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As even the most Hithful servant works
bester if 1ot taken fOr pranted, thermal nsula-
tion will serve more efficientty amd more eco-
romiceily if scrutinized anew asch time & 55
specified. New melhods, materials, and total
costs make thoxe questions imperayive: Could
youl insulalion do its job better? Could you
§2¥e IHOTe Imoney?

The mind-stisring achisvements in space-
probes, asrdnautics, missites, snd atomics dram-
stize what is an old story (o thy insulation
wnginger: &epfain processes just wom't work
without the right kihd and the #ight amount
of thermat insnfation. With delicate instnuments
operating in an environment of sxtremes of
temperature—from Hquid oxygen at take-off
10 the undimmed radiation of he sup in clear
space, and the friction of re<ntry into oul
atmespherewinsulation mekes it plf possible,
Dopgs, monkeyswwgnd yes, mena~would not sur-

£ yvive more than minttes jn space without
insufation.

Herz on esrth these two functions of in-
sufalion-wprocess canlrpf and personnct pros
welion—arg joined by a third, saving monKy.
A few hundred dollars more Invested in ade
quate insulation for a new planl gould save
many thousands in 8 few yoaes!

Heat energy is bhecoming more valuabie
every day. with rising Fuel and labor costs. Al
though the cost of insuiation is soguslly writ-
e off in 3 refatively short period, il continties
1o sfford savings for the [ife of the instaifation,
For maximum savings, you need close figuring.
Roullne tepetition of oid spacifications will gt
the job done, but & Iot of money will be wasted,

Genersl or “rileaf-thumb™ specificstions

and tables in eatatogs and handbooks should be ;
consutizd Only as approximiate guides to the
yequiremens of the new job, Each job shovld
e Rgured separately by the “'eronomic thich.
ms’” mothod rocomtbended By dthe Naionol
Imutation Manulscturers Association and dem.
omstruied in those pages, You may actuatly necd
fees wnsufation and thus save oh material cos;
ot the b may prove to need o Jitzle as an
extra hail-inch that wil] cosl siightly mote by
will save many Limes s cost in a few years, &
fow monthy—or ¢even immedintely, i in adii
tion W fuel suvings it permits a reduction of
gopite! expemditures for hoating or covling
cguipment,
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1 SAVE MONEY o insularing to Keep heat snergy Whare we want it, hat going 1o waste
alf along a system, the basie criterion &x “Ecosomic Thickuess.” TR is the drickaess 31 which he sou of
insulation gives bew returty on your money, considering both operating and eapitel cotts, Whether we're
dealing with power generation, 2 chemical processing plant, refrigeration, of heating and kir condiioning.
(he £conomic thickness i that increment beyond which the exun cast of the applied inrulation Wonld puls
weigh the cost of the energy or the equipment it Saves,

A thought for the Suure: IT yobir salculations point to another incremant onty a Hitthe way up the
curve. specify it how, Fuel and entrgy costs will conlinae 10 rise.
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CONTROL PROCESSES  n many manufacturing processes,
espreially of chemicals, the line temperuteres. hot ar cofd, must be vontrolied within close limits,
Without therna] inselation some processes simply would not workl specifications must stan
with the minimum thickness secessary for femperature control, Nex: enters the factof of
economy, How many intrements of imwlation is it advisabie 10 add o athieve optimuem ecanomy?
1Of gourse 10u may necd more insulation Iy conteol Lhan for strictly economic feasons.}

A tecent survey made tor NIMA indicutes! that process comrol s "return on ine
wntment” ure ¢iosely dssocigted sn the minds of hoth produciion engincers and ‘manEgement
aad are promiacar in heir thinking when speifying insulstion (hitkness, To keep the 1wo
creriy clearh covodved. b soumd approach i economic thickiess is Tequired. ¥
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In cold processes and cold storage
rohpis, i it conditioned duddings, add in
mermitient 7ot and cold protesses, ¢on-
densation of aumospheric moisture oo cold
surfaces {swea(ing) is B consiahl barand.
Condensation ¢an reduc cfficiency of e
processes and the tnsidachon, and i GaR Gove
rode melals and rat organic malerials,

Condensation s prevented by insulax
tion thick enolgh to prevent the tempetature
of the surface of the pipes, ducty, equipiient,
e, from getting below the dew point of the
atmosphere, A vapor barricr is instatied over
the insufazion Lo prevent entry of wirer wipor
inte the insulation whese by diffusion it may
Hahvel  sone point i the insulalion Which
may be below (ke dew poind, The vapor bar-
rizr may be of metal in foil ot lamninated form,
plastic films such as polyethylene, an asphaRtic
material or & watttproof mastic, ysually ap+
plicd with a reinforcing membrane, The fo-
eprity and comtimulty of the vapor barnier
are gruciod,

" PROTECT PERSONNEL
AND EQUIRPMENT

Provision for safety is necessary if
ien are (e wark chose 10 ol squipment and
piping; vomiort is necessary 3f their work iy
to bt eficient over an extended petiod, A
safe furface wemporatiire iy the primary ve-
quitoment when insulating for protecyion of
personiel, and, just as where the primaty
reqiiterneny 8 process contiol, mote kst
fasion may be used than simple feonomy
would justify,

Desired tempertures for spaces sur-
sounding Hol piping ond Snpment vary
with the industry, the cquipment, and the
desigh of the building, but surfaces that
mipht be 2 hazard {0 personnel prafersbly
are kept onder 136 F and uwsuslly under
156 F,

. outdoor plants, nsulauwot keehs
seitsitive instrumnents and major cquipmong
safe from treezing weather, it is wsed sifa-
wegicutly i plamy as a fee Kop,

The grotective function of insulation
incieuses s plants becoms more Lompady,
«ith hot lings and equipment tlosely spaced,
8y the same token, mose carefy} consideta-
tion of insulation requirementy amd appiican
sion wil) seture preater dividends.

B0t natinbae APPle AIBMIA. LK Lt SPRES thaw TP laateay ad-ne
myr B oamptaer Todgwesdure Jeenuabs, TR M theaita] daratnetn BT L afeaR s fr, Apne
Sl WM, Mceqatanid g PEHNE, AR, WHEs, aNd R WTUvaled Mds “Faurd o fudes Mot
2> 3 YHaeE ¥neent oy che vhurioe of o wealaun B9 agtes vty pmacatidiadiy -
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1“2 FOR BRAINS

Management and engineers, like tawyers, are glad to find precedenss
10 puide currem decisions, But the feader Iy Hiis Held is alye alers to peculiar
condaions that distinguish his case from any other. old or new. Each insula-
tion job is unique, Even two identically designed piants in differens sections
of the country would most likely have differences in labor ang fuel costs.
equipmem afficiency, length of amortization, insulation cust. period of op-
eration, envirostmenta! ronditions. and the cost of mioney,
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Failure to consider such variables wmay be wasteful in two ways: {g)
shere Mmay be more insulation than B necessary Jor some parts of the system,
and {b) less than bk economically justified for others,

The variable thay must be analyzed anew 10T cach job, whether hot
ot cald, is the relationship between the cost of applieg inswlation and the
cost of energy: and for complete analysts we must consider the cost of
capital equipment s the cost of the money to duy the capital equipment.
This refationship is the basis of the economic thickness approach, which
is defined as the thicknese of & given ingudation thar will save the greatest
vois of energy while poying for itself wirkin an astipned period of Heme.
‘The amortized cost of insulstion obviously inereases in propotion to thick-
oS, bt e 10t] £0st of heat 1035 10r & xiated thitkress decreasws, There-
fore the thickness 8l which the sum of these 1wo costs is a minimum {all
expendilures considered) is the most economical,

Ahhough 1his Syslem requires ofose auention to the actual details
of tht job, & long serics of calculalion s ususlly not nacessary, The basic
econdmic Ihickaess equations are avaytable in standerd veference works,
atong with chans, lables. and nomographs, feom which ¢lose economic
thicknesses can be read for a wide raage of applications. (For a simplified
melhod of calcuiading cearomic thickness, see pp. $3.15.)

Where inexpensive fuel reduces the 1otal €ost of producing heas at.
suy, the main s3cam Iine feaving & botler, less insulatitin wilt be neede for
maximum cconromy than if the plamt were focated far from coal, o) or
gas resoyrces. A pelrochemical piont in Qklahoma will usually specify Tess
inselation than one it New Jetsey-~uniess, of course, the need for close
process conteot catls for greater thickaess then would be requiregd on an
econmimic thickness basis alone, Note aiso that nol aff paris of the 3ame
plunt would be evaluited w.ua t cont factors: &g, wasie heat has a
ditfereny value thart prime heat,

Occcusionally You may And & sowmd specification which calls for
comparatively linlke itiutativn or cconomic grounds, but which may be
naddeqtzate (or personnet salety at &etham poinis of she system, Obviously, 4
adiditional Iautanion must be specified 10 bring (he surface temperatures at
these points Jown SOF sxlety and comiéars,
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Only il safety and comfort are involyed i the
wmpeiature 2t (he sorfase of the Insulation & significant
matier. Bul refianes on this pne Tactoy a3 the sole guide
W thickness is & comion vintation of sound engineeting
dactrinz. As far back as 1926 i, B. McMillan declared,
in chseussing she use of surlsee temperalute, “probatly
2 other conception in connestion wilh heat transfer is so
generally musused,”

it has long been a practice in the industry 1© pud-
Tsh sample recomirended thivknessey of pipe and dlock
insulasion at gifferent operating lemparatuses, Butl thege
suggestions apply Only 1 aa “average" et of condivions
that practically nevey maich an actual case, NIMA s rec.
ommending o its facmbers that aif tatles showing hea
lossex and surface temperalyres be accompapied by a
quatifying statement to this effect;

Insulotion surfuce temperatifes gre given
only to indicate an approximais vatue for pur-
poses of personsel salsty of fire hazard for
ot sur{aces. or for determining whethes con-
Wetisstion Qucurs oft colid surfaces, They arr
theoreticsl valnes usvally based an one sel
of conditions suth 33 in ambient st 3k &t

F, AQual surface jemoperatrey vary
widziy lepending on the natwee of she inyola-
tion sitlace finish, the lemperatyre and veloe-
itv of air ovar the surface, fadistion [ i
jrory meathy objncls, ets, Surface lettiperas
turys sione are ebhsoiviely #i0 reliable indca-
tion of heal foss and therefore shouhl noet
be specificd or used 25 an eadiisive means of
weiecting the proper thickness of insulaton,
Since the Mmajor purpdse (OF wsing heat tnate-
Hon js 30 save vaiualie peat, £he proper thicl.
ness 10 achiove this objective shoyhl be hased
OO CTOROMICS, .. .
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Thicknesa of insuletion

Here are some of the shoricomings of the surface
temperalure approach:

§. Ambient air tempreatire, H one w2l of 2 boiler
with 3 surface tempersisre of 135 F is exposed 10 at
at 105 ¥, it will lose much fess heat than another wal of
the same hpiler at 35 F exposed to gir a2 V5 F.

2. Air velovay, Different rates of air movemeént
Over 2 sutface can cayse hest losses 1o vary Over u range
ot several hundred per cent, Air circubating ut 400 feel
Per minute {adoul §¥7 aph) will cause a greater heat
loss from a surface at 100 ¥ than sl air will cause for
asurface ay §S0F.

Carntying this point further, wa might fing that 1he
higher the heat lost duc 10 air movement, which reduces
surface temperature, the Tess insulation would be spacified
arcording 10 Surface (EMpPerature Tequiremend afone.
With air movement, the suriaces Become progressively
cocler, Bul they jote an creasing anoum of heal!

3. Froxinmiry of het or cold surfgees, Heat trans-
fer by radiation vaties according 30 the differences in the
fourth powess of Lhe absolute emperatures of the tadigt-
g surfuce gnd of its surropndings, A slight deerease i
the temperature of an chviroamental surface produces
a relatively preat racrease in radiaticn joss. 1t o hot ves-
s¢d us one side faving & cold wal! and paather side facing
@ nearby warm surfpce. the side faciag the ¢0ld wall will
huve 1 cooter sutface, and according to suslage tempeea-
ture lables would need Jess ipsuiptigneeand world Jnse
tauch mone heal.

4, Emissicity, The bright polished surface an some
Lypes of facket applicd over inselation has b Highcr suev
fage remperatuce than 3 ol one, bul might he osing
freat 2t onfy hatf the sate. Sorne metals, r.g., alumitum,
hase nolatively fow radintion doss when aew, but the iont
weteases as the surface becomes dult from oxidation,
Deponis of 0if ang sust 2lso increase emissivity.
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“" NDEX TO ASTM AND GOVERNMENT SPECIFICATIONS FOR INDUSTRIAL INSULATIONS

2
RLCEITED MEAITANY SMELH and
peatats tom kel Sert . seziitmionm ebingont i mEAtsm
- : ; M1-2731 Goacs B, Tass TR ST
PiRE ASBESTOS {Mobdedt Amoxite Fnd Binder) 1708 cr:& -] cam:! RE863, Type
HSELATICN  "Tarcnps Sicare
{Caicium SKCHE 208 Asdastos) 1200 L-H5 MIL1272E Seaded, Bigss B HL528, Crass &
Grade 3, Chass ¢ R
Graste 1H, Crass 2, Type €
CELURAR GLASS fFosnsed, Fadticated from Blozk) % £:338 £H455¢
SEULLAR S04 poanad, Faivicated foem Black) FE00 fryrbind
2203 [cant}
PRATEMACEDUS SILITA
Histonavenys Sikice ynd Asheitos 1600 ) | ME3.2788 Geadte 1R Lians o, Type f
1990 t33 :
, 855 WA
;%mt Magreslam Sordasate ao Asdetor 5o £ MiE427838 Seara & Clasa & Bl 558, Type iF
mﬁ ; mmﬁ? i s‘f‘m’f f'm 250 e300 HHASE2, ype B
t ! [
SEp S £H3.552, Tvpe ¢
Lo and Medig Teep Fine Favee, g 285 U234 H.456X, Type B
Organic Binder} d $.300 Yu4552, Tyme §
Hgn Tenp 13onhet-Typa Molw Reistarced; 120 £289 Heep552, Typo
£ALEHUM SHECAT
BLODRS amd G Sieats sne Asheston 120 C3t MILI281S, Siasses 2 &% 45478, Class
BAARDS i3 2BIG, Classes 1 52 i
CALEDLAS SLASS fFosned) B0 &3 #3551
{ERIIRAR SEICA fFoamed; 1600 Leyeticy
¥ 2206 {eont}
DISFOMACEDOUS SH DK
{Riztomazeows Siics sad Asbestosd &0 333 Mil4:22839, Chames b & ¢
1508 £31 Wik 022218, Cless 3
. M4 02B1S, Cinss 4
ag:: mﬂw&mm Cardeazis ané Asbestest $0% ;xia ®iE1781%, ¢ HEp4.554, Yype b
i it be : 7819, Class 2 \ yoe
. s ; s ’ BLHB0Z81S, Dhass §
SUERAL FIBER Roth, Stag of Glezs)
tew Temp Brganee Bindark 0 L3 U= Hi by Ki+-554, Ciamy K
BH4-526, {for Raofa}
NUSSZ Typel
{ow Temd {Fiay Fibeg, Tganit Hingert 4 G378, {392, Chass £ HHE4362, Yype
High Temp finotgaars Rindes} 180¢ C392 Trss 2 WHASHE, Clss 8,6,
CALCHTM SILICATE (Catcim Silicate,
CEMENTS e s Bieen e 100523, Cann 3
DIRTOSACEOUS SILICK {Dinomacteus Silice
At Rebrsios) 160 {5 L 2REY, Tvpe & B0, Typa ¥
RABNISH {15 Mgnetaen Tybongle,
Sshesits and Bindes 500 £183 BILP2HRS HAA00%00, Type d
WHERAL TIBER (o, Ship of Dlwsg
inweting Molioiktn $hay and Bindety 1 4411 A2, e 2 m‘?ﬂ Tope &
Fenaing (Rycrgdicaettng Coment 30d Bindetd 1200 449 M 2908, Type
MINERAL TIBER (Roex, ot Ghaes)
BLANKETS foui Rt Bt 10 L2 WiLARIE HHA563, Yyvs |
g fexidle Pegenic Bonded) i 471 MIEaez o BHE54Z, Type ¢
FELTS 57 WiBS TR .
HEAIETL 257 %
ETEERLTH
radustrisf Byt tho Binden) 120 L6z HLW IS
S 2t (St Rigeft Peganic Boode o L2684 MH3I-1ABB ., MiE4852 RRIS2L Tpe ¥
fort o KT} MLEFMISET R KE-S42, Tge B
HHAHES, Type it
SRANULATER
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YIS 5K einby wheIE g ARLALITEA Rembpe IodedrE B¢ SR ACITOML R FIT Din Joepeed F Shendvalaks IS g o3 ark S2MRY apniy (o
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A0 || 4 EE022. ) Soeirtqatont MILY 25520 gng WL 4 G081 Moy 10 Rad (70 Vi T TETLGNT IR SR0EE. RS,
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\ OF (NSULATION

Thetra! insdations are supplied in various founs. They are molded or cut inlo
cylinders, half evlinders or curved segruents for application to piping, and into fiat ar
surved blocks for vesseis and large equipment, Insulating coments come in dey form
be mixed wilh water, for applicatios by trowet on irregular surfaces. or as a fmal finish
on other types. Fibrous wateriafs, in sddition 1o the above forms, alse come in fiexible
blankets, semprigid felts, and foose sngd yranulated forms,

Pipe insnlations are made in “simplified thicknesses,” in which the oulside insula-
Gan giameice is approximately the same as the diameter of standard iron pipe, 50 that
brifting up the thickness of insulation in layers 35 possible, Acteal thicknesses are relatcd
to byt vary above and brlow mominal thicknesses. Al pipe mstlations are furaished in 0.
144, 2, 1% inch, etc., nominal thicknesses, and is specifying and ordering, pipe insufation
is referted 1o by pipe size snd nominal thickness only,

ASBESTOS

is molded from asbestos fiber, principafly of the AMosife variety, combinet with distoma-
ceous tifica and bonded with heat-resisting binders. It gomes in pipe sestians and i used
for temperatures up to (200 F. Density ranges from iS5 to 1§ pounds par cubic foot
tpefy, Typica) condugsivities—expressed as K™ factors, or Htn per {hour} {5¢. (L)
§Fahrenheit degree par inch of thicknessiaware 0.37 a1 200 ¥ 0.47 ar 300 F. 057 w
30 F mean ieiperatuses,

CALCIUM SILICATE

i mude from silica nod jime, molded with 2 srazt] smount of asbestos fiber. and chemically
converted Be steam prassure suloctaving into hydious ealeium silicate, H is (urnished i
pipe seetions and in fay and cutved blocks, 1o apply on heated sttfaces 4P KO approxXimiptely
1200 F, Deasity of ¢ujcivm sificate insulations ravges from Fl o {3 pef, Typics? averuge
Somductivities are 327 8w ac 200 F, 837 20 400 F D57 at 00 F meen temperaiutes.
A second type of culeium silicars of shightly bigher density is suitable for temperatures
up 10 VB0 F Yypical conductivitizs of this higher temperature type are $.46 at 200 F.
$.AR wt SO0 F, and 6.7 ot 600 F mean.

DIATOMACEQUS SILICA

or diatomacecus &arth & male tom the silictous remains of mitcrascopic digoms,
with ¢lay nd asbestos for bonding and reinforcing, 3t is mobded 020 Pipe sections and
segments, and into Rat and curved blocks for Inrge surfaces, Gne type is suitabie for tem-
peratiires 0 approxitatefy 630G F, andf 2 second tipe <o 19KE £, £ 5 aften wyed g5 the
inner fayer of two-layer insulation construction 50 a5 to permit ase of 2 Jower (emperature
product as the outer jayer. The 1600 F type has a deasity of 21-22 pef, with typical
Wermal condoplivities of 0.66 nt 500 ¥, 0.70 af 700 F, and 0.74 4z 900 F mean. The
900 F type weighs 13-25 pef, with 1ypicat average condudtivities of 0.7 at SO0 P, .73
a2 70¢ F. and G.80 at 930 ¥ mezn, Diaromaceous silica also 18 available in aggregute form
for il and a5 an ingredient in coments, ’
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TYPES OF INSULATION

GLASS (CLELLULAR)

B made from 2 modifisd boro-silivate type of glass, meite¢ and formed by 2 hesting and
chemival proteys. Tie resuliig oigid glassy wawvial comsins sealed celly and weighs
spprovimately B to FO pofl 1t is used for insulating pipitg and equipment optrating at
semiperatures up ta 800 F, The matesial is [urnished in pipe sections and in flat and turved
plocks. Typicnd ihermd] conductivities are C4f at {00 £, 948 a¢ 206 F gnd O35 ar
G ¥ meun.,

GLASS (FIBRQUS)

imsulutions are manviaciured from specific proportions of sfica and ouwr glassforming
compoumis, These ar¢ fwed and gravn, flame-blasted ar spus into borg.silicate plass
fibers of consistent chemical composition, The Sbers are Sinbined with binders and molded
into seif .contaited boards and cylindricat pipe insulsion; with or withows dinders they are
formed it Aexible blankels ang semmi-rigid felis) (hey also come in foose forms,

Fine-fiber type Rexibie and seati-cigid dlaakess, with arganic Sinders, are used vp
10 400 ¥, in densitics of 8.55 to 3 pef, Tonductivities of the 0.65 pef materiat are 0.25 ot
30 F, 8. 4t 190 F, andt 0.58 4t 300 F mean temperatures: of the 3 pof maweriah: 8,21 2t
43 FL4.23 0t 10O F. and 0.35 214 300 F mean. Typical canductivities of 3 w B poff semis
eigid folt woull be .24 a1 40 £, 427 2t 100 F. and 044 st 300 F mean, Severed types
of highwtrength, longexsile-type pluss Aber biankers are avatlable in densities from nomi-
tat 11,20 pof 10 3 pof ond sre wsed up 10 A00 F with bindets, or 1060 £ without bitigers,

AMotded pipe nsutation. fine-fibor organic bomded, is used up to 370 ¥, At ) pef
donsity, condustivities are G20 a1 56 £, 9.05 02 100 E, aad §.29 28 200 F meas 10 mpes A107es,

Blocks any boands with organic binders ace used up to 00 F, Tepical conductivities
for densities of p-30 pof sre $.28 a1 100 F, G.35 ;1 200 F, 0.43 at 300 F mean.

35V, MAGNESIA

» 2 mokded euterial tomposed principaily of basic mugnesiuth carbonaw reinforced
with gnbondos e N L OR hoated susfices ab sempernures up o 680 F, and comes
n ook bimirical sertions and scpments for pipes, and in Aul wind turved blotks for
other varfaces, bl Cumes in dry comoent form to be mised with water and applict in a
plustic vate tw pipe Hitargy wad atBer itrepolar surkaveys, Whete jempiranres txceed
A ¥ iris Often uned as the suter layer over & distormaceonn silica inngr Jayer, Densiy
w10 12 pef, Typivol conductivitios #re .35 2t HR F 038 0t 20 F 04T 0 JOOF miean.

e 222167 A
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MINERAL FIBERS

ROCK AND SLAG FIBERS
{For Giass Fibers,.. ste G.Iass {Fibraus} page 17}

Rock ang sfag fivers ure made by mmefing siicecus rocks and sjags and steam-
blowing or spintting (he molen mass into fibers. These are eombined with binders and
formed inte boards, blocks. and cylindrical pipe sections; blankets or (elis are sometimey
encated in wire mesh., Fibers in loose or granuiated form are used for packing o
spaces. Combined with high-empeeature bonding clay or othar binders to form cemenis.
they are applied By 1roweling to form 3 monolithic insulation,

Blocks and Boards with inorganic binder, such as bonding clay, asbesws fber, 2.,
ace tsedd up 16 1600 F, in densitics from 16 @ 24 pol. Typical conductivities are 039 at
200 F, 049 ar 403 F, and 0.59 a1 600 F mean. Othec blocks, made with organic binder
a1 densities of 6 30 1B pef, arg used up to €00 F; typicsl conductivities are 0.28 at 40 §.,
&.29 3t 7O F. and 0.30 a1 100 F mean,

One (ype of blanke. with feliad fibers held between wire sesh ang with or withow
binders, is used on flar and cylindeical surfaces at wemptratures up 10 1200 ¥, Density
1anges from € (o 15 pef. Typicat conductivities are 0.35 41 200 F. 0.49 at 400 F, 0,63 al
00 £ mean. A socond wype, with argaaic bindvy, consists of foRs (sentiscigid} wp to S or
8 pef. Typical conductivities are 0.26 20 75 ¥, 0.27 a1 100 F, (.35 et 200 F mean,

e

One 15pe of cement, applied in seveta heavy coats 1o build the required thickness,
has a density of 24 to M pof aad is used at tompetatures up 0 1800 F, A second type,
2 mdraulicseating. fisisking pemeny, is guick hatdening. has a deasity of 30 o 35 pef. 2nd
& used up 0 1200 F.

"
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ECONOMIC
THICKNESS

HOW TO FIGURE IT

£3iven the principls, “Make the most out of your invesirrent,” how do you Calculate at
whel point you are getting the moest value out of your insulation? Every job must de cat
culatedf on its Hwn tarms, bui no speaiat SkBl iy ongineering or mathematies is feguired to s
the formulas prescrded bere, The following simplified example does not consider the cost of
supital equipment oF the cost of the money to buy the rquipment,

Lajetlating the econnmic thickhess of insulation to be specified for any plant reguires
easily obiainahie dats o1 teg tasic factors. These Len factors art listed in the jeft colvimn below,
while the figures of 2 tealistic example are prasented, point for point, in the column a1 the
Tight, The example & for hot pipe insulation, but the same method can be used for fial sur-

{nces, and with obvious modifications, for cold insufation.

SIGNIFICANY FACTORS:

1. Value of fuel (fuel cost, plus cost of
Iabor, maintepance, Water, ete.}

EXARMPLE:

1. Oitar $.08/gal. {8.07/8al, fused cost, pius
$.01 for maintenance, jabor, et¢, )

2. Hours of operstion per year 2. 81D Refyr,

3. Bty content of fuel , 3. 145,000 Btu/gal.

4, Efficienty of combustjon 4. 80% eficiancy

$. Average exposure {ambient stiflair rem- 5. 80 F amibinng atiffait

persture)
6, Operating sewmperature of pipe {cause

§. 600 F operating temperatisg

of heat loss}
7. Pipe diatmeler {source of heat loss} 7. 3" pipe size
8. Estimaied <ot of iostafled inswlation B Estimated cos:
{obtain fram insulation manufacturer or szulatian Gastiten
LOnYracor) ThigKtieyy 11a, BB piga
o $240
15" $230
™ 5260
L7 N $298
3 $340
k1% $395

¥, Amortization period

18, Heat loss per lis. £ {or s¢. R, i fin, or
hroat gain in cofd systemss

9. 6 yr. amortization period

10, Hear }o3s in Bin/shr s lin. €1, a0 600 ¥ op-
erating lemp, and 80 F ambiznt {obtain
fram insulation menvfaciurer’s tabies}

Yocinens Bsarhe dinr e,
o° 2437 -
1 230
e {78
2 iS¢
284~ 133
3 120
B 11
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' fising these data, eeonomic thickness is deiermined by folowing the thiree steps below,
A. B and C. The objective is to find the hall-inch increment of insulation at which the tosal
cost of heat loss and insulation is Jeast, This Is shown 0a the graph presented a5 3 sumenary of
e calcubations. (Note that according 1o a realistic sconomic calcudation, 3347 wHi cost tess
in the fortd run than 27,

Compute cost of heat 1oss per yr. per 100 Jin. {1, by using this equation:

Biy. br./hin. F1, X h-ve x $Sgal, x 100 . _
= §/ 300 lin, 1.7yr.

Bty gol. w eficieney
Last of

{mmice S e,
[ty 2437 x 8760 x $.08 % 100 N
145060 % 80 = $1422.28
£~ 230 % 8760 x $.08 x 100 :
145,000 X KO =3 RS
145" £75 % B760 x 5,08 x 100
_ 145,060 x .80 b B
2 150 x 8760 x $.08 x $0¢
143,000 % .80 = § 85062
g £33 x 8760 x $.08 x 100
LR Y 80
3 120K AT60XSOLX1M L ¢ 1250
145,000 x .80
14" 111nET60XS09KI00 ¢ crop
£43,0300G x .66

cx  fnstalied insulation cost per vear squals cost of 100 fnear feer of fnsulation divided
by the amoriization perind {in this example 6 years).

I —— w §33.33
[
[
b —532‘} = $35.33
-
v S_WEGG w $43.33
&
- »
“ &;3 = $49.17
l .——53;0 s $56.66
4,
it 5395 . ses.e3
[
4 . Total cost per humired lincat Teer pey year = Swep A § Step B

n %

3:-:::::: {mmﬂl:‘:s‘eaus ln:\::’ﬁ‘.ut) E:?::
8 $4473.2 3R 3 $E4Y3 0y
I JAx ek 33.33 172,28
(£ 0 10872 33.3) {44048
has Yind £1.33 11395
oy #0.3% 4¢17 129.5%
R v Yo Bh P
a 7,00 65383 13289

In this example. 37 i the cconomic thivkness, becanse exher a lesser or greater thick-
ness rerults a2 bugher 1otat yratly cost.
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FOR FLAT SURFACES

The 1abie helow éeah-, with insufation of fiat surfaces, at JO0 & andt 84 £ ambient alr.
usiny insatution with an average "R of .30 51 200 F moean lemperature. in the Arst ¥aar slone,
ehhe Grst inch of insulation sives §2.41 per sq, fi.. more than s instatied cosy, The real problem,
how moch more inswtation o sdd, in hati-inch increments. and s\l save more than its coss. i
st in the tobie, Aowened i an amortization period of 15 Yeats, apd » vost of §.3 for cach
sddizionul half inch, Jivided by ten for the veardy charge per sq. ft. ’

Euch incroment saves fewer By than the fast, until finsly the extra hailf inch 1o make
345" costs moft than i saves, So 37 i5 the oplimum thickness,

Dallar value of heat suved by insulation for flaf surfage ot 300 ¥ and 8Q ¥ ambient alr

tesviution Hent Haot fncramental Hewe Heat Ingremteniad teinf Incsamantal
vicknuss fons sored 1aving i tont 1oved seving anwing 1aving
Millien Btv par sy H Pelors per g 1 &t
. By pre 3q 0 pu e por yeur (8748 Ao S0 pre wilkion $iu
Bore tyrigea 52¢ 1) c £43 ¢ [ B L+
34 . ] 556 550 . BS13 4.817 4817 2.4% 2.41
b 5 18 A #Aa3%8 4.832 0518 2498 0.048
2 38 82 12 Q333 8087y ¢8% 2.5%% ¢.051
27 3 5BS 1 G272 LR 313 c.081 2.582 o.031
3 26 584 % 0.228 $.207 0044 2604 Q022
k170 23 587 3 £.202 LW F 1] 2.02Y 2617 0013

ECONOMIC THICKNESS VE. SURFACE TEMPERATURE

This graph Jemonstfates the savings in valuable heat wien sconomic thickness rather
than sufface emperalure is used as the basis of sclection. Economic thicknesses are given for
14" pipe 2t 1w o heat costs, $0.40 and $0.8D per million Buwi's. under conditions of ambient stk
ait a1 B0 F and 8,760 fiourt of operation per year,

By somparisan: at $0.40/million By, th::kmsm chogen to meet 2 surface tempera-
rre of 130 F woald Tall 2 fulf inch oF more shoft of ecanomic afiounts. &t CPrating teimperatures
of 1000 F and below, and this inadequate insulalion would watie heat for 1he Jife of the equip-
ment. At s heat cast of 3080, mitlion By, the result would bt even greater waste of fuel dollars
as a result of specifying imulation merely 10 meet p 3140 F siface temperaturd. At 600 F, i
wolid even Be eeonomically sound to add 37 mione igsudstion. Al 900 F, more than 3 addi-
tional tasulation is indicated than would be required for 140 F syrface wmperature. Even at so
10w a tempetature as 200 F, it would save money 10 2dd almost 27 move,

H cost of capital equipment and cost of mopey to buy the capital equipment had been
wiken into actount, the sonclusion woyld have been simifar Dut even mage starthing, An in-
vesiment of dullars in engincered insulation should bring 3 relurn comparsble to that from 3
more cfficicnt generator of other specific equipment.
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NATIONAL
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You can depend wpon the qualisy of thermal inswlations made by the members of the National 5
tnsafation Manufaciurers Assotiation. The compasition of these materials i based upon eradts .
. ing research, snd production is subject contiuousty to careful control. They wili give the .
pesformance desited, when applicd by the able contractors with whom NIMA members work. 4
£ i
- . I3
= NIMA tmembers would welcome the opportunity to have their field engineers survey the insula- '{
; sion in vour plant or {o advise on insulation of new facifities, i
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