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Abstract—abundant geothermal resources throughout the
world can provide an environment friendly source of energy.
In the geothermal industry, oil industry or to drill rock,
drilling is critical component. Drilling is probably one of
the most expensive features of geothermal industry with
increasing depth drilling process become difficult and
uneconomic. The high costs of drilling bit add to the cost of
drilling.

The major thrust of this research is to adapt a flame jet
burner assembly to operate the first practical deep whole
drill or cavity formation system. The process starts by
applying a high-intensity jet flame to rock surface to expand
the crystalline grain within the rock.

H-JET DRILL works by using hydrogen or LPG
heated to 400 to 1200 degrees centigrade and drill through
rock. Use of the LPG or hydrogen gas to generate the high
velocity jet flame to drill a hole or to produces a cavity
formation system for the rapid drilling in rock. The drilling
medium is a jet; therefore, there is no physical contact
between moving parts.

Keywords -- Drilling, LPG, H-JET, Hydrogen, Air, Flame
Jet Burner, Rock, Burner, Spark Plug.

. INTRODUCTION

In the geothermal industry, oil industry or to drill rock,
drilling is critical for exploration and reservoir assessment
and essential for production and reinjection. Drilling
technology is based on the technology developed for drilling
oil and gas wells. An approximately 3000 oil and gas wells
are drilled for each geothermal well. The drilling process
complex as it may be rotate about breaking the ground and
lifting the rock cuttings from the resulting hole. The ultimate
geothermal drilling objective is to access the resource for
exploitation. As a result the market has not been large
enough to command special development of bits, tubular,
tools and other drilling equipment. Trouble free geothermal
wells are typically about twice as costly as oil and gas wells
drilled and completed to the same depth, when major
problems are encountered costs can rise to several times this
value.

There are several reasons for higher costs
associated with geothermal drilling.Geothermal reservoirs
usually occur in igneous rather than sedimentary terrain,
thus, the rocks that must be drilled are ear. More abrasive,
and more fractured than found in oil and gas drilling.
Common types of rock in geothermal reservoirs include
granite, granodiorite, quartzite, greywacke, basalt, rhyolite
and volcanic tuff. Compared to the sedimentary formations
of most oil and gas reservoirs, geothermal formations are,
hot and are often, abrasive, highly fractured, and under-
pressured. They often contain corrosive fluids, and some
formation fluids have wvery high solids content. These
conditions mean that drilling is usually difficult—rate of
penetration and bit life are typically low, corrosion is often a
problem, lost circulation is frequent and severe, and most of
these problems are aggravated by high temperature.

The high temperature accelerates corrosive wear of
down hole tubular and limits the life of other materials in
contact with the drilling fluid. Temperature places special
requirements on the drilling fluid itself in order to maintain
the properties needed for drilling, chip removal and hole
conditioning. High down hole temperatures also dictate
special procedures and materials for casing and cementing
the well and place restrictions on instrumentation that can be
used for well evaluation.

A. Problems face in drilling
There are various problem faces in the drilling these are
listed below.

Lost circulation

Corrosive gases

Drilling Bit

Drill strings

Downhole motors / turbines

Bearings

Drill collar
Heavyweights

>  Well cost drivers, etc.

B. Concept

The major thrust of this research is adapting a
flame-jet burner assembly to operate practical deep hole
drill or cavity in the rock. The work is to describe the ability
to produce a high velocity flame and to demonstrate that the
flame can be able to drill a hole in rock. For develop
prototype model or cavity forming system.

The critical elements of research are:

» Flame jet burner assemblies that act as a drill bit
for drilling or cavity formation system.

» A supply and control system that supplies air-fuel
to the burner assembly to operate a near optimum
combustion thus preventing premature failure of
the burner.

» Todrill ahole or cavity in the rock.

» To obtained jet flame and to drill in the rock, etc.

Il. METHODOLOGIES

YV V.V VVVVY

Methodology applied is to generate a high velocity jet flame
to drill a hole in rock or to produce a cavity on the surface of
rock by use of LPG and air. LPG is supply to the flame jet
burner assembly where the flame of high velocity is
generating with air fuel mixture. LPG and air mixture is
fired, which will convert to generate high jet flame. Flame
jet assembly will act as a drilling bit. Drill bit is power by
air fuel which will generated high velocity jet, by using this
jet velocity drill or cavity in rock can be able to make.

The flame-jet burner designs required conduits for
fuel, air, and an electric power cable to energize a downhole
igniter system at reasonable cost and in a highly reliable
manner, to run the auxiliary tubes and electric cable that are
required.
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A LPG fuel and air are burned in a flame-jet burner
to produce a high velocity exhaust that is applied to the rock
surface on the bottom of the hole. The rapid heating of the
rock creates a large thermal gradient due to rocks inherent
low thermal conductivity. The thermal gradient produces
high compressive stresses on the surface of the exposed rock
and the surface layer buckles wherever rock flaws in the
near surface material provide a nucleation point for the
creation of free surface. Due to the flame, there is no contact
between the surface and drill bit hence there is ho wear and
tear of the parts.

A. Flame - Jet Assembly

The flame-jet burner assembly is to be design to
supply the air-flue mixture to generate high wvelocity jet
flame to drill a hole in a rock. The flame jet assembly
comprises of burner, a nozzle, a combustion chamber, etc.

A burner in the form of a flame jet drill bit. The burner
exhausts jet temperature drill the hole in rock.

The critical elements of project are:

» Flame jet burner assemblies that act as a drill bit
for drilling or cavity formation system.

» A supply and control system that supplies air-fuel
to the burner assembly to operate a near optimum
combustion thus preventing premature failure of
the burner.

» To obtained jet flame.

» An exhaust nozzle with sufficient or optimum sized
to produce a greater exhaust velocity for drilling
conditions.

» A corrosion / erosion resistant of the burner, etc.

B. Ignition System

» To adopt an ignition system to ignited air fuel.

»  Fit the ignition compounded in the BH easily.

» To produce a sufficed spark to ignited.

» Selected of ignition system which will be easy to
handle.

C. Supply system

» To provide a supply of air fuel mixture, a supplies
the co flow air.
The co flow fuel is injected at burner inlet to
produce a well-mixed mixture.
Selection of gases for producing flame with air.
Selection of the supply system for supply the air
fuel in the system.
The various components, gauges and operating
system for supply system.

I1l. DESIGNS AND MODELING

vV VYV V¥V

A. Design and Modeling

The design is to build a prototype model to achieve
with a supersonic exhaust at a fuel rate which is thought to
allow a nominal penetration rate in a suitable rock and to
demonstrate that the fed air-fuel can be used to penetrate
and create a cavity in a suitable rock. The design of the
project consist of the design of the flame jet assembly,
which act as the drill bit or multi-tool to cut rock or to drill a
hole in the rock. The burner utilities in flame jet drill and
comprise a body with a combustion chamber. The burner
exhausts jet temperature drill the hole in rock.

The other system are supply system which will
supply LPG and air which will from the fuel to burn in the
flame jet assembly that created a super high velocity jet to
drill the rock. The ignition system to ignite air fuel and to
created flame. The control system is use control air fuel and
to shut down. Selection of the various materials,
components, gases, fuel, gauges, pipes, etc.

The various designs and modeling step for the
project are:
The design of flame jet assembly.
The control system.
The supply system.
The ignition system.
Selection of the gas.
Selection of the various compounds, parts and
material.
» Design of burner nozzle, etc.

B. Burner
A burner is a device that is used for

VVVVYVYYVY

> supplies required amount of fuel and air

> creates condition for rapid mixing of fuel and air
> Produces a flame which transfers thermal energy.
&,

Burner design

A flame jet burner assembly is use for the mixture
of LPG with air and gases. The mixture of gases when
ignited provides a flame extremely high but controlled
intensity and temperature. The structure comprises housing
and an air — fuel inlet directed to a combustion chamber
positioned within housing, along with ignition system fitted
in housing.

D. Ignition system

An ignition system is a system for igniting a fuel-
air mixture. Ignition systems are well known in the field of
internal combustion engines such as those used in petrol
engines used to power the majority of motor vehicles, but
they are also used in many other applications such as in oil-
fired and gas-fired boilers, rocket engines, etc.

The ignition system is same which use in the
vehicle with modification of the system which would be
easy to use. The system consists of the spark plug,
secondary coil, 28 gauge wire, switch and battery. The block
diagram shows in fig show the ignition system of the
project.

m— +VB -VE

Spare plu

lanation c

Fig.1: Block diagram of the ignition system
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C. Section View of H- Jet Drill

E. Supply System

Supply system consist of two system
> Supply of LPG
> Supply of compress air

Supply pipe Euugg-----ﬁ._x

F

AR

F 4 Cantfol Valve

. N Gas Cylinder
Snnrk Plun :
Fig.2: supply system block diagram.

IV. RESULTS AND DISCUSSION

A. Block Diagram of System
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Fig.5: Section View of H-Jet

D. Operation of H—Jet Drill
Gas
Lo Cylinder = _—
park . _—
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Fig 3 Block diagram of system h= ‘1;; " Tk 4
B. Photo of the Prototype Model p - f;; )
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Fig.6: the diagram of H — jet model

The schematic diagram showed in fig 6 shows the
operation of Flame jet assembly (drill bit). A central
compressed air source is regulated down and introduced into
flame head, burner Housing through orifice to provide a

SN

Fig.4: the snap of system
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flow rate. Gaseous LPG is regulated down and is introduced
into flame head. The compressed air and LPG gaseous come
from stored cylinder. An 8 mm spark plug is threaded into
the boss on the side to provide the ignition spark. It is
excited by a simple ignition system. The spark plug is
excited as long as to achieve ignition and then is turned off.
The flame operates with the mixture at a ratio of 3: 1 and the
flame exits a high velocities. Since the Flame jet assembly is
subjected to an outside environment, the material used is
stainless steel 304. A tube design was chosen to allow the
compressed air to cool the inner tube. Flame jet assembly
will act as a drilling bit. Drill bit is powered by air fuel
which will generated high velocity flame jet, by using this
flame jet velocity drilling a rock or cavity in rock can be
achieved.

E. Working of Flame Jet Assembly

Flame jet assembly prototype model is to achieve
burner operation with a supersonic exhaust. To demonstrate
that the burner fed fuel, air through a single Flame jet
assembly or burner housing can be used to penetrate and
create a cavity in a rock. The air fuel is supplied to the
mixing chamber through air compressor and LPG cylinder
at an air fuel ratio of 3:1 to 4:1.

The air fuel mixture was ignited with spark plug by
the ignition system and flame is generated with a supersonic
velocity. At the exhaust end a high velocity flame of air fuel
is generated. The control system is used to control air fuel
ratio and to shut down flame.

F. Generation of high velocity Flame

The fig 7 show the generation of high velocity
flame, which will be used as a drill bit to drill a rock or to
make cavity in a rock. The flame was generated with the air
fuel mixture, which is at a higher temperature and the rapid
heating of the rock surface was created with a large thermal
gradient due to which rock inherent low thermal
conductivity. Fuel and air supplied at pressure to maintain
the flow rates required to achieve supersonic flow in the
exhaust nozzle. The burner (drill bit) possess anti corrosive
properties because it is made of SS304, the burner is
advanced into the rock until the desired diameter of the hole
is drilled. The flame diameter is 35.1mm and length is
169mm.

Fig.7: The generation of flame

G. The Test and Demonstrate of Preliminary Prototype

Test was conducted on various samples of rocks.
The rocks used are sand stone, black stone, lime stone, soap
stone, rhyolite, marble, etc. Fig 8 shows the lime stone
which is subjected to the test.

Fig.8: lime stone before testing

The test did not give any indication of the effect of
preheating of the feed gases in the drill bit as the rock face
being penetrated fractured and fell off as penetration
proceeded. The flame jet assembly is not affected by the
heating of air fuel gas due to high velocity flame by air
carrying out the heat away which was flowing in the burner
hosing.

While testing it was found that rock is drilled for
few mm of depth with flame jet and all the system are
working successfully. After few mm of drilling the rock
sample was broke down as show fig 9 and in fig 10 show the
application of flame jet burner.

- . ' \
Fig.9: flame jet burner applied high velocity flame
to rock
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stresses caused by expansion of the rock with increasing
temperatures lead to failure of the solid. Typical spalls are
0.1 to 2mm thick and have diameters 10-20 times thickness.

The thermal gradient produces high compressive
stresses on the surface of the exposed rock and the surface
layer buckles wherever rock flaws in the near surface
material provide a nucleation point for the creation of free
surface. The fig 11 shows the failure of rocks as follows.

1. Therocks surface is unheated.

2. Heats directed on the surface of rock, thus thermal
gradient develops adjacent to the rapidly heated
surface.

3. The thermal gradient generates a steep compressive
stress gradient normal to the rock surface.

4. Fractures form at nucleation points, material
heterogeneities, micro fractures, or other flaws and
grow parallel to the rock surface until the stresses
and fracture area combine to reach a separation of
piece from rocks surface.

5. Rock small pieces separated from the rock surface.

1)
Rock [Sm'face
Fig.10: Breaking of rocks in small pieces
H. Theory of Rocks failure
Rock surface Applied Heat Heahljlg l
Unheated Surface
2)
Flaw 7 Smﬁ;:zgkmm Dull Bit Remove
of chip
Unheated surface 2 Flaw being to extend
! 3
m._mu
parts of
rocks
separated
e t Void Space & 5
€121 10 separale
@ ) P Saparated from Surface 3

Fig 11 Failure of Rocks

A LPG fuel and air are burned in a flame-jet burner
(drill bit) assembly to produce a high velocity exhaust,
which is directed on the rock surface on the bottom of the
burner. The rapid heating of the rock creates a large thermal
gradient due to rocks inherent low thermal conductivity.
Fragmentation of brittle rock into small disk, likes flakes by Dall Bit
rapidly heating a relatively small fraction of rock. Thermal

Flaune of High Velocty Super Somc Flame

Generation of High Velocity Flame
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Fig.12: Failure of Rocks during Testing

The temperature distributed and heat flux during
testing is the fig 12 shows the failure of rocks in step. The
thermal gradient produces high compressive stresses on the
surface of the exposed rock and the surface layer buckles
wherever rock flaws in the near surface material provide a
nucleation point for the creation of free surface. The rock
break and test was stop when the rock breaks in small
pieces.

1 The rocks surface is unheated
2 High velocity flames is directed on the surface of rock

3 Shows the generation of flame and reaching a supersonic
velocity to drill a hole it works a drill bit for drilling the
rocks.

4 & 5 thus thermal gradients develop adjacent to the rapidly
heated surface. The thermal gradient generates a steep
compressive stress gradient normal to the rock surface. Flaw
or cracks start to occur and goes on increase as the test is
carry on

6 Drill Fractures form at nucleation points, material
heterogeneities, micro fractures, or other flaws and grow
parallel to the rock surface until the stresses and fracture
area combine to reach a separation of piece from rocks
surface. The chip formation are taken place as shows in (5)

7 Flaw space is being to become void
8 Rock small pieces separated from the rock surface

9 Drill in the rock was successfully and was drilled for a
higher dept.

I. Testing on various rocks

The rocks used for testing are lime stone, sand stone, soap
stone, black stone and marble rocks. Lime stone was drill by
H-jet drill bit with an air fuel ratio of 3:1 to 4:1 is supplied
to drill bit. The drill bit was ignited and fired with spark
plug with application ignition system. Air fuel mixture was
supplied by the supply system with an air pressure of 2 bars
to 2.5 bars and gas was at a pressure 0.5 bar. The drill bit in
a nearly horizontal position with the subsonic nozzle insert,
a lime stone of dimensions 3 Kkilogram was tested.
Penetration movement of the drill bit was controlled
visually. The test did not give any indication of the effect of
preheating of the feed gases in the drill stem as the rock face
being penetrated fractured and fell off as penetration
proceeded. The test was discontinued when the bulk sample
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broke into pieces too small to use. The flame was shut down
with the operation of control valve. The pressure and air fuel
ratio has been control according to requirements for testing
on various rocks. The sand stone and marble has been test
with the same specifications as per the lime stone. The tests
achieved fuel rates as per specifications to generate
supersonic velocities.

Lime stone shows in fig 13 shows before and after )
testing for drill e &

Fig.14: Show sand stone before and after testing for drill

Marble rocks shows in fig 15 show before and after testing
for drill

Fig.15: Show marble stone before and after testing for drill

J. Comparison of Testing on Various Rocks Testing of Lime
Stone

The test was conducted on the three sample piece
of lime stone of various dimension and weight. The table No
1 shows the reading of LPG used and different in reading

. y Duill Asca . \ gives the LPG used for testing. Table also shows weight of
Fig.13: Show lime stone befdfe‘and after testing for drill rocks sample used.

1 Shows the lime stone before test. Table 1 lime stone reading and comparison
2 Lime stone shows during test

3 Lime stone after testi_ng the rocks was drill for few mm Lime LPG Reading | Different
and broken in to small pieces Sample Stone
4 The lime stone was drill as shows in fig. No Weight | Before | After | LPG In
Sand Stone shows in fig 14 shows before and after testing InGrams | Test | Test | Grams
for drill 1 910 | 3344 | 3295 | 49
(1) 2) _ 2 1500 | 3290 | 3195 | 9
2950 3189 | 3003 186
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Fig 16 LPG used for testing lime stone.
Table 2 lime stone reading and comparison
Sample e LPG Reading Different
No stone
Weightin | Before | After | LPG In
Grams Test Test | Grams
900 2665 2590 75
2 1350 2590 2483 107
3 1900 2480 2335 145
Sand Stone
160
= =
140
. 120 S~ =
E 100
© 80 &
@ 60
© 40
20
0
0 500 1000 1500 2000
Weight In Grams

Fig.17: Testing of sand stone

K. Testing of Marble
Table 3 Marble rock reading and comparison

Fig.18: testing of marble
Table 4 Reading and comparison of all rocks testing

Sl Stone LPG Reading | Different
| Weight | Before | After | LPG In
No
Stone Nfie in Grams | Test Test Grams
Lime Stone 2930 2992 | 2808 184
Sand Stone 900 2808 | 2736 72
Marble Rocks 950 2736 | 2677 59
200
180
160
140
2120 2 gt
E /
5100 /
< 80 /
& 60
40
20
0
0 500 1000 1500 2000 2500 3000 3500
Stone Weight In Grams

Fig.19: The Effect of Hardness on Drilling Process

The table 4 gives the detail of various rocks use for testing

for comparing. Comparing of different
Cost of Drilling
Table 5 cost of drilling for all sample rock

Cost of Drilling

Marble " .
Sample Rock LPG Reading Different
No Weight in Before LPG In
Grams Test Sk Grams
1 850 2330 2276 54
2 1350 2275 2192 83
3 1800 2191 2087 104

LPG | Cost of | Current Cost of Total

Stone | Weight | used LPG used c Cost
urrent

grams | Used amp Rs
Marble 950 59 1.888 0.187 0.936 | 2.824
Sand | qa50 | 72 | 2304 | 0228 | 1.142 |3.446
Stone
Lime | 9950 | 184 | 5.888 | 0584 | 2.920 | 8.808
Stone

Testing on Same Dimension Rocks
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Table 6 Reading and comparison of all rocks testing

Sa,r\lngale Name LPG In Grams | Weight in Grams
1 Lime Stone 55 900
Marble
2 Rocks 59 500
3 sand stone 72 900
Rocks Used For Testin
1000
900 Mar "J :
500 San
ble .
%700 Lime d
00:600 stone Ston
G500 )
Ny
5400
()
=300
200
100
0
0 20 40 60 80
LPG In Grams

Fig.20: LPG required for drilling various rock of same
dimension

V. CONCLUSION AND REMARKS

The costly process of drilling can be reduced with the
application of this kind of technology. The system is
successfully designed and built. A prototype model or cavity
formation system consists of flame jet burner assembly. This
is developed as a drill bit for drilling a hole or cavity in
rock. A high velocity flame is successfully ignited with air
fuel mixture through the ignition system in flame jet burner
assembly.

The supply system is working successfully and is
able to supply LPG and air according to the air fuel ratio.
The air fuel ratio is successfully controlled and shut down
by a control system. This Experiment demonstrates that a
high velocity flame could be produced and can be
effectively used for rock drilling.

While testing it was found that rock is drilled for
few mm of depth with flame jet and all the system are
working successfully. After few mm of drilling the rock
sample is broken down in to small pieces. The use LPG can
reduce the cost of drill to 35 percent compared to traditional
drilling process.

Research on this project must be continued to find
more effective and economical ways of drilling. Hydrogen
gases would not be used for testing because of some legal
consideration under government act for safety and security.
Few other fuel agents must be tested for effective drilling on
the rock. The hydrogen gas could be a substitute which can
fulfill the requirement and used for successfully drilling of
rock. The use hydrogen can reduce the cost of drill to 50 to
65 percent as compared to traditional drilling process.
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