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SubJect: Calibration of the conatant-head o r i f i c e  turnout-One t o  two 
scale model, 

The constulbinead o r i f i c e  turnout has become an increasingly ppular 
device f o r  the diversion, conkrol, and measurement of caaal flow into 
l a t e ra l s ,  Although several hundred of these turnouts have been constructed 
for such pro.jects as Altus, Mirage Flats, Word-Trenton, Buffalo Rapids, 
and Tucumcari from the standard designs as  shown on Bureau of Reclamation 
Drawings Noa, hM-3672 and 40.-D-3673 (Figures 1 and 2 in t h i s  repor t )  the  
devtce has never been calibrated. Tho temporary discharge tables included 
on the draHings are based on an assumed coefficient of appmximately 0,66 
in the following equation: 

Q CA vz 
where Q = discharge in second-feet 

R -. dif ferent ia l  head on the  o r i f i ce  ate = 0,2 foot 
A = area of the o r i f i ce  gate opening % square feet 
C -- the coeff icient  ox" discharge 
g :; acceleration due t o  gravity 

The constan%-head orifice i s  operated as follows : The orif ice gate 
opening f o r  the desired discharge i s  obtained f r o m  the diccharga table, 
With the  or i f ice  gates set at t h i s  opning, the turnout gates are adjusted 
m%il the diffemntial head on the or i f ice  gates, as read on the weir gages, 
i s  a t  the  required constant head of 0,2 foot. The discharge 5s now a t  
the  desired value, Figure 3 shows a single-barrel constant-head o r i f i ce  
turnout in operation on t h e  Tuteumcari PmJect i n  New Mexico, 

Calibration of the constant-head or i f ice  tunrout was made in the  
)Itydraulic Lahratorg. in Denver, using a 1 t o  2 scale  model. A total of 

t e s t s  were made on s i x  dif ferent  designs of turnouts a t  various gate 
o-oenings and canal water surface elevations. Discharge coefficients were . obtained snd discharge tables prepared, 



The model (1 t o  2 scale) m a  constructed of timber a d  l ined wlkh 
sheet matal and included the complete conetanthead o r i f i ce  turnout and 
a short section of canal bank with a 1-1/2 t o  1 slope, The varioua 
designs studied are shown i n  Figures 1 and 2, The 20 aeeond-foot capacity, 
double barrel, Plan 1 design vrnd constructad f i r s t ,  The other designs 
were obtained by modif- t h i s  f i r e t  installation. The 20 second-foot 
capacity, double barrel, man 3 Installation is  shown in Figure 4, 

a 

In  the model the  heads on the orif ice gate were measured by piezo- 
meters connected to  a manometer board. 

The water In  the  model #as measured with t h e e  devices having ovels- 
lapping discharge r w e s :  (1) lo5-inch flow nozzle, (2) 6,Sinch A,S,M,E, 
meter, and (3) %inch B,I,F, venturi meter, These metera have been 
calibrated a t  intervals using the laboratory v o l u m t ~ c  tank. Recal i -  
bpation a t  th i s  timo was not necessary, 

THE INVESTIGATION 

The model was operated by set t ing the o r i f i ce  gate arri adJustin& 
the  discharge and the  turnout gates t o  obtain tes ta  cowring the desired 
range of water surface elevation i n  the canal w i t h  apprgximately 0,I.O-foot 
(0,2&foot prototype) d i f ferent ia l  head on the o r i f i ce  gate, Where 
necessary, the model discharge was adjusted t o  0,lO-foot differential head 
assuming the discharge proportional t o  the sqaere root of the head, 

The 20-second-foot capacity ~ u ~ o u t ,  Tests on Plan 1, double 
barrel  design w i t h  uniform gate openings, showed that  the discharge 
coefficient, was essential ly constant f o r  a given gate opening for various 
canal water surface elevatioas but incmased sllghtly with increased gate 
o p e n a s  up t o  a prototype gate opening of 1,5 feet (~ie;ure 5), For 
larger gate openings the coaff ic imt  increased appreciably with an in-- 
crease in the  gate opening as well a s  varying with the  canal water 
surface elevation, m e  same results omre obtaiaed in Plans 2, 3, and 4, 
Water Y'urfaces 3n Plans 1 and 2 were relat ively sppooth and f l o w  conditions 
steady. Plsn 3 gave somewhat rougher conditions, Plan 4 gave t h e  poorest 
operation, although the coefficient of discharge averaged the sane as f o r  
the other plans, Surges i n  the stilling-pool made the different3al head 
hard to read, Water boiling up in f ront  of the  turnout gate8 raaultgd in 
a tilted water surface in the  stilling-pool, 

Operation n i th  only one of the tm, @tea open gave eatiafaatory 
coefficients for rrarnll gate openings when the turnout gate below the 
opened o r u i c a  gate was used and with the downatream w e i r  gwe located . on the sidewall n& ta the open gates, Incorreat heads were naasursd 
when the downstream weir gage was located on the aidewa,ll opposite the 
s p a  gates o r  when both turnout gates wcbw opened with only one orifice 

+ gate. More consistent results were obtained when the downatreem weir 
gage was located adjacent h the o r i f i ce  gate instead of adJacent to the 



the  d i f f i cu l t i e s - in  obtaining th6 corredt d i f ferent ia l  head due t o  the 
rough and t i l t e d  water surface between the o r i f i ce  gate and the turnout gate. 

The sing1.e barrel  type gave similar operation t o  the double barrel 
type and the same discharge coefficients, 

The 20-second-foot capacity turnout is designed to operate with the 
canal water surface from 2 f e e t  3 inches t o  6 f e e t  above the or i f ice  gate 

6 seat, Depth greater than 6 f e e t  w i l l  not ef fec t  the coefficient of 
discharge. The minimum aat is iactory depth mat f u l f i l l  two conditiom; 
(1) the o r i f i c e  gate opening must be completely suherged, and (2) the 
water surfaces must be smooth enough t o  aat iafactori ly read the weir gages, 
The model indicated that  a 2-foot prototype depth is a b u t  the 
lowest sat isfactory depth a t  smxhm gate opening, For smaller gate 
opening this minimum depth could be reduced, 

The 10-second-foot camci ty  turnout, Duo t o  the consistency of 
resul t s  f o r  the varioua plans of the 2~second-foot capacity turnouk. 
only Plan 2 of the various 10-second-foot capaci%y turhouts-was test&d, 
The coefficient of discharge fo r  gate openings up t o  1,05 f e e t  prototype 
were essential ly the same as for  the 20-second-foot capacity turnouts, 
For larger ga'ce openings the coefficient increased appreciably with an 
increase i n  gate open- a s  well as  varying with the canal  water surface 
elevation, 

The 10-second-foot capacity turnout is designed to operate with the  
cana l  water surface f r o m  21 inches to 6 fee t  above the o r i f i ce  gate seat,  
Greater depth w i l l  not e f fec t  the coefficient,  Minimum opekating depth 
a s  indicated by the model for  maxhmm gate opening i s  about 18 inches, 

PREPAMTION OF DISCHARGE TARI;ES 

The coefficient of discharge varied fmm 0,685 a t  a gate opening of 
0,06 foot t o  0,715 a t  a gate opening of 1,6 fee t ,  A coefficient versus 
gate opening plot was made by averaging the t e s t s  f o r  each gate opening, 
A s traight  l i n e  was drawn through the points (Figure S),  From t h i s  
coefficient curve discharges were computed and a discharge versus gate 
opening curve plotted. Values in the discharge tables  giving the gate 
oped.ng f o r  every one-half second-foot of discharge were obtained fm 
the discharge versus gate opening curves. Disoharge and gate opening 
tabulations are given i n  Table 1 for the 20-second-foot capacity 
constant-head or i f ice  turnout and in Table 2 f o r  the 10lsecond-foot 
capacltty turnout, 



Discharge tables for the constant-head orifice 

turnout, Capacity 20 second-fdet, 

gate s ize  24 inches by 30 inchea 



T A B U  2 

Discharge tables.for the constant-head orifice 

turaout. Capacity 10 second-iset, 

gate size 18 inches by 24 3nchsa 









Constant Head Ori f l ce  Turnout - 1 to 2 S c a l e  wodsl 
Yeximum c a p a c i t y  (Prototypo)  - m S e ~ o n d  

Plan 3 - Double Sarrcl  Typo 



NOTE: 
Each point represents the overage 

volue of C for all runs at that 
gate opening. A differential 
head of 0.1 foot made9 (0.2 
foot prototype) w a s  maintained. 

CONSTANT HEAD ORIFICE 

T U R N O X  

CO€FFICIENT CURVE 
MODEL SCALE 1:2 


