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Laminar heat transfer in the oil groove of 
a wet clutch 

P. PAYVAR 

Department of Mechanical Engineering, Northern Illinois University. DeKalb, IL 60115, U.S.A. 

Abstract-Numerical results for the analysis of heat transfer to laminar flow in radial grooves of wet clutch 
friction faces are presented. It is shown that a thin oil film intervening between the friction face and the 
metal separator plate has an important effect on the overall heat transfer coefficient between the metal 
plate and the oil flowing in the groove. Experiments carried out under continuously slipping conditions 
on an actual clutch are described and the measured overall heat transfer coefficients are compared to the 
results of the numerical analysis. The agreement between the numerical and the experimental results is 
within an r.m.s. deviation of 10.7%. The experimental error is estimated to be IO. I %. The good agreement 
allows the use of numerically calculated heat transfer coefficients for a complete thermal analysis of the 

wet clutch. 

INTRODUCTION 

IN THE OPERATION of an oil-cooled (wet) clutch, two 
rather distinct modes may be identified. In the engage- 
ment mode, the grooved friction plate and the metal 

separator plate slip with respect to each other for very 
short time intervals, typically from 0.2 to 2 s. The 
frictional heat generated during the engagement 
period is mostly absorbed by the metal separator plate 
with the oil flowing through the grooves playing a 
secondary role in heat removal. In the continuously 

slipping mode, the two plates may slip for periods 
of time as long as IO-20 s. In this latter mode, the 
temperatures at various points in the plates reach ftnal 
steady state values in a few seconds, after which all of 
the generated heat must be removed by the oil flowing 
in the grooves of the friction plate. The value of the 
heat transfer coefficient between the metal separator 
plate and the groove oil will then determine the steady 
state temperature level in the clutch. Of the many 
groove patterns commonly used, the present study 
focuses on the radial groove pattern because of its 
simplicity. 

Figure I(a) shows a sector of a radially-grooved 
composite friction plate with two neighboring grooves 
and the land area between them where frictional heat 
is generated. Figure 1 (b) shows a cross-sectional view 
of the metal separator plate and the friction plate, as 
well as their relative position during the continuously 
slipping mode. In particular, a thin film of oil is shown 
separating the two plates. The ratio of the film thick- 
ness to groove depth is generally less than 0.01. How- 
ever, it will be shown in the following sections, that 
this film plays an important role in determining the 
heat transfer coefficient between the separator plate 
and the groove oil because of its screening action. 
Figure 2(b) shows the recirculating pattern in the 
groove. The top streamline is a dividing streamline 

separating the oil flowing in the grooves from the oil 

flowing in the film. The velocity distribution in the film 
over the land area preceding a groove corresponds to 
Couette flow. In the region directly above the dividing 
streamline, however, the velocity of the film oil is 

essentially uniform. The thickness of the film above 
the dividing streamline is, therefore, half of the film 
separating the two plates. Figure 2(a) shows a single 
groove with the top wall in motion and the other three 
walls at rest. For clarity, the film is not shown in Fig. 
2(a). Cool oil enters the groove at the inside diameter 

and leaves at the outside diameter of the friction plate. 
Individual fluid particles follow paths similar to a 
helical path. The intense cross-stream recirculating 

flow enhances the heat transfer coefficient greatly as 
compared to the case in which the top wall is at rest. 

(a) 

(b) 
\ 

Steel COW plot‘? 

FIG. I. (a) A segment of a wet clutch friction plate. (b) Cross 
section showing relative position of friction and separator 

plates. 
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NOMENCLATURE 

A aspect ratio of the groove cross section, U velocity component in the I-direction 

dlL &V velocity of the moving wall 

h thickness of film between the dividing 1’ velocity component in the y-direction 

streamline and the moving wall M velocity component in the :-direction 

C specific heat at constant pressure .r coordinate along width of groove 

(‘0 specific heat of oil ?’ coordinate along depth of groove 

D, inside diameter of friction plate Z coordinate along length of groove 

DC, outside diameter of friction plate . -mi,r length of groove. 

n depth of a groove 

.f’l function defined by equation (19) 

.f- function defined by equation (22) Greek symbols 

11, local overall coefficient of heat transfer p dynamic viscosity 

from the moving wall to the groove oil v kinematic viscosity 

h,, local recirculation zone heat transfer P oil density 

coefficient Z torque exerted by friction plate 

li thermal conductivity of oil 0 angular velocity. 
L width of a groove 

Q> mass flow rate of oil in a single groove 

fir<, total mass Row rate of oil through clutch Subscripts 
N, number of grooves on one friction face average 

NM, mean groove Nusselt number Z bulk 

Nu,, local recirculation zone Nusselt number ds dividing streamline 
n distance normal to a wall g groove 

P pressure i inside 
PI. Prandtl number LMTD logarithmic mean temperature 
RP, Reynolds number based on wall velocity difference 

and groove width max maximum 
r radial distance from center of clutch plate 0 outside 

y, inside radius of friction plate oi oil temperature at groove inlet 

I,, outside radius of friction plate 00 oil temperature at groove outlet 
T temperature rz recirculation zone 

Tll bulk temperature of groove oil W moving wall 

T‘,, temperature along the dividing wi wall temperature at inlet 
streamline wo wall temperature at outlet. 

T&I average temperature along the dividing 
streamline 

(AT),,,,, logarithmic mean temperature Superscript 

difference between the moving wall and - integrated value over the groove 

the groove oil length. 

The analysis of laminar flow and heat transfer in the 

system shown in Figs. 2(a) and (b) is the main focus 
of the present paper. 

Patankar and Spalding [I] studied the problem of 
developing laminar flow and heat transfer in a square 
duct with no film separating the moving wall from 
the cavity. The main emphasis of their paper was to 
present a general method of solution of parabolic 
flows so that they present only a limited number of 
results for the square duct problem. Fully developed 
laminar flow and heat transfer for a square duct with 
one moving wall was studied by Abdel-Wahed et al. 
[2]. They presented fully-developed Nusselt numbers 
for Pr = 0.7 and 5 for a range of moving wall Reyn- 
olds numbers from 0 to 1000. Their results are for the 

case in which all four walls were maintained at a 

uniform temperature. One of the important findings 
of their paper was that for Pr = 5 the Nusselt number 

increases with the moving wall Reynolds number and 
is larger than that of a duct with stationary walls by 
a factor of about 5 at Re, = 1000. This is due to 
the scrubbing action of the recirculating flow. In the 
present study, Reynolds numbers up to 2000, and 
Prandtl numbers between 40 and 600 are considered. 
In addition, the thermal boundary conditions of three 
insulated stationary walls and one moving wall with 
specified temperature are used. An approximate 
method to account for the effect of the thin oil film 
separating the moving wall from the recirculating zone 
is introduced. It will be shown that the calculated 
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c Film thickness 2b 

FIG. 2. (a) Geometry and coordinate system for a single 
groove. (b) Flow pattern and the relative position of film 

and recirculation zone. 

heat transfer coeffcients are in good agreement with 
experimental results obtained on an actual wet clutch 
operating under continuously slipping conditions. 

EXPERIMENTAL DETERMINATION OF THE 

AVERAGE GROOVE NUSSELT NUMBER 

Figure 3 shows a sketch of the main parts of the 
clutch test apparatus. The experimental set-up con- 
sisted of a radially-grooved composite friction plate, 
such as that shown in Fig. l(a), sandwiched between 
two steel end plates. The friction plate had 72 equally 
spaced radial grooves per face. In each test run, the 
friction plate was set in motion at a constant angular 
velocity while the applied pressure forced the plates 
together to produce the desired torque. Oil was forced 
into the clutch cavity and after flowing through the 
144 grooves of the composite plate exited at the out- 
side diameter. Thermocouples were installed at the 
inside and outside diameters of the steel end plate with 
the junction very near the interface between that plate 

and the friction faces of the composite plate. Similarly, 
thermocouples were used to measure inlet and outlet 
temperature of the oil. For each test run, torque, 
angular velocity, oil flow rate, interface temperatures 
at i.d. and o.d. of the steel plate, and the oil inlet and 
outlet temperatures were measured after steady state 
thermal conditions were established. An energy bal- 
ance yields 

?iD = rn,c,( r,, - r,,). (I) 

All of the test runs used for comparison with the 
prediction of the theory described in the next section 
satisfied the energy balance indicated by equation (I) 
to within 5%. The relevant dimensions of the plates 
and the grooves were as follows : 

4 = 0.24m, Q = 0.16m, L = 1.2x 10P3m 

d= 6x 10W4m, zmax = 0.5(D, -Q) = 0.04 m, 

N, = 72. 

The oil fiow rate for all tests was about 0.088 kg s- ‘. 
If we assume that the torque is due to viscous forces 

in a thin fitm separating the plates, the following equa- 
tion can be used to calculate the film thickness b : 

b = : rr” p(Tw)(2nr- N,L)r* dr. 
s 

(2) 

In evaluating the integral in equation (21, the whole 
film is assumed to be at the separator plate tem- 
perature at that radial location. A linear distribution 
of T, from T,,,, to T,.,, and the known viscosity tem- 
perature relation of the oil then allows evaluation of 
the integral and the film thickness b. Measurement of 
oil temperature at the inlet and outlet of the grooves 
made it possible to check the consistency of the data 
by performing an energy balance on the clutch plates 
and the oil rather than on the system within the hous- 
ing. An external oil cooler was used to control the 
inlet temperature of the oil. 

In the next section, a mathematical model capturing 
the essential elements of the heat transfer mechanisms 

Cwling oii 

t shaft 

FIG. 3. Schematic diagram of wet clutch test apparatus 
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of the friction pair used in the experiments is 
described. Following the mathematical analysis of the 
system, results of the numerical calculations are pre- 
sented and the predicted and experimental groove 
heat transfer coefficients are compared. 

MATHEMATICAL ANALYSIS 

Before introducing the mathematical equations on 
which the analysis of the groove heat transfer problem 

is based, a description of certain simplifying assump- 
tions will be given. The operating conditions of the 

clutch are specified in terms of torque T. the angular 
slip velocity CO. the inlet oil temperature and flow rate, 
the physical properties of the oil and the clutch plates, 
and the geometric dimensions of the various com- 
ponents of the clutch. For a given set of operating 

conditions, the velocity of the moving wall varies lin- 
early from : = 0 to z,,,;,\ (see Fig. 2(a)) 

14, = (I’, + Z)(V. (3) 

Similarly, the temperature of the moving wall will not 
be uniform along the length of the groove. It will have 

a distribution determined by a balance between the 
convective heat transfer to the groove oil and con- 
duction within the separator plate. Because of the 
strong dependence of the oil viscosity on temperature 

and because, both U, and r,, vary in the flow direction, 
the problem of groove flow and heat transfer is a 

fully three-dimensional parabolic type problem. This 
situation is further complicated by the existence of the 
thin oil film which must be included in the analysis. 
The solution of the groove heat transfer problem is 
only one step in an iterative process which includes 
the solution of the conduction equation in the solid 

plates of the clutch. If at every step of this iterative 

scheme one has to solve the fully three-dimensional 
groove problem, the amount of computations 

involved would become impractically larger. Even if 
one obtains such a solution, it would only be appli- 

cable to a given clutch with a specific set of operating 
conditions. What is needed is a solution of the groove 
oil heat transfer problem obtained independently 
from any specific operating conditions and cast in the 
form of a generally applicable correlation. Once such 
a correlation is available. it can be used in the appro- 
priate step of an iterative scheme for the complete 

thermal analysis of the clutch. 
The above discussion is the basis for making the 

following assumptions in the mathematical analysis 
of laminar flow and heat transfer in a single groove : 

(I ) Fully developed solutions for constant moving 
wall velocity and temperature. U, and T,, . respectively, 
can be applied locally from z = 0 to -I,,,,~~ when ~1, and 
r,, are variable. Properties will be assumed constant 
for each fully developed solution. 

(2) The heat transfer coefficient for the transfer of 
heat across the dividing streamline is the same as that 
for a groove with zero film thickness. 

(3) The resistance of the film intervening between 
the moving plate and the dividing streamline can bc 
calculated separately and added to the resistance due 
to transfer of heat across the dividing streamline to 
obtain the overall resistance. 

(4) For the calculation of the tilm rcsistancc. the 
velocity in the -\--direction in the tilm will be assumed 

uniform and equal to the local value of II,. The tcm- 
peraturc in the oil film at x = 0 will be assumed uni- 

form and equal to the local value of r,. 

The above assumptions reduce the amount of com- 
putations by orders of magnitude. First, the thrce- 
dimensional flow will be reduced to a series of two- 
dimensional flows. Second, the time consuming vcl- 

ocity distribution calculation will be done only once 
in arriving at a groove heat transfer correlation fat 
various Prandtl numbers. 

The governing equations to be solved are as fol- 

lows : 

at .Y = 0 ~4 = 0, I’ = 0. 0 < ,r < L/ (7) 

at x = L ~4 = 0, l’ = 0. 0 < I‘ < tl (8) 

at_r=O u=O. I’ = 0. 0 < x < L, (9) 

at ~1 = CI u = ~4,. I‘= 0. 0 6.u < I>. (IO) 

Define Re, and A as follows: 

Re, = u, L:v (11) 

A = d/L. (12) 

For each set of values of Re, and A, u/u, and z’iu,, 

can be obtained by a numerical solution of equations 
(4)-(10) using the numerical scheme described in 

detail by Patankar [3]. 
Once the solution for u and 1’ has been obtained, 

the fully developed distribution of the velocity \r can 
bc obtained from the following equation : 

1~ = 0 on all four walls. (14) 

For the solution of the temperature equation, WC 
assume that the fully developed velocity distribution 
defined by the functions u(.Y, t,), P(.Y, ~a). and r~(.r._t’) is 
established at 2 = 0 and remains unchanged for values 
of z > 0. The tcmperaturc distribution is then 
obtained from the following equations : 
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atJ)=d, T=T, forO,<x<L (16) 

l3T 
- = 0 on the other three walls 
an 

(17) 

atz=O T=T,, forO<x<L, O<Y<d. 

(18) 

The axial conduction term has been neglected in equa- 
tion (15). In the solution of equations (15)-(18), an 
additional parameter, the Prandtl number Pr = PC/k, 

is introduced. Using the method described by Patan- 
kar [3], the solution is obtained in the form 

T- To, _~ 
Tw - T,, 

=j’, (19) 

The bulk oil temperature is now calculated from 

wTdx dy 

w dx d,r 

(20) 

For zero film thickness, define the groove Nusselt 
number as follows : 

‘. c?T S-I 0 dY ‘.‘d 
dx 

Nu,, = 
(T,-T,) 

(21) 

It was found during the course of the present study 
that for Re, > 200, Nu,, reaches its final fully 
developed value to within 5% after z/L > 1. This fully 
developed value depends only on the three parameters 
Re,, A, and Pr 

Nu,, = f2(Re,, A, Pr). (22) 

The function defined by equation (22) need be cal- 
culated only once. Assuming that Nu,, is already avail- 
able, the film resistance is accounted for as described 
below. Figure 4 shows the geometry and the coor- 
dinate system for the film. The energy equation for 

the film subject to our stated assumptions is 

%ee( separator plate 

%,L 

YX 
Oil film 

I- \I’ 

“Y 

bz 

hidmg streamline 

+ 

(23) 

FIG. 4. Geometry and coordinate system for analysis of the 
film. 

atx=O T=T, forO<y<b (24) 

aty = 0 kg= h,,(T,,-T,) (25) 

aty=b T= T, forO<x<L. (26) 

For constant heat transfer coefficient along the divid- 
ing streamline, an analytical solution is possible for 
the set of equations (23)-(26). This solution is given 
by Carslaw and Jaeger [4]. However, it was found 
more practical to solve this set of equations numeri- 

cally. The value of the heat transfer coefficient h,, is 
already defined by the given parameters Re,, A, and 

Pr. The numerical solution of the set of equations 

(23)-(26) determines the variation of Tds along the 
dividing streamline. The overall heat transfer 

coefficient from the moving wall to the oil flowing in 
the groove including the resistance of the film is now 
obtained from the equation 

h,, = MT,,, - T,)/(Tw - Tb) (27) 

where Tdsa, the average temperature along the dividing 

streamline is defined as 

Tdsa = ; 
I 

1. 
Tds dx. (28) 

0 

If one applies the heat transfer coefficient described 
by equation (27) locally from z = 0 to z,,,, the bulk 
oil temperature will be obtained from the equation 

tig0c0dd2 = Lh,(z)[T,(z)-T,(z)]. (29) 

Equation (29) allows one to calculate the variation of 
the oil bulk temperature T,,(z) from z = 0 to z,,,. The 
average Nusselt number for the whole groove is now 

obtained from 

where 

(ATI 
(Two-Too)-CT,,-To,) 

LMTD = 
, Two- To, 

(31) 

Equations (30) and (31) define the average groove 
Nusselt number, Nu,, in terms of quantities directly 
measured in the experimental work described in the 
previous section. After some numerical exper- 

imentation with fine and coarse as well as uniform 
and non-uniform grids, a 20 x 24 non-uniform grid 

was used to obtain the results reported in the next 
section. 

RESULTS 

From the experimentally measured total oil flow 
rate, the flow rate for a single groove is obtained from 

mS = ti,/(2N,). (32) 
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FIG. 5. Variation of recirculation zone Nusselt number with 
RP, and Pr. 

Equation (30), being expressed in terms of exper- 

imentally measured or known quantities, is then used 
to calculate the experimental value of Nu,. 

In order to calculate the predicted value of Nu,, 
first the film thickness h is computed using equation 
(2). Once this film thickness is known, the methods 

described previously are used to calculate the average 
groove Nusselt number. Figures 5 and 6 show the 
fully developed recirculation zone Nusseh numbers, 

Nu,,, as a function of Re, and Pr for an aspect ratio 
of 0.5. Figure 7 shows a comparison of the theoretical 
and experimental overall groove heat transfer 
coefficients. The theoretical value is calculated for the 
set of operating conditions in the corresponding 
experimental run. The experimental value, hexpr was 
calculated by using equation (30) which is expressed in 
terms of directly measured quantities. The agreement 
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FIG. 6. Variation of recirculation zone Nusselt number with 
Re, and Pr. 
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FIG. 7. Comparison of theoretical and experimental average 
groove heat transfer coefficients including the film resistance. 

between the theoretical and experimental values is 
within an r.m.s. deviation of k 10%. The error in 
the experimental values was estimated to be about 

_t 10%. The agreement between the values predicted 
by the method described in this paper and the exper- 
imentally measured values is, therefore, within the 
accuracy of the experimental data. 

Figure 8 shows a comparison of theoretical and 
experimental overall groove heat transfer coefficients 
if the film resistance were neglected in the theoretical 

calculations. The resulting theoretical coefficients are 
observed to be up to 130% above the experimental 
values. The screening effect of the film separates the 
hot moving wall from the cool groove oil and must, 
therefore, be included in a realistic analysis of the 
groove heat transfer problem. Similar phenomena 
might occur in heat transfer in grooves used for lubri- 
cation. 

DISCUSSION AND CONCLUSIONS 

The objective of the research described in this paper 
was to develop a rational method of estimating heat 
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FIG. 8. Comparison of theoretical and experimental average 
groove heat transfer coefficients neglecting the film resis- 

tance. 
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transfer coefficients for the flow of heat from metal 
separator plates to the oil flowing in radial grooves 
of a paper-based friction plate. Certain simplifying 

assumptions were made deliberately in order to make 

the calculation of the heat transfer coefficients inde- 
pendent of the operating conditions of the clutch. 
In particular, using fully developed heat transfer 
coefficients on a local basis, makes the resulting heat 
transfer coefficients independent of the oil flow rate. 
The experiments designed to verify the mathematical 
model were described in a previous section of this 
paper. Since in the experiments the grooved friction 

plate was rotating and the metal separator plate was 
stationary, a question may arise whether neglecting 

the Coriolis forces would introduce significant errors 
in the numerically calculated results. The magnitude 

of the Coriolis force is proportional to the ratio of the 

groove width to the radial distance of the cross section 

under consideration from the center of the clutch 

plate. For the clutch plate used in this study, this ratio 

was 0.0125 resulting in a small effect due to Coriolis 

forces. To verify this assumption, calculations were 
made with and without the Coriolis force term at 
Re, = 2000 and 100 at Pr = 5 and 500. The greatest 

effect of the Coriolis force was found to occur at the 

lower Prandtl number and was about 1.7%. Further- 
more, inclusion of the Coriolis forces makes the 

results dependent on the magnitude of the oil flow 

rate. For typical clutch diameter, groove dimensions, 
and operating conditions, the Coriolis forces may be 

safely neglected in calculating the oil heat transfer 

coefficient. For plates of small diameter with large 
groove dimensions, these forces may have to be 

included. 

Another observation made during the course of the 

present study, was that oil films encountered in clutch 
engagement are so thin that their thermal inertia may 
be neglected without introducing appreciable error. 
For the film thicknesses encountered in the present 
study, for example, simple addition of the conductive 
resistance of the film to I/h,, yields overall resistances 
within 0.5% of those calculated by the more accurate 
method presented in this paper. 

In summary, the following conclusions may be 

drawn from the present study : 

(1) Fully developed Nusselt numbers obtained for 

uniform velocity and temperature of the moving wall 
can be applied on a local basis to analyze heat transfer 
in a groove where the moving wall velocity and tem- 

perature vary along the length of the groove. 
(2) The fully developed Nusselt numbers for the 

case where film thickness is zero can be combined with 

the film resistance to predict the overall groove heat 
transfer coefficient. 

(3) The resistance of the film in many cases of 

practical interest is significant and cannot be neg- 
lected. 

REFERENCES 

S. V. Patankar and D. B. Spalding, A calculation pro- 
cedure for heat, mass, and momentum transfer in three- 
dimensional parabolic flows, Int. J. Hear Mass Transfer 
15, 1787-1806 (1972). 
R. M. Abdel-Wahed, S. V. Patankar and E. M. Sparrow, 
Fully developed laminar flow and heat transfer in a square 
duct with one moving wall, Lett. Heat Mass Transfer 3, 
355-364 (1976). 
S. V. Patankar, Numerical Heat Transfer and Fluid Flow. 
Hemisphere, New York (1980). 
H. S. Carslaw and J. C. Jaeger, Conduction of Heat in 
So1id.y. Oxford University Press, London (1959). 

TRANSFERT DE CHALEUR LAMINAIRE DANS LES RAINURES DUN EMBRAYAGE 
MOUILLE A L’HUILE 

Rburn&On prtsente les r&hats de l’analyse du transfert thermique par tcoulement dans les rainures 
radiales des faces de frottement d’un embrayage mouille. On montre qu’un mince film d’huile intervenant 
entre la face frottante et le plateau metallique separateur a un effet important sur le coefficient global de 
transfert thennique entre le plateau et l’huile s’ircoulant dans la rainure. Des experiences avec des conditions 
de glissement continu sur un embrayage sont d&rites et les coefficients de transfert thermique mesures sont 
compares aux rtsultats de l’analyse numerique. L’accord entre les resultats numeriques et experimentaux 
est a l’interieur d’une deviation de 10,7%. L’erreur experimentale est estimte a lO,l%. Ce bon accord 
autorise l’utilisation des coefficients de transfert thermique calcults numeriquement pour l’analyse ther- 

mique complete de l’embrayage mouillt. 

WARMEUBERTRAGUNG BEI DER LAMINAREN OLSTROMUNG IN DEN 
VERTIEFUNGEN EINEN KUPPLUNGSSCHEIBE 

Zusammenfassung-Die Wirmeiibertragung bei der laminaren Striimung in den radialen Vertiefungen in 
den Reibflachen einer Kupplung wird numerisch untersucht. Dabei zeigt sich, daB ein zwischen der 
Reibflache und der metallischen Trennscheibe liegender diinner Olfilm einen erheblichen EinfluB auf den 
Wlrmeiibergangskoeffizienten zwischen der Metallplatte und dem flieBenden c)l besitzt. Es werden Ver- 
suche an einer realen, g1eichmaRig rutschenden Kupplung beschrieben. Ein Vergleich des gemessenen 
Warmeiibergangskoeffizienten mit numerischen Ergebnissen zeigt Abweichungen innerhalb 10,7%. Der 
MeBfehler wird mit IO,1 % abgeschltzt. Die gute Ubereinstimmung erlaubt den Einsatz von rechnerisch 
ermittelten Warmeiibergangskoeffizienten bei einer vollstandigen thermischen Untersuchung einer 

Kupplung. 
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JIAMMHAPHbIfi TEl-IJlOIlEPEHOC B KAHABKE MY@TbI CO CMA3KOfi 

AmioTama-IIpencraeneHbl wicneHHble pesynbTaTb1 aaamisa TennonepeHoca K namiHapHoMy noTo~y 

B paJ"iaJIbHbIX KaHaBKaX t$pHKI"lOHHbIX "OBepXHOCTeii My+TbI CO CMaSKOii. nOKa3aH0, ST0 TOHKall 

nneHKacMa3m,"axom~ancn Memsy+p5i~qH0HH0Zi noeepc"ocrbwH MeTannmecKofipa3~eneTenbHoii 

"nacTHHo8, oKa3bmaer cyluecreeHHoe nmmae "a Kos#wiuUem cybm4apHoro TennoneHoca hfemy 

",,aCTHHOii B TeKmeii "0 KaHaBKe CMa3KOii. O"HCbIBaEOTCff 3KC"epHMeHTbJ "pOBel,eHHbIe B yC,IOBHKX 

He"~pbIBHOrOCKOJlbXCeHHK "OMy@Te,H"pOBO,S",TCKCpaBHeHHeH3MepeHHbIX KO3+&"JHeHTOBCyMMap- 

HOrO Te”JlO”‘Z~HOCa C p3,‘nbTaTaMH ‘IBCJIeHHO~O aHUA3. ~HCXHHbIe H 3KC”epHMeHTliJlbHMe p3y,lb- 

TaTbI COrJIaCylOTCK C TOSHOCTbIO a0 10,7%, B IIOr,XILWOCTb 3KCltepHMeHTOB OUeHHBBeTCII B 10,1% 3TO 
"03BOJTleT liC”OJIb30BaTb ~EiCJIiXHbIe ~3,‘nbTaTbI J$J”l K03++iIQieHTOB T’Z”JIO”epIZHOCa “PH aHW”i3e 

TennonepeHoca~ My@TecocMa3Koti. 


