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I N processing operations the most impor tant  method 
of t ranspor t ing  materials  is by  pumping  them 
through pipes. At some time or other most engi- 

neers will have occasion to supervise the purchase, 
installation, operation, or maintenance of pumps.  

And a knowledge of the 
various types  of p u m p s ,  
their  principles of opera- 
tion, and operat ing char- 
acteristics is highly desir- 
able. Materials which are 
h a n d l e d  b y  p u m p i n g  
range f rom fluidized solids 
through liquids to gases. 
These fluids may  be highly 
corrosive or contain abra-  
sive particles. They may  
be very fluid or highly vis- 
cous, and their  tempera-  
tures may  va ry  widely. 

T h e  m o s t  c o m m o n l y  
used pump  today is the 
centrifugal,  and there are 
many variat ions of this 

W. D. Harris pump to meet the needs of 
industry.  H o w e v e r  t h e  

par t icular  advantages of the many  other  types  of 
pumps  should not be overlooked in choosing one. A 
simplified classification of p u m p  types is given as 
follows : 

I. Reciprocating 
a) Piston 
b) Plunger 
c) Diaphragm 

IX. Rotary 
a) Gear 
b) Cam with valve 
c) Vane 
d) Screw 

III.  Centrifugal 
a) Volute 
b) Diffusion 
e) Turbine 
d) Mixed Flow 

IV. Coaxial 
a) Deep wellpropeller 
b) Low L~ft 

Each type of pump has its own par t icular  advan-  
tages, which make it par t icular ly  suited for a certain 
type of job. However  there is much overlapping in 
the uses of the various pumps,  and the opt imum 
choice is determined by a s tudy of the economics in- 
volved. The major  cost factors  include the initial 
cost, maintenance costs, and power costs. A rough 
recommendation of the economic ranges of operation 
is shown in F igure  I. 

Reciprocating Pumps 
Reciprocating pumps  are one of the oldest types', 

and a great  many  are still in service. New pumps  of 
this type are f requent ly  warranted.  They deliver a 
constant volume of fluid against  a wide range of pres- 
sures and can be buil t  to operate at  very high pres- 
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p~G. 1. Suggested economic operating ranges for reciprocal 
and centrifugal bo~ler feed pumps. (Kristal and Annett, 
"Pumps,"  McGraw-Hill Book Company Inc., New York, 
1940.) 

sates. They are self-priming and have high volumet- 
ric efficiencies. 

However  the valves prevent  sat isfactory operation 
on viscous materials,  and the sliding ac t lbn  and close 
tolerances cause maintenance problems, especial]y 
when the fluid contains suspended abrasive particles. 

The two most commonly used types of piston pumps  
are the direct acting, s team-driven simplex and du- 
plex pumps.  The first has a single steam cylinder and 
a single fluid cylinder while the second has two steam 
and two fluid cylinders acting together. These pumps  
are usually double-acting, except for  those intended 
for  high pressures. The duplex pump  is a rugged, 
simple machine. I t  is dependable in operation, and 
has a smoother flow than the simplex. 

The rat ings for  capacity and discharge head for  a 
reciprocating pump  are based on the piston diameters,  
length of stroke, and max imum recommended piston 
speed. A pump  designated as a 10 x 8 x 12 size would 
have a 10-in. dia. steam piston, 8-in. dia. fluid piston, 
and a 12-in. stroke. The increase in fluid pressure is 
obtained by  : 

/ k P f l u i d = A P S t e a m  ( s t e a m c y l ' d i a " )  2 f l u i d c y l  dia. 

x Mech Eft. 

Another  reciprocating pump which has long been 
used in the cottonseed indus t ry  is the power-driven 
p lunger  pump which has been used in hydraul ic  sys, 
tems. The difference between the p lunger  a~ld piston 
pump is that  the packing for  the p lunger  is on the 
cylinder while the piston pump has sealing rings sim- 
ilar to an automobile piston. The p h m g e r  pump is 
used for  higher pressures and has more resistance to 
abrasive wear  than the piston pump.  Power-driven, 
variable stroke p lunger  and piston pumps  a~re quite 
often used for feeding operations. 

Diaphragm Pumps 
The d iaphragm pump is very  useful for  handling 

slurries since it has no sliding surfaces in contact with 
the fluid pumped.  In  general, this pump  is used 
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where relatively low pressures are required because of 
the limitations of a mechanically operated diaphragm. 
However  high pressures may  be ob t a i ned  by  some 
pumps  in which the d iaphragm is actuated by  a sec- 
ondary  fluid which is pulsated by  a piston or plunger.  

Rotary Pumps 
The ro ta ry  class of pumps  includes vane, screw, 

gear, cycloidal, and others. They are pal~ticularly 
adapted  to viscous fluids which cannot be handled 
satisfactori ly by  reciprocating or centr i fugal  pumps.  
Their  positive action and smooth discharge make them 
desirable for  metering and  feed purposes. They will 
operate with high suction heads, and they are suitable 
for  direct connection to electric motors. However  an 
overload relief valve should be used. Self pr iming,  
high heads, high capacities, and small size are other 
added advantages.  Because of close tolerances and 
wiping action, they should not be used with fluids 
having poor lubricat ing proper t ies  or suspended 
abrasive particles. 

Centrifugal Pumps 
Basically the centr i fugal  p u m p  consists of an im- 

peller, having two or more radial  vanes of various 
shapes and curvatures,  which rotates in a circular  
housing. F lu id  enters at the axis or eye of the impel- 
ler and is discharged with high momentum around 
the per iphery  into a collecting space where momen- 
t u m  is converted to pressure head. The design of the 
impeller  great ly  affects pump  performance.  In  gen- 
eral, high capaci ty  moderate  head pumps  have vanes 
with considerable backward  curvature  while high 
head pumps  have vanes of little curvature.  Curvature  
has little or no effect on the pressure at  closed dis- 
charge. Efficiency is increased by  using closed impel- 
lers having seals or wear  r ings of close contact with 
the case to prevent  high pressure fluid f rom leaking 
back to the intake. A volute type pump  has a collect- 
ing space of increasing cross section bet ter  to convert  
the velocity head to pressure head, and  in some pumps  
a diffusion r ing of s ta t ionary vanes is used to give a 
ventur i  effect in expanding the cross-section of flow. 

There are several s tandard  types of centr i fugal  
pumps  used in industry.  The single-stage, single-suc- 
tion volute type  is a low-cost pump  for  general service 
and may  be obtained with capacities up to 1,500 gal . /  
min. and for  heads up to 600 ft. For  la rger  capacities 
and moderate pressures, the single-stage, double-suc- 
ti(m type is more often employed, and the multi-stage 
volute type  may  be obtained with sufficient stages for  
almost any  desired head. 

Since the centr i fugal  pump  is by  fa r  the most used 
type at  present,  the factors  affecting its selection will 
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Fro. 2. Typica l  ope ra t ing  curves for  a c en t r i f uga l  pump .  

be emphasized. The performance  of this type of 
pumps  may be conveniently expressed, as shown in 
F igure  2, by  curves of brake  horsepower, efficiency, 
and total head as a funct ion of throughout  in gal . /  
min. 

Frequent ly  it is desirable ,to al ter  the performance  
of a given pump  to fit a pa r t i cu la r  job. This may  be 
done in three ways. 

The effect of changing the design of the impeller 
vanes is shown in F igure  3. The general characteris- 

CAPACITY QPM 
Fro. 3. H e a d - c a p a c i t y  curves showing  effect of  impel ler  pi tch.  

tic curve has a fa i r ly  wide range of capaci ty with lit- 
tle change o f  head. The rising performance curve 
would have a large increase in power consumed as 
the pump  is opened up. 

A second method of changing pump  performance  is 
to change the diameter  of the impeller. In  this method 
the effect on the characterist ic curves will be as 
follows : 

a)  The d i scharge  or capac i ty  var ies  direct ly  as the  d iameter .  
b)  The  head var ies  as the  square  of  the  d iameter .  
e) The efficiency will r ema in  the  s~tme for  smal l  changes .  
d)  The  power varies  as the  cube of the impel ler  d iameter .  

The effect of changing impeller  diameter  on the op- 
erat ing curves of a given pump  is shown in F igure  4. 

SPECIAL PUMPS AND BLOWERS 

0 20 40 60 80 1~ 120 140 160 180 2~ 
~pacity, Spin 

~ m ,  4. The effect of  impel ler  d i amete r  on the  charac te r i s t ics  
of  a c en t r i f uga l  p u m p  wi th  enclosed impel lers  ope ra t i n g  a t  
1,750 rpm.  L ines  o f  equal  effi~iencies and  b rake  horsepowers  
a re  shown.  (Auro ra  P u m p  Co.) 

Of course, there are l imitations in the range of impel- 
ler diameters tha t  may  be used. Too large an impeller 
will cause turbulence in the' casing, and the impeller 
cannot  be cut so small that  the blades will not over- 
lap, or the operation will be unstable.  
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A third  method is to change the speed of rotation. 
The effect on operation is as follows: 

a) The capacity varies directly as the speed. 
b) The head varies as the square of the speed. 
c) The efficiency will remain the same for small changes. 
d) The power varies as the cube of the speed. 

The effect of impeller speed on the operat ing curves 
is shown in F igure  5. Use of this method is l imited to 
the avai labi l i ty of motor  speeds and by  decreasing 
efficiency with speed. 
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J~Ic~. 5. Head, efficiency, and brake h~rsepower, versus capac- 
ity for  a centrifugal pump operating at two speeds with the 
same liquid. (Worthington Pump and Machinery Corp.) 

For  a single-stage p u m p  or one stage of a multi- 
stage pump,  the specific speed is a convenient concept : 

RPM %/-gpm' 
Ns 

H a/4 
N~ ~ Specific speed. 
H ~ Developed head. 

This fo rm of the ratio has been simplified f rom a 
more basic fo rm which is a dimensionless rat io  if  eon- 
sistant units  are used. By plot t ing the efficiencies of 
the single-stage pump  against  the specific speed, one 
may  determine the p roper  speed for  m ax i m um effi- 
ciency of operation or if the speed is fixed, the most 
efficient number  of stages may  be obtained. 

In  p repar ing  the specifications to be supplied to the 
manufac tu re r  for  the purchase of a pump,  a number  
of factors should be considered. 

Properties of Fluid. Although it is best to specify 
the exact fluid to be handled, this is not always feasi- 
ble, and a general te rm such as vegetable oil or caustic 
solution m a y  be used. The physical propert ies  of va- 
por  pressure,  specific gravi ty ,  and viscosity are given 
for  the tempera ture  of operation. I f  any  suspended 
solids are to be present ,  the nature  of these and the 
percentage by  volume should b e  noted. I f  solids are 
abrasive, a slower speed pump  will reduce wear. The 
corrosive p rope r ty  of the fluid is. an impor tan t  factor,  
and consideration should be given to the pump  mate- 
rials which will wi ths tand a t tack and whether  or not  
the corroded metal  would be an objectionable contam- 
inant, such as copper in oil. There is the possibility 

of ga lvan ic  action if dissimilar metals are in contact, 
and  high liquid velocities in pumps  may  great ly  ac- 
celerate corrosive activity. 

Quantity to be Handled. I t  is necessary to select a 
pump  which will handle the max imum capacity,  yet  
it should not be so oversized tha t  excessive throt t l ing 
is necessary. I t  is desirable tha t  the p u m p  wil ! oper- 
ate in its range of highest efficiency while handl ing  
the normal  load. 

Suctio~ Conditions. The max imum range of  suction 
pressure is impor tan t  since it direct ly affects the dis- 
charge pressure.  The extremes of suction pressure 
should b e  considered in its effect upon tile max imum 
and min imum allowable discharge pressures: The suc- 
t ion pressure iu obtained by  subt rac t ing  the friction 
p ressure  drops f rom the pressure at  the level of the 
fluid supply  point. 

The net positive suction head (N.P.S.H.)  is the dif- 
ference between the absolute suction pressure and  the 
vapor  pressure of the fluid at suction temperature .  
This is of great  importance in the operat ion of pumps  
with suction pressures below atmospheric and with 
fluids having high vapor  pressures. 

Piping Considerations. Piping will be considered 
here only as it affects p u m p  operation. 

Pressure drops, due to friction, are obtained f rom 
s tandard  flow tables and by  the use of the Fann ing  
frict ion fac tor  which is a funct ion of Reynolds '  Num- 
be r  and a pipe roughness factor. Fr ic t ion in the suc- 
tion lines should be kept  at a min imum if the N.P. 
S.H. value is low; whereas fr ict ion in the discharge 
system is usually determined by  the economic size of 
piping. 

The suction lines should be as short as possible and 
slope upward  to the p u m p  to avoid a i r  t raps.  All pip- 
ing should be firmly supported,  and care should be 
taken that  pipe expansion stresses are not t ransmit ted  
to the pump.  The pump  discharge line usually has a 
control valve and a check valve with a by-pass  line 
for  pr iming.  

Sample Pump Selection Problem 

I n  a hypothetical  case soybean oil is to be pumped  
at a constant rate of 100 gal./rain, f rom a storage 
tank through a preheater  and i n to  a reaction vessel 
which is to be mainta ined at 50 p.s.i.g, pressure,  The 
process is coutinuous, and  a d iagram is shown in Fig- 
ure 6. Design da ta  are given as follows: 

Suction line diameter ~ 4 in. 
Discharge line diameter ~ 3 in. 
Pressure drop in suction line for 100 gal./min. = .16 lb./sq. 

in. 
Pressure drop in discharge line exclusive of control valve, 

orifice, and exchanger for 100 gal./rain. ~ 5.9 lb./sq, in. 
Pressure drop through orifice = 3 lb./sq, in. 

VENT 

~ 5  ~ STEAM 

FIG. 6. :Plow diagram for pump selection problem. 
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Pressure  drop through exchanger at 100 gal. /rain.  ~ 12 lb . /  
sq. in. 

Pressure  at reactor ~ 50 lb./sq,  in. gauge. 
Minimum temperature  in s torage tal~k ~ 60~ 
Tempera ture  af te r  preheat ing ~ 210~ 
Specific gravi ty  at 60~ ~---0.924 
Specific gravi ty  at 210~ ~ 0.870 

Design Calculations : 
Maximum flow assumed to be 25% greater  than normal 

125 g~tl./min. 

Minimum flow assumed to be 25% less than normal ~ 75 
gal./milL 

At  maximum flew the pressure  drops due to fr ict ion or as 
follows : 
Suction line (0.16) (1.25) '~ - -  0.25 psi 
Discharge line (5.9) (1.25) ~ ~ 9.2 psi  
Exchanger  (12) (1.25) '2 ~ 18.8 psi 

] 'mnp Suction Pressure 
Maxlnmm will be when t~nk is full. 

( 0 . 9 2 ~ )  ( 6 2 . 4 : )  
Pressure  ~-- 14.7 + (25-3) 0.25 ~ 23.2 !osia. 

(144) 
Minimum will be when tank level is at bot tom outlet. 

(0.924) (62.4) 
Pressure  ~ :14.7 + (5-3) 0.25 ~-~ 15.3 psia. 

144 
Since the vapor  pressure of the oil is negligible, the net 
positive suction pressure  will be 15.3 psia. 

Discharge Pressure at Maximum Flow 

The discharge pressure is obtained by totaling the 
pressure drops due to friction, the static head, and 

the pressure head at the point of discharge. The pres- 
sure drop through the flow control valve at maximum 
flow will arbi t rar i ly  be taken as 10% of the total 
friction drops. 

Control valve pressure drop 

_ (9.2 + 18.8 + 3) (.10) = 3.2 psi 
.90 

Static head at discharge point  
_._ (30-3) (.870) (62.4) 

- -  10.2 psi 
]44 

Total  Discharge Pressure  
9.2 + 18.8 + 3 + 3.4 + 10.2 + 50 + 14.7 ~ 109.3 psia. 

Pressure increase required of pump 
] 0 9 . 3  - -  J5.3 ~ 94.0 psi 

I f  the maximum allowable downstream pressure is set 
at 150 p.s.i.g., the maximum al.]owable ~ P across the 
pump will be:  

(150 + 14.7) - -  23.2 ~ 141.1 psi 

Since the method of flow control would require smooth 
pressure and non-positive action, two centrifugal  
pumps (one spare) are recommended. 
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