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Abstract. The raddial difuser geometry has been used as plified model for flow investigations in many inthed
devices, mainly for simulating the flow throughriggration compressor valves. A lot of effort hagb undertaken to
understand all the flow patterns associated witls theometry, and the fast computational advancewst that
numerical simulations could capture new flow patterin this work a numerical simulation of the wasty flow
through a radial diffuser is carried out in ordew tnvestigate the transitional flow pattern. Thevgming equations
are discretized using the Finite Volume Method. piessure-velocity coupling problem is solved it SIMPLEC —
Semi-Implicit Method for Pressure Linked Equati@unsistent algorithm applied to a staggered mestthf® velocity.
The algebraic equations system are solved by tHe SQuccessive Over-Relaxation algorithm for tHecitees and
energy, while the pressure correction equationdkved by the SIP — Strongly Implicit Procedure aithon. The
Power-Law scheme is used for interpolating the siVie/advective terms. Local Nusselt number and nsinaless
pressure profiles on the frontal disk surface abtained for different Reynolds numbers.The resuksconfronted to
experimental results showing good agreement. It aegerved that the vortexes released at the iflehe diffuser
region are advected in the flow direction, but tree dissipated before reaching the exit of thduddr. It was
possible to find out that for 1900<Re<2000 the flstarts oscillating, becoming an asymmetric unsyeiéalv, which
characterizes the transition from laminar to turbot flow.
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1. INTRODUCTION

The radial flow is investigated by the scientifionemunity due to its presence in several engineepimjects.
Among them, the circular airfoil of airplanes cam d&ited. This kind of flow is also present in rddia mixed flow
machines, in hydrocyclones used to separate degpeiements in liquid medium, in aerostatic rabidrings, where
the pressurized air is forced through a feedinficerio the radial flow, and in reed type valveshefmetic compressors
used in refrigeration systems, which is the mainivation of this work.

In refrigeration compressors, the suction and disgph valves are responsible for the retention a@s$age of the
fluid flow from the suction chamber to the cylinddramber, and from the cylinder chamber to thehdisge chamber;
respectively. Designers of valve system seek fbregawith fast response, low pressure losses, aetidced gas return
in order to increase the compressor efficiency.ties opening and closing of the valves are causedhéyforce
produced by the refrigerant flow, the understandifighe flow through the valve is of fundamentabiontance. The
numerical simulation of the flow is an efficient thed to perform this task.

Due to the complex geometry of this type of vabieyplified geometries, as the radial diffuser showirig. 1, are
usually used to model the valve.
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Figure 1. Radial Diffuser geometry.



Proceedings of ENCIT 2010 13" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2010 by ABCM December 05-10, 2010, Uberlandia, MG, Brazil

The flow pattern in radial diffusers depends on Reynolds number and the gap between disks, seriergl, for
lower values of Reynolds number and gap, the visdorce of the flow between disks, usually calléfuder region,
prevails and the flow is stable. For higher valoéshe Reynolds number and gap, the hydrodynamimtary layer
tends to separate from the inner surface of thdirigeorifice, generating a recirculation fluid region the diffuser
entrance. For further Reynolds number increaseflthre becomes unstable and an unsteady oscilleftory pattern
arises, characterizing a transitional flow.

Souto (2002) has presented an extensive revievadialrdiffuser flows with applications in compressalves.
Works on analytical solutions for laminar, incongsible, and steady flows have been performed byl&vdd1957),
Livesey (1960), Savage (1964) and Killmann (19¥@jile Ishizaweet al. (1987) have presented analytical solution for
the incompressible, laminar and unsteady flows. 8hiral solution for laminar and incompressible ffoWwas been
accomplished by Hayasht al. (1975), Raal (1978), Piechna and Meier (1986)diexret al. (1989), Deschampst al.
(1989), Ferreiraet al. (1989), Langeret al. (1990), Gasche (1992) and Possastaal. (1995). On the other hand,
numerical solutions for turbulent and incompregsiibws have been obtained by Descharepsal. (1988) and
Deschampet al. (1996). Experimental works on the subject havenbdeveloped by Jackson and Simmons (1965),
Wark and Foss (1984), Ferreira and Driessen (198f)atabai and Pollard (1987), Engh al. (1989), and Gasche
(1992). Some researchers also have obtained nwheatutions for laminar and incompressible flowsluding the
frontal disk dynamics: Matost al. (1999), Matost al. (2000), Matost al. (2001), and Salinas-Casanova (2001).

Pilichi (1990) investigated the radial diffuservilaconsidering the heat transfer. Numerical resfdtsthe local
Nusselt number on the frontal disk surface weraiobt using the Finite Volume Method describeddiscretizing the
governing equations. The Power-Law scheme was @gednterpolating the advective/diffusive terms atite
SIMPLER algorithm was used for the pressure-veyocdupling. Eexperimental results were also obthinsing the
naphthalene sublimation technique. For lower Raeysmalumbers the results agreed well, validating rthmerical
method for the steady laminar flow. For these camesingle peak on the local Nusselt number profés observed at
the diffuser entrance. For higher Reynolds numbeisgcondary peak on the Nusselt number profileakasrved in
the experimental results, which was not observethénnumerical results. The author commented thiatdecondary
peak could be associated with the flow instabitie

A year later, Langer (1991) studied several charastics of radial flow, searching for explanatidos those flow
instabilities. The results led to two important clusions: the invalidation of the geometric symmetypothesis
usually used for many researches to analyze this &f flow, and the existence of instabilities adiflircations due to
the reverse pressure gradient present in the riolal

Peters (1994) studied self induced bifurcations @sxdllations in radial diffuser flow. In this workadial diffusers
axially and radially feeded were simulated by ussegeral numerical methods with high order intemfioh schemes.
The data confirmed the results obtained by Land®01) for the first bifurcation point, and a secgmuint was
identified for a transition between an asymmettgady to an asymmetric unsteady flow (Hopf bifuarat The local
Nusselt number profile on the frontal disk surfagas also obtained, seeking for the secondary pdakined
experimentally by Pilichi (1990). The results agreell, despite some deviation on the positiorhefsecond peak.

The present work presents an analysis of the asmill flow in radial diffuser axially fed, in ordéw investigate the
transition of the steady to unsteady flow pattern.

2. NUMERICAL METHOD

The governing equations of the incompressible Ngiato flow through the radial diffuser (mass conaéon,
momentum and energy equations) are:
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wherep is the fluid density, p is the dynamic viscosiGy, is the specific heat at constant pressure, kdstliermal
conductivity, p is the pressure, V is the velogictor, and T is the temperature. The necessanmydzoy conditions to
solve the problem are indicated in Fig. 2. The getim parameters that characterize the model ade®15, d, and
variables.
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Figure 2. Computational domain and boundary coowofiti

The governing equations and boundary conditionsleeretized using the Finite Volume method, usimg Euler
(first order) discretization for the transient terithe pressure-velocity coupling is treated by $i8IPLEC — Semi-
Implicit Method for Pressure Linked Equations Cateitalgorithm, applied to a staggered mesh for veloaithile
the algebraic equations systems are solved by @R S Successive Over-Relaxation algorithm for manomanand
energy equations, and the SIP — Strongly Implicitcedure algorithm for the pressure field. The Relae scheme is
used to interpolate the advective/diffusive termthe Navier-Stokes equations.

A non-uniform mesh refined near the highest gradiegions and solid/fluid interface was used toegate all the
results, totalizing 48,300 volumes in the entirendin (24,000 volumes in the diffuser region).

The dimensionless parameters characterizing thve dl@ the local Nusselt number, the Reynolds nuraberthe
dimensionless pressure on the frontal disk suridefned by Eqgs. 4, 5, and 6.
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where h is the convection heat transfer coefficiektis the thermal conductivity of the fluidl, is the prescript
temperature on the frontal disk surfa€g,is the fluid temperature at the entrance of theslifeg orifice,U is the mean
velocity at the feeding orifice entrangeis the absolute viscosity of the fluid, apds the fluid pressure. In this work
T,=70°C andT;,=20°C were used.

3. RESULTS

Results for steady and unsteady flows were obtdioed gap between disks (s/d) equal to 0.07, #mesgap used
by Pilichi (1990) in his experiment. Numerical lbd&usselt number profiles on the frontal disk soefavere obtained
for Reynolds number equal to 2727 and Prandtl nuraegeal to 2.6. The results were confronted withéRkperimental
data from Pilichi (1990) and the numerical resfiitsn Peters (1994) in order to validate the nunariesults. The
convergence criterion was based on the mass caigervesidue, considering acceptable results deidues lower
than 10'. A time-step equal to 2 T0and a total simulation time of 1000 seconds weesu

The instantaneously local Nusselt number profiles wiane integrated and confronted with experimerztadi
numerical results from Pilichi (1990) and Peter894), respectively. As shown in Fig. 3, one caricecthat the first
peak at the diffuser entrance agrees well withnilverical data, but is larger than the experimetatd. However, the
second peak does not agree well neither with tineenical result nor with the experimental data.
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Figure 3. Local Nusselt number profiles on the fabdisk surface for Re=2727, Pr=2.6, and s/d=0.07.

It should be emphasized that the numerical mettasocbnsiderable influence on the results for gpe of flow, as
concluded by Peters (1994). Another possible estian for the results deviation could be the experital
uncertainty, which is not addressed by Pilichi @9 he naphthalene sublimation technique usedilhPallows the
calculation only of the time average Nusselt nunthemeasuring the thickness of a thin naphthalayer| As the flow
does not reach the steady state regime, the iastamiis naphthalene mass transfer modifies the llyal thickness,
which can modify the flow over the surface. Therefdhe geometry of the real mass transfer prolidedifferent from
the geometry of the numerical heat transfer problEnis difference can be another source of disecrepbetween the
experimental and numerical results.

Figure 4 shows the instantaneous local Nusselt pumpinfile for the same case in two different timksan be
noticed that the first peak, which is caused byHhlgh acceleration and curvature of the flow at ¢éidrance of the
diffuser, is stationary and well defined. Howeubgre are several Nusselt peaks in the diffuséonedhese peaks are
due to the radial movement of consecutive vortadetached from the entrance of the diffuser, whiah be seen
through the isovorticity field in Fig. 5. Thereforthe unique second peak measured by Pilichi fadha time average
value.
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Figure 4. Instantaneous local Nusselt number mofitr Re=2727.
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Figure 5. Isovorticity fields for Re=2727 and s/d>N

Figure 6 shows the dimensionless pressure profiléhe frontal disk surface at two different times the same
case. The region of the highest values is dueddltid stagnation fluid on the frontal disk, bedantering the diffuser
region. The flow acceleration at the diffuser ent&produces a large pressure decrease, whictogeared as the flow
decelerates due to de augmentation of the croseserea. The pressure oscillations in the diffusgion are caused
by the vortex detachment at the entrance, whichesiéthe entire profile oscillates with time.
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Figure 6. Dimensionless pressure profiles for R@¥27

The problem was also solved for Reynolds numbealequ1900, 2000, 2100 and 2200, considering s@i&d-or
Re=1900 the flow reached a steady state regime alfteut 750 seconds, as shown in Fig. 7. In th&lrime, before
reaching the steady state regime, there has besarvaadl some oscillatory flows which are dumped glome, as
predicted by Peters (1994). For Re=2000, the flemfiguration is practically the same when compatedhe
Re=1900. However, there are small vortexes clogbddliffuser exit. Figure 8 depicts small oscitlas on the local
Nusselt and dimensionless pressure profiles fdr bases.
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Figure 7. Isovorticity fields: (a) Steady; (b)Urestiy
Analyzing the local Nusselt number profiles at siagne time (t=900s), the flow characteristics areenewidenced.

The oscillations verified in Fig. 8b are not obsxhin Fig. 8a. Based on these results, one cahsayhe transition
from laminar to turbulent flow occurs for 1900 <R®80.
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(a) Re =1900; (b) Re =2000;
Figure 8. Local Nusselt number profiles for t=900 s
With Reynolds number augmentation, results show tiwa vortex detachment increases. From Figs. 9 Jdhd

which show the results for Re= 2100 and 2200, ipdssible to verify that the vortex detachment éases for
increasing Reynolds numbers.
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Figure 10. Local Nusselt number profiles at t=930rsa) Re=2100 and b) Re=2200 at=900 s.
4.CONCLUSIONS

The present work presented a numerical analystheincompressible flow through a radial diffuseraly fed,
focusing the characterization of the transitiodaifpattern. The numerical results were confrontéth experimental
data and numerical results for Re=2727 and s/d=0.68&@ numerical method was able to detect two Nupsaks as
obtained numerically by Peters (1994) and experiatigrby Pilichi (1990).

Analyzing the pressure profile on the frontal d&kface, it was possible to find out that for 1988<2000 the
flow starts oscillating, becoming an asymmetric taady flow, which characterizes the transition fréaminar to
turbulent flow.
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