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Viscos i ty  and solidif icat ion p r e s s u r e  a re  m e a s u r e d  for  spindle and ca s to r  oils,  l iquids 
PES-5 ,  PES-S-2 ,  PFMS-4,  and polymethyl t r i f luoropropyls i loxane  FS-169.  

H i g h - p r e s s u r e  s tudies  were  pe r fo rmed  on spindle and c a s t o r  oils  and four  s i l icone liquids,  including 
one polymethylphenyls i loxane PFMS-4 [GOST (All-Union State Standard) 15866-70], two polyethyls i loxanes  
PES-S-2  (GOST 10957-64) and PES-5 (GOST 13004-67), and one po lymethyl t r i f luorpropyls i loxane  liquid 
FS-169 [VTU (Depar tmental  Technical  Specification) P-45-64I .  Some of these liquids were  studied for  the 
f i r s t  time~ for  liquids studied prev ious ly  (spindle and cas to r  oils,  PES-5) [1-4] the p resen t  s tudy expanded 
the t e m p e r a t u r e  and p r e s s u r e  range.  

A knowledge of the p i e z o c h a r a c t e r i s t i c s  of si l icone liquid v i s cos i t y  is of g r e a t  in te res t ,  s ince these 
liquids have recent ly  found wide use in hydraul ic ,  hydrobraking,  damping,  and s h o c k - a b s o r b e r  s y s t e m s ,  
s o m e t i m e s  a t  high p r e s s u r e .  The o ther  liquids were  selected because  they a re  used as working media  in 
h i g h - p r e s s u r e  appara tus  and in va r ious  technological  h i g h - p r e s s u r e  p rocess ing  techniques.  

It was des i red  to de te rmine  not only the v i scous  c h a r a c t e r i s t i c s  of al l  the l iquids,  but also the l im i t -  
ing p r e s s u r e s  a t  which they stil l  mainta in  fluidity. Thus for  each liquid the v i s cos i t y  ~0 and densi ty  P0 at 
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Fig. 1. Solidification p r e s s u r e  (Pa) of liquids studied 
v e r s u s  t e m p e r a t u r e :  1) c a s t o r  oil; 2) spindle oil. t, ~ 

Fig. 2. Logar i thm of re la t ive  v i scos i ty  of c a s t o r  oil (I) 
and spindle (II) oil v e r s u s  p r e s s u r e ,  105 Pa at t = 25~ 
Iogr//r/0 = f(p), and log 1/v = ~(p). 

T rans la t ed  f rom Inzhenerno-F iz iehesk i i  Zhurnal ,  Vol. 29, No. 3, pp. 494-498, Sep tember ,  1975. 
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T A B L E  1. V i s c o s i t y  70 ( P a . s e c )  v e r s u s  T e m p e r a t u r e  

Liquid 20 = 40 ~ 60 ~ 8 0  o 100 ~ 120 ~ 1 4 0  ~ 150 = 

PFMS-4 
PES -S -2 
PES-5 
FS-169 

0,759 ] 0,219 
0,235 0,129 
0,222 0,138 
0,0600 0,0331 

0,0871 
0,0776 
0,0871 
0,0209 

i 
0,0460 ! 0,0316 
0,0490 0,0339 
0,0550 0,0363 
0,0140 0,0102 

0,0246 
0,0234 
0,0245 
0,00794 

0,0209 
0,0166 
0,0178 
0,00631 

0,0195 
0,0138 
0,0158 
0,00562 

T A B L E  2. D e n s i t y  P0 ( 103 kg/m3) V e r s u s  T e m p e r a t u r e  

Liquid 

PFMS-4 
PES-8-2 
PES-5 
FS-16 9 

2 0  ~ 

1,I01 
0,975 
0,988 
1,098 

4 0  ~ 

1,086 
0,963 
0,974 
1,078 

6 0  ~ 

1,071 
0,951 
0,962 
1,059 

8 0  ~ 

1,057 
0,989 
0,948 
1,040 

1 0 0  ~ 

1,042 
O, 927 
0,938 
1,021 

1 2 0  ~ 

1,028 
0,915 
0,924 
1,002 

1 4 0  o 

1,013 
0,902 
0,910 
0,820 

160 ~ 

o,-foo 

T A B L E  3. V i s c o s i t y  ~ (Pa'sec) v e r s u s  P r e s s u r e  at  25~ 

Frequency I Approximate vis- 
p, l0 s Pa n P v, Hz I cosity value 

0 
750 

i000 
�9 1500 

2000 
2500 
3000 

0 
750 

I000 
1500 
2000 
2500 
2900 

Casmr oil (GOST 6757-53) 

0,615 1850 
2,31 3000 
3,47 3450 
7,19 3850 

13,6 5100 
24,4 735O 
39,2 8400 

Spindlr 1707-51) 

0,0606 
0,299 
0,519 
1,43 
3,67 

10,6 
32,4 

7. l0 s 
3.106 

1,1.10 e 
3,2.105 
1,0.105 
3,0.104 
1,0.104 

2650 7,5-106 
3950 1,4.106 
4000 5,5-105 
5400 1,2- l0 s 
6250 3,0.104 
74OO 5,0-103 
7650 8,0-102 

8,1 
38,5 
58,4 

176 
532 

1850 
557O 

20 
380 
390 

4060 
23900 
95100 

600000 

a t m o s p h e r i c  p r e s s u r e ,  s o l i d i f i c a t i o n  p r e s s u r e  in the  e x p e r i m e n t a l  t e m p e r a t u r e  r a n g e ,  and v i s c o s i t y  a s  a 
func t ion  of  p r e s s u r e  a t  t h r e e  o r  m o r e  f i x e d  t e m p e r a t u r e s  w e r e  d e t e r m i n e d .  

V a l u e s  of rt0 and P0 a r e  p r e s e n t e d  in T a b l e s  1 and 2. The c u r v e  PT = f(t) is  shown in F i g .  1. 

The m e a s u r e m e n t s  r e v e a l e d  tha t  the h i g h e s t  PT o c c u r s  in the  p o l y e t h y l s i l o x a n e  l i qu ids  P E S - S - 2  and 
P E S - 5 ,  which  in  the  p r e s s u r e  i n t e r v a l  up to 15 ,000 .10  5 P a  do not s o l i d i f y  even at  r o o m  t e m p e r a t u r e .  

The p o l y m e t h y l p h e n y l s i l o x a n e  l iquid  P F M S - 4 ,  wi th  a high con ten t  of phenyl  r e p l a c e m e n t s ,  shows  a 
low PT v a l u e ;  PT f o r  the l iquid F S - 1 6 9  is of an i n t e r m e d i a t e  v a l u e .  

V i s c o s i t y  m e a s u r e m e n t s  a t  h igh p r e s s u r e s  w e r e  p e r f o r m e d  fo r  a l l  l i qu ids  e x c e p t  c a s t o r  and sp ind l e  
o i l s  at  t h r e e  o r  f ou r  t e m p e r a t u r e s  in the  r a n g e  f r o m  20 to 150-180~ a t  p r e s s u r e s  up to 15,000 �9 10 5 Pa .  
V i s c o s i m e t e r  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  up to 15,000" 105 Pa  by the t echn ique  d e s c r i b e d  in [2]. 

F o r  sp ind l e  and c a s t o r  o i l  d a t a  w e r e  r e q u i r e d  a t  r o o m  t e m p e r a t u r e  (a l though a p p r o x i m a t e )  o v e r  a 
w i d e r  p r e s s u r e  i n t e r v a l  than  tha t  s t u d i e d  in [4]. T a b l e  3 and F i g .  2 p r e s e n t  v i s c o s i t y  da t a  f o r  t h e s e  o i l s  
up to p r e s s u r e s  of 3000 �9 10 5 P a  a t  25~ o b t a i n e d  by the  n o r m a l  r o l l i n g  ba l l  me thod ,  and a p p r o x i m a t e  da t a  
o b t a i n e d  by a u x i l l i a r y  m e a s u r e m e n t s  w h e r e  d i r e c t  m e a s u r e m e n t  p r o v e d  i m p o s s i b l e  b e c a u s e  of a too high 
v i s c o s i t y .  V i s c o s i t y  v a l u e s  at  p r e s s u r e s  h i g h e r  than  3000 �9 10 5 P a  were  e s t i m a t e d  by e x t r a p o l a t i o n  of the 
C u r v e s  shown in the  f i g u r e s  to h i g h e r  p r e s s u r e s .  The  v a l i d i t y  of th is  e x t r a p o l a t i o n  was  c o n f i r m e d  by in-  
d i r e c t  m e a s u r e m e n t s  b a s e d  on use  of  the  p r e s s u r e  d e p e n d e n c e  of d i e l e c t r i c  r e l a x a t i o n  t i m e  T and the w e l l -  
known Debye r e l a t i o n s h i p  f o r  l i qu ids  r e p r e s e n t e d  by the  s o l i d  s p h e r e  m o d e l ,  w r i t t e n  as  
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TABLE 4. V i scos i t y  7] (Pa 
• sec)  v e r s u s  P r e s s u r e  for  
P o l y p h e n y l m e t h y l s  i loxane 

P F M S - 4  (GOST 15866-70) 

p, 105 180oC 
Pa 

0 
750 

I000 
1250 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
8000 
9000 

22oC 80°C 159°C 

0,678 0,0460 0,0200 
10,6 0,166 O, 0328 
33,4 0,263 0,0395 
141 0,408 0,0485 
562 0,674 0,0596 

1,90 0,09t2 
6,55 0,144 
22,1 0,237 
108 0,394 

0,668 532 
1,18 
2,09 
7,76 
38,9 
269 

0,0150 
0,0234 
0,0275 
0,0331 
0,0394 
0,0569 
0,0832 
0,125 
0,182 
0,269 
0,407 
0,638 
1,70 
5,25 
19,7 
96,6 

TABLE 5. V i sc os i t y  r/ (Pa 
• see) v e r s u s  P r e s s u r e  for  
P o l ye t hy l s i l oxa ne  P E S - S - 2  

(GOST 10957-64).  

p, 10 "~ 
Pa 

0 
I000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
80O0 
9000 

t0000 
11000 
12000 
13000 
14000 
15000 

20oC 78°G I59°C 

0,235 ) ,0520 0,0120 
0,891 3,197 0,0254 
1,57 3,331 0,0363 
2,60 3,496 0,0513 
4,03 3,692 0,0700 
5182 0,944 0,0933 
8,22 1,26 0,t19 
11,4 1,64 0,150 
15,8 2,11 0,184 
21,9 2,72 0,219 
40,7 4,52 0,302 
75,9 6,92 0,407 
140 t0,4 0,525 
269 i5,3 0,676 

22,4 0,871 
1,10 
1,38 
1,72 
2,II 
2,60 

TABLE 6. V i scos i t y  q (Pa-  
• sec) versus Pressure for 

PolyethylSiloxane PES-5 

(GOST 13004-67) 

p, lO 5 
Pa 

0 
I000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
8000 
9000 

10000 
11000 
12000 
13000 
14000 
15000 

20°C 80°C 152°C 

0,2~ 0 ,0550 0,0156 
1,1~ 0,170 0,0522 
2,0~ 0,306 0,0829 
3,3~ 0,496 0,136 
5,11 0,741 0,204 
7,5~ 1,04 0,287 
10,~ 1,36 0,402 
14,{ 1,80 0,485 
20,~ 2,24 0,596 
27,{ 2,88 0,744 
50,1 4,52 1,04 
89,~ 7,00 1,60 
162 10,5 2,19 
292 14,8 2,95 
543 22,4 3,94 

82,7 5,19 
46,8 6,76 
67,6 8,71 
96,6 11,1 
138 14,1 

TABLE 7. Viscos i t y  ~ (Pa 
•sec)  v e r s u s  P r e s s u r e  for  
F l u o r i n a t e d  Siloxane F S -  
169 

p, l0 s 
20oC 80°C 160~C 

Pa 

0 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
5000 
6000 
7000 
8000 
9000 

I0000 
11000 
12000 
13000 

0,0600 
0,407 
0,977 
2,i4 
4,68 
10,0 
22,1 
47,3 
I05 
248 

0,0140 
0,0560 
0,0982 
0,164 
0,269 
0,436 
0,689 
1,07 
1,74 
2,85 
8,13 
24,8 
75,9 

0,00500 
0,0176 
0,0266 
0,0380 
0,053t 
O, 0724 
0,0944 
0,!23 
O, 160 
0,205 
0,339 
0,556 
0,912 
1,51 
2,68 
4,60 
8,22 
15,1 

4ha s 

kT 

In g e n e r a l ,  s t r i c t  p ropo r t i ona l i t y  be tween 7 and ~ does not ex i s t  fo r  r e a l  l iqu ids ,  but fo r  a pp r ox ima te  
e s t i m a t e s  one may  a s s u m e  that in a po la r  l iquid the two quan t i t i e s  a r e  re la ted  by a c o n s t a n t  fac tor ,  a s  was 
p roven  e x p e r i m e n t a l l y .  In p e r f o r m i n g  the e x p e r i m e n t s  the ex t e rna l  e l e c t r i c  f ield i n t e n s i t y  was m a i n t a i n e d  
fixed,  and the d i e l e c t r i c  r e l axa t ion  t ime  was va r i ed  by p r e s s u r e  change .  At the peak of ne t  l iquid conduc -  
t iv i ty  the p r e s s u r e  va lue  was d e t e r m i n e d  at  which "r = 1/2nv,  and ins tead  of the c u r v e  7 = f(p) the funct ion  
1/v  = ~o(p) was c o n s t r u c t e d ,  d i f fe r ing  f rom 7 only  by s o m e  cons t an t  coef f ic ien t .  E x p e r i m e n t a l  poin ts  for  
the funct ion  1/u =~o(p)obtained by d i e l e c t r i c  t i m e  m e a s u r e m e n t s  (Fig.  2, cu rve  1), we re  r e f e r r e d  
to the new sca l e  (dashed l ines ) .  As we see f r o m  the g r a p h s ,  the va lues  a r e  located a long the ex t r apo la t i on  
l ine ,  which ind ica tes  the va l id i ty  of the ex t r a po l a t i on  for  e s t i m a t i o n  of v i s c o s i t y  beyond the l i m i t s  of d i r e c t  
m e a s u r e m e n t .  V i scos i t y  data  for the r e m a i n i n g  l iqu ids  s tudied a r e  g iven  in Tab le s  4-7 .  Net e r r o r ,  de -  
pending  on e x p e r i m e n t a l  cond i t ions ,  is e s t i m a t e d  a t  1.5-10%. 
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We note that exper iments  performed at high tempera tures  were initiated from an increased p res -  
sure,  not a tmospher ic ,  in o r d e r  to avoid boiling of the benzine used as a working fluid in the v i scos ime te r  
chamber  to t r ans fe r  the p ressu re  to the liquid studied, contained in the measurement  cell .  

The highest v iscosi ty  piezocoefficient occurs  in the liquid PFMS-4.  The relative v iscos i ty  of PFMS- 
4 at all t empera tu res  proves  to be even higher than that of minera l  oils.  The polyethylsiloxanes (PES-5 
and PES-5-2)  have the highest piezocoefficients ,  ve ry  close to each other  up to 80~ of all si l icones and 
oils considered.  

The measuremen t s  per formed allow conclusions as to the dynamics  of the behavior of the liquids un- 
der  p r e s su re  and may be used in selection of optimum liquids for var ious  conditions of use (working tem-  
pera ture ,  working p ressu re  range,  v i scos i ty  and expenditure requi rements ,  compress ion  work, etc.)i 

7?o and P0 
t 

PT 
T 
a 

KT 
p 

P 

NOTATION 

are the viscosity and density of liquid at atmospheric pressure; 
is the temperature, ~ 
Is the solidification p res su re  of the liquid; 
Ls the die lect r ic  relaxation t ime; 
m the molecular  radius; 
~s the thermal  energy of the molecule;  
is the external  e lec t r ic  field frequency; 
m the p ressure ;  
m the v iscos i ty .  

1. 

2. 

3. 

4. 
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