
J O U R N A L  O F  E N G I N E E R I N G  P I t Y S I C S  

it has been shown that  series (8) converges even when tile number 

of terms is in f in i t e ,  r a k i n g  some f in i te  sum, we may  es t ima te  the 

error then obtained.  

The figure gives curves of var ia t ion  of the coeff ic ients  with .3q, 
&Zq and ASq as a function of x - r...'b. 
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In ac tua l  buildings,  heat  transfer between the surrounding med ium 

and the wa l l  s tructure is unsteady.  The method of t e c h n i c a l  thermal  

ca l cu l a t i on  r ecommended  in the code [1] reduces the ca lcu la t ion  of 

ai~steady heat  transfer to a steady ca l cu l a t i on .  Such a simplif~carion 

is a first crude approximat ion ,  which may  lead to large  error under 

cer ta in  condi t ions .  
r o  c a l c u l a t e  unsteady heat  t r a ~ f e r  through the walls, the code 

[1] introduces the r t he rma l  iner t ia  (charac ter i s t ic  t he rma l  

iner t ia  of the wal l )  

O :: \ 'q R,s ,  : : ( t ) �9 / , i 

/ = i  i ~1 

' , ,here si is the ass imi la t ion  factor [s i = (k ic iYi~)  l/2 ] ; a. is the angular  
frequency of the t empera tu re  o sc i l l a t i on ;  R i = 6 i /Xi  is the the rmal  

res i s tance  of the i - t h  l ayer .  
As has been shown in [2, 3] ,  the quant i ty  D is not a charac te r i s t i c  

of the t he rma l  ine r t i a  for mul t i l ayex  and f in i te  thickness structures.  

Therefore the c a l c u l a t i o n  of an unsteady system and the correctiola 
of the ca l cu l a t ed  outside tempera tures  according to D in the expres-  

sion for t~ is unjus t i f ied .  

~.ccording to [1] ,  the insula t ing  value  of outside wails  must be 

no.: less than Rr, as de te rmined  from the formula 

R ~ -  (tin-'ex_2,l_b" or p,r _!'m ~_te_x..k"ZR',, re' 
~..3 l d A ~d 

where t in ,  tex are the in t e rna l  and ex te rna l  tempera tures ,  r e spec t ive ly ;  

At d is the t empera tu re  di f ference between the ca l cu l a t ed  t empera tu re  

of tt;e inside a i r  and the t empera tu re  of the ins ide  surface,  and n, b 

are correc t ion  coeff ic ien ts  cha rac te r i z ing  the loca t ion  of the structure 

and the qua l i t y  of the heat  insu la t ion  (the adv i sab i l i ty  of in t roducing 

which gives  ri=e to serious objec t ions) .  Then the R value of the struc- 

ture is corrected by a whole series of s t ipula t ions  and r ecommenda t ions ,  

and it  is noted,  f ina l ly ,  that  R should be increased by a factor of not 

more  than 1.5 in  comparison with Rr0 as de te rmined  from (2). 

Thus, the code procedure for c a l cu l a t i ng  an unsteady system makes  

use of a whole series of quant i t ies  and coeff ic ients ,  the designat ion 

and mean ing  of which do not m a k e  phys ica l  sense, n a m e l y :  13, the 

t h e r m a l  iner t ia ,  s, Y, t h e r m a l  a s s imi la t ion  factors, e tc .  

Solutions in  gene ra l  form were ob ta ined  in [4] for m u l t l l a y e r  s t ruc-  

tures with boundary condi t ions of the first and third kinds and a ha rmonic  

t empe ra tu r e  var ia t ion  of the m e d i u m .  The expression for the t e m -  

perature  on the inside surface has the form 

I :_ '2"z--IKL. tx,, i I "}-t,,j 
i s =  l i n ! ~ t e f f t i n ) ' l ?  (KIs "-]l, 1 ] ~ ' , ' - I - - l )  ~1  " 0  ( 3 )  

where t in  and rex are, r espec t ive ly ,  the c a l c u l a t e d  in te rna l  and ex te rna l  

t empera tures ;  o 2 is the heat  transfer coeff ic ient  on the ins ide ;  R is the 

2"-~A , K.;_, ; 2 
t he rma l  res is tance of the structure;  ' ".' 

{K~ -- 1} ... (K,,.-i -i- I) ~i, ' 
is the damping  of osc i l la t ions  in the structure, which,  as shown in [2],  

* * 1 . * I / 2  
depends on Bit, B i t ,  Ki, hi, Di and D; Bt, = o(t/(XlClYlC~) , Bg' = 
= aa/(XnCnynOO ~/z defines the heat  transfer condit ions at me  boundary 

and the ma te r i a l s  of the outside layers ;  K i = (,kiciyi,,')Ml-tci-nTi~n) L;z , 
hi  = (Ki -- 1)/(Ki + 1) describes the nonuniformity  of the s tructural  

m a t e r i a i  and the order of the layers ;  D i =Ris i  charac te r izes  the rat io 

of the geon te t r i c  d imensions  of the layers ;  and D ..= ~, R.s;  is the 
i = 1  

t h e r m a l  iner t ia  according to the code [1 ] .  
We wi l l  use (3) to choose the Rt of wa l l  structures, 

1"he l i m i t i n g  permiss ib le  t empera tu re  on the inside surface is the 

dew lx~int t empera tu re  t~ .  Therefore,  

1 _ k t , n ,  (4) t,; > tin.!- ( t e d . -  t in) 

in which 

R >- rex-  t in  ~5) 
r~., (I u - t ir i i .  ; e ' . d  

or for nega t ive  ex te rna l  tempera tures  

R . . . .  t in  - rex (6) 
"z. a ( t i n -  t ,  - -  /et,-~) 

Expression (6), of course, re la tes  the cho ice  of R r to the ca lcu la t ed  

ex te rna l  and in te rna l  tempera tures ,  the hear transfer condit ious,  the 
dew point t empera tu re  of the in te rna l  a i r ,  the ampl i tude  of t e m p e r a -  

ture osc i l l a t ions  of the external  air,  t m, and the damping  of the os- 

c i l l a r ions ,  k. 
If we c a l c u l a t e  the heat  flux, using tile expression g iven  in [2] for 

the t empera tu re  f ie ld ,  i t  is d ivided into two terms,  a col:stant c o m -  

ponent  and a va r iab le  componen t .  I h e  rat io  of the amount  of heat  

t ransmi t ted  through the wal l  due to the var iab le  component  !per 

ha l f  p e r i o d ) t o  the amotmt  t ransmit ted  through the wal l  due to the 

constant  component  (per half  period) wi l l  be termed the ncnumformi ty  

of heat  loss: as ca lcu la t ions  show [3],  this quant i ty  varies strongly for 

different  wai ls .  
Therefore,  the second requ i rement  to de te rmine  the auitabiLtty of 

structures must  be the uonuniformity  of heat  loss (depending on the 

type a M  r e g i m e  of operat ion of the heaters  (or coolers)) .  

We consider that  the ci loice ot R r should be determi~md by the 

fo l lowiqg condi t ions:  
a )  the R of the structure must not be less than Rr, de te rmined  from 

( b )  and i6); 



72 I N Z H E N E R N O - F I Z I C H E S K I I  Z H U R N A L  

b) for given conditions (amplitude of oscillations) the nonuniform- 
ity of heat loss must not exceed the assigned value A. Thr value of A 
is determined depending on the purpose and type of building, the 
inertia of the heat ~ou~ces, and the ratio of the cost of cold-storing 
elements to cooling plant power. 

3. I. P, Zhuk and L. I. Pisarchik, IFZh [Journal of Engineering 
Physics], $, ~o. 2, 1965. 

4. I. P. Zhuk, IFZh, no. !0, 1962. 
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