THE

EXHAUSTSTE '

METCALFES ¥3¢
PATENTS




< DAVIES & METCALFE 7P 3

A

/\

THE EXHAUST
STEAM INJECTOR

CLASS “H”

METCALFE’S PATENTS

THE SIMPLEST AND MOST RELIABLE
LOCOMOTIVE FEED WATER HEATER

8 to 12% Coal and Water Economy

OVER 20,000 LOCOMOTIVES FITTED

DAVIES & METCALFE LTD.

INJECTOR WORKS

ROMILEY, NeaR MANCHESTER

ENGLAND
"Phone : WOODLEY 2219

s

>

-

\ %¢NJECTOR WORKS,ROMILEY. 3%

g




A, Sty

)
< DAVIES & METCALFE L7P >>/<;

T oI ity
CqrgD by Hogsaany "N CH o (Gapamor iy (g

MOLOA[E FIVIE WNNDVA Pue
“YOLDAINI WVALS LSNVHXA INALVd SHITVOLHW %® SHIAVA WM pantd
“Aearey] UIISEY YUON ¥ UOpUOT
asanowodo adAy ogped 7-9- ¥

f

1
INJECTOR WORKS, ROMILEY. 5/«

%

AS

<




b2l

3¢ S 5K

—S<. DAVIES & METCALFE [7P e

UBMITUT] JRIBGIN [
by Caamvy$ B gl fo (vapres agr (g

MOLDHAINT WVALS LSOVHXH LNULVd SHATVOLAN ¥ SHIAVA W pankg

T 2anowodo adiy ogpe g

.Am.m.k/:dz ﬂ_m.:ucurf., N _qu:u:/q E:TEGQ

97

INJECTOR WORKS, ROMILEY:. >/\/<

.

=

22K




.

DAVIES & METCALFE ITP >

.

S

/¥

ey

MOLDANIT WVHLS
AMITUT] Jr2nuvgaapy fay)
CHUO ‘10D "y "D g pudia]

1[

LSAOVHXH LNHLVd SHATVOLHW WA pPonlg

AeM[TEY UIDISOA\ 18210
DANOWOI0 ssaxdx 1apulAn$ 0-9-F

3¢ INJ Y-
/< NJECTOR WORKS, ROMILEY. >/\

K B<4

<

s




\
\,

Vv,
A

A

S\ /
A

DAVIES & METCALFE UP%

=

“WO.LDAIMNI WVALS LSOVHXHA INALVd SHITVOLAW ® SHIAVA YN panig

.L.Lnr:‘,...w“:..:q .\._.._ ..:.r_\.n:/, .__._,....ﬁ.w,..w .).n.._:_,_.,vw ﬂ—nti..,uﬁ N —JC_..::“_/” C:_v

Ay Cp gl fo (Rapaos agr (g

L

I ._..—

sourdug yue] 1opuljd)-¢ v -9-7

1
INJECTOR WORKS, ROMILE Y. 1>\ﬂ/<

{LI
\];

e Ji
N

P < < <




o~
S E>(4 i <. e e
“MOIDAINI WVALS LSOVHXH INHLVd SHATVOLAW % SHIAVA Yis pantd
UDIMETUT] [P2UBGIAN [31G) “Aem(Iey UI2IsE YUON 3 UOpuoT
Coprgy Cherp Gpsaay N LT 0 Grapenos aqr Kg DALIOWOXOT () -9 -7

- —
>4 DAVIES & METCALFE I7P >/\

i{ INJECTOR WORKS, ROMILEY. >/\/<

e




X

2K

p <

<Y

= | N
><, DAVIES & METCALFE L™ e

Class “H” Exhaust Steam Injector

HE Fixhaust Steam Injector is a feed water heater which is, in principle, similar
to the ordinary live steam injector, except that it utilizes exhaust steam from the
cylinders to heat the feed water and also to force it into the boiler.

The class “ H” Fxhaust Steam Injector represents a considerable improvement on
all former types.  Automatic control valves are fitted which eliminate the hand controls
necessary with previous types, and the injector is as simple to operate and requires
no more attention than an ordinary live steam injector.

The injector is fitted with self-contained exhaust steam admission valves, water inlet
valve, auxiliary live steam valve and overflow valve, which function automatically and
require no attention.

The injector is started by one operation only, viz., the opening of the valve to admit
live steam to the injector. The only other manipulation necessary is the adjustment

(when required) of the water regulator to vary the quantity of feed water supplied to
the boiler.

It functions as a feed water heater so long as the locomotive is using steam, and when
the engine regulator valve is closed it operates with live steam, automatically changing
from exhaust to live steam working when the regulator is closed and back to exhaust
steam working when the regulator is again opened. The automatic change-over is
controlled by the pressure in the steam pipe acting on an automatic valve which shuts
off the auxiliary live steam supply when exhaust steam is available.

The exhaust injector consists of three sections, viz., the injector, the exhaust valve and
the automatic valve casings which are bolted together to form one unit. The injector
casing contains the injector cones, the overflow valve, the back pressure valve and
the water and delivery connections. The exhaust valve casing contains the exhaust
steam inlet, the automatic exhaust valves, the supplementary live steam cone and the
auxiliary live steam nozzle. The automatic valve casing contains the automatic shuttle
valve, the exhaust valve control piston and the inlet connection for live steam to

operate the injector.
The working parts of the injector portion consist of the following nozzles or cones :—

(1) Supplementary Live Steam Cone, which admits a small supply of live steam
for the purpose of increasing the delivery pressure.

(2) Auxiliary Nozzle, which admits live steam to wotk the injector when the
regulator is shut and the exhaust steam not available.

L

DR

<

b

St
> INJECTOR WORKS, ROMILEY, 5/\@

7




PICE

K

s '
> DAVIES & METCALFE I7P >>g

Locomotive Exhaust Steam Injector. Class “H”
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(3) Exhaust Steam Cone, which admits the primary supply of exhaust steam. This

cone guides and steadies the incoming jet of steam, and regulates, by its bote,
the quantity admitted.

(4) Draft Tube, which admits and guides the flow of water to meet the primary
exhaust steam supply at the mouth of the exhaust steam cone.

(5) Vacuum Tube. This admits the secondaty supply of exhaust steam to meet the
mixture flowing out of the draft tube.

(6) Combining Cone. The mixture of steam and water passes out of the vacuum
tube into the combining cone where condensation is completed.

(7) Delivery Cone. The jet leaving the combining cone passes into the delivery cone
where its kinetic energy is changed into pressure energy.

Exhaust Injector.

The principle of the Exhaust Steam Injector is the same as that of the live steam
injector, viz., utilizing the velocity obtained by the expansion of steam, though, of
course, the proportions of the cones are different, being designed to utilize low pressure
steam. As the working of the exhaust injector depends upon the fact that exhaust
steam flowing into a vacuum attains a very high velocity, the cones are designed so
that at the point of contact of steam and water the condensation of steam may be as
efficient and rapid as possible, thus obtaining a high vacuum with a resultant high
steam velocity.

The exhaust steam from the blast pipe is led to the injector by the exhaust steam pipe,
and entering the exhaust valve casing, passes into the injector cones. It is admitted
in two stages, the first stage being the steam admitted through the main exhaust steam
cone, and at the end of this cone the incoming steam meets the condensing water,
which is in the form of an annular jet surrounding the end of the steam cone, the
water entering through the annular passage formed by the outside of the steam cone
and the inside of the draft tube. The steam is condensed by the water jet and imparts its
momentum to it, and the mixture of steam and water flows forward at a high velocity.
The proportion of steam to water is such that a high degree of vacuum is created, and
at the end of the draft tube the second supply of exhaust steam is admitted through
the vacuum tube in the form of an annular jet of steam sutrounding the mixture leaving
the draft tube. This gives a further impetus to the mixture, which then flows along
the vacuum tube into the combining nozzle where complete condensation takes place,
and the available energy of the steam is transferred into work imparting velocity to the
water jet.
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The combining cone is constructed on the flap system, being split longitudinally at
its middle section up to a point near the vacuum tube, where the bore is sufficiently
large to permit the mixture of water and steam to escape freely to the overflow. This
ensures the prompt starting and automatic working of the injector.

When starting, as the steam and water enter the cones, the pressute of the steam lifts
the flap and the mixture of steam and water flows freely into the overflow. As con-
densation takes place a vacuum is created in the combining cone, the flap then closes
and forms a solid wall cone, and a continuous and steady jet is formed, which is
supported throughout its length by the wall of the combining cone. If the jet is in any
way broken, then the pressure of the steam opens the flap, allowing the steam and
water to escape freely until a vacuum is again formed, and the continuity of the jet
re-established.

The combining cone receives the mixture of steam and water flowing out of the
vacuum tube, and its function is to ensutre as complete condensation as possible.

The internal bore of the combining cone is convergent, that is, the bore gradually
decreases so as to support and guide the varying form of the jet as condensation
becomes more complete. The whole process of condensation of the steam and the
transfer of its energy to the water jet takes place in this cone. The jet, leaving the
combining cone, passes into the delivery cone. Between the combining and delivery
cones is a small space or gap, termed the overflow space, which is necessary for
starting purposes. The delivery cone consists of a parallel portion known as the
throat, followed by a diverging cone. lIts function is to change the kinetic energy of
the jet into pressure energy with as little loss as possible. When the jet leaves the
combining cone it is moving with a very high velocity, but at a very low pressure, and
to overcome the boiler pressure a certain amount of its kinetic energy must be changed
into pressure. In the diverging cone the velocity of the jet is gradually reduced and
its pressure increased.

The jet leaves the delivery cone at a pressure higher than the boiler pressure. It then
flows past the back pressure valve into the delivery pipe and so to the boiler.

2

X

e -

\) K/
>/\< INJECTOR WORKS, ROMILEY. >/\<

10



b B

e

“MOLDAINI WVHLS

AMITUT] JOUBGIIpN [a197)
CHD W "N CH 4G pausisic

LSOVHXH LNHILVd S

)
><_ DAVIES & METCALFE 7P 7>>g

HATVOLHW Yia pantg

“Kem[ley UI2Sey] IION] pUE UOPUOTT
aanowodor| ssaxdxyy topuidy-¢ zZ-9-+

]

INJECTOR WORKS, ROMILEY:. >/\<

> -

X
’
7\

11



X

K —__ X

P

ﬁ/ 7 T
< DAVIES & METCALFE 7P 3¢

Injector Control System

The control portion of the class “ H” Injector automatically governs the admission
to the injector of :—

(1) Exhaust steam,
(2) Water,

(3) Auxiliary live steam (to work the injector when the regulator is shut and exhaust
steam not available).

It consists of the following elements :—

(1) Steam-controlled Exhaust Steam Valve. (Fig. 2).

When the injector is at work (Engine running with the regulator open so that exhaust
steam is available) the exhaust valve is open, admitting exhaust steam to the injector ;
but if the injector is not in use, then the exhaust valve is automatically closed and there
can be no leakage of exhaust steam through the injector.

(2) Auxiliary Shuttle Valve. (Fig 3).

This valve automatically controls the admission of steam to the injector—either
exhaust steam or auxiliary live steam—(according as the regulator is open or shut).

When the regulator is open and exhaust steam is available, the auxiliary live steam is shut
off, but when the regulator is shut and no exhaust steam available, this is automatically

replaced by a supply of live steam by the action of the shuttle valve.

(3) Steam-controlled Water Valve. (Fig. 4).

The water valve is always in the shut position when the injector is not in use, but
automatically opens immediately the injector is set to wotk.

The action of these valves is shown in Figs. 54, 58 and 5c, which illustrate the positions
of the valves and the flow of exhaust and live steam under the following conditions,

viz :—
Fig. 5A.  Injector shut off.
Fig. 58.  Injector working with exhaust steam.

Fig. 5¢c.  lnjector working with live steam (engine standing, or drifting with
closed regulator).
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The Automatic Exhaust Steam Admission Valves

Two valves (the inner and outer exhaust valves) (Fig. 2) are fitted to control the admission
of exhaust steam into the injector, the outer valve being operated by the live steam supply
to the injector. Both valves are circular disc valves, the outer valve being carried on
the lower end of a crank lever, the other end of which is controlled by the control
piston. The inner valve is carried by a hanger, which swings on a hinge pin at its
lower end, so that the valve
is free to swing open or
shut under the action of the
steam. A spring is fitted on
the back of the crank lever,
e st which is compressed as the
=~ exhaust valve opens, so that
the pressure tends to close the
outer exhaust valve. When
the injector is not working
the pressure of the spring
closes the outer exhaust valve,
so that no exhaust steam can
pass into the injector.

CRANK
LEVER

When the injector is set to
wortk with the regulator open,
the operating live steam is
admitted to the upper side
of the control piston, forcing
it down on to its seating, and
the lower stem of the control
piston, acting on the crank
lever, opens the outer exhaust
pes valve, so admitting the
Fig. 2 exhaust stcam which passes
through the seating and opens

EXHAUST STEAM

OUTER
EXHAUST VALVE

the inner exhaust valve and so enters the injector cones.

When the regulator is closed the injector changes over to live stcam working. The live
steam above the control piston is shut off and the pressure of the spring closes
the outer exhaust valve. The auxiliary live steam replacing the exhaust steam enters the
exhaust valve casing and its pressurc closes the inner exhaust valve, so that no
steam can escape from the injector into the exhaust pipe.

A strainer is fitted in the steam inlet and surrounds the control piston to prevent any
dirt, grit, etc., entering the piston chamber. This strainer should be cleaned periodically
and the piston ground to its seating.
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Auxiliary Check Valve and Shuttle Valve

These valves (Fig. 3) control the automatic action ot the injector (i.e., the change over
from exhaust steam to live steam wortking when the regulator is closed and vice versa).

The auxiliary check valve is
a non-return valve which,
when on its seating, cuts off
communication between
chamber E and chamber D.
When the regulator is open
the auxiliary check valve is
forced on to its éeating by the
pressure of the steam from
the engine steam pipe which
enters chamber E through
the auxiliary control pipe, but
when the engine regulator is
closed the steam pressure in
chamber F is released and the
auxiliary check valve is free to
litt under the action of the
steam in chamber D,

The automatic shuttle valve
consists of a double-seated
valve, the upper stem of
which is a piston which slides
in a cylinder formed in the
valve casing, the upper end
of the cylinder being closed
by the auxiliary check valve.

CHOKE ~_

AUTOMATIC
SHUTTLE VALVE

TO SUFPLEMENTARY

CONE

LIVE STRAM

ANTI-VACUUM

VALI’E

AUXILIARY
NOZZILE

Fig. 3

TO

CONNECTION
TO ENGINE
STEAM PIPE

AUXILIARY
CHECK VALVE

DRIF
VALVE

The function of the shuttle valve is to automatically control the admission of live
steam to the auxiliary nozzle (to work the injector when exhaust steam is not available)
and to the exhaust valve control piston (to control the opening and closing of the
exhaust valve). The live steam operating the injector enters chamber D through
the choke tube (which regulates the quantity of steam admitted) and passes into
either chamber F or chamber C according as the shuttle valve is on the lower or

upper seating.

e \
—_INJECTOR WORKS,.ROMILEY. >

W s

— >

X

14



X

P

b >

=<, DAVIES & METCALFE L7P b=

The shuttle valve, when on its lower seating, shuts off communication between
chamber D and chamber C, so shutting off the supply of live steam to the auxiliary
nozzle of the injector. When on its upper seating the shuttle valve shuts off com-
munication between chamber D and chamber F, which leads to the exhaust valve control
piston.

The movement of the shuttle valve is governed by the steam pressures in chambers
D and E. The proportions of the valves and piston are designed so that the change
over takes place at a steam chest pressure of 45 lbs.

The action of the shuttle valve is as follows: —

(1) Regulator open, engine working with exhaust steam.

The steam from the engine steam pipe enters chamber E and forces the auxiliary check
valve on to its seating. The steam operating the injector entets chamber D and forces
the shuttle valve on to its lower seating. This cuts off the flow of steam from chamber D
to chamber C, but allows a free passage for steam from chamber D into chamber F.
The pressute of this steam in chamber F, acting on the exhaust valve control piston,
opens the exhaust valve to admit the exhaust steam to the injector.

(2) Regulator shut, Injector working with live steam.

As soon as the engine regulator is shut the pressure falls in chamber E and the pressure
of steam in chamber D lifts open the auxiliary check valve. When the pressure in
chamber E falls to 45 Ibs. the pressure below the piston end of the shuttle valve lifts
it on to its upper seating. This allows steam to flow from chamber D to chamber C
and so to the auxiliary nozzle, and at the same time cuts off the steam supply to
chamber F, so that the exhaust valve closes and the injector works with the live
steam admitted through the auxiliary nozzle.

The injector will continue working with live steam so long as the pressure in chamber E
is below 45 lbs. If the regulator is again opened, then when the steam pressure in
chamber E reaches 45 lbs., it closes the auxiliary check valve and the shuttle valve falls
to its lower seating, so cutting off the flow of steam to the auxiliaty nozzle and admitting
steam through chamber F to open the exhaust valve and admit exhaust steam to the
injector.

An anti-vacuum valve is fitted in the chamber E, which admits air when the regulator
is shut, and so prevents any chattering and consequent wear of the auxiliary check
and shuttle valves when the engine is drifting. This valve is automatically closed by
the steam pressure in chamber E when the regulator is open.

A drip valve is also fitted to chamber E to prevent any accumulation of water in
the chamber or in the auxiliary control pipe.
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Water Inlet Valve

A self-closing water valve (Fig. 4) is fitted, which automatically opens when the injector
is set to work and closes when injector is shut off, so relieving the fireman of the
necessity of operating the water valve,

WATER

9.0

020
0,0
1009

0
0

h9Sodocu!
(o} (&)
1% O, . WATER VALVE

WATER STRAINER

LIVE STEAM

LIVE STEAM
STRAINER I

CONTROL STRAINER
PISTON CAP NUT

Fig. 4

The feed water from the tender enters through the strainer, which prevents any dirt,
etc., being carried into the cones, and then passes to the upper side of the water valve.
This consists of a drop valve actuated by a live steam operated control piston. A spring
is fitted above the valve which forces it on to its seating until the injector is started.
When the steam valve is opened to work the injector, steam passes to the under side
of the control piston, forcing this up, and so opening the water valve and admitting
water to the injector.

The steam piston seats itself on the seating S, so preventing any leakage of steam into
the incoming water.

When steam is shut off the pressure below the piston drops, and the water valve falls
on to its seating, so shutting off the water supply.

A strainer is fitted around the control piston to prevent the entrance of grit into the
piston chamber.

The control piston should be removed periodically and ground to its seating.

Water Strainer.

A fine mesh circular strainer is fitted in the water inlet chamber to prevent any dirt in
the feed water from entering the injector. This strainer is removed by simply unscrew-
ing the strainer cap nut, and should be taken out and cleaned periodically.
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Action of the Control System

Injector shut off. (Fig 54).

The supply of exhaust steam and water is automatically cut off, so that there can be no
entry of either into the injector and no waste through the overflow.

Fig. 5A

The positions of the various valves when the injector is not working are as follows :—

(1) Exhaust Steam Valves V1 and V2 shut.
(2) Water Valve N is shut,
(3) Shuttle Valve L is on its lower scating.

(4) Auxiliary Check Valve G is on its seating.
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Injector working with exhaust steam (engine regulator open). (Fig. 55)

The steam valve on the boiler is open, admitting live steam to the injector.

Steam enters by the passage A and flows through the supplementary cone into the
injector,
The steam also passes at the same time to the lower side of the water valve control piston,

forces this piston upwards on to its seating, and so opens the water valve N, admitting
the feed water to the injector.

At the same time steam passes through the auxiliary steam choke H into the shuttle
valve chamber D,

Fig. 58

The engine regulator being open, live steam from the engine steam pipe enters through
the auxiliary control pipe and forces the auxiliary check valve G on to its seat. The
shuttle valve I remains on its lower seating, so that the live steam in chamber D is
allowed to flow along the passage F to the upper side of the exhaust valve control
piston K, but is prevented from flowing down the auxiliary steam passage C into the
injector.

The exhaust valve control piston K is forced down, and by its action on the crank
lever M, opens the exhaust steam valve V1. The exhaust steam then opens the exhaust
steam valve V2 and enters the injector.

Thus the injector works with exhaust steam as long as the regulator is open and the
engine running.
The positions of the various valves when the regulator is open and the injector working
with exhaust steam are :—

(1) Exhaust Steam Valves V1 and V2 are open.

(2) Water Valve N is open.

(3) Shuttle Valve I is on its lower seating.

(4) Auxiliary Check Valve G is on its seating.
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Injector working with live steam (engine standing or drifting with
closed regulator.) (Fig. 5¢).

Fig. 5¢

The regulator being shut, steam is cut off from the steam chest, there will be no pressure
in the chamber I above the auxiliary check valve G. Then the pressure of the steam
in chamber D lifts the auxiliary check valve and forces the shuttle valve I on to its upper
scating. This cuts off the supply of steam to the passage F, which leads to the exhaust
valve control piston K, so that the exhaust valve V1 closes, shutting off communication
between the exhaust steam supply pipe and the injector. At the same time steam
passes from chamber D into the passage C leading to the auxiliary nozzle and so into
the injector, replacing the exhaust steam, so that the injector continues to work with

live steam. The quantity of auxiliary steam entering is determined by the bore of the
auxiliary choke tube H.

The action of the control is perfectly automatic and almost instantancous, so that the
injector continues steadily at work without any waste at the overflow.

The position of the valves when the regulator is shut and the injector is working with live
Steam are :—

(1) Exhaust Steam Valves V1 and V2 are closed.

(2) Water Valve N is open.

(3) Auxiliary Shuttle Valve I is on its upper seating,

(4) Auxiliary Check Valve G is off its seating.
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Water Regulator

The capacity of the injector is regulated by varying the quantity of water admitted to
the cones. This is done by moving the exhaust steam cone, thus varying the sutrounding
area between the end of the exhaust cone (Fig. 6) and the draft tube through which
the water enters, so regulating the quantity of water entering the injector.

The exhaust steam cone
can move to and fro in
the casing, its movement
being regulated by the
water regulator spindle.
On the end of this
spindle is an eccentric
pin which fits in a steel
die, moving in a slot
which is cut on the out-
side of the exhaust steam
cone.

By turning the water
regulator  spindle, the
exhaust steam cone 1is
moved longitudinally
in the casing, so regula-

EXHAUST STEAM

=

WATER
REGULATOR
SPINDLE

DRAFT

TUBE

EXHAUST STEAM CONE

Fig. 6

ting the quantity of water admitted to the injector. By this means an extremely large
range of capacity is obtained, the minimum capacity of the injector being 509, of the
maximum, so that the injector can be set to give a constant feed under all conditions

of working.
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Supplementary Live Steam

A small quantity of live steam is admitted to the injector through the supplementary
live steam cone (Fig. 7) to give the additional force required to feed against pressures
higher than is possible by the use of exhaust steam alone.

i

SUPPLEMENTARY
LIVE STEAM

AUXILIARY LIVE STEAM
—
My

AUXILIARY
LIVE STEAM

o
o

SUPPLEMENTARY
LIVE STEAM

AUXILIARY
b LIVE STEAM

Fig. 7

The quantity of steam admitted is determined by the bore of the supplementary cone and
is therefore a constant quantity, amounting to about 21% of the normal amount of water
delivered. 'The whole of this live steam used is condensed by the feed water and
directly returned to the boiler, so that there is no thermal loss.

Auxiliary Live Steam

It is necessary at times to work the injector as a live steam injector (when the engine is
standing, or running with the regulator shut). By the action of the shuttle valve, a
supply of live steam to replace the exhaust steam is introduced through the auxiliary
steam branch, entering the injector through the annular auxiliary nozzle, which surrounds
the supplementary steam cone (Fig. 7). The steam flows into the exhaust steam cone,
replacing the exhaust steam and the injector works exactly as when exhaust steam is
used. When working in this manner with live steam, the pressure of the steam closes
the inner exhaust valve, so preventing any escape of steam into the exhaust supply
pipe. The quantity of live steam admitted is determined by the bore of the auxiliary
choke,
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Overflow Valve

A special type of overflow valve (Fig. 8) is fitted, consisting of an overflow valve of

the ordinary drop type positively controlled by a small piston which is fitted into the
delivery chamber of the injector.

FULCRUM T

LEVER

PISTON

OVERFLOW
VALVE

L

CYLINDER

OVERFLCW
Fig. 8

This piston is coupled to a lever pivoted on a fulcrum on the casing, the other end of
the lever bearing against the upper stem of the overflow valve. When the injector is
working, the delivery pressure under the piston forces up the lever and so holds the
overflow valve on to its seating, thus sealing the overflow chamber.

If the injector breaks off from any cause, the delivery pressure under the piston imme-
diately falls, and the overflow valve is free to open, allowing the steam and water to
escape through the overflow pipe until the injector restarts, when the delivery pressure
increases, and acting on the piston again closes the overflow valve.

This is a safe and positive method of closing the overflow chamber, preventing overflow
or any leakage of air back into the injector, and also being petfectly automatic in action.
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Grease Separator
CLASS ‘“H.M.’> PATENT

This is fitted in the exhaust pipe line, preferably near the injector.

The Class H.M. Patent Grease Separator consists of a spherical casing (Fig. 9) with
inlet and outlet branches for the exhaust steam.

EXHAUST
STEAM

EXHAUST
™ STEAM

AUTOMATIC __
DRIP VALVE .

Fig. 9

In the inlet passage is fitted a helical vane which gives the incoming steam a rotary or
centrifugal motion, so that the heavier particles of water, cinders, etc., are directed
outwardly to strike against the separator wall and then drop into the well below.

A circular disc, or baffle plate, with a channel leading to the well below is fitted between
the helical vane and the outlet passage so that any lighter particles of grease or ash which
may be carried forward by the steam will strike the baffle and pass ‘down the channel
into the well. The purified steam passes around the baffle plate and then through the
outlet passage to the injector.

At the bottom of the spherical casing a well is formed, which is fitted with an automatic
drip valve. This allows a small quantity of steam to escape to the atmosphere,and so
drain away all impurities which fall into the well.
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Steaming Capacity and Draft

The application of the Exhaust Injector to a locomotive is equivalent to an increase
of steaming capacity. As the feed water is heated by the exhaust steam before entering
the boiler, a certain amount of waste heat is returned to the boiler, so that for the same
amount of coal burnt on the grate there is a definite increase of steam production.
This is very noticeable in locomotives which are worked at or near the maximum

capacity and is clearly shown by the steadiness of the steam pressure when the engine
is working.

From 109, to 129, of the exhaust steam is taken by the injector, so that the quantity
of steam passing through the blast pipe orifice is reduced, with a consequent slight
reduction of the draft, equivalent to about a 59, drop in the smokebox vacuum. The
effect of this on the steaming of the boiler is, however, negligible compared with the
increase of steam production, and when fitting an exhaust injector to any locomotive,
no change whatever is ever found necessary in the draft arrangement,

The exhaust steam is directly condensed by and forms part of the boiler feed, so that
the amount of exhaust steam taken is the minimum necessary to heat the feed water and
force it into the boiler, so that the effect on the draft is less than with the ordinary type
of feed water heaters.

An improvement will also be found in the quality of the feed water, the condensed
exhaust steam being pure distilled water returned to the boiler.

There is no possibility, under any circumstances, of delivering cold water into the
boiler. When using the injector with live steam (engine standing or drifting with
closed regulator) a hot feed is always delivered to the boiler, so that the boiler troubles

frequently experienced when using pumps, due to the introduction of cold water into
the boiler, are eliminated.

Temperature of Water Delivered to the Boiler

This is a feature of considerable importance, as any increase of feed temperature affects

fuel economy and also reduces the wear and tear of the boiler, with resulting economy
in boiler maintenance.

With an exhaust steam injector there are several factors which influence this temperature,
namely, the exhaust steam pressure, feed water temperature, the quantity of water
delivered to the boiler, etc.

A maximum temperature of 230° F. is obtained when the injector is working at its
minimum capacity, 7.e., with the water regulator cut down to its lowest position. In
otdinary workings, where the water regulator is set about the mean position, the delivery

temperature ranges from 190° to 200° F, so that an extremely hot feed is always delivered
to the boiler.
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Reduction of Cylinder Back Pressure

A reduction of cylinder back pressure is always found when the exhaust injector is
working, owing to the amount of exhaust steam condensed by the injector. This
varies with the exhaust steam pressure, being greater as this increases, so that when
the locomotive is being forced, giving the maximum evaporation and maximum exhaust
steam pressure, the reduction of cylinder back pressure is also greatest.

The reduction of pressure is clearly shown in tests where indicator cards are taken ot
where pressure gauges are fixed in the blast pipe or in the exhaust steam pipe, the
reduction of pressure being about 109, of the absolute back pressure.

Coal and Water Economy

If the exhaust injector is worked, a definite economy must be obtained under all
conditions of working. The exhaust injector cannot feed the boiler under any
circumstances without utilising exhaust steam when available. The greater portion of
the work done and the heat content of the delivery water are obtained from the exhaust
steam, so that a definite amount of waste heat is continually being returned to the boiler
so long as the injector is kept at work.

If fuel economy is not shown in the fuel consumption records, then this is being wasted
in other directions, for it is clear that if the feed water shows a definite increase of
temperature, a corresponding fuel economy must result, and if this is not apparent
there must be other conditions preventing it being shown.

The economy obtained by the use of the injector is the result of several factors :—

(1) Economy due to the direct return of heat to the boiler by the condensation of
exhaust steam by the feed water in its passage through the injector. The
amount of steam condensed varies slightly with the working conditions, but
in normal service at least 109, is condensed and returned directly to the boiler.

(2) Economy due to the reduction of cylinder back pressure. As previously
stated, when the injector is working there is a reduction of cylinder back
pressure. This represents a direct increase of effective piston pressure, so
increasing the power developed by the locomotive. This increase in pressure
varies from 1 to 3 lbs., depending on the exhaust steam pressure in the blast
pipe.

(3) Economy due to the high temperature of feed water delivered to the boiler and
the lower rate of firing.

The total saving varies, of course, with the locomotive and the class of work which it
is doing, but test results show a regular economy of from 8 to 129 on general service.

A water saving of 10 to 129 is usually found. This is due to the exhaust steam con-
densed and returned to the boiler by the injector. This being pure distilled water
forms a considerable improvement in the quality of feed water.
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Working Instructions

To start the injector, open steam valve on boiler. The injector then commences to
work and the amount of feed can be regulated by the water regulator control handle.

The injector then works with exhaust steam or live steam according as the regulator is
open or shut.

Note—So far as is possible the injector should be kept constantly at work while the
engine is running, the feed being regulated to maintain a constant water level, and
intermittent feeding should be avoided.

The regulation of capacity of the injector is large, so that a constant feed can be main-
tained under all conditions, whether the engine is worked very heavily or lightly.

Filling the boiler at station stops or when running down hill should if possible be avoided
as fuel saving is only made while the exhaust injector is working with exhaust steam.

It is necessary, if the best results ate to be obtained, that this method of boiler feeding
(which is exactly the reverse to that of the live steam injector) should be adopted,
otherwise a proportion of the economy will be lost, owing to the boiler being fed with
live steam instead of exhaust steam.

Installation

Diagrams of the installation and pipe atrangement ate shown in Figs. 10 and 11.

The Exhaust Injector is of the non-lifting type, Z.e., it must be fixed so that the water
from the tender will flow to it. It is usually fitted below the footplate on the fireman’s
side and attached by a fixing bracket to either the frame or the foot step.

A control rod is connected to the water regulator spindle and carried up into the cab,
the control handle being fixed in a position where it can be easily operated. A pipe is

connected to the injector from the steam valve, fitted in a convenient position in the
cab.

Pipe Connections.

Pipes should be as free as possible from pockets, sharp bends and elbows.

All joints in the exhaust steam pipe and in the water supply pipe must be perfectly tight,
so that there can be no air leakage, and the joints should preferably be made by flanged
connections, not union coupling nuts. Rubber jointing should not be used.

Grease Separatort.

The Grease Separator is fixed at any convenient point in the exhaust pipe line, preferably
at its lowest position, and near the injector, so as to drain all water out of the pipe line.

Tank Strainer.

A fine mesh sieve should be fitted in the tender so as to prevent dirt, etc., entering with
the feed water.
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Steam Valve.

A Steam Valve must be fitted in the cab for supplying the live steam to the injectot.
A fitting often adopted is the combined steam and delivery valve (Fig. 10), in which the
steam valve is combined with the boiler check valve in one casing and fitted by a flange
on to the firebox back, with internal steam and delivery pipes to the boiler.

A table of pipe sizes and injector capacities is shown on page 28.82

Maintenance

Tank hose and injector strainers should be examined and cleaned frequently ; if badly
choked there will be erratic action of the injector.

Joints in exhaust steam piping and injector feed pipe should be examined frequently

for air leaks, which will affect the proper working of the injector.

The oil separator drain valve should be examined and cleaned to ensure proper

functioning of the device, and the cover should be removed periodically and the
separator drained and cleaned.

Removal of Cones.—The combining and delivery cones are applied as a unit. To
remove them, take off the cap nut at the delivery end of the injector body and screw
out the cones. Then the vacuum and draft tubes may be screwed out. To remove
the renewable tip, take out the set screw in the centre and screw off the combining

cone from the delivery end. The main steam cone may be pushed out after the regulator
spindle has been removed.

All the injector cones, except the main steam cone, bear hard against a seat in the injector
body, and, when applied, should be screwed up tightly against the seat. When
applying the combining and delivery cones, make sure that the “ T ”> mark on the end
of the delivery cone comes near the top when the nozzle is against the seat.

The main steam cone is actuated by an eccentric pin on the end of the water regulator
spindle, which fits into a sliding die in the cone, and before removing the nozzle, the
regulator spindle must be taken out. When the parts are re-applied, special attention
must be given to insure that the eccentric pin enters the hole in the sliding die, and before
applying other cones, the movement of the main steam cone should be tested by moving

the regulator spindle from minimum to maximum. The steam cone should move
approximately 4 inch.

The renewable end in delivery cone should be examined about every six months and,
it worn, should be renewed.

Packingjfor the Injector.—Special cord packing is supplied for packing the exhaust
steam cone and the combining cone. This should be examined and renewed, if necessary,
when the engine is undergoing general repairs.

An anti-friction metallic packing is used for the overflow piston gland. This should be
lubricated periodically to ensure that the piston moves freely.

The packing gland for the water regulator spindle should be well packed with greased
asbestos and the gland should be screwed down tight enough to prevent the water
regulator spindle from creeping when the injector is working.

Spate Parts.—All spare parts can be supplied. When ordering, give injector size,
name of part and reference number as shown on page 29.33,
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Maintenance Costs of Locomotive Feed Water Heaters

To make any equitable comparison between the economy realised by different systems
of Locomotive Feed Water Heating, it is absolutely necessary to take into account, in
each case, the total maintenance cost of the apparatus employed.

Maintenance costs with the Fxhaust Steam Injector are extremely low, averaging about
43d. per 1,000 train miles, while the maintenance costs of Pumps and Heaters are
about fifteen times as great.

These figures are for maintenance only and do not cover interest and depreciation.

Further, the initial cost of the exhaust injector is much lower than that of any other
system of feed water heating, and therefore the total figures, including interest and
depreciation charges, enhance this great difference in working costs.

EXTRACT FROM MONTHLY BULLETIN OF THE INTERNATIONAL
RAILWAY CONGRESS ASSOCIATION.

Page 2101. October 1930.
Communication from Mr. R. P. Wagner,

Chief Engineer, German State Railways,
Special Reporter on Question V1, Madrid Session of the International Railway
Congress.

Maintenance Costs of Various Pre-Heaters

1. Exhaust Steam Injector.
1.50 French francs per 1,000 train kilometres.
4.7 pence per 1,000 train miles.

2. Surface Heater (Knorr).
29.15 French francs per 1,000 train kilometres.
90.0 pence per 1,000 train miles.

3. Contact Heater A.C.F.I./R.M.

21.90 French francs per 1,000 train kilometres.
67.6 pence per 1,000 train miles.

Summarised, the advantages of the exhaust injector are :—

Lower Initial Costs,

Lower Maintenance Charges,

Freedom from Breakdown,

Greater efficiency—giving all round superiority over pumps and heaters.

Over 20,000 locomotives, running in all parts of the world, are fitted with the Exhaust
Steam Injector.
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Comparison of Exhaust Injector and
Heater Systems

EXHAUST STEAM INJECTOR

(I.) Low cost of installation.

(IL) Utilises the exhaust steam for both
heating the feed water and forcing it into
the boiler, and the whole of the heat is
returned to the boiler.

(IIL))  Supplementary live steam is only
required for boiler pressures higher than
150 Ibs. per squatre inch, and all this
steam is returned directly to the boiler
so that there is no heat loss. The amount
of live steam used is only 219, of the
water evaporated.

(IV.) Extremely low maintenance and
repair cost, being practically the same as
an ordinary live steam injector, the
running shed costs are not increased.

(V.) Coal economy 8-129%, and the
maximum economy is regularly main-
tained in service, due to the fact that the
exhaust steam is the motive power as well
as the heating medium.

(VL) Water economy 10-12%, due to
the exhaust steam being returned to
the boiler.

(VIL) Simple, compact and light.

(VIL) Easy and immediate access for
examination, cleaning and overhauling.

(IX\) The Cylinder back pressure is

PUMP AND HEATER

(L) High initial cost, the complete instal-
lation being at least five times as costly
as the Injector.

(1) The exhaust steam is used only for
heating, and only a portion of the heat
is taken up in the heater, a large amount
goling to waste.

(IIL.) The pump uses live steam only, the
amount varying from 3 to 59, of the
evaporation of the boiler.

(IV.) The maintenance and repair cost
are very high. Practical experience
invariably shows that the upkeep costs
are greater than the fuel economy realised.

(V.) Economy 10-129%, when the heater
and pumps are in new condition. The
economy rapidly diminishes in service,
as it is entirely dependent on the heater
being in perfect condition.

(V1) No saving of water.

(VIL) Complicated, bulky and heavy.

(VIIL) Difficult and lengthy operation to
dismantle pump and heater for examina-
tion, cleaning or repair.

decreased and not increased (see p. Z#). & & .

From the foregoing, it will be seen that the Exhaust Steam Injector is greatly superior,
having lower installation and maintenance costs, with greatly superior efficiency, and,

in addition, is a proved practical success.
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The Advantages of the
Class “ H” Exhaust Steam Injector

May be briefly stated as follows :—

(1) Saves 109, in coal and water, and this saving is regularly maintained in
service, due to the fact that the exhaust steam heats the feed water and also
forces it into the boiler.

(2) Reduces cylinder back pressure, so increasing the power of the locomotive.

(3) Hot water is delivered to the boiler whether the engine is running or standing,
so improving the circulation and reducing the stresses set up by the admission
of cold feed water.

(4) Installation and maintenance costs are much lower than those of any other type
of locomotive feed water heater.

(8) Simplicity of working. 'The injector is started by simply opening the steam
valve and requires no further attention. It switches over automatically from
exhaust steam to live steam working when the throttle is shut and vice versa
without any attention on the part of the fireman.

(6) The steaming power of the boiler is greatly improved, and the injector has a
very large range of capacity, so that a constant feed can be maintained under all
conditions of working.

(7) Simplicity of construction with no moving parts and easy access to all parts
for examination and cleaning without dismounting the injector.

The Exhaust Injector

WHAT IT MEANS AS AN INVESTMENT

Example.—Main line locomotive in service 300 days a year burning 3 tons of coal
per day at /1 per ton on the tender (£900 per annum).

Coal Saving by exhaust injector based on 109, of total fuel cost of £900 £90 0 O

Less interest, depreciation and maintenance charges being 159 of £130
(cost of injector and application) ;4 s 4 . - .. £1910 O

Nett return per year for one locomotive . . . 47010 0O
Or 549 on capital invested.

The total expenditure is £130, which will be reimbursed in less than two yeats.
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Possible Causes of Injector Failures

If injector fails to prime (i.c., pick up the water) upon opening steam valve and steam

escapes from overflow, the trouble may be located in the water valve or the water
valve piston.

If the injector primes and then flies off instead of working, the combining nozzle may
be choked or the combining nozzle flap not seating properly. Sticking of the injector
check valve or the main boiler check may also be responsible for trouble of this nature.

If injector works with live steam but will not work with exhaust steam, either the
automatic shuttle valve does not function or the exhaust valve does not open.

If injector works with exhaust steam but will not work with live steam, the shuttle
valve may not function, or the exhaust valve may be stuck open.

If steam escapes in puffs from the overflow when injector is shut off with engine
working steam, the exhaust valve is either stuck open or does not seat propetly.

If water escapes at overflow when injector is not working, the water valve does not
seat propetly or may need grinding in.

If water and steam escape from the overflow when the injector is not working,
the boiler steam valve does not seat properly or may need grinding in.

If water escapes at overflow when injector is working and cannot be corrected by
adjustment of the water regulator, the overflow valve may need grinding in or some
of the injector nozzles may have become loose in the injector body.

To test the automatic change-over from live steam to exhaust steam and vice versa,
apply engine brake with engine standing, start injector working, and then open the
engine regulator. If the automatic shuttle valve functions properly, the injector will
stop working and water will run out of the overflow. Then close the regulator and
open cylinder cocks. When pressure has escaped from the engine cylinders, the injector
will immediately go to work. If the injector does not operate as outlined above and
continues to work with the regulator open, the automatic shuttle valve does not function.
Either a restriction will be found in the steam pipe leading from the main steam pipe
of the locomotive to the injector, or the automatic check valve does not seat propetly.
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FOR POWER, SIMPLICITY AND RELIABILITY

Low Steam Consumption and Low Maintenance Costs.
Interchangeable with existing standards.

THE METCALFE PATENT
Locomotive Hot-water Injector

DELIVERY C s

OVERFLOW

Works with Feed Water at 140° F.
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We specialise in the manufacture of

Locomotive Fittings

EXHAUST STEAM INJECTORS.

Utilising exhaust steam, saving 10 per cent. fuel and water.

LIVE STEAM INJECTORS.

All standard types for locomotives and stationary boilers.

HOT WATER INJECTORS.

To work with feed water at any temperature up to 140 deg. Fah.

VACUUM BRAKE EJECTORS.

Metcalfe Patent Solid Nozzle type.
The simplest and most reliable.

WATER HEATERS AND EJECTORS.

WATER GAUGE COCKS.

All standard locomotive patterns.
TOP FEED CHECK VALVES.
COMBINED STEAM AND DELIVERY VALVES.,
STEAM SANDING EQUIPMENT.

AIR SANDING EQUIPMENT.
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