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The r a t i o n a l  d e s i g n  of equipment such as s h a f t  c o o l e r s ,  h e a t e r s ,  
and r o t a r y  k i l n s  f o r  t h e ' h e a t i n g  and coo l ing  of  s o l i d s  r e q u i r e s  t h a t  
t h e  thermal p r o p e r t i e s  o f  t h e  s o l i d s  be known., Thermal c o n d u c t i v i t y  is 
one of t h e s e  p r o p e r t i e s  t h a t  t o  measure n e c e s s i t a t e s  e l a b o r a t e  equipment 
and time-consuming t echn iques .  

A r a p i d ,  s imple  method has  been developed f o r  de te rmining  t h e  
The  s o l i d s  can be e i t h e r  porous o r  non- thermal c o n d u c t i v i t y  of s o l i d s .  

porous and of e i t h e r  h i g h  o r  low c o n d u c t i v i t y .  I f  h igh -conduc t iv i ty  
m a t e r i a l s  a r e  t e s t e d ,  then both  t h e  thermal c o n d u c t i v i t y  and h e a t  capa- 

a c i t y  can be s imul t aneous ly  measured by t h e  method. 

The procedure  invo lves  p r e p a r i n g  a c y l i n d r i c a l  b r i q u e t t e  of t h e  
test s o l i d  t h a t  has  a thermocouple l o c a t e d  i n  t h e  c e n t e r .  This  b r i -  
q u e t t e  i s  hea ted  t o  a c o n s t a n t  tempera ture  a f t e r  which it i s  suspended 
i n  an open-end g l a s s  t u b e  and cooled  by a known flow of  n i t r o g e n  o r  any 

The thermal c o n d u c t i v i t y  i s  then  computed from 
a d i g i t a 1 , c o m p u t e r  comparison of t h e  coo l ing  cu rves  f o r  t h e  t e s t  s o l i d  \ 

, \ o t h e r  nonreac t ive  gas .  

I ver sus  a r e f e r e n c e  s o l i d  of known thermal  p r o p e r t i e s  and similar s ize  
'I t h a t  has undergone t h e  same h e a t i n g  and coo l ing  c y c l e .  The  method was 
' ;validated by us ing  t h e  known a e r m a l  p r o p e r t i e s  of l e a d ,  aluminum, and 

I \ s i l v e r  and computing t h e  t h e o r e t i c a l  coo l ing  curves .  The t h e o r e t i c a l  
c u r v e s  were i n  close agreement wi th  t h e  expe r imen ta l ly  measured cool ing  

, curves  f o r  t h e s e  m a t e r i a l s .  

Theory 

The mathemat ica l  b a s i s  f o r  de te rmining  thermal  c o n d u c t i v i t y  by 
1 

'% t h e  desc r ibed  method i s  d i s c u s s e d  i n  a paper  by Newmanl) and i s  sum- 
/, 

marized a s  fo l lows .  Consider a c y l i n d r i c a l  b r i q u e t t e  as shown i n  F igure  
1. 
t i o n  i n  t h e  x - d i r e c t i o n  i s  (see nonenc la tu re  f o r  d e f i n i t i o n  of t h e  v a r i -  '\ a b l e s )  : 

The d i f f e r e n t i a l  e q u a t i o n  f o r  uns teady  s t a t e  h e a t  t r a n s f e r  by conduc- 

~ ' I '  

I 

For a b r i q u e t t e  of t h i c k n e s s  2a, the c e n t r a l  p l a n e  be ing  a t  x = 0 and 
assuming : 

1) uniform tempera ture  a t  the s ta r t  of coo l ing  o f  t h e  i n i t i a l l y  ho t  
b r i q u e t t e  

I 

t 
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t = to when e = 0 ( 2 )  t hen  

2 )  t h e  f i n a l  t empera tu re  of t h e  b r i q u e t t e  w i l l  be t h e  tempera ture  of 
the sur roundings  : 

t h e r e f o r e  t = ts when e = ( 3 )  

3) t h e r e  i s  no h e a t  f l o w  a c r o s s  t h e  c e n t r a l  p l ane  because of symmetry: 

consequent ly  -k [E] = o a t  x = o ( 4 )  ' 

1 
The h e a t  ba lance  on t h e  b r i q u e t t e  s u r f a c e  is made by equa t ing  h e a t  t r a n s -  
f e r r e d  t o  t h e  s u r f a c e  by conduct ion  w i t h  h e a t  t r a n s f e r r e d  from t h e  s u r f a c e  
by convec t ion .  I n  d i f f e r e n t i a l  form, t h e  h e a t  ba l ance  is: 

I 

-k [g] = h ( t  - t,) a t  x = +a 

Newman') showed t h a t  t h e  s o l u t i o n  t o  Equat ions  (1) through ( 5 )  expressed  
i n  terms o f  a d imens ion le s s  tempera ture  ra t io  Yx is :  I 

and 

6n are d e f i n e d  a s  t h e  f i r s t ,  second, t h i r d ,  etc., r o o t s  of the t r a n s -  
cenden ta l  equat ion:  i 

' 1  
6n t an  Bn - l / m a  = 0 (7 )  I 

i 
The s u r f a c e  t o  s o l i d  thermal  r e s i s t a n c e  ra t io ,  ma, is d e f i n e d  as:/ 

ma = k/ha 
and Xa is def ined  a s :  Xa = ae /a2  
where t h e  thermal d i f f u s i v i t y  is: a = k/p Cp 

S i m i l a r l y ,  c o n s i d e r i n g  rad ia l .  h e a t  t r a n s f e r ,  t h e  r a d i a l  b r i q u e t t e  
h e a t  ba lance  i s  

4 

at - a[:: ' a t ]  
a e  - I + r a .  

The i n i t i a l  c o n d i t i o n  e q u a t i o n  is: 

t = to when e = 0 '(12) / 
The f i n a l  tempera ture  e q u a t i o n  is: ,/ 

The boundary c o n d i t i o n  e q u a t i o n s  a re :  ' . 

-k (%I,= 0 at r = 0 (14) 
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and = h (t-ts) a t  r = R 

I Solv ing  Equat ions  (11) through (15)  g i v e s :  

d 

where 
1, 

and 8, a r e  t h e  f i r s t ,  second, t h i r d ,  e t c . ,  roots of t h e  equa t ion :  

B n J 1  (Bn) - l/mrJo(Bn) = 0 
I 

The s u r f a c e  t o  s o l i d  thermal  r e s i s t a n c e  r a t i o ,  m r  i s  .\ 
m r  = k/hR 

L 
<, and X, = a0/R2 

'A 
The complete d i f f e r e n t i a l  equa t ion  f o r  t h e  case shown i n  F ig .  1 'h 

i s :  

and t h e  s o l u t i o n  t o  Equation ( 2 1 )  i s :  

. \  

I f  t h e  c e n t e r  tempera ture  d e f i n e d  a t  r = 0 ,  x = 0 i s  tc, then  
Equation ( 2 2 ) becomes : 
J 

J ,  

> YC = tc-ts = y r  . YX 
to- t s  

where Y r  and Yx are e v a l u a t e d  a t  r = 0 and x = 0 .  

The preceding  mathematical  a n a l y s i s  shows t h a t  t h e  r a t e  of  c o o l i n g ,  
o r  change i n  c e n t e r  tempera ture  f o r  a c y l i n d r i c a l  b r i q u e t t e  i s  a func t ion  

' '\. 
1 of time ( e ) ,  d e n s i t y  ( p ) ,  thermal  c o n d u c t i v i t y  ( k l ,  t h e  s u r f a c e  h e a t  

1 t r a n s f e r  c o e f f i c i e n t  ( h ) ,  s p e c i f i c  h e a t  (Cp) and t h e  b r i q u e t t e  dimensions . 
as expressed  by Equation ( 2 3 ) .  

The expe r imen ta l  t echn ique  can now be d e s c r i b e d  i n  terms of t h e  
I 

' s u r e d  expe r imen ta l ly  f o r  a m a t e r i a l  of  known thermal  and p h y s i c a l  prop- 
' er t ies  ( s t a n d a r d  b r i q u e t t e ) ,  t h e  s u r f a c e  h e a t  t r a n s f e r  c o e f f i c i e n t  can be 

' 'previous d i s c u s s i o n .  I f  t h e  chang; i n  c e n t e r  t empera tu re  w i t h  t i m e  is  m e a -  

c a l c u l a t e d  from Equation ( 2 3 ) ,  s i n c e  i t  is t h e  o n l y  unknown. 

I 



/ 
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The s u r f a c e  h e a t  t r a n s f e r  c o e f f i c i e n t  (h)  i s  a f u n c t i o n  of t h e  

f l o w  r a t e  of  t h e  c o o l i n g  g a s  and t h e  geometry and s i z e  o f  t h e  b r i q u e t t e .  
it is independent  of a l l  o t h e r  p h y s i c a l ,  thermal ,  or chemical  p r o p e r t i e s  
o f  t h e  b r i q u e t t e .  Therefore ,  any o t h e r  b r i q u e t t e  having s i m i l a r  dimen- 
s i o n s  and cooled a t  t h e  same f low r a t e  w i l l  have t h e  same v a l u e  f o r  ( h ) .  

Once (h)  h a s  been determined u s i n g  t h e  s t a n d a r d  b r i q u e t t e ,  t h e  
thermal  c o n d u c t i v i t y  o f  any t es t  material can be determined from Equa- 
t i o n  (23) s i n c e  a l l  o t h e r  v a r i a b l e s  a r e  known. 

A computer program has  been w r i t t e n  which through an  i t e r a t i v e  
p r o c e s s  determines t h e  b e s t  v a l u e  of (h)  which makes t h e  c a l c u l a t e d  
v a l u e s  f o r  t h e  d imens ionless  tempera ture  r a t i o  e q u a l  t o  t h e  experimental  
v a l u e s  o b t a i n e d  when t h e  s t a n d a r d  b r i q u e t t e  is cooled.  

With (h)  de te rmined ,  a n o t h e r  computor program i s  run f o r  t h e  t e s t  
specimen. Thermal c o n d u c t i v i t y  i s  now t h e  unknown v a r i a b l e  and through 
a n o t h e r  i t e r a t i v e  scheme, t h e  best  va lue  f o r  (k)  t h a t  makes t h e  ca lcu-  
l a t e d  and exper imenta l  v a l u e s  f o r  t h e  tempera ture  ratios e q u a l  is found. 

The i n p u t  d a t a  f o r  bo th  programs c o n s i s t  of d e n s i t y ,  s p e c i f i c  
h e a t ,  t i m e ,  b r i q u e t t e  dimensions,  and s e v e r a l  exper imenta l  v a l u e s  f o r  
t h e  tempera ture  r a t i o .  The o u t p u t  from t h e  f i r s t  program ( s t a n d a r d )  is 
t h e  b e s t  v a l u e  f o r  ( h ) .  Using t h i s  v a l u e  f o r  ( h ) ,  t h e  second program 
used  t o  de termine  t h e  k v a l u e  f o r  any t es t  m a t e r i a l .  I f  a h i g h l y  conduc- 
t i v e  m a t e r i a l  i s  t e s t e d ,  t h e n  i t  is  p o s s i b l e  t o  determine i t s  h e a t  capa- 
c i t y  s i n c e  t h e  s o l i d  t h e r m a l  r e s i s t a n c e  w i l l  be  s m a l l  compared t o  t h e  
s u r f a c e  thermal  r e s i s t a n c e .  A t r a n s i e n t  h e a t  ba lance  can be w r i t t e n  f o r  
t h e  t es t  s o l i d  c o o l i n g  i n  a stream of  c o o l a n t  gas .  

I n  t h e  above e q u a t i o n ,  t = t c  s i n c e  t h e  thermal  g r a d i e n t  i n  t h e  s o l i d  is ) 
n e g l e c t e d .  I n t e g r a t i n g  Equat ion ( 2 4 )  and u s i n g  t h e  d imens ionless  t e m -  
p e r a t u r e  r a t i o ,  Yc g i v e s :  

/J 

Y, = exp -(hA/pCpV) e (25)  

i Thus, if t h e  i n t e r n a l  s o l i d  thermal  r e s i s t a n c e  is  n e g l i g i b l e ,  a plot  of 
t h e  exper imenta l  Yc v e r s u s  e d a t a  on semilog paper  should  be l i n e a r  as 
shown by Equat ion ( 2 5 ) .  The h e a t  c a p a c i t y ,  Cp, can be c a l c u l a t e d  from 
t h e  s l o p e  of  t h e  l i n e  f o r  Yc v e r s u s  0 s i n c e  (h)  is t h e  same as f o r  t h e  

the test  m a t e r i a l  a r e  a l s o  known. 

i' 
s t a n d a r d  b r i q u e t t e  and t h e  d e n s i t y ,  p ,  and t o t a l  s u r f a c e  area, A, for / 

M a t e r i a l s  and Experimental  Work 

A primary advantage .of t h e  t r a n s i e n t  technique  for  de termining  
thermal  c o n d u c t i v i t i e s  i s  t h e  e a s e  and s w i f t n e s s  w i t h  which t h e  e x p e r i -  
ment can be conducted. 

I n  so f a r  a s  sample p r e p a r a t i o n  is concerned,  any solid t h a t  can 
be b r i q u e t t e d ,  c a s t ,  or f a b r i c a t e d  around a c e n t r a l l y  located r i g i d .  
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thermocouple (x = 0;  r = 0 )  may be t e s t e d .  F in i shed  t es t  sample c y l i n -  
d e r s  should be approximately one inch  i n  d i ame te r ,  and one-half  inch  i n  

I h e igh t ;  however, o t h e r  dimensions can be used. 
I 

Experimental  Apparatus 

The exper imenta l  appa ra tus  (see F igure  2 )  c o n s i s t s  s imply o f  a 
3-inch diameter  g l a s s  tube approximately 3 f e e t  i n  l e n g t h .  One end  of 
t h e  tube  i s  completely s toppered  excep t  f o r  a one-half  i nch  c i r c u l a r  
opening through which t h e  coo lan t  gas  f lows .  The o t h e r  end of t he  tube 
i s  open t o  the  atmosphere.  A s m a l l  e lectr ic  fu rnace  i s  used t o  h e a t  
t h e  b r i q u e t t e ,  and an au tomat ic  s i n g l e  p o i n t  tempera ture  r eco rde r  con- 
nec ted  t o  t h e  embedded thermocouple is used  t o  measure t h e  c e n t e r  t e m -  
p e r a t u r e  of  the  b r i q u e t t e .  

Experimental  Procedure 

The exper imenta l  p rocedure  i s  t h e  same f o r  bo th  t h e  s t anda rd  and 
tes t  b r i q u e t t e s .  E i t h e r  t h e  s t a n d a r d  (aluminum was chosen s i n c e  i t s  
thermal  p r o p e r t i e s  a r e  w e l l  e s t a b l i s h e d ) ,  o r  t h e  t e s t  b r i q u e t t e  is  con- 
nec ted  t o  t h e  tempera ture  r e c o r d e r  by way o f  t h e  thermocouple l e a d s .  
The b r i q u e t t e  is hea ted  u n t i l  t h e  c e n t e r  tempera ture  has  reached  a con- 
s t a n t ,  predetermined va lue .  The b r i q u e t t e  i s  then  q u i c k l y  removed from 
t h e  furnace  and suspended i n  t h e  cool ing  tube  wi th  t h e  coo l ing  gas  flowing 
a t  a c o n s t a n t  r a t e .  The b r i q u e t t e  i s  u s u a l l y  cooled  t o  t h e  temperature  
o f  t h e  cool ing  gas w i t h i n  20  minutes .  

Data P rocess inq  

For t h e  stsandard b r i q u e t t e ,  t h e  expe r imen ta l  d imens ionless  t e m -  
p e r a t u r e  r a t i o  ve r sus  t i m e  d a t a  p o i n t s  f o r  t h e  s t a n d a r d  b r i q u e t t e  a long 
wi th  t h e  known thermal  p r o p e r t i e s  a r e  used t o  c a l c u l a t e  t h e  s u r f a c e  co- 
e f f i c i e n t ,  h ,  i n  t h e  fo l lowing  manner. A d i g i t a l  computer program i s  
w r i t t e n  t o  compute Yc from Equat ions  ( 6 )  through (23). By i t e r a t i o n  
and assuming v a r i o u s  va lues  of  ( h ) ,  t h e  computed va lues  of  Y, can be 
made t o  converge on each  o f  s e l e c t e d  expe r imen ta l  Yc ve r sus  0 d a t a  
p o i n t s .  Thus, f o r  a s e l e c t e d  d a t a  p o i n t ,  t h e  b e s t  expe r imen ta l  (h )  is 
t h a t  which when used i n  Equat ions ( 8 )  and ( 1 9 )  r e s u l t s  i n  equa l  va lues  
f o r  t h e  computed and expe r imen ta l  Yc va lues .  

For low c o n d u c t i v i t y  test  m a t e r i a l s ,  t h e  same method is used t o  
determine t h e  b e s t  exper imenta l  va lue  of k by us ing  t h e  h determined f o r  
t h e  s t anda rd  and the o t h e r  p r o p e r t i e s  of t h e  t e s t  m a t e r i a l .  I f  t h e  tes t  
material is a good conductor  as d i s c u s s e d  i n  t h e  theo ry  s e c t i o n ,  then  
exper ience  has  shown t h a t  h should  be computed from t h e  exper imenta l  
coo l ing  curve and then  t h i s  va lue  is used t o  compute k by t h e  same method 
a s  f o r  low c o n d u c t i v i t y  t es t  m a t e r i a l s .  

0 

Discussion and R e s u l t s  

Three b r i q u e t t e s  of aluminum, l e a d  and s i l v e r  were made t o  
t es t  t h e  v a l i d i t y  of t h e  expe r imen ta l  t echnique  s i n c e  t h e i r  thermal  
--opeYties were a v a i l a b l e  from t h e  l i t e r a t u r e  as shown i n  Table  I. 



S i n t e r e d ,  dense hemat i t e  (FeZ03) and a b r i q u e t t e  of  porous carbon 
made from a p a r t i a l l y  d e v o l a t i z e d  c o a l  were used as test m a t e r i a l s .  
lor t h e s e  m a t e r i a i s ,  a l l  p r o p e r t i e s  e x c e p t  t h e  thermal  c o n d u c t i v i t i e s  
shown i n  Table  I w e r e  p r e v i o u s l y  measured. Cooling cu rves  f o r  each 
b r i q u e t t e  were measured f o r  a n i t r o g e n  f low rate o f  0 .9  s c f m .  Sur- 
f a c e  h e a t  t r a n s f e r  c o e f f i c i e n t s  f o r  l e a d ,  s i l v e r  and aluminum were 
c a l c u l a t e d  by t h e  method d i s c u s s e d  i n  t h e  d a t a  p rocess ing  s e c t i o n .  
F o r  t hese  m a t e r i a l s ,  t h e  l i t e r a t u r e  c o n d u c t i v i t y  va lues  were used t o  
c a l c u l a t e  t h e  s u r f a c e  c o e f f i c i e n t .  Table  I shows t h a t  t h e  c a l c u l a t e d  
o r  exper imenta l  h va lues  f o r  each  me ta l  a r e  n e a r l y  i d e n t i c a l .  This  
r e s u l t  i s  c o n s i s t e n t  w i th  t h e  t h e o r e t i c a l  b a s i s  of  t h e  exper iment  and 
may be cons idered  as e s t a b l i s h i n g  t h e  v a l i d i t y  o f  t h e  method. Also 
a s  a d d i t i o n a l  ev idence ,  aluminum was chosen a s  t h e  s t a n d a r d  and k 
va lues  f o r  l e a d  and s i l v e r  w e r e  c a l c u l a t e d  us ing  t h e  h va lue  f o r  a lu-  
minum. Table I shows t h a t  t h e  c a l c u l a t e d  o r  expe r imen ta l  k va lues  
were w i t h i n  0 . 5  p e r c e n t  o f  t h e  l i t e r a t u r e  v a l u e s .  The c o n d u c t i v i t i e s  
f o r  hemat i t e  and porous ca rbon  w e r e  c a l c u l a t e d  us ing  aluminum as t h e  
s t anda rd .  F igu re  3 shows t h e  expe r imen ta l  d a t a  p o i n t s  w i th  t h e  s o l i d  
l i n e s  c a l c u l a t e d  from t h e  t h e o r y .  Note t h a t  t h e  l i n e  f o r  t h e  carbon 
is curved whereas t h o s e  f o r  t h e  me ta l s  and hemat i t e  a r e  l i n e a r .  As 
d i scussed  p rev ious ly ,  a l i n e a r  coo l ing  curve  i s  o b t a i n e d  i f  t h e  s u r f a c e  
t o  s o l i d  thermal  r e s i s t a n c e  r a t i o s  a r e  r e l a t i v e l y  l a r g e .  N o t e  t h a t  f o r  

f u s i v i t y  cooled  t h e  f a s t e s t .  
eqn. ( 2 5 )  which shows t h a t  f o r  s imilar  gas  f l o w s  and b r i q u e t t e  dimen- 
s i o n s ,  t h e  r a t e  of coo l ing  f o r  d i f f e r e n t  m a t e r i a l s  i s  de termined  by t h e  
h e a t  c o n t e n t ,  pCp. I t  can  be seen i n  Table  I t h a t  t h e  h e a t  c o n t e n t  f o r  
l e a d  i s  t h e  lowest of a l l  m e t a l s  t e s t e d .  

Summary 

, t h e  metals, l e a d  which h a s  t h e  lowes t  c o n d u c t i v i t y  and thermal  d i f -  
This  r e s u l t  i s  exp la ined  by examinat ion of 

A r a p i d ,  s imple  method f o r  de t e rmin ing  thermal  c o n d u c t i v i t y  f o r  
a s o l i d  has  been developed.  The s o l i d  can  be e i t h e r  porous o r  non- 
porous and of e i t h e r  h igh  o r  low c o n d u c t i v i t y .  I f  h igh  c o n d u c t i v i t y  
m a t e r i a l s  a r e  t e s t e d ,  t hen  bo th  c o n d u c t i v i t y  and h e a t  c a p a c i t y  can be 
s imul t aneous ly  measured from one coo l ing  exper iment .  The method was 
v a l i d a t e d  by us ing  t h e  known thermal  p r o p e r t i e s  o f  l e a d ,  aluminum, and 
s i l v e r  and t h e  expe r imen ta l  coo l ing  cu rves  i n  a comparison w i t h  t h e  
computed r e s u l t s .  / 
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Nomenclature 

= Half h e i g h t  of  b r i q u e t t e ;  f t  

= Area: ft2 

= C o e f f i c i e n t  i n  i n f i n i t e  series s o l u t i o n  f o r  tempera ture  
d i s t r i b u t i o n  i n  b r i q u e t t e  

= S p e c i f i c  h e a t ;  BTU/lb OF 

= Surface  h e a t  t r a n s f e r  c o e f f i c i e n t ;  BTU/hr f t 2  OF 

= Thermal conduc t iv i ty ;  BTU/hr f t 2  OF/ft 

= Axial  s u r f a c e  resistance; d imens ionless  

= Radial  s u r f a c e  r e s i s t a n c e ;  d imens ionless  

= Maximum r a d i u s  of  b r i q u e t t e ;  f t  

= Radius of  b r i q u e t t e ;  f t  

= Temperature; OF 

= Temperature a t  c e n t e r  o f  b r i q u e t t e ;  O F  

= I n i t i a l  t empera ture  of  b r i q u e t t e ;  OF 

= Temperature o f  coo l ing  gas:  OF 

= Distance of d i r e c t i o n ;  f t  

- a 8  - 
3 Dimensionless t i m e  parameter  f o r  a x i a l  component 

= a e  
3 Dimensionless t i m e  parameter  f o r  r a d i a l  component 

= Symbol f o r  tempera ture  r a t i o ,  a x i a l  component; d imens ionless  

= Symbol f o r  tempera ture  r a t i o ,  r a d i a l  Component; d imens ionless  

= (k/pCp) Thermal d i f f u s i v i t y ;  f t 2 / h r  

= Time;  minutes  o r  hours  

= Densi ty;  l b / f t 3  P 



CP 

cP 

h (exper imenta l )  

k (exper imenta l )  

k ( l i t e r a t u r e )  

a (exper imenta l )  

Aluminum 

.01842 

.04208 

168.50 

.2273 

38.30 

5.58 

N o t  
Measured 

12'1.7 

3.178* 

Si lver  

-02059 

.04210 

655.20 

.OS78 

39.31 

5.10 

240.3 

2 4 0 . 0  

6.113 

Lead 

.01842 

.04117 

707.43 

.0306 

21.65 

5.60 

18.99 

19.00 

.8770 

Hematite 

.01842 

.04208 

306.00 

.2090 

63.95 

5.58 

12.10 

none 

.1892 

*Average of l i t e r a t u r e  s o u r c e s  

I 
I Porous Carbo, 

.01958 

.04121 

75.0 

.2360 

17.70 

5.58 

.0307 

I 
I 
ji 

none 

.00173 
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