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6.1 Introduction
Since olden times, the man has been trying to find out some convenient ways of lifting water to higher levels, for water supply and irrigation purposes. It is believed that the idea of lifting water by centrifugal force was first given by L. D. Vinci (an Italian scientist and engineer) in the end of 16th century. Then this idea was put to experiments by French scientist and they designed centrifugal pump having impeller and blades. At that time the reciprocating pumps were very popular. Then a continuous advancement of this pump has brought it to a high degree of perfection which is used all over the world these days.
The demand for electric power has increased to such an extent that it is now no longer justifiable to site the large power station near river sides. The present trend is to locate the station near the load centre with a use of large and highly efficient cooling towers. The cooling towers are desired when positive control on the temperature of water is required, the space occupied by the cooling system is considerable factor and the plant is situated near load centre and far away from the adequate natural resources of cooling water. The principle of cooling the water in cooling tower is similar to the evaporative condenser or spray pond. The rate of evaporation of water in cooling tower and subsequent reduction in water temperature depends upon the following factors.
(i) Amount of water surface area exposed.

(ii) The time of exposure

(iii) The relative velocity of air passing over the water droplets formed in cooling tower

(iv) The R. H.(relative humidity)  of air and difference between the inlet air WBT(wet bulb temperature) and water inlet temperature

(v) The direction of air flow relative to water 

Higher the surface area, more time of exposure, higher relative humidity, higher difference between WBT of air and water inlet temperature and cross flow give effective cooling and reduces the tower size.
The temperature difference between WBT of incoming air and outgoing temperature of water is known as ‘cooling Tower Approach’. Lower cooling tower approach is always desirable as it is an indication of effective cooling. Higher the quantity of water circulated, lower will be the approach of the tower. The quantity of water circulated economically is also limited by the power requirements of the pump.

A cooling tower is a semi enclosed devices for evaporative cooling of water by contact with air. It is a wooden, steel or concrete structure and corrugated surfaces or troughs or buffles or perforated trays are provided inside the tower for uniform distribution and better atomization of water in the tower. The hot water coming out from the condenser is fed to the tower on the top and allowed to tickle in form of thin sheets or drops. The air flows from bottom of the tower or perpendicular to the direction of water flow and then exhausts to the atmosphere after effective cooling. To prevent the escape of water particles with air, draft eliminators are provided at the top of the tower.
6.1.1 Types of Pumps
Though there are many types of pumps these days, yet the following two are important from the subject point of view:
(i) Centrifugal pump

(ii) Reciprocating pump

(i) Centrifugal pump: A pump, in general may be defined as a machine, when driven from some external source, lifts water or some other liquid from a lower level to a higher level. Or in other words, a pump may also be defined as a machine, which converts mechanical energy into pressure energy. The pump which raises water or a liquid from a lower level to a higher level by the action of centrifugal force is known as a centrifugal pump.

It will be interesting to know that the action of a centrifugal pump is that of a reversed reaction turbine. In a reaction turbine, the water at high pressure is allowed to enter the casing which gives out mechanical energy at its shaft; whereas in pump, the mechanical energy is fed into the shaft and water enters the impeller(attached to the rotating shaft) which increases the pressure energy of the outgoing fluid. The water enters the impeller radially and leaves the vane axially.
A centrifugal pump consists of an impeller similar to that of a turbine to which curved vanes are fitted. The impeller is enclosed in a water tight casing having a delivery pipe in one of its sides. The casing for a centrifugal pump is so designed that the kinetic energy of the water is converted into pressure energy before the water leaves the casing. This considerably increases the efficiency of the pump. Following are the three types of casings or chambers:
1. Volute casing

2. Vortex casing 

3. Volute casing with guide blades

1. Volute casing (Spiral casing): In a volute chamber, the impeller is surrounded by a spiral casing as shown in Fig. 6.1. Such a casing provides a gradual increase in the area of flow; thus decreasing the velocity of water and correspondingly increasing the pressure.
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                                                              Fig. 6.1 Volute casing
2. Vortex casing: It is an improved type of a volute casing in which the spiral casing is combined with a circular chamber as shown in Fig. 6.2. In a vortex casing the eddies are reduced to a considerable extent and an increased efficiency is obtained.
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                                                      Fig. 6.2 Vortex casing
3. Volute casing with guide blades: In this type of casing there are guide blades surrounding the impeller as shown in Fig. 6.3. These guide blades are arranged at such an angle, that the water enters without shock and forms a passage of increasing area through which the water passes and reaches the delivery pipe. The ring of the guide blades is called diffuser and is very efficient.
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Centrifugal Pumps

1. Centrifugal pump, and
2. Reciprocating pump.
In this chapter, we shall discuss the centrifugal pumps only.

33-3. Centrifugal Pump

A pump, in general may be defined as a machine, when driven
from some external source, lifts water or some other liquid from a
lower level to a higher level. Or in other words, a pump may also
be defined as a machine, which converts mechanical energy into
‘pressure energy. The pump which raises water or a liquid from a
lower level to a higher level by the action of centrifugal force, is
known as a centrifugal pump.

It will be interesting to know that theaction of a centrifugal
pump is that of a reversed reaction turbine. In a reaction turbine,
the water at high pressure, is allowed to enter the casing which gives
out mechanical energy at its shaft ; whereas in pump, the mechanical
energy is fed into the shaft and water enters the impeller (attached
to the rotating shaft) which increases the pressure energy of the out-
going fluid. The water enters the impeller radially and leaves the

vanes axially.
33-4. Types of Casings, for the Impelier of a Centrifugal Pump

We have seen in Art 33-3 that a centrifugal pump consists of
an impeller, similar to that of a turbine, to which curved vanes are
fitted. The impeller is enclosed ina water-tight .casing, having a
delivery pipe in one of its sides. The casing for a centrifugal pump
is so designed that the kinetic energy of the wateris converted into
pressure energy before the water leaves the casing. This consider-
ably increases the efficiency of the pump. Following are the three
types of casings or chambers :

1. Volute casing,

2. Vortex casing, and

3. Volute casing, with guide blades.
33:5. Volute Casing (Spiral Casing)

(a) Volute casing (b) Vortex casing (¢) Volute casing with
guide blades.

Fig. 331




                                           Fig. 6.3 Volute casing with guide blades
The successful working of a centrifugal pump depends upon the correct selection and lay out of its piping system. An extreme care should always be taken in selecting the sizes of the pipes and their arrangement. In general a centrifugal pump has (a) suction pipe and (b) delivery pipe.
(a) Suction pipe: The suction pipe of a centrifugal pump plays an important role in the successful and smooth working of the pump. A poorly designed suction pipe causes insufficient net positive suction head (NPSH), vibration, noise, water hummer, excessive wear etc. While laying the pipe, a great care should be taken to make it air tight. A strainer foot- valve is connected at the bottom of the suction pipe to avoid the entry of foreign matter. Since the pressure at the inlet of the pump is suction (i.e. negative) and its value is limited to avoid cavitation, it is therefore essential that the losses in the suction pipe should be as small as possible. For this purpose, bends in the suction pipe are avoided and its diameter is often kept larger. Sometimes to reduce the axial thrust the suction pipe is branched into two parts and the liquid is allowed to enter the impeller from both sides. Such a pump is called double suction pump.
(b) Delivery pipe: A check valve is provided in the delivery pipe near the pump in order to protect the pump from hammer and also to regulate the discharge from the pump. The size and length of the delivery pipe depends upon the requirement.
(ii) Reciprocating pump: A reciprocating pump, in its simplest form consists of the following parts as shown in Fig. 6.4.
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During the suction stroke, the piston, P moves towards right
(i.e. from 0° to 180 ), thus creating vacuum in the cylinder. This
vacuum causes the suction valve a to open and the water enters the
cylinder. During the delivery stroke, the piston P move towards
left (i.e. from 180°-to 360°) thus increasing pressure in the cylinider.
This increase in pressure causes the suction valve a to close and
delivery valve b to open, and the water is forced into the delivery

pipe.
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Fig. 34'1. Parts ef a centrifugal pump

A reciprocating pump is also called a positive displacement
pump, as it discharges a definite quantity of liquid during the dis-
placement of its piston or plunger. This is why a reciprocating pump
is ideally ‘suitable for grouting operations in dam foundations.

34:2. Types of Reciprocating Pumps
The reciprocating pumps may be classified as discussed
below :—
1. According to action of water
(a) single acting pump, and
(b) double acting pump.
2. According to number of cylinders
(a) single cylinder pump,
(b) double cylinder pump, and
(c) triple cylinder pump etc.
3. According to the existence of air vessels
(a) with air vessel, and
(b) without air vessel.

_ All the above mentioned pumps will be discussed, -in detail, at
their appropriate places in the book.

Reciprocati

343, Com
Folloy
a reciprocat

22T

S. No. |

|
1. | Simpl
of les

2. Total
fora,

3. Suitat
smalle

4. | Requi
simple

|
3 Less w
6. Mainte

Can ha

7

8. | Canru
9, Its deli
10 No air

1. Thrust
form,

12. Operatic
13. Needs py
14, It has les

344, Discharg

. Consider
which the wates
Fig. 34-1.

Let

Discha

and discharge of





                                                   Fig. 6.4 Reciprocating pump
1. A cylinder ‘C’, in which a piston ‘P’ works. The movement of the piston is obtained by a connecting rod which connects the piston and the rotating crank.
2. A suction pipe connecting the source of water and the cylinder.

3. A delivery pipe into which the water is discharged from the cylinder.

4. A valve ‘a’ which admits the flow from the suction pipe into the cylinder.

5. A valve ‘b’which admits the flow from the cylinder into the delivery pipe.
During the suction stroke the piston P moves towards right (i.e. from 00 to 1800) thus creating vacuum in the cylinder. This vacuum causes the suction valve ‘a’ to open and the water enters the cylinder. During the delivery stroke the piston ‘P’ moves towards left (i.e. from 1800 to 3600) thus increasing pressure in the cylinder. This increase in pressure causes the suction valve ‘a’ to close and delivery valve ‘b’ to open and water is forced into the delivery pipe.
A reciprocating pump is also called a positive displacement pump as it discharges a definite quantity of liquid during the displacement of its piston or plunger. This is why a reciprocating pump is ideally suitable for grouting operations in dam foundations.
6.1.2 Performance evaluation 
6.1.2.1 Power required to drive a reciprocating pump
Consider a reciprocating pump, first sucking a liquid (through the suction pipe) and then delivering the same (through the delivery pipe).
Let      Hs = Suction head of the pump in metres
           Hd = Delivery head of the pump in metres

           w = Specific weight of the liquid

           Q = Discharge of the liquid in m3/sec

Force on the piston in forward stroke= w. Hs. A     kg

Force on the piston in backward stroke= w. Hd. A   kg
Work done by pump = wQ (Hs + Hd)    kg- m
                                                                               wQ (Hs + Hd)    

Theoretical power required to drive the pump = 
hp
                                                                                         75
6.1.2.2 Variation in speed and diameter of a centrifugal pump

Sometimes there is a minor change in the requirement of the head of water or discharge of a pump from its designed head of water or discharge. In such cases, a slight adjustment in the pump as made to suit the new set of conditions. This is done either
(i) By varying speed of the pump impeller or 

(ii) By changing the diameter of the pump impeller
6.1.2.3 Effect of variation in speed
Consider a centrifugal pump whose speed is changed to suit the new set of conditions.
Let       N= Designed speed in rpm
            Q = Discharge of pump with designed speed of N rpm

            H = Head of water with designed speed of N rpm

            P = Power required to drive the pump with designed speed of N rpm
            N1 = New speed to suit the changed set of conditions

Q1, H1, P1 = Corresponding values with the new speed of N1 rpm
Tangential velocity of the impeller at inlet 

                                                                           πDN
                                                                  v = 

                                                                            60
                                                                   v α N

                                                                   Vw1 α N
                         Velocity of flow                Vf α v
                                                                   Vf α N

                           Discharge                        Q= πDbVf
                                                                   Q α Vf
                                                                   Q α N

                                               Similarly Q1 α N1
                                                 Q                     N

=
                                                Q1                    N1
It is thus obvious that the discharge of a centrifugal pump is proportional to the speed of its impeller.
                                             Vw1. v1
Head of water   H= η × 

                                                 g
                         H α Vw1. v1
                         H α N. N

                         H α N2
                         H1 α N12
It is thus obvious that the head of a centrifugal pump is proportional to the square of the speed of its impeller.
Power required to drive a pump

          w Q Vw1. v1
P= 
              g × 75
P α Q Vw1. v1
P α N. N. N

P α N3
Similarly P1 α N13
                                                 P                     N3
So
=

                                                P1                    N13
It is thus obvious that the power required to drive a centrifugal pump is proportional to the cube of the speed of its impeller.
6.1.2.4 Effect of variation in diameter

A minor change in the requirement of the head of water or discharge of a pump is made either by varying speed of the pump impeller or by changing the diameter of the impeller. It has been experienced that the former (i.e. varying the speed of the pump impeller) is not possible, because the pump impeller is driven by motor whose speed is fixed. It is thus obvious that in majority of the cases the diameter of the pump impeller is enlarged or reduced whenever the head of water or discharged is to be increased or decreased. It is done either by changing the blades of the impeller or fixing rings to its outside diameter.
Now consider a centrifugal pump whose diameter is changed to suit the new set of conditions.

Let            D= Outside diameter of the pump
                 Q= Discharge of the pump with diameter D

                 H= Head of water with diameter D

                 P= Power required to drive the pump with diameter D

                 D1= New outside diameter to suit the changed requirement
Q1, H1, P1= Corresponding values with D1
Tangential velocity of the impeller 

                                                                           πDN

                                                                  v = 

                                                                            60

                                                                    v α D

                         Velocity of flow                Vf α v
                                                                   Vf α D

                           Discharge                        Q= πDbVf
                                                                   Q α D. Vf
                                                                   Q α D. D

                                                                   Q α D2
                                                   Similarly Q1 α D12
                                                 Q                     D2

=
                                                Q1                    D12
It is obvious that the discharge of a centrifugal pump is proportional to the square of the diameter of its impeller.

                                              Vw1. v1
Head of water   H= η × 

                                                 g

                         H α Vw1. v1
                         H α D. D

                         H α D2
          Similarly               H1 α D12
                                                 H                     D2

=
                                                H1                    D12
It is thus obvious that the head of water of a centrifugal pump is also proportional to the square of the diameter of its impeller.
Power required to drive a pump

          w Q Vw1. v1
P= 
              g × 75

P α Q Vw1. v1
P α D2. D. D
P α D4
Similarly P1 α D14
                                                 P                     D4
So
=

                                                P1                    D14
It is thus obvious that the power required to drive a centrifugal pump is proportional to the fourth power of the diameter of its impeller.

6.1.2.5 Net positive suction head (NPSH)

It is a commercial term used by the pump manufacturers and indicates the suction head which the pump impeller can produce.
          Pa - Pv                                     vs2
Hs = 
- Hfs -    
          w                                 2g
Pa = Atmospheric pressure in kg/ cm2
Pv = Vapour pressure in kg/ cm2
Hfs = Frictional loss in the suction pipe
6.1.3 Efficient system operation
To understand a pumping system, one must realize that all of its components are interdependent. When examining or designing a pump system, the process demands must first be established and most energy efficiency solution introduced. For example, does the flow rate have to be regulated continuously or in steps? Can on-off batch pumping be used? What is the flow rates needed and how are they distributed in time? 

The first step to achieve energy efficiency in pumping system is to target the end-use. A plant water balance would establish usage pattern and highlight areas where water consumption can be reduced or optimized. Good water conservation measures, alone, may eliminate the need for some pumps.

Once flow requirements are optimized, then the pumping system can be analysed for energy conservation opportunities. Basically this means matching the pump to requirements by adopting proper flow control strategies. Common symptoms that indicate opportunities for energy efficiency in pumps are given in the Table 6.1.

6.2 Energy conservation opportunities in pumping systems

1. Ensure adequate NPSH at site of installation

2. Ensure availability of basic instruments at pumps like pressure gauges, flow meters.

3. Operate pumps near best efficiency point. 

4. Modify pumping system and pumps losses to minimize throttling. 

5. Adapt to wide load variation with variable speed drives or sequenced control of multiple units. 

6. Stop running multiple pumps - add an auto-start for an on-line spare or add a booster pump in the problem area. 

7. Use booster pumps for small loads requiring higher pressures. 

8. Increase fluid temperature differentials to reduce pumping rates in case of heat 

             exchangers. 

     9.    Repair seals and packing to minimize water loss by dripping. 

   10. Balance the system to minimize flows and reduce pump power requirements. 

   11. Avoid pumping head with a free-fall return (gravity); Use siphon effect to    advantage
12. Conduct water balance to minimise water consumption 

13. Avoid cooling water recirculation in DG sets, air compressors, refrigeration systems,

cooling towers feed water pumps, condenser pumps and process pumps.  
6.3 Introduction to cooling towers
A cooling tower is a semi enclosed device for evaporative cooling of water by contact with air. It is a wooden, steel or concrete structure and corrugated surfaces or troughs or baffles or perforated trays are provided inside the tower for uniform distribution and better automization of water in the tower. The hot water coming out from the condenser is fed to the tower on the top and allowed to tickle in form of thin sheets or drops. The air flows from bottom of the tower or perpendicular to the direction of water flow and then exhausts to the atmosphere after effective cooling. To prevent the escape of water particles with air, draft eliminators are provided at the top of the tower.  
The demand for electric power has increased to such an extent that it is now no longer justifiable to site the large power station near river sides. The present trend is to locate the station near the load centre with an use of large and highly efficient cooling towers.
The cooling towers are decided when positive control on the temperature of water is required, the space occupied by the cooling system is considerable factor and the plant is situated near load centre and far away from the adequate natural resources of cooling water.
The principle of cooling the water in cooling tower is similar to the evaporative condenser or spray pond. The rate of evaporation of water in cooling tower and subsequent reduction in water temperature depends upon the following factors.
1. Amount of water surface area exposed.
2. The time of exposure.

3. The relative velocity of air passing over the water droplets formed in cooling tower.

4. The R. H. of air and difference between the inlet air Wet Bulb Temperature (WBT) and water inlet temperature.
5. The direction of air flow relative to water.
Higher the surface area, more time of exposure, higher relative humidity, higher difference between WBT of air and water inlet temperature and cross flow give effective cooling and reduces the tower size.

The temperature difference between WBT of incoming air and outgoing temperature of water is known as ‘cooling tower approach’. Lower cooling tower approach is always desirable as it is an induction of effective cooling. Higher the quantity of water circulated, lower will be the approach of the tower. The quantity of water circulated economically is also limited by the power requirements of the pump.
6.3.1 Cooling Tower Types

Cooling towers fall into two main categories:  Natural draft and Mechanical draft.  

Natural draft towers use very large concrete chimneys to introduce air through the media.

Due to the large size of these towers, they are generally used for water flow rates above 45,000 m3/hr. These types of towers are used only by utility power stations. 

Mechanical draft towers utilize large fans to force or suck air through circulated water. The water falls downward over fill surfaces, which help increase the contact time between the water and the air - this helps maximise heat transfer between the two. Cooling rates of Mechanical draft towers depend upon their fan diameter and speed of operation. Since, the mechanical draft cooling towers are much more widely used; the focus is on them in this chapter.
6.3.1.1 Mechanical draft towers

Mechanical draft towers are available in the following airflow arrangements:

1. Counter flows induced draft.

2. Counter flow forced draft.

3. Cross flow induced draft.

In the counter flow induced draft design, hot water enters at the top, while the air is intro- duced at the bottom and exits at the top. Both forced and induced draft fans are used.  In cross flow induced draft towers, the water enters at the top and passes over the fill. The air, however, is introduced at the side either on one side (single-flow tower) or opposite sides (double-flow tower). An induced draft fan draws the air across the wetted fill and expels it through the top of the structure.

The Figure 6.5 illustrates various cooling tower types. Mechanical draft towers are avail-able in a large range of capacities. Normal capacities range from approximately 10 tons, 2.5 m3 /hr flow to several thousand tons and m3 /hr. Towers can be either factory built or field erected - for example concrete towers are only field erected. 

Many towers are constructed so that they can be grouped together to achieve the desired capacity. Thus, many cooling towers are assemblies of two or more individual cooling towers or "cells." The number of cells they have, e.g., an eight-cell tower, often refers to  such towers. Multiple-cell towers can be lineal, square, or round depending upon the shape of the individual cells and whether the air inlets are located on the sides or bottoms of the cells.

6.3.1.2 Components of Cooling Tower

The basic components of an evaporative tower are: Frame and casing, fill, cold water basin, drift eliminators, air inlet, louvers, nozzles and fans.

Frame and casing: Most towers have structural frames that support the exterior enclosures
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                                             Fig. 6.5 Cooling Tower Types
(casings), motors, fans, and other components. With some smaller designs, such as some glass fiber units, the casing may essentially be the frame. 

Fill: Most towers employ fills (made of plastic or wood) to facilitate heat transfer by maximising water and air contact. Fill can either be splash or film type. 

With splash fill, water falls over successive layers of horizontal splash bars, continuously

breaking into smaller droplets, while also wetting the fill surface. Plastic splash fill promotes better heat transfer than the wood splash fill.

Film fill consists of thin, closely spaced plastic surfaces over which the water spreads, forming a thin film in contact with the air. These surfaces may be flat, corrugated, honeycombed, or other patterns. The film type of fill is the more efficient and provides same heat transfer in a smaller volume than the splash fill. 

Cold water basin:  The cold water basin located at or near the bottom of the tower, receives the cooled water that flows down through the tower and fill. The basin usually has a sump or low point for the cold water discharge connection. In many tower designs, the cold water basin is beneath the entire fill.

In some forced draft counter flow design, however, the water at the bottom of the fill is channeled to a perimeter trough that functions as the cold water basin. Propeller fans are mounted beneath the fill to blow the air up through the tower. With this design, the tower is mounted on legs, providing easy access to the fans and their motors.
Drift eliminators:  These capture water droplets entrapped in the air stream that otherwise would be lost to the atmosphere. 

Air inlet: This is the point of entry for the air entering a tower. The inlet may take up an entire side of a tower–cross flow design– or be located low on the side or the bottom of counter flow designs.

Louvers: Generally, cross-flow towers have inlet louvers. The purpose of louvers is to equalize air flow into the fill and retain the water within the tower. Many counter flow tower designs do not require louvers. 

Nozzles:  These provide the water sprays to wet the fill. Uniform water distribution at the top of the fill is essential to achieve proper wetting of the entire fill surface. Nozzles can either be fixed in place and have either round or square spray patterns or can be part of a rotating assembly as found in some circular cross-section towers.

Fans:  Both axial (propeller type) and centrifugal fans are used in towers. Generally, propeller fans are used in induced draft towers and both propeller and centrifugal fans are found in forced draft towers. Depending upon their size, propeller fans can either be fixed or variable pitch.  A fan having non-automatic adjustable pitch blades permits the same fan to be used over a wide range of kW with the fan adjusted to deliver the desired air flow at the lowest power consumption.  Automatic variable pitch blades can vary air flow in response to changing load conditions.
6.3.2 Cooling Tower Performance
The cooling tower performance is always referred to WBT of the incoming air. This is the lowest temperature that the outgoing water can be cooled. The finite dimensions of a tower and the limited time in which water and air contact with each other make it impossible to achieve this ideal cooling. 
The principal performance factor of a tower is its approach to the wet bulb temperature; this is the difference between the cooled water temperature leaving the tower and WBT of the entering air. The smaller the approach, the more efficient is the tower. Another important performance factor is the cooling range. This is the difference between the hot water temperature entering the tower and cold water temperature leaving the tower. These are represented as shown in Figure 6.6.
For a given heat load, approach depends mainly on design wet bulb, cooling range and type of tower selected. Close approach requires a larger and more expensive tower than a long approach.

Fig. 6.6 Representation of cooling approach and cooling range 
For example, cost of a tower for 50F approach at a given heat load is about 60 to 70% more than for a 100F approach tower.
6.3.3 Efficient system operation
6.3.3.1 Cooling Water Treatment

Cooling water treatment is mandatory for any cooling tower whether with splash fill or with film type fill for controlling suspended solids, algae growth, etc.

With increasing costs of water, efforts to increase Cycles of Concentration (COC), by

Cooling Water Treatment would help to reduce make up water requirements significantly.  In large industries, power plants, COC improvement is often considered as a key area for water conservation.
6.3.3.2 Drift Loss in the Cooling Towers

It is very difficult to ignore drift problem in cooling towers.  Now-a-days most of the end user specification calls for 0.02% drift loss.

With technological development and processing of PVC, manufacturers have brought large change in the drift eliminator shapes and the possibility of making efficient designs of drift eliminators that enable end user to specify the drift loss requirement to as low as 0.003 – 0.001%.
6.3.3.3 Cooling Tower Fans

The purpose of a cooling tower fan is to move a specified quantity of air through the system, overcoming the system resistance which is defined as the pressure loss. The product of air flow and the pressure loss is air power developed/work done by the fan; this may be also termed as fan output and input kW depends on fan efficiency.

The fan efficiency in turn is greatly dependent on the profile of the blade. An aerody-namic profile with optimum twist, taper and higher coefficient of lift to coefficient of drop ratio can provide the fan total efficiency as high as 85–92 %. However, this efficiency is drastically affected by the factors such as tip clearance, obstacles to airflow and inlet shape, etc.
As the metallic fans are manufactured by adopting either extrusion or casting process it is always difficult to generate the ideal aerodynamic profiles. The FRP blades are normally hand moulded which facilitates the generation of optimum aerodynamic profile to meet specific duty condition more efficiently. Cases reported where replacement of metallic or Glass fibre reinforced plastic fan blades have been replaced by efficient hollow FRP blades, with resultant fan energy savings of the order of 20–30% and with simple pay back period of 6 to 7 months. Also, due to lightweight, FRP fans need low starting torque resulting in use of lower HP motors.  The lightweight of the fans also increases the life of the gear box, motor and bearing is and allows for easy handling and maintenance.
6.3.3.4 Performance Assessment of Cooling Towers
In operational performance assessment, the typical measurements and observations involved are:

1. Cooling tower design data and curves to be referred to as the basis.

2. Intake air WBT and DBT at each cell at ground level using a whirling pyschrometer.

3. Exhaust air WBT and DBT at each cell using a whirling psychrometer.

4. CW inlet temperature at risers or top of tower, using accurate mercury in glass or a digital thermometer.

5. CW outlet temperature at full bottom, using accurate mercury in glass or a digital thermometer.

6. Process data on heat exchangers, loads on line or power plant control room readings, as relevant.

7. CW flow measurements either direct or inferred from pump motor kW and pump head and flow characteristics.

8. CT fan motor amps, volts, kW and blade angle settings

9. TDS of cooling water.

10. Rated cycles of concentration at the site conditions.

11. Observations on nozzle flows, drift eliminators, condition of fills, splash bars, 

etc.
6.4 Energy conservation opportunities in cooling towers
1. Follow manufacturer's recommended clearances around cooling towers and relocate or modify structures that interfere with the air intake or exhaust.

2. Optimise cooling tower fan blade angle on a seasonal and/or load basis.

3. Correct excessive and/or uneven fan blade tip clearance and poor fan balance.

4. On old counter-flow cooling towers, replace old spray type nozzles with new square spray ABS practically non-clogging nozzles.

5. Replace splash bars with self-extinguishing PVC cellular film fill.

6. Install new nozzles to obtain a more uniform water pattern

7. Periodically clean plugged cooling tower distribution nozzles.

8. Balance flow to cooling tower hot water basins.

9. Cover hot water basins to minimise algae growth that contributes to fouling.

10. Optimise blow down flow rate, as per COC limit.

11. Replace slat type drift eliminators with low pressure drop, self extinguishing, PVC cellular units.

12. Restrict flows through large loads to design values.

13. Segregate high heat loads like furnaces, air compressors, DG sets, and isolate cool-ing towers for sensitive applications like A/C plants, condensers of captive power plant etc.  A 1°C cooling water temperature increase may increase A/C compressor kW by 2.7%. A 1°C drop in cooling water temperature can give a heat rate saving of 5 kCal/kWh in a thermal power plant.

14. Monitor L/G ratio, CW flow rates w.r.t. design as well as seasonal variations. It would help to increase water load during summer and times when approach is high and increase air flow during monsoon times and when approach is narrow.
15. Monitor approach, effectiveness and cooling capacity for continuous optimization efforts, as per seasonal variations as well as load side variations.

16. Consider COC improvement measures for water savings.

17. Consider energy efficient FRP blade adoption for fan energy savings.

18. Consider possible improvements on CW pumps w.r.t. efficiency improvement.

19. Control cooling tower fans based on leaving water temperatures especially in case of small units.

20. Optimise process CW flow requirements, to save on pumping energy, cooling load, evaporation losses (directly proportional to circulation rate) and blow down losses.
QUESTIONS
1. A single acing reciprocating pump (with no air vessel) has a plunger of 8 cm diameter and a stroke of 15 cm. It draws water from a sump 3 m below the pump axis through a section pipe 30 mm diameter and 4.5 m long.
2. A double acting reciprocating pump runs at 90 rpm. The diameter and stroke are 100 mm and 250 mm respectively. The suction pipe is of 100 mm diameter and 5 m long. Calculate the maximum permissible lift assuming no air vessel is fitted and separation occurs at 2 m of water absolute.

3. Why a reciprocating pump is called a positive displacement pump?
4. Explain why reciprocating pumps are ideally suitable for grouting operations in dam foundations?
5. List down few energy conservation opportunities in pumping system.
6. List the factors affecting cooling tower performance.
7. List the energy conservation opportunities in a cooling tower system.
8. Explain with a sketch the different types of cooling towers.
9. The cooling water used in a power plant consists of 10 big fans. The quantity of cooling water circulated through the tower is 1000 kg per minute and it is cooled from 350C to 300C. The atmospheric conditions are 350C DBT and 250C WBT. The air leaves the tower at 300C and 90% R.H. Find out (i) the quantity of air handled per fan per minute and (ii) the quantity of make up water per hour. Neglect the loss due to carry over and heat losses.
10. What is the function of a cooling tower in a modern steam power plant? 
