
Title CHARACTERISTICS OF A NEW OSCILLATING-PLATE
VISCOMETER

Author(s) Iida, Takamichi; Tanaka, Toshihiro

Citation

Version Type VoR

URL https://hdl.handle.net/11094/26725

rights ©Iron and Steel Institute of Japan

Note

Osaka University Knowledge Archive : OUKAOsaka University Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

Osaka University



4th International Conference on Molten Slags and Fluxes, 1992, Sendai, lSI] 

CHARACTERISTICS OF A NEW OSCILLATING-PLATE VISCOMETER 

Takamichi I ida and Toshihiro Tanaka 

Department of Materials Science and Processing, Faculty of Engineering, 
Osaka University, 2-1 Yamadaoka, Suita, Osaka 565, Japan 

Synopsis: The characteristics of a new oscillating-plate viscometer, constructed by 
Sasahara et al., have been investigated experimentatly over a wide range of viscosity. 
In particular, the following were focused on: 1) the changes in the resonant frequency 
from air into liquid. 2) the effects of both the wall of a vessel and the thickness of 
the osci I lating-plate. It is shown that the working formula for viscosity determina
tion by the osci Ilating-plate method should be corrected by considering the above two 
effects. 

Key words viscosity, oscillating-plate viscometer. 

1. Introduction 

A new oscillating-plate viscometer has been constructed by Sasahara et al. (1) 10 
measure the viscosities of molten slags and fluxes with high accuracy. This type of 
viscometer provides instantaneous and continuous data for the product of density and 
viscosity of the melts; these are recorded automatically by measuring the ampl itudes 
of the plate oscillation. In this viscometer, a leaf-spring is equipped for chinning 
the plate attached to stem and a laser displacement transducer is used for determining 
accurate ampl itudes. The equation used to connect the measured ampl itude with the 
viscosity of I iquid in the osci Ilating-plate method has been derived on the basis of 
several assumptions as wil I be described later. The experimental conditions of the 
apparatus, however, do not satisfy all of those assumtions. The characteristics of 
the viscometer, therefore, must be elucidated to obtain accurate viscosity values of 
molten slags and fluxes. The purpose of the present work is to study experimentally 
the characteristics of the osci Ilating-plate viscometer over a wide range of viscosity 
i.e. 1-100 Pa·s, which covers the viscosity range of molten slags and fluxes. 

2. Principle of viscosity measurement by the osci Ilating-plate method 

When a flat plate is now vibrating in a I iquid with a constant driving force, the 
ampl itude of motion of the plate is reduced to a degree dependent on the viscosity of 
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the I iquid. The osci latting-plate method is based on measurements of the ampl itudes 
of plate osci I lations in air and in a I iquid sample. The relation between viscosity 
and ampl itudes has been derived theoretically as follows 2 , 3): 

,and e o= f a 

f 
- 1 )2 

where p is the liquid density, /1 the liquid viscosity, E and Ea the amplitudes in 
I i qu i d and ina i r, respect i ve I y, f and f a the resonant f requenc i es in I i qu i d and in 
air, respectively, K a constant of the apparatus, RM the real component of the 
mechanical impedance, 1\ the area of the plate. 

Equation (1) has been based on the fol lowing assumptions 4 ) : 

(1) A I iquid sample is a Newtonian fluid. 
(2) The plate osci I lation does not make turbulent flow. 
(3) An oscillating-plate does not sl ip on the contact surface of a I iquid sample. 
(4) The size of an osci I lating-plate is larger than one wavelength of the wave, which 

is produced by the osci I lation. The wave must be a plane wave. 
(5) The end effect of an oscillating-plate on the damping of the amplitude is 

negl igible. 
(6) The size of a vessel is large enough to neglect the effect of reflected wave 

from the wall of the vessel. 

If the resonant frequency in liquid f is assumed to be equal to that in air fa 
in Eq.(I), the fol lowing equation is obtained: 

P /1 = K ( E a - 1)2 = K· e 
E 

RM2 
where K = rr f a1\ 2 , and ( E a e= E 

'''(2) 

- 1 )2 

Hereafter, e is called the damping-factor. 
The constant of the apparatus K is determ i ned 
experimentally, previous to viscosity measure
ments, by the use of Standard Viscosity 
Samples at room temperature. 

3. Viscosity Apparatus 

Figure 1 shows the schematic diagram of 
the osci I lating-plate viscometer, which 
comprises an oscillator, an osci I lating-plate, 
a displacement transduser and a computer. It 
would be expected that the highly accurate 
osci I lation can be obtained by the use of the 

5 -+ 1--11----1 

Fig.1 

1 : Oscillator 2: Leaf-spring 
3: Target 4: Laser displacement 

transduser 
5: Vessel 
6: Liquid sample 
7: Oscillating-plate 

Schematic diagram of the 
osci Ilating-plate viscometer. 

leaf-spring, which has been developed by Sasahara et ali). The stem connecting the 
osci Ilating-plate is chinned from the center of the leaf-spring. The displacements of 
the target attached to the stem, i.e., the ampl itudes of the plate osci Ilations, are 
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measured by the laser displacement transduser, and recorded in a computer. In these 
experiments, square osci Ilating-plates (length of side. 30 mm) are employed. 

4. Characteristics of the osci I lating-plate viscometer 

4.1. Dependence of the resonant frequency 
on P/1 value 

Equation (2) can be obtained on the 
assumption that the resonant frequency f in 
I iquid is equal to f a in air. F'igure 2 
shows the experimental results of the 
relation between the resonant frequencies 
f and P /1 values for the present osci Ila
ting-plate viscometer with the leaf-spring. 
The I iquids used for the experiments are 
Standard Viscosity Samples of 5 kinds of vis
cosities. The distance between the oscil la
ting-plate and the wall in the vessel is kept 
to be 40 mm. The result obtained in an osci 1-
lating-plate viscometer with a sound speaker 
as an oscillatorS} is also indicated in this 
figure. As shown in F'ig.2, the dependence of 
the resonant frequency on P /1 value is neg-
I igibly small for the viscosity range of 250 
-35000 kg2 m- 4 s- 1 (='T o. 25-35 Pa+s) when the 
leaf-spring of 0.5 or 0.6 mm thickness is 
used in the present apparatus. 

4.2. Effect of reflected wave 
from the wal I of a vessel 

The effect of reflected wave from 
the wall, which is produced by the plate 
osci Ilations and travels towards the direc
tion perpendicular to the plate, has been 
studied experimentally for I iquids over a 
viscosity range of lOs_105 kg 2 m- 4 s- 1 (='T 

-100 Pa·s) in a rectangular vessel as 
shown in F'ig.3. Si I icone-oi I with 5 kinds 
of viscosities is employed as the liquid 
samples. The leaf-spring of 0.6 mm thick
ness is used for the experiments. F'igure 4 
shows the plots of log( e) aga i nst the 
distance between the plate and the wal I for 
various P /1 values; where the sol id curve 
i nd i ca tes one wave I ength A of the wave 
produced by the oscillations for each P/1 

value. As shown in this figure, the effect 
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of reflected wave increases with decreasing the distance between the plate and the 
wall. In addition, the value of log(e) at the distance of one wavelength A is 
almost the same as that at infinity. In other words, the effect of reflected wave can 
be neglected for a viscosity range of 10 3 -105 kg 2 m- 4 s- 1 (:'1-100 Pa's) when the dis
tance between the plate and the wall is kept over one wavelength. 

4.3. End effect of the osci Ilating-plate 

Equations (1) and (2) have been derived 
on the assumption that the thickness of the 
plate is infinitely thin. Since the thickness 
of the plate is actually finite in any vis
cometer, the end effect of the osci I lating
plate should not be neglected. If we now 
assume that the effect of the thickness of the 
plate corresponds to the increase 6.AE in the 
area of the plate and furthermore 6.AE is 
proportional to the thickness of the plate T, 
the fol lowing equation is obtained from Eq.(2) 

e n f a = 

=a+b·T 

n faA 2 
where a = , and 2 n f aA C E 

b= 

III .. 
E 

N 

'0> 

","'" 
9 

--miE: 

... (3) 

el!I kg2m-L,s-1 

() :22500 
t;: 6500 
<>: 1090 

10 0: 537 
() o : 267 

/() 
/' 

5 

0~2~------~3------~4------~5~ 

Thickness of an oscillating-plate / mm 

Fig.5 Effect of the thickness 
of the osci Ilating-plate 
(End effect). 

In the above equation, since 6.AE is considered to be much smaller than the area of 
the plate A, the term (6.A E)2 can be neglected. 

The relation between the damping-factor e and the thickness T has been deter
mined experimentally. Square osci Ilating-plates of polyvinyl chloride (length of 
side, 30 mm; thickness, 2.15, 3.10. 3.90 and 5.00 mm) are used for the experiments. 
The leaf-spring of 0.6 mm thickness is equipped for chinning the plates. The distance 
between the plate and the wal I of the vessel is separated at 40 mm. The relation 
between elp)1, and T for various P)1, values is shown in Fig.5, where the linear 
relation is obtained as expected from Eq.(3). It is obvious from this figure that the 
end effect of the oscillating-plate increases with increasing not only the thickness 
of the plate but also the viscosity of the liquid samples. 

5. Empirical relation between the damping factor e and ())1, values 

Equation (2) may be written in the form 

log( p )1,)= 10gK + log( e) 

Figure 6 shows the relation between 10g(p)1,) and log(e) for various thicknesses 
of the osci Ilati ng-plates. As can be seen from Fig.G, however, the relation between 
10g(p)1,) and log(e) ,i.e., a linear relation with the slope of 45 degree given by 
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Eq.(4), does not, to a good approxima
tion, hold because of the effect of 
reflected wave from the wall of a vessel 
and the end effect of the oscil lating
plates. Therefore, an empirical rela
tion between log(p /1) and log(8) 
should be determined so as to best fit 
the experimental results indicated in 
Fig.6. For example, the relation 
between 1 Og( P /1) and 1 og( 8) for the 
triangles plotted in Fig.6 can be 
represented as a function of log( 8) in 
the following form: 

-1 o 2 

log(p /1)=3.03+8.17xl0- 1 10g(8) 
-7.53xl0- 2{log(8)}2 "'(5) 

In Fig.7, the above relation of the 
second regression is shown together with 
that of the first order regression for 
the five points of triangles. The ex
perimentally determined relation in the 
form of Eq.(5) can be used for determin
ing accurate viscosities of molten slgas 
and fluxes at high temperatures. 

6. Appl ication of the ocsillating-plate 
method to the measurements for the 
viscosity of the standard reference 
material at high temperatures 

Viscosity of the standard reference 
material (SRM)5), which is provided from 
Community Bureau of Reference in Europe 
for the establ ishment of standard vis
cosity samples for high temperature vis
cosity measurements, has been measured by 
the oscillating-plate method according to 
the protocol of the project in Phase 25). 
The composition of the material is shown 
in Table 1. Figure 8 shows the experi
mental results of temperature dependence 
of 1 Og( /1) with the resu 1 ts reported by 
various laboratories. This figure 
inc 1 udes the va 1 ues of 1 Og( /1) obta i ned 
from the second order regression of 
10g(p/1) vs. log(8), together with those 
of the first order regression. Since the 
viscosity range of SRM correspondes to 

2 

-1 
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Fig.6 Plots of log(p /1) against 
log(8) for various thicknesses 
of oscillating-plates. 
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Fig.7 Plots of log( p /1) agai nst 
log(8). 

Table 1 Chemical composition(mass%) 
of SRM. 

Si02 L i 20 A 1203 
63.5 21.7 14.8 
Na 20 K20 C Fe203 CaO 
0.3 0.1 0.1 0.1 0.1 
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log(p /1) =2----4 as shown in Pig.7, the 
results obtained from the second regres
sion are higher than those from the 
first order regression. The empirical 
re I at i on between I og( p /1) and I og( e ), 
in which the effect of reflected wave 
from the wall of the vessel and the end 
effect of the plate are included, should 
be used for accurate and rei iable vis
cosity measurements. 

10r-~------~------~----~n 

7. Conclusions 

The characteristics of the osci Ila
ting-plate viscometer, constructed by 
Sasahara et a I. (1), have been invest i
gated experimentally. The results 
obtained are as fol lows: 

til 
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(1) The resonant frequency of the 
plate osci Ilation in a I iquid sample 
decreases with increasing p /1 values. 
However, the viscosity dependence of 
the resonant frequency is negl igibly 

0.1 L-..-='"=:--____ -:'":-____ ---:~------::!-:-' 
5.5 6.0 6.5 7.0 

rl / 10-4K-1 

Pig.8 Viscosity of SRM as a function 

smal I when an adequate leaf-spring is 
of the reciprocal temperature.· 

used for chinning the plate attached to stem. 
(2) The effect of reflected wave can be neglected when the distance between 

plate and the wal I of a vessel is kept over one wavelength produced by the 
the 

plate osci Ilation. 
(3) The end effect of the osci I lating-plate increases with increasing not only the 

thickness of the plate but also the viscosity of a liquid. 
(4) Owing to the above two effects, the working equation should be corrected 

experimentally for accurate viscosity determinations of molten slags and fluxes by 
the oscillating-plate method. 
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