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MARIAN TRELA

Gdań§k

A New'Approach to Predicting Pressure Drop in Two-Phase Flows*

A method of deriving analytical formulas for local values of friction factor ł and void fraction
g in two-phase'ffow has been presented. Use has been made of the experimental values of these coef-
ficients, as given by Martinelli and Nelson for water flow. On the grounds of the theory of similitude a
way has been proposed of applying the derived formulas to.the calculation of tho pressufe drop in
two-phase flows of media other than water.

Symbols

absolute dynamic viscosity,
parameter proposed by Martinelli.

p-
ó-
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ń
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X, X,

M
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L

- channel cross-§ection area,

- mass flow rate,

- density,

- local value of friction factor
* (dpldL)r*

Dhase now fi- _-_--
(dp|dL)1o'

- Martinelli's parameter,

- mźr§§ veloćity tu-ile>,
- quality (x:ńo|ńo+ń),
-.local value of void fraction (q:A"lA),
- pressure,

- length,

for two_ Subscripts refer to:

9 - gas (vapour),

9o - 8a§ (vapour) flow of in€n§ity equal to
that of two-phaśe flow,

I
tt
h

- liquid,

TPF _

turbulent flow,
liquid flow of intensity equal to that of
two-phase flow,
two-phase friction.

1. Introduction

The research works concerning the pressure drop in two-phase vapourJiquid flows have
been started long ago. A flow of this kind appears, for instance, in water-cooled thermo-
nucleaT Teactor§, in two-fluid vapour generators etć.

A§ a re§ult of thesę re§earches, different analytical methods for determining the pre§§u-

re drop in two-phase flow have been established, All existing methods of analysis can be
dividęd into two types, The first type emblace§ all the methods based upon the relations
resulting from a purely theoretical description of the two-phase flows. Due to complexity
of the associated physical phenomena which affect the behavior of the two- phase medium

* Praca wykonana w ramach problemu re§ortowego PAN_19, grupa tematyczna 3.
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onlY aPPloximate solutions may be obtained by using these methods, The second group
of methods, as based directly upon the results of various experiments, gives more accurate
łesults, It has, however, a limited range of applicability, coifined by particular conditions
of the exPeriments. The empirical data to be found frequently in papers arę thosę connected
with the descriPtion of pressure drop effect in two-phase water flows. From the methods
allowing to analyze the behaviour of the nentioned med,ium the Martinęlli-Nelson's
method is used nore oftęn. This method is based upon experimental data determined in a
broad range of the pressure ,values, concerning the following two characteristic parameters:

R - thę friction factor of two-phase flow, 
Ł

rp - 
T.he void fraction in channel cross-section.

Relating both these parameters with pressure'values thó Martinelli-Nelson's methods
offers better results than other aĄaĘtical approaches. Tts main defect consists in the fact
that the relations between Rand ę are given in the form of diagrams; moreover this method
may be applied to the description of water flows only.

An attemPt is made in this paper to generalize thę different methods of analysis descri-
bed PreviouslY in [1]. It's basic pufpose consists in describing the pressure drop effect in
arbitrarY two-Phase flows on the grounds of the experimental values of R and p given
by Martinelli and Nelson.

Two simPle analytical relations are derivecl, allowing to determine the values of friction
factor-R and void fraction-p for all kinds of two-phase flow and sufrcient for determining
the corresponding pressure drop.

2. The derivation of analytical relations for friction factor and void fraction
of a two-phase flow

The resultant value of pressure drop in a two-phase florv in heated vertical channel
is given by the relation

Ap: /p,7pgł Ap,* /p1,, (1)

where /Pr".-a Pfes§rrre droP caused by friction effects, l1lo-pressare drop caused by
change of momentum and lpo-hydrostatic pressure drop.

Denoting the inPui channęl cross-seclion as Jr:0 one can determine all the terms of sum
(1) from 1he formulas:

lpryr:R. Aprc,

Apo:M,y,(g:Ź_tź_ n),
\l-p QĄ /

L
/p,,: ! slG- ę) pt.ł Qpn7dL,

where R is the average value of friction factor of two-phase flow dęfined by relation

- 1rR:- l Rdr.LJ
o

(2)

(3)

(4)

(5)
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As the quality follows from the thermal calculation of the hgat exchanger and the

avęrage friction factor R is, by virtue of (5), ćefined in terms of its local Values, it becomes

evidęnt that for calculating the total pressure drop one ought to know two parameters,

namely: R and rp.

Taking into account the sęt of e*perimental values of these parameters given by Marti-
nęlli and Nelson in [3], one can develop the following algorithm for analytical deriva-

tion ofthe both above faclors.
The local value of friction factor R may be expressed in terms of Ó,r, parametęr values

ą:ęl -x)1,75 iblrr, (6)

Tryhere @1,, is dimensionless constant introduced by Lockhart and Martinelli in [2] and

dęfined by the relation

43

_ (dp|dL)r*o. :-- ltt 
@p|dL),

Fig. 1. Values of the parameter @.rr ver§us Xr, for two-phase water-§team system at different pfes§ure§

with R known, it becomes possible to determine the relation between @7,r, Martinelli's
parameter X,, attd pressurę. The last relation is illustrated by Fig. 1 plotted on thę basis

of the ręsults described in [1]. The Martinęlli's paramęter used in [1] has thę form

-":(#)" (f,)" [';"']" (ą

From the set of the curve§ shown in Fig, 1 the lowest one is most important, corresponding

to the critical pressure valuę. It's importance follows from the fact that it can be obtained

(7}

-+
L

i
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analYticallY from eqs. (6) and (8). For critical pres§ure there is R:1, which permits to
put down two following relations

.,,,:nl(*)- :Qlttk,

/l -x\0,9
' "":(;J :xuu,,

(9)

(10)

(13}

TakiPg the value of quality from (10) and introducing i{ into (9), it can be easily shorvn
that for critical pre§sure there is

(1 1}

The relation (11) is of a general character, being ind'ependęnt of the type of the working
mixture, whichever is considered, because there is always R:1 for pressure reaching iń
critical value.

On the basis of a general character of function @o,:f (Xn'|for critical pre§sure which,
in addition, maY be easily-determined in analytical form, it seems to be a good idea to use
it as a reference relation for comparing with the @,r, values for pressures lower than critical.
The comParison ought to bę made for certain charactęristic conditions proper of the pheno-
menon under consideration. In this paper the comparison has bęen made with X; value
kept constant both for critical and any sub-critical pressure values i.e., with

' Xł:idem
Figure 2 illustrates the examples of thę analytically determined functions Qu,:.f (Qurr,}
obtained with .

Xr,:idem
From a more detailed analysis of thesę relations it becomes exident that_ Qyrhas a linear

form for all órrr1, values exceeding certain ones corresponding to small qualities.
In the graPh of Fig. 2,(logarithrnic scale) the straight lines are represented by the powef

relation

óyr:C6(óy,o,)^, (12i
where n-sloPe of the line, with refęrence to abscissa and C.coefficient described by the
relation

.,,,*":u/(ff,

ó.
/- _ 'ltt
-@-(Qu,k,Y'

Thę formula (12) is valid for all values of pressure starting from a certain point defined by
ńe local values of quality. All thesę points lay approximately on a, straight line (limit
line). The quatitY value calculated along this line appeared to be equal to x=0.05 approxi-
matelY. It restricts the area of validity of eq. (12) to the cases when x ) 0.05. Using formula
(1l) the relation (12) can be rewritten in the following form

Qu,:C,.JFH* (14)
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Fis. 2. @ln versu§ (@lłt)ł, for two-phase watęr-§team system at different pre§§ures

Putting consequently (14) into ęq. (6) the friction factor can be expressed directly as

R:11 -x)1.75 a|,:Q-x),.,, ca(r *vfo)''"- . (15)

In order to simplify the above formula it is possible to introduce thó Martinelli's parameter
in the form [4]

f (dpldL),1z-"
X:L@ptdĄ)

differęnt from it's fornr given by (8) which was the consequence of.the following defining
relation

f (dpldL)J+

^:Lrartal>,J'
Assumipg that n:a.z one obtains from eq. (16) the relation valid for turbulent flows

r,:*)""'(t)","' (T)

(l6)

(17)

a,ź

vź
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Between the parameters X,, after eq. (8) and their new values defined by (17) thęrę is the
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following dependence

Introducing (18) into (l5) it
tion,

Xu:Xł,'111 .

is easy to prove that friction

(18)

factor satisfies, finally, the rela-

(19}

The above equation substitutes the empirical diagrams given for water flow by Martillelli
and Nelson. It depends indirectly on ple§sure values, determining the parameters C,
and,rn. The functions C.(p) anó.mQt) are given on Fig. 3 for water. They have been obtained
with the use of the above described formalism and the experimental values of .R given by
Martinelli and Nelson in their paper [3],

By way of an analogous procedure the void, fraction of the mixturc ? canalso be expre-
ssed analytically. Use has been made of thę experimental p values (to be found on Martine-
lli-Nelson's diagrarns given in [3]) to determinethe function t-ę:f(Xu,p). The results
of ńe calculation, previously discussed in [1], are repeated also in Fig.4. I

0 U 0,2 a3 ą4 0.5 O6 0.7 0,8 0.9 plp*1.0

Fig. 3. Co and m factors versus.p/p1, for two-phase water-steam sy§tem

For critical pressure the physical properties of vapour phase and liquid phase of the
mixture are identical and the value of p becomes equivalent to quality (for critical pressure
value ńe two-phasity vanishes). Taking this into account it becomes easy to write down
the analytical relation 1- E:f (Xr), since there is

B:1l _x)1,7,., (, *+)"'^_

|.0

m

(1- q)o,:l- x . (20)
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Fig. 4. (1 - p) versus X,t for two-phase water-steam system at different pressrrr€§

With the quality given by (10) and using thę last relation (20) one can get the expression

(21^}

which is sound fol critical values ofpressure.
Because the relation { I - ę) =J' (Xr) is, for critical pressure, a general one (independent

of the kind of medium) it may constitute a reference relation to be used for comparison
with thę (1 - p) values obtained for pressures lower than critical. The additional condition
of Ę, being equal both for critical and sub-critical pressures is takęn as previously.

With this condition and usińg Fig. 4 the function l - q:f (I- p)p has been calculated;
it's dependence on flow pressure being shown in Fig. 5, The relation 1-rp:f (1-9)*,is,
beginning from a certain point, a linear one. That means - as the scale is logarithmic *
that an exponential dependence exists, which can bę wrilten down as follows

/ 1\
(1_e)*.:(1 * rfr-1

1- p,:Cr(I- Q)r,,,

where k - slope of straight lines, and C* coefficient given by relation

1- łl,.r-
"v- 11- 1pft,'

(22}

(23)

[t is easy to notice that, as previously for ł, the area of validity of the formula (23) is

-T:j:*HiJt0* 
"quutio,rs 

(21) and Q2) withthe help of formula (18), it is possible
to show that the analytical ręlation defining the void fraction p has the following form

t- ,ł:c,(t*a] 
-

(24}
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Fig. 5. (1 - p) versus (1 - p)p for

0.1 ft-ą)o l,a

two-phase water-steam system at different pre§§ure§
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Fig. 6. Cn and & factors versus p/p1, for two-phase water-steam system

The relation QĄ is equivalent to experimentally proved p:f(x,p)=Martinelli-Nelson's
diagrams. The pressure value enters into the last formula by its influencę on the parameters
C, and &. The character of variation of these parameters with watęr pressure is shown
in Fig. 6.
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The Martinelli-Nelson method was not largely used in practice because of difficulties
connected with the determination of R and E values from their diagram representation.
These practical difficulties can be avoided owing to the derivation of relations (19) and
{24).

3. Comparison of the present results with some bibliographical ilata from §terature

The main advantage of the relation (19) and (2a) is that being, as they are, established
on the basis of experimental values of friction factor R and void fraction ep they ensure
correct results when used for predicting the pressure drop in two-phase ff.ows.

This kind of relations linked to empirical data found in the literature refers, in the first
place, to low values ofpressure. There is, however, a set ofanalytical correlations thought
for substituting the graphical relation @6r:f (Xr) given by Lockhari and Martinelli
in [2] and applied to pressure near atmo§pheric. From among these correlations, the most
known is the one given by Chisholm [5], which has the following form

49

20 1Qń,:7*ń*F_.

This relation, by virtue of (6), defines thi: local friction factor as

R:1+2400("J "

(l -x)l,75R:)---,-_
(1- q)'

p:11-x)1,7'(r-*-*) (26)

(27)

(ż5)

(29)

The pressure and its influence on the R values cannot be determined from the last relation,
as the parame,tet Xu appearing in eq. (2Q does not depend on pressure values. The relation
between pressure and friction factor R is given by Becker's formula [6]

rvhich is valid only for water.
Bęsides the mentioned correlation there are two elementary relations for R obtained

by Lottes and Levy as a final results of a purely theoretical study of two-phase flows.
The Lottes forniula [7] has the simple form

' / l- x\2R:| 
-- 

t (28)
\l-E)

whereas the Levy's theoretical formula for R is a little more complicated and reads

rt seems interesting to make a comparison between eq. (19) and Levyos theoretical formu-
la (29). Futting into the dęnominator of (29) the relation (24) one obtains

łl Prace IMP z. 6ł

ą:(1-x)1.7 ' (-_ \':11-x)1.75 łIr- ,)'r 
(30)
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but simultaneously eq. (19) gives

Comparing the last two ręsults it is evident that they are equivalent only when

that is CąC,:I,
(31)

1.75m:2k that is m|k:t.l42.

Other way round the relation (19) corresponds to the LevY's formula only when the

conditions (31) are rigorously metl The actual relations between Cą, Cn, m and /s obtained
experimentally could be determined from the data summarized at Fig. 3 and Fig. 6. The
results of this calculatjons are put together in the enclosed Table. From this Table it is

o.5 l nu

1.23

0.80
o.963
0,955

0.985
1.009

1.92
o.52
ą895
o.872

clear that the actual values of the product Cą, C, and quotient rnlk do not depend on pfes-
śure being always equal to

C@CE=I ,

The existęncę of relation (32) (independent of pressure) defines through eqs. (19) and (ż4}

a correlation between friction factor R and void fraction ę inthe two-phase flows. The same

correlation is also given directly by the Lottęs's and Levy's formulas. On tbe basis of (31)

and (32) it is possible to calculate the difference between real and theoretical values of R
(given by Levy's equation). This difference results from the value of rnlk rutio which in
the Levy's formula differs approximately by 15 f from unity.

As to the correlations defining the void fraction ę one can use tbe following expression

n=5

l,(1- d: I a,(l,Xr,)"
o

given by Hęvitt [9] for low pressure valuęs. In the analytical Hevitt's equation (33) the

ao coefrcients form a set of constants which ought to be properly chosęn allowing to replace
thę Lockhart-Martinęlli's graphical relation a:f (Xr} l2].

For higher pfes§ures there is a number of analytical ręlations which generally do not
take account of tbe dependence between the void fraction cp and Xrrparameter. One of the

The value of Cą, Cr, tn and k as functions of ńe reduced water, pressrrre

ę:1l _x)1,7 , re(r*+)",- .

1^
1:'e

PlP*, 0.1 0.9o.7

Cą
C9
rn

k

2.26
o.445
0.876
0,842

t.o2
1.o41

2.08
0.48
0.885

99z
1.0
1.035

1.77
0.56
o.907
o.877

0.995
1.o22

1.62
0.61
o.92
o.9o2

o.997
1.o2

1.48

o.67
0.933
0.9I9

0.985
1.015

1.35
o.73
0.948
0.936

0.988
1.ol2

1.11

0.88
0.981
o.976

1.0
1.0
1.0
1.0

(33)

Cr'Ce
mlk

t.0
1.028

1.0
1.0

(32}
m

-=1.k

0.985
1.005
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best is the well known Thom's [l0] relation established for water flows in the form

,- _@,'-l+r1o-j'
where @ is a parameter which depends on pressule.

5l

4. The similarity criterion for pressure drop in two-phase ffows

The relations (19) and (24) introduced in previous paragraphs may be directly applied
to two-phase water flows, since the values of C6, C,, m and.ł coefficients weTe determined
from the lVlartinelli and Nelson experiments for this kind of mędium. The mentioned, rela_
tions are thę functions of dimensionless parameters x and X, describing the properties
of the two-Phase flows. The last observation suggests the virtual possibility of applying
them to the calculation of the pressure drop in the media other than water if only Cą, Cr,
m and ł could be defined independently of the kind of matter. Admitting that two-phaŚe
flows of different media are physically similar therę is a posgibility of applying the laws of
the theorY of similitude in describing thęrn. A condition indispensable for making use of
the similarity laws, is the possibility of describing ńe considęred phenomena in tęrms of
known analytical relations. This obvious condition has bęen fulfilled, because the pressure
droP has bęen described analytically by relations (19) and (24) formulated in the course
of previous considerations.

rn view of the similarity laws the two physical phenomena are simitrar when:
1) the conditions of uniqueness arę alike and the similarity numbers obtained on the

basis of thesę conditions have the same numerical values,
2) the values ofreducęd quantities are equal when calculated in corresponding points.
In the light of above general statements, the similarity of difierent two_phase flows iso

from the viewpoint of pressure drop, secured when for any given two media (I and II)
the condition of equality of corresponding reduced quantities R1 and Ru is fulfilled

Rr:Ru. (35)

Taking into account eq. (19), the relation (35) can be rewritten in the form

[c, 
- 9', " c', (t + *)"' 1,:F, - *)' .,, c,, (t + }_\'' " 

J, 
. (3ó)

Considering the uniqueness conditions, and particularly the boundary conditions, it
is Possible to come to thę conclusion that the considered phenomena are similar as the set
of relation

for x:0' R:1

x:1 
^_(dpldL)no(dpIdL),o

P:P*, R:1
must be always fulfilled.

lF

(34)

(37)



52 M. Trela

Since relation (19) describing the pressure drop is a function of reducęd quantities,

it holds for all kinds of two-phase flows characterized by the qualĘ and pressure within
the limited range of variability ot thęse parameters.

The relations (37) (sound for all media) make the uniqueness conditions similar for
all media, which permits to extract from eq. (36) two equalities securing that ńe friction
factor .R, and Ą1 will be the same for any given pair of two-phase flows. There is

, C.,(p,):C.n(po), (38)

m{p):ml(pl).

For the void fraction the similar relations result directly from (32), in the following form

Crl(pt):Crrr(pt)

k (pr):ko(pn)

In the both above relations the coeffi,cients C., C,, rn and k are functions of pressure only.

The character oftheir dependence on pres§ure can be established from eq. (19) which

states that ńe friction factor R is a function of two variables, namely

(39)

(40)

(41)

(42)

(44)

R:R (x , p)

as follows directly from the relations

Xtt:kt(x, P),

Co:Co(P),

m:m(P).

For x:l the friction faclor R ought to depend on pręssure only, since from the relation
(19) it follows that

' *!\'," _(dpldL)n" _*. (43)limR:lim(l-*)''" r?\r , r,,) - (dp|dL)^

The relation (43) indicates that for any pressufe lower than critical the friction factor
R(ł:1) becomes equal to §ome constant value K.

This new constant K can be always determined analytically because the two-phase

flow transforms itself into a single-phase vapour flow for x= 1.

Using the Blasius formula for the single-phase flow friction factor onę obtains from
(43) the following expression for the sought values ofK,

l<:L(r)'''
For any two similar phenomena there is

RI:Rn, &:K1 (45)

which is a direct result of K being (for x:1) equal to the local value of friction factor R.
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At this stage of the analysis it is possible to replace relations (Ę} bv two equations

C,:Cą(K), m:m(K)

which can be used in evaluating thę friction factor R. Besidęs there is also

CI:C*(K), k:k(K)
which suffices for calculating the void fraction p.

From the all above remarks it seems to be clear that the quantlty K may be regarded

as an additional criterial number because, in view of (46) and (Ę), there is

Kr:KIr

if only the conditions of similarrty (39) and (38) are fulfilled.
Recapitulating, it is possible to state that any given couple of two-phase flow are always

similar from the point of view of the pressute drop, if only criterial numbers characteraing
them are mutually fqual.

E4pressing the Parameters Cą, Cn, m and k as functions of similarĘ number K it
becomęs possible ń apply the relations (19) and Q4) tor describing the pressure drop in
flows of media different from water. The examples of this kind of calculations, made on the

basis of eq. (44), Fig. 3 and Fig. 6 ate given in Fig. 7.

In a recently published monograph [11] the results may be fqund, supporting the pre§€nt

considerations on the similarĘ criterion for two-phase flows. In [1l] there is a diagram
(quoted here in Fig. 8) obtained by Baroczy, which represents R as a func{ion of the qua-

53

(46)

(47)

(48)

1.0

, 
0-9

0.8

0.7

0.6

0.5

0-,t

0.3

0.2

a.1

0.0

1,0

m,k

a.98

0.s6

a.94

2 3 4 5678910 ?0 3a 405060n8?9afi0

Fig. 7. Factors Ćr, C*, m ald k versus K parametef

3 4 5678910
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lity x and another factor (called: ,,propelty index") defined by the relation

(49)

which is much Śimilar to the discussed similarity number K. t*&
According to Baroczy's §tatement his representation R allows to calculate the pressure

droP in flows of media otier than water (including the liquid metal flows). This method,
however, doęs not eliminate the basic defect of Martinelli-Nelson's analysis which lays in a
graphical represenlation ofcharactęristic factors R and p,

5. Final conclu§ions

In the search for analytical e4pression for friction factor R and void fraction p in two_
-Phase flows the experimental values of thęse parameter§ given by lVlartinelli and Nelson's
diagrams have been employed as a basic point of reference for further formal investigations.

In ńis way the final relations are directly supported by well proved experimenlal data,

(t)":#:



A new approach to predicting piessure drop...

allowing to avoid the lack ofpractical exactness characteristic ofall the purely theoretical
approaches to the description of two-phasę flows. Introducing the similarity conditions
(formrrlated from the point of view of pressure drop effect) the possibility of applying the

presented results to the analysis of two-phase flows of media other than }vater has been

discussed and examplified.

Recciv€d by Editor, septemb€r 1971.
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Proponowana metoda wyznlczalia spadku ciśnienia w przepływie

dvrufzzowym

. streszczenie

W pracy przedstawiono sposób wykorzystania współczynników tarcia przepływu dwufazowego R
oraz zawartości pary p, podanych wykreślnie dla wody przez Mańinellego i Nelsona, do obliczania
spadku ciśnienia prnJ przepłyńe dwufazowym innych niż woda czynników. Wykorzystując fakt,
iż dla ciśnienia krytycznego przepływ dwufazowy przechodzi w przepływ jędnofazowy, za pomocą
parametru Xtt (8) oraz (6), uzyskano zależmość między parametrem (Dut dla dowotnego ciśnienia, a tym
samym parametrem dla ciśnienia krytycznego (rys. 2). Przedstawione na rysunku 2 zależlo§ct dadzą
się zapisać w postaci (12).'Parametr Qut dla ciśaienia krytycznego daje się przedstawió analitycznie
ptzez(9) i (11). Podstawiając (11) i (12) do (6) otrzymano zależność (15), która po pro§tych przekształ-
ceniach daje poszukiwaaą zależlość analityczną współczynnika tarcia R (19)

Wpływ ciśnienia na współcżynnik tarcia w powyższej zdleżności uwzględniają współcrynniki C6, zr,
którę dla wody zmieniają się według rys. 3.
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' 
W podobny §posób, wykorz,ystując rys. 5 oraz odpowiednie zalźlośd, dta ciśnienia krytycznego,

otrzymano zależnoŚĆ (2A) m podaną wykreśtnie dla wody przez Martinellego i Nelsona zawartość
pary a,

WPływ ciŚnienia na zawartoŚĆ pary Q w powyższej zależaośei uwzględniają współczynniki C, i k, któte
dla wody zmieniają się według rysunku 6.

Stwierdzono na podstawie obliczeń w zńączoaej tabeli, że międzry współczynnikami Co, Cq,
m i k zachodzi relacja (32)

CęCr=1, mf k=l.
NastęPnie ptzeProwadzono porównanie otrzymanych zależności z innymi występującymi w literaturze.
Stwierdzono, iŻ zależloŚć Leviego Q9) można doprowadzić do postaci bardzo zbliżonej do (19). Dla
umożliwienia stosowania (19) i (24} do obliczania spadku ciśnienia w przepĘwach dwufazowych in_
nYch czynników niŻ woda, posłużono się teorią podobieństwa ąiawisk frnlczaych. W wyoiku a11alizy
otrzymano warunki podobieństwa spadku ciśnienią w przepĘwacb dwufazowych (35), (38), (39).
Z warunków tych wynika liczba podobieństwa spadku ciśnienia w przepływach dwufazowych K (44').
UzależŃając współczynniki Cł, Cę, m, k od,liczby podobieństwa K(rys.7) możmaza pomocą (19)
i (24) obliclaĆ spadek ciśnienia przy przepływach dwufazowych także dla innych niż woda czynników.

flpegłroxeune MemAa oĘeAełenufl trepenaAa AaBnetrf,,
r AsyxóasnoM Tellennn

Pegroue

B Pa6ore BPeAcTaBJreH cnoco6 trcnoJlb3oBaul{fi xosQ$npłerrtoB TpeHruI nsyxógfioro Teqeslfi 11
E lrapocoA€pxći§n I 9, qpeAcTatBleEnrłx rpa$nrecrcn An8 BolFI MaprłNerum n Herrcouołr, gla pacf,cra
trePetra.qa AaBEeEE' rPz :łs}'xÓa9rolvr Tette§Ell EeBo,ąfiEblx cpe4. Llcno.1rreyx ilaxr, łro ,ąJUI KpuT11'rec oro
,EaBjIeBEs atyxÓasrłoe Telle§Ile cTaEoBtrTc, o,ąuoQarnrnł TeqeHueĘ Eptr iloMoTr{ff napałrerpa Xrl (8)
r (Ó) ronpeua 3aBucEMocTE MexĄ/ napaMeTp oM (DhjAJUI EpotrtBoJlbEoro AilBnelłr, E TeM caMbIM napa-
MeTPoM.qJL KPETrqecKoro Aa&'reEE t (prc. 2), flpeAcrarłerrłrre Ea plrc. 2 sasucnłocrr Moxgo 3a[uc{tT6
r ([oplre (12). Ilaparuerp @ut NI'. KptrT4lec(oro ,ĄaBJleEtrfi Moxllo npeAcTaBuTE aIIaJInTrq€cKtr óopłry-
lal,rł (9) r (l1). I1ogcranłxx (11) t (l2'1 l (6) no.ryraetcr 3aBEcEMoqrB (l5), xoropax I1ocile npocTr,D.
EpeBpaqeHnft gae. ucxoi"tyro aEaJIuTEIęcKyIo 3aBucEMocTb 4łx ros$r[urperra rpenrx R (19)

Bnragnę AaBJIeatrlI Ha xosS$npenr TpeIIEI B Bblmęyxa3annoź sagnclłMoqfg yqllT66aeTc, xogóór-
I{EeETalMIl Co, tn, xoToprle ż]1;1a BoALr IIptrEIrMaIoT 3HarIeEE rax ua prc. 3,

floxoxĘrł cuoco6ołr, uCnoJIB3y' prc. 5 u cooTBeTcTBeEEBIe 3ąBtrczl{ocTtr AJL,KpuTgtlecKoro gaBJIo-
EEt, troĄĄeEą aEaJIETFI€cKa' $opłryrra Q4) lł:rr. rpa([rłecru npeAcTaBnegrofi Maprnrrełnu z Hełrco-
EoM 3aBactrMocTa trapocoAepxa}Jzn, płg BoABI p:

l-,ł:c_|t*}_\--.

Brrnmue AaBneIIE I Ea napoco.uępxanee Q B yrasanuoż 3aBacuMocTtr J^lETbIBłręTcfi xost[$rqnenraua
C, k, lsweaneMocTL xoTopbD( An, BoAbI trpeAcTaBJle§a aa puc. 6.
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Co, Cę, m, k lŃucł;omr saaucrvocrr (32):

CgCr=l , mf k=t

flocrre gtoro qpoBegeno qpaBrelrze troĄ/rrexmx ga,gucrMogrefi c JIETepaTypEbIME AagEBnffI. Konc-
TaTEpoDaffo, TTo 3aBtrcEMoorr Jlesu (29) ivroxuo rpEB€cTE r rfuprvre oqem ofir3xofi r sarrcnroor (19).

Ąłx npacnoco6nemr (lg)u(U) r pźrclreTaM nepeua.qa AaBneEEtr n gpyx![aomm T€tlemn
E Apyrtr ( EeBo,Ęffifi cpeAax acIIoJIb?oBźrEa reopux uo4o6rr $usłrecrw mrregrń. B p€yJILTare aEaJIma
Eoryseml yęJtoBffrt uo4o6ra trepetraAa AaBJI€Ez{ t ,@yxóagmx Telletrnffi (35), (38), (39). Iłs gTffi ycJlo-
rffi Crreryer SaCfiO UOtro6ufi IIepeBaItą AaBJIeEux B pyxóasm,D( Terreg1ffi ff (44), Vcrata3JlaBax 3{t64cn_
xocrr xoe([$mpenrol Cp, Cr, m, k oT lltcJra uo4o6ur.I( (puc. 7) rvromo npa uoMoTĘlł (19) n (24) npo-
Eolrrr pacqgr tr€pena4a AaBJIeEa, npn ;pyxr$asrsx TeseĘafix Tźllore a AJI;I EeBoAsEbDr cpeA:
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