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This studywas conducted to investigate the causeof the poorperformance of the flow controlvalves (FCV)used by
the irrigation enterprises in B.C. Different types of flow control valves commonly used in sprinkler irrigation systems
in British Columbia were obtainedfrom manufacturers and irrigation dealers, A hydraulic system was constructed to
test the performance of the FCV with flow rate ranges from 3.785 L to 340.650 L. The effects of the FCV on the
irrigation system performance were examined andseveral FCV-sprinkler nozzle sizecombinations were suggested.

INTRODUCTION

The discharge rate of a standard sprink
ler nozzle depends on the operating pres
sure at the sprinkler. For each sprinkler
with a fixed nozzle (or nozzles) an optimal
range of operating pressures exists (Ben-
ami 1982). The optimal range of operating
pressures, for which the water distribution
pattern is considered satisfactory, is dif
ferent for various types of sprinklers and
nozzle diameters. It is lower for small noz
zle diameters, and increases as nozzle di

ameters get larger. The variation of flow
rate due to pressure fluctuation on a sys
tem has traditionally caused more water to
be used than is required for crop growth
(Young 1979). Flow variation can be min
imized by reducing the pressure fluctua
tion in the irrigation system. However,
pressure fluctuation during field operation
cannot be avoided because of elevation
differences, friction losses, pump per
formance, or lateral line sequencing. In
order to minimize the pressure change for

better water control in irrigation system
operations, different types of flow control
valves (FCV) have been used.

In the Province of British Columbia,
Canada, over 80% of the farmers in irri
gation districts are using FCVs for flow
control. FCVs are commonly used in the
following situations: (1) when required by
irrigation districts to ensure that the water
allotment is not exceeded, (2) to maintain
constant sprinkler discharge along a lat
eral line that runs up or down the hillside,
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and (3) to regulate flows in laterals or
sprinklers that are subject to excessively
high pressure.

Different types of FCV made by differ
ent manufacturers have been used in the

province. Many farmers have been expe
riencing poor performance of FCVs under
normal field operations. This study was
conducted to investigate the cause of the
poor performance of the FCVs used by the
irrigation enterprises in B.C.

MATERIALS AND METHOD

All flow control valves, sprinkler noz
zles and flow meters used in this study
were manufactured in the English system.
A hydraulic system as shown in Fig. 1 was
constructed to test the FCV. The system
consists of a 1700-L water tank, a 75-mm
PVC main line, a 50-mm PVC lateral line,
and a 19-mm riser for the sprinkler. A
pump with a discharge capacity of 567 U
min and pressure capability of 656 kPa
was used in the study.

The FCV of different makes in different

sizes is designated by rated capacity in
U.S. gallons per minute. All FCVs used
in this study were obtained from irrigation
dealers and manufacturers. Flexible ori

fice type (Dole and Spears) sprinkler
FCVs with rated capacities from 0.063 to
0.63 L/sec were tested. Two types of mas
ter FCVs, spring compensating (Gris-
wold) rated from 2.52 to 5.67 L/sec and
flexible orifice (Dole) rated from 0.95 to
5.67 L/sec were examined. Sprinkler
FCVs are used to regulate flow of the
sprinklers and master FCVs are used to
control flow in the main line or at the be

ginning of a lateral.
The following standard sprinkler noz

zles were used to test the sprinkler FCVs'
performances: 2.38 mm, 2.78 mm, 3.18
mm, 3.57 mm, 3.97 mm, 4.37 mm, 4.37
mm x 2.38 mm, and 4.76 mm x 2.38
mm.

These nozzles are the most commonly
used in sprinkler systems in B.C.

In testing the FCVs, the flow was de
termined by using a calibrated flow meter
for all master FCVs and by timing and
measuring the water caught in a container
in all sprinkler FCV tests. Calibrated pres
sure gauges were used to read the entrance
and exit pressures of the FCV.

RESULTS AND DISCUSSION

Preliminary tests were conducted to
assess the general performances of the
master and sprinkler FCVs. In actual field
operations, FCVs are subject to a certain
amount of back pressure (i.e. P2 ¥= 0). In
order to simulate the normal field condi

tions, master FCVs were tested under dif-
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Figure 2. Performance curves for sprinkler FCV under no backpressure (P2 = 0) condition.

6-

<
q:

O

5.6 70 L/s

60 120 180 240 300 360 420

LINE PRESSURE, KPa

Figure 3. Performance curves for master FCV under no backpressure (P2 = 0) condition

480 540 600

ferent back pressure (i.e. P2 varies) and
sprinkler FCVs were tested by using the
standard sprinkler nozzle operated at dif
ferent pressures. The tested results are
plotted in Figs. 2 and 3. Results for the
master FCVs tested with backpressure are
shown in Fig. 4.

The flow from a 100% accurate FCV

would be constant within the range of its
design operating pressure (controlling
range), as shown in Fig. 5. Above and be
low the controlling range, FCVs function

as a fixed orifice. It can be seen from Fig.
2 that the accuracy of the tested FCVs is
best at smaller sizes (i.e. 0.063 to 0.315
L/sec). Their performances for normal
working pressure, 207-552 kPa, are
within ± 5% of their rated capacities.

It was found that all the FCVs tested

would not function as a flow control de

vice when the upstream pressure was be
low the threshold pressure. The threshold
pressure is the minimum pressure required
before the FCV will deliver its rated flow.
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TABLEI. THRESHOLD PRESSURE FOR FCV
WITH DIFFERENT RATED FLOW

Threshold pressure
5.670 L/s

Without With

5.040 FCV rated flow

(L/sec)

backpressure
(Pro)
(kPa)

backpressure
(/>™)t
(kPa)

4-410

3.780

Sprinkler FCV
0.063-0.252

0.315-0.63

138±13

172 ±34
P TW =

(Pto + Pb)
3.150 ±69.0

2.835
2.520

Master FCV

0.945-2.52 103 ±27

2 205
2.835-3.78 172 ±20

1.890
4.41-5.67 241 ±34

1.575

1.260

0.945

600

tWhen backpressure is applied the threshold pres
sure will approximately equal (PTO + PB) ± 69.0;
where PTO = threshold pressure without backpres
sure; and PB = backpressure.

TABLE II. PRESSURE LOSS ACROSS FVC

FCV rated flow (L/sec) Pressure loss (kPa)

0.063-0.252

0.315-0.630

0.945-3.150

3.465-5.670

69-103

10O-138

89-138

103-227

nozzle was used together with FCV with
rated capacities of 0.19, 0.22 and 0.25 U
sec, their Q and P relationships were
changed from curve A to curves B, C and
D, respectively. Therefore, the sprinkler
nozzle size and FCV must be matched cor
rectly to achieve satisfactory perform
ance. If the nozzle selected is too large,
the operating pressure will be too low, af
fecting sprinkler performance and distri
bution. If a nozzle that is too small is se
lected, the required flow rate would not be
met. Some FCV-sprinkler nozzle combi
nations are suggested in Table III.

Legend
A no pcv

X FCV=0.l89L/s

D FCV=0.220 L/s

B rcV=0.252 L/s

The tests show that the threshold pressure
is not a constant value for a specific FCV.
It varies with the upstream and down
stream pressures at the FCV. The thresh
old pressure of a FCV under free flow con
dition (P2 = 0) is different from that when
there is back pressure (P2 ± 0) on the
value. Table I shows the range of thresh
old pressure for the FCVs tested.

It was found that the friction loss across
the FCV varied considerably with the size
(ordesignated capacity) ofFCV (see Table
II). For sprinkler FCV, the size of the
sprinklernozzle used had a great effect on
the FCVs' performance. The use of FCV
may change the relationship between dis
charge (Q) and operating pressure (P) of
a sprinkler. Forexample, curve A in Fig.
6 shows the relationshipbetween Q and P
for a 3.57-mm nozzle. When the same

200 250 300 350 400 450 500

LINE PRESSURE, KPq
550 600 650

Figure 6. Performancecurves for 3.57-mm sprinkler nozzle with different flow control valves.
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TABLE m. SUGGESTED FCV-SPRINKLER NOZZLE SIZES AND OPERATING PRESSURES

FCV-rated Sprinkler Nozzle Minimum line

capacity nozzle size Pressure pressure

(L/sec) (U.S. galls/min) mm (inch) kPa (psi) kPa (psi)

0.095 (1.5) 2.38 (3/32) 242 (35) 311 (45)
0.126 (2.0) 2.78 (7/64) 235 (34) 304 (44)
0.158 (2.5) 3.18 (1/8) 214 (31) 283 (41)
0.189 (3.0) 3.57 (9/64) 193 (28) 262 (38)

or 3.18 (1/8) 304 (44) 373 (54)
0.221 (3.5) 3.57 (9/64) 262 (38) 345 (50)
0.252 (4.0) 3.57 (9/64) 338 (49) 421 (61)

or 3.97 (5/32) 235 (34) 318 (46)
0.315 (5.0) 3.97 (5/32) 345 (50) 449 (65)

or 3.18 x 2.38 (1/8 x 3/32) 345 (50) 449 (65)
0.378 (6.0) 4.37 (11/64) 331 (48) 449 (65)

or 3.57 x 2.38 (9/64 x 3/32) 366 (53) 470 (68)
0.441 (7.0) 4.76 (3/16) 331 (48) 449 (65)

or 4.37 x 2.38 (11/64 x 3/32) 276 (40) 394 (57)
0.504 (8.0) 4.37 x 2.38 (11/64 x 3/32) 366 (53) 490 (71)
0.567 (9.0) 4.76 x 2.38 (3/16 x 3/32) 345 (50) 470 (68)
0.630 (10.0) 5.56 (7/32) 366 (53) 504 (73)

SUMMARY AND GENERAL

RECOMMENDATIONS

Flow control valves with rated capacity
ranges from 0.063 to 5.67 L/sec were
tested. Several commonly used sprinkler
nozzles were used to test the performance
of the sprinkler FCV.

The findings of the study can be sum
marized as follows:

(1) All FCVs will function as a flow
control devices only when the upstream
(inlet) pressure is at or above the threshold
pressure. Thus, the FCV threshold pres
sure should be determined before it is put
into operation to ensure that the stated flow
rate is achieved. For sprinkler FCV, if the

minimum line pressure (sprinkler operat
ing pressure plus pressure loss across
FCV) does not exceed the threshold pres
sure of the FCV, the sprinkler will not
work properly. Care must be taken to se
lect the correct combination of FCV and

sprinkler nozzle for each situation.
(2) Pressure loss across the FCV varies

with the size of the valve and the inlet

pressure at the valve. The pressure loss in
creases as the inlet pressure increases.

(3) If a master FCV is used on the main
line, the minimum pressure loss and flow
variation should be determined. The pres
sure loss is particularly important in situ
ations that have a supply pressure of 380

kPa or less due to minimum irrigation sys
tem pressure requirements. The flow var
iation must be determined to ensure that

the total flow requirement of the sprinklers
in operation do not exceed the output of
the master FCV.

(4) Although the majority of the FCVs
tested did regulate flow to within ± 5% of
the rated capacity, numerous FCVs stud
ied were faulty (either no control at all or
the flow was regulated far above or below
the rated capacity). The fault may be
caused by manufacturer's defects, and/or
incorrect installations. Therefore, it is ad
visable to check the FCV before it is put
into use.

(5) The rated flow for the spring-com
pensating FCV was more accurate than the
flexible orifice type FCV. Flow variations
of up to 20% were experienced for the
flexible orifice type while less than 10%
flow variation occurred for spring-
compensating type.

ACKNOWLEDGMENT

The authors acknowledge the financial sup
port provided by the British Columbia Services
Coordinating Committee.

REFERENCES

BENAMI, A. 1982. Sprinkler irrigation.
Pages 193-245 in H. J. Finkel, ed. CRC
handbook of irrigation technology.

YOUNG, T. Y. 1979. Flow control sprinkler
nozzles to conserve energy. Irrigation and
Drainage Division Specialty Conference.
Am. Soc. Civil Eng. pp. 19-28.

24 CANADIAN AGRICULTURAL ENGINEERING, VOL. 26, NO. 1, SUMMER 1984


