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Features of creating systems development for obtaining mathematical
models of heat exchangers

The paper presents analytical mathematical modelseat exchangers, based on typical hydrodynamidetsoof
ideal mixing and ideal exclusion. These modelsnaliesearching the influence of technological partreon the heat
exchange process and determining the dynamic ptiegesf heat exchangers through various channetth®¥matical
models are implemented in the MATLAB environmedtcam be used in industrial control system (ICS) aomputer-
aided design (CAD) systems.
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Introduction Main part

Heat-exchange apparatus is a very significant gart — The heat transfer process from a hot coolant tolé ¢
technological equipment in many branches of teamol one through a wall that separates them consistssefries
in power engineering, chemical, metallurgical, peetum, of steps:

pharmaceutical, food and other industries. The estudr — transfer of heat from the hot coolant to a coldat,
heat exchange equipment in the chemical industry — absorption of heat by the wall and its heating,
averages 15-18%, in the petrochemical and oil irdin  — transfer of heat from the heated wall to the cold
industry — 50% [1]. coolant.

The most widely used among the variety of existing The intensity of heat transfer from one coolant to
devices are recuperative heat exchangers, in whéat another depends on the temperature difference batwe
from one coolant is transferred to another throtihghwall them and on the thermal resistance.
that separates them. These include heat exchanggis
from pipes of various shapes, lamellar apparatud an The total heat flownq is determined by the following
apparatus, which are parts of chemical reactossildtion  relationship
columns, etc.

The real structure of the flow of refrigerants et 4= 4EAT,
recuperative apparatuses is very complex, whic
complicates the construction of their analytical . -~
matf?ematical models. The heat exchanger mathe)r/‘ru';lt}%ts]\l:"reoC Isa heat transfer Coeff'c'gm’ (W);
model can be significantly simplified if assume tttiae F is a heat transfer surface;;m
structure of coolant flows in it corresponds to itgh AT is a temperature difference between coolants, K.
hydrodynamic models, the simplest of which are nodé

ideal mixing and ideal exclusion [2]. In practice, the intensity of heat transfer between

fluids in recuperative heat exchangers is calcdlaising
the heat transfer coefficieltr:

q= K, FAT,
1
K, = ’
i+i+%+ R
0 1. Krasnikov, E. German, J. Babichenko, 2018 a a, A,
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wherea, anda, are heat transfer coefficients, Wi({r); With given the heat transfer, we obtain the equatio
Aw is a thermal conduction of wall material,
W/(mK); dT  F

daT
ow is a wall thickness, m; SPG dt we dl * L KAT
Ris the thermal resistance of pollution,?@yW.
The mathematical description of the process in heat The block diagram of the heat exchanger of the
exchangers is conveniently written as an expressiah “mixing-mixing” type is shown in Fig. 1.
characterizes the temperature change in the cotiamt
over time. This is due, firstly, to the movementtod flow v,T v.T

1>7IN E
and, secondly, to heat transfer [3]. —
If we assume that the structure of the coolant flo | \|J \-Ij‘ |
corresponds to the model of ideal mixing, thenhasttasis

of the mathematical model can be chosen ti
hydrodynamic model of the following type:

dT
VCrPE =0Go(Tx = T) 1)
v, 1, =1, L, [ =1,
whereCr is a specific heat capacity of coolant, J/(kgK);
p is a coolant density, kg/in Fig. 1. Block diagram of the heat exchanger “mixing
Vis a volume of ideal mixing zone,*m mixing”

v is a volumetric flow rate, is;
Tyx is inlet temperature to the ideal mixing zone, K;  The mathematical model of the heat exchanger
T is the temperature at any point in the ideal ngixir'mixing-mixing” has the following form:

zone and at the exit, K;
tis time, s.

dT,
ViCr Py~ =U,Crp{ Ty — T) = KR T= ),
. . . dt 2)
Equation (1) characterizes temperature changean t

dT.
flow due to the coolant movement. 2 — - -
To take into account the temperature change due t\gzcﬂpz dt VL PATy = T3+ KR ),
heat transfer, it is necessary add to equation hibat
transfer intensity in reaction volumgy, . The mathematical model (2) is a system of ordinary
differential equations with constant coefficient$he
dT solution of such systems can be carried out by migale
Vcrpd—zqu('(,x - T+ Vg. methods. To do this, need to bring system (2) ® th
t Cauchy problem. In this case, the system takefothe

For a recuperative heat exchanger of ideal mixing,

heat exchange intensity is calculated by the foamul ﬂ =ﬂ(T1N -T) __kF (T,-T)
v K EAT dt Vv VG o (3)
% =% ' dT, _v kF
d_Z:VZ(TZN_TZ)-l-V (T-T)
If there is no mixing, and the coolant flow struetu t 2 2 2

corresponds to the ideal exclusion model, then ifer
mathematically describe can be used a hydrodynamic The initial conditions (coolant temperatures atthea

model of ideal exclusion: exchanger exit in steady state), which are necgé$sathe
solution, are find from the mathematical model bé t
dT dT stationary mode of the heat exchanger:
SPG T W e
U1C1T:01(T1N - T:I) - kK Tl_ Tz) =0 4)
whereS; is section area of ideal exclusion zoné, m U,Cr (T — T,)+ KK T,— T)=0

uis linear flow rate, m/s;
| is length of ideal exclusion zone, m.
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Solving system (4) with respect to the unknovGFis
and TZ, determine the initial condition§° and T°.
1 2

For the numerical solution of the system of differal

equations (3) in the MATLAB environment, the buiit-

function ode45 is used, which implements a fiftdesr
Runge-Kutta method with a variable step. The fuorctias
the following syntax:

[time, T]=oded45(@Tepl_PP, [0 tk], [T1_0 T2_0]),

where [time, T] is the solution matrix (time depende of
the temperature at heat exchanger outlet);

UI’YIN 0177;1(
— P L)
UzaTZN Tz(L) UZ,TZK

Fig. 3. Diagram of a cocurrent heat exchanger
“pipe in pipe”

The mathematical model of the heat exchanger
dynamics of the “exclusion-exclusion” type is ateys of
two partial differential equations and is a modedthw
distributed parameters.

@Tepl_PP is the subfunction that containing th

description of the right-hand sides of the diffaian
equations of the system (3),

tk is the integration interval,

T1 0 and T2_0 is initial conditions.

The task of modeling the heat exchanger is findliey
coolant temperature at the exit. As a result of pater
simulation, it is possible to obtain step respoofa heat
exchanger by control channels. Fig. 2 shows theltsesf
the calculation of the heat exchanger for the foihg

initial data:TlN =115,T2N =10, y,= 4,94e-3,0,= 5,43e-3,
C; = 3,75€3,C,; =3,14€3,0,=850 ,0, = 920 ,k =4360,
F=4,V, =V,=25.
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Fig. 2. Step response of the heat exchanger bghttuenel
“inlet hot coolant flow rate — outlet coolant temaiaire” at
20% input disturbance.

Heat exchangers of the “pipe in pipe” type (FigaB
described by hydrodynamic models of ideal exclugin
Figure 3 shows the cocurrent heat exchanger.

aT aT F
Sg QT - e Kr
T2 6T2 F
2 -y F T KAT,
SeCr ot 2Gr 7 a0 L K
where AT =T —T,, T,, T, change along the length of

the corresponding zone of ideal extrusion.

In the stationary mode of heat transf%:o, a

mathematical model of statics is obtained.

oT, F

U,0C; 1a_|1 = _r KT (Tl - Tz)
oT. F

U,0.C 26_|2 = f Ki(T,-T)

Given that the pipe surface 5= 77DL, we obtain the
system of equations:

oT, __ K7D,

(T.-T,)
al U,0Cry o (5)
E K; lTDl( T)
al U,0L, h-

The mathematical model of statics (5) allows
calculating the heat exchanger length, necessary fo
effective cooling and drawing graphs of temperature
changes of coolants along the length of the pipes.

The system of equations (5) corresponds to the
statement of the Cauchy problem. The initial cdodg
for the calculation are the coolant temperatureheat
exchanger inlet.

The ode45 function for our case is as follows:

[length,T]=oded5(@func_Trl, [0 L], [T10 T20]),
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where [length, T] is the solution matrix (temperatu
dependence of the heat exchanger length);

@ func_Tr is function of the right parts of thet.

system (5),
[0 L] is the integration interval,
[T10 T20] is vector of initial conditions.

The results of the computer simulation carried iout
the MATLAB environment for the following initial da:

T,°=170, T, =15, v,= 2.28e-5U, = 2.75e-5,C;; = 3350,
C,; =4190, 0, =890 ,0,=910 ,K =4190 D, ==0.01, are
shown in Fig. 4.
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Fig. 4. Temperature variation along the lengthhef t
“pipe in pipe” heat exchanger
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— XapkiB :

Kpacuuko I.JI., T'epman D. E., bBadouuenko FO. K.
Oco0eHHOCTH CO3JaHUsI ABTOMATHU3MPOBAHHBIX CHCTEM

MoJIyYeHU s MaTeMaTH4Y€C€CKHX MoaeJeit
TeMJI1000MeHHbIX anmapartos.
AHHOTAIIHS. HpeL[CTaBHeHLI AHAJIUTUYCCKHUC

MaTeMaTHYeCKHe MOJEIH TEIUIOOOMEHHBIX —alaparos,
OCHOBaHHbIE HA THIOBBIX TUAPOIMHAMUYECKUX MOIEISIX
HJICATLHOTO TIEPEMEIIUBAHUSI U HJICATHHOTO BBITECHEHHS.
Mognenu MO3BOJISIOT HCCIIEI0BATh BIIMSIHHE
TEXHOJIOTHUECKMX MapaMeTPOB Ha MPOIECC TEII00OMeHa
U ONpENeNsATh JUHAMHYIECKHE CBOMCTBA TEMJI000OMEHHUKOB
M0 pa3jiM4HbIM KaHanam. Maremariyeckue MOJIeNU
peasm3oBanel B cpene  MATLAB wu  wmoryr ObITh
HCMONIb30BAaHBl B~ ABTOMATU3UPOBAaHHBIX  CHUCTEMAax
yIpaBieHus TexHonorndeckumu mporeccamu (ACYTII) u
B CHCTEMax aBTOMATH3UPOBAHHOTO MPOCKTUPOBAHUS
(CATIP).

KaioueBble cja0Ba: TEIOOOMEHHUK, TEIIOHOCUTENb,
MOJIETTb UJI€aTbHOTO nepeMelIuBaHus, MOJIETb
uuneanspHoro seitecuenuss, MATLAB, ACYTII, CAIIP.

Kpacunikos 1.JI., Tepman E. €., Bba6iuenko IO. A.
Oco0JMBOCTI CTBOPEHHS] ABTOMATH30BAHHUX CHCTEM
OTPUMAHHA MATEeMATHYHHMX MoJesieill TemI000MiHHUX

- anaparis.
Conclusions Anoranmis. IlpencraBneHi aHamiTH4HI — MaTeMaTHYHI
As a result of the research, a methods for const@IC viopeni  teroo6MinHIX amapaTiB, IO 3aCHOBaHI Ha
analytical mathematical modeling of heat exchang®e tunopux  rizpoguHaMidHEX — MOZENAX  iZEANBHOrO
based on idealized hydrodynamic models of the modio zumimysanms Ta igeamsnoro Buricmenms. Lli  momerni
coolant is proposed. JO3BOJISIFOTh  JOCHIJDKYBAaTH  BIUIUB  TCXHOJOTIYHUX

The obtained mathematical models can be usedpipamerpis na mporec TermooGMiHy i BH3HAYaTH
CAD systems to identify the dynamic properties ebh jumamiuni BmacTuBocTi TemmoOOMiHHMX —amapatiB IO
exchangers in automated process control systendstoanpispnx kamanax. Martematndni Mojeni peami3oBaHi B
study the effect of temperature, flow rates of eobland cepenoumi MATLAB i MoxyTh OyTH BHKOpPHCTaHi B
refrigerant, plant dimension on the heat exchamgegss. apromartnzoBaHMX cHCTEMaX yNPaBIIiHHS TEXHOIOTIYHUMU

npouecamu (ACYTII) Ta B cucTeMax aBTOMAaTH30BAHOTO
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