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CONSIDERATIONS AND COMPLICATIONS WITH "FIRST PRINCIPLES"
DYNAMIC MODELLING OF INDUSTRIAL COMPRESSORS

Readily available processing hardware and "off-the-shelf"* (OTS) simulation software has made "high fidelity"
first principles models of both steady and transient states, for both axial and centrifugal industrial compressors,
relatively easy to construct. These high-fidelity models are finding their way into "real-time. digital twin" per-
formance monitors, front-end engineering design, and post-design — pre-construction compressor performance
evaluation. The compressor models are useful for reliably demonstrating the compressor and — to some degree,
based on the complexity of the model — process response to various operating conditions. Once the model is
constructed, it is trivial to run a "what-if" analysis of compressor performance to answer questions related to
(a) recommendations or validation of the recycle/vent valve size and actuation speed, (b) general piping layout
and sizing around the compressor, (c) and hot gas bypass requirements, to name a few. This paper takes a
practical approach in discussing the compressor and process parameters necessary for building these dynamic
"high-fidelity" industrial-compressor models. We identify compressor inputs and compressor responses that are
faithfully modeled by first-principle equations available in the simulation software and those that typically re-
quire a compromise between an "ab initio" and data-fitting approximation. We discuss the simulation's tendency
to overstate pressure excursions during surge events and understate the compressor operation in the "stonewall"
region. We also discuss using the simulator software's compressor-stage enthalpy calculations to predict and
quantify the compressor train reverse rotation. We use our broad experience and understanding of the compres-
sor operation and simulation and our experience with the AVEVA™ Dynamic-Simulation "OTS" simulation
software as the basis for this discussion.

Keywords: compressor model; high fidelity; first principles; industrial compressors; dynamic simulation; com-
pressor surge; compressor stonewall; choke flow; steady state; transient; surge event; recycle; vent; reverse

rotation.

Introduction

Industrial compressors are used throughout energy
processing and are an integral part of midstream (pipe-
line) and downstream (refining, LNG, chemicals) and
storage processes. These processes include transporta-
tion, refrigeration, separation, and generation of reaction
pressure.

The purpose of this paper is to promote further dis-
cussion concerning foundational considerations, limita-
tions, and “workarounds” in the modelling of industrial
compressor transient operation using off-the-shelf (com-
mercially available), high-fidelity, process simulation
software.

Definitions
First-Principles (ab initio) modelling.

First-principles models, in general, are built using
established laws of chemistry and physics without
additional assumptions, inference, or modifications
based upon empirical testing or data fitting. This paper
discusses using the first principles equations of state

included in the Dynamic Simulation high fidelity
modelling software [1] and the assumptions and
inference associated with the compressor data inputs
required to make the models work.

High Fidelity modelling.

As far as we are aware, there are no absolute criteria
for what constitutes “high-fidelity” for industrial
compressor modeling. Like most things, there is a
diminishing marginal utility for model tuning, and we
“overlay” an engineering sensibility to compressor
modelling where; “close enough is good enough.” We
define a compressor model as high-fidelity if it generates
temperatures, pressures, and flows that match the
compressor manufacturers API617 data sheets or the
end-users heat and material balance at a steady-state,
within 1.0%.

Dynamic Compressor Modelling.

Dynamic compressor models are typically designed
to assess compressor operation and performance both
from the standpoint of compressor protection (surge and
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stonewall), and from a process operations perspective.
Compressor models are used to evaluate compressor re-
cycle/vent valve sizing, the recycle/vent valve associated
actuator speed of response, compressor piping size and
volume, and the design and suitability of the compressor
controls. The discussions in this paper are limited to the
transient compressor operation viewpoint (as opposed to
steady-state, except when constructing the model.) These
transient operations typically include startup, trip, and
process upsets and failures (e.g., unusual, and rapid pro-
cess changes that affect compressor discharge pres-
sure) [2].

Compressor Performance Map.

To evaluate the transient compressor operation, we
start with the compressor manufacturer's performance
curve. The performance curves typically include multiple
speed lines (for variable speed machines or machines
with inlet guide vanes), a single-speed line (for constant
speed machines), the surge points for the speed lines, a
guaranteed point, and efficiency curves. In addition, the
performance curve also specifies the compressor inlet
conditions, inlet feed MW, compressibility, and the spe-
cific heat ratio (K) or the polytropic efficiency (n). A per-
formance “curve” is provided for each compressor stage.
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Fig. A. Representation of typical compressor
performance curve [3]
Compressor Surge.

In “Application Guideline for Centrifugal Compres-
sor Surge Control Systems”, the surge is defined as “the

operating point at which the compressor peak head capa-
bility and minimum flow limit are reached” [2]. Com-
pressor operational excursions to the “left” of the surge
line are typically referred to as unstable. These excur-
sions (surge events) are created by abnormally high com-
pressor discharge pressure (head). They can result in
compressor flow reversals (which lower the discharge
pressure), creating a surge cycle. Surge events can cause
severe damage to the compressor, including; bearing fail-
ure, impeller rubbing, and seal damage [4].
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Fig. B. Representation of typical compressor
surge “region”

Compressor Stonewall.

Compressor Stonewall or Choke is an operating
condition (low discharge pressure and high flow rate for
a given speed line) where the velocity of the gas for a
given compressor stage has accelerated to Mach-1, and
no further increase in flow is possible [5].
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Fig. C. Representation of typical compressor Stonewall
or chocked flow “region”
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Compressor manufacturers have found that pro-
longed compressor operation in stonewall can lead to fa-
tigue failures of the impeller cover and blades. There is
also an increase in the compressor discharge temperature
due to the rise in entropy across the region of sonic ve-
locity [5].

Considerations

Compressor model data inputs.

To build a credible “high-fidelity” compressor
model, the following data is required:

- Driver (motor or turbine data) including power,
torque, speed gearing;

- Compressor performance curves — to model
compressor characteristics (head/capacity relationship);

- Manufacturers  compressor  data  sheets
(AP1617) — to validate the steady-state model;

- Process heat and material balance (if available)-
to validate the steady-state model,;

- Process isometric drawings — to determine pip-
ing volumes and pressure drops;

- Process and instrumentation drawings (P&ID) —
to determine compressor, vessel, and piping arrange-
ment;

- Process flow diagram (PFD) — important com-
pressor, vessel, and piping arrangement;

- Valve data — recycle valves, block valves, con-
trol valves, check valves, etc.- to model CV, and valve
flow characteristics;

- Valve Actuator data — to model valve speed of
response;

- Heat exchanger data — to model heat exchangers
(capacity, heat transfer characteristics, flow rates, and
temperatures for fluid streams).

Compressor Model Boundaries.

In general, the compressor model starts at the clos-
est significant volume outside of the recycle loop (vessel,
etc.) on the inlet of the compressor. The compressor
model typically ends after the first check valve outside of
the recycle loop on the discharge side of the compressor.
For refrigeration compressor models, it may be necessary
to model the discharge condensers and liquid accumula-
tors.

Equations of State (EOS) Selection.

Modern “off-the-shelf” high fidelity modelling soft-
ware platforms offer a selection of first-principles equa-
tion-of-state simulation selections for use in modelling a
compressor. These selections include [1]:

- Industrial Steam Tables;

- Braun K10;

- Redlich-Kwong (RK) ;

- Soave-Redlich-Kwong (SRK) and derivatives;

- Peng- Robinson (PR) and derivatives;

- Others.

The difficulty associated with multiple “EOSs” is
deciding and choosing which EOS to use for a given
compressor model. When building the compressor
model, we typically start with the SRK EOS, and com-
pare parameters for a given steady-state compressor con-
dition (pressure, temperature, flow), with the compressor
manufacturers' performance data sheets or the process
heat and material balance sheet, or both.

If the model is in close agreement (within 1.0%) of
the performance data or material balance, we use that
EOS to evaluate transient conditions. If the EOS results
in steady-state conditions that differ from the compressor
manufacturers performance data sheets or the process
heat and material balance sheet by more than 1.0%, we
iterate the different available EOSs until we find the
“best” EOS fit.

Modelling Inertia.

For a high-fidelity model, the entire compressor
train inertia needs to be considered. Typically, this data
is available from the compressor manufacturer. If the
data is unavailable, the compressor train inertia can be
inferred from operation data (specifically, coast down
data).

Modelling Friction Losses.

Modelling friction losses improves the fidelity of
the model characteristics for a shutdown. Friction losses
are typically modelled using a small percentage (1...2%)
of power (linear relationship). In general, friction losses
are determined empirically.

Modelling Windage Losses.

OTS simulation packages typically have windage
loss inputs, but most compressor manufacturers include
windage losses in their performance curves.

Complications
Compressor feed-gas composition:

Feed-gas composition for ethylene refrigeration,
propylene refrigeration, chlorine, compression, and air
applications are typically simple, with straightforward
chemistry, and can be used directly with the simulator
package equations of state. On the other hand, there are
feeds, including cracked gas, wet gas, and recycle gas ap-
plications, that can be problematic because of the com-
plicated process flow, feed composition, and chemistry.

For example, the cracked gas feed used in an “Eth-
ylene” production process can include more than 40 com-
ponents (Tabl. 1):
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Fig. D. Simplified crack gas process flow diagram (level controls, check valves,
flow elements etc. omitted for simplicity)

Table 1 Table 1 (continued)
Crack gas feed from 3rd party data analysis Component CMF
(CMF = component mole flow (as a percentage of flow) 1-METHYL-2-ETHYLBENZENE 0.004%
N-OCTADECYLBENZENE 0.004%
Component CMF INDENE 0.004%
H20 33.556% ALPHA-METHYL-STYRENE 0.003%
ETHYLENE 22.751% ETHYLBENZENE 0.003%
HYDROGEN 21.080% CYCLOHEPTENE 0.003%
METHANE 8.474% ISOBUTANE 0.002%
ETHANE 8.094% 2-METHYL-1,3-BUTADIENE 0.002%
PROPYLENE 2.422% CARBON-DIOXIDE 0.002%
N-BUTANE 1.634% Etc. (4 components less than .002%) 0.001%
1,3-BUTADIENE 0.465% 100.00%
PROPANE 0.280% . .
ACETYLENE 0.261% Molecular Weight (as given) 19.7
BENZENE 0.219% . . I
T.BUTENE 0.138% Because of the chemical complexity and variations
C7+ 0.133% of this feed and to reduce simulation processing load (cal-
TZ%IE(R‘F;'EA'\[;TQND&ENE 8-8;;2;0 culating performance), the cracked gas feed composition
4- . 0 H : s H : Sr : H H
TOLUENE 0.037% is often s?mpllfled. This simplification |s'accornp_llshe.d
TRANS-2-BUTENE 0.036% by “lumping” components that are “materially insignifi-
CARBON-MONOXIDE 0.032% cant” individually (less than 0.5% of feed) but added to-
N-PENTANE 0.032% gether must be accounted for. This creates a quasi-hybrid
CIS-2-BUTENE 0.028% . . .
METHYL-ACETYLENE 0.028% model that uses first principles equations of state and data
STYRENE 0.028% fitting of the feed.
O-XYLENE 0.020%
PROPADIENE 0.019% Table 2
VINYLACETYLENE 0.017% Simplified crack gas feed
NAPHTHALENE 0.013%
1-PENTENE 0.013% Component CMF MW MW by %
ISOBUTYLENE 0.010% H20 33.69% 18.02 6.07
N-HEXANE 0.008% ETHYLENE 22.84% 28.05 6.41
1-PHENYLNAPHTHALENE 0.006% 2 2117% 202 0.3
METHYLCYCLOPENTADIENE 0.006% METHANE 8.51% 604 136
1-METHYLINDENE 0.005% ETHANE 8.13% 30.07 244
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Table 2 (continued)

Component CMF MW MW by %
Propylene 2.43% 42.08 1.02
BUTANE 1.64% 58.12 0.95
1,3 Butadiene 0.47% 54.09 0.25
PROPANE 0.28% 44.1 0.12
ACETYLN 0.26% 26.04 0.07
BENZENE 0.22% 78.11 0.17
1BUTENE 0.14% 56.11 0.08
DECANE 0.22% 142.28 0.32

100.00% Calc MW 19.70

This lumping of the minor components in the feed
can have a minor or significant impact on multi-stage
compressor models. As the gas in a multi-stage model
passes through the compressor, heat exchangers, etc., the
different gas components (with similar mole weights)
condense or vaporize at different temperatures and pres-
sure (which the simulation faithfully replicates with the
selected EOS), causing the density of the feed gas to
change as it travels through the compressor model to suc-
cessive stages. If the component “lumping” or simplifi-
cation is done well, the compressor model performance
will match the compressor data sheets or process heat and
material balance. If the simplification is “off”, the model
will not match the compressor data sheets or process heat
and material balance.

Choosing a component(s) for a “good” simplifica-
tion of the minor components in the complex gas fees is
most often iterative. It often requires significant experi-
ence with the process and model “construction.”
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Compressor simulation performance to the
“left” of the surge line (point).

When a compressor works through a surge event
(excessive head), the actual flow quickly decreases to-
wards the y-axis without a further increase in the head.
As the compressor flow reverses, the head begins to fall,
allowing the flow to increase again (compressor recov-
ers) [6]. As the flow increases, if whatever created the
excessively high discharge pressure (head) hasn’t re-
solved, the compressor operating point will move back
towards the surge point and create a surge cycle.

When we configure a performance curve into a sim-
ulation tool, the left-most data point in the performance
curve (high head, low flow) is typically interpreted by the
simulator software as the surge point. An issue we face
when using the Dynamic-Simulator is that the simulation
package interpolates the compressor head to the “left” of
the surge point using a linear approximation with a non-
zero slope (gradual increase in head to the left of the
surge point).

A closer approximation of flow
135 and head during the surge event
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Fig. G. An approximation of “actual” head and flowpast
the last performance data point (surge point)
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Fig. H. A typical OTS approximation of head past
the last performance data point (surge point)
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This mis-approximation of a surge event tends to
over-state the pressure (head) during the surge event. If
the simulation is used to specify or validate the recycle
valve size, this over-statement can manifest in selecting
an oversized recycle valve.

Our “work-around” for this pressure (head) over-
statement is to add a “surge flow simulation valve” in
parallel with the compressor. The surge flow simulation
valve acts like a recycle valve and reduces the discharge
pressure (head) by allowing flow to the suction when the
simulated compressor operating point moves to the left
of the surge point. The “simulated flow valve” is sized
such that it only ameliorates the OTS head interpolation.
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comp. stage
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comp. stage
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Fig. I. Surge flow simulation valve

Modelling Compressor Reverse Rotation.

In addition to validating compressor surge and stall
points with the compressor model, often, end-users are
interested to know the consequences of a failed check
valve — especially during compressor shutdown.

1000

500 ||
normal stop

Speed (RPM)

failed check valve
(reverse rotation)

Time (minutes)

Fig. J. Normal speed decay vs. the speed decay
associated with reverse rotation

Specifically, we are interested to know if the com-
pressor can be driven backward (reverse rotation) by a
process pressure flowing backward through the compres-
sor discharge (e.g. leaking check valve in the compressor
discharge piping, missing check valve, etc.)

The likelihood for compressor train reverse rotation
is modelled by first calculating the “energy output” for a
given compressor stage:

Eoutx = (Hpx — Hsx)(1h),

where Hpyx = specific enthalpy at discharge of stage;

Hsx = specific enthalpy at suction of stage;

m = mass flow.

Contributed power to the shaft (as a function of re-
verse flow through the compressor) is then calculated
as [7]:

Prr = ( Eout1 + Eoutz2 + ... Eoutx ) (efficiency),

where efficiency is typically a value between 0.50 and
0.60.

The calculated power — through reverse rotation — is
then summed with the “driver power” back into the
model to calculate speed.

Modelling Compressor Stonewall.

The OTS Dynamic Simulation software tends to
overestimate compressor flow in the stonewall or
“choked flow” region of the compressor performance
curve by not asserting an infinite slope on the speed curve
when it drops into the stonewall region.

“OTS" choke flow simulation

modified choke flow
simulation (m = o0)

Head (kNm/kg)
g

75000

Vol.Flow (m3/h)

0
50000

Fig. K. OTS stonewall flow vs. modified stonewall flow

This problem is easily remedied by adding
performance curve point vertically from the last point
from the manufacturers' compressor curve on the x-axis.
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Conclusions/Summary

Modern computer hardware and OTS process
simulation software are capable of extremely high
fidelity modelling of industrial plant performance. This
capability also extends to first-principles modelling of
steady-state process compressor performance with
simple feeds. Practical modelling of complex feeds —
such as the feed associated with the cracked gas
compressor — requires manipulation of the input stream
to reduce simulator calculation and hardware processing
load. Our model needed some “tuning” to credibly
simulate the compressor reaction to transient events that
tend to drive the compressor towards surge, stonewall, or
reverse rotation.
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COOBPAKEHMUS 11O TIOBOAY NIPUMEHEHUS U CJIO)KHOCTH
MOJIEJIEM TEPBOT'O MOPAJIKA B JUHAMWYECKOM MOJIEJIMPOBAHUU
IMPOMBIIIVIEHHBIX KOMITPECCOPOB

. Incaxoou, T. Beinu, B. ZKapuxos

OobuieocTymHOE ammapaTHoe odecredeHne sl 00pabOTKH JaHHBIX W TOTOBOE IPOTpaMMHOE 00ecTieueHIe IS
MO/JICTIMPOBAHHMS IO3BOJISIET OTHOCHTENILHO JIETKO CO3/1aBaTh «BBICOKOTOYHBIE» MOJIENIU NEPBOTO MOPsAKA KaK IS
YCTaHOBMBIIMXCS, TaK M JUIS NIEPEXOIHBIX COCTOSHUN KaK JUIsl OCEBBIX, TaK U JJISl IIEHTPOOEIKHBIX MPOMBIIIICHHBIX
KOMIIPECCOPOB. OJTH BBICOKOTOYHBIE MOJENM HAaXOQiIT CBOE IPUMEHCHHE B CHCTEMax MOHHUTOPHHTA
MIPOU3BOIUTEIHHOCTH («IHUPPOBBHIX ABOMHHMKAX», pabOTAOMIMX B pPEXHME pealbHOM BpEMEHH), Ha JTare
NIPEABapUTEIHHOTO WHKEHEPHOTO NPOEKTHPOBAHMS, a TaK)Ke B OLCHKE MPOU3BOJUTEILHOCTH KOMIIpEccopa Iocie
3aBEpIICHU INPOCKTHPOBAHUS M MEpe]l HadajJoM JTama CTPOUTENbCTBA. MoIEnn KOMIpeccopa ITOJIE3HBI IS
JOCTOBEPHOM AEMOHCTpAIMH pabOTHI KOMIpEccopa U, B HEKOTOPOH CTEIIEHH, B 3aBUCHMOCTH OT CIIOKHOCTH MOJIEIH,
OLIEHKH PEeaKIMU Tpoliecca Ha pa3siMyHble padoune yciaoBus. [locie moCcTpoeHHs MO JIETKO MPOBECTH aHaJN3
MIPOU3BOJIUTEIBHOCTH KOMIIPECCOPA MO MPUHIMILY «4TO €CJIN», YTOOBI OTBETUTh Ha BOIPOCHI, CBS3aHHbIE C ()
PEKOMEHIALMSIMU WM MPOBEPKOH INMPaBWIFHOCTH BBHIOOpA PEHMPKYJSALMOHHOTO / BBITYCKHOI'O KJIAmaHa W €ro
CKOPOCTBIO cpabaThiBaHus, (0) o0Ieii KOMIIOHOBKOH TPYOOIIPOBOJIOB U OOBSI3KOW KOMITpeccopa, (C) TpeOoBaHUIMU
K Oalinacy ropsdero rasa, M 3TO JIMIIb HEKOTOpbIe W3 HUX.B 3TOl crarbe MCHONB3yeTCsl MPaKTUUECKHH MOAXO0A K
00CYXJIEHHIO KOMIIPECCOpa M MapaMeTpoOB IpPOIecca, HEOOXOAMMBIX IS MOCTPOSHHS 3THX, TaK Ha3bIBACMBIX,
«BBICOKOTOYHBIX» TUHAMHYECKHX MOJIETICH IIPOMBIIIICHHBIX KOMIPECCOPOB. MBI ompeiensieM BXOIHBIE TapaMeTpPhI
U peaklMyi KOMIpeccopa, KOTOpbIe TOUHO MOJIETUPYIOTCS C IOMOIBIO YPaBHEHHM NEPBOro MOPSAIKa, JOCTYITHBIMU B
TOTOBOM IIPOIPaMMHOM OOCCIICUCHHH JUIi MOJEIMPOBAHUS, M TE MapaMeTphl, KOTOPbIE OOBIYHO TPEOYIOT
KoMnpomucca Mexnay "ab initio" u naHHEIMH anmpokcumanuu. Mbl 00CYKAaeM TEHICHIHIO MOJCIHPOBAHUS K
3aBBIIICHUIO W3MEHEHUM JaBJICHUS BO BpEMA IMMOMIIAXKHBIX CO6BITI/II>1 U 3aHHXXCHUIO pa6OTI>I B oOmactu
«apocceuMpoBaHuss». Mbl Takxke 00CykJaeM HCIOIb30BaHUe IPOrPaMMaMy MOJCIUPOBAHUS PACYETOB IHTAIIBIIHI
CTYIEHH KOMIIPECCOpa AJIsl TPOTHO3HPOBAHUS M KOJMYECTBCHHON OICHKH OOpaTHOTO BPAICHUS KOMIIPECCOPHOTO
arperata. Mbl HCIIOJIB3yeM Halll OOIIMPHBII ONBIT U OHMMAaHUE PabOTHI KOMIIpECccopa U MOJICIMPOBAHMS, a TaKKe
Hall OMBIT pabOThI ¢ MPOTPaMMHBIM OOECTeueHHEM Ui UHAMH4YecKkoro Mozenuposanus AVEVA™ Dynamic-
Simulation B xauecTBe 6a3bl It ATOrO 0OCYKACHHUSL.
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JPOCCENMPOBAHMS, YCTAHOBHUBIIMHCS PEXUM PadOTHI KOMIpEccopa, IEepeXoaHbI pexxuM paboThl KOMIIpeccopa,
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MIPKYBAHHS 1010 3ACTOCYBAHHSI 1 CKJIAJTHOCTI MOJIEJIEA
HEPIIOIO NOPAAKY Y AIMHAMIYHOMY MOJAEJIOBAHHI
IMPOMUCJIOBUX KOMITPECOPIB

. /Icaxodi, T. Beini, B. /Kapixos

3aranbHONOCTYIIHE amapaTHe 3a0e3nedeHHs Uil OOpoOKHM JaHMX 1 TOTOBE MNporpamMHe 3a0e3medeHHs Ui
MO/ICIIFOBaHHS JIO3BOJISIE BIJIHOCHO JIETKO CTBOPIOBATH «BUCOKOTOYHI» MOJIEJI HEPIIOTo MOPSIKY SIK JJIS CTaJHUX, TaK
1 U TIepexiTHUX CTaHiB SIK JUI1 OCHOBHUX, Tak 1 JUIA BIIIIEHTPOBUX NMPOMHUCIOBHX KommpecopiB. Lli BucoxoToUHI
MOJIeJIi 3HAXOMAATh CBOE 3aCTOCYBAHHS B CHCTEMax MOHITOPMHTY HPOJYKTHBHOCTI («IHM(POBHUX JIBIHHUKIBY», SKi
MPAIOIOTh B PEXUMI peaNbHOr0 Yacy), Ha eTalli MOMepPEeIHbOTO 1HKEHEPHOT'0 MPOEKTYBaHHS, a TaKOXX B OIHII
MIPOAYKTUBHOCTI KOMIIpecopa IIiCHIs 3aBEpIICHHA MPOEKTYBAaHHS i Iepea MoyaTKoM erarry OymiBHHMITBA. Mogerni
KOMITpecopa KOPHCHI JUIS JIOCTOBIpHOI JeMOHcTpalii poOoTH KoMmpecopa i, B AesKill Mipi, B 3aJ€XHOCTI Bif
CKJIaJIHOCTI MOJIEII, OLIHKY peakii mporuecy Ha pizHi podoui ymoBu. [1iciist cTBOpEHHS MOJIEi JIETKO IIPOBECTH aHai3
MIPOAYKTUBHOCTI KOMIIpecopa 3a MPUHIMIIOM «II0 SKIO», 100 BiAMOBICTM Ha MUTAaHHA, MOB'S3aHi 3 (a)
peKoMeHIalisiMu abo TepeBIpKOI0 NPaBHIBHOCTI BHOOpPY pPEHUPKYJSLIHHOTO / BHUIYyCKHOTO KiamaHa i Horo
LIBHUKICTIO CIpanboByBaHHS, (0) 3aralbHIM KOMIIOHYBAaHHSIM TpyOOIIpOBOAIB 1 00B'I3K0I0 KOMIIpecopa, (C) BUMOT
no Oaifmacy raps;goro rasy, i me JMme Aeski 3 HuX. Y Iiif CTaTTi BUKOPHCTOBYETHCS NMPAKTHYHHMHA IiJIXiT 1O
00rOBOpEHHSI KOMIIpecopa 1 mapaMeTpiB Mporiecy, HEOOXiTHUX AJIs MOOYJOBH IHX, TaK 3BaHUX, «BUCOKOTOUHHX)
JMHAMIYHUX MOJIeJield IPOMHUCIOBUX KOMIIpecopiB. MU BH3Ha4aeMO BXi/HI mapaMeTpH i1 peakuii koMIpecopa, siki
TOYHO MOJICTIOIOTECSI 32 JIOTIOMOTOI0 PIBHSHB MEPIIOrO MOPSIKY, JOCTYIIHUMH B TOTOBOMY HpPOIpPaMHOMY
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3a0e3MeUeHHI U1 MOJCIIOBAHHS, 1 Ti MapaMeTpH, sIKi 3a3BUYall BUMArarTh KoMmmpoMicy Mix "ab initio" i nanumu
ampoxcuMariii. Mu o0TOBOPIOEMO TEHACHIIII0 MOJEIIOBAHHS /10 3aBHUIIEHHS 3MiH THCKY i Yac MMOMITAKHUX MO 1
3aHIKEHHS pPOOOTH B OO0JIaCTi «JpOCETIOBaHH». MM TakoXX OOTOBOPIOEMO BHKOPHCTaHHSA IPOTpamMaMu
MO/ICIIIOBaHHS PO3pPaxXyHKiB €HTANbIII] CTyIeHI KOMIpecopa AJs MPOrHO3YBaHHS 1 KUIbKICHOI OI[IHKHM 3BOPOTHOTO
o0epTaHHs KOMIIPECOPHOTO arperaty. My BUKOPHCTOBYEMO HaIll BEJMKHA JOCBI 1 po3yMiHHS poOOTH KOMIpecopa i
MOJICIIOBAHHS, a TaKOX HAIl IOCBiA POOOTH 3 MpOTpamMHUAM 3a0e3NeYeHHSIM Ui JHHAMIYHOTO MOJEITIOBAHHS
AVEVA™ Dynamic-Simulation B sikocti 6a3u ist 1IbOr0 06rOBOPEHHS.
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