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Abstract: This study investigates mixed convection heat transfer of a non-Newtonian fluid within a finned triangular cavity containing a
horizontally oriented, rotating cylinder with a circular cross-section. The cylinder, maintained at a high temperature, rotates at a constant
speed, while the cavity walls are kept at a cold temperature. This configuration is significant for applications in cooling technologies and
materials processing. Unlike previous studies that primarily focused on simpler geometries, this work uniquely examines the effects of varying
blockage ratios in a finned triangular cavity, a less explored configuration. The analysis considers key parameters such as cylinder rotation
speed (Re = 1, 5, and 10), thermal buoyancy intensity (Ri =0, 1, 2, and 3), fluid viscosity (characterized by the power-law index, n=0.6, 1,
and 1.6), and blockage ratio (8 = 0.12, 0.24, and 0.36). Numerical simulations were performed using the finite volume method to solve the
governing equations, with Ostwald’s law modeling the fluid’s rheological properties. Results show that increasing the blockage ratio stabilizes
the flow, suppressing counter-rotating regions around the cylinder and reducing the heat transfer rate by more than 30%. Additionally, a
decrease in the fluid’s power-law index enhances heat transfer from the hot cylinder. These findings provide valuable insights for optimizing

thermal systems.
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1. INTRODUCTION

Heat transfer in fluids with complex rheological properties is a
growing area of research due to its critical role in industrial applica-
tions such as energy storage, cooling technologies, and material
processing. Non-Newtonian fluids, particularly those with power-
law characteristics, exhibit unique thermal and flow behaviors, mak-
ing them essential for optimizing engineering systems. Mixed con-
vection, which combines forced and natural convection effects, is
especially significant in systems with confined geometries and ro-
tating components.

Numerous studies have advanced our understanding of non-
Newtonian fluid dynamics and heat transfer. For instance, laminar
forced convection around two heated cylinders in a square duct has
shown that cylinder spacing and the power-law index significantly
affect flow structure [1]. Pore-scale simulations using the thermal
lattice Boltzmann method have demonstrated that porosity and per-
meability enhance thermal conductivity in porous structures [2].
Natural convection in trapezoidal enclosures has revealed that ge-
ometry influences heat transfer, with the aspect ratio affecting tem-
perature distribution and flow patterns [3]. Studies of magnetohy-
drodynamic (MHD) double-diffusive natural convection in crown en-
closures have highlighted the role of magnetic fields in altering flow
structure and improving heat transfer [4]. Additionally, investiga-
tions of natural convection in shallow horizontal rectangular cavities
heated from below have shown that the Nusselt number increases
with the power-law index as buoyancy forces dominate [5].

Research on vertical cavities subjected to horizontal tempera-
ture gradients indicates that increasing temperature differences
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enhances heat transfer rates [6]. Mixed convection in lid-driven
square cavities has demonstrated that thermal performance varies
significantly with the interaction between fluid motion and the mov-
ing lid [7]. Similarly, studies of mixed convective heat transfer in
square enclosures using higher-order finite element methods em-
phasize that heat transfer strongly depends on the flow regime and
enclosure geometry [8]. Other work on mixed convection of non-
Newtonian fluids in square chambers with discrete heating config-
urations highlights the impact of heating arrangements on flow and
thermal performance [9].

Investigations into specific configurations have also provided
valuable insights. For example, double-diffusive effects in Casson
fluid flow past wavy inclined plates have shown how temperature
and concentration gradients influence heat transfer [10]. Skewed
lid-driven cavities have been found to enhance convective heat
transfer under certain conditions [11]. Studies of power-law fluids
and magnetic fields in staggered porous cavities have revealed a
significant reduction in heat transfer rates when these factors are
combined [12]. The arrangement of cylinders in flow fields has been
shown to critically affect heat transfer efficiency [13]. Furthermore,
hybrid nanofluids in 3D lid-driven chambers under magnetic fields
have demonstrated improved thermal performance and reduced
entropy generation [14]. Finally, research on tandem circular cylin-
ders in cross-flow at low Reynolds numbers has indicated that prox-
imity significantly affects flow patterns and heat transfer [15].

Nanofluids, with their enhanced thermal properties due to na-
noparticle inclusion, have also been extensively studied. The role
of curved fins in shaping flow patterns and analyzing entropy gen-
eration in buoyancy-driven magnetized hybrid nanofluid transport
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has been investigated, offering insights into thermal management
[16]. Magnetically driven hybrid nanofluid transport in micro-wavy
channels has demonstrated potential applications in MEMS-based
drug delivery systems [17]. Studies on buoyancy-driven magnet-
ized hybrid nanofluids in discretely heated circular chambers with
fins have shown the importance of heat source configurations on
hydrothermal performance [18].

Further research on natural convection and MHD effects in alu-
mina nanofluids within triangular enclosures equipped with fins has
emphasized the role of geometry in enhancing heat transfer perfor-
mance [19]. Investigations into thermal modes of obstacles within
triangular cavities have advanced the understanding of Al,O5-wa-
ter nanofluid transport mechanisms [20]. Similarly, buoyancy-driven
MHD hybrid nanofluid flow in circular enclosures with fins has pro-
vided strategies for optimizing heat transfer in complex systems
[21].

The development of numerical methods has further enriched
this field. Studies on nanofluid convection heat transfer in renewa-
ble energy systems have highlighted its potential to improve energy
efficiency [22]. The interaction of magnetic fields with heat transfer
processes has been explored, shedding light on convection under
MHD conditions [23]. Research on cavity design has emphasized
its critical role in optimizing heat transfer performance [24]. The ef-
fects of heat source placement on natural convection in enclosures
have also been examined, offering strategies to enhance thermal
management [25]. Additionally, the thermal behavior of complex
systems influenced by cavity design has been thoroughly investi-
gated [26].

Despite these advances, the study of mixed convection in non-
Newtonian fluids within finned triangular cavities remains underex-
plored, particularly in the presence of rotating cylinders. Fins are
widely used in engineering systems, such as heat exchangers and
cooling devices, to enhance thermal performance by increasing
surface area and influencing flow behavior. Previous studies have
demonstrated that fins significantly improve heat transfer and flow
dynamics in buoyancy-driven and mixed convection systems [27].

Building on these insights, the current study investigates the
effects of mixed convection in a finned triangular cavity containing
a horizontally oriented, rotating cylinder. The analysis focuses on
the effects of blockage ratio (f=d/L), Reynolds and Richardson
numbers, and the rheological properties of power-law fluids on flow
and heat transfer. Numerical simulations, conducted using the finite
volume method, provide detailed insights into the interaction of
these parameters, contributing to the optimization of energy stor-
age systems, cooling technologies, and industrial processes. By in-
tegrating and expanding existing knowledge, this study bridges
gaps in the literature and offers a novel perspective on mixed con-
vection in power-law fluids, laying a foundation for future advance-
ments in thermal management.

2. PHYSICAL PROBLEM AND MATHEMATICAL
FORMULATIONS

Fig. 1 illustrates the computational domain used for this inves-
tigation. It consists a rotating horizontal cylinder inside a finned tri-
angular cavity.

The ratio of cylinder diameter d to the side length of the trian-
gular cavity L defines the blockage ratio (B = d/L), it takes three
values, § =0.12, 0.24 and 0.36. The cylinder has a hot temperature
Th and rotates in a counterclockwise direction (Q), while the trian-
gular cavity remains at a cold temperature Tc (Tn > Tc). The space
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between the cylinder and the triangular cavity is assumed to be
filled with power law fluids. Three values of the power-law index (n)
were considered (= 0.6, 1 and 1.6).

Fig. 1. Diagrammatic representation of the problem

Mixed convection occurs when both natural and forced convec-
tion mechanisms are involved in heat transfer. In this study, the ro-
tation of the cylinder generates forced convection, while the tem-
perature difference between the cylinder's surface and the cavity
drives natural convection. The Reynolds number controls the rota-
tional speed of the cylinder, while the Richardson number defines
the relative contribution of forced versus natural convection. Four
Richardson numbers are considered: 0, 1, 2, and 3.

The assumptions of laminar and non-Newtonian flow, steady-
state conditions, mixed convection, and constant fluid properties
are adopted in this study. The equations of continuity, momentum,
and energy, subject to the Boussinesq approximation and neglect-
ing dissipation effects, are first presented in their dimensional form
as follows [1]:

The equation of continuity:

du
™ + E =0 (1)
The equation of momentum along the x-direction:
d(uw) | dww) Frxx | Tyx
ﬂx+dy_ ﬁx+(ﬁx+ﬁy) @)
The equation of momentum along the y-direction:
owv)  0ww) _ b (Pxy | Fyy
dx+ﬂy—ﬁy+(ﬁx+ﬁy) 3)
The equation of energy:
ar ar a%r  9°T
pcp(u;+vg)=k(ﬁ+ﬁ) (4)

To generalize the analysis, these equations are rewritten in di-
mensionless form using the dimensionless variables [28]:
The equation of continuity:

ot Wt

T =0 (5)
The equation of momentum along the x-direction:
(2 P (P 2 L (x| Tox
u(ﬁx*)+v (dy*)_ dx*+Re(dx*+ﬁy*) (6)
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The equation of momentum along the y-direction:

. (2 (PN o (T ’}‘f_%)
u (a”x*)+v (ﬁy*)_ ﬁy*+Re(z}‘x*+0"y* +

R; XT* 7
The equation of energy:
w(5) v () = (G +55) ®

Re and Pe are the Reynolds and Peclet numbers, Ri is the
Richardson number, and u* and v* are the fluid dimensionless ve-
locities in the x+ and y= directions. Dimensionless pressure and
temperature are represented by the numbers p* and T+, respec-
tively. The following represents the dimensionless variables [28]:

x*=x/d,y*=y/d,u* =u/(2 xd),and

v =v/(2 xXd) )
p =p/p@xd)?, T* = (T —Tc)/(Tn — T¢) (10)
Pe = Re X Pr (11)

The following equation represents the power-law fluid's behav-
ior [28]:

TL'j = 27’]$L'j (12)

where the viscous stress tensors and the rate of deformation are
represented, respectively, by &;; and 7;;. Furthermore, for power-
law fluids, the fluid viscosity, denoted by 7, is defined (in dimen-
sional form) as follows [28]:

n-1
r=m(®)) "
where I, is the second invariant of the rate of deformation tensor,
m is the consistency index, and n is the power-law index. A fluid
that is shear-thinning is represented by n < 1, a Newtonian limit by
n = 1, and a shear-thickening fluid by n > 1. The following equation
gives I, in Cartesian coordinates [28]:

(&) =2(3) +2(3) +[5)+ @) (14
Generally, Grashof number and Richardson number for power
law fluids are computed as follows [28]:

Gr = gBraTd® (£ (@yin)’ (15)

. _ gPrard® _ Gr
Ri= (@xd)? ~ Re? (16)

where p, g, and B, are the density of the fluid, the gravitational
acceleration and volumetric expansion coefficient, respectively.
The average Nusselt number, or Nu, is calculated by integrating
local values along the surface area of the inner cylinder A. The fol-
lowing are Nu's average and local values [28]:
aT*

1
Nu, = (W)wall , Nu= Zfs Nu,dA (17)

3. NUMERICAL PROCEDURE

The current study was conducted using ANSYS-CFX, a com-
mercial computational fluid dynamics (CFD) software, to
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numerically simulate the system. This software converts the gov-
erning equations of heat transfer and fluid dynamics into an alge-
braic form, which are then solved using the finite volume method.
For numerical simulations, ANSYS-CFX was employed, utilizing a
high-resolution scheme for the convective terms and the SIMPLEC
algorithm to handle the pressure-velocity coupling. A calculation er-
ror threshold of 107® was set for both thermal and fluid dynamic
equations to ensure convergence accuracy. The mesh required for
the simulations was generated using Gambit. After importing the
mesh into CFD-Pre, boundary conditions were defined and applied
to the problem domain. For visualization and post-processing, in-
cluding the generation of contour plots, CFD-Post was used to an-
alyze and present the simulation results.

The numerical method employed in this study ensures high ac-
curacy and reliability in solving complex heat transfer and fluid dy-
namics problems. Using ANSYS-CFX with a high-resolution
scheme minimizes numerical diffusion, while the SIMPLEC algo-
rithm provides efficient pressure-velocity coupling. The finite vol-
ume method and a convergence criterion of 107 guarantee solu-
tion stability. Unlike analytical methods, which are limited to simpli-
fied geometries, this approach handles complex domains and non-
linear interactions with flexibility. Additionally, it is less resource-in-
tensive than experimental approaches and allows for comprehen-
sive analysis. The integration of Gambit for mesh generation and
CFD-Post for visualization ensures efficient data processing and
high-quality results, making the method suitable for diverse engi-
neering applications.

The accuracy of the numerical simulation is strongly influenced
by the number of grid elements, making the selection of an optimal
mesh density crucial (Fig. 2). A grid independence test was there-
fore performed to determine the appropriate mesh size, as shown
in Table 1. Three different mesh densities were tested, with each
mesh used to calculate the Nusselt number for the heated body
under conditions of n=1.6, Re =10, Ri=2 and f = 0.12. The results
confirmed that mesh M2 is optimal, as it produced Nusselt values
comparable to those of the denser M3, indicating that further refine-
ment would not significantly impact the resullts.

Fig. 2. The structure of the grid used for the calculations

Fig. 3 illustrates the convergence behavior of residuals for the
case where Re =5, Ri =0, n = 0.6, and B = 0.12 in the numerical
simulation. Fig. 3(A) presents the Root Mean Square (RMS) resid-
uals for mass continuity and velocity components (u, v) over
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accumulated time steps, while Fig. 3(B) depicts the RMS residual
for energy. The residuals exhibit a consistent decrease and stabi-
lize below the convergence threshold of 107, confirming success-
ful numerical convergence.

The accuracy of the numerical model has been validated
through comparisons with the studies by Kuehn and Goldstein [37]
and Matin and Khan [38], which investigated buoyancy-driven flow
between two concentric cylinders. Fig. 4(A) illustrates the effect of
Rayleigh number (Ra = Pr - Gr) on the Nusselt number at Pr = 0.71
and n = 1, showing a strong agreement between our results and
the reference data. So that the maximum value of the difference
between the experimental and numerical results is less than 1%.
Additionally, a second comparison was conducted to assess the
influence of the non-Newtonian behavior of the fluid, specifically the
effect of the power-law index n. For this purpose, results were com-
pared with those of Matin et al. [39], as shown in Fig. 4(B) at Pr =
100 with a blockage ratio of 0.25. The results high-light the impact
of the power-law index on the Nusselt number, again confirming
good agreement. Fig. 4(C) shows a comparison test between pre-
sent results and the results of [31]. The results are about the natural
convection between two cylinders. Fig. 4(C) presents a good agree-
ment.

Tab. 1. Grid independency test forn =1.6, Re = 10, Ri=2 and f = 0.12

acta mechanica et automatica, vol.19 no.2 (2025)

Mesh Elements Nu Difference CPU Se-
% conds
M1 130,000 3.41930 1.478 622
M2 260,000 3.36876 0.011 1021
M3 520,000 3.36913 - -
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Fig. 3. Residual Convergence forRe =5, Ri=0,n=0.6 and § = 0.12
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Fig. 4. Validation tests
4. RESULTS AND DISCUSSION

This section provides a detailed presentation and discussion of
the streamlines, isotherm contours, and the average Nusselt num-
ber for varying values of the power-law index (n), Reynolds number
(Re), and Richardson number (Ri).

Three cases are analyzed based on the blockage ratio ( = d/L):
a blockage ratio of 0.12 for the first case, 0.24 for the second, and

224c



Youcef Lakahal, Houssem Laidoudi

DOI 10.2478/ama-2025-0027

Buoyancy-Driven Flow and Forced Flow of Complex Fluid Within a Triangular Chamber with a Rotating Body

0.36 for the third. In each scenario, streamline and isotherm con-
tours illustrate the fluid flow and thermal patterns, respectively.

For the specified governing parameters of Ri (0, 1, 2, and 3),
Re (1, 5, and 10), and n (0.6, 1.0, and 1.6) with a fixed Pr = 50, the
Nusselt number (Nu) of the inner rotating cylinder is determined.
The selected parameter values are based on a previous study [28].

Mixed convection occurs when both forced and natural convec-
tion take place simultaneously. In this study, natural convection is

Ri=0

Ri=1

Ri=2

Ri=3

n=0.6

Fig. 5. Streamlines for the case of blockage ratio of 0.12 at Re = 5

224d

driven by the temperature difference between the inner cylinder and
the finned triangular cavity, while forced convection results from the
cylinder’s rotation. When Ri = 0, only forced convection is dominant.
As the Ri value increases, the buoyancy force, representing the ef-
fect of natural convection, also gradually increases. Meanwhile, the
rotational speed is directly related to the Reynolds number (Re).




DOI 10.2478/ama-2025-0027 acta mechanica et automatica, vol.19 no.2 (2025)

Ri=0

Ri=1

Ri=2

Ri=3

n=0.6 n=1 n=1.6

L.

Fig. 6. Streamlines for the case of blockage ratio of 0.12 at Re = 10
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4.1. Case No 1: a blockage ratio of 0.12 fact, the streamlines provide a thorough visualization of the particle
trajectory and flow fields to identify stagnant and counter-rotating
regions. The impact of Ri, n, and Re on the streamlines is displayed

The streamlines in the area between the finned triangular in Figs. 56,

cavity and the inner rotating cylinder are shown in Figs. 5 - 6. In

AAA
AAA
AAA
AAA

n=0.6 n=1 n=1.6

o ot oF o o™ of of o of ? WP

Fig. 7. Isotherms for the case of blockage ratio of 0.12 at Re =5
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Fig. 8. Isotherms for the case of blockage ratio of 0.12 at Re = 10

Following the rotation of the cylinder (Q), the flow appears to
rotate steadily in the space between the cylinder and the triangular
cavity for all values of Re (5 and 10) and power-law index (n = 0.6,

n=1 n=1.6

1 and 1.6) for Ri = 0 (pure forced convection). In the mixed convec-
tion state (Ri # 0), a closed counter-rotating region with two loops
forms on the right side of the space, while a closed counter-rotating
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region with a single loop appears on the left side.

As the Richardson number (Ri), representing buoyancy force,
and the Reynolds number (Re), indicative of rotational speed, in-
crease, the vortex structure on the left side of the domain expands
along both the x and y axes. In contrast, the two-loop vortex on the
right-side contracts with rising values of Ri and Re.

Additionally, an increase in the power-law index (n) further re-
duces the overall vortex size. For n = 0.6, the fluid is shear-thinning,
meaning that as shear stress increases, the dynamic viscosity falls.
As aresult, the fluid particles move easily. On the other hand, when
the fluid is shear-thickening (n = 1.6), that is, when the dynamic

viscosity increases with the shear stress, the flow becomes more
stable. The rotation of the inner cylinder on the right side induces
an upward flow of fluid particles, aligning with the direction of the
buoyancy force, thus creating a two-loop vortex on the right side of
the domain. Conversely, on the left side, the cylinder's rotation
counteracts the buoyancy force's influence on fluid particles, result-
ing in the formation of a single-loop vortex. These observed flow
characteristics in the mixed convection regime are fundamentally
governed by buoyancy forces, which play a pivotal role in vortex
formation.

() Re =1 (b)Re =5
sf s5F
4.5; 4_52
4F 4F
35F 35
2, 2 3 —%
25F 25F
2f 2k
15F f =
A |
0 0.5 1 1.5. 2 25 3 1 15 D 25 3
Ri Ri
(c) Re=10
— ®m n=06
5E —aA— n=1
: — ®— n=16
4.5F
af
3.5F %
s 3
Z :
25F
2F
15F
1M
Y-S B I S R Y S
Ri

Fig. 9. Values of Nu versus Ri and n: a) for Re = 1; b) Re = 5; and ¢) Re = 10

The thermal fields in the region between the inner rotating cyl-
inder and the finned triangular cavity are illustrated in Figs. 7 - 8,
using the same parameter values for n, Ri, and Re as in the prior
conditions. In the case of Ri = 0. Figs. 7 — 8 depict a uniform iso-
therm distribution in all directions. When Ri # 0, however, the ther-
mal distribution aligns with the fluid flow pattern. On the right side,
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where the two-loop vortex forms, the cylinder's rotation enhances
the thermal buoyancy effect, promoting efficient heat transfer. In
contrast, on the left side, fluid recirculation leads to an increase in
isotherm thickness near the rotating cylinder. This increase indi-
cates a reduction in the local temperature gradient. Overall, the di-
mensionless temperature gradient around the triangular block rises
with increasing Re and Ri but decreases as the power-law index n
increases.



DOI 10.2478/ama-2025-0027

Ri=0

Ri=1

Ri=2

Fig. 10. Streamlines for the case of blockage ratio of 0.24 at Re = 10

Fig. Qillustrates the variation in the Nusselt number (Nu) based
on the parameters Ri, n, and Re. For Re=1, the effects of the power-
law index n and Richardson number Ri on Nu remain minimal due
to the low particle velocity, resulting in reduced heat transfer rates.
However, at Re=5 and Re=10, the influence of n and Ri becomes
more pronounced. As expected, Nu increases with rising values of
Re and Ri; however, Nu decreases significantly when the fluid be-
havior shifts from shear-thinning (n=0.6) to shear-thickening
(n=1.6). This reduction occurs because the increased viscosity of
the dilatant (shear-thickening) fluid restricts the development of the
thermal boundary layer, impeding the temperature gradient,

acta mechanica et automatica, vol.19 no.2 (2025)

experimental observations [30] are in agreement with our findings.
4.2. Case No 2: a blockage ratio of 0.24

In this case, the ratio of the cylinder diameter d to the side
length of the triangular cavity L is set to 0.24. Fig. 10 illustrates the
effects of the Richardson number Ri and the power-law index n on
the streamlines at Re = 10. For all values of Ri and n, the stream-
lines closely resemble those in the initial case, with vortices growing
on both the right and left sides of the domain under mixed convec-
tion conditions (Ri # 0).
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Fig. 11. Isotherms for the case of blockage ratio of 0.24 at Re = 10
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The isotherms of the second case are shown in Fig. 11, the
results indicate an increase in the isotherm thicknesses around the
rotating cylinder for Ri # 0 due to the vortices growth of fluid mole-
cules.

The estimated values of Nu versus Ri, n, and Re for the second
case are shown in Fig. 12. The effects of the Richardson number
(Ri) and the power law index (n) on Nu for all Re values are con-
sistent with the findings of the first case, with Nu values reducing
by approximately 30%.

4.3. Case No 3: a blockage ratio of 0.36

In this case, the blockage ratio (B=d/L) is set to 0.36. Fig. 13
illustrates the streamlines for various values of Ri and n at Re=10.
The streamlines depicted in this figure differ from those observed
in earlier cases, as spaced vortices emerge in the corners of the

acta mechanica et automatica, vol.19 no.2 (2025)

triangular cavity. Additionally, the counter-rotational loops are
smaller compared to those in previous cases under mixed convec-
tion conditions (Ri # 0). This reduction in size is attributed to the
contraction of the fluid area resulting from the increased dimen-
sions of the inner cylinder.

The isotherms for this case are illustrated in Fig. 14, which in-
dicates a reduction in the thickness of the isotherms surrounding
the rotating cylinder for Ri # 0 in comparison to the previous two
cases. This phenomenon can be attributed to the development of
the streamlines discussed earlier.

The values of the Nusselt number (Nu) for this case, consider-
ing Ri, n, and Re, are presented in Fig. 15. Both Re and Ri positively
influence Nu. In the context of pseudoplastic fluids, the relation-
ships between Nu and the parameters Re and Ri are significant,
particularly when the viscosity is at its minimum. Notably, the Nu
values in this case are lower than those observed in the previous
cases.

(a)Re=1 (b)Re=5
4: 4
35F 35F
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35}
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Fig. 12. Values of Nu versus Ri and n: a) for Re = 1; b) Re = 5; and ¢) Re = 10
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Ri=0

Ri=1

Ri=2

Ri=3

Fig. 13. Streamlines for the case of blockage ratio of 0.36 at Re = 10

Fig. 16 presents a comparison of the Nusselt number (Nu) val- from the initial state to the final state. These observations are con-
ues for the three cases examined as a function of the Richardson sistent with a previous result [29], which show that higher blockage
number (Ri). The selected parameters are n=0.6 and Re=10. It is ratios stabilize the fluid flow and reduce the overall heat transfer
clear that in the mixed convection scenario involving power-law flu- rate.

ids, the heat transfer rate decreases significantly and progressively
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5. CONCLUSION

This paper presents a numerical study on the behavior of a non-
Newtonian fluid in a finned triangular cavity with a rotating, high-
temperature horizontal cylinder. The cavity walls are maintained at
a cold temperature. The study examines the effects of key param-
eters, including the power-law index (n), Reynolds number (Re),
blockage ratio (B), and Richardson number (Ri), on fluid flow and
thermal activity. The main findings are as follows:

— Increasing the blockage ratio stabilizes the flow by reducing
disturbances and counter-rotating zones, but it also decreases
the overall heat transfer rate;

—  Higher thermal buoyancy promotes recirculation zones and
vertical fluid motion, increasing the thermal activity around the
heated cylinder;

A higher Reynolds number enhances flow velocity and heat
transfer due to increased rotational speed;
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A larger power-law index (n) increases fluid viscosity, reducing
flow velocity and thermal activity;

Shear-thickening fluids with a high blockage ratio are suited
for thermal insulation, while shear-thinning fluids with a low
blockage ratio are ideal for cooling.

Nomenclature

A Surface area of the inner cylinder, m2
Cp Heat capacity of fluid, J kg K-1

d Diameter of the inner cylinder, m

L Side length of the triangular cavity, m
Gr Grashof number

g Gravitational acceleration, m s

Iy Second invariant function of strain rate tensor
K Thermal conductivity of fluid, W m- k-1

m Consistency index, Pa sn

Nu Nusselt number (average value)
Nu.  Nusselt number (local value)

n Power-law index

Pr Prandtl number

p Pressure, Pa

Re Reynolds number
Ri Richardson number
T Temperature, K

u,v  Velocity components along x and y directions, m s-!
X,y  Cartesian coordinates, m

Greek symbols

B Blockage ratio
Br Coefficient of volume expansion

n Dynamic viscosity, Pa s
p Density of fluid, kg m-3
T Stress tensor, Pa

0 Rotation speed, 1/s
Subscripts/Superscripts

c Cold
h Hot
* dimensionless quantity
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