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(Received 28 d4urch 1973 and in r~~~~~ 4 May 1973) 

Abstract-An experimental program was performed to investigate departun from nucleate boiling 
(DNB) in a flow boiling system heated by a liquid metal flow. The boiling fluid, freon 12, was circulated 
vertically upward and was heated by countetmurent flowing mercury. Magnitudes and trends of the heat 
flux and quality at DNB were compared to data obtained on a similar experimental faciIity employing 
uniform electrical heating of the test section wall. The results show that at a given quality, the magnitude of 
the DNB heat flux is larger in the case of uniform electrical heating. This result is not predicted by a DNB 
correlation based on’ data obtained from electrically heated test sections employing uniform and non- 
uniform axial heat flux distrib&ons. It is demonstrati that the DNB phenomenon in a temperature 
controkd systan (liquid metal heated) may not be well predicted from correlations based on data funiformiy 

or nonuniformly heated) obtained from heat flux controlled systems (eiectrically heated). 
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specific heat ; 
id. of copper tube ; 
o.d. of copper tube = i.d. of mercury 
annulus ; 

2, 
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axial coordinate ; 
heated test section length ; 
dimensionless axial coordinate 
= z/z,. 

o.d. of mercury annulus ; 
thermal eddy diffusivity ; 
mass velocity [lbJhft2 ] ; 
heat of vaporization ; 
thermal conductivity ; 
mass flowrate [lb&s] ; 
Prandtl number ; 
pressure ; 
PtclCt number; 
heat flux based on i.d. of the copper 
tube [Btu/l&] ; 
average heat flux from inception of 
boiling to location of DNB [Btu/hft2] ; 
density ; 

Subscripts 
B, bulk conditions : 
DNB, location of DNB ; 

F, Freon ; 

Hg, Maw; 
I, fluid inlet ; 

2 

fluid outlet ; 
reference ; 

W, outer annulus wall. 

INTRODUC!TON 

Reynolds number ; 
radial coordinate ; 
temperature ; 
axial mercury velocity ; 
axial coordinate = - 2 ; 
flow quality ; 

SODIUM heated steam generators for application 
to liquid metal fast breeder reactors are of two 
general types, The “once through” type delivers 
superheated steam, and the evaporator of the 
recirculation type delivers a two-phase mixture. 
The transition from nucleatet to film typet 

t These terms are borrowed from pool boiling experience 
and refer to boiling phenomena similar in some respects to 
the well-defined pool boiling situation. 
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boiling is always encountered in the former type 
and may be present in the latter type depending 
upon the particular design. The accurate pre- 
diction of the maximum heat flux in the system 
occurring prior to the transition which has been 
termed departure from nucleate boiling (DNB), 
critical heat flux, and burnout heat flux in the 
engineering literature is an important aspect in 
the thermal design of these steam generators. 

Uncertainty in prediction of the DNB heat 
flux and quality necessitates the inclusion of 
extra heat transfer area in the design of a liquid 
metal heated steam generator. This extra area 
due solely to known inaccuracies in DNB 
prediction was estimated at 11-12 per cent in 
[l] for a 30 MW unit. Further data indicating 
the importance of accurate prediction of DNB 
were obtained in the performance testing of the 
ALCO/BLH 30 MW sodium heated steam 
generator [2] revealing poor performance at 
40 per cent rated load. Various correlations 
available for the prediction of DNB in a forced 
circulation system were summarized by Clerici 
[3] and more recently by Tong [4]. Most of 
these correlations were developed from experi- 
mental data obtained by uniformly heating an 
experimental test section via electrically heating 
the test section walls. Direct application of such 
correlations to liquid metal heated steam genera- 
tors may lead to substantial error due in part to 
the nonuniformity of the axial heat flux in a 
steam generator. For this reason, some of the 
correlations were extended to include data from 
non-uniform electrically heated systems. In all 
cases, however, the heat flux was imposed via 
electrical heating. Experiments of this type 
produced reliable data with relatively small 
scatter and did not require elaborate experi- 
mental apparatus. In most instances where DNB 
occurred at the test section exit difficulties in 
obtaining the required experimental measure- 
ments were minimized The results were directly 
applicable to heat flux controlled systems such 
as water cooled nuclear reactor cores. However. 
in a liquid metal heated steam generator the local 
heat flux is not directly controlled The purpose 

of this investigation was to determine the effect 
on DNB of a nonuniform heat flux temperature 
controlled system, liquid metal heated. in 
contrast to a heat flux controlled system. The 
successful application of presently available 
DNB correlations based on electrically heated 
test section data to liquid metal heated steam 
generators is dependent upon a favorable 
comparison between DNB data from the two 
systems. 

There are several differences in the heat 
transfer characteristics of electrically heated and 
liquid metal heated systems which affect the 
acquisition of experimental data. In a heat flux 
controlled system DNB is generally approached 
in a quasi-steady manner by small increases in 
system power until DNI8 is reached. Upon 
reaching DNB. the rate of wall temperature 
rise is quite large, and it is usually necessary to 
decrease the test section power. This .transient 
situation creates a problem in determining the 
axial location of the inception of DNB if it 
does not occur at the test section outlet as 
discussed by Lee and Obertelli [5]. Most heat 
flux controlled experiments including the uni- 
formly heated case found DNB to occur first at 
the test section exit. In this situation. the location 
of DNB and the DNB heat flux were both 
known, and thus, the majority of available data 
were obtained from this least complicated 
arrangement. 

In contrast, experiments in a liquid metal 
heated system were performed at steady state 
with DNB occurring in the central portion of 
the test section. The wall temperature rise 
associated with DNB was of course limited by 
the liquid metal temperature, and DNB was 
observed under steady state conditions. How- 
ever, in this system, the local heat flux was not 
directly measureable and was deduced from the 
liquid metal axial temperature profile. The 
location of DNB in the test section was also 
determined in this manner. Obtainment of 
reliable data necessitated maximum accuracy in 
measurement of liquid metal axial temperature 
profiles. and was complicated by thermal oscil- 



DNB IN LIQUID METAL HEATED FORCED CONVECTION BOILING 2345 

lation in the region of DNB. (These oscillations 
are briefly discussed in [ 61 and [ 71 for electrically 
heated systems and will be discussed further for 
the liquid metal heated case.) Thus, experimental 
procedures for data acquisition and reduction 
were developed which, due to the nature of the 
system, are significantly more complex than 
previously necessary. 

In order to obtain a comparison between 
electrically heated and liquid metal heated 
system data experiments were performed using 
freon 12 to simulate high pressure water; 
mercury was employed as the heating fluid. The 
results of these experiments were compared 
with DNB data obtained by Stevens er al. [8] 
in a freon 12 system employing a uniformly 
electrically heated test section wall. 

EXPERIMENTAL FACILITY 

The experimental facility shown schematically 
in Fig. 1 consisted of separate mercury and 
freon loops converging at the concentric double 

monltOr ‘1 Monometer 

pipe test section, Fig. 2. The test section by-pass 
and condenser by-pass lines allowed minimum 
preheater power to be employed which enabled 
operation with minimum freon subcooling at 
the test section inlet. Visual verification of the 
subcooled state of inlet freon was provided by 
the test section inlet sight. Freon flowed 
vertically up the central tube of the test section; 
mercury flowed counter-current with respect to 
the freon in all tests. 

Teflon inserts were employed in the test 
section to minimize entrance and exit flow 
effects on heat transfer. A total of 33 thermo- 
couples were located on the outer tube wall. 
The axial thermal gradient in this tube was 
assumed to equal the axial thermal gradient in 
the liquid metal which is proportional to the 
local heat flux into the freon. An estimate of the 
data reduction error associated with this as- 
sumption is given in the Appendix. 

The central test section tube was fabricated 
from copper in order to minimize the heat 

FIG. 1. Experimental facility. 
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FIG. 2. Test section schematic. 

transfer resistance of the tube ~~111 relative to the 
heat transfer resistance of the boiling freon. 
Due to the problem of test section degradation 
from mercury-copper amalgamation, the 
exterior of the copper tube was crome plated. 
The mercury~rome thermal contact resistance 
due to the non-wetting effect was seen to be small 
such that the boiling freon heat transfer resistance 
was not masked. 

It was determined during preliminary testing 
that small central tube displacement, as a result 
of tube bowing due to thermal stress, caused 
significant errors in the data. The problem was 
alleviated by using O-ring slip seals at both ends 
of the central tube. The spacer shown in Fig. 2 
was also added for this reason. The spacer was 

designed and positioned to minimize flow 
disturbance in the liquid metal. The spacer was 
seen to induce no measureable change in the heat 
transfer characteristics of the system. 

EXPERIMENTAL TECHNIQUE 

A typical test consisted of specifying the 
mercury mass flowrate. Then at a specified 
freon mass flowrate, pressure, and inlet sub- 
cooling the mercury inlet temperature was 
increased until DNB occurred in the test section. 
The system was maintained at steady state while 
data were taken. A typicai scan of test section 
temperatures is shown in Fig. 3. The solid line 

G~10.376 X 104 cb,,,, hf+’ / 
i 

0 I I I I 
02 0.4 06 06 IO 

IX 

FIG. 3. Typical temperature and heat flux protIles. 

drawn through the data is the result of a cubic 
spline function curve fit to the data. This curve 
fitting technique including data smoothing is 
especially desirable when the first derivative of 
the curve is sought. In all cases deviations 
between the spline function and the temperature 
data were required to be less than 1°F. The heat 
flux curve shown in Fig. 3 was obtained directly 
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from the spline curve fit employing the relation 

4 
G-pH, dTHs =-- 

nd dZ 

where radial symetry applies and dTnJdZ 
z dT,/dZ. The maximum heat flux is by 
definition the point of DNB. The freon was 
slightly subcooled at the inlet in all cases and the 
exit quality was less than unity in most cases. 

The temperature measurements shown in 
Fig. 3 were recorded in less than one second. 
Repeated scans of the test section thermocouples 
revealed temperature oscillations in the region of 
DNB. The envelope of the temperature fluctu- 
ations for the conditions of Fig. 3 is shown in 
Fig. 4. The maximum fluctuations occur in the 
region of maximum slope at approximately 
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FIG. 4. Range of thermal oscillatks in the region of DNB. 

* 
2 

Z* = 027. These temperature fluctuations are 
plotted in Fig. 5, as a function of time at the 
mercury inlet (Z* = l-O), the region of DNB 
(Z* = 0*27), and the mercury exit (Z* = 0). As 
in all tests, the mercury and freon inlet tem- 
perature fluctuations resulting from system 
characteristics were maintained less than f 1°F. 
This feature is seen in the relatively small 
amplitude mercury temperature variation at 
Z* = 1.0 shown in Fig. 5. The mercury exit 
temperature fluctuations at Z* = 0 are also 
small and within experimental error. Thermal 
oscillations in the DNB region, Z* = O-27, were 
sufficiently large to necessitate multiple tem- 
perature scanning during data acquisition. The 
duration of a single scan was less than one 
second, and scans were spaced at ten-second 
intervals. Data were recorded for 5-8 min. 

The local value of DNB heat flux averaged 
over all scans was obtained in the following 
manner. For a given test, the smoothing para- 
meter of the spline function curve fit was 
established to obtain the best fit to the tem- 
perature data under the constraint that the 
difference between any datum point and the 
curve not exceed +l”F. The spline function 
curves were then lit separately to each scan 
of the test : ;1 value for the local DNB heat flux 
was obtained for each, and the results were 
averaged over the total number of data scans. 
The results of a typical test of 35 scans are 

045 
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FIG. 5. Test section thermal oscillations. 
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shown in Fig. 6. Variations in qnNB and XDNB 
were small for the 35 scans considered. The 
quality at DNB. XDNB, was calculated from a 
heat balance, 

X 

for each scan and averaged over all scans. An 
alternate simpler approach would have been to 
average the temperature data of 35 scans and 
fit a single spline curve to the average data. 
The result of such a calculation is shown in 
Fig. 6 where it is seen that considerable error is 

0.7 I I / 

Gp ~0.376 X IO6 Ibm / hft’ 

P,=l55 psia l 
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I 

G,, = 3.60 X IO’ Ibm , hft’ 
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from 35 5cans 
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X9NB 

FIG. 6. Calculation of qDNB from thermal profiles. 

introduced. This difference in prediction of 

qDNB and XDNB is a consequence of sufficiently 
large thermal fluctuations during a given test 
which caused the axial position of DNB to 
vary with time. As a result qnNa calculated from 
averaged temperatures incorporated unreason- 
ably large error: this technique was not 
employed. 

The task of data reduction by the first method 

discussed above was facilitated by use of a high 
speed computer data acquisition system. 
Temperature scans were recorded, changed to 
engineering units, printed, and stored on 
magnetic tape. Subsequent to testing, the stored 
data were read into the computer and reduced 
using a cubic spline curve fit routine. Some 
results were computer plotted as a data control. 

RESULTS 

A series of experimental tests were performed 
at a constant freon mass velocity of 
G = 0376 x lo6 Ibmihft’ with a freon inlet 
pressure of 155 psia. This pressure was chosen 
for comparison with the electrically heated data 
of Stevens et al. [g] and corresponds to a ratio 
of liquid to vapor density of 20. This density 
ratio is characteristic of water at a pressure of 
1000 psia. The DNB heat flux and quality 
results for these conditions are shown in Fig. 7 
for both the liquid metal and electrically heated 
systems. The electrically heated data shown i’i 
Fig. 7 with its relative data scatter is the result 
of an interpolation of the data of [8]. This 
interpolation yielded in a minor deviation from 
the results of a particular electrically heated 
channel because of a small (5 per cent) difference 
in channel diameter between it and the present 
test section. 

Conducting a test at a specified inlet sub- 
cooling with DNB occurring at the test section 
exit. a single datum point was obtained in the 
electrically heated case. Under the same sub- 
cooling condition in the liquid metal heated 
facility several data points were obtained by 
varying the mercury mass flowrate and/or 
mercury inlet temperature. This feature accounts 
for a large percentage of the scatter in the liquid 
metal heated data shown in Fig. 7 and is further 
discussed below. The range of data reproduce- 
ability as shown in Fig. 7 is larger for liquid 
metal heated data than for the electrically heated 
results. The difference is primarily attributed to 
the indirect measurement of DNB heat flux in 
the liquid metal heated system and is typical 
of this type of experiment. However. the range of 
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7 r GF =0 376 X IO” lb,,,/ h‘t’ 

PF = 155 PSI0 

heated dot0 f8l 

FIG. 7. Comparison of liquid metal and electrically heated 
DNB data. 

reproduceability of the liquid metal hcnted data Liquid metal heated data is also presented at a 
is not so large as to account for the seemingly low mass velocity of 01881bW/hft2. The liquid 
random pattern of Fig 7. An important feature metal heated DNB heat flux is of smaller 
of the data is the fact that at a given quality, the magnitude than the electrically heated data in 
DNB heat flux is greater in the case of the the two cases shown. At all three freon mass 
electrically heated system. The same result is velocities, the liquid metal heated data do not 
seen in Fig 8 at a freon mass velocity of exhibit the distinctive trends found in the 
O-753 x lo6 1bJhft’. The inlet quality for all electrically heated cases. This result is a con- 
liquid metal heated data of Fig. 8 was -0408. sequence of the fact that both mercury mass 

0.3 04 0.5 0.6 07 0.6 

xcu. 

FIG. 8. Comparison of liquid metal and clcctrically heated 
DNB data. 
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FIG. 9. Trends in liquid metal heated data. 
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velocity and inlet temperature were varied in 
obtaining the data of Figs. 7 and 8. If the 
mercury inlet temperature is varied at constant 
mercury mass velocity the DNB heat flux and 
quality exhibit distinct trends as shown in Fig. 9. 
The same result is obtained in Fig. 10 by varying 
the mercury mass velocity at futed mercury inlet 
temperature. 

o’7/ 

G~*0,376X IO6 lb,,,/ hft’ 

PF= 155 psi0 I 
X, = -0042 -j 

01 I I 
3.0 3.2 3.4 36 36 4.0 

G Hg X 10-6. lb,/ hft’ 

FIG. IO. Trends in liquid metal heated data. 

It has been postulated that DNB occurring at 
higher qualities may be better correlated in 
terms of the average heat flux rather than the 
local value as employed thus far. In 1963. Tong 
[9] presented a DNB correlation for water in 
the quality region based on the average heat flux 
from inception of boiling to DNB. This feature 
was later incorporated into Tong’s F factor 
correlation [lo]. Thus, the liquid metal heated 
DNB data were replotted in Figs. 11 and 12 as a 
function of average heat flux, ii. Note that q is the 
heat flux spatially averaged from the location 
of DNB upstream with respect to the freon to the 

- 

G, ~0376 X i0” lb,,,/ hit’ 

P = 155 PSI0 

XI ‘0008 

104’ I I 

01 0.2 03 04 05 06 07 

x 3NB 

FIG. 11. Comparison of average and local DNJ3 heat flux 
parameters. 

point of boiling inception. Typical results shown 
in Fig. 11 indicate that the average heat flux is 
a better correlating parameter than the local 
value at DNB. Similar results are shown in 
Fig. 12 for the experimental range of freon mass 
velocities. 
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FIG. 12. Average heat flux correlating parameters. 
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DISCUSSION 
Comparison of the two sets of data. liquid 

metal heated and uniformly electrically heated. 
of Figs. 7 and 8 indicate that a DNB correlation 
based on the latter data is not conservative when 
applied to the liquid metal heated system. At a 
given quality, the DNB heat flux predicted by 
the correlation is of larger magnitude than experi- 
mentally obtained in the liquid metal heated 
system. A. similar nonconservative prediction 
in the thermal design of a liquid metal heated 
steam generator could result in the unit not 
meeting desired performance. There are two 
features of the heating methods employed in 
obtaining these two sets ofdata that influence the 
observed differences. The axial heat flux in the 
liquid metal heated experiments was nonuni- 
form; the electrically heated data were obtained 
from a uniformly heated test section. The 
question then arises -whether the effect of liquid 
metal heating can be predicted by correlations 
based on nonuniformly electrically heated data. 
If such prediction could be made then the effect 
of liquid metal heating on DNB would be only 
to alter the axial heat flux. However, the second 
heating feature of a temperature versus heat flux 
controlled system may influence the basic DNB 
mechanism complicating the liquid metal heat- 
ing effect on DNB. The subject of nonuniformly 
electrically heated data will be discussed first. 

Various investigators have reported signi- 
ficant effects of axial heat flux on DNB. These 
studies have been performed with a variety 
of fluids over various parametric ranges. For 
example, Bertoletti et al. [ 111 reported agree- 
ment among their data, Russian, and U.S.A. 
data showing no axial heat flux effect on DNB. 
Axial heat flux was shown to be significant in 
water by Tong et al. [lo]. in potassium by 
Alad’yev er al. [12] and in freon by Stevens 
et al. [ 131. Tong’s correlation of [4] and [lo] 
predicts DNB heat flux in parametric ranges 
where the axial heat flux distribution is both 
significant and insignificant. This F factor cor- 
relation is based on nonuniformly electrically 
heated data. Because of its form, it can be 

applied to the present liquid metal heated freon 
data while other DNB correlations inherently 
related to other fluids, cannot be employed. 

Consider a linear approximation of the liquid 
metal heated test section axial heat flux profile 
from the freon inlet to the location of DNB. The 
F factor correlation predicts that the heat flux at 
DNB will be equal to or greater than (depending 
on Xi,& the DNB heat flux obtained in a uni- 
formly heated case. The data of [ 121 for linearly 
increasing heat Ilux (electrically heated) in the 
direction of flow fall in the predicted range. 
The present data, liquid metal heated do not. 

At a given quality, the DNB heat flux from 
the liquid metal heated system was of a lesser 
magnitude than from the uniformly heated. 
system. Although the F factor correlation is 
based on nonuniformIy heated DNB data, 
these data were obtained from electrically 
heated systems, and the correlation does not 
predict the DNB heat flux under the nonuniform 
axial heat flux condition of the liquid metal 
heated system. 

The F factor correlation incorporates the 
concept of two DNB regimes. At low and nega- 
tive qualities, the local heat flux is dominant, and 
axial heat flux effect is minimal. In the quality 
regime, the average heat flux from initiation of 
boiling to the location of DNB is dominant. 
The liquid metal heated data as shown in Figs. 
11 and 12 fall into the second regime. However, 
Todreas and Rohsenow [ 141 reported two DNB 
mechanisms occurring in annular flow boiling 
which may also be classified in the second regime. 
The mechanisms were nucleation and film 
dryout where nucleation was suppressed, and 
the limited data obtained under the latter DNB 
mechanism were not well correlated by local 
DNB heat flux. 

Based on these results, it is reasonable to 
postulate that the DNB phenomenon observed 
in the liquid metal heated system was a conse- 
quence of film dryout. The failure of the factor 
correlation to predict the DNB heat flux may 
be a result of differences in the flow dynamics or 
in the DNB mechanism itself between the liquid 
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metal and electrically heated systems. The F 6. F. E. TIPPIETS. Critical heat fluxes and flow patterns tn 
factor correlation is based on electrically heated high pressure boiling water flows. ASME Paper 62- 

data. WA-162 (1962). 
N. A. BAILEY and J. G. Co~rma, The estimation of tube 

CONCLUDING REMARKS wall temperatures in the evaporator region of subcritical 

The results of this investigation indicate that once-through sodium-heated steam generators, AEEW- 

in the paramateric range of interest at a given 
M-1000 (1970). 

8. G. F. STEWS, D. F. ELLIOT and R. W. WOOD, An 
quality, the magnitude of the DNB heat flux is experimental investigation into forced convection bum- 

greater in a uniformly electrically heated system out in freon, with reference to burn-out in water. 

than in a liquid metal heated system. The data 
AEEW-R321 (1964). 

9. L. S. TONG, H. B. CURRIN and A. G. THORP, II, New 
were obtained at qualities pertinent to steam correlations oredict DNB conditions. Nucleonics 21(5). 

generator design. All data were obtained using 43-47 (19633. 
. 

freon 12 at a liquid to vapor density ratio of 20. 
10. L. S. TONG, Prediction of departure from nucleate 

boiling for an axially non-uniform heat flux distribution, 
Extending these results to the thermal design of J. Nucl. Energy 21,241-248 (1967). 

a liquid metal heated steam generator would 11. S. BE~TC)LX~~ er al., Critical heat flux data for fully 

require additional tests in a sodium-water 
developed flow of steam-water mixtures in round 
vertical tubes with non-uniform axial power distribution, 

system. However, the indication of these results CISE-R-74 (1963). 

is that the thermal design of such a steam 12. I. T. ALAD’YEV, I. G. GORLOW and 0. S. FEDYNSKII, 

generator employing a DNB correlation based 
The effect of nonuniformity of heat supply over the 
length of a duct on critical heat Bows during the boiling 

on electrically heated (uniformly nor nonuni- of potassium in pipes, Hear Zknsfer. Sou. Res. 4 (5). 

formly) data will be nonconservative. 2-7 (1972). 

The phenomenon of thermal oscillation in the 
13. G. F. STEVENS, D. F. ELLIOTT and R. W. WOOD, An 

experimental comparison between forced convection 
region of DNB was observed and discussed. burn-out in freon 12 flowing vertically upwards through 

Little information concerning this effect is uniformly and non-uniformly heated round tubes, 

reported in the literature. These oscillations may 
AEEW-R-426 (1965). 

14 N. E. TODREAS and W. M. RoBs~~ow, The effect of 
be mechanically detrimental and also warrant axial heat flux distribution on critical heat flux in 

further investigation. annular, two-phase flow, Proceedings of the Third 
International Heat Transfm Conference, Chicago, Vol. 
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APPENDIX 

Due to the spatial variation in axial heat flux in the liquid 
metal heated experiments error in the data reduction was 
introduced by the approximation 

dTw dT,, 
-z_...._- 

dZ dZ 
(A.11 

The following analysis of the system was performed as ~111 
estimate of that error. 

Consider the axially symetric test section geometry of 
Fig. 2 with mercury flowing vertically downward in the 
annulua Heat is transferred through the inner wall to the 
freon: the outer wall is insulated. The energy equation for I he 
mercury may be written as 
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where r, the radial coordinate, is measured from the center- 
line of the freon tube. All properties refer to the mercury. and 
the subscript Hg has been omitted. 

The boundary conditions are 

r=d,,* 
(A.3) 

0 (A.4) 

T(W= 0.r) = 1; L4.5) 

where the initial condition of uniform temperature Tb has 
been assumed. Chen and Yu 1151 treated this problem 
under the conditions of fully developed turbulent flow for an 
arbitrary&K r = d,/2). Employingthemethod ofseparation 
of variables into entrance region and fully developed 
solutions the following results are obtained : 

x (y - t)/Re]dr (A.6) 

and 

6 = (d2 - d&2 

4 
R=--1 

4 

W 
Y”S’ 

The coeflicienta C, eigenfunction~ Y, and eigenvalue% 8, 
are tabulated in [ 16] for n = 1 to n = 10 for various values 
of Re. Pr and dz/d,. At d,ld, = 1.5 corresponding to the 
present test section, the results of Yu and Chen were utilized 
in equations (A.0 and (A.7). Values of Re = 5 x 10” and 
Pr = BOO6 approximated a typical liquid metal heated 
DNB test. The experimentally determined heat flux q(w) 
was approximated by analytical functions and integrated 
in equations (A.4 and (A.7). At the axial location of DNB, 
the result was obtained that 

dTw dTa --- 
dW dW 

dT, 
I: 8 per cent. 

dW 

This case was typical of all data taken and was considered 
sullicient justification for using the approximation of (A.l) 
in the data reduction. 

T,(Y) = ‘I; + 
86 )’ 

M2 + R)Pe 5 
#)dt L4.7) 

0 

NAISSANCE DE L’EBULLITION NUCLEEE EN CONVECTION FORCEE 
ET CHAUFFAGE PAR METAL LIQUIDE 

RQmCUn programme experimental a CC etabli pour Ctudier la naissance de l’bbullition nucICCe dans 
un fluide en &ullition chauffe par un &oukment de metal liquide. Ce fluide en tbullition qui eat du freon 12 
circule verticalement vers le baut et est chauffe a contre-courant par un &oulement de mercure. La grandeur 
et la tendance des flux tbermiques et la qualite au debut de l’ebullition nuclat sent cornpar& aux resultats 
obtenus sur un montage semblable utilisant un chauffage tlectrique uniforme de la section de mesure. 
Les rtsultats montrent que pour une qualitb don&, la valeur du flux thermique est plus grande dam le 
cas du chauffage Ckctrique uniforme. Ce r&&tat n’est pas p&u par une correlation empirique baa&e 
sur les don&es obtenues a partir de sections d’tssais chaufT&s &ctriquement et employant des distributions 
axiales de flux uniformes ou non. On dCmontre que la naissance de l%bullition nuclctt dans tm syst&me a 
temperature contrdl& (chauffage par metal liquide) ne peut pas &re estimoe correctement B partir des 
correlations &ablies sur les don&s (chauffage uniforme ou non) obtenue a partir de syst&mes a flux 

contr&s (chauffage Clectrique). 

DIE KRITISCHE WARMESTROMDICHTE BE1 SIEDEN IN ERZWUNGENER 
KONVEKTION UND BEHEIZUNG DURCH FLUSSIGMETALL 

Zroufuag- Zur Untersuchung der maximalen kritischen Wirmestromdichte (DNB) in einer mit 
Flflssigmetall beheixten Zweiphasenstromung wurde cur experimentelles Versuchsprogramm dwch- 
gefiiii. Die siedende Fltissigkeit, Freon 12, stromt senkrecht nach oben und wurde im Gegenstrom mit 
Quecksilber beheixt. Or&se und Verlauf der WgrmestromdicMe und der Dampfqualitit am Bumout- 
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Funkt wurde mit Ergebmssen verghchen. die an einer Shnhchen Versuchsaniage mit elektrisch heheizter 
Teststrecke and konstanter W$irmestromdichte gewonuen wurden. Die*Messergebnisse zeigen, dass bei 
einer hestimmten Dampfquaht& die maximale kritische Wiirmestromdichte grosser ist als im Falle der 
elektrischen Heiznng mit konstanter Wgrmestromdichte. D&es Erg&& wird van keincr Beziehung fur 
die kritische W~~~orn~chte ~~ksi~hti~, die aus M~ge~~ an elektrisch heheizten Test- 
strecken unter Anwendung koustanter oder vcriinderlicher axiabr Verteihmg der Wfumestromdichte 
gewoanen wurde. Es wird gezeigt, dass das Auftreten der maximalen Wgrmestromdichte in temperatur- 
geregelten Systemen (Fliissigtuetall-heheizt) nicht gentigend gcnau mit Beziehungen vorausberechnet 
werden kann, die auf Messergetmissen (konstante oder vergnderliche WHrmeetromdichte) heruhen, 

KPMBHC HHIIEHMR B CHCTEMAX, H.UPEBAEMbIX ;fCRflKBM METLIZIOM 
IIPM BbIHY~~EHHO~ HOHBE~~~~ 

&twoa%Rxrsr-Bznrtosneua aKcnepklsieriTanbnan nporpaM%3 no uccnenosaanm Kpaanca 
KHueNuR B TeKylLWX CSiCTf?MEiX, KarpeBaeMbIX iISHlI@%M M@TaJIJIO~. &iIIFIIItaFI WI#iOCTb 

(i.$peou 12) uripwynnposana aepTEcua.nbrro asepx u uarpesanacb no~o~o~i pry~u, uripbynu- 
pyrottm$ B ~p~~Bo~o~o~~oM IianpaaxeKnEi . Bennnasn w HanpaBaeKz¶e TennoBOrO IIOToHa 

a y~enbnoe napOCO~ep~aH~e B Xp~T~~eCKO~ COCTOFiH~K CpaBK~~~TCK c L[aKKblMn, 

nonyYeHKbIMn Ha aKaJIOIWIHOti 3KCIIepRMeHTaJIbHOti yCTaHOBKe,B KOTOpOfiCTeKKa pa6OYerO 

ysacTKa paBIiOMepK0 narpena.xacb 3.xeKTpwiecwM T01ioM. PesynbTaw IIccne~oBaKuK 

IIOK33bIBZlIOT, '%TO IIpEl 3aRaHKOM yAe.%bKOM napoconep*aeua aenunuua bpnrunecuoro 
TenJIoBorO noToH Sonbme B cnyqae paa~o~eplioro nafpena a~etiTpu~e~~~i~ TOKOSI . Pacver 
Kpuauca KEII'IeIGIRC nOMO~bK)COOTHOmeHHR,nOJIy4eHKofoH~;l3KK~X~;nFI. pa6oWXyqaCTKOB 

c 3JIeKTpOKarpeBOM IIpk5 MCIIOJIb30BaHA‘61 paBHOMepfiOro II HepaBKOMepHoro paCIIpezeneHHR 

TennoBorO noToR Ha 001, ae Ra2l TaKoro pe3ynbTaTa. rIoKasano,9~0 Kpu38Ic 3 cricTesfaX c 

c perynupyemog Temnep*ypolt (Karpea ~KII~KM~M aerannonr) ne Yomer GbITb paccwTaH 

npaBEWIbH0 II0 COOTKOme~~~M Ha 0czioBe '~aKsxx npit pauKo~epKo~I II KepaB~o~epKo~I 

Karpese, nony4eHHbIX DIR CEICTex C peryZ5IpyeMhIM TeIljlOBMM I?OTOKOM (NIeKTpOHarpeB). 


