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The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America forgovernmental purposes without the pay 
ment ofanyroyaltiesthereon ortherefor. 
The present invention relates to condenser tube pro 

tectors and more particularly to new and improved con 
denser tube protectors in the form of inserts for pre 
Venting the corrosion and erosion of the tubes adjacent 
to their iniet ends by water passing therethrough. 
The condenser system in a Ship's boiler system gener 

aly includes a large number of Small diametertubes run 
ning between a pair of header plates and through which 
Sea wateris paSSed as a cooling medium. The tubes are 
geherally of relatively constant diameter and as the Water 
enters the tubes from outside the header plate,cavitation 
develops which tends to erode the inlet ends of the tubes. 
Furthermore,Sea water contains variousimpurities which 
cause corrosion of the tubes,which when combined with 
the erosion due to cavitation, soon causes the tubes to 
1eak,and requires that the tubes be replaced. 
To eiminate the efects of erosion and corrosion of 

the tube ends,various types of protective inserts have 
been devised,but al have failed to render the required 
Protection,at reaSonable cost. In Patent No.2,157,107, 
granted May 9,1939,there is described a soft synthetic 
rubber tube end protector which was designed to prevent 
corrosion of the condenser tube ends. The rubber tube 
Was capable of protecting the condensertubesinceit had 
a high resistance to impingementerosion,however difi 
culty Wasencounteredin developingasuitable method of 
Securingthe endprotectorsinplace Thetypes ofcement 
which Were adequate to Secure the soft rubberprotectors 
in place complicated the insertion of the protectorsinto 
the tube ends. 

Patent No.2.195403,granted April 2,1940,was di 
rected to a Soft rubber protector Secured by metal retain 
ing bushings. This eliminated the necessity for using 
cement to Secure the protectors in place,The rubber 
protectOrS Secured by bushings complicated manufacture 
and increased the cost of production considerably. 
Inview of the dificulty of securingsoft rubberprotec 

tors in place,tube end protectors constructed of 
"Bakelite°were next developed and tested. Patent No. 
2.225,615,reissued as Re,22,027 on February17,1942, 
coversd protectors constructed of thermosetting materials 
such as"Bakelite°and also protectors constructed of hard 
rubber,As a result of tests of various materials of this 
type,1arge numbers of "Bakelite"protectors were made 
and putinto Service. In using the "Bakelite"protectors, 
however Several unforeseen dificulties Were encountered. 
Nayal Specifications and most commercial purchase re 
quirements for condenser tubes permit an outside diam 
eter tolerance of 5 to 6 thousandths of an inch. This, 
combined with a customary 5 percent over-weighttoler 
ance,alows a variation in inside diameter up to about14 
thousandths of an inch. In view of the fact thatthermo 
setting materials are rigid,having practicaly zero per 
centage elongation, inserts made of this material must 
have an outside diameter not greater than 2 or3 thous 
andths of aninch largerthan the Smalesttube to befitted 
with protectors,This necessitated either making protec 
tors of Several diferent diameters and measuring each 
tube So that the proper Size of protector could be chosen, 
which is an expensive operation,or allowing the use of 
Smal inserts in large tubes which required the use of 
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cement to keep the inserts in place. The Smal size in 
Serts in the larger tubes created two new problems. 
First,the inside diameter of the tube was considerably 
greater than the inside diameter of the inner end of the 
insert,thus creating a hydraulic jump in diameter of the 
water path. This efect was made worse bythe fact that 
it Was impossible to mold the thermosetting material to 
a thin edge at the inner end. Normally the inner.ends 
of the inserts Wereground Smooth with an edge thickness 
of 15-30 mils, This created turbudence with resulting 
cavitation and pitting action just beyond the insert. Fur 
thermore,in cementing the insert in place,beads of 
cement were often left at the inner end of the insert by 
the workmen,The cement beads again caused turbulence 
and resultant erosion of the inner surface of the con 
denSed tube. If no cement Was used,corrosion often de 
Veloped between the protective insert and the tube where 
it cou!d not be Seen and caused suddentube failure,mak 
ingit necessary forthe entire condenserto be shut down 
for repairs. - 

In order to seal the outer ends of the tubes,it was 
necessary to provide a flange at the outer end of the 
protector which would surround the tube end and Seal 
against the header plate since it was impossible to pro 
vide a thermcsetting protector which could conform to 
the varying fare shapes of the tube ends in the header 
plate. The fange of relatively brittle thermosetting ma 
terial was therefore exposed to the incoming Seawater. 
The incoming seawater often contained foreign objects 
which were dashed against the fianges by the force of the 
incoming water and caused the fianges to break,some 
times chipping the protector well inside the inlet of the 
condenser tube and allowing the impurities in the Sea 
water and the turbulence caused by the irregularity to 
attack the tube. 
In Patent No.2,310927,granted February 16,1943, 

thereis described stil another type of protective insert. 
In this case,a transparent plastic material was chosen 
because it provided an easy means of checking the con 
denser tube wall under the insert without removing the 
insert. Various types of material were tried under oper 
ating conditions,but in time problems developed with 
each. 
The insert described in Patent No.2310927 was de 

Signed to be driven into the condenser tube thus obviat 
ing the need for cement,The material had to be de 
?ormable in order to force it into tubes of varying di 
ameters within manufacturing tolerances. ft needed to 
be heat resistant and resistant to oil and other contami 
nants in the circulating Seawater. Several materials, 
Which appeared to have the necessary properties,were 
chosen for use in accordance with the teachings of the 
patent but after Several years of Satisfactory service,be 
came uSeless due to operating conditions. - 
The inserts Were made with the aforementioned fiange, 

which necessarily did not have Support under the whole 
area between the headerplate andtheinside ofthefange, 
Although the materialwas deformable tosome extent,the 
flanges had to be hard enough to retain the Seal between 
insert and plate,The hardness again led to breakage 
under repeated battering by foreign objects,such as drift 
Wood,in the water. Furthermore,it was found that the 
varying conditions of heat also caused failure internaly. 
Since the waterin the tubes is seawater,the temperature 
of the water passing through the tubes is normaly just 
sightly above that of the Surrounding seawater under 
conditions of free fiow operation. This presents no great 
problen since the surrounding water may vary from 
freezing to about 90° F. depending on the location of the 
ship at the time. Howeyer various conditions cause ex 
treme temperatures in the tubes,The steam which is 
being cooled by the tubes may be above 500° F. and if 
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fiow of the cooling wateris stopped or slowed the tem 
perature can approach that of the surrounding steam. 
For example,clumps of Seaweed or schools of Smal 
fish are often encountered,which plug the holes in the 
inlet ends of the condenser tubes. At high tempera 
tures,the resistance to creep of the material was lost 
and the Seawater was enabled to attack the tube behind 
the protector. 
In the present invention, there is provided a tubular 

Shaped inSert resembling to Some extent the inserts de 
scribed in the aforementioned prior patents,but which 
obviates the aforementioned disadvantages of the pro 
tectors deScribed in them. The insert of the present in 
vention makes use of a thermoplastic material which ex 
hibits the required stifness,resistance to creep,low co 
eficient of friction,and dimensional stability to allow 
the insert to be driven into the end of the tube and form 
a Seal substantialy along the entire length of the insert 
between the insert and the condensertube. The material 
allows the insert to be made without the sealing fiange 
at the inlet end of the insert and thus obviates the pos 
sibility of breakage due to objects striking the fange. 
Since the material conforms to the shape of the tube as 
it is driven in,and exhibits Suficient dimensional sta 
bity to allow molding to a feather edge at the inner 
end of the insert,the possibility of damage due to dis 
continuities in Stream wall dimensions and cement beads 
is also eliminated. 
Accordingly it is an object of the present invention 

to provide a condenser tube protector having improved 
impingement erosion and electrochemical corrosion re 
sisting characteristics. 

Other objects and many of the attendant advantages 
of this invention will be readily appreciated as the Same 
becomes better understood by reference to the following 
detailed description when considered in connection with 
the accompanying drawings wherein the single FIGURE 
is a view,partly in longitudinal Section of an embodi 
ment ofthepresentinvention. 

Referringto the drawing,a condensertube ?is shown 
as being Secured in a header plate ?2 of a Surface con 
denser,the outer or inlet end of the tube being flared 
as indicated at 13,A tubular corrosion protector 14 
fabricated from a material whichis chemicallyinert with 
respect to the metal of the tube is frictionaly secured 
within the inlet end of the condenser tube 11 with a 
drive ft. The material must have the physical char 
acteristics of stifness,recovery from deformation,excel 
1ent moldability,resistance to creep,tensile strength,low 
coeficient of friction,fatigue endurance,toughness,di 
mensional Stabity,and abrasion resistance,A naterial 
which hasthesepropertiesis"Delrin," 

CH2O(CH2O)nCH2O 
whichis deScribedin the article entitled"Delrin?a New 
Thermoplastic.° by J. F. Cogdell and R. H. Hardesty, 
appearing in the Society of Plastic Engineers Journal, 
Vol.14,No.4,April1958. 
The outer(inlet)end of the protector 14 is flared 

slightly as at 16 to form a complete seal between the 
tube and the inSert along the inner area of the tube. Due 
to the physical properties of the material used in fabri 
cation of the insert,the flange,which was subject to 
breakage on the prior devices of this general type,is no 
1ongerrequired to Sealthe end ofthe tube. 
The protector 14 is contoured so as to provide a re 

stricted throat 17 and its internal diameter increases in 
wardly until it merges with the outside wall of the pro 
tector thus forming a featheredinneredge 18. The con 
tour of the throat 17 corresponds substantially to the 
contraction and enlargement of a stream of water pass 
ing through an orifice,thereby minimizing turbulence 
and the liberation of air from the water and also elimi 
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4 
nating impingement erosion and frictionlcss in the jet 
ofwaterenteringthe tube. 
The protector insert is molded from the plastic ma 

terial in the form of a cylinder having an outside di 
ameter sightly larger than the largest internal diameter 
of the tubes which will be encountered. The physical 
properties of the material are Such that with a cylindri 
cal outside Surface of constant diameter,the insert asit 
is driven into the condenSer tube conforms to the ir 
regularities of the tube in a manner to form a seal along 
substantially the entire length of the insert. 
The insert herein described constitutes a decided ad 

vance in prolonging the life of Surface condensers. The 
disadvantages of prior art devices of this type have been 
overcome in that the material used inherently forms an 
efective Seal between condenser tube andinsert,eliminat 
ing the possibity of the sea water attacking the tube 
inside the insert. The outside fiange,whichwassubjectto 
breakage in prior art devices,has been eliminated. The 
feather edge which may be obtained at the inner end of 
the insert and the lack of necessity of using cement pre 
vent erosion beyond the insert which was prevalent with 
priorart protectors. 
The increased reliability which is gained through use 

of the present invention is of the utnost importance in 
navalinstallations when,under conditions encounteredin 
a naval engagement,the stresses and strains caused by 
rapid maneuvering might cause failure of partially deteri 
orated condenser tubes and the consequent disastrous 
shutdown of the propelling unit or units associated with 
Such condenSer. When it is considered that modern Sur 
face condenSers may containanywherefrom 500to 15,000 
condenser tubes,the magnitude of the problem and the 
increased reliabity ofered by the present invention can 
be realized. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as specifically described. 
Whatis claimedis: 
1. A device for protectingfrom corrosion and erosion 

the inlet end ofatube extendingthrough andsecured to 
a headerplate ofasurface condenserand fiaredatits outer 
end,comprisingatubularmember of"Delrin,° 

CH2O(CH2O)nCH2O 
inserted within the inlet end of said tube and engaging 
the inner wall throughout the length of the insert,said 
tubular member having an inlet end which conforms to 
the shape of said fare and is substantially coextensive 
with theinlet end ofSaidtube,athroat of theventuritype 
adjacentsaidinietend and havingitsSmallest cross-section 
1ocated substantially at the beginning of said flare,and 
havinganinternal diameter whichincreasesinwardly until 
it merges with the outside wall of saidinsertin a feather 
edge. 

2. A device as defined in claim 1 wherein said tubular 
member has an externai diameter slightly larger than the 
internal diameter of said tube before insertion whereby 
the outside of said tubular memberfits closely the inside 
Surface ofsaid tube whenitis positioned therein. 
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