Vojnotehnicki glasnik/Military Technical Courier
ISSN: 0042-8469

ISSN: 2217-4753
vojnotehnicki.glasnik@mod.gov.rs
University of Defence

Serbia

SHILITARY TECHMICAL

Determination of an efficient power
equipment oil through a multi-criteria
decision making analysis

Abifarin, Johnson Kehinde; Ofodu, Joseph Chukwuka
Determination of an efficient power equipment oil through a multi-criteria decision making analysis

Vojnotehnicki glasnik/Military Technical Courier, vol. 70, no. 2, 2022
University of Defence, Serbia
Available in: https://www.redalyc.org/articulo.oa?id=661772309010

DOI: https://doi.org/10.5937/vojtehg70-36024
http://www.vtg.mod.gov.rs/copyright-notice-and-self-archiving-policy.html

This work is licensed under Creative Commons Attribution 4.0 International.

- PDF generated from XML JATS4R by Redalyc
¢
r@&a‘yC. ;T g Project academic non-profit, developed under the open access initiative



https://www.redalyc.org/articulo.oa?id=661772309010
https://doi.org/10.5937/vojtehg70-36024
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

JOHNSON KEHINDE ABIFARIN, ET AL. DETERMINATION OF AN EFFICIENT POWER EQUIPMENT OIL THROUGH A MULTI...

Original scientific papers
Determination of an efficient power equipment oil through a multi-criteria decision
making analysis

OHPCACACHI/IC 9(1)(1)CKTI/IBHOCTI/I MacCAa AASL 3H€pF€TI/I‘ICCKOI‘O O6OPYAOB’JHI/IH C UCIIOAB3OBAaHHEM
MHOFOKpI/ITCpI/I‘dALHOI‘O dHaAHM3a HPI/IH}ITI/UI PCIHCHI/IfI

O/\pCbI/IB’dH»C C(i)HK&CHOF yma 3a CHCpFCTCKy OHPCMY KOPI/IIHhCH»CM AHAAH3C BI/IHICKpI/ITCpI/ijMCKOF OAAYyYIHBamba

Johnson Kehinde Abifarin a DOI: https://doi.org/10.5937 /vojtehg70-36024
Abmadu Bello University, Nigeria Redalyc: https://www.redalyc.org/articulo.oa?
jkabifarin@abu.edu.ng id=661772309010

https://orcid.org/0000-0003-4930-9132

Joseph Chukwuka Ofodu b
University of Port Harcourt, Nigeria
rofnelenergy@yahoo.com

https://orcid.org/0000-0001-8311-7332
Received: 23 January 2022
Revised document received: 12 March 2022
Accepted: 14 March 2022

ABSTRACT:

Introduction/purpose: Several studies in the area of the development of nanofluids for power equipment have left a gap unfilled
as to how to determine the best oil among the produced oils for power equipment application. Therefore, this study presents a
multi-criterial decision making analysis to determine the best oil for power equipment.

Methods: The Grey relational analysis (GRA) and the Probability based multi-objective optimization techniques were employed
as the multi-criterial decision making analytical tools for the optimization. Dielectric strength, dielectric loss, viscosity, and flash
point were analyzed as multiple performance characteristics of different oils, after which different oil candidates were ranked based
on their performance.

Results: Interestingly, the GRA and the Probability based multi-objective optimization techniques revealed that Jatropha oil +
Neem nanofluid is the best oil candidate for power equipment and it is better than conventional mineral oil. The Probability based
multi-objective optimization technique places Jatropha nanofluid over mineral oil, but not for the GRA technique. Also, mineral
oil and ordinary Jatropha nanofluids are at a competitive level. Meaning, if Jatropha nanofluid is further worked on, it can beat
mineral oil.

Conclusion: The two techniques substantially established that when Jatropha oil is mixed with Neem oil together with
nanoparticles, there will be better power equipment performance compared to mineral oil. It can be recommended that a further
analysis should be conducted in the area of direct application of Jatropha + Neem nanofluid for power equipment to understand
the overall behavior of power equipment compared to the conventional mineral oil.

KEYWORDS: nanofluids, power equipment, grey relational analysis, probability optimization, vegetable oil, dielectric property,
insulating property.

Pe sioMme:

BeeacHne/mean: TTockOABKY HECKOABKO HMCCACAOBAHHI B obaactu paspaGOTKH HAHOXKUAKOCTEH AAS  3HEPIETHYECKOTO
O60pyAOBaHI/IH HE CMOTAU OIIPEACAMTDH AYYINETO KAaHAMAATA CPEAM MACEA AAS CHAOBBIX YCTAHOBOK, AAHHOE MCCAEAOBaHME
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MOCBAIIACTCA AHAAH3Y MHOTOKPHUTCPHAABHOIO HNPHHATHS PCH.[CHI/II‘/JI IO OIPCACACHHIO MaCAa — AYYIICTO KaHAHAAQTa AAS
SHEPIrECTHICCKOIo 06OPyAOBaHI/I5{.

MCTOABI: CCPbIﬂ PCASILH/IOHHI)II;X AHaAHM3 M OCHOBAaHHBIC Ha BCPOSITHOCTH METOADBI MHOFOKPI/ITCPI/IaAI)HOI./JI OINTUMH3ALINU 6bIAI/I
HCITOAB3OBAHBI AASL OIITUMH3ALIUH. AHSACKTPH‘{CCK&S{ NPOYHOCTb, AUIACKTPHUICCKHUE ITOTECPH, BI3ZKOCTh U TEMIICPATypa BCIBIIIKH
6bIAI/I TIpOaHAAHU3HPOBaHbl B KaYCCTBC IKCIAYAaTAllMOHHBIX XaPAKTCPHUCTHUK Pa3AHMYHBIX MaCCA, IMOCAC YCrO PasAMYHBIC MacCAa-
KaHAHUAQATBI 6bIAI/I PaH>XXHMPOBaHBI B COOTBECTCTBHM CO CBOMMH XapaKTCPHUCTHKaAMH.

PCSyAbTaTbI: I/IHTepCCHO, 41O Cepblﬂ PCASILH/IOHHI)II;K AHAAHW3 U MHOTOKPpHUTCPHAAbHAS ONITUMH3ALIMs1, OCHOBAHHAs HA BEPOSTHOCTH
OIIPCACAHAH, YTO KOM6I/IH9J_II/I$I MacCCA ﬂTpO(l)bI + HAHOXXUAKOCTU HUMA SABASACTCA AYYIIAM KaHAHAQTOM AAST SHCPTCTHYICCKOTO
O60pyAOBaHI/I$[ H, YTO OHa Ay4IIC, YCM O6bI‘iHOC MHHCPAABHOEC MaCAO. MCTOA MHOI‘OKPI/ITCPI/IaAI)HOI‘/JI OIITUMMH3ALINHU, OCHOBAHHBIH
Ha BEPOSITHOCTH OTAACT IIPCAITOYTCHUC HAHOXKHAKOCTH ﬂTpo(])m IO OTHOIICHHIO K MHUHECPAaAPHOMY MaCAYy, OAHAKO MCTOA CEPOro
PCASLIMOHHOIO aHAaAH3a HE AAA HOAO6HI)IX PpE3yApTATOB. KPOMC TOTO, MHHCPAABPHOEC MaCAO U 06bIYHbIE HaHOXXHUAKOCTH ﬂTPO(l)I)I
HaXOASTCS Ha OAMHAKOBOM YPOBHC KOHKYPCHTHOCHOCO6HOCTI/I, CACAOBATCAbPHO, HAHOXXHAKOCTb ﬂTpo(])m MOXET HPCBSOﬁTH
MHHCPAABHOC MaCAO, CCAH €€ AOPa6OTaTL.

BLIBOAI)I: ABB. MCTOAAQ ITOKa3aAH, YTO IPHU CMCIIMBAHHH PACTUTCABHOIO MacCAa }[TpO(l)bI C MaCAOM HHMAa H HaHOYaCTHLIAMH
AOCTHTACTCs Ay4llasi MPOU3BOAUTCABPHOCTD SHCPICTHICCKOTO 060pyAOBaHI/Iﬂ, YCM IIpH HCIOAB30BAaHHMH MHHEPAABHOIO MacAa.
Cuauraem LICACCOO6PB.3HLIM TIPOBECTH AaALHCfIH.IHC AaHAaAHM3bl B O6A21CTI/I HCIMOCPCACTBEHHOTO MNPHUMCHCHHUS ﬂTpO(l)bI nu
HaHO)KHAKOCTCﬁ HHMa B SQHCPIreTHICCKM 060pyA,OBaHI/IM, C IICABIO AYYIICTO ITIOHHUMaHM I O6H.ICI‘O ITOBCACHHU ST CHAOBBIX YCTAHOBOK H
CpaBHCHHA C CUTYalIUsIMHU, KOTAQ HCIIOAbB3YCTCS O6I>I‘{HOC MHHCPAABHOC MaCAO.

KnwdueBuo e CJT OB a: HaHOXXHUAKOCTH, 3SHCPICTHYICCKOEC O60pyAOBaHI/IC, CCPbII‘/JI pCAﬂLlPIOHHbIﬂ aHaAH3,
BCPOATHOCTHASA ONTHMM3ALNS, PACTUTCAPHOC MaCAO, AMIACKTPHUYICCKHC CBOMCTBa, H3OAAITHOHHBIC CBOMCTBA.

ABSTRACT:

VYBoa/unm: Hekoanko cryauja u3 obaactu pasBoja HaHOPAYHAQ 32 CHEPIETCKY OIPEMy IIPOIYCTHAO je¢ Ad YTBPAU Koje
yme je Haj60mc Meby ymoUMa TPOUBBEACHUM 32 NMPUMEHY Y TOTOHCKOj OIPEMH. 3aTo OBa CTyAHja NPEACTABAA AHAAUBY
BUILICKPUTEPHjYMCKOT OAAYUHBAaHba 32 oapehuBatbe HajOOMEr yAa TOTOAHOT 32 CHEPIETCKY ONPEMY.

Merope: CuBa peaaljioHa aHAAN32 M TEXHHKA BULUICKPUTEPUjyMCKE ONTUMM3AlIHje 3aCHOBaHA Ha BepoBarHohu kopumhene cy 3a
ONTUMHUBALH)Y. AHAAMSHPAHH CH AUCACKTPHYHA CHAT, AMCACKTPHYHH I'yOHTAK, BUCKO3HOCT M TA4Ka ITAACHba, KA0 KAPAKTEPUCTHKE
BHIIECTPYKOT yINHKA PABAHYHUTHX Yba, HAKOH YEra Cy Pa3AUYHTA yod PAHTHPAHA HAa OCHOBY CBOjUX IIepPOPMAHCH.

Pesyaratn: 3aHMMAHBO je Ad CY CHBa PEAALIMOHA AHAAM32 M BULICKPMTCPHjyMCKa ONTHMH3AlMja 3aCHOBaHA Ha BepoBaTHOhH
YTBPAUAE AQ je KOMGHHaunj a yma Guske jarpoma ¥ HUM HaHOAyHAQ Haj6oma 3a EHEPrETCKY OIPEMY, KaO U Aa je 6oma op
KOHBCHIIMOHAAHOT MI/IHCPQAHOI‘ y/ba. TCXHI/IKa BI/IIJ_ICKPI/ITCPI/ijMCKC OHTI/IMI/IBaI_II/IjC 3aCHOBaHa Ha BCPOBaTHOhI/I paHFI/IPa janona
HaHOPAYHA UCIIPEA MUHEPAAHOL Yod, AAM HE U TEXHHKA CHBE peAaaljioHe aHaamse. Takobe, MuHepaHo yme u obudHHM jarpoma
HaHOQAYHAH Cy HA KOMIICTUTHBHOM HHBOY, LITO 3HAYU A jaATPOIA HAHO(AYHA MOXe A2 OyAe ePUKACHU]U OA MUHEPAAHOT Yha AKO
ce TIOPaAU HA BEMY.

3akmydak: ABe TEXHHKE CY yTBPAUAE AQ C€ TTOCTHOKY 00npe IIepPOpMaHCE CHEPIETCKE OIPEME Kaad Ce yive OHAKe jaTpoIIa oMena ca
HUM A€M U HAHO YeCTHIIAMA HETO KaAd c¢ KOPUCTH MHUHEPAAHO yie. Bruao 6u mpenopyasnBo Aa ce Aase aHaAu3e BpLIe y 06AacTH
AMPEKTHE [IPUMECHE jaTPOIa K HUM HaHO(AYHAA 32 CHEPIETCKY OIPEMyY Pasi 60omer pasyMeBata PyHKIMOHUCAbA IIOTOHCKE OIIpeMe
u nopehema ca cayyajeBrMa Kapa ce KOPUCTH KOHBEHIIMOHAAHO MHHEPAAHO YAe.

KEYWORDS: HaHOpAymAM, cHepreTcka oOnpeMa, CHMBa pEAALMOHA aHAAM33, ONTHMHSalHja BepoBatHohe, GHMHO ywe,
AHEACKTPHIHO CBOjCTBO, H30AALIHOHO CBOjCTBO.

INTRODUCTION

Oil is filled in power equipment to serve as electrical insulation and for cooling. It ensures that there is
heat transfer from power equipment and equally block arcing and corona discharge within the equipment
system. In addition, it suggests the quality of the service lifespan of the equipment (Shafi etal, 2018; Oparanti
et al, 2022). Since the beginning of the 20th century, mineral oil has been conventional oil for power
equipment application because of its lifelong tendency, low cost, low viscosity, etc. (Fofana, 2013). Even
though mineral oil exhibits the above mentioned advantages, it is disadvantaged due to its high fire risk
and its non-biodegradable nature. Apart from its non-biodegradable nature, its leakage is detrimental to
the environmental and toxic to living organisms (Tambuwal et al, 2022). These tradeoffs have motivated
several researchers to dwell on the production of an alternative oil to mineral oil for power equipment from
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biodegradable sources, such as vegetables. Vegetable oil has been proven to be environmentally friendly, but
generally exhibits high dielectric loss and poor viscosity (Abdelmalik, 2015; Rajab et al, 2011; Oparanti
et al, 2020). Reports have shown that nanoparticles can be used to improve some insulating and electrical
properties of oils for better performance (Mansour et al, 2012; Oparanti et al, 2021a, 2021b). Despite
the improvement of vegetable oil as an alternative for mineral oil, there is a challenge in the selection and
recommendation of optimal synthesis conditions for better performance in power equipment. Hence there
is a need to research on the determination of optimal conditions in the production of nanofluids for better
performance. This study applied two different multi-objective optimization techniques (the Grey relational
analysis and the Probability based multi-objective optimization technique) to determine the best performing
nanofluids for power equipment.

The Grey relational analysis (GRA) is usually applied when there is a need to optimize multiple
performance properties, in addition to some uncertainties associated with the problem (Abifarin, 2021;
Abifarin et al, 2022a, 2022b, 2022¢; Abifarin et al, 2021; Avodi et al, 2021; Javed et al, 2019, 2020;
Mahmoudi et al, 2019). The GRA was applied to address the uncertainties and complexities encountered
in the choice of nanofluids with the best performance characteristics. Researchers have applied this
optimization technique in different applications. Abifarin (2021) employed the GRA to assist Taguchi
optimization in the fabrication of biomedical hydroxyapatite. Javed & Liu (2019) employed the bidirectional
absolute GRA model for uncertainty systems, specifically in project management. Tosun (2006) employed
the GRA to optimize drilling conditions for multiple performance characteristics. Tzeng et al. (2009)
optimized turning operations using Taguchi assisted by the GRA. Abifarin & Ofodu (2022) modeled
and employed the GRA for multiple performance properties of chemical additives and engine parameters
for high efficient diesel engines. Kung & Wen (2007) applied the GRA and the grey decision maker to
determine the relationship between company attributes and its financial performance using some venture
capital enterprises in Taiwan as a case study. Hence, the GRA has been extensively proven to be effective as
a multi-objective optimization technique. Furthermore, the Probability based multi-objective optimization
technique has been recently developed to optimize more than one performance characteristics of conditions,
process, systems, or products. Zheng et al. (2021) newly introduced the probability optimization technique
in the selection of engineering materials based on some more than one essential attributes. Zheng (2022)
selected some data relevant to material engineering and employed the technique to select material with better
performance characteristics. Zheng et al. (2021) and Zheng (2022) were able to establish that Probability
based optimization technique does not have any additional contributing factors which normally alter the
accuracy of an optimization analysis as compared to some other existing ones. Ofodu & Abifarin (2022)
applied the technique to optimize for high voltage thermofluids. The two optimization techniques were
chosen because of their simplicity and proven accuracy in optimization analyses. This assertion has been
proven in some past research studies a few ones of which have been discussed above. The two optimization
techniques were also chosen to run the same problem for validation and comparative study.

Having highlighted the state of the art, this study employed two different optimization techniques to
determine the best efficient power equipment oil. The two techniques, namely, the GRA and the Probability
based multi-objective optimization technique were the numerical analysis chosen because of their simplicity
and also to validate optimal predictions. The data analyzed was employed from the study of Tambuwal et
al. (2022).

DATA CURATION

The data used was obtained from the study of Tambuwal et al. (2022). The authors only investigated
and reported the results without analyzing multiple performance characteristics, hence it was difficult to
determine the oil sample with the best performance for power equipment. Table 1 presents the employed
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dataset in this study. The oil properties essential for power equipment are presented in the Table, i.e.
breakdown strength, dielectric loss, viscosity, and flash point. These multiple properties were analyzed using
two different multi-objective optimization techniques to determine the best performance oil sample for
power equipment.

TABLE 1
Insulating and electrical properties of different oil samples

Breakdown ] _ _ _ Flash
Sarmples strerj%th &V ]licb)geslectnc \E;S];gzl)ty point

mm ) ‘o)
Mineral il 36.8 0.00225 982 140
Jatropha oil Z28.7 0.0551 11.07 245
MNeearm oil 151 0.0z244 11.1 24z
Jatropha + neern oil 158 0.02365 11.41 238
Meern nanofluid 185 0002151 10.01 256
Jatropha nanofluid 25.7 0.00208 9,93 248
Jatropha + neern
nanofluid 356 0001862 9874 2E1

MULTI-CRITERIA DECISION MAKING ANALYSIS
Grey relational analysis (GRA)

The GRA was employed on four performance characteristics. The step by step methods in the GRA analysis
are as shown below:

The Grey relational analysis was conducted on the experimental data presented in Table 1. The data
was first normalized using grey relational generation. The breakdown strength and the flash point were
normalized using the higher-the-better normalization condition, as given in Equation 1. The higher-the-
better normalization was applied because higher breakdown strength shows a higher dielectric property
which is needed for power equipment, while a high flash point is needed for higher insulating properties
and reduced fire outbreak. Next, dielectric loss and viscosity were normalized using the smaller-the-better
normalization condition, as shown in Equation 2. The smaller-the-better normalization condition was
chosen because as small as possible is required from the properties for better dielectric and insulation behavior
of the oil. The normalized data sequence is presented in Table 2:

_ yilk)-miny;(k)
xi (k) max yi(k)—min y;(k)

_ maxy;(k)-y;(k)
xi(k) = max y;(k)-min y;(k) (2)

x;(k) is the data being preprocessed for the i experiment, and y,(k) is the initial sequence of the mean of
the responses.
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TABLE 2
Normalized Insulating and electrical properties

of of
) . of of Flash

Sarmples Breakdowr Dielectric Viscosity point

strength  loss
Mineral oil 1 099271 1 o]
Jatropha oil 0.G2ZE73 o] 021284 086777
Meern oil 8] 057666 019497 084298
Jatropha + neern oil 003226 0.59074 a 08099z
Neern nanofluid 015668 0.939457 08805 095868
Jatropha nanofluid 048548 099591 093082 083256
Jatropha + neern
nanofluid 0.3447 1 098504 1

A comparison was made with an ideal sequence, xo(k) (k= 1, 2,...,7) for the four performance
characteristics. The deviation sequence (Equation 3) was subsequently calculated to enable the
determination of the grey relational coefficient (GRC). The grey relational generation and the deviation
sequence of the four experimental data are shown in Table 4. The deviation data sequence is shown in Table 3:

A, (k) = llxo (k) — x: ()

where, x,(k), and x;(k) are the deviation, the reference sequence, and the normalized data, respectively.

(3)

TABLE 3
Deviation sequence of the insulating and electrical properties

of of
. . of of Flash

Sarmples Breakdowtl Dielectric Viscosity point

strength 1055
Mineral oil o] 0o0723 0 1
Jatropha oil 037327 1 078618 0.13222
Meem oil 1 042334 0.80502 015702
Jatropha + neem
oil 096774 040926 1 0.13008
Meern nanofluid 0.84332 000543 01195 0.04132
Jatropha nanofluid | 051152 000409 008918 010744
Jatropha + neem
nanofluid 00553 o] 003396 0

The GRC values were computed using Equation 4. The GRC values show the relationship between the
expected and obtained experimental data.

_ Amint{Amax
%'I (k) N Api(K)+{Amax
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where &® is the GRC value of the individual experimental data, computed as a function of A, and Ay,
the minimum and the maximum deviations of each experimental data. ¢ is the distinguishing coefficient of
0.5, and it is usually assigned to each response.

Lastly, the grey relational grade (GRG) was calculated using Equation 5. The GRG, i.c., the converted
singular response gives the overall multiple performance characteristics for the four experimental data. The

GRC, the GRG, and the ranking are presented in Table 4:

1
Vi =~Xi=1§i(k)
)

vi is the GRG value obtained for the it experiment and n is the number of performance characteristics.

TABLE 4
GRC, the GRG and the ranking of oil types

of of

Samples | Breakdown Dielectric V?.f o ofFlashpp Rank
150051ty polnt

strength 1055
kineral
il 1 0498562 1 0332332 082974 2
Jatropha
il 057256 022332 028875 079085 052127 &
Meerngil [0.32232 054151 028312 076101 050475 6
Jatropha
+ neem
oil 0240686 05499 033333 072455 048711 7
MNMeern
nanofluid | 0.37221 098926 080711 0492366 (077306 4
Jatropha
nanofluid | 0.49431 099188 0.87245 022313 0.79694 3
Jatropha
+ neem
nanofluid | 0 90041 1 0. 9364 1 0 9542 1

Probability based analysis

The Probability based multi-objective optimization analysis is based on the beneficial and unbeneficial utility
index method.

The beneficial utility index method is applied to a characteristic desired to be as high as possible. The index
characteristic indicator contributes positively to a partial preferable probability linearly. The breakdown
strength and the flash point were run with the beneficial utility index method since the as high as possible
condition is required for the properties. Equation 6 was used to compute the partial positive probability
index (Pjj), while Equation 7 was used to compute the normalized factor () of the j* utility index of the
performance characteristic indicator.

Pij =Xy i=1,2,..nj=1 2. .m

i
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fl'} =1 "'{(an ) 7)

where X;; is the jth beneficial utility index of the characteristic performance indicator of the i number of
sample, n is the total number of samples considered in the study, while m is the total number of the utility
indices of each sample involved, ande is the value of the arithmetic mean of the utility index of the sample
characteristic performance indicator. The partial positive utility indexes for the breakdown strength and the
flash point are shown in Table 5.

The unbeneficial utility index method is applied to a characteristic desired to be as small as possible. The
index characteristic indicator contributes negatively to a partial preferable probability. Equation 8 was used
to compute the partial negative probability index (%), while Equation 9 was used to compute its normalized
factor (4 of the jth utility index of the performance characteristic indicator and Xj is an arbitrary utility index
of the characteristic performance indicator of the P sampling number. The utility indexes for dielectric loss
and viscosity are also shown in Table 5.

PU )Bf; frmax Xjuu’n '/Yf'): i = f, 2,.“,1?,'_1‘ - 1’; 2,..!?1 (8)

ﬁj —1"{[”( ,rrmn ;ma'«) HX ] 9)

Furthermore, the total preferable probability of the analysis was computed using the product of the
individual partial preferable probability of a corresponding candidate oil type. Afterwards, the ranking was
done to show the candidate sample with the best performance characteristics. Please check Table 5 for proper

highlights.

TABLE 5
Partial and total probability utility index of oil types

Fijof Pijof i of Pijof P
sarmples Breakdown  Dielectric Wi . Flash Pt*10E4 Pt*10E4
IsCosity . FRanlk
strength oS5 point
Mineral
il 0.208587 019048 015134 003589 517132 517132 3
Jatropha
il 015283 000848 0123476 01503 021388 021388 5
Meemoil | 0.0857 011335 012436 014846 133808 1393808 7
Jatropha
+ DNleern
il 0.08368 0115397 0123025 014801 18773 19773 B
MNeem
nanofluid |0.10% 019082 014382 015705 463307 463307 4
Jatropha
nanofluid |0.14587 019107 0.14988 015215 &.35552 6.35552 2
Jatropha
+ Neern
nanofluid | 0.20205 0.19183  0.15083 016012 234818 9.34816 1
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DISCUSSION OF RESULTS

The GRA was successfully applied to determine the best performance oil type in this study. Table 4 shows
the ranking of the oil types. The results obtained show that a mixture of Jatropha oil and neem oil when
nanoparticle is added is the best oil for power equipment, as it is ranked number one, followed by mineral
oil. It is interesting to emphasize that the GRA revealed that vegetable nanofluid is better than mineral oil,
which is the second best oil type for power equipment application. This shows that vegetable oil, specifically
a mixture of Jatropha and Neem sourced oil when nanoparticle is added, stands a good chance to replace
mineral oil in power equipment application.

The Probability based multi-objective optimization technique was also successfully employed as shown in
Table 5. The results obtained also revealed that a mixture of Jatropha oil and neem oil when nanoparticle is
added is ranked as the best oil for power equipment, followed by Jatropha oil, then mineral oil. This technique
further validates the choice of the best candidate oil for power equipment. To a higher level of confidence,
the Jatropha oil + Neem nanofluid can better serve in power equipment.

CONCLUSION

Essentially, the Probability based multi-objective optimization technique places Jatropha nanolfuid over
mineral oil, while it is the other way round for the GRA technique. It can be deduced from these findings
that mineral oil and ordinary Jatropha nanofluids are at a competitive level. When Jatropha nanofluid
is further worked on, it can be better than mineral oil. This claim is backed up by the results presented
in the two techniques, i.e. when Jatropha oil is mixed with Neem oil together with nanoparticles, there
will be better power equipment performance compared to the performance of the power equipment using
mineral oil. In this study, recommendation is made that a further analysis should be conducted in the area of
direct application of Jatropha + Neem nanofluid in power equipment to see the overall behavior of power
equipment as compared to that of the conventional mineral oil.
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