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Abstract. In refrigeration compressors, the suction and hé&ége valves are responsible for the retention hf t
refrigerant fluid from the suction chamber to thdimder and passage from the cylinder to the disghachamber.
Valve system designers seek for valves with smrallall flow pressure drop in order to increase tb@mpressor
efficiency. As the opening and closing of the mleee caused by the forces produced by the refiigeflow, the
understanding of the flow through the valve iswfdamental importance in order to enhance the iefficy of the
valve system. The numerical simulation of the fiowan efficient method to perform this task. Duehe complex
geometry usually found in this type of valve, sifigol geometries have been used to represent tive vparticularly
the radial diffuser geometry. This work presentsuaerical simulation of the flow through a moreligtic geometric
model for the suction valve. An Immersed Boundageghbd is used to represent the valve geometry indifferent
angular positions during the opening movement @f ¥hlve. An adaptive mesh dynamically refined isdufor
representing the flow domain. The governing equatiare solved by a projection method, using a serplicit
second-order scheme for time integration. The systef algebraic equations are solved by a Multigviditilevel
technique. Results are obtained for Reynolds of #@0three different inclinations of the valveb,715 and 30°.
Besides providing interesting flow characteristfos these high inclination angles, the most impotteonclusion of
this work is that the methodology showed to beablétfor studying the flow through this more retidisgeometry,
indicating also that it can be used in the future $tudying the fluid-structure interaction betweée valve reed and
the flow, which is a current challenge for compogsgesigners.
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1. INTRODUCTION

The valve is one of the main components of a hecneeimpressor, because it controls the mass flagvtraough
the compressor. The opening and closing movemdritseovalve are governed by the pressure differapmied by

the refrigerant flow over the reed, as shown inufégl. Therefore, it is essential to fully undemstaéhe flow through
the valve in order to improve its design and toserde the overall efficiency of the compressor.

--------- » flow direction

Figure 1. Scheme of the valve reed.

Several studies have been carried out to charaetéie main features of the flow through the vaNamerical
solutions for incompressible laminar flows have rbgerformed by Hayaslhdt al. (1975), Raal (1978), Piechna and
Meier (1986), Ferreireet al. (1989), Gascheet al. (1992) and Possamai al. (2001). Numerical solutions for
incompressible turbulent flows have been accometisby Deschampst al. (1996) and Colacitiet al. (2007).
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Experimental work on this subject has been perfdriog Wark and Foss (1984), Ferreira and Driess&3g)l
Tabakabai and Pollard (1987), Enghal. (1989) and Gasclet al. (1992).

One of the main challenges for modeling this probie the complexity of the valve geometry. Becaak¢his
reason, simpler geometries have been adopted,afigetie radial diffuser. The treatment of valvedemovement is
another challenge for the current computationabfidynamics methods. The use of body-fitted meshémre the
computational mesh is set to fit to the body, idtroes several computational penalties once thagaoh displacement
of the valve reed, the mesh must be updated fodigwetization of the new computational domainisTgrocedure
requires extensive computational resources.

The Immersed Boundary Method (IBM) developed itlitiay Peskin (1972) has been used successfullgdbring
flow problems in complex geometries presenting mguboundaries, especially for problems involvingdistructure
interaction. This method uses a simple fixed gEdlérian grid) for solving the flow equations anddals the presence
of an interface using a moving Lagrangian grid. Tiiterface is recognized through the addition édrae field in the
momentum equations.

Lacerda (2010) and Rodrigues (2010) have used BMe tb simulate the two-dimensional incompressidtawf
through a radial diffuser representing the valvetesy. Lacerda (2010) used the Virtual Physical Madeoduced by
Lima e Silva (2002) to calculate the Lagrangiarcéodensity in order to represent the valve seat. r€bults obtained
by Lacerda agreed well with experimental data. Rupehs (2010) used the same model used by Lacemhddolate the
force field, but to represent the movement of thlve reed. Rodrigues concluded that the methotles ta represent
well the movement of the reed and it is a promisowj for future works on fluid-structure interamti

Although the results presented on the literatureagushe Immersed Boundary Method are satisfactong,
researchers have observed that the method canmatsemt well thin bodies, because the mesh refinemeguired
must be extended to the entire computational domédien uniform meshes are used. Thus, much effate heen
done in order to use the computational capacityeneificiently, and adaptive versions of the Immdr&oundary
Method have been introduced.

Roma (1999) has introduced a version of the IBM antlieved enhanced the local accuracy by covering a
immersed boundary with a sequence of nested, psigedy finer rectangular grid patches, which falldynamically
the immersed boundary motion. The main conclusibthis work is that the solution for the mesh refinlocally
around the immersed boundary has no significaférdifice from the solution obtained in a uniform mdsuilt with
the resolution of the finest level.

The main motivation of this work is to simulate thew through compressor valves considering thevfio a
geometry nearest to the actual geometry of theeveystem. In order to accomplish this task a tkieensional model
was used to solve the incompressible flow througtuetion type valve, including the inclination dfetreed. The
method introduced by Wang (2008) is used to caleutlhe Lagrangian force density. Besides, the safieement
strategy proposed by Roma (2007) was used to théldnesh.

2. NUMERICAL METHOD
In this study a three-dimensional, unsteady, ina@sgble, and isothermal flow of a Newtonian fliridcartesian

coordinates is considered to solve the flow throtlgh suction valve model. The governing equatiomsthe mass
conservation and the momentum equations, given by:

Om=0 1)
p[% +1 Dﬁaj = —p+ Oy + 0" |+ 7 @

whereu represents the vector velocity field, p is thesptee, ang andp are the density and the viscosity, respectively.

The termf corresponds to the Eulerian force density fieldiclw models the immersed boundary, which is resptans
for representing the body inside the flow. The Ealeforces are calculated through the distributbthe Lagrangian

interfacial forcesF, with the following equation:
f(%) =jlf()2)D(Y<— X Jav 3)
r

where Xis the position of the Eulerian poinX the position of the Lagrangian poimiV the discrete volume for each
Lagrangian pointl” the Lagrangian domain, arid is the distribution function having Gaussian fumetproperties. In
this work capital letters refers to the Lagrangranables and the lowercase letters refers to therian variables.
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Several models to calculate the Lagrangian intéxmnrce,f, have been developed (Mittal and laccarino, 2006).
this work, the Multi-Direct Forcing proposed by Wf2008) is used to calculate the interfacial Lagran force. This
method iterates a direct forcing process on theian points close to the immersed boundary toantee the desired
velocity on de boundary. The procedure involvesftfiewing steps:

» Calculus of the velocity on the Lagrangian poimbtigh the distribution function:

Gt =3 plx- X )it (x)av 4)

e Calculus of the Lagrangian force denﬁ;ﬁor the iteration:

ﬁi()z,t)zp(utwm_au ] ®)

» Distribution of the Lagrangian force density to thelerian points through the distribution function:

fixt) = bx- X (X tjav (6)

=
» Update of velocity field after forcing:

i =g + 2L xot) 7)
0

In the second stepj”At refers to the desired velocity on the immersed bDamn These four steps are repeated

until U =U" . The force on the immersed boundary can be caéxilay:

(k)= F (k) ©®

whereN is the number of Multi-Direct Forcing cycles.

The mesh used consists in sequences of nestedepsog finer rectangular grid patches, as exeragliby Fig. 2.
The refinement strategy spots regions on the dornisabased on the position of Lagrangian points #wedvorticity
field. For regions close to the Lagrangian poinfiast level is set, while in other regions thénement level is set
considering the maximum vorticity value. The meghamically adapts itself to the flow while the Immsed boundary
is represented by the finest level. Figure 2 shavmdy represented by the Lagrangian domain couveyetie finest
level of the Eulerian domain as an example.
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Figure 2. Example of the Lagrangian domain covéxethe finest level of grid patches.
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The temporal discretization of Eq. 2 is based an IMEX (Implicit-Explicit) scheme, a second ordetheme
described by Aschest. al (1997). This method allows the use of time-advasateemes as the SBDF (Semi-Backward
Difference Formula), MCNAB (Modified Cranck-NicolsoAdams-Bashforth), CNAB (Cranck-Nicolson Adams-
Bashforth) and CNLF (Cranck-Nicolson Leap-Frog).eTtentral difference scheme (CDS) is used to dierehe
equations on space. The Projection Method is usedhfe solution of the pressure-velocity couplinghile the
algebraic linear systems are solved by a Multitggichnique.

The geometry of the valve is depicted in FigurelfBe IBM can reduce substantially the difficulty tepresent
complex geometries because it is not necessamyaptahe numerical grid to the immersed body.

(a) — Upper view of the model (b) — Side view o thodel
Figure 3. Three-dimensional model of the valve ugdtie present work.

Figure 4 shows the computational domain and boynetamditions used in the present simulation.
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Figure 4. Computational domain and boundary coowfiti

The Lagrangian grid is formed by 73.038 nodes, vtlie Eulerian grid is composed of about 3.000:@X{es. For
the Eulerian domain, the number of nodes variesrdang with the adaptive refinement.

3. RESULTS

Velocity vectors and dimensionless pressure fietthg on the reed surface, P*, are obtained forrR&ls number
equal to 500. The Reynolds number based on thénfgedifice diameter and average velocity ;Réhe dimensionless
pressure (B, and the dimensionless time) (are given by:
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whereU is the average velocity in the feeding orifice antre andl is the feeding orifice diameter.

Figures 5 and 6 depict the velocity field for imeltion anglep , equal to 7.5° at two different times and Fig. 7
shows the dimensionless pressure on the reed f&.84. Similar results for inclination angles of°l&dnd 30° are
shown in Figs. 8 to 13.

Figure 6 — Velocity vectors for 2.84 and: = 7.5°

It can be noted the formation of a vortex ring aidthe reed after the flow is deflected by the rdéus structure is
dissipated after colliding with the boundaries loé tomputational domain. One can also observethieatiow is not
symmetrical in relation to the longitudinal plarfetiee reed. The pressure distribution on the regfhse, shown in Fig.
7, is also not symmetrical, which was not expedtedhis low Reynolds number. This behavior couddue to the
influence of the domain walls, but further studiesse to be carried out to investigate this phenameithe lower
pressure values are located on the left side ofabé owing to the higher restriction to the flowthis region.
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Figure 7. Dimensionless pressure distribution Terx84 and = 7.5°

As the inclination angle increases to 15°, the flmatterns are slightly modified. The pressure lemelthe reed
surface decreases due to the lower restrictiorhéofiow. It can be also noticed that the higherspuee region
diminishes witha. For inclination angle even larger,= 30°, one can see the formation of two majoresoih the xy
plane. The pressure level is even lower for thgecas expected.

Figure 9 — Velocity vectors for# 5.62 andx = 15°
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Figure 10. Dimensionless pressure distributiortfoi5.62 anch = 15°

Figure 12 — Velocity vectors for 4.43 anch = 30°
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Figure 13. Dimensionless pressure distributiort for4.43 andx = 30°

Figures 14-16 shows a tri-dimensional view of iswticity surfaces from results to highlight theustiures formed
by the flow.

Figure 15. Iso-vorticity field for &£ 5.62 andx = 15°
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Figure 16. Iso-vorticity field for & 4.43 andx = 30°

4. CONCLUSIONS

This work presented a numerical simulation of theompressible flow through a valve reed model uised
refrigeration compressors. The Immersed Boundaryhbte was applied along with an adaptive mesh refam
algorithm for better computational efficiency. Rkstdior Reynolds number equal to 500 and valveimations of 7.5°,
15°, and 30° were obtained. The velocity field #mel dimensionless pressure distribution on the sethce were
analyzed for all cases. The results showed thedtiom of a vortex ring around the reed, just atfter reed region. The
pressure distribution on the reed surface is notnsgtrical, as expected for the low Reynolds nunarelyzed. The
level of the pressure on the reed surface decreast® inclination angle increases due to theateatuof the friction
forces of the flow. Based on these results, oneatsm conclude that the Immersed Boundary Metha psomising
tool for studying the flow through the valve ofnigkration compressors, considering the actual gdgnof the reed.
In addition, the fluid-structure interaction betwethe reed and the flow, which is a current chaiéefor compressor
design, can also be considered for future studiggyithis methodology.
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