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A description is given of the construction of two instruments for deter- 
mining the thermal conductivity of building materials. In both instru- 
ments a thermocouple serves as a linear heat source of constant power. 
The circuit of the first instrument is based on vacuum tubes, and the 
second on transistors. Both instruments have been used to investigate 
materials at positive and negative ternperatuxes. 

In the new va r i an t s  of the method Of inves t iga t ing  
t he rma l  conduct ivi ty  us ing a l i n e a r  source ,  a t h e r m o -  
couple s e r v e s  both as a t h e r m o m e t e r  and a heat  
source .  Unit length of both e lec t rodes  of the t h e r m o -  
couple mus t  then have ident ica l  e i ec t r i c a l  r e s i s t a n c e .  
The e lec t rodes  a re  but t -welded,  so that they extend 
along a singIe axis.  This  kind of weld is obtained by 
d i scharge  of a bank of e lec t ro ly t i c  capac i to r s .  For  
example,  for welding a the rmocoup le  of chromel  and 
eons tan tan  wire  of th ickness  0.72 m m  and 0.6 ram, 
d i scharge  is r equ i r ed  of a bank with a capac i tance  of 
5400 m i e r o f a r a d s ,  at a charge voltage of 40 -80  volts .  

The the rmoeouple  is  a t tached to the spec imen  of 
m a t e r i a l  be ing  examined  dur ing  i ts  p repa ra t ion ,  o r  is 
squeezed between two spec imens  (twin pieces) .  The 
the rmoeouple  is heated by a l t e rna t i ng  c u r r e n t .  The 
ac voltage of the hea t ing  c u r r e n t  does not en te r  the 
c i r cu i t  for m e a s u r e m e n t  of the t h e r m a l  emf: it is 
blocked by an e l ec t r i ca l  f i l ter .  As the t h e r m a l  emf 
i n c r e a s e s ,  and with it the t e m p e r a t u r e  of the heat  
source ,  the t he rma l  conduct ivi ty  is ca lcula ted  f rom 
the wel l -known fo'rmula of [1]. 

In the tube i n s t r u m e n t  (Fig. 1) a voltage of 220 V is 
supplied to the the rmocoup ie  through a s t e p - t r a n s f 0 r m -  
e r  and b a r e t t e r .  The re  was p rov i s ion  for changing the 
the rmocouple  heat ing c u r r e n t  f rom 0.3 to 1.2 A by 
connect ing  b a r e t t e r s  in pa ra l l e l .  The r equ i r ed  hea t ing  
c u r r e n t  was set  up before  the s t a r t  of the tes t  in a 
r e s i s t o r  s imu la t ing  the r e s i s t a n c e  of the the rmocouple .  

The m e r i t  of this  i n s t r u m e n t  l ies  in the s impl i c i ty  
of the p r inc ip le  of opera t ion .  The bas ic  defects  a re  
the imposs ib i l i t y  of au tomat ic  r e co rd ing  of the t h e r m a l  
emf  by ava i lab le  au tomat ic  po t en t iome te r s  and the low 
degree  of s tab i l iza t ion  of heat ing c u r r e n t  afforded by 
a b a r e t t e r .  The o v e r - a l l  e r r o r  of m e a s u r e m e n t  is 
e s t ima ted  to be 5% of the m e a s u r e d  quanti ty.  

The r e a s o n  why automat ic  r e co rd ing  of the emf  on 
exis t ing  po t en t iome te r s  is imposs ib l e  is as follows. 
The the rmocouple  heat ing c u r r e n t  and the useful  t r a n s -  
formed s ignal  at the input to the e lec t ron ic  ampl i f i e r  
of the po ten t iome te r  have the s ame  frequency.  The 
the rmocoup le  heat ing c u r r e n t  is  a s t r ay  s ignal  as  r e -  
gards  the useful  t r a n s f o r m e d  s ignal  at the po ten t iom-  
e t e r  amp l i f i e r  input, and may exceed the m e a s u r e d  
t h e r m a l  emf  many  t imes .  The phenomena  a r i s i n g  in an 
au tomat ic  po ten t iomete r  when a l a rge  s t r ay  s ignal  is 

p resen t  at its ampl i f i e r  input have been desc r ibed  in 
the l i t e r a t u r e  [2]. 

The no i se  immuni ty  of the e lec t ron ic  au tocompen-  
sa tor  may be i nc r e a se d  in two ways,  by a l t e r ing  the 
f requency of t r a n s f o r m a t i o n  of the cons tant  s ignal  at 
the input to the e lec t ron ic  po ten t iomete r  ampl i f i e r ,  or 
by i n c r e a s i n g  the f requency of the hea te r  cu r r en t .  In 
p rac t i ce  it is s i m p l e r  to use  an i nc r e a se d  f requency 
in the range  3 - 5  kHz for the thermoeoup!e  hea ter .  To 
obtain c u r r e n t  of this  f requency a voltage c onve r t e r  
with a m a s t e r  o sc i l l a to r  is used, by means  of which 
the t r a n s i s t o r s  of the power ampl i f i e r  (Fig.  2) a re  
cont ro l led .  The m a s t e r  o sc i l l a to r  is made up of t r a n -  
s i s t o r s  T 5 and T 6 in a push-pul l  c i r c u i t  with s e l f - e x -  

ci tat ion:  T~ and T~ be ing  in a common e mi t t e r  a r -  
r angemen t .  A s q u a r e - w a v e  cont ro l  voltage is supplied 

f rom a secondary  winding of t r a n s f o r m e r  Tr  2 to the 
bases  of the t r iodes  of the power ampl i f i e r .  The la t -  
ter  is made up of t r a n s i s t o r s  T 7 and T 8 in a common 
co l lec to r  a r r a n g e m e n t .  This  p e r m i t s  inc lus ion  of a 
l o w - r e s i s t a n c e  load (the thermocouple)  and a c u r r e n t  

up to 5 a is obtained.  The t r a n s i s t o r s  of the m a s t e r  
osc i l l a to r  and of the power ampl i f i e r  opera te  in the 
key mode which achieves  a high eff ic iency of voltage 
convers ion .  When the i n s t r u m e n t  is switched on, a 
cons ide rab le  b ias  c rea ted  by the voltage d iv ider  R12- 

R14 appears  at the base  of t r a n s i s t o r s  T5 and T 6, as a 
r e su l t  of which the output r e s i s t a n c e  of the t r a n s i s t o r s  
d e c r e a s e s  and a c u r r e n t  appears  in the co l lec tor  c i r -  
cui ts .  Because  of d i f fe rences  in the e l e c t r i c a l  p a r a m -  
e te r s  of the t r a n s i s t o r s ,  the c u r r e n t s  in the a r m s  of 
the co l l ec to r  winding of t r a n s f o r m e r  Tr2 will  be dif-  
fe ren t ,  and a d i f fe rence  c u r r e n t  will appear ,  c r ea t ing  

a change in the magnet ic  flux of the t r a n s f o r m e r .  The 
base  winding is included so that fu r the r  c u r r e n t  in-  
c r e a s e  occurs  in the t r a n s i s t o r  with the l a r g e r  col-  
l ec to r  c u r r e n t  and cut-off  in the t r a n s i s t o r  with the 
s m a l l e r  co l lec to r  c u r r e n L  When one t r a n s i s t o r  is 
fully on and the other  fully off, the ra te  of change of 
the magnet ic  flux becomes  zero,  p roducing  a sha rp  
d e c r e a s e  in the c u r r e n t s  in the windings and c r ea t i ng  
an emf of opposi te  polar i ty  in the windings.  

F o r  opera t ion  of the m a s t e r  o sc i l l a t o r  and the 
power a m p l i f i e r  in push-pul l ,  the t r a n s i s t o r s  mus t  be 
se lec ted  as r e g a r d s  ampl i f ica t ion  and in i t ia l  co l l ec to r  

c u r r e n t .  The sa tu ra t ion  induct ion of the core  of the 
m a s t e r  o s c i l l a t o r  t r a n s f o r m e r  d e t e r m i n e s  the f r e -  
quency of the c i rcu i t ,  and the degree  of r ec t angu la r i t y  

of the h y s t e r e s i s  loop inf luences  the l o s se s  and the 
switching speed of the t r a n s i s t o r s .  The mos t  su i tab le  
m a t e r i a l  is 50-NP P e r m a l l o y  of toroidal  shape.  
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Fig. 1. Circuit  diagram of the tube instrument.  
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Fig. 2. Circuit  diagram of the t rans is tor  instrument.  
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T h e r m a l  Conduct iv i t ies  of Buildillg M a t e r i a l s  

Material 

Silicate concrete 

I 

Density in the 
absolutely dry 
state, kg/m 3 

2100 

1800 

700 

Moisture by 
weight, % 

0 
5 
0 
8.7 
0 
6 

Thermal conductivity, W/m ' degree, 
at temperature, ~ 

0 --10 

1-14 
1.92 
0.99 
1-66 
0.15 0.15 
0.23 0.24 

--30 

1.14 
2.36 
0.99 
t .89 
0.15 
0,26 

Volcanic slag 
concrete 

1030 

850 

0 
12 
0 
9.8 

14.5 

0.27 
0,39 
0.22 
0.28 
0.35 

0.27 
0.37 
0.22 
0.32 
0.38 

0.27 
0.42 
0.22 
0.32 
0.44 

Perlitic sand 
concrete 

Foam slag 
pyroceram 

1000 

830 

600 

500 

0 .  
6.5 

10.0 
0 
6,5 

13.0 

0 
15.1 
0 

27.5 

0.35 
0.41 
0.45 
0.23 
0.28 
0.33 

0.35 

0.49 
0.23 
0.29 
0.35 

0.35 
0,45 
0.54 
0.23 
0.30 
0.42 

0.33 
0.38 
0.28 
0.37 
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The power  ampl i f i e r ,  which has a sma l l  output r e -  
s i s t ance ,  a l lows us to i n c r e a s e  the e f f ic iency  of the 
comple t e  i n s t r u m e n t  and to i m p r o v e  the load c h a r a c -  
t e r i s t i c s  of the c o n v e r t e r .  The cont ro l  vol tage  supplied 
to the input of the power amplifier transistors insures 
that they operate in the key mode. A low voltage sup- 
ply was chosen for the circuit becaus~ the power 
amplifier circuit with common collector requires less 

supply voltage. Smooth control of the heater control 

was accomplished by varying the bias voltage in the 

base circuit of the master oscillator by means of the 

resistance RI3. 

The instrument power supply was obtained under 

steady conditions from a 220 V alternating current, 

and under field conditions from a 12 V storage battery. 

In the first case the voltage from the rectifier, which 

is arranged in a bridge circuit of diodes DI-D 4, is 

supplied to the voltage stabilizer. The stabilizer has 

a closed control circuit made up of transistors Tt-T4, 

and contains the control element (Tt), the mismatch 

signal amplifier (triodes T2-T4), and a standard refer- 

ence source (stabilitron tube ]:)8). Stabilitron D 7 is the 

source of stable auxiliary voltage. 

The transistors T 2 and T3 operate as emitter fol- 
lowers, achieving a large input resistance and large 

curre~it gain. This permits large currents to pass 

through the cont ro l  t r a n s i s t o r  without i n c r e a s e  of the 

base  c u r r e n t  of t r a n s i s t o r  T 3. The r e s i s t o r s  R 2 and 
1~ a re  i n se r t ed  so that t r a n s i s t o r s  T 2 and T 3 do not 
cut  off when the load c u r r e n t  d rops  to ze ro .  

The i n s t rumen t  contains  a t w o - s e c t i o n  G-shaped  
f i l t e r .  To avoid any pickup in the f i l t e r  i ts inductances  
w e r e  loca ted  in a m u l t i l a y e r  s c r e e n  of P e r m a l l o y  and 
copper  wi~h t h e i r  axes  mutua l ly  p e r p e n d i c u l a r  and with 

s o m e  d i s tance  be tween the two. The whole c i r cu i t  was 
w i r ed  with sh ie lded  wi re .  The t r a n s f o r m e r  and the 

r e c t i f i e r  choke coi l  w e r e  loca ted  in a s e p a r a t e  sh ie lded  

c o m p a r t m e n t .  
We have  made  ex tens ive  use of the a b o v e - d e s c r i b e d  

vacuum tube and t r a n s i s t o r  i n s t r u m e n t s  to inves t iga te  
the t h e r m a l  conduct iv i ty  of bui lding m a t e r i a l s ,  both 
dry  and mois t ,  under  condit ions of pos i t ive  and nega -  

t ive  t e m p e r a t u r e .  They w e r e  mounted in such a way 
that  they could ea s i l y  be t r a n s f e r r e d  to the loca t ion  of 
the t e s t s - - t o  a t h e r m o s t a t ,  and a cool ing  c h a m b e r .  

The t e s t  s p e c i m e n s  with t h e r m o c o u p l e s  a t tached to 
them w e r e  loca ted  in a t h e r m o s t a t  o r  a cool ing cha in-  
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ber at the temperature at which it was desired to deter- 
mine the thermal conductivity. When we used the vac- 
uum-tube instrument, measurement of the emf was 

carried out by means of an R-307 potentiometer and a 

galvanometer. For automatic recording of the thermal 
emf with the transistor instrument we used an EZ-2 
automatic electronic potentiometer. 

The high sensitivity of the R-307 and EZ-2 poten- 

tiometers allowed us to investigate the thermal con- 

ductivity of moist materials at negative temperatures. 

The Specimens were located in the cooling chamber, 

where they were kept until the required temperature 
was established. The heating of the thermocouple was 
carried out by steps of a fraction of a degree in order 

to avoid the possibility of thawing the ice because of 

thermal action. In this way investigations were made 

of wet gas- and foam-concrete, concrete with light 

natural aggregates, heavy silicate concrete, and foam 
slag pyroceram. The specimens were investigated in 

the dry state and at room temperature by a steady- 

state thermal conduction method. The test indicated 
that the accuracy of determining the thermal conduc- 

tivity l~y the above instruments was quite satisfactory. 

The results of some of our experiments are set out 

in the table. We are publishing these data since the 

materials investigated, like the majority of other 

building materials, have not hitherto been investigated 

at negative temperatures. 
The instruments are also suitable for the investiga- 

tion of materials at high temperature, where the ther- 

mocouple may still serve its purpose. The specimens 

may be kept at a controlled temperature, for example 

in a furnace, a reaction chamber, etc. Then the ther- 

mocouple is heated to an extent which can be recorded 

reliably by the available instrument. 
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