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Abstract 
 

The efficiency of each solar system depends on the amount of radiation that it receives. The evident characteristic of solar energy is its 

change throughout the day and during different seasons. Another feature of this energy is the change of position of the sun in the sky 

relative to Earth. The greatest amount of radiation from the sun comes when the sun's rays rise vertically to the desired level. For this 

reason, in solar collector systems, the collector must rotate to the sun, otherwise, the amount of accumulated energy falls. The purpose of 

this paper is to compare the performance of a solar semi- spherical collector with a flat plate collector. In this study, the semi- spherical 

solar collector does not need to be placed in a specific direction and also does not need the sunlight tracking mechanism to get the most 

amount of sunlight. Due to the semi- spherical shape of this collector, all geographic directions have the same effect. It also exhibits the 

highest resistance to wind blowing in terms of greater stability and lack of vibration and destruction. But the flat plate collector should be 

in the direction of radiation. In this research, experimental data from a flat plate collector in a closed cycle have been investigated with 

experimental data from a semi- spherical solar collector, simultaneously and it is shown that reducing the radiation or wind velocity will 

have the greatest impact on the flat plate collector and its outlet temperature. The experiments showed that the highest efficiency was in 

semi-spherical solar collector and it was about 67% and the highest outlet water temperature was in the flat collector and around 76°C. 
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1. Introduction 

Collectors are divided into two fixed models and a moving tracker. 

The fixed collectors are divided into three categories, which heat 

transfer method will differ according to the division of them [1]. 

Selecting the collector type depends on the weather conditions of 

the area and the desired temperature (hot water temperature) and 

economic conditions. Although today, a variety of collectors are 

made with new and advanced technology, the adsorbent materials 

used have the maximum absorption and minimal emission and re-

flection [2]. 

Solar collector properties play an important role in efficiency value 

[3]. Scientists and engineers are seeking the new ways to increase 

the efficiency in order to increase the performance and decrease the 

expenses. 

Tracking collectors even though produce high temperatures in all 

cases, because of their high cost their use is not cost-effective. For 

this reason, the use of constant collectors is more common. On the 

other hand, given the fact that throughout a year, the angle of the 

sun's irradiance and sun's altitude varies, the researchers in the in-

dustry have sought to further enhance this product [4]. 

Flat plate collectors are widely used in solar energy issues. Flat 

plate collectors and semi- spherical solar collectors are similar in 

terms of structure. These collectors are usually made up of a series 

of parallel tubes welded under a dark metal absorbent surface, and 

a glass or plastic covering above the adsorbent. The collector's 

around and below is also used insulator sheet to reduce the heat dis-

sipation. Flat collectors are usually located in a steady position for 

instance in the northern hemisphere is located to the south. [5] Dur-

ing a year, with changing the season and changing the orientation 

of the sun usually is turned toward the sun [6]. 

One of the most important features of these collectors is the ability 

to absorb and direct radiation simultaneously. One of the other ben-

efits of this kind of collectors is no need for follow up the sun, nav-

igation, and easy maintenance and repair. Because of its spherical 

shape, all of the geographic directions have the same effect, and 

because of its semi-spherical shape during day some of the surface 

is under direct radiation. In addition to its spherical shape, it exhib-

its the highest stability and disruption to the wind. 

The experiments were carried out in winter at the Behbahan city in 

the south of Iran with geographic characteristics of 50 degrees and 

14 minutes east longitude and 30 degrees and 36 minutes north lat-

itude.  

 
Nomenclature 

Ti Inlet fluid temperature of solar collector (K) 
Ac Surface area of solar collector (m2) 

 To Outlet fluid temperature of solar collector (K) 

Cp Heat capacity(J/Kg k)  
To,i Collector outlet initial coolant temperature (K) 

DT Difference between inlet-outlet temperatures (0 C) 

 To,τ Collector outlet coolant temperature after time t (K) 
FR Heat removal factor  

Ul Overall loss coefficient of solar collector (W/m2 K) 

GT Global solar radiation (W/m2) Greek Symbols 
ṁ Mass flow rate (Kg/s)  

ατ Absorption-transmittance product 

Qu Rate of useful energy gained (W) 
 ηi Instantaneous collector efficiency 

http://creativecommons.org/licenses/by/3.0/
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Sη Uncertainty of efficiency (%)  

τ Time constant of conical collector 
Ta Ambient temperature (K) 

2. Materials and methods 

2.1. Governing equations 

The useful energy gained by the fluid passing through the collector 

is [7]: 

 

( )u p out in
Q mC T T= −                                                                         (1) 

 

In the above relation, 
in

T  and 
out

T respectively, the temperature of 

the inlet and outlet of the fluid from the collector and, 
p

C  and m

respectively, the specific heat and mass flow rate of the fluid. [7] 

The useful energy obtained by the collector in terms of the amount 

of solar radiation input and the heat loss of the collector body is 

bellow [7]. 

 

( )u p R l in a
Q A F S U T T= − −                                                               (2) 

 

In the above relation 
a

T  is the ambient temperature and 
R

F  is the 

heat removal coefficient, which i is defined as follows [7]. 

 

( )1 exp
p

R l p p

l p

mC
F F U A mC

U A
 = − −                                                 (3) 

 

S is part of the solar radiation absorbed by the collector absorber 

surface area. S is obtained from the following equation [7]. 

 

s = (τα)IT = ηοIT                                                                        (4) 

 

That the IT solar flux entered into the collector and ηo is the optical 

efficiency and is an effective product of cross-absorption which is 

obtained from following relationship [7]. 

 

ηο = (τα) = 1.01τα                                                                    (5) 

 

In steady state, the useful energy received by the collector is: 

 

Qu = ApS − UlAp(Tp − Ta)                                                         (6) 

 

Tp is the absorbent plate temperature and  Ul is the overall drop 

from the collector [7]. 

2.2. Specifications of the system and description of the 

tests 

The properties and real photo of experiment and instruments are 

shown in figure 1, Table 1 and 2. 

 

 
Fig. 1: A View of the Flat Plate and Semi-Spherical Solar Collectors. 

 
Table 1: The Characteristics of Semispherical Solar Collector 

Characteristics 
Dimen-

sion 
Unit 

Cover-
age 

• Glass radius 

A transparent glass sheet with a 

thickness of 6 mm install as a 
cover on the metal which allows 

the passage of light but it reduces 

the loss of heat transfer by stack-
ing the air between the absorber 

and the glass and reduces heat dis-

sipation. 

• Conducting 

• Density 

• Specific Heat 

• Reflection coefficient 

• Absorption coefficient 

• Dispersion coefficient 

43  

 

 
 

 

12.1 
2200 

670 

0794.0 
0386.0 

526.1 

 

 cm  

 

 
 

 

w/m.c◦ 
g/cm3 

J/kg.c◦ 

 

Absorber 

• Absorbent radius 

A high temperature thermal con-

ductive absorber made of iron and 

its surface is darkened by the use 
of a bluish black color which ab-

sorbs solar energy better. The 

thickness of the sheet metal is 3 
millimeters. 

• Conducting 

• Specific Heat 

• Density 

• Type of absorbent coating 

• Absorption coefficient 

39 

 

 
 

 

 
4.80 

10.25 

87.37 
Opaque 

black 

color 
9.0 

cm 

 

 
 

 

 
w/m.c◦ 

J/kg.c◦ 

g/cm3 
 

Tubes 

Copper tubes soldered to the ab-

sorbent surface and the fluid in-

side the tubes receives heat from 

the absorber. The diameter of 

these pipes is 3.8 inches. 

  

 

3.8 

 

  

Working 

fluid 

• A heat transfer fluid 

which is water in this experiment 

that absorbs heat from the absor-
bent surface. 

• Specific heat capacity 

• Density 

 

 
 

 

J/kg.c◦ 
g/cm3 

 

Insula-

tion 

• A heat insulator placed un-

der the collector and has a 

thickness of 2 centimeters. 

It is usually made of plas-
tophome which reduces 

heat dissipation. 

• Insulating glass wool 2 

centimeters thick, wrapped 

around the metal beneath 
the collector to prevent 
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heat loss by the collector's 

below metal surface. 

• Insulation tank 

• A domestic water purifier 

pump for pumping water 

inside the reservoir into the 

collector. 

 
Table 2: The Characteristics of Flat Plate Solar Collector 

Characteristics 
Dimen-

sion 
Unit 

Cover-

age 

• Glass  

A transparent glass sheet with a 

thickness of 6 mm install as a 

cover on the metal which allows 
the passage of light but it reduces 

the loss of heat transfer by stack-

ing the air between the absorber 
and the glass and reduces heat dis-

sipation. 

• Conducting 

• Density 

• Specific Heat 

• Reflection coefficient 

• Absorption coefficient 

• Dispersion coefficient 

100 
 

 

 
 

12.1 

2200 
670 

0794.0 

0386.0 
526.1 

 

 cm  
 

 

 
 

w/m.c◦ 

g/cm3 
J/kg.c◦ 

 

Absorber 

• Absorbent  

A high temperature thermal con-
ductive absorber made of iron and 

its surface is darkened by the use 

of a bluish black color which ab-
sorbs solar energy better. The 

thickness of the sheet metal is 3 

millimeters. 

• Conducting 

• Specific Heat 

• Density 

• Type of absorbent coating 

• Absorption coefficient 

90 

 
 

 

 
4.80 

10.25 

87.37 
Opaque 

black 

color 
9.0 

cm 
 

 

 
 

 

w/m.c◦ 
J/kg.c◦ 

g/cm3 

 

Tubes 

Copper tubes soldered to the ab-

sorbent surface and the fluid in-

side the tubes receives heat from 

the absorber. The diameter of 
these pipes is 3.8 inches. 

  

 

3.8 

 
  

Working 

fluid 

• A heat transfer fluid which 

is water in this experiment 

that absorbs heat from the 

absorbent surface. 

• Specific heat capacity 

• Density 

 

 

 
 

J/kg.c◦ 

g/cm3 
 

Insula-
tion 

• A heat insulator placed un-

der the collector and has a 
thickness of 2 centimeters. 

It is usually made of plas-

tophome which reduces 
heat dissipation. 

• Insulating glass wool 2 

centimeters thick, wrapped 

around the metal beneath 

the collector to prevent 
heat loss by the collector's 

below metal surface. 

• Insulation tank 

• A domestic water purifier 

pump for pumping water 
inside the reservoir into the 

collector. 

 
 

 
 

 

The experiments were carried out in winter at the behbahan city in 

the south of Iran with geographic characteristics of 50 degrees and 

14 minutes east longitude and 30 degrees and 36 minutes north lat-

itude.  

The characteristics of both solar collector used in this experimental 

test are given in Table 1 and 2.  

The solar semispherical collector used in this work is made by the 

authors in Payame noor University of Iran. 

Experiments were performed with different flow rates of 0.005, 

0.108, 0.0133, 0.126, 0.166 kg/s. Each flow rate has been tested 

several times and the data of the tables is the average of the data. 

The wind speed was measured from 0.2 to 8.2 m/s on the test days. 

During the experiment, ambient temperature, temperature of collec-

tor absorber surface and collector glass surface and inlet and outlet 

water were measured by thermocouples (type K) that these sensors 

were connected to a channel data logger (TES data logger model). 

The solar radiation was recorded by a solar meter, also these 

measures are recorded every half an hour. 

3. Testing method 

ASHRAE Standard 86-93 for testing the thermal performance of 

collector is certainly the most often used to evaluate the perfor-

mance of stationary solar collectors [8] (shown in table 2). The ther-

mal performance of the solar collector is determined by obtaining 

the values of instantaneous efficiency for different combination of 

incident radiation, ambient temperature and inlet fluid temperature 

[9, 10]. 

According to ASHRAE Standard 86-93, steady-state conditions 

should be prepared during the data period and also during a specific 

time interval prior to the data period, this is called pre-data period. 

To reach steady-state variables must be in a specific limitation as 

defined in Table 3 in the entire test period. 

The standard according to which these experiments were carried out 

is the ASHRAE 93 standard which the general conditions are listed 

in the table below [11]. 

 
Table 3: Standard Test Conditions (ASHRAE 93) 

Parameter unit ASHRAE 93 

Accuracy of tempera-

ture cold water inlet 
°C ± 1 

Accuracy of tempera-

ture difference across 
hot water system 

°K ± 0.5 ( oC ) 

Precision of tempera-

ture difference across 
hot water system 

°K ± 0.2 ( oC ) 

Ambient air tempera-
ture position 

--- 

At a distance of 1.2 m above 

the ground and at a minimum 
distance of 1.5 m from the res-

ervoir and the system 

Pipe Lengh M 15 
Pyranometer --- Class I 

Accuracy of tempera-

ture ambient air 
°C ± 0.5 

Precision of tempera-

ture ambient air 
°C ± 0.2 

Accuracy ot the liquid 

flowrate measurement 

%mass 
per unit 

time 

± 1 

Mass measurement % ± 1 

3.1. Description of device calibration 

Calibration of measuring instruments were undertaken before, dur-

ing and after the experimental data collection. Thermocouples were 

calibrated by using an independently calibrated platinum resistance 

thermometer; flow meter used a data-logging sub-routine to draw 

water from the systems into a container and measuring the mass 

with accuracy scales, and solar meter used a calibrated reference 

solar meter with a valid calibration certificate. The accuracy of ther-

mometer data logger is 0.1 and accuracy of flow meter is 0.05 

kg/min. tracking of total solar radiation was implemented by a TES 

132 solar meter type with an accuracy of 1 w/m2. 

3.2. Error analysis 

Due to ASME guidelines, there are not absolute measurements and 

errors in any experimental measurement. Some of the usual sources 

of error are: the errors of calibration, data recording errors and in-

appropriate instruments [12], [13]. Errors in flow rate measurement, 
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temperature measurement and solar radiation measurement are the 

main components to uncertainty in collector efficiency. The uncer-

tainty results of the measurements including all the sources of errors 

are shown in Table 4.  

In measuring any quantity, we usually each measurement several 

times repeated in exactly the same conditions with a definite device. 

This action reduces some of the error factors. The average value of 

the measured values is the best and most likely value of the quan-

tity. 

 
Table 4: Results of Uncertainty in the Present Work 

Parameter Uncertainty (%) 

Volumetric flow rate ±0.5 

Solar radiation ±5 
Difference between inlet-outlet temperature ±1.1 

 

The combined uncertainty for calculation the collector efficiency, 

Sη, was determined by the root sum square method (RSS), based 

on Eq. (8) [14]. 

This analysis as Eq. (9). We assume that errors in CP and AC are 

negligible. 

 

∫ Sη = √(
Δm

m
)

2
+ (

ΔG

G
)

2
+ (

Δ(ΔT)

ΔT
)

2

                                           (9) 

 

Where Δm/m is flow rate changes and ΔG/G received radiation 

changes and Δ(ΔT)/ΔT are used to measure the variation in the tem-

perature of the inlet and outlet of the working fluid. 

The maximum uncertainty determined in the present work in calcu-

lation the collector efficiency, at several tests was about 6%. 

4. Results and discussion 

In the later sections and in sequence, using the results of the exper-

iments, first, the working fluid used in the test will be investigated 

and then the temperature of the inlet and outlet water and the dif-

ference in temperature of the outlet and input water in term of time 

and in term of received radiation will be analyzed and in the end the 

efficiency and the factors affecting it will be reviewed. 

All data are tested in a quasi-steady state condition. The collector is 

perpendicular to the ground and used water as working fluid. The 

tests of the collector took place during several days in winter 2017 

which were carried out during the day from 8:00 to 16:00 o'clock. 

The data were logged every 15 minutes. Figure 6 presents the solar 

radiation and temperatures profile in one the test days. In this figure, 

sun radiation and key temperature of a selective day versus local 

time are shown. It is clear that the maximum received radiation is 

near the solar noon.  

 

 

 
Fig. 2: Input and Output Water Temperature Changes, Received Radiation and Ambient Temperature for A Semi- Spherical Solar Collector in A Mass Flow 
Rate of (M) = 0.020kg.S-1. 

 

 
Fig. 3: Input and Output Water Temperature Changes, Received Radiation and Ambient Temperature for Flat Collectors with Mass Flow Rate (M = 0.022 
Kg.S-1). 
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For a comparison of the performance of solar collector and the 

semi-spherical collector with each other under the same conditions, 

we consider a flat collector with an area of 1 square meter, which is 

equal to the semi- spherical solar collector's lateral area. The slope 

of flat plate collector is 35 degrees. 

In diagram, radiation rates are lower in the early hours of the day 

and as the noon approaches, it increases and decreases around the 

evening, except during cloudy days, the radiation rate may be re-

duced around noon due to cloudiness of the air. In all days, because 

the test system is a closed system as a result the inlet water temper-

ature has increased gradually. In all days, the outlet temperature has 

increased with time and approaching noon and even if the radiation 

rate is reduced as a result of reduction of direct sunlight, the graph 

of the temperature of the outlet water is increasing which indicates 

this collector using a 6 mm glass cover keeps the absorbed heat 

well, also indicates the capability of this type of collector in absorb-

ing indirect radiation, which includes reflection and passive radia-

tion [15]. 

In all situations for both collectors, input radiation rate between 

morning and midnight increases and then decreases. Energy effi-

ciency also shows a similar tendency. However, the reason for low-

ering energy efficiency in the afternoon is the increase in the tem-

perature of the inlet fluid, as well as the increase in the temperature 

of the adsorbent plate over time, which exacerbates the slippage. 

As the inlet temperature increases, the output fluid temperature also 

increases which increases the efficiency. On the other hand, in-

creasing the temperature of the inlet water means increasing the 

temperature of the fluid inside the collector which increases the 

thermal drop, therefore, there is an optimal inlet water temperature 

which, for more temperatures, will reduce the efficiency we are see-

ing too much heat loss. 

As shown in figure 2, with passing time and approaching noon, the 

ambient air temperature, the inlet and outlet water temperature and 

the intensity of the radiation are increased, over time and reduction 

of radiation rates we see the decrease in the outlet and inlet water 

temperature noticeably, If, as shown in figure 1, In the semi-spher-

ical solar collector, even with decreasing radiation rates in the af-

ternoon there is an increase in the temperature of the outlet water 

for hours. 

Hourly efficiency of both types of collector is compared in figures 

4 and 5. It is seen in the diagrams that during some hours the effi-

ciency of the flat plate collector is higher and in some hours the 

efficiency of the semi spherical is higher. In all tests has been ob-

served the half-spherical collector efficiency in the early hours of 

the day that radiation is not direct is more than a flat plate collectors 

efficiency, this indicates another hypothesis regarding the shape of 

the semi-spherical collector in receiving the highest amount of ra-

diation. However, in the afternoon is observed a decrease in hourly 

efficiency for a flat plate collector but it is seen that efficiency in 

the semiconductor collector still tends to increase this also reflects 

the proper structure of this collector to maintain heat within itself. 

 

 

 
Fig. 4: Check the Efficiency of the Two Collectors Every Half Hour. 

 

 
Fig. 5: Comparison of the Efficiency of Two Collectors. 

http://creativecommons.org/licenses/by/3.0/
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Fig. 6: The Graph of the Temperature of the Output of Both Collectors per Half Hour. 

 

 
Fig. 7: Comparison of the Output Temperature of Both Collectors. 

 

Maximum efficiency for flat collector is 54% and for a semi-spher-

ical collector is 67%.Of course, the highest warm water temperature 

has been achieved, it was taken by a flat plate collector that reached 

over 76 degrees Celsius but for the semi-spherical collector, the 

maximum water temperature reached 52 °C. 

• Flat collectors under direct sunlight (in the mid-hours of the 

day when radiation is intense and direct) In the shortest pos-

sible time reached the water to temperatures above 70 ° C If 

the radiation is constant and the wind is not tangible, stay at 

this temperature, otherwise the semi-spherical solar collector 

was not able to deliver water at such a temperature during 

testing days. But it was observed that with the wind blowing 

temperature of the output immediately began to decrease so 

that it will drop to about ten degrees of water tempera-

ture. But according to the winds or changes in the radiation 

rate, there is no immediate and significant impact on the wa-

ter temperature of the collector's semi-spherical. This repre-

sents the structural stability of this type of collector against 

wind blowing and maintaining heat within itself. 

•  In experiments, the maximum difference between the input 

and output water temperature was about 7 to 8 degrees in the 

flat pate collector and in the semi-spherical solar collector, 

this amount reached at 5.5 degrees and both belong to the pe-

riod from 11:30 to 13:30, of course, the numbers presented in 

the tables of test days are average number and numbers are 

entered in the mean. 

• In the early and late hours of the day, the efficiency of the 

semi spherical collector was more than flat plate which, as 

already said, because at these times, sun radiation is not direct 

and the structure of this collector is designed in such a way 

which, given its semi-spherical shape, is capable of receiving 

the highest amount of radiation from all its directions. Con-

clusion: 

• The outlet water temperature from the flat plate collector at 

all hours except the early hours of the morning was higher 

than the outlet temperature of the semi-spherical solar collec-

tor. 

• From the study of efficiency during the test period, it can be 

seen that in the first and the last hours of the day when radi-

ation is decrease, the semi-spherical collector's efficiency 

(due to the higher amount of radiation due to its semi-spher-

ical shape) is higher but in the middle of the day, according 

to the graphs and corresponding shapes, the efficiency of the 

flat plate collector is higher. 

• The effect of reducing the radiation rate on the outlet water 

temperature in the flat plate collector is very tangible and ab-

ruptly reduced the temperature of the outlet water, this is not 

the case with semi-spherical solar collector. 

• The effect of wind blowing on the outlet water temperature 

in the flat plate collector is very tangible and sometimes ob-

served up to ten degrees reduction this is not the case with 

semi-spherical solar collector. 
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• The highest efficiency was in semi-spherical solar collector 

and it was about 67% and the highest outlet water tempera-

ture was in the flat collector and around 76°C. 
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