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tion 2 is multiplied by the specific gravity of the fluid. Pump
efficiency decmssm somewhat vnth other fluids. This must
be taken in t when ng pump h

Pump pressures are expressed in either pounds per squnre
inch or in feet of liquid. A column of 2.3 ft of water at 62 F
exerts a pressure of 1 psi. Pump selection charts usu.a.lly g:ve
pressures or heads in feet. To convert readings given in
pounds per square inch into feet of water they must be
multiplied by 2.3. Dividing by 2.3 reduces feadings in feet of
water into pounds per square inch.

-The umit for measuring head is the foot. Therefore

- psi X 2.31 X 62.3 . psi X 2:31-

Bead inft = o S ®
tohere » .
W = specific weight in pounds per cubic foot.
8 = specific gravity of fluid.
Pump ity or volume is ga.llons per minute

(gpm), cu ft per second (cfs), or ga.llons per, 24—hr day (gpd),
delivered against a specified head or pressure. -

Specific gravity is the ratio of the weight of a substance to
that of an equal volume of water at 39.2 F (the temperature
of maximum density of water). The specific gravity of water
at various 'empe.rabums is given in Fig. 2. For brines, refer to

Chapter 21.
Pump speed is the speed at which the shaft rotates ‘the

impeller, and is given in revolutions pér minute (rpm). T‘p .

apeed refers to .the speed at the impeller periphery, and is
ngenmfeetperseeond Spaaﬁctpeedmatypenumberor
index used by the design engineer to select the most applicable
speed for a pump dwgned to operate in a certain range.
However, tip and specific speed will both be thhm
satlsiu:wry limits if pumps are selected from the datd shown
*in manufacturer’s mtﬂm
When pump speed is changed enpamty varies directly as
the speed, pressure (head) varies directly as the square of the
speed, and power requuements vary directly as the cube of
the speed (See Fig. 3).
Performunce Curves :
A pump ’s per{orma.nce is most eommonly shown by means
of ploﬁed curves, a3 in Fig. l which relate the flow (gallons
per f):e p p d (head in feet of fluid), the
required (brake horsep ), the h lie efficiency
(water hp output +bhp input), the specxﬁc gravity, and vis-
cosity of the fluid, the ghaft speed (revolutions.per minute),

] Smglr&:chon, long-Coupled Cet\fnfugul Pump ’
.. ot Vcnous Speeds’ .

and the net positive suction head (feet of fuid) required for
normat operation of the pump. See section System Charac-
téristics for net positive suction' head” (NPSH)." For mnny
smell pumps, some of this information is omitted. -
- Pump curves present the average results’ obtained fmm
testing several' pumps of the same design under
test condxtmns Manuf; should be tted for pump
li ' that differ idérably from ordinary practice.

* There i5 &'common but arbitrary clasxﬁmhon of centrifugal -

pumps into stegp-curve pumps and flat-curve pumps, - whxch
refers to the shape of the head capacity curve as shown in
Fig. 4. Pumm wmh ﬂat-am dre often prefened for closed

cireuit’ hax in pumnp can .

bé achisved” w:tbssrmnchangemhmILThxslsvalunb!e
when balancing” several circuits' in ‘& system. Steep-curve
pumps are frequently eelected for:-open clrcmt systems, | suuh
as for cooling towers. They have the advxnt.a.ge that'a change
in piping nmst.ance, “resulting from cormsmn or scale accumu-
Iation, has'a. m:.mmum thmtthng ‘effect on | the flow. . :

The istic-of & pump:is not
always ‘the most mportant. featire m making & selection. A
selection faust be-made in considetation of the system're-
sistance if the pump is'to opemte at'its pmk efficiency: Sys—
tems in ‘whichthere is no corrgsion and systems that are pro-
fected ngamst ‘corrosion” should not be demgned from -pipe
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v I’effoﬂn‘ance. :Characteristics of Various Types of Pumps

Type of Pump
Rotory. Torbine- Reciprocating
Even . Even Pulsating

With no Relief Valve—Increase to Destruction -

Increases to Limits of Power

None~ | - Stight . None -
I 1 L
Noae. . - Slight .Blight to. None

fll;chon loss tables eonf'ammg high w@n aﬂo;wuwe Use of .

such tables results in excessive heads and eauses selection of a
larger pump than: ncmally is reqmnad with oonsequent higher
initial costs and i When deter-
mining friction loss. for. closed an.d .corrosion-free: systems,

tables for resist of .clean pipe;should nlws,yabeused It .

should also be noted that (.he pump user is always i

- high eapacities; as shown in Kg 1.

tive suction -head (NPSH}). The mqmred NPSH varies con*
siderably with pump c&pwty and increases rapidly at.very
This rapid increase
of the NPSH explama the noisy and often unsatisfactory
performance of centrifugal pumps at extreme eapacities: A
common rule is to operate & pump at no-more than.§.of its

ity. Particular ion must be given to this

formance at the.actua) pumping conditions-of the sys:

tem, rather .than.in performance:at. some other opemtmg
point on its performance.curve.
It is a general rule that pumps for syste.m.s uszng lxq cls for

heating and cooling should.be hy
designed. for qluet operahon, dumbxhty, sunple pervice, uum
mum and. - -.suction”

therﬂ:mlorlmmmumcostorm .
HYDRAUUC ¢ YSTEM ‘CHA CT ERlST]CS

PRSPkl

Partncular att.entmn must be given to the condition of the
ﬂuld ds it entefs the suction flange of-the pump. It the abso-

when operating. with hot fluids or with fluids pumped from
vacuum conditions. Then it is often necessary to calculate the
available net positive suction head. T‘hxsca.nbedones:mplyby
calculating the absolute static pressure at the suction. flange,
a.ddmg the velocity head of the Buid at the suction flange, and
the vapor of the fluid at the suction
ﬁangeThensnﬂtwmbethe {lable NPSH. If the availabl
NPSH is smaller than the pump manufacturer’s récommended
raqmred NPSH cavilation noise, inadequate pumpmg, and
blems are to be d. If the required NPSH
is'not given' ‘in‘the performance table, th.e pump manufa.cturer
must be consulted.

luté pressure on the fluid at the suction flange ap 5 the
vapor pressure of the fluid too closely, vapor pockets will
form in the i This will interfere
with pump performa.nce and-the collapse of the vapor pockets

A P D ’wum.,, Tie characteris-
tics of the system to which it is applied and produces fluid
flow and pressure related to the pressure conditions of the sys-
tem for that flow (see Table 1). This conditicn makes it
y to carefully predict the system characteristics for

will be noisy and even destructive. The of p
in excess of the 'vapor ired to p the
formation of vapor pocketA, is known as the reguired net posi-

HEAD - FEET

proper pump selection.

Pumps are applied to two general types of piping systems:
closed systems and open systems.. For a closed system, since
the hydraulic circuit is closed; the system pressure can be
arbitrarily changed. These systems usually have a compres-
sion tank to control the system pressure. A system lmving
an expansion tank open to the atmosphere as described in
Chapter 10, 1964 Guioe ANp Dara BooE, is actually a closed
hydraulie circuit. An open system has a break in the hydraulic
circuit ang therefore requires an analysis of the static pressure
difference between the suction and d!sdn.rge conditions.

In both types of- systems there is res:sumoe to fluid flow
because of pipe friction. Thin resistance varies with the

of flow app ly in proportion to the square
of the change in velocity of the fluid. This relation can be
shown graphically and is called a system curve, Fig. 5.

HyH = go./o.)! I ®

where

Hl-pnzsu.redmpntdmgnﬂowQ: R
Hxalyswnpmuredmpntasumadﬂov&.

"When the pump eapacity curve is’ superifiposed -on .th8

system curve, the intersection of the two curves, as shown on
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