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REPLY T O  M R .  L A W F O R D  H. FRY’S COMMUNICA- 

TION.  

I have read with very great interest Mr. Lawford H. 
Fry’s comments, and sincerely thank him for his valuable 
communication ; more particularly a s  the contribution is from 
the pen of an  acknowledged authority, who knows the loco- 
motive, a s  regards construction and operation, from begin- 
ning to  end. I t  is very gratifying to  hear that  Mr. Fry is 
a firm believer in the stationary locomotive test plant. There 
is n o  question but that the best and most reliable data 
relating to the locomotive has of recent years emanated from 
America, due to the fact that iniestigators in that country 
have a t  their command a means of testing with some degree 
of accuracy, the experiments being uninfluenced by the vary- 
ing conditions met with in ordinary service. 1 am firmly of 
the opinion that a. satisfactory estimate of train loadings can 
only be arrived at by practical results from a testing plant 
in conjunction with dynamometer car records. 

Regarding tube length, it is very interesting to  know 
that the test plant experiments on the Pennsylvania Railroad 
definitely show that tube length should not exceed IOO times 
the internal diameter. I t  would appear ihat  where the wheel- 
base makes it impossible to  keep within this,ratio, that the 
combustion chamber now largely employed in Arne: ica ought 
to be employed ink this country. Wi th  long boiler barrels 
this seems an  excellent way of obtaining the most efficient 
tube length and at the same time increasing firebox volume, 
so essential for bituminous coal burning. The ratio of the 
0-80 engine is 101.8, and that of 0-6-0 type 80.9, length 
divided by internal diameter. 

Starfing Efirt.-The tractive effort of 82 pet cent. 
given in  the Paper is the measure at the piston rod ;  from 
thi.; is deducted the internal resistance of the engine, the 
product being the rated tractive effort, which is the power 
available for overcoming the vehicular resistance of t h e  
engine, tender and train. 

Engine and tender resistance per ton is assumed as 
being equal t o  the resistance per ton of the vehicles behind 
the  draw bar. On this assumption the rated tractive effort 
of the two engines is a s  follows :- 

0-8-0 engine 29446 - I 237 - 28229lbs. 
0-6-0 engine -11 129 - 674 - 204551bS. 
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and the mear. eHective pressure works out a t  78.4 and 79.2 
per cent. of boiler pressure respectively. In this countr?. 
80 per cent. is commonly used, but recently 85 per cent. 
has been recommended for locomotive rating. 

Cylinder Mean Effective Pressure.-I quite agree that 
boiler power has a very important bearing on the mean 
effective pressure in the cylinder and speed. 'This is very 
ably shown by Mr. Fry's  curves, F ig  13 ,  illustrating value of 
the ratio-rated tractive effort in lbs. divided by maximum 
heating surface in sq. ft. 

deduced from experiments on  the 0-8-0 engine ; the indicated 
trartive effort of this engine is 29,4461hs., the internal resis- 
tance a t  23lbs. per ton = 1,237lbs., and the rated tractive effort 
29,446 - I ,237 = 28,229lbs. The maximum heating surlacr 
being 2,038.6 sq. ft. the value becomes 28,229/2,038.6= 13.3. 
Based on the L.Y. mean effective pressure curve, 11 ig. I ,  and 
the 0-8-0 internal resistance curve, Fig. 2, the curve is 
shown by dotted line in Fig. 14. O n  the above another 
curve, indicated by full line taken from Fig. 13,  is shown. 
This curve is a mean of values 12 and 14, no curve being 
shown on Fig. 13 for value 13. I t  is interesting to  note that 
the L. and Y .  results very closely approximate with the 
values taken from ' '  Locomotive Data," published by the 
Raldwin Works.  

Engine and TT& Resis tance fFig. 14).-With regard to 
the internal or machinery resistance of the two engines given 
in Fig. 2, these curves represent a mean of a large number 
of observations based on  the following :-Equation 

M 7- 

The L. and  Y .  mean effective pressure curve, Fig. I ,  was. 

7'-(D + R )  

E 
T = Indicated tractive effort in Ibs. 
D =Draw bar pull in Iba 
R=Tota l  resistance as a vehicle of engine and tender. 
E=Weigh t  of engine only in working order (tons). 
M = Machinery resistance in Ihs. per ton. 

The wide difference between the two internal resistance 
curves was thought to be due probably to the resistance of 
the extra pair of coupled wheels and the larger valves of 
the 0-8-0 engine. Both engines had valves of the Richard- 
son type, but the frictional surface was 27 per cent. greater 
of one than the other. In respect to resistance increasing 
with the number of coupled wheels, the folTomhg extract 
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from a Paper by G. L. L e s t  (see Bulletin of the Inter- 
national Railway Congress, July-Decemher, 1912, page 
1,218) may be of interest:- 

Following up a mathematical consideration of slight 
irregularities in the length, etc., of coupling rods, the 
Author is led to  a number of conclusions of which the follow- 
ing is one :- 

“Very slight slipping, which is however repeated periodi- 
cally, is produced by thc coupling rod whether the engine is 
acting as a motor, or is running with regulator closed. This 
peculiarity explains the notable increase in the internal resis- 
tance of a locomotive when, with a given weight, the number 
of coupled wheels is increased.” The assumed vehicular 
resistance of engine and tender is certainly high, particularly 
for the 0-8-0 type, but it errs on the right side in estimating 
train loading. 

Boiler Power.-The ratios suggested by Mr. Spencer 
certainly have a bearing on boiler po.wer, but these vary 
so widely in practice that one has a doubt about the best to 
employ. 

0-8-0 0-6-0 
.4 =Weight  OI? driverslrated tractive effort 4.27 4.79 
B=Rated  tractive effort/heating surface .. 13.3 16.18 
C =  Heating surface/grate area ... .. 78.2 64.9 

The  0-8-0 engine has undoubtedly the best ratios a s  
regards A and B ,  but C in my opinion might have been 
reduced with advantage by the employment of a longer 
firebox than 8ft. ~ h .  outside shell. 

Steam per Indicated Horse-Power.-I am pleased to 
hear that curve Fig 1 0  is in ac:.xdanc.e with iesults obtained 
on the locomotive te4t plants. Cvlindcr efficiency is certqinly 
associated with the entrance and exit of the steam, particu- 
larly the latter, therefore the passages leading from cylinder 
to exhaust nozzle ought t o  be as direct as possible and the 
best ratio emploved in respect to steam port and cylinder. 

Let me in conclusion express my indehtedness to Mr. 
Fry for his most valuable discussion, and say that I am more 
than pleased that my contribution has merited the notice of 
such an  able authority. I am conscious that my effort is far 
from perfect, but it is an  attempt to probe into some of the 
mysteries associated with the locomotive, and, i f  it succeeds 
in inducing other members to contribute on this important 
subject I shall be more than repaid for the work involved in 
the preparation of the Paper. 

The ratios of the two engines a re  as follows :- 

EDW4RrJ hf. GASS. 
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