A 0 B i s

M) 5y el ; daa i
Piping (b 5,98 ¢ sl
1387 (g2




D R0

PIPING HANDBOOK

Mohinder L. Nayyar, PE.

ASME Fellow

The sixth edition of this Handbook was edited by
Mohindar L. Nayyar, P.E.

The fifth edition of this Handbook was edited by
Reno C. King, B.M.E, M.M.E., D.Sc., P.E.

Professor of Mechanical Engineering and Assistant Degn,
School of Engineening and Sclence, New York University
Registered Professional Engineer

The first four editions of this Handbook were edited by
Sabin Crocker, M.E.

Fellow, ASME: Registered Profesrionsl Englneer

W o)y iy lad 2 halin) Gl 00 438 2 s ASTM C168-88a J) ) <y ol
. "Wheel Of Learning" i)l 4abi NIA 5 3130 Sl slgdile 4y aga s
A 0 sa b &) JU) cladlaal 6 K5l 1 sl dal g
@) AS 350 3 s laka 1(la £ D) 2alg) Btu :British thermal unit
Js3 O Sl daban ) Ll S 3 ) 90 g )8 da o dly Ol e 4g @l gy ey slaa (sl 38
G Ul o ey aladls 3 (g ey (59 ha g 478 K alad) IS 4y AS
(1Cal = 4.1868 J & 1Btu = 1055.06J .25 (o (3Dl 03,04

A8 ol g3 G by ol ély JANa 3 (La ) gL JU :(bw) Conduction

JEL e JAI 2 JE L asle @ d s s L La S JUASH ;1 (% 4) Convection
RCA B T S PX g LS L EY AT

ly dg Lidad a3 iy slad by s &y ) (LaB) (o 540 JU) 1 (adad3) Radiation
i phal gl (3 8 0 8 (gt siaS glad by

$Ue) s a3 SAa) 1 K(a R (bl u#2) Thermal Conductivity
RS g a Lad dal g bl S Abu g 4S oKar sala &l ) e aalg ) L 8 L
el 00 alal o ¢

Ay ) addi S g0 Ay dadd oy ) sad Jouf ) g iad i 1(Je£) Emittance
h,,\\ﬁom al g bad jlad JADQMM

uSada O Jau 95 A8 grbas A 038 348 5 Aadi) ) (ol 1(O%ili k) Reflectance

.o g

e ) b a4y 4Bl JUES) gla 8 3) (5 048a :1Q (R L) Heat Flow
A9 (o 0aia Btu/h a5 b Y gara 45 Glaj aalg 2




§) = AS 3 g ) ) As gaa Ly 0dla 1w R (&le) Thermal Insulation
Ao o 0L La K ) ) (5 € sl

4S e S slglile 1( e S 3l aiwww) Thermal Insulation System
AV goha 5 Ay sl Rty ¢ a Y SLA (o i o) page 5 JalS Oy gy

e ST Ll ) S L g il Ly b pad ¢ ol slgdipy )l R Dagi L £
Al AN 399 aled) (i (oS b ulal Sy AS ) e (LD e Jah ol € cuglad
ish ULy 30 ¢ ga aly e JUESH VL clatily b 3 Sl b ) La 8
G s 4 A 55 Ly e sl Lbrda (gl d GsA 1A (RS ) ATius
UAMA\QJQUJM\bﬂéﬁbﬁ&bﬂdbﬁ“ﬁ&bﬂ@})\ﬁC\SJAC&:&AJJ
P9 (oo Ciua g5 JS (i 49 O (S0 3 G QLT 5 Gl KR AS e £

G R T 0L Gile ciaglia )l 2l Jg) Ada e 3 il ) Al ST (gla S
T s (a9 oA prdis Cliadidia 0 (B (i g e grhian (slad Caaliia
S s

R Ases ) ey o La 8 JUin) Soal culllia o 08 Ciua ¢ WL 2 4S ale S s
Al )3 Sl la 2l g 43 Craldud dalg g Lad DAY aafg g da da) g o (e
31 A W ST Jalaa g dlayl 31 3 s Waa) g el

k| = Btu/(h-°F-ft*/ft) = Bu/(h-ft-°F)  [W/em-°C]

or |k| = Btu/(h-°F.ft*/in) [W/(m*. K)]

or lk| = Btu-in(h - ft* - °F) [W/(m”-K)]

SIS ) e JUESH Adalea o g BT e ol ol sladal) g AS Cudia A g b
:A\g&‘fol*ﬁjﬂdmtgﬂﬁjg.\é’JJw&dhachusﬂgj\bﬁdmgu;

o= AT =Ty
X/K+1/f

Eq.:1

1Ay ) sk
Btu (h-ft?) (W/m?) sus il sl fJ8:Q
SR e Cd L £ Ak A

i (AR (glad :Ti

plis (YA glad 1T,

Gile cldua 1 X

ba 8 culaa K

s il 3610 :1/f




Insulation

FIGURE B7.1 Cross-section of an insulated pipe.
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FIGURE B7.2 Cross-section of an insulated pipe with multiple lavers.
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FIGURE 3 Surface resistance 1/f at various velocities.
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* ASTM Standard Test Method C177, Steady-State Thermal Transmission (Proper-
ties by Means of the Guarded Hot Plate)

¢ ASTM Standard Test Method C518, Steady-State Thermal Transmission Proper-
ties by Means of the Heat Flow Meter
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TABLE .1 Properties and Limitations of Insulation Materials

Compressive Maximum Minimum Conductivity
Insulation strength temperature  temperature  Permeability  [Btu-in/(h-ft*-°F)]  Spread/smoke
material (psi) (°F) (°F) (perm -in) at 50°F, 200°F density index

=

Calcium silicate 100
Cellular glass® 87
Elastomeric foam MNA
Fiberglass 2.5 at 10%:+
Mineral wool 10 at 10%+
Expanded perlite 70
Phenolic foam 22 at 10%:+

250 NA NA, 0.43 0/o
—450 0.005 0.28, 0.37 5/0
—40 0.03 0.29, NA 550
42 75 0.29, 0.39 515
42 150
250 18 NA, 0.52
75 7 0.15, 0.25
—65 : 023, NA
=200 - 017, NA
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Palystyrene foam 25
Palyurethane and 30
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polyisocyanurate

* For flat surfaces capped per ASTM C240 (hot asphalt, 15% felt).

+ While com pressive strength technically measures the stress at which a material fails under load. deformation
monitors a material’s structural distortion with ar without actual failure. So, with compressible insulations, failure
is recorded as the point at which an insulation’s deformation reaches a percentage of its thickness—usually between
5 and 25 percent—for various densities.
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