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Abstract

Scme considerations on optimum design of % 'pile
heat exchanger circuil are presented. The power transfer
possibilities are found to be quite good. The work was

done with a homogeneous pile in mind.




PILE HEAT EXCHaNGER SYSTEM

Go Young

In the following, we set down somé considerations i'egarding the design and
performance of a pump an§ heat exchanger circuit for the homogenous and heaéy
water cocled piles. Essentially two kinds of idls holdup will be introduced:
that in the pump, which will be regarded as proporticnal to the tofal raté of
flow-; and tha"t‘ in the piping, oxchanger heads, eie¢., which will be ragar&ed as
equivalent %o an sxtra length‘of nonwfﬁneﬁoning heat exchanger.

Denote

A= total cross-section area of the exchangsr %tubss in which the pils
liguid flows.

volocity of pile.liquid in the tubes.

o

AV = volume holdup in pump., Note that m is the lehgth' of tim'e the liguid
spends in going through the pump. '

L = active length of exchanger tubes.
ALg .g volume holdup in external system apari from that in the pumps -and

active exchanger. Ly is thus the equivalent length, in terms of the
exchanger eross«-section, of the piping, heads, etc. Note that n g ILp
is the time spent by the liqmd in going through thewe parts of
the eirouit.

* = inner radius of exchangsr tubes.

ovarall coefficient from the pile liquid insids the tubes %o the

h g
cooling water outside, based ocn the inside erea of the tube, -
T = temperature at which pile liquid enfers exthangero.

To = ‘temperaturs at which coeling water enters exchanger.
V‘ s volume of pile liquid in entire outside circuit,
P ¢ power output, |
T 1;empamjtu.z.°ec decreass of pile liquid through exchangsz.
at = temperature rise of cooling water through exchangero

FANY S tamperaturé difference bedwesn pile liquid and: the cooling watey

_ : wall from id.
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= effeciive average valus of AT along the exchanger tube.

hea’s capacity of pile liquid per unit volume at average exchanger
conditvions,

We have at oncs,

Pg LA%& ?/ o - | el £

. &and upon eliminating A between these,

Pa ’V% . 1 : : AT ' . - (3)

S and Oggositel?low of Cooling

squal counter f£low of the cooling water, s:mce then a _-g"l and T i3 constent

Water. The simplest case is that with

‘and equal %0£'T all along the tube, We then f£ind,

re ¥ : - o N
from.'whichg
AT g T, = Tg R )
14 2L
rev

and substituting this for 4T in {3), gives,

P V(T = To) | cmmmmmmanaes (7)

[E+&) (1%@)

e o




N 4

This vanishes for L g O and L g « and is maximum for,

g rve (Lo + mv) , e § )
2h " ‘

which substituted into (7), gives,

Ppax = ) : v (To i 'TO) - . o (9)
) FRw v 3 . _ _

Thus it is seen that v end h should be as large as possible, while T, Lo,
and m should be as small as possible, end that 1. should be as given by (8)

in terms of the other quantities, Note that meking v large and r small

© does ’1~h fact increase h, so that thess requirements are comsistient,

Exprossion (9) mey also be writien more directly in %erms of hold-up times as,

VT, - To)

&)+ (=]

Pmax =

- Numericaleo ﬁ'igxmes obtained by Ch+pin om sSlurry pumps are,

M

s

hold-up in hold-up

gal. per min, tons . ms/seco in | m in ssc,
4000 o6 o25 »54 202
8000 o8 o5 082 1,6

According %6 Ghiltén and Ve:bnon, e may consider tube walls as thin as 18
gauge = ol24 em, which with 18.8 stainless steel of heat conductivity 00615

cal, etc., give am h value for the tube wall alons of 05 eal, a%co
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I4 i2 not kdown how higsh v wmey be without eroéion troubles. According to
szil'i;oag vaiues of © domn %0 o2 cm ars not impossible to achieve, If v =
300 em per sec and ¥ = 1/3 em, we get an b on the slurry side of o6, '
To obtain a definite example we take,
m = 2 sec !
Lg = 300 em ) - :
) vwhich make n = 1 sec
T g 300 cm/fsec) ‘
e = i
- P = 1/3
h g 1/6 which may be regarded as arising from h = % for each of -
: the tramsfers from slurry to wall, through wall, from wall %o
cooling water,
T =Ty u» 150° C,
4 ¥V = 107 @® o 10 tons heavy water hold-up outside pile,
’Y . With these walues, (lo)beeon;aas_ ' B
Box = V(T = Tp) e 2 x 10° cal per see g
709 840,000 kw,

/

Something like 47 tons are needsd for the entire system in this case (37 in

pile 4+ 10 outside), so that the above figure is ebout 18,000 kw. per ton,

The agbove vaiues substituted in (8) give L = 300 rf’g, while (4) becomes

e VERN T, and (6) becomes AT z T, = Ty o Thus we see that the hold-up

times ars,

‘i3

1+ ¥3

sec¢ in pump

s8¢ in piying, ete.

475

se¢ in exchanger

sec total




4

£
‘.

h 4

6358’)

The total flow is thus _10 = 2,12 m?/sec which requires 4 + of the

4,75
larger size pumps contemplated above. The temperature differsnce 18 4T =
55"3,, and %he ‘temperature change through the exchanger is $ 5 05° for both the '

slurry and cooling water,
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