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INTRODUCTI ON *
- \/ Mg
| i
In th?Lartila p lain of Aksz/flows the river of El-Kaheer‘“Q\g
N W
which has a minimum discharge of gtaec. Due to 1tas very gentle -5 '

Ik

glope and its relatively deef water level,lts water is not use ;
QEE;\irrigating any land because of the impracticability of di-
verting i1t by a2 crude gravity system:the only method extensively
used in the country.

Thus every year a fortune is loat to the country as a
result of the unexnloltation of i1ts water resourcea./¥;;9 cou~-
ntry,being primarily agricultural and with a limited water su=-

prly,can not neglect the development of all its cultivable-and
o st bat

fertile land into irrigated farmlands.

From the foregoing wed see the necessity of an immed=
iate adlution to the problem.thiﬁ\an attempt to solve it Dby
considering the techniecal and economical feasibility of irrig-
atlon by pumping.

From the technical point,the installlation of pumplng
machinery on the river does offer serious difficultles which
ean not be overcome.On the contrary it seems that the hydrolo=-
gleal and tornogranhic conditilons of the river and the land form

an ideal place for the installation of a pump and the smoothness

of its operation. 7 W W 7

L
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The proximitwy of the land from the river keens distribution lines

and canals down to ﬁéinimum.fhe 14ft from low water level to the

s
=

highest point does not exceed- 20 m,which is relatively low lirt:.
As a result of the gentle slope of the river,the veloeity of the
water 1a very slow;thus making it possible to dispense with ex-

pensive structures for the protection of the pipe.

A pumping station,as any other irrigation scheme,being =n
1nvestrpsnt of capital ,should be an economieally profitehle proe

ject, To deterisine the economic feasibility of such a preojeet 1a

not so sipple dAue to the many factors involved.Moreover,and bhesides

the purely economieal conuideratid%,auoh & project has national
looial,and_politioal v ues that can not be accurately measured
in terms of money. So a study of all costs involved 1s made and

the determination of the 1imit of economical pumping is attempted.

Due to the uniformity of conditions in all places on
the river this design ﬁorms a typicel and general solution that
could be used anywhere with eqéy} success., The irrigation of jooo
hectares seemsa to he the maximum eapacity of one pumgﬁinq gtation
in this country. If more land 1s to be irrigated,the duplication

of stations becomes necessary.TKis has the extra advantagq of
minimizing the length of the canals by making every station
irrigate the land nearest to it. such favorable conditions for
irrigation by pumping exist. in many places in Syria and Lebanon,

espyciadly on the Eurhrates.

é‘f’& ’{%1— , 4_/‘

Creende -5’4 QQ?&"—’;

’)n-a,-
/

‘.t

-
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The lack of complete references on the different aspeects
of this problem makes it immpossible to p roduce a complete and

ga tlsfactory treatment of the subject wilth the necessary design
—

and construection details.

My thaﬁa Eel due to Prof. E. Romansky who was of a great
help to me in t this thésis.
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--- Stud¥ of the Requirements ====-
gk‘ M)‘Mt[_ﬂ_
//
T:- WATER REQUIREVENTS: A steady and \ninturdted)flow of water

enough to irrigate one thousand hectares of land during the- arid

J

3
5§
P

gummer months (s to be pumpefF\The gross water requirement is :
O

equal to the net water requirement of the land plus all the co=-
veyance losses. o A

T e N
Tﬁé factors affecting the net requirement are;

I: THe kind and diversity of ecropss Deep rooted plantd,as

frul ts,need mgse water than shallow rooted plants,as c¢ereals.
N !
A

TR@ growing of, varlety of crops whlech have different requirements Y
.}'\

/\ i

N
N
and perlods of maximum use w result in a more uniform demand. jé
\

&

22 fﬁf Preparation of the Land,its slone, the method of app=-

lication of the water,and the skill of the irrigator, ‘ ';/
3 The‘}{Fe and }¢aquency of\ﬂultivation. Cultivation re=- /E J
\

duces the losses in the molsture dus to evaporatlon. §

T, e

4: Tk? length of time 1n which irrigation has beem practised.
Newly irrigated land needs more water for the first two years. \;?

5: Climatic Factors: Xyecipitation,\Qsmperature,\ﬂgmidity

and wind movement.

6 : Length of the growing season in which irrigation 1s to

be practised.
7: Character of the soll and subsoll. Fertile and manured

land requirepf¢s less water.
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8: THe value of the water and method of payment}\éﬁhigh c t.J}“¢MI

f charged on the amount consumed in a more economical use. {p

THe water requirement 1s measured by a continuous aoharge
big enough to lrrigate the glven area and uninterrunteki}slring
the whole of the dry season.

In general the water requirement 1a expressed in one of two
metods:= a-- THe discharge necggeary for every hectare, exnraaaedl
in liters per gec,=h=- THe ha§§ht of water sprezd over the ehntir |

Ty e
ir2igated area during the period of irrigation. \}%7 \
{_,v-—'"“——\.___./'

In Syrla and Lebanon w8 can fix the maximum water requirement
g8 o.T llters per sec. per hect, Thils tekes into zecount all
losses in conveying canalas. In the Bekka the Anjar irrigation
project provides a discharge of 0.5 liters rer sec. for every
hectare. At Homs o.4 1it. per gec. per Hect((E}a found to be e
snough, e

Speclal crops as cotton,and rice, and bananas need L.o 1it. o .

W’
(\ .

2:-Total HEAD;=- At(éézﬁiaoharge the head developed by the ’

per sec. per Hec.,

pump,the shuf-off head, is equal tc the difference in elevation
between the water level and the highest point at which water 15'
to be discherged.When water begine to flow through the p end

p 1ping system,an extra pressure head should developed by the

o A
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pump to overcome all losses and to keep water flowing.these
resistance or frictiogg,l-losses are controlled by the designer,
end in most cases,izﬁggual to keep them down to & minlwum.
The total head againat which the pump 13 working 1s thent:-
I: Suotion Head.-Hs-
2: Discharge or Static Head;-Hd- - A
3: Reslstance Heads, whilch inelude:

!
IRy
a=- Head necessary to ereate velocity in the suoti?ffiif 4

plpe ,or welocity head;

b= Influx head or head necessary to overcome resista-

nce due to the shape and condition of suetion inlek, footvalvw
h2 ::K.v2 =i Top_ &
For—;‘atraight pipe projecting into a reservoir Ki=o.ol4o

For an opening flush with side or reservoir ; Ki=0,0073

For bell shaped inlet,Ki varies between o0.00I7 and o0.00I3

¢== Friotion Head or head necessary to overcome resistance

or friction in the suetion and discharie plpes;

1 2 2

d-- Pump head or head necessary to overcome reglstance
in the pump paesages,valves,etc.=h4

e== Velocity head or head necesassry to create velocity
in the discharge pipe.- j:)) 1<

fe= friction head in the discharge pipe, to overcome

2 : 1
frietion due tq;ﬁPﬁ size of the pipes, bends, valves,etc .h3

l
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Thus it is evident that the aectual working head-hz- has 2
N
velue equal to:
) 1 1
Ha = Hs+ Hd+(hi + h2 4+ h3 + h4 4+ hI4 1n3)
THe resistance head is to be overcome,and the dasignér has
the possibility of making it as small &s possible Af the extra

expenses Incurred are more tha n balanced by the gain resulting

from the inecreased efficiency of the pumping installation.

3:-THE SUCTION LIFT .The theoratical useful head ~H= has
been divided into suction 1lift-Hs~ And dlscharge 1lift-Hd--
There are many conslderations to be reckoned with in choosing
the suetion 1ift which affects the design and cholce of the
punp as well s the arrangement of th&gyction pipes.

If a perfect vgﬂggpm 1s established,inside a tube, at=-
mospheric pressure on the water swrface will cause the water
to rise in the tube to &a height depending on the atmoapheric
pressure. This height will vary from 34 ft, maximum at sea
level to 23.7 ft. ma ximum 5\{?)000 ft. sebove sea level,

Conditions of low a2 tmespherile pressure will reduce these

heights about I.35ft. , which must be taken into account 1if
the pumnp 1s td operate succesfully at all times.

The average helght to which water wlll rise at any elevation

above sea level can be determined by the formula: &

L 9°° _G///

T N Ay e R
S. 64 000 ‘*-'



In which:-=~

P Helght of a column of water in a nerfect vaccuum

L = Elevation of statlion above sea level in feet.
This calculated pressure head 1s to be modifled by reducing
from it

I:-Tﬁe effeet of low harometric conditions.

2:- The water vapor pressure &and pressure caused hy
other gases esgcaping fromm water or leaking through the suec-
tion pilpes or pump. The water vapwur pregsure; depends on the
temperature of the water to be pumped, which for ordinary ran-
ge ~32==-00-F has 1ittle effect on the helght to which 1t can
rlge., However, when the tempera ture of the water 1s inereased, \
the height to which water canh;zge in a vaccuum 1s seriously

reduced by the tenslon of the water va?o_g’\.ll,

In addition to the losses in thesuction pipe due to
low barometriec conditions and water vapour pressure, there
are also losses caused by the veloelty of flow Iin the suction
plpe. thse losses are: : E

I:=Friction losses in suction pipe. s
2:- Velocity Head, \

35- Influx head. &Lﬂ{M/
4:< Logs from bends.

5:= Bump friction.
For thes amoothnaa%rf operation and the ease in starting the




" flowing in the stream,and also to admit the water into the gu-

(9)

pump,1t is advisable to use as low a suetion 1ift as possible/
Practical considerations may dictate the use a2 high suction
1ift. In our E/rnhlem 1t 1s necessgary to locate the pump above (

high water level;which 1s 5Sm. ghove low water level \\\

4:-THE INTAKE: Th e main function of the intake 1= (j sg
td protect the end ofthe conduit pipe from injury by material ‘\3'

ction p ipe of the pump free from cogrse sand and gravel and in

the best posslble state of purity. Sand carried in pumped wate [ )
cauges an ?§?<aciable wear in the bladeg of the dmpeller, thus
freedom({zﬂglinsures a long life to the pump as well as smoo= iL}
thness of operation., To achieve thls end, the veloeclty of watqr }‘}
into the intake 15 made ag smaligs praticable; small enough t wyy
cauge the deposition of sand and\silt L% ahouldf;;zhéiceed' 5‘
I.5 ft. per sec. Soreens are alad_installed to prevent the en= 1

{

trance of gravel,wooden pleces,and fish.

Selection of the pr oT—er location 1s important.
An outlet for cleaning the intake muat be provided. A concrete
suppor#;or the suction pipe 18 necessary to relieve the weight
of the pip e from the pump flanges and to keep steady and un-

—
affected by the vibrations caused by the motor,
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5:«= ENERGY EXPANDED IN PUMPING WATER.
The theoratical amount of energy necessary to raise water to a

higher level 1a:

E = W H . where
Wi = Weight of water
H= Btatic head.

The total energgy expended 1s more than this by the amount
needed to overcomhe resistancss,

The power needed to run the pump 1s givem by:

P = GHHA - in which
%3 000
G = Volume of water , in gallons per min.
w = Welght per unit of water;in ibs.
Ha = Total head against pump.

S& in selecting a motor for & certain pump the power out=-
put of the motor should be equal to that given by the equation

divided by the mechanieal effielecy of the pump.

6{- POWER FOR PUMPING{ Nearly every kind of power
has been used for pumping water for irrigation . The best kind
of power 1s decidedly the cheapest& avallable in the reglon

/—'_-‘\-"N-—-'-\,__
and which 1s reliable and sure tBe give the required service

———

all the time. A chea p electrie supply should not be used if

—_—

1t is cut now ahd then and for long intervals.
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\ .
- - ’ r
Windmills are used for small pumping tnits,but they are out

of %Ee question for driviﬁgngzg/pumps.

STEAM POWER:= Coal or oll may be used to generate steam
in boilers to drive recliprocating engines or steam turbines.
Their great cost mékes their installation prohibitive,except

in pumping statlons irrigating la nda produecing valuable crops.
T —

EILECTRIC POWER :=A reliable and cheap source of elec=
tricity is a very good motive power for pumps.In many instances
water falls in ocana 1ls are used to generate elect®icity to raisge
a part of the waéz;—;o a hilgher elevatlon., Electricity generated
by water 1s the cheapest source of power.
Wi

In our case an exlsting supply of electriclty is not ; ;¥;XSF"

found in Akkar.\ To produce an electric supply 1a beyond the scope ”

of such a project. S5 , 8lectriec power for our pumpse is not‘> Q)HZiijS

availahbhle,

DIESEL OR SEMI-DIESEL ENGINES:=These provide very cheap
D ower 92;use they consume low quality oils. Their first cost 1is

also relatively 1ow.AThou h they do not have the same sgpeed as the
pump they are opperatingzgg'possible to couple them through gear or
belt drive.The small loss in efficlency due to this form of eoupling
is not big enough to Qﬂzggpt the over-all efficlency of the system.
So a diesel engine seems bBo be the only possible satisfactory
:Eution, under the present circumstances,to provide us with the

necegsary nower.
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gmall dynamo may be wit?{he pump to generate electricitﬂfor

lighting the station and tha~ﬁté%; few housges.

The semi-Diesels differ from the Dieseld in that they have
an uncooled portion of the combustion space;they are subject to
lower pressure. They do not cost as muoh as Diesels;they run at
lower pressures,have fewer working parts, but have lower efrficienciles
and are not so convenlent to start.They are cheaper to onerate than
other engines and require about one third the lubricating oil of
gasoline engines.

Commonly,Diesel engines require 0.0625 gal. of crude oil
per horse-power per hour clculated,on the basls that the heat
equivalent of one pound of crude oll is 18 500 B.T.U.

Although Diesels can use impure qualities of fuel,every
precaution should be taken to eliminate foreign matter from it.

The minimum fuel reserve should be sufficlent for 5 days Z

’
supply; stored in underground reservoirs or oil tanks,

7:SSELECTION OF PUMPS :- Every pump has 1its own characteristics

which willsallow the pump to be used to give the highest efficiecy
under a certain set of conditilons.The eapacity of the pump,the head
against which it 1s going té work determines to a large extent the
kind of pump to be used. In general,the basls of selection of
pumping machinery should include:

I:= Reliability of service.

2:- Promptnesgs in gervice.

3:= First cost of plant.

4:o Efficlency of plant,
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5:= Cost of energy.
6:= Depreciation or 1life of pump.
T:= Maintenance costas,

1= Cost of lahoyr.

t= Flexibility.

I0:= Priming requirements.

8:- TYPES OF PUMPSY The ocommon types of:pumps are:

I:- Disnlacement pumpa in which pressure energy 1ls given
by a piston moving in & liquid cylinder and displacing its volume
of the ligmid. |

2:- Impeller pumps in which pressure energy 1s given to the
l1iguid by the rotation of an lmpeller and its centrafugal force.

The centrifugal pump 1s the most used form of this type.The pro-
peller pumn is8 another form.

3:- Rotary pumps wherethe liquid is forced through the pump
oylinder or casing by means of rotating drums without the help of
centrifugal force.

4:= Alr-Lift pumps which raise water by the boyancy of an

gerated column of water in a2 submerged tube.

9:=COMPARTTIVE STUDY OF PUMPS:

Disvlacement or reeciprocating pumps have a uniform

efflciency over a large fange, whereas centrifugal pumps are affected
by any change in head or speed. This makes for a greater flexibility

in the operation of recipracating pumps. Repairs and renewals do not
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requlre expert labd}r.ror common suction conditions)a pronerly

packed pump requires neither a nriming device nor a foot-valve.
Racipfocating outfits cost more,occunpy more floor space,require
heavier foundations,require more attendance,make more noise,QEEE;/f/T‘
alr chambers on discharge line to avoid water hammer,and can not

be driven by high speed motors or engines except by reduction
gearing,withthe consequent loss 1n efficiency.

Centrifugal pumps hgﬂxg_low first cost and operation,excellent
durE_E}lity,small weight ,compactness,low cost for foundations,
gimplicity 1n design and ovneration,quick starting, high speed for
direct connectioQ{o high speed drives,steady flow, starting toraqgue
rarely exceeds 350% of norma#?ull load torque,freedom from shock,

p ressure not excessive 1n case of sudden stOpping,lqu'rate of

depreciation,operation in Bﬁﬁllgl for quantity and series for /\,
\

pressure boosting.

The centrifugal pump has the following disadvantagearnecass1ty\<i§k
for priming,efficiency 1s lower than that that of a good recipro- '\%§ y
cating pump,direct connection to low-sneed engines not possible, 2
for hligh pressure pumping,rate of discharge can not be #fficientl Q?
regulated for wide ranged in duty,will not operate with a slight
leakage in the suction_pipa,other types of pumps handle higher
guction 1ifts more efficiantiy,the high speed requires accurate
balance and frequent attendance to bearings,in case of a break 1n the ﬁk
lire the pump may race and damage the motor.

Rotary pumpse are the most compact,without valves,mainly

used for pumping small gquanties againat large heads.
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Air-1ift pumps have the following advantages :simplicity,

borehole may not be stralght or vérticaR,sg nd 1s not detrimental

'to the planl,hot liquids ca n be used as eaaily(ZE) \
Disadvantages: low efficiency,dsep borehole.

I0:=CHOICE OF THE TYFPZ OF TL’T-JH@]- For our problem,where we

need to ralse a hig amount of wa ter amainst a2 low head,the cene
trifugal pump geems to be the adapted to such a case.Bealdes the.
other adva ntages of the centrifugal pumn,it is the most efficient

e ———
pump in sueh conditlons as those imposed by our prdblem.cééntri-

fuga 1 pumnps also have the extra advantage of allowing a great
freedom in the setting of the suction and dlscharge plpes and the
location of the station.
The different kinds of centrifugal pumpse willl be discussed

in the chapter a bout the design of the pump.
p—

g T T Sy — W o Sy —
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CHAPTER II

THE DESIGN OF THE PUMP AND PUMPING STATION

- S R e S T S

I :- A single stage of a centrifugal pump 1s to designed which

is capablg of maintaining a diecharge of N.6 I/sec./hec.for IOOO
hectared, two similar full carpacity pumps a re to be installed,
each working on & n_average of I2 hrs. a day;béﬁnce the 1life of
all the crops depends on the pumped water, it very important that
nothing should happen that will cut the discharge 1va ma jor
break in the the pump or motor,the other pump is 0perate%3Fontin—
uously.The other alternative of installing one full capacity pump
only and providing a reservolr gtoring water enough to irrigate

the land during repalrs taking several days wed inveastlgated,

Pt

'r;a tremendous capacity of such a reservolr makes very expensive.
It is cheaper to 1inatell a nother pump and motor than to bulild
s
a reservolr big enough to hold 2 da ys supnly.
2:-CAPACITY OF THE PUMP:-
0,6 I 000 B 600L/sec. = O.SM?SEC.
3
= 21.2ft./sec,
= 1272 cu. ft./sec.

—

- 9500 G.p.m.,

8 g‘w;

N
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3:- SUCTION PIFE:-

V. 18 usually taken to be not more than 8 ft./sec.
Due to the difficulty of gecuring large pip es in this

country, v. 1s taken a s IO ft./sec.

A = ia_ = 2.I2 sq. Ft,
I0
80, D ——==me—ce———a- = TI.66 ft. = 20 In.
Ma ximum suetion 1ift at v. = I0 ft./sec. 9
L -
I.0SSES =
Friction he8d ———-=-m=mme-—e=——- = 0.62 ft., OoneT N P
Velocity head ee-eemecccacaaa- = T.78 3"
Influx head —cececceaecee- - T.40 "
Loss from bends  e———c-a—a——e-a-- =0.,20 "
Pump friection( estimated) —--=- = 5.00 *®
Logs from temperature =--—----- -= 0,83 "
Total 1088 ==emmemcceaeeeao = 9,86 ft.
Net p oggible 1ift —--—we—ucaa = 22.65 FT;

The suetion 1ift should be kept as small as possible., In our
problem the pump 1s installed at the elevation of hilgh water level
to prevent the »numn from being submerged.
Use @mz;-g ------------ = 18 ft, ?
Recommendations for e installation of the Buction Pipe:=-
The pipe should be a s short as possible and must always incline
upwards to the pump. It must never form a pocket where alr can

accumulate. The run of the suction pipe should be free from sharp

bends.
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Since the pire 18 under a pressure less than atmospheric,the
air should be withdrawn. Two satisfactory methods are:-

I:=Fit an aim-vent pipe ,connecting the air pocket in the suction
pipe with the vaccuum side of a condenser,or a vaccuum pump which

\—-—/

1s always running.

2:- Fit an independent air »nump fob removing the air.
The end of the suction plpe should be as far below the water level }} =
=y "4"-‘!'31-'

as possible,in order to avold vortlces ca rrying air into the sytem. rca.—
T — ) 4

The bottom of the pipe should be at least I If2 dlameters asbove

the river bed so as not to carry silt. s = N R i)

The stra iner or grid should have an area in i¥s holes equal, :

at leagt, to four times the pipe area,

Footvalves and strainer should be so arranged that they can

be eagily removed for clesning.

4:« THE DISCHARGE PIPE{f--

Use v, = I2 ft, /sec,
3 TR
A = 3 = I.T76 sq. ft.
12
f
so ’ D - - —— = 1.5 ft. = IB 1nl MJ:? v

The pipe should be as short and direct as possible* Sharp bends
gshould be &avolded where possible. When the branches on the pump
are smaller in bore than the pipea,taper plpes should be fitted
go tha t no loss due to suddem contraction or expansian occurs,

Thege taper plpes should have an angle of expansian of €° to I0° .
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Delivery sluice val¥es should always be of the full bore type,
Care should be taken that all valve handwheel® in the plant open

wlth the same direction of rotation.

5:= _TOT HEAD: =
Suotion head(HE) ~m—eccmmcmcmciccccccceca- = I8 Ft.
Statie head (Hd) =ceemcommmmmm e = 48"
2
Velocity head = #f2g = 0,0I555XI0  ===m=mw-- = I.55 ft.
Influx head (h2) = 0,0T40 X Ioe __________ = (3.50 "
Friction head = f 1/d v?Eg ____________________ = 6.R0; "
Pump friction (estimated) —=—eec—cccacaamaao_—o = 6.00"
Loag from bends and valves ==-eeeecmceeoecemee—- = 2,00"
PIRED, | HEAD ‘woorram—sssmsens s a s s = 83.25 ft,
= POWER 2 -
Water horse power = GH/33 000 = oo = 240 hp.
Brake horse power = GH/33B800 I00/E ==--=-= 280 hp,

Aggsuming E to have the maximum value of 85%

7:=- THEORY OF THE CENTRIFUGAL  PUMP, =
Apart from external fittinge a centrifugal pump has two

main parta:

I:I The 1mpelle4which 1s the heart of thng;t::ijzgajmgatijﬂs;ga

—®
gmits the power supplied to 1t on to the water.

2:= THe casing which provides the entry passages and the
colleeting device.Two forms of which are used :the apiral or volute

casing a nd the turbine or guide vanes tyve.
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Watef i1s supplied to the center of the impeller. Due to 1its
rotation 1t produces a foreced vortex in the contained water with
consequent incerease in pressure in an outward or radial direction
and a tendeney to outward flow.,A partlal vaceuum 1s produced at
the center of thr imp\eller and water 1s forced up the supply pipe

by atmospheric pressure,

The kinetic energy involved in this exit velocity would be
wasted if no means wa 8 availahle for for converting 4t into pre=-

ssure energy before leaving the rumpjand various meens are adopted

for affecting this conversilon.

In the majority of pumps the impeller is surrounded by a
spiral volute chamber where the a rea increases in the direction of flow

go that the veloeity is gradually reduced before the water leaves

the pump. SBuch & device 18 capable of converting at most about

40% of the kinetic energy into pressure energy.Where higher eff-
ciencies are %o be reached,a ring of gulde vanes is used, surrounding

the impeller.

Hpae vanes are so designed as to receive the water without
shock on lqg_zipg the wheel and to direct igéhrough pagsages
ha ving gra _dually diverging walls into the collecting volute
f;;;-which it is fed to the diacgghzge pipe.In these naaj&gea

pressure inerea ses 28 the velocity 1s gradually reduced’, and

»-—--\‘_
under fa vorable conditions;such anarrangement is capable of

converting some 857 of the kinetic energy into pressure energy.
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8: = TYPE OF THE PUMP TO BE DESIGNED .=

Gulde va ne pumps are usually more efficient than
volute pumps. But the latter are much simpler in design,and if
well designed,thelr may well rea ch the efflclency of the gulde
vane pumps.Some volute pumps were able to dellver water at an

efficiency of 85% .

Because a volute pump 1s gimpler in construction and

smaller in dlameter than the gpide vane pump,0UR DESIGN will be
that of a VOLUTE PUMPF.

9:=- DESIGN OF THE IMPELLER ,=-

The following notations will be used in the design:
= Veloeity at the periphery; in ft.fsec.
= Height 1n feet to which water 1s to be ralsed.
= HKevolutlions per minute.
Dia meter of the impeller; in inches,

= Width of the impeller at the periphery; in inches,

A 2 U =2 W g
]

= Dia metr of the discharge plipe ; in inches,

n = number of blades in the impeller,

& = Gallons per minute ,

SPECIFIC SPEED :-(Ns). svecific speed 18 a measure of the type
of the pump. its uwse enables us to detrmine what combinations of
head per stage,what sp eed and capacity are desirable.

The physiea 1 interpreta tion of Ns is that it 1s ‘the rotation
e
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speed at which a pump will run if it 1s of such a size as to

deliver qé.p.m. at ahead of I fb. per srage.\
—— -

For the same head and capa_gity anumber of impellers may be

used. The impeller which is desﬁrahleps the one which will give
a BE,EE}fic speed corresnonding to to the maximum effleiency.

A value.of gnecific gpeed less than 500 ig never used.It was
found that" a specific speed ranging between 2000 and 2500 glves

a pump with maximum efficlency.

SPEED OF THE IMPELLEK:-

Na = Ja.p.u, ¢ X

= L Ya = 2 000

Solving for N ; Ve get

N e - - = 475 T.'D-E'!-

DIAVETER OF THE IMPELLER:=
840 )
D = o A ; where g - ‘U
N —2gh

The value of ¢be will depend upon the design of the pump. Thus
the amaller the angle - - and the fewer the number of impeller
vanes,the larger the value of Qe
For normal discharge, P8 =—em—emcecmcmcccccce——— = 0,90 = I.30

e A0 XT.IE 68 | . = 36 in.

475 | |
The diameter of the lmpeller 1s always I.5 to 5d4.

In our design, D = 2 d. j;which 1s a good design.

Number of Bla\des In the Igpeller:- The number of blades 1s

taken to be 8 .
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IHE THICKNESS OF THE BLADE:- The blades should have auch a thickne;a_
that is anough'to resist the torque on them.Thls depends on the
head against which the pumn 1s working.

Athickness of__I/2 in, 1s good for our case.

Width of bla des at the periphery:-

a® g2
3 4D~ I.2Tnt = K306-1.27 KB x0.5

VANE ANGLE OF THE IMPELLER:-

- 2.1; in.

The characteristics of a centrifugal pump depend essensially on
the vane a ngle of 1ts impeller,and under suiltable conditions,
its overall efficiency may attain a value as high as 85%,
at the inner periphery the wane angle,B, should be such that the
wa ter enters the impeller without shock.

vi
Thisg condition 1s satisfied if-w==- tan.B = R s where

vI 1s the radial component of the veloclty of water,and ui the
peripheral velocity of the impeller at this point.

At the point of discharge may either be radial,or may be curved
forwards or ba ckwards from rhe direction of rotation,depending
upon the duty for which the numn 1g designed.In the majority of
pumps the vane angle at discharge is between 30° and 75°, the

value increasing with the hight of the 1ift.

I8 x 60 . 0.295
tan.B = S3ETTI6%0. TBR520
- L N Y

If a be the blade angle at the point of discharge in the impeller,
And if UJ be the perip heral velocity and f3 the radial component
of the velocity of the water,the gain of pressure head in the 1im-
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peller 18, neglecting friction, equal to:
vz_ujg £3%c0sec.a + £2°
In the best designed impellers the pressure head gailned does not

feet.

exceed 40% of the total head develoned by the pump:

Substituting and solving for a ;we get:

THE IMPELLER ARFEA:- These a re go fixed so as to give velocities
within the impeller that cause the least shock or frictional
losges.

A = —%E—— = ngig— = I.6% sq. £h.

THE VOLUTE OR SPIRAL CASING:-The veloeity of water in the
gpiral casing ranges from O.ISEEE To 0.20V 2gh, the higher
factor being used for lower heads.A snriral case should be sonro-
nortioned that 1t delivers the 1liquid with uniforfm velocity and
everywhere in the same relative direction.It acts both agh a
guide apparatus and a diffuser in which the veloecity head is con-
yerted into pressure.If the cross section of the case 1s cirecular,
it is known that the radius of a point on the outer boundary is
given by T :JEE# K where ¢ and K are consrants,and o the sbtended
angle. This curve will give an area which is directly proportional
to the angle.For any other change 1n the cross sectlon,it 1s easy
to determine the form necessary by applying the principle that the
area must va ry as the subtended angle at the immeller axis.

Dividing the casing into 8 ares we find that that the

radius to each successive point on the s»iralis is increased by a

value equal tol 1/8 q. where q is equal to the capacity In ft?/sec

I/8 q. =m—=—-——m-== « I/8« 21.2 = 2.65 in.
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The 'different radii will then he:-

ro =36 in. ; rI = 38.65in. ; r2 = 4I.30 ; r3 =43.95 ; r4 = 46,60

5 = 40.25 ; r6 = 5I.90 ;r® = 54.55 ; r8 = 57.20 :
Deslgn of shaft :-
SsF’ x RO
Hp =1 {4?”RN_;_ ; Where T = —E———zji—ﬂ
33 000 e

Substituing for T a nd solving for the diameter of the shaft we

gett=- 5 3 B B .‘3/’28‘—0'
D ___3.3 = g =3.3 WB-— =5 2.?65 o B0 aAn.

CONSTRUCTION:- Impellers are made either single suction or
double suction, according to whether watef 1g admitted at only one
or both sldes of the impeller. The latter constructlionpermits of
a gmaller diameterof impeller for the same capacity. For the sake
of gimpliclity our design consldered single suction onlye Water
leakage from the diacharge to the suctlon side is minimized by the use
of clearance rings,and sometimes labyrinth rings are uesed so as
to provide a more tortuous passage for the leakage water.The leakage

of alr along the shaft on the suction side should be prevented

by a water ﬂg;llgyaddition to the usual pfgguiné?.

.7
The end thrust is taken care Gf{aihrnaf:)earing,by gymmet -

rical construction,es in the case of the double suction punqér a
multi-s@g_gg pump with the impellers set back to baek,or by the
ugse of an automatiec hydraulic balancing plston.THE majority of
multi-stage pumps are bulilt with the impellers all arranged the
game way in thE-EEEE—~EE~EEEE_BEEEEESzthe moat direct flow from

one impeller to the next\snd ealso s8lmplifies the mechanical con-

gtruction.



Slab over Pumps Rooms:-

Span =memmmc e e fI = o 3 €2 = TIm
A =0:638 ; BI = 0772 B2 = 0.077
Mlecmcae e e - = 3060 Kg.m,

P = 0.772 % 3060
dI = 0.36742380 = I8 cm.

2380

1

As =0.604 X 18

H

H
n
1911

8q. cm.
Which is furnished by 8=I4 mm. round bars.
Long Dirction:-

BRE T = 7600KG;m.

Pr = 0,077 X7600 = 585
d2 = 0.36TA585 = 8.9 cm.
As = 0.604K 8.9 = 6-15 8q. cm.

which is furnished by 8- IO mm., round Bars,

Slab over oil room and office:-

9 = bigy, Y2 = 4.8u. ia = T.00 i BI =.333: Be =333

L = I325 Kg. m.

/1 = 0.33x 1325 Ghp ® W
g2 =0.367TXx442 =7.7 og.._
As = 0.694Xx 7.7 5.36 8q. cnm;

whilch 1a furnished by 7- I0 mm. round bars.

Both directions are the same.
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CHAPTER III

INSTALLATION, OPERATION AND CHARACTERISTICS
of
THE PUMP

I:-~ LOCATION OF THE PLANT:-~The majority of centrifugal pumps are

driven glectric motors, steam or nil engines,as 1t 1s in our
desgignt and these machines are more vulnerahle to bad conditions
of working than the pump 1itself. Location of the rump 1tself is
therefore mainly governed by hydraullec reasons, the layout of the
suction pipe,and the sultability of the site for the driving

motor or englne.

2:- PREPARATION OF THE FOUNDATIONS:- Centrifugal pumps do not

impose any serious load on the foundation other than dead weight .

T

This 18 because they are free from vibrations. Foundations that
e e e N i S (4
are go0lid into the ground are that 1s required,and the depth

nerd not be more than that necessary to prevent its settlement.
This 18 not the ease when the pump 1s driven by belt as the effect

of belt puﬁyé;a to be taken into account,

Sguare holes should bhe left in the foundation for the bolts,
which are ultimately grouted in position when the bed-plate has
ben levelled up.

3:- SETTING DOWN THE BEDFPLATE:- With the foundatilon bolts in

nosition,place the bedplatenover iron wedges on its foundation.

‘_\‘\
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These wedges should he fitted at easch foundation bolt and as near
to them as possible,so that proper supnort is(given when finally
tightening the bolts.The bedplate should then be brought approx-
imately level In both directions by adjusting the wedges as req-
ulred and checking by a s»nirit level.

Grouting in the foundation bolts should now be done,in order

that the cemant may harden before tightening un.

4:- DISTORTING PUMP BY PIPES:- ﬁéumn easing can easlly be
distorted or pulled out of line if the suction or delivery pipes
a re allowed to impose a load on 1t. Speclal care should be taken
]

to avold this,and 1f necessary,the piping near the pump should

be supported either on gtoola from the floor of steel hangers

from roof beams.

5:= NE”D FOR CAREFULL ALIGNMENT:- Aflexible cou?linm ghould
be aligned as carefu}ly as a solld coupling.The obhject of a
flexible counling 1s to allow for end movement and expansian and
doesg not gllow for inaccuracies in shaft alignment.Bad alignment

resulte in vibrations and sgnaye wear on the sunporting bearings

6:~ LINING UP OF PUMP AND MOTOR:~- ﬂ\the case of Mpelt
driven pump with no coupling between the pump and pulley shaft
it is not nossible to line up so accurately as in the case of an
electric motor drive. Wedges are adjusted untll the shaft can

be revolved by hand. If thls is done,no severe loads wilf%e imp=-
omed on the supporting bearings,The slignment gshould be made with

suction and dischrge pipes uncoupled .



(33)

T:= FINAL GROUTING IN OF BEDFLATE:= When the alignment 1s
satlsfactory,final grouting if the set ca n beldone by pouring
cement under the beenlate.rhaHZEESEE'EESEEE*ZZF;:;iad in to a
denth of about I/2 in.,so that the wedges or ghims wil#g;t
shift, and should extend about I/2 in. beyond the bedplate for

the same reason and to give a finished appearance.

8:- DRAIN GUTTER IN FLOOR:= The slight trickle or sealing
water which escapes from the glands should be led to the nearest
drain.It is freguently more convenlent to form a drain gutter in
the concrete floor than to lead a drain plpe. The gutter should
have a slight gradlent in order that effective drainage could he

accomplished.

9:- TRYING PUMP FOR FREENESS:- After everything is ready
for atarting the pump,it 18 necessary to see that pump and motor
can be rotated by hand. Small pumps can easily he rota tad*ﬁﬁpt

big pumps require conslderable effort.

JO0:= NETHODS OF PRIMING CENTRIFUGAL PIUMPS:- When the 1li-
quid flows into the pumn by gravity,no priming deviceas are necessary
other than an air release cock on the nump casing.

A:= Priming of pumps fitted with a footvalvef  Such pumps
can be filled by hand,or 1f the suction pire 13 very large and
a water sunply 1s avafllable ,by a plpe discharging into the casing

through & speclal valve.
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Where there 1s a static head on the discharge side of the pumn ,
and 2 non return valve is not fitted, the pump is readily primed
after the initial filling by opening the discharge sluice valve
on the enough to admit water to the pumn. The air releasze cock
on the pump e2sing should be left open till water appears.

When the static hezd is high, 1t requires too much effort
and puts too much strain on the valve to open 1t with the static
head on one side of the valve only.Under theae(&ircumstancea it
ig usual to fit a small by-pass nine and valve.This apnlies also
to the non-return valves fitted for the purpose of nreventing
water hazmmer from resching the pump.

Water hammer 01.-&?.-*'*;'1'1'53:1 the pump ceagea to deliver with the
delivery valve open. When this occurs) and a non-return valve 1ls
not fitted,the vertical column of water rturns,lts momentum 1s
guddenly destroyed,and afevere rise of pressure may occur which
can burst the pumn.

B:- Priming by a steam exhauster:- When a2 steam supply is
avallable,the air in the suection plpe can be exhausted by fitting a
ateam operated exhaustar.&é%}ho foot valve 1s necegsary.In operating
an exhauster,the dischrge sluice walve on the pump should be kept
" ghut. The exhaust steam should be led outside the pump house ,and
the pine should slone downwards,so,that condensation is automat-

ically cleaned,and the least possible back pressure ia imposed

on the priming unit.

C:= Priming by a water exhauster:-Water onerated alr exhau-

sters are also used,and the method of opperation iq gimilar to

that of steam exhsusters.
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C:= Priming by power driven exhauster:- Air ean be exhausted
from the suction system by fitting a mechanical exhauster. The
exhauster can be driven by a separaﬁﬂ:yotoqur by the pump motor
either direct or by belt. -
Power driven alr exhausters can be divided into three main
types:
I:- Posltive action piston type of single or double acting
tyne.
2:= Pogltive actlion rotary type employing a circular disc
with sliding plates in an eccentric casing.
With both of the above types 1t 1s necessary to prevent
the air pump from drawing water over from the system,and this 1is
usua 1lly accomplished by fitting a float which automatically
cuts off the communicatioékgatween guctlon system and the ailr
pump when the water has filled the pump.
3:= Rotary air exhauster of the fluid ring type:-
This type of air exhauster requires Efzigii}ed with a small am-
ount of water before belng set to work,No specelal precautons are
necessary to prevent the water from being pulled ovar‘from the
syatem.

E:=-PRIMING BY SUCTION PUMP:=A small suctlion hand pump having
the suction pipe of the centrifugal pump for its suction plpe
also can be used to\gEE“EE,ihe alr from the pump.The hand pump’
1s operated till water begins to flow from 1t;then the pump is rurl

and the valve to the hand pump closed.

II:= ATTENTION TO PLANT WHEN RUNNINGZ- The person in charge
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of ths numying gtatlon should attend to the following things du-
ring the actual running of the plant:

I:=Pump and motor bearings:- the temp erature of the hearings
ghould be ta ken at regular intervals and assurance made that the

—_—

01l rings a re revolving
-"_"'\

28:~- Pump stuffing boxes:-Soft packing should be used in order

that-the wff_? on pump Spindle or sleeve may be reduced to q<ff§2j:7
When a watqp geal 1s fitted to the pump stuffing boxes,the glands
should be 2djusted so that water tiwkles outward through them.
If the glands are screwed up so tight that water doe not escape
excesgive heat will be generated in the gtuffing box and the life
of the sleeve or spindle reduced.In some cases,the water pumped .
1s not suitable for sealing the stuffing boxes and a clean supply
of :pressure water 1s not avallable, Under these conditions a
Qrease lubricator with an 1solating cock 1s frequently fitted,so
that the packing may receive a ceertain amount of lubrication.

J:= When to renew a reverse packing:- If packings were
hard or charred when in contactﬁﬂifh the aspindle,they should be
removed .When repacking a gland@;}e that the Joints are in
1ine with sach other,as this would csuse & leaking stuffing box.

4:- Pressure gnd vaccuum gauge readings:=-If relliable gauges
are fitted,it 18 rossible to detect the changes in the resiastance
of the pipe system.An increase in vacouum on the suctiong gauge,
with normal suction 1ift and discharge conditions,points to =

choke® strainer or other restrictions in the suction system,
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5:= Inorease in pressure:- An ineorease in pressure gauge e a=-

ding on a oondenser circulating pump,assuming normal suction con=-
ditions,would indicate that forelgn matter has passed through the
puﬁp and has partially choked the condenser tubes.Or it is possible
that an alr leak has developed in the siphonic dlacharge pipe.

6:= Stopping the pump := Before stopning a pump the vaceuum
gauge 'covk) should be e¢losed so that,when priming,a presaufe may
not be imposed on it with consequent damage to accuracy.Thils is
particula rly important on units having high statie head ava 1=
lable for priming,in which ease the gauge would be burst.

T:= NOISE IN PUMPS := No loud mechaniga 1 noiee should be app-
arent ,but & small amount of noise 18 usuelly preasent,due to the
flow of water through the pump and pipes.

Excesglve noise 1s usually caused by @

a:- Clearance between cut water and impeller too smell.

B := Pump operating on a higher suetion 1ift than that ror
which 1t waes designed.

e t- Layout of suetion 1s bad.A bend in the suction pipe
next tq@ the pump will cause overfeeding to one side of the im=
peller ahd under feeding to the other side.This bad distribution
of water will result in 2 nolsy pump and wlll also lmpose an axlzal
thrust on the leceation bearings.

8:= Lubrication :-~ When graaaae}ubricated bearings are fitteg
adequate and continuous supply of sulta ble gregﬁggﬂ;a required.

e
Tubrucstion on small units 1s mwsually made by grease cups,and the

type of grease cup which will continue to feed lubricantifor a
long neriod after filling 1s to be recommended. Large inetallations

-
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speclally those employingn vertieal shafting,use mechanies1lly
operated grease lubrica ters.THESE lubricatefs are driven by the
main motor,usually through a reduction gear,and a seperate regu-

lator to each bearing 1s fitted.

-

T2:=-__POMP CHARACTERISTICS:=- Curves are drawn to represent

the relation between head,capaclty,speed,a nd horsepower required
to drive the centrifugal pump.These curves are plitted either
from calculatlions or test data.They rerresent the characteristics
of the particular impeller chosen. Without alterins the pump
caging to a great extent,any one of a varlety of impellers,each
having separate and dlstinct characteristliecs,may be used; so that
for any givem size of pump,capacity may remain constant while head,
speed ,and horsepower are varled over a wide range.
As long as cavitation 1s not encountered,the effect of the
change of speed 1alg_gd;pllows:
q varles as N .
2

h wvarles as N .

W.hp. varies as N3
and the efficlency ineresses very slightly with N .,

For a series of homologous 1mpellers of different sizes but of

exactly the design,if they are to run at the same r.p.m. ;

2
h wvariss as D .

q varies as 3

W.hp.varies as D5

Wile the efficiency will increase slightly as the slize lncreases.

Thus the brake horae power will not increase quite so much as the

preceding expression indicates.



(39)

I3:~= DEFINITION OF PUMP EFFICIENCY: -

Total efficlency = e = —"-;—%I;—-—-_

Yechnical efficlency = em = w(q + q)h/550

b.hp.
wlaq+ 4) h h
Hydraulic efficlency = eh = at 9 =
1 1y
w(q + a)h h
Volumetriec efflelency = ev = _“_2_7_
q+ q

7
where q 1s the amount of legkage through the clearance spaces,

& nd h is the head impsrted to the water by the impeller.

I4:= FACTORS AFFECTING EFFRICIENCY:=- Efficiency varies with the

cepacity.A amall change in the speed under a conatant head has
a marked effect on the efficlency and less effect on the capacity.

In small sizes,disproportionate water loases reduce the efficlency.

- M S o S - ——y O
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CHAPTER IV

COST OoF IRRIGATION BY PUMPING

I:= The cost will be expressed in terms of the amount of money

gspent in irrigating one hectare of land,under the given head of -
!
. r
66 rt.,during the summer season,considered to be 90 days. This Vg 3
PR T e ae——— M‘b{v

cost is then balanced against %ﬂu*pﬁ& the returns from the land aﬁwmhﬁ&,ﬁ&#?
and the economilc reqsibility of pumping is examined.Tye rige in Windn mfl'pﬂj
fm&{s -~

*the value of the lanﬁgfter 1t 18 irrigated 18 very great; amounting

to 3 to 4 times its value before irrigation. The net returns from A

irrigation are variable according to the kind of erops planted, ﬂ,&? il
their value, and thelr water requirements. Prices vary conslder- }
ably from one year to another,and a cost of irrigation which ia

p rofitable in years of high prices may not be so when the price

of agricultural produets fall down.

The determination of the economic feasibility of pumpingls an

engineering,agricultural ,and economic problem.

2 :- COST OF PUMPING:- The total costs of pumping are:

I:- Interest on the capital invested in the constructlon
of the intake ,pumping station,and reservoir-and the instgllation
of the piping system,pumps,and motora, .

2:- Depreciation in perishable things as pumns,motors,and
pipes.The 1ife of cast iron pipes 1s estimated to be equal to 50

years;that of the centrifugal numng and motora is 20 yeara.



3:=- Repaurs of breakages and maintenance.

TN ™ '
4:- Fuel,oll,and lubricants.

5:= Attendance and supervision.

(/’\“’“\_yzf

@65T OF PUMPING STATION

Kind of Work _Unit
Excavation in soil m5

Excavation in rock "

Magonry %

Concrete,plain "

Reinforced concrete 5

Wood work m2
Plaster n
Inlet gates unit

Caat i1lron nipes 1o-20ifilNm-
I18-20-in. pumps unit

Diesel motor,280 hp’ "

valves y

Instrumenta -

TOTAL COAST CF STATION

I0%Z INTEREST

(41)

(

Quantity Unit price

Costs
1860 L.L 2.5 L.L.4650,00
90 4 {9-00 810,00
T45 " 40 .00 20800 ,00
o5 $ ﬁo .00 3800,00
35 " ?b .00 3155.00
50 . 55 .00 1750.00
675 LA o7 1012.00
4 " 50 ;00 200.00
470 1 2% .00 1175.°0
2 "4000; 00 8000.00
2 "25000.00 50000.00
4 % 80,00 320.00
& n o 500.00
= L.L. I05,1I70.00
= L.L. 10,517.00 ¢

(/ycen °/
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2:~ Sinking fund reserve to cover depreciation:- )h J]
e L/?/fz -
5 /‘\5 -__-i__‘_____
X = 3 wheTFez [ﬁ%}"l

Vs

L S
(T+r) - JzJd s
X = annuagp payment made at end of each year to accumulate L.L.I.O
oL 20k - et sadivrge v,
at the end of n years,the installmente bearing intereat at rca‘(f,m;w o a
per year,coumpounded annually ; | ",‘“"'"J!’?‘ 7"'”‘_
Taking the current rate of interst as IN%,and the 1ife of th?ﬂ?&l LS?
)

whole thing as 25 years,the parcentq:ggﬁggt aside yearly 1a 2%.

PREEE

AMOUNT OF DEFRECIATION = L.L. 2I00.00

3:~ REPATRS AND MAINTENANCE:- These charges are to be estimated,

a nd they they varyy from one year to another. when the pump 1is
2;11;—;;;1and the motors also, very little repairs are necegsary.
On the other hand,these charges wlll constitute a higher percentage

of the total operating codats when the machinery becomes used up.

REPANRS AND WAINTENANCE = LiL, I 000,00
4:- FUEL;0IL,and LUBRICANTS:-

Diesel Engines rquire a bout 0.0625 gal.of erude oiifhp./hr.
Totallamount of crude oil consumed = 37 675 gal. =I42,000 Lit,

Price of oil at P.L. I2/Kg. : = L.L. IT5000
Price of lubricants Liali, 500

5:~ ATTEDANCE AND SUPERVISION:-~ 3 men should be employed to
gttend to the engine: znd pumps when running: 90 days.

Godt OF IRBONE - -adenbetnin sk e = L.L,  I700

A weekly visit by a comp etent enginerr 18 necessary

Expert supervision ~---=—=-==- -~ e 1 IC00
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SUMMATION OF COSTS

Tt= Interest on first cogts =—cecmceaooa- L.L. IO 5I7.0
2:- Dapreciation = = = c-cemmmcccmeaaeeo » 2 100.00
J:= Repairs and ma intenance =--=c--ee-a- " I 000.00
43« Fuel, 011, and Lubricants =-------—=- " I7 500.00
1= Attendance and Supervision =-==-w-e--- " 2 700,00
TOTAL COSTS PER Y EAR  cwcmccmcecm—w= L.L. 33 820,00
COBT FER HECTARE =~-eeeemacas—cso Al 32,00

N~

NOTE : THE 33282015 ONLY THE COST OF PUMPING WATER, TC FIND THE

TOTAIL, COST OF IGATING,ONE HECTARE THE COST OF THE DISa

TRIRUTION CANALS;J 5 ADDED” ~
______________.__""__“
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