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Subjects Model studies for calibratin~single gate orifices. 

I. There is a requirement for a smal~, cheap device to be ln- 

etalled at the ands of small laterals, capable of measurir~ accurately 

deliveries up to five second-feet. Figure ishmvs an arrangement for 

orlfioe measurement requiring but oneopen-%ype ~ate. lt also shows 

an a r r angemen t  f o r  m e a s u r e m e n t  i n  a r i ~ h t - a n g l e  , tu rnout  from a l a t -  

e r a l .  These arrangements are not in accordance with conditions under 

which orifices have been r a t e d  so it was requested that a full.~cale 

model be tested in the l a b o r a t o r y  for the conditions Outlined in pars- ,~:~ 

graph  2.  

2. From model studies it was desired that the discharge in 

second-feet be obtained for the combinations of opening and submerg- ./~!! 

enoe of the gate, and difference in head across the gate as shown in 

table i, where "U" equals the ~ate opening or distancefrom thebottom 

of the gate leaf to the floor level; "h" equals %he corresponding dif- 

ference in water surface one foot upstream and one foot downstream 

fr~nthe ~ate, or the difference in head across the gate; and "S" 

equals the correspondin~ distance from the bottom of the ~ate leaf to 

the water surface on the downstream side of the gate, or the gate sub- 

mergence. A coefficient of discharge was to be obtained for each of 



~he eomblnationJ and an answer given to the question as to whether the 

amount of  su~nerKenoe a f f e c t s  t h e  c o e f f i c ~ e n t  of  d i s c h a r g e .  Observa-  

t i o n ~  were t o  be made ¢ 0  see  whe the r  t he  t u r b u l e n c e  was such as t o  

p r e v e n t  a c c u r a t e  ~eadin~ of a s t a f f  Ka~e.~: 

Table i 

U in feet h in feet S in feet U in feet h in feet S in feet 

0.2 0.05 0.5 to 1.0 0.8 0.08 0.2 to 1.0 

0.2 0.20 

C.2 0.40 0.6 t o  1.2 0.8 

0.4 0.05 0.5 to 1.0 1.2 

0.4 0.20 0.5 to 1.0 1.2 

0.4 0.40 0.5 to  1.2 1.2 

0.6 to 1.0 i 0.8 0.20 
v : k / 

0.4 to 1.2 

o.so 0.5 t o  l.Z 

0. I0 

0.15 

0.2 t o  1.0 

? 

'rj' ~ • • 

2.  Due t o  d i f f i c u l t y  in~ o b t a i n i n E  m a t e r i a l  f o r  model c o n s t r u c -  

t i o n  t h e  model was b u i l t  t o  a 1 : 2 . 0  s c a l e  i i n s t e a d  o£ f u l l  s c a l e .  

P i e z o m e t e r s  were  p l a c e d  i n  the  c h a n n e l  we ' "  

each  s i d e  of  t he  ~ t e  and J u s t  above t h e  . . . .  

d i f fe ren t ia l  water =ass and the other oair ~o ~ water manometer, ~ 

4. Rune were made on the stnaight-ahead delivery arri - 

for each o£ the specified ~ ~ate openings. It was found tha~ 

would PaSs f i v e  seoomi - fee t  f o r  a l l  except  the  o.2 ' foot~,  p~ 

opeatn~. F o r  t h i s  o p e n i ~  t h e  maximum ~ discharge was a 

th roe e e o o n d ' f e e t  with t h e  gate  j u s t :  submersed . The Z .... .~e :. ~!iiii ~ii:; I 

coefficients o b t a i n e d  were very unstable. When the velocity h e a d  Of 

approach was @onsidered. the coeffleients were much more etablei~ 

2 



The c o e f f i c i e n t  c o u l d  be va~-ied f o r  a c o n s t a n t  f l o w  by cha g. the:" _ ...- . . . . . . . .  .c"""~'?'~:.'~.... ~,~ 

submergence  on t h e  g a t e .  For t h e  s m a l l e r  and l a r ~  - . ..,.~, 

the coefficient varied more than for the intermedia !!i:i 

also increased for the larger openings. The head d s 

the gate at large openings were so small that r 

would  c a u s e  a l a r g e  e r r o r  i n  t h e  d i s c h a r g e .  : F~ o f  

H plotted against values of C, where C - ~ Q and H equals t~e 
S ~ 

h,=d  tfferanoe across the gate. plu, =d of  pproaoh,: : 

The discharge curves on figure 1 do not h01d, since the velrocityhead~/ : 

o f  approach  was n o t  c o n s i d e r e d  

5. The condition of the water surfao 

uring depends upon the control downstream. The water surface!was too 

rough when operating the ~ate unsubmerged or at low subr .... 

unsubmerged gate operating at the larger openings ~esult 

tolerable water surface above the g a t e ,  "It~was possible to ... 

hydraulic Jmnp which boiled ageinst the upstream face of the ~gate. 

This condition could be eliminated by either raising the t a i l ~ t b r  

or closing the gate or by a combination of the two ad ' 

6. If the discharge coefficient could be raised 

come more stable since it would have a smaller range over which to 

vary. A lip having a 2.50-inch radius, model~ was placed on the Up- 

stream face of the gate in an attempt to raise the: coefficient, detail~ . . 

I, figure 2. This arrangement raised and stabillsed the coefficient 

as may be seen by comparing the two curves on figure ~2. The coeffi- 

cient became 1.0 for gate opening of I.E feet, prototype. The dif- 

ference in head was so small that any error in reading5 would make a 



large difference in discharge, Since a ooeffici~ent of l*O~is impossi- 

ble, it is evident tlmt the method of measurement is not i~efined suffi- 

ciently for measuring small heads. The maximum gate..ope~ng.would,.:/ . i 

therefore, be limited to 01.8 ~oot,.Prototype. This m 

i~ the discharge is not practical f#r field use sine :"': : 

head of approach must be included -~ 

The method was therefore a b a n d o n ~  

either since the velocity head of 

it. Fur~hermcre~ f o r  submerged ol 

be low  %he g a t e ,  making t h e  w a t e r  s u r f a c e  t o o  rough f o r  

r e a d i n g .  

,C 

7. Several designs of pitot tubes were Used in 

measure the vel?city under the gate. For most cases 

r e a d i n ~  on t h e  tube was so  s m a l l  thl t  any e r r o r  i n  r 

siderable error in the discharge. This Was evidenti~ 

extreme care Was exercised in obtaining 

cient was not obtalned for the pitot tubes. 

.. -. ..... large .enbu~h to 

re~uoe  SUXTlc lent ly .  the. personal error. ~I~ A pitot-tube 

be used successl~ully for, a: deslgn where t h e  velocities 

o f  four feet per  second  or g r e a t e r .  The p i t O t ' t u b e  at: 

abandoned f o r  t h i s  d e s i g n .  . c . -  

8. An oSeervation run.was sufficient tO dsmon~ 

rlght~ngle turnout was unsatisfactory for accurate caiibra%ion "~ 
" 0/, Th~ 

a p p r o a c h i n g  Water p i l e d  up on one Ade ,abo~e the gate:  and formed~'~: 

whirl. ~e gate should be mOVed downstream far enough .to allow the .: 



approachi.ng wa~er to  a t t a i n  untfor~ Vsloci'ty d i s t r i b u t i o n .  ,red, 

downstream the er n ent would, be similar the p r 

9. A constant coefficient 

without includin~ the velocity 

ings thAs velocity head was equ 

the gate. In such oa~es the &vailablemethods ~Of' :measurem' :' 

not precise enough to obtain accurate res 

head 'reading would result in a serious ez 

gate " " arrangement for Water delivery was a~ndoned:,, since, no 

means could be devised for  aCCUrately., , measurin~:the!discha: 

field. 
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