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Abstract. In this work is presented the modeling of the flow through hermetic compressor automatic valves using the
Immersed Boundary Method. The Immersed Boundary Method is attractive for modeling this problem once the
displacement of the valve is ruled by the force applied on the valve reed by the refrigerant flow, establishing a fluid-
structure interaction problem. Traditional methods, like body-fitted meshes, are computationally expensive for this
kind of problem, due to re-meshing requirement in order to fit domain modifications. The Immersed Boundary Method
is simple and computationally cheap when compared with body-fitted meshes. The governing equations are solved with
a fixed orthogonal mesh, called eulerian mesh, while the solid immersed in the flow is modeled using a lagrangian
mesh. These two meshes are independents and the coupling between them is made through the addition of a force term
in the momentum equations. Using this approach, the displacement of the valve reed can be modeled only with the
movement of the lagrangian mesh, without mesh adaptation. In this work, it is presented a preliminary study of the
application of the Immersed Boundary Method together with the Virtual Physical Model (VPM) for modeling the flow
through a static valve. The solution of the governing equationsin cylindrical coordinates is accomplished by the Finite
Volume Method, using the SMPLEC algorithm to solve the velocity-pressure coupling problem. The Power-law is
used to treat the advective-difusive terms and the three-time level is used to advance the time solution in a fully implicit
approach. A staggered mesh for the velocity is used in relation to the pressure. The valve was simulated for Reynolds
numbers equal to 500 and 1500, diameter ratio D/d = 1.5, and dimensionless gap §/d equal to 0.03, 0.05, and 0.07. The
results were confronted with numerical data obtained through traditional methods. The main conclusion is that the
Immersed Boundary Method is capable to model the valve flow and can be tested in future studies for considering the
dynamic displacement of the valve reed.
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1. INTRODUCTION

The valve is one of the main components of a hecmesmpressor, given it controls the mass fluxdasthe
compressor. The opening and closing movements @arerged by the pressure difference applied by éfiégerant
flow over the reed. Therefore, it is essentialuityfunderstand the flow through the valve in ortkeimprove the valve
design and to enhance the overall efficiency ofcthmpressor.

Several studies have been made to characterizeahrefeatures of the flow through the valve. Numalrsolutions
for incompressible laminar flows have been obtaibgdHayashi et al. (1975), Raal (1978), PiechnaMetr (1986),
Ferreira et al. (1989), Gasche et al. (1992) args@nai et al. (2001). Numerical solutions for inpogssible turbulent
flows have been obtained by Deschamps et al. (1886)Colaciti et al. (2007). Experimental work bistsubject has
been performed by Wark and Foss (1984), Ferreicalnessen (1986), Tabakabai and Pollard (198#A)inEet al.
(1989) and Gasche et al. (1992). Nevertheless, wio#tese studies are limited to static analysighef problem,
disregarding the movement of the valve reed and-ftructure interaction. Only few works in this afeave taken into
account the movement of the reed, although witlvousidering the real problem of fluid-structureenaiction (Matos
et al., 2000 and Matos et al., 2001).

One of the main challenges for modeling the probkethe complex geometry of the valve. For thisoeg simpler
geometries have been adopted, specially the rddfaker. Despite the valve geometry, the treatn@ntalve reed
movement is challenging for the current computatidluid dynamics methods. The use of body-fitteesires, where
the computational mesh is set to fit to the bodwroduces several computational penalties once thateach
displacement of the valve reed, the mesh must batagd for the discretization of the new computatiaomain. This
procedure is not an easy task and requires extensimputational resources.

The Immersed Boundary Method has been successfathg for different applications, especially for lgems
involving fluid-structure interaction. The Immers&bundary Method uses a simple fixed grid (Eulergaid) for
solving the flow equations and models the presemem interface using a moving Lagrangian grid witl addition of
a force field in the momentum equations for thésclelcated around the Lagrangian points. Therefibie re-meshing
procedure used in other methods is not necessaighwaves computation time.

The main purpose of this work is to apply the ImseerBoundary Method together with the Virtual PbgsModel
(VPM) for modeling the flow through compressor valvesthis first application in a static configuratigost to verify
the applicability of the method.
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In this work the flow through a radial diffusempresenting the valve is solved numerically by udimgImmersed
Boundary Method with the Virtual Physical Model itia e Silva et al., 2003), used for calculatingftree field. The
radial diffuser is simulated using a two-dimensiagproach, through the cylindrical coordinate systOnly the valve
reed is modeled with the Immersed Boundary Methdtle the valve seat is modeled by imposing infinitscosity in
the control volumes located inside the valve s€aé most important conclusion of the work is thet tethodology
showed to be suitable for studying the flow throtigg radial diffuser, indicating that it can be dige the future for the
real geometry of the valve system, including thudfistructure interaction between the reed anditive

2. MATHEMATICAL FORMULATION
In this study a two-dimensional, unsteady, incorapitde, and isothermal flow of a Newtonian fluidaylindrical

coordinates was considered to solve the flow thinotlte radial diffuser. The governing equations #me mass
conservation and the momentum equations writteheén direction (radial) and x direction (axial)ygn by:
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where u and v are de velocity components in thal @axid radial directions, respectively; p is thegsure; ang andp
are the density and the viscosity, respectivelye TEnims Fand F are Eulerian force density fields responsible for
representing the immersed body inside the flow. Ebkerian forces are calculated through the distidim of the
Lagrangian interfacial forcef, with the following equation:

F,(;(ij):%Dij(”;ij —iku)i(gk)if\\;: 4)

where AV, is the Lagrangian volumeV; the Eulerian volume§k the Lagrangian point positiorii,- the Eulerian
point position, andD; is the distribution function having Gaussian fimetproperties (Lima e Silvat al.,2003).

Several models to calculate the Lagrangian intefdorce.f,, have been developed (Mittal and laccarino, 2005).

this work, the Virtual Physical Model proposed byna e Silvaet al. (2003) is used to calculate the interfacial
Lagrangian force, which is defined as:

f(ik,t%lbﬂ;#Lp(v il (Qk,t)—uDZV(;Ek,t)+ﬁp(§k,t) (5)

— fi fv

fa

fp

Wheref_é, fT f_\; andf_f) represent, respectively, the inertial, accelematidscous, and pressure forces (by unit volume)

acting on the fluid particle at the interface. Tieems of Equation (5) are calculated using the artefield data.
Details of the implementation are founded in Lim@ileaet al. (2003).

3. NUMERICAL METHOD

The Finite Volume Method is used to discretize glo@erning equations, using a staggered grid. TheeRPaw
scheme is used for interpolating the convectivéidife terms and the SIMPLEC algorithm is used rematt the
pressure-velocity coupling. The discretization bé ttransient term is accomplished by using theethirae level
scheme, a fully implicit second order scheme. Tlgelaaic equation systems are solved iterativelpguthe TDMA
algorithm. Figure 1 shows the computational doméie,boundary conditions, and also the geometriamaters of the
valve.
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Figure 1. Computational domain and boundary comattifor the valve simulation.

In this work, the following geometric parametersreveonsidered: the valve orifice diameter is d=3 amd the
diameter ratio is equal to D/d = 1.5; the heighthaf valve seat is | = 0.5 cm; dimensionless gafs,are equals to
0.03, 0.05 and 0.07; the dimensions of the comjmutalt domain are 1 cm and 2.75 cm in the x andrections,
respectively.

The mesh used to perform the simulation is showe&igure 2. The region with uniform mesh configioat
(shadow region) is the region where the valve isedodeled. The mesh employed is composed by 127xdRimes,
totalizing 62357 elements. The valve seat is matible setting the viscosity to infinity in the cosmmndent control
volumes.

Figure 2. Mesh employed in the simulations.

4. RESULTS AND DISCUSSION
The simulations were performed for Reynolds numbkeersls to 500 and 1500, which is defined as fadtow

PUj,d
H

Re= (6)

where U, is the uniform velocity at the inlet of the flowA important result for the radial diffuser flow ihe
dimensionless pressure profile on the valve reei@dse, P*, which is defined by Eq. (7):



Proceedings of ENCIT 2010

Copyright © 2010 by ABCM

p= P
}épuin2

Figures 3 and 4 present the dimensionless pressucdes for Reynolds numbers equals to 500 an@015
respectively, which are confronted with numeriaaults obtained with the traditional method (Fini@dume Method).
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Figure 3. Dimensionless pressure profiles for F&06.
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It can be observed a good general agreement betieqofiles obtained with both approaches. Tabdébows the
comparison of the maximum pressure (for r/d=0) ioleh from both approaches. Except for Re = 1500satid= 0.07,

Figure 4. Dimensionless pressure profiles for Ré&60.

all the results showed a error lower than 5 %.
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Table 1. Comparison between the maximum pressintained from both approaches.

P P
Seymels 2 Traditional Method Present Work e 1]
500 0,03 173,45 180,79 4,63
500 0,05 51,27 51,46 0,38
500 0,07 24,75 24,07 2,82
1500 0,03 120,37 123,71 3,33
1500 0,05 42,99 41,66 3,02
1500 0,07 25,32 19,99 20,94

One important parameter used to evaluate if thestipnand impermeability conditions are been satisfat the
immersed boundary surfaces is the L2 norm, defased

L, =
2 n

Z(Uk _Ufk)z

(8)

where uy is the prescribed velocity at the immersed boundarface,u ¢, is the velocity of the fluid at the interface

and n is the number of Lagrangian points. The tawelution of the L2 norm is presented in Fig. 5 floe simulated
cases.
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Figure 5. Time evolution of the L2 norm for (a) R&00 and (b) Re = 1500

It can be observed that the worst values for theduZn were obtained for Re = 1500. It is also cke#&ndency for
the L2 norm reaches better values for increasing g&d. This means that the method deals bettarugibcity fields
with smaller magnitudes, once that for increasimymi®lds numbers and decreasing relations s/d,ldkei§ highly

accelerated in the diffuser region. Despite tHis, alues obtained for the L2 norm were satisfgctorproduce good

results for the dimensionless pressure profileshenreed surface, which demonstrates a good peafarenof the
method. In order to obtain better results a refimegh must be used.
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Figures 6 and 7 present the streamlines for Re0=aBd 1500, respectively, in the diffuser region.
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Figure 6. Streamlines for Re = 500 consideringlthmersed Boundary Method (left side) and the
traditional method (right side) approaches fors{d)= 0.03, (b) s/d = 0.05 and (c) s/d = 0.07.
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Figure 7. Streamlines for Re = 1500 consideringtimersed Boundary Method (left side) and the
traditional method (right side) approaches fors{d)= 0.03, (b) s/d = 0.05 and (c) s/d = 0.07.
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One can note that the streamlines obtained fror approaches are slightly different, mainly for=0d7, where
the vortex obtained from the traditional methodhisch larger. This explains the higher pressurdhisrcase, once that
the consequent reduction of the cross section afe¢he flow in the diffuser region increases thewflresistance.
According to Roma et al., (1999), the Immersed Riaup Method has low resolution at the vicinity bétimmersed
boundary. The resolution can be improved by indngathe mesh density at the vicinity of the immerbeundary. In
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this work, the coarse mesh at the region of theénsed body can be the explanation for the diffeflomt patterns
observed.

5. CONCLUSIONS

In the present work the Immersed Boundary Methodgether with the Virtual Physical Model, was used f
modeling the flow through valves of refrigeratioongpressors. The main aim of the work is to evaltiaereliability
of the method for modeling the valve in a statiofeguration with future purposes to consider thawdation of the real
problem of fluid—structure interaction presenthe talve dynamics.

The dimensionless pressure profiles on the valed rface showed a good agreement with numegsailts
obtained from the Finite Volume Method. As a consetce, one can conclude that the method can beimgedher
studies considering the motion of the valve readluding also the fluid—structure interaction fooaeling the valve
dynamics.
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