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REFRIGERATION STORAGE IN A DIRECT LIQUID
TO FREEZING LIQUID SYSTEM

1 SUMMARY

A p roposa l  fo r  r e f r i ge ra t i on  s to r age  is ou t l i ned ,  In which
the t r i ch lo roe thy l ene  hea t  t r ans fe r  f l u id  is  in d i r ec t  con tac t  wi th
the hea t  s t o r age  ma te r i a l ,  f r eez ing  ca l c ium ch lo r ide  b r ine .  The
scheme ,  i f  succes s fu l  should  r e su l t  In s av ings  in cos t  and space .

2 INTRODUCTION

Seve ra l  a t t empts  have been made to f i nd  a method of s t o r ing
re f r i ge ra t i on  tha t  would be more economica l  and a t t r ac t i ve  than
the 53 , 000 -ga l lon  a l l - t r l ch lo roe thy l ene  (TCE) sys t em tha t  has been
p roposed  fo r  the Engine  Labora to ry ’ s  requi rement  of 927 s tandard
commerc i a l  tons  fo r  one hour fo r  the t e s t i ng  of l a rge  je t  engines ,»
Two schemes  u s ing  hea t  s t o r age  in cheap  so l i d  ma te r i a l s  were des -
c r ibed  in an ea r l i e r  memo (1 / .  F reez ing  eu t ec t i c  ca l c ium ch lo r ide
br ine  in sma l l  con t a ine r s  or tubes  was sugges t ed  by R inge r  and has
been ana lyzed  by Bax te r  This  i nd i ca t e s  tha t  t h i s  o the rwi se
in t e r e s t i ng  scheme would r equ i re  2$0 mi l e s  of 1 /2"  tubing fo r  hea t
t r ans fe r  a r ea .

The p re sen t  note  sugges t s  the pos s ib i l i t y  of e l imina t ing
the i n t e rmed ia t e  hea t  t r ans fe r  su r f ace ,  wi th  d i r ec t  hea t  t r ans fe r
be tween  the r e f r i ge ra t ed  TCE end the f r eez ing  ca l c ium ch lo r ide  so lu -
t i on .  -·

■ *

3 DESCRIPTION

The. sy s t em is shown schema t i ca l l y  in F igu re  1 .  The tank
con ta in s  114,200 ga l l ons  of eu t ec t i c  ca l c ium ch lo r ide  br ine  and 1 ,000
ga l lons  of TCE. The l a t t e r ,  be ing  much heav ie r ,  s i nks  to the bo t tom.
The f r eez ing  po in t  of 31.14% ca l c ium ch lo r ide  is - 9 O8°F,  wi th  a
l a t en t  hea t  of f u s ion  of 59 .2  B tu / lb .  A layer  of about  2 f ee t  of
c rushed  l imes tone  is  sp read  over  the c ro s s - sec t i on  of the tank on 8
suppor t ing  g r id  nea r  the top of the t ank .  The l eve l  of the l i qu id
is  ma in t a ined  so tha t  the upper su r f ace  of the ca l c ium ch lo r ide  b r ine
is a lways  w i th in  the l imes tone  l aye r .

The c rushed  l imes tone  (CaCO}) s e rves  a doub le  func t ion ,
ac t i ng  as a sp reade r  fo r  the TCE and p reven t ing  co r ros ion  by the TCE
in o ther  pa r t s  of the sys t em by neu t r a l i z ing  any hyd roch lo r i c  acid
formed by any decompos i t i on  of the TCE.

During the pul l -down cyc l e ,  cold  TCE from the r e f r i ge ra t i on
p lan t  is  sp rayed  on the crushed l imes tone .  Af t e r  t r i ck l ing  through
th i s  bed i t  de scends  by g rav i ty  in a f i ne ly  d iv ided  s t a t e  through
the ca l c ium ch lo r ide  b r ine ,  t ak ing  up l a t en t  hea t  of f u s ion .  At the
bo t tom of the tank the TCE sepa ra t e s  out  and is  c i r cu l a t ed  back to



NATIONAL  AERONAUTICAL  ESTABL ISHMENT No NAE-ENG-66

PAGE OF
LABORATORY MEMORANDUM

the hea t  exchanger  of the r e f r ige ra t ion  p l an t e  When a l l  the ca l c ium
ch lo r ide  b r ine  has been f rozen  to a f i s su red  mass ,  the pull-down
proces s  is comple t e .

During the load cyc l e ,  c i r cu l a t i on  is  ma in t a ined  in the same
manner ,  excep t  t ha t  the co ld  TCE from the bo t tom of the tank is  pumped
to the hea t  exchanger  of the t e s t  c e l l  and the warm TCE returned to
the sp ray  nozz l e  a t  the top of the t ank .

P rov i s ion  fo r  expans ion  of the ca l c ium ch lo r ide  br ine  on
f r eez ing  cou ld  be p rov ided  as shown in Figure 2 O Here the f r eez ing
ca l c ium ch lo r ide  so lu t i on  i s  con t a ined  a t  a l l  t imes  w i th in  a f l ex ib l e
co r ruga t ed -wa l l ed  cy l inde r ,  backed  by a we l l  of TCE around the c i rcum-
fe rence  .

SIZES AND PRACTICABILITY

To supp ly  927 s t anda rd  commerc i a l  tons  of r e f r i ge ra t i on  fo r
one hour would requ i re  114,200 ga l l ons  of c a l c ium ch lo r ide  b r ine ,  us ing
only  the l a t en t  hea t  of f u s ion  of the b r ine .  This compares  with £7 ,300
ga l lons  of, TCE in an a l l -TCE s to rage  sys t em with a 60°P tempera ture
drop ( 2 ) o

The cos t  of the ca l c ium ch lo r ide  in the p roposed  sys t em
would be be tween  $2000 and $20 ,000 ,  depend ing  on the pu r i t y  required
and the cos t  of the tank pump and plumbing of the o rde r  of $35>OOO.
In a comparab le  a l l -TCE sys t em,  the cos t  of the equipment  would
ce r t a in ly  be more than  t h i s ,  and the f lu id  would cos t  abou t  $135»ΟΟΟ.
This  i nd i ca t e s  a po t en t i a l  s av ing  of over  $100 ,000 ,  a s av ing  in space ,
and reduced  haza rd  by reduc ing  the l a rge  quan t i t y  of t ox i c  f l u id .

5 UNKNOWNS

Some sma l l - s ca l e  exper iments  were done in l abo ra to ry  g l a s s -
ware ,  which i nd i ca t ed  tha t  the scheme would work in p r inc ip l e .
These exper iments  showed tha t  the TCE would s ink  through the f r eez ing
CaC12 br ine  and cont inue  to do so a f t e r  the b r ine  was comple t e ly
so l id i f i ed  in to  a porous  mass .  The two l i qu ids  s epa ra t ed  r ead i ly  and
showed no s e r ious  t endency  fo r  en t r a inmen t .

Before  a f u l l - s ca l e  sys t em of t h i s  type cou ld  be s e r ious ly
con templa t ed ,  further knowledge of the hea t  t r ans fe r  cha rac t e r i s t i c s
and pos s ib l e  co r ros ion  p rob lems  would be r equ i r ed .  This would have
to be de t e rmined  by model exper imen t s  and l abo ra to ry  t e s t s .  However ,
t h i s  i s  not a d i s advan tage  pecu l i a r  to t h i s  sy s t em,  s ince  model t e s t s
would be r equ i r ed  in a lmos t  any scheme o the r  than a two- or t h r ee -
tank a l l -TCE sys t em,  which would be very  expens ive ,

In a very  gene ra l  way there  are  some i nd i ca t i ons  t ha t  the
sys t em would r e l ea se  i t s  s t o r ed  r e f r i ge ra t i on  a t  the r a t e  r equ i r ed .
If we cons ide red  the f rozen  mass to have one l / i |"  d i ame te r  TCE
worm hole  per  squa re  inch of ho r i zon ta l  c ro s s - sec t i on ,  t h i s  would
g ive  21 ,600  f ee t£  of su r f ace  a r ea .  For the r equ i red  load of 927
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s t anda rd  commerc i a l  t ons ,  and a s suming  a TCE tempera ture  r i s e  of only
30°F In the t e s t  c e l l  hea t  exchange r ,  the ove r - a l l  co -e f f i c l en t  of
hea t  t r ans fe r  would be:

U = Q = 927 x 12 ,000  = 17 Btu/hr 0 f t  2 °F
7ΓΣΈ 21 ,760  x 3Ô"

6 CONCLUSIONS AND RECOMMENDATIONS

The p re sen t  p roposa l  o f f e r s  l a rge  po t en t i a l  s av ings  in cos t
and space  over  o the r  sy s t ems  so f a r  cons ide red .  Along with o the r  l a t en t
hea t  dev i ce s  i t  would g ive  subs t an t i a l l y  cons t an t  ou t l e t  temperature
cha rac t e r i s t i c s  .

I t  i s  recommended tha t  the idea shou ld  be cons ide red  fo r  the
Engine Labora to ry  requ i rement  if  i t  i s  pursued  fu r the r ,  and i t  is
cons ide red  tha t  i t  might  be u se fu l  fo r  sma l l e r  app l i ca t i ons - -pe rhaps
in the Low Temperature  Labora to ry .
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