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Introduction:  Measurement of heat released from 

the interior of the Moon is important in understanding 
its structure, composition, and origin [1,2].  Such 
measurement in the future would also complement the 
findings from NASA’s recent GRAIL mission and the 
DIVINER instrument on the Lunar Reconnaisance 
Orbitor.  The Apollo astronauts obtained heat flow 
measurements only on missions 15 and 17 [2]. We 
propose a compact, modular heat flow system for the 
Golden Spike expeditions, which can be deployed by 
astronauts with minimal effort and time. 

The Apollo Heat Flow Experiments:  A typical 
heat flow probe (both terrestrial and planetary) pene-
trates the subsurface regolith/soil and makes two sets 
of measurements.  One is the increase in temperature 
with depth, the thermal gradient, and the other is the 
thermal conductivity of the regolith/soil in the same 
interval.  Heat flow is obtained as a product of the two. 

On the Apollo missions, deployment of the heat 
flow probes was time-consuming.  At each landing 
site, the astronauts drilled two holes (1.5- to 2.5-m 
depths), inserted the thermal sensors, and then ran 
electrical cables to the data logger several meters away 
[3.4].  The work was exhausting for the astronauts, 
especially on Apollo 15, because the auger flute of the 
drill was not well designed for excavating lunar rego-
lith [5].  On a Golden Spike expedition, such an in-
strument deployment procedure is not practical, since 
the astronauts can spend only 1.5 to 2 days on the 
Moon. 

The New Modular Heat Flow System:  We are 
currently developing a compact, modular heat flow 
system primarily for future robotic lunar-lander mis-
sions, but it can be used on human missions as well 
with little modification.   It is light (~ 2 kg of total 
weight) and can be attached to any stable, landed plat-
form (Fig. 1).  In fact, choosing the exact location and 
attaching it to the platform would be the only thing the 
astronauts must do in deploying this system.  The rest 
of the operation, such as hole excavation and sensor 
insertion, and data logging can be remotely controlled 
from the earth.   

The excavation system utilizes a glass fiber compo-
site stem which winds out of a reel and pushes its coni-
cal tip into the regolith (Fig. 1). Simultaneously, Heli-
um gas jets, emitted from the cone tip, remove the reg-
olith. The material for the stem is chosen for its me-
chanical strength and low thermal conductivity.    

Attached to the tip of the penetrating cone is a 
probe for in-situ thermal conductivity measurement. 
During a deployment, when the penetrating cone 
reaches one of the depths targeted for thermal conduc-
tivity measurement, it stops operating, and the stem 
pushes the short probe into the yet-to-be excavated, 
undisturbed bottom-hole regolith. When the measure-
ment is complete, the system resumes excavation. 
When the penetrating cone reaches its final targeted 
depth (~3 m), the resistance temperature detectors 
(RTDs) embedded along the stem begin monitoring 
hole temperatures at different depths, and these meas-
urements yield the geothermal gradient. 

 

 
Figure 1: Top: A conceptual drawing of the proposed 
heat flow system attached to a leg of a lunar lander. 
Bottom: More detailed schematics of the major com-
ponents of the heat flow system. 
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