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Reissued Feb. 28, 1950 Re. 23,199 

UNITED STATES PATENT OFFICE 
NSULATION LENING FOR CONOUTS, 

Albert L. Baker, Summit, N.J., assignor to The 
M. W. Kellogg Company, New York, N. Y., a 
corporation of Delaware 

Original No. 2,369,204, dated February 13, 1945, 
Serial No. 440,922, April 29, 1942, which is a 
division of Serial No. 333,093, May 3, 1940. Ap 
plication for reissue January 24, 1946, Serial No. 
643,007 

10 Claims. 

This invention relates in general to conduits, 
vessels and the like, through which fluids, are 
conducted or in which fluids are processed and 
in particular to novel apparatus for controlling 
the transfer of heat from the fluid within the 

(C. 138—64) 
Matter enclosed in heavy brackets. appears in the original patent but forms no part of this 

reissue specification; matter printed in italics indicates the additions made by reissue 

2 
losses: are substantially reduced and minimized. 
I have further found that the arrangements emi 
ployed for effecting the heat, transfer control, 
When used in, conduits or vessels handling either 
condensable or non-condensable materials, also 

conduit or vessel to the atmosphere or other ex- 5 result in a Substantial reduction of the: heat 
ternal medium. This application is a division of losses. 
application Serial No. 333,093, filed May 3, 1940, It is, a primary object of this.invention to pro 
now abandoned. wide: a novel insulation liner adapted to line the 

It is now quite usual in nany arts, Such as 10 inside surfaces of the Walls of conduits, or West 
the power plant, chemical, petroleum refining, Sels, which is of cheap; and simple construction, 
and similar arts, to provide conduit.S. and Vessels may be easily and cheaply applied and makes 
for handling materials in the gas, or vapor, full use of the insulation value of the insulating 
phase at extremely high temperatures, and gen- material employed. 
erally also under the extreme pressures. 5 It, is also a primary object. of the invention 
Temperatures of 1000 F., and more, and pres: to provide, a novel insulation liner adapted to 
Sures of 1000-lb.S. per square inch, and more, are be: positioned against, the inside surfaces of the 
not uncommon. The materials handled, fur- Walls: of conduits, or vessels, which includes: an 
thermore, are often of a corrosive, nature. inner metal wall, that may be of non-corrosive 
The fabricators of the conduits and Vessels for 20 metal; in contact with the bulk of the materials 

this class of service have found that carbon handled in the conduit, or vessei, the metal wall 
steel, primarily because of its low creep-strength being: such... that, it allows pressure equalization 
and inferior corrosion resistance at the operat- across the full cross-section of the conduit, or 
ing temperatures, is not the best material for vessel, including the portion thereof occupied by 
the purpose and have turned to alloys of superior 25 the lining, and relative movement between the 
high temperature creep-strength and corrosion components of the lining so that in operation the 
resistance. These alloys aside from the Special lining components are under no stress, due either 
properties, just mentioned, are generally not as to, thermal expansion or pressure; the lining, 
desirable as carbon steel as they are: much: more furthermore, being such that the temperature 
expensive, are more difficult to fabricate, require 30 of the metal, of the conduit, or vessel, Walls, is 
expensive heat. treatment to bring out their reduced materially below that of the material 
special properties and are more difficult to main- handled: whereby when media at high tempera 
tain and repair. ture are handled the: expansion and thermal 

Because of the extreme service temperatures StreSSes in the conduit, or vessel, walls are mate 
it is usual to insulate conduits and vessels of 35 rially reduced and the vessels, or conduits, may 
this type by covering their outside. Surfaces With be Safely fabricated from ordinary materials and 
suitable insulating materials. The cost of in- designed for operation within well known limits 
sulating in this manner is relatively high. Of tenperature and pressure. 

I have found, when handling materials that It is also an important object, of this invention 
are made up of condensable constituents in the 40 to provide a novel insulation liner adapted to 
gas or vapor phase, or include both con- be positioned against the inside surfaces of the 
densable and non-condensable constituents, in walls, of conduits, or vessels, which is made up 
the gas, or vapor, phase, that by the proper of a plurality of connected sections, each of the 
control of the transfer of heat from the high Sections, however, being capable of limited in 
temperature material within the conduit, or ves- 45 dependent movement, each section including an 
sel, to the metal walls, the metal of the walls inner and an outer jacket between which is po 
can easily be kept within the temperatures sitioned the insulating material, each of the 
range wherein carbon steel has satisfactory jackets having at their ends corrugations, or 
characteristics such as creep-strength. So that by equivalent stiffening elements, which serve to 
enploying this mode of heat transfer control the 50 stiffen the jackets, act, as stops for limiting the 
special properties of the costly alloys are not movement of the sections and serve to hold: the 
required and the conduits and vessels can safely insulating material in position; the jackets be 
be made of carbon steel. I have also found that, ing provided with passageways therein, for pres 
with the materials above mentioned, by the Sure, equalization. 
proper control of the heat, transfer the heat 55 The further objects and advantages of thein 

  

  



3 
vention will be readily appreciated from a con 
sideration of the following detailed description 
Of the invention taken With the accompanying 
drawings, in which, 

Fig. 1 is a longitudinal Section of a pipe haV 
ing applied thereto the lining of the invention, 

Fig. 2 is a fragmentary sectional view show 
ing the manner in which adjacent sections of the 
lining are joined, 

Figs. 3 and 4 are fragmentary sectional views 
showing alternative ways of closing the flange 
ends of the lining Sections, and 

Fig. 5 is a longitudinal sectional view of a 
lined portion of a pipe that includes a connector. 
The novel apparatus of the invention is of gen 

eral application and may be applied to vessels of 
any sort that are used for any purpose. Thus, 
the novel apparatus may be used in handling liq 
uids, solids, gases, or vapors, or mixtures there 
of. When the material handled is in the gas, or 
vapor, phase it may be all condensable, or it may 
be all non-condensable, or it may include both 
condensable and non-condensable constitutents. 
While the invention is applicable to vessels and 

conduits in general, it Will be disclosed in con 
nection with a pipe. 
Thus, in Fig. 1 is shown a pipe O that includes 

a wall with flanges 2 at its ends. Pipe lo 
may be of any suitable material but usually car 
bon steel will be satisfactory. When the mate 
rials handled are sufficiently corrosive the inside 
surface of pipe O may be defined by a suitable 
corrosion resistant material Such as chrome Steel 
alloy, purenickel, etc. 
Within pipe O is an insulating liner f4. Liner 
4 is made up of a plurality of Sections each of 
which includes a pair of metal jackets 5 and 
6 separated by packed fibrous insulating mate 

rial 7 and 8. Jackets 5 and 6 may be made 
of any preferred metal suited for the intended 
service thus, both jackets may be of carbon Steel 
or both of alloy steel of special property. In high 
temperature service it is at present preferred to 
make outer jacket 5 of light gage carbon Steel 
and inner jacket 6 of a light gage corrosion re 
sistant alloy such as 14% chrone steel. The 
thickness of jackets 5 and 6 has been exag 
gerated in Figs. 1 and 5 so that the construction 
may be more clearly shown. 
Jackets 5 and 6 are formed from sheets that 

are bent to tube form. The abutting edges of the 
bent sheets form seams 30, shown in Figs. 1 and 
5, which are open to the extent required for main 
taining the pressure through the cross-section of 
pipe O substantially equal. The abutting edges 
of the bent sheets may be held together at spaced 
intervals, as by the tack Welds shown. The Width 
of seams 30 has been exaggerated for purposes 
of illustration. Outer jacket i 5 is of such a diam 
eter as to fit easily within pipe 0. Inner jacket 
6 is of such a diameter that between it and outer 

jacket 5 may be packed the insulating material 
7 and 8 necessary to secure the desired tem 

perature drop. At present, mineral wool is pre 
ferred for insulating material T and 8 as this 
material has the necessary resistance to tempera 
ture, is resistant to corrosive media, is of excel 
lent insulating quality and, because of its fibrous 
character, may be packed to various densities. Of 
the mineral wools, lead slag wool, is at present 
preferred. 
At the ends of each of the sections of liner 4 

is positioned a plug of insulation 8 of long fiber 
material; material T between plugs 8 is pref 
erably in the granular or nodulated form. The 
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long fiber plugs 8 serve to prevent movement 
of the looser material . 
AS best shown in Figs. 2, 3 and 4 each of the 

sections of jackets 5 and 6 have has rolled 
corrugations 9 and 20 provided adjacent each of 
their ends. At each end of the sections of liner 
4 corrugations 9 and 20 are so located that their 
centers are spaced somewhat along the longitu 
dinal axis of the sections. Corrugations f9 and 
20 Serve as a means for stiffening the sections of 
the jackets 5 and 6 as well as a means for hold 
ing plugs 8 in position; corrugations 20 also 
serve as expansion distribution stops as Will ap 
pear hereinafter. Equivalent Stiffening elements 
may be employed in place of corrugations 9 and 
20. 
The sections of liner 4 are preferably united 

by the joint shown in Fig. 2. In effecting this 
joint a plurality of slotted holes 2 are provided, 
preferably equally spaced, around the encircling 
one of the outer jacket sections 5 of the joint 
preferably midway between its corrugation f9 and 
its end. The encircled one of the outer jacket 
sections 5 is positioned within the encircling 
one of the outer jacket sections 5 with its end 
Separated from corrugation 9 of said encircling 
jacket section by a distance at least equal to one 
half the length of Slotted holes 2. Self-tapping 
screws 22 are positioned intermediate the ends 
of slotted holes 2 and driven into said encir 
cled jacket section. By reason of this arrange 
ment the outer jacket sections 5 have a limited 
independent longitudinal movement, when ex 
panding or contracting, before they are con 
strained to move as a unit. The encircled one 
of the inner jacket Sections 6 is positioned With 
in the encircling one of inner jacket sections 6 
With its corrugation 20 spaced from the end of 
Said encircling jacket section by a distance about 
equal to the length of slotted holes 2. With this 
arrangements corrugation 20 of said encircled 
jacket section and the end of said encircling 
jacket section act as limit stops for independ 
ent movement of their inner jacket sections dur 
ing expansion of their inner jacket sections f6 
and thus prevent warping and other distortion of 
said inner jacket sections 6. 
The sections or liner f4 that terminate at 

flanges 2 have their ends closed as shown in 
FigS. 3 or 4. In Fig. 3 the end of inner jacket 
f6 is bent outwardly to meet the end of outer 
jacket 5 and united thereto at spaced intervals 
by tack or spot welds. The end of inner jackets 
6 may be bent as shown in the solid lines or it 
may be bent as shown in the dotted lines, in 
either case cuts are made, equally spaced around 
the circumference of the end of inner jacket 16, 
so that the bending may easily be effected. In 
Fig. 4, a separate piece 23 is used to close the 
Section end. Piece 23 is formed from a tube of 
appropriate length by bending one end of its 
outwardly; again, cuts are provided equally 
Spaced around the end of the tube so that the 
bending may be easily effected. Piece 23 is spot 
or tack welded at spaced points to outer jacket 
5 and may be shaped either as shown in the 

solid lines or as shown in the dotted lines. 
It is to be particularly noted that the con 

struction of liner 4 is such that by reason of 
the open joints of the elements of the sections, 
the porous character of the insulating material 
and the perforated ends of the sections, the 
space between outer jacket 5 and the wall of 
pipe O and the space between inner jacket 6 
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and outer jacket 5 are in-free communication 
with the space within inner jacket 16 and with 
each other. Hence, the pressure will always be 
equal throughout the cross-section of the space 
Within the walls of pipe f0. It is also što be par 
ticularly noted that except at the very ends of 
liner ºlº jackets à F5 : anc él'G | aire ºüincorinected by 
metal so that throughout liner 4 the full insu 
lating value of the instilation T and i8 is made 
USe Of. 
In Fig. 5 is shown the manner in which the 

sections of liner 4 are formed to line the region 
of pipe O that includes a large connector, such 
as connector 25. Liner f! in this region is made 
in three sections 26, 27, and 28. 
Section 26 is made in the same manner as the 

end sections of liner f4 above described and its 
flange end ciosed as shown in either Fig. 3 or 
Fig. 4. The end of section 26 within pipe O is 
shaped to the contour of the intersecting cylin 
drical surfaces. This end of section 26 is closed 
as shown in Fig. 3 except that the outer jacket 
15 is bent to meet the inner jacket f6. In this 
case, as before, the bent end is provided with 
spaced cuts before bending. Section 27 is formed 
in the same way as an intermediate section of 
liner f, above described, 'except for the end below 
connector 25. This end, above the center of 
pipe C is shaped to the contour of the intersect 
ing cylindrical surfaces 'so as to closely match 
the abutting end of section 26. Below the center 
line of pipe fo the end of section 27 is formed 
to be in a plane transverse to longitudinal axis 
of pipe fo. The shaped end of section 27 is closed 
by bending outer jacket is to inner jacket f6 as 
stated in connection with section 26. Section 
28, 28 is formed in the same way as the end 

section of lining 4, above described, and its in 
side end formed to match the ends of sections 
26 and 2 in the manner described in connec 
tion with these sections. Since relative move 
ment between 'sections 26, 27 and 28 is not de 
sirable these Sections are preferably tied together 
by tack, or spot welds. 
While the lining of a cylindrical body only has 

been described it should be obvious that bodies 
of any shape may be lined in accordance with 
this teaching. 

Lining 4 is made to have such an insulating 
value that it will provide a desired temperature 
drop between the material, within inner jacket 
16, i.e., the bulk of the material handled, and 
the inside surface of the Walls of pipe. Know 
ing the operating 3 conditions, the characteristics 
of the material to be handled, as well as the char 
acteristics of the materials of lining 14 and pipe 
Í?), it is a siinple matter to calculate from known 
formulae the thickness of the insulation mate 
rial, at a preferred densityofpack, required with 
in lining 4 to give the necessary temperature 
dirOp. , 
While lining 4 is permeable to the extent 

above stated, it is not permeable to the extent 
that there is any substantial flow of the mate 
rial handled, after equilibrium, from the region 
adja, Ce:3.t the inner jacket || 6 to the region adja 
cent the Wallis of pipe 0. Thus, the heat trans 
fer that takes place by reason of the material 
handled between the Walls of pipe O and inner 
jacket is takes place to a major degree through 
conduction and radiation between quiescent, or 
at most slowly moving molecules of the material 
handled rather than by movement of the mole 
cules of the material handled. 
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. clain: 
1. A tubular insulating member, said member 

including unconnected concentrically disposed 
inner and outer metal jackets, said jackets being 
Spaced from each other to provide an annular 
Open ended chamber, Said jackets having open 
ings therein for communication with said annu 
lar chamber, and porous insulating material dis 
posed in said chamber- to provide a heat barrier 
between said jackets of substantially uniform 
heat conductivity said porous material serving 
as the Sole means for maintaining said jackets 
in their spaced relation, the insulating material 
at the ends of said chamber being felt-like and 
novable ?as a unit, žeach of said jackets being 
Corrugated adjacent their ends, said corruga 
tions being disposed in spaced planes transverse 
to the longitudinal axis of said member, said 
corrugations serving to maintain said felt-like 
i Eistulating materiai in position. 

2. An insulating member including generally 
Concentric inner and outer metal jackets spaced 
from each other to provide an open ended annular 
Cianber, porous in Sulating material disposed in 
Said annular chamber forming a continuous heat 
barrier of Substantially uniform conductivity, the 
insulating material adjacent the ends of said 
jacketS being novable as a unit, the remainder 
of the insulating raterial being subdivided into 
individually novable portions, said jackets having 
at least one passageway therein between their 
ends roviding communication with said chamber 
for pressure equalization, and means adjacent 
the ends of each of said jackets serving to stiffen 
said jackets against collapse and to maintain said 
insulation movable as a unit fixed in position. 

3. In apparatus for handling media, at elevated 
temperatures, a vessel, an insulation liner posi 
tioned adjacent the inher surface of the vessel 
walls, said liner comprising a plurality of sections 
and means Connecting adjacent Sections for in 
ited relative movement, each of said sections in 
cluding Spaced’inner and outer metal jackets, said 
iackets providing a continuous space between 
them extending for the full length of said liner, 
porous insulating material in the space between 
said jackets, the insulating material adjacent the 
ends of said jackets being movable as a unit, and 
rineans at the end of each of said jackets engag 
ing the insulating material thereat to prevent 
riovement thereof, said jackets including at least 
one opening therein through which the heated 
medium can pass for equalizing the pressure 
Within said vessel and the Space between said 
jackets. 

4. In apparatus for handling media at elevated 
temperatures, a vessel, an insulation iner formed 
of a plurality of sections disposed adjacent the 
inner Strface of the vessel walls, each of said 
sections including inner and outer metal jackets 
Spaced to provide an uninterrupted annular 
chamber, porous insulating material filling said 
annulai chamber, the insulating material adja 
cent the ends of said jacket, being felt-like; and 
mOVable as a unit, said jackets having corruga 
tions therein adjacent each of their ends exterid 
ing into Said chamber to engage said felt-like 
insulating material to restrain it against move. 
ment, said jackets having at least one opening 
therein through. Which the heated medium gain 
pass for equalizing the pressure within said ves 
sel and "Said chamber, the ends of the jackets of 
adjacent sections being telescoped within each 
other with the felt-like insulating material in 
abutment, and means connecting the telescoped 
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ends of said outer jackets, said means arranged 
to provide limited relative movement between the 
connected outer jackets. 

5. A lessel for handling media at elected ten 
peratures and di Super-atmospheric pressures, 
a heat insulating liner disposed against the inner 
walls of the vessel including a depth of permeable 
instation and partition means adapted to con 
fine the medium handled to the central Space Of 
the vessel, said partition means being incapable 
of resisting the effects of targe differences in pres 
sure on the sides thereof, said partition means 
being provided with one, or more, passageways for 
restricted foll) of the medium handled to equal 
i2e the pressure On the Sides of Sutch partition 
means, said one or more, passagedys being So 
restricted in direct over t}ze full range of tempera 
tures attained by said partition medals to present 
substantial flou of the medium handled into and 
through the Space between said partition means 
and Said if ner uvalls. 

6. A vessel for handling media at elevated tem 
peratures and at super-atmospheric pressure 
comprising, an imperaious pressure resisting Uall, 
d, seceo?ad, au)aäl spaced imauÜar°dlgy frO?ma, said im-per“2Ui 
ous vall and adapted to confine the medium hat 
died to the central Space of the essel, permedible 
insulation betteen said calls, sdid second wall be 
ing incapable of resisti72g the ejects of large dif 
ferences in pressure on the sides thereof, said Sec 
ond wall having one, or more, restricted passage 
ways therein for stificient flow) of the medium. 
handled to equalisee the pressure om. Sides tfittereof, 
said one, or more, restricted passage.Days notin 
taining their restricted ared over the full range of 
temperatures attained by said second 0.0ll lithout 
decrease sufficient to prevent foll) of material han 

10 
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25 
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35 

diled for pressure equalieation or increase sui 
cient to permit substantial floud of the material 
handled into and through the Space between said 
valls. 
7. A lessel for handling media at eleported ten 

peratures and at Super-atmospheric pressures, d. 
heat insulating liner positioned against the inner 
walls of the vessel including a depth of porous 
insulation and partition means separating the 
space occupied by said insulation from the cen 
tral space of the essel, said partition means be 
ing incapable of resisting the effects of large dif 
ferences in pressure on the Sides thereof and hav- i 
ing ome, or more, restricted passageuvays therein 
for flou) of the medium handled to equalize the 
pressure on the sides of said partition means, said 
one, or more, passageways maintaining their area 
Uithou effective dininution as the temperature 
of said partition means rises to equilibrium due 
to contact upith the material handled, and means 
supporting Said partition mea? is for Substantially 
unrestrained longitudinal and radial ecpansion. 
and contraction while maintaining said partition 
mens in di prede?ermined positional relation 
relative to the Dalls of the VeSSel. 

8. A vessel for handling media at elevated tem 
peratures and at Super-atmospheric pressures, a 
hegt insulating liner positioned against the 
inner walls of the vessel including a. wall defin 
ing member made up of a plurality of separate 
sections adapted to confine the medium handled 
to the central space of the essel and permeable 
insulation in the space between said wall defin 
ing member and the essel Dolls, Said Dall defin 
ing member being incapable of resisting the 
effects of large differences in pressure on the sides 
thereof and having one, or more, restricted pas 

40 
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sagendays therein for flop of the medium handled 
to equaliæe the pressure On the sides of Said uvall 
defining member, said. One, or more, paSSagellayS 
maintaining their effective area over the full 
range of temperatures attained by said wall de 
fining member without decrease sufficient to pre 
ent floud of the material handled for pressure 

equaliaation or increase sufficient to permit sub 
Stantial float. Of the material handled into and 
through the space between said wall defining 
member and said essel atolls, and neoIS Sup 
porting said separate sections for substantially 
unrestrained longitudinal and radial eacpansion. 
and contraction while maintaining said 'all de 
fining member in a predetermined positional re 
lation relative to the inner walls of the wessel. 

9. A lessel for handling media at elected ten 
peratures and at Super-atmospheric pressures, 
an imperious pressure resisting wall, a second 
wall spaced inwardly from said imperiots Dall 
and adapted to confine the medium handled to 
the central space of the vessel, said second wall 
being made up of a plurality of overlapping sec 
tions incapable of resisting the effects of large 
differences in pressure on the sides thereof, the 
Overlapping portions of said sections providing 
restricted passageways substantially longitudi 
nally disposed relatile to said sections for re 
stricted floaty of the medium handled therethrough 
to equaliae the pressure on the sides of said sec 
tions, said passageways maintaining their area 
Dithout effective dininition or increase over the 
full range of temperatures attained by said sec 
tions due to contact with the medium handled. 

10. A vessel for handling media at elevated 
temperatures and at sub-atmospheric pressures, 
an imperªvious pressure resisting vall, a second 
Dall spaced in Dardly from said impervious wall 
and adopted to confine the medium to the cen 
tral space of the vessel, said second wall being 
made up of a plurality of overlapping sections in 
Capable of resisting the effects of large differences 
in pressure on the sides thereof, the overlapping 
portions of said sections providing restricted pas 
Sageways disposed substantially longitudinally 
relative to said sections for restricted for of the 
medium handled therethrough to equalize the 
pressure on the sides of said sections, said pas 
Sageways maintaining their area without effec 
tive dimination or increase over the full range of 
temperatures attained by said sections due to 
Contact with the medium handled, and means 
Supporting said separate sections for substantially 
in restrained longitudinal and radial eacpansion, 
and contraction while maintaining said second 
wall in a predetermined positional relation rela 
tile to Said imperious pressure resisting wall. 

ALBERT. BAKER 
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