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Summary This contribution deals with the numerical computation of a compressiblewssttuid flow through a two-dimensional
model of the male rotor-housing gap in the screw compressor. Numhentution of the nonlinear conservative system of the com-
pressible Navier-Stokes equations is obtained by means of the celldédimite volume formulation of the explicit two-step TVD
MacCormack scheme proposed by Causon on a structured quadtitaidrusing the own numerical code.

INTRODUCTION

Gas leakage is a phenomenon that has a lot of different egtarany of significant importance. Compressor engineers
are mostly interested in estimation for the mass flow ratda#t a great influence on the compressor performance, es-
pecially with regard to its internal efficiency. Thereforesinecessary to make reasonable estimates for mass flevaate

to investigate the details of the leakage flow. The aim of tustri-
bution is to show the numerical computation of a compressiidcous
fluid flow through the male rotor-housing gap (the gap betviberstator
and the head of the male rotor tooth), Fig. 1, in the screw cesgor
for the pressure ratipy /p2 = 2. It is assumed that the leakage flow
is laminar in most cases and that the male rotor-housing gagbe si-
mulated by a two-dimensional bounded dom&inc R?, occupied by
the perfect gas, with the bounda®y2? = 0Q; U 9Q0 U 9Qw,, where /
01 is the inlet and2 the outlet section of the computational domain 7~
Q, 00w = 0Qwr U 0Qws are impermeable walls of the computational Fi
domain corresponding to the statiflys and the head of the male rotor
toothOQwg.

0. 1. Frontal section of rotors,
5 — male rotor-housing gap

MATHEMATICAL MODEL OF LAMINAR COMPRESSIBLE FLOW

Let (0,7) be a time interval. The mathematical model of a laminar ce®sgble flow is described by the nonlinear
conservative system of the Navier-Stokes (NS) equatioms2D problems it can be written in nondimensional form as
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The vectorw of conservative variables and the invisg¢iw), g(w) and viscous fluxeg, (w), g, (w) are defined as
f(w) = (ou, ou®+p, ouv, (E+p)u)’, g(w) = (v, ouv, ov’+p, (E+p)v)", (2)

Fo(w) = (0, Taw, Tay, UTuw + VTay — q2)" 5 Gy (W) = (0, Tya, Tyy, UTya + 0Ty — qy)" 3)
wheret is time, ¢ density,p static pressurel total energy per unit volumey, v are Cartesian components of velocity
vectorv and 7.y, T4y, Tyz, Tyy are laminar shear stresses given for a Newtonian fluid. Therred volume forces are
neglected.

To close the system of the compressible NS equatibpg is necessary to specify the equation of state for the pegias
p=orT = (k—1)pc, T and the relation for total energy per unit voludfie= ﬁ+%g|v|2, whereT' is thermodynamic
temperature; = ¢, — ¢, the gas constant per unit massandc, are the specific heats at constant pressure and volume,
respectively and = 1.4 is so-called Poisson’s constant. Heat flux teggsy, can be written as
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wheren is molecular viscosityk thermal conductivity andr = c,n/k is the laminar Prandtl number which is taken to
be 0.72 for the calorically perfect gas. All quantities apagidered as nondimensional. The reference Reynolds numbe
is defined afRe.. = orefUretlref/Nref-

T
)

w = (o, ou, ov, E)

Boundary conditions

We consider the flow withRe., = 3900. At the inletdf2;, the stagnation pressupg; = 1, the stagnation temperature

To1 = 1, the inlet anglen;, & = 0 andrn; = 0, i = 1,2 are prescribed. At the outlél, the static pressure

py = 0.5, g—’i = 0andr¥n; = 0,i= 1,2 are kept. On the wall8Qys anddQwr, the boundary conditions = 0,
v = 0and %Z = 0 are satisfied. It is assumed that the male rotor does not mblese nondimensional boundary
conditions give the inlet Mach numbéy; = 0.05 and the outlet Mach numb@r, = 0.63, see Fig. 2 and Fig. 3.



NUMERICAL METHOD

For the discretization of the nonlinear conservative systéthe compressible NS equations in nondimensional fdrm
the cell-centred finite volume (FV) method on a structureddyilateral grid is used. Time integration of the inviscid
part of the systen(l) is performed by using the FV formulation of the explicit twtep Causon’s simplified TVD Mac-
Cormack scheme, cf. [1, 2] for its derivation. The approxioves of the viscous part of the systgi) are added to the
predictor and corrector steps of the MacCormack scheme
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Where”VD)w !is the corrected numerical solutlon at tlmgl, 2;;| denotes the face area of the finite volufhg, the

inviscid numerlcalfluxegc through the edgels?}, m = 1,..., 4 , of the cell;; at timet,, are evaluated ag; _fz+1j,
£3 = fije, £5 = £1 = f3 and at timet, ;.1 asf”J” = f"+2 f’”r2 ”+2 — ffj@, Z+2 = f”+2 The

numerical fluxeg}, are computed in the same wa§,,, = (SZ, , Sgl) are cell S|de normal vectors to the edd&$,
whereS, = S, 1;,82=85;;,1,8=5;_1;andS, =S;; ..
The viscous term¥isc(w;;) in (5) and(6) are approximated by using a FV version with central diffegs) cf. [3] for
details. The added one-dimensional TVD-type wscosn_mtaiwln anddw2” in the direction of change of indexand

j respectively, are proposed by Causon, cf. [1].
NUMERICAL RESULTS

For the laminar flow computation through a two-dimensionatel of the male rotor-housing gap in the screw compres-
sor, Fig. 2, the relatively fine computational grid with0 x 76 quadrilateral cells is used. In order to resolve the boundar

layer with sufficient accuracy, the computational grid irred in the direction normal to the walls. Fig. 2 displays the

Mach number distribution in the male rotor-housing gaprafé&000 iterations. See Fig. 3 for detail.
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Fig. 2. Mach number distribution Fig. 3. Detail of the male rotor-housing gap

CONCLUSIONS

The numerical computation of the compressible laminar flioid through the male rotor-housing gap of screw compres-
sors is discussed and the obtained results in the form of taehMumber distribution are shown. In the contribution is
assumed that the male rotor does not move. At the time of tingx@ss the numerical results gained for the case of rotary
motion of the male rotor with angular velocityy; = 523 rad/s will be presented too. In the near future | would like to
include the effect of turbulence in a flow field and performtimulent computations in the male rotor-housing gap using
the algebraic Baldwin-Lomax turbulence model, cf. [4], efhcan be simply implemented into the own numerical code.
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