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MARIAN TRELA

Gdansk

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

A method of deriving analytical formulas for local values of friction factor R and void fraction
¢ in two-phase flow 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 the pressure drop in
two-phase flows of media other than water.

Symbols

A — channel cross-section area, u — absolute dynanllic viscosity,
m — mass flow rate, ¢ — parameter proposed by Martinelli.
p — density,
R — local value of friction factor for two- Subscripts refer to:

phase flow R=(———-—dp/dL)TPF, g — sgas (vapourn),

(dp/dL‘),0 go — gas (vapour) flow of intensity equal to
X, x — Martinelli’s parameter, that of two-phase flow,

M — mass velocity (M=m/A), [ — liquid,
x — quality Ce=my/m,+my), tt — turbulent flow,
p —-local value of void fraction (p=A,/A4), I, — liquid flow of intensity equal to that of
p — Dpressure, 3 two-phase flow, :
L — length, TPF — two-phase friction.

1. Introduct.ion

The research works concerning the pressure drop in two-phase vapour-liquid flows have °

been started long ago. A flow of this kind appears, for instance, in water-cooled thermo-
nuclear reactors, in two-fluid vapour generators etc.

As a result of these researches, different analytical methods for determining the pressu-
re drop in two-phase flow have been established. All existing methods of analysis can be
divided into two types. The first type embraces 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

3 2
* Praca wykonana w ramach problemu resortowego PAN-19, grupa tematyczna 3.
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42 7 M. Trela

only approximate 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
results. It has, however, a limited range of applicability, confined by particular conditions
of the experiments. The empirical data to be found frequently in papers are those connected
with the description of pressure drop effect in two-phase water flows. From the methods
allowing to analyze the behaviour of the mentioned medium the Martinelli-Nelson’s
method is used more often. This method is based upon experimental data determined in a
broad range of the pressure values, concerning the following two characteristic parameters:

R — the friction factor of two-phase flow,

@ — the void fraction in channel cross-section.

Relating both these parameters with pressure values the Martinelli-Nelson’s methods
offers better results than other analytical approaches. Its main defect consists in the fact
that the relations between R and ¢ 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 the different methods of analysis descri-
bed previously in [1]. It’s basic purpose consists in describing the pressure drop effect in
arbitrary two-phase flows on the grounds of the experimental values of R and ¢ given
by Martinelli and Nelson.

Two simple analytical relations are derived, allowing to determine the values of friction
factor-R and void fraction-¢ for all kmds of two -phase flow and sufficient 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 flow in heated vertical channel
is given by the relation

Ap=Aprer+4p,+A4p,, €]
where ApTPF a pressure drop caused by friction effects, 4p,—pressure drop caused by
change of momentum and Ap, —hydrostatic pressure drop.

Denoting the inpuf channel cross-section as x=0 one can determine all the terms of sum
(1) from the formulas: :

APTPF=R_' Apyo (2)
: 1 2
4p sz1<( L > 3
1 oV
L:
4p,= Ig[(l—co)pL+ op,JdL, ' @)

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

L
=
R=— | RdL. (5
2| ©
0
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. As the quality follows from the thermal calculation of the heat exchanger and the
average friction factor R is, by virtue of (5), defined in terms of its local values, it becomes
evident that for calculating the total pressure drop one ought to know two parameters,
namely: R and o.

Taking into account the set of experimental values of these parameters given by Marti-

nelli and Nelson in [3], one can develop the following algorithm for analytical deriva-
. tion of the both above factors.

The local value of friction factor R may be expressed in terms of &, parameter values

R=(1-x)""°o},, ' (6)
where @, is dimensionless constant introduced by Lockhart and Martinelli in [2] and

defined by the relation

-

- (dp/dL)rpr ; )
(dpldL),
100 -
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Fig. 1. Values of the parameter @y, versus X;; for two-phase water-steam system at different pressures

With R known, it becomes possible to determine the relation between @, Martinelli’s
parameter X, and pressure. The last relation is illustrated by Fig. 1 plotted on the basis
of the results described in [1]. The Martinelli’s parameter used in [1] has the form

Xtt=<&>0.5 (ﬂ>0.1 [(1 __x)]o.sa : (8)
P Ky X : .

From the set of the curves shown in Fig. 1 the lowest one is most important, corresponding
to the critical pressure value. It’s importance follows from the fact that it can be obtained
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analytically from egs. (6) and (8). For critical pressure there is R=1, which permits to
put down two following relations

1 575
¢ltt = \/ (i_—x) = qjlttkr s : (9)

1“‘x 0.9 :
Xtt=(T> =Xtkr» : (10)

Taking the value of quality from (10) and introducing it into (9), it can be easily shown
that for critical pressure there is

3 1 1,95 .
¢nm=\/(1 +3(T1tm) . (1)

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

On the basis of a general character of function @,,=f(X,,) for critical pressure 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 @, values for pressures lower than critical:
The comparison ought to be made for certain characteristic conditions proper of the pheno-
menon under consideration. In this paper the comparison has been made with Xy value
kept constant both for critical and any sub-critical pressure values i.e., with

; X, =1dem .
Figure 2 illustrates the examples of the analytically determined functions @, =f (@)
obtained with t
X, =idem .
From a more detailed analysis of these relations it becomes exident that @, has a linear

form for all @,,,,, values exceeding certain ones corresponding to small qualities.

. In the graph of Fig. 2 (logarithmic scale) the straight lines are represented by the power
relation

cDltt = Cdi((plttkr)ma ( 12)

where m —slope of the line, with reference to abscissa and Cy coefficient described by the
relation '
Py

s

(13)

The formula (12) is valid for all values of pressure starting from a certain point defined by
the local values of quality. All these points lay approximately on a straight line (limit-
line). The quality value calculated alon g this line appeared to be equal to x=20.05 approxi-
mately. It restricts the area of validity of eq. (12) to the cases when x>0.05. Using formula
(11) the relation (12) can be rewritten in the following form

1 1.75m
9, —C, \/<1 +}ET{I> . (14)
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Fig. 2. @y versus (D) for two-phase water-steam system at different pressures

Putting consequently (14) into eq. (6) the friction factor can be expressed directly as
; 1.75m
R={i- 0ol == C; (1 +W) . (15)
; X it
In order to simplify the above formula it is possible to introduce the Martinelli’s parameter

in the form [4] .
(dp/dLy, Tr= ,
o 16

: [(dp/dL)g] i

diﬁ'ereI{t from it’s form given by (8) which was the consequence of the following defining

relation .
% =[(dp/dL)z ]* :
(dp/dL),

Assuming that n=0.2 one obtains from eq. (16) the relation valid for turbulent flows

0,555 0.111
P, 1—x
Xtt:( g) <.ul) ( ) ‘ (17)
P ﬂg X

Between‘ the parameters X,, after eq. (8) and their new values defined by (17) there is the
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following dependence
X=Xt , (18)

Introducing (18) into (15) it is easy to prove that friction factor satisfies, finally, the rela-
tion,
1.75m
R=(1-9"7C3 (1 +_) . 19
Kzt

The above equation substitutes the empirical diagrams given for water flow by Martinelli
and Nelson. It depends indirectly on pressure values, determining the parameters Cg
and m. The functions Cy(p) and m(p) 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 mixture ¢ can also be expre-
ssed analytically. Use has been made of the experimental ¢ values (to be found on Martine-
1li-Nelson’s diagrams given in [3] to determine the function 1— ¢=f(X,,, p). The results
of the calculation, previously discussed in [1], are repeated also in Fig. 4.

X
N\ 10

o | it
N .
b ‘ AR

\'x . /D 0.95

1.5 -

P :

1.0

= 085

0 o1 0.2 3 g . . .0
a5 04 45 06 07 08 09pp 10
Fig. 3. Cp and m factors versus p/p,. for two-phase water-steam system
For critical pressure the physical properties of vapour phase and liquid phase of the
mixture are identical and the value of ¢ becomes equivalent to quality (for critical pressure

value the two-phasity vanishes). Taking this into account it becomes easy to write down
- the analytical relation 1— ¢=f(X,,), since there is

(o1 % (20)



A new approach to predicting pressure drop... 47

10 ¢ EsaEs —r
7 757
7 ;140.6
L\ w5.45
\ 70.3
o 28.12 ata
7 >
0.01 -
0.01 01 : 1.0 10 X 100

Fig. 4. (1— @) versus X,; for two-phase water-steam system at different pressures

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

: 1\t .
(1—¢)k,=(1+}t—1tm) . (21)
which is sound for critical values of pressure.

Because the relation (1 — p)=f (X,,) 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 the (1 — ¢) values obtained for pressures lower than critical. The additional condition
of X,, being equal both for critical and sub-critical pressures is taken as previously.

With this condition and using Fig. 4 the function 1 — ¢=f (1 — ¢),, has been calculated;
it’s dependence on flow pressure being shown in Fig. 5. The relation 1—g=f(1— ¢),, is,
beginning from a certain point, a linear one. That means — as the scale is logarithmic —
that an exponenttal dependence exists, which can be written down as follows

where k — slope of straight lines, and C, coefficient given by relation
1—g A
c = 23)
: - (1 = (p)llﬁr
It is easy to notice that, as previously for R, the area of validity of the formula (23) is
restricted to x>0.05. :

Transforming the equations (21) and (22) with the help of formula (18), it is possible
to show that the analytical relation defining the void fraction ¢ has the following form

1 =%k
1~¢=c¢(1+—> . 24y
Xit :
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Fig. 5. (1— o) versus (1— ¢), for two-phase water-steam system at different pressures
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Fig. 6. C, and k factors versus p/p:, for two-phase water-steam system

The relation (24) is equivalent to experimentally proved ¢=f(x, p)— Martinelli-Nelson’s
diagrams. The pressure value enters into the last formula by its influence on the parameters

C, and k. The character of variation of these parameters with water pressure is shown
in F1g 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 ¢ 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 data from literature

The main advantage of the relation (19) and (24) is that being, as they are, established
on the basis of experimental values of friction factor R and void fraction ¢ they ensure
correct results when used for predicting the pressure drop in two-phase flows.

This kind of relations linked to empirical data found in the literature refers, in the first
place, to low values of pressure. There is, however, a set of analytical correlations thought
for substituting the graphical relation @,,=f(X,,) given by Lockhart and Martinelli
in [2] and applied to pressure near atmospheric. From among these correlations, the most
known is the one given by Chisholm [5], which has the following form

20 1

Or=1+—+—s. 25
It Xn tht ( )
This relation, by virtue of (6), defines the local friction factor as
200 1
R=(1-x)""* <1 +—+—> ; (26)
X X2

The pressure and its influence on the R values cannot be determined from the last relation,

as the parameter X}, appearing in eq. (26) does not depend on pressure values. The relation
between pressure and friction factor R is given by Becker’s formula [6]

x 0.96
R=1+2400 (—) @7
P =

which is valid only for water.
Besides 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 formula [7] has the simple form

v 1 5 2 .
R=< ") (28)
1—¢ ,
whereas the'Levy’s theoretical formula for R is a little more complicated and reads
s
LT (29)
(1-9)

It seems interesting to make a comparison between eq. (19) and Levy’s theoretical formu-
la (29). Putting into the denominator of (29) the relation (24) one obtains

2 2k
B (1= x)H9° (Ti_¢> =(1—x)'75 é (1 +L) (30)

() Xtt

4 Prace IMP 2z, 64
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but simultaneously eq. (19) gives

1.75m
R=(1=x)4"°C3 (1 +-—) .
Kt

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

1
?=C‘§ thatis CaC =1,
7 (31
1.75m =2k thatis m[k=1.142.

Other way round the relation (19) corresponds to the Levy’s formula only when the
conditions (31) are rigorously met. The actual relations between Cg, C,, m and k obtained
experimentally could be determined from the data summarized at Fig. 3 and Fig. 6. The
results of this calculations are put together in the enclosed Table. From this Table it is

The value of Cp, G,, m and k as functions of the reduced water- pressure

pip, | 0t 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
o 296 008 it 19l 497 | 162 148 1.35 1.23 1.11 1.0
c, 0.445| 048 | 052 | 056 | 0.6l 067 5073 | 0380 | 088 1.0
m 0.876| 0.885 | 0.895 | 0907 | 092 | 0933 | 0948 | 0963 | 0981 | 1.0
k 0.842| 0.857 | 0.872 | 0.877 | 0902 | 0919 | 0936 | 0955 | 0976 | 1.0
€. 1w 40 1.0 0.995 | 0997 | 0985 | 0988 | 0.985 |' 0985 | 1.0
mik 1.041] 1.035 | 1.028 | 1.022 | 102 1015 | 1.012 | 1.009 | 1.005 | 1.0

clear that the actual \}alues of the product Cg, C, and quotient m/k do not depend on pres-

-sure being always equal to

m
CaCpBl, -l (32)

The existence of relation (32) (independent of pressure) defines through egs. (19) and (24)
a correlation between friction factor R and void fraction ¢ in the two-phase flows. The same
correlation is also given directly by the Lottes’s and Levy’s formulas. On the 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 m/k ratio which in
the Levy’s formula differs approximately by 15 9 from unity.

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

1,,<1—¢>="‘; ayly X" (33)

given by Hevitt [9] for low pressure values. In the analytical Hevitt’s equation (33) the
a, coefficients form a set of constants which ought to be properly chosen allowing to replace
the Lockhart-Martinelli’s graphical relation =1 (X,,) [2].

For higher pressures there is a number of analytical relations which generally do not
take account of the dependence between the void fraction ¢ and X, parameter. One of the
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best is the well known Thom’s [10] relation established for water flows in the form

Ox

P irx@-n’ o

where @ is a parameter which depends on pressure.

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

The relations (19) and (24) introduced in previous paragraphs may be directly applied
to two-phase water flows, since the values of Cj, C,m and k coefficients were determined
from the Martinelli and Nelson experiments for this kind of medium. The mentioned rela-
tions are the 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 Cy, C.
m and k could be defined independently of the kind of matter. Admitting that two-phase
flows of different media are physically similar there is a possibility of applying the laws of
the theory of similitude in describing them. A condition indispensable for making use of
the similarity laws, is the possibility of describing the considered phenomena in terms of
known analytical relations. This obvious condition has been fulfilled, because the pressure
drop has been described analytically by relations (19) and (24) formulated in the course
of previous considerations.

In view of the similarity laws the two physical phenomena are similar when:

1) the conditions of uniqueness are alike and the similarity numbers obtained on the
basis of these conditions have the same numerical values,

2) the values of reduced quantities are equal when calculated in corresponding points.

In the light of above general statements, the similarity of different two-phase flows is,
from the viewpoint of pressure drop, secured when for any given two media (I and II)
the condition of equality of éorresponding reduced quantities Ry and Ry, is fulfilled

Ri=Ry. (35)

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

1 1.75m 1 1.75m
[(1 —x)ii ez (1 o+ —> ] =[(1 -x)'75 2 (1 +—) ] . (36)
: Xet I Xt i1

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

for . x=0" R=1
o _ (dpldL),0 (37
(dp/dL),,
P=rw R=1

must be always fulfilled.

~
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Since relation (19) describing the pressure drop is a function of reduced quantities,
it holds for all kinds of two-phase flows characterized by the quality and pressure within
the limited range of variability ot these 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 the friction
factor R; and Ry will be the same for any given pair of two-phase flows. There is

Coi(pD) =Con(Pn) >
my(py) =my(Pr) -

(38)

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

Coi(P) =Con(p) (39)
l(py) = kn(P)

In the both above relations the coefficients Cg, C, m and k are functions of pressure only.
The character of their dependence on pressure can be established from eq. (19) which
states that the friction factor R is a function of two variables, namely

R=R(x, p) (40)
as folléws directly from the relations
Xt =Xu(%> D) (41)
Co=Co(D), (42)
m=m(p).

For x=1 the friction factor R ought to depend on pressure only, since from the relation
(19) it follows that

1.95
lim R=lim(1-x)*"°C% (1 +i> _ (@p/dL), =K. (43)
x> 1 Xt (dp[dL),,
The relation (43) indicates that for any pressure lower than critical the friction factor
R(x=1) becomes equal to some 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 one obtains from
(43) the following expression for the sought values of K

0.25 !
e (ﬂ_) o (44)
pg Hy £
For any two similar phenomena there is
Ri=Ry, K=Ky : (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 (42) by two equations

Co=Co(K), m=m(K) i (46)
which can be used in evaluating the friction factor R. Besides there is also
C,=Cy(K), k=k(K) ' (47)

which suffices for calculating the void fraction ¢.
From the all above remarks it seems to be clear that the quantity K may be regarded
as an additional criterial number because, in view of (46) and (47), there is

K=Ky - (48)

if only the conditions of similarity (39) and (38) are fulfilled.

Recapitulating, it is possible to state that any given couple of two-phase flow are always
similar from the pojnt of view of the pressure drop, if only criterial numbers characterizing
them are mutually equal.

Expressing the parameters Cq, C,, m and k as functions of similarity number X it
becomes possible to apply the relations (19) and (24) for 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 are given in Fig. 7.

In a recently published monograph [11] the results may be found, supporting the present
considerations on the similarity criterion for two-phase flows. In [11] there is a diagram
(quoted here in Fig. 8) obtained by Baroczy, which represents R as a function of the qua-

£ 10T C, 1.0
0.9l 26 \\\\ m, k
08} N N - —0.98
; e i
.ZF24 N < —
™N |t
06k \ \ ™~ /// 0.96
05122 e - C
\\ £ e L
04l N A Ve 0.94
B . /
03|20 N /

N
02 N 0.92
0.1+18 \ \\ /
ool ’& 0.9
16 A N \ -

4 \ N
3 7 0.88
14 E——
0.86
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, -y 0.84
1.0 _/ “‘\k_
1 2 354556078910 20 30 40 5060 708090100 200 K 300

Fig. 7. Factors Cy, C,, m and k versus K parameter
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Fig. 8. Friction factor R versus “property index’’ for different values of quality x [11]

lity x and another factor (called: ,,property index”’) defined by the relation

(ﬂ)m - ’ 49)
Hy P1
which is much similar to the discussed similarity number K. .

According to Baroczy’s statement his representation R allows to calculate the pressure
drop in flows of media other than water (including the liquid metal flows). This method,
however, does not eliminate the basic defect of Martinelli-Nelson’s analysis which lays in a

graphical representation of characteristic factors R and g.

5. Final conclusions

In the search for analytical expression for friction factor R and void fraction ¢ in two-
-phase flows the experimental values of these parameters given by Martinelli and Nelson’s
diagrams have been employed as a basic point of reference for further formal investigations.

In this way the final relations are directly supported by well proved experimental data,
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allowing to avoid the lack of practical exactness characteristic of all the purely theoretical
approaches to the description of two-phase flows. Introducing the similarity conditions
(formulated 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 water has been
discussed and examplified.

Received by Editor, September 1971.
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Proponowana metoda wyznaczania spadku ciSnienia w przeplywie
dwufazowym

Streszczenie

W pracy przedstawiono sposob wykorzystania wspolczynnikow tarcia przeptywu dwufazowego R
oraz zawartoéci pary ¢, podanych wykreslnie dla wody przez Martinellego i Nelsona, do obliczania
spadku ciénienia przy przeplywie dwufazowym innych niz woda czynnikoéw. Wykorzystujac fakt,
iz dla ci$nienia krytycznego przeplyw dwufazowy przechodzi w przeplyw jednofazowy, za pomoca
parametru X;, (8) oraz (6), uzyskano zalezno§¢ miedzy parametrem &;, dla dowolnego cisnienia, a tym
samym parametrem dla ci$nienia krytycznego (rys. 2). Przedstawione na rysunku 2 zaleznosci dadza
sie zapisaé w postaci (12). Parametr &, dla ci$nienia krytycznego daje si¢ przedstawié analitycznie
przez (9) i (11). Podstawiajac (11) i (12) do (6) otrzymano zalezno$é (15), ktora po prostych przeksztat-
ceniach daje poszukiwang zalezno$¢ analityczna wspolczynnika tarcia R (19)

1 1,75m
R=(1-x)""°C3 (1+—) .
Xte

Wplyw cisnienia na wspolczynnik tarcia w powyzszej zaleznosci uwzgledniaja wspotczynniki Co, m,
ktore dla wody zmieniaja sie wedlug rys. 3.



56 ' M. Trela

W podobny sposéb, wykorzystujac rys. 5 oraz odpowiednie zaleznosci dla ci§nienia krytycznego,
otrzymano zalezno$¢ (24) na podana wykresinie dla wody przez Martinellego i Nelsona zawartosé

pary o, .
1 -K
1—9o=C, (1+——) :

Xt

Whplyw ci$nienia na zawarto$¢ pary ¢ w powyzszej zaleznosci uwzgledniaja wspotczynniki C, i &, ktére
dla wody zmieniaja sie¢ wedtug rysunku 6. .
Stwierdzono na podstawie obliczen w zalaczonej tabeh ze migdzy wspolczynnikami Cp, C,,
m i k zachodzi relacja (32)
CoCoxl, mlkx1

Nastepnie przeprowadzono poréwnanie otrzymanych zaleznosci z innymi wystepujacymi w literaturze.
Stwierdzono, iz zaleznos¢ Leviego (29) mozia doprowadzié do postaci bardzo zblizonej do (19). Dla
umozliwienia stosowania (19) i (24) do obliczania spadku ci$nienia w przeptywach dwufazowych in-
nych czynnik6éw niz woda, postuzono sie teoria podobienistwa zjawisk fizycznych. W wyniku analizy
otrzymano warunki podobiefistwa spadku cisnienia w przeptywach dwufazowych (35), (38), (39).
Z warunké6w tych wynika liczba podobienstwa spadku ci$nienia w przeplywach dwufazowych K (44).
Uzalezniajac wspolczynniki Cs, C,, m, k od liczby podobienstwa K (rys. 7) mozna za pomoca (19)
i (24) oblicza¢ spadek ci$nienia przy przeptywach dwufazowych takze dla innych niz woda czynnik6w.

Ilpennoxenne mMeTona onpeJe/icHHsi NEPeNaja IaBJIeHHS
B IBYX(a3HOM TeduecHHH

Pesrome

B paGore mpeAcTaBiieH CnOCO6 HCHONB30OBAHES KOIDODHUIMEHTOB TpeHus IByx(asHoro tesenuss R
¥ TapOCOAEPKAHKA ¢, NPCHCTABICHHBIX rpadusecky s Bogsl Mapruuernm n HenbcoroM, [UIs pacieTa
nepenajia JaBIeHHE NP [BYX(a3HOM TeUeHHN HEBOISHEIX cpel. VIcnomb3ya (aKT, 9To [UIs KPETHYECKOTO
ZaBJIEHHS IBYX(ba3HOE TEUEHHE CTAHOBUTCS ONHOMASHEIM TeUeHHeM, IPY HOMOTIH napamerpa X;, (8)
u (6) momyuena 3aBHCHMOCTE MEXy HapamMeTpoM @;;; 1715 IPOU3BOIEHOTO NABTEHAS I TEM CAMBIM napa-
METPOM UL KPUTHYECKOro Aasienus (puc. 2). Ilpencrasnennsie Ha prc. 2 3aBACEMOCTE MOXKHO 3aIHCATD
B opme (12). ITapamerp @Dy, AN KPATHUECKOrO HABIEHHS MOXKHO NPEACTABUTE AaHAIATAYECKHA (HOopMy-
siavu (9) m (11). Hopcrasmss (11) u (12) B (6) mOIyYaeTCs 3aBHCAMOCTE (15), xoTopas mocie OPOCTHIX
OPEBPAINEHAN HaeT ncxoivxylo AHAIATHIECKYIO 3aBHCAMOCT IUisi Ko3hdunuenta Tperms R (19)

1 1,75m
R=@-x)""2 2 (1+—) !
Kie

Binsanue napicHus Ha Kodb(HIMEHT TPEHUS B BEIIIEYKA3aHAON 3aBACHMOCTH YUHTHIBAETCS k03t dn-
tuenravu Cyp, 717, KOTOPEIE [ BOIE! NPUHAMAIOT 3HAYCHHS KaK Ha PHC. 3,

TToxoxmuM cOCO6OM, HCIIONB3YSt PHC. 5 # COOTBETCTBEHHBIE 3aBHCHMOCTH IS KPUTHYECKOrO HaBjie-
HES, TIONy9eHa aHaaTHIecKas Gopmyna (24) mns rpaduyeckn npencrasiennoi Mapraremmr u Hemsco-
HOM 3aBHCAMOCTH NapOCOACPKAHUS HJIA BOHBI ¢}

1\=EE
1—¢=C¢(l+—) X
Xt

Bnusane nannenm Ha NapoCOAepXkaHue ¢ B yKA3aHHOM 3aBACHMOCTHU YYHTBIBAESTCS Koaqmmunemamn
Cy, k, M3MEHAEMOCTE KOTOPBIX IS BOABI IPEACTABICHA HA puc. 6.
W3 pacueroB, NpEACTABNCHHRIX B NpPHIOXEHHOM Tabimue, CIeNyeT, YTO Mexny KoahdunuenTaMm
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Co, C,, m, k nporcxomuT 3aBECAMOCTE (32):
CoCo1, mlk~1.

Tlocne 3TOrO IPOBENEHO CPABHEHHE NMONYYEHHBIX 3aBHCAMOCTEH C JIATEpaTyPHBIMHA JaHHBIME. KOHC-
TaTHPOBAHO, YTO 3aBHCHMOCTE JleBm (29) MoxHO npusectd X hopme oueHs 6nu3Ko# ¥ 3aBucEMOCTH (19).
s mpacnoco6aerns 3asacuMocTeit (19) u (24) x pacueram mepenafa HABICHHS B ABYX(DA3HBIX TEICHHEAX
¥ IPYTEX HEBOISHEIX CPEAAX HCIOJIE30BaHA TEOpHUd MONo0Oms hu3uvecKux sBicHuil, B pesyisTaTe anammsa
TOJNY9eHEL YCIIOBHSA No#o6mA nepenasa nasiieHus B AByX(hasnbx Tevennsax (35), (38), (39). U3 atmx ycmo-
BHH CIIC/iyeT YACIO MOAo6Hus mepenana NaBieHAs B OBYx(asHex TeueHmsx K (44). Vcranasmsas 3aBHCH-
MOCTE X03ddumuenToB Cg, C,, m, k oT uncna nonobus K (puc. 7) Moxuo npzm nomommy (19) u (24) mpo-
BOIWTL PacyeT mepenaja JABJICHHS OpH NBYX(a3HEIX TEUEHHAX TAKKE M Sl HEBOISHBIX CPEN.



