
9. NOTES. 

T h e  article8 (i&d qcmier the Amcling of " Notm ") hum 
b e m  conapild in requme to g p d &  r e p ~ t s  fmm Engineer 
O$KWS. 

It ia dedd that Oflcerg mall fimmrd w.gg&bas m 
regarding m#ws of general mqimeriq <mtere8t, wit& a view to 
initiating f i ~ t u ~ e  ar t ic l~  in these Papera. Cmmuni~athm 
of this n a h r e  s W  be &~ased &Editor of Enginem'w Notes, 
E7agiweep-in-Chiefs Department, Admiralty. 

(a) OIL m BOKLER FEED WATER. 

In the early days of the jntrodllction of water-tube boiIew 
into H.M. Kavy, it was recognised that %he entry of appreciable 
quantities of animal or vegehble oiIs inta the feed system weuId 
inevitably xeault in the formation of fatty acids, which rapidly 
attacked *e  pIating and tubes of Ghe boilers. Instructions 
were therefore issued that such 02s were not to be employed 
for internal lubrication, wibh the result; that troubles horn this 
papticnlar source have b e n  comp~rat i~e1~ mm. 

The pre*nce of oil in the feed water Ia, however, frequently 
held resp~nsihle &@WI-trion of khft hni l~r  t11llhe~~ 8 defect 
which is the more &quieting because its true muses m not 
ascertainable in all cages. In a previous article in these Papem 
(No. VII, page 85) it has been poinfed out t h t  distortion of 
boiler tubes may frequentIy be traced to lack of b d o m  of the 
sliding feet of the boilers, due either to faulty initial adjustment 
or ta failure to maintain the working surfaces in an efficient 
condition. This mum of diahrtion hw, however, rtpprbd to 
be inappLicabla in many caws, and it h become evident that 
other causes are at work. 

It is necessary, when attempting to trace obscum cawm, 
to seek for features common to a large number vf -a, and this 
is prodded in this prticnlr  iu~lhncc by the fact that d k h h d  
tubea frequently exhibit signs of overheating, often accompanied 
by the presence of oil or greaw in appreciable quantities. It bm 
been obgerved that, on removal of such contaminatiow from the 
feed circuit and on renewal of the aflected tubes, the distortion 
failed to recur, the natural inference being that the oil WEM $he 
cauw of the overheating which, in turn, resulted in the distortion. 

Direct evidence connecting mum and effcct in Gbis matter 
has not yet hen obtained, although a% le& one rmofioial but 
aomewhat oonvincing experiment has bean carried out ; in one 
of these a damaged boiler was steamed at a moderately 



high rate while ail was deliberately introduced into the f e d ,  
it being obmwed t h a t  the tubes visibly distorted under mch 
maItmatment. 

The responsibility for this defeut cannot, however, be defitely 
attributed to the oil until the underlying action is fully under- 
stood, and it t h e  becomes necemy to investigate all pmible 
avenues connecting the two factom ooncerned. It, has been 
shown experimentally that the presence of even a trace of oil 
upon a h t i n g  (or cooling) surface will oaum a marked diminution 
in the rate of he& tramferenoe, and, rmwoning from thia evidenw , 
$he theory has been put forwad that the deposition of a film 
of oil upon the interior mffams of the tubes may lead to local 
overheating and subsequent distortion. 

The foregoing theory a p p m  to derive comidemhle #uppart 
from the fact t b t  tracea of oil, or of carbon deposit possibly 
derived from oil, are frequently obserred upon those parts of the 
t u k  where overheating is most mppmnt. On the other hand, 
however, it is difficult to aecwnt for the adhesion of the 
oiI Go the t u b  while the boiler is &earning, as the viaooaities 
of oil and water are very similar at bodeer temperatures; it is 
also quite possible that the p m e  is only deposited during the 
process of emptying the boiIcr and t.ht it dms not adhre to 
the tubes undor shaming conditions. Finally, it may be objected 
that the appront connection bct wccn t l l ~  oil anti the ovcrhcating 
cannot be concIusivcly cstal>Iished owing to t,hc fact that scale is 
invariably fonnd upon any highIy hmted surface if the necesmry 
materid is present in the water- 

Turning-from this argument for the moment, it at lea& 
appe-~tm reasonably clmx that many cases of distortion of the 
tubw sire due to overheatinp. and thus a, cornideration of t h ~  
factors which influence the Titter may be illuminating. 

AmpIe experimental evidenoe exists to show that esteam GI 
but a poor conductor of h e ~ t  and thua adhesion of steam bubblea 
fo *he heating snrfaces is Bkely to decreaw tho transmiesion of 
be& locauy , resulting in overheating of the metal in the vicinity 
of the brrbble. It becomes necessary therefaro h provide a freo 
passage for the steam away from the heating surfaces, an effect 
which will evidently be favotlred by e rapid and p i t i v e  circu- 
lation and by tuhea of adequate. dimensions, suibbly inclined 
to  the horieontal. 

% rate of circulation in a boiler is determined by two main 
factam, namely, the head available for promoting the flow- and 
the hydrrsufic resistancm opposing it; the former ie decided by 
the vertical height of the tubem, by the hmpcrature differences 
in the feed circuit and by the rate at which steam is disengaged 
from the heating surfas ,  while the letter is influenced by the 
smngement, curvature, djamoter and length of the tubes ae 
weU aa by the roughness of the a u r f e r l  expcmd ta the stream. 
Very little information e x k b  on t k  question of cimulation, 
&s is well illustrated by the conflicting opinions lielld regarding 



the nemmity far downcorner tubes: suoh few experiment@ as 
have been carried out in this connection appear to indicate 
that the velooity of ch18t ion  in a Y m w  boiler ia low, thus 
f~vouring the adhe~ion of steam bubbles. The fom&tion of 
eddies is a likely cauw ftlr IocaI failure of the circulation, ~uch 
disturbnoes being due essentidly t o  sudden changes in the 
hyhulic resistanoe of the circuit ; the sped of the wafer un- 
doubtedly exercise8 a marked effect in this regard, and thm 
may well be an upper firnit to the doc i ty  of the circulafion 
above which eddying will occur : hence , an inareme in the aped  
of flow may actually induce overhewfing rather than effect 
the d a h d  m. 

All ths fractors just mnntioned me independent of the presence 
of oil, which, however, may wen be a mum of somewhat obstinate 
adhesion of khe steam lrubblce to the hezting uurfaces, ras its 
efiect in promoting foaming in boilem by increasing the skin- 
tension of the bubbles is well known. 

The foregoing points, many of which may 8ppm fantastic, 
b a ~ e  been menhioncd in order to  show how unsafe ir; ie to dogma- 
tise on such a question as this in view of the imperfect state 
of the preaent knowledge of +he subjeaf;. It is evident that 
much experimentd work is required beforo any advance over 
the present rate of heat, transferonce can be contemplated, and, 
unfortnnately, h o e  the phenomena t.o be examined occur within 
the interior of the boaer and of the furnace, any investigations 
are hedged about by extreme difftcdties. 

The true causes of overheating and distortion have not 
therefore been yet definitely established, but the fmt remains Ghat. 
ttPZ the evidence at present availabIe indicates that the presence 
of oil in a boiler is definitely detrimental and that the apparent, 
mmec$ion hekeen a1 and overhea.ting is too strong to be 
forhitous. It remains then to consider whah ttbps oxn be taken 
to emure, aa far is humanly possible, the complete exclusion 
of lubrioanta from the boilers. 

F8'Iters.-When water-tube boilem wero first intmdnced 
inlm the service, experiments were osrried out with a ~ e w  ta 
dismverhg mateials which would serve as effeotive Btew, 
sponges or hrry toweUing proving to be the most suitable of 
those tried. Filfem embodying these materials were therefore 
incorporated in the feed circuits of the vemda of the fleet and 
imtruotions &~sn regarding the regular cleaning of such demues, 
it h a w  been found that they became completely ineffective 
once the filtering mabriaI was througldy impregnated with oil. 
With the adoption of contaot feed heaters, however, it became 
evident that spongea were of little value as a filtering material 
for hot feed water owing to their rapid shrinkrtge and subsequent 
$sinkflation aE temperatures of the order of 120" F, or more. 

Further experiments demonatrated that with hot feed wahr 
WJI the filtering materials tested were comparatively ineffective 



(probably on account of the similar visoosities of oil and wafer 
at kmperrttums over 120' to  140' F.), leading to the conclusion 
that any filtering of the feed water must be carried out at tempe- 
ratures below those mentioned, pending $he discovery of a material 
better suited to modern conditions. 

The dternative to the provision of effeective fdhm is to ensure 
that oiI cannot enter the feed circuit, and thin ideal, deapib 
every possible precaution, cannot be realised with aertainty 
owing Go the human element. 

The reciprocating auxiliaries are the most probable somes 
of oil in the feed, as little trouble in thii respect should arise 
from the main turbines or from turbo-driven auxiliaries; special 
attention appears necessary in the case d verkical turbo-driven 
auxiliaries, whem the arrangement is favourable for the passage 
of oil to the turbho glands. The best meam of avoiding over 
oiling of Weir's pumps and the like are a rnat.ter of persona1 
opinion, but the pz(ihilities of using p p b i h  M a lubricant in 
auch m s  offer h o p  of m effective ~olution tm the probIem. 

The considerable collection of oil often seen on the walls of 
feed t anh ,  especial when the temperature h these chambers 
is comparatively low, suggests that the provision of suitable 
1)affllng: in these tanks may serve to deposit the oil in pm- 
de&ined positions, from which it rn%y he removed at intewds. 
In practice trequent attention to the cleaning of the feed tanh, 
coupled with reasonable oare to pro~ent the abuse of oil, h a  
often ben found effective. 

In cases where the number of turbo audiariea is large it h&a 
been fomd paihb to  diatribnte the exhaust &&m in suoh a 
manner that the condensate from the recipmcating engines is 
cooled and Mtered while that from turbine machinery remains 
untreated; this principle is being adopted to an increasing 
extent both ashore md afloat. 

The introduction of highly superheated steam has $pen an 
impetus to the more general use of rotary rtuxihriea and it is 
hoped that thereby mntaminat.ion of the feed with oil will be 
lessened, since the need for clean feed water is even greater witb 
snperheater boilers in view of the temperature conditiom in the 
superheaters themselves. 

h conclusion it may be observed that one of the principal 
diffrcalties in oonneation with oil in the feed water will be removed 
if and when a simple method of detecting ita presence is evoIved. 

The htement is frequently made that any discontinuity in. 
the aurfaoe of material under stress will mdt in concentration 



of the s t m  at the boundarks of any such holes, sharp edges, 
etc., wfth a consequelltly increased liability to failure; much 
interesting remareh work has been carried out on the effect of 
holes in p& under stress, the experiments of Dr. Coker with 
his ingenious optical apparatus being well known in this connec- 
tion. Thew experiments, together with research work and 
mathematical. analysis by eminent scientish, have been concerned 
principally with the effect of comparatively large discontinuities : 
logically, however, it is reasonable to suppose that tod marh 
and surface scratches d also result in aimilar coecentrations 
of stress, but possibly to a lesser degree, and it is of interest, b see 
to  what exbnt rough finish and blemishes wiZl affect the reliability 
of the finished pmduct. 

It haa been shown mathematically that the increase of stress 
at the buttom of a notch or groove depends uopn the ratio djp 
where d is the depth of the notch and p is the radius of e m a t w e  
at the exfsromity, and, in order to test the validity of these 
calcultbtions, experiments were carried out on. soIid test pieces 
af various materials, using a machine of the WoMer type, whereby 
the apeoimen may be subjected to any desired number of 
repetitions of stress. The specimens were Pery carefully polished 
with fineat e.mery and scratches or grooves of the d e s i 2  depth 
and extent were cut in the prepared m.nface by specid bols, 
8 micrometer device being employed to measure the depth. 

MewummenCrr of the eeratahm wem taken by making gelatine 
casts which were subsequently sliced into mtions and project4 
on ta a ~ni t abb  mreen by an optical apparatus. 

T.he scratches examined WE mostIy small and of the m e  
ader of magnitude those left after varioua workxlhop pro- 
-, but in a few c- larger mfches  were &)so examined 
h order to h d  the " scale effeot " and far mrnpmiim11 with 
deep groova R U C ~  as mmw threads. 

The exprimmtal loas of strength, wMe considerable, was 
found to be markedly lem than that jndicated by theory, and it 
waa found that there exists E vexy decided wale eflect, which 
haEl not yet k n  fully explomd. 

BridLy, however, lit may be atated that the reduction in the 
fatigue strength a£ a piwt due to r r d  a c r a k h s  not exceeding 
2& h u m d t h s  of m inch in depth may be as much as 30 per 
cent. if the mtio dlp is high, Similar W v e s  of 1J10W inch 
in depth may reduce the strength by nearly 60 per mnh, although 
the theoretical decrease would be about 86 p r  cant. 

Owing to the aode effect, the increase of strew due to a 

scratch h approximately propwrtiod im in accordance with d; 
thewg, provided, however, that the variation in fhe dimmiom 
dfbegmmismalr. 



The following table givw some af the t y p  of W examined 
and the resultant reduction in fatigue strength :- 

Type of Piniah. - 
bed - 
Co&rn0 @B - 
Bastard EIe - * 

Smooth file - - 
Coarse emery (MO. 3) 
No. 1 erne~p - - 
No. 0 or BB emery - 
Fine Cwbomdum - 
Fhe gr0~11d fish - 

EstimntAd m i n a u r n  redaction 
in fatigue streqth. 

Fer cent. 
12 

- 1 8 t 0 2 0  
14 
73 
6 

* 4 
- d o r 3  
- 2 o r 3  

4 

#& efl&,-It haa been ahted that the experimental strength 
of metala ia much less than the theoretical atrength calculated 
from other phpical pmpertk. The presence of minute flaws 
and cracks in the materid may aerve to explain thi8 statement. 
If scratches or grooves in the surface of a part are of such a size 
as to be comparable with the exiating flaws, t.heir effect will be 
~rnall, and it will only be with the large-sizd groovm that the 
theoretical 10m of strength is appraached. Zt may l= nobed 
in passing that according ta theory a utliform series of gmovm 
produces a, lesa marked reduction in strength than an isolated 
~crahh. 

mem experiments were ody carried out with 8peimena 
subjected h alternating stremea, but there is little doubt that 
eimihr lma hold gooa for grooves in material under ~teady 
a h s s ,  

The practical application of this work may be aeen in the 
modern practice in rtuhmobib and other engineering work 
where crankshafts and other p& subjected to alternating st rews 
are finished with a polished surface. The importance of avoiding 
rough aurface mes ia receiving increasing attention in boiler 
work, where i6 ia now Adrairalty pmhice to specify that the 
machined surfacea of boiler pIa,tes shall be smooth-finished.. 
Concentxatiom of strew in all work subject to pressure or alter- 
nating stress is avoided W far as possible by rounding 0% all 
cornem to the largwt prmticable radii, and by making any 
ahmges of moeckion m gradually as the cimumshnes will permit. 

C h e m s  and o ibr  reearoh workers have fmm time to  t h e  
stated that by means of the SiIver Nitrate Test extremely small 
proportions of Silver Chloride are detectable in boiler feed water, 
the published @mes vaying from 1 part in two hundred mdli0~1 
pwks of water t o  a dilution of 1 in 50 d o n .  In view of the 



widely differing reaults quoted it waa decided to c m y  out te& 
to determine the limiting degree of con~min~tition of feed water 
by the presence of salt or chlori~ls which C O I I I ~  be detected 
by the test. The limiting condition !as bken to be when the 
addition of two drops of 10 per cent. solution of AgN.0, to  a 
t e s t  tube full of wahr e~used f he formation of a 'hloud " which 
could only just be disoerned whih the drops of dver nitrah 
mnk. to the botkom of the tube ; that is the cloud should be 
discernibIe in 5 to 10 seaonds. 

The method td t e s t  employed w a s  to provide a standard 
aolution of S2ver Chloride and Go dilute thia t o  a greater and 
greater volume until a solution was obtained in which the te& 
jud fded  t o  detect the presence of the chIorine. 

During theae h ~ t s  the tube was strongly illuminated by 
daylight from the aide, end m s  viewed against a dark 
background. 

The following repsenhtive r e ~ u l h  were obtained with the 
solutivm at room temperature :- 

The concentr&tion of 1 part in B million appears therefore t o  
be the smallest which can h. detected by thia means. The 
delicacy of the teat  depends largely upon the illumin&tion and 
tb11to to some extent upon the observer, but it ia evident that 
under averago con&tiona 1 p& of NaCI in 2,000,000 parh of 
water should be detected with cedainty. 

It is of interest to  consider dilutions of tbis order in terms of 
the m~ulting rim in the density of ts boiler under average 
aonditions, taking the cam of B small tube boiler with a working 
weight of wahr of 8 fom ( = 1,344 gallons), and assuming tha* 
5 tans of " make up feed " are used per day. 

Let '9 " p i n s  of Cl per gallon represent the purity of the 
make np feed, and aasuma that the boiler is not blown down at d. 

The daily concenkation will be (6 x 224) g of G1 in 
5: X 224 

1,344 gallons or y = 0 - 832y grains per gallon per diem. 

O b m d  F:Bect. 

Inatan~eous c'oud. 
N'hih apaleecenm formed h about 

3 mnds. 
OpaImcence m 16 seconch. This w w  
like w i s p  of smoke in the char solu- 
tion, and was just detectable whm 
*he aol~ition was   ha ken up. 

Opaleacplnce not rIotected for ahwt 
1 minute and then only by careful 
adjuatmemt of t h e  light. 

Dilution of I Grain. of Cl 
Silver Chloride. per gallon. I 

1in lQ0,OOO - 
1 in 1,000,000 - 

1 in 2,004000 

I lin 5,00(i,OOO - 

m49 - 042 

-02Z 

,008 



In sea wafer of 10" density them are 1,330 grains C1 pm 

ga11011, and hence it would take - '3*30 days t o  attain s demity 
0 . 8 3 2 ~  

I8 
of- 10' 

Allowing for Engine Room conditions of mumination it 
appeara that s concentration of 0.2 grain8 of CI/gallon should be 
immediately diwrnible by the Silver Nitrate test in practice. 
Assuming, therefore, that y = 0.2, tha period before a density of 
10 
1 - ahould be formed under mah oonditiona is about 80 dap even 
10 
if boilers are not blown down ; obviondy thia only refers to  rise 
of density due to salt in the feed water. 

Salinity Dele-S.-While it is therefore established that. a 
silver nitrate test TvjlI give reliable indications of the premnce of 
sal* in the feed water, it is obviously desirable to make use of 
some apparatus which will  give s continuous indication of the 
purity of the feed water. Such instruments are now produced 
commercially and are being incretksingIy used not ody afihclre 
but also in new construckion for the Navy. 

All these Endrurnents make use of the well lrnown fact  that 
the electrical resistance of pure water is very high, but fslI~, off 
rapidly if cartain comportnds-of which salt is one-arc added. 

Essentiallj- the apparatus consists of e vessel which is fed 
from the particuIar part of the feed system to be tested, two 
suitable elerodes being arranged to dip into %be water in the 
vesseI and current from the mains being passed in ssries through 
the electrodes and an electric lamp. The lamp not only seservex 
t o  indicate the purity of the feed by the brightness of its filament, 
but also enables the wnsitiveness of the apparatus to  be varied 
by tho use of l a m p  having different reaistancers; the distmce 
between the eloctrdes is also made variable for the same 
ro88013. 

In more elaborate forms of the apparatus a voltmeter is 
provided across the electrodes to give a quantitive indication of 
the amount of aalt present. The  ohme et er male oan be c&- 
brated, but the readinga will only be accurate at the temperature 
of the fead water at which the instrument WM calibcrtted, unlesa 
some compensating device is fitted. 

In one form of instrument the salinity is indicated by the 
readinga of a milliammeter, indead of by the use of a rolt.mete~, 
and compensation for hmperature is effected by a variable shunt 
resistance m o s s  the terminals of the ammeter. Some sections 
of the ehunt ebre arranged to h shod circuited by &he mercury 
column of a ~pecial thermometer, the bulb of which is Immwsed 
in the feed supply under observa,tion. Tbie device appears t o  
give adequ~te cornpensa;tion under t ~ ~ t  condiGions, but it remains 
to  be proved how the inxknmont; will nithstmd service at sea. 



It may be n&d in passing that e partial earth on either lead 
will render valueIesa the readings of the instrument, 

A fudher elaboration consists of a warning buzzer arranged 
t o  operate when the salt concentration reaches a certain figuro; 
the effect of the temperature of the feed water upon the setting 
must be borne in mind. 

Smit$mmg.-In the usual commercial forms, them instru- 
ments am adjusted to  read from 0 to 0 - 6 grains par gallon 
of chlorine by step of 0.1. The tToltmeter or ammeter is nota 
usually e precision instrument and it ia  usual for the filament of 
the lamp to gIow before any indication is given by the voltmeter, 
Cornprod with the nitrate test under engine room conditions, the 
lamp filament will glow with water in which a " cloud " w o ~ ~ l d  not. 
normaIIy be noted. 

Precautim.-These instruments should be fitted with a switch 
whereby the electrodes can be ahort&rcuited at will In order to  
defermine that the lamp ciredt is in order. Without this device 
and its regular use, too much refiance sho~lld not he placed upon 
the instrument, since the mere fact that, it gives no indications 
does not justify the wnmption that the feed water is fm from 
=It, unless it is certain tha6 fhe circuit through the ehtrodes ia 
nnbroken. 

In thm instmmentes, which are prmided only with an 
indicating device, but which have no lamp, arrangements are 
made 80 that the ciruui* is complete when the painter shows zero 
or any greater reading : in the ovent of a reading less than zero 
being shown by the instrument, this fact shouId be taken as an 
indication that the circuit iis defective. 

Tha Iatest forms of indicating instmments are also fitted with 
a cut-out dovice, arranged to bmak the circuit should the 
~alinity exceed that corresponding to the maximum m l e  reading : 
this amangemant avoi& damagc to the iinstmment in the event 
of a sudden influx of conhminated water. 

(d )  !hE ~ ~ U T  OF OIL FURL SFEA9I!XS. 

The measurement of oil fuel consumption by mwna of 
periodical mundhgs of the Oil Fuel Tanb is not infrequently a 
mmewhat haphazard and inaccurate proceaa, the resulb being 
especidy unreliable over ~hort periods. The preeautim 
necesmry for obbining acourab me&s depend chiefly upon the 
beem of the ship, the s h p  of the bnks and the t ype  of sounding 
gear provided : by suitable arrangements the pperaonal error in 
taking soundings may be to  some extent mitigated, hence, by 
applying comtiom for the heer of the ship and the temperature 
of t he  oil, reiwonable muracy may ba obfained, provided thak 
the original calibration of the knks is c o m t .  

U* ail meters are available, the only altemative fo the 
foregoing wmists in .the urn of the sprayem themeeIves as 



mebring devices, and information is thmforo frequently eought 
regarding the output of spmyers under diffecent oonditiona of 
bmprature and pressure. 

The output of a gi~en oil sprayex may be a i d  to depnd upon 
three principal factam, namely the pressum, &cmiQ and specific 
gravity of the oil. Expsrimenb have shown that pmvided the 
last two varfablea are mainbined conatant, the output wiII vary 
dir*ectly with the square mt of the preasum, i e., W K t/E thirr 
being entirely in agreement with theory. 

The viscosity and specific gravity of an oil am dependent upon 
t.he tcmpemtuxe, which thus becomes an important factor in 
determining the output of a spraycr. The S.G. of any oiI a p p m  
to  deem by approximahly 0-0004 for every I" F. riso in tem- 
perature, and tG-rule is sufficiently exact for practical use np to 
n limit of 200"-220" F. 

The relation botwcen viscosiky and bmperatwe is, however, 
far leas aimple, and no general rule has been found tbt is 
applicable to dl cl-s of oi1 fuels over the nwal of fern- 
peratm. Experimentid work d e d  out in the U.S.A. has 
resulted in the iame of a atatemen* that for any fuel oil the 
logarithm of the viscosity varies invelsely aa the logarithm of the 
temperature, and that all oils have the w n e  viscosity at (150' F. 
Tests made in this country with a viow to confirming this S&&- 

ment indicate that, while tho law is approximately %rue fw 
American oils up to 1.50' F., it cannot be applied to oils derived 
from other sourns : even fox t he  former clws of fuc1 oh, the law 
breaks down at the usual burning S m ~ e r a t m s .  

Practicsl experience indicates that the k t  resdb are obtained 
when the h o u i t y  of the oil at tho sprayer is about 40 No. 1 
Redwood ~conda.  Thi~  fact immediately m~ggests tho possibility 
of defining for a c h  oil the ternperatwe at which the foregoing 
visemity iia reached, and thence providing a ahwb from which 
the output of a ~&n&rd servioa eprayer could be n d  of£ at 
mrioua p m -  and at the above temperature, when burning the 
usual fuels. 

Unfortumtely many fuel oils used in the hervice -h their 
flwh pint& long befor'e the dmimd vimsity is athined, and thus 
in many cebses *he " best burning fernperatme " haa no relation 
to that mentioned above. It hm also been found that the great 
number of Admiralty Mixtures and the wide variation in the 
viacositiea of the diffemnt aamples precludes any possibility of 
pnepring useful information of the nature suggmted. 

The cornhinod effect of viscosity and specific gravity is fonnd 
to be nuoh that m increase of the burning tamperaturn is mcom- 
e e d  by a decrease in output-h ather WO& tho decmmd 
specifio; gxavity overxides the i n c m a d  volumetric output 
ohbinable on mount of the lowered viamaity. 

The investigations which have been made on th is  subject 
indim& t ha t  them is no known method whereby the viscosity of 
the ail et 'burning tempaturn can be predicted from a meamre- 



ment of the viscosity at atmmpheric temprature, and that on 
account of the vaiables involved it is not possi bIe to eshimate the 
output of oil fuel sprayem within 15 per cent. unless the sprayers 
rtre calibrated with the prticuhr oil in use. The unavoidable 
vtbriations in the rn~baufmture of sprayem are such thak the 
output of units of the same nominal capcity may differ by as 
much aa 5 per mnt. from the rated discharge, and thus, apart from 
the viscosity question, any  conclusion^ drawn from rnemnrementa 
made in this w-ay may be most misleading. 

The employment of oil gpmyere in this manner is, however, 
often more w c ~ t e  than tank nlwurcments over very short 
periods, espeoislly if the sprayem have been calibrated against 
the h& recbdinga over long m, using a particular oil, burned at. 
one particular kmper&uro. 

In modern steam imtallations, both aff oat and on shore, the 
principal factor defining the ultimate pmsibfities of the plant is 
the phpical characteristics of the materials used m construction. 

ft bw been frequently pointed ou* that future major iaorprovc- 
menh in the economy of steam-driven installations can only be 
attained (apart from the discovery of some new principle) by the 
adoption of higher initid &am fernperatmm and pressures. 
The whole trend of modern progreas is indicated by the fact  that 
steam temperatures up to 750' F. to 800' F. at pressures of 
600 Ibs., and in one or two cases X,200 Ibs., are in usse oom- 
mercictliy, while even higher tempsrattms and pressures am 
contemp1ated. 

The effect of high hmpratures npon the physical properties 
of the uaua1 materials of engineering comtmction hm therefore 
been under investigation In &any counbmes during the last few 
years, and them reseamhea have brought Go light the imprtanm 
of the t h e  during which a material ia under load at high 
temperatures. 

Numerolls tesb have revealed the faot that not only i~ the 
strength of any mabriar reduced by exposum to high tempera- 
tu res ,  the effeot being very marked in mme cases, but also that 
a ~ompamtivelp IOW strercs will induce fairurn if permitted to act 
for a suffiaimt lengbh of time under such conditrona ; thua caaea 
have been known when a steel bar he sagged under its own 
weight, in much $he same way tha.t a candle bends when s t a d  
near a h. Thia phenomenon hm been txnned " emp" or 
" flow,"' a d  ita inveshgation is of considerabk lllzpmhnce, since 
without a howedge of its effecta no proper b&a can be estab- 
lished for the dwign of parh subjected f o bigh tempratures. 

Prehinary researches appear to establlah that for a given 
materid there exista at  w h  temperature a limiting streas, below 
which the material wiIl not fail oven when that stress irr applied 
for a very long time. This limiting stress has been termed the 



"limiting ereep stress," and curves on a tempemturn baae, 
indicating the relations hebween this Zimit, and other physical 
properties af a boiler ateel have been determined experhentab, 
being plotted in Fig* 1. 

Considerable d~fictdties have been encountered in the expsri- 
mental determination of the '' creep Lmit," vexy m~urafe 
controI of the furnace knperatm having been found necessary 
as small variations of temperature may in some cases came the 
rate of m e p  to be disproportionateIy kcreased ; the determina- 
tion of the paint wher* " creep " appears t o  cease is also a matter 
of difficulty, depending to  some extent upon the degree of rehe- 
ment with whch the extensions of the material can be measured. 

Later researches using more exact methods of measurement 
have raked a doubt as to whether a biting creep stms does in 
fact e i d ,  it being held by some experimentem that creep occum 
at stresws and temperatures far below fhom yet explored. It 
may even be the case that in aU materiaLs under gteady &mm 
a very dow and almost imper~ephble creep or flow o b k ;  
&odd this sapposition prove ta be comot, it w2l then remain 
for the engineer in collaboration with the scientist to decide upon 
what degree of creep is permissible in practical work. 

C n w s  of " Creep,"'-It has long becn known that when steel 
and many other materials or alloya are worked in a cold 
condition, both the strength and hardness of the specimen are 
considerably increased. In order to prevent rupture of the 
part, due to the i n o w e d  brittleness, it has been found necessary 
to resort to frequent annealkg when attempting to obtain largo 
reduotiona in oroee-seofional area by mems of " cold work." 

This so-oalled " str&-hardening " also oacura in the oase of 
ct laboratory apeoimen when subjeded h tensile tests. When 
a materid is tested at room tempemtum, ecbch addition to the 
applied Ioad causes an extension of the test piece %ill the induced 
strain-hardening is sufficient to stop further stretahing almost 
compIek1,v ; this proms is rapid and is repeated for each incre- 
ment of Ioad. till finaIIv the maerial fractures. Ea the c- 
of a makdal kbjected & ~ t - s  at an eleva.ted temperature the 
eBects of the strain-budening may, however, be nullified by 
tha annealing effect of the applied ha*, and thus extension of 
the +mm may cont,in~r~ ; +,hi8 affndu an exp1arlstion of the 
p i b l e  came of " creep." 

A further complication, recently &covered, arises from the 
fact that materid, which haa been stressed, is liable to M e n  
under the influence of fempmtum. Thw, if a speoimen ia 
subjected to load at a moderate temperatm, my, 200" C., for 
a few d a p  and then, atkr nnloding, is soaked at &e same 
temperatum, it hw been found to harden, the eflect appearing ta 
increase with time. Hence, up to certtbin temper~~ture limite there 
are two eflectPr tending to correct creep, nameIy, strain-hardening 
and temperatme hardening, and it is the combination of these 



two which makes probable the existence of a limiting creep stress ; 
above them limits, snnmling sets in and creep is experienced. 

It h of interest to record th& W pieces of mild steel have 
~uocemfdy withstood loads equaI to 60 per cent. of their normal 
yield point, for periods exceeding five years, the ternperatrm 
being mninbked steady at 500' C. These specimens failed to  
fracture, the only marked change in their physical properties 
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being a pronounced increase in hardness, an effwt which probably 
acco~~nter for the absence of any objectionable oreep over this 
prolonged period. 

C w e s  (Fig. XI) are appended indioating the nature of the 
nppapent e w e  of limiting creep in the c u e  of three well-known 
mahrials, but these results must not be regarded as being in m y  
way final. 

Cml&.-The following xemarh may be made W ta the 
immediate practical value of the results so far obtained. It 
must be remembered in this connection thah there is a decided 
difference of opinion even among in-restigahra who accept the 
existence of critical stress values below which a material will 
not creep indefinitely. One such achool suggests that con- 
tinuous creep will always occur when the atress exceeds the limit 
of proportionality, while others find definite limiting stresses 
below which conthuous creep does no* occur, which limiting 
& m m  may 6e weU above the elastic Emit, and even beyond 
the yield pints. It has been found, however, that at the 
apparent limiting creep stma there is s permanent atrain, and 
that  when this permanent deformation haa occurred, no fudher 
strain appears to ensue under the same stress, or in other words 
there is no observable creep. Experimental evidence up to the 
clate of writing appears to indicate that, if the permanent strain 
developed at the limiting creep stress i~ permissible, a long life 
may be expected fmm the material under this stress. Above 
the limiting creep stms, however, continuous creep will occur, 
and sooner or later the material will fail. It is probable therefore 
that for each material there exish a temperatme below which 
the value of the limiting creep stma exceeda the Emit of pm- 
portbnality at that tempez'ature; in other words, the curpea  of 
limiting creep stress and limit of proportionality *cede from one 
another as the temperature is lowered, the difference htween 
the two at any given temperature depending upon the ability 
of the material i;o " strain-harden " at that temperature. 

The extent of the permanent strain at the Limiting creep 
strem has only been obtained in ixolated cases, but at the higher 
temprrtturea it may be bamp"rativeIy sma11, aa h shown by the 
fat* that fox h c e  Imn at 355' C., t-he permanent deformation 
at the limiting creep is only 2 per mt. attained in m m  
30 days. A t  lower temperatures, however, the prmanent dii- 
tortion will be considerable (it m y  attain 15 per cent. or more), 
since under them conditions the limiting creep ~tressea may be 
much higher than the yield stresses. For practical purposes the 
curves of h i k i n g  creep s t ~ e s  may therefore be consided as 
the true ultimate strengbh curves when the effect of time at high 
temperatures is to be taken into conaideration. In using them for 
purposes of deaign a factor of d e t y  must be applied to bring the 
working stresses either below the elmtic Limit if no deformation 
is permis&ble, or sufficiently below the limiting creep stress, 



but above the limit of proportionality, if a certain amount of 
permanent deformation can be aIlowed. 
h applying a factor of safety of this nature, considemtion 

mmt be given I% the rnuxina~rn kmpemture to which the materid 
may be e x p e d ,  since at hmperatures of the order of 800" C. 
a variation of only 20" may correspond to one of 20 per cent. or 
more in the limiting c m p  stress. 

The extensive rewarch work now in progress, both in this 
country and ehwhere, regarding the properties of materials at 
high temperatures bas two main objects in view, namely, (l) to 
determine dehitely the true cause of creep and (2) to develop 
materials which will be as stable in this respect at high tempera- 
tures m the normal. maferials of construction appear t o  be under 
atmospheric conditions. Subsidiary researches are being made 
regarding the causes of the scaling which occurs in most m&terials 
at high temaerntures. 

  he ph&omenon of " creep " gave rise fo some apprehension 
when W discovered, but in view of the &isfactory results 
wbich have been obtained from the practical trial8 of suitable 
existing materials, it is ilot anticipated that any serious trouble 
will a r k  until the present limits of temperature are appreciably 
exceeded. 

In semice installations creep has been definitely observed 
ady in the case of ~uperhmbr ~~upporh, but this action may 
also occur in boiler and superheater tubes which map on occasion 
attain undesirably bigh bmperattms. The temperatures in the 
steam circuit are not at present sufficiently bigh to engender 
trouble from the pabrtcular phenomenon under dimusdon, bat 
i t  is obvious that my advances in the working kmperature and 
pressure of the steam can only be made with extmme caution 
till the causes of creep are f uITy understood. 


	Papers On Engineering Subjects - Book  8
	Notes
	Oil in Boiler Feed Water
	Effect of Tool Marks and Scratches on the Strength of Materials
	Purity of Feed Water
	Output of Oil Fuel Sprayers
	Creep of Materials at High Temperature




