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Abstract—A two-zone model of heat transfer between a fluidized bed and an immersed surface (J. Engng
Phys. 56(5), 767-773 (1989)) is used to correctly take into account the effect of the fluidized gas pressure
and of the surface and bed temperatures on the overall heat transfer coefficient considered as the sum of
conductive (f.,,4), convective (h,,,) and radiative (4,) components. The quantity A4 represents the effect
of contact thermal conductivity of solid particles and also their convection near the heat transfer surface,
h. takes account of the effect of the bed non-isothermicity near the surface on its effective emissivity. Based
on the model used, correlations are obtained for computing the overall heat transfer coefficient. Comparison
with the literature data shows that these correlations are valid over a wide range of experimental
conditions: 0.l £ d<6.0mm; 0.1 <p <100 MPa. 293 < T, <1713K;293 < T, < 1373 K.

INTRODUCTION

IN RECENT times a considerable amount of attention
has been given to investigations in the sphere of fluid-
ized bed combustion and gasification of solid fuels.
The new technology has certain advantages over tra-
ditional techniques—a lower level of harmful emis-
sions, a wider range of fuels being used, less cost of
purification works, etc. The operating conditions of
furnaces and reaction chambers of gas generators pri-
marily involve high temperatures (1023-1173 K) of
the bed and also increased pressures of the fluidizing
gas (up to 2.0 MPa). Under such conditions, heat
transfer between a fluidized bed and a surface has a
complex conductive—convective-radiative character.
Its rate depends on a great number of factors and
their correct representation involves great difficulties
the elimination of which first of all requires the eluci-
dation of the mechanism of heat transfer and then the
development of rather adequate models of combined
heat transfer. For the most part the models available
at present are rather specialized and, as a rule, describe
a very limited body of experimental data on con-
ductive—convective heat transfer {1-5]. The inclusion
of radiative heat transfer is aggravated by the fact that
there is no substantiated technique for calculating the
fluidized bed effective emissivity [5] which would take
into account the non-isothermicity of the bed near the
heat transfer surface. One of the most well-known
empirical formulae for calculating A™* is that of
Baskakov and Panov [7] which predicts rather a
strong dependence of the conductive component on
pressure—the fact not confirmed experimentally [8].
Besides, this formula somewhat idealizes the effect of
temperature T, on A, fully ignoring the bed tem-
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perature (T, )—the fact which also lacks experimental
confirmation [9].

In the present work attention is mostly paid to
the functional dependence of the overall heat transfer
coefficient on the governing parameters which reflects
the effect of gas pressure and of the surface and bed
temperatures on this coefficient and allows extremely
wide generalizations of experimental data available in
the literature.

CONDUCTIVE-CONVECTIVE HEAT TRANSFER

The analysis of the process of conductive—
convective heat transfer is made with use of the two-
zone model [10] which presupposes the existence of
an effective gas film at the heat transfer surface. Within
the scope of this model [10] the following simple
expression was obtained for A, in terms of the gas
film characteristics :

M

The effective thermal conductivity and thickness of
the film are defined as

b = M.

= A,+0.0061pfcf%d )
I, = 0.14d(1 —m)~ 3, 3)
The calculating formula for 4, i.c.
1— 2/3
Nt = 7.2(1—m)¥* +0.044Re Prg—::*) @

which follows from equations (1) to (3), is used as the
basis for obtaining the universal relations Nu._. and
NuZ%,
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NOMENCLATURE
u cylinder radius Af molecular thermal conductivity of gas
A isothermicity parameter at273 K
Ar  Archimedes number, gd” pi( p. — pi)/ui A AL
¢ specific heat I viscosity
d, diameter of particles of ith fraction ¢ 7R
d mean diameter of particles, 1/(Z, ,/d,) 0 density
g frec fall acceleration o Stefan—Boltzmann constant
H bed height a* af(lje, + /e, —1).
h external heat transfer coefficient
ly gas film thickness Subscripts
m bed voidage b fluidized bed
Nu Nusselt number, Ad/ A cond conductive
P pressure conv convective
Pe Peclet number, pecjud i/ HmA? c—¢  conductive—convective
Pr Prandtl number, c;ui/A¢ € effective
Re Reynolds number, udp,/u; f gas
T temperature mf  minimum fluidization
T, inlet gas temperature opt optimum
u superficial velocity r radiative
r coordinate s solid particles
R apparatus radius. w heat transfer surface
e fluidized bed core
Greek symbols z general.
P emissivity
n, mass fraction of particles with diameter ~ Superscripts
d, h horizontal
0 dimensionless temperatures, max maximum
(T—T)/(T, —Tp) 0 at T=273K
A thermal conductivity <> atT=(T,+T,)/2

The analysis of the results of comparison between
the experimental data for /.. with those predicted by
equation (4) showed that this formula satisfactorily
describes only the experimental data for the beds of
large particles (d > 1 mm). In the case of small
particles, equation (4), as a rule, overpredicts the
values of A... Heat transfer in the beds of small
particles is mainly controlled by its conductive
component which is defined by the expression
Arflo = 7.24:(1—=m)*?*/d. The fact noted above indi-
cates that .. does not depend so strongly on the
diameter of particles. Therefore, the following cor-
relation of the dependence of /, on d was made:

ly =k, Ar % d(1 —m) 3. (5)

The non-linear dependence on d is associated with the
special features of motion of solid particies under the
action of hydrodynamic forces near the heat transfer
surface. As is seen, these features are taken into
account by introducing into equation (5) the Archi-
medes number which is the generalized hydrodynamic
characteristic of particles in a gas flow.

The generalization of the dependence of the gas film
thermal conductivity on the determining parameters
was made to correctly take into account the influence

of the fluidizing gas pressure on the conductive com-
ponent /.. It turned out to be possible to realize by
introducing into the expression for the conductive
component A? the simplexes A,/A, p./p; and ¢,/c; that
represent the existence of the contact heat conduction
between particles and their convection near the heat
transfer surface

. AT AT .
/,? = k}/\zf‘ <~) <l)_) <‘ +k, Ap—*k2 PrCfEd.
A pr Cp m

(6)

In this equation, in the second term depending on d,
the factor Ar %! takes account of the non-linear
dependence of Af on d. This is also due to the special
character of the motion of particles near the heat
transfer surface. Equations (5) and (6) together with
equation (1) give

k Y L /0 Voo
b GG o
ky Ar Pr Cr

k ,, 1—m)®?
+E—7Ar"2“'! Re Pr( ) —.
1

(7

For Nul* equation (7) yields
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) A Ky K K
NuZs' =k, Arh(f) <%> (%) + ks ArF Pr.
f f f

(8)
The functional relationships given by equations (7)
and (8) were used for wide generalizations of exper-
imental data on conductive—convective heat transfer.

The values of the coefficients k; were found by com-
parison with literature experimental data. Reliable
determination of the coefficient k, is already a chal-
lenge if only for the specificity of the structure of
equations (7) and (8). Moreover, the solution of this
problem is hindered by the familiar discrepancies in
the determination of the A . coefficients by various
authors (different measurement techniques, different
types and dimensions of heat transfer surfaces, the
specifics of the bed hydrodynamics, locations of
probes, etc.). To hold the effect of these factors to a
minimum, the coefficients k, were found in several
steps.

Initially only the maximum values of the heat trans-
fer coefficients were considered in beds of rather small
particles (d = 0.4 mm) for the convective component
h. . to be neglected. The expression for Nu™2 follows
from equation (8)

NPT AT
Nugona = k Ar"'2<5> () (—) : 9
¢ ¢ As Pr Ce ®

The above equation is very convenient for analysis
and, to determine the exponents in equation (9),
allows one to use the simple and, as it turned out,
rather an effective method that reduces to the mini-
mum the errors in the determination of k; because of
the above-noted discrepancies in the measurements of
the heat transfer coefficient by different researchers.
In the realization of this method use is made not of
the absolute experimental values of /i, but rather
of their ratios. Besides, the comparison is carried out
under identical experimental conditions. Moreover,
those experiments are selected in which the simplexes
AslAey psfpr and c¢ /e, have extremum values. This
sufficiently expands the range of the results used and
increases the reliability of determination of the
coefficients k. Considering this fact, the literature
data selected (pp. 217, 307 and 469 of refs. [11-13],
respectively) were used in the following form:

(heanadeopper/ (Acona)sana = 1.27
(fluidizing medium—idem)
(heonahead/ (Acoma)sana = 1
(fluidizing medium—idem)
(heomadhetum/ (hcona)ar = 3
(particles—idem)
(heomanyarogen! (Meona)aie = 3.45

(particles—idem). (10)

The substitution of equations (9) into equations

(10) with the specific values of 4, p and ¢ led to the
system of four equations which after taking log-
arithms acquire the form

1.27k5+3.02k, + 1.27k%5 —0.72k; = 0.24
1.51k5+3.85k, +1.51k5—1.81k, =0
1.9k5 + 1.7k, — 1.9k + 1.66k = 0.6

1.16k% + 1.94k, —2.6k’s+2.66k = 0.71. (11)

The solution of the system of linear algebraic equa-
tions (11) is k> = 0.16; k;, = 003 k% = 0.14: k;, = 0.30.
The suitability of these values of k] for describing
experiments under different conditions was confirmed
by the results of generalization of literature data [2-4,
8, 14-20] by relation (8) which involved the values of
k; obtained

NP = 0.44r°1 <&>0‘ ) (“)0'30
o Pr Cr

+0.00134r%%% Pr. (12)

Due to the exponent of the simplex A,/4; being small,
the latter was ignored when the experimental data
were processed. Equation (12) is valid in the following
range of parameters: 0.1 < d <4.0mm;0.1<p < 10
MPa (1.4x10% < Ar < 1.11x107). The standard
deviation of experimental points from those predicted
by equation (12) amounts to 14% (Fig. 1). As is seen,
the exponents of Ar and p,/p; being almost equal,
the dependence of the conductive component of the
coefficient A, . on pressure is very weak. This cor-
responds to the well-known experimental fact of the
weak dependence of the conductive—convective heat
transfer coefficient on pressure beds of small particles

[8].
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Fig. 1. Comparison between experimental data of refs.
[2-4, 8, 14-20] and the results predicted by equation (12). 1,
ref. [4] (d=1.3; 4 mm): 2, ref. [2] (d =2; 3 mm); 3, ref.
[3] (d=1.6 mm); 4, ref. [14] (d =0.7 mm); 5, ref. [15]
(d=0.25;0.62;0.98 mm); 6, ref. [16] (4 = 0.1 ;0.4 mm); 7,
ref. [17] (d = 0.26; 0.35 mm); 8, ref. [8} (4 =0.126; 1.22
mm; p = 0.1-8.1 MPa); 9, ref. [18] (d=0.75; 1.5 mm;
p = 0.5-10.0 MPa); 10, ref. [19] (d =0.12-1.16 mm); 11.
2. ref. [20] (d = 0.16-2.37 mm ; p = 0.1-0.93 MPa). 1-7, 10,
at atmospheric pressure.
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The determination of exponents in equation {7) was
also carried out in a few steps. Firstly. only cxper-
imental data on heat transler of a single horizontal
tube in beds at atmospheric pressure and low tem-
peraturcs were correlated when the values of the sim-
plexes 4./4p, p.ipr and ¢ /¢ vary only shightly. This
allowed one to rather reliably reveal the dependence
of h,, on Ar (on the diameter of particles). Cor-
relation of the experimental data of refs, [2-4, 14-17]
on the basis of equation (7) without inclusion of the
simplexes A/4p. poip;, ¢./¢r gave

) . - (1—m)?
Nu, = 26247 {1 —m)~ " +0.033Re Pr . .

(13)

Equation (13} describes experimental data with the
mean-square error of 17% (Fig. 2). It was checked
in the following range of Ar: 1.4x10°-6.8 x 10°
(d = 0.1-4.0 mm). The mean bed voidage was cal-
culated from the familiar relations [10].

The second step in the calculation of the values of
k, in equation (7) was the use of experimental data at
evaluated pressures [8, 18]. The generalization of the
sampling of experimental data on the values of & .
[2-4, 8, 14-18] was carried out on the basis of equation
(7). In this case it was assumed that k, = 0.1: 4, =0:
ko =k-+ks=0.1+k, The latter assumption agrees
with the results of determination of the coefficients 4]
in equation (8) where it was obtained that &, = kL +4&%.
Moreover, it follows from purely physical consider-
ations that it is reasonable to use not specific, but
rather volumetric heat capacities, because it is precisely
these qualities that enter into the corresponding
heat conduction cquations. As 4r includes the factor
opr—1 = p./pe. the condition &, = A, +4 leads to
the appearance of the physically justified factor
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F1G. 2. Comparison between experimental data of refs.
[2-4, 14--17] and the results predicted by equation (13). 1-7,
see Fig. 1.
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Fic. 3, Comparison between experimental data of refs.
[2-4, 8, 14 -18] and the results predicted by equation (14).
1 9.see Fig. 1.

(psc/prog)™ s in the expression for the conductive
component #, .. The generalization of the above-
mentioned experimental data on the quantity 4.
gave the following correlation:

0t/ ND 24
Nu, .= 0.744r"" (2‘) (i“) {1 —my*?
1 T

(I—=m)*?
40.46Re Pr-
m

(14)
which generalized the experimental values of /. with
the mean-square error of 22% (Fig. 3). Equation (14)
was checked in the following ranges: 0.1 € d < 4.0
mm; 0.1 <p < 100MPa(1.4x10° < 4r < LI x 107).

On the basis of equation (14) and with the use of
the condition dVu, ./dRe = 0, the values of Re,,, were
calculated at which the maximum value of Nu, . is
attained. Rather a weak dependence of Re,, on p./p¢
and c¢/c¢; allowed the approximation of the Re,,
values by the following relation:

Re, = 0.09347" (14a)

which in the range 10° < Ar < 107 is in a good agree-
ment with the well-known Todes formula [13]} (the
standard deviation does not exceed 15%).

CONDUCTIVE-CONVECTIVE-RADIATIVE
HEAT TRANSFER

In the first place it is necessary to obtain the deter-
mining temperature for calculating the physical
characteristics of the gas under the conditions of radi-
ation effect. This can be easily done on the basis of
the heat transfer model used. Considering the gas
interlayer 1o be transparent for radiation and also
taking into account that in a developed fluidized bed
the heat transfer is limited only by the gas film resist-
ance near the heat transfer surface, the system of
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equations for modelling the heat transfer of a vertical
tube with a high-temperature bed has the form

1d det
P QG (A(eé)c(wf) = Pe 0} (15)
(ally < &< 1+ajly)
Of(ally) =1; 61 +afly) = (16)
with the additional condition
_ )‘?(Tn)(Tw_ T’E)7 l) do,f\i ! _0'*(Ti _ T‘:)
ly d¢
_ RZ_ 2
— preau(T,, T’(‘)) a a7

H 2a

which determines the temperature of the incoming gas
(T,). The system of equations (15) and (16) was solved
numerically by the time-dependent technique from the
corresponding non-stationary problem. Since 6 is a
function of T%, the solution of equations (15) and (16)
is first found for the given initial approximation 7.
Each subsequent T%, necessary for the determination
of 6¢ from equations (15) and (16). was found from
equation (17). The process of iteration on the quan-
tities 7% and T% terminated when |(T% — T%')/T%|
< 107 %, Calculations were made ford = 1-6 mm, 7.,
T, =873-1473 K. It is found that the value of the
coefficient Ay, determined from equations (15) and
(16) by the formula

t(Ti(a)) dT(a)
T,—-T, dr

o*(T5—TJ)

h =
* T:r,_Tw

(18)

coincides within 1% with the value of sy obtained
from the solution of the system of equations (15) and
(16) at Pe = 0 (for the conditions of the fluidized-bed
furnace operation the value of Pe does not exceed
0.4).

The results of the numerical experiment allow one
to use the system of equations (15) and (16) with
Pe = 0 for the analysis of the specific features of com-
bined heat transfer. At A} ~ (AN°+B(7,—273) it
admits a simple analytical solution [21] which gives
the following expression for A; :

<)':1> /T2 3
hZ =_177+a (Tx)+Tw)(Tx,+Tw)'
0

(19)
The actual dependence of Af on T is not strictly linear,
therefore equation (19) should be considered as a
reasonable approximation.

As is known, the problem of correct representation
of radiative heat transfer within the scope of equation
(19) reduces to the determination of the effective
emissivity of a fluidized bed (e.) which enters into the
quantity ¢* and which takes into account the effect
of the bed non-isothermicity near the heat transfer
surface. The functional dependence of &, on the tem-
peratures of the bed core (7, ) and the heat transfer
surface (7,) was found in ref. [8]

& 7.\ T,
a=A+(1-A)(i—>, (-T:<1>. (20)

Equation (20) was used to correlate the data of ref.
[6] on & measured in a fluidized bed of corundum.
To calculate the coefficient 4 (the parameter of iso-
thermicity). it was obtained that

A=1-exp(—=0164r°"%), Ar=122x10° (2D

where the values of Ar were calculated at the tem-
perature 7, . From equation (21) it follows that with
Ar = 10° the isothermicity parameter is 4 ~ 1 and
& & g,—the case fully corresponding to an isothermal
bed. The result obtained agreed with the conclusions
of ref. [22] where it was shown that intensive inter-
phase heat transfer in the beds of particles with d > 1
mm greatly compensates heat losses by particles due
to heat conduction to the wall. The experimental data
of ref. [23] on heat transfer of chamotte particles at
high temperatures also indicates insignificant cooling
of particles with d > 1 mm and the necessity of taking
this effect into account in the beds of small (4 < 0.5
mm) particles.

The generalization of experimental data of refs. [2,
4, 6, 8, 1418, 24], including also the experiments at
high temperatures [6, 24], on the basis of equations
(14) and (19) led to the following correlation:

0.14 (24
Ntz = 0.85A4r° " (%) (:) (1—m)*?
t f

(1-m? d s s
L NTL T, +T,)

+0.046Re Pr
@y

(22)

This relation generalizes the above-indicated exper-
imental data with the mean-square error of 18% (Fig.
4) and is valid within the ranges: 0.10 < d < 6.0 mm;

40
e
20 X8
2 =) [ ]
wiol .’
3 b
< g al m9
- v2 o0
61— 43 o1l
o4
4 &5
+6
x7
o8
Py =
| 1
20 40

Fi1G. 4. Comparison between experimental data of refs.

[2-4, 6, 8, 14-18, 24] and the results predicted by equation

(22). 1-9, see Fig. 1; 10, ref. [6] (d =0.5;: 6 mm; p = 0.1

MPa; T, =273-1373 K; T, =1073; 1473 K): LI, ref.

[24] (4 =0.35; 0.63; 1.25 mm; p = 0.1 MPa; T, = 433-
1023K: T, =1123K).
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01 <p<I00MPa:293< T, <1473K: 293 T, <
1373 K (1.4x10° < 4r < 1.1 x107).

The result of an analogous correlation of exper-
imental data on the maximum heat transfer coeffi-
cients [2-4. 6. 8. 9. 14-20, 23-28] on the basis of equa-
tions (12) and (19) is

n14
NuP™ = 0.36A4r"'° (p,)
{

/

RAYURIT
(“) +0.001347° %3 Pr
¢

"

/ N
+ </f Co*(T2 +T2NT, +T,). (23)
gl

>

Correlation (23) is checked under the following con-
ditions: 0.1 £ d<6.0 mm; 0.1 <p<10.0 MPa;
23T, <1713K ;293 T, < 1373 K (14x10° <
Ar < 1.1 x107). Tt describes the experimental data
with the mean-square error of 16% (Fig. 5). The
values of the thermophysical characteristics of
phases in equations (22) and (23) are taken at a mean
temperature [(T, + T,.)/2]. The emissivity of an iso-
thermal bed in the expression for ¢* is calculated by
the formula [29]

m—m,

fn = 1,63

1 —my

0310
S

(24

+ (1 ~1.63 f?f-?"—'“l"> £04%S,
1 —m1

@a0X + PO D> AP
OO~NOFHOUN

FiG. 5. Comparison between experimental data of refs.
[2-4.6,8,9, 14-20, 23-28] and the results predicted by equa-
tion (23). 1-12, see Fig. 1; 13, ref. [6] (see Fig. 4): 14, ref.
[25] (d=034-1.66 mm: p=0.1 MPa; T, =423-573
K. T, =3573-1173 K): 15, ref. [26] (d=0.12; 0.32
mm: p=0.1 MPa; T, =373-423 K. T, =473-673 K):
16, ref. [9] (d=1.054 mm); p=0.1 MPa; T, =303
K. T, =1073-1273 K): 17, ref. [23] (d=1.22; 1.73
mm: p=0.1 MPa; T, =423-1573 K); T, = 1223-1573
K): 18, ref. [28] (4=0.37; 1.25 mm: p=0.1 MPa:
7, =337-628 K: T, =573-1273 K); 19, ref. [24] (see
Fig. 4): 20, ref. [27] (d = 0.8; 1.3; 1.8 mm; p = 0.1 MPa:
w=373K: T, =753-1713 K).
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In the case of polyfractional particles, the heat transfer
coefficients arc calculated with the use of the cqui-
valent diameter of particles determined from the
formula

d=1[3 (1,d).

CONCLUSION

Based on the two-zone model, an analysis of the
process of combined heat transfer in a fluidized bed
is carried out. The correct representation of the influ-
ence of pressure, bed temperatures and of the heat
transfer surface on /iy and AF** is made. The effect of
the bed non-isothermicity on the magnitude of the
radiative component of heat transfer coefficient is
taken into account. Relations (22) and (23) derived
are checked over extremely wide ranges of exper-
imental conditions and can be used for calculating
heat transfer in fluidized-bed and gas generators.
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TRANSFERT THERMIQUE ENTRE UNE SURFACE ET UN LIT FLUIDISE: EFFETS
DE LA PRESSION ET DE LA TEMPERATURE

Résumé—Un modele bidimensionnel de transfert thermique entre un lit fluidisé et une surface immergée
(J. Engng Phys. 56(5), 767-773 (1989)) est utilis¢ pour prendre correctement en compte 1'effet de la pression
du gaz et de la surface et des températures sur le coefficient global de transfert considéré comme la somme
des composants conductif (4 ,,.4), convectif (h,,, ) et radiatif (h,). La grandeur A,,,4 représente l'effet de la
conductivité thermique de contact des particules solides et aussi leur convection prés de la surface ; A, prend
en compte l'effet de la non isothermicité du lit prés de la surface sur I'émissivité effective. A partir du
modele, on obtient des formules pour calculer le coefficient global de transfert de chaleur. Une comparaison
avec les données disponibles montre que ces formules sont valables dans un large domaine de conditions
expérimentales: 0, <d<60mm;:01 <p<10MPa:293< 7T, <1713K:293< T, <1373K.

WARMEUBERGANG AN EINER OBERFLACHE IN EINEM WIRBELBETT—EINFLUSS
VON DRUCK UND TEMPERATUR

Zusammenfassung—Der Wirmeiibergang an einer Oberfiiche in einem Wirbelbett wird mit Hilfe eines 2-
Zonen-Modells (J. Engng Phys. 56(5), 767-773 (1989)) untersucht. Dadurch ist es mdglich. den Einflul
des Druckes und der Temperaturen von Oberfliche und Wirbelbett auf den Gesamtwirmeiiber-
gangskoeffizienten korrekt zu beriicksichtigen. Dieser Koeffizient wird als Summe von Wirmeleitungs-,
Konvektions- und Strahlungs-Beitrdgen betrachtet. Der Warmeleitungsanteil enthilt die Einfliisse des
Kontaktwiderstandes zwischen den Feststoffpartikeln wie auch deren Konvektion nahe an der wiirmeiiber-
tragenden Oberfliche. Im Strahlungsbeitrag wird der EinfluB ungleichférmiger Wirbelbettemperatur
nahe der Oberfliche auf das effektive Emissionsvermégen beriicksichtigt. Mit Hilfe des verwendeten Modells

ergeben sich Korrelationsgleichungen zur

Berechnung des Gesamtwirmeiibergangskoeffizienten.

Ein Vergleich mit Angaben aus der Literatur zeigt, dafl diese Korrelationen iiber einen weiten Bereich von
Versuchsbedingungen giiltig sind: 0.1 £d<6,0 mm; 0.1 <p<100 MPa: 293 < T, <1713 K:
293< T, <1373 K.

3AKOHOMEPHOCTH TEIIJIOOBMEHA MEXY NOBEPXHOCTBHIO U
NCEBAOOXWXEHHBIM CJIOEM: VUET BIIMSAHUS JABJIEHUSA U TEMITEPATYPBI

Amoramms—/IByx30HHas MOJAETb TEMNOOOMEHa MEXIY NMCEBAOOKMKEHHBIM CJI0EM H TIOIPYXEHHOW B
Hero mnoBepxHocThiO (J. Engng Phys. 56(5), 767-773 (1989)) ucnoib3yeTcs 1 KOPPEKTHOTO ydera
BJIMSHHA [ABJICHHS NABJICHHA OXKHKAIOLUIETO ra3a, TEMIIEPATYp NMOBEPXHOCTH M CJIOS HA BEJHYHHY
noJHOro ko3dpuumeHTa TEMIOOOMEHA, paCCMAaTPHBAEMOTO KaK CyMMa KOHAYKTHBHOH (h ,,.), KOHBeK-
TuBHOH (h_,,) ¥ paauaunoHHO# (h,) cocTaBngiomnx. Benuunna h . YYUTHIBAET BIHAHHE KOHTAKTHOM
TEIUIOTIPOBOXHOCTH TBEPABIX YACTHIL, 4 TAKXKE HX KOHBEKIHIO y TEIIOOOMEHHON MOBEPXHACTH, h, yuH-
TLIBAET BJIMSAHHE HEM3O0TEPMHYHOCTH CNIOA Y NMOBEPXHOCTH Ha ero 3¢xpexTHBHYIO cTemeHb 4epHOTHL. Ha
OCHOBE HCIOJIb30BAHHOM MOJENH MOJYYeHbl KOPPENAUMH [UIS pacyeTa MONHOrO xo3dduimeHTa Ten-
noobMeHa. CpaBHEHHE C IHTEPATYPHBIMH RAHHBIMHM IIOKA3allo, YTO 3TH KOPPENAlMH CHPaBeLMBLI B
IUMPOKOM JHana3oHe M3MEHCHHS YCAoBHA dkcmepuMenTa: 0,1 < d <60 Mm; 0,1 < p <100 MIa;
293< T, <1713K;293 < T, < 1373 K.



