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The the rmophys i ca l  p r o p e r t i e s  of po l yme thy lme thac ry l a t e  and phenopolyurethane were  m e a -  
su red  by quas i s teady  heating of plant  s p e c i m e n s .  

Methods of m e a s u r i n g  the t he rmophys i ca l  p r o p e r t i e s  of m a t e r i a l s  a r e  based  on e i ther  s teady or t r an -  
s ient  heating.  

Speedy m e a s u r e m e n t  is the main  advantage of t r ans ien t  methods [1-8], while the the rmophys ica l  
p r o p e r t i e s  of m a t e r i a l s  ( thermal  conductivi ty,  t he rma l  diffusivi ty,  and speci f ic  heat) can be de te rmined  
compos i t e ly  by quas i s teady  methods .  

An appara tus  for  de te rmin ing  the the rmophys ica l  p r o p e r t i e s  of m a t e r i a l s  by a quas is teady method 
has  a l ready  been desc r ibed  in the technical  l i t e r a tu r e  [7, 8]; a cy l indr ica l  spec imen  is p laced  inside an 
adiabat ic  shel l  which a lso  s e r v e s  as a cons tan t -power  heat  source .  The tes t  range of t e m p e r a t u r e s  there  
is 4-300~ In many ca s e s ,  however ,  a p la te  spec imen  appea r s  m o r e  convenient  to use  for  such m e a s u r e -  
men t s .  

Here  the authors  apply a quas i s teady  method of compos i te  t he rmophys i ca l  m e a s u r e m e n t s  to an infi-  
ni tely la rge  pla te  heated f rom a cons tan t -power  source .  

The calculat ion fo rmulas  for  this p r o b l e m  are :  

q ( x ~ -  x~) (1) 
~ 

2 R A T  

d r  1 (x~ x~), (2) 
a = d~ 2AT 

(3) 
a'~ 

The bas ic  appa ra tus  for  de te rmin ing  the the rmophys ica l  p r o p e r t i e s  of m a t e r i a l s  by this method is 
shown schemat i ca l ly  in Fig.  1. 

The c r y o s t a t  housing 7 containing a vat  with liquid hel ium 6, a vat  with liquid ni t rogen 5, and the 
shielded spec imen  4, is evacuated  to i �9 10-5-1 �9 10 -7 t o r t  by means  of a diffusion pump 2 through a ni t rogen 
t rap  3 and a lso  with a mechan ica l  pump 1. 

The liquid hel ium is poured  in f r o m  the Dewar  f lask  12 through vacuum tubing with a siphon valve.  
The vapor  f o r m i n g h e r e  is fed through vapor  r e c o v e r y  s y s t e m  into a gas tank. Hel ium is c o m p r e s s e d  in a 
r ubbe r  chambe r  10 connected to the Dewar  f lask  and to that arecovery s y s t e m  through v a c u u m - g r a d e  rubbe r  
tubing with c l amps .  

The liquid ni t rogen is poured in f r o m  the Dewar  f lask  11 through a s i m i l a r  a r r a n g e m e n t ,  with the 
fo rming  vapor  exhausted into a i r .  
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Fig. 1. Schematic d iagram of the apparatus for studying the 
thermophysica l  p roper t i es  of mate r ia l s :  1) prevacuum pump; 2) 
diffusion pump; 3) ni trogen trap;  4) specimen;  5) vat with liquid 
nitrogen; 6) vat with liquid helium; 7) c ryos ta t  housing; 8) ion 
tubes for  vacuum indication; 9 )vacume te r ;  10 )chamber ;  11) 
Dewar flask for  nitrogen; 12) Dewar flask for heltum. 

The vacuum is checked with a thermocouple and ion tubes mounted on the c ryos ta t  housing. A model 
VIT-2 vacumeter  for  the 1 �9 10-1-1 �9 10 -7 t o r t  range se rves  as a secondary  measur ing  instrument.  A vacuum 
level of 1 �9 10 -6 to r r  is maintained by means of an adsorbent  car t r idge  containing activated carbon and lo-  
cated on top of the vat with liquid nitrogen. 

In o rde r  to sat isfy the initial and the boundary conditions in the problem of heating an infinitely large 
plate f rom a cons tant -power  source,  it is n e c e s s a r y  to ensure  the absence of any radial  temperature  g r a -  
dient inside the specimen and any tempera tu re  gradient  along its x = 0 section, i . e . ,  

OT (0,•) _ O. 
Ox 

The measur ing  c i rcui t  designed to satisfy these requi rements  is shown schemat ical ly  in Fig.  2. The 
absence of  a radial  t empera ture  gradient  is ensured by means of a shield with a longitudinal tempera ture  
prof i le  corresponding to that of the specimen.  The condition aT (0, ~-)/Ox = 0 is achieved by holding the 
base of the copper shield and the base  of the specimen at the same tempera ture .  

Specimen 1 of the test  mater ia l ,  20 mm thick and 50 mm in d iameter ,  is surrounded by a shield 2 
of the same mate r ia l  and, through a bear ing  ball 6, is p r e s sed  by base 5 against  the chass is  3, the la t ter  
being in intimate contact  with the liquid helium bath. The specimen and the shield are  separated f rom the 
chass is  by severa l  l aye r s  of insulation in which a differential  thermocouple D 1 has been installed. 

Heater  coils  H2 and H 3 of manganin wire 0.1 mm in d iameter  and with a res i s tance  of 100 12 each 
have been mounted on the sur faces  of the specimen and the shield which face the chass is .  A heater  coil 
H 1 with a res i s tance  of 150 ~2 has been mounted on the chass is .  

Thermocouple  D 1 is used for  the automatic control  of adiabatic conditions between the specimen end- 
face and the chass i s .  In case of a t empera ture  unbalance between them, thermocouple D 1 t ransmi ts  a 
signal through a model  F-116 photoeompensating ampli f ier  to a power ampli f ier  7, f rom which heater  H 1 
is energized.  Heater  H 2 is energized f rom a constant-power  source within the 0.1-1.0 W range throughout 
the experiment .  

S imi lar ly ,  the differential  thermocouple  D 3, together with the hea ter  coil H 4 mounted on the copper 
base of the shield and energized f rom the second power amplif ier ,  both maintain a zero  tempera ture  dif- 
ference  between the base of the shield and the base  of the specimen.  The power level of heater  H 3 is 
adjusted during the exper iment  so as to ensure  the same tempera ture  in the middle par t  of shield and 
specimen.  
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Fig.  2. Schemat ic  d i a g r a m  of the m e a s u r i n g  and the t e m p e r a t u r e  
r ecord ing  circui t :  1) spec imen;  2) shield;  3) t he rma l  insula tor ;  
4) insulation; 5) ba se  of shield;  6) bea r i ng  ball ;  7) power  amp l i -  
f ie r ;  8) wa t tme te r ;  H1, H 4) compensa t ing  t r i m  hea t e r s ;  H2) main 
hea t e r  of the spec imen;  H 3) hea t e r  for  the shie ld ;  D1, D2, D3) dif-  
fe ren t ia l  t he rmocoup les ;  T1, T2) absolute  the rmocouples .  

The t e m p e r a t u r e  at the cen te r  of the spec imen  is m e a s u r e d  with an absolute  thermocouple  T1, while 
the t e m p e r a t u r e  d i f ference  between two points at the r e spec t i ve  d i s tances  x 1 and x 2 f r o m  it is m e a s u r e d  
with a d i f ferent ia l  thermocouple  D 2. The the rmocoup les  a re  made of go ld -coba l t  and copper  wi res  0.1 m m  
in d i a m e t e r .  The aux i l i a ry  junction of the absolute  thermocouple  is at  the t e m p e r a t u r e  of liquid ni t rogen.  

A signal  f r o m  the absolute  thermocouple  is compensa ted  with a model  R-306 l o w - r e s i s t a n c e  poten-  
t i ome te r  (accuracy c lass  0.015) and r e c o r d e d  by a model  ]~PP-09 au tomat ic  po ten t iomete r  (accuracy c lass  
0.5) on the 0-1 mV sca le .  A signal  f rom the d i f fe rent ia l  thermocouple  is r e co rded  by both po ten t iome te r s  
s imul taneous ly .  

The cons tan t -power  source  (heater  H2) is ene rg ized  f r o m  a model  VSP-30 s tabi l ized voltage supply.  
The hea t e r  c i rcu i t  cu r r en t  is m e a s u r e d  with a model  M-104 m i l l i a m m e t e r  and the vol tage drop a c r o s s  the 
h e a t e r  is m e a s u r e d  with a model  M-1109 vo l tme te r .  

The e x p e r i m e n t  was p e r f o r m e d  as  fol lows.  Af te r  the p r e s s u r e  inside the c r y o s t a t  had been reduced 
to 1 �9 10 -2 to r r ,  liquid ni t rogen was poured  into both the opera t ing  and the standby chamber .  The adsorben t  
lowered  the c r y o s t a t  p r e s s u r e  f u r t he r  down to (2-3) �9 10 -~ t o r r  and mainta ined it at  that level  throughout the 
tes t .  While the spec imen  was cooled down to 80~ which requ i red  3-8 h, the opera t ing  c h a m b e r  was 
purged  of liquid n i t rogen and filled with liquid hel ium.  At that t ime the c r y o s t a t  p r e s s u r e  dropped by ap-  
p r o x i m a t e l y  one o rde r  of magnitude,  while the spec imen  t e m p e r a t u r e  dropped to 5-10~ within 5-7 h. 
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Fig.  3. T e m p e r a t u r e - d e p e n d e n c e  of the the rmophys ica l  p r o p -  
e r t i e s  of po lyme thy lme thac ry l a t e  (acryl ic  g lass ) .  
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TABLE 1. Thermophys ica l  Pro  turtles of Phenopolyurethane 

T k .  a .  10 7 Cp T ~ a. ID ~' Cp 

3O 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 

0,011 
0,012 
0,1316 
0,0144 
0,0156 
0,0169 
0,018 
0,0187 
0,0198 
0,021 
O, 0223 
0,233 
o, 0245 
0,0255 

40,0 
30,0 
24,5 
18,0 
11,0 
4,5 

98,5 
92,6 
87,4 
82,2 
77,8 
73,8 
70,0 
67,0 

7 5 , 0  
112,5 
162,5 
205,0 
256,0 
306,0 
360,0 
420,0 
478,0 
537,5 
592,5 
656,2 
718,5 
787,5 

170 
180 
190 
2OO 
210 
22O 
230 
24O 
250 
26O 
270 
280 
290 
3OO 

0,02666 
0,02766 
0,0286 
0,02935 
0,0303 
0,03111 
0,0323 
0,0327 
0,0311 
O, 0337 
O, 0343 
0,0347 
0,035 
0,0353 

~,4 
61,8 
~,4 
57,6 
56,0 
54,4 
53,0 
51,5 
~,0 
48,8 
47,6 
46,0 
45,0 
44,5 

787,5 
918,75 
981,25 

1043,75 
1106,25 
1162,5 
1212,5 
1262,5 
1310,0 
1360,0 
1212,5 
1456,25 
1510,0 
1550,0 

A basic  difficulty in conducting this exper iment  was the establ ishment  and the maintenance of adia-  
batic heating conditions in the cryosta t ,  i .e . ,  conditions under which all the generated power would be 
spent on just  ra is ing the tempera ture  of the specimen,  without any heat loss through the la teral  or the end 
surfaces .  Following the suggest ions in [7], we used a photoelectr ic  device with a continuous-duty e lec-  
t ronic output stage for  p rec i se  thermo control .  

In the exper iment  we measured  the thermophysical  proper t ies  of polymethylmethacryla te  with a den- 
sity T = 1180 kg /m ~ and grade PPU-308N phenopolyurethane with a density T = 49 kg /m 3. 

The tes t  accomplished two purposes :  the apparatus pe r fo rmance  was thus checked out, and new data 
were obtained. 

The resul ts  for  polymethylmethacryla te  in the 75-300~ tempera ture  range are  shown in Fig. 3, to- 
gether  with data f rom [7], for  compar ison.  According to the graph, both sets  of data agree closely within 
the 75-200~ tempera ture  range.  

The d i sc repancy  of up to 10% between our test  data and the resul ts  in [7] at t empera tures  above 200~ 
can be explained by our inability to maintain a less  than 6-4~ tempera ture  difference between shield and 
specimen.  The test  resu l t s  prove the necess i ty  of controlI ing the shield tempera ture  with more  accuracy ,  

e spec i a l l y  at t empera tu res  above 200~ because the thermal  emiss iv i ty  of mater ia ls  inc reases  with r is ing 
tempera ture .  

The test  resu l t s  for  phenopolyurethane with a density T = 49 k g / m  3 cover  the 20-300~ tempera ture  
range and are  presented  in Table 1. 

This test  was pe r fo rmed  under  a vacuum of (2-3).  10 -6 to r r  inside the c ryos ta t  cavity and at thermal  
flux densit ies q = 0.1 or  0.2 W/m 2. The level of thermal  flux density was selected so as to ensure a t em-  
pe ra tu re  difference of not more  than 5-10~ between two locations in the specimen,  based on the hypotheti-  
cally l inear  tempera ture  dependence of the thermophysica l  p roper t i es  [3]. 

The difference between the values for  phenopolyurethane obtained in these two test  runs did not ex-  
ceed 6%. 

The maximum relat ive e r r o r  in determining the thermophysical  p roper t i es  of these mater ia l s  by the 
descr ibed  test  method over  the 20-300~ tempera ture  range did not exceed 7%. 

q 

AT 
x l and x 2 

dT/dT 

T 
X 
a 

c 
T 

N O T A T I O N  

is the thermal  flux density,  W/m2; 
is the specimen thickness,  m; 
is the tempera ture  difference between two locations in the specimen,  ~ 
a re  the dis tances f rom the base of the specimen to the respect ive  location of t empera ture  
measurement ,  m; 
is the heating rate  for the specimen,  ~  
is the density of the specimen mater ia l ,  kg/m3; 
is the thermal  conductivity, W / m .  deg; 
is the thermal  diffusivity, m2/sec ;  
is the specific heat, J / k g -  deg; 
is the tempera ture ,  ~ 
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