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V REC OVDl-tY OF V/ATEk ikQk THE AThQS
0 0

1 . REVIEW OF HiOGREbd
1.1 Introduction

written by 1\ Dixon (l)The basis of this investigation was a paper 
which discussed the idea of recovering water from the atmosphere, 
(i) py condensation on a surface that is cooled by radiation to 
the night sky, and (ii) by adsorption of atmospheric water vapour 
on silica gel during the night with regeneration of the 
during the day, the released water vapour being condensed 
suitable cool surface*

silica 
on a

gel

Condensation, on a cooled surface during the night was ruled out 
as unsuitable due to the low productivity per unit area of the 
surface exposed to the night sky* This left silica gei a s . the 
alternative to be examinedjbearing in mind the ̂ possibility of 
extracting water from the atmosphere by aaleohanioal cooixng 
(e.g. refrigeration.) of the air below its dew point ^during the 
night« o r using moisture to condense • froni the air. this process 
would lie similar to the dehumidification of .air in a erooin as used 
in some tropical countries*

1 .2  Examine ti of the Feasibility of tTslrift Silica Gel
The paper of Dixon did not discuss Whether kinetics were 

important in the adsorption ahd desorption processes. This 
point was checked by assembling an apparatus that could follow 
the rate of adsorption (or regeneration) of a bed of silica gel 
under controlled conditions of air flow rate, and dewpoint_and 
dry bulb temperature of tho air entering the bod (see Sections 3 
and M )*

It whs found that the silica gel Will take on watch during 
regeneration at an adequate rate if tho air throughput is sufficiently 
high* i.e. initially tho air is almost completely dried. and tho hate 
OfVptake is roughly proportional id tho air flow rate. The 
regeneration rate of the silica -gel is also roughly prdpbhtioiial to 
the air flow haio, as tile exit air from the bed cannot carry more 
water vapour than that approaching saturation.

Those poiavts lead to the following conclusions :

(i)

(ii)

If there 
Will not 
the day*

is no cii’culrttioat of air through tile bod it 
adsorb at night* nOh Will it regenerate dUriitg'

If there is circulation of air through the bod it will 
be bonefioial during the night as it keeps the incoming 
air at relatively coats tant humidity mad servos to remove 
the heat evolved during the adsorption process„



(:i.±i) I-i> there air through the bed .during ' '
to be recirculated in 
be kept in Hie system ancJ 

atmosphere. This would entail the silica 
out in'beds such that th.'ere will be sufficient

There must also 
at a temperature about that Of lire 

ttir niUiit liQ passed 
t.aite.s up) :ifldisture,| 
it is cooled and

is circulation of 
regeneration, it will have 
that the water vapour will 
not lost to the 
gel being laid
collection area for tlie solar radiation,, 
be a condensing surface 
ambient temperature. The circulating 
through the bod where it is heated and. 
passed to the condensing surface whore
releases the moistui-c as liquid water, 
back to re-enter the bed. Thi?

J,n
.i.OSSOS wl.licll will now be ra-vnultnerlpx

nd then passed, 
ocess involves heat

The air leaving the condenser will be saturated at the condenser 
temperature, i.e. the dew point of the air entering' the silica gel 
bed will be the temperature Of the condenser. The air1 entering the 
silica gel bed will be heated, by the bed and will therefore remove 
a portioji of the heat from the bed as sensible heat; A rough 
calculation based on a 10°P rise in temperature of the bod will 
now be presented;

Initial experiments (.see boctiujl h) show that an air flow rate 
of at least k ft.minT^ for an O.B in. bed depth, is required.*

Agetirile T s  10°P 1 «
Gp «. 0 13tu lbs ' °3? “ ^for air)

= 0*08 lbs ft- 3 (for air)
Tlie sensible beat removed from the bod por sq. ft* is therefore

*| ^
q = l| (ft mirf'•) x 1 (fi/~) x 0 .0 8  (lbs £t“3)

x. 10 (°P) x 0*8,5 O H u  lir1 °F-l)x 60(niin hr
kti btti hr' 
for an 0 .8  j.n bod dcnth

bed depth;
.(2 )

or eja 2k l*tu hr 1 for an 0 Jl in,
A c a lc u la t io n  baaed upon tho solar radiation a,-tu of 

Wirt oh appl ies  to the climate of »an b'iego,-■ • will nor bo g iv c rT in  ’ 
order to estimate the effective heat col,looted in a solar ;;ti,lj 
after all lowing for boat losses to the atmosphere and to the ground;

n e e

Consider the month of Juno in ban 111 ego ••
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i n  -.no J.

Time
of o
day U*tu ft""

‘I n c id e n tR a d ia t io n
hr"1)

C o l le c t o r  
Tempo l’a tu r o

o
H eat g a in  a t  
Collector T em perature  

(.Rbu f t - ' -  d ay-

Erfi cioucy 
of

Col.I action
i';)

Available 
C o l le c t e d  
Radiation 

(]jtu  f t - 2 h r- 1 )

6 -7 63 71
7 -8 109 80
8 -9 13*(- ■ 100
9 -1 0 IQil 120

1 0 -1 1 228 138
.1 1 -1 2 250 . 1*1-7
1 2 -1 230 150

1 -2 228 150
2 -3 19JI 150
3 -4 15*1- 1*1*1
*i- 5 109 129
3 -6 63 100

, Total 19 9 6

.1*100
1300

70
63

*i*i
71
851100 35

<300 *1-5 . 87
700 35 80
600 30 75
*17.5
*1-75

PA
2*1-

60
55

*i-75
600

2*1
30

**7
*16

800 *10 .. *i-*l
1100 55 _ n

7*1-9

The Collector Temperature lias only been estimated and is therefore 
very approximate; The Heat Cram has He on estimated f x om llgUxo 5 
of ’iVicel2) for the daily heat gain eft tlid given Collector Temperature. 
The Efficiency of Collection has bcch calculated by dividing the Heat 
Cain by the Total Incident Radiation (1996 Htu ft- - day y ). The 
Available Collected Radiation is that available to the silied gel bodj 
and is computed by multiplying the Efficiency of Collection by the 
Incident Radiation.

Erohl Table 1 it can be seen that with a 10°P rise in temperature 
rei|uired by the air entering the si.1d.ca go! bod, oven if the bed depth 
was halved (l*o. to Oik i m  , and the air flow rate halved to 2 ft nii'h"-1-) 
there would only ho 7*19-288 = *l61 Etu ft--'-day- 1  available for regenera­
tion of the silica gel; It must he appreciated that even if suitable 
heat exchange was available to heat the air passing to the silica gel 
bed by the air passing from the bed to the condenser, an approach 
temperature difference of better than 10°P could not be expected due 
to the low heat transfer coefficients of gases;

A sample calculation can be performed to estimate the area 
required i’br collection, of 10 gallons of water por day in ideal 
summer conditions (i.e. an incident solar^radiation of the order 
of 2000 Rtu It-2day- ). Assume an optimistic water content differen­
tial of 15/- (.weight per eentage of Water relative to activated weight 
of silica gel) between the charged and regenerated states of the 
silien gel;-



i) y u4.

. bed depth = 0.4 in (i.e. air flow rate of 2 ft nan 1)
3illca .;t,.l density = 4-0 lbs ft _ „ ,b-i (3)
heat reqttired to regenerate 1 lb water - ,U -1
heat available for regeneration = 460 btu ft - clay
Water regenerated, per sq. ft. lb ft 1 day~'L

= 0.184 lb ft" 1

i » ^ tiff) 1. . for 100 lb of water, require oTJylJ ~ 5 ,u 1V
This calculation assumes an ideal thickness of sxlica Gel 

such that there is sufficient to promote the water requirement.
For l2l/o water content in'silica geil, ancl aji 0,14 :Ln* 1jcc1 

depth* the area required is [{ ...

1 Q° * ■l0° * = 50O ft2 of silica gel.
13 x 40 X 0.4

This aureU would not be sufficient as it does not receive sul.ticient 
radiation* and a bed; of 540 • sq» ft. Would be necessary.

• A similar calculation for a bod depth .Of 0.4 in* and an approach 
temperature difference of 20°F* yields an eifective heat for 
regeneration of 177 hth ft"2 day"1* and hence a required area of 
1410 sq. ft. Similarly.an approach temperature difference of 
33°F and bed depth, of 0.4 in. gives aero water production.

It must be noted that for winter conditions the situation 
would be hopeless as I Lie energy available for regeneration would 
be negligible after sensible l.eat losses had been accounted for.

Oh the basis Of the above calculations (which afe optimistic, 
i.o. for ideal summer conditions) it can bo appreciated that tlie 
Use of silica gel with regen oration by solar energy is at present 
hot feasible* especially wli.oh considering the large areas involved* 
the large weight of silica gel required* and the fact that auxiliary 
powfer is required to provide the relatively high air1 circulation 
rate..* ?,<.....

With the above comments in. mind it lias been decided, that art 
investigation of the different methods of manufacture of silica 
gel would bo in order* with the hope that a type of gel may be 
found that is more useful under tlie prevailing conditions.
This1 investigation is at present in hand.



.1 . '1 T)gh.umid 1 I'l cnt1 on of Air by B n f x't n o r n 1 1 on
V  ' ■ , ■ ; 1  ̂ ;

At tills stage only a preliminary s'Prvcy of the situation has 
been made. MebbiaC^O has done some experimental work with a 
100 watt dehumidifier and he found that without heat recovery 
he could obtain 2 litres of wator pox' day with an ohergy consumption 
of 0.7 kWh per ’litre of water. This energy consumption is 
equivalent to 1000 Btu ;per lb of Water produced.

By using a diesel motor to drive the dehumidifier, and a fuel 
of calorific value IPOOO Btu lb-!, and a thermal efficiency pi 
about 0.3, it can be seen that about 6 lbs of water will be 
pi’Oduced per lb of fuel, with the set-up as used by Ncbbia. This 
method seems to have possibilities as the system can be used 
irrespective of Weather conditions. Additional advantages lie 
in its smaller Size and mobility*

It is proposed to investigate further. the tochuic:juo of 
obtaining wator from the atmosphere by refrigeration.- The 
power input could bo either from a diesel motor or from wind 
power* .

»(■ ■ 1

An estimate of wind reejuirements will now lie calculated.
Assumptions 5

kind velocity = 10 rnpli 
Hours per week of 10 mph winds = 70 hr
Efficiency of wind energy collcOtion = 
lbs water pox-1 Week = 700 lb woolc- -̂ 
Density of air = 0.08 lb ft“3

For 1000 Btu lb-''- wntex’, the blade diameter would 
by the relationship!

1000 j: 700 = 0.0057 x d^ x io3 x 70

i.-o. d «= h 2  f t .

Tills moans a very large and expensive unit with lack of 
mobility,- and complete dependence upon wind velocity.

A more ro l iaKI  o source o f  power Would be a d ie s e l  motor,' and 
i t  remains to  in v e s t ig a te  an improvement in. the performance of the 
r e f r i g e r a t i o n  system with a view to  increasing heat recovery's

(i.-o. appi-ox.
3 days)

JlO#

bo given



A h 1.1 ('lit j onc'd in boction 1 , bhe different ways of' manufacturing 
si.lion ■’c.'l will I o investigated, with n view to finding n typo 
tlm I, hns n high moisture content dj.rrorent.Lnl between the adsorbed, 
and regonern tod stator; under the prescribed, physics 1 conditions.
A literature survey in in hand and the various tcc',nir«uoS of manufac­
ture will Tic tried. If a satisfactory typo of siJica gel is 
made ihen a solar "sti.ll" will be built to tost it under suitable 
working conditions.

3. .IStilllMUNT
An r .'"‘a rat Us was built to tei-t a sample of silica gel (917 gm 

activated weight) for adsorption and rogenemotion rates. An 0.8 in. 
deep, 10'g* in. square, bed. of silica gel was contained in a vessel 
such that air at a metered rate could, be passed through the bod.
The dry built temperature and dewpoint were measured before the 
air entered the bod, the dew point being determined by moans of 
n Foxboro bowed.. The humidity of the air could be adjusted by 
passing the air through a water bath, or by spraying water into 
tho air stream in a suitable chamber. The weight of the bed 
was determined at appropriate intervals by attaching the bed by 
a Wire to the hook projecting from the bottom of a Sactocius 
hi loin at.

hi LAPAItUIENTAL Ibid/ITS
The experimental results can bo summarized, as follows:

'Jnltjnl Final hater Inlet
p,.n b'ate.r hater Con tent Time a:i..r . .
v ' Process Content Content bjffor- (hr) Condi- Dew- ' xrilow

(',>) (r;>) once tions point
# )  to bed (0F) ,1,:ui >

Dry bulk 
. : ■ . tollin'

( ° F )

1 Reg one rat i o.n ,75*02 Regeneration 1*3*11
3 Adsorption 7 .5if Regeneration 2if,-8

1 3 * 0 1 0 . 0 .1.0. 0
7*0 8 .  if 7 . 0

2 0 . 3 1 3 * 0 8 . 0Sj 5 1 6 . 3 7 . 3

1 90 8 1 0 . 5 1
192 81 if. If

65 3 2 If. If
122 3 3 If. If

Tho adsorption capacity of the silica gel was found to be 
about at atmospheric conditions.• The regeneration was
oarriod out until tho rate of regeneration was loss than 0. “))'<> 
w/w (of activated weight of silica gel) per hour*
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\ RECOVERY OF VAffiU FROM TILE ATMOSPHERE () |. 'i.

1. REVIEW' OP PROGRESS
In Progress Report No. 1 it was .stated that a solar still was 

to be constructed in order that a conclusive test could bo performed 
to evaluate the feasibility of using silica gel for recovery of water 
from the atmosphere. It was also abated that an attempt would be
made to make a type of silica gel that bad a high absorptive capacity . 
for water vapour without necessarily reducing the night air to a very 
low dew point. Commercial silica gels are manufactured with the 
property of drying air (and gases) to very low dew points, which is 
not a property that is required in this instance.

The dosign of the solar still is similar in type to that used 
in the conventional Coober I’ocLy installation. The design incorporates 
a bed area of silica gel of four square foot, and simplicity was the 
aim in order that a successful result of .the tests may lend to an 
economic design of larger-.installations. ftoro .complex doslgns, 
utilising lower temperrituriycondensing surfaces, 1 would lead to larger 
sensible heat losses with. a*, resulting reduction in efficiency. The 
still is in the final s/tagery of construction and .results will bo 
available in the next i^ogro’s^ Report, 1

.... . -AI ■ ■ A,'- . 1 ■ i' " ■ ■■' ■ ■•■■■■■■■

Silica gel has boohjMh.de b ^  procipitating copper silicate . from a 
r?^iUnitsillcn'to solutionfRby-addition of copper sulphate solution, 
filtering off the clear ,lic{uor, drying tho resulting mass, and then 
leaching out the coppof :by^trerttm6rit with bxcods acidt Tho gel is 
then washed, dried, and afctivn.tecb 7 ' This operation ;wns performed

b'fa'i

Acid Copper 
Commercial

water/ 
activated Wgt.)

20.6
20.5 *

^perfqrmo.d; in tpe apparatus 
1 be sumiiiarisod ha fblloWs t
ilt.h t.0. ’ ’ I fcgonern  Cod b tn t  a

wq ie r/a 'o t ivn to d  
b,,state.*) ' 1

Hb1 al t?ik W b

Ml

i l i£ f e r o n t ip i
■ 7  U v  ..

>. '-<b . .6U4U,' •

1,1 .0  b
15* a diffbrehtlal >thdtWas 23f* bettor than the counorglAif *ai li'4$ ^ j L *

Va^ ’u .



K. 2 . WORK IN HAND
Another method of preparing silica gel is the pi-ocipitation 

of ferric silicate from a solution of sodium' silicate by the 
addition of fei'ric chloride solution. This was done for the 
basic and neutral cases} the acid case yielded a fine colloidal 
suspension with negligible precipitate. These samples have yet 
to be tested for the adsorbed-regenerated differential as they 
are still in the final stages of precipitation. The results for 
these gels will be available in the next Progress Report.

The solar still 13 to be tested initially with commercial grade 
silica gel, and if positive results- are forthcoming it will bo used 
to test the best of the inetalliclon precipitated gols.
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*  jajcovunY or vathr fro>j this atmosphere
' ' ’M" " ■■■ . I ) i 6 -

1. REVIEU OP PROGRESS 
1.1 Solar Still Results

A oolar still has boon constructed to evaluate) experimentally 
the feasibility of usinc silica tfol to recover water from the 
atmosphere. The still is ’of the conventional typo Ivin. of a 
s-ii'iilnr design to that of tho Goober body installation) but with 
a wooden framework. Commercial silica fjol (1*5 f W  lias been spread 
oh a 3 . 5 jjcj . ft. tray, which can be tnkon out of the still at m e a t  
for the adsorption part of the cycle, and ropiacod in tho day for 
solar regeneration and water recovery. A door has boon built into 
one end of the still to provide easy access.

Tho still lias been in operation for about 3 weeks, but overcast 
conditions and the Holiday period have civon only a few clear hot 
days. Tho maximum production from the still in one day Has been 
325 ill. water, with tho bod temperature rising to a peak of loO '*

l.a ■'■ilicn 1 ■ e 1 Tigmifi.cturp.
As was stated In Progress oport Eo. AJ, different methods of 

making Silica fjol Wore boi’.v* investigated. No bettor product 
could bo made than that mol t Londd in J1.-l. he. A2, 3 . o. ths acid 
capper fioi. A larqo quantity of thin ;ol (about 1; lb) i- ^+'
present boin/^ niado, Pith tho addt.tion of powdered charcoal Lo Lho
early ntaccis of manufacture to make tho(final prothtcL blacl . -
i", anticipated that this product will qivo sx<pii.iicanbly better 
yields of v/ator, due to its hitter uptake of solan cnorgy (tho 
blackened, condition of the ;;ol) and the lower v/ntor .loldinq capacity 
in the regenerated, stato.-

p, Hi !:Ann
A second s o la r  s t i l l  has been b u i l t  in ordor th a t  m odif icat iens  

to one a t i l l  may be compared with  tho other* umlor i d e n t i c a l  utmosp oni, 
and .solar condit ions.  *iio new s t i l l  has n door b u i l t  in to  each 01 d 
so th a t  tho ntf;Ut-haif of tho cycle  can bo eva luated.  -ho lake up 
of  water  wit: the t r a y  removed from the old / . t i l l  can . 0 compared 
with the t r a y  romainiuf; in s i tu  in  the second* the doofa born?! l o f  • 
opou to permit atmospheric circuintlap o f  a i r ;



The planned approach is to malco a ■..modification to one still, 
keeping; the other unchanged as a reference. If there is an 
improvement in performance of the first still then the modification 
will bo made to the second stills Uy this process the design 
should bo optimised. The proposed modifications includes

a. Placing a polished aluminium sheet beneath tho silica gel 
bod to restrict radiation from the hot bod to the base of 
tho still. Conduction of heat through the base yiolds
a significant loss of heat economy.

b. Varying the bed depth to optimise the quantity of silica 
gel that is required.

c. Testing tho use of the black ''acid copper" gol.
d. Varying the orientation of the still with respect to the

.-sun,. . 1 V!" ■■.
e; Treatment of the glass condensing surface with an agent 

that will cause film-wise condensation in preference to 
drop-wise. It is anticipated that^tho latter causes 
.scattering arid reflection of the incident sun rays with 
consequent heat losses; A preliminary trial will be 
made using a ear windscreen demisting agent that prevents 
drop-wise condensation;

It is planned to build a further still of such, a design that 
the condensing surface will not have tho sun's rays incidont upon 
it; The object of this exercise is to determine the effect on 
tho overall porformanoo of l;he tiso of a cooler condensing surface. 
This still will bo chocked alongside tho present stills in their 
optimised state.

Conventional solar stills for the desalination of water have an 
output of tho order of 1 lb of wntor per square foot por day. 'fho 
pro sent indications are that optimisation arid improvement of design 
of tho silica gel stills give a daily yiold of better than "ilb/sq. ft.
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1. uidVJ.,',: u>' Ttxnibsb
Tho two experimental units. described In earlier bnopress moports,

1.iavo been compile|.o<l and tasted. Vov.r tontu wero carried out, under 
as uonrJy ideal ioul conditions ns posis _ and these snowed that Idle
writ on: production 1'ror.i the two unity wns slml -tar.

To m in im iso  M e oCfor.l,  o f  ehau/yin;; w ou tb or c o n d i t io n s  oh tf«o e x p e r im e n ta l r o s r  I I-si, ooud:i L ions w ere changed 'i.n one urn it. b u t not I.Uo 
ot;h er and, th e  w a ter  p r o d u c tio n  lloum tlio  two u n i t s  was com pared.
I. 1 It was considered that, tllo heat 'loss i.lrrouch tho bottom of the 
units initfbt bo oontrUmtinfi to tno low Winter yields obtained, and two 
methods wore adopted in an attempt to reduce t-xn hoat loss. 1 u.l mi, ..y 
aluminium a cots wore 1st id .In the bottom o.P one unrt and .later these 
wore replaced by a 'layer o,C polystyrene X’onm slabs one _:i.ncli thiCJc.
Tlio 'foamed pita c i lo was expected to show an advent ape yxnco tlio tray oX. 
uK'.ofbeut was rauSed and 'the' uhndowintf oi,Toots bore thcroloro expected 
to be lose severe. oth tho a luiniaium sheet rind .foamed piastre 
ia.uUan-t pave iuerensod yields oV water compared to that from nn uiia.iv- 
milal od unit, bh t tho i ueroaso was relatively small and approx ■.Uimtoly 
equal in both cases.
II. 2 AJ ti'-rih;; the orientation o,P tlio unit ,Prom ■ ioptlu-Tonth to j-.ast-WoBt, 
d.id not n J - n :i Pic cutty alTect yields oi' Vobnr obtained. 1 Uo cles.i.pn
oX the still) in such that one mu. L to.Irihn.I,e dally i iv.iftow,Lnp bc:Poro J,0 3 C 
a,ul after i ^ O  hours or else poor U 11'I fan I, i on o.P solar, ouerfty at sinou.
'PI)a refillJtn ".uypo,, l that those disadvantages nPXoct water productroll 
to a siliri lar decree.
1 i'j hj/lica pel .1 nonrpora tinp carbon hijack was substituted lor 
commercial! silica po I in tho hope that hotter ufcill Isa (:iion oC solar 
cnorn-y would bo possible; uowovor, the at • hi. cOittuvLuJnfi; the hiack 
silica pel ,n educed Jess water (about lmI.P) than did tho sti 11 ^
con taint ip Lite onmmoreiel bell. ‘.his i-1 attributed to an excess oX 
carbon bind, .in tho Initial batch o.r poll' produced, , rosultlup in poor 
valor adsorption capacity and II ov physical, trenpth.

Tljo pr>ri‘ov”nveo o f  a. s i , i l l  on a l o t  oi.onr mmny day In Shown in' 
j. [ ,nro a ur th is  run I bo t r a y  wan r f i o u n l  and ox-Onnd to the ui;i:
(biatup; thl> previous nip him At 1 hmm. vben t,he t may cent; a int u/; 
iTe l i en o.l van placed ill tho unit, thn a i r  to; para turn was 19 0.' tct-'O o f  V j7 m'l nP v o t e r  was c u t io c t o d  from a n i . i i c a  p o l had a r e a  
Op 1 t r a r e  l o o t ,  I b i s  :l; oru i.va'i cu t to 0 .2 6  111* op u n io r  p er  ufJinrtj 
.Poot ,cr day.

§
-■If

ass

'f



it,
h, ■

q:

'•■'■■' ■' t '■''

h&\

'■i-ffi -i'.v.'i >{*&■
,u

. f t:.yt"
£ t;!,

<■)

-  , M .

n u A  id tump
wnr;ori.ni<;rii,nl work has shown Lhr I, Ubo o:cifrl;iii{,* turilfi oulT or Pro 

a .nticilioa- o.r ilri'cofca. 'riicoo include1) : ’ ^

(l) Partial nbadowinn oi' Idia „■ c 1 sod or inoITccbtve uno or'/nuiar onoxvjy 
os described in l.; octal n 1.3, on-’ i»ovj-iruion-fc nlmdovlnrs af •} porconl/’ 
at x h(o area in both cos da, duo to idle appor nib vorlv l'or the .^luos.

U )  Vhe rdimiD n n p p o rth y ;  i;ho p e l  in  tlio bray i s  oi' no (i r.nUfjo (;ho 1:tdio f  .1 ow a t  (t±v iiuauv'l) i i io  dad i s  rca fcr icL o c i. t,
) Vho air space lu the Hill is ran ioo f;ror l voiu in. ,1hr'/o }’ X

HoiiMilMe herb loosen. ' '• <\ .

Ji ) <‘-oi'dc’- s s t io j l  o" w u * t  d e c o r s  on idle hoi;boi.t o.r 'vfli'M. u n i t  and unVea' I t•ileipo n J M o  bo ohl.nl M onn-tbi in b ivo r o n u U n . ' ^
\5) ‘Hto roll hed should : o ijiol-itiotl X’rum (die horinon'inJ' no l;hnb lb Is 1 ' ii 

normal bo Edo /'alar radiation/ ,< A , ^
A dcisirpi i'or a p a i r  o r  nob (mibo having  se p ru n io  cordons! a,p adhiVoos  

das boon drawn an  and Ib ero  two nnl l . r  /no c u r r e n t l y  belli,, Cnna tVitc innl, ' ' ̂

,l Jh W  1 tu ̂ ii« -'il -

1 i t v  Ws ,*pi . y
1 t , .* > t 1 - .* f 4 }1 *■ 1-;1 ax.y.1.'-''.jd:-'r, r : ;>; < - v-.n ■■'-■ '/..'.Tti •; -lyb'nBxv'i-'i.'. m ,■ '■'irX<< 5' ■, riw'[, ■ J i ■" nt ; ,i , . t r , , ,> i > I . ;
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1 ',‘r<f ci; Abnnrrtri on by* ,LL1_LiLi1LL_JJ_5XL
tjluoi!.' .the l0 v orunnco o f  the w li-L l in  o r r .U e r  t o r t  a rv-pot red  co 

bo i:U i t e d  f  ,onp o i l i e r  (,b:hv,:.: by  Ho vr.uO of vnU r ;U MOi^i^oy, a 
HOVior, 0 1* m v-m u m U m  van c a r r i e d  nut to  deU:nn.ne *>w‘ p l l u c l  <u 
<• i ‘I d o “l *e’l e . i M c J o  iue, wed d opJb mid » J v  I Low r a t e  lldrou,,,, ';h«*. ' , ’ 
m, tno  nummi o r  vn U-r dhooi’h e d . - W o  e J r e u W  mayo a, v i ‘ox:«.-a l ;oly
J‘ivo' Inchon ,‘rn air-, .ofecv t-U!. M  u-.m br! ^  01? *'% ,,tH ̂  1 /it'OSO OX 'o V Ll .t 1(1 O . ''lit* V0J,o i'i Hoa vxlh .IjO, ,/H) till Jju i t -
a 1 lion ft] j orpoet iveJj' corner pordii if; t'-' ‘-nd t'enthc op ̂ aptnmM.m i e..yV, l  raid i . i  Utah  on. ho Irnyr. wore f.mrjomlad to provide oany aocco. 
or air io iUn top mid holtou, miu a Tan v»s bred to '/amice a u n r  
no v o u c h  t thx oti;;h H e  1-^1 in the appropriate Umtu, - Wo L ot gol,
air to,.ipern wuro ruurnLr !mi*.l.tJJ l;y wc-rcs recorded oooli i o-U Uoux J .oi Lbo 
f’-ir* i oirl.it iiom*0 » run in ooi.ici or..or; X'l.rdi ity* wr.ro In on >*L > ■*' \
h i m i  . lu. I - .« .■» i l l  r i ; , n r c  J U « v  :A»Mo . « «  * l « . v P
and , i? urn a (Ton induced air Tiov coJid ttiona ). A ‘xv l;owi>t < aMti o W  
;H)-WS°C and Llic ImuUkUy van arch a.. tn f*J.vn a/mto/r vtijioiw )

|Ut, (,; apnooxina iit'.Ly lOmui deroury (:i.c. jp~d.jr re l - i > Vo nil.iidxLy) 
Saopl! Ji«ti- loci mrin.;Jiu- p;o I mvt tmluoail air -Now when the vainx* 
partial- pronnltre van about .hP.-isii urpciti-y.

i ’ iru ro  1. J. H unt action the o.tMV oh o f pel p a r t i c l e  nJ «o uiid bod depth  
under H i,o tic  cotidi ! i one. Ur x'ofn 1 ta  flhow that in  an oaf.e vac  
oj'Tocirlve It.fidinr; no>,loved tn  Lra lionoc, bni; I t re o lo n r bUn*t .11 - 
n n o llo r  Li jo p a rt i e lf  f i  r.o oi' l-ho p o t blto p ro o to r  vtifl Olio r im n tx ty  oJ.
W ater tahmi uh in  ■unit tu-.im '*'horo rod rb  f.'idaxTto.'iiit d i(  ieirenco
hotSoon the U .p , 1 . 0  u««l 1 . 3  J.U oh 1-ddn ,i n d ica  tin,-; I;l-at th e  ahaoj'ptxoa  
xnt,o w.-nd l i n t  tod hy cn ri'ace  oven ru th  or turn  votu.-u*

I'H^iu'rSslioWH the c'-miOl; «i' »;^1 )KU'tlC.lr nine and bad depth  
Jrdmujd a i r  Plow onmi J t i.oun. t l r  ;I.Mow rnl.oH oT approxxv.n to.iy . 1 1 /
i il u iurou;; !'  the  —inch  hod; JO x t/mln ibrotipH Dio l-nsni i  md mu! ( i t /
nxu ihreip.l i  t i ;o I , , - inch bed vo.ro na lu te l f to d  tist*f>up,U f-ho cuarna  and 
xukU hh fi lrt id . <>! hi'du uhtl cn.itivhat l o u .  thrum,h the i .uurr h o t ‘ no 
oxonl Visluon J'ov idio l o t . i r  wore not a.jennm.'od.

:M  I n a r m  o in ' od tf.-l alnoaf rmPiltod. In o aoj.owlv-.t loon than _ 
e-idmrtiltmai'' i uwj m  re in ,i;r wo !;,l,t oi u d  « v ahsoj-hed . oorjiv -rxceu
of tin* eli.' ol‘ diTToi’cnt p;> j,M, it* 1,c* dJm'rs ■ !.<ov'f tiint the i Ulnr i>0-.f3 
id port water -.(sro rn,‘<d.ly. <n H o  ocllnin pvl aih't^innl u J -xnoli 
thirlnieiCS Urn i*orml h r u  do. t uint lower H u m  tcJlil * 0 oxi*ected.
, tn.TVIU'i l s. in ovtdOSft tht t J j Uin ; rr-pl n W'tp-e e;J-r»»v,o 1 n ted tt> - -  ■ *•’
(,hr* weijdrl Od v r fa  r  oluiurhrd by Hu 1 - l i mb  i/« i oL I atl votf J,u mceooa tidit  
;d-..o,r1.t;<i ,1 y i,he l- l .net i  it'd* r n H i c l o  .*wi,ue db, t r ' ih u t  1 on <>J the vj*jmoiio
.v,.»don Oh i l l  Ion ;,el ’h. f;ia>Wu 3n ol
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•' ' J W L “ M H U  I, I . o  l i e .  .l o v o u  u , T < ’. o i ) P O H , v p  o r  -u n o  p n  i r f e i t a i f io j’ th e  l-ert. dor th e  p a r t i  c io  a in o  o r  ,';©1 uisod i n  (;bo Q w l t a r f c ^ * #
’ "xrci'Uwuiu, 1.l>o ni::<Wut oJ.’ baton al.rorl.od and available

4°i’nn 'LUI,1 y jj(’ y<* 'ijy weight o:P the /;c. I ox- ibr bite i \i.--o l;o !;ypoapu.,1,1 ,-30 ul over a ),! hour period. (Vhni 3.10, i,il uoro obtained on 
001,10 °«cr.niona m d y  .(..» inn hra..«« that on a owe nights absorption conditions 
\voro novo iavouivble i„ a-d ibu.,o adopted tor tho current a eric a oi? beat a. ) 
.y uuxnp; the bin or particle nine yo.l under tho numn condJ Lions, 6'/. by 
wo'.ir;Iit oi 11,0 f.oJ. hr 3bO nj oi' v/nt* r could bo expected.

l l l l l l  h ** UOf° JHducod throu/yl, the l.'od then tho loading {?ivourn .puiu i a!:,mild bo aUaxn.n1.le Udmmiiy; a Id hour absorption period).
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»vbo ro'eut .IPs f.’j.vou in  'ta b le  1 s lo w  tin.!; 3 ion a” t h e o r e t i c a l  lo a d le y  arm „o o b ta in e d  w ith  bite bcdim ii s in e  .s i lx c a  y d  f o r  lari d ep th s  or 
V -in c li atscl Tor th e  .bine .;o l f o r  bod d ep th s op h to  1 - in c h  all a-ir

:i:oi' car ixo.1' oxpcrxmou In ;ij: a Piowdnp; air system had boon used, the 
slower rtiiMomu' finl sisal Lor total loadings achieved load to the 
core Liiflion that tho rx‘;ia 11 or parlrJelp sine r;o.l a arc to ho prciLVirrod.

IX’ 0110 assumes an opbi: biotic s.i I nation per ropciiGi'fiti).n,, namely 
XX,noo -Uni pour 1't*’ .111 caul on (, solar otmiyjy aval ladle and P , doo Ptu 
rodhirod pop .pound o.r via I,dr xmye,no on bod, th.o maximum productivity op 
a h til 1 (.'unlld ho 1. 11> vat U'.n/Pt'Ydr;y. l’o:i; a 1-ineU hod depth lilies wo;i ybt 
oX' f?oX is .a,r proximo.I.qd.y p Xb/X’t"- houco thin would moan that a 20f> change 
in we i ylrh in the; nth..‘I; h f 3 r \ (; could ho utilised. On i; 11 :L 0 basis, a t-iuel 1 
hod depth v,roi! i.d ho i,usulT to ton t silico moire solar1 energy is available. 
l;I,tan can ho utilised lu liberating tlio /,Idxittnim amount op water thn go 1 
could bo.IcL i’ur a X -)‘i iloli bod tho yob bod wplmJ." coni,out; world Vary’ 
hol,wean water contcut at tho one) oP absorpluion and h’/i water content
at tho end a." ,> i\ .ouerntion. ; inoo tho data a:ro probably optimistic
lilio cr'paciLy op a X-inch UricL pal nod wot xn, probably bo r-mfp:i cidb't ip 
tho Pu.lX produo. i.v0 0,"one.!.I;y could be used, .1J? the niumnt op energy 
roriitiyod ‘to bid: tala the water pjrul, absorbed i.:■:< appreciably loos ‘than 
that required to .'Ilf-oral,c tho water held vl.ou tho water oemtont oP the 
fillica go I .if, low, Iron a l — inch hod would bo proPorrod. in this 
case the water 00.11lout won l-1 vary botwoo.u IhVp and lip. , The result ts 
j u ‘l fib.l q .1 ..bow tbht tho load .'up; <>(’ a .1. ;,-;i neb bod. over ,'1X2 bourn in 
only K/p at tlm all- blow rat on uood, 0'onyoci uontly it would ho 
necessary to in cram.0 bite air Plow rate it’ any hdvtui tugo wap "to bo 
ga.l nod.

Un the I n u l a  oP I ho n 1 uel.r.u i on.) reached In the n rov lou a  boct-lon,
■X.t uriii decided to  lire a ‘I - inoh  ; a I, bad donth* however ,  tho design,  
and e lo p e  o !’ the t r a y  wan ouch tha t  a '.J-iueh t h i c k  bed was tho 
de e p e s t  Which iv tt,1d I 0 ounce 1 1 e1' t  ly used . j,.i co r responded  to
3-i. I h °P b'oJ, pep square  Peot .  .-ewoverj its tin, pe l  vn« loaded -bo 
p.2t\ 'll, o 1' v o d e r  i c l ’ pound tip 0 1. ! he q u a n t i t y  up ' -e l  proa out was mb a 
prnc la da 1 Umltt't.Lon. ' l i e  ge.l used. was JbO'p co lo ured  (b lmj  './hen 
no, .onnjdvU'd, *HuU' ubtm enn . u n i h , 1 p1 i,tu(: i'tl i/al.er) In the hope tha t  
l i o t t e r  u 11 Lina 1.1 Oil cu’ t uj -si’ oUrtypy w ly h t  to  u b t r lu e t l  :in t h e  I n t e r  
nl,i!|',v*n oP r  up; on e r a  X> ion ■coeuun of.’ j, ip dprt.C'.r ea. lomn i'bu J.'J.ue 
PUP t i e  La n m o  rfa I \,pp u;u*d.

l u  ni nyJ t '  tt 'ni  e.'rrXud t i ul f i uPod th'd, under Mini lot' c o n d i t i o n s  
tho »VO Hr-V hid 1,1 -TUoduet'd fub'iout iciO t l c n l  t,qn,,f; i t  1 eft o,i i',\atUr i^hO 
and h Ji s.*J.) , <*r id ? cb ; '-ru;,',! 1 )?t la  b  dj'p on) U'Oted Prom H a .rear

I b j^ J im i t . i e .u  n r  uqw b l .- j . lb

Y.oudrm,
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Vlio bed te m p e ra tu re  renehod a maximum ol.' However a t  n .............
o o iA . io in f t  s u r f a c e  t e m p e ra tu re  of 120°V the otitti.Ulwiiun editor  eonlow* • ’jj

„  n i l l  - I t .  nmi t im r r u l  o r  Tlt.o r a t e  o f  ivabnr 1:

\ ' ;f * 011G
air t

lit ere Pore it is intended bo replace the /.lnsu condo tsxnr; sm-inco wxth 
one of oJumiuimi. tho condeuuiit; a nr toco a lion Id then elou.eiyt'. approach 
rir tempera tu.ro r os nil; in,'; in a ooUHoeuont inoroaao 'in water output.

m m

2 . liOUv,. il a IiAM)
Tho unite are at present 1toJ.ua wodjLfj od to allow circulation,;;/P;!ir;p:r:. 

: ike air throupli the hod rather than over it. it ip Hoped thereby
>i to carry out ilondinp; in situ and alee improve roponaration iluruifi
,] davtime operation, "lie p'H'un; c/mdonsinp surface of one unit is b<y.mfj
! replaced With a shoot of aluminium. Op the basis of the results

obtained following this modification other cbaUfyos will bo made,

;l, final ropor-l; wtf-UrLon.
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p'.e

. >



We
ig

ht
 g
ai
n,

r

i




