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. 14 Clalms.
1
My mventmn relates to ferrous metal storage
tanks, and more particularly te hot, wate1 storage
tanks sich as used for ‘domestic- purposes As is
well ¥nown, hot water is frequently W1thdrawn
from such tanks and-réplacéd by 1ncommg cold
Water -
- One of the'objects of my 1nvent10,' i to prov1de
g relativély simple but h1gh1y( efficient means for
preventlng corrosion of the ‘nsme surface of 2
Lot water tank when the $arhé is filled over
extended periods with water .
‘Another obJect of my hverition 8 to prov1de a
corrosion-preventing means and method’ that
shall e simple and'easy. 'install that shall con-

tmue in operatmg condition gver extended pe-‘

riods of time and tise-of Whlch shall result in re-
dtcing the ynitial cost of the tank itself. .

Anether -object ‘of- thé invention is to p1
a8 means ‘in’a mictallic hot water tark a .sa
ficial -anode from wh1ch W1thout the ‘neces ‘ty of
an externally supphed voltage '3 protective cur-
rent W111 ﬂow through the Water lf to all

fFurther it is proposed 0 prov1
anode of g material which is pra
‘with tespect to opelatmg ‘efficiency 6
‘lite, ‘and: cost of “initigl mstallatlon and rep
.ment

Another obJect of my mventmn "IS to prov'de

.rate of dissociation of the corros1 n-preventmg
‘mémiber. “More - partlcularly, it _proposed to
-provide-control means that; “wh or
operatwe hfe of the corrosmn-preventm W m-
. I
‘conJunctmn w1th % protectlve sacnﬁ al anode,
‘in ‘the eélectrical -connesction ‘between - the anode
.and the tank, it is “preposed ‘to mcorporate an
-electrieal ‘resistance selément ‘of surtable ohm ge
~to prolong the 1ife of the anode" but not so large
-as‘to ‘reduce ‘the protect1ve current ﬂow To the
tafik below the minfmum-réquired to ensure com-
plétetankiprotection. _
Afurther object of my: “nvention* is t0- pro de
uniformity ‘of " - protection agamst “COTT(
throughout ‘thie entire surface ‘areaof the ta K,
sAffurther-object-of the mventmn 15 £0 Provic
corrosion protection ‘for -a -metatlic “hot waterv
tank ‘with a-sacrificial -4node’ which® \
satisfactorily under varymg condi
affect the dameunt -of “the' protectlve curren; )
‘between the anode and ‘the:tank, and to “PY v1de
‘means- for m1mmrzmg the eﬁect of such condi=

changesinthe vesistance -or- conductivity of the
water with changes in temperature, which may

will operate :
S which
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be cons1derable in hot water tanks, by providmg
a resistance élement having an ohmage which is
constant, or substangially so, under temperature
¢hanges, and which r tance element will ma-
te;;ally lessen fluctuatxons in the protectlve cur-
rent with changes in the water re51stance

Other objects of my 1nvent10n will either he
apparent from a descrlptlon of several forms of
devices embodying my mVentmn or will bhe
poinfed out in the course of such description and
part1cularly in the appended claims.

It has long been kncwn that Water used for
o,rdmary heatmg purposes or  for domestlc or
other similar uses contains different substances
and that it may either he shdhtly acid (trace of
hydrochlonc acid), alkali-containing (such as
sodium hydrozide) .or saline (such as magnesium
chloride) When such water is contained in &
tank it w111 of .course, under certain conditious,
constitute .an electrolyte .and may have a dele-

" terious gction and effect upon the inside surface
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of the tank, particularly -so if the tank cons1sts
of a ferrous metal, whieh in -itself may contam
irpurities of the klnd ysually found in 1ron
Various methods of p1otect1on agamst such
action have been proposed

The most common prior method of protectmg
ferrous metal water tanks agamst dete11orat10n
due to Water condltlons has been -to coat.the in-
51de surface of the tank W1th zinc. However, such
method is far from rehable for reasons hereafter
pointed ¢ out and is expenswe as well..

I have found that by the use of my 1nvent10n,
it is unnecessary to provide a zinc coatmg on the
inside surface of a tank adapted t0 contam do-
mestlc Water that is, to be filled over extended
perlods o:f time, the water 1tse1f of course bemg
changed as withdrawals from the tank occur in
ordinary use. In such case the tank should be
made of relatrvely pure 1ron now avallable on
the market. However, the 1nvent10n is operative
in a zinc lined tank, and with advantages over
the use .of .either such protectlve coatmg or -the

4 1nvent1on alone as hereafter explamed

my. 1nvent1on I prov1de, 1rrespec-
t1ve of wheth the’ ms1de surface of . the tank is
zine coated or. not 8 corrosmn—preventmg mem-

“ber compr1smg 4 rod or other block of. a materlal

anodic relative to the ferrous.metal of the tank
this, anodlc member havmg preferably, but not
nécessarily, .2 mhape .or .outline symmetrrcal to
that of the tank Itself, the anodrc member e~
ing supported in tne tank ina. predetermmed
pos1t10n relatlvely to the 1ns1de walls theleof by
suspending or supportmg means or both An
electrical. connection is_ established . between the
anod1c member and the tank, preferably at one
-or 'both ends, ‘through ah interposed current-re-
ducing ohmic resistance member or members
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suitably encased in a waterproof housing for pro-
tection against water in the tank. Conveniently,
such a member may be housed in the supporting
means by which the anodic member is secured to
the tank. I use the term “anodic” to indicate
that the material thereof, either g meta]l or alloy,

will be that pole or terminal from which an elec~ -

tric current flows through the water electrolyte
to the other pole or terminal of the circuit, which
other pole or terminal is the cathode-and in this
case is the tank itself. In other words, the anodic
member -is the one which is dissolved or attacked
by the electric current caused by the electrolyte
engaging two dissimilar electric conducting ma-
terials.

The sacrificial ancdic member comprises mag-
nesium. There are numerous materials in the
electromotive series which are anodic to iron.
However, some of such materials are too active

in water and would be consumed so rapidly as to ¢

be impractical for present purposes. Other such
materials, including zine, have a low cperating
efficiency and the protective current flow which
they are capable of producing under many condi-

tions would be below the minimum to insure com-

plete protection against corrosion, and this would
be particularly true where an external resistance
is to be employed in the circuit between the sacri-
ficial anode and the cathodic metal surface to

be protected. Such operating inefficiency in part -

results from a low potential difference between
such metals and iron but also results from the
tendency of the metals to polarize in an electro-
Iyte solution. Such polarization materially re-
duces the effective protective current.
considered unsatisfactory for this reason. Again,
various metals, particularly when containing im-
purities, are subject to local battery action, one
type of polarization, between different surface

areas thereof in an electrolyte solution which A

causes. them to be consumed too rapidly to make
them useful for a sacrificial anode and the local
current flow serves no useful function in the pro-
tection of the tank. While magnesium is sub-

ject to a certain amount of loeal battery action .

which hastens its corrosion and useful life, it un-
dergoes very little polarization of other types and
is well adapted to ensure adequate current flow
to protect the tank when employed with as well

as without a substantial resistance in conjunc-

tion therewith.

In the drawings:

Figure 1 is a view in vertical section through
‘a domestic hot water tank of cylindrical shape
having mounted therein a device embodying my
invention;

Figure 2 is g fragmentary top plan view there-
of showing certain parts only;

Pigure 3 is g fragmentary view taken on the
line 3—3 of Fig. 2

Figure 4 is g fragmentary view of the bottom
portion of an element embodying my invention;

“Figure 5 is a view in vertical section taken
through g domestic hot water tank and including
in modified form an anodic element embodying
my invention; ’

Figure 6 is 3 fragmentary view showing only
the top end of a tank end of a still further
modification of anodic invention ; and

Figure 7 is g fragmentary view showing the
upper part of the tank and of the support for
the anodic elements shown in Figure 5 of the
drawings.

I have illustrated a domestic hot water tank
{1 as of elongated shape and of eylindrical trans-

Zing is

4 -
verse section and provided with supporting means
13 and a cold water inlet {5 at the bottom of
the tank, as well as a hot water outlet pipe 11,
the latter being connected to the tank at the
upper end thereof. The inner end of cold water
inlet pipe 15 is covered by 3 perforate bafle mem-
ber 19 of metal which I have shown, for purposes
of illustration, as being of circular shape and of

“arcuate section.
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The hot water outlet pipe {7 may be threaded
into a fitting 2f of T-shape, one end of which is
screwed into an opening in the top of the tank
while the upper end thereof is closed by a plug
23, which plug is adapted to receive a metallic
suspending rod 25 and the anodic element 27 now
to be described. )

This element 27 includes more particularly a
block, preferably in the form of s magnesium rod
29. Both ends of this rod, which is shown as
somewhat shorter than the axial or longitudinal
dimension of the tank itself, is made of reduced
size and screw threaded, as shown at 3§ and 33
In Figs. 3 and 4 of the drawings. I do not de-
sire to be limited to a rod form of bloek, but I
have obtained very good results in the use of such
kind of members in domestic hot water tanks
made of ferrous metal.

I provide members 35 of electric-insulating
material, which may consist of 3 molded compo-
sition which will withstand the acid, alkaline or
saline waters to which they may be subjected
when in use in g tank, or they may be made of
ceramic or vitreous material. Each member is
provided with a tubular insert or thimble 37
which is provided with internal screw threads
and which are electrically connected to the re-
spective ends of a sealed-in resistor member 39,
which may be made of Nichrome or any other
suitable material adapted for the purpose and
which has a predetermined ohmic resistance as
hereafter more fully explained.

The suspending rod 25, as was hereinbefore
noted, has screw threaded engagement at its
upper end (in a vertically-extending hot water
tank) with the plug 23, while its lower end fits
into and has screw threaded engagement with one
of the thimbles 37, while the lower thimble 37 in
the upper member 35 is engaged by the reduced
end portion 81 of the rod 29.

I provide a similar member 35 at the lower end
of the rod, one thimble or tubular insert 37 of
which has screw threaded engagement with re-
duced end portion 33 of rod 29, while the lower
thimble 37 is engaged by the upper end of a short
pin 41 which has mounted thereon a washer 43
and a coil spring 45 extending between the tuby-
lar insert 37 and the lower end of the member
85 and the washer 43, the washer being normally
biased along the pin or rod 4! into engagement
with a stop pin 47 fixed near the lower end of rod
41. When the anodic element structure 27 is in
its normal operative Dbosition in a hot water tank
of the kind shown in Fig. 1, the rod 4! extends
through an opening 43 in bafie 19, this opening
49 being in substantial alignment with the cold
water inlet pipe 5. 1t will be noted that the
anti-corrosion element 27 will therefore be sub-
stantially coaxial with the cylindrical tank {4
for a purpose to be hereinafter referred to.
While I have shown a single corrosion-preventing
element only, I do not desire to be limited thereto
and may use g blurality of such elements periph-
erally spaced from each other ahd on a circle of
predetermined but relatively small diameter.

In case the tank is filled with water which, due




to the presence therein of minerals and other
matter, is not. pure. but: is. either-acid, alkali or
saline,. an -electrolytic action: will accur between

the magnesium. of the rod: or rods within: the tank.

'and the inside surface of.the ferrous; metal tank,
‘the ameunt. of such: electmlytm action: being,. of.
-course, dependent upen the. degree: of acidity or
‘alkalinify: or salinity -of the- water. and to- some:
‘extent, also dependent upon the: exp@se& suriace
‘area; engaged: by the. water.

Tt will be understood that since the rod.ele-
‘ment 29 is  electro~-positive with respect to the
ivon of the tank, galvamic. éurrent: will flow
‘throuigh: the water electolyte fiom the rod t6 the

tank and thence frons the tanle Back: to:rod 2%

‘through the interposed: tesistor elements 39 Theé:
rod will: gradually be consumed: as posifive nretal--
lig ions: therest -po- inte: solution while a. rela-
tively-Targe galvanic pressure is estaldished which'
prevents. the: flow: 6f iohs: fromi the-intier surfaces.
of' the negative iron of the fank into:sclutiof.
Thus. the tank: is effectively: proteécted fiom: cor-
rosion:-as lohg: as: the. galvanie. citéuit is main-
taitied: until' the. rod is.consumed:

The-curtent fiow ds here.controlled is.relatively
small, preferably of the ordeér:of 5 to 10 mmilli=
amperes;. so: thiat:corrosion: of the maghesium rod
is not.rapid: . The fow: of current and the rate-of
dissociation. and life of the fod will dépend; al=
.though: not. entively; upon value: of the resistor
elements,. and will .vary witli the character of
the water ahd the internal reésistance of the water
petween. thie:rod and the tank wall. Tiilocalities:
where:the: water has & high: mineral content; the.

internal resistance will be lower, and the.cufrent’

flow: and rate of dissociation of: the rod: higher,
thamn in localities whete:theswater has a.relatively
low mineral content: Nevertheless;. it: has: been.
found: in. practice that: the rodi.-would: require:
replacement: in many: ihstances: withii: a. year: or
so unless econservation: méthods as: here proposed
are-taken: to:controli the: current flow:.. Thus; ifra.
direct connection:is; made between.the anede rod-
29¢and: the:tank, ihstead:.of making the-corneg--
tion through:the: interposed: eleetrical reésistor 39,
the flow of eurtent would: vary: only: with: the.in-
ternal:resistanceof the:water solution
be:kept: in: mind, of" ¢outse; that the ihteral re-
sistanee of the:watei-is the total resistance of
the:water path: Betweers thié: dnode and: the: tank:

Sinee. it: is: practically impossible to so- afrange:

the snods; &t least: when-it: the-form of 'a r6d; 86¢
that it will besunifermly-spaced from all side gnd
end surfaceés.of the tank: eventhoughiarranged:in-
axial position i a eylindrical tahk-as in- Fig: 1,

the- interhal: resistanée, dnd cohsequently the-

amotint: of the- protectlve currént: flow; will vary:

between: the: anode: and-the: different areas of the-

tank surface: “Sinee-it i§ ilmpertant that at’ least’
the: minimum: cum'ent* necessary for protection:
should’ flew to- all- surfacé areas of the-tank, the
internalt resmtance off the: water-is 'onsuiered to
bé-the mMagiman: intérnal’ resistance: of
est watéer: path: between: the anode and the tanik:
It - Hias Heen found that an extremely small
galvanie: cu*‘renb flow-in-the mrcmt ‘plus g rela=
tively- higt
anodie rod: and the tank, provxde the best" cond1—

tions' for- uniform protection: of alt’ ateas of the:

tank and prolong: the useful’ fife of the anodlc
rod: The- resistor elements 39" serve to obtain
these conditions by providing an appreciable re-
sistance in: the, external portion of th
citcuit i addition to' the ifitarnal vesistance of’
the-water- electroiyte: The valiie of the resistor”

It should:

- potential differeiice - betweenr the-

alvanic
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shotld be 5-chtiis; oF bétter, 16+ okins; 48 o Prac=
tical minfman, and normally will be: constderably
hisher as hereafter explaitied.

The reason that-the presént proteetive means
is more efféctive and reliable than & Zine-coating
onr the interior tehk wall can be resdily tnders
sttiod. - Extended- tests onmy part have showi:
that thig zific may- contaiti- small quantities-of
impurities sueh as- tin, copper; aluminum, earbon:
or* sulphuf, either any. oneé- of ‘thede- impurities- or
a plurafhty of suek impurities: These: minate
péarticles of iipiiFities mdy be found in: the Zine:
coating &t separated spots: I cdde the  Zike
coating éonbaifis- afly ofie: ér -alt of: the -above:
nmientioried impurities: and i these: are: Jocated
at-oF redr the perferations in: thé zine €oating
the-ifon- Mgy be sbtacked béeause: of: electrolytic:
actiofi- betweeir the: impurities and the. iven. will-
be- corivded of dissociated, and the samé: ¢om=
meht May be.made ds to-similag eonditions. of
dissociation: 6F the irott eccurring in: ¢ase the:i
{tself contaiis itnpurities- usually found- ‘miged-
therewith:

There: i& alwiys the fuither dangerin & ¢éated:

. tank that-the protéetive: zime: peatmg ig not-pers~

feet and: contaifis perforations: ity theé form: of-
minite openings as the résult-ef-any one-or §ev-
eral 6pérating difficulties- and conditionis experi=-
ehesd in the zitie coating 6f the inside of & closed-

i ferrols. metal water tank. Where -thé: coating

iy defective theé zinc surrcunding ftHe perfora,tlon
will' go-into solution; since: it is> axicdié: to iron;-
that i, Zine ions will pass-inbo- solution and-few:
to the exposed ifon; thereby preventing theiron:

- iong from- going: into -solubioi. This catises dis-

sociation of the- zine with: attendant ihcrease: in-
the size of the openifig ini-the Zinc:- AS- Tohp &8
the-distance from the iron: to-the edBe of the pro=
teeting zine i small; the zine wilk proteet the TG
uneovered by the: perforation and:-ne corrosion- of
the jfon will'occti;, But when: the: Zifie hag beert:
eaten -back: ¢ little furthey; the current: flovi is
fiGin the zine to the hearby-afed of the-iron, gnd:
the more-distaiit-uncoveréd areas of theé-iron:are!

. no-Jengex -protected: and: corrosion: begis at-the:

unprotected part. 'The- galvanic: couple: compiis=
ing theZing and-the iroh’ ‘beififr §o-connected: can=
ot set: Up- &1t appreciable electromotive forée; se*

that the iron: is proteeted only: closely ddjacent

- to-tHeedge-of the-zine coating: -

The use- of a-zifie: lining o the:tank as thesole-
corfosion: preventing means for-the ferrous tank:
metaliis §ibject to-the:objeetions previously meii-
tioned. When: emaployed ifi: conjunction- with: flie

: magnesium- sacrificial’ antde- not:-ohly: does the:

zinc goating het Zdversely affect the tank pfo--
tectioning function of the anode and flinction
itself for the same- purpose: but- the-coating and
anode each ifiprove-the functionine of the other::
Magnesium is anodic toszic-agwell'as to iron sot
that the current flow from.the anode protects the
zing lining against corrogion, in the absence of
which the tank metal will be preserved against
contact. with the water in the tank. Further,the.
préserice of the zine coating Wwill prolofig the, fife .
expectancy of the anode since {He potential dif-
ference between magnesmm and zine is less than
between magnesium and‘iron so that the protec-
tive current flow will be somewhat less and.the
afiode:will be'consumed moreslowly:

It is desirable that hot water tanks should*have
many years of‘useful life- without corrosion: It'is-
similarly desirable that the anodic.protective rod

_here employed-to prevent:corfesioh-should itself
“ have as long ang useful life as possible and not
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require replacement in six months or a year or
two. The operating life of the anode protection
of the tank can be prolonged through the addi-
tion of one or more resistor elements as previously
explained.- Furthermore, the anode life and resis-
tor value are interrelated and vary directly with
one another. The resistor value required to pro-
vide a selected minimum life for a particular
anode can, at least approximately, be readily pre-
determined, and conversely, it can be determined
what the minimum life of anode will be when
using a resistor of a particularly selected value.

The life of the anode and the value of the
external resistance depend on a number of fac-
tors. The higher the total current flow from the
anode, both protective current flow to the tank
and the local flow under battery action between
different areas of the anode, the more rapidly will
the anode go into solution and the shorter its
life. Hence, it is desirable to use as high a value
external resistor as practical to ensure not less
than the minimum protective current flow to the
tank necessary for complete protection against
corrosion. The effect of battery action is quite
appreciable and causes the anode to be consumed
in less than half the life expectancy of the anode
if determined theoretically only on the basis of
the current flow to the tank. While the shorten-
ing of the life of the anode by battery action is
not definitely known, it is here assumed, to be
on the safe side, that battery action reduces the
life of the anode by 65% or, to state the matter
conversely, that the anode will be consumed in
35% of its theoretical life expectancy.

The protective current is determined by five
factors. One is the potential difference between
the anode and iron and for magnesium this is
taken as 1.43 volts. Another factor is the specific
conductance of the water which will vary con-
siderably with waters of different hardness and
;,Softness. The protective current will further be
.determined by the internal resistance of the
‘water path between the anode and the surface
-of the tank, and this in turn depends upon the;
:Specific conductance of the water and the differ-
©hce in dimensions of the tank and the anode
and upon the {emperature. The resistance of
solutions of electrolytes declines at about the rate
of 1% for 1° F increase in temperature. The
other factor is the value of the external resistor
Wwhich is in series with the internal resistance of
the tank, and the sum of which is the total resist-
ance. The adverse effect of polarization of the
magnesium anode is ignored because it would be
substantially negligible as long as the pH is below
12,5, which would be true for any known domestic
water supply.

The unit consumption rate of the anode metal
in grams per ampere hour being expressable both
in terms of weight and time

“7'
T

and in terms of current and anode metal electro-
chemical equivalent
B

R o
the formula derived from the resulting equation
for approximately determining resistance and
time, one from the other, is as follows:

Eq

;‘(‘{EIIR,)fEET‘-T or T=E—I¥3—q (RiRy)
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tance between 0.33)10-¢ to 16.5X10-4

8

where:

Ri=value of the internal water resistance

Re=value of resistance in ohms of the resistor

E=the potential difference in volts between the
anodic metal and tank metal (1.43)

Eg=electrochemical equivalent of magnesium in
grams per ampere hour (.447)

T=years of anode life, expressed in hours (8760
hours per year)

W=weight of anode in grams, or in pounds times
453.59.

The value of the internal resistance Ri for
any given operating temperature can be deter-
mined approximately for any given water from
the tank and anode dimensions and the specific
conductance of the water for average tank. As-
suming a tank 39’/ long and 15.75 inside diameter
and a co-axial magnesium anodic rod 1.575’ in
diameter, the internal resistance of the tank will
run roughly from 112 ohms to 2 ohms at 65° F.
for waters varying in hardness from 20 p. p. m.
to 1000 p. p. m. and varying in specific conduc-
If the
temperature is 167° F. the internal resistance will
be 37% of its value at 65° F.

In the formula above, T represents the theo-
retical life expectancy of the magnesium anode
in the absence of battery action. Since over 50%
of the consumption of the anode is due to local
battery action the value found for T must be re-
duced by at least that amount. To ensure
against over-~calculation, it is best to assume that,
the actual life expectancy of the anode is about
35% of T.

The value of the external resistance Ra may
be as low as 5 ohms, or preferably 10 ohms as a
practical minimum, but unless the water resist-
ance Ru is relatively high, the rate of consump-
tion at such value would be far greater than
necessary to ensure minimum protective current.
I normally prefer to employ a resistor having a
value ranging from 100 to 200 ohms, say one of
150 ohms, for general usage as this range is suffi-
cient to ensure adequate potential difference and
relatively long tank protection without replace-
ment of the anode, and at the same time provides
a substantial margin of safety to ensure an ade-
quate current flow for complete tank protec-
tion, under widely different conditions of water
resistance and taking into account the average
temperature of the water over a yearly period.
While the effective water resistance increases
with tank size, because of greater distance be-
tween the anode and tank wall, as well as with
the purity of the water so that a given anode
employed with a resistor of predetermined value
will have a longer life the larger the tank, the
difference in diameter of the more commonly
used sizes of tanks for domestic water, at least
those used in the household, is not sufficiently
great to materially change the water resistance.
Thus it is possible to employ a standardized re-
sistor in the range above noted for the usual
domestic hot water tank of 50 gallons and larger
tanks up to a capacity of at least 150 gallons or
200 gallons. In the case of extremely small tanks
it would be desirable to increase the resistance
value, and in the case of abnormally large tanks
to use a lower resistance value in order to ob-
tain a similar predetermined operating life for
the anode. In hot water tanks under average
conditions a magnesium anode of two pounds, or
thereabouts, will have an actual life expectancy

-8s high as 15 years or more. Even where such
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e anode: Is used: it the: sbsencé: of: an: exteryal
resistor it may have a: useful life of severgl years
ot inorerunder favorable: water conditions.

Where the tank is provideéd: with: & protective
zine lining such lining: is cathodic relative: to the
maghesiui ancde while being anodic relative:to
the:ferrous tank metal.and irthe absence: of per-
forations in the lining the flow of: current: be-
tween the anode and coating will be: somewhsat
less, with' a Mg-Zn potential: difference: of 1.11,
than between the anode: and: an uncoated: fer-
rous tank wall with & Mg-Fe potential difference
of 1.4%. Accordingly; in the preeeding formula
B may be taken as the potential difference; 1.11,
between the anode and zinc coating: instead of
between the anode and iron wall for & zine lined
tank:.

Por reasons of initial and replacement cost it
-ig undesirable’ to employ protective anodes: of
substantial dismeter, although the thicker the
anode the greater the amount of material avail-
able therein for consumption, and: the: longer: its
useful lfé. I ordinarily employ’ an. anode of
between: orie=half inch and two inches in: diame-
ter; most ¢ommonly one of three-quarters of an
jrieh: 'Eo¢insure full proteetion: of the bottom: of
the: tank the length of the gneode should be:sueh
that: the: distance between the lower end of the
anode and tank bottom is no greater than the
radial distance Between the dnode and the: tank.
Flie lengtlh will be determined. by the: length of
the tank: It wilt be: apbparent for: reasohs al-
réady explained: that by using & current reducing
resistor in conjunction with: the: anode a small
sizé anode will have an: operating life: as long,. or
even: longer; than an anode: of greater size: con-
nected to the tank i the: absence of & resistor
auridér equivalent conditions. I éther words, the
resistor: controls: both the size and: life of the
griode.:

Referring now to: Figs. 5 and 7 of the draw-
ings, I have there illustrated a modification em-
bodying my invention which: includes:a: somewhat
different form: of anodic: element suspended: in: a
cylindrical tank at its top end only.

The cover of the tarnk (1 is provided with: a
tubular bushing 5{, the upper end of which is
sdapted to have scréw threaded engagenient in
afi opening in the cover of the tank. i and which

upper end is adapted to receive & nut §3 having 3

aix opening into which: a hot water outlet: pipe
55 gy be serewed. The lower end portion of
bushivig: 51 is provided with: ar flat internal shoul-
der 57; and the lower end of the bushing may re-
eeive g tubular spacer 59 of électric-insulating
méaterial, A flat washer 61, of electric-insulating
fiaterial, is adapted to rest upon the shoulder 57
gnid the upper end. 68 of a-short anodic rod 65 of
hisgnésium is adapted to fit in the elongsted
washer or bushihg 59 in a fuid-tight manhner
#hd t6 bé held therein by a-riut 67T, i the manney
shown: fiofe particulatly in Fig. 7 of the draws-
ings. .

1 provide a. resistor member 69 of any de-
sired type, such as a sinall wire of suifable resis-
toi naterial, one end of which may be held by &
shigrt machine serew T1 agaifist the upper end of
portion 63, while the other end of the resistor
may be clectrically conifiected with the bushing

51 by any suitable means such as soldering or y

Brazing, The bushing 5t is provided with a plu-

fality of laterally-extending openings 13 therein
to permit of the outflow of hot water into: and
through outlet pipe 55.

T thay use’ ifr connection with: the upper end
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member: 85;. @ plurdlity: of pivotally: conmeeted

. portivns: T8 in the shape of magnesium: rods Hav-

ing tongue and slot connections: with esch otlier
through a pin 71. As showir in: the broken:lines
ins Figs. 5-of: the drawihgs, in ease: the tank.: is Taid

-on- its side dincings shipment:or at-gny other time,

tHe: pivotally’ connected sections: 1§ will’ not: be

.subjected to- an. undue: strain: caused: by the: un-
- supported: end! thereof,. since: at: least: some: of
“these sections: may rest upon the tank: wall itself
~when: the tank: is: in:ai horizontal: position:.

Referring now to:Fig: 6:0f the:dirawings; I have
there ilustrated: a still further modification of a
corrosion-preventing element. in: which: a: short

-pipe: section: 19 My bescrewed into: the: cover of
“tank. 19 the upper end of: section: T9: being serew
-threxded to: receive: o pipe fitting;. while:the:lower
cefrd: thereof: may have an: inner shoulder mem-
‘ber: §i: upon which: & perforated: metal:bushing 83

s adapted: to rest:.  The. bushing: 83 is. provided
with a central spherical seat 85 ot which the up-
-wer enlarged sphericalend 87 of a: suspending. and

-supporting rod: 8% is adapted to rest. The Iower

enid: of rod: 8% has screw threaded: engagement
with: the: upper end: of an. anodic rod 91 of mag-

Tt is evident: that: the: rod 91 will: swingr on: its
-spherical: seat: and thereby: reduce the. stress on
the rod: it case the tank is tilted fromx its: normal
yertical position: during: assembly, shipment: or
installation.

The device: embodying my invention: thug: pro-
vides: relatively simple, inexpensive; easily in-

- gtalled and highly effective means: for its: intend-
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&d: purpose. to tiot: only reduce but substembially
ertirely prevent dissocidtion and corrosion of
the: inner- surface of & ferrous metal tank, irve-
spective of whethier the: inner surface:of the tank
is coated with zin¢ or not. I further provides
an. ariodi¢ rod: which cairy be, bub preferably: is not
copmnected directly to the tank, but through a
resistor; which is electrically insulated: from the
changing water in the tank. The olimic resist-
arice: of the résistor is: relatively high, so that I

. obfaii: protection: by rmieteritg the current. flow.

A Tesistor whicht has too high an: ohmic resistant
reduces tHe current flow to a value whickh will
tiot fully protect the tank because: too few anodic
iong gre fowitg to prevent the iron ions from
flowing. )

The anodie rod or member may bhe seeured
By a. miotunting to the side wall of the tark, and
gy exterid crosswise instead of lengthwise; if
desired. : ‘ ‘

T wish to point out that while I have illus-
trated and described a- particular form of hot
water tank, which is most frequently used in do-
mestic hot water installations, my invention: is
not liniited thereto inx its broader aspeets. Should
the shape of the tank, and particularly of its -
terior sutface, be quite different from that shewn
in the drawings, my invention: preferably; but
not. necessarily, contemplates the use of & corro-
sion-preventing anodic miember of a shape: sym-

i metrical to that of the inside surface of the tank

but of muck smaller outer surface area.
- Whilé T have illustrated and deseribed specifie
embodiments of my invention, I do:not desire to
be limitéd thereto, since all modifications col~
ing clearly within the scope of the appended
¢laims are to be considered as being covered
thereby. . ,
This spplication is a continuation of my co-~
pending application, Serial No. 568,360, filed De-
cember I5; 1944, (now ghandored), which in: turn:
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is a continuation-in-part of my copending appli~
eation, Serial No. 356,622, filed September 13,
1940 (now abandoned). -

I claim as my invention: .

1. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventionally available
water sources is recurrently input and heated,
and from which hot water is withdrawn at re-
current times and in varying amount according
to demand, of anti-corrosion means for protect-
ing the tank interior against corrosion compris-
ing an elongated sacrificial magnesium metal
anode of substantially smaller cross-section than
the tank located within the tank to be surround-
ed by the tank water and relatively distant from
areas of the tank to be protected, and electrically
conductive means connecting the anode to the
tank and adapting the anode to supply a galvanic
current flow to areas of the tank metal when ex-
posed to contact with the tank water.

2. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventionally available
water sources is recurrently input and heated,
and from which hot water is withdrawn at re-
current times and in varying amount according
to demand, of anti-corrosion means for protect-
ing the tank interior against corrosion compris~
ing a zine lining on the interior of the tank, an
elongated sacrificial magnesium metal anode of
substantially smaller cross-section than the
tank located in the tank to be surrounded by the
tank water and relatively distant from the tank
interior, and electrically conductive means con-
necting the anode to the tank and adapting the
anode to supply galvanic current flow to the zine
lining and to any areas of the tank metal exposed
to contact with the tank water.

3. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventionally available
water sources is recurrently inpubt and heated,
and from which hot water is withdrawn at re-
current times and in varying amount according
to demand, of anti-corrosion means for protect-
ing the tank interior against corrosion compris-
ing an elongated. sacrificial magnesium metal
anode of substantially smaller cross-section than
the tank located within the tank to be surround-
ed by the tank water and relatively distant from
areas of the tank to be protected, and electrically
conductive means including an electrical resistor
element connecting the anode to the tank and
adapting the anode to supply a galvanic eurrent
flow to areas of the tank metal when exposed to
contact with the tank water.

4. The combination of claim 3 wherein the
electrical resistor element has a value within the
range of 5 ohms to 200 chms,

5. The combination of claim 3 wherein the
electrical resistor element is located in the tank
and further including a water impervious hous-
ing encasing and protecting said electrical resistor
element against contact by tank water.

6. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventionally available
water sources is recurrently input and heated,
and from which hot water is withdrawn at recur-
rent times and in varying amount according to
demand, of anti-corrosion means for protecting
the tank interior against corrosion comprising a
zine lining on the interior of the tank, an elon-
gated sacrificial magnesium metal anode of sub-

10

20

25

30

35

40

45

50

60

75

12

stantially smaller cross-section than the tank
located in the tank to be surrounded by the tank
water and relatively distant from the tank inte-
rior, and electrically conductive means including
an electrical resistor connecting the anode to the
tank and adapting the anode to supply galvanic
current flow to the zinc lining and to any areas
of the tank metal exposed fo contact with the
tank water.

7. The combination of claim 6 wherein the elec-
trical resistor element has a value within the
range of 5 ochms to 200 ohms.

8. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventionally available
water sources of ranging composition as to corro-
sion action is recurrently input and heated, and
from which hot water is withdrawn at recurrent
times and in varying amount according to de-
mand, said tank having a wall opening, of anti-
corrosion means for protecting the tank interior
against corrosion comprising a metal plug con-
stituting a removable closure for said tank wall
opening and having electrically conductive con-
nection with the tank, an elongated sacrificial
magnesium metal anode of substantially smaller
cross-section than the tank and adapted to pass
through said tank wall opening, said anode being
insulated from the plug by an electrical insulator
and supported by the plug within the tank to be
surrounded by the tank water and relatively dis-
tant from areas of the tank to be protected, and
ah electrical resistor element supported by the
plug and electrically interconnecting the anode
and the plug and adapting the anode to supply a
galvanic current flow to areas of the tank metal
when exposed to contact with the tank water,

9. The combination with a ferrous metal do-
mestic hot water tank in which cold water sup-
plied from any of the conventsionally available
water sources is recurrently input and heated,
and from which hot water is withdrawn at recur-
rent times and in varying amount according to
demand, said tank having a wall opening, of anti-
corrosion means for protecting the tank interior
against corrosion comprising a plug constituting
a removable closure for said tank wall opening
and extending into the tank, an elongated sacri-
ficial magnesium metal anode of substantially
smaller cross-section than the tank, and adapted
to pass through said tank wall opening, said
anode being supported by the plug within the
tank to be surrounded by the tank water and
relatively distant from areas of the tank to be
protected, said plug being formed of water im-
pervious material and with a hollow  interior
closed to exposure to the tank water, and an
electrical resistor element located in the hollow
interior of the plug for protection against tank
water through which the anode member is elec-
trically connected to the tank and adapting the
anode to supply a galvanic current flow to areas
of the tank metal when exposed to contact with
the tank water.

10. An anti-corrosion unit for protecting the
interior of ferrous metal domestic hot water tanks
in which cold water is supplied from any con-
ventionally available water source is recurrently
input and heated, and from which water is with-
drawn at recurrent times and in varying amounts
according to demand, said unit being adapted for
tank installation as an assembly unit and com-
prising a closure and supporting plug adapted to
be removably mounted in a wall opening of such
@ tank, an elongated sacrificial magnesium metal
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ahode of smaller cross-section than the plug sup-
ported at one end by the plug and adapted to be
Jocated within a tank to be surrounded by the
tank water relatively distant from inierior areas
10 be protected, electric insulating means insulat~
ing the anode from the plug and an electrical
resistor element supported by the plug for elec-
trically interconnecting the anode and a tank,
gaid element having a resistance within a range
of 5 ohms to 200 chms.

11, An anti-corrosion unit for protecting the
interior of upstanding cylindrical ferrous metal
domestic hot water tanks in which cold water is
supplied from any conventionally available water
sources is recurrently input and heated, and from
which water is withdrawn at recurrent times and
in varying amounts according to demand, said
unit comprising a metal closure and supporting
plug adapted to be removably mounted in a top
wall opening of such a tank, an elongated sacri-
ficial magnesium metal anode of smaller cross-
section than the plug supported at one end by
the plug and adapted, when the plug is mounted
in a tank, to be suspended vertically within such
tank surrounded by tank water with the anode
axis in parallel with the cylindrical tank wall,
electric insulating means insulating the anode
from the plug and an electrical resistor element
supported by the plug electrically interconnecting
the anode and the plug, said element having a
resistance within the range of 5 ohms to 200 chms.

12. In an anodically protected hot water heater
system of the class wherein a metal hot water
tanhk acts as a cathode and a metal anode is pro-

jected into the tank and electrically connected 32

to the tank; the combination with the anode of
a metal, water outlet fitting for supporting the
anode and electrically connecting it with the tank,
the fitting having an axial water passage there~
through, connecting means at the outer end of
the fitting for connecting it with piping, external
threads around the fitting inwardly of the con-
necting means, for supporting the fitting on the
tank and electrically connecting the fitting and
tank, the fitting having a lateral opening inwardly
of the external threads, leading from the axial
passage through the surface of the fitting, and
means mounting the anode on the fitting, said
means being below the lateral opening in the fit-
ting and the parts of the assembly inwardly of
the external threads on the fitting being no larger
in overall diameter than the said threaded por-
tion of the fitting whereby the assembly as a unib
may be inserted through an opening in the end
of the hot water tank ang threadedly attached
and electrically connected thereto.

. 13. An anti-corrosion unit for protecting the
interior of ferrous metal domestic hot water tanks
comprising ‘a metal ‘outlet pipe fitting and an
elongated sacrificial magnesium metal anode elec-
trically connected to and adapted to be supported
by the fitting within a hot water tank, the fitting
having an axial water passage leading from a
first or outer end of the fitting inwarcly and hav-
ing o lateral water delivery opening connecting
with the passage and leading through the side
surface of the fitting and located inwardly of the
outer end of the fitting, connecting means at the
outer end of the fitting for connection of the fit-
ting with piping, external threads around the fit-
ting inwardly from said connecting means, for
connection of the unit in a threaded wall open-
ing of a hot water tank, attaching means connect-
ing one end of the anode to the fitting, said at-
taching means being inwardly of the lateral open-
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ing in the fitting, means closing the axial pas-
saze below the lateral opening in the tubular
member, and the parts of the unit inwardly of
the external threads on the fitting being no larger
in overall diameter than the said threaded por-
tion of the fitting whereby the unit may be in-
serted through a threaded wall opening of a hot
water tank, threadedly attached and electrically
connected to the wall.

14. An anti-corrosion unit for protecting the
interior of ferrous metal domestic hot water tanks
comprising a metal-outlet pipe fitting and an elon-
gated sacrificial magnesium metal anode electri-
cally connected to and adapted to be supported
by the fitting within a hot water tank, the fitting
having an axial water passage leading from a
first or outer end of the fitting inwardly and hav-
ing a lateral water delivery opening connecting
with the passage and leading through the side sur-
{ace of the fitting and located inwardly of the
outer end of the fitting, connecting means at the
outer end of the fitting for connection of the fit~
ting with piping, external threads around the fit-
ting inwardly from said connecting means, for
connection of the unit in a threaded wall open-
ing of a hot water tank, a partition across the
fitting inwardly of the lateral opening, the inner
end of the fitting having a socket extending
thereinto, coaxial with the axial passage, the an-
ode having an upper end located in the socket
and means securing the anode tightly and rigidly
in the socket, and the parts of the fitting and the
anode inwardly of the external threads on the
fitting being no larger than the said external
threads whereby the said parts may be inserted
through a threaded wall opening of a hot water
tank, threadedly attached and electrically con-
nected to the wall.

CLARK M. OSTERHELD.
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