Pumping System,

Water Mains, and Appurtenances

Introduction to Pumping System

· Pumping equipment forms an important part of the transportation and distribution facilities for water and wastewater.

· Two primary types of pumping equipment of interest here in water and wastewater are the centrifugal pump and the displacement pump.

· Centrifugal pumps have a rotating element (impeller) that imparts energy to the water.

· Displacement pumps are often of the reciprocating type, in which a piston draws water into a closed chamber and then expels it under pressure.

· Electric power is the primary source of energy for driving pumping equipment, but gasoline, steam, and diesel power are also used to operate in emergency situation when electric power fails.

Pumping Head

The total dynamic head (TDH) is composed of the difference in elevation between the pump center line and the elevation to which the water is to be raised, the difference in elevation between the level of the suction pool and the pump center line, the frictional losses encountered in the pump, pipe, valves and fittings, and the velocity head (see Figure 1).

TDH = HS + HL + HV
Where, 
HS = total static head or elevation difference 

between the pumping source and the point of  delivery,




HL = the total friction head loss,




HV = velocity head, v2/2g,

Power

For a known discharge (Q) and total pump lift, the theoretical power required by the pump may be expressed as follows.

Power (in N.m/s or watt) = 
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Figure 7: Typical Characteristic Curve of Centrifugal Pumps
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Where, 
( = mass density of water, kg/m3



g = acceleration due to gravity, m/s2



Q = flow rate, m3/s




H = total dynamic head, m




(p = efficiency of the pump




(m = efficiency of the driving motor unit.
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Net Positive Suction Head (NPSH)

· The net positive suction head (NPSH) is the absolute pressure of the fluid at the pump centerline or impeller eye as it enters the pump suction.

· Two values of NPSH are important in pump selection. These are NPSH required (NPSHreq) and NPSH available (NPSHav).

· NPSH required is the absolute liquid pressure required by the pump for smooth, efficient operation and is determined experimentally by pump manufacturer.

· NPSH available is the absolute pressure of the liquid as it enters the pump suction. NPSH available is mainly dependent on the head and layout of pump suction piping system.

NPSHav = Habs + HS – HL - Hvp
where,
NPSHav = available net positive suction head, m

Habs
     = absolute pressure on the surface of the     

                  Liquid in the suction well or reservoir 

(usually atmospheric pressure), m




HS
     = suction head at the pump suction, m




HL
     = total head loss due to friction, entrance, 

valves, and fittings in the suction 

piping, m

Hvp
      = vapor pressure of fluid at the operating 

temperature, m

· Suction head HS is the elevation difference between the surface in the suction well or reservoir and the pump centerline. The value of HS is positive under flooded suction condition and negative under suction lift conditions (see Figure 1).

· For any installation, it is recommended that the NPSH available should exceed the NPSH required. If the NPSH available is less than NPSH required or these two values are too close to each other, no water might be lifted by the pump.

Cavitations

· Cavitations is phenomenon that occurs when absolute pressure of a fluid reaches the fluid vapor pressure. When this occurs, cavity is formed in the fluid and the liquid literally boils.
· Cavitations occur in pumps, control valves, and other high velocity locations. It results in a distinctive rattling or pinging noise. If this condition is allowed to continue, severe pitting of the metallic surfaces may occur.
· Cavitations can be corrected by making the following adjustment: (a) increase the diameter of the pump suction piping, (b) decrease the pump speed,           (c) increase the static head on suction side or decrease the static suction lift, and (d) decrease the flow rate.
Pump Characteristic Curve

· Pumps manufacturers conduct tests and publish a series of graphs or curves that represent the performance of a pump under various conditions (Figure 2).

· A pump casing can accommodate impellers of several sizes; therefore, a particular pump casing may be used for different head and flow applications. This feature is helpful because an existing pump can be expanded by replacement of the impeller and the motor.
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Figure 1: Schematic Diagram for Pumping System
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Head-Capacity Curve.
· This is the most important of the pump characteristic curve. It demonstrates the pump discharge or capacity at a given head condition.

· The point where the curve intersects the y-axis (zero discharge) is known as the shut-off head. The point where the curve ends on the right side is known as the run-off point.
· If a pump is operated at shut-off point, excessive head will build up; at the run-out point, the pump will cavitate. Such conditions will result in damage to the pump.

Power Curve

· The power curve demonstrates the power required to operate the pump at a given discharge.

· Typically, radial-flow pumps have a power curve that climbs from left to right. Therefore, these pumps are often started against a closed valve to reduce the starting torque. The valve is slowly opened after the pump starts reducing the effects of a surge or water hummer phenomenon.

· Mixed-flow and axial-flow pumps have power curve that drop from the left to the right, with a sharp increase near the y-axis. These pumps should not be started against a closed valve.

NPSH Curve

· This curve demonstrates the NPSHrequired for a given discharge. It is given by the manufacturer. The NPSHav is  calculated and should be exceed the NPSHreq by one meter or more.

Efficiency Curve

· The efficiency curve demonstrates the efficiency of a pumps at various discharge rates.

· Typically, this curve will have an inflection point or peak.

· Ideally the pumps should be selected to operate near its peak efficiency point.

Pumps in Combination

· It is a common practice to use multiple pumps in water supply applications.

· The two possible pump combinations are series and parallel.
· In general to develop the characteristic of pumps in series, the pump heads are added for respective discharge rates. For pumps in parallel, the pump discharges are added for respective heads (see Figure 3 and 4).
System Head-Capacity Curve

· The amount of energy lost because of friction in the system is primarily a function of pipe diameter and flow rate.

· For a given diameter pipe, the greater the flow rate is, the greater the resistance to flow and friction head loss is.

· At a given flow rate, the sum of the total static head, the total friction head, and the velocity head is called the total dynamic head  or TDH (see Figure 5).
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Figure 2: Typical Characteristic Curve of Centrifugal Pumps
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Figure 6: Typical Characteristic Curve of Centrifugal Pumps

70

60

40

20

P

o

w

e

r

 

(

k

W

)

2

4

6

8

10

N

P

S

H

-

r

e

q

 

(

m

)

Pump

operating

point


· The system head-capacity curve is used to define the head-capacity characteristics of the piping system. This curve is developed by calculating the system head losses, including friction and minor losses for various discharge rates.

· Only losses common to all pumps from the start of the discharge header to the delivery point are included in the system head curve.

· The system head losses are then added to the static head to determine dynamic head. These points are plotted with respect to the flow rates to obtain the system head-capacity curve.

Pump Operating Point

· The pump head curve gives a picture of hydraulic response of the pump to changes in flow rate or TDH. The system head-capacity curve gives a picture of the relationship between flow rate and TDH in the system.

· When an unthrottled pumps operates steadily in a given system (with a fixed total static head), there is only one point, that is, only one pair of Q and TDH values, at which the pump will operate.

· This point can best be determined graphically by drawing both pump and system head curves on a single graph. The intersection of the two curves represents the operating point of the pump in the given system (see Figure 6). 

Example-1:


A centrifugal pump head curve is given in Figure 6. Determine the pump’s operating point in a system that has a total static head of 15 m and comprises 1600 m of 350 mm diameter pipe.

Solution:

· The system head curve must be plotted on the graph in Figure 6 to find the operating point. To do this, several discharge values are arbitrarily selected, and friction losses at those discharge are determined using the Hazen Williams formula with C = 100.
· The TDH for each of the selected Q values is determined by adding the computed friction loss to the total static head.

· The friction head loss is computed as HL = S * L according to Hazen William formula, where S is the sloop of HGL and L is the pipe length of 1600 m.

· The TDH = 15 + HL at each of the selected flow rates.

· Plotting the values of Q and TDH from Table 1 the system head curve is obtained, as shown in Figure 7.

· The intersection of the system curve with the given pump curve is the operating point for the pump in the given system. This is read from the graph to be 150 L/s at a total dynamic head (TDH) of 31.25 m (see Figure 7).

	Table 1: Computation of TDH for System Head Curve
	

	
	
	
	
	
	

	Q
	Pipe-diameter
	Velocity
	Sloop
	Head Loss
	TDH

	(L/s)
	(mm)
	(m/s)
	 
	(m)
	(m)

	0
	350
	0.00
	0.00000
	0.0
	15.0

	25
	350
	0.26
	0.00038
	0.6
	15.6

	50
	350
	0.52
	0.00137
	2.2
	17.2

	75
	350
	0.78
	0.00289
	4.6
	19.6

	100
	350
	1.04
	0.00493
	7.9
	22.9

	125
	350
	1.30
	0.00745
	11.9
	26.9

	150
	350
	1.56
	0.01044
	16.7
	31.7

	175
	350
	1.82
	0.01389
	22.2
	37.2

	
	
	
	
	
	

	Coefficient C =
	 100

 1600

 15
	
	

	Length of pipe (m) =
	
	
	

	Total static head (m) = 
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Figure 3: Pump Combination in Series
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Figure 4: Pump Combination in Parallel
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Figure 5: Typical Characteristic Curve of Centrifugal Pumps
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Example 2 :

Pipe transmission system is designed to transmit raw water from location A to J (A-B-C-D-E-P-G-H-I-J) as shown in the following Table. The water level at A (raw water) is 372 m above sea level, and water level at point J is 331 m. Ground levels data and pipe length of the transmission system are presented in the following Table. 

	Location
	A
	B
	C
	D
	E
	P
	G
	H
	I
	J

	Ground level (m)
	375
	360
	350
	330
	320
	295
	300
	310
	320
	334

	Distance from A (m)
	0
	600
	1000
	2000
	3500
	5500
	6000
	6400
	6695
	7500


The transmission is constructed 3 m below ground level, PVC-pipe with Hazen Williams coefficient C = 140. The flow rate is expected at Q = 615 L/s. Acceleration due to gravity g = 9.80 m/s2. Water temperature is 20 oC, mass density ( = 1000 kg/m3, Vapor pressure, P-vp = 0.23 m.

Questions:

1. Plot the transmission and ground level profile from A to J. 

2. Determine the pipe diameter (in mm) required to take raw water from A to J if all available potential energy is used for the system. 

3. Plot hydraulic grade lines (HGL-1) for the system.

4. As an alternative system, PVC pipe of 500 mm in diameter will be used and to achieve Q = 615 L/s a centrifugal pump will be installed at point P. Determine the TDH (Total Dynamic Head) required for the system (minor losses occurring in the system is neglected).

5. If the efficiency of the pump and electric motor driver are 0.85 and 0.95 respectively, determine the power (kW) required to drive the motor for the pump.

6. Plot hydraulic grade lines (HGL-2) for the pumping system. 

7. If the pump does not work due to the power failure, determine the maximum flow rate which can be achieved by the transmission system (gravity flow without pumping system with 500 mm diameter pipe).

8. Determine the velocity of water flowing in the transmission system.

Solution :
1. See Figure 8

2. The pipe diameter is calculated according to Hazen William Formula:

Q = 0.359*10-5*C*D2.63*S0.54
Q = 615 L/s

C = 140

S = (372-331)/7500 = 0.00547

Pipe diameter, D = 601 mm

3. See Figure 8 for HGL-1

4. Calculation of TDH, 

Sloop for HGL-2

Q = 0.359*10-5*C*D2.63*S0.54
Q = 615 L/s

C = 140

D = 500 mm

Sloop HGL-2 = 0.01347

Friction Head Loss, HL = S * L

HL = 0.01347*7500 = 101

Static Head, HS = (372 – 331) m

HS = 41 m (under flooded suction)

HV = V2/2g = 3.132/(2*9.81)

HV  = 0.5 m

TDH =  HS + HL + HV

TDH = -41 + 101 + 0.50

TDH = 60.5 m

5. Calculation of Power required:

Power = 
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Power = 
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Power = 452 kW

Power = 603 HP

6. See Figure 8

7. Calculation of flow rate during power failure

Q = 0.359*10-5*C*D2.63*S0.54
Q = 0.359*10-5*140*5002.63*(0.01347)0.54
Q = 378 L/s

8. Velocity:

V-1 = Q/A = 2.16 (pipe diameter 601 mm)

V-2 = Q/A = 3.13 (pipe diameter 500 mm)

[image: image9.wmf]Table 2: Result of the calculation for example-2

Location

Distance (m)

Ground Level (m)

Pipe Elevation (m)

HGL-1 (m)

HGL-2 (m)

A

0

375

372

372

372

B

600

360

357

369

364

C

1000

350

347

367

359

D

2000

330

327

361

345

E

3500

320

317

353

325

P

5500

295

292

342

298

G

6000

300

297

339

352

H

6400

310

307

337

346

I

6695

320

317

335

342

J

7500

334

331

331

332

Sloop for HGL-1 =

0.00547

D-pipe-1 (mm) =

601

Sloop for HGL-2 =

0.01347

D-pipe-2 (mm) =

500

C-pipe (PVC) =

140

H-static (m) =

-41

Q (L/s) =

615

H-frition (m) =

101

g (m/s2) =

9.81

H-velocity (m) =

0.50

density of water  (kg/L) =

1

TDH (m) =

60.5

efficiency of the pump =

0.85

Power input (kW) =

452

efficiency of motor =

0.95

Horse Power (HP) =

603

Flow rate without pump =

378

Velocity, V-1 (m/s) =

2.16

Velocity, V-2 (m/s) =

3.13

Figure 8: Profile of the Transmission System
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