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M.\RCH 1910. 399 

COMPOUNDING AND SUPERHEATING 
IN HORWICH LOCOMOTIVES. 

BY MR. GEORGE HUGHES, Member. 
CHIEF MECTI~NICAL EXGINEER, LANCASHIRE AND YORESHIRE RAILWAY, 

HORWICH. 

When using the diagrams, tables, and illustrations given in this 
Paper it should be remembered that the Lancashire and Yorkshire 
Rail way is made up of severe gradients, numerous junctions, many 
goods depots and sidings, and that it runs through a very thickly 
populated district, consequently, with densc traffic, it is extremely 
difficult to operate. 

COMPOUNDING. 

For many years the compounding of locomotives has been a 
siibjcct of controversy, and to-day opinions are divided. 

Even a very important element, the ratios of volume of the high 
and loa-pressure cplinders, is debatable, for we find them as low 
a5 1 to 1 .69 ,  and as high as 1 to 3, and even more. It appears to 
the autlior, when comparing the area of a simple engine cylinder 
with that of the low pressure of a compound, if the back-pressure on 
the low-pressure piston i R  not proportionatdy lower than in the 
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simple engine, i t  is better not to over-cylinder a compound on the 
low-pressure side. The question of boiler pressures is another point 
upon which much diversity of opinion exists, as pressures varying 
from 140 to 230 lb. per square inch are in use, or have been tried. 
On tbis point, the author considers that steam-pressure should not be 
raised simply for compounding, because per se this produces greater 
efficiency at the cost of increased boiler maintenance. 

The application of compounding to marine and stationary 
engines proved so advantageous that little experiment was needed to 
ensure its general adoption. For locomotive work, however, i t  is 
quite another problem. Theoretically, there is no error in the claims 
for greater efficiency of compounding over simple engines in 
locomotive practice, and when superheated steam is used in the 
latter there is close competition, but in the application there are 
practical difficulties which, collectively, may outweigh any advantage 
of fuel economy. The reasons for the apparent neglect of cempounding 
in this country are :- 

(1) Great variation in torque, from starting to full speed. 
(2) Frequent repetition of this variation. 
(3) Comparatively good results of the simple engine. 
Economy in locomotive working does not necessarily imply a 

reduced coal bill, as this is only one item in the total expenses of 
locomotive service. Efficiency and maintenance must also be kept 
in view. These considerations, together with the varying character 
of locomotive work and the meagreness of published results, have 
made locomotive engineers very cautions in  adopting the compound 
principle. 

The author reasons that very little benefit will accrue from 
compounding express passenger-engines. The value of compounding 
largely depends upon reduction of the range of temperatures in the 
cylinders. High piston-speeds reduce this range in express work 
even with early cut-offs, and these conditions do not exist in slow 
running goods-engines. 

Vhen  piston-speeds are below about 600 feet per minute, the 
remarks regarding condensation hold good, and compounding is 
correct. Above this speed there is little difference between 
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compound and simple working, the period being too short for 
interchange of much heat to take place between the cylinders and the 
steam. 

TABLE 1.-Piston-Speeds of L. and Y. Passenger and 
Goods Engines. 

Class of Engine. 

10.wlieeled bogie passenger . 
4-cylinder passenger . . 

Radial tank, 8-wheeled . . 
6-wheeled goods . . . 
%wheeled coal engines (simple 

and compound) . . 

Diameter 
of Driving- 

Wheels. 

Ft. in. 

7 3  

6 3  

5 8  

5 1  

4 6  

Speed. 

Miles per 
Hour. 

60 

60 

60 

20 to  30 

20 to 30 

Piston-Speede. 

Feet per 
Minute. 
1004.38 

1165.14 

1285 * I6 

478.49 716.24 

539.45 809.36 

With the valve-gears at present in use on the simple engines, 
early cut-off6 are a1 ways accompanied by early compression, which 
is especially undesirable when applied to the high-pressure cylinder 
of a compound engine. If the compression point could be delayed 
to about 80 or 90 pcr cent., the evil of excessive compression would 
not exist, and the author considers this a better way than the practice 
of giving increased clearance volume. 

From a number of observations made on a 6-wheeled goods-engine 
liauling ,450 tons, and an 8-wheeled passenger-engine, under every- 
day conditions of working, it was found that the average cut-off wag 
45 per cent. for the former and 20 per cent. for the latter. These 
observations convinced the author that the goods-engine, with its 
later cut-off and later compression, was the more promising one for 
compounding. Consequently, when he had an opportunity of carrying 
his opinions into effect, he converted a 2-cylinder simple coal-engine, 
Fig. 1 (page 402) and Fig. 7, Plate 30, into a 4-cylinder compound, 
Fig. 4 (page 403) and Fig. 10, Plate 30, and Plate 31, making the 
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, Pic. 3.-Eigl~t- W e e l e d  Passenger-Engine. 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


~ I A R C H  1911). COMPOUNDING AND SUPERHEATING 403 

FIG. 5.--Six- Whreird Giiods-Eaqiw with Superheater. 
' -+ ,n n (For sectional views, see Plate 32.) 
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hauling capacity of the two engines the same; and as far as 
possible, dividing the power equally between the high and the 
low-pressure cylinders, which had L ratio of 1 to 2. 

Cylinder clearances (if kept in the same proportions as adopted 
in simple engines) result in excessive compression in the high- 
pressure cylinders at the earlier cut-offs, and high speeds ; consequently 
a much larger clearance is sometimes resorted to than is usual with the 
simple engine. Even with this precaution, howuver, it  is found that 
excessive compression does take place on the Lancashire and 
Yorkshire compounds, when the cut-off in the high-pressure cylinders 
is lower than 40 per cent. 

Table 2 gives cylinder clearances of Lancashiro and Yorkshire 
simple and compound engines :- 

TABLE 3. 

Class of Engine. 

Simple . , . . . . 
Compound high pressare . . . 

f ,  lorn %, . . .  

Percentage of Stroke. 

Front ICnd. Back End. 

7.4 7 . 1  

12.36 11.36 

9.76 9.4:; 

~- ~~ 

r 

I n  the simple engine, the ratio of expansion is limited by the 
condensation during admission, due to the difference in temperature 
between the cylinder-walls and admission steam ; but this ratio may 
be increased by compounding, together with a diminution of initial 
condensation. I n  addition to this advantage there are other good 
features, such as reduction of piston and valve leakage, owing to the 
difference of pressure on each side of these parts being less than in 
tbc simple engine. When four cylinders are employed the working 
stresses are better distributed, and there is also a good balance of 
reciprocating parts, impossible of accomplishment with two-cylinder 
engines. This balancing and distribution of stresses, which lead to 
greater mechanical efficiency and reduced wear and tear at high 
speeds, have been 80 readily appreciated in themselves that a large 
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number of four-cylinder simple engines are now running, both on the 
Continent and in this country. 

Omitting the various types of compounds which have been tried 
from time to time, the author will now confine his remarks to the 
4-cylinder compounds in use on the Lancashire and Yorkshire 
Railway. 

If a compound locomotive is designed on true principles, i t  
involves the introduction of a separate valve-motion for each cylinder, 
an intercepting valve, and the use of high-pressure steam ; but as all 
these add to the first cost of production and maintenance, it was 
preferred to leave out such complications in tho Lancashire and 
Yorkshire compound. 

Sufficient has now been said to show that the compounding of 
locomotives is not an easy problem. 

The design of the compound engine adopted is in  many respects 
similar to the simple engine, except that the two 20-inch diameter 
cylinders are replaced by four cylinders, namely, two high-pressure 
1Ei-inch diameter, and t w o  lorn, 22-inch diameter, all having 26-inch 
stroke. The high-pressure valves are of the piston type, with inside 
admission, Figs. 83 and 34 (page 406). 

Standard slide-valves of the Richardson type are fitted to the 
low-pressure cylinders, Figs. 35 and 36. 

The particulars of valve-setting and steam distribution in the 
cylinders are given in Table 3 (page 407). 

The two high-pressure cylinders are placed outside the frames, 
and actuate cranks driving the third pair of wheels. The low- 
pressure cylinders are placed between the frames, and connected to 
the cranks on the second axle, Figs. 19 and 20, Plate 33. The 
pistons u i  the contiguous high and low-pressure cylinders move 
oppositely, and the high-pressure exhaust steam can pass at once 
to the low pressure, t,he cranks being arranged 180" apart. The 
cranks of the other two cylinders are also 180" apart, but placed 
90" round the circle from the first mentioned. The valve-motion 
is of the Joy type, which is the standard adopted by the L. and Y. 
Company. One set of gear drives two valves (one high- and one 
low-prefisure), through the medium of s t wo-armed rocking shaft, 
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>IAllCH 1310. (‘OMPOUNDING BND SVPERHEATING. 407 

H.P. Cylinclcr. 

- 
Front Back 
End. Eud. 

Inch. Iiich. 
. . . . . .  16 Lap.  1 €U 

A Lead 3 2 . . . . . .  4 

Exhauvt lap . . . . .  Sil ,;z 

,, cluarauce . . , . 1 7  tit Xi! 

Cut-off, full gear, forward . . .  Say& 73:; 

,, mid gear . . . .  -0 ,  I /u 7:; 

TABLE 3. 

L.P. Cyliuder. 

Front Back 
I h l .  End. 

Iiich. Iuch. 1 

$2  
2 

L + 

3 8  

Sil  Nil 

Q Q 

S3% 88r; 

154;; 132’: 

Figs. 13 and 17, Plates 31 and 33. The valves travel in the 
same direction, while the pistons move oppositely. The exhaust 
from the high-pressure cylinders to the low is led through four 
receiver pipes, five inches inside diameter, with easy bends, giving 
a free course for low-preesure steam. No inttrcepting valve is used, 
but a small valve is provided for admitting boiler steam to the 
low-pressiire steam-chest, for starting purposes. It consists of two 
slide-valves, back to back, and is situated in an auxiliary chamber, 
cast within the low-pressure steam-chest, Figs. 37 to 42 (page ‘408). 
The chambcr is supplied with steam direct from the boiler, through 
a connection to the regulator pipe in the smoke-box. The valve 
is moved by a rod connected to a lever, which is part of the 
reversing shaft of the valve-motion. At starting, the reversing 
lever is in &her ‘‘ full forward ” or “ full backward ” gear. This 
position allows boiler steam to pass into the low-pressure steam- 
chest and the receiver pipes, and to the back side of the high- 
pressure pistons. As the working sides of these pistons are also 
receiving boiler steam, they are practically i n  equilibrium. The 
low-pressure pistons are 22 inches diameter, consequently when 
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MARCH 1910. COMPOUNDING A N D  SUPERHEATING. 409 

admitting boiler steam, ample power is available. The starting 
device is extremely simple, positive, and beyond the control of the 

Startirig Diagram 
.Tperd M. f! /L 15 

Rrgulafo,. Pull open. 
l?&/*S.Jr/icr so. in& Boilrr Pwa~ure 

.hfmi&rr RXF i.n b’JZ Y,5!4 
I .  ,, 

fiighl /land Cylikier FIQ. 44. 

lfo?si’ I’nrcers. 
f . 0 ~ 1  Prmure. lfigh Urssurc. 

Flight. i. d Y filglll. Idt. 
Front. Hack Frau( buck. Front. Bmk Front. Duck 
2026 20.73 Pt8.9 226.5 ni l  alignav megalive. 

driver, and cannot be tampered with or abused without detection. 
The admission of high-pressure steam into the low-pressure steam- 
chest ranges from full gew, namely, 83 per mnt. front port, 88 t  
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per cent. back port, down to 73 per cent. and 73$ per wilt. cut-off 
respectively. In operation, this engiue is the same :ts tlie Biiriple 
engine, no additional handles requiring manipulation. Fig6 43 to 46 
(page 409) show a set of staitiirg diagrams. 

It wi l l ,  howavcr, be ohserved by referring to Fig. 1 (pge  402), itntl 
Fig. 4 (page 4031, that the compound is hcavicr than the simple. This 
is due to the iwrcascd weight of the additional c-ylinders, rouking- 
shaft and brackets, aud the extra dead-weight in the footblock at 
the rear end to equa1:ze the weights on cnch wLecl. Tlie simple 
engine is fitted with two cylinders 20 inches diameter by 36 inches 
stroke, which actaate cranks on the second axle; and bteam is 
distributed by a pair of Richardson’s balanced valves exhausting 
through the back. The valves are practically the same design as 
those employed in the low-pressure cylindors of the compcund. 
The valve-setting and steam distribution are as  follows :- 

TABLE 4. 
(For the Compound, we Table 3.) 

Lap of valve . . . . . 

Lead ,, . . . . .  

Exhaust clearatice . . . . 
Cut-off, full gear, forward . . . 

,, niid gem . . . . 

Front Port 

1 in. 

?6 in. 

Nil 

793 per cent. 

83 ,, 1 1  

Llack Port 

1 in. 

-;“s in. 

Nil 

54 per cent. 

78 3 3  3 ,  

A number of coinparutive tests were carried out on this cornpound, 
and also on a simple engine having a similar boiler, the same 
diameter and number of coupled wheels, and the same valve-motion. 

Both engines were in good condition, the simple having only j u s t  
left the shops after a general repair. 

For the measurement of feed-water, a Sicmens meter was fitted 
on each of the injector pipes between engine and tender. The meters 
were tested before and after, and errors corrected. The waste water 
from the injector overflow pipes was collected in a tank placed 
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between the frames, fitted with an indicator, so that the amount 
aould be easily observed. The capacity of the tender enabled 
sufficient coal to be placed in 1-cwt. bags for each run. The coal 
used before the test, and also for shunting operations, was carefully 
noted. A Tabor indicator, with 3-way cocks, was employed on each 
cylinder. The indicator pipes were ;-inch inside diameter, with easy 
bends, and well lagged with asbestos rope. The scale of indicating 
springs on the simple engine was 80 lb. ; the high-pressure cylinders 
of the compound 100 lb., and on the low-pressure cylinders 40 lb. 

Before and after the trials, these springs were tested and 
calibrated under steam-pressure, and a set of scales made, which 
were employed in working out the indicator diagrams. A 
dynamometer-car was used, which is fully described in Mr. Aspinall’s 
Paper on ‘‘ Train Resistance.” * 

Table 5 (pages 412-5) gives the particulars of a number of 
tests carried out on the respective engines, and Plates 34 and 35 
have been plotted from Nos. 1, 4, 7 and 11 tests. 

The following is a brief explanation of the curves and data of 
Plates 34 and 35 :- 

Figs. 21 and 27.-Speed curves of tests, and gradients of roads. 
Pigs. 23 and 28.-Data of boiler pressures and steam-chest pressures, 

of simple and compound engines. 
Pigs. 23 and 2S.-Data of steam cut-offs in the cylinders of s h p l e  

and compound engines. 
Pigs. 24 and 30.-Data of indicated horse-powers and tractive egoits, 

or draw-bar pull developed by the simple and compound 
engines. 

Pigs. 25 and :Jl.-Data of steam consumed per hour by the simplo 
and compound engines, accounted fur by the indicator. 

Figs. 26 and 32.-lleleasc pressurcs of the simple and compound 
eugincs. 

I n  carrying out these tests, every possible precaution was taken 
to have the conditions for the competitivo engines (such as number of 
wagons, total tonnage hauled, time over journeys, and sectional time) 
similar in each case. The drivers were not influenced in any degree 

* Proceeding3 Institution of Civil Eitgineers, Vol. cxlvii. 1901, paga 153. 
2 Q  
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TABLE 5 (continued on pages 413-5). 

Ckvnparisora of Tests of Sintple and Compound Engines. 

Aintree to Acorington. 

6 

180 
95.5 
23.0 
584 

685.4 
55 

607.8 
560 

4'07 
145.6 
29.6 
49'25 

Denaby 
Main 
2,576 

Particulars 

Simple. 

158 
99'6 
21'9 
583'3 
678.1 

59 
701 
567 
4-37 
140'1 
55'1 

54 
- 

4,405 

Average steam-pressure throughout test, Ib. persq. in. 
Actual running time . . . . . min. 
Average-speed . , . . miles per hour 
Weight of train . . . . . . tons 
Weight of engine, tender, and train . . tons 
Number of wagons in train . . . . . 
Average indicated horse-power . . . . 
Draw-bar pull . . . . horse-power 
Average drawbar pull . . . . tons 
Average initial pressurc in cylinders, lb. pcr sq. in. 

Average percentage steam cut-off in cylinders . 
Class of coalused . . . . . 
Amount of coal bnrnt . . , . . lb. 

Average steam-pressure at release ,, 3 1  

4 

1 -- 
174 
101 

21.7 
9% 

6i2.8 
57 

647.3 
537 
4.:; 
131 

51.2 
58.0 

North 
Oawber 

4,144 

Simple. 

2 
-- 

150 
101.5 
21.5 
586 

650.8 
64 

777.3 
635 
4.92 
148 
57 
48 

North 
Cawber 

5,376 

3 
__ 

180 
96.25 
22.7 
586 

680 8 
56 

6 i8 '3  
529 
3 .9 

141.4 
57 
56 

Korth 
iawber 

3,696 

4 
-- 

180 
l U l  

21.6 
584 

685.4 
58 

533.9 
504 
3.9 

164.9 
28'3 
48'6 

iSorth 
h w b e r  

2,800 

Compound. Average. I 
5 
-- 

I80 
97.5 
22.4 
588 

689.4 
60 

496.5 
455 
3.4 

136.2 
27'4 
58 

Sorth 
2awber 

3,02P 

ompound 

180 
9s  

22 .3  
589.3 
686.7 
57.7 
546 
506 
8.79 
148.9 
28.4 
51.9 
- 

2,800 
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Coal burntpersquarefootof gratesurfaceperhour. Ib. 
Average time bnrning 1 cwt. . . . min. 
Average steam consumption per hour from indicator 

Average steam consumption per indicated horse- 

Average water consumption per hour recorded by 

Waste from injector overflon. . . . 111. 
Efficiency of injectors . . . . per cent. 
\\'aterunaccounted for , . . . lb. 
Average water per iudicatctl horse-power per 

diagrams . . . . . . lb} 

power per hour . . . . . lb.) 

meter . . . . . . . Ib.1 

liour . . . . . . . Ib.1 

in favour of:- . . . . . 
('oal per indicated horse-power per hour . Id. 
Percentage saving of c o d  per indicated horse-power I 

per hourin favour of . . . . . i 
Aveingr velocity of wind . . miles per hour 

. . . . . . . 
Condition oirails . . . . . . 

. . . . . . . 

137.6 
2.11 

16,823 

21.6 

19,120 
230 
98.8 
2 , 067 
24.6 
- 

- 

- 

- 
4.0 
- 

22 

/ 
Frosty 

3lippei 
!3/11/( 

90.0 
2'92 

16,806 

24.7 

20 , 033 

200 
98.9 
3 , 025 
29.5 
- 
- 

- 

- 
:: .4 
- 

18 

=-y 

Fine 
Dry 

8/8/0( 

72.1 
4.04 

9,516 

17.8 

11,964 
410 
96.6 
2,03S 
22.4 
- 

- 

- 

- 
:+ ' 1 
- 
22 

Fine 

7/5/06 
Dry 

80.7 
3.61 
9 , 232 

1S.5 

L1,7iS 

480 
95.9 
2,066 
23.7 
- 
- 

- 

- 

3.7 
- 
23 

4 
{Lower 
slipper 
;0/4/9t 

70.2 
4.15 

10,713 

15.7 

13,504 

380 
97.2 
2,381 
22'2 
- 
- 

- 

- 

2.6 
- 
20 

A 
Fine 
Dry 

9,7/06 

111.5 
2'59 

16,323 

23.3 

18,784 
217 
98.8 
2,245 
26.9 
I 

- 
- 
- 
3.7 
- 

20. :; 

-- 
- 
- 

~ 

74.3 
3.93 
9,830 

18.0 

12,415 
423 
96.6 
2,162 
22.8 
$6 

39.7 

23.0 

83.9 
9.1 
16 

21.7 

- 
- 
- 
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TABLE 5 (concluded from puges 412-3). 

Comparison of Tests of Simple rind Cornpound Engines. 

I'srticulars. 

Average steam-pre~m~re throughout test, lb. per sq. in. 
Actual running time . . . . min . 
Average speed . . . . miles per hour 
Weight of train . . . . . . tons 

Weight of engine, tender. and train . . tons 

Number of wagons in train . . . . . 
Average indicated horse-power . . . . 
Draw-bar pull . . . . horse-power 
Average dram-bar pull . . . . tons 
Axerage initial prebsure in cylinders, lb. per sq. in. 
Average steam pressure at  release 
Average percentage steam cut-off in cylindeis . 
Class of coal used . . . . . . 
Amount of coal burnt . . . . . lh. 

Goole to Smithy Bridge. 

7 

176.6 
21.5 
16.9 
80 1 
748 
535.8 
842.8 
73 
81 
674 
510 
.i. 05 

157.4 
5!l. 6 
52.1 

Sorth 
C1:iwbcr 
7,0.i6 

Pimple. 

8 

179 
197.23 
18.1 
760 
745 
854.8 
839.8 

73 
58 

628.4 
546 
4.9G 
1 5 3 . 7  
X.!) 
4 1 . 6  

Noitli 
Gawbe 

G ,608 

9 

L i  A 9 7  

177 
127 
18.3 
775 

869.8 

79 
606.8 
525 
4.8 
142.0 
48.6 
48.6 

Denaby 
Main 
3,696 

10 

Li B J 7  

180 
181.5 
20.0 
812 
765 

913'4 
866.4 

76 
79 

633.2 
610 
5.1 
159.1 
36.9 
55.6 
Denab? 

Main 
'7. n5c 

Compound. 

11 

179 
204 
17.8  
809 
752 
910.4 
853.4 

68 
75 

623.3 
583 
5.48 
164.G 
25.4 
53.7 

Deri?bg 
Kairi 
4,816 

12 

180 
204 
17.8 
512 
742 
913.4 
843.4 
60 
82 

510.6 
473 
4.44 

27.2 
49.2 

North 
Gawbci 

5.600 

160.3 

Average. 

imple. 

177'8 
206'12 
17'6 
780.5 
746.5 
375 .:3 
341.3 

73 
79.5 

551.2 
557 
4.94 
k55.5 
56.2 
46'9 
- 
6,832 

'ompound 

li9.5 
201.0 

17.8 
810.5 
747.0 
911.9 
848'4 
ti4.0 
78.5 
566.9 
528 
5'0 

162.4 
27 .3  
52.5 
- 

5,208 
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Coalburntpersquarefootofgratesurfaceperhour, !b. 
Average time burning 1 cwt. . . miu. 
Average steam consumption per hour from irldioator 

Average steam consumption per indicated horse- 

Average water consumption per hour recorded by 

Waste from injector overflow . . . lb. 
Efficiency of injectors . . . . per cent. 
Water unaccounted for . . . lb. 
Average watcr per indicated iorse-power per 

hour . . . . . . Ib.) 
Percentage saving of coal in ’favour of :- . . 
Percentage saving of stcam based on indicator1 

diagrams in favour of:- . . . . . I  
Percentage saving of steam per indicated horse- 

power from indicator diagrams in favour of :- ] 
Percentage saving of water based on meters (total) 

in favour of:- . . . . . .} 

diagrams . . . . . . Ib.1 

power per hour . . . . . I t . )  

meter . . . . . . . 1b.I 

87.2 
3.31 

13,325 

21.2 

16,744 
240 

98.5 
3,179 
26.6 
- 
- 
- 
- 
3.1 
- 
21 +; 
\ 

Fine 
Dry 

12/4/OE 

85.4 
3 .4  

151001 

22’3 

161138 
720 

95.5 
437 
24.0 
- 
- 

- 
- 

75.7 
3.84 

12,872 

21.2 

15,180 
260 

98.2 
2,048 
25.0 
- 

- 

- 

- 
0.9 
I 

1s 

A 
Fine 

24/8/0t: 
Dry 

Weather . . . . . . . . 
Condition of rails . . . . . . 
Date of test . . . . . . . 

101 ’ 1 
2.88 

15,536 

23.G 

16,617 
240 

98.5 
841 
25.2 
- 
- 

- 

- 
3.5 
__ 
2:: 

*oa 

Frosty 
Slipper 
ZF/4/0f 

Fine 
Dry 

22/3/01 

61.4 
4 ’ i P  

9,975 

16’0 

12,036 
300 
97.5 
1,761 
19.3 
- 
- 
- 

- 

2.3 
- 
19 

A 
Fine 

4/5/06 
Dry 

71.1 
4.0s 

8 895 

17.4 

11,856 
520 

95.6 
2,441 
23.2 
- 
- 

- 
- 
3.2 
- 
22 

\B: 
Foggy 
Dry 

4/4/07 
- 

86.3 
3’37 

14,163 

21.7 

16,451 
407 

97.5 
1,888 
25’3 
- 
- 

- 

- 
3.0  
- 
19 

- - - 
- 

66.q 
4.41 

9,435 

16.8 

11,346 
:is 
97‘0 

21’2 
23.7 
33 ‘ 3 

2 2 . 5  

27’3 

1,081 

2.73 
8.3 

21 ‘0 

- 
- 
- - 

The following Tests not included in Averages :-“A” Test finished at  Brighouee, as the load at  this place was much reduced. 
‘‘ B ” Exceptionally fast run. 
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as to the position of the reversing lever; the regulator, however, 
was kept full open. Every effort was made to have the fire in the 
same condition, at  the end of each test as at the start, which was not 
difficult, as the tests finished before the end of each journey. Table 6 
gives the analysis of coal used on tests :- 

TABLE 6. 

Fixedcarbon . . . . . .  
Volatile matter . . . . .  
Ash . . . . . . .  

Totals . . .  

Sulphur . . . . . . .  
Calorific value I3.Th.U. . . . .  
Lb. of water per Ib. of coal , . . 

Coal used. ! 

per cent. 
62.10 

35 * 20 

2 . 7  

1'60 

13668 

14.1 

per cent. 
61'10 

3G.65 

''.a5 

100.0 

1 *25 

13668 

14.1 

General ('oizclusions.-The results show the compound to be 
mnre economical and efficient machine than the simple engine. The 
compound developed a comparatively greater draw-bar pull for the 
same indicated horse-power. This is attributed to the use of four 
cranks, resulting in n more uniform torque, and consequent adhesion 
between wheel and rail. 

The tonnage hauled was slightly in favour of the simple, but 
this lighter load was distributed over more wagons than in the case 
of the compound. 

In  comparing the tests, there is an economy of 23 per cent. on 
the Aintree to Accrington trials, and 22.5 per cent. on the Goola 
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to Smithy Bridge tests, in favour of the compound, based on the 
steam consumption per indicated horse-power, as given by the 
diagrams. This economy is even greater when the total steam 
consumption per hour is compared, the saving being 39.7 per cent. 
on the former and 33.5 per cent. on the latter tests. I n  fuel 
consumption, the saving by the compound, per indicated horse- 
power per hour, is 16 per cent. on the Aintree-Accrington tests, and 
8 . 3  per cent. on the Goole-Smithy Bridge tests; but as the horse- 
powers cleveloped by the compound are less than for the simple 
engine, the total fuel savings are 36 per ccnt. and 23.7  per cent. 
respectively. 

I t  mi l l  be noted, by referring to Table 5 (pages 412-5), how thc 
attempt to run at approximately the same speed and in the seme t ime  
has been accomplished. I t  should be clearly understood that 
neither engine was forced ; the simple ran to its normal workings, 
and no effort was made to run any quicker with the compound, 
except on the test marked “B,” when a faster run was achieved. 
This test is interesting from the fact that the compound hauled 
the same load on the same coal consumption as the simple on one 
occasion, but in 13 per cent. less time. 

The release pressures shown on Figs. 26 and 32, Plates 34 and 35, 
and Table 5, have been plotted by scaling the height of the indicator 
diagrams at the known point of release. I t  wil l  be observed that 
the terminal pressure is very much higher in the case of the simple 
engine than the compound, the average on the Aintree-Accrington 
tests being for the simple 55.1 lb., and 28.4  lb. for the compound; 
and on the Goole-Smithy Bridge tests 56 .2  lh. for the simple and 
for the compound 27.3  lb. The lower terminal pressure, in the 
case of the compound, is much in its favour, as it, reduces the 
lifting action on the fire when the engine is pulling hard up a 
bank, thereby obtaining more complete combustion and minimizing 
the emission of sparks. 

B e a m  Cut-of.-(Figs. 23 and 29, Plates 3.1 and 35, Table 5.) I t  
might be expected that the cut-off in the high-pressure cylinder of 
the compound would be much later than with the simple engine, but 
both types were operated very much alike as regards the position 
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of the reversing lever (54.0 per cent. for the simple and 51-9 
per cent. for the compound) on the Aintree-Accrington tests. On 
the Goole-Smithy Bridge trials the cut-offs were 46.9 per cent. and 
52.5 per cent. respectively, with a full open regulator, Under 
these conditions the compound ought to show economy. Assuming 
50 per cent. as the average steam cut-off, the cubical contents of the 
cylinders to be filled, neglecting clearance, is as follows :- 

Simple engine . . . 314 x 4 x 13 = 16,328 cubic inches 
Compound engine . . 188 x 4 x 13 = 9,776 ,, ,, 

a difference of over 40 per cent. in favour of the compound. Figs. 
47 and 48 (page 417) show a comparison of the crank efforts of the 
simple and compound engines. 

Before detailing the results obtained during two years' working, 
it will be interesting to consider the division of work which actually 
occurred in the high- and low-pressure cylinders of the compounds 
at various speeds and cut-offs, when indicated in service. 

Fig. 49 (page 420) shows the actual horse-powers developed in the 
respective cylinders at the different speeds and cut-offs. The curves 
have been constructed from the mean rcsults of a large number of 
indicator diagrams. 

The first thing to notice is the inequality of work at all speeds, 
although from a theoretical aspect, it was expected that tbe distribution 
of power would be about equal. The low-pressure cylinders, in all 
cases, developed a greater horse-power than the high-pressure, the 
difference becoming greater at the higher speeds. A curious anomaly 
occurs with regard to the power from the high-pressure cylinders at 
about 20 miles per hour ; beyond this speed the power decreases, 
whereas it should increase as i t  does in the low-pressure. This 
falling awey of the work done by the high-pressure cylinder as the 
speed increases, is more rapid when the cut-off is later. The same 
peculiarity, however, begins to show itself in the low-pressure 
cylinder when the cut-off reaches about 65 per cent., and takes place 
at nearly the same speed as its occurrence in the high-pressure. 

Dealing first with the high-pressure cylinders, the falling away 
is probably partly due to excessive compression brought about by 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


420 COMPOIJNDING AND SUPERHEATING. MARCH 1910. 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


I f A l t C I l  1910. COMPOUNDING AND SUPERHEATING. 421 

the plosing of the exhaust at a higher pressure than i n  a simple 
engine. The effect of this is to decrease the area of the indicator 
diagram by forming a loop of negative work, thus reducing net-work. 
This is one reason why compounds at  certain points of cut-off do 
more mork in the low-pressure cylinders than in the high. It also 
furnishes a reason why a compound locomotive is less economical in 
light than in heavy work. The usual contrivances for nullifying 
undue compression are, larger clearances, negative lap on the valve, 
and the cmployment of spring-loaded release-valves fitted on the 
ends of the cylinders, which are set to release at  a fixed pressure, 
generally the working pressure. Negative valve-lap, however, is 
only useful at high speeds, and is very detrimental at low speeds, 
for during slow running it allows exhaust of one side of the 
piston to pass over to the other side, and increase the back pressure. 
Spring-loaded release-valves have also certain disadvantages, as they 
only release into the atmosphere a small percentage of the unduly 
compressed steam. They also lack flexibility, for when the engine 
is working with a throttled regulator, compression is pushed up 
beyond the steam-chest pressure. As a result of experience, and in 
order to overcome these disadvantages, the author haE designed and 
just put into service, a special form of piston-valve. This valve is 
illustrated by Figs. 50 to 53 (page 422). 

It wil l  be observed that the packing rings are provided with a 
number of holes or passages controlled by valves which open or 
close communication between the cylinders and the receiver. One 
side of these when closed is subject to the pressure in the cylinder, 
and the other side to the pressure in  the receiver. As there is a 

ratio of pressure between the high-pressure steam and the receiver, 
these auxiliary valves work on the differential principle, the area 
exposed to the receiver being larger than the area exposed to the 
cylinder. 

The construction of these valves is such that the pressure in  the 
receiver holds them on their seats against the pressure in the 
cylinder, providing the latter does not rise beyond the working 
pressure. Should, however, an excess of pressure arise in the 
cylinder, then it displaces these valves, and discharges the said 
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steam into the receiver. An interesting experiment has recently 
been carried out for the purpose of comparing the results from a 
valve fitted with these auxiliary valves, as against one not so fitted. 
Figs. 51 to 59 (page 424) are a number of comparative indicator 
diagrams taken under the two conditions, and it will be at once 
apparent that there is a striking difference in these diagrams. 

These indicator diagrams were taken simultaneously, and all at 
the same speed, namely, twenty-five miles per hour, or 155.6 
revolutions per minute. i t  will be observed that without the 
auxiliary release there is undue compression, which increases as 
the engine is notched up, dthough release-valves were fitted on 
the front and back ends of the cylinder. 

With the auxiliary release excessive compression did not exist, 
and further, the horse-powers on that particular side of the engine 
were considerably higher than the side which had not the automatic 
valves fitted. The employment of this special form of valve has 
enabled the driver to operate his engine at an earlier cut-off than 
was possible without the release. 

Referring again to cut-offs and Fig. 49 (page 420), i t  would appear 
that the later cut-offs, with their corresponding later compressions, 
would cause the dip of the curve to be less rapid than with the earlier 
cut-offs ; but the reverse happens, which points to other causee.. I t  is 
a well-known fact, that with later cut-offs in a simple engine there is 
more difficulty in getting rid of the exhaust, which leads to high 
back-pressure. No doubt some action analogous to this is occurring 
in the high-pressure cylinder, in addition to excessive compression, 
although a port ratio of 1 to 10 has been adopted in these engines, 
which is larger than for simples, where the usual ratio is 1 to 
11 or 12. With regard to the fall in power in  the low-pressure 
cylinders at the later cut-offs, i t  seems to the author that, the 
port ratio which has been adopted, namely, 1 to 12.6, is rather low, 
and undoubtedly a much greater ratio could have been adopted 
with advantage, had i t  not been decided to use standard valves. At the 
same time, i t  must not be overlooked that large ports in the low- 
pressure cylinder add to clearance. Referring again to the unequal 
distribution of work, this can be equalized by separate adjustment of 
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the valve-gears as used on the Continent, but this entails an independent 
gear for each cylinder, which appliance, being under the control of 
the driver, must be skilfully handled, or it is useless. There is room 
for invention in this direction. Some positive mechanical contrivance 
is needed, which, not being under the driver’s control, and having a 
pre-determined motion, will give the correct relative positions for 
each valve. 

Results of Ticenty-four Months’ Working of Eleven Compound and 
Eleven Simple Engines. 

From the foregoing statements it is quite evident that the author 
was justified in extending this principle, and therefore ten new 
compounds were built in April, May, and June, 1907, and ten new 
simple engines for comparison, in July, August, and September of 
the same year. 

It has already been stated that a locomotive must be prepared 
to negotiate any work on the railway within reasonable limits. 
This fact induced the author to investigate every detail connected 
with the working of these engines, in order to deduce reliable 
conclusions. He therefore determined to obtain ton - miles, 
detentions, time element, coal consumption, stores, and the cost 
of maintenance (see Tables 13-16, pages 442-449). Table 13 is 
compiled from the drivers’ returns and guards’ road notes, and is of 
extreme interest. Taking the whole of the coal used, the results 
show an economy of 9.4 per cent. per ton-mile, and 8.9 per cent. 
per train-mile, in favour of the compounds, for coal only, exclusive 
of oil, and time occupied in running. The total train mileage of the 
11 simple 8-wheeled goods engines, during the two years ending 
November 1909, reached about 300,000, and the 11 compounds about 
the same figure. The total engine mileage of the 11 simple engines 
was 472,000 and the 11 compounds 442,000 ; the average tonnage 
behind the draw-bar in each case was 465. The percentage of train 
to engine miles was 63.6 for the simples and 68.3 for the 
compounds, the actual ton-miles being 139,698,233 and 141,111,193 
respectively. An epitome of the coal consumption per ton-mile 
is given on Table 7 (pages 426-7). During detention it is 
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TABLE 7 (contbiued on opposite p u p ) .  

Comnparisoiz of Coal consunzed p e r  ton-mile, b j  11 Simple and 
11 Compound, and Superheater aid Nan-Superlieater Wagincs, 

also pei-centage qf [rraiii-miles to total Eriyine-m.iles. 

..1' a 
g 
2 
3 

lb. 

0.187 
0.195 
0.19:: 
0.204 
0.201 
0.188 
0.188 
0.178 
0.172 
0.167 
0.176 
0.176 
0.lti9 

Rlontl1 .. 
SI 
ii 

;i$ 
O A  

a 
T> 

k E  

lb. 

- 
- 
- 
- 
- 

- 

- 

*0.184 
0.170 
0.212 
0.202 
0.215 

1% months 
ending 

NOP. 1908 
Dee. ,, 
Jan. 1909 
Feb. ,, 
Mar. ,, 

Apr. ,, 
May ,, 
June ,, 
July ,. 
Aug. ,? 

Sept. ,, 
Oct. ., 
Nov. ,, 

d 

z 
3 

2 

lb. 

0'190 
0.219 
0.241 
0.268 
0.281 
0.071 
0'233 
0.249 
0.228 
0.206 
0.197 
U.184 
0.206 

Coal cuusulucd 11cr 
ton-milo. 

Decreaw of coal per 
ton-mile, for :- 

Compouncl. 

lb. 

0.003 
0.024 
0.048 
0.064 
0.080 
0.083 
0.045 
0.071 
0.056 
0.039 
0'031 

0.008 
0-037 

1.58 
10.95 
19.91 
23.88 
28.47 
30.62 
19.31 
28.51 
24.56 
15-93 
lO.ti6 
4.35 

17.96 

Superheatcr. 

Average results making deduction of 3 cwt. (or 1.f etvt.) 
pcr hour, in coal, for detentious. 

0'2U3 I 0.185 I 0.205 10.177 I 0'020 9.76 10.028 I 13.65 

Average results makiug deduction of 3 owt. (or 14 owt.) 
per hour for detentions ; but eliminating other 

than selected work. 
11.175 1 0.006 1 :i'20 1 0.02t; 

' 
Items marked thus (*) arc from 14th May to 31st July, 1009, inclusive. 
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(concluded from opposite pagej TABLE 7. 

Contpnrison of Qoal consumed per t o n - d e ,  by 11 Simp'te ant1 

11 Compound, and Superheater and Non-Superheater Eiigines, 
also percentage of Train-miles to total Engine-miles. 

Percentage of assisting, 
shunting and ballasting miles 

to total engine-miles. 

* 
g 
Q. 

u 
- 

24.48 
26.78 
25-68 
30.41 
27.81 
15.48 
36.96 
32.57 
33.20 
!3.45 
!4*20 
3 - 9 6  
$2.13 

_____ 

Percentage of light engine- 
miles to  total engine-miles. 

5.93 
7.55 
8.89 
6.67 
8.75 
8.68 

7.04 
10.72 
9.34 
9.68 
6.64 
6.72 
5 - 8 4  

- 
.d 

5! 
8 
Fs 

u 
- 

6.34 
s.59 
7-73 
7.99 
9.08 
6.23 
8.25 
9.26 
7.57 
8.62 
6'84 
6.46 
4.88 

i 
Y 

6 
.d, 
& 
m 

Average. 

!9'52 124.71 1 33'2 I 32.4 1 6.81 ~ 6.32 I 6.72  1 6.44 

Average, but eliminating other than selected work. 

!4*t;8 1 24.05 I 32.8 I 32.2 ,) 6-39 I C ' G O J  6.69 I 6.27 

Month. 

12 months 
ending 

Nov. 1908 
Dee. ,, 
Jan. 1909 
Feb. ,, 
Mar. ,, 
Apr. ,, 
May ,, 
June ,, 
July 9 ,  

Aug. 
Sept. ,, 
Oct. ,, 
Nov. ,, 

Items marked thus (*) are from 14th May to 31st July, 1909, inclusive. 
2 H  
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necessary to keep the fire in perfect order, ready for starting at 
a moment’s notice. It was therefore decided to deduct 3 cwt. of 
coal per hour for such periods, as this element has such an important 
bearing on the consumption, and 5 cwt. is the actual average 
required each hour this class of engine is under steam. On this 
basis, the economy works out at 9.75 per cent. per ton-milein favour 
of the compounds (see Table 7). I t  was noticed that during several 
months the economy of the compound unreasonably increased, and 
at the same time the simple engine increased in shunting-miles. 
This increase in shunting miles disturbs the comparison, because 
arrangements had not been made to give ton-mile credits for 
shunting. This increase in shunting-miles of the simple engines 
was due to their running down more rapidly, and consequently 
becoming unfit for main-line service sooner than the compounds. 
A strict comparison is made by eliminating other than selected 
work of both types of engine during this disturbing period, when 
i t  will be seen that the coal consumed per ton-mile was 3 . 2  per 
cent. less for the compounds (see Table 7, pages 426-7). I f  the 
comparison is carried further, by converting the whole of the 

TABLE 8. 

Particula,re of Average 
Traiu Loads. 

400 tons and ulider . . 
-LO1 to425 tons . . . 
426 ,, 450 ,, . . . 
451 ,, 475 ,, . . . 
476 ,, 500 ,t . . . 
501 ,, 525 ,, . . . 
526 ,, 530 ,, . . . 

Average Coal 
consumed per Ton-mile based on total 

Coal for all purposes. 

11 Simple Engines. 

Lb. 
0.200 

0.212 

0.188 

0.166 

0.190 

0.183 

0.184 

1 Compound Engines. 
._ 

~~ 

i Lb. 
0.210 

0.202 

0.191 

0.186 

0.181 

0.169 

0.171 
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work done into ton-miles the general result is shown in Table 14 
(page 446). For this purpose, i t  is assumed that 300 tons per mile 
hauled is a reasonable figure for the class of shunting undertaken 
by these engines, and i t  will be seen that the general result is 
4.44 per cent. in  favour of the compounds. When, however, the 
weight of the cngiue is included, this figure is increased to 
4.76 per cent., but if the coal consumed during the periods of 
detention is not deducted, the last two figures become respectively 
4.44 per cent. and 4-86 per cent. A further analysis of the 
coal consumption is given on Table 8, showing comparisons for 
hauling loads under given limits, and i t  will  be noted that the 
average amount consumed per ton-mile gradually decreases as the 
load increases. 

There is another feature in the comparison between these engines 
which should not be overlooked, namely, ‘( time element.” It is 
important, because this factor can place the coal consumption on 
either side of the balance-sheet. 

The VALUE of an engine as a hauling machine may be said tc vary 
Inversely as the coal and oil per ton-mile, and 
Inversely as the minutes per mile, 

. .  1 
minutes per mile x c o d  and oil per ton-mile. 

Value = _ _ _ _ _ _ ~ ~  

When including oil, i t  is expedient to convert the same into a 
coal value. I n  the case of the compounds, it was found that the 
money value of 100 pints of oil was equal to the cost of one ton of 
coal. With reference to the superheaters, the equivalent was 
60 pints per ton, due to increased cost of that used for lubricating 
pistons and valves. The cost for carriage of coal has been deleted 
in each case. 

A summary of all the results of working, for both simple and 
compound engines, is given in Table 9 (page 430), together with the 
corresponding figures for non-superheater and superheater engines, 
which will be described later. 

I n  order to enable tho different items to be more readily 
compared, the quantities have been given descriptive compound 
names, having the following definitions :- 

2 H 2  
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TABLE 9. 
Shlwing Performances of Simple and Coinpoiind, Non-Siiperheater, and Superheater Goods-Engines. 

i /  
Total time and total 

per 
ton-mile for in- 
dividual sectiou of 

coal and oil cxpressscl 

working. 

Particulars, iucluding employment of the 
cquation (page 429). 

l'otnl time per engine-mile , . min. 
Total coal and oil per total ton-mile. Ib. 
Decreasc in favour of . . per cent. 
Total time per tractiou-mile . . miu. 
Total coal and oil per traction ton-mile lb. 
Decrease in favour of . . pcr cent. 
Total time per train-mile , . miu 
Total coal and oil per train ton-mile . lb. 
Decrease in favour of . . per cent. 

/ 

T~~~ and coal and oil 
fortbeinaividualsec- 
tions of es- / 
pressed per mile aud ' 
per ton-mile. 

' 

Total time per engine-mile . . min. 
Coal and oil per total ton-mile less cod for 

detentions . . . . . Ib. 
Decrease in favour of . . per cent. 
Time per traction-mile . . . min. 
Coal and oil per tmction ton-mile, less coal 

for detentions . . . . lb. 
Decrease in favour of' . . per cent. 
Time per train-mile . . . min. 
Coal and oil per train ton-mile, less coal for 

detentions . . . . . lb. 
Decrease in favour of . . per cent. 
Runuiiig train time per traiu-mile . min. 
Coal and oil per train ton-mile, less coal for 

detentious . . . . . lb. 
Decrease in favour of . . per cent. 

11 
Simple 

Engines. 

7.88 
0.14783 

8 .45  
0.18377 

12.37 

--__ 

- 

- 

0 * 24022 - 

7.88 
0 13043 
- 

5.91 
O.l(i257 
- 

6.43 
0 . 2  1142 
- 

4.04  
0.21142 
- 

Figures for : - 

11 

Engiiics. 
C0mp:)und 

7.45  
0.1-11Ok 

8.00 
0.17732 
9.8 

10.89 
0.21836 

24.9 

10.6 

7.15 
0.12394 

11.3 
5 .45  
0.15572 

13.2  
6.07 
0.19196 

16.8 
3.8; 
0.19196 

1G.3 

8 .24  
0,14138 

8.84 
0.17713 

- 

- 
13'7 
0'23095 - 

8'24 
0'12923 
- 

6.24 
0.16185 
- 

G.79 
0 . 2  1 os5 
- 

4.19  
0,210S5 
- 

8.09 
0.12507 

8.63  
0.15721 

13 .3  

13'5 
13.2 

16 .3  
0,20249 

5.09 
0.11 257 

14.6 
6.04 
0'14161 

16.0 
6 . 6  
0.1 s249 

3 95 
0.15243 

16.G 

19 .3  
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(1) Total tin~e.-Time that engines are under steam for all 
purposes, including 40 minutes per day for shed duties. 

(2) Traction time.-Time that engines are used for haulage. 
(3) Train time.-Time that engines are on train work including 

(4) Running time.-Time taken in running from point to point 

Total time excluding shunting, assisting, ballasting, 

detentions. 

when hauling paying loads, or, 

light engine, detention time, and shed duties. 
( 5 )  Engine-miles.-Miles run by engines for all purposes. 
(6) 2'~action-miles.-Engine-miles less light engine-miles. 
(7) Train-miles.-Miles run when hauling paying loads. 
(8) Total engine ton-miles.-Paying loads hauled in ton-miles, 

plus weight of engine multiplied by total miles run by 
engine plus assisting, shunting and ballasting loads at 
300 tons per mile for simples and compounds, and 200 
tons per mile for superheaters and non-superheaters. 

(9) Traction ton-miles.-Tons hauled behind drawbar, including 
assisting, shunting, and ballasting. 

(10) Train ton-miles.-Paying load hauled multiplied by train- 
miles. 

. Total time (11) Total time per engi@e-mde.- ~ -.-& 
Engine-miles. 

(12) Total time per traction-mile.- time' 
Traction-milz 

(13) Total time per train-mk- 
Train-miles. 

. . Runningtime (14) Running time per traan-male.--, ,--;- y-: 1 rain-miles. 
Shunting and ballasting is taken at 6 miles per hour. 
Light engine and assisting ,, ,, 10 ,, ,, ,, 

Total-time. 
I 

I I I I 
I 

Traction. Light engine. Shed duties. Detentions, 

I I I 
Train. Shudting. Assisting. Ballasting. 

I 
I I 

Runningtime. Detentions. 
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The same prefixes are also used in connection with mileages and 
ton-mileages. 

The author considers that at least three more years' working 
must be obtained from the compound, before true coal consumption 
and maintenance can be ascertained. It is stated in some quarters 
that the additional cost of maintenance, due to increased complication, 
more than neutralizes the advantages gained in fuel saving. The 
11 compounds which have been in service on this railway since 
June, 1907, have been no heavier on repairs than the simple engines, 
and results seem to point to the maintenance cost being lower. 

The following summary is extracted from Table 9 (page 430) in 
regard to the economy of the compound over the simple engine, and 
of the superheater over the non-superheater : - 

TABLE 10. 
- 

No. 

1 

2 

3 

4 

5 

c; 

7 

- 

Oompouiiding. 

per cent. 
I On basis of Total-time per engine-mile, 

and Total-coal and oil pcr engine- 1 ton-mile . . . . . 
[On basis of Total-time per traction- 

mile, and Total-coal and oil pcr I tractiou-ton-mile . . . . 
[On basis of Total-time per train-mile, 

and Total-coal and 011 per train- I ton-mile . . . . . 
10" basis of Total-time per engine-mile 

and Reduced-coal only, and oil per I engine-ton-mile . . . . 

On basis of Traction-timo per traction- I mile and Reduced-coal only, and oil 1 per traction-ton-mile . . . 
On basis of Train-time per train- 

[ milc and Reduced-coal only, and oil I per train-ton-mile . . . . 
On basis of Running-time per train- 

mile and Reduced-coal only, aud oil 
per train-ton-mile . . . . 

9.s 

24.9  

I 
I 

i 
11.3 

13.2 

16.8 

16.3 

Superlieating. 

per ceiit. 

13.3 

13.5 

1f.i.:: 

l4.G 

16.0 

l f i .6  

13 .3  
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This epitome clearly shows how results in locomotive working 
am influenced by the range of operations involved, 

SUPERHEATING. 
Having now reviewed compounding, from both a theoretical and 

practical standpoint, i t  will be interesting to consider the question 
of superheating. 

Although no new principle-its value having been known almost 
from the time of the inception of the steam-engine-a stage has now 
been reached when it  deserves serious consideration, as one of the 
methods for reducing cylinder losses. Viewed from this aspect, i t  
is natwally brought into comparison with compounding, and the 
question arises, “which of the two principles is the more 
advantageous? ” Both systems attain their object by permitting a 
greater number of expmsions. I n  the case of the superheated 
engine, this has to be accomplished in one cylinder, and to maintain 
the power of the engine, and utilize the superheat, a larger diameter 
of cylinder with an earlier cut-off is employed. There are two 
main systems, namely, ‘‘ high superheat ” and ‘‘ low superheat,” the 
former being more than 300” F., and the latter lese than 100” F 
above saturation point. 

Under 
actual working conditions, the goods-engines, both simple and 
compound previously mentioned, have an average cut-off of about 
50 per cent. Authorities state that “ the maximum tractive effort at 
slow speeds is obtained with 45 per cent. cut-off, and the greatest 
normal output with 30 per cent. cut-off,” when superheat is used. 
I t  is reasonable, therefore, to assume an average cut-off of 35 per cent. 
under superheating conditions. 

The author will confine his remarks to high superheat. 

The cylinder clearances of the four types of engines are- 
Simple . . . . . . . .  7.4 per cent. 
Compound H.P. . . . . . .  12-36 .. 

,, L.P. . . . . . .  3.76 .. 
Superheater (assumed) . . . . .  12.0 ,, 

N.B.-12 per cent. clearance is the usual practicc on the Continent, the 
1,. and Y. Passenger Superheater Engines have 9-88 per cent 
clearance, but the Goods have only G.31 per cent. 
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Allowing for condensation losses, assumed at 15  per cent. in  the 
compound, the theoretical number of expansions is reduced from 
3 - 6 3  to 3.09, and assuming no such losses in the superheater 
cngine, the number of expansions is :- 

Simple . . . . . . . . .  1.87 
Compound . . . . . . . .  3’09 
Superheater . . . . . . . .  2.38 

,, allowing for enhanced volunio . . 2.97 

N.I’,.-The enhanced volume is based upon the fact that about 25 per 
cent. less weight of steam at 200° F. superheat is necessary, and 
the above figures show that the compound is slightly superior to 
the superheater, when regarded from the point oE view of expansion 
range. 

The object of high superheat is to maintain the steam in a dry 
condition throughout the stroke. There are two condensation losses, 
namely, that duo to steam meeting cylinder walls, etc., during 
admission, and that due to conversion of heat into work during 
expansion. The expansion period lengthens as the cut-off decreases, 
and, consequently, if the superheat is correct for the earlier cut-offs 
with their long periods of expansion, i t  is too great for the later 
cut-offs, and the exhaust steam may carry with it a considerable 
quantity of heat, thereby reducing efficiency. It would appear that 
there is less flexibility with a superheater engine, as no doubt a 
great loss of heat occurs when the engine is being forced. I t  will 
be inferred from previous remarks that there is considerable 
difficulty in designing a compound engine which will deal in a 

satisfactory manner with the varying quantities of steam admitted 
to the high-pressure cylinders. No such difficulty exists with a 
superheater engine. 

After duly considering the available facts, the author commenced 
his practical investigations by applying Schmidt’s system to an 
existing design of 6-wheeled coupled goods engine, Fig. 2 (page 402) 
a d  Fig. 8, Plate 30. The application demanded alterations, such as 
boiler tube-plate details, larger cylinders, smoke-box arrangement, 
etc. ; Fig. 6 (page 403) Fig. 11, Plate 30, and Plate 32, illustrate the 
design after alterations. The opening in the regulator was reduced in 
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area from 1 9 - 6  square inches to 13.28 square inches; the steam-pipe 
having an area of 19.6 square inches and the superheater tubes 19.56 
square inches. The valves were of the piston type with inside steam 
admission. The piston-rods were provided with air-cooled metallic 
packing. The employment of automatic anti-vacuum valves and 

TABLE 11. 

Diameter of cylinders . . . in. 
Stroke of piston . . . . 111. 
Length of ports . . . . in. 
Width ofsteam-ports . . . iii. 
Width of exhaust-ports . . . in. 
Area of steam port-passages . q. in. 
Area, of &team-ports . . sq. in. 
Area of exhaust-ports . . 6'1. in. 
Lap of valve . . . . . in. 
%d of valve . . . . . ill. 
lravcl of valve . . . . 111. 

TVBES. 

Ordinary fire-tubes, 13 in. O.D. . . 
Special fire-tubes, 42 in. O.D. . . . 
Superheater tubes, 18 in .  O.D. . . . 
Length between tube plates . . . 
Heating surfnce, outside tubes . q. ft. 

,, fire-box 
,, total . . ,, 

Superlieator surface, inside . . ,, 
Grtte area . . . . . ,, 
Working pressure . . Ib. per sq. it]. 

Weight of engine, empty, leading . . ., driving . . 
,, trailing . . 

Totals . . . 

Weight of engine, full, leading . 
,, trailing . 

Tutds . . 

> >  ,, driving . 

Non- 
superheater. 

207 - 
- 

10' 9g' 
1022.5 
10i .6  

1150.1 - 
18.75 
1 so 

T. c. I>. 
12 11 0 
14 2 0 
13 5 0 

38 18 0 

1:; It; 2 
15 0 0 
13 (i 2 

42 3 0 

Superheater. 

20 
26 
192 
la 
3 

21.0 
23.9 
67.5 

1 3  
16 

4a" 

106 
18 
51 

762.5 
108.1 
870.6 
191.1 
18.75 
180 

T. 0. Q. 

10' Sf 

15 2 2 
14 1 0 
11 15 2 

10 19 0 

1 3  14 0 
16 9 2 
12 1 2 

14 5 0 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


436 COMPOUNDING AND SUPERHEATING. Y A R C I I  1910. 

a by-pass valve gave freedom when coasting. Relief valves were 
also used on the cylinders and steam-chest, to obviate any danger 
from accumulation of water. Lubrication, which is important, is 
performed by a 6-feed mechanical lubricator (Ritter). A Steinle- 
Hartung pyrometer is fixed in  the cab to indicate the temperature 
in the header, and a pressure-gauge shows the steam-chest pressure. 
Further particulars of these engines are given in Table 11 (page 435). 

At the cnd of ten months’ working, investigation showed that the 
superheater could haul 10 per cent. more load than the non-superheater 
engines of the same class, and, consequently, their rating has been 
enhanced by this amount. A further six months elapsed, and the 
results were so promising that the author resolved to build twenty 
more superheater goods engines, similar in all respects to those in 
service, and also apply superheaters to some passenger engines. He 
also, in order to obtain reliable information, decided to investigate 
every detail in connection with the working of these engines, on 
similar lines to those carried out on the compounds. The details 
of these investigations are embodied in Tables 7, 9 (pages 426-7, 
430), also in Tables 15 and 16 (pages 447-9). 

Table 16, deduced from the drivers’ returns and guards’ road 
notes, shows for the non-superheater and superheater engines a train- 
mileage 53,000 and 69,000 respectively ; a ton-mileage of about 
19 millions and 25 millions; a total coal consumption of about 
44- millions and 5 million pounds, which represent an economy in 
total coal per train-mile of 12.6 and per ton-mile of 12.4 per cent. 
in favour of the superheater. The average tonnage per train-mile 
exclusive of engine was 364 tons. The non-superheater engines ran 
60 per cent. train to engine miles, and the superheaters 61 per cent. 
An epitome of the coal consumed per ton-mile is given in Table 7 
(pages 426-7). Eliminating other than selected work of both types 
of engines, the economy in coal is 12.93 per cent. per ton-mile for 
the superheater (we Table 7). When under steam the actual coal 
consumption for this class of engine is 3 cwt. per hour. I t  was therefore 
decided to deduct If cwt. per hour for the time the engines were 
standing. Table 15 (page 447) gives the results, after this deduction, 
when it will  be seen there is an economy of 13.65 par cent. in favour 
of the superheater. On this samo Table, a further comparison is 
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made by converting the whole of the work into ton-miles, assuming 
200 tons per mile hauled for the class of shunting done bythese engines. 
The economy now becomes 12.7 per cent. when the weight of engine 
is not included (Table 15). When, however, the weight of engine is 
added, the economy decreases to 12.0 per cent.; but if the coal 
consumet’l during the detention period is not deducted, the figures 
become 11.0 and 11.7 per cent. respectively. Table 9 (page 430) 
gives the results when the engines are considered under the ‘‘ time 
element,’’ and coal and oil consumed, as in the cafie of the compound. 
I t  will be observed in perusing these figures, that the compounds 
saved more time on the road than the other three classes. On the 
running train time per train-mile basis, this gain amounted to 8 * 6 
minutes in every hundred minutes, as against 5.0 minutes for the 
superheaters-a relative time economy of 3 . 6  per cent. In  regard to 
the question of coal economy, the superheater engine shows an 
advantage over the compound, i f  time element, together with coal and 
oil, are included after deductions are madc for detentions, light engine, 
shunting, etc. ; but when these detentions are included, the compound 
is more economical than the superheater. These results point to 
the fact that the frequent stappages of trains are prejudicial to 
superheating. When a stoppage takes place for about four minutes, 
the temperature of the superheater elements drops to about that of 
saturated steam, and it is owing to the superheating system having 
to be re-heated after each stoppage that the economy is reduced. 
The same remark applies also to lines which are made up of heavy 
undulations, where probably half the distance is run with a closed 
regulator. I t  seems reasonable to expect that the greatest economy 
will be attained on runs of long distances, over fairly level roads, 
where the regulator is kept open for the greater portion of the journey. 

Passenger 8uperhraters.-Five engines of the 8-wheeled bogie 
passenger class, Fig. 6 (page 403) and Fig. 12, Plate 30, have also been 
fitted with superheaters (Schmidt’s system). Four of these engines 
have 20-inch cylinders, inside steam admission piston-valves, operated 
by the Walschaert motion. The fifth engine has only 19-inch 
cylinders with unbalanced valves D type, and the standard Joy 
motion. 
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Table 12 gives the leading particulars of theso two types of 
engines, and also of the non-superheater passenger engine :- 

TABLE 13. 

Diairietcr of cylinders . . in. 
W o k e  of piuton . . . in. 
Lengtliofporta . . . i n .  
Width of steam-ports . . ill. 
Width of exhaust ports . in. 
Area of steam-port passages b q .  in. 
Area of steam-ports . sq. in. 
Area of exhaust port . sq. in. 
1,ap of valve . . . in. 
Lead of valve . . . in. 
Trnvelof valve . . . 111. 

TUBES. 
Ordinary fire tubeu, 12 in. O.D. 
Special ,, 42 ,, 
Superheater tubes 12 in. O.D. 
Lciigth between tube plates . 

. 

. . 
HEATING SIJ~LFAGE. 

Outside tubes . . sq. ft. 
Fire-box . . . sq. ft.  

Total . . sq. ft. 

Superheater surface, inside sq. ft. 
Grate area . . . aq. ft. 
Working premure lb. pcr bq. in. 

Weight of engine empty, bogie . 
,, driving . 
,, trailing . 

Total.  . . . . 
Weight of engine full. bogie 

,, ,, driviug . 
,. ,, trailing . 

Total . . . . . 

Superhea.tei 
with piston 

valve. 
Fig. 6. 

20 
2G 

1 "  
3 

:io.3 
31.7 
69.8 

19:i 

17j 
& 

6 22 

106 
18 
54 

11 0 

778 
108.1 

886.1 

209.9 
18.75 
180 

T. c. Q. 
14 5 1 
18 4 3 
12 14 0 

45 4 0 

15 2 0 
17 16 0 
15 5 0 

48 8 0 

Superheater 
with D 

slide-valve. 

1 !) 
26 
135 

1; 
3if 

2 3 . 6  
21.:; 
46.5 

1 

5 
Y 16 

I06 
18 
54 

11 0 

778 
108.1 

886.1 

209.9 
18.75 
180 

T. c.,y. 
14 0 0 
17 18 0 
12 6 0 

44 4 0 

14 17 2 
17 18 0 
14 15 2 

47 11 0 

Non-super- 
heater with 
1 slide-valve 

Fig. 3. 

18 
26 

1" 

21'0 
19'7 
43.0 

1 
i6 
5 

123 

3; 

3 

"07 
- 
- 

11 0 

1043'2 
107.6 

115o.s 

- 
18.75 
180 

T. c. Q. 
12 16 0 
1& IS 3 
13 11 1 

41 6 0 

1:: l C  0 
I(; 10 0 
1& 10 0 

4,i 1ti 0 
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A special feature of the superheater engine with slide-valves is 
the method of lubricating the valves, pistons, and pacliings, Figs. 60 
to 65 (page 440). 

Lubricution.-For lubrioating the valves, the cylinder port faces 
are provided with a number of small holes, fed by oil from a single 
pipe connected to a mechanical lubricator (see Figs. 64 and 65). T o  
further ensure oil being properly distributed, the faces of the 
valves themselves have also several small holes. The piston-rods 
and valve-spindles have forced lubrication supplied to the steam 
side of the packing, also the cylinder barrel receives oil from the 
same lubricator. At first, cast-iron valves were used, but proving 
unsuitable, bronze valves were substituted. No undue heating has 
been experienccd with either valves, pistons, valve- or piston-rods, 
even with non-stop runs of seventy minutes, proving that air-cooled 
devices for metallic packing, as used in Germany and elsewhere, are 
not necessary when the method of lubrication is an efficient one. 
Both balanced and imbalanced valves have been tried on the 
Continent with doubtful success, probably due to some defect in 
the system of lubricating, but the method tried by the author proves 
that even unbalanced valves can be opertltcd successfully under 
highly superheated steam, providing the lubricant is  properly 
administered. 

These engines have now been in operation several months, and 
the coal saved, computed from figures obtained from the drivers’ and 
guards’ returns, is  21.4 per cent. per train-mile, and 21-9  per cent. 
per ton-mile. The anthor does not produce details as to how thesc 
figures are obtained, but it may bo taken that the same method was 
observed as with the goods-engines. I t  will be gathered that the 
superheating of passenger-engines shows greater economy than the 
goods, and this may be attributed to the fact that shunting, light 
engine, ballasting, and detentions, are small factors in the working 
of passenger-engines, as nearly 90 per cent. of the engine-miles are 
train-miles. 

The slide-valve engine is not so economical as the piston-valve 
engine, the saving being 18.5 per cent. per train-mile, and 15.3 
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MARCH 1910. COMPOUNDING AND SUPERHEATING. 441 

per cent. per ton-mile, but in  oil consumption it is 7 per cent. lower. 
The reason for the greater consumption of coal is, that the piston- 
valve engines have 20-inch diameter cylinders compared with 
19 inches for the slide-valve engine. The valve-motion of the 
latter engine is arranged to give 10 per cent. later cut-off than the 
former when operating in the usual running position of the reversing 
lever. This later cut-off is probably detrimental to coal economy 
as, owing to the shorter expansion range, some of the superheat is 
lost without doing useful work. 

Owing to the increased tractive effort of these superheaters, they 
were put in the same link as the 10-wheeled “ Atlantic ” type, which 
are 14 tons heavier, and consequently the work performed is all the 
more to the credit of the superheater engines, although it  is not 
contended that they can negotiate the maximum performances of the 
&‘ Atlantic ” engines. 

The author has not obtained the water consumption in any case, 
but it naturally follows thc fuel economy. The extra first cost of 
construction and the question of maintenance can be brought out 
during the discussion. 

The Paper is illustrated by Plates 30 to 35 and 39 Figs. in the 
let terpress. 
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!frs. 
G444 
671' 
GI1 
393 
321 
201 
824 
3;7 
472 
330 
315 
403- 
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Mi1 
10 
10 
31 
13 
84 
57 
69 
56 
16 
35 
5 

38 

LANCASJTJRE AND YORHSHIRE RAILWAY. 

TABLE 13 (continued on opposite page). 

Summary of Working of Eleven Cornpound 8-zL'iieelecl Coupled G o d s  
Tender-Engines. 

ENGINE-HOURS, DETENTIONS INCLUDED IN ENGINE-HOURS, COAL A y n  CiIL I \ED, 

TRAIN-, ENGINE-, AND TON-MILES. 

1007 to November 190'3, i,idusii>e. 

0434 
2685 
2545 
1825 
1708 
1648 
1879 
1984 
1501 
3135 
1715 
1032 
L768 

Alonth. 

34 
50 
10 
45 
52 
40 
15 
30 
0 

'10 
35 
55 
25 

12 months 
ending 

Nov. 1!lOS 
Dec. ,, 
Jan. 1909 
Feb. ,, 
Mar. ,, 
Apr. ,, 
May. ,, 
June ,, 
July ,, 
4ug. I ,  

Jept. ,, 
3ct. ,, 
vov. ,, 
2 iiior~tlis 
ondiug 

VOV. 1909 

rottti: 24 
mouths 
ending 

vov. 1909 

Engine- 
Hours. 

! - M I  

i484f 

37 

11 

Goods 
Train 

Deten- 
tions. 

\ 
Goodr 
Train 
Miles 
from 

h a r d '  
Road 

Notes 

16945L 
1214f 
1253( 
8022 
8235 
9245 
!c8ti.- 

1166t 
14850 
1244u 
10296 
11508 
11459 

32284 

101742 

Goods Train- and Engine-Miles 
. from Driver's Return. 

d 
2 
3 

." 

ti957L 
1213; 
1255: 
80lt 
8275 
023: 
98:11 

I1 66! 
14844 
12455 
10196 
11509 
ll4til 

32280 

01858 

h i  
.A + 
m ." 
: 

131 
4( 
4( 

4 
1 4  
2E 
1 2  
53 
62 
20 
35 
37 
37 

88 

19 
I 

oi 
d 1 
E+ - 
r +2 

3 

7536806( 
5897685 
(il.19035 
4125402 
402197t 
4552752 
48391 89 
5567215 
6905237 
5785534 
4749155 
5640067 
5509784 

i3743133 

1111193 
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- 

per 
1‘011- 
Mile. 

0.187 
0.195 
0’193 
0.204 
0.201 
0.188 
0.188 
0.178 
0.172 
0.167 
0.176 
0.1761 
0.169 

0’183 

0.185 

443 

d 

3 
d 
0 

~ 

1233. 
95 
861 
63! 
671 
66 
761 
841 
991 
81! 
631 
741 
69r 

928‘ 

2161! 

LANCASHIRE AND YORKSHIRE RAILWAY. 

Per 
Train- 
Mile. 

(continued on next page) TABLE 13. 

Pq’ Engine 
Mile. 

Sicmniarg of Working of Eleveii Compound 8-wheeled Cozyled Goods 
Tender-Engines. 

EXGISE-HOURS, DETENTIONS INCLUDED IN ENGINE-HOURS, COAL AND OIL USED, 

TRAIN-, ENGINE-, AND TOX-DIILES. 

Froin December 1907 to Abvember 1909, iiicltcaiee. 

85-49 
94.63 
94-85 

105-34 
98.39 
92-87 
92.27 
85.56 
80.13 
77.77 
81-39 
86.67 
81.42 

88.36 

86.75 

Total 
Coal 
used. 

59-09 
61.19 
63.03 
64.92 
61.82 
63.03 
53.97 
58.36 
55.56 
52’76 
56‘11 
60.29 
59.42 

59.44 

59’25 

lb. 
665373 
137491: 
139395: 
97720( 
91850( 
95681t 

112280( 
135027: 
109875: 

94381t 

104451: 

101942i 

113310! 

333406( 

19987791 

Lb. of Coal used. 

Less for 
Detention 

3 cwt. 
per hour. 

lh. 
2165201 
225512 
205469 
132121 
108046 
98195 

109172 
128625 
1586SO 
131236 
105868 
135621 
111439 

1644984 

3810185 

Net for 
rraction. 

lb. 
14488535 
1149400 
1188483 
845079 
810454 
858661 
910252 
999175 

1191592 
967516 
837948 
997483 
933073 

11 6S9076 

26177611 

I Qverage Conslimption 
of Coal in lb. 

- 

I 
U : 
.e 3 

R 
D = 
0 

- 

062: 
78 
801 
61: 
60: 
574 
73: 
841 

1004 
82 
7% 
xol 
75: 

905! 

Pints of Oil used. 

- 

-$ 
P - 
8 

3 
3 c. 

- 

235’ 
173: 
1671 
125 
127! 
123i 
149! 
168  
1991 
lti4( 
1351 
1541 
145 

534: 1 9681 41301 

Average Consurnp- 
tion of Oil per 

13.54 
14.25 
13.34 
15.59 
15-52 
13.33 
15.15 
14.46 
13.45 
13.18 
13.17 
13.43 
12.66 

13.86 

13.68 

2 1  
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LANCASHIRE AND YORKSHIRE RAILWAY. 

TABLE 13 (continued on opposite page). 

Summary of Working of Eleven Simple 8-wheeled Coupled Goods 
Tender-Engines. 

ENGINE-HOURS, DETENTIONS INCLUDED IN ENGINE-HOURS, COAL AND OIL USED, 
TRAIN-, ENQINE-, AND TON-MILEB. 

From December 1907 to Noumber 1909, inclusive. 

Month. 

12 months 
ending 

xov. 1908 
Dec. 
Jan. 1ih 
Peb. ,, 
Kar. ,, 
kpr. ., 
May ,, 
rune ., 

4UK. ,, 
Sept. ,( 
lot. ), 
xov. ), 

L2 months 
ending 

xov. 1909 

rotal: 24 
months 
ending 

goy. 1909 

w ,, 

Engine- 
Hours. 

Hrs. Min 
14531 56 
3378 55 
3083 30 
2342 30 
1940 50 
1717 44 
1840 30 
2277 30 
2344 35 
2046 15 
2481 5 
2154 0 
1851 55 

!7459 9 

i1991 5 

Goods 
Train 

Deten- 
tions. 

Goods 
Train- 
Miles 
from 

hard' 
Road 

Notes. 

185948 
13985 
11610 
8733 
6154 
58?A 
7617 
9144 
9473 
8SSR 

116.12 
11753 
9855 

14690 

100638 

Goods Train- and Engine-Niles 
from Driver's Return. 

d 
.-I 

i; 

85699 262~1606s 
13990 34 173.3 
11629 72 1841 
8729 111 111C 
6170 105 114C 
5851 103 104E 
7630 93 971 
9142 149 1842 
9496 119 1607 
8878 124 1506 

11660 167 188s 
11800 50 1181 
9855 15 85-1 

14830 1142 16125 

00529 1404 2194 

69291 
7185 
7114 
6731 
5615 
5031 
500; 
5831 
5865 
4931 
6114 
4535 
3885 

X84f 

37141 

22!M 
3070t 
1671s 
1302: 
120Hf 
1377s 
l716t 
1719E 
15551 
193s: 
l757( 
1461: 

0069; 

72083 

Ton-Miles. 

8467728 
658182 
547678 
399616 
306191 
289331 
376764 
426128 
454208 
441606 
560641 
569272 
472573 

5502095 

3969823 

- 
a 
ma 

3 .E 

:K 

3 a 
& 2  
$ 
22 
- 

455 
47(1 
471 
457 
497 
495 
4 94 
466 
479 
496 
48 1 
484 
479 

479 

464 
- 
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E:: 
used' 

445 

Less for 
Dctentions Net for 

per hour. 
3 cwt. Traction. 

Per per I Engine. 
Mile. 

LANCASHIRE AND YORESHIRE RAILWAY. 

(concluded) TABLE 13. 

Summary of Working of Eleven. Simple 8-wheeled Coupled Goods 
Tender-Engines. 

ENGINE-HOURS, DETENTIONS INOLUDED IN ENGINE-HOURS, COAL AND OIL USED 

TRAIN-, ENGINE-, AND TON-MILES. 

From December 1907 to November 1909. iiiclusice. 

16149386 
1440834 
1318851 
1073555 
862501 
785135 
878326 

1061312 
1037803 
911148 

1104512 
1047357 
973509 

Lb. of Coal used. 

86.84 
103.02 
113.59 
122-93 
140'15 
134.53 
115'31 
116.06 
109'55 
102-51 
94.87 
89'11 
98-78 

Average Consumption 1 I 1 of Coal in lb. 

2.38 
3.80 
5.63 
7.84 
7'47 
5-91 
6.89 
6.23 
5-09 
3.53 
13-10 
L2.58 

7.55 0'026: 
7'74 0.029: 
8.16 0.034: 
8.42 0.035f 
8-47 0.035: 
8-79 0.032: 
8.99 0-036; 
8'94 0-033t 
8.62 0.0304 
8'12 0.0281 
8'76 0'027( 
8.48 0'026: 

lb. 
8530526 
1711472 
1550888 
1190416 
966784 
869880 
954352 

1168832 
1162672 
1026592 
1239802 
1190598 
1098160 

4130448 

2660974 

lb. 
2381140 
270638 
232037 
116861 
104283 
84745 
76026 

107520 
124869 
115414 
135290 
143241 
124651 

1635605 

4016755 

lb. I I 
59..50 
62.80 
63.69 
64.21 
ti6.20 
65.22 
63.74 
61.81 
60.34 
58.59 
56.96 
59'61 
66.62 

- 

Per 
Ton- 
Mile. 

0.190 
0.219 
0.241 
0'268 
0.281 
0-271 
0'233 
0'249 
0'228 
0.201; 
0'197 
0'184 
0'206 

0.227 

0'205 

- 

5 
B 
3 

- 

186: 
961 
89E 
78: 
617 
564 
61f 
80( 
77: 
69t 
83; 
78: 
67: 

90oc 

087! 
- 

Pints of Oil used. 

- 

d 

5 .d .-. 
A 
b - a 
- 

997: 
771 
70.1 
5% 
481 
4% 
594 
74: 
76: 
64t 
73c 
75: 
56: 

780: 

- 

- 

% 
2 
5 

;; 

3 

3 

c 

- 

1814 
173: 
160: 
1361 
1091 
1021 
121; 
154: 
153f 
134: 
157f 
154( 
124( 

681 

865! 
- 

Average Consump- 
tiou of Oil per 

3 1 3  
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TABLE 14.-Lancaskire and Yorksliiie Railway. 

-~ ~~ 

300529 

1404 
137141 

815 

139360 

- 
~ 

- 
439889 - 

k72083 x 95 tons 

47208'3 

300523 

1404 
- 

F'rction of Work. 

lb. 
139698233 3266097 

- - 
- - 

- - 

41808000 - 

181506233 3260097 

44847885 - 
__-- 
226354118 3266097 

139698233'28644221 

- - 
- - 

Tinin 

13714 1 
815 - 

139360 - 
439889 

472889 x 95 tons 
- 

Sundries-Assisting . 
Shunting . 
Ballasting. 

- - 

41808000 - 
-- 
181506233 2864422! 

44847885 - 
__- 

Sundries estimated a t  
300 tons per train-mil? 

Tctal Traction Wurk 
(train + sundries) . 

Addition for Enginc . 
Gross Total . . 

Train . . . 
Sanclries--Bssisting . 

Shunting . 
Dallaeting. 

Sundries eEtirnatcd at' 
ROO tons per train-mile) 

Total Tractinn Work1 
(tiain + sundries) . J 

Addition for Engine . 
Gross Tutti1 . . 

11 Simple Engines. 

Ton- Con1 
miles. Used Miles. 

Coal 
per 

l'on- 
mile. 

I b .  
0.234 

- 
- 
- 

- 

0*1.8( 

- 

0.141 

11 Compound Engipes. 

DIilcs. 

301858 

919 
108410 

12 

109341 

411199 

~ 

- 
- 

41811 x 101 ton! 

441811 

301S58 

919 
108410 

12 

109341 

411199 

- 
- 
- 
~ 

11811 x 101 ton 

441811 

Coal 
Ton- Coal per 
miles. Used. Ton. 

mile 

lb. lb. 
141111193 29987796 0.21 

- - 
- - - 

- - - 

3?802300 - - 

173913493 29987796 0.17 

446229111 - - 

218536404 29987796 0'13 I 
.41111193 26177611 

- - 
- - 

0'185 

- 
- 

- - - 

32802300 - - 

173913493 26177611 0.150 

44622911 - 

218536404 ---I 26177611 I -  /l.12( 

- 
Saving 
n Coul 
Ier ton- 
nile in 
favour 
f Com- 
pound. 

icr cent 
-. 

9 . 4  

- 
- 
- 

- 
4.44 

- 
4.86 

9.73 
- 
- 
- 
- 

- 

4.44 

- 
4 . X  
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TABLE 15.-.Lancasl~ire and YorLshire Railtcay. 
~ 

Section d Work. 

Train . . . 
Sundries-Assisting . 

Shunting . 
Ballasting. 

Sundries estimated at 
2OOtons per train-mile 

Total Traction Work 
(train + sundries) . 

Addition for Engiuc . 

G r o s  Total . . 

Traiu , . . 

Sundrics-Assisting . 
Shunting . 
Ballasting. 

Sundries estimated at 
200 tons per train-mile 

Total Traction Work 
(train + sundries) . 

Addition for Engine . 
Gross Total . . 

I 
Non-Superheater Engine. 

Miles. 

55156 

435 
29030 

Nil 

- 

29465 

84621 
I 

,5582 x 71 tons 

85382 

55166 

435 
29030 

Nil 

29465 

84621 

35582 x 71 toile 

88582 

-_ 

~ 

- 
-_ 

Ton- 
miles. 

19235501 

- 
- 
- 

5893000 

25128501 

6282678 

-- 

31411182 

19235501 

- 
- 
- 

5893000 

25125501 

6 2 8 2 6 7 E 

-- 

31411152 

mile. 

4331262 0'2.75 

- - 

- I: 
4331262 10.172 

- I -  
4331262 0.137 

394ti540 i0.205 

~ 

I 
3946840 ~0.12:  

Superheater Ihgiue. 

Miles. 

-~ 

69322 

677 
36037 

Nil 

3ti714 

106036 

113318 x 76 ton 

113315 

- 
-_ 
- 

~ 

69332 

677 
36037 

Nil 

36714 

10GU36 

113345 x 76 ton 

113148 

- 
-_ 
- 

i 

Toll- 
mileu. 

23421696 

- - - 
7342801 

327644% 

841608C 

41180582 
-- 

2542160C 

- 
- 
- 

734285( 

3276-149t 

8416051 

4118058: 
-_-. 

mile. 

- 1 -  

5013680 0.153: 

- - 

5013680 0.1216 

4503SGF 10.177 

I 

- I -  
i 

- I - 
P303SGG /0-110 

laving 
1 Coal 
er ton- 
iile i n  
ilvour 
Supcr- 
eaters. 
- 
21' ceu t. 
12.4 

- 
- 
- 

- 

11.0 

- 

11.7 
-~ 

13.65 

- 
- 
- 

- 

12.7 

- 
12.0 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


448 

11160 11166203 

11545 11746 
16623 16670 
21872 21804 

7925 

COMPOUNDING AND SUPERHEATING. MARCH 1910. 

1496 

180 1226 
131620 
351939 

793624411031 

LANCASHIRE AND PORKSHIRE RAILWAY. 

69324 69322 777312 I b L  

TABLE 16 (continued on opposite page). 

Summary of Working of 6-wlLeeled Coupled Goods Tender-Engines. 

ENGINE-HOURS, DETENTIONS INCLUDED I N  ENGINE-HOURS, COAL AXD O I L  USED, 

TKAIN-, ENGINE-, AND TON-nfILES. 

From 14th Xccy to 30th November, 1909, iricluuice. 

36037 - 113348 25221696 I I  I 

NOS-SUPERHEATER ENGINES. 

nlonth+ 
Engine- 
Hours. 

bray 14 to 

Train- and Engiire-Miles 
from Driver’s Return. 

Goods 
Train- 
Miles 
from 

;uard’s .,d 
ILoad 5 
Notes. 

- 

5112 5116 7: 
6680 5713 10( 
9557 11603 314 

1 3 3 4  13858 24 
18S79 18866 21 

53092 53156’435 5967 I I t  
I ” 

SUPERHEATER ENGINES. 

- 

z 

2 2  

R 

.- 
to G 
x!z = u  

Y 

- 

9’725 
10298 
16914 
21852 
30283 

88582 
- - 

Ton-Miles. 

ti - .- 
7 
2 
e 

1 

E1: 

2053809 
2220461 
3589721 
4856545 
6514968 

19035504 

401 
391 
374 
351 
345 

363 
- - 

390 
388 
357 
35s 
338 

366 
- 
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LANCASHIRE AND YORESHIRE RAILWAY. 

(concluded from opposite page) TABLE 16. 

Summary of Working of 6-wheeled Coupled Goods Tender-Engines. 

EXGINE-HOURS, DETENTIOKS IKCLUDED IN ENGINE-HOURS, COAL AND OIL WED, 
TRAIN-, ENGINE, AND TON-MILES. 

From 14th 1May t o  30th November, 1909, inclusive. 

NON-SUPERHEATER ENGINES. 

Lb. of Coal used. 

Less for 
Detentions 

14 cwt. 
per hour. 

2;' 
used. 

I 
, ~ 

lb. I lb. 
471520 35837 
482830 402x9 
806064 81333 
041488 100557 
529360 126406 

331262 384422 

894880 85132 
632128 64545 
799120 86864 

497104 149105 

013680 509814 

190448 12416s 

N e t  for 
Txaction. 

Ib. 
435683 
442541 
724731 
940931 

1402954 

3946840 

Average Consumption 
of Coal in lb. 

Pef 
Train. 
Mile. 

85.22 
77.91 
75.59 
68.01 
74.31 

74.33 

809748 
567583 
71 3256 

1066280 
1347999 

4503866 

47-22 
42.97 
42.89 
43 ' 05 
46.31 

41.55 
- - 

0.212 
0.199 
0.202 
0.193 
0.215 

0.205 
- - 

$ s 
6 
3 

387 
350 
527 
586 
827 

X i 7  
- - 

SL-PERHEATER ENGINES. 

72.55 
71.61 
60.64 
64.14 
61.63 I 

- 

39.68 
39.26 
37-29 
40.63 
40.66 

0.186 
0.184 
0.169 
0.179 

I0.172 

- 

773 
476 
598 
761 
937 

Pints of Oil used. 

306 693 
310 66U 
471 998 
532 1118 
721 1548 

2310 5017 

Average Conaump- 
tion of Oil per 

13.55 7.51 0.033: 
11.61 6.40 0.029( 

8'08 5.11 0.023( 
8.19 5.11 0.023' 

9'45 5.66 0.026 

10.40 5.90 0.0271 

6.20 .0291 
5'70 .026 
5.34 .024: 
5.04 .022! r 4.73 .0201 

64.96 1 39.73 10-177 13545 12459 I6004 I 8.66 1 5.29 1.023 
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Styp lemeizt. 

At the conclusion of the reading of the Paper, Mr. HUGHES stated 
that he had made an attempt to put some values on the various 
phases of locc,motive working with which he had dealt, and without 
splitting hairs either way the Paper might be summed up in the 
following way : that the economy of the compound engines was equal 
to 9 per cent., the superheater goods-engines to 12 per cent., and the 
superheater pessenger-engines to 21 per cent. With regard to the 
commercial side of the savings, he desired to explain that the average 
first cost of the ten new compound engines was 52260 per engine more 
than the average of ten new sister simple engines, and that if a 
modest 10 per cent. were taken for interest, dcpreciation, and repairs, 
there was consequently a standing charge against each of the 
compound engines of 5 2 6  per annum. During the period under 
review the coal cost the Lancashire and Yorkshire Railway at  the 
pit 8s. 4d. a ton, consequently the economies might be shown as 
under :- 

5 s. ti. 
Colt1 a t  8s. 4d. per ton . . . . . ‘25 19 1 
Water . . . . . . . 2 15 ! J  

Less, increased cost of (:il . 
28 11  10  
0 1 0  0 

28 1 I0 
____ 

If coal nerc taken at 10s. per ton, the savings becarnu L31 3s. Od. for coal 
only, or a total saving of S33 8s. 9tI. 

Tho actual average extra cost of twenty new superheater over 
twenty new non-superheater engines was 2350 per engine, but the 
author had carefully scrutinized the details of this figure, and had 
reason to think that future L t s  of engines could be built for 52300 per 
engine extra. On the 10 per cent. basis for repairs, interest, and 
depreciation, this gave S35 and 5230 per annum respectively, standing 
charges. 
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nr.41tctI 1910. COMPOUNDING AND SUPERHEATIKG. 

Economies as under :- 
E. s. 11. 

Coal st  8s. 4d. per tori . . . . . 3G 3 -1 
Water . . . . . . . 3 1 7  G 

40 0 10 
Less, increased cost of oil . . . . 2 6 3 

-__ 

451 

37 14 7 
. __ 

If cud were taken nt 10s. per tuu, tlio saving6 bccame $43 9s. O t l .  lor coal 
only, or a total of 244 1s. Stl. 

For the passenger-engines, the saving per annum was bct ween 
540 and 550 for coal only ; in addition, there was the economy in 
water consumption, with, of course, a deduction for increased Cost of 
oil. It would, therefore, appear from a commercial point of view, 
titking only one side of the question, the fuel economy, especially if 
other companies were able to get their fuel as cheaply as the 
Lancashire and Yorkshire Railway Co., that there was not very much 
in it, and if compounding and superheating were to be perpetuated 
on a railway like the Lancashire and Yorkshire, or any other railway 
where fuel was so cheap, it would be because they could handle the 
traffic more expeditiously. Further, it would also be necessary 
to reduce the first cost of compounds and superheaters, introducing 
less complicated arrangements i n  smoke-boxes, cylinders, valves, 
lubricators, pyrometers, etc. There was no doubt, however, as he 
had shown in the Paper, that the engines had hauled traffic more 
expeditiously ; they got through the sections quicker,and consequently 
were much more valuable to a railway company than the mere 
saving of a few tons of coal. 
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Discussion on Tlwsday, 17th March 1910. 

The PRESIDENT was sure all those present would agree that a 
very hearty vote of thanks should be accorded to the author for his 
most interesting and instructive Paper. He had good reasons for 
knowing that the author had taken an immense amount of trouble in  
its compilation, i t  being impossible to prepare all  the figures and 
facts given in it without very close investigation. The difficulties of 
trying the particular experiments dealt with in the Paper upon the 
Lancashire and Yorkshire Railway were perhaps greater than they 
would be upon one of the lines with a long run from north to south. 
When he stated that the Lancashire and Yorkshire lines were 600 
miles in length, required about 1,500 locomotives to work them, and 
that there were 800 signal boxes, i t  gave the members some idea of 
the way i n  which the roads were thronged and the inevitable delays 
which took place in dealing with goods traffic, rendering i t  difficult 
to try experiments, and that was all the more reason why thanks 
were due to the author for the extreme care he had taken in  
preparing his figures. 

The resolution of thanks was then carried with acclamation. 

Xlr. GEORGE J. CHURCHWARD, Member of Council, in opening the 
discussion, endorsed everything the President had said with regard 
to tho indcbtedness the author had placed the members under for the 
very carefully compiled, interesting, aud valuable figures he had 
presented in his Paper. There were very few people in this country 
who had the opportunity of arriving at such a mass of figures and 
results, and he feared there were still fewer who, when they did 
arrive at them, presented them free to the Institution for the 
consideration and assistance of the members. Therefore their debt 
of gratitude to the author was all the greater from the fact that, 
having obtained the figures, in  pursuance of his policy and of his 
appointment, he had given the Institution the advantage pf them. 
The subject of the relative advantages of compound and simple 
engines took him back to the days of his youth. Some thirty or 
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forty years ago he used frequently to have discussions at home on 
the question, but nothing definite was then arrived at  as to the 
relative advantages of the two systems for locomotive work in this 
country, and he feared that until the presentation of this Paper no 
other conclusion had been arrived at up to this date. 

The scientific person would say there must be some reason for 
the difference of opinion which had existed, and which he believed 
existed at  the present time, as to the relative advantages of the two 
systems of haulage. I f  he might venture an opinion as to the 
reason for that difference of opinion, he thought i t  was mainly due to 
the fact that up to the present when engineers had made comparisons 
they had not compared like with like. I t  would be remembered that 
when the late Mr. Webb made experiments between the simple and 
compound engine, he put a pressure of 200 lb. to the square inch in 
the compound engine and 180 Ib. per square inch in the simple 
engine, with the result that the compound beat the simple. It was 
far from his desire to charge the author with having gone so far as 
that, because as a matter of fact he had not; he had made the 
conditions very much more equal between the two systems than Mr. 
Webb had done ; but he (Mr. Churchward) thought the author had not 
given the simple engine, in the trial which had been made, the full 
advantage which might have been given to it, had it been designed 
specially for the purpose of the trial. If the author when starting 
out on the problem had endeavoured to see whether he could design 
simple engines which would haul the trains in the times specified as 
economically as the compound engines did, he was not at all sure 
but he would have succeeded. As an engineer, he did not like to 
think that two or three investigators experimenting on the same 
subject would arrive at different conclusions, and he thought i t  was 
necessary to search for the reason for it. It appeared to him that a 
simple engine which had to be worked at from 30 to 40 per cent. 
cut-off had no chance whatever against a good compound, whether it 
was hauling goods trains or fast passenger-trains. He thought that 
fact might account for some of the discordance which might be 
found between the author’s results and those at which members had 
separately and individually arrived. 
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The author observed, quite reasonably, that the economy in 
locomotive working did not necessarily depend entirely upon the 
consumption of coal, and au a matter of fact it did not, but the 
element of coal in locomotive working became daily and yearly more 
and more important as the price of coal went up. The author was 
well placed in regard to coal fields; he was able to obtain coal 
cheaper than many other locomotive engineers because he was able 
to get i t  from the pits on his own railway. The Great Western 
Railway, however, gave probably on the average something like 3s. u 
ton more for its coal than the author had to pay in his neighbourhood. 
That factor alone would be liable to influence one's mind as to the 
system of superheating or compounding which he might see fit to 
use, because it mould very considerably affect the figures which werc 
given at the end of the Paper. He was sorry to say there appeared 
to be a very small prospect of the railways ever getting cheaper coal ; 
in fact, he thought it would become dearer. 

He thought the author was quite right in the statement he made 
that the fast piston-speeds gave an advantage in the reduction of the 
condensation or the effects thereof; but he suggested that, in 
designing an engine specially for the competitive trial, it would 
have been quite easy to put up the piston-speed of the simple engine. 
That had been done on the Great Western Railway, where a 30-inch 
stroke on a 55-inch wheel was used, which gave very much higher 
piston-speeds than the author had contemplated for hie engines. 
He quite appreciated what was said in the Paper as to the ill effects 
of having to shut up the exhaust-valvc so early, only he went further 
and said that it was nearly equally damaging to the simple engine as 
i t  was to the compound. He thought every effort should be made to 
prolong the closure of the exhaust ae far as i t  was practicable. The 
Great Western Railway had succeeded in getting it to nearly 72 per 
cent. at 25 per cent. cut-off, which he thought would be a considerably 
later point than the author had in  mind. Again, the clearances 
which were very material to the amount of the cxpansion that could 
be obtained with the simple engine, although not large in regard to 
common practice, were at  the same time greater than could be 
obtained with careful and special design. I t  was practicable to got 
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a 53 per cent. clearance at any rats in a simple cylinder for a 
locomotive, which would give it a considerable advantage naturally 
over a cylinder having '7.4 clearance as mentioned in the Paper. 
He had found, as the author had done, a considerable advantage in 
the better balance due to the 4-cylinder engine, but he did not see at 
the moment why the torque should be improved, because if the 
engines were placed at 180" and 90" from the other side, i t  seemed to 
him that the torque must be the same in each case. 

With regard to. the question of superheating, which was rather 
more interesting to him than the compound question, as perhaps i t  
might be to Bome others, he agreed entirely as to the general results 
of the percentage of saving the author had arrived at. The author 
had not taken the saving in water for the reasons that he gave, but as  
a matter of fact it would be found that tho saving in water under the 
same conditions would come to something like 26 per cent. or even 
more. That in itself was very important, particularly in the high- 
pressure engine, because there the amount of evaporation which had 
to be done with a given fire-box and tubes was not so great with 
the superheater, since a certain portion of the heat was applied 
to the steam after it was evaporated. Therefore the actual work 
passing through the worst part of the plates of the fire-box WIW not 
so great as it would be in  a simple engine ; in  other words, a certain 
amount of work was done by the superheater. He noticed also that 
the port areas given in the Paper were not such as to give the simple 
engine the best possible chance against a compound engine; they 
appeared to be rather small as compared with modern practice. He 
entirely endorsed the author's statement that lubrication was very 
impor tan t. 

With superheating, no doubt the lubrication was the important 
point which had to be considered. I t  had been found on the Great 
Western Railway, in the course of a considerable amount of work 
with superheating, that the question of lubrication must be specially 
attended to, and unless the lubrication was not only effective and 
sufficient, but 8160 continuous, there was certain to be trouble from 
high superheat. The continuous character of the lubrication was, 
he thought, quite as important as any other factor. The tendency of 
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men to drift with an engine, having no lubrication applied to the 
pistons and to the valves, was destructive to a degree in a superheated 
engine. The Great Western Railway had found i t  necessary to 
make special arrangements for the lubrication, and had therefore 
applied an automatic valve actuated by the regulator by which a 
small amount of steam, such as would pass through $-inch pipe, was 
admitted to the engine while drifting, under practically all conditions. 
I t  was so arranged that the driver could not open the jockey-valve 
of his regulator without first opening the lubricating pipe. By that 
means they had ensured the engine getting lubrication, with a 
small amount of steam to distribute it, under all conditions of work. 

He did not think the author laid quite enough stress in reckoning 
the commercial advantages and disadvantages between the systems, 
upon the greater power and efficiency for the hauling of trains. As 
the efficiency of the locomotive was increased, more work could be done 
on trains, either passenger or goods, and if the author’s experience on 
the Lancashire and Yorkshire Railway agreed-as he expected it 
did-with the speaker’s on the Great Western Railway, he would 
find that every pound of efficiency that was put into the locomotive 
was immediately absorbed by the traffic department in giving the 
engine extra work by means of which the efficiency was swallowed 
up. Up to the present, even having the ‘‘ Great Bear ” in mind, on 
the Great Western Railway at any rate they had not arrived at the 
limit of the capacity of the traffic department in that particular 
respect. 

Mr. D. EARLE MARSH, Locomotive and Carriage Engineer, London 
Brighton and South Coast Railway, said he had followed with great 
interest whet Mr. Churchward had said about the economy accruing 
from superheat, but he did not think everything had been said that 
could be said on that point. On the London Brighton and South 
Coast Railway he had fitted ten engines with the Schmidt 
superheater, which had been running for two years and less. The 
Brighton Railway was very much hampered with hard water on the 
South Coast, a thing which engineers in the North of England had 
not to combat in  the same degree, and he had been led therefore to 
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introduce the Schmidt system of superheating on his railway owing 
to the economy produced in the upkeep of the boiler. About two 
years ago he fitted one engine of a particular class with a highly 
developed system of feed-water heater, and another engine of the 
same class with o Schmidt system of heater. Within the last month 
those engines had come under his observation after having run 
75,000 miles each in two years, and as far as the economy in working 
them went there was nothing between them. There was a decided 
economy in both of those engines above their ~ is te r  engines of the 
same class fitted with neither of  the systems of something like 
25 per cent. in coal consumption; and that on the South coast, 
where the railway was not as advantageously placed as the author’s, 
and where something between 18s. and 20s. a ton had to be paid 
for coal, was 8 consideration. 

Another consideration equally important which had come under 
his notice was that the engine which was working with the system 
of feed-water heater at a pressure of 180 lb. per square inch had to 
be thoroughly re-stayed in the fire-box, whereas the other engine 
which had been doing similar work, which had been running with a 

similar tonnage behind i t  at similar speeds at  a pressure at 20 lb. 
less, did not require a penny to be spent on its fire-box after two years 
of use. That remark applied to the engine fitted with a superheater, 
and that was why he thought there was a future, as far as railway 
companies in the South of England were concerned, where the 
waters were hard, for the expansion of superheating. But after two 
years’ experience he had come to the conclusion that engineers must 
not go blindly in for superheating. He had fitted ten engines 
which had been running for one or two years, and he was fitting 
ten more following on the results he had obtained. Five of the 
engines which were fitted worked what he might call intermittent 
services, and there it had been found the fuel economy obtained would 
not in itself justify the expenditure. He could bear out the resuIts 
which had come to the notice of the author, that, where the engines 
were continually stopping and starting, the same efficiency and 
economy were not obtained from superheating that were present in an 
engine which ran straight away at a stretch for an hour without 
stopping. 
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He quite agreed with Mr. Churchward's remark (page 453) that 
in most matters the great thing was to compare like with like. If 
the author, however, had tried to ccmpare like with unlike by fitting 
his superheater engines with valves and motions which would have 
cut off at about 17 per cent., and moreover had pressed his boilers at 
a far lower pressure than 180 lb., and used larger cylinders, he 
thought he would have obtained a great deal more benefit from the 
superheating. 

The author stated that the lubrication was a factor which had 
to be borne in mind when taking into consideration the saving in  
coal costs-that it was necessary to look at  the other side of the 
balance sheet, and see what the extra cost of the lubrication was. 
So far afi the Brighton Railway was concerned, i t  was found that 
with mechanically-fitted lubricators there was very little in the 
question. There was a little more lubricant used in the superheated 
engine than in the non-superheated engine, but it was really a 
negligible quantity. The first cost of putting superheating in the 
engine the author had stated was something over S300. Personally 
he did not think it ought to cost quite as much as.that, as i t  had been 
done on the Brighton Railway for about half that amount. A saving 
was made on one hand, while expenditure was incurred on the other ; 
many tubes were saved, and those tubes were filled up with water- 
spaces. The experience which had been gained on the Brighton 
line proved that there was a future for superheating when the 
conditions which prevailed in the South of England were taken into 
consideration, namely, the high price of coal and the very hard 
waters which had to be dealt with. 

The advantage of economy in the use of water in the locomotives 
of the Brighton Railway might be further illustrated. Tests had 
been made on the engines, already referred to, with the result that 
whereas an engine fitted with neither superheater nor feed-water 
heater used 36.12 gallons of water per mile, with a load of 200 tons 
behind the tender, at an average speed of 50 miles per hour, a 
similar engine fitted with feed-water heater used 28.55 gallons, 
and one fitted with a superheater and feed-water heater used only 
20.69 gallons per mile. This, taking the first mentioned engine as 
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using 100 per cent. of water, represented an economy in the case 
of the engine fitted with feed-water heating of 21 per cent., and in 
the case of the engine fitted with both feed-water heating and 
superheating of 42-7 per cent., while the latter engine showed an 
economy of 27'53 per cent. over the engine fitted with feed-water 
heating only. This extraordinary saving in water wae one of the 
factors which went towards the reduced wear and tear in the fire-box 
of the engines which he had mentioned. 

Mr. OLIVER WINDEB said that following the remarks made by 
Mr. Marsh he wished to put forward a plea for what might be called 
high superheating of steam for locomotives. I t  was rather curious 
after superheating had been before engineers for so many years, that 
within the last few years so much should have been heard about i t  
especially for locomotives. I t  seemed to him it  was now being 
realized that superheat, which at one time was looked upon as only 
necessary or only advantageous in order to carry steam to the point 
of cut-off and so avoid condensation up to that point, was valuable 
throughout the whole stroke, and even i f  the steam departed at 
exhaust with a certain amount of superheat in it, there was plenty of 
margin of economy without fearing the loss that the author referred 
to in one part of the Paper. 

Before saying anything further with regard to superheat, he 
wished to refer to Table 5 (pages 412-415) containing the 
comparison of tests of simple and compound engines under 
practically the same conditions. The compound engine, which 
obviously had been built to do more work, had unfortunately i n  
those experiments been working with a draw-bar pull expressed in 
horse-power of 10 per cent. less than the simple engine. As Mr. 
Churchward had said, the first thing necessary in any comparison 
was to  compare like with like, and i t  was unfortunate that the engine 
which was capable of doing the largest amount of work could not be 
compared quite on a similar basis. The simple engine took 701 h.p., 
presumably calculated from the indicator diagrams, to give a draw- 
bar pull of 5G7 h.p., which meant that 130 h.p. roughly was swallowed 
up in the engine itself and the dynamometer-car ; in the case of the 
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compound engine the i.h.p. Was 546 and the draw-bar pull 506, in 
this case only 40 h.p. being swallowed up in the engine and the 
dynamometer-car ; more or less similar figures appeared on pages 
414 and 415, and he wished to ask the author whether these figures 
were really correct. 

Returning to the question of the superheater engines, the author 
made the statement that the coal saving in connection with the 
passenger-engines calculated from the drivers’ and guards’ returns 
was approximately 30 per cent., but that in the goods-engines, which 
as a matter of fact had been running for a considerably longer period, 
and therefore the figures in connection with which could naturally be 
better relied on, it came out at about 12 per cent. He did not feel 
that in average goods-engine work there should necessarily be any 
lower saving than in  the case of passenger-engine work. He wished 
t o  remind the author that, in the experiments he made with the 
first two engines, which were goods-engines, in order to compare 
like with like, he retained the Joy motion as fitted on the simple 
engines. The Joy  motion was a good motion under certain 
conditions, but in order to provide for inside steam admission as was 
necessary with piston-valves on the Schmidt system, or any other 
system working with high superheat, a rocking shaft had to  be 
inserted ; and he thought those earlier engines, upon which a great 
deal of the information had been based, suffered throughout because 
they had not the same direct valve-motion that had been used with 
the express passenger-engines which showed the higher saving. He 
had no doubt the author would have obtained practically the same 
saving if some of the goods-engines had been fitted with identically 
the same motion as the passenger-engines, namely, the Walschaert 
motion. 

At the beginning of the Paper the author remarked that with 
piston-speeds above 600 feet per minute there was very little 
difference between compound and simple working. He knew there 
wa8 supposed to be a point around the 600 or 700 feet per minute 
where the piston-speed wag presumed to be so great as to overcome 
any effects due to interchange of temperature between the cylinder 
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walls and the steam ; but it was curious that in the passenger-engines, 
which had frequently a piston-speed of 1,000 feet per minute, the 
author had obtained the greatest saving with superheat. I t  was 
obvious, therefore, that there was plenty of room, even with high 
piston-speed engines, for economy. He also wished to direct attention 
to the importance of not viewing the question purely from the 
locomotive standpoint ; the remarks the author made at the conclusion 
of his Paper as to the annual savings compared with the interest 
on first cost, and the possible increase of maintenance, might not 
leave very much margin, but when one took into consideration the 
fact that the first of the goods-engines fitted with a superheater ran 
with a 10 per cent. larger load, and as a matter of fact had R smaller 
amount of heating surface and yet used less coal, i t  was obvious 
there was an advantage from a traffic point of view. 

Mr. H. A. STENNINQ said that Mr. Marsh and Mr. Winder had 
anticipated nearly all he had intended to say, as they had referred 
to the points to which he had wished to direct attention. Mr. Marsh 
had alluded to a most important factor, namely, that, given a lower 
boiler-pressure and a larger cylinder, economy by the use of highly 
superheated steam was possible, and what was in his opinion also 
important there was a decreased maintenance charge for the engines, 
owing to the decreclsed boiler pressure. 

Mr. Winder had also referred to another important point, when 
he stated that if the author had also fitted the first two superheater 
engines with the same gear that was usually adopted when 
superheated steam was used, and was almost universal on the 5,000 
engines fitted with the superheater on the Continent, namely, the 
Walschaert gear, he would have obtained the same result, so far as 
economy went, as he had done with the passenger-engine. This was 
the experience on the Continent, and i t  was very important when 
using superheated steam to get a good distributing gear with an 
early cut-off, It was probably the reason why the goods-engines 
which the author had compared had not shown the same proportionate 
results that the passenger-engines had, and he thought that this was 
more due to the gear and less to the stoppages. 

2 K 2  
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The thanks of all those interosted in loconiutive practice mere 
due to  thc author for the experiments lic had cadac ted  with the 
slide-valve passenger-engine, because whatever the causes were, 
whether it mas due to the fact that piston-valves were more uuiverssl 
on the Continent than here, or whether they had failed to get a 
thoroughly good lubricating system to  the slide-valves, foreign 
engineers abroad when using the slide-valve and high superheat had 
invariably met with unsuccesMfu1 results. All sorts of balance-valves 
and guides to valve-rods had been tried, but nowhere on the Continent 
where the slide-valve had been tried, so far as he knew, had results 
anything like as successful been obtained as those obtained by the 
author. This was an important question, especially in England, 
where 90 per cent. of the locomotives were fitted with slide-valves, 
and where there was a very common prejudice against the piston- 
valve ; he did not know quite why this prejudice existed, but there 
i t  mas, and it had to be faced. If the slide-valve could be used with 
superheated steam at high temperature, a large portion of the initial 
cost which the aiithor stated was S350, and which Mr. Marsh had 
reduced by 50 per cent., would be done away with, and that again 
was important. For if Mr. Marsh's figures were taken, which he 
thought were very good indeed, it would be at  once seen that the 
saving per engine in favour of superheat became very high. The 
author estimated depreciation at  the rate of 10 per cent., which on 
5350 would mean an annual charge of 235 against the economies 
due to superheating. Applying this figure of 10 per cent. 
depreciation to the S175 capital cost, as given by Mr. Marsh, the 
annual charge amounted to 517 10s. as against the S35 given by the 
author, and thus the figures in favour of superheating on this basis 
were considerably increased. He  had had a great deal of experience 
with all classes of superheater engines, and after the discussion 
and trials which had been going on during the last five years it 
seemed to him that a reasonable solution in favour of the adoption 
of superheat had been come to. This country was now following 
in the footsteps of all the countries of the world, not excluding 
the United States. I t  must be remembered, however, that if high 
superheat was to be used and utilized scientifkally, the engines must 
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be adapted to meet i t  on that basis. I t  was not merely a question of 
putting a superheater into any engine and expecting a result merely 
because the superheater was fitted, but i t  was necessary to study the 
properties of highly superheated steam and utilize these properties 
and peculiarities to the best advantage in the engine, and so obtain 
the best economy. 

Mr. FRANCI~ WINTOUR said the Great Northern Railway had 
fitted only seven engines with superheaters, so that superheating 
was in  its infancy so far as that company was concerned. An 
8-wheeled coupled mineral engine and one of Mr. Ivatt’s first 
(( Atlantic ” engines were first fitted with superheaters, and the 
results obtained were so satisfactory that i t  was decided to fit five 
more 8-wheeled coupled mineral engines. The economy in the fuel 
consumption on the first engine fitted, the 8-wheeled coupled mineral 
engine, was quite 25 per cent., which bore out Mr. Marsh’s figures. 
Lubrication was a little more costly, but i t  was not nearly sufficient 
to counteract the economy in fuel consumption. I n  the “Atlantic ” 
passenger-engine of the 990 class the fuel consumption had been 
reduced somewhere about 15 per cent., and in each case the pressure 
had been reduced from 175 lb. to 160 lb. The mineral engines were 
chiefly engaged in traffic between Peterborough and London, and drew 
a load of between 850 and 1,000 tons behind the tender, working a 
through load of coal or bricks to Ferme Park, just outside London. 
Everything therefore was in their favour, and the economy in fuel 
under those circumstances was much more evident than i t  was on a 
line like the Laneashire and Yorkshire, where there were 6 0  many 
stoppages and shuntings. The Great Northern had practically no 
shunting with those loads. That was as far as they had gone with 
the first two engines. Five more engines, however, of the 8-wheeled 
coupled type, 21-inch cylinder, and 26-inch stroke, were fitted. 
They had now been at work for several months and were doing 
remarkably well, as they were saving 30 lb. of coal per mile with a 
1,000 tons load behind the tender. Ten large “Atlantics” with 
5 feet 6 inch-boilers were now being fitted with the Schmidt 
superheater, and the results already obtained were so promising 
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that he thought the Great Northern would continue with the work. 
As Mr. Churchward had stated, i t  was absolutely necessary there 
should be some check on the lubrication, which, if i t  once got slack, 
would cause a great smash on the engine. In  one case where the 
lubrication failed, the pistons and the cylinders were quite broken 
up, and they found it very necessary to have a reliable lubricator 
and good cylinder oil, with steam superheated to 650" F. If these 
precautions were not taken, more cost might be incurred in five 
minutes than would be saved in two years. 

(Mr. Francis Wintour.) 

Mr. DnuITT HALPIN said that Mr. Churchward had given one 
figure which was exceedingly interesting and novel, namely, the 
possibility of reducing the clearance in  locomotive cylinders to 
52 per cent. I t  would be exceedingly valuable if Mr. Churchward 
would state with regard to that clearance what distance was left 
between the piston and the cylinder-cover, as i t  was possible to 
reduce the clearance very much by abnormally reducing this 
dimension. 

Mr. CIIURCHWABD said it was between if inch and t inch. 

Mr. DRUITT HALPIN, continuing, said he wished to thank the 
author for the immense amount of information with which he had 
furnished the members, which i t  wa8 always very difficult to get. I n  
his opinion the engines were doing really better than the author had 
given them credit for. That arose from olie particular cause. On 
page 411 a description was given of the way in which the engines 
were indicated. A locomotive running-plate was perhaps the most 
awkward place in the world to indicate an engine, and when four 
cylinders had to be indicated the difficulty was increased, particularly 
as two cylinders were naturally inside. The author stated that the 
diagrams were taken with long pipes-they must have been long 
with a 26-inch stroke-and with a three-way cock. He did not 
think that under those circumstances i t  was possible to get anywhere 
near the truth, in fact he once got into considerable trouble himself 
from dealing with diagrams in that way. Very much reduced 
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pressures were thus shown on the diagram, and the pressures 
indicated were incorrect. That was also proved from another point 
of view, namely, the very great drop of pressure which the author 
stated took place between the boiler pressure and the initial cylinder 
pressure. Mr. Hughes stated that all the trials were carried out 
with the regulator full open, which of course was quite right, so 
that at the entrance through the regulator at any rate there was the 
minimum of friction and of drop of pressure. The steam was carried 
through a reasonably large steam-pipe, and then there were the 
intricacies and baffling of the valves and the ports, with the result 
that when they were runniug from Aintree to Accrington they 

dropped on the avewge 37-9  lb. ; aud on the Goole-Smithy Bridge 
run they dropped 27.15 lb. If such a large drop were obtained with 
the big pipes which were there being dealt with, one must naturally 
expect a greater proportion of drop in cylinders where one was 
depending on long narrow pipes and a very intricate three- 
way cock. 

About twenty-five years ago he designed and built a compound 
engine which was put to work, and he was subsequently alarmed to 
hear that i t  would not run the speed nor indicate the power. He 
soon found out why it  would not run the speed. I t  was coupled up 
to a water-wheel, which it was pulling out of the water, as the engine 
was over-running the water-wheel. That trouble WY&S remedied. 
The question then had to be discussed as to why it would not gipe 
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thc power, and tho diagram, Fig. 66 (page 465), that mas taken showed 
what the trouble was.* 

The dotted line showed tho original diagram with the long 
pipes and three-way cock, and the full line shov~ed the change in 
results that was obtained by simply taking those pipes off and 
putting the indicators right at the end of the cylinders. The engine 
was only 21 inches stroke, 96 revolutions, running at the natural 
piston-speed of 330 feet a minute. With higher piston-speeds and a 
higher number of reVOlUtiOn6, one would necessarily expect that the 
error in the diagram would not be less than it WUS shown to be on 
this diagram. For that reason he did not think the author’s engines 
were really getting the credit for what they mere doing. 

There mas another way to look at  the question. Taking the 
indicated horsc-power and the draw-bar horse-power, as given in the 
Paper, efficiencies were obtained of 81 and 925 per cent. Considering 
that between the pistons and the draw-bar the whole traction of the 
engine and the tender as a carriage had to be paid for, he ventured to 
think that those efficiencies were not quite correct. That was on tho 
Aintree-Accrington run. But if the steam-pressures that were shown 
on the diagram, Fig. 22, Plate 34, by using the direct connections were 
taken, those efficiencies came down to 58 and 67 per cent. respectively, 
which possibly were nearer what the engines were sctunlly doing. 

I n  Table 5 (pages 412-415) was given the weight of steam used 
by the engines. The amounts wero separately given, deduced from 
the indicator diagrams, the water wasted by the injectors, the water 
measured by inferential meters, and a balance stated to be the 
missing difference such as was used in ordinary heat balance-sheets 
in boiler trials; from these, one obtained all the information 
possible. Personally he had not much confidence in any measuring 
of water on diagrams, because if two different points were measured 
it was very difficult, or practically impossible, to get the same 
results. He  had exceedingly little faith also in measuring water 
with an inferential meter, no matter how cnrefully it was calibrated, 
because i t  would not register a proportionate amount of water at 

* Proceedings 1YS6, Fig. 61, Plate S8. 
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different speeds. He knew that inferential meters were often used 
in boiler trials. Inbne  case in which boilers had to give a certain 
duty, on the water being measured by the inferential meter they would 
not look at the duty. An engineer was called in,  and he obtained it 
in a very simple way ; he put smaller fecd-pipes on each side of tho 
meter, a length of pipe of about 10 feet, and in that way, by increasing 
the water velocity in the pipes, the duty was obtained. A high 
evaporation was shown and everybody was pleased. 

With regard to superheating, a8 far as he could see, the author 
had not given in thc Paper what the temperature was at which the 
steam was admitted. I f  that information could be supplied, i t  
would be very valuable. The view taken by Mr. Hughes with 
regard to lubrication was, he thought, an exceedingly sound one. 
tIe had faced the difficulty and carried out the work in such a 
way as to make a strong mechanical job of it. 

Mr. P. J. COWAN thought that the figures given by the author in 
Table 10 (,page 432) could not be regarded as the true commercial 
economies, as these could only be properly calculated when there was 
included in the expression given on page 429 some factor which took 
account of the extra first cost and interest and depreciation, as well 
as maintenance, for the respective engines. 

With regard to the question of the degree of superheating 
mentioned on page 433, though the question was too large to be gone 
into fully then, several authorities could be quoted in support of 
the contention that matcrial economy was possible at comparatively 
low degrees of superheat. Many classical experiments had been 
made which supported that theory. Messrs. Callendar and Nicolson, 
in their researches of which an account was given by them in a 
Paper read before the Institution of Civil Engineers in 1897," 
showed-and the view was now definitely accepted by many 
authorities-that there was commonly a large amount of valve- 
leakage, and that valve-leakage really accounted for a great 
proportion of the wholc loss in the engine. In  the case of 

* Proceedingd, Inst. o f  Civil Engineers, Vol. cxxxi, 1897, page 147. 
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locomotives the loss, or so-called “missing quantity,” was considerable, 
even when they were running at their best, or, as Dr. Goss of 
America called it, their “ critical ” speed. 

Messrs. Callendar and Nicolson’s theory of valve-leakage was 
based on the supposition that the leakage occurred in the form of 
water or condensed steam, passing direct through to the exhaust. 
I n  “ express ” work with high piston-speeds and small temperature 
range in  the cylinders, cylinder condensation was lessened, as stated 
by the author on pages 400 and 401. Anything, evidently, that would 
tend to improve the steam-chest conditions, and keep the steam from 
turning into water i n  the steam-chest and on the valvo and port faces, 
would further improve matters by diminishing this leakage past the 
valve, since a mass of steam passed from twenty to fifty times less 
readily through a given aperture than would an equal mass of water. 
He suggested that a comparatively moderate degree of superheat 
would, under conditions of passenger service to which he wished then 
to confine himself, thus tend to economy by reducing these losses, if i t  
would do no more.* 

He believed that one of the railways in the country was about 
to make a trial of a superheater known as the “Ualdwin” 
superheater. He had had no actual experience of that superheater, 
but if members would call to mind statements recently made in  
the discussion on Professor Dalby’s Report on Heat Transmission, 
they would, he thought, recognize thitt that design of heater was 
an inefficient one. I n  that type of superheater there was every 
possibility of a large proportion of the gas-molecules passing actually 
through the superheater without doing any useful work at all. 
Some might strike the inner plate, and some the outer, and, without 
imparting heat to the heater tubes, pass out to the chimney. For  
the heat transfer in any heater to be efficient, two things had to be 
attended to. I n  the first place, i t  was necessary to confine the activity 

* The influence of the condition of the valve is referred t o  in a Paper by 
Professor Callendar published in the Proc. Inst. Mech. Engs. 1907, Part 2, 
page 513, entitled ‘& Effects of Steam Jacketing in diminishing Condensation 
and Valve-leakage.” 
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of the gas-molecules to contact with useful surface, and, in the second, 
the character of the passage should be such as would tend to 
encourage the transfer of heat from the gases. The most convenient 
way of arriving at good efficiency was naturally to split up the 
waste, or smoke-box, gases into a larger number of small streams 
and deal with them separately, passing them through comparatively 
small tubes. That had been successfully done in a smoke-box 
superheater, on the Egyptian State Hailways, by Mr. F. H. 
Trevithick. Without going into details, he wished to point out 
that Mr. Trevithick obtained, with his system, a degree of superheat 
about twice as great as the figure on which Mr. Vaughan and 
Mr. Cole in America, and Herr Garbe in  Europe-all advocates of 
the high degree superheating systems-based their destructive 
reasoning with regard to so-called waste-gas superheaters. 

The PRESIDENT, owing to the lateness of the hour, requested 
Mr. Cowan to continue his  remarks at the adjourned Meeting of the 
Institution to  be held on 15th April. 

Biscussioia on Friday, 15th April 1910. 

Mr. P. J. COWAN said that at the close of the last meeting he 
was endeavouring to show that Mr. Trevithick, of the Egyptian 
State Railways, had produced what might be considered a rational 
and practical smoke-box superheater. The superheater used by 
Mr. Trevithick gave about 80" F. of superheat, compared with 
40" (and sometimes even only 25") obtained in others. Mr. Hughes' 
Paper waa notable from the fact that it laid considerable stress 
on the railway, or commercial, aspect of the subject, which, after 
all, was what locomotive engineers had to deal with. If any one 
system, or combination of systems, offered commercial economy 
in an enhanced degree, i t  naturally had claims to favourable 
consideration. The Trevithick system as now applied was, 
properly speaking, a combination system, for, in connection with 
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moderate superheating, feed-water heating by exhaust-steam was 
used. The position was approximately as follows :- 

FIG. 67. 
B C D  

C P  G H  

In the high-degree system of superheating a certain number of 
B.Th.U. per i.h.p. were used, which might be represented by the 
length A D, Fig. 67. Of this amount the B.Th.U., represented by 
B D, were produced in the superheater. It had to be remembered, 
however, that  in the high-degree system of superheating, coal was 
specially burnt to  produce all the B.Th.U. represented by AD. 
But if the length A B was considered to be a measure of the coal 
consumed in the boiler, the coal used in the superheater would be 
represented by a length B C, owing to the difference in the specific 
heats of water and steam, thus giving, for this system, a total 
coal-consumption represented by A C.’ In the moderate-degree 
system rather more B.Th.U. were used per i.h.p., as represented 
by the length EH, and less were produced in the superheater. 
The latter, which might be represented by GH, were in this case 
clear gain, as they were derived from waste gases. The coal- 
consumption in this case was therefore represented by E G, which 
compared with A C  in the high-degree system. So far the coal 
economy was in favour of the high-degree system, but if, in connection 
with the moderate system, a system of feed-water heating by 
exhaust-steam was used in the way that was employed on the 
Egyptian State Railways, another gain was introduced, and a large 
portion, E P ,  was cut off the other end of the diagram, leaving a 
length P G ,  which now represented the coal-consumption of the 
combination system, and which compared with A C  for the high- 
degree system. This system might be worked out in such a way 
that the figures would compare favourably with anything given in 
the Paper. For special test-runs the figures for economy were 
comparatively high, but he had received from Mr. Trevithick in the 
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course of the last two days a cable saying that the “service” 
economy, which was what the author dealt with more especially, 
amounted to  fully 22 per cent. He gave that figure, however, with 
reserve, because Mr. Trevithick would have preferred, had time 
permitted, giving results deduced from a longer working period than 
was then available. The figures derived from tests were so good, 
however, that  he (Mr. Cowan) believed that that  economy would 
be fully maintained in service, if not exceeded. 

At the conclusion of his Paper the author gave several figures, 
from which it might be concluded that the construction of new 
engines, under certain conditions, on the high-degree superheating 
system, would be warranted. If the question were to be 
considered only from the point of view of new stock, however, 
from twenty-five to  thirty-five years, or whatever might be 
considered to  be the average life of the locomotive, must lapse 
before the stock would be brought to  an efficient state. It was, 
therefore, not unreasonable t o  consider the question of the 
modification of existing stock. Prom that point of view, 
everything was in favour of the combination system. He had 
figures supplied to  him by a railway abroad, which was not in a 
position to do all its own work, and was therefore compelled 
to purchase in the open market-a position of interest to  
many Members of the Institution. From these figures, which 
actually related to accepted tenders, it appeared that the cost of 
the new parts required by the Trevithick system, delivered 
abroad, amounted to  less than 1100. On the other hand the new 
parts, as recommended by the owners of one of the high-degree 
systems of superheating, also delivered a t  the same port abroad, 
cost over sE600. Of that 1600 he would say that 1300 were 
accounted for by the new cylinders and gear, which were a 
necessity unless serious risks were to  be taken. It would be 
remembered, for instance, that a t  the last meeting Mr. Wintour 
had summed up the risks arising in connection with lubrication 
matters, by saying (page 464) that  more cost might be incurred 
in five minutes than would be saved in two years.” He had 
also understood Mr. Stenning to refer to these important 
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modifications in the running gear, when he had said (page 462): 
" It must be remembered, however, that  if high superheat was to  
be used and utilized scientifically, the engines must be adapted to  
meet it on that basis. It was not merely a question of putting a 
superheater into any engine and expecting a result merely because 
the superheater was fitted, but it was necessary to  study the 
properties of highly superheated steam and utilize these properties 
and peculiarities t o  the best advantage in the engine." It might 
be taken, therefore, that  all that  expenditure was advisable. 

When it came to  the work of conversion, the difference was 
equally marked in favour of the combination system, for, in the 
Trevithick system, the smoke-box superheater could be added 
without even modifying the smoke-box, provided the engine 
already had a moderately large one. The exhaust-steam heaters 
were fitted by the side of the smoke-box, outside, on the running 
board. The total cost of installation was therefore small. But in 
the high-degree system, even supposing the risks to  be accepted, 
and the cylinders t o  remain undisturbed, there was still a very 
large amount of expensive boiler-work to  be done, on account of the 
change of tube-plates necessary. The cost of conversion had to  
be provided for. It would either have to  come out of revenue, 
or would have to  be treated as adding to  the capital cost of the 
engine. Whichever way it was taken, it was against the high- 
degree system. 

With regard t o  the question of maintenance, the author was 
unfortunately not in a position, as yet, t o  give definite figures. 
In 1907 Mr. H. H. Vaughan, of the Canadian Pacific Railway, 
read a Paper before the Convention of the American Society of 
Mechanical Engineers, in which he drew attention to  several 
points affecting maintenance and depreciation.* From Mr. 

* Am. SOC. Mech. Eng. Proceedings, Vol. xxix, 1907, page 313. Among 
other remarks, Mr. Vaughan used the following in reference to the influence 
of the smoke-box damper used in the high-degree systems : '' If neglected, 
there is a gradual but serious deterioration in the ends of the superheater 
pipes. The structure oE the metal becomes entirely destroyed, and leaks 
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Vaughan’s statements it would appear that the figure of 10 per 
cent., allowed by Mr. Hughes for interest, depreciation, and 
maintenance, was a great deal too low, although the position 
certainly had latterly been improved by the introduction of the 
automatic damper-control device. If 4 per cent. were set on one 
side for interest, there remained only 6 per cent., of Mr. Hughes’ 
10 per cent., for maintenance and depreciation, which could 
scarcely be considered sufficient for anything in the way of a 
high-degree superheater. A smoke-box superheater was exposed 
to temperatures of only between 700°-8000 F. compared with 
1,400’ F. or more in the high-degree system. Deterioration was 
much less rapid, therefore, and thus the combination system had 
the advantage over the other, both in the matter of depreciation 
and maintenance, as well as cost. 

If one considered for a moment the two systems from the 
operating point of view, the high-degree system would be found 
to  involve certain extra duties for the driver. On the other hand 
the system introduced by Mr. Trevithick involved no additional 
duties or complications whatever for the driver ; neither was any 
change necessary in lubrication practice, which was a point of 
considerable importance. With regard to  the statement on 
page 437, that the superheater got cold during stops, the smoke- 
box superheater was not, of course, open to that objection in the 
same degree. Provided there was a fire in the fire-box, it was 
always at  a temperature above steam temperature. The subject, 
he thought, might be summed up in the following way : If costly 
scientific refinements were desired, the high-degree system of 
superheating undoubtedly offered them ; but if commercial 
economy, coupled with the advantages of ‘‘ fool-proof ” apparatus 
were preferred, a combination system of moderate superheating and 
feed-water heating, such as that developed by Mr. Trevithick, on the 
Egyptian State Railways, was undoubtedly worthy of consideration. 

occur a t  the return bends, and the metal of the pipes changes its structure 
until it can be broken in the hand.” Evidence of this chenge had made its 
appearance, according to Mr. Vaughan’s experience as recorded in that Paper, 
after something more than a year’s working. 
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FIG. 68. 

Combined Peed-water Heating and Moderate Superheating. (Trevithick.) 

Egyptian State- Railways. 
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FIG. 69. 
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Mr. P. J. COWAN subsequently supplemented the remarks he 
had made during the discussion, by a description of the system 
of combined feed-water heating and moderate superheating used 
by Mr. I?. H. Trevithick on the Egyptian State Railways. The 
arrangement as fitted to a class of existing engines, without any 
alteration of the smoke-box, was shown in Figs. 68, 69, and 70 
(pages 474-5, 477). A Worthington pump took the place of 
the right-hand injector, and was placed on the running board, 
just in front of the cab. On the suction side of the pump there 
was a feed-water heater, which made use of the pump exhaust- 
steam. From the pump the delivery was led forward to  the two 
main exhaust-steam heaters, one on either side of the smoke-box, 
on the running board. These were in connection, as shown, with 
the exhaust passages of the cylinders, and exhaust-steam from the 
cylinders passed through tubes contained in them, while the feed- 
water circulated outside these tubes, the water of condensation 
being carried off by drains. The feed-water entered the right- 
hand heater a t  the back end, and passed forward and then back, 
a diaphragm being inserted among the tubes to  ensure this 
direction of flow. On leaving the right-hand heater it was 
carried across to the other heater on the left-hand side, where it 
likewise passed first forwards and then back again. On leaving 
this heater it was carried up to  the clack-box on the boiler side. 
The pump-heater provided about 9 square feet of heating surface, 
containing 37 tubes 3 feet 6 inches long, and 5 inch in external 
diameter. The main exhaust-heaters contained each 83 tubes 
7 feet long, and 4 inch in external diameter, and provided togethtr 
about 155 square feet of heating surface, thus making for the feed- 
heating part of the apparatus a total heating surface of 164 
square feet. 

The superheater, or steam drier, consisted of a drum 2 feet 
41 inches long, and 2 feet 2 inches in external diameter. This 
contained 793 tubes of # inch external diameter. The size of the 
tubes had a very material effect on the efficiency of this heater. 
A total heating surface of 283 square feet was exposed to the hot 
gases in this heater. It contained diaphragms, or partition plates 
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compelling the steam to take a certain course and to pass well 
among the tubes. All the flue gases were made to pass 
through this heater, and to effect this the blast-pipe nozzle was 
carried up higher than usual, and enclosed in an inverted hood, 

FIG. 70. 

Contbinccl Feed-zuntcr Zeatilzg and Xoderate Superheating. (Trevithick.) 

Egyptian State Railways. 

attached a t  one end to the chimney base, and a t  the other to 
the heater. The exhaust thus ejected into a separate chamber, 
and the action of the blast was to  draw the gases well forward 
from the boiler tubes, and then back through the heater. This 
afforded the only path available for them on their way out to the 

2 L 2  
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chimney. A wide area of wire-netting was provided, and owing 
t o  this ample area and to advantages accompanying the use of 
the exhaust-steam heaters, this formed a most efficient spark- 
arrester. The fine dust that passed through the netting gave no 
trouble a t  all, the tubes of the heater being self-clearing. Spark- 
arresting was of great importance on such railways as the Egyptian 
State Railways. This arrangement in service had proved 
thoroughly satisfactory. Several engines converted to this system, 
by the application of the apparatus as shown in the figures and 
described above, had cylinders 18 inches by 24 inches, 160 Ib. per 
square inch boiler pressure, and driving wheels 6 feet  3 inches in 
diameter. Later information than was available a t  the time of the 
Meeting showed that the service economy, for a clam of these 
engines, of which some were fitted with the apparatus as 
illustrated and others not, rather exceeded the figure of 22  per 
cent. given by the writer on the occasion of that  Meeting. 

Mr. C. J. BOWEN COOKE, Chief Mechanical Engineer of the 
London and North Western Railway, desired first of all to add his 
testimony to  that already expressed of the indebtedness of all 
locomotive engineers in the country to the author for the very 
valuable information contained in his Paper, and for the useful 
statistics he had collected and put together in such a handy form. 
After reading the Paper, the impression left on his mind suggested, 
first, that  the simple engine, as engineers knew it, was an 
extravagant machine; and, secondly, that  there were only two 
ways of bringing about economies in its working, namely, either 
by turning it into a compound engine or fitting it with a 
superheating apparatus. The general result of the author’s 
experiments on the Lancashire and Yorkshire Railway undoubtedly 
went to  show that compounding was the most efficient expedient 
or bringing about economies. SO fa.r as the London and North, 
Western Railway Co. was concerned, he was not in a position to  
say very much about superheating, as they were still very much in 
the experimental stage with regard to that point. They, however 
intended to make some exhaustive experiments. He proposed to 5t 

 at IMECHE on November 13, 2012pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


APRIL 1910. COMPOUNDING AND SUPERHEATING. 479 

certain engines of exactly the same class, some with superheaters, 
some with feed-water heating, some with superheating and feed- 
water heating combined, and also some simple engines. In all 
other respects the engines would be identical. The experiments 
would take some considerable time, and perhaps the information 
obtained would be more a matter of interest than of actual value 
on account of the time they would take. 

So far as the London and North Western Railway was 
concerned, they had had a very large experience of the compounds 
built by the late Mr. Webb. As the members all knew, the late 
Mr. Webb believed in nothing else but compounds as represented 
by the particular system evolved in the works at  Crewe. When 
Mr. Webb was succeeded by Mr. Whale in 1903, that  gentleman, 
who had had as much practical experience in the work of 
compound locomotives as any man living in the world a t  that  
time, as soon as he came into power inaugurated the very drastic 
policy of scrapping the majority of compounds or turning them 
into simple engines. He thought, perhaps, it might be of interest 
if he gave a few brief figures with regard to  the result of the 
change of policy that took place in converting or perverting, 
whichever the members chose to  call it, the engines from 
compound to  simple. A notable example of that was in their 
standard &wheeled coupled coal-engine, with 4-foot 3-inch wheels, 
a class of engine which was perhaps doing some of the most 
efficient work in the country in drawing very big loads over long 
distances. They were originally built as compound engines, with 
outside high-pressure cylinders 15 inches by 24 inches, and inside 
low-pressure cylinders 204 inches by 24 inches, with a boiler 
pressure of 200 lb. to  the square inch. That was one of the 
classes of engines upon which Mr. Whale proceeded to  work, which 
he did in a very simple manner by taking off the high-pressure 
cylinders altogether, leaving the low-pressure cylinders the size 
they were originally constructed, turning high-pressure steam into 
them, and so converting the engine into a simple engine ; but in 
order to  avoid the tractive force being greater than the adhesive 
force he had to reduce the boiler-pressure from 200 lb. to 165 lb. 
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to the square inch. In that instance there was a very simple 
example of the working parts being reduced by doing away with 
one pair of cylinders, and the wear and tear of the boiler being 
reduced by the reduction of the steam-pressure from 200 lb. to 
165 Ib. to  the square inch. With regard to  the result of the 
alteration, it was found that the engine was able, working on the 
line between Nottingham and Willesden, to  take five more loaded 
coal-wagons than in its original form, whilst the coal-consumption 
was only increased 1 . 2  lb. per mile. 

Another interesting example of the alteration of a compound 
engine into a simple engine which did not perhaps deal very much 
with the question of economy in working, but more with eEciency, 
was evidenced by the conversion of one of the 4-cylinder compound 
express passenger engines, which was the standard engine left 
on the line by Mr. Webb, and in which Mr. Whale tried the 
experiment of taking off the high-pressure cylinders and lining 
up the low-pressure cylinders to  184 inches which were originally 
204 inches. The London and North Western new ‘( City to  City ” 
express, between London and Birmingham without a stop, had 
recently been considerably advertised, and in order to put an 
efficient engine on that train he had to  consider ways and 
means, as the ordinary standard express engines were not allowed 
to  run over the North London Railway between Broad Street and 
Willesden. He therefore set to work on the same lines as had 
been tried before, and converted one of the compound engines into 
a simple engine. First of all, he tried the compound engine on 
the train, and found that it was impossible to  keep time with it. 
As the author had explained in his Paper, it was a better thing to  
have the high- and low-pressure engines with different motions, but 
in the particular case t o  which he was referring one valve-gear was 
common to  the two engines, with the result that  it was sluggish in 
its work and it was quite impossible to  keep time with the train, 
whereas the altered engine had absolutely mastered the work. 
That was an example of the compound engine, which had been 
used on the London and North Western Railway, converted to the 
simple engine with very beneficial results. 
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7 ft. 0 in. 3-cylinder compounds) 
“ Jeanie Deans ” class . .I 

An interesting result of six months’ working with the express 
passenger trains between Euston and Crewe, with two different 
classes of compound engine and the modern 6-foot 6-inch coupled 
simple engine of the ‘& Precursor ” type, which might be of interest 
in connection with the question, was as follows :- 

miles. 
180,290 

Total 
train-mileage. 

7 ft. 0 in. 4-cylinder compounds 
‘< Diamond Jubilee ” class . } 

G ft. 6 in. 4-coupled simple engine] 
“ Precursor ” class . . 

264 7 23s 

379,957 

Average coal- 
consumption per 

train-mile. 

lb. 
49.9 

43.G 

Those figures proved that, really with very much heavier trains 
the simple engine was beating the three-cylinder compound engine, 
although it was a little higher in coal-consumption than the four- 
cylinder, whilst working heavier trains than either of the compound 
classes. 

The author said (page 432) that  the compounds had been no 
heavier on repairs than the simple engines, and the results seemed 
to point to  the maintenance cost being lower. The following 
figures, based entirely on London and North Western Railway 
practice, might be of interest in connection with that question. 
The average mileage between repairs in the shops was as follows 
for the different classes of engines :- 

4 ft. 3 in. compound 8-coupled engine . 
4 ft. 3 in. ,, ,, . . . . 40,631 ,, 

7 ft. 0 in. compound 4-coupled passenger . . . 47,833 ,, 
6 ft. 6 in. simple ‘ I  Precursor ” class (runs up to  90,000 

or lO0,OOO) . . . . . . . 69,124 ,, 
6 ft. 0 in. simple ‘< Experiment ” class,. . . . 64,835 ,, 

. . 33,709 miles. 
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The experience on the London and North Western had 
therefore shown that wear and tear with a compound engine was 
very much greater, and that it was impossible to  get the mileage 
between repairs out of such engines that was able to  be obtained 
out of the simple engines. In  Table 5 (page 412) the average 
indicated horse-power of the simple engine was given as 701, with 
a draw-bar pull of 567 h.p., a difference of 134 h.p., presumably 
taken up in driving the engine, but the horse-power of the 
compound was given as 546 with a draw-bar h.p. of 506, or a 
difference of only 40 h.p. for the driving of the engine, or less than 
one-third of the power taken by the simple engine. The same 
remark applied to the results given on page 414, where the difference 
between the indicated horse-power and the draw-bar pull was so 
much greater in the case of the simple engine than in the 
compound. Could the author explain that difference ‘1 

The author stated (page 425) that  with regard to coa.1 a saving 
of 8.9 per cent. per train-mile was effected in favour of the 
compounds. It would bc of interest if the author could say what 
the difference, if any, was in the oil-consumption between the two 
classes of engines. With regard to the difference in the cost of 
repairs between the compound and simple locomotive engines the 
following figures might be of interest. During the six years the 
engines of the “ Precursor ” type had been running the cost of 
repairs per 100 engine-miles was 8s. 0.57d. During the first six 
years of the life of the four-cylinder class of compound engine, to  
30th June 1903, the repairs to  “Diamond Jubilee” and “Albert 
the Great” classes cost per 100 engine-miles 10s. 1.26d.  That 
was about a fair average of the difference that was found in the 
upkeep of the running cost of the compounds as against the 
simple engines. 

Mr. Cowan had alluded (page 470) to  the question of feed- 
water heating, which had a very great influence on the general 
question of the economical working of locomotives. There was 
nothing new under the sun, and certainly the heating of feed-water 
was not new, either with regard to locomotives or any other class 
of steam-engine. He knew that on the Brighton line Mr. Marsh 
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had made some .very interesting experiments by fitting up some of 
Elis tank engines with feed-water heating apparatus, and i t  would 
be interesting if at  some future date Mr. Marsh gave the members 
an opportunity of seeing what the difference was between the 
superheated engine and a simple engine fitted with feed-water 
hating. He also thought the question of a variable blast-pipe, so 
that the back pressure could be reduced as opportunity offered, 
was one that was worthy of very great consideration in connection 
with the question of the economical working of locomotives. 

Mr. HENRY FOWLER, Chief Mechanical Engineer of the Midland 
Railway, said that his company were about to try a superheating 
engine, but their position was not that  described by Mr. Cooke, 
because an opportunity would be afforded of trying it against a 
satisfactory compound one, and in that respect their comparison 
would differ from that of the London and North Western Railway 
Company. 

He thought that the author had put on one side in rather too 
summary a manner the question of compound engines for express- 
passenger working, because no one travelling on the Continent 
could fail to realize that either the majority of the locomotive 
engineers there had been radically wrong or else there was something 
more to be said with regard to this type of engine. On the Midland 
Railway there were forty-five compound engines running, forty of 
which were working with a boiler pressure of 220 lbs. 'and doing 
undoubtedly the most satisfactory as well as the most econoniical 
work of any express passenger-engine on that line. Speaking 
generally, the repairs to the compound engines were not heavier 
than the repairs to the simple express engines: in the first 
compounds built trouble was experienced with the high pressure 
boilers, but this had now been satisfactorily overcome. 

A number of tests had been made of coal-consumption, and it 
was found that the compounds showed a saving of about 7 per 
cent. as compared with t.he engines which had previously been 
used. These tests were made between London and Leeds, which 
he believed was a fairly hard road (it certainly was compared 
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with the roads of some of his friends), and i t  was found that the 
compound engines had a consumption of 0.112 lb. per ton train- 
mile, whilst the simple express engines consumed 0.120 lb. per ton 
train-mile. These tests, however, could hardly be taken as 
representing the everyday consumption, as with an inspector on 
the foot-plate the enginemen naturally did better than under 
ordinary working conditions, but the figures could be depended 
upon as being absolutely comparable. 

A comparison was also made with a more recent type of simple 
express engine, carrying the same boiler as the compound, but 
working a t  200 lb. pressure, and fitted with a new type of valve- 
gear. The consumption on this class came out a t  0.115 lb. per 
ton train-mile, or about 3 per cent. more than the compounds. On 
one of this later type of simple express engine a Schmidt superheater 
was being fitted for experimental purposes. In these figures the 
coal-consumption was taken from the time the engine left Kentish 
Town sheds until it arrived a t  Leeds sheds, but no ton-mileage was 
allowed for the engine running light from Kentish Town sheds to  
St. Pancras nor from Leeds Station to  Leeds sheds. 

The following were comparative figures of the three types of 
engines referred to :- 

- Compound 

Type . . . 
Fire-box . . 
Total heating surface 

Grate area sq. ft. 
Type of valve-gear . 
Boiler pressure lb. 

Cylinders 

Coupled wheels . 

sq. ft.} 

. 4 
Total weight in work- 

tender) . . 

4-4-0 
Belpaire. 

I j473 

88.4 
Stephenson’s 

220 
1 h.p. 19 by 26 

7 ft. 0 in. 
2 1.p. 21 by 26 , 

Simple express 
engine. 

4-4-0 
Belpaire. 

1,528 

25 
Stephenson’s 

180 

195 by 26 

6 ft. 9 ins. 

T. C. Q. 
52 14 0 

Latest type 
simple express 

engine. 

4-4-0 
Belpaire. 

1,574 

28.4 

Deeley’s 
200 

19 by 26 

6 ft. G& ins. 

T. C. Q- 
58 4 3 
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The great advantage with the compound engines to which he 
had referred was the ease with which they were able to  get away 
with the train, and that, he thought, had a very great bearing 
upon the whole question. On these engines a much simpler 
arrangement than the usually complicated intercepting-valve was 
in use, inasmuch as the first quarter movement of the regulator- 
handle admitted steam through a small pipe from the boiler into 
the low-pressure steam-chest, and a t  the same time steam was 
admitted to the high-pressure chest in the usual manner; this 
small pipe was closed on further movement of the regulator-handle. 
There were automatic valves fitted to  the high-pressure cylinder 
which permitted steam to pass from the low-pressure receiver to  
either end of the high-pressure cylinder (but not in the reverse 
direction). These valves put the high-pressure piston momentarily 
into equilibrium when starting, should the engine have stopped with 
the high-pressure valve a t  “cut-off.’’ It would be obvious that 
without an arrangement of this kind the steam from the low- 
pressure receiver would back up on the exhaust side of the high- 
pressure piston, and thus oppose the starting of the engine on the 
low-pressure cylinders. 

In fitting a superheater to  an existing engine the weight of 
the latter was increased. This under certain conditions might 
necessitate the engine being re-designed in order to keep it within 
the allowable weights. In  such a case the cost of fitting a 
superheater might be prohibitive. If more work could be obtained 
from an engine by superheating for the same weight, he was sure it 
would appeal to  every locomotive engineer. There was, perhaps 
naturally, a desire on the part of the traffic department that  engines 
should be able to take greater loads, and a t  the same time the 
locomotive department had to  keep the weight of their engines 
within the limit allowed on bridges by the engineers. This latter 
was a very strong point commercially, as if the demand for an 
increased haulage power of locomotives necessitated increased 
weight, a large amount of money would be involved in the 
strengthening of bridges, etc. 
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Mr. MARK ROBINSON, Member of Council, said that he had 
intended to criticize a few points in the Paper, but, not to interrupt 
longer than was necessary the extremely interesting discussion which 
was being carried on by the practical locomotive engineers present, 
he would limit himself to a very few remarks upon the broad 
question of the value of the trials before them. It was a puzzle 
and a worry to  engineers concerned in the designing of non- 
condensing engines, not locomotive engines, that whenever the 
interesting subject now under discussion came forward it seemed 
impossible t o  arrive a t  a definite conclusion. One locomotive 
engineer after another took up compounding, and no doubt, SO far 
as he considered himself free to  try it, tried it thoroughly; and 
then dropped it as a failure or a t  least as a non-success. Even the 
exhaustive and most interesting Paper under discussion left the 
matter more or less on the balance; in some cla.sses of engine it 
paid to  compound, and in some it did not. To those accustomed 
to the trials of non-condensing engines for land work, it was almost 
unthinkable that, with 180 lb. of steam or anything like it, it 
should not be worth while to compound an engine, whatever 
purpose it were used for. There were certain special points about 
the locomotive as ordinarily built in this country which he feared 
must always largely nullify the comparison between simple and 
compound. The enormous pressure a t  release which was common 
in locomotives, and the enormous compression frequently present, 
were extremely unfavourable to  a fair comparison. It was very 
much to  be desired that some day a locomotive should be tried, or 
comparative experiments made between simple and compound 
engines, where the exhaust-valves were not so entirely the slaves of 
the variable cut-off arrangements; in other words, where the 
exhaust-valves were independent of the steam-valves. He could 
not help thinking that some day more fruitful experiments might 
be made with an engine designed with reference to  steam-engine 
considerations, rather than to the supposed, but he ventured to  
think doubtful, needs of the locomotive designer. There was really 
little use in trying to improve an engine greatly if all the time it 
had to  work under conditions which would ruin the efficiency of 
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any engine, and under which good and bad were bound to come 
out more or less alike. 

Mr. J. D. TWINBERROW desired to suggest one or two additional 
reasons for the apparent neglect of compounding on British 
railways. Pirst, there was absence of continuity in an ordered 
system of study and experiment; and, secondly, there was the 
influence of standards established upon existing precedents. No 
matter how perfect the standards might be, it must occur a t  
times that they were in opposition to progress, and he thought 
perhaps the excellent standards of the Lancashire and Yorkshire 
Railway had been responsible in some measure for the size of 
the low-pressure cylinders indicated in Plate 31, and for the 
arrangement of the valve-gear in the superheated engine on 
Plate 32. He was interested in the latter particularly, because a 
precisely similar problem arose some twenty-two years ago when as 
a junior draughtsman he had some work to do in connection with 
a compound Iocomotive which was then being fitted with piston- 
valves having inside admission. The work was well advanced 
in the shop before a diagram of valve movement was taken 
out. The intention had been to  use the standard valve-gear, 
but the proposed inside admission was abandoned. 

The author had developed his opinion against the advisability 
of compounding for high-speed work (pages 400-1). Apart from 
any question of a small economy in the use of steam there was 
also another consideration, the fact that a t  40 to 45 per cent. 
cut-off, which was normal with the compound engine, the action 
of the valve-gear was not impaired to the same extent as with 
the 20 to  25 per cent. cut-off in the simple engine. The draw-bar 
pull was maintained a t  higher speeds, and he thought that  many 
of the members could corroborate from observation of current 
practice the opinion that well-designed compound engines were 
good revenue earners in high-speed work. Any difficulty which 
had been experienced with excessive compression in the high- 
pressure cylinders appeared to have been overcome, judging from 
recently published diagrams obtained from Continental working. 
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For instance, a De Glehn 6-coupled 10-wheeled engine having 
drivers 6 feet 3 inches diameter, cylinders 132 inches and 
222 inches by 25i  inches stroke, giving a ratio of 1 to  2.74, 
with a cut-off a t  45 per cent. in the high-pressure and 65 per cent. 
in the low-pressure, was found to  indicate 1,178 h.p. a t  62 miles 
per hour with a train-load of 294 tons. At 155.6 revolutions 
per minute, the same speed of revolution as in the diagrams 
illustrated in the Paper, the engine indicated about 700 1i.p. with 
40 per cent. admission. The author’s engine having high-pressure 
cylinders 20 per cent. larger would naturally admit 20 per cent. 
more steam a t  the same cut-off and indicate about 20 per cent. 
higher power. That engine had an independent valve-gear for 
each cylinder. A Maffei engine with high- and low-pressure valves 
on the same spindle, with the same arrangement and diameter of 
wheels, with cylinders 15: inches and 242 inches by 254 inches 
stroke, giving a ratio of 1 to 2.6, when cutting-off a t  about 50 per 
cent. in both cylinders gave 2,214 i.h.p. a t  63 miles an hour, 
when hauling a train weighing 354 tons. The starting-valve of the 
engine was actuated from the reversing shaft in a manner very 
similar to the method adopted by the author. Though these 
engines divided the horse-power more equally between the high 
and low-pressure cylinders, and although they did not loop 
their diagrams, he did not think they could reach the high 
degree of mechanical efficiency which was animadverted upon by 
Mr. Bowen Cooke. As set forth in Table 5 (pages 412-5), the 
simple engine appeared to  have an efficiency of 81 per cent. 
without compensation for gravity, whereas the compound worked 
out a t  93 per cent. In other words, a t  20 miles an hour the 
resistance of the simple engine, including the component of gravity 
on the gradient, would be about 253 lb. to  the ton, and of the 
compound engine 7 a 5 lb. to the ton, or exactly the resistance due 
to gravity on a gradient of 1 in 300. If reference were made to  
the profiles of the line given on Plates 34 and 35, it would be evident 
that an engine which could steam up those gradients with a 
resistance of 7 . 5  Ib. to the ton would be able to earn a considerable 
revenue on the level without expending any indicated horse-power 
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a t  all. The point was, perhaps, of academic rather than of 
practical interest, because the success of the author’s practice 
was amply vindicated by the practical results which he had given, 
taken from experiments extending over a long period of time in 
actual work, rather than from two columns in the returns of the 
act.ual trials which had evidently been compiled from insufficient 
data. He wished to congratulate the author upon the success of 
his practice and the utility of his Paper, and, if he might, to 
express his personal gratification a t  finding that Mr. Hughes had 
found the ‘‘ ton-mile ” to be a useful, if not indispensable, unit in 
making comparisons on the basis of useful work done. 

Mr. SIDNEY STONE thought that it might be of interest to the 
members if he placed certain facts before them which had not 
previously been published. Some nineteen years ago Mr. Holden 
made exhaustive experiments with three engines. First of all he 
built a compound 6-coupled engine with 4-foot 10-inch wheels, 
cylinders 26 inches by 24 inches and 18 inches by 24 inches, with 
working pressure of 175 lb. per square inch. A second engine, 
with the same type of boiler and precisely of the same design in 
every respect, was fitted with cylinders 16 inches by 24 inches, so 
as to get almost the same tractive effort, the pressure being 
175 lb. In the third instance he took the 179 inches by 24 inches 
standard goods engine, which was also of the same design, the 
cylinders only being different and working a t  the ordinary pressure, 
then employed, of 140 lb. per square inch. Some exhaustive trials 
were carried out for 125 days, the consumption of coal and 
water being carefully noted. All the overflow water from the 
injectors was carried into a small tank under the footplate, so 
that it could be picked up again by the injectors and none wasted. 
All the coal was weighed. The engines were worked over the same 
road, from March to Temple Mills, and as a result of the trials it 
was found that the average consumption of coal by the compound 
engine was 37.25  lb. per train-mile; in the simple engine with 
16-inch cylinders 3 5 . 7 5  lb. per train-mile; and in the ordinary 
standard goods engine with li’i-inch cylinders 36.06 lb. per train- 
mile for the whole trial. 
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One point, which was often mentioned in such discussions and 
wliich was referred to in the Paper, was tlie difficulty in obtaining 
the same satisfactory results with compound locomotives as with 
compound non-condensing stationary engines. The fact remained 
that with a locomotive it was essential t o  have blast, and whatever 
the engineer might do to keep the back-pressure down as low as 
possible, which was very desirable, it was necessary to have 
sufficient blast to urge the fire to maintain steam, The compound 
engine to  which he had referred and the engine with 16-inch 
cylinders had 5-inch blast-pipes and the other engine had a 
4g-inch blast-pipe. In  the case of the stationary engine, it was 
quite another matter; there was usually a high chimney, in 
which sufficient draught could be obtained without any trouble, 
and therefore the steam, having no other duty to perform, could 
be expanded t o  a very low limit. 

With reference to  the receiver, when the compound engine to 
which he had referred was built, a great deal of trouble was taken 
to  make it a success, and the receiver was made of a rather larger 
capacity than Mr. Worsdell had made it in his express engine ; it  
was made one and a half times the volume of the high-pressure 
cylinder. On the goods type of engine, however, trouble was 
experienced during the shunting operations. The receiver became 
charged with the steam, and when the driver shut his regulator he 
found he was going very much further than he would do with the 
ordinary engine. That made the engine not nearly so suitable for 
shunting purposes, and a certain amount of shunting was necessary 
with all trains, and especially with goods trains. 

The Stephenson-link motion was fitted to all three engines. 
The compound engine was fitted with trick valves, and slight 
modifications were made in the valves to obtain the best results, 
as shown by the indicator diagrams. The average horse-power of 
the three engines taken from thirty cards was as follows:- 
Compound-engines, 300 1i.p. ; the 16-inch cylinder-engine was 
273 h.p.; and the ordinary standard-engine was 276 h.p. The 
engines to  which he had referred were regularly indicated over 
the trials, which were very thoroughly and carefully carried out. 

(Blr Sidney Stone.) 
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The extra cost of the compound engine was approximately the 
same as that given by the author. 

The question of compound engines was an old subject in which 
he was very much interested, having been with Mr. Worsdell when 
he designed his first compound on the Great Eastern Railway. 

Mr. MICHAEL LONGRIDGE, Member of Council, thought that, in 
considering the question of superheating and compounding in 
relation to locomotives, they should recognize that the objects 
aimed a t  were not quite the same as when they were dealing with 
marine and factory engines running at  comparatively slow speeds 
and discharging into condensers. In these cases the primary 
object was the suppression or reduction of cylinder condensation. 
I n  locomotives having the advantages of high pressures and rapid 
reciprocation he bhought that  cylinder condensation was not of 
such importance as to  induce locomotive engineers to  adopt 
either compounding or superheating, if the suppression of the 

He suggested that the main function of the superheater on a 
locomotive was to  evaporate the water carried out of the boiler 
with the steam and possibly to  reduce valve-leakage. He had 
only taken part in one locomotive boiler trial. It was on the 
Lancashire and Yorkshire Railway about fourteen years ago. 
One of the results was an apparent evaporation of 9 lb. of water 
per square foot of heating surface with an efficiency of 73 per cent. 
and a chimney temperature of 800" P. He did not think such a 
result was possible if all the feed-water were turned into steam. 
It suggested that a fair quantity of water left the boiler with the 
steam. If this were so, he could understand how the savings 
which the author recorded, savings which were almost inconceivable 
if the only benefit of superheating had been the suppression of 
cylinder condensation, had been made. 

Turning to compounding, he did not think the goal was so 
much reduction of cylinder condensation as reduction of the repair 
bill by reduction of stresses, range of variation of stresses, and 
reduction of the coal bill by the use of higher ratios of expansion 

missing quantity " were the only gain. 

2 M  
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than were conveniently obtaina,ble with a link motion in a single 
cylinder. It was evident that  if the pressures and horse- 
powers could be fairly equally divided between two c,ylinders, 
the stresses would be lower and the turning moments more 
iiniform than if one cylinder were used, particularly if the t’wo 
cylinders werr conpled to separate axles. Tltc idvantages of 
reducing stresses were obvious in a, locomotive where there was 
so little room for moving parts and bearings; md the benefit of 
more uniform turning-moments appeared from the fact, if what 
he had read was true, that the adhesion of the ordinary 
locomotive did not exceed 16 per cent., while for locomotives 
driven by electrical motors with uniform torque i t  rose as high as 
25 per cent. 

Looking at compounding from the thermodynamical point of 
view, a reference t o  Mr. Willans’ Paper * on trials of his non- 
condensing engines showed that, with a boiler-pressure of 180 lb. 
a,nd a back pressure of 15 Ib. per square inch, something like 
seven expmsions were needed theoretically to get the best result. 
Practically a sonicwhat lower ratio would suffice. But even with 
five or six expmsions the vmiations of pressure teinpera,ture a,nd 
turning moment would be fa,r greater if the work were done in 
one cylinder than in two, especially if the cylinder ratio were 
properly proportioned. The ratio of 1 : 2 adopted by the author 
seemed to him unsuitable, unless separate valve-gears were provided 
for the high- and low-pressure cylinders. For instance, it was 
quite clear that  if the valves of both cylinders were driven by the 
same motion the steam could not be cut off earlier than half-stroke 
in each cylinder, without making a loop a t  the end of the high- 
pressure diagram, and that even with the four expansions thus 
obtained the load on the piston of the low-pressure cylinder would 
be much greater than on the piston of the high. If, however, the 
volume of the low-pressure cylinder were made three times that of 
the high, a single valve-gear would allow of four expansions with a 
cut-off a t  three-quarter stroke and six expansions with a mt-off at  

* Proceedings Institution of Civil Engineers, Vol. xciii, 1‘88, page 128. 
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half-stroke, and would moreover give approximate equality of 
pressures and horse-powers in the two cylinders with initial 
pressures ranging from 200 to 100 lb. per square inch upon the 
high-pressure piston. He might perhaps remind members that it 
was not necessary to  make the diameter of the low-pressure 
cylinder 1 * 73 times that of the high to  get a cylinder ratio of 3 : 1. 
The same result would be obtained by making the cylinder 
diameters equal and the strokes as 3 : 1, or by making the cylinder 
diameters and strokes equal and diameters of the driven wheels as 
1 : 3 if there were no coupling-rods. On the whole he thought 
that, if a single valve-gear were used, the best results would be 
obtained from compounding by adopting a cylinder ratio between 
1 : 2 . 5  and 1 : 3, by cutting out the middle notches in the sector 
of the reversing lever, so as to prevent the driver cutting off earlier 
than half-stroke and using the regulator to  wiredraw the steam 
where less than half full-power was required. 

He thought also that less fuel would be carried up the chimney 
of a compound engine owing to  the softer blast. He had heard 
with some surprise that there was a difficulty in keeping steam 
with the softer blast of a compound engine. If that difficulty 
really existed, surely it might be overcome by subdividing the 
steam-jet. In the Paper superheating and compounding were 
discussed as alternatives. He suggested that they were ancillary 
to  each other, and that to obtain the greatest economy both, not 
one, should be adopted. 

The PRESIDENT said that one thing which struck him with 
regard to the Paper the author had read was that it became very 
necessary for the kind of 'experiment, to which reference had been 
made, to  be spread over a much larger area if average reliable 
results were to be obtained. In connection with another branch 
of the subject, he would say that many years ago, about 1887, he 
built ten radial tank-engines for working local traffic in a certain 
district in Lancashire, and they were sent t o  take the place of 
ordinary tender-engines in the same district. There was nothing 
special about their construction ; they were plain, simple, 

2 x 2  
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straightforward engines, with no patented appliances upon them, or 
anything else that could be said to  be novel. After a while he 
inqnired how they were doing their work and was informed that 
they were saving 7 lb. of coal to  the mile. At first he did not 
believe it, but after going t o  the district and investigating the 
subject he found the statement was perfectly true. If those 
engines had, for the sake of argument, been superheated engines, 
or compound engines, or had some particular device on them which 
hc thought would prove of an extremely economical character, he 
would in all probability have said “What a wonderful result has 
been obtained by this new method ” ; but that incident had taught 
him the lesson that he was now always extremely sceptical about 
results. It was necessary, in considering the utility of any new 
appliances, to  allow a long period of time to  elapse before it was 
possible t o  say whether they were a success or not;  and it was 
absolutely essential t o  make an allowance for the human element, 
which was so variable, some drivers and firemen being careless, 
while others were good, and some first-rate, so that great differences 
in the results were sure to  be obtained. The best possible machines 
might be spoiled by the carelessness of the men who operated 
them. 

There was one other remark he desired to  make with regard to  
superheating. About twelve years ago he fitted a number of 
engines with superheaters, shortening the boiler and putting the 
superheater in the smoke-box. As a result of the arrangement the 
engines did their work very well, but as a matter of fact lie did not 
go anything like far enough in the arrangement he adopted. The 
superheaters made most excellent steam-driers, and hc thought 
with Mr. Longridge that one of the reasons why the engines were 
somewhat more economical than others of the same type was that 
S O  much water did not go up the chimney. As soon as he 
discovered, however, that something else could be used which 
-would produce a better result he was willing to  discard an apparatus 
which was not quite SO perfect as it ought to be, and hence the 
more recent experiments had been tried, with the success the author 
had described in his Paper. 
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Mr. HUGHES, in reply, stated that he appreciated very much 
the extreme interest that had been taken in his Paper, as evidenced. 
by the amount of discussion. 

Mr. Halpin had pointed out (page 467) a very important 
omission, and the author commenced his reply by stating that 
the superheat used was 270”, or a total of 650’ F., and that in 
about 4 minutes after opening the regulator the temperature 
reached 600’, and afterwards gradually increased t o  650”. It was 
then checked by the dampers. The author had had a number of 
observations taken and found that, during shunting, the temperature 
averaged 460’) or only about 80’ above saturation temperature. 

Several speakers had stated that the author had not compared 
like with like quite as fairly as he ought to have done. He wished 
here to state emphatically that it was almost impossible to have 
obtained stricter comparisons, and considered that the work 
described in the Paper had been carried out in a way not 
previously attempted. Mr. Churchward was the first speaker who 
mentioned this point, and the author wished it to be understood 
that the simple engines in question were specially designed to haul 
these particular trains in the specified times. These engines were 
loaded to their economical limit, and not overloaded, as Mr. 
Churchward suggested. The simple engines existed, and the 
author designed a compound, which, as far as it was possible to 
predict from calculations and other drawing-office facts and data, 
should have been of equal capacity with the simple engines with 
which it had to compete. The boilers, steam-pressures, grate 
areas, heating surfaces, valve-motions, wheels-both in number 
and diameter-were exactly the same in both instances. A similar 
remark also applied to the simple saturated and the superheater 
engines. However, a rocking shaft had to be introduced, which, 
as pointed out by Mr. Winder, was detrimental to the superheater 
engine, but it was also detrimental to the compound engine, as well 
as to Mr. Marsh‘s superheater tank-engine, the latter having 
Stephenson link-motion. 

One or two speakers blamed the valve-motions for differences 
in economies, more particularly in connection with the superheater 
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engines. The valve-motions had nothing whatever to do with 
the case. The Joy motion was as good a steam-distributor as 
the Walschaert gear. The real reason for a greater economy in 
the passenger superheaters over the goods was simply because 
the former ran more than 90 per cent. train-miles out of the 
total engine-miles; whereas in the case of the goods engines, 
the train-miles were only about 61 per cent. of the total 
engine-miles. 

Mr. Churchward had pointed out that a simple engine, which 
had to be worked a t  30 to 40 per cent. cut-off, had no chance 
whatever against a good compound (page 453). Unfortunately the 
contour of the road, weight and number of wagons hauled, and speed, 
were the chief factors which governed the cut-off in the cylinders. 
The Lancashire and Yorkshire Railway was made up of severe 
gradients, the trains exceptionally long, and the engines loaded up 
to  their maximum capacity; consequently, a late cut-off had to  
be employed. 

Mr. Churchward increased his piston-speed by introducing a 
30-inch stroke on a 55-inch wheel. Taking the average speedof 
goods trains a t  20 miles per hour, the piston-speed with a 30-inch 
stroke and a 55-inch diameter wheel equalled 611 feet per minute. 
A 26-inch piston stroke with a 54-inch diameter wheel gave 
639 * 5 feet, which obtained on the engines under review. 

In simple engines as well as compounds, the early closing of the 
exhaust, which accompanied early steam cut-off, was objectionable, 
as it put excessive pressure on the pistons and undue strain on the 
motion. The objection, however, was much more pronounced in 
the compound. In a simple engine, having an initial pressure of 
185 Ib. absolute, and a back-pressure of 20 lb. absolute, it 
was possible to compress 9 . 2  times before initial pressure was 
reached ; but in a compound engine, if the receiver pressure was 
76 Ib. absolute, the possible range of compression for the high- 
pressure cylinder was from 75 to 185 lb.; which allowed back- 
pressure to be compressed 2.4 times against 9.2 times in 
the simple engine. The author presumed that prolonging 
the exhaust opening to  nearly 72 per cent. a t  25 per cent. cut-off 
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had been attained without recourse to vaIve clearance. The Joy 
gear in use on the Lancashire and Yorkshire Railway, when cutting 
off at  25 per cent. closed the exhaust a t  66 per cent. or 6 per cent. 
earlier than that attained by the Great Western Railway. 

The cylinder clearances of the Lancashire and Yorkshire coal 
engine were : front end, 7 a 4, and back end 7 1 per cent. Clearance 
between cover and piston, front -& inch, back a inch; and it was 
interesting to note the Great Western achievement in getting 
54 per cent. clearance. 

The reason for the improved torque in the 4-cylinder engine 
would be understood by referring to the diagrams on page 417, 
where it would be noticed that the curves of torque for each pair 
of cylinders in the compound were not in phase with each other, 
consequently their total effect was more uniform. It was the more 
constant torque and better balance of the 4-cylinder engines 
which caused a more efficient draw-bar pull, and owing to the 
absence of hammer-blow action on the rail, a higher average 
coefficient of friction between wheel and rail was possible. 

In the instance where the water was measured on the 
superheater engines the economy shown was about 21 per cent. 
This meant a lower evaporation and less actual work for the boiler 
to perform, and would bring about a correspondingly decreased 
maintenance. 

The author contended that the ratio of cylinder area to steam- 
port area of 11.4 to 1 complied with modern practice, which was 
generally 11 or 12 to 1. 

In regard to lubrication for valves and pistons in superheater 
engines, it was of the utmost importance that this detail should 
receive more than ordinary attention. The lubrication, besides 
being continuous and effective, should be delivered to the spot 
where it was required, otherwise damage to pistons and vaIves was 
most serious. On the whole, the mechanical lubricators liad given 
satisfaction, but the author had not tried thc sight-feed method to  
superheating, which seemed to have several good points in its 
favour, particularly in regard to uniform rate of feed. With 
mechanical lubrication, the rate of feed was governed by the 
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number of revolutions. It did not follow, however, that  the rate 
corresponded to the requirements, a.s engines working slowly up 
banks often required more oil than when running fast on the level 
and down grades. It might be of interest, in connection with 
lubrication, to mention the wear on slide-valves of the superheater 
engine. The first pair of bronze valves had holes and grooves in 
t,he faces. The faces of the second pair of bronze valves were left 
plain. The life of the first pair was twice as great as the second, 
the wear per 1,000 miles being 0.013 and 0.025 inch respectively. 

In regard to Mr. Churchward questioning the author’s lack of 
insistence in claiming commercial advantages, it might be stated 
that the introduction of the time element; the equation on 
page 429 ; the ton-mile ; the definitions on page 431 of the various 
points of viewing locomotive work; and the tone of the Paper 
throughout, clearly indicated that the value of a locomotive 
depended upon a far wider range of action than mere coal saving. 

Referring to  Mr. Marsh’s statement (page 457) that  the repairs 
to the fire-box of the superheater engine were practically nil after 
two years’ service, whereas the engine with the feed-water heater 
had to be re-stayed, the author did not find this quite coincident 
with his experience. Higher pressures no doubt produced a more 
efficient engine in regard to hauling power and coal economy, but 
it was at the cost of extra renewals and repairs to fire-boxes. 
DiEculties in locomotive operations, usually put down to bad 
water, increased rapidly as the pressure was increased, and with 
higher pressures the boiler required to be more carefully designed 
and more perfectly maintained than when the pressure was low, 
and it was to be noted that the boiler pressure in Mr. Marsh’s 
superheater engine was 20 lb. less per square inch than in the non- 
superheater engine. The author’s experience, where the boiler 
pressures were equal, pointed to the fact that  in each case after 
two years’ service, the cost of repairs to  the fire-box amounted to 
$7 or $8 per box. The work consisted of renewing a few stays, 
hardening up stay-heads, cleaning out scale, etc. Mr. Marsh‘s 
experience coincided with the author’s in regard to greater 
efficiency in engines fitted with superheaters in constant use, and 

(MY. George Hugrhes.) 
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the author had emphasized this a t  the commencement of his reply. 
Mr. Marsh had realized that the author had compared like with 
like as far as it was practicable, but it was quite possible to cut off 
at  17 per cent. with the valve-motions of both goods and passenger 
engines, if the work these engines were called upon to perform 
would permit of it, but usually the trains were heavy, and ran at  
fast schedule times, hence the necessity for a late cut-off. In 
adopting superheating, the cylinders were increased, in the case of 
the passenger-engine from 19 to 20 inches diameter, and the goods- 
engine from 18 to 20 inches. In respect to a possible advantage 
from superheating, namely reducing the boiler pressure without, 
loss in efficiency, this had not been realized on the Lancashire and 
Yorkshire Railway. A non-superheater pressed a t  180 Ib. working 
against a superheater pressed at 160 lb. showed the latter engine 
to be 12.74 per cent. more economical than the former. After 
raising the boiler pressure of the superheater to 180 lb. the 
economy went up to 21 per cent. The quantity of oil used by the 
superheater was not much in excess of that consumed by the non- 
superheater, but the cost was enhanced by reason of the special 
quality of oil necessary for valves and cylinders when superheating 
was used. With reference to the cost of E300, this was made up 
by including the cost of the superheater elements, the header, 
automatic dampers and other fittings in the smoke-box, the extra 
weight and wages involved in cylinders, piston-valves, mechanical 
lubricators and fittings, pyrometer, extra gauges, etc. 

Mr. Winder had referred (page 459) to the fact that it was now 
realized that superheat was valuable throughout the whole of the 
stroke. As referred to in the Paper, high superheat was employed 
to carry steam dry to the point of release. About 100 degrees of 
superheat was sufficient to prevent cylinder condensation when the 
cut-off was not reduced below 50 per cent. of the stroke; 
consequently in the case of goods-engines working a t  an average 
cut-off of 45 per cent. there must be a considerable amount of heat 
passing up the chimney with superheat at 200" to 250" I?. The 
compound engine was not purposely designed to be more powerful 
than the simple engine. Tlieoretically it was expected that both 
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engines would be capable of doing equal work. In actual service 
the compound was the stronger engine, due no doubt to the 
adoption of four cylinders which made for greater smoothness and 
regularity of motion than two cylinders. In regard to not 
comparing like with like, the author had already emphasized the 
fact that  every possible precaution was taken, and, he thought, 
reasonably successfully accomplished, in order to carry out the 
work under the fairest possible conditions. 

Mr. Winder had also pointed out some apparent discrepancies 
between the horse-powers of the simple and compound engines. 
The difference between the indicated horse-power and draw-bar 
pull was the power absorbed in moving the engine and tender only. 
The hauling of the dynamometer car was not included in this 
power. Draw-bar pull covered the haulage of the train as well as 
the dynamometer-car. The fact that  a disparity was shown in the 
figures relating to indicated horse-power, and horse-power from the 
draw-bar, was in some measure an indication that actual results 
had been published. Mr. Aspinall, in his Paper” on “Train 
Resistance,” endeavoured to compare a large number of indicator 
diagrams with the pull recorded by the dynamometer car, but 
found no clearly defined relation between the two, and it was not 
possible to  obtain it with any degree of accuracy, without the use 
of a continuous indicator on the cylinder, and a much larger 
recording instrument in the car. 

It was pointed out that  there was an anomaly between the 
savings of fuel a t  600 or 700 feet piston-speeds per minute and 
1,000 feet per minute. Here the author stated that there were two 
causes for condensation, namely, radiation and liquefaction during 
expansion. With piston-speeds above 600 to  700 feet per minute, 
the time for interchange of much heat was so short that  
condensation from the first cause was not serious. Liquefaction, 
however, would be more pronounced in passenger-engines, because 
the cxpansion period was longer and the number of steam admissions 
greater than with goods-engines. Slow piston-speeds were not tllc 

(Nr. George Hughes ) 

* Proceedings Institution of Civil Engineers, Vol. cxlvii, 1901, pago 155. 
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the chief reason for lower economy in the goods-engines, but as 
previously pointed out, the superheater was less efficient where 
there were a great number of stops. 

Mr. Stenning (page 461) contributed a valuable expression of 
opinion to the discussion, and the author considered that in his 
replies to Mr. Churchward, Mr. Marsh, and Mr. Winder, he had 
practically covered the ground. 

Mr. Wintour gave his Great Northern Railway experience 
(page 463), where long runs and heavy hauls were the regular 
workings of the railway. In the case of the 8-wheeled coupled 
mineral engine, where the saving was quite 25 per cent., or as 
expressed elsewhere, 30 Ib. of coal per mile, it followed that the 
consumption would be about 120 lb. per mile, and therefore, as 
the load hauled behind the tender was 1,000 tons, the consumption 
worked out a t  0.120 lb. per ton-mile, which, as would be gathered, 
was lower than on the Lancashire and Yorkshire Railway, where 
the superheaters, of necessity, were called upon to do a variety of 
work. 

Mr. Druitt Halpin’s remarks (page 464)) in regard to difficulties 
in obtaining indicator diagrams when carrying out tests for 
locomotive performances, were to the point. In the author’s case, 
the pipe connections to the indicators were made as short as  
possible and none of them exceeded 4 feet in length. The bore of the 
pipes was larger than usually employed, and the bends were of an 
easy nature. The author was quite aware that the shape of the 
diagrams might be distorted, and it was possible that the high 
efficiencies shown were attributable to  that cause. Practically 
the same lengths of pipes were used for both types of engines, 
and if any error had crept in, it applied equally to both types. 
The general all-round economy, however, would not be affected. 
The fact that, in the majority of the diagrams referred to, the 
steam-chest pressures were within 5 per cent. of the boiler pressure, 
was an indication that the diagrams were nearer the truth than 
Mr. Halpin would lead them t o  believe. The greatest proportion 
of the loss shown was between the steam-chest and the cylinder, 
amounting in the case of the Aintree-Leeds tests to 16 per cent. 
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and Goole-Smithy Bridge tests to 7 per cent. It was suggested 
that speed was accountable for the difference of drop in the two 
cases, as the majority of the diagrams in the first case were taken 
at  much higher speeds than those of the Goole-Smithy Bridge 
tests. Mr. Halpin doubted the reliability of measuring water by 
inferential meter. The limitation of all meters and other measuring 
instruments was known, but it was remarkable how closely the water 
measurements by the meters agreed on the various trials. With the 
simple engine, on the Aintree-Accrington trials, the meters showed 15 
per cent. greater consumption than the diagrams, and 16 per cent. 
on the Goole-Smithy Bridge tests, whilst with the compound, the 
differences were 25 and 26 per cent. respectively. It would be 
noticed that the average boiler-pressures were greater in the case 
of the compounds, and probably the enhanced consumption shown 
by the meters was due to  loss through the safety-valves. The 
meters were tested before the trials by carefully calibrating the 
height of water in the tender, when it was found they recorded 
correctly to within 3 per cent. 

Mr. P. J. Cowan introduced his remarks by reference to  
commercial economies (page 467). It was quite agreed that this 
expression must necessarily include all those various ramifications 
instanced in so much detail in the Paper. In regard to valve- 
leakage, it was generally acknowledged that this element was 
responsible for some of the cylinder loss, but how much it formed 
of the whole could not be definitely stated. The total loss was 
considerable, as proved by the trials on the simple and compound 
engines. Moderate superheat might be useful in diminishing 
leakage past the valve, but to  suppress both leakage and 
condensation, it appeared t o  the author that a high degree of 
superheat was essential. Mr. Aspinall, in 1899, fitted one of his 
10-wheeled bogie passenger engines with a form of smoke-box 
superheater, and from experiments, as much as 95’ B’. of superheat 
was shown. Mr. Cowan had commenced the discussion a t  the 
adjourned Meeting with a most interesting and energetic advocacy 
for low superheat, and pointed out that this system had 
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considerable advantages, more particularly in regard to  its ready 
adaptation to  existing stock. Although the author’s experience 
had shown that high superheat was the most successful from a 
coal-saving point of view, he admitted the necessity for removing 
the enormous amount of condensation which took place in the 
simple engines. With regard to  the question of maintenance, the 
author stated when he used the figure of 10 per cent. that  it was a 
modest alIowance, but so far his experience decidedly proved that 
undue wear and tear was not taking place. In fact, with 34 years’ 
working it might be truly said that up to  the present the 
superheater elements had not given any trouble. Moreover, the 
method of operation was not more difficult than for the non- 
superheater. When once the enginemen had become accustomed 
to the by-pass valve and the pyrometer there was nothing extra 
for them to do. 

The difference between the remarks of Mr. C. J. Bowen Cooke 
(page 478) and Mr. Henry Fowler (page 483) was remarkable. 
The former was saving money by converting passenger compound 
locomotives into simple, whereas the latter occupied a diametrically 
opposite position. Nevertheless the statements of the experience 
of these two gentlemen made a valuable contribution to  the 
Proceedings. Mr. Cooke had pointed out the difference in the 
recorded horse-powers of the compound and the simple engines, 
and had drawn the same inference as Mr. Winder. The author 
referred to his reply to Mr. Winder. The consumption of oil by 
the compound was slightly higher than on the simple engine. 
During the two years ending November 1909, the simple engine 
used 8.18 pints per 100 engine-miles, whilst during the same 
period the compound consumed 9.34 pints, or 14.1 per cent. per 
100 engine-miles more than the simple. 

A reference had been made to  blast-pipes, and the author quite 
agreed that variable blast-pipes produced a saving in fuel if 
properly and regularly used. That was the dSculty.  The fixed 
nozzle was too small at  the time the engine was working hard, and 
produced too strong a pull on the fire, whilst the same opening 
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was a t  times too small for good production of draught when the 
engine was working light. The variable nozzle had, however, one 
serious objection, in that, if neglected for a day or two, it was 
liable to  get fast and become unworkable. With reference to Mr. 
Longridge’s remarks about dividing the exhaust, when issuing from 
the nozzle, the author’s experience had not been successful in this 
direction. 

The author was interested to hrnr from Mr. Powler that repairs 
t o  the Midland compounds were no heavier than the repairs to the 
simple engines; this agreed with his own experience. He was, 
however, surprised to hear that  the 320 lb. pressure boilers were 
not giving the trouble which might have been expected. Mr. 
Bowler had given some interesting coal consumptions per ton-train- 
mile, but, of course, it must be remembered that if these figures 
were compared with the author’s, the latter were for engines 
employed in heavy goods service, where naturally the operation 
was carried on at a later cut-off. Compound engines did certainly 
get away with considerable ease when starting heavy trains, 
especially if provided Tvith a suitable starting-valve, and the 
author claimed that this valve on thc Lancmhire and Yorkshire 
compounds was of extreme simplicity, certainty of action, and a h  
“ fool proof.” Through the agency of this valve, the starting effort 
on the compound was 22 per cent. greater than the simple engine. 
A full description of this could, of course, be obtained by reference 
to the Paper. The description of the Midland arrangement was 
interesting, inasmuch as it indicated how Mr. Fowler overcame his 
own particular difficulty in this direction. 

It was extremely difficult either to design new engines with 
superheaters or apply the latter to existing engines without 
increasing the weight. I n  the author’s case, the goods-engine 
increased in weight by 4 per cent. and the passenger-engines by 
74 per cent. 

Mr. Mark Robinson (page 486) had drawn attention to the 
enormous pressure at  release, which was common in locomotives, 
and, the author added, consequent back-pressure. This feature 
was realized and fought against, but the difficulties introduced 
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were great, and although the President in the year 1897 brought 
out an auxiliary exhaust-valve, which delayed the exhaust closure 
to 90 per cent. of the stroke a t  all cut-offs, the scheme was not 
persisted in, on account of additional intricacies involved in 
preparing the cylinders, introducing greater clearances, which 
nullified the advantages gained. There was little doubt that  
thc coal economy of the compound was due to t h  lower terminal 
pressures, as the simple engine exhausted 66 lb. per square inch 
against only 28 lb. in the case of the compound; but with the 
latter engine there was the objection of undue compression a t  the 
earlier cut-offs. The author was endeavouring to combat this, and 
expected to have heard a good deal more about the diagrams 
shown on page 424. 

In reply to Mr. J. D. Twinberrow (page 487), the author could 
not see why the arrangement of valve-gear impaired the economy 
of the superheater engines. He had already more than once 
referred to this question, but would further add that he had 
plotted out the elliptical curves of the steam distribution, and 
found that the distribution obtained by the Joy gear was very 
similar to that obtained by other gears ; and hc could not accept 
the statement that the valve-gear was responsible for the economy 
being lower than was expected. In regard to compounding in 
passenger work, the author quite realized the fact that the valve- 
gear was not impaired to the same extent as in the simple engine, 
but he failed to see how economy was to be realized in the 
compound when the cut-off was in the neighbourhood of 40 to 45 
per cent., and the simple engine cutting off a t  about 20 per cent. 
Usually the high-pressure cylinder was about half the capacity 
of the simple engine, and if the cut-off in one case wa6 double that 
of the other, the contents of the cylinders to be filled would be 
about the same, and the steam economy of the compound would 
not be marked. Mr. Twinberrow had further remarked that 
excessive compression in the compounds had been overcome, but 
he did not say it had been accomplished a t  lower cut-offs than 
40 per cent., nor how undue compression had been nullified. This 
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might be overcome by giving additional high-pressure cylinder 
clearance, negative lap to high-pressure valve, increased lead to 
low-pressure valve, etc. Negative lap was useful at  high speeds, 
hut a t  low speeds it was detrimental, as it allowed the exhaust 03 

one side of the piston to pass over to the other side, and so 
increased back-pressure. 

Mr. Sidney Stone had given some very interesting figures 
relating to tests and fuel consumption on simple and compound 
engines. The author observed that the latter engine was of the 
cross compound type. Although a number of engines of the cross 
compound principle had been in service in this country, they never 
met with much success. It was extremely difficult with a 
%cylinder compound to  get equal work from both the high- and 
low-pressure cylinders a t  all speeds and cut-offs. The receiver also 
had to have a capacity at least equal to the high-pressure cylinder, 
and was a constant source of trouble t o  the driver in shunting 
operations, and in placing the engine on a turntable. None of 
these troubles existed with the 4-cylinder compound, which was 
quite as easy to  manipulate as the simple engine. In regard to  
these particular tests, he (the author) was unable to find any 
reference to the loads hauled, and he considered the figures of coal 
consumption would have been of more value on a ton-mile than on 
a train-mile basis. 

Referring to Mr. Longridge’s remarks (page 491) that water 
was carried from the boiler, he (the author) had found this t o  be 
so. Recently he had made experiments on wetness, and found 
9 per cent. of water in the steam-pipe. The water-level of the 
boiler was 1 foot 7 i  inches below the regulator opening. 

In view of the size and capacity of the locomotive. which had 
in recent years increased enormously, and the fact that the loading- 
gauge limits had been reached, it seemed certain that the %cylinder 
design would in the near future be supplanted by the 4-cylinder 
engine. In fact, the 4-cylinder simple engine had sufficient 
advantages to merit its adoption, which added to those of the 
compound principle tended to further advancement. The author 
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had coupled his cylinders to separate axles for both 4-cylinder 
simple as well as compound, and in regard to adhesion, he thought 
16 per cent. was too low. With dry and well-sanded rails, it was 
possible to  use as much as 30 per cent. of the weight on the 
driving wheels, but a more usual figure to  represent everyday 
conditions was 20 per cent. Mr. Longridge had pointed out that  
with one valve-motion for two cylinders, steam could not be cut 
off earlier than half stroke without forming a loop a t  the end of 
the high-pressure diagram. With the Lancashire and Yorkshire 
compounds, the author had found loops on the diagrams when 
cutting off as late as 60 per cent., but through the agency of the 
automatic release-valves, he was able to  run his compounds with 
freedom in 14 notch from mid-gear, or a t  a cut-off of 29 per cent. 

The force of the President’s remarks (page 493) rested on the 
emphasis he gave to the desirability of tests being carried over 
long periods, including all possible contingencies, not forgetting the 
human element. 
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Four-Cylinder Comfiound Goods-Engine 

Fig. 17. Fig. 18. 
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