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Abstract—Experiments were conducted to investigate changes in convective heat transfer in flows of
dielectric organic liquids in annuli between copper tube and concentric wires. Also investigated was
longitudinal pressure drop in the flow which could be induced by applying electric fields of direct current
between the wall of the tube and the ceniral wire electrode. In the laminar range of Reynolds number, heat
transfer rates at the outer wall increased in the thermally well-developed region, and the thermal
development was advanced. On the other hand, pressure drops were also increased in tiquids of small Prandtl
number. In the transitional and turbulent range, however, neither changes of heat nor momentum transfer
were noticeable. To express these results in the low Reynolds number range a semi-empirical formulation in
non-dimensional terms was derived from the similarity principle.

NOMENCLATURE *,
dimensionless constants in eigenvalue s
problem;
ion mobility [m?*V~ts™']; T,
ion mobility of space-charge t
[sz"’s”]; Vs
specific heat of fluid at constant pressure Vi,
Dk 'K™']; u,
equivalent diameter of annulus, 2(r;—r) v,
[m]; e,
diffusivity of ion [m?s~1]; (
diffusivity of space-charge [m*s™1]; z,
vector of electric field strength [Vm™'];
dimensionless complex defined in equation
(12); o,
density of space-charge [As™'m™%];
dimensionless vector of electric field O,
strength, [E(eb*I,r,) % ];
friction factor; o

wor
flux of space-charge, total current density
[Am™?]; B,
Graetz number [(Z/D,,)/RePr]; g
length of test section [m];

£

dimensionless density of space-charge Eats
[entrob*/15e)* ] €us
value of N at ry; Hs
Nusselt number [goD../(T, — To)A1; v,
dimensiontess pressure [pri g/u*]; A,
Prandtl number [c,u/i];

pressure [Nm™2]; A
heat flux at outer wall [Jm~2s71]; P,
Reynolds number [2(1 — r*)<v,>]; o,

eigenfunctions ; T

radial distance [m], normalized by .
rf—1; Subscripts
dimensionless radial position taking N b,

= N# M e,
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ri/ Fos

Reynolds number based on friction ve-
locity and tube radius;

temperature [K];

time [s];

electric voltage [V];

voltage appearing in equation (11) {V];
vector of velocity [ms™!];

dimensionless vector of velocity, upr,/u;
dimensionless space-averaged velocity,
{uzpprofut;

axial distance [m], normalized by r,[—].

Greek symbols

dimensionless temperature difference from
Te’ {(T - Te))v/‘ qoro];

dimensionless temperature in the funda-
mental solution;

dimensionless temperature in the funda-
mental solution;

dimensionless constant in equation (11);
dielectric constant of fluid
[AsV~im™1];

eddy diffusivity of momentum [m?s™];
eddy diffusivity of heat [m?s~'];
viscosity of fluid [kgm~*s™!];

kinematic viscosity of fluid [m?s~1];
thermal conductivity of fluid
[Im~1s"'K1;

eigenvalues;

density of fluid [kgm™3];

dimensionless constant in equation (29);
dimensionless time, tu/pr2.

bulk condition
inlet condition;
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f, at central wire condition or component i;
0, at outer wall surface;
r, radial component;
z, axial component ;
x, fully developed.

L INTRODUCTION

WreN a fluid is subjected to high electric fields, a
convection resulting from a momentum exchange
between fluid partially charged particles and adjacent
fluid occurs. This phenomenon is known as an ionic
wind which is systematically discussed by Stuetzer
[1,2]. Also, an electrostrictive convection will occur by
an interaction between the electrical and thermal field,
owing to the temperature dependence of the dielectric
constant. These effects on the naturai convective heat
transfer have been investigated since Senftleben {3]
discussed the electrostrictive effects. The transfer rates
have been found to increase by several times as much
as pure natural convective ones. Kronig and Schwarz
[4] substantiated the Senftleben effect around a thin
heated wire forming an electric field with a cylinder.
Frank [5], Yabe et al. [6] and Konno et al. [ 7] treated
the ionic wind effects on natural convection of air
around plates and cylinders, where the wind produced
between the heat-transfer surface and needles or wires
gave rise to a disturbance in the original convective
fields.

As for the forced convection processes, similar
studies were conducted by Moss and Grey [8] and
Lazarenko et al. [9] in laminar flow of gases in tubes,
and by Sadek et al. [10] and Velkoff and Godfrey [11]
in laminar boundary layer flows of air. Mizushina et al.
[12] applied an electric field to an air flow and showed
that the tonic wind associated with the original forced
flow induced either transitional or turbulent flow, even
if Reynolds number were in the laminar region, and
that heat transfer rates at the outer wall and longitu-
dinal pressure drops increased considerably. But the
electrostrictive effect was negligibly small and also the
ionic wind effect decreased in the highly turbulent
region. Robinson [13] dealt with heat transfer at the
inner wire.

In considering forced convective liquids flow sub-
jected to the electric field, similar phenomena to those
in gas flow can be anticipated. In the case of liquids the
flows are occasionally laminar and also the Prandtl
number is so large that contributions of turbulent-like
motion, even if the motion is small, to the mechanism
of heat transfer may be large. After the pioneer work of
Schmidt and Leidenfrost [14], Porter et al. [15, 16]
discussed liquid flow of an insulating oil. However,
more experimental work is desired in order to under-
stand the behaviour of heat transfer under the electric
field and to correlate the data, because only one kind of
liquid was used in their experiments and Reynolds
numbers are in narrow range.

The present paper shows the results of experimental
investigations of electroconvective effects on three
kinds of liquids flowing in concentric annuli.
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Fii. [. Layout of experimental apparatus.

2. EXPERIMENTAL APPARATUS AND MEASUREMENTS

A configuration of the experimental apparatus is
shown in Fig. 1. From a head tank process fluid flows
into the bottom of a test section standing vertically,
and returns through an orifice meter to a storage tank
maintained at constant temperature. The fest heat
exchanger is a copper tube of 18 mm O.D. and 15 mm
1.D., on which a nichrome tape of 5 mm width as a heat
source is rolled. Both outlet and inlet tube header were
fabricated from acrylic resin. At the center of the tube,
a nickel wire of 0.3 mm dia. is strained by a weight of
about 4kg. Electric potentials of direct current were
applied between the copper tube, which is maintained
at earth potential, and the central wire, at a negative
potential.

Electric currents through the annular space between
the electrodes were measured by the voltage dropin a
reference resistance of 10kQ (or 100 kQ) connected in
series to the high voltage circuit.

Heat generated in the nichrome tape was nearly
completely transferred to the flow of liquid because of
an outer insulation of Fiberglass. Thermocouples,
which were mounted between the copper tube and
nichrome tape at intervals of about 100 mm in the
direction of flow and in upstream and downstream
mixing boxes, were used for the measurements of wall
and liquid temperatures. Temperature differences be-
tween the inlet and outlet and those between the wall
and bulk were within 5°C to avoid natural convection
as far as possible.

Measurements of longitudinal pressure drop of the
flows were made by using pressure taps with a pressure
transducer. These taps were located in the upstream
and downstream headers, where there was no direct
effect of electric field.

The test liquids were castor oil {g = 100¢P,
Pr = 2000), silicone oil {p = 10¢P, Pr = 100) and
turpentine oil (g~ 1.35cP, Pr= 20), and experiments
were conducted at room temperature.
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FIG. 2. Change of friction factor with voltage applied.

Profiles of temperature and velocity were measured
by using a thermocouple probe (Chromel-Almel
sheathed on the inside by stainless steel of 0.25 mm
0.D. and outside by vinyl of 1.3 mm O.D. and 50 mm
length) and a total pressure tube (glass tube of 1.5 mm
0.D. and 50 mm length) in the test liquid of silicone oil.
Traversing devices were installed in another test heat
exchanger, the diameter of which was twice as large as
that shown in Fig. 1. Measurements of temperature
and velocity profile were conducted at the position of
1350 mm from the inlet.

3. EXPERIMENTAL RESULTS AND DISCUSSIONS

3.1. Heat-transfer coefficient and longitudinal pressure
drop

Figure 2 shows pressure drop results in isothermal
flow at about 20°C in terms of conventional Fanning’s
friction factor f. The error of the measured pressure
drop due to the end effect was estimated to be within
15%. The changing behaviour at the same voltage
applied is different for the silicone and turpentine
oils. For the silicone oil, the change in the friction
factor with applied voltage is small. But for the
turpentine oil the friction factors increase with applied
voltage and correlation lines of f for each value of
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applied voltage are parallel to that without electric
field in the region of laminar flow. In the turbulent
region, the results for turpentine oil show that the
changes caused by electric field become gradually
small with increasing Reynolds number. Data for
castor oil are omitted in Fig. 2, because they fall in the
range of 1 < Re < 10 and no variation of f with the
voltage up to 9kV was observed at isothermal con-
ditions. This difference of the changing behaviour for
the castor, silicone and turpentine oils may be due to
difference of viscosity for those oils as discussed in
Section 3.3. During heat transfer under the electric
field, friction factors increased with voltage, because
the viscosity increased with decreasing liquid tempera-
ture near the outer wall due to an increasing heat
transfer coefficients.

Nusselt numbers at the outer wall of the annulus in
the laminar region are correlated with Graetz number
in Fig. 3(a) for the castor oil, Fig. 3(b) for silicone oil
and Fig. 3(c) for turpentine oil. The value of Nu
without electric field is somewhat high in comparison
with that calculated on the condition of well-
developed laminar flow depicted by dot-dashed curve
in Figs. 3(a—c), probably because the flow conditions
are not fully developed. Under the electric field,
Nusselt numbers of all three liquid flows are markedly
increased at a larger Graetz number region, and for
each liquid these values seem to remain constant for
each value of voltage applied. However, at a smaller
Graetz number region the values of Nu are the same
both with and without electric field. From these results
we can imagine that electroconvection hardly disturbs
flow very near the wall.

Figure 4(a) shows the change of Nusselt number for
the turpentine oil with longitudinal distance for va-
rious Reynolds numbers in the case without electric
field. The dip in the curves at Reynolds number larger
than 2860 may be explained by the fact that the
boundary layers along the tube walls are at first
laminar and change through a transition region to
turbulent flow. Figures 4(b), 4(c} and 4(d) show those for

FIG. 3(a)
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FI1G. 3(a-c). Change of Nusselt numbers for (a) castor oil (b) silicone oil and (c) turpentine oil with voltage
applied at laminar range of Reynolds number.
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various applied voltage at Re = 1480, 3450 and 5810,
respectively. From the figures it can be seen that the
effect of increasing applied voltage on Nusselt number
resembles that of the increase of Reynolds number.

3.2. Equations of change under an electric field

When a fluid containing electric charge is subjected
to an electric field, the change in density of space-
charge and strength of electric field, and the con-
servation of mass, momentum and heat are expressed
with dimensionless representations as

DN [(Lrip\'? (pb*?
Dt u2b* e
*
x V-NF + (?)VZN (1)

V-F=N @)

Vv=0 3)
Dv . (113
N _ NF 4
De VP+VV+(u2b*> 4

DO A rI, (1r,\'"?

= (-NKV*e rofLe
- (e [5(5) ]
@*
x[NF-F+( p)

u

Ior3p —-1/2 pb*Z -1/2
o F-VN
() () el o
where

N = en(r,b*/1,6)'?, F = E(eb*/Ir,)"?,

v = ur,p/p, P = prip/u?,
0= (T— Te))“/qoro’ T= t“/prgs
V=ry,

where r, is a reference distance, I, is electric current
density at r,, g, is a heat flux at r,. In these equations,
the following assumptions are made. (1) Fluid proper-
ties are constant. (2) As suggested by Stuetzer [1],
fluxes of electric charges of various kinds of species are
replaced by a flux of one kind of space-charge, that is

YI.=Y (b¥en,E + 2Ven; + uen,)

= b*enE + 9*Ven + uen =1 6)

where the mobility b* and diffusivity 2* are averaged
values. This assumption leads to equation (1). (3)
Electrostrictive and gravitational forces can be omit-
ted in equation (4). (4) The viscous heating term can be
neglected in equation (5).

As is seen from equation (4), the Coulomb force
(Ir2 p/u*b*)NF contributes to a change in fluid motion,
and consequently to a change in the mechanism of heat
transfer through the convection term and the joule
heating effect.

To give some insight into the electrical feature
governing the Coulomb force, further assumptions are

HMT 23.8—
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made. (5) The variation of electrical field in axial
direction can be neglected in comparison with that in
radial direction, because the present study concerns
with the flow of dielectric organic liquids in a long
concentric cylindrical system in which a constant
electric potential is applied between the inner and
outer walls. (6) Because of sufficiently large values of
(I,r3 p/ub*)*'2 (pb*%/c) in the present experimental
runs, the migrations of space-charge due to diffusion
and bulk convection are assumed to be negligibly
small in comparison with that due to electric field.
Thus,

0= 1 _6 (rNF,) )
roor

1 —a—(rF,) =N (8)

r or

The above two equations show that the quantity
NF, is solved as a simple function of r when the
conditions imposed on N at the walls are given. One of
the conditions is that rNF, =1 at the outer wall
However, the second condition is not known because
of little knowledge on the exact electric phenomena
occurring in the fluid near the inner wall where the
strength of the electric field is very large. According to
the Poole—Frenkell effect, the density of the space-
charge increases rapidly with increasing electric field
strength. Therefore, near the inner wall a hypothetical
radial position ry where N = N is assumed.

Thus, the following equation is obtained.

1/1
Fl=1+—|——-r%)
Tt (Na ’*)
Equation (9) gives F, & —1atr > r* because the value
of Ny is large and ry = r*. On the other hand, the

relation VV = —E gives the potential drop between
the walls as

©

V,—- Vi
o i F,dr (10)

1
(L2 feb*) "~ “j,

The integral on the right hand side of equation (10) is
divided into two regionsof r* < r < ryandry <r <
1, and substitution of equation (9) atry < r < 1 gives
the following equation for potential drop.

3

I3\
Vo= V)= (Vy - V) +<gb*> B ()

I r3 1/2 f'ry
Ve —Vy=[-2° _
V4 i) (gb*) f (—F,)dr

1
(—F,)dr.

where

and

b
Ty

Equation (11) suggests a linear relation between

(V, — V) and (I,r3/eb*)'’* when (V4 — V) and B are

constant. In fact, the value of § can be expected to be an
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order of magnitude of unity from the description
related to equation (9). In an experiment with air flow,
the linear relation holds satisfactorily at high values of
(V, — V), and the slope and intercept depend only on
the geometrical factor, independent of the flow con-
ditions; (V4 — V) depends mainly on (r;/r,) and ff on
(I/r,). The dependency of § on I/r, may arise from the
end effect in measuring the electrical current [12]. In
the present liquid system relations between the voltage
difference (V, — V,) and total current through the
outer wall (I =27rJI,) are shown in Figs. 5(a) and 3(b).
Solid lines in these figures show linear approximations
indicating that f in the equation (11) is constant,
although the validity of the linear approximation at
small values of (V, — V) is lost, probably because
convection and diffusion effects cannot be neglected.

From equation (7) the Coulomb force (I,r]p/u’b*)
NF, is found to be characterized by only one
dimensionless complex Es = (I,r2p/u?b*)}2. This
means that the flow characteristics in the electric field
are determined by Reynolds number and Es. However,
in calculating the dimensionless complex Es, it is
necessary to know the exact value of b* which is often
difficult to obtain. Therefore, it is convenient to rewrite
Es with empirical value of V.. and f as follows.

Lrip\'? (Vo= V)l ?p'?
b up

In this equation, use is made of the equation (11), and
the result obtained in air flow, that f is function of only
(I/r,),is implicitly assumed to apply in any flow. In fact,
in the present liquid flows the value of b* is not known.
Therefore we adopt a slightly modified value of f
obtained in air flow in correlating the experimental
results as shown in a subsequent section. Difference in
the value of § due to the electrodes shape is examined
in flows of silicone oil as shown in Fig. 5(b). From the
slope of lines in Fig. 5(b) the value of § in the larger
tube system (//r, = 96.6) is taken as 0.71 times that in
the smaller one (I/r, = 187), because the ionic mobility
and dielectric constant are same.

When the value of applied voltage (V, — V;}is small,
equation (12) does not hold as discussed above.
However, if we assume that the mobility b* calculated

(12)
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FiG. 5(a). Change of electric current through outer wall with
voltage applied between electrodes.
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by using measured relation between I 2and (V,- V)
for high applied voltage conditions can be used in this
low voltage conditions, we can determine the value of
Es.

The joule heating [r,,/qol,r,/xb*)' '] which ap-
pears in the equation (5) is evaluated to be less than
5x 107 * in the heat transfer experiments presented in
the previous section. These are negligibly small in the
heat balance of the present liquid system, because of a
sufficiently large value of q,.

3.3. Calculations of Nusselt number und lonyitudinal
pressure drop

We can not give exact solutions of the basic
equations presented above. However, we intend to give
some systematic discussions for relations between the
changes of Nusselt number and longitudinal pressure
drop under the effect of radial electric potential.

When we deal with a well-developed flow at a
steady-state, any direct force due to a radial electric
field does not appear in a longitudinal momentum
balance, and also the radial force contributes only to a
radial pressure distribution, if radial and circumferen-
tial velocity components are negligible. However, from
the practical existence of radial current caused by the
movements of ions, it is reasonable to assume that
radial velocity exists, although it is small. Then, a
momentum flux due to the radial velocity component
should not be ignored in the longitudinal momentum
balance, nor a heat flux in a heat balance.

For these fluxes we will apply diffusivities of momen-
tum and heat due to the electric field, similar to
turbulent flow, and will start by assuming momentum
and heat balances as

dP 1 d { ( — +qv?l

dz r dr‘r \yLzl' dr
1 d £y )dt;l )

= - 1 == 133

¥ dr%‘r(\ * v /dr -

0 17 / HOR

Pro 6? = - f:f—gr( —~ Pre,@ + — )%
oz v ér
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with boundary conditions for longitudinal velocity

R T —0
v,(r) . v.{r) . 15)
and for temperature
- 0
Oz, =0, —O@r = -1
( r} z=0 or =1

and
é
= 8(z,7) =0, (16)
5!‘ rampt

where A(z,r) means time-averaged value, ie. A(z,r,t)
= ;1—6;,;5 + A{z,r,t). Hereafter the over-bar will be
omitted.

The solution of equation (13) satisfying equation
{15) is

O g [ PG 17
oy 2 J- Arams
where
1 1
(v ==f v,rdr/j rdr, (18)
_ drP 1 _ a2
U Gy T ’/
r(r + Cz)
. 1+ *"M/V
and
1 r.’Z /
Cyom - ‘{* »——»«»—-————r(I e dr}
1
1
L ¥ o

The friction factor and Reynolds number are ex-
pressed as

1—r*
= 19
f c}.(vz) ( )

Re = 2(1 — r*)u,> (20)

From equations (14) and (16) the temperature
change is obtained as

z
® (_wp,, Z ) 0., ( s z>) + 0.0

SpT SA
+“§1 A,,exp( % 5 <vz>>R,,(r), @2n
where @, + ®,, Is a solution of equation (14)
satisfying the conditions;

®.,(r) 0.0 =0

dr dr
z 1 z
m + J'r‘ {Gwz (F@) + ®wr(r)}

:-—1,

=]

[ea

111

rdr=0, ,

<z>

and A, and R,{r) are eigenvalues and eigenfunctions,
respectively, satisfying the following differential equa-
tion and boundary conditions;

i d &y an
v a;{'(l **”’7) dr}

+2.% R -0 (23
" @3)
d d
GR|  =gRo| =0,
and A, is given by the following equation;
1
[02,(0) + O (R 77 dr
(v
A, = . -
2 =z
J" {R,()} S rdr
(24)

The bulk temperature is derived from the heat
balance as

: \ (T,~TN
®”<Pr<vz>) A

_ 2 z
(I = r*} Prin,)’
and then Nusselt number and Graetz number are

(25)

1 (T,— T
Nu q.De,
k4
- {81’ (Pr(m)) + G)(Pr<vz>’ 1)}/ AL =r7)
26)
Gz = (2/Dey)/RePr = 4(1 — *) 5 <zv 5 7

After the calculation of the velocity profile, the
eigenvalues and eigenfunctions can be easily obtained
numerically by the method of Berry and de Prima [ 18],
and then the Nusselt number is calculated.

For the diffusivities which have to be determined
empirically, a simple model has been proposed for an
air system in a previous paper [12], where the flow is
divided into two regions of core and viscous layer near
the outer wall, and the values of diffusivities are
assumed to be constant in the core region and zero
near the wall. However, this model, similar to Prandtl’s
analogy between heat and momentum transfer in
turbulent flow, is not appropriate in the liquid system,
because Prandtl number significantly differs from
unity. For the present discussion, a radial distribution
of momentum diffusivity of fully developed turbulent
flow in a circular tube will be assumed as a clue, That is

Ea r+ 2
=041~ - -1 -
” fa ( r){l exp{ 55 a r)}}
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FiG. 6. Correlations of Nu and fin thermally well developed laminar range of Reynolds number with electric
field.

Taking into account an inner wall effect and further
supposing that r; is a function of Es", we presume that
momentum diffusivity is modeled as

B _ 04Es(1—1)
v

1 2
el o
X (r—r*){l "CXP[— Q}EES"(T“"*)J}’

{28)
and the diffusivity of heat as
fn ‘L_Y{’ (29)
v v

where n and ¢ are empirical constants.

The results calculated by choosing n =08 and ¢
= 1.5 at a thermally well developed region, where the
Graetz number has a negligible effect, are compared
with the experimental results in Fig. 6. Nu, and f, of
the ordinate of this diagram denote the theoretical
values at fully developed laminar condition without
electric field. For the abscissa, the empirical relation of
equation (12) was used with the assumption of § = 0.7,
which is a slightly modified value of the empirical
relation in the air system, 8 = 0.5, in which the ionic
mobility is known. The present calculation gives good
predictions for the experimental characteristic of li-
quids of large Prandtl number that the change of
longitudinal pressure drop is negligibly small, but that
the change of heat transfer rate is remarkable.

In the data of silicone oil, the results of the larger test
tube in which two kinds of inner wires are used are also
plotted. The direct effect of inner and outer diameters is
found to be small experimentally and analytically as
shown in Fig. 6. The calculated results at thermally
developing region are depicted in Fig. 3 by dashed lines
to compare with the experimental results. However, it
should be noted that the flow conditions at small

Graetz number region in the present experiment were
not fully developed, whereas the calculation was
performed on the assumption of fully developed flow
condition.

3.4. Temperature profile and flow behaviour

The temperature profiles measured in the silicone oil
are shown in Fig. 7 along with the calculated curves.
Under the application of electric field, the temperature
profile becomes flatter in the core and sharper at the
wall due to the convection induced by the electric field.

The experimental results of velocity profile in the
silicone oil at constant temperature are compared with
the calculated results in Fig. 8. Although the experi-
mental velocity profile in Fig. § is not as accurate as the

0 1 g
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FiG. 7. Temperature profile in flow of silicone oil under
electric field.
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F1G. 8. Velocity profile in flow of silicone oil under electric field.

temperature profile in Fig. 7 owing to the difficulty in
measuring the low velocity, one can see that it becomes
flatter when the electric field is applied. It is also seen
that the deformation of the velocity profile in liquid
flow under the electric field is not as large as that in the
air flow shown in Fig. 9.

4. CONCLUSIONS

Experimental investigations of heat and momentum
transfers in the flow of dielectric organic liquids inside
annuli between the inner wire and outer copper tube
under an electric field were conducted and the follow-
ing conclusions were obtained.

1. Inthe laminar flow range, the increase of Nusselt
number and friction factor are induced by contri-
butions of radial convection owing to move-
ments of space-charge.

2. For a high Prandtl number liquid, Nusselt
number increase much more than the increase of
friction factor.

3. These contributions to heat transfer are small in
the turbulent flow and also at the thermal
entrance region of laminar flow.

Empirical formulation using the electroconvective
diffusivities of equations (28) and (29) gives satisfac-
tory representations for the both changes of Nusselt
number and the friction factor in the laminar range,
when the empirical relation of equation (12) between
the electric current density and voltage is used as the
electroconvective parameter. Further analyses of the
temperature and velocity profiles are necessary.
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EFFET D'UN CHAMP ELECTRIQUE RADIAL SUR LES TRANSFERTS
DE CHALEUR ET DE QUANTITE DE MOUVEMENT DANS UN LIQUIDE
DIELECTRIQUE ORGANIQUE EN ECOULEMENT LAMINAIRE DANS UN

ESPACE ANNULAIRE

Résumé— Des expériences ont pour but d’étudier les changements dans le transfert convectif de chaleur dans
des écoulements de liquides diélectriques organiques 4 Iintérieur d’un espace annulaire entre un tube de
cuivre et un fil concentrique. Est aussi mesurée la chute de pression longitudinale dans I'écoulement qui peut
&tre induit par I'application de champ électriques de courant continu entre la paroi du tube et I'électrode
centrale. Dans le domaine laminaire, le flux de chaleur a la paroi externe augmente dans la région bien établie
et Pétablissement thermique est avancé. D’autre part, les chutes de pression sont augmentées dans des
liquides 4 faible nombre de Prandtl. Dans les domaines de transition et turbulent, néanmoins, on ne note pas
de changements de transferts thermique et de quantité de mouvement. Pour exprimer ces résultats dans le
domaine des faibles nombres de Reynolds, on donne une formulation semi-empirique en termes
adimensionnels a partir du principe de similarité.

DER EINFLUB EINES RADIALEN ELEKTRISCHEN FELDES AUF
DEN WARME- UND IMPULSAUSTAUSCH IN DIELEKTRISCHEN ORGANISCHEN
FLUSSIGKEITEN, WELCHE LAMINAR DURCH EINEN KONZENTRISCHEN
RINGRAUM STROMEN

Zusammenfassung—Experimentell untersucht wurde der konvektive Wirmeiibergang dielektrischer orga-
nischer Fliissigkeiten im Ringraum zwischen einem Kupferrohr und konzentrischen Dréhten. Dariiber
hinaus wurde der Druckabfall lings des Rohres gemessen, welchen man durch Anlegen einer Gleichspa-
nnung zwischen Rohrwand und konzentrischem Draht erzeugen konnte. Bei laminarer Stromung nahm der
Wirmestrom im thermisch ausgebildeten Bereich zu, und die thermische Ausbildung wurde gefdrdert. Auf
der anderen Seite nahm auch der Druckabfall bei Fliissigkeiten mit kleinen Prandtl-Zahlen zu. Im
Ubergangsbereich sowie im Bereich der turbulenten Strémung dnderten sich weder der Wirme- noch der
Impulsaustausch. Um bei kleinen Reynolds-Zahlen die Versuchsergebnisse darstellen zu konnen, wurde auf
der Grundlage der Ahnlichkeitstheorie eine halbempirische Gleichung in dimensionsloser Schreibweise
abgeleitet.
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BJIUAHUE PAJUAJIBHOI'O DJIEKTPUYECKOI'O 110J11 HA MEPEHOC TEILJIA U
KOJIMYECTBA JIBHDKEHHS B JUDJIEKTPUUYECKOW OPTAHUYECKON XUAKOCTHU
NP TAMHUHAPHOM TEYEHHU B KOHHEHTPUYECKHUX KOJIBLIEBBIX KAHAJIAX

Annotauns — [IpoBeneHo 3KCnepUMEHTaIbHOE HCCIIEIOBAHHE KOHBEKTHMBHOTO TEIJIONIEPeHOCa TIpH
TEYEHHH JHIEKTPHYECKOH OPraHH4ecKOH XHMAKOCTH B KOJIBLIEBOM 3a30pe MEXIYy MeaHOH Tpybxoi
M KOakCHaJbHBIM 371ekTponoM. Hccremosanca Takke NPOAOJBHBIA NEpenaj AaBieHMs B NOTOKE,
BO3HHMKAIOLIHA TIDH HAJOXEHHH [OCTOSHHOTO 3JICKTPHYECKOrO MOJNA MEXAY CTEHKOil TpyOkH H
3JIEKTPOAOM. B TaMHHAPHOM [Hama30He 3HaueHHH yucna PeiiHo/bACa MHTEHCHBHOCTH MEPEHOCA TEMa
K BHELIHEH CTEHKE BO3pacTaja B O0JACTH NOJHOCTbIO Pa3BHTOro renioobMeHa. C Ipyroi CTOPOHBI,
Ha6J110/1a/10Ch yBE/IHYEHHE NEpenana AaBjIeHHS B XKUIKOCTH ¢ HH3KMMH 3Ha4eHHAMH 4YHcia Tlpanatas.
OnHako, B NEPEXOAHOM H TypOyJieHTHOM Hana30Hax Re He Habmioaanoch H3MEHEHUH HH B KOJIMYECTBE
TEMJ1a, HE B KOJIMYECTBE ABMXEHUA. [lJIA nepecyeTa 3THUX Pe3yJIbTATOB HAa AMANAa30H HH3KHUX 3HAYCHHH
uicia PeliHonbaca BhIBedeHa monyIMIHpHueckas ¢opmyna B Ge3pa3MepHOM BHOE, MCXOAS H3
PHHIHNA aBTOMO/IEJILHOCTH.
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