
VISCOSITY OF WATER AT TEMPERATURES 

OF --20 TO 150~ 

A. A. Aleksandrov and M. S. Trakhtengerts UDC 532.13 

An equation for dynamic viscosity of water at atmospheric pressure is presented together 
with tables of dynamic and kinematic viscosity. 

Data  on w a t e r  v i s c o s i t y  a t  a t m o s p h e r i c  p r e s s u r e  a r e  w i d e l y  e m p l o y e d  in v i s e o s i m e t r y  fo r  c a l i b r a t i o n  
of v i s c o s i m e t e r s  and  p e r f o r m a n c e  of r e l a t i v e  m e a s u r e m e n t s .  A l i s t  of the b a s i c  e x p e r i m e n t a l  s t u d i e s  on 
w a t e r  v i s c o s i t y  a t  a t m o s p h e r i c  p r e s s u r e  o r  c l o s e  t h e r e t o  and  t e m p e r a t u r e s  d i f f e r i n g  f r o m  20~ is  p r e s e n t e d  
in T a b l e  1.  Wi th  the e x c e p t i o n  of L e r o u x ' s  s tudy  [10], m e a s u r e m e n t s  w e r e  p e r f o r m e d  with  s o m e  m o d i f i e a -  
t ion  of the c a p i l l a r y  v i s e o s i m e t e r ,  u s i n g  both a b s o l u t e  and  r e l a t i v e  m e t h o d s .  In the l a t t e r  e a s e  the quan t i t y  
m e a s u r e d  was  the r e l a t i v e  v i s c o s i t y  

rel = ~t/p20 ' (1) 

wi th  d i f f e r e n t  v a l u e s  of g20 c h o s e n  by d i f f e r e n t  a u t h o r s .  T a b l e  1 a l s o  shows  the e r r o r  a s c r i b e d  to the m e a -  
s u r e m e n t s  by the a u t h o r s ,  the i n d i c a t e d  va lue  be ing  the e r r o r  in p r e l  in the c a s e  of r e l a t i v e  m e a s u r e m e n t s .  

A n a l y s i s  of the e x p e r i m e n t a l  r e s u l t s  r e v e a l s  tha t  t h e r e  e x i s t s  a r e l a t i v e l y  high (above 1%) d i s a g r e e -  
m e n t  in v i s c o s i t y  v a l u e s  o b t a i n e d  by i nd iv id ua l  a u t h o r s ,  a l though  t h e r e  is  good a g r e e m e n t  a m o n g  r e l a t i v e  
v i s c o s i t y  v a l u e s  in a n u m b e r  of r e c e n t l y  p e r f o r m e d  s t u d i e s .  T h u s ,  in d e v e l o p i n g  the equa t ion  fo r  v i s c o s i t y  
a s  a func t ion  of t e m p e r a t u r e  the c o m p a t i b l e  r e s u l t s  of [12-14,  18-20]  w e r e  c h o s e n  as  the b a s i c  d a t a .  In 
the a u t h o r s '  op in ion  t h e s e  r e s u l t s  have  the g r e a t e s t  a c c u r a c y  with  r e s p e c t  to r e l a t i v e  va lue s  _ g r e l .  F o r  
the q u a n t i t y  ~20 the va lue  u t i t i z e d  by e a c h  of the Ind iv idua l  a u t h o r s  was  e m p l o y e d .  

T A B L E  1. E x p e r i m e n t a l  S tud ie s  of  W a t e r  V i s c o s i t y  
at  A t m o s p h e r i c  P r e s s u r e  

Method Tempera- Accuracy Reference 
lure 

Capillary absolute 
(4 

(4 

(< 

Capillary t e l  

oscfllatqry cyL 
Capillary tel. 

(4 

(< 

(4 

Capillary absolute 
Capillary tel. 

(( 

(4 

0--45 
0--50 
0--100 
0-- 100 
O--lOG 
0--97 

---9,3--0 
O-- 100 
1-- 44 

25--80 
25--40 
5--125 
0--4O 

--25--0 
12--27 

0,22--I50 
25--150 
8--70 

--8,28--40 

0,1 

0,25 
0,03--0, 1 

0,6 
O, 09 
0,05 

1,2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
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F i g .  1.  E r r o r  in c a l c u l a t e d  v a l u e s  
o f # r e l ,  ~#, r e l . % ;  t,  ~ 

A b s o l u t e  va lue s  of w a t e r  v i s c o s i t y  a t  20~ have  been  
d e t e r m i n e d  by a n u m b e r  of a u t h o r s .  A c o m p l e t e  l i s t i n g  of  
such  s t u d i e s  is  g iven  in [21], wi th  the m o s t  r e l i a b l e  v a l u e s ,  in 
ou r  opin ion ,  be ing  those  o b t a i n e d  by the fo l lowing:  

Sw inde l l s ,  Coe,  G o d f r e y  
[22] /~20 = 1 .0019  �9 0 .0003 ,  

R o s c o ,  B a i n b r i d g e  
[23] #20 = 1 .0025  • 0 .0005 ,  

M a l y a r o v  [21] ~20 = 1 .0035  + 0 .0001 .  

The  e r r o r  shown h e r e  i s  the  m e a n  s q u a r e  v a l u e  d e t e r m i n e d  
by  the i nd iv idua l  a u t h o r s .  

T h e s e  t h r e e  va lue s  of  #20 w e r e  a l s o  u t i l i z e d  in d e v e l -  
oping  the equa t i on .  

To ob ta in  the equa t ion  # = f ( T )  an  e l e c t r o n i c  d i g i t a l  c o m p u t e r  p r o g r a m  was  d e v e l o p e d  which  p e r m i t t e d  
s i m u l t a n e o u s  u t i l i z a t i o n  of both  a b s o l u t e  and r e l a t i v e  v i s c o s i t y  v a l u e s .  A l l  of the p r i m a r y  da ta  fo r  p r e l  
r e f e r r e d  to above  w e r e  a s s i g n e d  a we igh t  dependen t  on the e r r o r  e s t i m a t e d  by the a u t h o r s .  All/220 va lue s  
w e r e  g iven  equa i  we igh t ,  s i n c e  e x a m i n a t i o n  of  [21] i n d i c a t e s  tha t  the  a c c u r a c y  of r e s u l t s  was  s o m e w h a t  
o v e r e s t i m a t e d  by the a u t h o r s .  The p o s s i b i l i t y  of d e s c r i b i n g  the t e m p e r a t u r e  dependence  of v i s c o s i t y  by  
v a r i o u s  equa t ions  was  a l s o  s t u d i e d .  Thus  equa t ions  of the f o r m  

k 

i=O 

and  the f o r m  p r o p o s e d  in [20], 

( [  ,273,5 ] ~trel = T exp , (3) 
273.15 (273.15 - -  C)(T - -  C) 

w e r e  u s e d ,  wi th  the n u m e r i c a l  va lue s  of the p a r a m e t e r s  a i ,  n, B, C d e t e r m i n e d  by the m e t h o d  of l e a s t  
s q u a r e s .  

C a l c u l a t i o n s  r e v e a l e d  tha t  E q .  (2) p r o v i d e s  the c l o s e s t  a p p r o x i m a t i o n  to the o r i g i n a l  e x p e r i m e n t a l  
d a t a .  F r o m  the e n t i r e  g r o u p  of equa t i ons  of th is  f o r m ,  u s i n g  the F i s h e r  c r i t e r i o n  a t  a r e l i a b i l i t y  l e v e l  of 
0 .95  [24], the f ina l  equa t ion  s e l e c t e d  was  

5 

with  the fo l lowing  c o e f f i c i e n t  v a l u e s :  

a0=--1.1469663.10 ~, 
a l =  1.43659564-102, 
a2=--9.97411315.102, 

a3= 3,74665106.103, 
a4=--7,02407628.103, 
as=  5.39493001.103. 

T A B L E  2. D y n a m i c  V i s c o s i t y  of W a t e r ,  # 

T ,  ~ 2 3 4 5 6 7 8 9 

--20 
--10 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
il0 
120 
130 
140 
150 

o 1 

4,242 4,022 
2,629 2.521 
1,793 1,732 

~1,308 1,271 
1,0026 0,9785 
0,7978 0,7810 
0,6532 0,6411 
0,5471 0,5381 
0,4668 0,4599 
0,4045 0.3990 
0,3550 0,3506 
0,3150] 0,3115 
0,2823 t 0,2793 
0,255110,2526 
0,2322 0,2301 
0,2127 0,2109 
0,I960 0,1945 
0,1816 

3,819 
2.419 
1,675 
1,236 
0,9553 
0,7649 
0,6294 
0,5293 
0,4531 
0,3937 
0,3463 
0,3080 
0,2764 
0,2502 
0,2280 
0,2692 
0,1930 

3,630" 
!2,324 
!1,621 
!1,202 
10,9330 
!0 7493 
0,6180 
0,5208 
0,446 
0,388. 
0,342 
0,304, 
0,273~ 
0,247, 
0,2261 
0,207. 
0,191! 

3,455 
2,234 
1,569 

I 1 , 1 7 0  
0,9115 
0,7342 
0,6070 

i0,5124 
0,4401 
0,3834 
0,3380 
0,30t2 
0,2708 
0,2454 
0,2240 
0,2058 
0,1900 

3,293 
2,149 
1,520 
t,139 
0,3907 
0,7196 
0,5963 
0,5043 
0,4338 
0,3784 
0,3340 
0,2979 
0,2681 
0,2431 
0,2221 
0,2041 
0,1886 

3,141 13,000 2,868 
2,070 t,994 1,923 
1,474 1,429 1,387 
1,110 1,081 1,054 
0,8708 0,8515 0,8330 
0,7054 0,6918 0,6785 
0,5859 0,5758 0,5660 
0,4964 0,4887 0,4812 
0,4276 0,4216 0,4158 
0,3735 0,3687[ 0,3640 
0,3300 0,32621 0,3224 
0,29461 0,2915 0,2884 
0,2654[0,2627 0,2601 
0,240910,2386 0,2364 
0,220110,2182 0,2164 
0,202410,2008 0,1992 
0,1871 0,1857 0,1843 

1 

2,745 
1,856 
1,346 
1 , 0 2 8  
0,8150 
0,6656 
0,5564 
0,4740 
0,4100 
0,3595 
0,3187 
0,2853 
0,2576 
0,2343 
0,2145 
0.1976 
0,1829 
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F i g .  2. C o m p a r i s o n  of c a l c u l a t e d  ~ r e l  v a l u e s  w i t h o r i g i n a l  
e x p e r i m e n t a ~  da ta :  1) I20]; 2) [18]; 3) [19]; 4) [13]; 5) [14]; 
6) [12]; al) [7]; 2) [9]; 3) [1]; 4) [3]; 5) [4]; 6) [I11; 
7) [17]; 8) [15]; 9) [8]; b) 5#, rel. ~, t, ~ 

V a l u e s  of d y n a m i c  v i s c o s i t y  of w a t e r  a t  t e m p e r a t u r e s  f r o m  - -20  to 150~ c a l c u l a t e d  in [4], a r e  p r e s e n t e d  
in T a b l e  2. A t  t e m p e r a t u r e s  be low 0~ they  r e f e r  to s u p e r c o o l e d  w a t e r ,  and  above  100~ to w a t e r  u n d e r  
s a t u r a t i o n  p r e s s u r e .  

It shou ld  be no ted  tha t  E q .  (4) p r o d u c e s  a v i s c o s i t y  va lue  a t  20~ of P20 = 1. 0026, which  d i f f e r s  f r o m  
the va lue  of ten  u s e d  a t  p r e s e n t ,  ~20 = 1.  002.  H o w e v e r  i t  shou ld  be no ted  tha t  the l a t t e r  va lue  is  b a s e d  on 
the da ta  of one s tudy  [22] and  m a y  be c o r r e c t e d  by  c o n s i d e r a t i o n  of l a t e r  s t u d i e s  which  g ive  s o m e w h a t  
h i g h e r  v a l u e s  of ~20. A s i d e  f r o m  the da ta  m e n t i o n e d  above  [21, 23] i t  m a y  a l s o  be no ted  tha t  R i v k i n  and  
Lev in  [25] a l s o  o b t a i n e d  a h i g h e r  va lue  g20 = 1 .0026 .  In [26] an  i n d i r e c t  e v a l u a t i o n  of the va lue  of P20 
= 1 .0026  was  m a d e  by use  of da t a  on absolUte  v a l u e s  of v i s c o s i t y  of o r g a n i c  l iqu ids  o b t a i n e d  by v a r i o u s  
m e t h o d s .  The  va lue s  of p20 fo r  w a t e r  o b t a i n e d  in [26] l ie  wi th in  the l i m i t s  1 . 0 0 1 - 1 . 0 0 6 ,  which  in ou r  op in -  
ion a l s o  i n d i c a t e s  tha t  P20 is p r o b a b l y  h i g h e r  than 1 . 0 0 2 .  P e r f o r m a n c e  of an  e x a c t  s t a t i s t i c a l  c a l c u l a t i o n  
of  the e r r o r  of  the #20 va lue  o b t a i n e d  was  no t  p o s s i b l e  a t  p r e s e n t .  H o w e v e r ,  a n a l y s i s  of a n u m b e r  of s t u d i e s  

2 

-2 

{/ §  X ( ] Q  

D + o - -  3 v F i g .  3 .  C o m p a r i s o n  of c a l c u l a t e d  v i s c o s i t y v a i u e s  
r o ~: o- g wi th  e x p e r i m e n t a l  da ta :  1) [27]; 2) [29]. 3) [10]; 

o r r o o o o o ~: *1 4) [5]; 5) [28]; 6) [30]; 7) [16] 5/~, ~ ;  t, ~ 

~ A A 4 I A t 
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TABLE 3 

1 2 3 4 5 6 7 8 9 T, 0C 0 

0 1,793 
10 1,308 
20 1,0044 
30 0,8012 
40 0,6583 
50 0,5538 
60 0,4748 
70 0,4137 
80 0,3653 
90 0,3264 

JO0 0,2945 

1,732 
1,272 
0,9805 
0,7847 
0,6464 
0,5449 
0,4680 
0,4083 
0,3610 
0,3229 

,675 
,236 
L9574 
~,7687 
1,6348 
~,5362 
p,4614 
t,4031 
*,3568 
~,3195 

1,621 1,569 I 
1,203 I 1,171 I 
0,9353 ] 0,9139 I 
0,7533 I 0,7383 I 
0,62361 0,6127 ] 
0,5278 I 0,51961 
0,4549 I 0,4485 I 
0,3980 j 0,3930 I 
0,3528 0,3487 I 
0,3162 0,3129 

,520 
,140 
~,8934 
,,7239 
L6022 
1,5116 
1,4423 
L3881 
1,3448 
~,3097 

1,474 
1,111 
0,8736 
0,7099 
0,5919 
0,5039 
0,4364 
0,3834 
9,3410 
0,3065 

1,429 ] 1,387 
1,082 I 1,055 
0,8545 0,8361 
0.6964 0,6833 
0,5820[ 0,5723 
0,4963 I 0,4890 
0,4305 I 0,4247 
0,3787 I 0,3741 
0,3372 0,3335 
0,3034 0,3004 

1,347 
1,029 
0,8184 
0.6706 
0,5629 
0,4818 
0,4191 
0,3697 
0,3299 
0,2975 

using different methods indicates an uncertainty a#20 = 1 �9 10 -3. Should a different value be taken for/~20, 

the new value of # may be obtained easi ly f rom Eq. (4), rewri t ing it in the form 

5 
In (~/~0) ---= 11.472296 + E a~ . (5) 

i=l 

The e r r o r  in relat ive viscosi ty  values Crgre l, calculated with a covariat ion matr ix  obtained in developing 
Eq. (4) is shown in Fig.  1. As is evident f rom the figure, for  the temperature range 0-100~ it is signifi- 
cantly lower than the es t imated e r r o r  in the absolute viscosi ty  at 20~ ~#20' and thus the e r r o r  in absolute 

viscosi ty  values over  this range is determined essent ial ly  by the value e~20. 

In Fig.  2a, a compar ison  of relative viscosi ty values calculated with Eq. (5) with the original  exper i -  
mental  data is shown. A compar ison  of the calculated values with data f rom the l i terature  not considered 
in formulating the equation is made in Figs .  2b, 3. Fo r  comparmon,  viscosi ty values obtained at p r e s s u r e s  
higher than a tmospher ic  (up to 50 bar) or  saturat ion p res su re  [27-30] are  employed.  Viscosity values were 
co r rec ted  to a tmospher ic  p res su re  with an equation employed in compiling intsrnational water  viscosity 
tables [311. Because of the slight dependence of viscosi ty  on p res su re  in this range of p res su res  and tern- 
pera tures  the cor rec t ion  cannot introduce significant e r r o r .  

As is evident f rom Fig.  2b, despite the fact  that in developing Eq. (4) data at t empera tures  below t 
= --8.28~ were not used, the viscosi ty values calculated with the equation at lower tempera tures  agree 
with the experimental  data of [7, 15] within the limits of their  accuracy .  

Table 3 presents  values of kinematic viscosi ty  for  water ,  calculated with the equation 

v - i t /p ,  (6) 

in which the water  density value p was calculated f rom [32]. Since e r r o r  in the density values is negligibly 
small  in compar ison to e r r o r  in the dynamic viscosi ty  values, the e r r o r  in the kinematic viscosi ty  values 
is completely determIned by the la t ter .  

N O T A T I O N  

p, dynamic viscosi ty  at temperature  t, rap- sec;  /~20, dynamic viscosi ty at 20~ pre l ,  relative vis-  
cosity~ ai, coefficients of Eq. (2); a, n, B, C, coefficients of Eq. (3); T, absolute tempera ture ,  ~ v, 
kinematic viscosi ty,  m2/sec;  a, mean square e r r o r .  
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