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Abstract 

Some considerations on optimum design of ~ pile 

heat exchanger circuit are presented. The power transfer 

possibilities are found to be quite good. The work was 

done with a homogeneous pile in mindo 
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Abstract 

Some considerations on optimum design of ~ pile 

heat exchanger circuit are presented. The power transfer 

possibilities are found to be quite good. The work was 

done with a homogeneous pile in mindo 
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. In the following, we set down same considerations regarding the design and 

performance or a pump and heat exchanger circuit for the homogenous and heavy 

water oooled pileso Essentially two kinds of idle holdup will be introduced: 

that in the pump, which Will be regarded as proportional to the total rate 01' 

flow; and that in the piping, exchanger heads ,I etco, which Will be regarded as 

equivalent to an extra length of non-t:unetionlng heat exchangero 

Denote 

A: total crosswsection area of the exchanger tubes in which the pile 
liquid flows .. 

v: velocity of pile,liquid in the tubes., 

mA.v:: volume holdup in pumpo I~ote that m is the length of t1m9 the liquid 
spends in going tllrough the pumpo 
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ALa :; 

active length of exchanger tubes .. 

volums holdup in external system apart from that in the pumps and 
active exchanger., Lo i~ thus the equivalent length, in terms of the 
exohanger cross-section, ot the piping!) heads:> etc., Note that n ~ Ln­
is the time spent by the liquid in going through these parts ot ~ 
the circuito 

r = inner radius ot exchanger tubeso 
. 

h; overall coefficient ~ the pile liquid inside the tubes ,to the 
cooling water outSide, based an the inside area ot the tubsa 

T~:: tempSl'ature at which pile liquid antEll's t?):h."Changaro .. 

. To :: . temperature at which cooling watsl· enters exchangero 

V m volume of pile liquid in entire outside circuito 

P: power outputo 

t ~ temperat~ decrease 01' pile liquid through 9xchangero 

at :;' tempsr~:ture rise of cooling wa:tar thrC)ugh e:ll.,'changer 0 

L.\ T ~ tam;perature difference between pile liquid and "lihe cooling water 
,maaR Pm iNa wall from 1 to 

iii I 1 ; C ;; ;~fi[tlh~ irtfli:aiti 
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PILE HEAT EXCHt1NGER SY.f..>'TElItl 

. In the following,we set down some considerations regarding the design and 

performance of a pump and heat exchanger circuit for the homogenous and heavy 

water oooled pileso Essentially two kinds of idle holdup will be introduced: 

that in the pumPo which will be regarded as proportional to the total rate ot 

flow; and that in the piping, exchanger heads~ etc., which Will be regarded as 

equivalent to an extra length of non-~ct1onlng heat exchangero 

Denote 

A: total cross-section area of the exchanger tUbes in which the pile 
liqu.id flowsc 

v: velocity of p~la,liquid in the tubeso 

ma.v: volume holdup in pumpo I\fote that m 1s the length ot time the liquid 
spends in going through the pump., . 
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active length ot exchanger tubeso 

'Volume holdup in external system apart from that in the pumps and 
active exchanger~ L is thus the equivalent length, in terms of the 
exchanger cross-seat~on~ of the piping!) haads, etc., Note that n !;l: In· 
is the time spent by the liquid in gOing through these parts ot ~ 
the circuit" 

r = inner radius of exchanger tubeso 
. 

h; ovarall coefficient ~ the pile liqUid inside the tubes.to the 
cooling water outSide, based on the inside area of the tubaC! 

Tv ::. temperature at which pile liquid enters exchangaro .. 

To g . temperature at which cooling water enters exchanger 0 

V ~ volume ot pile liquid in entire ~~tside circuito 

P: power output" 

t ~ temperatur~ decrease of pile liquid through 9xchangera 

at:.; . tem.psr~:ture 1'1 ss of cooling wat!&:r thrt)ugh exohanger (I 

~T ~ temperature differeno0 between pile liquid and the cooling water 
,ss,e »2 iWn wall from ito 

~~.~:]: _~h.~, T'f:Ii}Fh!% i~ ;;;;;; 
. \ ~ V .. uta ... .\,Y) ... .......--';;r . -'! _. 

,
UlPJiDSfirr1 WiER ;1 -wbihi""i btl Id' I . a 



~ -2-

,0 T::: effective averagevalu9 of AT along the exchanger tubao 

o = heat capaoity ot pile liquid par unit volume at average exchanger 
eond1t10nso 

We have at ones, 

V:: A (Li· Lo"l-:mv) 

211'- / 
P:: U~_.'!\~ C/ . 

and upon el1m1nattngA between these!) 

p = ·v!! r 
1 

i' +. r..;,-i- mv .. 
L 

=---............. ·(l} 

~ .. ~C\1IIG»e:z.CUt'IIP4,tJ (2) 

AT ------... (3) 

Equ~an.d Olu,oslte Flow of Cooling Watero The simplest case 1s that with 

." \ . ''-' equal. counter flow of the cooling water, sincethe:n a :::'1 and 01' is constant 
'it' 

\'.. . and equal. to.DT all along the tubeo We then find!) 

t "" tah LilT 
t;:)GII!IIIIiZID~ 

_CiU!l!t_.,.....~~&I:aCtD (4) 
rc v 

t.., T::: T i "': To' - t e __ CDGaGII=~__ (5) 

t"rom' which, 

l\T ~ '1','" To ¢::)~_~IIr.)~~ (6) 
WRlI""Y"" • 

l."~~ 
rov 

-. and substituting this tor J7t.T in (3}e g1ves o 

Ps UTi .,;0. T.nl, ......... 
( J.. ~.,1;.) (1 .. e • .&.n +. ~\ t. 2h vo" L I 

e~ .......... - .. - .. "= (7) 

.1\ 
/ 

-.,.. 

~ 

,0 If:.: ef'f'sctive average value of'ATalong the exchanger tubeo 

o = hoat capacity of pile liquid per unit volume at average exchanger 
conditions 0 

=----... ·(1) 

and upon el1m1natingA between th8S$9 

AT 

L 

Equa.!~and .Qp-g2§1te now ot Cooling Water", The simplest case is that with 
. . 

oqual counter tl.oW' of' the cooling water, since .then a :: 1 anaD'!' is constant 

\.. . and equal. tOL'l'! all along· the tubeo We -i;hen find 9 

from' whiche 

l~T ~ T;." To 
-" 

-and substituting this tor lAT in (3)9 g1ves& 
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This vanishes tor L lii'.l 0 and L ;: (f.) and is maximum fore 

L2 :: ,m, (1.0 +'mv) " 
2h 

which substituted into ('1), gi:vesf) 

Pmax :: V (T~ '" To) 

[(af)t;~ i- ~)tJ 2 

==-==~,==... (8) 

----- (9) 

Thus it is seen that ". and h should be as large as poSSible" while 1"11 . Lo9 

and m should be as 'small as possible" and that L, should be as given by (e) 

in terms of' the other quan:titieso Note that making v large and r small 

does 1n fact increase he so that these rsqu1raments. are consistent (I . 

E:x.p1'Sssion (9) may also be witten more directly in toms of' hold-up times as f) 

P"'
x 

= [(2f) t 
V (T, ... Tol 

------...... (10) 

+ (p;m)t] a 

Numer1.2!!!o Figures obtained b1 Otmpln on slur:ry pumps are o 

I hol.d-up 111 
14

3/aec& 
hold."y:p 

. galo per min., tons in rtf5 m in seco 

'. 

400G 06 025 Q54 202 

eooo 09 05 082. 10 6 
~ 

lflii •• 
.:rm::;.. 

According to Ohi~ ton and Vernon" we may~naider tube walls· as 'thin, as 18 

gauge ~ 0124 emo which with 180 8 stainless steal of heat conductivity 00615 

cal, stoop give an h value tor tha tube wali alone of 00 cale etco 

~ 

, . .., 
I 1 

This vanishes for L ~ 0 and L ; and is maximum. foro 

which substituted into ('1) f1 gives p 

----- (9) 

Thus it is seen that v and h should be as lvse as possible f1 while rfl . 1.09 

and m should be as small as possible\) and that L· should be as given by (8) 

in terms of the other q'lia.n.titieso Nots that making v large and r small 

does ,1n fact increase hf) so that these requirements. are consistent!) . 

Expression (9) may also be written more directly in terms of hold-up times as!) 

V (T, 

2 

+ 

J'lumaricaf.o Figures obtained by CJ:m:pin on slurry pumps a:t"e o 

gal. par min. I hold-up ~ 
14

3/seco 
hold-up 

tons urrf5 m in S8Co 

'. 

4000 06 025 054 202 

8000 09 05 082, 1 0 6 

, .. D:!'!Oi) 

According to Chi~ton and Vernon., we may~na1der tube walla as ·thin, as 18 

gauge g 0124 amo which with 18c8 sta1niess stselof heat conductivity 00615 
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It 1s not laiown how high v may be without srosion troubles" According to 

chiltOll~ "ialues at r down to 02 CDl are not impossible to ac~leveo If v :: 

500 em. per sae and r m 1/3 amI) we gat an 11 on the sllll'17' side of 060 

To obtain a definl te sDJllple we take!) 

m 

Lo 

v 

e 

". 

"" 

.... 
"" 
.... ... 
-"'. 

2 seo 

:500 om ) 
) which make n ~ 1 seo 

300 c:m/see) 

1 

:It" :: 1/3 

h g l/e which may be regarded as ar1sing from. h :: i· ,tor each ot 
the "transfers from slurry to walle through wall, from wall to 
cooling watero 

o \ 
Tt - To ~ 150 00 

V ~ 107 mn3 ~ 10 tons heavy water hold-up outside pileQ 

With these valueso (lO)becamas o 

Pma: .., ... V (1', .,. To) 

70 5 
= 

.. 

~ 2 x 108 cal par sec ~ 

840 0000 0 0 

Something like 47 tons are needed for the ent1re' system. in this case (37 in 

pile ..... 10 outside), so that the above figure .is about 18 11 000 kw o pel" ton .... 

The above values substituted in {8} g1 va L :: 300 1/39 while (4) becomes 

te "AT, and (6) "DecomesAT g.T, ... To 0 Thus we sea that the hold~up 

tim.as are f) - 1.,. ff 

, 2 sec in pump 

1 sac in pi':Jing" etc"" 

(3 sec in exohrangel" 

4 0 73 seo total 

~ 

.. 

It 1s not k!iOml how high v may be without erosion troubleso According to 

chilton!) values of r down to 02 em are not impossible to ach,leve'o If v :: 

500 em. pel" sec, and r ell 1/3 amI) WEi gat an h on the slurry side of 060 

To obtain a datini te sDmpJ.e we takeo 

2 seo m ... -
"" 300 om ) La 

v 

.... 

.... 
"" 

) which make n ~ 1 sec 
300 amjsec) 

0 
, ... ... 1 

r :: 1/3 

h i<1 1/& which may be regarded as arising from h :: it ,tor each ot 
the ·transters from slurry to wall" through waUl) from wall to 
cooling watero 

T, - To ~ 1500 Co \ 

V Q 107 
Gm5 ~ 10 tons heavy water hold-up outside pilso ... 

Something like 47 tons are needed tor the entire system in this case {57 in 

pile+- 10 outside)t\ so that the above figure .is about 181)000 kw o per tono 

The above val~s substituted in (8l give L :: 300 1/59 while (4) becomes 

t e (3A To and (6) bscomesAT g, T. .,.. To 0 Thus we ses that the hold",:up 

1.,. 15 

, 2 sec in pump 

1 sec in pi';)1ngfl etc" 

{!f sec in exch~nger 

4 0 73 sec total 
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The total flow is thus ....ML :: 2012 IrfJ/l3ec which requires 4, of- ot the 
4073 

larger size pumps contemplated above 0 The temperature differeJloe is .ti T :: 

55{\) and the temperature change tm!ough the exchanger is t at 950 for both the 

slurry ana. cooling water .. ' 

" 

~ 

.7 

The tota.l flow is thus ..l&.- :: 2012 lfII/sec which requires 4..- of the 
4073 

larger size pumps contemplated abov6o The temperature differenoe is ~ T ~ 

55°9 and the temperatura change throt~ the exchanger is t m 950 for both the 
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