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ABSTRACT 

"" 'In order to reduce the amount of water needed 
for individual bathing, and r inoturn, to 
reducc household consumption or water in areas 
of water scarcity and in areas having polluted 
water, the use of atomized water iB proposed. 

" Combinations of ptessure systems and nozzles 
for showering 'are examined; and bathing 
feasibilit~ by this method ~s tested. Results 
show a water saving of over 90% • 
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AVANT PROPOS 

Afin de réduire la ~ntité d'eau nécessaire 
pour prendre une douche et, donc, réduire la 
consommation domestique d'eau dans les régions 
arides ou les régions où l'eau est polluée, on 
propose ici l'emploi d'appareils d'atomization. 

Différentes combinaisons de systèmes de pression 
et de becs sont mises à l'épreuve afin de dé­
terminer le moyen'le plu~ efficace, tout en _ 
utilisant le main d'eau possible, pour prendre 
une douche. Les résultats démontrent une éco­
nomie d'eau de pius de 90%'. 

, , 
/ 

" j 

1 

-' . \ 

.-

~ ::. .. "'---:---:"', ~-.~-, --------", 



'" . 

t 

L...., 
" , r--' ) . 

.. 

ï 

! 

Acknowledgements 

, 
l want to express my thanks and appreciation to th~~ 

'-1; 
members of the Minimum Cost Housing Group for their assistance 

1 ....... 

and ideas, and hu~o.t-:'; particularly Vikram Bhatt and 
" 

And to Professor Alva~'o"prtega and Professor Witold 
" " 

their ideas, guidance and 'p~tience and in ma king 

possible. 1 

\ 

for 

And to Maureen Ander~on for \her moral support and 
'..1 

~ssistance 
, , 

in helping ~o edit this thesis. 
\ 

And ta R. Buclaninster Fuller for his personal encouragement- ,for this 
, \ 

fhesis. ! 

And to Mr. \ Leonard A. Bird of John Brooks can~.~a, Lt~.' forll(e~~n~cai 
advice. '. -

And to ~embers'of the McGill University Departm:nt of En1fneering 

Faculty for tec~nical advice. , . 

And to Mayor Tr~panier of Granby for his comments and iriterest. 
• 1 

And 'to members of the McGill University.Medical'FacultY for 

information. 

And to Mr. Mauricë Boulerice and Mr. Robert Boudeau of the City 
6 

of Montréal Department of Health for skin bacteria tests. 
\ 

And to Elinor Brady for encouragement. 

And to Helaine Bl~enfeld for encouragement. 

And to Shir~ey Hallem for typing the thesis ~~handsomely. 
/ 

• 1 

\ 1 

\ ' 



/ 

i 
1 ,. 
iï 

t; 
~l' 

~ 
" ~ 
~ 
" 

8 
'/1 

\ 

( 
,:., 
,;. 

fit 

\ 
\ 

/ 

/ 

\ , 

\/ 

CONTENTS 

PART 1 

PART II 

INTRO~UCTION AND OUTLINE 
, ' 

TIIF, PROBLEM 1 

1.' \-later Economy. 

2. Water Supply and Sc>wcrngc. 

3. Water Demand and Cost. 
~ 

0 

4. Water Use Data. 

Deviees for Water Conservation: 

a) Fordilla Middleway 

6. The 

HYGIENE. 

b) Ultraflo 

c) Minuse 

Nova , 1 

e) le 

f) Wat s 

Case' of /Gra by 

1. Bathing and Hea1th 

2. \olhat is C1ean \oJater? 

> 3. Microorganisms in and 

4. Washing with Atomlzed 

5. Bacteria1 Remova1. 

( 

• 

6. Soap and Other Detergents. 

7. Conclusion.~-

\\ ' 

" 

Beings 

PART III ATOMIZATION. 

• 

1. Definition of Atomization. 

\ 2. Drop-production Techniques. 

3. 

4. 

a) 

b) 

Aerosols. 
\ 

Sum~ary. 
\ 

Geometry of Dévices: Nozz1es 
/ 

Externa1 Motivating Fqrce:'Press 

. 
,~'.r\~~1~~~~~~ l),~ ~t~ ~ .r~;'!.~\:(:~f,i~t~,~· ~'~_~~'.'I" , ~h~:~:.~ :'l~t /:~~~~~;~;~S:~~~!~.~wft;&G.?,:~:.))".~,;:t9~4.~~~:~:<~E~::~',~~_;~~ ....... ,~~ 

, 
VII 

"-

1 

S 

8 

12 

18 

20· 

21 

22 

23 

24 

2S 

27 

32 

34 

36 

41 

.,~43 

'44 

48 

; 

50 

51 

51 

56 

61 

61 

~ 

/V 

1 
.:1 

1 
f 

\ ' 

\ 



" ... 

_._ ... ~_ .. ,_ ... -~-~- " , -

PART IV TESTING NOZZLES -\ f 
1 , 

1. Nozzles. 68 
\ 1 

2. Test Equipment. 70 

1 3. Specifications. 75 
4. Catalo~ of'Noz~les Tested. 76 .. 1 

5. Pre1iminary Tests of the Atomized Water Deviee. " 85 
6. Record of Tests 86 

7. Nozzle Tests Results. 88 

.... " 8. ~ Reassesment of Goals. 89 
----- -- -

~ , PART V TESTING SHOWERING 
" 1'." Showering." 91 
" 

1 .• Record of Tes;:s 

/ a) Test 1 94 

b) Test 2 " 96 , 
" c) Test 3 97 
1 \ 

j'I d) T~st 4 1 98 
i / 
t~:J e) Test 5 99 

3. Findings. • 102 

PART VI CONCLUSIONS 104 

REFERENCES AND BIBLIOGRAPHY 
'~ 

113 

APPENDIX 1: DESIGN POSSIBILITES 

APPENDIX II: SKIN BACTERIA TEST 

\ 



, 
.,. 

'.' 1 

1 

1 

el 

1 

.t, 

, " 
INTI~t>UUCTION AND OUTLINE \ 

l' 
, 1 . ~. 

-~ 

The: thesis is that atomized devlces can' be a g eat aid*in 

conrerVing water; and specifically in showering The f l'st 

part of this paper deals with the pwoblèm of wat r short ge; 
1 

the~ cornes a survey of hygiene in relation to sho erfng. 

Nex.t, Part III defines atomization and its dominan ,~ 

character'istics and principles .. and foçuses on nozzles and C,-

their performanc~. 

\ 1-

In Parts IV and V tests on nozzles and then their perform-
, 

ance with pressure equipment for showering are reported. 

\ . \, 
Part VI prese~final conclusions and th'e thesis ends ~ith i 

\ \ 1 
Appendix 1. ~ho i related èle'Sign Pos1biltties. and 1 
Ap~pendix Ir, a re 0 t on skin bacteria' tests. /\ /1 
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1. Water Economy 

Water shortage is generally the result of two major man-made 

causes:' pop~lation growth and industrialization. There are more 

people wanting to use the available water supply while the water 

is often polluted. 

In many are~s which depend on regular rainfa11 for their water 

supply, another cause for water shortage is drought. This is a 

_regular occurence in arid regions of the wor1d. A 1ess usual 

case o'ccured in the Q~ébec town of Granby in 1975. A report on 

this begins ~n page27 of this thesis. 

We should~ave a elear plcture of the eontext of the water problem. 

The idea of a water shortage ls deeeptive. According to a lead­

ing Soviet scientist, M.I. Lvovich~6the water resources on earth 
~ 

fu~ly suffiee to meet a1l of man's steadi1y growlng needs for ~ 

an indefinite time. But man, he says, must Btrictly adhere to a 

correct policy of using water and reshaping the hydro~ogic cycle, 

whieh links up aIl parts of the hydrosphere - (the seas, 1akes 

and streams, groundwater, Boil moistu~e, atmospheric vapor) into 

a single whole; and water balance, the quantitive expression of 
\ 

the hydrocyele and its components. Man must praetice extended 

reproduction of suitable water resources. The water problem, 

Lvovich believes, cannot be solved by one-s~ed measures but,by 

an integrated prob1em of technologiea1, biol~gical, and organizational 
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measures. a t~olOgiCa~, measure. 

the water problem is one of wnte eCl?nomy •. 
,,1lo.:~~"'" 

This thesis deals wit Thus 
/' 

The Tabie on page 6, from) a 19 1- World Bank Report, Water Supply 
• 

and SewerageS°in 17 countries, r veals the following facts which 

bring,the problem into focus: urban populations have been 

increasing by an average 5.9~ er year, reflecting substantial 
1 1 

-immigration from rural areas: ,This creates an abnormal load on 

the water supply •• In one thi ~ of the 26 cities studied, the 
! 
~d by public taps ra~her than by 
: j 

are not metered, and t ls results 

majority of consumers are 

home connections. Most taps 

in careless drawing of 

\ 
In half of the cities, more 

ter, which makes for uch wastage. 

han 25~ of 'the water produced is 

unaccounted for. Rere 

City sewage and waste'from m Des and factories 
1 

y be regarded 

as the chief cause of water ollution. ~ iesser cause, but a 

gr?wing and important one, i thé pollution crea ed by chemicals 

used to kill insects and to. ertilize crops. T e water polluted 

~ . ~by these chemicals fiods its way ioto lakes, and rivers - bodies. 

of water upbn which people r ly for drinkin& cooking an4 washing. 

Increasingly, ra.9ioacti.ve wa l'tes. from factories using uraniu1l\ 

have become a considerable cause of water pollution. Pollutants 

are absorb~d into the bede of lakes and rivers. ln groundwater, 

they ar~ ~orbed into the earth where they ~isappear from sight, 

but mave slowly and pervàsively poison new streams and water. 

The result i9 outbreak of dlseaae. 
" 1 
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2. WDt~r Supply and Sewerage 

The World Bank Report goes on to state: "Individuals need a mini­

mum nmount ~f .water for'drink~ng and preparatlon of f~~d. - Because 

this minimum requirement Is aq absolute necessity, people not 

being served by a piped water system resort to alternatives 

ranging from carrying water long distances or purchasing water " 
.. 

from vendors, to use of heavily polluted ponds or roadside ditches. 

These alternatives are not feasible physically in urban areas 

beyond a certain size. Moreove~, in the case of water from 

vendors, the pr-ice is so high (see table on page Il) that only 

very smaii quantities are bough~ • 
.. 

Domestic consumption Is on1y one of the uses of water in urban 

areas although\it is the major'on~. typlca11y accounting for 
\ 

50-75% of total consumption. Industrial, commercial, and 
" ,. 

government (schools, hospitals, etc.) consumption ls frequently 

also impo~tant. Water is vital for many industri~l ~esses. 
Where there is sometimes the alternative avai1able to large ... 
industry of developing a private supply~ it is seldom chehper 

"-
than a well-run municipal system. Economies of scale are_important 

in water and usually favor a central system when aIl costs are 

considered. The different time patterns pf household and 

industrial demand a1so make a central system the least expensive 

way to satisfy differing peak dema~de. 

\ 

Becauee of the explosive acc,eleratioll of urbaniz8tion in JD8ny 
" 
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. developing countries in recent decades, the typical experience 

~is that service which may have been adequate at one time deterlorates 
1 

as consumers are connected to the system at a faster rate th sn its 

'c~pacity i~ increased. Once a system Is operating above capacity, 

the quality of s~rvice d~teriorates for aIl cons~mers connected 

ta !trOd example of tIfis "network" effect is one large 

South Asian city which has lagged far behind the rapid growtb of 

the~r.ban complex and not been properly maintalned. As a result, 

an estimated 40% of the water put into the system is lost in dis-
1 

tribution. Service is now availàble for only a few hours a da~ 
\ 

because the limited water ia allocated by rotation to different 

are~a of the city. Consequently almost ev~ry structute h~s a roof 

tank and many have pumps to try/to suck more water out of the 
/ 

, 
system. The cost o,f these faci1ities ia enormous, and may exceed 

the incremental cost of a proper system. A f~w years ago, when \ 

the sessonal rains vere i~adequafe, the very life of the city 

appeared threatened. Faced.with exhaustion of the~reservoirs, 
. '. . \ 

contingency plans were made ta ~ove a part of the population out 

of the city, and most industry vas shut down for weeks. These 
( 

were the consequences of the failure of the w!ter system to keep , 

pace with the growth of the city. 

s:> 
Even in less dramatic clreum8tan~es. the cost of inadequate,v~te~. 

fa~ili.ties in terms of debi1itaèin~ea~es. associated Medical 

treàtment and reduced productivity is undou~t~dly high, but the 

'\ 
J 

l ' 

. ' 1 
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" 

. magnitudè of these costs is not easily measured. The s,tudies 

which demonstrate in deve10ped countries the public hea1th benefits 
" 

of safe water (reduction in enteric disease) 'do not sepàTate the 

\ benef1t~\ of adequate piped water from those of adequate medica1 

. ,. 

'" \ 

, \ 

services, shelt~r, food, etc. Public .health benefite are thus 

rarely inc~uded in quantitative estima tes of the benefits of 
1':. l' 

improved wate~sëtvices. As a result, water projects are,often 

penalized inappropriate1y when compared with the ~ro~ects in other 

sectors 'for which economic returns on 'investment ref1ect more 
1 

comprehensive measurement of benefits; this may account in some , \ 

degree for the widespread inadequacies of water services in,most 

parts of the developing world." 
, ( 
, \ 

~ 

3. Water Demand and Costs 

In areas of greatest scarcity, water is Bold from carts. For 

eltample, .inllDubai in 1975 Jo a water-sei1er was char~ing $60.00 for 

3,375 liters (750 gallons) t.e. l+Q per liter or 8Q per gallon. 

That was enough water ta serve a ho~sehold ot l6,persons f~r one 

month: Only ft fraction of tnis, ls used for washing; most of it 

ls used for cooklhg and drinklng. 

Water supply ls also critical on ships'where a suff1cient quantity 
"' , 

, . \ : 
must be carried- fot;' long voyages. The lateat auper-'cargo ships . ' , 

~ , 
never put in to ports but \ are', supplied, at sea. Caravans and . 

.. , 
• ;, '., l, ~ "~"" ~ 

, '. . , 

/ , .' l ,~ 't, 1 

'\ " , 
., 

.,.f. \ 

, 1 
._Ab • ...... ',1j 

8 

" ,', 



( , 
L\.-_~ ____________ ~~ 

, 
" 

-



• 

1 • 

1 
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trailers, too, often need ta carry their water supply along in ta 
\ 

areas of a id desert or where water 18 po11uted. For example, 
l, 

in temporàr bousing for work gangs at locations for resource 

development. 

Recreation veh cles s,uch as campefs a1so need to,store water. 

Aircraft, tao, ust carry their own water, alth~ugh its time away 
, -

from a supply sa rce May be short sa the need is less critical 

1 except in case of emergency. 

Of'great need also i, emergency water supply in disaster ,zones 

(~èe page26 ), not only because of shortage due to broken mains 

but also because ~he i~possibility, o~ usual treatment results in ' 

a polluted water supply • 

Spacecraft" are the extreme example of the need for water economy. 
1 w ,1. " 

" Here\ co~pactness is MOst critical. Tbe least 'volume and ~_~lg1i'6'-

the w~ter supply uses, the better. Accordingly,-~rtin Mari~a 
designers contracted by the National Aeronautics ~nd Space ~d~i~\ 

, '1 \ 
~strJtion3~ame'up with a water recyclable atomized shower wb{cb. , 

except for its zero gravit y requirement, would be applicable in 
-, , . ~ ;; 

any of'the cases cited above.' 
, 1 

\.~ , 

Tbe atomizing system used on the NASA Skyl~~ Is not on ~be markèt; 
... .---_.-

however, stmilar components are avallable and these could be 

combined for ba~blng" and wasbing devices. Furtber on in this 
\~ 

r 

,'> 
~---'----__ --"::''-~O':<'' ! E:: 
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\ 
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, . 
study some such products will be reviewed along with tests and 

evaluation of their effectiveness. 

/ 
Were suph atomized wàter devices to be used in places of scarcity 

and pollution, then water demand and with it relative water 

costs would be great~y re~uced. 
~ Il 

\ 

\ , l 

COST OF WATER TO CONSUMER ~ 

. " Meterèd domestiè rate Priee charged 'by water vendors to ~ustomers served by 
the city water system . 

per 1000 3 per 1000 3 
u.s. g~l. per m U.S.gal. per m 

Q 

Dacca $4.20- 8.40· . $1.1l-2 •. 2~ 35e 9ç 

Kampala $5.84-14.16 $1. 55-3.86 70c l8ç 

18'tanbul , $a-.52 $0.93 35e ge 
/ 

, 
Singapore -- 2le 6e 

t:ypical U.S. "- , -25c-SOe* 7e-Be 

typical German - 40C-75C llCô'19C 

1 
Water Supply and Sewerage 50 
Sector Working Paper - World Bank 1971 

* In a Washington, D.C. suburb. in 1976, the cost of metered water ls 
$1. 30/10~0 gal. 
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~. Water Use Data 

.... " 
Of MOst interest to offici~urveY8 18 the total water use and 

its ~reakdown into domestic as weIl as other uses aa shown in 

the following table from H.F. Vallentine'_ book Water In The 

45 Service of Man. 

,Allocation of Water in a Large City 

Use 
\ 

% of total 

\ 
pomestic:- Sanitation 16% 

Cooklng, 1aundry, mlsc~ 10% 44 
Househo1d garden8 18% 

18 

Industrial 

) Commercial 

22 

Public (parks, street cleaning, etc.) 7 

.( 

• • 9 

'( Hospitals and in,tltutions __ 5 

Primary production (market gardent pou1try) 4 

100% 

1 

~ereas gener~l water use has been measured by various agencies, 
. .". \, , 

,seldom 19 the use broken down by type, i.e., the differentiation 

between water used for cook1ng, and drinking on the one hand, 

and water used for wasbing and clean1ng, or for toilets on 

.' J the other; L1ttle documentation 18 8va1lable. wh1ch explains 
\' 0" J 1 

why fi~d1ngs given'here arè 8Ô di~parate. th1s is understand-
J 1 1 
l , ". 

,\ 

, 

~ 
j 
4 

) 
\ 

1 
.' 1 
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able sinGe this degree of statistical refi'(lement has apparently 

.. 
no~ ye been required by official ies. (An exception is 

the priva e study by the Ultraflo Cor ration in comparing their 

water-savin system (see page 21 ) to conventiona1 water usa.) 

Most data is s plied from reports by su ch bodies as the World 

Health Organizati n of the United Nat ons, the World ~ank, and 

\\ the Department of H lth, Education, d We1fare of the United 
, 

" 

\ .. 
, 
\ 
\ 

\ 

States. 

\About halfj("e wJter co.sum ln urb n homes Is used for flushing 
\ .. 
toilets. hè\remalnder ls use purposes, 1. e. 

~ c, ok~ng, c1eaning, wash n drinking, 
\ 

and bathing. Washing 
\ 

.. 
(face an~ hands) 

\ 
... 

and bathing account for 30~ of 
,f 

total domestic water used. 
\ 

\ . \ Dai1y Water Consumption per Person - \ ... 

Bathing 70 1iters 
' \ / \ 

Toil«;J:"flushing \110 " 
\ 

hing 7+ . " 
" 28+ " Laundry " 

III 

Cao king 1 15 " 
Dishwashing 12 " 
Garden 8 " 

... 
TOTAL 250 litera 

(15.5 gal.) 

(24.4 gal.) 

../.. ( 1. 5 gal.) 

( 5. 2 g~l.) 
, i 

<' 3.3 gal.) 

( 2.6 gal.) 

( 1.7 gal.) 

(55.5 gal.) 

Bathit;tg 71 litera (l~.O gal.) 

. \ 

, Bathïng 

and \handwashing 

ancVhandwashlng fo~ family of four: 308 litera 
" ~ (68.2 gal.) 

, 1 
37 { 

EPROM Report Minimum Cost Housing Group, .. 
McGl11 University. \ 

1 
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Domestic water use on world surveys varies, but the 'average recommend-
46 't 1 

ed by Wagner and Lanois in WHO Report 042 and the one most ~sed \ 

for planning criteria ia 250 litera per persan per day (55.5 gal.).\ 
1 

Of course needs vary for cultural1and reg10nal reasons. 
1 
1 

-Source Author Co_enta c.l./d.y L1teu/d.y 

" DleCerlch • 
WHO Rrl!0rt '23 Render.on M.AMerlc.n houeehold 40.0 180 

11963 
~"" .... ~ 

WHO Rel!0rt 142 W.gner • hou.ea w/l handpump 8.4 38 
,) Lanolx/19!J1 " w/i fauc:et 10 57 

" w{h.6c.water: 
kitc:h,n,laundry,bath 

0 '-W.C. 42 190 
ltecolIIIDended SS.S 250 

The World's Watcr Lvovich/1973 elties of the wor1d 33 no 
Rural ar.as 

, 
11_ 50 

Norm 44 200 
(urban average incl. 

.11 vatel') (88) (400) 

Water, Supl!ly & Sewerase --/1971 in 17 eities (S.Am.) 
World Bank incl. public taps 20 93 

U.S. Joint CommlsRlon H.E.W./1954 rural v/tapI 1 42 1~0 
~~ral Sanitation .. 

~ 

" 
Engu~teB~aur les Consommations Neveux/1954 urb.n 54 245 
d'eall Potable en France 

Countl'yslde Belangel'/1970 plW11blng syatelll C 30 135 
Who1e Earth Catalog 

1 
under pressure 

! (aee p.14 ln theaia) 

Ecology Bulletin -/1973 typIca! N.Ameriean 
Ultraf10 Corp.U.S.A. f~ily vIl childr.n 7S 337 

~ 

Water Uae in the U.S. in 1965 Nov./1969 We.tern USA 
\-.. ~o-

147 662 
Jou~nal American Waterworks Ea.tern USA 90 4!JS 
Association 

') 

"Vezty lot.7 uatues tB7ld ta NfZect a gl'OIJ8Zy il1lldequate suppl" l'I2thsl" thtm' actuaZ demand 
p , 

for b.rnJfioiaZ use; tluJ hightll' Llalue8 t.nd ta r.fwot groe8 wter L)a8te". \ 

( 

___ ----' -; r--;;-:- ---- --. 
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1 

Here's a good examp1e of,how availability Increases consumption 

(and was~): When water has to b~ carried from a weIl, average 

! 
usage ls 36 liters per day (8 gallons). When a pump is put at the 

~ 

. kitchen sink, consump~ion incre8ses to 45 litera (10 gallons) per 

pers on per day. Put in a faucet and that )figure go es up to 54 

,liters (12 gallons). Introduce hot watetl in the kitchen and 

you'll use 81 liters (18 gallons) a day. But---put in a complete 
\ 

D 1 

p1umbing system under press~r~, and usage increases to 135 l~ters 

(30 gallons) a day. This includes anywhere from 36-90 liters 

(8-20 ga11bns) each time the bathtub is used, 13.5-22.5 liters 
D 

(3-5 gallons) each time a toilet is flushed and 4.5-9.0 liters 

(1-2 gallons) each time a bathroom washbasin is used. 

Countryside by Jérome Bélanger 
Whole Earth Catal?g 

"" .... 

\ 

3 

Expected water withdrawal is es~:imated at 18 liters (4 gapons) per --
person per day for a hand operated pump in a small locality with 

• a population of less than 2000. For villages of 200Q~0,OOO a 
"..... \ -.,. '. piped water supply should p!ovide 68 liters (is.i gallons) per 

person per day. 'Standpipes can serve 150 people e~çh. 

~~ 
WHO Chronicle 1121-;-, 1<j4~t",,;~ 
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• Breakdown of water quantlt~e. uaed for clelnlna (per perlon per day) 

Source 

Ultraf10 Corp.! Sandusky, Ohio 
Data on ordinary facl1ities 

NASA 
Sk~lt Shower: 

Minimum Cost "ousing Group, 
MeCi11 Universitl 
EPROK 

Minimum Cost "ousing Group, 
HeCill UniversitY 
Data on ordinary faci1ities 

," 

Minimum Cost "ousins Group 
HeCi11 University 
Eeo1 Operation 
Data on spray faci11ty 

NOVA 
Data on ordinary,shower 

HlNUSE 
~n ordinary shower 

PERSONAL u~e ln ordinary 
fadUtles 

,r.' 

Shower 

54 1. (12 8al.) 
5 minute • 

2.5,1. (.66 8el.) 
9 mlnut .. 

10.0 1.(21.9 8al) 

15.0 1.(3.3 8a1.) 

94 1. (25 gal.) 
(10 minutes) 

94 1. (25 gal.) 
(5 1II1nutea) 

Bath 

70 liters 
(15.5 gal) 

~48.15 1.(10.7ga1.) 112.5 1. 
(5 minutes) (25 gal.) 

. , 

Handwaefains 

6 litera 
(1.3 Sal.) 

7.S Hters 
(1.6 aal.) 

1 

5.Cl Utera 
(1(1 gal.) 

r 
.05 Hter 

(0.1 gal.) 

2.8 Utera 
C.6 gal.) 

.. 

• 
... 

al 1 JUS.: '" 
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Quant~ties of water for daily pe~~ by the author: 

Brushing teeth 2.8 litera (1/2 gal.) X 2 • 5.6 

Shaving 2.8 " " X 1 • 2.8 

Facewashing 2.8 " " X 2 - 5.6 • 
Handwash~ng 2.8 Il Il X 3 - 8.4 

,Tub Bath l/wk 112.5 If (25 gal.) ,. X 1/7- 16.1 
.. 

\ Hait: Washing l/wk 13.5 li ( 3 gal.) X 1/7- 2.0 

" /' 

# 
\ 

TOTAL 

. i 

40.5 liters/day 
--.!L.days 

J;. 283.5 lit:ers/week (63 gal,wk) 

/ -.... \ 
1 

T~/ lavatory bowl holds 9· liteJ:'s (2 gallons) 

! \ 
MO,!S~ wa~hi/ operat~ons filled bowl about 1/4 full. 

Run~ing water amounted to about: 1/4 full bowl. 

These pers6nal ~mount~ may be less than average. 
• 0 

t 

, , 

• 1 

,. 

, 1. 
l ' ••• li_ • 

22.4'Uters 
(3.9 gal.) 

\ 

.. 

.. 
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, dl • 
Deviees for Water Conservation 

l , l . 
Since the problem of water shortage focuses on domestic use, that .. / 

-~ 1 

being the greatest area of utilization. it ls mainly here that 

steps e been made towards better water man~gement. the great-
, 

est use the home is for flushinS toilets, a use not vital to 
. • 1 1 

val. Alternative method~ of flushing with less water 
, ' \ . 

have been proposed,but only modify ~he situation slightly. Aerobic 

~ystems such ~s the Cli~us M~lt~um'mouldering toilet offer a 

'definite advantage, aince they use no water at aIl. However, Q . 
diificulties arise for thege systems in n~w urban installations, 

\ 

particularly in high-rlse situations. ~he waste.collection ~aises 

problems. 
y' 

" 
Deviees for conserving water at the point flf use have b~en off~red\ 

which greatly reduce waste due t~ inefficient devices, as weIl as 

- -'i~efficienf: use. Also, recluction in the quantity of water to do 
\ 

the sarne task is propo§ed. 

.. 

1 

Sorne of these devices are, for example:' 

Fordlla Mlddleway faucet 

Ultraflo plumbing system 

Minuse Shower 

Nova showerhead 

Dole pressure reducing valve 

Watts pressure reducing valve 

" 

1 

4 
Twoother water savers which are ln regular use are the front-Ioading 

1 

dishwasher (in preference to the top-loading type) and the pedal .. 
--,:,~ 

18 
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operated faucet. 

1 
But lof more relevaflce here la the remarkable wate~"s8ving 8how~r in 

the NASA Skylab which used 2.S 1~ter8 (1/2 sallon) of water for a 
,j 

9 minute showerbath. The precedent for this was firat concelved 
1S 

of by Buckminster Fuller and tested by his students at the Institute 

of Design in Chicago in 1948. Hiq Fog Gun could spray at the rate 

of .56 litera/minute (1/8 gallon/min~te). (see paSee? ) 

Deviees for atomization of water would make it possible to extend 
\ " 

greatly the water supply in de~e1oping countries. Clean water shipped 

in containers can overcome the ahortage ~ue to pollut'ed water, and 

water atomizatioti devices could extend the supply while' at the ~ame 

time· lowering its relat~ve cost. 

i 
This 1a aa answer to the problem of water shortage. 

?-

-

.' 

. , 

\ 
\ 

o 
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Dashpot~ 

, Piston~ 

Bali check valve-

~~ SHicone_ 

Cylinder--

l 
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, 
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.. 
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The 'f'or'di Ua MiddZBlùay faûcet is p1'ima1'ij.y conèemed wi th pl'eventing 
wasteful 1'Unning of unused· watier'.; It o~1'ates"with a spr'ing-Zoaded 
button;, which automaticalZy sbuts off if he.ld dOLm longer' thdn S ta 
10 seconda. It discha1'ges app~~tma~ety 1 titel' pel' time. ~_ 1 

,-Rard Meter Box·Co., lne. 
\ ' 

Wabas,h, Ind. 
• 
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1: 'U$HIUTTON 
li ,. ft.'" - ..... imlllIf'I 

j,; 
~, 

Typlcl' Ultraflo' Inltlltilion ~1!11l • '0'" ,. .... f ~' , , 

" 1 SOFT COPPf. 011 
"LAn'e SUOfILY 
I,ltdSTOF,"TUIIU IUTC .. t'j$'NK' , 

=5L.J./~ -',, ____ :::1.-:.,:' [) -.Jt==:::=j 
"AVATORy /' , .. 
, ."1 D n .V, 

l''-------'''!-''----...I WIll! 
Tua SHOWER 
38"0 

COLO \\.t,nR 
TO OUTl~TS 

- NOT SOII'.EO 
ay ULTRAFLO 

/ 
COlD.WATER 
suppn FROM 
WATER METER 

RELIEF. VALVE 
OUlLEr 

, 

ri "r "'AII':""'" 
HO! W~TER 
'TO OUTLU<S 
NOT SERVEO Ll. .......... r-r_ ..... _."., ........ 1 av Ut T"A<lO 

,--_.--.--

1 

WIll 

q 

':' l , 

, The vt.trafZo ByBterrr use8 an e1.ectr'io push-button controZ and amat:L 
8u'pp~y ,tipes.\ Waste ~s' pxs~1Jented by elimiw.tting the vunning of watexs 
to get desired temperature. So~enoid valve near,water heater ~espo~ds 
to puah button and deUvers liIQ.,tel' (lt pl'eset teirrpe'l'atul'e. 

'. 1 Ul.traflo Corp., 
Sandusky. Ohio. 
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7tk lItcH~ S~etJ~ dtJu" tt 1 
'MIn~ -.aM Mlnlmum USt- , •• and , cI~"l1Jins. luaurlout. '''-''t ... ''1 1 
watc' l10w ... Ic!of only Y. sallon pet minutA:, • , " M,nuSt-. 

5 minul" • 25.0 gallons of wate, 
5 'mlnul.s. 2,5 gallons 0' wato, 

por 5 mlnut. sh_., 22.'5 gollons ~f wate, 1 
~ 

The t.p4inuw 5howt>, Ip~t~nl pencÏ'JlaI ~~_ts nrw "It~t" Or tlll' .I:t" 
archoolOSY .'hlch c~n beslll!! descrlbtd " cônSt-rv:ttlOn I«hnololll (~i· 
cated 10 soI ... n/l cnv,ron_nl~"y b.lSed problcms .t trUC! «anomie ~v. 
In&" Till! ~"UflC)n or thl' t«hnCJIOIlY hn pro l'tl Ih&! ,,"o,ld', nlO\t 
eR,cienl ~, whlch dc!I,vC!lI • d,am.aUc 90% Sl\VINCS in w.tA:, .and 
-ayOllefbOfdiNryplunlbtn,fh,IIIIt. ~ ", 

B"Ih/nc h _ 1t'Cond I~",," con",me, of willer " I~ househofd .nd the' 
largcslleachts,ve or hr.lin8\ind cçolinal consumer of hoInehofd enc:rs\'. _ 
Itc!ducl.' Iht' .... .lle, uled Ift}lathinl and you save tmee valuable 1eWUfC\.~ , •• 
WATlR, ENl:ItCY • .lnd MONEY. Reduce the wolfe, u~11n ~hinllilnd Vou 
f,ff«lIve1'1l ~~nd the .. ,,~IIy" oI_e, Ind tepliC 'VIfClIIIS by rc:(/UCInI 
-'GIll clIrUll1ftl, , 

The M~ Sho\ver can he ",MIlly 1n".I";" in an; _ conll'lICllon and 
• reIIOfilfedlrul/l'l0unytllkllnalhoMo.·~ .' • 

\ ' 

INUSE SYSTfMS, 'Ne. 

, , 

'" 

l 'f 'li - \ "" 
) \ ' " 

\ 

.. 

/ 

The wtel' issues from ·thraee ol"ifiCes .in 'the noade 'Jhead. An ail' .: 
b7,ower impa:rts ,additiona7, velocity~ simi~ati'ng a ~Orwentionat shob1er < ';, 

j7.0'b1. Its mte' of "",tel', conswrrption 1,S 1. 8 U tereB/minute (. 5 gaZ>lniin.), 

KinuJJe Systems, 
J~ekson, Cal. 
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The NOV(;F,os-;107Jel'head l'educes fJate2" 'conBU1!'Ption 'at,the point of use. 
ItB constrouction a7:t07Js ,~,.z1.e adjlistment ft'om "fine need1.e" to 
"soft rinse" and has a, butt071 aut ... off for the sO@.ing-uf' periode 
I~S capai,i~ ,~~ .. l'.~ atmos., (1~,P8i) 1.8,6 _ Ute2"s/mt.nUte '(1.36 ga1../ 
m'tn. )" " • ' ' , f\', , ' 

, , 

Jay Norris Corp •• 
Ecological W.ter Products, Inc., 
Freeport," 'i.y~ , , , " - , 

", 
. , .' , 

\ ,J ~.. ... ... 

, ~', ~M \ \ 

~( "\~ 

\ 

\ 23 



, 1 

IlfiU III li Jill! Il Il. 

'f1 

1 

\ 

'~ . ,\ 
, 1 
, ' ,)" t': .... ~ 

" , 
, ~ \ ' \ ( 

, ,'. ,/ t '1 ," ~ .l , 
'1 ~ " 

~ 

DOLE@FLOW REDUCING VA~VES 

Watcr volume reduèing valves for retrof1tt1ng 
hou$chold f1xtures 

- .. - - ~---~-

\ ' 

This wate~ ~Ohl reducing valve can be fitted onto existing f~tu~eB. 
It would ~educe the p~e8su~e independently of othe~ fiztu~eB. "It 
is ~ecommended for all f~tureB people tend ta let run independently 
of,volwne delivered for aB long aB they need· wa8~ter'.'~' 

Es/ton \Corp. , 
C'aro~ Stream, ,Ill. 

, \ 
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~rl 
'5 ?f ~~-;~ , .. 1\ ,,,,, . .. .-. r, Hiah ' '",,"'Ilur. 

~ IISlllIft' .apIIr. 
\ \ 'ot 110' or colci' 

'\-: TIIE U-5 

. ' 

IIIOIIIe hodr 
COIIstruclloll. 

WATTS PRESSURe VALVES 

Srn"".. SIIIln. IIId 
, ••• dI,,~I .. m .u 
plovlde 'Of terlll'il. 
press"'t COII'IO' 11141 
willf '''''' of Idjult· 
_lit. 

•• "' .... ,. nlt'I'I III"y sul 
. . III«h', trSIS'.' le 
.1111'1.. M tlM .01 lU' 11141 
ollltf 'lIftlltn IIIllIft • 
IMII.seS Ifrvlc. lif ... 

DI~c: IIoldt,· ,.mnvlble 'QI 

'tjI'lC~1 0' dise wl'houl 
IIIs"'*IlIIn, Ihe valve - no 
11*111 tools ItclUlffd. 

hl.e tnlfltlll ~1"ln'.ss 
~',r' sl!llntt ",un 
,,\11, I.lftOved '01 
cl.lllln«: 

li 
Watcr prcssure-rcducfng valves for water and 
fixturc-saving pur~oscs 

'~ " 

The Watt~ pres8ure valve aan be u8e~to 
1 fixtures OP on the whoJe hou se sy~te~# 

peduae pressu~e on independe~t 

~atts Regulator Co., 
Lawrence, Hass. 
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/ 

. \ It 18 interesting ta note the water use standards ad~pted by the 

1 World Health Organization in the following statement for emergency 

programs for dis9ster arege; a1so, their prefere~e for showering 
't:I, ...... 

over bathing: "As sc10n as thé eal'ly days of emergency have pàssed 

and the water supply has been increased restrictions should be 
. \ -

lifted, sinee there is 9 correlation between water consumptioo and 

'c.leanliness 00 the one hand, and -fetween cleanliness and the inçidence 
\ , 

of diseases on the other. 'Vith no restrictions the use of wa~er 

may approBch. 100 1iters (22 gallons) per persan per day. 

, u \ 
Recommended standard for shower~ is 20-30.liters/person/day (4.4-6.6 

gallons). Recommended fixture distribution is 1 handbasin/lO . 
\ 

( \ 

persans; 1 showerhead/50 persans' in temperate climates, and 1/30 

persons in hot climates. 

" 

Showers are preferable ta batha both for sanitary reasons~and ~ 
1 

saVe water •.•• everybody in camp bathes at least once a week. 

In h~t climates cold wat~ should be sufficient. If hot water 

is.provided, 20 1iters (4.4 gallons) shou~d be supplied for each 
\ 

"bath; over-all ~onsumpilon of water for bathing sh~uid be calculated 
, 

on the basis of 30-35 liters/per week (6.6-7.7 gallons)." 
, '. 

,. 
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6. Thc Casc of Granby 
o 

~ 

Upon hearing about the sudden water shortage in the town of Granby 
\ \ 

in the Québec, Eastern Townships. it was decided to offer our 

research to the services fo the Mayor. P08sibly devices for atom-
... \ 

~ bation of water could he~p. Emergency nozzles could be "attached 

to faucets and the Town water pressure could be lowere~ 

\ 

Mayor Trépanier and theoTown Engineer agreed to meet and ~iacuss 

the pr~posal for Immediate realization. Literdture, notes from 
~ 

research and spray devices were shown and demonstrated at the City 
1 

Hall. The following data was obtained: 

Present Granby Population: 
" 

P~ojected Population: , 

31,000 

75,000' 

Water is delivered by 1 meter (3') mains from a ~servoir lake (after 

'. \ bei~g filtered)-it has not been chlorinated but Provincial law now 

requires it. 
\ 

Water use 18 'ainly divided equally b~een residential and industrial 
• 4 0 

use (l5.industries). The largest industry consumlng water 19 a 
1 \ 

-dairy coop . ... 

IR 

f 

Residential~Consumption 
\ 

8 million liters/yr (l.S'millionOgal./yr) 

Indus trial Cons~ption 7 Il " Il (1.6 Il Il fI) 

Hospital Consumption 6.5 " " " (l.5 " " ") 

Convent,of 150 people 1 Il " " (2.2 " " ") 

-, 
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~pparen~lY some supplies are metered. 
·l , 

Average individual resident-

ial use is 450 rlters/day (100 gal./day)*~ more in 8u~er. 

Individual use combi,ning residential and industrial is 1125-1350 

liters/day (~50-300 gal./day). ' 

Wate~ short~ge taused by drought in relation to demand. This would 
• 

not have happened 10 years ago. 
'f 

As to solutions; the firet was al1 industries agreed to vo1untary 

water ra~ioning (see page 31 )~ome reduced as much (ls 80% their 

regular daily use. Some of the main valves were closed off. ProposaIs 

for other action were studied but found too costly: for example, 
~. 

importing water by train tanks; drilli~g wells, buying water and 
1 

dispensing devices. Dispensing devices would have brought the cost of water to 
1 

ll~ a liter (50~ a galion). 

Mayor Trépanier would have liked to have ~nown about atomizer 

devices before spending $3.5 million on water plant three years ago. 

He says it would be usefu1 for a!chitects to specify such devices but 

the cit~ cannot force people to inetaii them. 

Before ins&l11ng them," the Town Engineer feit the reeults qf metered 

water wouid prove to people tha necessi~y of some such·devices to 

save twater (and money). 

Didn't get figure on total water consumed per year. Engineer said 

\ ' .~o \. 
~ if peop~e we~arefui to u~e the minimum amount of'water necessary 

-,lit wOltld be 4.5 billion liters/yr (1 billion ga1./yr). 

Ir 
37 

to MCHG study showing 250 liters/person/day (55 gal.person/day) 

~_._--~------~---~------------~-

28 
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• 'J ~ . 
Asked if atomizer devices'installed as an emergency mensure was 

fensible, the Engineer 8aid it depended on how long the emergency 

(lasted. It would have to be over 3 weeks in Granby. The~e WOUl'~ 

\be problema: where to get the devices; how long it would take t~ 
1 

, " fnstall them (say 7,000 to 8,000). Aiso the problem of finding enough 

plumbera. He repented~it would be best to have architecte epecify 

atomizer devicea in new construction for industry as we~l ae new 

communities but that meters ~uld dispose residents to ~uy them. e 

Tax incentives cou1d a1so be used. 

Sa the concept of ~sing atomizer Aevlces as emergency relièf wou Id 
(j 

be workable depending on the degree of ency, where duration ia 
, 

eaally predicted as after earthquakes, the easability is certain • 

For limited emergepcy in an eatabliahed co unit y, it'-'woul~ be a 

mat~er of cost, ao a feasibility study was uggested by ~he Mayor, 

possiblY..-lsupported by industry. 

The Mayor was very impressed with the idea 

very enthusiastic. 'The Towti Engineer 

would mean reducing water pressure. 

nd the devicea and was. 

t~at the'devicea 

aaure in Granby ia by 

." 

gravit y and varies from 40 to 100 psi is the sarne as downtown 

Montréal - around 2.7 atmos. (40 psi) for ps and 6.8 atmos. 

1(100 psi) for Ure sprinkler devlces-. 

Granted, since the greatest expenditure of ater i8 ln toi1ets, 

" 
toilet water 'reduction ia a higher priority than devices to reduce 

", 
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water used for ~athing. However, the exercise proved valuable in 

""-. 
expanding'in~~r ation about posslbilitles for realization and in 

l ,~_ .. ~L. 
establishing the\l~vel of priority of this thesis' proposit~9n, as 

far as one town la concerned. 
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HE: ÇA'·\PAGtfE DE CONSEIWAIION P' EAI) 

A L'OCCl\Sl~ DE LA HëUNtON TENUE A ,"'BOTEL DE VILLE" . 
t.V\HDl SOIIt, LE 26 AI.JJT, 1975, CERTAINS' f.4.:\NUFAClURIERS 
ONT ACCEPTE VOLONTAIREMENT DE REDJIIlE I.Em CONSOM.I.,IATlON D'EAU. 

NOM OONSOMNATION 
Q)OTlDIENNE 

A ACCEPTE DE CONSOM,VATla~ 
REllJlnE DE- . REWI TE 

PAR JOJR A 
SI ReA.t.ISE, 
ECONOl.UE OE-

COO?EPATIVEo 960,000 50% 480,000 480,000 
AG::tICOLE , 

l'EEIëRS TEXTILE ! 4d4".972 750% 242,000 242,000 

MONTROSE WORSlED 3d4,320 35% 249,661 134,6:-9 
POU Ll.S 1 
ESUDND MILLS 300,868 35}\) , 195,078 10:),310 . 
HAFNER FABRICS 2a~t411 50% .. 'Ir f 140,705 140,70:-

• s( 

TIIOR I.ULLS 229,J.50 45% 126,023 10;3,117 . . .~ 
SIMONDS OJTTlNG, 224,536 , 

55~ 101,052 ~~23,494 
TOOT.S - \.:, 

KEOCKNER- 30,249 70% 7,705 . 22,748 
MORl C.R 1 

, 

FEDERAL PIONEER 24;983 50% 12';>.9° 12,500 , 
J.L. DeBALL 141,560 , . 35~ 92,104 1 49,546 

BURLINGTON 201,755 35% 131,150 70,614 
WDJSTRlc.S 1 

. . 
EPSM CO. 169,923 50% 85,000 

" 
65,OJq v 

" a -
BOW PLASTIC 149,261 60% 59,705 89,556, 

VI VA KNI TTING 28,831 
.". 

, 0% 28,831 -O-. 1 

TREOOR LEEDS 24,390 • 50% 12,200 12,200 . , , 
POLI PLASTIC CO. 49,2ô3 , 60% 19,710 29,5:'1 

, 
CRESSWELL-POMERO 34,242 70% 10,27~ 23,969 

STEEL ~EDDLE CO. 28,094 50% 14,000 14,000 

tUNER RUBBER 92,399 80% 18,480 73,919-
~ -

PLASJUBE 26,982 0 80% :',589 ~,593 
lnVIN-EAK) -

- ./ 1 / roTAi· 1,842,6<H 

1 

L'ECONOMIE ACCEPTEE VOLONTAIREMENT P~R CES 20 INWSTRIELS 
SERAIT DE 1,842.691 DE fLLONS 0' EAU PAR JCUn. 

TOUTES LES AUmES INWSTRIES PRESENTES - 55 - AUSSI ONT AC­
. CEPTE DE REWIRE LEUR CONSQ\UlATION DI EAU DI ENVI,RON 50% DE 
LWH CONS~.\MATION NOru..\A.LE SANS JŒWCTION DE LEUR PERSONNEL. 

/-7 l "'.,i • 
..... .,.,-"' .... 1- .' ~ / .... ,1.;", '/ .1 

., ~ ... '.,; '.. ,,. c ...... j. __ .., 

, ,,. 

HORACE BOl VIN ' 
COMMI.SSAIRE IN[lJSTRIEI. 

VILLE DE GRANBY 
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1. Bathins and Health' 

Bathing has usua~ly been regarded as related to hea1th but it 18 

'a1so a pleasure, a social actiyity, a ritua1. , Bathe were used 
/ 

for cOD~ing and warming. The Turkish steam bath, the Scandln~ian 

sauna, the American Indian sweat, ~ere intended to o~en the pores 
" . . 

,") -
of the skin and to promote sweati?g, thereby removing poisons 

and dirt and leavi~g one feeling exhilarated. 

',-

The bath as it is now practlced, except in Japan, uses soap, 

1eaves the dirt in t~e bathwater, from whlch the'bather emerges 

with some of the dirt clinging to hls skin (the Japanese bather 
. '. 

rinses, outside the tub). Showers are a relatively· recent ' invention, 

and an improvement, hygienically, on the co~emporary bath. ~n a 

sh~wer, t~~ dirt is washed away down the drain while the bather 

is continuously wet wit~ clean water. Also, the shower 18 more 

stlmulating to the skin, because of the impact of a needle-like 

spray. Th~s mild massage leaves thé bather feeling invigorated. 
"l'. 1 

Another advantage of the'shower over tbe tub is ~he ease with which 

hairwashing i~ accomplished., 

ln both the bath and the shower. tbe pU,rpose 

'(with soap) to produce clean skln. But what 

.. 

is to\~se 
ar~ean 

clean water 

water and 

clean skin? Th~ measure ,is relative, sa, the concept i8 deceptive • 

To understand this relàtivity, we must look to the 8~ience of 
1 

Microbio1ogy. Clean water ~s ofte~ measured by the amount of 

" . 

\ , 

l"~ 

, 

" 

" 

\ 
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1. 

E. Coli bacteria present. Skin cleariline9s has not been so easily 

lIIeasured. 

Réports of water shortages 8~ldom refer to the effects on bathlng , " 

habits. Most deal with cooking and drinking needs. ,In many develop-
\ \, - \ 

ing countries, bathin~ ls carried out in nearby rivera and pon~s, 

often where flôo ___ ",",n~a~t~e:::.....:w:..:i~t~h~d~r"""'&LI'-'!:t!:::s. In sorne caséà villages 

are not near bodies of watér and bathing is' pèrfunctory, most of the 
, \ 

• l , 

boùght water betng used for cooking and dtlnking. 

Most diseases associat'ed with the drinking of polluted water can 

also be got from bathing with that watér sinee it has the opportunity 

of ente~ing aIl of th~ nine or~fices of t~e human body as weIl as 

thrôugh sores an~ cuts. Pores of the skin a1so are likely to absorb 

pathen~ienic microbeS. A case in point i9 seen ln Ha~san Fathy's , 
12, " , 

book Architectur for th'é Poor: 'AU the water\ of Egypt ls infested .. . , 

with cercaria, or bilti rzla worms, andlevery peasant works and 

bathes in this In the hot summer everyone bathes, 
v • 

in the capais and ponds. Childr~n esp~cially paddle and ~plash 

about in every patch of water they can find. in ditches, puddles 

and stagna~t pond~. 'Since it is,Pfact~~ally, certain that anyone 

who stands for ten minutes in an Egyptian çanal will contract . 
) 

bilharzia, it 18 not surpr181ng.th~t the incidence of disease 18,so 

high." 

. Even if dlsease does iîot enter th~ body in ,this way there is stin 
,r' 

\ 
___ ._.~ __ J __ ._~ ______ ~_I __ ~_~I __ ._._.~ _ 
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. 
the,possibi11ty of disease reBul~~g from lack of washing. A USSR 

, ,32 • 
srace f1ight hyg'1ene report on prolonged restriction of ~ashing 

'makes th:ls clear: "An active source of contamlnat:l:o'n of the sk1n 1s 
1 \' , 

the skin its~lf. Products e~creted by the sweat and se~acceous ,. 
glands and also particles of desquamated epithelium and hair constitute .. ' \ \ 

an important source ",f contaminatiott' of the skin. The samples of micro­

~lora on the test subjects' skin surface and underwear consisted main­

ly of .saprophytic species: ,Staphylococcus epiaermidis, staphy-
" "" \ 

lococcus albus, âiptheroids,' and Sarcina. The test subjeèta developed 

(after 60 days) akin diseases which are fairly w1despread under 

,normal conditions ~f life. 
! 

The commonest disease encou~tered was 
\ 

follicUitis mainly in the region of the buttô'cks' and thighs. Other 
\ 

diseases found were: furun(!ulosisj \ streplococcal interigo; acne 

vulgaris; dermatit1s and fungus diseases of the feet." 

Although the skin diseases found after prolonged non-w~shing of 

the subjeèts tested âid not Interfere with their work, it can be 
\ 

expected that over a much longer period ~t would have a deleterious 

effect on their ability ~o wo~k. -
2. 

1 
What is Clean Water? 

THe WHO Guide to Sanitation in Ratura! Disasters1describes water 

• 

\ 

treatment in emergency situations: , "The purpose of disinfection ls 
\ 

. to, kill pathogenic organi~s and, thereby prevent water-borne diseases." 

1 \ 

• 

\ 

1 
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The ,diainfection of wat~r can be accomplished by botling or by chem-
t 

'ieal treatment~ C~lo~ine and chlorine-liberating compounds are ~ \ 
,\ 

the Most co"",on dlsinfectanta'. 

, 

Unti! thè lab~ratory facilities of ueban water supp~y sys~em8 can 

be restored to normal operations, complete tests of water samples 
, "'~~.., 

should be made at laboratoriea in the vieinity of the disaster area. 

The moat important testsi to be carried out under emergency and field 

conditions ar~: , , 

determinat10n of reJidual chl~rine (free and 
~ , , cOJllbined) 

t~ \ ' 

2. 
, ' ,\, 

bacteriological examination for coliform bacteria. 
, 1 \ 

--, 1 

dete~ination of'~ydrogen-ion concentration., 
\ "" 

1 • 

3. 

4. d~termination of type of alkalintty." 

" ., 
Clean water 1a a relative term involving chemical and bacteria-

logieal quality and quantity. The standard, for diséase prevention, 

-ls the eount of E. Coli pr~se~t - ~ baèteria,found in the, typical 

human !aeces. The following table shows the relative amounts 

permissàble and deairable. 1 

1,; 

• 

\ 

\ 

, , . , 
, ' 

" " , 
" . 

'Q 

\ 

" "." / , " 
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Surface Watet Criteria for Public Water Supplies 

----------------~\----------~--~---r(-----------~--------------------~ 

. 
permi~sable' 

count 

desired count 

NOTE: read as 

and 

Microbiological factors 
and fecal coliforma 

(E. Coli) 

Couat of coliform organisms 

" (~9tal), 

E. Coli Total Colif~rms'Present 
. 

2,000/100 

20/100' - \ 

,2,000 cblonies of ~.Coli 

per 100 cu~ic centimetera of water ! 
\ 

10,000/100 

100/100 

\ 

10,000 colonies of combined pathôgenic and non-pathogenic 
orsaniam 

\ per 100 cubic centimeters of water 

From Report 'on \CoquDjs'sion' on Wàt'er: Qu~liti Criteria,' 1972 USA 

"" 

'" 
3. Microorganism in .nd on Human Beings \ 

", 
. " 14 1,' "'" 

" Frobisher .. and Fuerst in Microbiology in Health and Disease descri.be "-, 
. , 

microorganisms' relation to th~human body: " Numerous micro-
• :~ .l-

organisma Und their opt'~um (and f~r sëveral' pathogenic species 
~ , .. 

1 ~)-; 

'their only) habitat in or on the bQdieS of ~an or ~f ~nimals •. The 

.'f~ ''''' healthy buman body bearbors millions of microorganisms on tne skin~ 
< , .. \ ) ri, 

in' thè moutb~': eyell, e~rs, genitoûrina~"}; tr~ct, and -in the -i~~Stine, 

in short', on every surface 
'. 

world',~1th reapired air or 

that camea in contact with the outside 
( , 

"\ _~c08~8telll." 

wi~~. f()od.'" Th~ hUma~~~y, ia a ç,0mp1ete ~ 

1. ,,, 

, 1 
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Most of these micr90rganisms rarely or never cause diseas~ under 

normal condit.ion~ but some may •. under, certain circumstances (e.g. . . \ . 

,t 

i~ wounds or after surgery) gain entrance to tha deeper parts of the 
\ 

\ 

body, where baeteria are not usually present-aQd produce what we 

calI an infection., Each ,region of the ëoay, in ,contact with the 
, ., 

exterior normally has its characteristic microorganisms. (Bee table 

page40 ). 
,d 

,. 
1 

.. 
The skin carr~es,lar8e numbers of bacteria, picked up from thé , \ -',- ....... 

various things w1th which it cames in contact, In addition. 
f _ 

STAPHYLOCOctUS AUREUS. tH~ cQGmon cause of boils, carbuncles. 

br.east abscess.and other conditions is found ~t times in the 

hair folllcies and swéat giands. The skin\cannot be made absolutely , 

sterile even with the most thorough scrubbing and the'applicati~n 

of antiseptlcs because although the bacte~ia in the outer layers 

of the ~kin caq be removed, ~t is impossible to get~rid of those in 

the deeper layers and in th~ sweat and sebaccous glands. hair follicles 
. l 

and so on. 

The mouth and tbroat constantly contaln numerous kinds of micro­

'" organisms aided by the warmth and moisture present, and bits of food 
1 • 

,and desquamated epltnell~ around the teetb provide'nourlshment. 

'The normal conjunct,ivae u~ual~y contain bactsrla of a harmless kind. 

This i8 a180 t:tue around the genitalis. For examplè. the ,vagina 

normally contain8 certain diatinctive'nonpathogenic bacterla. 

" 

l' 

• 

\ 



;., 

," 

\ . . 
Prominant amQn8&the intestinal bacteria 18 the relatively harmless , 
ESG~IRICHIA COLI Whi~h i8 viewed as an 'index of fecal POl,u~ion ~hen 

found'in drinking water. A group called enterococci are/always found 
~ . 

1 presen~ in faece,s and fresh sewage, and is sometimes uaed instead of 

E:- :C;OLI as an indlcator organism of fecal pollution." 

1 

"Bacterial flora of the normal skin has been classified as "t/ransi~nt" 

and "resident". 
. 1 

"Tran,siep,t" flora is subjeet to removal by mechanieal 

and chemical techniques. ",Resident" fiora is -1imited to on1y a few 
\ c 

species: acnes, microc~ccus epidermis, staphylococcus albuB aureus. 

~ransient pathogenic bacteria may become' residents. Time belps • . 
• ,_ 1 

'Viable skin'has the capaeity to\destroy Many organisms implanted on 
\ 

. . 
its surface. The baeterial action of the skin has been attributed 

to pH and also to the p~esence of fatty acids and soap fractions. 

1 1 

The normal skin surface has a pH o~ from 5 to 6. The acid reaction 

has been attributed to excess sweat, whieh has a similar pH and to 

lac tic aeid wh~Cb accumulates a~ the swe~ evapor~tes. 

The amino'acids released or discarded in the formation of keratin 
~ 

May also contribut~ to the low pH.of the skin surface. 
1 

Fatty acids 

1 and soaps May contribute to the sterilizing action of the skin. Fat 
1 - \ \ -

soluble extraets of the skiri are bacteriological and remova1 of the 
, 1 

surface limpids with either produces a s1gnificant decrease in the 
'.' 19 

bacterioeidal action of the skin." - Medical Techn010gy 

a 

1 

'" 

Anti-Mierobial Agents - Hedgecock 1967 

: 
! 
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4. Wash1ng ,-,1th Atomlzed Water \ 

NAS~ research has been very he1pfu1 ln supplying relevant Inform-

ation on the subject of ~ygiene. Their primary concer~ was the 
, 

'" 
quality of cleanliness achieved with atomited water. Portions of 

36 
.~ ~ ~the NASA report Space Shower Habitability Technology follow: 

i 

,1 

\ 

'~here are three itèms tnat are basic for cleansing the body of 

foreign matter, dead 8kin, and bo~ secretions: 
1 . .$' 

1) a mechan~cal action.~hich helps ta dis10dge and break 

down the fore~ matter and dead skin. 
-: .. j 

2) a chemical agent which breaks down and emulsifies i 

" 
the oils •. 

3) "a soivent ta pick up and carry off the accumulated 

materials. 

This 19 accomplished by using the hands or a washcloth for a massaging 

and lathering ~ction, soap for an emulsifier, and water as the soivent. 

The cleansing agent used must cleanse the body and also control the 

b~teria on the skin. Presently there are emulsifiers available that 

ha~varying chemical compositions. These different agents act as 
Q. 

biodegradable soaps that do not haIt bacterial growth and ~an be .. -
bvoken down by bacteria, biostatic soaps which ~ontrol the growth of 

bacteria, and as biogical soaps wh~ch actually deactivate the bacteria. , , 

(A shower is generally described as refreshink and revitalizing. Ta 

enhance this feeling, the clean1ng agent should not only help control 

bacteriai growth but also give a feeling of.cleanliness after each 

'. 

• 1 

) 
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Notes from Elements of Water Bacteriology by S.8. P~escott: 

The~e are three types of bacteria: Prototropic 

Metatroplc. 

Paratropic .. 

Prototropic bacteria are characterlzed by organic nutriant requlremen~. 

Metatropic bacteria are characterized by minera! nutrient requirements. 

Paratropic bacteria are true parasites; they exist only within the 

living tissues of other organisms. 

Protozoa kill bacteria. 

Bacteria are: few in air 

abundant in soil 

" therefore plenty in rivers and streams 
, r 

\ 

. 
ç 
0; 
~ 
CI .. 
Il 

very,few in still water lakes 

very few in naturally'filtered ground water. 
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" . 

showér.) Ordinar-y bar soaps were not considered bec,ause of their high 

dudsing and their toxic effects on the eyes. Ideal cleansing agents 

! shouid not be toxi~ on the body, should not dry out the skin. should 

not sting or ~ritate the ey~s, and 'ShoUld not cause int~rnal 
1 _ 

toxiëity." The ~ASA Skylab designers were particularly concerned with 

the/ ahili'ty of the atomized shower to rèmove baèteria. 

5. Bacterial Removal 36 

"Samples of bacteria were taken to determi!le what types were added 

to the shower waste water, what types'were found o~ varlous parts of 
-~ 

1 ~ ... 

the body, ~nd to examine the suitabili~y of showering to remove 

bacteria from the. body. Samples of bacteria were taken of influent 

shower water and from the Ieft axiIIa, th~"groin, and between the 

toes, both before and after showering. A definite ten-fold reduction 

~f bacteria in the gr~in and toe region of the test subject occ~red 

when the subjeot washed, using pHisoHex as a cleans~ng agent. ~ ., 
def;inite seven" to ten-fold r~duction o'r bacterial occured in the groin, 

and toe when the subject used Miranol a~ the cleansing age~t • 

.. 
INot aIl the bacteria were removed from the subject in ~he ~ctual 

{ 
• j , 

showering process, as demonstrated by the effluent water samples. A 
• 1 

good portion of the bactèria waa removed in the towe1ing '(dry,ing) off .' f 

process where the~ scaly ~kin was rembvetl taking some of the bacterla 
, , ", 

" 
s;taphy-with it. Typical bacteria found in these tests were E.Coli, 

\ 

locuccus, bacillus, and streptococcus. .. ' 

.. 

, 

.. 
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A d~Unite correlatJ.on exista b~tw~,en the way a person showers and 

the quantity of bacteria removed. The differ~nce in the amount of 
, 1 

total bacteria removed in the showering process is demonstrat~, 
~ between the different methods of bathing by the same s~bject 'in 

\ 

c 

replica,te showers. The more scrubbing. and friction created by the 

soap or water in washing to break down surface tension, the greater 

the total number of bacteria recovered (or remove~) from the subject. 

Soap and warm water are definitely required for a person to feel 

completely clean and comfortable after showering._ Greater bacteria 
1 

removal justifies making soap a requirement in showering." t ,~ 

-lIn a discussion on the question of a st}ndard wi~h Dr. J~. Meakins 

of the Department o! Microbiology & ImmQnology of McGill's MedicaÎ 

School, he said there is no specific measurable standard for' hand-

washing c1ean1iness prior to ~urgeljY. Bu't, he went o,n to say, 
l , 

classic instrûctions are for ~ ten minute scrub particularly of 

forearm and fingernails. He stresses vigor of scrub over duration. 
f ~ 1 

Although rubber gloves aré used, thèy h~ve been known.to develop 

holes', 50 that any' contamination could.-,thereby easily be transmitted • 

• 

6. Soa2 a,d Other Detergents 

i- l 
~ 

Wluit is soap? How does it work? 

1 

~' 18 
Kenneth Hutton in hIs bo~k Oh mistr 

..... , 

gi ves an analys:f.s of soap~ as follows:' WSoap, which' has been ~mown 

, for over .2000 years, is prepared fr9m naturally-occu~ing fats,. such 
l' q. .) 

< ' 

as cotton-seed or linsee~ oil, soya-be~n oil, grqund-nut oil, 'pàlm oi1, 

. . . 

.1 
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and coco-nut oil, by bo~lihg with alkali: 

Glyceryl 
stearate 

(fat) 

1 

Sodium 
+ hydroxide • 

(caus tic soda) 

3NaOH -

Glyceryl 
hydroxide 
(Glycerol) 

+ 

Sodium 
+ stearate 

(soap) 

C> 

Fundamental research work, largely by N.K, Adams on the nature of 

surface forces, soap films" and so on, led to ~e conclusion that 

the soap was att,ached to .the water surf~~e by the ionhed group -CO Na + 0-

and that the long-c,hain part of the mol-ecule (C17H3S) 1. e; : 

CH~CH2CH2CH2cH2cH2eH2cH2cH2CH2CH2CH2CH2CH2CH2CH2Cij2 

1 
was stlcklng up in the air away from the surface, because tt is water 

repellent.' Most dlrt Is held on the'clothes or hands by greasy 
/ 

substances, i.e. fats; the fats are attracted to the long chain 
~ 

part of the mole cule and therefore come off the clothes or hands 

into the water; there is then nothing for the dirt to cling on to , , 

and,it a1so cornes away. In d~stricts where the wat~r Is hard, a good 
...-/ ' 
deal of s~ap 19 used in rem~ying "çalcium from the water. This 1s 

because calcium 8tearate 

5emov'~g dlrt) is forme~ 
(which i8 ~nsolable and so iS,useless for 

from the sodium stearate (the soap) until 
1 

aIl the calcium compounds have been convfrted into sodium compounds. -

/ ~ 
Once the action of soap had bee~ e~p1ained ft became possible ,to 

develop soap substitutes coptaining a water" attracting group at the 
, . 

~nd of a moderat~y long water repellent molecule~ and the World War II' 
" scarcity of fats gave. a special 1mpetus to their development. OVer 

1 

\ t; 
a thousand subàtal\ces have been prepared and patented. while\several 

" 

. 

o 
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That's right, ~ Harry--Use 
'lots of lather:' Don 't·'m iss-

. / your wrists an.d th'e 
;I .• ~' backs of your hands;. 

... 

:", -i Get un,der the:'fingernails~: -Always wash yourhands ";:. 
": .:. B~cterialoye to hide with " " after visitîng the toilet. • 
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hundred of them are avallable in commercial quantities ~n America 

and a~~ in~Drit~in: D.IO, Teepol, Quix, Fab, Wisk, Tide, and'many 
------. ~ 

--- others are household words. The world consumption of soap and 

\ 

" 

\ 

,.., 
, \ 

soap products ln 1952 was 5,000,000 tons, and of soap1ess detergents 

over 1,000,000 tons. 

Household soap is a good ~et~rgent or cleanslng agent, largely because ., 
it 18 ;i powerful surface-tension reducer. It ls a highly effective 

emulsifier of fats and oils. lt th~s aids in the meçhanical removal 
~ 

of bacteria, especially from oily surf~ces like the skin. Many of 
o 

the currently widely advertised detergents are not soa'p but surface 

t~nsion reducers, Tide, Cheer, and Electra Sol (used only in auto-
1 

'\' 
mat~c dishwash~rs) are represe~tative. T~ have cl~aning and 

em~lsifying pro~er~ies like th~se of soap, DU~ they ~re, not dis-
.! ' 

in{ectants. 
, ~ 

An important Ingredient in most of them was the potent 
, -

surface-tensfon reducer alkyl benzene sulfonate ("ADS"). This refused 
\ 

ta be decomposed by the microorganlsms in sewage disposaI plants. The 

. result was pollution of rivers and lak~s witb detergents as evidenced 

by excessive foaming, a majo! problem in sanitarYQengineering. 

_. 
Soap; in addition to being a surfacé-active detergent, 'is bactericida1 .' . ' ,0 
ta sorne degree. it Is "'especially eUective aga~nst TREPONEMA PALLIDUM, 

,.,-
the cause of syph!lis. This organism i8 ricb in lipids (fats). Il 

r'l l' 
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7. Conclusion, 
1 

NASA's concern for èxtreme cleanliness ~ay bave to do witb wanting' 
\ , 

not to leave pathogenic ba~teria on the Moon or in Space. Also, 

the degree of 'cleanlinees required for surgery 1s understandable. 

Perhaps for purposes of batbing we do not need ta be sa particular 

about measuring bacteria.~ we bave ~eèn viable skin destroys 

.organisme implanted on the skin, yet excreted products tbemselves 

are a source of contamination. So, for tbis reason we must control 

these baeteria. Moreover, where there are cuts or sores the 

individual is vulnerable ta infection by entry of pathenogenic 

bacteria into the body. " 

50 we are concerned with three things: bacteria contro~, removing 

dirt from the body, and the refreshed feeling a shower gives. Need-

less ta say, sorne kinds of dirt will'have ta be removed with more 
1 

water, i.e., grease and stain, for example. But on a regular basis, . , 
Il 

the atomized water shower performs weIl by washing away bacteria 
'<l 

.and normal dirt and sweat • 

According to Dr~ Vos, of the McGill Medical Departmènt of Immunology' 

and Bacteriology, the abundance of suds in washing is no advantage 

.in removing ~acteria. This ls ~portant in considering the atom~ed 

water showèr where low suds soap'is preferable over a sudsy soap 

sinee the latter uses too much wat~. \ 
\ 

1 ' 
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, \ 
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"In rural afti'd arèas quantity of water is more important for 
t 

disease reduction; in peri-urban zones ,water quaZity may be 

c!'Uci~l. While the levels of volume and ~lity needed for 

variOU8 levels"of health'gains are uncertain~ a tap and éhower 
r 

inside the home seem to be required for ma:rlmum benefit.!' 
\ 

Davfd j. Bradley in 

Ruman Rights in Realth 
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Definition of,Atomization 

.,\ 

" 

A~omization!1s defined as the mechan1eal subdivision of a bulk 
\' 

'" liquide Spraying implies production of coarse drops (100 to 1000 
,1 

Microns). Sprtnkling suggests very co~se drops 1arger than 1000 

Microns. The- term misting la app1ied.to the production of fine 

drops (10 to 100 Microns). Neb~liz'i~ is apPli~d to very .fine, drops 

-..(under 10 Microns), and 1s uaually used 1n inhalation aerQsal 
-, . 

therapy. 

Drop size ia measured by using the formula based on the force of 

gravit y acting to pull 1iqui~ froJII the surface of a burette 

wpere, 

( 
\ 

D ... ' (6,D j S J p 

1 

1 D - 'pendant drôp 
p 

1 P ~i.L ) 

-----

D j- diameter of burette tip 

S j- liquid surface tension 

P j- liqu1d density 

1/3 

g • 
L 

\ 

accelerat10n due ta gravit y 

tip: 

*\ Except where specified atherwise, the term "spray" ls used in 
\ 

this thesis, in a general sense. 

" 

" 
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2. Drop-production Techniques 

\ 
a) Geometry of devices: Nozzles 

"Qrop-production tecl1niques are distinguiBhed by ,ither the geometry 

of the atomizing device (Le. nozzles) t or by, the source of the 

-external motivating t,orce emplôyed" says the McGraw-Hi1l Encyclopedia 

2;$ ,-' " 
of Sc.ience' and Technology. The f,irst threyat,gOrieS o~ atom1zing , 

techniques which they l,ist are pertinent to thiS}S,tudy. They are: 

Hydraulic (pressure), Pneumatic,~and Rotary. The Encyclopedia 

goes on "Under normal operating conditions (30-200 psi) (2-13.6 
• 

atmospheres) bydraulic nozzles produce relatively coarse drops 100-
1 

300 M~cro~s diaméter, the finest ones being produced by small swirl 

nozzles wherein ptessure is converted into high relative jet velocity. , \ 

Hydraulic nozzles areexemplifiea~ygarden hose nozzles, insecticide 
1 

spray nozzles, and nozzles in humidification and scrubbing towers. 
) 

\ 
Pneumatic atomizérs norma11y use compressed air (30-100 psi)' (2-6.~ 

atm~hères) and produ~e drops in the 5-100 Micr~ns cliameter·range. \ 

They are used in spray painting and fine misting applications, 

scrubb~rs or reactors (venturi atomizers), and aircraft application 

of insecticides." 
\ . 

Pneumatic nozz1es are two-fluid internaI mix, ex- -
( \ 

ternal mix, and combination mix types. These could be, for example 

a mixture of liq~id and air,'using the siphon principie. 

Rotaryatomizers (spinning diecs)" are basicly,hydraulic atomizers. 

'in which'the pump,and'nozzle aré ~ombined and normally produce drops 
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in the 30-300 Microns diameter range. They are widely used in spray 

drying because of their abllity to handle viêcous liquids or slurries." 

(/ \'( 

Th~ Bete Fog Nozzle Inc. of Greenfield, Massachusetts states in their 

5 
catalog: "When selecting a nozzle, consideration should be given . 

to desired capacity, pattern, fineness of [spray or fog, available 

pressure and orifice size where clogging may be a problem. Smaller 

If 

nozzles, wider angle patterns and higher pressures result ~n a flner~ 

d.rop siz~.". They go on to explain spray pattern sèlection: "Theré 

are fan or fIat spray patterns for washing, applying chemicals, or 

flooding an area •. The narrow patterns are us.ed where a hard scrub-

bing action is desired. Hollow cone nozzles are usually used in 

multiples where their patterns overlap for wide coverage and high 

capacity. Full cone nozzles are most.widely used and are'recommended 
a 

for fire protection, scrubbers, cooling apd many other applications 

because.of their uniform coverage. The exclusive patented Bete 

spiral nozzles, for full or hollow cone sprays, feature high efficien~y 

and are non-clogging." (these have a corkscrew-like spiral at the 

front of the nozzle). 

l 
\.. 

The Spraying Systems Company of Weaton, Illinois, als~ nozzle 

manufacturers, goes into more1detail. The~r use fuI Spray Perform­
r.l 41 'y 

ance Characteristics table from their current cataiog is reproduced 
) 

on page54 of this .study. i typi~al example of the variety of nozzles 

offered ls shown on the next page. 
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SPRAY CHARACTE_,!I!!,~S. ~ DESCRIPTION T . 

JlI!I"""~~ 
p1ir~~~s ~:ft~ 

~ H.II •• C... fllI C... fI.1 S"., S.II. Small . AIr ll •• llIll 

-- . -- - _o. -----t. -Àïï-capacity tabulations in this cataï;-;;;- N~;de capa~it;;aries ~ith .ptaying pree· 
1 balled on water. Since the Ip~ifie gravit y or lIure. In «encrai, the relationship bctween 
, a liquid alTl'ela ils flow rate, tabulatrd cat- Gl'M and prCflSure is a. (ollow.: l , 

CAPACITY 
. (FI •• hIe) 

SPRAY ANGLE 

alog capncitics must he multiplied by the \ 
conv~rslon rnctor that appledif'tl ta tho 1\,ccifiC ~'.' Vi.iIi 
gravit)' or tho liquid spray ,-, , as ro Iowa: 
Specifie 'l'., = v' • .s.l'J 
Cravit ,84 ,96 1.00 1.08 1.20 1.32 1.44 
MullipfY br "" ~* l~ lm l~ = ~ ~ ~ 

Tabulated' 'llpray angles indicate approlli. 
. mnte spray 'coverages balloo on woler. ln 
aelunl IIpraying, 'tho elTective IIpray angle 
varies with spray distance. Ir the IIpray COY· 
erage requirempnt Î1I crilical write ror IIpe: 
cilic apray coverage dota. Seo nellt page for 
"Sprlly Angle Data." Liquida more VillCOUII 

Sce capacity tabulatiON! on rollowin" pages: 

than· waler (onn relatively IImatler apray 
angles (or t'yen a aolid IIbeam), depending 
upon villCO'lity, nozzle capacÎty and IIprayinc 
prt'll. .. urc. Liquid. with surface tpnllions lowE''' 
th"n watrr will produee rt'Iatively wider 
IIpray angles than thoae Jiated for water. 

----..... _----- --- -- ---------
SPRAY 

ATOMIZATION 
eoo MlcrilS 

• 1,200 Mlclos e 5,50IMlcIIIS, 

Fine atomization i.s m09t easily obtained 
with air alomizing noules l>f'CaUlle corn· 
prt'll. .. ('(1 nir ill used to break up the liquid 
mto fine particles. Above this Jevel. hydraulic 
IIpray nozzles produce a larger partiele lIiie 
spray r.nge depending upon such ractors B!I 
nozzle type, capacity, spray angle and 
pressure. 
Wide angle hollow cone, low c8pacity hy· 

draulie spray noult'fl operatinlf at higher 
prr.!lllurl!!! produce IImaller IIPray partic1es, 
Spray parliele lIizl'S bccomp coarller as noz· 
zle capacities increase, spray anglœ become 
narrowcr ail prC8.~ure!l drcrcase. The largœt 
Jl~rticlea sre obtainoo wilh the htrgcst capac­
Ity (ull cone nozzlf'tl spraying at the lowest 
pressure. For specifie spray nozzle parlicle 
aize data ... write (or inrormation. 

----------- -- ~ -_._--- ----.+--------

IMPACT 

----_._._---
VELO CITY 

~ 

( 

The total thcoretical impact o( a spray de· 
pq)ds primarily upon the GPM and spray 
pressure. The highest impact per square 
inch i.s produeed by lIolid stream and fiat 
spray patterns • . , uaing large capacity 

nozzles oprrating at higher pressurl'S. Law· 
est impact efficlency is provided by wide 
IIPray full cane and wide Ipray hollow cone 
spray noull!!!. 

'-The thcoretical velacity of a IIpray leavÏJ1~ienciea ... while wide angle full cone 

1 
the orifice of a nozzJe, depends upon the nozzles and wide angle hollow cone nozzlee 
IIpr~ying p-ros.'lure. Solid IItre~m and fiat have the lowcst velocity eflicÎenciea. 
spray nozzlœ have the highest velocity em· 

1 _. .. - .- ,-~ 

1 
LlNUII UNIU- [quIUU"'S "_or 

u,,1t MIIII- Ce.II-
Il.11: The calalo, tabulahons show orifice dimensions as i • IC'. Mil .... 1 .. 

_ ... lne _ , ... M.' .. 

"Nom" (nominal). Exact decimal dunenslons are IV"I· , 
able on requesl. \ 1 MICron ~Ol') 0001 10.10'" 394 • 10'" 

1_. __ ---
. • 

, 
1 

\ . Mil 2S4 • 2!>4.10· 2!>4 .10'" ~ool 8.33. ID" 
'-

l' 
394 ~10 ~1)3gl 328. 10" Millim.ter 1000 • 0.001 

• , Centimeter ItœO ~ 10 • 0394 ~D3J 001 

TABLES OF EQUIVALENTS 
, 

~-
Inch 2!1e.10· 1000 2S4 !le • p083 D~ 

Foo' ) 305.10' 12110' 305 ~5 ' 12 • 0.305 
, 

M ••• , 10.10' ~9"10' 1000 100 • il9c 328 • . 
t - -

'OlUMITRIC ,,"ITS-[OIII'''''[lII1'S 

1 

LIqUIO l'IIIS''''''S-IOUI'l''''',"S 
1 WeI_o'ric . L",.~ 
1 Uoolt ( .. bIC P ........ ~M_ 

Ce.11- FI .. MI w:: .. Ut .. 'us CIIItiC 'Coobic L"I •• FI K,ICM • ,\t- Ine_ M .... 
.... t .. Ounc. Gal .... , ... M.I .. (,. i» Wol .. "'-0 ... _ ... , w ... 

ICubic 1 Lb/In • (p.Li.) • 231 DOJO 0.068 0069 20& 0.104 
Cenlimet., • 0034 22110" 0001 260h 10"' ~ 53.10" 10,11r- • 

1 
296.10" 1Ft Wal., U33 • DOJO 0.029 DOJO 0181 0J05 !Fluld Ounc. 296 • 006~ 0.0J0 

'" 110" 
toc 110"' 

IPOIIIIII " 
, ~t/CnI' IC~ l28 • 0.968 0981 290 10.0. 

1 W •• ., 4!1e IH ... U!Ie P I~ 00.16 ~!>4 dlr-
A,,"","er. \Cl 339 10l tO.I 299 IDl • Li • ., Iwi 338 22 .. GlU DOlS ~OOI 

lUS Gallon 3185 128 8.34 1785 0.134 ~.71.10"' 
,- In 3l!1, 102 0.987 • .lt!! 101 • 

C:uIIic FIlOt 28320 lJ58 624 28.3 148 • ~ ~ .. Mtrcurr 0.49\ , 113 DOlS 0033 0034 • 0146 

bic M •• ., 10..10.' llhlO' 2202 1000. [264 pu • M.ter w •• ., 142 321 0100 0091 00'18 219 • 

, 

~ 

1 ImperÎ.I Galloll -= 1.2 U.S. Galloll '" . 54 , r'r~ r r,.."t "" .... 7, 1 MM'" "'lIlh'" 

:\ 
.) 
'. 
c' 
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WhirlJet \ NO Zll ES with removable caps , 

-t) 
T,pe A slandard and 
Typi AX slope bollom 

desllns 
lemale connec tian 

HOLLOW CONE 
SPRAY PATTERN 

T"e B slandard-and 
T". III slope bollom 

, designs 
m .. le ccinnection J 

~
: l . -, r 

~ ", . 
.. -:.; -=- , . _ ~ " 

EXCLUSIYE PAHNJ(D 
SLOPE·BOnOM DESIGN 

lor T,pe AX .. nd Bl 
Diffuses Ihe vorlex lorces, 
prevenls the "dnlhng" 
eHcet normalty lound in 
slandard design whlrl-
chambers. MalellaUy 
Increues nOllle hIe. 

Whirllet Houlr he Id by 
easy 10 ,"slalt Split [yclel 
Conneclor. Sec pagcs 54 

through 61 for spray 
noule .tcessorles. 
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F-A~. 1 

. ~lL . 1. 
Type A. AX 
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Spray Characterl'itlcs-J lollow ronr "prny pnllrrn with 
unirllrtn ,1I'1tri""llOn. 
Construction-Two "il'('r dl'I(i~n wil Il fC'm(l~lIhlo (,Ap. 
'.nr,:r' c1innll'l~r hotlv inl.,t nrul ('n" nriR{'r fnr nnn~ 
dll,:r.ill,~ rr"" fl"w. 'Choi!'r "r tvp.''1 A mul Il wilh 1(11In· 
liard whirkhnmhrr dr'lir.n Clr tYII.''! AX, nn,1 HX wlth 
tho l'x('\usivc long("r 10llting, patented IIlopc.bottom 
dMi,;n. 
Materlals-Ml1llr in choico or brnM. "tccl. Rnd typ"" 
303 nnd 316 atninlCIIII stcel .•. other malerinla to orcier. 
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10 ~/. t,,' '/ .. ' u 57 8.0 98 113 138 160 196 23 25 18' 82' 84' 

"'.AX· ·'.SX. 90 " .. l'"' "1 ... 49 u 90 110 117 156 180 22 2!» 29 11\' 84' 84' .. 100 ., .. '/.' ".' 55 7.1 100 122 141 113 20 25 28 32 8.)' 86' 116' , 
110 ", .. 'l,' .. , ... 60 78 110 IH I!I~ 190 22 27 31 35 8S' 88' lIB' 
120 " .. '1.' '1' •• - 66 8.5 120 147 170 21 24 29 34 38 87' 90" 90" 

l 'S~e pap,c J lcir spray anRle dala. , -
INrUMEDIAlE C,rACIJIE~-Caps are Inlerthan~eable for ln between UplCl\les wlthin eKh pipe sile croup ••• wute lor 
Data Sheet 3055. 3986 .. nd 3981 ••.• nd Bulletin 102. 
WREN ORDElINC-speti1r tomp1ele "01111 Ho. Incl malerial. (.ample: ~A5 Whirl/et HOllle, steel. 
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Sol id cone spray patterns can. be ~roduce~ with nozzles which/are 
, 

swirl jet, impinging jet, or rotary (spinn~ng diàc). Hollow cone 

spray pattérns can be wade with tangential swirl and impinging jét 

types • .' 'The two.-hole simplidty of the tàngential swirl type is' 

! 
Flat sprays can be made with a jet on a rela;ively ~; .,gproof. 

" ~ 'def~~ctor pl e or planes, 'or with a slot orifice. 

". .. 
Fog pa~terns can be made with a jet defleeted'by a turned back.pin 

interrupting the stream or b~Jth~ combination of a smal! orifice and 
~ 

high pressure. , 
.' 

,b} Êxte~nal ~otivating Fo~ce: Pressure 

The source of the external.motivating force employed for atomization 

mar be manual or mechanical. The force/c~eates the pressure to 

move the liquid. There are four cases: 

i) 

2) 

0' 

" ., 3} , 

4} 

:" 
) 

, . .. 

Manua! fo~ce makes instant pressure 
e.g. household sprayers using siphon, or pump 

principle 

Manual force makes stored pressure . 
e.g. gard~n sprayers 

Mechanieal force makes, instan~ pressure 
e.g. water-pic tpothprushes 

;,f • 

• ,.1/ ~ 
Mechanieal force ma~tored preSsure 
e.g. paint $prayer uaing siphon or pump 

• 

,l .~ 

princ1ple. 
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WATER' SUPPLY" NOZZLE 

ELEMENTS OP ATOMIZATION 
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PORMS OF ELEMENTS 
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1. watep pu~Zedoby vacuum (~ow ppe8su~e) 

2, Zow preBBure 

\ 

I

ri 
pulls water out 

'\ 

.. . .. ---....... \ ... 
• • 

--tl~> tk;:tI: . 

n .-:..: .. ; .... 
• 0 

, . 
3. watep puZZed i~to ~ip is bpoken 

into papticZes Py onpushing aip 

'equaZ di8pe~si9n causes co~e shape 

.. 

.. 

ATOMIZER SIPHON PRINCIPLE 
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emptie8 W/o p~e8SU~e 

, 
"wate~ cant get to nozzZe 

. ' " 
siphon 
,v~tion 1 

------
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llkl-çe~ can get 

into ai~ tine get into ai~ Zine 
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/ 

siphon 
vmation 2 
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\ 

o. k. 

"­
\ 

~te~ cant get to noizZe 

ç 

, . 
.. 

... 
~ 

ai~ pre88ure aga~n8t contained water 
fo~ces it th~ough-tube and noz2Ze '. . 

" - . siphon vacuum and air p~e8sure 
on hlate~ oombined ' 

.. 
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Aerosols 

A,erosol> sprayers come undei" the category of pneumatic atomizing 

techniques and are Included here only be'cause they are a special case. 

They are cans contalnlng a ~luid ~d a propellant, whlch is a ty'pe of 

gas which compresses to a 1iquid. 
, l • 

The top of the ~an has a nozzle 

• ,'which' ~eleases the fluid mixed with th~ propellant, Dut th; prope'Uef!t, ' 
1 

a f~uorocarboa, bursts into agas when released from the cano 

The nozzle ls usua11y a two-fluid internal-mlx pneumatic type. The 
1 

1 1 
contents have been mechanically stored in the container. 

Th~ major objection to aerosols Is the propellant's effect on the 

11 
environment. It has been found that fluorocarbons when released 

float up to the stratosphere and,'when mixed with the ozone layer, 

convert ozone to oxygen, thereby thinnlng the protective ozone shield 
\ 

and ailowing the penetration of the eart~'s atmosphere bY'lethal uitta-

.~-- violet rays which are be1ieved not only to cause skin cancer but, ...... 

--

perhaps more importantly, the destruction of food chains, of normal . . 
plant gr~wth; and can, moreover, ,cause seaso~al changes which affeèt 

our food so,urce.! "7' 

4. Atomization: summary 
-f 

" 

/' 

Atomization of a liquid by spray nozzles is a hlghly de~eIoped,tech-

. l '" nology. Spray control is achieved by varylng nozzle details and 

pressure. 
, ./1 

, 

Finer sprays can be achieved with higher pressures and 
\ . 
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NOZZlE , 

When top 01 aerosol 

valve (1) is pressed, 

cent~al part (2) is 

Ilexed, th us opening 
::J 

inlet passafe (J). 

The action crea'tes 

pres$ure. forcing 

mixture 'OlliquelieJ 

ga~ aRd contenJs 
upward (4). The ,gas 

vaporizes (S) and 

the contents, dispersed 
in gas, a;e sprayed 

out through nozzle (6). 
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AEROSOL SUBSTITUTE 
'\ 

• Rtflll,ble, rtul .. ble. Extr, verlatlle .• Pre"urlzed 
by fret Ilr. BII .. vlnSI over IIrosoll .• Ali metl' 
con$tructlon. Bullt to Illt. nothlna to b,.,k •. 
• Complet'Iy port,blt. No trelllni hose or wire. " 
• 'nt.rchlna'ibl •• pray noul ••• Choo., ,et " 
.tr.em or mlst .pray .• Con.olllet .prly lcUO~"l' 
for unlform Ippllcltlon. , , 

PORTABLE COMPRESSOR,OPERATES WrTH 
A GAS ENGINE OR AN ELECTRIC MOTO'R 
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and small~r orifices. But, as a result, the velocity decreas'es~ 

The rangè,of ~tomization i8 ~rom.relatively fast-moving large 

, droplets to relat1vely 8~ow-moving small droplets. The optimum 
\ 

being sought for a showerbath spray i8 in between i.e. fa8t~moving .. 
small dropléts. Fast-moVing, for dependable coverage and smalt 

droplets,for the conservation of water. 

\ 

8quee2abZ~iF bag 
• 

\ 

\ 
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BASIC SIPHON ATOMIZER 
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88-91 Full~T conlld~T~d Ih~ D1maxlon bQlh~oom tU an l"'~r/m. mQu-prodllc/b/~, lanl­
lury lacilil1i his Jog ,un, pfC'UT~d h~r~, aOoTded n new mtl',nd nI bath/n,. Il comhin('d 
c(llnllT~lItd air and Qtom/~cd WQI~r w/th tTlggt'rtd.;n solvrnts. Thl' leine'lIe Jorc~ 01 Ihl' 
Ilig"·pre,Jsur~ fllT streQm wus 'uliliud wllhout tlle s~in-dQmQglnR cOtCI unalloidQbl~ ln 
high-pr~r,crc Mcdlt-po'"""' of waler strtQm.!. Gcntrallzill/r 'rom hls Navy tJCperitllct, 
in w"hich eng;ne TOO'" ,Teases on Ille slelll wl're almosl III1110tlCtably r~mo"ed by w/nd 
and lorall d«k, Fullèr r~aso"ed_nd lattT demonSlrultd-llwl the letdln, of Qtoml~td 
wattr (lnd Q;T al I,;gh pressure on 10 tlle sic III sur/fM:t would "accclaalt the surfGct oxldG­
I;on, and release the surlace celll thtmsel"es, along wltl. ille tlflQc"ed dir'. 

The round plc,uTes show mQllnllicOllonl 01 t'.e slcln lurfoce. Two 01 the plcturel Ihow 
Ille dM intersptrsilll ,Ile "eordl rteflikt:" slruct"re oi tire pareI. (1 9a7-1 94B) . 
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TESTING NOZZLES 
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1. Nozz1es 

r' ,-
The nozzles reviewed are simple ones. Çomplex types Buch as the 

Q 
two-liquid and solid vehicle ones used in the pai~and food ~ndustries 

1/1 

( 

have been omitted sinee the requirement is for a simple technology 
L' 

for deve10ping coun~ries and pat 10w cost. However, those tested 

range from a garden hose nozz1e to househo1d sprayer nozzles • 
.. 

The p~o?le~ was to find a) ,a nozz1e of adequate cApacity to insure 

a given duration of f10w with" a minimum su~ly of water and b) 

whose spray ve16city was. sufficient to reach the s,kin surface from , 

a comfortable distance (about 8") and c) of sufficient impact to 
"-

remove soapy water in'the rinsing process. To get the skin,wet does 
1 

.& 

not r~quire much impact, but convenient distance of nozz1e from skin 
(' 

is d~iirable~ To remove the Buds requires,: more forcefu1 spray. 

Tne ~zzle tests were based on matching the performance of the 

'36 ' 
nozzle used in the NASA Skylao ~hower~ Using a dup1icate nozzle we. 

were never able to achieve'that standard, possib1y because the NASA 
1 '. 

nozz1e performance was based on zero-gravity;ohowever our main 

goal was to sus tain pressure ta give ao 5 to 10 minute shQ,weI' using 

as 1ittle water as possible. 
1 ~. 

For air pressure, an e1ectric compress'or was used" and some tests 
. 

were repéated with a bicycle pump. The compressor had a constant 

pressure of 2.0 atmos (about 20 psi). Eighteen str~kes on the 

bicyc~e pump produced a pxessure Qf 3.3 atmos (about 48 psi) but 
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.' ,after 12 minutes lt was 1.7'atmes. (about 2~'psi~. 

1 

2. ~st Eq~ipment <: .. '~ 
.". 

The test equipmen~ comprised: 

, 

: 1 Black ,and Decker PaintSprayer, compressor -
. 

This. was rated at -9,.2 amps: 115 volts, and the . , 

pressure was tapable of reaching 4.0 atmos. ) . . 
(60 psi), although we weTé using about 1.3 atmos. 

(20 psi). .. , 
.\ 

J , 
t~f1on J Volkswagon window washer tank 

--H~ving a volume of 2. '5 liters (" 55 gallon), 
., , .. 

f iÙed, wi th 1 this was or 2 liters of water. 
/ 

1 l/4"'vinyl hase ta fit over the nodes on' the VW tank. 1/8" 

hase was used for tests on the NIAGARA and , 

'ESTRA nozzles. 

l 'Chapin garden hose hand control valve with off-on device. 

\ This was adapted ta receive aIl except the NIAGARA' , -, l' , 
and ~S!RA nozzles wh~:had built-in hand controls. 

1 J 

l Stopwatch for tim ng the flow. 
1 

Nozzles: 
-

Blqck ~DeCker Paint Sprayer 
Spray! Systems Wh!rljet l/BA .5 
Bete P2 1 
Bete WS BOF ' . 

, Bete' F200 , 

, " 

Niagara 71 III!< 

S~einen Tll21 
Steinen '!'MOSI 
Estra 640() 
D.B.Smith 147 
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BI.;ACK Be DECKER (d'f~·':~~'~~')';·.'<~{ 1'/';;o!, 

,l''I~TRODUCES AN INCREDIBLE . 
PAl.MT~SPRAYINCi SYSTEM . 

• ' # ) 

lt's easy to ~se. It spray~ latex as weIl- as oïl. It 
needs virtually no èleani~g. 1 t tIoes a m,ultitude of 6ther jobs .. 

And it c~sts under $55., 1\ J,., \ \ "\ : '),2. :- /. k~ltJ. 
~ \) ') l, ',' r! Il L~ , • " 

111 thl' Jllll.;t"VO\l hHlllllot OI'.'l'i\:-\ClI\S 

- 1/(/1 tu 11\\'11 a paÎlIll"Jl~\'('\'. 
Tlwy \\'l",(1" l~pl'lI~Î'\'l', 

H(,H\')', Anll ll\o:-;t1y, t1ll',\' ~\I.'aYl'd 
.only IU/paillt. ... 

, Ni"1llOl'(" 
BI.tek & l)('('IWI"H ('(lIIl(' Hp' 

with an ÎIll'l'èdibll' new IWIIW 

co l'uinl-:-:pi'üyillg :"y:-:l«(~, 
Il'l" J)()WClful ... 'nough (o!'fUl<' 

hif.{g"t.'l' .i()h~. 
Com)lal.'t (,1l()\I~h l'nr lhUl-l(~ , 

pis/cm.-<lI'ivcn ai,; compl'l'l-\IîOl' - ( 1 But UIlC of the 11(û;1 thin~s 
not 11 \(Tiuplu-ugm - fOI' gl'~nlcl' ahoul il is lhal lhe cornpl'cl':îor 
l'cli~Lbihly. ihwlr can he a wondcd'ul lWW 

·It comCK with incxpl'llto\iv(A, soul'ce of l'0w.et' aI'oulul yuul' 
thl'owaway nozzles for PélSy hOlls(:. FOI' thm;c m)l}()ving johs 

• • t Jo ~ • 

dcallup, You cun SlUlt \Vilh u rl'l'sh you n<'VeI~ Hl'('rn to· have the l'ight 
nuzzle l'm' euch joli, with IlO clug- cquipmcnt fOI: .~ 
ging 0)' IîpatlClillg, It'Ih~h'c" you Il CélU imh,l(' jUloIt about 
lhilV'profes~io'nully spruyed" ~t'nylhillg 1'1'0111 bicycle Cl 

look that u paint ~prtlyer lit'CH tu haskpthalll'. 
shou!d give you. ' , Withoptionalgal'dcn 

:-:mall, hal'd-lo-painl ~,,-4~1!I ........ 
i(lb~, lilw ;'hultl'I'S 0\' 

Ile 1:I.~lp, il l'lin SI )\;Hy sl1l'lIh~ 
lmc Ill'(ICS. 1 l ('ail ('Vl'II (h'Îv(' 

1)\11' opl ional c:Lulki nI{ J.,'llll, It'N 

the n<:'w h{JIl1~, :lÏl' ~y:.;tcm, 
f)'um Hlacl< & I>l'cker, It 
l>ui~lL-;, Il spmys. Il inHales. 

'wÏl'kl'I' rUl·llitul' ... ·~ 
!..!J.L-~ ~pl'ay 

1"Ir',I' a~ "' .... 1I n • ..; oit­
l)U~ ... ,d ~)i\illl. 

Ami it co~tM 
UlUler $f)!), , 

Alll~9r undëf $f>f" 
Now you'vc guI, a lof of 

goo<l l'~:lS(JIIS ln mm a p~ùnl 
~pl'élyer. ,. 1 t'loi p0"iel'cd 

by un cfficient,. 

'\' 1/ '/, '! ' . J 1 1 
'l' / ' ,,...,~ , 

.. 

, r 
--__ • -------~" --r-____ .~ _ l 
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~ •• ""tfi·,;c:tu~e:tI.#*._e." A .. d , • L L dœs 1 Jlllit 

fi BLACK & 
r • INYRODUCES . 
! PAINY-SPRAYI 

î 

" ' It's e~y to use. It'sprays latex as weIl as oil. I~ 
needs virtually no cleanirig. It Q.oes a multitude of other jobs. 

u And it éosts under $55., 1\ ;' .... \ t ',~; :"), 2..U '0:- 1 1< VJ 
,1 \) 1) '. 'r s: ; IlL'.' _ 

.' ,', 

ln li Il' pêll'\l. ,vou had alol ufl'l'a~ClIl!\ 
"(1/ tu 0\\'11 a pailll ~pl'él~'PI', 

. • Thl'~' "'t' 1'(' l':\ pl"I1~ h,t·, 
, lI('m')', And lllol'\lJy, Uw~' ~pl'aYl'c1 

ullly lIil Pêlint.. '" 
Nu n101'(', 

• B1acl< & [)Pc!WI"l'\ cUille up' ' 
~ wit h an ill<'!'cdihh' \ Ilew IHlIIll' 

paillt-l")l'ayillg ~y~l('m, • . 
l t.'~ J10WCI't'Ull'IlIHlgh fOI' Hw _. 

bi).{gt'I' johl'\, 
(~{)mJlêltl ('nough fol' lho:\(,' 

, .,(~llIa.lI, h~lI'c1-l()-pailll 
j, .inh~, lilH' ~hulll"'~ 01' 

t
* . 111 wÎl'kt", fUl'llilUl't', 

1 t"lI spl'ay 
III/l',I' a~ wcU "s oil­
uasl'd painl. 

, And il costH 
\ Ululel' $f>f>, 
, ' b It'~ j~t)~!":el'etd 
r y an, 0 IClen" 

1 

i 
, , l ' 4. 1 

l
, ,.; , 
I~ • 

.. '/ '1 ,r,~' 

piHltm-dl'iven air c~nJ)J'(~~sor- - But olle of' th~ IHINt things 
Ilot n diupill'ugm - for gl'caler Hhoul it iN thul thc. cum)lI'cI'Il'iur , 
~'cliabiliLy, , 'l-..,' it,s(alf can"he a wOlulet'J'ul IWW " 

ft comoN with inc"l'l'flHiv(>, HOU l'CC of' pOWCI' élI'oUlul you l' 
th,'owaway llozz1cs for ('jll'ty hOllse, l''o~ thOl';(! anllpyi~lg jlJb~ 
c\Cé\IlU)), Yoy cam stUl't with al f'I'c~h yuu m·vm' s(·(.m tü have tho l'ight 
nozzle fol' each joh, with no c1(J~- cquiJlmcnt fUI: 
~ing m' spattclillg. !t'Il giyc fO~1 Il ('iUl imlaÜ' jlUoIl about 
lhilt "pl'Ofes~i()nully sprayed'~ Hnythillg f'I'om bicycle 
Jnok that n painh.pl"dyer . Üt'l~K tu tm,~k('lhalll'i, 
t:lbou1cll,rive you, ' Wilhol'tionalgm'dcn 

JlU;I,;I,)(', il ran :-;fmt,V :-;llI'lb~ 
and ll'(!Ol'l, Il ('ail (>Vf'Il'( IItiv(! 
l' nplinlù) caulkiJlg s.,rtlll, It.'H ' 

nl'W home ilÏl' ,~y~tern, 
frorn BlacJ( & }l'cker, Il 
painls, 1 f:-;f Inales, , 

Ali fQr 
Now a/olof 

,goo<l 1'(:,aL'~0I1l'\ lb' n il )minl 
~pl1\y(!r.' '~' 

l 

1 
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-3. Spé~ifications 

, ,,' . , , 

" 

If .J, 

,,1,1.;, :' 

.. ,1'\ , 

Spec\ficptions assum~d for se1ect1ng a water nozz1e: 

:t,_ .. , .. 

1. Capacity (fl~w rate: .25 liters/mmute (.06 gal./min.) 

2. Spray pattern: ho110w cone. 

3. Ma~er1al: brass. 

, - 4. Connection: 1/2" t o:d. male 

5. Orifice: 1/64" to 1/16" .. . , 

6. Right angle head. 

7. Spray angle: 800 900 

•• 
8. Atom1zation (droplet) size: "Spray" - 1QO - 1000 ~icrons 

\ 

(aee table on pa~e 5q for det!nitions) 
, '. (~ 

f' , 

~ Determinànts for above specifications: 

. 

. 
t\l, 

..... 

1. 

2. 

, " Capacity (flow rate) -~based on NASA standard: 

2.5 iiters/lO min. (. 66 g,~l\>19. 7 min.) / ,1 

Spray pattern - Ho1low cone,preferred over sOli~ 

cone because tts simplicity reduces,clogging.* 

• 3. Ma'terial - brasa seject,ed fOI; its durabiÎiiy and 

non-corrosiveness. 

4~ Connection - for convenience. In some cases nozz1es ~ 
~ \ . 

5. 

were avail~b1e on1y in this sLze. 
1 .', •• ' •• / , 

Orifice - sma11 orif.:iè~ 'he1ps produce fine drop1ets.· 

6 • 
'yt'" '" 

Right angle head.- convenient for directing spray. 

7. Spray angle - narrow angle bétter to conserve water 
.ô 

a~d~preven t overshoot Ël'!'" 8". '; 

8. Atomizatiqn (drop1et! s,ize) - this should be between 

"spr1nkle" wh1ch 1& over.lOOO mi.~t~~nd "mist" ~ . 

10-100 microns, ,'t~ wet easlly JJnd quickly .. , , 

~ -lt was found later in tes~ing ~he Bete F200 that greater impact 
\ 18 provided wi th fan spray nozz1.es. -

\ 

\ 

"-

'; 
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4.' "Catalog of Noules Tested 

) 

D.~. (S~ith' 1147 " 

Hanufactured by: 

D. B. Smith Co., 
tl.tica,- ft. y • 

\ 

\ 
Section Draw~ng:-9 

1.. 

/ 

, , 

Type: hydrauliè·swirl n~zzlè with grooved entry. 
>Ii \ \ _' 

.Orifièe Size: approxim~tely(4.76 mm. (3/l~") 

/ ",' 
Spray ·Pattern: 1 hallo cone 

~ 

Capacity (flow rate) :. as tes ted: 11 li t'er)min. (. 22 gaL Imin. ) 
mfgr·s claim: not availpble 

Spray Angle: 75~ \ 
, 

.,.. ~ 

Atomization size: Q sprinkle!(l~OO m~~ns) 

Impact: very go~'d '\:\\ 
~J 

,~ 

l 
- This nozzle is adjustable f,rom full spra* to close'd. It i8 pril!larily - h'\ - \ 

used for garden 
. ,." \ 

cB.,pacity. hoses Not satisfaçtory for 
- - \ 

\ 

\ 1 Y n ' .. , 1 . 
.. 

" • 

\ \ 

a\ t 
~ . 

" 1 
... 

'\ .. \ 
\ II. 

" "01 • "~ T ;~ 

~ ,V 
<l, .. 

'\ .. : " 

" ~"- ~ 

" , •• 

, 

'" -

'\ 
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'\ 

Whir1jet 1/8A.S 

}Olanufactured by: 

Spraying Systems Co. 
Weaton, 111. 

'\ .,. ~ . 
Section Drawing:-

.. 
Type: hydraulic swirl nozzle wi~h tangential entry. 

, 
Orifice Size: 1. ~ mm~ (3/64") 

'Spray PatJ:ern: hollow cone . 
-\ 

l' '\ 

.. 1 

ca~acity (flow rate): '::g~~:t~~~im;~ :i~e~~~!~im~~~8(~~!·~:~~i~in.) 

• J 

" f?pray Angle: 

Atomization Size: Spray (lOO~1ooo microns) 
<:;'" 

Impact: good 

\. 

l 
11 '!Ihis nozzle ~s the simplest in construction. 

\ _<:7 

The body has '. o~ 

eccentric hole. The cap has a central hole. Not satisfactory for 
~ . , 

o 

·capacity. 

\ 

" 

, 
.!. ~ 1 

, 

o 

( . 1" 

\ 

.\ \ ' 
'\ l 

; 

- . ' 

Il dlla ' 

r ' 

-, 
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Bete P20 

Manufactur.ed by: 
, 

Bete Fog Nozzle Inc., 
Greenfield, Mass.' 

Section Drawing:-

J. 

Type: hydraulic 

\ 

. , 

Orifice Size: .59 mm. (.02") 

Spray 'Pattern:_ fog 

\ 

, 
.. 

Capacity (flow rate): as tested: .33 liter/min. (.073 gal./min.) 
~(gr's claim: 0.~7 liter/min. (.06 gal./min.) 

Spray Angle: 900 

Atomization Size: ~ist (10-100 mictons) 

" Impact: good 

\ .. 
The projecting pin on this nozzle which is . , - " disqualifies it for shower. u~e. 

r 

G' 

... 4 

l, 

\ , 

"'- , ,. --- • 

easily subject to damage 

, 

\. 

'. 

t 
:.f~~t , . 

7 , 
f.. 
t 

-
J 

" 

:7,8.' . 
,J~)~l; • 

" :..,. ... :r 
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.' , 

Bête W5080F 

Manufactured by: 
'. a 

Bete Fog,Nozzle 1nc. 

• 

~ r 

. ' 
() 

Greenfield, Maas . 

Section'Drawing:-
, 

" 

'\ 

Type: hydra,uHe 

Orifiee Size:· 2.38 mm. (3/32") 

Spray Pattern: -solid cone 

Capacity (flow rate): as tèsted:l.4liter/min. (.3 gal./min.) 
mfgr's claim:I.35 liter/min. (.30gal.min.) 

Spray Angle: 800 

"'" 
Atomization Size: spray {100-1000 micron~ 

Impact: good 

'r \ 

,This ~s: the ."~me ~e of nooole used on the ~S~SkYlab. We were 

not' ab'le to achievè I\~ capacity claim~d for this nozzle by NASA., 

possibly because they used it under z~ro-gravity conditions. Not , 

satisfactory for capacity. ( 

\~ ..~ 
1- . .' 

"/ 
l' , 

. " ), 

'V 

, . . '. 
\ ... 

k'II '.' 

. . , 
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Estra 6400 

Manufactul'ed by: 

The Afa Corporation, 
Miami, Fla • 

Type: ro~ary 

Orifice Size: . 39 mm~~135rr) 

" 

• Spray p~~~ern:1 fog '\ \ _ 

as tested: 0.16 liter/min. (.035 
Capacity, (flow rate): mfgr' s, ,Ç,laim: nia . 

~aL /mi~.) .. 

',\ 
mist (10-100 microns 

Spray Angle: 30
0 

at nozzle 

Atomizati9n Size: 

Impact: weak 

, 'This nozzle with built-in trigger ·control pro!uced the slowest 
~ t' 

spray. The trigger control d1d not funetion under mechanical 
" 

pressul".;t! Ofl 1.3 atmos. (20 pSi). Impact not satisfactory. 
"' .. ; , 

/ 1 
i.o. 

". 0 , 
;., .. .. _.. ... .... ':> 

,-
1 " 

\ 
\ 
\ 
\ 
1 

.. 
>4-

,k/' ~ 
-ji 

'\ 
l a,; 

1 
1 
,~ 

1 
'; \ 
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Niagara 1171 

Manutactured by: 

FMC,o /. 
Colmar, Pa. 

, 

Type: rotary dise 
1:. 

Orifice Siz~: approx. .39 mm. 

U Spray Pattern: fog 

" 

, 

" <> 
> 

(.0135") 
," . 

, 

~. 

<f,? 

, ' 
, . 

, , 

Capacity (flow rat~: as tested: 0.08 liter/min. (.017 gal.mip.) 

.. 

mfgr' s ' claim: ' nIa 

Spray Angle: 30° l at nozz e:" 

Atomization Slze: 

Impa.c t : Wteak 

1 
1 , 

mist (10-100 microns) 
., 
• 

~ike the Estr. this nOZZle, ha: ~~lt~in trigger 

did not function. Impac.t not slti·sfactory • 

-, f. 

1 • 

r ~ • • ,@ 
~, , . { #,. 

control, which 
) . 

.. 

• 

( 
~ 

). 

; /" ~ 
{ 

~.l 

, 

~ 

, --
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, 

o 

" 

J'teinen TM21 - 1/8" 

Manufactured by: 

Wm. Steinen Mfg. 
Parsippany, N.J. 

Section Drawing:-

. Type: Ihydrau!1c 
! 
1 

Co .• 

Orifice Size: 3.17 mm. (1/8") 

Spray Pattern: hollow cone 

, .., 

1 

J 

" 

Capacity (flow rate): as tested: 0.4 liter/min. (.08 gal./min.) 
mfgr's claim: .54 liter/min. (.12 gal.min.) 

Spray Angle: 90° 

Atomization Size: spray (100-1000 microns) 

Impact: good 

This nozz1e did not prove satisf~ctory in flow rate. 

- , 

---- -----

1 , 
i 

: . 
1 

j 

1 
~ 
" 

l r 

~ 
J 
l 

i 
l 

, , , 

1 

'; :( , , 
j 
~ 

J 
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Steinen TMOSl 

Manufactured by: 

Ivm. Steinen Mfg. Co., 
Parispp~ny, N.J. 

Section Drawing:-

Type: hydraulic 

Ortf iee Size: .59 mm. (.028") 

Spxay Pattern: hollow cone 

., 
1 

... , 

.... 

Capacity (flow rate): as tested: .3 liter/min. (.06 gaL/min.) 
mfgr's claim: - .28 liter/min.- (.069 gaL/min.) 

S 1 -700 pray ang e: . 

Atom1zation Size: spray (100-1000 microns 

Impact: good 

This nozzle perfoPmed weIl in both flow.rate and spray force. 

Satisfactory. 

. . 

1. 
l 
J 
~ 
~ 

1 

83 



·c 

o 

-_ ... ,... .. - . 

\ 
Bete F200 

Mnnufnctured by: 

-Bete Fog Noz11e, Inc .• 
Greenfield, Mas8. 

Section Drawing:-

Type: Haudrolic 

Orifice Size: .59 mm. 

'Spray Pattern: fan 

(.020") 

.. 
• 

.. 

Capacity (flow rate): as tested: .33 liter/min. (.07 gal./min.) 
mfgr's claim: .135 liter/min. (.03 gal.min.) 

Spray Angle: 600 

Atomization Size: spray (100-1000 microns) 

'il 

very good Impact: 

o 

This nozzle performed beat in capacity and impact. The advantage 

of the fan spray pattern la it~bility to move soap suds on the 

skln surface. " Satisfactory. 

, 
.. 

\ 

r 
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rs. Pre1iminary Tests of the Atomized Water Deviee 
, <, 

First test of the atomized water device. Deeember 5, 1975. 

Set-up: 

Procedure: .' 

Conclusion: 

Black & Decker compressor 

Plastic jug of 4.5 liters (1 g~l.) 

l/~" vinyl hose 

Brass fittiogs at hose ends 
; 

. Bete W5080F Nozzle 

Chapin garden'hose control valve. 

Jug filled with 2 liters (0.5 gal.) water 

Jug sealed 

Compressor turned on~ 

Sprayer functioning okay, but flow appears very 

fast. About 1 Jiter/minut~0.25 gal/min.) 
1 

After about, one minute, jug had swelled to'a rounded 

form, then burst. (see ·page 90 ) 

,1 
;---f' 

Test demonstrated ~ha~ the, device will work. ~ 
Jug too weak to wiihstand 1.3 atmos. (20 pa~~r 
pressure from compressor~ 

" 

Nozzle performed weIl. Hose control performed weIl. 

Hose performed we11. 

A second test, December 12, 1975, substituted for the water tank a 

windshield water tank made for the Volkswagon Bus. The tank wal1s 

were 6.3 mm. (1/4"11) thick, and could contain 2.5 liters (.6 gal.) 

of wate~7 lt proved to be sufficient1y strong to withstand the 

pressure'bf 1.3 atmos. (20 psi)' and was ~ble to hold sorne pressure 

for ~~ 1east 2 months. 'f 

---- ~------

t 

1 
1 

1 
'./ 

'J'~ -, 
, 

~l 
" ~ 

1 
1 
f 
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6. Record of Jésts - • ... 

Record of tests of nozz1es for capacity (flo~ rate). 

Tests were made between December t975 and Ju1y 1976 
1 

Method: Tank was filled with 1 liter of water. 

Compressor was turned on and spray was time4 

until a11 w(ïter " •• t of' tank. ," 

.. ... . 

1" ... 1 ~iItt\It 

1 
l 
; , 

,1 

\ ' 

" 

" , ( , 

'\ 
l \ 

1 

1 
J 
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r-'l. ) -- r . Nozzles 
in arder of testing Test 1 Test 2 . 

D.B. SlJ1,ith 147 56 sec 1 min5sec 
--- -

Spraying Systems 
Whi~ljet 1/8A.5 ';J<~ min.19sec 2min18sec 

/~ " . 
4.J'o"':t.J 

* Bete W5080F lmin.lsec. lmin. 

.. 
'" 

-

Bete P20 2 min.18sec 3 min. , 

, 

Niagara 71 
, 

10 min.45sec lOmin.30sec 
-

Estra 6400 6 min. 4min.iSsee 

B1aek & Deeker 59 sec. 1 min. 
Palnt nozzle 

, 

, 
Stelnen TM21 2 min.14sec. 2min.18sec. 

, 

Steinen TM501 3 min.30see. 3min.25see. 
0:>11' -

["'---...-. 
Bete F200 2 min.35seC'. 2 min.15sec. 

---- " . -
* NASA claim for this nazzle < 

_~_ _.....!IW" .. 

" 
~ Capacity (Flow Rate) Water cansumed in 

Test 3 hypathetical 5 minute shawer , 
iters/min gals./min liters gallons 

~ , 
50 'sec. - '1.0 .22 5.0 1.1 . 

. . 

2l!lin.18sec .43 .oà 2.17 .4 

-

1.4 
,., 

lmin. .3 _____ 7.0 1.5 

1.8 "\ 
-

3 min. .36 .07 .35-
c l' 

13 min. .08 .01 .435 .05 
1 

~ 

_7min.45see. .17 .03 .86 .15 
--

~ 

1 min. 1.0 .22 5.0 1.1 
. 

" ~ 

, 

, 
2min.18see. .43 \ .08 2.17 .40 

3min.30sec. .3 .06 1.5 .3 
-

, 

3 min. .38 .07 ~ 1.92 .35 
( 

~ - . 
i 

.25 .05 1.25 .25 ..... j 

~ 

l 

l 
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7. Nozzle~Test Results 

o 

"The results of the tests showed that nozzhs with amaUer orifices 

(ns on t,he Niagara and Estra) helped sustain the flow of wat~r for 

il longer period than nozzles with larger orifices; howevcr. the 

quality of spray was finer with the small,orifice and the impact. 

less. Nozzles with lerger orifices yielaed capacities too high for 
\ '. o 

a workable showe:l'. 
',' 

1 j , 
\ 

;t 
. The goal c~iteria of 1 liter in 5 to 8 minutes (0.25 gal./5 min.) , 

, "i 

was achieved, but at the cost of very low' impact. 

\ " 
" 

The Bete P20 nozzle performed nt .33 liters/minute (.07 gaL/min.) 

but its projecting pin would disquaIify it on the basis of safety 

to the bather as weIl as its liability to damage. However, a, 

protective caIlar-cap attached to the nozzle would be a simple 
. 

c~rrective. Although having very gooo capacity, the Estrels 

spray impact was less satisfactory in removing sudsy water. 

The pest performance ~n both impact and duration was found in the 
" . 

Steinen TM50l and the Bete F200 n~zzles. 
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C0MPARATIVÈ CAPACITIES: , 
" . i, lI" 

(,)< . ' 
Nozzles Flow Rate per Minute Impact Duration 

\ " , 
i 
1 
1 

Bete P20 .33 litera/min. (.07 g ./1'1. ) good ~/ paal; 

Bete F200 .33 " " Il Il ver{t gOOd:' goqd , , 

Steinen TMSOI .28 " Il (.06 g ./m.) , ~oad gaod 
\ . 

\ \ 

Criteria: NASA c1aim 
Bete W5080F .25 lit~rs/min.(.05 g./m.) X 1 gaod ,-
Estra .16 liters/min. (.03 g./m. ) poor very good 

, 

8. Reassesment of ,Goals 

1 
Sinee nozzles with the required rang~ are.rarely manufaetur~d, perhaps 

the use of standard eomponents ,is impraetieal, and ainee the goal 

of a nozzle eapaeity of .25 liters/mi~ute (.05 gal./min.)i.e.,'a shawer 

using 1 liter (.22 gal.) of water and lasting about 8 minutes, ia eoo 

extreme, the goal ahould be revised. A mor'e practical standard w 

be to employ 3 or 4 liters (.6 or .8 gal.) of water for shower.last 

Ing about 8 minutes. Thia wou~d require a nozzle with the capacity 

of .5 litera/minute (.11 gal./min.) which la readily available from 

manufacturers. The water-saving would still be enormous: a saving 

of pver 90% of current average water quantity used for showering 

(50 litera or Il gallons). 

The othér alternative, and one which wou Id keep the original 

- 1 
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capacity goal. and perhaps lower still more the cost, would ~e to 

develop Niagara and Estra type ~lastic nozzles. This. of course, 

requires mechanical engineering design which would be the next stGp 

in the development of atomized shower devices. T~is study has only 

explored the possibilities and merely soug~t ta establish standards 

for atomized showering. 

.'''" 

1 

SPLIT IN PVC'TANK USED IN PIRST ATOMIZED DEVICE TEST 

BREAK IN VINYL HOSE IN SHOMSRBATH TEST NO. 1 

• Q 
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1. 'TestIng Showering 

~ 

The purpose of this test series is twofold. First there la testing 

of~atomizing devices for a satisfa~tory body cleaning; and sccondly, 
1 

there is the test to demonstrate the concept-of a plumbingless 
{ 

showerstall unit. 

The concept of the plumbingless bathroom derives from current studies 

of the Clivus Multrum toilet. This toilet utilizes aerobic decompos-

ition of fecal matter in its operation. to produce a compost. The 

~system uses no water. Since neither the Clivus Multrum toilet nor 

1 the atomized showerstall unit needs a piped water supply nor a 

connection with a sewer dt;ain, they would together constitute a 

plumbingless bathroom. The waste deposited in the Clivus i8 withdrawn 

as fertilizer, while the grey water collected in a container under 

the shower serves as garden irrigatin~ water or as reserve water for 

firefighting. 

The concept, of the sh~wer enclosure design was an open bag in which 

the bather stood on a duckboard above a ~rain. The unit could thus 

be easily, compacted for storage. Instead of a parting curtain for 
, -

entry, the cylindrical wall is lower~d for the,bather to enter and 

exit. This is, similar ta the shower use~ in the NASA Skylab (se~ 

pegelOI). Manipulation1of this we fouQd to be awkward, sa the 

parting curtain entry was used. 
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The cqulpmcnt dCRc,"ibcd in Part IV was tested for its pl'rformance 

durlng actual showcring. The slower rated nozzles were used with 

1 
the compressor for pressure in two cases apd the bicycle pump for 

pTlèsSUr(~ in another ca~e. The bathing test was dÎvidcd into four 
1 

parts: wctting, sonping with the sprayer turned pff, rinsing, and 

towelling. The time involvcd was ta eouai that of a normal show~r. 

i.e., from 5 to 8 minutes' duration. 

> 

One drawback with the atomized shower device i5 of course that 

one hand must be holding the sprayer most of the time, but" this 

is no different from the popular telephone shower, and sh~res its 

advantages, i.e., its flexibility ta reach aIl parts of Jhe body; 

and ta wash childrep and pets with more control than is possible 

with the conventional fixed shower spray. Another problem is with 

soap. Our~findings eorroborate those of NASA's tests On t~e whole 

body showcr for the Skylab. 
, 

We found that a sudsy soap prolongs 

the rinsing operation and in turn uses more water. Consequently, 

in Test No.3 we changed from using Ivory soap ta using a glycerene 
:A 

soap. This enables.complete removal of soap in the time and water 

limit. 

Hairwashing was not ineluded in the test because it involves a 

different washing operation. Normally .it does not oecur a~ frequent-

Iy as body washing. Hairwashing Mould require' additional water. 

This would be the subject of a further study. 

, 
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2. Record of Tests 

o 

,a) Showerbnth Test·No.l 3 P.M., January 26,1976. 
'J.. 

Set-up: 

Precautions: 
1 

Procedure: ~ 

Black & Decker Compressor 
". 

Vo1kswa'gon 2.5 liter (0.5 gal.) water tank 

Nozz1e: S.S. whirljet 1/8A.5 

1/4" viny1 hase with Chapin garden hose control 

Ivory soap 

Emergency water backup: bucket 'and sponge 

Compressor set on higher level shelf ta prevent 

backflow of water into compressor. 

Nozzle control in "oIf" position. 

Tank filled to 2 liters (0.4 gal.) of water at 400 C 
a (105 F) then strapped ta showerstall post. 

Compr~ssor placed on higher level ~helf. 

Pressure 1. 3 atmos. (15-20 psi). , 

Liters Gallons Time Table 
(minutes) Operation 

2.0 0.5 

1.0 0.25 

., 
0.5 0.12 

NOTE: l,lb./sq.in. 
1 atmos. 

0.0 / Start compressor. 

0.1 Start spraying, from face down 

0.9 

1.0 

2.5 

Wetting completed - sprayer off. 
(c,ompressor still on) 

Start soaping, using facec1oth. 

End"soaping, start rinse spray. 

3.5 Supp1y !ine hase bursts (see page 90 ) 
Break happened on hose 1ine 1" . 
from tank between tank and nozzle. 
Cause: hot water concentrated at 
start of vinyl tube and softened it. 
Remaining soap removed with 
'emergency"atér. 
Drain and container functioned 
satisfactorily.!' 

a 14.7 lb/sq.in. (psi) 

, t 

94/ 

Showering time: 3.5 minutes (in~errupted) l 
= .068 'atmos. 
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b) Showerbath Test No.2 4 P.M., Februûry 9, 1976. 

Set-up: 

Precautions: 

Procedure: 

Pressure 

2.4 atmol. 
(35 pli) 

, . 
.34 atmos. 
(5 psi) 

2.4 Iltmos. 
(35 ,psi) 

1.4 atmos. 
(20 psi) 

Bicycle pump 

Volkswagon 2.5 liter (0'.5 gal.) water tank 
". , 

Nozzle: Estra (with built-in control tFigger) 
, 

1/8" vinyl hose, inoperable over 1. 3' atmos. (20 psi) 

Ivory soap. \ 

" 

Emergency water backup: bucket and sponge. 

Tank filled to l liter (.25 gal.) cold water 

then strapped to shower staIl post. 

Air pumped by tire pump manually 18 strokes. 

Pressure : 3.3 atmos. (48 rsi) on pressure guage. 

Liters Ga1l6ns 'l'1me Table Operation (minutes --' 
2.0 9.0 0.0 Tank set in place. 

Start vettlng. 

1.5 Wctting comp~e~ed. 
Spray off.' 

3.0 Soaping completed. 
Spray on. 
Start rlnsing. 

. 1 6.5 \ Pressure too weak to relllove soap • 
': 

1.0 Pump air into tank (20~~trokes). 

, 
8,0 ReSUllle rinaing. 

0.0 10.0 Rinsing completed. 
AU vater uaed. 

\ 

"> 
Q 

:> Showering tilDe: 10 minutes 

>'--- 1 , 

.. 
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c 
c) Showerbath Test No. 3 11:3

7
0 A.K.", May 18, 1976. 

Set-up: Black & De~kerrnompr~s~or~/ 

Precautions: 

-
Procedure! 

Volkswagon 2.5 liter (0.5 gal.) water tank 

Nozz1e: Stein n !M2l 

1/4" vdnyl ho e with Chapin garden hose control 

Glycerene soa 

Emergency water backup: bucket and sponge. 

Compressor placed on higher level shelf to prevent back­

flow of water into compressor. 

Nozz1e control in "off" position. 

Tank iilled with 2·1iters of co1d water (0.4 gal.) 

then set i6 cradle atop shower. 

Piessure 1.~ atm~s. (15-20 psi). 

Liters Gallons Time Table 
(minutes) Operation 

2.0 0.4 0.0 

1.0 

2.0 

1.0 0.2 
Il 

4.0 

'" - 0.0 0.0 \ 5.0 \ 

./ 
7.0 

\ 8.0 

\ 

'-1 

Start compressor. C11mb tnto shower. 

Start wetting from face down. 

Wetting sompleted. Spr~yer off. 
~ Start soaping. 

Soaping comp1eted. Start sRray for 
rinsing. .'"' 

Rinsing incomp1ete. No Water. Some­
soap remaina. , 

J èompressor off. 

Emergency water required to remove 
aIl remaining soap. . . 
Showering time: 8 minutes (interrupted) 

-~rey wàter recovery: 0.75 liter 
(3 cups @ 250 m1/cup) 

'. 
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d) Showerbath Test No.4 11:30 A.M., July ~, 1976. 

Set-up: 

Precautions: 

Procedure: 

~I 

Black & Decker Compressor 

Volkswagon 2.5 liter (0.5 gal.) water tank 

Nozzle: Steinen TM051 

1/4" r/J vinyl hose with Chapîn garden hose control valv'e. 
1 

G,~ycerene soap. 

Emergency water backup: bucket and sponge. 

Compressor placed on higher level shelf to prevent back­

flow of water into compressor. 

Pressure 1.3 atmos. (15-20 psi). 

1 
1 
1 
1 

Liters Gal1o~s 
Time Table Operation (minutes) 

2.0 0.4 0.0 Start compressor. C1imb into shower. 

1.0 1 Start wetHng from face down. 
, 

1.0 0.2 2'.0 Wetting comp1eted. Sprâyer off. , 
0 

3.0 Soaping completed. S,tart spray for 
, rinsing. 

j, 

0.0 0.0 6.0 ~insing comp1eted. AU soap off. 
C0ll!pressor off. 

7.0 Start toweUingj. 

8 •. 0 Towe11~n.completed. 

Total Time: 8 minutes 

Showering time: 6 minutes 
\ 
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e) Showerbath Te~t No.5 

Set-up: 

Precautions: 

Procedure: 

Pre.aure 

3.3 .~1II08. 
(48 pai) 

.. 
2.4 atmos. 

(35 psi) 

2.0 atmos. 
(30 pail 

1.7 atmos. 
(25 psi) 

Bicycle pump 

Volkswagon 2.5 liter (0.5 gal.) water, tank 
/' 

Nozzle: Bete F200 

1/4" vinyl hose with Chapin garden hose control 

Glycerine soap. 

Emergency water back-up: bucket and sponge •. 

Tank filled to 2 liters ( .. 4 gal.) cold water 

then strapped to shower stall post. 
" 

Air pumped by tire pump ma~ually 21 strokes. 

Pressure 35 psi on pressure guage. 

.J 

L'ter. Gallona Time Table 
(mlnutea) 

1.9 4.2 0.0 

1.2 ,2.6 3.0 

0.8 0.17 5.0 

0.2 . 0.04 8.0 

0.1 0.02 9.0 

0.0 0.0 10.0 

/' 

l, 

Operation 

Tank set in place. Fine ml.t coming 
from lIo&zle. Start wetting. 

Wetting co~pleted. lt required 
an thta time, 

Start aoaping. Control lac king .0 
.pray continués. 
Completed,aoaping. 
Start rinsing from face down us!ng 
band aad aponge ta acrape off soap. 

Spray getting weak. losing force. 

Spray t'o we'alt to use. S~lD at1~l 
aoapy. . 
Emergency vatel' required ta remove 
al1 rema!ng 8oap. 

Showering time: 10 minutes (interruptedJ 

1/ 
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l' oul the Texas coast 
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('ow!" New Orlcans 

1\ "the whole Florida 
\' look down on the en­

, Slates, a~lillcr from 
( "Like a spidcr web 

, 1 
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1 (,tuls and c.."stnb 

1 vlindrical furnace, the 
"'IJlélce A~e alchemists,. 
IIrr cryslals and al)oys 

:\0 ~ravily, w..t,h affects 
dify, ovens o~~);lh pro­
loys posse .. sin~ only a 

Ir potenlinl stren~h and 
,,'fects, sharply limiting 

cs and olher technolo-
ri or drastically reduced 
1 zero ~ravily, 

ly place for a sm citer, 
.. needs f.or thesc special-

IIC met with quantities as 
,Mcd or a few thousand 
r F:rnst Stuhlingcr, Asso- • 

Scicnce at Huntsville, 
ptoduced by the Space 

1 proves the feasibilit)', 
melts earth-formed crys­
allowing them to solidify 

Later, scientists will 
Ic-in-space" products, to­

and alloys produced by . 

m, never in perfecl hcalth, 
ymptom5 of anoth~r 1t)'1'0 

IC- rotaling whecls 15 occa-
sometimes with a "liule 

rs wi~h a less worrisome 
cure exists, . 

of the Vule 5eason finds the 
~,ts, On Christmas Eve, with 

G ~o,rt,phjc, oerober 1974 

Ali the comrorts, .. sort of. In a ' 
wfckly ritual thal provcd both boon 
and bane,l.ousma soapsupin ashow--

~ er stail. Faslening the eocoon to the , 
eeiling, be will riose with the spray. 

'5.,llI:ot in his leCt band, then dry off 
with a towe1 and a vacuum bose that 
sueks up drirting droplets, 

The lime-consuming process--4S 
minutes from start 10 finish-per­
suaded several astronauts to avoid 
shnwers in' lavor of rubbing down 
witb damp towels, . , 

eot1IlI"LM • 

NASA Design c~iteria: 

" 1. w"ate~ quantity roequi~ed foro 
complete showero is 0.6 gallon. 

2. ~ hand-held~ movable sp~ay n022le 
~s the most effective method of 
'dis~~ibu#ng wate~ on the body 
du~~g w~tt~ng and ~insing operoations. 
The most su~tabZe sp~ay pattern is a . 
25

0 soZid aone~ at a p~ess~e of 
apppoximateZy 20 psi. 

3. showe~ing operutions inaZuding dry­
ing and B..ho'Wero aZean-up should noV. 
e:caeed 15 mi,nutes fo~ ma::cimum croe'W-, 
man comfo~t. " , . • 

Skylab, OulpoSI on '''~ Fronl;~r of Spac~ <465 

SKYLAB'S ATOMOZED SHO~R. 
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3. Findings 

'. 
• 1 

As stated in ~art!IV, the nozzle performance range affects the bathing. 

1 The more forceful and larger' droplé't'. nozzles used water too fast for 

a sntisfactory shower. while the finer droplet nozzles produced a 

spray too weak to remove the soap in the required time and watet supply. 

However, in Shower Test No.4, the Steinen TMOSI nozzle achieved a"good 

compromise obtaining a, 6 minute shower with 2 liters of water. In 

.addition its right angle head proved most comfortable for handling 

and for reaching aIl parts of the body. 

Another nozz1e which we found to'satisfy the requirements was the Bete 

F200. Its greater impact Rroved more effective than the Steinen TMOSl 
\, 

in removing soap suds. This was due to the concentration of droplets 

'" in a fan pattern. The drawback of the Bete F200, however, ls that 

it does not have a right angled head. Of course this advantage or 

~isadvantage depends on the type of control valve handle used. 

The tests have positively dèmonstrated that a showerstall with ân 

atomizing device could be a plumbingless unit, and together with the 
-:. 

Clivus Multrum toilet could constitute a Iplumbingless bathroom • 
1 

In 
te 

fact, the shower unit could be used in any room of the bouse. 

The normal showerJuses about 50 li~ers (Il gal.) of,water and take~ 
/ 

about 5 to 9 minutes. This sho~er used 2 liters (0.5 gal.) of 

wàter for 5 toA 8 minutes. Tbis is a wat~f-saving of 96%. 

1 

~ 
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The tests have demonstraJed the feasibil~ty of the atomizing device 

to satlsfactorl1y cleanse tbe body. Both the showerstall and the , 

atomlzing equlpment tested were rather primitive, so further refine­

ment would be ~ecessary fdr optimum design pe~formance. 
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ELECTRIC WATER HEATER FITS ON COLD WATER SUPPLY PIPE 
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The general problcm was to conserve water' by using a nozzle to 

break up thJ wnter into a spray, thereby using a lower volume of 

wnter per shower. 

The specifie problem wns to select the proper nozzle. As a hypo-
,) . 

thetical basis, at the 8tar~, we used the 'performance of the NASA 
, ':\ 

whole body shower. NASA elaimed to shower a bather in 9 minutes 

with 2.2 liters (0.5g811ons) of water, at a press~re of1.0atmos. 

(15 psi). This ls a capaclty (f1ow rate) of 0.27 liters/~nute 

(0.06 gal./min.). 

We o~tained a duplicate nozzle to tge one used in the NASA Skylab: 

the' Bete W5080F, but were not able to' get the'performance claimed. 

This May be due to thé fact that we were using it at.grayity one 

instead .. of zero gravit y as they did. We did, however get near the 

performance claimed in the ma~ufacturer's catalog: 1.35 liters/ 

minute (.30 gal./min.). This flow rate was too high. 

o 1 

In any case, we knew roughly where to begin the search. We tested 

several nozzles and finally found a capacity of .03 liters/minute 

(.11 gal./min.) to be the range of nozzle performance we needed. 

This flow rate'is characteristic of the tangential whirl type nozzle, 

which has the added advantage of a right-angle head which when used 

with the Chapin valve control was comfortable for directing the 

spray. 
1 

The first one we found to satisfy this condition was the Steinen TM051 
1 

1.. 1 
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with a capacity of .135 liters/minute nt 1.3 atmospheres (.03 gal./ 

min. at 15 psi). In the show~ring test it performed well: a 6~ 

1 

minute shower using 2 liters (.4 gal.) 0J water. The,last nozzle 

testcd, the'Bete F200. performed even b~er because its fan pattern 

spray reduced the t1me and consequently the amount of water requ}red 

ta remove soapsuds in the rinsing 'process. 
7 -

Bath of these nozzles are inexpensive (about $3.00) and fairly 

simple to make. 

Did we ~ccomplish what we set ?ut to do? 

Yeso The use of atomization for washing and showering for water 

conservation has been' demonstr'ated. The water saving" ia 96% of thé 

amount used in a normal shower'. 

The hygienic properties of showering with atomized water have been 

demonstrated. The search for eq~ipment already on the mfrket as 

components for the atomized shower device was also successful. The 

testing of a device to match the standard of performance (2 li,ters 

or 0.5 gallons for 'a 10 minute shower) established by NASA for the 
1 

Skylab shower was not reached but serv,ed as guide. 

''''' 
The shower staIl proved satisfactory, but could have been of lighter 

weight construction for portability and etorage option. However, its 

drain and g~ey water collector did function weIl. 

How doee it feel to use an atomized shower? 

, ,Ir 

" \ . 
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The atomlzed showcr produces a differcnt sensutlon from the normal 

shower. Although the device is similnr to the telephone shower whlch 

dan reach close ta a11 "parts of the body, the spray impact i8 much 

less, sa thc needlc-like massage is missinf and rll softer flow of water 

i5 felt since the droplct size ls fi~er. During rinsing, the so~p 

cornes off more slowly and sometimes must be,wiped off with the help 

/ 
of a cloth or sponge sinee the weaker impact spray does not move the 

suds as fast as with the normal shower. But on completion. one has 

the same exhilaratlon and clean feeling as after the.Aormal shower. 

Perhaps it c!jluld best be compared to a gentle rain in contrast ta a 

driving rain. 

\ 

What further advantages does the atomized shower have? 

The concept of the plumbingless bathroom emerges. Although no piping 

for water supply nor sewer'hook-up for waste discharg~ are present, 

the little waste water which does rema!n (grey ~ter) is recycleable 

for garden irrigation or for coolin~ roofs or for fire-fightlng .. ~ 

( 

reservoirs. 

The watèr-saving shower and the elimination of ,~ater diseharge to a -' sewer s~rves as environmental plotection and energy conservation. , 

Less fresh water ~r showering saves energy in treatment and plumbing. 

Less hot water 18 used; and léss sewage i5 generated, which'co~serves 

energy used in heating and treatment. Consider1ng the 1ncreasing 

demand for water, the increasing cost of energy. and inereasing 

~~---------------------------------------------~_--,I 
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wnter qual1ty rcquirements dcmanding better trca~mcnt, the implications - , 

C "gt7 
~ for conservation 'by the wide use of such a shower system are very 

. , 

0 

, 

significant, especia1ly when prpjected over the next few decades • 

1 

Whût are other implications of the ûtomized showèr? 
IP 

. 
ln many parts of the world water supply is a p~oQlem and water may 

be a Scarcc and expensive commodity. This may be duè to climate 
, 

(arid), geogrtlPh~ (Far North), location (sea water only available) 

or circumstance (spacecraft, mobile homes) dnd also in emergency 

situations an~ where water iS'polluted. In aIl these' cases the low 

cost of a portable atomized shower or washing unit has distinct 

advantages. Existing water supplies could be greatly extended and, 

where water needs to be brought in, 1ess of it would be required 

than before. 
t 

As a basic necessity of" man not only for' survival and màintenance, 

but a1so f?r ~ea1th resulting from adequate washing,and showering, 

the atomizéd device would be a boon. This would lead to increasing 

the individual's energy and strength and raise"bQth the standard 

and quality of life in other 'respects, sinee he would be freer from 

immobility caused by disease. 

l' 
Economic growth potentia1 increa~~s rapidly as water Decomes mo~e 

plentiful, even in this way. 

Wh{lt chance of public acceptance has the atomized shower? 

" 
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We have seen in the case of ~ranby that certain bnrriers would 
, 

exist. To convert in emergenciés would be difficult but possible. 

To convince users to c.onvert at other tirnes w01Jld require' demonstration,. 

mainly of cost savings. 

In localities where bathing is minimal and disease a common condition, 

only by a long-range educational program can any new technology be 

accepted. ln Domestic Water Use "in the New Guinea ,Highlands,l okich"ar~ 

Feachem reports on introducing new technology into a ~ighlands clan. 

He report's that cultural habits inhibit improvement of the water supply. , /" 

Cited were fear of poison and of female contaminati~n in the water 

source. These accounted for minimal water use, for example, total 

per capita usage being 0.68 liters daily of which 79% iB drunk. 

However, not so resistant was a test group o~work~rs in Dubai, in 

1975. 500 workers were provided by the V.N. wlth inexpenslve ha nd-

pumped pressure sprayers from Taiwan which were used for showering. , ~ 

Documentation on this ls not yet available, but lt is reportedly.a 
1 

successful experimeït.- , 

, 
The photograph on pagellOshows Philippine children intrigued with 

, - . 
the idea of handwashing with a finger-pumped atomizer. Early 

familiarity with atornizers May reduce cultural resistance to new 
~ 

1 technology, which can help prevent future water shortage. , 

Despite potential cu~tural resistance and the time lag for n~W tech-

0010gy to be accept~d, the concept makes sense.' If the world is 
....... 
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to'senaibly organize its water use, we must listen to jhe words 

of M. 1. Lvovich~6 liA water crisis can be averted by an inte$ratèd . , 
programme of technolog,ioa1, biological and organizatio~a1 me8S~res','. 

The ~tomizcd shower 1s offered here as a \techno1ogical mensure. / 

Possible a lications for atomized 

l 

.II 

-iII 

IV 

Location 

urban 

rural 

rural' 

Water Supply & 
Pressure 

wat~r:main w/ 
pressure reducing 
valve " 

w/water taps 
w/pressure 
redu~ing valve 

w/water delivered 
regulbrly 
compressed air 

rural wild water carried bn ' 
vehicles 
'compressed air'or 
manual pump 

" 1 
! 

J. ; _1 .. " .~ . j) .... c:u:stJLU._ ; _ ," 3 ( .. '-.. : 

) 
Applioation 

1 < 

bt~hrooms in 
in industry, 
hospita16. 

houses, showers 
schools, 

bathrooms in houses 
showers in schoo1s. 

bathrooms in hou ses 
community showers 

vehicles, showers 
camp shbwers 

/ 

" 

-
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Summary of Conclusions: .' 

1. The ~tomized shower is feasible. 

2. Equipment for an atomtzed,show~r ls avallable on the market. 

3. Lo~ suds soap must be used to mlnimize the quantity of water" 

for rlnslng. 
, 

4. The p1umblngless bathroom is f~asib1e when the atomize~ shower 

is used in combination with the Clivus toilet. 

5. The ,atomized shower ls hygienic. 

6. Air ~res8ure oq the water should be l.j atmos. (15-20 psi). 
. 'I , t 

7. Noz~les should be fan pattern, ama11 orifice, u~der l.58,mm. 

:1(1/16"), right angle and witli capacity of ,about .135 liters/ 

minute (.d3 gal./min.). 

" '. 

- , 

/ 

8., Further research needs to be done on pressure sources,.hairwashing, 

\ 

'" 1 
-. J ---

Et 
\ 

.. _s 

, 
and multiple showers. 

1 

.. 

9. ~hower water conservation of over 90% h~s been dcmonstrated •• \ 
4 f •• 
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APOMIZED SHOWER UTILIZING BACKPACK SPRAYER AND INSTANT WATER HEATER 
o 

The lever operation makes pumping air for pressure easier than ~th 

other types of manuaZ pumps. The baakpaak unit woutd be wall 

mounted aZong ~ith the ~ater tank. The eleatria instant water 
\ 

heating unit is eaonomiaaZ where no other II1ater is to be heated 
by eZeatriaity as in aamps. 
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DIAL CONTROL SPRAY BANDLE 

This vaZve control is for seZecting plain ~ter or soapy ~~er. 

A third selection would be air for drying. 

An qlternative is seperate nozzles and base each in turn for pLain 

~ter, soapy water or air . 
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HANDWASH VALVE CONTROL is activated by the arms. It is 

preferred over foot and knee type pedals which caus~ 
uncomfortable balance. 

N02zle has flexible ball joint for aiming spray. 
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INDVSTRIAL APfLICATION ~f atomized handwashing spraye1's. 

with p1'essu1'e 1'educing deviaes g~ng wate1' washing faciZitiea 

can be aonve1'ted to using atomize1' nozzles • 

In neùJ instaUations" spigot, is '1'eplaaed ùJith tlJist "off-on" 

cont1'oZ at nozzZe. 
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TOILET WATERBOX ATOMIZED RANDWASHING 

For situations where anarobià toitets are used. 

ManuaZ type atomizep's tube ex tends into water , , 

box. It is used fop after or befope -toiZet 

hygiene. 
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,Atomized shower can be adapted to existing faqiLity 

by use of pressure reducing valve~ 
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APPENDIX II SKIN BACTERIA TEST 
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It \o1llS believed that a swab test of bacteria ~the skin before 

and after w8sh!ng could dem~nstfate that t~e atomized shower had 

as good'a cleansi~g capacity a8 the qP,rmal ~hower. With the help 

of the Dlrector of the City of Montréal Department of Health 

Laboratory, Mr. Maurice Bouleris, such tests were made of our skin 

us~ng Bell-P~rker r~agent material~ This 1s used1to measure total 

bacteria present in one t~st, and presence of,Staphylococcus ln 

another test •. The r,èsults were a~ they. not we, expected. The 

count of total bacteria increased from 260,000 colonies before 

washing to' 450,000 colonies after washing. We were then told that 

this test had.been done many times before so our results were not 

/ 

Stt'an~ely, no one knows wh,Y' this happens. Scientists say it does 
; p -. . / 

not prove that there ismore bacteria present on the skin after 

washing. but that the~e Is more bacteria' in the samples! of ,the 

water\aft~r washing. The theory is that bacteria which lie deep , 
in the po~es of the ski n' are stirred up and come out wheri wash~ng 

takes place. See sketch.-

35 
').. 

in tnree types. each having varying.chemical So~p i~ classified 

composition~ •. These dlfferent agents act as biodegradable soaps 

-whlch do not liaIt bacteria growth and can be broken down by bacter'ia, 

biostatic soaps which control the growth of-bacteria, ànd biosidal 

soapa which actually deactivate the bacteria. 
1 

On1y by using biosida1 so~p can the c~un~' of 'bacteria remaining 

, -. 
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after washing be less .. ;Tests show,- eaid Mr. Boulerie, that 96: 
, ,J 1 ... 

less baçteris are present af~er one w~shing with,soap conta1ning 

Hexaehloraphene. 

So we made a second test with the atomized 8how~r device aga1n 

but this time a bar soap,Gamophan,contai~lng 2% Hexachloraphene, 

( obtained on presc!lption from Dr. Boudreau of the MeC!ll Medical 

Department) ~as uS,ed. 
1 

" 
.. '/ 

As exp~cted, samp1e result~ taken after 48 hours in/incubation 
, 

showed a high absence of bacteri"a: about 95,% 1ess. Thus it has 

def1n1tely been shown that w8shing by atomized water with biosidal 
.s 

soap t:èduces bactel.'ia a/1 much as norma,l washing w1th b10sidal 

soap does. That ~s to say, the atomized shower device c~n be 

considered to givE!' as hygienic a wash as a normal full'-water wash. 
't' 

Tests were made at the City of Montréal Department of Health, 

Laboratôry on August 11 and ,18, 1976 • 
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before lùashing aftel' lffshing alter lùashinq 

bacteI'ia in pOI'es bacteria ôn akin to1ith ~i08idal. 80ap . 

(normal 80ap) fhexachlorapheneJ 
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