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 Abstract-This paper is an extension to modeling and simulation of Plate Heat Exchanger where a mathematical 
model of plate heat exchanger had been developed by considering simplified assumptions. It had been described by 
a set of continuity, momentum and energy balance equations. The effect of mass flow rate of hot and cold fluid on 
the effectiveness of plate heat exchanger has been further studied by solving the model equations using finite 
difference method. 
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1. INTRODUCTION. 
The plate heat exchanger is widely recognized as the 
most economical and efficient type of heat exchanger. 
With its low cast, flexibility, easy maintenance and high 
thermal efficiency, it is unmatched by any type of heat 
exchanger. The key to the plate heat exchanger’s 
efficiency lies in its plates. With corrugation patterns 
that induce turbulent flows, it not only achieves 
unmatched efficiency, it also creates a self cleaning 
effect, thereby reducing fouling. 
Here a plate heat exchanger with n number of channels 
is considered. Odd channels (1,3,5….n-1) have cold 
fluid whereas even channels (2,4,6….n) have hot fluid. 
Shell balance approach has been used to develop the 
model.   

2. MATHEMATICAL MODEL (see [1], [2], [3], 
[6], [7], [9]). 

 
In the development of present model, the following 
assumptions have been considered. 
(i)  The fluids are Newtonian.  
(ii)   There is no flow in the lateral direction.  
(iii)   There is no change of phase in any channel. 
(iv)  All the physical properties of fluids remain 

constant.  

(v)  Overall heat transfer coefficient is same for all the 
flow channels in the plate heat exchanger. 

(vi)   Turbulent flow condition exists in the heat 
exchanger. 

(vii)   Resistance offered by metal for heat transfer is 
negligible.  

(viii)  Mass transfer does not occur in any flow channel.  
(ix)   Chemical reaction does not occur in any flow 

channel.  
(x)   The plates in the plate heat exchanger are clean 

and there is no fouling/scaling.  
(xi)   Convection heat transfer dominates in the flow 

direction.  
(xii)    No heat losses occur from the plate heat 

exchanger to the surrounding. 
 

 
 

Fig. 1.1: Sketch of a flow channel in a plate heat 
exchanger 
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NOMENCLATURE 
A                       Cross sectional area of channel, m2 
C                       Specific heat capacity of fluid, J/kg °C 
D                       Equivalent diameter of channel, m 
F                        Friction factor 
h                        Film heat transfer coefficient of fluid, W/m2 °C 
K                       Thermal conductivity of fluid W/m °C 
L                        Length of plate, m 
m                       Mass flow rate of fluid, kg /s 
NTU                  Number of transfer unit of fluid  
T                       Temperature of fluid °C 
Tj 

ik                    Temperature of fluid at node (j,k) in channel i, °C 
U                       Overall heat transfer coefficient in channel, w/m2°C 
νz                          Velocity of fluid, m/s 
W                     Plate width, m 
 
Subscripts 
c                    Cold fluid 
h                    Hot fluid 
i                       Channel number 
p                      Plate 
ci                        Inlet of cold fluid 
hi                        Inlet of hot fluid 
co                       Outlet of cold fluid 
ho                       Outlet of hot fluid  

Greek Characters 
α                      Film heat transfer coefficient of fluid, W/m2 °C  
∆P                    Pressure drop in channel, pa 
∆tm                  Mean temperature difference, °C 
δt                    Temperature change in fluid, °C  
ε                      Effectiveness of plat heat exchanger 
θ                     Number of transfer unit 
µ                     Fluid viscosity, Ns/m2 
�                     Fluid density, kg/m3 
�c                    Density of cold fluid, kg/m3 
�h                    Density of hot fluid, kg /m3  
τi                             Residence time in channel i, s 
 
 

 
Continuity equation is mass balance equation. Mass 
balance has been made only in the z direction, which is 
the flow direction and as fluid enters or leaves the 
channel, either from top or from the bottom. Continuity 
equations are presented below (see [7], [9]).  

 

        Channel i:                              
����

��
   = 0                                        

for i = 1 to n      (1) 

 
Momentum balance (see [5], [7]) equations have been 
made only in flow direction as there is no fluid entry or 
exit into the channel from the sides. 
 

       Channel i:                          ρ 
����

��
   = µ  

�����

�	�
   -  

�


��
  + 

ρg = 0      for i = 1 to n       

 
In energy balance (see [1], [7],[8]), heat enters the shell 
not only in the flow direction, but also from the side 
metal walls. 

Channel 1:                           
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Channel n:                           
���

�
   = ± ���

��� 

��
  + 

��(����- ��) 
 

Where  �� = 
�����

����
 

The model equations are solved by specifying initial and 
boundary conditions which depend upon the flow 
pattern in the heat exchanger. Finite difference method 
is used to solve the above set of equations.  
 

3. MODEL RESULT 
Performance of a plate heat exchanger is given in terms 
of its effectiveness ε, which is defined as 
 

ε = 
�� !" #$! %!�&'$%

�!	�� � ()&&�*"$ #$! %!�&'$%
 

 
 
 

                                  
Fig 1.2 Effect of cold fluid mass flow rate on the effectiveness of plate heat exchanger 

 

 
        Fig 1.3  Effect of hot fluid mass flow rate on the effectiveness of plate heat exchanger 
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Figures 1.2 and 1.3 show  the effect of mass 
flow rate of fluids on the effectiveness of plate heat 
exchanger. The fluid flow rate has been varied from 1 
kg/s to 4 kg/s. When the flow rate flow rate of one fluid 
is varied, the mass flow rate of the other fluid is kept 
constant at 4kg/s. In all the flow patterns, number of 
flow channels considered is 10. From these figures it is 

noted that, in all flow patterns effectiveness decreases; 
with increase in mass flow rate of cold fluid. This is 
because, as heat capacity of fluid increases temperature 
change in fluid decreases. And For all the flow 
patterns, the effectiveness decreases with increase in 
hot fluid mass flow rate, due to similar reasons. 

 

 
 
Fig 1.4: Effect of no. of channels on the effectiveness of plate heat Exchanger for parallel flow. 

 
              Fig 1.5: Effect of no. of channels on the effectiveness of plate heat exchanger for Series flow pattern                    
 
 

Figures 1.4 and 1.5 show the effect of number 
of flow channels on the effectiveness of plate heat 
exchanger. It is also dependent on the flow pattern 
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effectiveness increases with number of flow channels. 
This is because, as the number of channels is increased, 
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heat transfer area increases causing greater temperature 
change to occur in fluids. In series flow patterns the 
effectiveness increases and approaches unity. In parallel 
flow, effectiveness does not increase much and 
approach a very modest value of 0.218. This is due to 
the fact that, in parallel flow, addition of flow channels 
not only increases heat transfer area, but also increases 
heat capacity of both the fluids. 

4. CONCLUSION 

Effectiveness decreases with increasing mass flow rate 
of cold fluid in parallel flow pattern and series flow 
pattern. And also effectiveness decreases in mass flow 
rate of hot fluid in parallel flow pattern and series flow 
pattern. Effectiveness has been found to increase with 
the increase in number of flow channels in parallel flow 
pattern and series flow pattern. 
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