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Abstract. This article discusses the control over some of the technological pro-
cesses in the chemical, oil, and thermal power industries.

It is always necessary to take into account the fact that the thermophysical pa-
rameters of a liquid have in hydraulics and hydrodynamics, especially in thermal
physics, and under the action of physical fields, the physical parameters of the liquid
first of all change.

It is also emphasized that the use of the values of the physical properties of the
liquid, which is valid for the case of stationary physical fields in the case of non-
stationary physical fields, can lead to a significant plug. This is a very important
point that is always important to keep in mind.

The absence of a method for studying the coefficient of non-stationary heat trans-
fer during convective heat transfer is due to the mathematical complexity that arose
when solving the inverse problem for the differential equation of heat conduction
with variable coefficients. This is one of the main points in this topic.

Inany case, this problem we have disclosed does not claim to be highly accurate,
since it was obtained on the basis of an approximate solution of an approximate
mathematical model.

But these conclusions are as close as possible to a clear solution to the problem.
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For the control of some technological processes in the chemical, oil industry, as well as thermal
power, the most promising are the effects on these processes by physical fields.

As a parameter controlling the technological process, one can take the thermophysical param-
eters of the liquid, which have a significant effect in this case, since the physical parameters of the
liquid change primarily under the action of physical fields.

In this regard, in recent years, a huge number of works have been published in periodicals de-
voted to the theoretical and experimental study of the physical properties of liquids.

Based on these studies, various devices have been developed to determine the physical proper-
ties of a liquid.

The developed methods and devices were mainly created for cases of stationary physical fields
(fields of pressures, temperatures and velocities) [1].

It should be noted that the methods developed for determining the physical properties of a liquid
for stationary physical fields are valid only for these fields.

The use of the values of the physical properties of the liquid, which is valid for the case of
stationary physical fields in the case of non-stationary physical fields, can lead to a significant block-
age.

All real technological processes of the chemical and oil industries, as well as thermal power
engineering associated with convective heat transfer, are not essentially stationary.

In this case, all the thermophysical parameters of the liquid are relaxed, and the relaxation time
is different for different parameters. In this regard, at present, there are methods for studying non-
stationary thermophysical parameters of a liquid [2].

The absence of a method for studying the coefficient of non-stationary heat transfer during
convective heat transfer is due to the mathematical complexity that arose when solving the inverse
problem for the differential equation of heat conduction with variable coefficients.

In the periodicals, various attempts were made to take into account the influence of the inertia
of the temperature field on the value of the non-stationary heat transfer coefficient.
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Taking into account that the thermophysical parameters of a liquid are very sensitive to the
methods of their determination, in our opinion, the influence of the inertia of the temperature field on
the value of the non-stationary heat transfer coefficient should be taken into account in the differential
equation of thermal conductivity [3].

Let us first consider the steady-state temperature regime during convective heat transfer. We
assume that the process of convective heat transfer in the laminar regime is described by the differ-

ential equation:
20

Cp PV = - ZX(T-T) (1)
where p is the density of liquid,

T - temperature

V — the volume of liquid

C — heat capacity

R — pipe radius

In this case, for simplicity of change, it is assumed that the heat transferred due to the conven-
tion is much greater than the heat transferred due to diffusion, i.e.:

Cop Vz—i » %;—;T 2)

where A — wavelength;
The solution of equation (2) under the condition Ty =Ty, T (£) = T, allows us to find the

stationary coefficient of convective heat transfer aaccording to the following formula:
CppVR

Ty—T,
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The convective heat transfer coefficient under non-stationary temperature conditions is deter-
mined from the solution of the inverse problem for the heat conduction equation, which in the one-
dimensional case under condition (2) has the form:

d d
Cop (G + V)= -22(T - ) (@)
The problem is solved under the following boundary and initial conditions:

The solution to the problem is constructed by averaging inertia over the entire length of the
pipe, i.e.
1 £dT
o = 7 [y dX (6)

where is ¢ (t) - heat transfer coefficient
¢ - pipe length
dT — temperature differential
In this case, the differential equation (4) is reduced to the form:
ar 2aT _ {aTy 9 ®

.
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The solution to this equation under boundary conditions (5) has the form:

—-2ax -2ax
T (x1) = F(t) ePP*% + (T, - 2229) (1 - %) ®)
Considering that
-2ax
u Ro(® u
0 = () e - 200 (1 o ©
where F - friction force
To determine ¢ (t) from (6) we have the equation:
F (t) CppuR — R CPPR(P ® CppUR C_ZMR
o) = CopUR (1 - erPuR)- [1+ (1- eCrPuR) ] (10)
Reducing the notation
—2al
CppUR(l CppuR):A CppUR(l_ _) -B (11)
Equation (10) is reduced to the form:
p(M=FOHA-Bo (12)
The solution to this equation is:
“t ta t
¢ (t)= e® [j-eBp(t)dt (13)

Using the second boundary condition (5) to determine the coefficient of unsteady heat transfer
during convective heat transfer, we obtain the equation:

—2al —2al —Zaf

9 () = F() ePPR + Ty (1- eTr®) - E(1- oTpriR) g7 f F(t)eBdt (14)

Equation (11) can be written in the form:

—-2al —2al t —2al

[p (©) — F() e R T, (1 eForM)] 5 = 28 (1 oGmity [TAF(t) et (15)

Differentiating equation (15) with respect to time t, we bring it to the following form for (¢ (t)-F(t)

—2afl ¢ —2al —2al
CppuR) e B + = [(p _ FeCppuR _ T (1_ eCppuR)] —
_—2at

CpP (1 CppuR) F’ (t) e B (16)

Reducing the left and right sides of equations (16) by exp (g) we get:

_—2al —2al _—2al
9 (t) = F(O) 7% +[g' () — F() €7 - T, (1- €77F)] =
_—2at
(1 ey £ F (D) (17)
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Equation (17) is a transcendental equation, the exact solution of which is possible by determin-
ing the non-stationary heat transfer coefficient. Bearing in mind that in a laminar mode of fluid move-
ment in a pipe with unsteady heat exchange, the following takes place:

—2al _, _ _2al
i) o (18)

2af
CppuRr

<l u exp(-

Thus, it is possible to construct an approximate solution to equation (17) by determining the
coefficient of unsteady heat transfer in convective heat transfer

_ CppR (¢’ (- F'()
G0 (19)
Comparing (3) and (19), we have
a _ 2_5 (o' (O-F'(®) [ T, —To ] -1 (20)

@ V o®O-F@) To-To

Formula (17) establishes the relationship between stationary and non-stationary heat transfer
during convective heat transfer. It does not pretend to be highly accurate, since it was obtained on the
basis of an approximate solution to an approximate mathematical model.

The exact analytical solution of the inverse problem for determining the non-stationary heat
transfer coefficient is associated with mathematical complexity [4].
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KONVEKTIV ISTILIK OTURULMOSi ZAMANI QEYRi-STASIONAR MUBADILOSI

E.Q.Hasanov .
Azarbaycan Respublikasinin Prezidenti yaninda Doviat Idaragilik Akademiyast

Xiilasa. Magals kimya, neft va istilik-energetika sanayelorinda bazi texnoloji proseslorin idars edilmasindan bohs edir.
Homiso nazars almaq lazimdir ki, mayenin termofiziki parametrlori hidravlikada va hidrodinamikada, xiisusan da istilik
fizikasinda olur vs fiziki sahslorin tasiri altinda ilk n6vbads mayenin fiziki parametrlori doyisir.

Homginin vurgulanir ki, mayenin fiziki xassalarinin geyri-stasionar fiziki sahslor voziyystinds stasionar fiziki sahalor
ti¢iin etibarli olan doyarlorindan istifads shomiyyatli bir fiso sabab ola bilor. Bu, homiss xatirlanmasi vacib olan ¢ox vacib
bir mogamdir.

Konvektiv istilik tliriilmasinds geyri-sabit istilik 6tiirmo omsalinin 6yranilmasi metodunun olmamasi doyison omsalli
diferensial istilik &tiirms tonliyi tigiin tors mesalonin hallinds yaranan riyazi miirakkablikls baglidir.

Bu, mévzunun diggat ¢okon moagamlarindan biridir.

Har halda, hall etdiyimiz masals toxmini riyazi modelin taxmini halli asasinda alds edildiyi tigiin yiiksok dagigliys
iddia etmir.

Lakin bu naticalar problemin birmenali halline miimkiin qodar yaxindir.

Acar sozlor: konvektiv istilik otiiriilmasi, stasionar va geyri-stasionar istilik miibadilosi, boruda mayenin harakati,
istilik kegiriciliyi tanliklari.
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HECTAIIMOHAPHAS TEIIVIOOTJAYA TP KOHBEKTUBHOM TEIIVNIOOBMEHE

9.I'.I'acanoB
Axademus cocyoapcmeennozo ynpasienus npu Ilpezudenme Azepbatioxcanckoti Pecnybnuxu

Pe3rome. B crathe paccMaTpuBacTCs YIIPaBICHHE HEKOTOPHIMH TEXHOJOTHUCCKHMH IMPOICCCAMH B XHUMHYECKOH,
HE(PTSIHON M TEIUIOPHEPTETHUECKOM OTpaciisiX. Becerma HeoOX0AUMO YUUTHIBATh TOT (DAKT, YTO TEIIO(U3NISCKHE Mapa-
METPBI JKAIKOCTH UMEIOT B TUAPABIMKE U THIPOANHAMUKE, 0OCOOCHHO B TeIIo()U3UKe, U O JeHCTBHEM (HU3NICCKUX
oJIeH B MEPBYIO OUepeb U3MCHSIOTCS (PU3MYECKIE TapaMeTphl )KUIKOCTH. Takke MO JUepKIUBACTCS, YTO UCIIOIH30BaAHHE
3HAYCHUN (DU3NUECKUX CBONCTB JKUIAKOCTH, KOTOPBIC CIIPABEIUIMBEHI JJIS CIydas CTAIMOHAPHBIX (DU3UYECKUX IMOJICH B
cJTydae HeCTAllMOHAPHBIX (PU3UUCCKUX TOJICH, MOXKET MPUBECTH K 3HAYUTEIBHON MPOOKe. DTO OUYEeHb BaXKHBIH MOMEHT, O
KOTOPOM BCET/la BAXXHO MOMHHTb.

OTcyTcTBHE METOIa HicCIeI0BaHUS K03 PHUIIeHTa HECTAIMOHAPHOM TeIUIOOTAaYH IPH KOHBEKTHBHOM TETIIOOOMEHE
CBSI3aHO C MaTEMATHYECKOH CI0KHOCTBIO, BO3HUKILIECH MPU PELICHUH 00paTHOH 3a1a4un 1t tuddepeHInanbHOro ypas-
HEHUsI TETUIONPOBOAHOCTH C MEPEMEHHBIMH KO3 (pulineHTaMu. ITO OJIMH U3 OCHOBHBIX MOMEHTOB B 3TOM TeMe.

B 11000M citydae packpbITas HaMH 33/1a4a He IPETEeH/TyeT Ha BHICOKYIO TOYHOCTD, TaK KaK MOJy4eHa Ha OCHOBE MPH-
OJIDKEHHOTO PEelleHNUs TPUOIMKEHHONW MaTeMaTHYeCKOH MOIEIH.

Ho 3Tu BBIBOIbI MAKCHUMAJIBHO MPHOJIMKECHBI K OTHO3HAYHOMY PEHICHHUIO MTPOOJIEMBI.

Knioueswie cnosa: xonsexmuehwvili menioooOMeH, CMayuOHAPHbLLL U HeCMAYUOHAPHDILL MENI000MeH, O8UIICEHUE HCUO-
Kocmu 8 mpybe, YPagHeHuss menionpo8oOHOCMUL.
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