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Abstract 

Solar flat plate collectors used for low-temperature domestic water heating usually has wide 
applications. However, their conversion efficiency is observed to be poor since losses from the 
collector surface is higher. Hence, passive augmentation techniques such as providing internal 
fins to the tube which enhance the heat transfer rate to the flowing fluid. In the present study, the 
performance of typical solar flat plate collectors having plain and helical internal grooved 
absorbed tubes of varied pitch is experimentally determined under different operating conditions. 
Grooved tubes provide enlarged surface area and hence improvement in heat absorbed by the 
fluid is envisaged with negligible pressure drop. In this work, efficiency enhancement of collector 
with the plain absorber tube and absorber tube with internal grooves are compared for different 
mass flow rate under forced laminar flow conditions.  

Keywords— Grooved tubes, plain tube, forced convection, collector performnce, solar flat plate 
collector 

1.INTRODUCTION 
The demand for energy for various domestic needs is increasing exponentially day by day 
causing the exploitation of fossil fuels as well as leading to environmental pollution. Renewable 
energy sources definitely provide viable technical solutions to overcome both issues. Among 
different energy resources, solar energy is an inexhaustible source of energy having the ability to 
meet a notable portion of nation‟s future energy needs. According to recent amendments to 
energy policy, the Government of India has set a target of achieving five times increment in 
renewable power capacity up to 175 GW by 2022 in which 100 GW power generations will be 
from solar energy [1]. Our country is, fortunately, has approximately 300 sunny days per year and 
average net radiation of 200 MW/km

2
h [2]. However, availability of solar energy is inconsistent 

with time and varies with operating conditions for different locations. The low solar flux density is 
one of the obstacles while considering the design of solar energy device.  
 
Solar flat plate collector (SFPC) is one among different low-temperature thermal apparatus used 
for heating fluids. SFPC is considered to provide hot water at a reliable temperature up to 50 

0
C 

to 70 
0
C. However, the time required for getting hot water at the specific temperature is more, due 

to low conversion efficiency. 
 
The Performance of the collector depends on certain parameters such as  
1. Working fluid 
2. Absorber plate and tube material  
3. Insulation of the collector 
4. Number of glass covers 
5. Mass flow rate of the working fluid 
6. Tube configuration   
7. Solar radiation 
In literature, a few research groups conducted experiments on SFPC to know the effect of 
operating parameters on collector performance. The effect of these parameters on the efficiency 
of collector system was numerically analyzed by Sekhar et al. [3]. More and Manwatkar [2] 
conducted review of existing literature on solar flat plate collectors and stated that the efficiency 
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of solar collector enhances with (i) increase in thermal conductivity of the absorber plate (ii) usage 
of passive techniques such as internal fins and twisted tape in tubes (iii) mass flow rate of the 
heat transfer fluid (iv) selective coating on pipes and (v) decrease with constant collection 
temperature. 

In the domestic solar heating systems, water is commonly used as a working fluid. Nanofluid is 
used as a working fluid to enhance heat transfer coefficients in solar thermal collectors. Natarajan 
and Sathish [4] reported an increase in efficiency of the solar water heater using nanofluids 
instead of typical heat transfer fluids. Similarly, Chaji et al. [5] reported 3.5%-10.5% increase of 
efficiency in SFPC with titanium dioxide-water suspension as working fluid for various mass flow 
rate as compared to water. 

 
Shariah et al. [6] studied the effect of thermal conductivity of the absorber plate on the 
performance of SFPC using transient simulation system (TRNSYS) software. From the analysis, 
they observed that replacing steel absorber plate with aluminum gained annual solar fraction and 
the characteristic factors of the system by 4%±7% and 12%±19% respectively. But a similar 
result was not found with a copper plate, the solar fraction and the characteristic factors were 
increased by only 1% and 3% respectively. 
 
Pandey and Chaurasiya [7] performed a review on recent techniques reported to improve the 
performance of SFPC in the literature. They suggested that graphene in the form of Thermal 
Conductive Pyrolytic Graphite (TCPG) can be used as absorber plate material to increase it's 
absorbing and conducting ability. Also, use of inert gasses in between the gap of glass-absorber 
can reduce losses. Further, providing twisted tape inserts will also improve the efficiency of the 
collector. Using propylene glycol instead of water as heat transfer fluid with twisted tape insert 
can also increase the collector performance since there will not be an increase in pumping power 
below a certain flow range. Giovannetti et al. [8] noticed a considerable increase in efficiency of 
flat plate collectors with single-glazed collectors having low or non-selective absorbers. Similarly, 
a collector with double-glazing having highly selective absorbers show enhancement of 
performance. Selective Glass coatings based on Transparent Conductive Oxides (TCO) such as 
tin-doped indium oxide and aluminum-doped zinc oxide have been used to yield higher collector 
efficiency. 
 
Kessentini et al. [9] investigated the performance of flat plate collector with plastic Transparent 
Insulated Material (TIM) as glazing under indoor conditions and economic overheating protection 
system that was designed to work in the temperature range of 80–120 

0
C using parametric 

simulation. Also, they claimed that proposed collector with TIM was cost effective than a 
commercial collector where TIM can withstand up to 100

0
C without a reduction in efficiency. 

Manikandan et al. [10] reported the performance of double glazed solar water heater for various 
absorber plate geometry such as flat plate, v-grooved and square pulse. In their studies, absorber 
plate of made of mild steel size having 1.42 x 0.7 m

2
 was used. They performed experiments 

under varying mass flow rates (0.0041, 0.0083, 0.0125 kg/s) and concluded that higher thermal 
efficiency was achieved for double glazed flat absorber plate as compared to v-grooved and 
square pulse plates.  
 
Jaisankar et al. [11] reported that parallel flow setup could improve the thermal performance of 
the collector. They concluded that a suitable aero profile design was needed to prevent the 
movement of air over the glass surface thereby reducing convective heat loss from the glass 
cover. They also mentioned that many researchers in literature adopted forced mode of 
circulation for their simulation studies instead of thermosyphon which is preferred in domestic 
applications. Chincholka and Kulkarni [12] inferred that performance of the SFPC increases with 
decreases the length of the riser tube and increases the diameter of the tube.  

Zdaniuk et al. [13] experimentally investigated the heat transfer coefficients and friction factors for 
eight helically-finned tubes and one smooth tube using water as working fluid at Reynolds 
numbers ranging from 12,000 to 60,000. The helically-finned tubes tested in this investigation 
have helix angles between 25

0
 and 48

0
, 10 to 45 fins and fin height-to-diameter ratios between 

0.0199 and 0.0327. Results from plain tube were compared to the Blasius and Dittus–Bolter 
equations with satisfactory agreement. The performance of the correlations was evaluated with 
data from other researchers with average prediction errors between 30% and 40%. 
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According to the Hottel-Whiller-Bliss equation [14], the heat transfer coefficient can be increased 
by increasing the surface area of the absorber tube thereby increasing its efficiency. Dinesh Babu 
and Venkat Raman [15] observed that conventional solar water heater having finned tube shows 
an increase in efficiency of 4.5 % as compared with the conventional solar water heater without a 
finned tube. Experiments were conducted with tubes having internal fins (spirally grooved copper 
tubes). The efficiency and tube temperature profile of the solar water heaters where two identical 
25 liters per day solar water heaters was compared between plain internals and internally 
grooved tubes. 
 
. Many researchers performed experiments simulation studies under indoor and outdoor 
conditions to estimate the collector performance. As reported in literature the collector 
configuration and mass flow rate of working fluid influence the performance of the collector. Also, 
they considered the conventional type of collector‟s configuration having smooth absorber tube 
with parallel tube arrangement. Not much data is available in open literature on the collector 
performance having absorber tube with internal grooves. Passive augmentation techniques such 
as providing fins internally to the inside diameter of tube act as an extended surface which 
enhances the heat transfer rate from tube to the flowing fluid, thereby increasing the efficiency. 
Collector performance will vary with respect to groove specifications such as apex angle, pitch, 
number of grooves etc..,  
 
In the present study, operating parameters such as mass flow rate of the fluid (0.01kg/s & 
0.015kg/s), solar radiation, and absorber tube configuration are considered. The effect of these 
parameters on the collector performance is experimentally determined and analyzed. 

2.MATERIALS AND METHODS 
In the experimental setup, there are three absorber tubes placed parallel to each other having a 
different cross section. Out of these three tubes, Two tubes are fabricated with internally grooved 
of various pitch (h=0.43 and 0.44). Specification of the solar flat plate collector is summarized in 
Table .I. 

 

Figure.1 Schematic view of experimental setup as  
 

Dimensions of the fabricated collector for the experimental study is 2 x 0.4(in meters). The header 
tube and riser tube is made up of copper metal. Riser tubes have outer diameter and length of 
9.52mm and 1.9m respectively. The value of the absorptivity and Emissivity of the glass cover is 
considered as 0.88 and 0.14 respectively. The thickness of the glass cover is 5mm. One of the 
significant parameters influence in the efficiency of the collector is insulation. In this setup, the 
thickness of back insulation provided is 50 mm of glass wool. All the temperature measurements 
are done using K-Type thermocouple having a sensitivity of approximately 41μV/

o
C. The 

Operating and Measurement range of the thermocouple is 0 - 100
o
C and -50 - 250

o
C 
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respectively. Inlet temperature (Ti), outlet temperature (To), tube temperature (T1-T9), plate and 
glass cover temperature of the collector was measured and output is connected to 12-Channel 
temperature indicator having an accuracy of ±0.001.  

TABLE.I. 
SPECIFICATION OF THE ABSORBER TUBE 

Component Plain 
tube 

Grooved 
tube 

(h=.43) 

Grooved 
tube 

(h=.44) 

Inner diameter 
(mm)  

8.52 8.52 8.56 

Bottom wall 
thickness (mm) 

0.5 0.3 0.28 

Fin groove 
depth (mm) 

- 0.2 0.15 

Total wall 
thickness (mm) 

0.5 0.5 0.43 

Apex or top 
angle 

- 53 53 

Helix angle  - 18 18 

Number of 
teeth 

- 60 60 

   
A typical actinometer is used in the measurement of solar flux intensity is pyranometer of spectral 
range 305 - 2800nm. Manufacturer of this instrument is LP Pyra. Galvanized iron tank of 25 liters 
capacity is used for storing of working fluid (water) which is insulated with 20mm layer of glass 
wool. The capacity of electric pump used for pumping the working fluid is ½ hp. A three-way valve 
is placed after the pump to allow a specific flow rate of the working fluid to the collector and 
bypass the excess working fluid to the tank. Flow rate of the working fluid is measured by flow 
sensor with indicator which has a measurement range of 0-180 lph. The function of the spiral 
heat exchanger is to cool the hot water from collector for which ice is placed at the outer annulus 
of the pipes. 

3.MATH  FORMULA USED: 
Experiments were conducted on the collector setup erected on the rooftop during the month of 
November 2016. All the experiments were conducted by subjecting the collector to ambient solar 
radiation at the VIT University, Vellore campus (12.91ºN, 79.13ºE). The experiments were 
conducted from 10:00 hrs to 16:00 hrs IST on different days. The parameters such as solar 
radiation, tube cross section and mass flow rate of the working were varied to estimate the 
performance of the collector system. For the experiments, a single glass cover and distilled water 
as working fluid were considered. The instantaneous efficiency and solar radiation are valid for 
every 30 minutes on the side of the instant considered. Glass temperature and plate temperature 
is also noticed periodically using thermocouples for every a half hour. Same procedure had been 
followed for both mass rates (0.10 kg/s and 0.15kg/s).The variation obtained is typical for a solar 
flat plate collector and indicates that the strong dependence of these factors on the amount of 
radiation incident on the collector. 
 
At steady state, useful heat gain of the absorber plate is given by 

 lpmu qSAq 
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Instantaneous efficiency of the flat plate collector is calculated by 
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Overall heat loss coefficient is one of the important parameters while analyzing the efficiency 
of the collector. It will be expressed in terms of overall heat loss of the collector, 

)( apmpll TTAUq   

From the above equations, we are going to compare the efficiency of the collector having 

different cross-sectional absorber tube i.e. plain and internally grooved with pitch (0.43 and 0.44).  

4.RESULTS AND DISCUSSION  
Fabricated experimental collector setup as described in the previous section, is placed on the 
rooftop of GDN block at VIT University. Numerous experiments are carried out for three different 
cases to analyze the performance of collector for different operating conditions. In the first case, a 
collector with plain absorber tube is considered. Similarly, in other two cases, absorber tube with 
0.43  and 0.44 pitch internal grooves is named as case two and three respectively. From the Fig.2 
the effect of mass flow rate of water on the performance of the collector can be observed for case 
1. It can be noticed that efficiency of the collector follows the same trend as that of solar 
Radiation. Also, at a higher mass flow rate, the efficiency of the collector is higher by 7% for an 
increase in solar radiation by 5%. Similarly, at higher radiation conditions the same effect was 
observed. Further analysis had been done with the help of graphs drawn for the temperature of 
the absorber and glass at the same operating conditions. It can be noticed from Fig. 3, as the 
solar radiation increases the plate temperature and glass temperature increased.

 

 
Fig.2 Variation of collector efficiency and solar radiation vs Time for plain       tube 
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Fig.3 Variation of Temperature of Absorber plate and glass w.r.t time in plain tube 
Plate temperature is in the range of 60 – 90 

0
C for the radiation range of 550 – 920 W/m

2
. Values 

of the plate and glass temperature follow the almost similar trend as that of solar radiation on that 
day. An Important observation made from Fig.3 is that as the time of the day progress, (Tom-Tg) 
value gradually increases up to noon and drastically reduces by half after 1 p.m. Also, for higher 
mass flow rate (0.015 kg/s),  (Tpm-Tg) value was observed to be lower than lower mass flow rate 
(0.010 kg/s). Hence, it can be deduced that losses from collector remains same with time until 
noon and then increases with reduction in (Tpm-Tg) values for both mass rates.  The efficiency of 
the solar collector for case 2 is found to have 8% to 20% more with an increase in solar radiation 
by 5% to 8% at both mass flow rates (0.1 and 0.15 kg/s) for a collector having a plain tube. Fig.4 
shows that efficiency and radiation follow the same fashion. Efficiency reaches a peak value for a 
lower mass flow rate at maximum solar radiation. The efficiency of higher mass flow rate is 
observed to be consistent throughout the day. 

 
Fig.4 Variation of collector efficiency and solar radiation vs Time for Grooved  tube(e=0.43) 

 
Fig.5 Variation of Temperature of Absorber plate and glass w.r.t time in Grooved tube (e=0.43) 

During noon, not much difference in efficiency is observed for both the flow rates though there is 
a large difference in solar radiation between the mass flow rates. This may be due to the 
negligible difference in (Tpm-Tg) values at noon between the mass flow rates. When an internally 
grooved tube is replaced with the plain tube, the collector efficiency obtained at higher mass flow 
rates with case1 under transient flow condition is achieved at laminar flow condition itself in case 
2. Plate temperature and glass temperature of the collector with respect to time for case 2 is 
shown in Fig.5. At 1:00 p.m., there is a decrease in both plate and glass temperatures 
consequently affecting the efficiency of the collector. (Tpm-Tg) values are minimum for higher flow 
rate than lower flow mass rate throughout the day. It is observed that the plate temperature and 
glass temperature influences the efficiency of the collector. For the lower mass rate, losses from 
collector increase gradually with time of the day and reaches a maximum value during evening. 
Values of (Tpm-Tg) also follow a similar trend as that of losses. But, for the higher mass rate, there 
is negligible change in (Tpm-Tg) values and losses of the collector. 
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Fig.6 Variation of collector efficiency and solar radiation vs Time for Grooved  tube(e=0.44) 

 
Fig.7 Variation of Temperature of Absorber plate and glass w.r.t time in Grooved tube (e=0.44) 

It can be noticed from the graph Fig. 6, the efficiency of the collector reaches a maximum at 
maximum radiation i.e. noon for both mass flow rates and difference in efficiency values with time 
is very small for case 3. Solar Radiation and efficiency of the collector follow a similar trend for 
the whole of the day. At higher mass rate (0.015 kg/s), if the radiation value falls below a certain 
range, the collector efficiency decreases drastically to a minimum value. The efficiency at lower 
mass rate is noticed to be more than higher mass rate by 8% to 22% for an increase in radiation 
of 9% to 12%. Efficiency enhancement of collector with case 3 is 12% to 30% more compared to 
case 1. It is observed from case 3 that lower mass flow rate (0.010 kg/s) provide better 
performance than higher mass flow rate (0.015 kg/s). From Fig.7, it can be noticed that the plate 
temperature at 0.010 kg/s mass flow rate is higher compared to 0.015 kg/s mass flow rate. The 
reason for this behavior can be attributed to the availability of residence time for water to absorb 
heat at lower flow rates rather than higher flow rates. Values of (Tpm-Tg) are observed to be less 
for higher flow rate. Consequently, Collector losses are lesser for lower mass rate than higher 
mass rate. It is noticed that efficiency of the collector indirectly depends on the (Tpm-Tg) value. 
Losses from the collector increase with a reduction in (Tpm-Tg) at both mass rates.     

5.CONCLUSION 
The effect of absorber tube having internal grooves provided in the solar flat plate collector is 
examined at different mass rates (0.010 kg/s and 0.015 kg/s) for three different cases. Results 
obtained from the experimental analysis of internally grooved tubes are compared with the results 
of smooth absorber tube at different operating conditions. Results show that efficiency of the 
collector increases with increasing the mass flow rates for the first case of plain tube. At higher 
mass flow rate, the efficiency of the collector is higher by 7% for an increase in solar radiation by 
5% for case 1. Also, losses increase with a reduction in (Tpm-Tg) value at both mass flow rates for 
plain absorber tube. 
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For the second case, the efficiency of the collector with grooved absorber tube is found to be 8% 
to 20% higher than smooth absorber tube for various flow rates. At higher mass rate, there is 
negligible change in value of (Tpm-Tg) and collector losses. 

For the third case, collector performance improved by 8% up to 22% for increasing mass flow 
rate. Consequently, Collector losses are lesser for lower mass rate than higher mass rate. For 
case 3 enhancements in collector efficiency by 12% to 30% beyond the plain tube for the flow 
rates considered. 

Further detailed analysis considering parameters such as pressure drop, roughness etc., on the 
collector performance is planned and will be reported in future. Also the effect of base fluid, glass 
material, mass flow rates and tube having different pitches during different climatic conditions will 
be analyzed as future work. 

REFERENCES  
[1] T.S Report, “Ministry of New and Renewable Energy”, Available:  

http://mnre.gov.in/, 2007.    
[2] N. G. More and D. T. Manwatkar, “A Review on Performance 

Improvement in Solar Flat Plate Collector,” International journal of 
modern Trends in engineering and Research, vol. 3, pp. 44–51, 
2015. 

[3] Y. R. Sekhar, K. V Sharma, and M. B. Rao, “Evaluation of Heat Loss 
Coefficients in Solar,” ARPN Journal of Engineering and Applied 
Sciences,  vol. 4, no. 5, pp. 15–19, 2009. 

[4] E. Natarajan and R. Sathish, “Role of nanofluids in solar water 
heater,” Int. J. Adv. Manuf. Technol., no. Special issue, pp. 1–5, 
2009. 

[5] H. Chaji, Y. Ajabshirchi, E. Esmaeilzadeh, S. Z. Heris, M. 
Hedayatizadeh, and M. Kahani, “Experimental study on the thermal 
efficiency of the flat plate solar collector using tio2/water nanofluid,” 
Mod. Appl. Sci., vol. 7, no. 10, pp. 60–69, 2013. 

[6] A. M. Shariah, A. Rousan and A. Ahmad, “Effect of thermal 
conductivity of absorber plate on the performance of a solar water 
heater,” Appl. Therm. Eng., vol. 19, no. 7, pp. 733–741, 1999  

[7] K. M. Pandey and R. Chaurasiya, “A review on analysis and 
development of solar flat plate collector,” Renew. Sustain. Energy 
Rev., vol. 67, pp. 641–650, 2017. 

[8] F. Giovannetti, S. Föste, N. Ehrmann, and G. Rockendorf, “High 
transmittance, low emissivity glass covers for flat plate collectors: 
Applications and performance,” Sol. Energy, vol. 104, pp. 52–59, 
2014. 

[9] H. Kessentini, J. Castro, R. Capdevila, and A. Oliva, “Development 
of flat plate collector with plastic transparent insulation and low-cost 
overheating protection system,” Appl. Energy, vol. 133, pp. 206–223, 
2014. 

[10] J. Manikandan, “Experimental Analysis of Double Glazed Flat Plate 
Solar Water Heater with Various Absorber Plate Geometries,” 
International Energy Journal, vol. 16, pp. 151–156, 2016. 

[11]   S. Jaisankar, J. Ananth, S. Thulasi, S. T. Jayasuthakar, and K. N. 
Sheeba, “A comprehensive review on solar water heaters,” Renew. 
Sustain. Energy Rev., vol. 15, no. 6, pp. 3045–3050, 2011. 

[12] D.Chincholkar, P.R.Kulkarni, “Performance            Improvement of 
Solar Flat Plate Collector Using Formed Tubes-a Review”, Int J Adv 
Engg Tech, Vol. 6, pp. 32-33, 2015. 

[13]   G. J. Zdaniuk, L. M. Chamra, and P. J. Mago,   “Experimental 
determination of heat transfer and friction in helically-finned tubes,” 
Exp. Therm. Fluid Sci., vol. 32, no. 3, pp. 761–775, 2008. 

[14] Sukhatme S.P., „Solar energy, Principles of thermal collection and 
storage‟, Tata McGraw-Hill Publishing Company, New Delhi, 1994. 

International Journal of Pure and Applied Mathematics Special Issue

4172



  

[15] M. Dinesh Babu and M. Venkata Ramanan, “Experimental analysis 
of the performance of a solar flat plate water heater with and without 
internal fins,” Int. J. Ambient Energy, (to be published), 2016. 

 
 

International Journal of Pure and Applied Mathematics Special Issue

4173



4174


