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Abstract-An experimental study is carried out on the critical heat flux (CHF) of counter-flow boiling in 
a uniformly heated vertical tube which is open to an upper, large liquid reservoir and closed at the bottom 
end. CHF characteristics which are quite different from those of CHF in the ordinary boiling system are 
revealed, particularly the matters such as the location to initiate CHF in the tube, a noticeable time-lag 
and a subsequent period for falling of local wall temperature just before the onset of CHF, and the 
complicated and comparatively slow variation of local wall temperature after the onset of CHF. Then a 
physical model capable of explaining such peculiar phenomena through the behavior of vapor and liquid 

in a heated tube is discussed. 

1. INTRODUCTION 

MANY experiments relating to the performance of heat 
pipes and gas turbine blade cooling have so far been 

made for the critical heat flux (CHF) of counter-flow 
boiling in a heated vertical tube closed at the bottom 
end as shown in Figs. l(a) and (b). For some of the 
experimental studies, the main experimental con- 
ditions are listed in Table 1, together with information 
as to the number of thermocouples placed along the 
length of the tube, the location of the onset of CHF 

in the tube, and the mode of temperature variation. 
Among the experimental studies listed in Table 1, 

comparatively recent studies [5-91 provide us with the 
following information as to the limiting phenomena 
observed in the boiling system of Fig. 1 (a). 

First, Harada et al. [5] observed a hammering sound 
accompanied by irregular variation of wall tem- 
perature with time, and assumed it to be a limiting 
state caused by a sort of flooding. In addition, their 
boiling system was found to become uncontrollable 
at a liquid charge of F, = 0.17, and they attributed it 
to the fall of a mass of liquid accumulated in the upper 
cooling section into the lower heated section. 

Imura et al. [6] studied the effect of the liquid charge 
F, on the magnitude of CHF qc over the range of 
F, = 0.04-1.0, leading to the following classification 
of three characteristic regimes : the regime of small F, 
where qc increased with F,, then that of middle F, 
where qc was constant independent of F,, and finally 
that of large F, where a periodic burst of boiling and 
noise were observed. They then assumed the dryout 
of the liquid film under the situation of Fig. 2(a) for 
the first regime, and burnout under the situation of 
Fig. 2(b) for the second regime. 

Fukano et al. [7] showed three different types of 
graphs of wall temperature excursion. The first is the 

oscillation of wall temperature (and pressure in the 

tube) with a period of about 240 s and an amplitude 
of about 2OO”C, which they assumed, under the situ- 

ation of Fig. 2(c), to occur through a cyclic phenom- 
enon consisting of the accumulation of liquid by 

flooding in the upper cooling section and the extension 

of the dryout area above the free surface of the liquid 
pool. Then, they attributed the second type of tem- 
perature excursion to the dryout of liquid film appear- 

ing at small liquid charges, and the third type to the 
CHF of DNB type occurring in the liquid pool at 
large liquid charges. 

Reference [8], reporting experiments in the range of 

tube diameter d = 13.8-23.0 mm and liquid charge 
F, = 0.25-0.50, has disclosed that the above-men- 
tioned temperature oscillation of ref. [7] can occur 
only near F, = 0.33. Then, in a subsequent study [9], 
derivation of a generalized correlation of the CHF 
data obtained for F, = O.l(M.50 was attempted with- 
out distinction of the type of temperature excursion. 

On the other hand, as for the boiling system of Fig. 

1 (b), Barnard et al. [IO] reported data associated with 
the location to initiate temperature excursion for R- 
113 at atmospheric pressure (vapor/liquid density 
ratio pV/pL = 0.00495). If they are represented in a 
generalized form, it results in Fig. 3 where LJL des- 
ignates the relative distance of the CHF onset point 
measured from the bottom. Then, Barnard et al. 

assumed the state of Fig. 4(a) to appear in longer 
tubes (say, L/d > 70), where dryout would be initiated 

at the bottom end. 
As for analytical studies, there are those made by 

Dobran [13], Reed and Tien [14], and Casarosa and 
Dobran [15], respectively. Dealing with the system of 
Fig. l(a), these authors analyzed the circulation of 
fluid and its stability based on a two-phase model such 
as Fig. 2(c), and discussed the occurrence of flooding 
and dryout. 

Meanwhile, flooding has been regarded by many 
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NOMENCLATURE 

d id. of heated tube P pressure 

F, liquid charge (volume fraction in heated q heat flux 

tube) in the case of Fig. 1 (a) % critical heat flux 

.4 gravitational acceleration T, saturation temperature 

Hfg latent heat of evaporation Z axial distance measured from the bottom. 

j, superficial velocity of liquid, equation (2) 

JV superficial velocity of vapor. equation (2) 

L length of heated tube Greek symbols 

L, location of CHF onset measured from the 0 surface tension 

bottom p,_ density of liquid 

L, liquid level in reservoir pL density of vapor. 

(a) 

Liquid reservoir 

magnitudes of jv and jL at the top end of the heated 
tube are usually employed, and hence the following 
combined equation of continuity and energy holds at 

the critical heat flux qc : 

(b) 

FIG. 1. (a) Closed two-phase thermosyphon. (b) Vertical 
tube with a liquid reservoir and a closed bottom. 

investigators as a trigger of the CHF phenomenon in 
the present boiling system. Flooding itself is a 

phenomenon with very complicated aspects (cf. ref. 
[16] for example), accordingly it is undesirable to deal 
with it easily. However, since the effect of flooding 
will be considered later, a few correlations of CHF 
based on the concept of flooding are examined here. 

First, with respect to the flooding which occurs in 
an annular counter-current flow of gas and liquid, 

Wallis [ 171 gave a well-known empirical equation : 

(j:)*)‘/‘+(j:)‘!’ = C, 

(1) 

with the following j,* and jz : 

iE”= _k!“/[hk-~v~4 “’ 

where j, and j, are superficial velocities of gas and 
liquid, respectively; p” and pi_ are the densities of gas 
and liquid ; g the gravitational acceleration ; d the i.d. 
of the tube ; and C, a constant (say, 0.725-l .O). 

In the case of applying equation (1) to the CHF of 
boiling in a heated tube closed at the bottom, the 

j,,p,(xd’/4) =jLpL(71d’/4) = q,ndLtLiH, (2) 

where Hvg is the latent heat of evaporation. Sub- 
stitutingj, and j, of equation (2) into equation (I) 
gives the following correlation of qc : 

Among the studies cited in Table 1, Sakhuja [2] and 

Suematsu et al. [3] reported the agreement of his or 
their own data with equation (3) while Barnard et al. 

[lo] reported a tendency of their own data to approach 
equation (3) with increasing the tube length in the 

range of L/d < 70. 
On the other hand, Harada et al. [5] posed a ques- 

tion to the general applicability of equation (3) 

according to the result of comparing their own data 
with equation (3). Diehl and Koppany [18], and 
Bezrodnyi [19], assuming the situation of flooding, 
proposed correlations of different types from equation 

(3) respectively. Besides, Nejat [l l] gave the following 
empirical modification for Cz on the right-hand side 
of equation (3) based on his own data : 

C’; = 0.36(L/d)” ‘. (4) 

Meanwhile, Tien and Chung [20] extended Kuta- 
teladze’s criterion for the onset of flooding to give 

K,1:2+K;’ = ci. (5) 

with the following K, and K, : 

Kv = j,p~‘2/t~g(p,_--P,)l”’ 

fG_ = .id 2/bs(~L-~py)l”4 

where (r is the surface tension, and C~ is a constant 
(c,’ = 3.2). In this case. substituting,j, and,j,_ of equa- 
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tion (2) into equation (5) gives the following cor- 

relation of qc : 

(6) 

In addition, Imura et al. [6] assuming the state of 

Fig. 2(b) which is independent of flooding, derived the 
following empirical correlation based on dimensional 
analysis : 

&‘[“‘p;;pvq’:’ = 0.16 (rjd)(p;,pL)O”. 
(7) 

However, it is of interest to note that the right-hand 

side of equation (7) has a magnitude as much as about 
66% of that of equation (6) throughout the normal 
range of the vapor/liquid density ratio pv/pL = 
0.000624-0.15 [21]. This means that equation (7) is 
nearly equivalent to equation (6) except for the value 
of the constant. 

Now, the studies mentioned so far have revealed 

various aspects of CHF in the present boiling system, 
but they are inconsistent in some key points (see Table 
1, for example), and it is rather difficult to have a 
coherent image for the situation at the onset of CHF. 

In addition, clarifying the mechanism to generate 
CHF in this special counter-flow boiling system must 

be very useful to promote a general understanding 

of the phenomenon of CHF. For such reasons, the 
present study has been conducted employing a system 

of Fig. l(b) with a uniformly heated tube, free from 
various secondary phenomena involved in a closed- 
space system of Fig. 1 (a). 

2. EXPERIMENTAL APPARATUS AND TEST 

RANGE 

The experimental apparatus, which is illustrated 

schematically in Fig. 5, consists of a liquid reservoir, 
a test-tube, and a measuring system. 

The liquid reservoir 200 mm in internal diameter 

and 610 mm in internal height, with auxiliary heaters 
and cooling coils in it, can keep a liquid at a prescribed 
saturation temperature and pressure. It has also a 
level gauge capable of measuring the liquid level even 
at high pressures. 

The test-tube, a stainless steel tube with a wall tbick- 
ness of 1 mm, is heated uniformly by a direct a.c. 
current of low voltage. Both ends of the tube are 
connected with electrodes, respectively, in such a way 
as illustrated in Fig. 6 (which exemplifies the upper 
end) so as to enable the reduction of contact resistance 
as well as an exchange of test-tubes of different lengths 
and diameters. 

The local temperature of the test-tube is measured 
by chromel-alumel thermocouples spot welded to the 
tube wall at equal intervals (total of 11-17 points 
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(a) (b) Cc) 

FIG. 2. State of liquid and vapor in a closed two-phase 
thermosyphon. 
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FIG. 3. Location of the onset of temperature excursion [lo]. 

according to the tube length). Electric power input to 
the tube is measured by means of a voltmeter and a 
shunt, while a circuit breaker cuts off automatically 

the input current when the highest local temperature 
of the test-tube exceeds a prescribed limiting value. All 
the data of temperature and power input are recorded 
continuously by a computer through a scanner and a 

digital multimeter. 
In the present study, pure and degassed water is 

employed as a test fluid, and experiments are carried 
out in the following ranges : 

length of heated tube : L = 300,600, and 900 mm 
i.d. of heated tube : d = 8 and 10 mm 
system pressure: P = 101.3 and 198.5 kPa 
liquid level in reservoir (height from the bottom) : 

L, = 150 and 350 mm. 

3. EXPERIMENTAL RESULTS 

Any experiment in the present study starts with 
preheating the whole water in the system up to a 
prescribed saturation temperature T, by auxiliary 
heaters in the reservoir and direct current heating of 

ia666’ 

(a) (b) 

FIG. 4. State of liquid and vapor in a heated tube : (a) model 
of Barnard et ul. [lo] for long tubes ; (b) model of the present 

work. 

the test-tube. After that, the power input to the heated 
tube is raised stepwise, keeping the water in the res- 
ervoir at the prescribed saturation temperature T,. At 
each step of power increase, a steady state of wall 
temperature is confirmed to continue for a sufficiently 

long time. and in this way, the power input is increased 
gradually until the onset of CHF. 

3.1. Onset qf‘CHF und wall temperature rxcwsion 
At any steady state of boiling set up in the above- 

mentioned process of increasing the power input, it 
has been found that all thermocouples distributed 
on the heated tube show nearly the same superheat 
corresponding to each magnitude of heat flux. For 
example, Fig. 7(a) shows the variation of local wall 
temperature with time at four different locations a_ 
0, where z designates the axial distance from the 

bottom end of the test-tube. In a period before the 
time represented by a perpendicular line, during which 
heat flux is kept at 8.51 x IO4 W mm’. it can bc 

observed that the tube wall is maintained at nearly the 
same superheat at the four different locations against 
the saturation temperature shown by a thick hori- 
zontal line T,. 

However, after a stepwise rise of heat flux made at 
the perpendicular line in Fig. 7(a) to 8.69 x IO” W 
m 2, no change of wall temperature is seen for a 
period (about 50 s in this case), then wall tempcraturc 
at each location of 0-8 falls gradually towards 
the saturation temperature, and finally a noticeable 
change of local wall temperature begins abruptly in 
succession of 0, 0, and 0 (accompanied by a minor 
and temporary variation at 0). Judging from the 
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Electric clump 

FIG. 5. Experimental apparatus 

I Teiflon 3.2. Characteristics of critical heatjux 

FIG. 6. Structure near the top end of a heated tube 

length of time on the abscissa of Fig. 7(a), the fore- 
going variation of wall temperature is one which pro- 

ceeds at a comparatively slow pace. 
Figure 7(a) is shown as a typical example, and 

situations more or less similar to Fig. 7(a) have been 
observed except for a few cases which display a some- 

what simpler type of temperature variation such as 
that shown in Fig. 7(b). 

Finally, as a common fact to Figs. 7(a) and (b), it 
must be noted that, thermocouples at the locations 
other than those indicated in Fig. 7(a) or (b) exhibit 
no temperature variation during the time represented 
in Fig. 7(a) or (b), being kept at nearly the same 
superheat. 

In the present study, the critical heat flux qc is 
defined as the magnitude of heat flux to bring about 
noticeable temperature variation in such a way as in 

Figs. 7(a) and (b) ; and all the data of qc thus obtained 
are plotted in Figs. 8(a) and (b), for P = 101.3 and 
198.5 kPa, respectively. In Fig. 8, three typical cor- 

relations are compared with the data, where ‘Nejat’ 
represents qc predicted by equations (3) and (4) ; simi- 
larly, ‘Imura et al.’ by equation (7) ; and ‘Tien-Chung’ 
by equation (6) with c: = 3.2, respectively. 

From the results of Figs. 8(a) and (b), it is noticed 
that the data of critical heat flux qc obtained in the 
present study appear near the prediction line of the 

Tien-Chung correlation, and that the effect of the 
liquid level in the reservoir L, on CHF is negligibly 
small within the experimental range at least. 

3.3. Location of the onset ojCHF 
In the present study, the location of the onset of 

CHF (measured by the distance from the bottom end 
of the heated tube z = L,) is defined as the location 
where the first temperature rise begins, such as 0 of 
Fig. 7(a) or @ of Fig. 7(b) ; and all the data of L, thus 
obtained are plotted in Figs. 9(a) and (b), for the 
liquid level in the reservoir L, = 150 and 3.50 mm, 

respectively. 
The location of the onset of CHF L, determined in 

the above-mentioned way has a certain measure of 
scattering in the nature of things. In spite of this, 
however, it can be noticed from Figs. 9(a) and (b) 
that the location of the onset of CHF lies between the 
top and the bottom end of the heated tube with a 
tendency to move towards the top end as the tube 
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P= 198.5 kPa (T;=120’C) 

L =600mm, d=lOmm 

q= 8.69 x IO4 W me2 

50 100 150 200 250 300 

The time elapsed (s) 

FIG. 7(a). Variation of’local wall temperature with time (typical case) 
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200 - 

160- 

120- 

P = 101.3 kPa (r, = 100°C) 

L,= 350 mm 

L = 900mm, d= IOmm 

0: 2/L = 0.40 

6: Z/L = 0.35 

0: Z/L = 0.30 

0: z/L= 0.25 

0: z/L=0.20 

T, q-5.56x 104W rn-’ q’5.61 x 104W m-’ 

80 I I 1 I I 
0 50 100 150 200 250 

The time elapsed (s) 

FIG. 7(b). Variation of local wall temperature with time (occasional case) 

2xld r \ \ 

I I I I I I 
25 50 75 130 125 0 25 50 75 loo 125 

Tube length to dmmeter ratlO. L/d Tube length to diameter ratio. L/d 

FIG. 8(a). Comparison of measured and predicted CHF FIG. 8(b). Comparison of measured and predicted CHF 
(P = 101.3 kPa). (P = 198.5 kPa). 
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FIG. 9(a). Location of the onset of CHF (L, = 150 mm). 

length is reduced. It is of interest to know that this is 

in accord with the result of Fig. 3 of Barnard et al. 
[lo]. Besides, the fact that Sakhuja [2] reported the 
onset of CHF at the top end of the heated tube (see 
the ninth column in Table 1) is also consistent with 
the foregoing tendency if it is considered that his 
experiments were made for very short tubes only 
(L/d = 2.1-7.4). 

Finally, it is also noticed from Figs. 9(a) and (b) 

that the presumption of Barnard et al. [lo] for CHF 
to arise at the bottom end of a heated tube if the tube 
is sufficiently long (see Fig. 4(a)), is unrealized up to 
L/d= 125. 

4. PHYSICAL SITUATION TO CAUSE CHF 

4.1. Flow pattern model in a heated tube 
For all the data of qc mentioned in the preceding 

chapter (for which vapor/liquid density ratio 

p,,/pL = 0.000623~.00119), the superficial velocity of 
vapor flowing out of the top end of the heated tubej, 
at the onset of CHF is calculated by equation (2) to 

show the following state of high velocity : 

,j, = 12.6-15.5 m s-’ for P = 101.3 kPa 

,jV = 7.8-9.6 m sm. ’ for P = 196.5 kPa. 

In addition, if qc is roughly approximated by equation 
(6) according to the results of Figs. 8(a) and (b), the 
following equation is derived from equation (2) : 

j, = ck’ [ng(‘;;l’i)]“4/[l +(~~,p~)‘!~]~ (8) 

which suggests that j, is not affected noticeably by L 
and d within the experimental range of the present 

study. It thus appears that one can assume annular 
counter-flow near the top end of the heated tube just 
before the onset of CHF. 

Meanwhile, for the steady-state boiling in a uni- 
formly heated tube, the upward flow rate of vapor at 
a location of distance z from the bottom end of the 
tube (which is equal to the downward flow rate of 
liquid at the same location) is in proportion to z. 
Then, the flow rate of vapor near the bottom end of 
the tube is very low because of z r 0, and hence one 

t 
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Tube length to diameter ratio, L/d 

FIG. 9(b). Location of the onset of CHF (L, = 350 mm) 

can assume a kind of bubbly flow near the bottom 
end filled with plenty of liquid. 

After all, a distribution of flow patterns along the 
tube such as that illustrated in Fig. 4(b) can be 
assumed to appear in a tube just before the onset of 
CHF. In appearance, this may look very similar to the 
situation of ordinary forced-flow boiling in a heated 
vertical tube, but liquid flows opposite to vapor in the 
present case, causing quite a different situation with 

respect to the onset of CHF. 

4.2. Location qf the onset of CHF and time-lag 
When heat flux is raised to a critical value under 

the state of Fig. 4(b), it is natural to expect that 
dryout occurs near a point C because of the minimum 
thickness of liquid film. Besides, the reduction of 
liquid film thickness up to zero (that is dryout) near 

point C is consistent with an experimental fact that 

wall temperature falls towards saturation temperature 
just before the onset of abrupt temperature rise (see 
Figs. 7(a) and (b)). In addition, the above-mentioned 
situation for the onset of dryout near point C is also 

consistent with another experimental fact that the 
location to initiate CHF always lies between the top 
and the bottom end of a heated tube (see Figs. 3 and 

9). 
However, it must be remembered that under the 

steady-state condition, the liquid film at point C in 
Fig. 4(b) has a flow rate as much as that to compensate 
for the dissipation of liquid due to evaporation in the 

region below point C. This means that while the steady 
state is maintained, the liquid film at point C always 
has a finite value of flow rate, and besides, the value 
tends to increase with increasing heat flux if location 
C is fixed. Hence, in order for dryout to appear near 
point C under such circumstances, it needs the occur- 
rence of a phenomenon capable of making the inflow 
rate of liquid less than the outflow rate of vapor at 
the top end of the heated tube. 

Now, according to the results of Figs. 8(a) and (b), 
it seems to be within the bounds of possibility that a 
phenomenon such as flooding serves as a trigger to 
cause CHF in the present boiling system. In addition, 
when such a phenomenon brings about some 
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reduction of the inflow rate of liquid at the top end of 
the heated tube, it needs a finite length of time until 
dryout is brought about near point C: and this may 
probably be the cause of a time-lag observed before 
the onset of wall temperature variation in Fig. 7. 

4.3 Shift qf dryout ureu within u restricted rqion and 

SIOM~ temperature vuriution 

The annular counter-flow region near point C in 

Fig. 4(b) adjoins to a churn or slug flow region existing 
in the lower part. Consequently, the flow of liquid film 

in this transition arca is rather complicated with a 
possibility of causing unsteady variation of flow situ- 

ation. In addition, the situation that plenty of liquid 
exists in such a way near the dryout area, may prob- 
ably cause significant heat conduction through the 
tube wall from the dryout area of high temperature to 
the lower part of saturation temperature. intensifying 

nucleate boiling in the lower region. 
The above-mentioned situation near point C must 

exert an influence on the phenomena observed in Fig. 
7(a) such as the shift of dryout area within a restricted 
region near point C and the complicated mode of wall 

temperature variation. However, as has already been 
mentioned in Section 3.1, the temperature variation 

is of a comparatively slow mode in the present case 
as against a very rapid mode in the cast of ordinary 

CHF. Therefore. in order to offer a more sufficient 
explanation of the state of Fig. 7(a), it may be neccss- 

ary to consider additional phenomena such as the fluc- 

tuation of the flow rate of liquid from the reservoir to 

the heated tube. Be the matter as it may, however. the 
phenomenon described in the Introduction as the 
oscillation of wall temperature [7] has no connection 
with the state of Fig. 7(a). which is clear bccausc of 

quite different nature. 

5. CONCLUSIONS 

In order to clarify the fundamental nature of CHF 
phenomenon of boiling in a heated vertical tube with a 
closed bottom, an experimental study has been carried 
out in the range of p~pr = 0.00062330.00119 for the 
boiling system of Fig. l(b) with saturated liquid in the 
reservoir as well as a uniformly heated tube, leading 
to the following conclusions. 

(1) In this boiling system, the location of the onset 
of CHF lies between the top and the bottom end of 
the heated tube even for tubes as long as L/d = 125, 

with a tendency to move towards the top end with 
decreasing L/d. 

(2) When heat flux is raised to the critical value 
from a little lower value, a length of time-lag with no 
change of wall temperature, and a subsequent period 
for falling of wall temperature towards saturation 
temperature are observed until the temperature excur- 
sion mentioned in (1) is initiated abruptly. In addition, 
the temperature variation after the onset of CHF has 

a slow and complicated mode which is considerably 
different from that of the ordinary CHF. 

(3) Characteristics of CHF mentioned in (I) and 
(2) make it difficult to detect the onset of CHF in this 
boiling system correctly. In other words. it requires 

much circumspection to get accurate data of CHF in 
this boiling system as against the case of ordinary 

boiling system. 
(4) Even when there is plenty of saturated liquid in 

the upper reservoir, the state of two-phase flow such 

as that of Fig. 4(b) appears just before the onset of 

CHF. In addition to this, if it is assumed that a 
reduction of the inflow rate of liquid occurs at the 
critical heat flux q, due to a phenomenon such as 

flooding or the like (entrainment of droplets. fat 
example), then the onset of CHF with characteristics 

mentioned in (1) and (2) can be explained. 
(5) It is well known for forced flow boiling in a 

sufhciently long tube that CHF occurs as a conse- 
quence of the dryout of the liquid film in the annular 
flow region, which is brought about through hydro- 
dynamic process such as entrainment and deposition 

of droplets. Meanwhile, it can be assumed for the 
present boiling system that CHF occurs as a conse- 
quence of the dryout of liquid film in the annular 
flow region, which is caused by the hydrodynamic 
processes such as flooding or the like. 
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FLUX THERMIQUE CRITIQUE DE L’EBULLITION DANS UN CONTRE-COURANT A 
L’INTERIEUR DUN TUBE VERTICAL CHAUFFE AVEC UNE BASE FERMEE 

R&sum&On prksente une etude experimentale du flux thermique critique (CHF) de l’tbullition dans un 
contre-courant a l’interieur d’un tube vertical chauffe uniformement qui est ouvert en haut sur un grand 
reservoir de liquide et est fermt a sa base. Les caracteristiques CHF sont complttement differentes de celles 
dam un systeme ordinaire en ce qui concerne la position du CHF initial dans le tube, le delai notablement 
distinct, une periode plus importante de chute de la temperature parietale locale juste avant l’apparition 
du CHF et la variation plus compliquee et comparativement plus lente de la temperature parietale locale 
apres l’apparition du CHF. Un modele physique est discute pour l’explication de ces phenomtnes tres 

particuliers par le comportement de la vapeur et du liquide dans le tube chaud. 

KRITISCHE WARMESTROMDICHTE BEIM SIEDEN IN GEGENSTROMUNG IN 
EINEM GLEICHFORMIG BEHEIZTEN, SENKRECHTEN ROHR MIT 

GESCHLOSSENEM BODEN 

Zusammenfassung-Die kritische Wlrmestromdichte (CHF) beim Sieden in Gegenstromung in einem 
gleichfiirmig beheizten, senkrechten Rohr wird experimentell untersucht. Das Rohr ist am unteren Ende 
verschlossen und geht am oberen Ende in einen grorjen Fliissigkeitsbehllter iiber. Die wichtigsten 
Erkenntnisse sind : das beschriebene System verhalt sich beim Erreichen des CHF grundsatzlich anders als 
iibliche Siedesysteme; dies trifft in besonderer Weise auf die Stelle im Rohr zu, an welcher CHF zuerst 
auftritt; vor dem Eintreten des CHF ist iiber ein bestimmtes Zeitintervall ein Absinken der ortlichen 
Wandtemperatur zu beobachten; nach dem Auftreten des CHF Bndern sich die artlichen Wand- 
temperaturen langsam in komplizierten Verllufen. AbschlieBend wird ein physikalisches Model1 zur 
Beschreibung dieser besonderen Phlnomene mit Hilfe des Verhaltens von Dampf und Fliissigkeit in 

einem beheizten Rohr diskutiert. 

KPWTM’IECKMR TEI-IJlOBOti I-IOTOK IIPH KMI-IEHMH B YCJIOBMIIX BCTPEgHbIX 
TE’IEHMR B PABHOMEPHO HAI-PEBAEMOR BEPTAKAnbHOm TPYSE C 

3AMKHYTbIM HHXHMM TOPHOM 

hIHOTatUIS+%XnepHMeHTaJIbHO SiCCJIe~yeTCn RpHTHWCKHfi TennOBOk nOTOK (KTn) IIPH KHIIeHWW B 
yCJlOBHKX BCTpeWibiX Te'ieHUk B paBHoMepH0 HarpeBaeMOfi BepTHKUbHOii Tpy6e, OTKpbtTbIii BepXHSiii 

TOFU KOTOpOii coo6maeTcn C 60nbUniM pe3epByapoM WWKOCTW, a HHXcHBfi 3aMKH,‘T. BbIKBAeHM 
XapaKTepecrriKH KTTI,a paccMaTpasaeMoMcnyrlae 3HaYNTeJIbHO OTnH~ahx4iecx OT cnysan C 06L.rKHO- 
BeHHOii CHcTeMOii KAneHHR, a UMeHHO, MeCTO B03HHKHOBeHHI KTn B Tpy6e, CyIWCTBeHHOe BpeAUl 

3ana3nbmaHHK w nocnenymmeii nep5ion naneHwx noKanbHofi TehfnepaTypbI creHKH HenocpencrseHHo 
nepen Hawnoh4 KTH, a TaKxce cnoxrioe ri CpaBHHTenbHO MeaneHHoe H3hfeHeHHe noKanbHoir TeMnepa- 

Typb' CTeHKW nocne BO3HHK”OBCHHII KTI-I. 06CymnaeTCn @H3W’i‘XKalI MODeJIb, no3BonmoLuaP 06anc- 
HHTb 3Tncneuwr&vtecK~enBneHaaHaocHoaenoBeneHm3 napa Axzi~ocTn BHarpeBaeMOiiTpy6e. 


