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SUMMARY

Pump has once been called the "heart" of the process.

Since'the disturbances In the operation of the pumps add to the production costs
(Interruptions in' production, frequent adjustments ete.), it is important to choose ..every pump
IndivlduaUy, for the process, in order tn obtain the highest reliability and an easy maintenance.

• Even in old mills, It Is economical to replace the pump with constant disturbances wlt~
a new one.

, 9nl:( ,when the "h$art" of the process is a proper, reliable pump of modern design, ,It Is
possible to ensure that this does not cause any production interruptions.

PART 1

OPERATION RELIABILITY

One of the most important
factors contributing to the profit
of a modern pulp and paper
mill is the continuous operation
without any disturbances. It has
beea vestimated that the shut-
down costs of a medium size
paper mill amount to USD
'3000/hour.

Due to th~ fact that the
various centrifugal pumps in a
mill are the vital devices of the,
process, their CfOntinuous, opera-
tion without disturbances must
be ensured in order to lD.i,nimize
the mill downtime. In a medium
size mill there are 200-300
centrifugal pumps. thus their

, functional reliability and handy
maintenance shouldreoeive spe-
cial consideration.
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CRITICAL PARTS OF A CEN-
TRIFUGAL PUMPS

The critical parts of a centri-
fugal pump in regard to its
operation are:
a) H~ parts (impeller

and casing);
b)i Shaft seal. which prevents

. the pumped liquid from
leaking out from the pump

. cllsmg through the shaft
bore;

c) The power, end with. the
bearings and the shaft,
through which the power of
the electric motor is convey-

.ed into the pum~ liquid.
The prerequisite of a good

stock pump is a correct hydrau-

lie construction which ensures
continuous operation. hiah effi-
ciency ,and suitability for various
functions in the process.

On the other hand, the
mechanical parts of, b) and c)
above are also very important in
contrrbiiting to the reliability of
the pump with minimum main-
tenance •

,As shown in Fig. 1, a majo-
rity of all ~he.setvice operation,
relate-to eitber the stuffing box
area or the bearillg~. InJ11is
article we shall mainly concent-
rate on these tWo points of the
pump.

*A AHLSTROM CORPORATION
Pump Factory SF-4B601 Karhula
Finland

33



SHAFT SEAL OF THE PUMP

DiffereDt Types of Seals :
In the modern stock pumps,

either a packed stuffing bOx or a
mechanical seaI can-be used in
the same pump (Fig. 2).

IDftaeDceof tbe Sbaft DelieclioD :
An essential factor affecting

the Hfeof the seal is the shaft
deflection at the stuffing box
area : the smaller the deflection
the lower the shaft vibrations
and wear.

As the wear of the stuffing
box progresses, the leakage out
of the pump increases presenting
the need to tighten the gland and
thus increasing the wear-or-the
shaft sleeve.

Excessive shaft deflection in .'
connection with a mechanical
seal destroys the seal fast, which
results in a stoppage of the
pump.

The deflection at the stuffing
box area can be reduced by
oversizing the pump shaft, but

60 ~ on the stuH'ing bOl<

on the bearings

Pig. 1. Service work. Frequency Distributionon Centrifugal Pumps

a). Pump Casing Cover with a b) TheSame Casing COVerwith
Douhle .Mechanical Seal ' a Packed Stuffing Box

Fig. 2. Shaft Seals of A Pump When Using A Mechanical Seal vs.
Stuffing Box. The only parts that have to· be changed in
connection with a Seal conversion are those marked with a
dash line. .
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this increases the surface velo-
city of the shaft sleeve, thus
resulting in a higher wear, and
increases the price of the
mechanical seal. -

. It is therefore vital to opti-'
mize the shaft size and to
minimize the deflection with a
right bearing construction. •

Fig. 4 shows the effect of the
bearing span on the total shaft
deflection.

If the bearing span increases,
the bearing load decreases but
the total deflection increases. On
the other hand, if the span is
shortened too much, the: total
deflection decreases but the bear-
ing load sharply increases, thus
shortening the bearing life. By
optimizing the bearing span, it
is possible to reach the optimum
relation between the total deflec-
tion and bearing load.

•

Lubrication and Cooling :

Another important factor
affecting the life of a seal is its
lubrication and cooling,

The stuffing box as well as
the meehanical seal need to be
lubricated in order for them to
function properly. Disturbances
in the lubricant supply cause dry
running as a result of which the
stuffing box "burns" and. loses
its sealing properties thus wear-
ing the shaft sleeve excessively. •

Fig. 5 presents various alter-
natives for the lubrication and
cooling of the stuffing box with
regard to' the properties of the
pumped liquid.

•

The mechanical seal requires
lubrication and cooling liquid,
but the necessary quantity is
much smaller than that required
by a packed stuffing box.
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Dry running on a mechanical
seal causes scars on' the seal
faces, and consequently the seal
starts to leak, ,

The signle mechanical seal
USes the pumped liquid as lubri-
cation liquid. The double
mechanical seal requires external
cooling and lubrication liquid •
but the amounts are usually
quite small and the liquid can
sometimes be re-used after
cooling. For the latest designs
of double mechanical seals, the
cooling and lubrication liquid
(usually water) can be unpres-
surized.
Mecbaaical seals :

Fig. 6 presents the most
common types of mechanical
seals .

."The mechanical seals are used
in circumstances where
1. Lower water and energy con-

sumption are desired; '. ~
2. Absolute tightness is re-

quired;
3. The leaking liquid develops

gases which .
are toxic
smell bad
catch fire easily;

4. Expensive 'liquids· are
pumped;

5. Ingress of air .into, the pro-
cess could be harmful;

6. The pressure and/or tempera-
ture are very. high or extre-
mely low;

7. Less maintenance is desired.

Nowadays, the point I MS
made the use-of mechanical seals
more and more common in the
pumps of the pulp and paper
industry, too. because of the
trend towards energysavingaBd
environmental protection.

There are two basic construc-
tions of mechaaicaf seals :

a) Single seals, and
b) Double seals.
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T.; roo e
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Pi,g. 5. a) and b) Seal lubrioation and cooling arrangement for stuffing box

MECHANICAL SEALS FOR MECHANICAL SEALS FOR
GENERAL USE PULP 8&PAPER INDUSTRY

SINGLE MECHANICAL SEAL
MAINLY FOR CLEAN LIQUIDS
Ace TO DIN 2+960
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SINGLE MECHANICAL
SEAL FOR HIGHLY
C'ORROSIVE DUTIES
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DOUBLE SEAL WITH
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tI~~l,SEAL WATER

(SI\H5EAC 'AF)

PUMP5D clQUIO

SINGLE SEAL PLUS
STUFFING BOX USEO
WITH UI\jFFESSURIZED
FLUSHING WATER

SINGLE SEAL WI'TH
OPTIONAL GRE ASiO
LuBRICATION

(ROPAC PAT5)

Fig. 6. a) and b) Mechanical seals for general use and for pulp and paper industry pumps
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The sing)e.Jllechanical seal is
used when ihepumpf"d liquid ,is
clean and can be used as the
sealing liquid.

the<toutjle'n1eC1\j~icat seals
are uSt:d'" wbenfpolp or "Paper
stock or lye is pumped or when
~oh w~l:l.ri.n~,~irtY.' corrosive or
equtV'alent hquldsare handled.

" .• ' I' (

,
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i ,PUMP ,BE'ARINGS :
Fig. 7 Presents 'the beatlng

unit of a modern stock pump .

Comp~red" 'tootlier' bearing
types, the tapered roller .beadngs
have a . rep;tarkab\y longer life
(Table 1). Fiiithennore, when
the bearings are installed in an
O-arrangemept, the construction
is not so sensible to temperatu're
effects. The rollers of the taper-
ed roller bearings are in line
contact between the outer .and
inner race. Thanks to' this. they
have a higher stiffness and
steadiness than the bearings with
spot contact. .

In addition. the life of the
pump bearings Is affected by the
followirtg factors: .

a) Clearance
b) Impurities
c) Lubrication

•

o

Clearance :
The bearing life shortens if

the clearance is negative, and it
.also shortens if the' clearnce
increases. Thus the smallest
possible clearance ensures the
longest bearing life.

Protection :
The bearing life 'canbeex-

tended by preventing the ingress
of impurities and water into the
bearings.

Fig. 8 presents an efficient
method of protecting the pump
bearings against externalimpu-
ritles.

. While rotating, a tapered
roller bearing produces an out-
ward pumping effect, so the
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Fig: 7. A Bt;aring Unit with Tapered Roller Bearings,

Table I. Bearing Life Comparison
IN THe FOLLOWING 'EXJIIMPLE THE 1.If:E OF DIFFERENT TYPES OF

< eEARtNGS IS CALCULATED FOf( THE BAMELOADS.AND Ol~ •

350 270

,.'C'

9~RlNG LFI:

. GROOVE BAl.L BEA"ING

ANGU1.ARCONTACT BALL SEMING
2 x 7220BG 0-1 X- ARRAHGENEHr

DOUBLE ROW ANGUU\R cONTACT
~LL BEARING 3220

234<> HOURS

5620

FOUR POII'tT CONTACT BEARINGQJ 220

CYLINDRICALROLLERBEARING23220 C

CYLINDRICAL~OLL.~RBEARING2U20 C

TAPERED ROLLER BEARING 32220

226~O
25920 -e-

3490
74480 _ ••-

lubricant (grease or oil) prevents
the ingress of impurities into the
bearing.

LnbricatioD :
The pump bearings are lubri-

cated by either grease or oil.
The initial mode of lubrication

is easily changed afterwards if
necessary.

The construction of the
bearing housing is such that oil
cools down in the oil chamber
thus cooling the bearings, and
so allowing a higher rotating
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Fig. 8. Bearing Protection

Fig. 9. Bearing Lubrication

speed for the pump and a higher
temperature for the pumped
liquid.

STANDARDIZATION OF
PUMP COMPONENTS:

The standardization of pump
components is one further advan- . 0
tage in favour of the modern
stock pump.,

....-
This advantage benefits, in

the first place, tbe pump main-
.tenance : there is no need to
store a large number of different
spare parts for aU the individual
pump types. This means savings
for the pump user in the inven-
tory costs and reductions in the
purchase prices of spare parts
and, what is more, the main- •
tenance itself becomes simpler.

It is also obvious that the
standardization enables the
pump manufacturer to produce
components of the pumps in
large series" which reduces the
pump prices.

Power End:

The most advantageous
objects of standardization are
the power end and sealing parts.
Instead. the hydraulic parts of
the pump (casing. side plate,
impeller) should be designed
individually in order to obtain
the highest possible efficiency
with each pump.

•

Maintenance :'

The pump standardization
makes the service and main-
tenance operations easier and
faster because all the power end
parts and the parts liable to
disturbances can be replaced at
one time (Fig. 11).
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The entire replacement is
accomplished quickly because
t he motor and piping do not
have to be detached.

The replaced parts can be re-
conditioned in cleaner condi-
tions and by means of proper
tools in the workshop later on .

In connection with the
replacement, it is easy to see the
condition of the pump interiors.
i.e, potential corrosion etc.

Table 2 presents the number
of pumps and bearing units
delivered to an integrated pulp
mill.

Power end
fig. 10. Standardized Components

I ., J

I -~-
-tE]-

Fia. 11. Back-Pull-Out System
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r" Table 2. Pump Standardization in An Integrated Pulp-iMiU
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I<HN""; 6 ••

KHN "'2 ••
TIIN -10 ••
THN -12 10
THP -10 7
THP -12 9

KFL-4 5
KI'L -.5 .~3
'kFL-!S (,3

BEAIU'tG ASS"(
QTY. oTYPE QTV

,
i 1

,
,
t

1
t,
,
t
t
t
t3

nil ''j' 5 ~
TLN-20 10
lUI· ..•.30 ••
KlpN-15 2
KLN'''-:to 1
KlP-15 4-
Tl.P -15 6
TU' - 20 12.

o
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'PART II

EN ER G Y S A V I N G

•
SUMMARY

An important base for defining the energy saving potential on a given pump is a
graph of the time distribution of pump flow. It tells if the operating conditions vary within,
wide range or if they remain rather constant. When they deviate appreciably from the pump's
rated performance, the pump should be either modified to meet the operating conditions or
provided with the most advantageousmeans of regulation.

As for the means of pump regulation, speed control is advantageous for motor
powers of 30 kW or more. Particularly when extra satety factors are used in pump selection,
speedcontrol always pays for itself.

Besides a proper choice and regulation of pumps, it. Is also important to use the
most up-to-date stock pumping technology to achieve the best pumping economy. It Is with
this aim In mind that Ahlstrom developed its new stock pumping technique along with the new
series of stock pump (T-pumps).

As indicated in this paper, pumping efficiency does generally leave much room for
Improvement: energy saving up to 25%should be quite possible even in large units. In an
average-size mill, correct selection of pumps can easily result in savings in energy cost of
150.000U.S. dollars a year,

•

PUMPING ENERGY:
There' are some 200-300

centrifugal pumps running in an
average-size mill. Those pumps
altogether consume a consider-
.able amount of energy. It has
been calculated that their share
in the total power used by a
mill is in the range of 25-35%.
amounting to about 5 -9 MW in
an average-size mill.
'PRICE OF ENERGY:

The price of enersy has con-
tinually increased and there are
no indications that it would
stop going still upward. The
calculations which follow are
based on a price of USD 0.05/
kwh. Annual running time in
the process industries being appro
8000 hours, t kw of power costs
USD 400-per year.
DETERMINATIONS OF THE
TOTAL "COST" OF A PUMP :

How cost efficient a pump is
depends on the following factors:

Purchase price of the pump
and related equipment

IPPTA Convention Issue 1985

Erection costs
Related building costs
Pump life
Operating costs
Production losses due to
malfunctions

The purchase price of a pump
is very low as compared with its
operating costs. The latter are
composed of the power con-
sumption of the drive motor and .
the pump service and repair
costs. In continuous operation,
the major cost is the motor
power consumption. A centri-
fugal pump can consume its
purchase price in even a single
month. The power consumption
depends only partly on the effi-
ciency of the pump and drive
equipment. The pump selection
and the capacity calculations are
in most 'Cases decisive for the
total economy of the actual
pumping work.
REASONS FOR INEFFICIENT
PUMPING:

Inefficient pumping is caused
by several reasons, the basic one

being poor pu~p efficiency. The
various reasons can he grouped
under two main categories:

Selecting oversize pumps
in process designing phase
Uneconomical operation of
the pumps

Selecting oversize pumps in Pro-
cess Designing Phase ;

Pump Sizina:According to Theo-
retical Peak Load :

When selecting a pump for
variable process values, it is
essential to know the time
distribution of pump flow, i.e.
how long the pump operates at
each of the capacities. Optimiz-
ingpower consumption requires
that the best efficiency point of
the pump be as near as possible
the capacity at Which the pump
operates for most of the time.
In defining the pump size, it is
important to note that the maxi-
mum values of the different pro-
cess variables do normally not
occur simultaneously. Thus, the
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pumpsel(~ion should be based
on weU.(tefined realistic process
values rather than the most un-
favourable combination of them.

It is sometimes advantageous
to equip the process with two
pumps of unequal size, one for
handling the normal and the
other the maximum conditions.

Safety Factors Used in Pump
Selection:

Safety factors are very often
used in pump selection to ensure
that the pump will not become
a bottleneck in the process. As
seen from Fig. 12, a substantial
energy cost is caused by even a
slight oversizing.

H
(m)

33

30

CURVE

Oversizlng due to Lack of Basic
Data:

If the basic data concerning
the process, piping or equipment
i1>.not adequate, the pump selec-
tion will be unsafe, this.resulting
in choice of oversize pumps.
Oversizing due to Equipment
Changes ;

After the initial selection of
pumps, the process charts are
often reviewed and equipment
lay-outs changed. Parts. of the
pumps could be down-sized
then, but they might be left as
such.

Standardization of Pump Sizes:
One aim in selecting pumps

SYSTEM CURVE

1 m
n = 83 %
n :: 7S %

o Q (lis)500 ,583

Fig, 12. Energy Cost due to Oversizing (10%). Required head
30 m (point 1), "overselection" 3 m (point 2). Unless the
pump is throttled, Its duty point is at intersection 3.

Power consumption, and energy cost at the different points in
Fig. 1 referred to Point 1, are :

Point 1
Point 2
Point 3

p -= 177 kw Relative cost
P 195 kw -,,- -,,-
p = 236 kw -,,- -,,-

USD 0 per year
USD 7.200 per year
USD 23.600 per year
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for a new department is usually
to get the number of different
pump sizes as small as possible
in order to facilitate the main-
tener-ace. If this aim is pursued
too far, there is the risk of selec-
ting oversize pumps, which
op.rate at low efficiencies.

Oversize Pumps as Ready Equip-
ment for AntiCipated Mill lxpan-
sions:

.Often. when buying the
pumps for a mitl,p~vision is
made for a future expansion of
production. This, however;
costs the mill a lot of money
should the expansion be given
up for some reason, so the'
pumps are left oversize-and
thus. operating .at low efficien-
cies-for their whole life; And
anyway, a manifold price for
replacement pumps can be saved
by the use of closely sized
pumps, even if the expansion is
carried out in due course.
UOl."co'nomicalOperation of
Pumps: . .
Inefficl,ent Stock Pumping :

A number of various methods
for selection of stock pumps
have been presented by techni-
cal literature and pump manu-
facturers. Common to these
methods is that with increasing
consistency the pump head and
flow rate fall behind the water
values. For example, at 5%
consistency, the head developed
on stock, in normal operating
range,can be as much as 35%
lower than the water head,
While the power consumption
remains the same.

The new, stock pumping
technique developed by Ahlst-
rom has yielded a centrifugal
pump ,design: (A~lstro~ 'f-Pump)
that 1S capable of delivering OB
stock the same head and the
same~ow ~$on Water up to 7%
consistency, depending. on the
pump size,(Fig. 2).

Even the power consumption
and efficiency remain the same

•
• /I:

•

.-i ..

•
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as on water. . If, instead, an
impeller designed for water or
unsuitable for stock is used, the
head and efficiency, when PUnlP-
ingstock. will decrease by 10-
50% from the water values. This
has ~o. be ccmpensatedsfor.by
oversizmg the pump' corres-.
pondingly. Unfortunatelyv v-a

SO

head decrease does not lead to
a corresp~>nding _drop inpo.wei
consumption. The result IS a
reduced efficiency. The economy

,of such a pump is naturally un-
,acceptable, as shownbyFig. 14,
which illustrates the "cost" of
using the old stock pumping
technique .

H
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Fig. 13 shows the characteri-
stics on water and 5.0% chemi-
cal pump for on Ahlstrom T-
pump and for a conventional
stock pump of equal size.

Considerable energy savings
result from the fact that the
stock and water characteristics
are the same. This benefit is
gained through the Ahlstrom's
'J-purnp series, as the T-pumps
stock like water .

The power consumption on
5.0% chemical pulp of the
Ahlstrom, T-pump in Fig. 2
compares with the conventional
pump of equal size a l follows:
T-Pump

o '= '230 l/s
H 33 m
1] . '79%~
P = 94 kw

Conventional pump
n = 2301/s
H 33m
1] =62% .
p ~ 120 kw

The power saving of 26 kw
makes USD 10.400.-per year
(8000 h, USD O.OS/kwh)~Which
means tbat the priceoftbe
pump, in stainless steel construe-
tion, "fill be saved in less than
one year.

1Worn Pumps:

Efficiency of even the best
pump will decrease if the pump
is not properly maintained. The
efficiency drop is mainly caused
by increased leakage lossesInside
the pump. . >

A closely sized pump
requires periodic maintenance
for adjustment of clearances to
their initial values. Should a
pump never be in need.ofsuch
an adjustment, it is much: over-
sized, and, as a counterbalance
to the low servicing costs, a
manifold sum of money is spent
to .supp~rt the low operating
efficiency.
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Fig. 14. Wasted Energy due to Uneconomical Stock Pumping.
fA '"" 100 l/s, H = 35 111 w.c.

Use of a Left-Over Pump :
Q

(l/S)

It is often thought that a 500
pump left in stock or removed
from another service costs no-
thing and thus a new pump need
not be bought. The old pump is,
however, very seldom just the
right size. Instead, it is much 400
oversized quite often.

FINDING OUT THE SAVING
POTENTIAL OF· PUMPING
ENERGY:

The first step in optimizing
pumping energy is to check the
actual operating conditions.
This check-up comprises two
phases:

Measuring performa nee
values

Defining time distribution
of pump flow

Measuring PerformaDee- Values :'

Important aids in measuring
the performance values and
defining the operating point of
a pump are. the characteristic
curves furnished by the manu-
facturer.

The opesating point of a
pump is defined from the mea-
surements of:

Flow rate
Head
Power consumption

Defining Time DistrihutioD of
PUII!P Flow :

The variation in the required
capacity of a pump is usually
depicted by a graph where the
flow rate is shown-in the order
of magnitude- as a function of
time, the latter heingexpressed
as percentages. See Fig. IS.
How MaDY Pumps Need Be
Examiaed?

As there always are a large
number of pumps in a pulp or
paper mill, checking all the

•

•

,

•

o so

t 100-rc-
100 %

Fig. IS. Time Distribution of Pump Flow For a Pump Installed
in A Level-Controlled Tank.

44 IPPT A Convention Issue, 1985'



•

pumps would require ail enorm-
ous amount of wode. This is not
even necessary because most of
the pumps are small in size.

Table 3 shows the break-
down of the pumps in a paper

. mill in Finland according to the
motor effects. It is seen from the
table that the number of the
pumps requiring 50 kw or more
of power represents only 14.6%
but their power consumf.tion as
much as 65% of the tota ." ,..

The corrective measures can
be divided into two groups:

Modifying a pump to meet
the operating conditions
Economical regulation of
the pump

Modlfyi •• A Pamp: to Meet the
OperadagC9IIIdidoli8 :
Trimming of Impeller :

Trimming the impeller is an
economical way of modifying
pumpperformance provided the

pump is 'much oversized. the
.most economical' approach is to
reduce the running speed.
Economical Regulation of PDJllP
Operation:
Speed CODtrol :

The use of variable speed is
usually the most advantagenous
means of pump regulation be-
causeefficiency of the pump
remains roughly unchanged
across a wide operation range.

TABLE 3-BREAKDOWN OF THE PUMPS IN A PAPER MILL ACCORDING
TO'THE RATED MOTOR EFFECTS

Power Rating Number of % Rated Power Totallykw Pumps kw %

• 0 9 III 43.9 192 2.5
10 19 42 16.6 504 6.6
20 29 32 13.0 746 9.8
30 49 30 11.9 1113 14.6
50 99 20 I 7.9 1210 15.9 "'100 199 11 I 4.3 1590 20.9 ,I

200 299 2 >- 14.6% 0.8 500 66 ~ 66.5%
J 1300 499 4 1.6 1757 23.1 J.

Total 253 100.0 7612 100.0

IMPROVING PUMPING
ECONOMY:

•

The most im portant factor in
pumping -economy .is the pump
being sized to operate at OJ near
its best effie:' • point. And the
higher the:: cy. the better.
ofcourseo' the operating
con~H~,iPfls- ump deviate
ftQ1n,'its rmance, the
.ptttnp'kqui~t~, be mocitfied,?r
regulated accot'~;bngly•. and. this
should be done. in the most
economical way;.

As the regulation of a J),.ump
is extremely difficult wli'hout
some losses. the process should
be so designedastoget the load
distribution on. the pumps as
uniform all possible. The Varia-
tion in load can be reduced, for
example. throQgh proper sizlng
and locations of th e tanks in the
system.
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impeller diameter requires to be
only slightly reduced. Thus. effi-
ciency will not suffer appreci-
ably.
Replacement of Impeller :

Should the trimming of the
existing impeller reduce efficiency
too much. it might be possible -
to order a new impeller from
the pump manufacturer. as ~
manufacturers usually have
alternate impeller designs.
Replacement of Pump :

When the operating condi-
tions of a pump change very
much from What the pump was
rated for, it is advisable to
consider replacing the pump.
The pump price is usually paid
within a short time by the
power savings through the imp-
roved efficiency.
Reduction of Running Speed :

In certain cases. When a

A change in speed causes the
following shifts en the pump
characteristics :

~: = ~~ , ~: == ( ~: r
and :: -( ~~ r
(0 =flow rate, H=heat
and n=pump speed)

As power consumption
changes as the cube of speed, a
reduction in speed reduces
power consumption very sharply.
'I hus, if speed decreases to a
half. power consumption will
drop to an eight.

Using variable. speed requires
no control valve and thus
results in a decrease of 3-5 m
in the head requirement. This
means substantial energy savings
when large capacities are being
handled. '
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The amount of savings is
essentially dependent on the
piping characteristics and the
required variation in the pump
capacity, The larger the share of
dynamic losses in the total pipe
friction, the more advantageous
the speed regulation becomes.
Other factors to be considered
are pump size, shape of pump
characteristics, running time,
price of electricity and purchase
price of the speed control equip-
ment.

Intermittent Operation :
This mode of flow regulation

is very' simple and reliable and '
contnbutes to efficiency as it
enables the pump to operate
close to its best efficiency point.

Parallel Operation :
A common means of regula-

tion, especially in Water pump-
ing stations, is to use two or
more pumps in parallel. Those
pumps are pumping liquid to a
common discharge pipe, and
the flow rate is controlled by
varying the -.-number of the
pumps operating simultaneously.

The most energy-efficient
system is achieved by providing
one of the pumps with speed
control. 'This offers the benefit
of a continuous regulation with-
out almost any losses.

Uneconomical Meant of Regula-
tion:
Tbrottling : •

Throttling is the most com-
mon way of flow, regulation
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because of the low equipment '
cost-especially if the head or
flow range is narrow and the
changes in capacity are not
frequent, e.g, when the pump is
oversized to allow Wear. 'To
minimize the loss of power. the
characteristic curve of the pump
should be rather flat.
By-Pass Line:

A by-pass regulation is con-
cerned when part of the flow is
led from the pump discharge
back to the. suction side. It is
less economical than throttling
because extra energy is needed
for returning the excess flow to
the pump in!et.In this case the
characteristic curve should be
steep to minimize the excess
flow.
SUITABILITY OF PIPING:

The head required is made

up of two components: static
and dynamic head. The dynamic
head is mainly composed of
friction losses in the pipes. Thus.
a careful piping cesign decreases
the head losses-and saves energy.
Every meter of pipe, every bend,
throttle' or enlargement rep-
resents an increase in the head. •Fig. 16 shows a nomogram
where it is easy to see the annual
energy cost caused by the extra
head losses.

.- ..¥:

The head losses change as
the square of the liquid velocity.
Thus, with increased pipe dia-
meter, the losses decrease, but,
on the other hand, the price of
the piping increases. The optimal
pipe size IS found by comparing
the energy cost to the purchase
price of the piping.
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Fig. 16. Effect of Head Losses on Annual EnersY t<'.t at Ditrerent
Flow Rates (running time '8QOOh/year, price of ttlergy
USD Q.05/kwh and pumpefficiency 1]=80%).
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