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Abstract— The present work was carried out theoretically 

and experimentally to study the performance enhancement of the 

heat pipe charged with refrigerant (R-22) as a working fluid. The 

heat pipe heat exchangers are used in heat recovery applications 

to cool the incoming fresh air in air conditioning systems. The 

study discusses the effect of inclination angle and supply on 
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temperature on thermal efficiency, supply off temperature (T2), 

thermal resistance and heat recovered of the heat pipe heat 

exchanger. Two streams of fresh and return air have been flowed 

through the heat pipe heat exchanger to investigate the 

performance of heat recovery system. The heat pipe heat 

exchanger is consisting of one row of 16 copper tubes and 

aluminum fins. The diameter of each copper tube is 9.53 mm. 

The experiments were performed due to ASHRAE standard 

1060(I-P) for performance rating of air-to-air exchangers for 

energy recovery ventilation equipment [1]. The results showed 

that Heat pipe efficiency and heat recovered capacity are 

increased by increasing the inclination angle until reach its 

maximum values at (θ=30o) and then decreased with further 

increase in inclination angle. The results showed also that the 

thermal efficiency and heat-recovered capacity are increased by 

increasing the supply on temperature. 

Theoretical and Experimental Investigation on 

Different Parameters Affecting Heat Pipe 

Performance Charged with R-22 

ري دراسة نظرية وعملية للعوامل المؤثرة علي أداء أنبوب حرا

 22بفريون مشحون 

Sultan A. A, El-Bouz A. M, Semary N. A and Kandil M. E  
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 الملخص 
بادل مفاءة كالهدف الأساسي من الدراسة المقدمة هو دراسة تأثير العوامل المختلفة نظريا وعمليا علي 

لية التي تم العم التجارب ( كمائع التبريد.R-22الأنابيب الحرارية في أنظمة التكييف بواسطة إستخدام فريون )

ايا ميل ير زودراستها تنقسم إلي مجموعتين رئيسيتين, المجموعة الأولي من التجارب تم تجهيزها لدراسة تأث

لخارجية الظروف تم توفيرها عند درجات حرارة مختلفة لالأنبوب الحراري علي الكفاءة الحرارية والطاقة التي 

ثير سة تأللدخول علي الأنبوب الحراري مع ثبات سرعة دخول الهواء. المجموعة الثانية من التجارب لدرا

دخول  سرعة تغيير درجات حرارة الظروف الخارجية للدخول للأنبوب الحراري عند زوايا ميل مختلفة مع ثبات

لحراري االجزء الخاص بتقييم أداء وكفاءة المبادل  ASHRAEتمت دراستها تبعا لمرجع الهواء. التجارب 

 الزيادة يف تبدأ ريةالحرا الأنابيب كفاءة أن النتائج أظهرت لتوفير الطاقة في أنظمة التكييف والتهوية. وأخيرا,

 التيو الأفقي الوضع إلى لتصل تنخفض ثم( θ = 30) عند لها قيمة أقصى إلى للوصول الرأسي الوضع من

 بيب الحراريةمن مبادل الأنا درجة حرارة الخروج. الميل زوايا مقارنة بكل الكفاءة من الأدنى الحد لديها

لخروج من انخفضت درجة حرارة ا الكفاءة زادت كلما يعني وهذا الحرارة, أنابيب كفاءة مع تتناسب عكسيا

 الطاقة توفيرل فعالية أكثر تكون سوف والتي( θ = 30) عند لها قيمة أقل إلى لتصل مبادل الانابيب الحرارية

 .الرئيسي التبريد ان يمر علي ملف قبل الهواء الخارجي حرارة درجة خفض طريق عن
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I. INTRODUCTION 

EAT pipe is a heat transfer device that transports 

large quantities of heat with minimum 

temperature gradient without any additional 

power between the two temperature limits. It consists of three 

different sections namely evaporator, adiabatic section and 

condenser section. These three parts have equal importance 

and can significantly affect the performance of heat pipe. The 

heat input is added to the evaporator section of the heat pipe, 

the working fluid present in the wicking structure which is 

kept in the heat pipe is heated until it vaporizes. Since the 

latent heat of evaporation is large, considerable quantities of 

heat can be transported with a very small temperature 

difference from end to end. Thus, the structure will also have a 

high effective thermal conductance. Due to high temperature 

and high pressure that effect on the evaporator section cause 

the vapor flow to the cooler condenser section, where the 

vapor condenses and releases its latent heat of vaporization. 

The capillary forces existing in the wicking structure then 

pump the liquid back to the evaporator. The evaporator and 

condenser sections of a heat pipe function independently, 

needing only common liquid and vapor streams [2]. Samman 

[3] studied the possible application of a Heat pipe heat 

exchanger (HPHX) for indirect evaporative cooling with heat 

recovery for the fresh air preheating. In this study, the thermal 

performance of a HPHX consisting of 48 wicked heat pipes 

arranged in 6-row was tested. McFarland et al. [4] have 

investigated an experiment to determine the effect of a heat 

pipe on the performance of a conventional residential air 

conditioning system. In this study, the influence of heat pipe 

on the moisture removal, and the latent energy efficiency ratio 

of the air conditioning system were examined. L. Shao and 

Riffat [5] investigated the flow loss caused by a HPHX in a 

natural ventilation stack. Experimental results showed that for 

a heat recovery efficiency of 50% and stack flow velocity of 

0.5 m/s, the pressure loss across an existing type of heat pipe 

was about one Pascal. Martinez et al. [6] designed a mixed 

energy recovery system consisting of two heat pipes heat 

exchanger and indirect evaporative cooler for air conditioning. 

The energy characterization of the mixed energy recovery 

system was performed by means of the experimental design 

techniques. Riffat and Zhu [7] introduced a mathematical 

model for a new technique of indirect evaporative cooler using 

porous ceramic and horizontal configuration heat pipe. The 

system had two separate air passages, one for indoor air and 

another for outdoor air. In this system, the heat applied to one 

end of the pipe (evaporation section) makes the liquid working 

fluid evaporates and the resulting vapor travels to the cooled 

end (condenser, or the ceramic container), where it condenses. 

Mostafa A. Abd El-Baky et. al. [8] conducted a study on the 

use of heat pipe for heat recovery in air conditioning. Two 

streams of fresh and return air have been connected with heat 

pipe heat exchanger to investigate the thermal performance 

and the efficiency of heat recovery system. The results showed 

that the temperature changes of fresh and return air are 

increased with the increase of inlet temperature of fresh air. 

Tushar and Mandar [9] investigated the energy saving and 

dehumidification enhancement aspects of HPHXs and made a 

summary of experimental and theoretical studies on HPHXs. 

The following cases are studied. Case I: Varying the return air 

DBT between 21 and 25 0C, keeping RH constant at 50 %. 

Case II: Varying the return air RH between 45 – 55 % keeping 

DBT constant at 23 0C.  

Beckert and Herwig [10] carried out a research on the 

impact of inclination on the heat transfer rate of an air-to-air 

HPHX applied in an air conditioning system. It was found that 

even in a nearly horizontal position (up to ±6o with the 

horizontal) the overall performance is still good enough. Said 

and Akash [11] studied the effect of tilt angle on the overall 

heat transfer of two types of heat pipes, one with wick and 

another with no wick. The heat pipes were positioned at 

different tilt angles of 30o, 60o, and 90o with the horizontal. 

Kim et al. [12] carried out a research on the effect of air inlet 

humidity on the air side heat transfer and pressure drop for an 

inclined brazed aluminum heat exchanger. The heat exchanger 

was studied at three different inclined angles namely 14o, 45o, 

and 67o (with respect to vertical position). Yau [13] claimed 

that the impact of condensate layer on the performance of a 

thermosyphon HPHX operating in a high humid condition was 

negligible. In case of inclination angle of 30o with horizontal, 

the gravitational force would be expected to enhance drainage 

of any condensate on the fin surfaces in evaporator section. 

Senthilkumar et. al. [14] conducted a study on effect of tilt 

angle on heat pipe performance using copper nanofluid. An 

experiment was carried out to study the thermal efficiency 

enhancement of the heat pipe using copper nanofluid as the 

working fluid. The study was performed for studying the 

effect of tilt angle and heat input on both thermal efficiency 

and thermal resistance.  

The aim of the present work is to study the effect of 

inclination angle, supply on temperature and airflow rate on 

the heat pipe heat exchanger performance in HVAC systems 

especially on thermal efficiency, supply off temperature (T2), 

thermal resistance and heat recovered of the heat pipe heat 

exchanger. 

II. THEORETICAL ANALYSIS 

We discuss how we can make a theoretical design of the 

heat pipe (number of rows, pressure drop, face velocity, heat 

pipe efficiency and heat recovery), the purity of working fluid, 

the slope of pipe, the evaporator length and the pipe thickness 

all affect the thermal efficiency of heat pipes, how it effects on 

heat recovery of each coil, power saving and other parameters. 

Wish to perform experiments on steady heat transfer to air 

flow that is in steady flow through a circular pipe. Our 

objective is to find the average heat transfer coefficient as a 

function of the various parameters in the system.  
  

Π1=
𝐡𝐃

𝐊
 known as the Nusselt number, Π2=

𝛒𝐃𝐕

µ
  as the 

Reynolds number Re, Π3=
𝑪𝒑µ

𝐊
 , which is the prandtl number 

Pr, Π4 =
𝑳𝒑𝒊𝒑𝒆

𝐃
. Therefore, dimensional analysis reveals that the 

H 
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Nusselt number must be a function of the Reynolds number, 

the Prandtl number, and an aspect ratio Lpipe/D. 

 
 

𝐍𝐮 = 𝝓(Re, Pr, 
𝑳𝒑𝒊𝒑𝒆

𝑫
 ) 

 

Then the average Nusselt number and heat transfer coefficient 

for all the tubes in the tube bank become 

 

𝒉 =
𝑵𝒖𝑫,𝑵𝑳

 𝑲

𝑫
 (𝑤 𝑚2. 𝐶)⁄  

 

Then the fluid exit temperature and the log mean temperature 

difference become 

 
 

𝑻𝒆 = 𝑇𝑠 − (𝑇𝑠 − 𝑇𝑖) exp (
−𝐴𝑠ℎ

𝑚𝐶𝑝

)   

 

𝜟𝑻𝒊𝒏 =
(𝑇𝑠 − 𝑇𝑒) − (𝑇𝑠 − 𝑇𝑖)

ln ((𝑇𝑠 − 𝑇𝑒)/(𝑇𝑠 − 𝑇𝑖))
 

 

The rate of heat transfer can also be determined in a simpler 

way from 

 

𝑸𝑺𝒆𝒏𝒔𝒊𝒃𝒍𝒆 = 𝑚.  𝐶𝑝 (𝑇𝑒 − 𝑇𝑖) = ℎ  𝐴𝑠  𝛥𝑇𝑖𝑛 

𝑸𝑳𝒂𝒕𝒆𝒏𝒕 = 𝒎 𝒙 𝜟𝑿(𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜) 

𝑸𝑯𝒆𝒂𝒕 𝑹𝒆𝒄𝒐𝒗𝒆𝒓𝒆𝒅 = 𝑸𝑺𝒆𝒏𝒔𝒊𝒃𝒍𝒆 + 𝑸𝑳𝒂𝒕𝒆𝒏𝒕  

 

The thermal resistance(R) of the heat pipe is calculated using 

 𝑅 =
𝑇𝑒−𝑇𝑐

𝑄
, Where Te and Tc are temperature values at 

the evaporator and condenser sections respectively and Q is 

the heat supplied to the heat pipe.  

 

The Efficiency of HPHX is ratio of actual heat transfer to 

the maximum possible heat transfer. Since HPHX involves 

recovery of only sensible heat, therefore the efficiency of 

HPHX can also be defined as ratio of actual temperature drop 

to maximum possible temperature drop.    

 

                      𝜼𝑯𝑷𝑯𝑿 =
𝑇𝑂𝐴−𝑇𝐿𝐴

𝑇𝑂𝐴−𝑇𝑅𝐴
 

 

After we have finished our hand calculations as in above, 

now we will do the same calculation by using software which 

called SPC HPHR ( Version 2.5) from SPC company.  we can 

calculate the volume, the dimension of the cooling coil, 

vertical heat pipe (number of rows, pressure drop, face 

velocity, heat pipe efficiency and heat recovery) by entering 

the values of both inlet and exhaust air characteristics and the 

suitable air flow Q. 

 

Figure (1) Output of Heat Pipe Heat Recovery program of SPC.  

 

There are some parameters ( Input Data) to the selection 

programme as following : 
 

Air volume (m3/s), supply on and extract on air 

temperatures (OC), relative humidity of both supply and 

extract on air (%), available dimension for supply and extract 

sides, fin material, types, number of fins per inch, number of 

rows. 
 

We can do a comparison between analyses by hand 

calculations and also by using HPHR program software 

selection we can find The outlet temperature form the 

evaporating section, heat recovered and efficiency are the 

same for both calculations, so we will depend on Heat Pipe 

Heat recovery program selection for all of our calculations on 

positions with different conditions and parameters. 
 

III. EXPERIMENTAL SETUP 

In order to evaluate the performance of the suggested heat 

pipe heat exchanger with its inclination angles at different 

supply on temperatures, a test loop of the experimental set up, 

as shown in Figure (1). The system consists of the following: 

Heat pipe heat exchanger in the system contains 16 copper 

tubes; each of them represents a heat pipe. Tubes shall be of 

refrigeration standard seamless copper C106 for heat 

exchanger use. Tubes diameter shall be a minimum of 9 mm 

with a grooved inner surface to enhance the internal surface 

area and prevent pooling of liquid. The minimum root 

thickness of the tube shall be 0.33mm.  

 

 

Figure (2) Inner grooved copper tube 
 

The external fins shall be of aluminum with a minimum 

thickness of 0.12mm. The fins shall be of the rippled or 
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louvered type to suit the application and spaced at such a 

distance as required by the conditions specified.  

 

 

Figure (3) Aluminum Fins (Louvered type).  
 

Casings shall be from galvanized sheet steel with a 

minimum thickness of 1.2mm. After the completion of 

manufacturing the heat pipe and get rid of all the impurities 

and oils by charging it with nitrogen, each pipe of the heat 

exchanger has been vacuumed by using a vacuum pump to be 

ensure sure that it became free of air and moisture.  
 

Working fluid is charged to the evacuated section by 

charging needle connecting to gauge pressure test manifold 

and a refrigerant cylinder. Charging refrigerant for each pipe 

will be at (45 psi = 3.1 Bar) with filling Ratio (35%) that equal 

to 21.5 grams of refrigerant (R-22). 
 

Supply and exhaust fans, which are selected by Nicotra 

software selection program and made of galvanized steel, 

which is balanced, have a high efficiency and a low-level 

noise and motors for both supply and exhaust fans have high 

efficiency, 1350 rpm, have five speeds and class (B) insulation 

which is designed due to National Electrical Manufacturers 

Association (NEMA) standard. 
 

The inclination angle of the heat pipe are changed from 

vertical to horizontal position by using actuator (Belimo) that 

can control automatically in the pivot that used for changing 

the inclination angle.  

The evaporator section is heated by supply on air flow that 

can achieved its conditions in the laboratory by using AHU 

with electric heaters and steam humidifier to get the required 

conditions of dry bulb temperature and relative humidity that 

added by the supply fan through the flexible duct to the empty 

isolated section (Armaflex isolation) connected to the 

evaporator section. 

The condenser section is cooled by the exhaust air can 

achieved its conditions in the laboratory by using AHU with 

steam humidifiers which connected with sensors in the room 

to can get the required conditions of dry bulb temperature and 

control in the percentage of relative humidity. This air is 

added by exhaust fan through the flexible duct to the empty 

isolated section connected to the condenser section.  

Fluid return is normally accomplished by gravity 

mechanism. Condensation of the refrigerant releases the heat 

absorbed in the evaporation phase resulting in heat transfer 

from the heat pipe hot end to the heat pipe cold end. 

  

 

 

 

Figure (4) Heat pipe main structure components. 

 

The experimental results were performed due to ASHRAE 
standard 1060(I-P) for performance rating of air-to-air 
exchangers for energy recovery ventilation equipment [1]. The 
experiments were conducted in EGAT Company's research 
and development laboratory, which is equipped with the latest 
measurements devices used in conducting experiments. The 
experimental procedures as following:  

 

1- Adjust the refrigerant pressure in each pipe of heat pipe 

heat exchanger at the desired value. 

2- The inclination angle of heat pipe should to be adjusting 

automatically to its predetermined value. 

3- Adjust the supply on and extract on air conditions from dry 

bulb temperature and relative humidity as required in the 

design for both evaporator and condenser sections. 

4- Record the measuring temperatures and relative humidity 

at each point on the supply plenum using thermocouples 

and anemometer after steady state conditions. 
 

 

1) Supply Motor.             2) Supply Fan.                  3) Empty Plenum  

4) Flexible Duct.     5) Isolated Plenum.   6) Heat pipe.    7) Extract Fan 

. 8) Extract Motor. T) Thermo-couple 
Figure (5) Schematic diagram for the Heat pipe and the Experimental 

Test Rig.  
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IV. RESULTS AND DISCUSSIONS 

A. Effects of inclination angle and supply on temperature on 

thermal efficiency. 

Figure (6) shows the relation between heat pipe thermal 

efficiency and supply on temperatures. The heat pipe 

inclination angle of these results is taken as 0 o, 15 o, 30 o, 45 o, 

60 o, 75 o and 90o. It is illustrated from the figure that the heat 

pipe thermal efficiency sharply increases with supply on 

temperature increasing until a value of 40 o C and then slightly 

increases with further increase in supply on temperature. This 

may be attributed to the fact that, the temperature of the 

working medium increases and hence more amount of heat 

can be removed in the condenser section. 
 

 

Figure (6): Relation between Thermal Efficiency and supply on 

temperatures at various inclination angles (Theoretical ▬▬& experimental 

- - -). 
 

Figure (7) shows the relation between heat pipe thermal 

efficiency and inclination angle of heat pipe. The heat pipe 

inclination angle of these results is taken as 0 o, 15 o, 30 o, 45 o, 

60 o, 75 o and 90o with different values of supply on 

temperature  of 30 o, 35 o, 40 o, 42 o and 45 oC with constant 

air flow rate of 680 (m3/hr). It is illustrated from the figure 

that the heat pipe efficiency increases with inclination angle 

until it reaches its maximum value at 30o and then decreases 

with further increase in inclination angle. 

 

 

Figure (7): Relation between Thermal Efficiency and Inclination angle at 

various supplies on temperatures (Theoretical ▬▬& experimental - - -). 
 

One can conclude from the figures that the theoretical and 

experimental results have the same trend of variation with 

higher values of the theoretical over these experimental. 

It is also seen from the figure that the difference between 

theoretical and experimental value of heat pipe efficiency 

increases with the angle of inclination. 

A general equation for the thermal efficiency f (η) = (θ, 

T1) for different supply on temperatures and different 

inclination angles at constant air volume as following: 

 

  𝜼 =        (−𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟒 𝐓𝟏 + 𝟎. 𝟎𝟎𝟎𝟎𝟕) 𝜽𝟑 + (−𝟎. 𝟎𝟎𝟎𝟎𝟐 𝐓𝟏 −

𝟎. 𝟎𝟎𝟗𝟓) 𝜽𝟐 + (𝟎. 𝟎𝟎𝟑𝟓 𝐓𝟏 + 𝟎. 𝟑𝟔𝟏)𝜽 + (𝟎. 𝟗𝟐𝟕𝟓 𝐓𝟏 − 𝟏𝟒. 𝟑𝟔)   

                   

B. Effects of inclination angle and supply on temperature on 

heat recovered. 

 

Figure (8) shows the effect of supply on temperature on the 

heat recovered capacity. The heat pipe inclination angle of 

these results is taken as 0 o, 15 o, 30 o, 45 o, 60 o, 75 o and 90o. 

It is illustrated from the figure that the heat pipe heat 

recovered capacity slightly increases with supply on 

temperature until a temperature of 35 o C and then sharply 

increases with further increase in supply on temperature.  
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Figure (8): Relation between Heat Recovered and supply on temperatures 
at various inclination angles (Theoretical ▬▬& experimental - - -) 

 

 

Figure (9): Relation between Heat Recovered and Inclination angle at 

various supplies on temperatures (Theoretical ▬▬& experimental - - -) 
 

Figure (9) shows the relation between the heat pipe heat 

recovered and inclination angle of heat pipe. The heat pipe 

inclination angle of these results is taken as 0 o, 15 o, 30 o, 45 o, 

60 o, 75 o and 90o with different values of supply on 

temperature of 30 o, 35 o, 40 o, 42 o and 45 oC at constant air 

flow rate of 680 (m3/hr). It is illustrated from the figure that 

the heat pipe heat recovered capacity increases with 

inclination angle until it reaches its maximum value at 30 o 

and then decreases with further increase in inclination angle. 

Also from figure (9) one can observe that the theoretical 

and experimental heat pipe heat recovered values have the 

same trend of variation. In the same time the theoretical values 

are higher than those of the experimental one. It is also seen 

from the figure that the difference between theoretical and 

experimental value of heat pipe heat recovered capacity 

increases with the supply on temperature. This may be 

because increasing supply on temperature, the heat pipe heat 

recovery increase, the temperature gradient through the heat 

pipe increases and consequently the generated vapor increases 

and moves vigorously into the condenser section. The return 

air flowing through the condenser absorbs this excessive heat 

and as a result, the heat recovered of the heat pipe increases.  

 

C. Effects of inclination angle and supply on temperature on 

supply off temperature. 

Figure (10) shows the relation between the supply off 

temperature and supply on temperatures, which takes the 

values of 30 o, 35 o, 40 o, 42 o and 45 oC. It is shown from the 

figure that the supply off temperature increases with supply on 

temperature. 
 

 

Figure (10): Relation between Supply off temperature and supply on 

temperatures at various inclination angles (Theoretical ▬▬& experimental - - 
-). 
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Figure (11): Relation between Supply of temperature and Inclination 

angle at various supplies on temperatures (Theoretical ▬▬& 
experimental - - -). 

 

Figure (11) shows the effect of inclination angle on supply 

off temperature. The heat pipe inclination angle of these 

results is taken as 0 o, 15 o, 30 o, 45 o, 60 o, 75 o and 90o with 

different values of supply on temperature of 30 o, 35 o, 40 o, 42 
o and 45 oC with constant air flow rate of 680 (m3/hr). It is 

shown from the figure that supply off temperature slightly 

decreases with the increase of inclination angle until it reaches 

its minimum value at30 o and then decreases with further 

increase in inclination angle. 

One can conclude from the figures that the theoretical and 

experimental supply off temperature has the same trend of 

variation with higher values of the experimental over these 

theoretical. 

It is also seen from the figure that the difference between 

theoretical and experimental value of supply off temperature 

increases with the supply on temperature. 

 

D. Effects of inclination angle and supply on temperature on 

thermal resistance. 

Figure (12) shows the relation between thermal resistance 

and supply on temperatures. The supply on temperature of 

these results is taken as 30 o, 35 o, 40 o, 42 o and 45 oC with 

different inclination angle and constant airflow rate.  The 

figure illustrate that the heat pipe thermal resistance sharply 

decreases with supply on temperature increasing until a value 

of 40 o C and then slightly decreases with further increase in 

supply on temperature. 

Figure (13) shows the effect of inclination angle on 

thermal resistance of heat pipe. The heat pipe inclination angle 

of these results is taken as 0 o, 15 o, 30 o, 45 o, 60 o, 75 o and 90o 

with different supply on temperature of 30 o, 35 o, 40 o, 42 o and 

45 oC with constant air flow rate of 680 (m3/hr). The figure 

shows that the heat pipe thermal resistance decreases with the 

increase in inclination angle until it reaches its minimum value 

at 30 o and then slightly increases with further increase in 

inclination angle. This may be due to the higher rate of 

formation of liquid film inside the condenser at larger 

inclination angles leads to the increase of thermal resistance. 

The thermal resistance(R) of the heat pipe is calculated 

using 𝑅 =
𝑇𝑒−𝑇𝑐

𝑄
, Where Te and Tc are temperature values at 

the evaporator and condenser sections respectively and Q is 

the heat supplied to the heat pipe.  

One can conclude from the figures that the theoretical and 

experimental heat pipe thermal resistance has the same trend 

of variation with higher values of the theoretical over these 

experimental. It is also seen from the figure that the difference 

between theoretical and experimental value of heat pipe 

thermal resistance decreases with the supply on temperature 

increases and decreases with the angle of inclination. 

 
 

Figure (12): Relation between Thermal Resistance and supply on 

temperatures at various inclination angles (Theoretical ▬▬& experimental 
- - -). 
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Figure (13): Relation between Thermal Resistance and Inclination angle at 

various supplies on temperatures (Theoretical ▬▬& experimental - - -). 

 

V. COMPARISON BETWEEN PRESENT RESULTS AND OTHER 

RESULTS  

By comparison, our experimental results with experimental 

results carried out by Senthilkumar et al. [14]. It is illustrated 

from the figure that the heat pipe thermal efficiency slightly 

increases with inclination angle decrease until a value of 30o 

and then slightly decreases with further decrease in Inclination 

angle. One can conclude from the figure that our experimental 

results and Senthilkumar et al. experimental results of heat 

pipe efficiency has the same trend of variation with higher 

values of Senthilkumar et al. results over our results. This 

mismatching (division percentage) is about (3.7-8.6) % may 

be because some convergence between the both results of the 

form to be easily resolved by imposing a slightly different 

assumptions of fact and also because of the margin of error in 

the analysis of experimental results. 
 

 

Figure (14): Relation between Thermal efficiency and inclination angle at 
various experimental results. 

VI. CONCLUSION 

Based on the results of the experiments carried out to 

investigate the effect of tilt angle and supply on temperature 

on the performance of HPHX, following conclusions were 

recorded: 

1) Heat pipe efficiency and heat recovered capacity are 

increased by increasing the inclination angle until reach its 

maximum values at (θ=30o) and then decreased to reach its 

vertical position. 

2) Supply off temperature and thermal resistance are 

decreased by increasing the inclination angle until reach its 

minimum values at (θ=30o) and then increased to reach its 

horizontal position. 

3) Heat pipe efficiency and heat-recovered capacity are 

increased by increasing the supply on temperature. 

4) Supply off temperature and thermal resistance are 

decreased by increasing the supply on temperature. 
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