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7.3 Design and application

The purpose of this section is to provide general
guidelines for the application of controlled volume
pumps.

7.3.1 Typical services

— Agriculture: Metering fertilizers, her-
bicides and pesticides into irrigation lines and
directly into ground at cultivator blade;

— Pulp and paper: Metering clay, alum, size
resin and color to pulp stock lines. Metering
chemicals to chlorine dioxide generators;

— Pharmaceuticals: Metering chemical feed
in manufacture of penicillin. Controls pH of
broth;

— QOre flotation: Controlling pH at con-
ditioner prior to flotation cells. Metering
depressing agents in ore flotation;

— Filling operations: Filling battery
electrolytes, refrigeration units, explosives;

— Food processing: Metering ingredients in
manufacture of mustard, mayonnaise; addition
of flavoring to cake and pie mixes; adding
preservatives; metering vitamins and sugar
concentrates;

— Brewing and distillation: Pumping filter
aid slurry, metering sulphuric acid to wort prior
to fermentation;

— Gas odorization: Metering odorants to
natural and propane gas;

— Boiler water treatment: Pumping treat-
ment chemicals to boiler water;

— Rubber industry: Metering cumene
hydroperoxide and dinitrochlorobenzene in
styrene for cold rubber process. Pumping
lubricants and other compounding ingredients;

— Wastewater treatment: Metering alum,
ferric chloride, lime and carbon slurries. Meter-
ing acids and caustics for pH control and
hydrogen peroxide for odor controf;

— Water treatment: Metering sodium
hypochlorite and hydrofluosilicic acid for
hygienic benefits. Metering chemicals to cause
floculation.

7.3.2 General
Controlled volume pumps are very application
sensitive. The controlled volume pump must be
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fully integrated into the piping and control system
for satisfactory results. To assure proper opera-
tion, fluid characteristics and system design
parameters must be fully defined for the pump
specifier prior to pump selection. Many manufac-
turers provide application and system design sup-
port, and these services should be utilized
whenever possible.

7.3.3 Capacity

The capacity of a controlled volume pump is a
function of three design values: plunger, piston or
diaphragm diameter, stroke length, and stroke
speed. The plunger diameter is a fixed value
based on the pump selection. The maximum
stroke length is adjustable from maximum length
to zero with a proportional change in capacity.
The stroke speed is determined by the gear ratio
and driver speed. Changes to the stroke speed
can be made by altering the gear ratio or changing
the driver speed.

7.3.4 Speed

Typical stroke speeds for controlled volume
pumps range from less than 1 stroke per minute
(spm) to 200 spm or more. Low-speed pumps are
normally used for low flows, high viscosities, or
low NPSHA applications. High-speed pumps are
an economical means to attain high flow rates
provided the piping system is designed for the
specific pump and liquid. Higher-speed pumps
may also be used to minimize settling of slurry
particles that have a high carrying velocity. Mid-
range speeds from 30 to 120 spm normally offer
the best combination of short- and long-term
economy and tend to be the least application-
sensitive.

7.3.5 Accuracy

These values are expressed as deviations from
the specified flow rate in percent of the full flow
value. Each application has its own requirement
for accuracy. With proper pump selection, the
accuracy can be equal to or greater than that
required for the application. Care should be taken
to ensure that pump accuracy at its applied
turndown ratio is still appropriate for the applica-
tion. Inaccuracy of ancillary devices such as in-
duction motors, variable speed drives, electric
and pneumatic stroke controllers, etc. must be
established and added to the pump deviation
values.
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7.3.6 Diaphragm selection

The different diaphragm types shown in Figure
7.6 should all be considered when selecting the
most appropriate type for the application.

Double diaphragm design pumps are normally
specified for two reasons. One reason is an ap-
plication that requires an unencumbered flow
path in the liquid head. Typical applications are
viscous fluids or sturry material. A second reason
to specify a double diaphragm design pump
would be as an additional degree of protection
against leakage or process contamination. For
double diaphragms to be effective as additional
protection, they must be combined with a
diaphragm rupture detection system.

The use of diaphragm rupture detection should
also be considered. Most systems can be
provided with electrical contacts to trigger an
alarm or to turn the pump off before catastrophic
failure occurs. As with any electrical device, be
certain to define area classification and environ-
mental considerations when specifying
diaphragm rupture detection systems.

7.3.7 Effect of viscosity on pump perfor-
mance

Water-like liquids with viscosities below 50 cen-
tipoise do not generally affect pump performance.
As viscosity increases above this value, the pos-
sibility of liquid cavitation increases, and pressure
drops across pump components, particularly the
suction check valve(s) and contour plates, raise
NPSHR significantly. Increasing viscosity causes
an increase in pressure drop across pump com-
ponents during the discharge strcke and results
in an equivalent reduction in rated discharge
pressure.

Viscous liquids tend to impede efficient check
valve operation, resulting in a reduction of rated
capacity. This condition is caused by delayed
check seating and reverse liquid flow.

These factors should be carefully considered
when selecting a controlled volume pump for vis-
cous liguids including the following:

a) Use of single-ball (poppet) rather than
double-ball check valves;

b) Use of oversized check valves;

c) Use of a contour plate with oversized
openings, or a design that does not employ a
contour plate;
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d) In hydraulically balanced liquid ends, use
of refill systems designed for low-pressure
operation to reduce MASP as defined in Para-
graph 7.2.3.5;;

e) Use of spring-loaded check valves,

Care should be taken to determine the nature of
the liquid being pumped. Non-Newtonian or
shear-sensitive liquids may have pumping char-
acteristics unrelated to those observed with New-
tonian liquids of similar quiescent viscosity.

7.3.8 Net positive suction head available
(NPSHA)

NPSHA plus vapor pressure (pvp) must be greater
than minimum working suction pressure (MWSP).
Failure to provide this condition compromises ac-
curacy and may result in pump noise, loss of
capacity, poor efficiency and, in extreme cases,
destruction of the pump. The following NPSHA
equations shall apply, and units for all the terms
shall be psi (kPa):

Open system with suction lift;
NPSHA = pa — (pf + pacc + pvp + Is)
Open system with submerged suction:

NPSHA = (pz + pa) — (pf + Pacc + Pvp)

Closed supply system:

NPSHA = (pz + pa) - (pf + Pacc + Pvp)

Where:
pa = Absolute pressure on liquid;
pt = Friction loss pressure;
Pacc = Acceleration pressure;
pvp = Vapor pressure;
Is = Suction lift pressure.

These equations are modified as follows when
applied to a controlled volume pump:

a) Minimum instantaneous NPSHA plus pyp
must be greater than MWSP;

b) pzis defined as + or — elevation pressure
of liquid surface relative to pump inlet;

¢) P, and pacc,,, are substituted for pr and
DPacc respectively.
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