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ABSTRACT

Computational Fluid Dynamics (CFD) of screw compressors is challedgedo the positive displacement nature
of the process, existence of very fine fluid leakage paths, coexisitnegking fluid and lubricant or coolant, fluid
injection and most importantly the lack of methodologies available to gemeestiees required for the full three
dimensional transient simulations. In this paper, currently availabladkxy of grid remeshing has been used to
demonstrate the CFD simulations of complex multi rotor screw compseliisarthe twin screw compressor with
parallel axis and single screw compressor with cylindrical main rotorvem@lanar gate rotors with perpendicular
axis. Presently, methodology for grid generation of constant pitch $aiew machines is available through
SCORG® Kovacevic et al.2007) butit is currently not suitable for different topologies like thaaaingle screw

or variable pitch rotors. It is very challenging to handle the mesh dafiemthat happens in the compression
chambers during operations of such machines. The methodology fiasths paper uses a technique called key-
frame re-meshing in order to supply pre-generated grids to FlRe Blver as the solution progresses. In order to
evaluate accuracy of such approach, an adiabatic compression-exgans&ss in a reciprocating piston cylinder
arrangement is studied and compared witiffusion equation based mesh smoothing.

It has been demonstrated, that although it is possible to simulate the conmiguration of screw compressors by
key-frame re-meshing technique, there are many limitations with respdet tome consumed in pre-processing,
demand to computational resources, accuracy of results and generaltgifidaclude advanced modeling features
like turbulence, multispecies or multiphase flows. Hence it was concluded #tamized tools for generation of
CFD grids for such complex screw machines still remain to be developed

1. INTRODUCTION

Rotary Screw Compressors are positive displacement machines. Dedlgismn Screw and Single Screw have
been in industrial usage for a long time. The invention of rofarn Screw compressor concept dates back to 1878
by Heinrich Krigar in Germany, whereas Single Screw compress@isaigd around 196Zimmern (1984) has
presented an historical review of the oil-injection free Single Screw Compsethe design of screw machines is
greatly influenced by the dynamics of the working chamber, the suatid the discharge. There have been a
number of studies conducted to develop thermodynamic models and usseohtbdels has helped remarkably to
evaluate the compressor performance and for optimization of ratbleprover a period of time. For twin screw
compressors with oil free or oil injected operatidrgjiwara et al(1984),Fukazawa et al(1980),Sangfors(1982
and 1984)Singh et al.(1984 and 1990)Dagang et al(1986),Kauder et al(1994) presented computer models.
Stosic et al(1988) developed models by solving numerically the energy and diffarential equations from first
principles. Hanjalic and Stosic (1997 presented design optimization using such modeéleming et al.(1998
presented model for development and performance improvement of mhedeines. Recently a book on
mathematical modeling of twin screw compressor was publish&idsyc et al(2005a). Similarly for Single screw
compressorsBein and Hamilton (1982), Boblitt and Moore (1984, Jianhuaand Guangxi(1988), Hong and Wen
(2009 presented computer mod# oil flooded single screw compressatandbergandGlanvall (1978) presented
similar models and also compared twin and single screwdfjpempressors at full load. All these studies were
performed with an intention of predicting the performance and deaistic of screw machines at the design
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stage.With vast improvements in computational technology and availaliilipi@ accurate calculation methods,
use of Computational Fluid Dynamics for design of the screw machieegouraged and growing fast.

CFD calculations commonly use Finite Volume Method based solvers and its applica@oeviccompressors is an
unsteady flow problem with moving boundaries. FVM has been usedite problems involving unsteady flow
with moving boundaries for a long tinfeeric (1985), Demirdzic and Peric (1990), Demirdzic and Muzaferija
(1995). When FVM is applied to screw compressors, it faces a major gallethe grids required for transient
simulations. As the rotors turn during operationaotompressor, the fluid domain between them is deformed
requiring the CFD grid to deform as well. Presently, commercially availabkraegrid generators are not suitable
for full three dimensional transient simulations of complex screwpcessors. A breakthrough was achieved in
1999when an analytical rack generation methodStfsic (1998) was applied to generate an algebraic, adaptive,
block — structured grid calculation for twin screw rotors Kgvacevic(1999). Since then there have been several
activities reported on CFD analysis of twin screw compresgargacevic et al (1999 and 2000) ankovacevic
(2005) have presented the grid generation aspects for twin screw carpiesgacevic et al(2002, 2003, 2005b,
2006 and 2007) have reported CFD simulations of twin screvininmes: for prediction of flow, heat transfer, fluid-
structure interaction, et&ovacevic et al(2007) also published a textbook on the three dimensional CFD a&nalysi
of screw compressor¥oorde et al (2005) have developed a grid conversion algorithm for unstecttor block-
structured mesh from solution of Laplace equation for twin scempressors and pumps. Apart from these works,
there are only a few reports available on transient three dimensional CHBeanaf screw machines. All these
developments were concentrated on twin screw compressors andtiseréaare no published works available on
single screw machines or other complex screw machines.

In this paper the fundamental aspects of a transient CFD formmubaith deforming grids are mentione@ihe
methodology adopted for this research uses a technique called keyfzameshing to supply pre-generated grids
to the CFD solver as the solution progresses. Three cases are gtutlieceasing order of complexity of the
working chamber geometry. First one is an adiabatic compression-eXpgsicess in a reciprocating piston
cylinder arrangement and here key-frame geldneshing methodology is compared with diffusion equation based
mesh smoothing to compare the accuracy of results obtained with badchimiques. The second case is a Twin
screw compressor where both smoothing agygfiame re-meshigwere attempted but the later could not be fully
applied due to inability of solvers to handle changes in geometry. Howeaneercustomized grid generation
algorithm available in SCORG@¢vacevic1999 and2000)was feasible. The third case in this research is a Single
Screw compressor. However it is not presented in this paper due to Isgacef and will be presented in future to
further demonstrateisee of Key-Frame re-meshing methodology for complex domains sitiy® displacement
machines.

2. FUNDAMENTALSOF A CFD CALCULATION WITH DEFORMING
BOUNDARIES

2.1 Lawsof conservation and gover ning equations

In Eulerian reference, conservation of mass, momentum, enedgytiaer intensive properties applied to fluid flow
in a control volume (CV) can be defined by coupled, time dependetigl ghfferential equationsThese equations
form the basis for all fluid flow computations.

Conservation of Scalar Quantitiean be represented by a general transport equéfiergigerandPeric,1996

0

= an v.ndS = f I' grad ¢.ndS f

atfﬂpd) + fsp¢ | [[grad ¢.ndS | 4940 o1)
transient convection dif fusion source

Where, Q2 is the volume of CV, S is the surface enclosing this &£\ the unit vector orthogonal to S and directed
outwards,v is the fluid velocity inside CV in a fixed coordinate systeis fluid density and is time Here, the
transient term represents rate of change of propgerty CV, the convection term accounts for the net advective
transport of¢p across surface S and diffusive transport is described by the gradisnthe diffusivity for the
quantity¢ while q4 represents source or sinkgfin the CV.

When the control volume is not fixed in space, solution domain esamgth time due to movement of the
boundaries. This movement is defined either as a function of time oresdkg of the current solution field. The
convective fluxes such as the mass flux are calculated in such casgsalative velocity components at the cell
faces. If the coordinate system remains fixed and Cartesian velocipyooents are used, the only change in the
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conservation equations is the appearance of relative velacityv,) in all convective terms, wherg, is the
velocity vector at the cell face. Application of Leibnitz rule (02) for difféegion under the integral sign to
transient terms of equation (0gives the integral form of general conservation equation in Arbitrary Lgigian
Eulerian formulation. Arbitrary, because the grid velodifyand grid motion is independent of fluid motion.

0 d

- d =— an — .ndS 02
atqu dtqu L‘i"’b n (02)
d

— - =| I grad ¢.ndS

dtfﬂmbdﬂ " Lprb(v vp).ndS L grad ¢.n + L%)d!) 03)
transient convection dif fusion source

However, when the cell faces move, conservation of mass and ottssreed quantities is not necessarily ensured
if grid velocities are calculated explicitly and in turn are used to calculate theativevfluxes. To ensure that these
equations are compldyeconserved an additional conservation law needs to be satisfied i.e. Spaceatiomser
Law.

Space conservation or Geometric conservaisagiven by,

i an + fvb.ndS =0 (04)
dt J, B

Space conservation can be regarded as mass conservation with zero flcity.vElee unsteady terms involving
integral over control volum®&, which is now changing with time in governing equations, se¢ede treated in a
way to be consistent with the space conservation equation with deforntifay amoving grid. Grid velocities and
change in CV volumes are required to be calculated and confirming witipdbe sonservation. If the first order
backward difference is used for temporal discretization, the transientaerive discretized as:

d (g™ — (pgp)"
dt Lp(pdﬂ - At

(05)

Where,n andn + 1 represent current and next time level respectively.nTel volumeQ™*! is computed from

an
vl = on 4 T (06)
Where,d2/dt is the rate of change of volume of CV and in order to satisfy equ@4d it is calculatedas
nf
dan
E = L vb.ndS = z vbll' 'S] (07)
]

ns is the number of faces on the control volume §nis thej" face area vector. The dot prodagt; - S; on each
control volume face is calculated from the volume swept-odf2; by that face over the time stég asdf2;/At.
Therefore mass flum; can be calculated usigg2; /At instead of explicitly calculated grid velocity, ;.
P00

At

If the volume change and mass fluxes are calculated as above, spaceationsisreonformed. The requirement of
space conservation in flow equations on moving integration points traduned by Trulio andTrigger, 1961 and
ThomasandLombard(1979). The importance of the space conservation law was discysBatinirdzicandPeric
(1988). They showed that error in mass conservation due tomfone@nce of space conservation is proportional
to the time step size for constant grid velocities and is not influenced biydirefinement size.

Theoretically, when the equations of conservation are integrated over cahtmoles of infinitesimal size they can
completely resolve the flow dynamics. But when applied to control volumesnitd flimensions there are
limitations in terms of resolving length scales beyond certain size durtap near wall boundary layer
phenomenon or shocks where the gradients are high. So usualiglition to these equations there can be more
models introduced into the calculation like turbulence models, near wvadtidns, Species transport etc. These
models can be analogously represented by the general transport equhtos aot discussed here.

It is also possible to change the grid topology from one timetstepother EerzigerandPerig 1996) since the
computation of surface and volume integrals is not dependent on solutiopriegious time steps. This concept has
been utilized here to solve for complex domain deformations of sSImpressors.
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2.2 Solution of governing equations

The governing equations form a closely coupled, time dependent set of PDE’s and commonly a Finite Volume
Method for solution of these equations is employeuke fodel geometry is spatially discretized itaumber of
control volumes and the equations of conservation are integrated overtladinof Closed loop solutions to the
governing equations are available only for very few limited ideal geomeinii$ is impractical to be obtained for
realistic machines. Therefore, it is a practice to adopt an iterative, time advamcoeglure for solving such
systems. The presence of a deforming domain further complicatealttulationsmposing practical restrictions on
time step size or grid size used for discretizatioertigerandPerig 1996)

sTaT

Initialize solution field u,v,w.p and ¢ Initialize solution field w,v,w,p and ¢
Set Time Step At Set Time Step At
——| Solve Mesh Displacement | 4-{ Solve Mesh Displacement
Solve Hydrodynamic System Solve Hydrodynamic System
UV, W.p U v, w.p
Solve Energy, Volume Fraction and Replace Mesh Solve Energy, Volume Fraction and
any Additional Variables Interpolate Solution any Additional Variables

Advance in Time

Tteration within Inner Loop Tteration within Inner Loop

timestep Convergence? timestep Convergence?
Advance in Max Simulation NO Max Simulation
Time: t+At Time reached? Time reached?
(b)
Figure 1: Flow Chart of Solution Process with Deforming DomasjsMesh Smoothing and) Key-frame re-

meshing

Figure la represents a flow chart of the solution process for FVMdefttrming domainsHere the highlighted
block of solving mesh displacement is of particular interest. This nmisplacement moves the initial grid to the
new position in time and control volume deforms but there is aag#hin the number of cells or their connectivity
during this step. This is followed by integration and solutiorg@ferning equations, conforming to the space
conservation law on the deformed mesh at this new time level. Afterntiee siep is converged the solution
advances to next time step and next solution of mesh displacementoisngelf No intermediate interpolation is
required as necessary data is available for all cells within the domaine HiQurepresents a flow chart of the
solution process that can be used for high deformation and applickkierscrew compressors. The process is
called Key-Frame re-meshing method. Here, after every time step, a cheadéson the control volume cell
guality or possibility to absorb further deformation without generatiegative element volumes and selectively
some group of cells are locally remeshed. This changes theenwhcells and their connectivity from one time
step to the other. The remeshing is followed by next time step calculatiiter $0 Figure &. An intermediate
interpolation is required as all cells have changed connectivity. In thés papattempt has been made to use the
algorithm in Figure 1b by supplying the solver, complete deforming domain grids on which the corresgpndin
time level data gets interpolated. The process continues until maximutason time is reached. Depending on
the type of solvers an inner coefficient loop over all cells needs to be gedvast.

3. METHODOLOGY USED FOR GRID DEFORMATION

There are two methods of solving CFD problems with deforming @sedin the first case, the mesh deforms
depending on solved variables as for exampiecase of deformation of the compressor rotors due to fluid pressure
(Kovacevic et al2002). Alternatively, the grid deformation may be known andspeeified as a function of time
This is the case of the working chamber of a screw compréssehich the rotor displacement is known as a
function of time.
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In the present work, a methodology of Key-Frame re-meshingaaxgnsim Figure b was evaluated. It consists of
generating a set of numerical meshrequired by the solver during every time step in advance of the CFD
calculations. These meshes are then passed to the solver cyclically during cakcutattiow smooth transition
within the simulation. This set of mestes generated using general purpose grid generators. During thersolutio
process, @ interrupt condition was provided to the solver by means of a functiachwdirected the solver to
replace thamesh for every time step. This interrupt condition called a user defined ‘Perl’ script was used to run the
pre-processor in batch mode and to replace the deformed ghiel dutrent time step with the new grid at same time
step. It thenwrites the new solver input file. Once this batch process is comptagdolver reads the new input
file, interpolates previous results onto the new mesh and marchesrtexttime step which then accounts for mesh
deformation. Effectively this process represents a grid re-meshaifiymed external to the solver.

Advantages of this method are namely, i) Commercial unstructuredmgéshls may be utilized to generate the set
of meshes required for every time step, ii) Depending on the geoihetay be possible to generate only a small
number of meshes for different position of geometry and use theladly to complete a compressor cycle. For
example in a 6 lobed main rotor single screw compressor, each Ibheceupy 360/6 degrees. By generating
numerical mesh for every 1 degree, only 60 meshes are requiredetotiee full cycle, iii) More control on mesh
quality can be achieved.

There are certain limitations of such approach, namely i) Geometrysofesv compressor with very complex
leakage paths may be very difficult to obtain the exact representation and fineenyesh is required, ii) It is
required to accurately capture the geometry changes in the leakage regmemitngwith every timestep, iii)
Automation of the pre-processing is difficult as geometry asagetheshing has to be repeated for every time step.
Hence application of this methodology is a time consuming process.

The diffusion equation based smoothing, as presented in Figuuset different approach. In this method the
specified displacement on boundary nodes is diffused to interior nodek/imgequation (09).

V- (IyspV6) =0 (09)

Where,§ is the nodal displacement afig,, is the mesh stiffness that depends on local cell volumes and distance of
the nodes from deforming boundaries. There is no change in timectovity and count of the mesh and grid is
deformed at the beginning of every time step. This method is not suitatidedge displacements.

4. CASE STUDIES

From the discussion in section 3 it has been found that for transienta@&lisis of screw compressors, the
methodology of Key-Frame based remeshing can be adopted to certain Bxteatcases were studieahelp in
arriving at conclusions to the selection of the key-frame remesiétigod for screw compressor simulations. In the
First case the reversible adiabatic compression process in a piston cylindeiadsg use of both methods listed
above. This case forms the fundamental mechanisapositive displacement compressor. The second casa was
single screw compressor with a realistic complex topology with the mam aodeformation embedded in main
rotor and third case was a twin screw compressor with main zotefaimation embedded in both male and gate
rotors. For the sake of space, in this paper only two of thesestitatties are presented.

4.1 Simulation of a simple Piston Cylinder Configuration

The purpose of this analysis is to compare the results from Diff@&mmothing based Mesh Motion and Key-Frame
based remeshing method with the theoretical results. It is expected thaiddifimoothing will be exact as there
are no interpolation errors from one time step to the other. Coresjuiston cylinder arrangement with a sinusoidal
displacement given to the pistofihe process can be modeled by polytropic process equation relatimgghe
pressure and volume. Gas in the cylinder gets compressed wherstheduction in volume and its pressure and
temperature increases due to the work done. Conversely during expahsiavork is extracted and pressure and
temperature decreas®ince the process adiabatic and reversible there will be no eneegptagins in the control
volume and the gas will return i3 initial state.

VN TN\GD
-1
() =) =) 10
D1 v, T,
Where,p is Absolute Pressur& is specific Volume and is temperature. Subscripts 1 and 2 denote the initial and
final states respectively. For this trial, a cylinder with diameter 10@u®0and length 100.00 mm was considered.
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The initial position of the piston is at the maximum volum&@J0000 mn?. The Piston displacemeist70.00 mm
varying sinusoidally with 50.00Hz frequency. The final minimuylinder volume is3000.00 mm®. This gives a
fixed volume ratioof 3.33 for the system. Based on equation (10), for an initial @diaisolute pressure of 2.01
bar the expected peak pressure is 10.86 bar. Similarly, for an initipetatare of 298.00 K the expected peak
temperature is 482.36.

The Hexahedral mesh is the most suitable for diffusion smoothinghe cell quality does not deteriorate
considerably when boundaries deform. Figure 2b shows the mesineat different time steps generated for
diffusion smoothing. The cell connectivity and the node count daeshaoge during the calculation from one time
step to the next. For the Key-Frame based remeshing a tetrahedral meshad sdiégure 2c. sincenithe real
screw compressor the geometry is complex and hexahedral meshdBcaletd be generated. This represents the
closed system in which all boundaries are modeled as walls. Only the pisecied with a displacement as a
function of time. The time step size of 2.8574sec was used with the implicit second order backward Euler
discretization. The pressure based coupled solver is used. Advection scherhéhv resolution and turbulence
model was k-epsilanAn r.m.s. residual target of 1.8&was maintained for all equations. The used gas was air
regarded as ideal gas with the molar mass of 28.96 kg/kmol, Specific Heatity 1.0044% J/kg K, Dynamic
Viscosity 1.831&° kg/m s and Thermal Conductivity 2.6%aN/m K.

Piston Displacement - Area Average z coordinate

0.13 I T
0.12 DiffusionSmoothing |
011 | ====- Key-Frame Remeshing
= 010 =
E vd
i 0.09 \\
£ 008 \
L
2 007
% 0.06
= 005
0.04
0.03
0.02 ‘ ‘
0 0,005 001 0015 002 0025 003 0035 004
(a) Time (sec) (c)
Figure2: (a) Comparisorof Piston Displacement with Diffusion Smoothing and Key-Frame remgshi
(b) Hexahedral Mesh using Diffusion Smoothing), Tetrahedral Mesh used in Key-Frame remeshing
Cylinder Volume Average Pressure Variation Cylinder Volume Average Temperature Variation
1.4E406 Diffusion Smoothing gk —— Diffusion Smoothing
----- Key-Frame Remeshing ~~==-Kev-Frame Remeshing
1.2E+06 ” 490.0
= \ i o 4
g 9.8E+05 / .é —
E 7.8€+05 ;" %
Z ; fid
H ',.j g 390.0
& 5.8E+05 ! £
/ = 3400
3.8E405 / /
M ;"/ Mo .-f/ N e
1.8£+05 =7 o2 =z = 290.0
0 30 60 90 120 150 180 210 (b) 0 30 60 90 120 150 180 210
(a) Time Step (At = 2.8571e-04sec) Time Step (At = 2.8571e-04sec)

Figure 3: Comparison ofd) Pressure andf Temperature, with Diffusion Smoothing and Key-Frame remeshing

Figure 2a shows the piston displacement with time for both cases ghtwirsame volume ratio in both cases
Figure 3a shows the change of pressure with time in both o&ldhseugh both cases have the same volumetric
compression and expansion the achieved peak pressures are not egsalofrddfusion smoothing the pressure in
the first cycle achieves the theoretical peak of 10.86 bar and consisépaits itself in the following cycles. But in
the case of Key-Frame remeshing the maximum pressure in the filstieyittle higher than the theoretical and in
the following cycles it continues to increase. Similarly the initial state of presstire ahd of expansion does not
return to its base value as it does in case of diffusion smoothing.
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Table 1: % error in calculation of Pressure and Temperature

Quantity % error
Ist Cycle lind Cycle llird Cycle
Case-1 Case-2 Case-1 Case-2 Case-1 Case-2
Absolute Pressure -0.44 1.15 -0.42 538 -0.41 9.33
Static Temperature -0.08 -0.53 -0.07 154 -0.05 457

Case-1 Diffusion Smoothing Case-2 Key-Frame Remeshing

Figure 3b also shows the temperature change with time in thedeylifor both cases. It is seen that peak
temperatures are not equal in the two cases. In case of diffustmthény the temperature in the first cycle goes to
the theoretical peak of 482.35 K and repeats itself in the followinggyconsistently. In the case of Key-Frame
remeshing the peak temperature in the first cycle is equal to the theoreticathe following cycles it continues to
increase. Similarly the initial state of temperature, at the end of expangismadioreturn to its base level of 298.00
K as it does in case of diffusion smoothing.

Table 1 shows the percentage error in the prediction of pressurerapdrature by both methods and also its
variation over multiple consecutive cycles. These results show that diffusiootting based method is highly
accurate and conforms to the theoretically expected results for a defdvoundary formulation. But there are
errors in the pressure and temperature prediction using the key-feamehing based method where the mesh is
replaced after every time stéphese errors can be attributed to the interpolation of results from one timeo step
other on the replaced mesh. There could also be some violation of spaeevation equation happening as the
mesh is replaced every time step. As pointed oBeirzigerandPeic (1996), this can lead to artificial mass source
errors in the continuity equation that can also accumulate with flow. tinmiting the mesh to be replaced only
when cell quality goes bad should help is reducing the error but @ afasomplex topologies like the screw
compressors this is very difficult. This analysis gave important rimdtion about the level of accuracy to be
expected with the key-frame remeshing approach.

4.2 Simulation of a Twin Screw Compressor Configuration

For the CFD analysis of twin screw machines, the grid generatiorcatietl SCORGQO is availabl&¢vacevic et
al., 2007). Similarly, unstructured grids can be manipulated to generate hoctused grids as shown bydorde

J et al.2009. Still an attempt was made to use general purpose grid generatmsither of the above methods
could handle variable pitch geometries or geometries with non-parallel axes. t&htom was to solve a 3/5
combination, oil free twin screw compressor with the male rotor diamd2rmm. Initially, an attempt was made
to generate a complete model that included both radial and interlobe leakage ¢mpedas sigure 4aA very fine
grid was generated to capture the clearances. It was found that for a neslespeed of 7000rpm, the max
displacement that could be given to the rotor was about 0.1 degriém@estep before the formation of negative
element volumes occur3herefore it was not practically possible to continue with this calculalibe second
attempt was carried out to exclude the radial clearances. This furthplicated the geometry as shown in Figure
4b after which it was concluded that the key-frame re-meshing couldenapjblied to the twin screw compressor
geometry without an excessive computing resources and time.dér to demonstrate the applicability af
customized grid generator, SCORGKbyacevic et al.2007) was used and a block structured hexahedral mesh was
generated.

Absolute Pressure
. 2.200
2,080

1 1.960
1.840
1720

I 1.600

] 1480
| 1.360

1.240
I 1.120
1.000

[bar]

(©)

Figure 4. Deforming rotor domaind) Including Leakage Clearancds Radial Leakage Excluded)(Contours of
Pressure variation
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Figure 4c shows the contours of Absolute Pressure for a pressurefratid bar.Kovacevic et al. (2002, 2003,
2005b, 2006 and 2007) have reported CFD simulations of twinsaeehines for prediction of flow, heat transfer,
fluid-structure interaction, etc., using the same grid generator ®ioise only grid smoothing is used and the mesh
connectivity does not change, there is no intermediate interpolationgiVega high accuracy to the calculations as
seen from the piston-cylinder case. Also the grid generators greolrrst and quick. This remarkably reduces the
time consumed in pre-processing, that was experienced to be tda ttighsingle screw and twin screw compressor
cases where key-frame remeshing was used. Typically the pregingcéme required when using the key-frame
re-meshing methodology is around 50hours machine time whereasusimg SCORGO it is hot more than 2hours
machine time. Importantly, leakages in the radial and interlobe clearareeaptured. This case study shows a
possible limitation to the application of key-frame remeshing to solv@lesrscrew compressor problems.

5. CONCLUSION

In this paper, the methodology of key frame re-meshing is apfgietlve flow in complex geometry of screw
compressors. The working chamber of the compressor at diffemnsteps is represented by a set of grids which
are passed to the solver at appropriate time steps thus avoiding failnestotiue to large deformation. Successful
simulations of a Piston-Cylinder and a Single Screw compressor were cartigdll attempts to solve flow within
twin screw compressor failed due to complexity of numerical mesportant parameters like pressure or
temperature vs. angle diagrams, flow rates, compression power, refjayrgamic losses and oscillations could be
identified in solved cases. This case study shows that thoughpibssible to simulate some of the complex
configurations of screw compressors by using general purpasgegrerators, there are a many limitations. Time
consumption for pre-processirigck of accuracyinability to include leakagesand limitations in complex domains
such as that of a twin screw compressor are obvious ones.eEdestill exists to develop customized tools to
generate CFD grids for complex screw machines such as single scriablevpitch machines, etc. The case study
of Twin screw compressor confirms that methodology in SCORG® wistomized tools and techniques, can be
further developed and adopted in an industrial or research environnsEmvéoas main simulation methodology for
the screw compressors.

NOMENCLATURE
CV  control volume 0N Volume of CV
S Surface enclosing CV n Unit vector orthogonal to S directed outwards
v Fluid velocity inside CV in a fixed coordinate systenp Fluid density
t Time ¢ Scalar transported in CV
r Diffusivity for the quantitye de Source or Sink op in the CV
é Nodal displacement Iisp Mesh stiffness
p Absolute Pressure %4 Specific Volume
T Temperature Subscripts 1 and 2 denote fluid initial and final state
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