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Abstract— Solar energy is one of the cleaner forms of 

renewable energy resources.  The conventional solar 

collector is a well-established technology with certain 

limitations. This has various applications such as water 

heating, space heating and cooling. However, the thermal 

efficiency of these collectors is limited by the absorption 

properties of the working fluid, which is very poor for 

typical conventional solar evacuated tube collector. Recently 

usage of nanofluid, which is basically liquid- nanoparticles 

colloidal dispersion as a working fluid has been found to 

enhance flat plate TPCT (Two Phase Closed 

Thermosyphon) solar collector thermal efficiency. The 

objective of this proposed work is to design and develop the 

heat pipe flat plate solar collector which uses the circular 

heat pipes with their working fluid as TiO2-H20 nanofluid in 

addition with surfactant with provision of solar tracking 

mechanism. The project also aims to test the performance 

enhancement of nanofluid filled heat pipe flat plate solar 

collector compared with conventional flat plate solar 

collector in forced convection mode. Experimental results 

will be compared and interpreted accordingly. 
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I. INTRODUCTION 

To study the thermal enhancement of wickless heat pipe flat 

plate solar collector using surfactant added nanofluid with 

solar tracking mechanism, it is necessary to develop the 

system containing two heat pipe flat plate solar collector , 

one containing conventional fluid water and the other 

containing surfactant added nanofluid with solar tracking 

mechanism for both collector and other accessories and 

measuring instruments required for measuring required 

parameters to determine performance characteristics of both 

these collectors.  

Objectives for this project are  

1) To study the effect on instantaneous collector 

efficiency of flat plate collector using nanofluid 

added surfactant and solar tracking mechanism. 

The effects are to be compared with wickless heat 

pipe containing conventional working fluid water 

with solar tracking mechanism. 

2) To study the effect of mass flow rate on the 

performance of wickless heat pipe flat plate solar 

collector with heat pipe working medium as 

nanofluid added surfactant and solar tracking. The 

performance of same is to be compared with 

conventional heat pipe solar collector with solar 

tracking mechanism. 

A. Flat Plate Heat Pipe Solar Collector: 

Heat pipes are devices of high thermal conductance, which 

transfer thermal energy by two phase circulation of fluid, 

and can easily be integrated in to most types of solar 

collector. The basic difference in thermal performance 

between a heat-pipe solar collector and a conventional one 

lies in the heat-transfer processes from the absorber tube 

wall to the energy-transporting fluid. In the case with a heat 

pipe, the process is evaporation–condensation–convection, 

while for conventional solar collectors, heat transfer occurs 

only in the absorber plate. Thus, solar collectors with heat 

pipes have a lower thermal mass, resulting in a reduction of 

start-up time. A feature that makes heat pipes an attractive 

for use in solar collectors is their ability to operate like a 

thermal-diode, i.e., the flow of the heat is in one direction 

only. This minimizes heat loss from the transporting fluid, 

e.g., water, when incident radiation is low. Furthermore, 

when the maximum design temperature of the collector is 

reached, additional heat transfer can be prevented. 

This would prevent over-heating of the circulating 

fluid, a common problem in many applications of solar 

collectors. One of the first studies of heat pipes in solar 

applications was carried out by Bienert and Wol. In this 

case, the evaporator end of a heat pipe was inserted in a flat-

plate collector, and the condenser protruded into a water 

manifold attached to the upper end of the collector. The 

results of this investigation were neither conclusive nor 

optimistic. Since then, numerous studies have been carried 

out, including theoretical analysis and calculation, 

experimental testing, combined investigation involving 

theoretical analysis and experimental trials, as well as 

applications in practice. Most of these studies involved the 

investigation of the thermal performance of various types of 

heat-pipe solar collectors by analytical, numerical or 

experimental methods with the aim of establishing suitable 

structures or system layouts, as well as optimum operating 

conditions for high efficiency.  

Flat-plate heat-pipe solar collectors, have their own 

set of advantages, including simpler structure, lower cost, 

easier manufacture and simple operation. The lower 

efficiency of flat-plate collectors is mainly due to the heat 

loss via the cover surface due to conduction and convection. 

Standard flat-plate collectors have typical efficiencies of 

50% or less, while evacuated devices have efficiencies of 

about 50–80%. It would be desirable to develop a new 

structure for flat plate collectors that would overcome heat 

loss problems and allow a high efficiency to be achieved, 

while its capital cost still remains low. 

 
Fig. 1: Flat Plate Heat Pipe Solar Collector with three heat 

pipe 
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B. Solar Tracking Mechanism: 

This model is based upon use of hydraulic mechanism in a 

cyclic manner in a closed loop. The solar collector is 

mounted on panel seat driven by gravitational energy with 

an added advantage of dual axis mechanism tends to track 

sun effectively throughout the year. It suits the rural 

scenario with promising future to deliver better service. 

II. LITERATURE SURVEY  

Noie et al. [1] presented in his work an experimental study 

of a thermosyphons of (980 mm length and 25 mm internal 

diameter) made of smooth copper tube, with distilled water 

as a working fluid. The goal of the study was to obtain the 

thermal characteristics of the thermosyphon (temperature 

distribution in the outer wall along the tube, boiling heat 

coefficient and the maximum heat transfer rate), at: heat 

supply (100 < Q < 900W), filling ratios (30% ≤ FR ≤ 90%) 

and length of the evaporator (varying the length of electrical 

resistance). 

P.G. Anjankar et al. [2] In this paper the thermal 

performance of a vertical two phase closed thermosyphon 

with different flow rate to condenser and different inputted 

heat to evaporator with different condenser lengths has been 

investigated experimentally. There are three lengths of 

condenser 450mm, 400mm; 350mm has been tried out. It is 

found that the thermal performance of thermosyphon at flow 

rate 0.0027 Kg/s and heat input 500 W with condenser 

length of 450 mm is higher. The paper also reviewed the 

thermal performance of two phase closed thermosyphon. 

The objectives of the present work are to study the new 

design and thermal performance of thermosyphon. 

Gabriela Humnic et al. [3] performed an 

experiment to measure the temperature distribution and 

compare the heat transfer rate of thermosyphon with diluted 

nanofluid (with 0%, 2% and 5.3% concentration) in DI-

water and DI-water. The thermosyphon was a copper tube 

with internal and external diameter of 13.6mm and 15 

respectively. The overall of length of thermosyphon was 

2000mm (evaporator length-850mm, condenser length-

850mm, adiabatic section-300). They obtained the results 

that the addition of 5.3% (by volume) of iron oxide 

nanoparticles in water improved thermal performance of 

thermosyphon. 

Hussein et al [4] studied the performance of 

wickless heat pipe flat plate solar collector having different 

cross section geometries and filling ratios. They investigated 

the water filling ratio to the flooding limit of the elliptical 

cross section and referred that it is very close to 35% for 

circular section so that an elliptical cross section 

significantly improves the performance of wickless heat 

pipe flat plate solar collectors at low water filling ratios. 

Theoretical and experimental studies on wickless heat pipe 

solar collectors for water heating have been reported 

Hussein. These studies use cross flow condenser heat 

exchanger. Distilled water was used as working fluid in heat 

pipes. The performance of wickless heat pipe solar collector 

was found to be sensitive to cooling water inlet temperature, 

absorber plate material and thickness and condenser length. 

It was also possible to know the optimum cooling water 

mass flow rate for best efficiency of the system.  

Sandesh.S.Chougule et al. [5] a solar heat pipe 

collector was designed and fabricated to study its 

performance of the outdoor test condition. The thermal 

performance of the wickless heat pipe solar collector was 

investigated for pure water and nanofluid with varied range 

of CNT nanofluid concentration (0.15%, 0.45%, 0.60%, and 

1% by volume) and various tilt angles (200, 320, 400, 500, 

and 600). CNT nanoparticles with diameter 10–12nm and 

0.1–10μm length are used in the present experimental 

investigation. The optimal value of CNT nanofluid 

concentration for better performance is obtained from the 

investigation. The thermal performance of the heat pipe 

solar collector with CNT nanofluid is compared to that of 

pure water. 

III. DESIGN AND DEVELOPMENT OF EXPERIMENTAL SETUP  

A schematic diagram of the experimental setup is as shown 

in Fig. 2. The solar collector performance is experimentally 

investigated in Pune. The working fluid is to be circulated 

through the collector with gravity assistance. A heat 

exchanger is placed to transfer heat load from the solar 

collector to the cooling water. A simple valve was also 

installed after the electric pump to control the working fluid 

mass flow rate. Two temperature sensors are used to 

measure the fluid temperature at the inlet and outlet of the 

solar collector. The ambient temperature is measured by a 

thermometer. The total radiations are measured with the 

help of radiation Pyranometer. 

 
Fig. 2: Layout of Heat Pipe solar collector test rig. 

 
Fig. 3: Schematics of solar tracking mechanism 
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A. Test Methodology: 

Major component of the system is heat pipe flat plate solar 

collector. The cold water heated will be stored in the tank. 

The water is passed to the inlet of the condenser section 

guide of both the solar collector. The guide allow filling 

completely by closing the flow control valve connected after 

the outlet of the condenser section guide of both the solar 

collector. Once the guide is filled completely, flow control 

valve will open to adjust the mass flow rate of the water by 

noting the time require to fill calibrated cylinder to volume 

calculation. Thus the mass flow rate of water is set. 

The outlet of condenser section guide of collector 

will connect to hot water storage tank. Set up have 

mechanism to vary the orientations that will the tilt angle of 

the collectors. The testing is carried out throughout the day 

from 10.00a.m to 4.00p.m. Readings are recorded at one 

hour interval. The intensity of solar radiation is measured by 

using pyranometer. The inlet and outlet water temperature 

from both the collectors along with ambient air temperature 

is measured using RTD’s. Then the observations are 

tabulated for further analysis. 

Experiments were carried out throughout the day 

from 10:00am to 4:00pm and values of solar intensity (It) as 

well as different temperatures were recorded at each one 

hour interval. Different temperatures measured include 

ambient air temperature (Ta), inlet water temperature (Ti), 

outlet water temperature for collector with water and 

nanofluid as working fluid (To,w and To,n resp.). It should 

be noted that each of these readings were obtained for a 

fixed mass flow rate. Tests were carried out at mass flow 

rate 0.00125 kg/sec. 

B. Formulae Used: 

The rate of thermal energy input (Qin), the rate of thermal 

energy gain (Qg) and the instantaneous efficiency (η) of 

each collector were calculated as below: 

Qin = It. Acoll                                    

Where, Acoll  is the area of collector 

Qg = m Cw (To-Ti)                

Where m is mass flow rate and Cw is specific heat of water 

η inst =  Qg/Qin                            

Where Ƞinst is the instantaneous efficiency 

IV. RESULTS AND DISCUSSION  

 
Fig. 4.1: Hourly variation of solar intensity 

Experiments were carried out by using two working fluids 

for heat pipes such as: pure water, TiO-water + Surfactant 

nanofluid. The results are depicted in Figs. 4.1-4.5. The 

variation of various parameters , namely, the rate of solar 

energy input, ambient air temperature, inlet water 

temperature and outlet water temperature for two different 

wickless heat pipe flat plate solar collectors is shown in 

Figs. 4.1-4.4.  

It is observed that the solar intensity increases, 

attains maximum value and then falls with time (Fig. 4.1). 

The maximum value average solar intensity was observed at 

1.0pm. Use of solar tracking system leads to increase solar 

intensity, nearly rise of 200 W/m2 is found by using solar 

tracking system. 

Below figure 4.2 shows variation of different 

temperatures namely ambient air temperature, inlet 

temperature of water to both the collectors, outlet 

temperature of water from both the collectors. Temperature 

of water from outlet of solar collector with wickless heat 

pipe containing nanofluid is greater than that of the solar 

collector with wickless heat pipe containing pure water. 

Hence we can conclude about the improvement in 

performance of wickless heat pipe flat plate solar collector 

with nanofluid. 

 
Fig. 4.2: Hourly variation of outlet temperature temperatures 

 
Fig. 4.3:  Hourly variation of efficiency 

From graph 4.3 it is conclude that because of using 

nanofluid efficiency of wickless heat pipe flat plate solar 

collector is improved. 
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Fig. 4.3:  Hourly variation of efficiency with Solar Tracking 

System 

From graph 4.3 it is conclude that because of using solar 

tracking system efficiency of wickless heat pipe flat plate 

solar collector is improved. 

V. CONCLUSION 

An experimental study has been carried out to investigate 

the thermal performance of heat pipe solar collector by 

using different working fluids for heat pipes such as: pure 

water, TiO2 /water + Surfactant nanofluid. Following 

conclusions are made from the experimental study and is 

detailed below: 

 The thermal performance of solar heat pipe 

collector is higher by using nanofluid followed by 

pure water as a working fluid for the wickless heat 

pipe. 

 The heat transfer rate is found to increase by using 

solar tracking system for both cases, namely, pure 

water and TiO2/water nanofluid. 

 The temperature increase at the outlet of collector 

is more in case of wickless heat pipe containing 

nanofluid as the working fluid than that obtained in 

case of wickless heat pipe containing pure water as 

the working fluid. 
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