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Abstract—this paper analyses the effects of using internally
finned receiver for parabolic trough or Fresnel concentrator. A
new 3-D model of a receiver with rectangular insert is proposed,
the model approach the fluid dynamic interaction with the heat
transfer inside the receiver, the solution of the physical problem
with the K-& turbulent model is obtained by COMSOL
Multiphysics, the Tube inlet is defined as a mass flow entrance
for the Syltherm 800 which is used as a heat transfer fluid in the
present model. The Thermo-Fluidic study investigate for several
solar radiation for the rectangular fin, and for various mass flow
rates, the chosen geometry is studied and compared to
experimental data , the analysis shows a heat transfer
enhancement without any effects for the fluid flow inside the
receiver

Keywords; CFD ; CSP; K-& COMSOL; solar absorber

I. INTRODUCTION

Energy has always been very important for
societies; human behavior is strongly induced i
c

availability, price and resources [1], fossil energy are
so limited and unclean (global warming....) [2 @w y the
whole world must work to assure the pro% energy.
Nine Solar Electric Generation Syste ( ) built in
southern California between 1984 a 90 continue to
produce 14-80 [MWe] of utility-scale power each from
solar thermal energy input. The s collect energy using
one of synthetics heat transfer flu mped through absorber
tubes in the focal line of pafapMliC trough collectors who’s
calculated. The heated fluj des the thermal resource to
drive a Rankine steam p gcle [3].

In Algeria, Hassg{’Mel hybrid power plant Fig.1 is the
first gas-solar po@a t in Algeria; it is located in the region
Tilghemt, 25 Jug™¥rth of Hassi R'Mel largest gas field in
9 July 2011, With a capacity of 150 mega-
watts  ( he power plant will combine an array of
parabolic Wgfigh concentrating solar power of 30 MW, in an
area of 180,000 m2 and in conjunction with a gas turbine
power plant of 120 megawatts. Other plants were already
scheduled; two stations on the same principle are scheduled for
2013, in eastern Algeria, the solar power plant Maghair in the
state of El-Oued and to the west the solar power plant Naama
in the state of El-Bayad[4].
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Figure 1. Solar Field Of Hassi R’Mel Hybrid Power Plant.

One of the major disadvantage of CSP plants is there
efficiency (1), it’s (the electricity produced divided by the
annual solar radiation in the field) between 11% and 17% [4]
comparing to the gas turbine power plant (between 30% and
40%). This paper presents CFD study using the commercial
code Comsol to enhance the solar field efficiency by enhancing
the heat transfer among the solar absorber that has been
applied for solar trough collectors by Ravi Kumar (2009) [5].
Internally finned tubes have not been studied since the author’s
knowledge for solar trough collectors, but the advantages of
this design for enhance heat transfer has been documented in a
great amount of papers [6—12]. The estimation of the thermal
behavior with our model has been qualified and validated with
its application to the analysis of the experimental data obtained
in the Sandia laboratory [13]

Wp

M e = Hfield " Neycle — Ar - DNI

(1)
Where:

n is the efficiency

W is the losses of power

A apparture

DNI direct normal irradiation

p,f parasitc, field
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II.  MATHEMATICAL MODEL

There is no analytic solution for fluid flow and heat transfer
equations which make the work within solar absorber very
difficult and it’s unavoidable to use numerical approximation

Continuity equation:
V-(pu)=0 )
Conservation of momentum equation:
plu-Viu=
\Y -[—pl +ip+ pT)(Vu + (Vu)T] —%(,u + pr) (V- ull —%;Jkl] +F 3)
Conservation of energy equation:
pCuVT =V - (kVT) + 0+ 0y, + W,

4)

In the simulation the fluid is considered a fully developed
turbulent flow, for this we will use two more equations

K equation:
P, = m-[\?u H (Vu + (Vu)T] = %(\7 . u)z] - %pkv ‘u (5)
plu-Vik=WV- [{;e + ”—T}Vk] + Py - pe
i (6)

€ equation:

2

BT .
plu-Vie=V -[(_u + a—:)?'e] + Cd%Pk —CtngE?, £=ep s®

fit = f’Cﬁg

®)

Heat losses based on LS-2 collector test: @
e- &

Thermal losses = 673.17 +1.09 T + 8.25

@
S

Where:

u velocity

u  Viscosity O
p density \

C  calorific g

T tem

P

F  eX¥rnal force

III. NUMERICAL VALIDATION

To validate the numerical simulation the first part of this
study is dedicated for the comparison between numerical and
experimental data.

ICNCRE ’13

Table 1 represent the absorber tube parameter, Table 2
represent HTF (heat transfert fluid) Syltherm 800 technical
data used in the solar field of real CSP plant as in KRAMER

JUNCTION CAL,USA.

TABLE L

PARAMETERS OF THE SOLAR ABSORBER

Parameter

Absorber configuration

Length of the receiver (m)

2.0

Inner diameter of the receiver  (m)

Outer diameter of the receiver (m)

OOSth

Absorber material

ﬂzs& STEEL

"

TABLE IL SYLTHERM 80 N AL DATA @ 25°C
Parameter 8 HTF configuration
Viscosity 9.1 MPA.S
Auto ignition Poﬁhv 385°C
Fla% 160°C
¢ -60°C
P\Qy 936 KG/M®
j Combustion 28,659 KJ/KG
o ermal conductivity 0.1012 w/MK
‘$I capacity at constant pressure 1916 J/KG. K

The simulation convergence trend is in Fig.2 and it shows
that the obtained result has an error of estimation of 107, the
simulation can reach an error of 10 but it will take a lot of
time and memory space to have those results because the
number of freedom degree is 37794 for the smooth tube with a
refine mesh in the interaction between solid-HTF and a
diagonal symmetry. the freedom degree number can reach
40843 for the finned tube.
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Error
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Figure 2. Convergence plot
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The comparison between numerical and experimental data
is shown in Table 3. The table shows a slight error between the
two results we can attribute this error to the numerical
calculation that is based on an iterative simulation with a
predefined error. And also there is always an error in any
experiment which leads us to conclude that the simulation
process is accurate.

TABLE III. VALIDATION OF NUMERICAL SIMULATION
DNI Flow T in T out
Parameter (W/m?) rate (°C) © Cl;
(1/min)
LS-2 933.7 47.7 102.2 124
Simulation 933.7 47.7 102.2 120

IV. NUMERICAL SIMULATION

In this part, we will compare between smooth and internally
finned tube the study will be done for two mass flow rates
(inlet velocity)

A. Smooth absorber with mass flow of 47.7 l/min

The results obtained for the three major aspects for the solar
absorber are in Fig.3-5

Volume: Temperature (K)

A 41564
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0.048

0.046

0.044

0.042

v 0.0413

Figure 4. velocity distribution for the smooth tube
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Volume: Pressure (Pa)
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Figure 5. Pressure distr @ or the smooth tube

The velocity distribuge s expected to be the magnitude
of the velocity increase the center to the outlet to reach

Om/s at the inter‘a@ lwid-Solid.
The pres N ibution shows (0.23 Pa) that there is a

slight press due to viscosity and the stainless steel.

The t rature distribution show there is no uniformity in
heat tqansi® inside the absorber tube from here we will use an
inte finned tube.

nternally finned absorber with a mass flow of 47.7 l/min

The velocity magnitude, the pressure and the temperature
distribution are shown in Fig.6-8 for an absorber with a 2mm
fin.

slice: Velocity magnitude (mys)
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Figure 6. velocity distribution (finned tube 47.7 I/min)

The velocity can reach 50mm/s and it is not affected by the
presence of the fin because of the high velocity at the center.
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Volume: Pressure (Pa)

& 0.2424

¥ -0.0567

Figure 7. Pressure distrubution (finned tube 47.7 /min)

Surface: Temperature (K} Volume: Temperature (k) -

A 454.18 A 454,18

W 373.06

¥ 373.06

Figure 8. Temperature distrubution (finned tube 47.7 1/min)

small or negligated and the fin enhance the h a
the absorber tube.

C. Internally finned absorber w@ss flow of 66.7

l/min

The velocity magnitude, t
distribution for a mass flow of

O
Vae (mis)
200

&

e and the temperature
/min are shown in Fig.9-11

A 0.0745

J

¥ 0.0556

Figure 9. Velocity distribution (finned tube 66.7 I/min)
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Figure 10. Pressure distrubutigh (finRgd tube 66.7 1/min)
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Figure 11. Temperature distrubution (finned tube 66.7 I/min)

For a mass flow of 66.7 I/min the pressure losses is
doubled from 0.24 Pa to 0.45 Pa wich mean that we need to
optimase any CSP plant to work with a mass flow rate as small
as possible to evoid energy losses due to the pumping.

Increasing the mass flow rate will cause a decrease in heat
transfer because we minimize the contact time with the
stainless steel absorber.

V. CONCLUSION

This paper has analyzed the effect of the utilization of internal
finned tubes for the design of parabolic trough collectors with
computational fluid dynamics tools. The heat transfer and the
fluid flow characteristics was investigated, The performance
of the receiver has been improved by insertion of intern fin
with pressure as a penalty. Our approach is validated and we
can resume:
e For mass flow rate of 47.7 L/min the best absorber is
the finned tube that will enhance heat transfer with a
slight pressure losses in the order of 0.004 Pa for each
absorber.
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e For mass flow rate of 66.7 L/min the heat transfer
factor is reduced and the pressure losses increases
with 0.24 Pa for each absorber. And this lead us to tell
that we need to optimize each CSP plant to work with
the slowest mass flow rate without increasing the solar
field aperture.

e The use of finned tube will increase the plant
efficiency by increasing the thermal gain to the HTF.
With this efficiency the Levelized Cost of energy will
be reduced.
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