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CHAPTER V II

E L E C T R IC  W A T E R  H EA TIN G .

H ot W ater a Necessity.— Enorm ous quantities of 
energy are constantly required for heating water. In 
the average home, more energy is used for heating 
water than for any other domestic purpose aside from 
that utilized in warm ing the air. In the industrial 
field, the operations that require hot water are almost 
without ntimber.

For générations the only way of heating water has 
been by fuel combustion methods whereby Chemical 
energy stored in fuel is transform ed into heat energy, 
which is in turn  taken up by the w ater in am ounts 
varying with the efficiency of the apparatus employed.

Comparison of Fuel and E lectricity.—As set forth 
in another chapter. most fuels, on the basis of actual 
cost of the two médiums, hâve a higher heating value 
than electricity. It is possible, however, to operate 
an electric water heater at a much higher efficiency 
than a fuel heater. If necessary, the electric heater 
may be immersed in the liquid itself, in which case 
practically ail the heat generated m ust be imparted 
directly to the water. This is impossible with a fuel 
device which requires that external heat be applied. 
It is obvions that fuel heat generated on the outside 
of a tank m ust lose much useful energy through the 
chimney and the surrounding atmosphère.

A lthough it should not be understood that elec­
tricity for heating water can compete on a cost basis 
with the many cheap fuels that are available in most 
localities, it should be known tha t it is often possible 
to so design electrical installations that they will not be 
more expensive to operate than the less efficient fuel 
burning devices that are commonly used. This condi­
tion is especially true with the smaller installations.
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In  m aking comparisons between fuel and electric 
water heating methods, the many advantages of elec­
tric operation, aside from the cost, should be consid- 
ered. D irt, smoke, moisture, fumes, and excessive heat 
are obviated when the electric method is used. The 
dangers of fire and explosions are done away with. 
The care and attention required by fuel burning appa-

T y p ic a l M e th o d s  fo r  H ea tin g -  W a te r .

ratus is eliminated and the onlv attention necessary 
is the turning on and off of the current. Some of the 
electric devices now being constructed are controlled 
autom aticalh’, and therefore demand no attention 
whatever.

Therm al Characteristics of W ater.—No other
known liqnid or solid has as high a spécifie heat as 
water. In other words, water has a greater capacity 
for storing heat energy than an equal weight of any , 
liquid or solid raised an equal number of degrees in 
tem pérature. Its  capacity for storing heat may be
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considered analogous to tha t of a sponge for absorb- 
ing water.

After the boiling point of water is reached, steam 
begins to be generated and unless the water is heated 
under pressure, it no longer continues to store energy, 
but gives off the heat with the same rapidity it is 
taken up.

W ater, like other liquids, is heated by convection 
currents set up within the substance itself. V ery little 
of the heating is done by conduction between the indi- 
vidual particles of which it is composed. The con­
vection currents are created by the différence in weight 
of hot and cold water. W hereas, at 32° F. water 
weighs 62.42 pounds per cubic foot, it only weighs 
59.85 pounds at 212° F. I t is this différence in weight 
that causes the top of a storage tank to become hot 
before the bottom, and which créâtes the circulation 
in the ordinary hot water heating System.

C u tle r -H a m m e r  I n s t a n t a n e o u s  W a te r  H e a te r .

Electric Energy Required for H eating W ater—
Assuming the weight of w ater to be 8.3356 pounds per 
gallon it may be calculated that one kilowatt hour 
of electric energy will raise 409.33 gallons of water 
one degree F. or 4.0933 gallons 100° F. If a water 
heater of one kilowatt capacity be operated at 100 
per cent efficiencv it would accomplish the following 
results :



R a is e  4.09 g a i . 
R a is e  9S23.9 g a i. 
R a is o  196.4S g a i .
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1° F . in  1 h o u r  a n d  c o n s u m e  1 k w .-h r .
50° F . in  1 h o u r  a n d  c o n s u m e  1 k w .-h r .

100° F . in  1 h o u r  a n d  c o n s u m e  1 k w .-h r .
1° F . in  24 h o u r s  a n d  c o n s u m e  24 k w .-h r .  

50° F . in  24 h o u r s  a n d  c o n s u m e  24 k w .-h r .
R a is e  9S.24 g a i . 100° F . in  24 h o u rs  a n d  c o n s u m e  24 k w .-h r .

For ordinary calculations, it is often convenient 
to remember that one kilowatt of capacity will raise 
about 100 gallons of water 100= F. in twenty-four 
hours.

S im p lex  C o il T y p e  Im m e rs io n
H e a te r s .

Utilizing W aste Energy.—The energv utilized in 
heating w ater is expended in two ways. A certain per- 
centage is required to supply the losses of beat which 
take place on account of radiation, convection, and 
conduction from the heater, piping System, and stor- 
age tank. Energy, so expended, cannot be utilized in 
any other way and is entirely wasted. The balance 
of the beat energy generated may be called the useful 
energy, as it alone affords the user his supply of hot 
water. I t is therefore apparent that everv possible 
effort should be made to so design a w ater heating 
installation that the losses will be reduced to a mini­
mum, and in that way utilize the waste energy. This 
purpose is usually accomplished by covering the pipes 
and tank with m aterial of low beat conductivity—a 
process generally known as lagging.

H eat Losses.—Authorities vary in their estimâtes 
of heat losses from metallic surfaces, between 1.5 and 
3 B.t.u. per square foot per Fahrenheit degree differ-
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ence in tem pérature per hour. The loss is naturally 
greater from dark, rough radiator surfaces tlian from 
the brighter and sm oother ones of galvanized iron 
tanks and pipes. For ordinary w ater heating calcu­
lations it has been found safe to figure a loss of 0.6 
of a watt (approximately 2 B.t.u.) loss per square foot 
per Fahrenheit degree différence of tem pérature per 
hour.

The trem endous am ount of heat that is lost from 
surfaces of exposed w ater tanks and piping Systems 
is seldom appreciated. I t may be assumed, for in­
stance, that a 24 gallon tank of water having an ex­
posed area of 14 square feet, is to be m aintained at 
a tem pérature of 100° F. above that of the surrounding 
atmosphère. The energy that would be required to 
m aintain such a tem pérature, provided no w ater was 
drawn ofif, would be approxim ately :

14 X -6 X 100 =  840 watts.
If this tank were heated with a one kilowatt heater 

there would be but 160 w atts of the total capacit}’’ 
available for supplying hot w ater at the required tem­
pérature. In this instance, the energy produced bv 
the 840 w atts of the heater capacity would be lost and 
onlv 160 w atts capacity utilized.

Efficient Lagging Essential.—Had this tank been 
covered with some form of lagging m aterial of low 
heat conductivity, having an efficiency of say 85 per 
cent, the capacity required to m aintain the desired 
tem pérature would hâve been:

14 X -6 X l00  X 15% =  126 watts.
I t is thus apparent that the energy produced by 

only 126 w atts capacity could be lost, whereas, the re- 
m aining 874 watts capacity could be utilized for heat­
ing w ater to the required tem pérature. The operating 
efficiency of the unlagged tank installation would be 
16 per cent, whereas it would be 87.4 per cent efficient 
when lagged in the manner assumed.

Table 1 indicates the num ber of gallons of water 
that can be delivered per day at a tem pérature 100° F. 
above that of the water supply and of the surround-
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ing atmosphère with various installations. The figures 
are based on the use of seven different standard sized 
tanks and six different capacity heaters. The daily 
output is computed, first with the tanks unlagged, 
second with a 50 per cent efficient covering applied, 
and third with an 80 per cent efficient covering applied. 
O ther losses than those from the surfaces of the tanks 
are not considered.

J . M. M a g n e s ia  S e e t io n a l P ip e  C o v e rin g .

T A B L E  1.
G a llo n s  o f  W a te r  p e r  d a y — 100° F . T e m p é r a tu r e  R ise . 

Tank Dimensions and Capacities.
S  "5 ?  Gallons Capacity. i s 24 30 40 66 82 100
«y Dimensions.............. 12".\3 '2 1 " x i 12"x5' 14"x5 ' 18"x5 20"x5' 22"x5
*" C -Z Area in Sq. F t . . . 11 14 17.25 21.3 27 30.5 34

U n la g g e d  ............ 9
750 L a g g e d  50% Eff. 42 33 23 i i

L a g g e d  S0% Eff. 62 58 54 49 43 38 34
U n la g g e d  ............ 34 16

1000 L a g g e d  50% Eff. 67 58 •is 36 i9 9
L a g g e d  80% Eff. SS 83 79 74 68 63 59
U n la g g e d  ............ 84 66 46 22

1500 L a g g e d  50% E ff. 117 10S 98 86 69 5S 48
L a g g e d  80% Eff. 137 133 129 124 118 113 109
U n la g g e d  ............ 116 97 72 38 17

2000 L a g g e d  50% Eff. 158 148 136 119 109 98
L a g g e d  80% Eff. 183 179 174 168 163 159
U n la g g e d  ............ 197 172 138 117 96

3000 L a g g e d  50% Eff. 248 236 219 209 198
L a g g e d  80% Eff. 279 274 26S 263 259
U n la g g e d  ............ 372 338 317 296

5000 L a g g e d  50% Eff. 436 419 408 398
L a g g e d  80% Eff. 474 468 463 459

M ethods of H eating W ater Electrically.—There 
are two general methods of heating water that hâve 
corne into general use—the instantaneous method and
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the therm al storage method. The former makes use 
of spécial devices which heat the w ater as it passes 
from the faucet and which are not connected at other 
times. The latter method. as the naine implies, is used

U n ite d  S a le s  H o t W a te r  F a u c e t .
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for heating w ater and storing it for future use in a 
tank or réservoir.

Two types of heating devices are commonly used 
with therm al storage Systems—the immersion type, 
and the circulation type. The former is usually in- 
serted in the tank, whereas the latter is connected 
with pipes outside the tank.

Instantaneous W ater Heating.— Devices for this 
class of service are usually made to attach to the ordi- 
nary water faucet. Tliey are convenient for many pur- 
poses where only small quantifies of hot w ater are 
needed. As it is possible for one kilow att to heat only 
about 4 gallons of water 100° F. per hour, their use is 
naturally  somewhat limited. The load which they 
create is often considered undesirable on account of 
the high demand and relatively low energy consump- 
tion.

Instantaneous heaters are usually made with a 
résistance coil around which the water circulâtes, and 
which is connected when the faucet is opened. Another 
device, howrever, consists of a hollow cylinder and 
core of graphite. W hen the w ater flows around the 
core inside the cylinder it acts as a conductor and the 
flow of current set up causes heat to be generated in 
the water itself. In other words, the water is heated 
in the same way as in the common water rhéostat.

Therm al Storage W ater H eating.—The therm al 
storage method is more often employed than the in­
stantaneous method. The equipment m ust consist 
of at least two essential parts—a water heater and a 
containing vessel for storing the w ater after it is 
heated. W ith an equipment of this kind the user may 
store up a large quantity of hot water slowly and draw 
it off as rapidly as lie wishes when it becomes heated. 
The load created by this kind of a heater is désirable 
on account of its low demand and relatively high 
energy consumption. I t is apparent, on the other 
hand, that such equipments are necessarily wasteful 
of energy unless the heat stored in the water is con- 
served.



Immersion Type H eaters.—The heating of water 
or other liquids is accomplished with these devices, 
by the insertion of résistance éléments in them. Many 
types of immersion heaters hâve been developed. Some
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consist of open coils and others of hermetically sealed 
tubes. Some are constructed for use in open vessels, 
and others are provided with fittings for attaching 
them to closed tanks.

ULTIMHEAT®
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The essential advantage of this type of heater, 
for therm al storage vvater heating, is that the device 
m ust give off practically ail its heat to the liquid. En­
ergy can only be dissipated indirectly from the water 
and surface of the containing vessel or directly b}- con­
duction through the metallic fittings.

Circulation Type H eaters.—It is customary, 
though not essential. to mount a circulation type 
heater outside the tank or réservoir. A pipe leading

W e s t in g h o u s e  C ir c u la t io n  
H e a te r .

W e s t in g h o u s e  Im m e rs io n  
H e a te r .

from the bottom of the containing vessel carries the 
colder w ater to the heater. As the water becomes hot- 
ter it rises through another pipe connected to the top 
of the containing vessel. This process continues, re- 
gardless of whether any pressure is applied. until ail 
the w ater is heated.

Circulation heaters are available in m any styles, 
forms, and sizes. The W estinghouse heater consists 
essentially of a waterproof bayonet element. inserted 
in a métal casing, and designed so that the water cir­
culâtes around the heating element inside the casing. 
The Simplex, General Electric, and many other types 
of circulation heaters. are made up of résistance wire



wound around hollovv tubes through which the water 
passes. The Coin Machine heater is of the induction 
type, and so designed that the passage of current 
through copper wires surrounding an iron core créâtes 
eddy currents in the iron and causes it to heat. The 
advantages of the induction type heater over the ré­
sistance types are its rugged construction and its 
capacity for running dry w ithout burning out when 
the water supply is eut off. The présent designs of 
induction heaters, however, create a relatively low 
power factor load, averaging about 80 per cent.

The attractive features about the circulation type 
heaters are the ease with which they may be attached 
to any tank or containing vessel, and the facility with 
which they may be removed for repairing or cleaning. 
The water, furthermore, is delivered to the top of the 
tank as it is heated and is soon ready for use even 
though only a portion of the tank may be heated when 
the w-ater is wanted. The great disadvantage is the 
extra radiating surface the heaters and pipes présent, 
and the additional, though relatively small, heat losses 
that m ust inevitably resuit.

Essential Features of a W ater H eater.—A device 
of this character should be durable, easily removed 
for cleaning or repairing, and readily controlled. The 
surface exposed to the air should be of small area 
or thoroughly insulated from heat losses. The rela­
tive area of the heating surface exposed to the water 
should be large in proportion to the wfattage of the 
heater. Air bubbles and deposits will inevitably col- 
lect if the heating element is operated at a high tem ­
pérature. The am ount of scale which forms inside 
the heater varies widely in different localities, and dé­
pends upon the am ount of salts in solution. The scale 
may be chipped off or removed with a dilute solution of 
hydrochloric acid. In either the instantaneous or circu­
lation type heaters, it is generally best to hâve the 
water passage quite large, so that sédiment or deposits 
will not obstruct the flow. It is sometimes désirable to 
restrict the flow of water through a circulation heater 
in order that it may rise to a higher tem pérature as it
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passes. This may be clone by making the passageway 
smaller or by m ounting the heater somewhat higher 
than the bottom of the tank. W ater heaters that cre- 
ate low demancls and are required for long hour use 
are generally considered more désirable load builders 
than those constructed for liigh demands and short 
hour use.

A utom atic Tem pérature Control Devices.— W'heie 
it is désirable to keep a supply of hot water available 
for use at any and ail times or to maintain water at a 
certain tem pérature for various purposes, automatic 
tem pérature control devices hâve a wide field of appli­
cation. Electrical apparatus lends itself particularly 
well to autom atic control, but the possib ilités it natur- 
ally afifords are as yet little understood. Any device 
of this kind that will eut off the current supply imme- 
diately a certain predetermined tem peratu re is attained 
will be a wonderful convenience, and a great econ- 
omizer of energy. Its general application cannot but 
improve the diversity factor of central station loads.

Devices of this character should be simple, durable, 
easily repaired, and readily adjusted.

P e r f o r m a n c e  C u rv e s  T h e rm  E le c t  W a te r  H e a te r .  
T e m p é r a tu r e  a n d  L o a d  R é g u la t io n ,  24 h r s .
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E x p la n n tio n  o f  T e m p é ra tu re s  am i I.oail R é g u la tio n  C u rv e»  o f  
T h e rin -K le o t  1500-rvatt W a te r  H eater.

T h e  a b o v e  c u r v e s  w e re  p lo t te d  f ro m  o b s e r v a t io n s  ta k e n  on 
th e  2 4 -h o u r  o p e ra t io n  o f  a  1 5 0 0 -w a tt  th e r m a l ly - c o n t r o l i e d  
T h e r m - E le c t  Im m e r s io n  H e a t e r  in s ta l l e d  in  a  s t a n d a r d  3 0 -g a l-  
lo n  k i t c h e n  b o ile r .

T h e  h e a v y  b la c k  l in e s  e x t e n d in g  f ro m  th e  to p  o f  th e  c h a r t  
a r e  a  g r a p h ie  r e p r é s e n ta t i o n  o f  th e  h o t  w a te r  d u ty - c y c le  im - 
p o s e d  u p o n  th e  h e a t in g  S y s te m  in  a  h o u s e h o ld  u s in g  100 g a l lo n s  
o f 116 d e g re e  F . w a te r  p e r  d a y .

T h e  le n g th  o f  e a c h  l in e  is  in  p ro p o r t io n  to  th e  g a l lo n s  of 
w a te r  d r a w n  a t  th e  t im e  in d ic a te d  b y  i t s  p o s i t io n ;  c o v e r in g  th e  
d a y  f ro m  th e  p r é p a r a t io n  o f  b r e a k f a s t  a t  6:30 a . m . th r o u g h  
th e  b a t h in g  p e r io d  f ro m  9 to  10 p. m .

T h e  c u rv e  in  th e  c e n te r  o f  th e  c h a r t  in d ic a te s  th e  te m p é r a ­
tu r e  r é g u la t i o n  o f th e  w a te r  d r a w n  f ro m  th e  ta n k ,  a n d  re p -  
r e s e n t s  a  r é g u la t i o n  o f  95 p e r  c e n t  f o r  th e  im m e rs io n  h e a te r .

T h e  lo a d  c u rv e  p ro d u c e d  b y  th e  s ix - p o in t  th e r m a l  c o n t ro l  is  
s h o w n  a t  th e  b o t to m  o f th e  p a g e , w i th  i t s  p e a k s  a t  10 a. m ., 3 p. 
m . a n d  a t  10 p. m ., a n d  i t s  v a l le y s  a t  6 a. m ., 1 2  n o o n  a n d  6 
p. m ., in d i c a t in g  th e  d iv e r s i ty  w h ie h  w o u ld  b e  o b ta in e d  w i th  
r e s p e c t  to  a  c o o k in g  lo a d  o p e r a t in g  in  c o m b in a t io n  w i th  th e  
th e r m a l ly - c o n tr o l ie d  w a te r - l i e a te r .

Automatic Time Control Devices.—Many com- 
panies are in position to supply energy during oit peak 
liours at lower rates than during the period of maxi­
mum load. The building up of such loads by means 
of therm al storage w ater heating apparatus, operated 
with time control devices, has probably not been given 
the attention heretofore that it will receive in the 
future. The loads that could be created would prove 
enormous.

An equipment of this kind naturally requires 
larger water storage facilities than one that may be 
supplied with energy at any and ail times. The addi- 
tional storage necessary will dépend on the number 
of liours during which the energy will not be avail- 
able and upon the quantity  and tem pérature of the 
water needed.

Average H ot W ater Requirem ents.—M any indi- 
viduals hâve little conception of the am ount of hot 
water required for either domestic or commercial pur- 
poses.

It should be clearly understood that when 30 
gallons of water at 150° F. is mixed with an equal 
quantity  at 50° F. the tem pérature of the 60 gallons 
will be 100° F. The tem pérature of bath water is 
usually about 98° F., whereas 120° F. is scalding tem­
pérature. It is therefore apparent that if a relatively
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‘T h e rm  E l e c t” Im m e rs io n  
H e a t e r  a n d  T h e r m o s ta t .

H u g h e s  C ir c u la t io n  H e a t e r  
A p p lie d  to  T a n k
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small quantity of vvater is heated to a high tem péra­
ture, it will afford a considerably larger am ount when 
diluted with cold w ater for ordinary use. The hot 
vvater requirem ents of hôtels, restaurants, barber shops,

G ootl H o u s e k e e p in g  A u to m a tic  T e m p é r a tu r e  C o n tro l 
C ir c u la t io n  W a te r  H e a te r .

and other commercial users is generally underes- 
timated. and it is advisable to give each proposed in­
stallation careful preliminary considération.

Installation of Therm al Storage W ater Heaters.
Correct Plum bing Essential.—The relative posi­

tion of the tank and heater, the connections between 
the tvvo, the size of tank and pipe used, the élimina­
tion of air pockets, and many other plumbing features 
are worthy of serious considération when a thermal 
storage water heating System is installed.

The tank used with equipments operated under 
pressure should be mounted vertically to insure maxi­
mum différence in tem pérature between the top and
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bottom, to obviate mixing the hot and cold w ater when 
the supply is drawn off rapidly, and to create better 
circulation of water through the heater. Standard 
tanks are usually fitted with two taps at the top. 
The tap used for connecting the tank to a water main 
should be provided with an inside pipe connection so 
that the cold water will be delivered to within a few 
inches of the bottom. I t  is necessary to hâve a very 
small hole drilled in this vertical pipe near the top 
of the tank to prevent the water being drawn out by 
syphonage whenever a hot water faucet is located 
below the level of the tank and a possibility exists 
of the pressure being withdrawn. Instances of where 
this précaution is necessary are often found in country 
résidences when the domestic w ater supply is furnished 
from a pressure or storage tank. It is obvious that if 
the water is syphoned out of the w ater tank the heater 
will become dry and possibly burn out.

Installation of the H eater.—Immersion type heat- 
ers are usually, though not necessarily, inserted in 
the bottom of the tank. Circulation type heaters 
should be installed as close to the storage tank as pos­
sible. Better circulation will obtain if they are 
mounted vertically, and in such a position that the 
lower portion of the heating element will not be higher 
than the bottom of the tank. Rapid circulation is not 
always désirable, however, as the water passing through 
may not take up enough heat to produce the desired 
différence in tem pérature between the top and bottom 
of the tank.

Pipe Connections.—Circulation type heaters should 
be connected with pipe unions to permit of their quick 
and easy removal for inspection, cleaning, or repairing. 
Unless an electric heater is of extremely large capacity 
in proportion to the size of the storage tank, its upper 
end should be connected either to the hot water out- 
let or to a spécial tap near the top of the tank, rather 
than to the standard side outlet usually provided. If 
the hot w ater coming from the heater is delivered at 
or near the top, rather than at the side, it will be found 
that the circulation will be better and that a quantity
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of hot w ater can be drawn from the tank much more 
quickly than otherwise.

By-Passing.—The pipe connections at the top of 
the tank should be carefully arranged. The hot water 
distribution pipe should lead straight out of the tank, 
and the connection from the heater should connect to

E p c o  Im m e rs io n  H e a t e r  s h o w in g  A p p lic a tio n  to  
T a n k .

it from the side as close to the tank as possible. If this 
précaution is not taken the w ater drawn out through 
the distribution pipes may corne partially from the top



the tank and partiaüy froni the bottom on account 
of the rapid suction of cold water through the heater. 
The action produced is somewhat sim ilar to tha t in an 
ordinary atomizer and is called by-passing. Sonie 
m anufacturers recommend the use of spécial “non- 
by-pass tees" to entirely obviate this difficulty.

Air Pockets.—Unless the plumbing is properly 
done and the hot water distribution pipes are free from 
air pockets, unsatisfactory operation is likely to be

ELECTRIC HEATING

charged to the electric heater. Air pockets are 
formed when the water is carried up and finally deliv- 
ered at a lower point. The air gradually collects at 
the highest point and prevents the passage of water. 
The only relief from such a condition is the placing 
of an air cock at the highest point, or a rearrangem ent 
of the piping System.

Design of D istribution System.—The arrangem ent 
should be such that the storage tank will be situated
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as near as possible to the central point of distribution. 
Connections between the tank and faucets should be 
made by the shortest routes, and the pipes should not 
be larger than is absolutely necessary for satisfactory 
service. The longer and larger the pipes tha t are used, 
the greater will be the loss through radiation from 
their surfaces.

So-called “return Systems,” wherein hot w ater is 
allowed to circulate continuously from the top of the 
tank, through the distribution pipes, and back to the 
bottom of the tank, will be fourni to require much more 
energy for their operation than ordinary Systems, on 
account of the constant beat losses that take place from 
the surface of the pipes.

Storage Tank and Pipe Lagging.—As heretofore 
suggested the proper lagging of tanks and piping Sys­
tems is often of as much importance as provision for 
adéquate heater capacity. The kind of material em- 
ployed should be carefully considered and the most 
approved methods of application adopted. Unless- 
good lagging is used and properly applied, the oper- 
ating efficiencies of the heating System may be greatly 
impaired. A few of the commonly known types of 
lagging materials are described and the methods of 
application outlined.

Keystone Tank Cover.—This form of lagging con- 
sists of a Y% in. laver of compressed hair felt having 
an asbestos lining, and a canvas cover. Experiments 
show that this form of lagging will prevent at least 
50 per cent of the usual radiation losses from the sides 
of an exposed tank.

Keystone covers should be laced tightly. The 
upper edge of the cover should be allowed to project 
at least half an incli above the side edges of the tank. 
The top of the tank should then be covered with a half- 
inch layer of cernent and pasted over with six-ounce 
drill.

Economy Tank Covers.—The Johns-M anville 
Economy tank covers are made up of 1 in. hair felt lined 
with asbestos and covered with a canvas jacket. They 
are designed to fit the standard water tanks. The top
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and sides are in one piece and may be laced tightly 
around the tank. A rope wrapped tem porarily about 
the jacket will hold it in place and make the lacing 
much easier.

W hen the tank is exposed the canvas jacket 
sliould hâve a coat of sizing and be painted with tvvo 
coats of cold water paint or lead and oil.

S im p le x  H e a te r  a n d  S ta n d ­
a r d  P ip e  C o n n e c tio n s .

E c o n o m y  C o v e r in g  A p p lie d  
to  T a n k  a n d  P ip e s .

The m anufacturers claim an efficiency for this 
form of lagging of from 85 per cent to 90 per cent. 
Although Economy covers cost about twice as much as 
Keystone covers the increased savings which they 
effect w arrant their use.
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Directions for Lacing Tank Covers.—Start lacing 
at the top of the cover. Tie the end of the lace to 
the right hand eyelet and thread it over to the oppo­
site eyelet. Make tvvo loops and then lace diagonally 
under the cover to the eyelet below the first and make 
two loops. Repeat the process until the last pair of 
eyelets is reached and then make three loops. Lace 
one of tliese loops back and tie it to the lace end by 
means of a bowknot beneath the cover.

Block Lagging.—M any forms of beat insulating 
blocks for lagging the larger sized tanks are available. 
One inch thickness is usuallv recommended for w ater 
tanks and the insulating efficiencies may be figured 
at from 80 per cent to 90 per cent depending upon the 
material used and the care with which it is applied. 
The blocks usuallv corne in strips about 6 in. wide and 
3 ft. long.

For lagging the sides of a small tank the blocks 
are usually eut in strips about 3 in. in width so that 
they will more nearly conform with the surface con­
tour. These strips are then placed around and length- 
wise of the tank and held in position temporarily with 
a small rope. The blocks are allowed to project about 
1^2 in. over eacli end of the tank to conform with the 
top and bottom lagging. Soft annealed wire (about 
No. 16 gauge) is then wound around the blocks and 
tightened up so as to hold them firmly in place. The 
blocks are then beaten down into shape with a wood 
paddle or mallet so that no air passages may be left 
between the covering and the tank.

Cernent is then mixed with water to about the con- 
sistency of ordinary m ortar and applied to the outside 
about l/z  in. in thickness by means of a trowel. Ail 
cracks and crevices should be filled, and the surface 
made smooth and even. A six-ounce drill jacket is 
then pasted on the outside. F lour and water may be 
used for paste. The salvage edges of the drill should 
be torn off, before it is dipped in the paste, to prevent 
puckering.

The ends of the tank are usually lagged with small 
blocks wired in position (when possible), pounded
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clown, coated with cernent and a drill cover pasted on 
in a similar way to that suggested for the sides. W hen 
the tank is convex at the bottom or so m ounted that 
the blocks cannot be placed in position, a coating of 
soft cernent is put on the surface of the tank first. The 
blocks will then adhéré to the outside while the next 
coating of cernent is trowelled over them and the 
covering is put in place.

Pipe Lagging.—A large variety of coverings are 
available for lagging pipes and fittings. Sectional pipe 
covering which may be hinged over, pasted together 
by means of a lap in the canvas jacket, and held secure 
with brass bands, is most commonly used. It may be 
secured in thicknesses varying from Y i to 3 inches, but 
for water piping, 1 in. thickness is ample. I t is usually 
made up in 3 ft. lengths. The savings in heat that 
may be efïected by the careful lagging of pipes and fit­
tings are enormous. Fifty feet of 1 in. pipe for in­
stance, has approxim ately the same area as a thirty  
gallon tank, and filled with water at the same temper- 
ture, will radiate heat ju st as rapidly.

I t is of the utm ost importance that the pipe leading 
from the heater to the top of the tank should be lagged 
when w ater is heated by the circulation method. The 
water circulâtes constantly in this portion of the Sys­
tem as long as the heater is in service.

J. M. A sb e s to c e l S e c t io n a l  P ip e  C o v e rin g .



CHAPTER V III
E L EC TR IC  H E A T IX G  O F BU ILD IN G S.

Use and Advantages.—W ere it possible to heat 
buildings with electricity at no greater cost than with 
combustion methods, it would be only a m atter of time 
until they would ail be heated electrically on account 
of the many superior advantages aflforded. The prés­
ent high cost of generating and distributing electric 
energy, however, precludes its universal application 
as a substitute for fuel heat. I t is only in localities 
where fuel is very costly, or where electricity may be 
used for heating during ofif-peak seasons or off-peak 
hours, that extensive use may be made of it as an

W e s t in g h o u s e  C o n v e c tio n  H e a te r .

air heating medium. In some sections of the west, 
where water power is used extensively for irrigation 
pumping in the summer, it lias been applied during 
the w inter season to the heating of buildings with con­
sidérable success. The energy so used, which might 
otherwise be wasted, is turned into a useful by-product 
and sold at a low rate in compétition with coal and 
other fuels, at the same time netting the central sta­
tions a small profit.
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Some attention bas also been given to the devel­
opment of electric heating Systems designed to make 
use of the great heat storage capacity of water, and so 
arranged as to heat large quantities of it during off- 
peak hours for use in warming buildings. W here con­
ditions are favorable this method should find a wide 
application.

In a general way it may be stated that electric 
energy is too costly to compete with ordinary fuels, but 
where the cost of heating a building is a relatively 
unim portant item in comparison with the desire for

M a je s t ic  R a d i a n t  H e a te r .

convenience, it is certain to meet with favor. For 
heating small offices, bath rooms, sick rooms, cold cor­
ners, and for taking the chill out of the air during mild 
weather its use is idéal.

Electricity lias the peculiar advantage of being 
instantly available, and regulated at will. I t neither 
destroys oxygen nor vitiates the atmosphère. I t is the 
cleanest and safest known method of heating. Among 
the advantages of electric heaters, are ease of instal­
lation, simplicity of operation, portability, flexibility 
of location, and small floor space required.

There are certain customers in nearly every 
locality that are willing to pay for the luxury afiforded 
by electric heat, regardless of its cost, provided its ad-
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vantages are made known to them. These individuals, 
in most instances, may be readily singled ont and dé­
sirable business secured with little effort.

Comparative Cost of Fuel and Electric Heat.—It
should be understood that electric air radiators always 
operate at 100 per cent efficiency, whereas coal and 
gas apparatus may often operate at efficiencies as low 
as 10 per cent. By referring to the comparison of costs 
of fuel and electric heat set forth in Chapter I, it will 
be noted that 600 B.t.u. gas at $1.00 per thousand cubic 
feet operating at 20 per cent efficiency is about équiv­
alent to electricity at 3 cents per kilowatt liour.

Electric H eating Systems.—A large variety of Sys­
tems of electric heating are in use, but few data are 
available to show their relative efficiencies and merits. 
On the assumption that the application of electricity 
to the heating of air is 100 per cent efficient, it is 
obvious that the essential feature to be considered with 
each System is the proper distribution of the heated



and other parts of the room are cold the results will 
not be satisfactory. It is essential, therefore, that the 
System employed should not only heat the air but 
should set up convection currents that will serve to 
distribute it. The size, type, operating tem pérature, and 
design of the lieaters hâve much to do with this par- 
ticular feature.

The commonly known methods of electric heating 
are (1) by radiant heaters, (2) by convection heaters,
(3) by oil and water radiators, (4) by indirect air heat­
ing Systems, and (5) by steam and hot water circula­
tion Systems.

Radiant H eaters.— Radiant or luminous type heat­
ers are made in a variety of styles and sizes. The heat-

E s ta t e  C o n v e c tio n  H e a te r .



ing éléments may consist of coils of exposed wire or 
filaments within glass globes, which are heated to a 
glowing tem pérature. The units are usually mounted 
in front of polished reflectors which focus the heat in 
any desired direction. Some radiant heaters are man-
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W e s t in g h o u s e  F lu s h  T y p e  R a d i a n t  H e a te r .

ufactured in small portable sizes, whereas others are 
made for use in open fireplaces or for flush wall 
mounting.

The heat from glower type radiators is like sun- 
shine in that it only raises the tem pérature of a body 
which is opaque to heat waves. It passes through the 
air w ithout heating it perceptiblv, and only causes 
a rise of tem pérature in the air by heating objects that 
ofifer opposition to its passage, these objects in turn 
heating the air in contact with them by conduction.

H eat waves are unaffected by air currents and 
glower type radiators are therefore convenient for 
warming portions of the body or for warm ing a person 
in a large open space. The light, cosy glow which they

ULTIMHEAT® 
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émit makes these heaters very attractive and cheerful 
in the home or office.

I t is often thought that a glow type radiator, in 
front of which it is uncomfortable to hold one’s hands, 
nuist be em itting more heat than a résistance type, 
over which they may be held for any length of time

H o t P o in t  R a d ia n t  H e a te r .

without any sense of discomfort. This impression is 
wrong, because ail the energy delivered to any elec- 
tric heater, regardless of the type, is transform ed into 
heat energy. The glower type heater concentrâtes 
the heat by means of polished reflectors, while the 
resistor type distributes the heat through the air. Uni- 
form tem pérature throughout a room cannot readily 
be attained with a glower type heater.

Convection H eaters.—H eaters of this type are also 
m anufactured in a variety of sizes and capacities. They 
usually consist of coils of résistance wires or ribbons 
mounted on ornam ental frames, surrounded with a 
sheet métal or cast iron casing, with openings above 
and below to permit the free passage of air through the 
coils. The éléments are generally designed for opera­
tion at tem pératures below the red heat. The warmth 
generated by this type of heater is transferred to the 
air bv direct contact with the hot résistance éléments



and the surface of the heater. Convection currents are 
consequently set up which tend to equalize the room 
température. Much dépends upon the design of this 
type of heater, if proper heat distribution is to be 
attained. The construction should be such as to 
develop ample circulation of air through the heated 
coils.

Convection heaters should never be m ounted flush 
with the walls. They should be set a short distance 
away from the sides of a room. W here this is im­
possible, guards should be mounted on top of the heat­
ers to deflect the heated air toward the center of the
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room. The tops of the heaters should be unobstructed 
in order to perm it free passage of air. Two or more 
small heaters will always be found to give a better dis­
tribution of heat than a single large one. H eaters 
placed under Windows will warm the air admittecl to 
a room and tend to obviate unpleasant draughts. Con­
vection heaters in capacities larger than 750 w atts are 
usually provided with three-heat switches to permit 
operation at lower tem pératures during mild weather.

Oil and W ater Radiators.—A large number of oil 
and water radiators hâve been placed upon the market. 
They are usually made in the form of ordinary hot 
water radiators with the heating éléments inserted in
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the sides and immersed in liquids. Their chief advan- 
tage is in the greater radiating surface which they offer 
to the air in comparison with ordinary convection air 
heaters. The heating éléments being submerged in the 
liquid operate at low tem pératures and are less subject
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to oxidation. The w ater or oil which is used holds the 
heat for a considérable time after the current is shut 
off. The oil radiators may be operated at a higher 
tem pérature than the water radiators because oil vapor- 
izes at higher tem pératures. The disadvantages of this 
type of heater are the slowness with which it heats up. 
its greater weight and lack of portability, and its higher 
m anufacturing cost, in comparison with convection 
heaters.

Indirect A ir H eaters.—Radiators which are used to 
heat the air in a passage or flue which supplies air to a 
room are called indirect heaters. The radiators may 
consist of coils of wire or cast grid résistance mounted 
on a frame worlc so as to allow free passage of air and 
placed in a chamber or box at the foot of vertical 
flues leading to the rooms to be heated. Air is ad- 
mitted to the chamber from the outside, and after 
passing through the heated résistance, it is taken 
directly into the flue. V entilating fans may be inter- 
posed between the heating chamber and the outside 
in order to increase the volume of air.

Installations of this character in individual 
capacities of several hundred kilowatts hâve been in



ELECTRIC HEATING OF BUILDINGS 123

successtul service for a number of years. The chief 
advantages hâve been found to be a marked saving 
in floor space, ease of operation, cleanliness, and lack 
of attention required.

Steam and H ot W ater Systems.—Electrically 
heated steam and hot water Systems are similar in 
every respect to ordinary fuel burning equipment, 
except that electric steam boilers and w ater heaters 
are substituted. A number of installations hâve been 
made which hâve proved very satisfactory. The 
chief advantages are even heat distribution, ease of 
operation, freedom from dirt. soot, and ashes, and

A p fe l W a te r  R a d ia to r .

less attention required. It is apparent, however, that 
unless buildings are alreadv equipped with steam or 
hot w ater heating Systems, the cost of installation will 
be considérable greater than for direct air heating 
Systems.

Installation of Electric H eaters.—The use of nu-
merous small heaters of three kilowatts capacity or 
less, each provided with three-heat switches, créâtes 
a better diversity of load for the central station than 
a few large single heat heaters.

M any concerns require tha t buildings wired for 
electric heating shall be provided with 220 volt serv­
ice in order to prevent the use of lights and lamp 
Socket devices on spécial heating circuits. Such pro-
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vision has the further advantages of reducing the costs 
of wiring and service connections and producing better 
balanced load conditions.

In m aking installations of electric heaters of ail 
types every facility should be provided for convenient 
operation, otherwise the habit of opening Windows, 
rather than tu rning off the current when the room be- 
comes too warm, will be encouraged.

Calculation of H eat Requirements.—The energy 
needed to heat a building or an individual room is the 
sum of the heat required to warm the air for proper

R a d i a to r  w i th  C oin  C ir c u la t io n  W a te r  
H e a t e r  A tta c h e d .

ventilation and that which is trausmitted to the out- 
side and lost. The former varies with the use for 
which the building is required, and the latter with 
the nature of its construction, exposure, etc. They 
both vary with the différence in température between 
the outside and inside of the buildings.

The two most commonly known ways of calcu- 
lating the heat requirements of a building are (1) bv
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the use of the “B.t.u. m ethod” and (2) by the appli­
cation of an empirical formula. W e shall call the 
B.t.u. method, the “ w att m ethod” because, for con- 
venience, ail calculations will be made w ith w atts 
rather than with British therm al units. The watt 
method is naturally more accurate, whereas the em­
pirical formula is easier handled. The empirical form­
ula is based on the w att method but is more general 
in its application. It is convenient for making prelim- 
inary estimâtes.

W att Method.—Calculation based on this method 
take into account the heat in w atts (1) to heat the air 
required for ventilation as well as the air which leaks 
around Windows, doors, and various crevices ; (2) to 
supply the losses by transm ission of heat to the out- 
side through the walls, Windows, floors, and ceilings. 
The sum of the w atts required by a building for heat- 
ing the air and for supplving the losses will détermine 
the heater capacities.

H eat Absorbed by Air.—One cubic foot of air will 
absorb approxim ately 0.0054 w atts per hour per degree 
Fahrenheit différence in tem pérature. In order to 
détermine the am ount of heat required for heating the 
atmosphère inside a building, it is necessarv to multiply 
the number of cubic feet of air per hour adm itted to 
the building by the différence between the outside 
tem pérature and that required within, and by the 
constant 0.0054.
i.e., quantity  of air X tem pérature différence X 0.0054 

=  watts per hour.
The quantity  of air adm itted to a building dé­

pends upon (1) the ventilation required, and (2) the 
air leakage. Ventilation requirem ents may be fixed 
by law for sonie classes of buildings and for others 
the am ount is usually fixed by the architects’ judg- 
ment. The character and habits of the people living 
in a building also bave much to do with its ventila­
tion. The following table gives a fair average of the 
am ount of air that is usually required for various kinds 
of buildings :
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A ir  R e q u ire d  per I lo u r  fo r  V e n tila t io n .
H o s p i ta l s  .............................................  3000 eu . f t .  p e r  bed .
A ss e m b ly  H a l l s ................................  2000 eu . f t .  p e r  s e a t .
F a c to r ie s  a n d  w o r k s h o p s ...........  1800 eu . f t .  p e r  p e rs o n .
C h u rc h e s  a n d  S c h o o ls ...............  2000 eu . f t .  p e r  p e rs o n .
O ffices .................................................. 1800 eu. f t .  p e r  p e rs o n .
R é s id e n c e s  f a )  S le e p in g  ro o m s  o n e  c o m p lé té  c h a n g e  p e r  h o u r .

fb )  L iv in g  ro o m s .. tw o  c o m p lé té  c h a n g e s  p e r  h o u r . 
(c )  H a l l s  ( w l th  o p en  s ta i r w a y s ) ,  th r e e  c o m p lé té  

c h a n g e s  p e r  h o u r .
H eat L ost by Transm ission.—The w atts loss per 

square foot of surface per Fahrenheit degree différence 
in tem pérature, between the inside and outside of build­
ings and rooms, as set fortli in the *following table, 
seems to be prettv  well established by the best au- 
thorities :
4-inch  b rick  w a l l ...................................................
8 -inch  b rick  w a ll ...................................................
12-inch b ric k  w a l l ................................................
24-inch b ric k  w a l l ................................................
R ein fo rced  co n crè te  w a l ls ...............................
S tone w a lls ................................................................
C ernent w a lls  .......................................................
W a lls  of fram e  b u ild in g s— p la ste red  and

sided  .................................................................
P la s te re d  p a r t i t io n s —la th  and  p la s te r

bo th  sides  .......................................................
1 -inch  w ood p a r ti t io n  .....................................
W ooden flooring  (double  b o a rd ) ..................
F irep ro o f  flo o r in g ................................................
C ernent flo o r in g ......................................................
D ir t f lo o rin g ...........................................................
W ooden c e i l in g .......................................................
P la s te re d  c e ilin g  (no floor a b o v e ) .............
P la s te re d  c e ih n g  (s .n g le  w ood floor above) 
W ooden ce ilin g s  u n d e r s la te  or com posi­

tion  roo f .........................................................
W ooden ce ilin g s  u n d e r iro n  ro o f ................
F irep ro o f  c e ilin g s  ..............................................
W ooden door .........................................................
D oor 2/3  wood, 1/3 g l a s s . '. .............................
S ingle  w indow  g la s s ..........................................
D ouble w indow  g la s s ..........................................
S ing le  s k y l ig h t .......................................................
D ouble s k y l ig h t .....................................................

0.193 w a t t s  
0.135 w a t t s  
0.093 w a t t s  
0.058 w a t t s
1.2 x  b r ic k  c o n s ta n ts
1.3 x  b r ic k  c o n s ta n t s  
1.5 x  b r ic k  c o n s ta n t s

0.150 w a t t s

0.100 w a t t s  
0.120 w a t t s  
0.025 w a t t s  
0.036 w a t t s  
0.091 w a t t s  
0.068 w a t t s  
0.031 w a t t s  
0.094 w a t t s  
0.076 w a t t s

0.088 w a t t s  
0.050 w a t t s  
0.043 w a t t s  
0.120 w a t t s  
0.170 w a t t s  
0.300 w a t t s  
0.170 w a t t s  
0.355 w a t t s  
0.185 w a t t s

To obtain the w atts lost by transm ission, multiply 
the areas of the respective surfaces, by the tem péra­
ture différence between the exterior and the interior 
of the building or room, and by the wattage constants 
in the above table.

i.e., area X tem pérature différence X constant 
= w a tts  transm itted. ■

Air Leakage.—A careful considération of air leak- 
age is of as much importance in the design of heating 
installations as is that of ventilation. The losses of 
heat on account of air leakage cannot be calculated 
readily, and are usually estimated. Air leakage simply
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increases ventilation, and lias the same effect, as far 
as tem pérature conditions are concerned.

Store and office doors that are opened frequently 
increase the changes of air inside materially. Crevices 
around doors and Windows permit the leakage of air 
in amounts varying with their size. W ind pressure 
has a large efifect on the heating of a building, as it 
forces air inside which has to be heated. Its effect 
is greatest in poorly constructed buildings. During 
windy weather, the air in a room on the windward side 
of many buildings will be found to change as many as 
four times per hour unless the casings are fitted very 
tightly.

I t has been found that buildings having open ele- 
vator shafts, skylights, open staircases, open fire- 
places, etc., require more heat than those not having 
these features. More heat is always required on a 
mild windy day than on a cold still day. Humid atm os­
phère makes for greater comfort at lower tem péra­
tures, than is usually experienced with dry air.

The leakage losses, due to exposure of a building 
or room, dépend to a greater extent upon the area of 
exposed walls than upon any other feature of the cal­
culations, and are usually taken care of by adding a 
certain estimated percentage to  the w atts lost by 
transm ission through the exposed wall and glass sur­
face.

Factors of Safety.—It is impossible to détermine 
accurately the exact heating requirem ents of any 
building, and the designer's judgm ent must, therefore, 
be relied upon to a great extent. The following co­
efficients, however, m ust always be considered in mak- 
ing up spécifications for the heating of buildings or 
rooms :
Add 10 per cent to 50 per cent to transm ission losses 

from sides exposed to prevailing winds.
Add 10 per cent to 25 per cent to transm ission losses 

when building is heated only during the day. 
Add 25 per cent to 50 per cent to transm ission losses 

where building is heated interm ittently  with long 
intervals of non-heating.
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Empirical Form ula.—A vast number of empirical 
formulae hâve been developed for rapid calculation of 
the heating of buildings, but it is thought that the 
following formula will corne doser to m eeting the 
average requirem ents than most of those in use :

( l80^  K ^  +  " y )  ^  (Ti — Ts) — W atts capacity.

X =  n u m b e r  o f  c h a n g e s  o f a i r  p e r  h o u r .
C =  c u b ic a l  c o n te n ts  o f  b u i ld in g .

K  —  c o n s ta n t  d e p e n d in g  u p o n  e x p o s u re  a n d  in t e r m i t t e n t  c h a r -  
a c t e r  o f  h e a t in g .

AV —  s q u a r e  f e e t  o f  e x p o s e d  w a l l  s u r f a c e .
=  s q u a r e  f e e t  o f  e x p o s e d  g la s s  s u r f a c e .

T , =  in s id e  t e m p é r a t u r e  in  F a h r e n h e i t  d e g re e s .
T 2 =  O u ts id e  t e m p é r a t u r e  in  F a h r e n h e i t  d e g re e s .
V a lu e s  o f  X :

c u b ic  f e e t  o f  a i r  r e q u i r e d  p e r  h o u r  f o r  v e n t i la t io n .X = -----------------------------------------------------------------
C u b ic  c o n te n ts  o f b u i ld in g .

X =  1 fo r  r é s id e n c e  s le e p in g  ro o m s .
X —  2 f o r  r é s id e n c e  l iv in g  ro o m s.
X —  3 f o r  r é s id e n c e  h a l ls  ( w i th  o p en  s ta i r w a y s . )

V a lu e s  o f  K :
K  =  1 w h e re  w a ll s  a r e  n o t  e x p o s e d  io  p r e v a i l i n g  w in d s .
K  =  1.1 to  1.5 w h e r e  w a l l s  a r e  ex p o s e d  to  p r e v a i l i n g  w in d s . 
Iv = 1 . 1  to  1.25 w h e re  w a l l s  a r e  n o t  e x p o s e d  to  p r e v a i l in g  

w in d s  a n d  b u i ld in g  is h e a te d  o n ly  d u r in g  th e  d ay . 
K  =  1.2 to  1.75 w h e re  w a l l s  a r e  e x p o s e d  to  p r e v a i l i n g  w in d s  

a n d  b u i ld in g  is  h e a te d  o n ly  d u r in g  th e  d a y .
K  =  1.25 to  2 w h e re  b u i ld in g  is  h e a te d  in t e r m i t t e n t ly  w i th  

lo n g  in t e r v a l s  o f  n o n - h e a t in g .

This formula may be applied to any well con- 
structed frame or brick building. Due allowance 
should be made for poorly constructed buildings. For 
use in any particular locality, the above formula may 
be modified to suit local conditions of tem pérature and 
types of building construction.

Application of Methods.—The following example 
is worked out bv both the w att method and the em­
pirical formula to show the application of the two 
methods of calculating heater capacities :

Assume 15 by 12 by 8 foot corner living room of 
a résidence facing prevailing winds on two sides. The 
room has 8-inch outer brick walls, two single glass 
Windows each having an area of 15 square feet, and an
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outer wooden door having an area of 21 square feet. 
The tem pérature of the room is to be maintained at 70 
degrees F., when the lovvest outside tem pérature is 
zéro degrees F. O ther rooms in the house are to be 
heated to a similar tem pérature, and the losses through 
the partitions, floors and ceilings are therefore 
neglected.
W a t t  M e th o d : W a t ts .

A ir .................................  1440 eu . f t .  X  2 X  -0054X  1 0 =  10SS
E x p o s e d  w a l l s -----  165 sq . f t .  X  -135 X  70 =  1560 +  20%  =  1872
E x p o s e d  W in d o w s .  30 sq . f t .  x  -300 X  7 0 =  630 -j- 2 0 % = =  756 
E x p o s e d  d o o r .........  21 sq . f t .  X  -120 X  1° =  175 +  2 0 % =  210

T o ta l   ................................................................................................  3926

Empirical formula m ethod:
Substitu ting  values in formula on p. 128 :

— W atts capacity.
[16 -f- 1.2 (23.25 +  10) ] 7 0 =  w atts capacity.
(16 +  39.9) 7 0 = 3 9 1 3  w atts capacity.

In order to properly heat the room a 2000 watt 
three-heat radiator should be installed under each 
window.

(
'2 X 1440 165 +  21 _

180 C 8
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CHAPTER IX

IN D U ST R IA L  H EA TIX G .

Scope of Application.—The field for the introduc­
tion of electric beat for industrial ptirposes covers a 
great variety of applications in which direct combus­
tion m ethods and steam heat are now used. The prés­
ent status of development is in a way comparable to 
that of the electric m otor about a décade ago. The 
adoption of electric heat présents the same advantages 
over the older methods, that the electric drive does 
over the older methods of transm itting  power. In 
nearly every industrial operation there is a demand 
for heat. The am ount of power required is usually 
relatively small compared with the demand for heat. 
Many new industries hâve been created by the aid of 
electric heat through processes not otherwise possi­
ble. In other industries it has resulted in increased 
production, improved product, and decreased manu- 
facturing cost.

Development of Field.—Only the general exploi­
tation of proven appliances will resuit in a rational 
development of the industrial heating field. The 
adaptation of electric heat to many tools and appli­
ances is apparently a simple proposition ; but the eco- 
nomical and efficient accomplishment of a given oper­
ation calls for spécial knowledge com prising science 
and expérience. The efifect of correct design and proper 
application of heating devices upon the future success 
of the industrial heating business cannot be overesti- 
mated. The questions of heat insulation, therm al stor- 
age and therm al load factor hâve an im portant bearing 
upon the efficiency and economv of operation tha t 
m ust also be considered. The manv cases where heat-
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ing éléments hâve been purchased and applied to appa- 
ratus of various kinds, and results obtained by the 
crudest methods, are not entirely désirable from the 
standpoint of rational development, but they furnish 
ample evidence of the trem endous field existing for the 
application of electric heat.

Advantages of Electric H eat.—Safety, conven- 
ience, flexibility and cleanliness are apparent in elec­
tric heating as well as in other electrical applications. 
Sanitary conditions are improved and labor is made 
more available and contented. Machines may be 
placed in the most advantageous positions without 
regard to the source of heat. Constant losses due to 
the transm ission of heat are eliminated. W ide ranges 
of tem pérature for every kind of industrial work are 
obtained. Uniform, yet easily controlled tem péra­
tures which are not readily affected by air drafts are 
made possible. Any am ount of heat may be generated 
efficiently, at any desired tem pérature, and under any 
desired atmospheric conditions. Ease of application, 
saving of labor and skill, improvement of product and 
réduction in floor space are other advantages of elec­
tric heat.

Comparison w ith Fuel and Steam H eat.—Gas or
other fuels permit application of high tem pératures 
but the heat produced is irregular and the flame is 
accompanied hy soot and fumes which soil the work, 
and the hot vitiated air affects the health and comfort 
of the operators.

Steam gives a uniform heat, but the tem pérature 
is limited by the safe steam pressure that may be 
used. The accompanying curve and table shows the 
gauge pressure required to produce various tem péra­
tures in heating devices.

In many industries where steam is required in 
large quantities for low tem pérature work, it is found 
advantageous to use electricitv for the high tem péra­
ture operations. The many objections to the produc­
tion of high tem pérature steam in m anufacturing 
establishments are quite obvions.
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GAUGE PRESSURE IN LBS

C u rv e  a n d  T a b le  s h o w in g  G a u g e  P r e s s u r e  o f S a tu r a te d  
S te a m  C o r r e s p o n d in g  to  I n c r e a s e  in  T e m p é ra tu r e .

H eating Eléments.—The more general application 
of electric heat lias been delayed m aterially by the 
tendency to call for specially designed apparatus to 
meet every industrial need. in place of modifying the 
application to meet the conditions of standardized heat 
units.



H eating éléments hâve been developed by differ­
ent m anufacturers of heating devices of such dimen­
sions and therm al characteristics as to be readilv ap­
plicable to many of the ordinary arts and trades. 
Rectangular, square, and round flat units, tubular 
cartridge units, and air drving or heating units of many 
shapes, sizes, and capacities are available for various 
applications. New alloys, improved electrical insu- 
lators of high thermal conductivity, and the more in­
telligent use of heat insulating materials, hâve done 
muet: to enlarge the possibilities of the electric heat­
ing field.

H eating Spécifications. In determ ining the ca­
pacities of various industrial heating apparatus it is 
necessary to secure comprehensive data on the spé­
cifie apparatus to which electric heat is to be applied, 
as vvell as on the actual working conditions which 
hâve to be met. The following will illustrate some 
of the points that hâve to be considered in industrial 
problems :
H e a tin g  o f W a te r  o r O th e r L iq u id s :

(1) N atu re  of liquid.
(2) Size and shape of vessel.
(3) T em pératu re  to be m ain tained .
(4) T im e allow ed for heatin g  up.
(5) A m ount of liquid to  be heated .
(6) M aterial of contain ing  vessel.
(7) E x te rio r su rface of con ta in ing  vessel (ligh t o r dark, 

rough or polished.)
(8) Cover of vessel.
(9) K ind and th ick n ess of h e a t insulation .

H e a tin g  o f O vens:
(1) Size and shape of oven.
(2) Cycle of heatin g  operation .
(3) T em pératu re  to be m ain tained .
(4) W eigh t of m ateria l to  be baked.
(5) How m ateria l is handled.
(6) D uration  of process.
(7) N um ber of bakes requ ired .
(8) W eigh t of tru ck s ca rry in g  m ate ria l into oven.
(9) C ha rac te r of oven insulation ..

(10) D iam eter and leng th  of ven tila tin g  flue.

ULTIMHEAT®
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E le c tr ic  F u rn a ce s :
(1) M aximum  tem p éra tu re  required .
(2) K ind of w ork to  be done.
(3) C h arac te r of fu rnace to  be adopted.
(4) Size and shape of cham ber required .
(5) Q uantity  of w ork to be undertaken .

B ra n d in g  Iro n s :
(1) Size and n a tu re  of th e  brand.
(2) C harac te r of m aterial.
(3) W et o r dry m aterial.
(4) Speed required .
(5) Sam ple of m aterial.

Iro n s , G lue Pots, e tc .:
(1) W eigh t and  size of devices now in use.
(2) C lass of w ork to  be done.
(3) Speed required .

Steam  G e n e ra to rs :
(1) Feed w ate r tem péra tu re .
(2) P re ssu re  desired.
(3) A m ount of steam  in pounds per hour.
(4) T im e allow ed for b ringing up to p ressure.
(5) D im ensions of boiler.
(6) C harac te r and construction  of boiler.
(7) B oiler insulation .

Inasm uch as electric energy is ordinarily sold on 
the basis of maximum demand, as well as on tha t of 
energy consumption, it is necessary to design electric 
heating apparatus for low demand and long hour use, 
rather than high demand and short hour use. Ar­
rangem ent for off-peak power consumption is also 
désirable when conditions will permit.

A pparatus désignée! with minimum wall surface 
in relation to content will obviously be more efficient 
than if made in other forms.

Applications of Electric H eat.—Perhaps the most 
im portant application of electric heat is found in the 
electrochemical and electrometallurgical industries 
where the electric furnace has revolutionized some 
m anufacturing enterprises and actually created others.

In the métal trades industry electric welding appa­
ratus, m elting tanks, soldering devices. oil tem pering
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baths, annealing furnaces, and various types of self 
heated tools hâve many proven advantages.

Numerous heating operations in automobile, print- 
ing and publishing, paper, laundry, confectionery, and 
clothing industries, may be performed with a greater 
degree of satisfaction with electricity than with fuel 
methods.

The list of heating applications which follows will 
convey a general impression of the vast extent to 
which electric heat may be applied in the industrial 
field :

H e a tin g  A p p lic a tio n s . 

A u to m o b ile  F a c to rie s  and G arages:
V ulcanizers.
V arnish  drying ovens. 
W elding appara tus.
Hood heaters.
Foot w arm ers.
R ectifier tube  boilers. 
Solution tanks.
Disc stoves.

B a rb e r Shops:
W ate r hea te rs .
C urling irons.
S terilizers .

B e a u ty  P a r lo rs :
H air dryers.
Curling irons.
Disc stoves.

B o ile r  Shops:
W elding m achines. 
Soldering  irons.

B o o k b in d in g  Shops:
M atrix dryers.
E m bossing  and stam ping  

presses.
D rying closets.
Back shapers.
P a le tte  heaters.

B re w e rie s :
V at dryers.
Glue and resin  heaters.

E nam eling  furnaces. 
Soldering irons.
B randing  irons.
S teerin g  w heel w arm ers. 
V arnish  ta n k  heaters. 
H arden ing  furnaces.
Oil tem pering  baths.

C igar ligh ters.
H air dryers.
Disc stoves.

C auterizers.
W ater heaters.
Die tan k  hea te rs .

H arden ing  and annealing  
furnaces.

B randing irons.
Glue pots.
Case m aking  and covering 

m achines.
Back rounders.
G ilding wheel heater.

B randing irons.
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G. E . C ig a r  L ig h te r .

B rush  M a n u fa c tu re rs :
Glue pots. B randing  irons.
T ank  heaters. F ia t irons.

B u tto n  M a n u fa c tu re rs :
H ot plates. B utton  die hea te rs .
Jap an n in g  ovens. Celluloïd softeners.

C an n in g  F a c to r ie s :
Can capping m achines. S o ldering  irons.
Soldering  pots. B randing irons.

C ig a r S to re s :
C igar ligh ters. B randing irons.

C le a n in g  and D ye ing  W o rk s :
T ailo r irons. L aundry  irons.
H ot p lates. Puff irons.

C loak and S u it M a n u fa c tu re rs :
T ailo r irons. L aundry  irons.
V elvet m ark ing  irons. Puff irons.

C offee and T e a  M e rc h a n ts :
Perco lato rs . T ea pots.
W ater heaters. H ot p lates.
Coffee ro aste rs .

C olleges and S ch o o is :
L aboratory  devices (listed Ovens (dom estic science.

elsew here.) W ater hea te rs .
H ot p la tes (dom estic sci­

ence.)
C o n fe c tio n e rs :

H ot plates. B atch  w arm ers.
Chocolaté w arm ers. C hccolate trays.
D ipping tanks. W ate r  hea te rs .
Corn poppers. Ovens.

,
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C o n tra c to n s  and B u ild e rs :
B randing irons. 
Soldering  pots.

C o rse t F a c to ry :
C orset irons.
Disc stoves.

Soldering irons. 
Glue pots.

Form  hea te rs . 
F ia t irons.
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G. E . G lu e  P o ts  in  B o x  F a c to r y .

C rea m e rie s  and D a ir ie s :
W ater hea te rs . S terilizers.
H ot plates.

D e n tis ts :
C auterizers. S terilizers.
H ot p lates. D ental furnacos
V ulcanizers.
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D e p a rtm e n t S to re s :
Cigar ligh ters.
H ot p lates. 

D o c to rs :
Sterilizers.
H ot ba th  cabinets. 
W ater hea te rs .

Pyrograph needles.
F ia t irons.

C auterizers.
H eating  pads and blankets. 
Incubators.

G. E . I r o n s  in  C le a n in g  a n d  D y e in g  E s ta b l is h m e n t .

D ress Goods F a c to ry :
P lea tin g  m achines.
F ia t irons.

D rug  S to re s :
C auterizers.
S terilizers.
Sealing  wax heaters. 

E le c tro ty p e rs :

H eating  furnaces.
Solder pots.

F a c to rie s  (G e n e ra l) : 

W elding m achinery. 
B rand ing  irons.
Glue pots and cookers. 
P itch  k e ttles.

F a rm s :

Incubato rs and brooders. 
Soldering irons.
H ot p lates.

Ironing m achines. 
V elvet m ark ing  irons.

W ater hea te rs .
C igar ligh ters.
P ap er seal m o isteners .

Soldering irons.
W ater heaters.

Soldering irons.
W ater hea te rs .
Solder pots.
Pouring  pots.

B randing irons. 
S terilizers.
Food w arm ers.
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S teel fu rn ac ts . 
W elding m achinery. 
Soldering  irons.

M étal m elting  tanks. 
Core ovens.
Solder pots.

F u rn itu re  F a c to rie s :
W ax knife heater. 
Glue pots.

W ax burning-in iron. 
D rving ovens.

H a ir  D resse rs :
H air dryers. 
W ater hea te rs .

Curling irons. 
D isc stoves.

H arn e ss  Shops:
B randing  irons. 
W ater heaters.

W ax hea te rs . 
C reasing  irons.

H a t M a n u fa c tu re ra  and S to re s :
F langing  bags.
V elouring stoves.
M achine irons.

H and flats. 
H and shells. 
F rench  irons.

H o s p ita ls  and S a n ita r iu m s :
C auterizers.
S terilizers.
W ater heaters.
M angles.

H ot cabinets. 
H ea tin g  pads. 
F ia t irons. 
Incubators.

H o te ls :
Sealing  wax heaters. 
H ot ba th  cabinets. 
T a ilo rs’ irons.
H ot p lates.
C igar ligh ters.

L aundry  irons. 
Curling irons. 
H eating  pads. 
W ater heaters. 
Towel d ryers

J e w e lry  S to re s :
Sm all d ry ing  ovens.
H ot plates.

K n it t in g  M il is :
H osiery  form s.
Y arn  conditioning ovens.

Sealing  wax heaters. 
Soldering  irons.

F ia t irons.

L a b o ra to r ie s :
A nnealing  and enam eling 

furnaces.
S terilizers .
Disc stoves.

F lask  hea te rs . 
S helf heaters. 
W a te r  heaters. 
Soldering  irons.

Tube, crucible, vacuum , and T est tube  heaters. 
m uffle furnaces. B acterio logical incubators.

A
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L.au nd rie s:

Sleeve irons.
Collai- and cuff m oulding 

m achinery.
Iron ing  m achines and rolîs. 
S ta rch  ccokers.

Puff irons.
L aundry  irons. 
M arking m achines. 
S team  boilers. 
C lothes dryers.

\ \  1 -

v ;; J J e

I n s t a l l a t i o n  o f  S im p le x  L a u n d ry  I r o n s  E q u ip p e d  
w i tb  S u sp e n s io n  C o rd s .

L e a th e r F a c to r ie s :

L ea th e r  c reasing  tools. 
Glue and wax hea te rs . 
E m bossing m achines. 
Crim ping m achines.

L ib ra r ie s :

Sealing  wax pots.
P ap er se a l m oisteners.

M a chin e  Shops:

W elding m achinery. 
S o ldering  irons.
M étal m elting  tanks.' 
B randing irons.

Solution tan k s . 
B rand ing  irons.
F ia t irons.
W ax kn ife  hea te rs .

Envelope gum  dryers. 
Glue pots.

Oil tem pering  tanks. 
Solder pots.
Solution tanks.
Oven fu rnaces.
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Sealing-w ax hea te rs .
P ap e r sea l m oisteners.

P a p e r Box F a c to r ie s :

Box m ould hea te rs .
Sealing  wax heaters.
D rying ovens.

P h o to g ra p h e rs :

B urn ishers.
Glue pots.
F an  dryers.
F ia t irons.

P ia n o  S to re s  and F a c to rie s :

D rying ovens.
Glue pots and cookers. 
Solution tanks.

P lu m b e rs  and T in s m ith s :

Roofing p itch  k e ttles.
Solder pots.

P e a n u t and P o p corn  S ta n d s :

P e a n u t ro aste rs .
P opcorn  poppers.

P r in te rs  and P u b lish e rs

L inotype and m onotype pots 
M étal m elting  tan k s .
M atrix  dryers.
B ack rounders.
Em bossers.
P rin tin g  p ress hea te rs . 
B randing irons. 
W ax-heating  kettles.

R e s ta u ra n ts :
Coffee urns.
T oasters.
Food w arm ers.
Bake ovens.
G riddles.
C igar ligh ters.

R oo fe rs :
B randing  irons.
Solder pots.

E nvelope gum dryers. 
W a te r  stills .

Glue pots.
B rand ing  irons.
Disc stoves.

F ilm  and p rin t dryers. 
B rand ing  irons.
W ax heaters.
D isc stoves.

B rand ing  irons.
Soldering  irons. 
A nnealing  furnaces.

P ipe thaw ing  ap p ara tu s. 
S o ldering  irons.

P e a n u t w arm ers.
B u tte r  w arm ers.

Glue pots and cookers. 
B ack shapers.
P a le tte  heaters.
P rin tin g  in k  heaters. 
D rying room s.
S tam ping  and em bossing 

p resses.
W ax-stripping tables.

W affle irons.
P la te  w arm ers.
S team  tables.
B roilers.
E gg boilers.

S o ldering  irons. 
P itch  kettles .
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L in o ty p e  M a c h in e  E q u ip p e d  w itl i  C o in  M e lt in g  P o t.

S a io o ns:
H ot p lates.
C igar ligh ters. 
P la te  w arm ers.

S h ip  B u ild in g  Y a rd s : 
W elding m achines. 
Soldering irons.

S h ir t  F a c to r ie s :
L aundry  irons. 
Iron ing  m achines. 
Disc stoves.
F ia t irons.

W ater heaters. 
Perco lato rs .

Glue pots and  cookers. 
B randing irons.

T a ilo rs’ irons.
Cuff and  collar m oulding 

m achines.



Shoe F a c to rie s  and S to re s :

T hread  w axing m achines. 
L in ing  cem enter.
S titchers.
E m bossing  m achines. 
W elters.
B randing irons.
F ia t irons.
T urn  and w elt m achines.

INDUSTRIAL

K nurling  m achines. 
P a te n t lea th e r  repaire rs . 
Inden ters and burn ishers. 
Embossers.-
Glue pots and cookers. 
Shoe re la ste rs .
W ax knife heaters.

HEATING

G. E . No. 3 O il T e m p e r in g  B a th  in  A tla s -B a il  
P la n t ,  P h i la d e lp h ia .

Steel M il ls :
W elding m achinery . S teel furnaces.
Oil tem pering  tanks.
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S tre e t R a iK vay Shops:
C ar hea te rs . 
Soldering  irons. 
W a te r  h ea te rs .

W elding m achinery. 
Solder pots. 
B rand ing  irons.

T a ilo r  Shops:
T ailo rs’ irons. Puff irons.
C lothes dryers.

T h é â tre s :
W ater h ea te rs . 
Curling irons.

T u rk is h  B a th s :
H air  dryers.
J lo t  ba th  cabinets.

G rease-paint hea te rs .

W ater heaters. 
Curling irons.

W agon Shops and F a c to rie s :
V ulcanizers. W elding m achines.
B randing  irons. Glue pots and cookers.
Soldering  irons. Disc stoves.

W ood W o rk e rs  and C a rp e n te rs :
B randing irons. Glue pots.
W ax m elters. Soldering  irons.



CHAPTER X
E L E C T R IC  FURNA CES.

Economie Advantages.—The use of electric en- 
ergy for producing furnace beat has revolutionized 
many modem industries. The field which it has cre- 
ated in the development of electrochemical and metal- 
lurgical processes has great possibilités. Not only 
does the electric furnace afford opportunity for im- 
proving and widening these industries, but its use 
requires large q u an tité s  of electric power, the devel­
opment of which produces a m arket for energy that 
might otherwise lie dorm ant or go to waste. Further- 
more it improves the load factor and diversity of large 
central station loads, and otherwise tends to foster 
greater économie wealth.

Only high tem pérature furnaces for melting and 
refining various substances will be considered in this 
chapter. The general design, m anner of operation, 
and field of application of electric furnaces will be out- 
lined so as to convey an understanding of the sub- 
ject.

The Electric Furnace Field.—The application of 
the electric furnace has made it possible to manufac­
ture a num ber of substances that would otherwise not 
be available for commercial purposes if combustion 
methods were the sole means of production. None 
other than electric furnace methods hâve ever been 
successfully employed in the m anufacture of such well 
known substances as carborundum, aluminum, and cal­
cium Carbide. Immense industries hâve been built up, 
and great quantities of power employed for their pro­
duction. There are many other processes that may be 
performed only with the electric furnace, but the ex­
tensive applications of which are limitée! by the cost 
of production. There is little doubt but that more 
of the supply of nitrogen required for soil fertilization
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will be dravvn from the air by electric furnace appa- 
ratus, as the présent rapidly depleting natural nitrate 
deposits become exhausted. Several plants located 
where electric energy is cheaply produced, now man­
ufacture great quantities of nitric acid and nitrates 
and consume enormous am ounts of power.
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P o u r in g  F ro m  S n y d e r  S te e l F u rn a c e .

1 lie electric furnace may create tem pératures 
greatly in excess of those otherwise available. W ith 
présent apparatus operating tem pératures as high as 
6500° F. may be attained. The exclusion of objection- 
able furnace gases and air, makes it possible to per- 
form many new operations. The smelting of various 
metallic ores that formerly could not be handled sat- 
isfactorily or economically lias been made possible.

Probably the greatest field for utilizing the elec­
tric furnace. at the présent time, is in its application 
to such processes as are now largely performed with 
fuel burning furnaces. I t is in this field, however.



ELECTRIC FURNACES j^ lflR T U A L

that the electric method lias to compete on the basis 
of both cost and quality of product.

Character of Furnace Power Loads.—Some con- 
cerns using electric furnaces do not attem pt twenty- 
four hour operation on account of the usual ineffi- 
ciency of night work. This is especially true of those 
engaged in Steel manufacturing. Some furnaces hâve 
to be shut down while the products are removed and 
new charges introduced. The resulting load factor is 
relatively high, however, as compared with average 
central station motor service.

G. E . L a b o r a to r y  T u b e  F u r n a c e .  (M ax . te m p . 1832° F .,
2 V2 in . d ia m e te r ,  v a r io u s  le n g th s . )

Some smaller furnace installations may be shut 
down from three to four hours per day without seri- 
ous disadvantage and this condition often makes it pos­
sible to utilize off-peak power. W here Steel melting 
furnaces are used, it lias been found advisable in many 
instances to mould during the day and melt at night. 
This practice has developed an all-night furnace load 
for the power company.

The variations in current in an electric furnace 
are usually due to changes in condition of the charge. 
Some furnaces are operated in sériés with a ballast. 
For direct current service the ballast has to be a 
résistance, whereas for alternating  current service a 
résistance or a reactance may be used. The power 
factor of induction furnaces is generally low. I t may 
be raised by lowering the frequency, or by using a 
svnchronous m otor as a condenser.

Character of Service Required.—A lternating cur­
rent is used in furnace w'ork more often than direct 
current. For induction furnace operation alternating 
current is employed. whereas direct current is required
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in electrolytic furnaces. In most arc and résistance 
furnaces either alternating  or direct current may be 
employed.

The voltage required for furnace work is gen- 
erally low (50 to 200) although in nitrogen furnaces 
pressures as high as 5,000 to 10,000 volts are often 
utilized. The size of furnace loads usually makes it 
necessary to reduce the voltage at the point of deliv- 
ery, and consequently al most any available primary

O. E . C ru c ib le  F u rn a c e .  (M ax . 
te m p ., 1112° F ., c ru c ib le  1 
in . b y  2 in . h ig h .)

voltage may be used. The higher the voltage applied 
the less is the current required, the smaller the élec­
trode cross section, and the less the heat conducted 
out of the furnace through the electrode. Voltages are 
limited, however, from considérations of the safety 
of operators.

Arc and résistance furnaces are usually built for 
60 cycle operation in sizes under 1000 kilowatts. Larger 
furnaces are generally constructed for lower fre- 
quencies. Induction type furnaces usually require spé­
cial low frequencies in sizes larger than 500 kilowatts 
capacity.

Most furnaces are operated with single-phase 
service. The larger résistance furnaces for manufac- 
turing Chemical products, graphite, and Carbide use 
single-phase service. Nitrogen fixation furnaces are 
generally connected so as to use three-phase current. 
Two and three-phase energy is frequently utilized in 
Steel making although it is contended by some manu­
fa c tu re r  that single-phase service is, more efficient
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and satisfactory from the standpoint of furnace oper­
ation. A single electrode furnace is somewhat cheaper 
and more readily m anipulated ; the heat losses are 
less; and the electrode and refractorv roof costs are 
smaller. On the other hand, most povver producers 
prefer to deliver two or three-phase energy for obvious 
reasons. Central station companies having 4-wire, 
three-phase distribution Systems are sometimes able to 
supply single-phase service by suitable arrangem ent of 
tranform er connections.

Classification of Electric Furnaces.—Electric fur­
naces may be divided into two general classes, the 
résistance type, and the arc type. I t is often difficult 
to distinguish the class to which different furnaces 
belong, because both the heat of the arc, and the heat 
resulting from the résistance to the flow of current, 
are frequently utilized in heating the charge.

Résistance type furnaces may dérivé heat from 
the passage of current through résistance wires, 
through other résistance m aterials surrounding the 
charge, or by the passage of current through the 
charge itself. Examples of furnaces employing ré­
sistance wires as a means for heating the charge are 
found in the ordinary small crucible, tube, and muffle 
type furnaces often used in laboratories for operation 
at tem pératures under 1800° F. Typical examples 
of the second type of résistance furnaces are those of 
the Acheson carborundum furnace and some of the 
well known high tem pérature electric crucible fur­
naces. The induction type furnace, wherein a current 
is induced in the charge by electrom agnetic induction,
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is one of the best examples of the third type of résist­
ance furnace. A sharp distinction between these three 
classes is often impossible because some types involve 
more than one principle in their design.

Arc furnaces may be divided into three classes, 
the principles of which may or may not be combined 
in one type of apparatus. The first class, known as

class known as the sériés arc furnace passes current

as the indirect arc furnace, produces heat between 
électrodes supported above th e . chargée.

A more complété classification of electric furnaces 
is given by Stansfield in bis excellent text on ‘‘The 
Electric Furnace" as follows:

(1) R ésistance F urnaces.
(a) U sing spécial résis tance.

(1) R ésistance  w ires in fu rnace w alls (tube fu r­
nace.)

(2) R ésistance  m ateria l in th e  charge  (carbor- 
undum  furnace.)

(b) No spécial résis tance .
( !)  E lec tro ly tic  (alum inum  furnace.)
(2) U sing charge as résis tance .

(a) Solid m ateria l (g raph ite  furnace.)
(b) M elting m a te ria l (H erou lt sm elting  fu r­

nace.)
(c) Liquid m ateria l (induction  furnace.)

(2) A rc fu rnaces.
(a) D irect arc.

(1) Single arc  (Girod furnace.)
(2) Sériés arc  (H erou lt furnace.)

(b) In d irec t orc (S tassano  furnace.)

B

F u rn a c e  W i t h  R é s is ta n c e  in  th e  C h a rg e .

----- —  — ~ ................v ------------------—  **•— - • ' j  ------- & —  ~
between the electrode and the charge. The second

back to another electrode. The third class, known

C la s s ific a tio n  o f E le c tr ic  F u rnaces.
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Advantages and Lim itations of Electric Furnaces.
The increased range of tem pératures, the easy con- 
trol of the beat generated, the exclusion of harmful 
ingrédients, and the careful adjustm ent of atmosphère 
conditions, make the electric furnace idéal for many 
electrocheniical operations.

Comparisons are sometimes made between the 
cost of fuel and the cost of electricity and these fig­
ures used as a basis for deciding w hat method of heat- 
ing should be employed. In so doing some im portant
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considérations are frequently overlooked. In the first 
place, the efficiency of a furnace is the ratio between 
the heat beneficially utilized, and the heat energy 
supplied. The average efficiencies of a num ber of dif­
ferent types of furnaces are given on good authority 
as follows :

A v e r a g e  E f f i c ie n c y
F u r n a c e s  P e r  c e n t .

C o k e  f ir e d  c ru e ib le  S tee l f u r n a c e s .....................................  2.5
M é ta l  m e lt in g -  r e v e r b e r a to r y  fu r n a c e s .............................. 12.0
O p e n -h e a r th  S tee l f u r n a c e s ...................................................... 2 5 .0
S h a f t  fu rn a c e s  ................................................................................... 40.0
L a rg e  e le c t r ic  fu r n a c e s ...............................................................  75.0

I t is apparent tliat although the num ber of heat 
units made available in the fuel furnace may exceed 
those in the electric furnace for the sanie expenditure 
of money, the higher efficiency of the latter may prove 
its superiority.

I n d u c t io n  F u rn a c e .

H eat Energy Required.—The heat consumed in 
the electric furnace is utilized and dissipated as 
follows :

(1) To raise starting  materials to tem pérature 
of reaction.

(2) To change the State of the substance as re­
quired.

(3) To provide energy for the reaction.
(4) To supply the conduction and radiation 

losses.



ELECTRIC FURNACES 153

The first item may be calculated by multiplying 
the weight of the charge, the tem pérature différence, 
and the mean spécifie heat. The second may be ob- 
tained by m ultiplying the weight of the charge by the 
latent heat of fusion, vaporization, or sublimation,

D ir e c t  H e a t in g  A r c  F u rn a c e .

according as it is required to change from solid to 
liquid, liquid to  vapor, or solid to vapor respectively. 
The third may or may not absorb useful heat energy 
and in some cases actually produces heat within the 
charge which reduces the am ount of outside energy 
required.

Conduction losses take place mainly through the 
furnace walls and through the électrodes. The heat 
losses through the walls dépend upon the therm al 
conductivitv and area of the walls and the différence 
in tem pérature inside and outside the furnace. H eat 
losses through the électrodes dépend upon their ther­
mal as well as upon their electrical conductivitv, for 
the reason that heat is conducted from the hot to the 
cold ends, and generated in the électrodes by the pass­
age of current. The radiation losses dépend upon the 
outside area of the furnace, the character of its sur­
face, and the différence in tem pérature between its 
surface and that of the surrounding atmosphère.

Furnace W alls.—In the choice of material for 
furnace walls four properties of the substance are 
generallv considered :
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(1) I ts  f i t n e s s  f o r  t h e  C h e m ic a l  n a t u r e  o f  t h e  re­
action ;

(2) Maximum tem pérature it is required to witli- 
stand ;

(3) Its therm al conductivity ;
(4) Its  ability to w ithstand expansion and con­

traction.
For a basic charge a basic refractory is required 

and for an acid charge an acid lining is essential.

M e ta llu rg ic a i F u rn ace  R e fra c to rie s .

B a s ic  L in in g . A c id  L in in g .  N e u tr a l  L in in g .
B auxite S ilica Carbon
M agnesia F ire  clays
Dolom ite C hrom ite
L im e

For higher tem pérature furnace work certain com- 
pounds of carbon and Silicon as well as pure carbon 
are especially adaptable. Pure magnesia is recom- 
mended for some purposes.

Furnace walls are usually constructed of two 
layers—the inner one capable of w ithstanding the max­
imum tem pérature and the chemical effects of the 
charge, and the outer one of high beat insulating 
quality.

Furnace Electrodes.—Ail electric furnaces, with 
the exception of induction apparatus, require the use 
of électrodes for introducing electric energy into them.



ELECTRIC FURNACES
ULTIMHEAT® 

155 VIRTUAL MUSEUM

The most désirable qualifications of an electrode may 
be enum erated as follows :

(1) Good electrical conductor.
(2) Poor heat conductor.
(3) H igh m elting or sublimation point.
(4) Lack of contam inating efifect upon charge.
(5) Mechanical strength.
(6) Cheapness.
The relative importance of these qualifications 

dépends largely upon the kind of furnace to which 
the électrodes are applied. On account of the losses

that take place through the électrodes it is essential 
that the dimensions and m aterial be carefully con- 
sidered. The consumption of electrode m aterial in 
the furnace is another feature tha t lias much to do 
vvith the furnace operating costs.

Electrodes are usually made of carbon. Graphite 
électrodes hâve the advantages of better résistance to 
oxidation, higher electrical conductivity, and greater 
purity, but they are more expensive.

In d e p e n d e n t  A rc  F u rn a c e .
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CHAPTER XI
E L E C T R IC  FU R N A C E A PP L IC A T IO N S .

Fundam ental Considérations of Commercial E n­
terprises.—The ultim ate success of any industry based 
on the application of the electric furnace may dépend 
upon any one of a num ber of local conditions :

(1) Availability, character, and cost of ravv ma- 
terials.

(2) Cost of transporting raw materials to furnace.
(3) Availability and cost of electric power.
(4) Availability, character, and cost of labor.
(5) Cost of transporting finished product to 

market.
(6) Extent, stability, and compétitive conditions 

of market.
A casual observer is likely to assume that any en- 

terprise requiring the application of the electric fur­
nace dépends solely upon cheap power for its success. 
T hat random conclusions of this sort are often mislead- 
ing may be observed by applying the above six con­
sidérations to almost any commercial electric furnace 
Project. I t is true that electric equipments producing 
large quantities of cheaper grade products in compéti­
tion with fuel apparatus often require very low power 
rates to insure success. On the other hand many re- 
fining processes are carried on to advantage where 
power costs are not extremely low.

The availability of raw materials, the proxim ity and 
cheapness of water transportation, and the labor and 
market conditions, considered aside from power cost, 
hâve each had a potent influence in determ ining the 
feasibilitv of locating electric furnace enterprises at 
N iagara Falls, and in France, Norway, Sweden, and 
Switzerland.

Production of Ferro-Alloys.—Iron alloyed with 
chronium, tungsten, manganèse, Silicon, etc., is known
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as a ferro-alloy. It is somewhat similar to cast iron, 
but differs in that some of the metals or other ma­
terials hâve replaced part of the iron. The chief use 
of ferro-alloys is in the production of Steel. The con- 
stituents are usually less costly to obtain in ferro- 
alloys than in the pure State. The small quantity  of 
iron with which they are alloyed simply rnixes with 
the charge in the furnace during the process.

M ost of the ferro-alloys are produced by reduc- 
ing the metallic oxide with iron or iron ore and carbon. 
Ferro-silicon is made by sm elting a mixture of Sili­
con, in the for,m of quartz or quartzite, w ith carbon, 
and iron or iron ore. The latter is of great value in 
the production of Steel where it acts both as a de- 
oxidizer and as a préventive of objectionable blow- 
holes in Steel castings.

The electric furnace lias proven itself far superior 
to fuel furnaces in the production of ferro-alloys be- 
cause of the higher and more easily controlled tem ­
pératures it affords, and on account of the absence of 
objectionable ingrédients, and the higher percentage 
of désirable constituents in the product. The manu­
facture of many ferro-alloys formerly considered com- 
mercially impractical hâve been undertaken since the 
application of the electric furnace lias become more 
fullv understood. The production of Silicon, which 
is of great value to the Chemical industry on account 
of its résistance to the action of acids, was formerly 
carried on on a very small scale but is now manufac- 
tured extensively by electric furnace methods. Many 
thousands of horsepower are now devoted to the pro­
duction of ferro-alloys and Silicon in the electric fur­
nace. Vertical electrode type crucible or ore smelting 
furnaces are usually employed for this work.

Smelting of Iron Ores.—The electric furnace is 
being employed to some extent in the production of 
pig iron. In Sweden, about 40,000 h,p, are utilized in 
this industry. The more recently developed processes 
hâve proved technically successful, and in localities 
where fuel cost is high and conditions are such that 
electric energy can be supplied at low rates, the field
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of application of the pig iron furnace is large. The 
average am ount of energy required lias been found 
to be between 1800 and 2000 kw -lir. per ton of iron 
smelted.

I r o n  S m e l t in g  F u r n a c e  a t  H e ro u lt ,  C al. ( c a p a c i ty  
2400 k w ., 20 to n s  p e r  d a y ) .

W hereas fuel is used in a blast furnace for pro- 
ducing heat for the réduction of iron oxide it is only 
required in the electric furnace for the la tter purpose. 
The am ount of fuel required is therefore at least 70 
per cent less and a much inferior quality may be used.

Many types of furnaces hâve been developed for 
the sm elting of iron ores. They ail consist of refrac- 
torv smelting chambers provided with two or more

I1
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électrodes. A shaft mounted above the smelting 
chamber is filled vvith ore, flux, and fuel which grad- 
ually moves downward as the materials are melted. 
H eat is produced by the current passing between the 
électrodes through the charge.

Smelting of Copper, Zinc and O ther Metals.—A 
discussion of the feasibility of producing iron and 
Steel is given elsewhere. The réduction of ores of 
copper, tin. lead, and other metals, is accomplished 
by sm elting them with fuel. The electrical method 
may be adopted in a niimber of places where fuel cost 
is high and power cost is low as it lias been found 
that the réduction can be carried on more accurately 
in the electric furnace than in fuel fired furnaces.

On account of the volatility and the ease of oxi- 
dation of zinc, serious difficulties hâve been encoun- 
tered in the treatm ent of the ores. The electric fur­
nace method lias actually been adopted to some extent 
and the ores smelted satisfactorily. Great hopes are 
entertained by authorities on the subject of ore trea t­
ment for the electric zinc sm elting furnace because of 
présent difficulties with fuel apparatus, and on account 
of the success alreadv attained with the electric instal­
lations.

Production of Graphite and Carbide.—Graphite 
is produced in the Acheson furnace by subjecting a 
charge of carbonaceous m aterial (usually ground an­
thracite coal) surrounding a graphite or carbon core, 
to great heat. At Niagara Falls, N. Y., several million 
pounds of graphite are annually produced in this man- 
ner.

Carborundum is produced by heating a m ixture of 
coke, silicious sand, sait, and sawdust. The coke is 
used as a conducting core to sta rt the flow of current. 
The output of carborundum in 1905 was nearly six mil­
lion pounds, and about 7,000 h.p. was utilized in its 
production. I t is said that about 7600 kw -hr. are 
required per ton of carborundum manufactured.

Calcium Carbide is produced in great quantities in 
the electric furnace for making acetylene. It may also 
be used in the production of calcium cyanamide by
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heating it w ith nitrogen and in the production of am- 
monia by passing steam over the red hot carbide. The 
former is of use as a fertilizer and the latter may be 
made into ammonium sulphate for the same purpose. 
The total production of calcium carbide in the electric 
furnace am ounted to about 250,000 tons in 1909. Sev- 
eral types of so-called ingot furnaces and résistance 
furnaces hâve been developed for this purpose. About 
6000 kw -hr. are usually required per ton of product.

E lectrolytic Furnace Processes.—YVhen a direct 
current is passed through a fused sait electrolytic 
action may take place. The métal of the sait is liber- 
ated at the cathode, or négative electrode, whereas the 
remainder of the sait is liberated at the anode. The 
principles that apply to the electrolysis of fused salts 
are similar to those pertaining to the electrolysis of 
salts in solution. A certain am ount of current passed 
through the fused sait will always produce a certain 
am ount of décomposition and it is therefore possible 
to calculate the am ount of energy required to separate 
a definite weight of a compound into its éléments. 
W hen an anhydrous sait is used as an electrolyte a 
red heat is usually required to bring it to a fluid con­
dition and its electrolysis is a furnace operation. Elec­
trolytic processes may be intended either for purifica­
tion or the recovery of metals.

Chlorine and caustic soda are made by the use of 
common sait as an electrolyte, carbon as the anode 
electrode, and molten lead as the cathode. The clorine 
collected at the anode is used for m aking bleaching 
powder, and the sodium liberated at the cathode alloys 
with the lead, and when treated with steam, combines 
to form caustic soda.

Metallic sodium is usually made by using the 
fused anhydrous caustic soda as an electrolyte with a 
nickel anode and a carbon or metallic cathode. (Casner 
Process). O ther processes for producing sodium 
direct from sait hâve been attem pted with some suc- 
cess.

Potassium  is obtained by electrolytic processes 
similar to the sodium processes.
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A method of treating  varions sulphide ores lias 
been tried out with some success. I t is done by de- 
composing the fused ores of such metals as lead, iron 
and zinc by the action of clilorine.

Zinc may be obtained from the fused chloride. The 
furnaces employed are usually provided with carbon 
anodes and zinc cathodes.

Production of Aluminum. The most im portant 
métal tha t can be commercially produced solely with 
electricity in the electrolytic furnace, is aluminum. It 
was originally produced in very small quantities by 
complicated Chemical methods. Prior to the expira­
tion of the Hall patents the m anufacture of aluminum 
in the United States was controlled by the Aluminum 
Company of America, but since that time other finan- 
cial interests hâve taken up its production. Nearly a 
hundred thousand horsepower of electric energy is 
in use for this purpose in the United States, although 
the largest percentage of the w orld’s output is now 
m anufactured in Europe.

The process consists in passing current through 
melted aluminum compounds. The electrolytic action 
libérâtes the aluminum from the fused compounds and 
splits up the alumina into oxygen and aluminum. The 
types of furnaces most generally used consist of car­
bon lined tanks provided with carbon électrodes which 
extend from the top and dip into the fused electrolyte. 
Direct current only can be used in this process. The 
carbon électrodes are made the positive and the tank 
the négative terminais.

Electrolytic Furnace Refining.—Although it is en- 
tirely feasible to refine metals in the electrolytic fur­
nace. the method lias not been generally employed on 
account of the expense and difficultv of high tem péra­
ture operation. The principles involved are similar 
to those of refining in aqueous solutions. Thé métal 
to be refined is made the anode and some fused sait of 
the métal is used as an electrolyte. Upon the passage
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of current through the furnace the pure métal is de- 
posited upon the cathode.

Production of Nitric Acid and N itrates.—The prin­
c ip e  on which turnaces for this vvork are designed is 
the forcing of air through an enormous arc and remov- 
ing and cooling the air quickly. The oxygen and 
nitrogen of the air parti}' combine to form a verv 
small am ount of nitric oxide, the percentage varying 
vvith the tem pérature. The nitric oxide, while cooling, 
combines with oxygen to form varions oxides of 
nitrogen.

After the gases hâve cooled thev are allowed to 
react w ith w ater in spraying towers, forming nitrous 
and nitric acid. The former décomposés into nitric 
acid and nitric oxide. The nitric acid may be marketed. 
or it may be utilized for dissolving limestone and pro- 
ducing calcium nitrate which is useful for fertilizer.

Three-phase alternating current is generally used 
in the main circuit of the furnaces now in operation 
and, in order to maintain a steady arc, résistance or 
inductance coils are connected in sériés with it. The 
latter wastes less energy, but necessarilv reduces the 
power factor of the apparatus. Pressures as high as 
5000 volts are often used. A magnetic field produced 
by a direct current electro-magnet supplied with en­
ergy from some auxiliary source is often employed to 
direct the arc upward or downward.

Many thousands of horsepower are utilized in the 
fixation of atmospheric nitrogen by electric furnace 
methods, and as the demand for nitrates is rapidly in- 
creasing, the industry gives promise of a healthv 
growth.

Miscellaneous Electric Furnace Products.—Glass 
may be melted to advantage in the electric furnace. 
Alundum, which is used as an abrasive, may be made 
by fusing bauxite in an electric «furnace and cooling 
slowly. Q uartz used for making laboratory crucibles, 
dishes, tubes, etc., may be fused in the electric furnace. 
The production of phosphorus. which can onlv be han- 
dled away from the air, is readily made in the electric 
furnace by heating minerai phosphates or bone ash
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with carbon and silica. Monox, a substance used in 
inks and paints, is produced in the electric furnace 
from Silicon and oxygen. Carbon-bisulphide, made by 
passing sulphur vapor over hot charcoal, is a liquid 
used as a solvent for oil and rubber, and being volatile, 
it is sometimes employed for producing poisonous 
gases.

Production of Electric Furnace Steel.—The use of
electricity in melting and refining Steel is entering 
upon a period of rapid growth. The development of 
commercial apparatus lias passed beyond the experi­
mental stage as proven by the fact that there are now 
over three hundred such furnaces in actual service, 
about seventy of which are located in varions parts of 
the United States. Since there are between thirty  
and forty million tons of Steel produced annually in 
this country by fuel methods. the opportunity for intro- 
ducing electric furnaces is great.

Advantages of Electric Steel Furnace.—As far as 
cost is concerned, it is unquestionably cheaper to pro­
duce the highest quality Steel in the electric furnace. 
For large quantitv production of the lower grades of

R e n n e r f e l t  S tee l A rc  F u rn a c e .
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Steel, it is sometimes possible to make the Steel cheaper 
b}r fuel methods. For small quantity  production the 
cost is alvvays in favor of the electric furnace. This 
situation opens up a wide field for relatively small 
furnaces having a capacity for fifty tons per day or 
less, although thev may be obtained in any size or 
capacity desired.

Electric furnace Steel may be made to any anal­
ysis or spécifications. Purity  of Steel is a mark of 
quality and it is novv recognized that electric furnace 
Steel is the purest that can be produced. Am ong the 
many superior qualities claimed for electric furnace 
Steel are toughness, greater tensile strength, higher 
elastic ratio, more solidity* and fewer blow holes, 
higher magnetic properties, and greater malleability. 
I t is coming into great demand for large castings 
where quality is the first considération. One great 
advantage of the electric furnace in the refining of 
Steel is that electricity, unlike fuel, introduces no addi- 
tional impurities into the molten métal, and a com­
plété charge may be left in the furnace as long as 
desired w ithout injuring its composition. Im purities. 
such as sulphur. phosphorus, oxygen, etc., are grad- 
ually absorbed in the slag and rabbled off.

Electric Steel Smelting.—Steel may be produced 
directly by sm elting iron ore or indirectly from 
wrought-iron or pig iron. "Whereas the former method 
is more complicated and lias not yet been taken up 
commercially, it lias big possibilities. The réduction 
of the ore is usually done in the furnace shaft, and 
the refining in an open hearth or ladle.

Production of Steel from M etals.—The electrical 
method of making Steel from metallic ingrédients, 
known as the indirect method, lias proved to be en- 
tirelv practical commercially and is being rapidly 
adopted. Pig iron, w rought iron, scrap Steel, or mild 
Steel, are melted together in this process and refined 
to whatever extent is considered necessary.

Résistance Furnaces.—Résistance, induction, and 
arc furnaces are each used in the steel-making indus- 
trv. Résistance tvpe furnaces. notablv the Gin Steel
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Furnaces, are heated by passing a heavy current 
through the charge under low voltage. The charge 
is placed in narrow winding channels and the current 
introduced at each end through water cooled élec­
trodes. This type of furnace has not proven altogether 
satisfactory in actual service, and later designs pro­
vide for heating the charge on the induction principle.

Induction Furnaces.—H eat is produced in these 
furnaces by inducing a current in the charge placed 
in one or more annular rings which act as transform er 
secondaries. A great rnany advantages are claimed 
for this type of furnace. In the first place, no élec­
trodes are required and ail the difficulties and expense 
which attend their use are eliminated. The loss of 
heat by conduction to the outside through the élec­
trodes is obviated. There are no electrode impurities 
introduced. The Steel is contained in a closed récep­
tacle resembling the cruci'ble furnace. The distribu­
tion of heat is uniform and the natural circulation set 
up serves to mix the charge. The heat of the furnace 
walls and cover is less intense than in the arc fur­
nace and the lining does not wear away so rapidly. 
Although this type of furnace may create a relatively 
low power factor, it is much less subject to extreme 
variations in load than are arc furnaces.

The efficiency of electric transform ation in this 
type of furnace is not high. It is necessarily somewhat 
limited in capacity because the power factor becomes 
less as the size is increased unless the frequency of 
the current is correspondingly reduced. Pressures as 
high as 6000 volts may, however, be applied directly to 
the furnace. tluis obviating the necessity of providing 
spécial transform ers, unless the power is to be trans- 
m itted a considérable distance.

Types of Induction Furnaces.—The Kjellin fur­
nace is of the single-phase type, and consists essential- 
ly of an iron core around one leg of which is wound 
a prim ary winding, enclosed in a refractory core and 
cooled by forced draft or water jackets. The hearth 
surrounding the coil is provided with an annular 
groove in which the charge is placed. The furnace is
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usually built in a circular iron casing which is lined 
with firebrick. The annular troug-h is surrounded vvith a 
more refractory m aterial such as dolomite or magnesite 
bricks.

The Colby furnace is sim ilar in principle to the 
Kjellin furnace. It consists of a laminated iron core 
around which is wound a copper tube prim ary cooled 
by circulating water. The annular crucible secondary 
surrounds the prim ary winding. It is claimed that this 
design opérâtes at a much higher power factor. The 
character of the prim ary winding requires the use of 
lower potentials. I t lias proved successful in small 
designs but lias not as yet been developed in large 
sizes. The Frick furnace resembles the Kjellin fur­
nace, but is generally designed for two-phase opera­
tion.

The Rochling-Rodenhauser furnace is so designed 
as to obviate two of the most objectionable features 
of other induction furnaces. It is provided with a dis­
tinct open hearth so that refining possess may be 
carried on in the furnace, and is designed to operate 
in larger sizes and at higher power factors. This fur­
nace is built for eitlier single or three-phase operation. 
In the single-phase type two annular troughs, sur- 
rounding two separate sections of the prim ary coil meet 
in the center of the furnace and are there expanded 
into a much larger chamber. The three-phase type is 
provided with three annular troughs, surrounding 
three separate single-phase windings. Tliese troughs 
also converge in the center into a much larger cham­
ber.

In order to maintain the heat in the enlarged 
chamber a separate secondary winding, of a few turns 
of lieavy conductor, is connected with iron pôle pièces 
imbedded in the furnace walls at opposite sides of the 
chamber. W lien the furnace walls heat up thev con- 
duct current from tliese pôle pièces through the charge, 
and thus form a closed circuit for the induced cur- 
rents and an auxiliary means of heating the charge 
in the chamber. This winding also serves to neutral- 
ize the great self-induction produced by the charge,
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and a far better power factor is obtained than in the 
Kjellin furnace. The use of three-phase types has the 
advantage of causing a circulation of the charge due

R o c h l in g - R o d e n h a u s e r  2 -T o n  In d u c t io n  F u rn a c e .

to the rotary magnetic field set up and results in a 
more uniform product. Botli single and three-phase 
types are provided with latéral doors and arranged for 
tilting  to pour Steel and slag.

Arc Fum aces.—The usual classification of Steel 
arc furnaces are (1) independent arc, (2) direct heat­
ing arc, and (3) direct heating sériés arc. There are a 
number of advantages of the arc furnace over the in­
duction furnace in steel making. Thev may be started 
with a cold charge more readily. There is, however,
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considérable loss of heat which is conducted to the 
outside through the électrodes. The slag is obviously 
heated botter than the métal and as the im purities are 
absorbed in the hottest portion of the charge the arc 
furnace is well adpated to refining purposes. These 
furnaces are also less complicated in design and hâve 
a lower first cost. The power factor of the load is 
much higher than that produced by the induction 
furnace, and the necessity of utilizing spécial fre- 
quencies in the larger sizes is less marked. The load is, 
however. subject to wide variations, especially in the 
direct heating are furnaces when cold scrap is melting 
dovvn or flux is thrown into the chamber. E ither 
direct or alternating current may be used in the arc 
furnace.

U nder average commercial conditions arc fur­
naces show better cost results in heating cold métal 
than in heating molten iron from a fuel furnace. Com­
bustion melting introduces impurities from the métal, 
oxygen and nitrogen from the blast, and sulphur from 
the fuel.

E le c t ro d e  a n d  C o n n e c tio n s  o f  th e  R e n n e r f e l t  A rc  F u rn a c e .
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Independent Arc Furnaces.—H eat is produced by 
one or more arcs above the charge in a refractory 
chamber in this type of furnace and the Steel is lieated 
by radiation from the arc. The Stassano Steel making 
furnace is an example of this class. It usually con- 
sists of a chamber lined with magnesia blocks and 
three électrodes supported from the sides at an angle 
of about 15° with the horizontal. It is mounted on 
trunnions and may be tilted for skim ming the slag 
or pouring the métal. The length of the arcs drawn 
may be regulated at will and movements of the charge 
do not vary the load. I t is said that the load is almost 
non-inductive and very steady.

Types of Independent Arc Furnaces.—The Stas­
sano furnace in types similar to that described above 
was the forerunner of the Rennerfelt. The former
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started witli a radiating arc, playing almost horizon- 
tally over the bath, whereas the latter furnace forces 
the ttame down on the charge by employing a spécial 
electrode arrangem ent.

Polyphasé current of any frecjuency or voltage 
may be used but three-phase current is generally sup- 
plied to the transform ers and changed by means of 
the Scott connection to two-phase three-wire current 
at 70 to 110 volts. One electrode enters centrally 
through the roof and two horizontally through the 
sides. The diameters of the électrodes varies from 
1 y2 in. for the small sizes up to 4 or 5 in. for the large 
sizes. The middle or combined electrode carries about 
40 per cent more current than either of the side élec­

trodes. If direct current is used the horizontal élec­
trodes are coupled in parallel, whereas the vertical 
electrode is connected with the other pôle.
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The furnace is generally built w ith a horizontal 
cylindrical Steel shell, supported on rollers or trun- 
nions with one charging and casting door on the side 
or in the end of the furnace. The shell is lined with 
asbestos board, next to which firebricks are built in 
rings. An acid or basic lining is then placed over the 
firebricks.

The électrodes in the smaller furnaces are man- 
ually operated, whereas they are autom atically regu- 
lated in the larger types. It is not necessarv to adjust 
the horizontal électrodes during the furnace operation.

Direct H eating Arc Furnace.—The charge forms 
one pôle of the circuit in this type of furnace and is 
thus heated directly as well as by radiation. The sim- 
plest types consist of an enclosed chamber lined with 
refractory material and provided with two électrodes, 
one at the top which is adjustable and one which is 
fixed in contact with the charge at the bottom. The 
arc is made to play between the upper electrode and 
the charge.

Types of Direct H eating Arc Furnaces.—The
Girod furnace is a typical example of the direct heat­
ing arc furnace. It is provided with one or more ad­
justable carbon électrodes of one polarity supported 
from the top. The lower électrodes are made up of a 
number of iron or Steel bars passing through the bot­
tom of the furnace and m aking contact with the charge. 
The casing is of iron or Steel lined with magnesite or 
dolomite. The cover is lined with silica bricks and 
mav be lifted off. The furnace is made round, or 
square with rounded corners. It is easily operated, 
and the electric current, which passes through the en- 
tire charge, makes it heat quickly when started cold.

The Keller Steel furnace is similar in principle to 
the Girod furnace, although differing somewhat in 
design.

The “ E lectro-M etals” Steel furnace is usually de- 
signed for two-phase operation. I t is provided with 
two adjustable carbon électrodes which enter through 
the roof. A perm anent carbon electrode in contact 
with the metallic shell is built into the bottom of the
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furnace. The magnesite lining covers the bottom  
electrode completelv. One phase is connected to each 
top electrode, and the other pôle of each phase is con­
nected to the bottom electrode. W hen the furnace is 
started cold, current passes betvveen the two upper 
électrodes through the metallic charge. As soon as 
the lining is heated it begins to conduct current from 
the bottom electrode through the charge to each top 
electrode. This furnace will operate more steadily 
than the Girod or Keller because if one arc is broken 
the whole supply of energy is not eut off.

'l'he Snvder steel furnace is of the single elec­
trode direct heating arc type and lias met with con-
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siderable favor. There are about 15 of these furnaces 
in use in the United States and Canada at the présent 
time, varying in capacity from 6 to 30 tons of Steel 
castings per 24 hours. Several furnaces are being used 
for sm elting ferrosilicon, one for m elting brass and 
seven for spécial Chemical work.

Sériés Arc Furnaces.—As the naine implies the 
direct heating sériés arc furnace has two or more arcs 
in sériés. The current passes from one electrode 
through an arc to the charge and from the charge 
through another arc to another electrode. The hearth 
is usually made of burnt magnesite or similar material.

Types of Sériés Arc Furnaces.—The H eroult is 
the best known example of a sériés arc Steel furnace. 
It has made the most favorable impression in this 
country, as evidenced by the fact that there are now 
about forty in use in the United States. It is usually 
lined vvith dolomite brick next to the casing with an 
interior lining of crushed dolomite. The roof is made 
of silica brick covered on the outside with a Steel 
casing. The two électrodes are cooled with w ater 
jackets, and are each autom atically adjusted by the. 
variation of the furnace voltage.

The operation of a five-ton Iierou lt furnace is 
shown in some data prepared by Professor Eichhofif of 
C harlottenburg :
Generator Capacity. Condition of Charge. I.ength of Heat. Kw -hr. per tcn.

750 k w . C old 6.05 h r . 725
750 kw . C old 6.63 h r. 795
750 kw . C old 7.22 hr. 868
643 k w . H o t 2.57 h r . 265
643 k w . H o t 8.15 h r . 324

The Keller furnace is another type of sériés arc 
direct heating furnace. It is providecl with four car­
bon électrodes and may be used for single, two or 
three-phase operation.
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CHAPTEK XII
L O W  T E M P E R A T U R E  E L E C T R IC  FU R N A C ES 

AND OVENS.

Field of Application.—Aside from the electric fur- 
naces used in electrochemical and electro-metallurgical 
processes there are many other electric oven and fur- 
nace applications designed for industrial heating oper­
ations which require relativelv high, moderate, or low 
températures. The possibilités for applying electric 
heat in this manner are so many and varied that only 
a small percentage of them will be considered. The 
varions processes will be classified with reference to 
their tem pérature requirem ents and to the kind of 
work which they are intended to accomplis!!.

Advantages of Electric Operation.—The points 
of superiority of electric furnaces to fuel furnaces 
are numerous and vary considerably with the char- 
acter of the work to be performed. Some of the ob­
vions advantages are the élimination of fire and ex­
plosion hazards. The danger of overheating or burn- 
ing the charge is also removed. For tempering, forg- 
ing, hardening, annealing, etc., the uniform heat ob- 
tainable is idéal. The réduction in scale formation 
during the heating of tools, saves the metals and in­
sures a better finished product. Unlike fuel equip- 
ment, the electric furnace gives off little heat to the 
surrounding atmosphère and the working conditions 
are therefore far more satisfactory in hot weather.

Furnace Processes.—Résistance furnaces may be 
used for vitreous enameling, for heating boit and rivet 
stock, for welding and forging Steel parts, for harden­
ing high speed Steel, and for m elting such metals as 
copper and gold. The tem pératures required for this 
work may vary from 1800° to 2500° F. Furnaces oper-
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ating at tem pératures from 850° F. to 1800° F. are 
often used for (1) case hardening, (2) annealing brass, 
copper, malléable iron, carbon Steel and high speed 
Steel, (3) hardening sonie high speed steels, and car­
bon Steel, (4) m elting aluminum, silver, zinc, etc. 
Tem pératures varying from 300° F. to 850° F. are often 
employed for boiling varnishes, heating oil tem pering 
baths, sherardizing, some forms of annealing, and for

G e n e ra l  E le c t r i c  T y p e  R H F  25 k w . H a rd e n in g  
F u r n a c e  O u tfit.

m elting lead, tin, babbitt, etc. Tem pératures of from 
200° F. to 500° F. are utilized for heating cores, vul- 
canizing, drying impregnated woods, and baking 
enamels, laccjuers, japans, insulating compounds, etc. 
Lower tem pératures may be employed for various 
drying purposes, bacteriological processes, incubation, 
etc.

Carbon-Resistance Type Furnaces.— For tem péra­
tures ranged from 850° F. to 2500° F. this type of 
furnace is often used. The vvalls are usually con- 
structed of fire brick supported on iron framework. 
The heating chamber is lined with refractory material 
and equipped with a main and an auxiliary resistor. 
Powdered coke is the main resistor and is laid to a
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depth of several inches upon the furnace floor. The 
roof is the auxiliary resistor. It is made of spécial 
refractory material that becomes an electrical con- 
ductor vvhen heated to a high tem pérature. Both 
the main and auxiliary resistors are in contact with the 
carbon électrodes at opposite sides of the furnace. By 
controlling the ventilation in tliis type of oven an oxi- 
dizing, neutral, or reducing atmosphère may be secured. 
If the ventilation is eut off, the oxygen in the air com­
bines with the carbon. Neutral and reducing tem ­
pératures are essential in the treating  of various metals 
and the value of electric operation is therefore ap­
parent. These furnaces are usually controlled by ther- 
mostatic devices which operate relavs and switches 
mounted on main control panels.

A nother type of carbon résistance furnace consists 
of two piles of flat carbon plates on opposite sides of 
the furnace. The two sets of resistors are usually cou- 
nected together at the top and current introduced at 
the two lower ends by means of heavy carbon élec­
trodes. H eat is generated by the résistance which the 
carbon plates ofifer to the flow of electric current. The 
Hoskins Company manufactures small crucible. muffle, 
and drill furnaces of this type. It also makes car­
bon résistance tube furnaces using carbon rings to 
which energy is supplied from opposite ends of the 
tubes.

Metallic Résistance Type Furnaces.—For produc- 
ing any desired tem pérature up to 1800° F. the heat- 
ing units may be made of metallic résistance material. 
They are adaptable to ail kinds and classes of work 
where a clean, dry, uniform heat of low or moderate 
tem pérature is rec|uired. There are so many different 
designs of metallic résistance furnaces, which dépend 
upon the class of work for which they are to be used, 
tha t only a few will be described. They are usually 
controlled therm ostatically. The heating éléments 
may be in the form of grids or coils of wire.

Some of the industrial processes that may be per- 
formed with electric heat. and the tem pératures re- 
quired are given in the accompanying table:
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l’rocess.
B a k in g  o f j a p a n ...............................................
B a k in g  o f  v a r n i s h  a n d  p a i n i s .................
B a k in g  c o lo r  e n a m e l s .................................
B a k in g  fo u n d r y  c o r e s ...................................
B a k in g  i n s u l a t i o n s ........................................
A n n e a l in g  c o p p e r  ...........................................
A n n e a l in g  a lu m in u m  ...................................
A n n e a l in g  g l a s s .................................................
T e m p e r in g  S tee l .............................................
M e lt in g  le a d  ....................................................
M e lt in g  t in  .........................................................
M e lt in g  b a b b i t t  .............................................
W a x  a n d  c o m p o u n d s  ...................................
H e a t in g  e o i ls  ....................................................
H e a t in g  m é ta l  m o ld s ....................................
I ju m b e r  d r y in g  k i l n s  .................................
B o il in g  v a r n i s h e s  ........................................
S o ld e r in g  ...........................................................
G lu e  p o ts  .............................................................
M e lt in g  ty p e - m c ta l ,  l i n o ty p e  m a c h in e s  
S h e r a d i z i n g ........................................................

Tem pérature 
liange. 
Deg. F. 

300- 600 
100- 300 
100- 300 
350- 500 
200- 500 
350- 700 
300- 800 
üOO-1000 
200-1000 
620- 700 
450- 500 
450- 700 
150- 500 
100-1000 
200-1000 
100-  200 
150- 500 
400- 650 
100-  200 
625- 700 
650- 700

Furnace Sélection.—In order to select the proper 
type of furnace for any kind of work it is necessary 
to know the tem pérature to which the material is to 
be heated, the number of pounds and character of ma­
terial to be treated, the weight and dimensions of each 
piece, and whether the material is to be melted, forged, 
hardened, tempered, or annealed.

A furnace sliould be selected of the proper kilo­
watt capacity and dimensions for the work in hand. 
Its therm al efficienev should be high. and it should be 
designed as nearly as possible for continuons opera­
tion at its maximum capacity in order to insure éco­
nomie and satisfactory results.

Enam eling Ovens.—The extremely rapid progress 
that lias recentlv been made in the utilisation of elec- 
tricity for baking enamels, lacquers. japans, etc., lias 
opened up a very wide m arket for central station 
power. After making careful prelim inary investiga­
tions into the relative merits of fuel and electric enam­
eling ovens the Overland Automobile Company lias in- 
stalled 6000 kilowatts capacity in enameling ovens hav- 
ing a total content of 50,000 cubic feet. The Ford 
Company has also arranged to equip a large number 
of ovens with electric heaters at its main factory and 
at its various assembling works throughout the coun- 
try. Both concerns hâve remodeled fuel ovens, instead 
of waiting to build new electric ovens, which is con-
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clusive evidence of their confidence in the superiority 
of electric operation. A number of other large con- 
cerns are arranging to take similar action.
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J a p a n  B a k in g  O ven.

Advantages of Electric Enam eling Ovens.— Elec- 
tricity supplies a clean, dry heat that is under posi­
tive control and uniform in ail parts of the oven. The 
radiant heat drives ofif the water vapors, produces no 
additional moisture. and gives off no harmful products 
of combustion. The enamels hâve a finer finish, and 
brighter gloss, are of better quality, and can be turned 
out with greater speed than with any type of fuel 
equipment. The hazard from fires and explosions is 
also reduced by electric operation.

In baking enamel it is im portant to drive off the 
water vapors and to oxidize the enamel film in order



D ry in g  a n d  B a k in g  O ven  L o a d ed .

products of combustion, and to supply sufficient air 
for the proper oxidation of the enamel film, not onlv 
carries away great quantities of heat but picks up dust 
particles from the outside air whicli are deposited on 
the soft enamels.

The radiant heat supplied by the electric method 
is distributed uniformly throughout the oven wherea- 
the fuel heat is likely to be more intense at the top
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to secure a bright, fine finish. Each cubic foot of 
gas burned in a fuel oven throvvs off two cubic feet 
of water vapor vvhich constantlv adds to the moisture 
to be removed. In the gas oven the oxygen of the air 
is consumed verv rapidly thereby retarding the oxida­
tion of the enamel film. The excessive ventilation re- 
quired in the gas oven to remove moisture and other
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than at the bottom, especially when rapid ventilation 
lias to be provided. The danger of overbaking is 
entirely doue away with in the electric apparatus. The 
labor cost is reduced, and the ovens being therm ostat- 
ically controlled, no watchmen are required at night.

Steam heat cannot be used for high tem pérature 
enameling on account of the excessive steam pressures 
required. In order to attain a tem pérature of 400* F. 
for instance, a steam pressure of at least 250 pounds 
is necessary.

C o m b in e d  S te a m  a n d  E le c t r i c  J a p a n  B a k in g  O ven  (O ne 
c o m p a r tm e n t  b e in g  lo a d e d  a n d ' t h e  o th e r  b a k in g ) .

Greater Production.—Electric ovens hâve been 
found capable of turning out from 40 per cent to 60 
per cent more produet than other types. Practically ail 
the available therm al energy is directly applied to use- 
ful work in the electric oven. It may be operated at
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very nearly the limit of safe operating tem pératures 
w ithout fear of destroving the product.

Although, in some cases, the total cost of elec- 
tricity for heating an oven is greater than where fuel 
is used, the improvement of the work, and the in- 
creased output, usuall\r w arrants its adoption.

Characteristics of Enam els.—Different grades of 
enamel are required for different classes of work. 
They vary in their analyses and in their baking treat- 
ment. Sonie harden at low tem pératures, and others 
will stand relatively high tem pératures. Some ma- 
terial to which enamel is applied, will not stand high 
tem pératures, whereas other m aterial may be heated

A  Set o f  D r y in g  and  B a k in g  O vens.

as hot as the enamel will permit. Three or four hours' 
application of heat at 160° F. will dry Japans that 
require tw enty-four hours or more to harden. En­
amels tha t will bake in 45 m inutes at 500° F. require 
from four to five hours when the tem pérature is main- 
tained at 300° F.

The greatest economy is derived from the use of 
high tem pérature enamel. By bringing tip the temper-

ULTIMHEAT® 
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ature rapidly, and doing the work quickly, convection 
and radiation losses are reduced.

Equipping Fuel Ovens for Electric H eat.—An oil 
or gas fired oven mav be fitted with electric heaters 
by replacing the burners and other fixtures with elec­
tric units. If the old oven is not thoroughlv insulated 
against heat losses it should be reconstructed to insure 
satisfactory operation. The ventilation of the oven 
should be reduced, and arrangem ents made to eut it 
ofif entirely after certain tem pératures are attained.

There are several kinds of enameling ovens de- 
signed for electric heat. They are ail thoroughly insu­
lated against heat losses. The units may be placed on 
the floor, or m ounted on the walls, depending upon the 
size of the oven, and the shape and quantity  of the 
work.

G e n e ra l  E l e c t r i c  400 V o lt  O v en  H e a t in g  U n it.

Revolving Type Ovens.—In this type of oven the 
work is pushed into the oven on a carriage, and while 
one charge is baking the side opposite may be loaded. 
I t is revolved by a motor attached to a worm gear. 
The space taken up by this type of oven is relatively 
small, and it does not hâve to be cooled down each 
time a charge is inserted.

Drying Ovens. — Electric heat has been suc- 
cessfully employed for drying varnishes. In practice,
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ovens varying in width from 12 to 18 ft., and in length 
from 15 to 35 ft., are usually employed. The dryers 
are designed with wood or iron frame works covered 
with fibre board, sheet iron, wood and asbestos, in 
a way to build up dead air spaces and retain the heat. 
Therm ostatic control devices, for m aintaining uniform 
tem pératures, are usually provided.

The average tem pératures recpiired inside the 
dryers for securing the best results are as follows :

D e s .  F .
V a rn ish es  on w o o d ...................................  110 to  125
V a rn ish es  on m é ta l ...................................  110 to  130
S ta in s  on w o o d ..........................................  100 to  125
F il le r s  on w o o d ..........................................  110 to  125
P rim e ra  on w o o d ........................................ 115 to 125
P rim e rs  on m é ta l ...................................... 120 to  110
R o u g h  s tu f ï on m é ta l ............................. 120 to 110
Enam ,els on m é ta l .................................  110 to  170

The maximum tem pératures should be avoided 
unless the woods are free from moisture and easily 
softened ingrédients.

The periods recpiired for drying varions coatings 
subjected to the above tem pératures are approxim ately 
as follows :

H o u r s .
2 and  3 day  v a rn ish e s  r e q u i r e .......................3 to  G
1 and  5 day  v a rn ish e s  re q u i r e .....................  1 to  7
5 and  6 day  v a rn is h e s  r e q u i r e .....................  1 to  8
7 and  8 day  v a rn is h e s  re q u i r e ......................  6 Y» to lO
F il le r s  r e q u ir e ..........................................................  1 to  6
W a te r  s ta in s  re q u ire ............................................  2 to  2Vz
R ough  s tu f ï re q u ire s ............................................  2% to  3 %
P rim e rs  r e q u i r e . . . . ' . ............................................  4 to  S

The most désirable humidity to m aintain during 
operation varies with the varnish composition. Some 
quick drying varnishes require no artificiallv produced 
moisture, whereas others need it to retard surface dry­
ing. P rém aturé drying often interfères with the évap­
oration of volatile éléments and the necessarv pénétra­
tion of oxygen into the coating. Simple devices for 
adding m oisture to the air may be obtained.

H eat Losses Through Oven W alls.—Sonie inter- 
esting tests of therm al insulation of electric ovens 
printed in the Electrical W orld of May 27. 1915, page 
779, afford information of considérable value to the 
oven designer. The apparatus usecl consisted of a 
specially constructed double walled oven having in-
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terior dimensions 34% in. wide, 35% in. high and 55% 
in. long. The walls were made of half-inch asbestos 
board, calked with 85 per cent magnesia plaster. with 
a space between the inner and outer walls of approx- 
imately two inches. Six kilowatts capacity in heaters. 
arranged for a wide range of load, wrere installed in 
the inner chamber. Careful tests of beat losses were 
made under the following conditions :

(1) W ith  the outer walls removed.
(2) W ith  the outer walls in place, leaving an air 

space between the inner and outer shells.
(3) W ith three wooden strips on baffle plates 

placed horizontally betw-een the w-alls around 
the entire oven dividing the space between 
the shells into a sériés of four air spaces.

(4) W ith  the space between the w-alls packed 
with cotton waste.

(5) W ith the space between the w-alls packed 
with minerai wool.

The tests of course indicated the greatest losses 
with the outer shell removed. The use of the outer vvall 
increased the efficiency about 60 per cent. The baffle 
plates used in the third test had no appréciable effect. 
The cotton waste improved the therm al efficiency near- 
ly 50 per cent and the minerai w-ool nearly 90 per cent. 
A sum m ary of the results obtained is shown in the
table.

Thermal
Résistance

Test. Xature of Wall. Rating.
1 S in g le  s l i e l l ................... ...........................................................  1
2 D o u b le  s h e ll  a n d  s im p le  a i r  s p a c e ..........................  1.62
3 D o u b le  s h e l l  a n d  c e l lu l a r  a i r  s p a c e .......................  1.62
4 D o u b le  s h e ll  p a c k e d  w i th  c o t to n  w a s t e ..............  2.38
5 D o u b le  S h e ll p a c k e d  w i th  m in e ra i  w o o l ..............  3.07
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CHAPTER XIII

IX C U B A TIX G  AXD BROODING.

M odem Methods.—Although artificial incubating 
and brooding lias been practiced for many years in 
Europe, Asia, and the United States, the latter coun- 
try lias been most progressive in developing means 
for utilizing electric heat as a substitute for heat pro- 
duced by fuel combustion methods. The superiority 
of electricity is quite obvious to anybody familiar with 
the poultry business. The num ber of fuel heated in- 
cubators and hovers in use in this country reaches
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well into the millions, but the vast field which the 
application of electric heat to these devices lias opened 
up for the m anufacturer of heating apparatus and the 
distributor of electric energy is little appreciated. In 
one small tovvn in California about 10.000,000 chicks 
are hatched annually by artificial means. The hatch- 
ing and brooding of these chicks would require about 
3,000.000 kw -hr. per year, if electric operation was 
substituted for fuel.

The character of the load is désirable from the 
standpoint of the central station. The machines are 
non-inductive, and the diversity factor is naturally 
high. W here a large number of machines are in use 
the load is not one that varies greatly with the season 
of the year as m ight be supposed.

The processes of incubating and brooding are out- 
lined in order to convey a clearer appréciation of the 
advantages afiforded by the application of electric heat.

Poultry  Incubating.—Ail kinds of eggs may be 
hatched by artificial means. The period of incubation 
varies with the kind of egg and with tem pérature con­
ditions. If the heat has been maintained at too low a 
tem pérature during the period of incubation, or if the 
eggs hâve been chilled or overheated, the hatching 
may be delayed somewhat.

The average incubating periods of various kinds 
of eggs by both natural and artificial methods are as 
follows :

Days.
H e n  e g g .................................................................................... 21
P h e a s a n t  e g g .....................................................................  23
G u in e a  e g g ...........................................................................  27
D u c k  e g g ............................................................................... 28
P e a fo w l e g g ........................................................................ 2S
T u r k e y  e g g ......................................................................... 28
G o o se  e g g .............................................................................  32
D u c k  e g g  (M u sc o v y )  .................................................  34
O s tr ic h  e g g .......................................................................... 42

The hatching of chickens by artificial means is 
perhaps most commonly known, and is therefore de- 
scribed.

Incubating of Chickens.—The eggs are placed on 
portable trays at an angle of about 45 degrees, with 
the small ends down, leaving the air cells in the large 
ends. These trays are then placed in the incubator,
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and the tem pérature brought up gradually to 102° F., 
and maintained at that point for from four to six 
days, when a test is made. This test consists in hold­
ing the tray of eggs to the light. If they are fertile 
the operator will observe a spider like shadow within 
the eggs, showing tha t they are germ inating. The 
eggs that are not fertile will be perfectly clear, and 
will be removed from the tray. A nother similar test 
is often made about the fourteenth day. After the 
first test is made, the tem pérature is usually brought

P e ta lu m a  200 E g g  I n c u b a to r .

up to 103° F. and maintained at that point until the 
hatch is off. The tem pérature is always taken with 
the bulb of the therm om eter even with the horizontal 
plane of the eggs.

A fter the eggs hâve been in the machine about 
seventy-two hours, they are cooled daily by removing 
the trays from the machine for from one-half hour to 
two hours, depending upon the tem pérature of the
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incul: ating room. W’hen they hâve cooled to about 
the tem pérature of one's body, (which may be observed 
by holding one of them against the cheek), they are 
put back in the machine. The eggs are cooled to 
allow the germ to rest, for otherwise the chick vvhen 
hatched woulcl be weak and nervous. Each time the 
eggs are cooled they are turned at a different angle, 
but the small end is alwavs kept pointing dnwnward.

ISS
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Constant observations are made to see tliat the 
egg is drying down properly. By the eighteenth da\' the 
air cell in the large end should be dried down to about 
30 per cent of the total volume of the shell. To hasten 
the drying process, ventilation may be increased pro- 
vided no drafts are produced. In case the eggs dry 
down too rapidly, the bottom of the ineubator may 
be sprinkled, or a slight spray of water given the eggs.

A fter the eighteenth day the ineubator is closed 
until the chicks are taken off. A slight film of moist- 
ture, on the lower edge of the inside glass, usually 
indicates that the air is of proper hum idity for “pip- 
ping.” As the chicks “pip” through their shells, they 
drop through the trays to the space below, known as
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the nursery. After they are about twenty-four hours 
old, the}' are removed to the brooders.

Electric Incubators.—These appliances usually 
consist of square or oblong cases mounted on vvooden 
supports. They may be double walled with shoddy, 
minerai wool, asbestos. or other heat insulating ma- 
terial interposed, or single walled lined with heavy 
paper. T ight fitting double doors, the inner one always 
of glass, are provided along the front for examining 
the interior and moving the egg trays. These travs 
are made of either wood or métal and are inserted in 
the machine about four inches from the bottom. The 
heating éléments are usually mounted near the top 
of the egg chamber, although in some makes of double 
deck incubators heating éléments are placed near the 
bottom, as well as at the top.

E le o tr o - H a tc h  200 Egrg I n e u b a to r .

Single deck types are claimed to be more satis- 
factory tlian double deck machines, on account of the 
more uniform heat that may be applied on a single 
plane. On the other hand. the double deck type re-
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quires less energy for heating a given num ber of eggs. 
In the single deck types provided with top heating 
units, the tem pérature is naturally higher above the 
eggs, and lower below them. The tem pérature in the 
nursery below the trays is therefore m aintained at 
about 95° F., which is considered most désirable for 
newly hatched chicks.

The therm om eters used in incubator work should 
be high grade instrum ents, because it is essential to 
know at ail tim es just what tem pératures are being

E sco  200 E g g  In cu b a to r.

maintained. A slight error in the therm om eter will 
hâve a large influence on the success of the hatch.

Most of the therm ostats that hâve been developed 
for use with electric incubators are extremely sensi­
tive and are capable of m aintaining the desired tem pér­
ature to within T4 °  F. to F. These devices should 
be simple in construction, positive in action, and abso- 
lutely reliable, in order to insure the best results.

A well constructed single deck machine is gener- 
ally provided with an average of about 75 w atts heat­
ing capacitv per 100 eggs. The average current con- 
sumption has been found to be about 10 kw -hr per


