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Abstract - CFD simulations are performed to study flow and temperature patterns in flat plate solar water heater.  Different 
configurations with varying number and diameter of tubes are considered at various Reynolds numbers. The study shows 
significant influence of these parameters on the performance of the flat plate heater. Some suitable configurations for better 
distribution of flow and high heat transfer coefficients are identified.   
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I. INTRODUCTION 
 
Solar collectors are widely used in residential 
buildings and in commercial applications. The 
advantages when compared to other types of heater 
are that these devices do not need fuel or electricity to 
operate. They operate from sun radiation energy 
without any emissions of harmful gases. Among the 
various types, flat type collector is more popular due 
to simple design, low cost and less maintenance.  
 
In this device the incident solar radiation on a flat 
transparent surface is transmitted and is trapped by an 
absorber plate. The trapped energy is used for heating 
fluids such as water. The main components of this 
type of collector are absorber plate, transparent cover, 
tubes for water flow, supper structure and insulating 
sheets. 
 
Although flat plate collectors are commonly utilized 
for heating applications, the limitation is high heat 
loss factor. In order to improve the efficiency of the 
device, the radiative and convective losses should be 
minimized. In addition number of tubes and spacing 
should be sufficient and flow distribution should be 
optimal so that maximum amount of energy is 
absorbed by circulating water. Due to importance of 
fluid flow behaviour on performance of the solar 
heating collector several studies have been conducted 
by researchers.   
Gunjo et al. [1] studied the influence of inlet fluid and 
surrounding temperature and solar irradiation on 
outlet temperature and thermal efficiency. It was 
observed that the thermal efficiency of the solar 
collector increases with ambient temperature, solar 
insolation, and mass flow rate of water. However the 
efficiency decreases as inlet water temperature 
increases. Gunjo et al. [2] in another paper modeled 
bent riser tubes. Maximum efficiency of 71% was 
obtained with 60°C outlet  temperature for the 
investigated solar collector. Selmi et al. [3] analyzed 
flat plate solar energy collector using computational 
fluid dynamics (CFD) software. The outlet 
temperature of water was compared with 

experimental results and satisfactory agreement was 
found. 
 
The computational and experimental work of Gertzos 
et al. [4] studied performance of a flat-plate 
integrated collector storage solar water heater 
(ICSSWH). Facao [5] suggested that flow 
maldistribution increases with high flow rates due to 
increased inertial effects. To improve flow 
distribution the research work indicated that outlet 
header manifold should have a higher diameter 
compared to the inlet header diameter. Absorber 
plates of different shapes were considered by Angel 
and Manuel [6]. The circular geometry resulted in 
higher thermo-siphonic flow rates. Fan et al. [7] 
numerically and experimentally showed that flow 
maldistribution increases by increasing tilt angle of 
solar collector and inlet temperature. This can result 
in boiling in the upper part of the collector panel. 
Chiou [8] found that if the fluid flow distribution is 
not uniform, the thermal performance of the solar 
collector may deteriorate. 
 
The previous studies show that fluid flow profiles in 
the solar collector affects the heat transfer rate. In this 
paper we study the effect of number of riser tubes and 
diameter of the riser tube on the flow distribution in 
the solar collector. 
 
II. MODELING PROCEDURE 
 
The geometry for analysis of solar water heater 
consists of a header tube and multiple risers tubes. 
The number of tubes and diameter of riser tube was 
varied to study their effect. The number of tubes 
considered was 3, 5 or 7. The diameter of header pipe 
was 1 inch whereas the diameter of riser tube was 0.5 
or 0.75 inch. The fluid was water with viscosity 
varying with temperature. The absorber plate was 5 
mm and of copper. The simulations were performed 
with different values of Reynolds number. The 
Reynolds number was based on diameter of header 
pipe. Constant heat flux of 1000 W/m2 was assumed 
on surface of the absorber plate. 
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The differential equations of continuity, 3D 
momentum and energy equations along with 
boundary conditions were solved using finite volume 
method of a commercial code ANSYS FLUENT.  
 

 
 

Fig. 1. Computational grid for solar water heater 
 

Table I: Grid independence results 

 
 

 
(a) 

 

 
(b) 

 
Fig. 2. Velocity profiles (a) 3 tubes (b) 7 tubes, Re = 275. 

 
(a) 

 
(b) 

Fig. 3. Temperature contours (a) 3 tubes (b) 7 tubes, Re = 275. 
 

Table II Mass flow rate from different tubes. 

 
 
III. RESULTS AND DISCUSSION 
 
The computational grid / mesh for a particular case if 
shown in Fig. 1. The mesh contained about 500,000 
cells of triangular or hexahedral type. This number of 
cells was found to provide grid independent results. 
The pressure drop values for the geometry containing 
7 tubes and Re = 400 at different number of cells is 
given in Table 1. It can be noticed that the pressure 
drop values are almost same when cells are increased 
from 480,000 to 800,000. The difference is less than 
1 %. The results are also compared with a previous 
study. The contours of velocity and temperature in 
our work were found to be similar to ones obtained in 
the paper of Gunjo et al. [1]. 
 

Table III     Heat transfer coefficient for various cases. 

 
 
The velocity profile at Re = 275 is shown for two 
geometries (one with 3 tubes and other with 7 tubes) 
in Fig. 3. Since amount of mass flow at the inlet is 

No. of Cells Pressure drop (Pa) 

320000 1.926

480000 1.946

800000 1.944

No. of 
tubes

Diameter  
(m)

Re

1 2 3 4 5 6 7

3 0.0125 17.21 16.68 16.41 x x x x

5 0.0125 10.82 10.29 9.93 9.73 9.65 x x

5 0.019 13.14 10.94 9.53 8.62 8.19 x x

7 0.0125 8.11 7.64 7.3 7.05 6.87 6.75 6.67

3 0.0125 24.96 24.33 24.14 x x x x

5 0.0125 15.64 14.93 14.51 14.29 14.24 x x

5 0.019 18.59 15.69 13.95 12.91 12.48 x x

7 0.0125 11.71 11.05 10.61 10.31 10.1 9.95 9.87

275

400

Mass Flow Rate (× 10-4, kg/s) at different outlet 
pipes

No. of tubes
Diameter of 

tubes (m)
Reynolds 
number

Heat Transfer 
Coefficient 

3 0.0125 8.20

5 0.0125 11.31

5 0.019 11.18

7 0.0125 14.18

3 0.0125 9.09

5 0.0125 12.35

5 0.019 12.30

7 0.0125 15.38

275

400
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same in two cases, the velocity rise is more when the 
number of tubes is less. It can be seen that velocity in 
header pipe continuously decreases due to turning of 
fluid in the various riser tubes. This is more obvious 
when the number of tubes is high. At the point when 
flow turns, a separation / low velocity region is 
created which is relatively significant in case of 3 
tubes geometry. The size of separated zone increases 
with increase in Reynolds number. The temperature 
distribution in the solar collector device is depicted in 
Fig. 3. The water gradually gets heated due to 
imposed heat flux in all the riser pipes. When the 
number of tubes is less, the local temperature rise is 
more since the total heat flux is divided among less 
number of tubes. The mass flow rates in the different 
tubes are various tubes are given in Table 2. The 
Table shows that maximum mass flow rate is in outlet 
1 which is closed to inlet. The difference in mass 
flow rates is more when diameter of riser tube or 
number of tubes is high. The considered 
configurations are compared based on average heat 
transfer coefficient h and are given in Table 3. The 
heat transfer coefficient increases with the increase in 
Reynolds number. Maximum h values are achieved in 
geometry which has greater number of tubes. Based 
on the present analysis the solar collector with 7 tubes 
can be considered superior than the others.     
 
CONCLUSIONS 
 
The effect of number of tubes and diameter of riser 
tubes is examined using a computational fluid 
dynamics study. The paper indicates that velocity and 
temperature profiles in different tubes depend on the 
spacing. The difference in flow rates is more when 
diameter of riser tube is high. When Reynolds 
number / inlet velocity is increased the temperature 

rise is relatively decreased due to less residence time. 
The paper also proposes that number of tubes should 
be high for better performance of the device. 
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