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VOLUMETRIC PUMP FOR INFUSION OF LIQUID FERTILIZERS
INTO THE IRRIGATION WATER

Sava Anghell, Gheorghe Sovaiala, Gabriela Matache
INOE 2000-IHP, Bucharest

ABSTRACT

This paper presents research concerns to achieve a volumetric pump for infusion of liquid fertilizers
into the irrigation water. Precise dosing of the fertilizer is carried out with volumetric pumps, which also create
proportionality between the injected flow and the flow in the facility. The devices shall be serially connected to
the irrigation facility- full flow or paralleled- by-pass, and the pressure loss along the supply circuit of the facility
is recommended to be as small as possible. INOE 2000-IHP owns a patent application A/00828-14.09.2010
which proposes the development of an automatic pump for infusion of fertilizers into the pressurized pipelines of
the installations for crop irrigation. The pump has the advantage of automatic drive by hydraulic actuation made
using a hydraulically controlled directional control valve by two check valves that sense the end of the
membrane stroke.

Worldwide fertigation has reached a major scale because it allows the development of
new agricultural technologies in giant greenhouses located on nutrient-poor soils but with
favorable conditions in regard to the other necessities of plants, heat, light etc., which makes
them very cost-effective. Plants are grown in greenhouses on artificial soils, and nutrients are
supplied along with the irrigation water. Such giant greenhouses have appeared in desert areas
in countries such as Spain, Israel, France, USA etc.

There are known companies such as NETAFIM, AMIAD, PLASTRO GVAT,
NAANDAN, DOROT, TAVLIT - Israel, DOSATRON - France, TMB - USA., which
produce a wide range of devices and equipment for administering liquid fertilizers.
Fertilizing solution is achieved out of water and the water-soluble chemical fertilizer, and
dissolving or diluting the fertilizer is made in various proportions.

The injection equipment inserts the primary solution (with concentration Cn,) into the
irrigation water present in the irrigation system to create the fertilizing solution, and this
nutrient solution is called the final solution or fertilizing solution (with concentration Cs). The

concentration of the primary solution Cp, is calculated with the ratio:
M

Cn= m [g/1], where:

M - the amount of solid fertilizers dissolved in a given volume, in (g);

V- the volume of water in which the fertilizers were dissolved, in (1).

A dilution takes place at the point of injection, depending on the flow rate (Q) of the irrigation
system and injection flow rate (q) of the primary solution injection equipment.

In order to achieve a uniform distribution of fertilizer and water, it is necessary that
the dispensing devices existing on irrigation equipment and injection pumps work with high
coefficients of uniformity, at clearly defined working pressures, and the flow rate injected by
the pump be constant along carrying out the process of fertigation.

114 Cutitul de Argint, Bucharest; +4021 3363991; sava.ihp @fluidas.ro
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The equipment for injecting substances into the irrigation water is usually represented
either by Venturi static devices or piston or membrane, single or double effect volumetric
pumps.

Precise dosing of the fertilizer is carried out with volumetric pumps, which also create
proportionality between the injected flow and the flow in the facility. The devices shall be
serially connected to the irrigation facility - full flow or paralleled- by-pass, and the pressure
loss along the supply circuit of the facility is recommended to be as small as possible.

The most effective fertigation devices are those with pump with hydraulic motor,
differential piston or membrane, using as a drive fluid energy of the water existing in the
supply pipeline of irrigation facility; injected dose is constant and volumetric ratio
(efficiency) - high.

Operation of injectors of fluid chemical fertilizers Venturi type is based on the Venturi
effect, shown in Fig. 1, according to which, at the flow of a fluid under pressure through a
given section, with sudden narrowing and progressive loosening, there occurs the
phenomenon of suction. VENTURI injectors made within the limits 3/4”-2”, require operating
pressures higher than 4.5 bar, the ratio of primary solution flow rate and fertilizing solution
flow rate being 1/5 - 1/50 for the model 3/4” and 1/5- 1/100 for the model 2”. Fertilizing
solution flow rates achieved, depending on the model size (3/4”-2”), range between 193-2640
I/h.

Figure 1. The operating principle of VENTURI type injector

Concerns for the development of dosing pumps have led to the models PD-1 and PD-2
developed at ICITID Baneasa Giurgiu, protected by the patent Ro no. 102887.

This dosing pump (Figures 2, 3 and 4) consists of a directional control valve (A)
driving the water circuit toward the pump body (B), an actuation mechanism of the directional
control valve (C) and a control and adjustment device (D), both for the water circuit and the
chemical fertilizer circuit.

The directional control valve (A) consists of a body 1, where there is pressed the
bushing 2 (made of antifriction material), through which slides the sliding valve 3. In the
body there are cut 5 threaded holes, this being a 5-ways and two working positions directional
control valve (5/2 directional control valve), which is continued with 5 radial holes into the
bushing. Into those 5 threaded holes there are mounted the hose connections, 8. By movement
of the sliding valve within the pressed bushing into the body there are established between the
five internal toroidal chambers the circuits required for pump operation.
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Figure 2. Schematic diagram of the PD-1 dosing pump

The directional control valve has two side covers 4, fastened with screws 5, covers in
which there are placed two buttons 7, having the role of limiting the stroke of the sliding
valve. The connection between the fittings of the hydraulic directional control valve and the
fittings of the drive chambers of the dosing pump is provided through hoses.

The buttons 7 are driven by the buffers 9, fixed to the external frame 10 with nuts 11.

The directional control valve is fixed to the chassis 12 using the cradle 13.

The pump (B) consists of a central body 14, provided with suction connections f, g,
respectively discharge connections h, 1 of liquid chemical fertilizers, and two side covers 13,
fixed to the central body, provided with the connections j, k, for water supply - discharge
to/from the drive chambers (which are connected to the consumers d, e of the directional
control valve).

Figure 3. Longitudinal section through the PD-1 dosing pump

The main body and the covers are fitted with bearings, consisting of the bushings 20
and “O” ring seals 21. Inside the body there slides the rod 22, to which there are fixed two
membranes 23, using disks 24 and nuts 25.

To the end of the rod there is fixed the lever 26, connecting to the actuation
mechanism of the directional control valve (C). The pump body is fixed to the chassis using
the soles 28.

The actuation mechanism of the directional control valve is made up of a spring 29,
which sets the connection between the drive lever 30 and the receiver lever 31. The drive
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lever is integral with the buffers 9 of the directional control valve, and the receiver lever has
one free end, which oscillates between the limiters 32.

The control and adjustment device (D) consists of the filter 33, tap valve 34 for
adjusting the flow rate of the driving agent (the irrigation water), the gauge 35 and the check
valves 36. The connection between the supply pipeline of the irrigation facility 37 and the
hydraulic directional control valve, between the inlet - fertilizer injection chambers and the
container 38, respectively irrigation pipeline, between the motor pump and the directional
control valve is achieved using hoses.

The dosing pump works on the principle of variable volume chambers (two chambers
for the drive fluid and two chambers for fertilizer).

INOE 2000-IHP owns a patent application A/00828-14.09.2010 which proposes the
development of an automatic pump for infusion of fertilizers into the pressurized pipelines of
the installations for crop irrigation. The pump has the advantage of automatic drive by
hydraulic actuation made using a hydraulically controlled directional control valve by two
check valves that sense the end of membrane stroke.

The pump, according to Figure 4, sucks the fertilizing fluids from the basin <Bf>
through a filter <F> and a battery of valves <Ss>, and injects them through the non-return
valve <Sf> into the irrigation pipeline <P>. The pump is double membrane, these forming the
drive chambers <Csa, Cda> and the injection chambers <Csf, Cdf>. The pump consists of a
mobile subset of two membranes attached to a shaft, and two drive rods <TA>. Two covers
clamp the two membranes, so as to form four chambers, two outwards <Csa> and <Cda>, and
two inwards <Csf> and <Cdf>.

In the covers there are mounted two check valves controlled by the rods <TA>.

Between the devices in the body there are made internal connections, between A/B of the
directional control valve and <Csa>/<Cda> inside the pump body. Internal connections are
also between the valves S1/S2 and the drive chambers of the directional control valve
Ccs/Ccd and nozzles D1/D2.
The nozzles are connected to the irrigation water through the pipe P. For control there is used
a directional control valve which is supplied with pressurized water from the irrigation pipe
<P> and distributes it alternatively in the two membrane chambers <Csa> and <Cda>. In this
way the chambers <Csf> and <Cdf> increase or decrease their volume sucking or discharging
fluids through the valves <Ss> in the basin <Bf>. Active surface of the chambers <Csf> and
<Cdf> is smaller than the one of the drive chambers <Csa> and <Cda>; thus at the output in
the non-return valve <Sf> there is obtained a higher pressure than that in the pipeline,
allowing the injection of liquid fertilizer into the irrigation water.

The directional control valve, according to Figure 5, is a symmetrical construction
consisting of two valves and two pistons mounted on a shaft. The valves <Se> shut the
consumers A and B towards the basin in the front on a rubber seat, the other openings being
on axial cylindrical surfaces. The distributor is composed of a central shaft on which there are
mounted two valves <Se> and two control pistons.

The valves seal in the front on a rubber seat, and in the retracted position sealing is
made on the cylindrical surface of the valve when in contact with the body of the directional
control valve. Under the action of water, due to the difference between the surfaces the
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pressure is acting on, there is obtained a force that opposes switching the directional control
valve.

8¢

Figure 4. The membrane pump with directional control valve driven by check valve opening
at stroke end

D>d; AD>Ad; so FD>Fd
where D, d - diameters of sections the water pressure is acting upon; Ap, Aq - areas of the two
sections; Fp and Fq - forces acting on the valve assembly F = A,. When switching, by pressure
drop, there occurs unbalancing of forces.
Fp< Fa+ Fecd,
where Fcq is the force caused by pressure on the control piston end which is no longer

balanced.
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Figure 5. Hydraulically controlled directional control valve
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Under the action of pressure, the movable system of the directional control valve gets
unbalanced since the closing surface on the seat <D> is greater than the closing surface
sliding valve type <d>. Thus there occurs a force that maintains in position the sliding valve
of the directional control valve until it gets unbalanced as a consequence of pressure drop in
the drive chamber caused by opening the valves done by the actuating rods <TA>.

Operation

When the membrane assembly reaches one stroke end the rod TA opens the check
valve S1/S2, resulting in lowering the pressure on the pipeline and therefore the pressure in
the drive chambers Ccs or Ccd, unbalancing the valve assembly of the directional control
valve, which switches to symmetrical position, changing the connection from P to other pump
chamber, and T (the atmosphere) is connected to the chamber where there was pressure. As a
result, the direction of travel of the membranes reverses.

The technical solution described, eliminating the disadvantages of the existing
systems, consists of control of the directional control valve by sensing the performing of the
membrane assemblies’ stroke by means of a check valve which opens under the action of a
rod <TA>; pressure drop on a circuit which connects with the left or right drive chamber of
the directional control valve lead to switching the directional control valve. The control
pressure is conveyed to the ends of the pistons of the sliding valve and to the check valves on
the closing direction through two nozzles, <D1> and <D2>, from the circuit <P>. The nozzles
allow separation of the two control circuits and balancing the sliding valve after its actuation.

The solution has the advantage of developing a compact device automatically operated
by hydraulic pressure generated by opening the valves by the rods <TA> over the last
millimeters of the membrane stroke, achieving high efficiency and safe operation.
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