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Abstract: The objective of this work is to make a numeridaty of mixed laminar convection in a cylindrical
cavity similar to the Czochralski configuration.& bavity is filled with a liquid metal (Pr = 0.01Xne third of
the radius of the upper disc consisting crystalperature E, rotated at angular velocity. The cavity is heated
laterally at the temperaturg, TTh> T¢> Trering. The finite volume method was used for the nuoargolution
of the governing equations. The results were coegavith those in the literature. The effect of Riakson
number on the flow structure and the thermal fledgd been presented and discussed, for Ri = 0,10.8.41 and
2. The effect of aspect ratio of the cavity is aisken into account (A = H /JR The obtained results are in a
good agreement with those in literature and shaat, e rate of convection heat transfer decreasgtbsthe
increase of Richardson number.
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1. Introduction

The production of single crystals is an importaste for the optoelectronics industry and eleatsoffi].
Among the techniques developed there found the I@atski (CZ), this technique is the most currentbed to
produce large single crystals. The first use o technique was carried out in 1916 by Jan Czoskirarlhis
was the selection of a single crystal of tin wi2g [After the discovery of the transistor the laluraf a first draft
industrial crystal was made with Germanium [3], théwe silicon semiconductors and 1lI-V (GaAs, Irdtd II-
VI (CdTe). Several researchers interested in thielysbf convection during crystal growth under diffiet
conditions, to improve the quality of single crystabtained. The effect of rotation of Crystal d¢ble and the
fluid Prandtl number on convection has been showthé work [4-5]. These factors were complicatecbther
researchers with the addition of several factarshsas Marangoni convection, magnetic field andatazh [6-
9]. The objective of the present work is to makeuaerical study of mixed convection in a cylindticavity
similar to the Czochralski configuration.

2. Physical system and mathematical formulation

The physical system under consideration was showrthe Figure 1. The considered process was
stationary and axisymmetric. The thermo physicalsperities of liquid metal were supposed constahe
aspect ratio A (H/B = 2, the enclosure was heated laterally Ry>TTneiing@and contain liquid metal (Pr =
0.011). The Cristal cooled by. & T, and subjected to the rotation of di2cwere the bottom of the enclosure is
maintained adiabatic, in this conditions; the agpmation of Boussinsq was valid. By using the fallog

characteristic parameters of the probl&=r/R, ,Z=2z/R,,U=u/QR,,V=V/QR ,P= p/p(QRc)z,

@=(T-T.)/(T,-T.), for the radius , the velocity component, radiald aaxial, the pressure and the

temperature respectively. The dimensionless equeitioverning the mixed convection are writing:
a) Continuity equation:

li(Ru)+‘3_V=o (1)
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b) Momentum equation in radial direction:
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¢) Momentum equation in axial direction:
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Figure 1: Physical configuratio  Figure 2: Comparison of our results witbge of Li et al. [11]:
Profile of radial velogcitomponent U, at different altitudes,
Z=0.3,0.8and 1.5.

d) Momentum equation in Swirl direction:
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€) Energy equation:
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The obtained dimensionless number are given asnd@y number (Re)Richardson number (Ri),
Grashof number (Gr) and Prandtl number (Pr). Bdwendary conditions are:
a) Axis of symmetry:

R=Oand(£2§2:U=W=O,a—V=O,%=O (6a)
oR oR

b) Lateral wall of the enclosure;

R=1and 0<Z<2:U=V=W=0,6=1 (6b)
¢) Thecrystal:

0<R<1/3andz=2:U=V=0,W=QR,6 =0 (6c)
d) Free surface:

1/3§R§1,Z=2:6—U=V=W=0,%=0 (6d)

0z 0z
€) Bottom wall of the enclosure:
06 (6€)

0<R<1and Z=O:U=V=W=O,a—z=0

The equations (1) — (5) associated with the boundanditions (6a-e€) are solved by a finite volume
method (Patankar [10]), The SIMPLER Algorithm waed for a coupled velocity-pressure treatment.

3. Resultsand discussion
3.1 Validation and comparison of our results

In order to give more confidence to the resultewf numerical simulations, a comparison was made wi
the numerical results of Rong et al. [11]. The pesfof the radial velocity component U, for diféet altitudes,
Z=0.3,0.8 and 1.5 are presented in Figure 2cHvesee an excellent agreement between the two.

3.2 Effect of Richardson (Ri) number

To study the effect of Ri on the heat convectioa,sgt the Reynolds number at Re = 1500 and wedvarie
the Grashof number such that Ri have the followialyes: R = 0.1, 0.4, 0.8, 1 and 2. In Figure5,3~ve have
presented the streamlines, the isotherm line aadtdimtours of the azimuthal velocity componentdifferent
Ri. A two-cell flow occurs for Ri = 0.1, the maieltrotates counter-clockwise and the other closkewFrom Ri
= 0.4, we can see that the flow becomes singlendtil small secondary cells in the corners of thesds which
caused by the increase in the rate of fluid paich the cavity.

For the thermal field, we observed that the isatfarines are nearly parallel to the isotherm lafighe
Crystal (1/3Rc), for all Ri number. This means thia¢ mode of heat transfer is dominated by conduncti
Increasing the curvature Ri increases and isothelimes of point to the same azimuthal velocityncs the
thermal convection strong with the increase of\Re also note that the variation of the axial valpaiong the



Z axis (Figure 6) is negative, this shows that direction of flow near the symmetry axis (R = 0O)iristhe
opposite direction Z.
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Figure 3: Streamline for different Richardson numbe

a)Ri=0.1 b)Ri=0.4 C)Ri=0.8

Figure 4: Isothermal line for different Richardsmmber.
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Figure 5: Streamline of azimuthal velocity comparfen different Ri.

The variation of average Nusselt number in functidrRi is shown in Figure 7. We can see that Nu
decreases with increasing Ri, this allows us tachkate that the heat transfer improves as much ae&eased.

3.3 Effect of aspect ratio (A)

Four aspect ratios: A = 1/3, 1/2, 1, 2 and 3 wested (Figure 8). The Grashof number and the Rdgnol
number are fixed respectively: Gr =*hd Re = 2500.

For A < 1, the flow is unicellular and the centecall is moving toward the hot wall. However, for A»
the flow becomes two-cell, each cell flows to theerse of the other. We also note that the stremmdre
inclined and extend according to the extensiomefdavity. This means that the wall of the cavag the effects
on the structure of movement of fluid particlesr FEmthermal lines, we can see that they are alpasitllel to
the cold wall that means most of transfer in thagion is by conduction. We can also see that trera@e
Nusselt number increase with the increases of A tol (Figures 9-10), than decreases for A > loserisure a
better heat transfer convection in Cz cavity, we daoose a square cavity (A = 1).
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Figure 6: Profile of axial velocity compane/, Figure 7: Average Nusselt numingunction of
for different Richardson nuenb ickRardson number.
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Figure 9: Profile of axial velocity component V,Figure 10: Average Nusselt number in functiomof
for different Richardsoamber.



Conclusion

A numerical study of mixed convection in the casfynilar to the Czochralski has been presented. Our

results has been compared and validated with thiadéle work and show that:

» The rate of heat transfer by convection decreasigsthe increase of Richardson number.
» The aspect ratio of the cavity has a great effadhe heat transfer rate.
The results presented in this work, allowing experiters by the Czochralski method, prepare their

processes and semiconductor single crystals in gwdal conditions.
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Nomenclature

A: Aspect ratio [-]. Q : Angular velocity [rad 3]

H: Height of the enclosure [m]. 0 : Density [kg.nT]

Rc: Radios of the cylinder [m]. S : Coefficient of thermal expansion T
R, Z: dimensionless coordinate [-]. )

U, V, W: dimensionless velocity component [-]. Re: Reynolds numbeRe= QR: /v

P: dimensionless pressure [-]. Ri: Richardson numbeRi = Gr /Re?

0: dimensionless temperature [-].

Gr: Grashof numbegr = g,B(Th —TC)Rg /V2

Nu: Average Nusselt number _ Pr: Prandtl numbePr=v/a .
g: Acceleration de la pesanteur’|gi]
v: Kinematic viscosity [rhs].



