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Laser drilling experiments
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e primary lithologies; granite, sandstone, limestone
* secondary lithologies; gneiss, basalt, slate,
migmatite

Methods

* IR-imaging (FLIR GF77a)
 photogrammetry

* optical and electron microscopy
* XRD, XRF
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Results: laser-rock interactions

Rock response depends on:
* Power density (W/cm?) '/ %
* Irradiation time (s) o

* Rock type: chemical, mineral composition, grain size etc.

t,+1.3s t,+5.9s t,+7.9s t,+12.3s t,+22.2s
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Results: laser-rock interactions

Rock response depends on:
* Power density (W/cm?)

* Irradiation time (s). Single spot tests (ST) — 10emm
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Results: laser-rock interactions

Analysis of lasing products
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* spallation, melting and vaporization often occur together but to various intensity & e
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Results: laser-rock interactions

spallation, melting and vaporization often occur together but to various intensity
occurrence of each process depends on power density, irradiation time and rock type
Power density based process diagrams were constructed for granite, sandstone and limestone =~ .
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Thermal spallation laser drilling
Side View Top View

DeepU laser system
* divergent beam
* N, flushing system

drill head

granite

a) ~p— IR image side POV

\
' drill head
. »

e —— IR-record of DeepU laser thermal spallation
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Thermal spallation laser drilling

Penetration by thermal spallation
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Important optimalization features:
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Thermal spallation laser drilling

Penetration by thermal spallation Spalls morphology T
. ‘ , Spalls size distribution
Laser beam Laser beam { \ _
Flushing Flushing 1
Spalls system Spalls system ]
\\ / \j 1
S // 4 1
~ Fractures Rock 1
Rock ]
i —— Size distribution _
:, = & =Cumulative
X : 10
Laser beam d) Laser beam ¢ > 0
Partlally /__Flushing | | gpqis P
molten system \\ \ esh size (mm)
spalls 1) - Spalls ) f)
Al,ﬁ =
€
d £
- | S @ 1,2 )
Rock w {7 L £
= - = 5 208 |
£ \»v; /'v‘ g ’
Heating up J,new fractures '\,}’ oa | #
of accumulated o b
Spa"s 0 2 4 6 8 10
Mesh size (mm)
www.deepu.eu




10°

(EIC, Pathfinder Programme, G.A. 101046937) limestone

Dee p U - This research is funded by the European Union m A

vaporization

Deep U-tube heat exchanger breakthrough: combining laser and cryogenic gas for geothermal energy exploitation 1

10 spallation-melting

Thermal spallation laser drilling

Summary of DeepU laser system tests
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Take home messages

* Drilling rocks with a laser is possible

e Laser-induced thermal spallation is the most efficient rock
penetration process

* Laser-induced melting-vaporization require much more

energy but create a vitrified layer on the rock surface

* The first thermal spallation laser drilling system (DeepU)

was successfully tested at laboratory scale (granite ~15

m/h)

www.deepu.eu
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Process diagram — simplified
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