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M easurements of viscosity of liquid
using transversal effects of piezoceramic disk transducer

o t t t

Shin’ichi Momozawa Ryosuke Shimazaki  Kazuhiko Imano

.1_

Department of Electrical and Electronic Engineering
Faclty of Engineering and Resource Science  Akita University

(viscosity) (piezoceramic disk transducer)
(transversaleffect) (radia expansion mode)
(resonant resistance) (resonant frequency)
010-8502 1-1

Te. (018)889-2490 Fax (018)837-0406 E-mail imano@ipc.akita-u.ac.jp

kHz

1)

3)

kHz
MHz

2) 3)

113kHz



1
( )
X
Z Az
Av
Az t
( )
t =h ¥
Dz
Az-0
t =h V¥
Nz
(2
h
z
AV
A zi <t
—_—
1.
2.2
221
I X-y
2>l

(2)

XV

3) 4)5)

F/AA )

dz

5
u, (z,t) = 20, coslg, ) exp(jwt)
Uo Or
.1/2
_ &0
Or =W — X
m g

(2)

3)

(4)

(5)

(6)

(7)



A~ r 8
h, Ve X
éfF (z t)u v (z,t)
X ph = A X
§ Hdz r Ad T 9)
r L
® (9
T2V, (Zz t) _ aa;g‘ﬂvX (z t) (10)
9z ghL o qt
(10)
Vy (Z’t) :Vo exp[- gL(Z - |)+ J{Wt - gL(Z - I)}]
(11)
VO
9.
L1/2
awr, 0
9. = =T (12)
gmL 1]
(z=1)
(6) (11)
V, =2jwU, cosg,|) (13)
(11)

v, (z,t)=2jwU, cos(g, 1)expl- g, (z- 1)
+ifwt-g.(z- 1} @
2.2.2 3

(14 (3
(z=1)

R (I ’t) =" A(Wr hy )1/2\/0 Cosg?\’t +1p 9 (15)
e 4 g

(15) r r=Alwr h )

2.3
R, R
r Alwr h )?
Rr = F = ( kLZ L) (16)
(k )
(16)
1/2
2.2.3 4
z=l
(©)
flu (2.1 =0 (17)
ﬂZ z=Il
(6) (17)
gl =np
61/2 .
w, = 20f, =§i¢ PO (18)
rrg élo
(©) (6)
(8) (14
& 6. awrh o
tanwlg—+ =-g—-*-= (19)
m g 2r m g
w =w, +Dw (18)
(19)
0 I r.h, Um
tang—ip =- | (W, +Dw)y  (20)
w,d  harm Mo O
Dw/w, <<1
er h o6
Df =- fj“g—L L+ (21)
pr-m g



(21) DFf

1/2
2.3
3 I
Y
= : 1 : + jwC,
R, + jwL+YV jwC
Co R, L C
r L m C
( )Ca
(22) (G) (B)
106 21 6
G- =2 +(B-wC, ) =g 2
R EoR 5
o—1 +—o
| |
N
Co
R,=r/k? L=m/k® C=C,k?

3.

Susceptance B [mY

Conductance G [mY
4,

(22)

(23)
W Cy)

4 (L/2R,
1R,
(16) R,

HP4395A(HEWLETT PACKARD )

180[ml]
Impedance
Personal
(P (@]
Sample quuid—|
PZT disk v
transd\fcer
Sample cell —/l\
5.
PZT
20.0[mm]
0.314[mm]



=
A

107
2 20
—10
=)
8 ol
2 Zio
= E.
210t B
[&)
102 P R R R SR R g 0
100 200 300 400 500 600 700 g'
Freguency f [kHZ] 7
6 2100
( ) -
113.50[kHz] Conductance G [mS]
k 7.
0.52 Q 1020 ( 1200 130 23 1fcp)])
3 5 7 321
7
3 295.00[kHZz]
5 467.50[kHz] 7 639.25[kHz]
(16)
1/2
8
MHZ T | T | T I T
3) h|_ B
1.005[cP] 7 c
(99%  1200[cP]) o
20+ 1] ]
3.2 0 10 20 30
5 (P xn 0" [gem™e?) Y]
8. ( )
7 8 1
4
7
8
801 7 R, (16) (r x
( ) h, )Y



10

3.2.2
9 (r x h )"
Df Df

(r |_x hL)lIZ
Df

10 20 30 40
(0 x n VY% [(gem®cP) ]
9.
( )
3.3
3
5 7
10 (r x h)*” R,
R,
( r . % h . )1/2
R,
1 (r. x h)¥
Df 11 Df

(r_x h,)” Df

Df

2[kHz]

Rr [Q]

150 —
i 7th o
100 = i
i 5th ]
50l 3rd ]
;)/‘///Lq':
om
0 10 20 30 40
(e x n VY2 [(gem™cP)]
10.
( 7 )
| | |
N
=
4
1 I 1 I 1 I 1
0 10 20 30 40
(e x n 0" [(gem P
11.
( 7 )
8
1[cP] 1200[cP] 99%
10
10
3
2[kHz]
2%



3)

kHz

1/2

kHz

(24)

1)
(1962)
2)

14
14-5(1997)

3)H.Muramatsu,E. Tamiyal ,karube Computation
of Equivalent Circuit Parameter,Anal.Chem.,60,
2142/2146(1988)
4)K .Kanazawa,J.G.Gordon The oscillation
frequency of a quartz resonator in contact with a
liquid,Anal.Chim.Acta.,175,99/105(1985)
5)L.D.Landau,E.M.Lifshtz Fluid Mechanics,
Pergamon,Oxford,England,88/90(1959)



