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Abstract—Local heat transfer coefficients and fully developed temperature profiles were measured in
NaK eutectic mixture in a pipe at uniform wall temperature. Reynolds numbers ranged from 26 000 to
302 000 and flow was fully developed. Consistency of data was affirmed by three independent heat rate
measurements. Eddy diffusivity profiles were used to calculate Nusselt numbers in pipes at uniform heat
flux. Results for liquid metals are correlated by:

2
N =N 14+ — D >4
u(x) uw< x/ D) x/D >
N N (1 + 8 + 2 In L/D> L/D > 4
Uye = Nu =t —ln-—
ave ® LD L/ 4
where for uniform wall temperature
Nu,, = 48 + 00156 Pe® 8 pro08, 0004 < Pr < 01
and for uniform wall heat flux
Nu, = 63 + 0-0167 Pe°85 pr®08, 0004 < Pr < 0-1.
NOMENCLATURE Tos pipe radius;

D, pipe diameter; r¥, r/re;

oo Moody friction factor; T, temperature;

h, velocity defect function, equation(4); T..n»  mixed mean or bulk temperature

k, thermal conductivity; Ty, temperature at x = 0;

L, length of pipe; T, inside wall temperature;

Nu, local Nusselt number; u, local mean velocity;

Nu,, fully developed Nusselt number; U,  bulk average velocity;

Nu,,., average Nusselt number of a length U Maximum velocity;

of pipe L; u*, friction velocity, \/(t,./p);

Pe, Péclét number (RePr); ut, ufu*;

Pr, Prandtl number; X, axial coordinate;

q, local heat rate; ¥, ro — I, distance from pipe wall;

Re, Reynolds number, Du,,,/v; Y, yu*/v;

r, radial coordinate; g, eddy viscosity;

& eddy diffusivity;
i, constant in equation (1);

* Present address: Department of Chemical Engineering, P fluid density;
Pennsylvania State  University, University  Park, Tws shear stress at wall;
Pennsylvania 16802, U.S.A. v, kinematic viscosity.
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INTRODUCTION

THis study was motivated by two considera-
tions. First, there appear to be no unambiguous
data in the literature on heat transfer to a liquid
metal in a pipe at uniform wall temperature. In
contrast, there have been many studies of liquid
metal heat transfer in a pipe at uniform wall
heat flux, though these studies show conflicting
results. For fluids other than liquid metals the
difference between these two temperature
boundary conditions, as expressed by the Nusselt
number, is small, whereas for liquid metals the
difference can exceed 30 per cent [1, 2]. Second,
there is considerable discrepancy in the litera-
ture concerning the eddy diffusivity in liquid
metals. The purpose of this study, then, is to
enlarge our knowledge of these two problems
by a careful experimental study of wall heat
flux and temperature distribution in NaK in
fully-developed turbulent flow in a pipe at
uniform wall temperature.

APPARATUS

Flow loop

Here we describe briefly the essential features
of the experimental apparatus, details of which
can be found in a PhD dissertation [3]. The
basic apparatus was a heat transfer loop con-
structed of 13 in. schedule 10, 304 stainless steel.
The loop contained a canned centrifugal pump
(80 gal/min at 50 ft head), a water-cooled heat
exchanger for removing heat added in the test
section, a cold trap, bellows-sealed control
valves, a flow meter, a hydrodynamic entrance
section, the test section (horizontal), and a
mixing section immediately downstream of the
test section. The operating fluid was eutectic
NaK, and the entire loop was lagged.

The hydrodynamic entrance section con-
sisted of a calming chamber 3 in. dia and 6 in.
long packed with flow straighteners (copper
tubing) followed by a conical convergence to
1% in. dia. At that point a % in. mesh screen was
placed across the flow to initiate turbulence and
thereby assure rapid achievement of fully-
developed pipe turbulence. The screen was

C. A. SLEICHER, A. S. AWAD and R. H. NOTTER

followed by 60 diameters of 13 in. i.d. copper
tube. The inside wall of this tube (and the test
section) was honed to a surface roughness of
about 12 pin. Pressure taps were located 25 and
55 diameters downstream from the calming
chamber, and a third pressure tap was located
in the test section 1 in. from its downstream end
(104 diameters from the calming chamber).

The test section was a 54-in. long tube with an
i.d. of 13 in. (L/D = 48). It had a composite wall
of three layers. The inner wall was of copper,
0-124 in. thick, which was metallurigically
bonded to a 0-098 in. layer of constantan, which
in turn was bonded to a 0-03 in. layer of brass.
Ultrasonic tests of the section showed absence
of any defects anywhere in either of the bonds.

Two calorimeters at x/D = 44 were con-
structed as follows. The brass and constantan
layers were sliced around the tube into a ring
by machining pairs of cuts 0-02 in. wide, 0-015 in.
deep, and 1 in. apart. The ring was then cut
longitudinally by two diametrically opposed
cuts % in. wide and deep enough just to penetrate
the copper—constantan bond. The pads formed
by these cuts served as thermocouple elements.
To the layers of each pad were attached wires
of copper, constantan and brass, and these wires
were fabricated from the same melt of copper,
constantan and brass from which the test
section was made. In this way the internal tube
wall temperature could be measured at two
depths with virtually no disturbance to the wall
temperature distribution. Thus accurate, local
values of the inside tube wall temperature and
of the heat flux could be obtained at this position.
Smaller calorimeters were located at other axial
positions, but their operation was unreliable
and could not be verified, as could the 1 in.
calorimeter, by temperature measurements
within the liquid.

The test section was surrounded by a 3-in.
stainless steel pipe which served as a steam
jacket. To avoid a condensate film and con-
sequent non-uniform wall temperature, the
steam entered tangentially through a }-in. pipe
at one end of the jacket and left through a
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tangential exit at the other end. The steam
velocity was kept high enough to sweep out the
condensate in the form of a mist, and the fraction
of steam condensed in the test section was small.

Avoidance of oxides

Before filling the loop with NakK, it was
evacuated, filled with argon, evacuated again,
and held at a pressure of about 1 mm of mercury
for 7 days. While under vacuum it was filled with
NaK, and the top of the loop was then kept
under a gauge pressure of about 1-in. mercury.
Pressure was maintained with argon, which was
introduced into the system by bubbling it
through a 4-ft column loosely packed with
stainless steel turnings and filled with NaK.

The cold trap was a piece of 8-in. pipe, 18 in.
long packed with stainless steel wire mesh.
Before a run the NaK was circulated through the
trap at room temperature, and during a run the
trap was by-passed.

Instrumentation

The NaK flow rate was measured by sensing
with a strain gauge the drag on a disc suspended
at the center of the pipe on a small rod. The
instrument was calibrated with water, and the
appropriate density correction was made for use
in NaK.

Pressure differences between the three pressure
taps were made with two differential pressure
transducers of the strain gauge type.

The flow rate of cooling water to the heat
exchanger was measured with an orifice, and
the entering and exit water temperatures were
measured with thermocouples.

All thermocouples were calibrated in place
against an ice bath by circulating NaK through
the loop under isothermal conditions. The
outputs from the thermocouples were amplified
and sent to a voltage-to-frequency converter
and counter, where temperature signals could
be integrated over a wide range of times,
generally 20 s. This system permitted tempera-
ture to be read with a least count of 0-01°F,
though the precision of measurements is of order
0-05°F.
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FiG. 1. Temperature probe.

The temperature distribution in the NaK was
measured with a double probe illustrated in Fig,
1. The probe was located immediately down-
stream of the calorimeter ring on the test
section, Its tip protruded upstream into the ring
so that at this location, 44 diameters downstream
from the thermal entrance, the wall temperature
and wall heat flux as well as the temperature
profile in the NaK could be measured.

The upper probe tip was a butt-welded copper—
constantan thermocouple of 0-003-in. dia wire
with the weld at the center of the arc of wire. The
lower probe was formed by a piece of bare
copper wire and bare constantan wire each
0-05-in. long and 0-007-in. apart. It was hoped
that the NaK would complete the circuit of the
thermocouple, but this couple gave erratic
readings and was not used. The reference
junction for the probe was a thermocouple well
in the mixing device at the end of the test section.

ANALYSIS OF DATA

When a fluid is in fully-developed turbulent
flow in a pipe of uniform wall temperature, and
when the temperature profile is also fully-
developed, then an eddy diffusivity can be
calculated from equations which apply to this
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case [1]:
{4 Prey, _ A2 u (1
v Nl 0T [ u,.\rq
ro) or °
(T— Tw)d<i) (1)
Fo

with A2 evaluated by applying this equation at
the wall, where r/ry = 1 and ¢4 = 0. The condi-
tions of fully-developed flow and temperature
profiles were well-satisfied, but the condition of
uniform wall temperature is less certain. We
believe, however, that the test section design
assured a wall temperature sufficiently uniform
to justify the application of equation (1).

To apply equation (1) one must know T'(r) and
especially (0T /0r), -, = — (1/k)g/A where g/A
is the local wall heat flux. In this study ¢/4 was
determined with an estimated accuracy of about
5 per cent by means of the calorimeter at x/D =
44. Moreover, the heat flux agreed well with that
found by extrapolating the liquid temperature
distribution to the wall. One uncertainty in the
flux determination was the thermal conductivity
of the constantan which was, therefore, deter-
mined in a separate experiment [2], the results
of which are summarized below:

T(F) k (Btu/hft °F)
137 128
150 130
164 132

178

134

The velocity distribution is required for use
in equation (1), and values of eddy viscosity ¢
are needed to calculate the ratio ey/e. Velocity
distribution was not measured in these experi-
ments, but the design of the loop assured fully-
developed velocity profiles in the test section.
Accordingly, u and & were evaluated as follows:
For the region near the wall, y* < 45, no
calculations of ¢ were made.
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For the outer wall (constant stress) region:

&

- = 0-4rey* —1 {2)

V
y*>45and y/r, <015
u*=51+25my". (3)

For y/r, > 0-15, the velocity defect law:

Unax — U

= h(y/ro). 4)
from which it follows that

o ReJ() 5

v 4dh/dr*? ’

or since ¢/v is usually >1 for y/ry > 015,
equivalently

& 1
Du*  4dh/dr**’

The velocity defect law, given by equation (4)
and also called the “law of the wake”, has long
been regarded as an empirical fact. For example,
von Karman [4] established the function & from
data of Nikuradse and gave a semi-empirical
equation which fit the data fairly well. (The line
shown on his velocity defect plot is apparently a
line through the data, not a plot of his equation.)
Since ¢ is given by equation (5), it is necessary
only to have h in empirical form to determine &.
The values of h and dh/dr** used here were
determined from the data of Nikuradse [5],
Laufer [6], and Sleicher [7], which differ very
little from each other, and are given in Table 1.
Note that this empirical table shows ¢ to be

(6)

Table 1. Velocity defect function

V/re h dh/dr*?
015 56 97
02 4-8 88
03 3-55 7-65
04 2:6 73
05 18 72
06 1-15 72
07 0-65 72
0-8 03 72
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constant over the inner 50 per cent of the pipe
radius, where h = 7-2 r*2. The coefficient 7-2
agrees precisely with the value found by Hinze
[8] for the data of Laufer. Inspection of Hinze’s
Fig. 7-49 shows that the assumption of a con-
stant value of ¢ for r* < 0-5 is a nearly perfect
fit to the data. Hence for the inner 50 per cent of
the pipe radius, equation (6) reduces to
€ 1

T
as found earlier by a different but equivalent
route by Hinze [8]. For an interesting discussion
of eddy diffusivity in the core of pipe flow and
for further evidence that eddy diffusivity is
essentially constant in the core region, the
reader is referred to a paper by Brinkworth and
Smith [9].

r* <05,

7

RESULTS AND DISCUSSIONS
Six runs were made over a Reynolds number
range of 26 000-302 000, inlet NaK tempera-
tures ranged from 122°F to 177°F, and bulk to
wall temperature difference at the temperature
probe ranged from 1-6 to 12°F. The Prandtl
numbers ranged from 0-0203 to 0-0245. The
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experimental conditions were such that the
criteria established by Buhr, Carr and Balzhizer
[10] indicate that free convection effects were
negligible.

For each run friction factors were calculated
from pressure drop measurements between the
two taps at 55 and 104 diameters from the
entrance, which encompass the test section.
Similar measurements were also made with
iso-octane during testing of the loop. In all cases
the friction factors were within 4 per cent of
Moody chart values and hence confirm that the
test section was hydraulically smooth. The
friction factors for the NaK runs are given in
Table 2.

Figure 2 shows a temperature profile for an
intermediate vaiue of Reynolds number. Some
scatter of the data is evident. The scatter is
caused by the statistical nature of the temperature
and the finite averaging time, 20 s. A smooth
line was drawn through the data, and points on
the line were used to determine dT/dr by a least
squares fit of a fourth-degree polynomial to
seven points (Douglass—Avakian method).

Data for each run are given in Table 2. The
temperature distributions are smoothed data

Table 2. Temperature profiles

Re 26000 52000 79000 106000 203000 302000
£ 00245 0021 00185 0017 00155 0015
Pr 00203 00212 00219 00225 00235 00245
T..(°F) 19806 18680 17615 16705 1526 1372
4/4 (Btu/h ft?) 1490 4640 9670 15150 25800 45500
Nuy 638 91 10-5 135 20 29
T(°F) 0 19648 18345 1706 16075 1463 129-5
atvalues 01 19653 18355 17075 1609 1466 12975
of r* 02 19668 1838 1711 16135 1471 1303
03 19690 1842 1718 16215 14775 1313
04 19718 1848 17265 16315 1488 1326
05 19750 18555 1739 16455 1500 13395
06 19785 1863 17515 1659 15125 1355
07 19825 18715 1766 167+5 1529 137-4
075 19845 1876 17735 1684 1534 1384
08 19868 18805 17815 1693 15485 1396
085 19890 1886 1791 1703 15585 1409
09 19913 1891 18015 1715 15725 1425
095 19930 18995 1815 1730 15915 1447
1 19967 1906 18305 1754 149-5

162-7
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FiG. 2. Temperature profile at Re = 106 000.

and are shown to the nearest 0-1°F except for
Re = 26 000, where the small wall-to-bulk tem-
perature difference resulted in small temperature
fluctuations and, hence, more precise values of
the time-averaged temperature. 7., was deter-
mined in two ways—by integration of the
temperature profile and by its measurement in
the mixing chamber. The two agreed quite
closely, but the mixing chamber temperature
was always slightly greater than the temperature
from profile integration—probably because of
some heat transfer downstream of the last
calorimeter. Therefore, the most accurate values
of T, are calculated from the temperature
profiles, and these were used to determine Nu
at x/D = 44.

Figure 3 shows the eddy diffusivity ratio as a

Re
L 302000
_______ —203 000
o6} - = ~"106 000
// —79 000
I~ 52 000
= —~26 000
c2fF — —Brown et a/, Re=250 000
1 e L 1 L 1 i J L L
o} o2 04 06 o8 10
¥yt

FiG. 3. Diffusivity ratio profiles.
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function of radius for each of the runs. Also
shown is a diffusivity ratio profile reported by
Brown, Amstead and Short [11] for flow of
mercury (Pr = 0-02, about the same as ours) in
a pipe at uniform heat flux. Only their lowest
Reynolds number (250 000) is shown because
the relative roughness of their test section,
0-00015, means that at higher Reynolds numbers
their test section was not hydraulically smooth.
Hence their results should not be expected to
be comparable to ours. At Re = 250 000 their
results and ours are not greatly different, but
both of these results differ substantially from
the profiles reported by Isakoff and Drew [12].
This disagreement and the fact that the Nusselt
numbers found by Isakoff and Drew exceed
those reported in most other studies suggest
that profiles reported by Isakoff and Drew are
not representative of fully-developed flow of
liquid metals in smooth pipes.

The profiles shown also disagree with those
reported by Buhr, Carr and Balzhiser [10]. Part
of the disagreement is caused by their use of an
eddy diffusivity which decreases to a relatively
small value at the pipe center. As discussed
earlier, it is our belief that such a profile is
suspect and that the rise in their values of ¢/¢
for y/r, > 0-5 is caused in part by their choice of
¢. Their ¢g/e profiles also show a much greater
effect of Reynolds number than do ours. In
particular, their profiles at Re = 200000 and
Re = 300 000 greatly exceed ours at every point.
The cause of this discrepancy is not certain, but
a possible explanation is the swirl flow (axial
component of vorticity) that existed in their test
section. The liquid metal entered their test
section through the side of a pipe Tee, which
produced a swirl component of flow immediately
downstream [13]. Their temperature profiles
were measured at 74 and 105 diameters down-
stream, but this is an insufficient distance to
reduce swirl to a small fraction of its initial value.
Rochino and Lavan [14] analyzed turbulent
swirl flow in a pipe, and their analysis and data
show that swirl decays at a rather low rate, that
the rate of decay decreases with increasing
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Reynolds number, and that at Re of order
250 000, the tangential component of velocity is
attenuated by roughly 50 per cent at x/D = 100.
Therefore, swirl flow could be responsible for
magnifying the values of ¢g/e and of the Nusselt
number, especially at high Reynolds numbers,
in the experiments of Buhr, Carr and Balzhiser.
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Fic. 4. Comparison of diffusivity ratios with theoretical
models at Re = 106 000.

Figure 4 shows a comparison of the results at
an intermediate Reynolds number with the
model equations of Jenkins [15], Deissler [16]
and Azer and Chao [17]. It is clear that the
equation of Azer and Chao fits the data best, and
it does so at other Reynolds numbers as well.

The Nusselt numbers at x/D = 44 are all
fully-developed and are shown in Fig. 5 together
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2 Notter and Sleicher
I 3 Azer and Chao

r 4 Sleicher and Tribus
O Present data
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F1G. 5. Comparison of fully developed Nusselt numbers with
proposed correlations.
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with the following correlation equations pro-
posed for liquid metal heat transfer in a pipe of
uniform wall temperature

Nu, = 5 + 0025 Pe®®
Seban and Shimazaki [18] ®)
Nu,, = 48 + 0015 Pe®°! pro3°

Sleicher and Tribus [1] 9
Nu, =5 + 005 Pe®77 Pr%23
Azer and Chao [19] (10)

Nu,, = 48 + 00156 Pe® 8 pro®
Notter and Sleicher [20] (11)

These four equations are all empirical fits to
calculations, which differ from author to author
primarily in the eddy diffusivity distribution
assumed. Seban and Simazaki took ¢4 = ¢;
Sleicher and Tribus used a modification of the
eddy diffusivity model of Jenkins [15], and Azer
and Chao used their own eddy diffusivity model,
which was fit to considerable data. Notter and
Sleicher [20], used the data of Awad [3], as
reanalyzed and reported here, to determine their
eddy diffusivities. Hence their equation is
essentially a fit to the data reported here, and the
equation fits the data within 10 per cent.

Consistency with data at uniform wall heat flux
Since the temperature field in turbulent flow
is a function of the temperature boundary
conditions, evidently the eddy diffusivity must
also depend upon the temperature or heat flux
distribution at the boundary. It is known, in
fact, that the value of eddy diffusivity at a point
depends upon the entire history of the tempera-
ture and velocity fields. Yet for the case of fully
developed pipe flow, intuition based on models
such as various mixing length theories suggests
that the dependence upon the wall temperature
boundary condition is weak. Evidence for this
suggestion is found in the apparent success of
thermal entry length calculations based on the
assumption that the eddy diffusivity is indepen-
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dent of the temperature boundary conditions.
Hence the eddy diffusivity found here can be
used to calculate Nusselt numbers for a pipe at
constant wall heat flux. This has been done by
Notter and Sleicher [20], who report that the
equation

w = 63 + 00167 P85 pr008
0:004 < Pr < 01 (12)

correlates their calculations and is a good fit to
data in the absence of entry length and probe
disturbance effects. We note here that their
entry length calculations in the thermal entry
region at both uniform wall temperature and
wall flux in the liquid metal region are correlated
within about 20 per cent by

2
= 1
Nu Num< + /D)

where Nu_, is found from equations (11) or (12).
For these cases, the average Nusselt number for
x/D < 4 is very roughly 3 Nu_, which together
with equation (13) gives the average Nusselt
number for a pipe of length L/D

8§ 2 LD
[1 “IptIp" 4 ]
> 4.

=>4, (13)

D

Nuave =

(14)

Reliability of results

Ininterpreting results it should be kept in mind
that the fluid temperatures reported are esti-
mated mean temperatures of a random variable

Table 3. Wall and mtxed meanﬂuld temperatures
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determined by averaging over 20 s, and there-
fore scatter of the data is larger than the least
count of our instruments, 0-01°F. Two internal
consistency tests can be applied to the data.
First, the inside wall temperature at x/D = 44
was measured both by extrapolation from the
internal tube wall temperatures and by extra-
polation of the fluid temperature. Extrapolation
from the fluid side was done with

a7 AT
T = T090+002[(d *) +(a;;/

e
NCANRNCARNG
dr* /o.95 dr* /.97 dr* 0-99

where the subscripts denote values of r*. The
derivatives were calculated from equation (1)
with the assumption that 1 + Prey/v is linear
in the range 09 < r* < 1. This procedure leads
to little error with liquid metals. Table 3 shows
the results of the wall temperature measurements
together with the values of T,,,. The difference
between the two determinations of wall tempera-
ture divided by T,, — T, gives an indication of
the per cent difference in the Nusselt number
that would be attributed to the differences in T,,
and this ratio is also given in the table.

A second way in which the internal consistency
of the data can be evaluated is provided by heat
balances. Table 4 shows the heat rate to the
apparatus determined by three independent
methods. The maximum deviation amoug the
12 possible pair comparisons is 7 per cent. Some
of the systematic differences in the heat balances
have plausible explanations: B > A because of

Re Ty T.s Tmm ( Tw ; T )/(T
26000 199-59 199-67 198-06 5
52000 190-34 190-58 186-80 6
79 000 182:59 18305 176-15 7

106 000 175-38 175-38 167-05 0
203000 161-88 162:67 152:6 8
302 000 148-73 149-52 137 2 6

Temperatures in °F; T,,,, measured from wall 31de Tw ’ from ﬂuld 51de
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Table 4. Heat balances
(Heat rate in Btu/h x 1073)

Re x 1073
26 52 79 106 203 302
A 10-4 159 307 43 60 101
B 10'5 162 324 44 63 101
C 98 159 315 43 60 95
Deviation (%) 1-7 0-2 3-5 0-2 0-5 0-6
*A from T — Too T frm; ;géfilgggteg@on
B from T, — Ty, Toor from mixing chamber
C from cooling water
ACKNOWLEDGEMENT

some heat transfer downstream of the probe,
and C may be low because some heat is lost
through the lagging of the apparatus which,
then, does not appear in the cooling water. We
believe that the heat balances provide strong
evidence of the validity of the data.

Finally, the fact that the uniform wall tempera-
ture Nusselt numbers found here have been
shown to be consistent with the uniform wall
flux data of other authors is another indication
of the validity of the results. The uniform flux
Nusselt number calculations and internal con-
sistency checks discussed above imply that the
experimental data give reliable temperature
and eddy diffusivity profiles for turbulently
flowing NaK at uniform wall temperature.

CLOSURE

We close this paper with two thoughts. First,
the discrepancy between the present results and
those of Buhr, Carr and Balzhiser [10] suggests
that swirl may augment heat transfer to liquid
metals to a significant degree. A systematic
investigation of this subject would, therefore,
be interesting and potentially valuable.

Second, data on heat transfer to liquid metals
are difficult to obtain, and it is all the more
important, therefore, to be able to assess the
reliability and meaning of the results. Towards
this end, experiments should be designed to
yield redundant measurements so that internal
consistency checks are possible.

The authors gratefully acknowledge the support of the
National Science Foundation for this study.
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PROFILS DE TEMPERATURE ET DE DIFFUSIVITE PAR TURBULENCE DANS DU NakK

Résumé—Des coefficients locaux de transfert thermique et des profils de température établis ont été
mesurés dans un mélange eutectique de NaK dans un tuyau a température pariétale uniforme Les nombres
de Reynolds varient entre 26000 et 302000 et 'écoulement est entiérement établi. La qualité des résultats
a été confirmée par trois mesures indépendantes du flux thermique. Les profils de diffusivité par turbulence
ont été utilisés pour le calcul des nombres de Nusselt dans des tuyaux avec flux thermique uniforme. Les
résultats pour les métaux liquides sont représentés par.

5 -
Nu(x) = N (1+7L> x/D >4
u(x) u,, \ D,

8 2 L/D
Nu_ = Nu (1 + ——+-—an—> L/D >4
ave i L/D L/D 4
ou pour une température pariétale uniforme
Nu,_ =48 + 0,0156Pe%®3Pr®%% 0,004 < Pr < 0,1

et pour un flux thermique pariétal uniforme

Nu_ =63+ 0.0167Pe%85Pr0:0% 0,004 < Pr < 0,1.
DIE PROFILE DER TEMPERATUR UND DER TURBULENTEN
AUSTAUSCHKOEFFIZIENTEN IN NaK

Zusammenfassung—In cinem Rohr wurden bei gleichformiger Wandtemperatur &rtliche Wirmeiber-
gangskoeffizienten und voll ausgebildete Temperaturprofile in der eutektischen Mischung NaK
ausgemessen. Die Re-Zahlen lagen im Bereich von 26000 bis 302000 und die Stromung war voll eingelaufen.
Die Konsistenz der Daten wurde durch drei unabhingige Warmestrommessungen sichergestellt. Die
Profile des turbulenten Austauschkoeffizienten wurde zur Berechnung der Nu-Zahlen in Rohren bei
konstanter Wirmestromdichte herangezogen. Die Ergebnisse fiir flilssige Metalle werden durch folgende
Gleichung zusammengefasst :

s
Nugy = Nu, (1 + §713> x/D > 4

N N 1+ 8 + 2 i Lo L/D > 4
= —m I - > 4.
Have e L/p L/D 4

Fiir gleichformige Wandtemperatur gilt:
Nu, = 4.8 + 0.,0156 Pe®85 Pro-°® 0004 < Pr < 0.1.
Firr konstante Wirmestromdichte der Wand gilt :

Nu, = 6,3 + 0,0167 Pe®#5 pr®98 0,004 < Pr < 0.1.
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NPOOHJIN TEMIEPATYPH U TYPBVJEHTHO!N JUOGOY3UU B NaK

AnHoTanuA—VI3MepAIKCD JIOKAJIbHbE Koa(GOUIMEHTH Teroo6MeHa 1 IOAHOCTHIC PasBHUTHE
npodunu TeMHepaTypsl NpH TEUeHMM YBTeKTHYecKol cMecu NaK B rpyle mpu ofHOpoxHOR
TeMuepaType CTeHKN. 3uadenus yncin PefiHoabaca usMenaancs B nuanasore 26 000-302 000,
OpH KOTOpPOM Tedenme GBHUIO NOMHOCTBIO pasBUTHM, CoBuajeHMe NAHHBIX IOTBEPRMIOCH
TpeMA He33BUCHMBIMH HSMeDeHMAMM YHeJbHOro pacxoga Temna. Ilpodumu TypGyneHTHON
ruddysun HCIONB30BANMCH NIA pacueTa 3HadeHui 4yncaa Hyccenbra B Tpy6e npu oxgHOpod-
HOM TeIIOBOM TOTOKe. PesynbTaTH AJIA MUAKMX MeTAJLIOB 0000IMAOTCA yPaBHEHHAMM :

Nu(z) = Nug (1+;6%) z/D >4
. 8 2 L/D
Nttgee = Ntbo (1+m+mln —y—-) LD > g,

THe AAA OHOPOLHOR TEMIEPATYPH CTEHKN
Nuge = 7,840,0156 Pe®85 Pro-08 (004 < Pr < 0,1,
a AJA OMHOPOZHOTO TeIJIOBOTO MOTOKA
Nup = 6,3+40,0167 Pe®85 Pro:08 (0,004 < Pr < 0,1,



