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For the préblem under consideration (Fj
: r ig. 4) case 3 of T i
?{ppluéable for the calculation of the cold water side convection rzgil:taié:
1. Corresponding to the water velocity of 5 fps, the mass velocity is:

G =5 (ft per sec) X 62.4 (Ib per cu ft) X 3600 (sec per hr) = 11.2 X 1051b per hour

per square foot,

2.067

The inside diameter of the pipe D is 1 = 0.1725 ft. )

)

fluid temperature of 34 F). Then case 3, Table 5 yields:

k = 0.00486 (1 - (112 X 10902 _ ,
{1 + 0.36) ©.1725)3 ~ = 650 Btu per hour per square foot per de-
gree Fahrenheit. '

. The transfer area on which this is bz i
‘ . r conductance is based inst
area. Associated with 1t length of pipe there are: s the inside tube
: 2.067

?XT X 1 = 0.542 sq ft.

: Thus the resistance for 1 ft of tube length is:

1

Rl o 1 fegree Fah
' = 3D X1 850 X 0543 = 2.8 X 10 hr degree Fahrenheit per Btu,

Case 9, Table 5 is applicable foxi calculati

C , T is C ulating the free thermal convecti
}‘Igﬁ::st:ir:c?é nll?s, e;;xstmg between the swrrounding air and the ins&i?i::)%n

érature is given as 120 F. As an approximati :
temperature difference between the air and the l;)lx?pe’ su?fzigg \?vilzlobi
‘assgmed. Then case 9 yields: S : :
: _ 4375 -
D=5 =036tk

—

ﬁ —7.0.2'3 (0_3_671 = 0.63 Btu per hour per sq.uare;foot per degree Fahrenheit. (13) .

This result may not be deemed con ive i ‘as’ pi

y sult conservative inasmuch as the ex i
is for still-air. 1f, however, the air is not still, but flows at appr?)xx?::esxile?n
5 mph or 7 fps the mass velocity corresponds to: B d

G = 17X 0.07 X 3600 = 1770 Ib ajr per hour per square foo‘t.'
A magnitude of £ = 0.014 Btu , {
I C = 0.01¢ per hour per square {
heit for one foot thickness applied to da%é 4qyields 00 per Qegree Fahren-
. o 4 {0014 . 14\ 0-
o ‘(0—_-3.‘?4 + 0178 (1770)0 (SO4)"

='0.017.4.28 = 2.8‘Btu~pgr hour per square foot per degree F-ahr‘t-zrlxheit.

- This.conductance is based on 1':sq fft.bf',():ufsidé lagging area. . Thus, since

, 4.375

. hq_re_ are 7. X ; 12 ':1._14_‘5',(1{ fg :of Qu;t‘mde lgggmg area associated with

1 ft length of pipe: . i
. —

The average water film temperature will be estimated as 36 F (mixed mean

- riow be evaluated-as:

e

~ CHAPTER 3. FUNDAMENTALS OF HEAT TRANSFER

1

R = SEXTIE = 0.312 hr degree Fahrenheit per Btu.

The radiation resistance, R;, which acts in parallel with the convection
resistance, R., for the transfer of heat to the surface of the insulation, may
be calculated. For the purposes of this illustrative problem it will be
assumed that the insulated pipe is exposed to-(sees) surroundings, which
exist at 120 F. Then the angle factor, Fa, is unity and for an estimated
surface emissivity of 0.9 (see Table 6), F. = 0.9. As a first-approximation
the insuldtion surface temperature will be estimated as 20 F lower than
‘the surroundings at 120 F. Then the radiation per degree of témperature
difference, by .Equation 3 (or more conveniently by Table 8) divided by
the temperature difference will be: L

hr>= W = 1.17 Btu per ﬁour per square foot per degreé Fahrenheit.

The. outside surface area of the insulation associated with 1 ft of pipe
length was previously-calculated as 1.14 sq ft. Thus: Co

. L
Re= T xTaa

= 0.75 hr degreé Fahrenheit per Btu.
The resultant resistance of R and Ry acting in parallel (see Fig. 4) can

1 1 1 1 1
SR TR YR Tt on
o ' ..Ry = 0.22 br degree Fahrenheit per Btu.

= 4.54 Btu per hour per degree Fahrenheit.~

’

The individual resistances for a 1 ft length of pipe applying to the
illustrative problem depicted in Fig. 4 have now been calculated and are
summarized as follows: ' :

R convection from the pipe wall to the cold water = 2.8 X 107 hr degree Fahren-

heit per Btu.; L
R; conduction through the pipe wall = 8.5 X 107 hr degree Fahrenheit per Btu.

"Ry conduction thréugh the cork insulation = 3.9 hr degree Fahrenheit per Btu.
R. parallel convection and radiation from the surroundings = 0.22 hr per degree
Fahrenheit per Btu. : ;
Theén: . . ,
" Rf = the overall resistance surroundings to cold water = Ri -+ R; 4 Ry + Ry = 4.1
;- hr degree Fahrenheit per Btu. R o
Note that the controlling resistances are R; and Ri. That is, the neglect
of R, and R: would not significantly influence the total resistance, Rr.
On the basis of this resistance calculation the heat transfer from the
surroundings to tlie cold water may be evaluated as:

e _ Af 120 — 34 21 Btu per hour per foot -

or about 0.175 tons of refrigeration per 100 ft of pipe.
Since the calculation is based on a 1 ft pipe length:

gre = 21 Btu per hour.
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