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saeury meaer - CONFIDENTIAL
on
WORK GRDER NO. 10,
TASK CRDER RO. TT

May 21, 1961

INTRODUCTION

mmummmmmepmmmwwam
cmtwmwmmmmmmzmmwumtmd
the world. 'nlilmtmsts&msfrmamadtowwﬁnpahbhnwm
wﬂdmlemmm&minq\mmfmdqmntys\whutoambhamto
ﬁwmmtwmlmdmlwﬁmmmamhm. It was
mmmwmmmdwicewmﬂmm(wu)mn.bh
rwthispm'peu,1.e.,thatmmitmbmwmrwmbyon
mmmmmmmww«mqmuwwuwmmwuum
a hupan being's daily minimum requirements. On even the hottest and driest
m,mwmn-maunumrwmmm.mmumw
uw,mium,dcm,mtﬁmummmcmwmcmm
a satisfactory manner.

Any equiiment provided for this purpose should be small, lightweight,
gimple, and durable. Awi@tc&aoapanﬂslndluuofubmtbﬁxme
mamwcahduduigngmhmmmmnumofmwhu
device.

CONF o WTAL
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mmm.mmmmmmm. 10, Task Oxder No. TT,
vas initiated, to investigate the practicadbllity of developing & specialized
noisture condenser of the type described herein. The proposed method of
medvdvcmnanwdmswmesmmhMtummmoux
MMM&M“MhMMMn,MWWMtM
msihhmvﬁim&ouustwummmdmwmmmmm
achieving a uwnit which would embody the desired characteristics.

This report summarizes the results of the effort performed under
Work Oxrder No. 10, Task Order No. 1T, during the period February 22 through
May 21, 1961.

AM&WWMbmcmanmemethmw
to & desert traveler. None of those cansidered seems %o be capable of meeting
the veight and size goals as specified. Further, it presently seems doubtful
mtmqotmvmadbesbhtommsem, particularly the weight.
However, if same incresse in weight and size can be tolarated, the following
mWoummMWMaM3

(1) The use of solid or liquid desiccants, with solar

regsneration.
(2) A large, flst collector vhich would cool itself
by radisting to the sky at night.

(3) A reciprocating compressor-expander with a rotating
cynndu‘block,uhichwmmm‘bthemurby
centrifugal action imuediately after it condensed

in the expansion process.
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Of these, the system vith the smallest potential gross wveight 1s
probably the conpresscr-expander; it has been estimated that such & system
would weigh sbout 8 pounds without & prime mover, eand that an appropriste
solar-energy-cperated prime mover would weigh sbout 4 pounds. However, the
mloihtunefthuuﬂmdorufﬂntbuodmﬁumauusmw
entail considersble dsvelopmental effort, as compared to the relatively small
effort vhich would be needed to develop a suitable large, flat collector.

mwmmmammmmmmmmdmm
mmu-mmmmmtmwm«m. It
wvas specified that:
(s) The equiyment should provide 2 quarts of vater
pexr day for 21 consecutive days.
(b) Any equipment provided should prefersbly weigh no
mare then 2.2 pounds and £1t in e space sbout
6 x 6 x 12 inches.
() The equipment should be dursble and easily cpersble
bynm«mmuigemamdmmmmn.

In the absence of & definite envirommental specification, 1t was
assuned that the stmosphere contained 0.005 pound of water per pownd of dry
alr, during the daytime snd nighttime. Further, daytime Lemperstures were
usmdhwhumaabm%tom!,wuhm»wiodmsct
ebout SO ¥; nighttime temperstures were taken to be a constent T8 ¥.
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The method of attack used for this progrem vas to present the
problem in general tems to selected members of owr technical staff repre-
mﬁmsm&mtmﬂsmthemw&wm.chmmw
physics, biosciences, and mechsnical engineering. As a result, s number of
weamew:mumawumuymmwuhﬁﬁou
t&ichnmdmmminviwofﬁmwﬂhquwo The most
Mﬁmmﬁmmmmmmmmwomtehw
memmmtwmmmmemet.
mmmmmmrmuwaamnw, evaluntions vere
based on estimates of perfarmance and weight that were detaliled enough %o
peanit only an approcimate classificstion. Por exmple, if a system depended
mwmw.mmmquwmtwmmmmmm
mwummmmwmmmmnmhumtwmm.

Tabls 1 summarizes the results of the study.

The methods suggested for callecting water in the desert can be
catalogued in five groups:

(1) Condensation of moisture fram the air on a
cold surface

(2) Abserption or sdsorption of atmospheric moisture
by suitable chemicals

(3) Extrwmction of moisture fram the air by campression,
cooling, and expansion
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TABIX 1.

bsorption

cpression-

expansion systems

mbustion
processes

28 pounds of desiccant, plus a
apparatus

fairly simple

4 pounds of desiccant, plus
the required esguiiment

About 8 pounds for cospressor-
poaunds

expander, without
nover; additiooal

operated prime mover
9 pounds of hydrogen, plus
ing equipment

Very bulky; difficult to
handle
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TABLE 1. (Continued)

Method n-am!g:.cn mm:mam Remarks
v
scellanecus kbt;ncumtxmmuwmks, Possibly sbout 5 pounds for Depends on swailability of
methods solar distillation s0il; somewhat heavier the appropriste kind of
for rocks soil or rock; there is no
experience with such system
thet could be used as &
basis for estimmting ef-
fectivensss
T — e
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(k) Chemical reactions in which water is one of the

products
(5) Miscellaneous methods.

These are discussed in some detail in the fallowing.

fhe collection of moisture fram the desert air by using & cold
WWMMMMMMWMW- With the
mmmmzm,mmmwmmmuw%n
mwuumm.mmmmuuwmthrmmw
collect much moisture. Below 32 F, the moisture would collect as ice, tending
%o insulste the collectcr fram the air and to reduce the rate of collectiam.
The lov moisture ocontent of the sir would require the use of large collecting
W-wammmmmmmwmmmqmuy
of vater. The use of a conventional compression refrigerstion system would
necessitate equipment of considersble weight, including & prime mover to drive
the compressor.

The applicability of an intermittent~ebsorption refrigeration aystem,
vhich would operste frem sclar energy, vas analyzed. Units of this basic
type wers sold commercially many years ago as residentisl refrigerators which
required no electricity. Basically, this type of system consists of two
interconnected containers; ons holds a solution of a refrigerant in an abscrbent,
wvhich could be mmcnia and water, for example, and the other is apty. To
Mmmh,mcmwichholﬂlmmimishuhd. The heat~
mngsmmwmmw,mmstommMem
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and condenses. When s suitable quantity of refrigerant is thus transferred to
the second container and condensed, the heat source is removed. The Lfirst
container then cools, the preasure in the system drops, and the refrigerant begins
to evaparate fram the second container; as evaporation occurs, the refrigerant
passes to the first container and is absorbed. When the eveporation is canpleted,
the cycle can be repeated. While the refrigerant 1is evaporating, it is extracte
ing heat from its swroundings, and thus produces the refrigersting effect.

This systen as applied to the prablem of interest would bde
inherently simple, since it would operate from salar energy and would require omly
twe basic parts, sach of vhich would serve a dual purpose, plus an sccessory.
Goe part would act as the generator snd the abscxber, and the other as the
condsnser and evapoarator. In addition, a solar-energy collector would be needed
to provide & concentrated heat source for the generator.

A partial analyeis of the intermittent-sbsorption system showed that
the evaporation time required to collect 4 pounds of water would be inversely
propartianal to the evaporstor ares and would be a function of the air velocity
over the evaporstor swface. BEven with the assumption of an air velocity of
20 fest/secand, which would require a blower and a sowrce of energy for the
blover, an evaporstor cperwting time of & hours vould require an evaporator
ares of 25 square feet. Additional time would be required for the other phases
of the cycle, and same difficulty might be caused by the necessity for removing
the heat of condensation and the heat of sbsarption. In view of the
limitations apperent in the eveporator portion of the system, no further
analysis of this system was undertaken.
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A sixple method of obtaining water by condensstion would be to
use & large collector vhich would radiate to the sky at night. On = clear
aight, the sky has a lov effective temperature. Assuning an sffective aky
temperature of sbout ~80 F* st night, a perfect radiator with en ares of sbout
100 square feet could collect about & pounds of wabter during the night. With
& thin plastic film as the redistor, two other parallel films to shield the
collector from ground radistion, and a lightweight, aluminum, tubular supporting
structure, the entire ssssbly would probebly weigh 20 to 25 pounds.

The successful operation of this type of collector would depend on
having a clesr, cala night. Cloud cover would mske it inopeswble; and wind
vould tend to raise the tempersture of the device abave the dew point, wnless
suitable shislding could be provided, and thus would result in ineffective
operation. It is anticipsted that a relatively amall smount of developmental
effort would be nscessary in order to exploit this method.

Many desiccants, both solid and liquid, are svailable that will
absazd or adsaxb molsture from desert air; in fact, thers are solid
sdsorbents vhich will rwmove nearly all of the moisture. To be useful for the
epplication of obtaining potable water, however, same mesns must be devised
to ultimately extract the moisture frem the desiccant as liquid. Desiccants are
nosmally regenerated by heating to a high temperature, usually in the range of

g.ﬁdurmsmmwéwmm swface of the earth loses
a world body were radiating to infin
atummdabm-gr. - Ate sink
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300 to 1000 ¥, depending on the desiccant. In the application of interest,
ﬂmnoittmvaﬂdﬂunhwbodrimcﬁasmormdwumwtobecw.
m,mmxtmummmwmmowmmmmma
wcwmmmm.matwmwmrwmumumma
amall portsbls unit does not appear practical.

m,wmmbmmmmmmmmm
cyclic processes utilising desiccants vhich have removed wvater from the desert
air, on the basis of a smaller tempersture difference. In fact, wnits have
been operated successfully on the basis of the tempersture difference existing
betwesn a plane salar receiver and an edjecent shaded zone. In theoe systems,
nurplusuurwwmthcmkmgﬂum,uﬂhmmmﬂnmm
ens. The Dannies' systems are outlined in the following; a detalled des-
criyumiamihbhinlnﬂesdthreemichnbymH.l‘bmhaﬂnt N
sppear in the January, 1959, issue of "Solar Energy”.

In the course of the Work Grder No. 10 activity, calculations were
meonmadqm,wmmmhmtddemmtmmnm
to cotain 2 quarts of water per Shi-hour day. While this value would not
mﬂ%hﬂwi@td%@tmﬁuﬁ,mmwwmw
bcmq\nun@mmwmt.mmmwu-mmuammw;
thodoaiceuntﬁi@tmﬂdﬂurdmbcammwto@ﬂmtm“mtm
could be used as a basis for camperison.

Both solid snd 1iquid sbsorbents were considered as desiccants in the
calculations; a survey of solid-desiccant properties vere made. Silics gel
Wtobcbymthobuﬂfwﬂlemmwummmthom
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solid for wvhich calculations were made. is vas the desiccant used by Dannies

mmmmmu,dwmmmtmmuu.uwnu
uws.mamummmmmmmumummumm
use of incident solar radistion. Wmmn&mmum
M«wwmn&mm«mmmnummmm,
and both were used in the calculationa.

Both the simultanecus snd successive systems of Dannies vere investi~
gated analytically. However, the Dannies' simultaneous aysten vas modified
wwwmemwwmmummamw For
Darmies' application, self-operation and immcbility vere quite desireble; in
mmmqm.mmmmmammw,mma
desicoant were used, one facing east and one facing west. In the morning,
mmmmmwmmwawnuum‘mmm
m;mmmmmmmm. This procedure is
rather inefficient for two remsoms. TFirst, the maximm solar radiation, vhich
occur's near noon tims, is not used, since the systen is reversing at that
time. BSecond, fwmmm,émmhmmmmtwmo
WﬂWMMMWMmim. Therefore, on the sssmption that
.mmmwmmummnmmmmwmmma
Mumwmwmammmmmamamw
directed toward the sun. mmwmmmmrwmcycu,
mmmmﬁmmd&umsmm. while considerable
WdWMmm-mwﬁtmcmmdmu, it
mtmm-mmwwmmtmwumw
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spproximately 80 per cant of the adsorbed molsture. Beyond 80 per cent,
the rate of regsnerstion would decrease rether rapidly, 80 & longer halfe-
memswmbuu.

The successive system explored by calculation was essentially that
outlined by Damnies. msmmmmmmmmomwtm.
tmwwmwmwmmtmm;mm
during the daytime.

Table 2 shows the results of the calculations. Most of the headings
have already been sxplained or are self-explanatory. The temperatures for the
MWWMWMcwmmmumbym“. For
meuwmmmmwmwnm“mm
mmmmm;mmmmmmwmumum
cwumma-ommmmmmmmmnem. The limit-
mwﬂm&rmmﬁmummmmmum
MW»WWWMMWWM,MW
mungugmummmr@nmumm«mm
temperature. ummwems,wmmwmwmumm
Mmthoummﬁmmtms. Most of the date presented in the
table are only approximations. Wtimately, the sctual valuss would have %o be
determined by testing & complete umit. However, thay could be spproximsted
mmmz-mcmmma,w.mmwwmumm
heat-transfer correlations, once the mctual physicsl arrangement of a unit ves
dstermined.

Maymbammuﬂnanumudemhm@nu attractive
vhen only the weight of desiccant is considered. However, a word of caution
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Limiting Liniting Cyole Waight of
Regenerstion Adsarption Ettictency, Desiocant
Regeneration Cycle + Misgrbed
Vory Bulb, bev B, W-;‘ Bulb, !E P, BEffictency, Desiccant m Time, M Weigtt of Dry
Type of Systen r r ¥ pexr cent Used per eemt hr Desiceant, 1b
Stmultanecus - n7 a7 o o sof1) Stlica gel 12 4(3/3ay) 59.5 47.6
mu;: - 150 90 ¢ 60 o ko 100 Silica gel 55 -3 321 2.9 .5
solid siccant W m
nighttime in
desext)
sm;‘ - 150 90 (mr:‘l " s1 100 8ilica gel 35 % 67.8 63.6 55.6
summer night~
time in desert)
sm - ny &7 oh 85 o1} c 12 &(3/aay) 10.8 3.6
esiccant
Stmitaneous - uy W7 9k 85 8of1) cacl, 12 1(3/aay) 13 5.2
Successive - 150 60 k0 100 1301 &b - 12.9 8.7 3.5
mn - 150 8h 100 uex 29 24 fn.7 17.5 7.0
Successive - 180 95 84 51 100 ey T8 % 8.0 3.8 2.6
iquid des

{1) mmmhtm;mnismwmmﬂﬁmwm;s.

Il
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arrangement of
must be mmmm-mgu-d. mfhewtmlwam

.wmmeecsymmm;umuuommnammmm

mmmmmmmmwmmmem.
mmuwmmmw&mmzmnwum,
mmumtumnmwmmwmunxmmummw.

wmmm;wuwuud. coaled, and then expandsd with

mow%ﬁhwmwmlmbh aymzsmemnmwmm
amwmmwummwmwmmrm
created by the rotation of the cylinder block, before the air wvas reheated by
mmwwm-w. Such a machine would require s prime mover
ummmm;mmmwhgw
cnaimorpouiblyam. mwmmmmmwuw
dmmwmmmwmmahmhm; this would probebdly
botwmnhwwbobcpmvmadbymamm.
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nuommummewmtormwuu compressor-expander
unit would be sbout 8 pounds, exclusive of the energy source. An airecycls
engine, operwting from solar energy, mi@twmwmawhm.
This system appesrs attractive in concept. However, both the
wcww&omwwmﬂdmum appreciable development
ofgoTts

Chemicel Reschions

mmmmdwawwtdumrdmalwm.
mw-ammmmmmmmmmmms. In
w.tmmmbmmwwmmmmwumaanm
and collact the water from the cambustion gases. Many hydrides yleld ap-
preciable quantities of water. For exanple, the cambustion of 27.6 pounds of
bmmum(m)ﬂuyw%pmdm.wl.gswmum
per pound of boren hydride. muuw.mcwmumam(m)nn
ymde.wmaawwpmwm. An even more direct approach
anmemichvmyuM9Mduwde
hydrogen burned.

mmmwmtwmummmmmmummd
mumm,mmwmmwrwmmrwmm
xmnwmmmwmeaamwum. Noreover, storege of
pmanaﬂAbomult. mtnemduhwmmmmﬂdrodm
mm,mmwmmmmm. A suggestiom has been
wmtmwmmumpnsmmmm. This arrangement
mmmmmmtitwmmmmlmmmm.
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However, 1tm-mobvimwobmmmdvolm, ease of handling,
and susceptibility to observation in hostile territory. For these various
Teascns, mdmwmmvdvinscmbmumwm.

mmmmummmm,mwmumm.ma
water which might poasibly be tapped. mnmwmxsomm-d
mwinmmfrmatmcetommmmcmtbymmt. In
W,-Mngmmwmmwwumeﬂ
memmmmmrmmmm. mawmwmm
wmmmnnmlbhmdeme&he
rocks on the moon. mlymcquimmtcwbemmmmmyn@tm
weight s0 as to be portable. However, the applicability of this technique is
memmmwatmummm.

mmwmmmmmwummmamm
mmmohmwdmamw,mmmumm
absorption charecteristics of the soil. The upper limit of the particle size
xnmmmnnambwmmmrmmmmnmo.m
M,mmmwmmuumwuwmu. Sand particles
mmmww,mmhmwmm. The value
ammwmwwmmw‘mmwafm«mu
soils. mmtzmawmmmmww;munm.
m,mmhmmmwwmmemwuw
and techniques.

Wl K5 "50llst Their Mysics and Chemistry”, Reinhold Publishing Co.,
19%9.
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No further effort in comnection with the provision of potable water to
amwucwwwmstm. The three above~outlined

mm.roemmwbcquiumismshmbmdimwiﬂlthe
gponsor. It is recamended that the Sponsor give further consideration to
these. If the original specification of perticularly the veight and also the
size desived for the unit of interest could be relaxed alightly, we believe
mz.mwmmmmmtwmwtheaemmwmm
to provide s satisfactory wiit for this application.

. e T i AN ST AP
Y Y L LS S BN
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