33 0 .0274 0 .186 1.00 0 .620 3 . 4 1 6 3 . 4 3 5 
343 0 .100 0 . 1 0 0 0 .300 33 0 .152 0 .547 1.00 1.82 3 . 7 5 7 3 . 8 4 0 
344 0 .100 0 .100 0 . 3 0 0 33 0 . 1 2 2 4 0 .475 1.00 1.58 3 .739 3 .816 
345 0 .100 0 .100 0 . 3 0 0 83 0 .2025 0 . 6 5 0 1.00 2 . 1 7 3 . 8 6 5 3 . 9 5 4 

346 0 .100 0 . 1 0 0 0 .300 33 0 .2350 0 .713 1.00 2 . 3 8 3 . 9 1 0 4 . 0 0 1 
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T a b l e 4 . Comparison of t h e R e s u l t s of t h i s I n v e s t i g a t i o n w i t h t h e 
S. I . A. Fo rmula . 

(1 ) (2) (3 ) (4 ) 

4 b h C SIA 
i P + h C 

0 . 1 0 . 2 0 . 0 9 1 0 . 9 8 5 
0 . 1 0 . 4 0 . 0 9 1 0 .986 
0 . 1 0 . 6 0 . 0 9 1 0 .997 
0 . 1 0 . 8 0 . 0 9 1 1.006 

1.0 0 . 2 0 . 5 0 0 0 .990 
1.0 0 . 4 0 .500 0 .983 
1.0 0 . 6 0 . 5 0 0 0 .973 
1.0 0 . 8 0 . 5 0 0 0 .988 

2 . 0 0 . 2 0 .667 0 . 9 9 4 
2 . 0 0 . 4 0 .667 0 . 9 7 8 
2 . 0 0 . 6 0 . 6 6 7 0 .965 
2 . 0 0 . 8 0 . 6 6 7 0 .957 

N o t e : C' i s from f i g u r e 2 2 . 
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R a t i o o f Head t o H e i g h t of W e i r , £ 

F i g . 1 6 . V a r i a t i o n o f C» w i t h R a t i o o f H e a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d , b / B - 0 . 4 0 . 



R a t i o o f Head t o Wei r H e i g h t , | 

F i g . 1 7 . V a r i a t i o n o f C f w i t h R a t i o o f H o a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d , b / B - 0 , 5 0 . 
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R a t i o of Head t o Weir H e i g h t , £ 

P i g . 1 6 . V a r i a t i o n o f C ' w i t h R a t i o o f H e a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d , b / B - 0 . 6 0 . 



R a t i o of Head t o Wei r H e i g h t . | 

F i g . 1 9 . V a r i a t i o n o f £ » w i t h R a t i o o f R e a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d , b / £ • ° * d 0 * 



R a t i o o f Head t o Weir H e i g h t . J . 
P 

F i g . 2 0 . V a r i a t i o n o f C f w i t h R a t i o o f H e a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d . b / B - 0 . 9 0 . 



R a t i o o f Head t o Weir H e i g h t , £ 
P 

F i g . 2 1 . V a r i a t i o n o f C» w i t h R a t i o o f H e a d t o W e i r H e i g h t 
f o r a l l C r e s t W i d t h s T e s t e d , b / B - 1 . 0 0 . 



F i g . 22. V a r i a t i o n o f C 1 w i t h R a t i o o f H e a d t o W e i r H e i g h t 
f o r a l l V a l u e s o f b / g . 



F i g . 2 3 . C r o s s - P l o t o f F i g u r e 2 2 s h o w i n g E f f e c t o f W i d t h 
R a t i o a t T h r e e V a l u e s o f h / P . 
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Obse rved Head on Wei r , h 

F i g , 2.4. E f f e c t of t h e F r a n c i s C o r r e c t i o n f o r Notch Wei rs 
t h e D i s c h a r g e C o e f f i c i e n t . 
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