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UNITED STATES PATENT OFFICE. 
RUDoLF voN BRoCKDoRFF, oF BERLIN, GERMANY. 

WATER-HEATING APPARATUs. 

1,002,637. 

To alluvhom it may concern: 
Beitknown that I, RUDoLF voN BRocK 

DoRFF, a subject of the King of Prussia, and 
resident of 135 Alexandrinenstrasse, Berlin, 

5 Germany, eñgineer, have invented certain 
new and useful Improvements in Water 
Heating Apparatus, of which the following 
is a specification. . . . . 
This invention relatesto an electrode for 

the heating or electrolysis of liquids and is 
i particularly adapted forwater heating and 

i steam generating apparatus. 
As the heat generated by an electric cur 

rent in a liquid is proportional to the square 
of the electromotive force and to the resist 
ance, it is therefore necessary, for liquids 
of small resistance, to employ currents of 
greatamperage and low voltage. Accord 
ing to this invention the liquid forming the 
resistance is a column of comparatively 

, small cross-section, and of sufficient resist 
ance to permit of the use of high volt 

O 

15 

20 

ages. The liquid which receives its current 
from the electrode is contained in a hollow 
body or tube open at its upper andlower 
ends or perforated. The liquidowing to 
the heat generated rises in the hollow body 
and passes out thereof at the upp 
turningagain to the hollow body at its 

30 lower end. The length and cross-sectionis 
capable of being readily varied and thereby 
the electrode may be adapted to varying re 
quirements. 
The invention also comprises means for 

35 readily adapting the electrode to water heat 
ing apparatus upon an electric locomotive 
for the purpose of generating steam in a 
boiler from the working current for appli 
cation to the heating of the rail-way car 
riages and such like purposes. The elec 
trode is arranged in an insulating casing 
and in order to give the greatest possible 
surface for the passage of the current, it 

40 

45 plates placed side by side and if desired 
. : wire-gauze, or it may be in theform 

of a carbon-block positioned in a cylinder, 
or of any other suitable form. The insulat 
ing casing for the electrode is in communi 

5O 
a number of tubes, some of whicln open 
above and some of whichopen below the 
casing into the liquid. & The output may 
thus be readiy varied byputting in orcut 
ting out of the circuit the individual tubes 55 
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the insulating casing of the electrode and 

er end re- i 

may be in the form of a number of disks or 

the second electrode. The tube bis open at 
cation with the surrounding liquid through 

and this may be effected by cocks orother, 
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cut off devices arranged in the tubes and 
preferably of insulating material, so that 
theynot only cut of the passage of the 
liquid through the tubes but also prevent 6o 
the passage of the electric current. Further 
it has beenfound that at high temperatures 
and with high steam generation thereisalia 
bility of disturbing variations in the output, 
the steam being generated very irregularly so 
that it varies within very widelimits. In 
order to avoid such conditions, the tubesare preferably tapered downwardly or other 
means may be provided, so that the lower 
cross:sectional opening of the tubes is of 
smaller area than the outlet opening. 
Further in order to prevent the steam bub 
bles generated from breaking the circuit, ad 
ditional tubesare provided passing from 

75 
opening above, the surface of the liquid, so 
that these tubes leada part of the steam di 
rect to the steam chamber. , , ''' 

In orderthat the invention may be more 
clearly understood, reference is made to the 
accompanying drawings which show by way 
of example two methods of carrying out the 
in Vention. X . . » . . . 

Figure 1 is a vertical section of the elec 
trode, as applied to the heating or elec- 85 
trolysis of a liquid. Fig. 2 is a detail view . 
showing means for varying the lower cross-- 
Sectional area of the hollow body or tube 
surrounding the electrode. Figs. 3 and 4: 
are vertical sections at right angles to one 
another of the invention as applied to a 
Waterheating apparatus suitable for elec 
tric railway trains. Fig. 5 is a cross-section 
on the line a-ra of Fig. 3. . - 

Referring to Fig. 1 of the 

80 

drawings the 95 
electrode a whichis of carbon or any other 
suitable materialis surrounded at its lover 
end by a hollow body b of tubular form and 
of porcelain, glassor other insulatingma- , 
terial. The hollow body b. and electrode a 100 
dipinto the liquid uc, which may for exam 
ple be contained in a heating boiler: The 
tube bis secured to the coverk of the boiler which may forwaterheating purposes o s 
its lower end and is provided in its upper 
part with perforations f. Surrounding the 
electrode a and within the tube bisa second 
narrower tube g which is suspended in :no i 
trode a is likewise suspended in position by. . . . . . . . 
means of clamps a carried by any suitablº . 
tion by a clamp g on a capk'. The elec 
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below the openings f 

- from the tubeg. 

On the drawings the annular space 
between, the electrode a and the tubegis 
shown open, but may, if desired, be closed. 
The current from the electrode a passes in 
the direction of the arrows e, and h to the 
second electrode. The current passing in 
the directione generatesheat in a column 
of liquid of length e and diameter d and 
the liquid therein therefore rises and passes 
out through the openings freturningagain 
to the hollow, body b at the lower end, so 
that there is a constant circulation of liquid 
in the hollow body b. If the electrode a 
is freely arranged in the tube b, that is with 
out the use of the intermediate tube g, then 
the current will take the shortest way from 
one electrode to the other through the open 
ings f. This is however prevented by the 
insulating tubeg which reaches to a point 

in the tube b, sothat 
the current from the electrode must pass 
through a column of liquid of small cross 
section before passing through the openings 
f, this liquid :: of annular form. 
The direction of the current is indicated by 
the arrows h. The total resistance to the 
current is thus the sum of two liquid col 
umnsparallelly arranged in the circuit, the 
one of cylindrical or similar form of length 
e and diameter d and the other of annular 
form of length i. The degree of resistance 
may be varied by adjusting the position of 
the electrode in the liquid or by relative ad 
justment of the electrode and the tube or 
tubes or by adjusting the position of the 
hollow body b. It is also possible to vary 
the volume of the column of liquid, as shown 
for example at Fig. 2, in which the lower 
end of the tube bis provided with a conical 
valve r capable of being vertically adjusted, 
so that the cross-sectional area of the tube b 
at its lowerend may be varied according 
to the position of the conical valve r. If 
desired, the electrode a may be provided'' 

cover or coating apart 
t is also possible to attain 

the object of this invention by forming the 
tubular body as the electrode. The tubular 
body b may be of conducting material which 
is insulated up to that part where the cur 
rent passes over into the liquid. This in 
sulation may take the form of an insulat 

with an insulatin 

ing coatingora movable tubular or. other 
wise shaped slidable covering means. If de 
sired, the hollow bodyb may be suspended 
in the liquid, so that its upper open end is 
positioned a short distance above the level 
of the liquid, thereby dispensing with the 
necessity for the perforations f 
case the rising liquid will stream overthe 
upper, end of the hollow body and fallinto the liquid and thereby the separation of the 
steamwill be considerably facilitated. 

Referring to Figs. 3, 4 and 5 of thedraw 
ings, the electrode l in this case consists of 

- drawn out of the boiler v. 

In this 
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a number of carbon plates arranged side by 
side in a porcelain or other insulating box 
m, and secured to a stuffing member n pass 
ing through a stuffingbox o, sothat it canbe 

Thé other elec 
trode is formed by the inner surface of the 
boiler v. The interior of the box m, is in 
connection with the surrounding water by 
a plurality of tubes p, entering the box from 
below. In order to give these tubes. a suffi 
ciently lar 
paratively long, as the cross-section of the 
individual tubes admits of only a limited 
powerbeing applied. For this purpose the 
tubes are notarranged perfectly straight 
butare bent or otherwise made, so that the 
necessary length is obtained. Each tube p 
is provided with a porcelain cut off valveq 
which may be individually accessible from 
the exterior by means not shown on the 
drawing and which servesnot only to cut off 
the flow of liquid through the tube p but at 

O 

75 
capacity, they must be com 

85 

thesame time cuts of the passage of the 
insulating property. Passing upwardly 
from the box m is a plurality of tubess 
which open into the liquid. Further, one 
ormore tubest of larger cross-section com 

electric current therethrough owing to its 
90 

municate with the interior of the box m 
and the steam chamber above the surface 
of the liquid. The tubest may be arranged 
in any convenient manner, soas to conduct 

95 

part of the steam generated in the box.m. 
direct to the steam chamber, so that this e steam does not pass through the. tubes sº 
which would in such case be subjected to an 
overload, as they have to conduct the steam 
generated within themselves. The steam 
generated in the tubess is very considerable 
as the temperature of the water therein is 
high owing to the preheating of the water, 
which hastaken place in the lower tubes p. 
In order to render the escape of the steam 
possible without irregularity the tubes sare 
conically formed, sothat the cross-sectional 
area of their outlet openings is greater than 
that of the inlet openings. The tubes 8 are 
similarly provided with porcelain or other 
insulated cut off valves uso that it is pos 
sible to regulate the generation of the steam. 
by cutting out the liquid supply and the 
passages of the current Ro: V 
From the description relating to Figs. 3 

to 5 it will readily be understood that the 
electric current passing from the electrode 
l to the outer casingor electrode vis com 
pelled to pass through the tubes p, sand t 
owing to the box m, being of insulating 

105 

11o 

15 

the tubes s. 

material; the current thus rapidly heats the 
liquid in these tubes and sets up a circula 
tion therein. When it is desired to control 
the heating or the liquid, one or more of 
the insulated valves q andu may be closed, 
thus preventing a circulation of the liquid 
through the respective tube or tubes while 30 



1,002,637 3 

at the sane tine the Valves when in closed 
position fori insulators between the elec 
trode l'aid the outer casing or electrode ". 
The liquid columns in the tubes s and p 

5 form the main elements of resistance and in 
the same nanner as in Fig. 1 are arranged 
parallelly in the circuit, the water rising 
upwardly in these tubes owing to the differ. 
ence in temperature and passing out at the 

10 upper end in the manner aready described 
with reference to Fig. 1. 

It will. of course, be readily inderstood, 
that the apparattis hereinbefore described, 
although primarily intended for use with 

15 alternating currents for heating purposes, 
may equallywell be adapted for the elec 
trolvsis of liquids, if continuous currents 
are used. 

I claim:- 
20 e 1. In an apparatus for the heating and 

electrolysis of liquidsby electricitv. an elec 
trode immersed in the liquid and a non 
conducting hollow body surrounding said 
electrode and communicating albove and le 

25 low with the surrounding liquid to le 
heated, so as to enable the liquid to circulate 
through said hollow body. 

2. In an apparatus for the heating and 
electrolysis of liquids by electricity, an elec 

30 trode immersed in the liquid. a non conduct 
ing hollow body surrounding said electro le 
and communicating above and below with 
the surrounding i: to be lheated so as to 
enable the liquid to circulate througli said 

85 hollow body, and means for varying the rel 
ative positions of said electrode and hollow 
body. 

3. In an apparatus, for the heating and 
electrolysis of liquidsby electricity. an elec 

4o trode immersed in the liquid. a non conduct 
ing hollow body surrounding said electrode 
and communicating with the surrounding 
liquid to be heated and means for varving 
the cross-sectional area of said hollow body. 

45 4. In an apparatus for the leating and 
electrolysis of liquids by electricity, an elec 
trode immersed in the liquid a nonconduct 
ing hollow body surrounding said electrode, 
upper and lower connections with said hol 

ends. 

low body and the surrounding liquid to be 5o 
heated and means for inclividually control 
ling and cutting-off said connections. 

ò. In an apparatt Is for the heating of 
liquis y electricity, an electrocle immersecl 
in the liquil, a nonconducting hollow body 55 
surrounding said electrode. Ipper and lower 
connections with said hollow body and the 
si tro incling liquid to be leated and in 
sula ted neans for individually controlling 
in citting-off said connections and adapted 60 
rt the sanne time to control the passage of 
the current. 

f. In an apparatus for the heating of 
liquils ly electricity, an electrode immerse 
in the liquidi, a non condicting hollow body 65 
st l'I'ouling sail electrode, per and wer 

i connections with said hollow body and the 
su l'l' in ling liquit to le lheate ad ans 
for individually controlling and citting-off 
sa il connections. saic connections loeing 70 
\\itler at their outlet ends than at their inlet 

7. fan app: l'attis for the heating of 
liquits y elettricity, un elect rile immersel 
in the liquid. a noi conductig hollow body 75 
strounding said electrode. I per and lover 
connections with said hollow body and the 
surronding liquid to be heated. neans for 
individually controlling and cittifìg-off said 
connectis. anni neans for conclucting 80 
stea fron said hollow body to a chanilper 
ab(vey the level of the liquid. 

8. In an a paratus for tlie lheating anel 
electrolysis of liquidsby electricity, the conn 
bination of a vessel for containing tine 85 
liquid to be heated. an electrode in said 
vessel, means Whereby the electrode may be 
with drawn fron said vessel and a non-con 
ducting hollow body surrounding said elec 
trode andl comunicating with the liquid 90 
in the vessel the casing of said vessel form 
ing the second electrode. 

Il witness whereof Ilhave heretinto set 
ny hand in the presence of t \vo Witnesses. 

RUDOLF voN BROCKDORFF. 
Witnesses: 

WoLoEM AR HAUPT, 
HENRY II.AsPER. 

  


