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UNITED STATES PATENT OFFICE 
2,484,063 

ELECTRIC HEATER FOR SUBSURFACE 
MATER ALS 

Charles S. Ackley, New York, N. Y., assignor to 
Therinactor Corporation, New York, N. Y., a 
corporation of Delaware 
Application August 19, 1944, Serial No. 550,210 

(C. 219-33) 2 Claims. 
1. 

The invention relates to heat treating of sub 
Surface materials. 

Pursuant to the invention, sub-surface mate 
rials are raised in temperatures in elevation of 
that of the earth by the employment of re- ? 
motely controlled electrical heating means. In 
general, the improved sub-surface electrical heat 
ing means comprises outer tubular means, inner 
tubular means of high thermal conductivity, elec 
trical heating means insulatingly surrounding 
such second-named, i. e., inner tubular means, 
means mechanically spacially interconnecting 
Such outer and inner tubular means to thereby 
enclose such electrical heating means within the 
annular Space between the outer and inner tubu 
lar means and providing a discharge opening for 
the inner tubular means, and means for intro 
ducing air, water or other suitable material with 
in the inner tubular means whereby such mate 
rial is heated and rendered fluid for heat-treat 
ing the Sub-Surface material. 
Such mechanical interconnecting means pref 

erably includes a foot member Serving to seal 
ingly connect, as by screw threading, the inner 
and outer tubular means, and providing a dis- 2: 
charge opening for the inner tubular means. 
Such sub-surface heating means is suitably ar 

ranged for insertion within a suitable opening 
into the earth extending to the Zone of the sub 
surface material to be treated, and preferably 
includes provision for forcibly driving the same 
into the earth. Suitable provision is made for 
sealing the electrical leads of such electrical heat 
ing means for connection with a suitable source 
of electrical energy disposed at or adjacent the 
earth's surface, and arranged for affording pro 
tection of the electrical parts during the stage of 
insertion of the sub-surface heating means into 
the earth. 
My invention is applicable generally for heat 

treating sub-surface materials by conveyance of 
heat energy through the instrumentality of the 
air, water or other suitable material heated and 
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rendered fluid by the electrical heating means, 
pressure being applied to such material whereby 
the sub-surface material is dually heat treated 
and subjected to pressure conveyed through the 
heated pressure applied material. 

45 

The invention is applicable for freeing oil wells - - - - 
which are clogged by solidified paraffin or other 
solidified constituents of crude oil, clogged gas 
wells, and the like, Applications of the invention 
reside also in the fields of heat treatment of sub 
surface materials where it is advantageous to 
introduce material into the geological structure 5 5 

2 
for the purposes of initiating tapping of deposits 
of Crude oil, gas formations, and the like. 
The invention is applicable in connection or in 

association. With inventions set forth and claimed 
in my U.S. Patents No. 2,232,898, dated February 
25, 1941, entitled Method of solidifying porous 
earth materials, and No. 2,235,695, dated March 
18, 1941, entitled Method of rendering earthma 
terials Solid, pursuant to which sulphur or other 
Suitable material is supplied to any desired sub 
Surface ZOne of the earth to form with the sub 
Surface materials a solidified composite. The 
procedure of the stated patents involves usually 
the preliminary removal of water or moisture as 
Well as the raising of the temperature of such 
Sub-Surface materials. Such preliminary re 
moval of Water or moisture may be accomplished 
by my present invention by the employment of 
air or like medium preheated by my electrical 
heating means. 
The present invention is also applicable for ele 

Vating the temperature of sub-surface materials 
by thermal radiation and/or by thermal conduc 
tion directly with the sub-surface materials, 
and/or additionally by the flow of air or other 
suitable fluid supplied under pressure through the 
interior of such inner tubular means, whereby 
Such heated fluid is delivered through the dis 
charge opening of the inner tubular means. 

Pursuant to my invention set forth in my stated 
U. S. Patent No. 2,232,898, Sub-Surface water or 
moisture may be removed by suction through well 
points disposed within and/or about the zone of 
the treated loose or other suitably sub-surface 
material and sulfur in molten condition intro 
duced within Such ZOne for Solidifying Such un 
stable sub-surface material. The invention of 
the stated patent includes also the step of in 
troducing steam, hot water or other heating me 
dium for effecting pre-heating of the unstable 
sub-surface materials. 

Pursuant to my stated U. S. Patent No. 2,235,- 
695, stabilization of loose sub-surface material 
is attained by the employment of “Thermit' or 
other electrically detonatable composition for 
heating the zone of such sub-surface material, 
concomitantly converting water or other mois 
ture within such Zone into steam, and Withdraw 
ing such generated Steam by suction through 
suitably located well points, and introducing mol 
ten sulfur into such zone, whereby to solidify the 
treated sub-surface material. My present inven 
tion is applicable in connection with "Thermit' by 
the employment of air or other Suitable medium 
supplied under pressure through the inner tubu 
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lar means and preheated by my electrical heating 
means for removing water or moisture and pre 
heating the sub-surface material preliminarily to 
igniting the "Thermit' charge. 

Further features and objects of the invention 
will be more fully understood from the following 
detailed description and the accompanying dra-W- 
ings, in which 

Fig. 1 is a diagrammatic view partly in central 
vertical section and partly in Vertical elevation of 
a preferred embodiment of the invention; 

Fig. 2 is an enlarged central vertical Sectional 
view of Fig. 1; 

Fig. 3 is a bottom end view of Fig. 2; 
Fig. 4 is a detailed sectional view on line 4-4 

of Fig. 2; 
Fig. 5 is a diagrammatic elevational view of 

another embodiment of the invention; and 
Fig. 6 is an enlarged central sectional elevation 

of the lower part of the embodiment shown in 
Fig. 5. 

Referring to the embodiment shown in FigS. 1 
through 4, the heating means comprises an outer 
tubular means to ShoWn formed Of a series of 
seriatim connected individual tubes Suitably 
interconnected, as by sleeves 2 having screw 
threading, preferably of right-left opposing rela 
tion, nating with threading at the juxtaposed 
end portions of the tubes. Inner tubular means 
i3 is shown formed likewise of individual tubes 4 
and similarly connected in seriatim by sleeves 5. 
These inner and outer tubular means are aSSo 

ciated substantially coaxially in annular relation 
ship by the provision of a foot member S, Suit 
ably connecting the lower ends of the stated 
tubular means, as by Screw-threaded connections 
indicated respectively at 7 and 8. The foot 
member 6 is provided with a through opening, 
indicated at 8a, to provide for the discharge of 
suitable fluid from the inner tubular means 3, 
for purposes set forth more fully hereinafter. 
To afford the discharge of the heated fluid de 

livered through the inner tubular means, the 
threading thereof indicated at 7 of the foot 
member 6, is disposed at the Wall of its through 
opening. To afford threaded connection as at 
8, with the outer tubular means, the foot mem 
ber 6 may be configurated of general frusto 
conical formation, and as shown, the threaded 
connection of the foot member 6 effected ex 
teriorly of the outer tubular means le. Obvi 
ously the invention is not limited to the use of 
thread connections for making a substantially 
fluid-tight seal between the foot member 6 and 
the tubular members, as other known or con 
Venient Sealing means may be employed. 
The electrical heating means, per se, is desir 

ably of a helically wound wire 9 of suitable elec 
trical heating characteristics, and preferably 
self-insulated. Separate leads 2 and 2 are con 
nected to the opposite ends of the helically 
wound wire 9 of the heating unit and lead to a 
suitable Source of electricity. In this connection 
it is pointed out that good practice today re 
quires that the tubes employed in oil wells shall 
not be used as electrical conductors because of 
the great danger of flash ignition of the oil or gas. 
As indicated in the drawings, the leads 29, 24, of 
the electrical heating Wiring passes through 
Suitable openings 22, 23, of a suitable top closure 
member 24, serving to sealingly close the annular 
Space between the upper ends of the outer tubular 
means 0 and the inner tubular means 3. Desir 
ably such top closure member 24 is formed of 

4. 
metal, and the leads 20, 2, accordingly, may be 
provided with additional insulation, such as the 
indicated Series of beads of vitreous material 
strung on the wiring. It will be observed that 
the electrical heating means comprises a closed 
heating circuit independent of the tubular mem 
bers fo and 3. 

Also, desirably, the outer wall of the inner 
tubular means may be provided with a helically 
arranged half-round molding 25, welded to Such 
wall, Serving as a guide for installing the electri 
cal Wiring helically about the outer Wall of the 
inner tubular means, and functioning also to Sup 
port the electrical wiring and maintain the de 
sired heating distribution, 

It is advantageous to provide a nut-like mem 
ber 26 for clamping the top closure member 24, 
which may be secured, as indicated, by threading 
mating with the threading 27 of the inlet 
piping 28. 
The level of the earth is indicated in Fig. 1 at 

29. Any suitable source of electrical energy, not 
shown, may be employed for the Supply of the 
electrical current to the electrical heating Wiring 
9, to attain the desired maximum temperature, 
and suitable control devices employed for regul 
lating the temperature of the distributed heat 
energy. 
The opening in the ground is indicated at 30. 

Preferably, such ground opening 30 is formed 
preliminary to inserting the sub-surface heating 
means therein. 
Any suitable source (not shown) of compressed 

air or other pressure fluid, may be employed. 
Economically and efficiently, air serves as a highly 
satisfactory fluid, which is supplied under pres 
sure through the inlet piping 28, the direction of 
flow therethrough being indicated by the arrows 
3d, whereby upon passage of Such pressure Sup 
plied air through the interior of the inner tubular 
means 3, heated by the electrical wiring 9, the 
resulting heated air currents discharged through 
the opening 8a of the foot member 6, indicated 

45 by the arrows 32, flow distributively through the 
interstices of the sub-surface materials. 

Accordingly, when it is desired to pre-heat any 
particular zone of sub-surface materials, heating 
is afforded by control from the earth's surface 
with respect to the range of elevation of tempera 
ture and selectively either by thermal radiation 
accompanied by thermal conduction directly 
within the zone of sub-surface materials, and/or 

55 additionally by the supply of heated air, which 
latter distributes through the interstices of the 
sub-surface material. 
As indicated in Fig. 2, the insulated conductors 

20, 2 may be sealed against passage of air, Water 
60 or moisture or the like, within their respective 

openings 22, 23, by suitable. Sealing material indi 
cated at 2 fa and 22d. 
The embodiment shown in Figs, 5 and 6 follows 

generally that illustrated in Figs. 1 through 4. 
65. The embodiment of Figs. 5. and 6 is especially ap 

plicable for insertion within a casing previously 
positioned in an opening in the earth. Pursuant 
to the preferred embodiment shown in Figs. 5 and 
6, the housing 38 is dimensioned in length of but 

70 a minor fraction of the depth of the casing 35, 
to thereby localize the heat distributed within the 
Zone 37, such as the desired Zone of the treated 
Sub-surface material. Such housing may be se 
cured to the lower end of the fluid supply piping 

75 39; in which instance the cable 40 containing the 
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leads of the electrical wiring may extend within 
the casing 35, i. e., exteriorly of the Supply pip 
ing 39. 

shown in Fig. 6, the electrical wiring 4 may 
be wound helically about the exterior of the inner 
tubular means 42, connected to and communicat 
ing with the supply piping 39, as by a screW 
threaded connection indicated at 43 with the 
head part 44 of the housing 38. It is again noted 
that the connections which seal the housing 38 to 
the associated tube are not necessarily threaded 
connections. Other well known types of Sealing 
connection obviously may be employed. The head 
part 4 is shown provided with an opening 45 
through which extends the electric cable 40, 
which opening may be sealingly closed by means 
of a plug 46. 
The discharge end of the inner tubular means 

42 is shown connected within the bottom open 
ing 47 of the housing 38, the housing 38, in this 
instance performing the function of the outer 
tubular means () of the embodiment Shown in 
Figs. 1 through 4. To facilitate installation of the 
component parts within the housing 38, it is ad 
Wantageous to design the housing of two parts, as 
by arranging its head part 44 separable at the 
sealing joint 5Cd, as indicated in Fig. 6, tightened 
by the set-screws 5. 
Suitable means are provided for selectively lo 

cating the electrical heating means within the 
casing 36, as by means of a bail or yoke 48, hav 
ing an eye 49, for suspending connection with a 
hook 50, of a suitable block and tackle, or equiva 
lent. 
The mode of operation of my improved heat 

ing means will be largely understood from the 
foregoing in Connection With the teachings of Said 
granted Letters Patent. 
As One manner of Operation of the instant in 

vention coupled with the teachings of my said U. 
S. Patent No. 2,235,695, Sub-surface material may 
be preheated in advance of the introduction of 
molten Sulfur or equivalent fluid by energizing 
the electrical resistance from a suitable source 
of electrical energy, under Suitable control of cur 
rent, accompanied as and when desired by the 
introduction through the inner hollow tube or 
equivalent member of air or the like, whereby 
Water and other moisture present in the treated 
Zone of sub-surface material is heated and dissi 
pated and the temperature of the sub-surface 
material itself elevated, to thereby condition the 
same for treatment with the molten Sulfur or 
equivalent, which is later applied through the 
inner hollow member. 

It will thus be observed that my heating means 
serves not only to preheat the sub-surface mate 
rials within the Zone desired to be treated but also 
maintains the desired fluidity of the sulfur or 
equivalent to the location of discharge of the 
treating material from the lower end opening of 
the inner hollow member. Control of the tem 
perature of the treating material to render and 
maintain the same at optimum stage of fluidity is 
particularly advantageous with sulfur which pos 
sesses the peculiar property of being rendered 
fluid between limiting ranges of temperature. 

It will be further observed that the suspension 
of my heating means by means of a block and 
tackle, or equivalent, enables my heating means 
to be positioned within the hole in the earth or 
Within a Casing in Such hole to control the heat 
ing of the Sub-Surface material at the various 
Stages of treatment, including the stages of pre 
heating with or without association of heated air 
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or like fluid and the stage of application of sul 
fur or equivalent stabilizing material. 

Thermoplastics other than sulfur, such as fur 
nace tarS, low grade tars, etc., usually of low cost, 
may be employed as the stabilizing treating ma 
terial. In the use of such treating material of low 
Oxidizing or combustion characteristics, heated 
air or the like may be discharged through my 
heating means succeeding the stage of introduc 
tion of Such stabilizing treating material and/or 
intermediate stages of introduction of such sta 
bilizing treating material, to thereby effect sub 
Stantially uniform distribution of the stabilizing 
treating material and further dissipation of 
steam engendered during the stage or stages of 
the introduction of the heated stabilizing treat 
ing material. 
My present invention is also applicable for the 

treatment of oil wells, gas wells and the like. 
A particular field of application resides in that 
of freeing oil Wells which are clogged by solidified 
constituents of crude oil, mostly paraffin com 
pounds; in Such application the selected fluid 
Supplied under pressure through the inner tubu 
lar means is heated by my electrical heating 
means to appropriate temperature to render such 
clogging materials fluid, and also disperse the 
thus fluid rendered constituents through the sur 
rounding zones of the treated sub-surface mate 
rial. Such pressure supplied fluid may be steam, 
in which instance my heating means maintains 
the preferred temperature of such treating steam 
or may Superheat such steam and thereby mini 
mize the quantity of any condensed water and 
moisture. 
Whereas the invention has been described by 

reference to Specific forms thereof, it will be 
understood that many changes and modifications 
may be made provided they do not depart from 
the Scope of the claims. 

I claim: 
1. Means for treating sub-surface materials 

comprising, in combination as a closed unit, an 
Outer imperforate tubular member; an inner im 
perforate tubular member disposed Substantially 
Coaxially within said outer tubular member; elec 
trical heating means disposed between said outer 
and inner members and insulated lead wires ex 
tending to and separately connected to the Op 
posite ends of Said heating means, a unitary 
frustro-conical foot member having a through 
opening receiving the lower ends of said tubes, 
Said inner member at its lower end having a 
threaded connection with the lower end of the 
foot member, and said outer tube having on its 
outer side and at its lower end a threaded con 
nection with the large upper end of the foot 
member to Substantially seal the space between 
the Outer and inner tubes against fluid entry and 
afford communication between said inner tubu 
lar member and the through opening of said foot 
member. 

2. Means for treating sub-surface materials, 
Comprising, in combination as a closed unit, 
an outer imperforate tubular member; an inner 
imperforate tubular member disposed substan 
tially coaxially within said outer tubular mem 
ber; electrical heating means disposed between 
Said outer and inner member and Comprising 
electrical wiring supported in a helically ar. 
ranged Spacing groove formed on the outer sur 
face of the inner tubular member and insulated 
lead Wires extending to and separately connected 
to the opposite ends of said heating means, a 
unitary frustro-conical foot member having a 
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through opening receiving the lower ends of said 
tubes, said inner member at its lower end having 
a threaded connection with the lower end of the 
foot member, and Said outer tube having on its 
outer side and at its lower end a threaded con 
nection with the inner surface of the large upper 
end of the foot member to substantially Seal the 
space between the outer and inner tubes against 
fluid entry and afford communication between 
Said inner tubular member and the through open 
ing of said foot member. 

CHARLESS. ACKLEY. 
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