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ABSTRACT

In this work, a 2D turbulent forced convection fow in a venturi channel has been numerically datad using
fluent. Transfers equations are described by theynBlels Averaged Navier-Stokes equations (RANS}tendicious
model is the turbulent standardsknodel. A fully-developed power-law profile is assd for the inlet stream wise
velocity. The results are presented as velocity fistatic and dynamic pressures fields, strearslifield, vorticity
and turbulent kinetic energy fields. They show that region of maximum turbulent kinetic energyhis diffuser
wall region extending to the channel exit and timbtilence shifts away from the diffuser wall in tlosv direction.
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INTRODUCTION

Venturi channels are widely used as scrubbersdaigies and gaseous collection from industrialeaidt [1] or to
meter gas flows [2]. These devices consist of chbawith three parts : a convergent section, a treod a divergent
section or diffuser. Numerical turbulent studiesvienturi channels are scarce because of the ond, lihe
complexity of the geometrical configuration and titeer hand, the difficulty to model the turbuldibtv along the
venturi. Among the turbulence models in gas flohe standard k- model [3] is the most popular. In many
numerical studies in venturi channels, the velogdy field is calculated using this model [4,5] wéwer, it is well
know that near the walls occurs important vicioascés, so, the standardekmodel which is suitable for large
Reynolds numbers is no longer applicable. To sdhi® problem, two solutions can be used. The Sdttion
consist to use the standard kaodel with wall functions in order to force thestinode of the computational grid to
be in the sub-layer. The second solution consiss®directly the k-LRN (Low Reynolds Number) model [6]. The
gas entry conditions are one of the simulation f@ois. It is rare in practice to encounter an umifanlet flow into

a venturi channelgo et al. studied the turbulent gas cleaning necangular venturi scrubber using the kRN
model with fully developed flow at the inlet andbshthat the turbulence is developing from the itdethe outlet of
the venturi channel [7]. Their CFD method was baseéd mathematical transformation of the venturi aad the
finite volume method which has been implementedThpmas and Gauss algorithms. Using a conical diffus
(Azad diffuser) which has a total divergence ar@jland a fully developed flow at the inlet, Okwualnid Azad [8]
showed that the peak of the turbulent fluctuatishi$ts away from the wall along the streamwise aion of the
flow. They also show that the rate of turbulentrgggoroduction reaches a maximum value at the eddgee wall
layer. To facility the turbulent modeling and simmibn in gas flow, CFD tools which include pre-peesors,
solvers and post-processors are more and more Aseahg these tools, the solver post-processor fl[#nand the
pre-processor gambit [10] are widely used. Mandistibased on these tools are widely been perfofirigii2,13].
Recently, 1go et al. [14] studied the turbulent §as in a venturi channel using fluent and gambitey showed
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that the venturi effect is well predicted by theefht code. Therefore, the objective of the prestmty is to extend
this work and provide more results of turbulentflim venturi channels.

PROBLEM FORMULATION

The venturi channel is composed of two iron platesections lengths ¢l-L,, L3). The inlet diameter is fand the
throat diameter is R The wall plates are subjected to a constant testye T,. A fully-developed turbulent air
flow with average velocity Uenters at the venturi channel with an uniform terapure T.
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Fig 1. Schematic representation of the studied sysn in the (O,X,Y) referential
It is assumed that the flow is incompressible dmedttansfers are two-dimensional, axisymetric daddy state.
The RANS equations modeling the turbulent inconmgibds air flow through the venturi channel are:

-Continuity equation

ou.

— 1 =0 1
o (1)
-Momentum equation
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U, P are respectively the average velocity andspires u is the velocity fluctuation.

The Reynolds stresse(pui uj) is defined by the Boussinesq approximation:

— ou; odU;| 2
pUU; = —py| —— +—— |+ _pk5; 3
J t{an aXi 3 I

w; is the turbulent viscosity, k is the turbulentddic energy and is the Kronecker symbol.

To close these equations, the standasdiedel equations are:
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Q is the term of production and is defined by:

6U|+aUJ GU,
ox;  0X; )|0X;

Q= (7)

j
C,=0.09;0¢ = 1,0, = 1.3; G, = 1.44; G, = 1.92 are the constants of the kiodel.
NUMERICAL SIMULATION

Mesh

The mesh is generated using the Gambit 2.2 softwaue to symmetry, only the half domain needs to be
considered. The mesh size is very close near thie teaake account the turbulent boundary layer.

Fig 2. Channel mesh

Simulation

Transfer equations are solved using fluent 6.2pmputational fluid dynamics software which enalbdesurate
simulation of flow in channels. The Standard WalinEtion is used for the treatment of the turbuleotndary
layer. To use this function, each wall-adjacent<ekentroid should be located within the log-laayér (30 < y <
300).

In order to performed the simulation, the followingundaries conditions are considered:
-At the inlet

A fully-developed power-law profile (n=7) is assuinfor the streamwise velocity. As we consider thvdr half
channel, the inlet velocity profile is:

1/n
u=u1+-2L
RO
U, is the centerline velocity.

U = (2n+1)(n+1)
o~ Ye 2n2
U, is the average inlet velocity which is correlatedhe inlet Reynolds number Re.

U.Dh

Ve

Re=

Dh is the hydraulic diameter ang, the air inlet cinematic viscosity.

The computing of the inlet velocity profil is perfoed by using the fluent 2D UDF code.

The inlet turbulent kinetic energy &nd his rate of dissipatian can be expressed as:
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3
ke = E(I eue)2

go = C4(k 2N
lo is the inlet turbulence rate and | the turbulescale:

le= 0.16(R<-:‘)'1/8 for internal fully developed flows.

I=0.07Dh
-At the walls : T=T, and the no-slip conditions are applied for thevflo
-At the symmetry axis : symmetry boundary conditi@imposed.
-At the outlet : outflow boundary condition is ingex.
RESULTS AND DISCUSSION

In the present study, simulations were performed=g=0.3m, R,=0.15m, ;=0.48m, L,=0.1m, L=0.72m, U=13
ms?, T.= T, = 300K.

Before print the results, we verify that the meskhonform to the standard wall function law.
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Fig 3. Wall Yplus evolution along the venturi chanel

Wall Yplus (figure 3) is between 30 and 60. The Imissconform to the standard wall function law.
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Fig 4. Inlet velocity
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Figure 4 shows the inlet velocity computed using fluent 2D UDF code. As seen, the inlet velocitpfite is
turbulent fully-developed and is an agreement with hypothesis.
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Fig 5. Contours of velocity magnitude (m/s)
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Fig 6. Contours of static pressure (Pascal)
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Fig 7. Contours of dynamic pressure (Pascal)

Figures 5-6 show respectively the velocity andstagic pressure fields in the venturi. We note thatflow velocity
increases as the flow moves in the converging@eéti reach a maximum value at the venturi thriwetact, in the
converging section, there is a continuous incredshe pressure drop due to the acceleration ofatheelocity
resulting of the conversion of the air potentia¢myy into kinetic one. According to the flow ratenservation law
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and considering the venturi diameter rati@/fR) equal to 0.5, the velocity must double in theoéttrand we can
note it on Figure 5. In the diverging section, thecrease of the velocity is due to the expansiothefchannel
diameter. The evolution of the static pressure @ltre venturi is the opposite of the velocity ofbe lowest
pressures are observed in the throat. The largeesigipns seen at the throat corners are due tohtirege of the
flow direction. The flow in the venturi channel arddthen an agreement with the Bernoulli law : tisisventuri

effect.

Figure 7 shows the dynamic pressure field. The ahyogressure is by definition proportional to tlgpiare of the
velocity. We indeed notice that the dynamic pressurd the velocity have approximately the sameugieni in the
channel. The dynamic pressure increases from tbetmthe throat and decreases from the throtitdmutlet. The
highest values are observed in the venturi throat.
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Fig 8. Contours of stream function (Kg/s)

Fig 9. Channel velocity vectors colored by velocitynagnitude (m/s)

Figures 8-9-10 illustrate the flow structure, regpely the streamlines field, the channel veloaigctors field and
the diffuser velocity vectors field. We note thseamlines (figure 8) are very close in the coneetgsection and
they are merged in the throat due to the reduaifahe channel section and the augmentation ofi¢heacity. In the

divergent section, the streamlines are detacheah fitee wall particularly at the channel exit. Theeamlines

evolution in the channel shows that the flow is+separated because the channel divergence anglet @& and

the diffuser aspect ratio (0.72/0.15=4.8) are lédwcording to the diagram of typical flow regions5]1 these

geometrical parameters cannot create a separatednfithe channel. The observation of the veloedgtors (figure

9) shows that the flow moves from the channel itdethe channel outlet, but we can g¢ke change of velocity
vectors (figure 10) whose movements become veryaarin the diffuser wall region. This situationtypical in the

diffusers and is due to a retarded flow (adversssure gradient) which appears in this kind of okarmAnd it is

well know that this phenomenon contribute to amplife velocity fluctuations.
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Fig 10. Diffuser velocity vectors colored by veloty magnitude (m/s)
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Fig 11. Contours of vorticity magnitude (1/s)

figure 11 shows the contours of the vorticity magaée. We note that some low amplitude vortices apjoe the
diffuser wall region extending to the channel eXhis result corroborate the previous one. In fadg well know
that a vortices zone is an important region of e#jofluctuations.
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Fig 12. Contours of turbulent kinetic energy (k) (n¥/s?)
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Fig 13. Contours of turbulent intensity (%)

Figures 12-13 show the contours of the turbulentensity and the turbulent kinetic energy respetyivWe note
that the turbulent kinetic energy and the turbudeiensity have approximately the same evolutind their
maximum values are observed in the diffuser wafliae extending to the channel exit. This resultthie
consequence of the two previous results. In a adatime turbulence intensity is of course improwedhe zones
where the velocity fluctuations are important, ahs zone for the studied channel is the diffusadl wegion
extending to the channel exit. We observe alsottieaturbulence shifts away from the wall in tr@afldirection.

CONCLUSION

A forced turbulent convection air flow in a 2D vantchannel was numerically investigated in thespre study
using fluent. A fully-developed power-law profile assumed for the inlet streamwise velocity. Trensséquations
are described by the Reynolds Averaged Navier-Stekgations and the vicious model is the turbudeandard ke
model. The major results are:

-The venturi effect is well predicted.

-The high velocity fluctuations zone is the diffuseall region extending to the channel exit.

-The turbulence is very important in the diffusealiwegion extending to the channel exit and staftey from the
diffuser wall in the flow direction.
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