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Acoustic Viscosity Characteristics of Oils with High Molecular
Weight VI Improver Additives
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Abstract —Oil viscosity is one of the important parameters for machinery condition monitoring, Basically, it is
expressed as kinematic viscosity measured by capillary flow and dynamic or absolute viscosity measured by
rotary shear viscometry. Recently, acoustic wave techniques appear in the market, measuring viscosity as the
product of dynamic viscosity and density. For Newtonian fluids, knowledge of density allows conversion from
one viscosity parameter to the other at a specific shear rate and temperature. In this work, oil samples with dif-
ferent chain lengths of viscosity index (VI) improvers and concentrations were examined by different viscometric
techniques. Results showed that acoustic viscosity measurements give misleading results for oil samples with
high molecular weight VI improvers and at low temperatures < 40°C.
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Table 1. Viscometers available in the market.
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Technology/Method

Measurement Output

Company Name Rotatio

. Electro-
Acoustic

nal  magnetic

Falling Vibratio
ball nal

Absolute
viscosity

Kinematic

Torsional Other .
ViScosity

BiODE, Inc. O

Brookfield Engineering
Laboratories, Inc.

Cambridge Viscosity, Inc. O
Duratech, Inc.

Galvanic Applied Sciences
USA, Inc.

Mansco Products, Inc.

Norcross Corporation

PAD Peripheral Advanced
Design Inc.

Razaghi Meyer International O
Sofraser SA
Symyx Technologies, Inc.
TD Collaborative LLC

Vindum Engineering, Inc.
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(a) Capillary Viscometer

(¢) ViSmart Viscosity Sensor
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(b) Rotary Viscometer

(d) Schematic Bulk waves of ViSmart Viscosity Sensor{6]

Fig, 1. Viscosity sensors used in this work (a) capillary viscometer, (b) rotary viscometer and (c) vismart viscosity
sensor, {d) schematic bulk waves of vismart low shear bolt sensor.
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chemicall B EA|<=E A (Viscosity Index Improver)&
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Table 2. Kinematic viscosity measured by a capillary viscometer

Capillary Viscometer (ASTM D445)

kinematic viscosity (v, ¢ST) at 40°C

My C=0% C=3% C=6% C=9%
PMMA-1 40,311 30.40 34.18 38.16 42.62
PMMA-2 60,795 30.40 33.40 37.14 41.78
PMMA-3 155,259 30.40 34.40 39.04 44.55
PMMA4 530,537 30.40 33.31 37.16 4242

kinematic viscosity (v, ¢ST) at 100°C

Myw C=0% C=3% C=6% C=9%
PMMA-1 40,311 5.98 6.68 7.54 8.47
PMMA-2 60,795 5.98 6.68 7.54 8.60
PMMA-3 155,259 5.98 7.04 8.34 9.94
PMMA4 530,537 5.98 7.15 8.67 10.50

M.: molecular weight, C: Concentration of VI additive
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Fig. 2. Kinematic Viscosity @40°C measured by Capillary
Viscometer.

C=9%

Table 3. VI of test oils (calculated by reference [7]
method)

Concentration, % PMMA-1PMMA-2 PMMA-3 PMMA-4

0 147 147 147 147
3 156 161 172 186
6 170 176 197 223
9 181 190 219 249

A Age FHTIt SIS B Utk
Table 32 A7) ANEEY viscosity Index (VI)arelth
40°C 2 100°C o]9)2] &&= xAM ] FHEE o}
2o} 7+ ASTM D341[8]oll 213F H.9]5 (extrapolation)
o=z g 4 k.

log(log(v+0.7))=A ~B*log(T+273)
(A, BE &) 3)
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Fig. 3. Kinematic viscosity of test oils with different
molecular weight of VI additive versus the temperature.
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a: Polymer chain
at low temperatures

b: Polymer chain
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Fig. 4. Physical structure of VI improver in oil.

Table 4. Absolute viscosity measured by rotary shear
viscometer

Temp.("C)

Absolute Viscosity m, [cP]

0%PMM 9%PMM 9%PMM 9%PMM 9%PMM
A A-1 A-2 A-3 A4

20 5990 8230 7955 83.60  76.80
25 4740  65.70 - 67.05  62.05
30 3835 5345 5140 5455  50.70
35 3125 43.90 - 4485  42.05
40 2570  36.50 3535 3745 3545

TRAFIA A7HFO] 9% A BESY L% 40°C 3F
Mo Alg 0UdE9 HulFE 23 ZAeltt. A
Ade Ha 23] ol FAPSL
ojr}.
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B3l Z43Ion, Fig 59 2t}
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Fig. 5. Density of test oils with the temperature.

Table 5. Equivalent kinematic viscosity from rotary
shear viscometer.

Temp.(°C) Equivalent kinematic viscosity v=n/p, [c¢ST]

0%PMM 9%PMM 9%PMM 9%PMM 9%PMM
A A-1 A-2 A-3 A4

20 7266 9895 9570 10067 92.44
25 5770 79.28 - 81.04  74.96
30 4686 6473 6228 6617 6147
35 3832 5336 - 5460  51.17
40 3163 4453 4315 4576 4330
oIt 1.9)¥ (extrapolation)® E & 4= UTh
p=AT+B (A, BE *F) )
HEATFIAE Tt AA &2 7% A89
A%, A=-0.0006, B=0.83642 A& F Utk AE
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d AR5 FHEE Table 591419} 74o) 74] AT}
371 Table 5 AFplA L% 40°C2) 2HZES Camon
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Table 6. Acoustic viscosity at 40°C measured by ViSmart
sensor

Acoustic Viscosity(AV) @ 40°C

My C=0% C=3% C=6% C=9%
PMMA-1 40311 2060 21.60 2320 2440
PMMA-2 60,795 20.60 21.60 2310 2450
PMMA-3 155,259 20.60 2130 2200 2340
PMMA-4 530,537 20.60 2198 21.70  21.90

Table 7. Equivalent kinematic viscosity at 40°C from
ViSmart sensor

Equivalent kinematic viscosity v=AV/p’, [cST] @ 40°C
Mw C=0% C=3% C=6% C=9%

PMMA-1 40311 31.21 3253 3473 3631
PMMA-2 60,795 31.21 3254 3461 36.50
PMMA-3 155,259 31.21 32.11 33.01 34.94
PMMA-4 530,537 31.21 31.62 32.54 32.67
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Fig. 6. Equivalent kinematic viscosity @ 40°C from ViSmart
sensor.
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