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INSTRUCTIONS FOR STORING SUPERHEATER AND THROTTLE EQUIPMENT
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fIt_has developed that‘some of our Class Tl.locomotivea ‘that were in

hfter boiler has been blown down it should,be washed drained and
filled while hot with air at 125 to 150 lbs. pressure., With inspaction
plugs in steam chest removed, cylinder cocks open and engine blocked,
. pull throttle wide open qulckly Throttle should be opened several
e ,tlmes untll no water comes out of inspectlon holes and cyllnder cocks. . -

."THROTTLE Coe '
: - Remove outboard bearing, valves and shaft. .
f-(b) - Coat outboard bearing with grease and wrap in cloth,
_(e) =~ Coat valve seats and balancing piston guides with oil and
" replace valve covers. Close throttle shaft,hole with wooden
ol plug.

(d) ~ Coat shaft and valves with oil and store with bearing in
place protected from the elements.

He.T. COVER.

. ASST..VICE PRESIDENT-OFERATION
- AND CHIEF OF MOTIVE POWER.
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“Prgm’ . A 8. Vags, Neahemiesl agineery R |
. B JeTMullis, Ganoral S\Q"l Mln Power. Dated, December 30, 1915.
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E. Qm carefully noted Mr.Youmg's repers, dated Nov.29, 1915, nwding a
» muu Jecamotive larger tham the Lls, and, reaMsing the great objectiom to a. -
; . inder loeometivé, Bave snalysed other nesns of sooomplishing the seme
- sesalts.  The odjections £0 & three-cylinder locomotive ars:
R Crank axles;
) Valve motion caomplioatione;

steam paASssge complications;

Inferior smcokebdex snd dreft cenditions;

Inorease of machinery.

The analysis of this mfbject shows that & two-cylinder locomotive car de
desigued te give 511 the sdvantages and neme of the disadvantages of the propesed -

¢ . theedsoylinder locorotive, and will furnish & greatir wniformity of tortue after
. the first revolution. ’

. The provlem presentin3 itsclf for consideration is to provids & 2-10-3 tyve .
& Jeegmotive ospabls of fwrnishing 25 peroent. more powsr than the Lls loococmotiv
T4m starting amd et speeds wp to twenty miles per hour, fer use of the Low Grede B
. 118 between Harrisbure and Philadelphis. On this Divisioy the ruling Hrede is .
038’. and the locomotive power requirements are more wniform than on other Divisiong
. wm 1deal comdition for a compound freipght locomotive. 7Thse proposed locomotive

ll'ﬂ&\c ss simple and econamioal as possiole.

" In the amalysis of the adove problem, the four-oylinder compewnd lecomotive
" was eliminated on scoount of inorease of machinery csused by the use of four
qxanm sl sgoompanying multipliostion of other parts; also, beosuse of eutt
off gtomm at half-stroks in full jear In simpla c,liMerl. the seonomy results
' d& ‘squivalent to 8 compound locomotive with a 2 to 1 ratio of cylinders.

- Cacparative theoretical oaloulations were made 07 thne class Lls {2-8-2},
the three-cylinder type (2-10-24), and thw two cylinder type (S-10-2ZB}, om the
o following basis;

2¥P0, - - - - o e e - e - . a0=2 2-10-24 ~10-23

Kumber of Cylinders, . . . . . 2 3 b3
Siae of oylinders, inches, . . 27 x 30 27x32 30 x 32

- Boiler pressure, Lus.per 8q.lInch 205 206 250
Diameter of drivers, inches, . 62 62 62
Cut-0ff, full gar, ¢ « « « « .58 «50 «30
Boiler heating surface, Sq.feet 4800 5400 5400 ’

Welght on drivers, pounds, . . 40000 300000 300000
Avg.Veight, Engine and Tender, 440000 500000 500000
Water, per hoar, « « « » o« o 55000 56000 550Q0

Locomotive 2-10-2B must be equipped with startings-valve,

Bote - o sacemnt of short cut-off in full goar.

From this tabulatien it will be noted that, sltheugh the 2-10-2 looomotiv

are credited with 12-1/24 greater heating surface, the camparisan is based on t
flat rate of 55000 pownde of water per hour. This i{s done for the rurposs of
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glearly setting forth features of ecomomy. At rifteen miles par hour and
higher speedw, the 2-10-2 locomotives oan furnish at least 109 more power
than figures aud diagrans indicate. Sheets 1 to 12 inclusive show the
following::

Full gear starting and indioator cards:

Corresponding cylinder tractive power disgrams;

Cylinder trastive power and drawbar pull;

Indicated horsepower a2md drawbar horscpmr'

Water consumption per indfoated horsepower;

Water evaporated per pound pf coal:

Coal burned per indicated horsepower; and,

Coal burned per drawbar horsepower.

Corresponding tabulations are given om sheets numbers 13 and 1l4.

All of the results shown, including those for the Z-8-2 locomotive, are
thooreticsal, for reesons of camparison.

At slow spsed the traactive power is limited by the oylinder volume and
meximum point of cut-off, and not by the smount of water evpporated by the
boiler. The curves shown for tractive power and drawhar pull are tne maximgm.
For speeds at which the tractive power is limited by cylinder volure and maxirmum
cut off, &4 should be deducted for 2verage valuas. -

The results illustrated by the dlapgrams end tabulatiors of the 2-10-ii and
2-10-28,. ahaw -

1 - That tke ratio of maximum to minimum torque is the same for the
two-cylinder and threo-cylinder locamotives.

¢ ~ The varlation of toraue js more «radusl in the two-cylinder locomotim 2

3 - A starting-valve and sligntly larger cylindera applied to tna throe- =%
cylinder locomotive will make that locomotive equal to the two-urlindar :
locomotive i: oylinderys tractiva amd drawbar rower.

4 - At speeds up to eleven miles per hour the 2-10-IB locomntive will
deliver at least 25 more drawbar pull per uni€ of water than the
2-8-2 when both locomotives are worked to thoir capacity.

5 - The 3aving of water and coal in favor of the -10-2B increasés in
proportion to the amount of water used per mile.

5 = On sccount of Incregssed heating surface the 7-10-U3 ~vaporates more
water per pQund of coal for the same amoupt of water per hour.

7 - The 2~10-2B locomotive shows 25% or mors increase of drawbar pnll
per pound of coal for speeds up to 12 miles per rwuz',, for 35,000
pounds of water per howr; 18 miles per hour, for 45,000 pounds of
water per hour; and 25 miles per hour, for 55 000 pounds of water
per hour. B

The Profile of the Low-Gradc,Phila.Division, shors cnprozimatel; 38 mill
of +3% grade. The fx length of freight haul, ihcluding cut-off, is 132 m1leg
of which 94 miles averages slishtly down-grade. The difference in clevatias
between Enols and Atglen 1s closely 200 feet. The total risc, due to 38 »
of .%% grade is closely 600 feet. The totzl available time of run for one
18 12 hours, allowing 1~1/2 hours for torminal delays, 1-1/2 hours for road
stops, and 1 hour for unexpected contingenolea, leaves 8 hours avail=ble
tins. .



s Midale Hlivisien saxiwwg tomnage is 100 cars of 75 tons eagh, or 7500

e - The tets) resietemos of train on level tmngent is - X

L - S 28,800 &% 10 milee por howr; -
b : o ”.m [ LA ] L g .
. ' 83,200 - » 30 - " o

On +3% greds, the reistance ie -

| , 67,180 pounds at 5 miles per hoyr
£ ’ - w'm L L4 1'0 " " "
m’m ” » w " " L)

n.m L L+ ] - " "

Ihe maximm drawber pull of the 2-10-2B locmootive, at 10 miles per hour, = °
is 76,604 pounde. Taxing 92% of this fer aversge locomotive performance and sube “
traating 1500 pounde for gravity effest of looamotive and tender, loaves 68,975 '
peunds or, suffiolent to take the deeignated train up & .3% grede at 10 miles per
hour, st whioh speed the coal comsumption is 5300 Lbs.per hour for full gear operatiom:

The eoal qonswsption for the 38 miles of .3% grade is, tuerefore, 22,03
1 pownds during & period of 3.8 hours. The resminder of the mot will bave to ba

- made in 4.2 hours, or &t a speed of 23 miles per hour. ,

v ..  The svailable drewbar pull of the locomotive at 20 miles ver hour is 33,718
1. -vPomds, &% & water consusption of 58,000 pounds per hour, and tho locomotive is
i3 wipehles of higher svaporation and oansequent higher drawbar pull. The svera s traimy .
i . ke, 88 J0 miles per hour is less thak 30,000 pounds.

o el F¥om this it appears that when working the 2-10-2B locamotive to full cupac-
% . J8Fwthe 7500-tom trainm esm de hauled over the 94 miles at o speed of 35 miles per
+* houfl or in less tham 3 hours, or between 1 sund 1-1/2 hours less time than reguired.
2 At thie speed the 7300 tem train on .08% average down grads, with an allowancc of .5
pomds per ton for curvature, will require a water rate of 55,200 pounda pver hour
< =od & ooal-rate of 9500 Lbs.par bhour. This would necessitate the use of a stoxer.
At & speed of 23 miles per nour, making the run in the availadle time of 4.2
hours, the corresponding water rate would be 26,100 pounds per hour, and the coal
rate would be 3300 pounds per hour. The coal requirements,therefore,wonld ve 27,000
Lbs.for 38 ntles of grade and 14,000 pounds for 94 miles,the rema ining distance, .
making a total of 36,000 pounds for the whole run, an average of 45000Lba.per hour,
indiocating that evem with hand firing there is Dosaibility of better performance.
A stoker can give no mere powsr on ths 35 miles of 3% gcrade than when tiring
by hand, as the maximum possible speed with the meximum train is detween 10 and 11
miles per hour, at whiok speed the acoal conmmmption cammot excesed 5300 Lbs.per hour,
whisht {5 within the capabilities of a good firemsn. On the remainder of the run the
coal consumption need never reach 5000 pounds ver hour.
For the same cosl and water rates amd corrseponding maximmm tractive pawor of
2-8-2 locomotive,the maxfmum train this locomotive can haul is only 6000 tons in & cam
The starting pewezr of the 2-8-2 locomotive carrected for <5k grads is 50,700-
pomds, or 10.17 pounds per ton for the 6,000 toms train. This i3 barely suffige
fient to etart the train, when bunched, on the specified grade.

a The startigg power of the 2.-10-23 locomotive correctad for 3% grade, is
99,000 pounds, or 13,2 pounds per ton for the 7500 ton train. To utilize this
drawbar pull the rail must be sanded. Tith the train bunched the pull of 13.2
pounds per ton of train is sufficient. ‘
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