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1. 

2,902,270 
METHOD OF AND MEANS IN HEATING OF SUB 
SURFACE FUEL-CONTAINING DEPOSTS IN 
STU' 

Gösta Johan Wilhelm Salomonsson, Hallabrottet, and 
Bengt Persson, Kumia, Sweden, assignors, by direct 
and mesne assignments, of one-half to Svenska Skif 
ferole Aktiebolaget, Orebro, Sweden, a Swedish joint 
stock company, and one-half to Husky Oil Company, 
Cody, Wyo., a corporation of Delaware 
Application September 1, 1953, Serial No. 377,952 
Claims priority, application Sweden July 17, 1953 

16 Claims. (C. 262-3) 

This invention relates to a method and means in the 
exploitation of geological deposits for the recovery of 
fluid or/and gaseous products by heating of said deposits 
"in situ," i.e. in place in the earth. 
More particularly this invention relates to a method 

and means in the exploitation of sub-surface fuel-carrying 
deposits for the recovery of valuable fluid or/and gase 
ous products by direct heating of said deposits "in situ,' 
i.e. in their natural location. Deposits adapted to be 
exploited in this manner are, for example, shale forma 
tions, tar-sand and sulphur deposits. 
The heating in situ is performed to a large extent, at 

least as far as it is applied to shale formations, by means 
of electric heating members driven down and introduced 
into the formation to be exploited. 

In the exploitation of fuel-carrying deposits by heat 
ing in situ considerable quantities of combustible gas 
are obtained. One object of the present invention is to 
provide a method and means permitting directly to use 
said gas as fuel in the heating operation. In this way 
it is possible to avoid part of the losses and additional 
costs inherent to the circuitous way over a steam-operated 
power plant using the recovered gas as fuel for boilers. 
When using a convenient gas burner in a long tubular 

heating member which for various reasons has proved 
to be the most suitable equipment for the direct heating 
of sub-surface deposits, there will be caused a very un 
uniform distribution of temperature over the heating 
member with a distinct top of the heating curve around 
the flame proper. In order to avoid this drawback it 
has been proposed to dispose a plurality of flames on 
various levels within the long tubular heating member. 
The realization of this proposal is, however, greatly ob 
structed by difficulties in obtaining for each of the in 
dividual flames the most suitable proportion between the 
quantities of Supplied fuel and oxygen. 
A further object of the invention is to provide a meth 

od ensuring uniform distribution of temperature along 
the tubular heating member in spite of the presence of 
one flame only. 

Still a further object of the invention is to provide 
various means adapted to influence the distribution of 
temperature along the tubular heating member and in 
particular in the vicinity of the single flame. 

Further objects and advantages will be apparent from 
the following description considered in connection with 
the accompanying drawings which form part of this speci 
fication and of which: 

Fig. 1 is a longitudinal section through a heating mem 
ber embodying the invention. 

Fig. 2 is a section on line II-II of Fig. 1. 
Fig. 3 is a longitudinal section through a modified 

heating member embodying the invention. 
... Fig. 4 is a longitudinal section through a further modi 

2 
fied heating member constructed according to the in 
vention. 

Fig. 5 is a longitudinal section through an ignition 
device for a heating member embodying the invention. 
As will be seen from Figs. 1 to 4, the heating mem 

ber generally comprises three substantially concentric 
tubes denoted by 19, 12 and 14, respectively. The in 
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nermost tube 10 is by means of a stuffing box 11 con 
nected to one end of the intermediate tube 12, said in 
termediate tube in turn by means of a stuffing box 13 
being connected to one end of the outermost tube 14. 
Said external tube 14 is at its end remote from the stuff 
ing box 13 provided with a bottom 15. Spaced apart 
from said bottom 45 is the free end of the intermediate 
tube 12 located inside the external tube 14. The cor 
responding free end of the internal tube 10 is under op 
eration located substantially further spaced from the bot 
tom 15 than is the free end of the intermediate tube 
12. The internal tube 10 is, however of equal length 
as the other tubes, due to which fact the major part of 
said tube 10 normally projects outside the external and 
intermediate tubes 14 and 12, respectively, which im 
plies that it is on the opposite side of the stuffing box 
11 seen from the bottom 15. This arrangement ren 
ders possible on certain occasions, for instance when 
igniting the member, to displace the internal tube 10 
within the stuffing box 11 so as to approach its mouth 
to the bottom i5. The intermediate tube 12 is also dis 
placeable within the stuffing box 13 relative the external 
tube 4. At its end remote from the bottom 15 the 
external tube 10 is sealed by means of a lock 16 and ad 
jacent thereto provided with a connecting tube 17. Simi 
lar connecting tubes 8 and 19, respectively, are attached 
to the intermediate tube 2 and the exterior tube 14 ad 
jacent the corresponding stuffing boxes 11 and 13, re 
spectively. In order to obtain requisite guidance of the 
three concentric tubes 10, 12 and 14 relative to one 
another, short pieces 20 of rod iron are inserted in the 
interspaces between said tubes. As will be seen from 
Fig. 2, these pieces 20 of rod iron are displaced relative 
to one another by 120° and secured by welding to the 
interior face of those two tubes which form the inter 
Space. 
The fuel to be burned is supplied through the con 

necting tube 17 into the internal tube 10, the required 
air of combustion being allowed to enter the interspace 
between the internal tube 10 and the intermediate tube 
12. Upon ignition a flame will develop at the free end 
of the internal tube 10. The hot flue gases formed will 
flow in the intermediate tube 12 in the direction to 
wards the bottom 25. On their arrival there they are 
forced to turn and are then allowed in the opposite di 
rection to enter the interspace between the external tube 
14 and the intermediate tube 12 and to escape through 
the connecting tube 19. During their path from the 
flame to the bottom i5 and back to the outer interspace 
the flue gases transmit part of their heat content to the 
surrounding tube walls. As far as the intermediate tube 
12 is concerned the temperature transmitted is highest 
around the flame and decreases uniformly along the 
longitudinal extension of the tube towards the bottom 
15. Upon the turn and further flow in the opposite di 
rection of the flue gases their temperature continues to 
fall. The heat delivered thereunder from the flue gases 
to the wall of the external tube 14 will thus be greatest 
adjacent the bottom 15 and then decrease in the direc 
tion towards the connecting tube 19. This effect is total 
ly or at least partly counteracted by the external tube 
14 also receiving an additional supply of heat from the 
intermediate tube 12 by radiation from this latter. As 
the temperature of the intermediate tube 12 is the high 
est and consequently the heat radiation therefrom has its 
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maximum around the flame and decreases towards the 
bottom 15, the result will be that the total quantity 
of heat transmitted within a pre-determined unit of time 
by both. radiation and convection from the external tube 
14 will be approximately the same for each length unit 
of the external tube 14 between its bottom and its por 
tion located straight opposite the flame. As far as that 
part of the external tube is concerned, which is located 
between the flame and the connecting tube 19, the heat 
Supply to the tube wall is considerably lower, since any 
additional heat from the intermediate tube is not re 
ceived. On the contrary, the entering combustion air 
has some cooling effect on the escaping flue gases. In 
this way part of the heat inherent to the escaping flue 
gases will be utilized in pre-heating the combustion air. 

With the construction described above a relatively 
uniform distribution of temperature is obtained for that 
part of the external tube 14, which is located between the 
free opening of the internal tube 10 and the bottom 15. 
A somewhat higher temperature is, however, prevailing 
nearest to the flame. Equalization of this difference in 
temperature may be brought about by providing the inter 
mediate tube 12 to a suitable extent with an encasing 
protection 21 to radiation as is shown in Fig. 3. Another 
expedient is to cover either the intermediate or the 
external tube to a desired extent with an insulating 
layer 24. 
Another possibility of exerting an equalizing effect on 

the distribution of temperature along the external tube 
consists in varying the velocity of flow of the flue gases 
and thereby also the delivery of heat from them by 
varying the area of passage open to said gases. By 
increasing the velocity of the flue gases the k-value will 
be improved, but due to the shortened time of stay 
the delivery of heat will nevertheless be reduced. A 
means for providing variations of the area of passage 
is presented in Fig. 4 showing the intermediate tube 12 
provided with an external bulbous tube piece 22, which 
may be displaceable on the tube 12. 

Fig. 5 finally shows a device for igniting the heating 
member constructed according to the invention. This 
ignition is performed by inserting an ignited rocket 23 
into the internal tube 10, which then must be placed 
so as to have its mouth immediately above the bottom 15. 
In this way condensate is prevented from collecting in 
the external tube on said bottom. Such condensation 
Would occur easily unless the parts adjacent the bottom 
are heated sufficiently quickly. - 
The gaseous fuel may entirely or partly be replaced 

by liquid or finally divided solid fuel. The combustion 
air may entirely or partly be replaced by oxygen or an 
oxygen-containing gaseous mixture. 

While several more or less specific embodiments of 
the invention have been shown, it is to be understood 
that this is for purpose of illustration only and that 
the invention is not to be limited thereby, but its scope 
to be determined by the appended claims. 
What we claim is: 
1. A method of heating which comprises maintaining 

flame-developed combustion at a central combustion 
Zone, conducting the hot flue gases in a flow 
passage leading away from said combustion zone, 
reversing the flow of said flue gases, and conducting 
said reversed flow of flue gases in a zone surrounding 
said flow passage and said combustion zone in counter 
current to the direction of flow of the flue gases from 
said combustion zone, the flow passage and the zone 
Surrounding said flow passage being mechanically sep 
arate but in heat conducting relation with each other, 
and the Zone surrounding said flow passage being sealed 
against exit of gases therefrom to material undergoing 
heating, thereby combining the effects of radiation and 
convection from both the flame and the flue gases to 
give an elongated heating zone of substantially uniform 
temperature. 
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4. 
2. The method of claim 1 in which the cross-sec 

tional area for the flow passage of the escaping flue 
gases is varied to modify the distribution of tempera 
ture in said elongated Zone. 

3. The method of claim 1 in which the effect of radia 
tion is modified by restricting radiation from any more 
highly heated Zone. 

4. The method of claim 3 in which the modification 
of the effect of radiation is performed around the flame 
at the combustion zone. 

5. The method of claim 3 in which the modification 
of the effect of radiation is performed along at least 
part of the path of the flue gases. 

6. The method of claim 3 in which the effect of heat 
transmission is modified by heat insulation. 

7. The method of claim 6 in which the modification 
of the effect of radiation is performed around the flame 
at the combustion zone. 

8. The method of claim 6 in which the modification 
of the effect of radiation is performed along at least 
part of the path of the flue gases. 

9. The method of claim 1 in which the combustion 
is supported by fuel supplied to the combustion zone. 

10. The method of claim 1 in which sub-surface fuel 
containing deposits are heated in situ for recovery of 
valuable products therefrom. 

11. The method of claim 10 in which gas is supplied 
to the composition Zone from gas formed by heating 
the Sub-surface deposit. 

12. A method of heating sub-surface deposits in situ 
for recovery of valuable products in fluid condition by 
introducing into the deposit, tubular members disposed 
Substantially concentrically one within another, of which 
members the outermost is sealed at its lower end, one 
tubular member enclosed by and adjacent to said outer 
most tubular member having an outlet located above said 
sealed end in which a fiame-developing combustion of a 
mixture containing fuel and a combustion-sustaining 
medium is effected, in a combustion zone, characterized 
in that the flue gases from the combustion zone formed 
within the innermost tubular member in spaced rela 
tionship to the upper end thereof are caused to flow in 
a downward direction and thereafter back in opposite 
direction inside the annular space between two outer 
tubular members and in heat conductive connection with 
the downwardly directed flow of flue gases from the inner 
most tubular member whereby the combined effect of 
convection and radiation from the flue gases and said 
flame produces a desired equal distribution of the heat 
and thereby substantially uniform temperature of the 
outermost tubular member in the longitudinal direction 
thereof. 

13. A method according to claim 12, characterized in 
that a portion of the gas involved by heating of the de 
posit is returned to the combustion zone and used there 
as fuel. 

14. A heating device for heating sub-surface deposits, 
characterized by three substantially concentric tubes of 
which the outermost is sealed at is base, the intermediate 
tube opening into the first-mentioned tube in spaced 
relationship above the sealed base of said first-mentioned 
tube, the innermost tube opening into the intermediate 
tube at a still higher level above said sealed base, said 
two inner tubes being connected with an inlet each for 
Supply of fuel and combustion sustaining medium, re 
Spectively, and the annular space between said inter 
mediate and said first-mentioned tube having an escape 
opening for the fuel gales produced in the combustion 
Zone located within the intermediate tube below the 
opening of the innermost tube. 

15. A device according to claim 14 wherein the sev. 
eral tubes are axially displaceable relatively to one an 
other. 

16. A device according to claim 14 wherein are pro 
vided protection devices against radiation, and insulating 
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layers disposed around the flame and path of the flue 
gases and around the combustion Zone. 
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