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3.3 Design and application

This section provides a basic guide for the ap-
plication of rotary pumps to fiuid handling sys-
tems. Specifically, the material which follows
conveys information necessary to insure ade-
quate communication of essential facts between
the pump purchaser and the pump supplier for the
attainment of an end result in which the pump-
system combination performs in the manner re-
quired.

Because of the wide variety of types and designs
of rotary pumps, it must be understood that any
statement of general characteristics may be sub-
ject to exceptions in any particular case. Never-
theless, it may be stated that most rotary pumps
are self-priming and therefore also possess cer-
tain abilities to handle fluids consisting of liquids
with entrained vapor. These abilities are, how-
ever, highly variable as functions of the particular
pump, system, or operating conditions.

Rotary pumps are also available in types which
are suitable for pumping liquids of extremely high
viscosity. When handling high viscosity liquids,
the capacity of any particular rotary pump varies
directly with rotative speed and is relatively inde-
pendent of pressure within the operating limits.
When handling low-viscosity liquids, the capacity
varies with speed but may be affected by pressure
because of the effect of pressure on slip. Conse-
quently, rotary pumps will handle higher capacity
with increased viscosity at constant speed and
pressure.

Generally, rotary pumps are designed to operate
with close-running clearances and with wetted
internal surfaces. Therefore, they are not always
suited to being run dry or for handling fluids con-
taining abrasive solids.

Most rotary pumps are not designed to be run
against a closed outlet unless suitably protected
against excess pressure and temperature rise.

A rotary pump may be considered for any pump
requirement which falls within the scope of the
foregoing capabilities and limitations. Numerous
applications may be found in the fields of chemi-
cal processing, refining and transfer of petroleum
products, food handling, hydraulic power trans-
mission and in scores of other industries.

Throughout this Section, standard terms and
units, applicable to the quantities discussed, are
defined in the following paragraphs. A summary
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of the terms, subscripts, symbols and units is
shown in Tables 3.1 and 3.2.

3.3.1 Capacity (Q)

The capacity of a rotary pump is the volumetric
quantity of fluid actually delivered per unit of time,
including both the liquid and any dissolved or
entrained gases, under stated operating condi-
tions.

In the absence of any vapor entering or forming
within the pump, capacity is equal to the volume
displaced per unit of time, less slip.

3.3.1.1 Displacement (D)

The displacement of a rotary pump is the volume
displaced per revolution of the rotor(s). It may be
calculated from the physical dimensions of the
pumping elements, or it may be determined em-
pirically as the volume of liquid pumped per
revolution at zero differential pressure. In pumps
incorporating one or more rotors operating at
different speeds, it is the volume displaced per
revolution of the driving rotor. The standard unit
of displacement is the cubic inch per revolution.
A variable displacement pump shall be rated at its
maximum displacement.

3.3.1.2 Slip ()

Slip is the quantity of fluid which leaks through
internal clearances of a pump per unit of time. It
is dependent upon the internal clearances, the
differential pressure, the characteristics of the
fluid handled, and, in some cases, the speed.

3.3.1.3 Pump volumetric efficiency (nv)

The pump volumetric efficiency is a ratio of the
actual pump capacity to the volume displaced per
unit of time. The formula for computing volumetric
efficiency in percent is:

. 231Q
(US units) nv = bn x 100
. 16.7x10°Q
(Metric) ny = Dn x 100

3.3.2 Speed(n)

The proper rotating speed of a rotary pump in rpm
is dependent on: (1) the type and the size of the
pump, (2) the characteristics of the fiuid pumped,
and (3) the inlet and outlet pressures. Operation of
rotary pumps at speeds higher than those approved
for the particular application by the pump manufac-
turer is not recommended.
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Table 3.2 — Subscripts

Subscript Term Subscript Term

a Absoclute mot Motor
b Barometric OA Overal! unit
d Outlet (discharge) p Pump
g Gauge s Inlet (suction)

im intermediate mechanism t Theoretical
m Metering v Velocity, volumetric

max Maximum vp Vapor pressure

min Minimum w Liquid

3.3.3 Pressure (p) (Metric) py= %;ﬁ

Pressure is the compressive stress in a liquid at
a given point. It has the units of force per unitarea.
The barometric pressure (pp) shall be zero gauge
pressure. Pressure measurements relative to this
datum will be positive or negative. The absolute
pressure (pa) is the algebraic sum of gauge pres-
sure (pg) and barometric pressure (pb) and may
be defined as pressure above zero pressure ab-
solute.

3.3.3.1 Datum

The datum is the reference line or centerline of
the pump inlet from which the elevations. of
gauges are measured.

3.3.3.2 Elevation pressure (Z)

The potential energy of the fluid due to the eleva-
tion of the gauge above the datum, expressed as
equivalent pressure. It will be positive when the
gauge is above the datum and negative when the
gauge is below the datum.

3.3.3.3 Velocity pressure (pv)

The velocity pressure is the kinetic energy of the
liquid flow expressed in equivalent pressure. it is
defined by the expression:

The velocity {v) is calculated for flow in the pipe
where the gauge is connected by:

0.321Q _ 0.4085Q
A d?

(US units) v=

278Q  354Q
A T 42

(Metric) v =

3.3.3.4 Outlet pressure (pq)

The algebraic sum of the gauge pressure, the
velocity pressure and elevation pressure as
measured at the pump outlet:

(US units) pg= pg+ 0.433 s[ Zd+ 2—\3}

(Metric) pg= pg+ 9.8 s{ Za+ 5"3—}

For tests, pd is equal to gauge pressure at the
pump outlet, which is pg, providing the gauge is
within +2.51eet (0.75 m) elevation of the inlet gauge
and pipe velocity is less than 15 ft/sec (4.5 m/s).

The measuring section should be located in the

0.433 sv 2 outlet pipe immediately after the pump outlet con-
(US units) pv= ——Qg——— nection.
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3.3.3.5 Maximum allowable working pressure

The maximum allowable working pressure estab-
lished by the manufacturer is the maximum allow-
able difference between the absolute pressure of
the fluid at the outlet port and the absolute am-
bient pressure.

3.3.3.6 Inlet pressure (ps)

The inlet pressure is the algebraic sum of the
gauge pressure, the velocity pressure and eleva-
tion pressure as measured at the pump inlet:

(US units) ps = pg + 0.433 s[ Zs+ %}

(Metric) ps = pg+ 9.8 S{ Zo+ ﬁ}

29
Forthe tests, ps is equal to gauge pressure at the
pump inlet, which is pg, providing the gauge is
within = 2.5 feet (0.75 m) elevation of the outlet
gauge and pipe velocity is less than 15 ft/sec (4.5
m/s).

The symbol {ps) may be positive or negative with
reference to atmospheric pressure and may,
therefore, have positive or negative values. The
symbol is calied inlet pressure when positive and
inlet vacuum when negative. The measuring sec-
tion should be located in the inlet pipe immedi-
ately before the pump inlet connection.

3.3.3.7 Maximum allowable inlet working
pressure

The maximum allowable inlet working pressure
established by the manufacturer is the maximum
allowable difference between the absolute pres-
sure of the fluid at the inlet port and the absolute
ambient pressure.

3.3.3.8 Differential pressure (Ap)

The differential pressure is the algebraic dif-
ference of the outlet pressure and inlet pressure,
with terms expressed in like units:

Ap =pd—ps

3.3.3.9 Maximum differential pressure (Apmax)

The maximum differential pressure is the maxi-
mum algebraic difference between the outlet
pressure and the inlet pressure.
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3.3.3.10 Net positive inlet pressure available
(NPIPA)

Net positive inlet pressure available is the al-
gebraic sum of the inlet and barometric pressure
minus the vapor pressure of the liquid at the inlet
temperature:

NPIPA = Ps+ Ppb— Pvp

This value must be equal to or greater than the
net positive inlet pressure required (NPIPR) as
established by the pump manufacturer for the
speed, pressure, and fluid characteristics which
exist; otherwise, the capacity will be reduced, and
operation may be noisy and rough due to incom-
plete filling of the pump. This condition may
damage the pump and associated equipment.

3.3.3.11
(NPIPR)

Net Positive Inlet Pressure Required is the pres-
sure required, above liquid vapor pressure, to fill
each pumping chamber or cavity while open to the
inlet chamber. It is expressed in psi (kPa).

Net positive inlet pressure required

Many liquids handled by rotary pumps have an
unpredictable or very low vapor pressure. Most of
these liquids also have entrained and dissolved
gas (frequently air) as well. The practical effect of
dissolved and entrained gas is to increase the
NPIPR in order to suppress the symptoms of
cavitation. While true cavitation occurs if the liquid
reaches its vapor pressure during filling of the
pumping cavities, most of the cavitation
symptoms will be exhibited before reaching liquid
vapor pressure. This is largely due to the
entrained and dissolved gas expanding when
subjected to reduced pressure. Since the level of
dissolved gas is a function of the liquid and its
temperature and the level of entrained gas is a
function of system design and operation, NPIPR
for a rotary pump is difficult to establish with
precision.

Normal NPIPR tests are conducted by the
manufacturer in a test environment that mini-
mizes entrained gas using a test liquid of negli-
gible vapcr pressure. NPIPR is established at the
first indication of any of the following:

1) A 5% reduction in output flow rate at con-
stant differential pressure and speed;

2) A 5% reduction in power consumption at
constant differential pressure and speed,;
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3) Theinability to maintain a stable differential
pressure and speed;

4) The onset of loud or erratic noise when this
criteria is previously agreed upon by ali parties.

3.3.4 Power (P)

The work requirement per unit of time to operate
the pump.

3.3.4.1 Pump input power (Pp)

The mechanical power delivered to a pump input
shaft.

3.3.4.2 Pump output power (Pw)

The power imparted to the liquid by the pump. It
is also referred to as water horsepower or liguid
horsepower.

. QX py

(US units) Py = 1714
. QXPH
{Metric) Py, = 3600

3.3.4.3 Pump torque

The turning force or moment that causes rotation
of the pump shaft.

3.3.5 Pump efficiency (1p) (also referred to as
pump mechanical efficiency)

The ratio of the pump output power to the pump
input power expressed as a percent:

Pw
Np=—5 x100
P Pp

3.3.6 Temperature (t)

The ambient temperature range and the tempera-
ture of the liquid to be pumped in the application
must be specified by the purchaser.

Variations in temperature usually cause changes
in the specific weight, vapor pressure and vis-
cosity of the liquid and can result in variations of
the performance of the pump.

Applications featuring ambient or liquid tempera-
tures above or below the pump’s normal recom-
mended operating range may require
consideration of alternate materials of construc-
tion, modified internal operating clearances, use
of heating or cooling devices and special attention

18
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to features such as shaft sealing and pressure
relief valves.

In addition, extreme temperatures may affect the
selection and application of drivers and drive
equipment and modification of maintenance, in-
spection and lubrication recommendations.

3.3.7 Liquid identification and properties

Many commonly pumped liquids are well enough
known that identification of the liquid by name
specifies its properties. For other liquids, how-
ever, properties at the conditions of the applica-
tion should be determined and specified by the
purchaser to the pump manufacturer. The liquid
properties of possible importance in rotary pump
applications are discussed in the following para-
graphs.

3.3.8 Liquid type

Rotary pump ratings and performance data are
usually determined for liquids that are clean and
vapor-free liquids. The type of liquid should be
specified in descriptive words, such as liguid,
liquid with entrained gas or aerated liquid, liquid
with suspended solids or liquid slurry, etc. This
allows both the supplier and the purchaser of the
pump to select a pump suited to the fluid types.
When gases or solids, or both, are used with a
liquid, additional information about percent by
volume of entrained or dissolved gas, percent by
weight of entrained or suspended solids, particle
shape and size distribution, etc., should be deter-
mined and specified by the purchaser. In par-
ticular, it is very important to note and specify the
presence in a liquid of solid particles that could be
abrasive to the materials of construction of the

pump.

Liquids are further classified by the viscous
response to shear forces.

3.3.9 Entrained or dissolved gases in liquids

Most liquids are susceptible to air or gas entrain-
ment. Air entrainment is prevalent in systems
where the liquid is circulated repeatedly and is
exposed to air or is mechanically agitated in air.
It is also found in systems where the pump han-
dles a quantity of air, either intentionally or unin-
tentionally.

Many liquids are known to contain dissolved air
or gas. The solubility of air or gas in liquids varies
with the type of liquid, time and conditions of
exposure, etc. Lubricating oils at atmospheric
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