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In accordance with the specified requirements, there is an active transition to fuels with ultra-low sulfur content. The use of these
fuels in marine diesel engines is associated with a number of difficulties, because these engines are usually designed for opera-
tion on fuels with high viscosity and lubricity. The viscosity values for ultra-low sulfur fuels are close to the permitted minimums
for diesel engines at normal engine room temperature. The greatest difficulties occur when the viscosity values fall below the
specific range when the fuel temperature before the engine increases. For reliable operation of the engine, the fuel temperature
must be constantly maintained at a range in which the fuel viscosity will have the required values. For this purpose the engine
design provides presence of fuel cooling system with a water cooler and a chiller for heat removal from water. In this paper the
efficiency of chiller refrigeration plant was investigated using new perspective refrigerant mixtures R125/R290 and R134a/R290
as working fluids in comparison with basic R134a and R22. The values of composition for both mixtures are chosen such that
they are closest to the azeotrope. It is possible for azeotrope mixtures to minimize the temperature difference between heat ex-
changing medias in condenser and evaporator of refrigeration plant. During the investigation it was revealed that the values of
refrigeration coefficient of refrigerating plant when using mixtures as working fluids were somewhat lower when operating on
R134a and R22. But the values of volumetric refrigeration capacity with mixtures as working fluids are significantly higher.

Key words: marine diesels; fuel viscosity; chiller; refrigeration plant; mixtures R125/R290 and R134a/R290; energetic ef-
ficiency; specific refrigeration capacity.
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CENTRIFUGAL COMPRESSOR PERFORMANCE MAPS TREATMENT FOR
INTERNAL COMBUSTION ENGINES OPERATING CYCLE SIMULATION

Simulation of the supercharged internal combustion engines operation cycle is impossible without correct estimation
of the supercharger operating parameters. Standard approach is to use specially prepared performance maps of
compressor and turbine of the turbocharger, which are based on the experimental (or manufacturer’s) raw data.
Centrifugal compressor performance maps interpolation, extrapolation and treatment provides challenging require-
ments as it is important to get correct simulation under such special conditions as compressor choke, rotating stall
and pumping surge. At the same time it’s important to obtain the fast and stable calculations of the engine’s operat-
ing cycle. Blitz-PRO — online internal combustion engines operating cycle simulation service — offers supercharger
performance maps preprocessing and implementation. It provides three different modes of compressor surge consid-
eration during calculations: 1) full-scale surge mode using Moore-Greitzer approach; 2) mild surge mode with flexi-
ble adjustment; 3) “stable” mode, when the surge is neglected and the compressor constant-speed lines are extended
from the rotating stall point to the lower mass flow region with the hyperbolic equation. Using the MAN 8G70ME-E
engine 12140 kW, 82 rpm operating point as an example, the calculation results are compared for three modes of
compressor surge consideration. The “stable” mode provides the fastest and the most stable calculations, while the
calculations under the full-scale surge mode could generate the numerical (nonphysical) instability of calculations,
which are caused by the high sensitivity of the two-stroke engines to the gas exchange processes as it is shown. The
mild surge mode provides fast and stable enough calculation with the surge consideration ability, which could be as-
sumed as the best solution for the given example. The researcher should choose between provided three modes of the
centrifugal compressor surge consideration according to the calculations tasks, preferring “stable” mode for initial
model setup and mild surge mode for the surge probability check, while the accurate compressor surge simulation
needs further development.

Key words: centrifugal compressor; surge; internal combustion engine simulation; compressor performance maps.

Introduction
Correct simulation of the turbocharger parameters

This paper aims to develop adaptive adjustable
centrifugal compressor maps treatment to provide both

is an urgent requirement for the internal combustion
engine (ICE) operating cycle simulation software. The
most common way to obey this condition — is to use
specially prepared maps for compressor and turbine
performance.

It is vital to provide fast and stable calculations
and to consider important peculiarities of the turbo-
charger operation: compressor choke, rotating stall and
surge, turbine partial gas supplying configurations, gas
flow inertia, etc. For the transient engine operation the
effect of thermal inertia is also significant [1]. Among
mentioned cases, the compressor surge problem is,
probably, the most complicated.

stable and correct calculations.

Literature review

The problem of the correct centrifugal compres-
sor behavior simulation has been discussed widely.
The leading ICE simulation software, such as Ricardo
Wave, AVL Boost, GT-Power, use the compressor
maps to define the compressor parameters during cal-
culations. These maps are obtained from the experi-
mental tests and should pass the preprocessing proce-
dures, which include interpolation and extrapolation
routines, before been used for calculations. Experi-
mental compressor maps have to be extrapolated to the
choke region, compressor zero speed region and have
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to provide an ability of rotating stall and surge simula-
tion. Many papers suggest different approaches of how
to consider compressor operation in the surge mode [2-
4]. Most of papers and algorithms are based on the
Moore-Greitzer model for the compressor unsteady
behavior [10, 11]. The compressor surge consideration
always makes calculations more unstable, sensitive to
the input data and requires much longer time for execu-
tion. However, it isn’t always necessary to consider
accurately compressor rotating stall and surge during
calculations. In some cases — for example on the turbo-
charger matching procedure, or when the calculations
are focused on other aspects — it’s much more conven-
ient to ignore this mode and to get significantly faster
and more stable calculations.

Centrifugal compressor performance maps
treatment

The ICE operating cycle synthesis generally is
implemented as a numerical solution of the set of dif-
ferential equations.

Blitz-PRO - the online computation service for
ICE static and transient operation simulation — utilizes
combination of the quasi-steady (single and two-zone)
and one-dimensional unsteady approaches to describe
the processes in interrelated open thermodynamic sys-
tems (OTS), which are parts of the general thermody-
namic system — the engine [5]. The equations sets in-
clude the first law of thermodynamics, mass balance
and gas state differential equations for quasi-steady
OTS and energy, pulse and mass conservation differen-
tial equations for one-dimensional OTS.

The solution for the combination of equations sets
for all interrelated OTS is numerical: the user can
choose between the simple Euler and second order
implicit Runge-Kutta method [6]. Numerical solution,
obviously, requires the set of initial conditions and then
the iterative calculations to obey the target level of
calculations accuracy. The calculations accuracy is
defined as the relative difference in densities of the
working gas at the operating cycle start and finish. The
number of such iterative approaches generally is be-
tween 20...300 iterations.

Fig. 1la shows the deviation of averaged by oper-
ating cycle values of compressor pressure increase ra-
tio Iempr, air mass flow Gair and turbocharger speed nrc
by the iteration number. It is to be noted, that the varia-
tions of instantaneous compressor parameters could
also be significant as it is illustrated in Fig. 1b.

These examples show, that while the calculations
are in progress, there is a possible situation, when tur-
bocharger operates in a surge or choke region (see Fig.
2), and the corresponding routines should provide fast
and stable calculations under these conditions.
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Fig. 1. Typical provisional calculation results for two-
stroke marine diesel engine operating cycle synthesis:

a — instantaneous compressor parameters by the itera-
tion number (averages by one cycle); b — instantaneous
calculated air mass flow and pressure increase ratio
by the crank angle degree at the iteration number 75

max. permissible
TC - speed

choke limit

Pressure ratio p,/ p,

Volume flow V
Fig. 2. Centrifugal compressor performance map with
special regions: surge, choke and maximum permissi-
ble speed [9]

Simulation of two-stroke ICE, marine low-speed
ICE particularly, is one of the most challenging in
terms of turbocharger performance calculations, as the
sensitivity of two-stroke engines to the gas exchange
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processes is well known. This paper considers the sim-
ulation of the MAN 8G70ME-E operating cycle as an
example of the possible turbocharger performance
maps treatment, focusing on the centrifugal compressor
maps.
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Fig. 3. MAN TCA77 compressor performance maps
emulation as used in Blitz-PRO

The engine is equipped with two MAN TCA77
turbochargers, which work in parallel. The extrapolat-
ed and interpolated flow and efficiency maps of the
turbocharger, prepared according to [7] are presented
on Fig. 3. The initial data of compressor performance
was taken from the manufacturer’s official project
guide [8]. The maps, presented on Fig. 3 are to be con-
sidered as the emulation of the real turbocharger per-
formance maps and are not to be considered as the ac-
tual turbochargers characteristics.

As it is clear from Fig. 3 the experimental compres-
sor performance maps are extended up to the choke
limit as well as to the regions of reverse air flow and
the pressure increase ratio below 1 (ITempr < 1).

0.5 A

O J

Fig. 4. The compressor constant speed performance

line treatment. Lines BC, DA, BC’ and D’A’ describe
the intake receiver pressure change

Let's consider in more detail the constant-speed line
extrapolation and treatment as it is shown on Fig. 4.
The constant-speed line consists of 3 parts: positive air
flow part (line 1), negative air flow part (line 2) and the
conjunction part (line BD on Fig. 4). The conjunction
part describes the compressor behavior under unstable
conditions. The positive flow line is generated as the
extrapolation of the experimental flow lines to the
choke limit, while the negative flow and conjunction
parts are calculated according to the Moore-Greitzer
method [10]. Point D is given as following [12]:

1_I(I::‘mpr =1+ (wlc.ll.Z)z (DZ Dlav) - GDf _0
0

where wrc — compressor speed, To — air temperature at
the compressor inlet; Dy, Diaw — compressor wheel
exducer and average inducer diameters.

The surge process modeling approach can be de-
scribed as follows. At the periods of time when the
intake receiver pressure is smaller than the maximum
pressure at point B, the right brunch of map is used, so
the compressor pumps air into the intake receiver. If
receiver restriction is too high for given compressor
speed, compressor isn’t able to operate at stable mode,
S0 it runs into surge mode with oscillations of air flow
and charge air pressure. When the intake receiver pres-
sure exceeds the maximum pressure at point A, the
routine switches to the left brunch of the map, using
conjunction part BD, and the air flow reverses its direc-
tion (line CD). The left brunch is used until the intake
receiver pressure reaches the minimal value at point D,
and then the routine switches back to right brunch
through the conjunction BD, creating the surge loop.
The described picture is common to the full-scale surge
of the compressor.

ISSN 0419-8719

ABUTI'YHU BHYTPILUHBbOIO 3rOPSIHHA 1'2021 11



Poboui npouecu B3

Table 1. Results of calculations

Surge simulation stable 06 10
set-up, UGsurge mode
Calculations accuracy estimation (target < 0.05 %)
In-cylinder density ac- 0.0068 | 0.0009 9.78
curacy dpeyl, %
Receiver density accu- 0.0127 | 00014 | 0604
racy Opres, %0
Exhaust manifold den- 1, 1,01 | 0305 | 2.145
sity accuracy Opexh, %0
Turbocharger power 00337 | -022 482
accuracy 6Prc, %
Calculated parameters (extraction)
Brake power Py, KW 12139 | 12138 | 12369
Air excess ratio o 2.2295 | 2.2293 | 2.2745
Injected fuel gruer, 9 71.914 | 71.913 | 72.930
Voloumetrlc efficiency 7372 | 73.70 73.05
TlVa A.J
Scavenging factor, @scay | 1.709 171 1.866
Receiver average pres- 2198 | 219.8 2307
sure ps, kPa
Compressor air mass
flow, Gun, kgl 32.23 | 32.24 | 34.26
Compressor adiabatic 88.35 | 88.14 8759
efficiency Mad.cmpr, %
Supercharger speed 8952 8258 8542
Ntc, 'pm
Calculations log
Computation time, s 41.96 | 46.66 | 406.05
Number of iterations 36 40 351

For the mild surge simulation it is proposed to
scale the surge loop ABCDA applying the multiplier
UGsurge < 1.0. Scaling gives new loop BC’D’4°, which
gives reasonably smaller oscillations of the air flow
and pressure increase ratio.

G'ref = GI’??T - HGsurge (Gr%f _Gref ] ;

1—I;:mpr = 1_[t‘:Bmpr - uGsurge(H?mpr - 1_[cmpr )

If the computation tasks are not related to the tur-
bocharger surge problems, it is proposed to turn the
calculations into the “stable” mode, applying the alter-
native extension of the constant-speed line. The line 3
on Fig. 4 illustrates the basic approach, when the con-

stant-speed line is extended to the air flow rates smaller
than the flow at the point B with the following equa-
tion:

Gras

2|(H —® )+Jj '

cmpr cmpr

G

ref =

Using the “stable” mode provides much faster
and stable calculations as the compressor surge never
occurs during simulation process. It helps to match the
turbocharger faster, or to provide brief calculations
neglecting the surge phenomena, albeit the researcher
should always be aware about possible surge.

Table 1 and Fig. 5 display the results of calcula-
tions comparison for different surge simulation modes.
The engine operates at 12140 kW, 82 rpm by the pro-
peller law curve. It is clear, that the “stable” mode pro-
vides the fastest calculations, which take only 36 itera-
tions to obey the set level of accuracy. For the full-
scale surge mode (UGsurge = 1.0) even 351 iterations are
not enough to find the solution — the values of achieved
calculations errors are much beyond the set level. The
mild surge adjustment mode gives the results, which
are very close to the “stable” mode — calculations took
40 iterations and the simulated engine performance is
pretty similar. The examination of the Fig. 5 shows that
during the mild surge mode still there are oscillations
of the compressor mass flow rate and efficiency com-
paring to the “stable” mode, while the intake receiver
pressure diagrams are very close. The full-scale surge
mode has the high level of instability, so the oscilla-
tions of compressor performance are significant.

How to deal with the calculations results? Fig. 6
shows scaled compressor map with the calculated op-
eration point (for the mild surge and “stable” modes).
It is clear, that the operating point is far enough from
the surge line and lies on the constant-speed operating
curve, which indicates the stable compressor operation.
It could be reasonable assumed, that the calculations
results are rather correct and the inability of the routine
to find proper solution under the full-scale mode is
explained mostly by numerical issues.

From the above it seems to be reasonable to rec-
ommend calculations in “stable” mode for initial model
setup and then turn into the surge mode to check if it
could occur under current conditions. These recom-
mendations could be useful for turbocharger continu-
ous monitoring system application [13].
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Fig. 5. Calculations results comparison for different turbocharger surge simulation setups
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Fig. 6. The mild surge and “stable” mode calculated
compressor operating point

Conclusions

Turbocharger compressor performance maps
treatment should provide the ability to adjust the simu-
lation modes according to the calculations tasks. Pro-
posed three calculation modes — “stable” (neglects the
compressor surge), full-scale surge and adjustable mild
surge — allow to get faster and stable calculations and
to overcome some numerical issues that cause the non-
physical instability of the compressor operation.

The problem of the correct compressor surge
simulation need further research to provide better rec-
ommendations for the mathematical model adjustment.
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3ACTOCYBAHHS KAPT XAPAKTEPUCTHUK BIJUEHTPOBOI'O KOMIIPECOPA IIPU MOJAEJ/JIIOBAHHI
POBOYOI'O HUKJIY JBUT'YHIB BHYTPIIIHBOTI'O 3TrOPAHHSA

A.C. Minues, P.A. Bapoaneus

MonenoBaHHsI poOOYOTo UKy JBUTYHA BHYTPILNIHBOTO 3TOPSHHS 3 HAJyBOM HEMOXJIMBO 0e3 KOPEKTHOI OL[HKH mapa-
METpiB poOOTH arperaty HaanyBy. CTaHAapTHUM € MiIXif, TIPH SKOMY BUKOPHCTOBYIOTHCS CHELIANBGHO MMiArOTOBIICH] KapTH Xa-
paKTepUCTHK KoMITpecopa i TypOiHu TypOoKoMIIpecopa, OTpUMaHi Ha OCHOBI €KCIIEPUMEHTAIBHHUX JaHUX abo JaHuX, MpecTaB-
JIEHUX BHUPOOHMKaMH. [HTepmousilis, eKcTpanoisuis Ta o0poOKka KapT XapaKTepHCTHK BiJIEHTPOBOrO KOMIIpEcopa € JIOCHTh
HETIPOCTHM 3aBJIaHHSM, TaK SIK HEOOXiJHO 3a0e3MeUnTH KOPEKTHE BpaxyBaHHsS POOOTH KOMIIpEcopa B TaKUX CrelU(IYHUX 30HaX
Horo poGoTH, sIK MOOJHM3Y TPaHHUIN 3alMpaHHs, 3pMBY MOTOKY 1 B pexxuMmax nommnaxka. IIpu 1ipomMy HeoOXigHO 3abe3neduTH
mIBHJKE 1 cTabijlbHEe BUKOHAHHS PO3paxyHKy pobodoro nukiy. Blitz-PRO - mporpamumii cepsic st po3paxyHKy poOOYOro IHK-
JIy JIBUT'YHIB BHYTDIIIHBOTO 3TOPSIHHS, JOCTYITHHII OHJIAifH - IPOIIOHYE MOXJIMBICTD MiITOTOBKH i BUKOPUCTAHHS KapT XapaKTe-
pHUCTHK arperartiB HaaAnyBy. [Ipu bOMy MOCTYIHI TPH pi3Hi PEXUMHU BpaxyBaHHS poOOTH BiALIEHTPOBOTO KOMIIpECOpa B yMOBax
rmomMmaxa: 1) moBHOMacIITaOHUK MOMIaX Ha OCHOBI MeTonukH, 3anpornonoBanoi F. K. Moore i E. M. Greitzer; 2) nokansHHiA
HOMITQK 3 MOKJTUBICTIO THYYKOT'O HAJIAIITYBaHHS; 3) PEXUM «CTabiIi3awii», Npu SKOMy sIBHUIE MOMIaXXa KOMIIpecopa BUKITIOYa-
€THCSI IUISIXOM eKCTPAIOJALIT BUTPATHOI XapaKTepPUCTUKH KOMIIpecopa BiJl TOYKH BUHUKHEHHS 3pUBY B OiK 3MEHIIICHHS BUTPATH
HOBITPsI 3 BUKOPHCTAHHSM TilepOONiYHOro piBHAHHI. SIK MpUKIaL po3risaacTbes pexuM podotu asuryHa MAN 8G70ME-E
(touka 12140 kBt npu 82 xB™! 3a IBUHTOBOIO XapAKTEPUCTUKOIO) 3 MOPIBHAHHAM PE3YJILTATIB PO3PAXYHKIB Il TPHOX METOMIB
BpaxyBaHHS pOOOTH KOMIpecopa B yMOBax mommaxa. Pexum «crabinizamii» 3abe3nedye HaOUIBII MBUIKUI 1 CTaOLITBHAX PO3-
PaxyHOK, B TO# 4ac K pe)XUM BpaXyBaHHs MOBHOMACIITAOHOTO MOMITaXka MOKE B s/ BUIIAJIKIB XapaKTEPH3yBaTUCS YUCEIBHOT
(He(13UIHOI0) HECTIHKICTIO PO3PAXYHKIB, IO MOSCHIOETHCS BUCOKOKO UYTIIHMBICTIO TBOTAKTHUX MajlOOOEPTHUX IBUTYHIB JIO Ta-
pameTpiB mpoueciB ra3000MiHy. BUKOPHCTaHHS pPeKMMY JIOKAJIBHOTO ITOMIIaKa MOBOJISIET JOMOITHCS BUCOKOI IIBUJIKOCTI i CTa-
OIIBHOCTI PO3paxyHKIB IPH OJHOYACHOMY BpaxyBaHHI SBHILA MOMIAXa, IO € JOCHUTh PO3YMHHUM KoMIpomicoM. JlocmimHuk
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Poboui npouecu B3

MOBHHEH paliOHaIbHO BUKOPUCTOBYBATH BCi TPH PEKMMH BpaxyBaHHS MOMIIaXa BiALEHTPOBOrO KOMIIpECOpa B 3aJISKHOCTI Bix
MOCTABJICHOTO 3aBJIaHH, Bi[Ial0UH IIEPeBary pexuMy «CcTadiiizawii» mpu MoYyaTkoOBOMY HaJaIlTYBaHHI MaTeMaTH4HOI MOZENI i
PEKUMY JIOKAIBHOTO TIOMITaXKa AJIsI EPEeBipKU BipOTiAHOCTI BUHUKHEHHS MOMIa)ka. Y TOH ke yac HeoOXigHi JOAATKOBI AOCHi-
JDKEHHS B 00J1aCTi KOPEKTHOTO MO/ICITIOBAaHHS POOOTH KOMIIpEcopa B yMOBaX IIOMITaxa.

Ki1ro4oBi ciioBa: BiALICHTPOBHI KOMIPECOp; MOMIIAX; MOJCIIOBAHHS JIBUTYHA BHYTPILIHBOTO 3rOPSHHS; XapaKTCPHUCTUKH
KOMIIpecopa

NPUMEHEHHME KAPT XAPAKTEPUCTHK HEHTPOBEKHOI'O KOMIPECCOPA ITPH MOJEJIHPOBAHAN
PABOYEI'O HUKJIA IBUT'ATEJIEM BHYTPEHHEI'O CI'OPAHUSA

.C. Munues, P. A. Bapoaney

MogenupoBanue pabodero LUKIa IBUTATENs BHYTPEHHErO CTOPaHUs C HaJIyBOM HEBO3MOXHO 0€3 KOPPEKTHOH OICHKH
MapaMeTpoB paboTel arperara HajanyBa. CTaHAAPTHBIM SIBISIETCS TOAXOJ, IPH KOTOPOM HCIHONB3YIOTCS CIIENUAIbHO TMOATOTOB-
JICHHBIe KapT XapaKTepHCTHK KOMIIpeccopa M TypOUHBI TypOOKOMITpeccopa, MOTydeHHbIe Ha OCHOBE HKCIICPHMEHTANBHBIX JaH-
HBIX WJIHM JaHHBIX, IPEICTABICHHBIX IPOU3BOANTEISIMU. IHTEpIOALNS, SKCTpanoisinys 1 00paboTka KapT XapaKTepUCTHK LIeH-
TPOOESKHOTO KOMITpeccopa SIBIISIETCS JOCTATOYHO HENPOCTOH 3agadell, Tak Kak He0OXOJMMO 00eCIeunTh KOPPEKTHBIH ydeT pa-
0OTHI KOMIIpECcCOpa B TaKHX CIEIM(PUIECKUX 30HAX €ro paboThl, KaK BOJIM3M TPAaHMIIBI 3alIMPAHMs, BPANIAIOIIETOCsS CPHIBA U B
pexuMax mommnaxa. [Ipu 5ToM HeoOGXOMMMO 0GECIeunTh OBICTPOE U CTAOMIBHOE BBIMONHEHHE pacuyeTa padoyero rukna. Blitz-
PRO — nporpammHbIii cepBuC 1uis pacyeta pabovero HUKIA ABUraTeNeil BHYTPEHHETO CropaHs, IOCTYIHBINA OHIAiH — Tpe/ia-
raeT BO3MOXKHOCTb MOATOTOBKH M UCIIOIb30BaHHA KapT XapaKTePUCTHUK arperatoB Haanysa. [Ipu 3ToM HOCTYNHBI TpH pa3NuyuHbIE
pekuMa ydeTa paboThl IEHTPOOESKHOTO KOMIIpEcCopa B YCIOBHX MOMIaXa: 1) MOJHOMACIITaOHBIH MOMIIaXX HA OCHOBE MOJXO-
nom, npemtoxennsix F. K. Moore u E. M. Greitzer; 2) menkoMacurrabHbIi MOMITQK ¢ BO3MOXHOCTBIO THOKOW HAaCTPOMKH; 3)
PEeXKHUM «CTAOWIIM3ALMKY, IPH KOTOPOM SIBIICHHE MOMITa)ka KOMIIPECCOpa MCKIIOYAeTCs IyTeM SKCTPAIOJIAMH PAcXOAHON Xa-
PaKTepUCTHKU KOMIIpEccopa OT TOYKHM BO3HHKHOBEHHSI CPBIBA B CTOPOHY YMEHBLICHHS Pacxoja BO3IyXa C HCIOJIb30BaHHEM
TUIIepOOIMIECKOT0 ypaBHEeHHs. B kauecTBe mpumepa paccMmatpuBaercsi pexxuM pabotsl asuratenss MAN 8G70ME-E (touka
12140 Bt npu 82 MuH™! 10 BUHTOBOI XapaKTEPHCTKE) CO CPaBHEHMEM PE3YJILTATOB PACYETOB I TPEX METOJOB ydeTa paboThl
KOMIIPECCOpa B YCIIOBHSX MOMIaxa. PexxuM «cTabmmm3annm» obecriednBaeT HaubOoaee OBICTPHIA U CTaOMIBHBIX PacdeT, B TO
BpeMs Kak PeKUM ydeTa IMOJTHOMACIITAOHOTO IMOMITaKa MOXKET B PAJE CIy4aeB XapaKTEepU30BATHCS YUCICHHON (HehU3nIecKoi)
HEYCTOHUMBOCTBIO PAcYETOB, YTO OOBSICHACTCS BBICOKOH UyBCTBUTENBHOCTBIO ABYXTAKTHBIX MAaJOOOOPOTHBIX ABHTaTeNed K
mapamerpam IpoLeccoB razooOMeHa. lcrosp3oBaHHe peXrMa MEIKOMACIITaOHOTO ITOMIa)ka MO3BOJIIET JOOHMTHCS BBICOKOM
CKOPOCTH M CTaOWIJIBHOCTH PaciyeToB IPH OJHOBPEMEHHOM Yy4YeTe SBJICHHS OMITaXKa, YTO SBJISAETCS JOCTATOYHO Pa3yMHBIM KOM-
npomuccoM. MccnenoBarens NOKEH PalMOHAIBHO HCIIONB30BaTh BCE TPH PEKUMA ydeTa MOMITaKa HEeHTPOOESKHOTO KOMIIpec-
copa B 3aBHCHMOCTH OT IOCTaBJICHHOH 3aJa4d, OT/AaBas NPEIIOYTCHHE PEeKUMY «CTAOWIM3aLUI» MPU HAYaIbHOH HacTpoWke
MaTeMaTHYeCKOH MOJENH M PEeXHMM MEJIKOMAacCIITaOHOTO IOMIIaXKa Ul MPOBEPKU BEPOSITHOCTH BO3SHUKHOBEHHS IOMIIaxka. B
TOXE BpeMsI HEOOXOIMMBI JOMOIHUTENbHBIE HCCICIOBAHUS B 00JaCTH KOPPEKTHOTO MOAENUPOBAHUS PabOTHl KOMIpeccopa B
YCIIOBHSX TIOMIIaXKa.

KroueBble ci10Ba: 1eHTPOOSKHBIH KOMIIPECCOp; HOMITIAX; MOJEIUPOBAHNE ABUTATENsI BHYTPEHHETO CTOPaHUs; XapaKTe-
PHCTHKH KOMIIPECCOpa.
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HAYKOBI IPUHIUIIN TIABUIEHHSA E@EKTUBHUX ITIOKA3ZHUKIB IU3EJIIB
TP BUKOPUCTAHHI BIOITAJINB

Buxopucmanna nanue 6iono2iuno2o noxo0x4ceHHs Ha OCHO8I POCIUHHUX Ol MA THWOT AHANOSTYHOT CUPOBUHU 6 Ou3e-
JIBHUX OBUSYHAX 8 PO3BUHEHUX KPATHAX 00380JIAE€ 3MEHWUMU SUMPAMU MIHEPATbHO20 OU3ETbHO20 NAIUEA MA NOKPA-
wumu cman omoyylo4o2o cepedosuwja. Lle numanns akmyanvro i 014 Ykpainu, y 36's13Ky ¢ yum KepigHuUMU opeanamu
tiomy npudinaemucs genuxa ysaza. Iloenubnenns 3namns y 6ugueHni 0cobau8ocmeli NPOMIKanHs poboyux Yyukiie ouse-
U8, IX NOMYJICHICHUX MA MOKCUYHUX XAPAKMEPUCIUK NPU YbOMY CIPUSIE ONMUMI3AYIT BUKOPUCMAHHS YUX 6UJI8 Na-
auea. B nasedeniti pobomi posensnymi OCHOSHI RUMAHHS, NO8'S3AHI 3 BUKOPUCAHHAM 6 AKOCMI 6I0N102iYHOI CKIAd0-
601 NAIUBA POCTUHHUX Oill, MAKUX AK COHAWHUKOBA, PINAK08A, KYKYPYO3siHA Ma iX emunosux eqpipie ax y yucmomy
6uU2na0i Max i 6 Cymiuti 3 MIHEPATLHUM OUETLHUM NATUBOM. PO321HYMO NUMAHHS 3 MeopemuyHUX Mma eKCnepuMeH-
MATLHUX OAHUX, NO8'A3AHUX 3 UKOPUCTHAHHAM YUX NATUE 8 OU3eIbHUX OsucyHax. Excnepumenmanvui 0ocniodcenns
Nnpo8OOUNUCH HA OusenbHUX osueyHax /{214 ma womupuyuninoposomy — Lllkooa — ananoey dsuzyna Volkswagen 06'-
emom 1,9 1 3 mypbonaodyeom. Exonomiuni i mokcuuni xapxmepucmuxu 00epicysany 3a HaAaHMaicy8aibHUMu ma
wieuoKicHumu xapaxmepucmuxamu .Cnocmepicacmocsi 36i1bUWeNHS. UMPAM CYMIUEB020 NAIUEA Y NOPIGHAHHI 3
MIHEPANLHUM NATUBOM, MOKCUYHI XAPAKMEPUCMUKY 3a OESKUMU NOKAZHUKAMU Oyau Kpawji, 8 0esiKux GUnaokax, Ha-
nPUKIA0 npu pobomi Ha NiOGUUEHUX NOMYICHOCMSIX, NOCIPULYBAIUCH GIOHOCHO NOKA3HUKIG Npu poOomi na Minepasb-
Homy nanugi. Cpopmynbo8aHo 0CHOBHI NPUHYUNU epeKMUBHO20 BUKOPUCANHA OIONAIUE 8 MPAHCHOPIHUX OU3ENSAX
3 eHepeemuYHUX, MOKCUYHUX NOKA3HUKIB, a MAKOMC KOPO3IUHO20 NAUBY CYMIleaUX DIONAIue Ha NATUBHY anapamy-
py. Ha cvocooni asmosanpasni cmanyii 6 Ykpaini npooaioms aK anbmepHamueHi miibKu namea ois OeH3uHo8uUx
osueynis. Lle cymiwi 6 pisnux nponopyisx beusuny i 6ioemanony 3 emicmom ocmanibozo 0o 35—40% 3a 06'emom.
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