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BupobHuuteo & MexatpoHHi Cuctemn 2023: matepianu VII-oi MixHapogHoi
koHdepeHuii, Xapkis, 19-20 xosTHa 2023 p.: Teau gonosigen / [peakon.
|.LL. Hesntopos (sianosiganbHuil peaakTop)].-Xapkis: [enekTpoHHui apyk], 2023 - 163c.

Y 30ipHUK BKIKOYEHI Te3n A0noBigen, fKi NPUCBAYEHI CyvyaCHUM TeHAeHUisM
PO3BUTKY TexHonorin ta 3acobie BUpoBHULUTBA Ta MEXATPOHHUX CUCTEM,
nepegoBoMy AOCBIAY Ta BMPOBaAXEHHIO X B rany3sax CUCTEM MPOMUCNOBOI
aBTomartusauii Ta KepyBaHHS BUPOOHWUTBOM; CUCTEMHI iHXeHepii;
CAD/CAM/CAE cwuctemax; MexaTpoHiui (enekTpo-MexaHiYHuXx cucTemax,
€NeKTPOHHUX IHCTPYMEHTax CUCTeM KepyBaHHsA, mexaHiyHux CAD cuctemax);
poboToTexHiui Ta 3acobaxm iHTenekTyanidauii; MEMS (cyyacHux maTtepianis
Ta TexHonoriax surotoeneHHs MEMS) ta komnoHeHTax i TexHonoriax
asTomaTm3auii BnaobyTtky, nepepobku Ta TpaHCNOpPTyBaHHA HadTM Ta rasy.

PepakuinHa koneria: |.LU. Hesniogos, B.B. €scees.

Manufacturing & Mechatronic Systems 2023: Proceedings of Vlist International
Conference, Kharkiv, October 19-20, 2023: Thesises of Reports / [Ed.
I.Sh. Nevlyudov (chief editor).] .- Kharkiv .: [electronic version], 2023. - 163 p.

The collection includes the thesises of reports on modern trends in the
development of technologies and means of production and mechatronic
systems, top experience and implementation of them in fields of: industrial
automation and production management systems; systems engineering;
CAD/CAM/CAE systems; mechatronics (electrical and mechanical systems,
electronic control tools, mechanical CAD systems); robotics and intellectual
toolls; MEMS (modern materials and manufacturing technologies MEMS)
and components and technologies for the automation of oil, gas and oil
extraction, processing and transportation.

Editorial board: Igor.Sh. Nevludov, Viadyslav.V. Yevsieiev

© Kadeapa KOMN'IOTEPHO-IHTErPOBaHUX TEXHOSOTIN,
aBTomaTusauii Ta pobororexHiku (KITAP),
XHYPE,2023
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KOMITET KOH®EPEHIIIT

MIKHAPOJHWM MPOTPAMHHN KOMITET KOH®EPEHIIII

Irop llaknpoBuy
Hesaionos

Ouaexcanap IsanoBny
DUINNEHKO

Mypax AuBep oriu

Omapos

Buaaaucaas
B’siueciiaBoBuy
€BceeB

Andrzej Chochowski

Pawel Obstawski

Cepriii Boromouios

Mukoua BacuiboBuy
3amipenb

Muxaiisio BacuwiboBuy
Jlodyp

€sren CepriiioBuy
Puxenkxo

Cepriii

BosioauMupoBHY
Jdemuenko

roJI0Ba KOMITETY KOH(epeHIlii, JOKTOp TeXHIUHHX HayK, npodecop,
3aBinyBady  Kadenapu  KOMM'IOTEPHO-IHTErPOBAHUX  TEXHOJIOTIH,
aromarusauii  ta  pobortorexsikn  (KITAP), XapkiBcbkoro
HallIOHAJIBHOTO YHIBEPCHTETY Pa/lioeICKTPOHIKH, YKpaina

3aCTYNHHK TOJIOBH KOMITETY KOH(EpeHIlil, T0KTOp TEXHIYHUX HAYK,
npogecop, aAckaH (akyabTeTy ABTOMATHKH 1 KOMITIOTCPH30BAHHX
texnonorii  (AKT), XapkiBCbKOro HaliOHAJIBHOTO YHIBEPCHTCTY
panioeneKTpoHikH, YKpaiHna.

JIOKTOp TEXHIYHHMX HayK, Nnpodecop, NMpopeKTop 3 MDKHAPOJHOTO
cniBpoOitHuuTBa,  XapKiBCbKMH  HAllIOHAJIbHMH  YHIBEepCHUTET
panioeneKTpoHikH, YKpaiHa

ceKperap, JIOKTOp TeXHIYHMX Hayk, npodecop kadenpu
KOMI''OTCPHO-IHTErPOBaHNUX  TEXHOJIOrIH,  aBTomarusauii  Ta
pobOTOTEXHIKH (KITAP), XapKiBCbKOIo HALIOHAILHOI'O

YHIBEPCHTETY panioeNeKTPOHiKH, YKpaiHa.

JIOKTOp TEXHIYHHX Hayk, npodecop BapiuiaBchbkoro yHiBepcHTeTy
ciibebkoro rocnoaapersa (WULS - SGGW), Toabwia

JIOKTOp TEXHIYHHX HaykK, npodecop BapuraBcekoro yHiBepcHTETY
cinbebkoro rocnoaapersa (WULS - SGGW), Tosbiia.

JIEKTOP/IOLeHT,  AoKTOp  dutocodii  (KoMmm'toTepHi  Haykm),
Jlocniguuneka mkona Komm'ioTepunx Hayk, Komemx imxkenepii ta
KOMI'IOTEPHHX HayK, ABCTPaliHChKHI HAIlIOHANLHHUI YHIBEPCHTET,
ABCTpasis.

qupektop  [lepxkapHoro
IHCTHTYTY

JIOKTOp TEeXHIYHMX HayK, npodgecop,
nimpuemcTea  HaykoBo-70C1iIHONO0  TEXHONOTYHOTO
npuianoOyayBanHsa, YKpaina

JIOKTOp TEeXHIYHMX HayK, npodecop, 3aBinyBad KadeapH CHCTEM
ABTOMATH30BAHOTO MNPOEKTYBaHHs HallioHANIBHOrO YHIBepCHTETY
«JIpBIBCHKA MOJITEXHIKa», YKpaiHa.

kepiBuuk Bty augakruku Al «Decro», Ykpaina

JIUPEKTOp TOB «HaykoBo-BupoOHH40Iro OUIIPHEMCTBA

«YKPIHTEX»», Ykpaina.

M&MS 2023, 19-20 October, Kharkiv, UKRAINE



Camen Imamadi oran

HOcidos

@apin l'agxi oran

Aracs

BikTop Bacnisosny
Kocenko

Boaoanmup
BikTopoBu4
Kozupcbruii

Biraniii IInannosuy

JlnceHko

HOpiii ®panuesuy
3inbKkoBChKHIT

Boaoaumup
Murtpothanosuu

Ceum

Biraniii €erenosuy
Oguyapenko

Jlapuca Cepriiena
I'aoba

Amnarouiii
Ouexcanaposuy
AHapyceBHY

Poman
Bosionumuposuy
ApTriox

KaHAMAAT  TeXHiYHHX  HayK, JIOLEeHT, JeKaH  (akyabTeTy
indopmauiiinux TexHonorii Ta yopasninus, AsepOailuxaHcbiuii
JlepKABHHIL YHIBEPCHTET HAPTH i MPOMHKCIOBOCTI, AepOaiipKaH.

KaH1MAAT TEXHIYHHX HAaYK, JOLEHT, 3aBilyBay kadeapu ynpasiiHHs
Ta  cucreMHol  imeHepll,  AsepOaiikancbkuil  JepiaBHHil
yHIBepCHTET HA(QTH 1 TPOMHUCIOBOCTI, Azepdaiimxan.

JIOKTOP  TeXHIYHHX  HAayK, JoueHT, aupexrop JlepaaBHOro
nianpueMcTBa  «XapKiBCbKOI0 — HAyKOBO-JOCHIIAHOIO  IHCTHTYTY
TEXHOJIOrT MAHOOYIYBanH», Y KpaiHa.

JOKTOp TEXHIMHHMX Hayk, mnpodecop, aupektop HapuaneHo-
HayKOBOTO IHCTHTYTY CHEPIeTHKH, ABTOMAaTHKH Ta
eneprosOepexkenns, Haniomanenuii  ymiBepcurer OlopecypciB |1
NPHPOAOKOPHCTYBanHA Ykpainu, Ykpaina.

JIOKTOP TEXHIYHHX Hayk, npodecop, 3aBinysay kadeapn aBTOMaTHKHA
Ta podoTOTEXHIMHMX cHcTem M. akamx 1[I, Maprunenka,
Hamionansuuii yHipepcuTeT OiopecypciB i MPHPOIOKOPHCTYBAHHA
VYkpainu, Yxpaina.

JOKTOP TEeXHIMHHX HayK, npodecop kadenpu paiiOKOHCTPYHOBAHHA i
BHpOOHHITBA  panioamapatypd,  Hauiowanenmii  Texmiummii
yHiBepcuTer Yipainu «KuiBcbkuil moniTexHiMHHMI IHCTHTYT iMeHi
Iropsa Cikopcekoro», Ykpaina.

JOKTOp TeXHIYHHX Hayk, npodecop, paquuk aupexropa lepixasroro
HAyKOBO-BHpOOHHYOro minmpuemctea «O0'ennanHs  KomyHapy,
Ykpaina.

JIOKTOP TEXHIYHMX Hayk, npodecop, 3acTyNHHK JHpeKTopa 3
HaykoBoi poGorn Jlepaasnoro nianpuemcrsa «Haykoso-nocninnuii
TEXHONOrMHUI IHCTHTYT npunatodyayeanusy», Ykpaina.

JOKTOp  TEXHIMHHMX Hayk, npodiecop, 3aBinyeau  kadeapu
indopmariiino-KoMyHiKaiH X MEpE, TvcTuTyT
TEJICKOMYHIKaLTHHHX CHCTEM Hairionanenoro TEXHIMHOTO

yHiBepcuTeTy YKpainH «KniBCLKHH NOMTEXHIYHHHA HCTHTYT IMEHI
Irops Cikopcskoro», Ykpaina.

JOKTOP TEeXHIYHHMX Hayk, npodecop, HadansHuK KpuBopiskkoro
koserxy Hauionanenoro apiauiiiHoro yHisepcuTeTy, YKpaina.

KaHAMAAT TEXHIMHMX Hayk, Aupexrop JlepikaBHOro mniapuemrsa
«lliBneHnuii AepKaBHHH  MPOEKTHO-KOHCTPYKTOPCHKMIT [HCTHTYT
apialiiiHOT NPOMHCIOBOCTI», YKpaiHa.

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

69



Glen Kurtwitz
Liu Shan

Boaoanmup
Amnzpiiiosuy Iasaum

Cepriii IBanoBu4
Ocanumii

Anarouiii
AdanaciiioBuy
€dimenko

Amnaroaiii Ilerposuy
Jlapamox

Boaeaumup
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7

reHepanbuuit menekep Titan Machinery Limited, lornanais.
renepanbuuit menekep Titan Machinery Limited, Kuraii.

KaHanaar TEXHIYHMX Hayk, npodecop, Mepuiuii  NpopekTop
Hamionansnoro ynisepeuteTy «JIbBIBChbKa moaiTexHika», YKpaina

JIOKTOp ~ TEXHIYHMX  Hayk, npodecop, 3aBigyBau  Kadenapu
aBTomaru3aiii BHpPOOHHM4MX npoucciB, IleHTpasbHOYKpaiHChKHit
HalliOHAILHUI TeXHIYHUH yHIBepcHTeT, M.KponuBHuIbKHH, YKpaiHa.

JOKTOp  TeXHIYHHUX Hayk, mnpodecop, 3aBinyBad  Kadeapu
CICKTPOHHMX 3ac00iB Ta IHPOPMALIHHO-KOMIT FOTEPHUX TEXHOJIOTIH,
Opiechkuii HaLIOHAIBHUIT NOITEXHIYHUI yHIBepenTeT, YKpaiHa

KadeapH
HarjioHansHui

JIOKTOp  TeXHIUHMX Hayk, mnpodecop, 3aBixyBad
aBTOMATH3alii Ta  IHTENCKTYaJbHHX  CHCTEM,
YHIBEPCHTET XapyOBHMX TEXHOJIOTIH, YKpaiHa.

KaHIMAAT TEeXHIYHMX HAyK, AOLEHT Kadeapum aBTOMATHKH Ta
poOOTOTEXHIYHHUX cucTeM iM. akaj. L.I. Maprutenka, HauioHanbHHii
yHiBepcuTeT  GlopecypciB 1 NPHPOJOKOPHCTYBaHHS — YKpaiHu,
Ykpaina.

OPTAHIBALUMHUM KOMITET KOH®EPEHIII

Ouaexcanap
Muxaiisiosuy Humoan

Cepriii ITaB1oBHY
Hosocesnos

€Bren AnaroJiiioBny
PaszymoB-®pusiok

Haranis [laBiaiBua

JlemcbKa

3aCTYIHHK IOJI0BH KOH(QEPEHLIT 3 OpraHi3aliiHuX MuTaHb, JA0KTOP
TEXHIYHHX HayK, npoecop KOMII'IOTEPHO-IHTEI POBAHUX TEXHOJIOr i,
asromaru3auii  Tta  pobororexuikn  (KITAP), Xapkiscbkuit
HalIOHAIBHHUI YHIBEPCHTET paaioeNeKTPOHikH. YKpaiHa.

KaHAWAaT  TEXHIYHUX  Hayk, JoueHt, npodecop  kadeapn
KOMII'IOTEPHO-IHTEIPOBAHUX  TEXHOJIOrLH,  aBromarusauii  Ta
podororexniku (KITAP), XapkiBcbkuii HalIOHANbHUM YHIBEPCUTET
pajlioeNeKTpoHikH, YKpaiua.

KaHJWIaT TeXHIYHHX HayK, JAOUCHT, AOUEHT Kadeapn KoMn'loTepHoO-
IHTErpOBAaHMX TEXHOIOri, aBromaru3auii Ta PoOOTOTEXHIKH
(KITAP), XapkiBChKHIH HALIOHATBHUIT YHIBEPCHTET
PatioeNieKTPOHIKH, YKpaiHa.

KaHAMAAT TeXHIYHHUX HayK, JOLECHT, AOUEHT KadeapH KOMIT'IOTEpHO-
IHTETPOBAHMX  TEXHOJOTH, aBToMartu3amii Ta pobOTOTEXHIKH
(KITAP), XapKiBCbKHH HaIIOHATLHHH YHIBEPCHTET
pagioeneKTPoHiKH, YKpaiHa.
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EEHRTITOIININIE . coricemumnssomaeime s s s N R O AR e SR AR
Cepeitt Hosocenos, €2op Boakos

3aBjlaHHs aBTOMATUYHOTO KEpyBaHHsA pyXxoM MOOUIBHOT ruiathopMu 3
3aCTOCYBAHHAM 3AKOHIB @BTOMATHKH .....uvueessinininsruenenensasenenecnsnns
Cepeiu Hosocenos, lIeop Iadkos

Cy4acHH#H IPOMHCIIOBHH IHTEPHET peyei Ta XMapHi TEXHOMOTIT ..............

Jmumpo I'ypin

Bupimenns 3ajaui  3BOPOTHOI KIHEMAaTHKM JUIS PYyXJHMBHX KiHIIBOK
POOOTEXHIYHOT TITATGOPMHE . ..eeeneetteneeneeteeaeenee e eeeee e aneeneeneennenaans

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

12

15

19

22

26

30

33

36

40

43

71



Makcum Jlyzan, [[mumpo HAnyuresuy

AHaJI3 METO/UB JIMCTAHLITHHOIO 3HCIIKOIKCHHS .. .uvuvneeneeneeeaeeaeennnnennns

Muxaiino Kosarwos, Isanoe Jleonio

Cnoco0H y1l0CKOHaJICHHs YaCTOTHOIO MEPEeTBOPIOBaYa HANpyru s 010Ky
YIPaBIiHHA €JICKTPHYHHM TPAHCTIOPTHUM 3aCO00M ...ovvvviniiniiiinineinnnann
Csimaana Maxcumosa, Ieopeiit bopucoe

Po3pobka mporpamu s MOmyKy i moOy10BH ONTHMAIBHOTO MapuIpyTy
MOOUTBHOTO POOOTA Y IBOBHMIPHOMY TIPOCTOP +.vveeneneanienenanannanennns
Csimaana Maxkcumosa, Kanace Baaducaas

Po3poOka mnizcucremu KepyBaHHs MOOLIbHOrO poboTy Juls OpieHTaulii B
BUPOOHHYOMY TIPOCTOPT . v eneeeeneenteneeneeeaeaaeeaeeaeeneeneeaneaneaneennaneans
Onena Yana, Anamoniit Cnuska

PiBui 3aco6iB IIoT B IndopmaniiHux TEXHOMOTIAX ...uvuveiniiiiniiiennnnn,

Yana O., [lon /1.

Pospobnenns enemenTis 00Ky obnaananns inpopmariiaunx ERP-cuctem

bpouniros A.1., Yepruwuos /].1.

Monepnizanis ~ MOAY/is  KepyBaHHS  PO3CYBHHMH  KOHCTPYKIUISIMH
BUPOOHMYOTO npuMilieHHs 3 BukopucTanusm loT ...
Bpouniros A.1., Huwyema B.€.

Po3po0iieHHST CHCTEMM IHTEJICKTYaJbHOIO KEPYBaHHS KOHAMLIOHYBAaHHSIM
BUPOOHUYOrO NPUMILIEHHS 3 BUKOPHCTAaHHAM TexHonorii IoT .................
3anopizekuit Barenmun, ITaaxmiii Oaexcanop

AHaJi3 MOTOYHOTO CTaHy PO3BHTKY KOJIAOOPATHBHHX POOOTIB ......vvvenen...

Onez I'ypmosuii

BukopucTanHs aBTOMAaTH30BaHOTO BHMPOOyBanbHOrO 0OMaHAHHA B
CHCTEMi KOHTPOIIIO AKOCTI MPOYKILii paxioeNeKTPOHHOT IIPOMUCIIOBOCTI ...
Jvumpo Jlobanos, Jleonio lsanos

CrnocobM  YIOCKOHaZCHHS ~ MOAYIs  ABTOMATH4YHOIO  YIpPaBIIHHA
NEepPETBOPIOBaYa HANPYTH OJIOKY JKUBICHHS €IEKTPOPOOOKAPA .....uven.n.....

M&MS 2023, 19-20 October, Kharkiv, UKRAINE

46

49

52

54

57

61

65

68

71

74

78

72



10

Inna Jlucenxo, Jleonio leanos

HeoOxiiHICTh OXOJIO/KCHHS aKyMYJISTOPHHX Oarapell aBTOHOMHOIO XOAy
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Abstract: This research is about development of the general
approaches for mathematical modelling of heat exchange
apparatus as the automation objects, so that to provide
mathematical support for development of the heat processes
automation systems and their components like the PID
controllers for example. The principal idea of the developed
approaches is in representing the heat exchanger's properties as
the automation objects by means of the lincar ordinary
differential equation built through the parametric identification
procedures of the data of computer imitations based on the
mathematical modelling of the inherent internal processes. It is
shown that the proposed approaches allow considering the
typical automation engineering problem about defining the
parameters of PID controllers. The example about the plate heat
exchanger is considered under the simplest schematisation of
processes, so that it allows us to imagine the technique of using

the proposed general approaches.
Keywords: Automation; heat exchanger; math tical
modelling.

1. INTRODUCTION

Different kinds of heat exchangers actually are actually
the widely used principal parts involved in a lot of
industrial [1] and householding [2] systems, so
improvement of heat exchangers is in current interests
due to many reasons, and it is directed to many purposes.
One of principal reasons to improve the heat exchangers
is in wishes to provide the minimum of used power
during the operation, because it is in the general trends
directed to zeroing of carbon emissions [1. 3] from the
technical systems to the environment to prevent climate
changes. One of the principal ways to provide
improvements for the heat exchangers is in
implementation the most perfect automation systems [4—
6], because exactly these systems actually control the
processes during the long-term exploitation. It is really,
that designing of the automation systems is principally
based on mathematical modelling of processes inherent
for the heat exchangers [7]. so it is principally impossible
to provide the improved designing development without
the correspondent mathematical support. Thus, this
research is in current interests due to agreement with the
general modern trends in heat exchangers improvement.

Do design the suitable automation systems, it is
necessary to have the correspondent mathematical
models, but all they must provide representing the heat
exchangers firstly as the automation objects. All times
and today, the most of the existed researches are about
development of the improved mathematical models of the
specifical processes internally inherent for the heat
exchangers. Such researchers are really very important,

because the properties of the heat exchangers as the
automation objects are actually the results of the
internally inherent processes. At the same time, we have
no today the conventional approaches allowing us to
represent the properties of the heat exchangers as the
automation objects through the known properties of the
internally inherent processes. Thus, we have no actually
the generalized approaches today for mathematical
modelling of the heat exchangers exactly as the
automation objects. So, the purpose of this research is in
development of general approaches for mathematical
modelling of the heat exchangers exactly as the
automation objects. To do it, the theoretical backgrounds
of the developed approaches will be discussed and the
suitable example will be shown to represent them.

I1. THEORETICAL BACKGROUNDS

To propose the general approaches for mathematical
modelling of the heat exchangers as the automation
objects, it is necessary to understand the purpose of the
automation system in the context of the internally
inherent processes.

Processes in any heat exchanger can be represented as
the heat sharing from the heating medium to the heated
medium by means the heat conduction through the
dividing wall to prevent mixing of these mediums, which
are usually in liquid or (and) gaseous state. The principal
purpose of any heat exchanger is in utilisation of the
heating medium for warming of the heated medium,
which plays the role of the coolant from the heat
exchange processes point of view, so we will name
further this heated medium as the coolant. This purpose
can be equivalently imagined as increasing the
temperature 7. of the coolant from some initial value

7" to some output value 7. Taking into account

further utilisation of the coolant in some technological
processes, the heat exchanger must provide the exactly

given wished value 77 for the coolant output
temperature 7. It is obviously, that the coolant output
temperature has changes during the operation of the heat
exchanger due to different external deviations of the heat
exchanging processes, so the value 7™ can be imagined
as the function of the time 7, and we can represent it in
the following view:

=), )
The deviations of the coolant output temperature due to
the relation (1) are not suitable for further utilisation of
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the coolant, but it is principally impossible to exclude
these deviations. Taking into account all these
circumstances, it is actually possible to provide only the
following approximate equality:

L () =17 @
It is necessary to note, that the coolant is actually the
moved medium having the different temperatures in all
its points in general, so the temperature 7. is actually
the temperature in some point chosen to have estimation
about suitability of the coolant state for further utilisation.
Besides, it is necessary to remember, that further
utilisation requires not only the wished temperature, but
also ant the necessary amount of the coolant, so the
relation (2) can be provided for the given volume
consumption Q. of the coolant through the heat
exchanger. Some utilisations can require the variable
coolant amounts, so the equality (3) must be provided for
the values Q. changing during the time ¢ both due to
the possible requirements for further coolant utilisation
and both the naturally existed deviations in the coolant
suppling systems. It is naturally, that the approximate
equality (2) can be realized through controlling of the
processes in the heat exchanger, but it is practically
impossible to influence on these processes directly. So,
controlling of these processes can be only through
controlling the characteristics of the heating medium,
usually named as the heat carrier from the heat exchange
processes point of view. The principal characteristics of
the heat carrier are the inlet temperature 7,7 and the
volume consumption Q,, through the heat exchanger. It
is necessary to note complementary, that the approximate
equality (2) must be in all time moments during the heat
exchangers operation, but it will be really difficult to
control the temperature 7 and to choose the suitable
values 7}; or (and) Q,, to provide the equality manually
by the human operator under the different processes
deviations especially in the cases if the changed value
@, is principally required. Of course, that automation of
the heat exchangers is the natural way to provide the
approximate equality (2).

The noted above circumstances allow us to imagine the
automation of the heat exchangers as continuous
providing of the approximate equality (2) through
continuous correction s of the values T or (and) O,
characterizing the heat carrier under the given value Q.
of the volume consumption of the coolant. Taking into
account all these, we can represent the mathematical
model of the heat exchanger as the automation object by
the mapping:

T7(1).Qy (1).Q: > T (1) ()
It is obviously, that the most general representation of the
mapping (3) must be through the ordinary differential
equations, and the conventional approaches will lead us

the following:
ol 1~1 mreowt
,,d Ic +a__,d Ic +...4a L/ +a, I =
di" dr"! dt

=bT7 (1) +b,0, (1) +b,0. +bT7 (1), 4)

a

& & T i
I (1) =T —— () = T2
i et -
o (0) =TT (5)

d”' 1
where » is the order of the differential equation; a,_,

a, . ..., @y, b, b, by and b, are the parameters of the

-1
mathematical model; 7, is some given time moment;
7™, and T20L T20Y are the given inlet
temperature of the coolant and their derivatives at the
initial time moment ¢ =¢, .

The mathematical model represented in the view (3),
(4) allows us to consider all the principal engineering
automation problems for the heat exchangers. Really, we
can introduce the new variable and foresee the PID
controllers

ot w X
x(1)=T2 (1)1, x=—d’.x(10)=0. (5)
T"‘(r):T"’—k’x—k’jrdhk"é
H H P T & D dt

. dx
0, (1)=Q”—k3_\'—kf"[xdl—k,‘;z. (7

5 (6)

where x(7) and %(r) are the coolant output temperature
deviation and their integral; 7,; and Q;; are the values
corresponded to the coolant wished temperature 7"; k],
k] and k], are the parameters of the PID controller for
the heat carrier inlet temperature, but £, & and & are

the parameters of the PID controller for the heat carrier
volume consumption through the heat exchanger.
Substituting the relations (5)-(7) to the mathematical
model (3), (4), we will have the following:
e d"x
e ot
dr

= e
dt

ot (@ + B +b:k},’)%+(a“+b,k,f+b2k,‘,’ §+

+(bk] +b.k2)E=bT; +b,0) +b,0, —a,T* +b,T7, (8)

N dx . d'% il
x(:(,)=0, :17(‘0)=7(‘ ')—TC’ F(’o)=7?{r,”s---
d"% i
s {6)=129, 9)

The mathematical model (9) allows us to define the
stationary operational modes of the heat exchanger
corresponded to the wished values 7 and Q. by means
the condition

b1y +b,0) +b,0, —a,T} +b I =0. (10)
Besides, defining the PID controllers' parameters can be
reduced to considering the stability of the polynomial:

f(s)=as"" +a, s"+...+(a,+ bk} +bkS)s* +
+(a + bk +bkZ )s +(bk] +b,k?). (11)
Thus, to solve the problem about automation engineering,

it is suitable to represent the mathematical models of the
heat exchangers as the automation objects in the view (4),

(5).
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As was noted above, the generalized mathematical
model (4), (5) representing the heat exchanger as the
automation object must reflect the results of the internally
inherent processes. It is really difficult to propose the
way to have the direct view of the mathematical model
(4), (5) for all different kinds of the heat exchangers, but
we will discuss further the common point of view on the
different kinds of the heat exchangers. As was discussed
above also, the wall separating the heat carrier from the
coolant is the principal structural element of the heat
exchangers, so that the heat transfer between the heat
carrier and the coolant is due to the heat conduction
through this wall (fig. 1). The shape of the wall dividing
the heat carrier and the coolant actually defines the kind
of the heat exchanger and their internally inherent
processes.

Tu

heat

carrier oo voolant

Te domain

Y
Fig. 1. Heat exchanger general schematization

In general, the wall can be imagined as the set of the
points with the coordinates x, y and z forming the
domain Q with the boundary I' (fig. 1). The
temperature T field in the wall must satisfy the heat
conduction equation and the initial condition in all
internal points of the domain Q :

ar .[6?T T &T
cp—=A

+ .

A3 A
X" Oy

~ 2
oz

], (r.0,2)eQ,(12)

T(x,3.2.1,)=T" (x,3,2), (x,2.2)eQ, (13)
where ¢, p and A are the heat capacity, density and the
heat conduction of the wall structural material; (x,y,z)
is the spatial point with the corresponding coordinates;
Q is the internal part of the domain Q, i.e. excluding
the boundary T'; 7' (x,y,z) is the temperature field at
the initial time 7,.

The heat transfer between the wall and the heat carrier

and between the wall and the coolant can be defined by
means the correspondent boundary conditions (fig. 1):

3 G—Tn +£n‘+?—zn =a, (T, -T).(xy.z)el, (19
& " oy oz "

l(?:T—nX +§-7—‘nb, +£T-‘-nl ] =0.(T-T.).(x,5,2z) el (15)
ax v oz

where 7, n, and n, are the component of the external
unit normal vector 7 to the boundary I' at the
correspondent point; a, and a. are the heat transfer
coefficients from the heat carrier to the wall and from the
wall to the coolant; I', =" and I'. = T" are the parts of

the boundary I' having the heat interaction with the heat
carrier and the coolant.

To consider the heat conduction problem for the wall,
it is necessary to take into account also the boundary
conditions on the others parts of the boundary I (fig. 1),
but these complementary boundary conditions are
significantly defined by the particular design of the heat
exchanger, so they not discussed here.

To represent the processes in the heat exchanger, the
heat conduction problem (12)-(15) must be
complemented also by the heat transfer relations:

T, =T,(17.0,.T). T, =T.(T*.Q..T). (16)
It is necessary to note, that having the relations (16) is
actually the difficult and relatively independent problem
for each kind of the heart exchanger and the motions
modes of the heat carrier and the coolant. In a general
case these relations (16) are usually represented indirectly
by means some complementary differential equations
with the initial and boundary conditions like the relation
(3) is represented through the initial-boundary-value
problem (12)—(15). Nevertheless, the shown relations
(12)(16) give the general imaginations about
mathematical modelling of the processes in the heat
exchangers, but to have exactly the relation (3), we must
have the following relation:
I =17"(I)- (17)
The relation (17) actually defines the outlet temperature
of the coolant. Thus, to have representation about the
internally inherent processes in the heat exchangers, it is
necessary to solve the initial-boundary value problem
(12)~(15) with the additional relations (16) and (17),
which is really difficult, and which require numerical
methods using in general case. We will not discuss here
the particularities of the numerical methods to solve the
problem (12)-(17), but we will make some notes about it.
The principal idea of the numerical methods application
to solve the problem (121)-(17) is in using the discrete
representation of the wall temperature field. To have such
discrete representation, we will consider the set of
predefined points of the Q domain (fig. 1):

F=xi+yj+zk, s=12...n, (18)
where 7 €Q is the position vector representing the
domain Q point associated with the number s: x_, y,
and z, are the coordinates of the position vector 7 : i ,

7 and k are the unit axis vectors defining the directions
ofthe x, y and z axis; n is the number of the domain
€Q points envisaged for the temperature field discrete
representations.

The introduced points (18) allow us to have the
discrete representation of the wall temperature field by
means the finite set of the values:

L{)=T(x.y,:2,51)s 5=12,..m, (19)
where 7, (t) is the temperature at the point 7 € Q.

Of course, that to have the reliable discrete
representation (19) of the temperature field in the wall,
the number » of the points (18) must be enough big. The
idea of the numerical methods is in representing the
problem (12)—(17) through the temperatures (19), and
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actually the different techniques for making such
representations are corresponded to the different kinds of
the numerical methods like for example widely used
finite differences, semi-discretization, finite elements.
The different particularities of the numerical methods
using are not principal for this research, but the principal
problem is in the ways for transformation of the
mathematical model (12)—(17) representing the internally
inherent processes in the heat exchanger to the
mathematical model (4), (5) generally representing the
heat exchangers as the automation objects, because we
have no the conventional approaches to do it at present. It
is obviously, that building the mathematical model (4),
(5) is reduced to defining the parameters of this model,
and it is obviously, that it is impossible to have the
analytical results in general. So, in general, we can
propose to build the mathematical model (4), (5) through
the procedures of the parametric identification based on
the computer simulations results by means the
mathematical model (12)(17) and numerical methods
allowing to represent the internally inherent processes of
the heat exchangers. Of course, that to do it, it is
necessary to have the suitable identification procedures,
but it is the relatively separate problem outside the
principal purpose of this research.
111. EXAMPLE OF APPLICATION

To illustrate the proposed approaches, we will consider
the example about building the mathematical model of
the plate heat exchanger under the simplest
schematization (fig. 2) allowing to exclude the
identification procedure to have the particular view of the
generalized mathematical model (4). (5) in the analytical
view. The mathematical model allowing to represent the
internally inherent processes under the simplest
schematization of the heat exchanger with the plate as the
wall (fig. 2) can be represented as:

or . 8T

cp—=h—, T(x0)=T"(x), 0<x<h (20)
OI ox”
5 on: O ¥
a, T —A.E=U.,,I;, .x=0, (21)
a(.T+ka~—T=a(];‘.", x=h, (22)
ox

where all notations are in agreement with the relations
(12)(15) and with the fig.1 and the fig. 2.

The relations (20)+21) are actually the particular view
of the generalized relations (12)-(16). The principally
required complementary relation (17) can be represented
for this example in the indirect view

e (1)=

— (A1 23
CePe Q m( ) )
where S is the area of the heat exchanging plane.

Let consider the generally represented points (18) in
the particular view:

X, =0.x,=Ah,x,=h, Ah=1h. (24)

In agreement with the introduced points (24), we will
have the following temperatures representing the plate
temperature field:

7,(1) =7

156

(50 T (0) =T (350). T (1) = T (1) 25)

Using the well-known finite differences technique and
the introduced values (25), we can represent the relations
(20)-(23) as following:
X (gaamaT),
dt  cpAR’
=37, +4T, - T,
2Ah
wall
domain

(" ——
. coolant
ll domain TT
T3 = qu —P TE
Cl-leH;QH CH xcr €y hc, Q("

T’o'u‘heat ”° =T
ll carrier
domain

= 1
i

Fo n T
Fig.2. Heat exchanger simplest schematization

(26)
a,T, - =a,Ty, x=0, (27)

a T+h (28)

=T (2.1)

AS 3T, —4T,+T,

cpQc 2k

It seems, that transferring of the relations (26)—(29) to the
mathematical model (4), (5) representing the heat
exchanger as the automations objects is difficult, but all
these difficulties are not principal, and they are due to
only the cumbersome analytical transformations. Really,
the relations (27), (28) can be considered as the system of
two linear algebraic equations, and these equations allow
us to have the following:

I ()=15 - 29)

L,=AT + AZTI;M +AJT("M~ L,=BT + 817:“ +V372'm {30)

where 4, A4,, A, and B, B,, B, are the notions for
some cumbersome analytical expressions representing the
solution of the considered system of two linear
algebraical equations.

Further, we will take into account the relations (30) in
the differential equation (26) and in the relation (29):

‘L—f=?f.7x+3:75+33ﬂ‘"~ 31
T = BT+ B, + BT?, (32)

where 4, A,, A and B,, B,, B, are the notions for
some cumbersome analytical expressions, which are the
results of the correspondent transformations.

The relation (32) can be equivalently represented to the
following view:
f 327;/‘" = BJT(m

B, '

Substituting the temperature (33) to the relation (31)
allows us to have the differential equation representing
the heat exchanger as the automation object:

L= (33)
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Ldls A {5 B = B

T = | 4, -2 T+ A, -2 T+

B dt B © (’ B,]” [’ 3.]‘
By Bt (4
B dt B dt

The obtained differential equation (34) can be imagined
as the particular view of the generalized mathematical
model (4), (5) representing the heat exchangers as the
automation object, but only with the complementary
remark. Really, we can see, that the generally represented
differential equation (4) not includes the derivatives of
the inlet temperatures of the heat carrier and of the
coolant. It illustrates as the necessity in agreement
between the mathematical models representing the
internally inherent processes in the heat exchanger and
representing the heat exchanger as the automation object.
Nevertheless, the proposed generalized mathematical
model (4), (5) can be imagined at least as the
approximation of the heat exchanger as the automation
object, if it will be difficult to provide the agreement with
the internally inherent processes in the heat exchange.

IV. CONCLUSIONS

This research gives us some noticeable results
important for development of the general approaches for
mathematical modelling of the heat exchangers as the
automation objects. So, these results allow us to
formulate the following principal conclusions.

The general approaches for mathematical modelling of
the heat exchangers as the automation objects is the
principal element of the mathematical maintenance
required to provide improved heat exchangers
designment. The linear ordinary differential equation is
the most suitable form to represent the mathematical
model of the heat exchangers as the automation objects,
because this form allows us to solve the automation
engineering problems like defining the stationary modes
or designing the PID controllers parameters.

The most general approach for mathematical
modelling of the heat exchangers as the automation
objects can be in representing the properties of the heat
exchangers as the automation objects through the
properties of the internally inherent processes of the heat
exchangers. Such approach can be realized by means the
parametric identification procedure on the basis of the
computer simulations results by using the mathematical
model and numerical methods allowing to represent the
processes internally inherent for the heat exchangers. The
heat conduction and heat transfer are the key processes
internally inherent for the heat exchangers, so computer
simulations of these key processes are principally
required to have the mathematical models representing of
the heat exchangers as the automation objects.

The considered particular example about mathematical
modelling of the plate heat exchanger under the simplest
schematization shows us the principal possibility of the
proposed general approach applications to build the
mathematical models of the heat exchangers as the
automation objects. Due to this particular example, we
can see, that the mathematical model representing the
heat exchanger as the automation object actually can
involve also the derivatives of the control, which make
the significantly difficult considering of the engineering

automation problems. Besides, we can see the necessity
in agreement between the mathematical models
representing the internally inherent processes in the heat
exchanger and representing the heat exchanger as the
automation object. Such agreement will allow us to
simplify significantly the identification procedure to
build the mathematical model of the heat exchangers as
the automation objects. In addition to all these, such
agreement is principally required to exclude the items
with the zero coefficients to provide the reliable
identification procedure.

The continuations of this research are planned to
consider the agreement between the mathematical models
representing the internally inherent processes in the heat
exchangers and representing the heat exchangers as the
automation object. Besides, it is planned to research the
parametric identification procedures to build the
mathematical model representing the heat exchangers as
the automation objects on the basis of the computer
simulations of the processes internally inherent for the
heat exchangers.
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1 |44 \[TOIK. 460744.006 113 |IloscHiosanvha 3anucka 65cC
Inwi dokymenmu
2 |44 Jlemoncmpayitinuti mamepian 10 ¢
3miH | Apk Ne nokym. Mignuc | data
Po3po6.  [ParyurmiiOB. Jlirepa | Apkym | Apkymris
Tepesipus [PovamostOB, Pospobnenus I11/]- 1
pe2ynamopa meniooOMIiHHO20
H. Konrp. |bpormikos AL danapamy XHYPE
3areep.  [Hemmonosl.I1L kadenpa KITAP
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