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The Heat Flow Experiment i s  one of t h e  ins t ruments  i n  t h e  Apollo Lunar 
Sur face  Experiments Package (ALSEP) emplaced on t h e  moon dur ing Apollo 15.  
This ins t rument  i s  designed t o  measure t h e  h e a t  flow from t h e  lunar  i n t e r i o r  
by determining t h e  v e r t i c a l  g r a d i e n t  of mean temperature and t h e  thermal con- 
d u c t i v i t y  i n  t h e  upper few meters of t h e  r e g o l i t h .  

The e s s e n t i a l  measurements a r e  made by s l e n d e r ,  meter-long temperature  
sens ing  probes t h a t  a r e  placed i n  hollow, thin-walled f i b e r g l a s s  borestems. 
These borestems a r e  d r i l l e d  i n t o  t h e  r e g o l i t h  by t h e  Apollo Lunar Sur face  
D r i l l .  The ins t rument  i s  designed t o  make two independent measurements of 
h e a t  f low w i t h  two probes bur ied  about  1 0  m a p a r t .  

The r e l a t i v e l y  h igh  d e n s i t y  of t h e  r e g o l i t h  a t  Hadley R i l l e  prevented 
f u l l  p e n e t r a t i o n  of e i t h e r  of t h e  two f i b e r g l a s s  borestems t o  t h e  planned 3 m 
depth. Both borestems were d r i v e n  about 1 . 6  m i n t o  t h e  subsur face ;  however, 
one of t h e  probes ,  des igna ted  112, could n o t  pass  t o  t h e  bottom of t h e  borestem 
because of an  o b s t r u c t i o n .  The bottom of t h i s  probe i s  on ly  one meter below 
t h e  s u r f a c e .  

Data rece ived  dur ing t h e  f i r s t  1 1 / 2  months a f t e r  t h e  probes were emplac- 
ed has  been analyzed.  During t h i s  pe r iod  t h e  i n i t i a l l y  warmer probe and bore- 
stem cooled s lowly toward t h e  i n i t i a l  undis turbed temperature d i s t r i b u t i o n  i n  
t h e  r e g o l i t h .  The mean temperature  a t  100 cm below t h e  s u r f a c e  i s  252.3' K a t  
probe 111 and 250.7' K a t  probe #2. These va lues  a r e  n e a r l y  30' K h igher  than  
t h e  average s u r f a c e  temperature over  a l u n a t i o n  c y c l e  which i s  about 217' K. 
Most of t h i s  i n c r e a s e  i n  mean temperature  i s  due t o  t h e  h igh  dependence of 
h e a t  t r a n s f e r  on ambient temperature i n  t h e  upper s e v e r a l  c m  of t h e  l u n a r  s o i l  

Eight  temperature  sensors  below 70 cm were unef fec ted  by t h e  l a r g e  v a r i a -  
t i o n s  of s u r f a c e  temperature  dur ing t h e  f i r s t  30 days a f t e r  emplacement. The 
coo l ing  h i s t o r i e s  o f  t h e s e  thermometers were ex t rapo la ted .  t o  t h e i r  equ i l ib r ium 
va lues  us ing t h e  theory of coo l ing  of a c y l i n d e r  i n  an i n f i n i t e  medium. A f t e r  
applying appropr. iate c o r r e c t i o n s  f o r  t h e  s h u n t i n g - e f f e c t  of t h e  probe and bore- 
stem, t h e s e  e x t r a p o l a t e d  temperatures  y i e l d  an a c c u r a t e  determinat ion of t h e  
temperature f i e l d  t h a t  e x i s t e d  i n  t h e  subsur face  b e f o r e  t h e  probes were 
i n s e r t e d .  This a n a l y s i s  i n d i c a t e d  t h a t  t h e  undis turbed v e r t i c a l  temperature 
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g r a d i e n t  below 70 cm i s  1.75 f 0.09' C/M. 

Each of t h e  heat-flow probes has  h e a t e r s  surrounding four  of t h e  thermom- 
e t e r s .  These h e a t e r s  can be turned on by command from e a r t h  t o  conduct i n  
s i t u  experiments t o  determine t h e  thermal p r o p e r t i e s  of t h e  s o i l  surrounding 
t h e  borestem. S i x  such experiments were conducted i n  August and September. 
The a n a l y s i s  of t h e s e  experiments i n d i c a t e d  t h a t  t h e  conduc t iv i ty  of t h e  rego- 
l i t h  i s  n o t  uniform w i t h  depth.  The va lues  obta ined from t h r e e  experiments 
a r e  t a b u l a t e d  below: 

Depth, cm 
49 
91 

138 

* Conduct ivi ty ,  W/cm-OK 
1 . 4  x 10-4 
1 .7  x 10-4 
2.5 x 10-4 

* 
Estimated e r r o r  of t h e s e  measurements i s  f10%.  

An independent e s t i m a t e  of thermal conduc t iv i ty  can be made from t h e  coo l  
down h i s t o r y  of t h e  thermometers. Such e s t i m a t e s  a r e  dependent on knowledge 
of t h e  i n i t i a l  temperature  and consequently a r e  n o t  ve ry  a c c u r a t e  (f50%). 
Analysis of t h e  f i r s t  100 hours  of d a t a  i n d i c a t e  t h a t  t h e  conduc t iv i ty  i n -  
c r e a s e s  wi th  depth  a t  a r a t e  s i m i l a r  t o  t h a t  shown by i n  s i t u  measurements, 
t h e  va lue  a t  91 cm i s  1 .5  x 10-4 f 50% and a t  138 cm i s  2.7 x 10-4 f 50%. 
These va lues  a r e  i n  good agreement wi th  t h e  i n  s i t u  determinat ions .  

The c o n d u c t i v i t y  d a t a  combined w i t h  t h e  g r a d i e n t  determinat ion i n d i c a t e  
t h a t  t h e  average h e a t  flow through t h e  r e g o l i t h  i s  3.3 x watts/cm2 
(0.79 x cal/cm2sec) a t  t h e  probe {I1 s i t e .  For comparison t h i s  v a l u e  is  
about 112 t h e  average h e a t  f low from t h e  e a r t h .  

The shal low emplacement of probe 112 preven ts  an  a c c u r a t e  e s t i m a t e  of t h e  
mean grad ien t  w i t h  only  1000 hours of d a t a .  When s e v e r a l  l u n a t i o n s  of d a t a  
become a v a i l a b l e ,  t h e  h e a t  f low a t  t h i s  s i t e  can be c a l c u l a t e d  w i t h  s u i t a b l e  
accuracy. 

Because of t h e  proximity  of t h e  h e a t  f low measurement t o  t h e  s u r f a c e ,  i t  
i s  s u s c e p t i b l e  t o  a number of d i s tu rbances .  The p r i n c i p a l  ones a r e  caused by 
topography and r e f r a c t i o n  of h e a t  f low a s s o c i a t e d  w i t h  s l o p i n g  i n t e r f a c e s  be- 
tween m a t e r i a l s  of d i f f e r i n g  thermal conduc t iv i ty .  The e f f e c t s  of t h e  most 
important  topographic  f e a t u r e s ,  Hadley Rille and t h e  Apennine Fron t ,  have been 
es t imated  by modell ing them w i t h  ve ry  s imple  geometries.  These p re l iminary  
e s t i m a t e s  i n d i c a t e  t h a t  p o s i t i v e  c o r r e c t i o n s  on t h e  o r d e r  of 1 0  t o  20% should 
be app l ied  t o  t h e  observed h e a t  f low va lue .  

Rea l i z ing  t h a t  f u t u r e  measurements may produce major changes i n  our  con- 
c l u s i o n s ,  we w i l l  h e r e  cons ider  b r i e f l y  t h e  i m p l i c a t i o n s  of t h e  observed h e a t  
flow t a k i n g  i t  a t  f a c e  va lue .  For a p l a n e t a r y  body t h e  s i z e  of t h e  moon very  
l i t t l e  h e a t  flow r e s u l t s .  from i n i t i a l  temperatures even i f  they were a t  t h e  
s o l i d u s .  Most of t h e  p r e s e n t  h e a t  f low must r e s u l t  from t h e  decay of long 
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P.+? 7 
l i v e d  r a d i o i s o t o p e s .  I s o t o p i c  abundances a p p r o p r i a t e  f o r  o r d i n a r y  c h o n d r i t e s  
would r e s u l t  i n  p r e s e n t  r a t e s  of h e a t  l o s s  of  1 . 0  t o  2 .0  x 10-6 watt /cm2. A 
moonwide h e a t  f l ow of 3.3 x l o v 6  watts/crn2 would r e q u i r e  much h i g h e r  r a t e s  of 
h e a t  p r o d u c t i o n  a t  p r e s e n t  t han  " c h o n d r i t i c "  b u l k  composi t ion  f o r  t h e  moon can 
p rov ide .  
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