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Abstract-Although the representation of gas-phase heat transfer by distributed models is now established, 
corresponding examinations of distributed models for liquid-phase heat transfer have not been reported. 
In this work liquid flowing through fixed beds of oarticles was heated at the wall of the bed and the 
tem~rature distribution was measured at the end ofthe bed by an array of the~~upies. The ex~rimental 
temperature dist~bution was compared with the predicted tem~rature dist~bution for two modeis of heat 
transfer in the fixed bed. In the fiist model heat transfer was assumed to take place by radial and axial 
thermal dispersion and axial convection with a thermal resistance at the wall taken to represent changes 
in porosity and conductivity near the wail. In the second model the same model for heat transfer was taken 
to hold in the bulk region, but a variation in thermal properties was considered to extend over a fraction 
of a particle diameter from the wall. For heat transfer to small particles and to particles of high thermal 
conductivity both models represented the experimental data equally well within the range of Reynolds 
number from 5 to 1000. However, for large particles of low thermal conductivity the two-region model 
gave a significantly better representation of the experimental measurements. 

INTRODUCTION 

ALTHOUGH there are several reported investigations 
into heat transfer from containing walls to air flowing 
through fixed beds of particles in which the exper- 
imental measurements have been interpreted by 
means of distributed models, there are no equivalent 
experiments for heat transfer to liquids. Yet the mech- 
anistic interpretation of heat transfer phenomena in 
fixed beds is facilitated by such measurements because 
the change of fluid from air to water corresponds to 
an order of magnitude increase in the Prandtl number 
for the fluid, as well as major changes in density, 
viscosity and thermal conductivity. 

In the usual experimental arrangement for meas- 
uring heat transfer into fixed beds, the wall is heated 
and fluid passing through the bed of particles is heated 
according to the partial differential equation [l] 

The boundary conditions to this equation reflect a 
difference in bed porosity near the wall 12, 31, in which 
the porosity changes from 1.0 at the wall to a value 
of 0.37 at a distance from the wall of about 0.36 when 
the particles show small irregularities of shape. When 
the particle size is small in the domain of the tube the 
extent of the wall region may be neglected and the 
boundary conditions at the wall are 

h(r,--r)=&g at R=R,, x > 0 (2) 

hT= -KRaT at 
aR 

R=R OI x<o (3) 

where equations (2) and (3) show that the bed is 
unheated for negative x and heated for x > 0. The 
solution to equation (1) that satisfies continuity of 
temperature and temperature gradient for x > 0 has 
been given by Gunn and Khalid [7]. It is 

T 

-= -,!I TO 
RoH,/KLKR 

x J(R,2K2K,+BJ2K~)+R~K~~~ 

( J(R ;K=K, + Bf K,) > 

Jo(&RIR,) 

x (R~H’K,+BfK,)J,(/3,) 

where H = ~~~~~K~K~, K = KpYJj2KL, and 8, are 
roots of 

~K~~,(~)-~R~~*(~) = 0. (5) 

According to equation (2) there is a temperature 
jump at the wall, an acceptable condition when the 
particle size is relatively small since the discontinuity 
is small and reflects the change in thermal properties 
near the wall as the porosity is increased. When the 
particle size is larger, however, the extent of the 
porosity boundary layer becomes a more significant 
proportion of the tube cross-section and this con- 
dition is recognized by dividing the fixed bed into 
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NOMENCLATURE 

diameter of particles 
molecular diffusivity 
wall heat transfer coefficient 

hI,t?KLK.J 
Bessel function, zero order, first kind 

KC IJI2& 
volumetric thermal capacity of t&rid 
axial coefficient of thermal dispersion 
referred to superficial area 
radial coefficient of thermal dispersion 
referred to superficiai area 
Nusselt number, hd/A 
radial Peclet group, UK,d/K, 

convective Peclet group defined by 
equations (12) and (13) 
Prandtl group, K&(Q) 
radial coordinate 

R, radius of bulk region 

R, radius of tube 
Re Reynolds number, dUp/p 

SC Schmidt group, p/(Dp) 
T temperature of fluid 

7;, temperature of wall 
U superficial velocity 
x axial coordinate. 

Greek symbols 

;.< 

defined by equation (7) 
roots of equation (5) 

I thermal conductivity of fluid 

& thermal conductivity of fixed bed at very 
low flow rate 

p viscosity of fluid 

P density of fluid. 

two regions. In the inner bulk region the temperature 
distribution is described by equation (l), and this 
region extends from R = 0 on the axis to R = R,, 
that from porosity measurements extends to about 0.3 
particle diameters from the wall. In the wall region 
Gunn and Ahmad [4] have considered that the tem- 
perature is described by the quadratic expression 

R, < R < R,, x > 0 (6) 

where 

ST R,-R, 

‘= c3R, T,-To 0 ---- 
R, -& 

x ---------- = 
KR h(R: R’) (7) R 

so that or is a dimensionless group that characterizes 
heat transfer in the wall region. Expression (6) ensures 
continuity of tem~rature and tem~rature gradient 
in the wall and bulk regions. 

For this two-region model the temperature within 
the bulk region is given by equations (4) and (5) with 
R, in place of Ro. Thus the prediction of the two-region 
model is given by equations (4) and (7) with R, in 
place of R. in equation (4), while the prediction of the 
single region model is equation (4) alone, an 
expression that will therefore include a temperature 
discontinuity at R = R,,. The temperature distribution 
and the temperature gradient for the two-region 
mode1 are continuous over the full extent of the tube. 

THE EXPERIMENTAL ARRANGEMENT 

A line diagram of the experimental arrangement is 
shown as Fig. 1. Water from a constant head tank was 
metered through a bank of three rotameters calibrated 
over the range from 0.3 to 50 1 min _’ and thence into 
a flow distributor at the base of the heat exchanger. 
A diagram of the heat exchanger that was constructed 
from 1.5 mm thick brass tube is shown in Fig. 2. Two 
heat exchangers were employed, one 0.61 m long used 
for the smallest particles, and the second 1.23 m long. 
Three steam entries were used, and condensate was 
removed through three outlets connected to a con- 
densate pump. 

After heating, water flowing through the fixed bed 
of particles entered a concentric arrangement of four 
polypropylene cylinders that projected 50 mm from 
the upper surface of the Tufnol flange into the inner 
brass cylinder so as to touch the top of the packing. 
The polypropylene cylinders prevented radial mixing, 
until the temperature of the heated water had been 
measured by resin-covered chromel-alumel ther- 
mocouples. Other thermocouples were used to meas- 
ure the temperature of the wall and the inlet tem- 
perature. Each thermocouple and thermocouple 
group was connected to a six digit voltmeter by a 
rotary switch. 

The inner brass tube of the heat exchanger was filled 
with particles under study, 0.5 and 6 mm diameter 
glass spheres, 10.3 mm diameter nickel spheres, and 
25.4 mm diameter polypropylene spheres. Movement 
of the particles was prevented by a coarse and a fine 
brass perforated disc secured at the top of the bed. 

Water was allowed to flow through the bed to 
remove air, and steam was then admitted at a pressure 
between 1.7 and 3.7 bar according to the water Aow- 
rate. The temperatures registered by the wall ther- 
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FIG. 1. Line diagram of experimental apparatus. 

mocouples remained constant with a variation of 
+ 0.25”C but less than 90°C to avoid boiling. To avoid 
superheating the steam on expansion from the steam 
supply to the annular jacket, the steam trap was dis- 
connected by closing a valve so that steam injection 
was accompanied by injection of condensate. The wall 
temperature then corresponded to the saturation tem- 
perature of the steam. The~ocouple readings were 
monitored every 10 min until steady state was reached 
when all temperatures were recorded. 

Temperatures measured at the exit of the bed were 
converted to temperature ratios formed as 

These temperatures were then compared in a com- 
puter program with theoretical temperatures for cor- 
responding annuli found by integration of equation 
(4) over the annulus for the single region model, or by 
the integration of equations (4) and (6) as appropriate 
for the two-region model. The computer program 
included a non-linear least squares estimation pro- 
cedure in which the parameters of the distribution, h, 
KL and KR were changed until the variance of the 
experimental points about the appropriate theoretical 
relationship was minimal. The parameters associated 
with the minimum variance were taken as the best 
value provided by that experiment. 

The thickness of the wall boundary region was 
determined in a similar set of numerical experiments 
by finding the thickness that corresponded to the mini- 
mum variance when the three transport parameters 
as well as the region thickness were varied. 

In the estimation procedures it was found that the 
temperature profiles were not sensitive to the 
coefficient of axial dispersion, so that this parameter 
was allowed to vary between upper and lower limits 
set in accordance with the principles of Bayes theorem. 
The temperature profiles were sensitive to the model 
parameters h and KR, and r* and I&. 

DISCUSStON 

Of the four beds under study it was found that the 
fixed beds of glass and nickel spheres were equally 
well described by both models, However, the fixed 
beds of plastic spheres were generally better described 
by the two-region model. The details of parameters 
and variances for experiments with polypropylene 
spheres are given in Table 1. 

The mean variance for Model 2 is one third of that 
found for Model t , and although there is some scatter 
in the radial Peclet group it is evident that this group 
is about 20 for Model 1 (the upper band) but half as 
much, with an average value of 10 for Model 2. The 
wall Nusselt numbers, however, agree fairly well for 
both models. 

Figure 3 is a typical comparison of temperature 
profiles for the two models at three Reynolds numbers 
in the range 600-1400. The full lines represent the 
predictions of Model 2 in which the temperature pro- 
file and the temperature gradient are continuous from 
the centre of the bed to the wall temperature. The 
dotted profiles represent the predictions of Model 1 
showing the di~ontinuity in tem~rature at the wall. 
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FIG. 2. Experimental arrangement for heat exchanger. 

The temperature profiles arising from Model 2 are 
superior mainly because the relative points cannot 
be successfully accommodated to Model 1. For the 
smaller particles for which experiment and the theory 
are compared in Figs. 4 and 5, Model 2 and Model 1 
give equally good representations of the experimental 
data. 

For particles of greater thermal conductivity and 
smaller size examined in the experiments, differences 
between the modeis were small, ex~~mental vari- 
ances and parameter values were therefore similar for 
each model. But the combination of large relative size 

and low thermal conductivity for the polypropylene 
spheres ensured that the variation of thermal prop- 
erties near the wall was projected far enough into the 
bed for significant differences between the two models 
to be shown at the position of the outer array of 
sensors. 

The differences between the two models is not sim- 
ply a matter of the magnitude of the variance. The 
value of the radial Peclet group for mass dispersion 
in beds of im~rmeable spheres for the range of Reyn- 
olds number covered by the polypropylene sphere 
experiments is 11 [5]. The analogue between mass 
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Table 1. Comparison of one- and two-region models for heat transfer to polypropylene spheres, 
R,-R, = 0.02d 

~ ._-.. --.....--... _-. . -____ ~~ 
Model 1 Model 2 

Particle Radial 
Reynolds Peclet Nusselt Radial 
number, number, number, Peclet Nusselt 
duplg udpclx;, hdji Variance number number Variance 

295 
361 
469 
560 
614 
758 
902 

1047 
1191 
1336 
1480 
1661 

Mean 

15.9 
20 
20 
20 
20 
18.2 
19.9 
20 
18.3 
18.2 
20 
20 

73 2.7 X 1o-5 6.3 
74 a.7 x 1om4 20 
68 4.8 x fO-J IS.7 
78 2.7 x IOm4 4.9 
76 4.5 x 1o-4 5.7 
78 4.6 x 10m4 5.9 
90 4.0 x 1om4 12.0 
91 5.1 x 1om4 11.1 
91 8.3 x 1O-4 6.1 
92 7.3 x 1om4 6.8 

102 5.7 x 1om4 7.3 
100 7.1 x 1om4 12.4 

5.20 x IO-“ 

radial dispersion and radial dispersion and radial dis- 
persion of heat in beds of impe~eable spheres is 
the equality between the corresponding Peclet groups. 
Therefore, as all spheres are permeable to heat a Peclet 
group of I I for radial dispersion of heat is an upper 
bound since radial flow of heat through the particles 
will cause a reduction in Peclet group below 11. At 
high Reynolds number when the convective element 
of radial dispersion is dominant, the value of radial 
Peclet groups for thermal disperion will also be 11. 
Thus the values of radial Peclet groups of 20 shown 
in Table 1 for Model I are not feasible. 

Model 2 is therefore to be preferred. The agreement 
of both parameters and variance for both models 
when the particles are small or of high thermal con- 
ductivity is significant. When the particles are small 
the temperature discontinuity for Model 1 and the 
temperature change in the wall region for Model 2 
both represent a small element of the total tem- 
perature distribution. When the particles are larger 
the idealization of the wall boundary region as a tem- 
perature discontinuity at the wall becomes less sat- 
isfactory, a criticism of Model 1 that is met by Model 
2. Model 2 is appropriate when the ratio of tube to 
particle diameter is small, while Model 1 is appro- 
priate when this ratio is large. The dual nature of the 
models is clearly an important feature that allows 
the results of experiments that have previously been 
interpreted by Model 1 to be incorporated into the 
structure of model 2. 

In addition to the comparison of models the other 
significant results of this investigation are the depen- 
dences of the radial Peclet group and the wall Nusselt 
number upon Reynolds numbers from 5 to 1660 and 
for glass, polypropylene and nickel spheres. The 
dependence of Peclet group upon Reynolds number 
is shown in Fig. 6. The experimental results for Model 
1 and Model 2 are distinguished only for the pofy- 
propylene spheres since for these experiments only 
were there significant differences between the two 

15 5.1 x 1o-6 
53 4.7 x 10-j 
54 8. I x 1O-6 

128 1.2 X 1o-4 
282 1.2 x 1o-p 
60 1.6 x lo-4 
67 8.9 x IO-’ 
71 1.3 x 1o-4 
69 1.9 x 1o-4 
14 2.0 x 1o-4 
76 2.3 x lo-“ 
77.5 3.3 x 1o-4 

1.72x 1O-4 

models : the unacceptable feature of the results from 
Model 1 is the value of 20 for the radial Peclet group, 
twice the value of estimates from Model 2 and twice 
the maximum value estimated from analogous experi- 
ments on mass dispersion. 

There was possible evidence of a small effect of 
natural convection upon heat transfer to intermediate 
size particles. Takata et al. [6] have presented a 
numerical analysis of heat transfer by natural con- 
vection without net flow in a porous medium enclosed 
by concentric circular cylinders at different incli- 
nations to the horizontal. They presented these results 
as the dependence of a Nusselt group defined as the 
ratio of, radial thermal conduction with natural con- 
vection~radial conduction without, upon the product 
of the Rayleigh and Darcy groups defined as 

(g is the acceleration due to gravity, /l the coefficient 
of volumetric expansion, AT the temperature differ- 
ence, h the height, k the permeability, tl, the thermal 
diffusivity for the medium, and v is the dynamic 
viscosity). If AT is taken to be the difference between 
the wall and the mid bed temperatures, the value of 
the product of the Rayleigh and Darcy groups was 
about 50. The calculations of Takata et al. indicate 
that for natural convection, an enhancement in heat 
transfer of about 10% would be expected. It is appar- 
ent from Fig. 6 that there is a trend of results for 
6 mm particles just below equation (9) and this small 
difference may be due to enhancement of heat transfer 
by natural convection, but the enhancement is evi- 
dently less than 10%. 

Except for the-experiments on 0.5 mm diameter 
glass spheres dispersion was mainly dominated by 
convection [5], although the influence of radial con- 
duction through the particle phase can be seen in the 
arrangement of experimental results into bands with 
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FIG. 3. Comparison of temperature profiles for experiments on polypropylene spheres at three different 
Reynolds numbers. The full lines correspond to Model 2 and the dotted lines to Model 1. 

results for polypropylene spheres showing the greater 
Peclet group, and those for nickel spheres the least. 

The significant influence of molecular or thermal 
conduction can be seen only for 0.5 mm glass spheres. 
There is a particular point of interest because the 

thermal conductivity of water and of glass are similar 
with handbook values for the thermal conductivity of 
soda glass in the range of 0.7-0.9 and of water in the 
range of 0.540.76 W m-’ K-’ for O-100°C. 

As the experimental results for the 0.5 mm diameter 
particles suggest, the Peclet group at low Reynolds 
number is directly proportional to Reynolds number 
because the coefficient of thermal dispersion becomes 
constant at low Re. If & is the value of KR at low 
Reynolds number, it should be approximately equal 
to the thermal conductivity of water. In an analysis 
of radial dispersion of mass it has been shown [5] that 

the diffusive and convective contributions to dis- 
persion are independent, and by analogy for heat, the 
diffusive components of solid and fluid are inde- 
pendent of the convective contribution. Since the com- 
ponents are independent, if dispersion is considered 

to be a stochastic process with random displacements, 
the total variance of the stochastic motion is the sum 
of the diffusive and convective motions. Then the total 
coefficient is the sum of the convective and diffusive 
coefficients 

& = K,,+& 

or in terms of the Peclet group 

(8) 

1 1 1, 

pe=pe, 
+-- 

iRePr (9) 
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where Pe, if a function of Reynolds number alone. 
For fixed beds of spheres Per is given by [7] 

Pef = 40 - 29 exp (- 7/Re). (10) 

Equation (9) with i,, = /z is plotted as a solid line on 
Fig. 6 and shows good agreement with the exper- 
imental results for glass particles. The sharp decline 
of Peclet group predicted by equation (9) occur at a 
Reynolds number just smaller than the lowest values 
attained in this investigation. However, within the 
range of experiments agreement between experiment 
and equation (9) is within experimental error taking 

into account the uncertainties of thermal con- 
ductivities of fluid and solid due to variations in tem- 
perature across the bed. 

The other model parameter of importance is the 
Nusselt group and the dependence of this group upon 
Reynolds number is shown in Fig. 7, where the legend 
is the same as that employed for Fig. 6. 

At low Reynolds number the temperature difference 

at the wall, or across the wall region is small because 
the particles are only 0.5 mm in diameter in a tube of 
88 mm diameter, so that there is a larger degree of 
experimental variation. As the Reynolds number 
increases, there is a corresponding increase of Nusselt 
number. 

Stock and Coeuret [8] have examined experimental 
measurements of mass transfer from a wall into fixed 
beds of spheres. The most accurate estimates of the 
wall Sherwood group have been provided by the elec- 
trochemical method for the determination of mass 
transfer rates in which limiting current measurements 
are made to determine the rate of mass transfer 
between a large anode and a small cathode. The small 
size of the cathode and the speed of the elec- 
trochemical reaction ensure that the limiting rate is 
determined by mass transfer resistance in the vicinity 
of the wall. The results of four independent exper- 
imental investigations may be correlated by the 
expression 
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FIG. 5. Comparison of temperature profiles for the experiments on glass spheres with prediction of Model 2. 

FIG. 6. The experimental dependence of Peclet group upon FIG. 7. The experimental dependence of wall Nusselt number 
Reynolds number : x , 0.5 mm diameter glass spheres ; 0, 6 upon Reynolds number : x (0.5 mm diameter glass spheres ; 
mm diameter glass spheres; 0, 10 mm diameter nickel l ,6 mm diameter glass spheres; 0, 10 mm diameter nickel 
spheres; n , 25 mm diameter polypropylene spheres. The spheres ; n , 25 mm diameter polypropylene spheres. The full 

full line corresponds to equation (9). line corresponds to equation (12). 
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Sh = 0.8&z”’ Re0.6. (11) 

If the predominant heat transmission path is through 
the fluid phase, the heat transfer group analogous to 
equation (11) is simply 

Nu = 0.8PrLi3 Re0-6. (12) 

This equation is plotted as the solid line of Fig. 7, 
and is a good representation of the dependence of 
experimental Nusselt group upon the Reynolds num- 
ber. The agreement suggests that the contribution of 
the solid phase to the thermal transmittance of the 
wall region is small. This finding is consistent with the 
experimental estimates of thermal dispersion in that 
the regimes of both dispersion and wall transmittance 
are dominated by convection rather than molecular 
conduction in the experimental range covered by this 
investigation. 
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UN MODELE DISTRIBUE POUR LE TRANSFERT THERMIQUE EN PHASE LIQUIDE 
DANS DES LITS FIXES 

Rbum&Bien que la reprtsentation du transfert thermique en phase gazeuse par des modt?les distributs 
est maintenant ttablie, il n’a pas et& trait& de ces modiles en phase liquide. Dans le cas ktudit ici, le liquide 
en kcoulement dans un lit fixe de particules est chauffk a la paroi du lit et la distribution de tempirature 
est mesur&.e B la sortie du lit par un arrangement de thermocouples. La distribution exptrimentale de 
temperature est cornparke avec la distribution calculte par deux modtles. Dans le premier modkle, le 
transfert thermique est suppost se faire par une dispersion thermique radiale et axiale et un transport axial, 
avec une resistance thermique B la paroi pour rep&enter les changements de porositC et de conductivitC 
pr& de la paroi. Dans le second modkle, on garde la meme description dans le noyau central, mais on 
considtre une variation des propribtbs thermiques pr& de la paroi, sur une fraction de diamttre de particule. 
Pour des petites particules et des particules i grande conductiviti: thermique les deux modiles representent 
les donntes exptrimentales kgalement bien dans le domaine de nombre de Reynolds depuis 5 jusqu’$ 1000. 
Pour les grandes particules g faible conductivite thermique, le modele B deux zones donne une reprksentation 

plus satisfaisante que l’autre des mesures expkrimentales. 

EIN RECHENMODELL MIT VERTEILTEN PARAMETERN FtjR DIE 
WARMEUBERTRAGUNG AN FLOSSIGKEITEN IN FESTBETTEN 

Zusammenfassung-Obwohl die WIrmeiibertragung in der Gasphase nun mit Rechenmodellen mit ver- 
teilten Parametern beschrieben werden kann, wurde iiber entsprechende Untersuchungen fiir die Fliissig- 
Phase bisher nichts bekannt. Diese Arbeit handelt von Untersuchungen, bei denen Fliissigkeit, die durch 
ein Festbett aus Partikeln flieBt, an der Wand der Schiittung aufgeheizt und die Temperaturverteilung am 
Ende der Schiittung mit einer Reihe von Themoelementen gemessen wurde. Die experimentell ermittelte 
Temperaturverteilung wurde mit der nach zwei unterschiedlichen Modellen berechneten verglichen. Im 
ersten Model1 wurde Wlrmeiibertragung durch radiale und axiale thermische Dispersion sowie axiale 
Konvektion angenommen, wobei Abweichungen der Porositlt und der Wlrmeleitfihigkeit in Wandnlhe 
durch einen Wlrmeleitwiderstand an der Wand dargestellt wurden. Im zweiten Model1 wurde fiir den 
Kernbereich das gleiche Wlrmeiibertragungsmodell angewandt, fiir eine Wandgrenzschicht (ein Bruchteil 
eines Partikeldurchmessers) wurde jedoch eine Variation der thermischen Stoffeigenschaften angenommen. 
Fiir die Wgrmeiibertragung an kleine Partikel und an Partikel mit hoher Wirmeleitfihigkeit nlherten sich 
beide Modelle in einem Bereich der Reynolds-Zahl von 5 bis 1000 den MeBwerten mit gleich groBer 
Genauigkeit an. Bei groDen Partikeln mit niedriger Wlrmeleitfihigkeit erreichte das 2-Zonen-Rechen- 

model1 jedoch eine bedeutend bessere Anniiherung an die MeDwerte. 
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~l4CTPHSYTkiBHAR MOJI(EJIb TEIUIW&lfHA B l-IJIOTHOM CJIOE C XKMflKOti 

~ra~Tennoo6MeH B rinOTHOM cnoe c ra3oeoii +a308 yxe AaBHo O~HcbtBaeTcK c nOMoxubH3 

A~~p~6y~~HblXMOAeRe~,O~aKO,AOC~X nOpOTCyTCTByeTCOOTBeTCTBylOlUa~ npOBepKa HXIlpKMeHE- 

MWTH K 0wicaHsiIo TenJIOO6MeHa B cnoe c xuinKoii +a3ofi. B ffacronueii cTaTbe paccbiaTpuBaeTcK 

CJIyYai?, KOrAa +iJIbTpyIOLlJUICK 'iepe3 HellOABBlKHble CJIOH 'IaCTUU WiAKOCTb HarpeBaeTCfi y CTeHKU 

CnoK,a pacnpenenewfe TeMnepaTyp HaxoAiiTcn no noKa3aHNffM Tephsonap ~a BbtxoAe H3 cnon.3Kcne- 

p~MeHT~bH0 onpeAe.n&eoe pacnpeAeAeHHe TeMnepaTyp cpaBwfeaeTcr c pac~~AeneHHeM TeMnepa- 

Typ, HaiineHHbIM n0 AByM MOAeJIRM Tennoo6Meiia B HeIlOABU)KHOM CJIOe. B nepBOir MOAeJIA 

npeAnonaranocb,u~o HM~~T hwc~o nonepe.vHoe(paAsanbHoe)~ npoAonbso-0ceBoe paccennse Tenna,a 

OCe~aRKOHB~K~BSCTepMWUeCKHMCO~pOTHB~~HHeMH~~eHKe~C~OAb3OBaHa~KOn~CaHIiK WI3MeHeHWII 

IIO~O~HOCTH A TeIIJIOnpOBOAHOcrB y CTeWKH. COrIIaCHO BTOpOli MOA~JIB TenJIOO6MeH B o6hie Cnoff 
paaz%sTbIBancr aH~o~~YH~M o6pa3oM, a B o6nacTrr, oTcTaIoIuefi OT CTeHKIi Ha AonIo AeaMeTpa 

sacrwu, ywTbIBaJiocb H3MeHeHWe CBOi&TS. B AWaIia30He YHWJI Re= s-im 06e MOAeJIA ORaHaKOBO 

XOpOllrO OnHCbIBaEOT3KCf,epHMeHTilJIbHbIeAaHHbIe IlOTUIJIoo6MeHy B CJIOe A3 MeJIKBX YaCTAU II 'IaCTHII 

C BbICOKOti TeWIOllpOBOAHOCTbK). OLIHaKO &i’IR CnOIlH3 KpynHbIX YaCTHUC HH3KOZi TenJIOnpOBOAHOCTbH, 


