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Chapter Two 

Condenser: Fluid Flows and Heat Transfer Analysis 

1. Introduction  

• The previous sections presented tools for computing heat-transfer coefficients and 

pressure drops of the fluid exchanging heat with the refrigerant in a condenser or 

evaporator. For the condenser the fluid to which heat is rejected is usually either 

air or water. Air-cooled condensers, a shell and- tube condenser. Also, another 

type of water-cooled condenser has cleanable tubes ash shown below.  

• When the condenser is water-cooled, the water is sent to a cooling tower for 

ultimate rejection of the heat to the atmosphere. Some years ago air-cooled 

condensers were used only in small refrigeration systems (less than 100 kW 

refrigerating capacity), but now individual air-cooled condensers are 

manufactured in sizes matching refrigeration capacities of hundreds of kilowatts. 

• The water-cooled condenser is favored over the air-cooled condenser where there 

is a long distance between the compressor and the point where heat is to be 

rejected. Most designers prefer to convey water rather than refrigerant in long 

lines. In centrifugal-compressor systems large pipes are needed for the low-

density refrigerants (see Sec. 11-25), so that the compressor is close-coupled to 

the condenser. Water-cooled condensers there for predominate in centrifugal-

compressor systems. 
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2. Required condensing capacity 

• The required rate of heat transfer in the condenser is predominately a function of the 

refrigerating capacity and the temperatures of evaporation and condensation. The condenser 

must reject both the energy absorbed by the evaporator and the heat of compression added 

by the compressor. A term often used to relate the rate of heat flow at the condenser to that 

of the evaporator is the heat-rejection ratio 

 

 
 

3. Condensing coefficient 

The basic equation for calculating the local coefficient of heat transfer of 

vapor condensing on a vertical plate was developed by Nusselt by pure 

physical analysis. The equation for the local condensing coefficient is  

 

 

The mean condensing coefficient over the total height of the plate L is  

 

The equation for the mean condensing coefficient for vapor condensing on the outside of horizontal 

tubes is 

 

where N = number of tubes in vertical row 

D = OD of tube, m 
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4. Fouling factor 

After a water-cooled condenser has been in service for some time its U value usually degrades 

somewhat because of the increased resistance to heat transfer on the water side due to fouling by the 

impurities in the water from the cooling tower. The new condenser must therefore have a higher U 

value in anticipation of the reduction that will occur in service. The higher capacity with new equipment 

is provided by specifying a fouling factor l/hff m2 • K/W. This term expands Eq. (12-8) for the U value 

into 

 
 

 

 
5. Desuperheating 

Even when the refrigerant condenses at a constant pressure, its temperature is constant only in the 

condensing portion. Because the vapor coming from the compressor is usually superheated, the 

distribution of temperature will be as shown in Fig. 12-14. Because of the distortion in the temperature 

profile caused by the desuperheating process, the temperature difference between the refrigerant and 

the cooling fluid is no longer correctly re presented by the LMTD 
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6. Condenser design 

An example will illustrate how some of the principles described in the previous sections are 

combined in designing a condenser. 

 

 

Solution; 

Heat-rejection ratio at a condensing temperature of 45°C and an evaporating temperature of 5°C is 

1.27 
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Problem: Derive the following mathematical physical formula in full – details:  

 

Solution 

Starting from; 
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Procedure for Solving the Condenser Design Problems 

 

 

Figure 12-12: Typical values of the ratio of the heat rejected at the condenser to the 

refrigerating capacity for refrigerants 12 and 22. 
 

 



 

       

Al-Mustaqbal University College                                          http://www.uomus.edu.iq/ 
 27 

 

Class: Fourth Stage 

Subject: Refrigeration Systems 

Ammar Abdulkadhim  

E-mail: AmmarAbdulkadhim@uomus.edu.iq 
  

 

 

 

𝒒 = �̇�𝑪𝒑(𝒕𝒐 − 𝒕𝒊) = 𝑼𝒐𝑨𝒐𝑳𝑴𝑻𝑫 

 

𝒒 = �̇�𝑪𝒑(𝒕𝒐 − 𝒕𝒊) 

𝒒 = 𝑼𝒐𝑨𝒐𝑳𝑴𝑻𝑫 

�̇� =
𝒒

𝑪𝒑(𝒕𝒐 − 𝒕𝒊)
 

�̇� = 𝝆𝒗𝑨 

𝒗𝑨 = 𝑸 

�̇� = 𝝆𝑸 

𝑸 =
�̇�

𝝆
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𝑨𝒐 = 𝝅𝑫𝑳 



 

       

Al-Mustaqbal University College                                          http://www.uomus.edu.iq/ 
 28 

 

Class: Fourth Stage 

Subject: Refrigeration Systems 

Ammar Abdulkadhim  

E-mail: AmmarAbdulkadhim@uomus.edu.iq 
  

 



 

       

Al-Mustaqbal University College                                          http://www.uomus.edu.iq/ 
 29 

 

Class: Fourth Stage 

Subject: Refrigeration Systems 

Ammar Abdulkadhim  

E-mail: AmmarAbdulkadhim@uomus.edu.iq 
  

 


