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Abstract: The thermal heat transfer behavior of hot and cold fluids within boundary conditions on both 

parallel and counter types of heat exchangers was investigated in this work using the computational fluid 

dynamics (CFD) approach in ANSYS Workbench (CFX). This technique helps us identify the precise values 

for the velocity, pressure, and temperature readings along and across the heat exchanger, in addition to 

determining how the three variables were distributed locally or globally.  Cold water at 5 m/s and 20 °C, with 

a zero pressure at outlet or zero gauge pressure at outlet, was employed in this study, as was hot water at 4 

m/s and 90 °C, with the zero pressure at outlet or zero gauge pressure at outlet. The results of any local or 

global temperature, pressure, and velocity values were represented along the length of both parallel and 

counter types of heat exchangers by color contours, where red indicated the largest value and blue the lowest. 

All of the global temperature, pressure, and velocity distributions were shown by charts positioned along the 

length of both parallel and counter-type heat exchangers.  We came to the conclusion that when hot inlet 

fluid passes between the head and outer surface of cold fluid, there is a T-junction where high pressure and 

low velocity coexist. In comparison to parallel flow, the pressure and velocity distributions are lower in 

counter flow. 

Keywords: ANYSY (CFX), CFD, heat transfer, pressure, temperature, thermal 

1. Introduction 

In many fields, efficient use of heat transfer is crucial, and because heat makes up a significant amount of 

final energy, it presents a significant barrier to the economic viability of many industrial processes [1–4]. 

The thermal engineering topic of study known as heat transfer is change, interchange, utilization, and 

formation of heat between bodies. Heat transport mechanisms include phase shift, conversion, radiation, and 

conduction. Heat exchangers are widely employed in industries [5–12]. Engineering applications in daily life 

and the industrial sector frequently use heat exchangers that are both parallel and counter [13–15]. Finding 

appropriate solutions is difficult since these heat exchangers are susceptible to thermal conduction, 

convection, radiation, and phase shifts in which energy is transmitted. To completely comprehend pressure 

distribution, temperature variation, and velocity variation in both parallel and counter-type heat exchangers 

from hot to cold is a significant phenomenon that necessitates substantial experimental investigation and 

numerical analysis. ANSYS CFX, a CFD modeling package, was used to evaluate the temperature variation 

and velocity on the flue, fin, and tube domains [16–18]. Complex phenomena such as thermal heat transfer 

between hot and cold fluids have been solved by modern technology. Researchers have used the commercial 

CFD code ANSYS to study the flue gas/water type parallel and counter heat exchangers [13–18]. Examining 
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the distribution and determine velocity, pressure, and velocity at any point within and across both parallel 

and counter types of heat exchangers is the goal of this work. 

2. Materials and Methods 

The distribution and calculation of pressure, temperature, velocity vector, streamlines, and velocity of both 

parallel and counter heat exchangers were all simulated with the use of the ANSYS Workbench software 

(CFX) and the computational fluid dynamics (CFD) method. Cold water was used at 5 m/s and 20 °C with 

the zero pressure at outlet or zero gauge pressure at outlet, while hot water was used at 4 m/s and 90 °C with 

zero pressure at outlet or zero gauge pressure at outlet. Fig. 1 depicts the steps of performing a general 

ANSYS workbench (CFX) and computational fluid dynamics while performing thermal heat transfer. 

 

Figure 1. Steps in ANSYS CFX. 

Assembly drawings generated by ANSYS Workbench Design Modular, along with the components for the 

hot and cold fluids within a 50-mm-diameter and 50-mm-high hot fluid cylinder in two different 

configurations, were used in the study. The dimensions of the hot fluid were two heads separated by 50 mm, 

and the cold fluid was 1000 mm long and 100 mm wide. 

 

Figure 2. 3D model of cold fluid and hot fluid. 

Numerous researchers employed loads and boundary conditions while using CFD and the FEM to simulate 

the characteristics of heat exchanger [9], and [19–32]. As seen in Fig. 3, giving names to both parallel fluid 

flow and counter fluid flow bodies cold fluid and their surfaces like cold fluid in face represented by letter 

A, cold fluid out face denoted by letter B, cold wall denoted by letter C and cold domain denoted by letter 

D. 

 

Figure 3. The naming of cold fluid. 

As seen in Fig. 4, giving names to both parallel fluid flow and counter fluid flow bodies hot fluid and their 

surfaces like hot out fluid in face represented by letter A, hot fluid in face denoted by letter B, hot inner wall 
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denoted by letter C, hot outer walls denoted by letter D, hot faces represented by letter E and hot domain 

represented by letter F. 

 

Figure 4. The naming of hot fluid. 

The next stage in this research was to create contacts between the surfaces of the hot and cold fluids by 

connecting them. Fig. 5 in the below illustration illustrates how to create hot and cold fluid contact surfaces 

in the ANSYS workbench. As Fig. 5 makes evident, the target body is indicated by the blue colour, and the 

contact region is indicated by the red colour. You can also flip the setting. 

 

 

(a) Contact region and target body (b) Contact region 

 

(c) Target body  

Figure 5. Contact surfaces of cold fluid and hot fluid. 
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ANSYS geometry was used to define the computational fluid domain (CFD) was utilized to discretize the 

domain [33–39]. The discretization of the fluid model into a "mesh" composed of multiple elements is an 

essential precondition for the ANSYS CFX and CFD methodologies. The mesh size is influenced by 

numerous factors in the fluid model, such as density windows, surface curvatures, spacing between geometric 

entities, and field variable distribution [11], [12], [19], [22], [26] and [27]. The steps of inflation on the 

circumferential sides and the size of all edges are utilized as shown in Fig. 6. 

 

Figure 6. Edge meshing by division of numbers. 

In three-dimensional numerical analysis, tetrahedrons, hexahedrons, and their combinations are commonly 

utilized. Highly efficient, easily implemented, flexible for creating adaptive meshes, and easily re-generable 

meshes are the advantages of tetrahedral element meshes. The automatic generation technology of tetrahedral 

element meshes is currently fully developed and finds widespread application in handling complex geometry. 

As demonstrated in Fig. 7, adaptive generation for the use and refining of tetrahedral meshes was also utilised 

in this work. 

 

Figure 7. A mesh model of hot fluid and cold fluid. 

Setup: Select water from the material library in this step. The fluid model was thermal energy. In the first 

case of parallel fluid flow, the hot and cold fluid assemblies would be subjected to all boundary conditions. 

Cold water was applied at the inlet at 5 m/s and 20 °C with zero length of cold fluid, and cold water was 

applied at the outlet at zero pressure and zero length of cold fluid. Furthermore, hot water was applied at the 

inlet at 4 m/s and 90 °C, 50 mm away from the edge of the hot fluid on the head, at 4 m/s and 90 °C. 

 

Figure 8. Setup boundaries for parallel fluid flow. 

The assemblies would then be subjected to all boundary conditions in the second case in a counter-fluid 

flow. Cold water was applied at the inlet at a 5 m/s and at a 20 °C with zero length of cold fluid, and zero 

pressure of cold water was applied at the outlet or end length of cold fluid.  And also, hot water was applied 

at the input 4 m/s and 90 °C at 50 mm away from the edge of the hot fluid on the head on another side (950 
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mm away from the origin of the hot fluid) and at zero pressure of hot water at 50 mm away from the edge of 

the hot fluid flow on the heads. In addition, these applied wall boundary conditions to the two faces and the 

three outer sides of the hot fluid. Furthermore, the interface boundary between the cold outer face and the 

hot inner face was applied for heat transfer. 

 

Figure 9. Setup of counter fluid flow. 

3. Results  

The simulation results below show the overall outcomes of both the parallel fluid flow and the counter-fluid 

flow, including streamlines of velocities, pressure distribution contours, pressure distribution charts, global 

velocity distribution contour plots, velocity vector distribution, global temperature distribution contour plots, 

and temperature distribution layouts. Fig. 10 shows below the streamline of velocities both (a) parallel fluid 

flow and (b) counter fluid flow using both inlets and outlets of cold and hot fluid flow; the red represents the 

maximum, and the blue denotes the minimum. 

  

(a) Parallel fluid flow (b) Counter fluid flow 

Figure 10. Shows streamlines of velocities. 

Fig. 11 shows below the contour of the pressure distribution (global) of (a) parallel fluid flow and (b) 

counter fluid flow; the red shows high pressure and the blue represents low pressure. A T-junction is formed 

50 mm away from the origin of the shell and tube when hot incoming fluid passes between the head and 

surface of the cool fluid as shown in Fig. 11 (a) parallel fluid flow. High pressure and low velocity coexist 

here. When hot inlet fluid flows through the head and makes contact with the cool fluid's contact surface, a 

T-junction forms 950 mm from the origin at the cold fluid's edge as shown in Fig. 11 (b) counter fluid flow. 

In this area, high pressure and low velocity coexist.  
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(a) Parallel fluid flow (b) Counter fluid flow 

Figure 11. The contour of pressure distribution. 

The pressure distribution charts for (a) parallel fluid flow and (b) counter fluid flow are displayed below in 

Fig. 12a and Fig. 12b. A chart of the pressure distribution (global) collected from 150 streamlines. Both the 

length and the pressure distribution are shown by the x and y axes, respectively. In case of (a) parallel fluid 

flow, when hot inlet fluid flows pass through the head and make contact with the cool fluid's contact surface, 

a T-junction forms 50 mm from the origin at the cold fluid's edge. In this region, high pressure and low 

velocity coexist. A T-junction is formed when hot fluid passes through the head and separates the surface of 

the cool fluid, 950 mm away from the origin of the cold fluid. In this region, low pressure and high velocity 

coexist. The reverse is true in case of (b) counter fluid flow case. 

 

(a) Parallel fluid flow 

Figure 12a. Pressure distribution graphs. 
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(b) Counter-fluid flow 

Figure 12b. Pressure distribution graphs. 

Fig. 13 shows the global velocity variation in both (a) parallel fluid flow and (b) counter fluid flow in the 

contour plot. The maximum velocity is shown in red, while the minimum velocity is shown in blue. In the 

pressure distribution charts for (a) parallel fluid flow and (b) counter fluid flow, as we elaborated before, the 

opposite is true. This implies that a certain region will have low velocity values when high pressure values 

occur. 

  

(a) Parallel fluid flow (b) Counter fluid flow 

Figure 13. Global velocity distribution contour plot. 

The velocity vector distribution for both (a) parallel fluid flow and (b) counter fluid flow is depicted below 

in Fig. 14. The highest velocity of the vector is denoted by the red arrow, while its minimum velocity is given 

by the blue arrow. 
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(a) Parallel fluid flow (b) Counter fluid flow 

Figure 14. Velocity vector distribution. 

Below are velocity distribution charts for (a) parallel fluid flow and (b) counter fluid flow, as shown in Fig. 

15a and Fig. 15b. This represents the velocity variation on the y-axis and lengths on the x-axis. The chart of 

velocity distribution (global) obtained from the collection of 150 streamlines' dates. In (b) counter fluid flow 

Fig 15b, when hot inlet fluid flows through the head and makes contact with the cool fluid's contact surface, 

a T-junction forms 950 mm from the origin at the cold fluid's edge. In this area, high pressure and low velocity 

coexist. However, a T-junction is formed when hot fluid passes through the head and separates the surface 

of the cool fluid 50 mm away from the origin of the cold fluid. This region has both low pressure and high 

velocity. The reverse is true in case of (a) parallel fluid flow case. (Fig. 15a) 

 

(a) Parallel fluid flow 

Figure 15a. Velocity distribution graphs. 
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(b) Counter fluid flow 

Figure 15b. Velocity distribution graphs. 

The contour plots below represent the global temperature distribution for both (a) parallel fluid flow and 

(b) counter fluid flow, as seen in Fig. 16. The highest temperature is displayed by the red and the lowest is 

indicated by the blue. From the through head's intake to the out-through head on another, the heated fluid is 

continuously dripping out for either parallel fluid flow or counter fluid flow as show below temperature 

contour plots. 

  

(a) Parallel fluid flow (b) Counter fluid flow 

Figure 16. Global temperature distribution contour plots. 

The temperature distribution charts for (a) parallel fluid flow and (b) counter fluid flow are displayed in 

Fig. 17 below. The chart of the temperature distribution (global) from 150 streamline collection dates. The 

temperature distribution is denoted by the y-axis, while the length is denoted by the x-axis. Temperature 

staring, dropping the hot fluid inlet through the head, and contact with cold fluid form a T-junction that is 50 

mm away from the edge of cold fluid up to 950 mm away from the origin coordinate of cold fluid to hot fluid 

out, as shown in this temperature distribution chart in case of (a) parallel fluid flow in Fig. 17. From the 



HUNGARIAN AGRICULTURAL ENGINEERING 
N° 43/2024 

 

FINITE ELEMENT METHOD (CFX) INVESTIGATION OF THE 
FLUID FLOW DISTRIBUTION BEHAVIOR OF BOTH PARALLEL 

AND COUNTER TYPES OF HEAT EXCHANGERS 
 

14 

head's 950 mm T-junction, where the hot fluid begins to continually decrease in temperature, the cold fluid 

continues to do so until it reaches the head's hot flow outlet, which is located 50 mm from the cold fluid's 

source for the case of (b) counter fluid flow in Fig. 17. 

 

(a) Parallel fluid flow 

 

(b) Counter fluid flow 

Figure 17. Temperature distribution plots. 
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4. Discussion 

The overall results show that the parameters of pressure, temperature, and velocity do not significantly alter 

between parallel and counter fluid flow. The researchers demonstrated fluid flow animation using a velocity 

stream [11], [19], [31], [32], [37], [40], and [41]. The fluid flow character and pressure distribution 

approaching the T junction are complicated due to the sudden widening of the flow boundary, which results 

in flow separation and variable distribution [9], and [31]. The pressure is maximum at the end of the header 

and minimum at the entrance due to the jet caused at the inlet [27], [42], and [43]. In light of this, our findings 

were consistent with the study. Along the header inlet, the velocity is high, a clear vortex is circulated along 

the sides of the expanded jet flow, and a minor eddy flow is seen close to the header inlet because the vortex 

flow's circulation would slow down the first velocity [3], [27], [29], [37], [38], [39], and [42]. When the flow 

is flowing downstream, the turbulent kinetic energy and dissipation rate are greatest close to the T junction; 

they gradually decrease as the flow proceeds downstream, and they completely vanish near the closed end of 

the manifold [9]. As a result, our findings are consistent with those of other researchers. Researches 

demonstrated using velocity vectors [3], [9], [12], [16], [24], [25], [35], [37], [40] and [41]. Temperature 

measurements revealed a decrease in flow direction [6], [12], [20], [21], [22], [23] and [32]. A similar result 

occurs when hot fluid constantly transfers heat to cold fluid and hot fluid gradually decreases throughout the 

length, as shown in Fig. 17 global temperature distribution contour. 

5. Conclusions 

Fluid flows in the heat exchanger were analyzed using ANSYS Workbench CFX computational fluid 

dynamics, both parallel and counter types of heat exchangers. A detailed discussion was held regarding the 

temperature, pressure, and temperature throughout the entire heat exchanger. Here is a summary of the 

findings: The overall flow rate increases when the pressure differential decreases. High pressure and low 

velocity coexist at a T-junction, which is created when hot inlet fluid passes through the head and outer 

surface of cold fluid. Compared to parallel flow, counter flow has lower pressure and velocity distributions. 

Both parallel and counter types of heat exchangers can be successfully analyzed in all velocity distribution, 

pressure distribution, and temperature distribution using the ANSYS workbench (CFX) and computational 

fluid dynamics approach.  
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