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(2) the necessity of controlling temperature within a strue-
tare, cabinet, pipe, vessel, duct, etc., to a specified value, and
(3) building structure limitations.

Extensive studies of all factors aff the true
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Table 2 ... . Typical Thickness of Insulation for
Refrigerating Equipment
(For Flat Surfoces and Average Operating Condition)

thickness are warranted only for large installations. For par-
ticular applications, considerations other than thickness alone
may be important. Temperature limit, specific i

ific heat,
absorption, mechanical strength, heslth, safety, and fame
resistance should all be idered when choosing an insulati
for instaliation. The fact; should be Ited for
information regarding these properties.
ic thick of insulation may be determined

The
from Fig. 4 as follows:

tion per year at the bottom

of the chart proceed upward to line showing value of beat in

dollars mil!hanusingﬂxesppmpﬁaugglerrB.Pm-

ceed right to temperature difference line using either scale A or

B. Moveu-pwn.rdwthelinemger}ssenﬁng conductivity of the

insulation being idered, then left to di live, upward to
to

the peroent fixed Tine. Move right to the pipe size or flat-
surface lm; and read the economic &%knm at pn::‘;):‘on the scale
correspondi the scales selected for value of heat tem- -
ture difference. For example, with Scale B hea! and
A ulm?ent.uxlef gﬁmm:e, or vice use Bcale A-B
8

Qxeﬂat—cwjm-wn&m&dcurn,meecnnomicthinkmismdon
the prime scales A’~A’, A’-B’ or B-B".

Cost of i refers to i tal cost in place; ie.,
average incremental cost per unit thickness after the first unit.
The first inch of insulation will usually cost more than each
* additional inch. This is due to cost of finish, contractor’s setup,
and operating costs, which do not increase in proportion to
thickness. The first inch of insulation, except in very unusual
cases, provides enough saving in heat cost over bare surface
cost to more than cover these extra first costs. To obtain
* discount from insulation list price, first obtain spplied prices

for the desired type of insulation in one-inch, two-inch, etc.,
thickness. Then d ine the age | tal cost per
inch above cone-inch thickness.

Incremental cost in percent discount from list is

100 (1 - %)
where

X = avuageinaemmulmtinpheeﬁerinchaboveonsindx
Y = list price for 1 in. thickness.

For pipe insulation, use the list price for 1 in. thickness fora
pipe size i with the age i tal cost per inch.
For le, if the age i 1 cost per inch is based
on applied prices for 1, 2, and 3 in., the incremental cost of the
second and third inches would be averaged and the pipe size
for list price would be that nearest the average pipe size of the
second and third inch. .

Reference 16 provides a proven and precise method for
determination of economical thickness for heating applica-
tions and is especially suitable where large installations are to
be considered.

SELECTION OF THICKNESS

Thermal insulation is used in a variety of thickn
many reasons. Refrigerating equip is 11
. for minimum heat gain, and heating equipment for min-
imum heat loss, within economical limits

Table 2 lists insulation thicknesses in accord with general
practice for refri i qui ts for age conditions
in northern climate sones. Local climatic or unusual conditions
of service would d ine the insulation thick to be used.

with the flat surface ison -

Thersaal Conductivity & ot 70 F

F 020 | 025 | 030 | 035 | 040 | ous
—45to —15 7 8 10 12 13 15
—~15t0 O 5 6 8 9 10 12
Oto 15 5 6 7 8 9 10
150 25| 4 5 ] 8 7 8
25t 35 3 4 4 5 6 7
3Bt 5 2 3 3 4 4 5
50t0 60 2 2 2 3 3 3

THICKNESS TO PREVENT SURFACE
. CONDENSATION
Condensation occurs when the water vapor in air comes in
contact with a surface whose temperature is lower than the
dew-point of the air. In order to prevent condensation from

- _occwing on the warm side of insulated rooms, pipes, ducts,
_equipment, etc., a suffi

cient thickness of insulation should be
used to insure that the insulation surface temperature always
exceeds the dew-point temperature.

Itisi ible to provide insulation of sufficient thick

to prevent condensation at 100 percent relative humidity
conditions, because the heat gain would have to be reduced
wmmbyusingauinﬁnite'.hi.cknwofigsuhtinn.ﬁg.ﬁ
illustrates the steady-state heat transfer for which the follow-
ingmlaﬁonshipmxybeusedwmlc\damthedamgivenin
Figs. 6 and 7.

_ =Dy B, -
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where

= hest fiow rate, Btu per (hour) (square foot).
Dq;=nmbimt!ﬁlla.ir ‘:ﬁﬂbmpemum,mmhdt
D, = dew point, Fahreaheit.

hrenhei

&L = opf .
R, = n{ﬂmﬁzherma.l resistance = 0.65 F deg per Btu/(br)

(sq ft). .

R: = L/k = insulation thermal resistance = F deg per Btu
/(br) {sq f1). -

L = thickness, inches (as read from Fig. 7; flat surface or
equivalent thickness).

k= r}:a)n thermal conductivity, Bta per (hr) (sq'ft) (F deg
in.).

§—

. N

Fig. 5 - . .. Steady-State Heat Transfer

il g e

Thermat Insulation and Water Vapor Barriers

-Equivalent thickness is the thickness of insulation on a fiat
surface which would be required to give the same rate of heat

389
value at that point is 50. Assume that the insulatio: il
a k of 0.28 at fa of 50 F, according to muufwzfrf;ﬁeﬂf:

uired for a flat surface or the

transmission per square foot of outer surface of insul
as on s cylinder or pipe.
L =1, log. ro/r:

where

r, = outer radius of insulation, inches.

r; = inner radius of insulation, inches.

The approximate thickness of insulation required to p
condensstion on pipes and flat metallic surfaces may be ob-
tained from Figs. 6 and 7. :

In Fig. 6, tm is the mean temperature (F deg) for k of a
speciﬁcinsukﬁngmaterial,mdismkenastheariﬂxmeﬁc

average of Dy and &:

tn =D + (&/2) .
Actual thickness of pipe insulation is determined from Fig.

7 of actual thickness versus equivalent thickness. Enter Fig. .

7 with L as equivalent thickness determined from Fig. 6 for
specific conditions. Always select next higher nominal thick-
ness. ’

in inches (L) for any pipe size is:

L =Rk = 148 X 0.28 = 4.144 i
Lok {for flat surface, increase to
To find the actual thickness of a 4 in. pipe, read the ival
’l‘hmknn&l}ein!-‘ig‘gé;rpmlloliftuap:in. i :ize ""e,::;
actual thickness o 3 't ordina higher
standard thickness of 3 in.m o ° te. Belect next

PART IV: GENERAL PRACTICE FOR -
BUILDING INSULATION

. Building insulation products should be used for the purpose
d by the

£

and in the manner d f:
should be Mted for detailed appli
al.slo_ t.b‘l‘ s?gciﬁc p “I or in-
volving the use of insulation. It is necessary that all materials
be haadled carefuily and applied correctly in order to assure
that_ the calculated heat loss or heat gain through the insulated
sections not be exceeded. Vapor barriers are necessary to re-

, Who
instructions and

7

Ezample I : A nominal 4 in. pipe is ing at 10 F in amb
amr&;'pavent

gtill air conditions of 90 F relative humidity. De-
termine the thickness of fibrous glass inzuh'.‘ir:n ‘::elasayry to
prevent condengation,

Solution: Assume s pominal 4 in. pi perati t 10 F i
ambient still air conditions of 90 F oi 50 persent relative b
mxd;ty.ﬁl)n Fig. 6, m"d‘:ﬂ (1]?1'1: £, = 10 (arrow) ta 90 percent RH
group, intersecting middle line, resenting 90 F; read
G [huulation Resistance (s o 146, Read e £ o the
. (mean temperature) scale marked (at the right) 90 F. The &
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Fig. 6 ... . Thermal Resistance of Insulation to Prevent
Surface Condensation
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Fg. 7 .... Conversion of Eq
Thickness for Pipe Insulation
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