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Abstract 
Solar thermal energy research and utilization is progressing rapidly since the energy resource is 
clean and aid in achieving carbon credits for developing countries. In domestic solar thermal 
collectors, energy conversion efficiency is low, due to continuous transient atmospheric conditions as 
much of the energy absorbed by collectors is lost to ambient. Reduction of losses and improving the 
performance of collectors by providing feasible cost-effective solutions has always been the greatest 
challenges. In the present study effect of providing internal grooved fins of varied pitch on the inner 
wall of the tube on the collector performance is carried out. Distilled water with different pH levels is 
considered as working fluid. The enhancement in performance for three different cases of absorber 
tube configuration is determined through experiments conducted using fabricated setup. The results 
are analyzed for a fluid mass flow rate of 0.02 kg/s and the best combination of pH and absorber tube 
configuration is reported.  
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1.INTRODUCTION 
 The solar collector is a device used to convert the solar radiation into a useful form of heat at 
different temperature gradients to liquid or gaseous medium. Among the different type of solar 
heaters, solar Flat plate collector (SFPC) is considered to be most productive and commonly used 
the device for low-temperature hot water requirements in domestic applications [1]. But still this 
collector has low conversion efficiency.  Many techniques have been adapted by researchers to 
increase the heat transfer rate to the medium in absorber tube. Most effective method is to replace 
the working fluid and enhancing the contact area between tubes and working fluids. By providing 
groove to inner surface of the tube will help in increasing the surface area of contact between 
working fluid and tube surface, thus the efficiency can increase [2]. Also, some of the research 
groups tried changing the pH of fluid and observed that it plays a key role in decreasing or increasing 
the thermal conductivity of fluid [3].  Recently some researchers have carried out experimental 
studies on investigating the thermal efficiency of FPC by varying pH of CuO and AL2O3 working fluid 
[4], found the increasing efficiency by decreasing the pH of working fluid. 
 
 Dinesh Babu and Venkata Raman [2] recently reported the effect of providing straight internal 
grooves in absorber tubes. They observed an increase in efficiency of 4.5% with straight grooved 
tube compared with efficiency in plain tube. Yousefi et al [5] studied experimentally the effect of pH 
on MWCNT–water nanofluid on the efficiency of FPC. They reported that by increasing or decreasing 
the pH value beyond the isoelectric point of the fluid, the efficiency of solar collector was increased 
up to 9%. The reason for enhancement was attributed to change in thermal conductivity of fluid if pH 
is altered as reported by Zinfang Li et al. [6].  Zhang and Faghri [7] stated that adding internal fins to 
the tube surface could be one of the efficient ways to enhance heat transfer especially for high 
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thermal conductivity fluids. They performed experiments at laminar flow range with plain tube and 
internally finned tube having same tube diameter and compared the results. 

 
Bharadwaj et al. [8] conducted experimental studies on the spiral grooved tube with twisted 

tape to observe heat transfer characteristics and pressure drop with water as working fluid. They 
considered twisted tapes having a pitch (Y) of 10.15, 7.95 and 3.4. They found that heat transfer 
performance of clockwise twisted tape having (y=7.95) was found to be optimum. They reported the 
heat transfer enhancement for the spiral grooved tube without twisted tape to be 400% in laminar and 
140% in the turbulent range of Reynolds number. Similarly, a spirally grooved tube with twisted tape 
showed maximum enhancement of 600% in the laminar range and 140% in the turbulent range of 
flow Reynolds number. 
 
Bilen et al. [9] did experiments on three different tubes having internal grooves of circular, trapezoidal 
and rectangular shape. From the results they conveyed that tub with circular groove had maximum 
heat transfer enhancement of 63%. While trapezoidal and rectangular grooves had 58% and 48% of 
heat transfer enhancement respectively in comparison to the smooth tube. They concluded that 
rectangular grooved tube had an increase in the formation of recirculation area inside these grooves 
and hence lower enhancement. Balaji et al. [10] recently investigated on the performance of absorber 
tube with rod and tube heat transfer enhancers in SFPC. They reported that with a small increase in 
pumping power for rod type heat enhancer causes higher heat transfer rate than tube type and plain 
absorber tubes. Pumping power for rod and tube type heat transfer enhancers increased by 1.08 and 
1.04 times respectively compared to plain type absorber tube. Instantaneous efficiency of rod type 
heat enhancer found 14% higher than plain tube 
 
In literature very few experimental studies have been reported on collector performance with working 
fluid including the effect of pH. Therefore heat enhancement characteristics of this collector are still 
unknown. The aim of present study is to carry out experiments on three different absorber tube 
configurations at 0.02 kg/s under forced laminar conditions. From the experiment results, the 
collector performance is analyzed and the best combination of pH and absorber tube configuration is 
reported. 
 
 

2.DESCRIPTION OF EXPERIMENTAL APPARATUS    
 
2.1. Experimental procedure 
 
The schematic layout of the experimental test setup is shown in Fig.1. All the experiment runs are 
carried out at rooftop under ambient conditions at the Vellore institute of technology, Vellore 
(12.91ºN, 79.13ºE). The test setup is fabricated in-house with three absorber tube configurations 
namely Plain tube, internally grooved tube (e=0.43) and internally grooved tube (e=0.44). The 
specification of the absorber tube used in this study is given in Table 1. These absorber tubes are 
arranged following parallel tube configuration. The flat plate solar collector is kept tilted at an angle of 

(  22
0
) from the horizontal.  The collector setup is operated under forced convection mode with aid 

of electrical pump at a constant flow rate of 0.02kg/sec. The system contains a storage tank for the 
supply of cold water having 15 lts. capacity. The storage tank is made of GI sheet and covered with 
glass wool insulation on the tank outer surface. Helical coil heat exchanger is used to cool the water 
coming at the outlet of the collector. All experiments were conducted between 10:00 AM to 3 PM 
during the month of November, 2016. 
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TABLE 1 
ABSORBER TUBE SPECIFICATION 

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 

Pitch - .445 .453 

Apex or top 
angle 

- 53 53 

Helix angle - 18 18 

Number of teeth - 60 60 

 
 
2.2 Instrumental Description  
  
Temperature of ambient, absorber tube, plate, glass and inlet/outlet temperature of water are 
measured using k-type thermocouples which are connected to a 12- channel temperature indicator 
having an accuracy of ±0.001 A. Sensitivity of thermocouple is approximately about 41μV/

o
C as 

reported by the manufacturer. Global radiation is measured using second class pyranometer 
manufactured by LP-PYRA, The Netherlands. It is fixed on the surface parallel to the solar collector 
surface in order to avoid the shadow effect. The instrument has a spectral range of 305 nm-2800 nm. 
The thermocouple and temperature indicator are made by Scientific Instruments, India. Absorber 
plate is made of aluminium, having a plate thickness of 0.6 mm. Collector is provided with 40mm 
thick glass wool insulation on three sides except for the top where a glass plate is used as cover.  
 
 

 
 
                                Fig.1 Experimental set up of FPC 
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3.EFFICIENCY CALCULATION 
 
Energy balance equation on absorber plate produces the following equation  

                lpu qSAq 
                (1)

  
The Instantaneous collection efficiency is given by  
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Overall loss coefficient is defined by the following equation and it is convenient to analyze the heat 
loss from the collector 
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The Bottom loss coefficient is estimated by taking conduction and convection losses from the 
absorber plate in a downward direction. By neglecting the convective resistance, the equation 
provided above. 
 

4.RESULTS AND DISCUSSIONS 
 

Experimental readings were recorded for different operating conditions on the collector setup as 
described in the previous section. The temperature data from various components of the test setup 
under different pH conditions of working fluid and different absorber tube configurations were noted. 
The results are analyzed in the forms of graphs with tap water as working fluid. The three absorber 
tube configurations are classified as case 1, case 2 and case 3 for Plain, a grooved tube of  0.43 

and a grooved tube of  0.44 respectively. 

 
Fig-2 variation in Efficiency of the plain tube with respect to solar radiation and pH of working fluid. 
 
The collector efficiency for distinct solar radiation conditions and pH level of water (3.5, 6.5 & 8.0) for 
case 1 is shown in Fig. 2. Usual pH of the water as working fluid for the solar collector is 6-7. From 
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Fig. 2 it can be noticed that there is 4% reduction in efficiency with pH=3.5 and 14% efficiency 
enhancement with pH= 8 compared to water at pH=6.5. The efficiency of the collector with pH=3.5 
water is found to be high at low flux conditions and low at high flux conditions. The reason for this can 
be referred to change in thermal conductivity of fluid as reported by Zinfang Li et al. [7].  From the 
series of experiments conducted on the test setup with plain absorber tube highest peak efficiency is 
found at noon for pH=8. 

 
Fig-3 Variation in Efficiency of grooved tube (0.43mm) with respect to solar radiation and different pH 
of working fluid 
 
 
Fig-3 shows the change in collector performance for a tube with groove pitch (  0.43 mm) under 

different pH conditions of working fluid. The results present that 9% efficiency enhancement is 
observed for pH=8 compared to pH=6.5. As noticed in plain tube, the value of efficiency for pH =3.5 
is found to increase during low solar radiation conditions and vice-versa. In case 2, the overall 
efficiency for pH=3.5 found to less compared to pH=6.5. However, the efficiency remained constant 
throughout the day for pH=8.0 with a change in solar radiation. Collector Efficiency for case 2 is 
found to greater than the plain tube at all pH levels due to internal fins provided in the tube. Since the 
contact area between working fluid and the plain tube is less, heat enhanced from the collector is 
reduced.  
Thus, it can be confirmed that grooved tubes can be considered for improving the collector 
performance than plain absorber tube. 
 

 
Fig-4 Variation in Efficiency of grooved tube (  0.44 mm) with respect to solar radiation and 

different pH of working fluid 
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The experimental results for Case 3 with a grooved tube having  0.44 mm are presented in Fig. 4. 

From Fig. 4 it can be noticed that even in case 3 there is raise in efficiency at low flux conditions and 
vice-versa peculiarly for pH=3.5.  A unique observation is made from results of Case 3 that for 
pH=6.5 collector efficiency is constant for almost throughout the day from 10:30 A.M till 2:00 P.M. 
Also, collector efficiency for pH=8 has better efficiency even at low solar radiation conditions. Hence, 
it is affirmed that even at low solar radiation conditions, the efficiency of case 3 found to higher than 
case 1 and 2.  

 
Further, the reason for efficiency deviation for the three cases can be understood from 

analysis done with help of plate and glass temperature graphs as depicted in Figs. 5-7. 

          
Fig-5 Temperature difference between absorber plate and Glass with respect to time for the plain 
tube. 
 
It can be noticed from the graph drawn in Fig.5 the solar radiation increases the plate temperature 
and glass temperature increased. As the solar radiation decreases as shown in Fig. 2, due to cloud 
formation, the plate and glass temperature found to reduce for case 1. Also, during high flux 
conditions the (Tpm – Tg ) values were constant thus the losses remained constant. For pH=6.5, the 
values of (Tpm – Tg) were high compared to pH=3.5. However, the absolute temperature values of 
plate and glass were lower for pH=6.5 due to lower solar flux. For pH=8.0, the solar flux conditions 
were as similar to pH=6.5 but the values of (Tpm – Tg) were lower than pH= 3.5 & 6.5. So, the 
efficiency values were higher than pH= 3.5 and 6.5. This can be associated with a huge change in 
thermal conductivity values of water for pH range 3.5 – 8.0.    

               
      Fig-6 Temperature difference between plate and Glass with respect to time for grooved tube 
 (0.43 mm) 
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The variation in plate and glass temperatures for case 2 is shown in Fig. 6 for the solar radiation 
conditions depicted in Fig. 3. For case 2, plate and glass temperatures were observed to be high at 
pH= 3.5, 6.5 and 8.0 since clouds were absent. It is evident from Fig. 6 that for pH=3.5 in either of the 
three cases had low efficiency at higher values of solar radiation and vice versa. Since, for case 2 
also the values of (Tpm – Tg) were high at pH=3.5 than other pH conditions.  A similar trend was 
observed for case 3 also as shown in Fig. 7. 
 

             
         Fig-7 Temperature difference between plate and Glass 
With respect to time for grooved tube  (0.44 mm) 

 
From Fig. 7, it can be perceived that the values of (Tpm – Tg) for all the pH conditions were lower than 
case 1. Hence, it can be strongly recommended that case 3 will give better efficiency at all pH and 
solar flux conditions, since the loss coefficients were observed to be lower.  
 

 

5.Conclusion 
 
The effect of pH and absorber tube configuration on the collector performance for three different 
cases was experimentally investigated. The results of present experimental studies can be 
summarized as follows.  

 

 The change in pH of the working fluids strongly influences the collector performance because 
of change in its thermal properties. As the pH of the fluid increase the collector efficiency 
increases. The pH of the fluid is found to affect the absorber plate temperature and hence 
the glass temperature for different flux conditions.  
 

 At pH=3.5, for all the cases and at all operating conditions, the collector efficiency is found to 
be low. 
 

 At pH=8.0, for all the cases the collector efficiency is observed to be greater for different 
operating conditions. 14% efficiency enhancement was found for pH=8 in Case 1 

 

 For Case 3, at all pH conditions the collector efficiency is observed to higher for different 
operating conditions. 
 
The effect of the plate material, mass flow rate, grooved absorber tube with different pitches 
and aqueous glycol based working fluid in solar flat plate collector will be analyzed in detail 
as future Work. Further study and investigation on groove geometry for absorber tube is also 
planned and recorded in future.  
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