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The Laplace txansform is used to determine the temperature field of 
a wall exposed to an asymmetric stepwise temperature cycle. A 
formula is obtained for the amount of heat stored in a semi-infinite 
slab, A graph is presented, together with numerical calculations 
based on the theory described. 

T e m p e r a t u r e  f luctuat ions  of the outside a i r  play 
a dec is ive  ro le  in computing the heat  s torage capacity 
of bu i ld ings .  We are  in full ag reemen t  with the view- 
point s t e m m i n g  f rom d i scuss ion  in the Jou rna I  of 
Eng inee r i ng  Phys ics  that there  is  no need to cons ider  
the t e m p e r a t u r e  wave in an enc losu re  caused by 
i n t e r rup t i ons  in heat ing.  When we are  deal ing with 
inhabi ted bui ldings,  this is  undoubtedly cor rec t ,  
s ince the ins ide  a i r  t e m p e r a t u r e  mus t  be held con- 
stanto Cer t a in  technological  p r o c e s s e s  may occur  in 
a medium,  however,  which cause i ts  t e m p e r a t u r e  
to vary  in the stepwise fashion shown in Fig~ 1. 

A t e m p e r a t u r e  r eg ime  of this kind mus t  be m a i n -  
ta ined in c h a m b e r s  for f e r m e n t i n g  sour  milk,  where  
the t e m p e r a t u r e  mus t  be a l t e rna ted  f rom 18 to 42 ~ C 
every  2.5 h r .  That is, the a i r  t e m p e r a t u r e  ins ide  
the chamber  is  i nc r ea sed  or  dec r ea sed  by 12 ~ in 
s tepwise fashion, r e la t ive  to a mean  of 30~ This  
occas ions  cons ide rab le  s torage  of heat, which should 
be taken into account  in d e t e r m i n i n g  the d imens ions  
of the t h e r m a l  ins ta l l a t ions  which mus t  ensu re  the 

above t e m p e r a t u r e  r eg ime .  
The t e m p e r a t u r e s  a re  usua l ly  d i f ferent  in two 

adjoining chambers :  when it is 42 ~ in one chamber ,  
it is 18 ~ C in the other .  The re fo r e  the t e m p e r a t u r e  
field and the dividing wal l  a re  exposed to an a s y m -  
m e t r i c  t h e r m a l  effect.  This  f ield is de sc r ibed  by the 

heat  conduct ion equat ion 

_ _  02 t  ( x ,  ~) Ot (x, ~) __ a (1) 
0 �9 Ox ~" 

with the boundary  conditions 

the genera l  solut ion may be wr i t t en  in  t r a n s f o r m s  as 

T (x, s) = tmsh (Ts/2) sh "[/'s~x (4) 
s ch (rs/2) (sh Vs~-5 + (~./a) 1,/s-~ch L/s~ 6) 

F o r  the zero pole, i . e . ,  s = 0, the or ig ina l  t emp-  
e r a t u r e  is equal  to zero .  The t r ans i en t  p roces s  is 
de t e rmined  by the pole 

2 o s~, = - -  ~ a/5-, 

where  g a re  roots  of the c h a r a c t e r i s t i c  equat ion 
tg/~ = - t~Bi .  Since we a re  i n t e r e s t ed  in the quas i -  
s teady p rocess ,  the r equ i r ed  exp res s ion  for the 
poles takes  the fo rm 

s ~ = _ + ( 2 n §  1 ) ~ i ,  n = 0 ,  1, 2, ... (5) 
T 

Applying the expansion theorem to (4), with a l low- 
ance for (5), we find 

t(x, ~) 2 N~exp ( 2 n +  1 ) - - ~ - - i  ~- 
t m ~ (2n + 1) 

tZ~O 

where  

(6) 

z~ 2 

+ i(2n + 1) --~T ch i (2n + 1) -~-  , (7) 

and N_ i is  de sc r ibed  by (7), where  the s ign of i is 
r ep laced  by the opposi te .  

If the o r ig in  of the coordinate  sy s t em is t r a n s -  
f e r r e d  to the sur face  on the left, i . e . ,  x is r ep laced  
by X - 6 and we put 6 ~ ~, we obta in  the solut ion 
for  a s e m i - i n f i n i t e  s lab.  In this  case (7) takes the 

fo rm 

(x, 0 )=0 ,  t ( 0 , - 0 = 0 ,  

Ot (5, T) + a It (6, z) - -  t~ (~)} = 0. 
Ox 

(2) 

The p rob lem may be solved by the in t eg ra l  Laplace 
t r a n s f o r m  method,  Since the t r a n s f o r m  of ex te rna l  
t e m p e r a t u r e s  if0"), shown in F ig .  1, accord ing  to (1) 
and (2), has the forn~ 

Tf (s~ : :  ~ It r (r . . . .  t ~  th T s _ ,  (3) 
" s 2 

F-- ~ i 
N i =  exp - - X I , /  i ( 2 n q - l )  ~T- i.  (8) 

V i-q- ~ - / i ( 2 n + l )  a-T 

The heat stored by unit surface of the body is 
determined by 

T 

i ' 3t(O, ~) d ~ .  
Q : :  ~ Ox 

u 

(9) 
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Fig .  1. Var ia t ion  of the t emp-  
e r a t u r e  of the medium.  
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Fig .  2. Dependence of e on K= d ~ / =  ~ T. 



JOURNAL OF ENGINEERING PHYSICS 207 

The re fo r e ,  a f te r  subst i tut ing the solut ion for  the 
s e m i - i n f i n i t e  slab and integrat ing,  we find 

Q = at,,Te, (10) 

where  

~ (  2 )2 2k(V2/(2n+ l)+ 2k) (11) 

= = ~(2n-- 1) (V2/(2n-~ I)q-K)2-,-K ~ 

In Eq.  (11) K takes the form 

K ~: Pr~cy/a"T.  (12) 

Ana lys i s  of the solut ions obtained shows that the 
ampli tude of the t e m p e r a t u r e  osc i l l a t ions ,  as ca l -  
culated by the exact  solut ion (6) is rap id ly  at tenuated 
as we go into the wal l .  We may t h e r e f o r e  use the 
s i m p l e r  solut ions r e p r e s e n t e d  by (10), which g ives  
r e s u l t s  that a r e  c lose  to the t rue  values,  although 
high. Moreove r ,  f rom (10) we may  ca lcula te  the 
heat  s to red  in the f loor  and cei l ing,  although they 
do not e x p e r i e n c e  a s y m m e t r i c  t e m p e r a t u r e  e f fec t s .  

Example  of oaloulat ton.  Take  a chambe r  (3.6 • 
• 12.5 • 2 m) for f e rmen t ing  sour  milk,  with a 

r e i n fo r ced  conc re t e  f loor  and wal l s  and ce i l ing  of 
foam concre te �9  The p r o c e s s  technology r e q u i r e s  
that the chambe r  t e m p e r a t u r e  a l t e r n a t e s  between 

18 ~ and 42 ~ C e v e r y  2.5 h r .  It is r e q u i r e d  to d e t e r -  
mine  the total  amount of heat  s to red  by the r e f r i g -  

e r a t i ng  c h a m b e r .  

The t h e r m o p h y s i c a l  p a r a m e t e r s  have the fol -  
lowing values  for  r e i n f o r c e d  concre te :  ~ = 1.55 W / m  �9 

�9 ~ c =  8 5 0 J / k g .  ~ T = 2 2 0 0 k g / m  3. The heat  
t r a n s f e r  coeff ic ient  a, between the f loor  and the a i r  
is taken to be 12 W / m  2 �9 ~  = 9000 sec .  Subst i-  
tuting these  data in (12), we find K = 2.65. With 
this value of K we find f rom Fig .  2 that a = 0.72. 
T h e r e f o r e  the heat  s to red  by the f loor  is Q = 12 - 12 �9 
�9 9000 �9 0.72 = 930 0 0 0 J / m  2---930 k j / m  2. 

The the rmophys i ca l  constants  for  foam concre te  
are :  ~ =  0.17 W/m �9 ~ c =  850 J / k g .  ~ T =  300 
k g / m  3. The heat  t r a n s f e r  coeff ic ient  a between the 
a i r  and the wal ls  is taken to be 24 W/m 2 �9 ~ F r o m  

these  data we find K = 0.162 and e = 0.15. The amount 
of heat  s to red  by the wal ls  will  be 390 k J / m  2. Taking 

the heat  t r a n s f e r  coeff ic ient  between the a i r  and the 
ce i l ing  to be a = 12 W/m ~ �9 ~ we find K = 0.324, 
e =  0.26, Q = 385 k J / m  ~. 

T h e r e f o r e  the total  amount of heat  s to red  by the 
r e f r i g e r a t i n g  cham be r  is Q = 82 000 kJ.  
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