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ABSTRACT: This paper deals with an experimental investigation of the heating effect of a vertical open
channel on the behavior of the resulting flow of thermosiphon with thermal plume generated by a hot block
localized at the entry of a prallelepipedic channel. The active heater of the plume of rectangular form is
maintained at a constant temperature 300 °C only along top wall of the block. Joule effect is used to
isothermally heat internal walls of the channel. Consequently, the heating of this one causes the propagation of
a thermosiphon flow which interacts with that of plume. A constant current anemometry (CCA) method is
adopted to handle the study, which has been conducted for Prandtl number and Grashoff numbers at 0.71 and
0.86 107, respectively. Results were reported for different channel heating from 34 to 80 °C. It is concluded that
the channel heating is the significant parameter affecting average and turbulent thermal and dynamic fields of
the resulting flow. The analysis of average characteristics shows that the interaction between thermal plume
and thermosiphon becomes weaker as increasing the channel heating. It is found an enhancement of flow rate
and energy absorbed by the fluid with increasing the temperature of channel internal walls. Results of turbulent
characteristics of the flow show an attenuation of the turbulence intensity close to top of hot block as increasing
the channel heating. The examination of dynamic turbulence rates and transversal repartitions of thermal and
dynamic skewness and flatness factors proves a considerable homogenization of fine structure of the resulting
flow at the channel exit for higher heating of this one thus indicating the turbulence establishment.
KEYWORDS: thermal plume, thermosiphon flow, interaction, heating channel, average characteristics,
turbulent characteristics.
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I. INTRODUCTION

Thermal plume evolving in free and semi-confined/confined environment is one of the preferred
solutions to control several problems encountered in nature and industry. This natural convection flow plays a
very interesting role in several applications, such as forests fires, environmental pollution, tornado, industrial
chimneys thermal exchanger, thermal design of buildings and many others [1-5]. For this reason, a great number
of researches related to free thermal plumes or their interactions with neighboring environment are presented.

Various researchers are investigated experimentally and numerically free thermal plumes generated by
hot sources of different forms disc/spherical calotte/rectangular block/cylinder/plate... [6-16]. They concluded
that average and turbulent fields of the ascending flow are divided in two different zones. Upstream of the
heater, a first zone is characterized by significant temperature and velocity. Downstream, a second zone is
described by plume lateral expansion where the establishment of thermal and dynamic turbulence of the flow. In
this region, it is found that the behavior of free thermal plume is independent of the geometry of hot source just
far from of this one. Furthermore, they showed that the flow rate and the heat flux absorbed by the air increase
as move away from the active heater.

In reality, the thermal plume interacts with various obstacles which are in the vicinity. So, this flow
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kind can be communicated with a semi-confined environment delimited by one or several
plan/cylindrical/spherical walls. Literature reviews shows that this interaction is classified mainly in three
category; interaction plume-wall, plume-plume and plume-thermosiphon. In order to understanding complexes
mechanisms of phenomenons generated by this communication, a small number of investigations are carried
out. For example, Y.Jaluria [17] experimentally studied the interaction of a thermal plume with a neighboring
vertical surface. It is prove that the flow is strongly deflected towards the surface. After, J.M.Agator [18]
performed an experimental investigation on the interaction between vertical plate and a turbulent thermal plume
generated by hot spherical calotte. He concluded that the structure of the flow is similar to that of free thermal
plume. It is noticed a dissymmetric behavior of thermal and dynamic turbulent fields owing to deviation of the
plume axis towards the wall. Thereafter, J.M.Agator [18] examined the interaction of two close identical thermal
plumes localized in the vicinity. It is demonstrated an intensification of entrainment phenomenon of fresh air in
the region between hot calottes. Using two hot flat discs, M.Brahimi [19, 20] is concentrated on the interaction
of two identical thermal plumes evolving in free environment. Results show a strong interference of plumes
downstream of active sources. Also, it is concluded that the temperature fluctuations of resulting flow are more
sensitive than those of the only plume. E. Moses et al. [21] performed an experimental analysis of the dynamics
and interactions of thermal plumes created by a localized heat source. The instantaneous visualization of the
resulting flow proves that the interaction of plumes becomes more intense as we move away from heaters.

A.0.M.Mahmoud et al. [22] are focused their investigation on the interaction of a thermal plume with a
thermosiphon flow. It is found a detection of a supplementary zone which adds to classical zone of a free plume.
This zone is described by the formation of two symmetrical counter-rotating rolls near the hot disc generator of
the plume. They concluded an intensification of heat flux absorbed by the air and flow rate inside the cylinder
than that of free thermal plume. After, J.Zinoubi et al. [23] investigated effects of geometrical parameters on the
behavior of resulting flow plume-thermosiphon into vertical cylinder. It is shown that the structure of the flow is
similar to that of free plume for disc-cylinder spacing equal to 6 cm. Experimental results demonstrate that
decrease of this spacing conduct to a fast homogenization of fluid at the cylinder exit and an increase of flow
rate of the flow. By studying a guided thermal plume by a vertical cylinder, J.Bouslimi et al. [24, 25] observed a
lateral expansion of the plume at the cylinder entry. In addition, it is found that evolutions of thermal and
dynamic flatness and skewness factors approach a Gaussian law particularly in turbulent regions of the resulting
flow. J.Zinoubi et al. [26] examined the interaction of a thermal plume with a thermosiphon flow inside a
vertical canal open a tends. For this configuration, the plume is created by an horizontal disc heated at a constant
temperature. The analysis of thermal and dynamic field shows the evolution of the resulting flow in three zones.
A contraction of the size of counter-rotating rolls is visualized. After that, A.O.M.Mahmoud et al. [27]
conducted an experimental study on the influence of different geometrical parameters on thermal and dynamic
characteristics of a generator of solar hot air. They noted that the heat flux absorbed by the air and the flow rate
of the flow plume-thermosiphon increase for a reduction of the disc-cylinder spacing and the cylinder height.
T.Naffouti et al. [28, 29] are interested to thermal plume generated by a rectangular hot obstacle placed at the
entry of a prallelepipedic canal. It is concluded that the average and turbulent structures of the plume are
affected by the thermosiphon flow. Flow visualization by laser plan and analysis of thermal and dynamic fields
show the appearance of a supplementary just above active source characterized by an impenetrable envelope. By
studying the effect of aspect ratio of vertical canal on average and turbulent characteristics of a thermal plume,
T. Naffouti et al. [30, 31] proved that for largest spacing, flow structure is similar to thermal plume evolving in
free medium. Also, it is demonstrated the existence of an optimum aspect ratio of canal characterized by
maximum of turbulent parameters governing the resulting flow of plume-thermosiphon.

Literature reviews show that the subject relating to the influence of heating of semi-confined medium
on the resulting flow of thermal plume-thermosiphon has not been discussed. For this reason, an experimental
investigation is carried out on the effect of various temperatures of vertical channel on the behavior of the
resulting flow thermal plume-thermosiphon. At the laboratory, a rectangular hot block heated at a fixed
temperature is localized at the entry of a vertical channel heated by joule effect. The present investigation can
conduct to better control phenomenons generated by the development of this natural convection in nature and
industry.

Nomenclature

b, Source width, m

b, Channel width, m

D Sensitive wire diameter, m

e Spacing between channel walls, m
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-ﬁ
Fa Thermal flatness factor, ( Fat =—)
( [T 12 )4
F
Fad Dynamic flatness factor, (F,, = )
( ,U 12 )4
-ﬁ
Fat Thermal skewness factor, (Fj, = )
( [T 12 )3
LF
Fad Dynamic skewness factor, (Fyy = ———)
( ,U 12 )3
g Gravitational acceleration, m.s™
-T,)b/’
Gr Grashoff number, (Gr= 94 (T, > )b )
1%
- NT?
I, Thermal turbulent intensity of the flow, (|, = ————)
Ts—-Ta
. _— Ju?
Iq Dynamic turbulent intensity of the flow, (1, = U—)
L, Channel Height, m
L, Source length, m
L, Channel length, m
L¢ Length of the sensitive wire, m
1%
Pr Prandtl number, (Pr=—)
X
T Average temperature, K
T, Temperature of the ambient air, K
T, Temperature of the hot source, K
To Temperature of the hot wall of channel, K
T Temperature fluctuation, K
i i * -Ta
T* Dimensionless temperature of the flow, (T *= )
Ts - Ta
T,-T,
T.* Dimensionless temperature of hot wall of channel, (Tp F=——)
S a
U Vertical average component velocity of the flow, m.s™
Uy Reference velocity, ( U, :\/g LT, -T,)b,) ms*
u Vertical average component velocity fluctuating of the flow, ms™
u* Dimensionless vertical average component velocity of the flow, (U *= U—)

0
(x,y,z) Cartesian coordinates

. . . X
X* Dimensionless coordinate, ( X *=—)
1

)

z
z* Dimensionless height, (Z *= N
2
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Greek symbols

Jij Thermal expansion coefficient, K™
14 Kinematic fluid viscosity, m2.s™

X Thermal diffusivity, m%s™

Il. SPECIFICATION OF THE PROBLEM

By reason of the strong dependence of the flow on the surrounding conditions, the apparatus (Fig.1) is
placed in a quiet atmosphere inside an independent closed room. Details of the experimental apparatus have
been discussed by T.Naffouti et al. [15]. The system is essentially the association of a rectangular block (1)
localized at the entry of a vertical channel (2) open at ends. The channel of width b, = 15 cm and height L, = 40
cm is constituted by two parallel square Duralumin flats plates and two other rectangular Plexiglas plates.
Duralumin walls are heated symmetrically by joule effect at uniform temperature ranging from 34 to 80 °C. The
active block generator of thermal plume with length of L; = 40 cm and width of b; = 6 cm is heated only at the
upper surface by joule effect at 300 °C. The heating of channel with thermal radiation emitted by the block and
by joule effect creates an aspiration of a thermosiphon flow witch interact with that of plume. The model is
fixed on a frame (3) at 80 cm above the ground to allow air supply from below. In order to measure the
fluctuations of temperature and velocity of the flow, the technique of a resistant wire anemometer at constant
current (CCA) is applied. The available literature shows that several experimental investigations relating to
natural convection problems are performed with this technique [18-20, 22-31]. In the present investigation a
calibrated hot wire probe (4) is placed inside the channel to communicate with the fluid. The diameter of
cylindrical sensitive platinum wire of the probe is D¢ = 7.5 um and its length is Ly = 3 mm. To move the probe in
the x and z directions, displacement system (6) is used. To measure temperature and velocity of the resulting
flow, the probe is supplied by a current of 1.2 and 50 mA, respectively. A computer connected with a data
acquisition card can save the instantaneous measurements of temperature and velocity fields (5, 7, 8). Shannon
theorem is used and the adopted sampling period is 15 ms. Figs.2 and 3 illustrate thermal and dynamic signals
detected by the probe inside the channel.

Z*)

* »y 4 <«
z=o.9z—>“5k_ _)3f

Figure 1 Experimental apparatus and study sections
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Figure 2 Example of temperature signal delivered by the probe
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Figure 3 Example of velocity signal delivered by the probe

I11. RESULTS AND DISCUSSIONS
Average and turbulent characteristics of the resulting flow for various values of the channel heating are
examined in this section. Experimental results are performed for fixed Grashoff number and Prandtl number at
0.85 10" and 0.71, respectively. The present problem of 2-D is carried out for three dimensionless heating of
internal walls of channel by Joule effect; T*;, = 0.084, T*;3 = 0.139, T*,, = 0.194 corresponding to Ty, = 50°C,
Tps = 65 °C, Ty = 80 °C. Thus, different parameters governing the flow are presented just on the mid-plane of
channel (xOz).

3.1 Heating effect of channel on average characteristics of the resulting flow
3.1.1 Vertical evolution of the dimensionless temperature

On figure 4 is presented the vertical evolution of the dimensionless flow temperature on the mid-
median plane of the hot obstacle (yOz) for four channel heating.
For heating the channel walls by thermal radiation, corresponding to the temperature T*y, the profile is
described by three different flow behavior thus indicating the existence of three zones of flow previously
reported in the work of T. Naffouti et al. [28, 29]. In the first zone (z * < 0.20) close to the active obstacle, the
temperature is more intense owing to dominance of the thermal plume. In the second zone (0.2 < z * < 0.5), an
attenuation of temperature is detected due to the penetration of the thermosiphon flow which interacts with the
plume. In the third zone (z *> 0.5), the temperature remains constant until the channel exit.
Increasing channel heating leads to an increase of the flow temperature on the axis (0z). On the other hand,
thermal profiles indicate a variation of the boundaries of three zones of the resulting flow. Near the active
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source, the first zone becomes more elongated in the vertical direction as the heating increases. This shows that
the plume-thermosiphon interaction becomes weaker with increasing channel heating due to the thermosiphon
deflection towards vertical hot walls. Higher up, the second zone is characterized by a considerable attenuation
of the temperature with a decrease of this region with the increase of channel heating. At the channel exit, the
third zone is characterized by comparable temperatures.

0,30 T T g T T T T T v
—a— T .
p
0,25 - —— T*pz'
4 + T* 3
P
0,20 ~ —— T*p4_
x 0,151 i
= )
0,104 _
0,05 4
0,00 T T T T
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Z *
Xx*=0

Figure 4 Vertical evolution of the dimensionless temperature of the flow for various heating channel

3.1.2 Transversal distribution of the dimensionless temperature

The transverse distribution of the average dimensionless temperature of the flow for three sections Z*
with different channel heating is illustrated in figure 5. Profiles behavior consolidates the evolution of the flow
in three zones for each channel heating. For the case of channel heating of the by thermal radiation T*,; and in
the first section z * = 0.05, thermal gradients are more intense just above the hot block owing to a sudden
transformation of the ambient air into thermal plume. On both sides of this block, the temperature is very low
due to the existence of the thermosiphon flow which interacts with the plume. A little further up the hot source
z * = 0.3, the thermal profile shows a considerable decrease of the temperature in the central region of the
resulting flow. Far from the source generating the plume with z * = 0.92, the temperature remains practically
constant over the entire upper part of the channel thus reflects the homogenization of the upward flow. By
increasing the channel heating, there is also an intensification of the thermal field of the flow from the inlet to
outlet of the channel. On the other hand, the resulting flow becomes more homogeneous in the upper region of
the channel as the heating of the vertical flat plates thereof decreases.
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Figure 5 Transversal distribution of the dimensionless temperature of the flow
versus heating channel for three sections Z*

3.1.3 Vertical evolution of the dimensionless vertical component of the average velocity

Figure 6 illustrates the variation of the average vertical component of the dimensionless velocity on the
axis (oz) for different channel heating. For the case of the channel heating without Joule effect T*y, the
corresponding profile presents three different behaviors of the upward flow which consolidates the evolution of
this one into three zones. This result is in good agreement with the work of T. Naffouti et al. [28, 29]. In the first
zone (z * < 0.20), it is found that the flow velocity is lower owing to the low circulation of this one in the first
zone. For the second highest zone of this source (0.20 < z * < 0.60), the velocity increases to reach its maximum
at z * = 0.35 corresponding to a contraction of the resulting flow. Then, the velocity decreases indicating the
pre-establishment of a new regime at the channel exit. In the third zone (z * > 0.60), the flow velocity remains
practically constant. By increasing channel heating, the figure shows an acceleration of the resulting flow on the
axis (0z) in the upper zone of the channel due to an intensification of the thermosiphon flow with the increase of
the heating of vertical channel walls.
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Figure 6 Vertical evolution of the dimensionless vertical component
of the average velocity of the flow versus heating channel

3.1.4 Transversal distribution of the dimensionless vertical component of the average velocity

The transverse distribution of the average vertical component of the dimensionless velocity of the flow
versus altitude z * and for different channel heating is illustrated in figure. 7. Profiles consolidate the existence
of three zones of the upward flow. For the case where the heating of the plates is done by thermal radiation
generated by hot block (T*,,), results are similar to those of investigations of T. Naffouti et al. [28, 29]. In the
first zone near the obstacle z * = 0.05, the dynamic profile shows low velocities just above the block thus proves
the existence of a central zone of weak circulation due to the plume blockage by the thermosiphon flow. On the
block sides, the velocity is maxima reflecting the existence of an impenetrable envelope formed by the
thermosiphon flow. For the second highest zone of the hot source z * = 0.3, the flow becomes more accelerated
in the central region of the channel owing to the contraction of the resulting flow. For the section z * = 0.92 of
corresponding to third zone, a significant deceleration of the resulting flow with comparable velocities is
observed at the channel exit except near the vertical plates thereof. This result shows the establishment of a new
regime of flow homogenization at the outlet of the channel.
For different channel heating, the structure of the dynamic field is conserved with a change of the height of
zones of the flow. For the section z * = 0.05, it is noticed an increase of the flow velocity on block sides with
increasing of the channel heating. This proves that the thermosiphon is more accelerated as the channel heating
increases. For the section z * = 0.3, the flow becomes more accelerated in the vertical direction due to the
attractive effect of hot vertical plates which becomes more intense by increasing the channel heating. This result
shows that the interaction between the plume and thermosiphon is weakened with increasing channel heating.
For the section z * = 0.92, profiles are almost similar with an acceleration of the flow close to the hot plates of
channel.

3.1.5 Vertical evolution of flow rate and the energy absorbed by the fluid

Figures 8 and 9 show the vertical evolution of the dimensionless flow rate Qv* and the energy absorbed
by the fluid H* for four heating channel. For the case of channel heating by thermal radiation emitted by hot
obstacle T*, profiles confirm the results of T. Naffouti et al. [28, 29]. Near the block, the variation of these two
parameters is due to an overestimation of the velocity by the probe which can not differentiate between different
directions of flow propagation. Far from the active block, profiles show a conservation of the flow rate and the
energy until the channel exit whatever the channel heating. On the other hand, figures show a significant
enhancement of these quantities owing to the acceleration of the thermosiphon flow and the intensification of
the thermal field as the channel heating increases.
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Figure 7 Transversal distribution of the dimensionless vertical component
of the average velocity of the flow versus heating channel for three section Z*
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Figure 8 Vertical evolution of flow rate versus heating channel

0,06

0,04

H*

0,02

0,0 0,2 0,4 0,6 0,8 1,0

Figure 9 Vertical evolution of energy absorbed by the fluid versus heating channel

3.2 Heating effect of channel on turbulent characteristics of the resulting flow
3.2.1 Transversal distribution of thermal turbulence intensity

On figure 10 is depicted the transverse distribution of the thermal turbulence intensity for three sections
z* and for different channel heating. For case of channel heating by thermal radiation T*,, profiles show three
different behaviors inside the channel. This observation confirms the evolution of the turbulent thermal field of
the flow resulting in three distinct zones. For the first zone in the vicinity of the hot block (z * = 0.05), the
corresponding profile shows three extremum of the turbulence intensity. The minimum turbulence about 4.8%
reflects a weak interaction between the plume and the thermosiphon on the middle of the median plane (yoz).
Two turbulence peaks about 5.3% are associated with a strong interaction of the thermosiphon with the plume
near the axis (0z). On block sides, the turbulence intensity is very low due to the dominance of the fresh air
coming from the bottom. For the second highest zone of the block (z * = 0.3), the behavior of the profile
becomes more accentuated on the axis (0z) indicating the pre-establishment of a new turbulence regime. For the
third zone near the channel exit (z * = 0.92), turbulence rates are comparable about 3.8% over the entire
corresponding section which proves the establishment of turbulence. For different channel heating, the turbulent
thermal field evolves in three zones with a slight variation of the turbulence rates in the central region of the
flow for z* = 0.05 and z* = 0.3. For the section z* = 0.05, increasing the heating channel leads to a low
attenuation of the turbulence rates just above the hot block owing to weak interaction of the thermosiphon with
the plume. For the section z * = 0.3, the intensity of the thermal turbulence increases on the axis (0z) with the
channel heating. For higher section z * = 0.92, profiles are similar for different channel heating.
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Figure 10 Transversal distribution of thermal turbulence intensity
of the flow versus heating channel for three sections Z*

3.2.2 Transversal distribution of thermal skewness and flatness factor

Profiles relating to transversal distributions of thermal skewness and flatness factors are given in
figures 11 and 12 versus various channel heating for three sections z*. For different channel heating, figures
consolidate the evolution of the flow in three zones. For heating by thermal radiation T*,, the corresponding
profile of the altitude z * = 0.05 of the first zone shows positive values around the axis (0z) due to the
preponderance of the thermal plume. On the same axis, the negative dissymmetry proves the penetration of the
fresh air from the top of the impenetrable envelope in order to supply the plume from above. In this zone (Figure
12.a), the high values of the flatness factor on either side of the axis (0z) show the existence of the intermittent
boundary phenomenon between the plume and the fresh air sucked from below. For the profile corresponding to
the section z * = 0.3 located in the second zone (Figure 11), an intensification of different factors is observed on
the sides of the active block due to the vertical escape of puffs of hot air. For the section z* = 0.92 of the third
zone (Figure 11), the skewness factor is virtually zero over the entire upper part of the channel thus indicates the
equiprobability of presence of fresh air and hot air. This observation proves the homogenization of the turbulent
thermal field of the resulting flow at the channel exit. In this last zone (Figure 12), the flatness factor is almost
equal to 3 which shows that the probability law governing temperature fluctuations is close to the ideal Gaussian
law. On the other hand, the increase of heating channel conducts to increase skewness factor especially above
the hot block. This result shows the dominance of positive thermal fluctuations related to hot air puffs displaced
by the plume to a lower temperature region.
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Figure 11 Transversal distribution of thermal skewness factor
of the flow versus heating channel for three sections Z*
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Figure 12 Transversal distribution of thermal flatness factor
of the flow versus heating channel for three sections Z*

3.2.3 Transversal distribution of dynamic turbulence intensity

The transverse distribution of the dynamic turbulence intensity for three sections z* and for different
channel heating is given in figure 13. For channel heating by thermal radiation (T*,,), profiles show that three
different behaviors are in good agreement with the results of T.Naffouti et al. [28, 29]. In the first zone (z* =
0.05), the corresponding profile shows the existence of three extrema above the hot block. Maximum of
turbulence rates on either side of the median plane (yOz) reflect the existence of an intense velocity flow of the
thermosiphon which envelops the thermal plume. On the axis (0z), the minimum turbulence proves a weak
circulation of the plume in the central region of the flow owing to the blocking this one by the impenetrable
envelope. In the second zone and for the section z * = 0.3, it is found a decrease of turbulence rates in the central
part of the flow which indicates the pre-establishment of a new regime. Near vertical hot walls, the turbulence
intensity is more intense due to the movement of the fluid thread which is sometimes attracted by the central
flow and sometimes by the wall to continue its way upwards. For the section z * = 0.92 in third zone, the
turbulence stabilizes in the central region of the resulting flow indicating the establishment of the turbulent
regime. For the other heating T*p,, T*,5 and T*p,, the figure shows three different behaviors of the flow inside
the channel with a considerable change of turbulence rates near vertical hot walls in particular for the sections of
second and third zones. For the first section z * = 0.05, profiles show practically the same evolution except a
slight decrease of the dynamic turbulence intensity is observed just above the block. For section z* = 0.3 and in
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the vicinity of vertical hot plates (Figure 13), turbulence rates decrease about 42% as channel heating increases.
In the upper part of the channel z * = 0.92, profiles become flatter when increasing the heating of the plates
thereof. This result proves that the dynamic fluctuating field of the resulting flow becomes more homogeneous
for an increase of the channel heating.

80

80

—_— T

Figure 13 Transversal distribution of dynamic turbulence intensity
of the flow versus heating channel for three sections Z*

3.2.4 Transversal distribution of dynamic skewness and flatness factor

On figures 14 and 15 are illustrated the transverse distributions of dynamic skewness and flatness
factors as a function of the channel heating for three sections z*. For the configuration where the internal walls
of the channel are heated by thermal radiation and for section z* = 0.05, the negative skewness just above the
hot block proves the existence of a region of weak circulation of the plume. This result is also consolidated by
the evolution of the flatness factor which is close to the value 3. In the intermediate region between the block
and the channel plates, the positive skewness characterizes the presence of positive fluctuations induced by the
thermosiphon flow of high velocity which interacts with that of the plume. For section z * = 0.3, Figure 14
shows an increase of the skewness factor except near the channel plates. In this region, Figure 15 shows
maximums of the flatness factor owing to the existence of boundary intermittency at the edges of the hot block
between the thermosiphon and the zone of weak circulation. In the upper section of the channel z * = 0.92,
skewness and flatness become close to zero and to 3, respectively. This, it proves the establishment of the
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turbulence at the outlet of the channel. By varying the channel heating, it is noted that the profiles of the
skewness factor have practically the same behavior for each section z* while the flatness factor is affected in
particular for the intermediate section z * = 0.3. In this section, figure 15 shows a significant increase of the
dynamic flatness factor as a function of heating channel.
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Figure 14 Transversal distribution of dynamic skewness factor
of the flow versus heating channel for three sections Z*
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Figure 15 Transversal distribution of dynamic skewness factor
of the flow versus heating channel for three sections Z*

IV. CONCLUDING REMARKS

From experimental results, it can be concluded as follows:

- For different heating of channel, the average structure of the resulting flow is subdivided into three
zones. Just above the active source, a first zone (z* = 0.05) described by an impenetrable envelope that prevents
the supply of the source from below. Higher, an intermediate zone (z* = 0.3) of flow contraction followed by a
third zone (z* = 0.92) characterized by comparable values of velocity and temperature due to the
homogenization of the resulting flow at channel exit.

- Increasing of the temperature of channel walls conduct to intensification of the average thermal field.

- Average velocity profiles show that the thermosiphon becomes more accelerated in first zone of the
flow by increasing the channel heating.

- In second zone, the study of the transverse distribution of the average vertical component of velocity
shows the attractive effect of hot walls of the canal.

- In third zone, the thermal field becomes more homogeneous for a decrease of channel heating due to
an intensification of the interaction plume and thermosiphon flows at the entrance of this one.

- The increase of channel heating leads to an improvement of flow rate and the energy absorbed by the
fluid owing to the intensification of the thermosiphon which accelerates the upward flow and promotes the
transfer of energy from a region at another lower temperature.
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- In the first zone, the increase of channel heating conducts to a low attenuation of thermal and dynamic
turbulence rates just above the hot block.

- In the intermediate zone, the dynamic turbulence rates are more intense near channel walls as the
heating decreases.

- In the upper part of the channel, thermal turbulence profiles are similar and the turbulence intensity
remains practically constant over the entire upper section of the channel for different heating. In this region, the
dynamic turbulence intensity becomes more homogeneous as the channel heating is increased.

- An increase of the thermal skewness factor is observed just above the active block by increasing
channel heating due to an intensification of positive fluctuations generated by the plume in first zone of the
flow. In second zone, a remarkable increase of the dynamic flatness factor is observed, on the block sides with
channel heating. In third zone, different factors approach the ideal Gaussian law at the channel exit where the
establishment of turbulence.
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