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by
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Summary

. The loss of heat to thoe surroundings by radiation
and convection fram the outer swface of a cylindrieal
vipe contoining a heated flvid is accompenied by a
radial flow of heat from the inper %o the outer surface
of the pives This report describsy a simple grophical
nothod of evalwmting the temperatws differxcnce between
theso surfacss when thermal equilibriun e haon
establisheds

Introduction

1 is often necessary to kmow; in Iroiems coucsruing the loss of heat
from gylindrical mipes contoining heated fluids, the racdinl temperature
difference which exists across the wall of ths pipe, This knowledpge ensbles
the enginger or physicist to compere the ingulative effect of dif'ferent
thicknesses and moterials of nipe walls and lagsing, for certain temperatures
of the contained L£luide It enables tie apchiiect or engsinecr to cstimte
the tomersture of tho attornal surface of » flus pize conveyine moses at o
certain temyernture and hence to enleulate the noerest safe distance ot which
canhustible materinl may be ploced to the fluge The laws of hest transfer
by redintion, conduction ond convection enale this temperature difference
to be oalculqted, but where many resulis hove to be obtqlned this method is
tedious,

To avoid the necessity for calculation a set of fouwr graphs has been
dravn to provide a rap:.d method of evalwnting the temperature difference,
To use these ppmpha it is necessary %o know tho external diameter and wall
thickness of the pipe, its external swface temperature, and the emissivity
end conductivity of its materisle The range of the graphs provides for
exterml diameters from 2 inches toc 9 inches, wall thicknesses { rom 1/16 inch,

'bo inch, emissivities from O - 100 per cent of black body emiz sivity, and thersed

conductivities from 00001 to 140 calories/am2/sec/®C/cme  The emissivity
and conductivity ranges include the values for all comonly=used pipe materizl::,

‘a selection of these values is given in aypjendix IT., Where the temperature of

the internal surface is knovm, but not the temperature of the external surface,
the temperature difference should be obtained for values of the extermel surfac
temperature chosen to corresyond to values of the internal surface temperaturc
rroater and less than the specified values By intermlation, the value of

the extornal. surfoce tempsrature corresponding to the specified valuo of the
internal surface temuzrature may then be estimated,
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Desoription of graphs

In a gtate of thermal equiliveium the heat loss ver unit area from
2 point on Ghe surfacy of tne TLusspipe oy rediation &nd convection musv
ejqual the hee transfor threough the nipe wall nevr unit area by ccenduction
at teat pointe The curves provids a means cf estimating 4he lieat loss per unit
area externally and, by eglating thris fo the oy corducted throuzh the pipe
wall, of evalwating the differcnce of lemporaiune between ihe two surfaces,

There arec four families of curves,

The first (Figs. 1,13, 1%,), which shows the relation between external
surface temperature and hea' lost fo the surrounding atmosphere by radiation
and convection, is drawn for different values o emissivity, verying from
0 - 100 per cent of black body emissivity, in steps of 2C per cent. This
family hns been drawn in three temperature ranges for greater accuracy, these

being O = 250%C (7p), 250% = 500%C (1B) cnd 500% - 1,000°(1C).

The second family of curves(fg 2)enables what may be termed the “equivalen®
thickness", p, ofithe pipe to be determired, kmowing the external pipe diameter
and wall-thicknesse The "equivalent thicksess" is so called because it is egqual.
to that thickness of plane slab of the moterial of the pipe which would permit
the same mte of transfer of heat for the same femperature difference across
it, as would the wall of the cylindrical pipe, The mathematical expression for “p°
is derived in Appendix I,

The third family (Fig3) chows the relation beiwesu radial heat transfer by
conduction, end the preduct Xult, where X is the conductivity. of the material
of the pipe anddA t is the temperoture difference between its inner and outer
surfaces, the volue of which it is required to determinee

The last fomily of curves (¥irl) enables the value of 4t to be Btermined
directly, knowing the conductivity of the pipe maferial ard {the value of
the yroduct K.t as previcusly founde )

The equations from which all the curves have been drawn are given in
Ari-endix I,

Saguence of orerntions

To find the termerature difference (A+%) between the inner and outer
surfaces of a flue-pipe conveying hot gases whers a condition of thermal
equilibriun has been established, i.e. all the temperatures have reached their
final values, the following procedure should be carried out,

(a) Select PFigures . 14, 1B, or 1C according to the external surface
temperature of the flue-pipe. Head off the beat los% per unit area by
rodiation and convection (H) corresponding tc the external surface temperature and
the emissivity approyriate to the material of the pipe.

(b) From Figure 2 ascertoin the Yequivalent thickness" (p) {see
Aprendix I), appropriate to the external diamoter and wall thickness of
the pipe.

(¢) From Pigure 3 obiain the produst X,4& % eppropriate to the value of
H found in (2), and of p found in (b).

(8) Finally, from Figue L read off {hs required temperature difference
(At) knowing the conductivity (K) of the mierial of the pipe, and the
product XK« At found in (c)e
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The extermnal surface of a 2 in. thick asbrrios Sement flue-nipe of

6 in. exterml diameter must not rise above 150°H, It is required to
know the maximum permissible inside surface 4amparature of the pine.
(ssume emissivity of asbestes cement = 20 p:zw czo® of black body, and
conductivity = 0,93 : 1077 calories/cm /g.\,c/Ur‘ o)

(2) Pigure 1 showsthe totul external heat loss at 150°% to be O, 052
cal/em?/secs (:Lntermlc.tlnrr hetween the curves for 80 per cent and 100 per cent
black body rodicticde

" (b) Firare 2 givesthe value of p as 1.01 cm.

- {e) Fijure 3 shovs that for a heat transfer of 0,052 cal/cmz/sec the
oroduct Ko A% is 06053 cal/can® /sec/cna

(8) Figure L givesthe temperature difference as approximately 58°C,

Hence the maximum permissible temperature for the inner surfa.oe of
the pipe is ajr-roximately 150% + 58% = 208°C.

Avpendix I

Equations from which Firurcs 1 - 3 have been dravn

The curves of FL..1A B, ama 0 Lor Aitforent valume of the emas:.\ﬁ.tv of the
surface of the ix Loy ‘,_I'L Travnaceording to twe SRS Jw.-

H = G(T2 - TA}‘I‘) + C(T2 - .r.“\l) ":ZD ouovonoaaooo-on-o(1)
where H = heat lost to the surroundings por unil alea ot a point

on the curi‘acc. of the pine by radiaiion and convection

(cals/cm? /scc.)

]
il

emissivity of the surface of the pipe (cals/cmz/sec/oKl")

(o]
i

1
convection coefficient for a vertical cylincder

Lo7 x 1072 czﬁ.ls/cmz/sec/oK1 *25

temperature of outside surface of pipe et the point concerned in “Ke

i

Tos
TA:

Ambient temperature, °K.
Toourn 2,
The parameter p, Which has heen termed the "equlvalent thickness" of the
Pipe, has been -adopted for convenience to express the factor (g log )
d - 2
in equation (3) belows. Its volue is obtained from Fizure 2 , Which . has been
dravm tsing the loparitihmic expansion of the exiression to two terms: -~

iee, p=4d log __d_
2 d - “b
=alog (1 - 20"
2 a
=.@ (.2.-:9 + !'__@2 'T' ntnno;m-vao)
2 a 2a°

i
o'
+
D.J

arrroximately.
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Firure 2, therefore has been. drawvn from the equation:-

0= 25 (0 0 ) rererevnenennnseenn(®
where p = "equivalent thickness" in cms.

b = thickness of pipe wall in ius.

d = external diameter of pipe wall in inps.

The mean value theorem shows that theerror involved in tking only two
terms of the logarithmic series is less than 10 per cent provided that Zb
does not exceed Oulre d

The curves of '3 are drawm, for different values of the "equivalent thickness",
p, of the pipe (see below), from the equation:=

1
H =K(‘b1 "'t2 ) .oolc.o.ouoooou.ao-O(B)
4log _ d
2 d-2b
where H1 = heat transfer by conduction through the wall of the
pipe = H in (1) in the steady state.
K = conductivity of the material of the pipe (cal/cmz/sec/oc/cm)

%4 = temperature of insids surfeca of pips, ¢

t, = femperature of outside swTacy of pipe Y

(Hence At =(ty = t3) )
d = extemal diameter of pipe (in.)

b thickness of pipe wall (in.)

References:
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Appendix IT

Valuss of emiszivity and corduchivity of typical surfaces and materials

(2) BEmiszivities

(v) Conductivities
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Brass
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oxidised

Cast iron
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turned
oxidised
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polished
oxidised

Steel
Tolished
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Zinc:
polished

} Galvanised iron

Lsbestos
Asbestos cement
Lampblack

Glazed porcelain
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Material

Ref. J

A sbestos
Asbestos cement
Aluminium
Coiper

Wrcuzht iron
Cast iron

Stesl

Portland cemsnt
Porcelain

Brass

Zinc

Slag wool
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McGraw~Hill & Coe. Ltd.

1% Kaye and Iahy. - "Physical and Chemical Constants"
"International Critical Tables", published by



HEAT LOSS—H — cql/cm2

o4

O.12

Ol

o081

/m

P

0-06

0.04 /

CONVECTION LOSSES ONLY

0.02 ; /

80 160 240 280 320
TEMP OF EXTERNAL SURFACE OF PIPE-Oc

FIG. 1A, HEAT LOST BY RADIATION AND CONVECTION PER UNIT
AREA FROM EXTERNAL SURFACE OF A VERTICAL CYLINDRICAL PIPE

CONVEYING HOT GASES.



60

[ )
) ./
N b Y
Q
& P
(v Q
& o
v N
« ©
052 /
i
0 44
] 036 /
o
e
~
£
(8]
o . /
(9] .
: T 0‘28
i
[V,
w
. o)
-d
<
w . 60
T o\o
. e
. // / v
012 /
/ / 88
L/ CONVECTION LOSSES
ONLY
004
’ . 240 320 400 480 560
TEMP. OF PIPE EXTERNAL SURFACE - °C
FIG. IB

HEAT LOSS BY RADIATION AND CONVECTION PER UNIT
AREA FROM EXTERNAL SURFACE OF A VERTICAL CYLINDRICAL

PIPE CONVEYING HOT GASES.



4'0

3-0

cal /crrel sec.

2:0

HEAT (OSS-H

o~
/// // _
OA.B ZZ/ //

/ /
Q% B8

______,_.——-
' CONVECTION LUSS

ONLY

\\i

\

500 600 700 800 9C0O 1000

TEMP, OF PIPE EXTERNAL SURFACE - ¢

HEAT LOSS B8Y RADIATION AND CONVECTION PER UNIT AREA FROM EXTERNAL
SURFACE OF A VERTICAL CYLINDRICAL PIPE CONVEYING HOT GASES.



\ b.l/zri

'\ b 318'

o

THICKNESS _pcm.
o
)

(-
E
2
-
3 07 ,
bely
”
[ 4 .
- e b="8 10 swa.
03
12 SWG.
14 SWG.
I
b= 16 swe.
o1

2 4 s 8
EXTERNAL DIAM. OF PIPE ~ d.ins.

FIG.2. THE EQUIVALENT THICKNESS OF A CYLINDRICAL PIPE.



{ SEC.

KAt.— CAL /CM

6-0( 1-2{0-30

N

4-0(0-8| O

3-0{0:6| 0I5

22010-4| O-|

‘O |02 005

e %V/////

———

—

A el ¢
C. 005 O- | QIS O-2
8. O-2 O-4 Q-6 O-8
A. IO 20 3*'0 4-0
HEAT TRANSFER — H ~ CAL /CM?2/SEC.
FIG. 3. PRODUCT KAt FOR VARIOUS RATES OF HEAT CONDUCTlO’N AND

EQUIVALENT

THICKNESS OF PIPE.




(RNKe 4
AQ HE



7,

»
_Q
0/
LAY )
~ O
v/
ul A e
070 /o o)
t
Y
o)
or lee
~
0
L™
7/ v

OOOOOO

% //
74 / .
o1 // //
000l 0-0l Ol |
CONDUCTIVITY K — callcmzlsecl fi:'/cm
IG.4. CURVES SHOWING THE VALUE OF At HAVING THE VALUES OF PRODUCT K
A I .






