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The results of an experimental study of the influence of the dimen- 
sions of the calorimetric element and the properties of its material on 
the measured heat flux are examined. Recommendations for calcu- 
lating the thickness of a heat-flux sensor are made, and two methods 
of measuring the thermal conductivity of various metals in the case 
of samples heated by a plasma jet are proposed. 

W h e n  a n  e x p o n e n t i a l  t e c h n i q u e  is  u s e d  f o r  m e a s u r -  
ing h e a t  f l u x e s ,  i t  is  i m p e r a t i v e  to know t he  i n f l u e n c e  
of t he  c a l o r i m e t r i c  e l e m e n t ,  t he  type  of m a t e r i a l  f r o m  
wh ich  it  i s  m a d e ,  and  t he  p r o p e r t i e s  of t he  m a t e r i a l  
of t he  p r o t e c t i v e  s l e e v e  on the  m a g n i t u d e  of the  m e a -  
s u r e d  h e a t  f lux .  

T h e s e  p r o b l e m s  a r e  of p r i m a r y  i m p o r t a n c e  w h e n  
s t u d y i n g  h e a t - t r a n s f e r  i n t e n s i t y  by  t h i s  o r  o t h e r  t e c h -  
n i q u e s .  S tudy  of t h e s e  p r o b l e m s  is  a l s o  of i n t e r e s t  
in  t he  d e t e r m i n a t i o n  of the  l aws  g o v e r n i n g  h e a t  t r a n s -  
f e r  b e t w e e n  s o l i d  b o d i e s  a n d p l a s m a  f lows .  It  is  we l l  
known  t h a t  h e a t - t r a n s f e r  i n t e n s i t y  u n d e r  n o n s t a t i o n a r y  
c o n d i t i o n s  c a n  d i f f e r  a p p r e c i a b l y  f r o m  h e a t  t r a n s f e r  
u n d e r  s t a t i o n a r y  c o n d i t i o n s .  T h i s  l e a d s  to t h e  q u e s t i o n  
of w h e t h e r  r e s u l t s  of h e a t - f l u x  m e a s u r e m e n t s  p e r -  
f o r m e d  b y  n o n s t a t i o n a r y  m e t h o d s  a r e  s u i t a b l e  f o r  e s -  
t a b l i s h i n g  h e a t - t r a n s f e r  l aws  f o r  s t a t i o n a r y  c o n d i t i o n s .  

S o m e  of t h e s e  q u e s t i o n s  h a v e  b e e n  s t u d i e d  in [2] by  
a n a l y z i n g  t he  s o l u t i o n  to a o n e - d i m e n s i o n a l  h e a t - c o n -  
d u c t i v i t y  e q u a t i o n  for  b o u n d a r y  c o n d i t i o n s  of the  s e c -  
ond k ind .  

In t h i s  p a p e r  we p r e s e n t  t he  r e s u l t s  of an  e x p e r i -  
m e n t a l  v e r i f i c a t i o n  of t he  l a w s  e s t a b l i s h e d ,  and  we 
e x a m i n e  the  c o n c l u s i o n s  wh ich  d e r i v e  f r o m  t h e s e  l a w s .  

I n f l u e n c e  of s a m p l e  l e n g t h  on t he  m e a s u r e m e n t  of 
h e a t - t r a n s f e r  i n t e n s i t y .  T h e  r a t e  a t  w h i c h  a n  in f in i t e  
p l a t e  is  h e a t e d  by a s t e a d y  h e a t  f lux c a n  b e  c o m p u t e d  
f r o m  e x p r e s s i o n  (20) in  r e f e r e n c e  [1, p. 155]. The  
l aws  w h i c h  g o v e r n  h e a t i n g  a r e  g i v e n  in d i m e n s i o n l e s s  
f o r m  in F i g u r e  5.3 of t h i s  book .  A n a l y s i s  of the  r e l a -  
t i o n s  p l o t t e d  in  the  f i g u r e  s h o w e d  t h a t ,  s t a r t i n g  wi th  
F 0 = 0.3,  n e g l e c t  of t he  s e r i e s  in  e x p r e s s i o n  (20) l e a d s  
to  a n  e r r o r  of l e s s  t h a n  1%. H e n c e ,  fo r  F 0 _> 0.3,  we 
h a v e  

t - -  q ~ ql 3x2 - -  P 
p cl + )~ 6l ~ (1) 

T a k i n g  the  t i m e  d e r i v a t i v e  of the  t e m p e r a t u r e ,  we 
get  a f o r m u l a  fo r  c a l c u l a t i n g  t he  h e a t  f lux by  a n  e x -  
p o n e n t i a l  t e c h n i q u e ,  

q = p c l - - d t  f o r F o ~ > 0 . 3 .  (2) 
d r  

F r o m  e x p r e s s i o n  (1), i t  f o l l ows  [2] t h a t  t h e r e  e x i s t s  

a n  o p t i m a l  and  a l i m i t i n g  t h i c k n e s s  of t he  c a l o r i m e t -  
r i c  e l e m e n t  wh ich  a r e  d e f i n e d ,  r e s p e c t i v e l y ,  by the  
r e l a t i o n s  

t~ 
/ o p t  = 0.73 (3) 

q 

/ l i ra  = 1.46 )~ tm (4) 
q 

The  t i m e  r e q u i r e d  f o r  t he  t e m p e r a t u r e  c u r v e  to 
b e c o m e  l i n e a r ,  and  t he  t i m e  to  t he  o n s e t  of m e l t i n g  

a t  the  h e a t e d  s u r f a c e  c a n  b e  d e t e r m i n e d ,  r e s p e c t i v e l y ,  
f r o m  the  e x p r e s s i o n s  

"h = O. 3 l'2/a 
(5) 

~ (6) 
aq 3 a 

It is obvious that in the case of a steady flux (the 
specific heat and density of the material are practi- 

cally constants), the temperature measured in any 
cross section of the plate (x = eonst) must be a linear 

function of time (I). Hence, if the experimentally ob- 
tained relations between temperature and time are 

linear, it may be safely assumed that the experimental 

conditions were one-dimensional and that the heat flux 
was steady. 

In [3] it was shown that the heat flux under non- 

stationary conditions is affected by the dimensions of 
the body measured in the direction of the heat flux; 
however, when the dimensions diminish to a certain 

value, heat-transfer intensity is no longer influenced 
bythe dimensions. These findings were checked by ex- 
periments in which copper samples of various lengths 
were heated in a plasma jet. 

The samples were cylinders measuring i0 mm in 

diameter and i, 2.5, 5, i0, 25, 50, and i00 mm long. 
One-dimensional heating was accomplished by pro- 
tecting the lateral surface of the samples from heating 
by textolite sleeves shaped as a truncated cone and 

provided with an axial hole into which the sample fit- 
ted tightly. The sleeve, in turn, was fixed in a metal- 
lic tube which was aligned with the jet axis by means 
of the sensor bracket. 

The electric-arc heater in which the gas was heated 
is described in [4]. All samples were tested under the 

same experimental conditions characterized by the 
following parameters: power expended in the arc-- 

80kW, gas consumption--2 g/sec, diameter of the noz- 
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F ig .  1. S a m p l e  t e m p e r a t u r e ,  t (~ vs .  t i m e  ~- ( s ec )  f o r  l - x = 5 m m :  
1) l =  5 r a m ,  2) l = 1 0 m  m ,  3) l = 2 5 r a m ,  4) l = 5 0 m m ,  5) l =  1 0 0 m m .  
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F ig .  2. S a m p l e  t e m p e r a t u r e  t (~ vs .  t i m e  ~- ( sec )  f o r  
x =  0: 1) l =  1 r a m ,  2) l = 2 . 5 m m ,  3) l =  5 r a m ,  4) l = 
= 10 m m ,  5) l = 25 m m ,  6) l = 50 m m ,  7) l = 100 m m ,  

8) T 1, 9) r 2. 

z le  e x i t  s e c t i o n - - 1 5  m m ,  s p a c i n g  b e t w e e n  t he  n o z z l e  
e x i t  s e c t i o n  and  t he  s a m p l e - - 2 5  m m .  T h e s e  p a r a m -  
e t e r s  c o r r e s p o n d  to a n  e n t h a l p y  of 14 600 k J / k g  (T = 
= 6300~ of t h e  ga s  f low a c t i n g  on the  s a m p l e  and  to 
a s t a g n a t i o n  p r e s s u r e  of 1 a t m .  T h e  m a x i m u m  d e v i a -  
t ion  of the  p o w e r  and  the  g a s  e n t h a l p y  f r o m  t he  m e a n  
v a l u e  was  10%. S a m p l e s  m e a s u r i n g  1, 2.5,  and  5 m m  
in l e n g t h  w e r e  p r o v i d e d  w i th  one  t h e r m o c o u p l e .  E a c h  
of t he  l o n g e r  s a m p l e s  w as  p r o v i d e d  w i th  two t h e r m o -  
c o u p l e s  a t  d i s t a n c e s  of l (l is  t he  s a m p l e  l eng th)  and  
5 m m  f r o m  the  end  f ace  e x p o s e d  to the  j e t .  

In o r d e r  to m i n i m i z e  the  r a n d o m  e r r o r ,  s a m p l e s  
of a l l  s i z e s  w e r e  s u b j e c t e d  to h e a t i n g  3 to 8 t i m e s .  

The  a v e r a g e d  h e a t i n g  c h a r a c t e r i s t i c s  o b t a i n e d  fo r  c o p -  
p e r  s a m p l e s  a r e  g i v e n  in F i g s .  1 and  2. L i n e a r  s e g -  
m e n t s  on  the  t e m p e r a t u r e  c u r v e s  c a n  b e  o b s e r v e d  fo r  
s a m p l e s  of s m a l l  d i m e n s i o n s .  A c o m p a r i s o n  of the  
c u r v e s  in  F i g s .  1 and  2 s h o w s  t h a t  t he  l i n e a r  s e g m e n t s  
of t he  c u r v e s  o b t a i n e d  fo r  v a r i o u s  c r o s s  s e c t i o n s  of  
10- a n d  2 5 - r a m - l o n g  s a m p l e s  h a v e  the  s a m e  s l o p e .  
F o r  5 0 - m m - l o n g  s a m p l e s ,  t he  c u r v e s  d e v i a t e  o v e r  
the  e n t i r e  h e a t i n g  t i m e .  

A n a l y s i s  of t he  t e m p e r a t u r e  v s .  t i m e  c u r v e s  o b -  
t a i n e d  fo r  t h e  l - x = 5 m m  a n d  x = 0 s e c t i o n s  a c r o s s  
the  s a m p l e  ( F i g s .  1 and  2) shows  t h a t  a d i m e n s i o n  of 
r o u g h l y  25 m m  s e p a r a t e s  t he  f a m i l y  of t e m p e r a t u r e  
c u r v e s  in to  two p a r t s .  F o r  s m a l l e r  s a m p l e  d i m e n -  
s i o n s ,  l i n e a r  s e g m e n t s  c a n  be  o b s e r v e d  on  t he  t e m -  

p e r a t u r e  v s .  t i m e  c u r v e s ,  wh i l e  f o r  l a r g e  d i m e n s i o n s  
l i n e a r  s e g m e n t s  a r e  a b s e n t .  

The  t i m e  to t he  c o m m e n c e m e n t  and  t e r m i n a t i o n  of 
the  l i n e a r  s e g m e n t s  a n d  the  l i m i t i n g  s a m p l e  t h i c k n e s s  
c a n  be  c o m p u t e d  f r o m  t h e  f o r m u l a s  g i v e n  a b o v e .  T h e  
r e s u l t s  of c o m p u t a t i o n s  p e r f o r m e d  f o r  c o p p e r  s a m p l e s  
c o n f i r m  the  c o n c l u s i o n s  m a d e  on the  b a s i s  of m e a s u r e -  
m e n t s .  T h e  c o m p u t e d  and  m e a s u r e d  v a l u e s  of T 1, "r 2, 
/ l i m ,  and  /opt  a r e  in  s a t i s f a c t o r y  a g r e e m e n t  (F ig .  2, 
T a b l e  1). 

The  o p t i m a l  s a m p l e  l e n g t h  fo r  t he  h e a t  f lux  e m -  
p loyed  i s  14.8 r a m ;  t h i s  c o r r e s p o n d s  to a m a x i m u m  
d u r a t i o n  of t he  l i n e a r  s e g m e n t  e q u a l  to  1.54 s e c  ( T a -  
b le  t ) .  F o r  s e n s o r  d i m e n s i o n s  of 30 m m  and  m o r e ,  a 
l i n e a r  s e g m e n t  i s  not  o b s e r v e d  u n d e r  t he  g i v e n  c o n -  
d i t i ons .  

T a b l e  1 

C a l c u l a t i o n  of S e n s o r  D i m e n s i o n s  fo r  V a r i o u s  M e t a l s  

;MateriaF 

Aluminum 
Tin 
Copper 
ICr 18Ni9Ti steel 

Brass 

mm lhn i mm ] t m ,  ~ q, 
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literature 

1.4 
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1.92 
1.58 

1.73 
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3.06 
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3.51 
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0.228 
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232 
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Fig.  3. Sample t e m p e r a t u r e  t (~ for var ious  ma-  
t e r i a l s  vs.  t ime  T (sec), for  l = 5 mm: 1) copper,  
2) a luminum, 3) b r a s s ,  4) tin, 5) s ta in less  s teel .  

Formal determination of heat fluxes by an exponen- 

tial technique (formula (2)) leads to faulty results for 

sample dimensions greater than /lira (and, in practice, 
for smaller dimensions close to /lira). 

The heating curves obtained were used for calcu- 
lating heat fluxes for various sample lengths (Fig. 4a). 
The deviation of the measured values from the mean 

value for a length of 25 mm does not exceed 10%. An 
exception is the l-ram-thick sample for which the di- 
ameter of the thermoeouple junction (0.2-mm-diam 

wires were employed) is compatible with the sample 
thickness. 

With an increase in dimensions to 50 ram, the de- 
viation of the measured heat flux from the actual value 

reaches 30%. As has been noted above, this deviation 
may be attributed to sample melting prior to the com- 
mencement of a linear segment. 

The results of the determination of heat fluxes from 

temperature gradients measured for various sample 
cross sections agree with each other within an error 
of less than 12%. 

Influence of the material properties of the calori- 
metric element on the results of heat-transfer-inten- 

sity m e a s u r e m e n t s .  The value of the s teady heat  flux 
de te rmined  f rom express ion  (2) should be independent 
of the p roper t i e s  of the c a l o r i m e t r i c  e lement .  When 
the p a r a m e t e r  Pc va r i e s ,  the value of dt/d~ should 
va ry  in such a way that the i r  product  would r e m a i n  
constant.  

With express ion  (2), however ,  its range of appl ica-  
bi l i ty should be kept in mind. F o r m a l  applicat ion of 
an exponential  technique may lead to i nco r r ec t  r e su l t s .  

Samples  for use in heat - f lux  m e a s u r e m e n t s  were  
p repa red  f rom copper,  a luminum, b ra s s ,  tin, and 
s ta in less  s tee l  in the form of 5 - ram- long  cyl inders .  
The cyl inder  d i ame te r  and the method of achieving 
one-d imens iona l  heating were  the same as in the case 
of copper  sensor s  of var ious  length. The sample  t e m -  
pe ra tu re  was measu red  at the c ro s s  sect ion x = 0. 

On the t e m p e r a t u r e  vs. t ime curves  obtained (Fig. 
3), one can dist inguish l inear  segments  whose dura -  
tion depends on the melt ing point of the mater ia l .  
Heat flux calculat ions on the bas is  of express ion  (2) 
and of the re la t ions  obtained showed that the heat flux 
va r i e s  depending on the type of ma te r i a l ,  in spite of 
the fact  that all  the p a r a m e t e r s  of the hot gas flow 
were  kept constant in all  tes ts  (Fig. 4to). Specif ic-  
ally, for tin, the ra t io  of the heat  flux to the heat flux 
measu red  with a copper  c a l o r i m e t e r  i s  equal to 0.26. 

The heat  flux values m e a s u r e d  with sensor s  made 
f rom other m a t e r i a l s  l ie within • of the mean 
value; this does not exceed the e r r o r  involved in the 
de te rmina t ion  of heat fluxes by an exponential  tech-  
nique. 

The results obtained may be explained by examining 
the manner in which the optimum and limiting sensor 

lengths depend on the type of material (Table i). 
In the case of tin and steel, the sensor dimension 

(5 ram) employed exceeds the limiting value for these 

materials. Consequently, on the temperature vs. time 
curves for these materials, linear segments are es- 

sentially absent, but the curves exhibit an inflection 

from concave to convex. Formally, this inflection re- 
gion can be taken as a linear one. Heat flux determi- 
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Fig. 4. Results of an analysis of the temperature curves: a) heat flux 

q (in kW/cm 2) vs. sample length l (in mm), b) relative heat flux qi/qcop 
vs. the parameter pcp (in kJ/m 3 . deg), e) thermal conductivity coeffi- 
cient k of copper (W/re. deg) vs. temperature t (~ (1--from paper [5], 

2--first method, 3--second method). 
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nation from the gradient at this region leads to arbi- 

trary heat flux values. 
Thus, for correct determination of heat fluxes, it 

is necessary that the thickness of the calorimetric 

element for a given material and a given heat flux lie 

within limits which ensure the presence of a linear 

segment on the temperature curve. There is an op- 

timal thickness of the calorimetric element in each 

C a S  e .  

The expe r imen ta l ly  obtained mel t ing  points of m a -  
t e r i a l s  can s e r v e  as an ind i rec t  accu racy  index for 
t e m p e r a t u r e  measu remen t s  on samples  of var ious  m a -  
t e r i a l s  heated  in a p lasma jet (Table 1). A compar i son  
shows good ag reemen t  between the measu red  values  
and l i t e ra tu re  data.  

Compar i son  between the exponential  technique and 
the method of s u c c e s s i v e  in t e rva l s .  The method of 
succes s ive  in te rva ls  was developed in [3] for d e t e r -  
mining t i m e - v a r i a b l e  heat  f luxes.  In the de t e rm ina -  
tion of heat fluxes by this method,  it is n e c e s s a r y  to 
provide  one-d imens iona l  heating conditions for cyl in-  
dr ica l  s amples ,  and to r e c o r d  the t ime var ia t ions  of 
the t e m p e r a t u r e  in an a r b i t r a r y  c r o s s  sect ion of the 
sample .  

The formula  for ca lcula t ing heat  fluxes is 

i~n--I  

to] q, Vo, 
i=i (7) 

q ~  = 1 x 2 
Fo,~--~-  + 2-~ 

This fo rmula  is a lso  appl icable  to the case  exam-  
ined in this paper.  Heat fluxes can be de te rmined  by 
this method with the aid of the t e m p e r a t u r e  vs.  t ime  
curves  obtained for the de te rmina t ion  of heat  fluxes 
by an exponential  technique (Figs .  1,2). 

P roceed ing  f rom express ion  (7), we can show that 
if the re la t ion  t =f(T)  is a s t ra ight  l ine,  the heat flux 
does not change in t ime and is a constant.  

If q = coast ,  the t ime  in te rva ls  into which the 
p roces s  is divided a re  equal,  and t o = 0, then 

a ~ l q l x 2 
t =  ~ - ~ - q ~ - - - - - -  + q - 

6 T 
i = l  

_ q ~  + q x  ~ _ q l , ( 8 )  

c p l 2~ l 6)~ 

i. e . ,  we have obtained exp re s s ion  (1) which r e p r e -  
sents  a l inear  re la t ion  between t e m p e r a t u r e  and t ime.  

The method of succe s s ive  in te rva ls  was used for  
calcula t ing heat  f luxes for 2.5- ,  5-, and 10-ram-long 
samples  heated in a p lasma jet .  

The computat ional  fo rmulas  a re  

l = 2 . 5  mm hv=0.02 sec; q~=0.68.106 ht--l .89 Eq~; 
/=5  mmA~=0.1sec;  q~=2.3.105 At--l.6 Eq~; 

/=10 mm Ax=0.3sec;  q~=1.93, l05 At--2 Eq~. 

The d i f ference  between heat  fluxes de te rmined  by both 
methods did not exceed 10%. This  accu racy  may be 
cons idered  sa t i s f ac to ry  for the given condit ions.  

It should be emphas ized  that for sma l l  sample  
lengths the value of the heat  flux m e a s u r e d  remains  
constant  in t ime.  Consequently,  the resu l t s  of hea t -  
t r a n s f e r - i n t e n s i t y  m easu rem en t s  pe r fo rmed  by a non- 
s ta t ionary  method, such as the exponential  method 
employed,  a r e  applicable in the case  of heat t r ans f e r  
under s ta t ionary  condit ions.  

For  samples  of g rea te r  length, a re la t ion  between 
the heat flux and t ime could not be es tabl ished in our 
exper iments ,  because  samples  of la rge  dimensions 
began to mel t  p r io r  to the onset  of the segment  on the 
t empera tu re  curve  of in te res t  to us. 

Influence of the p rope r t i e s  of the m a t e r i a l  of the 
pro tec t ing  s l eeve  on the r e su l t s  of heat- f lux m e a s u r e -  
ments .  The computational re la t ions  of the exponential  
method (formula (1) and others)  were  obtained under 
the assumption that the expansion of heat  in a sample  
is one-d imens iona l .  As has been said above, in o rder  
to obtain a one-d imens iona l  heat flux, the l a te ra l  s u r -  
face of the samples  was pro tec ted  by a textol i te  s leeve .  
The contact sur face  between the sample  and the s leeve  
was a 4 - m m - w i d e  r ing in the proximi ty  of the front  
face of the sample .  Beyond this r ing,  the re  was a 
1 -mm-wide  a i r  gap between the sample  and s leeve .  

The exper imenta l ly  observed  l inear  segments  on 
the t e m p e r a t u r e  curves  conf i rm that heat  expansion 
in the samples  was one-d imens ional .  The shor t  dura-  
tion of the tes ts  and the pronounced di f ference  in the 
the rmal -conduc t iv i ty  coeff icients  of the sample  and 
s leeve  were  fac tors  favorable  for  obtaining one-d i -  
mensional  heat  expansion. 

Additional heating tes t s  were  pe r fo rmed  with s a m -  
ples pro tec ted  by s l eeves  made of textol i te ,  hard rub-  
ber ,  and asbes tos  cement.  The the rmal -conduc t iv i ty  
coeff ic ients  of these  ma te r i a l s  di f fered by as much as 
a fac tor  of th ree .  In the p resence  of apprec iable  radia l  
heat  f luxes,  such changes in the p rope r t i e s  of the p r o -  
tec t ive  s l eeve  a re  bound to lead to substant ial  changes 
in the quantity being measured .  Measuremen t s  showed 
that the deviat ions of the heat - f lux  values a re  com-  
patible with the conventional m e a s u r e m e n t  e r r o r  (~10- 
12%). This r e su l t  is conf i rmed  by the heating curves  
obtained for the samples .  The t e m p e r a t u r e s  m e a s u r e d  
in samples  pro tec ted  by ha rd - rubbe r  and a sbes tos -  
cement  s l eeves  l ie  on e i ther  side of the curve  obtained 
for samples  with a textol i te  s l eeve .  

Applicat ion of sample  heating in a p lasma je t  to the 
de te rmina t ion  of the the rmal -conduc t iv i ty  coeff ic ient  
of me ta l s .  With the aid of express ions  (1) and (2), it 
is poss ible  to obtain a re la t ion  for  calcula t ing t h e r .  
rea l -conduct iv i ty  coeff icients  ( f i rs t  method): 

f o r x ~ 0  ~ - -  12p%dt /d~  (9) 
6 ~ dt/d ~ - -  6t 

and a re la t ion  for calcula t ing the rmal -d i f fus iv i ty  co-  
eff icients  

l~dt/d ~ 
a (10) 

6~ dt/d ~ - -  6t 

In o rder  to de te rmine  ~ and a f rom the express ions  
obtained, it is n e c e s s a r y  to m e a s u r e  the t e m p e r a t u r e  
gradient  at the l inear  segment  of the t e m p e r a t u r e  
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c u r v e  and the  t e m p e r a t u r e  at an a r b i t r a r y  m o m e n t  of 
t i m e  wi th in  the l i n e a r  s e g m e n t  at  the  end face  of the  
s a m p l e  (x = 0). T h e r m a l - c o n d u c t i v i t y  and - d i f f u s i v i t y  
coe f f i c i en t s  can  be d e t e r m i n e d  a l s o  by a d i f f e r e n t  
me thod .  

Under  the cond i t ions  s tud ied ,  the t e m p e r a t u r e  at  
the c r o s s  s e c t i o n  x of a s a m p l e  i s  

i x =  q~ + qx_~__ 2 __ q l_l, 
p cl 2~ l 6L 

F o r  the c r o s s  s e c t i o n  x = 0, the t e m p e r a t u r e  is 

tx =o q T ql 
9 cl 6L 

By s u b t r a c t i n g  the s econd  e x p r e s s i o n  f r o m  the  f i r s t ,  
a f t e r  c e r t a i n  t r a n s f o r m a t i o n s  and subs t i tu t ion  of q, 
f r o m  (1), we get  ( second  method)  

and 

% - -  P cx~dt/d "~ (1:1) 

2 (t~-- t~=o) 

x 2 d {  
a - -  (12) 

2(t x -  tx=o) d "c 

F o r  d e t e r m i n i n g  3, and a in th is  c a s e ,  i t  is n e c e s s a r y  
to m e a s u r e  the t e m p e r a t u r e  d i f f e r e n c e  at two c r o s s  
s e c t i o n s  of the s a m p l e  and the t e m p e r a t u r e  g r a d i e n t  at  
the l i n e a r  s e g m e n t  of the  hea t i ng  c u r v e .  

By u s ing  the me thods  s tud ied ,  i t  is p o s s i b l e  to d e -  
t e r m i n e  m e a n  v a l u e s  of the t h e r m a l - c o n d u c t i v i t y  e o e f -  
f i c i en t  for  t e m p e r a t u r e s  ly ing wi th in  the  l i n e a r  s e g -  
m e a t .  

The  s a m p l e s  u s e d  fo r  d e t e r m i n i n g  t h e r m a l - c o n d u c -  
t i v i t y  c o e f f i c i e n t s  had a s i m p l e  conf igu ra t ion ,  qu i te  
s i m i l a r  to that  of the h e a t - f l u x  s e n s o r s  d i s c u s s e d  
above .  

To d e t e r m i n e  the t h e r m a l - c o n d u c t i v i t y  c o e f f i c i e n t  
of c o p p e r  by the  f i r s t  me thod ,  u s e  was  m a d e  of the 
hea t ing  c u r v e  ob ta ined  fo r  a 1 0 - m m - l o n g  s a m p l e  (Fig .  
2). The  dens i t y  of  c o p p e r  in the t e m p e r a t u r e  r ange  
be tween  25 and 670 ~ C is t aken  as  8800 k g / m  3, and the 
s p e c i f i c  h e a t  as  0.42 k J / k g - d e g .  The  r a t e  at  which 
the t e m p e r a t u r e  v a r i e s  o v e r  a l i n e a r  s e g m e n t  is 

dt 670 - -  25 
. =  540 d e g / s e c .  

d-~-~ = 1 .4 - -0 .2  

The t h e r m a l  conduc t i v i t y  c o e f f i c i e n t  ( r  = 0.4 s e c ,  t = 
= 130 ~ C) is  ~300o C = 383 W / m - d e g .  The  va lue  ob -  
t a ined  d i f f e r s  by 2.8% f r o m  the va lue  of the t h e r m a l -  
conduc t iv i t y  c o e f f i c i e n t  of c o p p e r  fo r  300 ~ C taken  
f r o m  the handbook.  

The  f i r s t  m e t h o d  was u s e d  a l so  to d e t e r m i n e  the 
t h e r m a l - c o n d u c t i v i t y  c o e f f i c i e n t s  o f  2 .5 - ,  5- ,  and 
2 5 - r a m - l o n g  c o p p e r  saanples .  The  va lues  obta ined  
dev ia t e  by 6 to 13% f r o m  the  c o r r e s p o n d i n g  t abu la t ed  
v a l u e s  (F ig .  4e).  F o r  a 2 5 - m m - l o n g  s a m p l e ,  the 
t h e r m a l - c o n d u c t i v i t y  c o e f f i c i e n t  was d e t e r m i n e d  a l so  
by the s e c o n d  me thod .  The  c a l c u l a t e d  va lue  d i f f e r s  by 
9.2% f r o m  the  t abu la ted  va lue  for  p u r e  coppe r  at  
t m e a n  = 200 ~ C. 

Table 2 

Results of the Determination of the Thermal-Conduetivit 

Coefficients of Some Metals 

Material  ;~1 f rom[5,  6] s exper imenta l  ~ , % 

1 C r l 8 N i 9 T i s t e e ]  

Tin  

Aluminum 

Brass 

20.4 
(t=600 ~ 

55 
d=O ~ 

195--127 
(t =200 ~ 

11o 
(t=4o0 ~ 

24.3 
(tm=600 ~ 

57 
(tm= 100 ~ 

148 
(tm = 200 ~ 

95 
(tm =400 ~ 

19 

3.6 

--14 

Thus ,  the p r o p e r t i e s  of the coppe r  e m p l o y e d  in the 
e x p e r i m e n t s  a p p r o a c h  r a t h e r  c l o s e l y  t hose  of e l e c -  
t r o l y t i c  c o p p e r .  The  me thods  d e v e l o p e d  y ie ld  s a t i s -  
f a c t o r y  r e s u l t s .  T h e y  w e r e  u s e d  to d e t e r m i n e  the  
t h e r m a l - c o n d u c t i v i t y  coe f f i c i en t s  of o the r  m e t a l s  f r o m  
which c a l o r i m e t r i c  e l e m e n t s  w e r e  made .  The  d e n s i t y  
and s p e c i f i c  hea t  of m a t e r i a l s  a r e  taken  f r o m  [5, 6]. 
The r a t e  of t e m p e r a t u r e  v a r i a t i o n  was  d e t e r m i n e d  f r o m  
the c u r v e s  in Fig~ 3. 

The  t h e r m a l  c o n d u c t i v i t i e s  d e t e r m i n e d  fo r  fou r  
m e t a l s  (Tab le  2) c o n f i r m  the e f f e c t i v e n e s s  of the m e t h -  
od d i s c u s s e d .  It is p o s s i b l e  that  the e r r o r  of 19% in-  
vo lved  d e r i v e s  not only  f r o m  m e a s u r e m e n t  e r r o r s  but 
a l so  f r o m  a d i f f e r e n c e  in the  types  of s t e e l  c o m p a r e d .  

NOTATION 

t is temperature, q is the specific heat flux, T iS 
time, l is the length of calorimetric element, x is the 
distance from the rear face of a sample to the cross 

section studied, t m is the melting point of the material~ 
ATma x is the maximum time interval for a linear seg- 
ment, n is the number of the time interval, t 0 is the 
initial temperature of a sample. 
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