Pumps alaal

Pumps are needed for:

1. Lift water from a lake, reservoir or river to WTP.

2. After WTP to force the water into the mains & elevated storage.

3. In the system booster pumps is required at certain points to keep the
required pressure.

4. Raise the water from wells into a collecting basin (C.B.). Then from the
C.B. mto the main pipe.
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Table 7-1 Headloss of typical fittings

( From “Pump Application Engincering™ by T. G. Hicks and T. W. Edwards. Copyright 1971 by
McGraw-Hill Book Co., Inc. Used with permission of McGraw- Hill Book Company.)
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Table 7-2 Equivalent pipe Icn;:nl;s of various ﬁ‘nings

(Length of straight pipe. ft} giving equivalent resistance,)
(From “Pump Application Engineering™ by T. G. Hicks and T. W. Edwards. Copyright 1971 by
McGraw-Hill Book Co, Inc. Used with permission of McGraw-Hill Book Company. )
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Medium Long Gate (_, obe Swing
s|ze Slandard radius radius 45" valve, valve, check,
int ell ell ell ell Tee open open open

1 23 2.4 1.7 1.3 5.8 0.6 27 6.7
2 %S 46 15 s 11.0 1.2 57 13
3 8.1 6.8 5.1 38 17.0 1.7 85 20
4 11.0 9.1 7.0 5.0 22 2:3 110 27
5 14.0 120 8.9 6.1 27 29 140 33
6 16.0 14.0 11.0 13 33 35 160 40
8 21 18.0 14.0 10.0 43 4.5 220 53
10 26 22 17.0 13.0 56 57 290 67
12 32 26 20.0 15.0 66 6.7 340 80
14 36 31 23 17.0 76 8.0 390 93
16 42 35 27 19.0 87 9.0 430 107
18 46 40 30 21 100 10.2 500 120
20 52 43 34 23 110 12.0 560 134
24 63 53 40 28 140 14.0 680 160
36 94 79 60 43 200 20.0 1000 240

tin x 254 = mm
$ft x3.28 =m

gpm, ft) or 0.163 (kW, m*/min, m). The power input to the pump is a function of its
efficiency and is equal to

P,=P,/E, (7-2)

in which E, is the pump efficiency expressed as a decimal. The power required by
the pump dnver will also exceed its output, hence its efficiency must also be

considered.
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BEP - Best Efficiency Point
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Pumps in parallel and in serial

Pumps in Parallel or Serial
For pumps connected in serial - add head, for pumps connected in parallel - add flowrates

Pumps can be arranged and connected in serial or parallel to provide additional head or flow rate capacity.

Pumps in Serial - Head Added
When two (or more) pumps are arranged in serial their resulting pump performance curve is obtained by adding their heads at the same flow rate as

indicated in the figure below.

two pumps in series

single pump

g - prog

Flow Rate - g

s srgineri ngtoal b cam

Cenirifugal pumps in series are used to overcome larger system head loss than one pump can handle alone.
« for two identical pumps in series the head will be twice the head of a single pump at the same flow rate - as indicated with point 2.

With a constant flowrate the combined head moves from 1 fo 2 - BUT in praciice the combined head and flow rate moves along the system curve to point
3.

« point 3 is where the system operates with both pumps running
« point 1 is where the system operates with one pump running

Note that for two pumps with egual performance curves running in series

« the head for each pump equals half the head at point 3
« the flow for gach pump equals the flow at point 3

(Operation of single stage pumps in sefes are seldom encountered - more often multistage centrifugal pumps are used.

Pumps in Parallel - Flow Rate Added

When two or more pumps are arranged in parallel their resuliing performance curve is obtained by adding the pumps flowrates at the same head as
indicated in the figure below.
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Cenfrifugal pumps in parallel are used to overcome larger volume flows than one pump can handle alone.
« for two identical pumps in parallel and the head kept constant - the flowrate doubles comparad to a single pump as indicated with point 2
Note! In practice the combined head and volume flow moves along the system curve as indicated from 110 3.

« point 3 is whers the system operates with both pumps running
« point 1 is where the system operates with one pump running

In practice, if one of the pumps in parallel or series stops. the operation point moves along the system resistance curve from point 3 to point 1 - the head
and flow rate are decreased.

Note that for two pumps with equal performance curves running in parallel

« the head for each pump equals the head at point 3
« the flow for each pump equals hali the flow at point 3
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Ex: Determine the water power, pump power and motor
load for a pump system designed to deliver 1.89 m>/min
(500gpm) against a total system head of 50m (164ft).
Assume the efficiency of both pump and motor is 80%.

Answer:

Pw = 0.163 x 1.89 * 50 = 15.4kw (20.7hp)

15.4
19.25

Note: - the efficiency of pumps Ranges from as little as 40
prevent to as 90 percent depending upon the pump design,
the fluid Pumped and nicety with which pump and
application are matched.
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Centrifugal pumps (LY clidad)) S sl bl cldia
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Q varies with w
H varies with w?

P varies with w°

Ex: A Centrifugal pump operates at a speed of 1150 rpm and
discharge of 2.3 m®/min against a head of 120kpa. The
power required is 8.2 kw compute:

1-the efficiency of the pump?

2-the discharge head and power if the pump speed was
changed to 1750 rpm?

2.3 48y el 38310 o 50 1150 4o sy Jard 4301 (5 S e 3 e ddiias

‘a8 2kw  (Aaadll d8l) 4, sladl) dllllkpa 120 isé s m*/min
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Solution:

120kN
_ _ m? _
1) Pw = 0.163QH = 0.163 + 2.3+ | 5- I | = 4.586kW
mz
gp= W _ %586 ceo — _s6u
P=pp 82 ~— " = °

2)Qxw, Q1 «<x wl ,Q2 xw2

Q1 wi 2.3 1150 2_35m2
Q2 w2 ' Q2 175 ' Qz=3. min

O Lialas LaS g 4dld G glu) (i gh du gl 30 As ) g 0 g uualiii i oc W2

h1 w12 12.23 (1150
h2 w22 " h2 ~ \1750

Q@UAMLAS&&SJF) kﬂ‘%ewmp“ w3

2
) ,h2 =28.31m

P1 w13 8.2 (1150

3
oow - , P2 =28.9kW
P2 w23 Y 1750)



Ex: A Centrifugal pump is to be operated with total head of 360kpa
and discharge of 1.1 m”3/min. Compute the water power and
motor power Assuming the efficiency of pump is 60% and for motor
85% if the cost of the current is 750 ID per kwh compute the
monthly cost of operation if the daily Flow average is 750m~3.

Solution:

360k—1\2,

H=|—™_|=36.7m
9.81%

Pw=0.163QH = 0.163+1.1%36.7 = 6.58kW

E _Pw P —6'58—10 967kW

P=pp P=%06

e _Pp P _10.967_12 oKW

mM=pm > "™ 08 =

Bl Al crandiina) 13) by e Aeddicead) sl <l 4GNS Lual750mA3
3

11 60min 6m
= . k = B —
hr hr
, 750m3
No.of opeation hours every day = 3| = 11.36hr
66—
hr

Total monthly cost

=7501ID x11.36 hr x 30 days *12.9 kw = 32971401D
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NPSH

NPSH (available): - absolute pressure at the suction port of
the pump.

NPSH (required): - the maximum pressure required at the
suction port of the pump form cavitations.

NPSH (available) must be calculated

NPSH (required) provided by the manufacturer.
To avoid cavitations

NPSH (available) > NPSH (required)
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m &\ASJY\ Kpa Ll

0 101

305 98

457 96

610 95
1220 88
1830 81
2439 75
3049 70
4573(15000ft) 57
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C 3 yallds y Kpa hxall
0 0.61
4.4 0.84
10 1.23
15.6 1.76

21.1 2.5
26.7 3.5
32.2 4.81
37.8 6.54
43.3 8.81
48.9 11.7
54.4 15.3
60 19.9




Ex: - what is the maximum permissible difference in elevation
between the water surface in intake structure and the pump
under the following condition: -

Latitude = 1000m
Max. water temp. = 25 c
Intake pipe diameter = 150mm
Flow = 2m>/min
Minor losses V2/2g, (k=1)
NPSH (required) = 40kpa
Solution: -
6 s Jaraall 4o 22l ¢85 ¥ g Jaxaall (A3l Galaldl Jsand) (g
90.16kpa (s s 1000m & léi 3
A 2l 5 ) el da jo i Jarca (A8l (aldd) Jsaall o S
3.2kpa ks €25 (25 Jlaadl (8 Blarall 3 ) jall 4 jaly jlaall laria

Losses
. _Q_ 2m3 /min 1 88(1)
A sec 2. M T 'sec
60 =) +0.152 * ()
losses L T 1882
055€S =59 " 2+981

Glaag A ledd) Jsadkpa B4 e
0.81*9.81=1.77kpa
NPSH = (90.16 — 3.5) — SUCTION LIFT — 3.2 —-1.77
40 =(90.16 —3.5)— SUCTION LIFT -3.2-1.77
SUCTION LIFT = 41.69Kpa = 4.25m
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Ll Intakes

What are Intake Structures?

Intake structures are used for collecting water from the surface
sources such as river, lake, and reservoir and conveying it further to
the water treatment plant. These structures are masonry or
concrete structures and provides relatively clean water, free from
pollution, sand and objectionable floating material.

Factors effecting site selection for Intake structures:

1. The site should be so selected that it may admit water even
under worst condition of flow in the river. Generally, it is preferred
that intake should be sufficiently below the shore line.

2. Site should be very close to treatment plant as possible.

3. It should be so located that it is free from the pollution. It is
better to provide intake at upper stream of city so that water is not
contaminated.

4. It should not interfere with river traffic, if any.

5. It should be located where good foundation conditions are
available.

6. It should be so located that it admits relatively pure water free
from mud, sand and pollutants. Means it should be protected from
rapid currents.

Design Considerations

1. sufficient factor of safety against external forces such as
heavy currents, floating materials, submerged bodies, ice
pressure, etc.

2. should have sufficient self weight so that it does not float by
upthrust of water.



Types of Intake Structures:
Intakes are classified under three categories.

Category 1:
Submerged intake

Exposed intake

Category 2:
Wet intake

Dry intake
Category 3:

River intake
Reservoir intake
Lake intake

Canal intake

Submerged Intake Structures:
1) It is the one which is constructed entirely under water.

2) It is commonly used to obtain supply from a lake.
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Exposed Intake Structures:

1) It is in the form of a well or tower constructed near the bank of a
river, or in some cases even away from the river banks.

2) Exposed intakes are more common due to ease in operation.



Wet Intake Structures:
1) It is a type of intake tower in which the water level is practically
the same as the level of the sources of supply.

2) It is sometimes known as Jack well and is most commonly used.

Dry Intake Structures:
1) In case of dry intake there is no water in the water tower.

2) Water enters through entry port directly into the conveying
pipes.

3) It is simply used for the operation of valves etc.

River Intake Structures:

1) It is a type of intake which may either located sufficiently inside
the river so that demands of water are met with in all the seasons
of the year, or they may be located near the river bank where a
sufficient depth of water is available.



2) Sometimes, an approach channel is constructed and water is led
to the intake tower.

3) If the water level in the river is low, a weir may be constructed
across it to raise the water level and divert it to the intake tower.

g oA N lld dygag obaall g @) (M L sae las L 5l oy 8 ¢ addie sl (A elall (5 sie (IS 1)
Jdsdaadll

Fig of river intake

Reservoir Intake Structures:
1) When the flow in the river is not guaranteed...... .. throughout

the year, a dam is constructed across it to store water in the
reservoir so formed.

2) These are similar to river intake, except that these are located
near the upstream face of the dam where maximum depth of water
is available.

3) Design of intake may vary based on the type of dam.



Canal Intake Structures:

1) In some cases, source of water supply to a small town may be an
irrigation canal passing nearer or through the town. Then it will be
constructed.

2) Generally it consists of masonry or concrete intake chamber of
rectangular shape, admitting water through a coarse screen.

3) A fine screen is provided over the bell mouth entry of the outlet
pipe.

4) The intake chamber may be constructed inside the canal bank if
it does not offer any appreciable resistance to normal flow in the
canal.

5) It's preferred to provide lining to the canal near the intake
chamber.
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Design considerations

Design flow (m*/min)

Q4= Qumaximum monthly

Qunin= 0.7% Qayerage

V2 0.6 m/sec (to prevent settling )

V< 1.5 m/sec (to prevent pipe scouring)

V< 2.5 at emergency case or at maintenance
Diameter (& 200, 300, 350, 400, 450, 500.........etc)
No. of pipes 22
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Design steps:

= Get Qm.monthly & Qmin
* Assume v =1:15 m/sec

* Q=vx Areq — Ar‘eq = Q’:"'" = vv m? =n_§_.;p2
* Choose suitable n,¢@

Check velocities:

_ Qm. .
1— vy = n.g;; (06:15) m/sec
— Qmin

2 — Vpin = nEg? =06 m/sec
if not, close pipe and recheck

3V emae = —22M <25 (emergency case)

- [n—l).;.qu
if not, increase one pipe — n,,, =n+1
Examplc 1

Design the intake pipes for water treatment plant serves 200,000 ¢
and av WC = 200 [l/c/d

Solution

200
= = = 3
Qar = Pop.x WC = 200,000 x 1000 x 22 x 60 < 60 0.463 m*®/sec

Qmax.monthty = 14X Qg, = 0.648 m? [sec
Qmin =0.7xQ,, = 0324 m%"sec

Assume v =14 m/sec

Qm. 0.648
Arsq = 'r:'m = ? = 0.463 mz = Tl.

n=2 — @ =550 mm
n=3 —S@=450mm v
n=4 —¢=400 mm
try 3 @ = 450 mm (area of one pipe = .159 m?)
Check

2

-

| H

648

1=Vt = 555 = 136 <15 0.k
2 = Uy, = 5 m = .68 >6 ok
3 U = e 204 <25 0.k

2x.159
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a8 & Sall e ) :Detention time in the well -3
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1- Entrance velocity for strainers is 0.15 to 0.3 m/sec
sliaall clall J i de

2- Sum. Area for strainers holes < 50% of gross area of
strainer

3- Velocity for gravity pipe = 0.6 to 1.5 m/sec

4- Discharge for wash pipe =1/3 discharge for gravity pipe

5- Flow velocity for wash pipe =3 m/sec
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EXx: Design a rapid Mixing unit (Mechanical) for Q=5 mgpd.
Ol 5 Ledy pai o puill 7 3l 328 5 ana;Assuming D.T =1 minute
sasl g 488 58 &Sl ey o L jibe il (B (y5lle
Solution
Vol. = Q*T
m3

L 1
=5x%10° g*3.785 —*——*1min*Ly_
d g 1000 L 1440min

=13.142 m3
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i  Coaqulation

Coagulation:
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Purpose of coagulation:

1- Reduce of Detention time

2- Increase filaation rate
3~ Increass sedimentation effidency (90-06%)
4+ Improve water quality

Coagulants types:

1- Alwminmm sulphate a =W
AL, (50,),.18H,.0

a-.._.L'l _‘__; |.§.' ;f.:..... __.I:l :_F"j l:._l\.'.-_!. I..g....:-—_...l Lelns= ! ;'-ll_i!..l __ﬁ.l; '\._'P_!'
Z?- Based on iron

- Ferric sulphate
- Ferric chloride

- Ferrous sulphate
fFea.(504)z +ca.(oH)s — feloH)z 4 (floces) + ca.soy + Hao

Factors affecting coagulation:
1- Water PH

2- Ceagulant doss
3- Ceagulant type

44— Temperamire

5- Mixdng type



Coagulation process:
Coagnlation process comsists of these sages:
1- Adding coagulants {feeding)

2~ mdwing
3~ floconlation

4 sedimentation

1)-Feeding:

Adding coagnlamnts to water by dry or wet feeding

Chry feading:

et fEEd.'iE:

abum solution tank | . l;

- l_,!.-n_rl (e ._':._- ;.i.l_\‘i_i._'l_'l o - __-d::_l_J_ -:-.._._;.- _h_;.:r ;___L,- -\_Ej:""_b- :u-}___l.l _.'llj.;.- E._-!....._'ll_! o
- 1 _ oo 1 -
o=l e 3 :h:-.'.-' Ao g =1
__:_':-' E..'_'tr- LA st -2
Bl Zoghe I a3

=

s ol iy &g Al 3l e solution s 5 & ausg

Tad :;__._" Lie nig

[ T LKL 1 ] =
gl L; __!_3..:¢ _:_‘......' d—_L.RE-—i

e 3 Fodll e 2

axall 3 oSl A& ) gal) 4ald 5 oluall (e A8lladl 5 AUl ol sall 135 L Wlle
Clana e Gyl Cilasall L aiaall (e sball cinas iloas ddand 5

discrete tiny

G AY) oo saal gl dliadia s yruall b Al g5 ysa

il Wlda 5 dispersion medium G@lle bass A3 55 () &S5 particles
MY)EML@}QM\Q\MYL@A}Sﬁ)ﬂM}BWdﬂﬁJﬂ 5

el 5 a0 e il U e Y 55 s Ll oS0 gondl

A el sad s 8 ppall Cilapall 038 arend (55l (e 4ild @G el A1) Y
1 o Al Clawal) aas (6 fiail) dleny oy Lo 135 ST Cilags

(10° ok Y058k e 10 S

Dry

coagulation

Wet




Cllase & deadiiuall 5 iaall o) sall aal e (assalY) iy 5€) il s,
- bl e vl ddadll

Oalll pars ) -1

38 e -2

8% Jisie -3

O pe Al 54, Y -4

Y das o Lla aaladia) Sy -5

ds.d\ ;\ﬁw}&dﬁ}eﬂﬂz\ﬁj:\lw-G
A sl -7

3l Balall i 1) 63 288 A40) glic B ) gy B 1A I g0 CilaaS aladiil (S Y
2538 G slhaall aall e dpaSll ala 33 a8 gl Aallal) o) sl AT ) g0 Y 4Ll
oSl 33l ) g Aalladl 3 gall 3ol ) 5 Balal) a3gr J slaall ands )

D 38 jaay 21D 3 iAl) Balall GaS Ad jaal ald and o) ja) o5 GllA

S all yasd e pald and Ao g elld a1 5 il Salell AU Ae jall
B A 338 i) Bale aadiid g JBY) e Bas) 53 e L gn andll 18 (5 pa

1sley JSdnucele s 8 L 6 (e sl e ) Ao sana (e 3 ke Jleal
Ailiae 380 5 ele 5 JS) 5 iaal) salall Cilias o5 eLally e ol Sl ¢ il
DS (S8 Sk 0 salall (g 2 9 g) ppm las g ) silaale Cilas g
LS

ool 4 1 2 3 4 5 6

mg/L e sal) 60 50 40 30 20 10




T eI Ll jaae dda s e Al jeS A e due 5Y) (g i

2 5l e JIES 13 2my K583 2 Y 1 8 5l g gy 8 i) 3 il
zilaill & yiy Slealdl elaha) o Waaay 2883 20 saal s Uil 8 samy Jandy Cua
438 40 ) 30 5l

5l salall Jelii ap 4880 2 ) 1 aoeadl 77 ) dlee ie -1
il J ean
pdlal dua ji ala B Cua anli dglee Giaat 488y 20 Apladll de yudl 2ie -2
geaill das ALl 0 S g (laml) Lguiamy ae il Sl
ALl gﬂuﬂ“ﬁ@%#d[ﬂ)é} 30 5aal Zalalll & i 2ie -3
D)e A8 el dipal) @S )Xy ele 5 IS (e Ao anos oy L 2ay
&t 4l il ) Ao jall it 5,08 il 4 ) ele ) turbidity. 3

O g sl @lld e 50K A1 3Y Ao ja daadl de el Ll o) Al de jall
o ) 5 Alie de ja a5 A sle g o8 JST T SAIL paal) (e oludll

i1 dulae e 5 47 3al) ol g2)
obaall 4o 53 -1
A5l 2 sall el s 5 48 -2
Sl Jion el 3 5l A -3
gl Ll -4
doaeldl) -5
slall b i oY) Lal 55 -6
il 3 53 -7
5y allda )0 -8
sl de ju -9

Baana Auie )3 5% JOA Adama ddaadd o 500 5 iRl S Claa
Quantity of congestion agent

fadiieall i) A ja * Lbeail) Alasa Ciy jeat = 5 5l salall 40S



Ex: Find the Quantity of alome. Used per day for water
treatment station with Q= 1000m”3/day and a dose of alome.
Of 50mg/L.

Solution

Total Quc
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m
dv  Sec

Velocity grocdientd—y = - sec”
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P = b gl o gy dandiicall 48U

P = power input in watt

meter

Watt = Newton *

sec

sec

u = dynamic viscosity (N * m—)

2

V = Flocculator volume (m3)
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