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Abstract: The Computational Fluid Dynamic (CFD) Analysis of 

Heat Pipe Heat Exchanger (HPHE) is done to predict the 
temperature distribution using ANSYS-ICEM modular/meshing 
and FLUENT solver. In this study, HPHE is modeled in four 
different cases with and without fillet near the inlet and outlet 
sections including (standard HPHE, with enlarge inlet and outlet 
sections, with horizontal plate near the entrance zone, using three 
different cone of angles (36.03 degree, 30 degree and 45 degree)). 
The mass flow rate 3.75kg/sec of hot air or gas as given at the inlet 
section. The Standard k- -Realizable turbulence model was used 
for fluid flow in simulations. The magnitude and location of the 
temperature distribution, velocity, and turbulence kinetic energy 
are influenced by prescribed conditions. However, pressure drop 
is reduced up-to certain extent (due to change in turbulence 
kinetic energy) for all the cases in which round corner/fillet at the 
inlet and outlet section was made in the model. At the same time jet 
type flow is also reduced because of reduction in axial velocity and 
increment of Y & Z directional velocity which tends to expansion 
of flow toward the y and z direction. 

Keywords: Fillet, Heat Pipe Heat Exchanger, Turbulence, 
Temperature Distribution. 

I. INTRODUCTION 

Heat pipe heat exchanger is a heat transfer device in 
which latent heat of vaporization is utilized to transfer heat 
over long distance corresponding to small temperature 
difference. There is an individual closed tube bundle inside 
the HPHE, these tubes are filled up with a working fluid 
which evaporates at the evaporator section and condenses at 
the condenser section. The condensed fluid is then returned 
back to the evaporator section and this process repeats itself.  
A heat pipe can have high thermal conductivity much more 
than a solid conductor like silver or copper. If the working 
fluid is a mixture of solid- liquid, the heat pipe works on both 
the principles of thermal conductivity and phase change with 
high thermal conductivity. Hence, the high heat transport 
capacity makes heat exchanger with heat pipes much smaller 
than traditional heat exchangers in handling high heat fluxes.  
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Apart from this, various characteristics like simplicity of 
design, small temperature drop, and ability to transfer heat at 
high rate at different temperature levels makes the heat pipe 
system unique. Since 1966, heat pipes are being used in many 
industrial and research applications such as cooling of 
electronic components, spacecraft, energy conservation and 
much more. 
The main regions of the standard heat pipe are shown in 
Figure 1.1. In the longitudinal direction the heat pipe is made 
up of an evaporator section and a condenser section. Further, 
adiabatic section can be included to separate the evaporator 
and condenser section. The cross-section of the heat pipe 
consists of the container wall, the wick structure and the 
vapor space. If the wick is not used in the heat pipe structure 
then it is known as thermosyphon. In thermosyphon, working 
fluid returns from condenser to evaporator by gravity action. 
 

 
Figure 1.1 Main regions of heat pipe. 

 
Heat transfer capability of a heat pipe is limited by five 

physical phenomena which are: the boiling limit, the sonic 
limit, the viscous limit, the capillary limit and the entrainment 
limit form. As shown in figure 1.2. 

 

 
Figure 1.2 Limitations to heat transport in heat pipe. 
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II. OBJECTIVE AND MOTIVATION 

 (a)  To analyze the fluid flow behavior over tube bundles in 
HPHE 
 (b)  To analyze the pressure drop in HPHE 
 (c)  To analyze the temperature distribution through HPHE 
system. 

The motivation of the work is the analysis of the fluid 
behavior inside HPHE using CFD. Because Computational 
Fluid Dynamic (CFD) is very useful tool to predict the 
internal fluid flow behavior (single and multiphase flow), 
distributions of flow field and numerical simulations of any 
complex geometry. CFD can predict approximate results 
without carrying any experimentation on protocol or models 
and also tends to reduce the experiment cost. Due to these 
advantages CFD is nowadays widely used in industrial 
purposes and research areas. 

III. METHODOLOGY 

       Analysis of temperature distribution Heat Pipe Heat 
Exchanger. Using Computer Aided Designing (CAD) tool a 
model was drawn of the HPHE. After modeling the flow 
domain, the physical parameters or boundary conditions were 
imposed over it. Then flow domain was discretized in 
number of elements or cell in other words tetra meshing was 
done in ANSYS ICEM. A complete discretized flow domain 
was imported into the ANSYS code to simulate the problem. 
Input parameters such as (mass flow rate, fluid properties, 
temperature, turbulent model, convergence criteria etc.) were 
given as per boundary conditions. 

IV. MODELING AND SIMULATION 

Computational fluid dynamics (CFD) is an important tool 
which is used to solve problems associated with fluid flow, 
heat flow and much more, by simulating the same in the 
computer. The CFD solves the problem by using various 
numerical approaches and by algorithms that finally helps to 
optimize the results without any experimentation on physical 
models or prototype. The flow visualization characteristic of 
the code inside the domain makes it a very power-full tool in 
the research field and other areas. CFD divides the flow 
domain into number of cells and solves the governing 
equations for each cell by converting partial differential 
equations into algebraic form. 

The accuracy and validity of the CFD depends upon the 
number of factors: quality of mesh, models, type of boundary 
conditions, convergence criteria level and significance of the 
obtained results.  

CFD simulation is a process to get the solution, 
information about the flow field inside, around and over any 
simple or complex geometry. The few steps have been 
derived to complete the process. 
Preprocessing:  It is the first stage of the simulation in which 
modeling and meshing is done over the flow domain. 
Modeling:  In the modeling the flow domain or geometry is 
created in the various codes like ANSYS, Pro-E, and 
Solid-works etc. As per the dimensions of the model. The 
modeling of the flow domain may be 2D or 3D. 
Meshing:  In the mesh generation, the flow domain is 
discretized into small number of elements. A fine mesh 
generates more accurate solutions than course mesh but it 
takes long computing time and more power is consumed. 

Solver:  It is the secondary stage of the CFD analysis process 
in which all the physical boundary conditions, flowing 
materials, flow parameters, convergence criteria are assigned 
or set up to get the solution. 
Post Processing:  It is final stage of the CFD-analysis process 
in which iterations are performed and after the completion of 
the iterations the results in the form of contour and vectors are 
plotted. 
Turbulence is an unwanted vortices or unsteadiness in the 
flow areas of flowing fluid due to change in the properties 
like momentum diffusion, variation in pressure and velocity 
with respect to space and time. Some turbulence models 
include:  
Realizable k- : The model is suitable for the complex shear 
flow pattern and also associated with transient or swirl flow. 
Standard k- : This model is mostly used where the pressure 
gradient is very less and minor separation near the walls is 
occurred. 

V. COMPUTATIONAL FLUID DYNAMIC 

MODELING 

A model of HPHE has been modeled in Computer Aided 
Designing Software (Solid Works) v. 2017 as shown from 
Fig 5.1 to Fig 5.5. 
 

 
Figure 5.1 Dimensions in (mm) 

 

(a)                                  (b) 

Figure 5.2 (a) (b) 
 

 
Figure 5.3 HPHE with 72 tubes 
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Figure 5.4 HPHE dimensions (in mm) with fillet near  

ends 

 
Figure 5.5 HPHE model with fillet near entry and exit. 

After modeling the HPHE has been imported in the ANSYS 
software module ICEM-CFD, where the model has been 
discretized into small number of elements. The size and 
shape of the elements are given in the Table 5.1 and shown by 
figure 5.6. 
 

 

(a)                               (b) 

      Figure 5.6 Meshing (a) on walls, (b) cone and tubes. 
 

Table 5.1 Mesh size at different regions 

Element 
size 

(mm) 
Region/Part/Section 

Type of 
elements 

30 Inlet 

Triangular 
shape 

elements 

30 Outlet 
30 Wall-Outer-fillet-zone 
30 Wall-tubes 

100 Wall-Cone 
100 Wall-Outer 

 
Temperature distribution is evaluated using standard HPHE 
by enlarging the entrance area and by varying the cone angle 
as given detail in Table 5.2. 
 
 
 
 

 
                   Table 5.2: Total number of elements 

Geometry type 
Case 
number/name 

Total-Elements 

Geometry with 30cm x 
30cm inlet and outlet 
sections. 

Case-1.(a) 929750 

Geometry with 30cm x 
30cm inlet and outlet 
sections with 10cm 
fillet near entrance of 
HPHE. 

Case-1.(b) 943062 

Geometry with enlarge 
inlet and outlet 
sections. 

Case-2.(a) 943930 

Geometry with enlarge 
inlet and outlet 
sections with 10cm 
fillet near entrance of 
HPHE. 

Case-2.(b) 952690 

Geometry with plate 
near the entrance. 

Case-3.(a) 2148130 

Geometry with plate 
near the entrance and 
with 10cm fillet near 
entrance of HPHE. 

Case-3.(b) 1358846 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 36.03o 
cone near entrance of 
HPHE. 

Case-4.(a) 936711 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 36.03o 
cone and 10cm fillet 
near entrance of 
HPHE. 

Case-4.(b) 941942 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 30o cone 
near entrance of 
HPHE. 

Case-4.(c) 935082 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 30o cone 
and 10cm fillet near 
entrance of HPHE. 

Case-4.(d) 940656 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 45o cone 
near entrance of 
HPHE. 

Case-4.(e) 933734 

Geometry with 30cm x 
30cm inlet and outlet 
sections using 45o cone 
and 10cm fillet near 
entrance of HPHE. 

Case-4.(f) 942951 
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The physical boundary conditions which are imposed in this 
CFD simulation while using the ICEM and Fluent code are 
given in Table 5.3. Generally, the boundary conditions 
depend upon the flow field and type of flow domain. 
Simulation of the thermal analyses is carried out to predict 
the temperature distribution, to evaluate the velocity and total 
kinetic energy using the single phase model. Hot-air is used 
as a continuum inside the flow domain. 

Table 5.3: Input models, parameters and boundary           
conditions for simulation. 

Type Description Input 

Model 
Turbulent 
model 

 Energy Equation 
 Standard 

k- -Realizable 
 Standard wall 

function type. 

Materials Properties 

 Flowing fluid: hot 
Air or Gas 

 Density 
0.88kg/m3 

 Thermal 
conductivity: 95 
W/m-k 

 Viscosity: 2e-05 
kg/m-s 

 Solid domain 
Operating 
conditions 

Gravitational 
acceleration 

 -9.81 in vertical 
downward 

Boundary 
Condition 

Inlet 

 Mass flow inlet: 
3.75kg/sec. 

 Thermal 
condition: 793k. 

Outlet  Outflow 

Walls 

 No-slip 
 Pipe Wall flux: 

-156865 W/m2 or 
-2178.680/72 
W/m2 tubes 

Solution 
controls 

Discretization 

 Pressure : standard 
 Momentum: first 

order upwind 
 Turbulence kinetic 

energy: first order 
upwind 

 Turbulence 
dissipation rate: 
first order upwind 

 Energy solution: 
second order. 

Solution 
parameters 

Defaults  

 

VI. RESULTS AND DISCUSSIONS 

A. TEMPERATURE DISTRIBUTION. 

The temperature detail at the inlet and outlet section of HPHE 
were evaluated while simulation process as given in Table 
6.1.The temperature near the center region is higher as 
compared to the top and bottom zone of the HPHE and tube 
bundle in case-1(a){Refer Table 5.2}. The temperature drop 

found between inlet and outlet section of case-1.(a) and 
case-1.(b) is 19.40k and 16.70k respectively. The 
temperature drop is found between inlet and outlet section of 
case-2.(a) and case-2.(b) is 18.60k and 16.19k respectively. 
The results of case-3.(a) and case-3.(b) are almost similar to 
case-1.(a) and  case-1.(b) respectively. Means less 
significance of the plate is observed. But with cone with 
30degree temperature drops in upper section rather than 
lower section which is further improved in case-4(d). 
Moreover a uniform temperature distribution can be seen in 
case-4(e) and 4.(f) as shown in fig 6.1 to  fig 6.4. 

Table 6.1: Temperature drop between inlet and outlet. 

Case-number TIN (k) TOUT (k) ∆T (k) 
CASE-1.(a) 793 773.60 19.40 
CASE-1.(b) 793 776.30 16.70 
CASE-2.(a) 793 774.4 18.60 
CASE-2.(b) 793 776.81 16.19 
CASE-3.(a) 793 774.20 18.80 
CASE-3.(b) 793 774.23 18.76 
CASE-4.(a) 793 775.62 17.37 
CASE-4.(b) 793 774.30 18.69 
CASE-4.(c) 793 774.32 18.67 
CASE-4.(d) 793 774.80 18.19 
CASE-4.(e) 793 774.04 18.95 
CASE-4.(f) 793 774.40 18.59 

 

 
Fig 6.1 Case 4(c) 

 

 
Fig 6.2 Case 4(d) 
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Fig 6.3 Case 4(e) 

 

 
Fig 6.4 Case 4(f) 

 

 B.    VELOCITY DISTRIBUTION. 

The study of velocity distribution reveals that a long jet type 
flow is observed near the horizontal axis region for case-1.(a)  
but this jet type flow becomes shorten in case 1.(b) due to 
rounding  the sharp corners  near the entrance and exit zone of 
HPHE. The axial velocity in x-direction is decreased from 
37m/s to 10m/s contrary increases (in y and z) directions for 
case 2(a). Similarly for case 2(b) velocity changes from 
27m/s to 9 m/s  at the center line of the HPHE. Velocity at the 
vertical mid line is slightly higher than case-1(a), case-1(b),  
case-2(a) and  case-2(b). By using the cone hot-gases flow is 
divided into three different sections upper, middle and lower.  
With cone angle 36.03 degree maximum flow is imparted to 
central region shown but found as symmetric in following 
case. With cone angle 30 degree maximum flow is imparted 
to lower side  but found as symmetric in case-4.(d). Although 
with cone angle 45 degree maximum flow is imparted 
symmetric but found as more uniform and symmetric over 
the tubes zone in case-4.(f). 

 
Fig 6.5.  Case 4(c) 

 
Fig 6.6. Case 4(d) 

 

 
Fig 6.7 Case 4(e) 

 

 
Fig 6.8 Case 4(f) 

C.    TOTAL KINECTIC ENERGY. 

As the corners are rounded in case 1(b) the axial velocity (y 
and z directions) increases (rather than x-axis) which tends to 
create expanded or more turbulence kinetic energy exists. 
Hence TKE helps to make uniform temperature distribution 
over the tube as compare to case 1(a). The T.K.E decreases 
up to certain extent which tends to improve the temperature 
distribution over the tube bundle for case 2(a) and case 2(b). 
Very less T.K.E exists in case 2(b) due to enlarging and 
rounding near the entrance and exit zones. The maximum 
T.K.E is found as 46.26 j/kg in case-3(a) and 25.66 j/kg for 
case 3(b). Maximum T.K.E for case-4(a) is observed as 
127j/kg which reduced to 54 j/kg in case 4(b). However with 
decreasing the con angle max. T.K.E is observed as 159.2 
j/kg and 39.78 j/kg for case-4(c) and case 4(d) respectively. 
Similarly for 45 degree cone angle T.K.E is completely 
separated in three section upper middle and lower.  
 
 

https://www.openaccess.nl/en/open-publications


CFD Analysis of Heat Pipe Heat Exchanger to Predict the Temperature Distribution. 
 

 

2675  

 

Retrieval Number: D1830029420/2020©BEIESP 
DOI: 10.35940/ijitee.D1830.029420 
Journal Website: www.ijitee.org 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

 

 
 

 
 
 

Hence max T.K.E for case 4(e) and case 4(f) is evaluated as 
117.4   j/kg and 34.31 j/kg respectively. 
 
 

 
Fig 6.9 Case 3(b) 

 

 
Fig 6.10 Case 4(f) 

VII. CONCLUSIONS 

As per this CFD analysis, high temperature distribution over 
the pipe-bundle is found at middle zone only which becomes 
wider with enlarging the inlet cross-section. By using plate, 
almost same temperature distribution is found as in case 1. 
But better temperature distribution   was found with cone. 
However temperature distribution was improved with 
rounding the sharp comers. Jet type flow was observed in 
case-1.(a) which becomes smoother with enlarging inlet area 
and was imparted two and three sections by using plate and 
cone respectively. Although round corner have made uniform 
flow for all the cases just because of changing the turbulence 
kinetic energy near the round zones. Maximum Pressure drop 
is found as 2142.741 Pascal whereas minimum Pressure drop 
is observed as 482.22. It is observed that pressure drop is 
reduced up-to certain extent with the help of round corners at 
entry and exit rather than sharp corners. 
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