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ABSTRACT  

 

The paper presents a mathematical model of a serpentine flow flat-plate solar collector using COMSOL 
multiphysics. The numerical simulations are focused on the thermal and hydrodynamics behaviour of the 

collector, numerically solving the energy equation as well as the Navier-stokes equations for an 

incompressible fluid. Numerical results, involving a part of the serpentine, show that an efficiency of 

84.5% was obtained from the 2-D simulations for a maximum plate temperature of 31.7
o
C. The fluid 

temperature rise was 18.7
o
C and the overall collector heat loss coefficient was 3.1 W/m

2
K. An efficiency of 

87% was obtained from the 3-D simulation for a fluid temperature rise of 20.5
o
C.  
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1.0 INTRODUCTION 
 

Nowadays, increasing research efforts are being 

made to study and improve all the processes 

related to renewable energies. In this work we 

are concerned with the numerical modeling of a 

flat-plate solar collector having a corrugated 

inner shape. COMSOL Multiphysics and its add-

on products combine the power and versatility 

necessary to address complex problem. Its power 

is applicable not only to traditional physics 

disciplines but also to emerging technologies 

such as advanced materials, alternative energy 

sources, biotechnology, micro-electromechanical 

systems (MEMS), nanotechnology, and 

optoelectronics. A two-dimensional stationary 

and transient analysis is developed in order to 

obtain the main thermal parameters of the 

collector; moreover, three-dimensional thermal 

and hydrodynamic simulations are performed 

concerning a part of the serpentine. COMSOL 

Multiphysics accelerates the testing of design 

concepts with fast parametric studies of 

geometries, materials, and other model 

properties. Taken as a whole, the package 

minimizes the time to solution for the most 

complex engineering and scientific problems. 

Duffie and Backhman (1990) reported that in 

Japan large numbers of water heaters were built 

up using flat-plate solar collector in areas 

mounted horizontally and has the capacity of two 

liters. The unit is filled in the morning and by the 

end of the day, the temperature would have risen 

to point where it is useful for evening domestic 

water needs. Hottel and Whillier (1998) carried 

out an evaluation of various types of flat plate 

collectors using different configuration such as 

Header-riser tube, U-tube, circular-coil tube etc 

are constructed and tested.  

 

2.0 MATERIALS AND METHODS  
 

2.1 Thermal 2-Dimensional stationary 

analysis 

In a first approximation to the numerical 

simulation of the collector, a simplified thermal 

two-dimensional model was introduced, the 

computational domain being a cross-section of 

the collector corresponding to one single corruga 

(Figure 1). Thus, the stationary heat equation is 

numerically solved thus: 

 

(  grad T) 0div k  … (1) 

 

Where: T - is the temperature; k - is the thermal 

conductivity of the collector material 

(aluminum) and the insulating foam.  
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Figure 1: Cross-section of the collector corresponding to one Single corruga 
 

The partial differential equation (2) is completed 

by the following boundary conditions which take 

into account the energy losses through the 

surroundings of the collector, as depicted in 

Figure 2.  

 

( ) on T

n fm fk h T T 

  ... (2) 

 

( ) on T

n sk s Ur Ta T 

    … (3) 

 

( ) on T

n ik Ur Ta T 

    … (4) 

 

( ) on T

n lk Ur Ta T 

    …  (5) 

 

Where: Tfm = mean fluid temperature; S = 

absorbed solar irradiance; Ta = ambient 

temperature; Ut = loss coefficient; Ui = back loss 

coefficient; Ul = edge loss coefficient 

 

This model was implemented in COMSOL 

multiphysics in order to numerically solve it by a 

finite element method, using the data of Table 1 

to obtain the parameters appearing in the 

aforementioned boundary conditions.  Finally, 

the distribution of temperature in the cross 

section of the corruga was computed.  

 

Table 1: Data for the numerical simulations 

 

Physical parameters  Values  

Transmittance  0.92 

Absorptance  0.95 

Number of glass cover  1 

Emittance of collector 0.12 

Emittance of glass 0.88 

Collector tilt 0 

Wind velocity, m/s 0  

Ambient temperature, Ta 20
o
 C 

Insulation thickness, m 0.05  

Collector perimeter, m 4  

Collector area, m
2
 1  

Insulation conductivity, W/m K 0.034  

Aluminum conductivity, W/m K 220  

Collector thickness, m 0.08  

Nusselt number 6.49 

Inlet fluid temperature , Tfe 20
o
 C  

Incoming solar irradiance, W/m
2
 1000  

Serpentine length, m 9.9  
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Figure 2: Sketch of Energy Losses in the Collector 

 

 

 

2.2 Two – dimensional transient thermal 

analysis 

In order to solve the two-dimensional transient 

thermal problem, we consider the transient heat 

equation in the aforementioned cross-section, 

 

( ) 0T

pdtc div kgradT    … (6) 

      

Coupled with the one-dimensional heat equation 

modeling the temperature rise of the fluid  

 

'fT T

p t p z fc Ac mc q u
 

    … (7) 

    

Where: Tf  - fluid temperature.  

 

The right-hand side in latter equation accounts 

for the useful energy transferred to the fluid. 

Besides, these two equations are coupled with 

the differential equation governing the tank 

thermal heating. The boundary conditions are the 

following: 

 

(0, ) ( ),  0,f feT t T t t   … (8) 

( , ) 0,  t 0,fT

zK Lt t


   … (9) 

 

Where: Tfe - is the inlet fluid temperature.  

 

The initial condition for this set of equations is 

20°C. The boundary conditions associated with 

the partial differential are analogous to those of 

the stationary case, but the mean temperature of 

the fluid is calculated as follows  

 

2

fe fs

fm

T T
T


  …  (10) 

 

Where: Tfs is the outlet fluid temperature of the 

collector and it is obtained from the differential 

equation modeling the heating of the storage 

tank.  

 

Both the absorbed irradiance and the ambient 

temperature throughout the day are taken into 

account in these simulations. The transient 

thermal analysis permits to observe the thermal 

behaviour of the collector at any single time 

during the day, for instance, at midday. Also, it 

is possible to represent the useful energy gain to 

the fluid during the simulation time, the 

instantaneous efficiency of the collector during 

the day, the mean temperatures of the plate, tank 

and fluid, the overall loss coefficient and the heat 

removal factor. 

 

2.3 Thermal and hydrodynamic three-

dimensional analysis 
The computational domain is now the region 

occupied by the first three channels of the 

serpentine. The movement of the fluid is 

governed by the incompressible Navier-Stokes 

equations. Therefore, the problem is to find the 

velocity and the pressure. These can be obtained 

by solving the equations: 

 

( )v v v p g        … (11) 

 

0v   …  (12) 

 

Useful Energy 

(Solar - Radiation) 
Top Losses 

(Radiation - Convection) 

Edge Losses 

(Convection) 

Back Losses 

(Convection) 

Edge Losses 

(Convection) 
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 In these equations, the positive constants μ and 

ρ denote the dynamic viscosity and the density of 

the fluid, respectively, and the vector g denotes 

the gravity. Equations (3) and (4) are computed 

using the following boundary conditions: 

 

0V    … (13) 

 

On the lateral walls, 

 

(0, )mV u  … (14) 

 

Once the value of the fluid velocity is computed, 

the stationary convection heat equation given by 

 

( ) 0pdiv k T c V T     … (15) 

 

3.0 RESULTS AND DISCUSSION 
 

3.1 Results 

Results of the 2-D simulation are presented in 

Table 2. Table 3 presents the collector efficiency 

and fluid temperature rise given by 3-D 

simulations.  
3.2 Discussion 

From the results of the simulation, the main 

thermal parameters that characterize the behavior 

of the corrugated collector was established. The 

fluid temperature rise and mean superficial 

temperature in the collector were 18.7°C and 

31.7°C respectively. A useful energy gain to the 

fluid during simulation was observed which 

resulted in an overall collector heat loss coefficient 

of 3.1 W/m
2
K. From the results of the dimensional 

analysis, it could be seen that the efficiency 

increases with increase in the tempo (s). The 

maximum efficiency obtained was 80%. 

 

Table 2: Results of the 2-D simulations 

Efficiency   84.5% 

Mean superficial temperature 31.7˚C 

Fluid temperature rise 18.7˚C 

Overall collector heat loss 

coefficient 

3.1W/m²K 

Collector heat removal factor 0.96 

 

 

 
 

 

 

 

Table 4: Efficiency of the collector at different 

positions 

 

Efficiency Tempo (s) x 10
4
 

0.1 0 

0.2 0.10 

0.4 0.20 

0.6 0.25 

0.7 0.35 

0.8 1.00 

0 5.40 

-0.2 5.35 

-0.4 5.30 

-0.6 5.32 

 
4. CONCLUSION 

 

The new topology of solar collector presented in 

this paper allows the fluid to have a major 

surface of contact with the absorber plate, which 

implies an increase in collector efficiency. In 

order to obtain the characteristics thermal 

parameters of the collector, it was numerically 

simulated with COMOL. For the data given in 

Table 1, an efficiency of 84.5% was obtained, 

with a maximum plate temperature of 31.7°C. 

Besides, the fluid temperature rise was 18.7°C, 

the overall loss coefficient is 3.1 W/m²K and 

heat removal factor equals 0.96. Similar values 

were found for the transient analysis during a 

daily simulation. An efficiency of 87% was 

obtained from the 3-D simulation with a fluid 

temperature rise of 20.5˚C.  Finally, the three- 

dimensional thermal and hydrodynamic 

behaviour of a part of the serpentine was 

numerically simulated. The fluid temperature 

rise achieved with the 3-D simulations was 

20.5°C. 
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