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~ Case 11.of Table 2 fits the conditions of the problem if only free conve
tion heating of the pipe is assumed. The equation in this case is as follow.

he.= 0271 (1%)“ A(?—;)w

' R,

a4

where
’ At =20 F
D = 0364 ft
P = P, = one atmosphere
therefore, - ’

.h oz (2-Y*
°."10.364)

hy = 0.737 Btu per (hr) (sq ft) (F deg). _
Using the surface area of the insulation, the value of the resistance per uni
length is determined. : - o ’
. 4375 .
. A=1(T2—)Xl=l.l4sq,ft ]
R 1 .

Ro= = ————
hed 0737 X L14

R = 1.19 (hr) (F deg) per Btu.

This result may not be deemed conservative inasmuch as the expression i
for still air. If, however, the air is not still, but flows at approximately
mph or 7 fps; the heat transfer equation for forced convection would apply
This equation is Case 5 of Table 2. .

(u p)*

Begoversgsy = 0.211(T

100 + 120
1, = W0 +H10

e
+ 460 = 570 Rankine (Fahrenheit absolute)
7zB
u, =17fps

_ 0076( 2 = 0.06941b per cu ft
p = 0. 50, = perc

-

D = 0364 ft i

0.211(570)0-6(7 X 00694)0¢ - - - - AR
he(average) = (0.364)0-4 . - g
~hc(,v,..,,) - 273 Btu per (hr).(sq ft) (F deg) _.,

and ‘ 23
R (Forced Convestion) = o = s E

c orce onvecul — hcA = 273 x 114 &‘, '

R, = 0321 (br) (F deg) per Btu. ;

The radiation resistance, R:, which acts in parallel with the resistance
just calculated, can be computed with. the aid of Fig. 7. The pipe wall3
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assumed at 100 F sees the surroundings at 120 F. If these two tempera:,;, i
-

- Heat Transfer

" tures are used with Fig. ofor - -
used with Fig. 7, a valu'e. for - is determined directly.

he . : .
FaFy = 14 Btuper (br) (F deg) (sqft). - L

The angle factor, F,, is unity, and for an estimated

0.95 (see Table 3), Fz = 0.95. Therefore surface’emissivity of

he = 14 FAFg = 14X 1X 095 .
he = 1.33 Btu per (hr) (F deg) (sq ft)
and the radiation resistance, R, is then the following:

1

Bom—m o1
WA~ 133X 111

R, = 0.659 (hr) (F deg) per Btu.

The resultant resistanc
now be evaluated as: ¢ of £, and

1 1

RTRT

R; acting in parallel (see Fig. 8) can

1 1 1
X —.0.{521 + 0659 ="4.54 Btu per'(hr) (F deg) . -

R. = 0216 (hr) (F deg) per Btu.

Th i .
e overall resistance, Rr, surroundings to cold water, is the sum of

Ri+ R+ R+ Ry =
Note that tho t R 4.12 (hr) (F deg) per Btu for 1-ft length of pipe.

lling resist;
botk olling resistances are R; and R, and
o t;] :r;)d I'i’,g w;)uld not significantly influence the g)taltxiaétis{:l:r%(l:?tlid ’
e basis of this resistan i ' ! the
surroundings to the cold water ngs; al.)lglzl‘f;.;;gggél E;Sl%eat ransfer from the

or about 0.17, ¢
; ut 0.175 tons _of refrigeration per 100 ft of pipe
Since the calculation is based on a 1-ft pipe length .
.

qr. = 20.8 Btu per hr.

The temperature dr

ops : . . :
valua ps through the various resistances are now readily

ted by Equation 14 as:
‘ Al = qk

to — ¢ P Lo . :
u (8ir to insulation surface) = gR: = 208X 0.216 = 4.49 F d
. . 9. . = 4. 3 deg

fag — ¢ K
= (through the insulation) = gR; = 20.8 X 3.9 = 81.2 F deg .

Ly — ¢, . R
ta — ¢ * (Shrough the pipe wall) = gR: = 208 X 8.5 X 10~'= 0.018 F'deg "
n — s - > i
Thils (pipe wall to cold water) = ¢R, = 20.8 X 3.73 X 10-? = 0 678 F d g
. +hus solution . . R ) €g
initially maqe. 1o Obtained on the temperature distributi moti

. ut;
the whole Problerlif - apparent that a better solution couléogeazsl;lﬂl;‘igtggq?
caleulated ere reli?erated using the temperature distrib{xtioﬁ‘iﬁgt‘




