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Two novel capillary-based fluid viscometers

The viscosity is one of the most important parameters of the fluids. In
conventional viscosity experiments, capillary-based viscometers are widely
adopted because of their user-ready devices and moderate prices. However,
to accurately measure the viscosity, the fluid velocity must be kept constant;
otherwise, the fluctuation may cause the serious deviation. Besides, traditional
capillary viscometers often require a long time to make the measurement.

This research aims at exploring the capillary fluid mechanics and
developing accurate and rapid methods to measure the viscosity. In this study,
we developed two creative viscosity-measuring methods, the gravity sloping
helical structure and the gradational liquid-level difference, and constructed
two cost-effective capillary viscometer prototypes accordingly. The gravity
sloping helical structure employs a long helical capillary as the flow channel
and utilizes the gravity force to keep the fluid velocity extremely constant. The
highlight of this method is that we can see the fluid flow through the capillary
directly. On the other hand, the gradational liquid-level difference method uses
the pressure sensors to precisely monitor the liquid-level difference, which
drives the flow in the capillary, and allows automatic measurement of viscosity.

Compared with computer simulation, the experimental results agreed well
with the theoretical values. The gravity sloping helical and gradational
liquid-level difference methods achieve 0.5% and 0.8% accuracy respectively.
In addition, the automation of viscosity sensing also greatly facilitates the
viscosity measurement. Furthermore, these two methods are both valuable for
incorporating into educational purpose and industrial application.
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F—. FUKEERPEREAE PRITTE

WET=20C  Af&r=0.500mn KJ¥L~165cm AR a=5°

LR =2 1R HCERZ]  WESRIR S RERSRTHEE B

(10”°m) (sec) (sec) (10°m/s) (10°m/s)
0.0 0.0
42 23.8
100.0 42
3.8 26.3
200.0 8.0
3.8 26.3
300.0 11.8
3.8 26.3
400.0 15.6 ~900.0-100.0
3.8 263 " 346-42
500.0 19.4
3.8 26.3
600.0 232 v=263
3.8 26.3
700.0 27.0
3.8 26.3
800.0 30.8
3.8 26.3
900.0 34.6
3.9 25.6
1000.0 38.5
42 23.8
1100.0 42.7
45 222
1200.0 472
6.6 152
1300.0 53.8 '
13.1 7.6
1400.0 66.9
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R —BEFUKEHAEERSEEREAE PRy

MET=20C W& r=0.500mnr £HL=165cm  {EHF A a=5° 7kFEF=10.0cm
WA ER IaErEs  WERRORERE BRI HHERE
(10”m) (sec) (sec) (10”°m/s) (107 m/s)
0.0 0.0
43 23.3
100.0 43
3.8 26.3
200.0 8.1
3.8 26.3
300.0 11.9
38 26.3
400.0 15.7
3.8 26.3 y= 900.0 - 200.0
500.0 19.5 346-81
3.7 27.0
600.0 23.2 =264
3.8 26.3
700.0 27.0
38 26.3
800.0 30.8
3.8 26.3
900.0 34.6
39 25.6
1000.0 38.5
4.3 23.3
1100.0 42.8
5.2 19.2
1200.0 43.0
59 169
1300.0 539
13.1 7.6
1400.0 67.0
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A TR B R A (mm)

AAE TR AZRE (mm)

1600

1400

1200

1000

oo

GO0

400

200

1200

1000

g00

g00

400

200

R THA FHE 1B EEME R ERE

0 20 40 G0 ao
FRFE i EhEF fisec)
FEME R M T

0 10 20 30 40 &0
[Equstian] Rt FLENEF Misec)
w0+ a*
fit fto v
talerance=0.000100
Sepsize=100

terations=100

R =099999726 Ragr =099999452 AdiR=gr = 0999993554
Standard Error of Egtimate = 07517

Coefficient Std. Errort P
wil -9.9326 05208 191673 <0.0001
a 262770 0.0217 1208.3941 =0.0001
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K= FAEEERE N EBEREME PIITUE

BEEET=20C AW&Kr=0.500mm £ L=165cm g=9.797m/s2 ,o=998,23kg/m3

BAEEA FHEARE PR R FELSNE R

(F5) (10°m/s) (10”Ns/m?) (10°Ns/m?) %

50 26.3 1.01 26.1 0.84

75 38.7 1.03 385 2.64
1.0046

10.0 50.7 1.05 50.4 4.23

12.5 62.5 1.06 62.1 5.38
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R HAEIEEERI TAGONTEANE TR T

BEET=20°CAFED=1.140mnlif a =0.93 32/ & [5=9.8518mFLE/\#{ii=1.0046 g=9.797m/s2

BBOTSE EDENA SIEREN CREECULE SR s

(sec) (sec) (107 m/s) (10°Ns/m?%) %
1 0.0
2 50.1 50.1
3 98.2 481
4 146.4 482
5 194.5 48.1
6 242.7 482
7 290.9 482
8 339.0 48.1
9 387.2 482
10 4353 48.1
1 4833 480
12 5314 48.1
13 5794 48.0
14 627.4 480
15 675.5 481
16 723.7 482 po_ 801.84
17 771.7 480 1589.9-50.1
18 819.7 480 7 =1.008 0.34
19 867.8 48.1
2 915.8 480 v =639l
21 963.8 480
2 10119 48.1
23 1059.9 48.0
24 11079 480
25 1156.1 482
26 1204.2 48.1
27 1252.2 480
28 1300.2 48.0
29 1348.4 482
30 1396.7 483
31 14449 482
2 1493.2 483
33 1541.5 483
34 1589.9 48.4
35 1638.7 488
36 1688.0 493
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37 1738.0 50.0

38 1788.4 50.4
39 1839.6 51.2
40 1891.6 520
41 1943.8 52.2
4 1996.2 52.4
43 2048.8 52.6
44 2101.8 53.0
45 21559 54.1
46 2211.2 55.3
47 2267.6 56.4
48 2325.6 58.0
49 2384.9 59.3
50 2446.9 62.0
51 25104 63.5
52 2576.4 66.0
53 2647.8 1.4
54 2729.0 81.2
55 2823.5 94.5
56 2931.5 108.0
57 3101.2 169.7
58 ASEYRES ANFURED
59
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(E3)

AHE TSRS

MAE T BnAE e (R

5]

a0

40

30

20

10

35

30

23

20

13

10

T 85 (TAGON) BIE il B EEr 205 REA 1%

R = 099999934 Ragr=099999967 AdjR=gr = 0.99999965
Standard Error of Egtimate = 0.0060

Coefficient Std. Errort P

wil -0.0435 0.0029 156160 =0.0001
a 0.0205 0.0000 67445446 =0.0001
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[Equation] FRIE FENR R EF Risec)
f=yl+a®x
fit fto v
tolerance=0 000100
Fepsize=100
iterations="100
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RH.  FUKIEESHATOK 2SRRI R

RIET=20C FHIEANEr=0.305mm FHEREL~15.00cm $HHENFETER=2.880cm

ERE VLB e 1 BHETUEIRR] b= NGl PSR

(sec) (meter) (sec) (meter)

0 0.0632 1550 0.0225
50 0.0611 1600 0.0218
100 0.0591 1650 0.0209
150 0.0571 1700 0.0201
200 0.0552 1750 0.0195
250 0.0533 1800 0.0189
300 0.0516 1850 0.0181
350 0.0499 1900 0.0174
400 0.0483 1950 0.017

450 0.0467 2000 0.0164
500 0.0452 2050 0.0157
550 0.0437 2100 0.0154
600 0.0422 2150 0.0148
650 0.0407 2200 0.0144
700 0.0394 2250 0.0139
750 0.0382 2300 0.0136
800 0.0369 2350 0.013

850 0.0355 2400 0.0126
900 0.0346 2450 0.0124
950 0.0333 2500 0.0118
1000 0.0325 2550 0.0115
1050 0.031 2600 0.0108
1100 (.0302 2650 0.0107
1150 0.0293 2700 0.0105
1200 0.0283 2750 0.0101
1250 0.0275 2800 0.0095
1300 0.0264 2850 0.0092
1350 0.0255 2900 0.009
1400 0.0245 2950 0.0088
1450 0.0236 3000 0.0086
1500 0.0231

67



(2).7 B 5% 0 SUE B a (@ 0-3000 4)

EE N S Wf 2 S5 AT z‘ﬁjﬁij [T
h(t)= (O)exp( Dgr"4/4VLR"2
1% :20C Shikct BE 50 %% D:998.23(kg/m”3) = °EI'FT‘T5<L 15.00cm

- VT #r-0308mm S #R=14400m g%V
JEATIE a=HUGIREENO0) bR VF‘H% =V
0.07 0.07
0.061 " 00
AO.OS- 0.05
E
= it
1 0.04 0.04
2
YE'0.03 o
._‘_
D\
»
0.02] 0.02
0.011 r0.01
. | | ' ' | 0
: 1000 2600 3000

AT iR RO I T (sec)

Eqn 8001 Aurb000-43(a,b)

DF Adjr? Fit Std Err F-value

0.9999410917 0.9999390603 0.0001220703 1001497.0614

Parm Value Std Error tvalue 95% Confidence Limits P>l
0.063225758 4.58338e-05 1379455960 0.063134045 0.063317471  0.00000
0.001011762  1.19073e-06  849.6957115  0.001009379  0.001014145  0.00000

Time File Source

Apr 13, 2002 9:33:22 PM f\Ah«x-p'éAgitablecuni20«x Ars@oALPY4
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0.9999587490

Parm Value

Apr 13, 2002

FERE S W SUE B bk 090 7))

AR SR A ﬁngﬁjﬁnﬁr afHlES
h(t)=h(0)exp(-Dgr*4/4VLR"2)t
EV%:20C Fhfkcd EERGl % D:998.23(kg/m”3) = [lk T~L=15.00cm
faﬂElﬁﬂ“Jr’; r=0.305mm &4 #R=1.440cm ?
BEOPPE a=FUfifkit = h(0) b=k eV
0.065
0.06-
A0.055
E
il
%\] 0.05
=
£0.045
b
I
0.04
0.035+
0.03 , : , . ; ;
0 200 400 600 800

Eqn 8001 Aurb000-43(a,b)

= ﬂ\EI f&’ﬁﬂﬁf FIJJIEE{TFE[ SeC)

r2 Coef Det DF Adjr? Fit Std Err F-value
0.9999469630 6.578954e-05 193926.58530
Std Error tvalue 95% Confidence Limits P>l
0.063242625 4.33614e-05  1458.500948 0.063142633 0.063342616  0.00000
0.001011071  2.34796e-06  430.6172696 0.001005657  0.001016486  0.00000
Time File Source
9:44:27 PM f\Ah«x-p'éAg\tablecuni20«x~ Aad@oALCH Y4
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bt
A
i
7‘::1

¥ ;ﬁégg] C I (#-k 500-1400 )

(S %b%+fﬁj R 2 A= A B (ﬁ“lﬂEéj [itf] Ellng\
(t)

Bk
h(t)=h(0)exp(-Dgr*4/4VLRA2)t

1EV%:20C Ehfkcd EERGl % D:998.23(kg/m”3) = ['* 1~<L=15.00cm

*“Ei |%r=0.305mm &4 ER=1.440cm ?
I LV

a=kIFikit£h(0) b=
0.06 i f Ul 0.06
0.0551 0.055
0.051 0.05
_0.045 0.045 _
E E
=1 0.04 0.04 47
£ £
£ 0.035 0.035 2
e =
éﬁ 0.031 10.03 $
\ »
0.0251 0.025
0.02- 0.02
0.015 0.015
0.01 ' ' : ' 0.01
250 750 1250 1750

= 5F ﬁz‘ﬁ"ﬁ'ﬁr *JEH]:F (sec)

Rank1 Eqn8001 Ai°P000-43(a,b)

r2 Coef Det DF Adjr? Fit Std Err F-value
0.9997672725 0.9997007789 0.0001115571 34366.967677

Parm Value Std Error t-value 95% Confidence Limits
a 0.063203218  0.000207567  304.4961001 0.062724569 0.063681867

b 0.001013000  559121e-06  181.1772086  0.001000107  0.001025893

Date Time File Source
Apr 13, 2002 9:58:31 PM f\Ah«x-p'éAg\tablecuni20«x~ Aad@oALCH Y4

70

P>l
0.00000
0.00000



FR. SSHEPRIRAERREZBIR

HET=207C MR r=0.305mm FHEEEL=15.00cm HENEIER=2.880cm

PYEfL(CCL4) FHE YL (CANNON N1.0)
BB VARG SR ERE TER ST P A A
(sec) (meter) (sec) (meter)
0 0.0556 0 0.045
100 0.0496 200 0.0404
200 0.0446 400 0.0364
300 0.0397 600 0.0328
400 0.0356 800 0.0296
500 0.0319 1000 0.0265
600 0.0287 1200 0.0238
700 0.0258 1400 0.0213
800 0.023 1600 0.0191
900 0.0205 1800 0.0173
1000 0.0182 2000 0.0155
1100 0.0162 2200 0.0141
1200 0.0146 2400 0.0127
1300 0.0131 2600 0.0115
1400 0.0117 2800 0.0102
1500 0.0104
1600 0.0093
1700 0.0082
1800 0.0075
1900 0.0068
2000 0.0061
2100 0.0054
2200 0.0047

71



G S
h(t)=
% 20C 6

FoRgsd REMB d:i@srm o204

+jll ,:hE'” ) f‘fm{{ﬁjﬁf FEI E”l"wﬁ\

(O)exp( Dgr"4/4VLR"2
ek [“Igul“wf& % D:1595(kg/m"3) = F{1HyRL=15.00cm
éJrf‘T"|"§’R=1.44OCm v

= “[£ |#r=0.304mm
RO a=kEikE2h(0) b=?ﬂj%ﬁﬂ?{fzfﬁﬁ% LAY
0.06 0.06
0.05- -0.05
£ 0.04 0.04 &
by by
El £
¢ 0.03 10.03 s
A i
ﬁf I
» 0.021 +0.02 T
0.014 -0.01
0 : . : , 0
0 500 1000 1500 2000 2500

T

- "l

Rank 1 Eqgn 8001 AU°b000-43(a,b)
r2 Coef Det DF Adjr? Fit Std Err
0.9999419313 0.9999361244 0.0001186176
Parm Value Std Error t-value
a 0.055595871  7.29979e-05 761.6090389
b 0.000964987 2.01606e-06  478.6507465
Date Time File Source
Apr 13, 2002 7:28:31 PM
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VET iR R I (sec)

F-value
361619.56603

95% Confidence Limits
0.055444063  0.055747678
0.000960795  0.000969180

f\Ah«x-p'éAg\tablecun/\20«xccd@dAUbY4

P>l
0.00000
0.00000



F ok S 0 UG ] © {(CANNONNLO 54 0-2800 1))

— RIS T'V“ V4 — = »
T S i 2 5 S @Eﬁ FE 6L
h(t)= h(O)exp( Dgr"4/4VLR’\2
1674 :20C F4ifk:CANNON N1.04#] % D:730.5(kg/m”3) == if1iy=L=15.00cm
=< '“El“f[ |#r=0.304mm jrli,ﬁ “R= 1 .440cm ig;i \%
#‘ HED a=FliEk St 2 h(0) =5 Nk \Y
0.045 F ﬁ Fﬂ FH% 0.045
0.04- +0.04
. 0.035- +0.035 .
E E
0,03 0.03 !
i =
& &
70,0251 10,025 VE
N N
0.02- +0.02
0.015- +0.015
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Two novel capillary-based fluid viscometers

CHENG, Yu-hsuan
Taipei Municipal Li Shan Senior High School

Introduction

Viscosity is one of the most important parameters of the fluid. There are hundreds of
methods to measure it."? The rotational, capillary and mass are the major types of
viscometer structures that are widely used at the laboratory. However, we have to use
more traditional method to measure viscosity at school.** This method not only requires a
long time to take the measurement, but also leads to serious experimental deviation
because of its misconstruction (see Fig. 1). This misconstruction causes the fluctuation of
pressure difference, which is caused by surface tension. Furthermore, the deviation can be
reduced if the flow velocity keeps constant. Therefore, developing more accurate and rapid
measuring methods, and setting up cost-effective devices becomes an important issue of
my study. In this study, the equations of viscosity based on geometry and fluid mechanics
have been derived. Also, | have designed and developed two novel viscosity-measuring
methods, and constructed two viscometers accordingly. In order to check the performance
of my designed viscometers, the temperature-dependence of viscosity have also been
explored.

Theoretical Formulation

In this study, all the fluids are Newtonian fluid and Reynolds number is less than 2000
so that the fluid, which flows through the capillary, will develop into the laminar fluid.®> The
definition of Reynolds number (N, ) is expressed as follows:

N, =22 (1)
n
Where p: density, v:average flow velocity, D: diameter, 7: viscosity

A. Horizontal Capillary Structure

The equation of viscosity is derived from Poiseuille’s : i j}
formula and expressed as the following: ° T
AP -t
= 2
0==07 (2) L
Where Q: flow rate, L:length of capillary, r:radius of L
capillary, AP : pressure difference at two ends of capillary

L

Eq. (2) is often used by traditional viscosity measuring
method (shown in Fig. 1). The 7 is an unknown variable,

which can be calculated by measuring Q. Fig.1. Traditional structure and the
misconstruction of viscometer




B. Vertical Capillary Structure
The design concept of vertical capillary structure is shown in Fig. 2. The average
velocity of liquid that flows through the capillary is derived from geometrical methods
and fluid mechanics. The equation is shown as the following:

‘—}: (AP—"_ng)rZ (3)
&nL
where g: gravity of the earth
Let AP=0 andreduce L
2
y =25 (4)
8n S
Checking Eq. (4), the flow velocity is constant. In order to reduce the T
error, the capillary is sloped with the horizontal axis (x-axis) at angle « .
Then the factor sina is multiplied to Eq. (4) and viscosity can be w
obtained by the following equation: y
2 Fig.2. Schematics of
n= 'ng .sina (5) vertical capillary
v structure

If we tilt the capillary at an angle « and circle it around the pillar, the average velocity
can be written as the following:

V=

7 (6)

where N : number of layers, D:the length of a layer, and T : the total flow time

C. Gradational Liquid-level Difference Configuration

R |
hiw hio T -t -7
v S Ahzq ~Nlhow
[ —> Radius: r h2(0) _______ JL
AL > P

Fig.3. Schematics of gradational liquid-level difference
The experimental apparatus of the gradational liquid-level difference viscositic
method is shown in Fig.3. Two liquid containers with radius R, and R, are linked by the
capillary with an inner radius of r at the bottom.
If R,R, >>r, the pressure of the container at the bottom can be taken as the static
pressure so that the flow velocity will develop into constant velocity. Therefore, the
volume-decreasing rate is equal to the flow rate of capillary.



= — = 7
Q(z) dt 1 dt ( )
7Z7”4 7Z7”4
O = S_TMAP(I) = S_M'Ogh(’) (8)
where h,,,h,,, : liquid height of containers 7, ,AF,, : time-dependent liquid-level

difference and pressure difference between two ends of capillary.
The volume-decreasing rate of left container is equal to the volume-increasing rate of
the right container, and is displayed as the following:

dhy . R/’ )dho)

= 9
dt  R’+R,)” di ®)

Combine Eqgs. (7), (8) and (9)

(Rle )2 dhyy _—m*
: - h 10
RE+R: dr syl 20 (10)

We can deduce Eq. (10)

dh(t) _ — pgl/'4(R12 + R22)
h(f) 877L(R1R2 )2

dt (11)

Two liquid containers with radius R,and R,equal R to reduce the variables, and perform
an indefinite integration from Eq. (11); and then apply the initial condition % =4, at

t = 0. The equation of relative liquid-level difference in two containers can be
expressed as follows:

-per

By = higye ™™ (12)

Thus, the equation of relative liquid-level difference in terms of time ¢ and relative
liquid-level difference as well as measurement parameters is expressed as the
following:

h 4
- P& (13)
h(o) 4nLR

Eq. (13) is a linear equation. The slope ¢ of the linear plot is:

4
=
n

Eq. (14) means that viscosity can be obtained by slope c.



lll.Design and Development of Viscometers
A. GSHC viscositic Method

| designed the structure of Gravity Sloping Helical Capillary Viscometer (referred to

as the hereafter GSHC viscometer) based on Eq. (5), and constructed the viscometer
as shown in Fig. 4.

1.

The flow channel is made by using an extremely long, but soft capillary at low
sloping angle encircling a transparent pillar cut on a lathe.

. The capillary is connected to the pump and the container. Its flow is directed by the

switch valve, which sends the fluid to either one or the other.

Utilize the pump to fill the capillary with liquid.

The capillary is put into the container under the surface of the liquid.

Erlenmeyer flask connects the capillary and pump, which can avoid the liquid from
regorging into the pump.

A fluorescent lamp is set up in the central pillar to make the liquid head clearly
visible.

Set these devices in the framework and setup a timer on it.

The GSH capillary viscometer has been completed and shown in Photo.1.

= |

1
Fluorescent lamp

Sloping helical capillary

Erlenmeyer
flask

I Container

Put under the surface of liquid
tch
e

Fig. 4. Concept of gravity sloping helical capillary Photo. 1. Gravity sloping helical capillary
viscometer

B. GLDC viscositic Method

Liquid-level Difference Capillary
Viscometer (referred to hereafter as the
GLDCviscometer) based on Eq. (13), and
construct the viscometer as shown on Fig.
5.
1.

Design the structure of Gradational Container A Container B

I

Liquid
Two exactly same transparent
containers, A and B, are connected ﬁ r—Capillary
with a capillary and linked horizontally ] Circuit
at the bottom. Pressure Sensor

Fig. 5. Concept of gradational liquid-level difference
capillary method



2. Use highly sensitive pressure sensors to detect pressure difference between both
ends of the capillary

N ok

Connect pressure sensors to the circuit.
The GLDC viscometer has been completed and shown in Photo.2.

Stabilize the two containers and pressure sensors in the framework.
Design the circuit to measure liquid-level difference (shown in Fig. 6).

Setup the timer, temperature and liquid-level difference displays.

The advantage of this method is that it just uses only two pressure sensors and simple

circuit to detect the pressure difference, and then transform the pressure difference into
liquid-level difference.

Fig. 6. Schematic circuit diagram of liquid-level

IV. Experiment Procedures

A. Sample Preparation
Deionized water and three kinds of standard test liquids, Cannon N1, N4 and N8 are
employed to characterize and verify the effectiveness of GSHC and GLDC
viscometers.

B. GSHC Viscometer
All devise mentioned at following are shown in Fig. 7.

1.
2.

Fill the container with liquid.

Turn off the faucet and connect the
capillary to the pump.

Turn on the fluorescent lamp and
pump.

Turn off the pump after the capillary is
filled with the liquid.

Connect the capillary to the container
that makes the both ends of the liquid
to contact the atmosphere
simultaneously.

Start to measure the period of time it
takes for the fluid to go from layer to
layer.

Calculate viscosity.

luorescent lamp

Photo. 2. Gradational liquid-level difference capillary
viscometer

Sloping helical capillary

Fig. 7. Gravity sloping helical capillary viscometer



C. GLDC Viscometer
Before starting the experiment, the circuit has to be calibrated with the standard
test liquid, which can make the experiment more precise.
1. Fill the liquid into the left ' '
container until the height of
the liquid is much higher

E
E

than that of the right (see the SEEEEo0 [BEEE
Fig. 8). ' L v v e e e ey

2. Turn on the detector and Fig. 8. Gradational liquid-level difference capillary viscometer
record the liquid-level difference, temperature and time.
3. Calculate viscosity.

V. Results and Discussion

A. Verify GSHC Viscometer
Fig. 9 displays the period of time it takes for water to flow from layer to layer under

the condition of AP =0. We can find that when ¢=1800 ~ 3000(s) the flow velocity
decreases slowly until it stops at the height of capillarity. Therefore, | utilized the section
of constant velocity when ] [
t =0~1800(s) to simplify the theory o0/ lso
and experiment. The slope, that is
average flow velocity, can be g
determined from linear fitting method
and the value is 6.3889(mm/s), and

.
o
.
o

Mumber of layer
8
8
MNumber of layer

standard erroris 2.348x107*(mm/s) 2] TR

fitted. The value of parameters and . »

result are shown in Table. 1. P :
Compared to the published S 1

t(sec)

reference value, the max error of this _ _ .
Fig. 9. Measuring result of water; Inset: constant velocity

method is less than 0.34%. This section (0~1800)

viscometer not Only measures Table.1. Value of parameters and measuring result of water, and fluid takes

viscosity precisely, but also 1539.8(sec) flow through 32 layers.

allows the operator to observe |Lemperature(*C})| 20 | Radws of capillary{mm) | 057
the action of fluid in the Gravity(m/s’) |9.797 | Lengh of 32 layers(m) | 9.8518
capillary clearly. Therefore, PDEES;W(;K%@ . 998:?3 Sloping angle 0.93
*H.simd
GSHC viscometer is suitable ublished Mscosty (10 <) - D
for experimental and Average measuing Viscosity (16 1 ohut) 1.008
P Error(®u) 0.34

educational uses.



. Verify GLDC Viscometer
Fig. 10 displays the time-dependent gradational liquid-level difference curve of water,
and the gradational liquid-level difference is decreasing in exponential time. We can
also turn the curve into the linear plot by Eq. (13). Fig. 11 shows the time-dependent
gradational liquid-level difference curve of liquids, S2, S3 and S4. And fitted parameters
results of viscosity summered in Table.2.

7 7 4.53 45
t 40/ s2 4.0
6 & a3
g E 35 s4 35 ¢
—R 5 o o
o] [+ - ey
YT ==——=: 2 3 3.0 308
5 ¢ S 48§25 25 5
= = = =
- ., o 5 Fa
T 3 L. 30 — 20 20 —
> . 2 E] . 5
K] b 5 2 3 @
B 5l .‘._' 2._9' 51.} 1.:-5
g 1 'O.“‘-' g- g- 0 g-
=1 1 s, i 5 E10 — 108
1 e "
g 05 S 05
ol . . . | | lo 0 | e o
0 1000 2000 3000 0 1000 5000 2000
t (sec) t(sec)
Fig. 10. Gradational liquid-level difference curve of water; Fig. 11. Gradational liquid-level difference curve of Cannon
Inset: linear plot, which is obtained by Eq. (13) N.1, N4 and N8

In order to understand whether the measuring time impacts on error, | compared the
viscosity that is calculated at different measuring times. The errors are all less than
0.54%, and the In[h(t)/h(0)] is directly proportional with  so that viscosity can also be
calculated by Eq. (13).

Table. 2. Measuring result with liquids

T=20"C h(0)=6.32cm R=1.140cm L=15.00 r=0.305 g=9.797m/s’

Nmx 1 0+ Nex1 0+ Density Error
No. Sample 5 5 ;
(N-s/m”) (N-s/m”) (Kg/L) (%)
S1 Deionized water 10.1 10.046 998.23 0.54
S2  Cannon N1 9.27 9.273 730.5 0.3
S3  Cannon N4 3.23 3.225 668.1 0.2
S4  Cannon N8 6.62 6.625 866.4 0.1

Note: nm and nare measuring and reference viscosity, respectively.

The maximal error of GLDC viscometer is less than 0.54%. We can find that the
largest effect on error is the radius of capillary by checking Eq. (13). If we can measure
the radius of capillary more precisely, and take more effective number of digit of that,
the error of GLDC viscometer can be reduced. This method offers a simple and rapid
measurement of viscosity for industrial application because of its easy to use and
simple structure.



C. Temperature Effect on Viscosity
Normally, the effects of temperature on viscosity are described by Helmholtz’s and
Andrade’s equation.® Equations are shown as the following:
A. Helmholtz's Equation
. a
" 1+bT +cT?
where a is viscosity at 0°C, b and ¢ are constants which are decided by experiment,
and T is Celsius temperature.

n (19)

B. Andrade’s Equation
B
n= D-eXp(7) (16)

where B and D are constants that are decided by experiment, and T is absolute

temperature.

By using water as the fluid, two viscometers could be verified by Egs. (15) and (16).

Fig. 12 displays the change of viscosity with temperature, which is described by
Helmholtz’s Equation. The constants that were obtained by fitting with experimental
result are a=1.754 x10 > (x.s/m?), b=3.175x107%(1yand c=2.618 x10 %2, and the fitting
standard erroris 2.339 x 1077 (v.s/m?) .

Fig. 13 (a) plots the change of viscosity with temperature, which is described by
Andrade’s equation. The constants that were obtained by fitting measurement are
B=2065.0208 ,and D=8.842 x 10~ (vs/m?) , and the fitting standard error is
5.511x107 (w.s/m?y. Fig. 13 (b) is the linear " 3

equation, which is derived from Eq. (16), N _ B

and the fitting standard error is :2' ; r =

6.004 X107 v/ 5 o3
The 7 measured by developed L 2

w
L=

viscometers are close to the value which
can be calculated by Egs. (15) and (16). | ~ b

o
o

But | found that the Helmholtz’s equation 5l - - 18
. ) H T (°c)
is more accurate than Andrade’s equatlon Fig. 12. A plot of viscosity 7 in respect to temperature T
under room temperatu re. and fitted with Helmholtz's equation
147 14 68 // 6.6
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Fig. 13(a). A plot of viscosity 7 in respect to temperature Fig. 13(b). Linear plot, which is derived from Andrade’s
T and fitted with Andrade’s equation equation and fitted with the same equation



VI. Conclusion

In this study, two novel viscosity measuring methods and two viscometers, GSHC
viscometer and GLDC viscometer, have been developed. The effectiveness of two
viscometers has been demonstrated by standard test liquid, and 0.34% and 0.54%
accuracy have been obtained respectively. Two models of Helmholtz’'s and Andrade’s
equation have been employed to test the viscometers and investigate the temperature
effect of viscosity. The temperature-dependence of viscosity is more useful to correct the
viscosity precisely when environmental temperature changes. GSHC viscometer is
suited for educational uses, and GLDC viscometer is suited for industrial application.
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