
Notes on a Test of Parson's Steam Turbines, 

at Spencer Street Railway Station. 

By Mr. W. Stone, read at a meeting held J une 6th, 1900. 

As members of this Institute have frequently asked me questions 
concerning the steam consumption of the " Parsons' steam turbines," 
installed at the railways' lighting station, Spencer-street, I take this 
early opportunity of laying a few data before you referring to the first 
test which we have made. 

The turbines are, as most of you are aware, directly connected 
to the alternators and exciters, which they drive, and which, there-
fore, run at the same speed as the turbines, or at about 3000 re-
volutions per minute. During these tests steam was taken direct 
from the boilers to the turbines, and did not pass through the 
steam superheaters, which will not be brought into use until the 
permanent steam pipes are put in. The steam pipes and tops of 
the boilers were but lightly lagged, and as no part of the steam 
space of the boilers comes in contact with the flue gases, and 
separators were not used, the steam was probably none too dry. 

The quantity of steam used was determined by pumping the 
water of condensation directly from the condenser into one or other' 
of two tanks, whose capacity had been carefully determined by 
weighing, and was in each case found to be 522 lbs. The output 
of the alternator was determined from readings taken at five minute 
intervals on a Kelvin-Watt balance. The alternator was run on a 
practically non-inductive load, consisting of a wire resistance im-
mersed in water. The steam pressure was read on the boiler 
gauges, and the vacuum by means of a mercury gauge connected 
to the exhaust opening Of the turbine.  The steam pressure and 
vacuum were maintained practically constant throughout the tests. 

The following data were taken :- 

Steam pressure at the boilers, lbs., by gauge 	 120 

Vacuum at exhaust opening, inches 	 2 7.5 
Barometer, inches 	 30.3 
Speed, revolutions per min. 	 3100 

Full Load. 
Total water, lbs. 	 9396  
Total time, min. 	 221.5 
Water per hour, lbs. 	 4640 
Output at alternator terminals, K.W. 	 154.6 
Water per K.W. hour, lbs. 	 30:01 
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Half Load. 
Total water, lbs. 4698  
Total time, min. Too 
Water per heur, lbs. 2819 
Output at alternator terminals, K.W. 83.84 
Water per K.W. hour, lbs. 33.62  

No Load. 
Total water, lbs. 1566 
Total time, min. 131 
Water per hour, lbs. 717 

I should here mention, that in the case of the no load test, the 
alternator was kept excited, so as to produce the same potential 
difference at its terminals as existed during the tests at lull and 
one-half loads. 

The output mentioned is in each case that which was available 
for external use, and does not include the output of the exciter, or 
any internal electrical or other losses. 

In the accompanying diagram the straight line gives the total 
steam consumption as a function of the output at the alternator 
terminals—i.e., the useful work done. 

The centres of the three small circles on this line indicate the 
three points determined from the tests, the data referring to which 
have been given above. 

The curved line on the diagram gives the steam consumption 
per kilo watt hour (Board of Trade unit) as a function of the output 
at the alternator terminals. 

As we do not at present know the efficiency of the alternator and 
exciter, we cannot accurately deduce the steam consumption per 
brake horse-power from the above data. We can, however, make a 
rough approximation by calculating the losses in the conductors 
and iron, and guessing at the friction and fan losses. The calculable 
losses amount to about 4.5 K.W. at full load, and I think the friction 
and fan losses will not be less than 2.5 I.W., or a total of 7.o 
K.W. This is equivalent to assuming that the combined efficiency 
of the alternator and exciter is 95.5  per cent 

On this basis, the total power taken from the turbine spindle 
during the full load test was about 161.6 K.W., and as the total 
steam consumption was 4640 lbs. per hour, we have 4640!161.6, 
equal to 28.7 lbs. per K.W. hour at the turbine spindle. 

Reducing this to horse-power we have 28.7 x 746/1000, equal to 
21.4 lbs. per brake horse-power at the turbine spindle. 

The brake horse-power of an engine is usually from 8o to 90 
per cent. of the indicated. If we take the average, or 85 per cent., 
and assume the turbine to have • this efficiency, we obtain 18.2 lbs. 
per indicated horse-power. 

These figures referring to brake and indicated horse-power must 
be regarded as approximate only, and are simply given to enable a 
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rough comparison to be made with the performance of other 
types of engines. 

It must not be forgotten that these turbines were designed to work 
with a 24 in. vacuum, and therefore will not give as good a result 
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at 27.5 in. vacuum as they would have given had they been de-
signed for the lower terminal pressure. 

That the steam turbine is very economical in the use of steam 
when designed to work under favourable conditions, is evident 
from the results of tests which have recently been published. 
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Quoting from " The Electrical Review." of January 12th, 1900,   I 
find that a 500 K.W. turbo alternator recently supplied to the 
Cambridge station, only took 22.4 lbs. of steam per K.W. hour, at 
20 per cent. overload, 24.1 lbs. at full load, 27.5 at half-load, and 
33.7 lbs. at quarter-load. 
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On the basis previously adopted the 22.4 lbs. per K.W. hour is 
equivalent to i6 lbs. per B.H.P., and to 13.7 lbs. per I.H.P. 

Again, from tests of a large turbo-alternator giving an output of 
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about rgoo K.W., and driving its attached air and circulating pumps, a 
steam consumption of 17.7 lbs. per K.W. hour was obtained, which 
would similarly reduce to 12.7 lbs. per B.H.P., and ro.8 lbs. per 
I.H.P. In this case I have not made any deduction for the steam 
required to operate the air 2nd circulating pumps. 

.Discussion, July 4th, 1900. 

Mr. Stone said at the last meeting Professor Kernot asked the fol-
lowing question : " What effect is produced in the steam consumption 
of the Parsons steam turbine, by altering the vacuum ?" In reply to 
this question he placed before them a diagram showing the  steam 
consumption details under two conditions of vacuum and steam pres-
sure, for the same machine. They had not yet made tests at constant 
steam pressure and variable vacuum, but when such tests have been 
carried out, he would be pleased to lay the results before them, as the 
Telegraph Superintendent had kindly consented to his bringing any 
such data under their notice. (See diagram on page 68.) 

Discussion, August 1st, 1900. 

Mr. G. Higgins said it was satisfactory to note the small consump-
tion of steam per I.H.Y. per hour. He had looked up a few tests 
and they gave for a triple expansion engine about twelve pounds of 
steam per I.H.P. per hour for large engines ; simple engines, nineteen 
pounds of steam, and compound engines about fourteen pounds. 

In 1895 Professor U mein called great attention to the necessity for 
superheating the steam, and gave the following as the results of some 
tests he had made:—Consumption of steam : Simple engine, i8 lbs. 
per I.H.P. per hour; compound engine, 13 lbs. per I.H.P. per hour; 
triple expansion engine, r2 lbs. per I.H.P. per hour. He took a 
compound engine of the Smith type, and employed superheated steam, 
and the consumption was 10.17 lbs. per I.H.P. per hour. That lead 
him (Mr. Higgins) to think that the use of the superheater would 
bring down the consumption considerably. In the test in England men-
tioned, where the result was 1o.8 lbs., probably a superheater was used. 

Mr. Stone said the size of the engines was a very important factor; 
the larger engines were the more economical. 

Mr. Higgins thought those trials he had mentioned were with com-
paratively small engines. A " Seltzer " engine was used, and coxless 
boilers. 
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