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intelligent mechanie knows just what laws govern
running belts, He knows, to start with, that per-
fectly level and parallel lines of shafting awd pulleys,
turncd up with exactly similar foees, will, if the pul-
leys are in perfect lioe, run perfectly troe.  Now,
willy this knowledee, wlicl he nows is just as posi-
tivie as the law governing falling bodies, or any other
well proven natural Taow,

ig e pol moulish not o P B
comform 1o a condilion
which he knoews iz abso-
Iutely infallilile ?

only explosive materinl about a stewm boiler is water;
amd waler, when superbeatsd, which can be done
only under prossare, will explode upon a sudden e
maoval b that pressare, wilh o fores quite compar.
ble to that of dynamile,

The boiling point of water varies with pressure, |
|
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Boller Explosiong---
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The Lawson theory, briefly stated, is this: The | by chemical action: the explogion of water is a plh

vl
cal change only,

Waler alifters widely from gunpowder, and all
olier explosives, in another remarkable particular,
Chuly o portion of the water mway explode—one pole-
cule, e ball, or the whole mpss. These various
amounls, in explmling, prodouce results ranging from
violont explogions toomild
raptures and the sale op-
eration of the boiler,

When o grain of pow-
der starts to go  from
ther soliil fo the gaseons
slude no ewer can stop

The Cause and the

Remedy.

BY THOMAE RATE

Bince the introduction

ol sleam ns nmofive pow-
ey, and in the faee of cone.
tinnons investigation, the
cause of stenm boiler ox.
plosieng las il recent-
Iy remained o profond
myatery,  The theorics
of explosions were numerons,  The most prevalent
were low water,” “lol fron”™ *“high pressore,”
Yamere escape ol steamn,™ * superheated  sleam,”
Heteetrieal,” * mmseons,” gl e gpheroidal.” The
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henry mosk zenerally accepled was 1hat of low water,
This theory was in eonflict with Taets ns establishiel
Ly wmgniestionalde ovidenee, s herelore Py 1
fuged to aecept i, The other ileorvics were wlile
crromeots, and the result was mnch conflusion of
opinion upon the subjeet. The real eause was dis
covertild by Deniel T, Tawson, of Wellsville, 0. 1T
conceived the den, il has folly demonstrated the
fact, that water 33 an explosive, and that oll steam
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END VIEW

hoiler explosions ave eaused by the explosion of super.
heated water; that the explosion coonrs npen sl
den reduction of pressure followed by a sndiden cheel
1o the exploding waler, the vesult of which i3 a stril-
ing blow far in excess of the tenaile gtrength of boilors,

i It may Tee confined,
Lok commalinstion, omee bo-
wun, goes o to complo-
lion,  Bowith a moleenlo
of water, I may be put
under such prossare 1hat

it will et Tully expend,

but, ouce begun, it

SIDE VIEW

In a vacunm water hoilz at 707 sensible heat, Under
atmospheric pressure it boils at 2127, and cannot e
made hotter nnless confined under awdditional pross-
ure; beepuse the eseaping steam carvies off the heat
a5 Tust as fire can impart ik Tnoa steam boiler unilor
I poundds pressare it Tolls at 2417 500 powouds, al
007 100 pounds, at 8407 200 poands, at 8507,

Water, when heated to the boiling point, requires
S0° additional heat 1o ehange it from the state of
waler Lo the state of steam,  This chiangs is snbatan-
linlly fnstantancona at all pressurea,  As each mole
cule of water absorbs the Jast of the 98467 iL instanlly
explodes into steam,  As the last degree is absorlel,
eohesion is overeoame and repulsion becomes the pre-
el onnt power,

The change of steam (o water is olso instantancons, |
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ERD YIEW

Bleam remaing in ils new state only &0 long as it re- :
taing 1he 966" of latent heat, and the moment 16 al
full volume, with only 212° of sensible heat, parts
with one of these degrees of Jatent heat it returns Lo |
waler, |

The explosion of waler is similar to that of gun- |
powder in some respects, Dot different in otlers |
Fach granin of gunpowder passing from the solid 1o |
i maseons sfole explodes when it bas absorbedl .'Ll
cerlain degree of heat,  Soowith water,  Each mole-
cule of waler, at the instant it has absorled 0067 of
heat above the Loiling point, explodes and passes
from water fnto stemm, The expansive quality of
the twao is different, powder Increasing in Lol S
times, while water inereases 1,790 times,  The mode
of exploding, and 1he general resuli—larme and sl
den inercase of volume—are gimilar.  In other re-
apects they differ widely; the explosion of powder is

changes s state from
wialer to glenim,

The e zource of the
development of the great
destrnetive power in o steam boiler is the swdilen
eapeeetradisde of e sensilde oot in e water alove
213 (or alove T0° in the eose of o vacuam cased Dy
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e eomlensation of semn indo o part of the mbe-
eitles ol waler, pssing inlo them the 965 necossary
to elmee o frinee (he stado of woler Lo Ul stale
of slewn,

That 1l steved heat o s beiler enneenteates 1o
form stemn is shown by fumiliar experiments: As,
for Inslanee, causing waler gt Tess than 2027 10 il

Fig ¥

EMD VIEW

by placing it In a vacuum, ov by mercly eondensing
the stewm over liepted water in s bottle,  Azain, 1ake
w stenm boiler under a pressure of 100 poonids aml
corresponding tomperature of 340°,  Tomaove the five,
gud the formation of steom will cease, After a shorg



The Manufacturer and Builder.

[OctonER,

234

= - pp———

time raise the safety valve, and the water will begin
to boil, and generate and give off steam eontinmonsly
as ihe pressure is redueed, until a temperature of
212" is reached, and cnongl steam will be thus gen-
erated and blown off to fill the boiler very many
times.

Thess tests show that the boiling point of wator is
lowered by simply diminlshing the pressure.  They
ghow this, and also show the true theory ol boller
explogions,  They prove in the most conclusive man-
ner that the sensible hoat above 707 stored in the
water concentrates in a part of the molecules of water,
giving to them the $66” necessary to change them
into steam,  The water ceases to boil, no heat is ap-
plied, and by merely reducing the pressure the water
again boils, The MG* above the hoiling point neces-
sary Lo eause ebullilion ave not absorbed from the five
at the instant the water begins to boil the second
time. They are alrepdy stored up in the waler,

Take a boiler containing 10,000 pounds of water
at a pressura of 200 pounds, and corresponding tem-
perature of §80°, Buddenly redace the pressure to
80 pounds per square inch, under which prossure
water explodes at 300%.  There are stored in each of
the 10,00 pounds of water 89° of scnsille heat above
the exploding point—in the aggregate 500,000 ther-
mal units, enongh to convert 21 pounds of this su-
perheated water Into steam,  In an instant these 897
of sengible heat in ench pound of water ave abzorbed
by the moleules of water at the surface, and for a
consideralle dopth, and suddenly these 921 pounds
of superheated water explode into steam.

Thus it will be geen that there is sufticient destrue-
tive power stored in the boiler when thus put in ac-
tion to canse an explosion. I the reduction of press-
ure caused by the withdrawal of steam be moderate,
and such dranght be continuous and uniform, there
will be no danger; but if the dranght is eonsiderable
in quantity and instantly chocloed, the nascent steam
thus suddenly formed and thus suddenly checked
will give an impact ov siriking blow upon the shell
of ihe boiler, the aggregate force of which is equal
to the weight of the water before it passed into nas-
cent steam mulliplied by the square of the velogity
with which it striles.

The instantaneous check to the exploding water acts
upon the boiler with the eame offect as that produced
by quickly closing the valve of a water main, In
the one case it is the weight of the falling water, and
in the other it is the force of exploding water, bul

the striking effect of the blows is the same, and is
measured by the same rule,

The distinetion between roptoring and exploding
is gencrally overlooked, When a beiler gives way
at o wedik point, resnlting in damage, it is often called
an explosion.  When ruptured by mere pressuve, Lhe
foree exeried upon the shell being gradual and uni-
form, the weak point yields whila the balance re-
maing intact. Berious damage may result, but a ani-
forin and unobstructed Sow of steam never |~ Tuces
the phenomenon properly called an *f explosicn,™

With an explosion the actual destructive force ex-
erted is not measured by the tensile strensth of the
boiler, nor by the regular pressure of the stean,  The
force is far im excess of either—five, ten, and oflen
twenty times as great—an immense aggregate con-
cussive and destructive force, that tears asunder the
weak and the strong parts at the same instant and
demolizhes everything within a large radina,

All writers on steam boiler explosions, in trying to
aceount for thelr violence, have made the mistake of
commencing the ealeulation at a point of time alter
the rupture has commenced,  The fact is, there is
violent internal action at the instant preceding the
actunl rupture of the boiler, and the rupture is the
result of such aclion.  Rupture may be caused by the
mere pressure of steam, but it is wsually caused by
an internal concussive force. It is cerlainly illogical
to gy that boilers are ruplured or burst by meve press-
nure while working with a pressure of only onefifth

their aclual tensile strength,

mp—

The ratlonal solution of & steam boiler explosion is
this: The water In the boiler, under pressure, is super-
healed, and possesses a highly expansive power, Upon
a endden removal of the pressure, without & corre-
aponding reduction of the temperatore, it starta into
violent evaporstion, Thizs maze of nascent steam ia
checked by coming in contact with the solid and un-
vielding shell of the boller, The resull is that the
areregate force of this nascenl steam strikes every
square inch of the shell of the boiler at the same in-
stant and with the same force, and with a power far
in excess of the tensilo strenglh of the boiler; and,
moreover, this force is angmented at the instant the
ghell gives way by an immense reserve power cansed
by the further evaporation of the water in the boiler,
This theory is in unison with natural laws, and upon
it every explosion, bursting or ruplure of steam
boilers ean be fully explained, and connot be upon
any other,

Hemedy, = Mr, Lawson having discovered the
cause, naturally turned toward the remedy, which s
a simple one, and consists in the construction of a
boiler with a partition plate or diaphragm dividing
it into two compartments, the lower one containing
water and the upper conlaining steam only, The
steamn passes from the lower to the upper compart-
ment through numerous small perforations and a
namber of small valves in the diaplragm. The ng-
sregate openings of the valves and perforationa should
be less than the valve throogh which the engine is
supplied. By this means the pressure upon the sur-
[ace of the superheated water is kept approximately
uniform, and all sudden explosions of any dangerous
quantity of water into steam, and consequent striking
blows, are avoided,

Boilers thus constructed and arranged are protected
against explosions, whether the water whoelly or par-
tally fills the water compartment,  If wholly filled,
4 sudden reduction of pressure in the steam compart-
ment can instantly affect only the surface of the
water bo the extent of the agoregate avea of the per-
foralions and valve ovifices, and no dangerous quan-
ity of water can be thus exploded.  As the pressure
upon the water below the diaphragm is thus slightly
relluged, small portions of the water pass into steam
and maintain uniformity of pressure,

If the water should get low, thus accumulading an
unusual quantity of steam below the diaphragm,
there can be no danger of an explosion. The dis
charge of steam from the ondinary boiler into the
empty pipes and eylinder upon the sudden opening
of the valves, is at a velocity of over 100,000 feet per
minute, and for an instant there is & great reduction
of presgure upon the surface of the superheated water,
This cannot oceur with the Lawson diaplragm in a
boiler.  With it the passage of steam from the water
compartment below the diaphragm to the steam space
above it is limited to that quantity vsed by the en-
gine with the piston moving at the rate of say 800
feet per minute, and cannot execed this precise
amount {o any great extent, although the steam may,
from some unususl eavse, be temporavily rushing
from the steam spoce above the diaphragm fifty times
as fast.  The diaphragm limits the quantity of steam
digcharged from the water eompartment to the exact
amount necessary to drive the engine in full opera-
tion, and the liberation of this amount at such uni-
form rate ean be attended with no possible danger,

The Lawson diaphragm s to the steam boiler what
the air chamber 18 to the hydraulic ram. It performs
a similar bot muoch more important funetion. The
elagticity of the air moderates the otherwise solid
blows of walter upon the pipes; the diaphragm pre-
perves uniformity of pressure upen the water, and
thus prevents its explosion and the consequent vio-
lent and irrisistible concussive blows upon the shell
of the boiler,

Explosions are thus prevented, not by extra strong
boilers, bat by preventing the ocearrence of the cause,
Bollera thus constructed can be safely operated at a
pressure closely approaching their actual tensile

strength,  The invention is applicable to every style
of boiler, and can be readily applied, internally or
externally, to new or old boilers,

Figs. 1to 7 fully illustrate the invention, Figs. 1
and & show an internal and Figs. 8 to 7 an external
application. Fig. 3, moderate pressure; Figs. 1, 2
and 5, high pressure; and Figs. 6 and 7, very high
pressure,

The idens of Mr, Lawson, as here exemplified, ave
being put in practice by the Lawson Non-Explosive
Botler Co., of 157 and 158 Broadway, New Yok,
which Is engaged in manufacturing steam generators
of this type. '

Up to June, 1881, no person had ever intentionally
exploded & boiler In accordance with any certain
theory or plan, or with a knowledge of the true canse,
On the 16th of that month, Me. Lawson, at Munlall,
near Pitksburgh, Pa., publicly tested his theory, and
exploded o boiler of the ordinary style having a ien-
rile gtrength of 788 pounds, at a pressuve of but 200
pounds, being 478 pounds less than the actual strength
of the iron. ‘The experiment was made by suddenly
discharging a considerable guantity of steam at 280
pounds from the boiler into & closed evlinder, the
explosion cccurring at the instant the eylinder was
filled,

In March, 1882, he made further experiments at
the same place, under the inspection of o commizsion
of United Btates enginecrs, appointed by the Secre.
tary of the Treasury, and fully tested a boiler with
his invention attached.  The Loiler having the Taw-
son diapliragm, and being 30 Inches in dinmeler, with
ouly 18 inches of water, running down to 11 inches,
4 inchea below the five-line, stood every test of rapid
escape and sudden check of steam up to a pressure
of 300 pounds, without the slightest injury., The
same boiler, wilh the center of the diaphragin ro.
moved, reducing it to the ordinary etyle boiler, with
22 inches of water, 7 inches above the five-live, was
exploded at a pressure of only 235 pounds—65 pounds
lese than the same boiler had withetood with Law.
gon'a device, under precisely the same circometances,
except as to the quantily of water,

This discovery and invention remove all obstacles
ta the use of high pressure,  With immunity against
explosion higher pressure i3 safely secured, and with
it greater power, and economy altained,

The invention has other advantages of great im-
portance, It produces dry steam, and prevents foam-
ing, priming or entrainment,

With the disphragm, the steam passes from the
lower compartment to the upper, not at one point,
but in small gquantities at many points; and the steam
nsed being taken from the upper compartment, all
the concussive force and intermitient pressure and
motion are arrested and confined to the upper com-
partment, and the result is that the pressure upon the
gurface of the water 1t uniform; thers i3 no rising
and falling of cone-shaped columns of water, no ir-
regular pressure, no churn-ike motion to the water,
no irregular and violent ebullition,

With bedilers thus constructed, inerustation is
wholly prevented,  All foreign solid substanees held
in uspension or selulion arve separated from the water
and deposited upon the dinphragm, where they do
not interfere with the pgeneration of sleam, and
whence they can be readily removed.

Thus, the mystery of boiler explosions having been
golved, and a perfect preventive devised, ACCOMm Pa-
nied by the attainment of dry steam, absence of in-
crustation, and safety with high pressure, are we not
apon the thresheld of o new era in the use of steam?

Hovnow BTEEL BHAFTING, which has come very
generally into use in Hurope, even for such heavy
work a8 steamship propeller ghafta, 15 found to VEIy
much legsen the weight in proportion to the decreased
gtrength. It appears, for example, ithat a 10-inch
ghaft, with a Iole 4 inches in diameter, has its welght
reduced 16 per cent, with a loss of only .66 per cent
of etrength,



