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An experimental  method is proposed for  determining the damping of a harmonic t empera tu re  
wave pass ing through the model of a real  building construct ion.  The ra tes  of t empera tu re  
changes at the inner  surface of the wall a re  measured .  Charac ter i s t ic  conditions and resul ts  
of the experiment  and the principle  of operat ion of a specially designed thermal-conduct ivi ty  
m e t e r  a re  descr ibed.  

S t a t e m e n t  o f  t h e  P r o b l e m  

In view of the extensive use of light and thin enc loser  construct ions in buildings a need has a r i s en  for 
studying thei r  t h e r m a l - t e c h n i c a l  cha rac te r i s t i c s .  The thermal  res is tance  R is a p a r a m e t e r  that does not com-  
pletely cha rac te r i ze  the feasibility of use and quality of the enc loser  wall. The thermal  res i s tance  R combines 
the indices describing the behavior of the wall in nonsteady thermal  p rocesses .  

One of the important  indices for  the summer  season is the ability to suppress periodic tempera ture  
changes occur r ing  in the surrounding medium and passing to the inner surface of the encleser .  

The second index having a great  significance in the winter  season is the tuner -sur face  cooling rate dur-  
ing an interrupt ion in the heating. All these problems theoret ical ly were studied in detail and solved exactly 
as a resul t  of considerable  successes  of Soviet invest igators  in the field of applied s t ructura l  thermophysics  
[1-7]. Czechoslovakian standards [8] and instructional  l i tera ture  [9] give instructions for simplified as we l l  
as for  exact computation of damping of a harmonic t empera tu re  wave passing through a single- or  mul t i layer  
wall designated as thermal  damping: 

v = Ae/Aip. 
In the standards an es t imate  is given for  the minimum value of v for  different t imes of the yea r  and orientat ion 
of the enclosing element.  In [8, 9] a method of computing the relat ive temperature  drop 0 at the inner surface 
is given which determines  the maximum decrease  of the initial cons tan t - tempera ture  shear  through 8 h of 
cooling under adiabatic conditions at the inner surface of the construction.  

Although advances have occurred  in the field of the theory,  the experimental ver if icat ion in the case of 
uonsteady and quasis teady tempera tu re  conditions is significantly lacking. This is accounted for  by the follow~ 
ing: Fi rs t ,  unlike the experimental  investigations of thermal  res is tance  R, it is neces sa ry  to exactly deter -  
mine and maintain the value of the hea t - t r ans fe r  coef f ic ie~  a on both sides of the investigated model, i.e., on 
the outer and inner surfaces ;  second, it is necessa ry  to specify the law of the t empera tu re  change at ene or  
both sides of the model according to a definite p rogram.  In the case of investigation of v it is necessa ry  to 
ensure the  harmonic law of t empera tu re  change r igorously  at the outer side of the model;  on the inner side it 
is necessa ry  to have a l inear  law or  c rea te  adiabatic conditions, i.e., ze ro  thermal flux ac ros s  the surface 
during the entire p roces s  of cooling at the outer  surface.  The object of this experimental  investigation of the 
thermal  damping v, phase shift e, and fac tor  0 is to confirm the resul ts  of the computations, especial ly in those 
cases,  when the mathematical  analysis is ve ry  difficult. This leads to the basic requirement  that the mea-  
sured values of v, e, or  0 be convenient for  compar ison  with the values computed direct ly  or  not requiring 
mathematical  analysis  requir ing the use of additional coefficients.  

The equation for  the exact computation of thermal  damping of a s ing le - layer  wall has the form [7, 9] 

Z )  (l ailC ' (1) § % ,  

where 

Transla ted f rom Inzhenerno-Fiz icheski i  Zhurnal, Vol. 34, No. 1, pp. 104-109, January,  1978. Original 
ar t ic le  submitted September 11, 1975. 

0022-0841/78/3401-0069507.50 �9 Plenum Publishing Corporat ion 69 



i-~- ~ ~,cp } 

F rom Eq. (1) we obtain the following express ion for  the absolute value of v:  

v = IOl = (a ~ + bZ) 1/2, (2) 

uhere a and b a re  the real  and imaginary par t s  of the complex number a + bi. 

An analysis  of (1) shows that for  a direct  compar i son  of the computed and measured  values of ~ and e it 
is necessa ry  to observe  exact equality of all the t e r m s  of the equation. The case  cited here  pertains to a t, 
ae, and %. Since the values of a i, ae, and ~0 a re  normalized,  in the experimental  investigations of modern  con-  
s truct ions it is neces sa ry  to observe  these  s tandard values, which means  that the experiment  should be con-  
ducted on a model 1 : 1 scale .  

The only simplif icat ion (if %= 86,400 sec = 24 h) in relat ion to natural conditions remains  the harmonic 
change of the a i r  t empera tu re  at  the input. 

The resul ts  of experimental  investigations have shown that the observance of the harmonic variat ion of 
the a i r  t empera tu re  is s imple r  than sawtooth o r  even rec tangular  reg imes .  By regulating the t r ans fe r  function 
it is easily possible  to eliminate the effect of the specific heat not only of the intrinsic model but also of the 
measur ing  instrument .  This is facili tated by a period equal to 24 h. The difficulty consis ts  in maintaining the 
recommended values of a [a t = 8.14 W/m  2 �9 OK, a e = 23.26 W/m 2 �9 ~ according to the existing Czechoslovakian 
State Standard (CSS) 73 05 40]. It is obvious that the model will work even in the case  when ai< 8.14 W/m 2" ~ 
o~e > 23.26 W /m 2. ~ because the value in the direct ive CSS 73 05 40 of Vmi n = 8.34 is obtained for 

8.34 < v [% > 23.26; ~ -~ 8.14]. 

Thus the resul t  of the experiments  indicates that the model works but is far  f rom its existing mathematical  
description.  

Since in p rac t i ce  it is not possible  to expect complete exact cor respondence  of the values of a i and a e 
to the standards,  we analyzed the effect of changes of these coefficients on the final value of v. 

The effect of change of a depends on the fac tor  z of any wall and for  direct  compar ison of the computed 
and measured  values the following ranges of variat ion can be allowed.. 17.45-29.00 W/m 2" OK for  a e and 7.35- 
9.00 W/m 2" OK for  ~i. For  a i this is a very str ingent requirement .  

The following aspect ,  which mus t  be kept in mind in conducting experiments,  pertains to coefficient a, 
which only for  the mathematical  purposes  is denoted as an overal l  coefficient considering the three  components 
of heat t r ans fe r :  convection, conduction, and radiation. 

In the computation ~ represents  a quantity taking account of all the fo rms  of heat t ransfer ;  but in prac t ice  
this can never  be done. Even for  a small  difference of the a i r  t empera tu re  t v and model surface tempera ture  
tp the radiational component can reach 25% and m o r e  of the values of c~ i and up to 15~ or  more  for  the values 
of ~e, depending on the coefficient C. 

The only secondary quantity is the mean  tempera ture  drop t e - t i. In specifying this quantity it must  be 
r emembered  that for its low values (grad t - *  0) the f ract ion of the r eve r se  surface heat flux increases  in the 
descending phase of the harmonic wave. For  a sharp tempera ture  drop this factor  disappears  but the com-  
putation must  be ca r r i ed  out with large  humidity t r ans fe r  and change of coefficient ~, depending on the t e m -  
pera tu re  difference.  

The same conditions, which a re  neces sa ry  for  v and e, a re  necessary  also for the experimental  investi-  
gation of the relat ive t empera tu re  drop. In this case  ai is the secondary (input) value and a e mus t  be main-  
tained constant as well as the a i r  t empera tu re  at  the output (cold wall) te. 

On the input (hot inner) side it is necessa ry  to insure the condition qtr)=0; i.e., ti(v)=tip(V). The initial 
drop t i - t e must  be specified in such a way that the given condition must  be ensured for  at least  8 h in com-  
pliance with the standard.  This requirement  mus t  be considered in the construct ion of the measur ing  equipment. 

E x p e r i m e n t a l  M e t h o d  

In prac t ice  the harmonic t empera tu re  change can be ensuredby a mechanical  cam or  by using electronics .  
For  ensuring sinusoidal variat ion of the t empera tu re  it is necessa ry  to add to the input box cer ta in  specific 
blocks which a re  not used in the measurement  of thermal  res is tance  R. 
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Fig. 1. Tempera tu re  variat ion in construct ions of different mater ia l s  
(from right to left): a) ce ramic  panel (R =1.2 m 2" ~ p =1150 k g / m  3, 
d = 0.39 m); b) insulation panel with minera l  felt (R = 0.82 m 2" ~ d = 
0.04 m2); c) insulation panel with minera l  cot tonwool (R=2.37 m 2" ~ 
W, d = 0.084 m); 1) var ia t ion of a i r  t empera tu re  over  the external su r -  
face te; 2) external surface  t empera tu re  tep; 3) [nternat surface t e m -  
pera ture  tip; 4) internal a i r  t empera tu re  t i .  
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Fig. 2. Tempera tu re  variat ion in the wall of hollow br ick  (R= 0.215 
m 2 "~ p = 1.550 k g / m  3, d = 0.135 m). Notation for  the curves  is 
the same as in Fig. 1. 

Fig. 3. Tempera tu re  variat ion at cooling (as in Fig. 2) with adiabatic 
conditions over the  external (warmer) surface  (right to left) ; t i =tip 
during the cooling p rocess ,  gradual fall of tep and stability of the out- 
let a i r  t empera tu re  t e. Duration of cooling is 10 h 15 rain. Notation 
for the curves  is the same as in Fig. 1. 

The value of the coefficient ~ is determined mainly by the change in the convective component, i.e., the 
r a t e  of c i rculat ion of the a i r  flow along the investigated model.  The circulat ion can be ensuredby one or  sev- 
eral  ser ies  of propel le rs  with regulated rotations of a diametral  or  radial ventilator.  The central  c i rculat ion 
sys tems  do not ensure homogeneity of either a along the measured  surface (1 rn 2) or  that of the rate  of a i r  flow 
and the su r f ace - t empera tu re  drop; therefore  they a re  not suitable. 

The inverse  est imate  of the given coefficients ~ f rom the t empera tu re  difference between the a i r  and the 
surface  of the model, determined by thermal  elements at both sides of the model,  gives a systematic  e r r o r  
due to its insensitivity to radiation. In this case  the use of sensit ive a lpha-mete r  sensors  is mos t  suitable; 
these can be used in a set for the determinat ion of the total values of ~. 

The recent  models  of a lpha-mete r s  are  heat-compensated and record  instantaneous absolute values of 
the coefficient a continuously. 

The adiabatic conditions a re  ensuredby using regulated heat flux at the surface and by holding its va!ue 
at zero.  

R e s u l t s  

The equipment for the measuremen t s  descr ibed above was built at the Heat-Engineering Laboratory  of 
the Research  and Experimental  Institute of Factory  Construct ion in Prague during 1966-1967 [10, 11]. 

The special  thermal-conduct iv i ty  me te r  of type AVG-2 is a two-chamber  device with an independent con- 
trol  panel. The hot-input par t  for  the measuremen t  of the thermal  res is tance  R is heat -compensated for the 
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m e a s u r e m e n t s  of the values  of v and for  0 It is "hea t -open ."  The cold side is equipped with an a s s e m b l y  for  
holding the t e m p e r a t u r e  exact ly  above o r  below 273~ 

In the f i r s t  model  the re  is a device for  c rea t ing  forced convect ion by c i rcula t ion,  consis t ing of two s e r i e s  
of opposi te  p r o p e l l e r s  supplemented by different  r o t o r s  and r ec t i f i e r s  of flow. In this equipment a s e r i e s  of 
m e a s u r e m e n t s  we re  made  for  the t h e r m a l  damping (see Fig. 1, 2) and m e a n  t e m p e r a t u r e  drop (Fig. 3). 

In spi te  of the difficulty and inadequate sens i t iv i ty  of the control  s y s t e m ,  the harmonic  law of t e m p e r a t u r e  
change at the input and the cond i t ionswere  maintained so that  in al l  c a s e s  of m e a s u r e m e n t s  ae  > ai .  

Although at the s t a r t  of the f i r s t  exper imen t s  the mean  values of ~ in mos t  s e r i e s  of t es t s  we re  c lose  to 
the r ecommended  quanti t ies ,  the absolute  deviat ion in individual cases  ranged f r o m  near ly  - 5 0 ~  to +100%, 
espec ia l ly  fo r  the values of ~i" 

Af t e r  an en t i re  s e r i e s  of t e s t s  and i m p r o v e m e n t s  of the technique we succeeded in reducing the deviat ion 
of the values  of ~ f r o m  those given above to s m a l l e r  than-25~0 to +40%, and the d i f ference  between the m e a -  
sured  and computed values of ~ in genera l  does not exceed �9 18%. 

The bes t  a g r e e m e n t  was obtained for  the phase  shift  ~. It should be s t r e s s e d  that the deviations can be 
caused not only by individual inaccurac ies  in the changes of the boundary conditions but a l so  by the fact  that  
the initial data used for  the computat ion (k, c, p) do not exact ly c h a r a c t e r i z e  the invest igated construct ion.  
S imi la r  d i s ag reemen t  of the expe r imen t  and computat ion can be expected even in future m e a s u r e m e n t s .  

In 1974 the cons t ruc t ion  of the m e a s u r i n g  equipment was changed by introducing sensi t ive  e lec t ronic  
units which insure  a m o r e  r igorous  obse rvance  of the boundary conditions than e a r l i e r .  
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