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CONrAIEINlj· IlEATED FLUIDS

by
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. Tho loss of hoot to the surroundin",s by radiation
and cc,nvection fran tho outer Burfoce of l\ cylindriC8l
I,il-.e oont,.,inin[; [\ hooted fllJid is n<YJo~llrel)i6d by [\
radial flow of hent from the inner ',0 th" outor surfuoo
of the pire. This reJ.Xlrt describGIoI a simplo grophiall
mothod of cvalwting the temrerai;~~) diffe;"'cnoo between
these surfaoos when thernal equi.lib;'illJl oc.:, ha(,n
established.
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It is eften necosscry to know, in J/ro:i;.t!;1lS GOiJcarnlng the loss of hea t
from qylindrical ::;>i);tJs containing heated fluids, the rav.izl tem1":lrature
difference which exists across the wall of tho pil:e. This knowledee enables
the enGineer or ptvsicist to coL1J.Cflre the insulative effect of different
thickneSSes and roo tcrin ls of pi};C '11alls and w"""ine. for certain tempara tures
of the oontt\ined f'1',id. It enabJ.os tl." E\rohitoct or enC'.inoor to ostirnte
tho ton::clY'..ture,of' the o::ttc,rml surfaoe of n flue pili} oonveyin,r~ .':,pses [It a.
oertain telllrorntlU'o Ancl hence to o."lculde too no.~.rm~t s."fo ilist::moo I't ';Ihioh
ocmbustible 1ll."tcr:Lo.l m>y be pkced to tho nne. Tho Jaws of hed tro.llsfer
by r"ili.,~tion, conduction ono convection ena:'le this temperature difference
to be c~lcul[lted, but where mt1ny results hove to be obt:lined, this method is
tedious.

To ovoid the necessity for colculation 0. set of four eral)hs hos been
drE\Wn to l"ll'ovide a rapid method of evnlootine the temrerl\ture difference.
To use trese ~-ho it is necessary to know tho external dil:1meter 8nd wall
thickness of the pipe, its external surface temrerature, and the emissivity
ond conductivity of its lll9terial. The ran.':e of the graphs provides for
external diameters from 2 inches to 9 inches, wall thicknesses from 1/16 inch;
to t inQh, emissivities from 0 - 100 rer cent of blaek body emissivity, anil th".) ji"., 1
conductiVities from 0.0001 to 1.0 colories!nm21sec/ce/cm. The emissivity
and conductivity ranr;es include the values fOi' nE oe,:monl,y'-used pir:e mater:i[.'}.":

. a selection of these values is given in ;;J=,:,X'llih,lC Eo Where the temreratul'c cf
th.6 internal surface is knOl'ID, but not the temp::rature of the external surfac-"
the temPJrature differenco should be obtained for values of the exterool surfac'"
temperature chosen to corresrond to values of thc internal surface temrerf\turc
r,reator and less tron the s;:>ecified value. By interp:Jlation, too value of
the extornal. surfaoe 'cernic ra ture corres}'Onding to the Sl'eeified valu') of too
int()rnal surface temllH'ature may then be estilnated.
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In a. state of th0~D18.-J. oCluiJlil':""!.U111 th'3 hea t 1G6;:) l:e:t:' unit. c rea from
a ro:i.ljt on 'Gho SllL-f;a.txJ CJf 'lii.l:J fluo,·..p\(Xt -;-:;:/ l·t\aj,~.... i;iorJ [,\j:j(~ c0tj\l'~c'i:il)r: rLluf.·~

eg,ut'\l the ~:t'C'..:; "t:r3.rJsf')r thrO~l~h. tho y,ip::1 .....:31.::.. }?E:'.:" uni'l; area 'by ccnductdon
at tba.t roir::tg, ThrJ CiJ~'VCS proviJ!'"; f.l rr..(;c3i.1~, cr 83"tiIP.z,.'tii12: ~hc heat loss per unit
a rea externally a nd, by r-S.llo..tinS 't;hi.~ t.o th.o h::c.....; CG::tuctP.Q throt.;;,,:h th~ pipe
wall, of ~lo.luatine the diffcr0rJ'.J0 of ·tcn.r.J)r-H.·~l~;~t: 'Detv~c0:-:: ~1ir£' two s ut"facer:.~

There arc four fam:U:1.es of CLU:''lCS o

The first' (Fip:s. JJi tiD, .1:;,), which shows the relntion betwecn external
surface temperature and hea'e 10s'G to the surrounding atmosphere by radiation
and convection, is dra~m for different values ct' emissivity3 varying from
o - 100 per cent of black body emissivity, in steps of 20 per cent. This
family OOS been drown in three ter.tp3rature· ranges for greater accuracy, these
being 0 - 250CC ("iN, 2500C - 5OOCC(1B) and 500CC - 1,0000(10).

';,,

The second f~ily of curves(Iisg 2) enabl.e s what rray be termed the "equivalen"~
thicknes.s", p, .of~the pipe to be determined, knowing the external pipe diameter
and \1:>~y~thickness. The "equivalent thic!~"ess" is so celled because it is eq;aJ.
to that.-'thickness·of plane slab of the mDterial of the pipe Which vo uf.d permit
the same rot0 of transfer of heat for the same temr:eratUl'e difference across
it, as would the wall of the cylindrical pipeo The mabhemata.ca.L expression for "p"
is derived in Appendix I.

The third fhmily (Fig 3) "he"ils tl1"l relatj.on between radial heat transfer by
conduction, and the producb ICL,t, whsre K is the conducb.iv'i, ty. of the mnterial
of the pipe andL! t is the te...mpercture difference between its inner and outer
surfo.ces, the value of which it is required to determine.

The l"st f~lI1ily of curves W.l{;4,\ enables tb..o value of .~ t to be ij)termined
directly, knovzi.ng the conduotivf.ty of the piro mnterial and t\1f.l value of
the rroduct K. ~t ns )?Nviously found.

. I

The equo.tions from which all the curves have been drawn are given in
A:r>:,endix I.

Seque~ce of onerations

To find the temrerat ure difference (Ll t) between the inner and outer
surfaces of a flue-pipe conveying hot gases where a condition of thermal
equilibriun has been esto.blished, i.e. all the t emper at ures have reached their
final values, the following procedure shoul.d be carried out.

(a) Select ·Figures·· .1A, 1B, or 1C according to t be external surface
temperL\ture of' the f'lue:-:ripe. !tead off the; heat los'. per unit area by .
rudiation and convcction (li) correspondang t c tbe external aurf'o ca temperature
the emissivity appropriate to t be material 0:" the pipe.

."

(b) From Figure 2
Al'rendix .1), apl)roprio.te
the pipe.

ascertain the "eqc:ivalent thickness" (p) (see
to the exte'maL iiizl1l:Jter and wall thickness of

(c) From Figure 3 obtain the J?rodu-::l X,~'i; ~.ppropri!lt9 to the value of
H found in (a), and of p found in (b).

(d) Finally, from FigUlB 4 read off th3 required temperature difference
(6. t) knowi ng the conductivity (K) of the noterial of the pipe, and the
product K.Llt found in (c).
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The external s urf'ace of a %in. thicl< ast,"~:;,~,s cenerrt flue-"ipo of
6 in. exterrnL diameter must not rise above 15C'h o It is requirec, to
know the maximum pe rmi.sa Lhl.e Lns i.de surf'ace ·1.:·.:i!~:.:':3ratu~·e of the r>irc~

(Assme emissivity of nS~fstos ccmcrrs ;,~>a });:(. c:::ni: of b Lack body, and
conductivity = 0.93 ;: 10) calories/cm'-/sec/:t:/c:",),

(o ) Figure'l shows the tQtal external hoat loss at 150°C to be 0.052
ca1/cl:l2/sec. (inter\olatinr~ l,etween the curves for 80 per cent and 100 per
ble,ok body ra (he ho!]. '

cent

(b) Fi:.:;ure 2 gives the value of P as 1.01 ern,

(c) Fi~:l1l'e 3 shows tha t for a heat transfer of 0.052 cal/cl:l2/sec the
product K• .c.t is 0.053 cal/cm2/sec/cm.

(d) 'Fit;Ltre ,4 ioivesthe temperature difference as Oll'proximtely 58°C.

Hence the maxdmum permissible teC1r:erature for the inner surface of
the pipe is ap~'roxirnately 150°C + 58Cb = 208OC.

,Appendix I

The curves of Fi".1,A" D. FlUl1 c; 101' c:'i..t'f;;y~",: val 'r~ .'l' the emissivity"of the
SU-"° G f k·ne--~---....,..·~~-l ccord'i.r;r: ';'0 t;·r... '''J' I." ~ .....~ .n."._ -e 0 III - i)~~X\", are UL'a\lui\.; _ '0 v, ..u .t ..; ... -,_II.d.,>-

+

where H =heat lost to the surroundings r.<.'r u,,:i:~ e rea ut a ];Oint
on the surface of the pir,e by rO(~i:.:-..iiiolJ Dnd convection
(cals/cm2/sec.)

e =emissivity

c =convection

of the surface of the pi.pe

coefficient( Vor a vertical cylinder

5' 2 1 25=4.7 x 10- cals/cn Ysec/~ •

d )
d - 2b

which has been
terms: -

be low, Its value is obtained from FiGure 2 ,
logarithmic expansion of tho expreasd.on to two

in equa.t io n (3)
drawn using the

= temperat ure of outside surface of pi.pe at the poi.rrt concerned in OK.

=Am'..>ient temr;erature, ~.

~:u~_

The paromete r p, which has been termed the "equivalent thickness" of the
rir:e, ha s been -adopted for oonvenience to express the factor (~ log

l' = i! loS
2

= i! log (1
2

_ 210)'·'1
._...~I

0.

= d
2

(2b
d

+ 410 2
'-:22d

, '

'-' ,,(> ... e .... ~ 0)

= b + 102 ima t 111Fi',rOxlJTIl) 0 y.
il
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Fic;lU'e. 2, . therefore bas been. drawn fron the equation:-

,"-

P = 2.54 (b + b2)

d
o"e- O(l.,o.o ••••••••••••• (2)

where P = "equivalent thickness" in cr'l",'.

b = truckness of pipe \v.1ll in i~s.

d = external dinrJeter of pipe wall in ins.

The mean value theorem shows that theerror involved
terms of the logarithmic series is less than 10 per cent
does not exceed 0.4.

in taking only two
provided that 2b

d

The curves of';Br. 3 are drmm, for different values of the "equivalent thickness",
p, of t he pipe (sec below), from the equation:-

H
i = K (t1 - t2 )

d log -::-d=--,::-_
'2 d - 2b

••••••••••••••.•.••• (3)

where Hi = heat trnnsfer by conduction through the Viall of the
pille = H in (1) in the steady state.

K = conductivity of the material of the pipe (caJ/cm2/see/CC/cm)

. u
t 2 = temrerature of outsii!(, ,4'li'fac8 cl .~)c.P" C

(Hence ~ t = (t1 - t 2) )

d = extelTIal diameter of pil~ (in.)

b = thickness of pipe Viall (in,)

References:
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MeA dams' .~
"H'Sa'~ ~

Trons~ i
mi.asaor;'' I

I

21
4-3.5
95

4
5.5

35

I

I
!

,,,,~---,,."'-. '~ •."'~'."_'''.'__c,_,~,__,_,__,~__ t
I ~ H'· ~ c •

i l~J;,:·.-!;'3r.:ie.l·.... _.,:r.r~;:;:;):'..v~·.;y .~: i \?J 't:::;"~c.k bcdy ra ciat:i..or.) Ref' G

;·-----~-·----1--j"';----- .......-~'W-~---iBuck body 100

Aluminiwn
po Lishe d
rough

11 luminiurn paint
Brass

rolished
dull

C°I:1Jer
l:olished
oxidised

Cast iron
polished
turned
oxidised

WrolBht iron
r:olished
oxidised

Steel
raJ.: shed
ranch

Zinc'
pol.Lshed

G-aJ.vanisetl iron
Asbestos
Asbestos cement
Lampblack
Glazed po roe Laf,n

I

(b) Conductivities

!
fMaterial Cond~ctivity °0 Ref.oals/em / sec/OC/am

it sbestos 0~25 x 10-3 100 (2)
Asbestos cement o q" 0-3 50

m
o~J x 1

AllIninium Oct4-9 100
Copper 0..91 100
\VroLJ.::;ht iron 01> 14- 100
Cast iron 0",11 100 t;lSteel 0" ~-1 100
Portland cem':.nt 0 ..85 x 10-3 90 ~~Porcelain '") ,- x 1,~-3 95'-,,:J. U

Bl~hSS 0 ..26 20 (1)
Zinc OQ26 100

~ ~~Slag '','1001 0.12 x 10-3 30

Kaye and I.a.by. - rtPh,ysical and Chemical Constants"
"Irrte.rna'tdona'l, Critical Tablesu • published by
McGraw-Hill & Co. Ltd.
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