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The problem of determining the thermophysicaI characteristics of 
barrier (wall) constructions reduces to a problem in the theory of 
optimum control. For the solutfon of the latter we employ the Pontry- 
agin optimization principle and we devise a computation scheme that 
is convenient for purposes of programming on an electronic digital 
computer. We present some calculational results based on experi- 
mental data derived in the thermophysical testing of the outside walls 
of various multipaneled buildings. 

The thermophysiea l  tes t ing  of wall designs is p r e s -  
ently based en t i re ly  on the quant i ta t ive re la t ionships  
governing the s teady-s ta te  t he rma l  reg im e [1]. How- 
ever ,  the de te rmina t ion  of thermal  indices for outside 
walls on the bas i s  of such tes ts  involves a number  of 
major  drawbacks.  F i r s t  of all ,  the s t eady- s t a t eme thod  
makes  i t  poss ib le  to de te rmine  only the the rmal  eon- 
duct ivi t ies  of the s t ruc tu ra l  ma te r i a l ;  it is imposs ib le  
with this method, however,  to de te rmine  the heat 
capacity or the the rmal  diffusivity. Secondly, t e m p e r a -  
tu res  that a re  nonsteady a r e  reduced by averaging to 
steady t empe ra tu r e s  in the p roces s ing  of the exper i -  
menta l  r e su l t s ,  thus making it  imposs ib le  to achieve 
exact de te rmina t ions  of the r equ i red  the rmal  indices.  
Thirdly,  na tura l  thermophys iea l  tes ts  can be ca r r i ed  
out only under  winter  condit ions,  and the exper iments  
las t  f rom 1 to 1.5 months in this ease.  

The fami l i a r  nonsteady methods of de te rmin ing  the 
the rmal  cha rac t e r i s t i c s  can be applied only to the 
study of specific spec imens  of s t ruc tu ra l  ma te r i a l s ,  
and only under  l abora tory  conditions.  These methods 
are  exceedingly complex for fu l l - sca l e  s t ruc tu ra l  
models ,  and are  en t i re ly  unsui ted to test ing under  
r ea l i s t i c  operat ional  conditions.  

This paper  develops a new approach to the problem,  
involving the use of the quanti tat ive re la t ionships  
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of the construct ion;  these methods are based on know- 
ing the t empera tu re s  t~, which vary  during T at the 
boundar ies  of separa t ion  between these layers .  These 
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Fig. 2. Tempera tu re  curves in 
one- layer  cons t ruct ion  (% hour, 

t, ~ 1) tin, 2) t t ,  3) tou t . 

methods p re sume  the use  of a s tandard.  The exper i -  
menta l  work involves the following. 

Thermoe lec t r i c  sensor s  a re  mounted at a given 
level on the boundar ies  of separa t ionbe tween  the layers  
and on the surfaces  of the mul t i l ayer  wall being in-  
vest igated.  A square  plate (the s tandard)--with  its 
cen te r  at that l eve l - - i s  attached tightly to the inside 
surface  of the wall. An additional sensor  is mounted 
at the center  of the plate surface,  and alI of the t h e r -  
moelec t r i c  sensor s  are  connected to an automatic r e -  
cording device. The s tandard plate mus t  be fabr icated 
of a homogeneous dry ma te r i a l  whose thermophys ica l  
cha rac t e r i s t i c s  k 0 and C O must  be known in advance. 
The d imens ions  of this s tandard mus t  ensure  uni formi ty  
of the he a t - t r a n s f e r  p rocess  at the sect ion of the wall 
being studied, and the thickness zXx 0 mus t  be com- 
mensu ra t e  with the th icknesses  of the layers ,  which 
were assumed in the der ivat ion of (5). 

Thus, let us examine a mul t i l ayer  cons t ruct ion  
consis t ing of the s tandard  and n layers :  Ax 0, Axl, 
Ax2, . . . ,  AXn and with Xi and C i that are  constant  for 
each of these layers .  The uniform process  of heat 
t r ans fe r  in such a medium is descr ibed  by the sys tem [2] 

GaQ(~, x ) _ ~  i a~t~(~, x) x ~ x . ~ x i + l  (z) 
a ~ a x  2 ' " 

under  the conditions 

t~ (o,  x) = t o (x), 

governing the nonsteady t empera tu re  field. We examine 
methods of de te rmin ing  the t he rma l  conductivity and 
volume heat capacity of the m a t e r i a l  in individual l ayers  

to (~, o) = t~.(z), t,~ (~, l) = to . ,  (z); 

tj_~(~, xi)= tj (~: xj), 

(2) 
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Table 1 

The Iteration Process of Determining the Thermophysical Characteristics of a Four, 
layer Construction 

.~-0 x, [ ~., I M ~.,, c~ c, C, c, [ ] 

0 
1 
2 
3 
4 
5 
6 
7 
8 

55 
56 
57 

1.68000 0.07200 0.24000 
1.59600 0.07920 0.22800 
.51200]0,08640] 0,21600 
,4280010,093601 0.20400 
.4700010.09000 / 0,19200 
.4490010.0864010.19800 ] 
.42800 0.0828010.19500 
.43850 0,07920 0.19656 
,44900]0 076601 0.19572 
,4430010,05484] 0,18276 
.441680.05484 0.18278 
.4424010 054721 0 18278] 

1:68ooo 
.59600 

1.51200 I 
1,42800 
1.47000 
1,44900 
1.45956 
1,45428 
1.44900 
1,44444 
1.44212 
1,44372 

1680.000 
1848,000 
2016.000 
2100.000 
2016.000 
2058.000 
2037.000 
2016,000! 
2026.500 I 
2090.634] 
2091.978 
2097.522 

168.000 
193.600 
201.600 
218.400 
210.000 
214.200 
212.100 
214,150 
214.200 
115.526 
115.752 
115.872 

I 
1050.000 
1156.ooo: 
1260,000 
1365.000 
1310.000 
1338.750 
1325.646 
1334.298 
1338.200 
1274.658 
1273,314 
1272.970 

1680.000 / 
1848.000] 
2016.000 I 
2100,000, 
2016,000 
2058.000 
2037.000 
2047,500 
2058.000 
2096,724 
2098,026 
2099.328 

15,58664 
5.29461 
0.65902 
0.16835 
0.11148 
0,09369 
0,02680 
0.00877 
0,O0496 
0,00035 
0,00012 
O.OOO04 

Table 2 

The Iteration Process for the Determination of the Thermophysical Characteristics of a 
Sandwich Panel in a Building That Is in Use (the first method) 

~e ~I ~ L~ ~4 / C1 Cz C3 C4 I 

0 
1 
2 
3 
4 
5 
6 

24 
25 
26 

I 
1,450 : 
1,268! 
1.087 
0.906 
0.725 
0.815 
0.906 
1.049 ! 
1.049 
1,050 ! 

0.046 
0,058 
0.070 
0,081 
0.075 
0.081 
0,078 
0.071 
0.072 
0.074 

1.450 
1.268 
1.087 
0.906 
0.725 
0,544 
0.635 
1.015 
1,019 
1.024 

1.450 
1.268 
1.087 
0.906 
0.997 
1.087 
1.042 
1.014 
1.013 
1.012 

2006,40 
2090.00 
1839.20 
1965.30 
2090,00 
2027.30 
2058.65 
2048.23 
2062,99 
2059,90 

43,89 
54184 
65,79 
76.74 
71.27 
65.80 
60.33 
51.03 
60,94 
50.86 

2006.40 
2090.00 
1839.20 
1965,30 
2090,00 
2027.30 
2058.65 
2084.57 
2070~81 
2077,04 

2006.40 
2090.40 
1839.20 
1965.30 
2090.00 
2027,30 
2058.65 
2090,40 
2084.98 
2O9O.40 

115.88 
8,286 
3,567 
1,478 
0,640 
O, 187 
0,049 
0,025 
0,023 
0,021 
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(3) 
�9 ax ax 

H e r e  0- -<T--<T,  i = 0, 1, 2 . . . .  , n, j = 1 ,  2, . . . ,  n. 

We i m p o s e  the fo l lowing  e o n s t r a i n t s  on X i and Ci: 
min max /~min .~- ( -  ~.- c.max 0<)v~ " ~ ' i  "<-)~ , 0 < ~  . . . ~ - ~  ~ . (4) 

The  v a l u e s  of X min ,  C rain,  ) ,max,  and C m a x  a r e  the  

l i m i t s  wi th in  which  the  c h a r a c t e r i s t i c s  of the  g i v e n  
type  of m a t e r i a l  can  v a r y .  A s s u m i n g  Ax i to be qui te  
s m a l l ,  we r e p l a c e  the  r i g h t - h a n d  m e m b e r s  of (1) by 
f i n i t e  2 -nd  o r d e r  d i f f e r e n c e s  [1, 3]. Then ,  fo r  c o n -  
d i t i ons  (2) and (3) we  have  a s y s t e m  of o r d i n a r y  d i f -  
f e r e n t i a l  equa t ions  

dt~ 2 x 
d ~: C~_~ k x,-~ + C~ h x i 

[ ' :~. .-~ Z,~_: " - - ~ "  t~--ti+: ~i ] 
X 

i = : ,  2 . . . . .  n, (5) 

fo r  the i n i t i a l  cond i t i ons  

t~ (0) = t o = const. (6) 

Le t  us  now p r e s e n t  the  m a t h e m a t i c a l  f o r m u l a t i o n  of 
the p r o b l e m .  We know the t e m p e r a t u r e  c u r v e s  t*( r )  
d e r i v e d  du r ing  the  c o u r s e  of the e x p e r i m e n t  at the  
b o u n d a r i e s  of s e p a r a t i o n  b e t w e e n  the  l a y e r s  of the  
c o n s t r u e t i o n  wi th in  T h o u r s  u n d e r  the  condi t ion  of (2). 

We have  to s e l e c t  t h o s e  v a l u e s  of X i and Ci f r o m  (4) 
so that  the  so lu t ion  of s y s t e m s  (5) and (6) fo r  t i ( r ) - -  
d e r i v e d  fo r  t h e s e  v a l u e s  of X i and C i wi th  the  s p e c i f i e d  
d e g r e e  of a c c u r a c y - - c o i n c i d e s  wi th  t~(r), i . e . ,  so  that  

l =  % [ti(z)--h(~)l'd~ (7) 

i=1 0 

a s s u m e s  a m i n i m u m  va lue ,  The v a l u e s  of the s t a n d a r d  

c h a r a c t e r i s t i c s  X 0 and C o a r e  not  inc luded  a m o n g  the 
unknowns  in th is  ease ,  

Th i s  p r o b l e m  is  an o r d i n a r y  v a r i a t i o n a l  p r o b l e m  of 
o p t i m u m  con t ro l .  The  m i n i m i z a t i o n  of the  i n t e g r a l  in 
(7) i s  r e d u c e d  by f a m i l i a r  m e t h o d s  [4 -6]  to the d e t e r -  
m i n a t i o n  of t hose  v a l u e s  of X i and Ci which p r o v i d e  
fo r  the abso lu t e  m a x i m u m  of the  func t ion  

~ I 2 ('tl_l - -  tt Xi-, - -  
H = i=I Ci_:Axl_ x +C i A x  i \ A&_: 

--  t~ 7;i§ ;~ ) p~--% l (t,--t:)2] , (8) 

w h e r e  

Opt OH 
�9 . . ,  O'c Otf pi(T) = O, i = I, 2, n. (9) 

The maximization of the function H can be achieved 
by the gradient method [6]. The successive approxima- 
tions in this case are chosen from the formulas 

(~,)k+: = 

rain ~min when ~ > (~)k + k (~i) ~, 

~max when ~,~:~ ~ (~,)~ § A (~)k .~ ~ , 

~pa~ when  ~"~  < (~)k + A (~,)*, 

( i 0 )  

w h e r e  

T 

.) 0 X,. 
0 

i = l ,  2 . . . . .  n; k = 0 ,  1, 2, . . . .  (11) 

T h e s e  s a m e  f o r m u l a s  apply  a l so  to C i. 
The  p r o g r a m m i n g  p r o c e d u r e  i n v o l v e s  the so lu t ion  

of the  s y s t e m  of d i f f e r e n t i a l  equa t ions  (5), (6), and 
(9); in addi t ion ,  i t  i n v o l v e s  the  d e t e r m i n a t i o n  of the  
unknowns f r o m  f o r m u l a s  (10) and (11). The  in i t ia l  

v a l u e s  of h i and C i (when k = 0) a r e  c h o s e n  f r o m  c o n -  
r 

d i t ions  (4). If f OH dr change  s ign  in the nex t  s tep 

0 

of the a p p r o x i m a t i o n  in this  c a s e ,  the c o r r e s p o n d i n g  
k e i a r e  s e t  equa l  to ek /2 .  H o w e v e r ,  if  the  quan t i t i e s  

T 

OH d "r k. 
r e t a i n  t he i r  s igns ,  the v a l u e s  of e I a r e  r e -  

0 

t a ined ,  but wi th  a s lowing  down of the c o n v e r g e n c e  l_ 

p r o c e s s  i t  is a d v i s a b l e  to se t  t he se  equal  to 2s~. In i -  

t i a l ly  the v a l u e s  of e~ a r e  c h o s e n  a r b i t r a r i l y  but  s~ < 
< k i. Th i s  p r o c e s s  is  con t inued  unt i l  the r e q u i r e d  
d e g r e e  of s m a l l n e s s  fo r  I is a c h i e v e d .  

L e t  us  now a s s u m e  that  the c u r v e s  for  the t e rn -  
, 

p e r a t u r e  t i a r e  not  known fo r  a l l  of the  s e p a r a t i o n  
b o u n d a r i e s  x i which  w e r e  a s s u m e d  in the d e r i v a t i o n  

, 
of (5). Th i s  m a y  be  the c a s e  if  the r e c o r d i n g  t i at 
th is  p a r t i c u l a r  bounda ry  du r ing  the c o u r s e  of the  e x -  
p e r i m e n t  was  omi t t ed .  In a n u m b e r  of c a s e s  i nvo lv ing  
the  s tudy of m u l t i l a y e r  wa l l s  u n d e r  na tu r a l  cond i t ions  
th is  i s  a r e s u l t  of  the  d i f f i cu l ty  invo lved  in the  m o u n t -  
ing of the  t h e r m o e l e c t r i c  s e n s o r s  at the p r o p e r  bound-  
a r i e s  of s e p a r a t i o n ,  whi le  in the  c a s e  of u n i f o r m  con-  
s t r u c t i o n s  th is  o p e r a t i o n  is  u n n e c e s s a r y .  On the  o t h e r  
hand, the  t h i c k n e s s e s  Ax i of the l a y e r s  m a y  p r o v e  to 
be  s o m e w h a t  too l a r g e  fo r  the a p p r o x i m a t i o n  of (1) by 
s y s t e m  (5), and to r a i s e  the  a c c u r a c y  i t  b e c o m e s  
n e c e s s a r y  to i n t r o d u c e  add i t iona l  s c a l e  m a r k i n g s  into 
the  s e g m e n t  [0, 1]. In each  ca se ,  the v a l u e s  of k i fo r  

, 
the  l a y e r s  at  whose  b o u n d a r i e s  t i is unknown m u s t  be  
a s s u m e d  equa l  to e a c h  o t h e r  (the s a m e  app l i e s  to Ci). 
In the c a s e  of m u l t i l a y e r  c o n s t r u c t i o n s  t h e s e  quan t i t i e s  
deno te  the  r e d u e e d  v a l u e s  of X i and C i of the  c o r r e -  
spond ing  l a y e r s .  Th i s  s c h e m e  for  the so lu t ion  of the 
p r o b l e m  does  not  change  in t h e s e  c a s e s ,  i f  we a s s u m e  
the a p p r o p r i a t e  a i = 0 in (7). H o w e v e r ,  f r o m  t h e p r a c -  
t i c a l  s tandpoint ,  i t  is conven i en t  to d i s t i ngu i sh  two 
m e t h o d s  in th i s  case :  1) the  d e t e r m i n a t i o n  of the  c h a r -  
a e t e r i s t i c s  fo r  the ind iv idua l  l a y e r s  of a m u l t i l a y e r  
c o n s t r u c t i o n ;  and 2) the  d e t e r m i n a t i o n  of the c h a r a c -  
t e r i s t i c s  fo r  a u n i f o r m  c o n s t r u c t i o n  (in the e a s e  of a 
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m u l t i l a y e r  c o n s t r u c t i o n ,  we h a v e  r e f e r e n c e  to  t he  r e -  

d u c e d v a l u e s  of the  c h a r a c t e r i s t i c s ) .  Bo th  of the  m e t h o d s  

p r o v i d e  fo r  t he  u s e  of a s t a n d a r d  l a y e r .  In t he  f i r s t  
c a s e ,  the  s e n s o r s  m u s t  b e  m o u n t e d  a t  t he  b o u n d a r i e s  

T a b l e  3 

The  I t e r a t i o n  P r o c e s s  fo r  t he  
D e t e r m i n a t i o n  of t he  T h e r m o -  
p h y s i c a l  C h a r a c t e r i s t i c s  of a 

S a n d w i c h  P a n e l  in  a B u i l d i n g  
T h a t  i s  in  Use ( the  Second  

Method)  

0 
1 
2 
3 
4 
5 
6 

47 
48 
49 

C I 

0,1392 1387,76 0,5633 
0,1740 1214,29 0,3561 
0.2088 1040,82 0.1592 
0.2436 867,35 0.0266 
0.2784 693,88 0.1378 
0.2610 780,62 0.0317 
0.2436 867.35 0,0266 
0.2025 671,31  0.0016 
0.2032 670,14 0.0015 
0,2039 668.8 0.0015 

of s e p a r a t i o n  b e t w e e n  t he  l a y e r s ,  w h i l e  in  the  s e c o n d  
c a s e  t h e r e  i s  no n e e d  f o r  s u c h  an  o p e r a t i o n .  

, 
We no te  t h a t  i f  t i i s  unknown ,  t he  c o r r e s p o n d i n g  

i n i t i a l  c o n d i t i o n s  in  (6) a r e  a l s o  unknown.  In the  s o l u -  
t i o n  of (5) t h e s e  c o n d i t i o n s  m u s t  b e  r e s t o r e d  by  i n t e r -  
p o l a t i o n  of the  q u a n t i t i e s  known  f r o m  (6), w h i c h  l e a d s  
to an e r r o r  in  the  s o l u t i o n  of (5)~ T he  m a g n i t u d e  of 

t h i s  e r r o r  i s  the  s m a l l e r ,  t h e  c l o s e r  t he  t e m p e r a t u r e  

is  to  the  s t e a d y  s t a t e .  In s u c h  c a s e s  t he  t h e r m a l -  
e n g i n e e r i n g  t e s t s  m u s t  t h e r e f o r e  b e  s t a r t e d  a f t e r  s u f -  
f i c i e n t l y  s t a b l e  t e m p e r a t u r e s  h a v e  b e e n  e s t a b l i s h e d  

w i t h i n  t h e  wa l l .  On the  o t h e r  hand ,  t he  m a g n i t u d e  of 

the  e r r o r  in  the  i n t e r p o l a t i o n  c a n  b e  r e d u c e d  by  t he  
s o l u t i o n  of (4) d u r i n g  t i m e  T '  > T. Wi th  s u f f i c i e n t l y  
l a r g e  T ' ,  t he  e f f ec t  of t he  c o n d i t i o n s  in  (6) a t  t he  i n s t a n t  
T = T'  - T i s  s m a l l ,  and  the  s o l u t i o n s  of (5) d u r i n g  the  
t i m e  T'  - T c a n  b e  o m i t t e d .  

We wi l l  i l l u s t r a t e  t h i s  m e t h o d  b y  m e a n s  of s e v e r a l  
e x a m p l e s ,  m o s t  of w h i c h  a r e  t he  r e s u l t s  of n a t u r a l  
t h e r m o p h y s i c a l  t e s t s  of wa l l  c o n s t r u c t i o n s .  A " U r a l -  
4"  c o m p u t e r  w a s  u s e d  f o r  t he  s o l u t i o n  of t h e s e  p r o b -  

l e m s .  
1. We e x a m i n e  t he  t e m p e r a t u r e  c u r v e s  f o r  t~(T), 

* 
t~(r);  and  t3(T), d e r i v e d  f o r  a 4 - l a y e r  c o n s t r u c t i o n  by  
c a l c u l a t i o n  u n d e r  the  f o l l o w i n g  c o n d i t i o n s :  l = 0.31;  
T = 7200 s e c ;  ~ x  0 = 0.05; Ax I = 0.04; Ax 2 = 0.05; Ax 3 = 
= 0.075;  Ax4 = 0.095;  X0 = 0.058;  C o = 277 .97;  X 1 = 1 .440;  
CI = 2100.00; )~2 = 0.054; C2 = 113.40; k a = 0.180; C3 = 
= 1260.00; k 4 = 1.440; C 4 = 2100.00; ti(0,x ) = 293.16; 
tin = tout = 273.16. We are confronted with the problem 
of restoring the values of k i and C i (i = i ,  2, 3, 4) when 

these are arbitrarily chosen (for example, for the 
values of ki and Ci in the zero line of Table i). This 
problem is presented here to illustrate the nature of 
the convergence in the method being employed. The 
e r rors  in the results of the 57-th approximation with 

respect to the above-cited values, on the average, do 
not exceed 1.7%. 

H e r e  and  in  t h e  f o l l o w i n g  c a s e s ,  t he  s o l u t i o n  of 
Eqs .  (5), (6), and  (9) i s  a c h i e v e d  b y  t he  R u n g e - K u t t a  
m e t h o d ,  w i th  a c o n s t a n t  i n t e r v a l  h = 112.5  s e c .  How-  

e v e r ,  t he  ou tpu t  of t he  r e s u l t s  and  the  c a l c u l a t i o n  of 
t he  v a r i o u s  i n t e g r a l s  i n v o l v e  an  i n t e r v a l  of h = 900 s e c .  
In t h i s  c a s e ,  e i g h t  (n = 8) of the  e q u a t i o n s  in  (5) a r e  
s o l v e d  e v e r y w h e r e ,  i . e . ,  a d d i t i o n a l  s c a l e  m a r k i n g s  

a r e  i n t r o d u c e d  in to  t he  l a y e r s  u n d e r  c o n s i d e r a t i o n  to 

i n c r e a s e  the  a c c u r a c y  of t he  s o l u t i o n  of (5), bu t  w i t h -  
out  a f f e c t i n g  t he  f i n a l  r e s u l t s .  F o r  e x a m p l e ,  in  t h i s  

p r o b l e m  e a c h  of the  l a y e r s  Ax i i s  d iv ided  in to  two 
e q u a l  p a r t s  and  in  (7) a l  = ~ a =  ~5= ~7 = 1 ,  c~ 2=  c~ 4= 

=~6=~8=0. 
2. We a r e  i n v e s t i g a t i n g  t he  s a n d w i c h  w a l l  p a n e l  of  

a b u i l d i n g  t h a t  i s  in  u s e ,  s a i d  p a n e l  c o n s i s t i n g  of an  
i n s i d e  r e i n f o r c e d - c o n c r e t e  l a y e r  Ax = 0.035,  a s l a g -  
co t ton  p l a t e  Ax = 0.05,  and  an  o u t s i d e  r e i n f o r c e d - c o n -  
c r e t e  l a y e r  Ax = 0.075,  d i v i d e d  in to  two p a r t s  w i t h  

t h i c k n e s s e s  of 0.04 and  0.035.  As  the  s t a n d a r d  l a y e r  

we h a v e  u s e d  a P V C  p l a t e  h a v i n g  the  d i m e n s i o n s  0.9 x 
x 1.2,  Ax0 = 0.06,  k 0 = 0 .0626,  and  Co = 247.5.  The  
e x p e r i m e n t s  w e r e  c a r r i e d  out  to app ly  b o t h  of t he  
a b o v e - d e s c r i b e d  m e t h o d s ,  and  t he  t e m p e r a t u r e  g r a p h s  

fo r  t in(T),  t~ ( r ) ,  t~(T), t~ ( r ) ,  t~(7) ,  and  t o u t ( T ) a r e  
g i v e n  in  F ig .  1. The  l a y e r s  w e r e  f u r t h e r  d i v i d e d  in  
t h e  s o l u t i o n  of the  p r o b l e m ,  and  t he  i n a d e q u a t e  i n i t i a l  
c o n d i t i o n s  in  (6) w e r e  r e i n f o r c e d  b y  t he  l i n e a r  i n t e r -  

, 
p o l a t i o n  of the  v a l u e s  of t i f o r  t he  c a s e  in  w h i c h  T = 0. 

The  r e s u l t s  of the  c a l c u l a t i o n s  a r e  p r e s e n t e d  in  T a b l e  
2. The  f o r m a l  d e f i n i t i o n  of the  t h e r m a l  r e s i s t a n c e  of 

n 

t h e  wa l l  a s  R = ~  Ax~ in  t h i s  c a s e  y i e l d s  R = 0 . 7 9 3 .  z_~ 
i=l 

In a p p l y i n g  the  s e c o n d  m e t h o d ,  we h a v e  u s e d  only  

t he  t e m p e r a t u r e s  t in(T),  t~ ( r ) ,  a n d t o u t ( T )  (F ig .  1). The  
c a l c u l a t i o n  r e s u l t s  a r e  p r e s e n t e d  in  T a b l e  3. The  v a l u e  

of the  t h e r m a l  r e s i s t a n c e  in  t h i s  c a s e  i s  R = 0.784.  
3. The  t h e r m o p h y s i c a l  s t u d i e s  w e r e  c a r r i e d  out  on  

t h e  f a c i n g  p a n e l  u s e d  in  t he  " P "  v e r s i o n  of t he  I I -49  

T a b l e  4 

The  I t e r a t i o n  P r o c e s s  f o r  the  
D e t e r m i n a t i o n  of the  T h e r m o -  
p h y s i c a l  C h a r a c t e r i s t i c s  of a n  
O u t s i d e  P a n e l  in a B u i l d i n g  of 

the  P - 4 9  "II"  S e r i e s  

0 
l 
2 
3 
4 
5 
6 

13 
14 
15 

C I 

0.4640 1003.20 0.0031 
0.4060 1254,00 0,0061 
0,4350 1128,60 0,0014 
0,4640 I003.20 0,0031 
0.4489 I065,90 0,0013 
0,4350 1128,60 0,0014 
0.4420 1097.25 0,0011 
0.4222 1084,46 0,0012 
0.4211 1089,39 0,0011 
0.4199 1093,32 0,0011 

building series; the facing panel was made up of a 

'keramzit'-concrete combination, in which the 'keram- 

zit' is a porous clay filler for cement. The panel ex- 

hibited a thickness of 0.4. Since the textured layers 
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a re  of ins igni f icant  thickness ,  the cons t ruc t ion  is a s -  
sumed to be un i form and the calcula t ions  were ca r r i ed  
out only with applicat ion of the second method. How- 
ever ,  the ini t ia l  condit ions were  es tabl i shed b y m e a n s  
of measu remen t .  For  the s tandard  layer  we employed 
a polyure thane- foam plate Ax 0 = 0.05, ~0 = 0.074, and 
Co = 178.50. The cons t ruc t ion  being invest igated here 
was divided into eight a r b i t r a r y  l ayers  of ident ical  
thickness.  The t empera tu re  graph is shown in Fig. 2, 
and the calculat ion r e su l t s  a re  given in Table 4. 

Our exper ience  in the use of this method has de-  
mons t ra ted  that with the proposed p rocedures  it be-  
comes possible ,  within a short  per iod of t ime, to de-  
t e rmine  all of the thermophys ica l  cha rac t e r i s t i c s  of 
a b a r r i e r  [wall] const ruct ion.  

NOTATION 

T is the t ime,  see; x is the coordinate,  m; x i is the 
separa t ion-po in t  coordinate of the (i - 1)-th and i - th  
beds; l is the total  th ickness  of the construct ion;  Ax i is 
the th ickness  of the i - th  bed of the construct ion,  m; 
ti(% x) is the t empera tu re  of the i - th  bed, ~ ti is  the t em-  
pe ra tu re  at the boundary of the (i - 1)-th and i - th  beds, 

calculated; t i is the t empera tu re  at the boundary of 
the (i - 1)-th and i - th  beds known f rom exper iment ;  
t~(x) is  the ini t ia l  t empe ra tu r e  of the i - th  bed; t~ is the 

initial temperature at the boundary of the (i - l)-th 

and i-th beds; tin(T) and tout(r ) is the temperatures 
of inside and outside surrounding surfaces; k i is the 
thermal conductivity of the i-th bed, W/m- deg; C i is 
the volumetric heat capacity of the i-th bed, kJ. kg/ 
/deg-m2; R is the thermal resistance, m 2. deg/W. 
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