454 CHAPTER 32 1959 Guide
Table 1.. .. Thermal Conductivity (k) of Industrial and Pipe Insulations
(For Moon Tempertures Indicated) .
Exprossed in Bt per (hoour) (squore foot) {Fohranbeit degroe temperature difference per in)
Accapted Typical Conductivity k ot Mean Temp. Fabr.
Form Materiat {Composition) robax. m, i
’ jrrads 40 | 70 ] 100 | 200 { 300 | 500 | 700 | 900
BLAN. MINEB.AL \Ygoo Glasn) BE ;
- Mef.a.l am (f:caedﬂ * 1200 615 | 0.2910.35]0.42 | 0.56
Felt-Flexible T 450 1.0.563 10.23)10.2510.2610.34)0.45
Felt-Semi- mgx‘?ype 450 0.24 0325|027 [0.35 | 0.44
VEGETABLE & ANIMAL FIBER - : 1o
Hair Felt or Hair Felt plus Jute . .q 180 10 0.22 {0.28 | 0.30
BLOCKS | ASBESTOS
. _AND - Molded Amosite & Bmder 1200 18 0.37 1 0.40 [ 0.47 } 0.50 | 0.66 | 0.76
BOARDS] Laminated A;bestos Pape pe Asbest IS 700 30 0.40 | 0.45[ 0.50 | 0.60
Con;igabed Ltumnm.e o nper . 300 11-13 0.54 { 0.57 [ 0.68 | 0.80
6 ply 300 | 1517 “lo49{0.51 1050|063
8 ply N < 300 18-20 0.47 | 0.49 9.57 0.65 i
ALCI ILICATE 1200 { 11 0.33/0.38(0.43}0.53|0.6¢4]0.75
gELLUIf:RsG!I‘(A)SS 800 .0.37 | 0.39 | 0.41.] 0.48 | 0.55 -
CORKBOARD (Without Added Bmder) l% 6.58 10.26]0.27 _0.28 0.60 | 0.6¢ ] 0.8
DIATOMACEOUS SILICA 150 z P R R
N
85% MACG mttIAAs!)mws .. . 600 11-14 0.3510.3810.42 0.48
MINERAL WOOL (Rock, Slag or Glass) : X . ¥
Low Temp (Asphalt or R:Yn Bonded) 1 200 6-18 | 0.28 { 0.20 | 0.30
High Temp. (Resin Bonded -600 | 610 0.28 | 0.35 | 0.43 &
. ith Inorganic Binder) . 1600 16—24‘ 0.34 | 0.39 | 0.44 | 0.5¢ ; 0.
PLASTICS (Foamed) 175 [1.6.. |0.26 {0:28]0.30
RUBBER (Foamed) 150 |.5 0.23 | 0:2¢ { 025
PIPE IN-| ASBESTOS .
-BULA- ‘Molded Amosite & Binder. 1200 18 0.33 [0.38 | 0.43 | 0.53
TION Leminated Asbestes P&d rAsbs P -700 | 30 0.40 | 0.45 | 0.50 | 0.60
' Tugal Lami tos T . -
C‘;rPly ;;ee(: A&n e ape 300 11-13 0.57 | 0.62 | 0.80
6 Ply per in. 300 | 1517 0.49 { 0.51 | 0.59 | 0.69
E 8 Ply per in. 300 | 1820 049} 0.57 085
ALC ATE .
C ugld SILIgestos . 1200 11 0.36 | 0.40 { 0.44 | 0.5
CELLULAR GLASS E © 800 9 0.37 ] 0.39 ] 0.41 1 0.48 | 0.55 .
CORK (Without Added Binder) . 1% 2;-10 0.27 10.28 1 0.29 1 0.30 0.64 ] 0.68 071
DIATOMACEOUS ?ILFCA g - - 10 z 0% Q.75 o
! NESIA ’ -
&% MAgarb & A.sbest.os S 600 | 11-14 0.39 [ 0.42 [ 0.45 } 0.5
" | MINERAL WOOL (Rock, Slag or Glass) - | - .
Low Temp. (Asphalt or Resin Bonded) -200 15, 0.28 | 0.30 | 0.33 | 0.39
Low T emg %Fu?e Flbe’rrResm(ﬁo:Scd&e " 450 3 0.220.230.24 0.27 | 0.31
- h T maket e in-
Hig orc:g‘)p e 1200 6-15 0.29 0.420.56
' PLASTICS (Foamed) “175 [ 1.6 (026 0.280.31
B.UBBER (Fﬂ:amed ; 150 5 0.23]0.2¢|0.25
. VEGETABLE & ANIMAL FIBER
.. Wool Felt .} -180 | 20 0.28 | 0.31 | 0.33
" Hair Felt or Hair Felt plus Jute ) 180 10 0.27|0.28)0.30
INSU- 85% MAGNESIA . .
}ANA;I;‘~ Mag. Carb. & Asbestos , oo . 600 18 . 0.46 | 0.52 | 0.58
CE- MINERAL WOOL' (Rock, Slag or Glass) ’ ’
MENT With Colloidal Clay Binder -1 1800 24-30 0.49 0.61(0.73|0.83

* Thess temperatures are generally ascepied a3 marimum. When operating temperature approaches these limits the Manufacturer's recormmendations should be

Pipe and Industrial Insulation

temperature. Insulation for conservation of heat energy must,
therefore, often be applied so as to permit enough heat to
escape to retain mechanical stréngth.

TEMPERATURE LIMITATIONS OF INSULATIONS

Probably the greatest volume of low temperaturé insula-
tion is used for temperatures from minus 100 F to atmos-
pheric. The effect of temperature alone on physical integrity
i3 not ordinarily very important for mast types in the low
temperature field. There are more definite hmxhatlons for

455

BARE SURFACE HEAT .LOSSES—HAT
SURFACES ‘AND PIPE

Heat losses from or to uninsulated surfaces of pipes, ducts,
vessels, or furnaces may be of considerable magnitude if the
temperature of the surrounding medium- differs appreciably
from that of the surface. Losses are increased by motion of
the surrounding air or by contact of the hot or cold surface
with bodies of high conductivity. Good design, therefore,
must include eonsxderahon of -such heat losses and provision
for ad 1 ‘needed.

materials in the high ture field where d
excessive linear shrinkage, suﬂaemng, or some other effect of
temperature alone will put a maximum limit on the tempera-
ture for which a material is suited. As extremes in tempera-
ture are approached, both high and low, the selection of a
material for a specific service becomes more critical and must
be based on experience and factual performance data.

FORMS OF INSULATION

The "physical furm of industrial insulations varies from
powders and loese fills which might be called- formless,
through materials with varying degrees of compressibility
and flexibility, to completely rigid shapes often referred to
as preformed insulation. After decldmg that a material has
the lating value, physical properties, and tem-
perature rmstanee the choice of the form desired will usually
be governed by considerations of material and application
cost. The application method and cost in turn will be greatly
affected by the nature of the surface to be covered.

Loose fills such as powders and granules must be supported
in place by retaining walls, coverings, etc. for lication on

The basic principles of heat loss from surfaces are discussed
in Chapter 5. In that chapter radiation and convection are
treated separately.

Hest losses from horizontal bare steel pipes, bawd on f&;ts
at Melion Insti and calculated from the fi
radiation and convection equauous (Chapter 5), are given in
Table 2. This table also gives the heat losses or surface con-
ductances for flat vertical and horizontal surfaces for surface
temperatures up to 1050 F with the surrounding air at 80 F.
The surface per linear foot of pipe is given in -the second
column of Table 2.

.~ Heat losses from tarnished mpper pipe and t.ube are ngen

in Table 3. The surface per linear foot of tube is given in
Table 4. Table 3, Section A, of Chapter 9 also gives the sur-
face conductances for flat surfaces of different .emissivities
and orientations in contact with still air. Table 5 gives the
area in square feet of flanges and fittings for various standard
plpl! sizes. These tables can be used to advantage in estimat-
ing the amount of insulation’ requxred

vertical surfaces and on the underside of horizontal surfaces.
Insulating cement is a Joose material which when mixed with
water to obtain plasticity and adhesion, may be trowelled on
a surface and dried in place to serve as insulation. Both
Ioose-fill and insulating cement are especially suited-- for
covering uneven and irregular surfaces.

Flexible and nonrigid insulations are generally grouped as
blanket insulation, and are available in many types and
varieties, both organic and i with and
binders, and with reinforeing coverings on ope or both sides.
Ounly inherently fibrous materials are generally suited for
blanket insulation. Such materials are wood, cotton, and hair
in the organic field, and asbesws and mmeral wool in the in-
organic field. Covermgz and facifigs such as paper, a!ummum,
asbestos sheet, wire mesh, metal lath, may be used as re-
inforcing, vapor barriers, reflective surfaoes or surface fin-
ishes in general. Thicknesses and shapes may be of any di-
mension that can be handled although standard sizes are
generally used. Some blanket insulations are prepared in roll
form for economical shipping.

Rigid materials are preformed during manufacture to
standard lengths, widths, and thicknesses of a size that can
be handled readily. In the case of insulation for pipes and
cylindrieal surfaces the radius of curvature is varied to suit
all standard sizes of pipe and tubing. Some materials are
offered in shapes curved to fit greater radii up to several feet
of more, Material in rectangular dimensions is usually called
block, board, or sheets, the name varying with custom for

mcular uses, Most common sizes of block insulation are 36
in. long, 6 in. or 12 in. wide, and in thicknesses ranging from
1 to 4 in. Boards in the bmldmg insulstion field range up to
12 ft long by 4 ft wide with the thickness usually % to 1 in.
but ranging up 10 1% in. Smaller boards, or sheets, are used
on air. dr g ducts, i and in_ cold storage

Examples 1 and # show how the annual heat loss from ua-
covered pipe and its dollar value may be computed from the
data in Table 2.

Ezemple 1: Compute the total annual heat loss from 165 ft
of 2in. bampxpemservxeemhrperyea.r The pipe is carry-
ing steam at 10 psi pressure and is exposed to an average air
temperature of 80 F

Sok

: The pi is taken as the steam tem-'
perature, 'h:ch is 239 4 F, obtained by interpolation from Steam
Tables. erence t.be plpe and air =
394 — 80 1594 F. By able 2 b tem-
perature differences of. 150 amfm F, Lhe bent loss from a 2-in.
pipe at a temperature difference of 1504 F is found to be 2615
Btu per (hr) (sq ft) (F deg). The total annual heat.loss from -
the entire line = 2615 X 1594 X 0622 (linear it factor) X 165
(linear ft) X 4000 (hr) = 171,100 Mb. (Mb = 1000 Btu.)

Ezample 2: Coal costmg $1150 per ton and having a calorific
value of 13,000 Bm‘fer pound is being burned in the furnace
supplying steam to the pipe line given in the previous example.
If the system is operating at an’overall efﬂc:ency of 55 percent,
v‘:l;termme the monetary value of the annual heat loss from the

e.

Solution: The cost of heat per 1000 Mb supplied to th

tem = 1,000,000 X llﬁ (doum) + [13,000 (Btu) X 2000 (lh) X
055 {efficiency )] = $0.304. The total cost al heat lost per year =
0804 X 1711 ('.haumnd Mb) = $137.56.

CONDUCTIVITY OF INDUSTRIAL INSULA'ﬂONS

The conductivities of various materials used for insulating
steam and hot water systems are given in Table 1. They are
given as functions of the mean teraperatures or the arithmetic
mean of the inner and outer surface temperatures of the in-
sulations. .

HEAT FLOW C'ALCULATIONS'

The heat losses t.hmugh 1, 1%, and 2-in. thick pipe insula’
tion on various size pipes for various temperature differences




