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Abstract— Heat pipe is a heat transfer device that combines 

the principles of thermal conductivity and phase transition to 

efficiently manage transfer of heat between two solid 

interfaces. The main feature of heat pipe is that it can be 

designed to transport heat between the heart source and the 

heat sink with very small temperature difference. The factors 

affecting the performances of heat pipe in various limits such 

as Viscous limit, Sonic limit, Capillary limit, Boiling limit, 

Entrainment limit. Enhancement in Performance of heat pipe 

can be done on the basis of selection of various working 

fluids. Based on Orientation of pipe, performance can be 

analyzed and results obtained are compared with horizontal 

orientation. Another main component is its wick structure 

.The wick structure and the working fluid in the heat pipe play 

a very important role in thermal performance of heat pipe. 

Wick structure is responsible for capillary pumping force and 

is directly limited to capillary limit. Position of condenser and 

evaporator i.e. the inclination of heat pipe affects is thermal 

performance. Heat pipe performance with composite wick 

structure at different angles of inclination and acetone as 

working fluid is studied. 
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I. INTRODUCTION 

The interest in the use of heat pipes for thermal management 

is recognized in many industrial applications. For example 

the thermal management of electronic equipment has become 

an important issue because of increasing power levels along 

with the miniaturization of the devices. With the advent of 

denser device packaging and faster intrinsic speeds, cost, 

reliability and size have been improved, but it requires new 

cooling solutions often based on liquid/vapor phase change 

systems. As a first approach, the thermal performance of a 

heat pipe can be characterized by both its overall thermal 

resistance and its maximum power in horizontal and vertical 

positions. These characteristics depend mainly on the 

capillary structure, which is usually made of grooves, meshes, 

sintered powder or a combination of them. Furthermore, 

several heat sources can be located on them, which is 

interesting to cool electronic cards, with many electronic 

components. [5] 

II. SPECIFICATION OF COMPONENTS 

One of the design parameter of heat pipe is selecting the 

operating temperature range. In this project setting the 

Operating temperature range as 20-70oC, since there are 

many conventional application falling in this range. The 

boiling point of the acetone falls in the selected operating 

temperature. Selecting the working fluid as acetone, since 

useful range of acetone is 0-100oC. The compatible material 

for acetone is steel with high thermal conductivity. Hence, the 

steel is selected as pipe wall material. The larger the diameter 

more cross-sectional area available to allow the vapor to 

move from the evaporator to condenser. This allows the 

greater power carrying capacity. Hence, selecting the outer 

diameter 12mm and length 250mm, with L/D=20.83 as it will 

give a greater power carrying capacity and better 

understanding of fluid flow will be performed on it. 

A. Specifications 

1) Wall Material: Steel 

2) Working Fluid: Acetone 

3) Wick Structure: Meshing 

4) Thermocouple: Chromel Alumel Type 

 
Fig. 1: Steel Heat Pipe 

B. Dimensions 

1) For Heat Pipe 

1. Length of pipe: 250mm 

2. Outer diameter of heat pipe: 12mm 

3. Inner diameter of heat pipe: 10mm 

4. Mesh size: 180 holes/inch 

5. Diameter of wire: 0.04m 

2) For Control Panel 

a) Ammeter: 0-5 mA. 

 
Fig. 2: Analog Ammeter 
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b) Voltmeter: 0-300 V.  

 
Fig. 3: Analog voltmeter 

c) Temperature Indicator: Digital Temp. 

Indicator (0°C-600°C) with Cr/Al 

Thermocouple. 

 
Fig. 4: Digital Temp. Indicator 

 
Fig. 5: K-Type Thermocouple 

d) Thermostat Maintains Temperature at desire 

point. 

 
Fig. 4.6: Thermostat 

 

C.          Mechanical Kit 

Sr. No Component Quantity 

1 Heat pipe 1 

2 Ammeter 1 

3 Voltmeter 1 

4 Thermostat 1 

5 Temperature Indicator 1 

6 K-Type Thermo Couple 2 

Table 1: Mechanical Kit 

III. WORK METHODOLOGY ADOPTED 

 The experiment is conducted on composite meshes wick 

structure heat pipe by varying the input and the angle of 

inclination.  

 The set-up consists of a stand which is used to support 

heat pipe and incline it at desired angles to study the 

effect of gravity.  

 The angle is set with the help of magnet base protractor 

from 0° to 90°. 

 Thermostat senses the temperature of a system so that the 

system’s temperature is maintained near a desire point. 

 A Digital Temperature Indicator measures the 

temperature of heat pipe at input and output while current 

and voltage readings are measured through analog 

ammeter and voltmeter.  

The heat pipe is placed in the position as shown in the 

experimental setup. The degree of inclination is then set by 

magnet base protractor. Two thermocouples are fixed to the 

two ends of the heat pipe (i.e. one at evaporator section and 

other at condenser section) with the help of locking screw. 

The heater is placed at evaporator section and the heat input 

is given by switch on in the heater.  

 
Fig 6.1: Experimental Test Bed 

The temperatures at evaporator and condenser 

sections are measured using thermocouple which is displayed 

on the setup. The temperatures are noted once the system 

reaches the steady state. The same procedure is conducted by 

varying the inclination and readings are noted.  
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IV. OBSERVATION & CALCULATION 

A. At an Inclination Angle - 0° 

Sr.

no 

Ang

le 

(ө) 

T1 

(°

C) 

T2 

(°

C) 

ΔT 

(°

C) 

Avg.(

ΔT) 

(°C) 

T2/

T1 

 

Avg.(



1 0 42 39 3 
 

4 

0.928 
 

0.91 
2 0 45 41 4 0.911 

3 0 48 43 5 0.895 

Table 2: Observation for 0° Inclination 

B. At an Inclination angle - 30° 

Sr.

no 

Ang

le 

(ө) 

T1 

(°

C) 

T2 

(°

C) 

ΔT 

(°

C) 

Avg.(

ΔT) 

(°C) 

T2/

T1 

 

Avg.(



1 30 39 36 3 
 

3 

0.923 
 

0.92 
2 30 41 47 4 0.902 

3 30 43 41 2 0.953 

Table 3: Observation for 30° Inclination 

C. At an Inclination angle - 60° 

Sr.

no 

Ang

le 

(ө) 

T1 

(°

C) 

T2 

(°

C) 

ΔT 

(°

C) 

Avg.(

ΔT) 

(°C) 

T2/

T1 

 

Avg.(



1 60 39 37 2 
 

2.33 

0.948 
 

0.94 
2 60 42 39 3 0.928 

3 60 44 42 2 0.954 

Table 4: Observation for 60° Inclination 

D. At an Inclination angle - 90° 

Sr.

no 

Ang

le 

(ө) 

T1 

(°

C) 

T2 

(°

C) 

ΔT 

(°

C) 

Avg.(

ΔT) 

(°C) 

T2/

T1 

 

Avg.(



1 90 42 40 2 
 

1.33 

0.952 
 

0.96 
2 90 45 44 1 0.977 

3 90 47 46 1 0.978 

Table 5: Observation for 90° Inclination 

V. RESULT 

Average efficiency of heat transfer through heat pipe at 

inclination 00 is 91%. Average efficiency of heat transfer 

through heat pipe at inclination 300 is 92%. Average 

efficiency of heat transfer through heat pipe at inclination 600 

is 94%. Average efficiency of heat transfer through heat pipe 

at inclination 900 is 96%. 

VI. DISCUSSION 

Efficiency of Heat pipe is more when Heat pipe is at vertical 

position that is at 90° therefore it is a favorable position of 

heat pipe. while efficiency goes on decreasing as we inclined 

the heat pipe through various angle to a horizontal position  

which will result in unfavorable condition of heat pipe. 

VII. CONCLUSION 

The orientation is important for the operation of a heat pipe. 

Depending on conditions, a heat pipe can operate in 

horizontal position or in vertical position. For the horizontal 

position of a heat pipe, gravity has no effect. But in vertical 

position gravity can assist or oppose to the operation of the 

heat pipe. The tilt of a heat pipe is classified into two types; 

favorable tilt and adverse tilt. Favorable tilt is the tilt position 

where gravity assists heat pipe operation. In favorable tilt, 

condenser is positioned above evaporator. By this way, liquid 

return from condenser to evaporator is assisted by gravity. 

Therefore, capillary pumping pressure can overcome more 

pressure losses and this increases the heat transfer capacity of 

the heat pipe, in terms of capillary limit. Other type is adverse 

tilt. In this tilt condition, evaporator is positioned above 

condenser. Therefore, the liquid in the condenser shall 

overcome gravity force to return to evaporator. This creates 

extra drag for capillary pumping pressure to overcome. As a 

result, heat transfer capacity of the heat pipe decreases. 

Therefore, it is preferable for a heat pipe to operate in 

favorable tilt position, if possible. 

VIII. FUTURE SCOPE 

The subject of heat pipe science has immense importance in 

a large variety of traditional engineering disciplines. The sub-

discipline of heat pipe science has its foundation in several 

classical fields, such as fluid mechanics, heat transfer, 

thermodynamics and solid mechanics. 

Heat pipe science also provides an opportunity for 

scientists and engineers to apply a variety of complex 

physical phenomena and fundamental laws in the thermal-

fluids area to a relatively simple system, such as the heat pipe. 

This includes the steady and unsteady forced laminar and 

turbulent convective heat and mass transfer, compressible 

vapor effects, phase-change phenomena, boiling, 

condensation/evaporation, two-phase flow, rotating flows, 

thin film flows, liquid flow in porous media, rarefied gases, 

interfacial heat and mass transfer, magneto-hydrodynamic 

flows, and conjugate heat transfer effects. The heat pipe is a 

highly effective passive device for transmitting heat at high 

rates over considerable distances with extremely small 

temperature drops, exceptional flexibility, simple 

construction, and easy control with no external pumping 

power. Engineers, scientists and graduate students interested 

in heat pipe science often times struggle and spend 

considerable time poring through archival publications or the 

contents of heat pipe books in order to understand and predict 

a heat pipe system. 

A. Spacecraft  

The spacecraft thermal control system has the function to 

keep all components on the spacecraft within their acceptable 

temperature range. This is complicated by the following: 

 Widely varying external conditions, such as eclipses  

 Micro-g environment  

 Heat removal from the spacecraft by thermal radiation 

only  

 Limited electrical power available, favoring passive 

solutions  

Some spacecraft are designed to last for 20 years, so 

heat transport without electrical power or moving parts is 

desirable. Rejecting the heat by thermal radiation means that 

large radiator panes (multiple square meters) are required. 

Heat pipes and loop heat pipe are used extensively in 

spacecraft, since they don’t require any power to operate, 

operate nearly isothermally, and can transport heat over long 
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distances. The heat pipes are formed by extruding aluminum, 

and typically have an integral flange to increase the heat 

transfer area, which lowers the temperature drop. Grooved 

wicks are used in spacecraft, instead of the screen or sintered 

wicks used for terrestrial heat pipes, since the heat pipes don’t 

have to operate against gravity in space. This allows 

spacecraft heat pipes to be several meters long, in contrast to 

the roughly 25 cm maximum length for a water heat pipe 

operating on Earth. Ammonia is the most common working 

fluid for spacecraft heat pipes. Ethane is used when the heat 

pipe must operate at temperatures below the ammonia 

freezing temperature. 

B. Solar Thermal 

Heat pipes are also widely used in solar thermal water heating 

applications in combination with evacuated tube solar 

collector arrays. In these applications, distilled water is 

commonly used as the heat transfer fluid inside a sealed 

length of copper tubing that is located within an evacuated 

glass tube and oriented towards the sun. In connecting pipes, 

the heat transport occurs in the liquid steam phase because the 

thermal transfer medium is converted into steam in a large 

section of the collecting pipeline. In solar thermal water 

heating applications, an individual absorber tube of an 

evacuated tube collector is up to 40% more efficient 

compared to more traditional "flat plate" solar water 

collectors. This is largely due to the vacuum that exists within 

the tube, which slows down convective and conductive heat 

loss. Relative efficiencies of the evacuated tube system are 

reduced however, when compared to flat plate collectors 

because the latter have a larger aperture size and can absorb 

more solar energy per unit area. This means that while an 

individual evacuated tube has better insulation (lower 

conductive and convective losses) due to the vacuum created 

inside the tube, an array of tubes found in a completed solar 

assembly absorbs less energy per unit area due to there being 

less absorber surface area pointed toward the sun because of 

the rounded design of an evacuated tube collector. Therefore, 

real world efficiencies of both designs are about the same. 

C. Cooking 

The first commercial heat pipe product was the "Thermal 

Magic Cooking Pin" developed by Energy Conversion 

Systems, Inc. and first sold in 1966. The cooking pins used 

water as the working fluid. The envelope was stainless steel, 

with an inner copper layer for compatibility. During 

operation, one end of the heat pipe is poked through the roast 

and the other end extends into the oven where it draws heat 

to the middle of the roast. The high effective conductivity of 

the heat pipe reduces the cooking time for large pieces of 

meat by one-half. 
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