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Abstract--The influence of a horizontal interface on the heat transfer by free convection of horizontal 
wires at a constant temperature, will be defined by experiment. Such interfaces are (1) the surface of 
a solid wall (2) a surface of a liquid. The wire is approached to the interface from above or below. 
The measurements are carried out in air or in water. Moreover, the influence of the wire temperature, 
the wire diameter, and wire length are investigated. With a decreasing distance from the interface, the 
free convection heat transfer is strongly reduced, the amount of heat transfer by conduction through 
the interface depends on the ratio of the thermal conductivity coefficients of the phase concerned. The 
total heat transfer may therefore, increase or decrease with small distances. 

When the wire is situated above an inclined wall, the free convection flow is deflected from the 
vertical. Under certain circumstances, the flow will be adjacent to the wall. 

The temperature field in water will be visualized with the aid of a Mach Zehnder interferometer. 

N O M E N C L A T U R E  

b, wire distance from interface; 
Cp, specific heat of the fluid at constant pressure; 
d, wire diameter; 
9, gravitational acceleration; 
Gr, 9fld3AT/v 2, Grashof number; 

3 3 Gr, 9fib Q/cppv L, typical Grashofnumber  of the 
thermal Coanda-effect; 

L, wire length; 
Nu, Q/rc2LAT, Nusselt number; 
Pr, vpcp/2, Prandtl number; 
Q, heat generated by the wire; 
T, temperature; 
T~, ambient temperature; 
AT, wire temperature above ambient 

temperat u re; 
u, velocity component in x direction; 
x, y, coordinate system indicated in Fig. 6. 

Greek symbols 

~, inclination angle, measured against the 
horizontal; 

fl, coefficient of volumetric thermal expansion; 
2, thermal conductivity of the fluid; 
v, kinematic viscosity of the fluid; 
p, density of the fluid. 

*Present address: Physik.-Techn. Entwicklungsinstitut 
Laing, 7141 Aldingen b. Stuttgart, Hofener Weg 35, 
Germany. 

Subscripts 

*, phase in which the wire is not located; 
oc,, without influence of the wall (b --, oc); 
K, heat convection; 
LP, heat conduction through the interface. 

l .  I N T R O D U C T I O N  

THE FREE convection heat transfer from heated hori- 
zontal wires is of importance for many applications 
in technology. Most studies of this subject consider 
a wire of infinite length which is situated in an 
infinitely extended fluid. The dependenc e of the Nusselt 
number on the Grashof and Prandtl number is in- 
vestigated. A dimensionless value of the form AT/T,~ 
(AT = wire temperatur~ambient  temperature, Too = 
ambient temperature) does not appear explicitly, its 
influence is considered by the fact that the fluid 
properties of the other dimensionless groups are 
evaluated with an averaged temperature. Representa- 
tive of this is the study by Gebhart  and Pera [1] in 
which the reader will find further literature on the 
subject. 

In technical applications, the length of the wire is 
finite. A dependence of the Nu number upon the finite 
wire length is found when the ratio of wire length L 

to wire diameter d does not reach a certain value. In- 
vestigations in air by Collis and Williams [2] show 
that the wire may be considered infinite, if L/d exceeds 
approximately 104. As follows from [1], the value 
decreases with an increasing Pr number. 

1051 



1052 J. REIMANN 

The influence of an adjacent wall on free convection 
heat transfer for short wires with regard to the hot-wire 
anemometry has been investigated by van der Zijnen 
[3] and Wills [4]. When the wire is approached to 

the  wall and the wire temperature is constant an 
increasement of heat transfer will result. The influence 
of the inclination angle and the ratio Lid was not 
investigated any further. 

In [5] the ratio Lid and the inclination angle was 
varied. Experiments in air, showed that with long wires 
and an inclined wall, a noticeable thermal Coanda- 
effect appeared. If a wire of constant temperature is 
situated above a horizontal wall, the heat transfer 
passes a minimum when approaching the wall. Using 
short wires, the minimum disappears, with an inclined 
wall the Coanda-effect is no longer noticeable. 

With regard to measuring methods of multi-phase 
flows, the influence of a surface of a liquid on heat 
transfer is of special interest. In this study therefore, 
both the influence of a horizontal wall and of a surface 
of a liquid on heat transfer of horizontal wires of 
constant temperature are to be investigated. In this, 
the phases involved are to have the same temperatures. 
As is shown by a dimensional analysis, the Nu number 
is then depending on the following dimensionless 
groups 
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FIG. 1. Schematic diagram of test apparatus. 

utmost importance. A comparison with the correspond- 
ing results from earlier investigations [5] with very 
much larger dimensions of the enclosure and the plate 
(W=2700 ,  H = 2 5 0 0 ,  D = 5 0 0 ,  W ' = l l 0 0 ,  H ' = 3 ,  
D ' =  500 mm) showed good correspondence. Any in- 
fluence of the dimensions of the enclosure used are 
therefore non-existent. Tungsten wires with diameters 
of d - - 5 ,  9 and 50~m were used. At d = 9wn,  the 
ratio L/d was varied in large proportions (Fig. 2). 

bid is the ratio of wall distance to wire diameter, ~ is 
the inclination angle, at ~ = 0 ° the wire is situated 
above and at ~ = 180" below the interface. The ratio 
).*/2 is influencing the heat flux flowing through the 
interface by conduction: The index marks that side of 
the interface in which the wire is not situated. 

2. EXPERIMENTAL SET UP AND TECHNIQUE 

The experiments were carried out in air and in 
water. The solid wall consisted of aluminium. The 
principal components of  the experimental set up are 
shown in Fig. 1. For the experiments with the inter- 
ferometer, the PVC container had the inside dimen- 
sions (in ram) W = 500, H = 320, D = 70. In this, 
D = 70 was given by the interferometer compensation 
chamber. The dimensions of the aluminium plate were 
W' = 200, H'  = 3, D' = 70, the height of which being 
constantly variable by screw bars. A container with 
W = 250, H = 200, D = 200 and an aluminium plate 
with W' = 200, H'  = 20, D' = 70 was used, especially 
for the measurements at very small distances. When 
measuringin air, the containers were enlarged in height 
by an attachment (as indicated in Fig. 1). 

When investigating the free convection flow above 
heated wires, the shape of the isolating enclosure is of 
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FIG. 2. Nu-number at infinitely great distance vs L/d. 

Under the microscope, the wires were welded on the 
tips of the slender supports (V2A or Ni resp.). In order 
to prevent the wire from vaulting when heated, the 
50 ~tm wires were strained by a spring, the 9 ~ wires 
were slightly prestrained during welding. The distance 
was adjusted by a micrometer head (accuracy 1 pro). 
The determination of the zero distance was determined, 
by using a microscope and a 45 ° mirror when the wall 
was solid and ~ = 0L When viewing the wire and its 
reflexion on the test wall, an accuracy of 3 pm was 
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achieved. The maximum difference of the distances of 
the wire ends was of the same order of magnitude. 
When the wire was situated below the solid wall, the 
zero distance was determined without a microscope. 
Therefore, the results show more scattering of the 
measurements when the distances were very small. 
When approaching the water surface, it was of ad- 
vantage that the wire was not damaged. The accuracy 
of the determination of the zero distance was also 
approximately 3 gin. 

For  the adjustment of the constant wire temperature, 
a hot-wire anemometer with current amplifier supple- 
ment according to the constant resistance method was 
used. The potential drop over the wire ends were 
evaluated by a digital voltmeter. The time dependency 
was noted either by an oscilloscope or a chart recorder. 
The temperature of the wire, averaged over its length 
was computed from its electrical resistance. The co- 
efficient of the electrical resistance of the wires was 
evaluated in a constant-temperature water bath within 
the range of 15-80'C, and remained constant for the 
whole range within the measuring accuracy. In all 
experiments, both the air and the water temperatures 
were measured with thermocouples, when using fluids, 
the surface temperature was also measured. For a part 
of the experiments, st Mach Zehnder-interferometer 
was used for the visualization of the temperature field 
in water (light wave length: 546 nm). In this, a differ- 
ence of temperature of 0-086 C caused a displacement 
by one interference fringe. This measuring method 
owing to its sensitivity, guarantees a more exact deter- 
mination of the temperature tield, especially near the 
phase interface, than when using thermocouples. 

3. SOME COMMENTS ON THE CONCERNED PHASES 

The coefficients of thermal conductivity 

)-alt, minium : /~watc, [ Aair 

are in the ratio of approximately 1000:25:1. When 
considering the combination air solid wall, ).*/), 
1000. In good approximation, the wall acts as a perfect 
conductor (,)~*/2 --+ oc), thus, the surface of the wall is 
at ambient temperature at any time and at any point. 
The same is true in good approximation for the com- 
bination water-solid wall (/.*/2 = 40). If the wire is 
situated above the water surface, the ratio/.*/2 - 25. 

In the limit case 2*/2 = 0, there is no heat flux 
through the interface, the interface is an adiabatic 
wall, i.e. there is no normal derivation of temperature. 
The wire being situated underneath a water surface, 
2*/2 = 0'04, thus the water surface at first approach 
acts like an adiabatic wall in this case. 

When the wire was situated near the surface of the 
liquid, an undesired effect caused by evaporation be- 
came noticeable. If the wire is not heated, the different 
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fluids should have the same temperature at any place. 
Because of the evaporation this claim cannot be fulfilled 
for the air-water system. By mixing the two phases, 
the same temperature can be reached at a given point 
of time. The heat of evaporation is then attained by 
both, air and water, and causes the temperature of both 
phases to go down near the surface. This procedure 
is quasi-steady, and after an infinitely long time, a 
steady state will be reached, which depends on the 
conditions of the experimental set up. 

In order to fulfil the claim for constant temperature 
in these experiments as closely as possible, a tempera- 
ture stratification which might possibly exist, was 
eliminated by the mixing of the water. It was given 
consideration to the fact that the temperatures in air 
and water are approximately the same. The perturba- 
tions caused by motion calmed down after a short 
time. With the help of the interferometer, the setting-up 
of the temperature profile in water was observed, and 
the experiment itself was only started when the time 
change was so minimal that during the time of the 
experiment (up to approx. 3min), the temperature 
profile could be considered constant in time. The max. 
temperature drop ( T b _ ~ - T  b o) was in the region of 
0.01 :C. 

For the wire temperatures used (in water: A T =  
13 41'~C, in air: AT = 27 135°C) the stratification of 
temperature has a negligible influence on the heat 
transfer. The wire being situated above the water 
surface, attention must be paid to the fact that the 
properties that are important for the heat transfer are 
dependent on the partial pressure of the vapor. This 
influence, however, is smaller than the measuring 
exactitude at an environment temperature of 20°C. 

4. RESULTS AND DISCUSSION 

4.1 Steady-state heat tran~s/~'r 
To clarify the influence of the interface, in each 

case the ratio of the transferred heat flow per unit time 
(0) to the transferred heat flow per unit time at a very 
great distance (0~), is represented above the distance b. 
A presentation above a dimensionless group bid (or b/L) 
is of no physical signification. Since the difference of 
temperature AT is being kept constant, the ratio ()/()~ 
is corresponding to the ratio Nu/Nuoo. Some results 
for infinitely great distances are shown in Fig. 2. The 
Nu number is evaluated with properties at the tem- 
perature (TD + T~ )/2, the product Gr. Pr with properties 
at ambient temperature. By decreasing the ratio L/d, 
the Nu number will increase, this being caused by the 
increasing part of heat conduction from the wire to 
the wire supports upon the total heat transfer. The 
curves for Pr = 0'7 are approaching in good accordance 
the values taken from Collis and Williams [2] for 
Lid --, 9c (right hand side of graph). When Pr = 7-0, the 
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FIG. 3. Heat transfer vs distance; parameter: wire diameter d. 

dependency of the Nu number from Lid is essentially 
smaller, the infinitely long wire is achieved at lower 
values of L/d. A corresponding result was arrived by 
Gebhart  and Pera [1] for various silicone oils. 

Figures 3(a-d) is showing the heat transfer in relation 
to the distance from a solid wall, the wire diameter 
being the parameter. The run for all curves is qualita- 
tively equal: when starting from a very great distance, 
the total heat transfer initially diminishes when ap- 
proaching the wire to the wall, at very small distances 
it increases greatly. The wall causes a decreasement 
of the free convection heat transfer. At c~ = 0 °, the 
heated fluid is flowing off in the vertical, the flow to 
the wire (AT = constant) is being reduced by the wall 
located below, and thus the free convection heat 
transfer from the wire. At c~ = 180 °, the flow below the 
wall is being diverted to the horizontal• Because of 
this, a noticeable free convection flow is prevented at 
small distances. With decreasing distance, there is an 
increasing heat conduction into the wall for c~ = 0 ° as 
well as for c~ = 180 °, since the gradient of temperature 
between wire and wall is increasing (the isothermals 
are being compressed), 

The Pr number is characteristic for the ratio of the 
thickness of the flow field to the thickness of the 

temperature field. At changing over from Pr = 0.7 to 
Pr = 7"0 the total heat transfer is more strongly reduced 
since the heat conduction into the wall only becomes 
noticeable at smaller distances. The minima of the 
curves at Pr = 7.0 are located at smaller distances 
and are, therefore, more obvious than at Pr = 0"7. 

When approaching the wire from above to a water 
surface (c~ = 0 °, 2*/2 = 1) the curve is similar to when 
approaching a solid wall, at smaller distances, however, 
it is located below (Fig. 3e). This is caused by a smaller 
gradient of temperature at the water surface because 
of local heating of the water, A comparison of corre- 
sponding curves (Fig. 3a-e) shows that, with decreas- 
ing diameters of the wire, the influence of local heating 
diminishes. 

If the wire is located underneath the water surface 
(c~ = 180°,2"/2 << 1), heat transfer is continuously de- 
creasing when approaching the interface and attains 
a finite value (Fig. 3f). The dependency upon the 
diameter of the wire is negligible. In order to define 
which part of evaporation heat is being brought up by 
the wire, in some series of tests, the mass transfer was 
prevented by a thin oil film on the water surface. A 
comparison of corresponding curves did not show any 
differences. 
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With an increasing diameter of the wire, the thickness 
of the temperature and flow field increases in the 
ambiance of the wire. According to the stagnant film 
concept by Langmuir [6], the diameter of the stagnant 
film is modified by the factor 1-33, when changing 
from the wire diameter d = 5 pm to d = 50 ~tm in air. 
Figure 3 is showing especially at small distances in 
air, a strong dependence upon the diameter of the wire, 
respectively the Gr number. This is due to the form 
of the presentation. The influence of the wire diameter 
becomes very much smaller ifQ/(2o~ is represented over 
the gap between wire and wall (b-d/2). 
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decreasement of the heat transfer through the wall is, 
therefore, lower at smaller values of L/b, the minimum 
of the curve is less distinct. Within the range of very 
small distances, the ratio of Lib becomes that great, 
also for short wires that there no longer exists a depen- 
dence upon this dimensionless group any further. 

When temperature ratio AT/To is varied, the in- 
creasement of the heat transfer is even larger the 
smaller AT/T~ becomes (Fig. 5). The cause for this is 
the increasing diameter of the temperature and flow 
field at decreasing AT/To~. At forced convection, this 
corresponds to an increase of the diameter of the 
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FIG. 4. Heat transfer vs distance; parameter: Lid. 

In Fig. 4, the ratio L/d is being varied. Since the 
part of the heat flow into the wire holding device to 
the total heat transfer is growing with falling L/d, the 
influence of the total heat flow through the wall 
decreases. At an infinitely large distance, the depen- 
dence of the Nu number upon Lid at Pr = 7"0 is very 
much smaller than at Pr--0"7 (Fig. 2). This is also 
why the influence of Lid is less noticeable at Pr = 7"0 
than at Pr = 0'7 when approaching the wall. 

Another dimensionless group which can be formed 
at finite length of the wire, is the ratio L/b. When the 
wire is infinitely long, the temperature and flow fields 
are two dimensional. At finite wire length, the flow 
towards the ends of the wire is three dimensional. The 

boundary layer with decreasing Re number. A notice- 
able influence of AT/T~ only exists at very small 
distances and is stronger at Pr = 7 than at Pr = 0'7. 
4.2 Evaluation ~the heat flow through the interJace 

In the following, it will be tried to define by experi- 
ment the ratio of the heat transfer by conduction 
through the interface (QLP) to the total heat transfer 
(Q) for the case that the wire is located near a solid 
wall. The part of heat transfer by thermal radiation is 
negligibly small for thin wires. The total heat transfer 
is then composed of free conduction heat transfer 
(QK) and QLP as follows 

0 = ~K + 0Lp. 
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FIG. 5. Heat transfer vs distance; 
parameter: A T/ T~,. 

The measuring of 0 is simple, since 0 is equal to the 
electrical power produced in the wire, the direct 
measuring ofOL e is not possible with a good accuracy, 
thus 0 r  has to be defined by experiment. 

At first, c~ = 0 c' is considered, i.e. the wire is situated 
above the wall. For a fully developed two dimensional 
free convection flow (infinitely long wire) follows (Fig. 6) 

O K  = gcpp( f~  u(Z-Z~)dY)x . . . . .  t." 

The temperature field is being measured with an inter- 
ferometer, the determination of the velocity field with 
small particles (compare Brodwidz [7]) is not suitable 
here, since some particles could set down on the plate 
and could thus change the conditions on the surface. 
The procedure is carried out in accordance with the 
method fully described in [5]. A condition for this is 
that the wall in the first approximation, causes only a 
decrease of the heat flow transferred by free convection, 
however the wall will not have any further impact in 
a great distance x(x/b >> 1) on the velocity and tem- 
perature profiles. Thus, when the temperature fields in 
some distances from the wire are equal for the cases 
b ~ oe and b ~ 0, in the first approximation there will 
be the same heat transfer by free convection. 
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FIG. 6. Model to evaluate the heat transfer by 
convection. 

For Fig. 6 (from [5], d = 0 ' l m m )  interferometer 
fringes were analysed. The temperature fields in Fig. 6 
(2) and (3) are equal within the measuring accuracy in 
the represented range, which is a confirmation of the 
condition made at the beginning. 

Figure 6, (1) is showing the temperature field at 
b ~ ~ and a given temperature difference AT1. The 
total heat flux 01 is only transferred by free convection. 
At a small distance b [Fig. 6, (2)] and at the same 
temperature difference AT2 = AT1, the total heat flux 
transferred by the wire is only a little different from Q1. 
The power is transferred by free convection and con- 
duction to the wall. In Fig. 6, (3), the heat flux Q3 is 
adjusted at b ~ ~ in a way that, after great distance 
x, there is the same temperature field as in Fig. 6, (2) 
(Q3 < 0,2, ATa < AT2). Since a heat conduction to the 
wall does not exist, Q3 = QEK. Thus it follows 

QK 

Figure 7 (top) shows that at small distances, the 
heat transfer by free convection is very strongly re- 
duced, the heat conduction into the wall increases 
strongly. The measuring points scatter, a noticeable 
dependence upon the temperature ~tifference AT is not 
existent. The results for Pr = 0.7 were taken from [5]. 

At ~ = 180 ° and Pr = 7"0, QLP, in the first approxi- 
mation, is the result of the difference of the total heat 
transfer at approaching the solid wall, and of the 
total heat transfer at approaching the water surface 
(Fig. 7, bottom): 

0Lp = - 
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FIG. 7. Heat transfer by conduction into the wall. 

4.3 Unsteady  heat  transfer 
The time dependence after switching on the electric 

current at the moment t = 0 is considered. Vest and 
Lawson [8], Ostroumov [9] and Siencnik [10] among 
others have investigated this phenomenon without the 
influence of an adjacent wall. 

Figure 8 is showing (for the case c~=180 °, 
(2*/2) - ,  0) the heat transfer as a function of time. The 
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FIG. 8. Heat transfer vs time. 
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distance b is the parameter. Figures 9 and 10 are 
showing the isothermals of the temperature field. For 
b = 20 ram, there is almost no influence by the wall. 

After the current has been switched on, heat is at 
first only transferred by conduction, the isothermals 
are concentric circles. Since the isothermals go into 
the medium, the temperature gradient at the wire 
surface is decreased, the heat flow diminishes. The 
onset of free convection causes a strong increase of 
heat transfer. Because of the stored energy, an in- 
creased flow around the wire appears, which goes 
down to the steady-state value during the further stages 
of the experiments. For the values chosen in Fig. 9, 
the mimimum of the curve appears at ~ 1.5s, the 
steady-state value of the heat transfer is already reached 
at the moment of Fig. 9(b), although the temperature 
field will still change strongly at greater distances 
away from the wire. 

At very small distances (e.g. b = 0.25 ram), heat is 
mainly transferred into the water by heat conduction 
and the influence of the free convection is very small 
(Fig. 10). The steady state is reached later than at 
large distances. 

When interpreting the interferometer fringes, the 
effect of evaporation must be taken into account. When 
the wire is unheated, a temperature drop is observed 
near the water surface because of evaporation. The 
photographs of the heated wire show a distinct gradient 
of temperature at the water surface. The influence of 
evaporation is eliminated if the temperature field at 
the unheated wire is subtracted from the temperature 
field according to Figs, 9(a) (g) and (10(a) (g), respec- 
tively. Figures 9(h), or 10(h) respectively, are showing 
Fig. 9(g), or 10(g), respectively, without the influence 
of evaporation. The gradient of temperature at the 
water surface is in good approximation zero in the 
represented range, and thus also the heat flux into the 
air by conduction. 

4.4 Thermal  Coanda-effect  
When the wire is located above an inclined wall 

(0 ~' < c( ~< 90°), the free convection flow bends to the 
wall. Under certain circumstances, the flow may be- 
come attached to the wall. This effect is described in 
more detail in [5] and [11]. 

Figures 11 and 12 are showing the development of 
free convection flow in water. After the electric current 
has been switched on, the flow develops approximately 
in the vertical [Fig. 11 (a) to 1 l(c)], bends to the wall, 
and reaches the steady-state position in Fig. ll(e). In 
Fig. 12, the distance was decreased and the wire tem- 
perature was the same as in Fig. 11. The flow bends 
stronger from the vertical and becomes finally attached 
to the wall [Fig. 12(e)]. 

H M T  Vol. 17. No. 9 G 
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FIG. 9. I n t e r f e r o g r a m  of  the  t e m p e r a t u r e  field a b o v e  the  wire ;  d = 50 gm;  A T  = 13-5°C; 
b = 20 m m ;  ((2/L),~ = 18.5 W / m .  

FIG. 10. I n t e r f e r o g r a m  of  the  t e m p e r a t u r e  field a b o v e  the wire ; d = 50 ~tm; A T  = 13.5°C; 
b = 0.25 m m ;  ((2/L),+ 00 = 9.8 W / m .  
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FIG. 11. T h e r m a l  Coanda-elTect:  d = 50/am; A T  = 27 C; :~ = 33 : O.,'L ~ 50 W / m ;  

G r  = ~'lflh3- Q = 8.1 . 104 > Grcrit. 
#'3 [)C p " L 

FIG. 12. T h e r m a l  Coanda-effect ;  d = 50 ~tm: A T  = 27 C: 7 = 3 3 ;  0 / L  ~ 5 0 W / m ;  

G r  = tlfib-s- O = 1"5.10 4 < Grcrit .  
F3DCp " L 
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FIG. 13. Dependance of the critical Gr-number on the inclination angle 
of the wall. 

The values at which an a t tachment  can occur are 
called "critical values". 

Theoretical  considerations for long wires (Lid --. ~ )  
showed the dependence of the critical Gr number  upon 
the Pr number  and the inclination angle. 

( "qflb3 Q )  
Grcrit = \v3 p c p ' L  crit = J'(o:, Pr). 

The critical Grashof  number  grows with an  increasing 
inclination angle of the wall, respectively with falling 
Pr number.  Measurements  in air, show good accord- 
ance to the theory. In Fig. 13, the ari thmetic average 
values of all measurements  are noted, 90 per cent of all 
measuring points lie within the limits. The power 
transferred by the wire is only very weak depending 
on the bending of the flow from the vertical. In order 
to evaluate whether  the flow becomes at tached to the 
wall the heat flux Q~ which is transferred from the 
wire at an infinitely larger distance, that  is without  
the influence of a wall (e.g. see Collis and Williams I-2]) 
can therefore be taken in the first approximation.  For  
Pr = 7"0 and ~ = 33 ° (Figs. 11 and 12) is 8 '1.104 > 
Grcrit > 1"5.104, is thus definitely below the corre- 
sponding value at Pr = 0.7 (Grcrit = 2"5. 105). 

Acknowledgements--Grateful acknowledgement is made to 
the Sonderforschungsbereich Technischc und Chemische 
Verfahrenswissenschaften (SFB 62)of the University Karls- 
ruhe. The author thanks Miss B. Masurath for translating 
the paper. 

R E F E R E N C E S  

1. B. Gebhart and L. Pera, Mixed convection from long 
horizontal cylinders, J. Fhdd Mech. 45, 49-64 (1970). 

2. D. C. Collis and M. J. Williams, Free convection of 
heat from fine wires, A.R.L. Aeron. note 140 (1954). 

3. B. G. Hegge van der Zijnen, Preliminary measurements 
of the distribution of the velocity of a fluid in the im- 
mediate neighbourhood of a plane, smooth surface, 
Verhandelingen der Koninklijke Akademie van Weten- 
schappen te Amsterdam Eerste Sectie Deel XIII, Nr. 3 
(1924). 

4. J. A. B. Wills, The correction of hot-wire readings for 
proximity to a solid boundary, J. Fluid Mech. 12, 388 
(1962). 

5. J. Reimann, Freie Konvektionsstr~Smung kleiner 
Grashof-Zahl verursact durch waagerechte Zylinder 
unter dem Einflug einer ebenen Wand, Dissertation, 
Universit~it Karlsruhe (1972). 

6. I. Langmuir, Convection and conduction of heat in gases, 
Phys. Rev. 34, 401-422 (1912). 

7. K. Brodowicz, Experimental investigation of laminar 
free convection flow in air above horizontal wire with 
constant heat flux, Int. J. Heat Mass Transfi, r 9, 81 84 
(1966). 

8. C. M. Vest and L. Lawson, Onset of convection near 
a suddenly heated horizontal wire, Int. J. Heat Mass 
Trans[br 15, 1281 1283 (1972). 

9. G. A. Ostroumov, Unsteady heat convection near a 
horizontal cylinder, J. Tech. Phys. U.S.S.R. 1, 2627-2641 
(1956). 

10. L. Siencnik, Der W~irmeiibergang eines beheizten 
Zylinders beim Ubergang yon freier zu erzwungener 
Konvektion, Abhandlungen aus dem Aerodynamischen 
Institut Aachen, Heft 18 (1965). 

11. J. Reimann, Ebene freie Konvektionsstr6mung fiber 
waagerechten Zylindern kleiner Grashof-Zahl unter dem 
Einflul3 einer ebenen Wand, Z. Angew. Math. Mech. 
53, 115-116 (1973). 



Experimental investigation of free convection flow 1061 

E T U D E  E XP E R IM E NT AL E  DE LA C O N V E C T I O N  LIBRE PAR LES FILS 
AU VOISINAGE DES INTERFACES 

Resum~ On definit experimentalement l'influence d 'un interface horizontal sur le transfert de chaleur 
par convection thermique naturelle, it partir d 'un fil horizontal chauffe it temperature constante. Ces 
interfaces sont (1) la surface d 'une paroi solide, [2) la surface d 'un liquide. Le fil cst approche de I'interface 
soit par dessus, soit par dcssous, Lcs mcsurcs sont cffectuees clans Fair ou dens I'eau. On 6tudie I'influence 
de la temperature, du diametrc ct de la longucur du ill. Pour une distance decroissante ~t l'interface, la 
convection naturelle de chaleur est fortcment reduite, le flux de chalcur transfer6 par conduction ~ travers 
l'interface depend du rapport des conductivites thermiques des phases concernecs. Lc transfert thcrmiquc 
total peut neanmoins  croitre ou diminucr i~ des petites distances. 

Lorsque le fil est situe au dessus d 'une paroi inclinee, la convection naturclle est dellechic par rapport 
5_ la verticale. Dans  certaines conditions, I 'ecoulemcnt sera adjacent it la paroi. 

Le champ de temperature dans l'eau peut etrc visualis6 it l'aide d 'un interferometre Mach Zehnder. 

EXPER1MENTELLE U N T E R S U C H U N G  DER FREIEN K O N V E K T I O N S S T R O M U N G  
VON D R ~ H T E N  IN DER N ~ H E  VON P H A S E N T R E N N F L ~ C H E N  

Zusammenfassung Es wird experimentell der Einflu3 einer waagerechten Trennfl~iche auf die W~irme- 
abfuhr durch freie Konvektion yon waagerechten Dr~ihten konstanter  Temperatur  bestimmt. Solche 
Trennflachen sind 1. die Oberfl~.che einer festen Wand, 2. eine Fltissigkeitsoberfl~,che. Der Draht  wird yon 
oben und von unten der TrennflS.che gen~ihert. Die Messungen werden in Luft und Wasser durchgefiihrt; 
aul3erdem wird der Einflul3 der Draht temperatur ,  des Drahtdurchmessers  und der Drahtl~inge untersucht. 
Mit kleiner werdendem Abstand v o n d e r  Trennfl~iche wird die W~irmeabfuhr durch Konvektion stark 
reduziert, die Gr~513e der W~irmeabfuhr durch W~irmeleitung dutch die Trennfl~iche h~ingt vom Verh~iltnis 
der W~irmeleitzahlen der beteiligten Phasen ab. Der insgesamt abgefiihrte W~irmestrom kann daher bei 
kleinen Abst~inden zu- oder abnehmen. 

Befindet sich tier Draht  oberhalb einer geneigten Wand, so wird die freie Konvekt ionss t remung aus 
der Vertikalen ausgelcnkt. Unter  Umstiinden legt sich die Str~3mung an die Wand an. 

Des Temperaturfeld in Wasscr wird mit Hilfe eincs Mach-Zehndcr-lnterferometcrs  sichtbar gemacht. 

~ K C H E P I / I M E H T A Y l B H O E  I/ICCJIE,/1OBAHI/IE CBOBOJ2HOITI KOHBEKUI41,I  O T  
FIPOBO.FIOK BB.rlId31/l F P A H I 4 U b l  PA3)],EYlA qbA3 

Am~o'raun~ - -  ~)Kcnepl~MeHTaJlbHO nCCJle~yeTC~l BJIH~HI,'Ie ropH3oHTaJIbHOfl rloBepXHOCTI, I pasnena  Ha 
Ten.qOOeMeH npH CBOeO~HO~ KOHBeKUHH OT ropH3OHTaJlbHblX npOBOJlOK nOCTOflHHO,~ TeMnepaTypbl. 
TaKnMH I1oBepXHOCTflMI, I pa3~eaa nannrOTCa: (1) noBepxuocn ,  TBep~o~ CTeHKH 14 (2) noBepxHOCTb 
~H~KOCTrl. lqpoBoJaoqKa pacnoJ~ara,aacb Ha~, r~a~i no~, HOBepXHOCTbtO pa3~,eJm. ~)KCrleplel/~4eHTbI 
npOBO/ll'Lrll4Cb B Bo3hyxe I4JIH B BO,~e. KpoMe TOFO, l'lCCYle,/J, OBaYIOCb BYlI4flHI.,Ie TeMrtepaTypbl, ~naMeTpa 
i,I ~Jll, IHbl rlpOBOJlOKtt, lq[pl,l yMeHbWeHl, ll, t paCCTOflHH~I OT rlOBepXHOCTI4 pa3aeJ~a 3Haqt'ITeYlE.HO yMenb- 
maeTcn TelIJIOO~MeH CBO60~HO~ KOHBeKtll, te,q ; KO~II'IqeCTBO rlepeHOCl, lMOFO rlyTeM TeHJIOHpOBO~HOCTH 
Tenaa aepe3 HOBepXHOCTb pa3~,eJ~a 3aBI, iCHT OT OTHOIlleHt,I~ KO3qb~t'II/t'IeHTOB TeIIJIOrlpOBO~HOCTI, I 
paccMa'fpHBaeMblX qba3. CJ~e~OBaTeJ~bHO, CyMMapHbl,q TeHJqOOeMeH yaeJ~ntlHBaeTc~ c yMeHblLIeHrteM 
paCCTO~IHH~ OT FpaHl'lllbI pas~tena. 

B cJ~y,~ae pacnoJ~o~ennn r~poaoJaorn Ha~l HaKYlOHHO~I CTeHKO~ HOTOK llpl,I CBOeO~HOH KOHBeKtlttI'I 
OTKJ~OH,qeTCfl OT Bepvn~aJ~n. FIpH onpeae~eHnr,~x ycJ~oannx novoK npHJ~nnaeT K cTenKe. 

TeMi~epaxypHoe no~ie B Bo~ae BH3yamn3npoBaJ~ocb c nOMOtUb~O HHTepqbepOMeTpa Maxa-UeHaepa .  


