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kinoTaItNa-Pa6oTa noCBR~exa 8HcnepareHTanbHoMy WccneHOBaHNm Typ6yneHTHoro 
nepenocaTenna B noToRe m~gmx NeTamoB. 

IIpoae~eHo 0moBpeNeHrroe NaNepeiiNe TeNnepaTypHoro nom B noToRe II Ho@@isaeHTa 
TenJIoCT~aw MeTo~aNa, yWlTblBalOIQiNN TepNmnemoe HoHTamHoe conporminemfe Ha 

rpaHaue paaqena *aa. 
rlpll aTON ynaaocb JJOCTaTO'ZHO ¶&TTKO paaAemTb ABa fimeHNff, onpe~eaamnmx nepenavy 

Tenna B ma~~ax NeTamaX: coBNecntb& NoaektynrrpHarti N Typ6yneHTHHR nepeAoc Tenna, 
onNcbmaeNb& noayaNmipNsecKofi Teopueti -rennoo6NeHa, II antemuee NecTo B rnwwix 
N~a~~axTepNN~ecnoe~oHTa~HoeconpoT~BseHaeHanoBepxocT~Tennoo6xeHa,a~~aeNoe 
Bhm~~HaeM OHHCJIOB HtNJ&HSiX NeTaJlJIOB B patiOHe 2IaNNIiapHOrO nOACJIOI3 K Apyl?¶NSi 
cpawropara. 

lIpoBeAeHHhle mcneAosaANH non&am, q'ro npli ysgre TepMmecKoro KORTaisTHOrO 
conpoTn~no~NrruonyseaHb~e amnepH*eHTanbHble~Hue xopouiocosnaL(awrcpac~&rHbmm, 

OuioBaHHbrNH Ra nOJIyeMnNpEYeCHOi4 TeOpUIiTeIIJIoo6MeHa. 

NOMENCLATURE measurement of temperature fields in liquid 
ro. tube radius; metals. Because of the high thermal conductivity 

5 :, 
of liquid metals the main temperature drop is 

=- relative co-ordinate of point; not just concentrated within the thin laminar 

f,. turbulent heat transfer coefficient ; sub-layer as in ordinary low heat-conducting 

l j, turbulent momentum transfer co- fluids but it extends into the turbulent bulk flow. 
efficient ; This allows suikiently accurate experimental 

&5 thermal contact resistance; determination of temperature gradients across 
1 the section of a tube and reliable verification of u> wall temperature; 
45 local heat flow; assumptions for semi-empirical heat transfer 

4 theories. 
AI’ 

heat flow at wall ; 
heat conductivity; Martinelli was the first to apply the theory of 

u, flow velocity at given point; the hydrodynamic analogy to liquid metals 

H’. characteristic velocity. taking account of molecular heat conduction 
in a turbulent main stream. The assumption was 

IN their present state of development, turbulent made in calculations that the ratio of turbulent 
theories do not permit an analytical determina- heat and momentum transfer coefficients 
tion of turbulent heat transfer in a liquid flow. (C = l ,/CJ does not depend on the radius and 
Semi-empirical heat transfer theories based on velocity of the flow. Lyon obtained the general 
the analogy between heat and momentum equation for the heat transfer coefficient in 
transfer are therefore widely used. Using various a tube : 
assumptions, the authors calculated turbulent 
heat transfer, determined the temperature field ‘ff td[ 
in a liquid flow and the heat transfer coefficients. 1 /OW --_ = s _-- 
The validity of assumptions in semi-empirical Nu J d5 (1) 

theories may be verified by experiments on 0 I++, 
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where 
5 = r/ro. 

Using Martinelli’s main assumptions he pre- 
sented the calculation results for d = 1 as a 
formula 

Nu = 7 + O-025 Pe”.8. (2) 

The majority of experimental data on heat 
transfer to liquid metals have been obtained 
under conditions where the percentage of oxides 
and purity of the heat transfer surface was not 
under control and is noticeably below the values 
calculated by formula (2). Before temperature 
fields were measured reliably in liquid metal 
flow, the opinion existed that the reason for 
divergence between experimental data and the 
Martinelli-Lyon theory lay in the non-validity 
of the assumption that E = 1. Using the high 
thermal conductivity of liquid metals as a basis, 
Voskresensky, Deissler et al. made an analytical 
attempt to take into account heat transfer by 
conduction from separate moles into the sur- 
rounding medium. The value of c turned out to 
be noticeably less than unity. In determining l 

Voskresensky, Likoudis and Touluk’yan tried 
to use experimental data on heat transfer to 
liquid metals; however the authors erroneously 
assumed that in these data there was no thermal 
contact resistance. This led to anunjustiflably low 
estimate of turbulent heat transfer and, conse- 
quently, of l for liquid metals. 

In our opinion, the thermal contact resistance 
on a heat transfer surface is one of the reasons 
for divergence between various experimental 
data and these data and formula (2). Apparently, 
the vahre of this resistance depends upon the kind 
and purity of the liquid metal, wall material and 
upon several other factors. For evaluating the 
role of the thermal contact resistance the heat 
transfer coefficient may be determined by two 
methods : 

(1) by measuring and treating the temperature 
field in a flow of liquid metals, 

(2) by measuring wall temperature and average 
temperature of the liquid metal. 

On the basis of temperature fields measured in a 
liquid flow the turbulent heat transfer coefficient 
may also be determined and the value c calcu- 
lated for liquid metals and water. 

This paper presents the results of experiments 
on determining the heat transfer coefficients and 
on measuring the temperature fields in a flow 
of different alkali and heavy liquid metals 
(sodium, mercury, etc.). The metals investigated 
are notable for rather a wide range of number 
Pr = 00X-0~5. Several tests on measuring 
the temperature fields were carried out with 
water (Pr z 10). 

Experimental section I on which heat transfer 
to the alkali metals was investigated is horizontal. 
The block of a movable thermocouple was at- 
tached to the tube with a gliding fit and sealed 
with “sphere-in-cone connexion”. The thermo- 
couple, of an ahmdum wire (nichrome and con- 
stantan O-2 mm in diameter) was inserted into a 
stainless capillary O-8 x 0.15 mm in diameter. 
The end of the casing was sealed integrally with 
thermo-electrodes. The displacement of the 
thermocouple over the tube diameter was carried 
out using a joint protected by a bellows. The 
accuracy of displacement along the diameter was 
ensured by guides at the end of the thermocouple 
block. The location of the thermocouple in the 
tube was shown by a dial indicator. The calibra- 
tion was carried out by a periscope PBII-457 to 
within 0.1 mm. 

In the same section as the movable thermo- 
couple, three nichrome-constantan thermo- 
couples were attached to the wall of the tube. 
Their junctions were sealed to the wall of the 
tube. A heat flow was created by a nichrome 
heater made out of wire 3 mm in diameter and 
insulated from the wall by a uniform mica layer 
0.4 mm in thickness. Radial heat leakage was 
measured and compensated for. Over the liquid 
metal velocity range investigated in section I the 
inertia forces exceeded gravitational ones. 

Experimental section II on which experiments 
with heavy metals and water were carried out, 
was located vertically. The liquid flowed up- 
wards. The temperature field was measured 
simultaneously with two movable thermocouples 
situated in one sonde; it ensured mutual con- 
trol in the readings. The thermocouples were 
made of alundum thermoelectrode chromel- 
alumel wire O-1 mm in diameter. The cover was 
20 mm in thickness. 

Two thermo-electrodes were placed in one 
capillary O-5 x O-1 mm in diameter in stainless 
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steel IXI8H9T. The end of the capillary was 
sealed together with the thermo-electrodes form- 
ing a hot junction of the thermocouple. In 
experiments with water the junction of the 
thermocouple 0.2 mm in diameter was open. 
The displacement of the thermocouples along 
the diameter was carried out by two reversible 
electric motors. The accuracy of displacement 
was secured by the guides. The location of the 
thermocouples in the tube was determined by a 
revolution counter within 041 mm. In the same 
section where the movable thermocouples 
travelled two other similar thermocouples were 
attached to the wall of the tube. Their junctions 
were sealed to the tube wall. The heat flow was 
created by an electric heater made out of 
nichrome band 6 x 0.2 mm in section and 
insulated from the tube with a uniform micalex 
layer O-3 mm in thickness. Radial heat leakage 
was compensated for by an external heater. Main 
characteristics of the experimental sections are 
given in Table 1. 

Table 1. Leading particulars of experimental sections 

Name 

Tube material 
External tube diameter 

(0) (mm) 
Internal tube diameter 

Cd, 2& (mm) 

To;f(Z) eaJlsfer 

Distance from bcgbing of 
beating section to thcnno- 
muPl= (mm) lrrp 

Irvld 
Distance from tube entry to 

thcrmocouplcs (mm) 
I;d 

- 

42 

31-l 

1194 
38 

976 
31 

1166 
37 

Section II 

steel 
IXI8H9T 

34 

29.3 

980 
34 

945 
32 

985 
34 

When testing the average temperature of the 
liquid metal both the entrance to and exit from 
the experimental section were measured. All the 
thermocouples were graduated by calibration 
platinum platinum-rhodium thermocouples. The 
measurement of electric power was carried out 
by astatic wattmeters of the O-2 and 0.5 grades. 
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Liquid metal rate was measured by magnetic 
and restrictive flow meters. When testing the 
alkali metals they were subjected to continuous 
puri5cation from oxides in a cold trap. Oxygen 
percentage was within the range of 04l2-0.05 
per cent by weight. Heavy metals were not sub- 
jected to continuous puri5cation. At the begin- 
ning of the experiment the oxygen percentage 
was -1 x lo-* per cent by weight and did not 
change during the experiment. 

When measuring temperature fields in liquid 
5ow, turbulent pulsations were found, the value 
of which attained f20 per cent of the value of 
the total temperature. In experiments it was 
found that the amplitude and frequency of 
pulsations depended on the value of the heat 
5ow, physical properties, liquid flow regime and 
dimensionless distance from the wall. In liquid 
metals where a temperature gradient change 
over the tube section occurs smoothly, maximum 
pulsations were observed approximately in the 
middle region between the centre and the wall of 
the tube. The maximum pulsations were observed 
near the wall in water which has a sharp tem- 
perature gradient in the layer near the wall. 

Such a change of temperature pulsations over 
the tube radius qualitatively agrees with the 
hypothesis that the value of turbulent tempera- 
ture pulsations is proportional to mixing length 
and temperature gradient. At the same time 
experiments showed that the temperature 
pulsations on the axis and near the wall of the 
tube were not equal to zero. Temperature 
pulsations were also observed in the tube wall 
itself but somewhat different from those in the 
liquid. The liquid temperature pulsations near 
the wall and temperature vibrations of the wall 
itself denote that the heat transfer process 
through the liquid layer near the wall and 
through the heat transfer surface is not, strictly 
speaking, stationary (steady). 

Temperature measurement in the flow of 
liquid metal was carried out with the help of 
movable thermocouples fixed at nine to twelve 
points with respect to the tube radius. The 
movable thermocouples were differentially con- 
nected with the thermocouples 5xed at the 
entrance to the section. For reliable determina- 
tion of the average temperature values indica- 
tions of all the thermocouples were recorded on 
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diagrams of self-balancing fast potentiometers 
3r~$O9 with limits of scale O-0.5 mV connected 
in series with the low-ohmic potentiometer. The 
readings of thermocouples recorded for 30 to 50 s 
were averaged in time and plotted on diagrams 
with co-ordinates (t - t,,), f. 

The wall temperature required for calculating 
the heat transfer coefficient was determined by 
extrapolation of the temperature profile on the 
wall. The validity of extrapolation was verified 
by the boundaryconditionf 

dt, 

I 

4w 
;i;: r_r, = A,’ 

The average temperature of the 
was calculated by the formula: 

In calculations the universal 
distribution was used 

(3) 

liquid metal flow 

(4) 

law of velocity 

uf = 5.5 _t 2.5 ln yf. (5) 

The application of other equations of the 
velocity distribution in a tube slightly alters 
calculation values of the average temperature of 
a liquid metal. 

It is interesting to note that the dimensionless 
radius where the local temperature of a liquid is 
equal to the average, is the same for all the liquid 
metals investigated and equal to 0*7-0*75. It 
agrees with the theory and the results of other 
experimental works. 

The values of NU obtained by working out the 
temperature fields measured in a flow of liquid 
metals agree well both amongst themselves and 
with earlier results obtained with alloys of 
sodium, potassium and mercury. The coincidence 
of experimental data with Lyon formula (2) over 
rather a wide range of Pe = 100-12000 is 
observed. It shows that the heat transfer process 
without accounting for surface phenomena at 
the “wall-liquid metal” boundary is described 
by a common critical ratio (2) both for alkali 
and heavy liquid metals. 

However the coincidence between experi- 
mental data with formula (2) does not confirm 
the Lyon assumption that the ratio of turbulent 
heat and momentum transfer coefficients 

E = E./E, does not change over the tube section 
and is equal to unity at all Pe numbers. As the 
further calculation of the obtained data on 
temperature fields demonstrated the ratio of 
turbulent heat and momentum transfer co- 
efficients does change over the tube radius and 
depends on Pe. In the region of small Pe numbers 
the relation c is somewhat less than unity, but at 
great Pe numbers, slightly exceeds it. 

In experiments the heat transfer coefficient 
was also determined by methods taking into 
account the thermal contact resistance on a heat 
transfer surface. Considerable errors appear 
when measuring the mean temperature drop 
between a liquid metal with high heat conduc- 
tivity (alkali metals) and the wall of stainless 
steel to which the thermocouples were attached. 

To con&m the obtained values of heat 
transfer coefficients taking account of the thermal 
contact resistance, the transient method of 
measuring was also used. Results of experiments 
treated in criteria1 form are given in Fig. 1. 
Experimental data for alkali metals agree 
satisfactorily with formula (2); for heavy liquid 
metals these data are considerably below this 
formula. 

The coincidence of data on alkali metals 
obtained by different methods (with and with- 
out regard to the thermal contact resistance) 
shows the absence of the thermal contact 
resistance in experiments. This fact together 
with the results of the work carried out earlier 
on an alloy of sodium and potassium permits 
the conclusion that in some cases after thorough 
purification of alkali metals from oxides it is 
possible to avoid thermal contact resistance 
altogether. For heavy metals the difference in 
values of heat transfer coefficients obtained by 
different methods shows the presence of the 
thermal contact resistance on the wall-liquid 
metal boundary. Simultaneous measurement of 
the temperature distribution in the wall and 
in the flow of liquid metal enabled the calcula- 
tion to be done of the thermal contact resistance 
of liquid metal flow down a stainless steel pipe 
(IX18H9T) (18% chrome steel). It was deter- 
mined by the formula: 

R, = 
tI,I - tI 
---WY 

Qw 
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FIG. 1. Data on heat transfer to liquid metals obtained by methods takii into account thermal contact 

resistance. 
Alkali metals: 

d --stationary meas uremcnt method, 
0 -non-stationary measwment method. 

08 -Heavy metals, 
- -calculation curve by formula (2). 

where ?$I and t& are found by two methods (from 
the wall side and liquid side). The results ob- 
tained are plotted in Fig. 2. Under these con- 
ditions of testing the value of the thermal 
contact resistance was not kept constant and 
depended on the liquid metal Bow rate to 
the same degree as the thickness of a laminar 
sub-layer. Hence, we may assume that the 
thermal contact resistance is proportional to the 
thickness of the laminar sub-layer, and, conse- 
quently, to the tube diameter. This conclusion is 
confirmed by the fact that in criteria1 treatment 
the experimental data obtained on tubes with 
different diameters (P-30 mm) coincide. The 
values of the thermal contact resistance plotted 
in Fig. 2 may be presented in a dimensionless 
form : 

W, 1300 
- =6x 104+Re. 

d (6) 

The given formula is not, apparently, a 
generalized relation for all the heavy liquid 

metals but is valid only for the specific conditions 
under which experiments were carried out. 

The facts obtained allow to some extent 
clarigcation of the physical meaning of the 
thermal contact resistance in a flow of heavy 
liquid metal in tubes. The deposition of a film of 
liquid metal oxides in the region of the laminar 
sub-layer is one of the reasons for the appearance 
of thermal contact resistance. Therefore for 
constant temperature of the liquid metal and 
for constant percentage of oxides in it, the value 
of the thermal contact resistance depends 
mainly on the same factors as does the thickness 
of the laminar sub-layer (upon flow rate of the 
liquid metal and the tube diameter). Chemical 
analysis showed that, in fact, the concentration of 
oxides near the wall was one order greater than in 
the bulk flow of liquid metal. The mechanism of 
the thermal contact resistance may differ for 
different liquid metals as well as for various 
materials for the heat transferring surface. 

A simultaneous change both of temperature 
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FIG. 2. Thermal contact resistance in a flow of heavy liquidetal in a tube of steel IXI8H9T. 

fields in the flow and heat transfer coefficients 
carried out by methOdS taking into aWxmt 

the thermal contact resistance allowed a fairly 
definite distinction to be drawn between the two 
processes determining heat transfer to liquid 
metals. The first process, bound up with molecular 
and turbulent transfer of beat, may be described 
by semi-empirical heat exchange theories. Ex- 
periments have shown such heat transfer to be 
described to a kst approximation by the 
Mart&hi-Lyon theory. At present the second 
process caused by the thermal contact resistance 
on a heat transfer surface cannot be estimated 
theoretically. 

Calculation from the temperature fklds 
measured allowed the determination of turbulent 
heat transfer in liquid flow. The turbulent heat 
tran&r coe5cifmt was derived from the 
equation : 

9hh wb 
% =z@Tya 

The ratio of local heat tIux to the flow along the 
wall was obtained from the relations involving 
heat balance of an elementary liquid volume and 
from the application of the universal law of 
velocity distribution : 

’ ‘* d9w = 2 ; 
E 
(4.25 

+ 2.5 In y+) p - 2.5 (1 - P) In !$I. (8) 

Equation (8) is valid only for the turbulent 
mainflow, i.e. at y+ > 30. 

When dealing with experimental data the 
determination of local temperature gradients 
gives the greatest difficulty. For some experimen- 
tal data the following formula describing the 
temperature kid was chosen: 

t- tu, = A52 f BP -I- CP. (9) 

Coefficients in the series were determined by the 
method of least squares. The temperature 
gradient was determined by di&entiation. The 
graphical differentiation of the temperature 
fields was carried out as well. Values of the 
temperature gradients obtained by analytical 
and graphical methods agreed well between 
themselves. The temperature gradients calcu- 
lated by the graphical method were applied 
to determining E,, by formula (7). In Fig. 3 the 
distribution of the turbulent heat transfer 
coefficient over the tube section is given. The 
coefficient c,, increases both with Re and with 
distance from the wall. It should be noted 
that the coefficient cg is not equal to unity on the 
axis of the tube. However since there is con- 
siderable error when determining 6, in the 
central region of the flow (5 < O-4), it is difficult 
to speak of a precise value of this coefficient in 
the centre of the tube. 

Heat transfer even to liquid metals possessing 
high heat conductivity is determined, to a 
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FIG. 3. Distribution of turbulent heat transfer coefficient over the tube sections at different Re numbers. 
(a) heavy metal: h 2 10 kcal/m hr “C, (b)alkalimetal: Xz 4Okcal/mhr”C, 

I-Re = 2OOoo0, 2-Re = 120000, l-Re = 24 500, 2-Re 16 = 500, 
3-Re = 60 000, 4-Re = 38 000, 3-Re=11000, ARe=7900. 

5-Re = 121000; 

16 

Y I2 

,' 
T- 
2 6 

4 

0 0.2 0.4 0.6 0.6 I.0 0 O-4 0.6 0.6 t-0 

i f 
FIG. 4. Comparison between temperature fields determind experimentally in heavy liquid metal flow with 

calculated values. 
(a) Re = 26 900, Pr = 0.022, q = 18 700; 

(b)Re=228000, Pr=O*O22, q=47600. 

- curve averaging experimental points, 
- - - - - curve calculated by the Lyon equation (l), 
-.- curve calculated by the Vo&esn&y 

formula. 
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marked degree, by turbulent heat transfer. At 
large numbers of Re - 200 000 such heat 
transfer plays the determining role. In his 
calculations Voskresensky overestimated the 
value of molecular heat transfer. Comparison 
between temperature fields determined experi- 
mentally and those calculated by the Lyon and 
Voskresensky theoretical relations leads to the 
same conclusion (Fig. 4). The temperature 
profile calculated by the Voskresensky theory 
lies considerably above the experimental points. 
The experimental data coincide with the tem- 
perature profile calculated from the Lyon ratio 
(1) more satisfactorily. At low numbers of 
Re - 30 000 experimental points lie above and 
at large numbers of Re - 200 000 below the 
Lyon curve. 

Apparently, the assumption that l = 1 leads 
to overestimation of the turbulent heat 
transfer at low, and to underestimation at 
high numbers of Re. Such a character of 
change of z depending on Re is quite under- 
standable. Probably, at small Re numbers heat 
losses transferred by a mole due to high liquid 
heat conduction may be greater than momentum 
losses, i.e. (6 < 1). With highly developed 
turbulent flow moles may appear whose 
momentum vanishes quicker than heat (E > 1). 
In Fig. 5 the dependence of c on Re at 5 = O-8 is 
given for different liquids; liquid metals 
(Pr 4 1) and water (Pr 2: 10). The value by was 
calculated by the formula: 

u* (1 - Y/r,) 
ev= . 

2.5 
- - Y. (10) 

Within the accuracy of experiments we may 
assume that the Pr number hardly influences the 
coefficient c. Probably, the mechanism of tur- 
bulent heat transfer for different liquids differs 
only slightly in the different cases and is mainly 
determined by the hydrodynamics of the flow. 
Experiments showed that the value B changes 
with the increase in the distance from the wall, 
however, in the region which determines heat 
transfer (I = 05-O-9) this value appeared to be 
approximately constant. 

Experimental values of the coefficient 2, were 
used for determining NU by formula (1). The 
Nu numbers determined by this method are 
described by formula (2) satisfactorily and 
coincide well with the values obtained by 
calculating the average temperature drop from 
the temperature profile. 

The investigation cn temperature fields in a 
flow of liquid metals allows experimental 
determination to be done of the value of tur- 
bulent heat transfer coefficients and confirmation 
of the validity of assumptions of semi-empirical 
heat transfer theories, but we still are unable to 
improve on our knowledge of the heat transfer 
process itself. Apparently, only a thorough 
analysis of turbulent temperature and velocity 
pulsations will make it possible to develop a 
fundamental heat transfer theory. 

FIG. 5. Dependence of l on Rc at [ = 0.8 for diffexent liquids e-water (Pr w 10); ~~-_alkali metal 
(Pr - 0.05); O-heavy metal (Pr - O-02). 
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Abstract-The present paper deals with experimental investigations into turbulent heat transfer in a 
flow of liquid metals. 

Measurement of the temperature field in the flow as well as the heat transfer coefficient is carried out 
by methods which take the thermal contact resistance at an interface into consideration. 

Two phenomena characterizing heat transfer in liquid metals are distinguished with sufBcient 
accuracy, i.e. combined molecular and turbulent heat transfer, described by a half-empirical heat 
transfer theory, and the thermal contact resistance in liquid metals on a heat transfer surface, caused 
by the precipitation of liquid metal oxides in the region of a laminar sublayer and by a number of 
other factors. 

The investigations show that the experimental data agrees well with calculated data based on the 
half-empirical heat transfer theory when the thermal aontact resistance is taken into account. 

R&mu&Get article conceme des recherches expirimentales sur la transmission de chaleur turbulente 
dam un ecoulement de m6taux liquides. 

Les mesures du champ de temperature dans 1’cCoulement et du coeficient de transmission de chaleur 
sont effectu6es selon des methodes qui tiennent compte de la resistance thermique de contact a l’inter- 
face. 

Deux phenomenes caractiristiques de la transmission de chaleur dans les metaux liquides sont mis 
en evidence avec une priision sutIisante : dune part, la transmission de chaleur turbulente et moleculaire, 
d&rite par une theorie semi-empirique de la transmission de chaleur et d’autre part, la resistance 
thermique de contact sur une surface d’&hange due au depot d’oxyde metallique liquide darts la 
region de la sous couche laminaire et a d’autres facteurs. 

Les recherches montrent que les don&es experimentales sont en bon accord avec les result&s du 
calcul fait a partir de la thtorie semi-empirique de transmission de chaleur, quand on tient compte de la 

resistance thermique de contact. 

B-Der Wiirmeiibergang bei turbulent stromenden fliissigen Metallen wurde experi- 
mentell untersucht. 

Die Messung sowohl des Temperaturfeldes in der Strijmung als such des W&rmeiibergangskoeffi- 
zienten erfolgte nach Methoden, die einen therm&hen Kontaktwiderstand an den Beruhnm gstlachen 
beriicksichtigen. 

Zwei charakteristische Erscheimtngen des Wiirmetransports in fliissigen Metallen zeichneten sich 
mit geniigender Genauigkeit ab: timlich, der kombiniert molekulare turd turbulente W&rmetmnsport, 
der durch eine halbempirische W&rmetransporttheorie wiederzugeben ist und der therm&he Kontakt- 
widerstand der fliissigen Metalle an der W&metlbergangsfl&che. Dieser Kontaktwiderstand tritt als 
Folge der Ausscheidung von Metalloxyden in einer laminaren Unterschicht turd anderen Ursachen 
auf. 

Die Untersuchungen zeigen gute Ubereinstimmung zwischen experimentellen und gerechneten 
Werten. Letztere wurden mit Hilfe der halbempirischen Warmetransporttheorie unter Berticksichti- 

gung des thermischen Kontaktwiderstandes ermittelt. 


