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57 ABSTRACT 
Sacrificial rods have been used in connection with shell 
and tube type heat exchangers to prevent corrosion of 
the cooling cores. These rods however have been em 
ployed with metallic heat exchanger components. The 
subject heat exchanger uses electrical non-conducting 
or plastic end covers which will not conduct a current 
flow. The end covers are provided with an electrical 
conducting metal sleeve, a metallic insert and an electri 
cal conducting member which is connected in an elec 
trical conducting relationship to the insert and at least 
one of the metallic sleeves. Thus, a grounded circuit is 
provided for the sacrificial rod. The reaction of the 
electrolyte and the rod prevents electrolytic damage to 
the core. 

6 Claims, 2 Drawing Sheets 
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1. 

ELECTRICALLY GROUNDING OF 
NON-METALLICPARTS 

TECHNICAL FIELD 

This invention relates generally to heat exchangers 
and more particularly to the prevention of electrolytic 
corrosion of a cooling core when exposed to an electro 
lyte. 

BACKGROUND ART 

Corrosion in heat exchangers has long been a prob 
lem. It is generally recognized that one of the causes of 
this deterioration is the electrolytic action between the 
dissimilar metals of the various components. This pro 
cess, referred to as electrolysis, produces a flow of cur 
rent between the two unlike metal areas when in the 
presence of an electrolyte, such as ionized water, which 
in turn causes corrosion on the more active metal (an 
ode) and forms a protective coating on the less active 
metal (cathode). 
There are a great many factors which control the rate 

of corrosion in this process, the most important being 
the relative positions of the metals in the electromotive 
series. This, of course, determines the electrical poten 
tial difference between the materials and thus controls 
the direction of the current flow. Other factors include 
water composition, flow velocity, temperature, area 
relationships of the "electrodes', flow restriction in the 
tubes, current density, and polarization which tends to 
insulate each "electrode' therefore decreasing the po 
tential difference between the metals. 

Naturally some metals or alloys withstand this type of 
corrosion better than others. However, more corrosion 
resistant materials are generally more expensive. This 
presents the problem of finding a compromise which 
will provide a unit with reasonable life at reasonable 
COSt. 
To increase life and reduce total cost, a 'sacrificial' 

material is commonly used with heat exchangers prone 
to produce a current flow. Zinc, being very unstable as 
evidenced by its position in the galvanic series, is used 
as a "sacrificial' material in water systems to reduce the 
deterioration of the more expensive materials used in 
the highly dense structure of the shell and tube type 
heat exchangers. 
Cost consideration has increased the use of plastic in 

heat exchangers. For example, U.S. Pat. No. 3,804,161 
issued to Leon J. Nowak on Apr. 16, 1974 discloses one 
such heat exchanger. The utilization of plastic electri 
cally insulating materials has made the problem of elimi 
nating corrosion due to electrolytic action more diffi 
cult. For example, in the heat exchanger of Nowak, no 
current flow will occur from the metal anode tubes 
through the reinforced plastic heat exchanger to a 
grounded cathode. Thus, if used with an engine, the 
electrolytic action will occur between the core and the 
engine block. The metal of higher potential, the core, 
will become the anode. The core will tend to go into 

4,776,392 

O 

15 

25 

30 

35 

45 

50 

55 

solution in the electrolyte and corrode. Thus, the life of 60 
the heat exchanger will be decreased. 
The present invention is directed to overcoming one 

or more of the problems as set forth above. 
DISCLOSURE OF THE INVENTION 

In one aspect of the present invention a heat ex 
changer for preventing internal cooling core damage by 
electrolytic action is disclosed. The heat exchanger has 

65 

2 
a housing, a cooling core positioned in the housing and 
prone to produce a current flow when exposed to an 
electrolyte, at least one end cover, a grounded mount 
ing bracket attached to the housing and means for con 
necting the housing and the cover. The heat exchanger 
comprises an end cover being of an electrical non-con 
ducting material, a sacrificing rod removably attached 
to the cover and being in spaced relationship to the core 
and means for carrying the current flow from the rod to 
the bracket so that the current flow is transmitted away 
from the cooling core. 
The invention as described above overcomes the 

tendency of the core to go into solution in the electro 
lyte when used in combination with plastic end covers. 
The sacrificing rod and the means for carrying the cur 
rent flow from the rod to the grounded mounting 
bracket prevents electrolytic damage to the core in 
creasing the life thereof. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top view of a single pass heat exchanger 
embodying the present invention. 

FIG. 2 is an enlarged partial sectional view of an end 
portion of the heat exchanger. 
FIG. 3 is an enlarged partial sectional view taken 

through one of the sleeves. 
FIG. 4 is a partially sectioned view of a double pass 

heat exchanger embodying the present invention. 
BEST MODE FOR CARRYING OUT THE 

INVENTION 

In reference to FIG. 1 aheat exchanger 10 includes a 
steel fabricated tank or housing 12 having an inlet 14 
and an outlet 16 through which the liquid to be cooled 
can flow. As shown in FIGS. 1 and 2, the housing 12 
includes an inner surface 18 and a pair of end surfaces 
20,22. A plurality of threaded holes 24, one of which is 
shown in FIG. 3 at 24, is provided at the end surfaces 
20,22 in the housing 12. 
A cooling core 30 is constructed in a conventional 

manner an is positioned in the housing 12. The cooling 
core 30 includes a plurality of copper alloy tubes 32 
held in spaced relation from the inner surface 18 by a 
pair of end sheets only one of which is shown at 34 and 
a plurality of baffles, not shown. At least one of the end 
sheets has a continuous flange 36therearound. A plural 
ity of holes 38 in the flange 36 corresponds to the plural 
ity of threaded holes 24 in the housing 12; only one hole 
is shown. The end sheets 34 are in sealed relationship to 
the tubes 32. 
A pair of non-metallic electrical non-conducting end 

covers 40,42 are connected to the housing 12 at the end 
surfaces 20,22. The end covers 40,42 are constructed 
from any suitable one of a family of nylon resin plastics. 
The covers 40,42 in this embodiment are constructed 
from ZYTEL, a registered trademark of DuPont. A 
two pass cooler is shown in FIG. 4; in this embodiment 
the cover 40 has an inlet 43 and an outlet 44. A pair of 
chambers 45,46 are formed in the cover between the 
end sheet 34 and the cover 40. A partition 47 separates 
the chambers 45,46 within the cover. The cover 42 has 
a single chamber 48 formed therein between the cover 
42 and the end sheet 34. A pair of gaskets 49,50 are 
positioned on each side of the flange 36 between the end 
surfaces 20,22 and the covers 40,42. The gaskets 49,50 
have a plurality of holes therein of which only one is 
shown in FIG. 3 at 51. The plurality of holes 51 corre 
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sponds to the plurality of threaded holes 24 in the hous 
ing 12. Each of the covers 40,42 has a plurality of 
through holes 52 therein which correspond to the plu 
rality of threaded holes 24 in the housing 12 and at least 
one electrical conducting metallic sleeve 53 therein. 
The sleeve 53 has a through hole 54 therein and a pair 
of ends 55 external of the covers. In this application two 
sleeves 53 are positioned in the cover 40 and a single 
sleeve 53 is positioned in cover 42 to correspond in 
location to corresponding ones of the plurality of 
threaded holes 24 in the housing 12. Each cover 40,42 
has at least one electrical conducting metallic insert 56 
therein. The insert 56 has a threaded hole 57 therein and 
is connected in an electrically conducting relationship 
to the sleeve 53 by an electrical conducting member 58 
extending between the sleeve 53 and the insert 56. In 
this application the electrical conducting member 58 is 
brazed to the sleeve 53 and the insert 56. However, any 
appropriate method of insuring electrical conduction 
could be used. The conducting member 58 is integrally 
positioned within the covers and is electrically insulated 
by the nylon resin used to form each cover 40,42. 
An alternative to the two pass cooler, a single pass 

cooler, is shown in FIG. i. It is noted that the same 
reference numerals of the first embodiment are used to 
designate similarly constructed counterpart elements of 
this embodiment. In this embodiment, however, each of 
the covers 40,42 is constructed to have an inlet 43 and 
an outlet 44 respectively. A pair of chambers 45,48 are 
formed at opposite ends of the core 30 between the end 
sheets 34 and the covers 40,42. The remainder of the 
components and assembly remain identical. 

First and second metallic brackets 59,60 are used to 
attach the heat exchanger 10 to an engine represented 
by partial section 61, as shown in FIG. 1, and provides 
a grounded connection for completing a circuit. The 
first bracket 59 includes a threaded U-bolt 62 straddling 
the housing 12 and a support member 64 connected to 
the engine to provide a grounded circuit. The member 
64 has a pair of holes 65 through which the U-bolt 62 
extends and a pair of nuts 66 threadably attached 
thereto. Thus, the housing 12 is grounded through the 
bracket to the engine. The second bracket 60 has at least 
one hole 68 therein which corresponds to one of the 
threaded holes 24 in the housing 12. The second bracket 
60 is attached to the engine to provide a grounded cir 
cuit. 
As best shown in FIG. 3, a means 70 for connecting 

each of the covers to the housing includes a plurality of 
bolts 72 having washers 74 thereon. At each end of the 
housing, the bolts 72 threadably engage the threaded 
holes 24 at the end surface 20 and connect the cover 40 
to the housing. The bolts extend through the hole 54 in 
each of the sleeves 53 with the washers 74 contacting 
the end of the sleeves. At the other end of the housing 
the bolts 72 threadably engage the threaded holes 24 at 
the end surface 22 and connect the cover 42 and bracket 
60 to the housing. The bolts extend through the hole 53 
in the sleeve 54, through the threaded hole 24 and ex 
tend through the hole 68 in the second bracket 60 where 
a nut 75 is threaded thereon. Thus, the washer 74 
contacts one end 55 of the sleeve 53 and is electrically 
connected to the second bracket 60. As an alternative, 
the washers 74 could be removed and the head of the 
bolt used to conduct the current flow. 
A sacrificing rod 80 is removably attached to each of 

the covers 40,42 within each chamber 45,46,48 and is 
positioned in spaced relationship to the cooling core 30. 
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4. 
The rod 80 has a zinc sacrificial material 82 attached to 
a brass plug 84. The plug 84 has an external thread 86 
and a head 88 thereon. The thread 86 of the plug 84 is 
threadably attached to the threaded hole 57 in the me 
tallic insert 56. 
The insert 56, the conducting member 58, one of the 

sleeves 53, one of the plurality of bolts 72 and washers 
74, and the housing 12 provide a means 90 for carrying 
the current flow from the rod 80 attached to the cover 
40 to the first bracket 59. The insert 56, the conducting 
member 58 and one of the sleeves 53 provide a second 
means 90' for carrying the current from the rod 80 
attached to the cover 42 to the bracket 60. 
As a first alternative to the present combination of 

first and second brackets 59,60 as shown, a pair of the 
brackets 59 could be used with each of the brackets 59 
being located near each end 20,22 of the housing 12. As 
a second alternative to the present combination of first 
and second brackets 59,60 as shown, a pair of brackets 
60 could individually be used at each end cover 40,42 to 
attach to the sleeves 53 by the plurality of bolts 72. 

INDUSTRIAL APPLICABILITY 

The heat exchanger 10 of the present invention is 
used in conjunction with a marine engine. A fluid to be 
cooled, in this application engine coolant, is pumped by 
the engine coolant pump into the inlet 14 of the heat 
exchanger 10. The coolant to be cooled flows between 
the tubes 32, inside the inner surface 18 of the housing 
12, between the end sheets 34 and returns to the engine 
through the outlet 16. Heat from the coolant is ther 
mally transmitted to the tubes 32 and end sheets 34. 
A cooling media, in this application sea water, is 

circulated by an external pump and enters the inlet 43 in 
the cover 40. In the two pass cooler the sea water flows 
through the chamber 45, the tubes 32, the chamber 48, 
the tubes 32, the chamber 46 and exits the outlet 44. The 
sea water which is cooler than the engine coolant ab 
sorbs heat from the tubes 32 and the end sheets 34 as it 
flows therethrough reducing the temperature of the 
engine coolant. 

Galvanic corrosion or chemical attack between two 
dissimilar metals will normally occur in the presence of 
an electrolyte. In this case, the dissimilar metals are the 
copper alloy tubes 32 of the cooling core 30 and the 
steel fabricated housing 12 whereas the electrolyte is 
the sea water. Since the copper alloy has a higher poten 
tial than the steel fabricated housing 12, the tubes will 
become the anode and normally would tend to go into 
solution in the electrolyte, and therefore, corrode. 
However, the zinc anode sacrificing rod 80 which is 
very unstable and has a higher potential as evidenced by 
its position in the galvanic series, is positioned in the 
cover 40, thus the rod 80 corrodes reducing the deterio 
ration of the copper alloy tubes 32 and extending the life 
of the tubes 32. 

It has been found through experimentation that to 
insure proper operation of the sacrificing rod 80 a com 
plete electric circuit must be provided. Therefore, the 
electrical non-conducting covers 40,42 are provided 
with a path through which electrical current created in 
the system can be transmitted away from the cooling 
core 30 preventing electrolytic damage thereof. To 
insure proper current flow from the sacrificing rods 80 
in this embodiment, the flow is directed through two 
flow paths. The first path is from the rod 80 attached to 
the cover 40 through the metallic insert 56, the conduct 
ing member 58, one of the metallic sleeves 53, the 
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washer 74, the bolt 72, the housing 12 and into the 
grounded first bracket 60. The second current flow path 
is from the rod 80 attached to the cover 42 through the 
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means for carrying the current flow from the rod to 
the bracket so that said current flow is transmitted 
away from the cooling core. 

2. The heat exchanger of claim 1 wherein said means 
metallic insert 56, the conducting member 58, one of the 5 for carrying the current flow includes: 
metallic sleeves 53 and into the grounded second 
bracket 60. 
The primary advantage of the corrosion resistant 

system is its ability to use lighter, less expensive plastic 
material in the end covers and still provide a current 
flow path from the zinc sacrificial rod 80 away from the 
internal cooling core 30 preventing electrolytic damage 
thereto. r 

Other aspects, objects and advantages of this inven 
tion can be obtained from the study of the drawings, the 
disclosure and the appended claims. 

I claim: 
1. A heat exchanger having a housing, a cooling core 

positioned in the housing and being prone to produce a 
current flow when exposed to an electrolyte, at least 
one end cover, a grounded mounting bracket attached 
to the housing, and means for connecting the cover to 
the housing, comprising: 

said end cover being of an electrical non-conducting 
material; 

a sacrificial rod removably attached to said cover and 
being in spaced relationship to the core; and 
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an electrical conducting member positioned in elec 
trical conducting relationship between the sacrifi 
cial rod and the bracket. 

3. The heat exchanger of claim 2 wherein said means 
for carrying the current flow includes: 

at least one metallic sleeve positioned within the elec 
trical non-conducting cover and having a through 
hole therein and a pair of ends external of the 
cover; 

at least one metallic insert positioned within the elec 
trical non-conducting cover and having a threaded 
hole therein, said rod being removably attached to 
the metallic insert; and 

an electrical conducting member positioned within 
the electrical non-conducting cover and connected 
to the metallic insert and at least one of the metallic 
sleeves. m 

4. The heat exchanger of claim 3 wherein said means 
for connecting the cover to the housing is in electrical 
conducting contact with the sleeve and the housing. 

5. The heat exchanger of claim 3 wherein said bracket 
is in electrical conducting contact with the metallic 
sleeve in at least one of the end covers. 

6. The heat exchanger of claim 3 wherein said bracket 
is in electrical conducting contact with the housing. 
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