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An experimental study has been made of heat transfer in cylindrical
gaps under natural convection, using water and 96% ethanol. A
comparison has been made of the convection coefficient in horizontal
and vertical tubes, and the conditions for generating convection have
been defined more accurately.

The transmission of heat by natural convection from
a fine wire in a closed volume has not received much
study. The investigation of this phenomenon is of in-
terest for the elucidation of the convection mechanism
of heat transfer.

e
12 - J/"/
X — a3 ®—}h 5
S~-b w-—1i ,_in/
sm b= )},/
o— g e~k olp
de_e o — ‘)3
&= f '%‘}A
0o— g ;é:‘/
a4 x /g}
»
w’iw
G x-a S‘ j
2 7 4 5 & 7 logErgPr

Fig. 1, The Kraussold-Mikheev curve ¢ =
= f(GrsPr) in logarithmic coordinates for
cylindrical layers with values of 6 a} 7.5
.mm; b) 17,5; ¢) 27.5; d) 42.5; e) 91.5;

1) 191.5; g) 284.5 and h) for plane layers
from the data of Nausselt, i) Schmidt, and
Mull and Raier for j) vertical and k) hori-

zontal layers, and I) Von Epp.

In measurements of molecular heat transport in
liquids it is necessary to know the conditions for creat-
ing natural convection, and in a number of cases, to
calculate a correction for convective heat transfer,
Measurement of thermal conductivity is usually con-
ducted in short tubes in very thin liquid layers, while
basic knowledge of natural convection has been ob-
tained in long and wide tubes. Laws of convective heat
transfer determined experimentally in long and wide
tubes are being applied to short and narrow tubes.

Convective heat transfer in liguids depends on the
nature of the liquid motion. When heated, the ligquid
motion is determined by its physical parameters, the
geometry of the space in which the heat transfer takes
place, and on the orientation of the channels with re-
spect to gravity forces.

In convective heat transfer investigations, wide
use is made of the generalized correlations obtained
by Kraussold and by Mikheev for the convective co-
efficient in the gap between coaxial tubes. These rela-
tions were obtained, however, on the basis of results

of tests performed with quite a large gap between the
cylinders. Recent test data on convection with small
gaps have shown that the Kraussold curve cannot al-
ways be regarded as general. We therefore set up a
special experiment with different gaps between cylin-
ders, in the region not previously studied.

Using a similarity theory method, the solution of
the system of differential equations describing heat
transfer may be written in the form of functions which
interrelate similarity criteria, When the system of
differential equations cannot be integrated, the form
of the functions is found experimentally, By general-
izing the test data of various authors {1-4], Kraussold
[5] obtained a relation for free-convection heat trans-
fer in a bouunded volume of liquid or gas. He took as
the characteristic geometric dimension the thickness
of the heat-transmitting layer, 6 = Doyt — Din)/2,
for the coaxial cylinder case. His parametric equation
was later improved by Mikheev [6], and the following
relation obtained:

for the region 10° < Grg Pr < 108,

e = 0.105(Gry Pr)°-3; 1)

for the region 10° < Grg Pr < 10%,

& =0.4 (GryPr)0-? | (2)
e =det/h, @)
Gry=p g8 Atn?, Pr=vwja, a=iC,7. (4)
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Fig. 2. Convection coeffi-

cients in 1) horizontal and

2) vertical cylindrical gas
layers.

The test values of & obtained by various authors as
a function of the similarity eriteria GrgPr determin-
ing convection lie on a single curve (Fig. 1). In the
system of coordinates chosen, the magnitude of the
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convection coefficient does not depend on the shape
and location of the heat transfer layer. Convection is
observed to begin from values of the product Grg Pr =
= 1000, These results were obtained for gaps of from
7 to 285 mm,

In [7] convection coefficients obtained in vertical
and horizontal cylinders are compared, other condi-
tions being unchanged; the tests were made with two
coaxial cylinders, with Dy, = 80 mm, Dg = 135 mm,
6 = 27.5 mm, and the results are shown in Fig. 2,
where it may be seen that the difference in convection
coefficient for the vertical and horizontal cylindrical
layers is small and has a systematic character.

Using a coaxial cylinder method (Dy;, = 30 mm,

6 = 0,25 mm), Selschopp [3] measured the thermal
conductivity of liquid carbon dioxide, Others have mea-
sured the same quantity by the heated filament method:
Kardos [8] used a platinum wire of diameter 0,1 mm
in a tube of diameter 1. 66 mm; Golubev [9], and
Timrot and Oskolkova [10] made their measurements
in tubes of diameter ~ 1 mm with a D, = 0.1 mm
platinum filament. The results of all these measure-
ments differ considerably in some region of tempera-
ture and pressure, especially near the critical tem-
perature., The scatter of the experimental data is
mainly due to the fact that convection is easily gen-
erated in liquid carbon dioxide. When corrected ac-
cording to the Kraussold-Mikheev equation the data do
not converge to a single value,

In measurements of thermal conductivity of carbon
dioxide in [11] by the heated filament method (D; = 0.1
mm, Dy =1mm, ¢ =0.45 mm), a special investiga-
tion was made to determine convective heat transfer.
The author found that convection began at a value of
GrgsPr = 2500, but the € = f (Grg Pr) curve lay appre-
ciably below the Kraussold-Mikheev curve. The Gr
number was based on gap width 0,

In the present paper an experimental investigation
has been made of the dependence of convection co-
efficient in cylindrical gaps on the physical properties
of the liquid, and on the size and location of the gap.
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Fig. 3. Dependence of ¢ on GrgPr (semi-

logarithmic scale): 1) Kraussold-Mikheev

equation; 2 and 3) present results for hori-

zontal and vertical cylinders, respectively;
a) for water; b) for ethanol.

The essence of the method is an investigation of the
effective conductivity in transmitting heat through

-ond resistance thermometer.
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a gap enclosed between two coaxial cylinders. The
inner, heated cylinder is a platinum wire of diameter
D, = 0,1 mm stretched out along the axis of a ¢cylin-
drical glass tube, the inside wall surface of the glass
tube being the cold cylinder. The gap sizes chosen
lay in the range not previously studied: from 1.5 to
6.6 mm,

Dimensions of the Experimental Tubes, mm

Filament 1 Quter diam. | Inner diam. Ir;\ee:i:;‘:iz; Layer thick-
diam. ‘ of tube of tube section ness (gap 8)
0.1 4.89 3.14 129 1.52
0.1 6.85 5.12 129 2.51
0.1 10,25 8.86 143 4,38
0.1 15.60 13.30 133 | 6.60

Similarity theory was used in generalizing the
results, and during the work the dependence & =
= f(GrgPr) for the conditions chosen was explored.
The results were compared with the Kraussold-
Mikheev correlation,

The thermal conductivity may be calculated from
the Fourier equation as applied to cylindrical sur -
faces,

In(Dy/Dy Q@ _ A Q (5)

A = < .
2l At At

The amount of heat transmitted Q is calculated from
the value of the current I¢ and the voltage drop Uy in
the measuring section of the platinum filament

Q= 1. (®)

The temperature drop is At; =ty — t,. The heated
filament serves simultaneously as a resistance ther-
mometer. A platinum wire mounted on the outer
surface of the wall of the glass tube formed a sec-
From the readings

of these two, the temperatures of the heated fila-
ment and of the tube wall may be found. In calcula-
ting the effective thermal conductivity, a correction
must be made for the temperature drop in the glass:

Az = n(Ds/D2) @ (7)
2T T T T T
2%l Ay

where

My = 0.815(1 4 0.001¢,) w/m-°C

(0.815 W/m « ° C is the thermal conductivity of molyb-
denum glass at 0° C). It is known that the heat lost
from the ends of the platinum heater in the case of a
liquid is inappreciable, of the order of 0. 5% [13].

The current and voliage in the resistance ther-
mometers, and hence tg, ty, and @, were measured
by a compensation method, with the aid of a PPTV
potentiometer,

The measurements were done in cylindrical molyb-
denum-glass tubes of various diameters, the dimen-
sions being those in the table. During the measure-
ments the tubes were located in a liquid thermostat
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with double glass walls, between which water at con-
stant temperature was circulated.

In the present work the effective thermal conduc-
tivity of water and 96% ethanol was measured in tubes
of different diameters, located horizontally and verti-
cally, v

For all the measured values of Aofs the convection
coefficients £ and the products GrsPr were calculated,
using handbook values of the physical constants [12];
all the measured and calculated results are given in
Fig. 3.

It may be seen from the results of our tests (Fig. 3)
that convection with vertical and horizontal measur-
ing tubes follows different curves, both of which lie
considerably below the Kraussold-Mikheev curve.
Therefore, the convection in the cylindrical gaps be-
tween the heated filament and the tubes with 6 = 1.5
to 6.5 mm is less than in large gaps with coaxial
cylinders. Moreover, convection begins from GrePr =
= 1700,

Our experimental curve for vertical eylinders may
be divided into two parts; for the region 2400 < GrgPr <
< 35 000 the curve is described by the equation

¢ = 0.465 (Gry Pr)0-09%, 8)
and for 35 000 < GrgPr < 170 000
e = 0,28 (Gr, Pr)? 117, ©)

The divergence of the convection values in horizontal
and vertical cylindrical layers increases with increase
of the product GrgPr.

SUMMARY

1, The results of the tests to investigate natural
conveéction in heat transfer through a liquid layer con-
tained between coaxial cylinders have been correlated
in the form & = (GryPr),

The experimental data fit two different curves; one
describes convection in horizontal eylinders, the other
in vertical cylinders. The course of both curves is
independent of the nature of the liguid and of the layer
thickness ¢.

2. The value of ¢ in horizontal cylindrical layers
is appreciably larger than in vertical layers.

3. According to our data, convection in both verti-
cal and horizontal cylindrical layers is considerably
lower than given by the Kraussold-Mikheev equation.
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4, Convection in cylindrical layers for gap width
1.5 to 6.5 mm appears at GrgPr = 1700,

NOT ATION

S—thickness of layer; e—convection coefficient; Agf—effective
thermal conductivity; A—thermal conductivity; Grg— Grashof num-
ber; B—coefficient of volume expansion; g—acceleration due to grav-
ity; Aty—temperature difference; v—kinematic viscosity; Pr—
Prandtl number; a~thermal diffusivity; Cp——speciﬁc heat at constant
pressure; y—specific weight; I~length of measuring section; Dy—
internal diameter of glass tube; Di~diameter of heater wire; Q—-heat
release; t¢—temperatue of filament; ty—temperature of internal
wall surface; Dy—external diameter of glass tube; )\g-—thermal con-~
ductivity of glass at temperature t; I;—heater current; vg—voltage
drop in measuring section of heated filament; At;—temperature drop
in glass; Djp~outer diameter of inner cylinder; Dy, —internal dia-
meter of outer cylinder.
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