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o .. Inany boiler the main problem to be solved
-is'to cool the gases produced from the fuel to

- such an extent that as small a quantity of heat
~as possible remains in the flue gases when

5 they leave the boiler. Now the cooling of the
~gases is In the highest degree dependent on
~ the coeflicient of heat transmission between

- the gases and the surface of the boiler which -

© . primarily absorbs the heat of the gases, in
. 10%order to transfer the heat so as to be utilized

- for steam production in some way or other.
Said coefficient of heat transmission is, how-

“ever, rather independent of the construction .

of the boiler. To be sure such coefficient may
be ‘increased within certain limits, but the

relatively great difficulty of varying the same, '

" .causes, nevertheless, that .in any boiler con-

- struction, operated with ordinary combus- -

tion, the steam delivery from the whole
20 poiler, in proportion to its heat absorbing
- surface, will usually be'an average of between
210 6, and, in rare cases, amounting as high
as 10 pounds per square foot per hour, pro-
“vided the gases of the boiler are cooled to such
an extent that no .great loss due to cooling
- arises. U ORI

~ Thus, for a certain steam production, a cer-
tain cooling surface for the gases, usually

25

-® necessary. Generally the heating surface of
~the boiler is subjected on the other side to the

pressure of the steam and therefore, as a rule, °

the entire heating surface must be so-dimen-
sioned as to sustain the highest boiler pres-
sure.. ‘With the present standing of the tech-
‘nical art, it is possible, at ordinary costs, to
.80 construct the heating surface of a boiler

- that it sustains a pressure. of 300 Ibs. per

35

#0 pressures -the constructional difficulties be-

come extraordinarily great, and consequent-
Ly the costs per square foot will suddenly rise

at a pressure a little above 300 lbs. per square

45 Inch.

instance 1500 1bs. per square inch, a heating

- surface is necessary of the same size as that

“of a boiler of a pressure of 300 lbs per sq. in.
5o for the same steam production, but it is evi-
- dent that if the heating surface is to'be con-

called the heating. surface of the boiler, is -

o Square inch above atmospheric, but at higher |

. If aboiler is to be constructed to sustain for .

structed for 1500 Ibs. the costs become ex-
traordinarily great. :

The present invention has for its object,
partly to reduce the surface necessary for
the high pressure and to construct the heat-

_ing surface only for the pressures that are

really required, and partly to provide such a
structure for the part exposed to the highest
pressure, as will sustain the highest pressure,

- without any risk of said parts being burnt
“ through.

The invention consists in the boiler com-
prising, partly water heaters arranged be-

_hind each other and operated in series, the

water being forced therethrough step by step
in'such a way, that the pressure of a succeed-
ing water heater will be higher than that of a
preceding one, and partly a steam-generating
part constructed for the high pressure de-
sired, said part receiving water from the wa-
ter heaters and being so constructed that the
temperature on the gas side is the greatest in
the steam-generating part. ,

By constructing the boiler in this manner,
the heating surface for the generation of the

“high pressure may be considerably reduced,
“thus making it possible to manufacture a

high pressure boiler at moderate costs.

The inyention is illustrated in the accom-
panying drawing in which Figs. 1 and 2 show
diagrams explaining the principle of the in-
vention. Fig. 3 illustrates one embodiment
of the invention. The diagram ‘according to
Fig. 1 showing the heat absorption in a com-

~mon boiler illustrates the consequence of the

above described division of the boiler, afford-
ing the reduced heating surface of the high
pressure-generating part.

In a boiler, the temperature of the gases

along the heating surface passeson a logarith-
~mic line, and the drop i temperature, to

which the gases are subjected when passing
a certain area, represents approximately the
heat quantity absorbed by said area. In the
first parts of the boiler, however, a great heat
absorption takes place by radiation, and the
total quantity of heat removed from the fuel
by radiation amounts usually to 25% of the
entire heating value of the fuel.
Supposing no radiation to take place, then
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‘the initial temperature of the gasés, before

they have passed any surface, would be for
instance 3600° F. but on account of 25% of
the heat being absorbed by radiation, an in-

“itial temperature of the gases amounting to

2700° F. is obtained, and thus the cooling
curve begins at said temperature and -ex-

tends from 2700° F. downwards to the point.

A, as shown in Fig. 1. Thus it will be
found that the heating surface of the whole

boiler absorbs a quantity of heat represented -
by the distance A—B, and that for instance

the first 35% of the heating surface of the
boiler have absorbed a quantity of heat rep-
resented by the length @, that is, about 72%
of the heat absorbed by the whole boiler.

For that part of the heating surface which .

receives heat of radiation (for instance 13%
of the total surface), the heat absorbed is

‘represented by the ordinate distance between .
the line C—B and the dotted line C—D, so
that for instance the first 5% of the heating.

surface absorb a quantity of heat correspond-
ing to the length b or about 20% of the heat

5 absorbed by the whole boiler. : :

This is another proof of the old—establis;héd

“fact that the first parts of a boiler absorb a

very great portion of the heat, whereas the
last parts absorb extraordinarily small quan-
tities of heat, which, however, must be present
to cool the gases in order to prevent excessive
losses in the flue gases. : .
. Now it is only necessary, however, to sup-
ply a part of the total heat absorbed by the
boiler to the water under the pressure desired,

‘and a great part of said heat may be supplied

to.the water without formation of any steam,
which circumstance may be of importance as
a risk of the heating surfaces burning through
is present only where steam-is generated.

. Ip Fig. 2, these conditions are further il-

lustrated.

_ In this figure, two curves “are
drawn above the abscissa (representing the
pressure)., the lower one of which curves in-

dicates the heat of liquid ¢ of the water, when -
it has been heated to the boiling temperature "

corresponding to the pressure, while the up-
per curve indicates the total - heat-content
g~ of dry saturated steam. ’

In this figure, the length

g=600 B. t. u.

" represents, for instance the heat of liquid at

1500 pounds per square inch, and the length

L r=1200—600=600 B. t. u. represents the heat

of generation of steam. It is evident.from

5 this diagram that the heat of generation of
‘steam decreases with the pressure, while the

~heat of liquid is increased so that for yery
~high pressures the heat of generation of steam

60

becomes smaller than the heat of liquid. For
instance, if dry saturated steam of a pressure
of 1500 Ibs. is to be generated from water of
32° F., it will only be necessary to supply

“about one half of the total heat for the gen-

a5

eration of steam.

Now, if the boiler is divided into a steam-

1,745,383

generating part and a liquid-heating part,
and the steam-generating part is placed ad- -
jacent to the furnace, only 14% of the total
heating surface are necessary for the steam-

generating part, as indicated in Fig. 1. Thus
it is possible to reduce the heating surface ot

0

the high pressure generating part to. such a. -

degree that it only amounts to 14% of the
total heating siirface, and, therefore; the dif-
ficulties in high pressure 'generation -are
limited to said surface. - SR

It is unfavorable, however, in economical
respects, to construct the liquid heater which,
according to the above, is to be built up for

"869% of the total surface, for the high pres-

sure of the steam desired, and consequently

said liguid heater is divided, according to the -
_present invention, into several parts ar-

ranged behind each other and operating in se-
ries. For instance, the said boiler may be-
constructed according to the invention in such
manner that the water is heated in its first
part comprising a suitable water heater, to
the temperature corresponding for instance
to a pressure of 30 Ibs. per square inch abso--

“lute. - Firom-this water heater the water is

then supplied to another water heater, in .
which the pressure is 300 lbs. per. sq. in.
absolute and then it is fed by means of a. pump

to a water heater having a pressure of 1500

lbs. to be finally intreduced into the steam-

generating part. = . B
According to Fig. 2, there is then delivered

from the 1200 B. t. u. to be supplied to every

kilogram, about 220 B. t. u. in the first con- 1

tainer, 175 B. t. w. in the water heater fora
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pressure of 800 1bs. per sq. in. and about 205

B. t. . in that for a pressure of 1500 1bs, per
sq. in. - From: these figures it is evident, that

in the steam-generating part andin the water

heater for a pressure of 1500 lbs., about 67.2%
of ‘the entire heat will be “absorbed, ‘and
in said parts together with the water heater
for a pressure of 300 lbs., 81.7% of said total
quantity of heat. . . g
- From Fig. 1 it is evident that the steam-
generating part shall have a heating surface
of about 14%, said part together with the

water lieater for a pressure of 1500 1bs. about
299%, and said two parts together with the ;

water heater for a pressure of 300 lbs. ahout
479, of the total heating. surface. The dis-

£110:

tribution of the areas will thus be as follows:

For the steam-generating part 14%;

PFor the 1500 lbs. water heater 15%7;
“For the 800 lbs. water heater 18%:;
*And for the 30
total area. . S .
" Thus the present invention brings about
that only about 29% of the total heating sur--
face need be subjected to a pressure of 1500

a0

lb‘s.rwateif—heater‘ 53% of the ks

125

1bs., only 18% to a pressure of 300 lbs,, while

atmospheric of only 15 1bs, '

'539% can be constructed for a pressureg above

. Of Cguﬁgie,.!iﬂjm Steam-generatmg pgrt ;md :

130
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: ,vt}‘le water heater for a pressure of 1500 Ibs.
- 'may be built together to one unit, ‘

For the high pressure part—the steam

_generator with the water heater for the high-

est pressure or these parts united-—construc-
tions previously known for high pressure

boilers may be used in cases where the danger

- of the steam-generating parts being burnt
- through is eliminated, and according to the

10

invention only a part of the boiler need be
constructed - as a high pressure boiler.

It will be particularly advantageous for

.15

the high pressure part to use the known con-
struction in which a tube-coil is provided,
said tube being submerged in a medium of a

- relatively low steam pressure, which is high-

20

ly heated and in a liquid state at the tem-
perature used, or surrounded, by -vapor
formed by said medium; to the one end of

which tube-coil water from preceding water -

heaters is supplied, thus preventing the tube

~from being burnt through.

In Fig. 3, such an embodiment of the in-
vention 1s shown. In this figure, ¢ is the
high pressure part, generating steam for in-
stance of a pressure of 1500 1bs., d and ¢ are

~ water heaters, f superheaters, ¢ the furnace,
. hyjs e pumps, 4,m, n, o, p hot water pipes, s

S 30

a:casing for the heat-transmitting medium in

-the high pressure part, and ¢ pipes in the

latter. : : S
By means of the pump 7, cold water is

. forced ‘through the pipe 7 into the water

heater ¢ which, for instance, is constructed

5 for a pressure of 15 lbs. above atmospheric,

the cold water being introduced at the coldest

- place.. ‘From the warmest place in said water -
- ... theater ¢ hot water is conducted through the

- pipe m by means of the pump 7, and through

40

the pipe n to the water heater d which, for

~instance, is constructed for a pressure of 300

Ibs. per sq.in. From the warmest place there-
of, water is drawn off through the pipe p,

- the pump % and the pipe o to the pipes ¢ of

5 the high pressure part, which pipes are em-
~bedded for instance in a bath of lead within -

- the casings s consisting in this case of tubes.
- The high pressure- part ¢ is located adjacent

50
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to the furnace, and on the gases having passed
through said part they flow through the water
heater d, the superheater 7 and then through
the water heater e. According to the exam-
ple given above, the water is heated in the
last-named heater from 32° F. to a heat-con-
tent of 220 B. t. u., then in the water heater d

“from 220 to 395 B. t. u. to be supplied at

~last in the high pressure part ¢ with so much

. ~ heat as to permit of steam being taken out

60

~ from the pipes #. From said pipes, the steam

may be fed into the superheater #, or it may
be superheated already in the pipes . The

- pipes ¢ within the casings s may be eoupled in
~any suitable way, and the casings may be

.65

filled with any suitable material which is of
low pressure at high temperature, or other

- America is— : :

3

suitable heating material -may surround
pipes . e DR B

~To cover -peaks in the steam demand and
to prevent the medium of the high pressure
part from obtaining, too high a temperature
when suddenly the steam consumption de-
créases; heat-storing material may suitably be
provided in the casingss. o .
The pumps should preferably be- so ar-

ranged as to operate permanently without a.

suction head, the water being caused to flow
thereto automatically. With regard to the
control said pumps are preferably construct-
ed as centrifugal pumps. -

If an existing boiler plant is to be utilized,:

the high pressure part is inserted above the
grate and the old boiler is connected to said

high pressure part and is used as a hot water

generator. S

What we claim as new and desire to secure.
by Letters Patent of the

; United States of

"'1. The method of generating steam which

comprises adding heat to water at low pres-
sure until the water reaches approximately:

the boiling point, then increasing the pres-
sure of the water by a predetermined incre-

‘ment, again adding heat until the water

reaches approximately the boiling point,
again increasing the pressure by a predeter-

-mined increment and so continuing until the

water has a pressure equal to that at which
1t is desired to generate steam, and then add-
ing heat to the water to raise it above the

‘boiling point and generating steam there-

from. . , S

2. The method of generating steam which
comprises heating  water 'in- steps wherein
heat is added to the water at a predetermined

pressure until the water reaches approximate--

ly the boiling point and then the pressure is
increased to a predetermined amount so that
heat can again be added to reach approxi-
mately the boiling point.. .

8. The method of generating steam which’

comprises progressively " increasing heat
transfer to liquid in such a manner that when
the condition of the liquid approaches the
boiling point due to the addition of heat, the

‘Ppressure of the liquid is increased so that ad-’

ditional heat must be addéd to-again ap-
proach: the boiling point, adding this addi-
tional heat and finally adding heat to raise
the heat content to above the liquid line so
that steam is geherated. " . .

4. The method of generating steam which
comprises - changing” the -condition of the
liquid along a step by step line laid out on a
heat content pressure diagram’ for steam

showing the liquid line and saturation line’

which step by step line passes vertically up-
ward at a value of low pressure until it
reaches substantially the liquid line, then
horizontally to a condition of higher pressure,

then upwardly until it again reaches substan-
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tially the Hquid line and so continuing until
~“the desired pressure for generation of steam
is reached when the line is continued vertical-
ly upward past the liguid line to the satura-
. . tion line.: S [T
" 5. A high pressure boiler comprising a high
pressure steam generating section including a
_ casing, a high temperature heat-transmitting . -
medium of a relatively low yapor pressure n - -
.10 said casing, a steam pipe in said casing and
7 situated in the vapor of said high tempera-
ture heat transmitting medium, interconnect-
ed water heaters of relatively large size con-
nected to said high pressure section in series,
15 and means to prevent vaporization in each
" section comprising devices for progressively
increasing the pressure between the water -
heaters. , o '
- 6. A high pressure boiler comprising a
_go relatively small high pressure steam generat-
~ing section -composed of pipes, a high tem-
perature heat-transmitting medium of a
relatively low vaper pressure in which said
pipes are situated, said medium being in a
25 boiling state at the operating temperature, -
interconnected water heaters of relatively
large size connected with said high pressure
section in series; and means to prevent vapori-
‘zation in each section comprising devices for -
- 80 progressively increasing the pressure between
- the'water heaters. - - . —

7. A high pressure boiler comprising a
high pressure steam generating section in- -
cluding a plurality of tubes connected in

35, series, casings surreynding said tubes, molten
“metal in said casings, interconnected water
heaters of relatively large size cennected to
- said high pressure  section in- series, and
means to prevent vaporization in each sec-
. -40 tion comprising devices for progressively in-
~ creasing the pressure between the water -
heaters, - : : e :
- 8. A high pressure hoiler comprising a high
_pressure steam generating section including

- 45 a plurality -of horizontally disposed tubes -

connected in series and so arranged that the
steam and furnace gases have counter flow,
easings syrrounding said tubes, molten metal
_in said casings, interconnected water heaters
50 of relatively large size connected to said high
pressure section in series, and means to pre-
vent vaporization in each section comprising
devices for progressively increasing the pres-
sure between the water heaters. : :
.56 In testimony whereof we aflix our signa-

. JOHWANNES RUTHS.

_ NILS HEZEKIEL FRENNE.



