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MARIAN TRELA

Gdansk

Prediction of Heat ‘Transfeyr to a Coal.

Slurry Flow*

The paper presents an analysis of the heat transfer to a three-phase coal slurry flow. This highly

<omplex problem is simplified by aidopting the homogeneous and separated flow models as used mainly
in two-phase flow. The analysis indicates that the homogeneous flow model is more adequate in this

case, This is valid both for

-\.:nQ\.,bnpsqlh

area, 2
hold-up,

specific heat,

pipe diameter,

friction factor,

mass velocity, .
heat transfer coefficient,
superficial velocity,
conductivity,

property index,
consistency index,
Nusselt’ number,

flow behaviour index,
Prandtl number,
pressure, “
Reynolds number,
Stanton number,
temperature,

mass quality fraction,

.

Newtonian and non-Newtonian behaviour of the coal slurry.

List of symbols

O — volumetric flow rate,

W — mass flow rate,

Z — volumetric factor,

V — velocity,

p — density,

I — viscosity,

© — experimental parameter.
Subscripts

1 — low pressure and temperature,

2 — high pressure and temperature,

[ — liquid,

lo — liquid only,

9= gas,

go — gas only,

s — solid,

so — solid only,

Isg — three-phase flow (liquid, solid, gas).

1. Introduction

>

Hydrodynamics and heat transfer in a stream consisting of three ph'ases;_ namely liquid,
solid and gas were not investigated in the past. In a few years, the interest has grown
remarkably, in particular in the chemical-engineeriqg.

*This study was carried out at the Institute for Mining and Minerals Research, University of
Kentucky, USA.
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158 : M. Trela

In this paper the three-phase flow and heat transfer will be investigated for the coal

liquefaction processes. The three phases are: oil, coal and hydrogen.

Heat transfer to the three-phase flow is too complex for a strictly theoretical treatment.
It may be solved only by replacing the real flow by a simpler one. Such approach to the
problem is characteristic for. multiphase flows (mainly two-phase) where one considers

: ,,homogeneous” or ,,separated” flow instead of the real one.

In this paper the same approach is used to develop the methods for the prediction
of heat transfer to the coal slurry flow. Assuming that slurry is Newtonian in behaviour
and considering the flow as ,,homogeneous” or ,separated” two methods are obtained.
The same may be done for a non-Newtonian slurry but first some characteristic parameters
must be determined experimentally.

2. Theoretical Prediction of the Heat Transfer to a Newtonian Coal Slurry

Assuming that the coal slurry is Newtonian in behaviour we may adopt the approach
to the problem from the two-phase flows, in which the flows are considered to be either
,,homogeneous” or ,,separated”. In the both cases the flow is assumed to be turbulent.

2.1. Some Basic Terminology

Before proceeding with the analysis of the three-phase coal slurry flow it is necessary
to define some of the relevant terminology.

Hold-up . The hold-up of a phase in a multiphase flow is defined as the fraction
of the cross-section area of the pipé occupied by that phase. The following relations are
obvious: : - - :

A A A,
o=, e = (D
A A A
and
oa+oto=1. O

‘Mass flow rate W. Mass flow rate Wwill be the sum, of the individual mass ﬂow‘rates
W=W,+ W, +W,. ’ (3)
Phase velocities. Phase velocities are expressed by

c i , 4
PyAy

V,= == s
plAl psAs

g

5

Volumetric flow rate Q. It‘will be the sum of the individual flow rates

0=0,+0,+0.. i ae
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Mass quality fraction. The mass quality fraction is expressed as

W W, W,

ng_.ga Xlz—-—: sth‘s < (6)
w w w
and :
X +X+X =1, (7)
Mass velocity .
W
G=—0. - (8)
' A
Superficial velocities :
e :
J:'%:;Z:;:V’ .]y—:%:Vgo?}
. : « )
- Ql Qs
:_‘zVo’ .s:'__‘Vso
Ji A 1 - A J
and o :
jg+jl+js=j' = - (10)
Volumetric factor Z. Ttis defined as
- 5 (11)

Ql+Qs
2.2. The Physical Properties of the Siurry Components

.. Liquid phase. It was intended to use for heat transfer calculations the data for tet-
ralin because tetralin is to be used in the future experimental research. As its thermal
properties were not available, the naphthalene data will be used instead for heat transfer:
calculations. The thermal properties of naphthalene are shown in Figs 1 - 4. The Viscosity
as a function of temperature was taken from a nomogram in [1]. The density at the boiling
point was calculated from Koppa and Le Bos formulae given in [2]. For other tempera-
tures the density was assumed to have the same gradient as other similar compounds.
The thermal conductivity and specific heat were taken from [1]. All these values are valid
for atmospheric pressure. .

Gas phase. Nitrogen instead of hydrogen is to be used during the future experimental
research (to reduce the cost of the experiments), so niffogen properties will be used in
the calculation. They are taken from 131

Solid phase. It is assumed that coal used for slurry preparation has specific gravity
L.1. The thermal conductivity and specific heat are available from [4].
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2.3. Heat Transfer to the Coal Slurry Flow — Homogeneous Flow Model

The homogeneous flow theory provides the simplest technique for analyzing a multi-
phase flow. This model considers the phases to flow as a single phase possessing mean -
fluid properties [5, 6].

The basic assumptions of the model are:

a) equal velocities of each phase,

b) the attainment of the thermodynamic equilibrium between the phases,

©) the use of a suitably defined simple-phase friction factor for a multiphase flow.

The pseudo properties of the fluid (velocity, temperature, density, viscosity and con-
ductivity) are weighted averages. Sometimes there are some deviations from the above

an = = T - : n .
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Fig. 3. Thermal conductivity
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Fig. 4. Specific heat

assumptions and the thermal properties of one of the components are used instead of the
mean properties.

In this paper the heat transfer is calculated for two cases in a homogeneous flow. The
two different cases are denoted by indices HL and HM, respectively:

11 Prace IMP z. 77



162 ; M. Trela

a) HL — denotes the quantity calculated using the liquid propemes as the slurry
properties, -

b) HM — denotes the quantity calculated using average (mean) properties (from
liquid and solid phase).

The above means that in the first case the heat transfer is assumed to be determined
by the liquid boundary layer, while in the second case — by the liquid-solid boundary
layer. Under homogeneous flow model assumptions, heat transfer to the coal slurry in a
turbulent flow may be calculated as for a single phase flow. So for the turbulent flow in
pipes Dittus-Boelter equation may be used

Nu=0.023Re%2Pr%*, 12)
A.For the first case (HL)
- (N =0.023 (Re)S (Pr)yi (13)
or developing this expression : -
' 0.8 0.4
hﬂE:o_om <K_’&) <_CL”J> - (14)
ky M ky :
For the homogeneous flow model, ¥, is calculated from
» o
, Vi =2 ?;fQ%Vm(Hzx , (15)

where V;,, — the liquid-solid velocity (the subscript ,,0” stands for ,,only”, so Iso means
,.liquid solid flow only”).
It is practical to compare heat transfer coefficient for the three -phase coal slurry flow
with heat transfer to the liquid flow only. Heat transfer in the liquid turbulent flow is
given by

(Nu),=0.023(Re)] 8(Pr))* (16)
or
h,, D ~ VD
’ =o.023< i L) (P04, ‘ a7
ko Hy >
If we divide (14) by (17) for the same liquid and slurry velocities e.g.
Vlo=Vlsa
the result will be ‘
hlsg) <Vlsg)0'8 0.8 : .
o =(lEZ) . (18)
(hlo HL Vla
B. For the second case HM
(Nu)gn=0.023 (Re) s (Pr)gimg (19)
or ‘

HM © Huam kuwm

"]ng ~0.023 ( Visg Pran D>°'8<CPHM #HM>O'4, ' (20)
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If the assumption V,,=V;,, still holds one gets .
(h,sg) (ﬁ)=<@)ojs<pw ,ul)o'8<Pi‘Hm)°"4 . o
hiy /) \ ki Vi P lam Pr,

LA R T s
By June \ Pyt Pry ki Vi

or

where B — stands for the three terms on the right side of the Telationship (22).
Comparing now (18) with (22) one gets

(hzsg)HM=<PHM Hz)o'8<P"HM>O'4 kﬂqu ; (23)
(sur  \p, Hpy Bres 2k .

It is seen that factor B indicates the discrepancies in the heat transfer due to the different
thermal properties of the homogeneous fluid. This factor is also equal to the ratio (i)l Py,
at Vi, =V, because

(hzs)HM_ 0.023Regy; Pr Hint Ly

—= = = BN s 24) .
by, 0.023Re)E pos @4,

In order to calculate B one must determine quantities Pums Coum and gy They were
defined as weighted averages. But for solid-liquid mixtures it is advised to calculate s,
in another way [2]. For example reference [2] gives the equations to calculate the viscosity
of solid-liquid mixtures. One of the equat ons is :

P/t =1 4450 (25)
valid for
0, <0.4,

The average density Pum may be calculated as follows

Wl: Vlo Apl =jl AP1> Ws: VsoApszjsAps (26)

SO -
W=Vt W =D d Vise=J1 Ap,+j, Ap, (27)
because in homogeneous flow
= Vlsa :jl +Js (28)
then from (27) one gets '
JiApi+isAps jipi+i,p,
HM:“\ i : (29)

A +Jjy) : Jity,
In the same way one can calculate Cpp -
- Wiy Cpuma=W,C,p 4 W, c (30)
and :
o G
CPHM:]IPI - pl 'J ’i‘p . 1)
Pum (i +Jy)

11*
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In order to compare heat transfer coefficients resulting from the above derived-formulas,
the following problem will be considered. /

Problem. Calculate heat transfer coefficient to a three-phase (naphthalene, coal, ni-
trogen) flow in 6.35-10~3 m tube at a temperature of 100°C and ambient pressure.

The coal slurry velocity (without nitrogen) is ¥,,=0.5 m/s. The coal amount in the
feed is 25 wt %. Volumetric factor Z=1 through 10. :

Solution. Thermal properties of coal from [4] are:
p,=1098 kg/m’ ,
C,i=125 kI/kg K,
k,=0.25 W/m K .
Thermal properties of naphthalene from Figs 1 - 4 are:
1;=0.58 x 107> kg/ms,
p,=960 kg/m’ ,
k;=0.123 W/m K,
C,=1.80 kJ/kg K .
Thermal properties of nitrogen from [3] are:
1t,=20.86 x 10° kg/ms,
p,=0.93 kg/m® .
According to (17) the heat transfer coefficient for the oil flow is

. ; i
hy,—0.023Re0-2 P04 %=994 W/m? K.

Slurry mass flow rate
Wls: Wl+ Ws:jl Apl+jsAps
“slurry velocity
Vlsozj:jl+js:0j5 m/S. = : (32)

The calculation of j, and j, needs additional information. Coal amount in the feed niay
be expressed as:

p=- I/Is - I/lsoAsps - 1 (33)
Ws+ Wl Vlso(Asps+Alpl) 1+11_Bl~
Js Ps

from which

{i:(i_})ﬁ (34)
.]s, p Pi :
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and finally considering (32) and (34) the superficial velocities are
/1=0.387 m/s, j,=0.113 m/s.

Thus the average slurry density is

e
Ll
.]I+]s

The ratio of viscosities uyy/u is ~

Tinalii=1+4.50 —1+45 < - ):2.017. ,

Iso
The conductivity of the solid-liquid slurry may be evaluated from (35) which is based
on [7]
Kam 2k + kg~ 20, (k,— k,)

= —1057. (35)
kl >2k1+ks_fxs(]l—ks)
From (31) the ratio Conm/Cpy is
c PP —
Ll mme s - (36)
- Cy PumJ

Putting together the above calculated values we have

==k G
P porr, P yamsc B oo, Cam g
Hy P1 k, Chn
These values enable us to calculate B factor which may be rearranged to
0.8 0.4 0.6 2
Cc k ;
B:[‘)LM ﬂ] [_ﬂ "ﬁ‘i‘] [“ﬁ‘] —0.7764 . : (37)
P Unwm Cu k

Basing on the above data, the ratios (h,;g/h,o)HL and (fys,/hy,)um are calculated and shown
in Fig. 6. The results indicate that using different definition for the slurry properties (HL
or HM) one can get discreapancies of about 259, for the homogeneous flow model.

2.4. Heat Transfer to the Coal Slurry — Separated Flow Model

Separated flow model considers the phases to be artificially segregated into three streams,
one of liquid, one of solid and one of gas. In the simplest model form every stream is
assumed to travel at a certain mean velocity [5, 6]. A separate flow model has been often
used in two-phase flow (liquid-gas). Good results are obtained at higher values of mass
fraction X, when the flow pattern is annular, because this flow may be considered as se-
parated one.

The basic premises upon which the separated flow model is based are the following
assumptions:
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a) constant but different velocities for each phase,

b) the attainment of thermodynamic equilibrium between the phase,

¢) the use of empirical correlation for the hold-up. In the case under consideration
(coal slurry stream) it is reasonable to assume that velocities of coal and oil are equal
because of the same densities so we have got the next assumption,

d) the velocities V; and V; are equal (V,=V,=1).

The above assumptions implicate that the heat transfer to the coal slurry will be de-
termined by the liquid-solid annulus on the pipe wall. The heat resistance of the annulus
depends on the hydrodynamic conditions and thermal properties of the boundary layer.
Thermal properties of the coal slurry are the same as in the former model so the desired
quantity is the velocity ¥, of the liquid-solid annulus. If the liquid-solid stream is tur-
bulent, the heat transfer may be described by Dittus-Boelter equation using the proper
value of the annulus velocity V.

A. Assuming that slurry properties are represented by liquid (index SL) we can
write = -

(Nu)g. =0.023(Re)3;2 Pro;t (38)
or ; -

by, D\ V. .p.D2\Y® :
<'9 > =o.023( o ) ot e
ki JsL : Ky

For the single-phase flow, heat transfer is expressed by (17) so if V=V, the ratio
(hlsg/hlo)s]_ becomes

(hlsg) =<Klg>0'8. = (40)
hye ST Ve _ ==

In order to calculate heat transfer one must know the velocity of solid-liquid annulus.
"The velocity may be found if one knows the hold-up of the gaseous phase. From relations
(2) and (4) the hold-up. is expressed as :

o ko= =1—0,, | (41)
4, 0, 4= W
—_— as:4=
4 o 4 p A
1« i, -
=0+ o =(1—0t,) =—— <~—l+ ~> - (#2)
i AVls L1 Ps
_ From (42) the annulus velocity
1 W, W st Viid
o= e e +0)= 0 (43)
" A(l—o@(m ps) ity T
~and
v

- : (44
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Putting the last result into (40) one gets

BT
hla SL Vlso 1-— ch

To find heat transfer coefficient in the separated flow model one must get the
hold-up of the gaseous phase. There are many empirical correlations for o, for different

1000

) L

100 B

10 7

10

10 == 400 K 1900

- Fig. 5. Parameter 6 versus property index K

conditions and different fluids. One of the best is Thom’s correlation developed for the
water-vapor flow in the whole pressure range [8]. Thom’s correlation is. given as
' 0x

e (46)
1+X,(6—1) ,

where 0 — parameter determined experimentally for water-vapor system as the function
of pressure (the 6 values may be found in [8]).

Thom’s correlation may be used directly for a water-vapor system only, because @
is given for it. One may use this correlation for other fluids if 0 is expressed as a function
of ,,property index K”’. This conclusion may be drawn out from [9] or [10].

Property index X is equal to
0.25
i e
Py) \ I

The relationship §=0(K) was calculated in [10] and is shown in Fig. 5.



168 M. Trela

8
husq
b
7
6
5
4
3 7 \& Q‘ o y
P4 y\\%)&(n? §
AL \\9\‘)“ S
Ly o 3
8
/// e e )
e (T‘f:_)sz. g
1V (_ht_sa) R
: ha'sy |
b 7 2 3 4 lz

Fig. 6. Results of the heat transfer calculations

B. For the second case SM, assuming that slurry properties are weighted averages
- (from oil and solid), we can write
\

(Nu)gy=0.023(Re)%EPrs (48)

(L’WD > 0,023 (V’spSMD)°'8<CvSM“SM)O'{  (49)
ksm /sm Hsm kswm

The ratio (A,,/h,)sm may be rearranged to

0.8
()" -
hlo SM Vlo :

or
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Calculating now the ratio (Pisg)sm/(hyeg)sy. We have

Vl 0.8
(hlsg)§M=B <~I/—IO)SM =B _(1 _ag)SL 0-8. (51)
S (hlsg)SL <_Ii_l_s)O.8
Vlo SL

( —0g)sm
It is evident from the above formula that the difference in the heat transfer coefficient bet-
ween the case A and case B is given by factor B and different values of gaseous hold-up
%,. In order to find the new values of %, the new values of K and 6 must be determined.

From (47)
0:25 =0 N 095
: 991\ /20.86 %10 .
K=(Psm (ﬁ =l ) =389 (52)
Dy 0.93/1\1.1688 x 10
and from Fig. 5 6=175. The results of the heat transfer calculations for both homogeneous.
and separated flow model are represented in Fig. 6.

2.5. Estimation of the Effect of Pressure and Temperature Upon Heat Transfer in Both Models

So far heat ‘transfer coefficients for both homogeneous and separated flow models:
have been calcuiated at ambient pressure and low temperature (p=~1 bar, t=100°C)..
It is interesting to investigate the effect of both parameters on the heat transfer.

Homogeneous flow model

A. Let us assume that the new parameters are: p= 120 bar, T=700 K (427°C). If we
consider the homogeneous flow model for the case when slurry properties are expressed.
by oil properties then we see that the ratio (fy,/hy, )y, is independent of the temperature
and pressure.

B. In order to estimate the dependence (fy,,//;,)my on the pressure and temperature
one must consider the change of the factor B resulting from the change of these two para-
meters.

Liquid density p, depends on the pressure and temperature, but this dependence
is very weak compared to that for gases so it will be neglected in this consideration. If
P 18 constant then according to (29) pyy is constant because superficial velocities are
constant. By the same token it may be proved that other quantities are constant. So it
is seen that if we neglected the change of p, resulting from the pressure and temperature:

- change then B is constant and the ratios

(=), ()
hio Jur hio Jum
are independent of the temperature and pressure.

Separated flow model. To estimate the influence of the pressure and temperature:
on the heat transfer one needs to follow the whole preceding procedure starting with the
calculation of the index property K.
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A.Slurry properties are expressed by liquid

New value of K may be obtained considering the change in the gas density, the quuid
and the gas viscosities. :

The gaseous density may be calculated from the equatlon of state for perfect gases

P2T1

(53)
rer

pgl

Nitrogen viscosity in the new conditions may be evaluated by using the Theory of Cor-
responding States [2]. From the chart Figure 3.14 in [2] it was estimated that in the new
conditions nitrogen viscosity increases by a factor of 1.57.

Qil viscosity in the new conditions may be roughly estlmated from Fig.-1 to be 4
=0.1 x10~2 kg/ms. ‘ :

The obtained values enable us to calculate the property index K

0.25
()
pg Hy

According to Fig. 5, §=20. Having 0 one can calculate the ratio (B,,/h;,)s. for p=120
bar and T=700 K (427°C).

B. Slurry properties are weighted averages
For this case it may be proved that the influence of pressure and temperature on the heat
transfer is expressed by the formula

e e
hlo SM hlo SL
where B is practically independent of the temperature and pressure.

2.6. Discussion of the Results

The heat transfer coefficients calculated for the both models for low and high pressures
and temperatures are shown in Fig. 6.

It is seen that for the separated flow model all values except those for a low pressure
and temperature are in the region where maximum values differ by about 45%.

The deviations from the values calculated for the separated flow model at a low pressure
and temperature should by expected if one remembered the assumptions of this model,
which prefer it to be used at higher mass quality fraction X, when flow pattern is annular.

The assumptions of the homogeneous model are better fulfilled at very low and very
high mass quality fraction X,, when the gaseous phase is dispersed in the solid-liquid
phase or vice versa.

The other reason for deviations of the results for the separated flow model at a low
pressure is the large error in the estimation of the hold-up «, at a very low value of X,.
Usually the prediction fromulae for o, are good if X,>0.05. In our case the values of X,
are below this limit:
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~ In the coal liquefaction process one must expect low values of the mass quality fraction
X, (X;=2 to 3% of the total three-phase mass flow rate) so the homogeneous flow model
should be preferred in the calculations of heat transfer to a coal slurry flow. It seems that
this conclusion should be valid also for non-Newtonian slurry.

3. Prediction of the Heat Transfer to a Non-Newtonian Coal Slurry

Heat transfer to a non-Newtonian turbulent flow has been investigated very poorly.
No'data were found in the literature about the heat transfer to a non-Newtonian three-phase
*flow. In such a situation a general approach to the problem will be suggested.

For the non-Newtonian turbulent flow the heat transfer may be calculated through
the analogy between heat and momentum transfer [7]. This procedure is common for
a Newtonian fluid and was extended to a non-Newtonian one by Metzner F7, Fi]

If we replace the three-phase flow by a simple phase (homogeneous model) then we
can follow the procedure proposed by Metzner. Metzner [11] has obtained a relationship
between the heat transfer and momentum transfer in non-Newtonian fluids, which in the
simplest form is given by :

el : (54)
C,Vp 120411872 —

where f — Fanning friction factor which may be obtained from Fig. 7 representing the
general friction factor versus Reynolds number diagram,

Dn’VZ—n’
Re =Hﬁ€: (55)
KISYI
n' — flow behaviour index,
n': dln-rw "' (56)
- 8V ( =
dinfs
» D
7, — shear stress at the tube wall,
K’ — consistency index which is defined by relation,
: 8\
T,,=Kf(_ P ~ (57)
e

The values of n’ and K’ may be obtained from a tube viscometer, measuring the tube shear
stress in the laminar flow versus the rate of strain d V/dr [7]. The shear stress and the rate

of strain may be expressed as
D o
s bl WE e ,\ (58)
4L de - D

where Ap — pressure drop in tube viscometer, L — distance over which the pressure is
measured.
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Fig. 7. Friction factor versus generalized Reyndlds number
~

Having relations (58), the values of n’ and K’ may be found from (56) and (57),.and
friction factor f from Fig. 7. The value of friction factor enable us to get Stanton number
and heat transfer coefficient from the equation (54). In this equation the density and the
specific heat should be weighted averages. Comparing the proposed method for non-New-
tonian fluids with the methods for Newtonian fluids one can see that a use of this method
must be preceded by experimental investigations to estimate the flow behaviour indices: n’
and K'. It must be noted here that these indices depend on the shear stress 7,, so in order to
calculate heat transfer one must first know the pressure drop during the fiow.

4. Concluding Remarks

A method for the heat transfer calculations in a Newtonian and non-Newtonian
coal slurry flow has been proposed. It has been adopted from the homogeneous flow
model as used commonly for two-phase flows.

This method should be verified experimentally for various kinds of the coal slurry
It should be expected that the coal slurry with a high amount of coal will exhibit very strong
non-Newtonian behaviour. For this case the use of the method as presented in this paper
must be precaded by measurements of the flow behaviour indices n’ and K'. For the ambient
pressure and temperature this may be done very easy in a tube viscometer or a pipe.

Received by the Editor in September 1977.
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Okredlenie wymiany ciepla podczas przeplywu pasty weglowej
Streszczenie

Ztozony mechanizm wymiany ciepla podczas przepltywu trzyfazowej pasty weglowej (wegiel, olej,
gaz) rozwazono analitycznie. Zaktadajac, ze pasta weglowa posiada wlasnosci cieczy newtonowskiej
zaadaptowano do tego przypadku dwa modele obliczeniowe, stosowane dotychczas w przeplywach
dwufazowych gaz-ciecz, a mianowicie jednorodny oraz poslizgowy model przeptywu. Obliczenia wy-
konane w pracy wskazuja, iz zaadaptowanie Jednorodnego modelu przeptywu bedzie bardziej uza-
sadnione z uwagi na mala zawartosé fazy gazowej.

: Ten sam model przeptywu moze byé réwniez uzyty dla nienewtonowskiej pasty weglowej. W tym
przypadku jednak dwa parametry charakteryzujace paste weglowa, tzn. #’ i K’ zdefiniowane przez
zaleznosci (56) i (57), musza by¢ przedtem wyznaczone na drodze eksperymentalnej. Majac wartosci
#’ i K’ oraz stosujac analogie miedzy wymiang ciepta i pedu przy zalozeniach jednorodnego modelu
przeplywu, otrzymuje sie zaleznosci na wsp6lczynnik wymiany ciepla w przeplywie pasty weglowej.

Onpeueﬂe}me Tenja000MeHa HpH TeYCHUH yronmmﬁ HACTHI

Pesrome - .

O4eHb CIIOXHBI MEXAHI3M TEII006MEHa TIPY TEYEHUH Tpex(asHOM yroILHOU NACTHI (Yrolib, Macio,
£a3) pacCyxAaeTCs ananuTuiecky. IIpeanpuuumMas, 9To yrobHas mMacTa 06ianaeT CBOMCTBAME HEIOTOHOB-
CKOM JKMKOCTH, TIPUCBAMBAIOTCS B 9TOM CIIy¥ae [BE PACYETHBIX MOIEITH, TIPUHUMABEMEBIE IO CUX ITOD OTHO-
CHUTENIHOCTBIO IBYX(ha3HBIX TEYEHHHN Ta3—KUIKOCTD.

OTO €CTh : ONHOPOLHAS W CKOAB3SINAS MOIEIN TeueHus, PacueTs: TIIPOBEIECHHBIE B ATOM paboTe moKa-
SBIBAFOT, YTO TIPUCBOEHUE OJHOPOJHOW MOJIENM TCUEHHS sIBIIsIeTCsl 60J1ee 06OCHOBAHHBIM C YYeTa HA HU3KOE
CoJepKaHue Ta30Boi (Basml. : -

OTa e camas MOZesb TEUCHUS MOKET GbITh IPUMEHEHA TAKXKe U OTHOCHTEIBHO HEHLIOTOHOBCKOM
YTOJbHOM NACThL. B 9TOM 0fiHAKO Clly¥ae [Ba HAPAMETPE, XAPAKTEPUYEOLIMC YIOJBHYIO macTy, T.e. n'm K’,
OIPCACIICHHbIE 3ABUCHMOCTSIME (56) U (57), HOIKHBL GBITH DAHbIIE OMPEIEeNCHBI SKCIIEPUMEHTANBHO.
3nas snavenns n’ 1 K’ M N0B3yach aHANOTHEH My TEIIOOGMEHOM H OBMEHOM MMITYJIbCA, TIPH IPen-
TIOJIOKEHUH OIHOPOJIHON MOJENM TEUEHUsl, TOJyYaeTCsl 3aBUCHMOCTH HA KOI(DOHMIMEHT TEmmoo6MeHa

B TEYEHUH YrOJBHON TACTHL. =



