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INVESTIGATION OF THE HEAT CAPACITIES OF NANOFLUIDS BASED
ON NANOPARTICLES OF Al;O3, TiO2 AND CuO BY THE ADDITIVE METHOD

Abstract: This study investigates the thermal properties of nanofluids, with a particular focus
on their heat capacity when various nanoparticles are integrated into a base fluid. Nanofluids, which
are composed of nanopatrticles dispersed within a base fluid, are of significant interest due to their
enhanced thermal characteristics compared to traditional fluids. The research employs the additive
method, a widely used technique for estimating the effective heat capacity of nanofluids. This method
posits that the total heat capacity of a nanofluid can be approximated by summing the contributions
of each component according to its volume or mass fraction. This research represents the effect of
nanopartilces concentration (1wt.%, 3 wt.%, 5 wt.%) on effective heat capacity of TiO2 based
nanofluid. The analysis reveals that key factors influencing the heat capacity of a nanofluid, as
determined by the additive method, include the heat capacities of the individual components and the
concentration of the nanoparticles. Specifically, the greater the disparity in heat capacities between
the base fluid and the nanoparticles, and the higher the nanoparticle concentration, the more the
nanofluid's heat capacity shifts toward that of the nanoparticles. The calculations in this study
indicate that the most significant decrease in heat capacity occurs in a nanofluid containing 5 wt.%
Al,O3 nanoparticles with water as the base fluid. Conversely, the smallest reduction is observed in a
nanofluid with 1 wt.% Al.O3 nanoparticles in a 50% aqueous ethylene glycol solution.

Key words: nanofluid, specific heat capacity, thermophysical properties, nanopatrticles, heat
transfer.

Introduction

Nanofluids, which are engineered colloidal suspensions of nanoparticles with dimensions
typically below 100 nm (including metals, metal oxides, carbides, or carbon nanotubes), have
garnered significant research interest due to their superior thermal properties compared to traditional
heat transfer fluids. These properties make nanofluids promising candidates for enhancing thermal
management systems across a range of applications, such as heat exchangers, electronic cooling
systems, and thermal energy storage [1-5].

The base fluids used in nanofluids play a crucial role in determining their overall thermal
performance. Common base fluids include water, ethylene glycol, oils, and a variety of organic
solvents [6-10]. Water is often favored for its high specific heat capacity, excellent thermal
conductivity, and low cost. However, its relatively high freezing point and corrosiveness can limit its
application in certain environments. Ethylene glycol, either in pure form or as a water mixture, is
widely utilized in automotive cooling systems due to its lower freezing point and ability to reduce
corrosion, despite its lower thermal conductivity compared to water.

QOils, including mineral and synthetic oils, are frequently employed as base fluids in high-
temperature applications due to their high boiling points and chemical stability. However, its relatively
low thermal conductivity and high viscosity can limit their effectiveness. Organic solvents, such as
alcohols or acetone, are sometimes used in specialized applications where specific chemical
compatibility or low viscosity is required.

Incorporating nanoparticles into these base fluids significantly alters their thermophysical
properties. The effective heat capacity of nanofluids is not merely a straightforward combination of
the base fluid and nanoparticle properties but is influenced by complex interactions, including
particle-fluid interactions, particle size and shape, and the concentration of nanoparticles. These
factors must be carefully optimized to tailor the nanofluid for specific applications, ensuring enhanced
thermal performance while maintaining stability and minimizing any adverse effects on the system
components.
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Figure 1 — Potential applications of nanofluids in various fields of industry and economics

Methodology

In this research, the effective heat capacity of nanofluids is determined using the additive
method, which assumes that the total heat capacity of the nanofluid can be derived by summing the
contributions of the individual components-namely, the base fluid and the nanoparticles-based on
their respective volume or mass fractions. The research focuses on three types of nanopatrticles:
aluminum oxide (Al203), titanium oxide (TiO2), and copper oxide (CuQ). These nanoparticles are
dispersed in two different base fluids: water and a 50:50 mixture of ethylene glycol and water (EG:W).
The thermophysical properties, including heat capacity and thermal conductivity, of nanoparticles
like Al,O3, TiO,, and CuO, as well as liquids such as water and aqueous ethylene glycol solution,
are detailed in references [11, 12].

For a nanofluid consisting of a base fluid and dispersed nanopatrticles, the effective heat
capacity C,rcan be calculated using the following equation:

Where wt — weight concentration of nanopartlices, C,,,, — nanoparticles specific heat capacity
(kd/kg-K), Cps — base fluid specific heat capacity (kJ/kg-K).

The relative change in specific heat capacity Cp,- was determined by comparing the nanofluid
to base fluid (water or 50% aqueous ethylene glycol solution). This comparison was calculated using
the following formula:

_ (Cpny — Copp)

Cp
" Copr

-100%, (2)

Results

In this research, the heat capacity of a nanofluid was calculated using the additive method
for three different types of nanoparticles: aluminum oxide (Al.Os), titanium oxide (TiO2), and copper
oxide (CuO). The base fluids used were distilled water and a 50:50 mixture of ethylene glycol and
water (EG:W) at 20°C. The isobaric heat capacity of water at 20°C is 4.187 kJ/kg-K, while that of the
50% ethylene glycol solution at the same temperature is 0.830 kJ/kg-K.

The results indicate that the concentration of nanoparticles significantly influences the heat
capacity of the nanofluid. Specifically, in the Al.Os-water-based nanofluid, an increase in
nanoparticle concentration from 1 wt.% to 5 wt.% resulted in a decrease in heat capacity from 4.153
kJ/kg-K to 4.005 kJ/kg-K, corresponding to a reduction of 0.8% at 1 wt.% and 4.1% at 5 wt.%. In
contrast, the ethylene glycol-water solution exhibited a more consistent decrease in heat capacity,
with the maximum reduction observed at 5 wt.% being approximately 0.24 % (fig.2).
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Figure 2 — Nanofluid based on Al.O3 nanopatrticles
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A comparable reduction in heat capacity is observed with TiO, nanoparticles. In comparison
to AlOs, the TiO.-water nanofluid at 5 wt.% exhibits a reduction in heat capacity by 4,2%.
Additionally, the heat capacity of the 5 wt.% TiO.-EG:W nanofluid shows a 0.34% greater decrease
than that of Al,O3 (fig.3).
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Figure 3 — Nanofluid based on TiO, nanopatrticles

For nanofluids based on CuO nanoparticles, the calculations indicate the most significant
decrease in heat capacity for both types of base fluids, particularly in the EG:W mixture. Specifically,
the heat capacity of the CuO-EG:W nanofluid decreases from 0.827 kJ/(kg-K) to 0.816 kJ/(kg-K),
representing a percentage reduction ranging from 0.2% to 1.16% (fig.4).
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Figure 4 — Nanofluid based on CuO nanoparticles

Conclusion

This research investigates the impact of varying nanoparticle concentrations (1 wt%, 3 wt%,
and 5 wt%) on the effective heat capacity of a TiO2-based nanofluid, using two different base liquids.
The substantial reduction in the heat capacity of nanofluids containing all three types of water-based
nanoparticles can be largely attributed to the significant differences in the heat capacities of the
individual components. In contrast, when using an EG:W mixture as the base fluid, these differences
are less pronounced, resulting in a maximum decrease in heat capacity of only about 1.2 %, even
with a nanoparticle concentration of 5 wt.%. While the additive method has limitations, it remains a
valuable tool for providing an initial approximation of nanofluid heat capacity and is commonly
employed in the study and application of nanofluids. However, this method does not account for
several critical factors, such as nanoparticle interactions, non-uniform distribution within the fluid,
and nanoscale effects that can significantly influence thermal behavior.
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WCCNEAOBAHUE TEMNNIOEMKOCTEW HAHOXWAOKOCTEW HA BA3E HAHOYACTMUL, Al,Os,
TiO2 1 CuO ABOUTUBHBIM METOJOM

B smom uccnedosaHuu udyqaromcs mennoguaudeckue ceolicmea HaHoxudKkocmed, yOensis ocoboe
8HUMaHue ux mernnoemkocmu. HaHoxudkocmu, cocmoswue u3 HaHo4Yacmuy, oucriepauposaHHbix 8 6a30e0l
JKudkocmu, npedcmaesnisiom 3Ha4yumeribHbIU UHMepec U3-3a UX YIyYWeHHbIX MersioebiX Xapakmepucmuk rno
CcpasHeHuo ¢ mpalduyuoHHbIMU xudkocmsamu. B uccnedoeaHuu ucrionb3yemcsi a00umueHbIl Memod —
WUPOKO Ucronb3yemMblli Memod ouyeHKU 3¢hchbekmugHol mernnoeMKkocmu HaHoXudkocmel. 9mom mMemod
rnodpasymegaem, 4mo oOOWy mMernIoeMKocmb HaHOXUOKOCMU MOXHO arnpoKcuMuposams rnymem
CyMMUpoBaHusi 8Kkriados Kaxd020 KOMIOHeHma 8 coomeemcmauu ¢ e2o obbeMom unu maccoeol doned.
HanHoe uccnedosaHue npedcmasnisiem erusiHUe KoHuyeHmpauuu HaHodacmuy, (1 mac.%, 3 mac.%, 5 mac.%)
Ha aghgbekmueHy0 mernnoemMKocmes HaHoXUOKocmu Ha ocHoge TiO2. AHanu3 rnokasbleaem, 4Ymo Kio4esbiMu
hakmopamu, enusIWUMU Ha MEenIoeMKOCMb HaHOXUOKocmu, ornpedeneHHyto addumueHbIM MemoOoM,
S6/1910MCST MENI0eMKOCMb 0MOesibHbIX KOMITOHEHMO8 U KOHUEeHmMpauus HaHo4Yacmuy. B yacmHocmu, Yyem
bonbwe pasHuua 8 mennoemMKkocmsx Mex0y 6a3080U XUOKOCMbIO U HaHodYacmuyamMu U 4Yem ebiule
KOHUeHmpauyusi HaHodYacmuy, mem bonbwe mensoeMKOCmb HaHOXUOGKOCMU CMeuwjaemcsi 8 CIMOPOHY
mennoemMKocmu HaHoYacmul. Pac4yemsl 8 daHHOU pabome nokasbigarom, 4mo Hauborsiee CyuecmeeHHoe
CHUXeHUe mernnoeMmkocmu rpoucxodum 8 HaHoxudkocmu, codepxauweld 5 mac.% HaHodyacmuy Al203, ¢
8000l 8 kKadecmee 6a3oeol xudkocmu. Harnpomus, HauMeHbuee CHUXeHue Habntodaemcs 8 HaHoOXUGKocmu
¢ 1 macc.% HaHoqyacmuy, AlI203 e 50% 600HOM pacmeope 3MmusieHa/1uUKOJIS.

Knroyeebie cnoea: HaHOXUOKOCMb, yOefibHasi mersioeMKocmb, mernogu3udyeckue ceolicmea,
HaHoYacmuubl, merninoobMeH.
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Al203, TiO2 XXOHE CuO HAHOBOJLUEKTEP HETI3IHAET] HAHOC¥MbIKTbIKTAPObIH XbINy
CbinbiIMAbINbIFbIH AOOUTUBTIK 94IC APKblJ1bl 3EPTTEY

byn 3epmmeyde HaHOCyUbIKMbIKMapObIH Xbly CbilbIMObINbIFbIHA epeKue Ha3ap aydapa Oombipbir,
onapdblH Xblygusukanbik Kacuemmepi 3epmmenedi. CylibiKmbikma oucriepcmi HaHobenuwekmepdeH
mypambIH HaHocyUblKmbiKkmap Odacmypri cyUblKMmbIKEH canbicmblpFaHda XblyrblK KepcemkKiuumepiHiH
XaKcapyblHa baliniaHbICmbl Kbi3bIFyWbinbiKk mydbipadsl. 3epmmeyde HaHOCYUbIKmbIKmapdbiH muimOi by
ChbIlbIMOBbINbIFbIH 6aranaydblH KeH ayKbiMObl KordaHblnambiH addumuemi adic natidanaHadbl. byn adic
HaHOCYUbIKMbIKMbIH Xarfbl Xbliy CbilibIMObIbIFbIH OHbIH KerleMiHe Hemece Maccarbik berikmepiHe colkec
opbip KOMMOHeHMMIH yrecmepiH KOCy apkbiiibl Xybikmayra 6onadbl Oen 6omkaliObl. byn 3epmmey
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HaHobesuweKk KoHUeHmpayusicbiHbiH (Mac. 1%, 3 macca%, 5 macca%) TiO» HezidiHOeai HaHOCYUbIKMbIKMbIH
muimOi  Xbirly CbIUbIMObINIbIFbIHA 9cepiH Kepcemedi. Tanday kepcemkeHOel, addumuemi odicrieH
aHbIKmanambiH HaHOCYUbIKMbIKMbIH Xbily CbilUbIMObIIbIFbIHA 9CEp ememiH Heezisei ghakmopriap Xeke
KoMrioHeHmMmepOiH Xbifly CbilbIMObIbIFbI XXOHE HaHOobeuekmepOiH KOHUeHmMpauusicbl 60s1bin mabbinadsbi.
Aman alimkaHOa, Hezi3ai cylbIKmbIK neH HaHobenwekmepOiH apacbiHOarb! Xbly CbllUbIMObIIbIKMapPbIHbIH
alibipMawblinblfbl  XoHe  HaHobenwekmepdiH  KOHUeHmpauusicbl  HefyprbiM  XXofapbl  6orca,
HaHobenuwekmepOiH Xbily CbllUbIMObINbIFLI COFYPIbIM HaHobenwekmepOiH Xblny CbilibiMObibiFbIHA Kapal
bifbicadbl. by XyMbicmarbl ecenmeynep Xbliry CbilbIMObIMbIFbIHBIH €H eneyni memeHdeyi KypambiHOa 5
macc. % AlbO3z HaHobenwekmepi 6ap HaHOCYUbIKMbIKMa, Heai3ai cylbikmbik pemiHde — cy. KepiciHwe, eH a3
memeHOey 50% cynbl amurneHanukons epimiHdiciHdeei 1 macc.% AlOs HaHobenwekmepi 6ap
HaHocylblIKmbikma batikanaosi.

TyliH ce30ep: HaHOCYUbIKMbIK, MEHWIKMI Xbily CbilbIMObINbIFbI, Xblyghu3uKaiblK Kacuemmep,
HaHobernweKkmep, Xbifly anmMacy.
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