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A method is desc r ibed  for  joint ly de te rmin ing  the the rmophys ica l  c h a r a c t e r i s t i c s  of m a -  
t e r i a l s .  The method exploits  ce r t a in  fea tu res  in the deve lopment  of the initial s tage of a 
r egu la r  r eg ime .  

The initial s tage  of the r e g u l a r  r eg ime  for  a hollow cyl inder  was studied in [1]. Because of ce r t a in  
c h a r a c t e r i s t i c  f ea tu res  of this s tage,  it can be defined as the quas i l inea r  heating reg ime .  A cor responding  
method for  joint ly de termining  the the rmophys ica l  c h a r a c t e r i s t i c s  pe rmi t s  expe r imen t s  to be c a r r i e d  out 
with a single basic  thermocouple  based on the outside su r face  of the sample ,  without disrupt ing the geo-  
m e t r i c a l  a r r a n g e m e n t .  A "s ingle-poin t"  m e a s u r e m e n t  method was proposed  in [2] for  the case  of adiabatic  
heat ing and, independently, in [3], in connection with quas i s teady  methods .  

In the quas i l inear  r eg ime ,  the t ime  dependence of the t e m p e r a t u r e  for  a hollow cy l inder  heated at its 
inner  su r face  by a source  of constant  s t rength  under  the condition of natural  hea t  t r a n s f e r  with a medium 
at a cons tant  t e m p e r a t u r e  is desc r ibed  by [1] 

0 = D + A 1 Fo, (1) 

O = - - / , ,  A T = T - - T  o , (2) 
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s~ (S,Oo) Yo (sip) - -  Y~ (s~po) .1o (s~o) 
29oSl [(Bi 2 -~- s~) (p~ --11 

r = J1 (SlPo) 
slJ1 (Sa) - -  Bi ]o (sl) 

The number  s 1 is de te rmined  as the f i r s t  root  of the c h a r a c t e r i s t i c  equation 

--g- ---. o, zfc  
m [J~ (m.)  Yo (s) - r l  (sp.) Jo (s)] - s [s~ (spo) Y~ (s) - y~ (spo) s~ (s)l = o. 

Dependence (1) can be used fo r  a joint  de te rmina t ion  of the 
the rmophys iea l  c h a r a c t e r i s t i c s  of m a t e r i a l s .  T r a n s f o r m i n g  
to d imensional  quant i t ies  and different ia t ing (1) with r e s p e c t  to 
the t ime ,  we find equatioffs for  a, X and e: 

Fig. 1. I l lus t ra t ive  osc i l loscope  t r a ce s  
showing the recorded  t e m p e r a t u r e  for 
polymethyl  me thac ry la t e .  

DR 2 dT  
a =  - - ,  (4) 
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TABLE 1. Values of the Q u a n t i t i e s - D ' 1 0 2  (I) and AI '10  (II) 

i 
i 

Bi i 
0,! 

r 

0,005 3,68 
0,010 3,68 
0,025 3,66 
0,050 3,65 
0,075 3,64 
0,100 3,63 
0,250 3,52 

P~ 

t 0,2 0,4 0,6 
L 

0,8 
Bi 

P0 

0,1 I 0,2 0,4 0,6 0,8 
r 

[ 

3,19 
3,19 
3,18 
3,17 
3,16 
3,14 
3,06 

2.19 
2:18 
2 18 
2,18 
2,16 
2,15 
2.10 

l ,31 0,59 
1,31 0,59 
1,30 0,59 
1,30 0,59 
1,30 0,59 
1,29 0,58 
1,27 0,58 

0,005 
0,010 
0,025 
0,050 
0,075 
O, lO0 
0,250 

I I  

3,215 3,315 3,788 4,972 
13 21513,31513,787 4,971 
]3 214 3,313 3,784 4,968 
13,213 3,310 3,78014,961 
3,211 3,3071 3,775 9,955 
3 210 3,303 3 769 4 949 
31194 3,281 I 3:736 [ 4:911 

8,841 
8,839 
8,835 
8,829 
8,822 

/ 8 816 
18: 776 

c - A,Q1 (6) 
d T  ' 

?R 2 - -  
d t  

A --= A T  - -  t - -dT  (7) 
dt 

In Eqs.  (4)-(6), the quantities D and A1 are calculated theoret ical ly ,  while A and dT/dt are  found from 
the quasi l inear  par t  of the time dependence of the t empera tu re  at a cer ta in  time t. The thermocouple which 
moni tors  the tempera ture  is mounted on the outer surface  at the middle of the sample.  

The quantities D and A 1 which appear  in Eqs. (4)-(6) depend on the Blot number  and the dimensionless  
inner radius P0. The values of these quantities calculated for  the outer surface (p = 1) are  listed in Table 
1, f rom which we see that for the values of the Blot number  under considerat ion the change in D does not 
exceed 5%, while that in r~4.5% does not exceed A 1 ~ 1.5% for  all P0. 

On the basis of the solution in [1] of the problem of the t empera tu re  field in a cylinder,  with heat 
�9 t r ans fe r  takes into account, an equation was derived for evaluating the Blot number  from the same exper i -  
mental  data used to determine the thermophysica l  cha rac te r i s t i c s .  Fo r  Bi < 0.25 this equation is 

Bi = A T 2 -=- T I 
k (to. - -  tl) d T In T~ - -  T~ (8) 

dt 

Here A and dT/dt are  determined f rom the l inear  par t  of the time dependence of the tempera ture  (see the 
discuss ion above). The t empera tu res  T1, T2, and T 3 are  determined for  t imes t 1, t 2, andt  3 under the condi- 
tion t 2 - t  1 = t3- t  2 in the region adjacent to the quasi l inear  region (Fig. 1). The coefficient k depends on the 
dimensionless  inner radius Po (for Po = 0.1; 0.2; 0.4; 0.6; and 0.8, the v a l u e s o f k a r e  0.234, 0.201, 0.137, 
0.082, and 0.037). 

The analysis  of Eqs.  (4)-(5) is based on the quas i l inear  region, whose extent increases  with dec rea s -  
ing Biot number  [1]. In the proposed method for determining the thermophysical  cha rac te r i s t i c s ,  small  
values of the Blot number  a re  achieved by using smal l  samples  and low heating ra tes .  Under these condi- 
tions, the tempera ture  drops over  the c r o s s  section of  the sample are  also smal l  (AT < 5~ so that it be- 
comes  possible to average the thermophysica l  cha rac t e r i s t i c s  without introducing any important  e r r o r s .  

The measuremen t  apparatus  cons is t s  of s tandard equipment.  To determine the t empera tu re  de- 
pendence of the thermophysicaI  cha rac t e r i s t i c s  of the mate r ia l s ,  we use a muffle oven with a working cham-  
ber 20 mm in d iamete r  and 130 mm long, designed for heating to 1200~ The sample,  with an outer d iam- 
e te r  of 10 ram, an inner d iameter  of 2-3 mm,  and a length of 50 ram, is placed in the central  part  of the 
working chamber .  In these exper iments ,  the sample is s imply suspended from a manganese heating f i la-  
ment (0.1 mm in diameter) ,  so that this f i lament is under tension. The filament is ar ranged along the axis 
of the sample by means of center ing grooves .  The working chamber  is tightly covered with ce ramic  caps 
with leads for  the thermocouple and for the power supply of the heating filament. The tempera ture  is mea-  
sured with a coppe r -Cons t an t an  (or Chromel-Copel )  thermocouple (0.09-0.12 mm). Both junctions of the 
thermocouple are  within the working chamber ;  one is at the center  of the outer  surface of the sample,  
while the second is fa r  f rom it. Since the heating power is low, the second junction remains  at essential ly 
its initial t empera ture  during the exper iment  (< 60 see). The heating f i lament is supplied a regulated 
voltage f rom a type VS-26 dc power supply. The power is de termined with a type Ml107 ammete r  and 
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Fig. 2. Thermal  conductivity (a) and thermal  diffusivity (b) as 
functions of the tempera ture  for polymethyl methacryla te .  1) 
According to the present  data; 2) according to [5] for 7 = 1174 
kg/m3; 3) according to [5] for 1194 kg/m3; 4) according to [4]. 
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Fig. 3. Thermal  conduc-  
tivity of polymethyl metha-  
c ry la te  as a function of the 
tempera ture  according to 
data f rom var ious  studies.  
1) [6]; 2) [4]; 3) [7]; 4) [8]; 
5) [10]; 6) [11]; 7) [9]; S) [12]. 
The dashed curve shows the 
data f rom the present  study. 
Here k is in W/re. deg -1 and 
T is in ~ 

a type Ml109 vol tmeter .  Tr iggered  simultaneously with the power supply 
is a type N-700 osci l loscope,  through a type F359 "photocompensation" 
amplif ier .  The tempera ture  is recorded on l ight-sensi t ive  paper.  A 
pulse marks  the beginning of a recording.  This apparatus is used for mea-  
surements  with a var ie ty  of mater ia l s ,  both conductors  and die lect r ics .  

To tes t  the method, we ca r r i ed  out measuremen t s  on mater ia ls  r e -  
commended as standard mate r ia l s  [4]: polymethyl methacryla te  and Armco 
iron. Figure 1 shows an i l lustrat ive osci l loscope t race  for polymethyl 
methacryla te  at an initial t empera ture  of T o = 371~ This recording was 
ca r r i ed  out at a char t  speed of 2.5 mm/sec .  The tempera tu re  scale is 0.05 
deg/mm. The sample was a cyl inder  50 mm long with an outer d iameter  
of 10 mm and an inner  d iamete r  of 3 ram. The heater  power was 5.7 W 
/In. F rom the osci l loscope t race  in Fig. 1 we find Bi ~ 0.2, in agreement  
with Eq. (8). The middle of the quasi l inear  region (t i = 51.8 see) c o r -  
responds to a surface  t empera tu re  AT = T 1 - T  0 = 1.2 ~ The calculated 
tempera ture  drop between the outer and inner sur faces  is ~ 5.0 ~ 

Figure 2a shows measuremen t s  of the thermal  conductivity k for  
polymethyl methacryla te .  The points are  plotted on the basis  of m e a s u r e -  
meats  made by the method descr ibed above. The dashed curve shows the 
function k(T) which is established. Shown for compar i son  a re  values of 
the thermal  conductivity according to measurements  by other  investiga- 
tors .  For  the sample of the present  experiments  we have y ~ 1174 kg/m 3. 
Figure 2b shows data on the thermal  diffusivity a. The d i sc repancy  be- 
tween the resul ts  does not exceed 6% over the tempera ture  range con-  
s idered,  in agreement  with a theoret ical  es t imate  of the accuracy  of the 
method. 

The samples  used in [5] were solid cylinders l = 10-140 mm long and d = 30-40 mm in d iameter  or 
composi te  tubular samples 100 mm long with an outer d iamete r  of d = 50 mm and an inner d iamete r  of d o 
= 30 ram. The samples  used in [4] were l = 120 mm long with an inner d iamete r  of d o = 4 mm and an outer 
d iamete r  of 40 mm. 

There  have been many studies of polymethyl methacryla te .  Figure 3 shows the tempera ture  depen- 
dence of the thermal  conductivity according to the data f rom the var ious  studies [4]. The dashed curve c o r -  
responds to the present  exper iments .  Analysis of Figs.  2 and 3 reveals  that the resul ts  found by the p res -  
ent method agree  quite well with the resul ts  found by other  invest igators .  

1121 



The present  measurements  for  Armco iron at t empera tures  up to ~ l l00~ also agree quite Well with 
ea r l i e r  resu l t s .  

In view of the s implici ty of the present  method, we can hope that it will find laboratory applications. 

T 

To 
p = r/R 

Po = R0/R 
R 
Q1 
Fo =(a/R2)t 

t 
Bi = (oz/~)R 

J0(sp), J1(sp) 
~o(S~), u 

a 

c~ 

7 

NOTATION 

Is the cylinder temperature; 
m the initial temperature of cylinder and ambient medium; 
~s the dimensionless  radial  coordinate;  
~s the d i m e n s i o n l e s s i n n e r  radius; 
*s the outer  radius of cylinder;  
*s the power per  unit length supplied to the cylinder;  
~s the Four ie r  number;  
~s the t ime; 
is the Blot number;  
are  the Bessel  functions of the f i rs t  kind; 
a re  the Bessel  functions of the second kind; 
is the thermal  diffusivity; 
is the the rmal  conductivity; 
is the hea t - t r ans fe r  coefficient; 
is the densi ty of mater ia l .  
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