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ABSTRACT 
This article uses several glass heat pipe types with varied profiles, meaning that simulations were run at different temperatures with respect 
to time. A higher temperature value is obtained by simulating an evacuated glass tube filled with soda lime silicate. The CAD model of 
the heat pipe used in this study was created with ANSYS. In order to observe different parameters impacting the heat pipe's performance 
in terms of thermal and phase transformation, the model has been simulated using ANSYS software on a fluent domain workbench. 
Additionally, it has been noted that, in comparison to earlier configurations, the 10 mm wall thickness of the copper pipe material engaged 
with the glass material exhibits greater convergence at the soda lime silicate glass evacuated tube.The outcomes are verified against the 
published base paper results. Among all the configurations tested, the soda lime silicate glass material configuration yields the highest 
convergence on all parameters when the fluid flow (octadecane) Nanofluid is placed within a heat pipe. We discovered that they provide 
superior mass transformation and temperature dispersion in the heat pipe's capillary tube. According to our investigation, the temperature 
of the erythritol nanofluid in the soda lime silicate glass evacuated tube in the heat pipe is greater. 
Keyword: - Heat pipe, Temperature, Borosilicate, soda lime silicate, copper pipe, octadecane, Erythritol, Silicon oil. 
 
1 INTRODUCTION 
In recent years, a number of theoretical and practical configurations of solar water heater (SWH) systems integrated with 
phase change material (PCM) called LHTES (latent heat thermal energy storage) have been created and evaluated [1–9]. The 
PCM was inserted into the hot water storage tank as a spherical or cylindrical packed bed portion in the majority of the 
designs [10–13]. To obtain the performance at various incident angles, one method is to use an incidence angle modifier 
(IAM) [14]. A standalone point-focus parabolic solar still's performance was experimentally assessed, and a maximum 
production of 5.12 kg/day was attained. On the other hand, they found no evidence of a substantial impact of water salinity, 
wind speed, or air temperature on production [15]. [16] used the method of injecting air into hot water in an HDH process 
to assess the system's productivity. This method employed compressors to force air into the water and electrical heaters to 
heat the water. The quoted cost of desalinated water was rather high because of the compressor's high cost and the amount 
of power it used. The impact of employing a direct contact bubbling humidification technique on an HDH process's output 
rate was examined by Ghazal et al. [17]. In this setup, a compressor forces air into the water within the solar collector. The 
output air of a solar collector was found to be saturated, and the use of a reflector mirror raised the absolute humidity by 
32%. A recent experimental research on a solar HDH system using an air bubble column humidifier was conducted by 
Khalil et al. [18]. The effects of air flowrate, water temperature, and the hole diameter of the sieve on the system's 
performance were examined. It was demonstrated that the daily effectiveness was 63%. The performance of air bubble 
column humidifiers was found to be superior to that of traditional humidifier systems. It is desired that solar energy be used 
in these systems to minimize energy consumption, given the low operating temperature of HDH processes. A variety of solar 
collectors or photovoltaic panels were employed in several earlier investigations to provide the necessary energy for the HDH 
processes' air or water heating. In an experimental study, Zamen et al. [19] investigated a two-stage solar HDH system that 
heated water using flat plate collectors. When the intended system was tested in both warm and cold weather conditions 
throughout the year, it was discovered that the daily production of fresh water in the winter was significantly lower than that 
of fresh water in the summer. It was demonstrated that the weather has a major impact on the performance of typical flat 
plate collectors; as a result, their efficiency was greatly decreased on gloomy and chilly days. Compared to flat plate collectors, 
evacuated tube collectors work better because they have the two benefits of evacuated space and correct shape. These 
collectors perform better thermally at higher temperatures because convection and conduction losses are less as a result of 
the evacuated space inside of them. In the meanwhile, a heat pipe in the evacuated tube collector may transmit a sizable 
quantity of heat from the heat source to the heat sink since it is an extremely effective thermal conductor. An evacuated 
tube that has been filled with the appropriate volume of working fluid is called a heat pipe. The impact of utilizing various 
working fluids on the performance of heat pipes has been the subject of several research [20, 21]. Kumar et al. studied the 
design, development, and performance assessment of many kinds of solar dryers [22]. In their study, the physical attributes 
of various solar dryers as well as a technoeconomic analysis were given. Chauhan and colleagues [23] have examined the use 
of software in sun drying systems. The study stressed how crucial it is to employ software when creating and evaluating the 
mathematical models that are used to forecast how well various types of sun drying systems would work. Rittidech et al.'s 
study [24] looked on using heat pipes directly in dryers. For energy efficiency in a dryer, closed-ended oscillating heat pipes 
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were employed as an air preheater. The suitability of the heat pipe airpreheater as a heat recovery device was investigated 
and an experimental prototype was developed and constructed. 
1.1 Problem Identification 
The survey of different previous works used in Borosilicate glass materials in evacuated tube. We found that low heat transfer 
rate, low thermal diffusivity and thermal conductivity in previous survey, further analysis is done by optimizing the evacuated 
glass material and change the Nanofluid of heat pipe with hexacosane, silicon oil, erytrithol. 
 

Table 1: Previous and present configurations of heat pipe. 
Debabrata Pradhan et.al. [25] 
• Heat pipe Length 1800 mm 
• Material Copper - 
• Evaporator length- 1700 mm 
• Evaporator diameter - 6 mm 
• Condenser length- 100 mm 
• Condenser diameter- 10 mm 
• Evacuated tube length -1780 mm 
• Outer tube diameter- 58 mm 
• Inner tube diameter- 52 mm 
 

M.S. Naghavi et.al. [26] 
• Distance between fins 
on shell- 12 
• Pipe outer diameter -13 
• Fin height on pipe -9 
• Fin thickness on pipe -
0.5 
• Fins pitch on pipe- 5 

P. Selvakumar et.al. [27] 
Heat pipe 
• 100 mm of evaporator 
section. 80 mm of adiabatic 
section. 
• 150 mm of condenser section. 

Present Configuration 
S.No. Dimensional Parameters Dimensions 
1 Parabola length 1.5m 
2 Parabola width 1m 
3 Parabola depth 0.4m 
4 Focal height 0.15m 
5 Evacuated tube outer diameter 0.05m 
6 Evacuated tube length 1.5m 
7 Capillary diameter 0.03m 

 
1.2 Analysis step 

 
Fig 1. CAD model of heat pipe. 
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Figure 2. Meshed domain of heat pipe. 
 

Fluent setup: 
After mesh setup generation define the following steps in the ANSYS fluent 15.0 
• Problem type – 3D solid 
• Type of solver – pressure 
• Physical model – viscous K-epsilon two equation turbulence model 
• Mixture - volume of fraction 
 
Solution Method 
• Pressure – Velocity – Coupling – Scheme – Simple 
• Pressure – standard pressure 
• Momentum – 2nd order 
• Turbulence – kinetic energy 2nd order 
• Turbulence dissipation rate 2nd order 
 
1.3 Boundary conditions 

Heater Section (Evaporation section) Temperature is defined 
Adiabatic Zone (Phase transformation Section) Conduction is defined 
Condensation zone Convection is defined 
Wall of Capillary Considered with different glass material 

 
1.4 Material Properties 

Table 2: Materials Properties 

Properties Borosilicate glass Soda lime silicate glass Phospho Silicate Glass 

Density, ρ 2230 Kg/m3 2530Kg/m3 2585 Kg/m3 

Thermal Conductivity, K 1.14 W/m-K 0.937 W/m-K 0.57 W/m-K 

Specific Heat, Cp 830J/Kg-K 720 J/Kg-K 632J/Kg-K 
 

Table 3.2 Properties of Nano-Fluids 

Nano-Fluids Density viscosity Thermal Conductivity Boiling Point 

Octadecane 0.777 - 0.153 W m−1 K−1 317 °C (603 °F; 590 K) 

Silicon Oil 0.971 g/mL at 25 °C 10,000 c St(25 
°C) 

0.6 W/m/K >140 °C/0.002 mmHg (lit.) 

Hexacosane 0.8±0.1 g/cm3  0.23 W/ mK 412.2±8.0 °C at 760 mmHg 

Erythritol 1.45 g/cm3  0.733W m−1 K−1 329 to 331 °C (624 to 628 °F; 
602 to 604 K) 

 
Table 3: Temperature distribution on heat pipe with same configuration (Validation) 

Base Paper Result Time 

22 12:00 

51 12:20 

55 12:40 

54.3 13:00 

52.5 13:20 
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Figure 3. Base paper results and Simulation Results of variation in temperature for the heat pipe w.r.t. Time. 

 
 
 
 

 
Figure 4. Temperature variation in heat pipe on 12:20. 
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Figure 5. Overall comparison of variation in Temperature for different nanofluid with the heat pipe with respect to 

Time. 
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Figure 6. Variation in temperature on heat pipe w.r.t. time and different glass material. 
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Figure 7. Overall comparison of variation in Temperature for different nanofluid with the phosphor silicate glass 

material heat pipe with respect to Time. 
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CONCLUSION 
Soda lime silicate with copper pipe material shows more convergence than other glass materials of heat pipe (heater zone) 
thus result shows improvement of 6.8% average deviation on temperature. Temperature distribution shows 0.73% average 
on simulation results than base paper results thus convergence on temperature effect is achieved. Thus numerical simulation 
of heat pipe with respect to different glass materials with copper pipe shows an optimum result on both temperature and 
mass transfer. From results, higher temperature drop is found out for Erytrithol Nanofluid comparison to different 
Nanofluid of heat pipe. Our analysis found Erytrithol nanofluid are higher temperature in soda lime silicate glass evacuated 
tube in heat pipe. The combination of sodalime silicate glass with Erythritol imposes optimum configuration in temperature 
distribution also this combination is economical. 
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