
Lecture 26 Power Requirement and Efficiency of Centrifugal Pumps
26.1 Calculation of Power Requirement for a Pumping System
[bookmark: _GoBack]Power requirements for a pumping system can be calculated for a given pump installation. Power of a pumping system can be classified into four classes: (i) Water Power (WP), (ii) Shaft Power (SP), (iii) Brake Power (BP), and (iv) Input Power (IP). They are described in the subsequent sub-sections.
26.1.1 Water Power
Water power is the theoretical power required for pumping. It is the power required by a pump in lifting a given quantity of water in a unit time assuming no losses of power in the pump. The water power (WP) of a pump can be calculated using the following equation:
 
[image: 261]                                        (26.1)
 
Where, WP = water power (W), = specific weight of the water (N/m3), Q = discharge of the pump (m3/s), and H = total head or total dynamic head (m).
 
26.1.2 Shaft Power
Shaft power is the power required at the pump shaft. It takes into account the loss of power in the pump. Shaft power (SP) of a pump can be computed using the following equation:
  
[image: 262]                                            (26.2)
Where,[image: 263] is the overall efficiency of the pump (in fraction) and the remaining symbols have the same meaning as defined earlier. If the SI units of γ, Q and H are used, the unit of SP will be in watts (W).
 
26.1.3 Brake Power
It is the actual power to be supplied by the prime mover (engine or electric motor) for driving a pump. When there is direct drive from an engine or electric motor to the pump, the brake power is equal to the shaft power. In this case, the drive efficiency is assumed to be 100%. However, if belt or other indirect drives are used to run a pump, the brake power (BP) needs to be computed. Brake power (BP) can be calculated as:
 
[image: 264]                                       (26.3)
 
Where, [image: 2622]is the efficiency of the drive (in fraction) and the remaining symbols have the same meaning as defined earlier. Like the WP and SP, if the SI units of, Q and H are used, the unit of BP will be in watts (W).
 
26.1.4 Input Power
Input power (IP) of a pump is defined as the ratio of brake power to the efficiency of the motor or engine used for driving the pump. Mathematically, it is expressed as:
 
    [image: 265]                                     (26.4)
 
Where, [image: 266] is the efficiency of the motor or engine (in fraction). If the SI unit of BP is used for calculating IP, the unit of IP will be in watts (W).
 
As mentioned above, if the SI units are used to compute WP, SP, BP and IP, the units of power will be in watts (W), which can be converted into horsepower (a popular unit of power) by dividing the power in watts with 746.
 
26.1.5 Energy Consumption by a Pump
The energy consumption by a pump can be calculated as follows:
 
Energy Consumption = Input Power × Hours of Pump Operation          (26.5)
 
26.1.6 Illustrative Example
Problem (Michael et al., 2008): A pump lifts 100,000 liters of water per hour against a total head of 20 m. Calculate water power of the pump. If the pump has an efficiency of 75%, what size of prime mover is required to operate the pump? If a direct drive electric motor with an efficiency of 80% is used to operate the pump, compute the cost of electric energy in a month of 30 days. Assume that the pump is operated for 12 hours per day for 30 days and that the cost of electricity is Rs 5.00 per Unit.
 
Solution: From the question, we have:  Discharge of the pump (Q) = 100,000 L = 0.028 m3/s, Total head (H) = 20 m, Efficiency of the pump () = 75%, Efficiency of the motor [image: 2623]= 80%, and Cost of electricity = Rs 5.00/Unit.
 
Water Power,  WP = γ×Q×H = 9810 × 0.028 × 20 = 5493.6 W, Ans.
 
Shaft Power, [image: 267]   = 7324.8 W, Ans.
 
Note that since direct drive is used to operate the pump, the shaft power determines the required size of the prime mover.
 
Now, Input Power,[image: 268]   = 9156 W
 
Total energy consumption per month = Input Power × Hours of Pump Operation
                                                          = 9156 × 12 × 30
                                                        = 3296160 watt-hours (Wh)
                                                        = 3296.16 Kilowatt-hours (kWh)
 
As we know that 1 kWh is equal to 1 Unit, therefore, the cost of electric energy = Rs. (3296.16 × 5) = Rs. 16480.80, Ans.
 
26.2 Efficiency of Centrifugal Pumps
The efficiency [image: 269] of a centrifugal pump can be expressed in four ways (Modi and Seth, 1998) and accordingly it is classified as: (i) Manometric efficiency, (ii) Volumetric efficiency, (iii) Mechanical efficiency, and (iv) Overall efficiency.
 
26.2.1 Manometric Efficiency
Manometric efficiency (hmano) is defined as the ratio of the manometric head developed by the pump to the head imparted by the impeller to the liquid. That is,
 
  [image: 2610]                                 (26.6)
 
Where, Vwo = velocity of whirl of the liquid at the exit point (outlet) of the impeller; and uo = peripheral (or, tangential) velocity of the impeller at the vane outlet.
 
If Q = discharge of the pump (i.e., volume of liquid actually delivered per second by the pump), and = specific weight of the liquid, then the manometric efficiency (hmano) can also be expressed as follows:
 
  [image: 2611]                                        (26.7)
 
26.2.2 Volumetric Efficiency
Volumetric efficiency (hvol) is defined as the ratio of the quantity of liquid discharged per second from the pump to the quantity of liquid passing per second through the impeller. Leakage loss occurs in the centrifugal pump and if this loss is represented by, then the volumetric efficiency is given as:
 
 [image: 2612]                                       (26.8)
 
Where, Q is the actual discharge of the pump.
 
26.2.3 Mechanical Efficiency
Mechanical efficiency (ηmech) is defined as the ratio of the power actually imparted by the impeller to the power supplied to the shaft by the prime mover. That is,
 
         [image: 2613]                   (26.9)
 
Eqn. (26.9) means hmech = Actual Power imparted by the impeller ¸ Shaft Power, which can be mathematically expressed as:
 
   [image: 2614]                 (26.10)
 
Or,    [image: 2615]            (26.11)      
 
26.2.4 Overall Efficiency
Overall efficiency (ηo) of a pump is defined as the ratio of the power output from the pump to the power input to the pump from the prime mover. That is,
 
      [image: 2617]                           (26.12)
 
Note that the overall efficiency (ho) can also be calculated as the product of ηmano, ηvol and ηmech. That is,
 
     [image: 2619]                   (26.13)
 
   [image: 2620]              (26.14)
 
    [image: 2621]                                   (26.15)
 
Equation (26.15) is the same as the expression obtained from the definition of overall efficiency [i.e., Eqn. (26.12)].
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QUIZ
State whether the following statements are true (T) or false (F):
1. ‘Input power’ is the theoretical power required for pumping.
2. ‘Water power’ is the power required by a pump in lifting a given quantity of water in a unit time assuming no losses of power.
3. For the pumps directly driven by the electric motor, the ‘brake power’ is equal to the ‘shaft power’.
4. Power imparted by the impeller is equal to the power delivered by the motor to the shaft.
5. ‘Mechanical efficiency’ of a centrifugal pump is the ratio of the actual power imparted by the impeller to the ‘shaft power’
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