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Abstract—In the particular part of the annular flow regime that is encountered in the experiment of critical
heat flux (CHF) made with short tubes, the prediction of CHF based on the annular fiow hydrodynamic model
exhibits a quite different character from that of experimental data. However, if the concept of the critical liquid
film thickness, which has recently been proposed as the governing factor of the CHF in external flow-type
saturated boiling, is introduced to the hydrodynamic model, CHF can be predicted well through the whole
range of the annular flow regime. This fact is shown quantitatively in this paper employing the Levy annular
flow hydrodynamic model. Verification has been made for water at 0.84, 2.95, 6.9, and 13.7 MPa, but since it
gives nearly the same results for each pressure, only the results obtained for 6.9 MPa are illustrated.

NOMENCLATURE

C  concentration of liquid droplets in vapor
core flow [kg m ™3]

C., concentration in hydrodynamic equilibrium
state [kg m 3]

d  tube diameter [m]

D deposition rate of droplets [kg m 2 s~ 1]

E  entrainment rate of droplets [kg m~2 s~ 1]

fie friction factor

G mass velocity, W/(nd*/4) [kg m~2 s 1]

Gr liquid film mass velocity, Wi/(rnd?/4)
[kgm~2s 1]

H;, latent heat of evaporation [J kg™ ']

AH; inlet subcooling enthalpy [J kg~ 1]
deposition mass transfer coefficient [m s~ !]
l heated tube length [m]

r pressure [MPa]

g  heat flux [Wm™?]

g, critical heat flux [W m~2]

q., critical heat flux for the case of AH; = 0
[Wm™?]

W  total mass flow rate [kg s~ ']

Wi mass flow rate of liquid film [kg s ']

yrg  thickness of liquid film [m]

yr1  thickness of liquid film at z = z; [m]

z axial distance (AH; = 0 at z = 0) [m]

zy,  position at the start of annular flow [m].
Greek symbols

oy void fraction at z = z,

B, B’ entrainment parameters

d. critical liquid film thickness [m]

W, viscosity of liquid [Pa s]

p,  density of liquid [kg m ™3]

p  density of vapor [kg m ™3]

o surface tension [N m™1]

7,  wall shear stress [N m™2]

vapor quality
¥1 vapor quality at z = z,
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vapor quality in hydrodynamic equilibrium
state
exit quality in CHF condition.

Xeq

Xex

1. INTRODUCTION

THis paper deals with the critical heat flux (CHF) of
forced flow in uniformly heated vertical tubes excluding
the extremely high pressure state. For this case, it is
known that experimental data of the critical heat flux g,
obtained by changing the tube length [ as well as the
inlet subcooling enthalpy AH; under a fixed condition
of pressure p, tube diameter d, and mass velocity G, can
be correlated, in the approximate sense, as a function of
the exit quality y.,, which is determined via the heat
balance as

4q. |

= GH,, d

AH,
Hy,’

ey

For the general character of the above-mentioned
function q, = f(x.,), there are two concepts of a
somewhat different nature as shown in Fig. 1.

Figure 1(a) represents the flux/quality curve
postulated by Bennett ez al. [ 1] with four characteristic
regions on it. It is seen that the slope of the curve is
gentle in regions I and IIL, but is steep in the
intermediate region II, where quality hardly changes as
against the change of heat flux. According to Hewitt
[2], regions I-III are associated with the CHF in the
annular flow regime, while the remaining region, region
IV, is related to the CHF in the near-wall bubble
crowding situation. To give a little more detail, the
CHF in region I occurs mainly through the balance
between droplet deposition and liquid film evapor-
ation; then in region II, the flow of liquid from the
upstream film also participates in determining CHF ;
and finally in region I1I, a large amount of entrainment
exists at the onset of annular flow exerting a strong
influence on CHF.
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F1G. 1. Curve of critical heat flux as afunction of exit quality for
uniformly heated tubes with variable [ and AH; under a fixed
condition of p, d and G.

The existing data with subcooled inlet conditions
(AH, > 0) for water at p = 6.9 MPa, d = 0.01 m and
G = 2000 kg m~2 s~ !, collected from Thompson and
Macbeth [3], Wiirtz[4], and Milan reproducibility test
data [5], are represented in Fig. 2. Note that these data
points exhibit nearly the same trend as the curve in Fig.
1(a), permitting a rough classification of regions I-IV in
sucha way asshown by the directional lines at the top of
Fig. 2. A thin curve near the data points in Fig. 2
represents the flux/quality curve* predicted by the
present author’s empirical generalized correlation:
equations (A1){A4) in the Appendix, where the H
regime corresponds to annular flow and the Nregime to
froth flow as has been shown in ref. [6]. Thus this is
considered the same situation as in Fig. 1(a) with respect
to the extent of the annular flow regime.

On the other hand, Fig. 1(b) is the flux/quality curve
postulated by Doroschuk et al. [7] and other Soviet
investigators [8], where regions I and II are said to be
related to dryout-type CHF, while the remaining
region IV to DNB-type CHF ; and it is also said that in
region I, CHF is dominated by droplet deposition, but
in region II, droplet deposition is suppressed by a
strong vapor effusion from the liquid film due to high

* This curve shows a deviation from the data points in the
range of y., > 0.46, which corresponds approximately to the
condition of !/d > 600. See ref. [11] for the details of this
problem.

+ Recently Kitto [12] stated the possibility of obtaining the
CHEF curve of Fig. 1(b) even at the subcooled inlet condition,
but as mentioned in ref. [13], it would seem that there is little
reliable evidence for this.
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F16G. 2. Critical heat flux vs exit quality for the case of AH; > 0.
Experimental data: O, from Thompson and Macbeth
(p = 6.7-7.1 MPa,d = 0.0108 m, ! = 0.43-3.05m, G = 1940-
2090kgm~2s™!); @, from Wiirtz (p = 7.0 MPa,d = 0.01 m,
[=202-800m,G =2000kgm 25 ');and x, from Milan
reproducibility test data (p = 7.0 MPa, AH; = 75 kJ kg~ *,
d=001m,/=200m,G=2000kgm2s"1).

heat fluxes, and thereby the exit quality y., is kept
constant.

Recently, France et al. [9] reported experimental
results which were regarded as indirectly supporting
the two-mechanism CHF in Fig. 1(b). Meanwhile, Levy
et al. [10] attempted a computational calculation of
CHF through their own annular flow hydrodynamic
model giving the result shown by a thick line in Fig. 2,
and discussed the relation to the particular part of
region II of the CHF curve in Fig. 1(b).

It is well known that the CHF curve of regions I and
Il in Fig. 1(b) results from the data of the experiments
made with the two-phase mixed inlet condition.t
Accordingly the curve of Fig. 1{b) cannot be compared
directly with that of Fig. 1(a). However, it seems
justifiable to assume the respective correspondences of
regions I, Il and I'V between Figs. 1(a)and (b), because of
the similarities in the slope of the curve and the
presumed CHF mechanism. And if so, it raises an
important question of whether or not the annular flow-
type CHF can be assumed in region IIT in Fig. 1(a) or
Fig. 2. Because, if viewed from the standpoint of Fig.
1(b), DNB-type CHF should be assumed there.

Recently, Whalley et al. [ 14, 15], Wiirtz [4], Levy et
al. [10], Saito et al. [16], Leung et al. [17], and others
have performed interesting studies showing the
reliability of the computational analysis of the annular
flow-type CHF in channels based on their respective
annular flow hydrodynamic models. However, it seems
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likely that the above-mentioned problem has so far
been left outside of the scope of study.

Incidentally, Haramura and Katto [18, 19] have
recently succeeded in clarifying the CHF mechanismin
external flow-type saturated boiling by means of the
critical thickness d, of a liquid film stabilizing on a solid
wall heated with a heat flux g, which is given in a
generalized form as

5 2 0.0584) 0.4
) T () e
o \p.Hy, 2 IWANY

This equation indicates a rapid reduction of . with
increasing g, so that the thickness of the liquid film
accompanying the annular flow in a tube may possibly
be affected by &, when the heat flux is very high.

This paper reports the results of a study made to
clarify the mechanism of the CHF in region III of Fig.
1(a) by introducing the concept of the critical film
thickness into the annular flow hydrodynamic model.

2. CALCULATION OF CHF BY THE
ANNULAR FLOW HYDRODYNAMIC MODEL

For the sake of simplicity, a uniformly heated vertical
tube fed with a saturated liquid at the tube inlet will be
considered from now on. In this case, annular flow
starts at a location z = z; downstream of the tube inlet
asshown in Fig. 3, and the mass balanceequation of the
liquid film for z > z, is written as

dG 4
e _Zp_p_de) 3
dz d Hy,

where G is the liquid film mass velocity, D the
deposition rate, E the entrainment rate, and ¢.,/H;, the
evaporation rate (mass rate per unit area of the tube
wall, respectively). If the deposition mass transfer
coefficient kg is introduced, D = k4C and E = k,C,,,
where C is the liquid mass entrained per unit volume of
the core vapor flow, and C,, is the value of C in the
hydrodynamic equilibrium state. In addition, the
quality y at an arbitrary location z is given via the heat
balance as

44, z

= 2 4
GHy, d @

4

Thus employing the foregoing k4 and y, equation (3} is
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rewritten as
d(G,/G
G/ _ gy
dyx
where (5)
D= kdpl/G <_€ = Ceq>.
4o/ GHeg \p1 ;1

2.1. Annular flow hydrodynamic model

Proper estimates of ky and C,, are needed to execute
the numerical integration of equation (5) on the
computer. However, somewhat different procedures
have so far been adopted in the respective existing
studies particularly for the estimate of C,,, and besides
the conditions to specify the onset of annular flow are
not necessarily identical. Therefore, three different
models of Whalley et al. [ 14], Wiirtz[4],and Levyet al.
[10] are chosen to be compared in Fig. 2, where the
conditions adopted in the present calculation for each
model are listed in Table 1.

1tis seen in Fig. 2 that any of the models can predict
the same trend as the experimental data points in
regions T and I, qualitatively at least. However, the

Table 1. Conditions adopted to make the calculation of CHF for Fig. 2

Calculation Deposition Entrainment Onset of annular flow
model ky(ms™1) Coqkgm™3) Ekgm™?s™Y %3 a State
Whalley et al. 0.01 Empirical value [1] — 0.01 — C=0C*
Wiirtz 0.01 — Empirical formula [3] - 0.8 C = E/ky
Levy et al. 0.01 Semi-theoretical
prediction [4] o - 0.8 C=C,

* Originally the condition of G\g/G = 0.01 (1 —x,) was used instead of C = C,, by Whalley et al. [1]. The merit of the latter

condition has been discussed in ref. [6].
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Levy model employing the semi-theoretical evaluation
method of C,,, developed by I.evy and Healzer [20] is
the best one for the quantitative agreement with the
data. In addition, this model is based on the three-zone
velocity distribution in a turbulent liquid film. In this
paper, therefore, the Levy model will be employed
below, then the local values of C/p, and C./p; in
equation (5) are evaluated by the following dimension-
less equations, respectively

C Pv X Pv
RERPUAY P S S A 6
o1 pl/{l_x_(GlF/G) Pl} ©

Coa _Pv / { Yeq 3 &} @
o o U —%eq—(Gie/G)  p

where x., inequation(7)is given as theroot ofequations

(8)10)

GG
fea T T T JB)
_q__ GwlG
Fea 1= J(1/B)

where B, designated as the entrainment parameter, is

the root of
2 1/8
1+ oo 22 (2 ) - |
04ys, Gd [\p,

and g’ is given by

for yg > 30,

@®)
for yf < 30,

B =

= 1428 1).

The dimensionless film thickness yf included in
equation (8) is related to the film mass velocity Gy as
well as the wall shear stress 7,, as

GlF G/'Dl _ 2 ..
G o) 1S? Kye.rs), ©)

where rl, y¢ and K(yg,r)) are

e
’ /o

+ yF\/(Tw/pl)
/P4

3

and
Ky, r) =13 ye 2+ ye /3 for yi <5,
K(yg.rd) = 12.51r] —1045—8.05rF yf +2.775y¢ 2
+5rd yg =258 In yg
for 5 < yg < 30,
Kyg.r)y=3ryf —63.9rF —2.125y¢2
—1.25y82 In yp +2.5r5 y¢ In yg +573.21

for 30 < yg.

The foregoing shear stress t,, is evaluated through
the Wallis equation [21] as

1 (Greg
Tw =ﬁg§pv< P q) ’

(10)
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wheref;, is the friction factor given as a function of yg as

fg = 0,005 (1 +300 yd—““)

2.2. Deposition coefficient k4 and initial conditions

As for the deposition coefficient k; on the RHS of
equation (5), no generalized correlation has been given
yet, but the empirical values prepared by Whalley et al.
[14] are available for water at pressures ranging from
0.2 to 18 MPa. For the sake of simplicity, they are
correlated in this paper as

ky[m s~ 1] = 0.4050¢°-°13

for 0 < 0.0383 N m™ !,
ky[ms™1] = 9.48 x 10*¢*7°

for ¢ > 0.0383 Nm™".

(11

Next, the axial position where the annular flow
pattern starts (see Fig. 3) is specified by a designated
value of the void fraction «, as well as by the condition
of C = C,,, or ¥ = x., from equations (6) and (7). The
former condition determines the initial liquid film
thickness yg, as

yer/d = (1=u))/2, (12)
and the latter condition cooperates with equations (8)-
(10) to determine the initial values of y.,, Gig/G and
¥ (= x1), respectively, corresponding to the magnitude
of yg, given by equation (12).

2.3. Prediction of CHF

According to equation (1), x., is a value determined
under the influence of g, suggesting that y is not
considered as an independent variable toward ¢.. In
addition, it is known that g, is not a unique function of
Zexin the strict sense of the word. Thus the correlation of
data in the form of Fig. 2 is not necessarily suitable for
the study of the CHF mechanism.

Then the boiling length, that is the axial distance
from the position of y =0 to the tube exit end, is
determined for each data pointin Fig. 2, and ifitis taken
asatubelength l, then AH; = Oholds for this tube, so g,
can be rewritten as g, resulting in the alternative
correlation of data in the form of Fig. 4.

Meanwhile, thick solid lines in Fig. 4 represent the
prediction of CHF given by equations (4)-(12) for initial
void ratios of «; =01, 0.6, 0.8, 09, and 095,
respectively, where a; = 0.1, 0.9, and 0.95 have been
shown only for information because they are either too
small or too large as the void fraction to specify the
onset of annular flow. It can be noted that the
predictions in the region of //d > 200 are insensitive to
the value of #;, and at the same time, agree well with the
experimental data, while those in the region of //d
< 200 show dispersion due to «, as well as
disagreement with the trend of the experimental data.
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F16. 4. Critical heat flux vs length-to-diameter ratio for the case
of AH; = 0 with the same data symbols as those in Fig. 2.

3. INTRODUCTION OF CRITICAL LIQUID
FILM THICKNESS CONCEPT

3.1. Initial liquid film thickness yg,

The results of Fig. 4 show the following interesting
facts. First, the Levy model is successful in predicting
CHF when it is not affected by the initial void fraction
a,, suggesting the reliability of the model except for the
function of the initial conditions. Second, the Levy
model employing the initial conditions based on
equation (12) is unsuccessful with comparatively short
tubes for any value of &, from 0.1 to 0.95, showing that
equation (12) is unsuitable to determine the initial
liquid film thickness yg, in the range of I/d = 70 ~ 200
in Fig. 4.

Now the alternative to equation (12) must be found,
and it is not a difficult task because there is a restriction
of equation (2) on the thickness of a liquid film
stabilizing on a heated wall, which means that equation
(12) is invalid when the heat flux is so high that §, from
equation (2) is less than yg, from equation (12), that is

8/d < (1—Jay)/2. (13)
Under this condition, the initial film thickness yg, must
be determined by equating it to the §. from equation (2)
as
d. 1(0.0584)2

d d 2

2 1.4
LI <1 + &> <&) . (14
(qco/GHfg) 14 pl
3.2. Initial quality y,

When the film thickness yi, at the starting location of
annular flow is given by equation (14) instead of
equation (12), the flow configuration near this location
must be different from that assumed in the annular flow
hydrodynamic model. However, according to the data
points in Fig. 4, the magnitude of ¢, changes by only
about 1.5 times within the range of [/d = 70 ~ 200, then
v, of equation (14) does not reduce to less than, say,
half the value of yg, given by equation (12). In addition,
the magnitude of yp,/d of equation (12) itself is

YF1 _
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essentially small (yg,/d = 0.133-0.053 for «, = 0.6—
0.8). Therefore, it can be assumed approximately that
the flow configuration near the starting location of
annular flow is still dominated rather strongly by the
annular flow hydrodynamics.

Thus, in the analysis below, the initial film thickness
yg1 will be determined by equation (14) wheninequality
(13) holds, while by equation (12) when inequality (13)
does not hold. As for the initial quality y,, however, it
will be determined by the method of Section 2.2
independent of the condition of inequality (13) for the
sake of simplicity.

3.3. Dominant role of evaporation in high heat flux
region

Under given conditions of p, d and G, if the critical
heat flux g, is sufficiently high, ® can be neglected on
the RHS of equation (5). A numerical example is shown
inFig. 5, where solid lines are the same as those in Fig. 4,
and broken lines are the Levy model predictions of g,
obtained through equation (4) in the ideal case of
putting ® = 0 in equation (5). Note that except for the
absurd case of «; = 0.1, the behavior of the liquid film
flow is practically controlied by the evaporation of the
film in the high heat flux region, causing the dispersion
of the prediction due to the initial void fraction a, as
well.

Exactly speaking, the configuration of the annular
flow along the tube involving the condition of
inequality (13) must differ from that assumed in the
annular flow hydrodynamic model. However, the
foregoing results of Fig. 5 suggest that in the high heat
flux region under consideration, the reduction of the
liquid film thickness in the direction of flow is caused
mainly by the evaporation from the film regardless of
the flow configuration. Therefore, in the present

analysis, @ in equation (5) will be assumed to be
D=0, (15)

when inequality (13) holds.
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F1G. 5. Comparison between Levy model predictions and
those obtained in the ideal case assuming a pure evaporation
mechanism of liquid film.
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3.4. Comparison between predicted and experimental
CHF

The Levy model modified in Sections 3.1-3.3 gives the
CHF predictions shown by broken lines in Fig. 4 for
2, = 0.6 and 0.8, showing fairly good agreement with
the experimental data. It is difficult to answer the
question of which value of «, is more correct from the
physical point of view, because a few approximations
such as those mentioned in Sections 3.2 and 3.3 have
been adopted in predicting CHF. However, for the
agreement with the data points in Fig. 4, o, =06 is
superior to o, = 0.8, accordingly it will be assumed
below that constantly

2, = 0.6. (16)

g7l

Then the computational predictions of CHF for
various conditions are compared with the experimental
results in Fig. 6 for the case of G = 2000 kg m ™2 s7?,
Fig. 7for thecase of G = 100kgm~%s™ !, and Fig. 8 for
the case of variable G. Since it isimpossible tocollect the
systematic data for each prescribed condition, the
present author’s generalized correlation of equations
(A1)}+(A3)in the Appendix, which agree fairly well with
the experimental data as shown in ref. [22], are
employed as a substitute giving thin lines marked (L),
(H) and (N) in Figs. 6-8. Short vertical lines in these
three figures represent the boundary between Nand H
regimes predicted by equation {A4), indicating the
annular flow regime on the RHS of each line.

In Figs. 6-8, thick solid lines show the computational
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F1G. 8. Comparison between the predicted and the experimental CHF for the case of variable G.

predictions made through the Levy hydrodynamic
model of equations (4)(12), while broken lines
represent the predictions obtained by the Levy model
modified with the critical liquid film thickness concept
of equations (13) and (14) and the supplementary
conditions mentioned in Sections 3.2 and 3.3. Note that
broken lines agree well with the experimental trend in
the part of the annular flow regime where thick solid
lines fail to follow the experimental trend. It is added
here that similar results have been obtained for
p=0.84, 295 and 13.7 MPa as well, though the
presentation is omitted in this paper to save space.

4. CONCLUSIONS

(1) The Levy annular flow hydrodynamic model is
quite successful in predicting CHF for comparatively
long tubes, but fails to explain the special trend of
experimental data in the part of the annular flow regime
encountered in the experiments made with compara-
tively short tubes and accordingly with high values of
CHF.

(2) Theserious fault mentioned aboveis removed by
modifying the Levy model so as to determine the initial
film thickness by equation (14) instead of equation (12)
when inequality (13) holds. The CHF predictions thus
obtained are satisfactorily compared with the
experimental data of water covering a wide range of test
pressures.

(3) The fluid configuration postulated in the
foregoing modified Levy model is in accord with
Hewitt’s view mentioned in the Introduction that
region IITin Fig. 1(a)is characterized by a large amount
of entrainment at the onset of annular flow, because the
reduction of the initial film thickness is accompanied by
the increase of the entrainment at the onset of annular
flow.

(4) According to the results of the present study, it
seems incorrect to assume the DNB-type mechanism
throughout region IV of Fig. 1(b).

(5) The present study shows that there is a natural
connection of the CHF mechanism between the
external flow-type saturated boiling and the flow
boiling in comparatively short tubes with subcooled
inlet conditions.
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APPENDIX

From the correlation equations derived by the present
author [23] for round tubes, only those necessary in this paper
are shown below. The lowest value among those of g,
evaluated from equations (A1) to (A3) gives the critical heat
flux q., for a given condition. Note that equations (A2) and
(A3) are unapplicable to the range of I/d > 600 (cf. ref. [11]).

L regime:
0.043 1
qCO — C fﬂ —,
GHy, G2 l/d

where C = 0.25 for I/d < 50, C = 0.34 for I/d > 150, and
C = 0.25+0.0009{(//d) - 50} for I/d = 50-150.

H and N regime:
0.133 1/3 1
Moo _ gy (P20 AL
GH,, P G) 1+00031Yd
qCO

_ 0098 & 0.133 ﬂ 0.433 (l/d)0.27
H, \p o]

1+0.00314d’
where the boundary between H and N regime is given by

{ _ 0.77
d - (O_pl/GZI)OJT

(A1)

(A3)

(A4)

CALCUL DU FLUX CRITIQUE POUR L’ECOULEMENT ANNULAIRE DANS LES TUBES
A PARTIR DU CONCEPT D’EPAISSEUR CRITIQUE DU FILM LIQUIDE

Résumé—Dans le cas particulier du régime d’écoulement annulaire rencontré dans les expériences de flux
thermique critique (CHF) pour les tubes courts, le calcul de CHF basé sur le modéle hydrodynamique dénote
un caractére trés different des données expérimentales. Néanmoins si le concept d’épaisseur critique du film
liquide, qui a été recemment proposé comme le facteur déterminant de CHF dans I'ébullition saturée externe,
est introduit dans le modéle hydrodynamique, le CHF peut étre prédit correctement pour le domaine complet
du régime annulaire. Ce fait est quantitativement trait¢ dans cet article en employant le modéle
hydrodynamique de Levy. Une vérification a été faite pour I'eau 4 0,84, 2,95, 6,9 et 13,7 MPa, mais comme les
résultats sont trés proches pour toutes les pressions, seuls sont illustrés résultats obtenus pour 6,9 MPa.

BERECHNUNG DER KRITISCHEN WARMESTROMDICHTE BEI
RINGSTROMUNG IM ROHR UNTER BERUCKSICHTIGUNG DES KONZEPTS DER
KRITISCHEN FLUSSIGKEITSFILMDICKE

Zusammenfassung—In dem speziellen Teil des Ringstromungs-Gebiets, das im Experiment zur kritischen
Wirmestromdichte (CHF) in kurzen Rohren auftritt, zeigt die Berechnung von CHF auf der Basis des
hydrodynamischen Modelis fiir die Ringstromung ein ganz anderes charakteristisches Verhalten als das der
experimentellen Daten. Wenn jedoch das Konzept der kritischen Fliissigkeitsfilmdicke, das kiirzlich als der
maBgebliche Faktor fiir CHF bei duBerem strémungsartigen Séttigungssieden vorgeschlagen worden ist, in
das hydrodynamische Modell eingefiihrt wird, kann CHF im gesamten Ringstrdmungs-Gebiet gut berechnet
werden. Unter Verwendung des hydrodynamischen Modells von Levy fiir das Ringstrémungs-Gebiet wird
dies hier quantitativ gezeigt und fiir Wasser bei 0,84 ;2,95;6,9 und 13,7 MPa bestitigt. Dasich fiir jeden Druck
nahezu die gleichen Resultate ergeben, werden nur die Ergebnisse fiir 6,9 MPa erldutert.
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PACYET KPUTUUECKOI'O TETUJIOBOI'O NOTOKA IPU KOJIbUEBOM TEYEHUU B
TPYBAX C YYETOM INMOHATHUA KPUTHUECKOHN TOJIILIMHBI MNTEHKHU XXUJAKOCTHU

AHHOTauHa—B 4acTHOM cilyuae kKOJIbYeBOIo peXHUMa Te4eHHs, KOTOPbIH BCTPEUAETCH B IKCNEPUMEHTAX
Nno HCCNeqOBaHuIO KpuTHueckoro TemoBoro notoka (KTIT) B kopotkux tpybax, BenuuuHa KTIla,
PACCYMTBHIBAEMAS HA OCHOBE FMAPOAMHAMHYECKOH MOJEIH KOJIbLEBOIO TEYCHHS, CHJILHO OTJIHYaeTCH
OT HU3MepseMoil KCnepUMeHTANbHO. OIHAKO, €C/Id B THADPOJMHAMHYECKYK) MO/IENIb BBECTH NOHSATHE
KPHTHYECKOH TOJLMHBI NACHKH JKHIAKOCTH, [PE/UIOXEHHOE HENABHO B KAYECTBE ONPEACIIAIOLIETO
napamerpa KTIla ang cnyuas kuneHUs HacblLIEHHOR XHAKOCTH NpH TeueHHH, TO BeiaHuuHy KTIla
MOXHO a[IeKBATHO PACCUMTATDL [UIS BCEH OOJACTH KOJIbLEBOrO pexuMa TeueHus. s noaTBep)AeHHs
HPUBENEHBI PACHETHDIE 3aBUCHMOCTH, 110.Ty4eHHbIE C NOMOILbIO [THAPOAMHAMUYECKOH Moienn JleBn ans
KONbLEBOro TeueHHs. PacueTsl npoBoannuch ans BoAwl npd AaBnenuu 0.84; 295; 6,9 u 13,7 Mlla,
HO TaK KaK pe3yJibTaThl [UISl BCEX CJIy4deB OKAa3a/IMCh MOYTH ONMHAKOBBLIMH, B CTATbE MPEACTABJIEHbI
pe3yabTaThl TOJNLKO A5 JaBjenns 6,9 MIla.
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