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NOTES ON REGENERATIVE HEAT STORAGE FOR
REFRIGERATION OF CELL No. U

l»0 SUMMARY

Two schemes  are out l ined to meet the Engine Labora to ry ’ s
r e f r i ge ra t i on  r equ i r emen t s ,  us ing  a regenera t ive  type of hea t  s t o r age»
In th is  way i t  may be pos s ib l e  to save more than $100 ,000 ,  with no
los s  of e f f ec t i venes s ,  conven ience  or s a f e ty»

2 .0  INTRODUCTION

The Engine Labora to ry ’ s  r e f r i ge ra t i on  requirement has been
se t  as 10°F In le t  a i r  temperature to a 280 lb .  / s ec .  engine fo r  one
hour  on a +l|0 o F day .  Taking  into account  the e f f ec t  of a tmospher ic
humid i ty ,  Bax te r  1 1) has shown th i s  to require - a r a t e  of 927 S t anda rd
Tons of Re f r ige ra t i on  fo r  one hour  and to  require 57 ,300  ga l .  of
l i qu id  In an a l l -  t r i  chloroethylene sys t em.  At the current p r i ce  of
15 .9 / / l b .  t h i s  would be $135 ,000  fo r  the f l u id  a lone .

The sugges t ion  was made by R inge r ,  of us ing  a combined
sys t em of t r i ch lo r  and CaC12· The economics  of t h i s  have been shown
by Bax te r  (1)  to be governed by the required sur face  area  and cos t
of the CaC12 con ta ine r s .  This Is now being Inves t i ga t ed  exper imental ly
by Low Temperature Labora to ry .

Ringer  had a l so  cons ide red  a large mass of s c r ap  Iron or
I ron  wire  in a tank of ’ ’ t r i ch lo r , "  but had found tha t  I t  did not  work
out e conomica l ly .

Fo l lowing  a long  the l ines  of this  sugges t i on  by R inge r ,
o the r  ma te r i a l s  have been cons ide red  and the Idea of a t r i ch lo r .  -
f l  eroded br ick  regenera to r  was evo lved  (2 ) ,  Mr» Kuhring then sugges ted
tha t  we should cons ide r  crushed and washed l imes tone .

The p re sen t  memorandum develops  these  Ideas  a l i t t l e  and
po in t s  out some In te res t ing  pos s ib i l i t i e s .

3 .0  RELATIVE COST OF HEAT STORAGE

Other  th ings  be ing  equa l ,  the cos t  of hea t  s to rage  In any
ma te r i a l  i s  :

Ch = Cost Pe r l b .  = It .  = $ ,Sp. F t .  Stu ' B tu / y R
Lb.°F

Table  I f o l l owing ,  g ives  some examples .
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TABLE I
RELATIVE POST OF FEAT STORAGE

Mate r i a l

Cost j)er l b .
Sp. F t . *

( av. 0 to -65°F)
Btu

lb .  ÔF

’Feat S to rage
Cost

£hft
Btu > e F

Re la t i ve
Cost

Tr 1 ch lo roe  thylene 0 .1  9 0 .22 0 .725 100 .
Concre t e  Br i ck 0 .007 0 .15 0 .0465 6 .5
Vi t r i f i ed  Br i ck 0 .010 0 .15 0 .0665 9.
Pig I ron 0 .0312 0.12 0 .260 36.
Crushed  L imes tone 0 .00117 0 .15 0 .0078 I .

κ Some of t he se  have been e s t ima ted  app rox ima te ly  from Sp. P t .  a t
h ighe r  t empera tu re s .  Spec i f i c  hea t  f a l l s  off  wi th  t empera tu re
and the se  are  lower  than va lues  g iven  in handbooks  fo r  h ighe r
tempera tu res  .

I 4 .0  FULLY FLOODED REGENERATIVE SYSTEMS

4*1 Gene ra l

If we now cons ide r  so l i d  ma te r i a l s  in a tank through which
t r i ch lo r ,  i s  pumped as a hea t  t r ans fe r  medium , i t  is  appa ren t  t ha t
the cos t  of the b r ine  to f i l l  the vo ids  is  an impor t an t  f ac to r .

Table IT compares  sys tems of t h i s  t ype ,  a s suming  tha t  the
neces sa ry  hea t  t r ans fe r  r a t e  can be ob t a ined .

TABLE IT
COST OF FEAT STORAGE MATERIALS FOR 927 STANDARD COMMERCIAL TONS

OF REFRIGERATION FOR ONF FOUR TN A FULLY FLOODED REGENERATOR

Sys t em
sol i  3 " Vol (5 s

/°
Fluid 1 Tota l

” — ΠΓ. " •ü> GA L. »
All  "T r i ch lo r . "
a t  15 .9  / l b . - - 100 57 ,300 133 ,000 133 ,000

Conc re t e  Br i ck  -
"Tr i ch lo r .  " 1 ,130 ,000 9 ,160 9.2 5 ,200 11 ,600 20 ,760

Vi t r i f i ed  Br i ck  -
"Tr i ch lo r .  " 1 ,130 ,000 13 ,100 9.2 5 ,200 11 ,600 24 ,700

Pig I ron -
"Tr i  ch lo r . " 1 ,330 ,000 43 ,000 30 6 ,500 15 ,100 58 ,100

Crushed  L imes tone  -
"Tr i  ch lo r . " 865 ,0001 1 ,000 U3 17 ,000 40 ,000 41 ,000

Semple Ca l cu l a t i on  V i t r i f i ed  Br i ck  - "T r i ch lo r . "  Sys t em.

Let subsc r ip t s  1 end 2 s t and  fo r  Br i ck  and "Tr i ch lo r .  ”
r e spec t ive ly ,  andoü , (Ç, and Λ7 fo r  we igh t ,  spec i f i c  hea t  and dens i t y .
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For 927 S t anda rd  Commercia l  Tons in one hour  wi th  a 60°P
tempera ture  drop  in the b r ine  (1)  we have :

Q = 927 x 12 ,000  = W-|CP1 + W?CP2
TH”

= x 0 .15  + W2 x 0 .22

If V = the void r a t i o  = 0 .092

W 2 = Κγ ί  v

= w x (1  55 )0 .092  = 0 .065*1

VQ = 1 ,130 ,000  lb 0 br i ck

= 226 ,000  f i ve - lb .  b r i cks

= $13 ,100  at  $58/M

W2 = 73 ,000  lb .  t r i ch lo r .  = 5 ,200  ga l .

,= $11 ,600  a t  15 .9 / / l b .

To ta l  cos t  = $2 ί | ,  700

U.2 V i t r i f i ed  Br i ck - "Tr i ch lo r .  H System

1) The b r l  ck- " t r i  ch lo r"  r egene ra to r s  show the l owes t  cos t s  in
Table  I I .  They have o the r  advan tages  pe rhans  equa l ly  impor t an t .
F i r ed  b r i ck  seems p re f e r ab l e  to cement b r i ck  he re ,  due to i t s  g r ea t e r
r e s i s t ance  to dus t i ng .

By s t ack ing  as in F igu re  (1 ) ,  the pa th  of the f l u id  through
the b r i cks  can be a r r anged  to g ive ,  in e f f ec t ,  coun te r -  f low hea t
exchange .  Fere  the rows of b r i cks  l a id  on edge ®re o l aced  l eav ing  a
1 /U- inch  l i qu id  pas sage  be tween  rows.  The b r i cks  l a id  on t he i r  s i de s
ere bu t t ed  edge to edge to encourage  the f low oa t t em ou t l i ned  by the
a r rows  to be fo l l owed  du r ing  pul l -down and the r eve r se  pa th  du r ing  a
r e f r i ge ra t ed  run.

i
S t ack ing  three  l aye r s  on edge to one l aye r  on t he i r  f l a t s

g ives  a c ro s s - sec t i ona l  area  of flow of 1 .35  f t  in each of II4 pa s se s
through a s t ack  of b r i cks  21) f t .  wide x 20 f t .  long x 20 f t .  h igh .

This g ives  a Reynolds  No. = 72 ,000  a t  960 ga l .  /m in . ,  and a
ca l cu l a t ed  p re s su re  lo s s  of 0 .7  p . s . i .  fo r  smooth wa l l s .  This f igure
could be abou t  doub led  fo r  the roughness  of the b r i ck .
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2 ) Fea t  T rans fe r  Behav iou r

To de t e rmine  the behav iou r  of such « r egene ra to r  ana ly t i  c e l l y
appea r s  to the au tho r  to be a r a the r  fo rmidab le  t a sk .  Fowever ,  »
r e l a t i onsh io  Is p lven  ( 3) fo r  de t e rmin ing  the t empera tu re  t c a t  the
cen t re  of a body,  o r ig ina l ly  at  un i fo rm tempera ture  t 0 , a t  any time
a f t e r  the su r f ace  is  sudden ly  a l t e r ed  to end ma in t a ined  a t  a new temper-
a tu re  t]_.

This i s  p lo t t ed  in F igure  2 end i nd i ca t e s  t ha t ,  f o r  the
t empera tu re s  with  which we are  conce rned ,  t c would very  c lo se ly  app rox i -
mate the new wa l l  t emnera tu re  of a b r i ck  in one hour .

This sugges t ’  t ha t  the hea t  t r ans fe r  r a t e  w i th in  the so l i d
is  of abou t  the o rde r  we r equ i r e .

Both the hea t  t r ans fe r  behav iou r  and the p r e s su re  l o s se s
appea r  to lend t hemse lves  r ead i ly  to p i l o t  i nves t i ga t i on  if  de s i r ed .

3 ) Pros and Cons

Some good and bad f ea tu re s  of the b r l ck -” t r l ch lo r .  ” sy s t em
are g iven  be low.

Advan tages Di sadvan tages

(a)  F i r s t  cos t . (a)  Lack of expe r i ence

(b) s eg rega t ion . with  t h i s  tyoe of

(c )  Lower haza rd  of l o s s . r egene ra to r .

a) Of va luab le  l i qu id .

b) Lower a t t endan t  s a f e ty
haza rd .

(d)  F ina l  d i sposa l .

Advanta  ges

(a)  The i n i t i a l  cos t  s av ing  is  of the o rde r  of ¢108 ,000 .

(b) No r ea l l y  s a t i s f ac to ry  method of s eg rega t ing  warm «nd cold
f lu id  in an a l l - ” t r l  ch lo r .  ” sy s t em has yet been dev i l ed .
S t ack ing  of b r i cks  as in F igure  1 g ives  in e f f ec t  both
seg rega t ion  and coun te r - f l ow  hea t  exchange .

(c)  Lower haza rd  of l o s s  r e f e r s  to the po t en t i a l  l o s s  of $133»OOO
worth of l i qu id  by an acc iden ta l  b reak  In the sy s t em.  Sa fe ty
haza rd  r e f e r s  to the po t en t i a l  haza rd  of a b r eak  In sys t em
f lood ing  a bu i ld ing  wi th  £7 ,000  ge l .  of a t ox i c  l i qu id .
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(d) Even tua l ly  th© sys t em wi l l  have to be d i sposed  of a f t e r
i t  has become obso l e t e .  Sone i nves t i ga t i on  would be
requ i r ed  to Judge be tween  the d i f f i cu l ty  of d i spos ing  of
57 ,000  ga l .  of used t r i ch lo roe thy l ene  as aga ins t  226 ,000
con tamina ted  b r i cks .

D i sadvan tages

(a)  This  p roposa l  has the d i s advan tages  of " the  dev i l  we don ' t
know."  However ,  if  i t  is  un ique  as a method of s t o r ing
re f r i ge ra t i on ,  the re  may be u se fu l  expe r i ence  to be ga ined .

5 .0  PERCOLATING SYSTEM

The c rushed  l imes  t one - " t r l  ch lo r .  " sy s t em does not  show up
too we l l  in Table I I .  This i s  due to the la rge  pe rcen t age  of vo ids
which are  f i l l ed  wi th  " t r i ch lo r . ”  If we cons ide r  a l a rge  tank f i l l ed
with c rushed  l imes tone  with a much sma l l e r  volume of " t r i  ch lo r . ”  be ing
con t inuous ly  sp rayed  a t  the t on ,  t r i ck l ing  through the c rushed  rock body
and be ing  co l l ec t ed  in a sump a t  the bo t tom as in F igure  3, we get  the
fo l l owing  r e su l t s  :

TABLE I I I

COST OF FEAT STORAGE MATERIALS FOR STAGE IT REQUIREMENTS
IN A "PERCOLATING” SYSTEM

System
So l id "Π Luld ‘irota 1

♦&8 1o
Crushed  L imes tone  -
T r i ch lo r .

Equ iv .  « l l -  r l  ch lo r .
Sys tern

1 ,190 ,000 1 ,l |00 2 ,000

57 ,000

<4,650

133 ,000

6 ,050

133 ,000

This would be an 83 ,000 -ga l  o tank or  a 21 j - f to  cub ica l  enc losu re
f i l l ed  with l imes  t one .

This sy s t em does not have the advan tage  of coun te r - f l ow  hea t
exchange ,  but is  more than o f f s e t  by the economy of ma te r i a l s .

A compl i ca t i on  with t h i s  sy s t em would be the r ap id  r a t e  of
"b rea th ing . "  This i nd i ca t e s  an a i r  d r i e r  to hand le  abou t  1 ,000  cu.  f t .
of a i r  as the t empera tu re  was dropped  from +Li0 o F to -65°F ,  and p ropor -
t i ona l  volumes throughout  the s ea son  when not in u se .

6 o 0 CONCLUSIONS

The idea of u s ing  a so l i d  hea t  s t o r age  and l i qu id  hea t  t r ans fe r
medium as ou t l i ned  seems to have much to recommend I t .  I t  Is sugges t ed
tha t  t h i s  shou ld  be i nves t i ga t ed  fu r the r  be fo re  any much more cos t l y
in s t a l l a t i on  is p l anned .
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