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Abstract: The purpose of this study was produced the water heating with relatively higher
temperature. A heat transfer fluid circulates through an absorber tube. The heat transfer and
optical analysis of the absorber is essential to optimize and its performance under different
absorber’s materials conditions. It was constructed three-dimensional numerical model for
heat transfer analysis of absorber tube by COMSOL. Absorber tube material is made by
copper. Model with absorber tube length was 0.6096 m, the inner diameter of absorber tube
was 17 mm and the outer diameter was 19 mm. The fluid was water.
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1. Introduction

Parabolic trough absorber tube is in fact composed of two concentric pipes. It included an
inner pipe containing the working fluid and an outer glass tube surrounding the inner pipe.
The glass tube was used the high transmittance material for solar radiation. The outer surface
of the pipe has an optically selective surface with a high solar absorptance and low remittance
for thermally generated infra-red radiation [1].

The absorber of a parabolic trough is linear. The size of the tube was determined by the size
of the reflected sun image and the concentration ratio of the trough. A glass cover tube is
usually placed around the absorber tube to reduce the convective heat loss from the receiver
and it was reduced the heat loss coefficient. The glass envelope usually has an antireflective
coating to improve transmissivity [3]. Therefore, the purpose of this study is to construct the
three dimensional model of parabolic trough reflector.

2. Energy Balance Model of the Parabolic Trough Absorber

Figure 1 shows the heat transfer analysis of absorber tube. The absorber tube was surrounded
by the environment. In this stage, it had the radiation and convection medium at the outer
surface of the glass cover.

The conduction heat transfer had between the outer surface and inner surface of the glass.
The inner surface of the glass to the outer surface of the absorber tube had radiation and
convection heat transfer. The outer surface of the absorber tube to the inner surface of the
absorber tube occurred conduction.

The convection heat transferred between the inner surface of the absorber tube and the
working fluid. Finally, the working fluid got the required heat.
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Absorber Tube
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Figure 1. Heat Transfer Analysis of Absorber Tube

3. Comsol Multiphysics

COMSOL Multiphysics is a powerful interactive environment for modeling and solving all
kinds of scientific and engineering problems based on partial differential equations (PDES).
This software can easily extend conventional models for one type of physics into
multiphysics models that solve coupled physics phenomena and do so simultaneously. It is
the mathematics or numerical analysis. To build the physics models, it must define the
relevant physical quantities such as material properties, loads, constraints, sources, and fluxes
rather than by defining the underlying equations. It can always apply these variables,
expressions, or numbers directly to solid domains, boundaries, edges, and points
independently of the computational mesh. COMSOL Multiphysics compiles a set of PDEs
representing the entire model. The power of COMSOL Multiphysics is a standalone product
through a flexible graphical user interface, or by script programming in the COMSOL Script
language or in the MATLAB language. Using these application modes, it can perform
various types of analysis. They are stationary and time dependent analysis, linear and non-
linear analysis and Eigen frequency and modal analysis.

The heat transfer module is an optional package that extends the CMSOL multiphysics
modeling environment with customized user interfaces and functionality optimized for the
analysis of heat transfer. Heat transfer is involved in almost every kind of physical process.
COMSOL Multiphysics using the two application modes that are the incompressible Navier-
Stokes application mode for fluid flow and the convection and conduction application mode
for heat transfer. This mode is coupled with heat and flow at Navier-stokes incompressible
module as volume force. This simulation has seven steps. They are creating geometry,
modeling physics and equation, defining subdomain such as it must define solid or fluid,
defining boundary conditions such as it define input properties, meshing to geometry, solving
the model and post processing and visualization means that it show the results.

4. Numerical Solution

Heat transfer analysis of parabolic trough absorber tube was transient state conditions. It used
the two application modes that are the incompressible Navier-Stokes application mode for
fluid flow and the convection and conduction application mode for heat transfer. This
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analysis had two assumptions. They were radically heat transfer analysis and no heat losses
between one medium to another medium.

The partial differential equations (PDE) were discretized for transient state conditions by
using the finite element method and taking into account the dependence of the thermal
properties with the temperature.

1)

p %J +pu.Vu=-Vp+nV°u+F
V.u=0 )

pC, (%+u.VTj+V.(—kVT) =Q (3)

where, u - velocity
p- pressure
F- volume force
n - dynamic viscosity
- vector differential operator
Q- heat source
F2= agp(T-Tin) (4)

where,a= thermal expansion coefficient
g=acceleration due to gravity
p=fluid density
T= initial temperature
Tin=inlet temperature

5. Model Validation
In order to validate the heat transfer model, it was defined the boundary conditions in figure 2
and the each medium of the numerical equations were showed in table 1.
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Figure 2. Absorber tube by numerical model
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In figure, number 1 to 11 were defined the heat transfer boundary layer excepted the number
4 and 12. The number 4 was inlet of fluid and the number 12 was the fluid outlet.

Table 1. Boundaries Setting of the absorber tube

1,11 insulation anO,q:—kVTerCpTu
2,3,7,10 Heat flux —nq=0,q=—kVT+pCpTu
5,6,8,9 Continuity n(q;-q,)70,q,; =k, VT, +p,C, Ty
u=0
4 Inlet temperature, inlet T:TO
velocity
u=-Un
12 Convective flux, outlet n(-kVT)=0
pressure
P=P

6. Results and Discussion

Figure 3 showed the slide plot and direction of the heat transfer flow with time. The different
colors defined the value of water outlet temperature. The next figure 4 described the value of
water outlet temperature by line plot. This plot described that the water outlet temperature
with time at the end of the absorber tube position(x= 0.6096 m).

Time=23400 Slice: Temperature [°C] Arrow: Total heat flux, T Max: 36.664

Mn: 2444

Figure 3. Water outlet temperature along with the absorber tube length

Figure 4 can be see that the value of water inlet temperature is increased with time until 12
noon. And then, it will be slightly decreased until 4pm. This simulation can be showed
definitely value of water outlet temperature for any length of the tube with time.
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Figure 4. Point plot of the absorber tube at A

In figure 5 showed the comparison between steel, copper and aluminium tube using the heat
transfer fluid is water. The water outlet temperature of steel is higher than copper because the
heat capacity of steel is higher than copper. The lowest water outlet temperature is the
aluminium and its heat capacity value is smaller than above two materials.
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Figure 5. Comparison between Steel, Copper and Aluminium Tube using the Heat
Transfer Fluid is Water

7. Conclusion

In conclusion, figure 3 to 5 showed the value of water outlet temperature on December 6,
2014 and the optimum fluid flow velocity is 0.002 m/s. The artificial diffusion is very
important parameter in heat transfer analysis because the thermal conductivity of the material
is varying with time. As a result, the best pair for water heating application is stainless steel
for the absorber tube with water as a working fluid.
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