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hundred chicks hatched. Incubators are now available 
that will hold from 30 to 1200 eggs.

Advantages of Electric Incubators.—An incubator 
heated by coal, oil, or gas is constantly filling the ma­
chine with fumes and burning up oxygen so essential 
to the germ life in the egg, whereas electricity neither 
destroys good air nor gives off bad air. The tem péra­
ture control is simple and requires no attention, other 
than setting the therm ostat by turning a thum b screw 
a couple of times during the hatch. The fire risk is 
entirely eliminated. The .anxiety that attends the 
operation of fuel heated machines is doue away with. 
The distribution of heat is perfect and the ventilation 
ca.n be regulated at will. Much tim e and labor usually 
required in looking after fuel equipment is saved. The 
machines may be located in any convenient place and 
arc adaptable to any climate. It is furtherm ore inter- 
esting to note that electrically hatched chicks always 
begin to pip about twelve hours quicker than those 
hatched by other artificial means. They are always 
stroncer and more vigorous, and statistics show that 
a much higher percentage is hatched.

Relative Operating Costs.—The following com­
parative figures are taken from many averages secured 
in actual practice. They are based on an assumed in­
cubator room tem pérature of 60° F. Although a rather 
low rate for electricitv is required to make the actual 
operating cost comparable with those of some of the 
less expensive fuels, the savings effected, the better 
results secured. and the greater degree of satisfaction 
obtained bv electric operation, will usually overcome 
whatever objection arises as to the cost of producing 
heat.

R e la t iv e  CoMt o f  H eat fo r  In cu lia tin g .
A p p ro .\ im a te  Cost.

Method of Heating. Per 100 Eggs-
«00 B .t.u . g a s  a t  $1.50 p e r  1000 eu . f t ........................... 37c
300 B .t.u . g a s  a t  $1.00 p e r  1000 eu . f t ........................... 25c
C oal oil a t  20c p e r  g a l l o n ........................................................... 20c
F l e c t r i c 't y  a t  5c p e r  k w . - h r . . . ..........................................  50c
E l e c t r i c i t y  a t  3c p e r  k w . - ' i r .........................................  30c
E l e c t r i c i t y  a t  2c p e r  k w . - h r ................................................... 20c
Brooding of Chickens.—The chick whicli is taken 

from the incubator to the brooder at the âge of twenty-
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four hours (and known as a ‘‘day old chick") is not 
fed for another sim ilar period or until the chick is 
about forty-eight hours old. The reason for this, is 
that the chick lias absorbed the yolk of the egg into 
its digestive organs ju st prior to pipping, and contin­
ues to live on this food for the entire forty-eight hours. 
The chick’s first meal should consist of grit, such as 
coarse sand, after which it may be fed some good chick 
food.

The tem pérature of the brooder should be kept at 
about 95° F. for the first week and gradually dropped 
for the next five weeks or until the chick is sufficiently 
m atured to roost. It is im portant to watch the tem­
pérature carefully with very young chicks, because 
otherwise they will become restless and crowd to- 
gether as soon as their backs get cold. If the crowd- 
ing becomes too severe, the chicks will sweat and 
become vveak and the less rugged ones may be smoth- 
ered.

A chick demands plenty of oxygen, (about 10 
times as much as a person in proportion to its weight), 
and if it is to mature rapidly and develop good lungs, 
the brooding m ust be done in a well ventilated room. 
The chick should not be subjected to drafts of air. 
however, and best results are secured in a room hav- 
ing a tight floor and provided with high ventilation. 
The tem pérature of the room is imm aterial as long 
as the proper degree of heat is m aintained inside the 
brooder. Coarse straw  or sand is usually spread out 
beneath the brooders.

Electric Brooders.—These devices are built in 
round, square, or oblong shapes, and in capacities of 
from 50 to 1200 chicks. The tops of the hovers are 
usually made of wood insulated beneath with asbestos, 
and supported on short wood or métal legs. Strips 
of canvas or oilcloth, wide enough to reach the floor 
and retain the heat, are fastened around the outer 
edges, and slitted perpendicularlv everv few inches to 
allow the chicks to pass in and out readilv.

In the circular type hover, the heating element is 
placed in the center of the top. and in other types
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coiled wire heating- éléments are arranged around the 
top. in order to secure a wider distribution of heat. 
The air, when heated, banks against the insulated top 
and settles down upon the backs of the chickens. One 
or more holes are generally drilled in the floor be­
neath the machines to introduce a proper am ount of 
fresh air inside.

R e c ta n g u l a r  T y p e  C h ic k  B ro o :le r  in  O p e ra tio n .

The therm ostat for regulating the tem pérature 
inside the hover is mounted a few inches below the 
top and adjusted by a screw on the outside.

A well constructed brooder is usually provided 
with about 100 w atts capacity per lumdred chicks. 
The current consumption lias been found to average 
about 20 kw -hr. per lumdred chicks.

K seo  100 C h ic k  H o v e r .

Advantages of Electric Brooders.—Almost ail the 
advantages that apply to electric incubators, apply as



ULTIMHEAT®
VIRTUAL MUSEUM

well to electric brooders. They save time, labor, and 
anxiety. They insure even heat distribution, easily

194 ELECTRIC HEATING

R o u n d  T y p e  E le c t ro - H a tc h  H o v e r  in  O p e ra tio n .

E l e c t ro - H a tc h  R e c ta n g u l a r  T y p e  B ro o d e rs  in  O p e ra tio n .

controlled tem pératures, and élimination of fire hazard. 
The electric heat neither burdens the atmosphère with
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poisonous lûmes, nor destroys its oxygen. I t  has fur^ 
therm ore been dem onstrated in actual practice, that 
an electrically brooded chicken is usually ready for 
the roost about two weeks sooner than one brooded 
by fuel heat, and is universally stronger and more 
vigorous.

Statistics show that an average of less than 50 per 
cent of the baby chicks placed under the many types

I n t e r io r  o f  B ro o d in g  H o u se , B a y w o o d  P o u l t r y  F a rm ,
S an  M a te o , C al.

of brooders now in use are raised to the roosts, whereas 
actual tests made during the past eighteen months 
with a large number of electric brooders show that 
the proportion has been raised by their use to better 
than 85 per cent.

Relative Costs of Operation.—The following will 
give an idea of the relative costs of fuel and electric
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operation of brooders. The data are averaged from 
many figures secured in actual practice, and are based 
on an assumed outside tem pérature of 50° F.

R e la t iv e  t ’on t» o f  H eat fo r  U rood tn g .
Approximate C'ost

Method of Heating. per 100 Chicks.
A r tif ic ia l  600 B .t.u . g a s  a t  $1.50 p e r  1000 eu . f t . .  $1.50
A rtif ic ia l  600 B .t.u . g a s  a t  $1.00 p e r  1000 eu . f t .  . 1.00
C o al o il a t  20c p e r  g a l l o n .................................................... 1.40
D is t i l l a t e  a t  8c p e r  g a l l o n ..........................................................45
D is t i l l a t e  a t  8c p e r  g a l lo n  (b lu e  flam e b u r n e r ) ................15
E le c t r i c i t y  a t  5c p e r  k w . - h r .....................................  1.00
E le c t r i c i t y  a t  3c p e r  k w . - h r ...........................................................60

. .E l e c t r i c i t y  a t  2c p e r  k w . - h r ...........................................................40

It is apparent that, although electric energy may 
bave to be purchased at a low rate to compete with 
fuel on the basis of actual cost of heat energy, the 
advantages accruing to the user of electrically heated 
apparatus will more than offset this added expense.



CHAPTER XIV
E L E C T R IC  W E L D IN G .

N ature of W elding.—W hen two pièces of métal 
are heated to the proper tem pérature, brought into 
contact, and united into one solid piece, the process 
is called welding. The essential feature is that of 
bringing the pièces of métal to the proper tem pérature 
so that thev will tend to flow together and cohere. Ail 
the processes that hâve been devised are simply re- 
quired for producing heat.

Metals may usually be most easily welded when 
in a plastic condition. W hereas welding processes 
were formerly limited to such metals as iron, nickel, 
platinum, and gold, the high tem pératures now avaiL 
able hâve made it possible to weld almost ail the metals 
and a large percentage of the metallic alloys.

W elding Processes.—A general classification of 
commercial methods of welding may include smith 
welding, hot flame welding, Chemical welding, and 
electric welding.

Smith welding or forging is the process of joining 
pièces of métal by ham mering them into shape. It is 
one of the oldest arts, dépends for its success on the 
operator's skill, is usually expensive, and is more 
adaptable to small than to heavy work.

Hot flame or gas welding has numerous commer­
cial applications and may be used for many kinds of 
work that cannot be done by forging. The m ost impor­
tant methods are the oxy-acetylene, oxy-hydrogen, oxy- 
pintsch gas, and oxy-blau-gas. As the names indicate. 
welding heat is produced in each process by mixing 
oxygen and another gas in suitable burners. The gases 
are usually compressed and stored in strong cylinders. 
The various processes may be used for cutting as well 
as for welding. The principal advantages are less first-



flexibility, and portability of apparatus. The disad- 
vantages are high operating cost, carbonization, oxi- 
dation, cracking of the welds, and danger of fire and 
explosions from the fiâmes and gases.

Chemical welding is limited in its commercial ap­
plication to the process known as therm it welding, 
or “cast welding,” which consists in igniting a mix­
ture of aluminum and iron oxide in a suitable mold. 
The intense heat produced, causes the aluminum to 
reduce the iron from the oxide, and forms a molten 
mass of therm it Steel which is run into and around 
the parts to be welded. The process lends itself bet- 
ter to the welding of larger articles than smaller ones, 
but in any case it is both slow and expensive.

Electric welding, with which this chapter deals, 
although a relativelv new commercial application, is 
rapidly becoming one of the most im portant of ail the 
welding processes. The chief advantages are low oper­
ating cost, wide range of application, flexibility and 
ease of tem pérature control, less harmful oxidation 
and carbonization, and less expansion and contraction 
of the parts welded. The disadvantages are higher 
first cost, and greater weight and lack of portability 
of apparatus. Electric welding machines may ordi- 
narily be classified, either as arc welding, or as résist­
ance welding apparatus. In the former heat is pro­
duced by means of an electric arc, whereas in the latter, 
heat is produced by the résistance to the flow of cur- 
rent a t the contact between the parts to  be welded.

Arc W elding.—The electric arc may be used for 
welding practically ail the metals. The commercial 
processes are usually performed by m elting material 
into openings or crevices, or of fusing down the body 
of an article to fill such openings. There are a great 
many practical applications of arc welding apparatus, 
both in m anufacturing and repairing.

Direct current of high amperage and low voltage 
(usualy 30 to 75 volts) is employed. The am ount 
of current required dépends upon the kind of material, 
size of the weld, and speed of operation desired.



ELECTRIC W ELDING 199

L in c o ln  A rc  W e ld e r  (c o m p lé té  w i th  p a n e l  b o a rd ) .

Systems of Arc W elding.—There are two impor­
tan t welding processes, known as the Benardos or 
graphite process, and the Slavianoflf or metallic pro­
cess. In both Systems the article to be welded is con- 
nected to the positive side of the circuit, and the élec­
trode to the négative side. The arc is produced by
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bringing the négative electrode in contact with the 
work and quicklv w ithdrawing it a short distance. 
Since the positive term inal of an arc is the hotter. the 
beat is produced where it can he most effectively util- 
ized.

The graphite process makes use of a carbon elec­
trode. After the arc is drawn, filling material in the 
form of a “melt bar'’ is fused into place by the beat 
produced. This process may he used for welding 
aluminum, copper alloys, cast iron, and other metals 
which do not volatilize very readily. The arc should 
he moved about over the surface to prevent hurning, 
and to cause the slag or other impurities to flow to 
one side.

200 ELECTRIC HEATING

O p e ra to r  a t  W o rk  W i th  G e n e ra l E l e c t r i c  A rc  W e ld e r .
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The metallic process makes use of a metallic pen- 
cil electrode, (usually iron or Steel), which gradually 
melts from the beat of the arc, and forms the filling 
material. The current required is much less th.an for 
the graphite process but the speed is also less for heavy 
work. The principal application of tliis process has 
been in sheet métal work, vvhere the electrode is de- 
posited along the joints or seams. It is also used for 
building up worn pièces, and filling holes in castings.

Another system of welding which has not been ap- 
plied very extensively in th is country is the Zerener 
process, wherein an arc is drawn between two car­
bon électrodes and deflected downward against the 
work by a magnet. Its use is limited to light work, 
but it is claimed that somewhat finer work can be 
done by adjustm ent of the magnet.

Arc W elding A pparatus.—In making a choice of 
equipment, careful considération must be given to the 
character of w-ork to be done. Ail arc welding ma- 
chinery is designed to take the available energy supply

R e p a i r in g  S te e l C a s t in g  w i th  th e  L in c o ln  A rc  W e ld e r .
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and deliver it in proper form for welding work. In 
the simplest forms of apparatus, the current may be 
eut down to the proper voltage by the use of either 
a w ater rhéostat or a heavy résistance connected in 
sériés with the arc. W hen this is done considérable 
energv is wasted in heating the w ater or other résist­
ance materia!

. Lovv voltage m otor-generator sets are often used 
on account of their higher efficiency and greater ease 
of control. The generators are usually compound 
wound, although when used on an individual welding 
circuit, they may be shunt wound. The compound 
wound generator gives more accurate voltage régula­
tion and is usually employed where more than one 
welding circuit is provided with energy from the same 
machine. W here several circuits are supplied from a 
single m otor-generator set, the current on each cir­
cuit must be regulated by the use of spécial résistances, 
which naturally causes a waste of energy.

Some welding machines are provided with current 
through synchronous converters, but the régulation 
is less satisfactory and they cannot be used as well 
for finer classes of work.

Generators used for welding are sometimes spe- 
cially wound for variable voltage operation so tha t no 
résistance is required. I t  is, however, necessary to 
provide separate machines for each individual oper- 
ator.

E ither graphite or metallic électrodes may be used 
with practically ail arc welding equipments.

Each m anufacturer of welding machinery offers its 
apparatus on the strength of some peculiarity of the 
controlling apparatus or design of the machines, and 
the user should consider the class of work to be per- 
formed before deciding upon the type of machinery 
to install.

The current consumption varies with the nature 
of the material welded, the shape and size of the piece, 
and the nature of the operation. Metallic welding pro­
cesses may require from 15 to 150 amperes, and graph­
ite welding from 100 to 700 amperes.
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Costs of Arc W elding.—The nature of the work, 
the cost of energy, and the operator’s skill, each hâve 
much to do with the cost of welding. I t  may ordi- 
narily be done in less time and at from 10 per cent 
to 75 per cent of the average cost of acetylene welding. 
The following tables show the cost of several arc 
welding jobs where labor was figured at th irty  cents 
per hour, energy at two cents per kw -hr., and filling 
m aterial at eight cents per pound. The first table 
shows the time and cost of welding; the second table, 
the savings effected over methods previously employed, 
and the third table the savings effected by repairing 
electric railway apparatus as against purchase of new 
parts.

T A B L E  I.*
T im e  nu«l C ost o f  W e ld in g .

A rticle W elded. Time. Cost.
S teel casting , shrinkage crack 6 in. long by 1 in. dcep . . . .  8 min. $00.04
S teel casting, riser, 4 in. by 4 in. eu t o fï.................................. 4 min. .05
Forged Steel locomotive fram e, broken in two p laces .............  20 hrs. 18.28
12 in. crack in back sheet of locom otive b o ile r .......................  9 hrs. 5.47
Building up worn driving wlieel in stead  of tu rn ing  down. . . .  2 hrs. .72
W elding 07 cracks in old fire box (saving over $ 1 0 0 0 ) . . . .  2 wks. 52.60
C ast-steel tender fram e, broken in th ree p laces ........................ 27 hrs. 19.00
S teel shaft, 2 in. d iam eter, broken, welded rcady to  f in ish ..  1 hr. .60
Broken railway type m otor case, cast s teel,w elded ..................  3 hrs. 1.95
Enlarged holes in brake levers, Steel b a rs .......................................  4 min. .05
B uild ing  up 2 in. a rm ature  shafts, worn in jo u m a ls ................  3 hrs. 1.80
A ir brake piston rods, broken, welded ready to  finish...............  30 min. .35
Leaking axle boxes, welded in p o sitio n ..............................................  15 min. .15

T A B L E  II.»
R e la t iv e  C osts  o f  R e p a ir s .

Article W elded. W elding. Old Cost. Saving.
Engine m ain fram es, both b roken ..................... $11 .80 $56.20 $44.40
Driving wheels, bu ilt up 3 /1 6  in. on tre a d . . .72 S.00 7.28
General repairs on fire box sidc s h e e ts . . . . 66.51 342.62 276.11
Filling  worn knuckle jo in t busliing ho le . . . . .75 7.50 6.7 5
W elding 7 cracks in locomotive cv linder. . . . 22.35 367.15 344.50
Broken mud ring  on locomotive boiler. . . . 32.07 11S.06 85.99

T A B L E  III 9*

S treet R a ilw a y  R e p a irs .
A rticle Welded. W elding. New P art. Saving.

A rm ature shaft, repaired in p lac e .................. S I .70 $ 4.72 $ 3.02
A rm ature shaft, large, repaired  in p lac e . . . 1.97 15.13 13.16
Railway m otor axle cap, la rg e .......................... .99 3.51 3.29
Railw ay m otor a rm ature  bearing c a p ........... .27 6.07 5.S0
Railway m otor gcar case, top h a lf .................. .48 7.30 6.82
Truck side fram e, Brill 27-G ............................... .72 44.40 4 3 .6S
Truck side fram e, Peckham  14 -B ....................... .90 46.98 46.08
Brake head, building up worn Socket................ .06 1.15 1.09
M otor fram e, G. E. 90, railw ay type m otor. 2.88 16.80 13.92

#From  “Applied Électroehem istry and W elding.”

Arc W elding Operations.—Metallic électrodes are 
used almost exclusively for thin plate and sheet weld-
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ing. The speed at which the work can be doue, dépends 
upon the kind and thickness of the m aterial, the kind 
of weld, etc.

Metallic électrodes are usually employed in weld- 
ing the seams in tanks, boiler flues, etc. The joints
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. S e a m  W e ld in g  W i th  L in c o ln  A rc  W e ld e r .

hâve been fonnd to lie much stronger than riveted 
seams, and the use of electric welding machinery for 
this class of work is finding a very vvide applica­
tion.
(1 )  C O M P A R A T IV E  CO ST— A C E T Y L E N E  AN D  A R C  W E L D IN G .

Thickness
------- Acei

F t. W elded
tylene--------

C ost per Amps. Kw. Input
Arc-------------------

F t  W elded. Cost per
of Métal. per Ilour. F t. Welded. in Are. M. G. Set l’er. Hour, F t, V\ elded,

1 /1 6  in . 25 $0.018 70 3.0 25 $0.014
1 /8  in . 15 .047 SO 3.2 15 .024
1 /4  in . 6 .187 110 4.15 S .048
3 /8  in . 4 .420 120 4.64 7 .056
5 /8  in . 2 1 .510 150 5.75 6 .070

These data were obtained vvitli a Lincoln welding 
machine and were based on the following costs :

A c e ty le n e , 1.555 B . t .u ..............................  l e  p e r  eu . f t.
O x y g e n  ............................................................. 2c p e r  eu . f t.
E l e c t r i e i t y  ..................................................... 2c p e r  k w  -h r .
L a b o r  ...............................................................  30c p e r  h o u r .

In welding most large iron and Steel c.astings, the 
carbon electrode and melt bar are employed, although
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the metallic electrode may be used for light work. A 
space sufficiently large to work in should be prepared, 
because the filling material will not flow in small 
erevices. Cast iron should usually be heated before 
and annealed after welding in order to prevent cracks, 
and to soften the weld for machining. The use of a 
welding flux will ordinarily improve the quality of a 
cast iron weld by raising the slag.

W e ld in g  W i th  th e  E l e c t r i c  A rc.

The operation of welding aluminum, copper, and 
various alloys, is somewhat similar to that employed 
for iron and Steel castings. The work is usually placed 
in a horizontal position and the filling puddled in by 
the graphite electrode method. Very thin sheets. less 
than one-eighth inch in thickness, cannot be welded by 
this means. Larger am ounts of current should not 
be used than are recjuired to melt the métal, and in 
welding alloys care should be exercised to prevent 
volatilization of any of the metallic constituents.



Arc Cutting.—The electric arc may be utilized to 
great advantage for cutting metals in foundries, scrap 
yards, and sim ilar places. The rate of cutting iron 
and Steel is ordinarily about one square inch of cross 
section per minute per hundred amperes. The graph­
ite electrode is employed for this work and current 
varying in quantity  from 100 amperes to 1000 amperes 
may be employed. The electric arc cuts a wider 
groove than the gas flame, but lias an advantage in 
that it does not destroy the métal that is melted.

Résistance W elding.—This process is quite unlike 
arc welding. I t  consists in passing a current through 
a contact between the metals to be welded. The ré­
sistance to the flow of energy being greater at the 
point of contact, the metals heat up until a welding 
tem pérature is attained when thev are forced together

ELECTRIC HEATING

P r in c ip le  o f S p o t W e ld in g '. (H e a v y  c u r r e n t  a n d  p r e s ­
s u r e  a p p l ie d  b e tw e e n  A  a n d  B c a u s e  th e  m e ta l l ic  
p la te s  to  h e a t  up  a n d  w e ld  a t  th e  p o in t  o f  a p p l ic a ­
t io n  a s  s h o w n .)

with sufficient pressure to cause them to adhéré. This 
is usually known as the Thomson System.

A lternating current of low voltage, (usually from 
3 to 5 volts), is employed in résistance welding. The 
work is ordinarily done rapidly, because heavy cur- 
rents and high pressures may be applied.
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Résistance W elding A pparatus.—The equipment 
for electric résistance welding requires machines espe- 
cially adapted to the work in hand. The frame is 
usually provided with a clamping device for holding 
the parts, and a means for applying pressure after 
they hâve been heated. A transform er for reducing 
the voltage on the circuit, together with a main con- 
trol switch, and some means of regulating the flow 
of current, are ordinarily supplied with the machine.

M anufacturing Applications.—Résistance welding 
is limited almost exclusively to new work of moderate

W in fie ld  S-12 S p o t W e ld e r .



size. Practically every kind of métal, and many alloys 
and combinations of metals may be welded, if the sur­
faces can be joined and the parts manipulated in the 
machines.

A few of the many applications of résistance weld- 
ing apparatus are as follows :

ELECTRIC HEATING
ULTIMHEAT® 
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R ail bonds. 
Autom obile p arts. 
S tru c tu ra l iron  worl 
P ipes.
Screens.
Axles.
U m brella rods. 
Sheaves.

W agon tires. 
Sliovels.

:.Iron w heels. 
T ypew riter parts. 
S tove pipe 
S teel shelves. 
S teel lockers.

Iron beds.
W heelbarrow  bodies. 
Cooking u tensils. 
Chains.
Valve heads.
Knives.
Boilers.

Classification of Résistance W elds.—The original 
method was known as butt welding, and consisted in 
bringing the pièces together either end wise or edge 
wise. After they became heated they were forced to­
gether. A process known as spot welding was after- 
wards developed for welding lapped joints. It was 
accomplished by making contact, about rivet size, be- 
tween the sheets of métal, passing a current through 
the contact, and applving pressure when the métal be­
came plastic.

A number of other kinds of welds, which, in a 
more or less degree, are modifications of the bu tt and 
spot welds, hâve found a very wide application. Lap 
or seam welding consists in passing a current through 
a lapped seam and applving pressure by means of rolls. 
Butt seam welding, as the name signifies, is a some- 
what similar process. Cross welding for making 
screens, etc., and tee and jum p welding for fastening 
bars or pipes together, are other corn mon welding pro­
cesses.

W elding Various Metals.—Although most of the 
metals may be welded successfully, the commercial ap­
plication of résistance welding apparatus is usuallv 
limited to only a few of them. Iron and Steel are most 
frequently subjected to welding operations, and are 
about the easiest to handle. The pressure imposed 
should be high and the métal should be kept belovv 
the m elting point. Cast iron is very difficult to weld 
by the résistance process on account of its structure 
and composition. H igh carbon Steel may be welded, 
provided it is afterwards annealed to remove the 
strains. Nickel Steel makes a very strong weld. Gal- 
vanized iron of moderately thin gauge, may be welded.
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provided the joints are regalvanized when the opera­
tion is completed. Sheet aluminum, brass, copper, 
iron and copper, and brass and copper, may also be suc- 
cessfully welded by skilled operators.

C la m p  f o r  T h o m so n  -H)-A B u t t  W e ld e r .

Spot and bu tt welding operations are limited in the 
extent to  which they can be applied commercially. If 
the metals are very thick, the am ount of energy re- 
quired will be very large, and the radiation losses from 
the metals and the cooling w ater will become ex­
cessive.
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Character of Résistance W elds.—If the weld is 
upset so tha t its cross sectional area is slightly greater 
than that of other portions of the piece, the joint should 
hâve as much strength as the stock. W hen finished

W in fie ld  B B -255 B u t t  W e ld e r .

to the same diam eter as the stock, it should hâve a 
strength efficiency of from 75 per cent to 90 per cent. 
O rdinarily the strength of a weld may be improved by 
working. Care should be exercised to prevent heating 
the m aterial too hot, or the weld may be burnt and 
thereby weakened.
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B utt and Spot W elding Costs.—The average costs 
of résistance welding are shown in the two following 
tables, which are figured on the basis of an energy 
rate of two cents per kilowatt-hour.

212 ELECTRIC HEATING

U utt W e ld e r  D u t».
Rd. Iron 
D iam ter Kilow atts Tim e in Seconds

Cost
per 1000 W elds

in Inches. Required. to Make Weld. 2’ Cents per kw.
%
Vs

2 3 0.04
5 5 0.14

% 12 15 1.00
1 IS 20 2.00
1%2

50 40 11.10
75 50 20.84

Ganses

Spot

Thickness in

W c ld e r  D ata.

A pproxim ate Tim e in
Cost per 

1000  W elds
of Slicet Fractions Kilow atts Seconds to a t  2 Cents

Steel. of an Iineh. Capacity. J lak e  a Weld. per kw.
2S 1-6 4 5 .3 0.009
24 1 -4 0 7 .5 0.02
20 3 -8 0 9 .7 0.035
16 1-16 12 .9 0.06
10 9-6 4 18 1.5 0.15

6 13-64 28 4.0 0.62

Energy Requirem ents and C ha'acter of Load.—
Electric current is usually supplied to the machines 
at a pressure of 220 volts, which for ordinary welding 
operations, is reduced to from 3 to 5 volts.

The power required for résistance welding opera­
tions dépends upon the kind of material, the area of 
cross section of the pièces, and the time taken for mak- 
ing the weld. The following table shows the average 
power and time required for butt welding:

P o w e r  a n d  T im e  ïo r  U utt W e ld in g  Iron  an d  Steel.
Area. Sq. In Power, kw. Seconds. Horsepower.

0.5 10.0 2S 13.5
1.0 18.75 40 25.0
2.0 33.00 57 44.0
4.0 56.3 80 76.0
6.0 69.0 98 92.5

P o w e r a n d  T im e  fo r Ilu tt W e ld in jt Ilrnss.
Area. Sq. In Power, kw. Seconds. Horsepower.

0.25 12 14 15.7
0.50 15 20 20.0
1.00 29.5 28 39.5
2.00 53 40 71,0
3.00 66 49 88.5

P o w e r and T im e  fo r B u tt AVeldinfï C op per.
Area. Sq. In Power, kw. Seconds. Horsepower.

0 .125 8.5 7 11.5
0.250 18 10 24.0
0 .500 32 14 43.0
1.00 55.5 20 75.0
1.50 6S 25 91.0



The character of résistance- welding power loads 
dépends largely upon the work that is being done. It 
is naturally very unsteady. and somewhat inductive.
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CHAPTER XV
E L E C T R IC  STEAM  BO ILER S.

Application.—W here conditions are such tha t elec- 
tric energy may be obtained a t low cost during off 
peak periods or otherwise, or where only a small quan- 
tity  of steam is required for certain operations, electric 
steam boilers may often be used advantageously.

Industrial plants require steam for numerous 
purposes other than that of simply driving engines. 
M any machines, such as laundry apparatus and simi- 
lar devices, may use steam heat to better advantage 
than the usual form of electric heat. W here this con­
dition obtains, steam boilers may be heated electrically 
to effect the desired results.

Although electric steam boilers hâve not yet been 
applied very generally in the industrial field it is prob­
able that the superior advantages which they afford 
will tend to  bring  them into wider use.

Advantages.—The inhérent features of electric 
steam boilers which commend them for industrial pur­
poses are their efficiency of operation (often as high as 
95 per cent), the réduction of labor cost, (no firemen 
needed), the safety of operation, (no danger of fire) 
and the convenience of location. As usual where elec­
tric heat supplants fuel heat the annovance o'f fuel 
burners, the heated atmosphère and the dirt are done 
away witli. The boilers may be installed in any con- 
venient location and in places where other generators 
would be entirely impractical.

Steam Boiler Calculations.—In order to make in­
telligent recommendations for steam boiler installa­
tions it is necessary to  know som ething of the funda- 
mental principles of steam génération, the customary 
methods of rating  the apparatus, and how' to calculate 
the capacities required. The most im portant features 
to be considered together with some elementarv défi-



nitions, tables, and practical examples are therefore 
set forth for the convenient reference of those less 
conversant with the subject.

Boiler Efficiencies.—The définition of steam boiler 
efficiency is the ratio of the heat absorbed by the boiler 
in producing steam to the total am ount of heat avail- 
able. As electric steam boilers are usually well lagged 
and equipped with immersion heaters it is apparent 
that practically ail the energy applied is absorbed by
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G. E . S 'team  B o i le r  in  L a u n d r y  o f  E s te s  P a r k  (C o lo .)  H ô te l .

the boiler in producing steam. The efficiency of elec­
tric boilers, therefore, may be as high as 95 per cent. 
The efficiency of a fuel-fired boiler, on the other hand, 
may vary anywhere from 50 per cent, or even less, 
to 80 per cent, depending upon the method of firing, 
the kind of combustible consumed, and the numerous 
losses of heat, the chief of which is tha t due to the 
tem pérature of the chimney gases.

Boiler Horsepower.—The function of a boiler is 
that of producing steam by the évaporation of water 
and the term horsepower, having to do with the rating 
of boilers, should not be confused with the term horse­
power relating to prime movers. Boiler horsepower is 
a measure of évaporation and not of power. I t is equal
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to an évaporation of 34.482 pounds of water per hour 
from and at 212° F. Since 970.4 B.t.u. (latent heat of 
évaporation) are required to evaporate a pound of 
water at atmospheric pressure after it lias attained a 
tem pérature of 212° F., it is apparent that a boiler 
horsepower is équivalent to 34.482 X 970.4 or 33,461 
B.t.u.

Factors of Evaporation.— In order to calculate the 
am ount of w ater that a boiler of a certain horsepower 
rating will evaporate per hour when supplied with 
water at a certain tem pérature and operated at a cer­
tain pressure, it is necessary to divide by the corres- 
ponding factor of évaporation found in Table I.

T A B L E  I.

F a c to r »  o f  E v a p o ra t io n .
(C 'alculated from  M arks and Davis T ables.)

Feed
Temp. -Gaupre Steam Pressure

Deg. F. 50 (>0 70 80 90 100
32 1.2143 1.2170 1.2194 1.2215 1.2233 1.2251
40 1.2060 1.2087 1.2111 1.2131 1.2150 1 .2 1 6 S
50 1.1957 1.1984 1.200S 1.202S 1.2047 1.2065
60 1.1854 1 . 1 8 8 1 1.1905 1.1925 1.1944 1.1961
70 1.1751 1.1778 1.1802 1.1822 1.1841 1.1S59
80 1.1548 1.1675 1.1699 1.1720 1.1738 1.1756
90 1.1545 1.1572 1.1596 1.1617 1.1636 1.1653

100 1.1443 1.1470 1.1493 1.1514 1.1533 1.1550

Assume a boiler of 5 h.p. rating supplied with 
feed water at 50° F. and operated at 60 pounds gauge 
pressure. The boiler will evaporate 5 X 34.482/1.1984 
-  - 143.9 pounds of w ater per hour.

(The same boiler would, of course, evaporate 5 X 
34 .482=  172.4 pounds of water per hour if supplied 
with feed water at 212° F. and operated at zéro 
pounds pressure).

Calculating Boiler Capacity.—It is necessary to 
know three things in order to calculate the boiler 
capacity required for any purpose with any degree of 
accuracy— (1) the boiler feed water tem pérature, (2) 
the steam pressure desired, and (3) the number of 
pounds of water that is to be evaporated per hour. 
The process is as follows :

(1) Find the factor of évaporation from Table I 
corresponding to the tem pérature and pressure given.



(2) Multiply the pounds of w ater evaporated by 
the factor of évaporation and divide by 34.482. The 
resuit will be the required boiler capacity (neglect- 
ing losses in steam distribution).

In case the number of pounds and character of 
fuel consumed under a boiler are known, the approx- 
imate boiler capacity utilized, or the équivalent ca­
pacity required, may be determined as in the follow- 
ing example :

Assume boiler consumes 40 pounds of 14,000 
11.t.u. coal per hour with an assumed efficiency of 60 
per cent. Then 40 X 14.000 X -60 =  336,000 B.t.u. input.

Since one b.h.p. =  33,461 B.t.u.,
Then 336,000/33,461 =  10 boiler horsepower ca­

pacity.
Electrically Heated Boilers.—Since a boiler horse­

power is équivalent to 33.461 B.t.u. per hour (the beat 
required to evaporate 34.482 pounds of water from and 
at 212° F.), and since one kilowatt-hour is équivalent
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to 3412 B.t.u. per hour, it is apparent that the capacity 
required to operate a standard boiler at 100 per cent 
efficiency is equal to 33,461/3,412 =  9.8 kilowatts per 
boiler horsepower. On the basis of 95 per cent effi­
ciency (which is a fair average for electrically heated 
boilers) the capacity required would be 9.8/.95 =  10.3.
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Comparative costs of operating fuel and electric 
steam boilers under assumed efficiencies and using 
fuel and electricitv at various costs and rates are 
shown in Table II.

T A B L E  II.

H o u r ly  O p ern tin g  C osts  p er IJ.H.P. In C en ts.

60%  E ff ic ie n c v — B o ile r  U s in g  
14,000 B .t.u . C oal.

C o s t o f  F u e l  p e r  T on . 
$2.50 $5.00 $10.00

,5c 1.0c 2.0c

95%  E ff ic ie n c y — B o ile r  U s in g  
3412 B .t.u . E le c t r i c i t y .  

C o s t o f  C u r r e n t  p e r  k w - h r .
l e  2c 3c

10.3c 20.6c 30.9c

A lthough the cost of steam produced w ith fuel 
is much less than that produced electricallv according 
to Table II, the labor cost and the many disadvantages 
of fuel m ust also be taken into accounts in making 
intelligent comparisons.

Electrical Energy Required to Evaporate W ater.
—In order to détermine the am ount of energy required 
to evaporate a certain weight of w ater per hour sup- 
plied at certain tem pératures and operated under cer­
tain pressures Table I I I  will be found useful.

T A B L E  III.

W a tts  C n p a c ity  R e q u ire d  t «  E v a p o r a te  on e  P ou n d  o f  AVater 
per H ou r  In to  S team  A ssu m in jç  C erta in  In it ia l  F e e d n a te r  

T e m p é ra tu re s  a n d  C erta in  F in a l P ressu res .

( T r a n s f o r m a t io n  100%  E ff ic ie n c y .)

Lb. Gaugo -In itia l Feed W ater Tem pérature:5 Degrees Fahr.-
Pressure. 40 50 60 70 80 90 100 110

0 334.8 331.9 32S.9 326.0 323.1 320.2 317.2 314.3
10 337.7 334.7 331.8 328.9 326.0 323.0 320.0 317.2
20 339.6 336.6 333.7 330.S 327.9 324.9 322.0 319.1
30 341.0 338.1 335.1 332.2 329.3 326.3 323.4 320.5
40 342.1 339.2 336.2 333.3 330.4 327.5 324.5 321.6
50 343.0 340.1 337.2 334.2 331.3 328.4 325.4 322.5
60 3 4 3 .S 340.9 337.9 335.0 332.1 329 2 326.2 323.3
70 344.5 341.5 338.6 335.7 332.7 3 2 9 .S 326.9 324.0
80 345.0 342.1 339.2 336.3 333.3 330.4 327.5 324.5
90 345.6 342.6 339.7 336.8 333.9 330.9 328.0 325.1

100 346.0 343.1 340.2 337.3 334.3 331.4 328.5 325.5

Assume 100 pounds of w ater at 60 degrees F. 
feedwater tem pérature is to be evaporated under 70 
pounds pressure and at an efficiency of 95 per cent. 
The capacity required would be: 100 (pounds) X 
338.6 (from table III)/.9 5  (efficiency) =  35,642 w atts 
or 35.642 kw.

Furtherm ore, since one boiler horsepower is 
équivalent to 10.3 kw. at 95 per cent efficiency, the



size boiler required for the operation would be : 
35.642/10.3 =  3.46 boiler horsepower.
These figures ma}' be checked by the method sug- 

gested under paragraph headed “Calculating Boiler 
Capacities.”

Steam Boiler Apparatus.—The Simplex and Gen­
eral Electric companies m anufacture electric steam 
boilers in various capacities. They are usually 
equipped with w ater and steam gauges, safety valves, 
and other standard boiler fittings. Simplex boilers
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are of the horizontal type and are somewhat similar 
to so-called “fire tube boilers” in that the heating élé­
ments are inserted in longitudinal tubes passing 
through the shell. These tubes are welded in the 
boilers and the heating éléments may be readily re- 
moved for inspection and repairs.

The General Electric boilers are of the vertical 
type and are usually heated by means of direct immer­
sion heaters which are inserted into the shell radially 
and from the outside. They are mounted in rows 
around the circumference and near the bottom of the 
tank. The capacity of each unit is one kilow att and 
obviously a large num ber are employed for heating 
the larger boilers. The sizes and capacities of General 
Electric steam boilers are set forth in Table IV.

ULTIMHEAT® 
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T A B L E  IV .

G en era l E le c tr ic  Steam  H uiler».
Lbs. Evap. Approx.

per hr. Boilcr Gallons Height Floor
Kw. Ca- From and Horse- Capacit.v, Over ail Space

No. paeitv. at 212° F. power. Full. in Ins. In Feet.
10 30 101 2.9 85 59 3 X4
11 45 151 4.4 110 66 3 x4
12 60 201 5.8 145 74 3 % x 4 %
13 85 285 8.3 180 79 3 % x 4 %
14 100 335 9.7 250 85 4 x5
15 150 503 14.6 340 92 4Vèx5Vè
16 200 671 19.5 480 104 5 x6

T o d é te r m in e  th e a m o u n t  o f w a te r w h ic h  th e d if f e re n t
s iz e d b o ile r s w il l  e v a p o ra te  u n d e r v a r io u s p r e s s u r e s a n d  w i th
v a r io u s  f e e d w a te r  t e m p é r a tu r e s ,  d iv id e  th e  f ig u re s  in  co lu m n  3 
b y  th e  c o r r e s p o n d in g  f a c t o r s  o f  é v a p o ra t io n  fo u n d  in  T a b le  I.

The boilers are ail thoroughly lagged with heat- 
insulating material. A lthough it m ight be considérée! 
unsafe to operate the présent open shell and fire tube 
types of electric boilers at excessively high pressures, 
there seems to be no obvious reason why electric 
steam boilers might not be designed on principles simi- 
lar to those of w ater tube boilers and operated at any 
desired pressures.



CHAPTER XVI
G EN ER A L A PP L IC A T IO N S  O F  E L EC TR IC

H EA T.

Diversity of Use.—Although it is impossible to 
enum erate in a single chapter the many uses to which 
electric heat has been successfully applied, a number 
of its possible applications in the industrial field are 
set forth. The descriptions are arranged in alpha- 
betical order for convenient reference.

Automobile H eater.—A num ber of small low w att­
age heaters hâve been developed for placing in auto­
mobile hoods to keep the engîines and radiators warm in 
cold weather. These heaters keep the water from 
freezing and make the engines sta rt more easily.

Bacteriological Incubators.— Electric heat is par- 
ticularly well adapted for bacteriological work. The

G. E . B a c te r io lo g ic a l  I n c u b a to r .

character of the heat afforded, the positive automatic 
tem pérature control apparatus available, and the ab­
sence of fire hazard make electrically heated devices 
of this nature very désirable. A num ber of bacterio-

w& w
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logical ovens are in actual successful use and the de- 
sired tem pératures are maintained to w ithin a frac­
tion of a degree.

Bath Cabinets.—Every advantage of the Turk- 
ish or steam bath room is aflforded by th e ’electric cab­
inet bath, and it is being substituted for them quite 
generally. The expense of m aintaining hot air and 
steam rooms and the disagreeable features attending 
their use are thereby eliminated and the patients given 
better and more healthful treatm ents.

The cabinets are usually constructed of wood, 
Steel, or marble and are designed for patient’s use

in either a sitting or reclining posture. The in- 
teriors are lined with reflecting surfaces. Rovvs of 
electric lights (usually carbon filament) are mounted 
close to these reflecting surfaces and the patient re- 
ceives the bénéficiai effect of the actinie light rays as 
well as of the heat produced by the lights surrounding 
him. The wood and Steel cabinets are generally lined 
w’ith m irrors, whereas marble acts as the reflecting 
surface where it is used. The patient’s head is always 
allowed to protrude from the cabinet and he is never 
forced to breathe the hot air contaminated by the toxic
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émanations of his person, which is unavoidable in 
the hot air and steam rooms.

The marble cabinet shown in the illustration is 
made by James B. Clow & Sons. I t  is lined with 56 
sixty-w att carbon lights and lias a total capacity of 
3360 w atts when ail the six control switches are closed. 
The range of tem pérature is from 80 deg. to 180 
deg. F. From 3 to 10 m inutes is required to bring 
out a sweat and the average duration of the bath is 
from 12 to  20 minutes, depending upon the initial 
heating, the outside tem pérature, and the physical 
condition of the patient.

Beer V at Dryer.—For drying out vats in a brew- 
erv during the varnishing season, the General Electric 
beer vat dryer is convenient and satisfactory. I t  is 
4 feet long. 8j4 inches wide, 4 inclies high and is fitted

G. E . B e e r  V a t  D ry e r .

with six 500-watt résistance tubes mounted on center 
and end castings. The ends and sides are of sheet 
métal, and the top and bottom of galvanized wire 
mesh. I t  is claimed by the m anufacturers that one 
of these devices will dry out a 50-barrel vat in about 
10 hours. Two heaters are recommended for a 150- 
barrel vat, and three for a 350-barrel vat.

Branding Irons.—A large num ber of spécial elec- 
trically heated branding irons are in use. They are 
idéal for branding wood, leather, méats, etc.

Button Die H eater.—Electrically heated dies hâve 
been used for some time in the m anufacture of cellu-

C. H . H e a t e r  A p p lie d  to  C e llu lo ïd  B u t to n  D ie.
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loid buttons. These devices are made in capacities of 
from 60 to 150 watts, and are usually controlled bv 
rhéostats mounted on the bed plates. A number of 
dies may be mounted on one head.

Can Capping Machine H eater.—An application 
of electric soldering iron units of 250 w att capacity 
to can capping machines lias been designed bv the 
General Electric Company. A pparatus operated in 
this manner lias been found much more satisfactory 
than gas heated equipment.

Candy Batch W arm er. — The electric batch 
vvarmer is portable and lias a swing adjustm ent so that 
the beat can be thrown in different directions as de- 
sired. It serves the sanie purpose as the open gas
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C. H. B a tc h  W a rm e r .

warmer, but lias certain obvious advantages over fuel 
apparatus.

The Cutler-Ham m er batch warmer is made in 
two standard sizes, as follows:

L e n g th  in  In c h e s . W a t t s .  N o. H e a ts .
24 2500 3
4S 5000 6

Celluloid Embossers.—A method of attaching 25 
w att and 38 w att soldering iron units to the embossing 
heads on the lower part of celluloid embossing presses 
lias been developed by the General Electric Company. 
The electrically heated dies are idéal ; a maximum tem­
pérature of 140° F. is maintained ; and ail danger from 
working with inflammable material is obviated.

C
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Chocolaté W arm ers.—For maintaining chocolaté 
at proper tem pérature for dipping, the electricallv 
heated warmers hâve proved their superiority on ac- 
count of the accuracy of adjustm ent possible and the 
cleanliness and convenience afforded. They consist 
of two pans; an inner one holding the chocolaté and 
an outer one fitted with a surface heating element.

Chocolaté warmers in the following sizes and ca- 
pacities mav be obtained for flush m ounting on dipping 
tables :

C. H. C h o c o la té  D ipp ing- T a b le  W ith  W a rm e r  a n d  S id e  P a n s . 

R e c ta n g u la r  C h o co la té  W a rm e rs  ( C u t le r -H a m m e r ) .
Q u a r ts

C a p a c ity , In s id e D im e n s io n s in  In s . —W a t t s —
2 /3  F u ll . L e n g th . W id th . D e p th . H ig h . M ed ium . L ow

4 12 3 /1 6 6 3 /16 5 180 90 45
6 14 1 /16 7 5 /16 5% 220 110 5î>

10 14% 10 7 310 155 77
12 20 12 5% 375 188 94

R e e ta n g u la r  T y p e  ( W e s t in g h o u s e ) .
4 12 6% 5 220 110 55

R ou n d  T y p e  C h o co la té  W a rm e r  ( C u t le r -H a m m e r ) .  
Q u a r ts .

C a p a c ity . In s id e  D im e n s io n s , In s . — W a t t s —
2 /3  F u l l .  D ia m e te r .  D e p th . H ig h . M ed iu m . L ow .

4 9 6% 160 SO 40
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Electrically heated side pans are furnished with 
the Cutler-Ham m er rectangular chocolaté w arm ers in- 
stead of marble slabs. Two of tliem mav be mounted 
on opposite sides of the warmer. They are made in 
the following standard sizes :
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W e s t in g h o u s e  C h o c o la té  W a rm e r .  

H ea ted  Side P ans.
D im e n s io n s  in  In c h e s . W a t ts .

12" x  15" 25
12" x  17" 29
12" x  22 % "  3S

Clothes Dryers.—W here fuel cost is high or 
where operating cost is relatively unim portant in com- 
parison with convenience, electrically heated clothes 
dryers are désirable. I t is obvious that the drying of 
clothes in the laundry saves time and éliminâtes the 
many disadvantages of hanging out the washing on 
the old-fashioned clothes line.

The Chicago electric dryer is made of heavy gauge 
galvanized sheet métal with single casing, double cas- 
ing insulated with asbestos, or double casing insulated 
with an intervening air space. The panels of the racks 
are of similar material. The rear panels are provided 
with extension plates, so that when the racks are 
pulled out, the lieat will not escape from the machine. 
The brackets are of cast iron. and the hanging bars are 
of galvanized pipe. The sheave wheels are run on 
bail bearings. The base of the cabinet below the 
racks is provided with galvanized wire screen for the 
protection of clothes that might fall from the racks.

The electrically heated dryers are made in four 
standard sizes for use on 110 or 220 volt circuits.

L in e a l  F t .
D r y e r  O u ts id e  D im e n s io n s . N o. H a n g in g  K w . C a -

N u m b e r. H e ig h t .  L e n g th .  W id th . R a c k s .  C a p a c i ty  p a c i ty .
E  29 7 ' 7 ' 2' 1" 2 78 3
E  39 7' 7 ' 2' 10" 3 117 4.5
E  49 7' 7' 3 ' 7" 4 156 6
E  59 7' 7' 4' 4" 5 195 7.5
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Corn Popping Machines.—An electric corn pop- 
per of 1500 w atts heater capacity and operated with a 
one-sixth horsepower niotor is now available. I t  is 
sim ilar to those seen in public places, and has a ca­
pacity of about 60 bags of popcorn per hour.

Corset Irons.—The Simplex corset iron is made in 
an 8x/2  pound, 500 w att size. I t mav be obtained 
with either a hand or an autom atic regulator or a com­
bination of both.

Drying Ovens.—Specially constructed ovens are 
used for drying lumber, for removing moisture in 
photogravure work, for drying leather boxes and 
traveling bag parts that hâve been glued, and for re­
moving the m oisture from bottles and cans before 
filling with powders.

Em bossing Press H eaters.—A ny gas or steam 
heated embossing head may be easily fitted with electric 
heaters and higher operating efficiencies insured. They 
may be heated quickly (usually from ten to fifteen 
m inutes), and afford a sensitive and uniform tem pér­
ature over the entire surface. Simplex embossing 
press heaters hâve been made in a great variety of 
sizes and capacities. They are usually made to order 
on account of the great variety of press heads in use. 
The heaters are fiat dises about one inch thick. They 
are bolted to the press head and the embossing dies 
placed over them. They may be made in two or more 
sections, so that portions only of the head may be 
heated, if desired.

Cutler-Ham m er press heads and press blocks are 
also manufactured in a variety of sizes and capacities 
for industrial use.

The following information is usually required for 
making up a design of press heater :

(1) N ature of work to be done.
(2) Speed of operation.
(3) Tem pérature required.
(4) Pressure to be applied.
(5) Dimensions of dies and m anner applied.
(6) Sketch showing dimensions of press head.

22f
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S h e r id a n  N o. SD P r e s s  E q u ip p e d  W i th  46 in . x  33 in . 
P r e s s  H ead .

E ngraver’s Stoves.—Three-heat stoves of 600 
w atts capacity are being used successfully for heating 
engraved plates during the inking process.

Envelope Gum Dryer.—W ith a 500 w att heatin 
unit fitted in the blower cabinet, the capacity of 
machine will be increased about 100 per cent.

Fan D rying Equipm ent.—A small dryer of 1000 
w atts capacity, which is attachable to a standard fan 
motor, has been developed by the General Electric 
Company. I t has a wide fielcl for application in pho-

fc/) a
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tographic studios for drying prints and négatives. The 
heating coils are mounted vertically in an aluminum 
frame and covered with a screen gnard.

M o tio n  P ic t u r e  F i lm  D ry e r .

Film  Dryers.—A large motion picture studio has 
developed a film drying oven, consisting of an outside 
casing, within which a large ribbed cylindrical reel,



oven is heated with four 3000 w att G. E. beer vat 
dryers mounted around the sides. The film is wound 
on the outside of the reel. The drying process com­
plétés work in 30 minutes that formerly required 10 
hours' time, and much better results are obtained.

E . &  A . T y p e  F W  L a b o r a to r y  F la s k  H e a te r .

Flask H eaters.—A flask heater for laboratory use 
is very convenient. I t is made of copper with a con- 
centric ring top. The small size is 8}4x4 inches deep, 
and consumes 500 w atts at maximum beat.

Gilding W heel H eaters.—These devices are used 
for bookbinding, and are convenient on account of the 
absence of soot and dust and the concentrated heat 
afforded. They are fitted with heaters which revolve 
on roller bearings. O rdinary dies mav be used with 
these heaters by turning a recess on one side and drill- 
ing holes for the clamping studs. Simplex gilding 
wheel heaters are made in the following sizes and ca- 
pacities :

77 w a t t  h e a te r ,  3 1 9 /3 2 "  d ia m e te r ,  21" lo n g .
85 w a t t  h e a te r ,  4 "  d ia m e te r ,  21" lo n g .

A rhéostat may be supplied with the larger size 
for finer tem pérature adjustm ent.

Glove Stretchers and Laying-off Boards.—The 
electrically heated glove stretchers and laying-off 
boards manufactured by the C. L. McBride Manufac- 
turing  Company are idéal for the dry cleaner and glove 
manufacturer. The stretchers are superior to the or­
dinary steam heated devices. Steam laying-off boards 
are not flexible ; will not give to allow the gloves to be
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fitted, and consequently require more time to adjust 
the glove fingers. The heat also varies with the pres­
sure. and the quality of the work is not uniform. These 
disadvantages are overcome in the electric glove 
stretcher. The tem pérature is regulated by a therm o­
stat. I t is mounted on a revolving base. The quality 
of the work is better, and mav be done more rapidly 
and with less skilled labor than where steam is used. 
Only a relatively few forms are required, because each 
stretcher will make four full sizes of gloves from one 
form.

The electrically heated laying-off boards are made 
for finishing dry cleaned gloves, and may be used in 
a kid glove factorv although they are too light for 
heavy gloves. They are much cleaner and safer and 
will tu rn  out more and better work than steam boards.

Glue Pots.—Electrically heated glue pots elimi- 
nate soot, smoke, and flame; do away with steam and 
gas pipes; are readily moved from place to place, and 
insure even tem pérature régulation. They are manu- 
factured both with and without water jackets.

The relative sizes and capacities of glue pots made 
by three prominent mannfacturers are as follows:

C a s t  I ro n  G lu e  S im p le x  No. 40S G e n e ra l  E le c t r i c
P o t. G lu e  P o t. G lu e  P o t.

P o t  S m all. L a rg e .
Make. Capacity. Low. Iligh. Low. Iligh.

G en. E le c t r i c .  . . ‘A P t. to  8 q t.  20 250 j a c k e t l e s s  1 -h e a t
G en. E l e c t r i c . . .  1 p t. to  4 qt. 85 340 275 1100 ja c k e te d  3 -h e a t
W e s t in g h o u s e . .  1 p t. to  4 q t. 55 200 200 660 j a c k e te d  3 - h e a t
S im p le x  ............  1 p t.  to  2 q t. 110 440 220 880 j a c k e t l e s s  3 -h e a t
S im p le x  ............ 1 p t.  to  20 q t.  85 330 625 2500 ja c k e te d  3 -h e a t
A m e r ic a n  .........  2 p t. to  4 q t. 125 500 250 1000 ja c k e te d  3 -h e a t
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Glue Cookers.—Q uantities of glue may be heated 
in large pots and transferred to small pots for use in 
varions parts of an establishment. The cookers are 
usually heavily insulated against beat losses.

Tabular spécifications of standard W estinghouse 
glue cookers are as follows :

G a llo n s  
C a p a c i ty  

3 
5

10 
15 
20 
25

The following data refer to standard General 
Electric glue cookers :

G a llo n s  
C a p a c ity  

20 
35 
50 
80 

140 
220

Gold Leaf Stamp H eaters.—These devices may be 
used in place of gas for stam ping gold leaf on combs, 
pipes, neckwear, etc. A Simplex die heater consuming 
80 w atts has been designed to fit a standard pencil 
stam ping machine for im printing gold leaf letters.

W a t t s I n p u t . A v. H r . T im e F lo o r  S p ace
S ta r t in g . R u n n in g . to  a t t a i n  165° F . in  f e e t .

10,500 450 1 3% x3%
14,000 oiOO i 1/* 3% x3%
16,500 600 i% 3% x3%
20,000 700 1 % 4 x4
26,500 850 2 4% x4%
32,000 1,050 2% 5 x5

W a t t s In p u t . Xo. o f
S ta r t in g . R u n n in g . H e a ts .

1800 450 2
2200 550 2
2700 675 2
6000 750 5
6600 S25 5
7200 900 5



GENERAL APPLICATIONS 233

H atters’ F langing Bags.—Electrically heated 
flanging bags are superior in every way to bags heated 
over steam bake ovens. The heat is constantly gen- 
erated within the bag; the therm al efficiency is g reater; 
the tem pérature is more uniform ; and no time is lost

C. H . F la n g i n g  B ag .

in reheating. H ats may be flanged in less time and 
with better and more uniform results. The Cutler- 
H am m er flanging bags consume 440 watts, and are 
furnished with a métal pan fitted with lifting ears. 
The sand, lifting tackle and canton flannel covering are 
provided by the user.

H atters’ Hand Flats.—Four faces of the straw  hat­
ters' hand flats are working surfaces. Three standard 
styles are marie by the Cutler-Ham m er Company. The 
hand fiat is mounted on a support, and may be used 
in any desired position. Cleanliness is essential in the 
m anufacture of straw  hats, and the clean, uniform 
heat supplied by the electric hand flat makes for in- 
creased speed and perfection of product. The energy 
required for these devices varies from 550 to 700 watts, 
depending upon the style of hand flat used.

H atters’ Hand Shell.—The Cutler-Ham m er hat­
te rs’ hand shells conform in shape to the old-fashioned 
shells. The bod}* of the shell is a single casting, and 
can be dipped in water for cooling the faces of the iron. 
These irons are marie in the following standard weights 
and capacities :
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W e ig h t  in  P o u n d s .
9

10*4
12
15

HEAT1NG

W a tts .  
300 o r  350 
300 o r  350 
350 o r  500 
350 o r  500

Simplex hatters' irons are made in 9 and 15 pound 
sizes, and with 450 w atts capacity each. Thev may be 
provided with plain or automatic regulators.

C. H . H a n d  S h e ll , I-Iand F i a t  a n d  V e lo u r in g  S tove .

H atters’ Velouring Stove.—The Cutler-Ham m er 
velouring stove is encased in a heavy cast iron frame 
with tight joints to prevent particles of felt from lodg- 
ing in the crevices. They are made in the following 
standard sizes for either single or two-heats :

S ize  o f  T op , 
in  In c h e s . 

4*4x6 
514x7

S in g le -H e a t .
315
450

W a t t s  C a p a c i ty  
T w o -H e a t .  

315-475 
450-675

D o ra n  M a c h in e  I ro n  N os. 1 a n d  2.

H atters’ Machine Irons.—Irons for use on hatters’ 
machines are more satisfactorv, more economical, and 
resuit in better work and greater output than other 
such appliances. Gas heated machine irons, equipped
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with gas and air-blast tubes, soon develop loose con­
nections, create dangerous hot spots, and do not main- 
tain a uniform heat.

T w e e d y  R ig h t  H a n d  C u r l in g  M ac h in e  Iro n .

Cutler-Ham m er irons are made for the following 
liât blocking and curling machines :

W a tts .
D o ra n  M a c h in e  I r o n  No. 1 ........................................................................  300
D o ra n  M a c h in e  I ro n  No. 2 ........................................................................  309
D o ra n  M a c h in e  I r o n  N o. 3 ......................................................................... 275
N e w a r k  M a c h in e  I r o n . ..................................................................................  400
T w e e d y  R ig h t  H a n d  C u r l in g  I r o n ........................................................  750
T w e e d y  L e f t  H a n d  C u r lin g  I r o n ...........................................................  750

H ot Air Blower.—A 25 kilow att General Electric 
hot air blower fitted with 152 ribbon wound Hat heat- 
ing units and a blower fan lias been found useful for 
drying transform ers and other simliar operations. The 
volume and tem pérature of the air supplied naturally 
dépends upon the size and speed of the fan.

Industrial H eating Units.—In order to avoid de- 
signing and m anufacturing spécial heating units for 
each industrial application tha t is presented, the 
General Electric Company has standardized on three 
types of units, one or more of which are adaptable to 
the usual conditions tha t are met. These units are 
known as cartridge, flat leaf, and tubular type units.

Cartridge units are made in various capacities up 
to 750 w atts, and in sizes up to 1% inch diameter and 
8 inch length. These units operate at a dull red heat. 
Thev are usually fitted into drilled holes in castings 
and bolted to the body to be heated. They consist of
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W e s t in g h o u s e  N a r ro w  T y p e  
I n d u s t r i a l  H e a te r . W e s t in g h o u s e  W id e  T y p e  

I n d u s t r i a l  H e a te r .

résistance ribbons wound edgewise, cemented and 
sealed inside of metallic tubing.

F iat leaf units are used for heating flat surfaces. 
They are made in capacities of 300 w atts or less and 
with dimensions of 6 inches by 2 inches by inch. 
They consist of résistance ribbons wound on mica 
sheets and clamped between iron protecting plates. Any 
desired number of these units may be bolted to the 
surface of any smooth. fiat surface to be heated.

Tubular type units are used for air heating and 
are made for low tem pérature work. The standard

To H e o le r i  L ' " e

T w o  - n e u f  K m  Te S w i tc h .

P ia g r a m  fo r  C o n n e c t in g  T w o  S in g le  H e a t  H e a te r s  o r  
M u lt ip le s  T h e re o f  f o r  T h re e  H e a t  C o n tro l .
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size is 2 in. in diameter and 22 in. long, and dissipâtes 
about 350 w atts. I t  consists of résistance wire wound 
on an asbestos tube and coated with a stiffening of 
insulating compound.

The W estinghouse Company has recently devel- 
oped a verv complété line of “steelclad” heating units 
for industrial purposes. They consist of fiat ribbon 
resistors assembled on mica sheets covered with Steel 
casings, and provided with suitable terminais. They 
are made in the form of bavonets with single or three 
heat control, in lengths varying from 10 in. to 50 in. 
The narrow type is J/ i  in. thick and 1% in. wide, and 
the wide type 3/16 in. thick and 2 in. wide. The 
w attage of these units may be calculated from the fol- 
lowing table :

M a x im u m  W a t t s  p e r  In c h  o f  L e n g th .
C la ss . W id e  T y p e . N a r ro w  T y p e .

A (O v en s  a n d  d r y in g  r o o m s ) . . . .........  15 7.5
B ( O rd in a ry  A ir  H e a t in g )  ......... .......... 30 15
C (P re s s h e a d s ,  h o t  p la te s ,  e t c . . . 25

Ironing Machines.—Laundry machines of ail kinds 
may be equipped with electric heaters. They insure 
a clean, sanitary, cool laundry, and resuit in producing 
more and better work. An example of an application 
of electric heat in the laundry is that of the American 
Iron Machine Company’s “Simplex Ironer,” which is 
made in the following sizes and capacities :

S im plex  Iron ers .
L e n g th  o f  ro ll  in  in c h e s . 24 26 32 37 42 46 48 56
D iam . o f  ro ll  in  in c h e s . . 6 7 7 7 7 7 8.5 8.5
I r o n in g  sh o e  fa c e  in in c h e s 5 8 S 8 s s y 9
I r o n in g  sh o e  c o n ta c t ,  i n s . . 2.5 5 . 5 5 5 5 6 6
I r o n in g  sp eed  ft. p e r  m in . 6.5 7 7 7 7 7 8.5 8.5
K w . c a p a c i ty — l i i g h ............ 1.85 2 2.5 3 4 4.8 5 6
K w . c a p a c i ty — m e d iu m . . . 1.25 1.3 1.7 2 2.7 3.2 3.4 4
K w . c a p a c i ty — lo w .............. .60 .75 ,S5 1 1.3 1.6 1.7 2
S ize  o f m o to r  in  h p ............ 1-10 1-8 1-S 1-8 1-6 1-6 1-4 1-4

Laboratory H ot P lates.—The uniform, depend- 
able and safe heat obtainable from electric hot plates 
and stoves make them m ost désirable.

S im p le x  4% in. by  24 in . L a b o r a to r y  H o t P la te .
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Rectangular Simplex hot plates of the following 
dimensions and capacities are available for securing 
various tem pératures:

6"  x  6" 
6" x  12 '' 

2 % "  x  24" 
4 % "  x  24" 

3 "  x 6" 
6 "  x  6"

500 w a t t  
750 w a t t  
500 w a t t  
600 w a t t  
200 w a t t  
350 w a t t

th r e e - h e a t
t h r e e - h e a t
th r e e - h e a t
th r e e - h e a t
t h r e e - h e a t
th r e e - h e a t

Small, round Simplex dises in sets of six mounted 
on slate bases are convenient for mille testing and other 
laboratory operations.

6- Z V z "  d is e s  t o t a l  600 w a t t s  s in g le - h e a t .
6- d is e s  t o t a l  1500 w a t t s  s in g le  o r  th r e e - h e a t .

Laundry and Tailors’ Irons.—The conditions un- 
der which these irons are used are vastly different than 
those in the home. They are usually subject to rough.

careless handling, and severe long hour use. They 
m ust be heavily and durabh ' constructed to meet ordi- 
nary requirements.

A large variety of irons are available for industrial 
use. Pointed and round nose, sm oothing and finishing 
irons are m anufactured in many sizes. Those made 
for laundry work usually vary in weight froni four to 
twelve pounds and consume from 275 to 750 watts. 
D rag irons are made in weights of from 30 to 50 
pounds and w attages of from 1400 to 1600 watts. Puff 
irons in egg and half egg shapes are made in capacities 
of from 150 to 400 watts.

T ailors’ irons usually vary from 12 to 25 pounds 
in weight and from 600 to 900 w atts in capacity. They 
are made with diamond, oval, and spécial broad noses. 
Simplex irons of various sizes and shapes are made 
for use in pressing machines.
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W estinghouse, American, Cutler-Hammer, Gen­
eral Electric and Simplex laundry and tailors' irons 
are m anufactured in a variety of types, shapes and 
sizes.

C. H . T a i lo r ’s  I ro n .

Leather Creasing Tool.—A recently developed de- 
vice for branding designs, ruling parallel lines, and 
edge fïnishing leather articles has been found very use- 
ful. The tool is designed on the principle of .a solder- 
ing iron and differs only in the tip and handle.

Linotype and Monotype Pots. — Among the 
numerous advantages gained by the application of 
electric heat to type métal pots are rapid heating, per- 
fect tem pérature régulation, absence of gas fumes, 
smoke and soot, élimination of excessive room tem ­
pérature, idéal working conditions, no burning out of 
the tin of the métal mixture, and production of solid, 
sharp slugs.

The Cutler-Ham m er pots are equipped with im­
mersion heaters, heavy therm al insulation, and auto- 
matic tem pérature control. The la tter consists of a 
dynamic therm om eter and a magnetic svvitch panel. 
Expansion or contraction of m ercury in the therm om ­
eter actuates a relay which in turn  opérâtes the mag­
netic svvitch, cutting  the current in the heating élé­
ments on or off.

I t  maintains a tem pérature of approximatelv 
550° F. in the type métal. Initial heating requires



C. H . L in o ty p e  P o t.

1600 watts, for about 50 minutes at'ter which 550 watts 
is sufficient to maintain the tem pérature when 100 
slugs are being cast per hour.

G. K. M o n o ty p e  P o t.

The General Electric pots are usually equipped 
with standard cartridge units. Régulation of the beat 
is obtained by means of a hand operated rhéostat. For 
heating a linotype pot holding 40 pounds of métal a
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maximum capacity of 2250 w atts is provided. To 
m aintain working tem pérature using 8 pounds of metai 
per hour 750 watts is required. For heating the same 
weight of métal in a monotype pot 2900 watts is pro­
vided, and for m aintaining the proper tem pérature, 
using 16 pounds of métal per hour, 2400 w atts is re­
quired.

Liquid H eating Tanks.—M anufacturing processes 
that require the use of hot liquids for dipping purposes 
may often utilize electrically heated tanks to advau- 
tage, especially where the solution is of an inflam­
mable or explosive nature. The vessels are usually 
well lagged and fitted with covers.

Tanks of the following dimensions and capacities 
are made for heating liquids by the General Electric 
Company :

A v e ra g e  H o u rs
C a p a c i ty

in T o ta l O u ts id e D im e n s io n s .
R e q u ir e d  

f o r  H e a t in g
G a llo n s . K i lo w a t ts . D ia m e te r . H e ig h t . O ils  to  212° F .

40 16.5 27" 25" 1.3
60 22.5 31" 29" 1.4
85 30 35" 31" 1.5

125 39 39" 35" 1.7
200 52.5 46" 40" 2
300 58.5 54" 45" 2.7
500 67.5 62" 55.5" 3.9
750 75 70" 62.5" 5.3

1000 79.5 76" 68.5" 6.7

M atrix Dryers.—The most im portant factors to 
be considered in matrix drying are quality of the mat, 
cost of drying and speed of drying. The tem pérature 
usually required for this work is from 350° to 400° F. 
The common methods of drying are accomplished by 
the use of either gas or steam heat. In addition to 
the many obvious disadvantages of gas heated ap- 
paratus, it does not provide the uniform tem pérature 
that is so désirable for this class of work. Steam 
heated dryers, on the other hand, supply a uniform 
heat, but unless excessively high pressures are avail- 
able the operating tem pératures are too low for quick 
work.

Electrically heated m atrix dryers hâve overcome 
ail the undesirable features of other apparatus. The 
heat is clean, safe, dependable, and autom atically regu- 
lated to provide the desired operating tem pératures,



C. H . M a tr ix  M a c h in e  H e a te r .

and it does avvay vvith the maintenance of troublesome 
and costly equipment.

Cutler-Ham m er matrix dryers are m anufactured 
complété, ready to slip into the bed of the machine.

G. E . M a tr ix  D ry in g ; P re s s .

The tem pérature is regulated by the pressure of satu- 
rated steam generated in a tube cast into the heater 
and attached to a contactor pressure gauge, which in



turn actuates a magnetic switch, cutting the current 
on and off. The dryer is also fitted with pilot lamps 
to indicate when energy is being consumed.

General Electric m atrix dryers are also autom at- 
ically controlled. The standard size is rated at 28 
kilowatts, and is applied interm ittently  by the auto- 
matic regulator. I t is claimed by the m anufacturers 
that these dryers will consume about one kilowatt per 
hour per mat.

Méat Brander.—This device is used for inspection 
stamps and is legible at end of curing process. A ham 
branding die made by the General Electric Company 
consists of a 21 pound block of cast iron heated with 
two 600 w att cartridge units. The branding die is of 
cast brass inserted in the top of the body casting. 
After initial heating, low heat is maintained. Each 
ham is branded by placing it on top of the heated die 
for from 3 to 4 seconds.

M étal M elting Tanks.— For bringing tin, lead, 
solder, babbitt métal and various alloys to the melting 
point, electrically heated tanks can often be used to 
advantage, especially wliere it is désirable to secure 
accurate tem pérature adjustm ent. These tanks should 
be heavily constructed and provided with efficient 
therm al insulation.

Tanks of the following sizes and capacities are 
manufactured by the General Electric Company :
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C a p a e ity  80%  F u ll .
Lbs. .L bs. In s id e  o f  T a n k  ( in c h e s ) . W a t t s

L e ad . T in . D iam . L e n g th . W id th . D e p th . C a p a e ity .
30 19 4 % " 5 % " 2.100
50 30 5 % " 6 % " 2,400
75 45 6 % " 6 % " 3,000

10<0 60 7" 7 % " 3,900
MO 125 9" 9 V , " 4.550
300 190 10" U % " 6,500
400 250 11" 12% " 8,450
560 360 15" 13" 9" 13,000
80i0 520 15" 13" 13" 15,600

1080 690 20" 13" 13" 17,500
1230 S60 20" 16" 13" 22,1>00
1640 1050 20" 16" 16" 22,800
2060 1275 25" 16" 16" 26,000
2330 1600 30" 16" 16" 28,600
2960 1900 30" 19" 16" 30,000

I t is claimed tha t a 3000 w att pot will melt approx- 
imately 52 pounds of alloy consisting of 18 parts anti-
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mony, 20 parts tin, and 100 parts lead in one hour. 
Medium heat will perform the same operation in 3 
hours.

Cutler-Ham m er type métal crucibles are made 
with external or immersion heaters in sizes of from 
50 pounds to 500 pounds capacity.

G. E. M é ta l M e lt in g  T a n k .

.

Num ber Brander.—This recently developed de- 
vice consists of an electrically heated circulai" plate, 
on the outside of which is mounted a small wheel bear- 
in 3^ in. figures reading from 0 to 9.

G. E . O il T e m p e r in g  B a th .

Oil Tem pering Baths.—W here a large am ount of 
tool tem pering is done the electric oil bath is indis­
pensable. Uniform tem pérature control is attained, 
and fire hazard, uncertainty, and harmful oxidation of 
the metals is eliminated in this process. The work 
may be done successfully with unskilled labor because 
the temper is drawn by the submersion process.
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General Electric oil tempering- baths furnished 
with or without cooling coils and controlling panels are 
made in the following standard sizes and capacities :
O il C a p a c i ty  D im e n s io n s  in  In c l ie s . M ax im u m

G allo n s . L e n g th . W id tli . D e p th . K i lo w a t ts .
9 22 12 8 6

11 18 12 12 7 2
37 30 16 18 20 ”

The drawing tem pérature of different grades of 
Steel varies from 300° to 320° F. The 20 kilowatt size 
bath is said to hâve drawn the tem per of 363 pounds 
of Steel bail bearings in 1 hour and 45 m inutes with 
a total energy consumption of 9.5 kilowatt hours.

These baths are being used successfully for melt- 
ing rosin compounds required in the m anufacture of 
shrapnel shells. They may be used equally as well 
for heating and melting many other compounds.

C. H . P a l l e t t e  H e a te r .

Pallette Die H eaters.—In book binding establish­
ments these devices hâve a num ber of advantages be- 
cause of the concentrated heat, freedom from dust and 
soot, and better working conditions brought about.

The Simplex standard machine die heater is of 140 
w atts capacity, and fitted with rhéostat and flexible 
cord. It is provided with a triangular piece of métal
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across the back for fastening in the head of the m a­
chine. The rectangular pocket for the dies is 13̂ 2 in. 
x 2y2 in. x %  in. deep. The hand die heater is of 135 
w atts capacity. The groove for the die is in. x 5 in. 
x x/> in. deep. The length of the device including the 
handle is 9V2 in.

Paper Seal M oistener.— Electric heat lias been 
found convenient for heating water in the small paper 
seal moisteners used in sealing packages and cartons.

P a p e r  S ea l M o is te n e r .

A small 30 w att heating unit immersed in a container 
4 in. x 6 in. x 2 in. deep, will raise the tem pérature a 
sufficient amount.

Paper W arm er.—In order to do away with the 
sticking effect produced by static electricity General 
Electric tubular heaters hâve been piaced under the 
paper of large printing presses and satisfactory re- 
sults obtained.

P eanut Roasters.—W m. B. Berry & Company 
has developed a line of electrically heated and operated 
peanut roasters. Thev are built in standard sizes of 16, 
24, and 32 quart capacities, and in a num ber of designs. 
The la tter is equipped with 1.2 kw. in heating units 
and will roast about one bushel of peanuts per hour. 
The m anufacturers claim the machines hâve been used 
successfully for roasting cofifee as well as peanuts.

Perforator for Drawings.—A recently developed 
heating device which makes minute perforations mav 
be run over a drawing and the pattern used for a 
stencil.



GENERAL APPLICATIONS 247 VIRTUAL

Photographie Drying Oven.—An unlagged galvan- 
ized iron oven 5 ft. long, 30 in. wide, and 30 in. high, 
fitted with two 500 w att General Electric tubular type 
heaters mounted 2 in. from the floor is said to dry pho­
tographie prints in from 30 to 45 minutes, whereas 
from 3 to 4 hours was formerly required for drying 
them on blotting paper in the open air. Ventilation is 
provided by a 6 in. hole in the bottom and a small 
damper in the top. The prints are placed on blotting 
paper on three wire mesh shelves.

Another installation, consisting of a revolving gal- 
vanized sheet iron drum 3 ft. in diam eter and 2 ft. 
wide, heated by means of a 2000 w att three-heat Amer­
ican radiator inside the drum, and operated by means 
of a l/6 th  horsepower motor, gave very quick results. 
A cloth belt passing around the drum and over rollers 
mounted on the framework perm itted the wet prints 
to be inserted between the surface of the drum and the 
cloth belt. The warm surface of the drum and the dry 
cloth rapidly remove the moisture.

Pipe Thawing Outfits.— Portable outfits hâve 
proven serviceable for thawing frozen pipes. The high 
tension leads are connected to the main line feeders 
and the low tension leads are attached to opposite ends 
of the frozen pipe section. In résidences one lead is 
usually attached to the faucet and the other to a Street 
hvdrant. Connections may be made to two hydrants 
when Street mains are frozen, or excavations may be 
made for attaching leads direct to the pipes.

P itch Kettles.—Portable devices for heating pitch, 
varnishes, oils, etc., hâve a wide range of application 
They are usually provided with three-heat control 
switches. The maximum heat is used for heating up 
the substance, medium heat for stirring, and low heat 
for m aintaining a constant tem pérature.

Simplex pitch kettles hâve the following dimen­
sions and capacities :

12" x 2 V z "  d ee p  4 q u a r t  1300 w a t t s  m a x im u m .
15" x 2 V a "  d e e p  7 q u a r t  1600 .w a t t s  m a x im u m .
19" x 9 "  d ee p  40 q u a r t  3000 w a t t s  m a x im u m .
3 0 " x l 4 % "  d ee p  120 q u a r t  7000 w a t t s  m a x im u m .



nr~inr
Virtual  ̂m u seu  ELECTRIC HEATING

Pleating Machine H eaters.—An installation for 
pleating dress goods, made by the General Electric 
Company, consisted of a 600 w att heating unit fas- 
tened to the frame so as to project inside one of two 
7-inch by 3-inch corrugated rollers, and a tem pérature 
of about 450° F. was attained. The electric heater 
was substituted for a gas burner, which was more or 
less dirty, dangerous, and uncomfortable to work over.

Pouring Pots.—W here it is desired to keep wax 
and pitch compounds at the proper consistency for 
pouring, General Electric portable pots, made in forms 
similar to its jacketless glue pots, are useful.

P rin ting  Ink H eater.—In order to keep printing 
ink warm and fluid in cold weather, a small heating 
unit placed beneath the ink pad lias produced good 
results.

Rectifier Tube Boiler.—For lengthening the life 
of rectifier tubes the General Electric Company lias 
developed a means of boiling the tubes in water for 
removing the carbon deposits on the inside af the 
glass. A copper tank 29^2 in. long, \6 l/> in deep, and 
13 in. wide, lagged with asbestos paper, fitted with 
a tight cover and heated with nine 1175 w att cartridge 
units constitutes the equipment.

Roofing M aterial Vulcanizer.—This application of 
electric heat as a substitute for gas heat reduces the 
unit time of joining rolls of rubber roofing paper con- 
siderably. The heating units consist of mica insulated 
résistance ribbon clamped between iron plates (2 in. 
x 6  in. x3 /16  in. thick). These 350 w att units are at- 
tached to the under side of a 9 in. x 60 in. x jki in. thick 
iron vulcanizing plate, and a tem pérature of about 
650° F. maintained. Electric operation éliminâtes gas 
fumes and fire hazard, and is far more convenient.

Sealing W ax Pots.—For applying large quantities 
of sealing wax, an electrically heated pot is more con­
venient than ordinary stick wax. Spécial Simplex de- 
vices made of spun copper and having the following 
capacities are in use :

Vz p in t  175 w a t t  m a x im u m  4 -h e a t .
1 y2 p in t  300 w a t t  m a x im u m  4 -h e a t .
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Shelf H eaters.—Cutler-Ham m er electrically heat­
ed shelves form a means of heating ovens already built 
or in use. The shelves form separate units, which 
may be mounted in anv oven of similar dimensions. 
They are suitable for use in incubators, lacquering

C. H. Self H ea te r.

ovens, plate warmers, evaporating and drying closets 
and laboratorv cabinets. The shelves are of perfor- 
ated sheet métal, m ounted on iron frame work, with 
the heating units inside.

The standard sizes and capacities of these heaters 
are as follows :

L engtli.
—Size in  Inches 

W id th . T h ickness.
M axim um

W atts .
N um ber oi 

H eats .
12 6 200 i
16 8 1% 350 i
20 10 1% 550 i
24 12 1% 75*0 3
24 16 1% 1.000 3
30 20 i% 1,500 3

Shoe Relaster.—The Fern Company of Baltimore 
has placed an 80 w att relasting iron on the market for 
the use of the retail shoe trade. This device is used 
for smoothing out wrinkles, creases, and irrégu larités 
in shoes and otherwise im proving their appearance.

Shoe Machinery.— Electric heat has been applied 
to various machines in shoe factories with marked suc- 
cess. The following table shows various applications 
of electric heat to standard shoe machinery.
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E le c t r ie a l ly  I le a te d  S lioe M a ch in er}'.
No. o f W a t ta g e

H e a t in g o f  E a c li
M ach in e . A p p lic a tio n . U n fts . U n it .

L in in g  C e m e n te r ........................ î 2 0 0
K n u r l in g  m a c h in e ................... K n u r l  h o ld e r ............ î 126
S t i t e h e r  .......................................... W a x  p o t ..................... 2 75
S t i t c h e r  ......................................... T a k e -u p  ..................... î 250
S t i t e h e r  ......................................... T r u c k  on  w a x  p o t . î 63
S t i t c h e r  .......................................... S h u t t l e  ....................... î 150
P a te n t  l e a th e r  r e p a i r e r . . . . W a x  r é c e p ta c le .  . .  . î 63
S t i t c h e r  ( o l d ) ............................ T a k e - u p  ..................... î 2 0 0
S t i t c h e r  ( o l d ) ............................ S h u t t l e  ....................... î 126
S t i t c h e r  ( o l d ) ............................ W a x  p o t ..................... 2 75
S ta m p e r  ........................................ T u r r e t .......................... 2 1S2
E m b o s s in g  m a c h in e ................. D ie  h o ld e r ................ 2 1 2 1
E m b o s s in g  m a c h in e ................. P a s te  .......................... 1 3S
U p p e r  l e a th e r  s t a m p in g  

M a c h in e  ................................... D ie  H o ld e r  .............. 1 2 0 0
I n d e n te r  a n d  b u r n i s h e r . . . . K n u r l  h o ld e r  . . . . 1 126
W e lte r  .......................................... W a x  p o t  ................... 2 75
W e l te r  .......................................... L o o p e r  ....................... 1 182

1
W e lte r  .......................................... T h re a d  t u b e .............. 1 3 8
E m b o s s e r  ..................................... D ie  H o ld e r  .............. 1 300
G o o d y e a r  s t i t c h  b u r n i s h e r . K n u r l  h o ld e r  .......... 1 75
B o b b in  w in d e r ........................... . W a x  p o t  ................... 2 100
•‘E x p e d i te ’’ .................................. B u r n is h in g  i r o n . . . 1 425

1 200
T o e  s o f te n in g  m a c h in e ........ B o ile r  .......................... 1 750

Solder Pots.—For heating and maintainin g correct
tem pérature for soldering operations , electrically
heated pots are idéal. They are much cleaner, safer

W e s t in g h o u s e  S o ld e r  P o t.

and simpler to operate than the ordinary charcoal or 
gasoline heated pots. The standard Simplex pots hâve 
the following sizes and capacities :
5 % " x l % ”  deep  4 p o u n d s  c a p a c it y  200 w a t t s  th re e -h e a t .
6 % " x 1 1/ 4 "  deep  10 p o u n d s  c a p a c it y  440 w a t t s  th re e -h e a t .
7 % " x l % "  de ep  20 p o u n d s  c a p a c it y  S25 w a t t s  th re e -h e a t .

The standard American pots hâve the following 
capacities :

5 p o u n d s  c a p a c it y  
10 p o u n d s  c a p a c it y  
20 p o u n d s  c a p a c it y  
50 p o u n d s  c a p a c it y

400 w a t t s  
575 w a t t s  
975 w a t t s  

1500 w a t ts

th re e -h e a t .
th re e -h e a t .
th re e -h e a t .
th re e -h e a t .
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Soldering Irons.— Electric soldering irons dé­
signée! for interm ittent use are m anufactured in sizes 
varying from 12 ounces to 3 pounds, and consuming 
from 75 w atts to 350 w atts, respectivelv. The Simplex

G. E . S o ld e r in g  I r o n .

automatic stand, which cuts off one-half the current 
when the iron is placed upon it, prevents the iron be- 
coming overheated when not in use.

Solution Tanks.—The General Electric Company 
has devised a means of heating solution tanks with its 
cartridge units. One 3000 w att installation applied to 
a tank of 7/16 in. cast iron and having inside dimen­
sions of 18 in. x 18 in. x 14 in., is said to bring a full 
tank of water to boil in about th irty  minutes.

Sterilizers.—The application of electricity to the 
heating of sterilizers offers a profitable m arket for 
energy in nearly everv community. Ail modem hos-

W e s t in g h o u s e  I n s t r u m e n t  S te r i l iz e r .

pitals, operating rooms, and dental offices are equipped 
with sterilizing devices, and the cleanliness, con- 
venience, and healthfulness afiforded by electrieally 
heated apparatus appeals to the physician or dentist 
and créâtes a favorable impression among his patients.
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A m e r ic a n  S te r i l iz e r  I n s ta l l a t io n .  (L e f t  to  r i g h t — I n ­
s t r u m e n t ,  W a te r ,  U te n s il .  a n d  D r e s s in g  S te r i l iz e r s .)

For complété sterilization, dressings are kept un- 
der a steam pressure of 15 pounds for about 20 min­
utes. W ater is maintained at 250° F. in closed cham- 
bers for approxim ately the sanie period, whereas uten- 
sils and instrum ents are submerged in boiling water 
for about 15 minutes.

Several makes of electrically lieated sterilizers are 
now available. Small instrum ent sterilizers are made 
by the W estinghouse, Simplex, Cutler-Hammer, and 
other heating m anufacturers. The American Sterilizer 
Company makes a complété line of electrically heated 
apparatus of this character, and the accompanying 
tables gives the sizes, capacities, and operating fea- 
tures of some of its sterilizers :

D re ss in g  S ter ilizers.
T im e  a n d  E n e r g y  R e q u ir e d  fo r  O ne 
S te r i l iz a t io n .  I n i t i a l  T e m p . 150° F .

D iam . L e n g th K w . M in u te s M in u te s K w  -h r .
In e h e s . In e h e s . C ap . H ig h  H e a t . L o w  H e a t . C o n su m ed .

9 19 3 14.5 2 0 .97
1 2 2 0 6 13 2 0 1 .8
14 2 2 6 16.5 2 0 2 .1 2
16 24 6 1S.5 2.0 2.32
16 30 6 21 2 0 2 .6
16 36 1 2 15.5 2 0 4.1
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W a te r  S ter ilizers.

G a llo n s K w . T im e  a n d  E n e r g y  R e q u i r e d  fo r  O ne
C a p a c i ty C a p a c i ty S te r i l iz a t io n .  I n i t i a l  T e m p . 150° F.

p e r p e r M in u te s M in u te s K w  -h r .
R é s e rv o ir . R é s e r v o i r H ig h  H e a t . L o w  H e a t . C o n su m ed .

► 6 3 40 2 0 2.25
' S 3 44 2 0 2.45
1 0 6 30 2 0 3.5
15 6 40.5 2 0 4.52
2 0 1 2 29.5 2 0 6.80
25 1 2 31.5 2 0 7.26
35 IS 32 2 0 1 1 .1

ï 't e n s i l  S te r iliz e rs .
T im e  a n d  E n e r g y  R e q u ire d  

f o r  O ne S te r i l iz a t io n .  
I n i t i a l  T em p . 150° F .

4 "  o f  W a te r .

D im e n s io n s  in In e h e s . K w .
M in u te s

H ig h
M in  u te s  

L ow
K w  -h r . 

C o n ­
D e p th . W id th . L e n g th . C ap. H e a t H e a t . su m ed .

16 15 30 6 14 15 1.75
2 0 2 0 24 6 25 15 2.87
2 0 24 30 1 2 37 15 4,1
24 24 30 1 2

D im e n s io n s  in

In stru m en t .Sterilizers.
T im e  a n d  E n e r g y  R e q u ire d  

fo r  O ne S te r i l iz a t io n .  
I n i t i a l  T e m p . 150° F .

2 "  o f  W a te r .
M in u te s  M in u te s  K w  -h r . 

In e h e s . K w . H ig h  L o w  C o n -
D e p th . W id th . L e n g th . C ap. H e a t H e a t . su m ed .

6 S 16 3 7.5 15 .55
6 1 0 2 0 3 9.5 15 .6 6
7 1 2 IS 6 6.5 15 .9S
7 1 2 2 2 6 S 15 1.19
9 1 2 18 6 6 15 1.
9 1 2 2 2 6 S 15 1 .2

It should be observed that the energy consump- 
tions and time required for sterilization is based in 
each case on the use of w ater with an initial tem pér­
ature of 150° F. If w ater at lower tem pérature is used 
the time and energy consumption will naturally be in- 
creased. The heating units employed are made by 
the concern solelv for its own use. The 3 kw. units 
hâve three-heat control and the 6 kw. units hâve 
seven heat control.

Sweating-On Machines.—An application typical of 
the advantage of electric heat over the open gas flame 
is that of the sweating-on machine for m ounting cop- 
per electrotype shells upon type métal blocks. The 
block is placed upon the heated plate until the solder 
foil is melted and the block with the shell upon it is 
then pressed firmly together and allowed to cool. Cut-

W & W
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ler-Ham m er heating éléments applied to machines of 
this character are said to produce work superior in 
every way to gas heated apparatus.

T est Tube H eaters.—For laboratory use the Sim­
plex test tube heater is convenient. I t  consists of an 
electrically heated grooved casting slightly inclined 
from the perpendicular, against which the test tubes 
may be rested. The standard size of this heater is 
5 i n . x / ^  in., and consumes 500 w atts.

Thread W axer H eater.—A wax réceptacle of a 
stitching machine may be heated electrically by attach- 
ing a low w attage unit to the bottom. A num ber of 
these heaters are in successful use. They eliminate ail 
the dangers and discomforts of gas operation and are 
far more convenient and cleanly.

T ire Vulcanizers.—For light automobile tire re­
pairs the electric vulcanizer is idéal. Sand blisters, 
cuts and stone bruises can be repaired w ithout remov- 
ing the tire, and as the work can be done promptly 
with a handy device of this kind, it will save much 
tire expense. The beat is evenly distributed over the 
surface and the work may be done neatly and quickly.

2 54

C a s in g  F o rm . S h a le r  T y p e  E  T u b e  V u lc a n iz e r .

The C. A. Shaler Co. manufactures a complété 
line of electrically heated vulcanizing forms, which it 
daim s to be equal or superior to its steam devices. 
Some of the advantages set forth are simplicity, porta- 
bility, quick heating, safety and non-confliction with 
any garage régulations. Each device may be pur- 
chased separatelÿ, attached to any work bench, and 
used for its own distinct class of work. The capacities 
of the standard devices are as follows :
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T y p e  A— O u ts ïd e  c a s in g  f o r m ......................................................  70 w a t t s
T y p e  C— In s id e  c a s in g  f o r m ......................................................... 80 w a t t s
T y p e  E — “G a n g ” o r  m u l t i - t u b e  fo rm  < 4% " x  2 4 " ) . . .  .200 w a t t s

The W estinghouse automobile tire vulcanizer con­
sumes a maximum of 200 watts. It is furnished with 
a 15-point rhéostat, a therm om eter, and a flexible cord.

W e s t in g h o u s e  O u ts id e  C a s in g  
V u lc a n iz in g  O u tfit.

S h a le r  T y p e  A  O u ts id e  C a s in g  
F o rm .

Varnish Tank H eater.—A well-lagged varnish 
tank 5 ft. high and 3 ft. in diameter, located near the 
roof of a factory, and used for spraying automobile 
bodies, has been heated by three 3-heat, 900-watt 
cartridge units for some time. The units are placed in 
a 10 in. x 6 in. x 3 in. box of sand, mounted l/ 2 in. from 
the bottom of the tank, and the leads are brought out 
through a % in. conduit.

Velvet M arking Iron.—A 150 w att General Elec­
tric iron having a body 1 in. square by 6 in. long and 
a bottom surface in. wide by 6 in. long, is being used 
by the J. B. M artin Co. of Norwich, Conn., for marking 
letters and numbers on velvet cloth. A gummed cloth 
label is cemented in place by the heat and pressure et 
the iron.

W ater Stills. — Electrically heated water stills 
equipped with General Electric heating units hâve been 
developed by the Barnstead W ater Still Company of 
Boston. I t is claimed by the m anufacturers that a 
2400 watt still will provide one gallon of distilled water 
per hour.
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E . & A. B a r n s te a d  T y p e  L  W a te r  S til l.

W ax Burning-In Irons.— Electrically heated burn- 
ing-in irons are useful in furniture factories and stores 
for burning in wax. They are usually made in one 
pound sizes and are similar to soldering irons in de­
sign.

G. E . W a x  K n ife  H e a te r .

W ax Knife H eater.—General Electric wax knife 
heaters are superior to ail fuel heated devices used by 
cabinet finishers. The standard type is similar to a 
4-inch dise stove, consumes 180 w atts and is designed
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with an insulating cover, under which the knife is 
placed.

W eight Reducing Cabinet. — A galvanized iron 
cabinet 18 in. in diameter, lined with % in. asbestos, 
lias been equipped by the General Electric Company 
with two of its tubular type 500 w att heating units. 
A rrangem ent is made for beat régulation so that the 
attendant may vary the tem pérature to suit the pa- 
tien t’s needs.

Yarn Conditioning Oven.—This device is manu- 
factured by the Tillotson Humidifier Company of 
Providence, R. I. I t is used for m easuring the mois- 
ture in yarns by weighing before and after drying. It 
is well insulated and therm ostatically controlled. The 
oven is heated with two General Electric 600 watt 
units.
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CHAPTER X V II
R A TES FO R  H E A T IN G  SER V IC E.

Establishing of Rates.— Electric heating service 
usually differs from lighting and motor service in its 
value to the user and in the character of load it adds 
to the central station lines. If the load created by anv 
class of service is sufficientlv attractive to w arrant 
the central station in making rates for it that are equal 
to or less tlian its value to the user, it is apparent that 
an idéal condition exists. If the rate is of necessity 
higher than .the customer is justified in paying for the 
service rendered, business of such character is not de- 
veloped, and the buver is forced to obtain the same or 
équivalent service elsewhere at a less cost. On the 
other hand, if the rate must be'm ade so low to obtain 
the custom er’s business, that the additional expense 
involved is greater tlian the additional income secured, 
the central station would not be justified in making 
such a rate.

H eating Loads.—The character of heating loads 
varies widely on account of the diversity of application. 
From an operating standpoint, they are usually more 
attractive than other classes of load. W ith few excep­
tions they are non-inductive. As they generally oper- 
ate over long hour periods, they tend to improve the 
central station load factors. F luctuations of the cur- 
rent demand are less marked. and as many electricalh’ 
heated appliances naturally take, or can be made to 
take, energy onlv during ofif-peak hours, the advan- 
tages are obvious. The opportunity for building up 
cooking and heating loads along existing residential 
and rural lines, which hâve heretofore required enor- 
mous investm ent in proportion to gross income. is 
apparent.

Rate M aker’s Difficulties.—Many central station 
managers, realizing the profitable nature of the electric
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heating business and the demand for such rates as 
will foster its development, hâve been anxious to make 
tariff révisions, but hâve been undecided as to the 
proper course to pursue b}1- the apparent adverse a tti­
tude of press, public and the various regulating bodies.

As a whole, the public is notoriously ill-informed 
on central station rate making principles, and is prone 
to criticise the motives actuating those who make rates 
for certain classes of service lower than established 
rates for other classes. Furtherm ore, the attitude of 
the public lias often been refiected in the actions and 
decisions of public service commissions. The fear of 
criticism, and the dread of establishing harmful prece­
dents that might be used against them, deter many 
responsible concerns from making rates designed to 
attract new and profitable business, in spite of their 
positive convictions that such action would be produc­
tive of good for those directlv concernée!, as well as 
for the public at large.

It may be observed that the fear of popular criti­
cism and the dread of having ail service rates reduced 
by commission rulings, in proportion as individual 
rates are lowered, are for the most part unfounded. 
Any downward révision tha t may tend to improve 
living conditions, develop new industries, or resuit in 
greater good for a greater number. m ust eventually 
meet with universal favor. On the other hand, harsh 
criticism m ust sooner or later corne upon those who 
do not offer their customers the benefit of such rates 
as they can well afiford and as will make for their 
m utual welfare.

N. E. L. A. Rate Principles.—The six principles 
set forth in the 1915 report of the Rate Research Com- 
mittee of the National Electric L ight Association are 
reallv the basis of intelligent rate making in the elec- 
tric industry, as well as in the railroad and other in­
dustries.

“ (1) The total net income of the company must 
be enough and no more than enough to give a fair 
return on the investm ent and attract capital freely to 
the enterprise. The gross earnings from the sale of
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the product m ust therefore be sufficient to cover ail 
necessary expenses of operation, including taxes, bad 
debts, etc., a reserve for renewals and contingencies. 
interest at current rates and a reasonable profit in ad­
dition.

“ (2) W hen conditions are the same, rates to dif­
ferent customers or classes should be the same, but 
need not necessarily be the same when conditions are 
different.

“ (3) No rate should be below the bare cost, i. e., 
below the expense involved by adding that customer 
or class, including a fair return on any investm ent 
added or used exclusively for that custom er or class.

“ (4) Rates should be such that as many customers 
as possible mav be served at as low rates as possible, 
and yet the business as a whole furnish a fair return 
on alî the investment.

“ (5) No rate can be above the value of service, 
otherwise the customer will not take it.

“ (6) W hile cutomers whose circumstances are 
alike should pay the same rates, it is not necessary 
that customers whose circumstances are unlike in re­
spect to the am ount their class can afïord to pay, 
should be asked to pay the same percentage on the 
investment they use jointly, especially when they 
would not take the service if asked to pay such rates, 
but, on the other hand, would take the service and 
pay som ething toward the fair return on the whole 
investm ent if offered rates they could afïord to pay.

Application of Principles to H eating Rates.—lt  
is apparent that in applying the Rate Com mittee's prin­
ciples to the establishm ent of rates designed to develop 
certain heating loads, the central station is justified 
in making rates based upon the actual cost of supply- 
ing the service, plus a reasonable return upon the ad- 
ditional portion of the investment required to supply it. 
It is not essential that the income derived from the 
application of a rate shall be adéquate to earn a re­
turn upon the total plant investment involved in sup- 
plving it.



Each central station company m ust décidé for 
itself what rates it shall adopt, because the m atter is 
one that naturally dépends almost entirely on local 
conditions. It is obvious that the présent tendency is 
toward Wholesale rather than retail energy supply and 
rates must be based accordingly. The fact should be 
kept in mind in ail considérations of rate m atters that 
a mere statem ent of rate per kilowatt hour does not 
mean very much. The individuals who hâve their 
money invested are much more interested in animal 
returns than in hourlv revenues.
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1 k i lo g r a m  o f  w a te r  =  61.023 

eu . in .
1 k i l o g r a m  o f  w a te r  =  .035314 

eu . f t.

V a rio n s  T em p éra tu res .

R t =  R o ( l  +  x t ) .
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B is m u th  ............................
N ic l iro m e  (a l lo y )

Relative R ésistance Temp. Coef. 
in per cent. Fahrenheit (x )

. 92.5
97.5 

100.0 
13S 
161 
362 
565 
570 
778 
82S 

1.280 
2,21i0
5,930
8,220

.00222

.(00242

.00210

.00235

.00226

.00137

.00347

.00345

.00245

.00228

.00216

.00044

.00197

.00024
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T a b l e  11.^—R e l a t i o n  o f  L o u d  F a c t o r  a n d  K i l o w a t t - H o u r  C o n -  
s u iu p t io n .

I.oad 
Factor 

per cent. 
100 

90 
80 
70 
60

Kw-hr. 
per Year 
per kw. 

8760 
7884 
7008 
6132 
5256

Kw-hr. 
per Month 

per kw. 
730 
657 
584 
511 
438

Load 
Factor 

per cent 
50 
40 
30 
20 
10

Kw-hr. 
per Year 

per kw. 
4380 
3504 
2628 
1752 

87 6

Kw-hr. 
per Month 

per kw. 
365 
292 
219 
146 

73

T a b l e  I I I . — R e l a t i v e  K u d l n t i n g  a n d  R e f l e e t i n g  P o w e r  o f  D i f f é r e n t  
S u b s t a n c e s  ( K e n t) .

R adiating  or
Absorbing Power. Reflccting Power.

L a m p b la c k  .........................................
W a te r  ...................................................
C a rb o n a te  o f  l e a d ............................
W r i t i n g  p a p e r  .................................
I v o ry , j e t ,  m a r b l e ............................
O rd in a ry  g la s s  ...............................
Ic e  ...........................................................
G u m  la c  ...............................................
S i lv e r - le a f  on  g l a s s ........................
C a s t  iro n , b r lg h t  p o l i s h e d . . . .
M e rc u ry , a b o u t  ...............................
W r o u g h t  i ro n , p o l i s h e d ..............
Z inc , p o l i s h e d ...................................
S te e l, p o lis h e d  .................................
P la t in u m  p o lis h e d  ........................
P la t in u m , in  s h e e t ..........................
T in  ...........................................................
B ra s s , c a s t ,  d e a d  p o lish e d
C o p p e r, v a r n i s h e d ..........................
B ra s s , b r ig h t  p o l i s h e d .................
C o p p e r, h a m m e re d  .......................
G old , p la te d  ...................................
G o ld  on  p o lish e d  S te e l ................
S ilv e r , p o l is h e d  b r i g h t .................

100
100
100

98
7 to  2

90 10
85 15
72 28
27 73
25 75
23 77
23 77
19 81
17 83
24 76
17 S3
15 85
11 89
14 86

7 93
7 93
5 95
3 97
3 97

T a b l e  IV .— T r a n s m i s s i o n  o f  H e a t  T h r o u g l i  P l a t e s  a n d  T u b e s  
f r o n t  S t e a m  o r  H o t  W a t e r  t»> A i r .  ( K e n t) .

(B .t.u . p e r  h o u r  p e r  sq. f t .  p e r  d e g re e  F a h r .  d if fé re n c e .)
C o p p e r, p o l is h e d  ..................... 0327
T in , p o l is h e d  ............................ 0440
Z in c  a n d  b r a s s ,  p o l i s h e d .  .0491
T in n e d  iro n , p o l i s h e d ............0858
S h e e t iro n , p o l i s h e d ................ 0920
S h e e t le a d  .................................1329
W o o d , b u i ld in g  s to n e , a n d

b r ic k  ...........................................735S

S lie e t- i ro n , o r d in a r y ..................5662
G la s s  .............................................5948
C a s t i ro n , n e w ......................... 6480
C om m on  s te a m -p ip e ,  in -

f e r r e d  ........................................6400
C a s t a n d  s h e e t  iro n ,, 

r u s te d  .......................................6868

T a b l e  V .— B o i l i n g  P o i n t s  a t  A t m o s p h e r i c  P r e s s u r e
14.7 lb . p e r  s q u a r e  in c h . (K e n t) .

Deg. F.
E th e r ,  s u lp h u r ic  ...................  100
C a rb o n  b is u lp h id e  ................. 11S
A m m o n ia  .................................... 140
C h lo ro fo rm  ............................... 140
B ro m in e  ...................................... 145
W o o d  s p i r i t  ............................  150
A lco h o l ........................................  173
B e n z in e  .......................................  176
W a te r  ..........................................  212

Deg. F.
A v. s e a  w a t e r ........................ 213.2
S a tu r a te d  b r in e  ................. 226
N it r i c  a c i d ............................... 248
O i l  o f  t u r p e n t i n e ..................  315
P h o s p h o ru s  ............................  554
S u lp h u r  ....................................  570
S u lp h u r is  a c id  .....................  590
L in se e d  o il ............................  597
M e rc u ry  ...................................  676

T h e  b o il in g  p o in t s  o f  l iq u id s  in c r e a s e  a s  th e  p r e s s u r e  in -  
c re a s e s .  T h e  b o il in g  p o in t  o f  w a te r  a t  a n y  g iv e n  p r e s s u r e  is  
th e  s a m e  a s  th e  t e m p é r a t u r e  o f s a tu r a t e d  s te a m  o f  th e  s a m e  
p r e s s u re .



A PPEN D IX 261

M
ULTIMHEAT® 

VIRTUAL MUSEUM

T a b l e  VI1.—  l a t e n t
1Latent Ileal

of Fusion
Substance. in B.t.u.

B is m u th  .............................. . 22.75
C a s t  iro n , g r a y ................. 41.4
C a s t iro n , w h i t e .............. . 59.4

9.66
T in  .........................................
Z in c  ........................................ . 50.63
Ic e  .......................................... . 144.

K en t o f  F u s io n .
Latent Ileal 

of Fusion
Substance. in B.t.u.

S ilv e r  ....................................... 37.93
B e e sw a x  ................................ 76.14
P a ra f f in e  ............................... 63.27
S p e rm a c e ti  ..........................  66.56
P h o s p h o ru s  .......................... 9.06
S u lp h u r  .................................  16.86

I I .— M e l t l n g - P o i n t s  o f  V a r io n s  S u b s t a n c e s .
D e s . F .

S u lp h u ro u s  a c id ............— 14S
C a rb o n ic  a c id  . .............. —  10S
M e rc u ry  ........... ..............—  39
B ro m in e  .............. ................ +  ».
T u r p e n t in e  . . . . ................... 14
H y p o n i t r i c  ac id ................... 16

................... 32
N itro -g lv C e r in e ................... 45

................... 92
P h o s p h o ru s  . . .  . ................... 112
A c e tic  a c id  . . . . .................... 113
S té a r in e  ............... .........109 to  120
S p e rm a c e ti  . . . . .................. 120
M a rg a r ic  a c id  . . ----- 131 to  140
P o ta s s iu m  ......... ........136 to  144
W a x  ........................ . . . .142 to  154
S te a r ie  a c id  . . . . ................  15S
S o d iu m  .................. ----- 194 to  20S
A lloy , 3 le a d , 2 tin  a n d

1 b is m u th  . . ................  199
Io d in e  .................... ................  225

................  239
A llo y , 1% t in ,  1 l e a d -----  334

( K e n t) .
D eg . F .

A llo y , 1 t in ,  1 le ad  . . .  370 to  466
T in  ........................................442 to  446
C a d m iu m  ..................................  442
B is m u th  ...........................504 to  507
L e ad  .................................... 608 to  618
Z in c  ......................... : .  . .680 to  779
A n tim o n y  ....................... 810 to  1150
A lu m in u m  ................................ 1157
M a g n é s iu m  .................................1200
C a lc iu m ................... F u l l  re d  h e a t
B ro n z e  ....................................... 1692
S ilv e r  ............................. 1733 to  1873
P o ta s s iu m  s u lp h a t e  ........... 1859
G old  .................................1913 to  2282
C o p p e r  ...........................1929 to  1996
C a s t  iro n , w h i t e . . .  1922 to  2075
C a s t iro n , g r a y .......... 2012 to  2228
S te e l ................................2372 to  2532
S te e l h a rd .  2570; m i ld . . . . 2687
W r o u g h t  ir o n  ...........2732 to  2912
P a l la d iu m  .............................  2732
P la t in u m  ............................... 3227

C o b a lt, n ic k e l, a n d  m a n g a n è s e ,  f u s ib le  in  h ig h e s t  h e a t  o f  a  
fo rg e . T u n g s te n  a n d  c h ro m iu m , n o t  f u s ib le  in  fo rg e ,  b u t  s o f te n  
a n d  a g g lo m e r a te .  P la t in u m  a n d  ir id iu m , fu s ib le  o n ly  b e fo re  
th e  o x y h y d ro g e n  b lo w p ip e .

T a b l e  V I I I .— S p é c if ié  G r a v i t y  o f  S u b s t a n c e » .

W t. o f  s u b s ta n c e .
S'p.Gr. = ---------------------------------------------------------------

W t. o f  e q u a l b u lk  o f  p u re  w a te r .
Average Fournis p<

Substance. Sp. Gr. eu. ft.
M e ta ls :

A lu m in u m  ......... ............ 2.67 166.5
A n tim o n y  ............ 421.6
B is m u th  .............. ............ 9.S2 612.4
B ra s s :  C o p p e r  4- Z in c)

80 20 ............ 8.64) 536.3
70 30 ............ 8.40 523.8
60 40 ............ 8.36 521.3
50 50 ............ 8.20 511.4

B ro n z e : C op p er, 95 to s o ............ ............ S.53 552.0
T in , 5 to 20 8.53 552.0

C a d im u m  .............. ............ 8.65 539.
G old , p u re  ............ 1200.9
C o p p e r  ................... ............ 8.853 552.
I>-on, C a s t ............ ............ 7.218 450.
I ro n . W r o u g h t  . . ............ 7.70 480
L ead  ....................... ............ 11.38 709.7
M a n g a n è s e  ......... ........... S. 499. .
M a g n é s iu m  ......... ............ 1.75 109.
M e rc u ry  32° . . . ........... 13.62 849.3
M e rc u rv  60° . . . . ............ 13.58 846.8
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Substance.
M e rc u ry , 212° ..................... .
N ic k e l ........................................
P la t in u m  ...................................
S i lv e r  ..........................................
S te e l ..........................................
T in  ...............................................
Z in c  .............................................

W oo«l :
E b o n y  ........................................
O ak , 'L iv e  .................................
C e d a r  ..........................................
P in e , W l i i te  ..........................
P in e , Y e llo w  ..........................
C o rk  ..........................................

S to u e s , I l r ie k ,  C e rn e n t, e tc .:
A s p h a ltu m  ...............................
B r ic k , S o f t ...............................
B r ic k , C o r a m o n .....................
B r ic k , H a r d  . . . .  ..............
B r ic k , P r e s s e d  .....................
B r ic k , F i r e  ............................
B r ic k w o r k  in  m o r t a r  . . 
B r ic k w o r k  in  c e rn e n t . . . 
C ern e n t, R o s e n d a le , lo o se  
C e rn e n t, P o r t la n d ,  lo o se  .
C la y  ..........................................
C o n c rè te  .................................
E a r th ,  lo o se  ..........................
E a r th ,  rax n m ed  ...................
E m e ry  ......................................
G la s s  ........................................
G la s s , f l i n t ...............................
G n e is s  ........................................
G r a n i té  ...................................
G ra v e l ........................................
G y p su m  ...................................
H o rn b le n d e  ............................
L im e , q u ic k , in  b u l k . . . .
L im e s to n e  ...............................
M a g n e s ia , C a rb o n a te  . . . .
M a rb le  ......................................
M a s o n ry , d ry  ru b b le  . . . .
M a s o n ry , d re s s e d  ..............
M o r ta r  ......................................
P i tc h  ..........................................
P l a s t e r  o f P a r i s .................
Q u a r tz  ......................................
S a n d  ..........................................
S a n d s to n e  ..............................
S la te  ..........................................
S to n e . v a r i o u s .....................
T r a p  ..........................................
T i le  .............................................
S o a p s to n e  ...............................

L iq u id a  ( a t  60° F . ) :
A cid , M u r ia t ic  .....................
Acid, N i t r i c  ............................
A c id , S u lp b u r ic  ...................
A lco h o l, p u re  .....................
A lco h o l, 95<$. .......................
A lco h o l. 50c/r  ........................
A m m o n ia , 27.9<^ .................
B ro m in e  ....................................
C a rb o n  d is u lp h id e  ............
E th e r ,  S u l p h u r i c .................
O il, L in se e d  ..........................
O il, P a lm  .................................
O il, O live  .................................
Oil, P e t ro le u m  ...................

Average 
Sp. Gr. 
13.38 

8.8 
21.5 
10.505 

7.S54 
7.35 
7.00

1.23
1.11

.62

.45,G1

.24

1.39 
1.6
1.79 
2.0 
2.16
2.32 
1.6
1.79 

.96
1.25
2.16
2.05 
1.22 
1.60 
4.
2.63 
3.02
2.64
2.64 
1.76 
2.24 
3.36

.84
2.96
2.4
2.72
2.40 
2.56 
1.52 
1.15 
1.23
2.64 
1.60
2.32 2.S0 
2.78
3.06 
1.84
2.73

1.200
1.217
1.849

.794

.816

.934

.S91
2.97
1.26

.72

.94

.97

.92

.83

Poutids per 
eu. ft.
834.4 
548.7

1347.0
655.1
489.6
458.3
436.5

76
89
39
28
38
15

87
100
112
125
135
145
100
112

60
78

135
130

76 
100 
250
164 1S8
165 
165 
110 
140 
210

53
185
150
170
150
160

95
72
77 

165 
100 
145 
175 
168 
185 
115 
170
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Substance.
O il, R â p e  .............................................................
O il, T u r p e n t in e  ...............................................
O il, W h a le  .........................................................
T a r  ..........................................................................
V in e g a r  ...............................................................
W a te r  ....................................................................
W a te r ,  S ea  ........................................................

G a s e s  ( a t  62° F . W a te r  =  1):
O x y g e n  ..................................................................
N itr o g e n  ...............................................................
H y d ro g e n  ...........................................................
A rg o n  ....................................................................
C a rb o n  .................................................................
P h o s p h o ru s  ........................................................
S 'u lp h u r  ...............................................................
S ilic o n  ..................................................................
A ir  ...........................................................................
W a t e r - v a p o r ......................................................
A m m o n ia  ...........................................................
C a rb o n  m o n o x id e  (C a rb o n ic  o x id e ) . .
C a rb o n  d io x id e  (C a rb o n ic  a c i d ) ............
O le f ia n t  g a s  ......................................................
M a rs h  g a s ...........................................................
S u lp h u ro u s  a c id  .............................................
S u lp h u r e t te d  h y d ro g e n  ............................
B i s u lp h u r e t  o f  c a r b o n ..................................
O zone ....................................................................

Average 
Sp. Gr. 

.92 

.S7 

.92 1.
1.0S
1.
1.02S

0.001350 
0.0UUS5 
0.0000846 
0.001607 
0.001013 
0.0026221 
0.002705 
0.001184 
0.001221 
0.0007613 
0.00118 
0.002369 
0.00187 
0.001181 
0.000675 
0.002493 
0.002877 
0.00643 
0.00203

Pountls per 
eu. ft.

0.0814
0.0738
0.00527

■0.63131
0.16337
0.16861
0.07378
■0.0761
0.04745
0.044S
0.07364
0.11631
0.0736
0.04209
■0.15536
0.17918
0.40052
0.12648

*B y th i s  t a b le  th e r e  w o u ld  b e  12.75 c u b ic  f e e t  o f  a i r  a t  32° F . 
p e r  p o u n d .

T h e  sp éc ifie  h e a t s  o f  s u b s ta n c e s ,  a s  g iv e n  b y  d if f e re n t  
a u th o r i t i e s ,  s h o w  c o n s id é r a b le  la c k  o f a g r e e m e n t ,  e s p e e ia l ly  in  
th e  c a se  o f g a s e s .

T h e  f o l lo w in g  ta b le s  g iv e  th e  m e a n  sp éc ifie  h e a t s  o f  th e  
s u b s t a n c e s  n a m e d  a c c o rd in g  to  R é g n a u l t .  T h e se  sp éc ifie  h e a t s  
a r e  a v e r a g e  v a lu e s , ta k e n  a t  te m p é r a t u r e s  w h ic h  u s u a l ly  corne 
u n d e r  o b s e r v a t io n  in  te e h n ic a l  a p p l ic a t io n .  T h e  a c tu a l  sp é c if ie  
h e a t s  o f  a i l  s u b s ta n c e s ,  in  th e  s o lid  o r  l iq u id  S ta te , in c r e a s e  
s lo w ly  a s  th e  b o d y  e x p a n d s  o r  a s  th e  te m p é r a tu r e  r is e s . T h e  
sp éc ifie  h e a t  o f  a  b o d y  w h e n  l iq u id  is  g r e a t e r  th a n  w h e n  so lid . 
F o r  m a n y  b o d ie s  th i s  lia s  b ee n  v e r if ie d  by  e x p e r im e n t .

T a b le  IX .— S pécifié  H e a t s  o f  V a r io n s  S u b s ta n c e s .  (K e n t .)
S o iid s .

A n tim o n y  ...................... . . 0.0508 S tee l ( s o f t )  ................. . .  0.1165
C o p p e r  ............................ . . 0.0951 S te e l ( h a r d )  .............. . . 0.1175
G old .................................. . . 0.0324 Z in c  .................................. . .  0.0956
W r o u g h t  I r o n  ............ . . 0.1138 B ra s s  ............................... . . 0.0939
G la s s  ................................ . . 0.1937 Ic e  .................................... . . iQ.5040
C a s t  I r o n  ........................ . . 0.1298 S u lp h u r  .......................... . . 0.2026
L e ad  .................................. . . 0.0314 C h a rc o a l ....................... . .  0.2410
P la t in u m  ....................... . . 0.0324 A lu m in a  ........................ . .  0.1970
S ilv e r  .............................. . . 0.057:0 P h o s p h o ru s  ................ . .  0.1887
T in  ................................... . . 0.0562

I .iq ilid s .
W a te r  .............................. . . 1.0000 M e rc u rv  ......................... . . . 0.333
R ea d  (m e lte d )  ............ . . 0.0402 A lco h o l ( a b s o lu te )  . . . . 0.7000
S u lp h u r  (m e lte d )  . . . .  0.2340 F u s e l  o il ........................ . . 0.5640
B is m u th  (m e lte d )  . . . . 0.0308 B e n z in e  .......................... . . 0.4500
T in . (m e lte d )  .............. . . «0.0637 E t h e r  ............................... . .  0.5034
S u lp h u r ic  a c id  ......... . . 0.3350
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Gasew.
Constant Constant
Fressure. Volume.

......................  0.23751 0.16847
O x y g e n  ........................................... .....................  0.21751 0.15507
H y d ro g e n  ..................................... .....................  3,40900 2,41226

.....................  0.243S0 0.17273

.....................  0.4S05 0.346
C a rb o n ic  ac id  .............................. 0.1535
O le f ia n t G as  ( C H ,) ................... ..................... 0.104 0.173

.....................  0.2479 0.1758
A m m o n ia  ..................................... ......................  0.508 0.299

.......................  0.4797 0.3411
......................  0.4534 0.3200
.....................  0.4125

.......................  0.1567

T » b le  X.— liiu ea l E x p a n s io n o f  Soliils  a t  O rd in a ry T e m p é ra tu re s .
(C la rk .)  For 1°

Fahrenheit.
Lengtli —  1

A lu m in u m  ( e a s t )  ................................................................................... 00001234
A n tim o n y  ( c r y s t . )  ................................................................................... 00000627
B ra s s , c a s t  ..................................................................................................00000957
B ra s s ,  p l a t e .................................................................................................. 00001052
B r ic k  ................................................................................................................ 00000306
B ro n z e  (C o p p e r, 17; T in , 2 % ; Z inc , 1 ) ..................................... 000009S6
B is m u th  ......................................................................................  00i000975
C ern en t, P o r t l a n d  (m ix e d ) , p u r e ................................................... 00000591
C o n c rè te ;  c e rn e n t, m o r ta r ,  a n d  p e b b le s ..................................... 00000795
C o p p e r ..............................................................................................................00000887
E b o n i te  ........................................................................................................... 0004)4278
G la s s , E n g l is h  f l in t  ............................................................................... 00000451
G la s s , th e r m o m e te r  ................................................................   00000499
G lass , h a r d  .................................................................................................. 00000397
G ra n ité ,  g r a y ,  d r y .......................................................................................00i000438
G ra n ité ,  re d , d ry  .......................................................................................00000498
G old, p u re  .................................................................................................... 000007S6
I r id iu m , p u re  ................................ .......................................................... 00000356
Tron, w r o u g h t  ..............................................................  00000648
I ro n , c a s t  .......................................................................................................00000556
L ead  ...................................................................................................................00001571
M a g n é s iu m  .....................................................................................................................
M arb le s , v a r io u s ,  f ro m  ............................................0000030S to  .00000786
M a so n ry , b r ic k , f r o m .................................................00000256 to  .00000494
M e rc u ry  (c u b ic  e x p a n s io n )  .............................................................00009984
N ic k e l ..............................................................................................................00000695
P e w te r  .............................................................................................................00001129
P la s te r ,  w h i te  ........................................................................................... 00000922
P la t in u m  ........................................................................................................ 00000479
P la t in u m , 85 p e r  c e n t ............................................................................. 00000453
I r id iu m , 15 p e r  c e n t  ............................................................................... 00000453
P o rc e la in  ..........................................................................................   .00000200
Q u a r tz ,  p a r a l le l  to  m a jo r  a x is ,  t  0° to  40° C .......................<00000434
Q u a r tz ,  p e r p e n d ic u la r  to  m a jo r  a x is , t  0° to  40° C . . .00000788
S ilv e r , p u re  .................................................................................................. 00001079
S la te  ................................................................................................................. 00000577
S te e l, c a s t  ......................................................................................................0<0000636
S te e l, te m p e re d  .........................................................................................00000689
S to n e  ( s a n d s to n e )  d r y ...........................................................................00000652
S to n e  ( s a n d s to n e )  R a u v i l l e ............................................................... 00000417
T in  ......................................................................................................................00001163
W e d g e w o o d  w a r e  .............................................................................  j00000489
W ood , p in e  .................................................................................................. 00000276
Z in c  ....................................................................................................................00001407
Z in c  8, t in  1 .................................................................................................... 00001496
C u b ic a l e x p a n s io n  o r  e x p a n s io n  o f v o lu m e  = 3  l i n e a r  e x p a n s io n  X 3
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T a b le  X I.— C h arn eter o f  E n iitted  L ig lit  and  C o rre sp o n d iu g  
A p pro .v im ate  T e m p é ra tu re . (B a b c o c k  a n d  W ilc o x .)

Character of Eniitted Light. Temp. F.°
D a r k  re d , b lo o d  red , lo w  r e d ...............................................................  1050
D a rk  c h e r r y  r e d ...........................................................................................  1175
C h e r ry , fu l l  re d  ...........................................................................................  1375
L ig h t  c h e r ry ,  b r ig h t  c h e r r y  a n d  l i g h t  r e d .................................... 1550
O ra n g e  ................................................................................................................  1650
L ig h t  O ra n g e  ..................................................................................................  1725
Y e llo w  ................................................................................................................  1825
L ig h t  Y e llo w  ..................................................................................................  1975
W h i te  ................................................................................................................... 2200

" ( C h a r a c te r  o f  e n i i t t e d  l i g h t  a n d  c o r r e s p o n d in g  te m p é r a ­
tu r e s  a p p r o x im a te ly  th e  s a m e  f o r  a i l  m a te r i a l s ) .

T a b le  X II .— W e ig b t  o f  W a te r  at T e m p é ra tu re  l 's e d  In S tand ard  
C a lcu la tio n s . (B a b c o c k  &  W ilc o x — '‘S te a m ” ).

Weight per eu. ft.
Température Degreos Fahrenheit. in Pounds.

A t 32° f r e e z in g  p o in t  a t  s e a  l e v e l ............................................. 62.418
A t 39.2° o r  p o in t  o f  m a x im u m  d e n s i t y ...................................  62.427
At 62° o r  s t a n d a r d  t e m p é r a t u r e .................................................... ,62.355
A t 212° o r  b o i l in g  p o in t  a t  s e a  l e v e l .................................... 59.846

T a b le  X I I I .—.V u ria tion s In P r o p e r t ie s  o f  S a tu ra ted  Steam  w ith
Preaanre.

(F ro m  M a rk s  & D a v is T a b le s .)
Pressure Température lleat of Latent

Pounds Degrees Liquid Heat Total Heat
Absolute. Fahrenheit. B.t.u, B.t.u, B.t.u.

14.7 212.0 180.0 970.4 1150.4
20.00 228.0 196.1 960.0 1156.2

100.00 327.8 298.3 888.0 1186.3
300.00 417.5 392.7 811.3 1204.1

T a b le  X IV .—-Sa tu rat ed Steam . (F ro m M a rk s  & D a v is ’ S te a m
T a b le s .)

Gauge Pressure. B.t.u. Total B.t.u. in Steam.
10 161.1 1143.1
20 196.1 1156.2
30 218.8 1163.9
40 236.0 1169.4
50 250.1 1173.6
60 262.1 1177.0
70 272.6 1179.8
80 282.0 1182.3
90 290.5 1184.4

100 298.3 1186.3
110 305.5 1188.0
120 312.3 1189.6

T a b le  X V .— C a lor lfle  V a lu es  o f  D ry  W o o d . ( G o tt l ie r .)
Kilid of Wood. 

O a k  . . .  
A sh  . . .  
E lm  . ..  
B ee ch  . 
B irc h  .
F i r  ___
P in e  . .
P o p la r
W illo w

B.t.u. per lb.
8316
8480
8510
8591
S5S6
9063
9153
7834*
7926*

*B .t.u . c a lc u la te d .
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T a b le  X V I— C 'alorîlio V a in e  o f  G en era l G rades o f  C oal ou  llas is
o f  C om b u stib le . (A p p ro x im a te .)

P er Cent of Com bustible. 
Fixed Carbon. Volatile J la tte r .

B .t.u.
P er Pound of 
Com bustible.

A n tr a c i te  ....................... 97.0 to  92.5 3.0 to  7.5 14600 to  14800
S e m i - a n th r a c i t e  . . . .  92.5 to  87.5 7.5 to  12.5 14700 to  155(00
S e m i-b i tu m in o u s  . . . 87.5 to  75.0 12.5 to  25.0 15500 to  16000
B itu m in o u s — E a s t e r n  75.0 to  60.0 25.0 to  40.0 14S00 to  15300
B itu m in o u s — W e s te r n  65.0 to  50.0 35.0 to  50-0 13500 to  14800
L ig n i te  ............................  U n d e r  50 O v e r  50 11000 to  13500

T a b le  X V II .— C a lor ifie
Kind of Oil.

C a l ifo rn ia ,  C o a l in g a  
C a l ifo rn ia ,  B a k e rs f ie ld  . . . 
C a l ifo rn ia , B a k e rs f ie ld  . . .  
C a l if o rn ia ,  K e rn  R i v e r . . .  
C a l ifo rn ia ,  L o s  A n g e le s .  . 
C a l if o rn ia ,  L o s  A n g e le s . .  
C a l if o rn ia ,  L o s  A n g e le s . .  
C a l if o rn ia ,  M o n te  C h r is to
C a l ifo rn ia ,  W h i t t i e r  ..........
C a l ifo rn ia ,  W h i t t i e r  .........
T e x a s , B e a u m o n t ..............
T e x a s , B e a u m o n t .................
T e x a s , S a b in e  ........................
O h io  .............................................
P e n n s y lv a n ia  ..........................
AVest V i r g i n i a . . . : ................
M ex ico  ........................................

a llie  o f V a r io n s  O ils
u. per. lb. Authority.
17117 B a b c o c k & W ilc o x
176.00 AVade
18257 W a d e
18845 B a b c o c k & W ilc o x
18328 B a b c o c k & W ilc o x
18855 B a b c o c k & W ilc o x
18280 B a b c o c k & W ilc o x
18878 B a b c o c k & W ilc o x
18507 W a d e
18240 W a d e
20152 S p a rk e s
19349 B a b c o c k & W ilc o x
18662 B a b c o c k & W ilc o x
19580
19210 B o o th s
21240
1SS40 B a b c o c k & W ilc o x

T a b le  X V III .— C a lor ifie  V a lu es  o f  X n tu rn l Gas.
B .t.u  per eu. ft.

J.ocality of AVell. Caleulated.*
A n d e rs o n , I n d .............................................................. 1017
M a rio n , I n d ................................................................... 1009
M un cie , I n d ................................................................... 1004
O lea n , N. Y .................................................................. 1018
F in d la y ,  0 .....................................................................  1011
St. Iv e , P a .....................................................................  1117
C h e r ry  T re e , P a ........................................................  842
G ra p e v il le , P a .............................................................  925
H a rv e y  W e ll,  B u t l e r  C o .* ...................................  998
P i t t s b u r g h ,  P a ............................................................ 748
P i t t s b u r g h ,  P a ............................................................. 917
P i t t s b u r g h ,  P a ............................................................ 899

*B .t.u . A p p ro x im a te .

T a b le  X I X — A p p ro x im a te  C a lor ifie  V a lu es  o f  V a riou s  G a s e s (K e n t )
B.t.u.

Kind of Gas. per Cu. F t.
N a tu r a l  g a s  ........................................................ , .......................................... 1,000
C o al g a s  .........................................................................................................  675
C a r b u r e t te d  w a te r  g a s .............................................................................  646
G a s o lin e  g a s  ................................................................................................... 690
W a te r  g a s f r o m  c o k e ...............................................................................  313
A V ater g a s  f ro m  b itu m in o u s  c o a l ......................................................... 377
P r o d u c e r  g a s ..................................................................................................  150
N a p t l ia - g a s  (2%  g a i . p e r  1000 cu . f t ) .............................................  306
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T a b le  X X .— R e fr a c t o r y  M a ter ia ls  (S ta n s f ie ld .)
M e lt in g

Tem pérature
M a te r ia l .  D eg. F .

F i r e - c la y  b r ic k .  K a o lin  w i th  a d d i t io n a l  s i l i c a .  . . .2900 to  3150
S il i c a -b r ic k .  S il ic a  w i th  b in d in g  m a t e r i a l .................................  3100
S il ic a  (p u re )  ................................................................................................  3180
B a u x i te  ( im p u re  a lu m in a )  ..................................................... ' ..........  3300
A lu m in a  (p u re )  .............................................................................................. 3650
L im e  (p u r e )  .......................................................................................a b o u t  3700
C h ro m e -b r ic k  .................................................................................................  3700
C h ro m ite  ............................................................................................................ 3950
M a g n e s ia -b r i c k  .............................................................................................. 3900
M a g n e s ia  ( p u r e )  ............................................................................ a b o u t  4000
C a rb o ru n d u m , S iC  ............................................................. d é c o m p o sé s  4000
C a rb o n  .........................................................................v a p o r iz e s  r a p id ly  6500
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A ir heating,
advan tages and use of, 115, 116, 117. 
calcu lations and form ulae, 124-129. 
cost of, 117.
h eater, in sta lla tio n  of 123, 124.
Systems, 117-124. 
transm ission  losses, 126. 
w ith convection hea te rs , 120-121. 
w ith in d irec t hea te rs , 122, 123. 
w ith oil and w ate r rad ia to rs , 121, 122. 
w ith steam  and ho t w ate r d istribu tion , 123. 
w ith rad ian t h ea te rs , 118-120.1 

A partm ent houses, e lec tric  ranges in, 35-38. 
w iring, 24.

Arc, cu tting , (see w elding).
furnaces, (see fu rnaces). 
welding, (see w elding).

Automobile, hood h ea te r, 221. 
tire  vuleanizer, 254.

A utom atic w ate r h ea te rs , 104-105.

B acteriological incubators. 221.
Bake ovens, 14, 83-92.

advan tages of, 88. 
construction , 84. 
d iversity  of baking, 91. 
ex ten t of use, 83. 
fea tu res of, 85. 
floor space, 90. 
for roasting , 91.
G eneral E lectric , 86.
H ughes, 86. 
régu lation  of, 89. 
sa n ita ry  fea tu res, 90.
Simplex, 85.

Baking, of b reads and pastries , 40, 41, 88-92. 
tem péra tu res , 41.

Batch w arm er, 224.
B ath cabinets, 222, 257.
Beer v a t dryer, 223.



application  of, 214. 
calculation  of capacities, 214-220. 
cost of operation , 218. 
effieiencies of, 214, 215. 
electric . 217. 
energy required , 218. 
horsepow er, 215.

Boiling points, tab le  of, 265.
B randing irons, 134, 223, 239, 243, 244.
B ritish  th erm al unit, 3.
B roilers, m éat, 75, 77.
Brooding of chickens, 191-196. 

advan tages of, 193. 
ap p ara tu s, 192. 
costs of, 195. 
m ethods of, 191.

Burning-in, wax irons, 256.
B utt welding, (see w elding).
B utton die hea te rs , 223.

C abinets, bacterio logical, 221. 
bath , 222.

Calorie,. 3.
Calorific values, of fuels, 271.
Can capping m achine h ea te r, 224.
Candy batch  w arm er, 224.
C arrv ing capacity  of w ires, 19.
Celluloid, em bossers 224.
Chafing dishes, 10.
Chicken, brooding, (see brooding). 

incubating , (see incubating).
Chocolaté, side pans, 226. 

w arm ers, 225.
C lothes d ryers, 226.
Coal, calorific values of, 271.
Coffee, perco lato rs , 11. 

ro aste rs , 246. 
urns, 82.

Com m ercial cooking, 68-92. 
ad van tages of, 68. 
ap para tus. 69, 71. 
opportun ities, 68. 
p lann ing  equipm ent, 68.

Conduction of heat, 5.
Convection, h ea te rs , 120-121. 

of heat, 5.



C onversion data , 264.
Cooking, e lectrie , advan tages, 25, 35-38, 68. 

in ap a rtm en t liouses, 35-38. 
in hôtels and re s tau ran ts , 68-92. 
in schools, 34, 35. 
of b reads and pas tries , 40-41. 
of m éats, 39. 
of vegetables, 40. 
purposes of, 38. 
reason  for, 38.

Corn popping m achines, 227.
C orset irons, 227.
C reasing  tools, 239.
C urling irons, 16.

Die hea te rs , 223, 245.
D ining room se ts , 12.
Disc stoves, 9.
D om estic science departm en ts, 34, 35.
D rvers, clothes, 226. 

envelope, 228. 
fan, 228. 
film, 229. 
m atrix , 241.

D rying ovens, 182, 227. 
photographie, 247.

Egg boilers, 17.
E lec tric , (see cross re fe rences).
E lectrodes, (see cross index), 

furnace, (see fu rnaces). 
welding, (see w elding).

E lém ents, enclosed types, 43. 
ra d ia n t types, 44. 
reflec to r types, 45. 
types of, 43-46.

Em bossers, celluloïd, 224, 227.
E nam eling  furnaces, (see fu rnaces).
E n g rav e r’s stoves, 228.
Envelope gum dryers, 228.
E xpansion of solids, 269.

F acto rs  of évaporation  tab le , 216.
Ferro-alloys, 156.
Film  dryers, 229.
F langing bags, 233.
F lask , h ea te rs , 230.
Food, p répara tion  of, 38-41. 

w arm ers, 13.



pans, 17.
F urnaces, e lectric  145-184.

advan tages, 145, 151, 163, 174, 178. 
alum inum , 16T. 
arc  types, 149, 150, 164. 

d irect, 150, 167, 171. 
ind irect, 150. 167, 169. 
sé riés , 150, 167, 173. 

classification of, 149-150, 174, 175. 
com m ercial fea tu res, 156. 
cost of operation , 151. 
efficiency, 152. 
électrodes, 154, 155. 
e lectro ly tic  production, 150, 160, 161. 
energy requ ired , 152. 
ferro  alloys, 156-157. 
field for, 145, 163, 174, 177. 
g raph ite , 150, 159. 
induction, 150. 164, 165. 
iron ore sm elting , 157. 
losses, 153, 183. 
low tem p éra tu re , 174-184. 

carbon résis tan ce , 175. 
drying, 182. 
enam eling. 177-184. 
m etallic  résis tan ce , 175. 
processes, 174.
tem p éra tu res required , 174, 177. 

n itrogen  fixation, 162.
Products, miscellaneous, 162. 
power loads, 147-149, 162, 168, 170. 
refractories. 154, 272. 
résistance types, 149, 150, 174, 175. 
smelting, 157-159.
Steel, 163-173.

ad van tages of, 163. 
production  of, 163. 
sm elting , 164. 

types of, 149-184.
A cheson carborundum , 149. 
Colby, 166.
E lectro-m etals, 171.
F rick , 166.
Gin, 164.
Girod, 150. 171, 172.
H eroult, 150, 173.
H oskins, 176.
R elier, 171, 172, 173.
K jellin, 165.
R ennerfelt, 169.
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R ochling-R odenhauser, 166.
Snyder, 172.
S tassano, 150, 169. 

tube 150.
w alls of, 153, 154, 183.

Gas, calorific values of, 271.
G ilding w heel h eater, 230.
Glove, laying-off boards, 230. 

s tre tch e rs , 230.
Glue, cookers, 232. 

pots, 231.
Gold leaf stam p h ea te rs , 232.
G riddles, frying, 82. 

hot cake, 82.
Grills, dom estic, 13.
G rounding of, flexible conduit, 23.

flexible Steel arm ored conductor, 23. 
heatin g  appliances, 24. 
m éta l moulding, 22.

n eu tra ls , 24. 
rigid conduit, 22.

H and, flats, 233. 
shells, 233.

H a tte rs ’, flanging bags, 233. 
hand flats, 233. 
hand  shells, 233. 
m achine irons, 234. 
velouring  stoves, 234.

H eat, absorbed by a ir, 125.
advan tage of, 1, 115-117, 131.
com parative costs, of, 6, 117, 131.
conducted, 5.
convected, 5.
dem and for, 1.
d iversity  of use, 221.
fuel, 6.
la ten t, 4, 153.
m ea sû rem en t of, 2; 3.
m echanical équ ivalent of, 3.
n a tu re  of, 1.
rad ian t, 5, 118-120.
re la tion  to e lec trica l un its, 3.
sensib le, 4.
spécifie, 2.
tran sm iss io n  of, 126.

H ea te rs , (see cross index).
H eating , (see cross index).

device m anufacture ra , 262-264. 
é lém ents, 132-133, 235-237. 
industria l, (see cross index).
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loads, 258.
of buildings, (see a ir  h ea tin g ), 115, 129. 
of w ater, 93-114. 
tanks, 241.

Hot, a ir  blower, 235.
cake griddles, 82. 
c losets, 14, 77. 
pads, 16. 
p lates, 9, 237-238.

H ôtel, cooking, (see com m ercial cooking). 
Hood h ea te rs , autom obile, 221.
H overs, (see brooding).

Im m ersion hea te rs , 17, 101, 108.
Inculbating, advan tages, 191. 

ap para tus, 189. 
bacterio logical, 221. 
chickens, 186. 
costs of, 191. 
m ethods of, 185. 
poultry , 185, 191.

Industria l heating , (see cross index), 
advan tages of, 131. 
app lications of 134-144, 221. 
com parative cost of, 131. 
developm ent of, 130. 
é lém ents, 132-133. 
field for, 130, 221. 
spécifications for, 133, 134. 
un its, 235-237.

In sta lla tion , of h ea tin g  app ara tu s, 19. 
of ranges, 19, 25. 
of w iring, 19.

In stan taneous w ate r heating , 100.
Iron ore sm elting, 157.
Irons, branding, 223, 239, 243, 244. 

burning-in, wax, 256. 
corset, 227. 
curling, 16. 
dom estic. 8, 18. 
h a tte r s ’, 233-235. 
laundry, 238. 
so ldering , 251. 
ta ilo rs . 238. 
velvet m arking, 255.

Ja pann ing  ovens, (see low tem p éra tu re  fu rnaces).

K ettles, pitch, 247.
K nife h eater, wax, 256.
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L aboratory , flask hea te rs , 230. 
fu rnaces, (see fu rnaces). 
ho t p lates, 237-238. 
te s t  tube heaters, 254.

Lagging, app lication  of, 113, 114.
Economy, 111.
K eystone, 111. 
m ateria ls, 111-114. 
of tan k s and pipes, 96-98.

L aten t heat, 4.
of évaporation , 4, 153. 
of fusion, 4, 266. 
of sublim ation, 153.

L aundry, irons, 238.
elo thes d ryers, 226. 
m achines, 237.

Laying-off boards, glove, 230.
L ea th er c reasing  tools, 239.
Liquid heatin g  tanks, 241, 251.
L inear expansion of solids, 269.
L inotype pots, 239.
Load factors, tab le of, 265.

M anufacturers, lis t of, 262-264.
M atrix  d ryers, 241.
M éat, branders, 243. 

b ro ilers, 75-77. 
p répara tion  of, 39. 
sh rinkage of, 28, 68, 70, 92.

M echanical équ ivalent of heat, 3.
M elting, poin ts of substances, 266, 272. 

pots, 239, 248, 250. 
tan k s , 243.

M étal m elting. pots, 239, 248, 250. 
tanks, 243.

Milk w arm ers, 15.
M oistener, paper seal, 246.
M onotype pots, 239.

Oil, calorinc values of, 271. 
tem pering  baths, 244.

Ovens, com m ercial baking, 83-92.
G eneral E lectric , 86.
H ughes, 86.
Simplex, 85. 

dom estic baking, 14. 
drying, 182.
enam eling, 177-184, (see fu rn aces). 
for industria l heatin g  (see fu rnaces).
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heatin g  units, 182. 
revolving, 182. 
yarn  conditioning, 257.

P a lle tte  die h ea te rs , 245.
P ap er seal m oistener, 246.
P ean u t ro aste rs , 246.
P erco la to rs , 11.
P erfo ra to r  for draw ings, 246. 
Photograph ie drying ovens, 247.
P ipe tliaw ing outfits, 247.
P itch  kettles , 247.
P la te  w arm ers, 14, 77.
P lea ting  m achine h ea te rs , 248.
Plumbing, air poekets, 110. 

by-passing, 109. 
design of Systems, 110. 
for water heating Systems, 107-111. 
heater installation, 108. 
pipe connections, 108. 
return Systems, 111.

Poultry , brooding. (see breod ing).
incubating , (see incubating ). 

P ouring  pots, 248.
P ress, blocks, 227. 

heads, 227.
h ea te rs , enfbossing, 227.

P rin tin g  ink h ea te r, 248.

R adiation , of heat, 5, 118-120. 
R ad ia ting  pow er of substances, 265. 
R ad ia to rs air, 18, 118-124.

in sta lla tio n  of, 123.
Ranges, dom estic, 42-66.

Acorn, 60.
E sta te , 58.
G arland, 64.
G eneral E lec tric , 50. 
Globe, 57.
Good H ousekeeping, 55. 
H otpoint, 65.
H ughes, 46.
O lsten, 54.
R utenber, 60.
Sim plex, 48.
S tandard , 61. 
W estinghouse, 52. 

econom ical operation , 30. 
hôtel 72-75.

G eneral E lectric , 73.
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Simplex, 73.
in ap a rtm en t houses, 35-38. 
operation  by se rvan ts , 32.

R ates, estab lishm en t of, 258.
fo r h ea tin g  service, 258-261'. 
p rincip les of. 259, 260.

R ectifier tube boiler, 248.
R eflecting pow er of substances, 265. 
R efrac to ries, (see fu rnaces).

tab le  of m elting  tem p éra tu res , 272. 
R ésistance, (see cross index), 

fu rnaces, (see fu rnaces). 
of conductors, 264. 
re la tive , 264. 
welding, (see w elding).

R e stau ran t cooking, (see com m ercial cooking). 
R e tu rn  System of piping, 111.
R oasters, coffee, 246. 

peanut, 246.
R oasting  of m éats, 39, 91.
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Schools, cooking in, 34, 35.
Sealing  wax pots, 248.
Shelf h ea te rs , 249.
Shoe, m achinery , 249. 

re laste r, 249.
Shrinkage of m éats, 28, 68, 70, 92.
Side pans, chocolaté. 226.
Sm elting, of copper, zinc, etc., 159. 

of iron  ore, 157.
Spécifie, g rav ity  of substances, 266. 

heat, définition, etc., 2, 3. 
heat, of substances, 268.

Spot welding, 209-210.
Steam , boilers, (see bo ilers). 

heat, 131. 
p roperties of, 270. 
sa tu ra ted , 270. 
taibles, 77.

Steel fu rnaces, 163-173.
S tills, w ater, 255.
S tre tc h ers , glove, 230.
Soldering, irons, 251. 

pots, 250.
Solution tanks, 251, 255.
Soup tu reen s, 17.
S terilizers , 251-253.
Stoves, (see ran g es).
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dise, 9.
engravers, 228. 
p rin te rs , 248. 
velouring, 234.

INDEX

S w eating  b lankets , 17. 
Sw eating-on m achines, 253. 
Sw itches, control, 24. 

en trance , 24.

T able cooking outfits, 12.
T a ilo rs’ irons, 238.
T ea kettles , 12.

sam ovars, 12.
T em pérature, ch a rac te r  of em itted  light, 270. 

coefficients, tab le  of, 264. 
com parison of F ah ren h e it and C entigrade, 2. 
m easurem ent, 2.

T em pering, baths, 244. 
ovens, 175.

T est tube h ea te rs , 254.
T haw ing outfits, 247.
T herm al sto rage, w ater heating , 99, (see w ate r liea ting ).
T herm om eters, F ah ren h e it and C entigrade, 2.
T hread  w axer h eater, 254.
T ire  vulcanizers, 254.
T o aste r stoves. dom estic, 9, 13. 

hôtel. 79.
T herm al capacity , 3.
T ransm ission  of heat, tab le  of, 265.

U n d erw rite rs’ code, 19, 20 25. 
U nits enclosed types, 43.

industria l, 235-237, 249. 
rad ian t types. 44. 
reflec to r types, 45. 
types of 43-46.

U rns, coffee, 82.
U tensils, k inds to use, 29.

V arnish  tan k  h eater, 255.
V at d ryer, 223.
V elouring stoves, 234.
V elvet m ark ing  iron, 255. 
V oltage, correct, 21. 

drop in, 20.
V ulcanizer, roofing m ateria l, 248. 

tire , 254.
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W affle irons, 83.
W arm ers, chocolaté, 225.
W arm ing pads, 16.
W ater, dom estic supply, 30, 31.

heating , (see w ate r heating ). 
stills , 255.
therm al, ch a rac te ris tic s  of, 94. 
w eight of, a t various tem p éra tu res , 270.

W ater heating . 17, 78, 93-114. 
au tom atic , 104-107. 
c irculation , 102. 
com parative cost of, 93. 
energy required  for, 95. 
faucets, 99.
fea tu res of w ater h ea te rs , 103. 
for hô te ls and re s ta u ra n ts , 78. 
im m ersion un its, 17, 101. 
in stan taneous, 99.
lagging of tan k s  and piping, (see lagging). 
losses, 96, 97. 
m ethods of, 98.
on range cooking surface, 30, 31. 
plum bing for, 107, (see plum bing). 
the rm al sto rage, 99, 107-114.

W ax, burning-in irons, 256. 
knife h eater, 256.

W eight reducing cabinet, 257.
W elding, 197-213. 

arc, 198-206.
appara tus, 201, 202. 
cost of, 203, 204. 
cutting , 206. 
energy requ ired , 202. 
m ateria ls, 204, 205. 
operations, 203.
Systems of, 199, 201.

B ernardos, 199.
Slavianoff. 199.
Z erener, 201.

électrodes, 199, 201, 202, 204. 
n a tu re  of, 197. 
processes, 197, 198.

Chemical, 198. 
electric , 198. 
hot flame, o r gas, 197. 
sm ith , 197. 

résis tance , 206-213. 
appara tus, 207. 
applications, 207, 208. 
ch a ra c te r  of, 211. 
classification, 209-210. 

butt, 209. 210. 
b u tt seam , 209.
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cross, 209. 
jum p, 209. 
lap o r seam , 209. 
spot, 209, 210. 
tee, 209. 

costs, 212.
energy required , 212, 213. 
of various m etals, 209. 
Thom son process, 206. 

seam , 204.
W ires, ca rry ing  capacity , 19. 

serv ice, 24.
W iring, flexible m etallic  conduit, 23.

flexible steel arm ored  conductor, 23.
for a ir  h ea te rs , 123, 124.
knob and cleat, 21.
knob and tube, 22.
m étal m oulding, 22.
m ethods of, 19, 21.
rigid conduit, 22.
wooden m oulding, 22.

W ood, calorific value of, 271.

Y arn eonditioning oven, 257.






