
CORROSION OF CONDENSER TUBES. 

In the first number of these Papers, issued in 1920, a brief 
account was given of the then existing knowledge regarding the 
corrosion of condenser tubes. This information was a summary 
of conclusions drawn from many years of practical observation of 
the behaviour of condenser tubes in Naval installations, together 
with the results obtained after 10 years' investigation of the 
subject by the Corrosion Research Committee of the Institute of 
Metals. The researches of the Committee referred to have 
continued unbroken since 1910 up to the present time, and, while 
LL certain degree of success has been achie) ed, the lack of detailed 
knowledge regarding the factors which control the distribution 
and rate of corrosion has limited the practical utility of the 
results obtained by this prolonged investigation. 

The subject of condenser tube corrosion includes a great 
variety of problems. connected both with the nature of the tube 
materid itself and also with the condition in which the tubes 
are set to  work. The latter category is evidently very wide, 
corrlprising as i t  docs not only the chemical co~nposition of the 
circulating m ~ t e r  but also the ternperatrue, aeration and distri- 
bution of the water, together with such questions as the settlement 
of solids and the electrical conditions which may obtain. The 
range of research is so vast that it has hitherto been possible to 
explore but finlited portions of it, confined mainly to those 
aspects which seemed to cover the greatest number of practical 
cases of corrosion; other areas, which may, in fact, be all- 
important in individual cases, have been necessarily neglected. 
Even so. the amount of work that has been achieved has been 
monu~ne~tal  in its extent, while almost countless theories have 
been evolved to  account for this or that observed fact. Add to 
this the research work which has been carried out in other 
countries in the same field, and it becomes an impracticable task 
ta give any concise account of the various avenues that have been 
explored. The conclusiorls to be drawn from this great amount 
of apparently fruitless endeavour are that either the causes of 
tube failure are very varied and of large number or else that the 
underlying fundamental reason has yet to he discovered : 
probably both these statements are true. 

The practical results that have hecn attained are that nearly 
all types of corrosion can be produced by laboratory met2locls 
and without imposing conditions of a severity that appears 
impossible in acfual condensers. Henre i t  is possible to argue 
backwards  as to the conditions which probably occurred in 
rt particular tube. The process of attempting to find the causes 
of corrosion in actual condensers has been found impracticable 
in most cases owing to the fact that the conditions of working 
are so diacult to investigate. Remedies may he discovered to 



meet an individual case, but it is unlikely that these would prove 
to be the best means of dealing with any other case and might 
even leave the real cause of the trouble in that particular instance 
quite undiscovered. 

The problem, viewed in its broadcst aspect, is peculiar in 
that a largo majority of condenser tubes do in fact give excellent 
service and that ever1 in bad cases, where perhaps it is judged 
desirable to retubc the whole condenser, the actual propor-tion 
of seriously affected tubes is but a small one. The Engineer, on 
the other hand, is faced with tho possibility of complete broakdowri 
of his plant through the failure of but one tube, and this aspect 
of tho question is likely to bc aggravated by the adoption of 
even higher steam pressures than those now current in the Naval 
service. 

It was realised some four years ago that complete success was 
impossible whilc the investigators attempted to attack simul- 
taneously two closely related but different problems. These 
were (1 )  the nature of the corrosion process itsdf and (2) thc 
corrosion of a particular alloy undcr practical conditions. 
Arrangements were therefore made to separate thc study of these 
two problems, very close co-operation being maintained between 
the two committees charged with the work, both being presided 
over by the same Chairman. Evidently complete success will 
not be achieved by the practical committee unless the more 
fundamental investigation is also successful. 

The mail1 part of this articlo deals briefly with thc practical 
rosults that have been obtained, but it mill doubtless be of 
intcrest to refer to the lines on which the committr~e dealing with 
thc more scicmtific problem ha% o proceeded during the four years 
which have now elapsed since its inception. Thc committee 
decided that in order to examine the existing theories of corrosion 
it was rlecesvary to develop very accurate rngthods of quantitative 
measurement, and as a f i r b t  step to work out a technique to 
enable such measurements to be made under well defined and 
controllable conditions. Thc dcvelopmcnt of this indispensable 
foundation for ths proper scientific study of tho subjcct has 
occupied three years, time which has been well spent, however, as it 
has provided the means for aceurnulating well cstablished data 
and so removing that elcmcnt of uncertainty which has hitherto 
characterised corrosion research. This technique is now being 
systematically applied to the known theorics of corrosion and 
definite results will no doubt appear in due course. 

The position as regards the practical aspect of condenser tube 
coirosion, at  the time (1924) when thc two committees referred to 
were formed, was that the results of many years' work were 
available and that the chief fcatures of the usual types of 
condenser tube corrosion were apparently well understood. 
It had become increasingly evident that resistance to corrosion 
depends largely upon the properties of films which form upon the 
surface of the metal under corrosive conditions and exhibit 



varying degrees of resistance. These films, not necessarily 
visible, may be either porous or impcrvious and may be anodic 
or cathodic to the underlying mctal. Porous films by shielding 
the metal from oxygen may promote local attack on the area so 
covered, while on the other hand a completely impervious scale 
can confer entire protection although, if i t  is cathodic to the metal 
snrface itself, vcry severe corrosion of any bare patches will 
occur as these will bc anodic to  the scale. Such films or scalcs 
are generally composed of corrosion products, but may contain 
included matter from the circldating water. 

These views nlay eventually prove to be incorrect, but are 
useful for many practical purposcs as they give an apparently 
true picture of what happens in most cases of corrosion. It is 
thus possible to  regard the well-known types of condenser tube 
corrosion as resulting either from changes in the naturally- 
forming protectivc 6Lm or from various kinds of iilm breakdown. 

The Research work of the comrnitfce has becn mainly directed 
during the past 4 years to only one type of corrosion, namely 
that produced by the impingement of rapidly moving sea water, 
particularly in cases where free air is presont or where intermittent 
ca~itation occ~xrs : this form of action is now k n o m  as 
"Impingement nffuck." This type of attack is of course not the 
only kind of condonscr tube corrosion, but it appears to be the 
most important. 

The work to bc described in this article substantiislly confirms 
the existence of protcctive films and many of their effects upon 
condenser tube corrosion are now less obscure, while apparatus 
has been devised which enables rapid tests to be made of proposed 
new materials for condenser tubes. 

Impingenient attack of condenser tubes. 
Earlier work had shown more or less conclusively that a t  the 

wator speeds used in condenser work the material of the tubes 
was not mechanically eroded by the liquid. On the other hand 
serious destructive action does occur in rapidly moving sea 
water. The probable existence of a protective film had been 
shown by the fact that, whilo clean specimens of an alloy suffered 
attack, other specimens, which had becn immersed for a few 
days in slowly moving sea water, resisted. It was inferred that 
this latter treatmont developed s protcctivc film; if attack 
subsequently reappeared, then evidently the film had broken 
down. 

The foregoing points made it appear probable that the effect 
of impingement wsbs to  attack a film on the surface of the tube 
and, by laying bare the material underneath, permit corrosion 
to commence. Thc subsequent corrosion products might then 
easily be washed out of the resulting pits, which would thus 
appear to be formed by erosion rather than by corrosion. 

Mieasurement of Protective Film.--It wm known that a 
specimen of metal when covered with a coating of its corrosive 



products was a t  a different electric potential to the same mead 
without-the a m ,  although of course the absolute voltage diffcr 
ences arc ver.y small. An apparat~is was devised, however, 
employing a three electrode valve, whereby measurements of 
such potentials could be made. 

Tests were carried out using small discs cut from condenser 
tnbrs; these were mounted in a special apparatus arranged to 
give the desired dcgree of irnpingemcnt attack. It was soon 
found when clran materials of the natnre of Adnliralt'y condenser 
tube metal were tested in a jet of air-free sea water, that the 
film potential gradually increased with time till it reached 
a maximum figure which was mHjntainrd unless t'hr tribe was 
scratched by mechanical means or air was admitted with the jet. 
In  either of these cases the potential immediately fell off, this 
being ascribed to breakdown of the fil111. 

It has been observed, however, that in many, if riot in most. 
materials the potential may regain its normal valuc fairly rapidly. 
pointing to tl1c possibility that tlic film has healing powers which 
permit it to reform if conditions arc, favourable. Thus, if the 
violence of the corrosive conditions is reduced by cutting off the 
air supply, the potential at  once starts to change. Many potential- 
time curves of this type were taken and have confirmed in 
a satisfactory manner much of the earlier work, but rcsults were 
obtained in a few hours as compared with the prolonged periods 
that have hitherto been necessary. 

The situation which now exists is that by means of this 
apparatus it is possible to intlicttte whcn a change occurs in the 
supposed film. It has been dcnlonstratcd also that attack oi the 
material is accompanied by a change in the film potential, which 
fact may therefore be reasonably used as a rapid indicator of the 
commerrcemcnt or change of attack. 

Jet Test.---Another piecc of apparatus, known as the jet test, 
was devised with the object of investigating the factors which 
uontrol impingement attack. Thc apparatusmmely comprises 
a suitable centrifugal pump arranged to deliver a jet of water 
against a specimen, the potential of whose surface film can a t  
the same time be measured. Controlled quantities of air can bo 
admitted, while the size of the bubbles, the velocity of the water 
and similar factors are also capable of alteration. 

Causes of Impingement Attack.-It has been concluded, as thc 
result of a long series of experiments, that the main factor in 
producing attack of this type in Admiralty alloy tubes is the 
presence of air bubbles in the moving water. A high water 
speed through the tubes will of course tend to increase impingo- 
mcnt attack, but it is now certain that velocity is not the principal 
controlling factor. Air free sea water evcn when moving a t  
fairly high velocities appears to have little or no effect, while 
the addition of only about 1 per cent. (by volume) of air in the 
forrn of bubbles is sufficient to give a violent form of attack. 
The discovery has been made that the size of the bubbles is 



evidently a controlling influence, the attack being greatly 
diminished ss  the size of the bubbles is rednced. The minimum 
size of bubble necessary to establish attack has not, however, 
yet bcen determined, nor is this a point of great importance. 

A very important paper published by Sir Charles Parsons 
(and referred to elscwhere in this series of Papers) brought to 
light another possible cause of impingement attack. He showc-d 
that the 1 ortices, long knoun to occur in the uater boxes of 
condensers, might cause the formation of cavities in the stream 
of water entering the ttll~es. Collapse of these cavities can givc 
r jsc to very high pressures with a most destructive effect upon 
the tube material. It is, however, a t  present open to doubt 
whether caxitation of this type rnay not produce a severe attack 
bp removal of thc protective film on the tubes rather than by 
mechanical failure of the material itself, and such a suggestion 
agrees well with the previous evidence as regards the effect of 
air bubblos. In  either case thc observed attack appea1~1 to be 
identical and the surface of the metal tlhows no microscopic or 
other differences. It is  improbable that the type of action 
associated with cavitatioil in condenser tubes can be solely due 
to mechanical crosion of the metal as no evidence is yet available 
of impingement attack having been observed in non-corrosice 
water. On thc other hand the pressures that can be generated 
by collapsing cavities have been shown to be more than adequate 
to cause failure of the material and art. independent of the naturo 
of the fluid. 

The action which occurs when the attack is due to air bubble 
irsipingoment is, howcver, difficult to understand, as there appears 
little reason why the merc breaking up of air bubbles against a 
surface diould be ablc to remove films which are frcqucntlj 
somewhat resistant to abrasion. The factor of bubble size may, 
however, he illuminating, It may, on the other hand, be import- 
ant to note that cavitation causes air to come out of the water, 
thus leading to the formation of bubbles, which may give rise 
to impingement attack. 

There is ample evidence to show, however, that the tubes 
of a condenser can be rapidly attacked by the occurrence of air 
bubbles in the circulating n-ater or by the formation of vortices, 
the precise nature of the action in eithcr case being a t  presebt 
obscure. 

FOOTNOTE.-It ha-9 brcn i~uqqcated thnt possibly thr so-called " erosivc. " 
ac t zm~  on pro~pel l~r  blades ntay an IIX-e mantle-r be due to tlie destrzrction c$ 
s u ~ f a c e  f l m s  uporb the mnterbal a?td the s u b s ~ q w ? ~ t  rapid corrosion of the 
bare metal. It appears at Eemt probable that this m a y  be a frequent cause 
of t71e action, the " U-nter ha?nmer" oj  M r .  rook  (Papers ATo. 4 ,  pnge 50) 
being not necessarily suflczently pm-erf211 to damage the ~ttatertrl itself, 
alihmgh possibly adequate to destroy the protective film. 



Properties of F i l m  as regards Impingement Attack.-It has 
now been demonstrated that the natural protective films do 
not always break down even under severe attack. Thus in the 
case of copper the action of moving sea water alone is sufficient 
to cause failure of the film, but in 70 : 30 brass the occurrence of 
either cavitation or of air bubbles of sufficient size has been 
shown to be necessary to cause failure. A few alloys appear to 
be substantially immune from breakdown and their development 
appears a hopeful line of advance. 

The film on an alloy is often sensitive to the presence of 
extraneous substances either adherent to the tube or present in 
the water : thus CO, may have an injurious effect on the film in 
some cases. The electrical potential of the film relative to the 
underlying material is often of importance, since if cathodic 
to the latter very severe corrosion may occur should the film be 
injured. 

The resistance of tubes to attack may often depend upon a 
delicate balance between formation and removal of the film, a 
temporary reduction in the rate of attack sometimes permitting 
the film to reform and to become strong enough to resist further 
violent impingement for considerable periods. This effect is 
particularly important in 70 : 30 brass and Admiralty alloy 
tubes, and i t  accounts for the special liability of such tubes to 
impingement attack when new and also explains why they may 
often give good results in practice. 

It has been hoped that means might be found to form pro- 
t:ctive films on the new tubes, thus providing effective protection : 
the conditions favourable for film formation are, however, 
insufficiently understood to enable this to be effected a t  the 
present time. 

Control of Impingement Attack.-It has been shown that, 
quite apart from the cavitational effects of Sir Charles Parsons, 
rotational motion of the wafer in the inlet water box may give 
rise to severe corrosion. This is probably due to the fact that 
air bubbles tend to collect at  centres of rotation, and so a quantity 
of air that would be harmless, when generally distributed though- 
out the water, becomes capable of destructive action when 
concentrated in this manner. Evidently then from all points 
of view i t  is desirable not only to restrict the quantity of air 
entering with the sea water but also to damp out all rotational 
movement in the water boxes. The former of these factors is 
but little susceptible to control, any deaerating devices being 
out of the question owing to the large quantities of water that 
pass through the condenser. The circulating water is, of course, 
saturated with air, and this in itself is capable of giving rise to 
attack if conditions, of the type referred to above, are favourable 
for local concentration of the air to occur. It is, however, 
possible to avoid placing bilge pump and other discharge orifices 
in the neighbourhood of the circulating inlets, so lessening the 
possibility of abnormal quantities of air: being drawn into these 



orifices : the position of the bilge keels may ho inlportaut in 
this respect. 

Suggestions have 1)een made that  rotation of the circulating 
water rnight be prevented by providing grids in the m-ater-boxcs, 
hut such a inethod is objectionable not only on the score of weight 
but also because access t o  the tube nest would lbe renderer1 morc 
difficult, while the resistance to flow of tllc water would bc 
unavoidably increased unless the fittings were of very large size. 
Grids would also be liable to become choked by weeds, etc. 
Good results have, however, been obtained in indivldu:tl canse5 
by methods of this type, arid i t  may well be of value to  fit local 
grids in conditions m here attack, are consistently cxpcriencctl 111 
particulaz. parts of the tube nest. 

Various devices, such as ferrules with strealn liricd or ronntled 
entry, have becn suggested in the past with a view to setluclng 
the disturbances to  the flow of water a t  entry to the tubes, hut 
these are, in general, longer than nornial fitting<, and usi~ally leacl 
t o  the provision of deeper and therefore heavier coildrnsur 
corers in order that  the ferrules may be manipulated. Much 
rnay be done in the design stage, however. t o  ensure that the 
leads of circulating pipes arc as straight as possible, devoid of 
pockets where air ]nay collect, i~sld that  the direction of disc.barge 
into the water box is such as t o  obviato rotational flow. 

The other obvious niethod of attacking the prohle~ll is tc-, 
discover materials which develop highly resistant filnls or in 
which the healing power of the film is very mnrketl. The jet 
test referred t o  appears to offer valuable possihilitieb in this 
connection, as i t  should enable the relative vahies of different 
materials to be rapidly determined, the most promising heirlg 
sul)sequentlv tried out under controlled conditions in an 
experimental condenser. 

Several rrlatcrials have already been proved in this manner 
with very hopeful results as regards tlieir resistance to  impinge- 
rne~it attack. It remains t o  be seen ho~v ttubcs of tllesc alloys 
will stand up to service conditions. observing thzrt, ~ L I ~ , I I O I J R ~  
they rriay satisfactorily xithstand impingement attack. f nl ' l  urc 
may occur from othcr causes which are not readily deterrnirla'Dle 
in an actual condenser. 

Other types of attack. 
Corrosion of condeilser tubes is generdly thought to be 

fundamentally an electro-chemical process, though i t  is by no 
nieans certain whether the differences of poteritial are set uf) 
by chemical changes or whether the latter action resnltq frcnl 
the differencc.~ of potential. The ultimate decision of thiz: 
question may be long delayed and in any case does riot appear t o  
be a point of great practical inlportance : what does nlntlttr. 
t o  the engineer is that hot11 of these phenorncsln accurnpan)r 
corrosioii and that therefore anything giving ri.;e to s uch cft'r~cts 
is to  be subpected. 



The usual forms of attack other than impingement are- 
1. Settlement of Solids, such as cinders, pieces of wood, etc. 

in the tubes. These substances are liable to set urn attack on 
the metal beneath them, but do not all appear t i  be equally 
efficacious : thus cinders and iron fragments nearly always seem 
to cause corrosion, while fish aid wceds are frequently found in 
the tubes unaceonlpanied by any observable effect on the metal. 

The general effect of these obstructions appears to bo to keep 
oxygen away from a portion of the tube, a hich part then becomes 
anodic to the remaining surfaces where expodure to the fully 
aerated water is experienced. Thir may be called " Deposit 
Alfuclr.." There are. however, other effects that have been noted 
in such cases, namely, (a) if the obstruction is too small to 
appreciably affect thc water flow, an attack may be started on 
the up-stream side, the thin laver of water in viscous flow on the 
wall of the tubc being broken up and impingement attack 
started; (b) if the flow of the water is considerably obstructed 
an impingement attack commences on the down-stream side. 
Either of these latter types should be resisted by tube materials 
which will withstand laboratory impingement attack. It is to be 
specially noted, however, that films which are impervious to  
~mpingenlent attack will not always resist deposit attack : in 
other nords. a variation in the oxygen concentration may cause 
attack almost as readily as if thc scalc or film wrre not there. 

Thc obvious remedy for attacks of this nature is to clear 
out the tubes periodically by means of rods, in the manner 
referred to in the Engineering Manual. 

2. Reactions occurring between the metallic constituents 
and/or the corrosion products of the metals cornposing the tubc 
alloy. The action known as " tlezincification " is the most 
cornnlon example of this type of corrosion in brass tubrs. 'Phis 
is due to the fact that brass can react wit11 copper chloride 
solutions (resulting from oxidation of the copper), the uholc of 
the brass being frequently replaced by re-deposited copper. 
The rilost important factor determining this itctiori is the rate of 
oxygen supply, and thus any factor tends to keep the 
dissolved copper in contact with the tube surface and oxygen 
away fronl i t  may result in dezincification. Slimy deposits of 
mud, certain types of scale, nlinute pores in the metal, etc.. 
are all therefore predisposing causes, while the cfferts of tempera- 
ture and water speed are both iniportant. I t  has also been 
noticed that the constituents of the alloy have some hearing in 
this regard, and e~idence is not n anting to s h o ~  that X eryv slrtall 
proportions of arsenic may exercise a marked eifect In preventing 
dezincific a t' ion. 

It may be remarked that tubes which ultimately fail b j  
dezincing frequently have extrer~lely long lives, and it has been 
suggestetl that the development of arsenic free tulor.s rnny be 
of value in this regard. Inore csyecially as there appears to he 
a tendency for the formation of a very tenacious and yracticall> 



im1)ervious scale containing no copper cornpou~lds, t o  form 011 

hurh t1ll')eb. 
3. F'ltrwu i n  t i le  il'ube ,l!fufenal. - 'rhc ol)inioll. l r i ~ . ;  k)cun 

c.~p~+cs\etl, :ts the result of much experimental evidence. thalt 
thc ordinary surface defects, such as are hardly c,vcr altsent 
frorn the commercial tube, are sclcloin responsible for corrosioil. 
Tubes containing literally hundreds of surface defects have 
hehaved well in condensers, and local corrosion has often started 
a t  positions quite independent of flaws. If such defects really 
initiate corrosion i t  is difEcu1t to see how tubes containing them 
car1 have any useful life. 

Evitlently, Iiowevcr, the :~borc tloes riot apply to  deep surf:tcc 
defecth, which may set up local changes in the ouygcn concen- 
trntion, thus giving rise t o  electro-chemical effects. 

4. Elec t~ icc~l  F;~cfo~~.--The rspid clestrnction of coild(~nser 
tubes is often ascribed t,o stray electric currents, but there i h  

no defirtite evidence of such action. Stray currents are only 
likely in any case t o  cause corrosion a t  one end or other of the 
tube, an insulated end, where the current nluy be fnrced to 
pass through the water in order to reach the tube plate. The 
pomcts can hardly insulate a11 the trubes in a condenser ancl 
some rnust actua1ly touch the plate a t  some point; such tubes 
woulrl rarr-y the stray cuncnts, short circuitirlg the inbulated 
ones. l11 any case if evidence ever showb that  this is a real 
trouble. it can be avoided by the use of mctallic packing. Tn ,L 

ship, however, the paths that  are open to  the passage of stray 
currents are so numerous that  i t  must be very exceptional 
~ndeed for such effects t o  cause corrosion in condensers; the 
case may be different in shore power stations. 

Protection of Condenser Tubes. 
(a) Xlectrolyfic rlletlto(itq. sucll a s  Cumbrrland, Harriq-Anderson 

and Gush systems. 
These methods are too well known to require clescription, 

and have been somewhat extensireIy adopted; faith in their 
efficiency seems to  bc steadily diminishing. The processe5 
appear to work well in cased where it is possible to clistribntth 
the protecting current uniformly o\-er the surfaces to be pro- 
tected. This is in general inlpraeticahle, while the possib~lity 
of the current being inadvertently reversed is n practicd 
disadvantage of such systjem~. 

It is interesting t o  note the suggestion that the so-called 
electrolytic protectio~i really clepends on thc formation of a* 
protective scale on the surfaces. If this is true, the procebseb 
are unlikely to be reliable till more is known regarding the 
formation of such scales. 

(b) Tube  Cleaning.-The cleaning of tjabes to rzniove rleposits, 
&C.. 1s evidently necessary. hut it is obvious that  the methods 
employed rnay be actually harmful if  they are sufficiently violent 
to remove the protective films naturally fomied on the tube 
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surfaces. T t  is fortunate t,hat such films a.re in general fairly 
resistant. to abrasion, but the possibility must be borne in rnintl 
u hcn attenipts are ~natle to renlove harcl scales of tlic type 
u llicli intrrfere apprrciably with heat transmission. 

(c) Formation of Protecfi?.r Rcales or Coatings m the T1ubcs.- 
Experimental work both in thc laboratory and in actual con- 
densers: is in progress irr thiq connection but no concl~xsions can 
yet be stated. It is evident, howevcr, from the fact that films 
on the tube surfaces appcar to enter so largely into the questiorl 
of corrosion, that methods of protection of this type offer some 
hope of success. 

The coating of tubes nith various metallic layers has been 
tried. but reports on their efficacy are very varied. Much 
obviously depends not only on the nature of the coating but 
also upon the continuity of its surface, this latter being particu- 
larly important when the niotal of the tube is anodic to  that of 
the coating. 

The use of tinned tubes was abandoned for main condensers 
by the Admiralty many years ago as the result of extended 
experience, while on the other hand observations have shown 
that such tubes rnay give good behaviour in some cases, especially 
in estuarine waters. The matter appears to be determincd 
to some extent by the natlxre of the scale formed on the surface. 
F;xperiments are now being n~~dertaken with tubes coverecl 
u ith as coating of chromium by a modern electrolytic process 
which should give the desired degree of homogenity to the 
coating. 

(d) The Biscocery of  special 'I'wbe Jlaferinls which develop 
highly resistaiit surface filnls on exposure to corrosi~-e waters, 
or in which the naturally forming filrn has such extensive 
properties of healing under attack, that the latter has little 
chance of making headway. 

Summing up, i t  appears from the most modern information 
that most forms of conclenscr tube corrosion are intimately 
connectecl in some way with the condition and resistance of 
films formed upon their surfaces. Methods have been devised 
 hereby the condition of these films can be examined while 
the material is exposed to corrosive influences, and these 
rncthods should be of great value in developing suitable materials 
for resisting attack. 

If materials can be dcvelopcd which will withstand both 
impingement and deposit attacks there appears to be 1nuc11 
reason to expect that the problem of condenser tube corrosion 
for all usnal marine installations will be effectively solved. 

The mechanism of impingement attack is now largely exposed, 
and means, which may be difficult fully to put into practice, 
have heen suggested for reducing the violence of such action 
in actual condensers. 



The general scientific aspect of corrosion, as occurring in all 
c~ngineering material, is being separately investigat~d. ailcl there 
is evidence to show that the film action, forming qo large a part, 
of the subject matter of this paper, may be a common feature 
of all types of corrosion. 

Tubes of the following materials are arnong those now under 
trial for Naval services, the f i s t  mentioned having shown signs 
on laboratory tests of being especially resistant to impingement 
attack :- 

Ahlminium-Brass, Cupro-Nickel: Monel metal, Stainless 
Steel and Chromium-coated tubes. 


	Papers On Engineering Subjects - Book 10
	Corrosion of Condenser Tubes




