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A Study of the Effects  of Edge 
Insulation and Ambient T e m p e r a t u r e s  

On E r r o r s  in Guarded Hot -P la te  M e a s u r e m e n t s  

H. W. O r r  

Division of Building Research ,  
National R e s e a r c h  Council of Canada 

Ottawa 

The e r r o r  due to  edge effects  of the guarded hot-plate appara tus  h a s  l imited the 
thickness  of spec imens  that  may  be tested to  approximately one third the dimension 
of the c e n t r a l  sect ion of the heating unit. Samples  of known conductivity w e r e  tested 
using var ious  th icknesses  of edge insulat ion and var ious  ambien t  t empera tures .  I t  
was  found poss ib le  to de te rmine  the opt imum edge conditions s o  that  e r r o r s  due to  
edge effects  a r e  negligible f o r  v e r y  thick spec imens .  

Key Words: Conductivity, e r r o r s ,  guarded hot-plate, h e a t  conduction, s tandard  
test ,  t h e r m a l  conductivity, t h e r m a l  insulation. 

1. Introduction 

The m o s t  widely used  and p r e c i s e  method of determining t h e r m a l  conductivity i s  with the guarded 
hot-plate  and a s tandard  method using this  equipment h a s  been adopted by ASTM (1)l .  Th is  method of 
t e s t  l imi t s  the thickness  of specimen to one third the l inear  dimension of the heating unit. In o r d e r  to  
t e s t  thick spec imens  using this method, guarded hot-plates  with proport ionately l a r g e  dimensions a r e  
requ i red .  Another approach  i s  to s l i ce  the m a t e r i a l  and produce a number  of thinner spec imens  tha t  
m a y  be tes ted  in  a s m a l l e r  guarded hot-plate. A third approach  i s  to t e s t  thick spec imens  in  a s m a l l  
guarded hot-plate  appara tus  and reduce  e r r o r s  due to  edge effects  by cont ro l  of the boundary conditions. 

Each  of the t h r e e  methods h a s  i t s  l imitat ions.  A l a r g e  hot-plate  i s  expensive, difficult to  build and 
operate ,  and not sui table  f o r  the major i ty  of specimens.  Because  of th i s  many  l a b o r a t o r i e s  a r e  un-  
l ikely to have one. Slicing s a m p l e s  to  make  spec imens  thin f o r  testing in  s m a l l e r  guarded hot-plates  
i s  not a lways convenient o r  d e s i r a b l e  and test ing thick spec imens  in s m a l l  plates  c a n  r e s u l t  in  l a r g e  
e r r o r s  due to  edge effects.  An exper imenta l  p r o g r a m  was proposed to evaluate  the possibi l i ty  of r e -  
ducing edge e r r o r s  s o  that  thick spec imens  c a n  be tested on s m a l l  guarded hot-plates. 

The  guarded hot-plate method for  m e a s u r e m e n t  of t h e r m a l  conductivity is based on the assumpt ion  
that  i s o t h e r m s  i n  the c e n t r a l  a r e a  of the t e s t  spec imens  a r e  planes p a r a l l e l  to  the hot and cold-plates ,  
i. e . ,  that  the hea t  flow i s  perpendicular  to the f a c e s  of the  sample .  This  assumpt ion  of one-direct ion-  
a1 heat  flow is val id only f o r  thin spec imens  un less  the edge of the sample  h a s  a t e m p e r a t u r e  profi le  
that  i s  n e a r l y  the s a m e  a s  that  a t  the cen te r l ine  of the sample.  The n o r m a l  p rocedure  f o r  the guarded 
hot-plate  i s  to  l imi t  the h e a t  gained o r  l o s t  f r o m  the edge of the s a m p l e  by using edge insulation, by 
maintaining the ambien t  t e m p e r a t u r e  a t  an appropr ia te  l eve l  42 ) ,  and by limiting the thickness  of the  
spec imen (3 )  s o  that  e r r o r s  due to  edge effects  a r e  negligible. 

With thick spec imens  the i s o t h e r m s  become distorted if h e a t  i s  allowed to en te r  and /or  leave the 
edge of the specimens.  This  m a y  r e s u l t  in  an e r roneous  m e a s u r e m e n t  of t h e r m a l  conductivity if the 
edge conditions a r e  not careful ly controlled. If the ambien t  t e m p e r a t u r e  i s  much  above the s a m p l e  
tempera ture ,  hea t  will  flow into the edge of thc specimen,  distorting the i s o t h e r m s  and making the  

' ~ i ~ u r e s  in b r a c k e t s  rndicate the  l i t e r a t u r e  r e f e r e n c e s  a t  the end of th i s  paper .  



apparen t  t h e r m a l  conductivity low. An ambien t  t e m p e r a t u r e  much below the sample  t e m p e r a t u r e  will 
give the opposite effect. I t  would appear ,  therefore,  that  t h e r e  i s  s o m e  opt imum t e m p e r a t u r e  that  will  
give a min imum e r r o r .  Since the apparen t  t h e r m a l  conductivity i s  affected by hea t  enter ing or  leaving 
the edge of the specimen,  edge insulation should help to reduce  the flow of hea t  and consequently reduce  
the e r r o r  in the t h e r m a l  conductivity. 

The object  of the exper imenta l  work repor ted  in this  paper  was to  de te rmine  the effect iveness  of 
using edge insulation and of controlling ambien t  t e m p e r a t u r e  in reducing e r r o r s  when m e a s u r i n g  the 
t h e r m a l  conductivity of thick specimens. 

2. Exper imenta l  

2. 1 Equipment  

The guarded hot-plate equipment used  f o r  the t e s t s  was  s i m i l a r  to one designed by the National 
Bureau  of Standards in Washington (4). The t e s t  a r e a  i s  10 c m  s q u a r e  with a 5-cm-wide guard a r e a  
that  i s  automatical ly  kept a t  the s a m e  t e m p e r a t u r e  a s  the  t e s t  a r e a .  The hot-plate  was operated in a 
horizontal  position in a n  insulated box. The t e m p e r a t u r e  in the box was control led by c i rcu la t ing  fluid 
a t  a control led t e m p e r a t u r e  through hea t  exchanger  p la tes  that  covered  t h r e e  walls of the box. The a i r  
in the box was s t i r r e d  with a l a rge-d iameter ,  low-speed prope l le r  fan.  

2.2 Specimens 

Polyure thane  foam and s i l icone rubber  were  used  to m a k e  up the  s a m p l e s  fo r  tes t .  Thick s a m p l e s  
were  m a d e  by stacking homogeneous m a t e r i a l  in  s l i c e s  13 m m  to 19 mrn thick. The  ac tua l  t h e r m a l  con- 
ductivity was de te rmined  by adding the previously de te rmined  r e s i s t a n c e s  of p a i r s  of s l i c e s  and conver t -  
ing the total  r e s i s t a n c e  to t h e r m a l  conductivity. The  r e s i s t a n c e  of each  p a i r  of s l i c e s  w a s  de te rmined  
in two guarded hot-plates ,  in the plate  used f o r  the thick specimens,  and in a plate  of the s a m e  size,  
s i m i l a r  in design to one developed a t  the Universi ty  of Saskatchewan and descr ibed  by Woodside and 
Wilson (5). The  values obtained 7:~ith the two guarded hot-plates  had a m a x i m u m  deviation of 0. 06 per 
cent  and a mean  deviation 0.03 p e r  cent  f o r  the polyurethane f o a m  s a m p l e s  and 0.46 p e r  cen t  a n d  0.21 
p e r  cen t  respec t ive ly  fo r  the s i l icone rubber .  

2. 3 Method 

The f i r s t  s e r i e s  of t e s t s  was c a r r i e d  out to check the effect  of varying the th ickness  of edge in -  
sulation. Spec imens  of polyurethane foam and s i l icone rubber  85 m m  thick w e r e  used  for  these  tes t s .  
The  ambien t  t e m p e r a t u r e  was control led c lose  to  the mean  t e m p e r a t u r e  of the sample  24 C ;  the  
t e m p e r a t u r e  difference a c r o s s  the s a m p l e  was maintained a t  22 C. A s e r i e s  of t e s t s  was  run  s ta r t ing  
with no edge insulat ion and applying 13 m m ,  25 m m ,  51 m m ,  and 76  m m  of edge insulat ion to the edge 
of the spec imen covering the hot-plate  completely and extending 20 m m  beyond the f a c e s  of the cold- 
plates .  The t e s t  was repea ted  with a n  ambien t  t e m p e r a t u r e  of 38 C; a l l  other  conditions r e m a i n e d  the 
s a m e .  The edge insulat ion had a t h e r m a l  conductivity approximate ly  equal  to the s ec imen .  The  poly- 
u re thane  s a m p l e s  had edge insulation of polyurethane with a h = 0. 0230 W m- ldeg- '  ivhile the s i l icone 
rubber  s a m p l e s  had neoprene rubber  for  the edge insulation with a h = 0.304. After the  compiet ion of 
these  two s e r i e s  an approximate  opt imum ambien t  t e m p e r a t u r e  f o r  min imum e r r o r  was de te rmined  by 
a l inear  interpolat ion of the previous r e s u l t s  and a third s e r i e s  was run  using this  ambien t  t e m p e r a t u r e .  
The  r e s u l t s  of t h e s e  t h r e e  t e s t s  a r e  given in Table 1 for  polyurethane foam and  in Table 2 for  s i l icone 
rubber .  The ambien t  t e m p e r a t u r e  h a s  been converted to a nondimensional  t e m p e r a t u r e  index (ATI) 
by relat ing i t  to  the t e m p e r a t u r e s  of the hot- and cold-plate, i. e. AT1 = ATa - Tc)  / (Th - Tc) .  

Where T i s  the ambien t  t e m p e r a t u r e  and T and Tc a r e  hot- and cold-plate  t e m p e r a t u r e s  r e s p e c t -  
ively. a h 

2 . 4  Resu l t s  

The r e s u l t s  shown in Tables  1 and 2 have been plotted in f igures  1 and 2. The  e r r o r  in t h e r m a l  
conductivity has  been plotted aga ins t  the th ickness  of eclge insulat ion f o r  c o r r e c t e d  ATI. F o r  each  
thicknees of edge insulation the b e s t  s t ra igh t l ine  f i t  was used  to d e t e r m i n e  the op t imum AT1 for  min i -  
m u m  e r r o r  and to  c o r r e c t  the AT1 to 0. 5, 1. 10, and a value near  the opt imum f o r  plotting. The  values 
of op t imum AT1 have been plotted aga ins t  the th ickness  of edge insulat ion in  f i g u r e s  3 and  4. 



Table  1 Exper imenta l  values of e r r o r  in  t h e r m a l  conductivity m e a s u r e m e n t s  
f o r  85.05 m polyurethane f o a m  s a m p l e s  

Po lyure thane  f o a m  samples:  1 = 0.230 d = 3 1. 89; 
4' 

NBS guarded hot-plate, in a horizontal  configuration: 
203.2 m m  x 203.2 mm,  t e s t  a r e a  101.6 m m  x 101. 6 m m .  

Edge Mean T e m p e r a t u r e  Ambient 
Insulation T e m p e r a t u r e ,  Difference, T e m p e r a t u r e  E r r o r ,  
thickness ,  " C " C Index p e r  c e n t  

m m  

S e r i e s  1 

S e r i e s  2 

S e r i e s  3 

The ambien t  t e m p e r a t u r e  f o r  m i n i m u m  e r r o r  i s  between the m e a n  t e m p e r a t u r e  of the  s a m p l e  and 
the  t e m p e r a t u r e  of the hot-plate. This  i s  the expected r e s u l t  f o r  a guarded hot-plate  w h e r e  the heat  i s  
m e t e r e d  a t  the  hot-plate s ide.  I£ the heat  i s  m e t e r e d  a t  the cold-plate  s ide  the opt imum ambient  
t e m p e r a t u r e  would be between the m e a n  and cold-plate  t empera tures .  When the AT1 is n o t  the opti- 
mum,  edge insulat ion r e d u c e s  the e r r o r  a s  expected. With thick edge insulat ions the ambien t  t emper -  
a t u r e  i s  not a s  c r i t i ca l .  The  opt imum AT1 a p p e a r s  to be a l i n e a r  function of the edge insulat ion thick- 
n e s s .  Thicker  edge insulat ion r e q u i r e s  a higher opt imum ATI. Spec imens  of high t h e r m a l  conducti- 
vi ty  r e q u i r e  higher AT1 f o r  m i n i m u m  e r r o r  f o r  a l l  th ickness  of edge insulation. 

Using the  r e s u l t s  of t h e s e  s e r i e s  of t e s t s  a n  a t t empt  was m a d e  to s e e  how thick the spec imens  
could b e  m a d e  and s t i l l  maintain a reasonable  d e g r e e  of accuracy.  The thickness  of polyurethane foam 
s p e c i m e n s  was v a r i e d  f r o m  75 m m  to 189 m m  while the  edge insulat ion thickness  was kept  constant  a t  
57 mm a n d  the AT1 was  n e a r  opt imum a s  de te rmined  i n  the f i r s :  s e r i e s .  A s  spec imen thickness  was 
increased ,  the m e a s u r e d  e r r o r  was l a r g e r  than expected when c o m p a r e d  with the t e s t s  done with 85- 
m m  samples .  This would s e e m  to indicate  that  the opt imum AT1 i s  a l s o  a function of spec imen thick- 
ness .  The r e s u l t s  a r e  shown in Table  3.  

3. Conclusion 

T h e  e r r o r  due  t o  the edge effects of the guarded  hot-plate m a y  be reduced  with edge insulat ion but 
only b e c o m e s  z e r o  when the ambient  t e m p e r a t u r e  i s  a t  one specif ic  value. The  opt imum AT1 a p p e a r s  



T a b l e  2  E x p e r i m e n t a l  v a l u e s  of e r r o r  i n  t h e r m a l  conduc t iv i ty  m e a s u r e m e n t s  f o r  84 .46  mm s i l i c o n e  
r u b b e r  s a m p l e s  

3  
S i l i c o n e  r u b b e r  s a m p l e s :  A = 0. 2469, d  = 1190 k g / m  

3  
N e o p r e n e  r u b b e r  e d g e  insula t ion:  1 = 0.304, d  : 1400 k g / m  

NBS g u a r d e d  hot -p la te ,  in  a  h o r i z o n t a l  conf igura t ion:  203 .2  m m  sq ,  t e s t  a r e a  101.  6  m m  s q  

E d g e  M e a n  T e m p e r a t u r e  A m b i e n t  
In su la t ion  T e m p e r a t u r e ,  D i f f e r e n c e  T e m p e r a t u r e  E r r o r ,  
t h i ckness ,  " C ' C I n d e x  p e r  c e n t  

S e r i e s  1 

0  23 .  87 22.12 0 . 5 0 8  3.  62 
12.7 23.89 22. LO 0 .499 3.  2 8  
25 .4  24.01 22.24 0 .502 3 .22 
50. 8  23 .94 22 .10  0 .512 3 . 3 1  
76.  2  23.82 2 2 . 0 8  0 .500 3. 8 6  

S e r i e s  2  

S e r i e s  3  

T a b l e  3  E x p e r i m e n t a l  v a l u e s  of e r r o r  in t h e r r n a l  conduc t iv i ty  m e a s u r e m e n t s  
f o r  p o l y u r e t h a n e  f o a m  s a m p l e s  t e s t e d  i n  a n  NBS 203. 2  m r n  x  203 .2  m m  
g u a r d e d  h o t - p l a t e  u s ing  57 m i n  of p o l y u r e t h a n e  f o a m  edge  in su l a t ion  

S a m p l e  M e a n  T e m p e r a t u r e  
T h i c k n e s s ,  mm T e m p e r a t u r e ,  D i f f e rence ,  

A m b i e n t  E r r o r ,  
T e m p e r a t u r e  p e r  c e n t  

" C " C Index  

75 .29  23.91 22.25 0. 647 - 1 . 0  
75 .25  2 3 , 9 3  22.26 0.59 6  -0. 6  
75 .25 23.92 22.21 0. 618  - 1 . 4  
75 .25  23:87 22.12 0 .666  -1 .9  
75.25 23.95 22 .25  0 .680  -1. 8  
75 .25 23.89 22. 14 0. 619 -1 .4  



t o  be  a function of the edge insulat ion thickness ,  s a m p l e  t h e r m a l  conductivity, and thickness .  

In the work repor ted  h e r e  the edge insulat ion had a t h e r m a l  conductivity the s a m e  a s  the sample.  
Edge insulation with a t h e r m a l  conductivity lower than the sample  will probably reduce  the e r r o r  due to  
edge effects,  but the opt imum AT1 will doubtless  change. 

This  paper  dea l s  mainly with a sample  thickness  that  i s  0. 84 t i m e s  the l inear  dimension of the 
c e n t r a l  a r e a  of the hot-plate. F r o m  the values of e r r o r  obtained with much  thicker  s a m p l e s  it  a p p e a r s  
that  different  values of spec imen thickness  have different  values f o r  the opt imum ambien t  t e m p e r a t u r e  
index. 

I t  would appear  that  s a m p l e s  that  a r e  a s  thick a s  the width of the c e n t r a l  a r e a  of the hot-plate  m a y  
b e  tested with l i t t le  additional e r r o r  provided edge insulation i s  used  and the ambien t  t e m p e r a t u r e  i s  
maintained a t  the opt imum value. M o r e  exper ience  i s  needed, however, before thick spec imens  can  be  
tes ted  with a s s u r a n c e  that  e r r o r s  due to  edge effects  have been eliminated. I t  should be noted tha t  
homogeneous sainples  w e r e  used in this  study and the r e s u l t s  a r e  not n e c e s s a r i l y  appl icable  to  non- 
homogeneous specimens.  

This  i s  a contribution f r o m  the Division of Building Research ,  National R e s e a r c h  Council of 
Canada, and i s  published with the  approval  of the Di rec tor  of the Division. 
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Figure 1. Error i n  A vs edge insu- 
l a t i o n  thickness shming e f f e c t  of 
ambient temperature indexes f o r  85 
mm sample. of polyurethana farn. 

Figure 2. Error i n  A vs edge insu- 
l a t i o n  thickness showing e f f e c t  of 
ambient temperature indexes f o r  85 
rn samples of s i l i c o n e  rubber. 
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Figure 3. Optimum ambient temper- 
a tu re  index vs edge insu la t ion  
tiricknese f o r  85 m samples of 
polyurethane foam. 

Figure 4. Optimum ambient ternper- 
a t u r e  index vs edge insu la t ion  
thickness f o r  85 mm samples of 
s i l i c o n e  rubber. 


