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Chair man 

ENGINEERING SCIENCES DATA 

(Mechanical Engineering Ser ie s )  

(Chemical Engineering Ser ie s )  

ITEM No. 71003 

Engineering Sciences Data Items provide evaluated d a t a  and a u t h o r i t a t i v e  information f o r  
u se  i n  engineering design. The r e s u l t s  of much valuable  work, both t h e o r e t i c a l  and p r a c t i c a l ,  
a r e  f r e q u e n t l y  not a p p l i e d  because t h e y  are not r e a d i l y  a v a i l a b l e  or because t h e  form i n  
which t h e y  a r e  a v a i l a b l e  i s  no t  s u i t a b l e  f o r  u s e  d i r e c t l y  i n  d e s i g n .  Accord ing ly ,  t h e  
Engineer ing Sc iences  Data Unit of t h e  Royal Aeronaut ical  S o c i e t y  has f o r  many years i s s u e d  
Data Sheets  and Memoranda i n  t h r e e  main Series and numerous Sub-ser ies .  The main Series have 
been sponsored by appropr i a t e  p ro fes s iona l  i n s t i t u t i o n s ;  t h e  Aeronautical  Series by t h e  Royal 
Aeronau t i ca l  S o c i e t y ,  t h e  Mechanical Engineer ing Ser ies  by t h e  I n s t i t u t i o n  of Mechanical 
Eng inee r s  and t h e  Chemical Eng inee r ing  Series by t h e  I n s t i t u t i o n  of Chemical Eng inee r s .  
C r u c i a l  support  fo r  t h i s  work is provided v o l u n t a r i l y  by i n d u s t r i a l  companies, government 
r e sea rch  l a b o r a t o r i e s ,  u n i v e r s i t i e s  and o t h e r s  through t h e  at tendance at Technical Committees 
(see below) of t h e i r  l ead ing  expe r t s .  I n  t h e s e  and o the r  ways a s s i s t a n c e  is provided t o  t h e  
Aeronaut ical  S e r i e s  by t h e  Minis t ry  of Aviat ion Supply and t h e  S o c i e t y  of B r i t i s h  Aerospace 
C omp an i e s. 

T h i s  Data Item is a r e v i s i o n  and updat ing of Item No.67015. The work of t h e  permanent 
p r o f e s s i o n a l  s taff  of t h e  Engineering Sciences Data Unit on Item No.67015 was monitored and 
g u i d e d  by t h e  I n s t i t u t i o n  of  Mechanical  Eng inee r s '  F l u i d  Mechanics and Thermodynamics 
Committee which had t h e  fo l lowing  c o n s t i t u t i o n :  

Prof.  A. J. Ede - Universi ty  of Aston i n  Birmingham 

Vice-chairman 

Mr E.C.Firman - Cent ra l  E l e c t r i c i t y  Generating Board 

Members 

Dr A.D.Carmichae1 - Imperial College of Science and Technology 
Mr A. G. Chapman - Associated Electrical I n d u s t r i e s  
Mr K.M.Leigh - United Kingdom Atomic Energy Authori ty  
Mr A.Linford - The B r i t i s h  Hydromechanics Research Association 
Mr G. J.F.Reid - B r i t i s h  Petroleum Co.Ltd 
Miss B. S h i l l i n g  - Royal A i r c r a f t  Establishment. 
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7 1003 
1. N O T A T I O N  AND U N I T S  

P pressure 

T absolute  temperature 

t temper at u r e  

rl dynamic v i s c o s i t y  

* U  kinematic v i s c o s i t y  

* *  P dens i ty  

SI Unit 

N/m 

K 

K 

N s / m 2  ( p o i s e u i l l e )  

m 2 / s  

kg/m3 

Unit being adopted by 
the petroleum industry 

l b f  / i n  

K 

t O C  

CP (cen t ipo i se )  

cSt (centistokes) 

k g / l i t r e  

2. I N T R O D U C T I O N  

Petroleum products  are usua l ly  s p e c i f i e d  by ranges of va lues  of s eve ra l  p r o p e r t i e s  r a t h e r  
t han  by any exact va lues .  Th i s  Memorandum shows on F i g u r e s  1 -  4 t h e  approximate ranges of 
kinematic  v i s c o s i t y  most commonly covered by v a r i o u s  classes o f  l i q u i d  petroleum p roduc t .  
Table I i n d i c a t e s  t h e  maximum ranges  l i k e l y  t o  be  covered by t h e  l i s t e d  p roduc t s .  A more 
a c c u r a t e  va lue  f o r  t h e  v i s c o s i t y  o f  a p a r t i c u l a r  product  w i th in  any class w i l l  u s u a l l y  be 
a v a i l a b l e  from t h e  s u p p l i e r .  If an a c t u a l  measurement h a s  t o  be made, t h e  methods o u t l i n e d  
i n  B r i t i s h  Standard 18812 are recommended. S imi l a r  procedures are given i n  t h e  I n s t i t u t e  o f  
Petrolcum Standard 7123 and ASTM Standard D-44522. 

An index t o  t h e  d a t a  on t h e  F igu res  and i n  Table I and a g los sa ry  of  some terms commonly 
used i n  t h e  petroleum i n d u s t r y  are given i n  Sec t ion  7 o f  t h i s  Memorandum. 

S y n t h e t i c  materials which are  c h e m i c a l l y  d i f f e r e n t  from p e t r o l e u m  p r o d u c t s  are n o t  
included. Greases are a l s o  excluded, because t h e y  are non-Newtonian f l u i d s .  

When t h e  petroleum i n d u s t r y  s p e c i f i e s  t h e  v i s c o s i t y  of any of i ts p roduc t s  it u s u a l l y  
employs t h e  k inemat i c  v i s c o s i t y ,  but f o r  many purposes  t h e  dynamic v i s c o s i t y  i s  r e q u i r e d .  
Table I g ives  approximate d a t a  f o r  t h e  dynamic v i s c o s i t i e s  o f  v a r i o u s  classes of  p r o d u c t .  
These values  were computed from t h e  kinematic v i s c o s i t i e s  using a mean dens i ty  for each class 
of  product. 

The use of the Celsius scale is now preferred but it is common practice t o  quote a lso the equivalent 
Many specif icat ions and t e s t  methods a re  based on temperatures which are  round values i n  9. i n  "F. 

Although kinematic v i s c o s i t i e s  a re  frequently quoted i n  terms of an a rb i t r a ry  u n i t  such a s  the  
Redwood second o r  t h e  Saybolt second, a ra t ional  un i t ,  usually the centistokes, is employed in  most 
t e s t  methods and is much t o  be preferred. Reference 19 includes a conversion table which allows conver- 
sion from centistokes t o  some of the arbitrary units. Because of the much higher accuracy of t h e  methods 
f o r  determining kinematic v i scos i t i e s  i n  fundamental uni ts ,  exact conversion from a rb i t r a ry  un i t s  is 
not r ea l i s t i c .  However, provided that  it is remembered that  the conversion is not exact, the table  i n  
Reference 19 may be used t o  obtain equivalents of t he  a rb i t r a ry  uni ts  i n  centistokes.  Reference 19 
also includes conversion factors  for  other un i t s  of kinematic and dynamic viscosity.  

* *  The specif ic  gravity o r  r e l a t i v e  density ( i . e .  density r e l a t ive  t o  t ha t  of water) of a petroleum 
product is often quoted instead of  its density. (See also API gravity i n  Section 7 . )  
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7 I003 
3 .  E F F E C T  O F  TEMPERATURE O N  V I S C O S I T Y  AND D E N S I T Y  

The var ia t ion  of  kinematic v i scos i ty  with temperature f o r  any l iqu id  petroleum product i s  
such t h a t  a p l o t  of l o g  log  (U + cons tant )  agains t  log  T approximates t o  a s t r a i g h t  l i n e .  
The l i n e s  f o r  t he  l i g h t e r  products, notably t h e  l iquefied petroleum gases,  a r e  l i k e l y  t o  show 
most curvature .  The s lope  of t h e  l i n e  depends on t h e  chemical c o n s t i t u t i o n  and v i s c o s i t y  
l eve l  of t he  product,  heavier  products tending t o  show ra the r  s teeper  s lopes than t h e  l i g h t  
ones. However, a l l  “s t ra ight”  d i s t i l l a t i o n  products ( i . e .  products separated by d i s t i l l a t i o n  
only and containing no property-modifying additives) from one par t icu lar  crude petroleum w i l l  
show near ly  equal s lopes .  Fur ther  r e f in ing  processes  which m a y  be ca r r i ed  out i n  addi t ion  
t o  d i s t i l l a t i o n  modify t h e  s lope;  f o r  example, removal of some of t he  aromatic hydrocarbons 
reduces it. 

Standard c h a r t s *  a r e  a v a i l a b l e  w i t h  s c a l e s  propor t iona l  t o  l o g  log  (v + constant) and 
l o g  T, which permit s imple  g raph ica l  i n t e r p o l a t i o n  i f  t h e  kinematic  v i s c o s i t i e s  a t  two 
temperatures  a re  known. Ext rapola t ion  i s  permissible  but care must be taken t o  avoid t h e  
regions of wax p rec ip i t a t ion  (below the  cloud point o r  the  pour point)  or of vaporisat ion o r  
decomposition. 

For lubr ica t ing  o i l s  a commonly used measure of t he  var ia t ion  of kinematic v i scos i ty  with 
temperature is t h e  viscosity index. The na ture  of t h i s  index is described b r i e f l y  i n  t h e  
Glossary (Section 7) and references a re  given t o  more de ta i led  explanations. Although widely 
used the  method is not idea l  ’’ because of its arbitrary basis.  Table I1 r e l a t e s  t he  kinematic 
v i s c o s i t i e s  a t  two reference temperatures (37.aoC, 100°F and 98.g0C, 210°F) t o  the  correspon- 
d ing  v i s c o s i t y  index. I t  is  based on data from Reference 14 (which g ives  more ex tens ive  
t a b l e s ) .  I f  t h e  v i scos i ty  at one re ference  temperature and the  v i scos i ty  index a r e  known, 
t h e  v i s c o s i t y  a t  t h e  o ther  temperature m a y  be found from Table I1 and in t e rpo la t ion  on one 
of t he  previously mentioned c h a r t s  is then poss ib le .  

Figures  1 - 4 of t h i s  Memorandum show t y p i c a l  magnitudes and temperature v a r i a t i o n s  of 
The da ta  are  based pr inc ipa l ly  kinematic v i scos i ty  fo r  various classes of petroleum product. 

on References 3, 4, 7, 10, 11 and 15. 

The effect of temperature on t h e  densi ty  of l i qu id  petroleum products may be represented 
wi th  s u f f i c i e n t  accuracy f o r  most p r a c t i c a l  purposes  by t h e  l i n e a r  v a r i a t i o n s  shown i n  
Figure 6 f o r  products  of var ious  dens i t i e s .  

4 .  E F F E C T  O F  P R E S S U R E  ON V I S C O S I T Y  

The e f f ec t  of pressure on the  v iscos i ty  of l i qu ids  i n  general  i sd iscussed  i n  Reference 19. 
The e f f e c t  on t h e  l i g h t e r  petroleum products is small but  as the  mean molecular weight and 
complexity of the  molecules increases ,  t he  e f f ec t  of pressure on t h e  v iscos i ty  of t he  product 
a l s o  inc reases .  F igure  5, based on da ta  from References 1 and 2, shows t h e  o rde r  of t he  
pressure e f f ec t  on the  dynamic v i scos i ty  of lubr ica t ing  o i l s  which have not been subs t an t i a l ly  
modified by addi t ives .  

Examples are t h e  Refutas chart ava i lab le  from Baird and Tatlock. Freshwater Road, Chadwell Heath, 
Essex, and t h e  several ASTM charts, ava i lab le  i n  t h e  United Kingdom from t h e  Ins t i tu te  of Petroleum, 
61  New Cavendish S t r e e t ,  London W l M  8AR. A chart similar t o  t h e  Refutas chart  is produced by t h e  
B r i t i s h  Petroleum Co. L t d  and is available from John Hartley and Partners L t d ,  36Great James Street ,  
London, WClN 3HB. 

. I  
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7 I003 
5. VISCOSITY OF BLENDS 

For predic t ing  the  v i s c o s i t i e s  of blends of two petroleum products, a method based on t h e  
s tandard  kinematic  v i scos i ty- tempera ture  c h a r t s  g ives  s a t i s f a c t o r y  r e s u l t s .  I t  is most 
r e l i a b l e  f o r  blends of products derived from similar sources and not too widely separated i n  
viscosi ty .  

The temperature sca le  of t h e  char t  is  replaced by a 0-100 per cent l i nea r  sca le  represent- 
ing t h e  proportion of one component of t he  blend. The v iscos i ty  of a blend containing n per  
cent** of one component is  l inea r ly  interpolated between t h e  v i scos i t i e s  of the  two components 
a t  t he  same temperature, as shown i n  the  diagram below. 

Viscosity of component A 
at tempemture t .  

Viscosity of blend containing 
n% of B, at temperature t .  

E 
Y 
.- '- Viscosity of component B ot 

temperature t . 

I 
I 

I 

0 o/o n O/O 100°/~ of component 8 
100 O/O (100-n) O/' 0% of component A 

The method can conveniently be extended t o  multicomponent blends by using Table I11 which 
g ives  va lues  of a kinematic  v i s c o s i t y  func t ion  based on t h e  Refutas* kinematic v i scos i ty -  
temperature char t .  The kinematic v i scos i ty  funct ion f o r  t h e  blend is found by summing t h e  
products of v i scos i ty  function and percentage** of each component at t he  same temperature and 
dividing the  sum by 100. The kinematic v i scos i ty  function is then converted back t o  a v i s -  
cos i ty  value by using Table 111. It is emphasised tha t  t h i s  t ab le  is based on v i scos i t i e s  i n  
cent is tokes and i f  t he  v i s c o s i t i e s  of t he  blend components a re  given i n  any other  u n i t s  they 
must be convertedt t o  cent i s tokes  before the  method is applied. 

* See footnote on page 4. 

** The method is based on percentage by weight but if the dens i t i e s  of the  components do n o t  d i f f e r  

greatly then percentage by volume mw be used. 

t Reference 19 gives a number of conversion factors. See footnote on page 3. 
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7 I003 
6 .  E X A M P L E S  OF T H E  C A L C U L A T I O N  OF T H E  V I S C O S I T Y  OF A B L E N D  

a 

1. Est imate  t h e  k inemat i c  v i s c o s i t y  a t  5OoC of a blended o i l  o f  t h e  fo l lowing  composition: 
15 p e r  cent o i l  A ( k i n e m a t i c  v i s c o s i t y  24 cSt a t  5OoC), 35 p e r  cent o i l  B ( k i n e m a t i c  
v i s c o s i t y  18 cS t  at 5OoC) and 50 p e r  cent o i l  C (kinematic v i s c o s i t y  42 cS t  at 5OoC). 

Using Table 111, t h e  kinematic v i s c o s i t y  func t ions  of t h e  components are: f o r  A, 27.93; 
f o r  B, 26.62; and f o r  C, 30.21. Thus t h e  kinematic v i s c o s i t y  funct ion of t h e  blend 

(15 x 27.93) t (35 x 26.62) t (50 x 30.21) 

100 
- - 

= 28.61 . 
From Table I11 t h i s  corresponds t o  a kinematic v i s c o s i t y  o f  approximately 28 cSt. 

2. 'What w i l l  be t h e  approximate k inemat i c  v i s c o s i t y  a t  37.8'C, 100°F, i n  f t 2 / h .  of  an o i l  
blended from 60 p e r  cent o i l  D (kinematic  v i s c o s i t y  1 . 0  f t 2 / h  a t  100°F) and 40 p e r  cent 
o i l  E (kinematic  v i s c o s i t y  0 . 8 5  f t 2 / h  a t  100°F)? 

F i r s t  convert  t t h e  v i s c o s i t i e s  given t o  cen t i s tokes .  

Viscosi ty  of o i l  D = 1 .0  x 25.8 cSt = 25.8 cSt. 

Viscosi ty  of  o i l  E = 0.85 x 25.8 cSt = 21.9 cSt. 

Using Table 111, t h e  kinematic v i s c o s i t y  function of t h e  blend 

(60 x 28.24) + (40 x 27.53) 

100 
- - = 27.96. 

From Table I11 t h i s  corresponds t o  a k inemat i c  v i s c o s i t y  of approximately 24 cSt. Con- 
v e r t i n g t  t h i s  back t o  f t 2 / h ,  t h e  v i s c o s i t y  of  t h e  blend is  approximately 0 . 9 5  f t 2 / h  at 
98.g0C, 100°F. 

7 .  G L O S S A R Y  A N D  I N D E X  T O  D A T A  

Table and f i g u r e  numbers given i n  b racke t s  a g a i n s t  an e n t r y  r e f e r  t o  t h e  t a b l e  o r  f i g u r e  
i n  t h i s  Memorandum which g i v e s  d a t a  f o r  t h e  product concerned. 

API g r a v i t y  ('API) (American Petroleum I n s t i t u t e . )  A scale of dens i ty  widely used 
f o r  petroleum products  i n  t h e  USA and used i n t e r n a t i o n a l l y  f o r  
crude o i l s .  

141.5 

s p e c i f i c  g r a v i t y  60/60°F 
OAPI = - 131.5 

See a l s o  s p e c i f i c  g r a v i t y  ( r e l a t i v e  d e n s i t y ) .  

Aromatic o i l s  See l u b r i c a t i n g  o i l s .  

ATG ( av ia t ion  turbine gasoline) (F igu re  1. ) See g a s o l i n e s .  

t Reference 19 gives a number of conversion factors. See footnote on page 3. 

' I  
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. 71003 
ATK (aviation turbine kerosine) (Figure 1. ) See kerosines.  

Automobile engine o i l s  See engine o i l s .  

AVCAT See kerosines.  

AVGAS See gasolines.  

AVTAG See gasolines.  

AVTUR See kerosines.  

Benzines (Table I ,  Figure 1.) See l i g h t  d i s t i l l a t e s .  

Bitumens 

Black o i l s  

Bottled gases 

Br igh t  stock 

Br i t i sh  Standards 
Class i f ica t ion  
of lubr icants  

@ mtsnes  

But enes 

Cloud point  

Compressor o i l s  

Control mechanism o i l s  

Crankcase o i l s  

Crude petroleum 

(Table I ,  F igure  2. See a l s o  Reference 6 . )  These c o n s i s t  
mainly of t h e  res idues from vacuum d i s t i l l a t i o n .  I n  t h e  f u l l y  
molten s t a t e  t h e y  may be regarded as Newtonian f l u i d s ,  bu t  
t hey  l o s e  t h i s  p r o p e r t y  as they  cool  towards t h e i r  s e t t i n g  
temperature .  

When used generally the  term re fe r s  t o  o i l s  which a r e  not c l e a r  
i n  colour .  More s p e c i f i c a l l y  it is applied t o  a ref ined grade 
of  l u b r i c a t i n g  o i l  made more adhes ive  by t h e  a d d i t i o n  o f  
bitumens (which darken t h e  co lour )  f o r  use on open gears  and 
wire ropes. 

See l iquef ied  petroleum gases. 

A r e f ined  h igh-v iscos i ty  l u b r i c a t i n g  o i  1 blending component, 
usua l ly  made from c e r t a i n  res idues  from vacuum d i s t i l l a t i o n .  

Class i f ica t ion  f o r  i n d u s t r i a l  l i qu id  lub r i can t s ,  appl icable  t o  
petroleum products. Based on kinematic v i scos i ty  i n  cent is tokes 
a t  100°F with a pe rmi t t ed  range o f  f 1 0  pe r  cen t  of nominal 
values. (Figures 2 and 3 . )  See References 19 and 21. 

(Figure 1. ) See l iquef ied  petroleum gases. 

(Figure 1. ) See l iquef ied  petroleum gases. 

The temperature at which a v i s i b l e  cloud of inso luble  wax is  
first formed when an o i l  is cooled under spec i f ied  conditions.  
See References 22 and 23. 

(Table I . )  

(Figure 4 . )  Light grades of machinery o i l s .  

(Figure 4 . )  See engine o i l s .  

Petroleum as ex t rac ted  from t h e  ear th .  Crude petroleum varies 
widely i n  molecular composition bu t  i ts elemental composition 
general ly  l i e s  within t h e  qui te  c lose limits of 83-87 per  cent 
carbon, 11-14per cent hydrogen and 2-3per cent oxygen, nitrogen 
and sulphur, a l l  by weight. 
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