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IN THE GROUND 
Malte Oscar Eurenius, 7 von Rosensteins Vag, and Leif 
Harry Sinclair, 6 Andreas Vag, both of Kumla, Sweden 

Filed Dec. 28, 1.959, Ser. No. 862,212 
Claims priority, application Sweden Dec. 9, 1959 

6 Claims. (Cl. 158-99) 

This invention relates to burners for use in boreholes 
deeply penetrating into the ground. 
More particularly this invention relates to gas burners 

of the type adapted to be placed in boreholes deeply 
penetrating from the surface into sub-surface deposits of 
bituminous sedimentary geological layers such as oil shale 
or tar sand for recovery of valuable liquid and/ or gase 
ous products therefrom by heating said deposits in their 
natural location in the ground. 

Still more particularly this invention relates to a gas 
burner of the type described in the co-pending U.S. Serial 
No. 706,789, ?led January 2, 1958 by Malte Oscar 
Eurenius, entitled “Method and Means for Heating in 
Situ of Sub-surface Preferably Fuel Containing Deposits,” 
in which tubular burner a uniform distribution of the 
temperature along a predetermined dimension of the tube 
is accomplished by conducting the combustion products 
or ?ue gases through a layer of solid granular particles 
such as sand, for example, so as to cause said particles 
to be whirled up and kept ?oating. To the upper end~ 
portion of the tube of the burner a mixture containing fuel 
and oxygen is supplied, the ?ue gases formed by the com— 
bustion of the mixture within said tubular structure ?ow 
ing downwards and then turning upwards through a space 
surrounding the burner tube and forming the zone in’ 
which the solid particles are kept ?oating. 

It has now been found that the gas burner of the type 
set forth after interruption of the supply of the fuel mix 
ture is di?icult to put in operation again unless the whole 
burner tube is lifted so'much as to cause its lower open 
ing to be positioned above the layer of particles then 
packed into a dense mass. This lifting operation is elfected 
without dii?culty if the burner is used in the heating of‘ 
thin sedimentary deposits near the surface of the ground. 
The burner may then be lifted manually for the purpose 
of reignition. However, where the burner is used in the 
heating of thick sedimentary deposits and/ or deposits 
located at considerable depth below the ground ‘surface its 
weight will be so great as to necessitate some kind of 
mechanical elevator device for the lifting operation. 
One main object of the present invention is to improve 

the burner of the type set forth so as to permit easy lifting 
thereof even when intended for use in boreholes deeply 
penetrating into sub-surface deposits to be heated. 

According to one main feature of the invention the 
burner tube is formed in two parts adapted to be in seal 
ing connection during the heating operation but to be 
separated from one another by lifting of the upper part 
during the operation of igniting the fuel and oxygen mix 
ture. During normal operation the tube parts thus are 
tightly pressed together and the burner works in the same 
manner as a non-divided tubular burner, for example of 
the type described in the co-pending application referred 
to hereinbefore. For the purpose of ignition of the fuel 
and oxygen mixture the parts are separated from one 
another in such a manner as to allow an igniting ?ame to 
penetrate into the interior of the burner through the space 
formed between said two parts. 

Further objects and advantages of the invention will 
become apparent from the following description, consid 
ered in connection with the attached drawings, which form 
part of this speci?cation, and of which: 

FIG. 1 is a longitudinal sectional view of a tubular 
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burner constructed according to the invention and illus 
trated in operative position in a vertical borehole in 
the ground. 

FIGS. 2 and 3 are partial sectional views of adjacent 
end portions of the tube parts shown separated from one‘ 
another and in an enlarged scale. 

FIG. 4 is a perspective view also in an enlarged scale 
of end portions of the two tube parts in their abutting 
sealing position. 

Referring now to FIG. 1, the fuel-carrying deposit to 
be heated is denoted by reference numeral 10. 
covered by a layer 12 consisting of limestone, shale, 
garden earth or the like. The burner comprises an ex 
ternal tube or protective casing 14 closed at its base and 
positioned in a hole bored through the layers 10 and 12, 
the space between the wall of the hole and the tube being 
?lled With sand 15, if desired. The external tube 14 
encloses a burner tube composed of two parts 16 and 18 
which both have the same diameter and are kept in con 
centric position within the tube 14 by means of guide 
?ns 20. The lower portion of the tubular burner part 18 
constitutes the exhaust portion and is spaced by means 
of spacers or feet 22 for a predetermined distance from 
the base of the external tube 14 so as to permit the ?ue 
gases produced by the combustion of the fuel and oxygen 
containing mixture to escape from the burner tube. The 
lower end of the tube part 16 and the upper end of the 
tube part 18 are shaped so as to form a gas-tight ?tting 
or seal when the two tube ends are pressed against one 
another. Said ends may be ground to constitute an ex 
ternal and internal conical sealing face 24 and 26, respec 
tively (FIG. 2) or a conical and a part-spherical sealing 
face 27 and 2-8, respectively (FIG. 3). The sealing face 
of the lower part is preferably formed so as to prevent‘ 
solid particles precipitated on said face from remaining 
there and thereby obstructing gas-tight contact between‘ 
the adjacent ends of the two tube parts. To eifect a well 
centered engagement between said adjacent tube ends 
either the upper or the lower end portion is provided 
with guide ?ns 30 forcing the other end portion into the 
correct position when the parts are pressed together. 
These guide ?ns may preferably at the same time for their‘ 
further purpose have to maintain the tube part centered 
relatively to the external tube 14. ‘ 

Since the upper tube part 16 is in sealing engagement 
with the, lower tube part 18 there may arise the danger 
of a change in pressure of the supplied mixture of fuel'v 
and oxygen-containing gas forcing the burner parts apart 
from one another during a short time so as to allow gas 
to escape through the space between the adjacent end‘ 
surfaces. This danger is eliminated by locking the burner' 
parts together in their sealing position. The lower burner 
part 18 is provided with at least one locking means such 
as projections 32 having their lower face 34 inclining 
slightly relatively to the horizontal plane. The guide 
?ns 30 of the upper burner part are formed with recesses 
36 disposed so as to cause said recesses upon contact being 
established between the burner parts 16 and 18 to extend? 
over and engage the locking projections 32 after a part 
rotational movement of the upper burner part relative to 
the lower part 18. This locking device has not only for 
its purpose to ensure the gas-tight seal between the burner 
parts but also to render possible simultaneous withdrawal 
of both burner parts from the external casing tube 14 by 
a single lifting operation. 
The upper tube part 16 merges at its upper open end 

into a downwardly tapering conical part 38 which at its 
top is rigidly connected with a tube of reduced diameter 
for supply of fuel and an oxygen-containing gas such as 
a combustible gas and air or pure oxygen. This supply 
tube is through a coupling 42 and a hose 43 connected in 
a known manner with a piping system (not shown) 
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located- above the ground and intended for controlled 
supply of fuel and oxygen-containing gas. The space be 
tween the lower burner part 18 and the external tube 14 
is~?ll'ed.with sandor similar granular material 44 to av 
levelcausing saidmaterial during operation of the burner 
to be carried upwards and kept ?oating by the escaping 
?ue gasesiwithin avzone, the upper level of which sub 
stantially coincides with the upper limit of 'the deposit 10 
to be heated. The lower tube part 18 has such longitu 
dinal dimension as in‘ its position on the closed base of 
the'external tube-.14Iwith its upper end to project at least 
‘about ‘one half yard over the upper level of the layer-0f 
the granular material in its packed state of rest; 
When :the burner is to- be ignited theupper tube part 16 

is turnedso much as to disengage the locking members 32 
and 36, whereupon it is lifted between approximately 2 
and 4 inches. This lifting may be etfectedmanually or 
by means of a simple lifting device 46 operating according 
to the lever principle. Fuelrand air or oxygen are sup 
plied through the tube 40. When the air initially present 
in the burner has been driven out, the upwards ?owing 
mixture of fuel and oxygen-is ignited when escaping from 
the external tube 14. The supply of said gas-mixture is 
then controlled so as to force the ?ame to migrate down 
wards in the space between the external tube 14 and the 
upper tube part of the burner and-into said burner through 
the'opening between theupper tube part 1-6 and the lower 
tube part 18 and to continue its migration upwards within 
the upper part 16 towards the conical part 38 in which 
the ?ame is normally maintained during operation. The 
upper part 16- is then lowered towards the lower part 18 
and the parts :are locked together in the mannerdescribed 
hereinbefore. As soon as the sealing between the parts has 
been completed the ?ue gases will ?nd their way through 
the‘lower endof the tube part 18 into the space between 
said part 18 and the external tube 14 and cause ?uidiza 
tion of-the layer of granular material 44. Thereafter the 
supply of fuel is adjusted-so as to cause a desired quantity 
of heat to be genera-ted in the burner and upon- uniform 
distribution transferred into the deposit. 

While‘several more 'or less speci?c, embodiments of the 
invention have been described, it is: to be understood that 
this is for purpose of illustration only and the-invention is 
not to be limited thereby but its scope is to be determined 
by the appended claims. 
What we claim is: 
1. A burner for heating a sub-surface deposit for re 

covery of valuable products and'constituted of a burner 
tube adaptedv to be lowered into a-vertical hole formed in 
the ground and penetrating from the surface into the 
deposit, said burner tube comprising a feeder portion. 
connectable with its upper end to a source of a mixture 
containing fuel and oxygen and merging atits lower end 
intoa downwardly conically tapering portion constituting. 
the zone. of combustion of said mixture during normal» 
operationof the-burner, and an exhaust portion having a. 
continuously equal cross-sectional area of the same size 
as, and connected to the widest cross-sectional area-of the 
conically tapering portion, the exhaust portion constituting 
a passage of ?ow in a'downward direction for the ?ue 
gases produced in the conically tapering portion by the 
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combustion of said mixture, a casing surrounding said 
exhaust portion and 'féede‘r portion, and‘at its base in open 
communication with the openllbase of the exhaust portion 
to constitute a ?ow passage in an upward direction to 
and above the surface of~the ground for the ?ue gases 
leaving the open base end of the exhaust portion, said 
casing containing a body of solid granular particles provid 
ing particles betweenv thelower part thereof and the lower 
part of-the burner tube in?oating- condition by upwardly 
moving ?ue gases within'a zone substantially coinciding 
with that part of the deposit to be heated, characterized 
by said exhaust portion being‘ subdivided at a slight 
distance from the conically tapering portion into two 
individual end-to-end communicating parts of which a ?rst 
part is integral with said conically tapering portion and 
a second part formed'as a separate‘ member, means to 
keep said'two parts of the exhaust portion in endato-end 
abutting and sealing connection with one another and to 
lift the ?rst part together with the conically tapering 
portionand the feeder portion during the operation of 
igniting said fuel and oxygen mixture with the second part 
remaining in its location within the hole. 

2. A burner accordingto claim 1, characterized by 
a spacer at the base of the-casing, on .and to support the 
second- member‘in spaced relation from the bottom of 
the protective casing, saidlsecond member further having 
a longitudinal dimension su?i'cient to raise the upper level 
of the tube portion of said second member above the 
upper level of the layer of the mass of granular particles 
in their packed state at rest; 

3. A burner according to claim 1, characterized by the 
means to keep the parts of the exhaust portion in releasable 
sealing connection comprising locking members ‘adapted 
to connect said parts axially by apart-rotational displace 
ment of the ?rst‘ part relative to‘ the second part, the 
abutting ends having inter-mating tapered’faces. 

4. A burner according to claim 1, characterized by the 
means to keep‘ the parts of'tlie exhaust portion in releasa 
ble sealing connection comprising locking members 
adapted ‘to connect said parts axially by apart-rotational 
displacement’of the ?rst part relative to the-second part, 
one of the abutting‘ends being conical and the other 
being of part-spherical shape. 

5. A burner according- to claim 3, characterized by 
the locking members being formed' as guide means to 
center the ?rst part'relative to the second part. 

6. A burner according. to claim 5, characterized by 
additional guide ?ns provided on at least one of the parts 
of the exhaust portion to center said part relative to the 
other part of said exhaust portion. 

References Cited in the ?leof'this patent 

UNITED STATESPATENTS‘ 
2,051,713 Howard’ _____________ __ Aug. 18, 1936 
2,260,167 Cope ________________ _._v Oct. 21, 1941 
2,269,699 Stoecker et al. _________ _- Jan. 13, 1942 
2,515,618 Wallerius ________ __-__-___-J-uly 18,.1950v 
2,890,755 Eurenius et al'. ________ __ June 16, 1959‘ 
2,902,270 Salomonsson et-al. _____ __ Sept. 1, 1959 
‘2,927,640 Kenneday ____________ .._ Mar. 8, 1960 


