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Abstract : The technical records has been taken from a mechanical draft cooling tower. Cooling towers are warmth removal gadgets used 

to transfer technique waste warmth to the surroundings. Cooling towers employ evaporation wherein a number of the water is evaporated 

into a transferring air stream and eventually discharged into the surroundings. As a result, the rest of the water is cooled down 

notably.This paper affords specific methodology of a brought on draft cooling tower of counter glide type in which its efficiency, 

effectiveness, traits are calculated 
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I. INTRODUCTION 

 

INTRODUCTION 

 

A cooling tower is an device which is semi-enclosed that evaporates water by means of touch with air or A cooling tower is a warmness 

rejection device that rejects waste heat to the environment through the cooling of a water movement to a lower temperature. It is made 

from FRP, wooden, steel or concrete shape. Corrugated surfaces or baffles or perforated trays are supplied in the tower for uniform 

distribution and higher atomization of water inside the tower. The hot water popping out from the condenser is fed to the tower at the top 

and allowed to tickle in form of skinny drops [1]. The air flows from backside of the tower or perpendicular to the path of water waft after 

which exhausts to environment after powerful cooling of water. To prevent the escape of evaporated water debris with air, drift 

eliminators are supplied on the pinnacle of the tower. Cooling tower reduces temperature of circulating water so that water can be utilized 

in warmth trade device and condensers [5]. Cooling towers are equipment gadgets usually used to use up warmth from strength 

technology units, water- cooled refrigeration, air con and commercial tactics. Cooling towers offer an high-quality alternative mainly in 

places in which enough cooling water cannot be effortlessly obtained from natural resources or where challenge for the surroundings 

imposes some limits on the temperature at which cooling water may be again to the surrounding[1]. 

 Various types of cooling tower : 

The cooling tower is probably categorized into numerous types, however they are extensively classified by following 

issues: 

 Whether or not there may be direct or indirect contact 

 The mechanism used to offer the specified airflow 

 The relative flow paths of air and water 

 The number one substances of construction the form of heat switch media implemented 

 The tower’s physical shape 
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CLASSIFICATION OF COOLING TOWER 

GENERAL CLASSIFICATION OF COOLING TOWERS 

Classification based on air draft:  

1) Atmospheric tower  

2) Natural draft tower  

3) Mechanical draft tower  

 

Mechanical draft tower: Mechanical draft towers have large fans to force or draw air through circulated water [2]. There are 

two different classes of mechanical draft cooling towers  

a) Forced draft: It has one or more fans located at the tower bottom to push air into the tower [3]. During operation, the fan 

forces air at a low velocity horizontally through the packing and then vertically against the downward flow of the water 

that occurs on either side of the fan. The drift eliminators located at the top of the tower remove water entrained in the 

air. 

Induced Draft: A mechanical draft tower with a fan at the discharge which pulls air through tower [1] [6]. The fan induces 

hot moist air out the discharge. This produces low entering and high exiting air velocities, reducing the possibility of 

recirculation in which discharged air flows back into the air intake. 

II.   RESEARCH METHODOLOGY 

 Technical terms pertaining to cooling towers:  

There are several important factors that govern the operation of cooling tower: 

 Approach – the approach is the difference in temperature between the cooled-water temperature and the entering-air wet 

bulb temperature (twb).  

 Air blows – by the opening in cooling tower through which air enters a tower. 

 Blow-out – water droplets blown out of the cooling tower by wind, generally at the air inlet openings.  

 Blow down or Draw-off – the portion of the circulating water flow that is removed in order to maintain the amount of 

TDS and other impurities at an acceptably low level. Higher TDS concentration in solution may result from greater 

cooling tower efficiency.  

 Concentration –the process of increasing solids per unit volume of solution also the amount of material dissolved in a 

unit volume of solution. 

 Cooling Water – water circulated through a cooling system to remove heat from certain areas. 

 Cycle of Concentration – maximum allowed multiplier for the amount of miscellaneous substances in circulating water 

compared to the amount of those substances in make-up water. 

 Drift  – water droplets that are carried out of the cooling tower with the exhaust air. Drift droplets have the same 

concentration of impurities as the water entering the tower.  

 Drift eliminators – an assembly constructed of plastic, cement board, wood, or other material that minimize the entrained 

water moisture from the discharged air.  

 Dry bulb temperature – is the temperature indicated by a dry-bulb thermometer. 

 Evaporation loss – water evaporated from the circulating water into the atmosphere. 

 Exhaust air – the mixture of air and its associated vapour leaving the cooling tower system. 

 Performance – is the ability of a tower to cool water. It is expressed in terms of cooling a quantity of water from a 

specified hot water temperature to a specified water temperature that has a specific wet-bulb temperature. 

 Fills – inside the tower, fills are added to increase contact surface as well as contact time between air and water, to 

provide better heat transfer. The efficiency of the tower depends on the selection and amount of fill. There are two types 
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of fills that may be used: 

 film type fill (causes water to spread into a thin film) 

 splash type fill (breaks up falling stream of water and interrupts its vertical progress) 

 Leaching – the loss of wood preservative chemicals by the washing action of the water flowing through a wood structure 

cooling tower. 

 Louvers – members installed horizontally in a cooling tower wall to provide openings through which the air enters into 

the system while also containing the falling water within the tower. Usually louvers are installed at an angle to the 

direction of air flow to the cooling tower. 

 Make-up – the water that must be added to the circulating water system in order to compensate for water losses such as 

evaporation, drift loss, blow-out, blow-down, etc. 

 Noise – sound energy emitted by a cooling tower and heard at a given distance and direction. The sound is generated by 

the impact of falling water, by the movement of air by fans, the fan blades moving in the structure, vibration of the 

structure, and the motors, gearboxes or drive belts. 

 Plume – the stream of saturated exhaust air leaving the cooling tower. The plume is visible when water vapour it contains 

condenses in contact with cooler ambient air, like the saturated air in one's breath fogs on a cold day.  

 Range – the range is the temperature difference between the warm water inlet and cooled water exit. 

 Treated timber – a structural material for cooling towers which was largely abandoned in the early 2000s. It is still used 

occasionally due to its low initial costs, in spite of its short life expectancy. The life of treated timber varies a lot, 

depending on the operating conditions of the tower, such as frequency of shutdowns, treatment of the circulating water, 

etc. Under proper working conditions, the estimated life of treated timber structural members is about 10 years. 

 Wet-bulb temperature – is the temperature to which air can be cooled adiabatically to saturation by the addition of water 

vapor.  

 Zero bleed for cooling towers – also called zero blow-down for cooling towers, is a process for significantly reducing the 

need for bleeding water with residual solids from the system by enabling the water to hold more solids in solution. 

 Functions of Cooling Tower 

i. A cooling tower is designed to take away warmness from a building or facility by spraying water down via the tower 

to alternate warmness into the inner of the building.  

ii. Air comes in from the perimeters of the tower and passes thru the falling water. As the air passes via the water, warmth 

is exchanged and some of the water evaporates.  

iii. This warmness and evaporated water go with the flow out the top of the tower in the shape of a exceptional cloud-like 

mist. 

iv. The cooled water is collected at the lowest of the tower and pumped again into the plant or building for reuse.  

v. Cooling towers provide huge scale air-conditioning where land and (or) water are expensive, or policies restrict the go 

back of once-via cooling waters. 

 Design aspects of  Cooling Tower 

Primarily we need to calculate,  

i. tower cross-section required to take the given load of warm water  

ii. height of the packing required to achieve the desired cooling  

Basic assumptions for the design of cooling tower are as follows:  

i. the rate of vaporization of water is much less than the rate of water input to the tower (about 1% loss of feed water) 

evaporative or adiabatic cooling of water occurs in the tower  

ii. Mass flow rate of water (Circulation rate) 

iii. Air velocity through tower or individual tower cell 

 

 Performance Parameters  for Cooling Tower 

The performance of cooling towers is estimated by approach and range. During the performance assessment, portable 

monitoring instruments are used to measure the following parameters: 

• Dry bulb temperature of air 

• Wet bulb temperature of air 

• Cooling tower inlet water temperature 

• Cooling tower outlet water temperature 

• Electrical readings of pump and fan motors 

• Exhaust air temperature 

• Water flow rate 

• Air flow rate 

 

 

 

 

III. CALCULATIONS  

 

• Inlet temp of air (T1) – 27 ºC 

• Outlet temp of air (T2) – 32 ºC 

• Inlet temp of water (t1) – 42 ºC  
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• Outlet temp of water (t2) – 32 ºC  

• Wet bulb temp (twa) – 28 ºC  

• Mass Flow Rate (v) – 10 m3/hr.  

 

VALUES FROM STIOCHOMETRIC CHART:-  

a. Specific volume of air at inlet (VS1) - 0.85 m3/kg  

b. Specific volume of air at outlet (VS2) - 0.93 m3/kg  

c. Specific humidity of air at inlet (W1) - 0.025 kg/kg  

d. Specific humidity of air at outlet (W2) – 0.039 kg/kg  

e. Enthalpy of water at inlet temp (HW1) – 167.5 kJ/kg  

f. Enthalpy of water at outlet temp (HW2) – 134.15 kJ/kg  

g. Enthalpy of air at inlet temp (Ha1) – 73 kJ/kg  

h. Enthalpy of air at outlet temp (Ha2) – 115 kJ/kg  

 
 

 

Step By Step Calculation Requirement 

i. Cooling Tower Approach (CTA) 

Approach of cooling tower = Cooling tower outlet water – Wet bulb temperature 

𝐶𝑇𝐴 = 𝑡2 − 𝑡𝑤𝐴 

𝐶𝑇𝐴 = 32℃ − 28℃ = 4℃ 
ii. Actual Cooling Tower Range (ACR) 

Range of cooling tower = Cooling tower inlet temperature – Cooling tower outlet temperature 

𝐴𝐶𝑅 = 𝑡1 − 𝑡2 

𝐴𝐶𝑅 = 42℃ − 32℃ = 10℃ 
 

iii. Theoretical Cooling Tower Range (TCR) 

Range of cooling tower = Cooling tower inlet temperature – Wet bulb temperature 

𝑇𝐶𝑅 = 𝑡1 − 𝑡𝑤𝐴 

𝑇𝐶𝑅 = 42℃ − 28℃ = 14℃ 
iv. Mass of water:  

𝑀𝑤 = 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 × 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 

𝑀𝑤 = 10 × 997 = 9970 𝑘𝑔 
v. Heat loss by water:  

𝐻𝐿 =  𝑀𝑊  × 𝐶𝑃𝑊 × (𝑇1 − 𝑇2) 

𝐻𝐿 =  997 × 4.186 × (42 − 32) = 41734.42 𝑘𝐽/ℎ𝑟 
 

vi. Cooling Tower Efficiency  

𝜂 =
𝑡1 − 𝑡2

𝑡1 − 𝑡𝑤𝐴
 × 100 

 

𝜂 =
42 − 32

42 − 28
 × 100 = 71.428 % 
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vii. Volume of air required (V):  

 

𝑉 =
(𝐻𝐿 × 𝑉𝑆1)

[(𝐻𝑎2 − 𝐻𝑎1) − {(𝑊2 − 𝑊1) × 𝐶𝑝𝑤 × 𝑡2}]
 

𝑉 =
(41734.42 × 0.85)

[(115 − 73) − {(0.039 − 0.025) × 4.186 × 32}]
= 884.1 𝑚3/kg  

 

viii. Heat gained by air (HG):  

 

𝐻𝐺 =
𝑉 × [(𝐻𝑎2 − 𝐻𝑎1) − {(𝑊2 − 𝑊1) × 𝐶𝑝𝑤 × 𝑡2}]

𝑉𝑆1
 

 

𝐻𝐺 =
884.1 × [(115 − 73) − {(0.039 − 0.025) × 4.186 × 32}]

0.85
= 41734.379 𝑘𝐽/kg  

 

ix. Mass of air (Ma):  

𝑀𝑎 =
𝑉

𝑉𝑆1
 

 

𝑀𝑎 =
884.1

0.85
= 1040.117 𝑘𝐽/ℎ𝑟 

 

 

x. Make up water:  

𝑀𝑀𝑎𝑘𝑒 =
{𝑉 × (𝑊2 − 𝑊1)

𝑉𝑆2
 

 

𝑀𝑀𝑎𝑘𝑒 =
{884.1 × (0.039 − 0.025)

0.93
= 13.309 𝑘𝑔/ℎ𝑟 

 

xi. Effectiveness of cooling tower:  

 

𝜀 =
𝑡1 − 𝑡2

𝑡1 − 𝑡𝑎1
  

 

𝜀 =
42 − 32

42 − 7
= 0.285 

 

 

xii. Different types of losses: 

 Drift Loss 

𝐷𝐿 =
(0.20 × 𝑀𝑊)

100
 

 Windage Loss 

𝑊𝐿 = 0.005 × 𝑀𝑊1 

 Evaporative Loss 

𝐸𝐿 = 0.00085 × 𝑀𝑊 × (𝑡1 − 𝑡2) 

 Blowdown loss 

𝐵𝐿 =
𝐸𝐿

(𝐶𝑌𝐶𝐿𝐸𝑆 − 1)
 

 

 

𝑁𝑜. 𝑜𝑓 𝐶𝑦𝑐𝑙𝑒𝑠 =
𝑋𝐶

𝑋𝑀
 

Where, 

XC is concentration  of solids in circulating water 

XM is concentration of solids in makeup water 

 

 

xiii. Total Pressure (P)  

𝑃 = 𝑃𝑎 + 𝑃𝑣  
xiv. Vapor Pressure (Pv)  
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𝑃𝑣 = 𝑃𝑤 − 𝑃 × 𝐴(𝑡𝑑 − 𝑡𝑤)  
Where, 

𝐴 =
6.66 × 10−4

℃
 × 100% → 𝑖𝑓 𝑡𝑤 ≥ 0℃ 

𝐴 =
5.94 × 10−4

℃
 × 100% → 𝑖𝑓 𝑡𝑤 < 0℃ 

 

 

xv. Specific Humidity or Humidity Ratio  (W) 

𝑊 =
0.662 𝑃𝑣

𝑃 − 𝑃𝑣
 

 

xvi. Relative Humidity (RH) 

𝑅𝐻 =
𝑃𝑣

𝑃𝑑
 × 100% 

xvii. Enthalpy (H) 

𝐻 = 1.0045𝑡𝑑 + 𝑊(2501.3 + 1.86𝑡𝑑) 

xviii. Specific Volume (V) 

𝑉 =
0.287( 𝑡𝑑 + 273)

𝑃 − 𝑃𝑣
 

xix. Degree of Saturation 

𝜇 = 𝑅𝐻 (
𝑃 − 𝑃𝑑

𝑃 − 𝑃𝑣
) 

xx. By moisture balance in the tower:  

a) With makeup water, 𝒎𝟏 = 𝒎𝟐 

𝑚3 = 𝑚𝑎(𝑊𝐵 − 𝑊𝐴) 

b) Without make up water available, 𝒎𝟏 ≠ 𝒎𝟐 

𝑚1 − 𝑚2 = 𝑚𝑎1(𝑊𝐵 − 𝑊𝐴) 
 

𝑚2 = 𝑚1 − 𝑚𝑎(𝑊𝐵 − 𝑊𝐴) 
xxi. By energy balance in the tower:  

a) With makeup water 

𝑚𝑎 =
𝑚1(𝐻1 − 𝐻2)

(𝐻𝐵 − 𝐻𝐴) −  (𝑊𝐵 − 𝑊𝐴)𝐻3
 

 

𝐻2 =
𝑚1𝐻1 − 𝑚𝑎(𝐻𝐵 − 𝐻𝐴) −  (𝑊𝐵 − 𝑊𝐴)𝐻3

𝑚1
 

𝑡2 =
ℎ2

4.187
 

b) Without make up water   

𝑚𝑎 =
𝑚1(𝐻1 − 𝐻2)

(𝐻𝐵 − 𝐻𝐴) −  (𝑊𝐵 − 𝑊𝐴)𝐻2
 

 

𝐻2 =
𝑚1𝐻1 − 𝑚𝑎(𝐻𝐵 − 𝐻𝐴)

𝑚1 − 𝑚𝑎(𝑊𝐵 − 𝑊𝐴)
 

 

𝑡2 =
ℎ2

4.187
 

xxii. Driving Pressure 

∆𝑃𝑑 =
𝑔𝐻(𝜌0 − 𝜌𝑖 )

1000
 

xxiii. Mass Flow rate of air and vapor mixture  

𝑚 = 𝑚𝑎(1 + 𝑊) 

 

𝑚 = 𝑚𝑎 + 𝑚𝑣 
 

xxiv. Cooling water flow rate related to Brake Power of an Engine Cooling water flow rate related to Brake Power of an 

Engine 

𝑚 = 904.3 [
𝐵𝑟𝑎𝑘𝑒 𝑃𝑜𝑤𝑒𝑟

𝑡1 − 𝑡2
] 
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NOMENCELATURE 

m1 - mass flow rate of water entering tower (in kg/sec) 

m2 - mass flow rate of cooled water (in kg/sec)  

m3 - make up water (in kg/sec)  

H1 - enthalpy of hot water (in KJ/kg)  

H2 - enthalpy of cooled water (in KJ/kg)  

H3 - enthalpy of make-up water (in KJ/kg)  

HA - enthalpy of air entering tower (in KJ/kgda) 

HB - enthalpy of air leaving tower (in KJ/kgda) 

WA - humidity ratio of air entering tower (in kgm/kgda) 

WB - humidity ratio of air leaving tower (in kgm/kgda ) 

ma - mass flow rate of dry air (in kg/sec)  

td - dry bulb temperature (in °C)  

tw - wet bulb temperature (in °C) 

t1 - temperature of hot water (in °C) 

t2 - temperature of cooled water (in °C) 

t3 - temperature of make-up water (in °C) 

h - tower height (in  meters) 

ρo - density of outside air and vapor mixture(in kg/m3)  

ρi - density of inside air and vapor mixture, taken at exit of the fill (in kg/m3) 
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