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Abstract: In the present analysis, we studied numerically the effeoatural convection on deposition and dispersion of adsds@
concentric horizontal annulus by means of control volurrsetdinite element method. The governing equation is asston&iminar,
incompressible and 2D fluid flow while a Lagrangian desaviptivas used for simulation of spherical, solid particles gmsed in the
flow. The inner cylinder was under a constant heat flux and theramne was maintained at a constant temperdfliye The Drag,
Lift, Brownian and gravity forces were considered in the apn of particle motion. The results showed that Rayleighmber and
increment of the aspect ratio change the rate of deposiiamawed in the figures.
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1 Introduction

The subject of particle and the issues surrounded it suctepgsition, dispersion and aggregation is one of the most
interesting topics for researchers to investigate andlsitmits physical unpredictable motion. As known we can bee t
existence of aerosols in air pollution, human health, neddiare, soiling of historical monuments,and determimatd
indoor air quality and many other applications that showitingortance of research in this field.

A numerical approach for transport of suspended small@estivas developed by Li and Ahmadi [1, 2]. Akbar et al. [3]
studied the behavior of sub-micron particles in a laminae fconvection in a square enclosure. Thatcher et al. [4]
investigated particle deposition mechanism in a closedycaxperimentally. Their cavity had two cold walls (the top
and the left walls) and two heated walls (the bottom and tiet kivalls). Heim et al. [5] studied the particle losses to the
inside walls of a T-shaped micro-reactor as a function ofajireg conditions. Numerical investigation was perforrbgd
Golkarfard et al. [6] to study the transport and depositibaerosol particles in laminar mixed-convection flow in a
lid-driven cavity with two heated obstacles. They studies ¢ffects of thermophoresis and free convection on deposit
of particles on the obstacles. H. Hassanzadehet al. [7$iigated numerically dispersion and removal of microag@ros
particles in a horizontal concentric annulus by LatticetBolann Method and Lagrangian Runge—Kutta procedure with
the assumption of one-way coupling. G. H. Bagheri et al. [8fi®d transport and deposition of solid particles in a
differentially heated cavity at high Rayleigh numbers ud® using an Eulerian—Lagrangian computational method. T.
H. Kuehn, R. J. Goldstein [9] investigated an experimental theoretical study of natural convection in the annulus
between horizontal concentric cylinders. M. Sheikholeslat al. [10] studied the effect of a magnetic field on natural
convection in a half-annulus enclosure with one wall unaerstant heat flux using control volume based finite element
method. S.M. Seyyedi et al. [11] simulated natural coneectieat transfer of Cu—water nanofluid in an annulus
enclosure using Control Volume based Finite Element Metf@dFEM). And some other researches based on this
method was conducted by M. Sheikholeslami et al. [12, 13].
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In the present study we have studied particle depositiondéspersion in a horizontal annulus with natural convection
We showed the influence of aspect ratio and Rayleigh numbah®mate of deposition. We considered 1000 solid
particles that have the same physical properties with dianoéd, = 10um.

2 Geometry and boundary conditions

As shown in Fig.1 the inner cylinder includes a constant Hieat while the outer one is maintained at a constant
temperature (J). The space between cylinders is filled with air and theahfibsition of aerosols considered randomly.

The governing equation of 2D, laminar and incompressibtemahconvection fluid flow is assumed for this problem.

Fig. 1: Schematic of geometry and boundary conditions.

The continuity, Navier-Stokes and energy Equations arelésif respectively:
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Stream function and vorticity are defined below.
oy ody _dv du
U*a—y,V**WJH*E(*W, (5)

The stream function satisfies the continuity Eq. (1). Theieity equation is obtained by eliminating the pressurevaen
the two momentum equations, i.e. by taking y-derivative@f(®) and subtracting it from the x-derivative of Eq. (3).MNo
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dimensional variables are

where@, ¥, Q Y, X are dimensionless temperature, stream function, vorteitl space coordinates respectively.

Also Ra = gBquNL/(aka)Rayleigh and Pe= Yy, Prandtl number are defined. And the local Nusselt numberdor h
wall is defined as

NUjgcal =

1
o) (7)

Here we introduce some important dimensionless numbemsikias Knudsen, Mach, Reynolds and stokes number.

2A
uf-ur
MaP = 7| o | 9)
uf-ur|d
Re = Jut-urld (10)
p
k= % (11)
Eq. (12) describes particle equation of motion in Lagrangi@ordinate system.
dv
d—tp =YF (12)
dup; 1 1
—dtp,I = (Ui —Upi) +Gi(1— o) +FRi+ni(t)
dXi
E - Up,ia

and the first term at right hand of the equation is drag, thersgterm is gravity, the third term is Lift and the last one
denotes Brownian force.

By introducing Eq. (13)pas the relaxation time and replacing it in Eq. (12) we will énaew form of particle motion
equation as Eq. (17).

~ mCc d?ppCe
~ 3mud - 18v

Tp (13)
As an example in the reference [8] the relationship and fédenfor C;, Fp, Fg and etc are described as below.
Cunningham’sfactor is

2A

~1.1d
Ce=1+7 <1.257+ 0.4ex(—; )) (14)
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The drag force is defined as

Fp = %chu 2, (15)
and the Brownian forcg;(t) is
ni(t) =G \/HET”
S = % (16)

G1 = v/—2LnU;cos2mU; , G, = /—2LnU;sin 2nUs,.

G; is zero-mean, unit variance Gaussian random number sélatteach time step anl, is the Boltzmann constant
(kp = 1.38x 10723J/K).
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Now we introduce the physical properties of studied patfsllicon dioxide) in the table 1.

Table 1: physical properties of silicon dioxide.

p Cp K
(kg/m3) (I/kgk) (W/mk)
2220 745 1.38

3 Validity

In this study we compared the results with some previoualsldiresearches. Here we show isotherm contours of the
present study and the one by T. H. KUEHN [9] and also the edprvghermal conductivity on inner cylinder in Figs. 2,3.

Fig. 2: Comparison of isotherms, present study (right) and Kueh(igg).
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Fig. 3: Comparison of equivalent conductivity on inner cylindeesent study (filled circle), Kuhen (solid line).

A parameter has been defined in several past researches ksaleposition fraction or removal fractidrF) that shows
the number of particles deposited on the both cylinders mparison with the whole particles injected to the geometry
just like as Eq. (18)

RF = fracNgN;, (18)

whereNy denotes number of deposited particle &hdshows the number of all particle injected between cylind8cs
Fig. 4 presented the validity of our study by comparison tasas as mentioned here.
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Fig. 4: Comparison of removal fraction of particles between preserly and Hassanzadeh et al. [7].

As mentioned in Figs. 2, 3 and 4 acceptable agreements wenel floetween results. We tried several mesh sizing to
achieve grid independent solutions and we found that 611M&sh size is appropriate for this case.
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4 Results and discussion

In the present study we have studied particle depositiordapersion in a horizontal annulus with natural convective
investigated the influence of aspect ratio and Rayleigh rasrab the particle motion. We presented results for differen
AR, 2, 3, 4 and 5 and different Rayleigh number$,10* and 106.

AR=2

AR=3

AR=4

AR=5

Fig. 5: Comparison of isotherms (left) and streamlines (right)toars at Ra=104 for different AR.
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Ra=10°

Ra= 104

Ra=10°

Fig. 6: Comparison of isotherms (left) and streamlines (right)toars at AR=2 for different Ra number.

Fig.4 indicates the pattern of isotherm changes by incrénfespect ratio. The streamline contours also show thagtine

of the flow field that has inverse relation with AR. Fig. 5 shawat as the Rayleigh number increases updo= 10°,

the isotherms become more distorted due to the dominatioarofective heat transfer. In addition, the thermal boupdar
layer on the surface of the inner cylinder becomes thinnéigiter Rayleigh number. Fig. 6 presented the position of
aerosols at = 50s andRa = 10° for different AR. Fig. 7 shows the trend of local Nusselt nenbhanges on the hot
cylinder for different aspect ratio & = 10*. As you can see we have increase in local Nusselt number ggai®.
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Fig. 7: Presentation of local Nusselt number on the hot cylindediiferent AR atRa = 10°.

AR=2

AR=4 AR=5

Fig. 8: Instantaneous snapshots of particle locatioris-a50s at Ra = 10°.

(© 2017 BISKA Bilisim Technology



=
NTMSCI 5, No. 2, 157-167 (2017)www.ntmsci.com BISKA

;

:
P

'S *

- N 2 o,
RFREN vl
s . o‘.:.': RS %0 'i'.

AR=4 AR=5
Fig. 9: Instantaneous snapshots of particle locatioris-a60s at Ra = 10*.

Table 2: Deposition fraction for different AR in presented Ra nunsest = 50s.

AR=2 AR=3 AR=4 AR=5
Ra=10° 0.999 0.977 0.921 0.911
Ra= 10 0.586 0.564 0.596 0.615
Ra=10° 0.284 0.378 0.422 0.474

At Ra = 10° as you can see fohR = 2, almost the whole aerosols deposit on the both cylinders ajng aspect ratio

we can find more dispersed particles between hot and cold dad to increasing of flow field strength. Due to the high
density of aerosols in this case, and the weak flow field at layl&gh number on the other hand, we see that in less
aspect ratio deposition happens aggressively becausedfdibtance between cylinders. Fig.7 shows that depaositio
increases by enhancing aspect ratio except for AR=3. Tts®nda that deposited particles on the hot wall reduce greatl
and remain dispersed between cylinders as gravity and bagyarces became balanced. With consideration of Figs 7-9
and table 1 we can see that in a constant AR, the depositiotidnadecreases by enhancing Ra number. We presented
results ford, = 10umand we choose relaxation time of the particle as the time-aftéhis study.

5 Conclusion

In this case we have studied natural convection in a conicarinulus with outer cold wall and inner heated wall. We
injected 1000 particles in laminar, incompressible anddtestate fluid flow and followed the trajectories of the set®
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Fig. 10: Instantaneous snapshots of particle locatioris-a60s at Ra = 10P.

to analyze the pattern of deposition and dispersion. As imeed in figures we concluded that by increment in aspect
ratio the deposition increases fBa = 10%, 10° but we found opposite trend iRa = 10° due to domination of gravity
force over buoyancy. By increasing Rayleigh number the diéipa decreased in all cases which means the aerosols tend
to be dispersed in strong flow field.
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