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A computational study of laminar and steady heat transfer is carried out with copper (Cu)-water
nanofluid inside a lid driven cavity. Different conducting obstacles are placed at the optimum position for
which the maximum thermal transport occurs. The thermal performance of the Cu-H20 nanofluid is found
out at this optimum position with three different cylinder geometries (square, rectangular and circular), two
Richardson numbers (0.01 and 1), and three volume concentrations of copper nanoparticles (0 %, 3 % and
5 %) in water. The Prandtl and Grashof numbers are considered as 6.2 and 104, respectively. The fluid is
heated by placing a differential heater at the left wall. All the walls except the upper one are in a stationary
condition. The top moving wall, stationary bottom wall and the remaining portion of the left wall, where
there is no heater, are made insulated. The rectangular cylinder is placed at two different orientations (ver-
tical and horizontal). The results show that the shape of the cylinder contributes to a compelling role in effi-
cient heat transfer. For both Richardson numbers, the Nusselt number is maximum with the case where the
square-shaped cylinder is placed at the top left corner. The Nusselt number increases with an increase in

the percentage volume of nanoparticles and reduces with an increase in the Richardson number.
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1. INTRODUCTION

The flow inside a lid-driven cavity is of great im-
portance as all the phenomena that can occur in in-
compressible flows like the formation of eddies, motion
of chaotic particles, instabilities, transition, and turbu-
lence can be studied by utilizing this flow model. Sev-
eral studies related to fluid flow and heat transfer in-
side the cavity have been carried out numerically and
experimentally by considering different parameters
like aspect ratio of the cavity, geometrical shape, and
size of obstacle inside it and varying boundary condi-
tions. The eddy structures found in the shear driven-
cavity flow gives an insight into the behavior of such
structures in the manufacturing of fine polymeric com-
posites. The conventional fluids like water, mineral oil,
ethylene glycol have a very low thermal conductivity
which results in very low heat transfer. Hence,
nanofluid is developed by suspending nanoparticles to
conventional fluids to upsurge the conductivity of the
base fluid. The different locations of the heat source
inside the cavity were observed by Panigrahi et al.
(2019) [1]. They mentioned that the location of the
heater is a very important parameter in the heat trans-
fer in a confined cavity. Bora et. al. (2019) [2] observed
the thermal performance of silver nanofluid by efficient
thermal mixing incorporating the cylinder inside the
cavity. Daungthongsuk et al. (2007) [3] explained the
reason for enhancement in heat transfer by suspending
nanoparticles to base fluid. Kumar et al. (2018) [4]
observed the heat transfer enhancement by varying the
location of a conducting cylinder inside the cavity. The
location of the cylinder for which maximum heat trans-
fer is obtained was found out. The investigation carried
out by Billah et al. (2011) [5] with a heated hollow
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circular cylinder explains that the cylinder diameter
has a strong influence on the flow field, temperature
distribution, and on the solid-fluid thermal conductivi-
ty at the convective regime. The study conducted by
Khanafer et al. (2013) [6] in a lid driven cavity with a
circular body inside concluded that for dominantly
mixed convection, the average Nusselt number increase
with an increase in the radius of the cylinder for vari-
ous Ri. The results of Alinia et al. (2011) [7] showed the
enhancement of the heat transfer in the cavity and
causes significant changes to the flow pattern. Oztop et
al. (2008) [8] performed calculations for Rayleigh num-
ber (R.), position and height of the heater and found
that heat transfer increases with the increasing height
of the heater. Mina Shahi et al. (2010) [9] showed in a
square cavity partially heated from below that Nusselt
number increases with an increase in the value of na-
noparticle concentration (¢). Muthtamilselvan et al.
(2010) [10] studied the effect of aspect ratio and volume
concentration influencing the Nusselt number and flow
patterns in the cavity. Cheng (2011) [11] showed the
effect of flow pattern and heat transfer inside the cavi-
ty by both Richardson number and the direction of the
temperature gradient. The investigation conducted by
Fereidoon et al. (2013) [12] stated that the Nusselt
number increases with increase in ¢ for a constant Re..

A very few past works focused on the variation in
the shape and location of the cylinder. Earlier research
showed that the optimum location of the obstacle inside
the lid driven cavity is either top left or top bottom cor-
ner of the cavity. Based on this consideration the objec-
tive of present study is to analyze the heat transport
performance of nanofluid by varying the geometry of the
solid obstacles, percentage volume of C, nanoparticles,
and R;.

The results were presented at the International Conference on Innovative Research in Renewable Energy Technologies (IRRET-2021)
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2. METHODOLOGY

The square-shaped cavity of width L is filled with
Cu-water nanofluid, and it is assumed that the nano-
particles are uniformly dispersed. The diameter of the
nanoparticles is considered as less than 100 nm such
that nanofluid behaves like the single-phase fluid. The
thermo-physical properties of nanoparticles and the base
fluid (H20) are taken from Sharma et. al (2018) [13].

Two dimensional and steady continuity, momentum,
and energy equations are discretized and solved with
finite volume-based solver Fluent [14]. The governing
equations are made non-dimensional with the length
scale as the width of the cavity (L), the velocity of the lid
(Us) and the temperature difference between hot and
cold lid (AT = Tr — T¢). The solid obstacles with 3 differ-
ent geometrical shapes i.e., a square, circular, and rec-
tangular, are located at the different locations inside
the cavity. Two different orientations are considered for
the rectangular obstacles i.e., vertical and horizontal.
The isothermal top moving wall is moving with a con-
stant horizontal velocity U,. The two adjacent right and
the bottom walls are kept insulated and stationary. The
heater of finite length is located at the center of the left
wall (half the length of the wall) and heated isothermal-
ly. The remaining part is kept at the insulated condi-
tion. Fig. 1 shows the schematic of the domain with the
rectangular solid obstacles at the center with different
boundary conditions. The top and bottom wall of the
cavity is kept thermally insulated. The effective thermo-
physical properties of the nanofluid have been provided
as referred from Sharma et. al (2018) [13].
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Table 1 — Comparison of average Nusselt number with past

work
Ia (L) [15] Present study | Error %
1x10% 2.242 2.27 1.42
1x105 4.523 4.62 2.16
1x106 8.928 9.06 1.51

3. RESULTS AND DISCUSSION

The thermal performance of the nanofluid is ana-
lyzed by varying Ri, ¢, shape, and position of the con-
ducting obstacle. Three different shapes of the obstacle
1.e., rectangular, square and circular are placed at dif-
ferent corners in the cavity. The Grashof and Prandtl
numbers for the whole study are kept at 10¢ and 6.2,
respectively.
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Fig. 1 — Schematic of the domain with the different boundary
condition

The grid convergence study is carried out by consid-
ering different grid counts and observing variation in
average Nusselt number on the left cold wall. The total
number of mesh is varied from 3300 to 17600. Average
Nusselt number is considered as the parameter to ana-
lyse the convergence of heat transfer inside the cavity.
The obtained result converges for grid count more than
12600. It is necessary to validate the numerical models
adopted in this work. The average Nusselt number is
computed at the cold wall of cavity and the results are
validated against the study of De Vahl Devis (1983)
[15]. The present numerical model is tested for Ray-
leigh number variation from 104 to 108 and a good
agreement is achieved as shown in Table 1.
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Fig. 2 — Streamlines and isotherms for horizontal rectangular
obstacle placed at left and right sides

Fig. 2 shows the streamlines and the isotherms for
the horizontal rectangular obstacle placed at top right
and top left corners of the cavity which is found as the
optimized location for an obstacle for heat transfer en-
hancement. When the obstacle is placed on the left side,
the restriction in the vertical flow field produced and
lower velocity cause the flow to separate at R;=0.01.
The low R; signifies the dominance of inertial flow or
forced convection in the domain which also gives rise to
strong vorticity inside the cavity. As the @ increases, no
significant changes are seen in both streamlines and
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isotherms for all R; range. This can be understood by
the fact that the thermal properties like K and C, does
not affect the fluid flow directly, but the flow is continu-
ous for Ri=1 as there is no restriction to flow field in
the left side. When the obstacle is placed at the right
side two eddies at the two bottom corners and one near
the top wall can be seen for lower and higher R;, respec-
tively. The isotherms near the heated and cold wall are
relatively denser in the case of higher R;. For lower R;,
the maximum N, is obtained for the horizontal obstacle
placed on the left side due to forced convection. At
Ri=0.01, the bigger eddy circulating in the anticlock-
wise direction and closer to the bottom wall is ensuring
additional heat transfer to the cold wall. At the top due
to the presence of the obstacle flow is accelerated be-
tween the wall and obstacle and heat is transferred
mainly to the upper part of the cold wall. As a result,
the cold wall is differentially heated. At R; =1, only the
upper half of the cold wall is receiving more amount of
heat which can be inferred from the isotherm.
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Fig. 3 — Streamlines and isotherms for circular obstacles placed
on the left and right sides

Similarly, the flow physics can be explained for ver-
tical and horizontal rectangular, circular and square
cylinders. For R;=0.01, when the vertical rectangular
obstacle is placed near the left boundary, four eddies
are formed with two very close to the obstacle and oth-
er two at the two bottom corners but only three eddies
can be seen when the obstacle is kept at right side
because in case of later one circulation is uniform. For
Ri =1 irrespective of the location of the vertical obsta-
cle, only one eddy is formed. For R; =0.01 three eddies
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are formed in case of a circular obstacle at both the
locations. For R; =1 only one eddy is formed in both the
cases because natural convection is more predominant
and also due to uniformity in the flow field. For
Ri=0.01, when the circular obstacle is placed at the
left side minimum Ny is obtained due to the presence of
relatively bigger eddies at the center which restricts
the heat flow. If the square obstacle is placed at top left
corner of the cavity, the formation of a primary clock-
wise direction eddy can be seen at lower right corner
and left corner of the square obstacle at R;=0.01 and
Ri =1, respectively. For the location of square obstacle
at top right corner, the primary eddy shifts to left side
of the cavity. A significant change in the flow field is
seen by changing the location of the square obstacle.
The isotherms are similar for all the location at specific
Ri. The formation of two secondary corner eddies is
seen when the square obstacle shifts to the top left
corner. To determine the effectiveness of nanofluid in
heat transport, Nusselt number (V,) is one of the most
important parameters.
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Fig. 4 — Average Nusselt number of the cold wall at R;=1
when cylinder is placed at left and right side of the cavity

Fig. 3 shows the average N, calculated at the cold
wall for R; =0.01. NV, increases with an increase in ¢
and decreases with an increase in R;. N, for square
obstacle placed at the left side is less as compared to
the obstacle placed at the right side as the flow circula-
tion is disturbed due to the presence of large-sized
eddies at the center. The primary eddies are separated
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due to high inertia at low Richardson number. The
lower eddies cause the flow circulation to be confined
and prohibit the efficient mixing inside the cavity.
Thus, the temperature difference between the cold wall
and fluid reduces. Therefore, the significant reduction
in the Nusselt number is seen for the obstacles to be
placed at left corner as compared to the location at top
right corner of the cavity. The average Nusselt number
at the cold wall for all the obstacles at R; =1 are shown
in Fig. 4. In each case, for R; =1, the maximum N, is
obtained when obstacle is placed at the left side as
natural convection is predominant. Similar to the N,
value R;=0.01, the cases where the obstacles are
placed at the right corner has higher N, as compared
when placed at left wall.

4. CONCLUSIONS

The numerical study of a heated shear driven
square cavity with a nanofluid and locating four differ-
ent shapes of conducting obstacles is carried out for
Ri;=0.01 and 1. N, increases with an increase in ¢.
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3milraHa KOHBEKIIiad BCepequHi MOPOKHUHNU, aKa MicTuTh HaHopiguuy Cu-H:20,
3 OPOBIAHMMHY IWJIIHAPAME, PO3MIIIEHUMU B OIITUMAJIBHOMY HOJIOKEHHI

Bishwajit Sharma, Mayur Krishna Bora, Feroz Alam, Rabindra Nath Barman

National Institute of Technology Durgapur, West Bengal, 713209 India

OO0uncioBasbHe JOCTIPKEHHS JIAMIHAPHOIO Ta CTIMKOTO TEIIO0OMIHY MPOBOIWUTHCS 3 HAHOPIIWHOIO
migs (Cu)-Boa BcepenuHl MOPOMKHUHA 3 KPUITKOI0. Pi3HI IIPOBIIHI ITEPeITKOIH PO3MIIIEHO B OIITUMAJIEHOMY
TOJIOJKEHHI, 3a SAKOr0 Mae MICIle MaKCHUMAaJbHUM Temmooomin. TerioBi xapaxrepuctukn Hamopiguau Cu-
H:0 BusHauaoThCS B IBOMY OINITUMAJIBLHOMY IIOJIOMKEHH] 3 TPHOMA PIZHUMU T'eOMeTpisMu ImIHApa (KBaj-
paT, IpAMOKYTHHK Ta K0JI0), ZBoMa unciamu Piuapacona (0,01 ta 1) Ta TpboMa 06'eMHMME KOHIIEHTPAIIIA-
Mu HaHouacTHHOK Mimi y Bomi (0 %, 3 % 1 5 %). Yucna IIpamaraa ta ['pacroda BBaskamThesa piBHMM 6,2 Ta
104 BizmoBigHo. PiguHa HarpiBaeTbesa Ipy po3MilleHH] AudepeHIiaabHoro Harpisada 611 JIiBoi cTiHKT. Yl
CTIHKM, KpIM BepXHBOI, IIepe0yBalTh y CTALIOHAPHOMY CTaHl. BepxXHIO pyXoMy CTIHKY, HEPYXOMY HUKHIO
CTIHKY Ta 1HIILy YaCTHHY JIiBOI CTIHKH, e HeMae o0irpisada, 3po0JieHo yTelieHuMu. [IpaMoKy THUI [uiHIp
POSMIILYIOTh B OBOX PI3HMX OpieHTAIAX (BePTUKAJIBHINA TA TOPHU30HTAJIbHIN). Pe3yapTaty MOKa3yooTh, IO
dopma 1mTiHAPA POOUTH CBI BHECOK B edekTwBHHU TeriooOMin. Jlys o6ox uwmcen Piuappcona uwmciio
Hyccenbra e MakcumanbHUM y BUIAAKY, KOJIH IMJIHADP KBaAPaTHOL (pOpME PO3MINIEHNE Y BEPXHBOMY JIi-
BoMy KyTi. Ymcso Hyccenbra 3611bIIyeThest 31 301IBIIEHHAM MPOIIEHTHOTO 00'€éMy HAHOYACTHHOK 1 3MEHIITY-

eThes 31 301bIIeHHsaM uncyia Piyapsicona.

Kmiouori cnosa: Crpsorennii Teriooomin, Hanopimuua, [Toposkunnaa 3 kpumikoro, [Torik Bomu, Hamouac-

THUHKA.
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