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Locomoti ve Boiler :Feed Pump anti Feed Waler Heater. 
(Polcntcd ond J'ot cnt !?ending.) , 

Worthington 
Locomotive Boiler Feed Pump 

and Feed Water Heater. 
(Patented and Patents Pending.) 

Introduction 

WORTHI GTON Locomotive Feed Pumps and 
.Feed \i\Tater H eaters have now been in actual 
.-er vice on t he road for three year. and have 

proved t hem elve · to be reliable for railroad service. 
They are easier to operate than injector and are pre-
ferred by t he engine chiver. . They can be operated con -
tinuou ·ly at low capacitie and can be kept in operation 
without any attent ion from t be driver in spite of very 
low steam pre .. ure. clue to boiler or other trouble. They 
effect a material r eduction in coal and water con.- umption 
aH the time and may be u.-ed to obtain increa::;ed steam-
ing capacity when needed. T hey offer t he peculiar 
advantage of being of greatest assistance to the loco-
motive when t he locomotive most needs t heir a.-. i. tance. 
Feed water temperature.- obtained are not influenced by 
·winter temperature , reduced boiler pre.-.- ure or super-
heat, but t he coal and water saving or increased ·teaming 
capacity is proportionately greater under t he ·e condit ions. 

The \Vorthington Locomotive Feed Pump and .Feed 
\Vater H eater i a unit complete in itself, and can be 
attached to the locomotive at a minimum expense. l t 
offers advantage. in fuel and water . aving or increa.-ed 
steaming capacity at a flr~·t cost that i.· . mall compared 
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\YORTHTNGTO J 

L ocoMO'l'IVl~ BoJLER FEED P u1\ll' AND FEED HEA'l'ER 
-------------

with otber mean · of obtaining t he ·e advantages, and in 
1110. -t ea ·e: will earn it: fir t cost, and co:t of attachment 
in from one to two years. 

li''ig. 2. 
Worthinglon Lo ·omotivc Boiler Feed Pump and 

Feed Water Heater. ' ize No. :3. 
F ront \ iew showina Exhiiust 'tea m Inlet. 

(Pot <mlct l oncl Pnlen ts Peml in).!.) 

The advantage: obtained from feed wa ter heating on 
the locomotive are so much greater than in t he .-tationary 
plant t hat t he time rnu.·t come when feed water hea t ing 
will be a: nearly univer. al on t he locomotive a. it i · in 
t he . ·tationary p lant. 

-

vVOHTHINGTON 
L o ·oMOTIVE BOILER FEED Pu1\ll' AND FEED HEATER 

The locomotive i: a power plant that i neces. arily 
::mbject to . pace and weight limitations and is obliged to 
carry it · coal and water ·upply wit h it . For this rea ·on 
economy and capacity increasing devices are of par-
t icular intere. t for t he locomotive. 

The Feed Vv ater H eater i · one of t he most effective 
of t he ·e device.·. By recovering part of the heat neces-
sary to generate the . team it renders unnece sary the 
burning and carrying of an equivalent amount of coal, 
and by recovering part of the feed water it reduces the 
amount of water t hat must be carried. Both t he heat 
and t he water are recovered from t be exhau.·t :team, an 
otherwi:e wa ·te product. , 'ince part of t he work of t he 
boiler is accompli. heel in t he heater, t he capacity of 
existing boilers is increa ed or ·maller boiler may be 
u eel. Unlike mo ·t other economy and capacity in-
crea ·ing device·, the feed water heater need not be an 
integral part of the locomotive, but can be made a re-
placeable attachment, ea:ily removable for major repair · 
when nece ary without laying up t he locomotive. 

, 'ome of tbe earlie. t locomotive were provided with 
feed water beater: . In fact, t hey appear to have been 
more generall,v u ed in t he earliest da,ys of the locomotive 
t han later . All ·orts and types of heater ha.ve been 
tried, , ·ome recovering heat from the hot ga ·es and other · 
from the exha u t steam, but only in t he la ·t few year: 
do we find any general adoption of locomotive feed 
water heater , and then only in some few countrie: in 
Ettrope, where it 1 • reported a: many a. 15,000 arc m 
.·ervice. 

These heaters are practically all of the clo:ecl or 
surface type, deriving t heir beat from t he conden ·ation 
of part of t he exba u:t : t eam from the locomotive, but 
t hey wa ·te to the t rack t he condensate from thi. exhaust 
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\iVORTHINGTO 
LocoMOTIVE Borr.ER FEED PmrP AND FEED H EATER 

steam as ,veil as its heat, are serimv ly affected by small 
amount. of ·cale and require enough exhau:t steam to 
heat all of the feed water. 

The locomotive feed water heater manufactured by 
,-,.., ortb.ington , 'impson, Ltd., is of the open type. The 
heater is built under t he Tho ·. C. McBride patent· and 
was formerly known a · the McBride Locomotive F eed 
\iVater Heater and Boiler F eed Pump. 

The \Northington Locomotive Feed \i\Tater H eater 
u. es part of t he exha ust steam from t he locomotive to 
heat t he feed water. Tb.is exhaust steam fi.r. t pa. :e · 
through an oil . eparator which removes a.ny lubricating 
oil from it. 

The \iVortrungton H eater, because it i. of t he open 
type, automatically and without complication recoYer :-; 
t he conden::;ate from the exbau-:- t . team used in heating 
and all of it s heat. , 'ince part of the feed water , about 
15 per cent. is recovered from t he exhau:t ·team, t he 
:cale-forming matter entering the heater and the boiler 
with t he feed water is reduced by t his amount. In 
addition to t his, actual experience · on the road in bad 
water district ha proved that \\ orthington heater. can 
be operated for months without cleaning and with accu-
mulations of scale from 1 / 8 to 1 /.i in. in tbickne: · withont 
in t he least affecting the feed water t emperature · ob-
tained or the operation of either the heater or t he pump. 

That part of the feed water which i · recovered from 
t he exhau. t ·team by the Worthington heater doc: not 
need heating. Only t he balance of t he feed water , about 
85 per cent., which i t aken from t he tender , require.· to 
be heated. For this rea. on, t he \iVorthington heater u:e: 
less exha u ·t stea,m t han other heater::; and leaves more 
exhaust team availa ble for t he draught, a mo. t important 
featurn on t he locomotive. 

WORTH! GTON 
L oco1VIO'l'IVE Borr.,ER FEED PmvrP A "D FEED liEA'L'ER 

T he open type heater bas now been univer ·ally 
adopted for ·tationary power plants. Its use wit h t he 
oil separator to remove the oil from t he exhaust steam 
on its way to the heater applie. to t he locomotive prin-
ciple::; which year · of development have proved be. t in 
. tationary power plant practice. 

Description. 

The \Northington Locomotive Boiler Feed Pump and 
Feed vVater H eater combines in a single unit all the 
elements necessary for: 

(a) The beating of the feed water by direct contact 
with exhau ·t steam from the locomotive. 

(b) The r~covery of t he water re ·ttlting from the 
condensation of t hi.- exhau ·t ·team, a: well 
a all of it. heat. 

(c) The delivery of the hot feed water, together 
wi th t his water of conden ation, direct to 
the boiler. 

These units are built in fom sizes having capacities of 
2,000, 3,200, 4,425, and 6,000 gallons per hour respec-
t i vel_v. One of these unit. baving a maximum capacity 
of 4,425 gallon· of feed water per hour is shown in t he 
illu_. tration on page 6 of this bulletin. 

The illustrations t lll'oughout t his buJletin show t he 
application of these heaters to various types of locomo-
tive. . Jt will be noted that the unit: are de ·igned for 
convenient attachment to the side of t he locomotive 
boiler a · is customary with air brake compressor ·. 
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\\ ORTHJ GTO 
L OCO::\IOTI\"E BOII,ER FEED p IP A~D F'EED H EATER 

Th genera l construction of t he heater and pump i:-; 
.·hown in .-ectional view on page 30. The preferred loca-
t ion on the locomotive and t he p iping connections arc 
.- ho"11 on page 11. The heater i.- a ·imple ea ·t-irnn box, 
t o one .-ide of which the pump i.- attached. The large 
opening in t he side of t he heater (marked engine exba u.-t 
pipe) i · connect ed by a pipe to the exha u t port · of the 
locomoth·e t hrough hole.- cut into the ·e port:,; fhrourrh 
t he back of the cylinder cxha u.-t che.-t, as i.- .-hown in 

J<'ig. 3. 
\\"or-thington Locomoti,·c Fccd Pump and Fcccl "\Vatcr 

' H eater on :.\Iikado T,vpc Locomotin•. 

t he ill u.-tration of the piping on page 11. The open . pace 
in the top of t he heater i.-, thercfor , 1:;uppl ied with cx-
ha u.-t .- team from the locomotive at practically exha ust 
port prcs.-urc. This pipe leacl in rr t he exhau. t .-team t o 
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\YOHTRI GTO r 
Lo O)IOTlVE B O ILER F EED P tnrP AXD li'E ED H EATER 
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'vVOHTHL ·GTON 
L oc0MO'rIVE BoILEB ·F'EED P m~rr A ' D F EED H EATER 

t he feed water heater bas in it a check valve and an oil 
·epa.rator. A ·mall hole in t he bottom of t he oil . eparato1: 
pro,-ride. a continuou: drip for t he ·oil which js ·epa,rated 
from t he exha ust ·team from the locomotive, effectually 
preventing t hi · oil from entering t he heater and reaching 
the boiler. 

The feed p ump is of the ver t ical, d irect-acting piston 
type, with the steam cyli11der a bove and two water 
cylinder:· below . The upper or col'd water cylinder takes 
cold water from t he tender t hrough t he usual ho ·e and 
pipe and deliver · it to a spray valve in t he top of t he 
heater which ·pra,y · t he water into the exhau. t ·team 
:filling t his part of t he heater. Thi · cold water condenses 
as much of t he exha ust steam as i · necessary to beat it, 
and, mixing with the water re:ulting from t he co"!l-clen: a-
tion of t hi exha u t ·team, ch·op · to t he bottom of tbe 
heater. The lower p ump cylinder takes t hi. heat ed 
water from the hea,ter and de.liver · it to t he boiler. 

·A mall vent .in t he rear of the heat er i: provided to 
relieve it of an,v a ir that might accumulate in it. p ipe 
i: provided lead ing thi.- air to a point of convenient dis-
charge betw~en the track. or to the ashpan. 

The exhau ·t . team from t he p ump is led into t he 
main exba u: t pipe leading to the heater , where it rnixe · 
with t he ex haust steam from the locomotive and pa.-. e.-
with it t hrough the oil separator and into the beater, and 
1 • u ·eful in helping to heat t he feed water. 

'TJ1e a mount of exha ust steam taken from the loco-
motive by t he heater is controlled a utomatically, t he 
cold water entering t he heater conden. ing only a· much 
steam a· is neces. ·ary to heat it, refu. ing any more. 
However , t hi: a mount neces.-ar ily varie.- wit h t he ·team 
and cold water condition., and consequently ·ome mean · 

t, 

. , 

, 

WORTHTNGTO 
L oco~rn·rrvE BOILER FEED Pmll' AND FEED H EATER 

of regulating the water level in the heater must be pro-
vided. The desired regulation is effected by ·o propor-
t ioning the pi ·tons of t he two pump cylinders as to cause 
a tendency for a ·light exces. of water to accumulate in 
t he heater and the ret1un of this sligh·t exce s of water, 
under control of a bucket in t he heat er, to t he cold pump 
c~1linder and t hence _to t he heater. 

The bucket shown i · part 79 in the ·ectional view of 
t he heater on page 30. ,¥ hen t here .is too much water in 
t be heater the b ucket fills and sink.·. In it. low po. ition t he 
b ucket opens port · in the central .-tem, 78, aUowing t he 
exce. · water to reach an extra .-uction valve, 55, in 
the colcl water cylinder. The water thu · rettffned to the 
cold water pump meet a corre poncl.ingly reduced a mount 
of water coming from the tender t hrough t he main ·uc-
tion valve, 60, and is delivered with it to t he heater 
t hrough t he spray valve, 130. After t he exce.-s of water 
has been pumped from t he heater and the bucket is 
partly emptied, t he bucket ri e. , closing t he return pa -
·age so t hat t he return valve, 55, is t ben out of com-
mis ion .and all of the ·water j,. taken from the tender 
through the main \Talve, 60. 

The pump i · driven by steam from t he locomotive 
boiler t hrough a pipe provided with a t hrottle valve 
placed wit hin convenient reach of t he driver'. left hand. 
By a . light tmn of t he hand wheel of t he throttle valve 
the driver can .-tart his pump, .-top it, or adju t its ·peed 
to rnai.ntain t he desirnd water level in the boiler without 
taking hi · attention from the road or even looking inside 
t he cab. 

A .-ingle-feed lubricator or an extra connection from 
t he main lubricator is provided for t he lubrication of the 
'team cylinder of t he pump. 

The heat er is provided wit h convenient plugs t hrough 
which . e~iment can be washed from it, and cock. t hrough 
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\\ OHTH INGTON 
L OCO:Vt:OTIVE BOILER FEED Pmre AX D li'E ED HEATER 

which it can be drained to preYent freezing ,vhen the 
]ocomoti ve i.· laid up. 

Fuel and Water Saving. 

The \Vorthington Locomotive Feed ,vater Beater 
will r ecover from 10 to 12 per cent. of t he heat required 
by t he superheated steam locomotive boi ler under m,ual 
operating condition.·, and from 11 to 13 per · cent. of the 
heat req nired by the boiler of the :aturated ·team loco-
motive. Jn th.i s it doe. not differ from the feed water 
heater of the : tationar}' pmver plant. ]n-the case of the 
locomotive, however, t here i.· a ·great er :avi.ng of fuel 
due to t be fapt that the locomotive boiler i · generally 
overloaded, a.- compared with . t ationary practice-. Tbis 
reduction in the amount of heat required result.· in a 
higher boiler efficiency due to the decrea eel amount of 
beat tha,t mu. t be transmitted to generate a given amount 
of ·t eam. 

Jior example : A certain large good · locomotive 
which bad been Yery carefully t e ·t ed .-howed a boiler 
effi ciency, of 63 per cent . when feel with t he injector and 
evaporating 40,000 lbs. of water per hour. When the 
a mount of beat requ i_red from the "ffre and transmitted 
through t he heating ·urface wa: reduced 10.-1- per cent. 
becau:e of t he heater, the efficienc_v of the boiler wa · 
increa eel to 66 per cent. Jnjector op·eration required t he 
burning of 100 parts of coal at 63 per cent. efficiency. 
H eah~r operation required 100-10..! or 9.6 per cen t. of 
t he heat, but from coal burned at 66 per cent. effi ciency. 
The a.ct11a,I a mount of coal required wa:. therefore : 

63 
- (100- 10.4) = 85.5 per cent. 
66 

• 

,voRTHJ GTON 
Lo Oi\'IOTIVE Bon.ER FElm PuMP .1 K D FEED HEATER 

.., On this ba: is the coal :avrng was l+.5 per cent. 
Therefore, wherea. t he fuel ·aving in the ·tationary 
power plant wouJcl have been but 10.-1: per cent ., the fuel 
saving on this particular locomotive at t his capacity wa. 
l+.5 per cent. 

This characteri ·tic of t he feed water heater on t he 
locomotive i · shown in Fig. 5 ( ·ee Proceeding. American 
, 'ocietv of l\[ecbanjcal. Engineers, " Locomotive .Feed 
\Vate1: H eating," by T hos. C. nfoBride, M·a.y, 1920). The 
CLU'Ve marked " D ·•. (Heat , 'a ving) ·how · t he amount of 
heat actuall,· recovered bv t he feed water heater. The 
upper :olid ·cm·ve marked· " E " (Coal 'aving) shows the 
actual coal ·aying. The d i ·tance between these two 
clll've: j .- the ·a ving in fuel in addition to that obtained 
from the feed ,vater heater alone cl ne to the better effi-
ciency of t be boiler a.t the lower firing · rate. 

The Worthington Locomoti,·e !reed Wat er Heater re-
cornrs from 13 to l 6 per cent. of t he feed water from t he 
f'xhau ::it : team, the larger figure with the lower water 
temperat ures of winter operation. T hi · water :aving i. 
in effect an equivalent increa ·e i'1, tender water capacity, 
and where it render: unnece: ·ary a :top for water, re.-ult. 
in a .-till further saving of fuel a.- ,vell a.- time. 

Steaming Capacity. 
~.\ · part of the work of the boiler is effected in the 

feed water heater. a n incrca,.-e in .-teaming capacity for 
the ·ame amount of coal burned re:ults from it · u.-e . .. 
·with 200 1 bs. :team pressur~, 150 degrees ·uperheat, and 
..J.0-clegree.- tender water t emperature, the : teaming capa-
city iJ · incrca ·eel 13.5 to' l+.5 per cent., depending on the 
ex hau.-t ·team pre . .-ure ava,ilable. With 70-degree · tender 
wa.ter t empera.ture, from 11 to 12 per cent. increase i · 
obtained. 
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Fig. 5. Analysis of coal saving based on indicated horsepower. Total exhaus t 
steam taken by heater, the amount furnished by the feed pump and the amount 
tdken from the exhaust -ports of the locomotive. 

A-Exhaust steam furnished by feed pump, per cent. of total. 
B-Exhaust steam taken from exhaust ports, per cent. o f total. 
C- Total exhaust steam utilized by heater, per cent. of total. 
D-Heat saving, per cent. 
E- Coal saving, per cent. 
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WORTHINGTON 
LocoMOTIVE BOILER FEED PTJ1\'lI' A :rn FEED HEATER 

An in ·pection of the coal-saving CLU'Ve of Fig. 5 
s11£)WS t hat t he coal ·a.ving increa ·es very rapidly with 
increa:ed capacit y of t he locornoti ve. For t hi. · rea ·on 
t he feed water heater is of particular value on locomo-
t ives which mu t be operated at or near t heir maximum 
capacity and on older locomotive· generally small for 
the work t hey are called upon to do. 

Draught. 

The Worthington Locomotive Feed ,¥ater H eater, 
becau:e of its type, i : particuJarly applicable to t he 
locornoti ve. C'lo ed heater r equire enough exhaust 
. t eam to heat all of the feed water . Tbe 'Northington 
heater recover · part of t he feed water, approximately 
15 per cent. from t be exhau ·t steam, and only t he balance 
of the feed water, approximately 85 per cent., remain.-
to be heated. Since only part of t he feed water need to 
be heated, a mini.mum amount of team is taken from 
t he locomotive exha u. t by t he heater and more i left 
availa ble for the draught, while the amount of fuel 
btu·ned is always reduced at a greater rate than is t he 
amount of .·team available for t he draught . Thi.- feature 
is well shown in the curves of ]j1g. 5, which bave been 
taken from actual t e;-t plant re. ·uJt . T he upper dotted 
curve" C" .-hows t he total amount of cxhan ·t ·team ta ken 
by t he feed water heater. The lower clotted curve "B" i. 
drawn below the upper one at a distance representing 
t he amount of exhau ·t steam furnished to t he beater by 
t h~ feed pump. T he lower dotted curve, therefore, .-hows 
t he amount of exhau. t ·team taken from t he bla. t 
nozzle by t he beater. J t will be noted that tbi. curve i · 
entirely below the coal- ·aving curve. The ratio of the 
amount of . team left available for the draught to the 
amount of coal that mu. t be burned will t herefore always 
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be. greater ·with t he l\ orthington heater than it will be 
with t he i1ijector. Jror in. tance, at 2,000 T.H.P. , t he 
\Vorthington heater reduced the amount of steam 
availa ble for t he draught 121 / -2 per cent., a: compared 
with injector operation, wherea: t he amount of coal 
burned was reduced to 181 /-1 per cent. _Eighty- even and 
one-half part.- of exhau:t .tea,111 were left to burn 811 /2 
part. of coal and t here was an exce:s.of draught a.- com-
pared ~vith burning t he .-amc amount of coal with in-
jector feeding. Numerou.- trial.· of locomotives with 
\\ orthington heaters nmning alternate runs with the 
injector and t he heater have demon ·tratecl that there is 
no nece ·sit)' for any reduction rn the size of the bla t 
nozzle becau. ·e of the heater. 

On the other hand, the curve:, Fig. 5, : ho"" that there 
j.- a po:: ibiJity I of slightly increasing t he size of the blast 
nozzle with t he \Yorthington heater, with the con:eq uent 

• 

.Fig. Ci. 
\\'01-thington Locomotive FC'c-d Pump and Feed 

\Yater Heater on }likado Type Locomotin•. 

-~ 

' l 
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advantage of an additional reduction in back pre::ure in 
the "ocomotive cylinder . \Vhile it i.- clifficult to mea.-ure 
the rncluctioh in back pre ·sure in the locomotive cylinders, 
beca,use of t he feed water heater, driver · operating loco-
moti,·e equipped wi.th \Vorthington feed water heater: 
ba ,·e noted and commented on the very considerab le 
reduction in tbe .-ounci of tbe exhaust of the locomotive. 

, 'ince the use of t be \Vorthington Locomotive Ji'eed 
·w ater Heater result.- in .-uch a considerable reduction in 
the amount of coal burned to generate t lie same amount 
of ·t eam, there mu.-t neces.-ari ly be .-ome reduction in 
the fine ga.- temperatlU'e.- and in the degree of : nperheat . 
and, con ·equently, a : ligh t inc-rea.-e in t he .-team con-
·umption per I.H.P. This lo.-.- is :n'tall and i · compen-
:ated for by the reduction in back pressure in the loco· 
motive cylinder.-, due to the exhau ·t : team taken by the 
feed ,rnter heater. Jn the ca:e of new locomotive· built 
with ·worthington heat er: it would probably be aclvi ·able 
to . o mocli.fy the : uperheaters t hat there would be no 
recluc~ion in superheat becau.-e of t he feed water heater. 

Scale. 
Since t he Worthington Locomotirn ~Feed \ i\' ater 

B eater iB of tile open t ype, and not dependent on the 
transfer of beat t hrough beating ·urface ·, scale ha. no 
in.flu:ence on the feed water temperature: obtained. 
\Vorthington heat er.-, after having been in . enice in bad 
water di. trict.- for month.-, .- ho"· accumulation · of :oft 
.-cale 1/ in. or ~1ore in t h.ickness ,dtb no influence what-
ever on the heating of t he feed water or the operation of 
the feed pump. The .-cale which for ms at feed water 
heater temperatures is usuall.v not hard, but of a ·oft 
limy nature. The Worthington F eed \\'ater H eater i 

provided with wa ·h-out plug·, through ,\,hich t his . luclge 
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can be wa. bed out by mean. of t he 01'dinary boiler wa. h 
equipment. An ·amination of a number of \i'\Torthington 
heaters in .-ervice in bad water districts .-hows that t he 
. cale accumulates tbainly on t he upper part of t he heater 
where the heating take.- place, with almost no sca le 
whatever in t he lower part of t he heater or in t he pump. 

1 'ince the \Northington Locomotive F eed Water 
Heater recover. approximately fifteen per cent. of t he 
feed water from t he exhaust steam, the total amount of 
·cale-forming material enteri.ng t he boiler i. nece · aril~ 

r educed by t h.i a mount, with a proportionate increa ·e 
in t he mileage obtained from flue.· and fireboxe. and a 
corre. ponding reduct ion in the necessity for blm,-ing off, --' 
~·it h it .- at tendant lo.-s of heat and water. 

Oil Separator. 
The \i'\Torthington Locomotive Feed Water H eater 

i.- installed with an oil separator to remove the lubricating'-
oil from t he exhan t .-team entering it. Thi. separator 
is of a type t hat ha· been approved by long year of u e 
and provides for t he ·continuou elimination of the oil, 
wit h practically no attention in t he way of cleaning. 
\iVor t hington Locomotive .Feed \Vater H eater. have been 
in service three years, and very careful tests have shown 
only a trace of oil iJ.1 t he boiler. lVJ uch has been aid a. 
to t he danger re ulting from t he presence of oil ' in the 
locomotive boiler , but the practice of using large quan- . 
t it ie. of crude oil in locomotive boilers on· s01i1e railway:· 
to as. ist in cleaning t hem and to prevent foaming de-
monstrates that this clanger has been unduly magnified. 
The genera l adoption of t he oil ·eparator in .-tationary 
power plants, using generally typ e.- of boiler.· where oil 
mjght give t rouble, has warranted t he ·election of t his 
mean.· of oil . ·eparation a. t he mo t perfect. 

't 

WORTHINGTO J 

Lo 'Ol\IO'J.'IVE BOILER .Fmm P mia> AND .ffEED HEATER 

' Protection Against Freezing. 
The . po. ·ition of t he \iV orthington Locomotive F eed 

Pump and .Feed ·water Heater on the side of t he loco-
motive boiler and t he complete lagging of both pump 
and heater effectually prevent.- their freezing -while t here 
i · ·team in the locomotive boiler. · For very cold climates 
it is recommended that t he bracket attaching t he pump 
and heater to t he boiler be completely clo ed in, t he 
back of t he pump and heater being designed to facilitate 
t his closing a · is shown in t he view of the_ rear of t he 
heater below. vVhen the bracket is so clo eel in, the 

F ig. 7. 
l{ea r View of Jo. :3 '"' orthington Locomotive :Fce<l Pump and 
Feed ,vatcr H ca.ter, showing Edge F inished F lush with Four 
' upporting F eet to meet similar Finished Edge on Supportin o-

Brackct , cnclo. ing spa.cc within t he Bracket to prevent Freezing . 

BulleLiD 
10 0- A. 

Page 21 



13ullot in 
10 0 A. 

Pt1ge 22 

'' ORTHlNGTO T 

L o ·o.MonvE l3oILER F EED P uMP AND F EED HEA'l'ER 

heat radiated from that part of the boiler sbell within 
the bracket reache.· t he back of t he p ump and heater 
and effectually overcomes any danger from freezing. 
Tiu leave· only t he .·uction pipe from t he tender to the 
pump and t he tender ho.-e to be protected from freezing. 
Foreign practice provide.· a small live ·team line from t he 
dome to t he lowe ·t part of t his pump suction p ipe by 
mea n.s of which the water in it can be kept .-ligh tly heated 
when t he locomotive is standing during very low t em-
perature.-. ] n some in. ·talla tions a ·mall circulating pipe 
has been used, pre ·uming that t he pump ·would be 
operat ed very .-lowly when the locomot ive is .·tanding 
cl uring period~ of very low tern perature, cti scharging 
water through t he .-lightly open valve in this circulating .., 
p ipe to t he rear enfl of t he pump suction pipe ju ·t for-
ward of t he tender hose. Thi.- water i · slightly heated in 
t he heater by t he exha u ·t .-team from t he pump, and, 
being circulated backward t hrough the circulating p ipe 
and t hen forward t hrough the pump .- uct ion pipe, will 
1n·eyent t he latter from freezing. , 

Installation. 
'rhe ,, orthington Locomotive Feed Pump and Feed 

\Yater H eater is de ·igned for attachmen t to the .-ide of 
t he locomotive bo iler as is cu. tomary wit h air brake 
compre.- ·or ·. A t ypical in.-ta Liation is .-hown in the ilJ u ·-
trat ion, page ll. The ·uction li11e from the tender i · led 
to t he heater and tJ1e d i.-charge line to t he boiler check 
val rn in. teacl of to t he injector. 'rhe main feature of 
t he piping ·y.-tem i.- t he exhaust steam take-off from t he 
cxha u ·t pa.- age.- in the cylinders, t he right a.ncl left-hand 
connect ion.- of which are brought toget her by a manif9ld 
on which is fixed t he exhaust check vah ·e · t he exhau.-t 
.-team is thu.- conveyed by a .-ingle p ipe to t he heater. 
Thi.- low re.-i.-tance check va lve i.- of .-pecial de.-ign and 

"ORTHJNGTON 
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. en-e.- to tmp the stea m blown t hrough it 11,t each ex-
ha u ·t impul.-e, thus preventing it. expan ·ion backward · 
and e ·cape t lll'ough the bla.-t nozzle at low ·peeds. At 
the same time, it compel.- the exhaust from the boiler 
feed pump to pa . .- to t he beater when t he engine i.- not 
u.-ing . team, at which time the pump exhau.-t would 
otherwi.-e be free to e.-cape out of the blast nozzle. 
Where condition a.ppear to make it ad·d .-able, t he oiJ 
. ·eparator, referred to above, is al ·o incorporated in t his line. 

, 'team for the operation of t he boiler feed p ump is 
supplied from t lte dome t hrough a pipe having a t hrottle 
valve placed within convenient reach of t he clTiver. By 
means of t hi.- t hrottle valve t he feed p ump i. .-topped 
and started and its . peed controlled to meet the water 
requirements of t he boiler. The exha 11.-t from t he pump 
i.- con veyed into t he main exhau~t pipe to t he heater. 

Operation. 
T he Worthington Locomotive Feed Pump and freed 

Water Heater should be operated .- imilarly to t he feed 
pump.- in a .-tationary power plant, running the 
pump a · nearly continuou.-]y a.- possible while t he locp-
motive is steaming and adj u.-ting the pump throttle val ve 
a.· may be nece. · ary to maintain the desired ,rntcr level in 
t he boiler. lirom 1 't to :l/-1- t urn of the throttle val ve will 
generally be sufficient to give an ample upply of water 
t o the boiler. "\Vhen using the heater it is not nece ·. ·ary 
to fi ll t he boiler ·while .-tanding to be ready for starting 
or to fill t he boiler on t he clown grade to be ready for the 
up grade. The ·malJer steam requiremen ts of t he boiler 
feed pump, as compared with t he injector, render.- it 
pos.-iblc to operate t he pump wit hout lo ·. of .-team 
pre.- ·ure when t he locomotive is started. Thi method of 
operation gives t he best re.-ult.-, both from t he heater 
a nd from other feature.- of t he locomot ive. 
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Storing Locomotives. 
When locomotives are to be stored in freezi11g weather 

t he pump should be stopped at t he top end of it .. -troke, 
t he tender ho. e connection · broken and all dram cock. 
on t he p ump and heater opened, and it is advi ·able to 
run a wire t hrough these drain cocks to ma ke . ·m e that 
they are not stopped up with ·ediment. 

Maintenance. 
A number of outstanding featurns that will tend to 

keep clown t he co::;t of maintenance of the vVorthington 
Combined Locomotive Feed Water H eater and Boiler 
Feed Pump to an absolute minimum will have been 
detect ed in tbe foregoing. They may be enumerafod as 
follow. : 

FmsT.- The Worthington Locomotive F eed Water 
Heatinrr unit as far as any mechanically operated part · 

t, ' • 
are concerned, i e sentially a steam actuated pump, ex-
perience in t,he manufacture of which Worthington 'imp-
·on, Ltd., have been accumulating for the pa t eighty 
year.·. The thousands of ·ucce ·. ful boiler feed pumps in 
··tationary and marine service all over the ,,,orld are 
ample testimony of t hi. compa ny's a bility to produce a 
.·ati.-factory apparatu · for locomotive use. 

'E 'OND.- Tbe v\ orthington Locomotive Feed \1/ater 
Heater is moLtnted a · a u11it on t he outside of the Joco-
motive boiler. Complete inspection and te:ting i.- a 
matter of minute.- only. There i · no occasion for opening 
front ends, dumping fire.-, or taking down arch brick, as 
is sometimes required in the case of other e. ential fea-
turn · of locomotive equipment. Its corresponding acces-
. ibility for adj ustment and repair is an even greater 
advantage. 

" OHTH l.r GTON 
LOCOJ\'IO'l'IVE BOJLER FEED PUMP A.1~ D Li'EED H EATER 

THIRn.- Tbe implicity of the in. talla tion is . uch that 
a minimum of pipe maintenance i.- involved. 'ondensate 
recovery being inherent in the open feed heating process, 
not a 'ingle pipe joint or a ·ingle inch of pipe is required 
in order to reali·e th i.- very decided advantage. 

Fou RTH.- The fact that t he apparatu. · is free from 
the cleleteriou.- effect::; of .-cale in both it.- mechanical and 
its thermal function. obviate the nece sity of opening 
t he beater for washing or cleaning ptupose.- at more fre-
q nent inten Tal::; than from three to .-ix month ·, even 
under the worst water conditions. nder favourable 
water conditions these heaters have been u ·eel for three 
year.- without requiring cleaning in a single instance. 

Fig. 8. 
, vorthin rrt-on Locomotive Feed P11mr and l!,ced Water 

H eater on Pacific Ty pe Locomotive . 
, ' ize No. 2. 'apacity, :3 ,200 Gallons per Hour. 

FmT1c.- The Worthington Locomotive F eed H eating 
1 'y -tem i · a low pressure ·y tem. The heater proper i.-
. ubjectecl to a pre.-stue somewhat less then t he back 
pre .-ure in t he cylinder ·, while t he heat er . upply pump 
is req t1.irecl to work again. ·t only a sufficient pres ure to 
. pray the water into the heating cha mber. 
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'rxrrH.- Adeq uate protection again. t freezing i.· as-
sm ed by the heat radiated from the boiler to the back 
of t he pump and heater, and the complete covering of 
the pump and hea.ter. 

Service. 

\iVortbington 1 'imp:on, Ltd., maintain a 1 'er vice De-
partment, from which t hey fuTni: h competent and ex-
perienced men to rn truct u. ·ers m the in. tallation, 
operation and maintenance of the \Vorthington Loco- , 
motive F eed P nmp and Feed \il;Tater H eater. In addition 
to this, t hey have offices m t he principal cities of t he 
United Kingdom and other countrie ·, with their own 
engineering and maintenance organizations, which gl\"e 
immediate attention to the need of their customer: and 
product·. 

The \iVortbi.ngton Locomotive Feed \Va.ter Heater ill' 
so :imple that it call · for little, if any, a ttention in t he 
way of maintenance, cleaning, or otherwi:e. However, 
in order that the best re ults may be obtained m the 
shorte ·t po · ·ible t ime, t bi · pecial Department is main-
tained a.nd t he service · of experienced instructor. · offered 
to u. er. of the \Vorthington Locomotive Feed P ump and 
Feed \,Tater H eater. 

Properties of Steam. 

A table of t he propertie: of ·t ea m i · girnn on the next 
page. The total beat of steam stated i.- the heat in B. T. U. 
in the steam above that i.n water at 32 degree.· Fahrenheit ; 
that is, it is t he heat neces. ·ary to generate team a t the 
pressure and temperature con: iderecl from water at a 
t emperatm e ot 32 degrees .Fahrenheit . The corresponding 

\\ ORTHJNGTON 
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heat of ,vater at any temperature i.· obtained practica ll y 
exactJy by . ubtracting 32 from the tempera,turn. Thus, 
t he total heat of water at 70 degree · temperature is 
3 B.T.l. 

At Exhaust Pressure 

PrCS!-. Tl•lllp. Tot,1I 
Lbs. I)•~-- llent of 

Gauge Fahr. S tea111 

() 
I 
2 
3 
-I 
5 

6 
7 
8 
9 

10 

11 
12 
13 
l -1 
15 

16 
17 
18 
19 
20 

2 12 
2 15.3 
2 18 .5 
22 1.5 
22-1.-1 
227.2 

229.8 
232.-1 
23-1 .8 
237.1 
239.-1 

2-11 .6 
2-13.7 
2-15.8 
2-17.8 
2-19.7 

251.6 
253.5 
255.3 
257.0 
258.7 

11 50.-1 
11 5 l.6 
1152.8 
11 53.9 
115-1 .9 
1155.9 

I 156.S 
1157.8 
1158.6 
1159.-1 
11 60.2 

11 6 1.0 
116 1.7 
1162.-1 
1163.0 
1163.7 

116-1 .3 
116-1.9 
1165.5 
1166. 1 
I 16f>.6 

At Boiler Pressure 

Total !lent of Stearn. 

Prl·~. Temp. 
Lb,,. 1:leJ:"•. 

Gaut;c Fahr. S u1>erlw:tt\~,1. 
Sato-
ratC'cl 

100 

180 379.6 1197.7 1229.2 1256. -1 
18 1 380. 1 1197.8 1229.3 1256.5 
182 380.5 1197.8 1229.-1 1256.7 
183 380.9 1197.9 1229.6 1256.8 
18-1 38 1.3 I 198.0 1229.7 1256.9 
185 38 1.8 1198.1 1229.8 1257. 1 

186 382.2 1198.2 1229.9 1257.2 
187 382.6 11 98.2 1230.0 1257.3 
188 3S3.0 11 98.3 1230.1 1257.5 
189 383A 119S.-I 1230.3 1257.6 
190 383.9 1198.5 1230.-1 1257.7 

19 1 38-1.3 11 98.5 1230.5 1257. 
192 38-1 .7 1198.G 1230.6 125S.0 
193 385. 1 11 98.7 1230.7 1258.1 
19-1 3S5.5 11 98.S 1230.9 1258.2 
195 385.9 I 198.8 123 1.0 1258.4 

150 

1282.0 
1282.1 
1282.2 
1282A 
12 2.5 
1282.6 

1282. i 

1282.9 
1283. 1 
1283.2 
1283.3 

1283.5 
I 2S3.6 
1283.7 
1283.8 
128-1 .0 

200' 

1307.0 
1307.1 
1307.2 
1307.3 
1307.5 
1307 .7 

1307.8 
1307.9 
1308. 1 
1308.2 
130R3 

1308.5 
1308.6 
1308.8 
1308.9 
1309.0 

19f> 3S6.3 I19S.9 123 1.1 1258 .5 128-1 .1 1309.2 
197 386.7 1199.0 123 1.2 1258.6 128-1 .3 1309.3 
198 387. 1 1199.1 123 1.3 1258.7 128-1 .-1 1309.-1 
199 387.5 1199.1 123 1.5 1258.S 128U 1309.6 
200 387.9 11 99.2 1231.6 1259.0 12S-l .6 1309.7 

K.111u nd uccd b)• 5.1e rmi,,ion, from l\farl.:s ,._\:: 0 :1\I-. Stt'nm T:1hle!. 1Lon,:111ans. (,reeu & Co., 

A an ill u ·tration of the u ·e of t his table in calcu-
lating the reduction in the amount of heat req uirnd to 
generate the team, al. o t he amount of . t eam req uired 
for heating and the amount of water a ,·ecl bv the \iVor-
t hington Locomotive Feed Water H eater, t b·c follm,ing 
example· a re submitted : 
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Reduction in Amount of Heat Required to 
Generate the Steam. 

Assumed tempera ture o f water in tender, deg. Fahr. ... 
.\ ssumed steam pressure in branch pipe, lb. per sq. in. 
Assumed superheat, deg. Fahr. ... 
Heal content per lb. of steam as generated, B.T . U. 
Heal content per lb. o f water at -10 deg., B.T. . 
Heat content per lh. of water at 70 deg., 13.T .U. 

Heat required to generate one lb. of s team, 13.T .U. 
R eduction in heat required when water is heated from 

-10 LO 2 15 deg., 13.T.U. 
70 to 2 15 deg .. B.T .U. 

Hcduclio n in heat required , per cent. 
Total heat req uired by locomotive with feed p ump, as com-

pared with injector opera tion, per cent. 
Hccluclio n in heal required by locomotive with heater, this 

being the product of the last two ligures, per cent. 
1-lea t required , per cent. 

Heduction in heat required, as compared with 100 per cent. 
required for inject or operation, per cent. ... 

-10 
200 
150 

128-1 .6 
s 

1276.6 

175 

13.7 

10 1.75 

13.9-1 
$7.8 1 

12.2 

70 
200 
150 

128-1 .6 

38 

12-16.6 

1-15 
11.6 

10 1.75 

I I.SO 

89.95 

10 .05 

The a mount of steam required for t he opera tion of the feed pump 
is t\\'o per cent. of the weight of t he water delivered by the pump, but 
as the pump use saturated steam and the locomotive superheated 
steam, the pump u cs but r.75 per cent. of t he heat from the fi re of 
t he locomotive. 

\\'hilc the heater· reduce· by IO to 1 2.2 per cent. t l1c amount of 
heat required to generate a certain amount of steam a t the a sumed con-
ditions, a much greater reduction in the amount of fuel burned 
is obtained. From 10 to 12.2 per cent. of the work of the boiler is 
done in the heater. Correspondingly les heat i transmitted through 
th heating urface and needed from the fire, and their efficiency is 
incrca d. Dcp nding on the steaming capacity at which the loco-
moti,·e i. working, the quality of the fuel, &c., the percentage of fuel 
sa,·ing while running may easily be twice as much as is the percentage 
of heat recovered by the heater. This feature of the feed water heater 
on t he locomoti,·c has been discus eel on pages r.+ a nd 15 and is 
sl1own graphically in fig. 5 on page 16. 
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EXHAUST STEAM REQUIRED FOR HEATING. 
,\ ssumecl lender water temperature 
13.T.U. required LO heat one lb. of feed wa ter lo assumed 

te rnperawre of 2 15 deg. from -10 deg. 
from 70 deg. 

lleal content of one lb. of exhaust steam assumed at 7 lbs. 
p ressure and to be saturated because uf the use of t he feed 
pump exhaust in the heater... ... B.T. l '. 

H eat n >ntcnt uf on" lb. of water condensed from this exhaust 
~team al assumed 2 15 deg. ... ..,13,T. l'. 

1-leat gi ven up by this pound o f exhaus t st eam in condensing 
lrom 7 lbs. pressure LO wa ter at 2 15 deg.,.. . ... B.T.U. 

Exhaust steam required t o heat cold feed water, this bei ng t he 
heat. taken up by one lb. o f cold feecl water divided by 

\ lhe heat given up by o ne lb. o f exhaus t steam, per cent.. .. 
Exhaus t s team to heater from feed pump, per cent. ... 
Exhaust s team ta ken fro m exhaust por ts of locomotive, per 

cent. n f cold water 
The \\'orthington I leal er acids lhe water condensed from t he 

exha ust s team to the cold water deli vered to the hea ter 
from the tender, so that with the \\'orthington Heater the 
exhaust steam required for heating is 16 divided by 116 , 

-10 

175 

I 157 

183 

97-1 

18 
2 

16 

and 13 divided by 113, respeclh·ely, ,md the exhaust steam 
taken from the exha us t p orts is, per cent. 13.8 

70 

1-15 

1157 

183 

97-1 

15 
2 

13 

11.5 

WATER SAVED DUE TO FEED WATER HEATER. 
Steam fnr locomotive cylinders, per cent. 
Steam required for feed pump, per cent. 
Steam required from boiler by heater locomotive, as compared 

with inject or opera tion, per cent. 
Exhaust s team condensed in heating feed water, per cent., 

0. 18 ,... 102 .. . 
0.15 102 .. . 

\\'n ter required by locomotive, per cent. 
\\'a ter saving, a., compared wi th inject or opera tion, per cent. 

Fi11, 9. 

100 
2 

102 

18.-1 

83.6 
16.-1 

Worthington Locomotive Feed Pump and Feed Water Heater 
on Santa Fe T ype Locomotive. 

Size No. 2. Capacity, 3,200 Gallons per Hour. 

100 
2 

102 

15.3 
86.7 
13.3 
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\VORTHINGTO 
L OCO:\LOTI\" E B OILER F EF:D PD.IP ~D F'E E D H EAT ER 

Fie. l U 

Sectiona l View of Worthington Locomotive Feed Pump and F eed Water Heater 

WORTH] GTO 
L o ·0110T1, ·E BolLER F' EED P u »1P AXD FEED H EATER 

LIST OF PARTS. 

No. Name of Part. 
I . Steam Cy linder . 
2. . t eam Cylind er I-lead . 
3 . Eye Bolt . 
-1. Steam Pist on. 
5. Steam P ist on Hi ngs. 
6. Piston Hod . 
7. P iston J{od Castella ted :-;'ut. 

Piston Hod plit Pin . 
9. Piston Hod Tube. 

10. Piston R uel Castellated :--:ut. 
11. Pis ton Hod Split Pin. 
13. Pist on J<od Stu fli ng-bo x. 
1-1. Pist on Hod St u ffing-box Cap. 
15. Piston l<od . tuffi ng-box C la ml. 
16. Piston Hod Stuffi ng-box Packing. 
-15. P ump Cylinder Lini ng. 
-16. L' ppcr Pump Cylinder I lead. 
-17. Pump Pis ton . 
-IS. P ump Pist on Follower . 
-19 . P ump Pist on Packing. 
50. Pump P iston Collar Stud a nti :--ut. 
5 1. Heturn \ 'alvc Plug. 
52. Heturn \ "ah-c Scat. 
53. Hcturn \ "a lvc Bolt and Split Pin. 
5-1 . l<cturn \'a lvc Spring. 
55. Hcturn \ "ah-c. 
56. Pump Cylinder \ "alve Chest Cap. 
57. Discharge \ "a lve cat. 
58. Suc tion \"alvc Scat. 
59. Suction \ "a lvc Bolt a nti . plit Pin . 
60. \ "alvc. 
6 1. \'alvc Spring. 
62. Discha rge \ "a lve Stud. 
63. Discharge \ "a lvc Guard. 
6-1 . 1 lolding Down Spring. 
68. Pump Cylinder Lining. 
69. Lower P ump Head. 
70. P ump Piston. 
7 1. Pump Pist on F ollower. 
73. I )cater Co,·cr . 
7.'i . Lower Hc;i tcr Cover. 
78. Bucket • tem. 
79. Bucket. 
82. Lower Ba me. 
' -1 . Bucket Stem :--:ut a nd Split Pin. 

SS. Safe ty \ "aJve. 

No. Name of Parl. 
89. F illing P lug . 
90. \\"ashout P lug a nd Drain. 
9 1. Washout and Dra in. 
9 .?. pring (light). · 
93. . pring (heavy). 
9-1 . pincl lc Guide. 
95. Washout P lug. 
96. \\"ashout Plug. 
97. \\"ashout P lug. 

109. Lower Steam I lead. 
I HI. Pump Cylinder and I !eater hell 

(upper). 
111. Pump Cylinder nnd Heater Shell 

(lower}. 
11-1 . 1 8# Copper \\·ire . 
115. Lower Pump I lead (cold cylinder ). 
116 . l "pper Pump I lead (hot cylinder). 
117. Bucket Stop. 
I IS. Bucket top ' pring. 
123 .• \ uxilia ry team Cylinder . 
12-1 . Auxilia ry Plunger . 
125. Auxiliary Plunger Rings. 
12G. .\ uxilia ry \ "a Ives. 
127 .• \uxiliary \"a.lve Chests (right-

ha nd ). 
128. Auxiliary \ ",tlvc Chests (left -

ha ncl). 
129. :'.la in team \ 'alve. 
130. Spray \ ":tlvc. 
13 1. "pray Valve Scat. 
132. pray \ "alve Spri ng. 
1:33. Spray \ 'alvc Spring Guard a nd 

Spli t P in. 
13-1 . pray Va lve Cover. 
1:15. Ad jus ting Holt a nd :-:ut for 

Bucke t tcm . 
136. Bucke t Chamber . 
137. Bucket Chamber Stud ancl Xut. 
13S. \\'a.shout and Drain. 
139. \\'ashouc Plug. 
1-1 0. Was hout anti Dra in . 
1-1 1. Washout Plug. 
1-12. \\'ashout Plug. 
1-13. Washout Plug. 
1-1-1 .• \ uxilia ry Va lve Chest Covers . 
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