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Abstract-Experiments were conducted to investigate changes in convective heat transfer in Bows of 
dielectric organic liquids in annuii between copper tube and concentric wires. Also investigated was 

lon~tudinai pressure drop in the flow which could be induced by applying electric fields of direct current 
between the wall of the tube and the central wire electrode. In the laminar range of Reynolds number, heat 
transfer rates at the outer wail increased in the thermally well-developed region, and the thermal 
development was advanced. On the other hand, pressure drops were also increased in liquids 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 
problem ; 
ion mobility [m2 V-’ s-“1 ; 
ion mobility of space-charge 
[m2 V-’ s-l]; 
specific heat of fluid at constant pressure 
[J kg-’ K-l]; 
equivalent diameter of annulus, 2(r, - ri) 

[ml ; 
diffusivity of ion [m” s - ‘1; 
diffusivity of space-charge [m” sYi] ; 
vector of electric field strength [V m-l]; 
dimensionless complex defined in equation 

(12); 
density of space-charge [A se1 m-'1 ; 
dimensionless vector of electric field 
strength, ~~(s~*~~~~)i’2] ; 
friction factor ; 
flux of space-charge, total current density 
[A m-‘1; 
Graetz number [(Z/D,,)/RePr] ; 
length of test section [m] ; 
dimensionless density of space-charge 
[e~(~~b*/Z~&)‘~2~ ; 
value of N at r8; 
Nusselt number [qoDeq/(Tb - To)%]; 
dimensionless pressure [pr$p/jFJ ; 
Prandtl number [c&d] ; 
pressure [N mp2] ; 
heat flux at outer wall [Jm-” s-‘1; 
Reynolds number [2( 1 - r*)( v,)] ; 
eigenfunctions ; 
radial distance [m], normalized by 
rot-1 ; 
dimensionless radial position taking N 
=N#; 

f-i/r0 ; 
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 [m s-l]; 
dimensionless vector of velocity, upr,/p; 
dimensionless space-averaged velocity, 

<u,> pr,llr ; 
axial distance [m], normalized by r,,[----1. 

Greek symbols 

0, dimensionless temperature difference from 

T,, f(T - TeP4w-J ; 
@CO,> dimensionl~s temperature in the funda- 

mental solution; 

@US% dimensionless temperature in the funda- 
mental solution; 

8, dimensionless constant in equation (11); 
s, dielectric constant of fluid 

[AsV-‘m-l]; 
&M* eddy diffusivity of momentum [m’s_‘] ; 
%I, eddy diffusi~ty of heat [m2 s- 1 ] ; 
cl7 viscosity ‘of fluid [kgm-l sWi]; 
“, kinematic viscosity of fluid [m2 s- ‘1; 
A, thermal conductivity of Auid 

[J m-’ s-’ K-l] ; 
I ?I? eigenvalues ; 
P. density of fluid [kg m- “1; 
fJ* dimensionless constant in equation (29); 
z, dimensionless time, tp/pr,2. 

Subscripts 

6, bulk condition; 
e> inlet condition ; 
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at central wire condition or component i; 
at outer wall surface; 
radial component; 
axial component; 
fully developed. 

1. INfRODUCTIOh 

WHFN 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 natural 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 (II. [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 [S] and 
Lazarenko et al. [9] in laminar Aow of gases in tubes, 
and by Sadek er al. [IO] and Velkoff and Godfrey [I I] 
in laminar boundary layer flows of air. Mizushina et ai. 

[ 121 applied an electric field to an air ff ow and showed 
that the ionic 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 walk 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. fl5, 161 
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. 

1 Head tank 

: %ge tank 
I Orlfiee 
5 Coolant 

6 7 Test annulus 11 HI h Press. transducer 12 Re 9 erence vAtage ,wrce 

8 
reslstaooe 

9 Weight Head of ha 
13 Switch box 
14 Recorder 

10 Stand of rmrrq traverser 

Frc;. I. Layout of experimcntul appawtus. 

2. EXPERlMENTAL APPARATUS .A?rt) 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 test heat 
exchanger is a copper tube of 18 mm O.D. and 15 mm 
I.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 4 kg. 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 drop in a 
reference resistance of 10 kR (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 1OOmm in the 
direction of Bow 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 (p &Z loOcP, 
Pr 2 20#), silicone oil (ff 2 10 CP, Pr Z 100) and 

turpentine oil (g - 1.35 cP, Pr z 20), and experiments 
were conducted at room temperature. 
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FK. 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 
O.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 
O.D. and 50 mm length) in the test liquid ofsilicone 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 coeficient and longitudinal pressure 
drop 

Figure 2 shows pressure drop results in isothermal 
flow at about 20°C in terms of conventional Fanning’s 
friction factorf: 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 off for each value of 

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 offwith the 
voltage up to 9 kV 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 

-e. 
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f=O.OZ 

z’ --‘--W.C.Reymlds et ai.(17) 
---- Calculated under electric field 

FIG. 3(a) 
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FIG. 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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FIG. 4(ad). Change of Nusselt number for (a) turpentine oil with Reynolds number, (b) voltage applied at 
laminar, (c) transitional and (d) turbulent range of Reynolds number. 
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various applied voltage at Re = 1480,345O 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 Auid 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 

!g= _(!!J”(!!) 

(1) 

V.F=N (2) 

v*v=o (3) 

-= -VP+V2v+ 

x[NF.F+e) 

x (!!~1i2(~)-“2F.,,1} (5) 

where 

N = en(r,b*/IO~)1i2, F = E(eb*/l,r,)“2, 

v = ur,plP, P = &PIP’, 

0 = (T- Te)l/q,r,, z = tp/pri, 

V = r,V, 

where rO is a reference distance, I, is electric current 
density at rO, q, 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 [l], 
fluxes of electric charges of various kinds of species are 
replaced by a flux of one kind of space-charge, that is 

c Ii = c (b:en,E + 9iVeni + ueni) 
1 I 

= b*enE + 9*Ven + uen = I (6) 

where the mobility b* and diffusivity g* 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 
(Z,r:p/p2b*)NF contributes to a change in fluid motion, 
and consequently to a change in the mechanism ofheat 
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 

“NT 23.8-E 

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,r,3p/p2b*)1’2 (pb*‘/&) 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 = i $ (rNF,) (7) 

i i(rF,) = N. 

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 r++ where N = N # is assumed. 

Thus, the following equation is obtained. 

(9) 

Equation (9) gives F, s - 1 at r >> r* because the value 
of N, is large and r++ z r*. On the other hand, the 
relation VI/ = -E gives the potential drop between 
the walls as 

v, - vi s 1 

=- 

(I,rz/eb*)1’2 
F, dr (10) 

I* 

The integral on the right hand side of equation (10) is 
divided into two regions of r* I r I r ++ and r# I r I 
1, and substitution of equation (9) at r # I r < 1 gives 
the following equation for potential drop. 

(V, - Vi) = (V, - Vi) + 1’2/3 (11) 

where 

and 

fi= 
s 

’ (-F,)dr. 

r+ 

Equation (11) suggests a linear relation between 
(V, - V,) and (I,ra/eb*)1’2 when (V, - Vi) and fi are 
constant. In fact, the value of p 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, - Vi), and the slope and intercept depend only on 
the geometrical factor, independent of the flow con- 

ditions; (V, - Vi) depends mainly on (ri/ro) and b on 
(I/r,). The dependency of fl on l/r0 may arise from the 
end effect in measuring the electrical current [12]. In 

the present liquid system relations between the voltage 
difference (V, - Vi) and total current through the 
outer wall (I =2m,M,) are shown in Figs. 5(a) and 5(b). 

Solid lines in these figures show linear approximations 

indicating that /l in the equation (I 1) is constant, 
although the validity of the linear approximation at 

small values of (V, - Vi) is lost, probably because 
convection and diffusion effects cannot be neglected. 

From equation (7) the Coulomb force (I,rzpip2h*) 

NF, is found to be characterized by only one 

dimensionless complex Es = (I,r~p/p’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 h* which is often 

difficult to obtain. Therefore, it is convenient to rewrite 
Es with empirical value of V= and /J’ as follows. 

112) 

In this equation, use is made of the equation (11). and 
the result obtained in air flow, that fi is function of only 

(l/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 fl 

obtained in air flow in correlating the experimental 
results as shown in a subsequent section. Difference in 

the value of /3 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 fl in the larger 
tube system (I/r, = 96.6) is taken as 0.7 1 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 

FIG. 5(a). Change of electric current through outer wall with 
voltage applied between electrodes. 

FK~. S(b). Variation of relation be~heen electric curreni 
through outer wall and voltage applied with geometrical 

factor of electrodes in srlicone 011 

by using measured relation between 1: ’ and (V, -- b., 9 
for high applied voltage conditions can be used in this 
low voltage conditions, we can determine the value of 
ES. 

The joule heating [r,l,/y,(l,r,:t:h*~’ ‘1 which ap- 

pears in the equation (5) is evaluated to be less than 
5 x 10 4 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 3 
sufficiently large value of 4,. 

We can not give exact solutions of the basrc 

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 ofmomen- 

turn and heat due to the electric field, similar to 
turbulent flow, and will start by assuming momentum 
and heat balances as 
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with boundary conditions for Iongitudinal velocity 

3 I -I = u,(r) = 0 
r=1 r=** 05) 

and for temperature 

-. 
O(z,r) - 0, = -1 

2=0 *=1 

and 

= 0, 
l‘s?* 

where A+, r) means time-averaged value, i.e. A(z, r, C) -_- 
= A(z, r) + A’&, r, t). Hereafter the over-bar will be 
omitted. 

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

where 

1 s i’s 
1 

(v,) = v,rdr rdr, 

r* I* 

c _!!L I.- 
dz <v,> 

= -2(1 - r*Z) 

and 
s ’ r(r2 + C,) 

r’ 
-iTigji-dr 

s I 

c,= - 
r* 

s 1 1 
-___I.- dr. 

f* r(l f cIK/v) 

The friction factor and Reynolds number are ex- 
pressed as 

1 - r* 
f=--.- 

C,<v,) 
(19) 

Re = 2(1 - P*)(u~) 

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

where O,, + O,, is a solution of equation (14) 
satisfying the conditions; 

x-ff-rdr=O, , 
(f-G> 

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

“I- “& R 
-%I =o (23) 

$ R&I = d R,(r) 
,=t dr r=r* =* ’ 

and A, is given by the following equation; 

J r* 

(24) 
The bulk tem~rature is derived from the heat 

balance as 

and then Nusselt number and Graetz number are 

1 0-b - TY.J” _=--.-.-._---_-- 
NU q,De, 

Gz = ~z~~e~)~RePr = 4(1 - r*)L. 
P&v,> 

After the calculation of the velocity profile, the 
e~genvalues and e~genfunctions can be easily obtained 
numerically by the method of Berry and de Prima [lg], 
and then the Nusselt number is calculated. 

For the diffusiviti~ 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 d~usivit~~ 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 dis~ssion, a radial dis~ibution 
of momentum difflusivity of fully developed turbulent 
ff ow in a circular tube will be assumed as a clue. That is 
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FIG. 6. Correlations of Nu andfin 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 di~usi~ty is modeled as 

$ = 0.4Es”(l -r) 

i [ II 
2 

x I-exp - ierjl -r) 

x (r-r*) I-exp 
{ I 

- ;;Es”(r-v*) II , 
128) 

and the diffusivit~i of heat as 

%f % 
0 , (29) 

v v 

where n and a are empirica constants. 
The results calculated by choosing rz = 0.X and CT 

= 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, andf, of 
the ordinate of this diagram denote the theoretical 
values at fully developed laminar condition without 
electric field. For the abscissa, the empirical reiation of 
equation (12) was used with the assumption of p = 0.7, 
which is a slightly modified value of the empiricai 
relation in the air system, p = 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 artalytically as 
shown in Fig. 6. The calculated results at thermally 
developing region are depicted in Fig. 3 by dashed lines 
to compare with the ex~rimentai 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, 

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. 8 is not as accurate as the 

4----------- 
* 

,,o I:_. . ..i...A ._ 
/ ~____;~.-__6- 

1: Esz17.0 

FIG;. 7. ‘~em~rature profile in flow of silicone oil 
electric field. 
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Other conditions are 
same as I" the left fig. 

FIG. 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. 

In the 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. 
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 DUN 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 

R&me-Des experiences ont pour but d’ttudier les changements dans le transfert convectif de chaleur dans 
des ecoulements de liquides dielectriques organiques a I’interieur dun espace annulaire entre un tube de 
cuivre et un fil concentrique. Est aussi mesurte la chute de pression longitudinale dans l’ecoulement qui peut 
Ctre induit par l’application de champ tlectriques de courant continu entre la paroi du tube et I’electrode 
centrale. Dam le domaine laminaire, le flux de chaleur a la paroi externe augmente dans la region bien ttablie 
et I’ttablissement thermique est avanci. D’autre part, les chutes de pression sont augmenttes dans des 
liquides a faible nombre de Prandtl. Dans les domaines de transition et turbulent, neanmoins, on ne note pas 
de changements de transferts thermique et de quantitt de mouvement. Pour exprimer ces resultats dans le 
domaine des faibles nombres de Reynolds, on donne une formulation semi-empirique en termes 

adimensionnels a partir du principe de similarite. 

DER EINFLUB EINES RADIALEN ELEKTRISCHEN FELDES AUF 
DEN WARME- UND IMPULSAUSTAUSCH IN DIELEKTRISCHEN ORGANISCHEN 

FLtiSSIGKEITEN, WELCHE LAMINAR DURCH EINEN KONZENTRISCHEN 
RINGRAUM STROMEN 

Zusammenfassung-Experimentell untersucht wurde der konvektive Warmeiibergang dielektrischer orga- 
nischer Fliissigkeiten im Ringraum zwischen einem Kupferrohr und konzentrischen Drahten. Dariiber 
hinaus wurde der Druckabfall llngs des Rohres gemessen, welchen man durch Anlegen einer Gleichspa- 
nnung zwischen Rohrwand und konzentrischem Draht erzeugen konnte. Bei laminarer Striimung nahm der 
Wiirmestrom im therm&h ausgebildeten Bereich zu, und die thermische Ausbildung wurde gefordert. Auf 
der anderen Seite nahm such der Druckabfall bei Fliissigkeiten mit kleinen Prandtt-Zahlen zu. Im 
Ubergangsbereich sowie im Bereich der turbulenten Stramung Bnderten sich weder der WBrme- noch der 
Impulsaustausch. Urn bei kleinen Reynolds-Zahlen die Versuchsergebnisse darstellen zu kiinnen, wurde auf 
der Grundlage der Ahnlichkeitstheorie eine halbempirische Gleichung in dimensionsloser Schreibweise 

abgeleitet. 
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BJIARHME PAAkiAJIbHOl-0 WIEKTPWIECKOI-0 nOJIR HA llEPEHOC TEnJIA M 
KOJIRYECTBA ,LJBMXEHkiJl B flB3JIEKTPkWECKOfi OPTAHBYECKOti TMAKOCTZl 
IlPki JIAMMHAPHOM TE’JEHMM B KOH4EHTPWIECKMX KOJIbuEBbIX KAHAJIAX 

AHHoTaunn- npoBeneH0 3KcnepHMeUTanbHoe HccnefloBawe KoHBeKTHBHoro TennonepeHoca npH 

TCYCHHH ~H3JteKTpWieCKOfi OpraHUYeCKOti XUIIKOCTA B~KOJlbueBOM 3a3Ope MeXCny MenHOii Tpy6KOti 

A KOaKCBaJIbHbIM 3JIeKTpOnOM. MCCJIeAOBaJICn TaKXe npOL,OnbHbIti nepenan naBneHHIl B nOTOKe, 

BO3HHKalomEIii npH HaJlOXeHRB nOCTORHHOr0 WIeKTpWleCKOrO nOJIM MeXny CTeHKOfi Tpy6KH H 

3nexTponoM. B naMmapHoM mfarra30He 3HaveHG wicna PelHonbnca miTeHcHnHocTb nepeHoca Tenna 

K BHemHefi CTeHKe BO3paCTaJIa B 06naCTH nOJlHOCTbI0 pa3BHTOrO Tennoo6MeHa. c LIpyrOti CTOpOHM, 

Ha6monanocb yeenmesee nepenana nasnema B E~KOCTU c ~SKHMH 3HaqeHWnwi YHcna Ilpaenmr. 
OnHaKO, B nepeXOnHOM W Typ6yneHTHOM LIHana30HaX Re He Ha6monanocb H3MeHeHEifi HH B KOJIU'ieCTBe 

Tenna, HH B XonmecTBe nBH)Kemin. Ann nepecveTa 3TAx pe3ynbTaToB Ha nHana3oH HH~KUX 3HaqeUG 

wcna PeiiHonbnca BbIBeneHa nony3MnHpwmxan @opMyna B 6e3pa3MepHOM Bsne, Hcxonn ~3 

npHHI,Hna aBTOMO,WJ7bHOCTU. 


