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Abstract--The eddy diffusivities of momentum and heat for a viscoelastic Buid are evaluated using detailed 
experimental pressure drop and heat transfer results. The eddy diffusivities of momentum and heat and the 
turbulent Prandtlnumbernear thewallregionarefound to bestrongfunctionsofthe Weissenbergnumber(i.e. 
a dimensionless measure of the fluid elasticity) and weak functions of the Reynolds number. The turbulent 
Prandtl number, sM/Ft,, remains relatively constant for low values of Weissenberg numbers and increases with 
increasing elasticity up to a maximum value corresponding to the critical Weissenberg number for heat 
transfer. The maximum value of the turbulent Prandtl number weakly depends on y’ and the Reynolds 

number and is found to be of the order of IO. 

1. INTRODUCTION 

IT IS well known that the addition of small amounts of 
certain high molecular weight polymers to a solvent 
results in a viscoelastic fluid. The friction factors and 
heat transfer coefficients of a viscoelastic fluid in 
turbulent pipe flow are generally lower than those ofthe 
solvent alone when compared at the same Reynolds 
number [1,2]. The pressure drop and heat transfer 
performance of viscoelastic fluids are known to be 
influenced by a number of factors including the 
chemistry of the solute and the solvent, the polymer 
concentration and the level of mechanical degrad- 
ation. Recent experimental studies [3-51 indicate that 
the friction factor and the dimensionless heat transfer 
coefficient may be functions only of the Reynolds and 
Weissenberg numbers for fully established hydro- 
dynamic and thermal conditions. This implies that the 
influence of the above-mentioned factors on the fully 
established turbulent friction and heat transfer 
behavior of viscoelastic fluids can be successfully 
accounted for in the Reynolds and Weissenberg 
numbers. 

Another important finding is that critical 
Weissenberg numbers exist for friction and heat 
transfer. The critical Weissenbergnumber for friction is 
of the order of 10 and that for heat transfer is of the order 
of 100 where the Weissenberg number is based on 
characteristic time evaluated by the Powell-Eyring 
model [6]. Above the corresponding critical 
Weissenberg number, the fully established friction 
factor and dimensionless heat transfer coefficient are at 
their minimum asymptotic value and are functions only 
of the Reynolds number. 

The availability of experimental friction factor and 
heat transfer data for the turbulent pipe flow of 
viscoelastic fluids covering a wide range of the relevant 
variables provides an opportunity for constructing an 
analytical model. Past experience in dealing with 

Newtonian fluids reveals that a satisfactory approach 
to the prediction of turbulent heat transfer is the use of 
eddy diffusivities of momentum and heat. There have 
been prior attempts to apply the eddy diffusivity model 
to viscoeiastic fluids but these generally assumed that 
the eddy diffusivities of heat and momentum are 
equivalent. There is clear evidence that this assumption 
is erroneous, especially near the wall region, with the 
error increasing with the concentration of the polymer 
[7-91. 

In the current study the eddy diffusivity of heat for 
viscoelastic fluids was evaluated using the experimental 
heat transfer results, while the friction factor 
measurenlents were used to estimate the eddy 
diffusiv~ty of momentum. The eddy diffusivity of 
momentum and the velocity profile in the viscous 
sublayer and the transition region were calculated 
using a modification of the model proposed by Wasan 
et al. [lo] since this model gives a continuous eddy 
dilfusivity of momentum in both regions. To evaluate 
the eddy diffusivity of heat independently from that of 
momentum a generalized relationship based on the 
measurements of ~izushina and Usui [l l] was used in 
conjunction with the energy equation. Under the 
assumption that the predicted heat transfer results 
should agree with the measured results it is possible to 
determine the detailed distribution of the eddy 
diffusivity of heat. 

The final result is an analytical model for the fully 
established turbulent pipe flow of viscoelastic fluids 
includingaspeci~cationofthevelocity pro~leandeddy 
di~usivities of heat and momentum. 

2. ANALYSIS 

2.1. Governing equation 
For steady state, fully hydrodynamically developed 

turbulent pipe Row with aconstant heat flux boundary 
condition, the governing energy equation and the 

WM? 27:%-G 152.5 
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1 

NOMENCLATURE 

A, B coefficients defined by equation (12) 
cr, c2 coefficients defined by equation (10) 

K 

k, 
1 
m 

NU 

Pr 

Pr, 
I, 

qw 

x 
Re 

St 
T 

%l 

specific heat of fluid 
diameter of tube 
Fanning friction factor, Z&J V2/2) 
convective heat transfer coefficient 
dimensionless heat transfer coefficient, 
St Przi3 
coefficient defined by equation (13) 
thermal conductivity of fluid 
total tube length 
power law index defined by equation 

(13) 
Nusselt number, hd/k, 
Prandtl number based on the viscosity 
at the wall, qc,,/k, 
turbulent Prandtl number, s&n 
heat flux at the wall 
radial coordinate 
radius of tube 
Reynolds number based on the viscosity 
at the wall, f~Vd/q 
Stanton number, Nu/(Re Pr) 
temperature 
inlet temperature 

u 

li* 
V 
WS 

W%f 
W%, 

X 

Y 
YC 

axial velocity 
friction velocity, J(r,/p) 
average velocity 
Weissenberg number, LV/d 
critical Weissenberg number for friction 
critical Weissenberg number for heat 
transfer 
axial coordinate 
radial distance from the tube wall, R-r 
outer edge of the transition zone. 

Greek symbols 
thermal diffusivity of fluid, kJpc, 
thermal boundary layer thickness 
eddy diffusivity of heat and momentum, 
respectively 
apparent viscosity evaluated at the wall 
kinematic viscosity 
characteristic time of fluid 
density of fluid 
wall shear stress. 

Superscript 
+ dimensionless’variables defined by 

equation (5). 

boundary conditions in the thermally developing 
region can be written as 

1 a 
--i 

3T 

r dr 
rpc,(* + E”) ar 1 3T 

= pc u - 
p ax (1) 

T= 7& at x =O, r (2) 

T=qn at x>O, O<,r<R-A (3) 

pc,cr ; = 4:: at x>O, r=R (4) 

where A is the thermal boundary layer thickness 
measured from the wall. 

To nondimensionalize the energy equation and 
boundary conditions, the following dimensionless 
variables were introduced 

.x+ = xu*jv, y+ = yu*;v, u+ = u/u*, 

T + = {T- T,)pc,u*/q:: 
(5) 

where y = (R-r) and U* is the friction velocity. Then, 
the energy equation and boundary conditions can be 
expressed in the following nondimensional forms 

1-_i-il(R+_3+)(-~+~)~~]=u+~ 
R+-y+ dy+ 

(6) 

T+=O at x+=0, y’ (7) 

T’=O at x+>O, A+cy+<R+ (8) 

1 

1 s3T’ 
-7 Pr f3y 

=--I at x+>O, y+=O. (9) 

The above dimensionless energy equation has to be 
solved to predict the turbulent heat transfer behavior of 
viscoelastic fluids. The solution of the equation requires 
explicit expressions for the velocity profile and the eddy 
diffusivity of heat. 

2.2. Velocity profiles 
The knowledge of the velocity profile in the case of 

the turbulent pipe flow of viscoelastic fluids is 
important not only for the solution of the energy 
equation but it also yields the eddy diffusivity of 
momentum. Among the many velocity models 
proposed in the literature the model proposed by 
Wasan et af. [lo] which has been successfully applied to 
Newtonian fluids appears particularly appropriate for 
extension to the case of viscoelastic fluids. 

Wasan et al. [lo] have proposed compatible 
expressions for the velocity and continuous eddy 
diffusivity distributions near a pipe wall, taking into 
account the continuity and momentum equations. The 
derived expressions for the dimensionless velocity and 
the eddy diffusivity of momentum near the wall are 

U+ = y+ +~,(y+)~+c~(y~)~ where y+ < yt (10) 

UV = 1+4c,(y+)3 + 5qvy 
where y+ < y: (11) 
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FIG. 1. Velocity profiles for viscoelastic fluids 

where c, and c2 are constants. Equations (10) and (11) 
yield continuous velocity and momentum eddy 
diffusivity values in the viscous sublayer and transition 

region. 
Wasan et al. then matched the values of the 

dimensionless velocity and the first and second 
derivatives of U’ given by equation (10) with an 
appropriate expression for the turbulent core, the so- 
called logarithmic law of the wall 

u+ =AIny’+B where y+>y:. (12) 

Then the values of y:, the intersection of the two 

profiles, as well as c1 and c2 can be calculated for given 
values of A and B. For Newtonian fluids they 
recommended c1 = -104x lO-‘j, cp = 303 x 10e8, 
and y: = 20. 

Subsequently, Edwards and Smith [12] suggested 
that the velocity model proposed by Wasan et al. could 
be modified to account for the changes brought about 
in viscoelasticfluids. Experiments [13-173 indicate that 
the core region turbulent velocity profile in viscoelastic 
fluids has the same slope (i.e. the same value of A) as in 
Newtonian fluids but with higher values oftheintercept 
I3 in equation (12). A fixed value of 2.5 was used for A for 
viscoelastic fluids, while the value of B was allowed to 
increase with an increase of elasticity (i.e. an increase in 
the Weissenberg number). As a result of the increase in 
elasticity, the velocity profile in the wall region 
approaches that of the core at increasing values of y,‘. 
Values of y,‘, c1 and c2 can be determined for a fixed 
value of B using the same calculation procedure as 
outlined for Newtonian fluids. 

Values of B corresponding to minimum drag 
reduction were selected such that they yielded 
reasonable agreement with the measured friction factor 
data at Reynolds numbers of 20000 and 30000. To 
determine the values of B corresponding to the 
minimum drag asymptote the velocity profiles by 

Wasan et al. were transformed into the equivalent 
coordinates of the friction factor as a function of the 
Reynolds number. Then, the values ofB were selected as 
28 for the Reynolds number of 20000 and as 30 for the 
Reynolds number of 30 000. These values are very close 
to those predicted by the equation suggested by 
Edwards and Smith [ 121: 26.9for the Reynolds number 
of 20 000,29.6 for the Reynolds number of 30 000. 

Figures 1 and 2 show the results ofvelocity profiles by 
Wasan et al. for viscoelastic fluids and the 
corresponding friction factor as a function of the 
Reynolds number, respectively. The profile identified as 
6 in Fig. 1 corresponds to the asymptotic velocity 
profile for a Reynolds number of 20000, yielding the 
friction factor result shown on Fig. 2 on the curve, also 

1o-2l I 
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Re 

FIG. 2. Relationship of Fanning friction factor and Reynolds 
number for viscoelastic fluids. 
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identified as 6. It can be seen that the predicted value of 
the friction factor is in agreement with the empirical 
formulation at a Reynolds number of 20 000. Velocity 
profile 7 and its counterpart friction factor curve yield 
the asymptotic values for a Reynolds number of 30 000. 

2.3. Relationship of B and the Weissenberg number 
It has been reported that the turbulent velocity 

profile of viscoelastic fluids is influenced by a number of 
factors such as the polymer concentration, the level of 
mechanical degradation, the pipe diameter and flow 

rate [13-171. However, according to recent reports [3, 
43 the influence of these factors on the fully established 
dimensionless turbulent pressure drop and heat 
transfer behavior of viscoelastic fluids are fully 
accounted for in the Reynolds and Weissenberg 
numbers. 

The value of the Weissenberg number corresponding 
to the Newtonian velocity profile is zero whereas for a 
velocity profile corresponding to the minimum drag 
asymptote the Weissenberg number is equal to or 
greater than Ws,, [3]. This suggests that each 
intermediate velocity profile corresponds to an 
intermediate value of the Weissenberg number lying 
between Ws = 0 and Ws,,. To determine the 
Weissenberg number corresponding to each velocity 
profile the results shown on Fig. 2 for the friction factor 
as a function of Reynolds number were used. This figure 
reveals a decrease in friction factor with increasing 
values of B (i.e. increasing elasticity) at a fixed Reynolds 
number. The corresponding Weissenberg numbers 
were determined using the empirical correlations for 
the friction factor as functions of the Weissenberg and 
Reynolds numbers [ 181. 

Figure 3 shows the values of B which represent the 
velocity profiles for viscoelastic fluids as functions of 
the Weissenberg number for Reynolds numbers of 

20 000 and 30 000. It is seen that the value of B is a strong 
function of the Weissenberg number and a weak 
function of the Reynolds number. At a Reynolds 
number of 30000 the limiting value of B is 30, 
corresponding to a value of Ws,! equal to or greater 
than 15, while the maximum value of B at a Reynolds 
number of 20 000 is equal to 28 corresponding to Wscf 
equal to or greater than 11. It is noteworthy that the 
velocity profile by Wasan et al. corresponding to the 
minimum drag asymptote is a function of the Reynolds 
number whereas the velocity profile for Newtonian 
fluids is unique. 

2.4. Eddy di@sivity ofheat 
The velocity distribution necessary for the solution 

of the energy equation (6) is now available. The only 
remaining requirement is an appropriate expression for 
the eddy diffusivity of heat. As mentioned above the 
simple Reynolds analogy cannot be applied to 
viscoelastic fluids. Different empirical relationships for 
the variation of the eddy diffusivity with the distance 
from the wall have been used, often expressed in the 
following form [ 19-221 

&“/V = K(y+)“. (13) 

Values of m have been reported in the range of 334. For 
example, Shulman and Pokryvailo [20] in a study of 
viscoelastic fluids have indicated that m = 3.0 allows 
them to correlate experimental data near the wall 
region. On the other hand, Son and Hanratty [21] in a 
mass transfer study of Newtonian fluids have reported 
that the value of m approaches 4.0 when y+ decreases to 
zero. In the current study, equation (13) was used for the 
eddy diffusivity of heat with the value of 3.0 for m, since 
the eddy diffusivity of heat for viscoelastic fluids 
measured by Mizushina and Usui [11] shows better 
agreement with the power 3.0. The above simple 
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FIG. 3. Relationship of coefficient B and Weissenberg number. 
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expression for E&J and the extended Wasan velocity 
profiles for U” given on Fig. 1 were used in equation (6). 
The successive approximation technique proposed by 
Cho and Hartnett [22] was used to solve the energy 
equation. The solution of equation (6) subject to the 
boundary conditions, equations (7)~(9), evaluated at 
the location where A+ = R’ yields the fully established 
Nusselt value. This was independently checked by 
solving equation (6) for fully developed thermal 
conditions. 

For each velocity profile the fully established 
dimensionless heat transfer coefficient, jn, was 
calculated as a function of the Reynolds number for 
different values of the coefficient K in equation (13). The 
Weissenberg number corresponding to each velocity 
profile was determined from Fig. 3. 

Fortunately extensive experimental studies have 
yielded empirical correlations for the fully developed 
dimensionless heat transfer coefficient as functions of 
the Reynolds and the Weissenberg numbers [t8]. The 
dimensionless heat transfer coeEicients resulting from 
the solution of equation (6) should be the same as the 
empirically determined values for specified Reynolds 
and Weissenberg numbers. By trial and error the values 
of K were determined such that the predicted and 
measured values were internally consistent. 

Figure 4 shows the values of the coefficient K as 
functions of the Weissenberg number for Reynolds 
numbers of 20000 and 30000 resulting from the 
procedure. The coefficient K strongly depends on the 
Weissen~rg number and weakly depends on the 
Reynolds number. The value of K monotonically 
decreases with increasing Weissenberg number up to 
the critical Weissenberg number for heat transfer for 
both Reynolds numbers, and remains constant beyond 
these values. The eddy diffusivity of heat corresponding 
to the minimum heat transfer asymptote is much 
smaller than that for Newtonian fluids and can be 
expressed by the following equations 

en/v = 2.0 x 10-6(y+)3 when Re, = 20000 (14) 

&n/v = 1.5 x 10-h(y1)3 when Re, = 30000. (15) 
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FIG. 4. Relationship ofcoefficient K and Weissenberg number. 
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FIG. 5. Eddy diffusivities of momentum and heat 
corresponding to Newtonian fluids and to minimum 

asymptotes for a Reynolds number of 30000. 

The corresponding values of the critical Weissenberg 
number for heat transfer, kYScht are 70 for Re, = 20000 
and 110 for Re, = 30 000. 

2.5. Turbulent Prandtt number, clrJEH 
To evaluate the turbulent Prandtl number of 

viscoelastic fluids in fully established pipe flow the 
value of the eddy diffusivity ofmomentum near the wall 
was calculated by equation (11). Figure 5 shows the 
eddy diffusivities of momentum corresponding to a 
Newtonian fluid and to the minimum drag asymptote 
as functions of y+. The eddy ~ffusivity of momentum 
for a viscoelastic fluid corresponding to the minimum 
drag asymptote is smaller than that for a Newtonian 
Auid by a factor of 30. It is interesting to note that the 
eddy diffusivity of momentum near the wall is nearly 
linearly proportional toy+ with a slope ofabout 3.0 on 
a logarithmic graph. For comparison, the eddy 
diffusivity of heat corresponding to the minimum heat 
transfer asymptote is also plotted in Fig. 5. This figure 
clearly shows that the minimum eddy diffusivity of heat 
is much smaller than the minimum eddy diffusivity of 
momentum which is consistent with the earlier results 
reported by the authors [S, 91. 

Values of the eddy diffusivities of heat and 
momentum were calculated at y ’ = 1 and 10 and were 
plotted in Fig. 6 as functions of the Weissenberg 
number to see the detailed behavior. At fixed values of 
y+ the eddy diffusivity of momentum decreases with 
increasing Weissenberg number up to the critical value 
for friction, Ws,,. Similarly the eddy diffusivity of heat 
decreases with increasing Weissenberg number. The 
major difference is that the eddy diffusivity of heat 
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FIG. 6. Weissenberg number effect on eddy diffusivities of momentum and heat evaluated at y+ = 1 and 10 
for the Reynolds number of 20 000. 

continues to decrease with increasing Weissenberg 
number beyond the critical Weissenberg number for 
friction while the eddy diffusivity of momentum 
remains constant. The eddy diffusivity of heat has a 
slightly higher value than that of momentum in the 

Weissenberg number region less than 5 for the specific 
conditions shown in Fig. 6. However, the eddy 
diffusivity of heat decreases sharply beyond a 
Weissenberg number of 5 and becomes smaller than 

that of momentum. 
The turbulent Prandtl number, EWE”, was calculated 

at two different values ofy + for the Reynolds number of 

20 000 using the results shown in Fig. 6 and was plotted 
as a function of the Weissenberg number in Fig. 7. The 
turbulent Prandtl number remains at a constant value 
slightly lower than unity in the low Weissenberg 
number region. However, the turbulent Prandtl 
number starts to increase with increasing Weissenberg 
number beyond a Weissenberg number equal to 
approximately 5 and approaches the asymptotic value, 

10-l 
I I I 

10 loo 10' lo2 d 
WS 

FIG. 7. Weissenberg number effect on turbulent Prandtl 
number evaluated at y+ = 1 and 10 for the Reynolds number 

of 20 000. 

about 7-8, when the Weissenberg number reaches the 
critical value for heat transfer, Ws,,. The turbulent 
Prandtl number for a Reynolds number of 30 000 was 
also calculated at the same values of y+ and shows a 
similar trend as that for the Reynolds number of 20 000. 
The only difference is that the asymptotic value of the 
turbulent Prandtl number is higher, 8-9. 

An attempt was made by Ng [23] to estimate the 
turbulent Prandtl number corresponding to the 
minimum heat transfer asymptote. Ng modified 
Deissler’s model [24] to calculate the velocity and eddy 
diffusivity of momentum near the wall region 
corresponding to the minimum drag asymptote. For 
the core region, Ng reported that his asymptotic 
friction factor data yielded a logarithmic wall law 
having a slope of 9.64 rather than a slope of 11.7 
proposed by Virk [25]. The eddy diffusivity expression 

proposed by Reichardt [26] was used in the core region. 
To calculate the turbulent Prandtl number cor- 
responding to the minimum heat transfer asymptote 

Ng applied the Reichardt analysis assuming that the 
ratio of eddy diffusivities is constant across the entire 
flow field. He found that the predicted heat transfer 
values agree well with the experiments when the 

turbulent Prandtl number is 6.7. Notwithstanding the 
different approach taken by Ng this value is in good 
agreement with the asymptotic values given on Fig. 7. 

3. CONCLUDING REMARKS 

Experimental measurements of the friction factors 
and heat transfer coefficients of viscoelastic fluids in 
turbulent pipe flow have been used to estimate the 
eddy diffusivities of momentum and heat. The study 
reveals that the eddy diffusivities and the turbulent 
Prandtl number near the wall region are strong 
functions of the Weissenberg number and weak 
functions of the Reynolds number. For a fixed value of 



Estimated eddy diffusivities of momentum and heat of viscoelastic fluids 1531 

y+ and Reynoids number, the eddy diffusivity of 
momentum decreases with increasing Weissenberg 
number (i.e. elasticity of the fluid) up to the critical 
Weissenberg number for friction. Further increase of 
the Weissenberg number beyond the critical 
Weissenberg number for friction does not influence the 
eddy diffusivity of momentum and it remains at a 
minimum asymptotic value. The corresponding eddy 
diffusivity of heat decreases with increasing 
Weissenberg number beyond the critical Weissenberg 
number for friction, Ws,, up to the critical Weissenberg 
number for heat transfer, Ws,,. Consequently, the 
turbulent Prandtl number remains relatively constant 
in the lower Weissenberg number region and increases 
with increasing Weissenberg number up to a maximum 
value corresponding to the critical Weissenberg 
number for heat transfer. 
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ESTIMATION DES DIFFUSIVITES TURBULENTES DE QUANTITE DE MOUVEMENT 
ET DE CHALEUR POUR LES FLUIDES VISCOELASTIQUES 

Rbssumit-Les diffusivitts turbulentes de quantitt de mouvement et de chaleur pour un Ruide viscotlastique 
sont &al&es B partir des r&&tats expkrimentaux de chute de pression et de transfert thermique. Les 
diffusivitis turbuIentes et le nombre de Prandti turbulent, pr& de la r&ion par&ale, sont fortement fonctions 
du nombre de Weissemberg (une mesure de lPlasticit8 du fluide) et faiblement fonctions du nombre de 
Reynolds. Le nombre de Prandtl turbulent &de,, reste relativement constant pour ies faibles valeurs du 
nombrede Weissemberget ii augmentequand I’&lasticiti:croit,jusqu’8 une valeur maximale qui correspondau 
nombre de Weissemberg critique pour le transfert thermique. La valeur maximale du nombre de Prandtl 

turbulent depend faiblement de y+ et le nombre de Reynolds est de l’ordre de 10. 

BESTIMMUNG TURBULENTER AUSTAUSCHGR~SSEN FiiR IMPULS UND WARME 
BE1 VISKOELASTISCHEN FLUIDEN 

Zusammenfassung-Es werden die turbulenten AustauschgriiDen fiir impuls und Wzrme fiir ein 
viskoelastisches Fluid berechnet unter Verwendung ausfiihrlicher experimenteller Daten von Druckverlust 
und Wlrmetibergang. Es zeigt sich, da13 die turbulenten AustauschgriiDen fiir Impuls und Wlrme und die 
turbulente Prandtl-Zahl in der NHhe der Wandregion stark von der Weissenberg-Zahl (einer dimensionslosen 
Kennzahl fiir die FluidelastizitBt), und schwach von der Reynolds-Zahl abhlngen. Die turbulente Prandtl- 
Zahl, E~/E~, ist relativ konstant fiir kleine Werte der Weissenberg-Zahl und nimmt mit zunehmender 
Elastizitiit bis zu einem Maximalwert zu, was der kritischen Weissenberg-Zahl fiir den W&rme(ibergang 
entspricht. Der maximale Wert der turbulenten Prandtl-Zahl h&ngt schwach von y+ und der Reynolds-Zahl 

ab und liegt in der Gr6~nordnung von 10. 

OUEHKA K030PML&iEHTOB BMXPEBOZt ,4M@@Y3MM MMl-IYJIbCA I4 TEIIJIA 
BR3KOYHPYTI4X 2@iAKOCTER 

AHtioTauHRHo a3MepemiaM nepenana naanemia u xapaxTepilcwK -rennonepeHoca nposeneHa oueHKa 
~03~~~eHToa BHX~~B~$ fi@@y3m EMnyjlbca ff Tenna ~m~oynpyroii min~ocm. HaiineHo, 9~0 

KO3~~~eHTbiB~XpeBO~ ,W4@'38U ~MOy~bCa I? Tenfia,a TaKISe Typ6y~eHTHOe YcfCJlO npaHZT.llB .lW! 

cTeiim cmbH0 3aBficm 0~ mcfra Be~~~n~pra (r.e. Mepbx ynpyrocfa ~~fiin~oc~e) II cnaiio of sucna 

PeWonbnca. Typ6ynenTnoe wcno Hpaen-ma, E&", IIOYTM He II3MeHIIeTCB IS&N% ManbIX 3Ha9eHBSX 

WCJIa BeticceHBepra, HO BO3paCTaeT C yCHfleHAeM yllpyfOCTM n0 MaKCHManbHOti Be_"WfKHbI, COOTBeT- 

CTByfOL"efiKpHTWieCKOMy3HaYeHMK) qucnaBei?cceHBepraLLnR-rennonepeHoca. MaKCHManbHOe3Ha'leHHe 
Typ6yneHTHOrO %iCJla npaHnTn5, CJIa60 JaBIlCHT OT4'+ Cr Y,,C,Ia PetiHOnbnCa H, KI1K HaiiAeHO, paBH0 

0pHMepHO 10. 


