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e
R,, and into the water stream through the convection resistance, . Bj

Note the analogy to the direct current electrical circuit problem.
temperature (potential) drop is required to overcome these resistances
r The total resistance to heat transfer,

the flow of thermal current.
hour Fahrenheit degrees per-Btu, is the summation of the individ

resistances: . .
Rr=R+R+R+ R

where the resultant parallel resistance R4 is.obtgjned from
1 1 1 - '
RORTR ,
Provided the individual resistances may be evaluated, the total resistan
can be obtained from this relation. Then the heat transfer for the lengthy

of pipe (N, ft) can be established by the relation » )
g (Btu per hour) = “—";Tt'—)
For a unit length of the pipe the heat transfer rate is

s -t
N Btu per (l}our) (foot) = BN

3

The temperature drop, A, through an individual resistance may then - .
g

calculated from the relation: :
At =R g a3}y

where R is the resistance in question. : ) e
The problem is now reduced to one of evaluating the individual resistg
the system. This entails suitable manipulation of the rate Equa}

ances of
tions 1, 2 and 3 to produce expressions of the form: el
M K W
g== 13
R =

rate, and At is the potential drop or tempers g
ture difference through the resistance R. Table 6 lists such solutions foi
six different conduction systems. Table 4 in Chapter 9 and Table 1
this chapter indicate the magnitudes of the thermal conductivities, k,
be employed in the expressions of Table 6, after dividing k by 12. a8
The solution applicable to the problem depicted in.Fig. 8, for the calzl
culation of R» and Ry, is case 2 in Table 6. Thus for a 1 ft length of 2 IR
nominal size pipe (I. D. = 2.067 in,, 0. D. = 2.375 in.) insulated with
1in. of material having a conductivity of 0.025:

where g is the ﬁeat transfer

S

1.188

loge —. A

1.033

= —————— =83 ‘ F .
Ry X X1 X 104 (hr) (F deg) per Btu_

log, 2128
OB 1188

= = O F Btu.
= 2 X 0025 X 1 39 (hr) (F deg) per Btu

R,

. on the thermal properties of the fluids.
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The convection resistances to heat transfer from thie-pipe wall to th
Fwa e

- cold water, R, and from the air to the surface of the insulating material
ial;

* R. afe dependent on the flow conditions prevailing at these surfaces, and
These resi ire
dependent upon the tem istribution, and far e o direct]
r perature distribution, and f i rind
gsf:s?rg .grstt', to guess on the basis of the problem sta(,)tllant;l:nst reafé)n o
va.lueslzfnh uf(x)?nh uptoxtl wh;ch t:;c» base the initial calculations. aSinmp?l?-
alues of h, eat transfer between water and pj ' ively
1}:1111%1 (‘lililﬁthls beni)perature range, it is logical to assm];;p:nlv;a;lss,gr?] auvely
fure di tcle]x:mi:e etv;rjeen the temperature of the fluid body and t?1e t(:;e moore.
bure of th v€1 lll)ebwa . For the purpose of an initial guess, this tem eratans
transfer from air to & rgggyt?s retatively soml mgher band, o i
r ively small 1 )
difference would be expected between these n’lazzgsa %ﬁ?ﬁéﬁ?%?&ﬁf ;
. : y

assumed here will be 20 deg. I
in the system is assumed asgfouol;rss:ummary, the temperature distribution

Fluid temperature = 34 F.

Inner Pipe wall temperature = 36 F.

Oute‘r insulation surface temperature = 100 F
Ambient air temperature = 120 F. : )

With these i :
caloulate v alflissuglp:}llons and the problem statement, it is' now possibl
solution of the probl ecor}llvectwe resistances. If it is found in t,hi uli. e to
that assumed, it willeﬁll t! %t the temperature distribution is diﬂ'erent;ufnate
It oforemas o b m(;r:i ! c:on?rc:ts)]sarzy t: refpeat the solution procedurzom
is a system simi e 2, it is found s
and gilée;lpsé%lﬁ]r to that encountered in the convetcl:?cfncl:)a::w3 o :l};u s table
‘ il The equation for this case is the fouowiﬁ{g.l ¢ water

ho = 13.9(4;054s “D%“ . :
2
where (15)
Uy = 5fps
2.067
D= — =
12 0.1725 ft
Pk
= 2 = 35F

h = 139 X 69 X 362
0.703

This h )
therefore?izf ransfer rate is throu

= 494 Btu per (hr) (sq ft) (F deg).

gh the i ur . i
s area that determines the rl::igrtasrlxlcfafg °f the pipe and it is

A4 =

’

=D = 0.542 ; .
and therefore 8q ft per unit length of pipe,

_1 1
hoA 494 X 0542

Ry

B =373 X 10~ (hr) (F deg) per Btu,




