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MEASUREMENT OF THE LUNAR REGOLITH THERMAL CONDUCTIVITY I N  THE LUNAR-A MIS- 
SION by K.Horai,  Met .eorological  Research I n s t ~ i t ~ u t ~ e ,  4. Fu j imura ,  S.Tanaka and 
H.Mizutani ,  I n s t i t u t e  o f  Space and As t ronau t i ca l  Science 

I n  t,he L u n a r 4  M i s s i o n  scheduled i n  1996, measurements o f  l u n a r  heat  f l ow  
by means o f  l u n a r  p e n e t r a t o r  a r e  planned. The p e n e t r a t o r  i s  a  c y l  i nder o f  about  
l m  long and 12cn1 i n  d iameter  w i t>h  one o f  i t s  ends tapered l i k e  a  cannonbal l  i n  
o rder  t o  f a c i  l i t a t e  t h e  ent rance as i t  h i t s  t h e  l u n a r  su r face .  I t  i s  re leased 
from luna r  o r b i  t e r ,  dece le ra ted  d u r i n g  t h e  f a 1  l t o  lessen t h e  impetus o f  impact., 
and, on h i t t i n g  t h e  l u n a r  su r face ,  pene t ra ted  i n t o  the  l u n a r  r e g o l i t h  t o  t he  
depths o f  1 t20 2m. 

The d e t e r m i n a t i o n  o f  heat  f l o w  r e q u i r e s  bo th  t h e  rat.e of temperature i n -  
crease w i t h  depth  and t h e  t.he~'mal c o n d u c t i v i  t -y  t.o be linovn ~ l r e c i s e l y .  The f o r -  
mer can be es t ima ted  f rom the  measurement o f  l u n a r  rego l  i t h  temperature made by 
the  sensors a t tached  t o  t h e  ~ ~ e n e t r a t o r .  The measured t.emperat.ures need t o  be 
c o r r e c t e d  f o r  t he  d i s t o r t i o n  of t he  temperature f i e l d  t h a t  shou ld  i nev i t . ab l y  be 
I ~ r o u g h t  about  u i  t.h t h e  thermal l y  more conduc t i ve  penet.rat.or vas embedded 
i n  t he  t h e r m a l l y  l e s s  conduc t i ve  l una r  r e g o l i t h .  An e x t e n s i v e  numer ical  simu- 
l a t i o n  i s  under bay t o  fo rmal  i z e  t h e  procedul-e o f  c o r r e c t i o n .  

As f o r  t h e  measurement o f  thermal c o n d u c t i v i t y ,  i t  i s  t o  be c a r r i e d  o u t  w i t h  
a  dev i ce  i n s t a l  l e d  i n  t h e  penetrat .or .  The measurement p r i n c i p l e  i s  based on the  
thermal response o f  a  composite m a t e r i a l  t,o t h e  i n t e r f a c i a l  hea t i ng .  Heat a  

smal l c i  r c u l a r  p o r t i o n  o f  t h e  penetaratsor s u r f a c e  a t  a  known r a t e  and measure t h e  
temperature a t  t h e  c e n t e r  of t h e  area. As t h e  p e n e t r a t o r  i s  cont.acted wit*li t he  
l una r  r e g o l  i  t h ,  t h e  l i ea t  d  i  ss i pa tes  th rough b o t h  substances compos i ng the  l una r  
rego l  i t h  and t h e  pene ta ra to r  i t s e l f .  The r i s e  o f  temperature a t  t h e  h e a t i n g  area 
i s ,  t . l ierefore,  i n d i c a t i v e  o f  the  thermal p r o p e r t i e s  o f  t h e  l u n a r  r e g o l  i tli and t,iie 
pene t ra to r .  As t h e  thermal  p r o p e r t i e s  o f  t h e  mater i a1 compos i  ng t h e  p e n e t r a t o r  
a re  known, those o f  t h e  l una r  rego l  i t.11 can be deduced f rom t h e  t.emgerature data.  

L e t  t h e  thermal  c o n d ~ c t i v i t ~ y ,  t he  d e n s i t y ,  t h e  s p e c i f i c  hea t  and t h e  thermal 
d i f f u s i v i t y  o f  t h e  p e n e t r a t o r  be, respect . i ve ly ,  k l ,  P I ,  cl and rcl = k l / p l c l  
t h a t  a r e  d i s t i n c t  f rom the  cor respond ing k;, 0 2 .  C i  and r c 2  = k2 /p ;c2  o f  t he  
l una r  r e g o l  i t -h that .  i s  separeted from tolie pene t l -a to r  by a  p lane  boundary. Sup- 
pose a  c i r c u l a r  d i s k  o f  r a d i u s  & p laced on the boundary s t . a r t s  e m i t t i n g  heat  f rom 
hime t  = 0 a t  a  c o n s t a n t  r a t e  & per u n i t  t ime  per  u n i t  a rea o f  t he  h e a t i n g  d i s k .  
Then, t.lie tempera ture  T  r i s i n g  wit.11 t ime  t a t  t h e  c e n t e r  o f  t h e  d i s k  i s  a  f unc -  
t i o n  o f  t h e  thermal  p r o p e r t i e s  o f  t he  m a t e r i a l s  on b o t h  s i d e s  o f  t h e  boundary. 
The r a t e  of tempera ture  i ncrease immediate ly  a f  toer  t he  s t a r t  o f  h e a t i n g  i s  

~ h i c h  p r o v i d e s  a  b a s i s  f o r  e s t i m a t i n g  d k 2  p 2 c 2  o f  tohe l u n a r  rego l  i t h  f rom t i le  
known thermal  p r o p e r t i e s  ( k t ,  p , c l )  of t h e  p e n e t r a t o r .  F u r t h e r  f i t t i n g  o f  t h e  
t h e o r e t i c a l  cu rve  t o  t h e  temperature record  g i v e s  an e s t i m a t e  o f  rc = k 2 / p  2 ~ 2  

t h a t  makes i t  p o s s i b l e  t o  separat.e k2 f rom p 5 c 2 .  
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LUNAR-4 MISSION ME4SUREMENT OF THERHGL CONDUCTIVITY Hora i  ,K e t  a l .  

F i g u r e  1 i  l l u s t r a t e s  t he  u n i t  t o  be mount.ed on t h e  ~ e n e t ~ r a t o r .  A copper 
d i s k  o f  4mm i n  d iamete r  and 0.3mm i n  t h i c k n e s s  i s  u n d e r l a i n  hy a s t r a i n  gauge of 
t h e  same d iamete r  and O . l m l n  t h i c k  t h a t  se rves  as a h e a t i n g  e lement .  I t  c o n t a i n s  
a t h i n  w i r e  o f  120Q t,liat, i s  f o l d e d  in t ,o  a  sma l l  a rea  o f  about  l m m  v i d e  and i s  
sandwiched between t h i n  i n s u l a t i n g  f i  lms. The hea te r  i s  energ ized  w i t h  a  dc c u r -  
r e n t  o f  l .5\/ and t he  r i s e  o f  t.emllerature i s  measures by a t. l iermocouple p laced  un-  
dernea th  t h e  m idd le  o f  t,he hea te r .  

Feasi  b i  l  i  t ,y o f  t he  method was demonstrat.ed b y  t e s t  exper iments .  4  group o f  
non-met,al l i c  s o l  i d s  o f  kno\;n t~ l iermal  p r o ~ e r t ~ i e s  were s e l  ect,ed as samples. Tliey 
were cont ,acted wi tli a model hea te r  and t en~pe ra tu re  dat,a were taken  under  s  imu- 
l a t e d  c o n d i t i o n s .  Ana l ys i s  o f  t he  da ta  shoved thah t.he measured r a t e  o f  tempera- 
t u r e  i nc rease  w i t h  t ime  v a r i e s  sys t . ema t i ca l l y  w i t h  t h e  samp le 's  d k p c  as shown 
i n  F i g u r e  2. For  l ~ g : ~ d i i ~ c  = -2.50 o f  t he  l u n a r  r ego l  i t . h ,  a  d i f f e r e n c e  o f  f a c -  
t o r  2 i n  t he  thermal  c o n d u c t i v i  t,y would r e s u l t  i n  a  change o f  0.001 rnV/du which 
i s  v i h l i i n  t,he r e s o l v a b l e  range o f  t h e  measurement,. R e f i n i n g  t h e  arrangement o f  
t h e  hea te r  and t.he temperature sensor ,  t he  met.liod i s  esl.~ect.ed t o  y i e l d  a r e s u l  t 
t<ha t  i s  quant  i  t - a t i v e l y  s a t i s f a c t o r y  as we1 I. 

F i g u r e  1. H e a t i n g u n i t  t , o b e m o u n t e d  F i g u r e 2 .  R e s u l t o f  t e s t  exper iment .  
on  t h e  Lunar-A M i s s i o n  peiiet,rat.or f o r  Ratme o f  i  n i  t i  a l  t.emperat,ul-e inc rease  
t h e  measurement o f  l u n a r  rego l  i t.h w i t h  t ime  v a r i e s  syst .emat . ica l ly  w i t h  
thermal  c o n d u c t i v i t y .  t he  sample's v ' k p c .  ( 1 ~ 0 . 5 ~ ) .  
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