


































































































































































































































8AMPLE CALCULATIONS 
Orifice - Drill # 60 : 

Nominal dia. 0.0400 
Actual dia. 0.0411 

Actual area 0.0000092132 sq. ft. 
Run # 1. Average head by water column 4.044 ft. H2O. Net 
weight water 37.37 lbs. Duration run 90 min. = 5400 sec. 
Temp, water 74°F. unit wt., #/cu.ft. 62.27. Density water 
0.99745. Average height wa,ter in drum 2.00" 
(4.044 + 2.00) 0.93745 = 4.21 ft. H 20 total head 

, 12 
V = y r2~gh = 1/64.4 x 4.21 = 16.465 ft./sec. 
q = av = 0.0000092132 x 16.465 = 0.0001517 theoretical discharge. 

3 7 , 3 7 = 0.00011262 cu.ft/sec actual discharge 
62.27 x 5400 
coefficient of discharge = 0.00011262 _ Q ? 4 2 

0.00015170 
Run # 2. Average head by water column 4.13 ft. H 20. Quantity 
water discharged, cu.ft. 0.092755. Duration run 13 min — 
34.5 sec. = 814.5 sec. Temp, water 74°F. Unit wt. lbs/cu.ft. 
62.27. Density water 0.99745. Average height water in drum 
1.70" 
(4.13 + 1.70) 0.99745 = 4.27 ft. Total head 

, 12 
V = V 2 gh m VS4.4 x 4.27 = 16.58 ft/sec. 
q = av = 0/0000092132 x 16.58 = 0.00015275 theoretical discharge 
0.092735— = 0.00011385 cu/ft/sec actual discharge 
814.5 
coefficient of discharge = 0.00011385 = 0.745 

0.OOO15275 
Run #3. Average head by water column 8,12 ft. H 2C. 
Quantity discharged, cu.ft. 0.092735. 
Duration run 10 min.—19 sec. = 619 sec. Temp, water 74°F 
Unit wt, lbs/cu.ft. 62.27. Density water 0.99745. 
Average height water in drum 1.8" 
(3.12 + 1.8 ) 0.99745 = 3.243 ft. Total head 

r 12 . 
V = V S T g h = V64.4 x 8.25 = 23.05 ft/sec. 
q = av = 0.0000092132 x 23.05 = 0.00021235 theoretical discharge 
0.092735— = 0,00014981 cu.ft/sec actual discharge 

619 
coefficient of discharge = 0.00014981 = 0 70 c 

0.0002123 5 
Run # 4. Average head by manometer 18.0425" Hg. 
Quantity discharged, cu.ft. 0.092735 
Duration run 6 min. — 51 sec. = 411 sec. Temp, water 74°F. 
Unit wt. lb/cu.ft. 62.27. Density water 0.99745 



SAMPLE CALCULATIONS 
Orifice - Drill # 60 

Run # 4. Con. 
DeBsity mercury = 13.58. 
Average height water in drum 2.2" 
(18.0425 x 13.58) = 20.418 ft H 20 

12 
2.2 x 0.99745 = 0.182 ft, H 20 
20.418 + 0.182 = 20.60 ft. Total head 
V = f2~gh = V64.4 x 20.60 = 36.42 ft/sec 
q=av=0.0000092132 x 36.42 = 0.00033554 theoretical discharge 
0.09273K = 0.00022563 cu.ft/sec actual discharge 

411 
coefficient of discharge = 0.00022565 = 0.672 

0.00033554 
Run # 5. Average head by manometer 18.0492" 
Net weight water 42.1. Duration run 50 mins. = 3000 sees. 
Temp, water 74°-F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Density mercury 13.58. 
Average height of water in drum 2.20" 
(18.0492 x 13.58) = 20.428 ft. H 20 

13 
(2-20 x 0.99745) = 0.182 ft. H 20 
• 12 

20.428 + 0.182 = 30.61 ft. Total head 
V = /2gh = tf64.4 x 20.61 = 36.43 ft/sec 
q=av=0.0000092132 x 36.43 = 0.00033563 theoretical discharge 

^2*2: = 0.00022536 cu.ft/sec actual discharge 
62.27 x 3000 
coefficient of discharge = 0.00022535 - 0. 
Run # 6. Average head 26.597" Hg. 
Net weight water 40.42. Duration run 40 mins. = 2400 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Density mercury 13.58 
Average height ws.ter in drum 3.45" 
f2S-R97 x 13.58) = 30.099 ft, H 20 

13 
(2.45 x 0.99745) = 0.203 ft. H 20 

12 
30.099 + 0-205 = 30.302 ft. Total head 
V = jfSgh = /64.4 x 30.30 = 44.173 ft/sec. 
q=av=0.0000092132 x 44.173 = 0.00040697 theoretical discharge 

= 0.00027050 cu.ft/sec. actual discharge 
62.26 x 2400 
coefficient of discharge = 0.00027050 = 0.664 

0.00040697 
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SAMPLE CALCULATIONS 
Orifice - Drill # 60 

Run # 7. Average head 23.9 #/•» gage. 
Net weight water 39.7 I D S . Duration run 30 mins. = 1800 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27 
Density water 0.99745. Average height water in drum 2.80" 

23.90 
.60 calibration correction 

23.30 x 2.31 = 53.823 ft. HsO. 
(2-SO x 0.99745) = 0.232 ft. H 30 
12 

55,825 + 0-232 = 54.065 Total head 
V = Y2gh = V64.4 x 54.07 = 59.01 ft/sec. 
q=av=0.0000092132 x 59.01 = 0.00054367 theoretical discharge 

= 0.00035419 cu.ft/sec actual discharge 
62.27 x 1800 
coefficient of discharge - 6.60055419 = 0.651 

0.00054367 
Run # 8. Average head 33.62 #/•" gage. 
Ne* weight water 43.95, Duration run 38 mins. = 1630 sees. 
Temp, water 73°F. Unit wt., Ibs/cu/ft. 62.28 
Density water 0.99758. Average height water in drum 1.9" 

33.62 
.40 calibration correction 

33.22 x 2.31 = 76.738 ft. water 
(1.9 x 0.99758) = 0.157 ft. water 
12 

76.738 + 0.157 = 76.895 Total head 
V = \f2gh = V64.4 x 76.9 = 70.373 ft/sec. 
q=av= 0.0000092132 x 70.373 = 0.00064836 theoretical discharg 

4 5 , 9 5 = 0.00042005 cu.ft/sec actual discharge 
62.28 x 1680 
coefficient of discharge = 0.00042005 = 0.648 

0.00064836 -
Run # 9. Average head 43.8 #/•" gage. 
Net weight water 53.72 lbs. Duration run 30 mins = 1800 sees 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99753. Average height water in drum 2.20" 

43.80 ' 
,58 calibration correction 

43.42 x 2.31 = 100.300 ft. water 
(2.20 x 0.99758) = 0.182 ft. water 
12 

100.3£Q_+ 0.182 = 100.482 Total head 
V = V2gh = V64.4 x 100745 = 80.44 ft/sec. 
q=av= 0.0000092132 x 80.44 = 0.0007411 cu.ft/sec theoretical 

discharge 
•H 52*22 = 0.00C4792 cu.ft/sec.actual discharge 
62.28 x 1800 

coefficient of discharge ='0.0004792 = 0.646 
0.0007411 

file:///f2gh
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SAMPLE CALCULATIONS 
Orifice - Drill # 60 

Run # 10. Average head 54.42 #/•" gage. 
Net weight water 60.16. Duration run 30 mins. = 1800 sees. 
Temp, water 73°F. Unit wt. lb/cu.ft. 62.23 
Density water 0.99758. Average height water in drum 2.425" 

54.42 
.05 calibration correction 

54.45 x 2.31 = 125.779 ft. water 
(2.425 x 0.99758) = 0.201 ft. water 

12 
125.779 + 0.201 = 125.98 Total head 
V = V^2gh = \/64.4 x 125.98 = 90.073 ft/sec. 
q=av= 0.0000092132 x 90.073 = 0.00082986 theoretical discharge 

6 Q « 1 6 = 0.00053664 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00053664 = 0.646 

0.00082986 
Run # 11. Average head 64.0 #/•" gage. 
Net weight water 65.30 lbs. Duration run 30 mins. = 1800 sees. 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758,, Average height water in drum 2.625" 

64.00 
•24 calibration correction 

64.24 x 2.31 = 148.394 ft. water 
x 0.99758) = 0.218 ft. water 

12 
148.394.,+ 0.218 = 148.612 Total head 
V = f2gh = V64.4 x 148.61 = 97.83 ft/sec. 
q=av=0,0000092132 x 97.33 = 0.00090132 theoretical discharge 

35,30 = 0.00058249 cu.ft/sec.actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00058249 = 0.646 

0.00090132 
Run # 12. Average head 74.64 #/•" gage. 
Net weight water 70.33. Duration run 30 mins. = 1300 sees. 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758. Average height water in drum 2.75" 

74.64 
.20 calibration correction 

74.84 x 2.31 = 172.880 ft. water 
(2.75 x 0.99758) = 0.228 ft. water 
12 

172.88 + 0.228 = 175.103 Total head 
V « V^gh = V64.4 x 17311 = 105.585 ft/sec 
q=av=0.0000092123 x 105.585 = 0.00097268 theoretical discharge 

7 0 * 3 3 = 0.00062736 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge = 0.00062756 = 0.645 

0.00097268 
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SAMPLE CALCULATIONS 
Orifice - Drill # 60 

Run # 13. Average head 84.52 #/•" gage. 
Net weight water 74.76 lbs. Duration run 30 mins.- = 1800 sees 
Temp, water 73°F. Unit wt., lbs/cu.ft. 62.28 
Density water 0.99758. Average height water in drum 2.90" 

84.52 
.21 calibration correction 

34.73 x 2.31 = 195.726 ft. water 
(2.90 x 0.99758) = 0.240 ft. water 
12 

197.726 + 0.240 = 195.966 Total head 
V = fZgh = V64.4 x 195.97 = 112.34 ft/sec. 
q=av= 0.0000092123 x 112.34 = 0.0010349 theoretical discharge 

74« 7§ = 0.00066638 cu.ft/sec. actual discharge 
62.28 x 1800 
coefficient of discharge 0.00066688 = 0.644 

0.0010349 
Run # 1 4 . Average head 94.31 #/•" gage. 
Net weight water 78.98 . Duration run 30 mins. = 1800 sees. 
Temp, water 74°F. Unit wt., lbs/cu.ft. 62.27. 
Density water 0.99745. Average height water in drum 3.15" 

94.30 
.50 calibration correction 

94.80 x 2.31 = 218.983 ft. water 
(3-15 x 0.99745) = 0.262 ft. water 
12* 

218.933 + 0.262 = 219.25 Total head 
V = V"2gh = T/64.4 x 219.25 = 118.83 ft/sec. 
q=av= 0.0000092123 x 118.83 = 0.0010946 theoretical discharge 

7 8 , 9 8 = 0.00070463 cu.ft/sec. actual discharge 
62.27 x 1800 
coefficient of discharge = 0.00070462 = 0.643 

0.0010946 
Run # 15. Average head 104.53 #/•" gage. 
Net weight water 83.20 lbs. Duration run 30 mins = 1800 sees. 
Temp, water 74°F. Unit weight, lbs/cu.ft. 62.27 
Density water 0.99745. Average height water in drum 2.90" 

104.53 
1.02 calibration correction 

105.55 x 2.31 = 243.821 ft. water 
(2.90 x 0.99745) = 0.240 ft. water 
12 

243.821 + 0.240 = 244.061 Total head 
V = vr2iH"= V64.4 x 244.06 = 125.37 ft/sec. 
q=av= 0.0000092123 x 125.37 = 0.0011549 theoretical discharge 

S 3 » 2 Q = 0.00074228 cu.ft/sec. actual discharge 
62.27 x 1800 
coefficient of discharge = 0.00074228 = 0.642 

0.0011549 



120 

The results are shown in blue print form pages 13 

A complete set of sample computations is given for 
orifice # 60, pages 115 - 1 1 % 

An investigation of the curves seems to indicate the 
following: 

(a) As the diameter of the orifice is decreased the 
coefficient of discharge approaches unity, mini­
mum value for 0.00419" orifice at high head 0.933, mini­
mum value for largest orifice 0.1003 at high head 0.589. 

(b) For each orifice there is a critical head beyond 
which the coefficient of discharge decreases very slight­
ly with increaae in head. As the head is decreased be­
low this critical head the coefficient of discharge in­
creases quite rapidly. 

(c) The critical head referred to in (b) increases 
with a decrease in diameter of the orifice. 

(d) Below the critical head the coefficient of dis­
charge approaches unity as the head is decreased. 

Mr. H. J. I. Bilton from his experiments described 
in the proceedings of the Victorian Institute of Engi­
neers — 1908, concluded that as the head decreased the 
coefficient of discharge approached 0.748, but the 
results of the present investigation seem to indicate 
that all curves converge toward unity, neglecting 
capillarity, viscosity, cohesion, etc, 

(e) As the diameter is decreased another critical 
head is found as the head is decreased. As the head 
is decreased beyond this second critical head the 
coefficient of discharge decreases very rapidly and 
appears to approach the origin/ See curves for the 
two smallest orifices — namely 0.00419 and 0.01491 
inches in diameter respectively. 

It is probable that this indicates the effect of 
capillary attraction. It is reasonable to suppose that 
this attraction might retard the flow to such an ex­
tent as to cause the coefficient of discharge to ap­
proach zero as the head approaches zero. 

(f) The thickness of the orifice plate is approach­
ing the short tube comditions, namely 4 to 5 diameters, 
as the diameter is decreased and the effect probably 
increases the coefficient of discharge. This may ac­
count for the wide separation of the curves for the 

to 18. 




