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It is interesting at times, in the course of the development of an
art, which is progressing in various places and by divers means, to
collect as much information as possible concerning it, so that exist-
ing conditions may be compared with the past and some insight
gained into the possibilities of the future. This fact, perhaps, jus-
tifies an attempt to contribute something concerning the steam
turbine, even at a time when so much is being published in the cur-
rent magazines and im=the records of engineering societies. The
matter in most of these articles is, however, largely made up of
reports of single tests or series of tests on one -machine and par-
ticulars of special turbines; while the object of this paper is simply
to put their information in such a form that the comparisons referred
to above may be easily made.

The turbine, the oldest type of steam engine, has always attracted
more than an ordinary amount of attention, but the results of the
epoch-making events of 1884 and 1889, when patents were awarded
the Hon. Chas. Algernon Parsons and Dr. Gustaf De Laval respec-
tively, have increased this interest to an almost unlimited degree.
Trevithick, Pilbrow, Wilson, and possibly others, grasped the
salient features of the modern turbine; but it needed modern work-
shop facilities, with the attendant accuracy of workmanship and
attention to detail, to make the turbine a commercial success. And
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when we realize that it is not. twenty years since the application
was made for the\ first letters patent for the Parsons turbine, and
that it was as late ‘as 1891 that the first condensing turbine was pro-
duced, we cannot but wonder at the success it has achieved, and the
world-wide interest it has excited. Previous to the last decade,
conservative engineers in general undoubtedly looked askance at
rotary engines and turbines; but it needs only a glance at the
modern turbine to perceive mechanical features which must meet
with approbation, while a closer examination cannot fail to call
forth admiration for the ingenuity displayed and the persevering
attention to detail shown in every part.

The modern parallel flow turbine is too well known to need a
detailed description, but it will not be amiss to insert here the
general principles of its chief types. They all depend for their
action upon the conversion of the kinetic energy, caused by the
expansion of the steam into work done on the rotating turbine shaft.
In the De Laval turbine the expansion of the steam takes place in
one or more nozzles before it reaches the turbine blades. In the
Parsons this expansion takes place during the passage of the steam
through the turbine, while in the Curtis turbine we have the applica-
tion of both these principles. The De Laval, with its one row of
blades, must, in order that the velocity of the steam leaving the
blades be not excessive, have a very high peripheral velocity. In
the Parsons and Curtig turbines, however, the employment of many
rows of stationary and rotating vanes makes it possible to diminish
the speed of the turbine shaft without reducing the efficiency.

As regards the velocity of the turbine blades, it is not difficult
to find the one that is most efficient. -Suppose V be the absolute
velocity in feet per second of the steam as it strikes the vanes, and
V _ the absolute velocity of the steam leaving the vanes, the greatest
amount of energy that can be given to the turbine per pound of
steam is \‘J: ? foot pounds, and in order that this should be
a maximum, V_ must equal nothing. This is the case when the
velocity of the vane is one-half the velocity of the impinging jet,
and when the direction of the motion of the vane is parallel to that
of the impinging and leaving jets.

This condition cannot be realized in steam turbines, though it
may be noticed in passing that a close approximation to it is
obtained in the case of the Pelton water wheel. But the velocities
dealt: with when working with steam are immensely greater than
can ever be experienced with water. Thus, with a head of 200 feet,
the velocity of the water entering the.turbine could not exceed 113
feet per second. In the case of turbines of the De Laval type, how-
ever, where the steam expands in a diverging nozz'e from initial
pressure to condenser pressure, it is estimated that velocities of
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4,000 feet or more per second must be employed. This velocity can,
of course, be regulated by the form of nozzle. But for economical
working, as large a proportion as possible of the heat energy of the
steam must be changed into the kinetic energy of the gas, the
velocity of which, since it has a large specific volume, must be very
high. It is stated above that for maximum efficiency the velocity
of the vane should be one-half the velocity of the impinging jet.
But a vane velocity of 2,000 feet per second would, of course, cause
such wntrifnﬁ:ll forces in the turbine wheel as no known material
could safely bear. Turbines, with a single row of vanes using high
pressure steam, must consequently run at a speed lower than the
mwonst. efficient—a peripheral velocity of 1,000 feet per seconu being
about the limit. The introduction of many rows of moving and
stationary vanes at once overcomes this difficulty. The steam loses
some of its velocity at each row, and so, on this principle, turbines
have been made that run efficiently at speeds not much in excess of
those of some high-speed reciprocating engines.

Figure 1 shows the working parts of a De Laval turbine, andi{
Figure 2.is a sectional plan of the same. The steam enters the
nozzle from the chamber D, where it is completely expanded, passes
through the turbine bucket F to the exhaust chamber G. The
important features are the diverging nozzle referred to above, the
fact that there may be considerable clearance between the wheel,
casing and nozzle, the flexible turbine shaft with its flexible bear-
ing. the turbine wheel, made of forged nickle steel of increasing
thickness from the periphery to the centre to resist centritugal
force ; above all, the high velocity of the turbine wheel, and the
gear wheels required to reduce this velocity usually in the ratio of
about ten to one. It is interesting to notice in passing some of
the forces acting on this turbine. Suppose in a 10 H.P. turbine the
speed of the turbine shaft is 24,000 revolutions per minute and the
diameter of the turbine wheel 4.8 Inches, the torque on the flexible
spindle will be about 26 1bs. inches, and the total tooth pressure
approximately 50 lbs.

KFigure 3 shows a longitudinal section of the Parsons turbine, as
manufactured by the Westinghouse Machine Company. In this the
steam enters at A, passes through the stationary to the rotating
blades tnrough the high pressure, intermediate and low pressure
cylinders, exhausting at B. As stated above, because of the many
rows of stationary and rotating vanes and the reduction of speed
with each pair of vanes, the speed of the Parson turbine can, by

multiplying the vanes, be reduced to almost any amount. The end
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thrust is counterbalanced by three rotating pistons placed on the
turbine shaft. Many of the details of the Parsons turbine are
worthy of special study. The method of preventing leal: past the
beiancing piston and the manner of getting the turbine shaft through
the case are examples.

The Curtis turbine, unlike the two types described, has a vertical
shaft in sizes above 500 kilowatts. It is perhaps best described in
the maker’'s own words

‘ Each stage or element of the Curtis turbine essentially consists
of a group of expanding nozzle sections, which delivers steam to the
first of a group of wheels or rings of buckets. Between the succes-
sive rings of buckets rows of stationary buckets, called °inter-

mediates,” are placed in the region opposite to the group of nozzles
the function of these intermediates being to reverse the motion of
the steam received from one set of moving buckets, and to deliver
it against the following set of moving buckets in an effective direc-
tion. The steam from one group of nozzles may thus be passed by
the action of successive intermediates through several rows of
moving buckets, the number of such rows associated with a single
group of nozzles being governed by various mechanical and theoreti-
cal conditions. The group of nozzles imparts motion to a Tolumn
of steam, most of the energy of the steam expansion being trans-
formed into this motion. This motion is then fractionally
abstracted by the passage of the steam through the successive rows
of moving buckets.

‘““The above described circle of operations tales place in what is
known as one stage of the Curtis Steam Turbine, and it is generally
desirable to use two or more of such stages, in order that the ex
pansive force of steam may be effectually utilized Wlhiere a
plurality of stages is used, the turbine conditions are so arranged
that all ‘the stages, under normal conditions, will perform approxi-
mately equal amounts of work. All the losses and efficiencies of
one stage take the form of heat in the steam, and are therefore
more or less available as motive force in the succeeding stages.

‘“In our first commercial machines we adopted two such stages,
three or four rows of moving buckets being used in each stage. In
some of our later machines we have adopted four stages, with two
rows of moving buckets in each stage. Under certain other con-
ditions, other numbers of stages and arrangements of buckets will
doubtless be adopted.”

Parsons turbines have been running in England for over twelve
years, a sufficient length of time to permit of some idea being formed
as to their durability.

At Newcastle, a Parsons machine ran for 36,000 hours without
interrupted service, and at the end of the run there was no per-
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ceptible wear on the blades. The oldest Westinghouse-Parsons
machine has been running for four years only. The repairs, how-
ever, during this time are said to have been light and of a minor
character, with no perceptible wear on the blades

At the present time there are in England from 600 to 800 turbine
plants either actually installed or sold. These aggregate 200,000
H.P The largest unit installed is 3,500 H.P A special featurd
might be noted here in this connection, that many of the plants in
which the first installations were made have added further turbine
Brown, Boveri & Co., of

horse power. On the continent, Messrs.
Baden, Switzerland, manufacture the Parsons turbine. At the end
of 1902 they had sold twenty plants, aggregating 29,000 IL.P., the
largest unit being 3,000 H.P. On this side of the Atlantic, the West-
inghouse Machine Company of Pittsburg have made and have in
service turbines to the amount of 6,500 kilowatts, while upwatds of
5,000 kilowatts more have been shipped. The total turbine power
already installed and in process of erection amounts to 110,000
kilowatts Fifty-seven units will be in operation before the end
of the next nine months.

There are unfortunately no figures at hand giving the total horse
power of the De Laval turbines installed later than the year 1896
when it was said to be 23,000, Since that time some 13,000 H.P.

has been installed in the United States alone
Recent large congracts for and installation of Parsons and West

inghouse-Parsons turbines include among others the following

For the Philadelphia Rapid Transit Co

Philadelphia, Pa \ 3 unit 5,000 K. W.each
De Beers Consolidated Mines, Kimberl

South Africa SOl oo - . c e a0 2 & 1,000
Metropolitan District Ry., London (

land) & @ WE &% 8E B sk ; : H.(
Metropolitan Railway Co., London (Eng

land) : i« 5w . 3 ™ 3,50
Cleveland, Elyria & Western Ry., Cleveland

Oh10.% 55 55 25 5s. we 5w s .2 0" 1,000
West Penn. Ry. & Ltg. Co., Pittsburg, Pa.. 8 " 1,000 " ’
Rapid Transit Subway Construction Co.,

New York, N.Y. .. ¢ cc co on 55 ox +5 8 ’ !
Penn. R.R. Long Island Power House .. .. 3 " 3500 "

For the Metropolitan Railway Co.'s plant, the turbines are con-

structed by the Parsons Steam Turbine Co., and are gnaranteed to
have a combined efficiency of 17 Ibs. of steam per kilowatt hour,
delivered at full load, and 201 1bs. of steam for ecach kilowatt hour,
delivered at half load, the boiler pressure being 160 Ibs. per square
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inch, with the steam superheated 180°F., 90% vacuum in the con-
denser.

Recent large contracts for and installations of Curtis turbines
include—

Commonwealth Station, Chicago . 1 unit 5,000 K. W.
LLane Cotton Mills, New Orleans. 5 3 . 3 units 500 ** each
Fulton Bag and Cotton Mills, Atlanta, Ga. 2 “ 500

In all, 200,000 H.P. of Curtis turbines are said to be under con-
tract.

These figures show that the turbine must now be seriously con-
sidered a rival of the reciprocating engine. For, while it is true
that in America it is used almost entirely for driving electric
machinery, yet in England it has glready been employed as a blow-
ing machine (the air compressor being a counterpart of the turbine)
for driving centrifugal pumps with high lifts, for ventilating pur-
poses, and for marine work. In these various positions its steady
growth is the best indication of its performance; and it need not be
restricted to these alone, for it is excellently adapted to other ser-
vices, where its high speed is not a positive disadvantage.

Comparing the steam turbine with the reciprocating engine, it
is seen that the former has the following points of advantage
The turbine has no valve gear, no vibration, is very light, and re-

quires gnly suflicient foundation to bear its weight It is the more
simple of the two. The torque on the shaft is uniform, and there
are no moving parts to be brought to rest and accelerated twice in
every revolution. Condensation® should be small, and full advant
age is taken of low exhaust pressures. With three cylinder recip-
rocating engines, on the other hand, about the same results are
obtained, with a 70%, 80% and 909% vacuum. The turbine is com
pact. It is impossible to give figures of general application, but it

has been calculated that it requires about 809 of the floor space
of the vertical engine of the same power and one-half the engine
room capacity; about 409 of the floor space required by a horizontal
engine and a correspondingly smaller amount of engine room
capacity. It is a comparatively simple matter to erect and test at
the malier's plant. It is admirably suited for the use of superheated
steam. The steam consumption is about the same as that of the
reciprocating engine when new, but since there ate no rubbing parts,
the wearing of which causes leakage, this consumption should be
approximately constant throughout the life of the turbime, Its con-
sumption varies less than that of the reciprocating engine over wide
ranges of loading. No cylinder lubrication is required by. the
turbine, in consequence of which the exhaust is pure, a matter of
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considerable importance where water is dear, while difficulties that
are unavoidable in extracting the oil are not encountered. In-
cidentally because of this, less work is required in the boiler room.

The turBine is, because of the uniformity of its driving force,
specially suitable as a prime mover for such a system as alternators
running in parallel. With it there is no tendency to produce those
periodic fluctuations of speed which occur during every revolution
of a reciprocating engine. The problem of speed regulation is con-
sequently much simplified. To effect this, it is only necessary to
supply a governor, which will keep down fluctuations of speed due
to a sudden change of load, prevent surging, and give the drop in
speed from no load to full load that is necessary for parallel opera-
tion.

It is worthy of notice that all Westinghouse-Parsons turblnes
installed are running alternators in parallel, and their operation in
this connection is guaranteed to be satisfactory.

looking at the disadvantages, it must be noticed that, with some
types of turbines, it is difficult to get the shaft through the case.
All, for reasons referred to above, must have excessive speeds that
do not permit of belt drives. Where many rows of vanes are used,
the clearances must be small, causing expense because of the accu-
rate workmanship required In the De Laval type, however, the
clearances may be very considerable—are, in fact, from two to five
millimeters.

It would be surprising if, for a time, the initial cost of turbtnes
were much below that of reciprocating engines The experimental
work of years undertaken by the producers has undoubtedly in-
volved great expenditure, and it is only right that they should
receive remuneration in proportion to the incurred expense and to
the risk involved. Speaking generally, the first cost of
and its alternator will not differ much from that of a
pound Corliss engine with its alternator of good

a turbine
Cross com-
manufacture,
When, however, the cost of foundations, engine room capacity, and
floor space is taken into account, any advantage in price is probably
with the turbine. The cost of attendance, repairs, oil, etc., should
be less in the case of a turbine than of a.reciprocating engine.

As regards economy, it will be seen from the folJlowing tables of
results of trials that the consumption is not much different from
that of the best reciprocating engines when runming at most efficient
loads. At light loads the turbine ought, from its construction, to
have an advantage over the reciprocating engine.

The turbine is admirably adapted to the use of superheated
steam, the smaller fluid friction, due to the use of a rarer gas and
the elimination of water, having a marked influence on the economy.

Just how great a reduction in the consumption superheating will
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ultimately effect is not known, but the trials already made to deter-
mine this show very satisfactory results.

The best economy recorded in the annexed results of Parsons
turbines occurs in the trials of a 1,000 kilowatt machine, built by
Messrs. C. A. Parsons & Co. for the Newcastle and District Electric
Lighting Company. The trials were conducted by Mr. Hunter,
engineer for the Company. The vacuum was 26.5”, the initial
steam pressure 145 1bs. per square inch (gauge), and the superheat,

237°F. The lowest consumption recorded, 17.7 lbs. of steam per
kilowatt hour, is equivalent to 13.2 1bs. per E.H.P. per hour, or ex-
pressed in B.T.U. is 268 B.T.U. per E.H.P. per minute. Taking the
combined efficiency of turbine and dynamos (there were two placed
tandemwise), as 83%, the calculated consumption of steam per
I.H.P. per hour is 11.0 Ibs. This corresponds to a thermal con-
sumption of 223 B.T.U. per LLH.P. per minute. This same turbine
using steam at 138 Ibs. per square inch initial pressure (gauge),
superheated 71°F., with 26 inches vacuum in the condenser, took

Ibs. steam per kilowatt hour. This corresponds to 16 Ibs. per
E.H.P. per hour, or 300 B.T.U. per E.H.P. per minute. The advan-
tages of superheating and the higher steam pressure are obvious.
The best results at hand of trials on a Westinghouse-Parsons
machine show a consumption of 12.4 1bs. of steam per E.H.P. per
hour. Taking the efficiency of the combined plant as above, the
calculated steam per LLH.P. per hour is approximately 10.3 Ibs.
This corresponds to 246 B.1.U. per E.H.P. per hour. These trials

were made on a 1,600 kilowatt machine, with an initial steam pres

sure of 150 Ibs. (gauge), 140°F. superheat, and a vacuum of 28
inches.

The trials giving this very low consumptiof§ were made by the
Westinghouse Machine Company, who vouchgfor their accuracy,
and the results are substantiated by three distfhct tests.

The trials for the 1,000 kilowatt turbo-alterfator, built by Messrs.
C. A. Parsons & Co. for the city of Elberfeldy$ere made by Mr. W.
H. Lindley and Professors Schrioter and Weber. A complete account
of these trials, which were very exhaustive, may be found in the
Revue de Mécanique for November, 1900. The best consumption recorded

19.43 1bs. per kilowatt per hour—is equivalent to 14.43 1bs. per E.
H.P. per hour, or. assuming an efficiency of 839 for turbine and
alternator, the calculated steam- per ILH.P. per hous is 11.8 1bs.
The steam pressure was 129 lbs. per (square) inch (gauge), with 18:.4 F
superheat and the vacuum 28.2 inches. The consumption ex-
pressed in B.T.U. is 270 B.T.U. per E.H.P. per minute and 264 B.T.U.
per I.H.P. per minute, a résult agreeing very closely with the prev-

ious one.
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In the trials made by Professoy Ewing on the 500 kilowatt Par-
sons turbo-alternator, at the Cambridge Electric Supply Co.’s plant,
with a steam pressure of 145 Ibs. per square inch (gauge), vacuum

{ inches, the consumption was 24.4 lbs. per kilowatt per hour,
corresponding to 18.2 Ibs. per E.H.P. per hour, or 274 B.T.U. per
E.H.P. per minute. With the same assumption as above, the cal-
culated consumption per ILH.P. per hour is 15.1 1bs., corresponding
l.u 225 B.T.U. per I.H.P. per minute. It is to be noted that in these
trials the turbine was driving its own air and circulating pumps
The trials were made after the turbine had been in operation for
one year In the maker’s tests, when the turbine was not running
the air and circulating pumps, the consumption was 24.1 1bs. per
kilowatt per hour—i.e., practically the same as after one year's
operation

The guaranteed efficiency of the turbines for the Metropolitan
Railway Co.'s plant, referred to above—17 1lbs. of steam per kilowatt
hour—is equivalent to 12.7 1bs. per E.H.P. This corresponds to a
consumption of about 10.5 Ibs. per LLH.P’. per hour, or 213 B.T.U. per
[.LH.P. per minute,.

There is very little data at hand concerning the economy of the
Cur

turbine A test made by the makers on a 600 Kkilowatt
machine shows a consumption of 19 Ibs. of steam per kilowatt hour

The initial steam pressure being 140 1lbs. gauge, the vacuum 28.5

inches and no superheat This is equivalent to 14.2 1bs. per E.H.P
per hour. or, expressed in B.T.U., 269 B.T.U. per E.H.P. per minute

I ls on a 10 H.P. De Laval turbine at Purdue University by
Professor Goss, the best consumption recorded is 47.8 1bs. of =team

per B.H.P. per hour, corresponding to 805 B.T.U. per B.HL.P. per

minut The initial pressure of the steam was 138 Ibs. per square
inch (gange), and the brake horse power of the turbine, 10.33
In a trial on a 50 H.P. De Laval turbine by Professor Cedarblom

of the Royal Polytechnic College at Stockholm, Mr. Andersson, as-
sistant at the Royal Polytechnic College at Stockholm, and Mr. Uhr
Inspector of the Board of Trade, Stockholm, a consumption of 19.78
Ibs. of steam per B.H.P. per hour was obtained. The initial pres-
kure was 122.3 1bs. per square inch (gauge), and the vacuum 2614
inches The thermal consumption is 362 B.T.U. per B.H.P. pe:
minute

In trials on a 300 H.P. De Laval turbine by Dean and Main, an
average consumption for six trials is recorded of 14 lbs. per B.H.P
per hour, corresponding to 272 B.T.U. per B.H.P. per minut The
initial steam pressure was 207 lbs. per square inch (gauge), the
vacuum 27.2 inches and the superheat 84°F.
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All things considered, it looks as if the steam turbine had made
a permanent position for itself as a prime mover, and that it only
needs time to extend its sphere of action. Probably the steam
engine is the prime mover for nine-tenths of all the power that is
developed, and any improvement producing a greater economy in
its operation will have a powerful commercial influence The
reciprocating steam engine has apparently nearly reached its limits
of economy. Although the turbine is not a perfect heat engine, it
probably will, when those improvements are applied that experience
alone can suggest, prove itself a more efficient machine than the
reciprocating engine, and will mark one more step in the advance-
ment of steam engineering.

There is a wide difference between the heat engines at present
in commercial use and the perfect heat engine; and, although the
thermal efficiency of the turbine is not as great_as some internal
combustion engines, the turbine, as it stands to-dgy, is a very simple
and highly efficient steam engine. It is peculiarly adapted to the
performance of certain kinds of work, and there is every reason to
expect that those bright prospects for the future, which are indicated
at present, will be more than realized.

The writer desires to thank the De Laval Steam Turbine Company
and the General Electric Company for catalogues and information
and especially wishes to express his indebtedness to the Westing-
house Machine Company, who through Mr. Duff, have placed pho-
tographs, results of tests and much useful information at his dis-

¢
posal.
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