EPJ Web of Conferences 343, 04002 (2025) https://doi.org/10.1051/epjconf/202534304002
AIMACE-2025

Comparative analysis of TOPSIS and MOORA
methods for the selection of heat transfer fluid in
PVT based hydrogen production system

S.Senthilraja'”, R.Gangadevi', M. Baskaran?, C.Jegadhesan® and Manjula Siriwardhana*

! Department of Mechatronics Engineering, SRM Institute of Science and Technology, Kanchipuram,
India

2 Department of Mechatronics Engineering, K.S.Rangasamy College of Technology, Tiruchengode,
India

3 Department of Automobile Engineering, Kongu Engineering College, Perundurai, India

4 National Engineering Research and Development Centre of Sri Lanka, Ekala, Jaela, Sri Lanka

* Corresponding Author Email: senthils9@srmist.edu.in

Abstract. Photovoltaic — Thermal (PVT) solar collector based hydrogen
production system using different coolants such as water, air, nanofluids etc.
to enhance the performance by extracting more heat from PV module. In
order to evaluate the effectiveness of a hydrogen generation system based
on PVT, an experiment was conducted utilizing various coolants in a laminar
flow environment. The experiment was carried out between 8:00 AM and
4:00 PM under varying solar radiation conditions, and the hydrogen yield
rate increased by approximately 20.7%, 25.6%, and 29.6% in comparison to
the PV-based hydrogen production system. Utilizing an organized multi-
criteria decision making (MCDM) strategy is necessary to select the most
effective cooling fluid for maximizing performance. This research aims to
determine the appropriate heat transfer fluid by using the Technique for
Order of Preference by Similarity to Ideal Solution (TOPSIS) and Multi-
Objective Optimization technique on the basis of Ratio Analysis (MOORA)
methodologies. The findings indicated that around 80% of the rankings
achieved in both the TOPSIS and MOORA approaches were identical.
Furthermore, the hybrid nanofluid consisting of A1203 — CuO particles
suspended in water, with a nanoparticle concentration of 0.2%, and
subjected to 4 hours of sonication, is considered to be of greater importance
compared to other fluids.

1 Introduction

In recent years, nanofluid has emerged as a very promising heat transfer fluid for many
applications in the field of heat transfer. There has been a dramatic growth in the number of
publications in recent years, confirming to the scholars' extensive work in this area.
Nanofluids are made by combining typical heat transfer fluids with metal or metal oxide
particles that are on the nanometer scale (1 nm to 100 nm). SUS Choi prepared the first
nanofluid during the experimental work, and significant improvements in heat transfer
compared to traditional fluids were observed. The addition of nanoparticles has significantly
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boosted the thermal conductivity, viscosity, density, and specific heat of the base fluid.
Agarwal et al. [1] used a wet chemical approach to synthesise CuO nanoparticles and then
investigated their thermal and physical characteristics. The findings of the study revealed that
nanofluids composed of water, ethylene glycol, and motor oil exhibited thermal conductivity
enhancements of around 40%, 27%, and 19% correspondingly. A numerical study was
carried out by Aghanajafi et al. [2] to investigate the heat transfer capabilities of a nanofluid
composed of CuO nanoparticles and distilled water. The results of the investigation revealed
a noteworthy enhancement in the heat transfer coefficient. Usri et al. [3] conducted an
experiment involving the creation of nanofluids by dispersing Al,Os in varying fractions of
a water and ethylene glycol combination. Their findings revealed a positive correlation
between the volume concentration and temperature of the nanofluids, indicating an increase
in thermal conductivity.

According to the findings of an investigation by Zawrah et al. [4] into the stability and
electrical  characteristics of  water-based  AlLO3  nanofluid with  sodium
dodecylbenzenesulfonate (SDBS) surfactant, nanofluid with 1% SDBS was the most stable.
Furthermore, it was shown that the electrical property was improved up to a volume
concentration of 0.2%, after which it declined. Microchannel heat sink (MCHS) heat transfer
properties were experimentally investigated by Jung and Park [5]. Based on the findings,
AlLOs nanofluid generates around 6.7% higher entropy, which results in a greater transfer of
energy from the cavity to the top area. Despite the fact that employing nanofluids with single
nanoparticles has significantly improved the thermal characteristics of base fluids, there is
still potential for improvement in terms of heat transfer rate. Thus, the scientists have paid
their attention hybrid nanofluids by dispersing two distinct nanoparticles across a single fluid.
Sahoo and Kumar [6] conducted an experimental investigation to examine the influence of
the volume concentration of Al,O3 — CuO — TiO, / water nanoparticles on viscosity and the
findings revealed a significant reduction of 23.64% in dynamic viscosity. Esfe et al. [7]
investigated the thermal conductivity of various ratios of MWCNT-MgO/water-EG
nanofluids and the results revealed that the nanofluid with a MWCNT:MgO ratio of (90 : 10)
exhibited the highest thermal conductivity among the tested nanofluids. Sahoo [8] dispersed
Al203-SiC-TiO2 nanoparticles in water to create a nanofluid, and then they measured the
fluid's viscosity as a function of its concentration in different volumes. According to the data,
the viscosity of base fluids increases when more nanoparticles are added to them. Numerous
researchers have conducted investigations on the thermophysical characteristics of various
hybrid nanofluids and their use as heat transfer fluids in diverse thermal systems. Using a
water nanofluid based on multi-walled carbon nanotubes (MWCNTs) and graphene
nanoplatelets, Hussein et al. [9] improved the thermal performance of a flat plate solar
collector by 85% at a4 LPM flow rate. Ekiciler et al. [10] conducted an analysis on the impact
of hybrid nanofluid on the heat transfer efficiency of a parabolic concentric solar collector.
The results of the study indicate that the Ag—MgO/Syltherm 800 hybrid nanofluid with a
nanoparticle volume fraction of 4.0% is the optimal working fluid for the PTC receiver in
terms of efficiency. Kazemian et al. [11] investigated the utilisation of four distinct hybrid
nanofluids, namely MWCNT — Al,O3, MWCNT — SiC, Graphene — Al,O3, and Graphene —
SiC, inside a photovoltaic — Thermal (PVT) solar collector and observed that the MWCNT-
SiC nanofluid exhibited the best thermal efficiency of around 1.85% and electrical efficiency
of 56.55%. The thermal characteristics of various volume concentrations of Al203/water,
CuO/water, and Al,O3—CuO/water nanofluids were analysed by Gangadevi and Vinayagam
[12] also investigated the effects of these nanofluids on PVT solar collectors. The findings
of the study clearly demonstrate a positive correlation between volume concentration and
thermal conductivity. This relationship ultimately results in improved thermal and electrical
efficiencies of the photovoltaic-thermal (PVT) system, with an increase of 82% in thermal
efficiency and 15% in electrical efficiency. While numerous studies using hybrid nanofluid
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in PVT systems have been published in recent years, optimising the parameters to make the
most efficient use of the system with minimal loss is still a priority. Hence, in this study, a
Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), Multi-Objective
Optimization on the basis of Ratio Analysis (MOORA) Multi Criteria Decision Making
(MCDM) tools used to optimize the parameters of PVT system with Al,O3; — CuO / water
hybrid nanofluid.

The main goal of this paper is to select the suitable heat transfer fluid for PVT based hydrogen
production system to generate more electrical power output and hydrogen yield rate.
Furthermore, the results of the TOPSIS and MOORA techniques are validated with the
experimental results.

1.1 Multi Criteria Decision Making (MCDM)

MCDM is a subfield of operations research that helps to ascertain the most optimum choice
from a set of options based on various criteria. Benjamin Franklin created an algorithm based
on the principles of moral algebra and then presented an approach for Multiple Criteria
Decision Making (MCDM). There are five main parts to an MCDM model: (1) the objective,
(2) the decision maker's preferences, (3) the alternatives, (4) the criteria, and (5) the outcome
[13]. MCDM may be roughly categorised into two main branches, namely Multi Attribute
Decision Making (MADM) and Multi Objective Decision Making (MODM). The steps
followed in MCDM problem is presented in Fig. 1. Various MCDM approaches are now
available and used in diverse applications, dependent upon the inherent characteristics of the
decision issue. The list of frequently used MCDM techniques is given below.

Analytic Hierarchy Process (AHP)

Analytic Network Process (ANP)

Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
Elimination and Choice Expressing Reality (ELECTRE)

Preference Ranking Organization METHod for Enrichment Evaluations (Promethee)
Vlsekriterijumski Optimizacijal Kompromisno Resenje (VIKOR)

Multi-Objective Optimization method on the basis of Ratio Analysis (MOORA)

In this study, the optimal heat transfer fluids for improving the performance of a PVT-based
hydrogen generation system were determined using the TOPSIS and MOORA
methodologies.

Nk —

Start

[ 1aentiry the problem ]

[ 1acntity the Criteria )

[ Tdentify the Altermatives ]

Sclect the MCDM technique to
make the decision

[ Identify the optimum alternative ]

Yes

Fig.1 General Procedure of MCDM process
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1.2 TOPSIS

TOPSIS is a kind of MCDM method that was introduced by Hwang and Yoon in 1981 [14].
In this approach, the most suitable choice was chosen by considering the minimal distance
between the ideal positive solution and the maximal distance from the ideal negative solution.
Due to its simplicity, versatility, and applicability to decision problems of varying scales, this
strategy has been extensively used across several applications over the last few decades. The
TOPSIS approach has been utilised by Chodha et al. to choose the robot for industrial welding
applications [15]. In this method, Rank was determined using the TOPSIS approach, with
weights determined using the entropy method. In order to determine the best setup for a
hybrid hydrogen production system, Xu et al. [16] presented a two-stage MCDM strategy.
The identification of Pareto solutions was accomplished via the use of the non-dominated
sorting genetic algorithm (NSGA)-II. Subsequently, the weights and optimal solution were
determined by using the CRITIC and TOPSIS methodologies. Nazari et al. [17] have used
the TOPSIS approach to select the suitable site to install the Photovoltaic module. Podder et
al. [18] investigated the ideal approach for achieving maximum performance via the use of
the non-dominated sorting genetic algorithm (NSGA)-II and the TOPSIS technique. The
findings showed that at an ideal mass flow rate of 0.02 kg/s, input temperature of 32 °C, and
inclination angle of 38.88°, the thermal and electrical efficiencies reached 82.55% and
10.45%, respectively. The literature review revealed that few studies have utilised TOPSIS
to determine PVT solar collector's ideal parameter. The TOPSIS method's stages are outlined
below.

Step 1: The decision matrix developed for evaluating i options against j Criteria (PDC) will
be presented in the order of ‘xij” and given in (1). In this study, 30 sets of alternatives and 3
criteria were used to generate the decision matrix.

DD, U, o
Xy Xy X.,]
X[/: : wherei=1,2,3 ______ n j:1,2,3 ...... n
_X,‘] X,»z .......... X‘./ | (1)

Step 2 : The normalized decision matrix (Yij) was calculated by using the equation (2)

X,
Y. =——L—=wherei=1,2,3...n  j=1,2,3....n

5
@)

Step 3: Weighted normalized matrix (Mij) was calculated by multiplying the weight (Wij)
with Yij.
M, =W,xY, where i=1,2,3....n j=1,2,3...n 3)

Step 4: The ideal best and ideal worst solution was calculated by using the equations (4) and

®)
A=AV s v} :{[maxv,.,,jeJ]{maxv,j,jeJ']}, i=1,2,....n
“4)

A ={V s V)= {[miinv,,,je,]][miinvﬁ,jeJ‘J}, i=1,2,.....n
&)

Step 5: Determine the Euclidian distance from the ideal best and worst values using the
following formulas.
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(7)
Step 6: Finally, the closeness index was calculated by using the equation 8.

— D;
D’ +D/

i i (8)

1.3 MOORA

Researcher Brauers developed the MOORA technique to solve the decision matrix issue. In
the last several decades, it has seen widespread usage for decision making due to its
mathematical simplicity and applicability across a wide variety of issues. In order to choose
the most appropriate electric car for use in public transportation, Hamurcu and Eren [19] used
MOORA and TOPSIS methodologies. Khorshidi et al. [20] used fuzzy MOORA method to
select the suitable location for solar power plant. Sarkodie et al. [21] have used different
MCDM approaches (CRITIC, COPRAS, TOPSIS and MOORA) to evaluate the different
renewable energy sources in Ghana. Although there have been many publications published
on MOORA MCDM in recent years, only few have focused on its application to PVT-based
hydrogen generation systems. Hence in this study, MOORA technique was used to select the
suitable heat transfer fluid to enhance the electrical efficiency and hydrogen yield rate. This
approach is identical to the TOPSIS one in the first three steps (Equation 1, 2, and 3). Step 4
involves determining the assessment value by subtracting the total weights of all positive
criteria from the total weights of all negative criteria. The mathematical equation for step 4
is given in equation 9.

k P
Y= ZM i Z M,
j:1 ./:k+1 (9)
Where ‘k’ is the beneficial and ‘P’ is the non beneficial

2 Experimental Setup Description

In this study, the electrical efficiency, thermal efficiency, and hydrogen yield rate of a PVT-
based hydrogen production system were analysed using a test rig consisting of three main
components: 1. PVT system, 2. hydrogen generating system, and 3. Storage system. The
pictorial view of the developed PVT system is depicted in Fig. 2. The PVT system consists
of PV module, spiral flow thermal collector, heat transfer system and flow control devices.
The electrolyzer was used in the hydrogen generation system to split the water into hydrogen
and oxygen. The generated hydrogen and the required water to extract the heat from PV
module are stored separately using the storage tanks. The experiment was conducted over a
period of one week, starting at 7 AM and ending at 6 PM each day. Throughout this duration,
the average measurements of solar radiation, PV module temperature, fluid outlet
temperature, output voltage, and current were recorded and used for further computations.

During this study, four different nanofluids such as water, Al,Os/water, CuO/water A,O3 -
CuO/water nanofluid were used as a heat transfer fluid in thermal collector. The nanofluids
were produced utilising a two-step preparation process, with volume concentrations of
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0.05%, 0.1%, and 0.2%. The pictorial view of the prepared nanofluids are presented in Fig.

3.
!.;
A e (1 :m:r;er
_d

Temperature and
Haont exehnngor

Voltage Indicator PVT Solar
Collector
- unit
4
Nanofluid
Flow Moter Flow Control | storage tank

Fig. 2 Pictorial view of PVT solar collector based hydrogen production system

Fig. 3. Pictorial view of the prepared nanofluids (a) CuO /water nanofluid (b) Al.Os/water, and (c)
AlL203 - CuO/water (hybrid nanofluid)

3 Results and Discussions

3.1 Discussions on experimental results

The experimental test was carried out to investigate the PVT system performance with
different volume concentrations of nanofluids. The nanofluids prepared with three different
sonication times (2 hrs, 3 hrs and 4 hrs) were used and studied the electrical, thermal
efficiency and hydrogen yield rate. The obtained values are summarized and presented in the
Table 1. The variations of electrical efficiency, thermal efficiency and hydrogen yield rate of
PVT system for different heat transfer fluids are presented in Fig. 4. The research findings
firmly demonstrated that there was a positive correlation between the volume concentration,
sonication time and the effectiveness of the thermal collector. For water and all nanofluids,
the highest levels of thermal and electrical efficiency were reached around midday (12.00
Noon), and then gradually decreased until 4 p.m. generally, the hydrogen yield rate in the
electrolyzed is mainly depends on the PV module electrical power output. Hence the
maximum hydrogen yield rate is obtained at 12.00 noon for all the cases. On the other hand,
the thermal conductivity of the nanofluid increases with increasing the concentration of
nanoparticle in base fluid and sonication time. This leads to extract more heat from PV
module and enhance the PV module power output. Hence the PVT system with 0.2% volume
concentration cools PV module effectively and yields more hydrogen compared with other
heat transfer fluids.
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Fig. 4 Variations of Thermal efficiency, electrical efficiency and hydrogen yield rate for different
heat transfer fluids

3.2 Discussions on TOPSIS and MOORA results

In this study, the suitable heat transfer fluid was selected to obtain maximum efficiency
and hydrogen yield rate based on TOPSIS and MOORA MCDM methods. The required
weights to calculate the values in the weighted normalized matrix was calculated by using
Analytical Hierarchy Process method (AHP). Based on the results, the weights 0.5101,
0.0996 and 0.3901 were used in TOPSIS and MOORA methods. The results obtained by
using the equations mentioned in the previous chapter (chapter 2) are summarized and given
in Table 2. In this Table, the maximum assessment value (CI and Y1) is considered as best
heat transfer fluid and minimum assessment value is considered as worst heat transfer fluid.
Fig. 5 depicts the details of the rank obtained in TOPSIS and MOORA methods. Based on
the results obtained in TOPSIS and MOORA methods, it can be noticed that the top 10 ranks
are similar in both methods. But there are some rank changes notice in experiment number
10,12,14,15,16 and 19. The details of ranks and the corresponding assessment values are
given in Table 3. Nearly 80% of the ranks obtained in both TOPSIS and MOORA methods
are same. Hence the obtained decisions were compared with the experimental values. This
comparison results also evident that maximum electrical, thermal efficiency and hydrogen
yield rate were obtained for hybrid nanofluid with 0.2% volume concentration (rank 1). As a
result, the hybrid nanofluid subjected to a 4-hour sonication period emerges as the most
effective heat transfer fluid. During, high sonication time, the particles are dispersed
uniformly in the base fluids and leads to enhance heat transfer rate effectively. The same kind
of results also obtained in the previous study [22].
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Tabel 1: Summary of experimental results

Nanoparticle o Hydrogen
Exp. | Type of heat volume Sonication | Neletrical | TThermal R
No transfer Fluid concentration | time (Hr) | (%) (%) {Illfll;lml;?lt)e

(%)
1 Water 0 0 5.47 30.59 14.186
2 Water 0 0 5.47 30.59 14.186
3 Water 0 0 5.47 30.59 14.186
4 AlOs - Water 0.05 2 5.897 31.29 15.27
5 AlO3 - Water 0.05 3 6.151 32.6 15.873
6 AlOs - Water 0.05 4 6.37 34.37 16.535
7 AlO3 - Water 0.1 2 6.189 31.72 15.456
8 AlOs - Water 0.1 3 6.435 33.65 16.014
9 AlO3 - Water 0.1 4 6.654 34.87 16.826
10 AlOs - Water 0.2 2 6.451 32.11 15.545
11 AlO3 - Water 0.2 3 6.709 34.44 16.185
12 AlOs - Water 0.2 4 6.928 35.29 17.094
13 CuO - Water 0.05 2 6.055 32.98 15.545
14 CuO - Water 0.05 3 6.322 34.59 15.94
15 CuO - Water 0.05 4 6.551 36.09 16.885
16 CuO - Water 0.1 2 6.797 34.01 15.761
17 CuO - Water 0.1 3 6.898 36.15 16.185
18 CuO - Water 0.1 4 7.127 37.15 17.116
19 CuO - Water 0.2 2 7.244 35.38 16.059
20 CuO - Water 0.2 3 7.498 37.6 16.58
21 CuO - Water 0.2 4 7.773 3831 17.794
22 A1203 +CuO - Water | 0.05 2 6.654 35.79 15.642
23 Al203 +CuO - Water | 0.05 3 6.925 37.88 16.245
24 ALO; +CuO - Water | 0.05 4 7.157 39.66 16.714
25 Al203 +CuO - Water | 0.1 2 7.233 38.74 16.178
26 AlLO3; +CuO - Water | 0.1 3 7.504 39.94 16.744
27 Al203 +CuO - Water | 0.1 4 7.733 41.58 17.176
28 Al203 +CuO - Water | 0.2 2 7.879 42.03 16.677
29 ALO; +CuO - Water | 0.2 3 8.11 4475 17.124
30 Al203 +CuO - Water | 0.2 4 8.339 46.4 18.359




EPJ Web of Conferences 343, 04002 (2025) https://doi.org/10.1051/epjcont/202534304002
AIMACE-2025

Tabel 2: TOPSIS and MOORA method results

E TOPSIS MOORA
. Method method
Xp . Weighted
Type of heat Normalize Normalized D R
transfer Fluid d matrix . .| D|C | a . Ra
N matrix 1 . Yi
o 4| F I n nk
k
| Water 0101 01 |0.07]001]|0.061|00| 001]00]|2]0.15 28
46 | 54 60 4 5 2 44 00 00 | 8 2
) Water 0.1 (01| 01 ]0.07]0.01]0.061|00| 001 00]|2]0.15 28
46 | 54 60 4 5 2 44 00 00 | 8 2
3 Water 0.1 (01| 0.1 |0.07]0.01]|0.061|00| 001} 0071|271 0.15 28
46 | 54 60 4 5 2 44 00 00 | 8 2
4 [;Vh:t)ér- 0.1 01| 0.1 |0.08]0.01]0.061|00]| 00} 01]|2]0.16 27
57 | 58 72 0 6 7 37 08 70 | 7 3
(0.05)
ALOs= 6 o] 01 | 0.08] 00100700 00]02]2]017

5 Water ’ ’ ) ’ ) ) 24
(0.05) 64 | 64 79 4 6 0 32 12 68 | 4 0

6 I;Vhaft)ér- 0.1 01| 01 |0.08]0.01|007]00]| 00 1]03]2]0.17 20
(0.05) 70 | 73 | 86 7 7 3 29 16 | 60 | O 7

S| AR Loa | o | o1 | 008 | 001 | 006 |00 0002|2016,
(oa1e) 6560 | 74 | 4 | 6 8 [33| 11 |56 |5 8

8 ?legér_ 0.1 01| 01 |0.08]0.01|007]00]| 00 1]03]2]0.17 21
0.1 72 | 69 | 80 8 7 0 29 15 51 1 5

0 I?Nh('?r- 0.1 | 0.1| 0.1 [ 0090010070000 |04/ 1|08/
(Oale) 78 | 76 | 89 | 1 7 4 |25 20 |48 |5 2

10 ?leagér_ 0.1 {01 01 |0.08]0.01|006]|00]|007]03]2]0.17 23
(0.2) 72 | 62 | 75 8 6 8 29 15 33 | 2 2

11 I;Vhaft)ér- 0.1 01 01 |0.09]0.01|007]|00]| 00104 T1]0.18 17
0.2) 79 | 73| 82 1 7 1 25 19 | 34 | 7 0

0 ?le?r_ 0.1 01| 0.1 ]009]001]007]00] 00105 018 | |,
(Oaze) 85 | 78 | 92 | 4 8 5 |21 24 |33 ]2 7

13 \(;vl;z_r 0.1 01| 01 |0.08]0.01|006)|00]|007]02]2]0.16 2
(0.05) 62 | 66 | 75 2 7 8 34 10 | 27 | 6 7

CuO -
14 Water 0.1 0.1 0.1 |0.08]|0.01]007|00]| 007]03]2]0.17 2
(0.05) 69 | 74 | 79 6 7 0 30 14 19 | 3 3

15 S&la?e; 0.1 01| 01 |0.08]0.01|007]|00]| 00104 T1]0.18 16
(0.05) 75 | 82 | 90 9 8 4 26 19 | 26 | 8 1

y %}‘?r 0.1 (01| 0.1 [009]001]006]00] 0004 017 | |q
(Oale) st |71 ] 77| 3 7 9 |25 19|40 |6]| 9

17 S&l;t)e; 0.1 101] 01 |0.09]0.01|007]|00]| 00104 0.18 14
(0.1) 84 | 82 | 82 4 8 1 22 | 22 | 90 | 4 3

—_

—_

Ju—
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CuO -
0.1 01| 0.1 [009]001]007]00] 00]05 0.19
18 1 Water | g5 | g7 | o3 | 7 9 s 18| 26 |93 | 3] 1 8
(0.1)
. %‘Se; 0.1 [ 0.1 | 0.1 | 007001 [0.06(00] 00|00 1]|018]
46 | 54 | 60 | 4 5 2 |44 ] 00 |00 |1]| 7
(0.2)
CuO -
0.1 01| 0.1 [007]001]006]00] 00100 0.19
20 Water | 4o 54| 60 | 4 5 2> |44l o00 00| 7| a4 |7
(0.2)
. %‘Se; 0.1 | 0.1| 0.1 [ 007001006 |00/ 00|00 |02 ;
46 | 54 | 60 | 4 5 2 | 44| 00 | 00 3
(0.2)
AlLO3+C
5y | 8O- |01 L0101 | 00800100600 00 | 01| 1017/ 4
Water | 57 | 58 | 72 | 0 6 7 1371087 |9 7
(0.05)
ALO3+C
53 | uO- | 0101 [ 0.0 [008]001]007 00|00 |02]|1|0I8] .
Water | 64 | 64 | 79 | 4 6 0 |32 12|68 |3]| 5
(0.05)
AlLO3+C
5y | 8O- fO01f 0101|008 [001]007]00] 0003|019
Water | 70 | 73 | 86 | 7 7 3 129 16 | 60 1
(0.05)
ALO3+C
55 | uO- |01 01| 01 |008]001|006]00] 0002|1018
Water | 65 | 60 | 74 | 4 6 8 [33| 11 ]5 |0 9
(0.1)
AlLO3+C
s | uO- | 0.1 [01 [ 0.0 [008] 0010070000 |03]| |09
Water | 72 | 69 | 80 | 8 7 0 | 29| 15 | 51 6
(0.1)
AlLO3+C
57 | wO- |01 0101|009 (001 007(00][ 00|04 ]020]|
Water | 78 | 76 | 89 | 1 7 4 | 25| 20 | 48 2
(0.1)
ALO3+C
5g | WO- | 0.1 [ 01| 0.0 [008] 0010060000 |03]|,|02
Water | 72 | 62 | 75 | 8 6 8 [ 20| 15 | 33 2
(0.2)
AlLO3+C
5o | 8O- |01 L0101 [009]001|007]00] 00| 04|, 020/,
Water | 79 | 73 | 82 | 1 7 1 | 25] 19 | 34 8
(0.2)
ALO3+C
50| wo- [02]02| 02 011|002 008| | 00|10 |o021|,
Water | 22 | 33 | 06 | 3 3 0 43 | 00 7
(0.2)

10
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Tabel 3: The variations of rank and the assessment values of TOPSIS and MOORA method

Fig. 5 The rank details of the TOPSIS and MOORA methods.

4 Conclusions

In this study, a different types of heat transfer fluids are used in PVT based hydrogen production system
to enhance the performance of the system. Based on the previous study results, electrical efficiency,
thermal efficiency and hydrogen yield rate are considered as a criteria for decision making and the weights

are calculated using AHP method. The obtained results of this study are summarized below

1. The thermal conductivity of nanofluid increases with increasing the sonication time and volume

concentration of nanofluids.

2. The maximum thermal efficiency, electrical efficiency and hydrogen yield rate are obtained for
the PVT system with A2O3 — CuO/water nanofluid with 0.2% volume concentration and 4 hrs
sonication time.

3. Based on the obtained assessment value and rank in TOPSIS and MOORA method, nearly 80%

of the ranks are same. And it is good agreement with the experimental results.

4. Top 3 rankings in both TOPSIS and MOORA were achieved by the A1203-CuO/water (0.2%-
4 hr sonication time), Al203-CuO/water (0.2%- 3 hr sonication time), and CuO/water (0.2%- 4

hr sonication time) combinations.

From the obtained results it can be concluded that the TOPSIS and MOORA MCDM methods can be used
to select the best heat transfer fluid in PVT based hydrogen production system to enhance its performance.
These findings might be valuable for researchers in conducting their investigations; nevertheless, more

exploration of other methodologies may be necessary to arrive at a robust conclusion.
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