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Progress  Report f o r  November on Development of Test  Unit 
f o r  Production of Oxygen by a Regenerative Chemical 

Work during the  p a s t  month a t  Arthur  D. L i t t l e ,  Inc .  
on the performance of u n i t s  with 35-pound powder capac i ty  
has been c h i e f l y  a con t inua t ion  of the  work descr ibed  i n  
the  Progress Report of  December 2, 1942,  

The l i f e  t e s t  on the  shallow-bed case loaded with 
20-35 mesh R.umford High-High Salcomine has been stopped 
a t  1350 cycl'es. 
of i t s  or ig ina l  s a t u r a t i o n  capac i ty  and the case had produced 
27.6 pounds of oxygen per  pound o f  powder. 

mesh Rumford H i g h - H i g h  Salcomine and run f o r  950 cyc le s .  
A t  t h i s  po in t  t he  powder had 50 per  c e n t  of i t s  o r i g i n a l  
s a t u r a t i o n  capac i ty  and had produced 21.8 pounds o f  oxygen 
p e r  pound of powder, 
lower i n i t i a l  pressure  drop than  the same powder i n  20-35 
mesh s i z e .  Af t e r  950 cyc les  i t  ohowed a pressure  drop 
of 2 1  p . s . i .  compared t o  nea r ly  60 p . s . i .  f o r  20-35 mesh 
granules  a t  800 cyc le s .  

A t  this p o i n t  t h e  powder had 25 p e r  cent  

The deep-bed Thermek tube case was loaded w i t h  10-20 

T h i s  coa r se r  mesh powder gave a much 

A second shallow-bed case similar t o  the  f i r s t  one 
was loaded w i t h  20-35 mesh Rumford High-High Salcomine 
powder and the performance o f  the case s t u d i e d  using 
cool ing  water a t  var ious temperature l e v e l s .  With cool ing  
water a t  8 0 ' ~ .  q u i t e  s a t i s f a c t o r y  opera t ion  can be expected 
w i t h  y i e l d s  of 93 percent  o f  t ha t  when using 50'F. cool ing  
water .  A t  h igher  temperatures the  y i e l d s  drop of f  r a p i d l y ,  

During the  course of the e a r l y  cons idera t ions  of a 
design f o r  a small medical uni t  t he  performance of Thermek 
t u b e  cases  of var ious lengths  was s tud izd .  The r e s u l t s  
i n d i c a t c  that  the  oxygen y i e l d  a t  cons tan t  pressure  and 
cool ing  water temperature i s  a func t ion  only of the time 
of absorp t ion  and the a i r  r a t e  per  pound. The r e l a t i v e  
m e r i t s  of var ious types of h e a t  t r a n s f e r  sur faces  has re-  
ceived cons idera t ion .  Def in i t e  advantages f o r  extended 
type su r faces  have been shown over plain tubes.  Pressure 
drop data f o r  the deep and shallow beds used f o r  t he  l i f e  
t e s t s  were obtained. 

Work has been s ta r ted  on the  development of a 
simple apparatus  f o r  c o n t r o l  eva lua t ion  of the var ious types 
of powder being used. A n  appara tus  has been s e t  up and 
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t e s t e d  i n  a prel iminary way. 
equipment w i l l  be presented i n  o u r  next  monthly r e p o r t .  

A d e t a i l e d  d e s c r i p t i o n  o f  the 

L i f e  Tests 

two l i f e  t e s t s  have been i n  progress .  
powder t e s t  descr ibed i n  our December 2nd r e p o r t  as the  
second L i f e  Test  on Shallow-Bed ha3 been continued. A 
t h i r d  L i f e  Test  has been c a r r i e d  out  on the  deep-bed 
uni t  using 10-20 mesh powder, 
the  r e s u l t s  obtained i n  these  two t e s t s  a r e  given i n  Table I 
and P l o t s  I and 11. 

Since the r e p o r t  of December 2, 1942 was prepared 
The 20-35 mesh 

A t abu la t ed  summary of 

Second L i f e  Tes t  
Shallow-Bed Deep-Bed 

Third L i f e  Test  

Pounds of F u l l y  Absorbed 
Powder (Rumford High-High 

Salcomine) 36.1 
Mesh Size 

A i r  t o  unit ,  cfm. 

20-35 

8 .0  

I n l e t  a i r  p ressure ,  p s i .  80.0 
I I  Out le t  

I n i t i a l  pressure  drop, p s i .  l e s s  than 1 
I f  I I  

11 11 

I I  1 1  

I I  I I  

I I  11 

11 II 

I 1  

I I  

I 1  

I 1  

I1 

I I  

Pressure drop a f t e r  200 cyc le s  
400 I' 

600 I'  

800 
1000 
1200 I I  

I1 

I n i t i a l  S a t u r a t i o n  Lbs, of 02 
pe r  100 l b s .  of f u l l y  absorbed 
powder 3.84 
I n i t i a l  p roduc t iv i ty  l b s .  o f  
02 per 100 l b s .  of fully absorbed 

Lbs, of 02 produced per  l b .  of 
powder when powder has l o s t  40% 
of  i t s  i n i t i a l  s a t u r a t i o n  capac i ty  

powder. 3.1 

( a t  60% o f  i n i t i a l  capac i ty )  16.7 

33.0  

10-20 

7-27' 
- 

80.0 

3 

4 
6 

12 16 

22 approx. 

3.58 

2.72 

18 
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These t e s t s  have been completed and the  units are  

c u r r e n t l y  being unloaded f o r  i n s p e c t i o n  of  the degraded 
powder. 

It will be noted that the i n i t i a l  oxygen s a t u r a t i o n  
values  according t o  the t a b l e  for the shallow-bed d i f f e r  
from the values  given i n  the  December 2nd r e p o r t  on t h i s  bed. 
A more d e t a i l e d  study o f  oxygen p u r i t y  has been c a r r i e d  
ou t  in an  a t t empt  t o  c o r r e l a t e  b e t t e r  the  l i f e  t e s t  data 
on the l a r g e r  cases  with that obtained on the 1/2" tube 
u n i t s  a t  M. I .T .  I t  was found that  the oxygen produced 
was no t  as pure as o r i g i n a l l y  be l ieved .  This i s  due i n  
p a r t  t o  the  phys ica l  design of  t he  beds and a l s o  i n  par t  
t o  leakage o_f a i r  past  t h a  i n l e t  a i r  values i n t o  the cases  
dur ing  desorp t ion .  This amount of a i r  was s u f f i c i e n t  t o  
reduce the oxygen p u r i t y  i n  the case of t he  shallow-bed 
t o  86% f o r  the  e n t i r e  amount of  oxygen taken o f f  durfng 

.desorp t ion .  Correct ions f o r  oxygen p u r i t y  have the re fo re  
been made on the  da ta  included i n  t h i s  r e p o r t  except  where 
noted.  
has been made as i t  i s  n o t  y e t  known j u s t  how the p u r i t y  
v a r i e s  w i t h  the  amount of oxygen desorbed. 

oxygen p u r i t y  of 92-94s. 
w i t h  use of t he  powder s ince  the  amount o f  a i r  introduced 
per  cycle i s  a cons tan t ,  and oxygen produced per  cyc le  
decreases .  

In P l o t s  111 and IV no c o r r e c t i o n  f o r  oxygen p u r i t y  

The shallow-bed shows with f r e s h  powder an average 
This p u r i t y  drops off g radua l ly  

Paul ing meter data and desorp t ion  curves have been 
taken f r equen t ly  t o  show the  changes i n  performance 
c h a r a c t e r i s t i c s  as the  beds aged. This data i s  given i n  
P l o t s  111, I V ,  V, and V I .  

With the shallow-bed it i s  clearly seen  that, even 
a f t e r  extended use of the powder 2 minutes i s  ample f o r  
desorp t ion .  Considerably s l o w e r  desorp t ion  I s  shown f o r  
the  deep bed case .  
t h ree  minutes a r e  required.  

To obtain over 90% desorp t ion  a t  l e a s t  

The continued degradat ion of  t he  powder i n  the  
shallow-bed i s  seen c l e a r l y  from the  Pauling Meter Data 
f o r  th i s  case shown on P l o t  V. 
of the  deep-bed using 10-20 mesh powder a r e  shown i n  P l o t  V I .  

Absorption c h a r a c t e r i s t i c s  

It i s  i n t e r e s t i n g  t o  no te  f rom both the  abso rp t ion  
and desorp t ion  curves the  f u r t h e r  evidence of b e t t e r  a c t i o n  
o f  the powder a f t e r  some use.  On the deep-bed desorp t ion  
r a t e s  a r e  h igher  a f t e r  some use.  On b o t h  beds the  degree 
of  s t r i p p i n g  a t  2 minutes  i s  g r e a t e r  a f t e r  some use of t he  
powder. 
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On the basis of the  work done t o  da te  w i t h  these  
cases  i t  i s  f e l t  now that  the  deep-bed does n o t  o f f e r  
s u f f i c i e n t  advantages t o  warrant f u r t h e r  work a t  pilesent. 
The case shows h igh  pressure  drop bui ld-up w i t h  use, 
poorer o v e r a l l  thermal ac t ion ,  awkward phys ica l  conf igura t ion ,  
d i f f i c u l t y  i n  loading and unloading. No f u r t h e r  work i s  
proposed on th i s  type bed f o r  t he  p re sen t .  

Rumford Screening and A c t i v i t y  Tests  

A t  the  end of the  Second L i f e  T e s t  on the  deep- 

These g o r t i o n s  
bed (800 cyc le s )  the contents  of tube #5 were f r a c t i o n a t e d  
i n t o  fi.ve por t ions  f r o m  Top t o  Bottom. 
p lus  some d&ty powder i n  the very top  of Tube 2 were 
submitted t o  Rumford f o r  t h e i r  sc reening  and a c t i v i t y  
a n a l y s i s .  

and i n  the p l o t  fol lowing the table .  
The r e s u l t s  of t h e i r  t e s t s  a r e  given i n  Table I1 

The degree of segrega t ion  of f i n e s  seems t o  be 
l e s s  marked a t  t h i s  s t age  of powder use than a f t e r  244 
cyc les  when similar t e s t s  were run b e f o m .  

Their  a c t i v i t v  t e s t s  show some v a r i a t i o n  i n  degree 
o f  powder degradation"from t o p  t o  bottom w i t h  a maxim6 
occurr ing part way up the tube rather than a t  the i n l e t  
end as might be expected. 

The h igh  a c t i v i t y  of the  f i n e  d u s t  from the  top  
of  tube #2 w a s  q u i t e  unexpected. Probably t h i s  occurred 
because the  powder a t  t h i s  p o i n t  i s  n o t  l y i n g  as c lose  
t o  the  spined Thermek hea t ing  and cool ing  s u r f a c e .  
Doubtless theipowder the re fo re  d i d  no t  handle as much 
oxygen per  pound during the  800 cyc le s  as t h a t  i n  the  body 
of the tube where the powder temperature was more n e a r l y  
equal  t o  the cool ing water temperature during absorp t ion .  

i 

1 2 b 2 8 0 0  
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TABLE I1 

Report on Recycled Salcomine f r o m  Thermek Units 

A t  Arthur D. L i t t l e ,  Inc .  

S i x  samples, designated as follows, were received:  

1. "Top, Tube #5" 
2. "Ne& t o  Top, Tube #5" 
3. "Center, Tube #5i' A l l  samples t h r u  800 cyc les  
4 .  "Nsxt t o  Bottom, Tube #5" 
5. "Bottom, , Tube #5" 
6. "Top, Tube #2" 

Approximately 250 grams of samples 1-5 were used f o r  
s c reen  a n a l y s i s .  
The samples were screened on the  Rotap f o r  25 minutes. 

Only 28 grams of #6 were a v a i l a b l e .  

Screen Analysis  

Mesh Sample: 1 2 3 4 5 6 

28 35.7% 3 9 . 5 8  37.87% 32.15% 36.488 12.9% 

28-35 34.63 37.35 39.78 40.48 38.68 16.4 

35-48 12.74 11.05 10.16 13.49 11.38 12.9 

48-65 4.95 3.68 4.01 4.62 3.98 12.5 

65-100 4.05 2.66 2.79 3.70 3.08 13.1 

100-150 2.70 1.87 2.80 1.71 2.47 13.1 

150-200 3 -65 2.53 1.66 2.11 2.58 11.0 

200-325 0.50 0.70 0 037 1.18 1.07 4.6 

-325 0.17 0.16 0.05 0.17 0.10 1.0 

Loss 0.89 0.48 0.51 0 -39 0.18 2.5 
Me chanica 1 
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Hates o f  Absorption 

Determined i n  D i f f e r e n t i a l  Manometric 

Weight Per Cent Absorbed 

Apparatus a t  Room Temperature Using Oxygen a t  35 P s i .  ga. . 
Time 

Min. Sec. Sample: 1 

0 ’ 0  
5 
10 
15 i 

20 0.10 
25 0.15 
30 0.21 
35 
40 
45 
50 
55 
15 
30 
45 

15 
30 
45 
30 
30 

1 

2 

3 

4 

5 
6 
7 
8 
10 
12 
15 

0.31 
0 36 
0.40 
0.46 
0.50 
0.54 
0.67 
0.80 
0.90 
0.98 
1.07 
1.13 
1.21 
1.24 
1.34 
1.43 
1*53 
1.59 
1.68 
1.76 
1.84 
1.93 
2.03 
2.12 

Av. T o t a l  Capacity 2.46 

2 

0.12 
0.18 
0.20 
0.25 
0.29 
0.34 
0.37 
0.39 
0.47 
0.56 
0.63 
0.69 
0.75 
0.79 
0.85 
0 .g1 
0.97 
1.06 
1.11 
1.17 
1.27 
1.36 
1.45 
1.59 
1.73 
1.89 

2.10 

3 

0.12 
0.17 

0.26 
0.31 
0.35 
0.38 
0.42 
0.45 
0.54 
0.61 
0.70 
0.76 
0.82 
0.87 
0.92 
0.96 
1.03 
1.09 
1.16 
1.22 
1.32 
1.41 
1.46 

1.68 
1-84 

0.23 

1.56 

1.98 

4 

0.20 
0.26 
0.31 
0.33 
0.40 
0.43 
0.46 
0.50 
o.Go 
0.66 
0.75 
0.80 
0.85 
0.90 
0.94 
0 099 
1.04 
1.11 
1.18 
1.23 
1.31 
1.39 
1.46 
1.57 
1.69 
1.84 

1.95 

5 

0.14 
0.20 
0.23 
0.30 
0.36 
0.42 
0.46 
0.50 
0.62 
0.72 
0.78 
0.86 
0.93 
0.99 
1.05 
1.09 
1.17 
1.27 
1.33 
1.38 
1.47 
1.55 
1.61 
1.71 
1.79 
1.87 

2.12 

6 

0.20 
0.33 
0.47 
0.62 
0.73 
0.84 
0.98 
1.09 
1.20 
1.35 
1.64 
1.82 
1.96 
2.09 
2.22 
2.36 
2.44 
2.58 
2.71 
2.80 
2.89 
3.02 
3.12 
3.20 
3.29 
3.38 
3.55 

3.59 
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i 

E f f e c t  o f  Cooling Water Temperature 

u n i t  based on the  use of Rumford "High-High" Salcomine 
n e c e s s i t a t e d  a knowledge of t he  marked importance of the  
temperature of the  cool ing  water that  may be used. A 
shallow-bed case similar t o  that  used f o r  th:: l i f e  t e s t  
was loaded with 20-35 mesh - Rumford "High-High" Salcomine 
and operated with cool ing  water a t  d i f f e r e n t  temperatures.  
The same cyc le  used f o r  t he  l i f e  t e s t s  was employed f o r  these  
t e s t s .  

The design of a s a t i s f a c t o r y  regenera t ive  chemical 

The data i s  g iven  i n  P l o t s  V I I ,  V I 1 1  and I X .  
P l o t  V I 1  g ives  the  change i n  p r o d u c t i v i t y  and P l o t  V I 1 1  
shows the  change i n  s a t u r a t i o n  l e v e l  w i t h  cool ing  water 
temperature; With water a t  8 0 O ~ .  y i e l d s  (on automatic 
c y c l e s )  o f  9 6  of that  poss ib l e  with 50°F. water can be 
expected. With inc reas ing  water temperature,  oxygen 
p roduc t iv i ty  f a l l s  off r a p i d l y  reaching zero a t  about 108'~. 

when using cool ing water a t  d i f f e r e n t  temperature l e v e l s .  
P l o t  I X  shows the abso rp t ion  curve c h a r a c t e r i s t i c s  

Performance of Various Length Thermelc Reactors 

has been inves t iga t ed  t o  g e t  data f o r  the  des ign  o f  a 60-80 
C F H r .  medical u n i t ,  The fol lowing tubes were s tud ied .  

The performance of var ious  l eng th  Thermek r e a c t o r s  

Tube Length Spined Diameter 

46 I' 
120" 

32" . 
55 1/2" 

Absorption time and a i r  r a t e  through the powder 
were s tud ied .  The cyc le  used was a s  follow3: Absorption 
f o r  per iod d e s i r e d  using:  70-75'F. cool ing  water ;  i n l e t  
a i r  pressure 80 p s i .  w i t h  flow c o n t r o l l e d  t o  a s teady  value 
on the o u t l e t  s i d e  of the  tubes ;  vent t o  release 80 p s i .  
p ressure ;  desorp t ion  us ing  low pressure  steam; a purge 
a f t e r  desorp t ion  c o n s i s t i n g  o f  blowing a i r  i n t o  the  r e a c t o r s  
unt i l  80 p s i .  p ressure  was b u i l t  up and then r e l e a s i n g  th i s  
before  cooling; a cool ing  per iod  t o  r e t u r n  the  bed t o  
approximately the  cool ing  water temperature.  Absorption 
was followed w i t h  the  Paul ing oxygen meter and the  oxygen was 
l i b e r a t e d  through a wet t e s t  gas meter.  Oxygen y i e l d s  
and degree o f  a i r  s t r i p p i n g  were ca l cu la t ed  f r o m  the  Paul ing 
meter da t a .  The t o t a l  amount of oxygen f o r  the  e n t i r e  
absorp t ion  per iod  based on the  Paul ing meter readings 
checked the  w e t  t e s t  meter y i e l d s  t o  w i th in  a t  l e a s t  lo$ 
and i n  most  cases  t o  wi th in  2 t o  3%. 
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P l o t  X gives  curves of  volume e f f i c i e n c y  and weight 
e f f i c i e n c y  v s .  a i r  r a t e  per  pound of powder f o r  var ious 
l e n g t h  r e a c t o r s  using a n  abso rp t ion  time of 15 minutes. 
It i s  c l e a r l y  seen t h a t  the d a t a  f o r  the var ious tubes 
f a l l  very we l l  on a s ing le  curve.  P l o t  X I  shows t h i s  
data plus  tha t  f o r  o the r  abso rp t ion  per iods .  
i n d i c a t e s  q u i t e  c l e a r l y  that  f o r  a given absorp t ion  pe r iod  
the c o n t r o l l i n g  f a c t o r  i s  the a i r  r a t e  pe r  pound of  powder. 

This d a t a  

Heat Transfer  and Pressure Drop >Data 

In connection w i t h  the  design of f u l l  s c a l e  units 
it was necessaz-y t o  cons ider  t he  r e l a t i v e  value o f  p l a i n  
tubes,  spined Thermek tubes,  and finned tubes as hez t  
t r a n s f e r  surzaces f o r  use i n  the regenera t ive  chemical oxygen 
units. 
t h i s  report  toge ther  w i t h  a p l o t  of h e a t  t r a n s f e r  c o e f f i c i e n t s  
and pressure  drops f o r  the var ious type su r faces .  (See p l o t  

A genera l  summary of the conclasions-JYnclvded i n  

X I I ) .  

The pressure drop on the  shallow and deep bed units 
used f o r  the l i f e  t e s t s  descr ibed i n  our December 2nd r e p o r t  
have also been determined, The data i s  shown by p l o t s  X I 1 1  
and XIV. 

HEAT TRANSFER SURFACES FOR USE I N  CATALYST BEDS 

Comparison of Weight, Volume and F r i c t i o n  
l o s s  o f  th ree  types o f  su r f aces  on the  s e r v i c e  
basis of 1000 BTU/1000 l b s .  a i r / h r . / l ° F .  M.T.D. 

A) 1/2" I D  #18 gauge copper tube: 

S) 1/2" C x 1-5/8 x 1/8 x 40 Thermek 

C )  #16 Nesb i t t  f inned hea t ing  s e c t i o n  

The c a t a l y s t  has a very low h e a t  conduct iv i ty  and 
t h i s  f a c t  must be considered i n  eva lua t ing  the  specP.fic 
advantages and disadvantages o f  the  var ious surfacc.3. 

A )  1/2" I D  Copper Tube: The advantage o f  t h 2  low 

Large weight and 
f r i c t i o n  drop i s  l i k e l y  t o  disappear  when sur faces  a r e  com- 
pared i n  a c a t a l y s t  f i l l e d  condi t ion .  
volume would seem t o  r e l e g a t e  t h i s  su r f ace  t o  the  l e a s t  
desirable ones. 
c a t a l y s t  may however make t h i s  su r face  d e s i r a b l e  f o r  a c t u a l  
instal la t ions,  e s p e c i a l l y  s t a t i o n a r y  ones where weight i s  not  

The need f o r  f i l l i n g  and d ischarg ing  the 

I Z b 2 8 0 8  
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a f a c t o r .  The disadvantages of  f a i r l y  th i ck  c a t a l y s t  l aye r s  
can poss ib ly  b e m e l i o r a t e d  b>' l oose  metal s p i r a l s  o r  rfbbons.  
The low hea t  dens i ty  per  l b .  of c a t a l y s t  due t o  l a rge  c a t a l y s t  
volune may a l s o  prove il. help .  

B) 1/2" x l-5/8 x 1/8 x 40 The;mek ir, 1 lLfi I D  s h e l l :  
Weight i s  g r e a t l y  reduced ( l e s s  than 1/10 of  p l a i n  tubes ) .  
Thermek provides  the l a r g e s t  t r a n s f e r  sur face  per Ib.  o f  
c a t a l y s t  with surface very f i n e l y  d iv ided .  Compared w i t h  
weight and c o s t  saved the power c o s t  i s  n e g l i g i b l e .  Calcu- 
lations have shown t h a t  the temperature g rad ien t  a long the 
spines  i s  very s m a l l .  Loading and unloading may prove d i f f i -  
c u l t  aad spines  may s u f f e r  badly i f  t h i s  operatfon has t o  
be repeated i n  a c t u a l  use.  The small i n t e r s t i c e s  between 
spines  lfinit, the p a r t i c l e  s i z e  of the  c a t a l y s t  r e s u l t i n g  i n  
a high pressure drop and consequently movement and abras ion  
o f  c a t a l y s t  g ra ins .  

6 )  #16 Nesbi t t  f inned tube sec t ions  a f f o r d  almost 
the  same low weight per u n i t  o f  t r a n s f e r  s e rv i ce  as the 
Thermek tubes.  Volume of c a t a l y s t  and surface a r e  l a r g e r  
than w i t h  Thermek r e s u l t i n g  i n  a lower heat  dens i ty  during 
the  operat ing cyc le .  The increased hea t  capac i ty  due t o  a 
l a r g e r  c a t a l y s t  volume i s  s m a l l  and is n o t  expected t o  be 
not iceable  i n  a c t u a l  operat ion.  The uniform f i n  spacing 
suggests the use of a l a r g e r  p a r t i c l e  size c a t a l y s t  r e s u l t -  
ing i n  a lower pressure drop and m a t e r i a l l y  lawer c a t a l y s t  
d i s i n t e g r a t i o n  due t o  l e s s  motion and abras ion .  Loading 
and unloading of c a t a l y s t  will be d i f f i c u l t  a l though fins 
w i l l  possibly stand up b e t t e r  than sp ines .  A s h e l l  t o  pro- 
vide f o r  i nd iv idua l  i n s e r t i o n  of f inned sec t ions  which 
appears necessary t o  load the c a t a l y s t  p resents  design 
d i f f i c u l t i e s ,  the more s o  s ince  bypassing of  gas around the 
c a t a l y s t  must be avoided and the  f inned sec t ions  w i t h  t h e i r  
headers w i l l  need t o  be given a p o s s i b i l i t y  for hea t  expan- 
s ion .  Design d i f f i c u l t i e s  appear t o  bc the  m s t  s e r i o u s  
drawback f o r  this  type of su r face .  
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Comparative da t a  f o r  var ious heat t r a n s f e r  
su r f aces  on a performance basis of  1 U O O  BTU/1000 l b s .  

a i r / l l r . / l °F  M.T.D. * 

G-Mass  ve l :  l b s . / h r / s q . f t .  

Net Weight of  Active Surface 

Approx. Gross Weight of 
equipment i n c l  case 

Transfer sur face ,  sq. f t .  

Ca ta lys t  volume, cb. f e e t  

Surface 
Rat io  c a t a l y s t v o l .  

Net Volume of  sur face  

Gross Volume of Equipment 

F r i c t i o n  l o s s  KW Hrs. 
1000 hrs .  opera t ion  

Yearly power c o s t  $ 
8000 hrs./.&/LKW Hr. 

Net c o s t  of sur face  $ 

Approx. cost  of equipment 
i n c l .  case and headers 

COPPf 

1500 

890 

44% 

4.67 

96 

6 . 3  

2.14 

.14 

666 

Tube - 
2500 

590 

295 

3.0E 

96 

4.1 

4.41 

.25 

443 

#16 Nesbi t t  
1 / 2 " I D  #18 1/2"Cu Thermek Finned 

I - 
1500 1 2500 

32 

72 

*30  

240 

41 

6-3 

.404 

32 

23 

52 

.22 

n4o 

29 

20.5 

1.31 

* Methods descr ibed i n  McAdams " H e a t  Transmission" 
2nd Ed. were used i n  a r r i v i n g  a t  values  shown. 

Respec t fu l ly  submitted, 

1500 

56 

147 
. 86 

171 

1.07 

7.04 

045 ' 

56 

)e s 

2500 

43 

- 

112 

.66 

171 

.82 

4 * 3  

56 
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