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Abstract

In this article we considered the processes of heat exchange in the channels of technological equipment in the cases
that are most common in machines and apparatus of the chemical and food industries. In the first case, the external
environment is considered to be an infinite heat tank with a given temperature. In the second case, the role of the
external environment is performed by the channel with a moving heat carrier, while the temperature of the heat
carrier is not set and varies along the length of the channel. The heat transfer equation includes convective terms
and terms with thermal conductivity. We formulated the heat exchange equation for the flow of non-Newtonian
(viscoplastic and generalized-shifted) fluids. It is determined that: during the flow of generalized-shifted fluid in a
flat channel with set wall temperatures it is necessary to define two heat transfer coefficients; in the flat channel
immersed in the heat tank - four heat transfer coefficients; in the flat channel surrounded by a bypass channel -
eight heat transfer coefficients. When describing heat transfer with a rectangular channel, for all these cases, it is
necessary to determine respectively four, eight and sixteen heat transfer coefficients. During the flow of viscoplastic
fluid, it is necessary to determine: in the flat channel with the set wall temperatures - four heat transfer
coefficients; in the channel immersed in the heat tank - six heat transfer coefficients; in the channel surrounded by
a bypass channel - ten heat transfer coefficients. When describing the heat transfer of a flow in a rectangular
channel for the same cases, it is necessary to define respectively eight, twelve and twenty heat transfer coefficients.
The heat exchange equations are a system of first-order differential equations in finite differences for the
temperature of the liquid in the channel. And this is their main difference from the calculations for the cases of fixed
temperatures on the walls of the straight channel and the immersion of the straight channel in the heat tank with a
fixed temperature. It is shown that the fluid temperature depends on the longitudinal coordinate along the channel.
In this case, the dependence of temperature on the geometric characteristics of the channel is determined by the
cross-sectional area of the channel and its perimeter, as well as the ratio of geometric dimensions (width, height
and length) of the channel. When performing engineering calculations, the obtained expressions allow to determine
the corresponding coefficients of convective heat transfer and heat transfer during the flow of non-Newtonian fluids
in the channels and with the external environment.
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PIBHAHHA TENJIOOBMIHY IPH TEYII HEHbIOTOHIBCbKHUX PIJUH Y KAHAJIAX
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AHTOANisa

Po3r/IiHyTO mpouecu TemI006MiHy y KaHajJaX TEXHOJIOTiYHOro 06/i1aJlJHaHHA 3 HABKOJIMIIHIM cepeJOBHILEM Y
BHMIaJKaX, AKi € HAM6I/IbII PO3NOBCIOA)KEHHMMH B MalllMHaxX Ta amapaTax XiMiyHOi Ta Xap40BOi MPOMHUC/I0BOCTI. Y
NepumoMy BHNAJAKy 3O0BHIIIHE CcepejoOBHIE BBAXKAEThCS HECKiHYEHHMM TeIJIOBUM pe3epByapoM i3 3aJaHOI0
TeMHnepaTypow. Y ApyroMy BHNAAKYy poOJib 30BHIIIHbOIO CepejOBHUILA BUKOHYE KaHaJ, y SIKOMY pyXa€TbCA
TEIJIOHOCIH, IpU IbOMY TeMIEpaTypa TENJIOHOCisl He BBA)KaTUCA 3a4aHOI0 i 3MiHIOETbCA Y3 0BXK AOBKHUHU KaHAJy.
Y piBHSIHHA TeNJI006MiHy BXOJATh KOHBEKTHBHI JOJaHKH Ta AO0JAaHKH 3 TEIJIONPOBiJHICTIO NIPU LbOMY TEIJIOOGMiH
Yy KaHaJli 3 HEHbIOTOHIBCHKOI0 PiAUHOI0 BiAGYBAa€ThCS NMPH BEJUKUX 3HAUeHHsX yuciaa Ilekse. Pyx TemnoHocis B
KaHaJIi BBaXKa€ThCA iHepLiiiHUM i TexK BiNoBiae Be/IMKMM 3Ha4YeHHAM yucia [lekie. Y rizpoauHaMiyHOMY acneKTi
HEHBIOTOHIBCBKi PiAUHYU Ta TEMJIOHOCI# pyXaloThCA B Pi3HUX peXKMMaX, a B TeNJIOBOMY acleKTi - B 0AHOMY.
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ChopmMys1bOBaHO PIiBHAHHA TeIJIOOOMiIHY HpHU Tedii HEHbIOTOHIBCHbKUX (B'I3KOIJIACTUYHOI Ta y3arajibHeHoO-
3pyumeHoi) piaguH. HaBeaeHi piBHSHHSA TeN1I006MiHy, IBJIAAIOTh CO6010 cCTeMY AMdepuHLia/IbHUX PiBHAHb IEPLIOro
NOPAJAKY B KiHIleBUX Pi3HULAX JJid TeMIepaTypy piAMHM B KaHaJi. | B boMy noJiArae ix rojioBHa BiJMiHHiCTb Bij,
pO3paxyHKiB AJis BUNAAKiB pikcoBaHMX TeMIlepaTy Ha CTiHKaxX NPSMOTo KaHa/Iy Ta 3aHypeHHsA NPSMOro KaHauy B
TelIOBUIl pe3epByap 3 ¢ikcoBaHol TeMmnepaTrypol. IlokaszaHo, 0 TeMmepaTypa pigUHU 3aJIeXKUTh Bij
NMO3J0BXXHbOI KOOpPJMHATHU B3A0BXK KaHajJy. B mpoMy BHIaJKy 3aJ/Ie)KHICTb TeMnepaTypH BiJi reoMeTpUYHHUX
XapaKTepUCTHK KaHa/ly BU3HAYa€ThCA IUIOLLEI0 MOINEepeyHOoro nepeTuHy KaHajy Ta MOro nepuMeTpoM, a TaKOXK
BiJHOLLIEHHSIM reOMeTpPiYHUX PO3MipiB (IIMPUHHU, BUCOTH Ta AOBKMHHU) KaHas1y. OTpuMaHi BUpa3y, IpU NPOBeJeHHi
ilDKeHepHUX pO3paxyHKiB J03BOJISIOTh BU3HAYAaTH BiANOBiAHI koedinieHTH TemaoBiagaui i Temionepeaadi npu
Tedii HeHbIOTOHOBCKIX PiJiMH B KaHaJIaX i 3 30BHILIHIM cepeoBHUILEM.

Karwuosi caoea: TemnooOMiH; Tedwis; pifiMHa; B'3KOIJIACTUYHA; y3arajbHEHO-3pYyLIE€HA; KaHal; NPsIMUH; OOBiJHUY;

pe3epByap.
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AHHOTanuga

PaccMoTpeHBI nmpoinecchl TelJIoo6MeHa B KaHajlaX TeXHOJIOTHYeCKOro oGopyAoBaHMsS C OKpy:Kawueil cpeioi B
cjy4yasax Hau6oJjiee pacnpoCcTpaHEeHHBIX B MallMHAX U anmapaTaX XMMHU4YeCKOH U NMUIeBOil NMPOMBbINLIJIEHHOCTU. B
NEepBOM CJIydyae BHEUIHSS cpeJa CYMTaeTcs 6eCKOHEeYHbIM TelJIOBBIM pe3epByapoM € 3aJaHHOH TeMmepartypoii. Bo
BTOPOM CJlyyae poOJib BHEIIHEH cpeAbl BbINOJHAET KaHal, B KOTOPOM ABWKETCS TENJIOHOCUTE/b, IPH 3TOM
TeMIepaTypa TelNJIOHOCUTeJ/Isl CYUTAThCA 3aJaHHOM M MeHsIeTCs BJ0JIb JAJIUHBI KaHa/1a. B ypaBHeHue Tenjoo6MeHa
BXO/AAT KOHBEKTHUBHBIE CJlaraeMble M CJlaraeMble C TeNJIONPOBOAHOCTBIO NPHU 3TOM TeINJIOOGMeH B KaHaJje C
HEeHBIOTOHOBCKOM »KUAKOCTbI0 IPOMCXOAUT NPHU GOJIBIIMX 3HaYeHHAX ynciaa Ilekie. /IBM>keHHe TENMJIOHOCUTeEIA B
KaHaJle CYMTaeTCd WHEPOMOHHBIM M TOXE COOTBeTCTByeT OGo/IbIIMM 3HayeHHMeM 4yuciaa Ilekine. B
THAPOJANHAMHYECKOM acleKTe HeHbIOTOHOBCKHUE KUAKOCTH U TeIVIOHOCHUTE/Ib ABIKYTCS B PasHBIX peXKHUMaxX, a B
TenJIOBOM acnekre - B oAHOM. CdopmyaupoBaHbl ypaBHEeHHS TelJIOOGMeHAa NpPH TeYeHHHM HEHBIOTOHOBCKHMX
(BSA3KOIJIACTUYHOM M O0GOGIIEHHO-CABUTOBO#) kujakocteil. IlpuBeJeHHble ypaBHEHUA TeIJIOOGMEHa,
NpejCTaBIAIT co60ii cucreMy AudepUHLIMAIbHUX YypaBHEHMH NePBOro NMOpPAAKA B KOHEYHbIX Pa3sHOCTAX AJA
TeMIepaTypsl *KUAKOCTH B KaHajle. U B 3TOM 3akjoyaeTcd HMX IJIaBHOe OTJIMYMe OT pacyeToB AJIS CJIy4YaeB
duKcupoBaHHBIX TeMmepaTyp Ha CTeHKax NPsAMOro KaHaja U NOTrpy>KeHOHHOro NMpsIMOTo KaHaJja B TelJIOBOH
pe3epByap ¢ GQUKCUPOBaHHOU TemmepaTtypoil. [loka3aHo, 4YTO TeMmepaTypa >KUAKOCTH 3aBUCHT OT NPOJO0JILHOM
KOOpAUHATHI BJ0Jb KaHaJa. B 3TOM cjy4yae 3aBHCHMMOCTh TeMIepaTypbl OT reOMeTPU4YeCKMX XapaKTepHCTHK
KaHaJla ompejeJsisieTcsl IVIOIIAAbI0 MONMEPeYHOro ceyeHUs] KaHajla U ero mepuMeTpoM, a TakKKe OTHOIIEHHUEM
reoMeTpMYeCcKUX pa3MepoB (IIMPHHBI, BBICOTHI U JJIMHBI) KaHaja. [loslydyeHHble BhIpakeHMs, PU NPOBeJeHHHU
HHXKEHEPHBbIX PpacyeToB MNO3BOJISIOT ONpeje/ATh COOTBeTCTBywmue Ko3GPUIUEeHThI TemI00TJauyu |
Temjonepejayu Npy Te4eHNU HEHbIOTOHOBCKHX »KM/JKOCTeH B KaHaJ/IaX M C BHEIIHEH cpe 0.

Kawuesvle csn108a: Tenso06MeH; TedeHHE; XKUJKOCTb; BSI3KOIJIACTHYECKas; 0GOOIEHHO-CABUTOBasi; KaHaJ; MIPSIMOMH;
06BOIHOM; pe3epByap.

Introduction cases, materials, the viscosity of which is

The main processes of the chemical and food
industries are associated with the motion of
complex dispersed systems, most of which are
non-Newtonian fluids. Knowledge of the
structure and types of flow plays an important
role in the organization of processes and allows
to influence their energy efficiency by
establishing rational values of hydrodynamic,
thermal, mass transfer and other indicators [1].
Typically, the movement of a fluid with high
viscosity occurs in the channels of the working
chambers of various technological machines and
depends on many parameters, namely: pressure,
flow rate, shear rate, temperature, degree of
mixing, dispersion, etc [2; 3]. Fluids with low
viscosity values are used as intermediate heat
carriers in the shells of heating devices. In all

determined by the shear rate, differ in the great
variety of their rheological properties [4].

From the technical literature analysis, we can
conclude that of all the variety of non-Newtonian
fluids, the most common are representatives of
three classes - Bingham (viscoplastic),
generalized-shifted, and power fluids [5; 6]. By
the term "generalized-shifted fluids" we mean
fluids, the viscosity of which depends on the
shear rate in an arbitrary manner. A special case
of such a liquid is a degree fluid [7]. Today there
are many ways to supply and remove heat fluxes
to or from the heat transfer surface of machines
and devices, including the principle: tube-in-tube
or with an intermediate shell. The magnitude of
heat flux through a solid surface is determined by
its thermal resistance and heat transfer
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coefficients on the sides of the media that
exchange heat [8]. Such flow sections as pipes
and channels were chosen by us because the pipe
is the main element of heat exchangers, and the
channel is the main element of the worm
extruder working chamber [9; 10]. The content
of this work is based on a number of results
about the flow of the above-mentioned liquids in
pipes and channels [9; 11-15]. In particular, [15;
16] considered the flow in the channels of flat
and rectangular shapes, the boundaries of which
move along themselves, as well as in the
longitudinal and transverse directions. In [15-
17], three-dimensional fields of flow of non-
Newtonian fluids under different boundary
conditions were constructed, which constitute
the necessary conditions for calculating heat
transfer coefficients.

Analysis of recent research and publications.
Heat transfer plays an important role in the
processes of the chemical and food industries. A
detailed study of the structure of the heat flow
allows for a high level of organization of
technological processes. It is known that most of
the liquids used in the production of chemical
and food products have an abnormal flow, so the
study of the heat transfer process of non-
Newtonian fluids is very important [18-21].
Recently, the boundaries of heat transfer
research have significantly expanded. In the
monograph [22], the modeling of hydrodynamics
and heat transfer of non-Newtonian fluids in
annular channels was considered. A method for
modeling the heat transfer process during
extrusion of media of different rheological state
was proposed. In particular, special attention was
paid to the pressure flow of degree fluids in the
annular channels of the cross section. The results
of the temperature distribution along the cross
section of the channel during the extrusion of
various materials were obtained. The developed
and offered mathematical model allows to carry
out the optimization of technological parameters
of annular profiles manufacturing.

In [23], the heat transfer and friction of a
Newtonian fluid during laminar convection were
considered, taking into account the change in
viscosity. The influence of local heat exchange
during forced and free convection in an
isothermal surface cooled or heated with respect
to the circulating medium was investigated. The
rheological model given in [20] describes the
flow curve of pseudoplastic fluids quite well. The
authors found that with a change in temperature
within the boundary layer in viscous liquids, the
viscosity decreases sharply. In [24], numerical

modeling of the nonisothermal flow of a non-
Newtonian fluid between two parallel plates is
presented and the influence of various actions on
the development of the thermal boundary layer is
analyzed. In [25], a theoretical study of the
hydrodynamics and heat exchange of non-
Newtonian fluids near the cooling isothermal
surface under free laminar convection, taking
into account the change in fluid viscosity with
temperature. A power rheological model of the
liquid was used in the study. Some works are
devoted to the study of structural and mechanical
characteristics in the displacement of non-
Newtonian materials in the radial channels of
screw machines. Thus, in [26], the nonisothermal
flow of non-Newtonian fluid in an auger machine
was considered, taking into account the radial
gaps between the auger and the machine body.
The study determined the behavior of the
material in the process of movement in the
channels. The obtained formulas allow to
determine the temperature of the liquid, the flow
rate, the pressure drop, as well as to determine
the required power of the machine. But the above
formulas need to be clarified, depending on the
given rheological state of the liquid.

The authors in [27] considered the Powell-
Eyring rheological model of flow in a curved
channel, studied the physical phenomena that
occur when the temperature changes locally, and
performed numerical calculations of the
dependence of viscosity on temperature. The
analysis of works on the study of heat transfer
processes of non-Newtonian materials allows us
to draw the following conclusions. There is no
clear algorithm that would allow to perform
calculations that have been confirmed
experimentally. The main macrodynamic and
macrokinetic characteristics of the flow are
subject to detailed study of the following: flow
profile and velocity distribution, their gradients,
dependence on shear on shear stress, type of
channel or pipe geometry, dissipation value,
changes in rheological properties from pressure,
temperature. The lack of validated engineering
and calculation methods for determining the
rheodynamic and heat exchange parameters of
non-Newtonian fluids in channels of complex
geometry for various cases of heat exchange with
the environment significantly hinders their
further wide use as heat carriers in the chemical
and food industries. The obtained data will allow
to better organize the technological process in
order to increase the efficiency of heat transfer
and manage its parameters, to use in the design
of machinery and apparatus of the chemical and
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food industries, to influence the energy efficiency
and material consumption of equipment.

Results of the research and their
discussion

In this paper, we consider the processes of
heat exchange in the channels of technological
equipment with the environment in cases that
are most common in machines and apparatus of
the chemical and food industries [1]. In the first
case, the external environment is considered to
be an infinite heat reservoir with a given
temperature. In the second case, the role of the
external environment is performed by the
channel in which the heat carrier moves, while
the temperature of the heat carrier is not
considered set and varies along the length of the
channel. The heat transfer equation includes

convective terms and terms with thermal
conductivity, while heat exchange in the channel
with a non-Newtonian fluid occurs at large values
of the Hell number [21], despite the fact that both
viscoplastic and generalized-shifted fluids have
high viscosity [28]. The movement of the heat
carrier in the channel is considered inertial and
also corresponds to the large values of the Hell
number [21]. Thus, in the hydrodynamic aspect,
non-Newtonian fluids and heat carrier move in
different modes, and in the thermal aspect - in
one [1; 7; 22].

The three-dimensional and schematic view
of the heat exchange of the viscoplastic fluid flow
in the channel immersed in the heat reservoir is
shown in Fig. 1.
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Fig. 1. Graphic interpretation of the viscoplastic fluid flow heat exchange in the channel immersed in the heat
tank: a - three-dimensional view; b - diagram of the flow and characteristics of heat exchange with the heat tank

Graphic interpretation of the heat transfer of
the generalized-shifted fluid in the channel,

which is immersed in the heat tank, is shown in
Fig. 2.
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Fig. 2. Graphic interpretation of the generalized-shifted fluid heat transfer in the channel immersed in the
heat tank: a - three-dimensional view; b - diagram of the flow and characteristics of heat exchange with the heat tank

Graphical interpretation for the case of heat
transfer between non-Newtonian fluid in the
channel of process equipment and the heat

carrier in another channel of this equipment is
presented in Fig. 3-5.
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ey S

Fig. 3. Schematic representation of the straight channel
and bypass channel relative position

We consider the general case in which the
channel where the heat carrier moves is at an
appropriate angle relative to the channel with
non-Newtonian fluid (see Fig. 3). Given this
circumstance, two  different longitudinal
coordinates z and z., which are interdependent,
are introduced in the description. The
longitudinal coordinate z is the coordinate that is
read along the axis of the channel with non-
Newtonian fluid, and the coordinate z. will be
assigned to the bypass channel, with the heat
carrier. If the angle of rise of the enveloping

—0

T

a

channel is zero, it means that both channels
interact  through the direct flow or
countercurrent flow. If the angle of the
enveloping channel rise is equal to /2, then both
channels interact by the method of cross-flow
[16].

The distribution of heat transfer
coefficients during the flow of viscoplastic fluid in
the straight and bypass channels is shown in Fig.
4.
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Fig. 4. Distribution of heat transfer coefficients during the viscoplastic fluid flow: a - three-dimensional view
of straight and bypass channels; b - diagram of the flow and characteristics of heat transfer with the bypass channel

The heat transfer coefficients distribution during
the flow of generalized-shifted fluid in the
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straight and bypass channels is shown in Fig. 5.
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Fig. 5. Distribution of heat transfer coefficients during the flow of generalized-shifted fluid: a - three-
dimensional view of straight and bypass channels; b - diagram of the flow and characteristics of heat transfer with

the bypass channel
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When considering heat transfer with a
viscoplastic liquid, six heat transfer coefficients
for the heat reservoir and ten heat transfer
coefficients for the bypass channel with the heat
carrier should be used (see Figures 1b and 4b). It
should be noted that during the heat exchange in
the core of a viscoplastic fluid, the heat is
transferred by the mechanism of thermal
conductivity [1].

+

When describing the heat exchange processes
with generalized-shifted fluid, four heat transfer
coefficients should be used (see Fig. 2b) for the
heat tank, and eight heat transfer coefficients for
the bypass channel with the heat carrier (see Fig.
5b).

For heat exchange of viscoplastic fluid in a
channel with a wall with a given temperature, the
following equations are true:

(1)

r<’

Ve, =&'S 4o (T) =TT +a (T -1 ) 1T} ;
odT
\Y pcpd—:e S +o (T, =TI +a, (T -T;)II,
z
T T T . .
=0 A =a (T-T7)
o o |

where V" - the flow rate of the fluid part
above and below the flow core, m3/s; T* - the
temperature of the liquid part above and below
the flow core, °C; &° - specific energy
dissipations of the fluid part above and below the
flow core J/m3; St - the cross-sectional areas of
the fluid part above and below the flow core, m2;
T, - core temperatures adjacent to the upper

and lower parts of the liquid part, °C; TS -
temperatures of the upper and lower walls of the
channel, °C, where """ =hy, aX; aii - heat
transfer coefficients on the walls on the lines

+

Vipc

P dz

Vipc, —dJZ =6 S +K (T =TI +K, (T -T)II,

o Pl oT;
—+ =
' o |-
where T*® - the temperature of the heat tank
above and below the channel, °C; K* - heat

transfer coefficients between the parts of the heat
tank and the liquid part of the viscoplastic fluid

0; —

above and below the flow core, J/m?2 °C; Kki -

heat transfer coefficients between the liquid part
and the core of the viscoplastic fluid, ] /m2 °C.

Heat transfer coefficients are determined from
heat transfer coefficients according to the usual
rules that are known from the literature [1, 7, 18].
The equation of heat exchange in the channel of
the generalized-shifted fluid with the set
temperatures of walls has yhe following form:

Vpc, ?TI: €S+a (T, -T)I" +o; (T, -T)IT",

in which the meaning of all notations is the
same as in (1) and (2), only there is no difference

—¢'S K (T =TI +K; (T" ~T;)II;

= aki (T -T9)

y==%h,]/m2°C; aki - heat transfer coefficients at

the boundaries of the flow core on the lines y = I'¢,
J/m2 °C; II* - the length of the perimeters of the

channel walls, m; H;‘r - the length of the

perimeters of the intersection boundaries of the
flow core, m; Ax - thermal conductivity
coefficients of the liquid part and the core of the
viscoplastic fluid, J/m °C.

If the temperatures of the channel walls are
known (which happens most often), the heat
exchange equations take the following form:

(2)

r=’

between the upper and lower flows relative to
the core of the flow.

The equation of heat transfer in the channel
with the heat tank can be represented as follows:

Vp cpi—zzes +KT-TYT +Kk T*-Ti1- (4)

The recording of the heat transfer equations
with the given wall temperatures for the flow of
viscoplastic fluid in a rectangular channel must
take into account the cross section of the channel.
The number of heat transfer coefficients is
doubled.

The corresponding partition of the flow of the
generalized-shifted fluid was considered in the
paper [29]. In the case(8f longitudinal-transverse
flow, the partitioning of the longitudinal part of
the flow and the partitioning of the transverse
part of the flow may not coincide.
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The heat exchange equations of the with given wall temperatures have the following
viscoplastic fluid flow in a rectangular channel form:

+

Vi pe, —2=6S! +ap (T =TT +a, (T T,

dz
. aT, Nl
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. a1, N + ey Tt 5
vV, pC, dz =€,S, +a, (T —T)MI + oo (T =T ) (5)

; dT,
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82Tki o1 e s
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ox? 62 s R Y
2T £ 2T £ +
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oy oz X |

The heat exchange equation of the viscoplastic fluid flow in the heat tank with the set temperatures
is as follows:

+
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VA
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The heat transfer of the generalized-shifted temperatures can be represented by the
fluid in a rectangular channel with given wall following equations:

+

7+ dTy 3tQ+ + (T + + +
Vypc,——=¢&3S +o (T -T)1,,

dz
. aT, I
V, pe,— =68, e, (T ~T )1, (7)
; T
V. pc, dd =65, +a, (T, -T))II;,

\/'X7 p Cp d;ZX = é;s; +al; (TBT _T)(i)HXi "

The heat exchange equation (7) of the generalized-shifted fluid in the case of flow in the heat tank
takes the following form:

a1,
V) pe,—L=6'S: + K (T, ~T))IT;,
dz
. ar,
Vy pCpE:eySy +Ky (Ty —Ty )ﬂy, (8)

dT,
V pe, —~ =S KT =TI,
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e K T
dz

Equations (2), (4), (6), (8) in the case where
the flat or rectangular channels are covered by a
bypass channel in which the heat carrier flows,

V'X’pc

should be supplemented with equations
; at,’
V. G = K (L =TT+ KT =TI,
Ze
. o
Ve Pe Cpe dz =K (Te -T )H +Ke (Te _]:ee)nee'

e

where Tei - the temperature of the channel with
the heat carrier, °C; Cpe - heat capacity of the

heat carrier, ]J/kg °C; «ee» - index, which means
the external environment in accordance to the
channel with the heat carrier.

The temperatures T~ in the case of flow in a

heat tank with fixed temperatures take the values
T*». For a rectangular channel, the number of
equations of type (9) is doubled; as a result, all
values are supplied with indices x and y. The
same must be done for the flow of generalized-
displaced fluid, and the relationship between the
variables z and z. will be discussed below.

If the channel with a very viscous liquid is
surrounded by a bypass channel, then for both
viscoplastic and generalized-shifted liquids, a
single temperature T.(z.) will be used instead of

individual temperatures Tei, but which is taken

at different points in the z, coordinate.

The form of equations (1) - (9) shows that the
longitudinal temperature field can be determined
by calculating the values of specific dissipations.
For this purpose it is necessary to construct
border lines of division of a rectangle in section of
the channel into corresponding regions and to
calculate their areas; calculate the integrals of the
specific dissipation by regions; calculate heat
transfer coefficients on solid walls and
boundaries (for viscoplastic fluid), calculate heat
transfer coefficients; solve the problem of
thermal conductivity in the core of a viscoplastic

a+h
Zelzé,)Z;

2a+2h

293:§¢z+( > +25ej~/1—.§¢2;
3a+3h

294:§¢z+( > +35F]./1—§j;

where a, h, § - dimensions of the rectangle of the
straight channel and the thickness of the
wrapping channel, m.

As an example of heat exchange equations, we
can consider the case of heat exchange between a

z,, =§¢z+(7+55j./1—§; ;

describing changes in the temperature of the heat
tank. For the sake of brevity, only the heat
transfer equation for the heat tank is considered.
These equations look like this:

(9)

fluid. But first, it is necessary to obtain the heat
exchange equation for an arbitrarily oriented
direction of heat transfer relative to the main
channel. Such conditions are realized at heat
exchange in the straight and bypass channels
with an arbitrary angle of rise of a helical line of
its axis.

Longitudinal coordinates z and z. do not
coincide in the bypass channel and the main
channel. The relationship between the
longitudinal coordinates z and z. is established
through the angle of rise ¢ and has the following
form:

z, = 2J1+19%p . (10)

If we select a certain section of the straight
channel, then the different sides of this section
will correspond to different cross sections of the
bypass channel, which are located one after the
other and fill some space in the coordinate z.. For
each set of sections of the bypass channel, it is
possible to specify the average cross-section,
which corresponds to a certain coordinate z.
Repeating this procedure for all sides of the cross
section of the main channel, we can conclude that
the rectangular section of the straight channel is
surrounded by a section of the channel with
temperature T., which should be taken at four
different points in the z.. coordinate.

The z.; arguments for the temperature T. take
the following values:

(11)

&, =1+19%p

generalized-shifted fluid and a heat carrier in a
flat channel. This simplest case to record
demonstrates all the basic features of cross-
exchange. In this case, the equations have a
rather complex form:
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- for the internal channel:

Vpc, Z—I =6S+ K, (T -T)a+K,(T,” -T)h+ K, (T, -T)a+K,(T,” -T)h,

- for the channel with the heat carrier:

+

aT
pe — = —Klﬁf _T)a— Kz (TzOC —T)h - Kg(r;o _T)a_ K4 O—f _T)h - Kel(le

Veps G ~T.)@+28,)-
_Kez (T; _T2ee)(h + 259) - Ke3 (Tsw _T3ee)(a + 259) - _KAe (T4OO _TAee)(h + 2§e) (12)
Ki =Ki(zq); Kie = Kie (Z¢) T =T"(z4),

where  Tie the value of the environment Bibliography
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