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ABSTRACT 
Condensers are an integral part of our industries. Condensers are used in industrial chemical 
processes, refrigeration, air conditioning, power plants and other heat-exchange systems. 
Cooling water or surrounding air is generally used as a cooling medium in most industries. 
Water-cooled condensers are the most widely used condensers in the industries. But, water is a 
natural and depleting resource and has become a scarce commodity in many areas. Considering 
the conservation of natural resources like water, evaporative condensers may prove to be 
beneficial. Evaporative condensers consume very less water, about 5% of an equivalent water 
cooled condenser and can be considered as an attractive alternative in areas where water 
availability is a problem. An evaporative condenser uses a system of tubes which is exposed to a 
constant spray of water and fan-facilitated air flow to cool and condense hot refrigerant vapours. 
In this type of condenser, both air and water are used as a cooling medium. This paper highlights 
the fundamental principle and working of evaporative condensers. This paper discusses about 
advantages and disadvantages of evaporative condensers. A case study has also been discussed 
and detailed design calculations have been carried out manually. Rating of evaporative 
condenser has also been carried out.  
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Cooling water 

 
NOMENCLATURE 

D0 =  Outer diameter of tube, ft 
E =  % of total heat removed by evaporation 
M = Lb spray/min. sq.ft projected to tube area 
PH = Horizontal tube pitch, ft 
tav = Main temperature of water on and off cooler   
Y = (PH −Do)/Do  
Z = (PH –Do)/PH 
B = Overall width of tube bank, ft 
ho = Outside coefficient, Btu/(hr)(ft2) 0F 
L = Tube length, ft 
M = w/LxB, lb/(hr)(ft2) 
N = No. of horizontal tube rows 
Pv  = Vertical tube pitch, ft 
µ = Viscosity at mean spray temp. lb/(ft).(hr) 
w = Water flow, lb/hr 

INTRODUCTION 
Condensers are used extensively in chemical 
and petroleum processing, for distillation, 
refrigeration, and power generation systems. 
Condensers are two-phase flow heat 

exchangers in which the heat is generated 
when vapours are converted to liquid. The heat 
generated is rejected to a cooling medium. 
Cooling water or surrounding air is generally 
used as cooling medium in most of the 
operations in the industry. Refrigeration and air 
conditioning industries in India are quite large 
and growing rapidly.1 Condensers are an integral 
part of refrigeration systems. Ammonia is the 
most widely used refrigerant in the industries. 
Ammonia vapors are compressed to its 
superheated state in vapour compression cycle. 
These superheated vapors need to be condensed 
to liquid. For condensation of ammonia, 
generally three types of condensers are  used  in 
the refrigeration industry viz. Water cooled 
condensers, air-cooled condensers and 
evaporative condensers. Water-cooled 
condensers are generally the conventional 
choice for condensation.  But, as water 
resources are depleting rapidly, it has become 
really important to conserve water.2  
According to United Nations World Water *Author for correspondence 
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Development Report 2012, 7–8% of energy 
produced globally, is used to pump it and treat 
water and wastewater.  In some regions of the 
world over 15% of total electricity consumption 
is devoted to water management. So the need of 
the hour is to minimize water usage as far as 
possible. Now a days, the use of groundwater as 
a coolant is discouraged by governmental 
policy, since good quality groundwater for 
drinking purpose is becoming scarcer. 
Moreover environmental permits are required 
for both extraction and discharge of large 
amounts of cooling water. The use of surface3 
water for cooling is almost exclusively related 
to the use in once through cooling systems        
and    comprises   nearly    95% of the total use.4 
In condensation, the use of evaporative 
condensers helps in water conservation, as they 
consume very less water as compared to water-
cooled condensers. Evaporative condensers also 
reduce water pumping and chemical treatment 
requirements associated with water condenser-
cooling tower system.5 
An evaporative condenser combines the features 
of both air and water cooled condensers. In an 
evaporative condenser, hot high-pressure vapor 
circulates through condensing coil/tube system 
that is continuously wetted on the outside by a 
recirculating water spray system. Air is 
simultaneously passed over the coil/tubes with 
the help of fans, causing a small portion of the 
recirculated water to evaporate. This evaporation 
removes heat from the coil/tubes, thus cooling 

and condensing the vapor. The remaining water 
is collected and re-circulated over the condenser 
coils.6-8 

AIMS AND OBJECTIVES 
This paper highlights the fundamental principle 
and working of evaporative condensers.         
This  paper  also  discusses about advantages and  
disadvantages of evaporative condensers. A case 
study has also been discussed and detailed design 
calculations have been carried out manually. 
Rating of evaporative condenser has also been 
carried out.  

MATERIAL AND METHODS 
Fundamental principle of evaporative cooling 
The principle of evaporative cooling is to 
evaporate water in an air stream by using the 
latent heat of condensation of the refrigerant 
inside the tubes. Cooling through evaporation is a 
natural occurrence and can be observed in our 
day-to-day life as well. The most common 
example we all experience is perspiration, or 
sweat. As sweat evaporates from our body, it 
absorbs heat to cool our body. 
Working of evaporative condensers 
The principal components of an evaporative 
condenser include condensing coil/tube bundle, 
fan, spray water system, water distribution 
system, cold water sump, drift eliminators, and 
water makeup assembly. Fig. 1 shows the 
schematic diagram of an evaporative condenser.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Evaporative condenser 

Evaporative condensers use condensing coils or 
tube bundles fabricated from bare pipe or tubing. 

Coils are used for low capacity systems and tube 
bundles are used for high capacity systems. The 
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coil section is arranged in a serpentine fashion, 
whereas tubes are arranged in a bundle. 
Compressed refrigerant vapors are condensed 
inside coil/tube section. This section is supplied 
with spray headers and nozzles. The coil/tube 
bundle is continuously sprayed with water from 
the top. Water spurge headers are used in the 
condenser which gives a fine spray of water over 
the condenser tubes. Fans are mounted in this 
condenser for providing air. The fan section is 
one of the most important components for 
smooth functioning of the condenser. The 
performance of this condenser is fully dependent 
upon a sufficient amount of air passing through 
the coils to carry away the water vapor 
containing heat. The role of air is to increase the 
rate of evaporation of water. The fan can be 
either induced draft or forced draft.  Natural draft 
condenser can also be used but it requires regular 
cleaning and maintenance. The condenser also 
has eliminator plates placed on top of the 
condenser. Eliminator plates serve to prevent 
spray water from being drawn into the fans and 
discharged to the atmosphere. In other words, 
they reduce carryout of water droplets from 
condenser. One of the biggest advantages of 
evaporative condenser is reduced water 
consumption. A water storage or water 
recirculating tank is employed for recirculation 
of water, thereby reducing water consumption.9 
Advantages of evaporative condenser 
Evaporative condensers are becoming an 
attractive option in industrial refrigeration as 
compared to air and water-cooled condensers. 
They have certain advantages over air and water-
cooled condensers. Evaporative condensers 
reduce water pumping and chemical treatment 
requirements associated with water condenser-
cooling tower system. The water consumption is 
typically very low, about 5% of an equivalent 
water cooled condenser with a cooling tower.6,10 
The evaporative condenser can operate at a lower 
condensing temperature than the air cooled 
condenser. It requires less space as compared to 
air and water-cooled condensers. It also requires 
substantially less fan power than the air cooled 
condenser of comparable capacity. It also keeps 
condensing pressure low, thereby reducing 
power consumption. All these features make it a 
very attractive choice for condensation of 
ammonia. Especially in arid areas or places 

where water is a scarce commodity, evaporative 
condenser can prove to be a very beneficial 
alternative.11,12  
Troubleshooting 
The following points have to be considered while 
operating evaporative condensers: 
Water bleed-off 
Evaporative condensers use water as a cooling 
medium. Water contains small amounts of 
dissolved solids and mineral deposits, such as 
magnesium, silica and calcium. These solids will 
deposit as scale on the heat transfer surfaces if 
allowed to concentrate in the circulating water of 
evaporative condenser. These minerals build up 
on  the  condenser,  impairing  heat  transfer  and  
thus efficiency. As these concentrations build up, 
increasing amounts of chemicals would have to 
be added to hold the dissolved solids in 
suspension. In order to avoid this condition, 
water must be periodically ‘bled’ off into the 
sewer to prevent accumulation of excessive salts.  
Particulate matter in air 
The air flowing through water spray contains 
many particles such as pollen, mold and dust that 
eventually accumulate inside the system. 
Frequent bleed rates (along with chemical 
treatment) are used to combat these particulates. 
Silt and sludge removal 
The contact of air and water in evaporative 
condenser results in a secondary action known as 
air washing. Air washing contaminates water 
with undesirable gases and microorganisms and 
also removes airborne dust that settles in water 
basin in the form of silt or sludge. Removal of 
silt or sludge can readily be accomplished by 
draining the basin and should be performed as 
per the preventative maintenance schedule. 
Low operating temperatures 
Another problem that may arise is that, water 
may freeze at low operating temperatures. In this 
case, when outside temperatures are very low it 
is possible to switch-off the water pump and run 
only the blowers, so that the condenser acts as an 
air-cooled condenser. 
Scale removal from condenser coil 
The tubes of evaporative condenser are closely 
nested together which prevents descaling by 
mechanical means such as wire brushing. Scale 
can be dissolved and removed by acid treatment. 
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Algae formation 
Algae formation is one of the main problems in 
natural or atmospheric condensers. Algaecides 
are frequently used. Also manual cleaning or 
scraping is frequently required in this case. 
Design and rating of evaporative condenser 
A case study has been taken up for condensation 
of ammonia using evaporative condenser. 
Superheated ammonia vapors are to be 
condensed in evaporative condenser.  
Case Study 
Evaporative condenser is considered for 
condensation of ammonia vapors. Cooling water 
falls over the condenser tubes at a required rate at 
a  constant  temperature  of  4oC above the design 
wet bulb temperature. The design wet bulb 
temperature is taken as 28oC. Ammonia enters 
the condenser at 120oC and condenses at 34oC 
(means 2oC higher than cooling water inlet 
temp). Circulation rate of ammonia is 0.6841 
kg/s. The geometric parameters are assumed as: 
Tube outer diameter (Do) = 19.05 mm, Tube 
inner diameter (Di) = 15.748 mm, Tube length 
(L) = 3000 mm, Bundle Width (B) = 1500 mm 
and Pitch (PH) = 43 mm. 
Design of evaporative condenser 
For manual design of evaporative condenser, 
Kallam’s correlation has been used. Necessary 
data  have  been  taken from relevant literature.  
The first step in the design is calculation of heat 
duty for desuperheating and condensing 
separately. The   physical   properties   have been  
generated based on standard co-relations from 
Perry’s    Chemical   Engineers’  handbook, 8th  

Edition. Calculation of number of tubes is the 
next step in design. Number of tubes is 
calculated by dividing bundle width (B) by 
pitch (PH). In this case, the number of tubes 
comes out to be 35. Then based on number of 
tubes, the total projected area (A) has been 
calculated, which comes out to be 2.00025 m2. 
Based on the design wet bulb temperature, 
cooling water inlet temperature (tav) is fixed. 
Now, for calculating the heat removed by 
evaporation, a spray (M) of 2.035 kg/sec.m2 (≈ 
25 lb/min.ft2) has been assumed. The product 
of spray (M) and inlet temperature (tav) comes 
out to be 2250. From Fig. 2, the value of 
E/(DoYZ)0.1 corresponding to 2250 is found 
out, which comes out to be 0.18. Here, (E) is 
% of total heat removed by evaporation. Y and 
Z are dimensionless parameters dependent 
upon tube pitch (PH) and tube outer diameter 
(Do). Here, Y = (PH −Do)/Do and Z = (PH –
Do)/PH. E comes out to be 13%. Now, total 
hourly flow over the section (w) is calculated, 
which is the product of spray (M) and total 
projected area (A). Total hourly flow over the 
section (w) comes out to be 4.15 kg/s.  
For calculating outside film coefficient (ho) 
Kallam’s correlation is used (Eq. 1) which is 
given in Kern, D Q. Process Heat Transfer. 
McGraw Hill, USA, 732-738. 

ℎ = 190푁 . 푚 . 퐷 푌푍
휇 푃               (1) 

Here, (N) is no. of tube rows, (m) is w/LB and 
(μw) is viscosity of water. Outside film 

 
 
 
 
 
 
 
 
 

 

 

Fig. 2 : Heat removed by evaporation 
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coefficient (ho) is calculated with help of    Fig. 
3, which comes out to be 1356.5 W/m2oC. In the 
next step, tube side heat transfer coefficient is 
calculated. For desuperheating, Dittus-Boelter 
equation is used and the value of the heat 
transfer coefficient (hides) comes out to be 
1806.9 W/m2oC. For condensation Nusselt’s 

equation for horizontal tubes is used, and the 
value of the heat transfer coefficient (hicond) 
comes out to be 5513.37 W/m2oC. Finally, 
overall coefficient for desuperheating (Udes) and 
condensation (Ucond) is determined separately, 
which comes out to be 774.8 W/m2oC and 
1088.65 W/m2oC respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Outside film coefficient 

Rating of evaporative condenser 
Rating of evaporative condensers can be carried 
out by heat-rejection method. This method is also 
known as the condenser capacity method. The 
heat-rejection method deals with the actual heat-
transfer rate at the condenser. This method is 
associated with two parameters. One is the 

capacity factors as functions of condensing and 
wet-bulb temperatures. The other is nominal heat 
rejection capacity. Fig. 4 shows the capacity 
factors for selection of an evaporative condenser. 
The capacity factor is found out from Fig. 4 at 
the prevailing condensing and wet-bulb 
temperatures. This factor is multiplied by the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Capacity factors for selection of an evaporative condenser 

desired heat rejection rate. Based on the final 
heat load, the suitable model can be selected. 
Manufacturers like Baltimore Aircoil Co. and 

Evapco Inc. provide their nominal capacity 
charts for selection of the suitable condenser. 
Here, the condensing temp of ammonia is 34oC  
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and the Wet-bulb temperature is 28oC. Hence, 
from Fig. 4, the capacity factor is 1.5. Now this 
factor is multiplied by the heat rejection rate   of   
907.92 kW.   The  total heat rejection comes out 
to be 1361.88 kW (≈ 4646.4 MBH). Based on 
this calculated heat rejection value, suitable 
condenser can be selected from the nominal 
capacity charts provided by manufacturers. 

RESULTS AND DISCUSSION 
The thermal design summary of the evaporative 
condenser has been depicted in Table 1. Based  

on the thermal design, it can be noted that the 
water consumption in an evaporative 
condenser is very low.   Cooling    water    
consumption    or cooling    water   flow    rate    
in  the  evaporative condenser comes out to be 
4.15 kg/s for a heat load of 907.92 kW. Now, 
for a water-cooled condenser of same heat 
load, the cooling water flow rate comes out to 
be 102.6 kg/s. Here, it can be noted that the 
water consumption in evaporative condenser is 
even less than 5% of the equivalent water-
cooled condenser. 

Table 1: Thermal design summary 

Parameters Tube  Outside 
Fluid Ammonia Water 
Flow Rate, kg/s 0.6841 4.15 
Temp., in/out, oC 120 / 34 32 / 34 
Heat Load, kW 907.92 
Heat transfer 
coefficient, W/m2oC 

Desuperheating 1806.9 1356.5 Condensation 5513.37 
Overall heat transfer 
coefficient, W/m2oC 

Desuperheating 774.8 
Condensation 1088.65 

CONCLUSION 
Evaporative condensers are a very attractive 
option for condensation. They combine air and 
water cooling systems. Considering resource 
conservation, these condensers can prove to be a 
better alternative to conventional water-cooled 
condensers. As water resources are depleting 
rapidly, it is really important to conserve water. 
Water pumping, delivery and waste water 
treatment facilities consume a significant amount 
of energy. A substantial amount of money is 
spent on water management. So it has become 
necessary to minimize water usage as far as 
possible. Water consumption in evaporative 
condenser is even less than 5% of the equivalent 
water-cooled condenser. Another advantage of 
evaporative condensers is that they reduce water 
pumping and chemical treatment requirements 
and costs associated with water condenser-
cooling tower system. Evaporative condensers 
can also achieve lower condensing temperature 
than air and water-cooled condensers. All these 
features make  evaporative   condensers  an 
attractive option for condensation and they also 
add to water resource conservation.  
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