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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 ofCHF based on the annular flow hydrodynamic model 
exhibits a quite different character from that ofexperimental data. However, ifthe 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. 
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NOMENCLATURE 

concentration of liquid droplets in vapor 
core flow [kg mm31 
concentration in hydrodynamic equilibrium 
state [kg me31 
tube diameter [m] 
deposition rate of droplets [kg m - ’ s - ‘1 
entrainment rate of droplets [kg m-’ s- ‘1 
friction factor 
mass velocity, W/(nd2/4) [kg m-’ s-‘1 
liquid film mass velocity, WJ(nd’/4) 
[kg m-* s-‘1 

latent heat of evaporation [J kg-‘] 
inlet subcooling enthalpy [J kg- ‘1 
deposition mass transfer coefficient [m s-l] 

heated tube length [m] 
pressure [MPa] 
heat flux [W m-*] 
critical heat flux [W m-‘1 
critical heat flux for the case of AHi = 0 
[W m-‘1 
total mass flow rate [kg s- ‘1 
mass flow rate of liquid film [kg SK’] 
thickness of liquid film [m] 
thickness of liquid film at z = z1 [m] 
axial distance (AHi = 0 at z = 0) [m] 
position at the start of annular flow [ml. 

Lreek symbols 

Ml void fraction at z = zl 

fi, /7 entrainment parameters 

6, critical liquid film thickness [m] 

/4 viscosity of liquid [Pa s] 

P” density of liquid [kg mm31 

P density of vapor [kg mm31 
0 surface tension [N m- ‘1 

?v wall shear stress [N m - ‘1 

x vapor quality 

Xl vapor quality at z = zl 

Xeq vapor quality in hydrodynamic equilibrium 
state 

Lx exit quality in CHF condition. 

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 qc 
obtained by changing the tube length 1 as well as the 
inlet subcooling enthalpy AHi 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 xex, which is determined via the heat 
balance as 

4q, 1 AHi 
X.X=GH,,;-H,,. (1) 

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

Figure l(a) represents the flux/quality curve 

postulated by Bennett et al. [l] with four characteristic 
regions on it. It is seen that the slope of the curve is 
gentle in regions I and III, but is steep in the 
intermediate region II, where quality hardly changes as 
against the change of heat flux. According to Hewitt 
[Z], 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 III, a large amount of entrainment 
exists at the onset of annular flow exerting a strong 
influence on CHF. 
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FIG. 1. Curve ofcritical heat flux as a function ofexit quality for 
uniformly heated tubes with variable I and AHi under a fixed 

condition of p, d and G. 

The existing data with subcooled inlet conditions 
(AHi > 0) for water at p = 6.9 MPa, d = 0.01 m and 
G=2OOOkgm-*s-l, collected from Thompson and 
Macbeth [3], Wiirtz [4], and Milan reproducibility test 
data [S], are represented in Fig. 2. Note that these data 
points exhibit nearly the same trend as the curve in Fig. 
l(a), permitting a rough classification of regions I-IV in 
such a way as shown 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 (AlHA4) in the Appendix, where the H 

regime corresponds to annular flow and the N regime to 
froth flow as has been shown in ref. [6]. Thus this is 
considered the same situation as in Fig. l(a) with respect 
to the extent of the annular flow regime. 

On the other hand, Fig. l(b) is the flux/quality curve 
postulated by Doroschuk et al. [7] and other Soviet 
investigators [S], 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 l/d > 600. See ref. [11] for the details of this 
problem. 

t Recently Kitto [12] stated the possibility ofobtaining the 
CHF curve of Fig. l(b) even at the subcooled inlet condition, 
but as mentioned in ref. 1131, it would seem that there is little 
reliable evidence for this. 
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FIG. 2. Critical heat flux vs exit quality for the case ofAHi > 0. 
Experimental data: 0, from Thompson and Macbeth 
(p = 6.7-7.1 MPa, d = 0.0108 m, I = 0.43-3.05 m, G = 194Cb 
2090 kgm-* s-l); l ,from Wiirtz(p = 7.0 MPa, d = 0.01 m, 
1= 2.02-8.00 m, G = 2000 kg m 2 s ‘) ; and x , from Milan 
reproducibility test data (p = 7.0 MPa, AH, = 75 kJ kg-‘, 

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

Recently, France et al. [9] reported experimental 
results which were regarded as indirectly supporting 
the two-mechanism CHF in Fig. l(b). Meanwhile, Levy 
et al. [lo] 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. l(b). 

It is well known that the CHF curve of regions I and 
II in Fig. l(b) results from the data of the experiments 
made with the two-phase mixed inlet condition.? 
Accordingly the curve of Fig. l(b) cannot be compared 
directly with that of Fig. l(a). However, it seems 
justifiable to assume the respective correspondences of 
regions I, II and IV between Figs. l(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 III in Fig. l(a) or 
Fig. 2. Because, if viewed from the standpoint of Fig. 
l(b), DNB-type CHF should be assumed there. 

Recently, Whalley et al. [14, 151, Wiirtz [4], Levy et 

al. [lo], 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, 191 have 
recently succeeded in clarifying the CHF mechanism in 
external flow-type saturated boiling by means of the 
critical thickness 6, of a liquid film stabilizing on a solid 
wall heated with a heat flux 4, which is given in a 
generalized form as 

This equation indicates a rapid reduction of 6, with 
increasing q, so that the thickness of the liquid film 
accompanying the annular flow in a tube may possibly 
be affected by 6, 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. 
l(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 = z1 downstream of the tube inlet 
as shown in Fig. 3, and the mass balance equation ofthe 
liquid film for z > z1 is written as 

where G,, is the liquid film mass velocity, D the 
deposition rate, E the entrainment rate, and q,,JH,, the 
evaporation rate (mass rate per unit area of the tube 
wall, respectively). If the deposition mass transfer 
coefficient k, is introduced, D = k,C 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 x at an arbitrary location z is given via the heat 
balance as 

Thus employing the foregoing kd and x, equation (3) is 

CHF at i----dY 

film drycut ” 

-I- 

FIG. 3. Critical heat flux and liquid film behavior in an annular 
flow. 

rewritten as 

d(GG) -----= 
dX 

cE, _ 1 
3 

where 1 (5) 

---. 

2.1. AnnularJlow hydrodynamic model 
Proper estimates of kd 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 Ceq, and besides 
the conditions to specify the onset of annular flow are 
not necessarily identical. Therefore, three different 
models of Whalley et al. [ 141, Wiirtz [4], and Levy ef al. 
[lo] are chosen to be compared in Fig. 2, where the 
conditions adopted in the present calculation for each 
model are listed in Table 1. 

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

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

Calculation 
model 

Deposition 
k, (m s-t) C,, (kg m - ‘) 

Entrainment 
E (kg m-* s-‘) 

Onset of annular flow 
x2 a1 State 

Whalley et al. 
Wiirtz 
Levy et al. 

0.01 
0.01 
0.01 

Empirical value [l] 

Semi-theoretical 
prediction [4] 

0.01 - c = c,,* 
Empirical formula [3] _ 0.8 C = E/k, 

- 0.8 c = c,, 

*Originally the condition of G,,/G = 0.01 (1 -xl) was used instead of C = C,, by Whalley et al. [l]. 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 P” x P” -_=- -_ 
l-X-(‘GIG) I ~1 ’ 

(f-3) 
PI PI 

C P” eq=_ Xes 
1 -xx,-G/G) 

(7) 
PI PI 

whereX,,inequation(7)isgivenas therootofequations 

(8HlO) 

GE@ Xe4 = 1 - 1 _J(l,B) for YF’ a 30, 

I 

(8) 
G&G 

Xes = 1 - 1 _J(l,B,) for YF’ < 30, 

where 8, designated as the entrainment parameter, is 

the root of 

and /?’ is given by 

p’ = 1 +J2(fl- 1). 

The dimensionless film thickness yr? included in 
equation (8) is related to the film mass velocity G,, as 
well as the wall shear stress r, as 

(4, G/P, 
= L K(y,+,r,+), 

GJ(z,lp,) rJ’ 
(9) 

where r,‘, y: and K(yG: r,‘) are 

and 

K(y,+,r,+) = r,‘y$2/2+y,+3/3 for y: < 5, 

K(yz,rz) = 12.5lrz - 10.45-8.05r:y$ +2.775y,f2 

+ 5rzyg -2.5~: In yg 

for 5 < yg < 30, 

K(yg,rz) = 3r:yG -63.9r: -2.125yF+’ 

- 1.25~~~ In y: +2.5r:yc In yc +573.21 

for 3O<y,+. 

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

( > 
2 

r,=/;,:p, F , (10) 

wherei, is the friction factor given as a function of y, as 

fi, = 0.005(1+300~). 

2.2. Deposition coefficient k, 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 

for u < 0.0383 N mm’, 

k,, [m s- ‘1 = 0.405~~.‘~~ 

k, [m s- ‘1 = 9.48 x 10404.70 

I 

(11) 

for c > 0.0383 N m-i. 

Next, the axial position where the annular flow 
pattern starts (see Fig. 3) is specified by a designated 
value of the void fraction a1 as well as by the condition 
of C = C,,, or x = xes from equations (6) and (7). The 
former condition determines the initial liquid film 
thickness y,, as 

YriId = (1 -Ja,)/2> (12) 

and the latter condition cooperates with equations (8) 
(10) to determine the initial values of xeq, GJG and 
I(= xi), respectively, corresponding to the magnitude 
of y,, given by equation (12). 

2.3. Prediction of CHF 
According to equation (1) xex is a value determined 

under the influence of qc, suggesting that xex is not 
considered as an independent variable toward qc. In 
addition, it is known that qc is not a unique function of 
x,,in the strict sense ofthe 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 axia! distance 
from the position of x = 0 to the tube exit end, is 
determined for each data point in Fig. 2, and ifit is taken 
as a tube length I, then AHi = 0 holds for this tube, so q, 
can be rewritten as qcO 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 a1 = 0.1, 0.6, 0.8, 0.9, and 0.95, 
respectively, where a1 = 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 l/d > 200 are insensitive to 
the value ofa,, and at the same time, agree well with the 
experimental data, while those in the region of l/d 
< 200 show dispersion due to a, as well as 
disagreement with the trend of the experimental data. 
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FIG. 4. Critical heat flux vs length-to-diameter ratio for the case 
of AHi = 0 with the same data symbols as those in Fig. 2. 

3. INTRODUCTION OF CRITICAL LIQUID 

FILM THICKNESS CONCEPT 

3.1. Initial liquidjlm thickness yFI 
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 
tll, 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 a1 from 0.1 to 0.95, showing that 
equation (12) is unsuitable to determine the initial 

liquid film thickness y,, in the range of l/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 6, from 
equation (2) is less than y,, from equation (12), that is 

&Id < (1 - Jd/2. (13) 

Under this condition, the initial film thickness yF1 must 
be determined by equating it to the 6, from equation (2) 
as 

YFl _ a~ _ ~(0.0584)’ 

d d 2 

X (qz;;‘.)(1+;)($4. (14) 

3.2. Initial quality x1 
When the film thickness y,, 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 qCO changes by only 
about 1.5 times within the range of l/d i 70 - 200, then 
y,, of equation (14) does not reduce to less than, say, 
half the value of yFI given by equation (12). In addition, 
the magnitude of y,,/d of equation (12) itself is 

essentially small (yFl/d = 0.133-0.053 for a1 = 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 
y,, will be determined by equation (14) when inequality 
(13) holds, while by equation (12) when inequality (13) 
does not hold. As for the initial quality x1, 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 qCO is sufficiently high, @ can be neglected on 
the RHS ofequation (5). A numerical example is shown 
in Fig. 5, where solid lines are the same as those in Fig. 4, 
and broken lines are the Levy model predictions of qCO 
obtained through equation (4) in the ideal case of 
putting CD = 0 in equation (5). Note that except for the 
absurd case of a1 = 0.1, the behavior of the liquid film 
flow is practically controlled by the evaporation of the 
film in the high heat flux region, causing the dispersion 
of the prediction due to the initial void fraction a1 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, CD in equation (5) will be assumed to be 

0 = 0, 

when inequality (13) holds. 

(15) 

Length-to-diameter ratio I/d 

FIG. 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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= Prediction with g=O.6 

FIG. 6. Comparison between the predicted and the experimental CHF for the case of G = 2000 kg m- ’ s- ‘. 

3.4. Comparison between predicted and experimental 
CHF 

The Levy model modified in Sections 3.1-3.3 gives the 
CIIF predictions shown by broken lines in Fig. 4 for 
xi == 0.6 and 0.8, showing fairly good agreement with 
the experimental data. It is difficult to answer the 
question of which value of a, 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, c~i = 0.6 is 

superior to CI, = 0.8, accordingly it will be assumed 

below that constantly 

X, = 0.6. (16) 

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 me2 s-‘, 
Fig.7forthecaseofG = 100kgm-2s-1,andFig.8for 
the case ofvariable G. Since it is impossible tocollect the 
systematic data for each prescribed condition, the 
present author’s generalized correlation of equations 
(AlHA3) 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 N and 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 

FTC;. 7. Comparison between the predicted and the experimental CHF for the case of G = 100 kg me2 s-l. 
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Water 
,02_ p=6.9 MPa 

d=O.Ol m 

c=l l/d=50 

FIG. 8. Comparison between the predicted and the experimental CHF for the case of variable G. 

predictions made through the Levy hydrodynamic 
model of equations (4H12), 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, 2.95 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) The serious fault mentioned above is 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 thr!s 
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 III in Fig. l(a) is characterized by a large amount 
ofentrainment 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. l(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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(A4) 

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

Resume-Dans le cas particulier du rtgime d’tcoulement annulaire rencontri. dans les exptriences de flux 
thermique critique (CHF) pour les tubes courts, le calcul de CHF basi: sur le modele hydrodynamique d&note 
un caracthre tr& diffkrent des don&es expCrimentales. Nbanmoins si le concept d’kpaisseur critique du film 
liquide, qui a ktt rtcemment propos6 comme le facteur dkterminant de CHF dans l’ibullition saturee externe, 
est introduit dans le modkle hydrodynamique, le CHF peut $tre prkdit correctement pour le domaine complet 
du rtgime annulaire. Ce fait est quantitativement trait& dans cet article en employant le modtle 
hydrodynamique de Levy. Une vkrification a BtB faite pour l’eau 210,84,2,95,6,9 et 13,7 MPa, mais comme les 

r&hats sont tr& proches pour toutes les pressions, seuls sont itlust& rksultats obtenus pour 6,9 MPa. 

BERECHNUNG DER KRITISCHEN WKRMESTROMDICHTE BE1 
RINGSTROMUNG IM ROHR UNTER BERUCKSICHTIGUNG DES KONZEPTS DER 

KRITISCHEN FLUSSIGKEITSFILMDICKE 

Zusammenfassung-In dem speziellen Teil des Ringstrhmungs-Gebiets, das im Experiment zur kritischen 
Wgrmestromdichte (CHF) in kurzen Rohren auftritt, zeigt die Berechnung von CHF auf der Basis des 
hydrodynamischen Modells fiir die Ringstramung ein ganz anderes charakteristisches Verhalten als das der 
experimentellen Daten. Wenn jedoch das Konzept der kritischen Fliissigkeitsfilmdicke, das kiirzlich als der 
mal3gebliche Faktor fiir CHF bei BuBerem striimungsartigen SLttigungssieden vorgeschlagen worden ist, in 
das hydrodynamische Model1 eingefiihrt wird, kann CHF im gesamten Ringstriimungs-Gebiet gut berechnet 
werden. Unter Verwendung des hydrodynamischen Modells von Levy fiir das Ringstrcmungs-Gebiet wird 
dies hier quantitativ gezeigt und fiir Wasser bei0,84; 2,95; 6,9 und 13,7 MPa bestltigt. Dasichfiirjeden Druck 

nahezu die gleichen Resultate ergeben, werden nur die Ergebnisse fiir 6,9 MPa erlsutert. 
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PAC’-lET KPWTMqECKOl-0 TEIUIOBOI-0 nOTOKA fIPM KOJIbqEBOM TEqEHkiM B 
TPY6AX C YYETOM FlOHRTMR KPMTM‘lECKOfi TOJlqMHbI flJlEHKki NJAKOCTM 

AmoTaqw-B 9acTHoM cnysae Konbyeeoro pemmfa TeveHw, KoTopbG BcTpeqaeTcR B sKcnepm4eHTax 

no &iccnefloBaHmo KpsTmecKoro TennoBoro noToKa (KTI1) B KOPOTKHX Tpy6ax, BenHwHa KTna, 
paCCW,TblBaeMal Ha OCHOBC rH,ipOlWHaMWVeCKO~ MOL,cflH KOJIbUeBOrO TeYeHNR. CMJIbHO OTJUWacTCl 

OT WMep,,cMOfi 3KC"epHMcHTaJlbHO. O~H~KO. cC,Iri B rMnpOLWHaMHYcCKyF0 MOL(c."b BBCCTH nOHIlTAc 

KpBTN'leCKOti TOJ,LUHHbl EneHKH %li~KOCTH, npennoxeHHoe HenasH B Kaqecme onpenennmuero 

napaMeTpa KTna BJIR cnyqas KMneHHfl HacbIueHHoti NSLIKOCTM nprr TeqeHm, TO semiwHy KTna 
MOXWO aneKBaTH0 paCCWrdTb U,ll BCe!i o6nacTM KO,lbL,cBOrO peXG,Ma TeWHHII. &",I nOnTBepW,eHHn 

npHBeneHb, piiC',eTHble JaBMCIZMOCTM,nO,ly~eHHbleC"OMO",bFO rMflpOL,MHaMWeCKO~ MOE%"‘, fleESI JIJTR 

Konbuesoro TeqeHm. PacqeTbl npoBonmHcb nnR Bonbl npM UaBneHHH 0.84; 2.95; 6,9 H 13,7 Mrla, 
HO TaK KaK pe3yJlbTLiTbI D,."R BCeX Cny%icB OKa3LinHCb nOqTN OL,MHaKOBblMM, B CTaTbe RpcACTaBJeHbl 

pe3y,,bTi,Tb, TOJbKOAJRJ@B."eHMR 6,9 Mna. 


