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This -invention .relates -'to; an .apparatys.for
heating -0il' wells whereby the. rate -of. oil flow
and :the net yield -of oil.can be increased.: More

particularly,-this invention relatés to an-appara-.

tus for the simultanecus heating and pumping
of oil wells.

Many methods have been employsd in the prior
art for heating oil wells such as by electrical
means, injecting heat transfer agents into the
well such as steam, hot oils, ete.- and by burning
natural gas in the well bore.. In general: such
methods have met with little or no commercial
success:«due .in part to the low efficiency of the
apparatus .employed and to the relatively large
amounts of energy that. were required to operate
such equipment.

It -iss an object 'of .this invention to provide
an electric heater for heating a limited portion
of an-oil-bearing formation surrounding an oil

well bore wherein g highly efficient mode of heat :

distribution is employed.

It is another -object of this invention to pro-
vide a unitary electrical heater which js readily
assembled and which requires a minimum of
maintenance. )

1t is.-another object of this invention to. pro-
vide:an electrie heater for heating oil wells which
is easily run in and .out.on the tubing of:a con-
ventional well and wherein a minimum  of prep-

aragtion is::required to.install the heater :in-a -

conventional existing well..-

It is another object of this.invention to pro-
vide -an. electrie heater for. oil wells of a unitary
construction wherein there is a mazimunmy {ransg-

fer.of heat away from the longitudinal axis.of

the: heater and a minimum transfer of heat te-
ward the oil flowing along the longitudinal axis:

It is- another object of this invention. fo pro-
vide a - well hester comprising 2 spring-loaded
mechanism for ecompensating: for differential ex-
pansion - of > one. member..of - the heater relative
to a second member.

Other ohjects of this-invention will become ap-
parent-to. those skilled.in the art as the descrip-
tion thereof preceeds.

In general; the present: invention -relates. to.a
new-electric heater for. oil -wells which .is of.a
rugged: ‘unitary construction.- In the o0il. well
heaters of-the prier art considerable -difficulty

has: been experienced:in-maintaining the heater 5

fluid-tight to prevent the entry of the:bore hole
fluids inte contact with the heating elements, il
well: brine. s.causes :seyere caorrosion -of any..of
the.exposed fittings-and often produces short eiv-
cuiting of :thesentire-heater.; The heater: of this
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invention-i$ earried on.the tubing.and is. easily:
run:in-or out.with. only. minor. adaptation of the
existing. equipment.: Electrical.energy is supplied
to the heater through .a single insuldted cable.
and is returned through a grounded cennection
to. the metal parts of the .tubing. The heater
mounting is attached.to the pump .and the core
of the heating unit.is. a central oil conducting
pipe which serves.the function. of z “skeeter bill.”
Above the heater mounting in the tubing string
is.a pump shoe lock which accepts a conventional
pump shoe and retaing the pump above the heater
in g semi-rigid position. The pump takes suction’
on a-pipe coaxially .disposed and passing down-

» wardly . through the heatirig element. to below

the liquid level in.the hore hole. Removal of
the ‘heater is effécted by removing the rodsand
pump.in a conventional manner and withdraws=
ing the tubing: upon which thé heater is carried.

Figure 1 shows a partly cross-sectional view of
an.oil well wherein an electric heater of this in-
vention is.employed for the simultaneous heat-
ing-pumping of a well and wherein the surface
of the .0il.pool is maintained somewhat below
the bottom .of the heater inh the oil sand to per-
mit a major portion of the héat to be transferred
from. the heater through the gaseous.phase.above
the.liguid level.of the pool.” The feature of trans-
ferring.heat from the heater to .the formation
surrounding the bore via an intervening gaseous
phase rather than via the pool of liquid oil forms
no part of.the present invention but is disclosed
and claimed in my copending application Serial
No.. 177,926, filled August 5,..1950.

Pigure- 2 shows..a partial cross-sectional view
of the heater assembly of this invention togethér
with the central pipe which serves as the “skéeter
bill.”?

Figure 3 shows a partial cross-sectional eleva-
tion wiew of. a means for passing the.insulated
electrical: conductor. through o suitable seal to
prevent entry of oil into the heater proper and
to.protect the electrical conductor from the high
ambient temperatures surrounding the heater.:

Figure 4 shows .a  cross-section "of Figure 2
through the plane 4—4.-

Referring. now .more particularly to Figure 1,
well casing 1 extends downwardly. from earth
surface 12 into bore hole 3§ 10 the viginity.of
the upper boundary of. oil-bearing sand i4; well
casing-!{ is.capped with tubing head i§. Tubing
i6 .is..suspended - through fubing head {5 and
passes -downwardly: through casging {i.  Tubing
16 ds. fitted-with coupling {7 to which is attached

5 pump-Jock shoe {§.. At the earih surface tubing
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18 is fitted with stuffing box 21 and stuffing ring
22 through which sucker rod 23 is permitted to
reciprceate. Sucker rod 23 is attached to a rod
haneer and walking beam assembly not shown.

Within tubing 16 and attached to sucker rod 23
is pump 25 which is attached at the lower end
to pump lock 26 insertable in and normally re-
tained by pump lock shoe (9. Heater unit 28
is suspended on skeeter bill 28 which is threaded
into the lower section of pump lock shoe 19. At
the lower end of heater 28 the skeeter bill unit is
fitted with coupling 21 which is in turn attached
to perforated section 32 which is submerged
below the liquid level of oil pool 33 in the bottoin
of bore hole 13.

Alternating current generator 40 at the earth
surface generates an alternating current which
flows through one lead 41 to a grounded con-
nection at tubing hanger 15. The other line 42
from the alternating current generator 40 passes
through a suitable packing gland 43 into normal
gas production line 44 and thence to electric
heater unit 28. The return element of heater 28
is grounded to skeeter bill 29.

Referring now more particularly to Figure 2
which shows a partial cross-sectional view of
heater unit 28, skeeter bill 29 traverses the entire
length of the heater unit and is an integral part
thereof. The lower closure member 59 is welded
to skeeter bill 289 at weld 51 which provides a
circular seal around the skeeter bill 29. Tubular
centering member 52 extends upwardly from an
upper shelf of member 58 and coaxially with
skeeter bill 29. Tubular aligning or centering
member 52 is supported on member 58 by suitable
welds 53. Upwardly from the lower member 50,
tubular centering member 52 is maintained in
coaxially alignment by supporting member 54
which is in turn welded to skeeter bill 29 by weld
55. Supporting member 54 slidably contacts the
inner surface of tubular member 52 thereby per-
mitting expansion or contraction of the tubular
member relative to skeeter bill 29. Springs 56
press on their lower side against lower member
50 and on their upper side against tubular mem-
ber 58.

Perforated disc 60 presses against the upper
end of tubular member 58 and opposes the force
of springs 58 attempting to push tubular member
58 upwardly. Perforated disc 60 is anchored to
skeeter bill 29 by suitable welds 62 which also
provide an electrical ground connection to
skeeter bill 29.

Tubular member 58 on its outer surface is
fitted with two series of spiral channels within
which are wound heating coils 63, One terminal
of the heating coil is grounded to perforated

ise §0 by suitable contact 65. The coil grounded
to contact 65 traverses one series of grooves %o
near the bottom of the tubular member 58 and
at plug 67 it is transferred into the other series
of grooves and winds upwardly on the face of
the coil. It then passes through hole 69 in tu-
bular member 58 and passes upwardly to the
conducting cable 18 to be described hereinafter.
By this method the heating coils 63 are wound
non-inductively so as to minimize the electrical
impedance thereof.

Somewhat above perforated disc 69 is mounted
upper closure member 10 which comprises the top
plate or upper closure of the heater. Closure
member 18 is fitted with hole 71 which is in turn
fitted with plug 72. Removal of plug 12 permits
compressed air or other gas to be admitted to the
inner chambers of the heater in order fo test for
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leaks after the completion of the assembly.
Member 70 is also fitted with flexible pipe 15 by
means of nipple 7T which permits egress cf elec-
trical conductor 1% passing from hole 68 in tu-
bular member 58.

The outer shell 80 of the heater is circulariy
welded to lower closure member 56 at weld 8¢
and is welded to upper ciosure member 18 at weld
82. Welds 8i and 82 completely seal the inner
chamber of the heater. Shell 80 is coated on the
inner surface with a ferro-enamel layer 85 such
as iIs used commercially. Ferro-enamel layer 85
is firmly bonded to shell 8% and provides a non-
conducting coating on the inside of the shell
which prevents electrical contact between metal-
lic shell 80 and the exposed coils 63.

Referring now more particularly to Figure 3
conductor 79 passes upwardly through nipple 77
attached to braided fiexible pipe T5. The exposed
metallic flexible joint of flexible pipe 75 is welded
to inner sleeve 90 at weld 91. OQuier sieeve 82
fits over inner sleeve 98 and is welded thereto at
circular weld 93. The upper end of outer sleeve
92 fits into one end of rubber tubingz 94 which
is secured thereto by external clamp 85. At its
upper end, rubber tubing 94 is fitted to sealing
member 100 and is secured thereto by clamp 1061.
Threaded member {62 screws into the upper
threaded end of sealing member (03 and the
beveled face thereof compresses O ring sealing
member 182 which is normally torus-shaped.
Compression of O ring 183 provides a seal be-
tween insulation (24 covering conductor (05 thus
preventing any possible oil flow downwardly be-
tween sealing member (00 and insulation (¢4
covering conductor {05.

The use of rubher tubing §4 serves to provide
a junction for splicing high temaperature insu-
lated conducting wire 19 with the low tempera-
ture, general purpose insulated conductor (05
insulated by insulating sheath 184, In the usual
method wire 79 is brought out of tke heater 28
through nipple 17 and flexible pipe T5 fitted with
inner sleeve 89 and oufer sleeve 82. The high
temperature conductor is then spliced to the low
temperature conductor fitted through the seal
provided by sealing member {89 and rubber tub-
ing 94 is then fitted over the splice and clamped
into position.

Referring now more particularly to the method
of assembling the heated unit shown in Figure
2, the following method has been found most
suitable. A pipe of suitable dimensions is se-
lected for skeeter bill 28 and the lower closure
member 50 with a suifakle opening for insertion
of skeeter bill 29 is slid over the skeeter bill and
is welded at weld 5{. Supporting disc 58 is
thereafter welded to skeeter bill 28 by weld 55
a suitable distance upwardly from lower clo-
sure member 50. Thereafter the tubular align-
ing member 52 is fitted into place and welded
abt 53 and compression springs 56 are next fit-
ted over skeeter bill 29 and placed in contact
with lower member 50. Coil form 53 with mount-
ed coils 63 is fitted over tubular member 52.
Perforated disc 60 is fitted over skeeter bill 29
and is pressed downwardly against coil form 58
so as to put compression springs 56 under par-
tial compression. With compression being
maintained against springs 55, weld 62 is made,
thereby fastening perforated disc 66 to skeeter
hill 298. If desired, suitable transverse pins 8%
may be employed to pin coil form 58 to perfo-
rated disc 60 to prevent rotation of coil form
58 relative to skeeter bill 29. The appropriate
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~eoil terminals aré-hrought’ out*throvgh the:per-
forations of perforated-disé“60:and-contact 68
is established and the. other coilistermirial is
“brought~out*from*thé*lower*chamber, “Upper

“elosure~metnber’ 1§ is-next fdstenedstoiskeeter »

“bill :29-by weld” 81.” TFhecoil terminal fromicoil
“form--hole’ 69+isbrought=out“through? fiekible
~pipe*15-and through’ the-apparatus'shown ‘gen-
~erally in“Figure: 3. " Tubular-shell: 80 maintain-

“ing--bonded “ferro-enamelvon tits<inmert:face; st

“then:'slid- over ‘the. tworend ‘closures and welds
<8 iand~82 are made’ thefeby:completely:sedling
“the-inner- chambers ‘of \the:heater. < Compressed
~gag isrintroduced’ throughturiplugzed-opening 12
“jnrgrder to chéckiithe walls: agaitist leaks ol-:
Hlowing’ the: leak testing;“plug I 2:isvreplaced:and
“the-apparatusisreadyfor:installatiominithewell
thore.

“Tn the installation:of heater; 28rinitheiman-~

wper shown - in ' Riguré. 1, perforated:pipe~32-and:

- nipplé’ 3l are attached-to thelower-end: of heater
+98. “"The-tubing: string :made up ~“of :pump: lock
-shoe 19, coupling ' T:and:tubing ™ 6:+is: ‘attached

to the upper end of heaten:28 -and:the whole:is

‘lowered. into - the wwellizhore u:by s conventional::

~means:-with rsuitableprovision vbeing* made-for
—paying oubt conduector :cable' 42, rSuitable: means
-sgresused. for:clamping: the cable:xtosthe tubing.

The pump 25 and bottom pump:tock 26-are:run

-Anson 'sucker-rods:23vin: asconventional: manner.:

AInsthéesCut Bank, Montana;sarea: g well-which
~was cproducing aboutrtwelve:barrels; perday.iof
U:38% - APIL. gravity, highly parafiinicrerude oilvwas

-gelected-for electric hedting experiments.” When
~the well*was produced without heating; the-tem-
-.perature ‘of the.oil pooliwas 70% Firand the for-
“mation’” temperature ‘at: g point rremoved: from
' the well- poolswas determined:tosbetabout 84> F.
“The’ thickness of the’formation:was:cabout: 9
~feet. * Upon: theinstallation: andioperation:-of
“the~electric” heater at:. ainsteady rpower-rate. of
<only-about 7 kilowatts; the:well produced: quite
~uniformly an average of 45:barrels:per.-day. for
- a-period “of '30*days during-the:-continuance:of
‘‘the ~heating-operation. “*When :the'‘heater:was
removed and the production’ofthe welliwas:ire-
- sumed-without-any hieating whiatsoever, -the:pro-
“ duetion -declineds within: a=weeks+to :only ‘about
“95-harrels-per-day.
“While the-exsgct reasons for the:success:of-this-
-experiment-are not-known=with-cértainty, it«is
heating was merely -slifficiént! to-overcome the
--glight* cooling “of~the 0il-flowing-inte ‘the- vil“pool

and to- permit+it-to-carry its -normal:comple-"

ment of wax-from the*formation without:depo-
“sitionon the bore -hole-wall ‘of "the formation.

In the particular - experimentithe  temperature

-of‘the heated-oil-poolwas" determineéd by meas-~

‘urements ‘to-be 130° F: -and’ that-of the gaseous™

~-phase above ‘the: oilpool and~in’ the-proximity
- of the heater-was -found-to pé 170> F. *The tem-
~perature bf “the oilunder’’these "coliditions:is
-sueh ‘that little -orno coking oceurs-on-the heater
“shell.
~ According ~to- apreferred mode-of operation,
-pnly &-limited amount’ of-heat-is, applied -t the
~rgil-bedring - formation. - It has been found -that
~heaters-operating at a power-level of about 0.02

“to 2.0 kilowatts per foot 'of formation-are most’

‘efficient-for ‘wax=bearing wells.

Tt i now “believed that’ the prévious attempts
-0 employ- electric- hedting have generally  met
wwith ‘failuré for"the Teason that it wastthoiight

ﬂ;6
viidetablexperiod of time and thatyif it were re-
m_oved the_well would thereadfter cohtinue’*to
rqqucei:‘at: dvhighrate for a considerable-period

-j-_‘faccupi-éduzwith’ft drastic: heating during-relatively
'fshgrtx periodsof “time @fter ‘which »periods of
eatingiithe pumbping equipment-was reinstalled
rand!thevwell. produced.. 7 Farthermore, the-heat-
‘ vthespriorzdrt ccaused-extensive ‘gas:-sepa~
ationvand:eokinglofithe: ‘vil+because ‘of the-ex-
,em"el.y:z-hfg temperatures ‘at-which ‘they were
perated Che heater. ofiithe present invention

coperatesiatreldtively rlow::temperatures with
~hghlymnifor reatidistribution:and: is: prefer-

‘5 Tablyoperatedssor
~thesheatthroughs

asirtontransfers all-oru part; 'of

rheat hesgaseoussphase rather than

#the; ltequidiphase. s The favorablesresults:attained

#by thesoperation of:this:heater are of a type-and

«magnitudeswhich: swere: not Cobtainables hereto-

e¢~foreby:employing therméthods of the: prior:art.

«In thesuse:of therpresent:heater alternating

weurrent:is: generally: preferable:ta direct:current

Toryconvenience:wof: handling : :and: availability.
:‘:E'l'ectr@}ytic: ‘corrosion :is;generally: greater:when
25-direct-current+iss.employed. . Fhe: voltages:em-
ployed:in:the:case:of alternating currents are gen-
~erally between.about 10. to-1000 volts:and prefer-
~‘ably: between.about-30:to 450-volts. - Voltazes be-
«tween about; 5101600 volts :andrpreferably. about
30+20:40:300-volts are employed:in‘the case:of direct
-enrrents.

» With-regard-to-the amount.of ‘heat:required:in
_,o;'der. to.sustain a highrate of flow:from a given
woll-bearing:sand;.it-has been’ found that usually

35~ &-heater; operating.at.a power rate:between: 0.02

»and:2.0-kilewatts of power:per-foot-of formation
stobexheated::is-«suitable. :~Preferably ‘the ppower
. rate should-be between mbout:0.1; andg. 1.0 kilo-
s«watt: pervfoot. - The gaseous phase abave the oil
‘40-poolishould: be-heated-~at least torabout:25° F.
«above:the formation-temperature:and: the oiluin
the ~well-bore . should:be:heated atlegst. about
~10°: Fesabove . the formation: temperature. - Tn
r.general: ther gaseous rhasesshould be: heated.to
45~-between about-100: F. and 200%.F;-and preferably
»bo-between 430° F, and 180° P.; the.oil.pool should
~beheated:.to between.about90%.F:and 160° F; and
preferably-between ~about...110°: F,; and-140° F.
-Where:the oil:is-heated:to.higher:temperatures
‘50 ~considerable..and.deleterious: gas-separation oc-
-eurs-and -much..coke -and; gum - derosits ‘on the
«egquipment, -which necessitates: frequent removal.

At appreciably lower temperatures ng increase
~in the.produetion rate.is ebtained.

55 It.is.thus.apparent-that there are: many spe~
c1ﬁc features. of this.invention which -contribute
.‘,:to.,the.&ouerall»;fa.vorable~result. ‘Thus by the use

of ; ferro-enamel-honded. to. the: metallic shell the

. .heat, transfer. between the.internal-heating coils
60..and i:he.,exj:ernal heat.radiating:shell is- markedly
improved over conventional forms of insulation.
Eunt;l;erm,ore,ﬁ the:use .of .such- ferro-enamels in
.layer,:foxjm:. greatly facilitates.the econstruction of
~‘’heaters. of. this..invention .and.such -insulation

=05 requires a ninimum of maintenance. While other

. .forglsm'of;heatnconducting .electrical insulation

i\‘maywbe. employed, the ferro-enamel type-is by far
«the most.favarable. ’

. ~Thé ferro-enamel layer.may.be. depaosited..on

i 0_f;,the, iron.or steel tube_by.any. suitable. conven-

“'tiofial miéthod. " One miéthod consists.of plugging

_-one.end of the tube, pouring it full, or:partially

“Lall, With @ suitable.clay-containing ferro-enamel

- Cinixture;pouringthe mixture from the tube.and

“that §-barrier-of -wax was -biilt up over a-con- 45“theréafter-firing it siich as at 1100 F. t5 form a
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hard ferro-enamel surface on the inside of the
bore of the tube.

Another feature of this invention lies in the
heat insulating barrier or barriers placed between
the heating coils and the skeeter bill. It has been
found that the greatest effectiveness of a unit of
heat is realized when the heat is transmitted by
radiation through an intervening gaseous phase
to the exposed formation face. As has been
stated hereinbefore, the gaseous phase interposed
between the heater and the formation face is
established and maintained by controlling the
rate of pumping of the liquid level in the bore
hole. It has also been found that the heat other-
wise transmitted through the walls of the skeeter
bill to the column of oil flowing upwardly there-
through to the pump is rapidly dissipated from
the oil and contributes little to increasing the
oil production of the well. In the preferred modi-
fication of the invention the coil form is of a
heat insulating variety which transfers a mini-
mum of heat from the heating coils to the inner
surface of the coil form. Furthermore, the main-
tenance of dead air space between the inner face
of the coil form and the skeeter bill also serves
to minimize heat transmission therebetween.

In one modification of the invention a solid
heat barrier may be employed between the wind-
ings and the central pipe or skeeter bill. Refer-
ring again to Figure 2, member 52 and member
54 may be deleted and coil form 58 may be fash-
ioned so that it fits snugly over skeeter hill 238
and extends to within a short distance of insu-
lation liner 85. When the coil form is thusly

fashioned of material having a low heat conduc- 3

tivity, the major portion of the heat generated

in the coils is transferred to the tubular shell 80

and thence to the coil bearing formation.
Another feature of this invention lies in the

method of mounting the coil form which is gen- °

erally fashioned of a material having a low ther-
mal rate of expansion within the metallic ele-
ments which generally have a much higher rate
of thermal expansion. Thus in the preferred
form for mounting the coil form within the
heater the top of the coil is suitably pinned
directiy or indirectly to the nearby section of the
skeeter bill while the lower end of the coil form
is pressed upwardly by the springs under com-
pression, thereby maintaining a rigid mounting,
Also, the use of the tubular aligning member fur-
ther increases the rigidity of the coil form
mounting. )

Another feature of this invention lies in the
use of a fluid-tight unitary heater construction
wherein the electric conductor is passed through
a sealing means and into the heater chamber
itself. The sealing means provides for a fluid-
tight seal between the conductor cable of the
well bore and the conductor within the heater
proper.

While only a single phase heater has been de~
scribed hereinbefore, it is apparent that 3-phase
or other polyphase heaters may be employed
similarly. For three phase electric heating three
coils are wound on a three coil form with the
lower ends of the three coils being connected
together and the upper ends being attached to
the three leads from the current source. The
same features of sealing, insulating, etc., may be
applied thereto.

The foregoing disclosure of this invention is
not to be considered as limiting since many varia-
tions may be made by those skilled in the art

10

65
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without departing from the spirit and the scope
of the following claims.

We claim:

1. A well heating apparatus comprising a cen-
tral oil-conducting conduit; an outer heat-radiat-
ing shell; an upper closure; a lower closure; said
upper and lower closures providing a fluid-tight
seal between said conduit and said shell, and
maintaining said shell coaxially disposed around
and spaced away from said conduit; a tubular
coil-form disposed between said shell and said
conduit, said coil-form having spiral grooves cut
into its outer surface to receive an electrical re-
sistance heating coil and being formed of an elec-
trical- and heat-insulating material; a coil-form
retaining member affixed to said conduit adjacent
said upper closure and receiving the upper end of
said coil-form; resilient means disposed between
the lower end of said coil-form and said lower
closure; an electrical resistance heating coil
wound in the grooves of said coil-form; and seal-
ing means for passing an insulated electrical con-
ductor through the outer surface of said appara-
tus to said heating coil.

2. An apparatus according to claim 1 wherein
that portion of the inner surface of the heat-
radiating shell which is co-extensive with the
heating coil bears a heat-conducting electrically-
insulating coating.

3. A well heating apparatus comprising a cen-
tral oil-conducting conduit; an outer heat-radiat-
ing shell; an uppeér closure; a lower closure; said
upper and lower closures providing a fluid-tight
seal between said conduit and said shell, and
maintaining said shell coaxially disposed and
spaced away from said condulf; a tubular coil-
form disposed between said shell and said cen-
duit, said coil>form having spiral grocves cut into
its outer suriace to receive an electrical resist-
ance heating coil and being formed of an clectri-
cal- and heat-insulating material; alignmens
means- affixed {o said conduit and maintaining
said coil-form spaced away from said conduit
and in close proximity to said shell; a coil-form
retaining member affixed to said conduit adjacent
said upper closure-and receiving the upper end
of said coil-form; resilient means disposed be-
tween the lower end of said coil-form and said
lower closure; an electrical resistance heating
coil non-inductively wound in the grooves of said

-coil-form;. and .sealing means for passing an in-

sulated electrical conductor through said upper
closure to said heating coil.

4. An apparatus according to claim 3 wherein
that portion of the inner surface of the heat-
radiating shell which is co-extensive with the
heating coil bears o heat-conducting electrically-
insulating coating of ferro-enamel,

5. A well heating apparatus comprising a cen-
tral oil-conducting conduit; an outer heat-radiat-
ing shell, the inner surface of which bears an
electrical-insulating heat-conducting coating; an
upper closure; a lower ciosure; said upper and
lower closures providing a fluid-tight seal be-
tween said conduit and said shell, and maintain-
ing said sheil coaxially disposed around and
spaced away from said conduit; a tubular align-
ing member having its lower end affixed to said
lower closure and having its upper end slidably
engaging a transverse disc-like support affixed to
said conduit, said aligning member being coaxi-
ally disposed to and spaced away from said con-
duit; a tubular coil-form disposed between said
aligning member and said outer shell, said coil-
form having spiral grooves cut into its outer sur-
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face for receiving an electrical resistance heat-
ing coil and being formed of an electrical- and
heat-insulating material; a coil-form retaining
member affixed to said conduit and receiving the
upper end of said coil-form; resilient means dis- &
posed between the lower end of said coil-form
and said lower closure; an electric resistance heat-
ing coil non-inductively wound in the grooves of
said coil-form; and sealing means for passing an
insulated electrical conductor through said upper 10
closure to said heating coil.

CLAYTON A. CARPENTER.

RICHARD 8. CROG.
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