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Nomenclature

g — gravitational acceleration; H — height of the cavity; L —
the length of the cavity; Cp — specific heat at constant pres-
sure; h — heat transfer coefficient; Nu — average Nusselt
number; t —time; P — pressure; Tc — temperature of hot wall;
Tf — the temperature of cold wall; T — temperature; X — di-
mensionless horizontal coordinates; Y — dimensionless ver-
tical coordinates; x — Dimensionless horizontal velocity
components; v — : Dimensionless vertical velocity compo-
nents; Pr — Prandtl number; Ra — rayleigh number; o — ther-
mal diffusivity; g — coefficient of expansion; A7 — Temper-
ature difference; k — thermal conductivity; 4 — dynamic vis-
cosity; p — density.

1. Introduction

Oftentimes, the Electron Beam Machining and La-
ser Beam Machining are thermal processes considering the
mechanisms of material removal. However electrical energy
is used to generate high-energy electrons in case of Electron
Beam Machining and high-energy coherent photons in case
of Laser Beam Machining. Thus these two processes are of-
ten classified as electro-optical-thermal processes. Also, La-
ser Beam Machining or more broadly laser material pro-
cessing deals with machining and material processing like
heat treatment, alloying, cladding, sheet metal bending etc.
Such processing is carried out utilizing the energy of coher-
ent photons or laser beam, which is mostly converted into
thermal energy upon interaction with most of the materials.
Nowadays, laser is also finding application in regenerative
machining or rapid prototyping as in processes like stereo-
lithography, selective laser sintering etc. And remains the
beam quality factor is a useful parameter for describing the
propagation of different kinds of laser beams [1].

The laser surface heat treatment technique is
widely spread in industry for the treatment of the engineer-
ing parts. To improve the heat treatment process, study of
the heat transfer mechanism appropriate to the laser heating
is necessary [2].

The laser, despite being a complicated phenome-
non, is used for several materials and in several fields. Ex-
amples of this kind of research are found in the main jour-
nals which deal with technical aspects of laser beam , in-
cluding International Journal of Heat and Mass Transfer [3—
7], Lasers in Engineering [8-10] , Advances in Mechanical
Engineering [11], Materials and Design[12], Procedia Engi-
neering [13]. Sometimes, Mathematical modeling and ex-
perimental methods have been used by researchers to under-
stand, the optical effects of laser beam penetration in the
aqueous humor. These models and experiments reveal the
phenomena of thermal lensing of the laser beam, various
methods have been proposed for the measurement of the M2
of lasers [14-19].

In addition, convection remains the most studied
mode of heat transfer, whatever the cause, even if the type of
convection changes: natural [20- 22], mixed [23-25] or forced
[26-28].

Also, multiphase flows are currently the subject of in-
tense research, due to the broad application in industry [29-31].
At the same time, liquid-gas flows are very important from heat
transfer enhancement point of view. This article also discusses
the influence of laser source scarring on natural convection in
a square cavity associated with a poor geometrical shape. The
geometrical form of diffraction of light has been expressed by
the law of Wien where the left wall is considered as a screen
which receives electromagnetic waves. This approach is rela-
tively new and should deserve special attention. This can be
confusing. The radiation from a laser can raise the temperatures
of things that absorb it, and common usage would call this
“heating.” But heat as the transfer of energy between two sys-
tems as a result of a temperature difference requires that the
temperature of the system being heated be less than that of the
heating system.

The temperature of the cavity where laser light is be-
ing produced and from which it is directed outward can be
much less than the temperature of what gets heated by the laser
light.

2. Geometric configuration

To solve this problem, the fluid is considered New-
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tonian and incompressible and the approximation of Bous-
sinesq is presented. In addition, viscous friction is neglected.
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Fig. 1 The geometry considered

3. Objectives

We can express our aim for this study in the fol-
lowing points:
- Control of the wavelength of red laser light.
- Study of laser light effect on thermal convection.
- Calculate the heat transfer exchange coefficient in the
diffraction center of the light.

4. Mathematical modeling of convection

The governing equations can be given by:
Continuity equation.
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The derived Eqg. (2) over Y and the Eq. (3) over X,
then, after subtracting the two equations obtained. The equa-
tions dimension-less variables in writing Helmotz in terms
of vorticity and stream function formulation are given by:
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Using the dimensionless variables in the equations
above are defined by:
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5. The diffraction process

The diffraction process is explained by the fact that
light is a form of electromagnetic wave and the different
portions of the slit behave as if they were separate sources
of light waves — Huygens’ principle. There is no simple ex-
pression for the location of the maxima on the screen other
than that for the principal maximum at the central of the pat-
tern. The other maxima are much less intense than the prin-
cipal maximum and are located approximately halfway be-
tween the minima.

The diffraction pattern that appears on a screen will
have an intensity variation above and below the slit as
shown in Fig. 2.
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Fig. 2 Diffracted light intensity distribution with single Slit
Diffraction

When light passes through a single slit whose
width w is on the order of the wavelength of the light, then
we can observe a single slit diffraction pattern on a screen
that is a distance D >> a , away from the slit. The intensity
is a function of angle. Huygens ‘Principle tells us that each
part of the slit can be thought of as an emitter of waves. All
these waves interfere to produce the diffraction pat-
tern. Where crest meets crest we have constructive interfer-
ence and where crest meets trough we have destructive in-
terference. So, the first diffraction minimum occurs at the
angles given the first diffraction minimum occurs at the an-
gles given by:



sing=2. (10)
a

The general equation for the points of zero inten-
sity in the diffraction pattern of a single slit is:

asind=m 4; m=1,23... (112)

But usually we are just interested in the location of
the first minimum, when m = 1, because most of the light
enery is located in the central diffraction maximum.

Let y be the distance from the center of the central
diffraction maximum to the first diffraction minimum.

The angle O is related to this distance y and the dis-
tance to the screen, L, by the equation:

tand = y
D

(12)

Since the angle T is very small, cos © » 1. Thus,
tan © » sin ©. Then, combining the above equation with
equation (10), we havesinT=1/ax»y/D, or:

y=—o1. (13)

a

In other words, Wien's law tells us what color the
object is brightest at. As the surface temperature rises, this
peak intensity (brightness) shifts toward the bluer end of the
spectrum. As the surface temperature decreases, the peak in-
tensity/brightness will shift more towards the redder end of
the spectrum as shown by the red dot in the picture below.

The wavelength of maximum emission of any body
is inversely proportional to its absolute temperature (meas-
ured in Kelvin).As a result, as the temperature rises, the
maximum (peak) of the radiant energy shifts toward the
shorter wavelength (higher frequency and energy) end of the
spectrum (bluer). This is what the equation looks like:

2900

T (14)

max

Where T is the absolute temperature in kelvins (K),
displacement constant, equal to 2900 pm-K.

6. Procedure of simulation

Simple algorithm [30] is used to couple momentum
and continuity equations.

The FLUENT software is used for this numerical
simulation. For the convection terms, a first order of Ap-
wind scheme. Also, we used a uniform grid of 16125 ele-
ments and 15876 nodes in non-stationary mode.

For the thermophysical properties of base fluids are
given in Table 1.

Table 1
Thermo physical properties of base fluid
Physical properties Air
Temperature, °K 288.15
Density, Kg/m3 1.22
Cp, JIKg-K 1006.43
A, Wim-K 0.0242
Viscosity, Kg/m-s 1.7894e-5
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7. Validation

Before continuing, it's required to ensure the de-
pendability and the precision of the present numerical model
and the FLUENT CFD code. The heat transfer data com-
puted for differentially heated of the square cavity, with dif-
ferent parameters which correspond to the, aspect ratio Al=
= H /L, Rayleigh number 10* < Ra < 10°. The present prob-
lem is to numerically investigate the natural convection
flow. For the Validation of the model, our results were com-
pared with those obtained by De Vahl Davis (1983) [20],
(Table 2).

Table 2
Comparisons of the validation results
Velocity Present study De Vahl Davis
U max 16.180 16.189
V max 20.080 19.197

It is clearly demonstrated in Table 2 that, for sev-
eral values of Rayleigh number. Was checked and ensured
with the present results and those obtained. There is a satis-
factory agreement.

8. Results and discussion

The boundary conditions have been established to
simulate a geometric configuration used frequently in two-
dimensional approximation.In this study, to target the most
important goal, we will show and studied the dynamic and
thermal behavior of the fluid in the square cavity.

8.1. The isotherms

The isotherms are presented in Figures [3 - 6]. The
diffraction involves a change in direction of waves when
they bounce off a barrier; this diffraction of waves involves
a change in the direction of waves as they pass from one
medium to another; also, the diffraction involves a change
in direction of waves as they pass through an opening in a
barrier in their path. Often, light waves have the ability to
travel around corners, around obstacles and through open-
ings. This ability is most obvious for light waves with

TEMP. 005 0101502 0.5 0.3 035 04 045 05 055 06 066 0.7 0.75 0.8 085 0.9 0.95

Fig. 3 The Isotherms for Rayleigh number Ra =1.e3, Pr =
=0.71

longer wavelengths, and in this case the temperature will be
diffused even more based on the Wien law which presents
the relativity between the temperature and the wavelength.
We speak here of course to the central zone where the wave-
length is maximum. And the temperature decreases with the
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decrease of the wavelength; it is also the case of the zones
where the wavelength is minimum below the central zone
and above this zone.

Fig. 4 The Isotherms for Rayleigh number Ra =1.e4, Pr =
=0.71

Fig. 5 The Isotherms for Rayleigh number Ra =1.e5, Pr =
=0.71
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Fig. 6 The Isotherms profiles for different Rayleigh Num-
bers, Pr=10.71

8.2. Velocity profiles

In general, changing the temperature due to wave-
length diffraction, outer and inner limits cause the current
lines to generate a cell in a clockwise direction for low Ray-
leigh numbers. For important Rayleigh numbers such as
1.e6, we notice the appearance of four circulation zones, a
large zone in the center of the cavity contains two other
zones in the middle that turn in a clockwise direction with
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low speeds, and a fourth zone of circulation that turns coun-
terclockwise with a significant speed located to the left at
the top. In the Fig. [7], we show the extraction of the veloc-
ity at half-height: y = 0.5 or we notice that the velocity of
the fluid is important at the border closer to the walls and it
is stable in the center of the cavity.
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Fig. 7 Velocity profiles at y = 0.5 for different Rayleigh

numbers
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Fig. 8 Horizontal velocity contour for Rayleigh Number
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Fig. 9 Horizontal velocity contour for Rayleigh number
Ra=1.e5

The computed Horizontal velocity contours as well
vertical velocity contours for Ra = 10%,10° are displayed in
Figs. 8-11. It is observed that the velocity is zero at the cen-
ter of the cavity and for the vertical velocity contours, the
gradient increases near the left wall, where its closer to the
source of central heat of the cavity as Ra increases.
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Fig. 10 Vertical velocity contour for Rayleigh number
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Fig. 11 Vertical velocity contour for Rayleigh number
Ra=1.e5

8.3. Average Nusselt numbers

Fig. 12 presents surface-averaged Nusselt number

for various values of Ra number and for versus zones:
- central zone;
- below central zone;
- above the central zone.

So, above the central zone, The Nusselt number in-
creases significantly with the increase in the number of Ray-
leigh, the number increases significantly with the increase
in the number of Rayleigh Below the central zone is the op-
posite of this phenomenon which shows us the efficiency of
the central zone which remains the main source of the heat
diffusion inside the cavity (Fig. 12).

Below the central zone.

6 The central zone.
Above the central zone.

NU

Fig. 12 Average Nusselt number for different Rayleigh
Numbers in all intensity distribution zones

For the evolution of Nusselt number for different
intensity distribution zone and for different Rayleigh Num-
bers are given in Table 3;

Table 3

Average Nusselt number evolution for different intensity
distribution zone and for different Rayleigh Numbers

Zone type Rayleigh Nu number
numbers (Average value)
Above the central zone Ra=1.e3 -0.489
The central zone Ra=1.e3 1.585
Below de central zone Ra=1.e3 -0.440
Above the central zone Ra=1.e4 -0.616
The central zone Ra=1.e4 1.820
Below de central zone Ra=1.e4 - 0.255
Above the central zone Ra=1.e5 -0.776
The central zone Ra=1.e5 3.377
Below de central zone Ra=1.e5 -0.051
Above the central zone Ra=1.e6 - 1.050
The central zone Ra=1.e6 6.608
Below de central zone Ra=1.e6 0.254

9. Conclusion

In fact, visible 'light' is a form of radiation, which
can be defined as an energy that travels in the form of elec-
tromagnetic waves.

This paper Presents new technique of heating of a
square cavity based on the diffraction of the light emitted by
monochromatic laser beam in order to study the convection
and the air movement using variable heating.

So, this numerical study investigated the natural
convection induced by a temperature difference witch also
induced by the different intensity distribution of Laser Beam
based on the Wien law. The dimensionless forms of the gov-
erning equations are modelled and solved using Fluent soft-
ware. Detailed computational results for flow and tempera-
ture fields and the heat transfer are presented in graphical
and profiles forms.

The main conclusions of the present analysis are as
follows:

- The diffraction involves a change in direction of waves
as they pass through an opening in a barrier in their path.

- The temperature decreases with the decrease of the
wavelength.

- We notice that the velocity of the fluid is important at
the border closer to the walls and it is stable in the center
of the cavity.

- Mainly, the triggering of the convection is caused by the
central zone which remains the motor of the movement
of the fluid because of the maximum wavelength of the
light waves.

We natice that the velocity of the fluid is important
at the border closer to the walls and it is stable in the center
of the cavity. Therefore, we can use this type of discontinu-
ous heating if we are interested in a similar phenomenon of
displacement of the fluid.
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CONTROL AND NUMERICAL SIMULATION OF
NATURAL CONVECTION BENCHMARK TYPE IN A
CAVITY HEATED BY LASER BEAM TECHNIQUE
EMITTED FROM A SINGLE SLIT DIFFRACTION

Summary

Lasers are high-intensity beams that typically have
a very pure frequency or wavelength. They come in sizes
ranging from approximately one-tenth the diameter of a
human hair to that of a very large.

There are many applications of lasers which
benefit from a uniform optical intensity distribution.

Laser Beam is also a thermal process which
includes the visible range of the electromagnetic spectrum.
According to pilot study Huygens ’ principle, we can
approximate a particular wave front by assuming every
point on it is a point source of light from a single slit
diffraction. In this work, we based on the alternating
distribution of the maximum intensity for the central zone
and minimum for the secondary zones which allows us to
control the dynamic and thermal field by the law of Wien.
The idea is to combine the propagation of electromagnetic
waves of light and the natural convection of fluids. The CFD
software is used as a technique to modelling the behaviour
of fluid and the thermal convection with different Rayleigh
numbers. .The results are presented in the form of
distributions of the isotherms, the streamlines, local and
average Nusselt .Thus these two processes are often
classified as electro-optical-thermal processes.

Keywords: laser beam, natural convection, diffraction, la-
ser light, heat transfer coefficient.
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