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This paper provides a numerical inquiry of fluid flow and heat transfer in a horizontal
channel where the bottom is heated to maximize thermal systems such as electronic coolers
and heat exchangers. The impact of the inlet velocity ranging between 0.1 and 0.7 m/s was
studied using ANSYS/FLUENT simulations, where water was used as the working fluid.
The findings are in quantitative form, showing that an increase in the inlet velocity
improves thermal performance and facilitates more equilibrium temperature distributions.
In particular, the temperature increased at an inlet velocity of 0.1 m/s by 289.5 K at point
1 and 292 K at point 4, which is close to the heat source. This amplification was found to
increase further with higher velocities up to a high of 300 K at point 4 with an inlet velocity
of 0.7 m/s. The results obtained make it possible to come up with efficient temperature-
control systems by directly connecting flow dynamics and convective heat transfer

efficiency.

1. INTRODUCTION

Several technical implications depend on forced and free
convection cooling mechanisms [1]. The thermal performance
of these systems can be defined via the proportional impact of
buoyancy-induced flows and forced fluid motion, which
consequently result in complex flow patterns and heat transfer
characteristics, particularly in horizontal channel layouts.
Kennedy and Zebib [2] introduced the basic concept of the
flow interactions that inspected a single discrete heat source
between horizontal parallel plates and under mixed convection
conditions. This concept was further ascertained by Incropera
et al. [3] who studied heat transfer of single and arrays of flush-
mounted heat sources in a channel (rectangular) using water
and FC-77, consequently, offering essential information about
the convective cooling properties in channel flows.

Similar studies have also been done with respect to mixed
convection under horizontal channels, usually with geometric
tweaking to improve thermal performance [4-6]. There are
examples based on the experimental studies of the thermal
properties of longitudinal fins in a horizontal rectangular
channel under mixed convection with the great influence of
natural convection by Dogan and Sivrioglu [7, 8]. They found
in their parametric research, where fin geometry and heat flux
were varied, that fin spacing and height were two important
factors in determining optimal performance of a heat sink. In
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addition, they also came up with a correlation of Nusselt
number involving Reynolds number, modified Grashof
number, as well as fin parameters [9]. In parallel to this
experimental study, Mokhtari et al. [10] conducted a
computational fluid dynamics (CFD) simulation to assess the
total thermal performance of different fin designs in a
rectangular duct, giving numerical confirmation of a fin-
proved thermal performance.

The dynamics of interactions of surface radiation and mixed
convection in horizontal channels have also been studied in
detail [11]. Hidki et al. [12] numerically simulated mixed
convection in the presence of surface radiation in a vented
horizontal channel with three spherical sources of heat, and
showed that the thermal performance of the system was
optimized by an increase in Reynolds number and surface
emissivity. Related computational studies include Guo et al.
[13], who used Direct Numerical Simulation (DNS) to study
turbulent mixed convection of liquid metal (Pr = 0.025) in a
horizontal channel by systematically assessing how
Richardson number (Ri = 0, 0.25, 0.50, and 1.00) influences
turbulence budgets, mixing efficiency, and heat transport
parametrization. Their findings revealed that turbulent kinetic
energy in the viscous sublayer was rapidly dissipated, and this
is a unique process to low-Prandtl-number fluids under mixed
convection.

Recent studies are still improving the knowledge of flow
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manipulation in horizontal channels. Menni et al. [14]
analytically investigated forced convection of turbulent air in
a horizontal channel with the two arc-shaped baffles on the
bottom wall and with a heated wall. They compared baffles
directed to the channel inlet and outlet and realized that the
latter were better heat transfers by approximately 14% and
reached a higher bulk temperature. This is in line with a larger
range of research on baffled channels [15-22], all of which
investigate the effects of obstacles and baffle geometries,
including porous, diamond-shaped, perforated, Z-shaped, and
grooved baffles, on the solution of hydrothermal performance,
entropy generation, and an increase in the convective heat
transfer in channel flows.

Similar studies on cylindrical-based micro-/mini-channel
heat sinks (CMHSs) to cool cylindrical sources, including the
work of Zhao et al. [23] on thermal management of lithium-
ion batteries and the series of numerical and experimental
investigations of mini-channel oblique-finned channels by the
previous studies [24-28], also offer some insight into channel-
based cooling through a different geometry. Through these
studies, the channel number, channel inlet size, flow rate,
direction of flow, and secondary flow channels were studied,
and their impact on thermal performance and temperature
uniformity was studied.

There is also the study of magnetohydrodynamic (MHD)
flows, entropy generation, and special configurations, which
provide useful insights into coupled transport. As an example,
Nazeer et al. [29] examined the entropy generation in an
electro-osmotic flow of blood including nanoparticles in an
asymmetric channel, and Rashid et al. [30] and Hussain et al.
[31] examined the entropy generation in Ag- and Au-H,O
nanofluids over an exponential sheet. Akbar et al. [32]
examined the entropy generation in MHD flow using a ciliated
tube. These studies may be characterized by various physical
contexts; however, they are adding to the general knowledge
of convective transport and irreversibilities of fluid systems.

Returning to the case of horizontal channels containing
heating elements, Wong and Saeid [33] numerically examined
the cooled mixed convection at impingement of air jets over a
bottom-mounted heater, finding the insignificant influence of
porosity and inertial coefficient in the Darcy regime.
Experimental and numerical investigations of mixed
convection in fluid-superposed porous layers that were heated
at the bottom of the layer by Dixon and Kulacki [34, 35] gave
correlations of Nusselt number in terms of bed thickness,
Rayleigh-Darcy number, and Péclet number, finding a critical
Péclet number to a minimum Nusselt number in the onset of
mixed convection. A numerical study by Ozgen and Yasin [36]
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on the impact of the location of the heat source in the
horizontal porous channel determined that the greater the
buoyancy, the greater the complexity of the secondary cells
formed, which contributed greatly to the heat removal. Most
recently, Gibanov et al. [37] performed a three-dimensional
conjugate analysis of mixed convection in a horizontal channel
with heat-conducting ribs and a periodic heat source and found
that small ribs (h = 0.1 H-0.2 H) cannot effectively cool the
energy element.

Even further, the example of Ismail et al. [38] on the CFD
optimization of classifier blades in coal pulverizers, although
of an industrial nature, exemplifies how numerical simulation
can be used to make the system more efficient, a
methodological approach that can be considered parallel to the
present study.

Based on this comprehensive and specialized literature, the
current study seeks to add to the existing body of numerical
studies a dedicated numerical study of the mixed convection
in a simple horizontal channel setup with a heated bottom wall.
Particularly, the paper explores how the velocity at the inlet
(0.1-0.7 m/s) varies impact variable inlet velocity on detailed
temperature distribution and heat transfer efficiency with
ANSYS/FLUENT simulations. The current research delivers
a critical understanding of velocity-sensitive convective
performance in a simple geometry layout by the development
of point-wise thermal and fluid dynamic data considering a
velocity interval. In turn, this would offer essential
information on the design of the optimised thermal
management systems.

2. PROBLEM DESCRIPTION AND MATHEMATICAL
FORMULATION

Figure 1 demonstrates a representation of the geometry of
the device utilised in the present research, signifying the layout
of the horizontal channel and locations of the tested points.
Figure 1 comprises the heated source positioned at the bottom
of the channel, which endorses an energetic role in impacting
the fluid flow and heat transfer features. The recognized tested
points are deliberately located to permit for inclusive data
collection on temperature and velocity distributions via the
channel, which facilitates a systematic analysis of the thermal
performance under various inlet velocities. This introductory
perception of the device's layout is critical to deduce the
consequent findings and thoughts demonstrated in the current
research.

‘Water
Inlet

g Outlet 20 mm

5 mm I“ * Heat source ‘ .‘

60 mm

Figure 1. A schematic diagram of the device’s geometry and tested points



2.1 Governing equations

The research depends on fundamental equations to model
both fluid movements and thermal transfer operations in the
channel. The continuity equation presented in Eq. (1)
demonstrates mass conservation through its statement about
the time derivative of density and the divergence product of
density with velocity, which evaluates to zero. The momentum
equation presented in Eq. (2) describes how momentum acts
as a conserved quantity in this system because it includes both
velocity changes from inertial forces and pressure gradients
together with viscous forces and gravity body forces. The
energy equation presented in Eq. (3) details fluid energy
conservation through its examination of fluid thermal energy
by specific enthalpy and heat conduction properties from
thermal conductivity. These equations create a complete
analytical system to analyse fluid and heat behavior changes
in the channel [39-43].

dplot +V (p.V) =0 (1)
0 (pv)ot+V (p.V)=—VP+puV2V + p.g+S 2)
0/t (p.H) +V (p.V.H)=V.(K.VT) 3)

2.2 Materials

Table 1 provides the thermophysical characteristics of the
working fluid used in this research, namely water. Among the
properties enumerated are viscosity, density, specific heat, and
thermal conductivity. These are important for modelling the
fluid dynamics and the thermal couplings incorporated in the
numerical simulations performed within the
ANSYS/FLUENT environment [44].

Table 1. Thermo-physical properties of water at 289.5 K

Properties Water
Viscosity (kg/m s) 0.001003
Density (kg/m?) 998.2
Thermal conductivity (W/m k) 0.6
specific heat (J/kg k) 4182

Figure 2 illustrates the configuration of the mesh model
utilised in the numerical simulations conducted in this research.
CFD relies heavily on the mesh because it segments the
computational domain into discrete parts to perform
mathematical calculations of fluid flow and heat transfer
conditions. The illustration shows the grid design that details
the precise mesh organization and spacing intended for the
exact representation of fluid-heated surface behavior. The
mesh structure needs to be properly designed because it
determines the accuracy of results while ensuring grid
independence and numerical solution convergence in
ANSYS/FLUENT.

Figure 2. Configuration of the mesh model
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2.3 Grid independence and validation tests

The simulation results under an inlet velocity of 0.1 m/s at
point 1 are demonstrated in Figure 3. The results of CFD
simulations depend significantly on mesh size, and therefore,
this test plays a vital role in such analyses. The research
compares mesh configuration outcomes to select stable and
consistent results, which would ensure that upcoming
simulations remain unaffected by mesh resolution choices.
The simulation results will be dependable for further analyses
because the chosen mesh configuration exhibited a successful
grid independence test, which specifically demonstrated
accurate flow and thermal characteristics without introducing
numerical errors.

The comparison of temperature results in Figure 4 matches
well the numerical results of Dogan and Sivrioglu [7] at
different inlet speed levels. Specifically, Figure 4 shows the
temperature data points at positions 1 and 4, which represent
the current work and Dogan and Sivrioglu [7]. The numerical
and experimental data establish that an increase in the inlet
velocity can cause a reduction in the temperature, which
depicts dissimilar patterns.

292
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Figure 3. Grid independency test for V1 =0.1, V2= 0.1 m/s
at point 1
T at point (4) current study
T at point (4) Dogan and Sivrioglu
T at point (1) current study
400 T at point (1) Dogan and Sivrioglu
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Figure 4. Contrast of simulation and experimental results of
Dogan and Sivrioglu [7]
3. RESULTS AND DISCUSSION
3.1 Case one (inlet velocity = 0.1 m/s)
Figure 5 shows the patterns of temperature distribution for

0.1 m/s of inlet velocity across different time intervals,
introducing how the thermal profile can evolve within the



channel over operational time. These patterns specify a slow
and gradual growth in temperature that ranges between 289.5
K and 292 K as the fluid moves along the channel. Initially,
the temperature distribution is comparatively identical;
localized heating happens near the heated bottom surface as
time progresses, causing greater temperatures in those areas.

Figure 6 depicts the velocity distribution patterns for 0.1 m/s
of inlet velocity across operational time, representing how the
flow features can progress within the channel. Indeed, the
velocity patterns are somewhat unchanging at the initial time,
with velocities not far from 0.1 m/s of inlet velocity. However,
the velocity patterns specify the growth of a velocity gradient
as time increases, predominantly close to the heated surface,
where the fluid experiences an acceleration as a result of
thermal expansion and buoyancy impacts. The optimum
velocities can be detected in the contours, which propose a
minor growth beyond the inlet velocity, demonstrating the
effect of heat transfer on fluid motion.

Figure 7 exhibits the temperature distribution at precise
points (1, 2, 3, and 4) along the channel for 0.1 m/s of inlet
velocity, which can highlight the thermal inclines experienced
by the fluid at these positions. The temperature varies between
289.5 K at point 1, which is quite close to the inlet, and 292 K
at point 4, positioned closer to the heated surface. The
temperature growth along the flow direction specifies an
active heat transfer from the heated surface to the fluid, with
point 4 being subjected to the maximum temperature as a
result of its nearness to the heat source.

3.2 Case two (velocity inlet = 0.3 m/s)

Figure 8 specifies the temperature distribution patterns for
0.3 m/s of inlet velocity against operational time. This
indicates how the thermal profile progresses as the fluid flows
through the channel. A more marked thermal incline can be
stated in a comparison to the lesser inlet velocity of 0.1 m/s,
with a range of temperature between 290 K at the inlet to 295
K close to the heated surface. The temperature patterns also
indicate that the fluid quickly absorbs heat with the increase of
operational time, causing greater temperatures, mostly at the
bottom surface where the heat is employed. The progress of
inlet velocity can consequently improve the convective heat
transfer, ensuing a more effective temperature growth within
the fluid.

The velocity distribution for an inlet velocity of 0.3 m/s
appears in Figure 9, which shows different time stages of flow
behavior inside the channel. At this 0.3 m/s inlet velocity
distribution, the flow obtained a better-shaped pattern and
maintained velocities near 0.3 m/s until the flow development.
The velocity contours display the emerging velocity gradient
next to the heated surface because fluid atoms gain speed from
thermal activity. The observed maximum velocities in the
contours reveal moderate velocity rises above the inlet
velocity, which demonstrates that heat transfer can enhance
the fluid motion.
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Figure 5. Temperature distribution patterns for 0.1 m/s OF inlet velocity against operational time
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Figure 6. Velocity distribution patterns for 0.1 m/s of inlet velocity against operational time
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Figure 7. Temperature distribution at different points (1, 2, 3,
4) for inlet velocity = 0.1 m/s

Figure 10 shows the temperature distribution at four specific
points (1, 2, 3, 4), which reveals the fluid thermal behavior
during its channel flow when the inlet velocity reaches 0.3 m/s.
The thermal measurement points show increasing temperature
values from 290 K near point 1, adjacent to the inlet, up to 295
K near point 4 next to the heated surface. The temperature
increases from point 1 to point 4 because the hot fluid
undergoes efficient heat exchange with the heated surface,
resulting in point 4, while having the maximum temperature
since it lies nearest to the heat source.

Temperature
Contour 1

316.398

! 313.098

314.748
£ 311.448

3.3 Case three (inlet velocity = 0.5 m/s)

An inlet velocity of 0.5 m/s produces temperature
distribution contour graphs that reveal fluid thermal changes
during the simulation period, as shown in Figure 11. The
contours depict significant temperature elevation since the
intake (point 1) measures 292 K, and then the temperature rises
to 298 K at point 4, which stands nearest to the heat source.
The improved heat transfer capabilities at high inlet velocities
lead to better mixing conditions and therefore increase the
temperature values throughout the fluid domain. The
temperature distribution becomes more consistent during
progressive time samples because the fluid successfully takes
in heat better than at lower velocity rates.

The velocity distribution inside the channel displays its
contours using Figure 12 for different time points while
representing the channel flow behavior. A fluid moves along
its streamlines through an area where velocity stays
approximately near the incoming flow rate at 0.5 m/s, but
shows slight velocity changes along the length. The velocity
distribution develops an amplified velocity gradient
distribution, which becomes most noticeable near the heated
surface after time has passed because fluid speed increases
through thermal effects. The maximum velocities observed in
the contours reach 0.55 m/s, which indicates an improved
convective heat transfer while flowing through the domain.
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Figure 9. Contours of velocity distribution for inlet velocity = 0.3 m/s at different times
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Figure 10. Temperature distribution at different points (1, 2,
3, 4) for inlet velocity = 0.3 m/s

Figure 13 displays the recorded temperature readings at
points 1, 2, 3, and 4 for testing with an inlet velocity of 0.5 m/s
to depict how the fluid heats up as it moves through the
channel. Point 1 in the channel measures 290 K, whereas point
4 near the heated surface shows 298 K temperature value. The
data reveal that the inlet temperature rises by approximately 8
K toward the heated surface, showing an effective heat transfer
because of the elevated inlet velocity. The experimental results
imply that elevated flow rates can lead to improved convective
heat exchange, which enables fluid heat absorption at a higher

Temperature

Contour 1
316.398
314.748

level compared to moderate velocities.
3.4 Case four (inlet velocity = 0.7 m/s)

The temperature distribution contours presented in Figure
14 depict the thermal behavior of fluid interacting with the
heated surface under different time intervals for an inlet
velocity of 0.7 m/s. Temperature measurements show
important thermal elevation when inlet flow reaches 0.7 m/s,
since point 1 maintains 292 K while point 4 reaches just under
300 K adjacent to the heating element. The increased heat
transfer efficiency from higher velocity indicates that the fluid
in the flow path measures 8 K enhancement. Over time, the
temperature distribution becomes smoother, which indicates
that the fluid establishes a steady thermal condition rapidly.

Figure 15 shows how velocity distributions transform over
time within the channel when using an inlet velocity of 0.7 m/s.
The fluid near the inlet moves at a speed of 0.7 m/s, mainly
before it starts showing velocity variations because of thermal
effects and fluid contact at downstream positions. The fluid
shows minor acceleration as its movement speeds up to
approximately 0.75 m/s while approaching the heated surface.
More effective heat exchange occurs between the fluid and
surface because of the velocity boost that affects convective
thermal transfer.
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Figure 12. Contours of velocity distribution for inlet velocity = 0.5 m/s at different times
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Figure 13. Temperature distribution at points (1, 2, 3, 4) for
inlet velocity = 0.5 m/s

The thermal profile of the flowing fluid emerges through
Figure 16, which shows the temperature distribution at points
1, 2, 3, and 4 when the inlet velocity hits 0.5 m/s. The
measurement points demonstrate a steady temperature growth
from point 1 at 290 K until point 4 reaches 298 K. The flow
path temperature rises to about 8 K because the fluid
successfully transfers heat to the heated surface. The data
suggest that the moderate inlet velocity facilitates sufficient
thermal exchange, allowing the fluid to absorb heat effectively
while maintaining a relatively stable temperature gradient.

3.5 Compression of all cases

Using 0.1 m/s, 0.3 m/s, 0.5 m/s, and 0.7 m/s of inlet
velocities, Figure 17 contrasts the temperature distribution
across the tested cases, which illustrates the impact of flow
velocity on thermal performance. The outcomes indicate a
strong tendency for temperature increase as a consequence of
an increase in the inlet velocity. For example, at point 1, the
temperatures are 285 K for 0.1 m/s, 290 K for 0.3 m/s, 295 K
for 0.5 m/s, and 300 K for 0.7 m/s. This assures a growth of 15
K from the lowermost to the uppermost velocity case.
Correspondingly, the temperatures range between 290 K at 0.1
m/s to 298 K at 0.7 m/s at point 4, representing a growth of 8
K.

Figure 18 illustrates the comparison of velocity distribution
for all cases with variable inlet velocities of 0.1 m/s, 0.3 m/s,
0.5 m/s, and 0.7 m/s, highlighting how flow velocity affects
the overall fluid dynamics within the system. The outcomes
indicate that as the inlet velocity increases, the maximum
velocity within the flow also rises significantly. For instance,
at an inlet velocity of 0.1 m/s, the maximum velocity observed
is approximately 0.12 m/s, while at 0.3 m/s, it increases to
about 0.35 m/s. At 0.5 m/s, the maximum velocity reaches
around 0.55 m/s, and at 0.7 m/s, it peaks at approximately 0.75
m/s.
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Figure 14. Patterns of temperature distribution for 0.7 m/s of inlet velocity against operational time
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Figure 15. Patterns of velocity distribution for 0.7 m/s of inlet velocity against operational time
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Figure 16. Temperature distribution at points (1, 2, 3, 4) for
inlet velocity = 0.5 m/s

Figure 19 presents a comparison of the temperature
distribution at point 1 for all cases with variable inlet velocities
(0.1 m/s, 0.3 m/s, 0.5 m/s, and 0.7 m/s). The data reveal a clear
trend of increasing temperature with higher inlet velocities.
Specifically, at an inlet velocity of 0.1 m/s, the temperature at
point 1 is 285 K. As the inlet velocity increases to 0.3 m/s, the
temperature rises to 290 K. Further increases in velocity to 0.5
m/s and 0.7 m/s result in temperatures of 295 K and 300 K,
respectively. This indicates a total temperature increase of 15
K from the lowest to the highest velocity case at point 1.

Figure 20 compares the temperature distribution at point 2
for various inlet velocities (0.1 m/s, 0.3 m/s, 0.5 m/s, and 0.7
m/s). The results show that temperature numbers continue to
rise as the inlet velocity increases. When the inlet moves to 0.1
m/s, the measurement point 2 records a temperature of 290 K.

30 min.

As the inlet velocity increases to 0.3 m/s, the temperature at
point 2 measures 295 K. The hot air temperature measures 300
K when the draw speed rises to 0.5 m/s and reaches 305 K at
0.7 m/s. The velocity variations between cases 1 and 4 at point
2 led to a complete temperature ascent of 15 K.

The results in Figure 21 display how temperature values
measured at point 3 change according to variations of inlet
velocity from 0.1 m/s to 0.3 m/s to 0.5 m/s and 0.7 m/s. The
experimental results between different inlet velocities show
corresponding temperature elevations throughout the system.
Operation of the system at 0.1 m/s inlet velocity results in
point 3 measuring 290 K. When the inlet velocity reaches 0.3
m/s, the system experiences 295 K temperature elevation.
Point 4 temperature measurement indicates 305 K after raising
the velocity to 0.7 m/s. Experimental results highlight the large
temperature increase from 15 K that occurred at point 3 when
comparing its low and high flow velocity settings. Point 4
temperature distribution comparison reveals how different
inlet velocities (0.1 m/s, 0.3 m/s, 0.5 m/s, and 0.7 m/s) can
affect the system in Figure 22. A distinct pattern shows that an
increase in inlet velocity can result in elevated temperatures
according to the experimental data. A 0.1 m/s inlet velocity
produces 290 K thermal reading at point 4. A rise in inlet
velocity to 0.3 m/s produces a point 3 temperature
measurement of 295 K. The sensor at point 4 registers
temperature readings of 298 K when the inlet velocity is at 0.5
m/s and reaches 300 K during conditions of 0.7 m/s. An
elevated flow velocity leads to a 10 K rise in point 4
temperature, thus demonstrating superior heat-handling
capabilities.
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Figure 18. Comparison of velocity distribution for all the studied cases
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Figure 21. Comparison of temperature distribution for all
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4. CONCLUSIONS

This paper analytically explored how the inlet velocity (0.1
-0.7 m/s) influenced heat transfer and fluid movement in a
horizontal channel with a warm bottom lining. The most
significant conclusions, which are obtained based on
ANSYS/FLUENT simulations, are as follows:

1. There is a positive and direct correlation between
fluid temperature and inlet velocity at all the points
monitored. In particular, the temperature in the inlet
(Point 1) increased between the temperatures of 285
K at 0.1 m/s and 300 K at 0.7 m/s, or 15 K. At point
4 (close to the source of heating), the temperature rose
by 8 K, with a variation of 292 K to 300 K at 0.1 m/s
and 0.7 m/s, respectively.

2. Increased inlet velocities had a major positive effect
in increasing the efficiency of convective heat
transfer. This is demonstrated by the steeper
temperature gradients and the increased absolute
temperatures attained along the channel, more so at
points 3 and 4 as the velocity was increased to 0.7 m/s
from 0.1 m/s.

3. The flow field was adjusted to the rise in inertial
forces and buoyancy. The peak velocity in the
channel increased to 0.75 m/s with an inlet velocity
of 0.7 m/s, compared to 0.12 m/s with an inlet
velocity of 0.1 m/s, which means that the fluid was
mixing and becoming more energetic.

4.  Raising the inlet velocity to encourage a smoother
temperature contour throughout the channel cross-
section, and to allow the passage of a steady thermal
state to be reached, as seen in the time dependence of
the temperature distribution contours.

These findings indicate that the inlet flow rate modulation
is a suitable technique in managing thermal performance and
the realization of the target temperature distributions in other
similar channel-based thermal management systems.
Although this experiment aimed at studying water in a laminar
regime, it is recommended that future research ought to
examine the impact of turbulence and other working fluids,
including nanofluids, to continually maximize thermal
performance.
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NOMENCLATURE

ANSYS/FLU  software used for numerical simulations
ENT

CFD computational fluid dynamics

g gravitational acceleration, m/s?

Gr Grashof number, (-)

H specific enthalpy, J/kg

k thermal conductivity, W/m K

K Kelvin (unit of temperature)

Nu Nusselt number, (-)

Re Reynolds number (-)

P pressure, Pa

Pr Prandtl number

Ri Richardson number, (-)

S source term in the momentum equation, (-)



t time, s v dynamic viscosity of the fluid, kg/m s

T temperature, K \Y gradient operator (-)
v velocity vector, m/s

Greek symbols

p density of the fluid, kg/m?

114



	1. Introduction
	2. Problem Description and Mathematical Formulation



