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CAPACITOR DIELECTRIC UNDER VACUUM 

I. F. Pikus and V. P. Koaonenko UDC 536.21 

Resu l t s  a re  p re sen ted  of an expe r imen ta l  invest igat ion of the coefficient  of t he rma l  conduc- 
t ivity in a mul t i l aye r  cel lulose capac i to r  d ie lec t r ic  under vacuum conditions. 

The drying and degass ing  of the insulat ion of power  capac i to r s  a re  c a r r i e d  out under vacuum condi-  
t ions (here the magnitude of the r emanen t  p r e s s u r e  of the s t e a m - - g a s  mixture  in the drying chambe r  r e ach es  
a value of the o rde r  of 1 to 10 -2 N/m2). The re fo re  i t  is  of i n t e r e s t  to inves t igate  the the rmophys ica l  c h a r a c -  
t e r i s t i c s  of a cel lulose capaci t ive  d ie lec t r ic  under conditions which hold for  t he rmovacuum t r e a t m e n t  of 
capac i to r s  (i. e . ,  ove r  a wide and p r ac t i c a l l y  significant range of p r e s s u r e s  extending f r o m  norma l  p r e s s u r e  
to 10 -2 N/m2). 

The expe r imen t s  were  p e r f o r m e d  on mul t i l ayered  samples  of d ry  capac i to r  pape r  of va r ious  technical  
g rades  and var ious  densi t ies  having a sheet  thickness  of about 10p. (The c h a r a c t e r i s t i c s  of the invest igated 
capac i to r  m a t e r i a l s  a re  given in [1]. ) The pr inc ipa l  foundations of the chosen method of invest igat ion and 
the p rocedure  used for  handling the expe r imen ta l  data have been descr ibed  in detail  in [2]. 

The expe r imen ta l  bench, whose schemat ic  is  displayed in Fig. 1, cons is t s  of the following pr inc ipa l  
sect ions,  the m e a s u r e m e n t  section,  the the rmos ta t ing  section,  the vacuum-exhaus t  section,  and the auxi -  
l i a ry  section. The m e a s u r e m e n t  section,  which is designed to c rea te  and r eco rd  a t ime vary ing  t e m p e r a -  
ture field in the inves t iga ted  sample ,  includes an automat ic  record ing  photoelect ronie  mi l l i vo l tme te r  32 of 
the N-37 type, a different ia l  eopper - -cons tan tan  thermoeouple  23 with e l ec t rodes  having a d i ame te r  of 0.1 
mm;  a hollow cyl indr ical  r e f r i g e r a t o r - c l a m p  3, 6 between whose p la tes  the inves t iga ted  mul t i l ayer  sample  
4 is  placed;  a f la t  hea te r  5 having the d imens ions  60 • 60 x 0.1 m m  which is  f abr ica ted  f r o m  constantan 
wire having a d i a m e t e r  of 0.08 mm;  a s tabi l ized power  supply 42 of the UIP-1  type f r o m  which a constant  
e l ec t r i c  power  m e a s u r e d  by means  of a mul t i range  M-106 vo l tme te r  41 and a mul t i range M-104 m i l l i a m -  
m e t e r  40 is  fed to the heater .  

The the rmos ta t i ag  sect ion cons is t s  of the two u l t r a the rmos ta t s  15 and 30 of the 1-10 type which a re  
designed for  feeding a liquid coolant  with a r i go rous ly  st ipulated t e m p e r a t u r e  into the c lamp (in e x p e r i -  
ments  p e r f o r m e d  at  t e m p e r a t u r e s  up to 90~ dist i l led water  was used as  the liquid coolant,  while g lycer ine  
was used at  higher  t empera tu re s ) ,  and a s y s t e m  for  au tomat ica l ly  maintaining the requi red  t e m p e r a t u r e  
under the g lass  cover .  This  s y s t e m  includes two heating e l emen t s  2 (KI-1000-220 l amps  se rve  as  these 
e lements)  and an automat ic  control  block based  on a contact  t h e r m o m e t e r  7, an in te rmedia te  r e l ay  with a 
spark-quenching device 19, and an a u t o t r a n s f o r m e r  18. 

The requ i red  degree  of p r e s s u r i z a t i o n  of the capac i to r  d ie lec t r ic  is  ensu red  by a spec ia l ly  developed 
e l e c t r o p r e s s  1 which ac t s  on the r e f r i g e r a t o r - c l a m p s  3, 6 between which the inves t iga ted  sample  is  situated. 
The s t ipula ted p r e s s u r i z a t i o n  fac to r  is  se t  by means  of a p rec i s ion  indicator  head of the clock type 22 with 
a division size of 0.001 c m  and a m i c r o m e t e r  s c r ew  27 which a re  r ig id ly  a t tached to the r e f r i g e r a t o r - c l a m p s .  

In o r d e r  to p e r f o r m  invest igat ions in a vacuum the c l amps  containing the inves t iga ted  sample  a re  
p laced  under a g lass  cove r  8 having a d i a m e t e r  of 600 m m  which is  mounted on a plate 28 fabr ica ted  f r o m  
s ta in less  s tee l  and having a tMekaess  of 30 ram. The cover  was sealed by means  of a prof i led  cove r  washer  
9. The input leads of the e l ec t r i c a l  conductors  and thermocouples ,  as  well  as  the inser t ion  of the pipel ines  
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Fig. I. Schematic of the experimental installation: I) electropress; 2) heating 
element; 3,5) refrigerator clamps; 4) sample; 5) heater; 7)eleetrocontact 
thermometer; 8) glass cover; 9) washer; 10) bleeder needle valve; 11, 13, 14) 
vacuum gauges; 12)tap; 15,30)ultrathermostat; 16,17)manometric tubes; 18) 
autotransformer; 19) relay; 20) diffusion pump; 21) cover jack; 22) indicator; 
23) differential thermocouple; 24,26)tube; 25)screw; 27)micrometer; 28) 
plate; 29) electric motor of the jack; 31) amplifier; 32) automatic-recording 
millivoltmeter; 33) rectifier; 34, 38) vacuum rectifiers; 35, 36) vacuum shut- 
offs; 37)solenoid valve; 39)mechanicalpump; 40)milliammeter; 42)stabilized 
power supply; 41) millivoltmeter; 43) vacuum-tight input lead. 

for feeding the circulating liquid coolant into the clamp, is accomplished by means of special vacuum-tight 
fittings 24, 26, and 43. A needle-valve bleeder designed for admitting atmospheric air and accomplishing 
pressure regulation in the system is mounted on the plate, and a fitting is also provided to connect the block 
for measuring the magnitude of the remanent pressure (this includes the U-shaped mercury vacuum-gauge 
13, an electrocontaet vacuum-gauge 11, and manometric pickups of the VIT-1 thermocouple-ionization 
vacuum-gauge 14). 

In order to create and maintain the rarefaction under the cover a two-stage vacuum-exhaust system is 
provided which consists of a VN-2MG 39 prevacuum pump, a high-vacuum steam--oilaggregate 20 of the VA- 
05-4 type, and pipelines for a vacuum-tight shut-off armature 34, 38 and a magnetic valve 37 of the MK-50 
type which is aggregated with an electrocontact vacuum-gauge 11. The installation is equipped with a 
special screw cover jack 21 with an electric drive. 

The described experimental installation allowed a complex investigation of the thermophysical charac- 
teristics (coefficient of thermal  conductivity and coefficient of thermal  diffusivity) of the capaci tor  dielectr ic  
to be ca r r i ed  out over  a wide range of var ia t ion of the tempera ture  of the mate r ia l  (10 to 160~ the corn -~ 
p ress ion  fac tor  of the mult i layer  sample (0.8 to 1) and the magnitude of the gas - f i l l e r  p re s su re .  

The heat t r a n s f e r i n  f ibrous mater ia l s  is usually considered on the assumption of some kind of o rde r ly  
laying of the f ibers .  The s t ructure  of a mul t i layer  capaci tor  die lectr ic  is v e r y  complex: the cellulose con-  
s is ts  of individual f ibers  or iented in different direct ions,  while the pores  and capi l lar ies  between f ibers  
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Fig. 2. Dependence of the coeff icient  o f  t he rma l  conductivity of the s amples  of capac i to r  
p a p e r  under vacuum on t e m p e r a t u r e  for  p = 2.66" 10 -2 N / m  2, K = 1: 1) KON-II; 2) Si l i -  
con; 3) Te rox  S-0.8; 4) Te rox  S-1. 

Fig. 3. Dependence A m = f(p) for  a Silicon capac i tor  paper ;  K = 1: 1) 150~ 2) 90; 3) 
10; 4) K =  0.9, t=150~C;  5) K =  0.86, t =  10~C. k, W / m . ~  p, N / m  2. 

have the m o s t  va r i ed  shapes  and s izes .  I t  i s  a cha r ac t e r i s t i c  fea ture  that the cel lulose f i be r s  p r o p e r  a re  
pene t ra ted  by a complex s y s t e m  of mie ropo re s .  In analyzing the heat  t r a n s f e r  in such a heterogeneous  
s y s t e m  we should take into account  the fac t  that  in a mul t i l ayer  capaci t ive d ie lec t r ic  the violat ion of the 
continuity of the cel lulose f r a m e w o r k  is  v iola ted even for  a p r e s s u r i z a t i o n  fac to r  equal to unity, and the 
t h e r m a l  flux is  t r a n s f e r r e d  f r o m  sheet  to sheet  p redominant ly  due to contact  eonduetivity through the rma l  
br idges  between cel lulose f i be r s  and the molecu la r  t he rma l  conductivity of the gas  f i l ler .  

In the f i r s t  approximat ion  it  may  be a s sumed  that a comple te ly  p r e s s u r i z e d  capac i to r  d ie lec t r ic  (for 
K = 1) const i tu tes  a two-phase  s y s t e m  with uni formly  dis t r ibuted and ident ical ly  or iented  f i l l e r  e l emen t s  
having a cubic shape,  the d i rec t ion  of the t h e rma l  flux being perpend icu la r  to one of the f a c e s  of the cube. 
By analogy with [3] the effect ive coeff icient  of t h e r m a l  conductivity of sueh mul t i l aye r  s amp le s  is  d e t e r -  
mined by the expres s ion  

~.M;:= a;~pa --[3~,pa. (1) 

where 

~'pa -: kc [ 1 m ] %P 

l~m,/3( ~c 1) 
.~p , 

[ ] ;~ pa= ~p t - -  ( l - - m )  ~ c 

1-]-(1 trt}I/3 Z 1 

a r e  the va lues  of the coeff icient  of t he rm a l  conductivi ty of the ideal ized model  of the d ie lec t r ic  for  the r e s -  
pect ive ca~es  in which the continuous phase  of the he terogeneous  s y s t e m  i s  f i r s t  a s s u m e d  to be ce l lu la r  and 
the f i l l e r  of the a i r ,  and then the ce l lu la r  s t ruc tu re  i s  t r ea t ed  as  the f i l l e r  while the a i r  fi l l ing the p o r e s  is  
t r ea t ed  as  a continuous phase ;  m = 1--p/p c i s  the po ros i t y  of the capac i to r  paper .  

The coeff ic ients  a and 13 (note that  fl = l - - a )  a re  the s t ruc tu ra l  c h a r a c t e r i s t i c s  of the mul t i l aye r  s a m -  
p les  and, as  the handling of the e x p e r i m e n t a l  data shows, in the inves t iga ted  range of va r ia t ion  of the de-  
finitive f a c to r s  the values  of these eoeff ic ients  do not depend on the densi ty  of the eapac i to r  paper ,  the t e m -  
p e r a t u r e  of the ma te r i a l ,  and the degree  to which the s y s t e m  is  evacuated;  fo r  a given thickness  of the 
p a p e r  sheets  they a r e  de te rmined  sole ly  by the magnitude of the p r e s s u r i z a t i o n  fac to r  of the samples .  The 
expe r imen ta l l y  de te rmined  dependence of the coeff icient  a on the p r e s s u r i z a t i o n  f ac to r  of the s amp le s  i s  
desc r ibed  by the following equations fo r  al l  of the inves t igated types of capac i to r  pape r  

a = 0.2K 4"72. (2) 
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Figure  2 d isp lays  the t e m p e r a t u r e  dependence of the effect ive coeff icient  of t h e r m a l  conductivi ty of 
mul t i l aye r  e l emen t s  made of capac i to r  pape r  of the inves t iga ted  types fo r  a p r e s s u r i z a t i o n  f ac to r  equal  to 
1 under conditions of a high vacuum (p = 2 .66 '  10 -2 N / m  2) when, as  will be shown below, the quantity X m 
does not depend on the p r e s s u r e  of the gas  f i l l e r  and is  de te rmined  sole ly  by the conductive heat  t r a n s f e r  
along the ce l lu lar  s t ruc tu re  and by rad iant  heat  exchange.  (Note that, as  shown by the ca lcula t ions  a c c o r d -  
ing to the re la t ionships  p r e sen t ed  in [4], for  such a f ibrous  m a t e r i a l  as cel lu lose  the contr ibution of the 
radiant  component  of the effect ive coeff ic ient  of t he rma l  conductivity is negligible and even at  a t e m p e r a t u r e  
of the m a t e r i a l  equal to  160~ does not exceed  1 to 3% of XM. ) 

F r o m  Fig. 2 i t  is  evident  that  the expe r imen ta l  va lues  of the coeff icient  of t he rma l  conductivity of the 
p r e s s u r i z e d  capac i to r  d ie lec t r ic  subjected to a high vacuum sa t i s f ac to r i ly  f i t  a s t ra igh t  line in the coord i -  
nates  kmv = f(t) i . e . ,  

~mv= ~~ Rt, (3) 

where k~ corresponds to the conductivity via the solid cellular framework of the multilayer capacitor 
dielectric at O~ the quantity Rt corresponds to the increase in molecular thermal conductivity of the eel- 
lular structure and the conductivity via radiation for an average temperature of material equal to it. 

Handling of the data obtained from the experimental investigation in order to obtain the generalized 
dependence of the effective coefficient of thermal conductivity of pressurized (K =i) samples of capacitor 
dielectric which have been subjected to a high vacuum on the temperature of the material and the density of 
the capacitor paper led to the following relationships: 

Xmv= 0.022 9 L~ (1 +1.9.10-3t). (4) 

At  the same t ime i t  follows f r o m  (1) that  under conditions of a high vacuum the quantity Xm v can be 
desc r ibed  by the following equation for  Xp -~ 0: 

k m•= aZ c (1 -- m"-/3). (5) 

Taking account  of the fact  that  for  K = 1, e = 0.2, and ex t rapola t ing  Eq. (4) to the value p cor responding  to 
the densi ty  of the cel lulose  ce l lu la r  f r a m e w o r k  (Pc = 1.56 g/cm3),  we obtain the following dependence of the 
coeff icient  of t h e rm a l  conductivi ty of the ce l lu la r  s t ruc tu re  of e l ec t r i c a l  insulat ion ce l lu loses  on t e m p e r a t u r e  
f r o m E q .  (5) f o r m =  0: 

c= 0.225 + 0.43.10-~t. (6) 

I t  is  appropr ia t e  to note that  fo r  t = 30~ the value of X e ca lcula ted  accord ing  to Eq. (6) (X e = 0.238 
W / m "  deg) i s  in good a g r e e m e n t  with the value of this coeff ic ient  obtained by D. Varshavsk i i  and a s s o c i a t e s  
(X e = 0 .241W/m-  deg) [5]. 
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Expe r imen t s  showed that  the effect ive coeff icient  of the rma l  conductivity of mul t i l aye r  s amples  de-  
pends e s sen t i a l l y  on the gas  p r e s s u r e  in the p o r e s  and in the i n t e r l a y e r s  between sheets .  The heat  t r a n s -  
f e r  via the t h e r m a l  conductivity of the a i r  in the p o r e s  of the cel lulose is  de te rmined  in a wide range of 
var ia t ion  of p f r o m  a tmosphe r i c  p r e s s u r e  to a high vacuum (L e . ,  under conditions which hold for  the t h e r -  
movacuum t r ea tmen t  of a capac i to r  d ie lec t r ic )  by the ra t io  of the ave rage  mean  f ree  path  of a gas  molecule  
to the dis tance between the su r f aces  involved in the heat  exchange p r o c e s s  (i. e . ,  to the size of the p o r e s  
[6]). 

The r e su l t s  of the expe r imen ta l  invest igat ion which we p e r f o r m e d  a re  evidence of the fac t  that  for  al l  
of the inves t iga ted  g rades  of ma l t i l aye r  capac i to r  d ie lec t r ic  the dependence Xm = f(p) in semi log  coordina tes  
has  a S - shaped  c h a r a c t e r  of the type ove r  a wide range of var ia t ion  of the t e m p e r a t u r e  of the m a t e r i a l  (10- 
160~ and of the degree  of p r e s s u r i z a t i o n  of the sample  (K = 0.8-1.0). 

As a specif ic  example ,  Fig. 3 shows such a dependence for  mul t i l aye r  s amp le s  made of capac i to r  
p a p e r  of the Silicon type. F r o m  this f igure i t  i s  evident  that even for  sma l l  r a r e f ac t ions  the effect ive t h e r -  
ma l  conductivi ty of the s am p l e s  i n c r e a s e s  abrupt ly  with a lowering of the gas  p r e s s u r e .  Beginning at  a 
p r e s s u r e  of 102--10 a N / m  2 the dec rease  in the quanti ty Xm with inc reas ing  vacuum slows up, and the onse t  
of a region of f r e e - m o l e c u l a r  flow (Kn > 1) occu r s  where the t he rma l  conductivi ty of the s y s t e m  under 
vacuum is  p r ac t i c a l l y  independent of the p r e s s u r e  of the gas  f i l l e r  and is  d e t e r m i n e d  sole ly  by the con-  
duct ivi ty  via the solid f r a m e w o r k  of the cel lulose and by the radiant  t he rma l  conductivity. 

Note that the var ia t ion  of the densi ty  of  the capac i to r  paper ,  the t e m p e r a t u r e  of the ma te r i a l ,  and the 
degree  of p r e s s u r i z a t i o n  of the mul t i l aye r  sample  affect  only the absolute values  of the effect ive coeff ic ient  
of  t h e r m a l  conductivity; the c h a r a c t e r  of the cu rves  Xm = f(p), however ,  r e m a i n s  unchanged. 

With a ce r ta in  approximat ion  i t  may  be a s sumed  that the capac i to r  d ie lec t r ic  contains po re s  of two 
s izes :  m a c r o p o r e s  cor responding  to the ave rage  dimensions  of the vacuoles  between the f ibe r s  and sheets  
of the capac i to r  paper ,  and m i c r o p o r e s  in the f ibers .  The conductivity of such a s y s t e m  of p o r e s  which 
have an a r b i t r a r y  shape may  be e x p r e s s e d  as  follows [7]: 

Xop 

~'P-- 1 + 2vL + ;~Op - -  1 + 2~,_~L (7)  

pdl pd2 

Since the size of the m i c r o p o r e s  in the f i be r s  of the capac i to r  p a p e r  is  v e r y  smal l ,  i t  may  be a s s u m e d  
that  the second t e r m  in Eq. (7) i s  d i rec t ly  p ropor t iona l  to the magnitude of the p r e s s u r e  of the gas  f i l l e r  
- - i . e . ,  

~ 
xp B + ~pp (8) 

l + - -  
P 

Here  B and X~ a re  constants  which are  de te rmined  main ly  by the phys icochemica l  p r o p e r t i e s  and s t ruc tu re  
of the capac i to r  paper .  An ana lys i s  of the expe r imen ta l  data on an invest igat ion of the ef fec t  of the a i r  p r e s -  
sure  in the p o r e s  of the t h e r m a l  conductivi ty of the capac i to r  d ie lec t r ic  shows that in the inves t iga ted  range 
of var ia t ion  of t and K the va lues  of these constants  do not depend on t e m p e r a t u r e  or  on the p r e s s u r i z a t i o n  
fac to r  of the sample .  The n u m e r i c a l  va lues  of these constants  as  functions of the densi ty  of the capac i to r  
p a p e r  may  be de te rmined  f r o m  the e m p i r i c a l  re la t ionsh ips  

B = 3.6. 103p~ 5 (1.56 - -  p)-l 6, (9) 

~p = 2.1.10-Sp 4 (1.56-- p)0.1. (10) 

I t  should be noted that  in calculat ing the effect ive coeff icient  of t he rma l  conductivi ty of the capac i to r  
d ie lec t r ic  under vacuum accord ing  to Eq. (1) by replac ing  kp with the numer i ca l  va lues  of the t he rma l  con-  
ductivi ty coeff icient  of the a i r  in the p o r e s  as  de te rmined  accord ing  to Eq. (8) it  i s  n e c e s s a r y  to take a c -  
count of the t e m p e r a t u r e  dependence of X~, 

I t  i s  well  known that the effect ive coeff icient  of t he rma l  conductivi ty of a capac i to r  d ie lec t r ic  depends 
substant ia l ly  on such a s t ruc tu ra l  p a r a m e t e r  as  the p r e s s u r i z a t i o n  fac tor  of the sample  [1, 8]. 

Expe r imen t s  have shown that a reduct ion in the degree  of p r e s s u r i z a t i o n  of the d ie lec t r ic  is  a c c o m -  
panied by a reduct ion of the quantity Xp throughout the en t i re  inves t iga ted  range of var ia t ion  of the t e m p e r a -  
t a re  of the m a t e r i a l  and the magnitude of the gas  p r e s s u r e  in the sys t em,  the c h a r a c t e r  of the dependence 
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1 
k m = f(K) having been found to be ident ical  fo r  a l l  of the inves t iga ted  capac i to r  p a p e r s  (as an example ,  Fig. 

' = f(K) fo r  KON-II  p a p e r  fo r  t = 10, 90, 150~ and 4 shows the expe r imen ta l l y  obtained dependence X m 
p = 13.3, 1330, and 13,330 N/m2). 

The e f fec t  of the degree  of p r e s s u r i z a t i o n  of the s amp le s  on the magnitude of the coeff icient  of t h e r -  
ma l  conductivi ty is  e spec i a l l y  not iceable  in the range of low a i r  p r e s s u r e  where the t r a n s f e r  of heat  by the 
conductivi ty of the gas  in the in t e r shee t  gap i s  negl igibly smal l .  

The r e su l t s  of our  e x p e r i m e n t a l  inves t iga t ions  showed that  in o r d e r  to calculate  the effect ive coeff icient  
of t he rma l  conductivi ty of a capac i to r  d ie lec t r ic  under  vacuum for  a p r e s s u r i z a t i o n  f ac to r  K < 1 one may  
use the pa r a l l e l  equivalence c i rcu i t  accord ing  to which 

~'- = IM K + lp (1 - -  K). (11) 

Under  these conditions k m is  ca lcula ted  accord ing  to Eq. (1) with substi tut ion of the cor responding  n u m e r i -  
cal  va lues  of the coeff ic ients  ~ and fl which in turn depend on the value of K. The compar i son  of the va lues  
of k~n calcula ted  accord ing  to Eq. (11) and f r o m  the expe r imen ta l  data is  evidence of the accept ib i l i ty  of the 
der ived  fo rmula  fo r  calculat ing the effect ive coeff ic ient  of t h e r m a l  conductivity of a d ry  mul t i l aye r  c apa -  
c i to r  d ie lec t r ic  under vacuum ove r  a wide range of var ia t ion  of the definitive f a c to r s  (the cu rves  in Fig. 3 
and 4 were  plot ted accord ing  to (11) with al lowance fo r  the densi ty  of the capac i to r  paper ,  the t e m p e r a t u r e  
of the ma te r i a l ,  the magnitude of the p r e s s u r e  of the gas  f i l le r ,  and the degree  of p r e s s u r i z a t i o n  of the 
samples ;  thepoin ts  co r r e spond  to the e x p e r i m e n t a l  data). This  a l lows the conclusion to be drawn to the 
ef fec t  that the adopted a s sumpt ions  and the p rocedu re  for  handling the expe r imen ta l  data a re  co r r ec t .  At 
the same t ime one should keep in mind the fact  that the  e m p i r i c a l  re la t ionsh ips  given above were  obtained 
on the bas i s  of the expe r imen ta l  data,  and the re fo re  the range of appl icat ion of the p roposed  genera l i zed  
equation for  calculat ing the effect ive coeff ic ient  of t he rma l  conductivi ty of a capac i to r  d ie lec t r ic  under  
vacuum mus t  evident ly  be r e s t r i c t e d  to those l imi t s  of va r ia t ion  of the definitive p a r a m e t e r s  within which 
the inves t igat ions  were  p e r f o r m e d ,  namely:  p = 0.8-1.23 g / c m  3 (for a th ickness  of the sheets  of capac i to r  
pape r  equal  to 10 p) ,  t = 10-160~ p = 10-2-10 s N / m  2, and K = 0.8-1. 

Along with an invest igat ion of the coeff icient  of t he rma l  conductivity of the d ie lec t r ic  under vacuum,  
we l ikewise de te rmine  the coeff icient  of t h e r m a l  diffusivi ty of the sample  and calcula ted the specif ic  heat  
of the ma te r i a l .  

kc, kp 

km, k~n 

K 

P 
L 

Y 
dl, d2 
Pc, P 
t 

N O T A T I O N  

a re  the coeff ic ients  of t h e r m a l  conductivi ty of the ce l lu la r  f r a m e w o r k  of the cel lulose and the 
a i r  fi l l ing the po re s ,  in W / m - ~  

a re  the va lues  of the effect ive coeff ic ient  of t he rma l  conductivi ty of the capac i to r  d ie lec t r ic  fo r  
K =  1 and K< 1, r e spec t ive ly ,  in W / m . ~  

is  the coeff icient  of t he rm a l  conductivi ty of the a i r  a t  a tmosphe r i c  p r e s s u r e ,  W / m .  ~ 

is  the p r e s s u r i z a t i o n  fac tor ;  
i s  the p r e s s u r e ,  in N/m2; 
i s  the mean  f ree  path of the a i r  molecu les  at a p r e s s u r e  of 1 N / m  2, in ram; 
is  a constant  which is  equal  to 1.6 fo r  dia tomic gas;  
a re  r e s p e c t i v e l y  the ave rage  size of the m a c r o p o r e s  and m i c r o p o r e s ,  in mm;  
a re  the densi ty  of the ce l lu la r  f r a m e w o r k  and of the capac i to r  paper ,  in g/cm~; 
is  the t e m p e r a t u r e  of the m a t e r i a l ,  ~ 
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