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L ABSTRACT . ' )
2 ‘ T ' . -
In order to reduce the amount of water needed ,
for individual bathing, and, in_turn, to .
reduce household consumption of water in areas ’
of water scarcity and in areas having polluted }
. i ~ water, the use of atomized water is proposed. .
w fe.
Combinations of pressure systems and nozzles -
for showering are examined; and bathing . ,
feasibility by this method is tested. Results //’///
show a water saving of over 90%. A . ‘
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AVANT PROPOS

Afin de réduire la iﬁantité d'eau nécessaire

pour prendre une douche et, donc, réduire la
consommation domestique d'eau dans les régions
arides ou les régions oli 1'eau est polluée, on
propose ici 1'emploi d'appareils d'atomization.

Différentes comb{;aisons de systémes de pression
et de becs sont mises & 1'é&preuve afin de dé-
terminer le moyen'le plugs efficace, tout em
utilisant le moin d'eau possible, pour prendre
une douche. Les_gésdlcats\démontrent une éco-
nomie d'eau de plus de 90%.
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INTRODUCTION AND OUTLINE \ \_\ . /

i . '
The' thesis is that atomized devices can be a gyeat aid\in /
\ .

conéerving water; and specifically in showering\, The f fst' v

~

Nexﬁ, Part III defines atomization and its dominant ,

N 2. . [y
! . characteristics and principles, and foguses on nozzles and - /

their performance. | - .
3 - AN

% \ | . (4
In Parts IV and V tests on nozzles and then their perform-

Do - v e — b

/ ance with pressure equipment for showering are reported.

;g”

& : \ ‘

& Part VI presents final conclusions and the thesis ends B@th ;oo\

g NPT "\ | / ! {
%, ’ i Appendix I, showing related design possibilities, and - y

e B = '

& Appendix II, a repoxt on skin bacteria'tests.\ A\ /“
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, 1. Water Economy

) |
Water shortage 1s generally the result of two major man-made

\

causes: population growth and industrialization. There are more

people wanting to use the available water supply while the water

is often polluted. ' -

In many areas which depend on regular rainfall for their water

supply, another cause for water shortage is drought. This is a
regular occurence in arid regions of the world. A lessg usual
case occured in the Québec town of Granby in 1975. A report on

this begins on page27 of this thesis.

g We should have a clear picture of the context of the water problem.

) The idea of a water shortage is deceptive. According to a lead-

ing Soviet scdientist, M.I. Lvov&gh?athé water resources on earth.
fully suffice to meet all of man's steadily growing needs for b
an indefinite time. But man, he says, must strictly adheré to a
correct policy of using water and reshaping the hydro}ogic cycle,

g which links up all parts of the hydrosphere — (the seas, lakes

and streams, groundwater, s;il moisture, atmospheric vapor) into

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

' ) the hydrocycle and its components. Maﬁ must practice extended

E; reproduction of suitable water resources. The water problem,

E1 Lvovich believes, cannot be';olved by one-stied measures but by

an Integrated problem of technological, biolbgical, and organizational
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. oo measures, This thesgis deals with a t ological measure. Thus

.

the water problem is one of wate

:

ecgnomy. .
| '4110"‘:“

The Table on page 6, from’a }9 1. World Bank Report, Water Supply

and Seweragéuﬁn 17 countries, reveals the following facts which

N
!

_bring-the problem into focus: jurban populations have been

increasing by an average 5;91, er year, reflecting substantial

!

"{fmmigration from rural areas/

.

' This creates an abnormal load on

, " the water supply.» In one thi

!

|
majority of consumers are seryed by public taps rather than by

d of the 26 cities studied, the

TRETR N TR, L,

*:

Y ! .
E home connections. Most taps [are not metered, and this results

X, - 4

%

% ‘ in careless drawing of the wiater, which makes for much wastage.
£ 4

g In half of the cities, more than 25% of the water /produced is \
{..;9

5 unaccounted for. Here is more waste.

%

; ‘

=
¥

I R R S

City sewage and waste from mines and factories may be regarded
{

-

+ as the chief cause of water pollution. A lesser|/caugse, but a

gr9w1ng and important one, is thé pollution created by chemicals : ‘

W

used to kill insects and to_fertilize crops. The water polluteé

/

. _“by these chemicals finds its way into lakesfénd rivers - bodies. \

of water upon which people rely for drinking cooking and washing.

T R

Increasingly, radioactive wa]teg from factories using uranium

'
i

have become a cpnsidefdble cause of water pollution. Pollutants

oo

Pt e

are absorbed into the beds of lakes and rivers. In groundwater,

1

they are ab%orbed into the earth where they disagpear from sight,
but move slowly and pervasively poison new streams and water.

The result 13 outbreak of disease.
! / -
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2. Water Supply and Sewerage

N ‘ . 4

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

mum amount of water for drinking and preparation of £08d. ~ Because
\

this minimum requirement is an absolute neceséity, 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. Moreover, in the case of water from

~

vendors, the price is so high (see table on page 11) that only

very small quantities are bought.

v

Domestic consumption is only one of the uses of water in urban
areas although.it is the major'ong; typically accounting for
- \
50-75% of total consumption. Industrial, commercial, and
' I

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

also important. Water is vital for many industrial processes. -

Where there is sometimes the—alternative available to large
- !
industry of developing a private supply, it is seldom cheaper
N .
than a well-run municipal system. Economies of scale are important

4

in water and usually favor a céncral system when all costs are
considered. The different time patterns of household and
industrial demand also make a central system the least expensive

way to sétisfy differing peak demands.
\, ‘ \

'

Because of the explosive accgieration of urbanization in many
. (Y .
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|' . developing countries in recent decades, the Eypical experience

is that service which ﬁay have been adequate at one time deteriorates
- !

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

‘capacity iq\increased. Once a system is operating above capacity,

’ \».fle\ the quality of ggrvice deteriorates for all consumers connected
| i onsy
[ to it. good example of tHis "network" effect is one large

. South Asian city which has lagged far behind the rapid growth of

the ‘urban complex and not been properly maintained. As a result,
an estimated 40% of the water put into’the system is lost in dis-

' tribution. Service is now available for only a few hours a dax
because the limited water is allocated by totation\to different
areas of the city. Consequently almost e@gry structute has a roof .
tank and many have pumps to try to suck more water out of the)

\ system. The cost of these facilities is enormous, hnd may exceed

! <

the incremental cost of a proper system. A few years ago, when

- v

the seasonal rains were inadequate, the very life of the city

appearéd threatened. Faced'with exhaustion of the reservoirs,

. \ .
contingency plans were made to move a part of the population out

of the city, and most industry was shut down for weeks. These
{ .
were the consequences of the failure of the witer system to keep

pace with the growth of the city. .

\ Even in less dramatic circumstances, the cost of inadequate water

-

facilities in terns of debilitafing\diggages. aBBOCiSted medical

) treatment and reduced productivity is undoubtedly high, but the A

[ P

. o )
1
. f i . )
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| . magnitude of these costs is not easily measured. The studies

1

which demonstrate in developed countries the public health benefits

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

s

benefits of adequate piped water from those of adequate medical
services, shelter, food, etc. Public,healtﬁ\benefita are thus
rarely included in quantitative estimates of the benefits of

P ’ . .
improved water. séfvices. As a result, water projects are often
f

penalized inappropriately when compared with the propects in other
sectors for which economic returns on investment reflect more

comprehensive measurement of bepefits; this may account in some

"

degree for the widespread inadequacies of water services in most

parts of the developing world."

A
3

N

~
3. Water Demand and Costs >

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

3

. \
example,rin“Dubai in 1975, a water-seller was charging $60.00 for

3,375 liters (750 gallons) i.e. 1+¢ per liter or B¢ per gallon,
That was enough water to serve a hoﬂsehold of 16 persons for one ¢
month. Only a fraction of this is used for wﬁshing; most of it

~

1slused:for cooking and drinking.

¢

Water supply is alsglcritigal on ships where a sufficient quantity
must be carried- for léng vbyages. The latest suﬁer-bhrgo shiﬁs

never put in to ports but\sre%suﬁplied\at sea.‘ Caravans and.
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/
/ \

trailers, \too, often need to carry their water supply along into

. v
' \

areas of arid desert or whére water is polluted. For example,

°

. i, -
' in tempordry housing for work gangs at locations for resource
development.

\

/ i except in case of \emergency. '

\\Of’great need also ig emergency water supply in disaster .zones

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

+

¢ but also because the impossibility of usual treatment results in .

) |

a polluted water supply.

LT

3 v

\
» ' E '
Spacecraft’ are the extreme example of the need for water economy.

“

S

, \ s
the water supply uses, the better. Accordingly,-Martin Marietka )

~ ¢

designers contracted by the National Aeronautics and Space Admin~
. bl q -

¢,

Herexkcompactness is most critical. The least volume and weigﬁéf

@strgtiodsiameEup with a water recyclable atomized shower which, \\

except for its zero gra@ity requirement, would be applicgble in »

rr 1 t

any of the cases cited above.:

3
'

' (SRS
The atomizing system used on the NASA Skylab is not on the iarket;

however, similar components are available and these could be

@ °

combined for bathing and washing gsvices. Further on in this

\ B “
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study some such products will be reviewed along with tests and '

'

evaluation of their effectiveness. , '

/

Were sugh atomized water devices to be‘used in places of scarcity

and pollution, then water demand and with it relative water

~

costs would be greatly reduced.

\

COST OF WATER TO CONSUMER . ', .
1

Py 1

Meteréd domestic rate
to customers served by
the city water system

Price Eharged'by water vendors

. per 1000 3 per 1000 3
U.S.gal. PeET . ys.gal. PR
Dacca §4.20- 8.40 - $1.11-2,22 35¢ 9¢
Kampala $5.84-14.16  $1.55-3.86 706 C1se
“Iétanbul ) . $3.52 $0.93 ) 35¢ . 9¢
§ingapqre - - 1 21¢ 6¢
typical U.S. D - "25¢=50¢*  7¢-13¢
typical German — . - 40¢-75¢ 11¢+19¢

, ’ Water Supply and Sewerage
: / \ . Sector Working Paper - World Bank 1971

°

* In a Washington, D.C. suburb, in 1976, the cost of metered water is
$1. 30/1000 gal.

2
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4. Water Use Data

%
\ i -~ . .
) Of most interest to official\%yrveys is the total water use and

its Qreakdown into domestic as well as other uses asg shown in

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

Service of Man.45 .
i ~ el
! .
Allocation of Water in a Large City
/, Use ‘ % of total
? )
' Domestic:~ Sanitation 167 X
’ Cooking, laundry, misc. 10% 44 N
/m\‘ . Household gardens . 18%
Industrial \ 22
, Commercial /// 18 .{r
Public (parks, street cleaning, etc.) 7
. g
. Hospitals and ingtitutions . ) 5
Primary production (market gégden, poultry) B
- ) ! -
’ * 1007 .
J

Whereas general water use has been measured by various agencies,
i -seldom is thexuse broken down by'type, i.e., the differentiatioﬁ
between water used for cooking, and drinking on the oné hand,~
and water used for washing and cleaning, or for toilets on
the othfr;‘yLittle doepmenéation is availablen/which eﬂplains

whz fiﬁdings given'hgre aré so digparate. This 1s understand-

!
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. abley since this degree of statistical|refinement has apparently
\ not }e been required by official ageuncies. (An excebtion’is B
:\\ the private study by the Ultraflo Corporation in comparing their
\‘ water-saviﬁ system (see page 21 ) to [conventional water use.)
/ \\\ | ' Mos; data is supplied from reports by|such bodies as Ehe World
\ \\\ \ Hgalth Organizatign of the United Natfions, the World pank, and '
. . \\ the Department of Health Education‘akd Welfare of thé United
i A States. . N
1 I \\ N
% ‘\Q?o§t half f?e Q?ter congum in urb+n homes is used for flushing
; . v téi;ets. hé\femainder is used for Homestic purposgs,/i.e.
E: \ ‘ ’ driAQ;Pg, c!oking, cleaning,ﬂwash ng] and bathing. Washing \
: \(féhe ;hﬁ\hands) and bathing (whole [hody) account for 30% of
| “total domestic water used.
\
b Daily Water C§h§umption per Person -
3 Bathing 70 liters (15.5 gal.)
. Toilet flushing \\\;10 " (24.4 gal.)
Géwashing : \\7+\ " ( 1.5 gal™
Laund;y - 28+ " ( 5.2-ga1.)l
) LI . L
Cooking 15 " ¢ 3.3 gal.) ‘ :
Dishwashing 12 " S (2.6gal) ‘ }
Garden g (1.7 gal.)
. TOTAL 250 liters“ (55.; gal.{

Bathing an:;randwashing 77 liters (17.0 gal.) -

.Bathing an handwashing for family of four: 308 liters
\ (68.2 gal.)
N (
- EPROM Regort Minimum Cost HouJing Group, s i
McGill University. \ -
!
TR AT L P T S B g e .



o
P IINRTH MM ey s

?

1

'

:

3
L

' los |
. i Domestic water use on world surveys varies, but the average recommend-
q \
16
: ed by Wagner and Lanois in WHO Report #42 and the one most ysed "
EI - for planning criteria is 250 liters per person per day (55.5 gal.).\
}
) 0f course needs vary for cultural and regional reasons. li
15.' ".l '
% ;
! ~
|l -
Source Author Conments Cal./day Liters/day
! ‘ > Dieterich &
WHO Report #23 Henderson N.American household 40,0 180
™ 11963 _
WHO Report #42 Wagner & houses w/i handpump 8.4 38 ]
©  Lanoix/1961 *  w/1 faucet . 10 57 -
| "  w/h.&c.water:
’ kitchen,laundry,bath
. ° HW.C. 42 190
o, Recommended . 55.5 250
The World's Water , Lvovich/1973 Cities of the warld 33 150 !
. , . Rural areas 11. 50 - }
; ‘ 5 Norm 44 200 i
. p (urban average incl. :
: all vater) (88) (400)
Water_Supply & Sewerage -=/1971 in 17 cities (S5.Am,)
World Bank incl. public taps 20 93 )
U.S. Joint Commission H.E.W./1954 rural w/taps a2 190
on Rural Sanitation D e ’
Enquétes.sur les Congommations NéVeux/1954 urban 54 248
d'eau Potable en France
Countryside , Belanger/1970 plumbing system?® 3 135
Whole Earth Catalog | under pressure
| (see p.14 in thesis) R
Ecology Bulletin -=/1973 typical N.American !
Ultraflo Corp.U.S.A. family w/3 childzen 75 337 &5
Yo »
. Water Use in the U.S. in 1965 Nov./1969 Western USA ' 147 662
Journal American Waterworks , Eastern USA 90 405
Aesociation
. ) S
Y
"Very low values tend to reflect a grossly inadequate supply rather than actual demand
) L)
for bensficial use; the higher values tend to reflect groes water waste”. \
- ' . Hflo llap;)rt 23 . i
- - .
- 5
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Here's a good example of how availability incréases consumption
\ (and waseh): wﬁen water has to bg carried from a well, average
| . usage 18 36 liters per day (8 gallons). When a pump is put at the
pq‘i_kitchen sink, consumpﬁion increases to 45 liters (10 ;zllons) per
person per day. Put in a faucet and that figure goes up to 54
:liters (12 galloné). Introduce hot wateﬁ/in the kitchen and
you'll use 81 liters (18 gallons) a day. But---put in a comp1$te

. 1
plumbing system under pressure, and usage increases to 135 liters

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

o 1« . 4

(8-20 galf%ns) each time the bathtub is used, 13.5-22.5 liters N
. L] S

(3-5 gallons) each time a toilet is flushed and 4.5-9.0 liters / ;
) ’ ’ . 3
(1-2 gallons) each time a bathroom washbasin is used. g
\ ‘ $

’ Countryside by Jérome Bélanger - g

Whole Earth Catalog §

‘ :

3 3

hed
phs

"
R T

Expected water withdrawal is egS&mated at 18 liters (4 gallons) per

person per day for a hand operated pump in a small locality with

’
a population of less than 2000. For villages of 200Q§ﬁ0 000 a

piped water supply should provide 68 liters (15 1 gallons) per
Pad | iy

person per day. 'Standpipes can serve 150 people each.
U’}(zz -

‘ WHO Chronicle #217 19637
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Breakdown of water quantities used for cleaning (per person p;r day

4 \ Source ‘ Shower . Bath  Handwashing
%, A _ Ultraflo Corp., Sanduéky, Ohio S4 1. (12 gal.) - 6 liters
4 Data on ordinary facilities - 5 minutes (1.3 gal.)
b )
§ NASA 2.5.1, (.66 gal.) - -—
- Skyl?f Shower: AN 9 minutes
s * . .
g ‘ Minimum Cost Housing Group, - 70 liters 7.5 liters
% McGill University , (15.5 gal) (1.6 gal.)
: EPROM . . R
3 - ", Minimum Cost Housing Group, ) o
Y ® McGill University -
Data on ordinary facilities 10.0 1.(21.9 gal) - 5.0 1iters
- - (1{1 gal.)
Minimum Cost Housing Group
. McGill University
Ecol Operation
\ Data on spray facility . 15.0 1.(3.3 gal,) - .05 liter
s . ) (0.1 gal.)
NOVA ' .
Data on ordinary. shower 94 1, (25 gal.) - -
~ . . . (10 minutes)
MINUSE
Data on ordinary shower 94 1. (25 gal.) - -
(5 minutes)
: PERSONAL use in ordinary ’
. facilities ~48.15 1,(10.7gal.) 112.5 1, 2.8 liters
¢ (5 minutes) (25 gal.) (.6 gal.)
[} . !
A v 4
o LT . .
| o @
. 5 . . )
w55 9 ‘ : N
~ ad e
N ¢ & ’ , )
’ ~r v Y v - ’
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/// s -«
/‘ ///
Quantities of water for daily peéggnai/;;; by the author:
Brushing teeth 2.8 liters (1/2 gal.) X 2 = 5.6
éhaving 2.8 " " X1 = 2.8 B
Facewashing 2.8 " a X2 = 5.6
Handwashing 2.8 " " X3 = 8.4

—

,Tub Bath 1/wk

Hair Washing 1/wk

‘

-

22.41iters
(3.9 gal.)

"112.5 " (25 gal.) X 1/7= 16.1

13.5 " (3 gal.) X1/7= 2.0

-~

40.5 liters/day
X7 days .

283.5 liters/week (63 gal,wk)

=] - i

f

Rdnning water amounted to about 1/4 full bowl.

These personal gmounts may be less than average.

ke et

TQ%/iavatory bowl holds 9. liters (2 gallons)

; { .
Most washi:gfoperations filled bowl about 1/4 full. )
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‘ 5. \Dee‘ices for Water Conservation

t,\""-
_Since the problem of water shortage focuses on domestic use, that

& P

! |
being the greatest area of utilization, it is mainly here that

[y

steps have been made towards better water management. The great-

est use i the ﬁome is for flushing toilets, a use nog vital to
i ; Man's survival. ’Alternative méthodp of flughing with less water
’ have been p;oposed'but only ﬁodify the situation slightly. Aerobic
gystems such as the Clivus Multrum mouldering toilet offer a
‘"definite ;dvantage, since they use no water at all. Howeve%,“

difficulties arise for thege systems in new urban installatioms,
1 . s
particularly in high-rise situations. The waste. collection raises
' /

/
~

. problems. : N

\ ‘ N .
“ Devices for conserving water at the point of use have been offered
- ¥ - - ] ’
. which greatly reduce waste due to inefficient devices, as well as

} "iaefficient use. Also, reéuction in the quantity of water to do

\ . |
~ the same task is propoged. Some of these devices are, for example: .

“
¢ N o

; ? Fordila Middleway faucet
- Ultraflo plumbing system

Py

Minuse Shower

Nova showerhead

. Dole pressure reducing valve

_ANSTILIT . 70 T RN R U e M

Watts pressure reducing valve

A / -
' . 4 ’ - .
Two other water savers which are in regular use are the front~loading
} ' - -
> * dishwasher (in preference to the top-loading type) and the pedal . .

=i

18
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operated faucet.

But kf more relevance here is the remarkable wate;-savihg shower in
the NASA Skylab which used 2,5 lfters (1/2 gallon) of water for a

9 miéute showerbath. The precedent for this was first conceived

of by Buckminséer Fullerlind tested by his students at the Institute

of Design in Chicago in 1948, Hig Fog Gun could spray at the rate

i

of .56 liters/minute (1/8 gallon/minute). (see pageg? ) )

Y

Devices for atomization of water would make it possible to extend |

greatly the water supply in developing coﬁnéries. Clean water shipped

o

in containers can overcome the shortage due to polluted water, and

water atomization devices could extend the supply while at the same

time- lowering its relative cost. /

-

. | )

This is am answer to the problem of water shortage. ’
- ; :
£
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. Dashpot~__
Piston—__ I
, :
C Ball check valve~—
- Silicone B
~

Cylinder—

. \\ K
i {
;
. / :
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}
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The Y¥ordilla Middlevay faucet is primarily conderned with preventing \ -
wasteful running of unused water. It oferates with a spring-loaded
button, which automatically shuts off if held down longer thdan 5 to
10 seconds. It discharges approximately 1 Liter per time. .
-—~Ford Meter Box Co., Inc, * ’ A ' g ‘ .
Wabas,h, Inda ~
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. N \ \
¢ S " Typicat Ultratlo installation - o .
o PUSHRUTTON . Typical Ultrafio instaliation wUsHaL ~Sov PASEL
. v l* » ~‘u . ’n \ , . ¢ L - .
a . /
| + N ™ B
' . SOFTCOPPEROR . .S
> PLASTIC SUPPLY s '
. . , LINES YO FIXTURES KITCHEY SINK- |}
. N 1410
g
. LAYATORY 12v.
v 0 g'x! VORE
/
TUB SHOWER I \
38’10 37"“""‘"“' ! f 1 SUPSLY LINE =
\ COLD warra HOT WATER ULTRAFLO .
KRGO A VAL e !
b BY ULTRAFLO | &v virRaRo x | PUSHBUTTON PatiEL | 7 v
\ ] ERDCARS
. s HOY —_ \ \ : / T
\ g&L’gL\{JAFTESM cowo coLo HOT MANIFOLO LAVATORY 1 371D -
[ WATER METER MANIFOLD ¢ |
! Py RELIEF.VALVE - \WA‘E. TANK
i OUTLET . \
i
C' N
5
ud
H
There are esght buttons tor the hitchrn sink When OFF
] - bullon s pushed, the only waler tettinthe hneisin
’ ' the 3 11 sectron belween waler lank and valve umit
\;\\,"?* s
%{i% f:" @ l
. ‘ . &l"
‘ . ] oy ﬂs
. ‘ ' The Ultraflo system uses an eZectrw puah-button control and 3mall
¢ supply pipes.. Waste is prevented by eliminating the running of water
o to get desired temperature. Solenoid valve near. water heater responds
to push button and delivers water at preset temperature. .
.y . ‘ o ~ ¥
Ultraflo Corp., : : .
~  Sandusky, Ohio. [ / _— ' ¢
! ' - ' . y
o R " . .
R ’ i b 21 ,
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746 Viinute Sthowor does 2!

Mhm means Minimum Use .. . ahd a cleansing, luxurious | s’mor ata
water flow rate of only v, gallon per minute . . . h Minuse,

i[Conventional shower

i Minuse shower

5 minutes « 25.0 gollons of water
5 minvtes « 2.5 gallons of water

22.5 gallons of water]!

liSavings per 5 minvte showaer

The Minuse Shower (patent pcnd-pg) repvémm new “statc of the .m"

wechnology which can best be dcscnbcd a3 conservilion technology dedi-
cated to solwving based p ‘&a true ccanomic sav-
ings. The applcation of lhn l«:hwlogy has peoduced 1he world's most

n:-em which a d
enem overthe ordinary plumbing fixture. ~

lic 90% SAVINGS in watcr and

Bathing Is ee second largest consumer of water * the Mmhold and the *
largest (exchusive of heatingand cooling) consumer of holsehokd encrgy, |
Reduce the watee used i hathing and you save thice valuable eesources . . .
WATER, ENERGY, and MONEY, Reduce the water used in bathing and you
plectively expand the “capacity” of sewer and séptic systems by reducing
sewage cfffwent,

The Minuse: Shower can he readily lmqu any new constiuchion and
- tetrofitted i almost any existing shower, - N

. AN
/ﬁ ), INUSE SYSTEMS, INC. ' J

a e vme v e s P

' \

The water igsues from three orifices.in the nozale head.
blower

flow.

An air L

imparts additional velocity, smlatmg a conventional shower
Its rate: of water conawrptwn ig 1.8 liters/minute ( .5 gal,/min. )

¢ \ E A '
Min Syst I BN ’
kS L ] .
use Sy ems,lnc., i o . , :
Jack c . : ’ ' T e
ackson, Cal. . ) . ; ‘
- i R o , 1 ; i X
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The Nove showerhead reduces water consumption ‘at- the point of use.
Its constructwn allows nozzle adjustment from "ftne needle” to

"soft m.nse " and has a button eut-off for the s
Its capaczty .at 1.3 atmos. (15 pei) is 6 liters/m

m.n.),‘ .

3

PR}

Jay Norris Corp,,

/\

Ecological Water Producte, Inc. R

Freeport, N.Y

A

'

Ding-up period.
inute 2;1 35 gal./

.
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Flow Control Undar
Manimum Pressure

Flow Control Under
High Presasure

Q ¢ -
DOLEFLOW REDUCING VALVES "y

Water volume reducing valves for retrofitting
household fixtures

A

E.T-N

Thzs water flpw reduczng valve can be Fitted onto existing fixtures.
It would reduce the pressure independently of other fixtures. "It

18 recommended for all fixtures people tend to let run independently
of ‘volume delivered fbr as long as they need washwater.!

Eaton Corp., \ ) : . .
Carol Stream, I11,

s par e Wyt 4L eatire



' | - Sensitiva spring and
4,7 large dhaphragm ares . : \
),., provide for sccuraly
pressine control and ’

wide Tonge of adjust-

High . Temperature
menl.

resisting diaphragm
for hot or cold

]
fenewable nickel allny sest
. . Mighly resstant 1o
abrasive aclina of silt and
olher foregn matter . |
Increases service life. N

| THE V-5

1 .
" Bronze body ‘lue integrat  stantesy
construction. Disc  holder ’ cemovable for steel straner screen
- replacement of disc without easily semoved for
\ dismantling the valve —no cleaning,
\ ° special tools required.
f ) -
: ! - )
Ly : WATTS PRESSURC VALVES < WPATTS recurargs comeany -

- - . .
Water pressure-reducing valves for water and
~  fixture-saving purposes . .

N - @ﬁ ) ;
] \ | ) ) \ ; | )
The Watts pressure valve can be used to reduce pressure on independent
’ fixtures or on the whole house syaterlr@ '

7

Watts Regulator Co.,
Lawrence, Mass,

i
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.. It is interesting to note the water use standards adopted by the 4

World Health Organizatiog in the following statement for emergency

-

programs for disaster areas; also, their preferente for showering
e . . y
over bathing: "As sodon as the early days of emergency have passed
N . [

and the water supply has been increased restrictions should be
lifted, since there 18 a correlation betweéh water consumption and

'élganlineas on the one hand, and‘%%tween cleanliness and the incidence

P

:
¢
¥
Iy Y
;
¥
'
;
§
]
3

of diseases on the other. 'With no restriétions the use of water

may approach, 100 liters (22 gallons) per person per day.

[ - Voo X . \g

Recommended standard for showers is 20-30 liters/person/day (4.46~6.6

* gallons). Recommended fiitureodistribution is 1 handbasin/10

N

persong; 1 showerhead}SO persons’ in temperate climates, and 1/30

l " persons in hot climates. )

v

"

Showers are preferable to baths both for sanitary reasons” and éa‘

]
save water. ...everybody in camp bathes at least once a week.

In hot climates cold water should be sufficient. If hot water

. is.provided, 20 liters (4.4 gallons) should be supplied for each
\ A
v . ‘bath; over-all qonsumpﬁion of water for bathing shquid be calculated
! - -y

on the basis of 30-35 lite}s/per week (6;6-7.7 gallons)."




6. The Case of Granb | ~ . . °
s ’ -

Upon hearing about the sudden wa%ef shortage 19 the town of Granby

in the Québeé, Eastern Townships, it was decided to offer our

research to the services fo the ﬁayor. Possibly devices for atom-
k§_ization Pf water could he&p. Emergency nozzles could be”attaéﬁea\

to faucets and the Town water pressure could be lowered.

. . o |
' \

o

' \ \
Mayor Trépanier and the.Town Engineer agreed to meet and discuss

the proposal for immediate realization. Literdture, notes from
' TN— -

reaearﬁh and spray devices were shown and demonstrated at the City

Hall. 'The following data was obtained:

[y

Present Granby Population: 37,000

- Projected Population: ~ 75,000 A

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

being filtered)-it has not been chlorinated but Provincial\law now

’ N

requires it.

Water use is 6éinly divided equally between residential and industrial

R . 4 o
use glslindustries).\ The largest industry consuming water is a ' .

dairy coop.
-

ResiQentialJConsumption 8 million litere/y? (1.8 million°gal./yr)
Industrial Cbnspmption 7 " " " (1.6 " " ")

: Hospital Coﬁsumption ‘ 6.5 " " " (1.5 " " ")
Conve:n:,of 150 people ) wm (2.2 n " ")

~
S ™~
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)

a\fpparéhtly some supplies are metered. Average individual resident-

ial use is 450 r&fers/day (100 gal./day)*, more in summer.

Individual use combining residential and industrial is 1125-1350

liters/day (250-300 gal./day). °

Water shortage caused by drought in relation to demand. ‘This would
not have happéned 10 years ago. \
. ¢ .

As to solutions, the first was all ingustries agreed to volunt&ry' '
water rationing (see page 31 )some reduced as much as 80Z their

regular daily use. Some of the main valves were closed off. Proposals
for other action were studied but found too costly: for example,

importing water by‘train tanks; drilli?g wells, buying water and

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

11¢ a liter (50¢ a gallon).

a

Mayor Trépanier would have liked to have ‘known about atomizer

?

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

He says it would be useful for architects to specify such devices but

the city cannot force people to install them.

\

Before insé%lling them, the Town Engineer felt the results of metered

water would prove to people tha necessity of some such.devices to

save ‘water (and money).

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

!
~ 1if people we*eirareful to use the minimum amount of' water necessary

-./it would be 4.5 billion litérs/yr (1 billion gal./yr).

37
* compared to MCHG study showing 250 liters/person/day (55 gal.person/day)
“ |




s
" LA l
. bl

Agked if atomizer devices installed as an emergency measure was

feasible; the Engineer said it depended on how long the emergenty

(laSCed.

\be problems: where to get the devices; how

install them (say 7,000 to 8,000). Also the probléﬁ of finding enough

plumbers. He repeated.it would be best to have architects specify

o

atomizer devices in new construction for industry as well as new

communities but that meters would dispose residents to buy them. ~

Tax incentives could also be used.

So the concept of using atomizer devices as
be workable depending on the degree of emer
easily predictéé as after earthquakes, the
For limited emergency in an established co
matter of cost,aso a feasibility stud; was
possibly .supported by industry.
\k \

The Mayor was very impressed with the idea
very enthusiastic. The Town Engineer point
would mean reducing water pressure,

The pr

gravity and varies from 40 to 100 psi which

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

(100 psi) for fire sprinklef devices.

\

Granted, since the greatest expenditure of

v

toilet watétl;eduction is a higher priority

It would have to be over 3 weeks in Granby.

o

There woulg

long it would take to

»

<

emergency relief would .
eﬂzy, where duration is
easability is certain.
upity, 1t“wou1g be a
uggested by the Mayor,

-—

¢
v

nd the devices and was.
d out that the’devices
psgure in Granby 1is by

is the same as downtown

bater is in tollets,

than devices to reduce

|
l
|
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water used for bathing. MHowever, the exercise proved valuable in

N .
expanding' information about possibilities for realization and in ‘ v

aa
&
PR B

establishing the\lével of priority of this thesis' propoéic}qn,

as
- B ¢
far as one town 1s concermed. . .
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. * RE:  CAMPAGNE DE CONSERVATIOM RLEA 1J S

A L'OCCASION DE LA REUNION TEMUE A L'HOTEL DE VILLE..
MARDL SOLR, LE 26 AJT, 1975, CERTAINS MANUFACTURIERS

/ ONT ACCEPTE VOLONTALREMENT DE RECUIRE LEUR CONSOMMATION D'EAU,
NOM ) CONSOMMATION A ACCEPTE DE CONSOMVATION SI REALISE,
QUOTIDIENNE REDUIRE DE—~ -REDULTE ECONOMIE DE~—
— - PAR JHR
— n X
1 | COOPERPATIVE: !960.000 50% " 480,000 430,000
AGRICOLE .
2 PEETERS TEXTLILE 434,972 750% 242,000 242,000
3 mne;mosa WORSTED [344, 320 35% 249,661 134,659
S :
T4 | ESHMOND MILLS 300,883 35% . 195,578 105,310
} : — .
5 | HAFNER FABRICS ]231,411 S50% .5 ¢ 140,705 140,705
o )
6| THOR MILLS 229,150 45% 126,023 103,117
7 | SIMONDS QUTTING .|224,536 T 55% 101, 052 :‘%%%23,494
TOOLS _ _ , Y
B8 | KLOCKNER- { 30,249 70% 74 705 . 22,748
MOELLER i ' - ‘
T 9| FEDERAL PIONEER ]| 247983 504 12,500 12,500
t 10| J.L. DeBALL 141,560 35% 92,104 I 49,546
11| BURLINGTCN 201,755 35% 131,150 70,614
; INDUSTRIES : 2
12| EPSM CO. 1]169,923 50% 85, 000 . 85,030 .
I3 | BoW PLASTIC i 199,261 60% 59, 705 39,556
14 | VIVA KNLTTING 23,831 . . 0% 28,331 -0-
15| TREBOR LEEDS 24,390 50% 12, 200 12,200 .
4
16 | POLIPLASTIC CO. || 49,253 60% 19,710 29,551
17| CRESSWELL-POMERO) 34,242 ” - 10% 10,273 23,969
18| STEEL HEDDLE CO.| 28,094 i 50% 14,000 14,000
19 | MINER RUBBER 92,399 80% 18,480 73.}1}_\
20| PLASTUBE 26,982 .80% 5, 589 593
(TWIN-PAK) F ’ T - ,/?X'
’ ) TOTAL: __ 1.842,691

) !
L' ECONOMLE ACCEPTEE VOLONTAIREMENT PAR CES 20 INDUSTRIELS
SERALT DE 1,842,691 DE GALLONS D'EAU PAR JOUR.

TOUTES LES AUTRES INDUSTRIES PRESENTES — 55 ~- AUSSI ONT AC-
-CEPTE DE REDUIRE LEUR CONSOMNMATION D'EAU D' ENVIRON 50% DE

LEUR CONSOMMATION NORMALE SANS REDUCTION DE LEUR PERSONNEL.

o
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1. Bathing and Health- N '

»

A

Bathing has usually been regarded as related to health but it is /

' ‘also a pleasure, a gocial activyity, a ritual. Baths wete used

! for cooling and warming. The Turkish steém bath, the Scandinawvian

-

sauna, the American Indian sweat, were intended to oﬁen thg\pores

[ i

of the skin and to promote s@éatigg, thereby removing poisons

and dirt and leaving one feeling exhillarated. . - * ~ o

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

leaves the dirt in the bathwater, from which the bather emerges

with some of the dirt clinging to

rinses outside the tub).

his skin (the Japanese bather

Showers are a relatively.recentjinvention,

and an improvement, hygienically, on the con{?mporary bath. ?n a

shsweé, t§e~dirc is washed away down the drain while the bather
is continuously wet witq clean water. Also, the shower is more
slihulat@ng to the skin, because of the impa;t of a needle-like
spray. This mild massage leaves the bather feeling invigorated.

Another advanfége of the shower over the tub is the ease with which

: l
hairwashing is accomplished. -

%

In both the bath and the shower, the purpose is to\use clean water

(with soap) to produce clean skin. But what are/clean water and

! !
clean skin? The measure is relative, so the concept is deceptive.

To understand this feihtivity, we must look to the science of -

Microbiology. dlean water %s ofteg measured by the amount of
\

\ i
i

L)

L

P
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£ 4

E. Coli bacteria present. Skin clea‘liness has not been so easily
measured. . .

Reports of water shortages geldom refer to the effects on bathing
habits. ‘Most deal with cooking and drinking needs, 1In many develop~-

S |
ing countries, bathing is carried out in nearby rivers and ponds,

often where f103aé\altgggggg_!igh_g;gughggi\ In some casés villages

- are not near bodies of water and bathing is ﬁérfuﬁcﬁory, most of the

/
y Most diseases associated with the drinking of polluted water can

]

1
"~\__~_ / bought water being used for cooking and dtinkiﬁg;

»
’
.

~

also be got from bathing with that water since it has the opportunity

| \

of entefing all of the nine orifices of the human body as well as
through sores anq cﬁts. Porés of the skin also are likely to absorb ’

pathenqégpic microbes. A case in point is seen in Hassan Fathy's e

book Architecture for the Poor: 12"A11 the‘ water\‘of Egypt 1is 1}1fested
with cerc;ria, orwbilh rzia worms, Qnaaevery peasant works ;;d
bathes in this infest dnwater. In tﬁe hot‘summer _everyone bathes. '
in the carials and ponds. Children esp%cially paddle and splash
. about in every patch of water they can find, in ditches, puddles i
and stagnant pondﬁ. ‘Since it is pFactically certain that ;hyone |
who stands for ten minutes in an Egyptian canal will concract

< )
bilharzia, 1t is not surprising,that the incidence of disease is so

high."
;o - Even if disease does\ﬁqt enter thﬁ body in this way there is still
. 8 'r> =
- \
- /
N ., / \ ¥ 33
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~fhe,possiﬁility of disease rebﬁlnyng from lack of washing. A USSR
‘ space flight hygiene ;‘epoi'tsﬁn prolonged restriction of. washing | ‘ o
"makes this clear: "An active source of contaminatfon of the skin is
¢ the skin itself. Proéucts excreted by tgé sweat and sebacceousu \
glands and algo particles of desquamated epithélium{ and hair constitute
an important source of contamination of the skin. Tﬁe samples of micro~
R giora on the Eest sﬁbjects' skin surface and qnderwear consisted main-
ly of saprophytic speciles: ;Staphylococcua gpiﬂermidif, Qtaphy—
lococcus ales,'dipthetoids; and Sarcipa. The test suﬁjedéh ;eveloped
3 ' (after 60 days) skin diseases which are fairly widespread undeé
.normal‘ condieions of life. The commonest disease encountered yga
; . . follicilitis mainly in the region of the buttocks and thighs. Other
\diseases found were: furunculosis; Qtreplococcal interigo; acne
vulgaris; dermatitis and fungus disggses of the feet." .

Although the skin diseases found after prolonged non-washing of

/ the subjects tested did not interfere yith their work, it can be

N effect on their ability to work.

1 .
. 2. What is Clean Water?
|

o

'»

- "

THe WHO Guide to Sanitation in Natural Disastersldescribes water

~

| \l treatment in emergency situations: . “The purpose of disinfection is

-to kill pathogenic organisms and thereby prevent water-borne diseases..

4
l N expected that over a much longer period it would have a deleterious
4
4




-~

[ ' - 1 ‘ l - ' |
N , : :
. ) The disinfection of water can be dccomplished by boiling or by chem-
f s . N 3 ! i '
ical treatment. Chlorine and chlorine~liberating compounds are :

. ' \

A
the most common disinfectants.

f
1 t ' h - 3

. ) N

'

~ Until the labbratory facilities of urban water supply systems can
be restored to normal operations, complete tests of water samples
. Ay . . .

RN ' , should be made at laboratories in the vicinity of the disaster area.
' ' ' I

The most important tests to be carried out under emergency and field

conditions are:

. ‘ : ‘1. determination of reiidyal chlorine (free and
i ] \(cqmbined)

Ty 1
A

*

N

2. bacteriological examination for coliform bact%tia.

1 |

‘hydrogen-ion goncentraéfbn.'

3. aetermination of

4. determination of type of alkalinity."

R

[RUNPS

*  GClean water is a relative term involving chemical and bacteria- -

logical quality and quantity. The atan&ard, for diséasewprevention,

' -is the count of E. Coli present - a bacteria found in the typical

human faeces. The following table shows the relacive~amounts . /

{

N

permissable and desirable. /

¢ //
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\ ' u‘ ~ Surface Watetr Criteria for Public Water Supplies
- ~
Microbiological factota Couiit of coliform organisms .
and fecal coliforms ~(total)
(E. Cold) . -otat).
: ' ' 'E. Coli . Total COIiforms:Present
" permissable . 2,000/100 o 10,000/100
count | ; . .
desired count © 20M00. . ) 100/100

2,000 cblonies of E.Coli

NOTE: read as per 100 cubic centimeters of water /

‘ N - ‘ ' . ™~
' 10,000 colonies of combined pathogenic and non-pathogenic
and organism

. per 100 cubic centimeters of water

\ " i

“
¢ -

From Report on'Commission on Water Quality Criteria, 1972 USA
~

\

. N J /
B

3. Microorganism in and on Human Beings . D

| . v )

N », -
t

-

.»

\" ’ 14' I.
Frobisher .and Fuerst in Microbiology in Health and Disease dedcribe\L;

microorganisms' relation to thé'human body: " Numerous,micro-
organisms find their optimum (and for séveral’ pathogenic species
/their only) habitat in or on the bodies of man or of animals.,‘The

\ healthy human body hearbors millions of micgoorganiomh on cﬁe skin,

in the mouth,:eyes, ears, genitoﬁrinary tract, and_in‘the—inﬁgstine.’
1

in ehort;‘on enefy surface that comes in contnct with the outside
. world:yith respired air or with food. The huma body is a complete

ecoaystem.” ' . o co : T .




A

N | o N " PO ; . s 11 g o et ity Seprg e SAPOPO -
v ~d e \ ~;-' (R *lv»l AL I $un ~~;ml "B; PR " o v ; w-.«-mn»rt'? m{‘ '\n:y:v. k~~-wq§‘ v RS -fdn:w, n.gs.r v‘w-ww:rlu’ww,‘ﬂ " " /M-v*:vm ’vw: " ," v
4 of 2 . B ' 4 ! . ! !
'J“""""""""“Q" " BAm luom e } N -~ o “\,,;,W — oo o !
3 .
! B S uvvn,\\ 1a w (u rrv—nw [orye -t (4 Sany "f" e 1 .::r, o uy-v\ V'Y»’th"ﬂﬂ nim. 'g&?w(“ -”y« w .ﬂmuuwh&ma 1o gl At dny e e ek ribnbry o G o T e o
iy toai s
,\, ...,‘ iy ] . > .
.J«“Jmk ﬁimmdlm £ ol -Mpob}im dus | "

1 bes‘ﬁg rondr\‘um thmo which YOI0m hr-
- Botween' thivty and -lorty, ﬁm o' *l\on solon im m
In‘n!’. mmlu‘: their uthmtim; l:ﬁn il of rbmxbu .
wiyit hoatad contrgvors yhmo hotwoon hotunists sn loulm .
_nstow rhactomlioongml ) the ¥egota lbqrtol.lto .
. umimnl lciu o & disputo ‘which is anw consldored to he'| | |-
f mtlml n hwonr of tho ol of zbo formor, llnt ‘bofore this |,
. seltloment’ way mim aty & sort of tride was pbuhod' np' 8
< | botweon 4ho’ contomd f partics. &b the . imhm
.o Fronch pciontiots, Sddillat, in 187 -nggmm
» Mieroho (from tho Grogk wikros, amall, aml !d)
"{w ‘waogt withont: dqnnmny iklvin ‘thie. "doctato’if %umf ¥
b eitlior party, <At the, rrwnt dny this. wnrd:mlmbo isatilla |
useful term for dosoribiig mibroseopia orjdnfame: both vogos
tablo and animal, o whoro doubt yo exists. M to wlnlch great.
gronp:bonld contain thom, . ° .

‘A aimilyr o is pnilo of the ubmowhnb pn{‘m\nr .ldrm, Gorm
(feom Lthe Feench greme, and Lagin mm,a id), which "‘]ni-
fies sucrely somo rudinmontary form of ivlng mattor, het hor
plant gr ayimal,  Indeod, the disputo is s apmbwhut profitioss
onmyns the tovis “plant™ and “aninwl® woro, of contss, in-
. viauted e boforo thoes aini rlu‘. and pmticn‘ intormei'li’ato.

lmma g ln(o wato discovorad. - It in an ohay rmmr to distine
) ﬁms sy, 1 eat from & cabbaggo, o n butterly from:s flowor ;

b, 83wy pawy Towor and: lowaor down tho. sealo, it bacomos |
noro and more diflicnlé, and.in truth, at tho vary botbon, no |-
A et mnl fast Jing of tomarention ¢an-bo drawn butwoon &Ino (
" twa catoyorios,’ lhctormlokinu ato utill in doubt as whether | -
#ntng of: 7.)\0 organiams with which ¢! mf deal should Lo elassed -
acamifial ov vodotable ; 3 aud t.lwir dll oitios in elnufﬁ“euhon -
‘uro now atill hyrthdnr inetoasel by tho enmrqnhvo y tcoonb | -
drovery of the oxiibonco of eortuin etill anllor Iiﬂim :
‘ or gunmnn-—-tlm so-colled ultra-microscopie. il
which tho name “ Chlamydozoa™ hns heon nllggﬁa ef\
=0 minuta that they are searcoly visiblo or avon quito invimhlo
with the hizhost poviers of the mlcmacopo st prosont available,

o tmb which gan bu'prosed hy exporimental methods to bo the :
‘ rotse of cortain discasts anch an swatlpox, yollow fover, iu-

t abilie paraly m, lmt-xm-l-mmn,h discnsn, amkl othor acuto in-

l- ative (evers, inelading in all pmlmhility moasjes and acarlob

fiter, i weoll ag swino fcvor. ‘p Intro-pricnmonin in eattlo, fowl-
“ph sy ated othor diseasus of the lowoer animals, The exact

10 ol theny liltor-}vxw urs is not yot ostablished, and it i in

1 3ot to sont b Spéenlato na to wliother, tlmir ara_hacterial

: I‘;' &“:’-:‘v‘:(;‘c'l o:r lmi::;!'o Lo an ontm'ly mw um distinet ‘q:lli\m ' DRAVINGS "OF MGNIFIED BAC’TERIA

eultivatod ,«‘mcgtdo g“w "3‘:}{; notab}ly- z%m:mb. of plour?- = o 2 - S ,
nonimeonia by Noeard an 0 ponlph R i ) CL
“'l:l m:t" and Noguehi of pr g;k. b’ R 1. Cocel, single, n pmn, " an' in atpl\hyluhl gronp, ‘
“tho lowost part of'tho Indder of lifo, thpn. thom are . N '..‘Dlp&oeoocl nfmmm’clufwﬁlund wuﬁhut capsules,

v

nwnetous -vory simple formd, the animal gradusliy merging .. §: . 'x'\ +8: Diplocecet {varions), Coe
.| with the vogetable, and to thia gronp ‘of simplost forms the - ] - ’v(’oeci. 4. Stroptococel. . (‘mollcn degenmliod-fwnu arb focn
fiorman _nituralist, lnockol, -has pro “that ‘the tdem' - VLS b onone dlidin), s
Protista or Protis nhould bo von. ndor thisterm be ' J| -~ 5. Tetrocoed o -rgmdg . mngmu) .
ineliclus primitivo plints ( me.op L;md primitivo animals i - < \ g, Satinae in l'-‘l"" taof elghts - S o
~ | (Protozod), both of which will havo to bmgyltudiod undat Lo g 7 Banily sl (B, infhighse).” IS i PR
T ‘?"{‘\::‘:,:;t l:;:,‘ 't‘l)t‘::t:;;rg ‘:or:&:nﬁnt? ' yoviow in tabn]ar lﬂ e s Bai (8 ‘lm i clémonty oﬂmymn&in vultnm ¢ '
Ahovesiontifl classification of vopetablo ‘ahd suimil ‘lifo, m' , L o e Colidhyp il o by present) < Ll

3‘«‘“{)‘01:‘!4'“\:! Uf. uullmum NN dr

ot ‘Lo : . - i
orddr Lo realino ‘tho pesition of thopo miiorobo plants. and .“.5'?1,“'” m T il sonin Glamnlen aud D non'i’orm 1 -

apinials, for-tho fullér constderation of which ‘mfcroneo muy bq

- oz o’ b spocki) works on'Botany and Zoology, ¢’ '(” a (Rl '”"')" L ‘ ,
e O mny yied tht theso olassifintions aro of intomb only - H. Pediliua . Tror fyne "'Wﬂ"'ﬂ‘“‘lmi 3‘”"’) ’.‘ S M
- mnpc,fumhsts xmd miouﬁsu. but thoy aro included horo’mroly v s \mnx!tuvr Ok mFWulﬂ anﬁl(  fule S
X to'iielitato thy’ ordoply amnmmmle tlmt % niocossary in the -~ fi. Ay v:w'mn s : oo

.}, nduntor ully oimch joch At W&nih pod- | ";'“"m" 1, ‘¥ thes
ST "t‘ﬁm of; tlggmu l? I'l llmr enll tllo - . ‘f“‘ Z::;:‘ , s ‘!El"'s'"%“

e ;lémgnnwuwmi‘hr&obwé 2 «mr o I _}ﬂﬁgﬁ%’#ﬁﬁ:{h& Tuapic i ity
W' ¢ B, Sereag e Ao ) wﬁwf W}f“ ol "'ﬂ
:m\tqu:fﬂtp;\tlolpxi ;. T, prvkien=. o H - ¢  Barchbtols 5443 T

m:;:;oﬁ:ro ool ) 2| "“ﬁaww‘w@iﬂ %
o "t{&}) nj?ﬁ W

7 ‘f,—" 7_,7 g L i_‘
i T2 a ’ﬂi)ﬂ}fr e
AN b

¥




\

.
b4

Most of these micrporganisms rarely or never cause disease under

normal cond;tioné but some may, under, certain circumstances (e.g.

Ay

in wounds or after surgery) gain entrance to the deeper parts of the
. - - . ? N\
body, where bacteria are not usually present-agd produce what we

call an infection. Each region of the tbody,in contact with the

exterior normally has its characteristic microorganisms. (see table

N ‘ \'
pagqao).

»
The skin carries large numbers of bacteria, picked up from thé

N " N
NN \

various things with which it comes in contact, In addition, ) -

-

f ,
STAPHYLOCOCEUS AUREUS, tHe/ common cause of boils, carbuncles,

breast abscess,' and other conditions is found at times in the

A

. .and desquamated epithelium around the teeth provide nourishment.

hair follicles and swéat glands. The skin cannot be made absolutely °

’

sterile even with the most thorough scrubbing and the’applicati?n

b

of antiseptics because although the bacteria in the outer layers

¢

of the skin can be removed, 1:’18 impossible to get: rid of those iﬁ

’

the deeper layers and in the swéat and sebaccous glands, hair follicles

1
and 80 on.

\
.

. , Lo, 3
The mouth and throat constantly contain numerous kinds of micro- -\~“\\\/“

-

~
organisms aided by the warmth and moisture present, and bits of food

. The normal conjunctivae usually contain bacteria of a harmless kind. )
This is also ttue around the genitalis. For example, the .vagina

normally containg certain distinctive nonpathogenic bacteria. . .
: : y :

i e )
R B e
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Prominant amongs the intestinal bacteria is the relatively harmless

[N

ESCHIRICHIA COLI which is viewed as an "index of fecal po{}u;ion when
« Y / \
found in drinking water. A group called enterococci are’/always found
¢ /’ * .
\' present in faeces and fresh sewage, and is sometimes used instead of

EJ'COLL as an indicator organism of fecal pollution."

s

~

“"Bacterial flora of the normal skin has been classified as '"transient"

v

and "resident". '"Transient" flora is subject éo removal by mechanical

and chemical techniques. "Resident” flora is limited to only a few

-

species: acnes, micrococcus epidermis, staphylococcus albus aureus.

Transient patﬁogenic bacteria may become residents. Time helps.

1

o

"Viable skin has the capacity to .destroy many organisms implanted on

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

to pH and also to the presence of fatty acids and soap fractions.

! 1 -

The normal skin surface has a pH of from 5 to 6. The acid reaction
A\

' has been attributed to excess8 sweat, which has a similar pH and to

lactic acid wh;ph accumulates as- the sweat evapofates.

= N \v .
The amino-acids releésed or discarded in the formation of keratin
N v o

may also contribute to the low pH of the skin surface. Fatty acids
and soaps may contribute to the sterilizing action of the skin. Fat

« - \ \ -
. soluble extracts of the skin are bacteriological and removal of the
. |
surface limpids with either produces a significant decrease in the
‘ . . 19
bacteriocidal action of the skin." - Medical Technology '

I Anti-Microbial Agents - Hedgecock

-~
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4. Washing with Atomized Water ° \

.
-

NASA research has been very helpful in supplying relevant inform-

-~

ation on the subject of hygiene. Their primary concern was the

quality of cleanliness achieved with atomized water. Portions of

.

36
“$h . “the NASA report Space Shower Habitability Technology follow:

!

There are three items that are basic for cleansing the body of

foreign matter, dﬁad skin, and body secretions:

\

1) a mechanical action which helps to dislodge and break

-

down the foreggﬁ matter and dead skin.

2) a chemical agent which breaks down and emulsifies .
/‘I

the oils. -

3) ~a solvent to pick up and carry off the accumulated
! N
materials.

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

and lathering action, soap for an emulsifier, and water as the solvent.
\

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

bagteria on the skin. Presently there are emulsifiers available that

4

ha%g*varying chemical compositions. These different agents act as

, “

biodegradable soaps that do not halt bacterial growth and/caélbe
broken down by b;tf;ria, biostatic soaps which gontrol the groyth of
bacteéia, and as biogical soaps wh;ch ac?ually déactivate the bacteria.
(A shower is generally described as refreshing and revitalizing. To
enhance this feeling, the clean%ng agent shoﬁld not only help control

bacterial growth but also give a feeling of.cléanliness aftetr each

\

e —— e
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Notes from Elements of Water Bacteriology by S.B. Prescott:

4

Thexre are three types of bacteria:

’

Prototropic
Metatropic

Paratropic
1

!

-

Prototropic bacterla are characterized by organic nutriant requirements.

Metatropic bacteria are characterized by mineral nutrient requirements.

]

!

Paratropic bacteria are true parasites; they exist only within the

living tissues of other organisms, -

Protozoa kill bacteria.

vBacteria are:

few in air

abundant in soil

therefore plenty in rivers and streams
very few in still water lakes

very few in naturallyﬁfiltered ground water.

33
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showér.) Ordinary bar eoaps were not considered because of their high
;ndsing and thelir toxic effects on the eyes, Idealte1eansing agents
should not be {oxic on the body. should not dry out the skin, should
not stiné.or ’ritate the eyes, and should no‘t cause internal
toxicity." The NASA Skylab designers were particularly concerned with

thes ability of the atomized shower to remove bacteria..

5. Bacterial Removal 36 ~

"Samples of bacteria were taken to determine what types were added
J

: to the shower waste water, what types 'were found on various parts of

- - .
the bodf,'and to examine the suitability of showering to remove

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

shower water and from the left axilla, thé“groin, and between the
toes, both before and after showering. A definite ten-fold reduction
of bacteria in the groin and toe region of the test subject occured

Y

when the subject washed, using pHisoHex as a clegpsing agent. §

definite seven to ten-fold reduction of bacterial occured in the groin,

:

a2

and toe when the subject used Miranol as the cleansing agent. ;
v N 3

a
*

. - - ~ ‘ -
'Not all the bacteria were removed from the subject in the actual

£y

snowering process, as demonstrated by the effluent water samples., A

good portion of the bacteria was removed in the toweling (drying) off

process where the’ scaly skin was removed taking gsome of the bacteria

N

with it. Typical bacteria found in these tests were E,Coli, staphy-

-

locuccué, bacillus, and streptococcus, « .

43
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A définite correlatdon exists between the way a person showers and

L T

. the quantity of bacteria removed. The difference in the amount of

' ’ §

total bacteria removed in the showering process is demonstratg!.

- e

o between the different methods of bathing by the same adbject“in

replicate 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 removed) from the subject.

- at oo

Soap and warm water are definitely required for a person to feel
completely clean and comfortable after showering._ Greater bacteria
|

removal justifies making soap a requirement in showering."
’ ¥

3 .

~ In a discussion on the question of a stngard with Dr. JQL. Meakins

ARt L C i S5 bt S O R S A S A i

| », ©f the Department of Microbiology & Immunology of McGill's Medical’

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

washing cleanliness prior to surgery. But, he went on to say, -

- t B
classic instructions are for a ten minute scrub particularly of

forearm and fingernails.' He stfesses vigor of scrub over duration.

. ’
’ Although rubber gloves are used, they have been known-to develop

holes, so that any contamination could.thereby easily be transmitted.

u

9

6. Soap agd Other Detergents

y ‘ - [
L S z

‘ . & R ' .
: . ' g . 18
o What is soap? How does it work? Kenneth Hutton in his book Ghemistr
' N ' Yo

. gives an analysis of soap as follows: ¥4Soap, which has been known

. for over 2000 yeara, is prepared from naturally-occuqing fats, such
/ )

as cotton—seed or linseed oil, soya-been oil, ground-nut oil, palm oil,

“
tﬁ

8 AR * - -

44
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and coco-nut oil, by boilihg with alkali:

Glyceryl ' Sodium Glyceryl ' Sodium
stearate + hydroxide = hydroxide + stearate
(fat) (caustic soda) (Glycerol) (soap)

-

(0.C) c17 353 + 3NaOH = c3H5 (on93 + 3c17n35 coou2 M k

|
! . .
Fundamental fesearqh work, largely by N.K, Adams on the nature of

3 5

surface forces, soap films, and so on, led to the conclusion that
the soap was attached to.the water surfaée by the ionized group -Cg_Na+

and that the long-chain part of the molecule (C ) 1.e:

17135

CH3CH CH CHZCHZCH €H CHZCH CH CHZCHZCHZCH CH CHZCB2

L ' |
was sticking up in the air away from the surface, because it 1s water
. repellent.' Most dirt is held on the ‘clothes or* hands by greasy

substances, 1i.e. fats, the fats are attracted to the long chain
‘ : . ?
part of the molecule and therefore come off the clothes or hands
|

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

- < A

and it also comes away. In districts where the water is hard, a good

N

deal of soap is used in removing qalcium from the water. This is

r

because calcium stearate (which is insolable and so is useless for

;emov%ﬁ; dirt) is formed from the sodium stearate (the soap) until
] N l

all the calcium compounds have been converted into sodium‘compounds.‘
- &

/ , , ) ™
Once the action of soap had been explained it became possible to

develop soap substitutes containing a water—attracting group at the

end of a moderately long water repellent\molecule, and the World War IL‘

N o ) " ¥
scarcity of fats gave a special impetus to their development. Over

N & .
a thousand substances have been prepared and patented, while ‘several

. - o
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That's right,‘Har'ry--Use’ S
‘lots of lather. Don’t miss I

~ your wrists and the

« backs of your hands.

Get under the fingernails-- Always wash your hands
Bacteria love to hide with after visiting the toilet. |

| |'the dirt under fingernails. . Get rid of bactena'
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_ matic dishwashers) are representative. T ey have cleaning -and

!

hundred of them are available in commercial quantities in America

and also in Britain: D.10, Teepol, Quix, Fab, yisk. Tide, and many

others are household words. The world consumption of soap and

>4

[ Y

soap products in 1952 was 5,000,000 tons, and of soapless detergents

over 1,000,000 tons.

'

Household soap is a good &etergent or cleansing agent, largely becausé

it is a powerful surface-tension reducer. It is a highly effective
emulsifier of fats and oilg. It thus aids in the mechanical removal
of bacteria, especially from oily surfgces‘like the skin. Many of

the currently widely advertised detergents are not soap but sﬁrface

tension reducers, Tide, Cheer, and Electra Sol (used only in auto-

emulsifying properkies like those of soap, bdt-éhey are not dis-
in{éﬁtants. An iﬁpbrtanc iné}edient in most of them was the potent
surface-tension reducer alkyl benzene sulfonate ("ABS"). This refused

to be decomposed by the microorganisms in sewage disposal plants. The

~nresult was pollution-of rivers and lakes with detergents as evidenced

.

+

b§ excessive foaming, a majoriproblem in sanitary .engineering.

. :
Soap, in addition to being a surface-active detergent, "is bactericidal

- 4
to some degree. it 1s(éspecially effective against TREPONEMA PALLIDUM,
) . R . ' ° > .
the cause of syphilis. This organism is rich in lipids (fats)."
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7. Conclusion.

NASA's concern for extreme cleanliness may have to do with wanting

not to leave pathogenic bacteria on the Moon or ih Space. Also,
b \

the degree of cleanliness required for surgery is understandable.
Perhaps for purposes of bathing we do not need to be so particular

about measuring bacteria, da we have seen viable skin destroys .

N

. .organisms implanted on the skin, yet excreted products themgelves
are a source of contamination, So, for this reason we must control
these bacteria. Moreover, where there are cuts or sores the

individual is wvulnerable to ihfection by entry of pathenogenic
i

l

bacteria into the body. ~N

1 r
So we are concerned with three things: bacteria control, removing
! hY

dirt from the body, and the refreshed feeling a shower gives. Need-
less to say, some kinds of dirt will have to be removed with more
. l ,

water, i.e., grease and stain, for example, But on a regular basis,
¢ 1]

v

- ]
the atomized water shower performs well by washing away bacteria
L )

.and normal dirt and swéat. ,

[
4

According to Dr. Vos, of the McGill Medical Department of Immunology-

- and Bacterlology, the abundance of suds in waghing is no advantage

.in removing bacteria. This is iﬁportant in considering the atomized

s v

e (g et 3o Aoyt T -y A

water showér where low suds soap is preferable over a sudsy soap

. \
since the latter uses too much water. \ ’
| ! s, '
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_"In rural arid areas quantity of water is more ;important for /
disease reduction; in peri-urban zones water quality may be
erucial. While the levels of volume and quality needed for

various levels of health gains are uncertain, a tap and ghower

o e ST

inside the home seem to be required for maximum benefit.! )
B13 ° ° \ L™
) | David J. Bradley in
) ) ‘ Human Rights in Health
. . ‘CIBA Foundation Symposium 49 -
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: | Definition of\At:muizat:idn23
[ 4 | - | ' -

Atomizationis defined as the mechanical subdivision of gvbulk

(. * -
5 liquid. Spraying implies production df coarse drops (100 to 1000
13 ' J 4
v Microns)ﬂ Sprinkling suggests very cogrse drops larger than 1000
2 Microns. The term misting is applied to the production of fine
i drops (10 to 100 Microns). Nebulizi¢§/is applied to very fine drops
b .
g -(under 10 Microns), and is usually used in 1nhalation aerosol
5: therapy., ‘
+ N, l
M '!g.‘ '
N Drop size is measured by using the formula based on the force of
} gravity acting to pull 1liquid from the surface of a burette tip:
: = ‘ /3
N Dp = (S ) Paby)
where D p- -pendant drop
* D 5 diameter of burette tip
~ / ¢ . - °
\ S j* liquid surface tension
P j- liquid density
) \ .
g L' acceleration due to gravity !

ﬁ Except where specified otherwise, the term "spray" is used in
/ : ‘ . \ &
4 this thesis, in a general sense. -

- \
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| 2, Dggp-productioﬁ Techniques

1 A\
a) Geometry of devices: Nozzles

Ls [y

"Drop-production techniques are distinéuished by gither the geometry
1

of the atomizing device (i.e. nozzles), or by the source of the

external motivating force employed” says the McGraw-Hill Encyclopedia

of Science and Technolqgj%s The first three"héygories of atomizing'
techniques which they list are pertinent to thisthudy. They are:
Hydraulie (pressu;e), Pneumatic, and Rotary. The Encyclopedia

. goes on "Under normal ope;ating conditions (30-200 psi) (2-13.6
atmospheres) hydraulic nozzles produce relatively c?arse drops 100-
300 Microns diameter, ‘the finest ones being produced by small swirl
nozzles wherein pressure is converted into high relative jet velocity.
Hydraulic qozzles areexemplified’by garden hose nozzles, insecticide

spray nozzles, and nozzles in humidification and scrubbing towefs.
L4 . \ \\

. . |
Pneumatic atomizers normally use compressed air (30-100 psi) (2-6.8

f

atmg§phétes) and produée drops in'the 5-100 Microns diameter-range. .
\ They are used in spray pai;ting and fine misting applicafiona,
scrubbefﬁ_or reactors (venturi atomizers), aﬁd aircraft ;pplication
[ 6f insecticides." gneumat§c nozzles are\two-fluid iﬁfefnal mix, ex- -

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

a mixture of liquid and air, using the siphon principle.

®
-

;f Rotary afomizers (spinning discs) are basicly-hydraulic atomizers,

A "in which'the pump, and nozzle are combined and normally produce Hrops
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Summary of lmn?!in' techniques \ )
K
Groveral tes hnlgue - R [
teftrrnale names) Type Vatistions or examples B wi paptacsr smeb ¢ hustine e tastee »
Hydraulle Simple (aslel) jets Statfunary Flunld preannte: fo convintes) ates Bust veba ity by passage of Buel thoagh s tloam
(presaure) Relotlng or moving otite ¢ or negade 1o prondinge u sollihe stecamn Aloivisatis o6 e ugs e & tesult whg ¢
Fan aprey Jra Instabllisy srindug Srom relative e tem st b ligasel 100 the gmluent gas Thye
N tochrique vequires high Sipod prossires for bye stonnzatin In 8 eaaiing o
. waving joeb, the seluive velon iy 10 ivereasod by 1o pliyare sl wedion of the atomia.
Ing weprle (fig enanple, @ spray nuzale monnted on an a'tplanc) Pan sprays ace
. prducrd by vse of @ nonciss wlare oriliee o mrafn o feed s hambier or beith
Twpinging jete Ympinging Hquid jete Collision of 1w aimple gets or mpingrment of & sunple jef on g defledcting surdface
Impingement of liguid jet Prondus ea & aheet of begund whieh sulisequratly bie aha up inte deops This type o
ansolid surface atomizes may produce a bimedal shee distndnatonn
. Swir] pousle Tangential emry P A circular ondiee v e el by o o tumdier i whie i the logwid ss given s tangential
{ceninfugal} Vaned or grooved emry vehin ity eomponent cithe g by 8 1angentinl liguul eotry o by g srties of inelined
griavrs of vapea, A bolhow conical sheet 1o produs el The none log feature of the
tangrntinl type results from the abulity 10 use latger apertuses for o givea co
- pacity. .
Parumatic _ Inteensl mn The high telative velueny hetween gas and bipsd 1e schieved by seceler o of
(twa-phase et External min the gan tn hugh vedocity rathee than acoeleration of the liquid Gas and hqud are
twe-fluid) /Comumlhn mix . mined pring 1o the gas expansign threugh the nossle in the interasl misiype and
” v , sfier the gas, eapansion in the exteraal mis type Power consumpiem is high but
. N fine stomizatinn is gomsihile st relatively low pressure levels ¢
Rotery Fllm (liquid flows Simple (flay, dished, S Liguid 18 introduced ot the tenter of 8 rotating disk and fows outward by action
+ (opinning disk paraliel to dink R cupped, or peucer; of the centrilugal foree fiek) 1a the Bim typre 2 dqusd leaves the outes nllr‘d the
or cup) surf{ace) or double) \ disk a8 & thin sheet, In the head type 8 iquul leaves an 8 ligament, or t may form
\oned a senes of sheets thiough the periphecat holes op ohite inthe nm This iv basscally
Head o banket Periorated a hydraubie technique, in which the pump and nozzle are combuned e an integral
(liquid fows nermal  Siatied unit The hlm type is capalile of producing unijnrm drops st bw espacity and
To disk surface) relatively iree from plugging probilema, Fineness of stomzsion s imited be-
cause of rutational speed imata imposed by the atrength of structurs] matenals,
In hydraube techninues such limite ren be avorded hy wsing pumpe with staged =
. ’ impelirre
\
N\ Vibeational Mechenieal Vibirating tube A hquud Is fed 10, or caused 10 fow over, 8 sutflace which vilissies av s prescnbed
‘s Sonie Vilrsting reed frequency and amplitude. The deoplet size io primandy 8 fune iwn of the frequen.
i Compressed are airen cy. Uniform ddeupa may be produced at fow fred tates Th o treo hrugue i rels
Hartman whistle tively undeveloped °
Ulirasnnic Solid-state oarillainrs \ . B
Explosive N A bulk hquid 1s exposcd 1o rrpanding gas products freom 8 deuinating aystem This
in probably s specisl case of extension of the pacumate te hinmue € heancal
deeomposiion of the hiqud may occur because of the lugh 1empersiure Al
though stomization may be fine, coarse debris may sl be present
Elecirostatio Lowk iy Atomization the result The liquid jet o htm s raponed 10 an elecinie field, The lotee an the bquid may be
of Reyleigh instahility, due to cither (ree charges in the surface of 10 hiquid polarizatien This technique
" in wheeh presence of ls relatively undevelped Much of present day research'ie aimed ot rcket pre-
N charge in surfoce counter-  pulnion by charged droplets generated in high vacuum Conventional electre
- acte surface tennion static spray painting ususlly empieys an electrnetoatic held for deposition of .
dwpe on surlace, rather 1han in generation of the dreps themerlves.
High y ' cAtomization claimed 1o be ' .
the result of atress sufh.
ciem 10 avercome tensile R . B
: sisength jor chemical
Y bonds) of liguid
Gravitstional Pendart o hangins  Quasi-stalic emianinn of Thass arv slassic ) ples of isatlon p in nsture, They sre;
. drep sdemp from & welted sere hpwever, iy Umied to either low-rate og coarse slomizatk . -
foce,sefromibeendod ' | . ,
\ abliret (discontinueus - \
. surince) or from ihe S ‘
) underside of s horizental ., | .- -y
. . surface (continuoue ' - 5
T b, l :
o - emissl L M .
T : . drops from the beitont : . @
sideof gourfacete -—~avome} . 3
, + wiich s Nquid ie fed 0 \ 5
R . continuously, ® in drip. . \ . /
. ping ol warer [rom Leaves | L i
Fl!llna oraplsehing  Satellite drope penerated . » / k
b drop (or object) because of impact of oo ~ J
» sbject on a liqeid surface t ! . { = ;
Film bursting Bursting bubble Generation of drapleis resukta frum the sudden failure of & sirrased Alm of bgwd 4
‘ -, . In 8 low.capacity stomizing technigue, . }4
™~ ing Ruid ‘ ‘ ' ¥
(suprrheated) P} g . . ) i
, : — \ 3
\ ! 23 <« 4

&
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"offered is shown on the next page.

——— i - - . = wrgry

in the 30-300 Microns diameter range. They are widely used in spray

drying because of their ability to handle vi8cous 1iquids or slurries."

S
///

' /
The 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

.

nozzles, wider angle patterns and higher pressures résuik-in_a finer\ké
drop size.'". They go on to explain spray pattern selection: "Theré

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

1y

flooding an area., The narrow patterns are used where a hard scrub-
\

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

[N

multiples where their patterns overlap for wide coverage and high

\

capacity. Full cone nozzles are most_widely used and are recommended

g

for fire protection, scrubbers, cooling and many other applications

I
[

because .0f their uniform coverage. The exclusive patented Bete
spiral hozzles, for full or hollow cone sprays, feature high efficiency
and are non-clogging." (these have a corkscrew-like spiral at the

front Of the nozzle).
\x\\ ‘
N k
The Spraying Systems Company of Weaton, Illinois, also nozzle

manufacturers, goes into more, detail. The;r ugseful Spray Perform-
‘yfi: -

ance Characteristics tablglfrom their current caialog is reproduced

-

on pages54 of this study. A‘typiqal example of the variety of nozzles

N

'
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SPRAY CHARACTERISTICS DESCRIPTION -n_ k]
SPRAY
¢ PATTERNS
| Hollow Cone Full Cone " "It Spray Selid Stream * Alr Atomizing i
Al chpncity tabulations in this catalog are Nozzle capacity varies with spraying pres- P
based on water. Since the spedific gravity of sure. In general, the relationship between ?
* a liquid affects its flow rate, tabulated cat- PM and preasure is as follows: ' 4
alog cnpnci[tics mt;‘!l be xlrgultiplic;‘d by u‘!e . N ‘4
conversion factor that applies to the specific 1] visth N
~ c{:'E:A:::JY gravity of the liquid sprayed . - . as follows: ._nl - s ‘;
3 \ i - 44 ] visl '
| (Sectie | a4 96 {100 ]108 [120 {132 |14 : Vi |
| [Multify by | 109 102 {100 36| 91 1] 8 . : :
. Factor 2 ) . . i : Sce capacity tabulations on following pages.
- "I‘;.bulnted"upray angles indicate approxi- th_a_n- water form relatively smaller spray .
,m::te lupray “_coveu;‘ges rl;auqd on water. Iln angles (or even a uiolid siream), :lieﬁending
¢« actunl spraying, "the effective spray angle upon viscosity, nozzle capacity and spraying p
o SPRAY ANGLE + varies with spray distance. If the spray cov- p{-,:aaurc. Liquids with surface tensions lower g’
. . erage requirement is critical write for spe- than water will produce relatively wider A
©  cific spray coverage data. See next page for  spray angles than those listed for water. B
o . “Spray Angle Data.” Liquids more viacous - ;%
SP . Y ! Fine atomization is most easily obtained draulic spray nozzles operating at higher ~
RA ' with air atomizing nozzles because com- pressures produce smaller spray particles. et
- ATOMIZATION ' preased air is used to break up the liquid Spray particle sizes become coarser as noz- A
. 800 Micrans into fine particles. Above this level, hydraulic  zle capacities increase, spray angles become "*

spray nozzles produce a larger parlicle size
spray range depending upon such factors as
nozzle type, capacity, spray angle and
pressure. . -

Wide angle hollow cone, low capacity hy-

e 1,200 Micress

‘ 5,508 Microns,

narrower as pressures decrease. The largest

rticles are obtained with the largest capac-
ity full cone nozzles spraying at the lowest
pressure. For specific spray nozzle particle
gize data . . . write for information.

-"I“he toh:l_-thcqretical impact of a spray de-
pepds primarily upon the GPM and spray

nozz_les;pornting at hi_gher pressures. Low-
est impact efficiency is provided by wide

IMPACT pressure. The highest impact per square spray full cone and wide spray hollow cone
- inch is produced by solid strecam and flat spray nozzles. .
spray pattermns . . . using large capacity
- “The theoretical velocity of a spray leaving ciencies . . . while wide angle full cone
VELOCITY the orifice of a nozzle, depends upon the nozzles and wide angle hollow cone nozzles

spraying pressure. Solid stream and flat
spray nozzles have the highest velocity effi-

have the lowest velocity efficiencies.

b oo e oep o e ~ } —

¢ - T o LINEAR UNITS - EQUIVALENTS
! Linsar
. . . Unit M- Centi-
Nate: The catalog tabulations show orifice dimensions as i Wicron | Md_ [ meter | meter | Inch | Foel | Meter
*Nom " (nominal). Exact decimal dimensions are svail- ' T
able on request. . ' { | Micron e o3 oot J10s10° [394 4109 !
\ 1 .
- ] il %4 e [PSA1I02%4x1090000 8331107
- - - 1 . 3
' Miffimeter [100  poa . rm 0u  [128110°] 000
. , Contimeter 0000 P4 f0 e P pom |on
\
«. TABLES OF EQUIVALENTS inch 25421041000 54 e o Doty ]oom
' Fool 3055100120100 05 BOS T [12 o |0X5
® Meter 10210° Lm 101000 [100 " fos 3 o
» . = - "
(| " VYOLUMETRIC WI‘S—-!WWMINY t . LIQUID PRESSURES —EQUIVALENTS
\ Unit Cubse Pound R - h:::o
Cent- Flud of Liter us - Cubic La/in? 14] s | Atrwe- fnch Meter
;__7 mater | Ounce | Water Gallen | Foot Meter (psi) | Water [X0/Cm " | sohgra | @ar |[Mercury | Water
— |
Cubic iont(psi)) o | 23 | oom |ooes | ooes | 204 | ome o
| Contimeter| o pox 12241070001 [264x10~psaniofiogror | , . -
|Fiuid Ounce |296 o Jooss |oow [rerxiofioeniocoseyioe Pt Water | 043} e | 000 |00 | OO0 | o2 | 0¥
{Pound of , Kg/Cm * w2 | a2 o |0%s | 0w | 20 | 100
Water o ise > [04am Elg ot fasaatonih e ere | 107 | 29 |10 o Lo | m | m
Liter 1000 Hm 22 -o bt Jooxs  Joom
lusGation fos s Jeu  Jums | e pum b Bar R I L R L ECA B
Cubic Foot 28320 64 B3 e ° Inch Mercury] 0491 | 313 1 003 ] 0033 | 003 ) M6
bic Meter {10410° Paax10+{2202  |1000 h’“ fis3 I . MeterWater | 142 | 328 | 0100 {009 | oo | 28 .
1 Imgerial Gallon = 1.2 US. Galion “ ) 4
Ve e Caat metde ) AONIR Wty
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Type A standard and
Type AX slope bottom

designs
v female conneclion

HOLLOW CONE
SPRAY PATTERN

pe

Type B standard-and
Type BX slope boltom
designs
male cohnection

L
]
¥

EXCLUSIVE PATENTED
SLOPE-BOTTOM BESICN
for Type AX and BX
Diffuses the vortex forces,
prevents the “drilling”
effect normally found in
standard design whirl-
chambers. Matenally
increases nozzle life.

e

4
R
Whirllet Noz2le held by
easy lo install Spht Cyclet
Conncctor, See pages 54

through 61 for spray
nozzle accessorles,

W

b

BT I T YT

s ‘//' (4 ( NOZZLES with removable caps

Spray Charactcristics—Hollow cone apray patlern with

uniform Jdutribubion.

Construction—T'wa picce design with removable cap.
Lare diameter bady inlet and eap orifice
clogging free flow, 'Choice of typea A and 13 with stan-
ard whirlchamber design or types AX. and BX with
the exclusive longer lasting, patented slope-bottom

design,

Materials—Made in choico of brass, stecl, and typen
303 and 316 atainlens steel ., . other materinls to order.

TSI, 3 1

G Lo i

or

non-

A yf by
- 7 V4 7
Noarle No. )
- | CAPACITY SPRAY
Type A, | Type B, Pips | Body | Orifice GPM (gétions per minute) o1 p s (pounds per square inch) ANGLE®
AX ax Conn | inlel | Diem - - i -y - g =
Femple | Wale Size | NPT [Diam | Nom. | 3 S 10 | 19 | 201 30 | 40 | ¢0o | #0 | 100 20 | 80
Conn Cormn Nom psl | pabk|pal [pal josd [pod [pol [pel |l [pal |ps) |psi |past
e B il e Bl B e e et R EE S S e - = - - -
1505 | | Yar"| *e® 05| 061 07 09 0| .12 14| 16] 34" | 58° | 69°
s 1 e | el the” JoJ az) e 12| 20 24| 28| 31} 36| 64 | 76
."I.A-J . 8- 2 Ua® [ Yea"] *es® dA | 20 25] ,28( 35 40| 48| S6¢{ 63] 52" 61° | 69°
=3 Y !(..' Yer® 21| 30§ 371 42\ s2] 60| 73| 85| 95| 52° | 6a | 71
YoAX- | YoBX- 5 Moo ] M| Ml 27| 35 ] s0]| 61| 0] 86| 10} 12| 14 16 ]| 56 | 6r | 26
. ] Yo e Maa= | 44 ] 57| 80 98) 11| 14| 16] 201 23! 2556 | 65 | 20°
. U 1"/..' Wet ] 8S {1} 1o 12| 14 172 20] 25| 28| 32§55 | ex | 72
1 et | et he® 0| 2f e} 17f 20 24% 28] .3 53 | 67°
2 U | Yes| Yaat 20| 25| 28} 3s| 40| 48| 56| 63|48 |62 | N1°
1.A- | Y.B- 3 Vet | ] Py 21 | 304 371 42| 52| 60| 73| 85| 95|SI°| 65 |78
U I aaf s | 27 1 35| S0} 61| 70788 10| 12 14] 16] 63| 73" | 79°
YAX- | eBX- 8 Yo" 1% e ) 44 ] 56 ] 80} 98] 11) 14] 16] 20) 23| 25] 61* ]| 69° | 73°
10 [ Yo fhe|Mem | 55| 11| 10} 121 ta| 12| 20 251 28] 32]63° | 70° | 78
15 Ya” "eepae | 82 F 11 | 45) 8] 21| 267 30| 37| 42 a2)e63 | 2|22
] Mem Y et | 27 ] 35 0} 61| 70| 861 10} 12 14} t6 ] 64 | 73 | 79
8 My Maa"| *ha ] 44 | 56| 80 98 11} 14| 16f 20] 23| 25} 62" | 700 | T4
M.A- | %,B. 10 {0 |"eu|"™aem ] S5 | 22 ) 10 12 14] 17| 20| 24 28| 3164 ] 220 | 7%
15 Mot I'aa"| Maa | B2 | 41| 1S 18} 21 26| 30| 37| 42 42| e | 72 | 74
YeAX-| MaBX-| 20° |2 || Mo 11 | 14} 20| 24) 28| 35| 40| 49| S6| 6363} 700 | 7ae
5 1 e e {14 [ a8 | 25 30 35| 43 0} el 71| 79] 63 700 | 74
30 Mo PMes”| *he* [ 16 | 21 | 30 37 42| 52| 60 73| 85| 951631 70" { 74
15-301 | */0" |'%ae *he" | 13 J 16 | 23 28] 32| 40| 46)] 56| 65| 73] a0*}] %0 | ba*
YaA- | MaB- | 25300 | 2y [**eat} *hem | 15 | 20| 28] 34| 40] 48] 56 69| 80| B89 w-\ ar | s
50508 | 2" |"Maa") et | 27 1 35| 50] 61| 71| 87100123 142|158 ] 40° | 47 | %0°
50503 | 3/, I'May") Mt} 27 ) 35 | s0) 61] 71 872)100) 123} 142) 158 72° { 76 | 78°
25 Yoo ] e ra |18 25 31 35) 43 50| er| 71 79|63 Les | e
hA- | Y,8- 30 Myl htle [ 16 | 21} 30 37 42§ s2) 60| 73| 85 95| 61 7\ 75
40 Uyt | et | 22 | 28 | 40) 49 57{ 69| BOY 9n| 113126 ] 72| 7% | 78
tAX-]| ¥,BX-| 50 Uty ) Che ] 27 [ 35| so| 61 71] 85 )00]123}142] 158 ] 74° | 79° | 82~
60 U | Pl | 33 43 4 60| 73 85104 f120 47| 1707190| 770 | 82° | 86°
. _ el I8 i
O Y| hl%he )22 | 28| 40) 49] 571 69| 80| 98f113{126]| 70° | 73 | 74°
SO |} th) W27 ) 35) 50| 61| 71] 85 |100f123|ta2ts8| 72| s |
60 ™| *h|"he 133 |43 ]| 60| 73] 85| 104120147} 170} 190 ) 74* } 76" | 79
YuA- | 8- 70 (N Myl hel3s ) sof 70 851 99121140171} 198] 22) 76 | 19° | m3°
. 80 Yl Yl *he 144 | 57 ] 80 98|113]138|160]196] 23| 25| 78 | 82° | 8a*
YaAX-1 *aBX-] 90 12| Yhl*"lea* | 49 | 68 | 90 [n10f 127 156|180 22| 25| 29| s1* | sac | Bae
- 100 |1 *hy |55 )71 |wo122|11]123]| 20 25| 28| 32| 83 | 86" | 86*
|10 e ] Yl | 60 | 78 [ o) 13s|iss |90 22} 271 31| 35 85| s | &e°
120 [ Y] Yh*™e" { 66 | 85 {120 {147 170] 20| 24] 20f 34| 3887 |90 |9%

} *See page 3 for spray angle data,

INTERMEDIATE CAPACITIES —Caps are Interchangeable for in between capacities within each pipe size group . . . write for
Data Sheet 3055, 3986 and 3987 . . . and Bulietin 102, ,
WHEN ORDERING —specify complete Nozale No. and material, Example: YeAS Whirlict Nozzle, steel,

. ) ' / u e
L 0l R g A
o e} [‘""’ L "|_ Fomate | Weight| A [ 3 [ L1 Mate [wegm | a [] [4 D L
' ; _ 4 a Conn, Max. | Man, | Maa Man. Man Mas | Conn Mas, Man. | Mos. | Mar Mar [ 118
@@ t M( Gﬁ 4 | WAAX 1Yol W] WUl ] % 1710 BB [ 10| W] %" [ %" ] % | 1w
__A_.l ] A —o YAAX 12% o1 ] A"| %" w™ | m,"] 17| BBk | 2% 0r| 1] % o | m | 1M
1 RARX JaVecor )1y %" ] %" | Tve"] s, | %8.BX dor] 1" ] %" | %" | 1A [ %"
1 IC X T VAAX [8% or l%; IW:' m,: Ligy™ | by,™ | %B.0X Tor| 1%* 1147 [, [1we” |1we”
[Hlp- ML) D | e o] [ e s o o 0
. ) or. Ld - - » ” :’ ‘ - - %' 1%. -
Type A ij' Type B, BXJ— 501|390 [ | K | Fiee | v | %8301 39 or| 1" | %4° 0 RO R
' WASOI(IN o Y | K™ P wa” § 1" v | %8501 30| I~ %= Jwa” | 1" | 1"

Patent Nos. 2,015,248, 3,524,047,

?ﬂ Foteign Patents,
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Solid cone spray pdtterns can be produced with nozzles which,are

swirl Het,

spray patterns can be made with tangential swirl and impinéing jet )

typesn“

relatively

\

\deflector pl

impinging jet, or rotary (spinning disc).

gproof.

’y

Hollow cone

o

The two-hole simplicity of the tdngential swirl type 18"

i
Flat sprays can be made with a jet on a

e or planes, ‘or with a slot orifice. /

.

IS !
0 ~ >
s

Fog patterns can be made with a jet deflected 'by a turned back.pin

N

interrupting the stream or by the combination of a small orifice and

high pressure.

X

A v . \
.b) External Motivating F;}be: Pressure

’

I3 .

B

\
.

The source of the exiernal‘potivating force employed for atomization

may be manual or mechanical.

move the liquid.

kY

1)

3

The forcecreates the pressure to

-

There are four cases:

u

Manual force makes instant pressure
e.g. household sprayers using siphon or pump
principle

.
1

Manual force makes stored pressure -

e.g. garden sprayers )
Mechanical force makes, instant pressure

e.g. water-pic tpothbrushes

- :

T
Mechanical force makapng%ored pressure

e.g. paint gprayer using siphon or pump principle.
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FORCE WATER SUPPLY* NOZZLE . SPRAY

, - f

, ‘ r « ELEMENTS OF ATOMIZATION

4 // -
i, )
\'4 \ﬁ‘
- manual I piped water | . . ;
Q.- | " ‘
/ \ a
- ¢ portable tank /
1 ‘ 1
’ 5 R hollow cone
’ . neunatic :
mamz IT ! czty water 1% 1
’ »
- head«.
) solid cone
~~ -
) -
rygechanical T - ! .
. . | meehanical IT !
L 4
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. | 71
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' 1. water pulled by vacuum (low pressure)
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% é "3. water pulled into air is broken
A ' -
‘ \ : into particles by onrushing air
o0 ' equal dispersion causes cone ghape
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water can get

empties w/o pressure into air line

water can  get into air line

water cant get to nozzle

. ’ ! -
air pressure against contained water
forces it through tube and nozazle

g

g

! N

. - ]
aiphon vacuum and air pregsure
on water combined
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o3 3. Aerosols

» 7

N Agrosol'sprayers come under the category of pneumatic atomizing

They are cans containing a fluid gnd a propellant, which is a type of

C techniques and are included here only because they are a special case.
“ gas which compresses to a liquid. Thé top of'the can has a nozzle
|

. . : - .
* ,which releases the fluid mixed with gﬁe propellant, but the propellant,
’ 3 '

T, " a fluorocarbor, bursts into a gas when released from the can.

< The nozzle is usually a two;fluid internal-mix pneumatic type. The
| .

|

- .
contents have been mechanically stored in the container. ’

4

The major objection to aerosols 1s 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,

conveft ozone to oxygen, thereby thinning the brofective ozone shield
AN

and allowing the penetration of the earth's atmosphere b§\1ethal ultxa-

| s—=—vyiolet rays which are believed not only to cause skin cancer but,

perhaps more importantly, the destruction of food chains, of normal

plant growth; and can, moreover, cause seasonal changes which affect

our food squrce# \Zl .

»

4, Atomization: summary

e T

.
R b v

Atomization of a liquid by spray nozzles is a highly developed ‘tech-

P

- -1
nology. Spray control is achieved by varying ﬁézzle details and

¢ pﬁessure. Finer sprays can be achieved with higher pressures and ' 4
- N . .
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NOZZLE

- W hen top of aerosol

DISCHARGE

ORIFICE . valve (1) is pressed,

central part (2) is
flexed, thus openmg
inlet passage ( 3).

The action creates
pressure, forcing
mixture of quue{ieJ
gas and contents
upward (4). The gas
vaporizes (5) and
the contents, dispersed
in gas, are sprayed
out throug)i nozzle (6).
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AEROSOL SUBSIITUTE
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l. ,1,2 3,0 L 'lu; foad mth m
8 Refillable, reuseable. Extra versatile. 8 Pressurized
by free air. Big savings over serosols. @ All metal “ 2 """‘““ with sir
construction, Bulit to last, nothing to break, &,’u, mwhm *
® Completely portable, No trailing hose or wire, ' v
® interchangeable spray nozzles, Choose jet .
stream or mist spray. ® Confjolled spray action e ‘I" 5
for uniform application, . f f 3 ' IT
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" droplets to relatively slow-moving small droplets. The optimum

and smaller orifices. But, as a result, the velocity decreases.

The range-of atomization is from relatively fast-moving large

being sought for a showerbath spray is in between i.e. fast-moving

small dropléts. Fast-moving for dependable coverage and small

droplets_for the conservation of water. ' ;\*

v L

*

squeezabl&dair bag
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BASIC SIPHON ATOMIZER ' ‘
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88-91 Fuller considered the Dymaxion bathroom as an imerim. mass-producible, sani-

tary facility; his fog gun, pictured here, afforded a new method of bathing. It combined

compressed air and atomized water with triggered-in solvents. The kinetic force of the ~

high-pressure air stream was ‘utilized without the skin-damaging cflect unavoidable in
h{gh-pr?;nwe needle-pointing of water sireams. Generalizing from his Navy experience,
in which engine room greases on the skin were almost unnoticeably removed by wind
and jo}"on deck, Fuller reasoned—and later demonstrated——that the feeding of atomized
water and air at high pressure on to the skin surface would ‘accelerate the surface oxida-
tion, and release the surface cells themselves, along with ihe attached dirt.

The round pictures show magnifications of the skin surface. Two of the pictures show
the dirt interspersing the “coral reeflike” structure of the pores. (1927-1948)
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92 Research students at the Institute of Desgen, Clucaeo, i 1948 testing the I'(;g Gun
ISubscquent evporiments weore conducted at Yalh and other unnersiies.) A one-hour
massagng pressure hath vsed ondv a pint of water. 1) fog gun bathing were done in front
of o heat famp all the samitars and snuscle-rclavme effecis of other tvpes of hathing
condd beflocied wihour the use of any hathioom, Since thére were no run-oll waters
tous af plumibing and enclosing walls coudd be eliunated. and bathing would hocome as
miacht ann-the bedroonm'™ pocess as dresseng Falley holds that the other functions of
tfe buthrooms muy be cffected by odmiew; drv-pachaging macluners, employvimy modern
pla.gies, elecvionu sealing, dry-conveyme svems,
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1. Nozzles

-
- < )

/ + The nozzles reviewed are simple ones. Complex types such as the

A

y two-liquid and solid vehicle ones used in the paint and food industries

have been omitted since the requirément is for a simple technology

L

for developing countries hndaat low cost. However, those tested

range from a garden hose nozzle to household sprayer nozzles.

»

a

a “ .
The problem was to find a) a nozzle of adequate cipacity to insure

a given duration of flow with a midimum supbly of water and b)

whose spray veldcity was. sufficient to reach the skin surface fréﬁ

\

a comfortable distance (abgut 8") and c) of sufficient impact to .

remove soapy water in'the rins%ng process; To get the skin wet does
6 .
) not require much impact, but convenient digtance of nozzle from skin

is deiirable}ﬂ To remove the suds requires a more forceful spray.

°
.

The #bzzle tests were based on matching the performance of the

nozzle useci in the NASA Sky1ai;%‘shov'zer.~ Using a duplicate nozzle we,

were never able to achieve ‘that standard, possibly because the NASA

N

nozzle performance was based on zero-gravity;" however our main 1

- ~

.
gt

goal was to sustain pressure to give a.5 to 10 minute shower using
wh

as little water as possiblé. ! ¢ . .

.

‘
et & A e ol

) For air pfessure, an electric compressor was used, and some tests . .- j
were repéated with a bicycle pump. The compressor had a constant :
pressure of 2.0 atmos (about 20 psi). Eighteen strokes on the

bicycle pump preoduced a pressure of 3.3 atmos (about 48 psi) but
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2. Test Equipment N ) .

- : N

. -

[

The test equipment comprised:

: 1 Black.and Decker PaintSprayer compressor -
‘ This was rated at 9.2 amps,” 115 volts, and the

4 -

s pressure was tapable of reaching 4.0 atmos.

A

, (60 psi), although we were using about 1,3 atmos.

3 3 1

(20 psi). .‘.' . )
_;. Volﬁswégon téflon window washer tank -

\ ' Having a volume of 2.5 iiters (+55 gallon), -

-
N

thighwas filled. with 1 or 2 liters of water.

. L 1/4"‘vinyl hose to fit over the nodes on' the VW tank. 1/8"

hose was used for tests on the NIAGARA and

v

'ESTRA nozzles, ‘ /

1 -Chapin garden hose hand control valve‘with off~on device.
This was adapted to receive all except the NIAGARA
b

and ESTRA nozzles whﬂ;h;had built-in hand controls.

. | .
1 Stopwatch for timing the flow. ’ ‘

=) '

)

Nozzles:

Black & Decker Paint Sprayer

Sprayi

Systems Whirljet 1/8a .5

o, ) Bete P2
. , Bete W5080F
A 1 . Bete F200 .,

-

/

Niagara 71 =
Steinen TM21
Steinen TMO051
Estra 6400
D.B.Smith 147

£l
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| BLACKSDECKER -~ -
¢ INTRODUCES AN INCREDIBLE
PAINT-SPRAYING SYSTEM.

: I- It easy to use. It sprays latex as Well' as oil. It

PN

needs virtually no cleaning. It does a multltude of other jobs.
And 1t costs under $65.  Aniy - )2 o= kwL

w e || b

i Inthe past, you had a lut ofreasons  piston-driven air compressor — But one of the best things
: - hol toowna paint sprayer. not a diaphragm —for greater  about it is that the compressor
: They werd eXpensive.  reliability. itself can be a wonderful new
; Heavy. Al mostly, lh( wosprayed -1t eomes with inexpensive,  source of power around your
g .only mlp.un( N " throwaway nozzles for easy  house. l‘or these annoying jobs .
Nonore. clcdnup.You anstart withafresh  you nevel seem Lo-have the right
; . Black & Decker's come up®  nozzle for each job, with no clog-  equipment for.
| * with an ineredible new home  ging or spattering. It grive you It can imilate just about
%. p.unt-\mwm;.,~y\t(~;n that “professionally sprayed” anything from bicycle
3 t~powu«lulunuughlm the  look that a paint sprayer e Y BMRR Lires to baskoethalls,
) lng;:m Jobs. should give you. 8 : : Wlthnptlun.ll;:mle
' Compact enough for those | nozzle, it canspray shiubs
small, hard-to-paint andtrees. [Leanevendiive
- jobs, like shutters or "-ﬁ‘ our optional caulking gun. It's

wicker furniture,
IU'IL- spray
lidex as well as oil-

the new home, air system,
g . from Black & Decker. It
! paints. It sprays. It inflates.

- based paint. All for under $55,
Andl it costs Now you've gotalof of
A under l'fa’ ored B good reasons to own a paint
- t's puwered spri 1yer. -
4: by an cfficient, § )
L) v, . *
1/’ ,l ./ * ,l /
.‘/ N /7 '/""I‘ .
1
Universal © SR
Spray/Inflator Kit “'\..\

| 51'99 — .

: ied \ ~' - (0% .

" i\’ —:}‘l g\; V/‘ »" o ’ A
va u*zg-,. r ,.,"

LA
L wgv

Expect the best from Black & Deck
, For your nearqgt, ﬁluckODecker Deale o

x;‘ig
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STEINEN TM051
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D.B.SMITH # 147
< . . l
SPRAYING SYSTEMS
" WHIRLJET 1/8A.5
) / M
BETE P20
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BLACK & DECKER - ' -
« INTRODUCES AN INCREDIBLE
'PAINT-SPRAYING SYSTEM.

It’s easy to use. It sprays latex as well as oil. It
needs v1rtu¢111y no cleaning. It does a multltude of ather jobs.
- And it costs under $__,. AMTY 7, ?:u o= | KW

pa—

Inthe past, you hadalot of reasons
hol Lo owna paint sprayer.

- ®  They were eapensive.
Heavy, And mostly, they sprayed
only oil paint. . ..

No niore.

Black & Decker's come up®

with an ineredible’ new home
p.unt«pr wing system.

TUs powertul enough for lho,

bigger jobs,
Compact enough for thnse
small, hard-to-paint
Jobs, like shutters or
wicker furniture.
Il spray
luter as well as oil-
based paint.
And it costs
under $55. N
IUs powered i
by an-efficient.

Sy NS

Y

Universal
Spra /Inﬂdtor Klt \

'k) —H @‘JWV./ B
o“"’a- ‘u

l

#77 el
#T0L 5499 >

piston-driven air co‘npl ‘CREOr —
not a diaphragm—for greater
reliability. .. A

It comes with inexpensive,
throwaway nozzles for casy
cleanup. Yoy canstart with a fr: ‘esh
nozzle for each job, with no clog-
ging or spattering. It'll give /vou
that “professionally sprayed’.
look that a paint sprayer

should give you. .’

.
RETIARA Y _‘m‘ﬂ-w:
P RN R A T e i AL V.

\/’) (j."

Bu{ one of the best things
about it is that the compressor
itself canbe a wonderful new |
source of power around your
house. For those annoying jobs
you never seém o have the right.
equipment for
It can imlate just about
anything from bicycle
" {lires to basketballs,
Withoptional garden
WA nozzle, il canspray shrubs
andtrees. Itcanevendtive
e optiogal caulking gun. It's
the new home air system,
from l’l‘lck & l)ccker It

good reasons to' own a paint -
sprayer: 1 -
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“3. Spé&ifications

’ ’

Spec‘fications assumed for aelectini a water nozzle:

(see table on page 54 for definitions)

.

Ky

l.

4,

a Determinants for above specifications: '
‘ * '

Spray patte;n: hollow cone, ' .

' v

Capacity (flbw rate: .25 liters/minute (.06 gal./min,)

Material: brass. ) : ‘
Connection: 1/2" ‘ old. male
Orifice: 1/64" to 1/16" . -

Right angle head.

Spray angle: 80° - 90° ,

M vl
Atomization (droplet) size: '"Spray' - 100 - 1000 microns
A . )

[.

: - . |

-

. \
Capacity (flow rate) --based on NASA standard:

-

2.5 liters/10 min. (.66 gal,/9.7 min.) L

Spray pattern - Hollow cone preferred over soli

-

cone because its simplicity reduces clogging.*

\

Material - brass se}ected for its duraBiiiiy and
non-corrosiveness.

Connection - for convenience. In some cases nozzles .
N \

were available only in this size, c

3

Orifice - small orifice helps produce fine droplets.’

Right angle head. - convenient for directing spray.

~
N

Spray angle - narrow angle bétter to conserve water

N

ane;prevent overshoot It”8".

Atomization (droplet qize) ~ this should be between

"gprinkle" which is 6vero1000 mi%, and "mist" N

L

10-100 microms, 'to wet easily and quicklye

i 2

* -it was found later in testing the Bete FZOO that _greater 1mpacc

)
!
S
v
;

.
ot U NG NMM{W T ‘"T"F“‘bﬁa.ﬂ.?ﬁi'”‘,’, NN 1T DT TS

y 18 provided with fan spray nozzles. .- -
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4. -'Catalog of Nozzles Tested . ’
" ) Y N \ . N
. ¢ . .
S A
D.B. (Smith #147 , '
M ’ *
\ Manufactured by: .
Y ,

D.B. Smith Co., 0
Utica, N.Y. ;

\ l\

Section Draw&Pg:-°

- / : . , 7z

Y ' -
'

"\ Type: hydrauliégswirl nézzlé with grooved entry.
.1‘5? 3 \ “ ¢ _
.Orifide Size: approximately:4.76 mm. (3/1%") ’ s

{ .

i s s o ! )
Spray Pattern: ' hollow cone ) R
L3 .
: . as tested:'l liter/min. (.22 gal./min.)
Capacity (flow rate) :, mfgr's claim: not available ;

7
! /

Spray Angle: 752 N

o . , EN
\ ! N \
N .
b

Atomization size: sprinkle’(1000 miqgons) . T
4 / \\"‘

Impact: very good . -

.
v i .

\ . )
- 5 ) ‘# R x . , u
’ - This nozzle is adjustable ﬁrom full sprax to closed. It is primarily'

-

chNG it

used for garden hoses Not satisfactory for capacity.




. )
. ' . .
o) ) .

: ' | Whirljet 1/8A.5 » . . O
N . - [N ‘. ) .
Manufactured by: * ~ ‘ T
Spraying Systems Co. > . | "o
0 Weaton, Ill. . «
\ r o . - o
b /\
. 2 . '
za&4z¢w¢2%624%% *
1 Section Drawing:- = - :
’ N A, ‘
4 L] -
~ ) . R | .
. Type: hydraulic swirl nozzle wikh tangential entry. |
% - . N , ' L
o ’ Orifice Size: 1.2 mm. (3/64") L . - q

. k3

e ‘Spray Pattern: hollow cone

.as tested: .4 liter/min. (.08 gal./min.)
mfgr's claim: .27 liter/min. (.06 gal,/min.)

. ‘ Spray Angle: 58° : :

Caéacity (flow rate):

), - Atomization Size: Spray (100-1000 microns) N
. - &
Impact: good

N ?

’J ‘ ¢ . ’ o4
. "-This nozzle is the simplest in construction. The body has ogf

oo eccéggric hole. The cap has a central hole. Not satisfactory for
. AN »

o
AN
‘capacity. N N ‘ﬂ> i N
\ - v - - .
-
-
. . N
. |
- »
v 3 \f
4
9 N
\ \ -
[N \ v‘»‘ s 7 &
2 N i o X ‘1}
' 3
’ * d ’
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Bete P20 ' - ‘ )
Manufactured by: N :
Bete Fog Nozzle Inc., .
Greenfield, Mass.'
S
Section Drawing:- ) ' J !
YN N
d //// o |

‘ ’ - 1o VI e
Type: hydraulic v
Orifice Size: .59 mm. (.02") -

1 Spray Pattern:. fog i - )

- 1
. as tested: .33 liter/min. (.073 gal./min.)
Capacity (flow rate): mfgr's claim: 0.27 liter/min, (.06 gal./min.)
¢ Spray Angle: 90° ‘ o

Atomization Size: Mist (10-100 microns) ‘
N

—-Impact: good

)

The projecting pin on this nozzle which is easily subject to damage

- i

disqualifies it for shower. use.

.

o *

: r

™~ . - ' . ’ : Y JY “i
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" Befe Fog.Nozzle Inc.

Béte W5080F

kﬁanufactured by:

Greenfield, Mass.

. s
p . - /

Section’ Drawing:-

-~ \ ’
. [ "
Y\
Type: hydrqulié .
- xr * .1
Orifice Size:- 2.38 mm. (3/32") " L
'Spray Pattern: -solid cone . .
\ . as tested:1.4liter/min. (.3 gal./min.) v
Capacity (flow rate?. mfgr's claim:1.35 1liter/min. (.30gal.min.)
Spray Anglef 80° o .
Atomization Size: spray (100-1000 mictonqﬁ *
Impact: good
. b
This 1s the same §&%e of nozzle used on the NASA Skylab. We were
.. I 2N ,
not able to achieve 6h§ capacity claimed for this nozzle by NASA, e
. . @ .
possibly because they used it under zgro-gravity conditions. Not .
satisfactory for capacity. ) ) & v
N & . *
I ; ! ‘ * * " 5
v \ - » . / »
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: Estra 6400

v

Manufactured by:

The Afa Corporation,
Miami, Fla.

j; \ . '/’"”’/,f——rf~'**—-——-__]

Section Drawiﬁ@&;;

rotary disc

- " Type:
Orifice Size: .39 mm, (0.0135") ' Py
- 1 °
* 8pray Pattern:! fog :

2\

Capécityt(flow rate): 28 tested: 0.16 liter/min.\(.OBS gfl./miﬁ.)

mfgr's, claim:\ n/a | :

Spray Angle: 30° at nozzle

. —
Atomization Size: mist (10-100 microns : "
Impact: weak . .
) ,r,— ? h i
. T - 3
/“ } 1
. 'This‘qozz&e with bq%;t—in trigger .control produced the slowest . . - g
sptay. The trigger control did not funmection under mechanical #’3
o \ , hd 5
g pressurg oft 1.3 atmos. (20 psi). Impact not satisfactory. g
) . . - , ° a a4 E
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Niagara #71 . . ‘ @ :
Manufactured by: ) , ‘J . [END |
3 FMC’O v y * B ’;' .
- ) Colmar,” Pa. w0 .
- . ' A ‘ i
N == mww =] :
. ) , = 4
I - & - * _l‘ “
o o { - )
iy o . ‘
Type: rotary disc - » ,
. e —t - s N %
, + . . N
Orifice Size: approx. .39 mm. (.0135") . : -
Spray Pattern: fog * ' foo .
L 3
I ', as tested: 0,08 liter/min. (.017 gal.mip.) ¥
x Capacity (flow ratq?. mfgr's claim:  n/a _ R %
Spray Angle: 30° at nozzle: / e .
’ s - | N .
/ l Atomization Size: mist (10-100 microns) - ' : W {
- §
Impact: weak ' . ) i C e 5
l o , Q. , o o .
‘ - ° . b 3 -~ .
Like the Estra this nozzle has a Aduilt-in trigger control, which .
< . . B )‘ /
did not function. Impact not”sdtisfactory. ) )
— Y - - » ” - :
. ~ ¢ ' ® . t
7 = - 4
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Steinen TM21 - 1/8" .

Manufactured by: ) ' ‘

Wm. Steinen ﬁfg. Co.,
Parsippany, N.J.

7

Section Drawing:~

.Type: hydraulic | ‘ B
/

Orifice Size: 3.17 mm. (1/8") . _ ‘

Spray Pattern: hollow cone . '
Capacity (Elow rate3' 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 microms) B

Impact: good -

This nozzle did not prove satisfactory in flow rate.
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Manufactured by: \ . ¢

Wm. Stelnen Mfg. Co.,
Parisppany, N.J.

Section Drawing:-

AN A

j
|

Q

Typé: hydraulic o .

' -

Orifice Size: .59 mm. (.028")

- .
' -

»

Spray Pattern: hollow cone

., as tested: .3 liter/min. (.06 gal./min.)
Capacity (flow rate): mfgr's claim:’ .28 liter/min.. (.069 gal,/min.)

o

] ) Spray angle: .70

Atomization Size: spray (100-1000 microns . .
Impact: good ’
Q

This nozzle performed well in both flow.rate and spray force.

Satisfactory. ! - ,
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Bete F200

Manufactured by: o ‘ v

~Bete Fog hoz le, Inc., o ' .
Greenfield, Mass. .

- Section Drawing:~

BN

f%@%fvmmwmimllﬁi
LJW%%%W%W%«%ZQvNQS
S

A

~
-

—

ATIL o

Type: Haudrolic

e .

Orifice Size: .59 mm. (.020") -

‘Spray Pattern: fan ‘ }

as tested: .33 liter/min. (.07 gal./min.)
mfgr's claim: .135 liter/min. (.03 gal.min.)

Capacity (flow rate):
» ' Spray Angle: 60°
Atomization Size: spray (100-1000 microms)

i
< . N ”
Impact: very good :

y
This nozzle performed best in cap;city and impact., The advantage ‘.)
of the fan spray pattern is its=mbility to move soap suds on the
skin surface, - Satisfactory.
o
|
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5, Preliminary Tests of the Atomized Water Device

voe .

8 4

Firgt test of the atomized water device. December 5, 1975.

Set-up: Black & Decker compressor
Plastic jug of 4.5 liters (1 gal.)
1/4" vinyl hose
Brass fittings at hose ends : . .
. Bete WSOBO# Nozzle

Chapin garden hose control valve.

Procedure:"' Jug filled with 2 liters (0.5 gal.) water
f N qu gsealed v '
.. Compressor turned on”
Sprayer functioning okay, but flow appears very
fast. About 1 liter/minute (0.25 gal/min.)
After about. one minute,ljug had swelled to'a rounded
, : form, then burst. (see°page90 )
i - Conclusion: Test demonstrated that the device will work. ?
g - Jug too weak to wi(‘.‘hs’tand 1.3 atmos. (20 pai:\l}\ r
pressure from compressor’
Nozzle performed Qéll. Hose control perfo}med well.

Hose performed well.

s

A seconid test, December 12, 1975, substituted for the water tank a
windshield water tank made for the Volkswagon Bus. The tank walls

were 6.3 mm. (1/4") thick, and could contain 2.5 liters (.6 gal.)

N
of wate;7 It proved to be sufficiently strong to withstand the

/

pressure ' bf 1.3 atmos. (20 psij-and was able to hold some pressure

i . for at least 2 months.

|
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6. Record of Tésts , . o

Record ©of tests of nozzles for capacity (flow rate).

Tests were made befﬁ?en December 1975 and July 1976

Method: Tank was filled with 1 liter of water.

: Compressor was turned on and spray was timed

Id

until all w%tef was put of tank.
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Water coansumed in

. L8

. f
ity (Flow Rat ) E
Nozzles Test 1 Test 2 Test 3 Capacity (Flow e) hypothetical 5 minute shower %
in order of testing . - :
: . | iters/min gals./min liters gallons
D.B. Smith 147 56 seci 1 minSsecq 50 sec. '1.0 .22 5.0 1.1 )
Spraying Systems . . . ‘
Whirljet 1/8A.5 3% min.19secy 2minl8sec 2min.18sec .43 .08 2.17 Wb
SN .
o .
Bete W5080F Imin.lsec. lmin. Imin. 1.4 o . 7.0 1.5 ,
- " Bete P20 2 min.18sec{ 3 min. 3 min. .36 .07 1.8 \, 35 )
, i
Niagara 71 10 min.45sec] 10min.30secd 13 min. .08 .01 .435 .05
Estra 6400 6 min. 4min.iSsec) 7min.45sec.| .17 .03 .86 .15
a
Black & Decker 59 sec. 1 min. 1 min. 1.0 .22 5.0 1.1 !
Paint nozzle
, .
- Steinen TM21 2 min.lésec. [2min.18sec. 2min.18sec. .43 .08 2.17 .40 ‘
Steinen TM501 3 min.30sec. [3min.25sec. | 3min.30sec.| .3 .06 1.5 .3
. O/\ .
N
Bete F200 2 min.35sec. |2 min.15sec. 3 min. .38 .07 - 1.92 .35
. i
— > -
D "
NASA claim for this nozzle - .25 .05 1.25 .25 -
- 3
H
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7. NozzlepTest Results '

s

{ \

v ° .

.The results of the tests showed that nozzles with smaller orifices

(as on the Niagara and Estra) helped sustain the flow of water for

\

a longer period than nozzles with larger orifices; however, the

quality of spray was finer with the small orifice and the impact,

. a

less. Nozzles with larger orificés yielded capacities too high for

9
a workable showey. L 1
v N
A

%

)

. The goal cyiteria of 1 liter in 5 to 8 minutes (0.25 gal./5 min.) °
e 5 1

was achieved, but at the cost of very low impact.

The Bete P20 nozzle performed at .33 liters/minute (.07 gal/min.)
»

but its projecting pin would disqualify it on the basis}of safety

to tﬂe bather as well as its-liability to damage. However, a,

protective collar-cap attached to the nozzle would be a simple

corrective. Although having'very good capacity, the Estra'sy

spray impact was less satisfactory in removing sudsy water.

The best‘performance‘in both impact and duration was found in the

Steinen TM501 and the Bete F200 nozzles.
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. COMPARATIVE CAPACITIES: ;
C - Cd
: ' Nozzles Flow Rate per Minute Impact Duration
[ ————— I/'———"——"‘
. \ ' /r'
. }
/ Bete P20 .33 liters/min. (.07 g./m.) good ¢  poor
i Bete F200 .33 " " " " verfy good« gogd
' " Steinen TM501 .28 " " (.06 g./m.) good good
!
‘[(1 A L
F ! Criteria:  NASA claim :
! Bete W5080F .25 liters/min. (.05 g./m.) good .
’
1 Estra .16 liters/min. (.03 g./m.) poor very good
? , ' ; '
8. Reassesment of Goals ~
\ ’ 4 é
£
i , , !
Since nozzles with the required range are rarely manufactured, perhaps 2
- the use of standard components i impractical, and since the goal
of a nozzle capacity of .25 liters/minute (.05 gal./min.)1i.e., a shower
J using 1 liter (.22 gal.) of water and lasting about 8 minutes, is too

extreme, the goal should be revised. A more practical standard would

be to employ 3 or 4 liters (.6 or .8 gal.) of water for shower.last

ing about 8 minutes. This would require a nozzle with the capacity

of .5 liters/minute (.11l gal./min.) which is readily available from
/\ ,\ manufacturers: The water-saving would still be enormous: a saving
of over 907 of current average water quantity used for showering

(50 liters or 11 gallons).

<:) The otheér alternative, and one which would keep the original

I VAW 3}? Ik y‘«‘!‘,rw o
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) capacity goal, and perhaps lower still more the cost, would be to
N

»

‘ develop Niagara and Estra type plastic nozzles. This, of course,

requires mechanical enginéering design which would be the next step
in the develoﬁﬁent of atomized shower devices. This study has only
explored the possibilities and merely éought to establish standards

. . for atomized showering. '

)

;o '_
- [oland E
NATLRU )
< SPRNE U
. . RALDE sl
‘ A T ARy,

-

P A BT U G v T

|

BREAK IN VINYL HOSE IN SHOWERBATH TEST NO.1
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1. ‘Testing Showering’ 9

<

I (P Yy

<
1
}

LG, o s

' > The purpose of this test series is twofold. First there is tegting
of “atomizing devices for a satisfactory body cleaning; and secondly,
|
there 1g the test to demonstrate the concept-of a p;umbingless

v

gt

showerstall unit.

-

The concept of the plumbingless bathroom derives from current studies

of the Clivus Multrum toilet. This toilet utilizes aerobic decompos-

o

A A m’ 3,

A
, l ition of fecal matter in its operation. to produce a compost. The

T2

‘ \system uses no water. Since neither the Clivus Multrum toilet nor

; the atomized showerstall unit needé a piped water supply nor a

» 3

connection with a sewer drain, they would together constitute a
!

plumbingless bathroom. The waste deposited in the Clivus is withdrawn

.

WA e
-

as fertilizer, while the grey water collected in a container under

”,

the shower serves as garden irrigating water or as reserve water for ¥
v

ﬁ\x firefighting. ‘
| ¢ -

The concept of the shgwer enclosure design was an open bag in which .

* the bather stood on a duckboard above a drain. The unit could thus .i
be easily compacted for sEorage. Instead of a parting curtain for
entry, the cylindrical’wall is lowered fotr the ,bather to enter and

exit. This is similar to the shower used In the NASA Skylab (seg ¥

q pagel0l). Manipulationiof this we found to be awkward, so the ;

parting curtain entry was used.
4
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The cquipment described in Part IV was tested for its performance

during actual showering.

!
the compressor for pressure in two cases and the bicycle pump for

The slower rated nozzles were used with

pressure ip another cage. The bathing teat was dlvided into four

parts: wetting, soaping with the sprayer turned off, rinsing, and

towelling. The time involved was to equal that of a normal shower,

Al
i.e., from 5 to 8 minutes' duration.

N

One d;awback with the atomized shower device is of course that
onc hand must be hold&ng the sprayer most of the time, but this
is no different from the popular telephone shower, and shares its
advantages, i.e., its }lexibility to reach all parts of fhe body;
and to wash children and pets with more control than is possible

with the conventional fixed shower spray. Another problem is with

soap, Our-findings corroborate those of NASA's tests on the whole
P
body shower for the Skylab. We found that a sudsy soap prolongs

the rinsing operation and in turn uses more water.

v

Consequently,
in Test No.3 we changed from using Ivory soap to using a glycerene

soap. This enables.complete removal of soap in the time and water

limit. . ‘

Hairwashing was not included in the test because it involves a

different washing operation. Normally it does not occur ag frequent-

ly as body washing. Hairwashing would require’ additional water.

This would be the subject of a further study.

o
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‘.‘ ‘ 2. Record of Tests

o

,a) .showerbnth Test *No.1 *
b)

3 P.M., January 26,1976.

\ Set-up: Black & Decker Compressor 1
Volkswagen 2.5 liter (0.5 gal.) water tank
, Nozzle: S.S. Wﬁirljet 1/8A.5 ,
: 1/4" vinyl hose with Chapin garden hose control
Ivory soap |
Precautions: Emergency water backup: buckét'and sponge

/

backflow of water into compressor.

Nozzle control in "off" position.

-

Compressor set on higher level shelf to prevent

Procedure: . Tank filled to 2 liters (0.4 gal.) of water at 40%

(105°F) then strapped to showerstall post.

Compressor placed on higher level shelf.

Pressure 1,3 atmosg, (15-20 psi), .,

Liters = Gallous Time Table

(minutes) Operation
2.0 0.5 0.0 7 Start compressor.
0.1 Start spraying from face down
1.0 0.25 0.9 Wetting completed - sprayer off.
(compressor still on)
) ) . 1.0 Start soaping, using facecloth.
& 2.5 End soaping, start rinse spray.
0.5 0.12 3.5

¢

'

o NOTE: 1.1b./sq:in. = .068 atmos.

Supply line hose bursts(see page 90)

Break happened on hose line 1"

from tank between tank and nozzle.
Cause: hot water concentrated at
start of vinyl tube and softened it.

Remaining soap

removed with

emergency &ater.
DPrain and container functioned

satisfactorily,

Showering time:
/

1 atmos. = 14.7 1b/sq.in. (psi)

P — ’ PR——— -

3.5 minutes (interrupted)
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o b) Showerbath Test No.2 - 4 P,M., February 9, 1976.

| . Set~up: Bicycle pump ‘ _—
Volkswagon 2.5 liter (0.5 gal.) water tank
\' ’
Nozzle: Estra (with built-in control trigger)

5 | 1/8" vinyl hoée, inoperable over 1.3 atmos. (20 psi) ]
Ivory soap. N K : N
; Precautions: Emergency water backup: bucket and sponge. ) ['\
Procedure: Tank filled to 1 liter (.25 gal.) cold water )
then strapped to shower stall pos?. *

Air pumped by tire pump manually 18 strokes.
Pressure : 3.3 atmos. (48 psi) on pressure guage.

- , »
Pressure Liters Galldns Time Table ' Operation
o (minutes e )
2.4 atmos. 2.0 9.0 0.0 I Tank set in place.
| (35 psi) Start wetting.
1.5 Wetting completed, 0
- Spray off.’
| 3.0 Soaping completed. - K
Spray on.

Start rinsing.

L

.34 atmoa. ° i 6.5 . Pressure too weak to remove BCap.
(5 psi) . : K , . ,
2.4 atmos. 1.0 Pump air into tank (20°strokes). | k
(35 pst)
8,0 Resume rinsing.

1.4 atmos. 0.0 : 10.0 Rinsing completed.
(20 psi) All vater usged.

—

Showering time: 10 minutes
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c¢) Showerbath Test No. 3 -

Set-up:

11:30 A.M., May 18, 1976.

Black & Decker, Compressor

Volkswagon 2.5\1liter (Bls‘ggi.) water tank
Nozzle: Steinen TM21

1/4" winyl Lo e with Chapin garden hose control
Glycerene soa

Precautions: Emergency water baékup: bucket and sponge. '
Procedure! Compressor placed on higher level shelf to prevent back-
flow of water into compressor.
Nozzle contrel in "off" position. ,
Tank filled with 2-liters of cold water (0 4 gal.)
then set 1% cradle atop shower. '
Pressure 1.3 atmgs. (15-20 psi).
Time Table
Liters Gallong (minutes) Operation
2.0 0.4 0.0 Start compressor. Climb into shower.
1.0 Start wetting from face down.
2.0 Wetting ﬁompIeted. Sprayer off.
Start soaping.
1.0 0.2 | 4.0 Soaping completed. Start spray for
. I ; rinsing. 3
AN - :
-0.0 0.0 5.0 ] Rinsing incomplete. No water. Some-
! soap remains.
/J 7.0 Compressor off.
\ 8.0 Emergency water required to remove
all remaining soap.

Showering.time: 8 minutes (interrupted)

Grey water recovery: 0.75 liter
(3 cups @ 250 ml/cup)

I -
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d) Showerbath

- L R N S

/

Test No.4 - 11:30 A.M., July 7, 1976.

il -

Set-up: Black & Decker Compressor
" Volkswagon 2.5 liter (0.5 gal.) water tank
Nozzle: Steinen TMO51
1/4" ¢ vinyl hose with Chapin garden hose control valve.
Glycerene soap. '
Precautions: Emergency water backup: bucket and sponge.
Proceduyre: Compressor placed on higher level shelf to prevent back-
flow of water into coﬁpressor.
Pressure 1.3 atmos. (15-20 psi).
s
v ‘ T b1
Liters Gallonms me Table " Operation
(minutes) I _ R
2.0 0.4 0.0 Start compressor. Climb into shower.
‘ 1.0 Start wetting from face down.
/y“t 1.0 0.2 2.0 Wetting completed.lSpréyer off,
i 3.0 Soaping completed. Start spray for
: | h rinsing.
! J.
0.0 0.0 6.0 Rinsing completed. All soap off.
Compressor off. : - ,
7.0 Start towellingﬁ
‘ 8.0 Towellings completed.
Total Time: 8 minutes
b ’ Showering time: 6 miQ?tes
- _é L . 3
)
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e) Showerbath Test No.5 * - 4 P.M., July 9, 1976.

a

7
Set-up: Bicycle pump ,
Volkswagon 2.5 liter (0.5 gal.) water. tank .
- - K -
Nozzle: Bete F200
1/4" vinyl hose with Chapin garden hose control
Glycerine soap. <
Precautions: Emergency water back-up: bucket and sponge..
Procedure: Tank ﬁilled to 2 liters (.4 gal.) cold water
K then strapped to shower stall post.
Air pumped by tire pump manually 21 strokes.
Pressure 35 psi on pressure guage. ’
19
J . 3 2
1 Pressure Liters Gallons .{:‘;: u’t‘::;e \ Operation
+ 3.3 atmos. 1.9 4,2 0.0 Tank set in place. Fine mist coming
(48 psi) from nozzle, Start wetting.
‘1.2 - 2.6 3.0 : Wetting cofnpleted. It required
' all this time,
: 2.4 atmos. 0.8 0.17 5.0 Start soaping. Control lacking so
(35 psi) , spray continués.
Completed  soaping. .
Start rinsing from face down using
¢ ’ hand and sponge to scrape off soap.
0.2 - 0.04 8.0 Spray getting weak, losing force. ‘
2.0 atmos. 0.1 0.02 9.0 Spray tdo weak to use. Skin still
(30 psi) 808pY.
1.7 atmos. 0.0 0.0 10.0 Emergency water required to remove
(25 pst) ‘ . all remaing soap.
. _ Showering time: 10 minutes (intcrruptéd.)
i
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‘Wiring

Hamess—’—~\"1

Hand
Restraint

Hand
Restraint

External
Water

Temperature
__Control

Shutoff —

' — .\ﬁuleed )__’Qmower K

—Controj Soap

-Outlet

Valve -
A .

[Fresh
Water

Container.

Blower

_ Restraint —

. Figure 115.-
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; * System
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1 3. Findings : . '

As stated in Part 1V, the nozzle performance range affects the bathing.
/ The more forceful and larger droplét.nozzles used water too fast for

; a satisfactory shower, while the finer droplet nozzles produced a

3

:

% spray too weak to remove the soap in the required time and water supply.
/ +

E However, in Shower Test No.4, the Steinen TMO51 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

1

~

1
% and for reaching all parts of the body.
3

Another nozzle which we found to 'satisfy the requirements was the Bete

N

F200. 1Its greater impact proved more effective than the Steinen TMO51
N ‘
in removing soap suds. This was due to the concentration of droplets

N -
in a fan pattern. The drawback of the Bete F200, however, is that R ;
it does not have a right angled head. Of course this advantage or

disadvantage depends on the type of control valve handle used.

i

3 The tests have positively demonstrated that a showerstall with an

étomizing device could be a plumbingless uni%, and together with the

Clivus Multrum toilet could constitute a'plumbingless gathroom. In

L 3
fact, the shower unit could be used in any room of the house.

. [
The normal shower: uses about 50 liters (11 gal.) of water and takes

/
about 5 to 9 minutes. This shower used 2 liters (0.5 gal.) of \
vater for 5 to,8 minutes. This is a water-saving of 96Z. /
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The tests have demonstratied the feagibility of the atomizing hevice
to satisfactorily cleanse the body. Both the showerstall and the
atomizing equipment tested were rather primitive, ;o further refine-

ment would be necessary fdr oﬁtimum design performance.
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The general problem was to conserve water by using a nozzle to

/

break up the water into a spray, thereby using a lower volume of

\

water per shower,

The specific problem was to select the proper hozzle: As a hypo-
thetical basis, at the start, we used the‘pgrformance of the NASA
whole body shower. NASA claimed to shower a batger in 9 minutes
with 2,2 i;Cers (0.5 gallons) of water, at a pressure of 1.0 atmos.
(15 psi). This is a capacity (flow rate) of 0.27 liters/minute

(0.06 gal./min.). '

We obtained a duplicate nozzle to the oné used in the NASA Skylab:
the Bete W5080F, but were not able to get theﬁperfotmance claimed.
This may be due to the fact that we were using it at grayity one ¢
instead«of zero gravity a; they did. We did, however get near the
performance claimed in the maqugacturer's catalog: 1.35 liters/

minute (.30 gal./min.). This flow rate was too high.

1
i

/
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. ’ . T

\ o

The first one we found to satisfy this condition was the Steinen TMO51
7/ . .

3
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i
. . ®
with a capacity of ,135 liters/minute at 1.3 atmospheres (.03 gal./

min. at 15 psi). In the showering test it performed well: a 6
| .
minute shower using 2 liters (.4 gal.) jgtwater. The last nozzle
er because its fan pattern

spray reduced the time and consequently the amount of water requjred

\

tested, the'Bete F200, performed even be

to remove soapsuds in the rinsing process.

¢
| —~—

Both of these nozzles are inexpensive (about $3.00) and fairly

simple to maké.

2}

Did we hccomplish what we set out to do?

o

l
Yes. The use of atomization for washing and showering for water

1
conservation has been'demonstrated. The water saving. is 96% of the
amount used in a normal shower:

1 ~ 4

The hygilenic properties of showering with atomized water have been
demonstrated. The search for equipment already on th; m§rket as
components for the atomized shower device was also successful. The
testing of a device to match the standard of perforqgnce (2 liters
or 0.5 ga%lons for 'a 10 minute shower) established by NASA for the
Skylab shower was no;\feached but served as guide.

i

The shower stall proved satisfactory, but could have been of lighter

weight construction for portability and storage option. However, its

drain and grey water collector did function well.

N

-

How does it feel to use an atomized shower?

. -~

I’
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The atomlzed shower produces a different sensation from the normal
shower. Although the device is similar to the telephone shower which’
den reach close to allkbarts of the body, the spray impact 18 much
less, 80 the needle-like massage is missiny and‘a softer flow of water
km is felt since the droplet size is finer. During rinsing, the sogp
comes off more slowly and sometimes must be wiped of f wgth the help
of a cloth or sponge since the weiker impact spray does not move the
suds as fast as with the normal shower. Bdt on completion, one has

the same exhilaration and clean feeling as after the.aormal shower.

Q

O

Perhaps it cguld best be compared to a gentle rain in contrast to a

. driving rain. .

N >

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 discharge' are present,
the little waste water which does remain (grey yater) is recycleable
for garden irrigation oxr for coolins roofs or for fire-fighting J

o
reservoirs.

°

The Yg;er—saving showver and the elimination of water discharge to a
sewer s;zrves as environmental ;&otection and energy cdnservat:ion.
Less fresh water for showering saves energy in treatment and plumbing.
Less hot water is used; and léss sewage is generated, which:congerves

energy used in heating and treatment. Considering the increasing

° - demand for water, the increasing cost of energy, and increasing

- 4
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water quality requirements demanding better treatment, the imblications
for conservation by the wide uge of such a shower system are very
significant, especially when projected over the next few decades.

[
What are other implications of the atomized shower?

&

In many parts of the world water supply is a problem and water may

Jbe a scarce and expensive comﬁodity. This may be due to climate

(arid), geographx (Far North), location (sea waéer only available)

or circumstance (spacecraft, mobile homes) dnd also in emergency

situations and where water is'polluted. In all these cases the low

cost of a portable atomized shower or washing uﬁ;t has distinct
advantages. Existing water supplies could be greatly extended and,
where water needs to be brought in, less of it would be required

than before. oo

As a basic necessity of man not only for' survival and maintenance,

but also for health resulting from adequate washing and showering,

the atomized device would be a boon. This would lead to increasing '

the individual's energy and strength and raise- beth the standard

and quality of life in other respects, since he would be freer from

\

immobility caused by disease.

L)

s
Economic growth potential increas@s rapidly as water becomes more

plentiful, even in this way. . ‘ T
!

:

What chance of public acceptance has the atomized shower?
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We have seen in the case of Granby that certaln barriers would

'\

exist., To convert in emergenciés would be difficult but possible.

To convince users to convert at other times would require demonstration,

mainly of cost savings.

\ \ . ' \ \
In localities where bathing is midimal and disease a common condition,

PN

only by a long-range educational program can any new technology be

accepted. In Domestic Water Use in the New Guinea Highlands,l'i{ich‘arq (

Feachem reports on introducing new technology into a ﬁighlands clan.

He reports that cultural habits inhibit improvement of the water supply.
, ' o

Cited were fear of poison and of female'contaminatipn in the water

source. These accounted for minimal water use, for example, total

per capita usage being 0.68 liters daily of which 797 is drunk,
\

However, not so resistant was a test group of,workers in Dubai, in
1975, 500 workers were provided by the U.N. with inexpensive hand- \7>
pumpedApressure sprayers from Taiwan which were used for showering.

!
Documentation on this is not yet available, but it is reportedly a

& 7 v v b - .
b PR S L Tom el Y s

successful experimewtr

3

The phogoéraph on pagellOshows Philippine children intrigued with
»

the idea of ﬁandwashing with a finger~pumped atomizer. Early

familiarity with atomizers may reduce cultural resistance to new -
- .
technology, which can helﬁ prevent future water shortage. L - °

~

Despite potential cultural resistance and the time lag for new tech-

ﬁoldgy to be accepted, the concept makes sense. If the world is\\

’,

3
»

3
;,“
i
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to ‘sensibly organize its water use, we must listen to 7he words

. of M.I. Lvoviche.'s "A water crisis can be averted By an integrated

'
[

programme of technological, bio;oéical and organizational measures".

The htomized shower is ofifered here as a \technological measure. /

) 8 »

!

Possible applications for atomized showers:

! )
« °
’ -
’ /
¢ ”

i /
" Location Water Supply & Applioatidﬂ
Pressure \
i
\ <
: I urban wacér\main w/ b:throoms in houses, showers
’ pressure reducing 1in industry, schools,
) valve ‘ hospitals.
. . I rural w/water taps bathrooms in houses
w/pressure showers in schools.
reducing valve ' l
111  rural' w/water delivered bathrooms in houses
regulhrly community showers
compressed air
IV rural wild water carried on  vehicles, showers
' vehicles ' camp showers
) - ‘compressed air or
manual pump 4 ' S

111

—



Summary of Conclusions:

A S [ , . . . W , . . ,
Ve :
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The atomized shower is feasible.

Equipment for an at;mtzed.ghowér is available on the market.
Low, suds soap must be used to minimize the quantif& of water -
for rinsing.

The plumbiﬁgless bathroom is feasible whgn the atomized shower

is used in combination with the Cliyus toilet.

The atomized shower is hygienic.r

\

Alr pressure on the water should be 1.3 atmos. (15-20 psi).

Nozzles should be fan ﬁattern, small orifice, u?der 1.58 mm.
'(1/16"), righct angle and withli capacity of .about .135 liters/

minute (.Og gal. /min.).

Further research needs to be done on pressure sources, hairwashing,

and muitiple showers. ’

/
Shower water conservation of over 90%Z has been demonstrated., |
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ATOMIZED SHOWER UTILIZING BACKPACK SPRAYER AND INSTANT WATER HEATER

The lever operation makes pumping air for pressure easier than with -

other types of manual pumps.

The backpack unit would be wall

mounted along with the water tank.

The electric instant water

heating unit is econmomical where no other water is to be heated

by electricity as in camps.
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DIAL CONTROL SPRAY HANDLE
This valve control is for selecting plain water or soapy water.

A third selection would be air for drying.
An alternative is seperate nozzles and hose each in turn for plain

water, soapy water or atir.
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< LILEXIBLE POSITION
y . ARV
( NozzLE \ | PRESSURE ON

BAR ST ARTrsS
T ATOMI ZER SPRay

HANDWASH VALVE CONTROL is activated by the arms. It is
, preferred over foot and knee type pedals which cause
uncomfortable balance.

Nozzle has flexible ball joint for aiming spray.
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INDUSTRIAL APPLICATION of atomized handwashing sprayers.
With pressure reducing devices gqhg vater washing facilities
can be converted to using atomizer nozzles.

In new installations, spigot,is replaced with twist "off-on"
control at nozzle.
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SPRAY WATER

TOILET WATERBOX ATOMIZED HAIVD-I;’AS'HING

For situations where anarobie toilets are used,
" Manual type atomizer's tube extends into water

lbom. It is used for after or before ‘toilet

hygiene. ,
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Atomized shower can be adapted to existing fagility

by use of pressure reducing valve:
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Shower water may be captured £n plant tray under shover floor.
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APPENDIX IT : SKIN BACTERIA TEST
\ ! . . -
¢
R
. s )
. v ' . .
. . . )
' ) !
. ) i ' ’
~ N
[ - : ‘ .
s .
¢ _ . . .
. A v - ‘
’ f wr -
\\( *

A

g1
S ,
PR O Tt o1
o




Y

.
. . N
L .
3 " W § el
' b . . gty b . .
¥ H LT S ' P A e et

' Sed 4
fanovean el ,,‘ o;,(u |M &, ;\un” YRR

RN a , )
' Can oy Vx v‘l“ & 4 |"J‘ " 1!1 )‘tl' Lﬁ‘h o e g K ey d PR . [
i ;

Ve sy 4 et

¥ g
1

v . M v 1 N
i) ¢ N .. .
N L " ! o ] - I T T 7T NS P R I Am z;w A4 '« Hgrcia v

| _ \

It was believed that a swab test of bacteria gn/the skin before
and afcer washing could demonsttate that the atomized shower had
as good ‘a cleansing capacity as the qgréal ahoﬁer. Withuthe help
of the Director of tﬁe Ciﬁy of Montréal Department of Health
Laboratory, Mr. Maurice Bouleris, such tests were made of our skin
using Bell-Parker reagent materialf This 1s usedlto measure total
bacteria present in one test, and pfesence of Staphylococcus in
another test. " The nésulta were as 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

unfque. ', ]

3 y
L
Strangely, no one knows why this happens. Scientists say it does

”

not prove that there ig more bactéria present on the skin after

washing, but that there is more bacteria in the samples\of the
water‘aftgr washing. The theory is that bacteria which lie deep
in the pores of the skin are stirred up and come out when washing

:

"‘ takes place. See sketch.-

‘ T35 .
Soap is classified in three types, each.having varying chemical

compositions. These different agents act as biodegra&able soaps

which do not halt bacteria growth and can be broken down by bacteria,

v

biostatic soaps which control the growth of. bacteria, and biosidal

soaps which actually deactivate thF bacteria.

&
.

Only by using biosidal soap can the cqun;’of‘bacteria remaining

- -
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.’ after yasl{ing be less. :t‘rleats sl)ow,-' 'sgigl Mr. Boulgris, that 98%
‘ ' less bacteria are present after one washing with soap concéiﬁing
N ﬁexachloraphene.
So we made a second test with the atomized éaowet dévice again

but this time a bar soap,Gamophan.confaiqing 2% Hexachloradphene,

( obtained on prescription from Dr. Boudreau of the McGill Medical

Department) was used.
' . ‘ !
\,' " v v R

As expécted, sample results taken after 48 hours in incubation
showed ; high absence of bacterid: about 95% less. Thus it has

definitely been shown that washing by atomized water with biosidal
, o

soap réduces bacteria as much as normal washing with biosidal

" soap does. That 18 to say, the atomized shower device can be

Ao

considered to give as hygienic a wash as a normal full water wash.

X
Tests were made at the City of Montré&al Department of Health,
- Laboratory on August 11 and 18, 1976.
- .
- - /. .. . |
\ ‘ before washing after washing after washing
bacteria in pores bacteria on skin| with\biosidal soap -
; (normal soap) (hexachloraphene)
e
s 2 /

BACTERIA IN SKIN THEORY
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