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Abstract This research work focuses on the preconception
and optimization of transparent transpired collectors (TTC)
for preheating air in buildings. To achieve this objective, a
theoretical approach based on the developed physical model
was adopted to simulate the behaviour of TTC. The daily
time evolution of the intrinsic parameters of the concerned
solar collector are evaluated in order to analyse their impact
on the performance of TTC. The optimization was carried out
through the variation of the design geometrical parameters
such as pitch diameter and pitch holes to maximize both
the collector energyefficiency and the recovered heat rate,
and this way, minimizing the temperature difference between
the incoming air and the outgoing one. To reach the goal,
desirability functions have been defined and implemented for
the search of the optimum candidates of design parameters.
In the context of our study case, an optimized pair of design
variables (holes diameter and pitch) is proposed.
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Nomenclature

AT Total collector area (m?)

ALC Absolute lower cutoff

AUC Absolute upper cutoff

Cp.in Specific heat of air coming out of plate and enter-
ing the plenum (J/kg K)

Cp.out Exit air specific heat of plenum (J/kg K)

D Perforation diameter (m)

d Desirability

dplen Plenum depth (m)

Gsol Incident solar radiation (W/m?)

H Collector height (m)

Kair Thermal conductivity of air (W/m K)

LSL Lower soft limit

Mamb Mass flow rate of air through the collector (kg/s)

Mip Mass flow rate from perforated plate to plenum
(kg/s)

M out Exit air mass flow of plenum (kg/s)

OF Global desirability function

P Pitch of perforations (m)

Pry, Prandtl number on wall

qcond.,w Transfer by conduction of wall with inside the
building (W)

Geonv.our  EXit convective transfer of collector (W)

Greek symbols

Qeff.p Effective absorptivity of plate

ap Absorptivity of plate
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Thermal diffusivity (m2/s)

Absorptivity of wall

Temperature difference (K)

Effective emissivity between the plate and
the ambient

Effective emissivity between the plate and
the wall

Emissivity of plate

Emissivity of wall

Convection heat transfer from air to plate
(W)

Transfer by convection of outgoing plate and
entering the plenum (W)

Convection heat transfer from air to plate
(W)

Transfer by convection of outgoing plate and
entering the plenum (W)

Convective losses between the plate and the
ambient (W)

Convective transfer from wall to air plenum
(W)

Net rate of heat recovered (J)

Solar radiation absorbed by the semi-
transparent plate (W)

Solar radiative transfer absorbed by the wall
(W)

Net radiative transfer between the plate and
the ambient (W)

Radiative transfer from the wall to plate (W)

Reynolds number on wall
Ambient air temperature

Air temperature leaving the perforated plate
and entering the plenum (K)

Exit air temperature of plenum (K)
Temperature of plate (K)
Temperature of wall (K)

Upper soft limit for the criterion
Weights

Criterion

Efficiency collector

Density of air (kg/m?)

Reflectivity of plate

Reflectivity of wall

Stephan Boltzmann Constant
(5.67 x 10783 Wm2K~%)
Kinematic viscosity (m2/s)
Dynamic viscosity of air (kg/ms)
Transmissivity of plate

1 Introduction

For decades, energy consumption is growing strongly world-
wide. It’s obvious that energy needs will continue to increase
as aresult of economic growth and increase in per capita elec-
tricity consumption [1]. Thus, considering just the decade
2001-2011, world energy consumption increased from 9.434
million tons of oil equivalent (Mtoe) to 12,275 Mtoe, mean-
ing a growth of almost 23 % [2]. The concern of depletion
of the global fossil fuel reserves (oil, coal, gas, etc.), and
the global economic crisis (oil price rises), or the accidents
of nuclear power plants such as those at Three Mile Island
(USA 1979), Chernobyl (USSR 1986) and Fukushima (Japan
2011) [3], moreover the concern for pollution strengthens the
interest of the general public towards renewable energy [3].
The sustainable resource of interest in this study is the solar
energy for thermal engineering applications. Among the most
popular technologies to recover the active solar energy in the
building, a focus is made on the “solar walls” in order to pre-
heat inlet fresh air in buildings. One such type of common
solar wall is opaque (Unglazed Transpired Collector: UTC).
For this configuration, the sun heats the outer perforated plate
made of metal coated sheet with a paint that absorbs solar
radiation. Thus, the air in contact with the plate is heated and
an airflow is induced through the perforations. The other type
of solar wall has a perforated transparent outer plate (Trans-
parent Transpired Collector: TTC) and the solar energy is
absorbed by the back wall. Unlike UTC which is used for
decades, TTC is a proven solar technology, but still emerg-
ing. The literature presents interesting research works on the
topic. We may mention for example the work of Semenou
et al. [4] that presented a simple but effective mathematical
model for a solar collector perforated glazing (TTC) with
double aspiration to remove the problems of stagnation in
the plenum and ensure better thermal efficiency and heat
recovery. In his thesis, Badache [5] evaluated the influence
of some parameters (the thickness of the plenum, the pitch
between the slots, the slot width, mass flow, and the incident
solar radiation), including interactions on the performance of
aTTC. A first description of the physical phenomena existing
in TTC, and a formulation of these by heat balances have been
investigated elsewhere [6]. However, the various phenomena
studied in the above cited works have been investigated with
constant value of the irradiation. But the latter does vary with
time. Then the peculiarity of this work is to study and analyse
on the TTC the time evolution of some performance criteria
as the efficiency, the temperature difference and the net rate of
there covered heat in variable irradiation conditions. Further-
more the aim is to find the optimal combinations of design
parameters such as diameter and pitch of the holes, which at
the same time maximize the performance of the collector and
minimize the temperature difference between the incoming
air and the outgoing air (a collector is more efficient when
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operated at a temperature close to ambient temperature) and
implicitly to maximize the rate of heat recovered.

2 Materials and methods
2.1 Collector configuration

The configuration of the TTC is available in Fig. 1. This type
of collector is composed of a transparent perforated plate
mounted vertically on a wall. The perforated glazing con-
sists of polycarbonate that is a well-known glazing material
for solar collectors [5]. Part of the radiation is absorbed by
the plate depending on its optical properties. Thus, the wall
behind the plate in turn receives a part of the solar radiation
and gets heated then. The air ascending through the plenum
becomes hotter in contact with the wall. Then the warmed
air is blown into the building by a fan.

2.2 Assumptions

The following assumptions are made in TTC modelling:

1. Considering the phenomenon of convection between the
semi-transparent plate and the air passing through, the
transparent plate behaves like the UTC. The fact that the
thickness of plate and the conductivity there are of very
little influence on the effectiveness of UTC [6] confirms
the validity of this hypothesis;

2. Heatexchange by convection is considered to be identical
over the entire surface of the collector. This assumption is
required for a first approach and was found to be realistic
according to [7];

3. The suction of air and flow phenomena through the
transparent plate and into the plenum are considered be
identical to those of UTC [1];

Fan unit

_____ . ' ‘8-

l <«—— Plenum Hot air outlet

’ Room

l “~~Insulated wall

4. Heat loss by convection between the plate and the envi-
ronment is neglected, as observed for UTC [6]. Since
the plate of a TTC is semi-transparent, its absorptivity is
lower than the one of an UTC, therefore its temperature
will necessarily be lower than that of an UTC in the same
conditions. Such assumption has been adopted in [1];

5. The air flow rate through the plate is assumed to be con-
stant and homogeneous over the entire perforated plate;

6. The flow is driven from outside to the plenum through
the perforated plate then out of it towards the outlet of
the collector without any risk of flow reversal.

2.3 Energy balance equations

The different transfer modes governing the operation of TTC
are illustrated in Figs. 2 and 3 in order to predict its thermal
performance. The balance equations are established respec-
tively for the semi-transparent perforated plate, the plenum,
the wall and the collector.

2.3.1 Transparent perforated plate

Figure 2a summarizes the thermal flux exchange at the plate.
The equation expressing the different transfers present only
the net radiation balance to simplify schemes and for easy
insights in equations. Thus, the energy balance on the plaque
can be written as follows:

qrad,Sol—p — 9rad,p—w — Yrad,p—amb + 4conv, p—amb

— {conv,p—loss — Yconv,p—plen = 0 (1)

The expressions of the terms defined in the energy balance
written on the plate are:

drad,Sol—p = O(eff,pATGSal (2)

@ Springer
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Fig. 2 Heat balance: a On the a
transparent perforated plate and
b on the wall
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Fig. 3 Heat balance: a Balance a b : q ¢
on the airflow passing through T qconv’ out qconv, p-loss 4R
the plenum. b Global balance on I I ‘
the collector
I Yeonv. w-plen qconv, p-amb 1
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I l p p \ ——
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Where, Thus, on the plate the heat balance writes:
1
Ceff,p = p +ApTpPu 1= o0 Pubp &) Aeff,pAGSol — Eeffw—pT AT (T;¥ - Tlﬁ)
_ ~ 4 4 ~ 4 4
drad,p—w = Seff,p—wO'AT (Tp - Tw) “ _geff,pfambO—AT (Tp - Tamb)
— N (Cﬁ,inTin - Cﬁ,ambTamb) =0 (1D)
Where
Eoffpw =1/ ((1/8w +1/e,) — 1) (5) 2.3.2 Energy balance on the wall
~ 4 4
drad.p—amb = Eeff.p—amb0 AT (Tp - Tamb) ©)  On Fig. 2b are displayed the different heat exchanges at the

The perforated plate is directly exposed to the environ-
ment which is considered as a black surface. The shape factor
between the plate and the environment is therefore 1 and the
effective emissivity between the plate and the environment
becomes:

Eeff,p—amb = Ep 7
Geonv, p—amb = MambCp,ambTamb (8)
4conv,p—plen = mincﬁ,inTin 9)
Geonv,p—loss = 0, (Assumption). (10)

@ Springer

wall. The heat balance can then be expressed as follows:

4rad,Sol—w — qconv,w—plen — qrad,w—p — Ycond,w = 0 (12)

The empirical correlation reported by [7] can be adopted
in this model to estimate the Nusselt number. So, the Nusselt
number for the convective heat transfer between the plenum
air and the wall is:

Nuy = 0.664 % (Rey,)? * (Pry,)033 (13)
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where
Rey = (pair * Vplen * H) /Kair (14)
Pry, = (Cﬁ,in * /‘Lair) /Kair (15)

The convective heat transfer coefficient between the
plenum air and the wall is estimated from

hw = (Nuy * Kgir) /dplen (16)

The different terms involved into the Eq. (9) are expressed
as follow:

Grad,Sol—w = Qeff,wAT G50l (17
Yconv,w—plen = hy AT (Tw - Tplen) (18)
drad,w—p = Eeff,w—p 6AT (T:; - T;) (19)

It’s assumed that:

9cond,w = 0 (20)
And
Eeffiw = O5w77p/ (1 - pwpp) 2D

The energy balance around the wall is written:

eeffwATG ot — hwAr (Tw — Tpien)
—eepfu—pAr (T4 = T;) =0 (22)

2.3.3 Plenum air

Referring to the Fig. 3a, the energy balance around the
plenum is:

Gconv,p—plen + Geonv,w—plen — Gconv,our = 0 (23)

The terms involved in the Eq. (23) can be expressed as follow:

dconv,out = ’houtcﬁ,out Tour 24)
Y4conv,p—plen = ”hincﬁ,inTin (25)
4conv,w—plen = hwAr (Tw - Tplen) (26)

The energy balance of the plenum becomes:

mincﬁ,in Tin + hwA7T (Tw - Tplen) - ’houtcﬁ,outTuul =0
(27)

2.3.4 Total energy balance on collector

The heat balance on the collector, illustrated in Fig. 3b, is used
to establish the link between the above other three balances
considered separately. Performing this global balance, the
following expression can be deduced:

qrad,Sol—w + qrad,Sol—p — Grad,p—amb + Gconv, p—amb
—{conv,p—loss — Yconv,out — Ycond,w = 0 (28)

To summarize the different terms involved in the Eq. (28):

Grad,Sol—w = Eeff,wAT G s0l (29)
Grad,p—amb = Eeff,p—amb0 AT (Tﬁ - Ta4mb) (30)
Geonv, p—amb = MambCp,ambTamb (3D
qrad,out = moutcﬁ,outTout (32)
Geonv,loss = 0 (33)
Geonv.w =0 (34)

The heat flux g,q4 s0i—w 1s represented as crossing the
border of the collector because it is absorbed by the wall.
Thus, the balance all over the collector is written:

(aeff,w + Oleff,p)ATGSol - lBeff,p—amb‘}AT (T;} - Ta4mb)

+mambcﬁ,ambTamh - moutcﬁ,out Tour =0 (35

The previous relationships allow to determine some
performance criteria of the system such as the collector
efficiency 7, the temperature difference AT between the
environment and the outlet of the collector and finally the net
heat rate recovered ¢y, using the following expressions:

N moutcﬁ,uulTout - mambcﬁ,ambTamb

(36)

ArGsol
AT = Tour — Tamp (37)
Jour = moutcﬁ,out Tour — n"lamhcﬁ,athamb (38)

2.4 Air properties [9]

The thermophysical properties of air are determined from
polynomial curve fits to a data set in [9] for convenience in
programming. They are written in the form of AT*+ BT3 +
CT? + DT + E with the constants displayed in Table 1. Air
density is obtained with: p = 360.77827 ~1-00336 (kg/m?3).

2.5 Models of the rates of satisfaction
Dimensionless criteria have to be created as the different vari-
ables used in this study are not of the same physical units.

To solve this problem of scaling, desirability functions to
transform the variables into dimensionless criteria have to

@ Springer
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Table 1 Properties of air

A B C D E

cp.in Jkg K) 1.933E—10 —7.999E—07 1.141E—-03 —4.489E—01 1.058E+03

v (m?/s) 0 —1.156E—14 9.573E—11 3.760E—08 —3.448E—-06

K (AMWK) 0 1.521E—11 —4.857E—-08 1.018E—04 —3.933E-04

ar (m%/s) 0 0 9.102E—11 8.820E—08 —1.065E—05
Table 2 Levels of criteria Table 3 Weight criteria Criteria 7 AT Gou
Criteria Aim USL AUC

Weight (%) 50 32 18
n Maximization 20 % 94 %
ALC LSL
2.6 Optimization procedure

AT Minimization 1073K 0.765K
Gour Maximization 1807 1947 The optimization technique used is the systematic scanning

be created. But the choice of a desirability function depends
on the requirements of the conducted study. In our case, the
temperature difference is minimized while the efficiency is
maximized, as shown in Table 2. For this purpose, the func-
tion of desirability of Harrington is applied [10-12]:
Minimization function:

d(Yy) =exp(—exp(b; +ay-Yy,)), with
In (In (0.01) /1n (0.99))
aly =
AUC —USL

El

by =In(—1In(0.99)) —a-USL (39)
Maximization function:
d(Yy) =exp(—exp(B+a-Yy,), with
In (In (0.99) /1n (0.01))
an =
LSL — ALC ’
by =In(—1In(0.99)) —ay - LSL 40)

Levels of criteria are summarized in Table 2.

Then, the criteria are aggregated according to the aggrega-
tion method based on weighted geometric mean of desirabil-
ity functions [13]. The global desirability function obtained
is defined by:

3
OF =[]y (v 1)

n=1

The weights used are essential because they represent the
wishes of the user relating to the implementation of collector.
The values of these weights are summarized in Table 3.

@ Springer

approach of design variables (diameter and pitch of the holes)
to find the optimal combinations.
In this study, three criteria are considered:

e Minimization of the temperature difference AT
e Maximization of the rate of heat recovered ¢,y;;
e And maximization of the efficiency of the collector n

The optimization of the modelled multi-objective problem
can be summarized as follows:

Find x = [D, P]"
Which maximizes
OF(x) = {n(x), AT(x), gour (x)}
Subjected to:
20 % < n(x) <90 %
1073 < AT < 0.765
180 < gour < 194
12< P <24
0.8<D <155

(42)

P and D are expressed into mm. For each set of com-
bination of the design variables, the corresponding global
objective functions are determined. The candidate solutions
obtained are ranked in descending order according to the
above corresponding satisfaction criteria.

3 Result and discussions

The study concerned the Cotonou region in the south of
Benin. Its geographic coordinates are: latitude 6°22'N, lon-
gitude 2°37'E. The sunshine and temperature data used are
those recorded during the month of July 2002 in Cotonou, a
typical appropriate reference month for the investigation.
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Table 4 Physical and geometrical parameters

Parameter Value
Collector height (m) 10
Collector length (m) 2
Hole pitch (mm) 16
Plate thickness (mm) 2.8
Geometry Square
Hole diameter (mm) 1.2
Plenum depth (cm) 16
Emissivity of environment 1
Emissivity of plate 0.92
Emissivity of wall 0.92
Reflectivity of plate 0.08
Ambient temperature (°C) 27
Solar radiation (W/m?) 400

The system of equations have been solved with the simulation
software MATLAB, and the desired settings parameters are
identified. The numerical results allow to highlight the effect
of conception parameters on the characteristics of TTC.

Table 4 summarises the input parameters and the range
of their values in the present study. The output parameters
estimated were (a) collector efficiency, (b) rate of heat recov-
ered, and temperature difference. The impact of the variation
of input data on these parameters are also analysed.

3.1 Performance variation in function
of the temperature difference

Generally, energy efficiency is the most suitable factor for
predicting the thermal parameters of solar air collectors [14].
It is therefore convenient to study the influence of design
parameters on performances. Figure 4 illustrates the typical
efficiency curve of the solar collector according to the temper-
ature difference. It can be noted that the efficiency decreases
when the temperature difference get larger for a fixed mass
flow (here m;,, = 0.014 kg/s). That means, the collector
provides better efficiency when operating at a temperature
close to ambient temperature, i.e. for small temperature dif-
ferences.

3.2 Influence of diameter and pitch of the holes
on performance

Increasing the diameter or the pitch of the holes reduces
the collector energy efficiency (Figs. 5, 6). These simulation
results confirm the experimental data obtained by Badache
[5]. The study of the impact of these parameters is necessary
to find the optimal combination that maximizes the perfor-
mance of the TTC.

74.5 S
74 +*

73.5 *.

Efficiency collector (%)

73 *

72.5 . : : . : . J
o 2 4 6 8 10 12 14
deltaT (°C)

Fig. 4 Variation of collector efficiency versus (Tout — Tamb)

60

55

50

45

Efficiency collector (%)

40

10 12 14 16 18 20 22

Holes pitch (mm)

Fig. 5 Variation of collector efficiency with holes pitch
60
55|
50}

45|

Efficiency collector (%)

40 |

35 1 1 1 1 i i
0.8 1 1.2 1.4 1.6 1.8 2
Holes diameter (mm)

Fig. 6 Variation of collector efficiency with holes diameter

3.3 Effect of holes pitch on the rate of heat recovered

For a constant diameter, the effect of variation in the pitch
of the holes on the amount of heat recovered is insignificant.

@ Springer
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—+— p=0.010; d=0.002 \

60l —7— p= 0.005; d=0.002 \

o/ \

6 7 8 9 10 11 12 13 14 15 16 17
Time, hours

Rate of heat recovered (J)

Fig. 7 Variation of the rate of heat recovered as a function of holes
pitch

Furthermore, it is mainly between 10 and 13th at the impact
of the variation in the pitch of the holes is more significant.
Thus, a decrease in pitch of the holes shows a tendency of
increase in the amount of heat. This augmentation is due to
the fact that a decrease in pitch size of the holes increases
the number of holes and therefore, the air flow entering the
collector gets considerable.

3.4 Effect of holes diameter on the rate of heat recovered

To a constant pitch, the effect of the variation in the diameter
of the holes on the rate of heat recovered is more signif-
icant than in the case of Fig. 7. Thus, for a reduction of
1.2 mm of a hole diameter, an increase of 33.71 % has
been observed in the energy recovery (Fig. 8) against an
increase of 2.43 %, if the pitch size diminishes of 11 mm.
The phenomenon observed in Fig. 8 is due to the fact that a
reduction of the diameter of the holes causes a reduction in the
amount of air entering the plenum, therefore air is preheated
quicker.

3.5 Influence of temperature difference on the rate
of heat recovered

The trend of the curve in Fig. 8 bmakes it visible that the
more the temperature difference increases, the more the heat
produced by the collector is low. This phenomenon confirms
the trend observed with the performance, i.e. the solar col-
lector is efficient when operating at a temperature close to
the ambient.
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Fig. 8 a Amount of Heat recovered vs. diameter and pitch. b Variation
of heat rate versus (Tout — Tamb)

3.6 Simultaneous impact of the holes diameter
and the pitch on the recovered heat rate

Figure 9 shows contours in two dimensions of the rate of
heat recovered in function of the diameter and the pitch size
of holes. The heat rate is sensitive to the variation of these
two parameters. For a given heat rate, an increase in hole
diameter induces a need of higher holes pitch to maintain the
same amount of energy recovery.

The optimal pair (P, D) to maximize the rate of heat recov-
ery is determined through a graphical research method using
both the response surface (Fig. 10) and the response sur-
face contours (Fig. 9). The result gives P =23 mm and D =
0.7 mm and the maximum value of the corresponding heat
rate is qour = 194.49].

3.7 Effect of the combination of the diameter
and the pitch of the holes on temperature difference

Figure 11 shows the level curves of temperature difference
(AT) according to different combinations of diameter and
pitch holes. The figure shows that the temperature difference
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Fig. 9 Rate of heat contours in function of holes diameter and pitch
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Fig. 10 Response surface of the rate of heat as a function of the holes
diameter and pitch

is relatively insensitive to changes in both design variables.
This can be justified by the fact that it is the non-perforated
portions of the collector that convert solar radiation into heat.
In the range of variation in the diameter and the pitch of the
holes, the minimum and maximum values of the temperature
difference are respectively 0.5959 and 0.6093 K. The influ-
ence appears really weak in value. But a pitch variation of
19-12 mm with an increase in diameter from 0.5 to 1.2 mm
generates a 2.2 % decrease temperature.

The optimum pair of design parameters, corresponding to
the minimum value of AT is: P =12 mm and D = 1.2 mm.
Figure 12 is a 3-D representation of AT according to different
configurations. Each value of AT corresponds to a (P, D) set
combination of design variables. Ten values of P and D are
examined with respective 1 and 0.1 mm as pitch values. The
induced maximum and minimum values of AT can clearly
be identified.
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Fig. 11 Temperature difference contours vs. holes diameter and holes
pitch
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Fig. 12 A 3D representation of AT

3.8 Impact of holes diameter and pitch
on the performance

In Fig. 13, it can be noticed that the diameter and the holes
actually impact the performance 7 of the collector. But this
influence is less pronounced than on the temperature dif-
ference. Thus, an increase in pitch of 12-21 mm against a
reduction in diameter of 1.4-0.5 mm produces an efficiency
increase of the collector of 1.03 %. The corresponding opti-
mal couple (D, P) obtained in diameter and holes pitch is
(1.4 mm, 12 mm).

The maximum efficiency that meets these conditions is
N = 84.3 %. Fig. 14 is a 3D representation of the collec-
tor energy efficiency according to different configurations.
Each value of M corresponds to a set of combination of the
design variables (P, D). Ten values of P and D are tested with
respective pitches of 1 and 0.1 mm. Maximum and minimum
values of 1 are then identified.
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Fig. 13 Efficiency collector contours vs. various holes diameter and
holes pitch
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3.9 Optimization based on desirability: optimum holes
diameter and pitch

In the previous sections, the optimization of the collector
efficiency and the temperature difference was conducted sep-
arately in order to determine the (P, D) pairs that maximize
the performance n or the recovered heat g,,; and minimized
AT.

It was noticed that the optimum pair that maximizes the
performance is not the one that maximizes the rate of heat,
nor the same that minimizes the temperature difference. We
are therefore facing a multi-criteria problem, where the dif-
ferent criteria chosen are contradictory and the search for
a compromise is essential. Thus, in this section, we intro-
duce desirability functions to determine the optimal pair of
variables (P, D) that minimizes AT and simultaneously max-

@ Springer

global objective function

0 é
/f . qi‘:/ gﬁ{\ 4 ‘5’/ (\/

Diameter (nm)

; : A
Z S o
/ o
2L.A A ‘?/AQV Sy 3’,19 D NAN D
‘gv ‘5: 53 &‘ ;50 523‘ ‘g° 04_{,\ 33,4 ‘2&%%&0‘5\02 B %4@ 6\@:1@2((1«
i P PSS 7o R 0% %
1 2 3 4 5 6 7 8 9 10

Hole pitch (mm)

Fig. 15 Contours of global objective function OF

0.88

0.878

+ +

0.876

+ + +

+.

0.874 |4 + o

+
+

-

0.872

+

-
-

0.87|4

0.868 h4

Global objective function

+
F
+ +
+ + :
+ F s+
+ + + +
* ¥ * * h
+ + +
* + + ; + + + -:-
* + + -r+ + : : +.
+ + + + + +
+ + + +
+ + ha + + + & +
+ 4 A s h #1-

0.866

0 10 20 30 40 50 60 70 80 90 100
Possible configurations

Fig. 16 Evolution of global objective functions vs. possible various
configurations

imizes g,,; without degrading the global performance of the
collector.

In Fig. 15 are plotted contours of the global objective
function with displayed values. The optimal configura-
tion matches with: P = 12mm,D = 14 mm, AT =
0.5907 K, gour = 191.12J

The Fig. 16 shows all the possible solutions and one sees
the best solution, showing the biggest desirability. Table 5
displays the five best solutions with their characteristics. The
solutions meet the expectations.

4 Conclusion

In this work a study of the thermal performance of a TTC
has been conducted. For the purpose, an analytical model
of the physical phenomena that characterize this type of
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Table 5 Characteristics of the five best solutions

N° P (@nm) D@mm) n(%) AT(K) qou(J) OF

1 12 1.4 84.29  0.5907 193.12 0.8517
2 12 1.3 84.16  0.5934 193.83 0.8495
3 13 1.4 84.15 0.5936 192.81 0.8493
4 12 1.2 84.05  0.5959 192.57 0.8474
5 15 1.4 83.96 0.5978 192.37 0.8743

collector has been developed. Simulations are conducted to
identify the impact of certain parameters on the performance,
the temperature difference and the rate of heat recovered
from the collector. The obtained simulation results indicate
a good agreement with those obtained experimentally by
other researchers. Numerical modelling contributed to a finer
understanding of the heat transfer in this new generation of
solar collector. The work can help in an optimal design of
TTC collectors.

In conclusion, to achieve the goals, we explored different
ways to design TTC in compliance with the specifications
(solutions with satisfaction requirements). It took implement
knowledge of mechanical, industrial and energy engineering.
It was also necessary to integrate numerical simulation within
collaborative design environments in order to find the best
candidate of conception variables. Throughout this approach
the goal of this research is reached to reduce risk in decision
design, optimize choice in preliminary design and to develop
robust design methods.
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