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The Magnesia Insulation Manufacturers Association —
MIMA —was formed in 1944 by producers of 855; Magnesia
thermal insulation. Its objectives are to contribute to greater
production economy in industry through the encouragement
of research and education on heat insulatios materials and
their application, embodying product improvement and eval-
uation, fuel conservation and engineering practice.

In 1849, the Association published and distributed the frst
comprehensive manual on 855 Magnesia thermal insulation.

. Since that time, new information of interest to all users of the
manual bas become available, and some of the original mate-
rial is no longer in accord with current insulating practice.
In this second edition of the manual, the contents have been

brought up to date in every respect.

In addition to the manual, the Association publishes a
quarterly bulletin, MIMA NEWS, reporting cusrent develop-
ments and uses of 85 Magnesia. This is available to anyone
interested. Case histories of insulation applications in various
fields also are available.

ASSOCIATION MEMBERS

The Philip Carey Manufacturing Company Keasbeyv & Mattison Company
Ehret Magnesia Manufacturing Company Mundet Cork Corporation
Johns-Manville Sales Corporation Pabco Products Incorporated

THE MAGNESIA INSULATION MANUFACTURERS ASSOCIATION

1317 F STREET, K.W. WASHINGTON 4, D. C.
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2....85% Magnesig
conserves it in the pip.
ing and equipment of
most public wutility
power plants . .

3....85% Magnen‘a main-
lains critical temperatures
inantibiotics laboratories...
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85% MAGNESIA INSULATION

As a footnote to insulation history, the develop-
ment of 85% Magnesia is generally credited to a
Philadelphian in the 1860's. It is significant that the
Philadelphian had chronic stomach trouble, and also
that he was in the insulation business. To ease his
pains, he used to eat pieces of magnesium carbonate,

which was known at that time only for its medicinal -

properties. By chance one day he left a solid block
of his medicine on top of a hot stove, Upon return-
ing. he was surprised to find the top of the block
quite cool, although the side in contact with the stove
was much too hot to touch.

The possibilities of the material were clear to him
immediately, but be also knew that the heavy, chalky
mineral would have to be made lighter and stronger.
This he proceeded to attempt, carrving out a number
of experiments over a period of vears. Success came
in 1886, when he was granted a patent on an insulat-
ing material composed of magnesium carbonate with
a fbrous binder. Thus, Hiram Hanmore developed

2 new thermal insulation which was eventually to-

become the most widely used product in its Seld.

Manufacturers soon standardized on the compo-
"sition of the new product, using not less than 85%
basic carbonate of magnesia with asbestos fiber as
the binder. In use, its name was quickly shortened to
“85% Magnesia.” -
Although this story tells us what 85% Magnesia
thermal insulation is, it does not explain its remark-
able properties. And it fails, of course, to briog his-

tory up to date because todav’s 85 % Magnesia bears
about as much resemblance to Hiram Hanmore's
product as a2 modern central power station does to
the first Edison station in New York—where, by the
way, magnesia insulation was used, ’

In the 70-0dd vears since Hiram Haonmoze pro-
duced the first magnesia insulation, much has beer
learned about the chemical and phvsical pature of

* the material, and over that span this koowledge has

been applied to product improvement. Today, 85%
Magnesia is much lighter in density, and has better
insulating properties, than its 1886 prototype. The
chaoges have taken place as new laboratory tech-
vigues and equipment have been developed, and as
more koowledge has been accumulated about the
theory of thermal insulation.

"“DEAD” AIR AS AN INSULATOR

It is well known that to be effective ap insulating
material should contain a high proportion of dead
air space. In simple terms, dead air means total
gbsence of convection. Dead air spaces should be
very small, numerous, and evenly distributed. In
many insulating materials the air spaces are formed
mechanically, as in products made from laminated
paper or felted Sbers. Air spaces made mechanically
are large enough to be seen by the unaided eve and.
because of their size, are relatively few in number.
Just the opposite is true of 855 Magnesia. In it the
air spaces are microscopic, and are uniformlv dis-
tributed. ' |




6. "Needle” crystals of normal carbonate of megnesia
bejore conversion into basic carbonate, 200 magni.
ficctions.

7. Normal carbonate crystals in process of “sprouting”
carbonate of magnesia,

spheroidal units of basic
300 z.

8. Mcenesia units after complete conversion to basic
cerbonate, 375 x.

§. Single unit of basic carbonate, 1,500 1, is composed
of millions of magnesia crystals (inset, 10,000 mag-
nifications).




CHEMICAL  AND PHYSICAL STRUCTURE
OF B5% MAGNESIA -~
./ To T60K aF this anothér wayd block of 85% Mag-
“nésia EpPEars to belh’irdf'snﬁd?h'aiér—;l, ‘However,
i typical cubicfoot weight énly about 12 Ibs. Yet

" pediuin - carborsite-Should ~weigh-130 Ibs, over 10
times as much. The difference in weight is due to
the fact that a cubic foot of 85% Magnesia contains
only about 10 per cent solid material by volume. The
other 90 per cent is air.

Tbe unusual ability of 85% Magnesia to retard
beat transmission is directly related to its physical
composition. Only recently has it been possible to
“see” this by the indirect method of the electron
microscope. Under the ertreme magnification pos-
sible with this pew laboratory tool, the basic physical
structure appears as a mass of spheroidal crystals.

It is evident that a2 material of this nature could
not be produced mechanically, but must be the result
of chemical change which also brings about physical

cbange. That is exactly what bappens during the

manufacturing process.

Carbonate of magnesia, before conversion into the
basic carbonate form, exists as a mass of needle-like
crystals. These crystals have an average leogth of

10. Sectional 85% Magnesia pipe insulation is produced in a wi

chemistry books say that a:cubic. fost of: solid mag- A+

sbout ope- or two-thousandths of an inch ans a
diameter of about two ten-thousandths of sn ipsk,

In this fofm, &irbonate'of magnesia is unstable, When
~heat’ is applied; the crystals give up some of their
.earbon dioxide. ¥ ng, T T ~

As this takes place, a change in structure also
occurs. Each peedle crystal “grows™ many spheroida!
erystals of basic carbooate of magnesia. Under the
continued application of beat, the process goes on
ustil the needle crystals bave been entirely converted
into the basic form of smaller, spberoidal crystals.

The crystalline structure, which even under 10,00
magnifications is hard for the untrained eve to idez-
tify, creates tens of thousands of minute air pockess
per cubic inch and gives 85% Magnesia its high
insulating value.

MOLDED FORMS

85% Magnesia is molded insulation for use op =
bot surfaces hsving temperatures up to 600 F. It is
mapufactured in semi-cylindrical sections for use
on piping and in curved segments corresponding te
the outside diameter of larger pipes and vessels. The
semicylindrical form is called sectional insulatioz.
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de range of thick-

nesses and diameters to fit standard pipe sizes. New simplified thicknesses permit
nesting for double-layer construction. Curved segments are auailable for larger pipes.




the curved form segmental insulation. It is also made
in the form of blocks for application to fiat or slightly
curved surfaces, and in ground form for use as an
insulating cement. 8% Magnesia pipe insulation is
made in simplified thicknesses to permit the use of

11. Blocks of 85%
produced in two

COMBINATION INSULATION

85% Magnesia is used to insulate surfaces up to
approximately 600 F. When surface temperatures

1 [=]

double-layer conszruction in all pipe sizes and thick-
Pesses since the outside diameter of the pipe insula-
tion is approximately the same as ‘that of standard
stee] pipe. Various sizes and thicknesses of Pipe in-
sulation are shows in Table I, page 50 .

Magnesia insulation (and diatomcceous silice) ere
lengths, four widths, end a wide range of thicknesses.

are above 600 F, it is the practice to use an inper
layer of diatomaceous silica high temperature insula-
tion composed of diatomaceous silica, mineral §ber
and inorganic binders. It is molded in the same




forms as 85%_Magnoesia, and has a temperature serv-
ice range up to 1900 F, 857 Magoesia is used for

o Whes e b Fosierals she Ead Togeiber e

diatomaceous silica is applied to'the bot surface in
sufficient thickness to reduce the temperature at its
outer surface to 600 F or Jower. The combination
total thickness used is in accordance with the desired
insulating results. This double-layer construction

’ el el Wit >l - .
~application .s..called ol xnat;‘oa ‘insulation.” The

efectively utilizes the higber beat-resistance of dia-
tomaceous silica as well as tbe Jower thermal cop-
ductivity of 85% Magpesia. R
" Combination insulation-with staggered joint cop-

“SGuction also$67vEs to ‘Prevént foint copenings due
‘to the expansion of bét piping or equipment. This
ot only avoids beat losses from exposure of bot metal
surfaces at the joints with possible scorching of can-
vas jackets or other finiching materials but also pro-
tects against & possible fire bhazard.

12. Combination insulation with inner layer of diatomaceous silica and outer layer of 859 Meg-

PHYSICAL PROPERTIES

Average figures for thermal conductvin (k fac-
tor) and density of 85 % Magnesia insul:=on are as
follows:

Density, 1b per cu ft 1z
Thermal conductivity, Btu in. per == ner sq ft
per F. ’
meantemp.JOOF. .. . ... . 0.335
400F. . 045

11

nesia produces desired heat saving on piping of any size for operating temperatures over 600 F.

S o s
g I e et T

These Egures are suitable for all general caleulations.
For specification values refer to current ASTM and
Federal specifications.

857 Magnesia is a structurally stable material; it
does pot deteriorate with age, nor does it shrink
significantly or distort regardless of the length of
time it is exposed to heat. The snug 6t and tight
joints of a good installation are therefore retained.
85% Magnesia is durable. It can withstand an appre-
ciable amount of compression and the mechanical
abuse pormally encountered. Moisture and conden-
sation do pot cause it to disintegrate. Heat savings
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have remained constant for more than 50 years in
many installations.
INSULATION FOR WET CONDITIONS

“To meet the demands for an insulation” which
would have special resistance to water damage in the
event of flooding of underground conduits contain-
ing insulated bot lives and other severe wet copdi-
tions, the Associstion and jts members developed
water resistant magnesis insulation.
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14. Direct impingement of 2,000 F flame produced

only small surjace crocks in 85%¢ Magnesia, proting
fire resistance.

peitter burn nor support combustion. Tests have
sbown that even when exposed to a 2000 F Same,
the insuJation remains intact and provides protection
of piping and equipment. ln 2 major fre at 2 large

. chemical plant, piping and equipment insulated with
85T Magovesia and subjected to several hours of
intense beat and bose streams were virtually undam-
aged Similar equipment without imsulation was
sevezely damaged.

13. Boiling water test of water resistant magnesia in-
sulation involved 378 hours of intermittent immer-
sion with no effect on insulating effectiveness.

Water resistant magoesia insulation was found by
the Pittsburgh Testing Laboratory to be “highly resis-
tant to disintegration under test conditions of con-
tinuous steamn fow while immersed in boiling water,”
This insulation was applied to a standard pipe carry-
ing steam up to 140 psig. immersed in boiling water
for 7 hours, then dried for 17 bours, and the cycle
repeated 30 times. This was followed by an addi-
tional 168-hour period of immersion, after which the
test results were summarized as follows: “All test
pieces were intact. Surfaces were considerably
rougher than original insulation. Joints were firm
and in good condition. No appreciable shrinkage at
joints and no cutting in of bands.”

: - 15. Intenscly hot fire in chemical plant failed to dam-
FIRE RESISTANCE age equipment insulated with 859 Magnesia. Unin-

Since 857 Maguesia is entirely mineral, it will sulczed equipment was destroved.
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EASE OF APPLICATION
85% Magnesis is the preferred insulation of most
skilled insulation meehanics: 1t isTeasy to cit and 5,

-very malleable despite its resistance to compression,. . :

on dificult jobs, afid it requiies
tions in shipping, storing and handling. 7 _

16. Readily cut and firted, 859 Magnesio is noted
for ease of application. '

DESIGN CONSIDERATIONS

The primary function of thermal insulation is to
conserve heat and save fuel. It is important that care-
fu) judgment be exercised in the selection of insulat-
ing materials and in the specification of proper
thicknesses. It is equally important that sound appli-
cation methods be employed, and that protection
and maintenance be given propers attention.

Insulation serves many purposes otber than con-
serving heat. It is essential to process temperature
control. it helps maintain comfortable temperatures
in enclosed areas containing hot equipment; it pro-
tects personnel from being burned,; it protects against
fire or £re damage, and it prevents undesirable con-
densation in hot Bues, ducts and other equipment.

These and other purposes of insulation should be
considered in the planning and engineering of all
types of structures and equipment. Advance consid-
eration of the insulation requirements will simplify
construction, and result in a more effcient and
Jonger-lived insulation.

The design and placement of hot piping and

17. In addition to conserving heat, 855 Magnesia
has other valuable funcztions such as helping to main-
tain comjortable workroom temperatures in this
laundry.

equipment should allow sufficient clearance for the
application and mairtenance of insulation betweer
units of equipment aoé between the equipment and
structural elements o the buiiding.

Tt—_v"

18. While basic design should place insulated piping
away from traffic locctions when possible, unavoid-
able exposures may be protected from mechanical
damage by metal fockets.




Io cases where supports for insulation, such as
angles, will be required, or where anchors for bands
and wires securing insulation are indicated, the
~ equipment manufacturer or mecbanical contractor
should be potified so that they msy be sdded at the
most expedient time and place. -

If insulated equipment and piping should be
located where they can be damaged by material han.
dling equipment such as chain boists or lift trucks,
the insulation should be covered with sheet metal
or other protective jackets,

Technical advice and assistance can be obtined
from eitber the producers of 85% Magpesia or from
any of the major insulation contractors applying 85%
Magnesia insulation. Insulation engineers in the 85 %
Magpesiz industry can assist in preparing specifica-
tions, recommending proper thickness, insulating for
eritical temperature control, or devising application
methods for unusual equipment or conditions. Be-
cause of their many years of experience with 85%
Magnesia, contractors bave developed special koow)-
edge and skills in its application.

CALCULATING ECONOMICAL THICKNESS

The economical thickpess of insulation for a'given '

set of conditions may be calculated exactly, and be-
cause it is frequently advisable to do so, the method is
explained and illustrated here. In tables of recom-
mended thicknesses, the variables which enter into
the calculation have pecessarilv been averaged to
make them valid for relatively wide temperature
ranges under average conditions. However, the eco-
nomical thickness for a givep temperature is always
a special case. The following information is required:

Annual hours of operation

Rate of insulation emortization

Cost of heat production per mil-
lion Btu

Rate of heat loss through insula-
tion in Btu per hr

Operating temperature

Applied cost of insulation per
kinear ft

Pipe size, when applicable

The calculation is carried out in several steps. It
applies equally to sectional or block insulation.

14

1t is evident that two factors, the anoual cost of
the beat Jost throughb the insulation and the annus)
cost of the insulation itself, will vary with respect
to each other as thickpess varies. While the aanual
cost of the insulation increases with thiclmess, the
cost of the heat lost decreases. The economical thick-
pess is therefore found where the value of the sum
of the two costs is at a minimum. This is illustrated
graphically below.
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TralKNESS OF INSULATION

19. Economical thickness of insulation. From “Heat
Transfer Through Insuletion in the Modercte and
High Tempercture Fields,” by L. B. McMillan.

In the formulz v = m <+ n, y is the sum of m, the
anpual cost of the beat Jost, and n, the anpual cost
of the iosulation. To obtain n, multiply the applied
cost of the insulation per linear foot by a percentage
for annua) fixed charges. To obtain m, multiply the
heat loss per linezr foot (from Table VIIA, page 55)
by the annual hours of operation; then multply
this product by the cost of beat per million Btu.
Total yearly cost (v) is the sum of m and n.

A good first approach is to find a trial thickness
by the rule of thumb which uses 34 in. of insulation
for each 100 degrees F of operating temperature. If
y is then deterrnined for several other thicknesses,
greater and lesser than the tria) thickness, compara-
tive yearly cost figures will be available. The Jowest
totz! annual cost (y) indicates the most economic
thickness.

The following example using assumed costs of
applied insulation Mustrates e typical calculation:




EXAMPLE

e "ﬂ-f;;,r,:_pf&mgﬁ.;ﬁbf éc;oﬁgmin thickpess of .pipe insulation. to- be applied to & 8 in: .
...... cme oo Steam.pipe 2t-400° F.-with-average air temperature of ‘80 F: The annual fixed:

~wiz charges.8re, 0%, the.annual bours of operatien are 6760 sod-the wast of Steamris imes:  the

= 3040 per million Btu. The insulating material is85% Magpesia. The-follawing -
.. Applied infulation_costs are assumed (representative. costs-should:be. used. for.a. -

- Specxﬁ'ccase)‘_ T , e _ coon T T I
Yinomominal L e $0.71 perilin i
B SRR . T+
2 . e e e e e vae e 1.37

3 A S X .1
" Unif heat transmissions for B5% Magnesia pipe insulation éxpressed i Btii per
linear foot per bour for various temperature differences are listed in Table VII-A in
the appendix. =~ 7 ' ’ ‘

For 1 in. 85% Magnesia: h
Step A—Annual cost of heat loss per linear foot of insulated pipe = unit beat trans-

mission (from Table 00, Page ) x annua] bours of operation x cost of beat =
129 x 6,760 hours per year x $0.40/10* = $0.452 per year.

Step B—Annual cost of insulation per linear foot of pipe = applied cost per linear
foot of insulation x fixed charges per vear = $0.71 x 10% = $0.071 per vear.
Step C~Total yearly cost (y = m + n) = $0.452 (annual beat loss cost—obtained
in Step A) <+ $0.071 (annpual insulation cost—obtained in Step B) = $0.523 per

linear foot.

Similar calculations for the other available thicknesses give the following results:

Nominol MM Bsu /lin Heot Loas Totol i, Ins. Fixed Cost/lin f1/yr
Thickness Bru/lin #1/hr frlyr Cost/lin fr/yr=% Cosr/iin h=3 Chorge/yr—$ HL & im<$
1in. 129 1.13 A52 71 07 .523
1% 96 841 336 1.00 .100 436
2 80 701 .280 1.37 137 417
2% 7i 622 249 170 Ja70 A19
3 é5 569 .228 2.08 .208 436
The economic thickness in this example would, of course, be 2 in.

The thickness of insulation for a long steam line  preventing excessive temperature rise in working
will depend upon the quantity and condition of steam  areas, or personnel protection will sometimes take
required at the delivery end of the line. - precedence over economic considerations in deter-

Other factors such as process temperature coptrol, ~ mining insulation thickness.




APPLICATION PROCEDURES

Maximum beat conservation and durability de-

pend upor the use of proper spplication procedures.

Some coptractors &nd large users-of-insulstion-have

developed their own application techniques which,
though they vary somewhat from those described

bere, may be prefeved for the eircumstances io-
volved. _ -

— -The application procedures. discussed here repre-
sent more or less stendard techniques which have
proved satisfactory over & period of many years.

20. Applications of 8590 Mognesia pipe insulation are made
easily, look neat and clean, last as long as the piping itself.
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INSULATION OF PIPING

1435 % Maguesia and distomaceous silica pipe insu
Iations are fu {in cal sections or

meters to Bf stand-

.

ard stelor wrough iron pipe 494 eopper ubing
* Single Inyer sectional insulation is supplied with a

" factory-spplied jacket of light-weight pasted canvas.

On double layer insulation, this canvas is supplied op
the outer layer only. No factory-applied canvas is
supplied on segmental insulation.

The sections or segments of insulation are carefully
fitted to the pipe with side and end joints butted
tightly together. If two layers of insulation are used,

side and end joints of the outer layer are staggered -

with respect to those of the inner layer. The insula-
tion is secured by various means and fnished as dis-
cussed in the section on Finishes.

TIE WIRES

L

ACTORY APPLIED CANVAS
SIDE LAP PASTED

77

'.fmu"n&:'l‘ [T I

-

iz, AD the case of exceptionally long vertical lines,
. where insulation weight is a factor, additional sup-
by.angles or other

" pori may be given to the insulation

e el s e e, PRI I
(0. Tl TLTT TEILIST O MILULD L
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TPIPES- 0 T :
Single Loyer: When the sections of insulation have
been £tted to the pipe, unless a difierent finish is to
be used, the side and end laps of factory-applied can-

vas gre pastedd down smoothly and the insulation may
be further secured with wires or metal bands.

. “1f the factory-applied canvas is removed, the in-
sulation is secured in place with pot Jess than three
loops of annealed iron wire per section. Ends of the
wire Joops are twisted and pressed ioto the insula-
tion.

21. Single-layer sectional insula-
tion, with joints staggered,
factorycpplied convas removed,
end sections wired in place.

22. Double-layer sectional insula-
tion, first loyer wired in ploce,
second layer held with factory-
applied canvas and metal bands.

Double Layer: The inner layer (which bas no can-
vas) is secured in place with not less than two loops
of annealed iron wire. The outer layer is then applied
with joints staggered and held in place with either
the factory-applied canvas and meta] bands, if de-
sired, or with annealed iron wire. End joints of half
sections or segments of a given layer should be in
alignment to allow freedom of movement with ther-
mal expansion of the pipe. :
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S IPES ' ‘ blocks of the same thickness as the Pipe insulation are

L ---PARA,LLH F - .. : .. fted between the edges of the sections of pipe insuls-
ipesizrilation are:ftied ayer the”  tion spd.maidsflled with insulating cement. Theeo .

snlereneeof Bach P’Pqﬁe t_::_}c_ '{&gr?"'ﬁﬁseﬁ;bl_\-'is firmly secured with rot less thanfowr

bemégfthe same tiitkness. These .\*&f"‘l'oop__s' of annealed iron wire per insulation sfcbo: ‘1::
_sections of insulation may be beld io place tem- _ The ends. of the loops are twisted tight;- b‘eﬁt"qy_e‘;, el

. ~—Porarily with adbesive. On the two sides, ibsulatiog- * and pressed-into the siirface of the insulatiop.. . -~

TIE WIRES T WIRE MESH

-----
-1

2 TIRAGN AP
g L Nnouannn

INSULATING CEMENT

SECTIONAL INSULATION 'BLOCK INSULATION
‘ ' IN JOINTS

24. Parallel piping with sectionz] and block insulation
— epplied over wire mesh wrepped around both lines.

FITTINGS AND VALVES

THE wiRES On Pipe Sizes 3% in. and Less: Fittings and valves
are covered with insulating cement, bringing tbe total
thickness to that of the insulation op the adjacent,
Ppiping.

On Pipe Sizes 4 in. and Larger: The bodies of
flanged fittings and valves, the entire surface of
screwed fittings and the entire surface up to the bop-
. pet of screwed valves are insulated with block or pipe

e Y B insulation of the same materia) and thickness as the
A R insulation on the adjacent piping. The insulation is
cunncs/g‘ S 7 carefully fitted and firmly secured i place with an-
For souts SUPPORTING INSULATION vealed iron wire, the wire being looped as many
srocx times &s necessary to make the blocks secure. When
25, Flanged valve body on piping of 4-in. diometer,  block insulation is used, a fnish coat of asbestos
insulation wired in place. cement is applied to create a smooth fnish.

SECTIONAL
INSULATION




25. Large valves insuloted with 85% Magnesia.

FLANGES

Permanent Type: Flanges are insulated in the
manner described above for Sttings and valves,
under the heading “On Pipe Sizes 4 in. and Larger.”
The flange insulation sbould extend not Jess than 2
in. over the adjacent pipe insulation on each side of
tbe flange. The annular space between pipe and
flange insulation is filled with insulating material.
Insulation on pipes is stopped short of flanges and
beveled off to permit removal of Sange bolts when
necessary. The flange insulation is applied in such 2
manper that it may be removed without damage to
the adjacent pipe insulation. :

Removable and Replacesble Type: Flange insula-
tion of this type may be either sectional or block. The
insulation is made to encircle the flange, long enough

SECTIONAL
INSULATION

TIE WIRES

CLEARANCE 3
FOR BOLTS

27. Flonged body of fitting on pipe of 4in.
dicmeter, insulation wired in place. -

to overlap the pipe iosulation by at least 2 in at
either side. '

When sectional insulation is used, each half-sec-
tion is wrapped with galvanized wire mesh and cov-

" ered with a thin layer of asbestos cement If block

insulation is used, a galvanized wire mesh frame, in
two halves, is shaped to fit the flange and covered

_with pieces of block. Wire mesh is then applied to

the outside of each balf and z laver of asbestos
cement is applied over the inside and outside of both
halves of the unit.

The two balves are then wired in place on the
flange. Pipe insulation is stopped short of Hanges
and beveled off, to permit removal of flange bolts
whep pecessary.

TIE WIRE

SECTIONAL INSULATION

/
CLEARANCE FOR BOLTS

98, Permanent type flange insulation wired in ploce. Flange insula-
tion may be removed, if necessary, without damage to pipe insulation.




294 & B. Remowblr and replacechle flange insulc.
tion may be maic of sections wrapped with wire
mesh or of broken block on. previously. shaped: wire
mesh frame. De:cl shous flange énsulction made of
broken block. : i ... . * Ty

s

- 29A S
SECTIONAL

[PUEEE———
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b

STAPLING
ASBESTOS CEMENT WIRE —

.

BROKEN BLOCX

PASTED CANVAS

SECTIONAL INSULATION

80. Flanges and nalves in condensate return piping insulzted with 8550 Magnesia.




INSULATION OF EQUIPMENT

Equipment is generally insulated with block in-
sulation. Small, irregularly shaped equipment is
insulated with block.and cement; in the same man-
mer as valves and fittings. :

When insulation is applied to the bottom surface
of equipment, an adbesive recommended by the
insulation maoufacturer may be used to hold the
blocks in place temporarily during installation.

Where vibration or otber movement makes it dif5-
cult to bold insulation applied to metal surfaces in
place by copventional means, additional support
for the insulation sy be provided, the metbod of

81. Strapping 85% Magnesia blocks to an autoclave in a pharmacewzical research center.
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securement dependiog upop the particular copdi-
tions. ~

I two or more Lavers of block are required, the
joints of each laves are staggered with those of the
preceding layer. The blocks are butted tightly to-
getber &od all voids are pointed with insulating
cement

For small and irregular surfaces, insulating cement
may be used. Whep the thickness required exceeds
% in., more than.ope coat of cement is used, the frst
being allowed to dry before the next is applied.




WATER-COOLED FURNACE WALLS

Where tubes, clamps, puts, bolts or meta) projec-
tions are exposed On the exterior side of the water
tube wall, a filler coat of insulating cement, thick

enough to cover the high points, is applied, and trow-
eled to s level surface before the insulating blocks

are apphcd

1f access to water tubes with minimum disturbance
to the insulation is desired, the insulating blocks are
placed with their longest dimension vertical. The
blocks are fastened ip place with light wire cables

and annealed iron wire lacings. The insulation may

be finished with asbestos cement or with rcmonbl: .

paoel fnish. (Sec section on Finishes.)

82. Detail of insulation on water-cooled furnace wall.




STEAM DRUMS AND DRUM HEADS

Blocks of insulation are carefully Stted and placed

against the cylindrical surface of the shell. They are
bheld securely in place with annealed iron wire laced

- through steel straps, wire .or wire: ;cables ‘drawn

CABLES
LACING WIRES

83. Cylindrical surfoce of steam drum
with double-layer insulction. Blocks may
be festened in place with wires laced
through steel straps, wire or cables an-
chored to previously affized angle.

34. Drum head with insulation wired in .
place. Lacing wires are fastened to cable
around manhole and to hairpin wires

tightly from previously installed anchorages.
Provision for securing the insulating blocks to
drum besds should also be made, preferably before
the equipment is installed. Two heavy wires or wire
cables are wrapped around the surface of the shel),

TWO CABLES
HAIRPIN WIRE

\/INSULATING BLOCK

looped through cables around drum shell. LACING WIRE CABLE

24




snd hairpin wires are ]ooped around the cables at
frequent intervals. :

: - :When the. mmlatmg :hlocks nedaemg nppzlsed,m
mealcd~mn lacing:wires: ave attachead-to the:hatrpin
M:L’I'heamuﬂmng wires ayevthencdrasepdipbtiv

., )
|
LSy

. !

57m
. ) ."

-
—

to & wire cable looped around the manhole opening
Adhesive msy be used to facilitate application of the
sinsulating. blocks.. . . : SR YITEER LY Oe L

iZ1Ap asbestos cement ﬁmsb is generally-used. {Sec
cafetionon Finishes krous S the rock or ooty (b
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35. Insulated steamn drum heads and related
equipment in boilcr room of major steel plant.




86. Insulation of nested tubes in the downtcke hecder of @ miduestorn wility.

STEAM HEADERS AND
DOWNCOMER TUBES

Steam headers are insulated with sectional or seg-
mental insulation, each laver being secured to the
header with either annealed iron wire or soft stee)
bands which are attached to angle sections welded to
the header for that purpose. The insulation may be
Bnished with asbestos cement or covered with a steel
casing. (Sec section on Finishes.)

When downcomer tubes are widely spaced, they

are insulated individually with sectional insulation.
Each laver of insulation is bound in place with
annealed wire.

Closely spaced tubes, such as the exposed portion
of division wall tubes, are enclosed in one or more
layers of insulating block, which is then covered with
hexagonal wire mesh and Snished with asbestos
cement. A removable section of insulation can be
provided to allow for periodic inspection of the tube
seats without causing damzge to the insulation.



DUCTS, BREECHINGS AND FLUES If there are wideiy spaced stifieners or otber pro-
... ... When the surface of the duct, breeching. or Bue  jections, and if expansion and contraction need not
=3-has: o stifleners or other projections, and.if no pros .

‘be considered, insulation blocks are spplied directly. 7 - -
to the surface betveen the stiffeners. If the stiffieners

ision for expansion and contraction is required, the
ipgulatioriomay. Be applied directly to the surface;s

6.pot projext bevond the jnsulatign:.the

s2Mdreefbles'or metal straps being used 10 fasten the -, &€ «'if_i’itcgfwﬁ"gﬁ:alﬁ?(@‘mb bat g UEhtgoint bet  5E
= .. insulation in place. Beading may be used on the cor- tween blocks will'be made over-the Eﬁﬁ:m"ﬁﬁgg T
“" " ners to prevent the bindings from cutting ioto the  stiffeners protrude bevond the insulation. pipe ‘or
insulation and to guard sgainst later mechbanical  block insulation is built up around the projections
damage. . and wired in place. , i

METhL qreare / / [ 3. Duct without stif-

feners, insulation ap-
plicd to duct surface

0’
INSULATING BLDCK " . and held in place with

mezial straps.

METAL STRAPS ’\
3 INSULATING BLOCK & '
Z < “’
WELDED ’ :
WIRE FABRIC \‘ i

STIFFENER

35. Insulation applied
on duct with stif.
fencrs. Welded wire
Jabric stretched over
stiffencrs  provides
foundation for the in.
sulating blocks.

27




Where the stifleners or otber projections are closelv
spaced or where provision for expansion and con-
traction is desired, metal strips or beavy iron wire
fabric may be stretched over the projections to form
a foundation for the insulation. The insulating blocks
are fastened over this foundation with wire cables
or metal straps.

An asbestos cement finish is generully nsed. (See
section on Finishes.)

Where it is necessary to insulate the interior of s
duct, breeching or flue in order to protect the mets)
surface, the particular problem must be studied and
the procedure engineered to suit the operating con-
ditions involved. ' '

39. Final stages of insulating ducts in a New England power plant.




TURBINES

" Steel anchors are welded previously to the casing
&F the turbitie -0 approxifiiatel\©16-in. centers. All
ifrepalarities: 6F thie turbife ‘SurfaTe: wreSlled "and
Jeveled "over “With efiber B5% - Magnesia~of diator
thiceots silics ‘dement, ‘deperiding upsh the tetmper-
ature imvolved. The insulating blocks sre applied
over the drv cement surface, and secured with wire

cables and annealed iron- wirelaeings; which are tied . .

to the welded anchors.
For 2 fnish, asbestos cement, asbestos cloth or

sheet metal casings mav be used. (Sece section on Fin-

ishes.)
HEATERS. AND EXCHANGERS =" = 77 = |

ruinsulstion on the: cover-plate-or-beads-of. egnip-
‘ment such.as beatersand exchangers is cut back-so
that the:bolts-can be removed without disturbing the
insulation. The heads of sbell and tube bundles

which must be opened frequently for cleaning are .

provided with removable insulation-lined sheet meta)
covers. '

4o v

et . - - - - o
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40. Sheet metol cover for heat exchanger head being lined with insulating blocks.
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Sy, ya
ANGLE IRON—/ ZINSULATING BLOCKS

\/STRAPS

41 Hon:.onzd tank insulgtion offized with me:al:rrapsancho.-edtoangze irons.

VESSELS

Horizontal Vessels: Op the cylindrical bodv of
vessels, the insulation blocks in each layer, if more
than one Javer is used, are beld in place with meta]
bands or straps, three being used per 3-ft section of
block.

If greater support is desired for insulation on the
under side of the vessel, two angle irons of the same
Jength as the vessel may be welded longitudinally to
its under side and spaced 120 deg apant, equally dis-
tant from the bottom center. The blocks are then
applied and held in place by means of bangds
anchored to the angle irons. Six bands to the block
are usually used on the bottomn third, and three bands
for the rest of the circumference.

On vessel ends, the insulation blocks are beld in
Place with wire laced over the blocks and fasteped
to0 a wire cable Jooped around the circumference of
the vessel, piping’ or other projections or behind or
through angle iron clips previously welded to the
circumference of the vessel].

The type of finish depends primarily on whether
the vessel is Jocated indoors or outdoors. (See section
on Finishes,)

42 Horizontal tank end. insulation wired to ccble
looped behind rivet heads on tank shell and to fiog:.
ing ring at tonk center.

INSULATING BLOCK
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Magnesia insulation on horizontal tank

receives first cement coat preparatory to final finish,

3. 85%



Conical and Concex Bottom Vessels: The cylindri-
ca) portions of such vessels are insulated in the same
manber as the cylindrica] portion of any otber vessel.

In the case of vessels with a cylindrical portion
more than 5 £ high, an angle iron shelf which serves
as a support for the insulation on the eylindrical por-
tion is welded to the vessel at the juncture of the cy-
Jindrical and conical or copvex bottom surfaces. The
projecting leg of the angle iron extends outward and
the welded leg extends upward.

On the conical or convex section, metal anchors
such as punched angle clips, nuts, etc., are welded
to the surface and spaced in 2 pattern of concentric
rings, with equal spacing between the anchors in
each ring and between the rings. The rings start a
few inches below the juncture of the cylindrical and
copvex or conical sections and extend to the tip of
the cone or the end of the convex section. Hairpin
wires are attached to each anchor, with the wires
projecting outward. The insulation blocks are ap-
plied and held in place with wire drawn through the
holes in the anchors. The projecting ends of the hair-
pip wires are used for anchoring cross-lacing wire
and metal wire mesh.

WELDED ANCMORS

46. Pattern of clips, studs, nuts, etc., welded to coni-
cal or convex tank bottom as anchors for insulation
bindings.

47. 85% Magnesia
block insulation on

convex bottom of ex-
traction tank,
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ROTATING EQUIPMENT AND EQUIPMENT
SUBJECT TO SUBSTANTIAL EXPANSION

Each case of equipment of this type must be stud-
jed and the application: procedure designed by an S _
insulatiop: engineer to. suitithe operating conditions. . . o i TN
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INSULATION FINISHES

Insulation is generally covered with a Enishiog
material o jacket when it s installed. The major pur-
pose of this finishing material is protection of the
insulation against injury from severe weather condi-

" tions, moisture, chemicals or mechanieal damage and

to improve appearance.
PASTED CANVAS JACKET

The light-weight, factory-applied canvas jacket on
sectionsl insulation, with metal bands #f desired,
may be used as & finish for many indoor installations.
Where greater protection is desired, the light-weight,
factory-applied canvas may be removed and a
beavier canvas used instead.

Pasted canvas jackets may also be employed on

scgmental insulation and on inculatiop spplied to
bent piping and small equipment. Asbestos cement
is usually applied to provide a smooth surface before
the canvas jacket is pasted on. L :

Adbesive is used to seal the canvas laps, the flap
being tured, wherever possible, to the least visible
side of the pipe or equipment.

Oz Banges, valves and fittings, the canvas is cut
to lsp and pasted down smoothly over the cement
coating,

If uninsulsted metal is adjacent to the insulation,
it is necessary to protect the canvas fnish from burp.
ing. The canvas is stopped a few inches short of the
end of the insulation and the exposed Jength of insy-
lation is finished with cement or asbestos cloth,

45. Low pressure steam manifold, piping and valves in a life insurance office

building insulated with 85% Maognesizo

AP ..

nd finished with o pasted convas jacket,

-t




Vertical Vessels: Thbe sides of vertical vessels are
insulated with one or more layers of blocks secured
in place with metal bands or strapping, three being
used per 3-f1 section of block On large vertical ves.
sels, to provide anchoragé for the métal strapping oF
bands, vertical angle irons are welded to the vesse] at
intervals of approximately 20 ft. The blocks are sup-
ported on circumferential angle irons welded to the
vessel at regular intervals of approximately 12 ft.

The tops of vertical vessels are insulated with
blocks beld in place with metal bands or strapping.

As in the case of borizontal vessels, the type of
finish depends on whether Jocation is indoors or out-
doors.

44. Block insulation on vertical tank. In
ectual application, blocks would be mi-
tered or pressed over horizontal and ver-
tical angle irons.
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4. Mechanics apply as-
bestos cement over insy-
lation on vertical vessel
at meat packer's by-prod-
uct plant.

FINSULATING
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SEWED CANVAS JACKET

With- the” development of improved adbesives,
1. pastédijuckets-areused more. frequently than sewed -
0 canvisThe hmprﬂmedmmﬂ
. lations.. i

Alavir of mm—siu;d orsheathing paperisapplied. :

Comng ,_-.:.
<N

- - "‘ g
PR G ;,f“‘ the —w-'-r«-s........

8-0z canvas is stretchbed over the paper and sewed in
place. The canvas is given a coat of g]ue nzmg and
painted as desired. = -

To prevent burning of t.be Canvas ﬁmsh, where
there is adjacent uninsulated metal, the canvas and
ryosin-sized paper or sheathing are stopped a few
inches sbort of the end of the insulation, and the
exposad length of insulatiop is finished with cement
or asbestos cloth.

‘f_ ,' OUTER INSULATION

over the insulation” “{wbere sectionz) insulation -is -
used,” the factory~spplied cinvas is-removed) and .

LAYER -==e

INNER LAYER -

pipe insulation.”

51, Sewred canvas ;ackds;on
piping in a mercury vapor
power plant.




LA “‘-‘“’.‘.' ot
R i TR

52. Heaters finished with asbestos cement.

ASBESTOS CEMENT FINISH

Where an asbestos cement fnish is teqtiired, as on
small equipment, the cement is applied directly to
the insulation surface and troweled to a smooth fin-
ish. For a hard finish, portland cement is mixed with

the asbestos cement. :

On large equipment, including ducts and breech-
ings, hexagonal wire mesh is drawp tightly over the
insulation to provide the reinforcing for the cement
finish, whicb is then applied as described above.
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ASPHALT-SATURATED ASBESTOS
(ROOFING) FELT

und coatéd asbestos felt.

. " beavy asphalt-saturated and coated asbestos felt is
" applied. Laps of not less than 8 in. are provided =zt
~ " all edges and side laps on vertical piping are sealed
with asphalt cement. All horizontal joints in the felt

jacket are lapped downward so as to shed water,
As the felt is applied and the laps are sealed, cor-
rOsion-resistant straps or wires ire fastened around
- the felt jacket at equal spacings of not more thas 6 in.
" If wire is used, the ends of the wire Joops are twisted
tight and turned over to avoid projections, care being
* taken pot to puncture the felt.

53, Insulated owtdoor stegm lines finished
with an asphalt saturated end coated as-
bestos felt jacket; pipe elbows are finished
with an asphaltic weatherproof compound.

~Pipe issalEnss which fequifes’ protection agiinst & feltfinish is impractical, such as Fvalation on beods,

eathering may-be finished with aSphalt-sturated” __ Bianges, valves and Ettings; s plastie Baish consisting

. Affer the insulstion has been wired on, 2 jacket of

PLASTIC WEATHERPROOFING
For weatherproofing an uneven surface for which

of asbestos fbér. nd an asphalt compound is wed ;0
Tbe plastic weatherproofing.thould-be used in'the - M
- form supplied by the insulstion manufacturer, with.

out additives, unless the manufacturer recommends

When large equipment is to be finished with plas-
tic weatherproofing, the insulation is gived a bese
coat of asbestos and portland cement and a light-
gavge galvanized l-in. wire mesb is applied over the
cement and drawn teut, with all the edges thor-
oughly tied and wired in place. The weatherproofing
plastic is then applied to a thickness of 3% in when
wet and troweled to s smooth, even surface.

Oz equipment subject to expansion such as frace
tionating towers, stills, etc., it is preferable to spply
the base coat of asbestos and portland cement and
the finish coat of weatherproofing plastic while the
vessel is bot. Where there are expansion joints i the
insulation, the finishing procedure must be specially
planned by the insulation engineers.

34. Tower in oil refinery is insulazed with 85% Magnesic end

- finished with plastic wectherproofing applied over wire sk,




REMOVABLE PANEL FINISH Panels of asbestos-cemen! board or sheet stee) are
1t is sometimes desirable to bave easy access to  spplied over the blocks. The panels are beld in place
equipment, such as the water tubes in furnace walls. by & combination of vertical end bogzontﬂ strip stee]

-— .- T

55. Remouable panels over
uater wall insulation held

REFRACTORY in place with steel battens.

S
Uil
Il
INSULATING
CEMENT
-t STEEL BATTENS ——t-e
ASBESTOS CEMENT
. BOARD OR SNEET
STEEL PANEL 4
FIRST LAYER
{ ¢ OF WMSULATING °
RoCKS
SECOMD LAYER
OF INSULATING
BLOCKS
; 55. Remotable panel finish
o ] on water tube fumare well.
L d Penels are asbestos-cement
? board, held in ploce by strip
P LN R I S steel bm. s




METAL JACKETS ASBESTOS CLOTH FINISH

 Where there is danger of mechanical damsge, Where 8 fire-resistant or. beat-resistant£inish. js

o sheet stee) jackets designed to.fitthé egdipment may _required, ‘dsbestos cloth may be used. The clotb is

e lp?hed-,ﬁmnmm:pm\nthsphng-rocﬁe&ba}u “draWn snugly over the insulation and is held io place

may be provided in the steel jacket to compensate by cementing all laps. Or the cloth msay be sewed

hufor-cirumfrential Spanision” Lbngit inal expan. = with cOpper®r brass wire. Asbestos cloth is also ap- *
& s’:on&hhig_cgah sermitted: | ;E & -~~plied over adjacent £apges. It may be painted with

.wals of approximetely 12 f¢. ' rdan!

TZ o nBreretardant paint

57. Furfural :olvenr;r;ﬁn;’ng )
unit insuloted with 859

_.Magnesia gnd diatomace-

, ous silica and finished with

: golvanized sheet metal
jockets.

- : 6. Turbine drain pipes with
3 s S-in. combination insulation
bt : and finished with an asbes.
> tos cloth jacket,




MAINTENANCE

To provide maximum insulating value, all insuls. 1. AYl equipment is inspected regularly to see that
tiop requires regular inspection and routine main- all sources of beat loss are inculated (for exam-
tenance. Ap. sdequate inspection and maintencnoe Ple, pew sections of piping). : :
7~ program. for ayerage operations €ab be described in 2 Insulation thickpess i periodically evalusted.

* mioesteps: 0 77T o e - Changes in operations or costs of fuel may war. .
rast an increase in insulation thickness.

58. Important insulation maintenonce step is inspection and repair of weather-
proof jacketing. Repainting provides greater water resistance and longer life.




3. Protective jacketing on insulation is regularly
surveyed to check for signs of mechanics), chem-
ical or othe_r._‘_dg.mazg,e. Thbere may be indications

e o S Ot B
.- MO0 protection—isrequired, . ... .

| e K Scorohed spors o jackets e thopaughs st

h ki oot g SN B U

"f?"fghled since‘they’ may indicate a erack or stuc-

. - -

T Ttural damage in the insulation underpeath.

5. Weather-resistant jackets are given periodic in-
spection for boles, tom and Joose laps, Joose or
broken wiring, and deterioration of the jacket
due to weathering or mechanical damage.

6. Weather-resistant plastic finish on outdoor £t-

... tings, vessels and other uipment is inspected
“earefully to Jocate any ;qechamcn] damage or
cracks which may permit water to seep into the
insulation. It is desirable to paint this type of
finish every five years or oftener, both to

Jengtben the life of the protective coating and
to sea) small hairline eracks,

. . 2. The insulstion is examined for mechanical dam-
Iy '.g;c_.‘.;;:bg dl,;naged insula tion umtrmm 3 re-
7.+ Placed.with. the same materia) and metbod of

£ izckecurement as-used originadlys The jaiots are

Cxpointed ‘:‘?‘f&b:ia!u_hﬁngre:nmhhabdube\yxotec-

~.-tive Binish replaced. -~ _ .. -

8. Tbe insulation is checked after aoy change ip
operations. Operating diffculties, such as leaks,

. water hammey, etc., may also cause damage to
insulation so that a prompt check-up follows
such occiirrences. - :

8.1f insulation has been saturated with water, as

- & result of fire fighting or Bood, the insulation
sbould be brought up to temperature slowly to
Prevent damage to the finish due to geperation
of steam within the insulation. :

e e



APPENDIX




HEAT TRANSMISSION AND

Heat is transmitted by radistion, by conduction
and by convection. Except in the semi-refractory and
refractory Selds, wbere radistion is of great impor-
tance, the chief concern in the design of insulation
for industrial equipment is with the means of reduc-
ing convection and eonduction to pegligible quan-
tities. ’

If it were practical, the perfect insulation for indus-
tris] equipment would be a vacuum, since there
would be po material to convect or conduct heat The
pext best thing to a vacuum is dead or poncirculsting
air. In the manufacture of insulsting materials, a
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INDUSTRIAL INSULATION

great pumber of tiny air speces or pockets are
trapped between the Sbers or crystals that make up
the body of the insulation The efiectiveness of the
insulation results from this great number of smel) air
spaces which reduce the cross-sectional ares of the
solid material and provide a multitude of surface
resistances at the boundaries of the air spaces.

1o order to measure their ability to resist the Sow
of beat, insulating materials are subjected to conduc-
tivity tests.

This is done with 85 Magnesiz and diatomaceous
silica insulation by sttaching these materials to a

60. Power control board in insulation testing laboratory.
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md.u:s;
orm dus-

tributior of best to all points on the surface of the
is provided by an automatic voltage

t

and suxlary windings provide for beat
Joss from the ends of the insulation. A uniform rate
iopu

stee] pipe equipped with interns] beater. W'
of the beater are spaczed 50 as to assure unif

apparatus

of epergy
regulstor.
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is applied on a standard

power input is gn accu
in » room kept at constant

Pipe insulatiop

61. Guarded hot plate thermal conductivity apparctus.
as

out

Tbe tests are
tempersture.

stee] surfrce, applying beat with an electrics] beater,
and measuring the rate at which electrics] epergy

must be supplied in order to maintain s uniform

temperature gradient. The
‘rte measure of the total rate of beat transfer through

the insulation.
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62. Apparatus for determining thermal conductivity of pipe insulation.
Temperatures at both boundaries of the insula-  and approved by the American Society for Testing

tion are determined by copper-constantan thermo-
cquples at the center of each foot of length and dis-
tributed around the circumference. Thermocouple
potentials are measured with a potentiometer to the
nearest one-hundredth of s millivolt. '

Blocks are tested in a similar manner, except that
they are placed against a fat steel or a refractory
surface. '

These testing procedures have been standardized

Mazterials.

Cert2in commonly held ideas concerning insula-
tion. wbep considered on the basis of heat transmis-
sion prove to be fallacious. They are as follows:

8) “Surface temperature is an accurate method of
dctermining heat loss from insulation.” Surface
temperature alone, measured either by placing
the hand op the surface or by means of thermo-
couples and thermometers, is pot 8 measure of




beat Joss. Surface temperature depends upon
the temperature of the surrounding ais, tbe
proximity of otber bot and cold objects, the na-
ture of the surface, whether dull, polished, etc.,
and the velocity of the ambient air. Air motion
Jowers surface resistance to beat transfer; stated
another way, it increases the rate of beat trans-

fer from the surface. This cools the surface to

3 Jower temperature thao it would bave under
still air conditions, so that more beat may actu-
ally be Jost with the Jower than with the higher
surface temperature. While the varisbles men-
tioned, sucb as air velocity and type of surface,
bave little efSect on the total beat transmitted
by the insulation, theyv may bave marked efects
. on the surface temperature.
b) “Air space between o hot surface ond the insu-
lation provides eficctive insulation.” A series of
tests was conducted at an industrial Liboratory
to determine the value of such air spaces. The
results indicated that ap air space is of Little
value as insulation, because circulating air car-
ries beat from the surface to the inper surface
of the insulation with but little drop in tem-
perature. Also the air space proved to be of no
value as protection against high temperature

deteroriation of either the eguipment surface or .

the insulation. It sbould be understood that air,

other than in microscopic pockets such as are
present in insulating materials, is pever “dead,”

and will aways copvect beat.

¢) “Insulaion efiects the pressure drop in o steam
linc.” Regardless of the 8uid, there is always a
pressure drop in 8 line, due to the friction be-
tween the Suid and the pipe wall. With supes-
beated steam, as best is Jost the temperature
will drop. The pressure remains constant, and
po copdensation takes place unti] the saturs-
tion temperature is reacbed for the particular
presswe involved. If the temperatwe drops any
furtber, tbe pressure will drop as well and a
certain amount of condensation will take place.
Insulation, by keeping beat Josses st a minimum,
keeps the superbeat in the steam. Under such
conditions, apy pressure drop is of a frictional
nature only and does pot reduce the tempers-
ture of the steam.

Regardiess of the thickness of insulation used, a
surprisingly large loss of steam superbest may occur
if the piping system is pot designed properly. For
instance, if a pipe size is too large for the fiow condi-
tions involved or, conversely, if the S8ow rate is too
low for the pipe size used, the cost of insulating such
& line to prevent large heat losses would be prohibi-
tive.

Tbe table which follows, giving reasonable veloci-

~ ties for stearn Bow based oo average practice, can be

used to advaptage in designing steam lines. As a gen-
eral rule, velocities ip the Jower end of the range
given are used for pipe sizes 12 in. and smaller.

IREASONABLE VELOCITIES FOR AOW
OF STEAM THROUGH PIPE

REASONABLE
CONDITION PRESSURE
OF STEAM | LbperSgin. SERVICE ;E;SCSI
Saturcted 0 wis Heoting (short lines) 4000 10 ¢,000
Setvroted S0 end vp Spistelicnvovs 6000 ® 10,000
Svperheoted 200 ont wp Smistationenvs 7.000 w 20,000

-

$Crane Company Technical Paper No. 409, Flow of Fluids.
*The velocity of sieam, in the case of boiler leads, should be
Jower than in large turbine Jeads becsuse of the stop-check
valves which are pecessarily installed in these lines. A high
velocity through the stop-check valve would canse sn exces-
give pressure drop which may be detrimental to efScient

Operation.
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HEAT: A form of energv which transfers from ope
system to a second system at lower temperature by
virtue of the temperature difierence when the two
are brought into communication. Tt

INSULATION (HEAT): A materia) having a rela-
tively high resistance to the ow of beat per unit of
thickness.

LATENT HEAT: The beat absorbed or rejected by a
substance in changing its state without changing its
temperature.

Mb, Mbh: Symbols which .represent 1000 Btu and
1000 Btu per hour, respectively.

MEAN TEMPERATURE: The arithmetic mean of
inner and outer surface temperatures of the insula-
tion.

POTENTIOMETER: An instrument for measuring or
comparing small electromotive forces.

PYROMETER: Ap instrument for measuring high
temperatures, geperally above 900 F.

RADIATION: Tbe transmission of heat through
space by wave motion.

SATURATION: Thbe condition of coexistence in
stable equilibrium of two or more distinct phases
such as steam over water from which it is being
geoerated. '

..
Le S b i e - -
LT Rt fabull 4 oo

e
LM YR T
' /

SATURATION PRESSURE: The pressure at which
vapor and liquid or vapor and solid can coexist in
stable equilibrium. - - e L
SENSIBLE HEAT: Heat -whicb”manffesﬁ ftself b)
temperature change. ' o

SPECIFIC HEAT: The pumber of units of energy re-
quired to raise the temperature of a unit mass of a
substance through 1 degree, under specified condi-
tions, such as constant pressure, constant volume, etc.

STEAM: Wiater in the vapor phase. Dry saturated
steam is steam at the saturation temperature cor-
responding to the pressure, aod containing po water
in suspension. We: scturated steam is the same as
above except that it contains water particles in sus-

" pension. Superheated steam is steam at & tempera-

ture higher than the saturation temperature cor-
responding to the pressure.

SURFACE CONDUCTANCE: The amount of beat
(Btv) tansmitted by radiation, conduction and evn-
vection from a surface to the air or liquid surround-
ing it, or vice verss, in one bour per sq ft of surface
for a diffierence in temperature of 1 degree between
the surface and the swrounding air or liquid.

THERM: 100,000 Btu. Used in the gas industry.

THERMAL RESISTANCE: The reciprocal of conduc-
tance,

THERMAL RESISTIVITY: The reciprocal of conduc-
tivaty.




‘DEFINITIONS OF TECHNICALTERMS

ABSOLUTE PRESSURE: The pressure of a system
referred to that of a perfect vacuum. It is the sum of
the gauge pressure and barometric pressure.

ABSOLUTE TEMPERATURE: A reading on the abso-
lute temperature scale. Absolute temperature is
obtained by adding 459.70 degrees to the Fahren.
beit temperature.

ATMOSPHERIC PRESSURE: The pressure indicated
by a barometer. Standard atmospheric pressure is a
presswre of 76 cm mercury, equivalent to 14.69 Ib
per 5q in. or 29.92 in. of mercury at 32 F. ,
Btu: The abbreviation for British thermal unit, a
unit of epergv. It is approximately tbe quantity of
beat required to raise the temperature of 1 Ib of
water from 63 to 64 F.

CALORIE (MEAN): For practical purposes it may
be considered as 1/100 of the heat required to raise
.. the temperature of 1 gram of water from 0 to 100 C.
The kilocalorie or large calorie is equal to 1000 gram
or small calories.

CONDUCTANCE: The amount of heat (Btu) trans-
mitted from surface to surface in one hour through
1 5q ft of a material, whatever its thickness, when the
temperature difierence is 1 F between the two sur-
faces.

CONDUCTION: Tbe transmission of beat through
and by means of matter unaccompanied by any obvi-
ous motion of the matter.

CONDUCTIVITY: Tbe amount of beat (Btu) trans-
mitted in one bour through 1 sq ft of a homogeneous
matenial 1 in. thick for a diferepce in temperature
of 1 F between the two surfaces of the material.

CONDUCTOR (HEAT): A materia] capable of read-
ily conducting beat, the opposite of an insulator or

insulation.

CONVECTION: The transmission of beat by the
circulation of a liquid or gas such as air. Copvection
may be natural or forced.

DENSITY: Mass per unit volume, géneral)y ex-
pressed as weight per unit volume, i.e., Ib percu fr

EMISSIVITY (TOTAL)Y: The ratio of the tota) beat
radiating power of a surface to that of a black body:
(idea) or perfect radiator) of the same area and at

the same temperature.

GAUGE PRESSURE: Pressure measured from st.

mospheric pressure as a base, such as steam pressure
expressed in Ib per sq in. gauge, or psig.
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TABLE Il

-

NOMINAL WEIGHTS OF WELDED AND SEAMLESS STEEL PiPE® 5
F : , S _’;

Sched | Sched Schedide = % ° * Schedule 7 | Sched]” Sched | Sched | Sifed | Sched| Sche?
10 ‘20 » 40 60 | 4] 100 120 180 | &
Noming! .
. Pipe : JThreods? [ | Threods? || e e e - LT
Size | Ploin | Plain | Ploin end Plein end Plein| Ploin | Ploin | Plein| Plein| Pleir
Ends Ends | Ends Ends | Ends Ends

(in.) | Ends | Ends | Enrds |Couplings! Ends Couplings
o2 | eas [ | em o] ==~

% B A .o

% cee 1ot .o oo | 0.3 03 |...| 05 | ... | ... b B
% R B -7 20 B K 7 AN 0.7¢ | ... R e
Y . 0.86 o8& | ... ]| 109 | ... 1.31
% . . 1.14 1. | ... le | ... 1,92
1 . - . 1.68 1.69 | ... 218 | ... 2.85

/20 RPN I .. 2.28 229 | ... 300 | ..o | Lol oo 3T
2.72 274 .. f 386 ... oo Ll ] s

1% .- e .
. . . . 3.66 3.68 .03 | ... ce . 7.45
5.80 5.82 7.67 ... | 10.0

?é e o 0 * e 0 ® & e . 8
3 .o .. <. e 7.58 7.62 .o 10.3 14.3
34 e .o g.11 9.2 ce. | 12,8
4 cus - o e . 10.8 10.9 ... 15.0 “en 19.0 ces ) 22,6
s .. 14.7 14.9 ... | 208 . «e. | 330
é e e . e 15.0 19.2 ... | 28.6 3.4 eo. | 453
8 e 22.4 24.7 25.0 | 286 28.8 35.7 | 43.4 50.9 60.7 62.8 | 74.7
10 . e 28.1 34.3 35.0 | &.5 41.2 548 | 64.4 72.0 89.2 | 105 116,
12 e 33.4 £43.8 45.0 | 53.6 55.0 73.2 | 85.¢ 108 126 14 161
140D| 368 | 457 | s46 | ... | 633 N I LA B RT: VAN TV KV 2 RV PR FYON
160D 42.1 52.3 62.6 ... | 828 N 108 137 165 193 22¢  |24)
180D | 47.4 | .0 82.0 ... | 105 e 133 |17 Xt 239 278 |304
20D| 528 | 78.6 105 ... (123 cu 167 209 25] 297 42 1374
240D 63.5 94.7 141 cee (171 .o 23 27 31 416 484 5%
DOD| %.0 |1s8 197 ‘ee N .
TASA—B35.10—193%
’Weiphu ore given in pounds per linear foot ond ere for pipe with ploin ends except for sizes which ore commerciolly

ovoiloble with thrends ond couplings for which both weights ore listed.
AThe weights for line pipe with covplings ere sliphtly grecter thon shown in Schedules 30 ond 40 end moy be found in

A.P.l. Specificetion 8.1,
Weights shown in itelics in Scheduies 30 and 40 ere identico! with weights for **

vies 60 and 80 ore identico! with weights for "‘extre strong’’ pipe.
The Schedule Numbers indicote opproximote velues of the expression 1000 X P/S. )

stondord weipht'" pipe; those in Sched.




TABLE IV

AREAS OF FLANGED FITTINGS AND EQUIVALENT PIPE LENGTHS

Figures in columns under “Arec” give surfoce orecs in squore fee!.
Figures in columns under “Pipe Lengths” give the number of fee!
of pipe which hos on orec equivclient to the orec of the fittings.

STANDARD FLANGED FITTINGS, INCLUDING ACCOMP ANYING FLANGES

Neminol Pipe | Fionged Coupling 90 Deg Ell Leng Redivs EN Tes Cross
Size, In. -
Pipe L Pips Pipe Pipe Pipe
Ares Lenprhs Aren Lengths Aree Lenpths Arso Lengths Areo Lengths
1 320 93 795 2.3 £92 2.59 1.235 3.5¢ 1.622 4,72
1Y .383 .88 957 2.20 1.054 2.49 1.481 3.40 1.943 4.47
Y A77 95 1.174 2.35 13%7 2.68 1.818 3.64 2.38 4.78
2 €72 1.08 1.45 2.6% 1.84 2.96 2.54 4.08 3.32 5.34
2% .84) 1.12 2.09 2.78 2.32 3.08 A 4.26 4.1% 5.5¢6
3 545 1.03 2.38 2.60 248 2.93 .66 3.99 4.77 5.70
34 1.122 1.07 2.98 2.8% 3.28 3.3 4.48 4,28 5.83 5.56
4 1.344 1.14 3.53 2.90 3.96 336 5.4 4.59 7.03 £.97
4% 1.474 1.13 3.95 3.01 4.4 3.38 6.07 4.63 7.87 6.00
5 1.622 1.1 4.44 3.049 5.00 3.43 6.81 4.67 8.82 6.06
é 1.82 1.04% 5.3 2.95 5.99 3.45 7.84 4.53 10.08 5.8)
7 2.17 1.097 6.17 3.09 7.3¢ 3.497 .37 4.4% 12.00 6.00
8 2.41 1.047 6.96 3.09 8.56 3.7¢9 10.55 4.47 13.44 5.96
9 3.00 1.19 8.7 3457 10.57 4.20 13.18 5.23 16.78 6.66
10 3.43 1.22 10.18 341 12,25 4.38 15.41 4.47 19.58 6.95
12 4.41 1.32 13.08 3.92 16.35 4.90 19.67 5.89 24.87 7.45
14 OD 539 1.465 16.38 4.47 2017 5.47 24.81 6.78 31.48 8.60
15 OD 6.18 1.572 18.50 4.72 22.92 583 7N 7.10 35.48 9.04
16 OD 6.69 1.60 20.17 482 25.4) 6.07 30.32 7.2 38.34 §.18
EXTRA HEAVY FLANGED FITTINGS, INCLUDING ACCOMPARYING FLANGES ——]
Neminol Pipe | Flonged Cowpling 90 Deg EIt Leng Rodius ElI Tee Cross
Size, In. Pipe Pipe Pipe Pipe Pipe
Areo Lengths Areo Lengths Atrea Lengths Areo Lengths Areo Lengths
1 438 1.273 1.015 2.95 1.083 3.148 1.575 4.578 2.07 “6.02
1% 510 1.172 1.09€ 2.524 1.340 3.08 1.925 4425 2.53 5.816
1% 727 1.459 1.332 2.674 1.874 3.762 2.6B 5.381 3.5 7.10E
2 848 | 1.363 2.01 .23 2.6 3.473 3.09 4.568 .06 6.52¢
2% 1.107 1.463 2.57 3.4 2.76 3.665 4.05 5.378 5.7 6.B65
3 1.484 1.619 3.49 3.807 3.74 4.0E 5.33 5.815 6.95 7.582
3y 1.644 1.57 3.96 3.782 4.28 4.087 6.04 5.7¢5 7.89 7.535%
4 1.914 1.624 4.64 3.938 4.99 4,236 7.07 6.001 9.24 7.543
4% 2.04 1.558 5.02 3.£34 5.4¢ £.170 7.72 5.8%7 10.07 7.6§2
5 2.18 1.457 5.47 3.756 6.02 4,134 B.52 5.85 10.§7 7.534
6 2.78 1.603 6.99 4.031 7.76 4.475 10.64 6.136 13.78 7.92¢
7 3.46 1.733 8.62 4318 ®.73 |- -4874 12.33 6.177 16.83 8.43)
8 7 1.670 976 | 4324 11.09 4.913 14.74 6.531 18.87 B.405
9 4.44 1.762 1.44° 4.54) 13.17 5,228 17.23 6.84 22.10 8.773
10 5.20 1.846 13.58 4.82 15.60 5.538 20.4) 7.245 26.26 $.322
12 6.71 2.01 17.73 5.3 18.76 5622 26.65 7.987 34 10.222
14 OD 8.30 2.26 22.31 6.08 25.70 7.02 33.63 9.8 43.18 11.75
15 0D 9.52 2.43 25.28 6.43 29.3¢ 7.47 38.04 948 48.79 12.4
16 0D 10.058 2.4 27.18 6.475 31.73 7.575 40.94 9775 52.35 12.5
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STANDARD PIPE SliES OF R:ED-BRASS AND EOPPER PlPE'

Actuc! Dimensions, In. Lb per Ft
.. Nominel . . e ) o _—
Size, in.
oD iD Woll _Red-Bross Copper
% 405 281 062 .253 2R
% .540 376 082 .447 457
% 675 495 090 627 .64}
% .840 626 107 934 955
% 1.050 .822 14 27 . 1.
1 1.315 1.063 126 ) 1.78 1.82
Y4 1.660 1.358 4 2.63 2.6%
1% 1.900 1.600 T 313 k.
2 2.375 2.063 15 4.12 4,22
2 2.875 2.501 187 5.99 6.12
3 3.500 3.063 219 8.5% 8.75
3y 4.000 3.500 .25 11.2 1.4
4 4.50 4.000 25 12.7 12.9
4% ' 5.000 4.50 250 14.1 14.5
5 5.563 5.063 .25 15.8 16.2
é 6.625 6.125 25 19.0 19.4
7 7.625 7.063 .281 24.6 25.1
8 8.625 8.001 312 3.9 3.6
9 9.625 8.937 344 3£.0 38.9
10 10.7% 10.020 2365 45.2 45,2
11 1.7 11.000 375 50.8 51.9
12 12.750 12.000 375 55.3 8.5

*From **Revere Tube ond Pipe' 194%.




TABLE V.B

DIMENSIONS AND WEIGHTS OF COPPER WATER TUBES*

Size, In. Yell
TYPE Thichness 0, in 1o Mree Wi
' Nominel Size | Acvws! OD In. halhi por Fy
K 13 K. 089 02 A «26%
Y% £25 065 <7 21 344
Y KT 045 £52 a3 418
y 875 0LS T4 43 641
1128 068 995 J78 2%
1% LIS 0685 1.245 1.217 1.04
1Y 1625 072 1.481 1.723 1.38
2 2.128 083 1.8 3.0 2.0¢
2% 2.42% 098 2438 4L57 293
3 3.128 109 2.907 6437 4.00
3Y 3.462% 0D 3.388 8.99% 5.12
4 4.128 134 325 11.868¢ 6.51
5 8.125 .160 4EDS I RES 9.47
é 6.128% .192 8.24) 25886 13.9
N 8.128 . 7.523 5182 259
0 10.125 .335 9449 nis 40.3
12 12128 495 11318 1. 854 5.3
L % .500 018 L) RV 198
% 425 Ny S48 .33 . 13
Y 0 042 H66 A .32
LA 278 045 T8 &4 -45%
1 1.128 £50 1.028 225 4658
1% 1378 .08 1.285 1.257 a8
1% - 1625 082 1.505 1779 1.14
2 2.128 070 1.985 2098 1.75
2% 2625 .080 2465 4.772 2.4
3 128 090 2.94% 6312 3.33
3y .e28 100 2428 9.213 4.29
4 4128 REY 3.908 1n.e7 5.3
[ 5128 128 4875 11.666 7.61
é 6.128 140 5.84% 2¢.832 10.2
(] $.125 200 7.728 aL.849 19.3
10 10,128 25 . 9828 72760 301
12 12125 280 11.85¢8 108.047 40.4
M 2% 2.628 085 245 R 203
3 128 072 2921 4.579 2.68
3y 3.625 083 3455 139 3.5
4 4128 095 3935 P RTY] 4.86
s 5128 109 4907 b XAR 6.68
6 6.128 .122 5521 27184 3.92
8 8.128 170 7.788 47600 16.5
10 10.125 - 212 9.701 LR AT 25.6
12 12,128 254 11607 105993 3.7

*From "Revers Tubse and Pipe™ 1949,
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TABLE V1I-A

Tt
'll"\ :

HEAT LOSS FOR 85% MAGNES!A PJPE INSULATION F'OR
' NOMlNAL PIPE SIZES ¥, INCH 'THROUGH 18 INCH®

-

ame thess )20
lyee
707}

e 1y .-7.;'“‘\

- ’”i“"‘

t

.
)

HEAT LOSS EXPRESSED IN BTU PER LINEAR FOOT
PER HOUR FOR INDICATED PIPE TEMPERATURE

Nemino! { Neming! TempofPipe, Dog F (Temparonre of Surmeunding Still Air, 8D F
Pipe Size,|insvlotion 150 200 250 300 350 400 riy 500 880 600
In Thickness, Tm Ditl Berwoen Pips ond Sormounding Still Alr, Deg F

In 70 120 a0 F ¥, o 3 370 420 &0 52

Y 1 4 17 25 33 4) 45 38 68 'z 57
1% | 14 20 e, 4 4) 45 56 &4 72

2 é 12 18 24 30 37 43 45 L3 &2

2% é 10 16 21 26 32 k¥ 42 49 &

3 3 [ 4 15 19 24 b 1o s 41 &4 52

L) 1 11 20 44 =17 € 12 70 1 3] 94 108
1% 8 16 . a4 33 40 47 57 68 75 82

2 8 14 .20 o) U & 4& 55 62 72

2% s 12 17 23 29 s 42 48 54 62

3 5 - 14 32 27 u =} 45 L") &

1 1 12 22 32 42 52 63 74 es 97 110
% 4 17 25 34 43 52 61 70 80 $C

2 8 15 22 2% 3% 44 52 81 &9 7B

2% 7 13 19 25 33 £ 47 54 81 (14

3 é 12 18 24 28 3¢ 43 50 5 &5

1% 1 17 2% 41 83 [} &% 8% 10 128 14
1% .10 - 18 27 3 46 LY (1] 75 8% L 2]

2 4 18 26 3s 45 5L &3 72 83 L «]

2% 8 15 22 k{d] 4) 52 58 é4 72 3}

3 7 4 21 28 3s 423 50 58 6 75

1y 1 16 26 40 5 113 81 92 104 124 Y44
1% 16 22 . 27 Y <} 4 6% 76 13 100 113

2 14 17 25 34 42 51 [14] 70 20 L)

2% 9 15 22 30 39 4& 5 64 73 82

3 7 14 21 28 as 43 5 L1 70 80

2 1 17 32 4 62 78 94 112 130 147 164
1% 12 4 3 49 é) 74 ¥4 100 m 7

2 9 20 31 42 52 62 73 es 9 108

2% 9 18 27 k1 45 - 85 &7 80 88 1 73

3 14 23 <} 4) 50 59 &8 76 87

®See Tablr | for otive! thicknesses of insuiation.




TABLE VII-A (Cont'd.)

HEAT LOSS FOR 85% MAGNESIA PIPE INSULATION FOR
NOMINAL PIPE SIZES : INCH THROUGH 18 INCH

TompoiPips, Dog F (Tompornrure of Surrsunding S1ill Air, 80 F)

Nemins! Neminse!
Pipe Sizs, Inmiotion 150 200 250 300 350 400 450 00 550 800
In Thickness, Tomp Diff Berween Pipe end Surrevnding Still Air, Deg F
in 70 120 270 420 arn 320 370 42 470 520
2y 1 11 3 54 7 % 104 124 s 166 202
1Y 16 29 42 58 74 113 113 114 1% 148
2 4 24 34 45 LY 70 82 %5 108 N
2% 10 19 - 38 47 5 68 | 1o} 8C 0
3 (] 17 25 3 rY 54 63 73 83 [ 7]
2 1 24 Fy 64 85 07 125 152 176 20 226
% 21 3s 49 83 75 96 113 N 145 167
2 1 o 40 53 66 8 94 109 125 142
2% 11 3 35 47 59 ra! 84 77 110 123
3 10 2 32 . 44 54 65 80 (73 104 1na
3y 1 T 24 43 62 81 100 119 141 164 189 273
1% 17 13 - 49 é5 8 97 Y14 132 151 170
2 15 a4 42 56 n 87 104 12 137 154
2% 14 25 35 45 59 74 95 102 14 126
3 12 22 32 42 53 . &5 77 %0 162 1ns
4 | 28 52 76 100 126 153 17§ 210 239 269
% 20 39 58 77 96 115 135 158 191 26
2 18 a3 48 &4 81 98 114 3 148 170
2% 13 27 41 55 77 90 10 113 12¢ 144
3 13 25 3z 49 62 75 §7 98 114 130
4% 1 29 50 n 93 120 148 174 200 228 257
1% 21 38 55 73 93 114 138 163 15} 200
2 17 32 47 62 7% 1 24 14 132 150 169 -
2% 16 ‘28 40 53 68 83 5¢ 118 mmn 147
3 13 26 a9 82 65 79 94 10§ 124 140
L) | 43 64 g5 107 138 163 193 223 255 287
1% 26 48 70 92 ns 139 166 192 220 247
2 21 3y 57 76 95 1S 136 157 17% 202
2%, 14 3 48 65 8 ®7 147 102 137 173
3 12 24 36 48 59 71 84 1] m 124
é 1 37 73 109 145 1.1 218 258 2%% 345 3%2
1% 30 56 82 106 135 163 1¢3 224 255 286
2 22 43 64 B85 104 128 152 176 200 244
2% 19 37 55 74 - 93 113 133 153 178 197
3 16 32. 48 65 82 110 17 124 153 173




TABLE VII-A (Cootd.)

FHEAT LEDSS POR BE% MAGNESIATFIPE INSULATION EDR
INOMINAL PiPE 'iéé Y INCH 'THROUGH '8 INCH

Nemino! Nemina! Towp of Pips, Deg F (To-povmn of S-nu-dln, 540 Alr, BO F) )
Pipe Size, Iasvimrion . lso 200 -250 300 350 400 ' 450 -500 -850 {800
. b RSN O Thlﬁnl.‘, PR . t..’ DIH '”..".F"._-‘ h'm-sﬂ" ‘h D;-’.. ) e s
' Ia b (] 12 ar 22 ar 420 470 520

7 ) 34 é) 1] 116 144 177 210 243 278 N3

2 28 48 7 $5 119 143 169 194 25 25

3 18 35 52 70 | 14 10§ 128 147 168 185

] % M 62 90 119 150 182 216 250 285 320

2 29 54 79 108 132 18¢% 187 216 248 28)

2% 2 43 és 87 108 129 182 178 204 N

3 1% 38 LY 75 124 Ny 139 159 m 204

9 1% 40 74 108 162 180 212 257 258 k& 14 382

2 29 L1} 8 10?7 136 168 198 226 257 288

2% 24 47 70 7] 8%} 143 165 195 222 250

3 21 42 63 84 10¢ 132 154 176 195 215

..... L L ERP SRR | SHNSP FUSRPS ST PO 118 - 182 19 230 " 2 ns 338 408
2 33 83 93 123 154 186 220 254 1o} 37

2% 26 53 80 157 1323 160 190 220 24% a7%

23 37 5 76 o4 12 132 153 173 13

12 1% 49 1 A} 133 125 219 263 an 64 426 495

2 as 73 108 134 172 20 248 284 328 370

2% 26 57 88 120 149 178 21 244 278 Nz

a3 5 7% 107 133 159 182 222 252 282

14 % 55 102 14% 196 247 25E 362 407 460 523

2 4 t ¥ 120 18 194 230 ave 327 373 . 420

2% 5 - gk 10 134 176 203 rZ L 287 an 355

3 . 28 58 8t 118 146 175 195 223 287 N2

16 1% ] 61 116 7 224 27% 332 400 46 . 833 601

2 5 92 133 175 224 274 33 402 442 482

2% 40 77 14 151 184 228 a7 34 338 - 403

- S -3 -3 = 13 147 132 166 200 237 274 313 3s2
18 % 71 132 193 254 N 38¢ 459 530 604 679

' 2 56 104 152 201 253 305 35 445 49N 837
2% 46 g5 124 164 207 25 57 344 3¢2 £40

3 37 73 . 109 146 179 25 288 30 330 386




TABLE VI1I-B
HEAT LOSS FOR 85% MAGNESIA AND DIATOMACEOUS SILICA COMBINATION
PIPE INSULATION FOR NOMINAL PIPE SIZES ¥ INCH THROUGH 18 INCH

HEAY LOSS EXPRESSED IN BTU PER LINEAR FOOT
PEX HOUR AT INDICATED PIPE TEMPERATURE

Nominel Temp ofPipe, Deg F (Temperoture of Surrounding Sill Ais, 80 F)
Nomins! | Insulction Thickness | 600 700 800 00 1000 100 1200
Pipe Size,|InnerLoyer/OuterLoyer, Temp Diff Between Pipe end Surrounding Still Air, Dep F
kn. In In. 520 620 72 820 920 1020 1"
¥ 2 None 81 100 119 1¥ 161 183 27
¥ 2 None % I 132 158 179 204 2%
] 2 None [0} 123 148 173 200 227 258
% 2 None 115 141 168 197 227 25 292
% 2 None 123 142 181 212 245 3] 316
2 1% 1 116 142 168 164 225
1} % 106 130 158 182 210
1} 2. 97 ne 141 165 “en
1% .p) 89 109 130 152
1% 3 83 102 122
2 % .. 213 248
2 2 197 223
2.": L)) X3 225
2.-: 2 190 213
3 1 1% 128 156 186 218 251
1 2 115 141 168 197 .
1= 24 106 130 155 18]
1% 3 98 120 144 165
2 1% vao _— .o 23 233 264 27
2 2 186 214
2 2% 173 199
2 3 163 188
rip] % . ee 252 284
2= 2 ... ° 233 262
3 1% 238 267
3 2 224 251
3 Yip) cen 210 237




TABLE VII.B (Cootd)

HEAT LOSS FOR 85% MAGNESIA AND DIATOMACEOUS SILICA COMBINATION
PiPE INSOEATIONCFOR NOMINAL-PIPE-SIZES'

BUTRT T LD Sy u memnes amiloiii 0 B
PR RlaliRT O BOE RIDERNGAL 8

-

>

T
L e~
i Bw @

% L oo b oAy fn-hﬁjagnx-l
P2 S S B o o § IS RO R

% INTH THROUSH T NI

I T R
b N

Nomino! w10} Jemp ofPipe,-Deg F-(Tempereturs of Surrownding Seill Alr, 80 F)
Romino! | Insulation Thickness | 600 700 800 $00 1000 1100 1200
Pipe Size, InnarLoyer JOuterLeyer, Toemp DiH Betwoon Pipe and Serrounding $till Air, Deg F
In. In. In. LY.¢ 620 720 ¥4 920 1020 u»
4 W% % 148 182 217 254 %2 .
¥ 4 2 1 197 231 S - .
1% Y- 124 - 151 180 - 210 .o L.
0 | - YOO U= S W § [ 137 164 .es e . “ee
2 % cee . - 23¢ 271 X8 k¥ O3
i SO R S - o BV 247 283 e
2 24 . . 195 229 e oo
2 3 . . 185 e e e
2% ¢, ces . ... 22 3%
- 25 .. 2 ... . |... . 269 ... 300 .
3 % “es . 274 ko7
3 2 257 - 287
3 2% 240 270
S % % 173 211 252 %5 340
- W2 . 153 189 224 262
¥ pl] 140 171 205 “en
1% 3 1229 157 189 . R
2 1% 272 313
2 2 . 249 288
2 2% . 227 ce
2 3 . 192 e .
Vor! % . e ce 332 373
25 2 . 233 258 305 343
2% 2% . 217 251 e
2% 3 . 4 234 oo ‘e
3 % . . 312 351 -
3 2 . 20 Ky,
3 25 272 05
6 1% % 189 231 277 322
% 2 172 21 253 7
1% 2 157 191 229 ...
% 3 144 177 211 .o ‘e
2 1% R .o .o an 358
2 2 . . . 283 324
2 Var] . . 257 ..
2 3 . . 240 . .
2 % . . e ‘e 372 419
2 2 . . 263 01 .. een
2 ¥.e] . 242 281




TABLE VII.B (Cont'd )

HEAT LOSS FOR 85% MAGNESIA AND DIATOMACEOUS SILICA COMBINATION
PIPE INSULATION FOR NOMINAL PIPE SIZES Y2 INCH THROUGH 18 INCH

Neminol Tomp of Pipe, Deg F (Temperoture of Surrounding Still Air, 80 F)
Nomino! | Insuletion Thickness | 600 700 800 900 1000 1100 1200
Pipe Size,[inner Loyer,[Outer Loyer, Tomp DiHf Betwoon Pipe end Surrounding Still Ais, Deg F
In. In. in. Ly.1] (¥4 720 , 8 920 1020 11
p.] 3 . .o . 226 261 .ue .
3 W .ee et ooe .o cee 352 397
3 2 cee . 322 33
3 ¥ . 332 375
3 2 08 348
8 1% % 235 293 350 &05
% 2 09 257 X5 358
1% pip! 188 230 276
% 3 171 210 251 eee e
2 1% “e 315 k' 425
2 2 284 331 382
2 2% 262 k o)
2 3 23 280 . .-
2% % ce “en “e 445 502
2% 2 313 358 cen e
4 prl 287 335
2% 3 274 313 ce .o
3 1% cen . 418 47)
3 2 383 43)
3% 17} »5 443
3% 2 - 34 410
3% il 354 39
10 1% 1% 75 338 403 42
Lir] 2 242 27 35 .o
}e] 2 216 270 322
1= 3 198 244 91 . ce.
2 % .. . 383 © 425 489
2 2 326 3z 440
2 2% 57 345 ..
2 3 275 322 .. e
- 25 1% 524 51
24 2 343 415 cen .
2y 25 334 B3
2% 3 0?7 356 - cen
3 1% . . 41 59
3 2 445 502
3 L} . 458 518
3% 2 . 424 475
3% 24 . 1 44)




TABLE VII.B (Cont'd )

HEAT lOSS FOR. 85'/- MAGNESIA AND DIATOMACEOUS SILICA COMBINATION
PIPPEI JN%ULAT!OJ’OFRO DNOM:!’NAL PIPE_SIZES Vs lNCH THROUGH IB INCH

NSV N TR o " er rvb!-u e PN O

o easd s 44 \b

Nomine! Tomp ofPopo, Dep F (Tempiareture of Surrounding Still Au, m F) [
Neminol | Insuletion - Thickness_| 600 700 800 900 1000 N 1200
PipeSize,[innerLoyer,|OvterLoyer, Temp Diff Betweon Pipe end Surreunding Still Air, Dep F
B N O D I
12 % . % 315 386 - 453 - 5-41__. . R
% 2 276 339 405 e N -
% 2 247 33 34 .o
13 3 231 284 33% cos
g Ao =t sen o o 414- . ABS_ . . 556 e
2 2 348 431 505 -
2 23 339 337 .. .
2 3 2 N “es .
24 1% cen - “aa 592 6567
y.r| 2 . 475 e e
3 1% R e e 553 625
3 2 384 445 503 %7
3 24 . 35 411 cen
3 3 . 323 364 cen vee
3% B .o “en 521 588
3% 2 477 535
14 14 1% 34 418 499 554
% 2 30 370 442 .
% 2% 269 30 394
% 3 243 298 .o N e
2 1% “ee . 458 534 615
2 2 405 475 ...
2 24 366 425 .o .
2 3 33 . .. cen cee
2% % . e £95 564 64 717
2% 2 440 505 ce ca
2y 2 437 B, , e e
i) 3 373 e -
3 % ve .. %4 668
3 2 . 20 475 541 ee
3 por] . 378 438 RN
3 3 . 354 408 cee e
3 }/] 557 Y
3 2 509 573
16 1% % 3E3 471 563 65
1% 2 338 414 493 .o
1% 24 K )| 370 44




TABLE V1I.B (Cont'd.)

HEAT LOSS FOR 85% MAGNESIA AND DIATOMACEOUS SILICA COMBINATION
PIPE INSULATION FOR NOMINAL PIPE SIZES Y5 INCH THROUGH 18 INCH

Mominol Tewmp ofPips, Deg F (Tempervture of Surrounding Still Air, 80 F)
_Nomine! {Insulotion Thickness 00 700 800 90 1000 1100 1200
Pipe Size,|inner Loyer,JOuterLoyer, Temp DiHf Betwoen Pipe and Surrounding Still Air, Deg F

In. in. in. [¥.4) 620 720 820 $20 1020 1120
% 3 274 , 336 e -
2 % 505 551 6
2 2 . 422 527 .o e SN
2 24 . 410 477 ces oun -
2 3 . an “ea . e
! % . e 548 626
24 2 454 557
25 2% 443 .o
% 3 414 cen .o
3 % e N 65 742
3 2 457 829 &4 o
3 2% 42) 486 .o
3 3 x2 452 RN o
ko % . cee 614 692
3 2 55 631
4 % 581 6L:
4 2 535 6

18 % % 423 5y 620 727
1% 2 348 453 545 ..

% 2% 328 404 483

1% 3 298 366 e .o .o

2 1% - c e 558 652 750

2 2 495 570 ..

2 ¥ 448 v .o

2 3 409 ..

2z % . . 55 685

2y 2 . 5 619

2 24 . 451 A

25 3 . 4% o cee ces
3 % . . P 7% 8
3 2 . 500 577 660 cee
3 2% . . 481 532

3 3 . 425 494 .. .
k} ) 1% . - - 671 755
3 2 . 618 69
4 W% . . 629 709
4 2 . 58¢ 654
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TRADE NAMES OF 85% MAGNESIA AND
DIATOMAG-EQ-U—S—-SI-HGA—LNSULAIIQN.

85% MAGNESIA
INSULATION

DIATOMACEOUS SILICA
INSULATION

l_?"m
N

]

"~ TRADE NAME®

Superlite
Thermalite

J-M 8% Magupesia
Featberweight
Custom Molded
Precision Molded

Hi-Temp
Temp-Chek
Epduro
Superex
Hy-Temp
Type M
Type 3 19
Prasco 15C
Prasco 19C

*Trode nomes registered or copyrighted by monvfocturers.

132.0
’7!1
Hﬂ n

MANUFACTURER® |

The Pbilip Carey Manufacturing Company

Ehret Magpesia Mapufacturing Company
Jobns-Manville Sales Corporation
Keasbey & Mattison Company

Mundet Cork Corporation

Pabeo Products Incorporated

The Philip Carey Manufacturing Company
Tbe Philip Carey Manufacturing Company

Ehret Magnesia Manufacturing Company
Johns-Manville Sales Corporation
Keasbev & Mattison Company

Mundet Cork Corporation

Mundet Cork Corporation

Pzbco Products Incorporated

Pabco Products Incorporated

P
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SYMBOLS OF SUPERIOR INSULATIONS

JOHNS-MANVILLE
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.GLOSSARY OF

ASBESTOS: Asbestos products such as asbestos
cloth jackets, asbestos tape, asbestos paper, and as.
bestos cement, all made of mined asbestos Ebes, are
used as Snishing materials where high beat resistance
combined with nonfammability is desired.
BANDS: Meta) strips, sometimes called strapping.
made of steel finished in black or gold lacquer, alu.
minum, brass, galvanized steel, stainjess steel, zinc,
bronze, and mone] metal. Thev are used as fastenin
on insulation finished with pasted canvas jackets an
for securing block insulation to equipment such as
.- tanks, etc.. the particular materia) of which the bands
are made depending upon the requirements of the
installation.
BLOCKING IN: The process of applyving insulation
blocks to irregular surfaces such as Brrings, valves,
ribbed equipment, etc.
BREAKING THE JOINT, BROKEN JOINT: In
double-laver construction, staggering the joints in
the outer laver with respect to the joints in the inner
Javer. :
CABLE: Stec] cable, usually 3% in. in diameter, used
to fasten insulation to equipment surfaces.
CANVAS: Cotton cloth used as jacketing for pipe
- and equipment insulation. Canvas jacketing is used
in weights ranging from 2 to § oz per square yard.
Sewed canvas jacketing is generally an §-02 capvas.
CEMENT: Finish Cement (soft). This is 2 fibered
asbestos cement mixed with a heat-resistant binder.
It may be given & bard surface by troweling and is
used where there is little likelihood of wetting.

Finish Cement (bard). This is 3 mixture of soft ce.
ment and portland cement, generally in the ratio of
1 of portland to 2 or 3 of asbestos by weight. It pro-
duces a harder finish and is resistant to occasional
wetting.

Insulating Cemens. 85 Magnesia and diatoma-
ceous silica in crushed form. It is mixed with water
and troweled in place.-

Lagging Cemens. Prepared from a poh-iny] sce-
tate plastic emulsion and used to cement jacketing
material such as canvas to insulation.

Aspbalt (lap) Cemens. An asphaltic sealing com-
pound used to cement or seal asphalt-saturated
weatherproof jackets. :

CLIPS: Small pieces of metal which are welded to a
surface prior to insulation spplication, to. secure
wires or bands bolding the insulation.

FIBROUS ADHESIVE: A thick, gummy, silicate-
cement base material. having some asbestos fiber
mixed with it, and used where necessary to 2id in
applying insulatiog,

TRADE TERMS

LAGGING: Any type of jacketing materia) such as
€apvas, asbestos, etc. Insulation blocks used op steam
locomotive boilers are sometimes called laggiog.
MESH WIRE NETTING: Also called Detting,
chicken wire, bex mesh, etc. It is Zinc-coated irop oy
steel bexagonal wire mesh, mesh size used depend-
ing upon the particular installation involved. Most
commonly used are 1-in. and 2-in. mesh.
MITERING: Cutting insulation blocks and sections
to Bt pipe bends and other sharply curved surfaces.
Mitering can be dooe with eitber a knife or g saw,
or simply by shaping the molded insulation by band.
PASTE: A cold water paste made from organic ma-
terials and furnished in dry powder form. Also used
in reference to 2 liquid silicate of soda paste, which
is heat-resistant.

PIPE PROTECTOR: Metal cap, made of 20-gauge
aluminum, angd fastened with a toogue clasp. Ap-
plied over exposed ends of pipe insulation,
PLASTIC WEATHERPROOFING: Ap asphalt
emulsion mixed with asbestos Sber of troweling con-
sistency that is resistant to fire and weather.
POINTING UP: Filling in of voids, depressions, etc.,
ip insulation with cement.

REMOVABLE INSULATION: Sometimes called
“portable insulation.” Consists of molded insulation,
either block or pipe insulation, and a wire form cop.
structed so that it can be removed and replaced
quickly and easily, as often as pecessary, with minj-
mum damage to itself or to the adjacent insulation.
ROSIN PAPER: Sometimes called building paper.
A rosip-sized sheathing paper weighing about 40 Ib
per roll of 500 sq ft.

SHEET METAL JACKET: A jacket made of galvap.
izec iron, equipped with circumferential and longi-
tudioa) expansion joints when necessary. Light met.
als are also used in some cases.

STAPLES: Short iron staples applied with a stapling
machine or hammered in with 2 hammer,
STRAPPING: Signode, Acme or similar meta) strap-
Ping that can be pulled tight with tensioning tools.
WEATHERPROOFING FELT: An asbestos felt
jacketing, impregnated or “saturated” with asplalt.
Also avallable coated with asphalt, in addition to
being impregnated. Another type consists of an
impregnated felt layer with an outer unsaturated
layer, for greater fire resistance. .

WIRE: Annealed iron, copper, galvanized steel, cop-
perweld, and mone] wire, the gauge used depending
upon the requirements of the particular installation,

20
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Adhesive (Ebrous), dacnpoandp'loh"i“"“"’

Ajr gpace as {nsulation. p. 7, 47
Air velociny and surface resistance, p. 47

" Application procedures, sec Inndation epplication on

Asbestos, description of, p. 70
Asbestos cement
fnish, application of, p. 37
insulation of ducts, breechings and fSuves, p. 28
fnsulation of bitingy and valves, p. 19
insulation of steam drums and drum beads, p. 25

insulation of steam headers and downcomer tubes, p. 26

fnsulstion of turbines, p. 29

fnsulation of water-cooled furnace walls, p. 23
Asbestos cloth finish

spplication of, p. 40

insulstion of turbives, p. 28
Asbestos products, description of, p. 70
Asphalt lap cement, description of, p. 70
Asphali-saturated asbestos felt, application of, p. 36

Bands, description of, p. 70
Beading. application of, p. 27
Biblography, p. 71
Block insulstion
application of, p. 22
combination 859 Magpesia-distomaceous sibics,
table of beat Josses of, p. 67
description of, p. 10
85% Magnesia, table of beat Josses of, p. 66
Blocking in, description of, p. 70
Bolu, insulation to allow for remova) of,
from Banges, p. 20
from heaters and exchangers, p. 29
Breaking the joint, broken joint, description of, p. 70
Breechings, insuiativn of, p. 27-26
Btu. definition of, p. 48

Cable, description of, p. 70
_ Calorie, definition of, p. 46
Canvas, description of, p. 70
Canvas finish

factory-applied, p. 17

jacket, p. 35-36
Cement, description of various types, p. 70
Cement, insvlating, p. 10

on fttings and valves, p. 19
Chicken wire, see Wire netting, mesh, p. 70
Clips, description of, p. 70
Combinstion insulation

description of, p. 10-11

heat bosses, tables of, p. 61-85, €7
Conductance, definition of, p. 48
Conductance, surface, debnition of, p. 49
Conducbon, dehnition of, p. 48
Conductivity, definition of, p. 48

Condurtos, debnition of, p. 48

Conica! bottom vessels, insulation of, p. 33
Copvection, dehnidon of, p. 45

Conves bottom vessels, insulation of, p. 33
Coves plate, insulabor of, p. 20

Density
Gefnition of, p. 485
of 85% Magoesis, p. 11

- Distomaceous silica imsulation

descmiption of, p. 10-11

trade pames for, p. 65
Divisiop wall tubes, insulation of, p. 26
Downcomer tubes, insulation of, p. 26
Drum beads, insulation of, p. 24-25
Drying wates-saturated imsulstion, p. 42
Ducts, insulation of, p. 27-28

Ecopomical thickness of insulation, p. 14-15
Emissivity

definition of, p. 48

of industrial surfaces, value of, p. 57
Equipment, insulation of, se¢ Inrulation epplication on
Exchangers, insulation of, p. £9 .
Expansion joiots for metal jackets, p. 40
Expansion, thermal, of pipes, table of, p. 51

Felt, weatherprooBog. see Weatherproofing felt, p. 70
Finish cement, descripbor of, p. 70
Finishes
application of, p. 3540
asbestos cement, p 37
asbestos cloth, p. 40
asphahi-saturated asbestos felt, p. 36
canvas jacket, pasted, p. 35
canvas jackel, sewed, p. 36
factonv-applied canvas, p. 38
metal jackets, p. 40
plastic weatherproofng. p. 38
removable panel, p. 39
Fire-resistant £nish, sec Asbestos clozh finish, p. 40
Fre-resistant insulation, p. 12
Fittings
Banged, areas of, table of, p. 53
insulstioz of, p. 19
pasted canvas jacket for, p. 35
Flapge insulation
application of, p. 20
asbestos cloth Bnish for, p. 40
pasted canvas jacket for, p. 35
Flues, insulation of, p. 27-28




Furnsce-wall insulatoc
. spplcabon of, p. 83
© fnush of, p. 39

Gavge pressure, debininon of, p. 48

Headers, steamn. insulabon of, p. 26
Heads
of hesters and exchangers, insulation of, p. 29
of drums, insulatioo of, p. 24-25
of shell and tube bundles, insulation of, p. 28
Heat, dchnition of, p. 45
Heat Joss
annua) cost of, grapt. of, p. 15
from over-sized pipiog. p. 47
Heat Joss tables
combination block imsulation, p. €7
combinatior, pipe insulation, p. 61-65
859 Magnesia block insulation, p. 66
855 Magnesia plpe insulation, p. 558-80
borizonta) bare stee! pipes and Bat surfaces, p. 56.57
Heat-resistant finish, sec Asbestos cloth finish
Heat transfer, rate of, method of calculation, p. 57
Heat transmission theory, p. 4447
Heaters, insulsvion of, p. £9
- Hex mesh, sce Wire nesting, mesh, p. 70
High-temperature insulation, see Distomaceous silica

Insulating cement, description of, p. 70
Insulation
air space, value of, p 47
combinatioz, p. 10-11
definition of. p. 49
design cons “eratioms, p. 13-14
dryving of w, er-saturated, p. 42
economical thuckoess of, p. 14-15
efiect on pressure drop, p. 47
{allacies, p. 46-47.
fnishes, p. 3540
fire-resistant, p. 12 »
general discussior. of, p. 7-9
history- of, p. 7
maintenance, p. 4142
. molded forms. p. 8-10
repair of, p. 42
structure of, p. 7-9, 44
support of, p. 17, 35
theory of, p. 7
water-resistant, p. 12

* lnsulation applicatior. on

bottom surface of equipment, p. 22
breechings, p. 27-25

cover plates, p. 29

downcomer tubes. p. 26

drum heads, p. 24.25

ducts, p. 27-28

equipmen!, genera) discussion of, p. 22-34

equipment subjct to expansios, p 34
exchangery, p. 20

frtings, p. )8

fanges. p. 20

fues, p. 27.25

furnsce walls, water-cooled. p 23
beatens, p. 29

irrepular surfaces, p. 22

paralle] piping. p. 19

pipes, p. 17-19

removable, description of, . 70
yotating equipment, p. 34

steam drums, p 24-25

steam headers, p. 26

turbines, p. 25

valves, p. 19

vessels, p. 30-33

Jacket, meta)
application of, p. 40
descripvon of. p. 70

" Jacket, pasted canvas, p. 35
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Jacket, sewed canvas, application of, p. 36
Joint

broken, descnpbon of, p. 70

expansion, for metal jackes, p. 40

Lagging, descriptioz of, p. 70 .
Lagging cement. description of, p 70
Latent heat, definivon of, p. 49

Magnesia, 85%
spplication procedures, p. 16-34
chemical soustere of, p. ©
composition of, p. 7-9
economical thiziness of, p. 14-15
fire-resistant, p 12
general discussor. of, p. 7-9
heat Josses, tables of, p. 5660, 66
physical properaes of, p. 11-12
physical souctwre of, p. ©
trade names for, p. 68
wates-resistant. p. 12
Maintenance of insulation, p. 414°
Mb, Mbh, deknition: of, p. 49
Mean temperature, dehnition of, p. 49
Metal jackews. p. 40
Mitenng. description, p. 70
Molded forms. p. 5-10

Paste, descriptigg of, p. 70

Pipe
horizontal bare steel, hezt Josses from, table of, p. 56-57
standard size of red-brass and copper, table of, p. 54
thermal expansion, table of. p 51

welded and seamless stee], nominal weights, table of, p. 52




Pipe insulstion . . _
lppT»cauon ol p. 1139
hesr ki fableyiof

 combinahon insulation, p. 61-65
_85% Mnm:su p. 5680
parallél, pERe SIS 0T
pasted caovas jacket for, p. 35
n‘mplif-ed thicknesses, table of, p. 50

Pipe protector, description of, p. 70

Plastic weatherproofing .
applicstion of, p. 356
description of, p. 70
maintenance.of, p. 42 -

Pointing vp, description o! p. 70

Potentiometes, definition of, 'p. 49

Presswe
absolute, definition of, p. 45
stmospheric, definition of, p. 48
drop in superheated steam line, p. 47
gruge, dehnition of. p. 48
saturation, defnition of, p. 49

Pyrometer, debnition of, p. 49
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Radiation, debnition of, p. 49
Removable insulation

description of, p. 70

for Banges, p. 20

for inspecting tube seats, p. 26

for water tube of furnace wall, p. 23

with meta! covers, for shell and tube bundie beads, p. 29
Removable panel Bnish, p. 38
Resistance, therma), definition of, p. 49
Resistivity, thermal, defnition of, p. 49
Roohng felt, application of, p. 38
Rosin paper

application of, p. 36

Jescription of, p. 70
Rotating equipment, insulation of, p 34

Saturation, deBnition of, p. 45
Saturation pressure, definition of, P 49
Sectiona} insulation
spplication of, p. 17.18
description of, p. 8-10
Segmental insulation, description of, p. 8-10
Sensible heat, dehnivon of, p. 49
Sheathing paper, application of, p. 36
Shell, of steam drum, insulation of, p. 24
Shell and tube Lundle heads, insulation of, p. 29
Specific heat, debnition of, p. 49
Staples, description of, p. 70 -
Steam
definition of, p. 49
fiow velocity data, p. 47
pressure drop, discussion of, p. 47
temperature drop, discussion of, p. 47
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Steam drums; insulstios of, p-84-25:- ;-

Steam besders; insulston of. p. 26

Stif e trulation of, p. 27

Stappibgs description of, p. 70

Superhéat-Joss e to over-sized piping. p. 7

Surfare conductance, defnition of, p. 49

Surface sesistance, &ir velocity efect on, p. 46-47

Surface tempersture and determination of beat loss, p. 46-47

‘emperature
sbsolute, definition of, p. 48
drop in. superbeated steam, p. 47
mear; definition of, p. 49
Therm, definition of, p. 49
Thermal copductivity
tests for, p. 4446
of B5%; Magnesis, p. 11
Thermal expansion of pipes, tables of, p. 5]
Therma) resistance, definibon of, p. 49
Therma) resistivity, debmtion of, p. 49
Thickness of insulation
determination of, p. 14-15
economical, p. 1415
simplifed thicknesses, pipe insulation. table of, p. 50
Trade.marks, p. 69
Trade pames, p. 68
Trade terms, p. 70
Tubes
copper water tubes, dimensions and weights, table of, p. 55
" dvision wall, insulation of, p. 26
dowpcomer, insulation of, p. 26
of water-cooled furnace walls, insulation of, p. 23
Tusbines, insulation of, p. 29

Valves

insulation of, p. 19

pasted canvas jacket for, p. 35
Velocity, air, effect on surface resistance of, p. 4647
Vibration, anchoring insulation against, p. 22
Ves:sels, insulation of

conica) and convez bottom, p. 33

horizontal, p. 30

vertical, . 32

Wiater-cooled fumnace walle

finish for, p. 39

insulation of, p. 23
Wates.resistant insulation, p. 12
Water-satursted insulation, drying of, p. 42
Weatherproofing, sec Plestic westherproofing
Weatherproofing felt.description of, p. 70
Weight, welded u&:ﬂa;s stee} pipe, table of, p. 52
Wire

description of, p. 70

Joops, applications of, p. 17
Wire petting. mesh, description of, p. 70




