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A nonsteady method is proposed for determining the thermophysical 
characteristics of poor heat conductors in the form of thin-film va- 
porized coatings. The heat conduction problem is solved for a system 
consisting of a bounded and a semibounded rod with a plane heat 
source of constant power using a thin-film coating with known char- 
acteristics as standard. 

S teady-s ta te  methods [3, 4] of d e t e r m i n i n g  the t h e r -  
mophys ica l  c h a r a c t e r i s t i c s  of vapor ized  t h in - f i lm  
coat ings a re  not v e r y  sui table  owing to the length of 
the expe r imen t  and the imposs ib i l i t y  of a combined 
de t e rmina t i on  of al l  the the rmophys ica l  c h a r a c t e r i s t i c s  
in the course  of s ingle  expe r imen t  over  the en t i r e  
range  of i n t e r e s t .  

Most sui table  for  the inves t iga t ion  of vapor ized  
coat ings  a re  the nons teady  methods desc r ibed  in [5, 6]. 
However,  the method de sc r i bed  in [5] makes  it  p o s s i -  
ble to d e t e r m i n e  only the t h e r m a l  conduct ivi ty  of the 
m a t e r i a l  f rom a s i n g l e  exper imen t ,  r e q u i r e s  a know- 
ledge of the specif ic  heat of the s tandard  and, what i s  
v e r y  impor t an t  in  inves t iga t ing  vapor ized  m a t e r i a l s ,  
n e c e s s i t a t e s  the double deposi t ion of the same m a t e r i a l  
(on two sides of the s tandard) .  The method desc r ibed  
in  [6] makes  it  poss ib le  to d e t e r m i n e  the t he rmophys -  
ical  c h a r a c t e r i s t i c s  in combinat ion ,  but r e q u i r e s  a 
knowledge of the t h e r m a l  ac t iv i ty  of the semibounded 
rods  and l ikewise  double deposi t ion  (on two rods) .  

Both methods r e q u i r e  that the t h i cknes se s  of the 
coat ings  be s t r i c t l y  equal.  

These d i sadvantages  prompted  us to develop a new 
method. 

Cons ider  a sy s t em (see the f igure)  cons i s t ing  of 
two semibounded rods  2 and 4 with the rmophys ica l  
c h a r a c t e r i s t i c s  a2, ~ ,  c~ and two bounded rods  1 and 3 
with the rmophys ica l  c h a r a c t e r i s t i c s  ai, ki, c i and as, 
X3, c3, r e spec t ive ly .  The c h a r a c t e r i s t i c s  of body 3 a re  
a s sumed  known. 

Star t ing f rom a ce r t a in  t ime ~- = 0, a source  of con-  
s tant  power q ac ts  at  the sec t ion  a -a .  

The ma thema t i ca l  f o rmu la t i on  of the p rob lem for  
bodies  1 and 2 has  the fo rm [1, 2] 

Oh (x, ~) O~h (x, -c) 
--  al , O .<. x -<. R .  

O �9 Ox ~ 

at2 (x, ~) 02t, (x, ~) 
a~ , R l  ~ x <  oo. 

0 �9 Ox ~ 

(i) 

An analogous s y s t e m  of equat ions  can also be wr i t t en  
for  bodies 3 and 4. Then,  in accordance  with [6], we 
obtain the solut ions  for x = Ri and x = R s in the f o r m  

h t~ = t~ (R1, ~) - -  to = 

R~ (2) _ 2ql V al 1/~-(1 - -  m 0 ierfc 2 I/-a~- )~i 

A t4 = t~ ( R 3 ,  ~)  - -  to = 

- -  R~ (3)  
_ _  2q~l/a3k3 t/~(1--m3)ierfc 2 1/'a3z 

Taking two mul t ip le  mome n t s  of t ime  ~-' and r"  such 
that 

Fx~ = a = consf, 

we obtain 

A t~ ierfc (a -1 K0 

A t I -- 13~ = a ierfc K1 

A t~ ierfc (a -1 K3) 

A t~ - -  ~* = a ierfc K3 

where  

K1 = 
RI R~ 

2 ] / ' ~ '  and K3 = 2 V a ~  7" 

(4) 

(5) 

Having d e t e r m i n e d  fl and a expe r imen ta l l y  f rom the 
graphs  fl = f ( K ,  a)  [6], we de t e r mi ne  K i and K s. (The 
poss ib i l i ty  of d e t e r m i n i n g  K 3 by ca lcula t ion  gives a 
check on the accu racy  of the exper iment . )  

F r o m  the equat ion 

a l =  4//~ ~ '  

we de t e r mi ne  the t h e r m a l  diffusivity.  

i 

i 
a 

Calcula t ion scheme.  
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F r o m  (2), 

R1 ( 4ql V-UierfcKi ~ ) 
%1= 2K, V~ v A t~ ~ " (6) 

From (3), 

R3 ( 4q81/~7 ierfc K8 ~ ,~)  
~"-- 2K3VU At ;  V ~  " (7) 

Solving (6) and (7) jo in t ly ,  we obta in  

XaKsAt,2 ) 2Rlq qi ierfc Ki A ts qa ierfc Ka + 
~1-- KI A ts q At" 4 q 2Raq 

where  q = ql + qa i s  the power  of the plane sou rc e .  
We can obta in  the d i s t r i b u t i o n  of hea t  flux be tween  

bod ies  1 and 3, if we a s s u m e  that  )t = Rq/At (in a c c o r d -  
ance with [6]); then, 

ql = ~1 h ti  (9) 
R1 

and 

q8 = ~a2' k ta. (10) 
R~ 

Subst i tu t ing  the va lues  of ql and qa into (8) and so lv ing  
i t  f o r  Xl, we obta in  

At3 ierfc K8 
1--2 

R1 K3 A t4 Ka 
Ra Ki 1--2 A h  iericKi (11) 

A t~ K1 

If the m a t e r i a l  of the s t a n d a r d  coat ing  i s  suf f ic ien t ly  
c lo se  in i t s  p r o p e r t i e s  to the i nves t i ga t ed  coa t ings  
(m 1 ~- ma) , then, t ak ing  the r a t i o  of the t e m p e r a t u r e  
d r o p s  a t  bod ies  2 and 4 a t  the s a m e  momen t  of t ime ,  
we obta in  

Riql ierfc K1 
A t~ 7~1K~ 

A t~ Raqa ierfc Ka 
Xa Ka 

(12) 

whence 

ierfc K1 _ Wife K3 A t~ k ts ~'. 
Ki Ka A t~ A t~ -- (13) 

Having ob ta ined  the va lue  of fl '  e x p e r i m e n t a l l y ,  f r o m  
the p r e v i o u s l y  c a l c u l a t e d  dependence  fl' = f ( K t ) ,  we 
f ind the va lue  of K 1 and then a t. 

When the d rop  at  the semibounded  r o d s  2 and 4 i s  
su f f i c ien t ly  s m a l l ,  so lu t ion  (8) o r  (13) i s  i n a d m i s s i b l e .  
In this  ca se ,  we use  the so lu t ion  of the s t a r t i n g  s y s t e m  
of equa t ions  (1) for  the t e m p e r a t u r e  at  the point  x -- 0 

h (0,  ~) - -  to = 

2 q l V j  ] / z  ( ~ - - 2 m l i e r f c  . (14) 

Then the d rop  at  the i nves t i ga t ed  coat ing  

A tl = it1 (0, ~) - -  to] - -  [t~ (R1, ~) - -  to] = 

_ 2q~ VJ V~ x 

x --2mi ierfc V a ~  
-1 

- -  - -  (1--  ml) ierfc ~ . 7 ~  / �9 (15) 
'ZVal*" J 

Taking the r a t i o  of the t e m p e r a t u r e  d r o p s  a t  mul t ip le  
t ime  i n t e r v a l s  and denot ing  i t  by  fl", we obta in  

6" At;" 
At~ --  

= 1 -- 2mi ierfc (2a -i/(1) - -  (1 - -  ml) iedc (a -i/(1) x x 

Since we a s s u m e  that  m << 1, and i e r f c  2x << i e r f c x ,  

1 
~ " ~ a  1/~- - -  ierfc (a-1K1) 

1 (17) 
] /~ -  - -  ieric Kl 

The l a t t e r  e x p r e s s i o n  can be t abu la ted  and g r a p h s  of 
fl" v e r s u s  K 1 can be p lo t ted  fo r  v a r i o u s  a = cons t .  
Then,  having ob ta ined  the va lue  of fl" and a e x p e r i -  
men ta l ly ,  we find K 1 and then the t h e r m a l  d i f fus iv i ty  a v 
The va lue  of the coef f i c ien t  X 1 i s  d e t e r m i n e d  f r o m  the 
so lu t ion  of s y s t e m  (9) and (10). As a r e s u l t  we obta in  

l i =  ~ q - -  - -  Ata �9 (18) 
/~3 

NOTATION 

X i s  the t h e r m a l  conduct iv i ty ,  W / m - d e g ;  a i s  the 
t h e r m a l  d i f fus iv i ty ,  mZ/sec ;  q i s  the spec i f i c  hea t  f lux,  
W/m~; r i s  the t i m e ,  sec;  R i s  the t h i ckness  of the 
coat ing,  m; t i s  t e m p e r a t u r e ,  deg; At i s  the t e m p e r a -  
tu re  d rop ,  deg.  
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