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Abstract: Free convection from an isothermal vertical wall embedded in a wa-
ter-based nanofluid is studied numerically using boundary layer approach and simi-
larity method. The obtained results allow to analyze the effects of nanoparticles vol-
ume fraction and type of nanoparticles material on nanofluid flow and heat transfer.

1. Introduction

Obviously, low thermal conductivity coefficient of traditional coolants is the
main problem that prevents to an intensification of heat transfer in energy systems. It
has been shown experimentally [1, 2], that one of interesting and effective technique
for the heat transfer enhancement is to add metallic nanoparticles or their oxides in-
side the conventional fluids. The obtained fluid known as nanofluid is the suspension
of clear fluid and metallic nanoparticles or their oxides. A large number of conflicting
experimental data does not allow to clearly explain the reasons for a significant
change in transport regimes of mass, momentum and energy in nanofluids. Therefore,
the most effective method for the study of hydrodynamics and heat transfer in these
environments is to solve the equations of mathematical physics, developed on the ba-
sis of the conservation laws of continua mechanics.

2. Mathematical model

In the present work we numerically analyzed free convection of nanofluid from
the vertical isothermal flat plate presented in Fig. 1.
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Fig. 1. Physical model.

For mathematical analysis the authors have utilized partial differential equa-
tions on the basis of the boundary layer approach [2, 3]. These equations have been
formulated taking into account the conservation laws for mass, momentum and ener-
gy:
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The following boundary conditions have been added to the formulated govern-

ing equations (1)—(3):
u=v=0,T=T,atvertical wally=0
u—>0and T —>T,aty >
where T, is the temperature of vertical wall and T, is the temperature of ambient flu-
id.

For solution to the formulated boundary-value problem the author has used the

similarity method with following non-dimensional variables [4]:
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Taking into account these dimensionless variables governing equations can be
written as a system of two ordinary differential equations:
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The effective dynamic viscosity and thermal conductivity of nanofluid have
been defined on the basis of the Brinkman’s law [5] and Maxwell’s model [6], re-
My
Is the nanoparticles volume fraction. Maxwell’s model for thermal conductivity of

spectively. Brinkman’s law for the viscosity of nanofluid is p, = where C,

3C(EE—D
"k

f

nanofluid is k, =k |1+ , Where k_, k,, k, are the thermal conduc-

—3+2—CAEE—D
kf kf
tivity of nanoparticles, base fluid and nanofluid.

The formulated ordinary differential equations with appropriate boundary con-
ditions have been solved by Runge—Kutta method combined with shooting technique.

3. Results and discussion

The effects of nanoparticles volume fraction in the range 0—4% and types of
nanoparticles material (Ag, Cu, Al,O3; CuO, TiO,) have been analyzed. A comparison
between clear fluid and a nanofluid containing Cu nanoparticles with concentration of
4% is also carried out.

Profiles of dimensionless velocity and temperature at C,=0.04 are presented in
Figs. 2 and 3 in comparison with clear fluid. An addition of nanoparticles inside the
clear fluid leads to the velocity reduction due to a growth of the dynamic viscosity,
while temperature increases. Meanwhile, it is clear in Fig. 3 that the thermal bounda-
ry layer of nanofluid increases in comparison with clear fluid [7].
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Fig. 2. Velocity profiles for clear fluid and Cu-water nanofluid at C,=0.04.
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Fig. 3. Temperature profiles for clear fluid and Cu-water nanofluid at C,=0.04.
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Table 1 describes results for reduced skin friction parameter of nanofluids for
various C, in the range 0-4%. The reduced skin friction number increases with higher
value of concentration. Due to greater thermal conductivity, Cu-water and Ag-water
nanofluids have the highest value of reduced skin friction number as compared to
other nanofluids. The reduced Nusselt numbers are performed in Table 2. With lower
thermal conductivity of TiO,, TiO,-water nanofluid shows a smaller reduced Nusselt
number. The higher concentrations of nanoparticles lead to a growth of the average
Nusselt number. In the case of CuO-water nanofluid with C,=0.04, reduced Nusselt
number increases by 7% as compared to clear water.

Table 1
Comparison of results for reduced skin friction number C, :—(1_1)2,5 f "(m = 0) for var-
ious C,.
C, Cu CuO Al,0, Tio, Ag
0.0 0.4738 0.4738 0.4738 0.4738 0.4738
0.01 0.4757 0.4756 0.4748 0.4744 0.4762
0.02 0.4777 0.4775 0.4756 0.475 0.4788
0.03 0.4799 0.4795 0.4766 0.4756 0.4815
0.04 0.4821 0.4815 0.4774 0.4762 0.4844

kn
Comparison of results for reduced Nusselt number Nu=——-0'

(n = 0) for various C,.

kf
Cy Cu CuO AlLO, Tio, Ag
0.0 0.9777 0.9777 0.9777 0.9777 0.9777
0.01 0.9937 0.9940 0.9939 0.9909 0.9934
0.02 1.0095 1.0001 1.0102 1.0043 1.0093
0.03 1.026 1.0272 1.0267 1.0177 1.0255
0.04 1.0425 1.0441 1.0430 1.0312 1.0418
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OLEHKA BJIMAHUA COBMECTHBIX TOBABOK HAHOIIOPOIIKA
ALN, IIOJIYYEHHOI'O IVIASMOANHAMMNYECKHUM CIIOCOBOM, "
MUKPOHHOTI'O ITOPOIIIKA Y203 HA KOHEUHBIE CBOMCTBA
KEPAMMWKH, OCHOBAHHOM HA MTPOMBIIIIJIEHHOM ITOPOIIKE ALN

MU, I'yxos, ‘NN [[TaneHKOB, AL [Hummepman
L2 ToMCKHiT TONTMTEXHAYECKHIT YHUBEPCUTET
SHUH, DIIII, 'rp. 5A4]]

Beenenne

AKTyallbHOUN 3a7a4yeil CHJIOBOW M MHUKPORJIEKTPOHUKH SIBJISIETCS YBEJIMYECHUE
3¢ heKTUBHOCTH paccestHus Teria [1]. OgauM u3 HanboJsee pacnpoCTPaHEHHBIX CIIO-
co0OB paccesHMsI TEeIUla SIBIISIETCA €ro OTBOJ 4epe3 MOMJIOXKKY. PaHblie B KauecTBe
MaTrepuaia TeIIO0TBOIAIIEH MOAJIOKKN UCTioab30Bainu BeO, koTopelit 0051a1aeT BbI-
COKMMH 3HAYCHHUSIMH TCTUIONPOBOJHOCTH M JUDJICKTPHUSCKONH KOHCTAHTHI [2], HO m3-
3a €ro BBICOKOW TOKCHUYHOCTH OT HETO OBUIN BBIHYKJIEHBI OTKa3aTbcs. Ceiiuac 3Haun-
TEJIbHO PacIpOCTPAHEHbI KEPAMUUECKUE MOI0KKH U3 HUTPUIA ATFOMUHUSI, KOTOPBIN
MMOMUMO BBICOKHMX 3HAUYE€HHMU TEITIOMPOBOJAHOCTH U JAUAJIEKTPUUYECKON KOHCTAHTHI CO-
BEPIIICHHO HE TOKCUYEH [3].

N3BecTHO, YTO AJig MOJYYEHHUsS] BBICOKOIJIOTHOW KepaMUKU Ha ocHoBe AIN
MOKHO HMCTOJIB30BaTh MOAU(PUIIUPYIONIUE H00aBKH (700aBKH, aKTUBUPYIOIINUE CIIie-
KaHHe, JOOABKU PACKHUCISIIONIMX (TOPUCTHIX COCAMHEHHUH PEIKO3EMENbHBIX METall-
JIOB, YIJIepOJa WM aKTUBHBIX METAJJIOB, OKCHUJOB WTTPUS, MarHus W KaJIbLUs).
Hanbonee yacTo mcmonap3yeMo U3 HUX sSBIsSETCS J00aBKa okcuaa uUTTpus. Kpome
TOTO, CUMTAETCS, YTO Jaxke HeOOobImas 100aBKka HAHOMOPOIIIKA MOXKET 3HAYUTEIHHO
yIIy4IIIaTh CBOMCTBA 00BEMHBIX MaTepuanoB. CylIecTBYIOT pa3udHbIE CIIOCOOBI TO-
Jy4EeHUs] HAHOTOPOIIKOB: TEPMOJIN3, 30JIb-T€Jb METO/I, JIIEKTPOXUMHUECKUNA METOJ,
MJIa3MOXUMHUYECKHEe MeToAbl. [locnennue u3 HUX 001aAar0T CIECAYIOMUMU MPEUMY-
IIECTBAMU: BBICOKAsi CKOPOCTh MPOTEKAHUS PEaKIMK, HU3KUE dHEPro3aTpaThl, BHICO-
KHE JIOCTUTaeMbl€ SHEPreTUUYECKUE MapaMeTphl B MPOIIECCE CUHTE3a U BBICOKAsi CKO-
pocTh oxyakaeHus. OJHUM U3 TaKUX SIBISETCS METOJ| IJIa3MOJIMHAMUYECKOTO CHH-
T€3a Ha OCHOBE UMITYJIbCHOTO CHJIbHOTOYHOT'O KOAKCHAJILHOTO MarHUTOILIa3MEHHOTO
yckoputens (KMITY) [4], pazpaborannoro B HU TITY.

B nannoit pabote paccMmaTpuBaeTCsl BIMSHUE COBMECTHBIX JT00ABOK HAHOIIO-
pOIIIKa HUTPHUIA ATIOMUHUSA, TIOTYYEHHOTO TUIa3MOIMHAMHYECKUM CIIOCOO0M, U KOM-
MEpUYECKOr0 MOPOIIKAa OKCHUJA UTTPUSI HA KOHEUHBIE CBOMCTBA KEPAMUKH, OCHOBAH-
HOM Ha npoMbinuieHHoM mopoiike AIN mapku TY-1.
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