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          Chapter 10 

Heat Exchangers: 
 

A heat exchanger is a component that allows the transfer of heat from 
one fluid (liquid or gas) to another fluid. Reasons for heat transfer include 
the following: 

1. To heat a cooler fluid by means of a hotter fluid 
2. To reduce the temperature of a hot fluid by means of a cooler fluid 
3. To boil a liquid by means of a hotter fluid 
4. To condense a gaseous fluid by means of a cooler fluid 
5. To boil a liquid while condensing a hotter gaseous fluid 

In order to transfer heat the fluids involved must be at different 
temperatures and they must come into thermal contact. Heat can flow 
only from the hotter to the cooler fluid. 

In a heat exchanger there is no direct contact between the two fluids. 
The heat is transferred from the hot fluid to the metal isolating the two 
fluids and then to the cooler fluid. 

     TYPES OF HEAT EXCHANGERS 
     Different heat transfer applications require different types of hardware 
and different configurations of heat transfer equipment.. The simplest 
type of heat exchanger consists of two concentric pipes of different 
diameters, as shown in Figure 10-1, called the double-pipe heat 
exchanger. One fluid in a double-pipe heat exchanger flows through the 
smaller pipe while the other fluid flows through the annular space 
between the two pipes. Two types of flow arrangement are possible in a 
double-pipe heat exchanger: in parallel flow, both the hot and cold fluids 
enter the heat exchanger at the same end and move in the same direction. 
In counter flow, on the other hand, the hot and cold fluids enter the heat 
exchanger at opposite ends and flow in opposite directions. 

  
FIGURE 10.1 Concentric tube heat exchangers. (a) Parallel flow. (b) 
Counterflow  
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 Another type of heat exchanger, which is specifically designed to realize a large heat 
transfer surface area per unit volume, is the compact heat exchanger.                           

                                    
    

  
FIGURE 10.2 Cross-flow heat exchangers. (a) Finned with both fluids 

unmixed. (b) Unfinned  with one fluid mixed and the other unmixed.  
 

 
FIGURE 10.3 Shell-and-tube heat exchanger with one shell pass and one 
tube pass (cross-counterflow mode of   Operation).  

  
 



٣ 
 

 
FIGURE 10.4 Shell-and-tube heat exchangers. (a) One shell pass and 
two tube passes. (b) Two shell passes and four tube passes.         
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FIGURE 10.5 Compact heat exchanger cores. (a) Fin–tube (flat tubes, 
continuous plate fins). 
(b) Fin–tube (circular tubes, continuous plate fins). (c) Fin–tube (circular 
tubes, circular fins). 
(d) Plate–fin (single pass). (e ) Plate–fin (multipass).  

  

10–2 THE OVERALL HEAT TRANSFER COEFFICIENT 
We have already discussed the overall heat-transfer coefficient in Section 
2-4 with the heat transfer through the plane wall of Figure 10-6 expressed 
as 

 
   

 
Figure 10-6 Overall heat transfer through a plane wall           
The overall heat-transfer coefficient U is defined by the relation 
 

q=U A ∆Toverall                                                            [10-2] 
The overall heat transfer is obtained from the thermal network of Figure 
10-7b as 
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Figure 10-7 Double-pipe heat exchange: (a) schematic; 
(b) thermal-resistance network for overall heat transfer 
 
 
 
 
where the subscripts i and o pertain to the inside and outside of the  
smaller inner tube. The overall heat-transfer coefficient may be based on 
either the inside or outside area of the tube at the discretion of the 
designer. Accordingly 

  

 
 
 
 
 
 
 
Overall Heat-Transfer Coefficient for Pipe in Air EXAMPLE 10-1 
Hot water at 98◦C flows through a 2-in schedule 40 horizontal steel pipe 
[k =54 W/m· ◦C] and is exposed to atmospheric air at 20◦C. The water 
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velocity is 25 cm/s. Calculate the overall heat transfer coefficient for this 
situation, based on the outer area of pipe. 
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Fouling Factor 
Fouling factors must be obtained experimentally by determining the 
values of U for 
both clean and dirty conditions in the heat exchanger. The fouling factor 
is thus 
defined as 
 

 
The overall heat transfer coefficient is modified as follows: 

 

 
 
Influence of Fouling Factor EXAMPLE 10-3 
Suppose the water in Example 10-2 is seawater above 125◦F and a 
fouling factor of 
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0.0002 m2 · ◦C/W is experienced. What is the percent reduction in the 
convection heat-transfer coefficient? 
 
The fouling factor influences the heat-transfer coefficient on the inside of 
the pipe. We have 
Rf =0.0002= 1/ hdirty – 1/ hclean 
 
Using  hclean =1961 W/m2 · ◦C we obtain 
 
hdirty =1409 W/m2 · ◦C 
 
This is a 28 percent reduction because of the fouling factor. 
 
 
 
 

10–3 ANALYSIS OF HEAT EXCHANGERS , THE LOG 
MEAN TEMPERATURE DIFFERENCE 
               
  The first law of thermodynamics requires that the rate of heat transfer 
from the hot fluid be equal to the rate of heat transfer to the cold one.                                                                 

                         That is,

qh = m˙hcp,h (Th,I  - Th,o)               (a) 
and 

qc =m˙ccp,c  (Tc,o  -  Tc,i)              (b) 
  

Another useful expression may be obtained by relating the total heat 
transfer rate q to 
the temperature difference  ∆T between the hot and cold fluids,  Such an 
expression would be an extension of Newton’s law of cooling, with the 
overall 
heat transfer coefficient U used in place of the single convection 
coefficient h. However, 
 ∆T =Th -Tc 
        q=U A ∆Tm                             (c) 
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 FIGURE 10.8 Temperature distributions for a parallel-flow heat 
exchanger 
 
For the parallel-flow heat exchanger shown in Figure 10-8, the heat 
transferred through an element of area dA may be  written                                         
  dq = - m˙hcp,h dTh= -  Ch dTh           
 
dTh = - dq/ Ch (d) 

 

dq = m˙ccp,c dTc = Cc dTc               

dTc =  dq/ Cc (e) 

where Ch and Cc are the hot and cold fluid heat capacity rates, 
respectively. 
 

The heat transfer across the surface area dA may also be expressed as 
 
dq=U ∆T dA                (f) 
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where  ∆T = Th _ Tc is the local temperature difference between 
the hot and cold fluids.      so 
 

 d (∆T)= dTh – dTc      (g) 
                   we begin by substituting Equations( d )and (e )into the 

differential form of equation (g) 

  
to obtain 

                      (h) 

  
Substituting for dq from Equation (f)  and integrating across the heat 
exchanger, we 
obtain 

 

 
Substituting for Ch and Cc from Equations (a) and (b), respectively, it 
follows that 

 
Recognizing that, for the parallel-flow heat exchanger,  ∆T1 = (Th,i _ 
Tc,i) 
and  ∆T2 =  (Th,o _ Tc,o), we then obtain 
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we conclude that the appropriate  average temperature difference is a log 
mean temperature difference,  ∆Tlm. Accordingly, we may write 
 

q = UA ∆Tlm  
where 

 
  

 And for the Counter-Flow Heat Exchangers       the endpoint temperature 
differences must now be defined as   

 

                                                                                  
    
FIGURE 10.9Temperature distributions for a counterflow heat exchanger  
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FIGURE 11.10 Special heat exchanger 
conditions. (a) Ch » Cc or a condensing 
vapor. (b) An evaporating liquid or 
Ch « Cc. (c) A counterflow heat 
exchanger with equivalent fluid heat 
capacities (Ch = Cc).  

  

If a heat exchanger other than the double-pipe type is used, the heat 

transfer is calculated by using a correction factor applied to the LMTD 

for a counterflow double-pipe arrangement with the same hot and cold 

fluid temperatures. The heat-transfer equation then takes the form 

 

q=U A F ∆Tm                [10-13] 

 

Values of the correction factor F according to Reference 4 are plotted in 

Figures 10-8 to 10-11 for several different types of heat exchangers 
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10-6 EFFECTIVENESS-NTU METHOD 
The effectiveness–NTU method greatly simplified heat exchanger analysis. 

This method is based on a dimensionless parameter called the heat transfer 
effectiveness _, defined as 

 
 

The actual heat transfer may be computed, for the parallel-flow exchanger 
See fig(10-8)  
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See fig(10-9) 

   

Maximum possible heat transfer is expressed as 
qmax =(m˙c)min(Thinlet −Tcinlet) 
 

 
 

 

The grouping of terms UA/Cmin is called the number of transfer units 
(NTU) 
Kays and London [3] have presented effectiveness ratios for various heat-
exchanger arrangements, and some of the results of their analyses are 
available in chart form in 
Figures 10-12 to 10-17. Examples 10-9 to 10-14 illustrate the use of the 
effectiveness-NTU method in heat-exchanger analysis. 
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Example 10-14 
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Example 10 -15 

  
Consider the heat exchanger design of Example 10.14, that is, a finned-
tube, cross-flow heat exchanger with a gas-side overall heat transfer 
coefficient and area of 100 W/m2 . K and 40 m2, respectively. The water 
flow rate and inlet temperature remain at 1 kg/s and 35˚C. However, a 
change in operating conditions for the hot gas generator causes the 
gases to now enter the heat exchanger with a flow rate of 1.5 kg/s and a 
temperature of 250˚C. What is the rate of heat transfer by the exchanger, 
and what are the gas and water outlet temperatures? 
 
SOLUTION 
Known: Hot and cold fluid inlet conditions for a finned-tube, cross-flow 
heat exchanger 
of known surface area and overall heat transfer coefficient. 
Find: Heat transfer rate and fluid outlet temperatures 
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