ISSN 1563-0315; eISSN 2663-2276 Recent Contributions to Physics. Ne3 (78). 2021 https://bph.kaznu.kz

IRSTI 55.16.15; 27.35 https://doi.org/10.26577/RCPh.2021.v78.13.04

A.V. Kovanov* , D.V. Zhignovskaya ,

V.A. Tsvetkov  , V.A. Pronin

ITMO University, Russia, St. Petersburg,
*e-mail: Kovanov76@yandex.ru

SCROLL COMPRESSOR.
ANALYSIS OF CALCULATION METHODS

The paper deals with some aspects of mathematical modeling of a scroll compressor. Various
approaches to modeling the working processes of machines of the volumetric compression principle,
their applied value and priority of use are presented. An analytical review of the methods for calculating
the leakage of a compressed medium, applied to a scroll compressor, taking into account the
classification of slots, is carried out. Conclusions are made about the need to clarify the assumptions and
improve this technique by taking into account the fact of the mobility of the walls of the gap, depending
on the share of the influence of various factors on the leakage of the compressed medium. And also
about the influence of this fact on the accuracy of calculations and the optimal choice of the operating
mode of the compressor. Examples are given in which taking this condition into account in the
transformed systems of equations will improve the accuracy in applied calculations of the working
processes of spiral machines, when designing new samples.

Key words: Scroll compressor, calculation method, mathematical modeling, mass flow rate of the
working substance, regrinding of the compressed medium.
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Cnupanb komnpeccop. Ecentey aaictemeciH Taapay

ByriHri TaHAQ 3KOAOIMSIAbIK, MpobAemManapra 6aAaHbICTbl TOHA3LITKbIW XabAbIKTapbl HAPbIFbIH-
AaFbl Te3 GOAbIMN >KaTKaH e3repicTep XarAarblHAA XKabAbIKTbIH KaHa TYpAepiH 6enimaey Hemece Kypy
MacCeAeci TybliHAaMAbl. TOHA3bITKbIW 6HEPKaCiOiHiH, KenTereH caraAapbiHAQ CypaHbICKa Me TOHA3bIT-
Kbl KOMMPEeccopbl Temrnepatypa MeH KbICbIMHbIH, KeH AMarna3oHbIHAQ XKaHa CaAKbIHAATKbILITAPAbI
KOAAQHYFa MYMKIHAIK OGepeTiH camaAblk, e3repicTepai KaxeT eteai. byAa >kymbicta cnvpasb
KOMMPECCOPAbI MaTEMATUKAABIK, MOAEAbAEYAIH Kenbip KepiHicTepi KapacTbipbiAFaH. KeAemMAiK CbiFy
NPUHUMMI  MaLIMHAAAPbIHBIH, >KYMbIC MPOLIECTEPIH MOAEAbAEYAIH 8p TYPAI ToCiAAEpi, OAapAbIH,
KOAAAHBAAbI MaHbI3bl MeH ManAaAaHy 6GacbIMABIAbIKTapPbl KeATipiareH. CaHplAayAapAbIH KIKTEAYiH
eckepe OTbIpbIN CrMpaAb KOMMPECCOpFa KAaTbICTbl CbIFbIAQTBIH OPTaHbIH, afbill  KeTyiH ecenTey
dAicTeMeciHe aHAAMTMKAABIK, LUOAY >KyprisiareH. CbIfblAQTblH OpTaHbIH afbill KeTyiHe 8p TYpPAi
hakTOpAapAbIH, acep eTyiHe 6arAaHbICTbI CaHbIAQY KabblpFaAapbiHbIH, KO3FAAY XKaFAaiblH eCKepyAiH
ecebiHeH pyKCcarT eTiAreH >XarAanAap MEH OCbl AICTEMEHI XXETIAAIPY KaXKETTIAIr TypaAbl TyXKbIpbIMAAP
>kacanpbl. CoHaaM-ak, OCbl >KaFAaMAbIH, ecentey ABAAIN MEeH KOMIPECCOPAbIH, >KYMbIC PEXWUMIH
OHTaMAbl TaHAAYFa 8Cepi TypaAbl TYXbIPbIM XacaAAbl. TYpAEHAIpPIAreH TeHAeyAep >KYMeCiHAe OChbl
WapTTbl €CKepy >KaHa YArAepAi >kobanay KesiHAE CrMpaAb MallMHAAAPAbIH >KYMbIC MPOLECTEpiH
KOAAQHOAABI OALLEY ADAAITIH XKOFapbIAATyFa MyMKIHAIK OEPEeTiH MbiCaAAap KEATIPIATeH.

TyiiiH ce3aep: CnMpaAb KOMMPECCop, ecentey aAiCTEMECI, MaTEMATMKAABIK, MOAEABAEY, YKYMbIC
3aTblHbIH, MAaCCaAbIK, LbIFbIHbI, CbIFbIAATbIH OPTaHbIH afFblM KeTyi.
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CnupaAbHbIit KOMnpeccop. AHaAM3 METOAMK pacuyéTa
Cel‘OAHH, B YCAOBUAX CTPEMUTEAbHbIX M3MEHEHWIN Ha PblIHKE XOAOAMNABHOIO O60py,AOBaHVISI,

CBSI3aHHbIX C 3KOAOTMYECKUMM NpobAemMamu, BO3HUKAET npobAema asanTalmMm MAM CO3AAHUS HOBbIX
TMNoB 060pyAoBaHus. CMPaAbHbIN XOAOAMABHbIN KOMIPECCOP, KOTOPbI Tak BOCTPEGOBAH BO MHOMMX

34 © 2021 Al-Farabi Kazakh National University


https://orcid.org/0000-0003-2821-795X
https://orcid.org/0000-0002-4603-3428
https://orcid.org/0000-0003-4357-0022
https://orcid.org/0000-0002-9278-5903

A.V. Kovanov et al.

006AACTAX XOAOAMABHOW MPOMbILLIAEHHOCTH, TakxKe TpebyeT Ka4eCTBEHHbIX U3MEHEHUIA, MO3BOASIOLLNX
MCMOAb30BaTh HOBblE XAQAAr€HTbl B LIMPOKOM AMaria3oHe Temriepatyp M AaBaeHuit. B pabote
pPacCMOTpeHbl HEKOTOpble acrnekTbl MaTeMaTUUYeCKOro MOAEAMPOBaHMS CMUMPAABHOIO KOMMpeccopa.
MNpeacTaBAeHbl Pa3AMUHbIE MOAXOAbl K MOAEAMPOBAHMIO PABGOUMX MPOLLECCOB MALUMH OGBbEMHOIO
MPUHLMINA CKaTusl, MX MPUKAAAHOE 3HaUYeHMe 1 MPUOPUTET UCTMIOAb30BaHMUs. [1pOBEAEH aHAAUTUYECKUIA
0630p METOAMK pacuéta npoTeyek KOMMPUMUPYEMOW CpPeAbl, MPUMEHUTEABHO K CMMPaAbHOMY
KOMIPECCopY, C YYETOM KAaccudmkaumm weaeid. CaeAaHbl BbIBOAbI O HEOOXOAMMOCTU YTOUHEHMS
AONYLLEHNA U COBEPLUEHCTBOBAHMS AAQHHOM METOAMKM 3a CUYET yuéTa (pakTa MOABMIXKHOCTM CTEHOK
LLLeAM, B 3aBUCMMOCTM OT AOAU BAUSHUS Pa3AMUHbIX (DAaKTOPOB Ha MPOTEUYKU KOMIPUMMPYEMOI CPEAbI.
A TaKk>Ke 0 BAUSIHUM AQHHOTO (paKkTa Ha TOYHOCTb PACYETOB U OMTUMAAbHBIN BbIGOP pabGoyero pexxrma
Komnpeccopa. MNMprBeAeHbl MPUMEPDI, B KOTOPbIX YUYET AQHHOIO YCAOBMS B NPeobpa3oBaHHbIX CUCTEMAX
YPaBHEHUIA MO3BOAUT MOBbLICUTb TOYHOCTb B NMPUKAAAHBIX pacyérax paboumx npoLeccoB CrMpaAbHbIX

MallnH, Npn NpoeKTMpoBaHMN HOBbIX O6pa3LLOB.

KAtoueBble CAOBa: CrMpaAbHbIi KOMMPECCOP, METOAMKA pacyéra, mMaTemMaTuuyeckoe MOAEAW-
pOBaHMeE, MACCOBbIN Pacxos paboyero BeLWecTBa, NPoTeUKU KOMIPUMUPYEMO CPEAbI.

Introduction

Today, in the stream of rapid changes in the
refrigeration equipment market related to
environmental issues, the problem of adaptation or
creation of new types of equipment arises. The
refrigeration scroll compressor, which is so in
demand in many areas of the refrigeration industry,
also requires qualitative changes that allow the use
of new refrigerants in a wide range of temperatures
and pressures. So, the determining factor in the
choice of a refrigeration compressor for operation at
various operating modes is the possibility of smooth
regulation of performance with a change in the
degree of pressure increase of the working fluid,
while maintaining the maximum -efficiency
indicators [1-3].

For the design of such samples, the development
of the most adequate compressor model is required.
Why is the concept of approximation of description
used in the practice of mathematical modeling,
which is characterized by the assumptions and
assumptions adopted in its preparation? The choice
and consideration of the factors affecting the
operation of the compressor requires a balanced
approach and should be based on the task set by the
researcher, since the limited application of the
developed model will depend on this [4—6]. Solved
problems of increasing the efficiency of
compressors of the volumetric principle of
operation, inevitably touch upon the issues of
thermo- and gas dynamics of working processes [7,
8]. The scroll compressor belongs to the volumetric
type of machines and has leaks of the working fluid
due to the contactless coupling of the working
bodies. Working fluid leaks are the dominant losses
that have a significant impact on its characteristics.
So, in a number of studies, attention is paid to the

study of the feed rate, and the expressions obtained
have an important applied nature [9]. However,
statistics indicate a significant percentage of error in
calculating the leakage of a compressible medium
when using conventional techniques based on
traditional approaches that allow the acceptance of
the stationarity of the slot walls and do not take into
account the loaded operating mode of the
compressor. In this case, one has to ask about the
possibility of full-scale use of classical models, or
rather the calculation methods included in them,
taking into account the accepted assumptions, for
various operating modes of the compressor [10—12].
This fact undoubtedly requires an assessment of a
sufficient degree of accuracy of calculations, and at
the same time an analysis of the correspondence of
the system of assumptions to the real processes of
the scroll compressor operation. For this, special
attention should be paid to the thermal and power
factors in the loaded state of the compressor and the
study of the influence of the mobility of the slot
walls on the nature and dynamics of leaks, including
these factors in the mathematical model. Having met
this condition, we will be able to compare the
accuracy of the calculations using various
techniques, identifying the modes with the greatest
discrepancy. Ultimately, expand the scope of the
general model of scroll compressor workflows and
improve its adequacy.

The methodology for calculating the working
processes in the compressor should be built on the
basis of an understanding of the real compression
process, which can be described by a
mathematical model, which is the basis for
developing the methodology. In fact, the
mathematical model reflects the sequential change
in the states of the compressed medium and is, a
set of relationships connecting the characteristics
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of the system states with the system parameters,
initial  information, initial and boundary
conditions in the presence of restrictions imposed
on the functioning of the system; moreover, this
set forms a mathematical object that is in a certain
correspondence with the real system and can
replace this system, so that the study gives new
information about the processes occurring in the
real system, or about the entire real system as a
whole [13]. When simulating the working
processes of positive displacement compressors,
such relationships are the basic equations of
thermodynamics, converted into differential
equations for changing the parameters of the
working fluid in the process. The integrity of the
mathematical model should be considered from
the standpoint of the presence of its constituents,
such as: parameters and characteristics of the state
of the system; background information; initial and
boundary conditions; equations that specify the
set of relationships between the characteristics of
the state of the system and the listed elements of
the mathematical model; information obtained by
means of a mathematical model, etc. [14—16].
Analysis of the methodology for calculating
work processes, as a set of methods and techniques
that give the final result, can be carried out, in
addition to assessing the integrity of the

The first of these equations is the mass balance
equation in differential form, and the second is the
energy conservation equation. The mass flow rate m is
determined by passing the refrigerant through a
diaphragm. To ensure efficient and reliable operation of
the scroll compressor at high casing temperatures
(relevant for SS compressors), it is necessary to provide
certain openings during operation (i.e. after heating the
machine) that cannot be predicted without a
mathematical model of heat transfer from the main
elements of the scroll compressor. In such cases, the
mathematical model of the workflow is complemented
by the mathematical model of heat transfer.

So, from the review of methods of
thermodynamic analysis based on mathematical
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mathematical model, also from the standpoint of
assessing: simplicity and completeness of the
description of the real process; the degree of
closeness to the description of the real process;
limited application and adequacy of the model. In
positive displacement compressors in general and
scroll compressors in particular, work processes are
performed with a variable mass of the working fluid.
This is due to the filling and emptying of the
working cavities in the processes of suction and
discharge, as well as to the overflow of the
compressed substance between the working cavities
through the gaps. There are various approaches to
the mathematical description of work processes in
scroll compressors. In practice, for calculating
processes with variable mass, three types of
differential equations can be distinguished that
describe the change in pressure and temperature in
the considered thermodynamic system.

The paper presents a mathematical model based
on a complete energy balance, which determines the
heat fluxes between the refrigerant being
compressed and the compressor elements used [17].
The complete energy balance has been established,
the control volume method is applied. The work [18]
presents a method for calculating the working
process of a refrigeration scroll compressor, based
on the following equations:

) (1)

modeling of the working process of positive
displacement compressors, it can be seen that the
most promising, differentiated and adequate method
for calculating a scroll compressor is the method of
mathematical modeling of working processes, in the
general case based on the equations of
thermodynamics of a variable mass body and the
equation of state for gas. Considering this
conclusion, first of all, it should be understood that
the integrity of the mathematical model of the
working process of the scroll machine (in particular,
the scroll compressor), in turn, will depend on the
integrity of the mathematical model that sets the
method for calculating the loss of the compressed
medium.
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Methods

Based on the nature of our study, we chose a
comparative method for its conduct, which in this
case has obvious validity. At the first stage of the
study, topical issues are identified in the field of
modeling a scroll compressor, as a special case of
machines of the volumetric principle of action. And
shows the fundamental components of the integrity
of the mathematical model for this area of
knowledge.

At the second stage, we identified the
approaches to the mathematical description of work
processes most used in foreign practice, studied the
reasons for this choice and the composition of the
systems of equations. Because of a generalized
analysis, equations were identified based on the
description of work processes with a variable mass
of the working fluid [19-21].

Having revealed this fact, we proceeded to the
third stage of our work, at which the approaches to
determining the leakage of a compressible medium
in the working area of compressors of the volumetric
principle of action were studied in a similar way. At
the same time, we paid attention to which of these
methods are of a real practical nature, what is the
difference in methods, what is the percentage of
error in the calculations. Together with this, we
considered the issue of the outflow of the working
medium through the movable slot. Note the aspects
of the operating mode of spiral machines, in which
this fact acquires the ability and it should be taken
into account in calculating the leakage of a
compressible substance [22,23].

We classify the slots in the scroll compressor
and provide analytical data on the quality and
quantity of the working substance overflow during
the compression process, i.e., at different orbital
angles of the spiral position. At the last stage, we
analyzed and generalized the revealed facts. We
made conclusions and assumptions.

Results and discussions

To date, a lot of theoretical and experimental
material has been accumulated to determine the flow
rate of the working substance through the gaps of the
working elements of rotary machines. At the same
time, as already seen in relation to the scroll
compressor, the greatest losses from gloves through

the radial clearances, to a lesser extent through the
tangential clearances, the clearances themselves
change during the operation of the compressor from
force and thermal deformations. Moreover, the
deformation of the spiral from gas forces is
incomparably less than the deformations caused by
the heating of the spiral.

The total differential of the change in the mass
of the compressed medium in the working cavity can
be represented:

dm, =dm, ,—dm,_,, 2)

where dmi;; — change in the mass of the
compressible medium in the working cavity,
associated with the overflow of the working fluid
from the leading cavity; dmi.; — change in the mass
of the compressible medium in the working cavity,
associated with the overflow of the working fluid
from the considered cavity. The mass of the
compressible substance flowing in or out of the
working cavity through the slots between the
working elements:

dm; = FW.pdr, 3)

where u; — the coefficient of the flow rate of the
working fluid through the slot; F; is the area of the
passage section of the slot; W; is the adiabatic
outflow rate; p; is the density of the working
substance in the cavity from which the compressible
medium flows out; dr is the period of time during
which the expiration occurs. No generalizing
dependences on the choice of values of the flow
coefficient J¥; for different types of slots at different
parameters before and after the slot have been
obtained so far.

In the design practice of positive displacement
compressors, an equation is most often used to
determine the mass of the overflowing working
substance, which may be of practical interest.

A

m= s (4)

ln(%)z +&E+AX
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rae Py, T;, Py, T, — mapamerpsl pabouero Tena 1o u
mocite mienn; pi=Pi/RT, — mioTHOCTH pabodero
tTema; R — rasosas mocrtossHHas; [ U 0 — IIUHA U
MUHUMAaIlbHAsT BBICOTA MIenu; & — xodddummenT,
YUUTHIBAIOIINI MECTHBIC CONPOTHBIICHHUS Ha BXOJIE
W BbIXOJE W3 LIENH; A — KOA(POHUIMEHT TpeHus
KOMIIPUMHPYEMOTO  TOTOKAa B INeNW;  X-
K03 PUIIMEHT POPMBI HIETH.

This formula takes into account the parameters
of the working substance before and after the slot,
the type of slot, the geometric dimensions of the slot,
the length of the throttling path, the friction of the
compressible flow, the losses at the inlet and outlet
from a sudden narrowing or expansion. The
calculations carried out by many researchers using
this formula, in principle, have good quantitative
agreement with the experimental data [24,25].

When carrying out calculations, the equation is
written in the form:

Table 1 — Type of slot in a scroll compressor

-p), 5)

K = — is the

! \/ln(%)z +&+ A4

dimensionless experimental flow rate.

F =06 -h — cross-sectional area of the slot; / is
the height of the spiral.

The coefficient K, takes into account the
decrease in consumption due to losses during the
movement of the working fluid through the slot.
With known shapes and sizes of the slot, physical
properties and parameters of the working fluid
before and after the slot, the determination of the
flow rate through the slot is reduced to the
determination of the flow rate coefficient K,,.

where

Slit name

Slit configuration

Along the line of contact of the end of the feather of the spiral
with the platform of another spiral (type a)

r

t,
1 L rrrrrrrarrasssr s

=

Along the line of contact of the surfaces of the feathers of the
spirals (type b)

o LA
s ’

Along the line of contact of the end sections of the spirals
(type ©)

Along the line of contact of the end section and the surface of
the feather of the spiral (type d)

Analysis of the literature on determining the
flow rate in rotary compressors, which are the
closest in the type of slots (see Table 1) and the
principle of operation to scroll compressors, showed
that this issue is most fully summarized in work
[26]. The resistance parameter is determined by the
formula:

b-C,

YT R ©
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where Cr is the coefficient of resistance, taking into
account the roughness of the walls of the slot,

determined by the function Cr= f(Re); b is the
depth of the slot.

The determination of the flow rates, according
to [27], is carried out by the approximation method,
which complicates the use of this method in the
numerical solution of the system of differential
equations. The implementation of the considered
methodological approach is carried out in a
computational program and is possible only with
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obtaining the following analytical dependences: the
Cr coefficient on the Reynolds number and the
consumption coefficient Kp on the parameter S,
which, as noted above, are presented in [27] in the
form of graphical dependencies. For this purpose,
these graphs can be approximated by the design
equations presented below. It should be noted that to
improve the accuracy of the calculation, the
dependencies are divided into intervals.

So, the dependence of the Ci coefficient on the
Re number is represented by the following
equations:

R, =42.148+300 — C, =-2.1632-In(R,)+ 18.256,
R, =300+500— C,=12599-R*";
R, =500+2000— C,=100.17-R*"° +0.015;
R, =2000+2500 — C, =0.0166 - R,"**;
R, =2500+10000 — C, =0.4274 -In(R.)— 0.8754;
The dependence of the flow rate K, on the
parameter S when using the specific critical flow
rate of the compressible medium ggp in the
calculation of the Reynolds number is represented
by the following equations:
S=0+5->K,=-0.1078-In(S)+0.4985;
S=5+20—>K,=04443-""7%;
§=20+50—>K,=0.262-5-0.2503-0.001;
§=50+100—K,=0.1037-0.00003 - S;
The dependence of the flow rate K, on the
parameter S when using the specific second flow
rate of the compressible medium ¢ in the calculation

of the Reynolds number is represented by the
following equations:

§=0+0.144>K, =—0.1032-In(S)+0.501;
§=0144+2>K, = 0.5418 -8
§=2+10—>K,=0.6309-S"" —0.002;
S=10+25—> Kp =0.9888 -8 %177 .
§=25+30—>K,=0.6808- §04007
§=30+200—>K, =0.2225.87007% .

This approach, together with the developed
calculation subroutine, can significantly reduce the

time when calculating the working process of the
scroll compressor and eliminate the possibility of
mechanical errors when using graphic material. In a
scroll vacuum pump, in contrast to a scroll
compressor, the flow through the clearances due to
pressure changes can vary from viscous through
transient to molecular. Taking this into account,
when studying foreign works [28,29] in this area, the
proposed general equation, which is equally
applicable for three different flow regimes, may be
of interest. Here, the overflows through the slotted
channel are found using the formula for a flat
rectangular slot, in particular, from the Navier-
Stokes formula for the viscous (laminar) regime:
3 2
_hs, d_p+@.m[i_lj2_p, @
x

O =100 Pax " 2n

kT
where A = —=——— — is the average free path of
NEL p

molecules.

To improve the accuracy, an expression with
three coefficients was proposed, which is presented
in the form:

—C.rs
=- : G0, +
0Os eXp(1_488/J 20,

froefzZe o e

where empirical coefficients C; = 10, C, = 1,86,

o1 i

12n r» dx
2
0, = ho, ~p/1(i—]jd—p.
2n o dx

The disadvantages of this technique include the
fact that the empirical coefficients C;, Cz, Cs were
obtained for slits of specific sizes and geometry. The
possibility of using these coefficients for slots with
other spiral sizes and gaps was not considered. The
presented methods also require solving differential
equations for calculating conductivity.

The most interesting approach was proposed in
[30-32], where a dependence was obtained for
determining the mass flow rate of the working
substance through the slot, taking into account the
wall mobility. Mass flow is presented as

®)

Gs = 1,5, and
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G=—+—q, )

PF
JRT

where 5= f(v,r) is the flow coefficient — a

function determined by numerical methods, which
depends on the ratio of the pressures at the ends of
the slot and the slot parameter U, which is equal to

g 5inRT

or (10)
where / is the length of the channel in the direction
of flow of the compressed medium.

Thus, formulas (9), (10) are applicable only for
a flat rectangular slot. But in works [33, 34] it was
proposed to use this technique for calculating the
mass flow rate of a gas-oil mixture when flowing
through channels of variable cross-section. For this,
the equivalent channel length, determined from the
condition of channel expansion to 44, is substituted
into equation (10) instead of /. An obvious drawback
of this technique is that the transition to an
equivalent channel was carried out by processing
experimental data for the flow of a gas-oil mixture,
which can introduce a significant error in
determining the mass flow rate of a pure working
substance, especially when varying the dimensions
of the channel.

The technique for determining the leakage of a
compressed medium, as the flow of a viscous flow
in slots with movable walls, was further developed
in the works of Pronin V.A. [35,36]. Here, two
mathematical models have been developed for
calculating the flow rate of the compressed medium
through the slots formed by the working bodies of a
single-rotor screw compressor, taking into account
the mobility of their walls. The following were used:
the equation of continuity for the unsteady flow of a
compressible medium, the equation of unsteady
motion of a continuous medium and the equation of
conservation of energy in a form that is valid for a
real gas. When solving the problem, it was assumed
that the height of the slots is small compared to their
depth, and the flow of the medium is laminar
(viscous). This approach gave good agreement with
the experimental data obtained in a wide range of
temperatures and pressures for R717. The validity of
the data should be considered primarily for a single
rotor screw compressor. It should be taken into
account and taken into account the fact that in the
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region of low pressures the mobility of the walls
affects the flow of the working substance much
more strongly, this is described by the authors in
[37], devoted to rotary vacuum pumps, including
spiral type.

The use of widely known, in compressor
technology, methods for calculating the mass flow
rate of a working fluid in slotted channels, which
were mentioned earlier, in a number of cases can
lead to significant errors. The need to use graphical
dependencies to determine the coefficients included
in the equations and various formulas, depending on
the type of slot, also create inconvenience in
calculations. The graphs shown may not cover the
required pressure ranges. With  different
combinations of radii R;, R, types of slit and gap,
the calculation of the conductivity gives an
underestimation from 10% to 3 times in comparison
with the experimental data. Moreover, the error
grows with decreasing channel length. Analyzing
the leaks through slots of various shapes of rotary
compressors, we can assume an interesting
formulation for calculating the flow rate of the
working fluid through the slots using the
dependence of the friction coefficient on the
Reynolds number.

Conclusion

Thus, we can conclude that at present, in most of
the works devoted to the study of scroll
compressors, a technique is used to calculate the loss
of a compressed medium with the assumption that
the walls of the slot are stationary. However, studies
in some works obtained using the model and its
correlation with experimental data cast doubt on this
assumption. Moreover, one should take into account
the calculation error and the relative laboriousness
of these methods.

Based on the nature of the movement of the
working fluid and its interaction with the working
organs of the scroll compressor during overflows,
we can talk about the presence of both a passing
movement, when the flow rate of the working
substance increases, as well as a counter movement
of the wall and working substance, when its
consumption decreases. If, at the same time, we take
into account the dynamics of the compressor
operation, spiral deformations, which change the
gap during operation, and a number of other factors,
then the quantitative issue of leakages is far from
unambiguous, being very promising for research.
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