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Lecture 1: Introduction to Pumping Stations

1.1 Purpose and types of pumping stations

The main purpose of pumping stations is to transfer fluids from
low points to higher points.

The main types of pumping stations are:
Wastewater PS.
Water PS.
Sludge PS.
Storm water PS.
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Grit Removal Channel
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Pumping station Control Panel
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water pumping station
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1.2 Types of pumps

Pumps are classified into two main categories:
Kinetic pumps.
Centrifugal pumps (radial, axial, mixed flow)
Turbine (vertical) pumps

Positive displacement pumps.
Rotary pumps (screw, lobe)
Reciprocating pumps (plunger)
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Iriad

The vertical pumps are equipped by a diffuser instead the Volute
Kinetic pumps: Vertical Turbine Pump
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Rotary Pump: Screw pumping station
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In the screw pump a revolving shaft fitted with blades rotates in an inclined
trough and pushes the water up the trough.
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Rotary Pump: Lobe




Lecture 1: Introduction to Pumping Stations

In the reciprocating pump a piston sucks the fluid into a cylinder then pushes it

up causing the water to rise. e
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Lecture 2: Pumping Hydraulics

The main items that will be studied under the pumping hydraulics title are:

0 Pumping pressure and head terminology
O Cavitation

O Pump characteristic curves

O Multiple pump operation

U Variable speed pumps

QO Affinity laws

U Pump selection
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2.1 pumping pressure and head terminology

U Understanding pumping pressure and head terminology is essential in pumping
stations design.
U The pumping system consist mainly from :
*The pump
* A wet well containing the liquid to be pumped
* A suction pipe connecting the wet well and the pump.
* A delivery pipe
*A delivery tank or a delivery point
* Valves and fittings installed on the suction and delivery pipes
UThere are two cases for the pumping system that depend on the location of the
pump in reference to the wet well:
— *Case 1: the pump centerline is lower than the level of the water surface in
the wet well.
*Case 2 : the pump centerline is higher than the level of the water surface in
the wet well.
The following is an explanation for pumping terminology for both cases.

v
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2.1 pumping pressure and head terminology
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Figure 2.1 Case 1: Terminology for a pump with a positive suction head
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2.1 pumping pressure and head terminology
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Figure 2.2  Case 2: Terminology for a pump with a negative suction head
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2.1 pumping pressure and head terminology

Definition of pumping head terms:

The terms that appear in figures 2.1 and 2.2 can be defined as the following:

Q h, (Static suction head): It is the difference in elevation between the wet
well liquid level and the datum elevation passing through the pump impeller center.

d hy ( Static discharge head ): It is the difference in elevation between the
discharge liquid level and the datum elevation passing through the pump impeller
center.

O H,, (Static discharge head): It is the difference (or sum) in elevation between
the static discharge and the static suction heads:

stat — hd h

Note: itis (-) when the pump center is below the wet well liquid level.
and (+) when the pump center is above the wet well liquid level !
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

d h, ( manometric (or gage) suction head): It is the suction gage reading.
it is also the height to which the water will rise in a manometer installed at the

suction side of the pump.

d hy, (manometric (or gage) discharge head): Itis the discharge gage
reading. It is also the height to which the water will rise in a manometer installed
at the discharge side of the pump.

d H, (manometric (or gage) discharge head): Itis the increase in pressure
head produced by the pump. It is calculated as follows:

H g=nyq thgs

Note: it is (-) when the pump center is below the wet well liquid level.
and (+) when the pump center is above the wet well liquid level
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

EIVdZIZg ( velocity head at the delivery side): It is the kinetic energy in the liquid
in the discharge pipe.

EIVS2 / 29 ( velocity head at the suction side): It is the kinetic energy in the liquid
in the suction pipe.

Q h_ . ( minor losses at the suction side): They are the losses in head (pressure)
due to the eddies and turbulence created during liquid flow through valves and
fittings in the suction pipe.

Q h, 4 minor losses at the delivery side): They are the losses in head (pressure)
due to the eddies and turbulence created during liquid flow through valves and
fittings in the delivery pipe.
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

Q H, ( total dynamic head TDH): It is the total head that the pump should deliver.
It can be determined using the following formula:

V] A :
Ht :hgd +2_d_(hgs+£) for |Casel| .......... (1)
2 2
Ht :hgd _|_V_d_|_(hgs VS ) for| Case 2 | ~ rereeeee (2)
29 29
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

[ H, (TDH) can also be calculated using Equations 3 or 4 :

2
H =H_, +h.,+>h_,+h. +>h + \2/ .......... (3)
g
H =H stat +H dynamic | s (4)
. V2
where dynamlc _hfd+zh +hfs+zh 29

These equation are valid for case 1 and 2 .
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

O Friction losses ( h;y and hy,) are calculated using Hazen Williams equation:

10.7 (Q "™
hy = D 4¥ | C

Where:

h; = friction losses due to friction, m

D = pipe diameter, m

Q = flow rate, m3/s

C = Hazen Williams friction coefficient

Values of “ C” are given in hydraulic references. For example:
C =150 for PVC pipes

= 145 for Steel pipes
Note: C for new pipes is larger than C for old pipes from the same
material. And C is inversely proportional to h;. "
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

Q Minor losses ( h.4, and hm,) are calculated using the following equation:
2
ok
29

Where:

h., = minor losses, m
g = gravitational acceleration, m/s?
V = liquid velocity, m/s
K = minor losses coefficient
Values of “ K” are given in hydraulic references. For example:
K=0.1-040 gate valve
= 0.30 for 45° bend
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

0 Power output of pumps :

Power output of a pump is the useful energy delivered by the pump to the fluid.
The power is calculated using the following formula:

I:)p — ngHt

Where:

P, = Power output of the pump, Watt

H, = the total dynamic head delivered by the pump, m
g = gravitational acceleration, m/s?

Q = flow rate, m3/s

p = fluid density, kg/m3
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

O Pump Efficiency :

Pump efficiency is defined as the ratio between power output of the pump to the
power input supplied to the pump shaft:

Pp — IOgQHt Or F)I — mQHt
P P 7

Mp =

Where:

n, =pump efficiency
= P, =pump output power, Watt
P. =input power to the pump, Watt

P. is the power supplied by the pump motor to the pump shaft and usually
called the brake power (bp)
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

O Pump motor Efficiency :

Pump motor efficiency is defined as the ratio between power output of the pump
motor to the power input supplied to the pump impeller:

nm:—i Or P =

Where:

N, = pump motor efficiency
P_ = input power to the pump motor, Watt

P, is the power supplied to the pump motor from an electricity source.
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2.1 pumping pressure and head terminology

Definition of pumping head terms.... Continued:

O Overall System Efficiency :

Overall system efficiency is defined as the ratio between power output of the

entire system to the power input supplied by the electricity source:

P
=5 Or 1770 =it

m

Where:
No = Overall system efficiency
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2.2 Cavitation In pumping systems

O Cavitation is the formation and collapse of vapor cavities within the pump.

0 When Cavitation occurs in pumps it has the potential to cause:
1. Performance degradation : loss of head, capacity and efficiency.
2. Permanent damage due to erosion and mechanical failure of pump
component and structures.
3. Violet vibration and noise.

O Cavitation occurs when the absolute pressure at the inlet of the pump

falls below the vapor pressure of the water (P ). Under this condition,

vapor bubbles form (water starts to boil) at the impeller inlet and when
= these bubbles are carried into a zone of higher pressure, they collapse

abruptly and hit the vanes of the impeller.
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2.2 Cavitation In pumping systems
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Figure 2.3 Effect of Cavitation on pumps A
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2.2 Cavitation In pumping systems

U To avoid Cavitation the total pressure available at the pump inlet
(P;.e/P9 ) should be greater than the water vapor pressure (PV/pg) .

In other words the difference between (P, ./pg ) and (P, /pg) should be
positive. This net head is called the net positive suction head (NPSH).

U Knowing that the total pressure at the pump inlet is:

P. P V2
_I_

inlet __ S

P P9 29

—_— Then the NPSH mathematically is:

2 P
NPSH == ¢ Y5 Duor

Pl 20 A9
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2.2 Cavitation In pumping systems

0 To avoid Cavitation the following condition should be maintained :

(NPSH), > (NPSH),

d (NPSH), in the pumping systems shown in case 1 and case2 can be
calculated using the following formula:

Patm vapor

PY PY

(NPSH ), =Fh, —h,.—>h_+

Notes:

» (+) is used if hs is above the pump centerline (datum).
*Usually a factor of safety of 1.5 m on (NPSH)A is used
by subtracting 1.5m from the calculated value.

- Values of P, and P, are given in Tables A-6 and A-3
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2.2 Cavitation In pumping systems

Table A-6. Atmospheric Pressure (S Units)

Atmospheric pressure®

Specific weight, «,

Elevation above Water Mercury of air at
sea level (m) kPa column, mm column, mm 20°C, kN/m?*"®

0 101.3 10.33 760 1.18 E-2

500 95.6 9.74 717 1.11 E=-2

1000 90.1 9.19 676 1.05 E-2

1500 84.8 8.64 636 9.87 E-3

2000 79.8 8.13 598 929 E-3

2500 733 7.47 550 8.5 E-3

3000 70.3 7.17 527 23.19E-3

3500 06.1 6.74 496 770 E-3

* Storms commonly reduce atmospheric pressure by about 1.7%.
b At other temperatures and pressures, use pyvi/K; = pav2 /K2 where p is pressure, v is volume, and K is degrees Kelvin
(*C 4+ 273).
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2.2 Cavitation In pumping systems

Table A-8. Physical Properties of Water (Sl Units)®

Specific Bulk modulus  Dynamic  Kinematic  Surface Vapor Vapor
Temperature,  weight®, Density, of elasticity,  viscosity,  viscosity, tension?, pressure, pressure,
°C vkN/m®  pkg/m’ K kPa uPa-s vm? /s aN/m pokPa  p,kPa WCm
0 9.805 9.998 E+2 1.98 E+6 1.78E-3 1.79E—6 0.0765 0.61 0.06
5 9.807 1.000 E+3 2.05 E+6 1.52E-3 1.52E-6 0.0749 0.87 0.09
10 9.804 9.997 E+2 2.10 E+6 1.31 E-3 131 E-6 0.0742 1.23 0.13
15 9.798 9.991 E+2 2.15 E+6 .14 E-3 LI4E+6 0.0735 1.70 0.17
20 9.789 9.982 E4+2 2.17 E+6 1LOOE-3 1.00E-6 0.0726 2.34 0.24
25 9.777 9.970 E+2 222 E+6 890 E-4 893E-7 0.0720 37 0.32
30 9.764 9.957 E+2 2.25 E+6 798 E—4 8.00 E-7 0.0712 4.24 0.43
40 9.730 9.922 E+2 228 E+6 6.53E-4 658 E-7 0.0696 7.38 0.76
50 9.689 9.880 E+2 229 E+6 547E-4 553E-7 0.0679 12.33 1.27
60 9.642 9.832 E+2 228 E+6 466 E-4 474 E-7 0.0662 19.92 2.07
70 9.589 9.778 E+2 2.25 E+6 404 E-4 413E-7 0.0644 31.19 3.25
80 9.530 9.718 E+2 220 E+6 3.5 E-4 364 E-7 0.0626 47.34 4.97
90 9.466 9.653 E+2 214 E+6 3.15E-4 326 E-7 0.0608 70.10 7.41
100 9.399 9.584 E+2 2.07 E+6 282E-4 294E-7 0.0589 101.33 10.78

* Adapted from Vennard and Street [1].
® Specific weight, +, is force per unit volume. The relationship between +, p., and the acceleration due to gravity, g. is y = pg. See Table A-3 for

the value of g.

© At atmospheric pressure,

4 In contact with air. Note 1000 N/m = dynes/cm.
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2.2 Cavitation In pumping systems

JCavitation constant:

The cavitation constant is defined as the ratio of NPSH, to the to H; :

~ (NPSH),
H

O
t

This constant is called Thoma’s cavitation constant

Where:
o = cavitation constant

= NPSHg =required net positive suction head, m
H, = total dynamic head, m

Yy
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Z.2 Cavitation in pumping systems

JCavitation constant .... continued:

The cavitation constant can also be calculated by the following formula :
413

K xn,
o=
10°
Where:
K = a constant that depends on pump efficiency.
N, = the pump specific speed

Typical values of K are: 1726, 1210, and 796, for pumps efficiency of 70%, 80%

and 90%, respectively.

The pump specific speed can be calculated by the following formula:
4 =
n=nQ<*H*

Y¢
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2.2 Cavitation In pumping systems

JCavitation constant .... continued:

Where:

n = pump speed, revolution/s.
Q = pump flow rate, m3/s

study examples 10.5 and 10.6 in the Pumping Station design Reference book.

d Prevention and control of cavitation:

= To prevent cavitation keep the internal pressure of the pump above vapor pressure
= To solve an existing cavitation problem you may:

Decrease the suction lift (hs)

Decrease the suction losses (hs;, hs,,)

Reduce the impeller speed

Change the pump or impeller

Add a booster pump on the suction side

S
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Lecture 3: Pumping Hydraulics

The main items that will be studied under the pumping hydraulics title are:

d Pumping pressure and head terminology
Q Cavitation

d Pump characteristic curves

O Multiple pump operation

d Variable speed pumps

d Affinity laws

d Pump selection
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3.1 Piping System Curves

O Piping System is composed of :

1. Suction piping and fittings
2. Discharge piping
3. Manifold
4. Force main or rising main
I S
Transmission line
= or force main
-, F'umping unit -
Hwe || o
—=—
LWL
=
Sump l
Figure 3.1: N B A
Suction L Discharge 1 Force main

Typical piping system curve

piping piping
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3.1 Piping System Curves

O Piping System curve:
It is curve that relates the total dynamic head (H,) with the discharge flow rate
(Q) passing through the piping system. The equation relating H, and Q is:

H H :H stal +H

Notice that H

dynamic

e is a function of Q in this equation.

H dynamfc: KQJIPI

The system curve is drawn by assuming several values of Q@ and calculating the

corresponding H ... values and H, values.
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3.1 Piping System Curves

System Curve
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Figure 3.2 Typical piping system curve
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3.1 Piping System Curves
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Figure3.3: Change of system curve during operation due to the change in static head

Note: the system curve starts at (H _ )., then with time it moves up during
continuous pumping to (H_..; ). -
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3.1 Piping System Curves

Sy stem Curv e
120
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Figure 3.4: Change of system curve during operation due to the change in head losses
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3.1 Piping System Curves

O The change in C (the coefficient of friction) of the system occurs in

many cases such as:

1. When the pipe becomes old the friction in the system increases (i.e C ;< C, .., )
2. When some of the flow is diverted from a pipe branch to another one.

Syslemire

O The change in 2K .. (the minor losses coefficient)
of the system occurs in many cases such as:

1. Opening or closing the valves installed on the system.| Car 2(Ksinod 5 |
2. When some of the flow is diverted from a pipe branch | " /i/,ﬁa‘

to another one. C., 5K, )

O 30 W0 f@0 S0 N0 130 DD A0 13D AN 230 3
seharge, midr

Change of system curve during operation due to the change in head losses
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3.2 Pump Characteristic Curves

L Pump characteristic curve :
It is the curve that relates the head delivered by the pump (H,) at several
discharge flow rates (Q)). This curve is given by the manufacturer of the pump

80 7T
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Figure 3.5: Typical pump characteristic curves curve
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3.2 Pump Characteristic Curves

Pump II
1 I 1 ! 1 | | | T I ]
e / = E
E Qw i T
: @ 433 2
60|  npsH reauired Ho &
- 54% 1
50 |- / .
E B % 4350 rpm ~
B 40 50% T
s L
- 40% -
3
S 30 4050 rpm
L ER 3850rpm 4 o
L S o
20 |- [y 3550 rpm 9o E
L 3250 rpm 4350 pm _|{ o 5
4050 rpm 46 2 5
10— 3850 rpm 2 v
B 3250 rpm 3550 rpm 12 2 E
I | TN I N N MO NN M i
0 20 40 60 80 100

Flow (£/s)

Figure 3.6: Typical pump characteristic curves curve
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3.2 Pump Characteristic Curves
~ Hydraulic Coverage Trash Hog® 60 Hz
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Figure 3.7 :Coverage range of different pump models given by the manufacturer
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3.3 Interaction between Pump and system curves

.|

Pump Head curyve
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Figure 3.8: Interaction between pump and system curves
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3.3 Interaction between Pump and system curves
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Figure 3.2: Interaction between pump and system curves

Note that the operating point of the pump changes with the change in

the system curve. The changes in the system curve in this figure is due to the
Change in minor losses.
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3.4 Multiple Pump operation
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3.4 Multiple Pump operation

i
3% bowis o,
= Fhree prmps i Serces
H,-h_}, . ‘
: H > Fove PRMIFE /N FESST
L F-——“‘\:'t\/! ELpe pens
Figure 3.11pumps in series 0 Q
- >

G? X



Lecture 3: Pumping Hydraulics

3.5 Variable and constant speed pumps

O Pumps are classified into constant speed and variable speed pumps. The main
difference between the two types is given hereafter:

Constant speed pump

# Constant speed drive
»Constant rotational speed of the impeller

»0One pump characteristics curve

»Operational range is limited

Variable speed pump

# Variable speed drive
> Variable rotational speed of the impeller
> Many pump characteristics curves

# Operational range is wide
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3.5 Varniable and constant speed pumps

O Benefit of variable speed pumps:

1. In wastewater pumping stations:

» Energy savings as the pump interacts with the variations in Q and H.

> No storage is required (theoretically) so the wet well be Minimized.

» Short residence time of wastewater. This prevent odor production and minimize
deposition of organic matter in the wet well.

» The soft and reduced number of starts increase the life of the pump.

» The variations in the flow coming out of pump station are gradual which protect
wastewater treatment processes from sudden flow variations.

» The gradual start up and shut down protects the system from water hammer.

2.

In water pumping stations:

> Energy savings as the pump interacts with the variations in Q and H.
> V/S booster pumps can provide constant pressure d
during varying rates of water demand.
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3.5 Variable and constant speed pumps

O disadvantages of variable speed pumps:

It requires more equipments and maintenance.

Usually the operators do not understand the operation of the V/S and turn the
pump to the C/S operation mood.

VIS drives are less electrical efficiency than C/S drives.

The equipments used to regulate the pump speed are sensitive and needs

special care.
VIS drives are more noisy than that of the C/S drives.

YV V¥V VY
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3.5 Variable and constant speed pumps

O Affinity laws (similarity laws) for variable speed pumps:

= Variable speed pumps are operated at variable speeds. Consequently their
performance characteristics change (i.e. Q,H, P ). The performance of V/S pumps
can be predicted Using the affinity laws.

= |f the V/5 is operated at a rotational speed N1 and has an operation point

of Q1,H1 and has a power input of P1, then, if the rotational speed is changed
to N2 the other performance parameters can be calculated from the affinity

laws:

Q N 3
Qz Nz Where:
2 Q= pumping flow rate ,m3/s

H, _|N1 32 N=pump rotational speed, pm
H, N2 H= pump head, m

3 P = power input to the pump, Watt
PN
P, N, S0 050 950 030 0us vE B .
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Flow Rate [m /h]

Figure 3.12: system curves of a variable speed pumps: same impeller diameter
with variable rotational speed (1184,1350, 1480 rpm)
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Example 10-2
Application of Affinity Laws

Problem: A pump with a normal operating speed of 705 rev/min and a 356-mm (14-in.)
diameter impeller was tested at rotational speeds of 705, 625, 550, 450, and 350 rev/min. Using
the head and capacity data collected at 705 rev/min, generate pump curves for rotational
speeds of 625, 550, 450, and 350 rev/min and compare the curves generated with the measured
data points.

SI Units U.S. Customary Units
Flow rate Head Flow rate Head
(m?/h) (m) (gal/min) (ft)
705 rev/min
1596 591 7025 19.4
1361 7.28 5994 239

1140 8.66 5020 28.4

Th
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Flovwr rane Head
im*/hi im)
1002 9.39
Hinls 10.21
63 11.2%
1 13.11
625 revimin
1420 4.57
1136 6.25
YOR T.32
421 7.92
454 5.63
227 9.45
0 10.36
250 revimin
1249 3.3l
943 512
TT2 5.82
454 6. 55
363 €. 50
0 71.92
@50 revimiin
1022 -.44
798 3135
it 3.96
227 4.72
O 5.413
350 rewimin
568 1l
472 2.41
363 2.59
o 105

Flow rame Head
Igal'min) iF)
4410 oS
3550 335
1 &0k 370
0 4340
6250 150
5000 205
AOHM} 240
J0x) 2610
200y 253
| (WM} 310
Q 320
3504 11.5
4150 168
4 19.1
2000 21.5
1 édx0) 2.3
0 260
4500 &0
3 50 11.0
2500 130
1 1) 155
] 17.%
250m) 70
2080 79
| &) 8.5
0 10,0
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Solution: Plot the pump head-capacity (H-Q) data obtained at 705 rev/min (shown as solid
circles in Figure 10-7) and draw a smooth pump curve (shown as a solid line) through the
plotted points.

Develop H-Q curves for the other rotational speeds from the smooth pump curve by
applying the affinity laws for flow rate and head simultancously, For example, the flow rate
and head values at the point on the 625-rev/min curve that corresponds to point a on the
705-rev/min pump curve, with coordinate values of 1250 m?®/h and 8.10 m (5504 gal/min and
26.6 ft), are determined as follows.

Using Equation 10-15

Q> = Q1 /(n/n2) = 1250/(705/625) = 1108 m’ /h
Using Equation 10-16

Hy = H, [(my /my)* = 8.10/(705/625)* = 6.37m

So, point b with coordinates of 1108 m?/h and 6.37 m (4875 gal/min and 20.9 ft) on the
625-rev/min curve corresponds to point a on the 705-rev/min curve. Enough other corresponding
points are computed in the same manner to allow the entire curve to be drawn for 625 rev/min.
The process is repeated for curves at 550, 450, and 350 rev/min, which pass through points c, d,
and e, respectively. The curves are shown as dashed lines to indicate that they are derived
mathematically from the curve at 705 rev/min. The measured values for head and capacity are
plotted in Figure 10-7 as open circles. The correspondence between measured values and
computed pump curves is excellent.
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14 ¢ | T T T T T T T T T T T T T T T T T
i
L
40
12 Curves derived from -
affinity laws and
a
105 |
30 |
- _J_!Ermra‘mm -
h e~
B - -I
= E -~ ~.. 550 revimin -, _I
3 E - ~—2 ™ (_b/(1108 m¥h, 637 m)
—o— _
Sl 1 = ~ -1
i ~ S
‘::"-.._fﬁﬂ ravimin h‘ﬂc \\ q
—— __
~—— / N »
4 ) ~ ™. -
10 1 ™ ,—2Tm points iy
2 . -
- ~
Affinity lew parabola, H = 8.1/1250/Q)° -
ol a L L 1 L1 | T L1
1] s00 1000 1500 2000
Flow rate, mih
| 1 | i 1 L | L |
0 2000 4000 [ ] BO0D

Flow rate, gal'min b
Figure 10-7. Pump curves developed from the affinity laws compared with test data.
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Points a, b, ¢, d, and e lie on a parabola that passes through the origin. The equation for the
affinity parabola can be found by solving Equations 10-15 and 10-16 simultaneously to

eliminate n.
&
Q- M2 H>

So Hy = Hy () (,)*, which is a parabola through point O. Hence, all corresponding points
lie on parabolas that pass through point O, the origin. | o

L=
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Figure 10-7. Pump curves developed from the affinity laws compared with test data.
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3.5 Varnable and constant speed pumps

Example 10-8
Application of a Variable-Speed Pump

Problem: The pump curve shown in Figure 10-23 is for a pump operated at 1150 rev/min that
pumps 130m*/h (572 gal/min) at a head of 13.2 m (43.3 ft), which is shown as point a. If the
pump must discharge 150m?/h (660 gal/min) at a head of 15.5 m (50.8 ft), which is shown as
point b, what is (1) the required new operating speed, and (2) the efficiency of the new
operating point?

Solution: (1) Operating speed. Extend the system H-Q curve from point a to an intersection
with the desired flow rate at point b. The new pump curve must pass through point b. Note
that Equation 10-15(Q,/0» = m /n) cannot be used to find the pump speed because points a

™
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and b are not corresponding points (sce Example 10-2 and the text following Equation 10-17).

Ome way to solve the problem is to create an “affinity law parabola™ by solving Equations
10-15 and 10-16 simultaneously to eliminate »:

s omy M
%=é=ﬁi= H) = HAQ\/ Qo)

which defines a parabola passing through the origin and point b in Figure 10-23. Every point
on the parabola is a corresponding point. Because point b corresponds to point ¢, Equation
10-15 can be used to find speed at pont b after 15 scaled at paint c.

SI Units modified to m* / h U.S. Customary Units

O, = 136 m? /h (by scaling) O, = 598 gal / min (by scaling)

From Equation 10-15 (ny = . On /O

wp = 1150 (150/136) = 1270 rev/ min e = 1150 (660/598) = 1270 rev,/ min

By scaling & at points b and ¢, the speed can also be found from Equation 10-16

{"'h = Hevy lII_-|r'|:-.I'IlJlEli--::]
My — L1304/ 154/12.6 = 1270 rev/ min ap = 11304/50.5/41.3 = 1270 rev/ min

(2} Efficiency. The efficiency of the new operating point is found by projecting a line from point
¢ downward 1o point d on the efficiency curve, which gives an expected efficiency of 75%,

kit
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O Affinity laws (similarity laws) for constant speed pumps:

= Constant speed pumps are operated at a constant speed. The manufacturer
of C/S pumps produce them in families of pumps . Each family has the same
constant rotational speed N but with different impeller diameters. The performance
characteristics ( i.e. Q,H, P ) of each pump from the family change by the

change of the impeller diameter. The performance of C/S pumps from the same
Family can be predicted using the affinity laws.

= |f one C/S from the family has an impeller diameter D1 is operated at a and
has an operation point of Q1,H1 and has a power input of P1, then, if the
another pump from the family has an impeller diameter D2 the other
performance parameters can be calculated from the affinity laws:



Lecture 3: Pumping Hydraulics

3.5 Varniable and constant speed pumps

O Affinity laws (similarity laws) for constant speed pumps:

2
LI 3.4
H, |D, 3
3 Where:
Q, | Db . 35 Q= pumping flow rate ,m%s
Q. {D—} D= impeller diameter, m
2 2 H= pump head, m
P = power input to the pump, Watt

5

h
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Example 10-3
Effect of Changes in Impeller Diameter and Speed

Problem: Data from Figure 10-5 for a pump with an impeller diameter of 0.4463 m (17.57 in.)
operating at 1170 rev/min are tabulated as follows.

SI Units U.S. Customary Units
Point Flow rate Head (m) Point Flow rate Head (ft)
(m3/h) (gal/min)

a 0 47.6 a 0 156

b 100 46.3 b 440 152

C 200 45.3 c 880 149

d 300 44.0 d 1320 144

e 400 41.0 e 1760 135

f 500 36.5 f 2200 120

g 600 29.8 g 2640 98

(3
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(1) Develop a new head-capacity curve for the same pump fitted with a new impeller 0.3810 m
(15 in.) in diameter. (2) Compare the results with the test curve for the new impeller shown in
Figure 10-5. (3) Find the increase in rotational speed that would be required for the new
impeller to match the performance of the original impeller at 1170 rev/min.
Solution:

H-Q for the smaller impeller. Compute this using Equations 10-20 [Q> = O:(D2/Dy)] and
10-18 [H> = ff;(D;,r’D.}z]‘ Sample calculations for point d are

Q> = 300 (0.3810/0.4463) = 256 m” /h 0> = 1320 (15/17.57) = 1130 gal/min
H> = 44.0 (0.3810/0.4463)> = 32.1m H> = 144 (15/17.57)° = 105 ft

Compare the results to Figure 10-5. The computed values of points a to g for the new 15.00-1in.
impeller diameter are summarized below.

SI Units U.S. Customary Units
Head (m) Head (ft)
Flow rate Flow rate

Point (m>/h) Computed Test Point (gal/min) Computed Test
a' 0 34.4 34 .4 a’ 0 113 113
b’ 85 33.8 34.4 b’ 376 111 113
c’ 171 32.9 33.2 c’ 751 108 109
d’ 256 32.0 31.7 d’ 1130 105 104
e’ 341 299 29.0 e’ 1500 98 95
fr 427 26.5 24.7 £ 1880 87 81
Ll 512 21.3 - g’ 2250 70 -

Vi
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Compare the computed with the tested heads in the last two columns or compare calculated

points a’ to g’ in Figure 10-5 with the 15,00 curve. Minor differences (up to 0.6 m or 2 ft) are
due to errors in plotting and scaling. Larger differences are due to the fact that actual losses in
the pump are not considered in Equations 10-18 and 10-20.

Rotational speed jor the trimmed impeller. Use Equation 10-16 (n; = ny\/H>/H,) at zero
flow to estimate the new rotational speed required to obtain the original flow rate with the
smaller impeller.

ny = 1170,/47.6/34.4 = 1376 rev/min my = 11704/156/113 = 1375 rev/min
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Lecture 3: Pumping Hydraulics

The main items that will be studied under the pumping hydraulics title are:

U Pumping pressure and head terminology
U Cavitation

U Pump characteristic curves

U Multiple pump operation

U Variable speed pumps

QO Affinity laws

U Pump selection
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3.6 Pumps selection ( see Chapter 25)

U Use of specific speed in pump type selection:
Specific speed is a term used to describe the geometry (shape) of a pump impeller.

Specific speed is defined as:

“The speed of an ideal pump geometrically similar to the actual pump, which when

running at this speed will raise a unit of volume, in a unit of time through a unit of
head."

Specific speed is calculated from the following formula:

Where:
! N, = specific speed (or type number)
Ns=@ n = pump rotational speed, rpm
H4 H, = total pump head, m
Q = pump discharge, m3/s
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3.6 Pumps selection
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Figurs 10-8. Pump efficiency as related to specific speed and dischargz. After Flowserve Corp.
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3.6 Pumps selection

U Use of specific speed in pump type selection:

Example:
A flow of 0.01 m3/s a against a head of 20m. The pump is to be driven with

An electric motor at a speed of 1750 rpm. What type of centrifugal pump should
Be selected and what is corresponding efficiency?

Solution:
Calculate the specific speed of the pump.

1

1
2 2
_ nQ3 _ 175( 0.21) _185
H,2 ( 20)2

NS

Using figure 10-8 the pump is radial flow with an expected efficiency of 62%
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3.6 Pumps selection

U In the selection process the following important information is needed:

1. Type of the liquid to be pumped “ water, wastewater, sludge”.
2. Type of installation preferred” submersible or dry”.
3. Pumps available in the market ( KSB, FLYGT, ABS,...).

U selection of the specific pump needed :

Draw the system curve envelope and decide the operating point.

Decide the number of pumps needed ( see table 3.1).

Use the catalog of the manufacturers to select a suitable pump curve.

Draw the pump characteristics curve over the system curve.

Select a pump so that the Operating range of is within 60% to 115% of Q at BEP.
Compare pumps of different manufacturers for more economical choice.

.C”.U'"P.w{\’!—‘
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3.6 Pumps selection

Table 3.1 Recommended number of pumps in operation and their stand by.

Design flow No. of pumps Standby pumps
m3/h needed
Up to 160 1 1
160 -450 20r3 1
More than 450 3to5 2




Lecture 4: Water hammer phenomena (Hydraulic Transient)

4.1 General Introduction (See chapters 6 &7)

What is water hammer?

Water hammer is a phenomena that occurs in pressurized pipe systems
when the flowing liquid is suddenly (instantaneously) obstructed by
(for example) closing a valve or by pump stoppage (failure). A laud
noise similar to hammer knocking noise occurs due to the collision of

the liquid mass with the obstruction body (valve or pump ) and the
Internal walls of the pipe.

What is water hammer scientifically?

Water hammer is a descriptive name of the phenomena but not scientific.
The scientific name is hydraulic transient. Hydraulics Transient means
temporary hydraulics since the phenomena last for a very short time.
During this short time the flow in the pipe is disturbed and consecutive

waves will be moving back and forth creating a very high pressure rise
In the pipe.
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4.1 General Introduction (See chapters 6 &7)

O What is the problem with water hammer?

Hydraulic transient (water hammer) may cause disasters in pressurized liquid
systems such as:

Rupture of pipes and pump casings.

Vibration and high noise.

Excessive pipe displacements.

Vapor cavity formation.

Environmental pollution.

Life and economical losses.

SR e o =

0 When water hammer occurs?

The most common cases where water hammer occurs are:
1. Pump failure.

2. Pump start up.

3. Sudden closure a valve.

4. Failure of flow or pressure regulators.

10
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4.2 \Water hammer pressure surge

-
"<

To illustrate the pressure waves resulting from the hydraulic transient we will discuss

a tank, pipe, and valve system as an example. The figure below shows the normal
operation of the system before the valve closure.

Gate Valve

¥

11
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4.2 \Water hammer pressure surge

What happens when the valve is closed instantaneously ?

0 When a valve is closed instantaneously the liquid next to the valve comes to a halt.
O This liquid is then compressed by the liquid upstream which is still flowing.
0 This compression causes a local increase in the pressure on the fluid.
0 The walls of the pipe around the fluid are stretched by the resulting excess pressure
O A chain reaction then takes place along the length of the pipe, with each stationary
U element of fluid being compressed by the flowing fluid upstream.
O This chain reaction results in a pressure wave which travels up the pipe with a
velocity “a “, which is called the celerity. (it may reach the speed of sound in
water (1484 m/s).
——ud [ he pressure wave creates a transient hydraulic grade line (HGL) which is parallel
to the steady flow HGL, but at a height above it.
O The resulting increase in pressure is due to the water hammer surge.
0 When the pressure wave reaches the reservoir the pressure cannot exceed
the water depth in the reservoir.

12



Lecture 4: Water hammer phenomena (Hydraulic Transient)

4.2 \Water hammer pressure surge

What happens when the valve is closed instantaneously ?

O A wave of pressure unloading travels back along the pipe in the opposite direction.

U As the unloading wave travels down the pipe the flow is reversed, toward the
reservoirr.

U When this unloading wave hits the closed valve the flow is stopped and a drop
INn pressure occurs.

L A negative pressure wave now travels up the pipe toward the reservoir.

L The process described above now repeats itself for a negative wave.

L A cycle of pressure waves (positive - unloading - negative - unloading)
now travels up and down the length of the pipe.

U Friction has the effect of slowly damping out the effect of the pressure waves.

— 4 When the negative pressure wave travels along the pipe very low pressures

may cause cavitation

13
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4.2 \Water hammer pressure surge

What are the factors affecting the wave speed and How it can be calculated ?

a The speed of pressure wave ‘a@” depends on :
<+ the pipe wall material.

*
\/

L)

» the properties of the fluid.
< the anchorage method of the pipe.

a For elastic pipes (steel, PVC,..) the wave speed is given by the following
formula:

7
tee(E)(8)

a =

14
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4.2 \Water hammer pressure surge

What are the factors affecting the wave speed and How can it can be
calculated wave ? Continued
Where:

a = elastic wave speed in water contained in a pipe, m/s
K =Bulk modulus of elasticity of the liquid, N/m?:(K= 2.15X10% N/m? for water)
E = Modulus of elasticity of pipe material, N/m?
D = Inside diameter of the pipe, m
e = Wall thickness of the pipe, m
p = Density of the fluid , kg/m3
C = Correction factor depending on the type of pipe restrain
= (1.25 -p) for pipes anchored from one side only.
= (1.0-p?) for pipes anchored against axial movements.

= 1.0 for pipes with expansion joints throughout.
U = Poisson’s ratio of the pipe material

15
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4.2 \Water hammer pressure surge

What do we mean by instantaneous valve closure?

The time required for the pressure wave to travel from the valve to the reservoir
and back to the valve is:

t=2t
a

L = length of the pipe (m)
a = speed of pressure wave, celerity (m/sec)

Where:

a If the valve time of closure is ¢, , then

" f - 2L| the closure is considered gradual
C oA
" f tcg& the closure Is considered instantaneous
a

16
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4.2 \Water hammer pressure surge

What is the value of the pressure surge?

There are two cases for pressure surge:
1. Gradual closure of the valve:

2L
In this case |{;> o and the pressure increase ( A H) is:
Where:
AH - LV, V, = initial velocity of the fluid , m/s
- gt g = gravitational acceleration, m2/s
t =closuretime, s
L = pipe length, m
2. Instantaneous closure of the valve: a = Wave speed, m/s
_ 2L _ :
In this case t.< 'y and the pressure increase ( A H) is:
aVo Note: that (A H) due to gradual closure is very
AH=——"= small compared with the instantaneous (A H).
g

17
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4.2 \Water hammer pressure surge

19
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4.2 \Water hammer pressure surge
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4.2 \Water hammer pressure surge
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4.2 \Water hammer pressure surge
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4.3 Time history of pressure wave due to water hammery):

The time history of the pressure wave for a specific point on the pipe is a graph
that simply shows the relation between the pressure increase ( AH, or AP ) and
Time during the propagation of the water hammer pressure waves. The following
Figures illustrate the time history in the tank pipe system discussed previously.

23
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4.3 Time history of pressure wave due to water hammery):

The figure below is the time history for a point “A” just to the left of the valve.

The friction losses in the pipe are neglected.

+ap
or +p¥%

Time history for pressure at point “A” (after valve closure)

24
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4.3 Time history of pressure wave due to water hammery):

The time history for point "M* (at midpoint of the pipe). The friction losses in the
pipe are neglected.

Time history for pressure at point “M” (after valve closure) | 25
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4.3 Time history of pressure wave due to water hammery):

The time history for point B (at a distance x from the reservoir ) The friction losses
in the pipe are neglected.

Lox

Time history for pressure at point “B” (after valve closure) 26
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4.3 Time history of pressure wave due to water hammery):

In real practice friction effects are considered and hence a
damping effect occurs and the pressure wave dies out, I.e.;
enerav Is dissipated.

Damping effect of friction

—

e L/a)

o —— ]

-DP ......-._....A"'.—:-.. S B ._..:..-_...-..-;------..i

Time history for pressure at point “A” (after valve closure) when friction losses
are included.

27
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4.4 water hammer In pumping mains

O Water hammer due to power failure:
T —

e
uleaa'y-sta!e HGL
. Time in seconds after

[ ] [ T
=

™— True HGL at t = 4.5s

Figure 6-8. Successive hydraulic gradelines following power failure. Adapted from Watters [4, p. 271].



Lecture 4: Pumping Hydraulics

4.4 water hammer In pumping mains

U Column separation due to power failure:

- What do we mean by column separation?
-After power failure a wave of negative pressure “down surge” occurs.
- If the hydraulic profile intersects the pressure pipe and falls below it for a
pressure less or equal to the vapor pressure, water vapor starts to accumulate
And large air pockets are formed.
-The air pocket separates the water column in the pipe into to parts, upstream
column and down stream column. This phenomena is called column separation.
-Column separation is dangerous when the two water columns join again with
huge collision when the reflected wave comes back. This collision produce an
upsurge pressure that is much more than the first water hammer impulse
calculated from the equation discussed previously |,,,_aV% |.
g

AH
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Lecture 4: Pumping Hydraulics

4.4 water hammer In pumping mains

0 Column separation due to power failure:
- How to predict column separation?

— Force main profile

Hydlrag;
lic pr Ofile Manhole

R—— Mirror image

of hydraulic
profile

Invert above
crown of
force main

Vacuum relief valve
per Figure 7-2




Lecture 4: Pumping Hydraulics

4.4 water hammer in pumping mains

O Graphical solution to calculate the water hammer surge after power failure:
A. water hammer without column separation:

The figure in the next slide illustrates the surge development in a pumping
main after power failure. The following formulas are needed to understand
the method:

tan A = % .\ (Lambda) is the angle of inclination of the surge line PR, A,
I IS the cross section area of the pressure line.

A0—1 : the subscripts 0-1 means the situation at point A

between time 0 and time 1, the same notation is used for point B.

Time 1 in this example is = L/a.

C. = QO tan A | : C, Is the pipe constant, (Qo,H,) Is the operating point
P before pump failure.

0
If C, is <0.50 then the maximum pressure at the pump is positive as this case.
|f Cp Is > 0.50 then the maximum pressure at the pump is negative and column
separation will occur as the next case explained in B.




()

(b)

Fiag. 7.1

] VRGN S

o
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Lecture 4: Pumping Hydraulics

4.4 water hammer in pumping mains

O Graphical solution to calculate the water hammer surge after power failure:

B. water hammer with column separation:

As indicated in Case A if Cp is > 0.50 then column separation occurs.
The following example illustrates this case.

Example

Draw a surge diagram to obtain the maximum pressure head at the pump
described below when the flow is suddenly stopped.

The pump is placed in a dry well adjacent to the suction well and 4 [t below the
water level in the suction well, which is considered as datum. Separation occurs
at a negative head of 30 ft. The pipe normally discharges 8 cusecs along a 21 in.
diameter main which rises uniformly to a reservoir in which the water level is 60 f1
above datum. The length of the main is 16 600 ft and the friction head (assumed
proportional to velocity squared) is 19 Jt at normal flow. a = 3320 fi/sec.
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

0 Methods of preventing or minimizing the water hammer surge:

A. Control Tanks:
- Open end surge tank or standpipe
- one way surge tank
- two way surge tank
- Air champers (hydropneumatic tanks)

B. Control valves:
- Vacuum relief valve
- Air release valves
- Air release and vacuum relief valves
- surge relief valves
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

A

—

lﬂmm-/ Fast vacuum relief-

Check valve — Allitude valve
Gate valve (optional)
Transmission main
Figure 7-5. One-way surge tank.
\ﬁm valve
Transmission main w— Gate valve
Transmission main

Figure 7-4. Open-end surge tank or standpipe.

Figure 7-6. Two-way surge tank.
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

Solenoid valve for venting air
Air line from
compressor _\\
™y

—— Relief vatve

Well for level

|

HGDES
24" '"al'lgEI.',l — &-0" tn ‘
access manhole 12'-0" dia
w/tlind flange ‘
Flangad nozzle I i
Drain valve ' 1 Finished grads _1_2'-0"
wibiind
| = ————= 4 ==
|
lange N L —ed
===x=di :‘:' ==-=“m=’.l':..* :—.-I;._I
AR _ 2§ S0
"“Q, A !@_-F; 1
e S T T T S W I J

b

Figure 7-3. Horizontal hydropneumatic tank (air chamber) for clean water service. (a) End elevation; (b) side

elevation,
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer In pumping mains

Air release valve
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

Vacuum relief valve Air /Vacuum relief valve
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Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

O Using Air champers to prevent water hammer surge:

El.200.0-- Nﬂﬂ?ihﬂ"ﬂ_uﬂt?jrﬂdienf-hl

EL19T.0- s
Qp=100 cfs

: A =19.65 sq. ft.

| Vo= 509 ft per sec.

0 =2960 ft.per sec. o £ 175.0-,0

| H§=200+34-234 ft. nie ohomber
2,0”*'2.0

& pump

N.S.E!.qu Ve

o A 4

} *Differentiol orifice
Check valve- I |
Lﬁ’\lUOU' on € -+ +r<I1000 on G-

- o, e, - ——

Fig 80 *




Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer in pumping mains

Example

Consider the pumping plant installation with an air chamber
shown in Figure 80. It is desired to determine a chamber size
such that the maximum upsurge in the discharge line adjacent to
the pump will not exceed 0.43H} and the maximum downsurge
at the mid-length will not exceed 0.21H?. From the charts in
Figure 83 it is found that these requirements are met by using
the values KX = 0.3 and 2Coa/QuL = 21 for which the maximum
upsurge at the pump = 0.27Hg, the maximum downsurge at the
mid-length = 0.21H%, and the maximum downsurge adjacent to
the pump = 0.32H3. For this installation the pipe line friction
loss for a flow @ is about 3 feet. The differential orifice required
at the chamber must then give a head loss for a flow of @, into
the chamber of 0.3 X 234 — 3 = 67 feet. With 2Coa/Q,L known,
the initial volume of compressed air in the chamber C;is 709 cubiec
feet and the minimum volume for the whole air chamber ¢’ as
determined from Equation (78) is 1040 cubic feet.



i \ K=0.3
: " \
Q Charts to determine 08T N \;\
the size of the 0.7 \;" 2*‘"‘*\ . \
air champers s o SEETN ‘\\
o ' N, \ "
S| ospYIt N *\\ N
” i TN, \
*:a_vo %.5:00,40‘5'#\"\ Y :
p 2gH % ﬁ \\ \ 3 ’;}}.‘\ N
0 = 0.3 L A
i) i b, NN T
. 0.2 05171~ ~ ‘khﬁ:“h\. Gt ] R ™
K = losses percent in the = e e 2 0 s~ S e = U B e - P
air champer orifice i S b == N s e
0
C, =The initial 0.
[T¥} o
1 g — | T £ e
compressed air z| o2 SR T
. > 12 |- ;’_..-—" 5| _— i3
volume in the = e 03— BT T
: | oalOSl LR AT AT
air champer | “EE LA |
W G, Pl A 2 Mﬂ
% i "
/ C H 2 of A B
C' = % : air chamber volume e 3 4 5678910 20 30 40 60 80
H . ECOCI
min QoL ,
Numbers on curves are values of 2p% Flg 83

H . =H;—downsurgeadjacenttothe pump| ——— agjocent to pump.

m— e | AT IEEDGTD
SURGES IN PUMP DISCHARGE LINE, K = 0.3



Lecture 4: Pumping Hydraulics

4.4 Prevention of water hammer In pumping mains

0 Using computer software for water hammer analysis:

There are many computer software for water hammer analysis such as:

- Hammer (Bently company)
- HiTran

- AFT

- Pipe Expert

These software are not free , they are very expensive. However, you can
Download DEMO versions and get good benefit out of it. You can also search
For free software that | do not know.
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Lecture 5: Design of wastewater pumping stations

5.1 General introduction

0 Main components of WWPS:

- Bar screen

- Grit removal

- Wet well or wet well + dry well

- Electricity distribution and control room (MDB + PLC)

- Transformer room

- Stand by generator and its fuel tank

- Guard room and its services (kitchen + showers and toilet)
- Pressure pipes and control valves

- Fence and landscaping
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Lecture 5: Design of wastewater pumping stations

5.1 General introduction

0 Main components of WWPS:

- Bar screen

- Grit removal

- Wet well or wet well + dry well

- Electricity distribution and control room (MDB + PLC)

- Transformer room

- Stand by generator and its fuel tank

- Guard room and its services (kitchen + showers and toilet)
- Pressure pipes and control valves

- Fence and landscaping

Dr. Fahid Rabah , PE frabah@iugaza.edu



Lecture 5: Design of wastewater pumping stations

5.2 Typical layout of WW pumping stations

Service building

Inlet pipe Grit
—— Bar Screen e

Emergency power station

Wet Pump

A 4

Well House

Fig 5.1 Typical Layout of Wastewater Pumping Station

Dr. Fahid Rabah , PE frabah@iugaza.edu
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Lecture 5: Design of wastewater pumping stations

b. 2 Typlcal Iayout of WW pumplng stations
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Lecture 5: Design of wastewater pumping stations

5.3 main components of WW pumping stations
Bar screen

Mechanical Bar Screen

Manual Bar Screen Dr. Fahid Rabah , PE frabah@iugaza.edu



5.3 main components of WW pumping stations
Bar screen

e Ny
=

Dr. Fahid Rabah , PE frabah@iugaza.edu 1



5.3 main components of WW pumping station
%1 Grit Removal Ty

Grit Removal vorte

% Grit classifier

it

Sl T

F EEE {

Grit Removal Channel

i




5.3 main components of WW pumping station
Wet Well

Fig. 5.6 | Wet well Pump House




5.3 main components of WW pumping station
Wet Well

Wet well Pump House
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5.3 main components of WW pumping station
Dry Well

.

Fig. 5.8 Dry room for dry pumps
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Fig. 5.9 Dry room for dry pumps
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5.3 main components of WW pumping station

Dry Well

e




5.3 main components of WW pumping station

= Dry Well

¥

Fig. 5.11 Dry room for dry pumps
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5.3 main components of WW pumping station

;¥ TH D Iy Well o
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Fig. 5.12 Dry room for
dry pumps
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5.3 main components of WW pumping station
Dry Well

Reinforced
motor support \ Motor
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Fig. 5.13 Dry room for dry pumps
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5.3 main components of WW pumping station

Transformer

Transformer room

, PE frabah@iugaza.edu YA



5.3 main components of WW pumping station
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Fig. 5.16  Service Building




5.3 main components of WW pumping station




5.3 main components of WW pumping station
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Lecture 5: Design of wastewater pumping stations

5.4 Design of the main components of WWPS

QAfter the introduction to the main components of WWPS we will study the design
of the following components:

- Design of the general layout of the WWPS

- Design of Bar screen channel

- Design of Grit removal channels

- Design of Wet well for submersible pumps

- Design of Wet well and dry well for dry pumps

- Design of the delivery pipes and the pressure line

Dr. Fahid Rabah , PE frabah@iugaza.edu Yy



5.4 Design of the main components of WWPS
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5.4 Design of the main components of WWPS

_____» Minimum approach velocity in

5.4.2 Design of Bar screens
Screens are used in wastewater treatment for the removal of coarse sglids,
Screens are either manually or mechanica ¢!

* Bar spacing isinrange of 2-5¢cm spacing is in range of 1.5-4 cm

* The screen is mounted at an

angle of 30-45  The screen is mounted at an angle

of 30-75
» Bars are usually 1 cm thick, 2.5

: » Bars are usually 1 cm thick, 2.5
wide

wide

* Minimum approach velocity in the
bar screen channel is 0.45 m/s to
prevent grit deposition.

the bar screen channel is 0.45 m/s
to prevent grit deposition.

« Maximum velocity between the
bars is 0.9m/s to prevent washout
of solids through the bars.

« Maximum velocity between the bars
IS 0.9 m/s to prevent washout of
Dr. Fahid Raban 6 | febgn@ingereggh the bars. e



5.4 Design of the main components of WWPS

5.4.2 Design of Bar screens

Design of the bar screen channel (Approach Channel)

The cross section of the bar screen channel is determined from the continuity
equation:

Q4 = AcV The head loss through the bar
o screen
Ac = Qd/ Va 2 2

Qd = design flow, m3/s

20 0.7

Ac = bar screen cross section, m2
H/ = head loss

Ve o
a = Velocity in the approach channel, m/s Va = approach velocity, m/s

Usually, rectangular channels are Vb = Velocity through the openings,
used, and the ratio between depth m/s
and width s taken as 1.5 to give g = acceleration due to gravity, m/s?

the most efficient section.
Dr. Fahid Rabah , PE frabah@iugaza.edu Ve



Example

A manual bar screen is to be used in an approach channel with a maximum
velocity of 0.64 m/s, and a design flow of 300 L/s. the bars are 10 mm thick
and openings are 3 cm wide. Determine:

The cross section of the channel, and the dimension needed
The velocity between bars

The head loss in meters

The number of bars in the screen

1. Ac= Qd/Va= 0.3/0.64 = 0.47 m2
Ac=W x1.5W =15 W x W

oo (VH-VE) 1
3.Head loss: ™~ 29 '0.7

_(086°-064°) 1 _(g024m
W =0.56m, Depth (d) =1.5W=0.84m  H="""0 ="~ ==

A A, 4.1 toar + (N-1)Sc = W |

Sc+tbar
— nx1+(n-1)x 3= 56

= 0.84 x 0.56 (3/3+1) = 0.35 m?
n=14.75=15

From continuity equation: Va Ac= Vb Anet
Vb= 0.64 x 0.56 x 0.84/0.35 = 0.86 m/s < 0.9 m/s ok

Dr. Fahid Rabah , PE frabah@iugaza.edu Y1



5.4.3 Design of rectangular Grit removal channel

Design a set of rectangular grit basins with proportional flow weir for a plant
which has a peak flow of 80,000 m3/day, an average flow of 50,000 m3/day and a
minimum flow of 20,000 m3/day. Use three basins. Make the peak depth equal to

— the width. The design velocity (V,) is 0.25 m/s, Vs = 0.021 m/s =

Solution

The peak flow per channel will be 80,000/3 =
26,666 m3/day = 0.31 m?/s.

The average flow per channel will be
50,000/3= 16,666 m3/day = 0.19 m?/s.

The minimum flow per channel will be
20,000/3= 6,666 m3/day = 0.077 m?/s.

A =QIV,

A peax = 0.31/0.25 = 1.24 m2.

The water depth D=W =1.114
Take W = 1.10 m.

Then D =1.13 m at peak flow
Take the channel depth = 1.50 m

This would provide a freeboard of 37 cm at
peak flow.

L =D (V,/V,)
The length of the channel = 1.15 (0.25/0.021)
=13.7m

The weir must be shaped so that:
Q =8.18 *10°wy?l>
W = width of the proportional weir at depth y.

W Y Q

(mm) (mm) (m3/min)
120.50 280 4.62
76.70 691 11.4
66.90 909 15.0
59.90 1130 18.6

Note: Y= Q/(V,*W)

Dr. Fahid Rabah , PE

frabah@iugaza.edu Yy




5.4.3 Design of rectangular Grit removal channel

Area equals
to rejected
area

YA



5.4 Design of the main components of WWPS
5.4.4 Design of the wet well for submersible pumps

O Design of horizontal cross section of the wet well:

» The dimensions of the horizontal cross section of the wet well depends on the

pump size and the recommended distance between the pumps.

* Figure 5.21 shows the recommended dimensions of the horizontal cross section

of the wet well . Note that the diameter of the pump casing “D” is the dimension

That decides the length of the wet well.

» The second needed distance is B, the distance between the wet well wall and the

center of the pump. The distance B is necessary to decide the width of the wet well.

The distances D and B is taken from the pump catalogs as those shown in

figures 15.23 and 15.22.

* An inlet channel inside the wet well opposite to the inlet pipe is usually needed to

As energy breaker to prevent turbulence in the wet well. The width of the channel
is usually 50 to 70 cm and its height is equal to the inlet pipe diameter plus 30 cm.

* Figure 15.25 shows a horizontal plan of the wet well at a level above the concrete
frame.

Dr. Fahid Rabah , PE frabah@iugaza.edu Y4
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5.4 Design of the main components of WWPS
5.4.4 Design of the wet well for submersible pumps

O Design of the vertical cross section of the wet well:

* Figure 5.24 shows a typical vertical cross section of the wet well.

« The LWL is taken from the manufacturer catalog of the pump. For example,
the LWL for the KSB is indicated as the distance “R” in figure 15. 22.

« The HWL is calculated from the active volume as will be indicated later. The
active volume is the volume between the LWL and the HWL.

 The HWL is taken as the level of the invert level of the inlet pipe as indicated
in figure 15.22. The distance from the HWL to the top of the roof of the wet well
depends on the ground level. It is usually preferred to take the level of the top
of roof the of the wet well as 50 cm higher than the ground level.

* As shown in figure 15.22, a hoist and chain should be located above the
pump to left it for maintenance. For this purpose a concrete frame should be
built to hang the electrical hoist on it. The capacity of the hoist is decided
according to the weight of each pump. The weight of the pump is taken from
the manufacturer catalog as in figure15.23.

* A rectangular benching is needed to prevent solids from settling away from

the pumps. The dimension of this triangle is shown in figure 15.24.
Dr. Fahid Rabah , PE frabah@iugaza.edu ™
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Fig. 5.27 A photo at the top of a wet well showing delivery pipes and valves




5.4 Design of the main components of WWPS
5.4.4 Design of the wet well for submersible pumps

1 Determination of the wet well active volume:

* The active volume in the wet well is the volume enclosed between the LWL

and the HWL.

* This volume depends on many factors such as the number of pumps, the

capacity of each pump and the raw WW influent flow rate.

* The active volume (V ) when one pump is in operation is calculated from the

following equation:

v=14
4

Where: _ _
T: minimum cycle time between pump starts, min.

g : the pumping rate of a single pump in operation, m3/min
V: active volume for one pump in operation, m3

T = time to fill + time to empty

Dr. Fahid Rabah , PE frabah@iugaza.edu YA




5.4 Design of the main components of WWPS
5.4.4 Design of the wet well for submersible pumps

1 Determination of the wet well active volume:

* The cycle time T depends on the pump type and the manufacturer
recommendations.

* Typical value of T 6 minutes. This will lead to 10 starts of the pump in 1 hour.
it is recommended to limit the number of pump starts to 12 as a maximum to
protect the pump and to increase its effective life span.

*If more than a pump is used, an additional 15 cm is added to the height of the
wet well for each pump other than the first.

Dr. Fahid Rabah , PE frabah@iugaza.edu T4



5.4 Design of the main components of WWPS

5.4.4 Design of the wet well for submersible pumps

1 Determination of the wet well active volume:

Example:

What is the active volume of a wet well that has 3 pumps working in parallel
plus one standby pump. The capacity of one pump when operating alone is
14.7 m3/min. Take T as 6 minutes. The area of the horizontal cross section of
the wet well is 15 m2.

Solution:

V=(14.7*6)/4 = 22.05 m3
Water height = (22.05)/15=1.47 m
Total height of active volume =1.47 + 2*0.15=1.77 m

Total active volume =1.77 * 15 = 26.55 m3

Dr. Fahid Rabah , PE frabah@iugaza.edu



5.4 Design of the main components of WWPS
5.4.4 Design of the wet well for submersible pumps

1 Determination of the wet well active volume:

The pumps operation sequence can be set according to the active volume
calculated in the previous example as indicated in the following figure.

Inlet pipe
Start P3 HWL [~ T
Start P2 120”1 — N

Start P1 cm cm
Wet well St B
147cm 15cm”) stop P2
— m LWL 15cm | Stop P1

1N J
LC]’TR

Fig. 5.28 Pumps operation sequence
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5.4 Design of the main components of WWPS
Dry well installation

all |
1.5m
@i j;+
ol |
5m
é2-3m S B 1.5m
@EI’: | TZSm >
— 5 _l 075m
< 7-10d *Pumplength—>

Fig. 5.29 Typical dimensions of the horizontal section of dry well installation
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5.4 Design of the main components of WWPS
Dry well installation

Check valve

Y Dresser

-]
Manifold

GL GL
VUS WIS
Inlet plpe
\
— 7 HWL
B Q
2-3m = 5 &
LWL g ¢ 2l
— U] X e
Jod
D/2)

Y

Fig. 5.30 Typical dimensions of the vertical section of dry well installation




5.4 Design of the main components of WWPS
5.4.5 Design of the wet and dry wells for dry pumps

O Figure 5.29 gives the typical dimensions of the the horizontal cross section
of the dry and wet well installation.

Q Figure 5.30 gives the typical dimensions of the the vertical cross section
of the dry and wet well installation.

O The active volume and pump operation sequence is the same as for the
wet wall installation as discussed in the previous example.
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5.4 Design of the main components of WWPS
5.4.6 Design of the delivery pipes and the pressure line:

O pressure line (selecting the most economical diameter)
Udelivery pipes

Valves on the pressure line

UThrust block
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5.4 Design of the main components of WWPS
5.4.6 Design of the delivery pipes and the pressure line:

O Delivery pipes:

A delivery pipe is the pipe that connects the pump with the manifold. The
diameter of this pipe is determined using the Continuity equation:

4
D= AQpump |2
N

Where:
D = pipe diameter, m

— Q,,, =discharge of one pump when operation alone, m3/d
V = flow velocity, m/s

The velocity in delivery pipes is usually assumed in the range of 2-2.5 m/s.
Q pump is the determined from the intersection between the system curve and

The characteristic curve of a single pump in operation.
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5.4 Design of the main components of WWPS
5.4.6 Design of the delivery pipes and the pressure line:

« The friction losses in the delivery pipe are calculated using the Hazen
Williams equation :

10.7*L[QT™
hy = D487 6

« The minor losses in the delivery pipe are calculated using the following
equation :
V 2
h, =k-—
29
« The material of the delivery pipes is usually steel, but some times UPVC pipes
are used. The Thickness of the pipe wall is determined according to the pressure
Exerted on the pipe, especially water hammer pressure.

 The valves and fittings installed on the delivery pipe are shown on
Figures 15.24 and 15.25
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5.4 Design of the main components of WWPS
5.4.6 Design of the Manifold:

J Manifold:

The manifold is the pipe that connects the delivery pipes with the main pressure
line. As shown on Figure 15.25 the diameter of the manifold is variable
diameter of this pipe is determined using the Continuity equation:

1
B {QT
v
Where:
D = pipe diameter (variable) according to the # of pumps in operation, m
Q = discharge (variable) according to the # of pumps in operation, m3/d
—_—V = flow velocity (variable) according to the # of pumps in operation, m/s

« The velocity in the manifold is usually assumed in the range of 1 to 2 m/s.
Qis Q ., for the first segment (the smallest), and equals Q ,,,..s for the
second segmentand Q 5, ., for the second third segment and so on.
Some designers us constant diameter of the manifold designed for Q 5,5 -
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5.4 Design of the main components of WWPS
5.4.6 Design of the Manifold :

« The friction losses in the manifold pipe are calculated using the Hazen
Williams equation :

107* L |:Q:|1.852
h, =

D487 6
« The minor losses in the manifold pipe are calculated using the following
equation :

2
h o—kY
— 24

* The material of the manifold pipes is usually steel, but some times UPVC pipes
are used. The Thickness of the pipe wall is determined according to the pressure
Exerted on the pipe, especially water hammer pressure.
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

Q Selecting the diameter:

The main pressure line is the pipe that connects the manifold with ponit of
disposal. Its determined is determined using the Continuity equation:

1
D= 4Qpeak 2
v

Where:

D = pipe diameter (variable) according to the # of pumps in operation, m

Q. = discharge (variable) according to the # of pumps in operation, m3/d
—_—V = flow velocity at peak flow, m/s

« The velocity at peak flow in the main pressure line is usually assumed
in the range of 1 to 2 m/s. However the velocity when one pump in operation
should not be less than 0.60 m/s.
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5.4 Design of the main components of WWPS
5.4.6 Design of the Manifold :

« The friction losses in the main pressure line are calculated using the
Hazen Williams equation :

107* L |:Q:|1.852
h, =

D487 6
« The minor losses in the main pressure line are calculated using the
following equation :

2
h o—kY
— 24

« The material of the main pressure line is usually steel, but some times UPVC pipes
are used. The Thickness of the pipe wall is determined according to the pressure
Exerted on the pipe, especially water hammer pressure.
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Selecting the most economical diameter for the main pressure line:

 As understood from the continuity equation, D is a function of V, so there are
many combinations of D and V that satisfy the equation. Since we , as engineers,
look for the most economical design we usually try to use the smallest pipe
Diameter, Unfortunately, when D decreases, V increases, consequently the
Power needed and the operation cost increases. So we need to select the most
Optimum combination between D and V. This is done using the graph shown
below (Figure 15.31).

* From figure 15.31, when we add up the capital cost and the operation cost we
get the concave up curve. The point of inflection indicates the minimum total
Cost. From this point draw a vertical line that will intersect the X-axis at the most
Optimum diameter.

* Notice that the running cost paid along the life span of the pump station and the
Pressure line so the values on figure 15.31 are the present worth value of the
Running cost. The capital cost is paid in one payment at the beginning of the
project.
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Selecting the most economical diameter for the main pressure line:

Optimum pressure line diameter

3.00E+06 |

2.50E+06 |

2.00E+06 |

1.50E+06 |

Cost (US %)

1.00E+06 |

5.00E+05 : Optimum D
0.00E+00 L ‘i
200 300 400 500 600 700 800
Diameter (m)
—&— Running cost —s=— Capital cost —a— Total cost

Fig. 5.31 Optimum pipe diameter




5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Valves and tanks installed on the main pressure line:
* There are two main valves that are installed on the pressure lines:
1. Air release /Vacuum valves are installed at:
* All height points
*long rising segments at intervals of 750 to 1000 m
*long descending segments at intervals of 750 to 1000 m
2. Drainage valves are :
 All low point
* Long rising and flat pipes at intervals of 500 m
3. Pressure relief valves are installed at:
* Low points along the pipe where high pressure is expected
*locations related to water hammer waves such as before valves or after
pumps. If other tools are used to control water hammer, these valves
will be not necessary.
4. Surge tanks and Air champers are installed at:
« Just after the pumps.

At high points a long the pipe to prevent column separation.
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Thrust blocks installed on the main pressure line:

Thrust blocks are concrete blocks installed along the pressure lines at horizontal
and bends vertical to protect the pipe from the water thrust force created due to
The change in direction.
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Thrust blocks installed on the main pressure line:

The resulting force due to mass flow and flow velocity can be expressed as :

dY’ dY’
R, = pﬂ(zj oV 2(1-cos ) R, = pﬂ(ij oV ?sin g

1

2 | D2\2
R =(R; +R})?

Rx = resulting force in x-direction (N)
Ry =resulting force in y-direction (N)

R = Resultant of the x and y forces (N)
v = flow velocity , m/s

bend angle , degrees

fluid density, kg/m

internal pipe diameter, m

B
o)
d
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

O Thrust blocks installed on the main pressure line:

Resulting force due to Static Pressure:

d 2
R, = Pn(zj (1-cos )
R, = P;z(%j sin S

1
R, =(R. +R;)?

P

Rpx = resulting force due to pressure in x-direction ,N

pr = resulting force due to pressure in x-direction ,N

Rp= resultant force on the bend due to pressure, N

P = gauge pressure inside pipe (Pa, N/m?)
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5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

See also chapter 4

FROM PUMP
A ——
DISCHARGE

e

CONCRETE THRUST
BLOCK, PLACED ON
COMPAETED FILL

Fig. 5.32 Typical Thrust blocks

T

VARIABLE - DO NOT EXCEED
0.8 PIPE 0.D.

ELEVATION
90" bend




5.4 Design of the main components of WWPS
5.4.6 Design of the main Pressure line (Rising main):

vy, Forrwark Blo |:|: O

Fig. 5.33 Thrust block under construction
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Typical dimensions and details of thrust blocks

T
PLAN
BENDS

24" MIN-1F & LARGER PIPE

|18 MIE-T0T & SMALLER

18" b

(50

-
SECTROMN X-X PLAN & ELEVATION
BENDS & TEES PLUGS
[ BERDS | UBBENDS [ EBENDS] TEES PLUGS
TYPE| SIZE
& B il I_ ) _H & a8 C L
5| & o |w] 67| & | 37 | | & | &~ [ 0" | i5”
B 2" [T | & || 8| 8 | o |z | i | eor
e J 8 |4 |10 | @ | & |eo | v |14 | sa | 28|
_:--_:'." 2" 0 9" | ew® f 2™ | ] @] "] 4" | 8" | T | =0
S zx | | [ w0 |2 | W | @ | | Al
w26 20¢] 6" | @ | ir | 13| 8 | 20| 20"l A |
x| 6 |16 |00 9 | D" | & | B |0 |2 | o | ®i
=l zr___l_al'___hu;_'_ll_q_i"_hg_‘_‘__-n' | 137 | " | 12 'E-s-:_
e % W0- | 26| 17 | 14 | IfjiD- | 1A 16 | 20| 14" | M6
;.-‘: 12" | 2e"l =" =" =™ ™ | " @™ | pa4”| se™ | 48"
a8 as| 2 09t 2l izt | ol 227 27 18" | am”]
| SB[ @] 38| 277 21 | e | 12" | 24| 24 | 30°| 2o | ma'|




Pumping Stations Design
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Lecture 6: Design of water supply pumping stations
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Lecture 6: Design of waster supply pumping stations

6.1 General introduction

0 Main Types of water pumping stations :

Wells pumping stations
Distribution pumping stations
Booster pumping stations
Surface water pumping stations

hwn -~
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Lecture 6: Design of waster supply pumping stations

6.2 Well pumping stations

0 Main components of well pumping stations :

Multi stage pumps ( connected in series)
Suction shaft (pipe)

Vertical motor ( above ground or submerged)
Delivery pipe

Valves

Cyclone

Surge vessel (air champer for water hammer protection)
Chlorination tank and chlorine injection pump.
Stand by generator and its fuel tank

10 Main electricity distribution panel and control
11. Service building.

©COoNoOGORhLON =
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6.2 Well pumping stations

Agffusting
i CD u_f_

HOLLOW SHAFT ELECTRIC MOTOR
400V,50HZ,1450RPM

|
CAST IRAN ( CI ) §
DISCHARGE HEAD |
STAINLESS STEEL ¢ e
DRIVE SHAFT == =

Dischargs head | Driver

WATER COOLED RUBBER BEARING
+ BRONZE LINER >

Column

4'"? SCH 40 1

T

CAST IRAN FLANGED CONNECTED BOWLS
- 3 + BRONZE IMPELLERS | |
| ‘ |

Bowl assembly

¢

Multi stage pumps connected in series with a dry installation vertical motor




6.2 Well pumping stations

Casing

Wirrer Lewg!

Pump
Columa

Pumi
Shalt

Eenay
Assertbly

Multi stage pumps connected in series with dry or submersible motor

CONSTRUCTION FEATURES:

1. One-piece, stainless steel
discharge head & NEMA faced
mounting ring.

2. Built-in stainless steel check
valve with elastomer ring for
positive seal.

3. Sintered lead-free sleeve

bearing with polypropylene
sand slinger.

4. 304 Stainless Steel Pump shell
threaded on both ends for easy
attachment to discharge head
& mounting ring.

5. Stainless steel suction screen
covers a large round suction
inlet.

Dr. Fahid Rabah , PE frabah@iugaza.edu



Multi stage pumps connected
in series with diesel motor




6.2 Well pumping stations

Mon-corrosive
cable guard
| protects motor
wires from
damage.

CONSTRUCTION FEATURES:

1. One-piece, stainless steel
discharge head & NEMA faced
mounting ring.

2. Built-in stainless steel check
valve with elastomer ring for
positive seal.

3. Sintered lead-free sleeve
bearing with polypropylene
sand slinger.

4. 304 Stainless Steel Pump shell
threaded on both ends for easy
attachment to discharge head
& mounting ring.

5. Stainless steel suction screen
covers a large round suction
inlet.

Multi stage pumps connected in series- submersible motor |
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6.2 Well pumping stations

— L

Vertical dry motor installation




6.2 Well pumping stations

g

Submersible type motor installation




6.2 Well pumping stations

Air release valve

i —— ——

Hydro-Cyclone

'! ’ Butter fly valve

Pressure Gage

Flow meter

™

Motor

\/H
T

‘j%u\ ﬂ] L\l | | [] ]] e e B

@\ . 10D 5D —

Suction Pipe

| Typical piping and valves arrangement for well pumping stations

Dr. Fahid Rabah , PE frabah@iugaza.edu



6.2 Well pumping stations

6.00
¥ A Cooling\ N chlorine
T Tank J ; Tank P.E
\ 500 liter N
‘L N N ) /J‘ = Hydro Cyclone \@liter

Flectrical
panel bord

| Typical layout of Well room |

@Pump well @ Delivery pipe @ Butterfly valve @ Check valve @ Flow meter




6.2 Well pumping stations

Delivery pipe , see the Hydro Cyclones and valves |




6.2 Well pumping stations

| __.__m_r.. _.._-?E.__WL

e

.rb_.umln.l
W -
:.rﬁ. i

--.

R

|

Clean
Water

4

I=Dutlet

Water Inlet *[[

Underflow Chamber

-]
B
=
=
=
=
b
(=]

| Hydro Cyclone function |

VY
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6.2 Well pumping stations

b 1 - i
] ,._ oy
" ’ - i
. = " /
- i ¥ %
a 71 4
i |
b i

| Delivery pipe , see the Hydro Cyclones and valves h
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6.2 Well pumping stations

Standby generator
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6.2 Well pumping stations

- ."’.- ’

el T ——

7 _
o 1
S e - .
_— P '"'}‘-‘I"ﬂ*
pa— 1 L l'-ﬂlfx
S, iy

Fuel tank for the standby generator H 2




6.2 Well pumping stations

| Chlorine pump | —

Water tank

Chlorine tank and chlorine injection pump
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6.2 Well pumping stations

chlorine injection point to the delivery pipe
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6.2 Well pumping stations

Delivery pipe , see the Hydro Cyclone , valves, fuel tank, service building
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6.2 Well pumping stations

B

.y

= ‘ Delivery pipe , Hydro Cyclone :
_ /ﬁ valves, fuel tank, generator o

, :;‘- 3
e ﬁ- @ —

._';_.I_-%-"E\-. -
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6.2 Well pumping stations

Y



6.2 Well pumping stations
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6.2 Well pumping stations

O Types of well pumping stations :

1. Direct pumping from well pumps to the distribution system
0 Most of Gaza wells are from this type
0 Not recommended for long distribution systems and for cases where
more than one well pumping directly into the system. This system has
two problems: back pressure between wells and lower discharge from
each individual well.

2. Pumping from well pumps to a storage or distribution tank.
O This system is recommended and there is a trend in Gaza to use this
system
O This system solves the problem of back pressure associated with the
direct pumping discussed above. It also increase the pumping
efficiency from each pump (lower head losses leading to more flat
system curve and consequently more discharge)
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6.2 Well pumping stations

SEAL

L

PUMP BLDG. et I
\ %
P )
oL 2
CHECK WRaLWE
GATE
Wil LWVIE
. ST LF, o
= ’||+ =1
PWC FIPE
g —ii—

— 50
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— 50"

12" CASING

—Eo

' 5.5, BCREEM
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Well pumping station discharging
into a storage tank
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6.2 Well pumping stations

| Well pumping station are operated in series

three pumps jn Serces

y Fiva PRAIPS o Serrey

/p cragle pwwms

— - > @

Note that for well pumps there is only one valid pump curve which is the
curve of the total pumps in operation.
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Lecture 6: Design of waster supply pumping stations

6.3 Distribution pumping stations

0 Main components of distribution pumping stations :

1. Dry pumps ( connected in parallel)

2. Suction shaft (pipe)

3. Storage and distribution tank

4. Delivery pipe

5. Valves

6. Surge vessel (air champer for water hammer protection)
7. Chlorination tank and chlorine injection pump.

8. Stand by generator and its fuel tank

9. Main electricity distribution panel and control

10. Service building.
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Lecture 6: Design of waster supply pumping stations

6.3 Distribution pumping stations

QO Typical layout of distribution pumping stations:

@ OO_
>

& X

& &
Storage and —

o (2
Distribution HF&1—O)— P
N

O,

1. Gate valve
2. Pump

3. Check valve
4. Manifold

Tank

——
HREO—=PIFR—
v

Distribution pumping station with rectangular storage and
distribution tank
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Lecture 6: Design of waster supply pumping stations

6.3 Distribution pumping stations

QO Typical layout of distribution pumping stations:

@)
O,
&)
©)
)

0 ot
SR \\Q/} }l &
St_ora_ge a_nd X e N —
Distribution T2 IO/ — Pl
Tank
R0 )= p | =R
T\ L\ &4
1. Gate valve
2. Pump
3. Check valve
4. Manifold

5. Feeding Header

Distribution pumping station with circular storage and distribution tank
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Distribution pumping station |

L—E‘:ﬂg""‘ |
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6.3 Distribution pumping stations

§ fnj/c pump

Fwo “pumps iy parelfe/
it .

 fhree punips iy
paralle

@, "’a\_ ;a‘ a

| Distribution pumping station are operated in parallel |
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Lecture 6: Design of waster supply pumping stations

6.3 Distribution pumping stations

O Control of distribution pumping stations :

1. Pressure switch at the discharge side of the pipe.
If the pressure in the network increases above a preset value (for example 6 bar )
the pumps will be shut down one after the other. The pressure on the delivery
pipe increases at low demands when many connections are closed.

2. Level switch connected to the water distribution tank.
If the level in the water distribution tank drops to the a pre assigned minimum
level the pumps are shut off one after the other with a pre assigned intervals.
The pumps will be started again one after the other when the water in the tank
— reaches a pre assigned level. An ultra-sound level detector is usually used for

level detection.
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

0 Main components of booster pumping stations :

Dry pumps ( connected in series)

Suction connection (pipe)

Delivery pipe

Valves

Stand by generator and its fuel tank (for offline large stations only)
Main electricity distribution panel and control

Service building (for offline large stations only).

NoOGahhowb=
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

0 Main types of booster pumping stations :

1. Inline booster pumps
2. Offline booster pumps

Dr. Fahid Rabah , PE frabah@iugaza.edu
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

Inline Package Booster Pump |
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

QO Typical layouts of inline booster pumping stations:

— OO -FMF®— -—>
| Inline booster pumping station - two pumps in series |

= This layouts is used when two or three pumps are able to deliver the
required flow and head. If more than three pumps are needed or when
the pumps are large, we should go to an offline booster pumping station.
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

QO Typical layouts of inline booster pumping stations:

—> \ FIEO—PIE® —>
EO="

Inline booster pumping station - two pumps in parallel

This layouts is used when one pump is able to deliver the required head
but not able to deliver the required flow. In this case we use two or more
pumps in parallel. If more than three pumps are needed or when the
pumps get large, we should go to an offline booster pumping station.
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

O Typical layout of offline booster pumping arrangements:

®® @@@

HQHO=rIF®
HOHO =PI (@)
HREO—rIF®

! ’

offline booster pumping station - three pumps in parallel

This configuration is used when one pump is able to give the required head but not
able to give the required flow, so we need more than one pump in parallel to deliver

the total flow.
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Lecture 6: Design of waster supply pumping stations

6.4 Booster pumping stations

QO Typical layout of offline booster pumping arrangements:

S

—> @O 0= —HoHt— ~bl=>

= L
) (% /
= =
offline booster pumping station - three pumps in series |

This configuration is used when one pump is able to give the required flow but not
able to give the required head alone, so we need more than one pump in series to
deliver the total head. Note that we use a bypass line to achieve flexibility in operation
When one or more pumps are out for maintenance.

Dr. Fahid Rabah , PE frabah@iugaza.edu ¥4



Lecture 6: Design of waster supply pumping stations

6.5 Surface water pumping stations

0 Main components of surface pumping stations :

Water Intake structure

Submersible or dry pumps ( connected in parallel)
Suction connection (pipe)

Delivery pipe

Valves

Stand by generator and its fuel tank

Main electricity distribution panel and control
Service building

ONOOOA N =
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Lecture 6: Design of waster supply pumping stations

| Movable Surface water intake

—

2. Movable intake. 5 :M_,/

DEIMNIL A
O pla)
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Lecture 6: Design of waster supply pumping stations

6.5 Surface water pumping stations

Guides for emergency Sluice gate
slop gates stand
Seal angle
Trash rack K
HWL ¥
w— /
Intake wing !
wall
LWL
-— .
Stone
e bar (typical |
1 = -—.; :‘:'.‘_ -~ o —— {rwm] |
i- T ] i .:_ H
R

: Hand-operated Transmission
| Surface water intake sluice gﬁ main




Lecture 6: Design of waster supply pumping stations

6.5 Surface water pumping stations

e

REMCRRELE COWER
e

X een

AT TR

| Dry pumps and Surface water intake |
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6.5 Surface water pumping stations
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Lecture 7: Design of sludge pumping stations

7.1 General Introduction

O Sludge definition

Sludge is a fluid composed of a mixture of water and solids.
Some of these solids are dissolved and some are suspended. The
suspended solids are the most important part and their concentration is

in the range of 1% to 10% according to sludge type.
dTypes of sludge :

1. Primary sludge ( solids concentration 3-5%)

2. Secondary sludge ( solids concentration 1-1.5%)

3. Digested sludge ( Solids concentration 6-7%)
4. Thickened sludge ( Solids concentration 8-10%)
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7.2 Hydraulics of Sludge pumping

dThe sludge is a non-Newtonian fluid, so its flow properties is different
from Newtonian fluids such as water and wastewater. Thus, the
equations used to determine the hydraulics of water and wastewater

doesn't apply for sludge.

O The main cause of classifying sludge as a non-Newtonian fluid is the
presence of solids in the range of 1% and above.

O The hydraulics of sludge pumping is highly dependent on the
concentration and properties of the solids in the sludge.

The sludge flow is classified into laminar flow or turbulent flow.

Dr. Fahid Rabah , PE frabah@iugaza.edu ¥
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7.2 Hydraulics of Sludge pumping

dLaminar flow in sludge pumping systems:

Bingham equation is used for defining the hydraulics of sludge in the
laminar range:

= +
L 3Dpg pgD°
h = headless in the pipe, m
Where L = pipe length, m

s, = yield stress of the sludge, N/m?

p = sludge density , kg /m?

D = pipe diameter , m

g= gravitational acceleration,9.81 m/s?
n= coefficient of rigidity, kg/(m.s)

V = flow velocity, m/s
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7.2 Hydraulics of Sludge pumping

dLaminar flow in sludge pumping systems:

To apply the Bingham equation the flow should be laminar.
Bingham defined the lower critical velocity (V) to check for laminar flow. If the

selected design velocity of sludge pumping is less or equal to V. then the
flow is laminar, otherwise the flow is turbulent.

100077 +1000,/77° +s, pD* / 3000
_ o

Vi

C

Note:
* The values of s, and n are taken from figures 19.2 and 19.3.

The Bingham equations are valid for laminar flow only.
Dr. Fahid Rabah , PE frabah@iugaza.edu
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Figure 19-2. Yield stress versus sludge solids.
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7.2 Hydraulics of Sludge pumping

dTurbulent flow in sludge pumping systems:

Hanks and Dadia equation is used for defining the hydraulics of sludge in
the turbulent range:

H 2fv 21pLV
- = or Ap —
L gD D
H = headless in the pipe, m
L = pipe length, m
A p = pressure drop, N/m2
Where, P = sludge density , kg /m3

D = pipe diameter , m

G = gravitational acceleration,9.81 m/s?
f = friction factor

V = flow velocity, m/s
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7.2 Hydraulics of Sludge pumping

The friction coefficient (f ) is found from figure 19.6 after calculating (H,)
and (R) from the following equations:

2
H - Ds, o
Hedstrom number: e 2
J)
DV
Reynolds number: R = ZvpP
Jj
H, = Hedstrom number , dimensionless
Where, R = Reynolds number , dimensionless
s, = yield stress of the sludge, N/m?
p = sludge density , kg /m3
D = pipe diameter , m
H = coefficient of rigidity, kg/(m.s)
V= flow velocity, m/s
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7.2 Hydraulics of Sludge pumping
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Figure 19-6. Theoretical friction factor for sludge analyzed as a Bingham plastic. After EPA [2].
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7.2 Hydraulics of Sludge pumping
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Figure 19-5. Recommended design curves. Headloss prediction for routine operation.
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7.2 Hydraulics of Sludge pumping

UTypical sludge pumping system curve compared to water pumping

system curve Flow rate,
0 20 40 80 80 100 120 140
Using the headless equations * ' ' ' T 0% Worst case L
you can draw the system curve /-""
For sludge systems. o P 7
Figure 19.10 is an example 4
of a system curve for a 10% Foutine ’
6 in pipe. * 2 —
Notice the difference between ¢ 2o )
The system curve for water and 3% Routine ——
. M r— B
For sludge having different . Water | "]
Solids concentrations.
-]2
0 0
o 100 200 300 400 500 600 700

Flow rate, galimin
Figure 19-10. System H-Q curves for sludge in a 150-mm {6-in.) pipe.

Dr. Fahid Rabah , PE frabah@iugaza.edu 'Y

TDH, m



Lecture 7: Design of sludge pumping stations

7.2 Hydraulics of Sludge pumping

USludge pressure pipes sizing:

= Max. design velocity is 1.8 m/s.

=Min velocity is 0.6 m/s

=Min. pipe diameter is 6 in.

*Pump connections should not be less than 4 in.

Dr. Fahid Rabah , PE frabah@iugaza.edu
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7.3 Sludge pumping stations

U Sludge pumping stations types:

1. Submersible pumps
2. Dry pumps

Submersible pumps and dry pumps are similar to wastewater pumping
stations in terms of wet wells and dry wells and the piping layout
and valves.

O Types of pumps used for Sludge pumping :

1. Centrifugal Vortex pumps
2. Diaphragm pumps

3. Rotary pumps

4. Progressive cavity pumps
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Lecture 7: Design of sludge pumping stations

7.3 Sludge pumping stations

O Sludge pumping stations tvpes:

Shaft sealing

m maintenance-friendly

Sturdy bearing support single or double mech-
anical cartidge s=s!
m siufing box

Exchangeable wear linings

m fo protect the casing cover

Specially developed
free-flow Impeller

m wesr-resistent matenals
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7.3 Sludge pumping stations

O Sludge pumps types:

Progressive cavity pump
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7.3 Sludge pumping stations

O Sludge pumps types:

Diaphragm pump
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(.3 Sludge pumping stations
O Sludge pumps types:

‘@)

Rotary Lobe pump
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7.4 Typical location of sludge pumping stations

Sedimentation Tank

Submersible sludge pumping station
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7.4 Typical location of sludge pumping stations

Sedimentation Tank

Dry well sludge pumping station
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