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INTRODUCTION

Examine the operating principles and limitations of viscosity measuring devices

e Viscosity in fluids:
o Dynamic and kinematic viscosity definitions.
o Characteristics of Newtonian fluids.
o Temperature effects on viscosity.
o Classification of non-Newtonian fluids.

e QOperating principles and limitations:
o Operating principles of viscometers.
o Converting results acquired from viscometers into visc
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You can really cement your new knowledge by undertaking the challenges. A challenge
could be to download software and perform an exercise. An alternative challenge
might involve a practical activity or other form of research.

Challenge

Videos on the web can be very useful supplements to your distance learning efforts.
Wherever an online video(s) will help you then it will be hyperlinked at the appropriate
point.

Video
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2.1 Viscosity

Viscosity is a fluid’s resistance to deformation under shear stresses.

Viscosity is an important property of any fluid, as it also helps determine its behaviour and motion against
solid boundaries (such as pipes, gears, sliding contacts etc.). The viscosity is determined by the inter-
molecular friction that is seen when one layer slides over the other. Or to put it simply, viscosity is how runny
the fluid is. The higher the viscosity, the thicker, and less runny, the fluid is.

It is very important to note that viscosity is temperature dependent. When considering a shortlist of fluids
to a given application, it is vital that the temperature of the system is also consider,

2.1.1 Dynamic Viscosity
Dynamic viscosity is the fluid’s resistance to flow when an external for
thought of as the tangential force per unit area required to move one p
another. The velocity between layers of a laminar fluid moving in straight pa
can be seen in Fig.2.1.

The S| ity | , the values used are typically very low (e.g., the dynamic viscosity
of wate - s. More commonly the units that are used are the Poise, P, or centipoise,
cP, where . fore the dynamic viscosity of water at 20°C is 0.010005 P or 1.0005 cP.

Kinematic viscosi fluid’s resistive flow under its own weight (no external forces are applied, just
gravity). The substance with the highest kinematic viscosity is tar pitch, which, despite appearing to be a
solid and even shatters when it is hit with a hammer, is actually an incredibly viscous liquid, and will drip
roughly once every ten years. An experiment widely recognised as the longest running in the University of
Queensland, Australia, is analysing the drip of tar pitch and began in 1927. Since the drip occurs around once

every ten years, it has never actually been seen; the last time it did drip, the webcam failed and missed it.

Kinematic viscosity, v, can be calculated using Eq.2.2, where p is the density of the fluid
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2.1.41VI <100
In the majority of cases, and for examples within this unit we will only be looking at lubricants with a Viscosity

Index (V1) of less than 100.

To calculate the VI, there are two pieces of information which must be known from the start; the Kinematic
Viscosity (KV) at 40°C and at 100°C. The KV at 40°C is noted as U and the KV at 100°C is noted as Y in the
following method.

If the value of KV at 100°C is between 2 ¢St and 70 ¢St then the table opposite is used to look up the
corresponding values of ‘L’ and ‘H’, these letters merely signify some constants of viscosity at certain
predefined temperatures. If the KV at 100°C is above the value of 70 cSt then the ta d to find ‘L’
and ‘H’, but rather a separate formula is used, as follows:

L = 0.8353Y2 + 14.67Y — 216
H = 0.1684Y2 + 11.85Y — 97 (2.4)

The viscosity index in either case is then calculated using Eq.2.5:

2.1.42VI> 100

taken.

1. Determine the kinematic viscosi
2. Determine the value of H

i. f2mm?/s<Y ATSM standards can be used; these values are shown in

Table 2.1.

ii. If70 mm?/s

3. Thevis g

10N -1

000715 + 100 (2.6)

log,oH — log,,U
N = 810 810

onY (2.7)
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Table 2.1: ATSM values for L and H for the sample oil of viscosity between 2 — 70mm? /s

K-.:.-r::;zﬁ: Ki!‘IEmE!IiB Ki!'lems!til:: Kipamqun K.lnElmE!nc Klnarna_tlc
at Viscosity Viscosity Viscosity Viscosity Viscosity
100°C., L H |at 141?“1:. L H |at 100°C, L H |at100°C, L H | at 100°C, L H | &t 100°C, L H
. mm-is mme/s mim/s mm=/s mm~fs
{cSt) {c5t) {cSt) {cSi) (c5t) (cSt)
2.00 T.00d 6304 700 TE.OO 4857 12.0 2018 108.0 17.0 3E04 1802 24.0 6839 3018 425 1935 T14.9
210 BB40 6804 710 B0.25 4081 121 2048 1004 171 vl 18T 242 BO4.5 3056 430 1978 7282
220 9309 T.40 720 B230 506D 122 2078 1Mo7 172 Tl 1833 24.4 To4.2 3004 435 2021 7413
230 10,00  T.0d4 730 B4.53 51.78 12.3 2107 M2o 17.3 3810 1849 24.6 T14.9 3130 440 2064 T54.4
2.40 10.71  B.496 740 BEGE 5288 12.4 21386 133 174 3B49 1865 24.8 7257 W70 dd 5 2108 TETE
250 11.45 9.063 750 BRAS 5308 125 2166 1147 17.5 3EES 1881 250 TIES 3209 450 2152 7809
260 1221 9847 760 a1.04 5508 126 21986 160 176 |ET 180T 252 TAT2 4 T94.5
270 13.00 1025 770 9320 5620 127 2228 NMTA 17.7 WET 1913 254 BOE.2
280 13.80 1087 T80 9543 573 128 2257 1187 178 4007 1929 256 B21.9
2.80 14683 1150 780 4y.72 5845 128 2268 1200 178 4046 258 B35.5
3.00 1548 1215 a8.00 1000 5960 13.0 238 158 18.0 BaG.2
3.10 1636 1282 810 1023 6074 131 2350 1229 181 BE3.0
320 1726 1351 820 1046 6189 132 2381 1242 182 B7E.9
3.30 1818 1421 A.30 1068 63.05 13.3 2412 12586 18.3 BS0.S
3.40 19.12 1483 .40 109.2 6418 13.4 244.3 1270 18.4 8053
350 2009 1566 8.50 111.5 6532 135 24T 4 1284 185 500 2618 0198
360 2108 1642 A.60 1139 6648 136 2506 1208 18.6 505 2667 0338
370 2209 179 8.70 ME2 &7.64 13.7 2538 1312 18.7 510 2MT  pas2
380 2313 1747 A.80 185 6879 138 2570 13286 18.8 515 2767 0629
380 2419 1877 200 1208 6054 139 2601 1340 189 520 2817 A7TS
400 253 1956 900 1233 7110 14.0 2H33 1354 19.0 525 2867 0921
410 2650 2037 .10 1257 T2E7 14.1 2666 530 2018 1007
420 ZFTE 212 920 128.0 T342 142 535 2059 1021
4.30 207 2205 930 1304 T457 540 3020 1036
440 3048 22402 Q.40 1328 TET3 545 aoT3 1081
4.50 3196 2381 9.50 1353 TEM 550 3126 1066
480 3352 24T 960 137.7 THOB 555 3180 1082
470 3513 2583 870 1401 TOET 56.0 3233 1087
4.80 3679 2657 S.A0 1427 8046 565 3286 112
4.80 3850 2753 980 1452 B1.67 570 330 127
500 4023 2849 1000 30.0 1023 4217 575 3306 1143
510 4198 2046 1001 305 1055 4324 58.0 3452 1158
520 4376 3043 10,2 30 1086 4432 585 3507 MN7s
530 4553 31.40 10,3 315 1119 454.0 590 3563 1190
5.40 320 1151  464.9 595 3619 1206
5.50 325 1184 4AT5S 600 35TE 1222
5.60 33.0 1217 4870 605 AT34 1238
5.70 335 1251 4881 610 3Ta2 1254
5.80 340 1286 S006 615 3850 1270
540 345 1321 5211 620 3008 1286
6.00 350 1356 5325 625 3066 1303
6.10 355 1301 5440 630 4026 1319
6.20 36.0 1427 5556 635 4087 1336
6.30 36.5 1464 5671 &40 4147 1352
5.40 370 1501 5793 B4.5 4207 1388
6.50 375 1538 5913 650 4268 1386
6,60 380 1575  BO3.1 655 4329 1402
6.70 38.5 1613 6150 660 4302 1419
6.80 . E . y ) 39.0 1651 6271 665 4455 1436
6.80 T5.72 4751 148 199.0 1067 16.9 3IB5E 1THE 238 GT3T 24979 395 1681 6302 670 4517 1454
40.0 1730 6518 675 4580 1471
40.5 1770 6642 [0 4645 1488
41.0 1810 B766 BAS 4709 1506
415 1851 &894 690 4773 1523
42.0 18082 7019 695 4839 1541
700 4805 1558
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