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The turbulent airflow in a rectangular channel with two porous vertical baffles of 25%,
50%, and 75% porosity is investigated using the finite volume method and Fluent software.
The k-¢ turbulence model analyzes turbulence dynamics, adjusting boundary conditions
for varying inlet velocities. Key parameters, including turbulent kinetic energy (TKE),
dynamic pressure (DP), temperature variation (T), friction coefficient (Cf), Nusselt number
(Nu), and thermal enhancement factor (TEF) are evaluated at Reynolds numbers of 28,000
and 56,000. Findings indicate that at a Reynolds number of 28,000, the 25% porous ratio
maximizes energy transfer, while the friction coefficient peaks at the same ratio for a
Reynolds number of 56,000. Notably, the TEF reaches 1.4 at a 75% porous ratio for a
Reynolds number of 28,000. This research uniquely demonstrates the pronounced impact
of porous baffles on heat transfer and friction under different Reynolds numbers,

particularly highlighting the significance of baffle porosity in lower Reynolds number

regimes.
1. INTRODUCTION
1.1 Background information
Numerous researchers have investigated thermal

development using passive and active techniques. The passive
approach entails integrating vortex generators within heat
exchangers to generate streams of vortices across heat transfer
sections. These vortex streams instigate alterations in the
thermal boundary layer, serving as the principal mechanism
for enhancing heat transfer. Moreover, the vortex streams
promote fluid mixing, improving heat transfer efficiency.

In contrast, the active technique supplements the heating
process with external power to elevate the heat transfer rate.
Although the active method achieves heightened efficiency in
heat transfer, it concurrently escalates operational costs.

The passive technique for the present investigation has been
selected to improve thermal performance and increase the heat
transfer rate in the heat exchanger channel.

1.2 Literature review

Bekele et al. [1] studied the effect of delta-shaped baffles on
the surface of the air heater. The delta baffle is situated at 90°
relative to the absorber surface. In their study, the Reynold
number values are variable. Also, the height and longitudinal
placement of the delta-shaped baffles are varied. The best case
in their study showed a 3.6 times enhancement in the heat
transfer when Re = 7200, Pre = 3/2) and ¢H = 0.75.

Saim et al. [2] explored the effect of inclined baffles on the
heat transfer characteristics of solar air heaters. The baffles are

fixed at an angle of 5° relative to the absorber plate. The
channel has fixed baffles at both the top and bottom. The flow
rate varies from Re = 12,000 to 38,000. Their results indicate
that high wvelocities can be reached inside the channel,
enhancing the heat transfer rate.

Mokhtari et al. [3] numerically studied the effect of different
baffle models. Three models were used with the proper
boundary conditions. The baffles are placed on top of the
absorber plate. The baffle's orientation was changed based on
the angle of the baffle relative to the flow direction. Their
results show a 40 to 50% heat transfer enhancement in the
laminar regime and 15 to 20% in the turbulent regime.

Naik and Tiwari [4] examined how the placement of vortex
generators near fin-tube heat exchangers impacts their
performance. The vortex generators' angle of attack was
changed from 15° to 60°. Also, the Reynold number was
varied from 2000 to 4000. More than 37% was enhanced
compared to the case with no vortex generators.

Promvonge and Skullong [5] experimentally studied the
effect of punched winglet corrugation shapes. The winglets
had two shapes: delta and elliptical. The circular punches in
the winglet were varied in four sizes. The flow rate was varied
as Reynold number from 4000 to 25000. The results were
compared with solid delta and elliptical winglets. It was shown
that the punched delta winglet had the best thermal
performance enhancement factor of 2.17.

Menni et al. [6] numerically studied modern V-shaped fins
fitted along a solar duct air heater. The study focused on
varying the fin’s angle of attack, length, separation length, and
flow rate. The optimum case was shown with the 40° angle of
attack with a thermal enhancement factor of 2.163 when the
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flow rate is high.

Alshwairekh [7] conducted a computational fluid dynamics
study on novel two-term sine-wave corrugations. The
corrugations were used in a flat plate heat exchanger. The
sinewave can be produced with different amplitudes and
frequencies. The findings showed that utilizing double sine
wave corrugations can result in a 20% improvement in the
Nusselt number and a 15% reduction in the friction factor.
Also, the results suggest that low amplitude and low frequent
corrugations will yield a better thermal enhancement factor.

Medjahed et al. [8] numerically studied the effect of
inserting two T-shaped vortex generators in a solar channel
heat exchanger. One is at the upper wall, and the other is at the
bottom wall. The upper and bottom walls are fixed at constant
temperatures. The paper's results indicated that the best
thermal rate was obtained with the highest Reynold number.
However, the pressure drop that occurred was significant.

Zhang et al. [9] studied both numerical and experimental
investigation of the effect of ribs and vortex generators on the
heat transfer inside a rectangular channel. The study looked at
four different types of ribs and vortex generators. The flow rate
varies as Reynold's number varies from 20000 to 10000. Also,
the winglet vortex generator was compared with the
tetrahedral vortex generator. The paper's results show that the
common flow-down winglet vortex generator showed the best
thermal performance at all Reynold numbers.

Salhi et al. [10] numerically studied the effect of partially
inclined baffles with variable height and changing the number
of baffles on the heat transfer rate inside channels. The flow
inside the channel is forced convection of air. The paper's
results indicate that the heat transfer rate is enhanced by 59%
with a Reynold number of 10,000 and that the height of the
baffle is 3 cm. Also, increasing the baffle height with a high
Reynold number will increase the heat transfer rate.

Batista et al. [11] numerically analyzed heat transfer
behavior and fluid flow in an air-to-water fin and tube heat
exchanger. They used winglet-type vortex generators on the
air side to promote air mixing. Three different values of attack
angles were used for the wiglet vortex generator. The delta-
winglet downstream configuration with a 30° attack angle
proved the best case regarding the heat transfer and pressure
drop ratio.

Brahimi et al. [12] numerically studied the cooling of
microprocessors by attaching air-cooled channels to them. The
channel is filled with obstacles to promote mixing and enhance
heat transfer. Square, trapezoidal, and triangular obstacles
with different angles of attack were used. The results showed
that the triangular case had the best cooling with a high Nusselt
number and not an excessive pressure drop.

Brodniansk and KotSmid [13] performed numerical and
experimental assessments on a wavy-shaped heated channel
equipped with cylindrical vortex generators. They used the
interferometry method to visualize the temperature field, and
all the flow field properties were visualized using Ansys
Fluent. The results showed that inserting cylindrical vortex
generators is feasible in increasing the heat transfer while
maintaining a relatively low-pressure drop.

Shlash and Kog [14] numerically studied the use of three
different kinds of vortex generators in channels. Triangular,
hale circle and quarter circle shapes have been used. The effect
of the step height and the flow rate were changed to study their
impact. The results show that the quarter circle shape had the
best thermal-hydraulic performance at 4 mm step height.

Alwatban and Aljabr [15] numerically studied the inclusion
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of two obstacles along a channel with non-identical lengths.
Sixteen cases of different sizes were studied with constant
flow rates. The main results show that when the length of the
second baffle is half the length of the first one, the thermal
enhancement factor increases by 3%. The authors state that the
obstacles should not be the same length.

The literature review above reveals that a considerable
amount of experimental and numerical research has been
conducted to investigate using longitudinal vortex turbulators
to improve heat transfer. However, published studies are
scarce exploring unique arrangement techniques for turbulent
airflow within a rectangular cross-section channel equipped
with two porous vertical baffle plates. This study aims to
investigate the utilization of vortex generators for analyzing
TKE, DP, T, Cf, Nu and TEF by incorporating two porous
vertical baffle plates with varying porous ratios of 25%, 50%,
and 75%. The research examines two distinct Reynolds
numbers: 28,000 and 56,000.

2. MATHEMATICAL MODEL

The analysis assumes a two-dimensional, incompressible
flow field, employing air as the working fluid with consistent
physical properties. To effectively resolve this flow scenario
through numerical methods, the essential governing equations
encompass those governing continuity, momentum, and
energy.

The incompressible flow under steady conditions is
governed by the equation for mass conservation.
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The equation for turbulent kinetic energy (k) is as follows:
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The equation for turbulent kinetic energy (¢) is provided as
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The definition of Reynolds-number that was used in the
calculations based on the following:
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where, dj, is the hydraulic diameter of the channel, diameter
and it is defined as:
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The skin friction coefficient (Cy):
21,
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The friction coefficient (f):
(AP/L)dy
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2PV’
The local Nusselt number:
dy
Nu, = h, — (12)
ky
Nusselt number:
1
Nu = Zf Nu,dx (13)
The Petukhov correlation:
_ _ 2
fo = (0.79InRe — 1.64) (14)

for 3 x 10°<Re <5 x 10°
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The Dittus-Boelter correlation:

Nuy = 0.023 Re®8Pr%* for Re > 10* (15)
Thermal Enhancement Factor (TEF):
TEF = (Nu/Nuo)/(f/fo)'"* (16)

2.1 Geometry

Figure 1 illustrates the two-dimensional channel model,
displaying the sizes of the two porous vertical perforated baffle
plates located at the upper and lower walls of the channel. In
this model, the channel measures 554 mm in length, 146 mm
in height, and 193 mm in width. Two perforated vertical
baffles with varying porosity ratios are employed. In all cases,
the baffles maintain a height of 80 mm and a thickness of 10
mm. In Case (a-b), the dimensions are set as follows: s = 12
mm, e = 5 mm, with the total area of rectangular porosity
comprising 25% of the baffle height. Case (c-d) features a 50%
ratio, with s = 8 mm and e = 10 mm, while Case (e-f) adopts a
75% ratio, with s =4 mm and e = 15 mm. The upper baffle is
positioned 218 mm from the channel inlet, while the lower
baffle is located 174 mm from the exit. Both baffles are
parallel and separated by a horizontal distance of 142 mm
across all three cases. Based on prior research, these baffle
positions are chosen using solid vertical baffles or perforated
plates [16-18]. Table 1 includes detailed information about the
three cases for this research.

Upper wall

0.174m

0.146m 0.218m

=)
sO
Oe
m}
a 0.142m
0.08m

poooo

Lower wall

0.554m

Figure 1. Schematics of the channel containing porous
baffles and the dimensions

Table 1. Summary of three cases under study

Case Re s ¢ (mm) s Total e Total Baffle Height
(mm) (mm)  (mm) (mm)
b0 1 s 50
iso0 8 10 0 50
Psoon 4 a3 20O 50

2.2 Numerical model

Simulations are carried out using two different flow rates,
resulting in Reynolds numbers of 28,000 and 56,000. The
method examines the variations in velocity profile, skin
friction coefficient, pressure drop, temperature, and turbulent
kinetic energy within the analyzed channel. The inlet of the
channel has fixed boundary conditions with constant values.

u= Uin
v=_0
Ti;n =300 K (17)
kin = 0.005 Uizn
Ein = 0.1 klzn



The outlet of the channel has fixed boundary conditions
with constant values.
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The upper wall of the channel has fixed boundary conditions
with constant values set.

( u=20

v=20

T=375K (19)
k=0
e=0

The lower wall of the channel has fixed boundary conditions
with constant values set.

( u=20
v=20

T = 0,Adiabatic (20)
k=0
e=0

The numerical model developed for fluid flow and heat
transfer in the channel is grounded on several crucial
assumptions. The model assumes that fluid properties remain
constant throughout the domain and that velocity and
temperature profiles are uniform at the channel’s inlet.
Moreover, it disregards body forces, viscous dissipation, and
radiation heat transfer as negligible factors.

2.3 Mesh generation and validation

To mitigate the impact of grid distortion on the numerical
solution, the quantity of mesh elements underwent adjustment
from 10,000 to 60,000, incremented by 10,000. The influence
of altering the density of elements on the mean axial velocity
along the vertical axis at x=0.3 for case (f) is illustrated in
Table 2 for a Reynolds number of 56,000.

Table 2. Variation of the average velocity case (f) at x=0.3 m
for Re=56,000

Number of Elements  Average Velocity (m/%)

10,000 4.78
20,000 4.80
30,000 4.81
40,000 4.82
50,000 4.82
60,000 4.82

Following the mesh investigation detailed earlier, a uniform
count of 40,000 elements was adopted for all cases. Figure 2
displays the mesh configuration encompassing the channel's
entrance, two porous vertical baffles, and the channel's exit for
case (f). This code has been previously employed in our earlier

work by Alwatban and Othman [19], wherein validation
against the experimental findings of Demartini et al. [20]
demonstrated remarkable consistency.

Figure 2. Sample of the mesh for the geometry with porous
baffles

3. RESULTS AND DISCUSSION

This section explores the influence of porous ratios on
various parameters such as TKE, DP, T, Cf, Nu, and TEF at
two distinct Reynolds numbers (28,000 and 56,000).

Figure 3 illustrates the stream-wise velocity contours for all
cases. For a porosity ratio of 25% in case (a-b), it was observed
that the maximum velocity values were reached at the top
section of the second baffle and the bottom section of the first
baffle for both Reynolds numbers. A similar trend was
observed with higher values at Re= 56,000. The maximum exit
velocity was approximately 5.22 m/s for Re=28,000, while it
increased to 11.35 m/s at a Reynolds number of 56,000 (more
than 217%). Velocity values downstream of the rectangular
holes for each baffle were also recorded to be higher, and these
values increased with increasing inlet velocities. The presence
of baffles altered the streamlines, with the first baffle directing
the flow field into contact with the insulated lower wall,
resulting in decreased pressure after the first baffle. It was
observed that the length of the vortex was more affected by
increasing the Reynolds number.

In case (c-d) with a porosity ratio of 50%, vortices were still
observed below and above the first and second baffles,
respectively. However, these vortices' intensity was
significantly lower than those observed in cases (a-b). The
maximum exit velocity reached 6.92 m/s for an inlet velocity
0f 4.9 (Re=56,000), while it was only 3.48 m/s for Re=28,000.

The effect was minimal in case (e-f) with a porosity ratio of
75%., and the maximum exit velocity reached 5.39 m/s for the
higher Reynolds number. The presence of perforated baffles
with different porosity ratios did not influence the dynamic
behavior of the flow. However, the axial velocity increased
with increasing inlet velocity values. Increasing the Reynolds
number increased the axial flow velocity, as shown in Table 3.

Table 3. Summary of the axial velocity values for the three
cases under study

Case Re Wi, (M/S)  Ugyit max (I/S) Uexit max /uin
a 28,000 2.45 522 2.13
b 56,000 4.90 11.35 2.32
¢ 28,000 2.45 3.48 1.42
d 56,000 4.90 6.92 1.41
e 28,000 2.45 2.83 1.15
f 56,000 4.90 5.39 1.10

Figure 4 depicts the vertical velocity contour plots along the
channel at Re = 28,000 and 56,000 for the three cases under
investigation. The vertical velocity diminished as the flow
approached the first baffle. Additionally, it was observed that



in case (a-b), a sizable recirculation zone existed. Nevertheless,
negative values were also noted downstream of the two baffles
of varying sizes. In contrast, the velocity profile almost
dropped to zero at the bottom of the channel. The upper
perforated plate baffle induced a zone of negative velocities
near the center of the channel. Increasing the Reynolds number
extended the recirculation region. The region with the highest
vertical velocities was situated upstream of the second baffle,
affixed to the channel's bottom wall. It was observed that
currents flowed positively toward the upper side of the channel.
Moreover, the figure clearly illustrates that a large area was
susceptible to rapid flow around the holes of each baffle. The
vertical velocities at their maximum and in the negative
direction showed values that were lower than the velocity
contours in the axial direction. These observations were
consistent across all three cases, with diminishing intensities
as the porosity ratio increased and Reynolds number values
decreased. For both Reynolds number values, it was revealed
that the vertical velocity reached its maximum value at the
second porous baffle near the upper wall of the channel. In
contrast, its minimum value occurred at the first baffle near the
bottom wall of the channel.

x — velocity
m/s
8.00
7.63
725
6.8
6.50
6.13
575
538
500
463
425
E 388
3.50
313
275
238
200

Flow
Direction

q

AR

r
-
—
—
-

Figure 3. Contours of the stream-wise velocity for all cases

Significant dynamic pressure values were detected at
various points within the channel walls. Figure 5 illustrates
high dynamic pressure values near the top wall above the
second porous baffle and the bottom wall below the first baffle.
Additionally, substantial values were observed downstream of
the rectangular holes. These dynamic pressure values
increased as the Reynolds number increased, correlating
closely with the axial velocity variation depicted in Figure 3.
The dynamic pressure values rose across gaps due to a reduced
flow area caused by obstacles.
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Figure 4. Contours of the vertical velocity for all cases
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Flow
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Figure 5. Contours of the dynamic pressure for all cases

The flow passes through gaps with elevated dynamic
pressure, generating robust cells for recirculation due to a
decline in dynamic pressure values on the rear surfaces of the
barriers. Figure 5 illustrates that the recirculation cells grew
taller, longer, and stronger as the Reynolds number increased.



Moreover, as the porosity ratio increased, the size of the
dynamic pressure zones expanded, albeit with reduced
intensity at the same Reynolds number values. Recirculation
cells behind obstacles lead to low mean velocity (V) values
(see Figure 3). Mean velocity values increased towards the
upper and lower edges of the top and bottom baffles,
respectively, owing to high dynamic pressure.

Figure 6 illustrates three distinct regions showcasing the
variation in turbulent kinetic energy with both porosity ratio
and Reynolds number values. The first zone, extending from
the channel inlet to the first porous baffle, exhibits relatively
minor turbulence levels with a nearly constant value; in the
second region, located between the two porous vertical baffles,
turbulent kinetic energy peaks at the bottom of the upper baffle
and perforation exits. The distribution of turbulent kinetic
energy is noteworthy near the channel's exit, representing the
third region. As depicted in the figure, turbulent kinetic energy
peaks at the center of the channel beneath the top baffle and
spans nearly the entire channel upstream and downstream of
the second porous baffle for the 25% porosity case (a-b) at a
Reynolds number of 56,000. Conversely, turbulent kinetic
energy values are lower in other parts of the channel. The
figure indicates that higher Reynolds numbers increase kinetic
energy for all three cases under investigation, particularly
downstream of each baffle. The intensity and size of turbulent
kinetic energy zones decrease with increased porosity ratio.
These values are minimized for case (e-f) at a Reynolds
number of 28,000. The observed trend in turbulent kinetic
energy closely resembles the findings of Algahtani et al. [21].

Turbulence
Kinetic
energy

mZ

2
' 5.00
. 4.71
F 442
F4l2
F383
£ 353
F324
E 295
E 2.65
F 236
£ 2.06
FLTT
F 148
11§
0.89
0.59

0.30
Flow

Direction

Figure 6. Contours of the turbulent kinetic energy for all
cases

Figure 7 illustrates the variation in air temperature as it
traverses through the channel. The channel's upper wall was
kept at a temperature of 375 K, and it was assumed that the
lower wall and all baffles were insulated. It was observed that
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the 25% porosity case (a-b) exhibited a broader zone of
temperature gradient along the top wall and downstream of the
upper baffle compared to cases (c-d) and (e-f). The addition of
baffles greatly improves heat transfer by encouraging mixing
and separating the boundary layer within the channel. This is
the main way to enhance heat transfer in this system. An
additional influential aspect is the ongoing formation of
boundary layers and the dissipation of wakes. The changes in
temperature closely match the patterns of axial velocity and
dynamic pressure shown in Figures 3 and 5.

The ensuing discussion encompasses an analysis of heat
transfer characteristics, including the normalized skin friction
coefficient, absolute and normalized Nusselt numbers, and
thermal enhancement factor. Table 4 presents the variations of
these parameters at two Reynolds number values, 28,000 and
56,000, across the three cases under investigation: 25%, 50%,
and 75% porosity ratios. The findings unveiled that as the
porosity ratio increased, the normalized Nusselt number
decreased. Moreover, the Nusselt number was found to rise as
the Reynolds number values increased, which was consistent
with established knowledge. As Reynolds number values
escalate, the laminar sublayer thickness diminishes,
consequently enhancing heat transfer owing to the presence of
eddies and circulations induced by the baffles. Notably, the
second baffle at the bottom wall yielded the highest
normalized Nusselt number values, attributed to the
heightened flow velocity.

a)

Temperature
K

37370
F 369.09
£ 36448
£ 35088
350
350,67
£ 34606
F LS
E 336.89
KR
£ 3764
F 503
31842
31382
30921
30461
300.00

Flow
Direction

q

Figure 7. Contours of the temperature for all cases

The correlation between the friction coefficient, which
amplifies pressure drop, and increased heat transfer is
noteworthy. As depicted in Table 4, the normalized skin
friction coefficient rose with higher Reynolds number values
for identical porosity ratios. The highest recorded value, 35.77,
was observed in case (a-b) at a Reynolds number of 56,000.
Conversely, the normalized skin friction coefficient values



decreased with rising porosity ratios, with the lowest value,
2.39, noted in case (e) at a Reynolds number of 28,000. The
intermediate zone between the baffles exhibited elevated
values due to a recirculation zone.

Thermal enhancement factor (TEF) values surged with
increasing porosity ratios but declined with escalating
Reynolds numbers across all examined cases. Strengthened
recirculation lengths were observed due to heightened thermal
gradients at maximum velocity. The study highlights the
preference for a porosity ratio of 75% (case e), as it yielded a
1.79 times increase in TEF compared to case (a) at a Reynolds
number of 28,000.

Table 4. Summary of the N—u, ﬁ, and TEF variations for all
Nus™ Cfs
cases
Case Re  Nu NU/p, y ;. TEF
S
a 28,000 172.79 2.40 29.22  0.78
b 56,000 281.90 2.25 3577 0.68
¢ 28,000 146.32 2.03 8.29 1.00
d 56,000 226.26 1.80 9.68 0.85
e 28,000 134.66 1.87 2.39 1.40
f 56,000 193.64 1.54 242  1.15

The rise in friction factor value resulting from the utilization
of baffles can be attributed to the dynamic pressure dissipation
of the fluid stemming from the increased surface area and flow
obstruction. Generally, recirculation or reverse flow induces a
significantly more significant friction factor increase than
axial flow. Moreover, friction is generated through the
expansion of the interaction area and dynamic pressure
dissipation.

4. CONCLUSION

This study conducted a numerical examination of flow and
thermal characteristics within a heat exchanger featuring two
porous vertical baffle plates with three varying porosity ratios:
25%, 50%, and 75%. The dimensions of the baffles were set
consistently at 80 mm in height and 10 mm in breadth across
all cases. The analysis entailed solving differential equations
for a two-dimensional channel using the finite volume method.
The turbulence dynamics were elucidated by implementing the
k-g turbulence model through Fluent software. Adjustments
were made to the boundary conditions of the inlet velocity
field to evaluate the system comprehensively. The study aimed
to investigate the influence of porosity ratios on TKE, DP, T,
Cf, Nu, and TEF for two distinct Reynolds numbers (28,000
and 56,000). A mesh study was conducted to determine the
consequence of the result. The number of elements was
selected to be 40,000. The experimental data exhibited
excellent comparability, confirming the model's validity.

The study reveals that at a Reynolds number of 28,000, the
highest energy transfer is achieved with a 25% porous ratio,
while at 56,000, the friction coefficient peaks with the same
ratio. For a Reynolds number of 28,000, the thermal
enhancement factor (TEF) is maximized at 1.4 with a 75%
porous ratio (case e), indicating that the baffles have a more
significant effect at lower Reynolds numbers. A notable
correlation exists between increased friction coefficients and
enhanced heat transfer. The normalized skin friction
coefficient increases with Reynolds number, reaching 35.77 in
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case (a-b) at 56,000, but decreases with higher porosity ratios,
with a minimum of 2.39 in case (¢) at 28,000. TEF values rise
with higher porosity but fall with higher Reynolds numbers.
Overall, a 75% porosity ratio (case e¢) offers the most
significant improvement in TEF, with a 1.79 increase
compared to case (a) at a Reynolds number of 28,000.

Based on the findings of the current numerical simulation
study, there are several recommendations for future research.
These suggestions encompass, but are not limited to, the
following:

1. The Reynolds numbers should be varied to cover a wider
range of velocities at the inlet.

2. Instead of straight baffles, angled baffles could be used
by altering their shape.

3. Additional baffles could be included within the same
channel dimensions by adjusting the dimensions between the
baffles.
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NOMENCLATURE

u  fluid velocity in x-direction [m/s]

v fluid velocity in x-direction [m/s]

hy channel hydraulic diameter [m]

L channel height [m]

W channel width [m]

H  channel height [m]

s baffle porosity [m]

P pressure [Pa]

T  temperature [K]

Re Reynolds number [-]

T  temperature [K]

U  fluid velocity [m/s]

ks thermal conductivity [W /mK]

h, convection heat transfer coefficient [W /m?2K]

Pr  Parndlt number

Nu, local Nusselt number of baffle’s channel

Nuy Nusselt number of empty channel

fo  friction coefficient of empty channel

f  friction coefficient of baffle’s channel

TEF Thermal Enhancement Factor

Greek letters

p  density [kg/m3]

W;  molecular viscosity

7,,  shear stress at the wall [N /m?]

W;  molecular viscosity [Pa.s]

Uy  turbulent viscosity[ Pa.s]

¢, turbulent constant

o,  turbulent constant

&,  turbulent constant

G,. turbulent constant

G,. turbulent constant
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