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Abstract — Experiments have been conducted to measure the heat transfer coefficient between an electrically
heated single horizontal tube and air-solid fluidized beds of glass beads, dolomite, sand, silicon carbide and
alumina particles. The effect of size, shape and density of the particle, specific heat, air mass fluidizing velocity,
tube size, tube material, bed depth, heat flux and distributor design on heat transfer rate has been
investigated. Experimental results of heat transfer coefficient, h,,, are compared with the predictions of the
existing correlations for these quantities. These correlations are found to be inadequate to reproduce the
present data. Therefore a correlation has been proposed for k,, on the basis of our experimental data and
examined to assess its appropriateness on the basis of available data in the literature.

NOMENCLATURE

A, cross sectional area of bed, m?;

A,, surface area of a smooth tube, m?;

C,s,  specific heat of fluidizing air at constant
pressure, kJ kg 1K !;

Cpss specific heat of solid particles,
kJkg7'K™!;

d, average particle diameter defined by equa-
tion (1), m;

dy;, arithmetic average diameter of the suc-
cessive screens, m;

D,, bed diameter, m;

D, outside diameter of a smooth heat transfer
tube, m;

Dy, 4, heat transfer tube 12.7 mm in diameter, m;

9, acceleration due to gravity, ms~2;

G, superficial mass fluidizing velocity,
kgm™2s71;

Gy, mass velocity at minimum fluidizing con-
dition, kgm~2s7!;

h,, total average heat transfer coefficient for a
smooth tube, Wm~2K™1;

H, distance between pressure probes, m;

H,; bed height at minimum fluidizing con-
dition, m;

H,, static bed height, m;

kg, thermal conductivity of air, Wm™'K!;

Nu,,,, Nusselt number based on particle diameter,

=(h,d,)/k;, dimensionless;

Nu,r, Nusselt number based on tube diameter,
=(h,Dz)/k,, dimensionless;

Q, electrical power supplied to heater, W;

Pr, Prandtl number, = (uC,, )/k,, dimension-
less;

Re,, Reynolds number, = (Gd,/u), dimension-
less;

T average fluidized bed temperature, K ;

*Present address : Department of Mechanical Engineering,
University of North Dakota, Grand Forks, ND 58202, U.S.A.

T., average surface temperature of the heat
transfer tube, K ;

U, superficial fluidizing velocity, ms™!;

Uny;,  minimum fluidizing velocity, ms™!;

Wi, weight fraction of particles in a specified

size range, dimensionless;
w, weight of the bed, kg.
Greek letters

pressure drop across the probes, Pa;
&, bulk bed porosity, dimensionless;

Emps bulk bed porosity at minimum fluidizing
condition, dimensionless ;
1 —¢ volume fraction of bed occupied by par-

ticles, dimensionless;;
Ps fluidizing gas density, kgm~3;

Ps density of solid particles, kgm™3;
I viscosity of the fluidizing gas Nsm~3;
ds sphericity of solid particles, dimensionless.

1. INTRODUCTION

THE RECENT energy crisis has given added incentive to
the development of efficient techniques for power
generation by the use of available fossil fuels in the
United States. One such fuel is coal and extensive work
is going on to develop fluidized-bed combustion of
coal to generate steam and compressed hot gases to
drive turbines in a combined power cycle. The bed has
imbedded boiler tubes through which water is passed
to generate steam. An efficient design requires the
knowledge of the heat transfer coefficient between the
tube and the bed, and its dependence on operating
conditions, bed material and tube dimensions. The
present experimental effort is motivated to produce
information to achieve this final goal. In particular, we
report data for the average heat transfer coefficient for
a horizontal tube (electrically heated) immersed in a
fluidized bed of particles (less than 1 mm) of different
properties at room temperature as a function of
fluidizing velocity. The fluidized-bed combustors
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burning high sulfur coal in a bed of limestone or
dolomite use larger particles, greater than 1mm,
However, the information reported here will be di-
rectly useful for the design of low rank coal fluidized
bed combustors. Here, crushed low rank coal is burnt
in inert bed of silica sand or alumina particles of size
less than 1 mm. A pilot plant to study the combustion
characteristics of low rank coals is in operation at the
Grand Forks Energy Technology Center [1].

There are a number of exhaustive reviews of basic
studies on fluidized bed heat transfer [1-10]. The
majority of the experimental and theoretical effort has
been toward an understanding of the mechanisms of
heat transfer to fluidized beds by unsteady-state
conduction to moving solid particles at temperatures
such that radiation can be neglected (<900K) and
with particle sizes (< 1 mm) sufficiently small so that
gas convection can also be neglected for nonpres-
surized systems. Based on the analysis of the existing
studies of mechanisms of wall-to-bed heat transfer,
Saxena et al. [10] have suggested the various factors
which must be considered in developing a generalized
correlation. These are: (a) the principal mode of heat
removal is by fluidized-particle heat absorption and
therefore the volumetric heat capacity of the particles
must be considered ; (b) heat is conducted from the
wall and between the absorbing particles through the
interstitial gas phase and therefore a generalized
correlation must contain gas thermal conductivity;
and (c) the rate of heat transfer depends on the particle
residence time and therefore a generalized correlation
should account for at least the bubbling characteris-
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tics, particle drag forces and the system geometry.

A number of experimental investigations have been
reported on the measurement of heat transfer rate
between a horizontal tube and fluidized beds [ 10-37].
Several correlations have been proposed for the total
average heat transfer coefficient, h,, and these are
listed in Table 1. These correlations have been em-
ployed for the interpretation of our experimental data.

None of the correlations for h,, include all the
important parameters mentioned above. The purpose
of this paper is two-fold. First, to check the validity of
the existing correlations by comparing them with our
data obtained for different particle sizes and shapes,
particle physical and thermal properties, tube sizes,
tube materials and operating conditions. Secondly, to
propose a new general correlation involving volumet-
ric heat capacity of solid particles and such other
important parameters which have not been included in
earlier works. The proposed correlation is also as-
sessed on the basis of available data in the literature.

2. EXPERIMENTAL APPARATUS AND
PROCEDURE

The details of the fluidized bed system employed in
the present series of experiments are given in our
earlier publications [1, 35, 37]. It is instrumented for
the measurement of temperature, pressure, air flow
rate, and power supplied to the heat transfer tubes. The
fluidizing column (30.5 x 30.5 cm) is supplied with air
which flows through an air jet breaker plate in the
calming section and then through the fluidized bed
distributor plate. The heat transfer tube is mounted

Table 1. Different correlations for the prediction of the total heat transfer coefficient, h,,

Reference

Correlations

Vreedenberg [11]

Andeen and Glicksman [15]

Petrie et al. [13]

Ainshtein [14]

Gelperin et al. [16]

Genetti ez al. [17] Nuyr =

Nu,; = 420[

Nu,; = 4.38[

T
o Ndplg
GD 2 0.326
NuwT=900(1—£)[( ’-”’)( - )] Pro-2
oot Ndypig

Nu,r = 14G/G,,,)'? Pr'’3(Dr/d, )"

Gd 0.34
Nu,p = 5.76(1 — s)(—") Pro33(H /D,)° 8 (D1/d,)
He

1 GANT*?/1—¢
6(1—5)(72)] ( e )(D’/a”)
111 - &)°3
r 0.2512 (Dr/dy)
1+
G(]p 0.24 ,
—) (d,/0.000203)
u

&

1 —e\/Gd\ T+
Ternovskaya and Korenberg [12] Nu,,; =29 ( > —) Pr33(Dr/d,)

u
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Table 2. Minimum fluidization velocity and relevant properties of solid particles

. dp Ps Gm{ Cps emg ¢.s H mf

Material (um) (kgm™3) (kgm~*s~Y) (kIJkg'K"Y) (cm)
Silicon 178 3220 0.047 0.837 0.495 0.67 31.1
Carbide 362 3240 0.187 0.837 0.49 0.67 368
Alumina 259 4015 0.125 0.766 0.51 0.64 347
Silica 167 2670 0.0325 0.800 0.44 0.81 358
451 2670 0.181 0.800 041 0.84 337

504 2670 0.264 0.800 0.42 0.88 36.2

Dolomite 293 2840 0.126 0.929 0.525 0.635 237
Glass beads 265 2490 0.071 0.754 0.40 1.00 36.0
357 2490 0.127 0.754 0.40 1.00 35.7

427 2490 0.1955 0.754 0.405 1.00 367

Lead glass 241 4450 0.1115 0.440 040 1.00 360
Dolomite 312 2840 0.1415 0929 0.54 0.60 266

horizontally with its center axis 213 mm above the
distributor plate. Three different distributor plates
employed in the present work consist of two perforated
plates with an open area of 37.5and 7.7% [37],and a
bubble cap distributor with an open area of0.2%, [36].

The fluidizing air is supplied by a compressor and its
flow rate is measured on calibrated rotameters with an
accuracy of +19%,. The pressure in the fluidized bed at
various locations is measured with manometers. The
heat transfer tube is electrically heated with a calrod
heater, and is fitted with eight iron-constantan ther-
mocouples. The ends of the tubes are provided with
Teflon support to reduce axial heat loss which is
estimated to be less than 19,. A DC power supply with
a voltage regulation of £0.01 % is used to energize the
heater. A voltmeter and an ammeter with an accuracy
of £0.59% are used to measure the electric power
supplied to the heater. Two thermocouples are used to
measure the fluidized-bed temperature and these are
located 13.3cm above and below the heat transfer
tube. The average of these two values is used in the
calculation of the heat transfer coefficient. In our
experiments for G/G,, > 1.3, the difference between the
temperature indicated by the two thermocouples never
exceeded 0.16 K (0.3 °F). The top thermocouple read-
ings are always greater than the bottom thermocouple.
The average temperature difference between the tube
surface and the bed varies between 10 and 35K
depending on particle size, fluidizing velocity and tube
size. The thermocouples are connected to a Leeds and
Northrup Numatron temperature recorder with 0.1 K
resolution and a 21 column digital printer.

Minimum fluidizing velocity and relevant physical
and thermal properties of the solid particles used in the
present investigations are reported in Table 2. The
average diameter of particles, Jp, is obtained from the
sieve analysis of solid particles and using the following
relation :

- 1
&= S i

i
The minimum fluidizing velocity for a given bed of
solid particles is determined in the conventional
fashion [7] by measuring the pressure drop as a

1)

function of fluidizing velocity. The minimum fluidizing
velocity is established by the intersection of the two
linear plots describing the constant and decreasing
pressure drop with decreasing fluidizing velocity [38].

The values of ¢,,, are calculated from the following
simple relation:

(1 - 8mf)(:os - pf)g (2)

AH, .~
The sphericity of solid particles, ¢,, is obtained by
using the Ergun correlation [7],

1.75(¢d 1 -
(d); p) ngf + 150< 3 8m,>Gmf
HPgémy EmsPy |

— ((Jbsa-p)z (ps - pf}g
'—————‘u .

The calculated values of &, and ¢, are listed in Table 2.

The settled or slumped bed heightis kept the same in
all experiments at approximately 35cm. A typical
experiment involves recording the surface temperature
of the tube using eight thermocouples located at
various positions, bed temperature and inlet air tem-
perature. The steady state in heat transfer experiments
is assumed to be established when the time-averaged
bed temperature variation is less than 0.2K h™*, The
following equation is used to calculate the average heat
transfer coefficient, A,

3

Q

S —
Aw(Tw - Tb)

“)
The maximum absolute error in experimental values
of h,, is estimated as +89%. The precision of our
measurements as judged from the reproducibility of
the data points is about 2%,
The pressure loss in a fluidized bed, AP, is equal to
the weight of the bed per unit cross-sectional area i.e.,

AP = H(1 — e)p, ~ py)- (&)

The above relation is used to measure the average bed
porosity in the vicinity of the heat transfer tube by
measuring the bed pressure drop, AP, between the two
pressure probes mounted flush with the column wall
and 13.3cm above and below the center of the heat
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F1G. 1. Average heat transfer coefficient as a function of mass
fluidizing velocity.
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transfer tube. The fluctuation in AP is observed to be a
function of G - G,,,, bed material and distributor
design. The pressure drop across the bed is recorded
over a period of time and an average value is employed
in equation (5) to calculate «.

3. EXPERIMENTAL RESULTS

Experimental values of the average heat transfer
coefficient, h,,, and particle fraction in the bed, 1 — ¢,
are shown in Figs. 1-7. The qualitative variation of the
dependence of h, on G in each case is in complete
agreement with the reported trends observed by
various earlier investigators [3, 5]. The values of h,,
increase with an increase in the value of G, but decrease
with larger gas velocities and attains a maximum at
some intermediate value (Figs. 1 and 6). This can be
explained on the basis of the “particle mode” of heat
transfer [39] and known concepts involving the par-
ticle residence time on the surface and particle density
close to the surface. The magnitude of h,, depends upon
the net contribution arising from these two opposing
factors.

The heat transfer coefficient decreases with an
increase in solid particle diameter as seen from Figs.
2(b), 4(a) and 5. This qualitative trend is in complete
agreement with the reported findings in the literature
[3, 5, 35, 36]. The decrease in h,, with an increase in
particle diameter (d,<1mm) is explained as pre-
dominantly due to an increase in the average gas
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FIG. 2. Average heat transfer coefficient as a function of mass fluidizing velocity.
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Fi1G. 7. Average heat transfer coefficient as a function of mass fluidizing velocity.

conduction paths between the heat transfer tube and
the first row of particles and between particles. The
increase in the gas conduction path increases the
resistance to heat flow. Further, the particle surface
area per unit volume of the bed is larger for small
particles and therefore small particles are more ef-
ficient in exchanging heat with the surface.

The effect of bed height, H,, on h,, is displayed in Fig.
5(a). A single curve can be used to represent data for
the two bed heights of 25.5cm and 35.0cm. Thus, at
least in this range practically no influence of bed height
on h,, is observed.

The effect of tube material on h,, is demonstrated in
Fig. 3(b). The main motivation of these experiments is
to check the adequacy of our experimental procedure
for the determination of the average surface tempera-
ture of the heat transfer tubes of different materials
employed in the present work. Itis evident that asingle
curve can be used to represent the data for copper and
bronze tubes within the reproducibility of our experi-
ments. Thus, this result substantiates the adequacy of
the adopted procedure for the measurement of average
surface temperature of the tube. Further, it may be
concluded that, as expected, the tube material does not

have any influence on h,,.

The values of the heat transfer coefficient decrease
with an increase in tube diameter as shown by Figs.
4(b), 6(b) and 7(a). This is also in agreement with
earlier investigations [11, 13, 27]. This decrease is due
to an increase in the temperature of the solid particles
as they flow around the tube. Under similar fluidizing
conditions, the temperature rise of the solid particles
will be larger while flowing past the tubes of larger
diameter compared with tubes of smaller diameter.

The effect of the distributor design on h,, for the two
sizes of silica sand is displayed in Figs. 4(a) and 5. The
distributor design influences the values of k,, mainly at
low values of G. With increase in the value of G, the
difference in values of h, for different distributors
decreases; at the optimum fluidizing velocity, practi-
cally identical values of h,, are found. This dependence
of h,, on distributor design has already been explained
qualitatively on the basis of bubble size and particle
mixing in the bed [37].

The effect of heat flux (Q = 113.5-315.5 W) on h,, for
alumina (d, = 259 um) is sketched in Fig. 7(b). It is
seen that h,, increases with an increase in heat flux. This
is because the thermal conductivity of the fluidizing
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medium increases with an increase in bed temperature.
A similar conclusion has been derived by Priebe and
Genetti [34].

4. AVERAGE HEAT TRANSFER
COEFFICIENT
4.1. Comparison of present experimental values of h,,
with existing correlations

The comparison of the present h,, data with seven
existing correlations is shown in Figs. 8—14(a). None of
these correlations are able to predict values of h,, for all
the present experimental conditions. The correlations
of Ainshtein [14] and Gelperin et al. [16] consistently
overpredict h,. The correlation of Petrie et al. [13]
gives a good prediction for coarse sand (d, = 451 and
504 um) but is only reasonably successful for silicon
carbide (d, = 362 ym) and glass beads. On the other
hand, the predictions for alumina, dolomite, fine sand
(d, = 167 um) and silicon carbide (d, = 178 um) are
rather poor. These general comments are valid for all
three sizes of heat transfer tubes (D = 12.7-28.6 mm).
The correlation of Ternovskaya and Korenberg [12]
predicts the data for glass beads better than any other
correlation. However, it over-estimates the rest of the
present data. The correlation of Genetti et al. [17]
consistently over-predicts the present data except for
glass beads.

Vreedenberg’s correlation [11] as modified by An-
deen and Glicksman [ 15] gives good predictions for all
heat transfer data, excluding fine sand (d, = 167 ym),
for a 12.7mm diameter tube. With increase in tube
diameter, the correlation fails to predict the experi-
mental data both for 19.1 and 28.6 mm diameter heat
transfer tubes. Vreedenberg’s correlation [11] predicts
h, for sand, alumina and silicon carbide and for
12.7mm diameter tube as well as modified
Vreedenberg’s correlation [2]. The predictions for
dolomite are not good. From these comments, it is
clear that a correlation which can predict all of the

N. S. GREwAL and S. C. SAXENA

present data is needed and this is given in the next
section.

42. A proposed correlation

While the modified Vreedenberg’s correlation does
include the gas thermal conductivity (k,), geometry
effects (D7) and terms related to particle drag forces
(d,, 1, p), the volumetric heat capacity of solid particle
(0sC,) is neglected. The dependence of h,, on p,C; is
well known [3, 39] and has been verified experimen-
tally by Ziegler et al. [25, 39]. Therefore, a correlation
of the following form is being proposed,

GDrp, ¥’ )”
prit dyplg

.<pstsD%“g""2
kf

Nu,r=¢c(1 — s)(

)2 PrO .30’ (6)

where bulk bed porosity is given by [1]:

1 ﬂG 0.43}1 /3j|
04 4 .
[ * { (a:(pf(ps 62 g))

f=—
~
7

T2l

This is of the same form as the modified
Vreedenberg's correlation except for an additional
dimensionless factor, (p,C,,D¥?g/k,), which accounts
for the volumetric heat capacity of solid particles, the
tube diameter, and the thermal conductivity of the
fluidizing gas. The values of the constants ¢, d and e are
obtained by regression analysis of the present data on
sand (Jp = 451, 504 um), silicon carbide (Ep = 178,
362 um), alumina (d, = 259 ym) and glass beads (JP
= 265, 241 um) and Ziegler’s data [25] on copper,
nickel and solder (d, = 136 um). The final form, the
above correlation of equation (6) assumes, is

2

GDrp, 1 )"‘“5

pei dyplg
.<pscpsD§r/291/2>o.23 Pr°'3°. (8)

ky

Nu,r =47(1 — 8)(

Nuyy7/((1-€)Pr0-33(H/D)0 (D /dp))

(

6

8 40

Gdp
HE

FIG. 8. Comparison of the present experimental data with Ainshtein’s correlation [14]. Symbols and other
related details are explained in Table 3.
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FiG. 9. Comparison of present experimental data w1th the correlatnon of Gelperm et al. [16]. Symbols and
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present correlation. Symbols and related details are explained in Table 3.
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F1G. 12. Comparison of present experimental data with the correlation of Genetti et al. [17]. Symbols and
related details are explained in Table 3.

As shown in Fig. 14(b), the predicted values of h,, are
within 4259 of the present experimental results for
all the solid particles except for silica sand (d,
= 167 ym).

4.3. Comparison with earlier studies

The reliability of a correlation is considerably
enhanced ifit can also predict the data not employed in
its development. We have, therefore, undertaken here a
detailed comparison between the predictions from the
present correlation and the data of various investi-
gators. This is graphically displayed in Figs. 15 and 16.
The values of ¢ can be calculated from equation (7) if
the sphericity of solid particles, ¢,, is known. For all
other cases the correlation of Goroshko et al. [40] is
used. All the necessary properties of air are calculated
at the average of the bed and tube surface tempera-
tures. In general, there is a good agreement between
the predicted values of A,, from the present correlation
and the experimental values of h, of various in-

vestigators. However, the experimental values of A, of
Cherrington et al. [32] are consistently larger than the
calculated values of h,. This discrepancy can be
partially explained by examining the method em-
ployed for the determination of h,,. Cherrington et al.
[32] measured the local heat transfer coefficient by
placing small electrically heated strips along the
circumference of an unheated Plexiglas tube. The
average heat transfer coefficient, h,,, was then obtained
by the integration of the experimental values of the
local heat transfer coefficients over the tube circumfer-
ence. Since the Plexiglas tube was not heated, the
measured heat transfer coefficient would be too large,
because the solid particles moving along the surface of
the tube would not be preheated before reaching the
heated strip. The amount of preheating of particles
before reaching a corresponding position when the
whole of the tube is heated would depend on factors
such as tube diameter, physical and thermal properties
of solid particles, and mass fluidizing velocity. The
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related details are explained in Table 3.
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FiG. 14. Comparison of present experimental data with (a) modified Vreedenberg s correlation [15] and (b)
present correlation. Symbols and related details are explained in Table 3.

agreement between the experimental values of
Vreedenberg [11] for D; = 33.6mm at low values of
fluidizing velocity and the predictions based on the
correlation of equation (8) is not good.

5. SUMMARY AND CONCLUSIONS

Based on this experimental study and calculations
from different correlations the following conclusions
may be drawn:

(1) None of the existing correlations for h, are
capable of predicting the present data taken
under different experimental conditions.

{2) The correlation of equation (8) for k,, which also
accounts for the volumetric heat capacity of the
solid particles is found to yield good agreement
for ail the present data and the data of the other
investigators,

|
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TRANSFERT THERMIQUE ENTRE UN TUBE HORIZONTAL ET UN
LIT FLUIDISE GAZ-SOLIDE

Résumé-—Des expériences sont faites pour mesurer le coefficient de transfert thermique entre un tube
horizontal chauffé électriquement et des lits fluidisés air-solide avec des particules de verre, dolomite, sable,
carbure de silice et alumine. On étudie les effets de la dimension de la particule, de la forme, de la densité et de
ia chaleur massique ainsi que de la vitesse de 'air, de la dimension du tube, de sa nature, de la hauteur du lit,
du dessin du distributeur. Des résultats expérimentaux sur le coefficient de transfert thermique &, sont
comparés avec les formules déja existantes. Ces formules sont trouvées ne pas reproduire les données
présentes. Une formule est proposée pour h,,, sur la base de ces expériences et elle est examinée 4 travers les
données disponibles dans diverses publications.

WARMEUBERGANG ZWISCHEN EINEM HORIZONTALEN ROHR UND EINEM
GASDURCHSTROMTEN FLIEBBETT

Zusammenfassung—Es wurden Versuche durchgefiihrt, um den Wirmeiibergangskoeffizienten zwischen
einem elektrisch beheizten waagerechten Einzelrohr und einem von Luft durchstromten FlieBbett aus
Glaskugeln, Dolomit, Sand, Silikonkarbid und Aluminiumteilchen zu bestimmen. Folgen der EinflugréBen
auf den Wirmeiibergang wurden untersucht: TeilchengrofBe, Gestalt Dichte und spezifische Wirme,
Luftdurchsatz, Rohrabmessungen, Rohrwerkstoffe, Hohe des FlieBbetts, Wiarmestromdichte und Verteiler-
bauart. Die gemessenen Werte des Warmeiibergangskoeffizienten « wurden mit Werten verglichen, die nach
bekannten Gleichungen berechnet wurden. Es wurde gefunden, dal3 diese Gleichungen die vorliegenden
Daten unzulinglich wiedergeben. Deshalb wird eine Gleichung fiir « auf der Basis unserer MeBergebnisse
vorgeschlagen und an Literaturwerten iiberpriift.

TETUVIOOBMEH MEXAY I'OPU3OHTAJIBHOHM TPYBOUW U CJIOEM TBEPJABIX YACTMUILL,
NCEBJCOXMXEHHLBIX TA30M

Annotaums — [IpoBeaeHsl JKCNEpHMEHTANBHBIC M3MEpeHHA KkodbduudeHTa TernooOMeHa MEXAY
HarpeBaeMoOM DEKTPHYECKHM TOKOM FOPH30HTANbHOW TPYOOH M CNOAMM CTEKASHHBIX LLAPHKOB,
4acTHU AONOMHMTA, Necka, XKapOuaa KpeMHHs H aJIFOMHHHA, TICEBIOOXKMKEHHBIX ra3om. Mccnenosanock
BJIMSIHHE pa3Mepa, GOPMBI, IOTHOCTH H TEMIOEMKOCTH YACTHI, MACCOBOM CKOPOCTH rasa, pasMepa H
MaTepnana TpyObl, BHICOTEI €O, MUIOTHOCTH TEIUIOBOIO MOTOKA M KOHCTPYKUHMH pacnpeienuTeasHOM
PEIETKH HAa HHTEHCHBHOCTL TENNOOOMEHA. JKCnepHMEHTajIbHbie 3HaueHus ko3pduumenrta Ttemno-
obMEHa /i, CDaBHHBAIOTCH C DACYETHBIMH, MOAYYEHHBIMH C TOMOIIBIC W3BECTHBIX KOPPEIALHM.
Moxa3aso, 4TO NOCNCIHHE HE ONHCHIBAIOT aJEKBATHO IKCHEPAMEHTANIbHBIE AaHHbe. [losToMy ans A,
NPE/UIOKEHO COOTHOILEHHE, NONYYCHHOE Ha OCHOBE [aHHBIX IKCACPHMEHTOB, KOTOPOE YAOBNETBOPH-
TEJLHO OMUCBHIBAET H HMEIOLLMECH B JIHTEPATYPE AaHHbIE,
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