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1. 
The invention here disclosed relates to the 

heat treatment of oil wells, gas Wells or other 
subterranean reservoirs, particularly for pro 
moting the removal and recovery of oils held in 
situ by congealation or congestion of the oil or 
of its component Waxy, sludge or tarry portions. 

It is known that with application of heat Such 
viscous oils and deterrent components may be 
liquified and a non-producing or low production 
well be stimulated or restored to action or greater 
productivity. 
The “hot oiling' method, as practiced in heavy 

gravity oil wells, involving the introduction into 
the Well of a relatively large quantity of Surface 
heated oil, while helpful, is not satisfactory as 
the beneficial heating effect is of short duration 
and the repeated applications of heating oil and 
charging into the Well is an expensive method 
of imparting heat to a subterranean body of 
congealed oil necessary to reduce to a fluid State 
suitable for pumping. 
Hot air, steam and various forms of electric 

heaters have been proposed, but these have been 
only partly successful. Particularly in the case 
of electric heaters, it has not been found pos 
sible to provide a heater which would stand up 
over the long, Continuous periods of time re 
quired for effective heating. 
One important reason for the failure of elec 

tric heaters has been the inability to carry the 
necessarily heavy current to the heater through 
the trying conditions present in the well. The 
Water and oil and especially the hot oil, has a 
destructive and deteriorating effect on rubber and 
other insulation that has been used, rendering 
these heaters unreliable and uncertain and at 
best limited to such short usage as to be of no 
real advantage. 

Furthermore, such heaters as proposed have 
been unsuited to present day Well Conditions and 
unable to Withstand the hydroStatic pressure of 
such deep Wells. 
The purposes of the present invention gen 

erally are to overcome the objections and limita 
tions noted and to provide an entirely practical 
and reliable heater which will withstand hard 
and continuous usage without failure of electrical 
or other parts and which will conform to and 
enable practice of conventional and accepted 
procedures in oil Well production. 
More specific objects and details of the in 

vention are Set forth or Will appear in the course 
of the following specification. 
The drawings accompanying and forming part 
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2 
embodiment of the invention. Structure, how 
ever, may be modified and changed as regards 
the immediate illustration, all Within the true 
intent and broad scope of the invention as here 
in after defined and claimed. 

Fig. 1 in the drawings is a broken and part 
vertical Sectional view of one of the new heaters 
as coupled to the lower end of a flow line and 
lowered into operative position at the bottom 
of a Well casing or perforated liner; 

Fig. 2 is an enlarged CrOSS Sectional view of 
the heater taken on Substantially the plane of 
line 2-2 of Fig. 1; 

Fig. 3 is a CrOSS Sectional view of the casing 
and flow tube, on substantially the plane of line 
3-3 of Fig. 1, showing the heater in plan and 
the power cable attached to and forming part 
of the latter, in Section; 

Fig. 4 is a broken part sectional view showing 
in general the position of the heater at the bottom 
of a Well With a pump in the flow tubing above 
it and the camps for holding the power cable 
to the tubing; 

Fig. 5 is an enlarged broken sectional view 
illustrating details of the integral connection of 
the sheath of the cable with the heater and the 
Sealing of the interior of the cable Within the 
heater; 

Fig. 6 is a horizontal sectional view across the 
flow tubing and cable, illustrating details of one 
of the cable clamps. 
The body of the heater, as shown, is made 

up of inner and outer concentrically arranged 
tubular members and 8 connected in such 
Spaced relation by a top head 9 and a bottom 
head O. 
The inner tubular member is dimensioned to 

Suit the flow tube of the Well and Screw threaded 
at itS Opposite ends as indicated at to take 
the couplings employed in joining the sections 
of the flow tube together, thus enabling the 
heater to be connected in the flow line and to 
be located at the bottom or at any selected level 
in the Well. 

In Fig. i the heater is shown as connected at 
the bottom of the flow tube, above the perforated 
Strainer Section 2 at the bottom of the well 
casing 3, the latter shown cemented at 4 in 
the cap rock. 5 overlying the oil producing sand 
6. 
The heating element illustrated is for a three 

phase System and is therefore shown, in Figs. 1 
and 2, as made up of three sections 7, 8, 9, of 
resistance wire laced back and forth longitudi 

of the specification illustrate a present practical 55 nally of the heater through openings 23 in the 
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ceramic insulating rings 2 engaged over the 
inner tube , in the annular Space between Said 
inner tube and the outer tube 8. 
One of the heating lines, 9, is shown in Fig. 2 

as Split at 22 for connection With a heat con 
trolling thermostat 23 set in and projecting up 
wardly from the top head 9, Fig. 1. 
A spacer ring 24 of insulating material is shown 

in Fig. 1 engaged over the return bends at the 
Upper ends of the Coils and bearing against a 
positioning or stop ring 25 attached to the inner 
tube. 
such as indicated at 2 for the end leads of the 
Several coil Sections. 

Spacing rings 2i and 28 are shown engaged 
about the flow tube below the heater unit, the 

O 

This Spacing insulator has guide openings 

upper one of the first mentioned spacers, 27, 
engaging the lower return bends of the heater 
lines, the lowermost of the Spacers, 28, resting 
On the bottom head and a helical Spring 29 
being interposed between these two sets of spacers 
to exert upward thrust holding the unit seated 
firmly against the fixed positioning ring 25. 
The last described construction, while of value 

for holding the parts definitely located in the 
Well, is of Special value for holding the parts firm 
ly but yieldingly against movement and breakage 
in Shipment of the heater. 

In the finished heater all electrical parts, in 
cluding the cable which supplies electrical energy, 
are permanently hermetically sealed within the 
annular shell of the heater. 

This is accomplished in the illustration by 
Welding the upper head 9 to the inner flow tubing 
Til at 30, by welding the outer Shealthing 8 to the 
top head at 3 and by welding the bottom head 

to the inner tubing at 32 and to the outer tube 
at 38. 

Finally and of greatest importance, the sealing 
Of the power Supply cable to the heater is effected 
by employing a flexible, solid insulation, metal 
Sheathed cable and by welding or brazing the 
metal sheathing of Such cable to a metal adapter 
Which is welded or brazed in the top head of 
the heater. Y 

In the illustration, the cable is shown as having 
a continuous, drawn copper or aluminum sheath 
ing 34 Welded, brazed or soldered at 35 in the 
mouth of the tapered nipple or adapter 36, and 
the latter is shown welded, brazed or soldiered at 
its base at 37 in the top head 9 of the heater. 
This continuous metal sheathed cable is shown 

as containing insulation 38 such as magnesium 
Oxide, holding the three conductors 39, 40, 4 , 
Separated in insulated 
Sheath is a thin, flexible shell and the wires and 
the Solid insulating material are sufficiently flex 
ible in and of themselves and in their contained 
relation. Within the sheath to bend as much as 
need be for reeling and unreeling the cable in re 
moving and replacing the heater in a well. Con 
Sequently the permanent, sealed connection of 
the cable to the heater is entirely feasible and 
practical. 
To prevent adsorption or absorption effects 

through the cable, the end of the cable which 
is Secured in the heater adapter, may be closed 
of With a Suitable permanent sealing cement, this 
accomplished by first removing some of the mag 
nesium oxide filling in the end of the sheath and 
then filling in the emptied space with the air and 
liquid-tight Sealing cement and plug of silicon 
or the like Such as indicated at 42, Fig. 1. 
The thinned adapter nipple 36 is shown extend 

ing an appreciable distance alongside the flow 
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4. 
tubing 7 so as to brace and hold the cable paral 
lel with the tubing where it emerges from the 
head of the heater, and rings or clamps may be 
applied at different points in the length of the 
flow tubing to hold the cable properly confined 
thereto. 
The leads extending from the resistance lining 

to the cable and to the thermostat may be joined 
by compression bonds 55 and suitably insulated 
as by the application of fish spine insulating 
beads thereon, as indicated at 43. 
In practice, the top head may be sealed to the 

inner tubing and the adapter sealed to the top 
head and the cable sheath sealed to the adapter 
by providing grooves for rings of silver solder 
and then brazing all these parts together in a 
Single heating operation. Similarly, the thermo 
Stat may be sealed in the top head by welding or 
Silver Soldering, as indicated at 44, Fig. 1. 
ASSenblage of the heater may be effected, after 

Securing the top head on the inner tubing, by 
mounting the insulator rings, threading the 
heater Wires therethrough, connecting the termi 
inals as indicated, locating the spacers and spring 
Over the tubing and then placing the outer tubing 
and Welding it to the upper head and welding the 
bottom head to the inner and outer tubes. 

Before finally Sealing the structure the heater 
unit may be energized and during this time the 
annular heater chamber may be vented through 
an opening 5 in the bottom head. After this 
electrical test the heater chamber may be tested 
for tightness as by introducing nitrogen gas 
through opening 45 under pressure, for example, 
of at least 2500 p. S. i. If then free of leakage 
the gas may be withdrawn and a vacuum pump 
Connected With the opening to evacuate gas and 
Inoisture, after which the opening may be closed 
With a plug 66 Welded or brazed in sealed condi 
tion. In this way the whole electrical structure 
may be permanently hermetically sealed. 
The disposition of the resistance wire in 

parallel lengths longitudinally of the heater cas 
ing provides for quick, easy assemblage and 
avoids creation of magnetic flux. This arrange 
ment also allows for expansion and contraction 
of parts and locates the heating elements where 
they will do the most good, with the inside and 
outside runs of the resistance wire, Fig. 2, trans 
mitting heat inwardly through the inner tube 
and OutWardly through the outer tube 8. With 

this arrangement, also, the heater may be made 
as long or as short as desired, simply by increas 
ing length of parts and adding insulator rings, 
or by decreasing length of parts and reducing 
the number of insulator rings. 
The Outer tubular member or shell of the 

heater, 8, may be fiuted or finned to facilitate 
heat transfer and to create thermal circulation 
for preventing formation of coke in the annular 
Space between the casing and the heater and 
for preventing formation of such coke on the 
exterior walls of the heater. 
The heater being fully open and forming, in 

effect, a continuous, full dimension portion of 
the flow tube, does not impede or impair circula. 
tion and permits full, effective pumping or pres 
Sure operations to be conducted as best suited 
for flowing the well. 
The heater may be used alone or in conjunc 

tion. With other heaters located at different levels, 
and it may be coupled in the flow tube with a 
pump either above or below it, the open passage 
through the heater providing for operation of 
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pump rods, just the same as any other portion 
of the foW tube. 
The heater also may be combined with packers 

or other accessories located above or below the 
same On the fiOW tube. 
The blank insulator or insulators above the 

heating wires protect the terminal connections 
at the top against over-heating and the blank 
insulators at the bottom serve in a like protective 
heat insulating character, resulting in a concen 
tration or localizing of heat in the intermediate 
resistance terminal Section of the heater and 
consequently a more rapid transmission of heat to 
the surrounding column or pool of liquid. 
The thermostat 23 may be set to maintain a 

mean temperature which will be most effective in 
a given formation, and this heat may be main 
tained for as long as need be to accomplish any 
desired penetration of the adjacent structure. 
The heater does not interfere With the pumping 

or production fow in any way and SO may be 
kept on while pumping or other Operations are 
in progress. Thus the heater is Suited to various 
special uses as for carrying out certain novel 
methods, as disclosed in companion Copending 
application for patent, Serial No. 133,384, filed 
December 16, 1949. 
The continuous metal sheath, flexible, Solid 

insulation cable bonded and Sealed to the heater 
and with its insulation sealed off from the heater, 
is a permanent component part of the heater, ca 
pable of continuously withstanding the tempera 
ture, pressure and other conditions encountered 
in the well and not being subject to deteriora 
ion, places no limitations on the continuing, 
heavy use of the heater. 
While primarily designed as a heater for oil 

wells, it will be realized that the invention is 
adapted for many other Special uses. Also, While 
a three phase form of heater is shown, it will be 
realized that single phase or other type heating 
may be employed. 

In the general view, Fig. 4, the heater is shown 
connected by coupling 4 to the lower end of 
a string made up of lengths of tubing 48, this 
string including a pump 49 located an appro 
priate distance above the heater. This view also 
shows how the cable may be supported and held 
in closely parallel relation to the flow tubing by 
clamps made up of companion members 50 piv 
otally connected together at One side at 5, Fig. 
6, and adjustably secured together at the opposite 
side by clamp bolts 52. At this opposite side 
the members 50 are formed with companion jaW 
extensions 53 to grip and supportingly hold the 
cable when the clamp is seated on a coupling 
47, as indicated in Fig. 4. 
To allow the clamps freedom to settle and Seat 

on the couplings, the jaw members 50 are finished 
with clearance, as shown at 54, to freely Sur 
round the tubing without actually gripping the 
Sae. 

Fig. 5 shows in greater detail how the cable 
may be integrally united and sealed to the heater. 
To facilitate the mechanical connection be 

tween the metal sheath of the cable and the 
adapter 36, that part of the cable sheath which 
enters this adapter and is braced or Supported 
therein, may be tin plated, chromium plated, or 
the like and this plating may be extended a short 
distance above the heater to prevent corrosion 
or oxidation about or near this joint. 
The plug 42 which is cemented and sealed in 

the end of the cable, has spaced passages for 
the wires, as shown in Fig. 5, in which the Wires 
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are sealed, the plug thus serving further as a 
spacer for these wires where they issue from the 
end of the cable. 
What is claimed is: 
1. A heater for oil Wells and the like as herein 

disclosed and comprising an elongated annular 
form of casing composed of an unobstructed, 
uniforn diameter, inner tubular member con 
tinuously open through from one end to the Other 
in the nature of a flow tube and having eXposed 
ends screw threaded for engagement of flow tube 
couplings whereby the same may be connected 
at any point in a length of flow tubing without 
impeding fiOW Or preventing use of pump rods or 
other equipment normally employed in flowing 
or pumping a well, an Outer tubular member and 
top and bottom heads Sealed to and ºrigidly con 
necting said inner and outer tubular members 
in hermetically sealed relationship and an elec 
tric heater disposed in the annular space between 
said inner and outer tubular members and Com 
prising insulating Supporting means and elec 
trical heating elements carried by said insulating 
supporting means and disposed longitudinally of 
said flow tube simulating inner tubular member, 
said insulating Supporting means consisting of 
ceramic rings slidably positioned Over the inner 
tubular member and having registering Openings 
disposed adjacent said inner and outer tubular 
members, respectively, and said heating elements 
consisting of lengths of heating Wire threaded 
through said openings and thereby disposed in 
closely adjoining relation to said inner and Outer 
tubular members to radiate heat inwardly to 
liquid flowing centrally up through the flow tube 
and outwardly into liquid Surrounding the outer 
tubular member. 

2. A heater for oil wells and the like as herein 
disclosed and comprising an elongated annular 
form of casing composed of an unobstructed, uni 
form diameter, inner tubular member continu 
ously open through from one end to the other in 
the nature of a flow tube and having eXposed 
ends screw threaded for engagement of flow tube 
couplings whereby the same may be connected 
at any point in a length of flow tubing without 
impeding flow or preventing use of pump rods or 
other equipment normally employed in flowing 
or pumping a well, an outer tubular member 
and top and botton heads sealed to and rigidly 
connecting said inner and outer tubular members 
in hermetically sealed relationship and an electric 
heater disposed in the annular space between Said 
inner and Outer tubular members and compris 
ing insulating supporting means and electrical 
heating elements carried by said insulating Sup 
porting means and disposed longitudinally of Said 
flow tube simulating inner tubular member and 
a thermostat connected With said electric heater 
and mounted in projecting relation on the top 
head of the heater casing between the inner foW 
tube member and the outer tubular member in 
position to stand clear of Surrounding well cas 
ing in which the heater may be used. 

3. An electric heater for oil Well comprising 
an annular heater casing having an open flow 
passage therethrough, an electric heating unit 
within said annular casing, a tubular cable 
adapter in the top of said annular casing, a cable 
having a flexible, continuous metal sheath entered 
within and brazed in Said adapter, Said cable 
having conductor wires insulated by a filling in 
the nature of magnesium oxide and a ceramic 
plug closing the end of the cable sheath within 
the heater, said plug having spacing passages for 
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the cable conductors and said plug being sealed 
in place in the end of the cable sheath and the 
conductors being sealed in said paSSages. 

4. A bottom hole heater as herein disclosed 
comprising an elongated annular heater casing 
composed of a length of flow tubing open and 
unobstructed from end to end and having the 
opposite ends exposed and Screw threaded for 
engagement of flow tube couplings, an outer, 
shorter tubular member secured in sealed spaced 
relation about said open, inner flow tubing be 
tween the screw threaded opposite ends of the 
same and defining therewith a hermetically 
sealed annular chamber, an external stop ring 
on the flow tubing Within and near one end of 
said annular chamber, rings of insulating ma 
terial slidingly engaged over Said flow tubing and 
positioned by said stop ring, said insulating rings 
having registering opening therethrough extend 
ing longitudinally of the heater casing, heater 
Wire laced through said openings and thereby 
Supported in longitudinally extending relation 
over the outside of the flow tubing but wholly 
enclosed. Within Said hernetically Sealed annular 
chamber and external electrical Supply connec 
tions to said heater wire including a hermetically 
enclosed cable hermetically sealed to the top of 
said heater Casing. 

5. A bottom hole heater as herein disclosed 
comprising an elongated annular heater casing 
Composed of a length of flow tubing open and 
unobstructed from end to end and having the 
opposite ends exposed and screw threaded for 
engagement of flow tube couplings, an Outer, 
Shorter tubular member Secured in Sealed spaced 
relation about said open, inner flow tubing be 
tween the Screw threaded opposite ends of the 
Sarne and defining thelewith a hermetically 
Sealed annular chamber, an external stop ring 
on the flow tubing Within and near one end of 
Said annular chamber, rings of insulating ma 
terial slidingly engaged over said flow tubing and 
positioned by Said stop ring, said insulating rings 
having registering openings therethrough ex 
tending longitudinally of the heater casing, heat 
er Wire laced through said openings and thereby 
Supported in longitudinally extending relation 
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over the outside of the flow tubing but wholly 
enclosed within said hermetically sealed annular 
chamber and external electrical supply connec 
tions to said heater wire including a hermetically 
enclosed cable hermetically sealed to the top of 
Said heater casing, said stop ring being disposed 
near the upper end of the annular chamber, a 
coiled Spring about the flow tubing in the lower 
end of the annular chamber for yielding support 
ing the insulating rings, said heater wire having 
return loops at the upper and lower ends where 
it is laced through the registering openings in the 
insulating rings, and abutment rings of insulat 
ing material overstanding said return loops of 
the heater wire and engaging the stop ring at 
the top and being supported by said supporting 
Spring at the bottom. 

CHARLES S. ACKLEY. 
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