
TRAILING OF TURBINES. 

The need for trailing a set of turbines is a gomewhat infrequent 
occurrence, and therefore one which is all the more likely to 
raise doubts regarding the safety of the machinery on the rare 
occasions when this operation becomes desirable. T t  is of intere~t 
therefore to consider the extent to ~~rhich the turbines may be 
endangered by trailing and to  surnmarisc the conclusions resulting 
from practical experiments in this direction. 

The rotation of a turbine rotor in its casing by ex-ternal 
means gives rise t o  heating due to  nindage and to churning 
losses in the blade channels. The energy appearing as heat due 
to these causes i11 a given t~irbine depends upon three main 
factors, namely, the density of the " atmosphere " in which the 
rotor revolves, the peripheral speed of the blading and whether 
or not the direction of motion is opposed t o  that in which the 
turbine is designed to  be nxn. These facts may be expressed 
by the following relations in a givcn turbine :- 

Disc Friction I ~ s s e s .  
H.P. dissipated varies as w8 X 8 

Vcrjze ilctio71 Losses. 
H.P. dissipated varies as K . u,3 X 8. h the foregoing 

f ornn~lz  

U and 8 represent thc peripheral speed of the blsding and the 
density of the medium respectively, while K is a coefficient 
which has a value of unity whcn the turbine is rtlnning in the 
designed direction and of about 7.0 when the direction of motion 
is reversed. 

The conclusions to be drawn frorn these relations are that 
thc heating eflect depends chiefly upon the blade speed, but 
that  itr can be minimised by maintaining a low prcssure in the 
turbine casing ; further, that when trailing in the ahead direction, 
the maximum heating is to  be anticipated in the astern stages. 

Trailing is most commonly resorted to on account of the 
failure of condenser tubes or less frequently oning to the brcak- 
down of one of the umits of the condensing plant. I n  any of 
these cases the turbine rotor is Likcly to be subjccted to atmospheric 
pressure, a condition favourable t o  heating. The effect of blade 
speed is, however, so markcd that it has been found safe t o  
trail n turbine a t  low speeds undcr the foregoing conc'iitions. It 
is evident that for every set of turbines there is likely to  be a 
limiting blade speed above which heat is generated more rapidly 
than it can be dissipated, resulting therefore in a cont,inuous rise 
of temperature which may becozue dangerous. 

In vicw of the importance of this question under war cond'- 
tions, when h;gh arerage speeds may be expected to  prevail, full- 
scale experiments have recently boon carried out in order t o  



provide autlt~zentic information. These experiments were fnrther 
extended to  ascertain wliethcr any arrangcnlents could br 
provided to enable trailing to be carried out for indefinite pcriocts : 
the main body of this paper contsi~~b a bric,f accollrlt of these 
trials and of the conclusions arrived at. 

Description of i rmi l i rbg  Trials.-'Che vessel solccted for these 
trials was built with two sets of Parsons turbines of 1.800 S.H.P. 
per set, eacli of which consisted of an H.P. and an L P .  turbine 
connected to the propeller slinftirlg by red~xctio~~ gearing. The 
H.P. turbines were pro\-ided with an initial irnplilse stage. while 
the astern turbines, whicli were inc~orporated in the L.1'. casing, 
wcrc also of the impulse type. 

Tl~ermometer fittings and pressrlre gauges were prorided at 
selected positions in the I-1.P. and L.P. turbines of the pcirt set 
crf main engines, and arr:tngernents wcre also made whereby 
either air or a measured spray of water could be introduced into 
the tnrbines for cooling purposes. 

I. Trials were first carried out to determine the rclation 
between the working and trailing revohltions of 6he shafts. It 
was found that throughout the wholc available range the trailed 
shaft revol.ired a t  exactly one half the speed of tlie working 
shaft, ancl. further, that the revoh~tions of the latter under srzch 
conditions were approximately 20 per cent. higher than those 
obtaining when bot8h sets of engines were in use to give the s;me 
speed of ship. Thus a speed of 17 knots was obtained i~t 254 
revol~ztions when both shafts wcre working, or at 310 revolutions 
of the starboard shaft with that engine in ixse, the port shaft 
being trailed meanwhile at  166 revoltbions per minute. 

This relntion hetwen working and trailing speetis Inay bc 
expected to hold good for any two-shaft installation, but in 
vessels with four shafts thc conditions will be different for the 
inncr and vilrter propellers rcspcctivelj-, since the former are 
aflccted by the strrcam of water doli3-cred by the latter. It is 
estimated, from such data as are available. that the speed of a n  
inner shaft when trailed will be about 25 per ccnt. belo~sy the 
revoliitions corresponding to the spcetl of the vcssel, but the 
actual figure will depend very greatlj- upon the relative positions 
of the propellers. 

11. Trials Rere then carried out a t  different spertls end the 
tremperature rise in the trlrbines was noted with various pressures 
in the casings. These trials lead to the following conclusions :- 

(a) The heating effect a t  atmospheric pressure a t  any 
giren point varies as U"-the cnbc of the blade speed. 

( h )  That in trailing turbines without a tacuum the 
point at  xv11ich unduly high ternperntnres are first hkely to 
be developed is in the astern stages; it was established 
that the relative heating efl'ccts when trailing in the 
" ~lormal" and the " reverse " directions are approximately 
as 1 is to 7. 



(C) That Parsons reaction blading develops a con- 
siderable and positive pumping action, tending to circnlate 
the surrounclirlg medium in the direction of normal steam 
flow when the turbine is moving in its designed dircction, 
the circulation being reversed when rotation is in the 
opposite dircctjon. 

Thus when trailing in the ahead direction a pressure 
gradient 1s formed in the turbines, having a point of 
maximum dcuression a t  the inlet to the H.P. tubine and 

L 

a point of maximum pressure a t  the inlet to the astern 
turbine. 

The pumping effect was observect to  be a maximum in 
the L.1'. turbine, very little being obtained from the H.P. 
reaction stages on account of the comparatively short 
blades and large tip clearances. 

The Impulse blading (1st stage H.P. ahead, and all 
astern stages) did not appear to  contribute greatly to the 
pumping effect, probably due to  the fact that the " handing " 
of thc blades is not so marked as in the case of reaction 
blading, wlule the nozzles exercise corisiderable damping. 

(d) The temperature rise, even in the astern stages, a t  
low speeds -as not found to  exceed about 100" F., the 
maximum temperature being attained after 2 to 28 hours; 
the ratc of rise is initially rapid, tlirninishing with time to 
zero. 

At speeds above 201) ft./sec. in the astern stages 
tenlperatvres of about 350"400° F. were reached, while 
the initial rate of temperature rise had reached over 200' E'. 
per hour. 

(c) Investigation of the heating effect with air pressures 
exceeding atmospheric wa.~ hampered by an inslrficient 
supply of air during these trials. Sufficient evidence was, 
however, obtained to indicate that an increased heating 
e h c t  is to be expected mlder such conditions. 

111. (holing Trials.--A series of trials were then carried out 
to  ascertain what means could bo adopted in order to  cool 
turbines while trailing. Two general methods were tested : 
(1) air. cooling, and ( 2 )  water cooling. 

(l) Air woli?~g.-The pressure gradient formed by the 
pumping action of the blading when trailing is in progress 
suggests that use might bc made of this factor to circulate air 
through the tvrhine and thus prevent excessire temperatures 
from being reached. 

Arrangements were therefore made to ad~nit  air through 
suitable orificcs on the H.P. ahead nozzle box, exhausting it 
through others arranged on the astcrn nozzle box. 

It was found that a cooling effect was obtained, thc rate of 
temperature rise being considerably retarded, although not 
entirely prevented a t  high speeds. 



(2) Water cooling.-Arrangements were made wherebv a 
steady supply of fresh water could be provided at selected 
positions in the t~zrbines. 

In  this case the coolillg effect obtained, though large in 
amount, was very local, and it. thereforc appears that thc use of 
this nlethod done is fraught with possible danger, espccially if 
applied aftcr any marhd  risc of temperature has taken place. 

(3) .4ir n??d Il7n.fer coolirzg conzbi?zed.-In this case the water 
spray was applied at the inlet to the I1.Y. turbinc. the air circu- 
lation bcing as before : the effect on the astern stages was vcry 
marked, while the local cooling a t  the point of application of thc 
water was not more rapid than that obtaining in the remaining 
stages of the L.P. aild astern turbines. 

It WU be noted that the water was supplied a t  a point where 
the temperatme was low, and this probably accounts for the 
absence of the local cooling effcct; had the spray been applied 
at the exhaust bend there is little doubt that the temperature 
fall in the astern stages would have been undesirably rapid. 

The principal results obtained from the various trials are 
@-i-en on the accompanying curvcs. Pig. I shows the risc of 
temperature a t  the inlet to the astern stages when trailing a t  
various speeds under atmospheric conditions. Figs. 11 t t ~ ~ d  IZI 
indicate the effects of various methods of cooling. The sprayer 
used for the wakr-cooling trials consistetl of a short length of 
#-in. copper pipe, closcd at one end, drilled with twelve 4%. 
diameter holes. 

C+ENER& CONCT,CTSIONS TO BE DRAWN FltOM TRAILING THL~LS. 
Limiting BEnde Xpeed.-These trials definitely established the 

existence of limiting blade speed above which the rise in temper- 
ature is progrcssivc, and it rcmains to consider the practical 
application of this fact. - - 

In reaction turbincs of considerable output the mininium 
axial clearances are of the order of 0. I6 in.. and W odd  necessitate 
a temperature difkrence of 200' P. between rotor and casing 
over a t~lrbine length of 11 f t .  3 in. beforc these were absorbed. 
When a turbine is heated up by rotational effects, it is probable 
that litkle difference will exist between the tempr:itures of the 
rotor and casing at any givcn point, provided that the rate of 
heating is nut rapid; if this supposition is tnie the absorption of 
the asiztl clearances from this cause is not greatly to be feared. 
Local heating of the turbine such as is liable to occur in the 
astern stages is, howevcr, definitely dangerous, even when the 
resultant rise in temperature is small, as pronounced distortion 
may occur under such conditions. I t  is probsblc therefore, that 
the mere attainment of a high tempcratnro in a turbine is not 
in itself a source of danger, provided of course that the strength 
of the material used is not thereby prejudiced. 
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The results of these trials suggest that a blade speed of 
200 ft./sec. in the astern blading may usefully be employed as a 
danger limit, since a t  this speed the temperature rise is not only 
progressive but also is initially rapid; turbines should therefore 
not be trailed at  spceds above this limit without special pre- 
cautions being taken to observe and minimise the resulting rise 
of bmperatnre. 

In making use of this limit it should be noted that this figure 
was established from the trials of a set of turbines of small 
output (l,%?@ S.H.P.) and that in larger sets a somewhat greater 
rate of dissipation d heat is to be expected, res~ilting in a smaller 
temperature rise at blade speeds of the order mentioned above. 

As a practical instance the case may be quoted of a cruising 
turbinc in which damage occurred aa the result of trailing at an 
unduly high speed without a vacuum. In this case the blade 
speed was of the order of 290 ft./see. and stripping was observed 
after a period of about one hour's m i n g  under these conditions. 
The exact mechanism of this fnilure was not conclusively demon- 
strated, but it appears probable that the axial clearance must 
have been absorbed owing to temperature differences, possibly 
witho-ut any noticeably excessive temperature having been 
attained. Whatever the immediate cause of this accident, it 
points to the danger of trailing at high speeds under atmospheric 
pressure, and prorides additional evidence in support of the 
limiting blade speed already s~~ggested. 

Xnfe Period for Trailing.-Regarding the length of time under 
which trailing may safely be carried out, in view of the danger to 
be anticipated from rapid locd heating it appears probable that 
it will be unsafe to trail uithout a vacuum for even a period so 
short as half an hour if the suggested limiting conditions are 
exceeded, unless means of cooling am adopted. 

Xmns of Cooling.-A combination of water and air cooling 
will provide adequate protection from damage, and the necemry 
arrangements can in general readily be extemporised in any 
existing set of machinery. In choosbg the point of application 
of the water, due consideration must be given to the need for 
avoiding local cooling, and it is also preferable to apply the water 
spray when trailing is commenced rather than after a rise of 
temperature has been experienced. The experiments have 
indicated that adequate and safc cooling of the astern blading 
is obtained if the water spray is admitted at entry to the L.P. 
kurbine, in conjunction with $he provision of openings for the 
enkry and discharge of sir at the inlets to the H.P. ahead and 
the astern turbines respectively ; this combined arrangement 
avoids any local cooling whatever. 

In cases of derangement of the condens~ng plant not involving 
the air pumps, safety may be provided by the admission of small 
quantities of steam to the mtern turbines. The bennficial effect 



of such action is tzt-ofold in that not only is the trailing speed 
reduced by the retarding action of the steam, but also its passage 
serves to carry away the lieat generated by trailing and so to 
prevent the teniperature rising greatly above that of the steam 
itself; trailing should be practicable at  any speed lrnder such 
conditions. 

In  turbines of the " Impulse " type, the positive pumping 
action of the blading, which rnalces air cooling a practical proposi- 
tion, is likely to be somewhat smaller than that obtained from a 
reaction turbine ; this point requires substi~ntiation by trial. 
Owing to the greater clearances in " Impulse " turbillcs, the iced 
for artificial cooling is not so vital as in those of the rcactiori 
type, but the possibility of undue local heating must nevertheless 
be borne in mind, particularly in vclocity compounded stages. 

Summing up then, whenever it becomes necessary or desirable 
to trail a set of turbines for prolo~~ged periods, due consideration 
is required regarding the res~dting blade speeds, especially in the 
astern turbine. 

Blade speeds in excess of 200 feet per second appear to involve 
the possibility of danger to thc turbines and should not be 
attempted, even for short periods, unless arraligenlents can be 
made to observe the temperature conditions in the turbine 
casings. 

In the event of the necessity arising for trailing a sct of 
turbines a t  specds in excess of the figure quoted, safety may be 
enswed by allowing air to circulate through the turbines and 
by the provision of a spray of water a t  a position where high 
temperatures do not obtain. 

When testing condensers by methods involving the main- 
tenance of appreciable air pressures in the turbines, sight should 
not be lost of the increased heating effect (even at low speeds) 
due to  the greater density of the mcdinm in which the rotor is 
revolving. Further, when trailing, it is desirable that either the 
steam or sea sides of the condenser should be kept flooded with - 
water in order to avoid drying the grornets. 

Fae7 Bconomy by Trailing.--The steam consumption per horse 
power of any set of turbines has, as is well known, a minimum 
value at one s p e d  only. and under all other conditions a decreased 
efficiency will be experienced. The eEciency under conditions 
other than that designed for can be intlr~enccd to a limited 
extent by the employment of special cruisitlg devices, but in 
general a considerable falling off is unavoidable at  very low 
nrouortions of the full o u t ~ u t  of the set. It is evident therefore 
I I L 

that if the power required to produce a given speed can be 
devek~ped in (say) one unit instead of in two, then the steam 
reauirewcnts for the turbines onlv will be rcduccd since the 
percentage of lull ower required by the one unit will be thereby 
doubled; iL is tllis possibility which eo~lstitutes one of the 
principal attractions of the so-called " Electric Drive." 
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An obvious means of reducing the number of sets of tr~rbiiles 
employed for propelling a ship at low specds is to trail those 
units which it is not desired to use, and, provided that prolonged 
trailing is practicable, this method opens up possibilities of 
increased economy. llnder these conditions the total S.H.P. 
required will be somewhat greater than that employed when all 
the turbines are in use, since not only do the propellers which 
are being trailed exercise a certain " drag " upon the ship, but 
also the propuLsive efficiency of the working propellers will be 
changed in view of the altered relation between thc relative 
speeds of the blades and the ship. Alternatively, the idle shafts 
may bc prevented from turning by application of the brakes, but 
the resistance due to the propellc1.s is thereby greatly increased 
over that which obtains when the shafts are trailed, and actual 
esperi~nents have shown that it is more ccorlornical to permit 
the idle shafts to rotate. The third alternative of parting 
couplings of the propeller shafting, in order to prevent movement 
of the idle turbines while leaving the propellers free to turn, is 
not to be recommended, as the solidity of the couplings will 
inevitably be impaired if frcquent removal of the bolts is 
permitted. 

The degrec of economy obtainablc by trailing certain turbines 
in a ship cannot readily be predicted, sincc the results achieved 
depend not only upon thc general characteristics of thc turbines 
but also upon the loss in propn1si~-e efficiency rluc to this opera- 
tion : as regards the turbines theruselves some economy is certain, 
but it Inay well happen in individual cases that the increased 
resistance to propulsion will outweigh the improved efficiency of 
the turbines. 

There is, however, a secondary benefit to be derived from 
trailing, and onc which is likely to be more than sufficient to 
turn the scale in favour of this method of operation. It has 
been pointed out in a previous Paper (No. 5,  pp. 3-25) that as 
the power of the main turbines is reduced so the steam con- 
sumption of the auxiliary engines becomos an increasingly large 
proportion of the total steam evaporated. If, therefore, the idk! 
turbines are trailed under atrnos~heric Dressure and steam is 
entirely shut off from all the anxilikes &connection with them, 
oxcepthlg only the lubrication system, thcn a substantial saving 
is to be anticipated. The curve of Fig. IV. indicates the relation 
between the total and the auxiliary steam consumptions a t  
varying shaft horse powers in a, particular case, the increase of 
consnnlption show-n a t  high powers being accounted for b ? ~  the 
comparatively high rate of forcing employed ia the vessel under 
considerat ion. 

Trials to ascertain the relative fuel consumptions of the two 
methods of operation were carried out in one of 13.M. ships 
some years ago and the results irldicated in Fig. V, where tllc 
curvc it-4 shows thc fuel consrlmpiion when all turbines were in 
use and the curve BB that obtained when the after sets of 



turbines were trailed. In the particnlar vessel jn question the 
forward turbines were fitted with geared cruising turbinea while 
the after sets were not so arranged, hence the improvement due 
to trailing the after set was somewhat exaggerated compared 
with that which qould be obtained if all the sets of turbines 
had been similar. I11 this instance tlie economy obtainable 
by shutting off the ausilinries in connection with the trailing 
turbines was not realiscd sirice the Ibttev -were maintained in a. 
state of instant readiness. 

These resuIts, agreeing as they do with theoretical cspecta- 
tions, are sufficiently encouraging to  warrant further experiments 
in this direction, especially when taken in colljunotion with the 
information rcgardiilg the safcty of turbines under trailing 
conditions as described in this paper. It is hoped that additional 
information on this subject will hc available at a later date, 
when it. will form the subject of a further art,icle in these Papers. 
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