Appendix 9.11

Theoretical flow rates for siphons: head—discharge charts

David Wigginton

Cotton CRC, Qld DPI&F, Toowoomba

This appendix includes 3 charts of
theoretical flow rate (in litres per
second) for a given combination

of operating head (in mm) and
siphon internal diameter (ID, in
mm). Each chart has been designed
for a particular siphon length,
representative of the most common
lengths provided by manufacturers.
The lengths specified are 3.6 m,

4.0 mand 43 m.

All charts have a range of operating
heads specified in 20 mm

increments up to a maximum of 1 m.

The siphon sizes specified represent
a selection of those widely used.
Imperial siphon sizes are specified
according to their internal diameter
(ID). Different manufacturers should
provide a siphon of similar ID,
taking account of manufacturing
tolerances.

Metric siphon sizes are specified
according to outside diameter (OD)
and hence the corresponding ID
(which is the figure essential for
determining flow) varies according
to the variation in pipe wall
thickness used for different pipe
classes. For this reason, the charts
may have more than one value

of ID for a corresponding metric
OD. It is imperative that siphon

ID is measured to determine the
appropriate corresponding chart ID.
Measure the ID in more than one
direction, and average the readings
to account for any ovalness.

As can be seen on the charts, even a
very small increase in ID (3 mm) can
have a dramatic increase in the rate
of discharge, particularly as head
increases.

Because the level of water in

the head ditch may vary and the
discharge point of the siphon may
not be consistent, it is suggested
that head is measured for numerous
siphons along the length of the
head ditch and over a number

of irrigations to see the possible
variation.

Discharge is also affected by
« non-circular siphon pipes

« siphon inlet orientation
(towards, perpendicular to, or
away from the direction of flow
in the head ditch)

« trash (blocking the siphons):

and even small factors such as water
temperature and quality, and so the
chartis only a guide to the actual
flow rate.

For more detail on how the

charts were constructed, see the
discussion of Theoretical flow after
the charts.

Appendix 9.11 Theoretical flow rates for siphons: head-discharge charts




Flow rate in litres/seconds (L/s), siphon Length = 3.6 metres

Operating head (mm) Nominal siphon size, internal diameter (mm)

1%"%,31.75 1%"38.1 2",50.85 50 mm, 44.0 50 mm, 47.0 63 mm, 55.5 63 mm, 59.0 75 mm, 65.1

100 0.55 0.83 1.58 1.15 133 191 2.19 2.7
120 0.60 0.91 173 1.26 1.45 2.10 2.40 2.97
140 0.65 0.98 1.87 136 1.57 227 2.59 3.21
160 0.70 1.05 2.00 1.45 1.68 242 2.77 3.43
180 0.74 m 212 1.54 178 2.57 2.94 3.64
200 0.78 1.17 2.23 1.62 1.88 2.7 3.10 3.84
220 0.82 1.23 2.34 1.70 1.97 2.84 3.25 4.03
240 0.85 1.29 2.45 178 2.06 2.97 3.39 4.20
260 0.89 134 2.55 1.85 214 3.09 3.53 4.38
280 0.92 139 2.64 1.92 222 3.20 3.66 4.54
300 0.95 1.44 2.74 1.98 2.30 3.32 3.79 4.70
320 0.99 1.49 2.82 2.05 2.37 3.42 3.92 4.86
340 1.02 1.53 291 211 2.45 3.53 4.04 5.00
360 1.05 1.58 3.00 217 2.52 3.63 4.15 5.15
380 1.07 1.62 3.08 2.23 2.59 3.73 4.27 5.29
400 1.10 1.66 3.16 2.29 2.65 3.83 438 5.43
420 1.13 1.70 3.24 2.35 272 3.92 4.49 5.56
440 1.16 1.74 331 2.40 278 4.02 459 5.69
460 1.18 1.78 3.39 2.46 2.85 41 4.70 5.82
480 1.21 1.82 3.46 2.51 291 419 4.80 5.95
500 1.23 1.86 3.53 2.56 297 428 4.90 6.07
520 1.26 1.89 3.60 2.61 3.03 437 4.99 6.19
540 1.28 1.93 3.67 2.66 3.08 4.45 5.09 6.31
560 130 1.97 3.74 2.7 3.14 453 518 6.42
580 133 2.00 3.80 2.76 3.20 4.61 5.27 6.54
600 135 2.03 3.87 2.81 3.25 4.69 5.36 6.65
620 137 2.07 3.93 2.85 3.30 477 5.45 6.76
640 139 2.10 3.99 2.90 3.36 4.84 5.54 6.87
660 1.4 2.13 4.06 2.94 3.4 4.92 5.62 6.97
680 1.44 217 412 2.99 3.46 4.99 571 7.08
700 1.46 2.20 418 3.03 3.51 5.07 5.79 7.18
720 1.48 2.23 4.24 3.07 3.56 5.14 5.87 7.28
740 1.50 2.26 430 3.12 3.61 5.21 5.96 7.38
760 1.52 2.29 435 3.16 3.66 528 6.04 7.48
780 1.54 232 44 3.20 3.7 5.35 6.11 7.58
800 1.56 2.35 4.47 3.24 3.75 5.42 6.19 7.68
820 1.58 238 452 3.28 3.80 5.48 6.27 1.77
840 1.60 241 458 332 3.85 5.55 6.35 7.81
860 1.62 244 4.63 3.36 3.89 5.61 6.42 7.96
880 1.63 2.46 4.68 3.40 3.94 5.68 6.49 8.05
900 1.65 2.49 4.74 3.44 3.98 5.74 6.57 8.14
920 1.67 2.52 4.79 3.48 4.02 5.81 6.64 8.23
940 1.69 2.55 4.84 3.51 4.07 5.87 6.71 832
960 1.7 2.57 4.89 3.55 41 5.93 6.78 8.41
980 1.72 2.60 494 3.59 415 5.99 6.85 8.50
1000 1.74 2.63 4.99 3.62 4.20 6.05 6.92 8.58
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Flow rate in litres/seconds (L/s), siphon Length = 4.0 metres

Operating head (mm) Nominal siphon size, internal diameter (mm)

1%"%,31.75 1%"38.1 2",50.85 50 mm, 44.0 50 mm, 47.0 63 mm, 55.5 63 mm, 59.0 75 mm, 65.1

100 0.54 0.81 1.54 1.12 130 1.87 2.14 2.66
120 0.59 0.89 1.69 1.23 1.42 2.05 2.35 2.92
140 0.63 0.96 1.83 132 1.53 2.22 2.54 3.15
160 0.68 1.02 1.95 141 1.64 237 2.7 337
180 0.72 1.09 2.07 1.50 1.74 2.51 2.88 3.57
200 0.76 1.14 218 1.58 1.83 2.65 3.03 3.76
220 0.79 1.20 2.29 1.66 1.92 2.78 3.18 3.95
240 0.83 1.25 2.39 173 2.01 2.90 332 4.12
260 0.86 130 2.49 1.80 2.09 3.02 3.46 4.29
280 0.90 135 2.58 1.87 217 3.14 3.59 4.45
300 0.93 1.40 2.67 1.94 2.24 3.25 3.71 4.61
320 0.96 1.45 2.76 2.00 232 3.35 3.84 4.76
340 0.99 1.49 2.85 2.06 2.39 3.46 3.95 4.91
360 1.02 1.54 2.93 212 2.46 3.56 4.07 5.05
380 1.04 1.58 3.01 218 2.53 3.65 418 5.19
400 1.07 1.62 3.09 2.24 2.59 3.75 4.29 5.32
420 1.10 1.66 3.16 2.29 2.66 3.84 4.40 5.46
440 1.12 1.70 3.24 2.35 2.72 3.93 4.50 558
460 1.15 1.74 331 2.40 278 4.02 4.60 571
480 1.17 1.77 3.38 2.45 2.84 41 4.70 5.83
500 1.20 1.81 3.45 2.50 2.90 4.19 4.80 5.95
520 1.22 1.85 3.52 2.55 2.95 4.27 4.89 6.07
540 1.24 1.88 3.59 2.60 3.01 436 4.98 6.19
560 1.27 191 3.65 2.65 3.07 4.43 5.08 6.30
580 1.29 1.95 3.72 2.69 3.12 4.51 517 6.41
600 131 1.98 3.78 2.74 3.17 4.59 5.25 6.52
620 133 2.01 3.84 2.78 3.23 4.67 5.34 6.63
640 135 2.05 3.91 2.83 3.28 4.74 5.43 6.73
660 137 2.08 3.97 2.87 333 4.81 5.51 6.84
680 1.40 211 4.03 2.92 3.38 4.89 5.59 6.94
700 1.42 2.14 4.08 2.96 3.43 4.96 5.67 7.04
720 1.44 217 414 3.00 3.48 5.03 5.75 7.14
740 1.46 220 420 3.04 3.53 5.10 5.83 7.24
760 1.48 2.23 426 3.08 3.57 517 5.91 7.34
780 149 2.26 431 3.12 3.62 5.23 5.99 7.43
800 1.51 2.29 437 3.16 3.67 5.30 6.07 7.53
820 1.53 232 4.42 3.20 3.7 537 6.14 7.62
840 1.55 2.35 4.47 3.24 3.76 5.43 6.22 1.72
860 1.57 2.37 453 3.28 3.80 5.50 6.29 71.81
880 1.59 2.40 458 3.32 3.84 5.56 6.36 7.90
900 1.61 2.43 4.63 3.35 3.89 5.62 6.43 7.99
920 1.62 2.45 4.68 3.39 3.93 5.68 6.51 8.07
940 1.64 248 4.73 3.43 3.97 5.75 6.58 8.16
960 1.66 2.51 4.78 3.46 4.01 5.81 6.65 8.25
980 1.68 2.53 4.83 3.50 4.06 5.87 6.71 833
1000 1.69 2.56 4.88 3.54 4.10 5.93 6.78 8.42
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Flow rate in litres/seconds (L/s), siphon Length = 4.3 metres

Operating head (mm) Nominal siphon size, internal diameter (mm)

1%"%,31.75 1%"38.1 2",50.85 50 mm, 44.0 50 mm, 47.0 63 mm, 55.5 63 mm, 59.0 75 mm, 65.1

100 0.52 0.79 1.52 1.10 1.27 1.85 211 2.62
120 0.57 0.87 1.66 1.20 1.40 2.02 231 2.88
140 0.62 0.94 1.80 130 151 218 2.50 3.
160 0.66 1.00 1.92 139 1.61 233 2.67 3.32
180 0.70 1.07 2.04 1.47 171 248 2.83 3.52
200 0.74 1.12 2.15 1.55 1.80 2.61 2.99 3.71
220 0.78 1.18 2.25 1.63 1.89 2.74 3.13 3.89
240 0.81 1.23 235 1.70 1.97 2.86 3.27 4.07
260 0.85 1.28 2.45 1.77 2.05 298 3.4 4.23
280 0.88 133 2.54 1.84 213 3.09 3.54 439
300 0.91 138 2.63 1.90 2.21 3.20 3.66 4.55
320 0.94 142 272 1.97 228 3.30 3.78 4.70
340 0.97 1.46 2.80 2.03 2.35 3.40 3.90 4.84
360 0.99 1.51 2.88 2.08 242 3.50 4.01 498
380 1.02 1.55 2.96 214 2.48 3.60 4.12 5.12
400 1.05 1.59 3.04 2.20 2.55 3.69 4.23 5.25
420 1.07 1.63 31 2.25 2.61 3.78 433 538
440 1.10 1.67 3.19 2.30 2.67 3.87 4.43 5.51
460 1.12 1.70 3.26 2.36 2.73 3.96 453 5.63
480 1.15 1.74 333 241 2.79 4.04 4.63 5.75
500 1.17 1.78 3.40 2.46 2.85 413 4.72 5.87
520 1.20 1.81 3.46 2.51 291 40 4.82 5.99
540 1.22 1.85 3.53 2.55 2.96 429 491 6.10
560 1.24 1.88 3.59 2.60 3.01 437 5.00 6.21
580 1.26 191 3.66 2.65 3.07 4.44 5.09 6.32
600 1.28 1.95 3.72 2.69 3.12 452 5.18 6.43
620 131 1.98 3.78 2.74 3.17 4.59 5.26 6.54
640 133 2,01 3.84 2.78 3.22 4.67 5.35 6.64
660 135 2.04 3.90 2.82 3.27 4.74 5.43 6.74
680 137 2.07 3.96 2.87 332 4.81 551 6.84
700 139 2.10 4.02 291 3.37 4.88 5.59 6.94
720 1.4 2.13 4.08 2.95 3.42 4.95 5.67 7.04
740 143 2.16 413 2.99 3.47 5.02 5.75 7.4
760 145 2.19 419 3.03 3.51 5.09 5.83 7.24
780 1.46 2.22 4.24 3.07 3.56 5.15 5.90 733
800 1.48 2.25 4.30 3N 3.60 5.22 5.98 7.42
820 1.50 2.27 435 3.15 3.65 528 6.05 7.52
840 1.52 2.30 4.40 3.18 3.69 5.35 6.12 7.61
860 1.54 2.33 4.45 3.22 3.74 541 6.20 7.10
880 1.56 2.36 451 3.26 3.78 5.47 6.27 7.9
900 1.57 2.38 4.56 3.30 3.82 5.54 6.34 7.81
920 1.59 2.4 4.61 333 3.86 5.60 6.41 7.96
940 1.61 2.43 4.66 337 391 5.66 6.48 8.05
960 1.62 2.46 47 3.40 3.95 5.72 6.55 8.13
980 1.64 2.49 476 3.44 3.99 578 6.61 8.22
1000 1.66 2.51 4.80 3.47 4.03 5.84 6.68 8.30
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Theoretical flow

The equation used to calculate
these charts is that proposed by Bos
(1989) specifically for measuring
theoretical flow through irrigation
siphons. This differs from the more
usually encountered equation
based on Manning's outlet control,
which is theoretically inappropriate
(Queensland Water Resources
Commission, 1984). Values used for
entrance and exit loss coefficient
(C) and friction factor (f) are 1.9 and
0.019 respectively. These values
were decided upon following
procedures outlined by Bos, and
after careful analysis of available
siphon discharge data.

This equation aims to provide the
theoretical flow rate of siphons

in the field and hence takes
account of many in-field hydraulic
issues. The charts do not provide

a measure of theoretical flow of
siphons operating under laboratory
conditions.

Equations used

For those interested in calculating
flows for siphon lengths or pipe
internal diameters that are not
specified in the following tables, the
equation used is as follows.
0.5

Q=[IDY| 2ghh

4 19+ 7L

D

where:
Q- discharge (m%/s)
D - siphon internal diameter (m)

¢— acceleration due to gravity
(9.81 m/s?)

Ah - operating head (m)

f = friction loss coefficient
(0.019 in the charts)

L - siphon length (m)

More information regarding the
theory and application of this
equation is available in Bos (1989).

For reference

The theoretically incorrect
Manning's equation that has been
used in the past is as follows:

124¢AhD°

=10 —————
¢ /0.00015D+124n2L
D1/3

This equation, and charts based on
this equation, should not be used,
as they are likely to incorrectly
estimate the siphon flow rate.
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