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ENGINEERING SCIENCES DATA 

(Mechanical Engineering Series) 

ITEM No. 68036 

Engineering Sciences Data, i n  t h e  form of Memoranda o r  Data Sheets ,  provide a u t h o r i t a t i v e  
information f o r  use i n  engineer ing design. The r e s u l t s  o f  much valuable  work, both t h e o r e t i -  
ca l  and pract ical ,  are f r e q u e n t l y  n o t  appl ied  because t h e y  are n o t  readily a v a i l a b l e  o r  
because t h e  form i n  which t h e y  are a v a i l a b l e  is n o t  s u i t a b l e  f o r  use d i r e c t l y  i n  d e s i g n .  
Accordingly,  t h e  I n s t i t u t i o n  of  Mechanical E n g i n e e r s ,  w i t h  t h e  f i n a n c i a l  suppor t  o f  t h e  
M i n i s t r y  o f  Technology, came t o  an arrangement w i t h  t h e  Eng inee r ing  Sc iences  Data U n i t ,  
formerly t h e  Technical  Department o f  t h e  Royal Aeronaut ical  Soc ie ty ,  t o  i n s t i t u t e  a series 
o f  Engineering Data i n  Mechanical Engineering. 

The work of  t h e  Engineering Sciences Data Unit  on t h i s  ser ies  is monitored and guided by 
Technical  Committees of  t h e  I n s t i t u t i o n  of Mechanical Engineers.  The Committee r e spons ib l e  
f o r  t h i s  p a r t i c u l a r  Memorandum, which is a r e v i s i o n  and extension of  Item No.65001, was t h e  
F lu id  Mechanics and Thermodynamics Committee, which has  t h e  fol lowing c o n s t i t u t i o n :  

Chairman 

Vice-chairman 

Members 

Prof. A. J.  Ede - Unive r s i ty  o f  Aston i n  Birmingham 

Mr E. C. Firman - Cent ra l  Electr ic i ty  Research Laborator ies  

D r  A.D.Carmichae1 - Imperial College of  Science and Technology 
Dr G.Hobson - AEI Turbine-Generators Ltd 
Mr K. M. Leigh - United Kingdom Atomic Energy Authori ty  
Mr A.Linford - The B r i t i s h  Hydromechanics Research Associat ion 
Mr G. J .  F. Reid - B r i t i s h  Petroleum Co. L t d  
Miss B. S h i l l i n g  - Royal Aircraft Establ ishment .  

The members of  t h e  s t a f f  o f  t h e  h g i n e e r i n g  Sc iences  Data Unit  concerned were: 

Mr A.J.Ward Smith - Head of  F lu id  Mechanics and Thermodynamics Group 
Mr B.C.Freeman - Flu id  Mechanics and Thermodynamics Group. 

The F l u i d  Mechanics and Thermodynamics Committee, which first met i n  May 1964, h a s  t h e  
c o - o p e r a t i o n  o f  many e n g i n e e r s  and s c i e n t i s t s  i n  i n d u s t r y ,  r e s e a r c h  e s t a b l i s h m e n t s  and 
u n i v e r s i t i e s  from whom much a s s i s t a n c e  and unpublished information is  being r ece ived .  

I n  o r d e r  t o  assist t h e  p r e p a r a t i o n  o f  new work and t o  assist t h e  p e r i o d i c  review and 
r e v i s i o n  o f  work already i s s u e d ,  u s e r s  are encouraged t o  make known.their  expe r i ence  i n  
us ing  t h e  in fo rma t ion  and p rocedures  and t o  n o t i f y  any a d d i t i o n a l  i n fo rma t ion  which they  
can  p rov ide  or  t o  which r e f e r e n c e  can be made. S ince  Data Items are r ev i sed  from time t o  
t ime,  u s e r s  are encouraged t o  c o n s u l t  t h e  c u r r e n t  e d i t i o n  o f  t h e  Engineering Sciences Data 
Index t o  e n s u r e  t h a t  t h o s e  Items quoted as r e f e r e n c e s  i n  t h e  p r e s e n t  Item have n o t  been 
superseded.  

A l l  t e c h n i c a l  q u e r i e s  and s u g g e s t i o n s  should be addressed t o :  

h g i n e e r i n g  Sciences Data Unit  
251-259 Regent Street 
London, W1R 7AD. 

A d d i t i o n a l  c o p i e s  o f  t h i s  Item and d e t a i l s  of  o t h e r  work a v a i l a b l e  i n  t h e  Mechanical 
Eng inee r ing  S e r i e s  may be o b t a i n e d  from: 

The I n s t i t u t i o n  o f  Mechanical h g i n e e r s  
1 Birdcage Walk 
London, S. W. 1. 
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1. NOTATION 
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INTRODUCTORY MEMORANDUM ON THE 
V I S C O S I T Y  0 F . L I Q U I D S  AND THE 

C L A S S I F I C A T I O N  O F  LUBRICATING O I L S  

molecular weight 

mole f rac t ion ,  see Section 5.3.2 

absolute  pressure 

absolute  temperature 

veloci ty  

volume f rac t ion  

weight 

co-ordinate normal t o  direct-Jn of - x a l  f l u i d  flow 

dynamic v iscos i ty  

kinematic v i scos i ty  

densi ty  

shear s t r e s s  

2. INTRODUCTION 

This Item supersedes Item No. 65001 “Introductory memorandum on the  v iscos i ty  of l iquids”.  

The main aims of t he  Item a re  

(i) t o  serve  as an in t roduc t ion  t o  a s e r i e s  of Data Items g iv ing  information on t h e  
v i s c o s i t y  of s p e c i f i c  l i q u i d s * ;  

(ii) t o  present  t he  f ac to r s  required t o  convert v i scos i ty  data obtained from the  l i t e r a -  
t u r e  i n t o  common working u n i t s ;  

(iii) t o  discuss  the  e f f e c t s  of  temperature and pressure on v iscos i ty  and t o  ind ica te  how 
approximate values  of v i s c o s i t y  may be est imated,  p a r t i c u l a r l y  i n  the .  absence of  
d i r e c t  da ta ;  

( i v )  t o  i n d i c a t e  major sources  of numerical  data on v i scos i ty ;  

(v) t o  give information on a number of commonly used c l a s s i f i c a t i o n  systems f o r  l ub r i -  
ca t ing  o i l s ,  based on v i scos i ty  and t h e  e f f ec t  of temperature on v iscos i ty .  

Consideration of t h e  v i s c o s i t y  of gases and of non-Newtonian l i q u i d s  (e.g.  suspensions,  
greases  and emulsions) is outs ide  the  scope of  t h i s  Memorandum. 

* Numerical d a t a  f o r  t h e  v i s c o s i t y  of l i q u i d s  are n o t  inc luded  i n  t h i s  Memorandum. The r e a d e r  who 
r e q u i r e s  q u a n t i t a t i v e  informat ionon t h e  v i s c o s i t y  of a p a r t i c u l a r  l i q u i d  should c o n s u l t  Sect ion 7 
of t h i s  document, where a s e l e c t e d  list of sources  of v i s c o s i t y  data is given. 
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3. DEFINITIONS, AND DIMENSIONS 

3 . 1  v i s c o s i t y  

When r e l a t i v e  motion takes place between a d j a c e n t  layers o f  a f l u i d ,  i n t e r n a l  s h e a r  
stresses arise which oppose t h e  motion. This p rope r ty  of  a f l u i d ,  i ts r e s i s t a n c e  t o  shear- 
i n g  motion through i n t e r n a l  stresses, is termed v i s c o s i t y .  I n  t h i s  Sect ion d e f i n i t i o n s  of 
t h e  basic terms i n  t h e  f i e l d  o f  v i s c o s i t y  are g iven .  Throughout t h i s  Memorandum t h e  u s e  
o f  such terms has been r i g o r o u s l y  fol lowed t o  avo id  ambigui ty .  

3 . 2  Newtonian F l u i d  

A f l u i d  is described as a Newtonian f l u i d  when t h e  shear stress, a r i s i n g  from o r  causing 
motion o f  t h e  f l u i d ,  is d i r e c t l y  p r o p o r t i o n a l  t o  t h e  rate of shear ( i . e .  t o  t h e  v e l o c i t y  
g r a d i e n t  normal t o  t h e  p l a n e  o f  s h e a r ) .  

3 . 3  Dynamic Viscosity 

For t h e  laminar flow of  a Newtonian f l u i d ,  t h e  shear s t r e s s ,  r , and t h e  rate of shear, 
du/dy , are related by t h e  expression 

du 

dY 
r = T - ,  

where t h e  cons t an t  of p r o p o r t i o n a l i t y ,  r )  , is known as t h e  dynamic v i s c o s i t y  o f  t h e  f l u i d .  
This  c o n s t a n t  is sometimes referred t o  as t h e  c o e f f i c i e n t  of  v i s c o s i t y ,  a b s o l u t e  v i s c o s i t y  
o r ,  simply, v i s c o s i t y ,  bu t  these terms should be avoided because ambiguity m a y  arise from 
t h e i r  use.  

The dynamic v i s c o s i t y  can  a l s o  be d e f i n e d  by r e f e r e n c e  t o  t h e  r e l a t i v e  motion o f  two 
parallel  planes sepa ra t ed  by a f l u i d  and u n i t  d i s t a n c e  apart. The dynamic v i s c o s i t y  of t h e  
f l u i d  is t h e  t a n g e n t i a l  fo rce  on u n i t  area of e i ther  of t h e  two planes,  when one of t h e  p l anes  
moves r e l a t i v e  t o  t h e  o t h e r  wi th  u n i t  v e l o c i t y  i n  its own plane.  (This d e f i n i t i o n  assumes no 
s l i p  a t  t h e  f lu id -p lane  i n t e r f a c e s .  ) I 

The dimensions of  dynamic v i s c o s i t y  are, when using f o r c e  u n i t s ,  [Force] [Time] /[Length] , 
[Mass] /[Length] [Time] . where [Force] = [Mass] [Length] /[Time] * or ,  when u s i n g  mass u n i t s ,  

I 3 . 4  Kinematic V i s c o s i t y  

I n  many i n s t a n c e s  of  f l u i d  motion, v i scous  and i n e r t i a  f o r c e s  must be cons ide red  s imul-  
t aneous ly  and o f t e n  t h e  r a t i o  of  t h e  dynamic v i s c o s i t y ,  r)  , t o  t h e  d e n s i t y ,  p , appears 
i n  the  study of such motions. This r a t i o ,  i n  which both o f  t h e  f l u i d  p r o p e r t i e s  are evaluated 
a t  t h e  same c o n d i t i o n s  of temperature  and p r e s s u r e ,  is known as the  kinematic v i s c o s i t y  and 
is denoted by v . Thus 

77 
P 

U = - .  

Kinematic v i s c o s i t y  h a s  t h e  dimensions [Length] 2/[Time] . 

I The kinematic  v i s c o s i t y  is  sometimes called v i s c o s i t y ,  but t h e  q u a l i f i c a t i o n  “kinematic” 
should always be r e t a i n e d  t o  avoid any confusion wi th  dynamic v i s c o s i t y .  

0 

I 4 
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.. 

I 

I 

I 

0 

0 

. 

0 

The g r a v i t a t i o n a l  f o r c e  on a specified volume o f  a f l u i d  is p r o p o r t i o n a l  t o  its d e n s i t y  
and, provided t h e  flow is laminar ,  t h e  f o r c e  r e s i s t i n g  t h e  flow o f  a f l u i d  through a con- 
s t r i c t i o n  is approximately p ropor t iona l  t o  t h e  dynamic v i s c o s i t y .  Hence t h e  time taken fo r  
t h e  flow of  a specif ied volume o f  f l u i d  through a c o n s t r i c t i o n  under t h e  inf luence o f  g rav i ty  
is approx ima te ly  p r o p o r t i o n a l  t o  t h e  r a t i o  o f  dynamic v i s c o s i t y  t o  d e n s i t y ,  i . e .  t o  t h e  
k inemat i c  v i s c o s i t y .  A number o f  s t a n d a r d i s e d  i n d u s t r i a l  viscometers  are i n  u s e  which are 
based on t h e  a p p l i c a t i o n  of  t h i s  p r i n c i p l e .  

4. U N I T S  OF MEASUREMENT 

4.1 Dynamic V i s c o s i t y  U n i t s  

U n i t s  o f  l e n g t h ,  time and mass (o r  f o r c e )  are r e q u i r e d  t o  e x p r e s s  dynamic v i s c o s i t y .  

I n  t h e  I n t e r n a t i o n a l  System (SI) o r  metre-kilogramme-second (MKS) system t h e  u n i t  is t h e  
newton second/metre squa red ,  sometimes c a l l e d  t h e  p o i s e u i l l e  ( P l ) .  

1 SI u n i t  = 1 N s/m2 = 1 kilogramme/metre second (1 kg/m s) . 

I n  t h e  centimetre-gramme-second ( c . g . s . )  system t h e  u n i t  of  dynamic v i s c o s i t y  is t h e  
p o i s e  (P ) .  

1 po i se  = 1 dyne second/centimetre squared (1 dyn s/cm2) 

= 1 gramme/centimetre second (1 g/cm s ) .  

It is customary t o  work i n  terms of t h e  c e n t i p o i s e  (cP) where 

1 CP = 10-2p 

= 10-3Ns/m2. 

Other systems are based on: 

t h e  kilogramme-force (kgf) as the  u n i t  of  fo rce  and the  metric t e c h n i c a l  u n i t  of  mass*, o r  

t h e  poundal (pd l )  as t h e  u n i t  of fo rce  and t h e  pound ( l b )  as t h e  u n i t  of mass, o r  

t h e  pound-force ( l b f )  as the  u n i t  o f  fo rce  and t h e  s l u g  as t h e  u n i t  of mass. 

The u n i t s  o f  l e n g t h  and time may a l s o  be v a r i e d .  Conversion f a c t o r s  f o r  t h e  commonly 
used u n i t s  are given i n  Table I and t h e  r e l a t i o n s h i p s  between t h e  newton s e c o n d h e t r e  squared 
and o t h e r  u n i t s  are given i n  Table 11. 

4.2 Kinematic V i s c o s i t y  U n i t s  

Un i t s  of  l eng th  and time are r equ i r ed  t o  expres s  kinematic v i s c o s i t y .  

The u n i t  i n  t h e  I n t e r n a t i o n a l  System is t h e  metre squared/second. ln 
W 
M 
ld 
a 
v) 
c;I 

1 SI u n i t  = 1 m2/s. 

I I n  t h e  c .g . s .  system t h e  u n i t  of kinematic v i s c o s i t y  is the  s t o k e s  (St) .  
03 
(0 
0) 
rl 

Ll 

1 s tokes  = 1 cent imetre  squared/second (1 cm2/s). 

0 
c, 

8 Ihe metric technical u n i t  of mass is sometimes ca l led  the  hyl. 1 hyl = 9.8066 kg . 

W 

ln 
U 

z 
5 
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It  is customary t o  work i n  terms of t h e  cent is tokes (cSt ) .  

1 c s t  = 10-2St  

Feet o r  inches  may be employed as t h e  u n i t s  of length  and hours  may rep lace  seconds.  

0 Conversion f a c t o r s  f o r  t h e  commonly used u n i t s  are given i n  Table 111. 

When kinematic v i s c o s i t y  is reported as a number of seconds (e .g .  Redwood No.1 seconds, 
Saybolt Universal seconds) t h i s  r e fe r s  t o  the  time of e f f lux  from a standard viscometer which 
must, together  with the  temperature, be spec i f ied .  Degrees Engler ('E) is the  r a t i o  of  t h e  
t ime of e f f lux  at the  temperature of t h e  t e s t  from a standard Engler viscometer t o  the  t ime 
o f  e f f lux  of d i s t i l l e d  water a t  2OoC. 

Kinematic v i s c o s i t i e s ,  i n  cent i s tokes ,  equivalent  t o  degrees Engler and t o  e f f l u x  t imes 
f o r  var ious viscometers a r e  given i n  Table I V * .  

5. THE ESTIMATION OF VISCOSITY 

5 . 1  Effec t  of  Temperature 

An i nc rease  of  temperature  causes  a r a p i d  decrease  i n  t h e  dynamic and kinematic  v i s -  
c o s i t i e s ,  t h e  magnitude of t h e  e f f e c t  depending on t h e  pressure .  Bridgman' s 6  measurements 
a t  3OoC and 75OC show that t h e  temperature e f f e c t  a t  10 000 atmospheres can be as much as 
fou r  t imes g r e a t e r  than a t  atmospheric pressure .  The e f f e c t  of change of temperature  on 
v i s c o s i t y  is a l s o  dependent on t h e  s t r u c t u r e  of t h e  molecule of  t h e  l i qu id .  I n  genera l ,  
l i qu ids  with more complex molecules exhib i t  larger var ia t ions  of v i scos i ty  with temperature' '. 

Over the  years ,  many empir ical  r e l a t i o n s  have been developed t o  represent  t h e  e f f e c t  of 
temperature on the  v i scos i ty  of l i qu ids  and, as t h e  subjec t  has developed, t h e  t reatment  of 
o i l s  has become d i s t i n c t  from t h e  treatment of o ther  l i qu ids .  Thus f o r  o i l s  t h e  va r i a t ion  
of kinematic v i scos i ty  with temperature is usual ly  considered whereas f o r  o the r  l i q u i d s  the  
dynamic v i s c o s i t y  is usua l ly  considered,  although t h e r e  is no fundamental reason f o r  t h e  
d i f f e r e n t  methods of handl ing t h e  two cases. 

Of t h e  many r e l a t i o n s  express ing  t h e  v a r i a t i o n  of  dynamic v i s c o s i t y  with temperature,  
t h e  fol lowing combines t h e  q u a l i t i e s  of s impl i c i ty  and reasonable  accuracy: 

A and B a r e  cons t an t  f o r  a s p e c i f i c  l i q u i d  a t  a p a r t i c u l a r  p re s su re  and, f o r  many 
l i q u i d s ,  remain va l id  over  a considerable  range of absolu te  temperature. 

0 

The values  of t h e  cons tan ts  A and B can always be deduced from two known va lues  of  
dynamic v iscos i ty ,  and Equation ( 3 )  then  allows in t e rpo la t ion  and l imi ted  ex t r apo la t ion  t o  
be used with confidence.  

This table may be used t o  convert cSt to  h g l e r ,  Saybolt or  Redwood values, or  t o  convert the l a s t  
three amongthemselves. Because of the much higher accuracy of the methods for determining kinematic 
viscosity i n  fundamental uni ts ,  exact conversion t o  cSt from commercial viscometer measurements is 
not rea l i s t i c .  So long as it is remembered that the conversion is not exact, the table can be used 
t o  obtain approximate equivalents of  the other resul ts  i n  cSt, however. 

i 

6 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU 68036 1968

http://www.avadocuments.com/doc/esdu-68036-1968
http://www.avadocuments.com/doc/esdu-68036-1968


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

68036 

In 
N 

I 

D 
0 
c, 

8 

For water,  i n  common with o t h e r  highly polar* compounds, B is a funct ion of temperature. 

Perry34 gives  a c h a r t  from which values  of  dynamic v i s c o s i t y ,  t o  within about 10 per c e n t  
accuracy,  may be quickly assessed f o r  about 150 l i s t e d  f l u i d s  i n  t h e  range -3OOC t o  t2OO0C. 

For most petroleum p roduc t s  t h e  v a r i a t i o n  of kinematic v i s c o s i t y  with temperature may be 
determined wi th  very good accuracy when values  are known at any two temperatures.  To fac i l i -  
t a t e  i n t e r p o l a t i o n  and e x t r a p o l a t i o n  t o  o t h e r  temperatures  two g raph ica l  methods have been 
d e v i s e d ,  namely: t h e  “ASTM” (American S o c i e t y  f o r  T e s t i n g  and Materials) and “Refutas*’ 
methods. Standard c h a r t s  are a v a i l a b l e t .  

Both methods employ a r e l a t i o n s h i p  of t h e  form 

l o g l o l o g l o  ( v t a )  = n l o g l o T  t b , (4) 

where n and b are c o n s t a n t s  f o r  a p a r t i c u l a r  p r o d u c t .  For U i n  c e n t i s t o k e s ,  t h e  
Refutas  method uses  a = 0 .8  whereas i n  t h e  ASTM method a is a funct ion of v and v a r i e s  
between 0.60 and 0.72. 

A r e l a t i o n s h i p  similar i n  form t o  Equation (41, bu t  expressed i n  terms o f  dynamic v i s -  
c o s i t y ,  has  been found t o  be applicable f o r  a wide range of  l i q u i d s  although it was o r i g i n -  
a l l y  de r ived35  f o r  l u b r i c a t i n g  o i l s .  For i n  c e n t i p o i s e s  and T i n  degrees  Kelvin t h e  
r e l a t i o n s h i p  is 

l o g l o l o g l o ( ~ t 0 . 6 3 1 )  = n l o g l o ( T - 1 3 8 )  t b , (5) 

where n and b are c o n s t a n t s  f o r  a p a r t i c u l a r  l i q u i d .  

5 . 2  E f f e c t  o f  P r e s s u r e  

The dynamic v i s c o s i t y  of  l i q u i d s  i n c r e a s e s  with p r e s s u r e  (except f o r  water under c e r t a i n  
c o n d i t i o n s  o f  p r e s s u r e  a t  t e m p e r a t u r e s  below abou t  3 O o C ) .  The magnitude o f  t h e  e f f e c t  
appears t o  depend t o  a large e x t e n t  on t h e  complexity of  t h e  molecule o f  t h e  l i q u i d .  This  
is d i f f i c u l t  t o  d e f i n e  q u a n t i t a t i v e l y ,  but it may be said t h a t  t h e  p re s su re  e f f e c t  i nc reases  
on p roceed ing  t o  h i g h e r  members o f  a s t r u c t u r a l  se r ies ,  and t h a t  branched-chain isomers** 
tend t o  have larger v a r i a t i o n s  w i t h  p r e s s u r e  than t h e i r  normal s t r a i g h t - c h a i n  coun te rpa r t s .  
L i q u i d s  such as l u b r i c a t i n g  o i l s ,  which have complex molecules ,  have appreciable changes 
of  v i s c o s i t y  under p r e s s u r e  whereas f o r  most l i q u i d s  t h e  e f f e c t  is  less than  one per c e n t  
i n  t h e  range 1-10 atmospheres.  

For p r e s s u r e s  below 500 atmospheres,  t h e  e f f e c t  of p r e s s u r e  on dynamic v i s c o s i t y  can be 
expressed approximately by an equa t ion  of  t h e  type 

t 

* *  

A polar compound is one whose molecules te0.d t o  o r i e n t a t e  under t h e  inf luence of  an appl ied  electric 
f ie ld .  

Seven d i f f e r e n t  ASTM c h a r t s  are a v a i l a b l e ,  cover ing  d i f f e r e n t  ranges  o f  kinematic  v i s c o s i t y  and 
temperature and of varying s i z e s  depending on t h e  above ranges. These c h a r t s  are obta inable  i n  t h e  
United Kingdom from t h e  I n s t i t u t e  o f  Petroleum, 61 New Cavendish Street ,London,  W l M  8AR. The Refutas 
Chart i s  a v a i l a b l e  from Baird and Tat lock,  Freshwater Road, Chadwell Heath, Essex. Another c h a r t  
using a va lue  of a = 0.8 i s  produced by t h e  B r i t i s h  Pe t ro leum Company and i s  a v a i l a b l e  from 
John Hart ley and Par tners  Ltd, 36 Great James S t r e e t ,  ,London, W.C. l .  

Isomers a r e  compounds which have t h e  same molecular  weight  and percentage  composi t ion,  b u t  have 
d i f f e r e n t  molecular s t r u c t u r e s .  
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