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Improvement of A Sensitive Coaxial-cylinder Rotational Viscometer

Takeshi NASHIMA

Abstract

To reduce the uncertainty of a coaxial-cylinder rotational viscometer that was developed in our laboratory, the

effectiveness of a new metal collet (a chunking fixture for the outer cylinder of the viscometer) was tested. The metal collet

was designed to improve the reproducibility and precision of the coaxial setting of the outer and inner cylinders.

The

results showed that the new collet reduced the standard deviation of measurements to ca. 1/20 that of the previous data,

lessening the influence of the resetting of the outer cylinder. This improvement is quite important when calibrating

viscometers that employ a fixed, corresponding pair of inner and outer cylinders, and, in this experiment, reduced the

expanded uncertainty from 0.91% to 0.33% in the relative accuracy requirement for temperature uncertainty. Additionally,

the effect of the uncertainty of the sample quantity and experimental evidences of the dimensional errors were examined.
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Fig. 1 Coaxial inner-and-outer cylinder system.
a, b: air bearing, c: bearing for outer cylinder, d: inner
cylinder, e: outer cylinder, f: collet of outer cylinder, g:
driving wheel of outer cylinder.
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Photo 1 The metal collet for chucking outer cylinder
(stainless steel).

Table 1 Inner cylinders

name radius Length A" B”

1SO 9.380 28.15 1.2750 53822
1SO4 9.391 40.0 1.2935 38876
HORS 9.382 28.15 1.2783 53810
HOR4 9.383 40.0 1.2800 38909

* A: Conversion factor from rotation number (rpm) to shear rate (s™).
** B: Conversion factor from torque (Nm) to shear stress (Pa).
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Table 2 Properties of Sample liquids: Standard Liquids for Calibrating Viscometers.

. Viscosity Density T factor”
Liquid name Lot No. (mPas) (@) cm®) 1/C)
JS20 lot 134 16.85 0.837 -0.04149
JS100 lot 147 86.08 0.853 -0.0572
JS1000 lot 136 881.1 0.872 -0.0760

* T factor: Temperature coefficient of viscosity of the around 20 °C.

Table 3 Average values of measured viscosity for different directions and rotation numbers; sample: JS100, inner cylinder: ISO4, resetting

number of the outer cylinder: 6, total repetition: 24.

rpm \ direction 0 90 180 270 average
315 86.003 86.025 86.031 86.035 86.024
56.3 86.006 86.010 86.016 86.011 86.011
100.0 86.024 86.035 86.043 86.046 86.037
177.7 86.030 86.047 86.044 86.057 86.044
average 86.016 86.029 86.033 86.037
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Fig. 2 Variation and repeatability of measured viscosity with
resetting of outer cylinder with change of setting direction
by 90° step; rotation numbers: [0 31.5 (rpm), O 56.3,
A 100, V 177.7; sample: JS100 lot147; inner cylinder:
‘IS04".
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Table 4 Error values and ratio to the certificated viscosities;
JS2010t134, resetting number of the outer cylinder: 3, total repetition: 12
Rpm 1 op(mPas) SD(mPas) Error % Ratio
31.5 16.854 0.013 0.077 1.0001
56.3 16.855 0.005 0.029 1.0002
100 16.881 0.007 0.040 1.0017
177.7 16.946 0.003 0.018 1.0056
JS100 lot147, resetting number of the outer cylinder: 12, total repetition: 52
Rpm 7 g0 SD Error % Ratio
31.5 86.039 0.027 0.031 0.9995
56.3 86.029 0.026 0.030 0.9994
100 86.048 0.023 0.027 0.9996
177.7 86.056 0.024 0.028 0.9997
JS1000 10t136, resetting number of the outer cylinder: 3, total repetition: 12
Rpm 7 @0 SD Error % Ratio
24 880.60 0.24 0.027 0.9994
315 880.48 0.26 0.029 0.9993
56.3 380.36 0.22 0.025 0.9992
100 879.99 0.23 0.026 0.9987
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deviation from std. sample mass / g

Fig. 3 Dependence of the viscosity on sampling volume (as the
mass); line: linear regression (slope = 0.29 % 0.02 mPas
/ g); sample: JS100 lot147; inner cylinder: ‘HOR4’.
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Table 5 Variation of measured value of viscosity with change of inner cylinder and evaluation of End-correction length of inner cylinder;

sample: JS100.

name length ex. data end correction ne error
(mm) (mPas) (mm) (mPas) (%)
ISO 28.15 86.270 85.972 -0.126
1SO4 40.0 86.050 3.103 86.080 -
HORS 28.15 86.491 86.191 0.129
HOR4 40.0 86.054 3.391 86.084 0.004

* 7 . recalculated viscosity with use of average value of the end correction data in the left column,

and 7 (ISO4) = 86.080.

Table 6 Evaluation of uncertainty

estimated uncertainty in
source . . . mode**
uncertainty viscosity (%)
dimension 0.005 mm 0.90 A
torque - 0.022 AB,C
chucking * i 0.02 AB
(previous value) (0.43) ’
sample volume * 0.2 cm® 0.06 AB
temperature
(absolute) 0.1 C 0.76 AB
(relative) 0.02 C 0.15 C

* revised by this work
** mode: participation to total uncertainty
A - torque calibration

B - system calibration with identified set of inner and outer cylinders
C - relative viscosity change measurements in a sampling.

EL7ZOT, TEBEREOBREOARENSEZLEL T
LD EOPNREEZIRMOELX D2 & THIRTHZ &M
T&E5. 27, D LEETARVoIE, dtifi T EHERO
HERTHBHMERERE S VIO RMOBNEET S Z
EThD. WEMIERT, NES ETOMRmmN65%T 5
M IS ENROR SICRE LT X537 A—4#T
b5, ISOHMICED L, ZofIE, IZIFNEEED0.3
EThnrl LT0E2, EBRMIZIE, EI0E N[O
MAERWTHEMES BT 5 L9952 LT, Wi
EEZRDD. 22T, mEfERIAREE, RE, @
BEEICEST—ETHDLELTWVD

T, 20, AROWNREEAWVT, Z O E R
HRBRMICRD 5 LR, NROEFEIC X 5B LR
L7824, Table 5 121, “HEOANEIZHOWT,
FROFERTF —Z IO L E U EE 2 L
THEOWEMZ RDIZAERD, WHHEEEZ KD
FERAERLE. BOoRHEIE, AVIZ0.3mmE R - T
BY, 2, SHEHEOFRENSIZED EBZH00
B CH D, ISORMKHELEOYIHEREfE (2.815 mm) I
HARTHREWZ EIFERIZET DD, b NN S
OHEPANTH 5. 55N ERO FEMEE R LV
WIEEE L, [1S04] oW ZEHEL L CTHIET —X O

PERSMIFRT BARHE@® S Vol. 4, No. 2

97

BEE LTI fER% Table 5 < L7-. [1S04) &
[HOR4] OWEIFIHFHICEL —HLTWDHH, E&0
E\y, TISOJ & THORSJ 1340 A T0.26% DA —EIZ 7a

STW5. ZOfEIE, HEREEORHEI S ORI TS
A2 TWDER, NAMEEZET LRWRFZ A~ TIHTRRE
RKEU.

4. FLo

RO RND, OB EF O RFEI ST DN T
FLOTHD. Table 6 12, EBFERZISE 2 7 RHED
SOEER L. SHEBECELTL, sisPoizs =
DEFEFEHLTNDD, HERMIEN TN S OfEIZ A~
TIRSITIRVEFAICA > TWD DT, PNIMEGDO~FIER
FREEICM EXED 2 ERHRNE, ZORMHEN X ERK
DEEDHZENARETHD EEbNS. ML HEICHE
LTI, RENSITBRCHR NS RETHY, HER
DTt LA, MIEDRETHD. RIEEEIL, Table6 (1
TV ARV, 1.5X108Nm Th Y, ML O
MNEDREINZOMEE FEIGRNREORIEE 7257
DITIE, B ORE O RIKEA10 mPasfE /2D,
EOTRITFEET 201E, WECHENE BiFsZ ki

2005410 H



EoT, M ZEBFDOTH LA, KIEFHMNIC KRR
NDFET D70, FHEEEDO ERNH D72 THS.

Ll OFEBRICEY, PIMEIOEBICHE S FEMEOm -
DSBS M2V, Table 6 OchuckingDIA % #1205 D 112
F NS THZ ENHRZ. ZOMEIEX VT OARFED
SEFFETHY, BIRFRTI 3% TTHDH. Fiz, mMiRT
;’c*ﬁm K o T2 RBL ORI E DO RN X D528 %, Table

WORT ERYERMICKRD D Z N TE. EERERAR
ﬂ%ﬁ&%‘fﬁz 1, ZHIEb 2D LN ERARELY THE
WANh LIV,

WEBEARHED S OfEIE, Table 6 OEZHWT, ~HiEk
JE R OV IR BE 23 B2 E DAL, 2.51%
N5H2.36% I, SHERENEE T, MXIHEERE T
BWIEATIE, 091%7°5 033 % 1ZekE Lz, ~HEBE

DREFENT, K2 OPAMEOFMIZHOWTKIET S Z L ic &
D, WEMBDORHENINOERS Z EBRHEDLDT, 4H
DUFEROHFIIRE . BEORHEN S DL IFIRE
WEZEDHOTHY, BEOHME - JEKEZmM ES
D ENHSRNIE, E ORI 2R B R E O RHED
SEILICYETE, BERMSEFHOERTGEHEEIRD D Z
EMTARRIC 72 5.

AIST Bulletin of Metrology Vol. 4, No. 2

98

i
E
|

SE

1) JIS Z8803-1991: KiEEMIETT ik, H AU H=(1997).
2) T. Nashima:
Dispersions Flocculated by Depletion Effect,
FrEks 45-Suppl. (1996).
MG HET]: o R S [ R B R D B &
ERe REAMN, PR BF EF AR Y ) 45 (AIST Bulletin of
Metrology), 3-2 (2004) 167 - 177.
4) H. Kobayashi and T. Nashima: Viscosity Measurement

Rheological Investigation of Latex

FHRHIZE

&

and Flow in a Coaxial Cylindrical Viscometer, High
Temperature and High Pressure 23 (1991) 485 - 488.

5) UG AhfA I ESKG BE FE, RFRFES 2090569
(1996).

6) ISO 3219: Plastics - Polymers / resins in the liquid
state or as emulsions or dispersions - Determination of
viscosity using a rotational viscometer with defined shear
rate, (1993).

7)  RMGEEE], ANREL RS, BT RS T o Rk,

FEFT oG Zh R, FHIE HARBMNE S AR D T LR

FWOCEE 9 (1988) 203 - 206.

SEWREET], TG o Sl R R AR R

T HWMERE L EOMIE, FHEMFEFTRE 353

(1986) 224 - 227.

8)

Octobar 2005



