COOLING TOWERS

Most industrial processes generate heat for which water is used as a heat transfer media. Usually exposing its surface to air-cools water. Some of these processes are slow such as cooling of water on the surface of a pond others are comparatively fast. With the increased consumption of cooling water and related costs, most industrial user start to use closed recirculating cooling water system. All these processes involve the exposure of water surface to air in varying degrees.

A cooling tower is a steady flow device that uses a combination of heat and mass transfer to cool water by evaporation. The heat transfer process involves 

1. Latent heat transfer due to vaporization of a small portion of water.

2. Sensible heat transfer due to difference in temperature of air and water.

Approximately 80% of heat transfer is of latent heat and 20% of sensible heat.

Theoretical possible heat removal / pound of air circulated in a cooling tower depends on the temperature and moisture content of air. Wet bulb temperature is an indication of moisture content of air. Wet bulb temperature is lowest possible temperature to which water can be cooled. Practically the cold water temperature approaches but does not equal to air wet bulb temperature in a cooling tower because it is impossible to contact all the water with fresh air as water drops through the wetted fill service to the basin. The magnitude of approach to the wet bulb temperature depends up on tower design, air to water contact time, fill surface, and break up of water into droplets.

In most industrial processes an economical source of cold water is necessary. One of the economical and simplest means of assuring such supply is cooling tower. Tower size is an important factor in selection criteria. A tower, which is too small, will result in reduced capacity and over heating problems in plants. A too large tower although will fulfill the requirements of cooling water at plant but will be uneconomical to purchase and operate. An economical choice lies between these two limits.

Following factors should be consider in selecting a cooling tower:

· Type of cooling tower

· Size of cooling tower

· Design of cooling tower

· Performance

· Cost

BASIC THEORY


Cooling of water can be carried out on a large scale by countercurrent contact of air and water in a cooling tower, which may be natural draft or mechanical draft. Water flows down over a series of wooden slats, which give large interfacial area and promote turbulence in the liquid. The air is humidified and heated as it rises, while the water is cooled. 


The most generally accepted theory of cooling tower heat transfer is developed by Market. Analysis is based upon enthalpy potential difference as the driving force. Each droplet of water assumed to be surrounded by a film of air and the enthalpy difference between the film and surrounding air is the driving force for the cooling.


Consider a droplet with air flowing past. The air in contact with the droplet is imagined to be moving very slowly or almost stagnant. It may be assumed that the boundary layer / thin film air surrounding the droplet is saturated. Water droplet may be considered to be falling through mechanical draft counter flow tower, with water introduced from the top and air from the bottom. Due to difference in vapor pressure, water vapor will flow from saturated air film, having high vapor pressure to the air having lower vapor pressure i.e. evaporation will take place and water will lose heat. This is because evaporation of water from any surface takes heat away in the water vapors, which are produced. This heat is called as Latent heat of vaporization. Moreover direct heat conduction between air and water based on temperature difference, i.e. sensible heat helps as well. Therefore the process of heat transfer in a cooling tower is a combination of sensible heat transfer from higher to lower temperature between water and air and of evaporation with the removal of heat from the bulk of water.

Total rate of heat transfer 

=  Sensible heat transfer rate + Latent heat transfer rate  

In the cooling tower the temperature of the liquid falls and temperature and humidity of the air rise, and its action is thus similar to that of an air humidifier. 

The limiting temperature to which water can be cooled is the wet bulb temperature corresponding to the condition of air at the inlet. The enthalpy of the air stream does not remain constant since the temperature of the liquid changes rapidly in the upper portion of the tower. Towards the bottom, however, the temperature of the liquid changes less rapidly because the temperature differences are smaller. At the top of the tower, the temperature falls from bulk of the liquid to the interface and then again from the interface to the bulk of the gas. Thus the liquid is cooled by the transfer of sensible heat and by the evaporation at the surface. At the bottom of the tall tower, however, the temperature gradient in the liquid is in the same direction, though smaller, but the temperature gradient in the gas is in the opposite direction. Transfer of sensible heat to the interface therefore takes place from the bulk of the liquid and from the bulk of the gas, and all cooling is caused by the evaporation at the interface. In most cases, about 80% of the heat loss from the water is accounted for by the evaporative cooling.   

DEFINITIONS
EFFECTIVE TOWER VOLUME

The product of effective cross sectional area and effective height gives effective tower volume. The effective height is the distance from basin curb to the centerline of splash plates in gravity type system. In an up spray distributing system, the effective height is distance from basin curb to the centerline of the distributing system. Greater the effective volume of tower, better the performance of tower, other things being equal.

WETTED SURFACE


Wetted surface is the sum of the exposed deck surface and the drip surface in the tower. Greater the wetted surface, better the cooling, other things being equal.

SPLASH SURFACE


It is the surface area on which water drops. Splash surface is more effective than the wetted surface, providing the water an intimate contact with air when it splashes.

COOLING RANGE


Cooling range of the tower is the difference between the temperature of hot entering water in tower and cold leaving water from tower i.e. the number of degrees through which water is cooled in the tower.

APPROACH


It is the difference in temperature of water leaving the cooling tower (cooled water) and the wet bulb temperature of surrounding tower.

HEAT LOAD


It is the heat removed from water in the cooling tower. It is equal to the pounds of water circulating multiplied by the cooling range. It may be expressed in Btu/hr or Btu/min.

COOLING TOWER PUMP HEAD
It is the pressure required to lift the hot returning water from base level of the tower to the top of the tower and force it through the distribution system.

DRIFT

It is the small amount of water lost in the form of fine droplets entrained within the exhaust air. It is evaporation loss.

BLEED OFF

It is the continuous or intermittent wasting of a small fraction of circulating water from the sump of cooling tower to prevent the accumulation of scale forming chemicals and foreign particles in the sump.

MAKE UP

It is the amount of water required to replace the water, which is lost by evaporation, drift, bleed off and leakage.

WATER LOAD

Flow of circulating water in gal/min.ft2 of effective horizontal wetted area of the tower.

CYCLES OF CONCENTRATION
It is the ratio of dissolved solids in the circulating water to that of in make up water.

RISER
Piping which connects the circulating water supply line from the level at the base of the tower to the lower inlet connection.

DRIFT ELIMINATOR
An assembly of battle blade frames is installed near the exhaust of the tower to remove entrained water from the exhaust air, thus reducing the drift losses.

 PLENUM

The enclosed space between the drift eliminators and the fan in the induced draft towers or the enclosed space between the fan and the fills in the forced draft towers is known as Plenum.

LOUVERS
These are usually installed near the bottom of the cooling tower walls at any angle to the direction of airflow and are adjustable for operating flexibility.

FILLS

Packing placed within the tower to effect heat and mass transfer between circulation water and air by offering more exposed surface.

FILL DECK

Different stages of a fill are called different decks. They consist of an assembly of splash bars in a position at different states and one state is called as one deck.

SUMP

It is the lowest portion of the basin to which cold flows. It is usually the point of suction line of pump. It is the part of that basin in which cold water collected.

NOZZEL

It is used in pressure distribution system to break up the flow of circulating water into droplets and effect uniform spreading of water over the wetted area of the tower. It resembles water jet and water showers.

WET BULB TEMPERATURE

When a stream of unsaturated gas is passed over the surface of a liquid, the humidity of the gas increased due to evaporation of the liquid. The temperature of the liquid falls below that of the gas and heat is transferred from the gas to the liquid. At equilibrium the rate of heat transfer from the gas just balances that required to vaporize the liquid and the liquid is said to be at the wet bulb temperature.

Rate at which this temperature is reached depends on the initial temperatures and the rate of flow of gas past the liquid surface. With a small area of contact between gas and liquid and a high gas flow rate, the temperature and the humidity of the gas stream remain virtually unchanged.

DEPENDENCE OF WET BULB TEMPERATURE

The wet bulb temperature depends only on the temperature and the humidity of the gas.

HUMIDIFICATION

Humidification is the operation by which amount of vapor present in a gas increased. Mass of vapor associated with unit mass of dry gas is known as Humidity.

DEHUMIDIFICATION

Operation by which, amount of vapor present decreased, is known as dehumidification.

ADIABATIC SATURATION TEMPERATURE

If a gas is passed over the liquid at such a rate that time of contact is sufficient for equilibrium to be established, the gas will become saturated and both phases will be brought to the same temperature. In a thermally insulated system, the total sensible heat falls by an equal amount to the latent heat of the liquid evaporated. As a result continued passage of the gas, the temperature of the liquid gradually approaches an equilibrium value, which is known as the adiabatic saturation temperature. 

DISTRIBUTION SYSTEMS

 
Two general types of water distribution systems are used in cooling towers.

· Gravity system

· Pressure piping system

GRAVITY SYSTEM

It consists of troughs and flumes with holes drilled at intervals through which water flows down and falls upon splash plates, which are placed 2 – 3 ft below. There is relatively little flexibility in this type. At reduced water flow rates, water is not uniformly distributed and at higher flow rates flumes overflowed.

UP SPRAY SYSTEM

It consists of pressure piping with up spray nozzles. These breaks water into fine droplets thus intimately mixing water with air. Maintenance cost of up spray nozzle system is less than that of gravity system, since there is efficient pressure drop across the nozzles to prevent algae accumulation and eventually plugging them.

SIZE OF COOLING TOWER


Following data must be obtained before selecting the size of cooling tower:

· Design wet bulb temperature

· Temperature approach

· Cooling range

· Quantity of water 

DESIGN WET BULB TEMPERATURE


The design wet bulb temperature should be chosen high enough to include 95% of the maximum wet bulb temperatures occurred in summer season.


In selecting the wet bulb temperature, a correction must be made for the mechanical draft towers, which recirculate humid air thereby increasing incoming air. Since all cooling towers are rated on the wet bulb temperature of entering air, following corrections are made for mechanical draft cooling towers;

· Forced draft, add 2 – 4 o F

· Induced draft, add 0 – 2 o F

No wet bulb temperature correction is necessary for atmospheric cooling towers.

TEMPERATURE APPROACH


Although it is required to obtain as low as possible cold-water temperature, however closer the temperature approach greater will be the size and cost of tower. Also higher the design wet bulb temperature selected, the easier it is to obtain a close approach.

WATER QUANTITY & COOLING RANGE


Product of water quantity (lb/hr) and cooling range (oF) represents the heat load to be handled by cooling tower. In determining the cooling range and water quantity, it is more economical to purchase a cooling tower having a greater cooling range and reduced quantity of water than one having a smaller cooling range and greater quantity of water. This is because cooling tower performance is not as sensitive to increased cooling range, as it is sensitive to increased water quantity.

TYPES OF COOLING TOWER
On the basis of air supply mechanism, cooling towers can be divided up into two categories:

1. Those in which air is supplied without any external source and just by the density difference of hot and cold air such as an atmospheric cooling tower.

2. Those in which air is supplied by an external source such as forced draft cooling tower in which air is forced into the tower at the bottom or induced draft cooling tower in which air is drawn out from the top of the tower. 

ATMOSPHERIC COOLING TOWER

The most common atmospheric cooling tower consists of a series of decks over which water cascades and through which air passes. This type of a cooling tower can operate satisfactorily through the same wide range of temperatures as the mechanical draft cooling tower and can be used in any operation. 

Natural draft cooling tower depends on the chimney effect produced by the presence of air in the tower and vapor of higher temperature and therefore of lower density of surrounding atmosphere. Thus atmospheric conditions, temperature and quantity of water will exert a very important effect on the operation of the tower. Not only will these factors influence the quantity of air drawn through the tower, but they will also affect the velocities and flow patterns and hence the transfer coefficients between gas and liquid. 

One of the prime consideration in design therefore is to construct a tower in such a way that the resistance to air flow is low. Hence the packing and distributors must be arranged in open formation. The draught of cooling tower at full load is usually only about 50 N/m2, and the air velocity in the region of 1.2 – 1.5 m/s, so that under atmospheric conditions prevailing the air usually leaves the tower in saturated conditions. Its temperature therefore determines the density of air stream at outlet. 

ADVANTAGES OF ATMOSPHERIC COOLING TOWER

· These are most reliable because there are no parts to fail.

· These required very nominal expenditure for maintenance.

· These have long trouble free life.

· These are not subjected to recirculation of humid air, since air enters the tower only from the windward side.

Average lower temperature is lower than the mechanical draft cooling tower designed for the same conditions, since the designed wind velocity is always less than the average wind velocity.

DISADVANTAGES OF ATMOSPHERIC COOLING TOWER

· Greater length of tower is required for the large installations.

· It must be located in an exposed area.

· Cold air temperature fluctuates with the change in wind intensity.

Usually it requires greater pumping head.

MECHANICAL DRAFT COOLING TOWERS
Mechanical draft cooling towers create their own air current by means of a motor driven fan. The air velocity can be increased appreciably above that in the natural draught tower, and a greater depth of packing can be used. Mechanical draught towers are generally confined to small installations and to conditions where water must be cooled to as low a temperature as possible. In some cases it is possible to cool the water to within 1 K of the wet bulb temperature of air. It is considerable in operations in which a closed control of the cold-water temperature desired.

TYPES OF MECHANICAL DRAFT COOLING TOWERS

The principle difference in the two types of mechanical draft cooling tower lies in location of the fan and mechanical assembly.

INDUCED DRAFT COOLING TOWER

Induced draft cooling tower has the fan mounted at the top of the tower to draw the hot, humid air out. This location of fan in hot, humid air stream increases the maintenance charges on the fan assembly and gearbox. It is difficult to anchor the fan stack rigidly enough to prevent vibrations. Due to moisture in gearbox, frequent oil changes are necessary to prevent undue wear of gears and bearings. In induced draft cooling towers the exhaust air leaves the tower at such a high velocity that cross wind can not take that hot, humid air back into the suction of fan, thus tendency to recirculate reduced. Induced draft towers are always used when it is desired to obtain the lowest possible water temperature.

FORCED DRAFT COOLING TOWER

Forced draft cooling tower has the fan, gear and motor mounted on the lower side of the tower, where air is blown in, permitting a more firm anchorage, thus reducing vibrations. Location of the mechanical assembly, in a comparatively dry air stream reduces moisture condensation in the gearbox. The forced draft fan is more efficient than of the induced draft fan by about 3% because some of the fan velocity pressure is converted into static pressure in the tower. The major drawback of the forced draft cooling tower is the recirculation of hot, humid exhaust air back into the air intake than the induced draft cooling tower. As a result wet bulb temperature of incoming air increased. Exhaust air leaves the forced draft cooling tower at such a low velocity that a cross wind causes them to come back into the suction of the fan thus artificially raising the wet bulb temperature of the incoming air and ultimately raising the temperature of the cold water. 

ADVANTAGES OF MECHANICAL DRADT COOLING TOWER

· Close control of cold water temperature.

· Small space requirement as compared to atmospheric tower.

· Usually low water-pumping head.

DISADVANTAGES OF MECHANICAL DRADT COOLING TOWER

· Great amount of energy is required to operate fan.

· Subject to mechanical failure.

· Subject to recirculation of hot, humid exhaust air into the air intake, thus increasing the average wet bulb temperature of entering air.

· It has higher maintenance cost than atmospheric tower.
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