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Abstract: Miniaturization, Integration of functionality and speed increase are recognized as business drivers in electronics
industry today. The aspects increase power dissipation, high temperatures and affects reducing sizes because of limitations in
cooling techniques. Heat pipes come handy in these situations as they operate with highest heat conductance compared to any
other mode of heat transfer and available over wide range of parameters. It consists of an evaporative section, adiabatic section,
and condensing section. The working fluids generally used are water, ethanol, acetone, sodium, and mercury. Various
applications include heat exchanges in electrical and electronic equipment, air-conditioners, refrigerators, heat exchangers,
transistors, capacitors, ovens, furnaces, production tools, transportation etc. Heat pipes are also used in laptops to reduce the
working temperature for better efficiency. Their application in the field of cryogenics is very significant, especially in the
development of space technology.

In this work, the effect of heat pipe process parameters i.e. mass flow rate of cooling medium (water), inclination angle and heat
input on the thermal performance of thermosyphon and Sintered copper wick heat pipe were studied Numerically by using
ANSYS FLUENT.
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I. INTRODUCTION
Heat pipe is a heat transfer device which can transport large quantities of heat through a small cross - sectional area over a
considerable distance with no additional power input to the system. It can combine the principles of both thermal conductivity and
phase transition to efficiently manage the transfer of heat between two solid interfaces. Due to the very high heat transfer
coefficients for boiling and condensation, heat pipes are highly effective thermal conductors. Furthermore, design and
manufacturing simplicity, small end to end temperature drops, and the ability to control and transport high heat rates at various
temperature levels are unique features of heat pipes.

A. Historical Development

The predecessor of the heat pipe, the Perkins tube, was introduced by the Perkins family from mid-nineteenth to the twentieth
century through a series of patents in the United Kingdom. Most of the Perkins tubes were wickless gravity- assisted heat pipes
(Thermosyphon), in which heat transfer was achieved by change of phase. The Perkins tube design closest to the present heat pipe
was patented by Jacob Perkins (1836).

The introduction of the heat pipe was first conceived by Gaugler (1944) [3]. In 1962, Trefethen resurrected the idea of a heat pipe in
connection with the space program. Later Grover et.al (1964) [6] and Grover (1966) [10] built several prototype heat pipes, the first
of which used as a working fluid and was soon followed by a sodium heat pipe which operated at 1100 K.

Grover gave a very limited theoretical analysis on heat pipes, but presented experimental results obtained from stainless steel heat
pipes incorporating a screen wick with sodium, silver and lithium as working fluids.

In 1964, RCA (Radio Corporation of America) was the first commercial organization to perform heat pipe research. Heat pipes were
constructed using copper, nickel; stainless steel, molybdenum and TZM molybdenum containers, and working fluids such as water,
cesium, sodium, lithium and bismuth were used.

The recognition of the heat pipe as a reliable thermal device was initially due to the preliminary theoretical results and design tools
that were reported in the first publication on heat pipe analysis by Cotter (1965).

The components of a heat pipe are a sealed container (pipe wall and end caps), a wick structure, and a small amount of working
fluid which is in equilibrium with its own vapor. The length of a heat pipe is divided into three parts: evaporator section, adiabatic
(transport) section and condenser section.
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A heat pipe may have multiple heat sources or sinks with or without adiabatic sections depending on specific applications and
design. Heat supplied to the evaporator section by an external source is conducted through the pipe wall and wick structure, where it
vaporizes the working fluid. The resulting vapor pressure drives the vapor through the adiabatic section to the condenser, where the
vapor condenses, releasing its latent heat of vaporization to the provided heat sink as shown in the Figure 1.1.
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Fig.1.1 Heat pipe showing principle of operation and circulation of the working fluid.

The capillary pressure created by the menisci in the wick pumps, the condensed fluid back to the evaporator section. Therefore, the
heat pipe can continuously transport the latent heat of vaporization from the evaporator to the condenser section. This process will
continue as long as there is a sufficient capillary pressure to drive the condensate back to the evaporator.

A capillary pressure exists at the liquid-vapor interface due to the surface tension of the working fluid and the curved structure of
the interface. The difference in the curvature of the menisci along the liquid-vapor interface causes the capillary pressure to change
along the heat pipe. This capillary pressure gradient circulates the fluid against the liquid and vapor pressure losses, and adverse
body forces such as gravity. The vapor pressure changes along the heat pipe due to friction, inertia and blowing (evaporation) and
suction (condensation) effects, while the liquid pressure changes mainly as a result of friction.

Yanxi Song et.al [1] measured the chaotic way of behaving of closed loop oscillating heat pipe or pulsating heat pipes (PHPs). The
PHPs were manufactured by capillary vessel with outer diameter of 2.0mm and inner diameter of 1.20mm. FC-72 (C6F14,
perfluoro hexane) and deionised water were used as the fluent. They conducted the investigation by keeping number of turns as
4, 6 and 9 and inclination angle from 5[] to 9007, mass-charge ratios between 50% and 80% and calorific value from 7W to 60W.
The outcomes showed that at lower inclination angles, interrelated dimensions are not proportionate at distinct turns of PHP’s.
The non-proportionality of interrelation dimensions is remarkably upgraded with increase in the inclination angle. The
maximum mass-charge ratio is about 60-70%. The more the heating power, greater is the Kolmogorov entropies and correlation
dimensions. For almost runs, Kolmogorov entropies and large correlation dimensions resemble to lower thermal resistances, i.e.,
finer thermal performance, apart from FC-72 PHPs at minor inclination angle of 6<15°.

Sameer Khandekar et.al [2] reported that a pulsating heat pipe exhibits numerous functioning quasi-steady states when the working
and limiting conditions are maintained stable in their study. Continuous online measures of temperature and static pressure at key
places, as well as flow simulation, have been recorded for even more than twelve hours each experimental session of fabrication for
a defined heat load level and volume filling ratio. Four different quasi-steady states have been seen. The distinct characteristic two-
phase fluid flow and accompanying efficient device conductivity that define each quasi- steady phase show the robust thermo-
hydrodynamic connection that controls the thermal efficiency. Continuous linear flow rotations make up the quasi- steady phase
with the highest thermal performance, whereas the state with poor thermal efficiency is defined by the periodic setbacks in the
stream in both directions. In order to contrast the optimal thermal effectiveness of a flat thermal pipe-thermal component application
in an increased VGA card air conditioning system with a conventional copper metal sheet embedded with three 6 mm diameter heat
exchanger module under 3 different angles of 0°, 90°, and 180°. Jung-Chang Wang [3] researched the 3-D experimental
and numerical methods. The straight heat exchanger module seems to have the highest thermal performance at a high GPU power
of 180 W and 180° of inclination, according to the results. Around 5%, simulated results and observational results are all in
excellent accordance.
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I1. NUMERICAL STUDIES ON THERMOSYPHON HEAT PIPE

Computational analysis is used to estimate the heat transfer coefficient and thermal resistance characteristics of working fluid i.e.
water flowing through a vertical circular thermosyphon heat pipe. The vertical thermosyphon is modeled and meshed by using
CATIA V5 R21 software; geometry of the heat pipe is created in and imported flow problem is analyzed by ANSY'S fluent database.
The dimensions are, inner diameter of 14.0 mm, length 565 mm, tube material is copper, working fluid is water.
Inlet (evaporator) boundary condition as heat flux, mass flow rate in the condenser region and outlet temperature
boundary condition are used to simulate the heat transfer coefficient and thermal resistance of working fluid at
different heat inputs and cooling fluid variation in the condenser jacket.

The basic procedural steps to obtain CFD simulated results are shown below.
1) Creating the model geometry and mesh using CATIA V5 R21.

2) Start the appropriate solver for 2D or 3D modeling in ANSY'S Fluent.
3) Import the grid into ANSYS Fluent.

4) Check the grid.

5) Select the solver formulation.

6) Choose the basic equations to be solved.

7) Specification of material properties.

8) Specification of boundary conditions

9) Adjusting the solution control parameters.

10) Initializing the flow field.

11) Startrun in solver.

12) Examining the results.

13) Saving the results.

A. CFD Analysis for Thermosyphon
2D and isometric view of geometric model created for thermosyphon heat pipe using CATIA V5 R21 are shown in
the figures 2.1 and 2.2 respectively.

000 100.00 200.00 (mm)
N S—— )

Em 5000 150.00

Fig.2.2 Isometric view of the geometric model created for Thermosyphon heat pipe.
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B. ANSYS Fluent Setup

Numerical simulations were carried out using the commercial CFD software package ANSYS Fluent. The first step
taken for after importing the mesh geometry into ANYSYS Fluent involves checking the mesh/grid for errors. Checking
the grid assures that all zones are present and all dimensions are correct. When the grid is checked completely and free
of errors, a scale and units are assigned. For this study, the grid was created in mm and then scaled to meters. For doing
mesh, sweep method is used. In this, the mesh is divided into both quadrilateral and tri-diagonal as shown in the figure
2.3. The element size for evaporator, adiabatic and condenser is taken as 1 mm and for wick and water the element size
is taken as 0.5 mm, 155117 nodes and 149580 elements were generated. Once the grid and mesh were set, the solver and
boundary conditions of the system were then set and cases were run and analyzed.

0.00 30.00 60.00 (mm)
——

15.00 45.00

Fig.2.3 Thermosyphon heat pipe with mesh

C. Defining the Boundary Conditions

Mass flow inlet boundary condition is used to define the flow rate, along with all relevant properties of the liquid-vapor flow at the
inlet of vertical thermosyphon heat pipe. By varying heat input and mass flow rate in cooling water jacket, computational analysis
is carried out at different heat inputs.

Initially the pressure of the fluid inside the heat pipe is taken as 94431 Pa and outlet pressure condition 6894 Pa is considered as in
the cooling water jacket. Constant wall heat flux 7240 W/m2 on the outer surface of the evaporator section (200mm) is applied.
Under the Cell zone conditions, the evaporator, adiabatic and condenser sections are taken as solid and wick and water are taken as
fluid. For a wick 0.525 porous is adopted, the boundary conditions for Thermosyphon, sintered wick and Grooved wick heat pipe
for their simulations.

I11.RESULTS AND DISCUSSION
A. Thermosyphon heat pipe
Three dimensional numerical simulations were performed for different heat inputs at evaporator section 100 W — 300 W (in a step
of 50 W), mass flow rates 0.01, 0.015 and 0.02 kg/sec of cooling water flow rate in condenser jacket. Temperature variation,
volume fraction and pressure variation are shown in the figures at 0.01 kg/sec. Thermosyphon heat pipe subjected to constant
wall heat flux boundary condition at evaporator section.
1) Temperature Contours

Fig. 3.1 Temperature variation along the surface of thermosyphon heat pipe
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For the given heat inputs varying from 100 W to 300 W, the corresponding average of surface temperatures (Te and Tc)
increasing at evaporator section 306.2 K and decreasing at the condenser section 297.983 K as shown in the fig 3.1. This is due to
thermosyphon heat pipe may not dissipate all the heat absorbed by working fluid from the evaporator section to the condenser
section. The heat pipe is a heat transfer device for dissipating entire heat from the source, but due to vertical orientation
thermosyphon pipe is unable to dissipate all.

2) Pressure Contours

Fig. 3.2 Pressure variation of inside working fluid along the length of thermosyphon heat pipe

The fluid pressure variation in the thermosyphon heat pipe as shown in the figure 3.2. The maximum pressure was obtained at the
evaporator section is 0.014748 Pa. The minimum pressure obtained at the condenser section is - 0.008764 Pa. The pressure drop
occurs from evaporator section to condenser section due to sudden fall of condensate liquid. There is no much heat exchange time
at condenser zone. So that sudden fall of pressure drop in the heat pipe.

3) Volume Fraction Contours

Fig. 3.3 Volume fraction variation along the length of thermosyphon heat pipe
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The variation of volume fraction (dry vapor to total mass of the fluid) in the thermosyphon heat pipe is shown in the figure 3.3. The
maximum volume fraction is 0.00620 Pa at evaporator section and minimum 0.0005938 Pa. ldentification of each individual
molecule of dry vapor and water particles in the evaporated form is difficult. But volume fraction was higher in the
magnitude signifies that more dry vapor forms.

4) Velocity Vector Contours

0 m 001 (m)

Fig.3.4 Velocity Vectors in the evaporator region of thermosiphon

Fig. 3.5 Velocity Vectors in the adiabatic region of thermosyphon
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Fig. 3.6 Velocity Vectors in the condenser region of thermosyphon

Figure 3.4, 3.5 & 3.6 depicts velocity vectors of evaporator region, adiabatic region and condenser section for thermosyphon
heat pipe. However, we observe 0.00499m/s to 0.0122m/s velocity variation.

12000
——0=15°
10000 —a— 0=30°
—a-0=60"
8000
- 0=90°
6000
4000
2000
0
0 50 100 150 200 250 300 350
HEAT INPUT (W)

Fig.3.7 Variation of heat transfer coefficient with heat input and orientation of sintered copper wick heat pipe

Figure 3.7 depicts the variation of heat transfer coefficient with heat input and different orientation of sintered copper wick heat pipe.
However, it was observed that at 600 orientations had high heat transfer coefficient and lower heat transfer coefficient at 900
orientations. The heat transfer coefficient increased with increase in the heat pipe angle up to 600, there onwards it decreases.
Because of heat exchange time changes.
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IV.CONCLUSIONS

In this work numerical investigations of the effect of heat pipe process parameters such as coolant mass flow rate (m), Orientation
and heat input (Q) to the Thermosyphon and sintered wick heat pipe was examined.

According to the numerical results, when the heat input (Q) and mass flow rate (m) of the coolant increase, the
thermal resistance (Rth) decreases from 0.0709 to 0.02057 K/W and the heat transfer coefficient and the heat transfer
coefficient Continuously increases 1413.50 to 4872.65 W/m2 K, which signifying an improvement in thermal performance of heat
pipe. For different heat inputs conditions, the temperature, velocity, and volume of fraction contours are analyzed and discussed. It
was found that when heat input increases, the heat transfer coefficient rises while thermal resistance was decreased.
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