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Experimental Investigation and
Optimizing the Parameters of a
Solar Air Heater Having Broken
Arc-Shaped Ribs Using Hybrid
Entropy-VIKOR Technique

In this article, thermal performance of a solar air heater (SAH) having broken arc-shaped
ribs has been investigated experimentally, and then, performance parameters have been
optimized. Study reveals that the use of artificial roughness enhances both heat transfer
rate and pumping power requirement, and hence, the overall performance of solar air
heater increases. Thus, it is imperative to optimize the performance-defining criteria viz.
Nusselt number enhancement ratio, friction factor enhancement ratio, and thermohydraulic
performance parameter, to propose an optimal set of flow and roughness parameters. The
hybrid entropy-VIKOR technique has been employed to outline the optimal set of parame-
ters using performance-defining criterions, to obtain maximum profit with the minimum
incurred cost. The optimal set of parameters attained using entropy-VIKOR approach
among all the alternatives is as follows: relative gap width=4, relative roughness
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1 Introduction

The environment concern and exhaustible energy sources have
accelerated the use of clean and green energy globally. The efficient
technologies to harness energy from green energy resources are also
progressing year by year throughout the world. Solar energy, no
doubt, with its abundant inherent energy leads among the green
energy resources for exploration and on its extensive utilization.
The installation of solar thermal collectors, i.e., water collectors
and air collectors, is also progressing worldwide. But as per IEA
SHC—Solar Heat Worldwide 2020 report, the installation of solar
air heating systems (air collectors) was limited to only 0.2% of
the total number of solar thermal collectors installed in the year
2018. Transformation of solar energy into thermal energy can be
achieved using heating of a fluid through solar air heater (SAH).
The solar air heater used for space heating and drying applications
is not accepted widely due its poor thermal performance [1-5]. For-
mation of laminar sublayer leads to poor thermohydraulic perfor-
mance of SAH. The thermohydraulic performance of SAH may
be enhanced by employing a variety of heat transfer improvement
methods. One of the methods of augmenting the performance of
SAH is to have absorber plate (AP) with artificial roughness in
the form of ribs and baffles. The ribs enhance the heat transfer
rate as they result into an increase in surface area and promote tur-
bulence in flow, which in turn disrupts the laminar sublayer [6—8].
Researchers keep on investigating an optimal artificial roughness
geometry, which can deliver enhanced thermohydraulic perfor-
mance of SAH [9-13].
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Roughness parameters greatly influence the thermohydraulic per-
formance of SAH. Researchers focus on optimizing the parameters
to propose a group of parameters that will lead to maximum heat
transfer rates with minimum escalation in pumping power require-
ment. The process of exploring the combination of optimized and
interdependent set of parameters is really cumbersome. Hence, a
simple, systematic, and practical approach is required to select
and specify the system parameters that lead to an overall best per-
formance of the system. Kumar [14] studied the performance of
SAH whose duct had concave dimple-shaped roughness, and Nu
and f were reported to be much higher for duct having roughness
on three sides than for the duct having roughness on only one
side. Promthaisong and Eiamsa-ard [15] performed a simulation
study to explore the heat transfer and friction attributes of wavy tri-
angular ribs attached on the AP. The study reported that the wavy
triangular ribs induced the vortex flows, which destructed the
laminar sublayer and resulted into higher heat transfer rate.
Kumar et al. [16] also carried out a computational fluid dynamics
simulation and investigated the heat transfer and flow attributes in
a SAH having a triangular cross-sectional passage, whose AP was
roughened with square-shaped ribs. Singh et al. [17] experimentally
investigated a finned wire mesh packed bed SAH and reported
maximum thermal and thermohydraulic efficiency of 93% and
80% at a mass flowrate (ri7) of 0.03 kg/s and 0.023 kg/s, respec-
tively. Ahmad et al. [18] numerically investigated the thermohy-
draulic performance of a SAH having equilateral prism-shaped
ribs and reported the maximum value of thermohydraulic perfor-
mance factor as 3.41.

The multiple criteria decision-making (MCDM) [19,20]
approaches are quantifiable methods for resolving difficulties
including variety of alternatives. Entropy-VIKOR technique is
one of the widely exercised techniques applied as MCDM
approach, and this hybrid technique provides a compromised solu-
tion after ranking the alternatives. The compromised solution
offered is practical one and closely approximates an ideal solution.
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Several researchers have conducted studies involving entropy-
VIKOR method to solve problems, which include a variety of alter-
natives and for which an optimal set of performance-defining crite-
rion (PDC) is required. Ahlawat et al. [21] employed VIKOR
technique to obtain the best friction composite from the developed
composites on the basis of considered criterion chosen for perfor-
mance evaluation. First, entropy technique was applied to determine
the mass of each PDC, and further, VIKOR technique was applied
to rank them. Zheng and Wang [22] used the VIKOR technique to
grade the renewable energy systems in tourist resorts; weightage of
selected criterion and subcriterion were determined. In a study by
Mojaver et al. [23], VIKOR technique was used to select the
optimal biomass based on the performance criterion. Different bio-
masses were considered in the study such as eucalyptus, groundnut
shell, and sugarcane bagasse. To evaluate the performance; energy,
exergy, and environmental factors were taken into account. Li et al.
[24] applied LDVIKOR (later defuzzification VIKOR) technique
for selection of machine tools as machine tools highly affect the effi-
cacy of a product. Results obtained were in great agreement with the
real factory ranking of tools. Chou et al. [25] employed VIKOR
technique to evaluate the performance level of women in science
and technical field. Two criteria considered were government
sector and higher education sector. Das et al. [26] used the classic
VIKOR method to grade the recognized threats in actions connected
with process, product, and services. Maximum group utility and
minimum regret concepts were assimilated. Demirel et al. [27]
used the VIKOR technique to figure out the most satisfactory stabi-
lization arrangement on yachts to reduce the mobility due to the
forces to which yacht is imparted with. Narayanamoorthy et al.
[28] used entropy-based VIKOR technique to choose a right
robot for the particular application from the wide variety of
options available as selecting the suitable robot is a very difficult
task, and these robots are used to perform perplexed and risky
tasks accurately. Rani et al. [29] employed VIKOR technique for
choosing renewable energy technologies, and it was concluded
that PF-VIKOR (Pythagorean Fuzzy VIKOR) is an efficient
method to assess renewable technologies as it is a tedious task for
the deciding person. Shemshadi et al. [30] applied VIKOR tech-
nique to grade the suppliers for a firm as the firm is affected most
by its supplying partners. Conflicting and incomparable criteria
were taken into account. Sun et al. [31] proposed extended
VIKOR technique to obtain compromise solutions envisaging
hybrid characteristics for the optimized decision-making to assure
fast and secure supply restoration of power to the end users.
Wang et al. [32] created a multicriteria decision-making framework
for the risk assessment of construction project with picture fuzzy
information, and they also integrated the VIKOR with picture
fuzzy normalized projection model to validate the model. In a
study by Sharma et al. [33], VIKOR technique was employed to
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get an optimal parameter set for SAH having obstructions in the
form of discrete V-ribs to develop an efficient system, which can
meet the performance-defining criterion. Gao et al. [34] used
VIKOR to prioritize projects of concrete bridge damaged by corro-
sion so that the level of attention a project need can be inferred. A
new ranking system technique using weighted VIKOR is also intro-
duced by the author.

The authors of this article investigated the relevancy of the hybrid
entropy-VIKOR technique [35-38] for solar air heater having
broken arc-shaped ribs. An experimental analysis has been con-
ducted to determine the thermal performance, which will be
further used in assessing the performance-defining criteria, to
satisfy the applicability. In the present study, the authors are dis-
cussing the suggested methodology to determine the optimum
design parameters with the purpose of obtaining maximum
overall thermal performance under given working circumstances.
The Nusselt number enhancement ratio (NNER), friction factor
enhancement ratio (FFER), and thermohydraulic performance
parameter (THPP) are used to identify the optimal design set. In
this optimization technique, the entropy method determines the
weight of each PDC, and the VIKOR method ranks each alternative
as per VIKOR index.

2 Description of Experimental Setup

2.1 Investigation Setup. The indoor experimental setup is
designed and fabricated consistent with the standards to study the
influence of broken arc-shaped ribs on heat transfer and fluid flow
characteristics of SAH duct as per ASHRAE standards 93-97
[39]. The rectangular duct portrays a SAH duct with three smooth
surfaces and one rough surface causing turbulence for the air
flow. Figure 1 shows the photographic view of the designed exper-
imental setup. The aspect ratio (W/H ) and hydraulic diameter (Dh)
of the duct are maintained at 10:1 and 54.54 mm, respectively. The
length of the entry and exit section was taken to be 5\/ W*H and
2.5 \/ W*H, respectively, as per the guidelines of ASHRAE stan-
dards 93-97 [39]. A cross section of the duct is 300 mm x
30 mm, and its length is 2900 mm. Duct has three distinct sections,
namely, an inlet section, test section, and an exit section having a
length of 500 mm, 2000 mm, and 300 mm, respectively. To get
uniform temperature of the fluid at the outlet of the exit section, a
mixing zone of length of 100 mm with perforated baffles is pro-
vided to ensure proper mixing of heated air molecules. Figure 1
depicts the 3D model of test setup employed in investigation. The
AP of SAH was made up of galvanized iron sheet, and artificial
roughness was pasted on the underside of it. The upper surface of
the AP was painted black so as to increase its absorptivity. A
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thick glass sheet of 5 mm was used as a cover plate over the AP to
confine the insolation.

Heating of the AP was accomplished by concentrating the radia-
tions on it by means of a solar simulator. The solar simulator com-
prises 20 halogen lamps mounted inside a reflecting panel, which
directs the radiation to impinge on the AP, as shown in Fig. 2.
The supply of the electric current to each of the halogen lamp
was independently regulated to attain a uniform heat flux of
1000 W/m? over the AP. Air was sucked through the duct using a
centrifugal blower, and the air flow velocity was regulated by
running the blower at different rpm by means of a dimmerstat. A
pyranometer was used to measure the intensity of radiation falling
on the AP. A well-calibrated orifice meter along with a U-tube
manometer was employed to measure the mass flowrate of air
through the duct. All joints of duct, inlet section, test section, exit
section, and pipes are thoroughly checked for any leakage before
starting the experiment every time. The flowrate of air in the duct
has been maintained for about 30 min to ensure the
quasi-steady-state condition established for each flowrate. The pres-
sure drop across the test section was measured with the help of
digital micro-manometer. Temperature of air and AP were mea-

thermohydraulic attributes of broken arc-shaped ribs have been
examined by varying geometrical and flow parameters of rough-
ness. The range of roughness and flow parameters that are consid-
ered in the present investigation are listed in Table 1.

3 Data Reduction

Experimentally observed values of temperature of AP at 27
points and temperature of air at the inlet and outlet section were
used for determining the mean temperature of absorber plate
(Tp) and mean temperature of air (74,) in the test section as
follows:

Mean absorber plate temperature, expressed in Eq. (1), is the
average of temperatures given by 27 thermocouples:

Tpl + sz + Tp3 T+ Tp27
Tpm =

The average air temperature (75,) across the test section is given
as follows:

T: +T,
sured with the help of T-type thermocouples, which were connected Thn = % (2)
to a data acquisition system. Figure 3 represents the position of 33
thermocouples (one thermocouple at inlet section (7}), 27 thermo-  where T; is the inlet air temperature.
couples on AP (T,; to Tp»7), and 5 thermocouples at outlet The outlet air temperature (7,,) is calculated as follows:
section (7,,-T,5)) mounted for measuring the temperature.
Thermal properties of air are considered to be constant. T, = Tor +Top + Tos + Toa + Tos A3)
5
2.2 Range of Geometrical and Flow Parameters. Figures The mass flowrate of air is expressed by the following equation:
4(a) and 4(b) represent the schematic and actual representation 2 p (AP,) 0.5
of the roughness, .respectively, i.e., broken arc-shaped ribs m=CyA, [M] )
and related geometrical parameters. In the current study, the 1-p
100 41 g 1501 150 41 @ 150 1 150 0 150 4 150 0 5 s 150 5 150 i io0,,  Top View
50“ oTo
oT; -_} :_.T,s oT;s ol oTnr oTon oTes o,
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ol of:  oTn —YoTs OTs oTw T oTi  @Tie o, oT T ol oTu || 0T
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temperature temperature

All dimensions are in mm

Fig. 3 Position of thermocouples on absorber plate
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Fig. 4 (a) Schematic and (b) actual representation of absorber
plate and geometric parameters

Table 1 Range of geometrical and flow parameters

Sr. no. Parameters Range
1 Arc angle (a) 45 deg and 60 deg
2 Reynolds number (Re) 3000-18,000
3 Relative gap width (g/e) 2,3,4,and 5
4 Relative roughness pitch (P/e) 8, 10, 12, and 14
Heat transferred to the air is given as follows:
Qu=mCy (T, — T)) 5)

The convective heat transfer coefficient is derived from the fol-
lowing equation as follows:

Qu

h=—= 6
Ap(Tpm - Tfm) ( )

The Nusselt number (Nu) and friction factor (f) are determined
as follows:

hD
=— 7
Nu . @)
AP; X D
=_ a7 8
praxLxV2 ®)
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The NNER and FFER are represented by

Nu,
NNER = (Nu) ©)
ﬁ)
FFER = | — 10
( ; (10)

The THPP [40,41] is given as follows:

Nu, 1/3
THPP = (ﬂ) / <§> (11)

4 Optimization Methodology

A MCDM approach deals with the ranking and the selection of
the optimal choice from a set of input. The MCDM approach pro-
vides a vigorous framework for material determination in perspec-
tive of the evaluation of various conflicted criterion. VIKOR
approach is among the popular MCDM techniques that provide
ranking to alternatives and establish the compromised solution,
which approximates the ideal solution. Because of its wide applica-
tion, hybrid entropy-VIKOR technique has been utilized in optimi-
zation of roughness and flow parameters of broken arc-shaped ribs.
The assessment procedure of hybrid entropy-VIKOR technique is
explained in the flowchart as portrayed in Fig. 5. The methodology
can be summed up in three phases as follows:

Phase-1: Elementary structure

Phase-11: Entropy method

Phase-I1I: VIKOR method

4.1 Phase-I: Elementary Structure. In this primary phase,
the number of alternatives and the PDCs are identified from exper-
imentation, and concurrently, a decision matrix (Djsy) is con-
structed. The decision matrix thus formed has an order of M x N,
where the number of alternatives are represented by “M,” while N
indicates the different PDCs. The decision matrix is presented in
Eq. (12) as follows:

dy dip ... diy
dy  dyp ... dw

Dyuxy =1| . ) ) (12)
dni dur ... dun

In the matrix, each element (d;j) corresponds to actual experimen-
tal value of the ith alternative for the jth criterion. Subsequently, the
profit (djj)max and cost criterions (d;j)min are determined as per Eqs.
(13) and (14).

(dmax = ™ dyy = max [dy, i=1,2...M] (13)

(dijmin = I""dyj = min [dy, i=1,2... M] (14)

4.2 Phase-II: Entropy Method. In this phase, the entropy
method is used in computation of the weight of various criterions
(wy). To calculate the weight of criterions, first, projection value
(z;) of each alternative is calculated using Eq. (15), which is
further used to calculate the entropy of each criterion (¢;). Finally,
the criterion weight is calculated using Eq. (18).

dy

mi = (15)
N

g =—¢ Z i In () (16)
j=1
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Table 2 Experimentally identified parametric combinations

Fig. 5 Flowchart to determine the compromise solution using
hybrid entropy-VIKOR technique

1
§=m a7
=1 (18)
ZWJ'

~.
Il

where 7;; is the projection value, &; is entropy of each criteria, ¢; s
amendment constant, y; is the dispersion value, and w; is weight
of each criteria.

4.3 Phase-III: VIKOR Method. In this method, the identified
alternatives are evaluated, and a ranking is assigned to each alterna-
tive. To determine the ranking, first, utility measure (#,) and regret
measure (4;) values are computed using Egs. (19)—(21).

N () e — )

hi= if j is profit criteria 19
j=1 [(dij)max - (dij)min] (19)

N
Ady = (dy),
=30l = ] i o criteria, =12, .M
j=1 [(di/)max - (dif)min]

(20)

P {M
") e — @) in]

Finally, the VIKOR index (6;) is calculated as per Eq. (22). The
VIKOR index is used in the ranking of each alternative. The alter-
native with a least value of 6; is given first ranking, and similarly,
each alternative is ranked in the ascending order of 6.

(hi =1;) i = 4)
0; = 1- ! 22
(i) eo(Gmn) @
where v = weight given to maximum value of utility, (1-v) = weight
¥, hi, AF, and A7 = maximum and

given to individual regret, and %;
minimum values of utility and regret measure.

}j: 1,2,.N 1)
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5 Results and Discussion

5.1 Experimental Results. The performance of rectangular
SAH duct having arc-shaped broken ribs as artificial roughness is
determined experimentally by varying geometrical and flow param-
eters as listed in Table 2. The evaluated values of NNER, FFER,
and THPP for 16 parametric combinations are listed in Table 3.
Also, the values of NNER and FFER for each alterative are
plotted graphically in Fig. 6(a), while values of THPP for each
alterative are plotted graphically in Fig. 6(b).

It can be observed from the experimental outcomes that arc angle,
relative roughness pitch, and relative gap width of broken arc-
shaped ribs have a considerable effect on heat transfer and frictional
characteristics or PDCs (NNER, FFER, and THPP). It is observed
that Nusselt number [22,32] increases with an increase in the rela-
tive gap width from 2 to 4 and attains a highest value at g/le =4
and afterward it decreases. The reason can be ascribed that as the
gap width increases, there is a much wider passage for the second-
ary flow to pass through and to create turbulence in the primary
flow, resulting in enhanced heat transfer. When g/e is further
increased, Nu is noticed to have a decreasing trend. As the gap
width is increased further, it results in the secondary flow to deac-
celerate, which results in the reduced heat transfer rate. The fric-
tional characteristics also follows the same trend, and it first
increases up to g/e =4 and then decreases. The reason can be attrib-
uted that as the gap width increases, the secondary flow escalates
the turbulence level in the flow, which obstructs the flow of fluid,

Table 3 Experimental outcomes of NNER, FFER, and THPP
corresponding to each alternative

Alternatives NNER FFER THPP
A-1 2.264 2.319 1.711
A-2 2.366 2.006 1.876
A-3 2.258 2.058 1.775
A-4 2.155 2.216 1.653
A-5 2477 2.670 1.785
A-6 2.588 2.657 1.869
A-7 2.470 2.624 1.791
A-8 2.357 2.751 1.682
A-9 2451 2.986 1.702
A-10 2.562 1.912 2.064
A-11 2.611 2.195 2.009
A-12 2.491 2.402 1.860
A-13 2.437 2.527 1.789
A-14 2.547 2.532 1.868
A-15 2.595 2.731 1.857
A-16 2.476 2.874 1.742
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iation corresponding to each alternative

and hence, the pressure drop increases. But, when g/e is increased
further, the gap size becomes relatively larger so that air passes
easily without any obstruction, and therefore, the friction factor
reduces. As relative roughness pitch increases from 8 to 10, it is
noticed that Nu increases, but afterward it shows a decreasing
trend. Also, the hydraulic attributes follow the same trend as Nu.
The reason for this can be attributed to the fact that at lower Ple
values, the reattachment of primary flow does not take place as it
gets detached when it jumps over the first rib, consequently reduc-
ing the mixing with the secondary flow, which results in lower
pumping power requirement. As P/e increases, the flow begins to
re-attach to the absorber plate in the interrib region, which enhances
the turbulence, and hence, heat transfer increases while a larger drop
in pressure is noticed. As P/e is increased further due to relatively
larger interrib region, the boundary layer begins to develop past
the reattachment position, and it reduces the heat transfer. As the
arc angle is increased from 45 deg to 60 deg, heat transfer and

061013-6 / Vol. 144, DECEMBER 2022

pumping power requirement increases and the reason can be
given that the primary flow gets a gradual obstruction in flow,
which increases the flow velocity of the secondary flow. It increases
the mixing rate and hence heat transfer increases but, due to
increased turbulence, frictional losses also increase. The representa-
tion of fluid behavior over the broken arc-shaped ribs is shown in
Fig. 7.

THPP expressed by Eq. (11) concurrently assesses the thermal
along with hydraulic attributes inside SAH. The variation in value
of THPP is dependent on NNER and FFER. It can be noted that
NNER is highest at alternative A-11 and lowest at A-4. Similarly,
FFER has a highest value at alternative A-9 and least value at
A-10, whereas THPP is highest at A-10 and lowest at A-4. Consid-
ering the variation in PDCs due to alternatives, the hybrid entropy-
VIKOR technique has been applied to determine an optimal set of
alternatives, which will provide higher cost benefit in terms of aug-
mented heat transfer and lesser frictional power requirement.
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5.2 Optimization of Experimental Outcomes. The experi-
mental outcomes of SAH having broken arc-shaped ribs have
been optimized employing hybrid entropy-VIKOR technique. The
following phases have been used in evaluation of the parameters.

5.2.1 Phase-1: Elementary Structure. In the first phase of opti-
mization methodology, parametric combinations are identified from
experimentation and are termed as alternatives (A-1 to A-16) and
experimental outcomes viz. NNER, FFER, and THPP are termed
as PDCs, i.e., C-1 for NNER, C-2 for FFER, and C-3 for THPP.
A decision matrix (Djgx3) has been constructed from identified
alternatives and PDCs as represented by Eq. (23).

2.264(dy)  2.319(di2)  1.711(dy3)
2.366(d2)  2.006(d») 1.876(da3)

Di6x3 = (23)

2.476(dy1) 2.874(dy) 1.742(dun)

Subsequently, the profit (djj)max and cost (dj)min criterions are
calculated as follows:

(d)max =™ dj=max[2.611 2.986 2.064 ] (24)

max

(d)min =1™" dj=min[2.115 1.912 1.653] (25)

min

5.2.2  Phase-Il: Entropy Method. In the second phase of
entropy weight generation method, the weights of PDCs are deter-
mined. The projection values (z;), entropy (&), dispersion values
(¥)), and weight (w;) have been computed using Egs. (15)—(18).
The amendment constant (¢) has been calculated using Eq. (26).

Table 4 Each alternative projected value

Coefficient value, z; 7y x1n (7;)
C-1 C-2 C-3 C-1 C-2 C-3
A-1 0.0579  0.0588 0.0589 —-0.1650 —0.1666 —0.1669
A-2 0.0605 0.0508 0.0646 —0.1697 -0.1514 —0.1770
A-3 0.0577 0.0522 0.0611 -0.1647 —-0.1540 —0.1709
A-4 0.0551 0.0562 0.0569 -0.1597 -0.1617 —0.1632
A-5 0.0633  0.0677 0.0615 -0.1748 -0.1822 -0.1715
A-6 0.0662 0.0673 0.0644 —-0.1797 -0.1817 —0.1766
A-7 0.0632  0.0665 0.0617 -0.1745 -0.1802 —0.1718
A-8 0.0603  0.0697 0.0579 -0.1693 —0.1857 —0.1650
A-9 0.0627  0.0757 0.0586 —-0.1736  —0.1953  —0.1663
A-10 0.0655 0.0485 0.0711 -0.1786 —0.1467 —0.1880
A-11 0.0668 0.0556 0.0692 —-0.1807 —0.1607 —0.1848
A-12  0.0637 0.0609 0.0641 -0.1754 —0.1704 —0.1760
A-13  0.0623 0.0640 0.0616 —0.1730 -0.1760 —-0.1717
A-14  0.0651 0.0642 0.0643 -0.1779 —0.1762 —0.1765
A-15 0.0664 0.0692 0.0640 —0.1800 —0.1848 —0.1759
A-16  0.0633 0.0728 0.0600 —0.1747 —0.1908 —0.1688
Total ~ 1.0000 1.0000 1.0000 -2.7712 =2.7645 —2.7708
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Table 5 Weight given to each criterion estimated using the
entropy method

PDCs
Criteria C-1 C-2 C-3
Entropy 0.9995 0.9971 0.9994
Dispersion value 0.0005 0.0029 0.0006
Weight 0.1251 0.7169 0.1580

Table 6 Utility measure, regret measure, VIKOR index, and
ranking of each alternative

Utility Regret VIKOR
Alternatives measure measure index Ranking
A-1 0.5026 0.2717 0.4594 6
A-2 0.2022 0.0723 0.1483 2
A-3 0.3054 0.1111 0.2341 3
A-4 0.4860 0.2029 0.4012 5
A-5 0.6500 0.5060 0.7091 12
A-6 0.5786 0.4973 0.6626 10
A-7 0.6189 0.4753 0.6697 11
A-8 0.7766 0.5600 0.8189 14
A-9 0.9000 0.7169 1.0000 16
A-10 0.0134 0.0134 0.0000 1
A-11 0.2100 0.1889 0.2356 4
A-12 0.4384 0.3271 0.4626 7
A-13 0.5640 0.4105 0.5927 9
A-14 0.5068 0.4138 0.5628 8
A-15 0.6307 0.5467 0.7271 13
A-16 0.8030 0.6421 0.8922 15

The projection values corresponding to each alternative is listed
in Table 4.

1
c= n(16) 0.36067 (26)

Table 5 enlists the value of entropy, dispersion value, and weight.
It can be derived from Table 5 that FFER (C-2) has the lowest value
of the entropy among NNER (C-1) and THPP (C-3), and hence, it
possesses more weight toward overall performance optimization.

5.2.3 Phase-1ll: VIKOR Method. In this phase, the values of
utility measure (%), regret measure (4;), and the VIKOR index
(6;) have been computed using Eqgs. (19)-(22) and have been
listed in Table 6 along with the ranking of each alternative. The
alternative having the lowest value of VIKOR index is given the
first ranking, and likewise each alternative is ranked. It can be
noted from Table 6 that A-10 alternative possesses the first
ranking, and therefore, it is the most optimal alternative among
other alternatives. The ranking of each alternative in the descending
order is as follows: Ajp>Ars>A3>A|1>A>A >AL>A > AL
>A6>A7>A5>A15>A8>A16>A9.

6 Conclusions

In the present investigation, the performance of solar air heater
having arc-shaped broken ribs has been determined experimentally,
in terms of three performance criterion viz. Nusselt number
enhancement ratio, friction factor enhancement ratio, and thermo-
hydraulic performance parameter. An optimization study has been
conducted on these three criterions using hybrid entropy-VIKOR
technique. This technique includes the entropy method, which mea-
sures the weight of each criterion, and VIKOR method, which pro-
vides the ranking of alternatives. This technique offers a
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compromised solution, which approximates an ideal solution. The
present study concludes the following:

(1) The entropy weight generation method states that the friction
factor enhancement ratio has the least value of entropy, and
consequently, it has more dominating effect on the overall
performance of the solar air heater having arc-shaped
broken ribs compared to that of other performance-defining
criteria.

(2) The VIKOR method suggests A-10 as the most optimal alter-
native. The ranking of each alternative follows the order
as giVCHZ A10>A2>A3>A1 1 >A4>A1 >A12>A]4>A13>
Ag>A7>As5>A15>A3>A 16> Ag.

On the basis of experimental investigation and using entropy-
VIKOR approach optimization technique, optimal set of para-
meters attained among all the alternatives is as follows: relative gap
width =4, relative roughness pitch = 10, and arc angle =45 deg at
Reynolds number =9000.Therefore, it has been concluded that
hybrid entropy-VIKOR technique can be employed to solar air
heaters involving multiple performance-defining criterion to
provide the most optimal alternative.
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Nomenclature

f = friction factor

D = hydraulic duct diameter, m
H = duct height, m

L = length of test section, m
w

m

= width of duct, mm
mass flowrate, kg/s
» = area of orifice plate, m*
, = area of absorber plate, m?
C, = discharge coefficient
Q. = useful heat gain, W
T;, = mean temperature of fluid, K
T; = inlet temperature of air, K
T, = outlet temperature of air, K
T,,, = mean temperature of absorber plate, K
Nu = Nusselt number
pressure drop across the orifice plate, Pa

o
I

>
v
Il

Greek Symbols

a = arc angle, deg
po = density of air, kg/m3

Subscripts
d = duct
r = roughened

s = smooth
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