
av  where (0~/0t)Pat m is the mean value of the derivative at a tmospher ic  p r e s s u r e  (see Table 1) and A is a coefficient 
taking account of the change in the temperature  dependence of the thermal conductivity of the polymethylphenyl-  
siloxanes on the pressure~  As computations for the po lymers  investigated showed, 

1. 
2. 
3. 
4. 
5. 
6. 

A = (0.4 �9 10Sp 2 - -  0.144 �9 10-~p) 10 -3. 

The deviations of the experimental  resul ts  f rom those calculated by means of (1) do not exceed ~- 3%. 
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MEASURING THE VISCOSITY OF SUPERHEATED LIQUIDS 

AT HIGH PRESSURES 

N.  V.  B u l a n o v  a n d  V. P~  S k r i p o v  UDC 532o782+532o13 

An experimental  apparatus for measuring the viscosi ty of superheated liquids at high p r e s -  
sures  is described,  together with the corresponding measuring technique; resul ts  of viscosity 
measurements  are  presented for  superheated n-hexane. 

The thermophysical  p roper t i es  of metastable liquids have been very  little studied. The viscosity of 
superheated liquids has only been measured  at o r  near  atmospheric  p ressu re  (600-1000 mm Hg) [1]. The 
difficulties involved in studying the proper t ies  of a superheated liquid are  due to the fact that it only remains  
for a short  period in the metastable state. This paper is devoted to the measurement  of viscosity in a super-  
heated liquid over wide temperature (20-200~ and p re s su re  (1.2-25 arm) ranges.  The resul ts  may be used 
for expanding viscosi ty tables into the region of metastable states.  

E x p e r i m e n t a l  A p p a r a t u s  a n d  M e a s u r i n g  T e c h n i q u e  

The viscosi t ies  of liquids in the metastable (superheated) state may be measured in a capillary v isco-  
meter .  The apparatus (Fig~ 1) consists of devices for creating and releasing the p re s su re  12, a differential 
manometer  1, a glass capil lary 7 (diameter ~ 0.08, length .., 150 ram), and sys tems of automation and measuring 
instruments~ During the experiments  the test liquid remained at a p r e s su re  P0 and flowed through the capillary 
8 under the influence of a static p r e s s u r e  drop (PHg-P)gh created by the mercury  column h in the measur ing 
tube 5 of the differential manometer .  Here Prig and p are  the densities of mercury  and the test liquid at room 
temperature.  The horizontally placed capillary was heated with a thermostated liquid (water, glycerin) pumped 
through the glass sleeve 9 from the thermostat  10. The remaining par t s  of the apparatus were at room tempera-  
ture. The temperature  of the liquid in the thermostat  was kept constant to within -~ 0.02~ even under the mos t  
difficult e~perimeatal  conditions (at 200~ 

The flow of liquid through the capillary was not quite isothermal .  The transitional region in which the 
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Fig. 1o Arrangement  of experimental  apparatus:  1) Differential 
manometer  unit; 2) piston of differential manometer ;  3, 4) lower 
and upper platinum contacts; 5) measur ing tube of differential 
manometer ;  6) p re l iminary  liquid-heating section; 7) capil lary 
unit; 8) capil lary;  9) glass  jacket; 10) thermostat;  11) bellows; 
12) unit for creating and releasing the p res su re ;  13) mercury  
beaker.  

liquid was heated while passing into the capil lary increased  in size with increasing thermostat  temperature 
and p r e s s u r e  drop Apo The extent of that par t  of the capil lary in which the heating of the liquid took place was 
determined by calculation, using existing data relating to the i so thermal  and nonisothermal  flow of a stable 
liquid. In o rde r  to reduce the deviation f rom isothermal  conditions, a p re l iminary  liquid-heating section 6 was 
provided (Fig. 1). This was made in the form of a wide glass  tube sealed to the inlet end of the capil lary.  The 
ratio of the volume of the liquid in this section to the volume of the liquid in the capillary was approximately 
200. Fur the r  increas ing the volume of this section leads to an excess ive  shortening of the period spent by 
the liquid in the superheated state,  so reducing the possibil i ty of extending the measurements  well into the 
metas table region.  

The transit ion of the liquid into the metastable state was achieved by rapidly releasing the p ressu re  from 
Po > Ps  to P < Ps .  Liquid in the superheated state only passed into the capil lary for the time necessary  to 
make the measurements .  

The v iscos i ty  measurements  were  made by a relative method. As reference  values we took the viscosi t ies  
of the test liquid in the stable region [2]. In these experiments  we measured  the time "r required for  a specified 
volume of liquid u = 0.25~rd2(h2-hl) to pass  through the capi l lary under  the action of a constant mean p r e s s u r e  
drop Ap = (PpT-p)g(h2-hl)ln(h2/~l). The measur ing tube was made of Teflon. The distance between the platinum 
contacts was ~ 3 mm for  h 1 ~ 10 mm. The system for  creating and releasing the p re s su re  was analogous to 
that used in bubble chambers  [3] and also in experiments aimed at studying other proper t ies  of superheated liq- 
uids [4]. 

In o rde r  to crea te  the p r e s s u r e  drop Ap the piston 2 in the differential manometer  unit has to be moved. 
In this ease the liquid passes  through the capillary and measur ing tube into the bellows 11. The level of the 
mercury  in tube 5 is raised.  The displacement of the piston is continued (by screwing in the threaded tail of 
the rod) until the me rcu ry  is lifted above the upper contact. The p r e s s u r e - r e l e a s e  mechanism (unit 12) operates  
immediately after  the closing of the upper contact. After 0~ sec the piston stops. During this period the m e r -  
cury in the differential manometer  tube has r i sen  some 3 mm above the upper contact. After re leas ing the 
p r e s su re ,  osci l lat ions appear in the system; these die out completely in the time (1-5 sec) requi red  for  the 
mercury  level to fall f rom its upper position until the contact 4 opens. A stopwatch measur ing the time required 
for the liquid to pass through the capil lary is s tar ted when the upper contact opens and stopped when the lower 
contact opens .  After this the p r e s s u r e  is again raised to Po.  

The main operat ions - the creation of a difference in the mercu ry  level, the re lease  of the p r e s su re ,  
measurement  of the t ime required  for a specified volume of liquid to flow through, and res tora t ion of the 
p res su re  to its original value - are  ca r r i ed  out automatically.  
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Fig,  2. Viscos i ty  i so the rms  of n-hexane  penet ra t ing  
into the region of me tas tab le  s ta tes  07" 10-4 N.  sec/m2; 
P,  bar) .  The continuous l ines r e p r e s e n t  the data of 
[2] in the stable region; 1) our own data; 2) l i q u i d - v a p o r  
equi l ibr ium line [6]; 3) v i scos i ty  on the line of a c c e s s i -  
ble superheat ing [4]. 

In p roces s ing  the r e su l t s  of  the m e a s u r e m e n t s  a co r rec t ion  was introduced for  the nonisothermal  nature  
of the flow. In o rde r  to de te rmine  the cor rec t ion  for  the noniso thermal  flow of the liquid through the capi l la ry ,  
special  e~per iments  were  se t  up with a s table  liquid at t e m p e r a t u r e s  up to 150"C and p r e s s u r e s  up to 20 ba rs .  
The noniso thermal  nature  of the flow was cha rac te r i zed  by the rat io  of the t ime T requ i red  for  the liquid to flow 
under the actual  conditions of the exper imen t  to the t ime rT requi red  under  i so the rma l  conditions. The i so the r -  
mal  s tate  was achieved by increas ing  the s ize  of the p r e l i m i n a r y  l iquid-heating sect ion,  The rat io  T/'rT equalled 
1,0 at room tempera tu re  and 1.15 at 150~ In o r d e r  to der ive  the computing fo rmula  the P o i s s e u i l l e - H a g e n  
law was employed;  for  the case  of noniso thermal  flow this may be wri t ten in the fo rm 

L 

8 .I ~}tdl 
Ap -- o + rn PV~ (1) 

~r4T fft~r4T ~ 

where r i s  the radius  of the capi l la ry ,  L is  the length of the capi l lary  (without allowing for  the p r e l i m i n a r y  
heating of the liquid) and m -~ 1. 

According to the conditions of the exper iment ,  when measur ing  the t ime requi red  for  the liquid to flow a t  
a given t empe ra tu r e  under two different  p r e s s u r e s  P and Pc the value of /Xp r e m a i n s  constant .  Thus on equat-  
ing the r ight-hand sides of Eq. (1) fo r  these p r e s s u r e s  (quantities with and without indices 0) we obtain 

8V ~ qdl l  _ 8V S ~idl: poV z pV ~ 

An est imat ion of the quantit ies involved shows that the second t e r m  may be neglected by compar i son  with the 
f i rs t ;  we shall  then have 

x S~hdl j ( ~ I ~  a l l "  

,('q~ - -  ~ rlotdl ~ ~o dR , / 

o r  

whe re  

1 .  dTI ...... X/*o~ l + A, 
dP aP 

L L 

rio dP dP 
0 0 

i s  the cor rec t ion  for  the noniso thermal  na tu re  of the flow of liquid through the c a p i l l a r y / x p  --- p - p c .  
computing equation a s s u m e s  the fo rm 

The 

tl ~- ~lo(x/% + AAP). (3) 
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TABLE 1~ Vi scos i t y  (10 -? N �9 s e c / m  2) of N-Hexane as a Funct ion 
of T e m p e r a t u r e  and P r e s s u r e  (bar)* 

T=100 ~ 
Ps=2,46ba~ 

20,27 
15,20 
10,13 
5,07 
1,14 

1630 
1619 
1605 
1598 
1570 

t T=120 QC, T~130 ~ Ps=3,99 bars  Ps=4,97 b a r s  

20,2~ 1415 
15,2( 1395 
10,1~ 1380 
5,07 1360 
277-4 1350 
2,63 1340 

] - -  _ 

20,27 1290 
15,20 1277 
10,13 1263 
5,07 1250 
4,96 f250 
4,86 1250 
2,94 1230 
2,74 1240 

T=I40 ~ 
Ps=6,13 bars 

20,27 [ 1190 
15,20 1177 
10,13 1163 
5,07 1170 
4,96 1170. 
4,86 1150 
2,94 1140 
2,74 1140 

T~IS0 aC, 
Ps=7,47 bars 

20,27 t t l l  
15,2~ 1094 
10,13 1084 
6~9 1080 
6,59 1070 
4,96 1070 
2,84 1060 

T~160 ~ T=[?0 ~ T=IS0 ~ T=I90 ~ T~200 ~ 
Ps----9,o4 ba~s Ps=lo,85ba~ Ps=12,94 bal~ ps=lS,32DaI~ Ps=lS,02 bai~ 

20,27 
15,20 
I0,13 
8,82 
4,96 

I010 
993 
975 

972 

25,33 
20, 27 
15,20 
979 
7,90 
6,89 
5,17 

930 25,33 
918 20,27 
905 15,20 
~-~ li-765 
891 11,15 
888 9,93 
881 

845 25,33 
8 3 3 2 0 , 2 7  
820 1-~-,20 
8-H 14,39 
809 12,77 
802 

765 
748 
7~ 
721 
714 

25,33 
20,27 
1~-,~,20 
15,0 

687 
665 
643 
655 

* The s t a t e s  of the supe rhea ted  l iquid a r e  d is t inguished by a s t roke  
lying below the l a t t e r .  

The p r e s s u r e  dependece of A may be neg lec ted ,  s ince the value of d??/dP en te r ing  into the exp re s s ion  for A(2) 
changes v e r y  l i t t le  with p r e s s u r e .  This  enab les  us  to de t e rmine  A expe r imen ta l l y  fo r  each t e m p e r a t u r e  f rom 
the r e s u l t s  of m e a s u r e m e n t s  in the s table  reg ion  under  i s o t h e r m a l  (TT) and n0n i so the rmal  0", Te) exper imenta l  
condit ions:  

A = TT/T~ - -  ~ /% (4)  
AP 

The max imum value o c c u r r e d  at  200~ and equal led  0.0011 bar  -1. The t ime I" r e q u i r e d  for  the liquid to flow 
through was m e a s u r e d  with an e l e c t r i c  s topwatch of the PV-53L  type having a sca le  divis ion of 0.01 sec .  The 
t ime amounted to 6-50 see,  while the Reynolds  number  Re v a r i e d  f rom 50 to 400, depending on the v i scos i ty .  
The flow through the cap i l l a ry  was a lways  l a m i n a r .  The p r e s s u r e  was m e a s u r e d  with s tandard  spr ing  mano-  
m e t e r s  of c l a s s  0.2 having m e a s u r i n g  r anges  of 0-25 and 0-40 kgf / cm 2. The t e m p e r a t u r e  was m e a s u r e d  with 
d i f fe ren t ia l  thermocouples  (cap i l !a ry  walls} and m e r c u r y - g l a s s  t h e r m o m e t e r s  (thermostat} having a sca le  
divis ion of 0.]~ ve r i f i ed  by r e f e r e n c e  to a s t anda rd  p la t inum r e s i s t a n c e  t h e r m o m e t e r  of the f i r s t  ca tegory .  

R e s u l t s  o f  t h e  E x p e r i m e n t s  

The e x p e r i m e n t s  we re  c a r r i e d  out with n-hexane  of the chemica l ly  pu re  type. Before fi l l ing the appara tus ,  
the subs tance  under  tes t  was r e d i s t i l l e d  and d r i ed  with CaC12 in the o r d i n a r y  way [5], and a lso  p a r t l y  f r eed  f rom 
d isso lved  a i r  by boi l ing in a f l ask  with a ref lux condenser .  

The main  e r r o r  of the m e a s u r e m e n t s  i s  a s s o c i a t e d  with the i m p r e c i s e  de te rmina t ion  of A and the t ime 
"r ( random t e m p e r a t u r e  f luctuat ions,  v a r i a t i o n s  in contact  c losing mode}. The total e r r o r  in the de te rmina t ion  
of the v i scos i ty  fo r  the maximum superhea t ing  i s  no g r e a t e r  than 1%. To this  we must  add the e r r o r  with which 
the v i scos i ty  va lues  taken f rom [2] we re  de t e rmined .  

Table  1 g ives  the r e s u l t s  of ou r  m e a s u r e m e n t s  of the v i s c o s i t y  of n -hexane ,  including a cons ide rab le  pene -  
t ra t ion  into the reg ion  of supe rhea ted  s t a t e s .  The s ta tes  of the supe rhea ted  l iquid a r e  d is t inguished by a s t roke  
(lying below the lat ter}.  We see  f rom F ig .  2 that the points  co r respond ing  to the v i scos i ty  of the superhea ted  
liquid lie (within the l imi t s  of expe r imen ta l  e r r o r )  on the l i n e a r  continuation of the i s o t h e r m s  into the reg ion  
of supe rhea ted  s t a t e s .  This  ind ica tes  the va l id i ty  of our  method of l inea r ly  ex t rapola t ing  the i s o t h e r m s  f rom 
the s table  into the me ta s t ab l e  region  in o r d e r  to de r ive  in fo rmat ion  r e g a r d i n g  the v i s c o s i t y  of the superhea ted  
liquid. The r e s u l t s  of this ex t rapo la t ion  coincide  with e xpe r i m e n t a l  data  obta ined ove r  the whole range  studied.: 
0.6 < T / T  C < 0.9, P s - P  _< 0 . 3 ( ' P s - P s u ) , w h e r e P s u i S  the p r e s s u r e  co r respond ing  to the g r e a t e s t  pos s ib l e  
superheat ing  of the l iquid a t  the spec i f i ed  t e m p e r a t u r e  [4], T C i s  the c r i t i c a l  t e m p e r a t u r e  of the l iquid,  
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If we assume that the v iscos i ty  i so therms  retain their linearity for  an even deeper penetration into the 
metastable region,  we may approximate the v iscos i ty  for the states of access ible  superheating of the liquids 
by the line 3 in Fig. 2. The region of metastable (superheated) states lies between lines 2 and 3. 

NOTATION 

Prig, P, densit ies of m e r c u r y  at room temperature  and the liquid under consideration at the thermosta t  
temperature ,  respect ively;  g, gravitat ional  accelerat ion;  h, distance f rom the mercu ry  level in the glass  vessel  
to that in the measur ing tube (Fig. 1); ht, h 2, distances f rom the mercu ry  level in the glass vessel  to the lower 
and upper contacts,  respectively;  "r, t ime for a specified volume of liquid V to pass  through the capillary V, V = 
0.25 ~rd 2 (h 2 - hi); d, internal  d iameter  of the measur ing  tube; ~?, v iscosi ty  of the liquid under consideration; L, 
length; 2r, diazneter of the capillary; A, a quantity allowing for  the nonisothermal  nature of the flow of liquid 
through the capil lary;  Ps ,  Psu,  p r e s s u r e s  of the saturated vapor and the greates t  possible superheating of the 
liquid, respectively;  TC, cr i t ical  t empera ture .  Indices: 0, quantities corresponding to the re fe rence  p r e s s u r e  
Po. 
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USE OF A MICROCALORIMETER OF THE CALVI~ TYPE 

FOR DETERMINING THE KINETIC CHARACTERISTICS 

OF THERMAL EFFECTS IN CHEMICALLY REACTING 

MATERIALS 

B. A. Aru tyunov ,  V. Y. V la sov ,  
O. A.  G e r a s h c h e n k o ,  S. +q. M i s h c h e n k o ,  
a n d  N. P .  P u c h k o v  

UDC 536.63.083 

The construction of a dynamic mic roca lo r ime te r  designed for measur ing the kinetic charac -  
ter is t ics  of thermal effects in solid and powdered polymer  mater ia ls  which react  chemically 
on heating is considered.  

It is well known [1] that the kinetic charac te r i s t i cs  of thermal effects in chemically interacting mater ia ls  
may be determined ca lor imetr ica l ly  f rom the relationship between the rate of heat evolution by unit mass  of the 
reacting mixture dQ/d~- and the velocity d e / d 7  of the corresponding reaction. However, the ad iaba t ic -micro-  
ca lor imeter  method usually employed has the following shortcomings:  the necessi ty of introducing a cor rec t ion  
for heat exchange with the ambient, and the impossibil i ty of determining the thermal  effect of  the react ion with- 
out a p r io r i  knowledge as to the specific heat of the test mater ia l ,  which is assumed to be an invariant  function 
with respect  to temperature.  The use of the dynamic mic roca lo r ime te r  considered in this paper  ove rcomes  
these obstacles and reveals  the influence of heating rate on the kinetic pa r ame te r s  of chemically react ing ma-  
terials ~ 
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