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Farly in 1949, the Canadian Pacific Eailway initiated a
study to investigabe the combustion process of oil=burning stean
locomobtives, the object being to determine the neéessary
requisites for efficient operation so the combustion arrangement

could be stendardized, The National Research Council was asked
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in this study and much of the fechnical data guoted
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herein was developed_by that organization,

This report is an overall summary of the various studies
carried out and provides sufficient informatbion to substaniiate
the recemmendations made, In view of the present dieselization
program, the test series were of necessity carrisd out emla_medest
scale, 1In additiocn, the recommended changes in ccnstfuction are
aimed at reducing only the major sources of fuel waste,

In additicn to the assistance rendered by the Nationel
Research Council, veluable information was provided by the Imperial
041 Company, the Battelle Memorial Tnstitute, the Southern Pacific
Company and many other rafilways and organigzations,

Full cosperation at all iimes was rendered by the staffs
of tnhe Chief of Mobive Power and Eolling Stock and the Superintendent

of Motive Power and Car Department; Prairie & Pacific Hegiocus,
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The vesults of the cvombustion investigation of oil=buraning stean

locomotiv

5 have been sc¢ encouraging Lhat it is propcsed to continue

the development and application study by considering the following

features:

1

a

An air inlet systew utilizing a2 sliding plate damper and
low=lcss entry in place of %the present style using
putterfiy=-type dampers,

"e modification of the firsbox geometry of certain classes
in accordance with the reguirements listed on page 12 of
this revorh,

A "closed" type fuel 0il heater Iin place of the present
topen' style, designed on the exit heating principle whereby
the fuel oil is heated as it leaves the oil tank,

The application of an auntomatic steam regulator to control
the oll temperature,

The enlargemen® of the c¢il supply line between engine and
tender to 2 and 2i-ipeh piping in place of the present it
and li-inch size, insulated with sectional lagging,

The automatic regulation ¢f the atomizing steam pressurs
by a mechanical linkage to the 0il regulating valve,

The installation of a pressure gauge on the stomizer line
near the burner

- e

wfo

n the blower line Lo prevent

5
use of the blowsr,

in avtematic control valve
upnecessary

An exhaust gas snalyzer and an 8ir fuel ratio indicater to
assist the fireman im operating the firing valves with
gragter efficlency.

A rapiderespenss sheam gauge to indicate whether or not
equilibriuwe is being mzintained between boiler heat input
and ocuipui, ’

A 1ight beside the smokestack to illuminate the exhaust

at night and fecilitate adjustment of the air=funel ratic,
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An indication of the range of potential savings pessible with
these features is shown graphically in figure 10, page LO, The
successful applicabicn of s8ll features would reduce fael oil consump-
tion by an estimated 14 percent, Based on the oil consumption per
locometive im 1950, this saving would amount to £2800 per locomotive
per year, or $7LC,000 annvally for ihe 264 oil-burning locomotives
in service on Januery 1, 1951, In addition, it is estimated that
$69,000 per year could be saved in firebox maintenance costs by the
proposed changes in the firebox and air entry desipgn and the method
of intreducing sand,

It is recommended that the following applications inveolving a
total of six oil-burning locomotives be made at the earliest oppore
tunity:

1, To a T-l class locomotive:

a, A sliding-itype damper,

b, A cam and level operated atomizer control valve
linked to the oil regulating valve, This appli-
cation will reguire a steam pressure reducing
valve and an atomigzer pressure gauge,

¢, An enlarged oil supply line,

d, An exit o©il heater and automatic temperature
regulator,

e, & light &t the smekestack vo illuminate the
exhaust at night,

2, To an Helgd class locomotives

a, 4 sliding=type damper,

b, A modified sanding arrangement which will
inject sand through the combustion chamber

for cleaning the %ubes and flues,

3, To a second T=l, a second Heled and ftwo H-le clasg lccomo=
tives:

s, 4L sliding=type damper,

aden Y
o
[
e
L



TABLE OF CONTENTS

Foreword and Acknowledgements
Summary
Index ¢f Pigures and Tables
¥ain Report
Air Inlet System and Firebox Design

Recommended Arrangement for Butterfly-type
Dampers

Recommended Arrangement for Sliding Plate
Danper

Comparison of Butterfly and Sliding~iype
Damper Arrangements

Von Boden Burner

Fuel Cil Atomization

Regulation of Atomizing Pressures
Fuel Oil Piping

Fuel 0il Temperature

Fuel 0il Heating

Blower

Lir Fuel Ratio Adjusiment
Sanding of Tubes and Flues
Economic Considerations

Further Development Work

Page

(1)
(i1)
(iv)

15
17
19
23
26
30



Figure No,

10

Table Ho,
1

2

INDEX OF FIGURES

Engine 2382 = Firebox Air Flow Pattern
Butterfly-type Damper

Engine 2843 ~ Firebox Air Flow Pattern
Butterfly=type Damper

Standard Air Entry System Using Butterfly
Dampers
Air Entry System Using Sliding-type Damper

Engine 2832 = Firebox Air Flow Pattern
Sliding Plate Damper

Performance Comparison of Air Inlet Systems
Using Butterfly and Sliding-
type Dampers

Photographs of Atomization Process

Calibration of Standard 0il Regulating Valve
and Burner

0411l Valve Calibration Curves

Graph Showing Reynold's Number as a Funciion
of Flow Rate, Pipe Diameter
and 0il Temperature

Graphical Summary of Possible Economics
by Bedesigning Combustion
Arrangement on Oil-burning
Stean Locomotives

INDEX OF TABLES

0il Wastage Dye to Faulty Blower Operation

0il Wastage Due to Incorrect Air Fyel Ratioc
Control

Pare

13

18

21

25

29

50

36

36

£ e
LY




REVIEW OF COMBUSTION PROCESS
ON OIL BURKING STEAM LOCOMOTIVES
AND PROPOSED STAKDARDIZATION OF DESIGN

Ay Inlet Svyster and Firvebox Desipgn

When oil was first adopted as a leocomoiive fuel by the Canadian
Pacific Railway, the combusiion arrangement was modelled after
designs incorporating front burners, Later on it was found that more
satisfactory results could be attained by placing the burner in iLhe
back position below the mudring, firing towards the front of the
fifeboxo hs more conversicns from cecal to oil burning were made,
"yarious modifications were tried using both front and back burners
with the result that the firebox arrangements on different classes
ﬁﬁf power varied considerably,

A thorough field investigation covering each class of power was
carried out to determine the most satisfactory arrangement of burner,
arch and air inlet perts, 4s the main basis for comparison, the
firebox airflow pattern for each design was studied so correlavion
could be made between this characteristiec and the general performance
of the locomotive, A fairly strong draught was induced by cperatiﬁg
the blower as close to full boiler pressure as possible, The firedoor
was closed and at varicus damper positions the general eireulation
pattern was traced by means of a weol tuft on the end of a slender
rod, By this means an observer in the firebox was able t¢ plet the
relative sirengihs of the variouws currents, Although this technigue
did not provide definilte values for the amcun®t of turbulence induced,
it did show the effectiveness of the various air ports and provided
means whereby the correctness of location ard size could be assessed,

Tt was found that the locomotives which steamed mest freely aud
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gave the most satisfaciory resulis hsd an air flow psttern similar

P
that developed in the G=3 class firvebox, illustrated in Figure 1,
page 3, This deslgn, with the burner locabed at the back of the
fireboxn, admits primary air around the burner and secondary air

through the floor below the crest of the brick areh, It will be

nobed that Lhis arrangement induces fairly egual distributioen of

air throughout the firedbox,

Several factors faveur a firebox design patterned after that of
the G=3 class power, When fyont burners were used on earlisr locomo=
tives, considerable trouble was experienced with staybolt failures
and eracking of the faceplates, It‘wag found that this condition was
caused by unegual expansion cof the firebox sheets, since the flame
had an opportunity to impinge directly on the back sheetl, In addition,
the back sheet was subjected to sudden cooling whenever the load was
decreased since it was usual practice to sdmit secondary air at the
baek of the fireboex, By using the bhack burner and a central location
of the floor air inlet, this condition was averted since the incoming
air was heated by the hot arch bricks before being distributed through=
out the firebox,

The brick arch provides protecticn against damage to the crown
sheet as well as imcreasing the savaiiabhle time for combustien tc take

enaifies but alsc afferds contrel of fire=

fas

place, Its use not only in
box turbulence, The heat retaining sharacteristic of the brickwork hacs
a tendency tc reduce fluctustions in firvebox temperaturs as well as to
provide radiant heat for igniting the incoming ¢il spray.

When 2 front burner is installed, it must be set

sheet because of struciural iimits and ¢ provide the necsgsary clear=

1

ance for installation and ssrvieing, the effective length of the firem

2



Fig, 1
ENGINE 21382

FIREBOX AIR FLOW PATTERN
BUTTERFLY TYPE DAMPER
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must be reduced, Thie condibtion normally results in carbon formation
at the flashwall since & combustion length of approximately eight

feet is desirable when using the Von Boden type burner, In addition,

the front burner position inecreases the length of oil piping reguired,

Although many railrcads favour the induction of nearly all the
combustion air around the burner, the results attained are not as
getislactory as theose using inlet perts in the floor., With the former
design the air snd oil enter the firebox in paralliel streams and mizxing
is largely dependent on firebox circulation, By using floor inlets,
the incoming air meets %the oil spray at right zngles and thorcugh mixin,
is thereby esnsured socn after the air is industed.

Recommended Arrangement for Butterflv-type Dampers

Following the general survey covering the various classes of
oil-burning locomctives, modifications were made to several engines in
an effsrt to determine the necessary relationships between the firebox
variables governing the combustion efficiesncy., These tests were cone
ducted on engines equipped with the standard butterfly-style dampers
and were aimed at fixing the location of the air inlet ports and brick
arch s¢ the fireboex gecmelry could be standardizedO

The relative merit of esach alteration was assessed by its effect
on the air flow pattern and arch brick deterioration, It was feound
that the arch and flashwall bricks detericrated rapidly if the inlet
wae locazied too close to the flashwall where an intense veortex was
created, Conversely, when the opening was moved back past the crest
of the brick arch there wes very little cirzulaticon at the front
section, By locaiing the opening in & ceniral positicn a Tairly equal
distribution pattern was attained throupghout the firebox,

An undesirable characteristic of the butterfly-type dampers is

{
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that the air fiow pattern is altered as the damper position changesi
gince in 211 bubt the fully open position the incoming air is deflected
to either the frent or the bask of the bootleg depending cn which
direction the dampers operats, When a single floor opening is used,
this nay allow the incoming air to blast directly on the underside

of the arch resulting irn rapid brick deteriorationoi-This effect may
be reduced by using a checkerboard of air perts similar to those on
the =3 colass powefn. Besides providing protection for the booilleg
steel against the firebox bheat, the grid iype openings tend te
straighten and distribute the incoming air, By increasing ithe 2%=
inch spacing of the air ports on the standard grid sectiénsg the blast
effect of the incoming air may be further minimigzed, " This alteration
may be accomplished by plugsing one pair of holes in an eighi-hole
grid, which also has the effect of increasing the contast area between
the incoming air and the o0il spray,

With a sgingle floor opening, the butterfly dampers may become
fouled if large pieces of firebrick are disledged and fall inte the
pootleg, The danger of this occurring is reduced by the application
of a grid seciion,

Combustion air sheuld be provided arcund the burner for ceooling
purposes and to enéure.early igniticn of the incoming oil spray, The
effect of the burner opening was studied so its dimensiowns could be
specified, It was found that the induction of toc much aif at the
burner retarded the igniticn of the oil spray as well zs causing un-
desirable effects on the firebox airflow pattern, In addiﬁioﬁg the
air supply became difficull teo contrel at very light loads; resulting
in the induction of execsss air, On the other hand, whsn the openinag

i
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was made too small it became subject to plugging, Since the o
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temperature al the burner frequently rises above the boiling peint of

water uwnder light

end bubbling may occur at the
iip of the burner, Unless conmbustion =iy is provided, the oil may
contact the hot bricks around the burner forming carbon deposits,

Considering all factors, the most satisfactory resulis were
attained by using a burner opening whose nel free area was approx-
imately 10 percent of that of the floor openings, MNost of this area

should be placed below the burner %o ensure bthe combustion of stray
0il dreoplets which might cause carbon formation if they struck the
floor,

The burner should bs set sufficiently clear of the floor so sand
or slag depesits which may cocur will not ebstruct the oil spray., This
is ueunally determined by the clearance tc the back mudring, Presgent
practices which are follewed in aligning burners are to direct the
centerline of the spray at a peint 14 inches to 18 inches above the
floor at the flashwall, The former figﬁre should be favoured since the
0il spray forms a circle approximalely 24 inches in diameter in a
firing length of & feetl,
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For air inlet sys
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rily=type dampers and The

ndard grid seetion, test results indicate that the most satisfactor)
fivebox geomebtry is that shown in Figure 2, page T, This design
embodies the following points

en burner should be set at least eight

1. Th é
by tnhe flashwall,

pootleg should be centered between the burner

¥ fok arch should be lecated zbove
the centsr of the beoolleg,

L. The floor cpenings should be spaced by plugging one
pair of holes 4n an eight- section grid, plscing four
holes beneath the arch and twe holes behind the arch,

o
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spenings shouvld be approx-

&, The burner opening should approximate 10 percent of the
area of the flccr inlet with most of the opening bslow
the burner,

Fuel consumpition tests were carried out ito deiermine the relative

merit of this fir

-«d

bex arrangement and the results indicated that its
applicaticn would effect definite savings, particularly when the gride
type spaced ports were used in place of a single floor opening. The
general performance of locomotives of the P-Rk, F-1 and F+2 classes
equipped with this design has been very satisfactory,
In view of the still more satisfactory results which may be at=
tained by the use of a sliding-type damper, as pointed out in the next
section, it is not recommended that any locomotives be converted in
asccordance with the above spscifications,

Recormended Arrangement feor Sliding Flate Damper

The field investigation of oil-burning steam locomotives,; carried

u

cut under the supervision of Naticnal Research Council personnel; in-
dicated that a redezigon of the air inlet system comprising the beotleg
and butterfly dsmpers should result in a substantial improvement in

the combustion effdeciency, This form of air inlet ducting is illus-

o

reted in Figure Bgvpaga %, Draught measurements showed that the ratic

i

of firebox 1o smokebe x dranght had a aminimum value of 0,6, with the
average at 0,7 cr higher, In cther weords,; at least 60 percent of the

smokeboex drauvght was expended in

ol

ot
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rawing air into the firebox, A

e

further analysisz of air flow measurements showed that a major portien
of the firebox draught was expended in high energy losses of the air
stream as it passed through the beetleg, These losses constituted fron

80 to 95 percent of the svailable firebox draught, It was therefore

Lo

obvicus that the reguired draughts could be considerably reduced if

these losses were noit so great, . a
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The turbulence created by the pressure losses in the bootleg
and around the danpers was largely dissipated before entering the
firebox, This energy change is nearly all wasted since maximum
turbulence should occur in the firebox itself where it will serve
a useful purpose by intensifying circulation,

It was also shown that as the air stream passed through the
standard grid openings, the Jjets so formed did not retain their
identity and had in most cases reunited within 12 inches of the
openings, In effect; the air was entering the firebox as a single
large jet which normally had sufficient energy te cause impingement
on the underside of the arch, causing arch brick deterioration, This
observation indicated that deterioratien coulid be appreciably reduced
if the spacing of the air porits were increased so the air stream
would be broken up into separate jets, This would also dincrease the
path length of oil droplets over the air ports and would tend to im=
prove the distribution pattern throughout the firebox,

" In order to determine the necessary requirements for a more
satisfactory design of air intake system, a quarter-scale model of 2
firebox was set up in the National Research Council laberatery, This
medel was used to study the effect of variations in the firebox
geometry and the merit of possible modifications which could be made,

The energy losses sustained in the air entry system of an actusl
locomotive were verified on the guarter-scale model, Another type of
damper and grid arrangement was set up so comparison could be made
with the standard design, This test design is alse shown in Figure 3,
and consisted of a sliding=-plate damper set flush with the flcor of

the firebox, having four openings 5 in, by 17 in, spaced 6 in, apartk,

TR
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The air ports of the sliding-type damper were designed to break
the air stream up inte separste jets which would maintain their 3den-
tity until they had passed through the oil spray region, Suitable
spacing was selected to increase the path length of oil dropleis over

the air ports,

o

uring thorough mixing. The port dimensiocns were alsc
suéh &3 té minimize the impingement effect of the incoming air on the
underside of the archb, indicating that the arech bricks should stand up
loenger,

Comparison between the standard and proposed air entry désigns
was mades on the quarter-scals model at egual mass flows of air and at
equal firebex draughts, It was found that the energy loss across
the new air inlet and sliding damper did not exceed fifteen percent

of the availsble lirebox draught, whereas with the butterfly damper
this loss was always greater than 60 percent, In the combustien
régicng whera the pressure loss is a measure of the intensity of tur-
bulence, testé with the sliding type damper showed that the firebox

]

ned were four to five times as great as those

fele

pressure losses susta
cbtained with the butierfiy type damper., This in efféct means that a
comparavle combusiicn efficiency will be attained for a lower value of
firebox draught, Thus where twelve inches of firebox draught were re-
gquired with the butterfly type damper, five inches should be sufficiern
with the sliding type danmper,

oy

The effect of varying the longitudinal pesit

Hn

o of the air ports

cund thaet in comparison bte any other positiion,

was studisd a; ras f
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firebox turbulence was 10 to 12 percent higher for s grid lecation 14
inches from the flashwall where the ports were completely covered by

the arch., The lype of air flew attained by this arrangsment is shown

[
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in Figure L, page 12, 4 fuft exploration showed that intense turbu-
lence cccurred threughout the entire firebox volume, This was atiri-=
butable to & strong under arch voriex which was most intense with the
grid in the forward positicn and which tended to direct air towards
areas where turbulence was normally fairly weak,

A gtudy of the circulsticn pattern indicated that the arech should
be of sufficient length to completely cover the grid ¢penings, It will
be noted that Lhe entire flow at the back of the fireboex passes upwards
with very few down eurrents, DShorisning of the arch ereated a vortex
at the back of the firebex which caused a down flow over the firedoor,
Excessive firedoor heating which occurs ¢n many locemotives, particu-
lariy those with short fireboxes, is brought avout by this @onditionc
In additicn, the shorter arch tended to reduce the intensity of the
under arch vorisx, which should be as strong as possible,

For air dnlet systems utilizing the sliding-type plate damper,
the laboratory tests indicated that the firebox gecomeiry for mosit
efficient operation was that shewn in Figure 4 which embodies the fol=
lowing peints,

1. Th

2, The floor inlet should consist cf four openings, each
5 by 17 inches, spaced 6 inches apart,

3. The total area of the floor epenings should be 340 sg

1,

b, The forward cpening should be located 14 %o 16 inches
from the flashwall,

5, The zliding damper plate should close towards the rear
" wf the firebox,

6. The burner cpening should have the same dimensicns as

previcusly reccmmended for the butiterfly-type damper,
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A locomotive of the H=l class was equipped with a2 sliding-plate
damper and air inlet system in accordance with the recommendations
outlined, This engine was operated in regular passenger service for
approximately three months during which time its steaming qualities
were entirely satisfactory, Fuel consumption figures were developed

so0 comparisen could be made with designs incorporating the butterfly=

type dampers,

.

It was found that the application of the recommended sliding
damper design had altered the appearance of the flame in the firebox
from the bright shade normally associated with good combustion to a
dull orange colour, This was caused by the altered circulation pat-
tern which resulted in a flow of pertially burned gases upwards past
the firedoor and sandhoie, This condition weas not indicative of good
or bad combustion, however, since observation was made haifway through
the combustion process, The best indication is the colour of the ex-
haust gases and during the tests described it was not necessary at any
time to operatg the engine with more than a very light haze at the
smokestack, The disadvantage of the hazy flame colour was thst firemsn
had a tendency to use excessive atomigzer pressures to brighten up the
fire, Under certain conditiens, this misadjustment could cause carbon
formation or ranid arch brick dete?iofaticno

Modifications were made to the spacing of the air inlet ports
in an effert to clear up the hazy colour of the flame, Experimenta-
tion along this line was also desirable on an actual locomotive to
corroborate the experimental resulis on the gquarter-scale model, With
the modified spacing no change was oObserved in the colour of the

flame, In addition, it was found that undesirable alterations had

ik




occurred in the circulation pattern since spaces could be observed

at the back of the firebox which were void of fiame, Under this
condition, the steaming qualities of the locomotive deteriorated and

it was found necessary to replace the experimental design by a standard
arrangement,

The road tests indicated that the most satisfactory arrangement
of the sliding f{ype damper was that complying with the recommended
design developed through laberatory tests, The only apparent dis-
advantage was the hazy condition of the flame and the possibility
of the use of excessive atomizing pressures, It would therefore be
desirable to automatically regulate the atomizing pressure on locomo-—
tives equipped with this design,

Under a recent conversion program, the Northern Alberts Railways
equipped three locomotives with the sliding-type damper design, The
steaming quality and general performance of these locomoctives has been
very satisfactory, In view of the favourabls results attained, this
arrangement has been adopted as standard for application teo future con-
versiens,

Comparison of Butterfly and Sliding-type Damper Arrangements

As already discussedj the fuel burning capacity and efficiency
of combustion may be appreciably increased by the applicatior of
sliding plate dampers, Although tesis were not carried out over &n
extended period; the results did indicate that this design would
effect savings of some 4 percent of the fuel rate based on the ZORS UM
tien per 1000 egtm, over and above that possible with the most satis—

factory arrangement using butterfly campers,




Cther fazctors, in additien %o possible fuel savings, favour the
adoptien of this design, Air flew considerations indicate that its
application will minimize the blast effect of the incoming air on the
underside of the arch and should therefore reduce brick deteriorationo
In operaticn, the arch had a reddish appearance in comparison to the
normal bright white tint, indicating that it was remaining c¢oel while
combustion proceeded. There are some 264 oil-burning locomotives in
service for which the material cost of arch brick renewals amounts teo
approximately $3,200 per month, Since labour costs will double this
figure, it is evident that worthwhile savings might be realized,

To provide operational and service clearance, the butterfly-
type dampers are ususlly set well below the base of the firepan,

This means that in the fully open position the plates swing within

3 to 4 inches of the beitom of the bootleg, During winter cperation'
when snow and ice may péck in the bootleg, it has been found that the
dampers frequently freeze in the open positien, making it difficult to
maintain steam pressure due to the induction of excess air, To

remedy this condition, it has been found necessary to replace the
bottom plate of the bootleg with a pgrid during the winter months,
Although ithe open bottom overcomes ihe freezing problem, it sometiimes
allows snow to swirl into the firebox, if drifting has ccecurred across
the right of way, This occasionally extinguishes the fire and must
induce apprecisble stresses in the firebox sheets, It has alsc besn
reportved that difficulty in controlling the air supply has freguently
been experienced in severe sidewinds,

Since the sliding-plate damper is installed flush with the flocws

of the firepan, it is well protected agsinst freezing and does nek
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itete the removal of +the hottom plate of the bootlepg as cubt-

lined, This therefore nrevents snow fronm swirling into the firebex

[
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The design of the aceompanying boctleg is also such that a baffle

0

may be installed to minimize the effect of streng sidewinds, as

shown in the lower skebeh of Figure 3,
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The performance of sir 4inlex systems using bulterfiy and sliding-

y

fte

type dampers is grap@ically illustrated in Figure 5, page 18, Cone
sidering turbulence factors ', bhe function served by the sliding=type
damper is that of Ltransferr ing the high pressure loss in the air entry
system, which is largely wasied, intoc the firebox where 5t will inten=
sify circulsticen and improve combustion, High turbuleﬁce has the
effeect of inducing thorcugh mixing of the air and oil and providing a

longer period for combusticon to take rlace, This means that the avail-

able firing length iz not foo critical, in compariscn to ﬁhe butterfly
damper arrangement where a combustion length of eight feet is desirable
In addition, 3t alse means that burner misalignment, which causes Lo-
calized disruption in the air fuel ratic over the air ports, is not

as critical, The test application of the sliding-type damper indi-
cated that its adoptics should elimimate carben formation in the fire-=
box, if the firing controls are properiy handled,

Von=Boden Burnar

In view of the possibility thal a mores efficient design might be
f the standard Von Bedern burner were

theroughly investigated to determine its vu’taoilltf for locomotiive

[

serviees,
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For this purpose, a hox of comparsble proportions to a lecomotive
firebox was set up in the National Research Council laboratory, Cold
tests (without flame) were carried cut to determine the characteristics
of the spray pattern under varying conditions of o0il flow rate;, oil
temperature and viscosity, atomizing steam pressure and steam slot
width, The spray pattern was obtained by exposing a suitable screen
at different distances from the burner,

The results indicated that the standard Von Boden burner adeqguatel;
fulfills the requirements for efficient conmbustion in & lecomotive fire.
box and that little benefit could be gained by going to a more expensiv
burner with a finer degree of atomization, In addition, the Von Boden
burner is simple and rugged and since only gravity feed is required,
it has proven very dependable, The mosi favourable characteristiec is
its high capacity and ability to function satisfactorily over a wide
range of fluctuating loads,; which on a locomotive may very from LD
to 750 Imp, gal of oil per hour,

Frel 031 Atomization

The laboratory study showed that a definite relationshiy exists
between oil flow rate snd atomizing pressure required, Sufficient
pressure produces a satisfactorj spray consisting of a wide range of
droplet sizes, resulting in good distribuiien of fuel throughout the
firdng lengith, TFor a particular fuel rate; the spray quality
deteriorates rapidiy below & minimum critical value of stean pressure
and with any further decrease the cil gurgles irregularly from the
lip of the burner, This actien is guite prenounced, prejecting largs
blebs of o0il erratically throughout the firebox with obvious deitri-

T

mental resulls on the combustien process, Thiz rhencmenon is shown
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in the photegraphs of Figure &6, page 21, where a 5 psi increase in
atomizing pressure has corrected the gurgling condition,

Although pressures on the low side adversely affect the atomiza-
tien process, pressures in excess of those required for non-gurgling

flow do not appreciably improve the guality of the spray but rather

preject droplets forward at higher velocities due to the excessive

P

inetic energy imparted, This causes no change in the cenical spray -
angle produced, which varies between 12 and 14 degrees, Proper lo-
cation and design of air inlet poris provide sufficient combustion
length and turbulence thait pressures grester than necessary have no
beneficial effect, In fact, on locomotives equipped with short fire-
boxes, high atomizer pressures under certain conditions cause rapid
detericration of arch and flashwall bricks as well as excessive
deposits of carboen,

With the present oil burning arrangement, the fire as observed
at the backhead of the firebox is normally a bright orange colour,
This colour serves as an indicator for determining the proper setiing
cf the atomizing steam valve, although, as their sxperience increases,
firemen can usually contrel this pressure by the sound of the fire and
the colour of ithe exhzust, The colour of the fire indicates when
sufficient atomigzing pressure is being used, since lcwer pressures
cause & darkening of the flame due to the gurgling e¢ffect described,
ts already discussed, the application of the sliding-type damper
causes & carkening of the flame colour and in an effort to clear up
the fire there is a tendency to use excessive atomizing pressures,

particularly by inexperienced firen

At}
I

£

-

-+

iring would be preatly fac

s
et

itated if the firemen were provided

with a pressurce gauge ¢n the atomizing steam line, located adjacent te
20
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the burner, At present their only indication of the astoumizing pressure

5

is the degree of opening of the control valve, Adjustment may there-
fore hecome difficult if slack occurs due to wear,

Lxamination of test data for locomotives equipped with the present
standard arrangement shows that no definite relationship is maintained
between o0il fiow rates and stomizing pressures used, The general
tendency is to carry pressurss well above those reguired for proper
'spfay productien, often beine two to three times what is actually ree
guired and consequently automatic controel would be in order, The
posgibility of maladjustment is accentuated with the sliding damper

arrangement and 1f consideration is to be given to the use of this

[

degign it is desirable that the atomizing pressure be automatically
regulated,

An idea of the quantity of steam wasted when excessive atomizing
pressures are used may bz gained frem a consideration of flow reguire-
ments, The maximum o0il rate encountered on rcad tests was of the order
of 750 Imp gal per hour, For proper spray production using the standar
Von Boden burner with a 1/16 inch steam slot, an atcemizing pressure of
approximately 43 psig i8 required, which results in a steam fleow rate
of 675 1b per heur, With improper regulation, this pressure may bs
more than doubled, resulting in an additiomal steam flew of at least
500 1b per heur, Tough caleculations show that appreximately 60 1b

of 6il her heur are regquired te¢ supply this loss, or in cther words,

dn

0,8 percent of the fuel rate, The sctual cost of improper regulation

is almost impossible %te¢ estimats, bul it must be appreciable, due te
poor combustion when pressures are toc low, and to steanm wasbarge when

pressures are too high,




Repgulatioen of Atomizing Pressures

The atomizing steam flow is governed directly by the pressures
at the burner, since the steam passage is of constant area, Therefore,
the logical method of regulation is to control the pressure by the
volume of oil flowing., This is not practical, however, since accurate
measurement of oil flow using simple commercial instruments is impos-
sible to attain, Consequently, the simplest and most dependable
methed of contrel is & mechanical linkage beiween the oil regulating
valve and & pressure control valve on the atomizing line, Thisg re-
quires that for a certain pressure head, the oil flow be diresctly
dependent on oll valve pesition, This may be attained threugh restrie=
tion of viscosity variations by fuel oil ftemperature contrel and
reducticn of pressure loss by using a large enough oil line, these
meves being covered in subsequent seections,

In an improperly designed fuel system viscosity changes may have
edverse effects on the fuel flow, causing excessive pressure loss in
the piping or fluciuations in the rate of flow for a fixed setiing of
the oil regulating valve, In the stomization or spray formaticen pro=
cess itself, the amount of steam required is essentially dependent
on the velume of o©il flow as long as viscosity variaticns are kept
within & reasonable range, This is true since ihe main functien of
the steam is to supply kinetiec energy to the 2il droplets

n ordeyp

ot

123

that they wiil leave the 1lip of the burner at sufficiently high
veloeity, it is characteristic of the Ven Boden t¥pe burner that
this process results in a wide range of dreplet sizes, rather than

3

in a predoeminance of minute particles, This is guite

47}
£
(-.m
iﬁfo
B2y

zoteory
for locomotive practice due Lo the high firebox turbulence and anpls

o

combustion length available,
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Test data for oil flow versus regulating valve positicsn and 01l

flow versus reguired atomizing pressure have besn corrslated inte the

graph of Figure 7, page 25, showing required atomizing pressure vers

03l valve position for & properly designed fuel system, The o0il
regulating valve consists of two dises having suitable passage ports,
one fixed and cne cperated by & spindle which rotates through 48
degrees from zerc to full flow, The mechanical linkage for atomizer
control can be operated directly from this spindle, The spindle
would be modified to incorporate a lug which picks up the arm to the
stomizer contrel valve when the oil passage begins to open, A suite
able cam and lever operated pressure regulating valve has been
selected for this purpose, fAgain referring to Fipgure 7, it will be
noted that the atomigzing pressure will vary linearly from O fo 43 psig,
This is effected by the valve as its control lever cperaies through‘the
same sector as the spindle of the o0il regulating valve,

In the application of the atomizing control valve, it may be nsces
sary to develop some form of compensation for the change in level of
the fuel o0il, Tests indicate that the rate of flow is governed by the

pressure head sxerted by the tank of o0il and that very little inspirat-

ue

[a23
Ler)

&
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ing action is produced on the oil by the atomizing steam ags 1t is
from the burner, OUne move would be to pressurize the fuel tank at s
suitable pressure such as 10 psig which wounld cause an increase of
some 23 feet in the pressure head, making any changes in ithe fuel
level insignificant, Without pressurization, the oil regulating valva
will open scomewhat further when the tank level is low, in furn increans-
ing the movement on the pressure cenirol valve, However, this added
movement, or in other words, increase in atcmizing pressur

e, may noi

be appreciable, due io the rapidly increasing areca o¢f the passags
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port in the oil regulating valve in the upper range of flow rates,
It is therefore likely that satisfactery compensation would be
attained by limiting the maximum atomizing pressure at that re-
guired for the maximum fuel rate, in ether werds, 43 psig, This
limit is easy to attain with the type of valve selected,

Fuel 0il Piping

To provide a linear variationm of oil flow rate with regulating
valve position, modifications to the fuel supply system are necessary,
In Figure 8, page 27, experimental data has been plotted showing rate
of o0il flow at different temperatures versus oil valve position, this
information having been developed for a leocomotive equipped with &
standard fuel supply system, It will be noted that in the upper lcad
range the unit increase in fuel rate falls off rapidly for a unit move-
ment of the o0il regulating valve, this effect being more pronounced
at low %femperatures {(high viscosity), This conditicon is atiributabls
to excessive friction loss in the fuel line which is governed by
variations 4n the velocity and viscosity of the oil, The velocity
for z particular volume of flow is dependent on the transverse area
of the pipe while the viscosity is dependent on the fuel il ftempera-~
ture, It can be shown that for laminar or smooth flow the pressure
drop varies directly as viscosity and inversely as the fourth powsr

of the pipe diameter, Thus reduction of viscosity by increasing the

4 RN

the greater effect since it varies as the Jourth pover, Again re

he

ring to Figure 8, the ultimate effect of the modificatlions outlined

will Be that the variation of flow with oil valve position will

approach the straight line relationship indicated,

I
1
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Ancther undesairable condiftion which was experiencsd on road Tests
but which iz nol indisated in Figure &, is an appreciable fluctuation
<n fuel rate whivh becane west pronounced at high loads, An aznalysis

af the Tlow con

joN
e
d
§ud
‘...,’

i3 in the standard arrangemeni of piping indicates
that the flow becowmes Turbulent at high rates, This produces =
variable friction loss whieh causes irregular rates of fiow for a

particular setting of the oil regulating valve, making manual conirol
of the air fuel ratio difficult, The nature of flow, whether laminar
or turbulent, depends upon a numberical value known as Reynold's number,
which in turn depends upon the pipe diameter, the density and viscosity

of the liguid and the velccity of flow, Sinue veloe s related %o

pars
(o

vy
pipe diameter, it can be shown that in the application we are consider=
ing Reynold’'s number varies inversely as the product of viscosity and
pipe diameter, In Figure §, page 29, Reynold's number at a viscosity

corresponding to & fuel oil %femperature of 175 F, has been plotted

against cil flow rate for various pipe diameters, The criticail
Beyncldis numbsr at which laminar or smooth flow ceases is indicated,

In order that this value of 1400 is not excesdad, the oil pipe shouild
be 2% inches in nominal dismeler in cemparisen tc the present standards
of 1% sud 1% inches,

Gongidering the variables invelved, suitable contrel of viscogity
temperature at 170 F and enlarging the oil lime %o 24 inches, The
number of bendg or Barco jSeints should be kept f¢ a minimuom and

their passage arss and that of the telescoping expansion Soint bsitween
p = .

[l

engine and tender should be at least egual te the minimum area of &

2} inech pipe, The present oil reguleting vaive, although having lx
inch wnions, will be satisfactory since the majar pressu loss
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oocurs across the valve sesat and this control area must of course be
maintaeined, The oil line sheuld bs reduced on either gside of the
regulating vaive, At the burner, the line should be reduced %o the
i dneh oil connection, Yo minimize radiatiorn losses during cold
weather, the oil line and jointe szhould be covered with sectiomal
insulation enelosed in & sheet metal sasing,

Fuel 031 Temperature

At present, the tsmperature at which the fuel of

l.Jc\
i

is burned varies
at the discreticn of the firveman, subject to the advice of the road

foreman of ens

[0ie)
[

nes, As would be expected, wide differences of opinion
exist which stem Iroem the assumption thai practices followed <im irpe
dustrial installations may be applied te locomotives, High tempera-

tures are normally reguired with mechanical atemizing burners and this

no doubt lsads Lo ithe malpractice followed by some firemen of maintain-

£}

ing ivcoemctive oll temperatures as high as 200 F,

14

The variations in grade and source of bunker fuel 0il available
from Canadien refineries, make rigic viscosity control impossible,

Optimum fenmperatures for ensuring a free supply of oil %¢ the burner

ef

T4y

ect of varying viscosity can be minimized by regulating the oil

tepperature and

It is therefcre necesgs-

formation increases rapidly sbove 190 F, In addition, radiation and

evapocration losses become avpnrecisble, The vprimary considersticon
1 By 9

s}
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e
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tesh pueint specified by the Cansdian

Failway, which is 175 T, To enzure ihat thi
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the fuel 6¢il temperature sheuld be maintained at 170 F. This
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temperatnre fnould be sULol
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At present, heating of the fuel oil is accomplished
1ive steam directly into the il tank, 4lthough this method is
imple and meets Lhe fundamental requirements of a heating systen,

£

it has certain inherent disadvantages,

The secumuiaticn of water in the fuel 0il due to condensation
has o detrimental affect on the combusiion precess, Examination of
0il temperatures from experimental dats shows that at 21l but the
nigher flow rates, the oll temperaturs rises above the beiling polint
of water ot the burner eniry, At low floews this temperature increases
abeve 250 F, Since further hesting coccurs in the burner Itself due

to the proximilby of %

=
M
o
ot
O
}—l'a
1l
e
ey

rg steam passage, it is evident that

viclent vapoerizaticn tskes place, This action must cause the oil to

flow in spurtz and is one of the factors contributing to firebox drum-
ming which is most proncunced at low rates of Flow, Under certain

o

senditions, vaporizatisn at the lip of the burner will also csuse
carbon formation,

Water ig e contributing fsetor to eoil tank bell-cver, On heating

fuel oil itself wiil expand approeximately 1% by volume for easch 25 F
changs in termperaturs, If water ie not present in the oii, a 100 F
rise will cunly cause @ change in level ol approximately 2% 4nches, in
whieh csse boileover may occur if the tank is filled right to the top.

The

3]

pecific gravity of the Fuel oil in current use is pracitically
the same ae tLhat of water and tharefore condensation accumulalions

$n the tank tend te forwm an emulzified mixture with the oili, If ex-

cessive heating ccoours, foaming may result, causing a rapid increase




in velume with the danger of boeil over, Ancther less sericus factor
iz that tank measurements are not depsndable under this cornditicn,

Ancther drawbzck fo the direct heating methesd is that the full
body of ¢il in the tender must be maintained at the combustion tem-
nersture, Thus, steam requirements are steppsd up considerably during
cold weather due to radiaiien losses, Althoupgh rather difficult te
estimate, rough calculations show that these losses require an ad=-
ditional steam flow of at least 200 1b per hour during cold weather,
This amount of steam is produced by approximately 24 1b of oil per
hour and is, of course,; almost constant, Since fuel is consumed at
an average rate of 300 gal per hour, radiation losses amount te
roughly 0,8 percent of the fuel rate,

Besides overcoming the problem of water accuomulation, fuel oil
heating reguirements may be reduced considerably by the use cf a
closed type heater from which the condensed steam is discharged to
atmesphere through a trap. By designing the heater on the exit
principle, whereby only the cil that is used is heated, radiation
losses become neglipgible since the meain bedy of oil is maintained at
a lew temperature, Due te the rapidly varying flow rates and cone
sequent steam demands, this type of design necessitates the use of an

[

avtomatic temperature regulater, As outline

O

zd previcusly, the appliciae

P

'7_3

tion of this type of control is alsc necessary to facilitate regulatic.
of ¢il flow rates and atomiging stazam pressures,

=

Txperimental work along this ling was carried cut during the p

£

R

A

winter., The results indicated that oil temperature regulaticn is qu

feasible
Blower
The blower is a very necessary auxiliary on the steam leocomobive,

a5

o




being used ie create draught under darifting or standing conditicns
when exhsust steam i3 not available for this purpose, Generally
speaking, the handiing of this important control leaves much to
be desired, During pericds when ite use is necessary, the blower
pressure is freguently much higher thnan need be, In addition,

firemen ere eliways prompt in turning the blower on, but are ususlly

negligent abo turning it off when no longer reguired,
Examination of test data feor a typical run in freight or pas=

senger service shows that of the totel amount of steam supplied to

9

the blower, spproximately 50 percent is wasted, Under drifiing con-
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zted at such a high pressure
that 4 Himes &5 much air igs inducied zs is required te burn the amount
of fuel being fed %o the burner, This source of waste may be partialily

prevented by limiting the maximum blowsr pressure through the introe

[
o

duction of addiiisnal resistance inr the blowesr line, It also lends

jtself to correction by the appliecetion of air fuel ratic econtrels,
Under load conditions, the smekebox draught increases rapidly

o

«f water the blower conbributicon besomes Insig-

e
o
w5
E,lc
3
e
jm
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until at 3

nificent, After ithis peinbt is reached, it frequenily fakes considerabl

time before the [ireman reslizes that the dblower valve should be clossd
This forpetfulness 48 most wasteful and data from 2 rpical run indi-
2

Average Hate of

Elanﬁed Tims Before \verage Swmokebox Steam Flow
alve Closed Draught o Blowsy
B Inchesg Watler i per hre
12 1s 2,750
27 i3 2,800
10 7 2,880

wad
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18 net reguired, muat firsmen

During pericds when th
fepack” the sconbrel velve Lo varying degress. When questioned, they
sdvance the theory that they may not be sbie to eopen it quickly
encugh if it is clesed vight cff, Althougk this practice does not
appear Loo sericus on the surisce, its wastefulness 1s again borne
out by the following data frow the run menticned previously,

Average Rale of

Time Under Leoad Conditiony Aversage Smokebox Steam Flow
Blowasr Valve Cracked Draught te EBlewer
e " Ipnches Water 1b per hy
AL 18 L 80
a0 1% L0
s i6 840

Table I, page 36, 15 & sunmary »f blower operaticn for four
typical runs, The indicetred wastage is that due to cracking of the
valve and negligsnes in turning it off when not reguired, No

gher blowsr press=

'—ln

account is taken of the loss due o the use of h

sures than raguired,

5

The wastage

mavy be prevented by the

m

ipnstallation of an avitomailic convivl wvalve in the blewer line, This

vy the smokebox draught and would be set te
operate at 3 t¢ b ifiches of waker, in sther words, at that draught

under load conditions sbove which the plowar contribution is inslig-

nificant, The additic jmposed by this valve would also

reduce the marimum blowse pressure, thereby liniting the loss of

steam when exXCess pressure iz used,

Air Fuel Hatio Adijustiment

-




when firing must be reasonably good fo maintain steanm requirements,
the air fuel raiic approached the thesretica 1iy ecorrect value, At
light loads and under changing loads, however, firing was usually
bad and the air suapply varied from 50 percent to 100D percent of
requirements,

Table II, page 34, was prepared to illustrate the fuel wastage
due to improper regulatien ef the air fuel ratioc, It takes into
account only that loss due to the induction of excess air over

correct reguiremenis,

Since possible savings would emount to approximately 10 percent

e

of the total fuel burned, ccnsideration was given fo the application

of autematic air fuel ratic contrels, A suitable system of regula=
tion was proposed by the Hational Hesearch Council which would neges-=

sitate the positive measurement ¢f fhe rates of sir and cil £

jan

1
This would entail, in addiiion to¢ peints already covered in this
% k
1

report, pressurization ol the fuel supply tank and the installation
of airfoil members in the air entry ducting, The former movey
although reguiring structural strengihening of the til tank, appeared

feasible since pressurized fuel sysitoems on locomaotives have bsen

)

used bv some United States railwavs, The latter application however,
I ) 5

was nokt considered practical since

o
”

would be subiject to errer and
failure during the winter monthe when snow and lce may accumolste in

the bootleg, In additien, il was not felt that the sensitive con-

trolling mechanism recguired woulid

o
o
oW
o
bt
i
m
o
[
fgi)
5
[
ke

the rugged service

to which steam locomeiives are zubjected

hd 1)
Ap aliernative meithed of redusing the loss due te puty regula-
tion of the air fuel ratic was suggested, This would enteil the

32
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application of indicating gauges te nid the fireman in the setiing
of his conbrois, The main instrument weuld be 2 simple and rugged

air fuel ratio indicator placed adjecent to the firing valves, The
control mechanism for %his dnstrument would ke placed in the smoke-
box to give a continucus analysis of the flve gases (by density
readings)o By this means the fireman would have positive informsation
to tell him when he is napndling the sontrcis properly, The most de-
sirable feature of this set wup is that any failure on the part of

the control eguipment would not affect the pe

o

formance of the locome=

L]

tive,
Although not absclutely necsssary, the use of a rapid response

gteam gauge in conjunction with the air fuel ratio indicator would

a

faeilitate the duties of ihe [ireman, After boiler Uzessuxe is

sttained, some time usually pszsses before the Tireman knows whether

o

he is gaining or losing pressure and can adjust his controls accord-
ingly, Under such conditicns, a rapid response gauge showing rate
of rise or fall of steam pressurse would be an asset, It would in
effect indicats whether equilibrium was being maintained between the
heat input and oubput of the boiler,

Another auxiliary that wounld definitely be most advantagsous is
a light placed besids the smokestack sc¢ the fireman could view the
exhaust at night, At presenit, the only indicatbion that the firemen
has of the air fuel ratic is the colour of the exhaust, which sheuld
be only slighily hsgzy, Satisfactory chssrvatlions may be made during
daylight hours, but it hes freguentily been cbserved at night that

paladjustment of the air fuex rabtle maYy exist over extended pericds

until lights from outside sources show thal |




from the smokestack, This iz partviculariy frus on rainy or foggy
nights, A4 satisfactory light with a control switch on the fifeﬁan“s
side of the cab could be instzlled at moderate cost, In view of the
wastage due to poor regulation it is felt ithat any expense ivn this
respect weould soon be offset,

Sanding of Tubes and Flues

Sanaing should be done when a lozomofive is working hard, creats
ing a strong, steady draught, The most satisfactory results are
attained at high spesds when the mass flow of gas becomes greatest,
In no czass shouldrsanding be done at speeds below L5 mph when the

draught is intermittent., OSince t
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r from Hhe bootleg
assists in direciing the sand over the brick arch, the dampers sho culd
be left in the normal running pesiticn {dampers are frequently clesed
to varying degrees), This is alsc desirvable so thait the air fuel
ratioc will net be altered, The scoep should be held just above the
sand hole and the sand allowed to flow into the air stream at &

moderate rate, Placing the szoop in the sandhole is not desirabls
g P

since the a

e

r stream will pass above the sand Lending te fores 1t
downwards beleow the arch, If the sand is intreduced fo¢ rapidly,

it will 2lso have & tendency to fail ic the fleor of the firebox,

f‘)
(%)
[

Due to the deflecting effe of the arch and te malpractice in
sanding methods, sand deposits on the Tlocor of the firebox freguentliy

become apprecisble (eftsn 12 to 1k inches in deptl

2'_"5“
L

}, and with exposure

to the intense firebox heat, extensive slagging ccours, When the
fused sand is removed from the firebox, the briskwork is often
damaged to the extent thal pertieuns of 4%t must be rspnlaced, The

cost of firepan brick repairs awounis io epprogimately

o

L

3,000 per

month for the 26i locemotbives in service, Of this total, less than

38




one eighth is direct msterial cost,
A suggestion hag been advanced that more satisfactory resulits
could be attained by intreducing the sand in the combusiien chamber,

thereby sliminsting the peossibility of depesits on the firebox fleor,

The proposed seit-up wil

=
s.u.s

require an auxiliary sand dome on fop of

the boiler with two

fat

njection nozzles, one on either side of Lthe
combustion chamber, cperated by an air valve on the firemanfs side
of the cab, By placing the nezzles just ahead of the brick arch,
gniform distributien cver ithe tube sheet, as is attained by the
standard methéds should be ensured,

Although the application of an suxiliary sand dome and operating
equipment may prove expensive, it is felt that this arrangement®
should be adepied in view ¢f ihe possible reduciion in mainienance
costs,

Beonomic Consideraiions

g

The pessible savings which may be effected by the adoptien ef
the recommendaztions cubtlined in %this report have been summarized in
the graph of Figure 10, page 40, One §%em has been shown &35 &
variable saving since fuel censumpbtien tests which were garried out
on different classes of lecomobtives indicated that savings bthrough
modificaiion of design were dependent eon the type ef avrangement in
use,

The percentage fuel savings shown were develeped threugh ex-
tensive field and laboratory tesis and are generally censervative
estimates, It will be noted that z minimum reductien in fusel

consumptien ¢f 9 percent may be expescted by the adepilion ef the

I~

sliding plate damper and the regulatien of atomlzing and blowexr

steam pressures and fuel oil heating, 39




Flw, 41U

Use of Air Fuel Ratio Indica-

tor to Facilitate Manual
Regulation of Firing Valves

Eatimated Minimum Including

Graphical Summary of Possible Economics
by Redesigning Combustion Arrangement
——on Oil~burping Steam Locomotives

Fuel Savings

14% of Total Consumption

9% of Total Consumption ————~————%>1

Blower Pressure

Atomizing and Blower Pressures

3liding Damper, Regulation of
and Fuel 0il Heating

Estimated Minimum by Use of

hLtomizing Pressure

Maintenance Savings

Reduction of Areh Brick Deterioration and Form-
ation of Sand Slag Effected by use of S5liding
Damper and Modification of Sanding Method,
Following Figures Show Source of Savings:

Arch Brick Renewals $6,400 per month

Floor Brick HRenewals and Removal of Sand

Slag $8,000 per Month (264 locomotives)

Estimated Minimum Saving -

$69,000 per Year (264 locomotives)

5% Possible Saving if Satisfacton#
Air Fuel Ratio Indicator can
be Applied to Facilitate Menual
Regulation of Firing Valves

4% Adoption of Sliding Damper -
Savings in Addition to that
Possible with most Efficient
Design Using Butterfly Dampers

Variable Saving - Effected by
Changing Various Combustion
Arrangements to Optimum Dew
sign Using Butterfly Dampers

1.8% Automatic Regulation of

I 0,8% Automatic Regulaticn of Fuel
0il Heating Using Exit Heater

Y 0.8% Automatic Regulation of




Lis was pointed oul in the sectiou enilitled “Alr Fuel Rativ
Adjustment?, s further fuel saving of some 10 pe cenlt can be ef=

feeted by the use of poesibtive air fuel ratio controd equipmen nh,

,..’.)

This was not felt fezsible, however, and as an alternative improve=
ment, the use of air fuel ratic indicators to facilitate the manual

operation of the firing valves is advccated, It seems reascnable

o £ -

of the indicater is given, Thuz, 1f all recommendations cutlined are
introduced, a minimum redustion in fuel consumptien of 14 persent may
be expected,

The feolilowing =cenomics are.based or. operatiocns for the year
1950:

Prairie and FPaeific Hepions

Average number of oil-burning loccmotives 228
Totsl number of locomotbtive miles 11,284,126
Average number of miles per locomotive 49,492
Total fuel consumplion 3,058,562 bbl
Gonsumption per lccomotive mile (0,27105 bbl
Consumplieon per locomobtive per year 13,415 bbi
Weighted cost of fuel (excluding OCS transpe tation) $L.5L per bhl
Fuel cost per lccomotive per year %2)925?
149 fuel economy — approximaie saving per loco, per year $2,800
For the 26/ locomobives in service ag of Jam, 1, 1951

Saving per yesn = %73 000

In additiecn to direet fuel savings, the test results indicated
that an appreciable reducticn in firebrick maintenance costs should
be effected, It is feli that these expenses, amounting Lo soms

14,400 per month {HL7:
9 i

&2

tivesz in servic can be rsduced frem AC Lo 50 percent, This wilil

result fromw a reduéticwn of arsh brick deterdcraiion and formaition of



g

Lhe sliding dawper and the modification

of sanding methods, which wiil wean & minimum additiconal saviug of
$69,0006 per year,

Although complete informaition on the necessary capital outlay
hes not been developed, the results of the work completed to date
would indicate that necsssary expenses sheuld be cffset well within

a periocd of one year,

Further Development Werk

The nécaseary details of construstion and assenbly of the air
inlet system using the siiding plate damper have bsén developed,
Tests which were carried out during the past winter indicate that

automatic regulation of fuel cil heating ig quite feasib
g £ =1
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e, There
were severzl defechs in %)

notably in the sensitiv
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changes in cofistruction
The sontrel equipment for the regulation of the atomizing and

blewer steam pressures

uire further development work %o

adapt it to locomotive use, & can and lever gperstsd pressurs

regulating valve has been selected for the atomizer sontrel, Cale=

ibration tests will be necsssary so¢ thal the reguired cam profile

may be determined, 1L eppe

ne
e
[

that a sclencid type valve will be

!.,vu

most suitable for the blower contrel, aciusted by scme ferm of

draught switeh, The Netional Heseardl
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developed,

The Research Council nas beern doing work towards the develop=

ment of a practical aivr Tuel rvatic indisator Tthat lends itsegif Lo
adaptation for leocemetive use, it je fslt that the Council sheuld




be requested Lo carry this work through so that a test appligaticn
can be made ai an early date,

Consideratien has been given to the possibility of failure of
any of the recommendesd control units, The steanm supply line for the
atomizer end fuel oil healing systems #ili be taken off the present
supply line %o the auxiliary manifold {which feeds wmanually contbrolled
stomiger, tank heater, blow back and blow forward vaives}t, 4Lf fail=
ure sszcurs in either syslsn (as indicated by an akomizer pressure
gauge or the thermometer in the 24l tank), the fireman will Immed-
jately be able toc revert Lo the normsl manusl eccntrels, A by-pass
line will be installed around the s0 lennid valve on the blower line
This econtrel, kowever, should stand up satisfachorily since it has
proven dependable for use in the eleciromatic bloweff system, If a
defeect cccurs in th ip fuel ratic indicatimg system, it will not
affect the operatisn of the loscmeltive,

In view of the enccuraging results cblained %o date, it is
recommended that the following applicaticus ipnvelving 2 tetal of
3% oil-buorning locomotives be made at the earliest opportunity:

i, To a T=l class Tocomotive:

a, A sliding-type damper,

b, A cam and lever cperated atomizer control valve
Tlinked to the oil regulsting valve This appli=
cation will reguire a steanm ,rehaure reducing
wvalve and on stomizer Pressure gauge,

¢, An enlarged oil supply line,

d, Ar exit oil heater and automatic temperaturs
regulator,

e, A iight at the smokestack %o iliuminate the ex-
haust at night,

2, To an Heled olass poomabive:

&, L sliding=%type dampey i85




shnioh will fn-
chamber for

twe Hele class

&, A sliding=type damper,

Following %his work, it weuld be advisable bto carzry cab further

tests on a locemotive of The NeZ or Poin class having a smaller

enk

!,Jn

¢

foo

combustion volume, This test progran would provide suff
informaticn so that & complets statement of possible economies,
including capital sutlay, could be prepared, If the controls
advorated praove feasible for lecomolive use, & pregram of standard-
jzation of design could then he tnitisted so maximum efficiency and

economy ©f operaticon will be assured,
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