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ABSTRACT 

A spiral solar collector can be described a particular type of solar collector which includes a pipe with many turns 

fixed inside a solar collector box. The thermal efficiency of a spiral-type solar collector is simulated numerically 

to predict the temperature distribution and thermal efficiency using ANSYS-FLUENT commercial software. The 

transient 3D energy equation is solved assuming that the working fluid is water and the flow is steady-state, 

incompressible, and turbulent using the (K-ε) model. The effects of changing the water flow rate, the direction of 

flow, and the pipe diameter on the distribution of the temperature and thermal efficiency are studied. Excellent 

agreement is obtained when comparing predicted results with measurements obtained from the experimental test 

using a spiral-type solar collector model made of a (15-turn) copper pipe of (23 m) length and (7.75 mm) inside 

diameter. This spiral pipe is fixed on a flat copper plate of (65*65 cm2) fitted inside a wood box of (77*77 cm2) 

covered with a single layer of glass and insulated from the other side with fiberglass. A (17.8 lit.) water storage 

tank made of cork is connected with a D.C pump. This pump is supplied with electric power from a (100 W) 

photovoltaic cell. It is used to circulate the water with a flow of (0.0625 lit/sec and 0.03125 lit/sec) through the 

system. It was found that the optimum thermal efficiency is (82.5 %) when the water flow rate is (0.0625 lit/sec) 

flowing with a direction such that the water inlet port is located at the center of the spiral pipe. An enhancement 

of (34.6 %) increase in thermal efficiency is obtained compared with the worst case when the flow rate is the same 

value but circumference entrance port. 
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INTRODUCTION 

Energy is an economic and strategic problem for all countries that import oil, but this problem has become more 

serious in the case of developing countries because of their total dependence on imported oil [1]. Oil consumption 

plays a major role in the pollution of our environment. Scientific research started to focus on renewable energy as 

an alternative source of energy. Solar energy has dominated this field of research. Of all available renewable 

energy sources, solar thermal energy has been defined as the most abundant and is available in two directions and 

indirect forms. Sun is emitting the energy at a 3.8x1023 kW rate, of which, about 1.8x1014 kW has been intercepted 

by the earth, located approximately 150 million kilometers from the sun. Approximately 60% of that amount 

reaches the earth's surface. The remainder is reflected in space and where the atmosphere absorbs it. 

Approximately 0.10% of this energy, in the case of being converted at a 10% efficiency would result in generating 

4 times the total generating capacity of the world of nearly 3000GW [2]. Solar energy was included in several 

electricity production areas, heating cooling, water heating, ventilation, molten salt technology, water treatment, 

and urban planning and Architecture. So one of the most important exploits forms is water heating that involved 

many applications and different methods and one of these applications is the solar collectors. The collectors of 

the solar energy represent a certain type of heat exchangers transforming the solar radiation energy into internal 

transport medium’s energy.  
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The main component of any of the solar systems is the solar collector. Which can be defined as a device absorbing 

incoming solar radiation, converting it to heat, and transferring that heat into flowing fluid (typically air, oil, and 

water) via a collector. The solar energy that has been collected is transmitted from circulating fluid either in a 

direct way into space conditioning equipment or hot water, or into a tank of thermal energy storage from which it 

may be obtained to be used during the nights and/or cloudy days.[3] Figure (1-1) shows the typical water heating 

flat-plate solar collector, ‘‘black’’ solar energy-absorbing surface performs the absorption and transfer of solar 

thermal radiation into the fluid. A transparent glazing sheet facing solar radiation covers the surface of the solar 

absorber to reduce the losses of convection and radiation to the atmosphere and back insulation for the reduction 

of the conduction loss. The air heaters are mainly identical except for the fact that fluid tubes are substituted with 

ducts. The flat-plate collectors are nearly constantly mounted in a static position with an orientation that is 

optimized for a certain location in question for the year where solar devices are intended to be operating. [4] 

LITERATURE REVIEW 

The history of utilizing the sun for energy dates back to Ancient Rome and Greece because their buildings have 

been constructed such that the sun rays provided the heat and light for the indoor spaces. The Romans have 

improved this art by covering the south-facing building openings with glass, to retain the winter sun heat. Solar 

energy in the recent ages began in 1861 when Mouchout had developed a steam engine that has been completely 

powered by the sun, also, the American inventor C. Fritts described the first solar cells in 1883, which have been 

made from selenium wafers. In the mid-50s Israeli engineer, L. Yissar suggested using solar energy to heat the 

domestic waters with the Israeli population responding by mass purchasing of the solar water heaters. By the year 

of1983, 60% of the population were heating their waters from the sun. When oil prices dropped in the mid-1980, 

the Israeli government demanded its population to be heating its waters by the sun. In the present day, over 90% 

of Israeli households have solar heaters of water. In the meantime, water heating using solar energy is one of the 

highly inexpensive ways of lowering electricity and gas demands. In the 19th century, people have utilized a stove 

for heating the water by burning coal or wood pieces.   

In several areas, coal, gas, or wood couldn’t be obtained easily, which is why such fuel types have been usually 

costly. To avoid those issues, a considerably safer and easier means for heating the water has been presented. 

Which has been accomplished by placing outside a black painted metal tank that is filled with water for absorbing 

the solar energy. The drawback has been that even on the hot clear days it often took from the morning to the early 

afternoon to heat the water. As the sun had gone down, the tank lost heat rapidly, because it did not have any 

insulation. In Iraq, the idea of a solar heater took their space in 1981 by several Iraqi researchers, where the first 

solar heater and was working on the natural rotation of the polarization of sunlight. (Aminreza Noghrehabadi, et 

al 2016) [5] Studied experimental research of a 3D conical solar collector efficiency at a variety of flow rate 

values. This study applied experimentally to examine the flow rate effects upon the efficiency of the conical solar 

collectors. The water has been utilized as a working fluid with a rate of volumetric flow that ranges from 

0.35lit/min to 2.8lit/min and experimentation has been carried out in ASHRAE standard conditions, results 

showed that the conical collector’s efficiency has been increased with the increase in the value of the working 

fluid’s flow rate; in addition to that, the differences between outlet and inlet temperature degrees is reduced.  

The maximal outlet temperature of the collector that has been recorded throughout experiments has been 77.1oC 

and the maxim thermal efficiency value has been approximately 60%. (Wisam J. Khudhayer, etal 2018)  [6] Have 

studied the Enhanced Heat Transfer Efficiency of Flat Plate Solar Collectors with the use of the TiO2/water and 

CuO/water Nanofluids. This study has been applied experimentally for examining the effects of nanofluid 

particles on spiral solar collector efficiency, this study is based upon evaluating effects of fluid type with constant 

fluid flow rate (1.5 lit/min) and constant nanoparticles (0.1 %) concentration of the volume of nanofluids on the 

difference of the temperature between outlet and inlet fluid streams and spiral solar collector thermal efficiency. 

Results showed that CuO/water nano-fluid as working fluid in FPSC had shown the better performance of heat 

transfer in comparison with the TiO2/water nano-fluid and base fluid (i.e. water) as a result of enhanced CuO NP 

thermal conductivity. The difference of the inlet-outlet temperature at 1.50lit/min flow rate for the water, 

CuO/water, and TiO2/water nano-fluids has been 6.6oC, 7.1oC, and 7.9oC, respectively. in addition that, maximal 

efficiency has been reported 55% for CuO/water nano-fluid in comparison with 54% and 50% for 0.10% by vol. 
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TiO2/water and water, respectively. (YOO Geun-jong, et al 2012) [7] Studied properties of heat transfer and fluid 

flow of the spiral coiled tube: Reynolds number and curvature ratio effects.  

This study was applied theoretically to examine the effects of curvature ratio and Reynolds number on heat transfer 

and fluid flow. The curvature radius of the spiral coiled tube has been slowly increased as the total rotating angle 

had reached 12 π. As the varying curvature radius had become one of the dominant flow parameters, an analysis 

of the 3-D flow has been carried out on that flow in combination with various Reynolds number values while the 

constant condition of the wall heat flux has been set in the thermal field. Results showed that centrifugal forces 

enhance the drop of the pressure and the heat transfer to have greater values in general, in spirally coiled tubes 

compared to the ones that are in a straight tube. Even in that case, the factor of the friction and the Nusselt number 

are following in proportionally with Dean Number’s square root. The individual flow parameter effect of the 

Reynolds number and the curvature ratio have been researched, and the Reynolds number effect has been 

discovered stronger compared to it in the curvature effects. [8] studied the Analysis of Performance of the Spiral 

tube solar water heater with the use of the absorbers of concrete/sand for domestic uses. This research was 

theoretically applied for examining flow rate effects of the water within spiral tubes ranged from 0.006kg/s and 

0.01kg/s. on efficiency of the collector A layer of the galvanized iron wire mesh on either one of PVC tube side 

provides the required reinforcement to concrete.  

Slab top has been painted black and glazed, whereas back insulation has been made from the autoclave cellular 

concrete. Results showed that average water temperature values of the sand absorber and concrete have been 

found as 72oC and 76oC with an identical mass equivalence respectively at minimal rate of mass flow. In a similar 

way, linear characteristic of the temperature of the storage water and outlet water temperature for the two materials 

has been estimated concerning the solar intensity. As a result of single-pass arrangement, spiral tube arrangement 

the energy that has been stored on the whole absorber surface has been used by the flowing water. In addition to 

that, the theoretical analysis has shown that solar heater of the water with the serpentine and straight tubes 

consumes more space compared to the other traditional solar heater of water. [9] Studied experimental study on 

pressure drop and heat transfer of the conical coil heat exchanger with the diameter of the parameters tube, cone 

angle and fluid flow rates. This work has been experimentally implemented for examining effects of tube diameter, 

cone angle and fluid flow rates on the pressure drop and heat transfer of the conical coil heat exchanger. There 

have been 15 coils of 180o cone angle (i.e. horizontal spiral), 1350, 90o, 450 and 0o (vertical helical) fabricated and 

analyzed by same average tube length (L) and coil diameter (Dm) with 3 different diameters of the tube (di).  

The experiment has been performed with the hot and cold water of flow rate 10lph to 100lph (Re range between 

500 and 5,000) and 30lph to 90lph respectively. The temperature degrees and pressure drop over heat exchanger 

have been recorded at a variety of the mass flow rate values of the hot and cold fluid. The variety of the parameters 

(Nusselt number (Nu) effectiveness (Є), coefficient of heat transfer (hi), and factor of friction (f)) have been 

calculated with the use of mass flow rate, temperature, and pressure drop over heat exchanger. Results showed 

that the values of Nu and f represent a flow rate function, cone angle, tube diameter and ratio of curvature. The 

increased tube side flow rate results in increasing the Nu, while it results in reducing by increasing the flow rate 

of the shell side. The increase of tube diameter and cone angle results in reducing the Nu. The impacts of tube 

diameter, cone angle, and fluid flow rate on the pressure drop and heat transfer properties have been detailed in 

the study. The empirical relations have been suggested for bringing out the thermal aspects physics of conical coil 

heat exchangers. [10] Have researched the effects of curvature ratio on the pressure drop and Heat Transfer in the 

coiled tube.   

This study applied experimentally to examine the effects of the curvature on pressure drop and Heat Transfer, 

experiment was carried out on the steady-state natural convection transfer of heat from the helical coil tubes. The 

water has been utilized as bath liquid with no mixing and the air has been utilized as coolant fluid. A straight tube 

of copper of 13mm ID, 14mm OD, and 3m length has been bend for fabricating helical coil, 2 coils have been 

utilized in this experimentation have a 0.1101 and 0.0942 curvature ratio. Data have been correlated with the use 

of the tube diameter as characteristic length. Results showed that the overall coefficient of heat transfer and drop 

of pressure were increased with increasing the coolant flow rate and curvature ratio. There have been 2 correlations 

presented for the calculation of average Nusselt number outside and inside the coil. [11] studied A 2-Axis Dish 

Solar Collector with 2 Absorber Types, which are: Spiral and Helical Conical Absorber. This study applied 
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experimentally to compare between Spiral and Helical Conical Absorber In this work has been used 2 m diameter 

of a dish with a two-axis tracking system and with two absorber types (which are helical conical coil and spiral 

coil) with same geometric concentration ratio (100). It has been used water as a working fluid in the system. The 

parameters which have been measured are as following: beam solar radiation, ambient temperature, absorber 

temperature, inlet water temperature, outlet water temperature, air velocity, and volumetric flow rate.  

When the volumetric flow rate has been 0.33 L/min it has been found the maximum (outlet temperature, useful 

energy, and thermal efficiency) of helical conical coil at noon was 101, 11 Co, 679.28 W, 24.4 % respectively. 

Although, the beam solar. The intensity has decreased these values with the spiral coil were increased with an 

identical flow rate of 0.33L/min and the same time as 124.34 Co, 724.38 W, and 28.6 % respectively. Experimental 

results have been shown that spiral coil absorber has a higher efficiency compared to helical conical absorber. 

[12] studied Effect of Pitch on Thermal efficiency of Solar Water Heater, that comparative study was applied 

experimentally to examine effect of the Pitch on Thermal Performance of helical Solar water heater of various 

coil pitch by using Digital Thermometer at an appropriate location of both experimental setups; using 

thermocouple the change in water temperature for 20-liter water will be carried out simultaneously in case of two 

set up will be fabricated. Water Heater the results have shown that the 2” Helical water heater is more compact 

compare to 4” for the same tube length, The outlet temperature is more in the case of 4”, more time is required to 

fill the 1000 ml water tank in a case of a 4” solar water heater, the thermal efficiency is more in the case of a 4” 

helical solar water heater compared to a 2” helical solar water heater and More rate of heat transfer in 4” helical 

solar water heater compare to 2” helical solar water heater. [13] Studied CFD Analysis of Spirally Coiled Heat 

Exchanger.  

This study was applied theoretically for examining effects of mass flow rate, diameter on Reynolds number, 

temperature variation, Euler number, heat transfer rate and pressure drop. Fluid entering heat exchanger has been 

considered at 293 K and the wall has been assumed equal to 320 K. The mass flow rate ranged between 0.06 

Kg/sec, 0.08Kg/sec and 0.10Kg/sec & coil diameter was considered as 6.0mm, 8.025 mm and 10.0mm. Standard 

model of k-turbulence was taken under consideration in order to handle the turbulence. Results showed that Spiral 

coil heat exchanger represents heat exchanger occupying minimal area and having a good heat transfer rate. With 

an increased value of mass flow rate, heat transfer rate and Reynolds number of the spiral-coiled heat exchangers 

are increased, while Euler number has been decreased. For an identical value of the mass flow rate and increased 

coil diameter as well, there has been an increase in the value of heat transfer rate, Reynolds number and Euler 

number are decreased. [14] Have studied the numerical analysis of the performance of the laminar heat transfer 

of the in-plane spiral ducts with a variety of the cross-sections at the fixed cross-sectional areas.  

This work was numerically implemented for the purpose of examining effects of a variety of the cross-sections, 

square, rectangular, trapezoidal, triangular, circular, and half-circular on the efficiency of the heat transfer of the 

in-plane spiral ducts were performed simultaneously at a constant value of the inlet Reynolds number at certain 

cross-sectional area for the constant wall temperature and the constant wall heat flux condition. The results have 

been compared with the straight ducts of same cross-sections and at an identical length as coiled ducts. Impacts 

of the values of Prandtl and Reynolds numbers have been explained as well for a variety of the geometry types. 

Results showed that the efficiency of the heat transfer of those geometry cases have been compared with straight 

ducts of an identical cross-sections in terms of figure of merit. Results have shown that although in-plane spiral 

ducts are of a better heat transfer efficiency compared with the straight ducts, they have a lower merit figure 

compared to the straight ducts because of the higher imposed pumping power. It has been noted as well that the 

in-plane spiral ducts with the triangular and rectangular cross-sections are of a better efficiency compared to the 

spiral ducts.  

Which is why, for the application of heat transfer, where there the pumping power and space constraint aren’t a 

concern, in-plane spiral ducts that have triangular or rectangular cross-sections may be utilized. On the other hand, 

a careful balance has to be made in the case of utilizing a variety of the applications of the Reynolds number. [15] 

Have researched the heat transfer and fluid flow properties in the helical tubes that cooperate with the Spiral 

Corrugation. The work has been theoretically applied for examining effects of parameters of spiral corrugation 

and Reynolds number on heat transfer and flow. Results showed that spiral corrugation has the ability of 

additionally enhancing smooth helical tube’s heat transfer as a result of additional motion of swirling. A reduction 
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in spiral corrugation pith may lead to the enhancement of the heat transfer in tube. In the scope of the study, the 

helical tubes that cooperate with the spiral corrugation have shown a 50-80% increase in heat transfer value 

whereas flow resistance has been 50-300% higher compared to that in smooth helical tubes. 

RESEARCH METHOD 

The objectives of the presented thesis are to simulate numerically and experimentally the thermal performance of 

a spiral-type solar collector to reach optimum thermal efficiency. The transient 3D energy equation will be 

analyzed and solved assuming that the flow is steady, incompressible, and turbulent with the (K-ε) model.  At 

(time = 0) the water enters the collector at (Ti). Tow values of flow rate were tested 0.0625 lit/sec and 0.03125 

lit/sec for (60 min) and also two values of pipe diameter 7.75 mm and 11.6 mm with uniform heat flux (Gcb = 

800.36 W/m2) was applied. A model of 770mm *770 mm with 23000 mm pipe length fixed spirally inside it. A 

(100 watt) PV panel of (1205 mm * 675 mm) will be used to operate the D.C water pump to circulate the water 

inside the spiral coil. A 17.8 lit storage tank model will be used in the experiment. The effect of altering the water 

mass flow rate, the direction of flowing water inside spiral coil (central port inlet or circumference port inlet), and 

pipe diameter will be investigated in the developed numerical model. 

 

Figure 1. Schematic diagram 

 

Figure 2. Mathematical model 

All experiments are carried out in Baghdad-city (33.30 N and 44.30 E) on the 1st - 6st of August 2020. The solar 

collector is fixed in a situation tilt angle equal to 450 at noon. so that to be exposed to the sun radiation to absorb 

a large amount of heat energy that falls on the upper black surface of the copper plate and transport it to the water 

that flows inside the pipes. The water is circulating through the system by a D.C pump. The experiment is divided 

into two main parameters direction of flow and value of the flow. The direction of flow also divides it into two 

directions: the central port inlet-circumference outlet, and the circumference port inlet-central port outlet. For each 
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direction of flow, there are two values of flow rates 0.0625 lit/sec and 0.03125 lit/sec. After assembled the test rig 

parts of the solar collector, the ambient temperature, solar radiation, absorber surface temperature, and 

temperatures of the inlet, outlet and tank are measured in the summer season as the following steps: 

1- The tilted angle of the solar collector is fixed at 45o. 

2- One data logger is used for the twelve thermocouples to measure the temperatures of the test rig.  

3- The value of heat flux is measured by the solar power meter which is perpendicular to the absorber plate. 

4- All the temperature values are taken every (30) seconds for one hour of the day time started from 11 AM 

to 12 PM sunrise period 

5- The operation of the solar collector was on a sunny day with a clear sky. 

Momentum conservation, mass conservation, and energy conservation are the governing equations in question 

[16]. 

• Mass conservation equation 
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• Energy equation 
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Where ∅ represents the dissipation (internal friction) function, while μ∅ represents the viscous dissipation 

representation for each unit volume. For a mixture of a multi-component, the energy transportation is often 

resulting from diffusion and must be accounted for in the conservation of mixture energy. 

Assumptions 

For solving such problem, the next assumptions can be made: 

1. The predicted temperature is time-dependent. 

2. Steady, incompressible, turbulent flow with K-epsilon (k-ε) turbulence model. 

3. The material of the spiral solar collector is Homogeneous. 

4. The rear surface of the spiral solar collector is perfectly insulated. 

5. The working fluid is water. 

6. Constant thermal conductivity. 

7. The water storage tank is perfectly insulated (adiabatic). 

8. A constant mass flow rate was assumed at inlet. 

9. A constant value of Pressure is assumed at the outlet. 

Boundary conditions 

There are sets of boundary conditions that are used to complete the solution process. To acquire significant 

solutions, the boundary conditions must be carefully specified, and their usage is as a rule in light of physics. 

Boundary conditions were chosen to be synonymous with the real states of the flow utilized for experimental tests. 
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1. Inlet boundary conditions 

A constant mass flow rate is assumed at the inlet. 

2. Outlet boundary conditions 

In all cases that have been studied the outlet boundary condition was pressure outlet. 

RESULTS 

Figures 3. (a), (b), (c), and (d) show the variations of the temperature with the time after 10 min with two values 

of flow rate and two flow directions. To validate the numerical results, both the geometry and boundary conditions 

were utilized exactly similarly to the operation parameters of the experimental test. An excellent agreement is 

achieved when comparing the predicted results and the measured values of water temperature along with the spiral 

coil. 

 

 

Figure 3. Temperature profile after 10 min with (a) 0.0625 lit/sec flow rate central inlet (b) 0.0625 lit/sec flow 

rate circumference inlet (c) 0.0625 lit/sec flow rate central inlet (d) 0.0625 lit/sec flow rate central inlet 
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Figure 4. Profiles of water temperatures along the pipe length after 5 min, 30 min, and 60 min (a) for 0.0625 

lit/sec flow rate central port inlet (b) for 0.0625 lit/sec flow rate circumference port inlet (c) for 0.03125 lit/sec 

flow rate central port inlet (d) for 0.03125 lit/sec circumference port inlet. 

From figure 4. We notice that there is an agreement in the results due to the same circumstances in both numerical 

and experimental work. 

Also the small differences in the results because of the error percentage of measurement devices. 

Thermal efficiency  

𝜂𝑡ℎ =
𝑀 ∗ 𝐶𝑝 ∗ (𝑇𝑜 −  𝑇𝑖  )

𝑞" ∗ 𝐴 ∗ 𝑡
 

Where: 

M: water mass 

Cp: specific heat 

To: outlet temperature 

Ti: inlet temperature 

q": heat flux 

A: solar collector area 

t: time 
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Table 1. Presents a comparison between the present work and reference [17]. 

Case study Description 

𝜼𝒕𝒉 

(Present 

Work) 

Description of [17] 
𝜼𝒕𝒉 

[17] 

1 0.0625 lit/sec central port inlet 82.5 % 0.0083 lit/sec spiral pipe 40.9% 

2 
0.0625 lit/sec circumference port 

inlet 
47.9 % 0.0083 lit/sec conical pipe 27.4% 

3 0.03125 lit/sec central port inlet 67.4 % 0.016 spiral pipe 65.7% 

4 
0.03125 lit/sec circumference port 

inlet 
67 % 0.016 lit/sec conical pipe 32.5% 

 

From table 1. we notice that case (1) has the best efficiency as compared with other cases and the research [17] 

ensure the results that spiral solar collector has good efficiency as compared with other collectors, the thermal 

efficiency increases when central port inlet, flow rate increase and diameter of the pipe increase. 

Numerical Simulation for 7.75 mm ID 

Figure 5. Shows the optimum efficiency case study simulation 

 

Figure 5. Best-enhancing percentage case study 

Temperature Distribution 

Figure 6 Exhibits the temperature distribution and 7. Shows the temperature distribution during 1-32 sec from 

flow initiation through the fluid boundary layer. 

 

Figure 6. Temperature distribution  
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a. 1 sec b. 2 sec 

  

c. 4 sec d. 8 sec 

  

e. 16 sec f. 32 sec 

Figure 7. The temperature distribution during (1-32 sec) from flow initiation through the fluid boundary layer 

Velocity contours 

Figure 8 Shows the velocity contours for a cross-section along the spiral tube. 

 

Figure 8. Velocity profile 
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Pressure Field 

Figure 9 Exhibits the pressure difference contours along the spiral tube. The pressure drop reaches a constant 

value equal to 84.6241 kPa during the operational time. 

 

 

Figure 9. Pressure field 

CONCLUSIONS 

This work includes theoretical, numerical, and experimental investigation of using spiral solar collector that 

concludes the following base points: 

1-  Increasing the water flow in the spiral pipe from (0.03125-0.0625) lit/sec leads to increased thermal 

efficiency of about 15%. 

2-  Increasing in tube diameter also leads to an increase in water outlet temperature. 

3- Central water inlet with the full flow rate has been achieved the optimum efficiency of 82.5% 
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