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ABSTRACT 

  
 Heat pipes are passive devices that can transfer heat from a heat source to heat sink with a 

very small temperature difference. The heat pipes generally employ a sintered powder, 

screen mesh or machined grooves as wick. In this work attempt was made to develop a flat 

heat pipe using a readily available helical grooved round pipe. The helical grooves present 

in pipe act as wick to transfer the heat. The developed flat heat pipe was intended to be 

used for cooling processors having power less than 3 W under natural convection. The 

experimental investigations were conducted at different orientations under natural 

convection mode to ensure the functionality. Later the heat pipe was also tested with a 

dedicated forced convection cooling mechanism to ascertain application at extended power 

range. The developed heat pipe had effective conductivity of 2.4 times as of solid copper 

and thermal resistance of around 3 K/W. Later the thermal performance of developed heat 

pipe was compared with dry heat pipe. 

 

Keywords: 
flat heat pipe, thermal resistance, overall 

heat transfer co-efficient, grooved heat pipe 

 

 

 
1. INTRODUCTION 

 

Heat pipe are reliable and efficient thermal management 

device used in electronics cooling. These heat pipes find 

application in thermal management of semiconductor devices 

in power electronics, high performance computing, military 

and defense applications (communication), LED display units, 

smart phone etc. A heat pipe consists of an evacuated container, 

the interior of which is lined with a wick that is saturated with 

a small amount of working fluid. The heat is essentially 

transferred as latent energy by evaporating the working fluid 

in the evaporator and condensing the vapor in the condenser. 

The circulation of working fluid in the heat pipe is completed 

by the return flow of condensate to the evaporator through the 

wick under the driving action of capillary forces. This process 

continues as long as enough capillary pressure exists. Proper 

selection of working fluid and wick structure is essential to 

transfer heat effectively from the evaporator section to 

condenser section. The basic configuration of a cylindrical 

heat pipe is shown in figure 1.  

 

 
 

Figure 1. Cylindrical heat pipe 

 

 
 

Figure 2. Flat heat pipe with electronic device 

 

 
 

Figure 3. Heat pipes in Microsoft Lumia 950XL and 

Samsung Galaxy S7 Note 

Sources: https://curved.de/news/samsung-galaxy-s7-koennte-

heatpipes-als-standard-etablieren-353364 

https://www.extremetech.com/gaming/223416-samsungs-

galaxy-s7-uses-heatpipe-cooling-pre-orders-will-come-with-

free-gear-vr 
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The flat heat pipes are very similar to cylindrical heat pipes. 

The only difference between the two is geometrical. The flat 

heat pipes are preferred when the requirement is to have a large 

surface area to volume ratio in order to maximize power 

density of the system. The flat sides of the heat pipes provide 

a compatible mating surface to semiconductor chips or 

processors making them easy to implement into complex 

designs. A typical flat heat pipe with electronic device 

mounted is shown in figure 2. Recent trends indicate usage of 

heat pipes in smart phones and display systems. The flat heat 

pipes used in new generation smart phones is shown in figure 

3. These heat pipes are used for efficiently transferring the heat 

from processors. 

 

 

2. LITERATURE SURVEY 

 

Extensive literature survey has been carried out on heat pipe 

research and current trends in flat heat pipes. Masataka 

Mochizuki et al. [1] has done a detailed review of heat pipe 

applications ranging from computer electronics to renewable 

energy. The authors claim that approximately 15 million heat 

pipes are produced per month worldwide for computer and 

electronics products. In computer applications, the operating 

temperatures are normally between 50oC and 100oC. The 

paper also indicates that in computer electronics application, 

the trend of computer processors performance and power 

consumption has been increasing significantly each year. The 

heat flux was about 10-15 W/cm2 in the year 2000 and had 

reached over 100 W/cm2 in 2010. In a review paper by Amir 

Fahgri [2], a detailed overview of heat pipes covering the 

historical perspective, principles of operations, types of heat 

pipes, heat pipe performance characteristics, simulations and 

various applications of heat pipes are presented. The author 

quantifies that several million heat pipes are now 

manufactured each month since all modern laptops use heat 

pipes for CPU cooling. Sergii Khairnasov and Alyona 

Naumova [3] said that flat heat pipes are at an early stage of 

wide implementation in electronics thermal control systems. 

The literature survey carried out are categorized based on three 

different power ranges 1. below 202 W, 2. 20 W-100 W and 3. 

above 100 W. 

 

3.1 Power range: Below 20W  

 

Wang et al. [4] designed flat copper heat pipe with silicon 

wick for a capacity up to 10 W. The flat heat pipe developed 

had 45 mm length, 16 mm width and 1.5 mm height. The heat 

pipe removed heat from a surface of 16 mm x 16 mm. The 

authors conducted a comparative analysis of a grooved copper 

wick and a silicone based wick. Efficiency of the heat pipe 

with grooved copper wick was higher than the one on the basis 

of silicone by 17%. Their research demonstrated the use of flat 

heat pipe for LED cooling systems.  

An experimental investigation of aluminum-acetone flat 

plate heat pipe application in heat dissipation of high power 

LEDs was done by Wu-Man Liu et al. [5]. The high power 

LEDs temperatures with and without heat pipe were compared. 

The input power variations studied were 6.27 W, 13.32 W and 

20.61 W. The maximum temperature experienced was 161oC 

for power of 20.61 W without heat pipe, against 36oC when 

tested with heat pipe. The heat removal efficiency of the flat 

heat pipe was found to be around 92-95%.  

Ultra-thin heat pipe developed by Hirofumi Aoki et al. [6] 

can be used for thinner and lighter electronic equipment. Their 

study was focused on optimizing vapor and liquid flow 

pressure drop in the heat pipe. The heat pipe developed had 1 

mm thickness with maximum heat transfer rate of 22.1 W. 

Copper block heater (40 mm x 10 mm) was used as heat source 

and a copper block (85 mm x 10 mm) cooled by water cooling 

system as the condenser. Thermal resistance of the heat pipe 

was estimated to be around 0.13 K/W. Such flat heat pipes 

around 20 W power range were applied mainly for electronic 

devices and for LED cooling systems. The temperature in such 

application was restricted to around 100oC considering the 

limit of electronic device temperature.  

Amec Thermasol [7] are commercially producing 

aluminum flat heat pipes with acetone as working fluid. These 

heat pipe can operate within the temperature range from -40oC 

to +100oC at different tilt angles from 0 to 90 degrees. The 

grooved wick allows the use of these heat pipe in horizontal 

position and small tilt angles. These heat pipes with a 

dimension of 200 mm length, 20 mm width and 1.2 mm thick 

are rated for maximum power range of 5 W to 18 W. They are 

generally used for cooling memory cards, optical 

communication modules and lighting systems.   

Mozumder et al. [8] designed and fabricated a cylindrical 

miniature heat pipe of 5 mm diameter and 150 mm length with 

thermal capacity of 2 W to 10 W. Experimental investigation 

were carried out using different working fluids like water, 

methanol and acetone at different fill ratios. Later the optimum 

liquid fill ratio was identified in terms of lower thermal 

resistance and higher heat transfer coefficient. The overall heat 

transfer coefficient was found to be higher for acetone. 

 

3.2 Power range: 20W to 100 W 

 

Zaghdoudi et al. [9] had carried out experimental study to 

verify the concept of flat mini heat pipe (FMHP) for cooling 

high power dissipation electronics components. The flat mini 

heat pipe prototype had capillary structure composed of 

parallel rectangular channels manufactured and a filling 

apparatus was developed to charge the heat pipe. The heat pipe 

performance was compared to that of copper plate having 

same dimension for different heat flux rates. The overall 

length, width and thickness of the heat pipe were 100 mm, 50 

mm and 3 mm respectively. The heat pipe had 47 micro 

channels. The micro channels height, width and spacing were 

0.5 mm, 0.5 mm and 1 mm respectively. Heat was removed 

from the FMHP by a water cooling mechanism. The length of 

the evaporator, adiabatic and condenser zones were 19 mm, 35 

mm and 40 mm respectively. The experiments were conducted 

with different heat inputs ranging from 10 W to 60 W.  

Cai and Chen [10] did research on flat heat pipe based on 

silicon. Carbon nanotubes were used as wick. The wick 

consisted of an array of nanotubes with formed grooves. 

Studies showed that silicon based heat pipe can transfer 24 W 

at the heat flux density of 600 W/cm2 in the horizontal position.  

The thermal performance of heat pipe using copper Nano 

fluid in n-Hexanol was analyzed by Senthilkumar et al. [11]. 

The cylindrical heat pipe was filled with de-ionized water, 

copper Nano fluid, an aqueous solution of n-Hexanol and 

copper nanoparticle in an aqueous solution of n- Hexanol 

separately and tested for its performance. The Nano fluids kept 

in the suspension of conventional fluids have the potential of 

superior heat transfer capability than the conventional fluids 

due to their improved thermal conductivity. The experiments 

were conducted for various heat inputs ranging from 30 W to 
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70 W at various inclination angles (0o to 90o) of the heat pipe. 

The experimental results were evaluated in terms of thermal 

resistance and compared with DI water.  The heat pipe was 

made up of copper with a length of 600 mm and outside 

diameter of 20 mm. The wick consisted of two wraps of 

stainless steel wrapped screen mesh with a wire diameter of 

0.183 mm and 2365 strands per meter. The heat pipe was 

charged with 40 ml of working fluid which approximately 

corresponds to the amount required to fill the evaporator.   

 

3.3 Power range: Above 100 W 

 

Rassoulinejad-Mousavi et al. [12] investigated thermal 

performance of a stainless steel-DI water flat heat pipe 

experimentally. The wick structure was made up of stainless 

steel mesh screen. Flat plate heat pipe studied in this work was 

200 mm in length, 200 mm in width with thickness of 30 mm. 

The heat pipe walls were made of 2 mm thick stainless steel 

plate.  The wick thickness was 1.7 mm with porosity of 0.73. 

Flexible heater of length 100 mm and width 200 mm was used 

as heat source. Experiments were carried out with heat input 

of 18.25 W, 137 W and 236 W respectively. Transient 

experiments concluded that time taken to reach steady state 

condition decreases with increasing heat flux values. One of 

the variant of Amec Thermasol [7] flat heat pipe of 500 mm 

length, 50 mm width and 2.5 mm thick can transfer heat power 

of 75 W to 270 W. These heat pipes find application in high 

power electronics devices. The performance of alkali 

cylindrical heat pipe at input variations 350 W, 450 W and 600 

W was explored by Manoj Kumar et al. [13]. The stainless 

steel material of SS-316 grade of 10 mm OD and 1 m length 

was used as the container. Fill ratios studied were 30%, 36% 

and 40%. The sodium heat pipe showed better heat transfer 

characteristics at a fill ratio of 40% and at an orientation of 30 

degree.  

The consolidated summary of research happened in flat heat 

pipe experimentally are tabulated in Table 1. Literature survey 

indicated that most of the researches were focusing on 

application of flat heat pipes for electronics cooling. The 

demand of several million of heat pipes per month for 

electronics industry indicates the thrust required in this area 

for the research. Currently the manufacturing process, 

experimental activities and numerical activities are well 

established for cylindrical heat pipes. The cylindrical heat 

pipes need to be embedded in flat surface heat sink to mate 

with electronic devices. The heat sink block addition adds to 

the weight of the electronic component that may exceed the 

weight of the component itself. In contrast flat heat pipe has 

the advantage of easily adhering to the surface of 

semiconductor using thermal grease or thermal pad. Majority 

of work done on flat heat pipe have thermal capacity from 10 

W-100 W range. The flat heat pipes researched had a dedicated 

cooling mechanism in the form of heat sink or a cooling jacket 

in condenser region. The water cooling for condenser region 

can lead to complications in electronics cooling design.  

Further dedicated cooling system adds to cost, weight and 

package space.  

 

Table 1. Tabulated summary of flat heat pipe survey 

 
Researchers Heat Pipe / Wick  Dimension, mm Heat Flux,  

W/ cm2 

Heat Input, W 

Wang et.al [4] Copper, Cu/Silicon grooved wick 45 x 16 x 1.5 3.9 10 

Wu-Man Liu et.al [5] Al-Acetone ---- 0.1994-0.6553 6.27-20.67 

Hirofumi Aoki et.al [6] Cu-Water, Mesh 150 x10 x1 2.50-5.525 10-22.1 

AmecThermasol [7] Al-Acetone, Grooved 200 x20 x1.2 

500 x 50 x 2.5 

---- 

---- 

5-18 

75-270 

Zaghdoudi et.al [9] Cu-Water, Machined grooves 100 x 50 x 3 0.26 -1.58 10-60 

Cai et.al [10] Silicon, Carbon nanotubes wick ---- 600 24 

Mousavi.et.al [12] Stainless steel-DI water, 

SS mesh wick 

200 x200 x30 0.09-1.18 18.5-236 

In this work it is attempted to develop a flat heat pipe 

without a dedicated cooling mechanism for 3 W power range 

based on power dissipation in smartphone processors [14]. The 

operating temperature of heat pipe was limited to 100oC based 

on electronic devices limit. The survey indicated that grooved 

heat pipe tends to function better in horizontal and small tilt 

angles. The work carried in grooved heat pipes were axial in 

nature. Considering the lower power range, a readily available 

helical grooved pipe was chosen to fabricate a heat pipe. This 

gives an advantage of reduction in fabrication cost. Later 

studies were conducted by cooling condenser using a fan to 

extend the power range.  

 

 

3. EXPERIMENTATION 

 

The flat heat pipe was fabricated using a helical grooved 

hollow copper pipe with water as working fluid. The heat pipe 

was instrumented with thermocouples across its length to 

monitor its functionality and to calculate the thermal resistance. 

Nickel-Chromium wire was wound around the pipe to supply 

heat in evaporator section. The developed heat pipe was tested 

in natural convection at different mounting orientations at 3 W 

power input. Heat pipe was also tested using a dedicated 

cooling mechanism for extended power range. The developed 

heat pipe was later compared with dry heat pipe (without 

working fluid) to ascertain its thermal performance. 

 

3.1 Flat heat pipe development 

 

A hollow copper pipe with 3/8" outer diameter (9.53 mm) 

with 15o helical internal grooves was selected for fabricating 

the heat pipe. The inner diameter of the pipe was 8.53 mm. 

The pipe had a total of 34 grooves of height 0.16 mm and width 

0.21 mm. The pipe used for fabrication is shown in figure 4. 

The selection of pipe with minimum wall thickness ensured 

minimum wall thermal resistance. Later the pipe was cut to a 

length of 150 mm and flattened to the required thickness using 

a mechanical press. To ensure no deviation in the final 

dimensions of the spreader, the pipe was pressed using a die.   

Proper cleaning is one of the most important process in 

manufacturing of heat pipe as slightest of impurity may 
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deteriorate its performance. Hence the pipe was cleaned to 

remove macro impurities like dirt, oil and micro impurities 

like traces of oxides present on the surface of the pipe. Macro 

impurities were removed by immersing the pipe in various 

chemical baths. The heat pipe was heated in a hydrogen 

environment furnace to remove oxide impurities. It was 

ensured that the pipe does not come in contact with any 

contaminants after the cleaning process. The end caps of the 

pipe were manufactured based on the cross section of the flat 

spreader. The caps were fabricated from 0.5 mm thick copper 

sheet. The end caps were cleaned following the same process 

of heat pipe. Later the end caps were attached to the heat pipe 

by brazing them with a copper filler rod. An inspection was 

carried out to ensure brazing was completely leak proof as 

even a small gap may cause air to leak inside the heat pipe that 

can lead to non-functionality. After assembly, the heat pipe 

was attached to a specialized evacuation and charging rig. The 

pipe was evacuated to a vacuum of 0.017 mbar. Later distilled 

water was charged into the pipe through a degassing setup. The 

purpose of degassing setup was to remove the dissolved non-

condensable gases (NGC) from the water. Avoiding degassing 

process will aid in releasing NCGs over a period of time and 

will reduce the effective length of the heat pipe. The flat heat 

pipe fabricated had final dimension of 150 mm length, 13 mm 

width and 2.8 mm thickness. The volume of liquid charged in 

heat pipe is around 0.25 cc. This translates to a fill ratio of 

around 50% of evaporator volume. The fabricated heat pipe is 

shown in Figure 5. 

 

 
 

Figure 4. Copper pipe with helical grooves 

 

 
 

Figure 5. Copper-water flat heat pipe 

3.2 Thermal Instrumentation 

 

Total six number of “K” type thermocouples (Nickel-

Chromium/ Nickel-Alumel) were instrumented along the heat 

pipe at a distance of 10 mm, 20 mm, 50 mm, 80 mm, 110 mm 

and 130 mm respectively as shown in figure 6. The 

thermocouple at 10 mm and 20 mm are in the evaporator 

region of heat pipe. Later Nickel-Chromium (Ni-Cr) wire of 

“K” type thermocouple was wounded up to a length of 40 mm 

(evaporator area) above heat pipe to act as heating element. It 

is to be noted that as wire is used as heating element, 

thermocouple reading in evaporator section will read the wire 

temperature. The total resistance of the heating element was 

around 11 ohms. Ni-Cr wire had insulation to avoid short 

circuit between windings. Later Omega 400 cement was mixed 

with water and applied as paste above the windings to avoid 

relocation. Then the evaporator region was wound with fiber 

glass insulation to restrict heat loss to the surrounding ambient. 

 

 
 

Figure 6. Thermocouple locations in heat pipe 

 

3.3 Test set up 

 

 
 

Figure 7. Natural convection test set up 

 

 
 

Figure 8. Forced convection test set up 

 

The heat pipe was mounted vertically with evaporator at 
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bottom and enclosed by a carton box (100 mm length x 100 

mm breath x 200 mm height). The evaporator and adiabatic 

section (110 mm length) was inside the carton box.  The carton 

box restricted heat loss from evaporator and adiabatic section 

of heat pipe to surrounding ambient. Only the condenser 

section of heat pipe was exposed to ambient by protruding 40 

mm of heat pipe outside the carton box. A 8 channel PPI-

Unilog data acquisition system was used to record the 

temperatures at intervals of 10 seconds during tests. A DC 

regulated power supply 0-30 V/2 A (Make: SIGMA) was used 

to supply heat input to the evaporator section. FLUKE 

multimeter (Model 106, 600 V CAT III) was used to reconfirm 

the voltage and current readings. The schematic of natural 

convection test set up (at 3 W) is shown in figure 7. The heat 

pipe was also tested at different inclination angles.  Later a fan 

was used to blow air in the condenser section at a velocity of 

4 m/s and 5 m/s to verify if the capacity of heat pipe can be 

extended. The air velocities from fan was measured using hot-

wire anemometer based sensor. The distance between fan and 

heat pipe was 50 mm. The schematic of test set up with fan is 

shown in figure 8. 

 

3.4 Uncertainty analysis 

 

The “K” thermocouple used for the temperature 

measurement had an accuracy of ±1oC of the reading. The 

regulated DC Power supply had uncertainty of ±0.16 V for 

voltage and ±0.02 amperes for current. Vernier caliper used 

can measure with an accuracy of ±0.1 mm. The maximum 

voltage and current measured in tests were 5.87 V and 0.523 

amperes respectively. The maximum temperature difference 

between evaporator and condenser section was 9.9oC. The 

dimension of evaporator section was 40 mm (length) x 13 mm 

(width) x 2.8 mm (thickness). To quantify the experimental 

results thermal resistance is calculated using relation shown in 

Eq. (1) and overall heat transfer co-efficient by Eq. (2). 

 

𝑅 =
𝑇𝑒−𝑇𝑐

𝑄
               (1) 

 

𝑈 =
𝑄

𝐴𝑒 .(𝑇𝑒−𝑇𝑐)
                (2) 

 

The uncertainty in thermal resistance and overall heat 

transfer co-efficient was calculated using Eq. (3) and Eq. (4) 

respectively. 

 

∆𝑅

𝑅
= √(

∆𝑄

𝑄
)

2

+ (
∆(∆𝑇)

𝑇
)

2

                    (3) 

 

∆𝑈

𝑈
= √(

∆𝑄

𝑄
)

2

+ (
∆(∆𝑇)

𝑇
)

2

+ (
∆𝐴

𝐴𝑒
)

2

           (4) 

                                                                                              

The uncertainty of resistance was found to be around 0.42 

K/W and overall heat transfer coefficient was of the order of 

33 W/m2 K. 

 

 

4. THERMAL PERFORMANCE OF HEAT PIPE 

 

4.1 Natural convection tests 

 

Initially the heat pipe was tested under natural convection 

for 3 W heat input. The tests were conducted at different 

mounting angles varying from 0 degree, 30 degree, 60 degree 

and 90 degree (horizontal position is 0 degree and vertical 

position is 90 degree) respectively. Three tests were conducted 

at each angle to ensure repeatability. The ambient temperature 

measured during test was 25oC. Figure 9 and 10 shows the 

consolidated results of repeated tests done at horizontal 

position and vertical orientation.  

 

 
 

Figure 9. Horizontal orientation at 3 W 

 

 
 

Figure 10. Vertical orientation at 3 W 

 

The maximum variation in the temperature recorded at same 

location was 1.7oC in the evaporator region for horizontal 

orientation tests. The evaporator temperature recorded varied 

by 0.7oC for 45 degree angle and 0.4oC for vertical orientation. 

The variation of temperature recorded in other locations was 

less than 0.4oC for all orientations. The consolidated heat pipe 

experimental results at all angles are shown in a single graph 

in figure 11. The temperature distribution along the heat pipe 

is almost flat for all orientations indicating its functionality. 

 

 
 

Figure 11. Results summary at mounting orientations 

 

To quantify the experimental results better, effective 
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thermal conductivity of heat pipe was calculated using 

Fourier’s law as indicated in Eq. (5). The area used was the 

cross sectional area in the direction of heat transfer. The 

thermal resistance and effective conductivity ratio of heat pipe 

with copper (𝜆𝑒𝑓𝑓 𝜆𝐶𝑢⁄ ) is given in figure 12a. The evaporator 

temperature ′𝑇𝑒
′ refers to the temperature at 20 mm location. 

The condenser temperature  ′𝑇𝑐
′  refers to the temperature at 

130 mm. The overall heat transfer co-efficient calculated is 

shown graphically in figure 12b. 

 

𝜆𝑒𝑓𝑓 =
𝑄.Δ𝑥

𝐴(𝑇𝑒−𝑇𝑐)
                            (5) 

 

The thermal resistance of heat pipe is lowest at horizontal 

and 30 degree tests. Also thermal resistance values are 

identical for 45 degree and 60 degree mounting orientations. 

The thermal resistance value is highest for vertical orientation.  

The effective conductivity ratio shows an inverse trend as 

thermal resistance as per the expected trends. The effective 

conductivity ratio is above 2.5 for horizontal and 30 degree 

tests. The effective conductivity ratio drops to 2.38 for vertical 

mounting angle. The heat pipe behavior indicates that its 

effective conductivity enhancement amounts to an increase of 

nearly 240 to 250 percent as that of copper thermal 

conductivity. The overall heat transfer coefficient was 

calculated to be around 255 W/m2 K for horizontal and 30 

degree tests. As the angle of heat pipe increased the overall 

heat transfer coefficient dropped to a value of 240 W/m2 K for 

60 degree and vertical test. At 45 degree the value of overall 

heat transfer coefficient was found to be 242 W/m2 K. All 

these calculations indicate that the heat pipe performs best in 

horizontal orientation. 

 

 
 

Figure 12a. Thermal resistance and effective conductivity 

ratio 

 

 
 

Figure 12b. Overall heat transfer co-efficient 

4.2 Forced convection tests 

 

Tests were conducted in forced convection mode to verify 

if heat pipe range can be extended by using a dedicated cooling 

mechanism. Heat pipe were tested at 3 W and 5 W power at 

two different air velocities 4 m/s and 5 m/s generated by a fan. 

The temperatures measured during these tests are plotted in 

figure 13. The evaporator temperature in forced convection 

tests dropped by around 30oC for 3 W power.  The temperature 

difference between evaporator and condenser section was 

higher for forced convection tests (14oC) compared to natural 

convection scenario (10oC). This temperature difference was 

around 21oC for 5 W tests using fan. These readings indicates 

that thermal resistance of heat pipe is higher in forced 

convection than natural convection. The evaporator 

temperature, temperature drop and resistance values are 

tabulated in table 2. 

 

 
 

Figure 13. Forced convection test results 

 

Table 2. Natural and Forced convection test comparison 

 
Parameter Natural 

convection 

3W with  

no fan 

Forced 

convection 

3W with 

 5 m/s 

Forced 

convection 

5W with  

5 m/s 

𝑇𝑒
 , oC 90.2 58.8 76.3 

∆𝑇 , oC 10.1 14.2 21.3 

𝑅, K/W 3.4 4.7 4.3 

 

The heat transfer co-efficient experienced on condenser 

region due to air velocities was estimated using the empirical 

relation for cross flow across cylinder for gas [15]. The Nusselt 

number relation as mentioned in Eq. (6) was used to calculate 

the heat transfer co-efficient. The characteristic length ‘𝐷’ in 

Eq. (7) is the height exposed to fan i.e. 40 mm. 

 

𝑁𝑢 = 0.205 𝑅𝑒0.731 𝑃𝑟0.33                                                  (6)   

 

ℎ =
𝑁𝑢.𝑘

𝐷
                                                                                (7)  

 

The heat transfer coefficient calculated was around 100 

W/m2 K for 4 m/s and 118 W/m2 K for 5 m/s air flow. The heat 

transfer co-efficient calculated are higher than the natural heat 

transfer co-efficient values indicting the reason for the 

evaporator temperature drop. 

 

4.3 Comparison with simple conductor 

 

The performance of water filled heat pipe developed was 

compared with dry heat pipe of same external dimensions in 
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figure 14. Dry heat pipe is an empty heat pipe with no fluid 

filled inside it. This empty heat pipe represents a simple 

conductor. All the tests were done in vertical orientation to 

compare the heat pipe performance with simple conductor.  

 

 
 

Figure 14. Heat pipe performance against simple conductor 

 

The maximum evaporator temperature for dry heat pipe was 

around 110oC compared to 90oC for the water filled heat pipe. 

As per Fourier law of heat conduction as shown in Eq. (8), the 

cross sectional area of copper available for heat transfer is less 

for dry heat pipe as air inside the empty pipe provides more 

resistance to heat flow because of its poor conductivity.  Hence 

the temperatures and thermal drop across empty heat pipe is 

higher compared to heat pipe. It is evident from the linear 

curve fit of temperature across axial length which indicated 

that slope of empty heat pipe is higher (0.297) than that of 

water filled heat pipe (0.084). 

 

𝑄 = −𝜆 𝐴 
∆𝑇

∆𝑥
                                                             (8) 

 

 

5. CONCLUSION 

 

In Smartphone processors and LED display application the 

power numbers can be less than 10 W. In such applications the 

flat heat pipe can be used as heat spreaders or to efficiently 

transfer the heat to a heat dissipating mechanism like heat sink. 

Hence the current work was focused on developing a flat heat 

pipe using helical grooved copper pipe to meet the lower 

power applications in the range of 3 W to 5 W. Readily 

available helical grooved copper pipes was flattened to be used 

as the heat pipe container avoiding the expensive machining 

process for groove cutting. The developed flat heat pipe was 

tested under natural convection mode at 3 W power input at 

different mounting angles. The test results indicated that the 

heat pipe was functioning satisfactorily at all angles with 

thermal resistance of around 3 K/W. Further experiments were 

done under forced convection using a fan. Initially the forced 

convection tests were conducted at 3 W for two different 

velocities 4 m/s and 5 m/s respectively. The thermal resistance 

of the heat pipe increased to 4.7 K/W during forced convection 

test at 5 m/s. Further tests were done at 5 W to prove that the 

heat pipe range can be extended by using a dedicated cooling 

mechanism. The performance of heat pipe was  also evaluated 

by comparing with empty heat pipe i.e. without fluid, 

representing a simple heat conductor. The flat heat pipe with 

fluid filled had more than three times less thermal resistance 

over the empty pipe. 
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NOMENCLATURE 

CPU Central Processing Unit 

DC Direct Current 

DI De-Ionized 

FMHP Flat Mini Heat Pipe 

LED Light Emitting Diode 

OD Outer Diameter 

NCG Non Condensable Gas 

𝐴 cross sectional area, m2

𝐴𝑒 Evaporator area, m2

𝐷 Characteristic length, m 

𝑄 Heat Input, W 

𝑅 Thermal resistance, K/W 

𝑇 Temperature, oC 

𝑇𝑐 Condenser temperature, oC 

𝑇𝑒 Evaporator temperature, oC 

𝑈 Overall heat transfer co-efficient, W/m2 K 

ℎ Heat transfer co-efficient, W/m2 K 

𝑘 Air thermal conductivity, W/m K 

𝑁𝑢 Nusselt Number 

𝑃𝑟 Prandtl Number 

𝑅𝑒 Reynolds Number 

∆𝐴 Area Uncertainty, m2 

∆𝑄 Change in heat input, W 

∆𝑅 Resistance Uncertainty, K/W 

∆𝑇 Temperature difference, oC 

∆(∆𝑇) Temperature difference uncertainty, oC 

∆𝑈 Uncertainty in ‘𝑈’, W/m2 K 

∆𝑥 Axial distance, m 

𝜆 Material thermal conductivity, W/m K 

𝜆𝐶𝑢 Copper thermal conductivity, W/m K 

𝜆𝑒𝑓𝑓 Effective thermal conductivity, W/m K 
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