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ABSTRACT: Exhaust gas and electrical generating plant 
equipment for ?eld use in producing internal combustion en 
gine exhaust gas and radio frequency electrical energy and a 
transducer arranged to effect an interaction within said trans 
ducer of said gases and said electrical energy with resultant 

_ radiation in the infra-red (heat) sector of the electromagnetic 
spectrum to heat the oil bearing zone and the contained 
hydrocarbon oil of a natural reservoir to reduce its viscosity 
level, and/or also to suf?cicntly heat interstitial water to 
vaporize it into steam to create kinetic energy to assist and as 
sure flow of the hydrocarbon oil into a drilled well for 
recovery ofthe oil. I ' 
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us. PATENT 3,522,843 
APPARATUS- FOR PRODUCTION AMPLIFICATION BY 

STIMULATED EMISSION OF RADIATION 

BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of appli 
cant’s copending application Serial No. 641,823 ?led May 29, 
1967 and entitled Apparatus for Production Ampli?cation 
by Stimulated Emission of Radiation. 
Hydrocarbon oil usually occurs in natural reservoirs of 

porous and permeable conglomerate mass, the oil existing 
within the interstices of such matrix. The interstices vary in 
size and continuity as the size and shape of the solid formation 
particles of the matrix vary from reservoir to reservoir, indeed 
even from place to.place within a single reservoir. Numerous 
?ne fractures interlace the matrix, being interstices them 
selves. Hydrocarbon oil is restricted in its ?ow from its posi 
tion within such interstices because of the properties of cohe 
sion which are the very essence of viscosity, and/or by lack of 
the energy usually caused by gas expansion or water drive. ' 

It is well known in the petroleum sciences that heat reduces 
viscosity of hydrocarbon oil in spectacular fashion, that the 
application to hydrocarbon oil of even a modest amount of 
heat can produce a reduction of viscosity that can approach 
.100/1 or even 1000/1. Also, it is well known in the physical 
sciences that steam vapor requires about 1400 times the 
amount of space as does the water from which it is formed, the 
expansion in volume creating pressure which is the basis for all 
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2 
and extremely economical means to introduce heat intonatu 
ral reservoirs containing hydrocarbon oil, and/or hydrocarbon 
oil and water. _ ' 

A still further object of this invention is to provide ap 
paratus that is an assemblage of well known available and rela 
tively inexpensive components arranged in ef?cient and ex 
tremely economical combination for effective transformation 
of X quantities of hydrocarbon fuel (and ambient atmospheric 
air) into 9 times X quantities of nitrogen and carbon dioxide 
exhaust (waste) gas, and simultaneously and at almost no ad 
ditional cost generate quantities'of high frequency electrical 
energy (electromagnetic waves) to be a feedback into the ex 
haust gas (and possibly other selected inert gases admixed 
with said exhaust gas) to produce infra-red (heat) emissions 
by excitation of the gas atoms and molecules. 
A further important object of this invention is to provide as 

a part of the aforesaid apparatus an efficient, simple, and 
economical transducer, comprising several joints of tubing 
connected by threaded couplings forming a continuous con~ 
duit for the gas mixture and an electrical cable in conjunction 
therewith mounting electrodes at pre-selected locations along 

" the conduit, to cause excitation of the gas to ionize the atoms 
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steam-developed kinetic energy. It is the purpose of my inven- v 
_tion to provide in a simple, economical and novel way anap 
paratus and means to economically elevate sufficiently the 
temperature of the ?uid contents of a natural oil-bearing 
reservoir to effect a reduction in viscosity of the hydrocarbon 
oil content, and/or conversion of the interstitial water to 
steam. 

SUMMARY OF THE INVENTION 

The present invention provides new, novel, efficient, and 
exceedingly economical internal combustion engine electrical 
generating plant and frequency converter equipment supply 
ing radio frequency electrical energy and combustion engine 
exhaust gas, to a transducer in a manner to effect excitation 
and interaction of the gas atoms and molecules and the electri 
cal energy to provide super-heated gas to be exuded into the 
natural reservoir wherein radiation in the infra-red (heat) sec 
tor ofthe electromagnetic spectrum is emitted from the super 
heated gas with resultant heating of the porous and permeable 
oil bearing zone of natural reservoirs in the earth thereby 
causing the hydrocarbon oil therein to flow into a completed 
production well for recovery. ' ' 
A further object of the invention is to provide exhaust gas _ 

and electrical'generator and converter plant equipment for 
on-site operation of an immensely improved and ef?cient 
means of heating and producing a'natural reservoir by. infra 
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red radiation arising from ionization of.ce'rtain' gasesherein set ' - 
’ forth employinganinternal combustion engine to transform _ 
natural ambient ‘atmospheric air and hydrocarbon‘ fuel into 

, nitrogen and carbon dioxide- asan exhaust product while 
simultaneously, and at almost no extra cost, driving an electri 
cal generator to provide required quantities of electrical ener- . 
gy to be converted tohigh frequency (radio frequency) to 
feedback into the said gas to cause excitation of such gas 
atoms and molecules to effect heating of the gas which is then 
introduced into and effects emissions in the infra-red sector of 
the electromagnetic spectrum in both, the cased well bore and 
adjacent reservoir to heat and substantially reduce the viscosi 
ty of the hydrocarbon oil, and/or to vaporize the. interstitial 
water in the naturalreservoir. 
Another object of this invention is to provide generating 

equipment that produces a combination of energy and large , 
.- volumes of nitrogen and carbon dioxide gas for effective'use 
under predetermined control to provide new, novel, ef?cient 
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and molecules of the gas as it passes through said conduit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects of the invention will appear from the follow? 
ing description and appended claims when read in connection 
with the accompanying drawings wherein: 
FIGURE 1 illustrates schematically the generator equip 

ment of this invention, utilized for effective production of 
electrical energy and the principal gaseous components for 
practicing the invention of my copending applications entitled 
“Method and Apparatus for Oil Production Ampli?cation by 
Stimulated Emission of Radiation", Serial No. 641,825, ?led 
May 29, 1967 and “Interstitial Hydro-Expansion Method for 
Oil Production Ampli?cation by Stimulated Emission of 
Radiation“, Serial No. 667,228, ?led September 12,1967, 
now abandoned. 
FIGURE 2 illustrates schematically an alternate and 

possibly preferable embodiment of the generator equipment 
ofthis invention. 

DESCRIPTION OF PREFERRED EMBODIMENT OF THE 
INVENTION _ 

With continued reference to the drawings where the same 
reference letters and numerals are employed throughout to in 
die-ate the same parts, the combined electrical and gas 
generating equipment of this invention can be successfully and 
conveniently assembled from a wide range of conventional ap 
paratus components obtainable at low cost to ef?ciently and 
effectively (I) produce exhaust gas at substantially elevated 
temperatures and relatively low pressure (as distinguished 
from high pressure “gas-drive") and (2) introduce same into a 
natural oil bearing reservoir containing hydrocarbon oil with 
resultant emission of radiation in the infra-red (heat) sector of 
the electromagnetic spectrum for the purpose of greatly 
reducing the viscosity thereof, and/or converting the intersti 
tial water to steam providing kinetic energy to impart ?owa 
bility to the oil content ofsuch reservoir. 
FIGURE l illustrates a ?rst adaptation of the invention 

wherein an internal combustion engine A of conventional con 
struction, preferrably of a type capable of burning a mixture of 
natural gas usually present in oil ?elds and ambient air, ex 
hausts as products of combustion nitrogen and carbon dioxide 
and a small quantity of water, all of which exhaust material is 
discharged normally through exhaust manifold 11, to an inlet 
‘pipe 12 of a desiccator D where water is removed. The result 
v‘ing dry nitrogen and carbon dioxide mixture still under the in 
?uence of exhaust pressure, passes fromdesiccator D through 
pipe 13 to compressor G where it is compressed to a relatively 
‘low pressure (for example 100 psi) and delivered through pipe 
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17 to conduit 18 forming a part ofa transducer 
describedin detail. , , , 

The drive shaft 21 of engine A is connected to drive a suita 
ble electrical generator B. designed to generate electricity, 
preferably an A.C. generator for producing conventional A.C. 
current, which is conducted through cable 22 to a “wave ener 
gy source" E designed to convert the conventional current to 
high frequency current, in the radio range of frequencies, and 
to optimum higher voltage, This radio frequency current is fed 
into cable 23 which is coiled around conduit 18 as shown in 
FIGURE 1 and ?tted at preselected locations with one or 
more electrodes ,24 discharging into the gas mixture conveyed 
along conduit 18. It, however, is to be understood that a direct 
current generator together with a suitable synchronous con 
verter may be used to supplycurrent to the wave energy 
source. , ' 

‘Transducer 19 is inserted through cap 20 of well casing 25 
of a conventionally ‘completed well in a natural oil bearing 
reservoir as schematically shown in FIGURE 1. Transducer 19 
is made up of several joints of tubing connected by threaded 
couplings to form conduit ‘18 for conveying ‘the gas ‘mixture 
from compressor-G into the oil bearing zone. Electrical cable 
23 supplies the radio frequency current to electrodes 24, the 
discharge ofwhich impresses electromagnetic wave excitation 

l9 hereinafter 

-- upon the gas asit passes through conduit 18 causing excitation 
interaction with the atoms and molecules 'of the gas and 
resultant super-heating of the gas which then emits radiation 
in the infra-red (heat) sector of the electromagnetic spectrum, 
the effective heat being then transferred to the natural oil 
'bearingreservoir byexuding the super~heated gas into said 
reservoir and the fluid contained therein through perforated 
casing portion 26 ofthe bore-hole casing 25 below packer 27. 

_ FIGURE 2 illustrates apparatus identical to FIGUREv 1 ex-_' 
35 cept that the “waveenergy source” E there used is replaced 

by a simple frequency converter E’ and the voltage step up is 
obtained through suitablestep up transformers 31 connected 
between cable 23 and each electrode 24. Transformers 31 
preferably take the form of the small radio frequency type 
consisting of a wire coiled around a ferrite'core and glazed 
with thermal ceramic insulation arranged to step up the volt-: 
age ‘to the optimum required to produce the necessary high 
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4 
materials. In this‘connection, this invention is set forth as 
one to “heat’, as distinguished from a high pressure “gas 
drive” or forced displacement theory; operating at rela 
tively low pressures, the ionized, super-heated gas moves 
slowly into the reservoir so the element of time comple 
ments theco-ef?cient of heat transfer as the said super 
heated gas emits infra-red (heat) radiation. 

In both applications of the invention a uni?ed fourfold ad 
vantage results in that (1) the temperature of the hydrocarbon 
oil in a natural oil bearing reservoir is elevated to a sufficient 
degree to greatly reduce viscosity, (2) the interstitial water 
may be heated sufficiently to create steam (3) the heat is more 
efficiently produced than any heretoforepracticed method, 
and (4) heating is accomplished more cheaply than in any 
heretofore practiced method. 
The invention may be embodied in other speci?c forms 

without departing from the spirit or essential characteristics 
thereof. The present embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended claims 
rather ‘than by the foregoing description, and all changes 
which'come within-the meaning and range of equivalency of 
the claims are therefore intended to be embraced therein. 

lclaim: ' 

1. Radiation generating equipment for amplifying the flow 
, of oil in producing a natural reservoir comprising an internal 
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combustion engine exhausting as principal gaseous com 
ponents nitrogen and carbon dioxide, said engine having a 
power output shaft; means for drying and conducting said en 
gine exhaust into a drilled well in said natural reservoir at a 
predetermined low pressure; electrical generating means 
drivingly connected to said engine power output shaft for 

~ producing conventional A.C. current, means connected to the 
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electrical output of said generator to convert said A.C. con 
ventional current to radio frequency high voltage output cur 
rent, said last named means including a conductor line mount 
ing electrode means at predetermined intervals for discharg— 
ing said radio frequency output current as ionizing impacts 
into the dried exhaust gases as they are conducted through the 
conducting means to excite the gases by effecting an interac 

‘ tion between the electromagnetic waves and the atoms and 
state of ionization of the gasatoms and moleculesThere are' , 
certain advantages in the; arrangement as illustrated in: 
FIGURE 2 notably smaller diameter cable 22 anda lesser ten 
dency to equipment breakdown due to high voltage transmis- 
sion-. .. 

The design, construction, installation, adjustment and appli 
cation of the components of “wave energy source“ E or E’, 

i and electrodes 24 and transformer 31 referred to above are 
predicated upon established and known principles, and are 
within the knowledge. and abilities of one skilled in the art to 
put this invention to use; contemplationof the gas, or gas mix 
ture, to be used first having been made as to temperature rise 
desired, volume of gas, thermal capacity of gas, and pressure 
at which such gas is to be put through the transducer. 
The operation of the generating equipment of FIGURES l 

‘and 2 and the results obtainable therefrom, are based upon 
proven scientific theories, i.e.: _ _ 

vl. Internalcombustion engines will produce 9X quantities 
. of‘n'itrogen‘ and carbon dioxide as exhaust gas for each x 
quantity of natural gas burned as fuel, and will at the same 

‘ tim'efdrivean .A.C. generator to‘produce quantities of 
electrical energy, at almost no extra cost, to be converted 

’ toradiofrequerjicy and' optimum voltage for use as a feed 
back ihto the gas‘foriionization thereof. 

2. The electrical-energy so generated can be converted to 
radio frequencies and optimum .voltage by available ap 
paratus-in knownm'anne'r by those skilled in the arts. 

3. The 'nitrogen and carbon dioxide content of the exhaust 
’ of an internalcombustion engine needs only as treatment 
for the purposes of this invention the drying provided by a 
conventionai typedesiccator; experience indicates that at 
low pressures'exhau'st gases cause little or no corrosion of 

molecules of gas with av resultant super-heating of the gas to 
‘provide a medium capable of introduction into the natural 
reservoir to heat the reservoir area to a temperature suf? 

. ciently high to reduce the viscosity of the contained oil and 
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free it to flow to a subsurface collection point. 
2. The generating equipment of Claim. 1 wherein said elec 

trical generating means comprises an AC. generator and said 
means connected to the electrical output of said generator 
comprises a frequency converter, a conductor line coexten 
sive with the gas conductor of said means for drying and con 

‘ ducting said engine exhaust, respective electrodes spaced at 
55 
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intervals along said conductor line and electrically connected 
to said conductor line through respective step-up transformers 
arranged to raise the voltage of the radio frequency output 
current sufficiently to assure a discharge to excite the gas to a 
level to effect emissions in the infra-red range. 

3. The generating equipment of Claim 1 wherein said 
generator means comprises aniA.C. generator and said means 
connected to the output of said generator means comprises a 
means for raising the current frequency to radio frequency 
and the voltage sufficiently to assure a discharge from said 
electrode means to excite the gas to a level to effect emissions 
in the infra-red range. 

4. The generating equipment of claim 1 wherein said means 
for drying and conducting said engine exhaust includes tubing 
adapted to be suspended within a conventionally completed 
well and said conductor line comprises a length of cable 
spirally encircling said tubing from end-to-end and ?tted at 
preselected intervals with electrodes extending into said tub 
ing to discharge into the gas conducted through said tubing. 

5. The apparatus of Claim 1 wherein said means for drying 
and conducting said engine exhaust includes small diameter 
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bore hole casing; extending into said natural reservoir and hav 
ing a perforated portion disposed in the oil bearing area of said 

6, 
I said outlet conduit and the gas conducted thereby and con 

natural reservoir and said- electrode means comprises a length ' 
of cable coextensive in length to said small diameter borehole 
casing suspended in said casing and ?tted at preselected inter 
vals with electrodes to discharge into the gas conducted 
through said Casing.‘ 

6. The apparatus of Claim 3 wherein at least certain of said 
perforations in the perforated portion of said bore hole casing 
are disposed in radial outward relation to said electrodes. 

7. Gas and electrical generating equipment for field use in ' 
generating a gas and high frequency electrical energy for use 
in operating an electromagnetic transducer comprising an in 
ternal combustion engine having an output shaft and exhaust 
manifold; electrical generator means drivingly connected tov 
said output shaft to output a source of conventional low 
'frequency A.C. electrical energy; a frequency converter con 
nected to the output source of low frequency electrical energy 
to output a source of high voltage electrical energy of radio 
frequency; an output cable to conduct the high voltage radio 
frequency electrical energy tolan area of use; a desiccator con 
nected to said exhaust manifold for drying the gaseous exhaust 
products of combustion; a compressor connected ‘to the 
discharge of said'desiccator to receive and compress said gase-_ 
ous exhaust products to a- predetermined low pressure and 
having an outlet conduit to conduct the pressurized gases to 
said area of use; said output cable being coextensive with and 
operatively associated with said outlet conduit through the in 
strumentality of spaced electrodes arranged to discharge into 
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nected to said output cable through respective step-up trans 
former means designed to provide an output voltage sufficient 
to excite the conducted gas to a level to assure emissions in the 
infra-red range. 

8, Gas and electrical generating equipment for ?eld use in 
generating a gas and high frequency electrical energy for use 
in operating an electromagnetic transducer comprising an in 
ternal combustion engine having an output shaft and exhaust 
manifold; electrical generator means drivingly connected to 
said output shaft to output a source of conventional low 
frequency A.C. electrical energy; frequency converter and 
step-up transformer means connected to the output source of 
low frequency electrical‘ energy to output a source of high 
voltage electrical energy of radio frequency; an output‘cable 
to conduct the high voltage radio frequency electrical energy 
to an- area of use; a‘ desiccator connected to said exhaust 
manifold for drying the gaseous exhaust products of com 
bustion; a compressor connected to the discharge of said 
desiccator- to receive and compress said gaseous exhaust 
products to a predetermined low pressure and having an outlet 
conduit to conduct the pressurized gases to said area of use; 
said output cable being coextensive ‘with and operatively as 
sociated with said outlet conduit through the instrumentality 
of spaced electrodes arranged to discharge into said outlet 
conduit and the gas conducted thereby and connected to said 
output cable to excite the conducted gas to a level to assure 
emissions in the infra-red range. 
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