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- - Patented Aug. 20, - 1935 l

 THEREFOR
. Alfred L. Atherton

; Verena, Pa., assignor to West.
. inghouse Electric & Manuf

acturing: Company, =

A a corporation of Pennsylmnia,- o _. |
S ;z;ppucgﬁong.mnuaryzs,,_ 1932, s;eria;lNo._539,415;_-

R My invention relates to means
~~ the operation and - reducing the

1t "has particular relation’ to means

- the anode's'jtd_]'prevent_ arc-backs, while helping
R ‘o provide sufficient vapor for the mnaln arc path.

.~ The thought behind my Invention is to provide
. -means for Dbreventing g bhenomenon ‘Which con-
- stitutes a peculiar difference between the insulat-

- Ing gas paths from the cathode to the anodes

T ;...} . (and from one anode to

- some other anode is acti
- . an ordinary insulating gap

ve, on the one’ hand, and
In a gas, on the other

| _ another) when the par-
ticular anode is not carrying current but when

- “hand. In an'yfrectiﬁer,f the object is, of course,
__ to have the gas paths between the inactive anodes |

~-and the other parts of the structure perform
 the function of insulators to prevent. current flow

to and from said '_ih'a,_ctivéﬂfanqdefs during the por-

. tion of the cycle when they are not supposed.to
_carry current, If. it .were not for the presence
-of.another anode or anodes carrying current, as

 the terminal of an arc orares, in the same feny
- these insulating gas paths would normally ‘with-

g 25

~ stand a potential. of -somewhere
30 L.

“in" which the maximum ._poté_ntim'-:different:e is
of ‘the. order of 1000 volts, ho- back-fire: should

55 SVer oceur, but it. is well known that such back-
Dires, or arc-backs, do occasionally oceur. The

 theory has ‘been suggested that the remanent

tonization; which  remaing In. the region of an

~anode after the .termination
.40 activity €xplains these occasional back-
- deionizing these remanent ions.

45

‘any considerable

50 SLVEIL . MR
- mind, . that- the reman

o fire, cannot "be a predominant
55 fire in

of this period of

res, and

~means have been added with the view of quickly

rom -conductivity to insulation . characteristics
for a given path, thereby indicating, to my
(28t the remanent ionization, at least in
- the modern types of rectifiers, as ordinarily con-
- structed, although a contributory cause of hack-
| ‘cause of ‘back-
‘the presence of lonization from- other

back-fire phenomenon is 3 random phenomenon,
“and my studies. of the- distribution of arc-backs
during th_e"period_-.qu-;:ina'c"tivity have not shown
o any ¢ ' degree of clustering during the
- initial remanent-ionization period of transition . _ B o o
~ Considerations such ag the foregoing lend in-
creas
glosed in my application Serial No. 560,792, filed
- Sepfember 2,°1931. I1f we. can ;"intr'ﬁduC'E-'?$IICh,'-a |
~flow of un-ionized vapor that the lonized vapor
' cannot
| source of arcing-back is removed. In the recti- -

~ be the combination of

-anode on. which the reverse

of -a large number of

- brojection, into
huiber - of

17 Claims.  (CL 250—27.5)

Tor improving
-_ space require-
. ‘mentg of mercury-arc metal-tank rectifiers and
S I , for infiuenc-
‘ing or controlling the flow of vapor in a muiti-
anode rectifier tank and for providing  a blast
-of sufficiently’ deionized vapor in'the region of

- :é_;imulta;neously ‘operating arcs in the same
~ Cchamber, AR ) o

a -rectiﬁer ;

- them to break down, occasionally, ai voltages of -
the order of 10%, or less, of their or,dinary-break—_ o
presence of
lonized ‘mercury vapor from ‘the arc-paths of

down potential, is attributed to the

other anodes which are.active at the moment.
" This 1oniz_edmercury vapor, according to my pres-
- ent belief, is carried about in a variable and
more or. less _'uncontrolled--wa;y by -the blast of
Mercury vapor Irom the cathode, in rectifiers as -
' intervals there will

heretofore constructed. At

a sufficient: density of

10

lonization concentrated in the Space around an

‘botential is applied
with sufficient instantaneous botential to cause
the breakdown which develops into an arc-back.

20

 This combination of circumstances oceurs only
-Occasionally because it requires the accumulation
Positive ions at just the

right place and at just the right time, and pe-

cause the movement of the positive ions is con- -
- trolled by the blast of vapor from the cathode
~which has a high velocity and  which is made to

1o
R

be extremely turbulent and full of eddies by the

the stream of vapor, of

anode shields, cooling systems, ete, Further com-

plication is introduced by the

ed support- to the corrective measuires dis-

I .

a large
irregularly shaped bodies, such. as

enter the high-gradient - bortion,” this

30
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L g
. fier eonst1 uctmns shewn in my copendmgeppli-i |
- cation just mentioned, use was made: cf a sep-.--
“arate mercury pool, heated by an auxﬂlery source
:_’to supply the flow of un-ionized vapor. RERSE
My present . 1nvent10n is partly in- the nature

in part, of my ebove-mentwned-_-
dlrected to modi~
B ﬁeetmns and mlprevements thereen -1 have been:"._--
~ able, as: descmhed in the present
obtain a blast of suf’ic::.ently un-lemzed vapor . ;;bgdymg my 1nvent10n in a
e cathode poel itself,” ‘without resortmg-;;._f
. toa separate mercury pool; and I'have discovered, -
CoowL . more: definitely, the nature and importance of
L - " the control of the’ tempereture gredlents Wlthln" |
.15 the rectifier, if
I effectively, v

g " 'j.---_-'_frem the:

-9 __f"_-:tha,t these geses Wthh

- --_;-;j'are cerrled

5,£vegemy
U pu
5 gas. 1nto a region-where back-
o my ‘vapor-blast
- of vapor from. the

:.'_of a continuation,
'-eppllcatmn

ﬁ-'-'he rela,twely free frem ferelgn ge,

. -sources of foreign gas,
. gaskets:. which “are’ Catilized:
processes: are su ﬁelently cooled, ‘are-

: - “and-the- het perts surroundmg them.
are- eentmuelly being

and;. in- pert it is

nool
‘Of eeurse it 1s- known

erds one of ‘the Inest €

This may he eXplemed as follows:

perts of the eppe,retus

of the vap er

centrol system a

Lare ntlhzed 80 as-to Carry- -along. .any. ferelgn'_f

- gas’ ‘which: is gwen e...
- foreign gas at-a portion
U syacuum pumpmg ennneetlen is’ made

thereby

| 55 sults in freeing- the space Wlthln the: a,nede shield

There is- enother fecter 1n the hehavmr ef

:"*-‘reetﬁer which -has to be taken into account in

" ,L'”'"-'fif'determnnng the amount and denmty of vaper

q' f '-"':"-_69.j.'fneeessery in the aumhery streem When theﬁ_
. current ﬂews in an- anode - shield to the: enede,_
S -.;"_';-*-iheed ‘the vapor in the’ shield is heeted and tends

L '_ 'i_ftO EXpand and: ﬂew eut at the bottern of

BERNNE temperature of
o sults in a. breathing: efieet which tends to draw  is'a qua,rtz disc or ring.
© .’into. the - shield whatever. vapor may-. surround -

e thE epemng just’ at the time when the negative
It is. thus necessary_-'”
the opening of ‘the = ]
cient extent un-
us to ap-

70 .j_,petentlel is heing epplled

. that the vapor surrounding
- “anode shield shall be to a su
- “ionized.. ‘Doubtless’ the only way for

R "-_'5,7.:5_-?_-‘fproach the problem ef determlnmg the ameunt

the ges in 'the sh1eld Thls re-

e my invention cenmsts in-

epphcatmn to.

.. perature grechents
the un-ionized. blast is to- be.used'
o whether it originates: from the ea,th-*_:'-'_-
Lo __ede pool or fre:rn an auxiliary mercury _
I that there- are. many
e - other cases of arc-backs, each’
. 9qg be taken cele of..
g, means for: mereasmg

set-this kind of thing' under “the
of - what other Ineeha,msms oL 'f"-_'whmh lies in the ‘direct arc

- _.-'_-_.'Z.eathede and
and-control-of means for prmndlng a1 Uun-ionized

o F mereury plast, in accordance with my ‘present in-
R ©oiyention, a
3 - -which 1 know for- avoiding the- treubles due- to_"-f.-

| -_'.::_'gf;ﬁ-_ferelgn gas. -
v Thevapor from the cathode may e assumed tO o 'lthe 11ne IV——IV
The prmelpa,l
assuming. thet any rTubber - -

for -
's) Ve,enum -sealing. . -;.ture—respenewe demee er

the anodes - associated therewith.

X helleve_- -

o elong in the general direction of the: -
~ _vapor flow and ‘have accumulated in ‘pockets, in.
“previous: eenstluetlens ‘thereby
) . mercury VAPOrsS:
' the tank, thus lewerlng the efficiency of: the recti-
- fier,. but, ‘what-is worse, eccumuletmg unt11 seme |
flow . sends - an. eddy or -

threu {a snch a. 238 oeket a,nd blows the. -
: Lot fire may occur.. In - -I:prevlded with &
gas- free hlest“-,‘--”- 18,

preventing. the - gy tpe bottom:

from reaching the cold walls of -

c&thode s deﬁnltely dlrected

- . geross the. anodes, ‘gnd. particularly across the

~mouths of the-anode- shields, where

Y such shields . :
S

ecentral cooler 12 and the conical Dbafie :

~ cooled by water which: enters. through an 1n1et' U
depositing said  pipe 14 and leaves through.an outlet S
of anodes-18-are’ dlspesed in a 11ne' S
the centrel tubular
above the eemca,l bafiie {3. Bach - :
premded with an anode shield 7,
| pmteeted by a grid- 8.
- Preferably; also, I utilize an anode- construction .
. as ehewn and claimed per se in an a,pphee,tlen of
cJL T ‘Mathews Serial No.

26 1932 and. assignied to:

of ‘the tank to WhiCh the -

‘This re-- '-.{?e,round the upper portion of

| . <baffle 12" and
'f;'irem entrence ef serleus quantltles of forelgn |

S f-ei.;enede may be:
.:~.ges

“the bettom of which. is.

the vepor |

--the lower end of the anode
;,_Spece es Well as the
- ..neeessary, in. eddltlon
.;_mercury blasts in my

ef aumha,ry vaper flow Whlch wﬂl be reqmred
wﬂl be by trial, at leest for the present |

“With the foregoing and other objects in view,

the various. strnetures
cornblnetmns | metheds and
pa,rts which are herelnefter described and claimed

arrangements of '-

end shewn 1n the aceompenymg dra,wmgs Whele- |

Flgure 1 13 a, seetmnel wew ef e rectlﬁer em-

form whmh utlhzes

10

a central blast from the cathode poel itself, with

a semes cenneetmn of the wvarious coolers: for
“the purpose of obtemmg

wmeh are
:proper mamtenence of the blast.

of the. un-wnlzed bla,st

Flg 3 is-a view snmler te Flg 1.
the rele,twe strength oi
centra,l blast aS eempered_ {o the radial blast

the severel enodes

" ‘glso shows what is now my pr eferred method of

: l.'contrelhng the: tempere,tares of the various ccol- -

ective ways of _':'ers w1th e,ntemetm means: for this purpose.

‘of the center eeeier

Fig. 5 is a pertlel

F1g 6is a dlegrammatlc wew 111ustra,t1ng the .
'f-'we,ter ﬂew system for the coolers. )

S Figs2ds a ‘similar view shewmg the nse ef an a
-__a,uxﬂlary ‘mercury pool or guxiliary portion of

~the main pool which is segrega,ted as- the seurce -
of which has to |

“For- ‘example, . the- presence”_;
~ . of too mueh ferelcfn gas will cause troubie and -
it is necessary - to
: -_'_-_"_centrel regardless
1-_,’.'l_-.'-“ve,thf-ﬂow may beset up: ‘" The ‘proper design

111113 By atmg |

the approximate tem-
necessary for the |

‘path between the
Thls figure

25

80
vertlcel seetmne,l wew N

thr eugh the: eenter cooler, showing the tempera-~
thermestet whleh 1s' :

In Flg 1 my 1nvent10n is shown a,pphed to e

metel tenk reet1ﬁer GompI'lSlIlﬂ‘ 2,
thereof." A 11qu1d mercury: eeth—

8. The Slde and bettem Welle

the tenk are’ prevlded with g tank" coeler or

Water ,]E..Cliub or eathede cooler
Dependmg

W}:nch ternnnetes

plpe 18,
A plura,hty

588 015 filed Jenuery

top-of the e,nede head m
21 Wthh is speeed from
pmeﬂlaln 2d.

the eftthede reeeptftcle is

from the centre.l pert1en ‘of-the
*_'--cever plate 41 of the tenls: is-a- eentml cooler or
“tubular beffie £

this anode COIlntillCthﬂ--
is the use’ ofa qnertz tube 18 surrounding the
enede lead or shank 20 and: counter-sunk into the-
_.--‘r_-_anede head 6. Surroundmg the nuertz tube {9,
and. restlng upon- the

main tank -
- portlen 1 having an insulated cathode receptacle.
ode pool 8a is ‘disposed in the. Ppottom -of said @
~cathode recepta,ele
of
" water’ Jacket g and-

‘at its lower .
-end, in-an ennuler cenzeel baffie 13. Beth the .
§3 are .

- nfn
ot

the Westmgheuse Elec- 63
: trle & Me,nufecturlng Cempany One of themost .

3 e:'Slgnlﬁce,nt things about:
the

65

This
quartz tube 19, seem to be -
to:the: errenﬂement of the
present. ‘application, in or-
_der to secure the fullest measure of ir eedom from -
~ back- ﬁres Whleh hes not been ettameble here- |
;tofore S L o A

o



20 . Mereury vapor. leaves the

. velocity, probably much higher than the velocity
~ corresponding. merely to the temperature of the -
.Surface of the mercury, although this tempersg,-
- ture is the hottest part of the mercury vapor
- 95% blast; As -

40

- 45

"CO'Uleif.-' 24, and
outer cooler 25. Th _
- tank cooler 9 provide what I call the

- the general phenomena of merc

- . cathode surface, it expands with
- ments'in all dir ‘.
' of the molecules or:particles moving in the di-
- rection of the temperature gradient, or toward -
the'cooler portions of the rectifier. When mer-
~eury: vapor touches the central cooler, which,

" tween the vemperature of the surface of the me
. - cury pool and the temperature of the final con~-
o  _,_..::-_'c‘;[e_nsmg:;walls; the f_va'po-r'i.:approa_ches_-_ the surface

Ply a’'continuation of the side

' cathode at g high

oon' as the mercury vapor leaves the

ections, but with

surface, being intermediate in

r

to the temperature of the cooler..

~ course, much of the Vapor pressure which goes

- with the velocity. - When the central blast of

S Inercury vapor reaches the top of ‘the central

50

55 |Dercury vapor comes down and condenses on the
%% top walls of the conical baffie 13, and some goes - #1008 19, close in fow:
MEwal ~ has an important bearing

~ ‘cooler, it again expands, as a free gas which is
- Teleased, under pressure, in 8 Space, in a manner
AR similar to that: which was ‘described for the blast
- as.it first left the mercury cathode. Some of the -

L out to the intermediate cooler 24, thereby provid-

B, "_-_fdf-":Substajntially- un-ionized mercury vapor which
1s Tairly free of foreign. gases, sweeping past the

60 -

- .Iying along with it any foreig
- Iiberated from the 16, SRR

- In-addition: to-the central blast which rises
from .the cathode, there is also-a radial blast -

'.6-5-?""ﬁ:;?hichr-;passes outwardly under the conical baffle

* bottom mouths of the anode shields {1, and car-

L

n gases which are

anodes 16, -

- I3 and thence out to the side walls of the tank

. a,n_d--_ijt'o.th'e--_o-uter coolier

23, the two blasts joining

 and condensing, finally, upon the final condens-

w0

i i scribed, it is essential that the central cooler shall
- have a temp

75

- ing walls of the tank cooler 8 and the outer
Sceooler:25. . 0 T

. In-order td;' mamtaih ;;;the vapor flow just de-
, erature cooler than the initial tem-
perature of the vapor blast, so that the mercury

- -re-evaporate and mave
ing il _. De.an  The intermediate cooler
' .outer cooler 25 and ‘the
‘tal ._ . 1. the final con-
-densing walls; or walls or which: the predominant
characteristic is that the mercury condenses and
runs as g liquid ‘back to the cathode, as distin-
‘guished from a.wall on- which the mercury con-
_denses and Te-evaporates. -For brevity, I shall
- refer to thess: final condensing walls as the side
- walls of the ‘tank 1, regarding the outer cooler 25,
5 If it°is used, as sin
- walls' of. the tank. ‘To make my meaning more
~clear, I shall refer next to the temperature gra-
- dients '-E_Which*.--I:__maintain within the tank, and to
v vapor flow.

‘through the

melecular move-
& preponderance

IMer---

I describe this
7. process as a condensation and re-evaporation of
- the mercury on the walls of the cooler. - During
- this. process, the vapor also loses the ionization -
~ which'it had when it left the region of the cath~
~ ode. 'In its progress up ‘through the. central
cooler {2, the ‘mercury vapor thus becomes de-
- lonized and it loses much of its velocity ‘and, of

-and ionized mercury vapor

- where less harm is done.

‘and outwardly directed blast -

the final condensing . _
vapor, as it leses its velocity and pressure, will

the inlet pipe 30. The water leaves the
ccoler 1@ through a rubber
and enters the inlet pipe

It leaves the tank cooler through the outiet pipe

33 and enters the outer cooler 25. Leaving. the

~outer ceoler through the outlet pipe 35, the cooiing
- water then enters the intermediate cooler 24, from
'Wh'ich.éit-'p.a’sses," through !
pipe {4 of the central cooler 12 and. conical bafflo

plate cooler 38, from which the water is dis-

© charged through a suitable outlet or drain pipe

29. In the foregoing system of water connections;
it will be observed that the

is in the tank cooler § and the outer cooler .95

. The above-described scheme of controiling the
‘temperatures at the various parts of the ractifie-
ury: T LOUC ic. centra W S0 as to produce the conditions
- according to:my invention; is the hottest cooling - . 0B

' temperature be-

necessary for the

vapor to flow from the cathode to the cooling sur-
- faces, through paths apart from the danger zones,
(the regions of the anodes where back-fires are
likely to occur, is very important in reducing the
- Irequency of these
- structure

back-fires.

although T do rot believe that it carries it out as

far as possible. For example, if we make the
center bafile hotter by, say, 10 degrees, than the
- balance of

the condensing surface, then the va~-

surfaces. Thig

owing in this direction, will ‘carry foreign gases
with it toward the
main condensing surfaces @nd thus into p-aces
' v1s, of course, necessary

enough. to ensure con-

that the hot walls be cool

- densation, so that saturated mercury vapor will
be present, o ST o

- I als_o.ﬁnd-.that-the _
anodes 18, close in towards the. center cooler 12,
' on the freedem from

‘back-fire. In other words, it is important to pro-
_vide a free radial space . _
16 and. the side walls of the tank 1. This is par-
ticularly true where an-intermediate cooler 20 1s

between the ring of anodes

utilized, which I prefer in all cases to do, said i

3

~ Vvapor will condense on it, and_.yet”-tws;rmer.tha,n'

on'as un-ionized vapor.
24 should, I believe, have -
2 temperature more nearly like that of the inner

~cooler 12. - . - o

- In“the particular sysitem- shown in Fig. 1, the
- approximate temperature gradients of the coolers
- are maintained by introducing the cool.ng water
first into the cathode cooler 19, as indicated by
cathode

hose connection 34
32 of the tank cooler 8.

pipes. 35, to the inlet.

Wi _ hottest water is at
the inner cooler 12 and that the coldest water

grouping or nes',tin_g of the -

walls, so that the expanding

1j57_‘ |

o. .The water leaves the central cooler {2
outlet pipe {5 and enters a cover-

a0 '

- 30

‘The particular
shown in Fig. 1 lllustrates the principle, o

49 o

- Bor pressure just at the Surface of this baffle is
approximately twice as high as the vapor pres- =
- sure at the cooler certainly pro- =
duces a tendency for vapor to flow from thsa cen-
- ter bafile to the cooler surfaces

4':75.:"

-and this vapor,

50.

b,

60

- termediate cooler being at g temperature higher

than the temperature of the side walls of the

tank, thereby producing a definite pressure-dii-

ference, as just described for the central cooler i

~ broducing a definite fiow of mercury vapor beiow
'~ the bottom of the intermediate cooler and oui to
the side and bottom walls of R

the tank 7. -

65

-The main arcing path between the cathode and

the several anodes is

around the central conical

70

baffle 13, although it must be understood that the

a5 it does, in an extremely low-

arc, taking place:

bressure gas or vapor, spreads out pretty largely
- overthe whole tank space, some of it probabiy even

5

10;}.




| Dassmg at least oecasmnelly through the een- .
t]:‘al blast path hﬂrelna,bave desc -

N the designshown in Fig.
© " ly-applied loads. .
RS relatively small,
~load was. euddenly increased, say,

.. full load to 200%
%.',-'-'-'_’.;._;-baek _fires, under. euﬂh circumstances, being. aboub
o onedn & thoueend times. -

" few. minutes, aiter
. arc drep is eeneldereb ly: h1gher and is een31de1 ebly-_. a
T gttribute these. phenomeme, mainly 9.

[ .
; " ) - . '\+.
| .. 20"'

- erratic.
- the SIOWHEEW with which the cathede
"“--':_---mercury pool: spread outb.
__'-poel so- as to.carry:
o the: time whleh it. takes
R "._r'___-i:_pere,ture ‘of: ‘the top - surfece of the
- pool 1o increase o

" the increased mercury -vapor, which is- ‘necessary -
In other words,

. 800

L the. central bl asth,
. does not seem to be large enougi to supply @ suf-
111’1-10I11a€d MEercury memeulee
the: e.nede shields {1,
qci ent o928 pax ticles th e'“'e o
eurfent mtbeut ex—

. central
S I*-__.__:_bmled eff therefrom at any rate
- ‘desired. In this form’ of

o *-5-6;'7?-'vent10n ‘one or more. starting anodes 48 are: pro- -
5T vided; m the euter getive. ennuler pertwn of the -
" mhercury pool 4T ‘instead of using a single. cen- -
| _':f'tre,lly 1oeeted startmg a,nede ﬁig es in the Flg 1_ '1__ -f_

S o A - .iaslargeeseO°

r - N
.

”_'__uum pumping: eenneetmn
_as to opelr into the tank
..j-jga,ses a,eeurwiau,e

'-"_-_ﬂezent number of
0T Vapor in the fegmn under
- 85 so that. there are. not su
L to carry. the 1nereased 1ead
Y :_eeeewe axrc: dleps o
There are two wa,ys 111 whleh 1 :tmght eorreet |
RN .:.-';-;tms ‘defect, according to my- ‘present theories.
LA 400ne is to utilize an auxiliary source ‘of mercury
~oo - F vapor, for the un- -ionized
- -cated In Fig. 2. In this
. paffle 43 1s. prewded between the centrel cooler {2
lj--,}_'-end o central portion of the mercuty pool,
ee,thode cooler 10,85
-‘--_1nd10eted at 44. A 1'l.e:s.tte:r: 45 is pmwded ﬁer thle
mercury: may: be
Wthh may. e
embedjmept of my . in=

ut11 ty in e,ny
_-'lmvemmn namely a depe‘ndmg
from the COVET plate H in the regmn_y,;:
1§ for the purpose of assist-
blast dewnward past the_" |

B dependmg
_of the ring of enedes
v ing in
_._,mouths ‘of the angde shields 1. O o
of th&TI‘llIl‘T the in-
‘plast ‘which T° beh.evef
in the paltleula,r desigh shown in oo
Pig. 1, is’ mdmated in Fig. 3, whereln the bettom-i.-'
_,_‘end of the central- -cooler . 120 is’ opened
a fun'nel as indicated at 5§,
. .over substantmlly

“'-."j:creeused central mercury
“to be needed

uoed
A flﬂ"’b].’lef pomt to be cen51dered is: th.at +he V50~

1 heve found some mdwatmn of a tendeney of*_.;g
1'to be sensitive to. rapid- -

Whﬂe the number of e,re-becks

- af. full load, the.

SuCﬂ en 111816:%8@ in:

spete ox: the

the mereased load

& V‘dluﬂ HBC‘:‘SS

to be present in the arc’ pe,ths
in- the partlcular deqlf n. shme”l

blast as 1 heve indi-

hee,t-lnsulated frem tne:

mercury poel whereby

dlreetmg ‘the’

An . e,ddltmnal method

frem the reglens of

the centrel bafﬂe or ceoler ma?

should ke arranged SO
at the 1}0111t Whe?*e tne’:
o In the present. réct tifier, ‘as.
- above déscribed, this pemt is.at the tep of the side-
| .h."._'wmls of the tank portion T
 yacuum pumping connection 41 in the cover plete_;_;'

10 1 near the side walls of the tank, in Fig. 1.

';'_'_-.:_the best water: circulating system
- AS in Fig. 1, the coolers are C h
although- in the broadest aspects of my inven-

I have indicated a tion T'am not to be limited to a-series ‘connection. -

all of the arc-backs which have .
occurred sofar have occurred:at.a time when the .
from 25% of

frequency . of

at

'-'r_-;'_"'matle View. ef g, ‘8,
| veive or SO~- celled water-ﬁew regulator 10:and
thence. to the tank N
'Frem the diqehe,rge plpe 39 ef the outer- eeoler a
“hose ‘connection 121 1Iee.ds both  to: the: ‘cathode
- cooler 11} a*ld to a heater tan
the normal- path of -

I also find. that, for a .
1eed the

over the surface. ef the.
and 10,
‘for the average tem--.._--:
mercury
1:57 ‘to supn! iy
-genter. cooler-

- pipe 39 which,-
, and-to; tbe ‘inlet side..of

f--';ce,thode
coolers’
';ede..pted 10 be: dmven hy -a-
‘be: energized, ‘whenever: current is- supphed toan
the heater tank-14, in. re- -
‘sponse to the operation of a contactor switch 84. |
It will be understeed that normelly, when  the
-___f:_.1eet1ﬁer tank ‘is- carrying. any. emprecmble load, -
_the electric water- Theater 83 and |
will be UPEIIET‘Q‘IZEG. so thet no we,ter wﬂl ﬂew-_

___-therethreugh s S
"To give some ‘idea ‘of the temneretures o

“electric heater 83 in-

case, a. tubuler quartv

Whl ch

-,-_velved I
~ which have been found: ‘to be: sat::.sfaetery, |
" though it will be understood that I am not to be -
these particular ‘tempera- -
“tures.: Inlet water is supphed ab elmest any-desir= ol
preferably should be less:
as indicated in Fig: 6. -After passing
tempere,ture o1

altogether limited to.

able tempere,ture whleh
“than 35° C.,
through- the tank cooler, a. we,ter ,
. may be uuﬂlzed The water will =~ -

- pe slightly further. hee,ted in passing through the .-
outer cooler; reaching a temperature of possibly -

of the:?rfdrms,ftit.j'éﬁib"ﬁdi-méﬁtb‘f my _.
the water temperatures will = -

tubular: baffle: 89 41°;
_the end of the’ intermediate
~end of the center cooler and possibly.
o dmeharge termmel 39..
_-':-merelsr given: for 111ustmt1ve pu'*"poses

out, like
se ‘that 1t spreads’_.-
| the. Whole area of the’ eethod_e:
“pool, so as to te,ke mste,nt edventage of the in-
¢reased mercury ebulhtwn
"7 the cathode spots, no. me,tte.l.
 cated, upon the oceurrence of a suddern increase.
:--,'-m lea,d In., thls way,.
= mercury vepor wﬂl 1mmed1ate1y pass up through
mthout Waltmg_'

N hee,ter tank, -as
case, the mlet water
- cathode eooler
it is . Pelieved - that. more .
__._condueted mte the 1ntermed1ate cooler-at a tem- .

5

where they are lo-

j_-‘_'_:__perature of say, 48°
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“for the temperature of the ee,thede epots te

in. the coolers.

enneeted in series;

~ spread out over the surface of the mercury, upon’ S
. the occurrence of a- sudden:increase in load. L
Figure 3:also ‘shows what I now believe. to be

In Fig. 3. however; the cathode. cooler §0is placed'_ R

' in the thzrd position. instead of in the first posi-
tion. in:the series ol coolers: which: ‘constitute the-
“path of the: cooling- water, and-1 provide means. -

for artificially heating all of the. coolers except

_the tank cooler 9 and the. outer cooler 25, during
that the parts are: kept_

temperature sultable for 1mmed1e,te e,su-«
'_,;.___._sumptmn of load:. SRR - |

permds of no load;: 80

- AS shown in: Flg

eoeler 8 and: outer ‘cooler 28.

is cennected both- to the- drain 14

120 -and- 33 The pump NERE

16, 24,

Subsequently,

kT8.: Tra,emg ﬁlst .
the water: threugh the
| fee,thoae cooler, a second hose. connection 16 car- -
- ries the- water to the: inlet.. pipe -of . the. inter- -
 mediate cooler 24, whence it passes through the =

and. the cover-plate: ‘to the outlet

the pump 13

shall ‘indicate - certain temperatures -
al-

3 e,s well as in the dla,gra,m-_- .
water is: led: first threugh a

30
a pump 19 which, when

-_epera,tmg, dlsche,rges water into the heater tank -
44, from. which it is. reelreula,ted threugh the
mtermedlete “center’ and cover- ple,te .
3
metor 8f, which may

40
45.

be' 42" at the end: of the cathode ‘cooler; 45°%: at

cooler;’ 52° at the
55‘” at the

60
These tempembures al*e-.

- During perleds of no-—leed QY- e:rtremely lle'ht_"' |

leads it s very: demrable 0 prevent the tem-

peratures of the cathode and of-the mtermedmte__._ ’
and center coolers from falling to to0 low a value. O
- I, th e.fefere ‘provide means.
 water-flow regul&tm* m end startmg
" mediate circulation by means of the pump and
prevmusly descrlbed In such & -
which- is fed first to the

for shuttmg ‘off

from the heater ta,nk may: heve

a tempereture of- about 51“ C., ai‘ter which it is-

Cc., then to the center ceeler

the -
‘an inter- -

o



I ::'Iilé'af a temperature of 471/2 i

tank 14.

- It will be -obser.vedf"?-that,'at a,lliftim_eﬁé,- the inter-
. ediate and center coolers ‘are kept at gq tem-

- perature intermediate between . that of the

- sive device 86 which Is responsive to the water

on. t€Mperature in the center cooler 12a. As shown
- In Figs. 4 and 5, thig heat-responsive element may

- take the form. of a liquid container which is in-

-~ serted in the center cooler l2¢ and which is con-
- Dected, externally of the tank, by means of a pipe-

. connection 87, to g metallic bellows 88 which ex-

B . bands and contracts. in response to temperature

. changes in the center cooler, _- This metallic bel-
- lows'is mounted as an integral part of the water~
R flow regulator, so that it turns off the water at g

. temperature of, say, 50° in the center cooler, and
7 turns it open wide at g ‘temperature of 58° .
~ in the center cooler. - T T
.. Upon '__'either,:the-..sa;me 0r a duplicate thermo-

- _Static‘*device”%;'38,'5'an'in3ulating support 89 car-

. Ties a contact finger 90 ‘which moves between two

~'-__.sta,1§|1'0;1'3,1_'y: ..spring-c'onta(jtf.'ﬁn'ge_rs 91 and 92

~back contact 91 is engaged, at a temperature of.
© - say, 45° C., the contactor switch 84 will be ener-
). gized in order to turn on-the Wa;terhe_a,t'er 83 and

‘the pump motor 81. As soon as the contactor

Switch 84 picks up, a “ hold " circuit 95 is ener-
gized through the hormally closed contacts 96 of

- an auxiliary relay 97 which. is tripped by the en~

4r . gagement of the contact finger 92 at o tempera-~-
~ ture of, say, 48° C., so that the water heater and

. pump are cut off at-'this,_tempera;ture-. ‘When the

- temperature of the central cooler 12 increases two

- more-degree_s_,'.o:r. 1_:0'1-50““!C;,-.the. thermostatic de-
50° Vvice begins to turn on the water-flow Tregulator,

 as previously described. S L
If very excessive temperatures should  be

reached, a final limit-switch contact 98 is reached,

- by the contact member 90 of the thermostatic
55. device, 50 that an alarm will be rung and the en-

- tire station shut down at g temperature of about

o 65° C. It will be understood that the foregoing
L temp_eraturesia,re'illu_s.tr&-tive”only, and that any
 temperatures may be utilized Which experience |

- Shows'to be adapted to the particular design-con-~

o ditions of any given installation,

: ﬁ:?;j_stiﬁutesbthe_ subject matter of my copending ap-

filed January 28,1 932.

- In this sectionalized design, a large mercury-arc
o rectiﬁEr;is-buﬂt_;-up; by utilizing two; four, or more
70" tanks such as herein described, -operating them

_suita;bl_e,--mea.ns -'being;fprovided-l for securing g

- broper division of the load, notwithstanding the
_ 1act that parallel-operating ares are in differ-
(5 ent tanks. - One of the requisites Of a successful

-

- mately 16 volts.
~the anode shielding and an Increase in the cen-
tral blast over that shown in 'Fig. 1 will reduce

- _ 2,0-11:',605' _ | | . 5
| _ -'and-ﬁﬂally to the cover~'
- plate at g temperature of 47°, returning to the
... pump at a temperature of possibly 46° C., from
- .. Which it .-:is"_discha_rged ‘again - into : the heater

sectionalized design is g miuch smaller size than
has “heretofore been possible.

the rectifier tank, which has made it possible for
me to provide a rating of 750 Kkilowatts at 600

- Volts in a volume only one-half as great as has

| - breviously been required for g 500 kilowatt rat-

- cathode surface and that of the tank cooler and - ST e
) outer ‘cooler, so that the vapor flow, as previ-.
~ously described, may be satisfactorily maintained,

- It will also-be observed that the principal source .
. of heat;interchange.-dui‘ing normal operation, is

R In the center cooler, which is the cooler the most.

I contemplate that numerous changes will be

~made within the scope of my invention, such ag

the possible elimination of a part of the shield-
Ing around the anodes, which would result in g -

lurther reduction in Internal losses. .I have also |
_ | clency by utiliz- :
- Ing a 2’ depth fo*r-the_ catho_de'receptacle_inSt_ead .

Obtained g aterial gain in e

there is Inherently a material reduction in the

voltage-drop during operation, and this redyc-

~tlon is increased by my vapor-flow means for pre-
venting back-fires, thus making it possible to dis-

- bense with ‘many of the shields"and"xother ob-

consume several volts of arc drop. 'For._e'xa,mple,'
previous Westinghouse designs of 500 kilowatt
rectifiers, as well as present competitive designs

of the same capacity, have g full-load arc-drop

Of approximately 21 volts. The design shown in

- Flg. 1, which is now in service, has a full-load
arc-drop of 20 volts, at g 20 % increase in rating o

f&CtGI'Y,.'.ha}Vil‘ig &.-fﬁll-l{'}&_d arc-drop Ufappl‘{)}{l— |
I believe that gz Teduction in ~

the full-load losses to possibly 13 volts. o
~In connection with the disposition of foreign

- 8ases, 1t Is necessary to pay particular attention
to details in the pre-treatment or ‘pProcessing

Cl the rectifier parts both before and after as-
sembly. My own €xperience, as well as that of
others, has clearly shown that the quality of o

rectifier ‘may be determined by the degree of

_fr_eedOm.lfrom. foreign gases. In building my
Tectifiers, I go to rather extreme lengths to de-

Crease the amount of foreign gas.
IMost important items In this regard is the prac-

- tice “0f high-temperature .pre.-trea,tme_nt of the

2 practice which I believe is novel in metal-
vank rectifiers is to determine the completion

(OI the treating-out process by a measurement of
-plessure-rise within the rectifier at g maximum
| | C ~ contemplated Ioad current for a given period of
electrically ag :-if--th'ey[_':constituted a single tank,

tine, with the pumps not in operation. The
brevious practice of treating until a given degree

0f vacuum could he maintained by the pumps did
ot give complete information as to the condi-

tlon of the rectifier from the standpoint of free- 75

' I feel that it is
‘the herein-described control of the direction and
‘magnitude of the flow of ‘mercury vapor within
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L j_-tuboler baffle end for the"
- gnnular; beiﬂe ‘and & ‘second tubuler he‘ﬂe eur- -

: -_1oundmg said- circle of anodes. . i
metal-—tenk meroury ero

FE
~ = tubular:bafile and for

. : L . - .

|-'- .

' - A
) . [ .
' -
. .-
. .
' o
'
'
.

co woef said oentrel

55,8
7 ing'said oirole of anodes,
~jacket- for said centrel tubuler bafile, a tubular-
o 11qu1d—oooled Jeoket for said ‘second tubuler bafile,

an annular llqmd -cooled. jacket for “the top of

b = - r
. N =t - 1
. - - "
. . .
L] - . ) . '
' '
6I-
'
'
. '
. -

.'dom from occluded gases
‘even. though ‘a high- degree
. mdmtemed hy the - operatlon of- the pUMBS,. the.
Presence - ‘of - foreign gas,
rectifier from the ‘hot: surfaoes £0
e oonneotlon, 1s deﬁmtely and serlously det‘rl—:iﬂ;---
o mente,l |

S The subjeot-metter of the ple ent eppllcetlon}‘:“
| 15 more or less completely sho
in.my: peper presented before. the Amermen In- -
on Jenuery 28 5

ﬂowmg

REE olelm es my 1nvent1on
1A multi-anode,

.feotlﬁer character ized by a: centr el tubular bafile
. ever the mthode in speoed rele...lon thereto, an: -
o ]-_ennula,r bafle mounted: erodnd
- of: sald: central ‘tubular. bai

_the cathode, a ‘plurality

le; also.

o

2. A ‘multi- anode

rectifier. ohoreotenzed by a central tubular hefﬁe
" over. the cathode in spaoed relation
e annular: bafie mounted
(o of sald. ‘central tubular:

| - the oathode a° plurehty
‘gircle . close to. the upper port1on of. seld oen.tre.l '
the -most pert over said
anhnular baffie, and a. hqmd-oooled Jeoket for ssudfﬁ
_'_oentral tubulal baffle.. |

around. the

3.A “multi- enode

bafﬂe an’ e,nnuler Jiquid

for the sme walls

A A mult1—anode

- ,' dive sald tank, and a tuhular l1qu1d—oooled Jeoket for

. the side walls of said tank. |

. metdl—tanl{ meroury-e,ro.

B -Ieotlﬁer char ecterlzed by & central tubuler beﬁ’ e
IR ‘over the cathode in- ‘spaced relation thereto, an
R -"ggii"--:ennuler bafile. mounted around the bottom end.
- of said oentrel ‘tubular befﬂe also spaced from

- the cathode;
. circle close to the upper portlon of ‘said. central
the ‘most part over seld_t-._i-

o 7.'G.-'5'-"'annu1er befﬂe and an mdlv:tduel sh1e1d and gnd' ;f__-.;;'_

._tubular ba

B, A multl enode

9 plu,rehty of - anodes’

e end for

e for eeoh of the. anodes

B A mult1—anode metel—teok meroury-aro-
-reotlﬁer oompﬂsmg a, main- tank,.
'joentrelly dxeposed oeuhode-reoeptacle
bottom thereof llqu1d meroury in sa.1d c:a,thode- |

I have found thet*
of vaouum may ‘be

through . the v

“the pumpmg._.l  sald- ermuler b&

n and discussed
"'rehtlﬁer comprising . & main tank, an: insulated,

EE . ceptacle,
metal- L&l’lk meroury-ero .

- ”_'_,;hqmd cooling-means disposed in the central space:
ol the main. tenk

the voitom end - as
spaced from -
of :.modes epeced in a

cirele close- to’ the Upper portion of said central
‘most part over said -

heﬂle also spaced from
of -anodes spaced’ ina

| meta,l—tenk meroury-—ero ~ bafile and for.
:iectlﬁer ohardotemzed by a central. tubular bafile .
- .over the: cathode- 111 spaced relation: thereto, an .
- annular bafle - mounted around the ‘pottom end "

of 'sald’ oentrel tubular baffle, also

- spaced from
. the cathode, a ‘plurality

of anodes speoed in a
circle close to the upper portion of. said oe:otral
_.-,_‘tubuler bafle and for the most part over said
~apnular baffle, a tubuler hqmd-cooled jacket for
- said” central tubulal
- cooled jacket for the top of said tank, and a
..~ tubular 11qu1d—cooled Jaol«:et

.-'_'-'of. said tank, - __
EEE metel-tenk meroury-aro-?
;-'-.,reotlﬁer ohereoterlzed by ‘& central tubuler bafie
. _over the cathode in spaced relation
= gnnular bafile mounted around the bottom end
e tubiular- bafiie, also spaced from_
- .".the cathode, a plura,hty of anodes spaced in a
' eircle close. to the upper. portmn of said central
- tubular bafile and for the most part over said
annular baffle, a ‘second tubuler baﬁle surround- -

o tubular lldmd—oooled'

over:said’ ennuler be
thereto, an

speoed in a

an msuleted

in~ the annular: ba
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1eoeptecle a oentrel vertmel tubuler be.ﬁ'le en:";"'

7oA mult1 ancde,

for largely de1on zing,
wduomg the vapor- ~Pressure. of, a mercury-

-va,por flow from. the liguid mereury centrelly up-
ward and out past the. regions of the gnodes, and-
vurroundmg the central mer-f'.mi |
_'_ouw-vepor flow path and- disposed ‘between the
- regions of the anodes and the bottom of the tank
. for providing a relatively ionized main arc-path.
under said annular baffie between, said regions of
- zald enodes e;hd seld oentrelly dlsposed hqu1d_.-'2'5?:f' o
thereto, an’ - . RO

“bottom end

an1 -ahnular baiffie

meroury S -
8. A mult1-a,node

the most patt jover
beﬁle 9, liguid- oooled Jecket for said oeotral tubu-

~ lar baffle and.for said. annular baffle, and an aux- .
“iliary: tubular bafile dependmg fl om Se,:'.d oentra,l o
liquid-cooled baffle.’ . - R

290 A mult1 enode : metel tank

_reotl Ger. ohel eoterlzed by an. msuleted oethode re=
"oepteole 5, MEercury’ cathode - therein, & central
tubular: baffle over-the. cathode in soeoed reletlon'
~ thereto, an: annuler baiflle mounted - eround the

bottom end of said: oehtrel tubular bafile, also

| “spaced. from’ the cathode, a plurality ol anocdes
-'-?:".-_-_speoed in a. circle close 10 the upper portmn of

, . also speoed from the

mereury e'r’o BER
40

~anhular. befﬁe mournted: around said central. tu=- ..
-'*.'_huler bafiie in- spaced yelation to: the: liguid mer-- ..
cury, a circulating Jiquid. cooling-medium’ for -
o and at least the top portion
-of said central tubular baifle, and a plurality of .~
oo 8 odes spaced around said oentral tubular befﬂe* S
:ebove s&ld gnnular baffle. - - . e
metel-tenk meromy-—aro.- |
10

~ centrally: disposed; cetnode—reoeptaole in the bot- =
Cono o o thereof, Tiauid mercury in- said- oathode re-

| a. plul ehty of anodes speood in:a eirele i
 said main tank, means,: including a- circulating=
15
as well

. metel—tehl{ merour_v arc
._reotlﬁer Ch&l‘&ﬁt@flo@d by a central tubular. bafie
~over the cathode in spaced’ relation -
annular-hafie: ‘mounted eround the bottom end of
said central. tubular ba o
| oethode Q plurehty of enodes spa,oed in o circle

- elose $0 the upper: portion of said central tubular )
said: shnular

the:eto an - -

30"

45

said: central tubular -bafie end for the most part

Jecl«:ets for the oethode reoeptaole

e deper dmg

100 A multl anode, mete,l-tenlz

.-reotzﬁet hevmg a liquid mercury oathode pool, &
plmahty of enodes there being a main- eto-path |
between ‘the cathode and the several anodes,
“means for pr oducing a blast of 1elet1vely tin-ion-
- ized, low-preseure MErcury Vapor. |
- the regions of said anodes and the ero-beek Spaces
‘therehetween from said cathode pool

e: "5 second- tubuler baffle
__'surloundmg said o11*o1e of - ‘anocdes, 11qu1d -cooled
for all of said
) __heﬁles e'od for the side wells of the tank; end an
- guxiliary tubuler bal
'_ oentrel liguid-cooled bdfﬂe

50

LI'OII]. sed

meroury-ero L

55

blowing over
60
said blast-

producing means comprising a cooler:for the outer

and a cooler for the cen-

211. A multi- a,node

fe mounted erouhd the

thode pool and’ Withm the
- annular space occupied by- said anodes, said first-
 mentioned cooler being: the coolest and ‘said last-
‘mentioned cooler-being the wa,rmest and e,n aux-
iliary ‘tubular heﬂe depehdmg from se1d ent1 el |

'11ou1d—oooled bafiie.
metal—tenk meroury-ero_ |

reotlﬁer oheroctermed by a- ‘central tubula,r be e -
over the-cathode in spaced relation thereto, an
‘pottom end .

l'of sald oentrel tubula,r beﬂe also spa.ced from |

- ‘tank walls, a cooler for the annular space sur-

| rouodmg sald a,nodes
,tT'el space: over sald-C

65

L) -
” ' .



e -

2,011,805

;plurélity of anodes sp_ac-ed in a

the cathode; 3
circle close to the upper portion of said central
tubular bafile and for the most part over said an-

“nular baffle, a liquid-cooled jacket for said central
tubular baffle, means for substantially segregating

~ the surface of the central portion of the mercury

‘cathode from the annular outer portion thereof,

- and a heater for said segregated central portion.

12. A multi-anocde, metal-tank, mercury-are

‘rectifier comprising a, maln tank, an insulated,
- centrally Glsposed, cathode-receptacle in the bot-

~ tom thereof, liquid mercury in said cathode-re-

- ceptacle, a central vertical tubular bafile, an an-
nular baf

lie mounted around said central tubular
baffie in spaced relation to the liquid mercury, a

~ circulating liquid cooling~-medium for said an-

90

. nular bg, &
- central tubular bafile, a plurality of anodes spaced
- around said central tubular

le and at least the top portion of said

| lar bafile above said an-
nular bafile, means for substantially segregating

- the surface of the central portion of the mercury

cathode from the annular outer portion thereof,

" and a heater for said segregating centf&l portion,

25

- 13, A multi-anode, metal-tank, mercury-arc -

rectifier comprising a'main tank, an insulated,

~ centraliy disposed,. ca,thOde_-'-receptacle- in the bot-

o tom thereof , liguid mercury in sald cathode-recep-

~ tacle, a plurality of anodes spaced in a circle in

":.'30:'

- as reducing the

8

Sald main tank, means, including a circulating-

liquid cooling-means disposed in the central space
of the main tank, for largely deionizing, as well
B | vapor-pressure of, a mercury-
- vapor flow from the centra] portion of liguid mer-

cury centrally upward and out past the regions
of the anocdes,
path and disposed be-

. tween the regions of the anodes and the bottom
- 0of the tank for providing a relatively ionized main

- arc-path under said annular

40

. _ | baflle between said
regions of said anodes and

segregated central portion. -
14, A mu1t:i-anode,_'_meta.l-tank,' mercury-arc

 rectifier having a liquid mercury cathode pool,

50

‘un-ionized, low-pressure mercury vapor blowing
" sald anodes and the arc-back
 spaces therebetween, “from said cathode, said
~blast-producing means comprising a cooler for
5. the outer tank walls, a cooler for. the annular
~ 8pace surrounding said anodes, and a cooler for
~ the central space over said cathode pool and

 within the annular space occupied by said anodes,

- 60

‘a plurality of anodes, there peing a main arc-

path between the cathode and the several anodes,

and means for producing a blast of relatively

over the regions of

means for substantially segregating the surface
of" the central portion of the mercury cathode
- Irom the annular outer

heater '-fﬁr"-_said__;segreg&ted central portion.

prising a centrally

SSource.

. an annular bafile surrounding the
- central mercury-vapor flow

recuifier characterized by a
‘disposed cooler, g ring of anodes surrounding the
~same, an intermediate cylindrically disposed cool-
0i anodes, a cathode

_ sald central portion
of the liquid mercury cathode, means for sub-
 stantially segregating the surface of the central
- portion of the mercury cathode from the anni- _'
- lar outer portion thereof, and

o a heater for said
45 '

portion thereof, and g

15. A multi-anode, metal-tank, mercury-arc

rectifier having a liquid mercury cathode pool,

7

a plurality of anodes, there being 2 main arc-path
between the cathode and the severzl anodes, and

means for producing a blast of relatively un-ion-
mercury vapor blowing over

1zed, low-pressure
the regions of said anodes and the arc-pack spaces
therebetween, said blast-producing means com-
disposed source of mercury
Vapor segregated from the active annular cathode
surface of the mercury pool, and g succession of

- coolers in the path of the blast from said mer-
Cury-vapor source, past the region of the anodes,
| walls of the fank, =
terminating in a cooler at said outer walls, a
‘cooler which is disposed in the path between said

and on beyond to the outer

HSICUTy-vapor source and the region of the

anodes being at g temperature Intermediate be- -

tween the temperature of the outer-wall cooler
and the higher temperature of the.-mercury~vapor

16. A mlﬂti-'anode-, -metal—tank, mercury-arc

€T, & tank cooler for the side walls of the tank,

20

. rectifier characterized by a central, cylindrically
disposed cooler, a ring of anodes surrounding the
same, an intermediate, cylindrically disposed cool-

- frsurrounding the ring of anodes, a cathode cool-

25

& main circulating system for supplying a liquid

heat-interchange medium in series through the
tank cooler, cathode cooler, intermediate cooler

and central cooler, in said order, starting with

—_—

the tank cooler, a liquid-flow regulator for said

main circulating system, and an auxiliary circu-

lating system comprising a heater and means for
circulating the liquid heat-interchange medium
- in series through said heater, the cathode cooler,
the intermediate cooler

I said order, starting with the heater.

and the cenfral cooler,

17. A multi-anode, metal-tank, merc'ury'-arci_'

central, cylindrically

er surrounding the ring

cooler, a tank cooler for the side walls of the

~ tank, a main circulating system for supplying a

liquid heat-interchange medium in series through
the tank cooler, cathode cooler and central cooler,
In said order, starting with the tank cooler, a lig-
uid-flow regulator for said main circulating sys-

‘tem, an auxiliary circulating system comprising
a heater and means for circulating the liguid heat-

interchange medium in series through said heater,

- the cathode cooler and the central cooler, in said -
. order, starting with the heater, and automatic
- thermally responsive regulator-means responsive
to successively decreasing temperatures for shut-
ting off the liquid-flow regulator and subsequently _
turning on said heater and auxiliary circulating
- System, |

and vice versa for ‘Increasing tempera,_;'
tures. | L .
- ALFRED L. ATHERTON.
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