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THE NECESSITY FOR SMOKE ALARMS IS Al




INTRODUCTION.

The progress of civilization which has increased,
more and more, the demands for power, has been heretofore
a selfish commercial development. Xow »ublic comfort
is beginning to be considered of sufficient conseguence
t0 necessitate the discontinuvance 0f obnoxious power
production. The increasing black clouds of suffocating

moke streaming over eities from every factory stack must
be & thing of the past. o longer will the people stand
for having their buildings blackened and disintegrated,

their vegatables blighted and their lungs poluted.

The following is a sumrnary of literature on the
subject of smoke abatement as compiled by the Chicago

O

Smoke Cormission.

CONCLUSICKS TO BE DRAWN FROII A STUDY CF TIE

LITERATURE RELATING TC SHOKE ABATELEINT

IN TARGE CITIES.

"Smoke abatement in large cities has been a matter
of nublic interest For many years and the literature on
the subject is extensive. It presents evidences of wide
differences in the practice of cities in their efiorts to
secure relief from smoke, and many points of disagreemént
in the opinions of exnerts as to the effects vproduced by

smbke. This condition emphasizes the fact that the art of



smoke abatement has not as yet besa fully developed, and
that much in the nature of scientific research and in-
vestigation remains to be accoumplished before definite

standards of practice can be established.

The nmore important facts énd conclusions which seem
to be generally accepted, or which were justified by the
weight of the evidence presented, have been set forth in
the concluding paragrashs of each section of this review.

These may be suwmmarized as follows:

l. Definite evidences of interest dn smoke abatement
date back six centuries or more to the time of Edwaré I
(1272-1307) in England. The first asutaentic information
relating to the use of coal is contained in complaints

against it as a nuisence.

2. The British Parliament, in 1819, apvnointed a
Select Committee to study and renort upon the matter of
smoke abatement. Since that date, there have been in-
numerable discussions and reports of investigetions and

the mass 0of litersture has grown with great repidity.

7z

2. Two conceptions of the meaning of the word
"smoke" exist. The usual and nopular conception regards
smoke as the visable exhalation of a burning suustance.
The other conception takes account of all the products

of combustion, both visable and invisable, solid and

gaseous.
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4. Smoke becomes an object of concern to the city
smoke inspector irmediastely upon being discharged from
the steck. It is asswaed to te objectionable in direct
proportion to its visivle de:usity. The controlling
factors in smoke inspection are:

a. The reguirements laid down by the ordinance,
vnder which action proceeds, as to “he character
of non-neraissaeble swmoke, as, for instance,
"dense smoke" or '"black smoke."

b. A standard by which smoke discharges may be
evaluated in terms to meet the requirements of
the ordinance.

¢. The means by wnich smoke observations may

be made and recorded.

-

5. A survey of the atwosphere 0L several of the
world's great cities shows an improvement in atmospheric
conditions during recent years. It shows also that
Chicago sufiers less from the effects of smoke than

certein other large cities of this and other countries.

6. The comvarison of the air of cities with that of
the country has revealed charscteristics which may aad
apparently muct be attributed to the smoke of the cities;
but it has also been shown that they ma; in psrt be at-
trivuted to cther sources, as, for examnle, leakage from
gas mains, the pollution due to sewers, the dust of the
streets and decaying organisms. Air analysts have ad-

mittedly not been sble to separate the products of com-



bustion as dispersed in the air from other agents of air

pollution.

7. The industrial sctivity of all important cities
has brought about an increase in coal coasumption which
is greater then the increase in population. Smoke
formation and the consequent pollution of the atmos»here
by smoke have in recent years fended to increase, and
have done so exdept so far as the adoption of various
meang in smoke pnrevéention have proved effective. The
fact is repeatedly pointed out that, in securing results
of scientific value for use in abating swmoke, no one
individual and no- one city can accom»nlish the work that
mush be done. The observations must be numerous and must

extend over decades.

8. The fect appears firmly established that there
is & well delined relation between smoke and fog and that
the presence of smoke induces fog. It 1s agreed that sun-

shine is & function of the amount of smbke present in the

stmosphere.

9. Certain investigations heve shown that the amount
0f carbon dioxid in the atmosphere of cities 1s, as a
rule, oaly about one per cent greater than in country
air. The sulphur compounds in the city air usually
form & more iwmportant constituent than is the case in
country air. Sulphur compounds in the atmosphere are

senerally due to the combustion of coal.



10. Among the sources of pollution of city air by
sumoke, the world over, domestic chimneys are consvicuous.
The mention of them by observers egnd students is much

more frequent than the mention of any other source.

1l1. The most successful means which have been
employed to abate smoke have included n:zt only legal
prohibition but also the development of co-cperative

and educative measures.

12. The mechanical and nhysicsl means in smoke
abatement which are suggested in the literature on the
subject, not all of w:ich can be accepted as practicable,

include:

a. The removal of fuel consuming industries

to points remote from the city.

b. The construction of smoke sewers or community
chimneys of such size and height as to permit of

directing the discharges of many flues into one

]

stack @nd thereby delivering the combined streeam

fzr above the city.

¢. The esteblishment of central heating and nower

d. The employment c¢f devices for weashing smoke

discharges before their emission into the atmosphere.

e. The condensation and deposition of smoke.



particles by means of electric devices.

f. The abolition of many small cosl fires
throuch an extension of the vse of gas and

! Oy SR

electricity.
g+ Improvement in the methods of firing.

13. Tires of bituminous coal may be maintained
without becoming sources of visable smoke, providing
certain nrinciples are recognized in the design of fur-

naces and in the manner in which they are fired,

14. It is possible to secure smokeless combustion
of fuel in fires under stationsry boilers by hand=firing,

though such & result implies careful supervision.

15. Ilost mechanicsl stokers and methods of stoking
which serve to distil and consume the volatile products
conteined in the fuel are cenerally approved &s a means
in smoke abatement where tituminous or other coals high

in volatile matter are used.

16. 7ith reference to the effects of smoke, the
following conclusions seen justified by the literature

on the sutject:

a. There is a general sgrreement among sanitary
authorities that polluted air is harmful to
health, tut &t the o»resent time there exists no

accurate method of measuring this harm nor of



determining the relative resnonsibility of the
different elemcnts wiich enter into *the =mixture of
gases and solids comuonly referred to as atmos-

pheric air.

b. The direct effects éf suoke or of any of
its attributes, includiag soot, dust and gases,
in amounts which may ordinerily pervade the at-
mosphere 0L a smoky city «re not shown to be
detrimental to persons in normal health, but
the general physical tone ig lowered as a result

of long continued breathing of polluted air.

c. The direct effect of smoke upon those who
are 11l has been most extensively studied in con-
nection with tuberculogis and pneumonia. It ap-
pears that smoke does not in any way stimulate
the onset of the tubercular process nor militate
against the rapidity of recovery when once this
diseasé nas been contracted, but that it Lhas a
direct antiseptic effect and tends to localize
the disorder. In coses of nneuwonia, the effect

becomes seriously detrimental.

d. The tarry matter and sulphur compounds
present in coal smoke Liave been shown by exner-
iments to aflect certain classes of vegetation

]

when applied in sufficient quantities.



e. Smoke is popularly regarded as a source of
loss and damage in its effects upon building mat-
erials, objects of virtu, clothing and other prop-
erty. 'Thile these effects of smoke seem obvious,
it has 210t been pnoscible to estimate their extent

with any degree of accuracy."

Practically all of the larger cities now have ordin-
ances which prohibit smoking of stsacks. Chicago ordin-

ences are good examples of those existant elsewhere.

CHICAGO ORDINANCE OF 1881.

"Section 1650.° The emission of dense smoke from the
smoke-stack of any voat or locomative or froo eny chim-
ney, anywhere within the City, shall be deemed and is
hereby declared-to be a public nuisance; provided that
the chimneys of buildings used exclusively for private
residences shall not be deemed within the »nrovisions of

this ordinance.

Section 16&1. The owner or owners of any toat or
locomotive engine and the person or persons employed as
encineer or otherwise in the working of the engine cr
engines in said boat or in operating such locomotive,
and the proprietor, lessee or occupant of any dbuilding,
who shall permit or £llow dense smoke to issue or be

emitted from the smoke-stack of any such voat or loco-



motive, or the chimney of any building within the cor-
porate limits, shall be dermed and held guilty of
creating & nuisance, and shall for every such offence

ve fined in a sum not less than Five Dollars nor more
than #ifty Dollsgrs. Sections 1650, 1651 and 1652 shall

take effect and be in force frow and after lay 1, 1881.

Section 1652. It shall be the duty of the Commis-
sioner of Health and the Superintendent of Dolice to
cause Sections 1650 and 1651 of this Article to be en-
forced, and to :ake complaeint and cause to be prosecuted

all persons violating the sanme."

The latest smoke ordinance in Chicago were enacted
in 1907, The following is the section relating part-

icularly to smoking.

" Section 17. The emission of dense sﬁoke within the
city from the smoke-stack of any locomotive, steam boat,
steam tug, steam roller, steam derrick, steam pile-driver,
tar-kettle, 0or other similar machine or coatrivance, or
from the g¢moke-stack ¢r chimney of any building or pre-
imises, excepting & period of six minutes in any one hour
during which the fire-box is being cleaned out or & new
fire being built therein, is hereby declar~d to be & nui-
sance snd may be summarily ebated by the smoke inspector,
or by any one whom he may duly authorize for such purpose.

5

Such abatement may be in addition to the fine hereinafter
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provided. Any person Oor jsersons, or corporation, owning,
operating, or in charge or control of any locomotive,

gteam boat, stean tug,.steam roller, steam derrick, steanm
pile driver, tar kettle, or other similar machine or contri-
vance, or of any building or premises, who shall cause or
pernit the emission of dense smoke, within the city, fronm
the smoke-stsck or chimney of any such locomotive, steanm
boat, steam tug, steam roller, steam derrick, steam pile
driver, tar kettle, or other similar mgchine or contrivance,
of from the swmoke-stack or chimney of eny building or
premises so owned, controlled, or in charce of him, her

or them, except for a neriod of six minutes in any one

hour during which the fire-box is being cleaned out or

a new fire built therein, shall be deemed guilty of a
violation of this ordinance, and upon conviction thereof
chell te fined not less than ten dollars nor more than

one hundred dollars for each offense; and'eaoh day of such

emission of dense smoke chall constitute a separate offense.®

——— - -

The prevention of smoke has been the subject of much
thought and exneriment. As a result, boiler setting de-
signs have been so far perfected that practically smokeless

combustion is now poscible with even the softest bituminous

.

-

coals. This is true, however, only so lons as all confitions
remain in a fixed relation to each other. Jor instance,
with hand firing, if a hole burns thru the firebed or if

the door is opened tu »ut in more coal, then the beslance
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of air supply agaiast air coansunmption is ddsrupted and a
ouff of smoke goes up the stack. Zven with automatic
stokers, a sudden load drops the steaws pressure winich

speeds up the stokers and the dampers uust be regulated

right for the increased demand for air.

Steam Jets have been successfully used to thoroly
mix the unburned air and coal gases so as to give complete
and smokeless combustion, but it is expensive to run theu
continuously and the Tireman never knows if they are anceded

until he happens to take a look at the Tire, pernaps five

minutes after it started to smoke.

In the cese of 0il fired furnaces smoking may be
prevented by proper regulation of air and of atomizing
steam at the burner. Again the fireman does not know
if he is smoking unless he looks at the fires. If a
load comes on suddenly the regulators send an extra amount
of 0il to the burners, and the furnace smokes. It is
a simple matter for the fireman to readjust air and steam
for the new rate of combustion but until he does so, the
comnunity is annoyed by & dense cloud of black smoke snut-
ting out the daylight and getting the washing on the lines

all sooty.
THE PROBLEL.

What is needed in connection with the present exist-
efficient methods of smoke prevention is some simple,

reliable, automatic and rapidly acting instrument which
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will sudibly warn the fireman when any particular furnuce
is smoking. It would also be of advantage to have this
instrument wade so thet it would indicate, by a pointer

for instance, just what density of smoke was being emitted.

Any mechanical instrument which is to operate when
smoke is belng produced must do so by teking advantag
of one or more of three conditions: ZfLirst, that which was,
itself, the cause of the smoke; second, some property
inherent in the smoke; and third, some rapidly following

result of the smoke having been formed.

The causes of smoke are, as before stated, largely
poor oboiler design, wrong amount of air, or poor distri-
sution of air among the fuel gases. The foruer of these
causes 1is a fixed quantity. The two latter, while varying
with the amount of smoke, their veriation is far tpo in-
definite to be used as a basic principle in the overation

of a smoke indicstor or alarm.

The results follawing smoking are:: soobting of tubes,
flue and stack, a disasgreeable cloud in the sky, soot part-
cles floating to the ground, a sickening odor in the air,
formation of acids in the atmosphere by the fumes and fin-
ally, a complaint from the smoke inspector followed by a
fine in court. All of these effects are more or less slow
in action and even 1f instruments could be devised which
would make use of any of the results they would be intol-

erably slow in performing their function.



We must now turn for a solution to some property
inherent in the smoke. What is smoke% What peculiar-
ities has it? Thich of its qualities can we make an
inert machine take advantage of automaticslly to announce
its ~resence. Let us note down all the properties of

smdke that we can think of.

1. Smoke has mass.

2. Smoke is black. (Appears so vecsuse it absorbs
what light falls upon it.)

3. Smoke has an odor.

4. Smoke carries particles of soft carbon in sus-

pension.

5. Smoke nmay be a poorer insulator of electricity
than clear flue gases.

O Sﬁoke is opaque.

. .possivilities ) . )
What™ gzsperkEes lie in the above inherent properties?

l. Smoke has mass. If the flue gases vere caused to
impinge un a flat plate & greater force would be exerted
with smoke in the flue due to the extra mass of the soot
particles. This is. plainly an unsetisfactory method to
use as it would be difficult and reguvire intricate compli-
cations to compensate for temnerature and hence density

vaeriation, and for variable normal and stray air-currents.

Since the simoke has mess the specific gravity of

the flue ges 1s increased by its presence, bdut this is too
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difficult of satislactory measurement and of compensation

for accompanying alien conditions.

2. Smoke 1s Black. The reason the smoke looks
tlack is becuuse it gbsorbs all the light that falls on
it. It is a physical truth that light abs.rbed becomes
heat. Ience smoke will be hotter in the light than in
the dark. This might vossibly be used as a means 3f )
detecting smoke tho it would hardly be feasible »nractically.
Por instance: suppose two similer funnels were pnlaced
side by side, open ends down, near the midldle of the
stack. Then smoke passing up the chimmney would enter

and issue equally from the spouts of each funnel. Then

[N
]

a horizontal pipe extBnded from the edge of one funnel

to the outside of the stack so that a beam of light cculd
be projected thru the stack so as to fall on the smoke

entering one of the funnels, the smoke issuecing from that
funnel would be clightly hotter than the smoke issueing
from the other funnel. Tnen smoke was not present, the
light would not be absorbed and the clear flue gases
would pass thru each funnel at the same temperature.

The difference of reading of two thermometers placed one
in each funnel spout would indicate the amount of smoke.
0f course, to be at all usable, the readings would have
to be visgble from without the stack and preferably some
sort of differential thermometer shouvld be used to read
temperature differences directly. Two smell air cham-

ters, each connected to one side of o delicate different-
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ial pressure guage night work nicely. The disadvantages
of tuis method are, the delicate instruuments necessary to
indicate fhe very smell temverature differences that
would be obtainable, and the fact that an appreciable
amount of time would have to elavse after smoking started

before the thermometric apraratus would receive sufficient

heat to operate.

(v o 1

Z. BSmoke has odor. The odor which characterizes
smoke is not due fo the suspended particles of soot, but
to gases of combustioan which are present whether or not
the flue gases are visible. Hence this is not really

e characteristic of the objectional smoke.

4. Smoke carries particles of soft carbon in sus-
pension. The only apparently usable portion of this con-
dition has already been taken advantage of in the Hammler-
Bddy Smoke Recorder ian wahich a continuous sample of flue
gas is drawn from the chimney, passed thru a drier and then
blown in & small jet against a moving chart of white paper.
The suudge on the naper is proportional to the amount of
smoke passing up the stack at any particular time. The
disadventage of this instrument is that it merely records

4. p’

what has haonpened in the past and cannot serve as an aud-

ivle alarm 40 warn the fireman that a furnace has staerted to

gsmoke.

5. Smoke may be a poorer insulator of electricity

than clear flue gas. In reality, after looking up



references to the matter, it was found that snmoke is a
better iansulator than clear flue cas and that this pro-
perty has already been taken advantage of ia a Smoke re-
corder and lLionitor invented by W. W. Strong and describved
by him in Power, Vol. 40, page 91Z2. Thig apparatus has
a spark gap placed in the stack and a coadenser aad tie
high potential secondaries oif a traansformer are each

(el

conanected across the gapn. When no smoke is present the
sparks .

current sp¥EFs right across the gap, leaving the condenser

discharged. When there is smoke, the discharge stops

and the condenser is charged. An electric:l apparatus

indicates whether or not the condenser is charged, thus

indicating the presence of smoke. This type of instru-

ot

ment has also been built so as to record the smoke curve

for esch day on & chart.

.

The fact that smoke 1is a good insulator might be
used by passing the flue gas between large condenser
plates. The dielectric would be of different strength
depending whether or not smoke was present. This would

vary the capacity of the condensor and this varia

(=
[

on

of capacity could Dbe recorded in some maxnner. fFor

e

nstance: Tnave two Tesla coils nearly in tune, with

the capacity in the circuitof one coil. The varying
canacity would make the coils more or less in tune, caus-
or

ing more,less current to flow. This could operate a

meter to indicate smoke.
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LIGHT-DETECTING INSIRULENTS.

Light may be detected and its variatione measured in

severel different ways.

(a)

o
e

r comparison with a standard of illumination.
(b) By its nhysical effects on selenium.
(¢} By its action on certain chemiceals.

(d) By changing its form into heat by absorbtion

and nmeasuring the resulting rise of temperature.

(¢) It is entirely necessary for a smoke detector
to be auvtomatic in order to be of practical value. Any
ordinery photometer, suchh as the Zunsen, would be very
difficult to make automatic in its operation. Hence
direct measurement ty comparison of the light intensity
after pascing the stack is not & suitable means of acc-

ouplishing the desired result.

(b) The effect of licht on selenium, which is now
very generally known, is naturally one of the first
methods to suggest itself for the detection of smoke by
the light-beam method. The writer experimented with this
method during the summer of 1915 at the Pasadena Ilunicipal
Light Plant, though unsuccessfully at that tiﬁe, due to
lack of sufficiently delicate instruments. Since then

an exactly similar method of smoke detection has been
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successfully uced on the U.S.S. Conyngham, and has been
the subject of a paper by Rear Admiral R. T. Hall, U.S.J.
read before the twenty-Lfourth anzual meéting of the Soc-
iety of Taval Aréhitects and lMarine Tngineers, held in

New York TFov. 16 & 17, 1916. A review of this paper

occurs in Power, Vol. 44, page 767.

This apparatus consists of a simple selenium cell
located as at D in Disgrem To. 1. This was connected
in series with a source cf power, a galvenometer and a
resictance for &djustment. The adjustable resistance

nparatus and as we shall

%

wes a very essential part of this ap

soon see, it was pro”‘bly auch overworked.

A selenium cell, such as is put out by the Electro
Importing Co., was tested under several conditions. Curve
Sheet To. 1 shows the effect at constant temperature of
verying illumination on the resistance. This curve
shows that a maximum illuminsation of about ten foot-

candles will probably give the best results.

The cell wes then »lsced in the dark and the

-

change of resistance with temperature was noted within
the normal working range. The results were plotted on
Curve Sheet =c. 2. Curve AB is the original rising
teumperature curve. After that, conditioﬁs became con-

-

tant and four successive ascensions and descensions of

w0

t

0

mperature followed the curve 3C.

Curve Sheet Ho. 2 shows the "hysteresis"” loop
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which will occur if rapid temperature changes take place.
These curves were made at constant illumination of sixty

foot-candles.

Curve Sheets 2 and 3 both show that a very nmaterial
resistance change with temperature takes place; that

-

within the normal working range and with comparatively
slow temperature changes, the temperature resistance
curve is very nearly & straight line; and that the re-

sistance decreases with rise 0of temperature.

Varying load conditions on a furnace cause varying
flue ges tenperstures. Climatic conditions would glso
affect the teumperature of the selenium cell. Ience, if
the selenium cell smoke detector is to be trustiorthy
and untroublesonme, some method must be devised to suto-
watically compensate for change of resigtance with

temperature.

Curve Sheet do. 4, tuken from Carhart's College
Physics, shows the change of resistivity wiﬁh temperature
for the nore colmmon nmebtals. frow this we see that the
resistance of most metals increases with inerease of
temrerature -- just the.opposito frowm selenium. LZence
it is evident that if the correct amount of metal wire
be connected in series with the seleuiwz cell and be
loceted near it =0 as to be subject to the sume teumper-
ature changes, the resistence of the circuit will reumain
constant with varying ‘teumperaturss. Thus the selenium

cell will be compensated for temperature and will te
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sensitive to light variation only. This is the ideal

condition.

The larger the temperature coefficient, the less
wire will ve required for the compensating resistance.
Curve Sheet Io. 4 shows that of the common metals, &£

-

wedslx iron has the highest temperature coefficient.

In order to determine the temperature coefficient of
the selenium cell we are interested in the slopne 0f the
line 3C, Curve Zheet MNo. 2. 3C will be considercd as a

straight line determined by the points B and C.

<

170

At B T =

R = 17000
At © t = 80

R = 47000

R=ut + k

17000 = 170m + k
47000 - 80m + k
30000 = -90m

m =z -333.

17000 = -170 x 3td + X
k = 17000 + 50600

e
~3
(&
o
(@)
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Therefore the resistance of the selenium cell
decreases 333 ohms per degree temperature rise (Fahren-

heit ) .

The fundamental equation for resistance of metallic
wire is:

Ry = Ro(l + Bt)

Where Ry = resistance after a temperature rise of
tO0 F.
R, = resistance at original temperature.
B = temperature coefficient of the wire per © F.

= .0165 per © P, for irom viire.

Ry = Rg *+ RoBt

The variable RoBt must equal 333 ohms per degree F.

R,Bt = 333
R, x .0165 x 1 = 333
R, = 285

.0165

= 20200 ohms.

Woe 35 Be & S. Iron wire will be used in the com-
pensating coils. Its resistance at 759 P. is 2940 ohms
per 100C feet. Hencé 20200/2940 = 6870 feet will be

required. Weight of No. 36 Be& S. Iron wire = 457 1b.

The dark resistence of the circuit will then be
140000 ohms, end will vary from there to 78000 ohms at

10 foot-candles illumination.
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Diagram No. 2 shows the connections for a selenium
cell smoke detector to act both as an indicator and as an
alarm. A recording galvanometer would make the apparatus

into a smoke alsrm, indicstor and recorder.

(c) The effect of light on the bromides of certain
metals is well known in connection with photography. The
7attles Smoke Register, describted in Power for Aug. 16,
1910, projects a beax of light across the stack and permits
it to fall thru a slit onto a clock-operated sensitized
chart. 4s the light intensity varies due to smoke, it
affects successive portions of the chart accordingly.

The disadvanteges of this instrument are that the chart
must be carefully guarded from stray licht; thet the re-
sultinge record is not very legibile; and that no audible

alarm cen notify the fireman of the sudden smoking.

(a) Zight energy is rea?ily changed into heat

o

energy by pernitting it to fall on a non-reflecting surflace.

O

Since the teuperature of the instruments of any
smoke detector will vary thru a renge of approximately
1009 ., any appératus for determining smoke by measuring
the heat of absorbed light wust be a differential arrange-
ment which will measure merely the extra temperature due

to the absorbed light.

There are many ways in which this temperature differ-
ence nay be determined. Ior tempersture measurements,

one neturslly thinks first of the thermometer. Two



24

thermometers might be used. Cne with blackened bulb
placed at D, Diagram No. 1. The other placed beside the
first but screened from the light. Crdinary ten-
perature fluctuations would cause their threads to rise
and fall together. fhe presence 0of light would csause
the exposed thermometer to be hotter. - The differcnce

of readings of the two would determine the amount of
sudoke present. This arrangement ~ould not record nor
actuate an alarm. Suppose, however, slight modifications
are made. 3Select two exactly -similar thermometers. Tasten
them to & stick, bulbs together and stems vointing in
opnrosite directions. Balance the stick over a knife

edge and let the light be focused on the blackened bulb.
If no light is present and the tewmperature varies, the
thréads 0f the two thermometers will run in and out to-
gether, thus maintaining the balance. If, however, light
strikes the blackened bulb, the thresd on that side will
run out further than the cther, thc balance will be dis=~
rupted and the stick will tilt, indicuating the »resence
0f light. “hus a tilted stick means no swok while a
level stick means smoke. This method is impractical for
obvious reasons, but is merely cited as an exomple of

how the changing center of gravity of a thermometer

micht be made use of.

The common steel-and-ebonite-strip thermostat 1s one
of the first mechanical temperature change alerms to suggest

itself. ™wo such thermostats placed back to beck with
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the light fzlling on one ebonite strip would make a sat-
isfaectory differential temperature alarm and could be

used as s smoke detector. The arrasngement is showm

n
Clagram Io. 2. A-A are Tbonite strips. 3B-3 are steel
strips. C is the electricel contact. As the temperature
of the stack changes, both compound strips tend to be-
come concave inward because of the extra high coefficient
of expansion of the ebonite. Towever, the forces are bal-
anced sgainst each other ond contaet C cannot move. “hen
light is projected from the richt, the right-hand complex
strip tends to become more concave because hotter and
hence the contact C is separated. "hen smoke cuts

off the light the temperature of both strips becomes

the same, the contact closes and the alarm rings.

3
i

nis apparatus is not practicel because it is too slow
in its operstion. The necessarily large mass of the

parts requires too long to undergo an appreciable temp-
erature change under the action of light of any reason-

able intengity.

Diagram o« 4 shows a method of using the expansion
of a gas to produce the required results. B and 3' are air
chambers witn corrugated diaphragms. As the air expands
due to rise of temperature, the diaphragns are forced

outward, tinus the bell cranks C and C' asre actuated and

their inner exbtremities are given & dovnward motion to-
getner. Thus the pointer P moves downward but parallel

to itself. At A are two small £lat springs. One end
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Crauks. “his gives & flexible joint with no lost
wotion or psrts to stick. Supnose light falls on the
blackened diaphragm ot B. It becomes hotter, producing

2

greater expansion in the uir, making the bell crank

=y

move more and hence the n»noianter P is tioped to the left.
Wnen the smoke cuts off the light, the pointer returus,
contact is made and the alarm rings. This apneratus

would probably worl very satisfactorily as a smoke alarn.

The expansion of mercury ic utilized in *the appar-
atus shown in Diagrem No. 6. Two flat, thin mercury tanks

~

A and 2 have risers C and D and small leather nockets E

Pl

47

fitted with small »nlungers ¥, at the inner corners. The
front surface of A is blacikened :nd the light falls on it.
When no right strikes the instrument, the mercury expands

equally in each of the two tanks, with changing temneraturc.
Thus the wmercury heads on the two tanks rewain tie szne

and the forces on *the two plungers ¥ and ¢ arc the sume.
IIence pointer O does ndét ove. If light strikes on A,

.

the mercury in it is heated more and expands :inore, in-
creasing the hecd on the slunger ¥ end the pointer moves to

the right, thus indicating the amount of smoke passing.

This instrument would be slow in action because of the

amount of light energy reguired to change the temperature

O

0f the mercury perceptibly.
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The instrument shown in Diagram Jo. 6 was constructed
and tested. It worked very ssatisfactorily when an electric
arc wus used as the source of light. Thus it was
proven iuapracticable, as too much cnergy was required

for its operation.

The principle of operution ig zs follows:- Two
thin aluminum strips B and B' are fsstened at their low-
er ends by the screws 0. Thelr upper ends are fastened %o
two levers C and C' which are pivoted on knife edges
as snown. The spring P, fastened to the two levers C
end C' thru the equalizing bar and linksge Q, keeps the
same tension in esch of the twoc strips. This may be ad-
justed by the screw R. At the outer ends of the two
levers C and C' are two thin flat german silver springs
K, which are also inserted into the block D to which is
fastened the arnm E. When fhe stack temperature changes,
the aluminum strips expend equally and hence the two
levers C and C' move together. Thus the spring joint
K does not come into action and the arm E merely moves
vertically up and down. If, however, light falls on
the blackened sbtrip B thru the slot U in the metal shield
T, then it expands more, the lever C movey more and the
arimy & is deflected to one cide. In the lower end of Z
is a slot in which woris the small oin IL. This is con-
nected to pointer G thru the arm ¥. S is a weight to

‘keep the nointer balanced. vWihen the arm E 1s deflected



m

it moves the pin Il and the pointer G is moved across

the scule.

The mechanicel nmultiplicetion of motion from alum-

inum strip to pointer tip is

E 1=
™
=
™
H |

The dimensions used were:

N = 3.375" XK= .0515"
M= .0625" J = 1.25"
L = 2.875" I = .0937"

Then the multiplication is

SS75  2.875 25

1. o
X = 403500 1
0625 © .0515 L0937 =

The pointer rmust move 1 3/8 inches.
Tength of exposed aluminum strip is 2 1/4 inches.

Coefficient of expansion of aluwminum = .C0001% per O I.
Teuperature rise in eluminum strip must be:
1.375

40300 x 2.25
. 000013

= 1,17° »,

The above results are based on dimensions as finally
constructed and adjusted. 4\ one degree 7. rise was used
as the basis of the original calculation of diuensions and

then adjuctinent at P and il provided for final adjustnent.
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Aluminum was chosen as the material of the strips
because of its extreme suitavility. Zinc and Ebonite,
0f the materials that are at all suitable, have higher
coefficients of expansion. Zinc has the disadvantage
of corroding easily, while ebonite is brittle and tends

to warp when in thin pieces.

A very sensitive instrument using the expansion of
aluminum strips is shown in Diagrem No. 7. It is unigue
insofar as it contains a bearing which, when scting as a

balance pivot, is in effect absdlutely frictionless.

The instrument is fastened to a glass cylinder shown
sectioned at A, which floats in mercury B contained in the
trough C. Located concentrically in the glass cylinder
A is an iron core D. Thus the magnet T retains the cyl-

inder A centrally located in the trough C.

This pivot is frictionlesg when at rest because it
is imppssible for the system t0 come to rest with the

center of gravity at any but its lowest position.

A freme ® is fastened to the vivot and has flat

springs G at its extremities which are attached to arms H.

[94

Tleights W are held out equally by spring I. Aluminum
s

strips X and L restrain the outward motion of the weights

Y. THeight X is for adjusting *he balance.

K

[ N
4]

“hen the instrument temperature changes, striops

and L expand equally, letting the weights T move outward
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equally and the belance is maintuined. Sstrip X is bleck-
ened and light allowed to fall on it. It expands wore

than does L so the weight at the left goes out more, so
that the balance is disturved, the iastrument tips, and the

polnter K moves over the scule 0.

In ectuval practice such &n instrument as this would
have to be arranged with means of adjusting the center of

gravity vertically and with some method of dampening

oscillations.

The heet of absorbed light might well be used to
change the resistence of & coil of wire, which, when
measured, would be an indicztion of the light intencity.
0f course, in this, a&s in other similar instruments, cowm-
pensation for temperature changes nust ve effected. Tila-

-

gram No. 8 shows a simple method of accomplishing the desired

resultse. Two exactly similar coils A snd B are wound with

iron wire as shown at C. These are set u» ¢nd con-
nected ss shown in the diagranm. Tiiis hook-up is

nothing more or less than the Wheatstone Bridge connection.
A veristion in the ratio of resistence 4 to0 resistence 3
will czuse a current to flow thru the galvunometer. This
will occur only where A ig hotter than 3 due t0 the light
falling on it. This method of smoke detection was tried
out, but »roved unsuccessful, princinally because

a galvenometer of the necessary sensitiveness was not
obtainable. The method is probebly impracticable be-

cause of the very slight change of resistaence with the
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small temperature change obtzinable by light absorbtion.

A thermocou~le ig composed of two different metals
solder~d together at the end. When this joint is
heated more than the rest >f the wire, a small vot-

ential is created und an electric current will flow which

can be detected by & galvunometer suitibly located in the
circuit. An arrangement of this sort is shown in Dia-
greu Hoe 9. T1é disadvantages are that action would be

slow becuuse of the amount of light energy necessary to
reise tne temperature of the comparatively larce mass

£

of the Theormocouple. .

0+ 10 shows a comiination of a *theruwo-
couple, & gszlvanometer and a relay. A bimetallic ring
A hangs by a quartz fiber 2 from & torsion head C. The
wire dips in mercurj at E and by means of ara F c.ntact
is made a* G when rotstion takes vnlace. Variation of
instrument ftemperature cannot produce any results because
both joints in the ring A are at the same temperature.
If, however, the light is concentrated on ocié of the
Joints which has been previously blackened, that joint
will become warmer, and a current wil?l?low; which, eir-
cluating around the ring will produce:a.magnefic: field

tending %o turn the ring

()

into a nosition at ri

to the position showun. This will meke contuct and operste

the alarm thru a reley.

This instrument is & modification of an anparatus



that has been used successfully for measuring the cnergy

0f 1light radletion emanatinge from distaent stars. Tence,

]

it snould be delicute enough to make a very sood smoke

detector.

The interesting instrument known as Crocke's
“ediouneter operctes in the nresence of 1i
blackened sides of the vines become warnmer duve to the
gaosorbed light and hence air molecules which strike
the black and the shiny vane surfuces egually are thrown
back witi greater velocity from the warm black side.
This »roduces a reaction which rosates the vunes.

Thi~ reaction might be used to actuate contacts

on
[
[
o

hence o~ erate the alaru.

o

To ceclculate the mean Torce exerted oer syuare

pe

inch of btlackened vine surface, the Rediometer wes pluced

. ., 4

in 1ight of definite strength and its rate of rotation

noted. Then the ligsht was cut off and the revolutions
and time reguired to stop wwere noted. Ag the rotating

part is enclosed in & vucuum bulb, it was impossible to
get the weights ¢f the different parts directly, so
their sizes were estimated znd ag the materials used
were xnown, the :ouent of inertis and the radius of

gyration were reacdily calculated with en error of not

over 100%.

After the force exerted wzs calculated it was

then possible %o celculate the tempersture difference



between the two sides of the v nes. Tis was done on a

basis of a sresesure in the bulb of 1 centimeter of mercury.

\
4

T TRWT w T ‘ Ny AN O 1 2% v‘-\'n-vv
IIEASURELLERNT 2 CROCKE

:‘1 (VAW W Uladid Jafle

Diameter of Class bulb = 2 1/2 inches.

Estimated mean thickness of mica vanes = .C045 inch.
4 venes each 5/8" square.

ilean radius to center >¢ vane = 13/16".

Framework of aluminum, thickness = .015".

4 Arums 1/16" nigh snd 5/8" long.

Iloment of 'Inertia.
s 50 Y
Tt. lica = 4 x iLQéél . ngég x 183.
144 12 .
= ,000745 1lbs. at. 12 = L0677!
16 x 12
Ht.e Arms = J625 x }_ X +01b x 4 x 1 x 162.
16 1728
= .00022 1lbs. at. 13 = «0338"

16 x 12 x 2

oS
0o
"

lloment »f Iner%ia = 000745 % (. Ou77‘2 . 00028
= ,00CC074 4+ .0000002

.0000037 1bs. x £t°.

Radiuv: of Gyrastion.

y» -\| I
e W

« CO000Z7
.0009¢5



Vanes rotated at 24 r.p.me. in light of the inteunsity

used.

V. 00553

1

062 I%.

- .742 inches.

o

They made 1.00 turns after the light wag shut off.

They required 8.0 seconds to come to rest after

o

tne 11

Accoler:tion based on Velocit

Acceleration based on Dist

ghut off.

A

rand Tiwme.

24 T x 2 x 062 _ . /
60

= 2000965 - 00003 Poundels.
32.2

= 27T x .062 = .39 ft.

Z 8 gsecs.

- at

.

= ¥ = 156 = ,0195 ft/sec?
%

e o B JI..

ence and Time.

L 4B

2

2s
tZ

it

2 X «39 = o . 2
— L0122 ft/sec



llean acccleration = .01l56 Pt/sec?.

force exerted.

.0000012 lbs/sq. in. of Black surf

F - lis = .00003 x .0158
= 00000047 1bs.
.00000047 -
(+625)

Totel force.

F = WianX

a

Consider vane 1/2 inch sg. = 1/4 sq. inch hanging

from silk thresds 1/2" long.

L = 75"

Wt of Aluminum

P‘.;J
]

X

=Y L ]

-
-

65"

1728

.000164 lbs.

(007 X 425 & 1g5

.0000012 = .0000003 1lbs.
. 0000003 - (00185

.000164

Ceo



»
(@3]

=3

5 x .00183

d = L tenX approx.

= L00la7" Deflection.
£ deflection of 005" is needed then

L - -005 - 2 5/4!!
. 00183
The deflection possible increases apprOxinmately
directly as the length of suspending threads end in-

versely as the weight of the v:ne.

liica would be a nmuch better materisl for the vane

its low heat conductivity.

With a mica vane, say .001 incn thick and suspended.
from silk threads six inches long, the deflection would
be about fifteen times thaet calculated for the aluainum

as above.

It will be interesting to calcudate the temperature

O

rise on the black side of the vine.

TEMPERATURE RISE IK TAVICLETER VAWES.

Assume & pressure in the btulb of one centimeter of
Iercury . Prescure varies directly =g the absolute temp-

erature.

14.7
76

Yormal pressure

1

.193 1bs/in®.
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i

. = B2Z5Y Abs.

.0000012 + 100
«193

Tempe-= 750

Pressure on Black side

.000622% High.

The molecules striite the discs with the sime vel-

ocity on each side because the sime temperature exists

23

in the medium surrounding each side of the disc, but they

@

1.

rebound from *the black side with a greater velocity be-
cause the; are heated after contact vith the hot surface.
Hence the extra presvure exerted on the black side is

equiv: lent to half thaet duwe to the temperature of tiue disec.

Therefore temperature must be 2 x .000622;5 High.
2 x 00000622 x 535 = .006659 F., highcr on the

<

black side than on the shiny side of the vanes.

rad

oy
&

ige wis

L43]

It wuas decided to suspend a thin nmics

[&]

en exposed srea 1/2 inch sguare from two silk thread
each six inches loag. The weight of the disc with its
double platinum contact noints was 00011 lbs.
Tano = F = 20000003 = 00273
Y" . OO 011

L tanX approx. = 6 x 002873 = .,0164 inches.

o
"

Eence in a light of intensity such as was used in
testing the Radiometer, a suspended disc of the size and
weight assumed would be deflected .0164 inches from the

normal nosition. This would be sufficient to break an
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electrical contact.

The instruuent as designed and constructed is shown
in Diagram lo. 1l. 4 is a glass tube in which & low

pressure exists. 3 is & wocvden base. Screws C-C-C are

perfedtly freely from the silk threads. D is the nice
disc, blackened on the froat side and cerrying double
contacts T which com>lete the circuit thru the stationary
contacts 7-F. Leads 0-0, run from ¥-F to the binding
posts G-Gs Screw H is for edjusting contscts »-F. Ex-
tending over the top and down the rear of the disc is a

¥ 0

stationary metal shield J which is for the purpose of de-
flecting the air currents which rise from the warm black
front of the disc around and down the back side so that
the draft may keen the rear of the disc cool. Slote

X-X are provided in shield J for passing silk threads

L-I which suspend the disc T. The ¢ilk threads are
clamped by the arm I which is held up by the frame

member N.

iy .

The oreration is asg follows: Vhen no smoke is
being emitte? the lisht Tulls on the disc ®», forcing it
back and breaking the contacts at ¥-F. ““hen the smoke
cuts off the light the disc swings forwsrd by its own
weight, contact is made and the smoke vlarm rings. El-

ectticel conections for the apparatus are shown in

Diapgram No. 12.
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Raalornerer Smoke Alartr

Electrical Comrections

DiagramNe 2. Arther Srert
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Then this machine wus tested it worked unssatis-
feetorily because the only relay aviilable reyuired
a current to operate it which suflficient to cause

sticking of the contaet points to such an extent that

the ninute weld formed would be able to hola up the

entire weight of the dfisc.

It would heve been inconvenient to have tried out

the instruments that were constructed by actually installing

them on a stack, as control of the smoke and stack temp-

erature would have been difficult. Accordincly, the

apparatus shown in Tisgrem No. 12 was puilt. The

source of licht was located in the compartment B.

This light passed thru an aperture at T, thru the dead
space T into the instrument box D. The light could be
located acy distance back from F in the space 3, corres-
ponding to different stack diameters. .aAcross the ap-
erture at ¥, a glass screen G could be slid. This

lasg screen w.g divided into six sections that were
tained in even gradations from clear to deal black,
corresponding epproximately to the Ringlemann scale

of smoke densities. With this arrangement the light
wihich reached the instrument could be diminished at

will to correspond to the intensity of light bvean

that woul? penetrate any jiven density of swmoke. The
instrument box D was cap:ble of being Xept at any desired

-

temperature by & bunsen burner loceted at C and heating

g oy L=

up the abestos lined tin box H which had air vents
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In all, four different tyves of instruments vere

following results:-

P't.)

constructed and testod with the

l. A maciitine bused on the principle of differentisl
expansion of two pieces of metal. See Diagram Lo. 6.
Thils instrument regquired an arc light to orarate it. It
worked very satisfactorily when the licht ~intensity used
was sulficiently grest. The time lagz to indicate the
nresence of omokxe averaged acout ten seconds. Vhen the
smoke stopped the time lag was about four secoands. liore
cereful workumansin «nd better bearings ould srotably

4

increase the secnsitiveness materially. In testing,

the multiplicetion wus adjusted to be as great us com-
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this type of instruuzent must be branded as commcrcially

imoractical in its present stase of development.

2. An aprarstus based on the orinciple of un-
bslancing & Vheutstone Bridge ne work by differential

heating of corresponding fixed resistunces. See Diagram

0

Ho. 8. This apparatus was entirely uvansatisfactory as it
was impossible to find & galvenometer suficiently del-
.{.,—

icate bto indicate Tue presence of 1ight. In fact, the

coil on which the 1i;ht fell had to ve heaved with a

e

» assured action. From the results of the tests
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burner to get o vicible deflection of the

calvenometel

e An instrument using the principle of
reaction of gaseous molecules rebounding Lrom a heated
surfece over those rebounding from an egual cooler surface.
See Viegroms -Fos. 11 and 12. This instrument has good
possibilities tho it 4id not show upn very well under test.
Two essential condificns are, that the pressure in the

tube be just right and, thaet an excerdingly delicsate

relay and low current be used so as to prevent sticking

of the contact prints. At best, this instrument would

rejuire a comparatively intense source of light and is,

for that reason alone, probably comnercially impractical.

4, Use of & Selenium Cell. The results obtained
ere very encouragsing. Action is practically instantaneous.
With accurate compeunsation for tempersture, the selenium
celi 1s the qast satisfactory smoke detector. There

are no noving perts, nothing exposed to cet out of order,

ntricute comstruction. Very sood seleniun cells

pe

and no

can be purchused for avout five dollars.

In couclusion it may be scid that a selenium cell
smoke detector arranged as in Tilagrem To. 2 and equipped

with a2 calvanoneter sumoke indicctor and relay actuated

[
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audivle alarm would be a very desirsble and ssatisfactory

auxiliary to every coal or oil fired furnace and could
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be produced cosraeréislly comparatively cheaply and

o

narketed readily =nd profitably.





