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Abstract - Most solar water heating systems do not design to supply all the hot water requirements of load, therefore a 

conventional kind of heating is required in these systems. The additional heat raise the temperature of water when the 
temperature drops below the desired output temperature that control system aim to reach. This research work aimed to evaluate 
the thermal performance of an auxiliary heating system in conjunction with a flat plate solar-assisted water heater system in 
province of Kurdistan which is located in western part of Iran. The results of this study showed that maximum water  
temperature in January for Sanandaj was 52°C withno auxiliary heating in some hours of day.  
Furthermore, the  maximum  solar  heat  gain  was 6000 kJ/hr, while the maximum auxiliary heating rate was required  in the  
early  morning  and  late afternoon. 
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I. INTRODUCTION 

 

Environment degradation with use of fossil fuels is a 

menace to life in this earth. In view of world’s 

depleting fossil fuel reserves and environmental 

threats, development of renewable energy sources 

received importance. Of many alternatives solar 

energy stands out a conspicuous energy source for 
meeting the demand. It is considered as adamantine 

renewable energy source due to its huge potential. The  

freely  available  solar  radiation  provides  an infinite  

and  nonpolluting reservoir  of  fuel.  The easiest way 

to utilize solar energy for heating applications is to 

convert it into thermal energy by using solar 

collectors. Solar water heaters and solar air heaters are 

flat plate collectors which used mostly for heating of 

water and air respectively[1]. 

 
Fig.1. Heat flow through a flat plate solarcollector[1-3]. 

 
Figure 1 shows a schematic drawing of the heat flow 

through a collector. There are 80% of the sun heat 

energy is absorbed in the collector plate. The radiant 

heat reflects and heat loss in the collector surface is 

around 10-35%[1-3]. 

Solar heating capacity increased to reach 

approximately 232 GW thermal in 2011 to provide 

both water and space heating. Solar water heating 

technologies are well-known and contributing 

significantly to hot water production in several 

countries, lowering energy bills, and reducing the 

environmental pollution. China, Turkey, Germany, 

India and Italy took over the market for newly 

installed capacity during 2011 [4-5]. 

Presently, research and development programs in 

developing  countries  are  oriented  towards  the 
applications of solar energy for domestic hot water 

systems, solar distillation of sea and brackish water, 

water pumping, drying of agricultural produce, solar 

industrial  process  heat,  and  photovoltaic (PV) for 

remote applications. However, in developed countries 

extensive  work  have  been  carried  out  on  space 

heating  and  cooling (passive  and  active  design), 

building integrated photovoltaic (BIPV) systems and 

products,  grid  connected  RE  system  including 

biomass and PV system, daylighting, solar thermal 

electricity generation, and solar refrigeration [6]. 
It is possible to design a thermosyphon solar water 

heater to supply the full hot water requirement of a 

house in mild or hot climates, without an auxiliary 

system, given sufficient collector area and storagetank 

capacity. However, it is not cost-effective to do so. A 

solar water heater is normally designed to provide 

between 50 and 80% (or more, depending on weather 

and operating conditions) of the hot water load. The 

remaining energy requirements can be provided by 

adding an auxiliary heater to the solar system. An 

electric heater is often used as the auxiliary.  The  

auxiliary  energy  component  must supply 100%  of  
the  heated  water  without  any assistance  from the  

solar system to provide heat when the  energy  gain  

from  the  collector  is  not sufficient to meet the 

required energy delivered to the load. For systems that 

use an electric auxiliary heater, there are several 

possible locations for this component.   However,   

there   is   considerable controversy about whether the 

auxiliary heating element should be inside the solar 

heated tank (one tank system) or whether an 
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auxiliary-heated tank should be separate from the 

solar-heated tank (auxiliary in series or in parallel)[7]. 
An analysis of direct active solar water heating 

systems that determines the number of days in each 

month when solar heated water meets the whole 

demand above a certain set temperature. Correlation 

between the number-of-days method and the solar 

savings fractions method has shown that for lower 

normalized  number  of  days,  the  solar  savings 

fraction is less well defined than for higher number of 

days[8]. 

 

 
Fig.2. Schematic of the indirect forced circulation system 

model[9]. 

 

Figure 2 shows an indirect forced circulation solar 

water heating system with flat-plate collector that 

provides hot water requirements of a single-family 

house in Montreal [9].The simulation results show 

that, the proposed system could provide 83-97% and 

30-62% of the hot water demands in summer and 

winter, respectively. 
The  effect  of  water  replenishment  on  the  system 

sizing  is  studied  and  a  novel  strategy  for  water 

replenishment is proposed to improve the design and 

performance of solar water heating systems[10]. The 

studied system was of active, direct type with flat plate 

collector. It was observed that the annualized system 

cost can be reduced by 13.7%. 

The potential application of a centralized solar 

water-heating system in high-rise residence in Hong 

Kong was   simulated   and evaluated[11].The   overall 

efficiency of the solar collectors would be 38.4%,and 

the annual solar fraction 53.4%.The year-average 
hot-water temperature available from the calorifier 

was 41.4 °C, which could be readily adjusted to the 

required hot-water   supply   temperature   through 

auxiliary means. The schematic design of proposed 

system has been shown in Figure 3. 

 

A  TRNSYS  model  was  developed  for  forced 

circulation  solar  water  heating  systems  with  flat 

plate and  heat pipe evacuated tubecollectors[12]. 

Results obtained showed that the model predicted the   

collector   outlet   fluid temperature   with   percentage   

mean   absolute error(PMAE) of 16.9% and 18.4% for 
the flat plate collector and evacuated tube collector 

systems respectively.  Heat collected and delivered to 

theload was also predicted with PMAE of 14.1% and 

6.9% for the flat plate collector system and 16.9% and 

7.6% for the evacuated tube collector system 

respectively. The model underestimated the collector 

outlet fluid temperature by19.6% and overestimated 

the heat collected and heat delivered to load by 7.6% 

and 6.9% for the flat plate collector system. The model 

overestimated   all   three parameters by 13.7%, 12.4% 

and 7.6% for theevacuated tube collector system. This 

study try to develop a simulation model for an active 
solar water heater which employs flat plate collectors. 

Based onthis model, thermal performance of the 

system isdetermined for Sanandaj city which is the 

capital of Kurdistan province in Iran. 

 

 
Fig.3. Schematic design of the proposed centralized solar 

water-heating system for the high-rise residential building 

development[11]. 

 

II. ANALYSIS AND MODELLING 

 

A solar water heater system shows in Figure 4. This 

system was modeled in this study. 

 
Fig.4. Active solar water heater. 
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A general equation for the solar thermal collector 

efficiency can be obtained from the Hottel-Whillier 
equation as follows: 

   .
u C R T L i an

Q A F G U T T      

(1) 

To eliminate the need to determine the plate 

temperature, a collector heat removal factor (FR) is 

introduced [13-15]: 
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Where the collector efficiency factor is defined as: 
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The fin efficiency factor F is given by: 
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The collector’s overall loss coefficient UL is the sum 

of the top, bottom and edge loss coefficients: 
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The back loss coefficient is calculated by using the 

following equation: 
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The edge loss coefficient based on the collector areais 

as follows: 
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And the top loss coefficient is: 
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The useful energy gain by the collector heats the 

collector’s fluid, therefore: 
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Thus, 
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A measure of a flat plate collector performance is the 

collector efficiency (η) defined as the ratio of the 
useful energy gain to the incident solar energy over a 

particular time period. The instantaneous thermal 

efficiency of the collector is: 
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III. RESULT AND DISCUSSION 

 

As known, weather parameters such as ambient 

temperature and solar radiation affect thermal 

performance of system. Figure 5-6 show the variation 

of ambient temperature and solar irradiation for 

January in Sanandaj, Iran.  It is clearly seen in figures 

5 and 6 that Sanandaj experience temperature 

fluctuations, within a month. 

 

 
Fig.5. Ambient temperature(°C) versus time (hr). 

 
Fig.6. Solar radiation (kJ/hr m2) versus time (hr) 
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The simulation results are represented graphically in 

Figures 7 and 8.  Figure 7 shows the variations of 
collector outlet temperature (Left-axis) and useful 

energy gain (Right-axis). In Figure 8, outlet water 

temperature(Left-axis) and required heating 

rate((Right-axis) with time have been shown. 

 

The auxiliary heater is designed to add heat to the flow   

of   water   whenever   the   heater   outlet temperature 

is less than set point temperature (60°C).  As can be 

seen from the figures 7 and 8,unavailability of solar 

radiation in the early morning and late afternoon 

decrease the useful energy gain. Hence, the auxiliary 

heating rate increase along with reducing in the solar 
gain. 

 

As the solar radiation decreases; the rate of increasing 

in temperature of water also decreases. Without using 

of auxiliary heater, a maximum predicted water 

temperature of 52°C and was obtained. Moreover, the 

maximum solar heat gain was 6000 kJ/hr while the 

maximum auxiliary heating rate was 5050 kJ/hr. 

 

 
Fig.7. Variations of collector outlet temperature (°C) and useful 

energy gain(kJ/hr) versus time(hr) 

 

 
Fig.8. Variations of outlet water temperature (°C) and required 

heating rate (kJ/hr) versus time(hr) 

 

CONCLUSION 

 
A direct forced circulation solar water heating system 

with PV/T collector in Sanandaj is modelled. From  

the simulation results it was concluded that: 

 Whenever the water temperature dropped 

below the set point temperature where the 

collector could not extract heat from the sun, 

the electric heating elements started to 

warmup the water. Hence, as the solar 

radiation increased, the auxiliary heating rate 

decreased as well. 

 The maximum amount of auxiliary heating 

rate obtains in the early morning and late 
afternoon. 
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