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The purpoae of the atudy vaa to aupply diacharge coefficients for l 
West Canal Check structure• containing stoplog bays. The coeffichn1ts---- - - -- -
were needed to define a part of the mathematical model being correlated 
with water level• and dt.chargea DM1&aured in field studies. 
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A •toplog bay vaa eiaul&ted in an existing box in the Hydraulics Branch 
laboratory. The structure included an entrance section with guidevalls 
repr .. enting the flow line toward the dividing pier centerline, a 4-inch­
vide atopl~g, and downatreaa walls repreeenting the pier side•, 
(Encloaure 1). The downatreaa section included the box tailgate. The 
top of 3.77-foot length of log was 2.4 feet above the floor of the 8-foot­
wide box. 

Coefficient• were coaputed from the equation 

Q • Cbul/2 

vhere 

Q • Venturi aeter diacbarge 
B • Head nea~ aide of box 2.S-feet upstream from the log 
b • ~eagth of log 

Diachargea and beads were measured for smooth and rough surfaces on the 
crest of the log and for both partially aerated and aerated nappes. 

Results of the atudy were compared to meaeureMente made by a.zin> con­
tained on page 10 of the Geological Survey Circular 397, Discharge 
Characteristic• of Broad-creat Weir•. 1957 (Enclosure 2). Coefficient• 
have been plotted on the graph, Fiiure 7, page 10 to show the effect of: 

a. A maooth creat and aharp upstream corner, partial aeration, 

b. Correction for end coutractiou simulated in the Hydn.ulies Branch 
for We•t Canal not present in the Bazin experilaents , 
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Figure 5. --Effect of the depressed napp e form on the discharge coefficient. 

4. Free a ltogether of the flat crest of the weir and 
in contact with the weir only at the upstream face. 

These nappes were named by Bazin (1 896), who was 
among the first to investigate their effect on the dis­
charge over the weir. The adhering nappe is usually 
of negligible importance and occurs only when the 
head is extremely low . The po int at which one nappe 
form disappears and the next appears is somewhat 
indeterminate. These limits also change according 
to whether the discharge is increasing or decreasing, 
and are dependent upon the shape of the weir itself. 

Complete data for the establishment of these tran­
sition ranges does not exist. The data of Bazin does, 
however, enable a comparison to be made between the 
coefficient of discharge for an aerated nappe and the 
coefficients for the wetted-underneath and depressed 
nappes, as shown in figures 4 and 5, respectively. In 
these figures, the plotted data represent the coeffi- · 
cient of discharge for these na ppe forms, and the 
curves represent the coefficient of discharge for 
weirs with aerated nappes. These tests were made 
on level broad- crested weirs with vertical upstream 
and downstream faces. Apparently, from these 
figures, the overall change in the discharge coeffi­
cient due to a change from the aerated to the depressed 
or wetted-underneath nappe forms is on the order of l 
or 2 percent. This is almost inconsidera-ble for any ex­
cept very precise discharge determinat!ons. 

The point at which the nappe becomes detached at 
the upstream crest entrance and springs clear of the 

weir crest varies somewhat, depending upon the com­
pleteness of aeration of the space beneath the down­
stream nappe, the h/ P ratio, and upon the sharpness 
of the entrance; it usually occurs suddenly. The tests 
made by Bazin indicate that it may occur at an h/L 
as low as 1. 5, or as high as 2. 0, for aerated weirs. 
Once the nappe springs clear of a broad-crested weir, 
it is usual to assume that the weir acts as a thin-plate, 
sharp-crested weir. In figure 6, the tests made by 
Bazin on level broad-crested weirs with vertical 
faces, square entrances, and detached nappes are 
compared with the curve defined by Bazin's data for 
thin-plate, sharp-crested weirs . It will be noted that 
the agree:nent of the plotted points with the curve is 
somewhat l ess than ideal ; this may possibly be at­
tributed to the lack of true sharpness of the entrance 
to the brvad-crested weir. 

Reynolds Number 

A definite variation in the coefficient of discharge 
with scale ratio is to be expected. This so- called 
sca l e effect is the result of the action of the forces 
due to the viscosity of the fluid. The Reynolds num­
ber is used to describe the relative importance of 
the viscous forces; the larger the Reynolds number, 
the less important the influence of viscosity upon the 
flow pattern. The Reynolds number of equation 3, for 
a give n fluid, is proportional to h 312 , or to the dis­
charge per foot of width of the weir. From this, it is 
obvious that the Reynolds numbers of model and pro­
totype can be equal only at the same scale. It is thus 
usually impracticable to satisfy the Reynolds law 
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Figure 6. - -Effect of the detached nappe form on the discharge coefficient. 

completely. Generally, however, it is possible to 
obtain Reynolds numbers in the laboratory sufficiently 
high to include the rang e in which fae effects of fluid 
viscosity may be ignored. 

Two noteworthy studies have been made to deter­
mine the effect of scale on the discharge coefficient. 
These experiments were made on nappe-shaped weirs. 
The first, reported by Ei s ner (1933), describes tests 
made on models at scales of 1:70, 1:35, 1:17.5, 1:8.75, 
and l :4. 375. An increase in discharge coefficients was 
noted with an increase in model scale; this effect was 
attributed by Eisner to the relative roughness of the 
boundary surface--absolute roughness being the same 
in each of the several models. 

, From measurements made on g eometrically similar 
models. of the nappe- shaped Pickwick Landing spill­
way at scales of 1 :200, 1: l 00, and l :500, Kirkpatrick 
(1955) concluded that the scale of t he model does not 
affect the relation between head and discharge coef­
ficient. He found no consistent d e viation of the dis­
charge coefficient at the three scales and therefore 
attributed the small variations to experimental error. 

( 

For the broad-crested weir, Bazin's experiments 
furnish sufficient data to determine the Reynolds num-

. ber effect qualitatively. In figure 7 are plotted the re­
sults of Bazin's measurements on weirs of rectangular 
s~ -:,..~e a d square upstream entrances, and at var ious 
s c.u.t t r atios. For the lo we rn1ost curve the scale is 8 
times as large as that for the uppe rmost curve , for 
the next curve 4 times as large, and for the third curve 

twice as large. The scale of P is not considered in 
these tests as it has been shown to have no effect on 
the discharge coefficie nt. For Bazin' s tests the co­
efficient of discharge decreases with increa sing scale, 
or with increasing Reynolds number. 

With a very few exceptions, these plotte d points 
represent tests on short weirs. The he ads for the 
uppermost curve are very small, so tha t the d e viation · 
of these points may perhaps b e ascribed primarily to 
effects of surface tension. The slight variation be­
tween the remaining three curve s is due to some dif­
ferences in energy r e quired to maintain the eddy mo­
tion in the separation zone as t he weir scale inc rea ses. 
For the rounded-entrance weir, this trend i s proba bly 
reversed; that is, it would be expected tha t the coe ffi­
cient will increase with increased scale, and for the 
same reasons that the Eisner coefficients were found 
to increase. 

Because the U. S. Geological Survey tests at Cor­
nell (see fig. 3), made at a much greater scale than 
Bazin's tests-; agree fairly well with the lowermost. 
of Bazin's curves on figure 7 , it is assumed that fo r 
weirs at least as large as Bazin's largest, the R e y­
nolds number is large enough so that the e ffects of 
fluid viscosity may be ignored. Most structures found 
in the field are of much greater size. For these, the 
the lowermost curve of figure 7 should be used to 
select a discharge coefficient. 

Rounded Wei r Entrance 

The effect of rounding the u pstream entrance to 
the weir i s to increase the discharge coefficient by 
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removing the cause of the flow separation at the crest 
entra nce, which is the primary source of e n e r gy loss. 
This v a ri a tion in the discha r ge c o e ffi c i !'nt i, .;..; bee.n 
,: .. ,;-,, n ,::, b e a iunction of r/h i n equa tio n 2 , !out suffi­
cient data to completely define the function do not 
exist. Woodburn ran a series of tests in which he sys­
tematically varied the upstream crest-entrance radius 
of rounding from O to 8 inches in 2-inch increments. 
The discharge coefficients for the 2- , 4- , 6- , and 
8-inch roundings (,/h > 0.15) superpose and are about 
9 percent greater than the corresponding coefficients 
for the square entrance (,/h = 0 ). , 

This data may be interpreted by analogy with similar 
data for the contracted opening. Kindsvater and Carter 
(1955) demonstrated that the discharge coefficient for 
contracted o:penings increased almost linearly with the 
values for rib from ,/b = 0 to ,/o = 0.14; the coef­
ficient remained constant after ,/b exceeded 0. 14. A 
similar variation in the coefficient of discharge for 
orifices has been demonstrated in the literature. 

For the lack of a more exact procedure, it is sug­
gested that a discharge coefficient be chosen for the 
rounded- entrance weir equal to l. 09 times the coef­
ficient for the square entrance if the value of ,/h is 
greater than O. 14, For intermediate values of · r/h the 
adjustment may be interpolated between the extremes 

' of unity and 1. 09. 

Boundary Roughness 

One of the most troublesome aspects of model test­
ing is the difficulty involved in duplicating in the model 

I ' I I I 
3.80'--L.. 

the surface resistance of the prototype. For a given 
t es t str·Jcture h a ving a g iven bou ndary rou p, hnes s , t he 
e ne r gy ~osses du e t o boundii::~ r es',: , .. ,:,··:. ,·~ ., · ·c ­
tion of a characteristic Re ynold s nun1bt r and tti e re la ­
tive roughness. As the scale is decreased, the relative 
roughness increases, and the boundary shear force · 
thus becomes disproportionately large if the boundary 
surfaces are of the same material for the various 
scales. • 

The relative roughness is usually described by re­
lating the mean height of the boundary projections 
above the nominal surface level to some significant 
length, Here, the ratio h/k is used, where k is the 
mean roughness height. Thus, only if the relative 
roughness and the Reynolds number are equal in 
model and prototype is there assurance that the rHa­
tive effect of boundary resistance is the same at both 
scales. It is generally impractical, if not impossible, 
to arrange eqnal values of either R or h/k. Require­
ments of similitude are compromised by either ig­
noring the difference in relative roughness or by 
extension to the scale of the prototype by the use of 
some method based on experience. 

Here, again, definitive data for a determination of 
the effect of boundary roughness are not at hand. Un­
less the model is extremely small, it is usual to 
apply the results from it to much larger scale struc­
tures. In general, if the influence of boundary rough-

. ness is conside~·ed separate from other effects, the 
discharge coefficient should increase slightly as the 
scale of the model increases. 
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ENTRANCE TO STOPLOG BAY 

EXIT FROM STOPLOG BAY 

WEST CANAL STOPLOG BAY SIMULATION 
WATER SYSTEMS AUTOMATION STUDIES 

Enclosure 1 
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