
Fie have obtained additional absorption and rtesorption dab as 
an aid to the KclZogg &roup in their ciasign work, 
cluded a preliminary study of' the heat transfer poblePn, 
nal studies a amaU thermocouple was introduced into the usual 
sorptimrmit. 
outside diameter, down tlhrough ??hi& thea other thermocou&3 lead w i r e  wat3 
psaed, and the junction between the coppr tube and a e  wire was mil- 
dered at *e bottosn. 
t u b  and it was of such length that it extended l/2 of the way doan iat0 
tihe absorbent, Le., it  x u  at the gearsetric center of the absorbent bed. 

These ramlts hnve h- 
For them tlier- 

ab- 
This themcouple consistied oi a copper tube, g.053. in 

This tube W&EI inserted slmg the aXis of iihe l/Zw 

Trallminary heat transfer cdmalations have h e n  carried out 
m the basis of these &ta om&oying the Giu-ney-Lurie phis lor cl;.ifntiors 
2s given in HicAJians' " H ~ a t  Tran;miusion.* 
.cizare is a parmdter, m, which involves essentially a ra t io  of the  t.kiermill- 
conctuctivity of the cylinder bod to ttie outside heat transfer coefficient 
and irieiudes a p r i n c i p d  dinension of the heat transfer arrangement (in 
t i i s  cow tfie radius), 
of i),OOl ?or an assunled steam side coefficient of 1,000 (a higher co- 
efficient would give a Lower value of rn), 
of m is about 0.005. McAdms give8 curve8 f o r  values of I;Z equal to 0 

In the use of these ghats 

For tfie heating runs the valus or m is of t b  order 

For the cooling runs L\o value 
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TABLE I 

0 a 
Coalln~ Curves - 85 C. to 20 C, 

Center Kater Cooling Time Center P i t r G e r  
T y p r  Temp. In Temp - Temp, In 

OC c Mbutec C. OC . OC . 
85 e 0  8 5 4 5  ' 85 I 5  0 $4125 

1 4 2  

2 

2-1/2 

3 

3 4 2  

4 

4 4 2  

5 

€33.5 

'75 

63.5 

- 52-5 

h3.5 

35.0 

32.5 

28.25 

27 -25 

25 -0 

3.4.5 

74.5 

40.0 

50*0 

4.2 .tQ 

35475 

3125 

28 rO 

26.25 

23.0 

3.g e 4  

170s 

23.0 

19.0 

20.0 

20 *o 

17 *3 

17 .A 

16.6 

23 .O 
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.- 

0 

0*5 

l e 0  

1.5 

2 

3 

1”, 

5 

6 

8 

10 

- 

99.0 % a 5  

96.75 

9L75 

79.5 

6325 

42.75 

3L75 

26.25 

22& 

m*‘75 

20.0 

100.0 

22-8 

20.6 

20.6 

20*3 

19-8 

2oao 

20,O 

20.3 

w.7 

19-6 
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Heating Time - minutes 

0 

0.5 

0 
Center Temperature C. 

20.5 

20 7.5 

1.0 

1-5 

2.0 

2.5 

3.0 
- 

75-0 

82.0 

3.5 87.25 

4-5 

5 .G 

92-5 

95 *O 

l Z b 2 3 b 2  
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This we of m = 0 is equivalent t o  a:.saairig tila% the external 
resistance t o  heat trunsfer is nugXgible in cmpujri:jon to the intend 
resis-tance. W i t h  this assumption and the center line ten~ertitums a8 a 
-tion or" tiere, it is possible to calculate the t n s m d .  conductivity 
of the absorbent bed, B e s e  results are s m w i m d  in Tables XV and V, 
Table IV is for &e heating datu %he f k s t  2 o o l w  give t;ne Center 
line tmprature  as a funetlan of the time, The thFrd c o l ~  gives the 
observed temperature difference as a fraction of %he init ial  temperature 
difference* 
The next column cantains the values read from the plot Tor the various 
condi-Ucara. 
a factor A (A = k/cp), c a l l e d  the thewnL diffusivity, nrnittiyiiad by the 
t b e  divided By the radius squared, The last colxlmn of the table gives 
the va3arerr of A calailated from &is group, Tnese values shoul.6 be e6- 

c o n s h t  due 60 the fact that they involve on@ physbal  pro- 
perties d the absorbent bed and these properties me mes that do not 
change greatly rfth tho t e m p e r a t u r e ,  It will ke noted #at the results 
in &e table  indfcate a reasonfibly good constancy of A- 
that these are very satisfactory considering LEie t y p  of experiment em- 
ployed, The average values of A is 0.002S5 sq. ft./hr. which leeris to a 
tbrml conductivity for the absorption bed of 0.0271 B,t,u./(hm) (sq, 

This  r a t io  i s  one af the ordinatas of the heat transfer $ot81 

These va3ue5 c o n s t i t a h  a dinensionlttss mtio whicn includes 

h fact, we f ee l  

ft*) [(?I?* >/f t . 

In addition, b nuslber of absorption -ma zesorptfon were 
o a r r i o d  Lut in which the temperstize ut the center line WRS I'ollo-i(e6 &ring 
tho exim'L%ents. 
ga, and with cooUng water at ZO'C. a r e  given in Table VI. 
eludes the center line temperature EIG a i'unction of t!!e time, anti the o v e r d l  
results presented Ln this table are summarized in Table VII. 
tion arrangement was tho same one described above, 

Results on r, .,cries of absorption runs at 250 il;sc/s';, in, 
T h i s  t&le in- 

Tibe absorp- 
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TABLE IV 

Heat, Transfer Calculation 

0.313 0.28 0,03282 0.0417 75 

A2 0.200 0 -36 0 ,OO3O2 0.050 

0.0583 86.7 0.166 0.40 0,0028s 

0.0667 90.3 3.'J12 O*JA 0.03277 

0.075 93 *o 

- 

0,0875 0.52 0 .oO291 

0.0833 94.8 0.065 0.57 0.00m 

0.W 97.0 0.375 0.665 0 .oo;r7c2 



TaBLE v 
Heat, Transzer Calculations. 

2x2 
A= g AB t-20 T'= - 

L' R2 - Canter 
65 0 

Cooling Time 
Hours, Q temp, c. 

0 

0,025 

0 a333 

0.0.4.w 

0 0500 

0*0!%3 

'3.0667 

0.075 

0.3833 

1.0 

3,615 

0 50 

3.362 

0 , 231 

0.192 

9,127 

O.ll15 

0 07? 

I Z b 2 3 b S  
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The heat tran:.fer characteristics 02 Table VI :xc i l h l s t r c l t u d  
in Fig. 1. in &hi& tho center l h e  tem;.erature i s  ;lotte(i 1'3. the ab- 
sorption time in mhutes for  absorptions made &.th & dii ' forent  rates of 
exit gas flow, In a l l  cases, diere is N. very rapid i r i i t i t r r i  t empru tu re  
r ise iiue to a s  f l o w  work 02' tki2 satering 2 : ~ s .  
the tenpx-ature then decrease:, probzrraably. clue to the ha%.:, capsc i t y  of t h o  
absorbent bed, after which it risc-s to a maximum due t o  the neat of wygen 
absorption. 
heat capacity of t h e  bed i e  masked by t h e  rapid h q ~ t  evolutfan due to t h e  
higher ratea of absorption. It is UketlPise noted tmt the rnaxiurum temper- 
ature obtained also increases w i t h  the floa mte. Piis is unc?oubtedly clue 
to the fwt t h a t  the heat ovolutim is so r q d d  that ti lower Garcentage 
of the heat prodaced is trhmsi'erred to t h c  cooling w a t e r  in tho c s r b  p m t  
of these CIX'ITQS. 
absorption increases pogressively wAth tho rate of a i r  flow, Zt t r i l l  be 
noted chat the nnaxlm\nn tenpra twes  are quite high and t'nr;t w i t h  nigh flaw 
rates, temperatures of the orcrer of 50%. :-iould be obksined, 1% :eel that 
Lhese tensp%iWres tarc probably about the average fo r  the center of8 the 
bed and probably c o m s p d  t o  a relatively low net heat reinoval hy the 
air due to the fact that the sir has cilready been preheated by t h e  ab- 
sorption *ich o c c m  before this level w a ~ i  ruG,ched, 

At t he  lox mtcs of flow 

A s  -the rate of f low is increased %he initi%l ciip ciue to t h e  

Thsse rapid rise:: must mean that the init iai  rate? of 

The absorptfcm runs in Table VI1 inciicate that a high percenbage 
oxfgen renovcrl and a high saturation nre not easily obtained even under 
theae conditions, 4lhese results arB s0;neY;hat lower than we have previously 
obGemd w i t h  material that t;es i'urnisiied by Professor Cdvin. Thus, a 
previous I . .  on Calvin's materieLl idenficd ~ i t h  iihc f t r s t  run of Table V I 1  
gave LL weight -per cent of 5Jsygm eqxa l  LO 1.52; "he present vzim is 86% 
of this, 
zaturalion or 2.68 weight per cent O2 ami Lhe p e s e n t  run cozr'es;Jonds to 

is  Letter fn 

Another -mi Suplicaking t he  ~-xrt,h x-tm of Chiil t-tble gave a 

is snore important, 
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TABU VI 

Center Tenperatures During Absorption 

Absorption Pressure - 251 p s i  

0 

1.0 

1-5 

2.0 

27.25 

- 
23.25 

2.5 22.5 

3 to 22.5 

3.5 23.0 

4.0 23,'ij 

L.5 26.5 

5.0 23 .O 

-- 
18.2 

19.2 

33. 
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TABLE VI COIJ'PtD1. 

Center Temperatures >urinp Absorption 

2.0 0 

1.0 

1.5 

2 *o 

2*5 

3 *o 
- .  

3 

19.5 

29*5 

29-75 

32.5 

36.25 

40*0 

20.0 . 0 

20 00 

19.7 

20 *o 

19 e 9  

26 -2 

-- 3.5 42.25 19.7 

4-0 42 1.25 19.3 

4.0 I_ 0 0 19.74 

1.5 1+0.25 

- 2 -0 

1 2 b 2 3 b 8  



F I G U R E  I 

E F F E C T  OF FLOW RATE O N  CENTER 
50 T €  M P ERASURE DURl NG ABSOWT I ON 
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CFH .. 

0.87 

2 *o 2 

: 5  

7 

3 -0 

rt.0 

3 

2 

1-96 

2 -68 

94.9 

80.6 

66.6 

67.5 

62.5 

62.6 

58.4 
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. .. . -1.. ... 
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On tho besis 02 %e heat transfer calculzitions it m e y  be &,ossible 
to calculate the heat transfer h i s to ry  ivha decorption is occurring, 
are not certain that the unsteady-atate heat transfer equations have been 
htegra ted  for the c a m  in which tliere is a heat sink, 
equetionn m e  available f o r  in2inf tc  solid6 but are not mn-8 that, they !lave 
been worked out, fo r  f in i te  cyiincerb, 
to t i e  t i i e  rz tc  of ciesorition data in -4-zh such hr;zt triinder cniculntfons. 

Fie 

I believe  at 

Ee are rLanrdng to m&c r,n a t k n 2 t  

-- 

l Z b 2 3 1  I 
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TABLE IX 
0 100 C. Desorption i'rm 

2 -66 3 -60 ifit, 5 absorbed 1.96 

Desorption Center 3 Center k Center % 
Tex;. Desorbed 
oc, 

T h e  Tenp. Desorbed Temp. Desorbed. 
w u t e s  OCO % I 
0 23.0 0 22-25 0 20ao 0 

1.5 46.0 57.1 43-25 5312 a.75 118-4 
- 

2.0 51.25 72.2 49 25 63 *c: A9*0 59 *l 

i 

5.0 , 2*5 % 

5 -5 pc\ ,L.O 99 -2 52.3 98.2 68-5 91J.S 

8 .o 95.0 100.0 92-75 

1 2 b 2 3 1 4  
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FIGURE 3 

20°C.  

I 
I 
I NUMBERS ON CURVES IHDICATE 

WEIGHT O/o 0 2  ABSORBED 

0 2 4 6 8 I O  

DE5OSPTION TIME - MINUTES 
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9 0  

8 0  

V 

40 

3 0  
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n 
W 
M 
d 

CA ud 
0 

0 
6 0  

6 0  

4 0  

20 

0 

! 

I 2 3 4 
0 
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0.32 54-5 0 1 

0.87 ; 

2 

4 

1 

2 

I 

7 

13 

0.59 $6.5 
! 

0.68 97.0 

52.0 

59-8 

70.2 

68,1 

68.3 
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Wt. $ Absorbed 
-. 

1. %!! 

% Desarptfan T h  Center % Cenker 
Temp. Desorbed U b S  Temp. iM sorbed 

OC . OC. 

35 -25 0 34.50 0 0 

4 . 9  Loo25 30.5 0-5 37.25 

1.0 (-5.50 65.5 46.50 54.3 

Y L ' T  54.75 a1-6 

50.75 73 -6 55 .o 81.11 1.5 

2 -0 63.25 

G.75 94 -4 

d2 25 gt7, .4 

90.0 100.0 

35175 

d0.5 98 -2 

4.0 38.75 100 .o 

5 -0 32.75 

6.0 7U.O 

3 00 

r /  

,I 
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