




 

panel and individual  channels between the profiled 
plates. The heat transfer and fluid flow modeled  for 
the flat plate heat exchanger, which has a total active 
surface area for the heat passage, is identical to the 
ruffle plate, from which the flat plate is obtained.  

Collective channels to Fluid 1and Fluid 2, 
among which is a developed flat-plate heat exchanger 
and plates with  individual  channels , are drawn in the 
three-dimensional software ANSYS Design Modeler, 
Figure No. 2 and Figure No. 3 [2] , [3] ,   [4] . 

 

 
Figure 2. Flat panels plate heat exchanger. 

 

 
Figure 3. Individual channels of plate. 

 
Therefore, all flow of fluid through the 

individual channels is taken as the aggregate (Fluid 1 
and Fluid 2), and input and output cross-sections of a 
collection channel (for an aggregate of the fluid flow) 
are of the same length (119mm- length of flat plate 
heat exchanger) and a width of 0.96 mm. This 
represents the equivalent diameter or the width of 
the individual channel of plates, through which the 
fluids pass [8] . 

For collective channels the same flow rate of 0.1 
m / sec is adopted for both fluids, which is the same 
rate as in individual channels [8]. This gives the 

collective channels the same boundary conditions as 
each channel individually. 

In these individual channels, velocity of Fluid 1 
and Fluid 2 are identical and amounts to 0.01 m / sec. 

To create the computed parameters of the 
processes it is necessary to label all the surfaces for 
heat exchange and fluid movement that are needed 
for generating the numerical network. 

Figure No. 4 and Figure No. 5 [5] , [6]. 
 

 
Figure 4. Generated numerical meshed plate heat 

exchangers. 
 

 
Figure 5. Generated numerical meshed individual channel 

plate exchanger. 
 
The basic boundary conditions for exchange of heat 
and flow of fluid are as follows [1] :  
1. FLUID 1- input, FLUID 2- input: 
- Mass of fluid flow or fluid flow rate between the 
plates of exchangers during the heat exchange, for 
both fluids have an adopted value of 0.1 m/sec.  
The mass influx is calculated using: 
 

   
(3) 
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Figure 7. Flow velocity vector 1 and vector 2 in the input 

and output channel plate heat exchanger. 
 

 
Figure 8. Velocities of Fluid 1 and Fluid 2 along the 

individual channel plate exchanger. 
 
The diagram shows that the vectors of velocity 

have the highest intensity in the central parts of the 
input -output cross sections of channels and that the 
velocity is decreasing in the direction of the end 
points of these cross sections. 

 

2.4. Numerical Simulation  Post Processing  
Within post processing modeling it is possible 

to change the relevant parameters such as flow rate, 
temperature, dynamic pressure and speed to display 
in an arbitrary number of intervals to complete the 
indicated numerical simulations in networked 
surfaces. It is significant that in the context of post 
processing research we can examine the value of 
tangential stress at the surfaces of exchangers   that 
have a direct impact on the fouling of plates.  

In this paper, processing modeling parameters 
is made for analysis of the exchange of heat and 
tangential stresses on the common surface between 
the plate heat exchangers and fluid. 

 
2.4.1. Shear Stresses between the Surface of the 
Flat Plate Heat Exchangers and the Fluid in the 
Collective Channels 

Within post processing research of shear 
stresses on the surfaces of plate heat exchangers, 
which have a direct impact on their contamination, 
used an absolute pressure of Fluid 2 of 520000Pa (at 
the exit from the exchanger) and an absolute pressure 
of Fluid 2 of 550000Pa (at the entrance of the 
exchanger). These pressures are the pressure levels 
of cold water that are added into the systemic 
circulation at the entrance to a heat exchanger  to 
compensate water losses in the system due to 
sanitary needs in houses. It should be noted that the 
absolute value of the water pressure at entrance to 
the heat exchanger changed in the interval from 
550000Pa to 520000P as a result of loss of water in 
the system that is consumed for sanitary purposes. 
When the value of  this pressure falls below 520000Pa 
(due to loss of  water) the system increases the level 
of absolute pressure to 550000Pa. Changes in levels 
of these pressures occur for a period from a few 
seconds to a fraction of a second  and are directly 
proportional to the length of the interval of water 
consumption in homes. 
 
2.4.2. Shear Stresses between the Surface of the 
Ruffle Plate Heat Exchangers and the Fluid in 
Individual Channels  

From the Figures below No. 9 and No. 10, we 
can see that the values of shear stresses in the 
individual channels of ruffle plate exchangers range 
from 0.0283 Pa to 0.0646 Pa. The boundary 

75



 

conditions for the calculation of these stresses were 
related to the speeds of flow in the channels of the 
plate. For Fluid 1 and Fluid 2 this speed has an 
estimated value of 0.01m/sec. It may be noted that the 
value of the stresses in the individual channels is 
about 100 times lower than in the collective channels 
of the plate heat exchangers. These results have been 
achieved for fluid flow at one tenth the speed in the 
individual channels (0.01m / sec) in relation to the 
speed of fluid flow in the channel of the flat plate 
(0.1m / sec.).  
 

 
Figure 9. Change shear stresses in the fluid flow stream 2 
at a common surface between the plate heat exchangers 

and fluid. 
 

 
Figure 10. Shear stresses between the surface ruffle plate 

exchangers and fluids in channels in individual plates. 
 
The following table[1] [8]  shows the values of 
tangential stress on the plates of exchangers, which 
are calculated on the basis of the measured values of 
the parameters of fluid flow and  which have been 
compared to the values of the stress obtained by 
numerical simulation:  
 

Table 1. Experimental data and comparisons with CFD 
simulations-without  inlet  and outlet zones effect. 

Experiment number 1 2 3 4 

Velocity,m/sec  
(measured value)       0,109 0,107 0,105 0,108 

Wall shear stress 
correlation,Pa  
(S.Genic,D.Mandic et. 
al.2012) 

9,72 9,39 9,07 9,56 

Wall shear stress - in 
the assembly plate 
(CFD), Pa                             

2,457-28,98 

Velocity (CFD), m/sec 0,1 
 
Table No.1 shows the experimental values of 

the tangential stress on the plates of exchanger (fluid 
flow at speeds of 0.105m / sec to 0,109m / sec) which 
differ substantially from the calculated values of the 
stress in the Numerical Simulation (for a constant 
velocity of 0.1 m / sec).  

In results of numerical simulation, on the 
surface of plates one can note the distribution with 
large differences of the intensity of the stress, that is 
not consistent with the character level, and changes of 
other parameters of heat exchange.  

The uneven distribution of shear stresses is 
caused by great changes of the absolute level of water 
pressure at the entrance to the heat exchanger  that 
occur in seconds which are the initial boundary 
conditions for the calculation of the parameters of  
heat exchange with  numerical simulation. Great 
changes in water pressure cause enormous 
differences in intensity of the stress relative to the 
value obtained by the experimental method. 
 
3. Conclusion   

Based on the above, it can be said that the 
numerical simulations are fully applicable to practical 
research of parameters of fluid flow and heat delivery 
in plate heat exchangers.  

Although the results of the numerical 
simulation of shear stresses on the plates of heat 
exchangers differ greatly from the experimental 
values of these stress (for almost the same value of 
fluid velocity), the numerical simulations pointed to 
an uneven distribution of these stresses on the 
exchangers plates. 
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