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ABSTRACT. A4 variable flow rate sprinkler applicable to center pivot and lateral—move irrigation systems was constructed and
tested in the laboratory. Sprinkler nozzle size was reduced a fixed amount using a retractable concentric pin in the nozzle bore.
Cycling insertion of the concentric pin in the sprinkler nozzle bore provided a time—averaged variable flow rate over a range
of 36% to 100% for the nozzle sizes tested. The application pattern radius of the sprinkler tested was reduced approximately
15% under variable flow conditions. Sprinkler drop size distribution was also reduced by engagement of the pin in the
sprinkler nozzle bore. Measured flow rates compared well with theoretical flow rates below 28 L/min (7.4 gpm). Results from
laboratory testing indicate the variable flow rate sprinkler could potentially be used for site—specific irrigation management

with center pivot and lateral—move irrigation systems.
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ver the past decade, interest in site—specific irriga-
tion management has risen in response to the need
for U.S. agriculture to increase production effi-
ciency and to complement successful commer-
cialization of other site—specific application technologies in
irrigated agriculture. A holistic approach to site—specific
crop management in irrigated agriculture includes water as
one of the primary inputs because water availability greatly
impacts crop yield and quality.
Center pivot and lateral-move irrigation systems provide
a natural platform upon which to develop site—specific
irrigation management technologies due to their current use
and high degree of automation. Control systems and
hardware to implement site—specific irrigation management
have been reported in the literature (Fraisse et al., 1995; King
et al., 1996; Sadler et al., 1996; Evans et al., 1996; Harting,
1999; Perry et al., 2003). In each instance, spatially variable
water application was successfully achieved by either using
multiple sprinkler packages to obtain step—wise variable rate
water application (King et al., 1996; Sadler et al., 1996) or
on—off cycling using an appropriate duty cycle (Fraisse et al.,
1995; Evans et al., 1996; Harting, 1999; Perry et al., 2003).
Despite these successful implementations, one common
element has been the lack of a variable rate sprinkler.
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Implementation of spatially variable water application could
be simplified and potentially more economical with the
advent of a variable flow rate sprinkler.

The flow through a sprinkler nozzle varies approximately
proportional to the square root of differential pressure. Thus,
to vary the flow rate through a sprinkler nozzle by a factor of
four requires the pressure to be varied by a factor of 16.
Providing and controlling such a large range in pressure on
an individual sprinkler basis is possible but not very feasible.
The adverse effect on application pattern would likely be
substantial. Furthermore, this approach would be inconsis-
tent with the current emphasis of reducing operating pressure
requirement of irrigation systems to minimize energy
requirements and hence operating costs. Thus, controlling
nozzle cross—sectional flow area would be the desired
parameter to vary from a theoretical viewpoint. However, to
be practical this would need to be achieved in a manner that
is easily controlled, repeatable, and does not adversely affect
the sprinkler application pattern.

One potential approach to reduce the cross—sectional area
of a sprinkler nozzle without adversely affecting sprinkler
application pattern is to insert a concentric pin into the nozzle
bore. Cycling a retractable concentric pin in and out of the
orifice in a controlled manner could potentially achieve a
time—averaged variable flow rate (King et al.,, 1998).
Rinkewich (1991) proposed using a similar approach to
increase the wetted diameter of an impact—type sprinkler.
The objective of this study was to investigate the feasibility
of using a concentric pin in a sprinkler nozzle to effectively
achieve a variable flow rate from a medium pressure—type
sprinkler typically used on center pivot and lateral-move
irrigation systems.

MATERIALS AND METHODS

Two prototype versions of a variable rate sprinkler were
constructed and tested in the laboratory. The first prototype
(fig. 1), referred to as Prototype I, was constructed using a
19—mm (0.75—in.) threaded PVC pipe tee. A linear actuator
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