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Abstract--In this paper, an analysis of the unsteady laminar flow m a cone-and-plate system where the 
angular velocity of the cone Is modulated smusoldally with time is performed This is used to test the 
frequency response of c~rcular or rectangular electrochemical sensors embedded flush w~th the plate plane 
By using dxfferent viscosities, it is possible to separate experimentally the effect of the hydrodynamic 
transfer function between the angular velocity and the velocity gradient at the plate from the effect of the 
frequency response of mass transfer probes between the velocity gradient and the instantaneous hmltlng 
current Excellent agreement between theory and experiment is found m the frequency range of interest 

for both circular and rectangular probes 

1. INTRODUCTION 

ELECTROCHEMICAL sensors are now widely used in 
electrochemical enganeen ng processes where an  access 
to wall shear stress or wall velocity gradient  m local 
values is required Recent  theoretical  developments  
concerning the methodology  of  these sensors extend 
their use to tame-dependent flows and provide a new 
means for spectrum analysis of  the velocity field in the 
wall region Such a procedure,  which allows the power  
spectrum density (psd) of  the wall velocity g radaen t - -  
one-dimensional  s p e c t r u m - - f r o m  the experimental  

psd of  the f luctuations of  the diffusion current  to be 
deduced, is founded  on the knowledge of  the dynamic  
frequency response of  these sensors This frequency 
response is defined for mass transfer  probes as the 
transfer  funct ion between the mass flux response and 
the sine wave modula ted  wall velocity gradient  at a 

microelectrode on which a fast electrochemical reac- 
tion is proceedmg in the condi t ion  of  hml tmg diffusion 
current  [I, 2]. 

Theoret ical  expressmns of  the t ransfer  function 
were proposed earlier but  improved solutions are now 
avadable  m a wide frequency range for circular as well 

as for rec tangular  probes  having  their length per- 
pendlcular  to the mean  flow d~rectlon [3, 4] 

There  are only a few experimental  conf i rmat ions  
and the first quant i ta t ive  ones only, were ob ta ined  
by use of  a modula ted  ro ta t ing  disk electrode [4] 
However,  with this flow geometry,  the ins tan taneous  
direction of  the velocity vector being not  aligned with 
the time average one except for very low frequencies 
[5], the compar i son  between theory and experiment  
was limited to circular microelectrodes 

For  extending the validity of  the above  ment ioned  
theoretical predict ions and checking the response of  
rectangular  probes,  a s lmdar  experimental  study w~th 
a modula ted  flow In a cone-and-pla te  system was car- 

ned  out_ In the absence of  secondary flow, this system 
provides mdeed a one-dimensional  velocity field m the 
circumferential  d i rect ion,  in thts paper, an analysis 
of the smusolda[ly modula ted  laminar  flow m small 
OSclllauons for this system is first reported.  The result- 
mg effect on mass transfer  is then deduced and  the 
relevant var ia t ions  with frequency fur ther  compared  
to the experimental  da ta  relative to circular or rec- 
tangular  probes 

2. VELOCITY DISTRIBUTION IN 
M O D U L A T E D  FLOW 

The equatlons of motion for the cone-and-plate 
system are adequately expressed in spherical coor- 
dinates with the symbols recalled m Fxg_ I In the 
present case, the cone is ro ta t ing at an angular  velocity 
It(t)  such that  

FIG I General scheme of the cone-and-plate system a point 
M (r, 0, 9) between the cone and the plate ~s at a distance 
y = r sm J. of the plate and at a d~stance r cos 2 of the axxs 
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NOMENCLATURE 

A~, A, mtegraUon constants in equaUon 
( l l )  

C concentration of electroactlve species 
[mol cm 3] 

D dlffusivlty [cm ~- s *] 
d diameter of circular probes [cm] 
F Faraday number, 96 500 C 
/*  reduced frequency of the rotating cone, 

I - j t o r2 / v  
H dimensionless frequency response of 

mass transfer on a rectangular 
mlcroelectrode 

H,  dimensionless frequency response of 
mass transfer on a circular 
mlcroelectrode 
hmmng current density [A cm-  2] 
hmltlng dtffuslon flux [mol cm -' s -  ~] 
imaginary number,  . , . / -  1 
rate of shear in the r-dlrecuon [s-~] 
width of a rectangular microelectrode 
[cm] 

n number  of electrons transferred m the 
redox reacuon 
pressure [dyn cm-  2] 
Reynolds number,  ck2Qfl/v 
real component  of a complex number  
radial coordinate [cm] 
total torque on the rotating cone 
[dyn cm] 

To torque without secondary flow [dyn cm] 
t time Is] 
i , .  vo, i,~, velocity components m spherical 

coordinates [cm s- ~] 
Z experimental mass transfer impedance, 

I 
J 

J 
K 
1 

P 
Re 
Re 
r 

T 

ZHD hydrodynamic transfer function, ~,Af~ 

Greek symbols 
:t velocity gradient [s ~] 
fl(O, 2*) constant  in equauon (2) tabulated 

in ref. [6] 
0 azimuthal coordinate (spherical system) 

[rad] 
2 0 -  rt/2 [rad] 
2* angle between cone and plate [rad] 
v kinemaUc ViSCOSity [cm: s-  ~] 
p density [gcm-  3] 
a dimensionless frequency for a circular 

mlcroelectrode, to(d"/~t2 D) i,, 3 
a'  dimensionless frequency for a 

rectangular mlcroelectrode, 
to(l:/~2D) I -~ 

4~ diameter of the cone base [cm] 
~o circumferential coordinate (spherical 

system) [rad] 
to pulsation [rad s-~] 
to* upper pulsation limit of the quasi steady 

state domain for Z.D 
f/ angular velooty of the cone 

[rads '] 
Af~ amphtude of modulauon of the cone 

angular velooty. 

Superscripts 
time average quantity 

~ Fourier transform of the time-dependent 
component,  l.e 
X(t)  = .~+ Re (,Y exp jtot) 

fl(t) = f i+Af~ Re {exp ./tot I (1) 

The plate is immobile which provides the following 
set of boundary conditions : 

t,, = 0  for 0 = r e / 2  

I ' l l  

I.',p = Qr cos 2* 1 

l'r = 0  for 0 = 2  + 2 .  
/-'0 

The further analysis will concern the primary flow 
Waiters and Waters [6] established a criterion for the 
existence of secondary flow based on the deviation 
of the total torque T with respect to To without 
secondary flow 

T = l 2 

To tz*) 
(2) 

where fl is a constant which has been tabulated for 
different values of the cone angle and Re is the Reynolds 
number defined as 

R e -  
F 

where ~ is the cone diameter_ 
Considering that secondary flow appears primarily 

in the outer region and that the region under inves- 
tlgauon Is located rather closer to the rotation axis, 
the criterion given by equation (2) is more con- 
straining than required 

Therefore, in so far as primary flow is concerned 
(i.e vr = 0 and v0 = 0 for any r, 0 and q~), for both 
the steady state and the fluctuating quantities, also all 
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derivatives with respect to ~0 vanish and the equations 1 ~  
of motmn are 

f v~(t) ~p(t) ! [ - P ~ -  = ~ - r  (3) 
o 

| v ~ ( t ) c o s O l d p ( , )  i ~ 7 ~ = 5 ~  

J - P - - ~ -  = - r ~ -  (4) 

l&'¢(t) + 10 ~c3v¢(t)~ + 1 O E 0011-- \ \  ' 

{ "°(') 
x s m  0 - - f i r -  r 2 s m ~ 0  - 0 ( 5 )  . . , 

0 0011 I I I I 

where p ~s the pressure 
When small oscdlatlons are imposed to the mean 

flow 0 e At')/~ << 1), hnearity is fulfilled and we may 
write 

v~(t) = f +  Re {/;~, exp .,,cot} (6) 

Here f,p ~s a complex quantity. 
Steady state soluuon is readdy obtained from equa- 

tmn (5) by assuming small ~. values and by setting 

f¢ =/~(0)  • r. (7) 

With the prewous boundary conditions, one finds 

sin 2 
gr = ~ r  tan 2" (8) 

where r sm 2 ~ r2 represents also the normal &stance 
to the wall y, so that the velocity gradient at the wall 
can be determined 

Oy o tan2* (9) 

Th~s classical result ~mplies a constant gradient 
value, whatever the position on the plate 

For modulated flow, both equations (6) and (7) 
lead to 

6¢ = /~(0)  "r 

so that equatmn (5), after remowng the steady state 
solution, becomes 

/~"(0) +/~(0) ( 1 -  J~r-----~:) = 0 (1O) 

with the solution 

K(O) = A, exp {iOx/f* } +.4 2 exp {lOx/f* } (I  1) 

and 

cor 2 
f * =  l - - j - -  

V 

A~ and .42 are determined by the same boundary 
conditions as prevmusly, extended to 6¢ Therefore 

/~(0) = A l l  cos 2* sin {)'x/f*} (12) 
s , n  {2"4f* } 

5 oo / I 

,oo) 

-I 200 
g, 

,~ ~oo £ 
ft. 

o |1  
10 2 

x==5 

10 3 10 '~ 
D , m e n s m n l e s s  Frequency  

FiG 2_ Vanatlon of the transfer function ZaD = ~/At'~ vs the 
dimensionless frequency to* -- tor2/v according to expression 

(13). 

The modulated velooty gradient at the wall ~s gwen 
by 

ay o = r d ; o  -- sm {2*x/f* } (13) 

The asymptotic behaviour of ~ when co --, 0 ident- 
ifies with the values of ~ (see equaUon (9)) since 

f*- - ,  1 
From equanon (13), a hydrodynamic transfer func- 

tion ZnD between the velocity gradient and the angu- 
lar velocity of the cone, i.e. ~/Af~, can be defined. 

Its variations with f *  are presented m amphtude 
and phase shift for different 2* values in Fig. 2 

3. MODULATED MASS TRANSFER--  
DISCUSSION 

When a fast redox reaction proceeds at a metal l ic 
surface in the limiting diffusion current conditions, 
one species of the couple is consumed infinitely fast 
so that its wall concentration is C = 0. The hmmng 
current ~s proporuonai  to the diffusmn flux J 

= nFJ = nFDaTsC._ (14) 1 vy o 

where n IS the number of electrons transferred, F the 
Faraday number  (96 500 C) and D the diffuswlty of 
the consumed species. 
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The frequency response theoretically predicted in 
refs [3, 4] corresponded to the quantity (~'/'Oy)/5~ 
(otherwise referred to as H for a rectangular probe or 
H, for a circular one) which ~s independent of  the 
main flow geometry Equation (14) which expresses 
the proportlonahty between the current and the flux, 
is also true for tllded quantmes and therefore, when 
normalized by its value at zero frequency, the mea- 
sured impedance Z = T/AI) can be written as the prod- 
uct of  functions of  H b~ the hydrodynamic transfer 
function Z.D.  

Though the primary aim of this work is to check 
the vahdlty of  theoretical expressions of  H or H~, the 
function ZnD had also to be confirmed exper- 
imentally Indeed in this last case, due to the simple 
mathematical derivations, it was rather a way to sub- 
stantmte the existence of the sole primary flow 

Functions of  H or Z.D are dependent on different 
dimensionless frequencies which are combinations of 
different variables characterizing the problem, either 
geometrical 0-*, r, d diameter of  a circular probe or 
1 width of  a rectangular one), or mechanical (~) or 
physlcochemlcal (v, D), each of  which can be inde- 
pendently modified (except for v and D) 

Hence, one may ask oneself whether an appropri-  
ate choice of  those variables allow one to study any 
of  those transfer functions (either H's or ZHD) 
separately 

In other words, we are looking for a set of  values 
for the variables such that one transfer function, H 
for example, is m quasi-steady state in the frequency 
range under investigation and the other, in this exam- 
ple ZHD, varies in a large range in amplitude and 
phase Of  course, we are also looking for the opposite 
situation where Z.D is in quasi-steady state and H 
varies untd Its h~gh frequency asymptotic behaviour_ 
Therefore, in each case, the measured impedance Z 
would be proport ional  only to H or to Z.D 

We will shov, that from an experimental point of  
view, it is easy to mlmmlze the effect of  Zm), so that 
Z basically reflects the variations of  H with frequency 
The opposite situation wdl be shown to be unrealistic 
from the experimental point of view 

Consider first the additional and permanent con- 
stralnt stating that the mlcroelectrode must operate 
in the boundary layer approximation and with no 
influence of  longitudinal diffusion [7] This Imposes 
Ling's condition 

~l-' 
~-  >/5ooo 

(equivalent condition for a circular probe IS obtained 
with d = 1/0.82 [8])- 

Therefore 

(l) ;1 must be high however, too high ~ values 
are undesirable because of  secondary flows Low 2* 
values must be selected 

(n) l or d must be h i g h  a hmitatlon occurs due to 
the possibility of  local evolution of  the concentration 

of active species because consumption of  one species 
and production of  the other species of the couple (on 
the counter electrode) would proceed at high rates in 
a limited solution volume 

(111) D must be small high viscosities must then be 
used by virtue of  the Stokes-Einstein relation 

Let us now evaluate the conditions for obtaining 
significant frequency domains for which in a first situ- 
ation ZHo can be studied, H being in quasl-stead? 
state and in a second situation H can be studied, Z.r ,  
being in quasi-steady state 

From ref [3]. H is dependent on a reduced 
~equency 

(shghtly different values would be found with H, and 
~r = 09(d2/~2D) ~'1) A more convement form ofo-" is 

Quasi-steady state regime for H is realized when 
a '  < I and high frequency regime where 

H(a') 3 72 4 
H(0~ - I~r ~ (lO,)~ ,_ (15) 

~s realized when a '  > 6. 
Dependence of  ZHo with the reduced frequency IS 

not so simple and in particular does not show a power- 
law behavlour in high frequency. However, from con- 
slderatlon of  Fig 2, a reasonable estimate of  the upper 
frequency hmlt for the quasi-steady state domain is 

o ) r  2 
c o * = - - ~ 1 0  ~ for 2 " = 2 -  

V 

Due to the fast variation of  Z .D with co*, a value of  
104 can be chosen as the lower frequency for its study 
(also for 2 * =  2 ) This 2* value was retained for 
fulfilhng both Llng's condition (condition 0)) and 
that of  Waiters and Water about the absence of  
secondary flow 

(a) Study of  H's ,  ZaD being in quasi-steady state 
From (og/&)(~tl2/D) ' ~ > 6 and ogr2/v < 103, one 

obtains 

6~ v 
< ~ o <  103~ (16) 

(~I2/D) I;~ r" 

Typical values of  8 = 102 and r = 1 cm can be 
assumed in the following A significant co range in 
equation (14) is likely to be obtained by use of high 
viscosity. 

As an example, by setting v = 1 cm 2 s-  ~, D should 
be in the range 1 0  - 7  c m  2 s - I  and with I ~  3× 10 -2 
cm, condition (14) becomes 

6 ~ < ~ <  10 3 
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This range of  angular velocity modulat ion can be 
easily obtained mechanically. 

(b) Study OfZHo, H being in quasi-steady state 
The condmon to be satisfied can be now written as 

v ~ (17) 10 -~r- ~< co and 09 <~ (~f_/D) l 

Now it IS obvious that the only possibility is to 
decrease the viscosity. A lower reasonable value ~s 
v ~ 10--" cm -~ s-~ with D ~ 10 -~ cm'- s-~ providing 
(~I2/D) ~. 10 4 which still ensures Lmg's  condition 
Finally one finds 

102~<co and o9~<5. 

Here the measurement IS not possible. 
Therefore, in a first step a viscous solution will be 

used to characterize H functions alone A low viscous 
solutmn will then allow to check the expressmn of 
ZHD whde a sign,ficant damping by H will be effective. 

4. EXPERIMENTAL 

To be consistent with the previous section, two cone 
angles 2* of  2 ° or  3 ° were chosen The cone was 
rotated at f~ and the plate was immobile Circular or 
rectangular platinum mlcroelectrodes were embedded 
flush with the plate plane Both cone and plate were 
machined from plexiglass A large Pt grid, placed out- 
side the regmn between the cone and plate, was used 
as a counter electrode. 

The electrochemtcal reaction used was the reduc- 
tmn step of  a very rapid redox system--potassium 
fern-ferrocyanide 10 -2 M - - w i t h  KCI (0.7 M) as 
supporting electrolyte This solution was used 
either as prepared for low viscosity measurements or 
with an admixture of  glycerol (50 or 70%) so as to 
increase viscosity 

Viscosity was measured with a Couette vtscometer 
(CONTRAVES)  and diffuSlvlty determined by mea- 
sunng the Schmidt number with a modulated rotating 
disk electrode by using the E H D  impedance technique 
[9] 

A similar experimental set-up to that already 
devised for measuring the E H D  impedance was used, 
the functional scheme of  which is dtsplayed in Fig. 3. 

The sine wave modulat ion of  the angular velocity 
is obtained by superimposing a sine wave voltage of  
low amplitude to the constant voltage used as ref- 
erence for defimng the average angular velocity of  
the d c. motor.  Due to inertm hmitatlons, the upper 
frequency limit is co/2n ~ 100 Hz. 

The experimental transfer functmn T/Af~ is mea- 
sured by means of  a two channel transfer function 
analyser (TFA S O L A R T R O N  1250) whtch delivers 
the potenttal signal for flow modulat ion two 
responses are sent to the channels of  the TFA,  one 
from the opttcal eneoder yields a voltage signal pro- 
portaonal to the instantaneous angular velocity and 
the other from the electrochemical interface a voltage 

stgnal proportmnal  to the instantaneous current Cor- 
relation performed by the T F A  removes the time aver- 
age value 

5. EXPERIMENTAL RESULTS 

5.1 Ctrcular probe 
51 I Htgh etscostl)' solutton H, measurement. 

The experimental data for a (70-30) glycerol-water 
mixture are reported in Fig 4 The values of  par- 
a m e t e r s ( r =  I 14cm, v = 0 2 c m - ' s - ~ , D = 4 x 1 0  7 
cm-" s-  ~, d = 0 032 cm, t") = 50 rpm) are in the ranges 
of  those used for the condit ion of  the H~ study, ZHO 
being m quas~-steady state As it can be seen m F~g. 
4, the relative positions of  theoretical curves for ZHD 
and H~ verify this assumptton. The overall impedance 
data (T/Aft) which corresponds to open circles, cor- 
rected from the effect of  ZHD, provide the solid circles 
which show a very fair agreement with the curve in 
full hne representatwe of  the theorettcal prediction of  
H~ given in ref [3] 

H j a )  ' 4 , I H---~ = (I + 0 049a- + 0 0006a )- ~- 

/ arg H, = - arctan [0.2420 

L x (1 + 0  0124a z --0.000150"4)] 

for a ~ 6 and 

H J o )  4 416 5.3 

H i 0 )  ]o (to') 3'2 
(18) 

f o r a y > 6  
In particular, the high frequency behav~our of  the 

amplitude as a power law ta-  ' is observed over more 
than one decade, a result which is very important  for 
psd analysis. 

This very close agreement confirms also another 
point about the hypothesis put forward in the cal- 
culation of  H,  [4] in particular in the absence of  influ- 
ence of  the transverse diffusion term By companng 
our previous results obtained with a rotating disk 
system to this one, it is very likely that the deviation 
observed at that time between the data (especially the 
phase shift) and theoretical expression (equation (I 8)) 
were actually explained by the existence of  a fluc- 
tuating component  of  the modulated velocity vector 
interacting with a defect of  circular symmetry of  the 
probe This explanation is now confirmed 

5 I 2 Low vlscostty soluuons. Influence o f  ZHD 
When the aqueous solution without glycerol is used, 
the following set of  parameters is involved (v = 0.0085 
cm-" s-  i, D = 0.7 × 10- 5 cm 2 s-  ', 2" = 3 ~, other par- 
ameters being identical to Section 5 i 1) These values 
are compatible with Ling's condition The cor- 
responding experimental data have been reported in 
Figs. 5(a) and (b) for two different values of  ~ because 
Z,D iS not an explicit function of  a In both cases, 
H,  has been assumed as correctly representing the 
experimental variations of  T/~, and the theoretical 
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FiG 4 Theoretlcal transfer functlon H= for a circular micro- 
electrode plotted vs the dlmenslonless frequency according 
to the expressions given m ref [3] The theoretical hydro- 
dynamical transfer functLon ZHo is also plotted m these 
coordinates with r = I 14 cm, v = 0 2 cm: s- t d = 0 032 cm, 
D = 4 × I 0  ? crn-' s ~, 2 "=2" ,  ~ = 5 0  rpm The exper- 
imental points (O) are corrected by ZHr, m order to get the 

experimental H, (Q) 

variations Of ZHD were reported by a sohd hne Recon- 
structed values o f Z  = ZHD'H, by dashed lines show 
also a very good agreement with the experimental 
ones (open c~rcles). This fact provides a confirmation 
of  the calculated expression of  ZHD and mdtrectly 
substantiates the primary flow assurnptton 

The same procedure was used for an intermediate 
situation where a (50-50) water-glycerol mixture was 

used with ( v = 7 x l 0  : cm-' s - ' ,  D = 1 2 5 x 1 0  6 
cm 2 s-~ and r = 1 8 cm). The relevant data shown m 
Fig 6 exhtbtt again a very good agreement between 
the theoretical H ,  curve and the reconstructed values 
(sohd circles) from the expenmental  one (open circles) 
by use of  H,  = Z/ZHD 

5_2 Rectan#ular probe 
So far, no experimental verification of  the vahdlty 

of  the theoretical expresston of  function H m the 
case of  a rectangular electrode has been successfully 
performed Two guard electrodes of  the same width 
as the working one were placed at each side of  it The 
impedance data are displayed in Fig. 7 wtth the same 
set of  parameters as m Ftg 4. Due to the rather large 
value of  the mtcroelectrode length (Ar ~ 0 26 cm) the 
correction effected by ZHO required an integration 

Z-  Ar 
H =  

I r 4 - A ,  ZHD dr 

Here agam, the agreement between the corrected 
data (sohd symbols) and the theoretical curve (sohd 
hne) ts excellent According to refs. [3, 4], this 
expression is 

H , (a ' )  = (1 + 0  0560'2 +0.00126tr '4) 
n~(0) 

arg H = - a r c t a n  [0.276tr' 

x (1 + 0  02tr '2 - 0  00026a'4)] 

I 2 

for a '  ~ 6 and 

H(tr') 3.72 4 
Hx(0) = la '  (ttr') 3/2 (19) 

for a '  >~ 6_ 
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FIG 7 Theoretical transfer function H for a rectangular 
mlcroeicctrode plotted vs the dimensionless frequency a" 
(a" = oJ(12/D~)i,,J) according to the expressions given m ref 
[3] The theoretical hydrodynamlcal transfer functtons Z.D 
are plotted ,n these coordinates for each rotation speed with 
r = l O 4 c m ,  v = O 2 c m 2  s - 1 , 1 = O O 2 6 c m ,  D = 4 x l O  7 
cm 2 s- ', 2* = 2'. The experimental points (open circle for  

= 50 rpm and open tnangl¢ f o r f l  = 30 rpm) are corrected 
by ZHD |n order to get the expenmental  H, (black points) 
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6 C O N C L U S I O N  

It has been shown that the cone-and-plate system 
]n modulated condlt tons ts appropriate  for testmg the 
frequency response of  electrochemtcal sensors as mass 

transfer probes As a matter  of  fact, tt provtdes a one- 
dtmens[onal velocity field for which the ume average 

and mstantaneous vectors are ahgned at ans, 
frequency This results m a greater s~mphctty for both 

the mathemattcal  treatment and the expertmental set- 
up 

The obtamed expertmental data of  the mass transfer 

functions H, and H confirmed the recent theorettcal 

expressions pred]cttng a dependence of the amphtude 

on the rectprocal frequency (,J-~) in htgh frequency 
mstead of  f - 3 , 2  in earlter studtes Incidentally, the 

electrochemical reaction used was proved to be rapid 

in the whole frequency range investigated 
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REPONSE EN FREQUENCE DE CAPTEURS ELECTROCHIMIQUES EN ECOULEMENT 
CONE-PLAN MODULE 

R4sum~-Dans ce travail, on analyse [6coulement lammalre non-statlonnalre dans un syst~me c6ne-plan 
dont la vltesse angulalre du c6ne est modul~e avec le temps, de faqon smusoldale Ce syst~me a 6t6 utdtsf: 
pour tester la r&ponse en fr~quence de capteurs ,;lectrochtmtques rectangulalres ou orculalres aflteurant la 
parol du plan en regard du c6ne On a pu sgparer exp6rJmentalement, par variation de la vtscoslt& I'effet 
de la fonctton de transfert hydrodynam]que entre la vltesse angula~re et le grad,ent de vltesse, de I'effet de 
la r~ponse en fr~quence entre le courant hmlte ]nstantan6 sur ces capteurs et le gradient de vttesse On a 
obtenu un excellent accord entre la thgone et l'experlence dans le domame de frequences 6tud[~, fi las fols 

pour des capteurs clrculalres et rectangulalres 

FREQUENZVERHALTEN EINES ELEKTROCHEMISCHEN SENSORS IN EINER 
MODULIERTEN STROMUNG EINES KEGEL-PLATTE-SYSTEMS 

Zusam~nfassung--Es wtrd die ]nstattonare laminate Stromung m emem Kegel-Platte-System analys]ert 
Dabei wtrd die Winkelgeschwlnd]gkelt des Kegels smusformlg mit der Zett modul,ert Es wJrd das Fre- 
quenzverhalten yon kretsformlgen oder rechteck]gen elektrocbem]schen Sensoren untersucht, die btindtg 
in der Plattenebene emgebaut stud Durch Verwendung versch]edener V]skos]t~iten JSt es moghch, den 
EmfluB der hydrodynamtschen Obertragungsfunktton ZWlSChen Wmkelgeschwmdlgkmt und Gesch- 
wmdigkeltsgradlent an der Platte vom E]nflufl des Frequenzverhaltens der Stofl-fibergangssensoren zwJs- 
chen Geschwindlgkcltsgradlent und dem gletchzemg begrcnzenden Strom expenmentell zu trennen lm 
mteressterenden Frequenzberelch wtrd fur krelsf6rmlge und rechtecklge Sensoren eme hervorragende 

Oberemsttmmung zwlschen Theone und Expertment festgestellt 

qACTOTHblE XAPAKTEPHCTHKH ~)BEKTPOXHMHqECKHX ~[ATqHKOB B 
MO~Y.TIHPOBAHHOM FIOTOKE B CHCTEME KOHYC-nBOCKOCTI) 

AIMOT=~AHa.rmaHpyeTCm HCCTaI.UI[OHapHOe JlaMatlapHoc rcqeHHe IS cHc-reMe ItOHyC--nJlOCKoc'rb, e 
IOTOpoJi yrJlomaJI cropocTb ioHyca rapMOHHqCCI(H MeH.qCTCS CO BpCM~ICM. J..~P.,,liblO 8Ha.)lH~ NILIIN~I'C.q 
n p o e e p H  qaCTOTHOrO OTrJu~a xpyrm~x H.qa npnMoyroJlbmdx ~ J l e i ' r p o ~ e x  ~aTqaiOB, yCTaHOB- 
~CnHsaX ~ano~.msUo c r L ~ o c [ o c ~ m  n.nacTmu~. H c n o a ~ o n m m e  ~m~oc ' re f l  c p4L.~lmaoi e~xOCTmO no3- 
BO.IIHJIO 31cnepaMeHTa.JlbHO OT,IIC.JIH'rb :)(~0crr r'H~po~II.la.MHqCCI(OB (I)yHllIliil O~MCI.IA MCM.IIy yr.nonoR 
c~opocT~m H r l ~ m e r . o M  C~Ol OcTefl Ha nonepxnocTH r L u c r m ~  OT ~ a  qSCTOTXOrO OTLaH~a ~ T -  
qnroB MaccOO~MCIfll. Mel[Jly I'pa,~HeHTOM GIgOpOCTC~ H MrIt[OB~HH.is[MB I]pC,II~JIhI'I~M TOIOM B [~ioCMaT- 
pHBaCMOM auana3oHe qflc'roT Hagl21CHO xopomcc COOTlgTCTIme Me'Nf.JXy Tcopxef l  M 3J(cncpHMeHTOM IgBK 

~'DI Icpyr.)lldX, Tag t l  ,~all npmMoyro.rtbHtJx 2).aTqHIOB. 


