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FOREWO RD

Among the studies undertaken during the Research Program on oil
burning steam locomotives authorized by GMO-35006 was the evaluation.
of firepan designs and drafting arrangements, including the Pacific
‘Lines standard round bottom firepan and the T&NO flat bottom firepen,
to determine any possible fuel eeonomiés, such as those available
through reduction in back pressure, by modification in firepan design
or method of alr admission. ‘ i

The results of these firepan tests are contained in this report,
desighated as Report ST-4, which contains not only compérativé re~
éuits from tests of designs of firepan currently used byAPacific
Lines and T&NO and variations thereof, but also complete results of
ihvestigations into other firepan and air admission arrangehgnts
1nclﬁding two Dutch Oven designs, aerodynamieélly designed bell mouth
side éir portg and the steampair?jet system of air admission suggested
by Battelle Memorial Institute, and adaptations of air admission used
by other major reilroads on oil burning steam locomotives, In addi-
tion, several mddifications.of,present,Pacific Lines stamdard air
ports were tested and major relocaiion of air ports at different
positions on firepan were explored and tested for relatiwe performance.

. Information obtalned by these tests will be of value in determin-
ing the final recommended changes in the combustion system; Results
obtained also indicate that certain minor changes to existing firepen
can be made pending completion of ST-5 study on 0il burners and the

overall Research Program,



RECOMMENDATIONS

The following recommendations and conclusions are made, based
on results of observations and tests conducted on Locomotive SP-
44Ol and studies made in connection with firepan design and air
admission arrangements as explained in detail in this report. s

1., LIMITING FACTORS IN FIREPAN DESIGN AND METHOD OF AIR AD-

MISSTON:

_ The design' of oil burner and the degree of stomization
obtéiné.ble therefrom have a primary influence on the size, lqcation
and distribution of air openings into the firepan, The present
. standard Von Bodén Burner is of the outside mixing type, .some_t:lmes
designated as "drooling™ type, and_‘require_s relatively high velo-
city air to provide sufficient turbulence and mixing of oil spray
with air for combustion. Inadequate air velocity results in poor
intermixing of air and oil streams and adversely affects the e ffi-
ciency of combustion with this type of bunner. The;efore, when
using the Von Boden type burner, air qpenings in firepan and size of
exhaust nozzle must necessarily be proportioned to provide the re=~
quired velocity of air flow, This, of course, limits the possi-
bility of improvements in firepan arrangement with this type of
burner. The ST-5 series of tests on oil burners will encompass study
of numerous modifications in burner design and providing an improved
burner for road service can be developed by the ST-5 tests, further
improvements in firepan arrangement as indicated by these ST-4 studies

" .can be incorporated in the final recommended combustion systemn.



In view of the above, it is therefore recommended that consider-
ation of any major changes in firepan design and air admission be
deferred until completion of ST-5 o0il burner tests,

2, EVALUATION OF FIREPAN DESIGN AND DRAFT ARRANGEMENT: PACIFIC

. LINES VS, T&NO:
From structural considerations, the T&NO flat bottom design

firepan is superior to the Pacif;lc Lines round bottom pan due to
greater stability, freedom from warpage, and better support of brick
work, However, method of air admission into the Pacific Lines firepan
is superior with the_p_resent. standard Von B_oden burner and results in
higher boiler efficiency and. lower excess air, A summary of compara-
tive test results. and observations is shown below. A
g. Boiler Efficlency: With comparable smoke box arrangement

Pacific Lines firepan provided boiler efficiencies from 1} to 2%
higher than T&NO firepan.over range of firing rates tested.

, b. Excess Air: Excess air admitted with Pacific Lines arrange-

f
i ment, over the firing rates tested, was more uniform with Pacific Lines
4 ’ .

i 7] arrangement.. Excess air admitted with T&NO pan arrangement was approx-

~ imately 12% higher than with Pacific Lines arrangement at low firing
rates, At about the middle of firing range excess air percentages
with both arrangements equalized and remain nearly equal up to the
maximum firing rate tested. |

S. -Fire Box Draft: Over the range tested, fire box draft with

Pacific Lines firepan was 33" to 43" higher than with T&NO firepan,
having dampers adjusted for best perfomances, although exhaust

nozzle pressuresfor both firepans at a given firing rate were com-
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parable, With the present standard Von Boden type burner, this
higher fire box draft at a given exhaust nozzle pressure is necessary
in order to obtain better turbulence and intermixing of combustion -
.air with oil, The greater available air openings with the T&NO ar-
rangement result in lower entering air velocities,

d. Design Features: The principal feature of the T&NO design

firepan is the simplicity of the angular design and construction as
compared.with the variable radius round bottom Pacific Linespan.
The T&ﬁo design is better adapted to structural bracing than the
round bottom pan, The bottom hopper arrangement on the T&NO pan
facilitates removal of loose brick and carbon from fire box. The
T&NO design pan also permits better application of fire brick,

Advantages of the Pacific Lines round bottom pan are that it
is better designed for radial admission of secondary air in the
eritical combustion area near flash wall and eliminates the neces-
sity for providing admission of air through fire door opening. Due-
to the large radius on the bottom of Paecifiec Lines firepan, longi-
tudinal misalighment of burner is not so critical as it is with the
T&NO pan having a relatively narrow trough, although with Pacific
Lines side air admission, any unbalance in air emtry from eit her
side, such as faulty operation of automatic dampers, will have a
detrimentel effect on the fire..

8. Maintenance: From observations on the test locomt ive, it

1is evident that Pacific Lines round bottom pan is more subject to
warping and resultant misalignment than the T&NO pan. This tendency

can be minimized by application of transverse braces under round

-l -
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bottom firepan similar to those used on T&NO pan and it,is recommended
that suiéable cross braces be applied fo existing round bottom pans.

To facilitate removal of fallen brick and carbon from bottom hop-
per, it is recommended that a clean-out door be applied to Pacific
Lines firepan hopper similar to thet used by T&NO, _

However, it is recommended that any action on the above two impro-
vements be deferred until completion of ST-5 study on oil burners and
development of final firepan design. |

3. IMPROVEMENTS IN'EXISTING DRAFT CASTINGS

Present design of draft ring castings can be improved based
on tests and observationsoh It is recommended that bottom draft ring,ﬂ
design ST=-201, (Fig.4=-36), with inward tapering sides be adopted for
increased service life and better air velocity distribution. Improved
side draft rings with similar.characteristics to design ST-200 (Fig.
4=35) and ST=-202 (Fig. 4-37) should also be adopted for the seame
reasons, | |

On oil burning AC claes locomotives now equipped with long narrow
side draft castings; redesigned rectangular castings identirfied as
design ST=214 (Fig. 4=38), further modified with inward tapered sides,
should be applied to improve combustion;

L. BATTELLE BELL MOUTH PORTS:

- Tests and observations made with bell mouth design side air
ports as recommended by Battelle indicated that while these ports are
preperlyfdesigned from an aerodynamic standﬁoiht, they will not opé
erate satisfactorily with the present standard Von Boden type burner
which requires high velocity air for turbulence. Should the ST=5
burner test develop a burner which will operate efficiently with low
velocity air supply, further consideration can he given to the bell

mouth design air ports, 5



5+ STEAM JET AIR INJECTION:

The injection of combusti&n air into firepan by means of
high velocity multiple steam jets, as suggested by Battelle, indi-
cated improved firing conditions and boiler efficiency as well as
possibility for operation at lower exhaust nozzle pressures. 'This
improvement resulted from the better tﬁrbulence of air-o0il mixture
created by the high velocity steam-air mixture injected iﬁto the
firebox, The disadvantages of steam-air jet installation are the
additional steam consumption required and the complications in de-
éign. Another objection to steam-air jet installation is that if
jets 6n one side of firepan became clogged or otherwise inoperative
in road operation, poor combustion and loss of boiler steam pressure
would result, I{Esatisfactory mixing of o0il and combustion air can
be obtained by iﬁﬁroved burner design, it would be preferable to the
use of steam-air jets to augment the mixing obtained with present
burner,

6. DUTCH OVEN ARRANGEMENTS:

During this ‘series of tests, two designs of Dutch Ovens were
installed and tested in T&NO design firepan, The first installation
was in accordance with recommendat ions of American Arch COmpany and
the second was designed by T&NO Fuel Engineer who is cooperating with
work ét the standing test plant. The T&NQO design Dutch Oven, being
of lafger proportions, showed superior results with the present
standard burner, principlally due to the reduction in carbon forme-
tion in the fire brick tunnel. The Dutch Oven installation did not
indicate any improvement in fuel performance but did provide better

-6 -



temperature distribution in firebox and lower smoke density at certain
firing rates with present burner.,

However, from tests and observations made on the Dutch Oven instel-
lation at standing test plant, it would appear that difficulties would
be experienced in road operations in maintaining Oven construection.
Any failure of Dutch Oven brick work which restricted or blocked mouth
of tunnel would lead to disruption of fire and possibility of road
failur_e° It also appears that in actual road service, the installa-
tion of Dutch Ovens'wégld require a greater skill and more attention
on the part of the fireman in order to obtain proper operation, in
addition to more careful inspedtion and increased'maintenance of this
arrangement required at Terminals. Proper burner alignment is essen-
tial with the Dutch Oven as any misalignment will cause formation of
carbon in or adjacent to oven resulting in poor steaming if hqt actual
road failure..

In view of the experience at standing test plant, it is believed
that the disadvantages of the Dutch Oven outweigh the advantages and

further consideration of this installation is not reconmended.,



DISCUSSION OF FIREPAN ARRANGEMENTS

In connection with this test series, a number of Class 1 rail-
roads operating oil burning steam locomot ives were canvassed tom
determine the types of firepans and drafting arrangements in use,

The information furnished was condensed into schematic drawings
illustrating general features of arrangements representative of

those in use on the wvarious foreign lines, These.drawings are

shown in Figures 4=3 to 4-17 inclusive. Figures 4-1 and 42 are
similar illustrations of the firepan and drafting arrangement
siandard on most Pacific and T&NO Lines locomotives respectively.
 The essential féayu:es“of“the most‘promising of the foreign
1159 firepans'were simulated for test purposes, as will be noted
from illustrations of test arrangements on the graphs of data, 1In
addition, tests were made of arrangements developed during the course
of the program by the Battelle Mbmorial Institute and by observations
of results currently obtained,

When possible, adjustable features were incorporated in the test
installations of air ports to accelerate the progress by permitting
variations of size, shape and location under actual firing conditions.
Burners were in most instances applied to adjustable mounting brackets

to allow adjustment while boiler was under fire,

Fig, 4-1 - Southern Pacific Co, (Pacific Lines) operating 1321 oil

burning steam locomotives.

This sketch shows the existing standard firepan and drafting ar-




rangement for GS-1 class locomotives on Pacific Lines and is typical
of those of most other classes, The draft arrangement is known as
the "Modified Draft" and was developed in tests made during 1930 be-
cause a change to heavy, viscous, Dubbs type fuel oil from a lighter
more fluid fuel had resulted in excessive formation of carbon, smok-
ing, and fuel flow difficulties,. particularly with the then desig-
nated "Northern District" horizontal drafting arrangement., "The
Northern Distriect™ arrangement was a firepan of the same shape as
hgw used but primary air supply entered through air ports in burner
wall and secondary air‘througﬂ a baffled fire door,

.. The firepan is contimuously curved between side sheets in an
approximately semi-conical shape with radius at froht gréater than
that at back; these features being combined in such mpner as to
provide a uniform width briek shelf at side sheets and a floor that
is horizontal at the longitudinal section. The continuously echang-
ing radius of the pan does, however, interpose difficulties in the
fittihg of draft castings and chutes,

This style firepan was developed prior to 1915 at which time
it.was paténted and the following from Patent No., 1,128,444 is
quoted as a matter of interest:

n"Phe provision of & bottom pan having a floor of econ-

tinuously curved transversely segmental form,-—--- has’

béen.found, in practiee, to be of substantial advantage,

in the partienlar of iniueing a swirling or eurved motion

of the current of the flame discharged at the burner



nozzle, from the middle to the sides of the combustion
space in the firebox, the result of which is to effect-
ively fill the combustion space therein, and utilize
the liquid fuel. The continuously curved segmental
floor also enables the volume of combustion space to
be increased below the plane of the burner, without
involving objectionable downward projection of the
bottom pan ad joining the mud ring, or between the

side members thereof, and the direct connectién of the
supporting plate to the mud ring facilitates its in-
sertion and detachment when required. We have further
fdund in practice, that the period of serviece of the
lining of the segmental floor of the bottom pan, is
materially inecreased, and that the accumlation of

carbon in the firebox is practically eliminated."

It should be noted that while the elimination of carbon was
then attributed to the style of firepan, the subsequent use of a
different fuel resulted in excessive deposits despite use of a pan
of similar contour,

The existing standard drafting arrangement applied to this
so-called "round bottom" firepan consists of a small, usually 8" x 8=,
opening at burner with main air supply entering radially to firepan
at flash wall through air pbits at each side of a bottom center

opening, also at flash wall, which is for manually controlled use
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primarily when engine is drifting or standing,

The damper boxes or chutes, for the side air openings are so
arranged that hot pieceé of brick or carbon cannot drop out of firepan
on right of way. These boxes,or chutes, are fitted with draft
operated dampers that are counterweighted to remain closed with the
low drafts usual while engine is standing and drifting, during
which time combustion air is allowed to enter through center open-
ing which has an appropriate hopper and manually controlled damper.

The draft operated dampers are weighted merely to.close at
times of little or no draft for the purpose of automatipally pre-
#enting the entry of cold air into the hot firebox when firing
rate is reduced to drifting or spot fire and they ére ﬁot intended
to exert any control over the air supply for the higher firing
rates when throttle is open,

The operating instructions issued in 1930 covering the use
of the.modified draft are of. interest and are quoted below:

"With Modified Draft arrangement on locomotives, there

are three dampers - two balanced dampers, one on each

side of fire pan, and a middle damper in bottom of fire-

pan which opens into hopper. The two balanced dampers

open automatically from the aetion of the exhadst.. The

middle damper is operated manually from the cab,

1) In road service, after the engine starts to work,

. the middle damper should be closed, as the autommtie

dampers are then open and furnish the necessary air for

combustion,



"(2) When the engine is shut off for drifting, or

while standing, the automatic dampers close, and it

is theq necessary to open the middle damper and re- .
gulate it to supply the necessary airifor combustion.
This middle damper ghould.be closed again when the

engine resumes. work.

"(3) Under certain working conditions, the amount of
air admitted through automatiq dampers might not be
quite enough for best results. When such'is the case;
the middle damper can be regulated to admit additional
air; but care should be exercised. to not admit excess
air which causes fuel waste, carbon, damage to firebox
sheets from ununiform (sic) temperatures, and interferes
with free steaming of locomotive.

"(4) On switch engines with the modified draft arrange-

ment, it is not practical to close and open the middle
damper every‘time the engine is making short moves.
Therefore; the middle damper can be adjusted to the
bosition that giyes mbst satisfagtory results and left‘
in.that position,A Howeve:, tpe middle damper should be
closed when making long moves.

n(5) 0n<Road»engines when making sho;t moygs.and whgn

switching, the same instructions apply as given above

for switch engines.



"(6) The proper use of atomizer is very essential with
the Modified Draft arrangement. The fuel should be
heated so that it will properly atomize. When using

the heavy Dubbs 0il, it should be heated ﬁo; and main-
tained at, ;80 degrees; and with the lighter fuels; at
14,0 degrees, The amount of atomizer used should not be
enough to cause fire to flash out‘around dampers or door,
and should be sufficient to prevent oil striking floor

of fire pan{“

» M.The modified draft firepens are equipped with glare shields
at the 51de air ports,_ Phetogreph‘471~epewe tpe_epield, medifled
by application of hinges for the test insﬁal;atien?v Phetogreph
4-2 showe the side draft chute with autometic damper in eloseq
position. The dagmer is corrugated to increase its resistanee to
wa:ping frem"heet._ Phetogreph L=3 shews the“damper in open posi-
tion during test at high steaming rate. _B:ightvereavin_left of
air port casting is fire which is not swept from surface by enter-
ing air due to inwardly flared shape of casting. This conmlition
also exists at top and right surfaces, tending to burn out the
castings in these areas. o - ) ]

- In actual service it is important that these automtic
dampers be maintained to operate freely, for should one stick
closed or partislly so, the heavy inrush of air through opposite

side causes unequal distribution of fire in firebox. On some

-13 =



Divisions with strong prevailing seasonal winds fire distribution is
also_disturbed by a preponderance of air entering the windward air
port.

Tpe present Pacific Lipes standard bottom hopper is reportedlj
often found completely plugged as it‘does not have a front clggn-
out door to permit removal cf theAaccumuLated_brick and carbon. The
taper of bottom draft casting also tendg to aggravate the.obstruc-
tion éf this air opening because of wedging of the debris. In addi-
tion, the hopper often warps and burns in service while demper is
closed and during these tests a large hole was burned through hopper
as a result of hot Qggbog drqpping’into it,}

"in actual servicg, carbon acgumulatiqnswqp_:loq:_opran.gnd
flashwall ;n area ofmqenter aip_portwcause serious ovgrheating of
the firepan floor sheet, and buckling, warping and sagging of the
pan is caused in this area. This damage to firepan'algo occurred
during the standing tests. A - _

These issues are pointed out since they must}beuconsiqered in

determining an optimum design of pan and draft arrangement.

FPig, =2 = T&NO operatigg,@Olmoil burning stegm locomotives.

This figure illustrates the Standard Firepan used by the T&NO
Lines, This pan has an upward slant_to the portion of pan near
side sheets té repain the b:;ckworg on side shelf and then slopes
down to form trough for flame path. Burner is mpunted in port near

front of firepan and fire is directed rearward toward flash wall at

- 14 =



back head. Primary air admission is‘thrqughvburner port; and the _
remainder enters thrbugh bdffler fi;edoorAand_thrqugh bottom hoppér.
Fireman ocan regulate air flow through fire door but has only partial
regulation of air flow(thromgh bottom hopper,“there being a :ixed
opening in hoppe; as we;; as a manually operated damper door. There
is no side air admission. This pan and drafting arrangement is
similar to the "vertical draft™ used by Pacific Lines on the Southern
Iisfrict prior to the adoption of the round bottom pan with "modified
draft®, o o
. Burner port is not square as on the Pacific Lines firepan, but
is designed for most ef‘tpe primary alrflow td flow unde; thg burner
as is shown by Photo 4-1l1l. Bottom hopper has a fixed_opening at
front, opening upward and front face of hopper is hinged to permit
cleaning of fallen brick and carbpn from hopper. Lip is provided at
damper opening; at rear; tokretain the fallen brick and carbon while E
engine is en route and reduce possibility of starting fires. Baffler
fire'door has a lqgg_tqbu}g; extension on peephole’to assure that sand
enters}firebox when cleaning flues and to avoid blow back of sand on
enginemen,

Floor of pan is level and sloping sides are at an unifbrnlanglel
Because of this and the slope of the mudring,width of the side shelf

varies, being widest at burner wall.
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Fig, 4=3 - Texas & Pacific Ry. Co, operating 208 oil burning steam lo-

comotives.

This pan is very similar to Fig. 4-1, the principél difference
being; the bottom is semi-cylindrical for its entire length. The air
admission is similar to Pacific Lines; except that the bottom port
is larger and has no Qamper. In addition the sid e ports are not
equipped with dampers.

A similar draft arrangement was tried, at Sacramen#ghﬁtaQQing“
Test Plant, auring the trials with the movable bottom pOTt, but d1d
not prove satisfactory on the Pacific Lines type of firepan.

Fig. 4=l = Western Pacific RR Co. operating 136 oil burning steam lo-

. gomobives.

The bottom of panlis”similg;“to Pacific L;nes stapdar@_gxcept“
that side air admission is through 5-ék$" tubes on each side. Tach
tube is equipped with a weighted damper.l

Bottom admission_air and air admission through burner port are

controlled by fireman,

 Fig. 4-5 - Great Northern Ry. Co. operating 41k oil burning steam lo-

comotives. -
This firepan has a troughed bottom, with trough eylindrical in
cross section. » |
Alr admission is at front wall around burner and four tubes on
each side of firepan nmear flash wall, These tubes each have a weighted

damper at thelir entrance. The fireman can regulate air admission
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beneath burner at front wall by means of a damper.

Fig. heé_- Chicago, Milwaukee, St. Paul & Pacific RR Co. operating

9 o0il burning(steam lchmpﬁivés.
This firepan is glmost flat bottomed but with a slight curvature
of very large radius, All air admission is around and below burner.

Air admission below burner can be regulated by fireman.

Fig. 4-7 - Spokane, Portland &ASeattLe Ry. Co, operating 53 oil

burning steamklocomotives.

This is a semi—cylindriqal‘round bottom type of pan with.all_
the air admission around burner. Fireman can regulate air flow by

use of a damper.

Fig. 4~8 - The Kansas City Southern Ry Co, operating 81 oil burn-

ingfsteam_locomotives,

This i_s‘ a round bottom‘semifc‘:y]_..indzjical type of pan with air
admigsion=around burner, through bottom hopper and 4 tubes on each

side.

Fig. 4L-9 - Florida Fast Coast Ry. Co. operating 72 oil burning steam

locomotives,

The bottom of this pan is practically flat but with a slight
curvature. _Air admissiqn is through bpttom_hopper.and below burner

both of which have dampers regulated by fireman,
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Fig. 4=10 - St. Louis Southwestern Ry. Co. operating 138 oil burning

steam locomotives,

This is a trough type pan with trough trapezoidal in cross
section, Air admission is.through bottom hopper, around burner |
and at each side»of burner, Part of this air is controlled through

use of dampers by the fireman.

Fig, 4-11 - Northern Pacific Ry. Co. operating 65 oil burning steam

locomotives. _
The bottom of this pan has a shallow trough, Air admission

through bottom hopper and below burner can be regulated by fireman,

]

Fig. 4-12 - Chicago, Rook Island & Pacific RR Co. operating 282 oil

burning.steam locomotives.
This is a trough type pan‘with air admission through bottom

hopper, around burner, and through 5 tubes on each side,

Fige 4-13 = Union Pacific RR operating Aﬁl oil burning steam loco-
motives. » _ ' |
The bottom of pan is a rather shallow trough. Air admission
is around burner; through a bottom hopper and through two narrow

longitudinal slots on each side of troughb

Fig, L=1lh4h = The Atcheson, Topeka & Saqtavre_gy_System operating

1141 oil”bq;ping}stegmt1ocomotives,

] )This is a trough type‘of pan with ai: admission through bottom

hopper, around the burner, and through small diameter tubes on each
side.
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Fig. 4-15 - Chicago, Burlington & Quincy BR Co. operating 76 oil

burning steam locomotives.

This is also a shallow trough type firepan*With air admission
around thg burner, through bottom hopper and through 20 tubes on

each side.

“Fig. 4-16 - Chicago and North Western Ry Co. operating 110 oil

-burning steam locomptives°

This firepan has a sligptly depressed bottom firepan with a
Dutch Oven around the burner, Air admission is thrOugh bottom

hopper, around burner and through 9 tubes on each side.

Fig., 4-17 = Qagadianfmapional Rys., operating 98 oil burning steam

locomotives, L |
This firepan has a front firing4bgrner; the only one of this
type covered by these firepan sketches. Flash wall is next to
boiler throaﬁ sheet and it appears that logomptive is equippgd.with
a briek arch. Aif admissiqn is through bottom hopper and around

burner through burner port.
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DESCRIPTION OF TESTS

The ST—A series of tests was divided into two parts: The first
part was the series with Paeif;c Lines Firepan and these test ar-
rangements bear the prefix FDS. The second part covering the series
with.the T&NO Firepan bears the prefix FDT,

For ready reference, the various test ar:apgemqnts and designa-
tions are shown in "Firepan and DraftuArranggmgnt Tests - Engine
LLO1" preceding the curves ip opposite sectioq,» S

Eaéh test arrangement bears a prefix. as noted above, following
which is an identifying number. Following the identifying number is
a letter designating the_smokgbq;_grrangemgnt;H For example ”FDS-lZ-
P" would indicate test was run with Pacific Iines firepan; arrangement
number 12 and smokebox arrangement P.

Engine 4401; during dynamometer tests and SN series of tests, as
covered by previous reports was équipped with original (long) super-
heater units with return bends 24" from firebox tube sheet. These
units were also used for part of thg.FDS series; hanely; to and includ-
ing test arrangement, FDS-11-T. Remaining tests in the FDS series;
i.e., FDS=12 A to 29 Q and the FDT series were with short units. After
test FDS-11-T,units had worn to the extent they had to be replaced.
Replaceﬁent units were'only available‘with return bends 48" from tube
sheet (short units), in accordance with the present standard for GS
Class locomotives which was adopted to increase the service life of

the unit return bends. Several runs were made with short units based
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on previous'data and from these runs. a new curve of Exhaust}Nozzle
Pressure vs. Exhaust Nozzle Temperature was drawn to take into
account the reduction in superheated steam temperature. Compa;ison
of.these curves for long and short units is shown on Fig. h4§L,

Figures‘h~32.and 4=33 show thé effect of shortening super-
ﬁeater units. Figure 4-32 compares arrangement SNA from report
ST=-2 with series FDS-12-A which uses the same smokebox and firebox
arréngement but with the new short ugits, Figure 4-33 comparés
arrangement SNL with series FDS-12-P, The.only difference other
than the length.of units was that. SNL had a 10" stack height whereas
series FDS-I2 -P had a 133" stack height.

Tt will be noted from a study of these curves that shortening
units decreased the tgmpgratuggmqf stegm to ecylinders, increased
the water rates and reducgd_é;cess air. All of which means that
as, regards the boiler itself; shortening units 24" improved its
performance: This gain in evapgration may be offsetpin road opera&ion
as more of the lower temperature steam may be used by the cylinders
to deveiop the same indigated horsepower, as compared with the
higher temperature steam,

This survey; and the tests, were conducted with the view of
developing a method of drafting_firepans now in service so that;r
if possible by éomg minor qhangg,wrgsistgncg_tghair_flaw into'ﬁhe
firapén wogld be reduced and thereby al;ownlqeqmotive Qperation

with more open exhaust nozzles and consequently lower cylinder back
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pressure. It’was_glsq intepded_tqusupplemqny the qhénges recommended
for loomotive front-end arrangements in report No., ST-2 and to serve
.for the interim period prior to comp1etipn of the full‘regearch pro-
gram and application of the final recommended arrangement.

These changes were consistent with the ob jectives of the original
survey for this Research Program prepared by Battelle Memorial Insti-
tute; which indicated potentialvfuel savings of the order of 10% at
locomotiye outputs ordinarily used, by reduction of éylinder exhaust
pressufe° These changes also followed; in great part, the trend of
their developments from our road and their model.tests; and included
test of their dgsign_qr lqw resistance“air ports,

 The primary purpose of this ST-h group of tests was: the trial
of various combinations and sizes of draft ports, draft chutes,
dagperé,_gteamgair‘jepsbapq fihgllyua“Duych oven in an endeavor to _
find a suitable arrangement that cguldvbeveasily applied to existing
firepan equipment; or that could be recommended for further test; and
to develop_information that could be\used in connection'with the
final design of firepan_fornachieving mdximum_fugl savihgs from loco-
motive operation with low cylinder back pressure. The modifications
tested are those that could readily_be applied by shop forces and; in
some instances, by roundhouse forces. -

One of the main objecpivgs was the prevention of carbon deposi-
tion on the f irepan brickwork, Smokeless combustion at the qsual

firing rates and the elimination of smoke densities above No, 1



Ringelmann at high firingfrates was another objective. The properties
of various sizes of basket type cross splits.were explored in view of
the desirability of finding a design suitable for use with the air
ports developed., A smooth quiet fire which does not drum or flash
out of the various draft ports and without a tendency to burn against
the face of the draft rings thus decreasing their durability was
another requirement. An arrangement that would perform satisfactor-
ily with low atomizing.steam pressures and therefore lowered auxiliary
steam consumption; with reasonably uniform firebox sheet and boiler
sheet temperature distribution was a final objective.
. In order to provide test conditions similar to those encountered
in locomotive road operation, and to place the tests on a comparable
basis, the same eutomatically comrolled adaptation of Mr. W. F.
Collins?® steem.desupe:heating system used fer tests_cevered in prior
standing test plant reports, was.used for these tests," Feed water
hot pump exhaust was vented_to stmgsphere instesq of to feed Water
heater chamber,‘to‘insu;e more consistent exhaust steam pressurés
and draft gege readings. The_T&NO method of venting the feedwater
heater spray chamber was used. A sleeve 31" long was applied around
the Worthington feed water pump cold wster spray valve for tempera-
ture control.. _ _ B

The detailed discussion of the individual tests and tfial ar-
rangsments follows, 1nclud1ng reference to "figure numbers” which
illustrate the arrangements tested, graphlcal results of the tests,
test designation numbers which identify date from "Summary of Data

Sheets" used for plotting graphical results, and photographs by fig-
ure humber reference.
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DISCUSSION OF DATA AND RESULTS

| _gfv@;ﬂ,

This test series was developed in logical sequence, starting
with the test of the aerodynamically correct elliptical approach
air ports designed by Battelle, as shown on photo 4=4, arrangement
FDS=1, These were enclosed by a louvered glare shield built to
allow free air entry and to shut off glare from the fire, as shown
on photos 4=5-and 4-6, |

The elliptigal_gpproaeh air ports presented minimum resistance
to air flow, directed radially into theAroundibottom firepan, and
supplied -a relatively high percentsge of excess air, However, they
were ﬁnsatisfactory because they did not provide suffieient tur-
bulence for proper mixing of the air stream with the fuel particles
and resulted in heavy carbon accumalation in the firepan as shown
on marked photo A4=7,

Arrangements fDS~2, 3 and 4 were equipped with mod ified bell
mouth side draft ports, as shown on photo 4-8., These modified air
ports were arranged to direet the air horizontally withxmoderate
resistance into the area where carbon has always developed as shown
on photo 4=9, They reduced or prevented deposition of carbon in
the firepan, but smoke was excessive at high firing rates and high
atomizer pressures were required. - “ o

Theseﬂarrangements inecluded the application'of_a_regnded
‘approach to a 2-5/8" x 17" fixed opening in front of the bottom
‘hopper, as shown on photo 4=10, The T&NO type of oil burner port
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was also applied per photo 4=11. This port was larger in area than the
standard 8" x 8" burner port and the potentiality for increased air
flow through it was further improved by the addition of a bell mouth
approach around sides and bottom per photo 4-=12.

The T&NO baffler door démper was tried in wide open position
with arrangement FDS=-2, at a'high firing rate, but aside from a con-
siderable drop in firebox draft and some increase in excess air,
there was no visible improvement in the fire and the smoke density,¥
increased. ‘Difficulty was experienced in sanding boiler flues ef-
fectively due to reduced firebox draft and interference of fire door
baffler.

In an effort to reduce temperature concentration on the side
firebox sheets in the area above the front of the air port and lower
the fire in the firebox, the firepan arrangement FDS-2 was further
modified by the addition of two 5" ID boiler tubes on each side of
firepan, 30".and 48" ahead of the main air.ports° These round %&aft
tubes had a flared approach and were equipped with removable plugs,
per photos 4=13 and 4=1l4. Several combinations of ports open, closed,
and partly closed were tried,'and only when the large side openings
were blocked to approximately 1-1/2" x 17-1/2" was drumming and shoot-
ing of fire out of the draft -ports éliminated° ﬁnder this condition
the arrangement smoked contiﬁuously. The small amount of carbon that g;g
formed on the fla%h wall when firing up, quickly burned off when .
throttle was opened. The additional air ports provided an excellent
means to observe the fire but did not produce any appreciable change

of differential between the two side sheet water side temperatures
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and there was some increase in the temperature at the door sheet.
In view of the results of these trials, the 5" ID side draft tubes
were bricked closed.

Arraﬁgaments FDS=5 and 6 employed side draft castings in ac-
cordance with Fig. L4=35 ST=200). Theuﬁﬁrpose of these rings was
to‘provide a practical method of directing aiiﬂflow into the fire-
pan area.where carbon forms, at an éngle between radial and level,
These castings were a modification of standard side draft rings,
withzthe.same outer frame and lower lip, The side lips were in-
clined towards each other to conform with smooth air flew and .to
reduce the tendency of the rings to overheat. The upper 1lip was
built_to-support the firebrick and guide the.air stream into the
firepan at an angle slightly above horizontal as shownzop photos
f;hle, hwlé, and 4-17. The size of the outer'fapening‘wab'QMBrsame as
that of the standard draft rings, also length of the opening at
the throat, Standard side draft chutes were used., The open bell
mouth fixed port on the bottom hopper and rounded approach on the
T&NO type burner port were continued in use,

Arrangement FDS~7 was the same as FDS=6 except that thé outer
edge and axis of the standard side dampers and draft chutes were
lowered 6", increasing the effective opening of the side draft
ports by allowing additional clearance between the top of the
damper when open and the upper lip of the draft port, photo 4518,

'The damper was horizontal in open position,
~ Arrangements FDS=5, 6 and 7 reduced smoke density, deposited
relatively little carbon and provided fairly high evaporation and
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boiler efficiencies. Of these, No. 7 was the best. This arrangement
also produced reasonably low and uniform temperatures of the firebox
sheet above the fire door.

A bottom draft ring per Fig. 4=36 designed to reduce failure from
overheating of the lips by reversing the inclination of the standard
ring lips was applied for arrangements 6 and 7, as shown on photo 4-19.

In order to reduce further the amount of carbon and endeavor to
increase the amount of excess air available for the purpose of employ-
ing larger exhaust nozzles, the ST=-202 (Fig. 4-37)} castings were
developed. These were designed to direct air into the firepan at an
angle between the horizontal and that of the ST=-200 draft castings.
The outer port size was increased 1=3/4" over the ST-200 size measured
along the curvature of the firepan. The upper lip'was designed to
direcﬁ air horizontally into the firepan, and the lower lip was de-
signed to align with the edge of the adjoining bricks to render
unnecessary the rounding of this edge. The side lips were inclined
upwards, the same as the side lips on the ST-200 castings as shown
on photos 4=20, 4=16, and 4-17.

This type of draft ring was used with the T&NO style burner
port with rounded approach, and the bell mouth fixed hopper port
for arrangements FDS=8, 9 and 10 and also for FDS=11 except that
in this instance the standard 8" x 8" burner port was used. The
6" lower, cut down side draft chutes-per photo 4-18, and bottom
draft‘ring ST-201, photo 4=19 were continued. These arrangements

required high burner atomizer pressures to provide the required
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degree of turbulence to prevent smoke, but this caused excessive drum-
ming of the fire, Use of a Sheedy inside mixing type of burner with
arrangements. FDS~9 and 10 resulted in excessive smoke.

Practically no carbon deposited on the floor of the firepan when
using the ST=202 type of draft rings, and carbon on the flash wall
was about 8" thick after a run of four hours,

Arter testing these arrangements it wéas hecessary to renew the
superheater units. The new units applied were 24" shorter than the
set removed and the ugit ends were then located 48" from the back tube
sheet to conform with the,present standard., AB this resulted in a
reduction of superheated steam“temperature of 40° to 50°, it was neces-
sary to establish the performance data curves of the basic 611 burn-
ing arrangement equipped with shortened superheater units, 8;‘nozzle
andAB/h" cross split, and in addition, of the same arrangemeﬁt equipped
with 84" nozzle and 1/2" cross split. The new exhaust preséure tem-
perature curve used for setting the exhaust steam temperatﬁfés was
40° to 50° lower than that used for previous tests in this series to
simulate the heat drop obtained by working steam through the‘engine
cyiinders in road operation, The standard arrangement equipped with
shbrtened superheater units, which was tested to establish basie per-
formance data for cormparison with later arrangements developed was
numbered arrangement FDS-12,

The glare shield used with the standard arrangement, FDS=12, is
illustrated by photo L-1, The standard draft chute with damper closed
is shown on photo 4=2, and chute with damper open during test at a
high steaming rate is shown on photo 4=3; the side glare shield was

- 28 =



raised for these pictures,

The bottom hopper damper and the fixed front hopper port were
closed.

Using the 3/4" cross split and 8" nozzle there was moderate
drumming of the fire at the low steaming rate, The fire was
smooth at the high steaming rates. Low atomizer steam pressures
were used, and no carbon accumulation was visible during or at close
of test° Excess air at the high rate was 40%., Movement of air
around the glare shields, over the damper surface and through the
standard draft ports provided the turbulence necessary for good
combustion with the standard type oil burner,

When using the 1/2n cross split on the 8in nozzle with this
arrangement, the fire drummed heavily at a 10w steaming rate with
clear color from the stack at all atomlizer pressures, The fire was
steady at higher steaming rates when the atomizer pressure was set
at 20 pounds° Color from the stack was clear to slightly hazy, and
darkened intermittently at the high firing rate. At the end of the
high rate, a large piece of carbon about 12" in diameter'was visible
in the firebox, Excess air was 18.4%, relatively low when compared
with other arrangements tested with the 81" nozzle, 1/2" cross split
and shortened superheater units,

The following six arrangements were tested in pairs in which
data were taken for each test rate with the 2-5/8" x 17" fixed:bell

mouth air port at front of the bottom hopper open versus closed:

- 29 =



Firepan FDS Bell Mouth Side Draft Rings

Arrag®t, No. Hopper Port Drawing No, . Position = TFigz. No,
13 Open ... ST=215~-A Standard Position 4=39
14 Clas ed - ST-215-a . Standard Pos¥tion 4=39
15 _ Open ST-202 32"'abcve standard 4-37
16 Closed ST=202 32" above stamard 437
17 - Open ' ST=215=B 33" above stanard 4=39
18 Closed ST=215-B 34" above stamdard 4-39

Arrangements FDS-13, 14, 15, and 16 were e quipped with side
draft chutes having the axis and outer edge of d smper and chute
lowered 6" below standard, photo h=18; Arrangements FDS-=17 and
18 employed standard side draft chutes, photo 4=2, All arrange-
ments. used the 8" x 8" standard burnmer port and the T&NO type of
~0il burner, The side draft rings were the ST-202 castings, photo
4-20, or variations of the ST-202 with outer opening 1" smaller
measured aleng'curvatgre of firepgn,, Arrangpments‘FDS~15,_16, 17
and 18 explored the effect of raising the draft ring castings 34"

. above the standard position, .

Raising the ports 34" increased excess air somewhat, and the
fixed bell mouth air port on front of the bottom hopper ingreased
excess air slightly, but also increased the smoke density. All of
thesé arrangements required high atomizer steam pressures to pro=-
vide turbulence for smokeless combustion, and all smoked excessive-
ly at high firing rates, )

Airangement FDS=19 was the same as FDS-18 with the addition
of three 53" air flues located on each side of firepan ahead of the
regular side draft chutes, and built with a flared approach., The

bottom hopper damper was open, It was necessary to hold the modified
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draft dampers partly closed by supplementing the standard damper weights
with an additional 50 pounds on each. This restricted the air ports
suffieiently to provide the turbulence required by the Von Boden burner,
The fire drummed vigorously at all rates, The flue gasses were clear
to slightly hazy most of the time except for infrequent slightly dar-
ker puffs, Air from the side draft chutes entered the firepan at an
elevation higher than usual, The arrangement was nét sa;isfactory «i
‘duestd  the heavy carbon deposit which accumulated on floor of the
firepane )
| @rrangqment FDS=20 was tested to develop the effect of locating
the side draft ports at.a greater d istance from the flash wall than
standard, The ST-202 (Fig. 4=37) draft rings were installed 24" ahead
of standard position, Standard side draft ehutés, 8" x 8" burner port
and the T&NO burner were used., Drumming of the fire varied from fairly
heavy.at the low rate to light at the high rate., It was noted that a
small reduction in the area. of the burner port would stop druﬁming with
this arrangement, The test indicated that some benefit could be derived
by increasing the distance between side ports and flash wall particularly
at hiéhvsteaming rates, Fairly heavy atomizer steam pressures were
required, A relatively thin deposit of carbon formed on the firepan
fiéor. No carbon remained on the flash wall at the end of the test,
and the brickwork was brilliently hot. ‘7

The effect of locating the side draft ports at an increésed
distance from the flash wall was further demonstrated in trial where
the ST=200 (Fig. 4=35) side draft ports were installed 10" ahead of
the flash wall, The fire was quiet and the smoke density moderate
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during these trials except when the bottom hopper damper was open.
Some carbon accumulated on the flash wall during the low firing
rates, but most of it was consumed later during the high firing rates.
However, when the boiler was hand fired during a high steaming rate
to recover boiler pressure lost by injector operation, there were
some puffs of No, 2 Ringelmann smoke density.

Arrangement\FDS»ZI was tested to devélop the advantage of a
long, narrow side draft port, Draft ports 324" long by 5-3/4L" were
cut in the firepan, Standard shape elongated side draft chutes were
appliéd.; The 8" x 8" burner port and T&NO oil burner were used.
The bottom hépper ports were closed, With this arrangement, drum-
ming of the fire was fairly heavy at low firing rates. The fire
was high in\the firepan and did not contact the rear floor brick-

‘work. At high firing rates the fire appeared to fill the fi rebox
but there was heavy smoke. The boiler flues sooted up qbnsiderably
in spite of extra sanding, Changing atomizer pressure had no bene~
ficial effect in reducing smoke density, Boiler efficiency dropped
at.thé high rates. Based on these results, side draft ring, Fig.
4=-38, was developed for trial application to AC class locomp tives
and test in read service, .

Arrangements FDS=22, 23, 24, 25, 26, 27, 28 and 29 consisted
of various combinations of four and six multiple side draft ports
which were selected as the optimum arrangements in the trials of
various combinations of the 8 side draft ports. ?he arrangement of
ports, port plugs and constricting plates used in the preliminary

trials are shown on photos.4=21 and 4=22, The 8" x 8" burner port
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was restricted in height by blocking off a space 3/4L" to 2-3/4" in
height at the bottom of the port.

The side draft castings were in accordance with Figs. 4=40, 4-
L1, and 4=42. The ST-258 (Fig. 4=-40) draft ring was the same as
the ST-202 (Fig, 4=37) casting except that the throat opening
lengthwise of the firepan was reduced to 73" versus the original 177,
The outer.draft ring port dimension;was.increased 2" for ST=259
(Fig. 4=41), and 4" for ST-260 (Fig. 4-42), measured along curvature
of firepan; these A¥aft rings were otherwise identical with the ST=
258 (Fig. hehoj side draft ring.

Open top side draft chutes were used starting with arrangement
FDS=»26° 0f these arrangements, Nos., FDS-24 and 27, with which the
four rear side draft ports were used, appeared to develop the highest
evaporation and boiler efficiency. These functioned with an 8" ex-
haust'nozzle equipped with a 5/8" x 3" basket cross split whiéh has
a iarger effective area than an 8-1/4" nozzle equipped with the 1/2"
eross split. '

Tests of these arrangements demonstrated that the vertical angle
at which the oil burner was mouated was critical, When bumer was
set level, or at an angle above two degrees,. the smoke darkened., One
or two.degrees elevation from level provided the clearest stack con-
ditioh. An elevation of one degree caused some carbon accumulation
on the floor of theAfirepan at low firing rates, This carbon was .
partially consumed at high firing rates, Arrangement No., FDS=27,
for example, provided high evaporation and boiler efficiency with
relatively little smoke or drumming., Fairly high atomizer pressures
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were bqneficial with these arrangements,

Ié order to try out the principle features utilized in firepan
design'by other oil burning railroads, the following arrangements
were made:

(1) Trials were made of adjustable openings located on the
bottom centerline of the firepan, together with various combina=-
tibns of burner tilt, burner port size, atomizer pressure, bottom
opening location and different arrangements of side air port sizes
without particular success in preventing smoke or carbon.

(2) Trials were made using a damper and hopper on the front
of the firepan in connection with four or six side air ports, amd
the oil burner located 21" above the bottom of the firepan. Any
opening of the front hopper damper except a very small one resulted
in the fire lifting away from the bottom of the firepan, exceséive
smoke and drumming of the fire,

(3) Trials were also made using the several combinati ons
possible of four side ports, two on each side of the firepan:
eaf~observi ng' theeffect with &nd without the -fremt: - -
pair of side draft ports open. The center bottom hopper was._
blocked off, The lip of the oil burner was 17" above top of the
floof brick., The burner port was 8" x 7" and the burner was set,
by observing atomizer steam impingement, to a location near the
lower part of the flash wall, |

With most combinations the fire was lifted too high in the
. firepan. Use of the four rear ports with the front side port8~shut
gave thé best results., By slightly restricting the bottom of the
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forward pair of side ports and blocking off the lower half of the
rear pair of side ports, it was possible to obtain a clear fire with
no smoke at a high firing rate, As it was questionable whether this
performance could be duplicated using some practical arrangement
without making extensive trials, no regular tests were made., A
closely similar arrangement using side draft ring castings, Fig. 4-
35, was tried, with apparently good results as long as the bottom
.hopper was closed, This was the final trial with the round bqttqm
type of fixepano .

It was evident tﬁat the largest effective mozzle area that
could be used with the standard 20" stack, the Standard Von Boden
Burner,.andvthese final draft arrangements applied to the round bot-
tom firepan, was that equivalent to an 8" nozzle equipped With a
5/8" x 3" basket cross split.v

The T&NO flat bottom type of firepan was applied to the test
locomotiﬁe, and arrangement FDT-1 consisted of the T&NO standard
oil burning arrangement. This was tested to obtain basic data
us ing superheater units with return.bends 48" from the front tube
sheet. '

Arrancgement FDT-2 was the same as FDT-1l execept that a rounded
approach was applied along the lower edge of the burner port for
the purpose of increasing the amount of air flowing around the oil
burner. Another rounded-apprcach was applied to the rear edge of
the fixed alr opening at front of the bottom hopper, to smooth air
flow into the bottom hopper. Relatively high atomizer pressures
were used. The fire was quiet at low firing rates, and drummed

heavily at high firing rates. The color from the stack was ce¢lear

Bt
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at the start increasing in density to No, 1 Ringelmann before ‘the
end of the low rate., For the higher rates, the haze from the stack
was heavy with. some puffs of dense smke, A knob of carbon extended
out 12" from the flash wall' at the end of these tests. Although
there was no carbon deposited on i’loor of the firepan this ar-
rangement equipped with 8%" nozzle and 3" eross split did not
prév‘ide sufficient turbulence to prevent smoke. Results were

better with the more restrictive 8" nozzle equipped with the 5/87
x 2% ﬁasket, cross split. -

Arrangement FDT-3 employed Battelle steam-air jets which were
designed to develop high turbulence in the firebox in contrast with
the so_th} air flow from Battelle elliptical appréach air ports
tested in connectbn with the round bottom firepan as in arrange-
ment ‘I"D.S-g‘l_'. The application of. the steam-air jets is shown on
photos 4-23, and 4-24. Steam pressures to the far steam-air jets
were 150 and 160 pounds and atomizer steam pressures to the barner
were high. The test of this arrangement demonstrated that under
the control of an expert fireman this arrangement could be operated
with a minimum of smoke and no carbon when equipped with an exhﬁust
nozzle of the apparent area of the 8" nozzle in conjunction with
the 3,.' ic 3" basket eross split. Supplementary air from the baffier
door was required, The bottom damper was closed at first but was
opened vslightly to cool the bottom hopper which became red hot/%
This test proved the value of turbulence in connection with the use
of the Von Boden type of oil burner. --

Arrangement FDT-4 consisted of the T&NO firepan equipped with
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five 54" OD draft tubes on each side of the firepan set close to the
floor brick, starting 3-3/4" ahead of the front face of the flash
wall, similar to the firepan draft arrangement used by other oil
burning railroads., The oil burner port was 8" x 83" and the T&NO
burner was set level, During these tests the color from the étack
was No, 1/2 Ringelmann, increasing to No. 1 Ringelmenn aml darker
s moke during the two high firing rates., Frequent sanding of the
flues was necessary, It was.apparent that a nozzle with the ef-
fective area of an 8" diameter equipped with the 1/2" x 3" basket
cross split was too large for this arrangememt when using the Von
Boden type oil bﬁrner and 20" diameter stack. Two available Battelle
steam-air jets were tried after the regular test runs but these bad
no partieuiarly beneficial effeét. ' ”

Trialé were made later using the same arrangement as FDT=4 ex=
cept that the five 53" OD draft tubgs on each side pf the firepan
were replaced by forty 2% ID draft tubes on each side of the fire=
pan, a total of 80 tubes arranged in eight vertical rows of five
tubeé each per side (or conversely five horizontal rows of 8 tubes
each). The lowest horizontal row of tubes had centers located 2%
above the floor brick and the rear vertical row had centers located
43" ahead of the flash wall, The arrangemernt is shown in photos
L=25 and 4=26,

Carbon formed rapidly at the lower rear. side draft tubes., At
certain atomizer pressures large volumes of smoking oil would spray
out of the tubes in this area., Blocking plates were applied to

cover some of the front tubes but carbon continued to form rapidly



in some of the lower draft tubes in spite of frequent cleaning.
;ﬁse of one Battelle steam-air jet in each side of firepan ahead
of the 2" draft tubes showed no beneficial effect.

- Smoke density was not improved over that tfpical of the T&NO
standard drafting arrangement, It was evident that relief from
carbon formation, drumming, and other undesirable features of |
Tirepan arrangements was not assured by application of multiple
side draff tubes to the T&NO firepan, and that this arrangement
equippea with the standard type 0il burner would not be efficient
with an exhaust nozzle having. the effective area of an 8" nozzle
equipped with-the. 1/2" 3" basket cross split._

Arrangements FDT-5, 6, 7, 8 and 9 consisted of three - varia— _
tions of Duteh oven design in the T&NO firepan° These were tested
with sizes of oil burners, burner ports, burner 1eeations, aeﬂ
side drart ports recommended as current practice, or that had
appeared to promise good results in preliminary trials, There
were two horizontal“rews of eight 2% ID draft tubes in each side
of the firepan with center of the lower row 8" above the floor
_brick, and 6" between centers of the two horizontal rows. They
corresponded with the first and third upper rows of draft tubes,
photo 5-26. Vertical center line spacing was L4-3/4" between.
tube centers starting 43" ahead of the flash wall, The Southern
_Pacifie.design‘or Dutch oven used in arrangements FDT-7, 8 and
9 is shown on photo 4=27. The type of butch oven in arrangement
5 is shown on photo,4=28; Dutch oven>in‘arrahgement 6 was 9"

shorter with corners of brick rounded at tunnel exit.
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The Dutch ovens had a steadying effect on the fire, improved the
uniformity of firebox water side sheet temperatures as plotted on
figure 4-29, as compared to sheet temperatures recorded when testing
the T&NO standard arrangement, plotted on figure 4-28, However, they
did not prevent carbon accumulation. The setting of the oil burner
was critical in order to stop impingement of atomized oil on the sides
of the‘ ovéﬁ which caused carbon formmtion and eventually dark smoke.
No fuel savings were indicated and it was obvious that a larger ex-
haust nozzie could not be used effectively with these arrangements,
using the present standard oil burner,

This concluded the series of tests to show the effect of modifi-
cations iz;_size, shape, and location of draft ports, method of air
admission and Dutch oven installations, Wh;_ilé some improvement was
possiﬁle by changes in air openings employed‘ with the present stand-
ard oil ubm»:'ner, it would be desirable to complete the ST-5 series of
tests with various types of oil burners before recommending a modi=-
fied firepan. The degree of atomization with the present standard
burner is not entirely satisfactory and may be subject to consider-
able improvemenf by refinement in burner design. Following this
developmeht., the necessity for turbulence created by the method of
air admission may be less critical. Therefore, the optimum combina-
tion of burner and firepan drafting arrangement for recommendation
will depénd on results of the ST=5 series of tests as related to re-
sults of the ST-4 series of tests,

Figure 4~25 is a plot of comparative results of the Pacific
Lines firepan draft tests made with the long superheater units. The
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results are plotted at the firing rate of 5000 pounds of oil per hour,
and are arranged in descending order of exhaust nozzle pressure, Psig;
where these were equél, they are arranged in descending order of fire-
box drafts, in inches of water.
it will be noted that draft arrangement No, 7 using the Fig,
4=35 side draft rings and the figure 4-36 bottom draft ring resulted
in consistently high boiler efficiencies, and high hot water rates
which aré»equivalent‘tq;the steaming rates of the locomotive.,
Results from test. arrangements SNA and SNL from the SN series
of tests covered in repqpt ST=2 are plotted for comparison., The
firepan draft and smokebox arrangement used .,fo.r_test, SNL is the .
present Pa¢ific Lines standard arrangement used on class GS=l loco-
motives, _
‘Figure 4-26 is a plot of comparative results of the Pacific
Lines firepan draft tests made with the presént standard short
superheater units, These results are . also pl&tted at the firing
rate of 5000 pounds of oil per hour, and are arranged in the descend=
ing order of exhaust nozzle preggures, psig. _
Arrangements 24-Q and 27-Q resulted in the highest hot water
rates and boiler efficiencies. Both of these arrangements were
equipped with four small side draft rings patterned after the
ST-202 (Fig. 4-37) draft ring and were located two on each side
near the rear of the firepan, Arrangement 24-Q was not equipped
with.side draft chutes, and wa 1d, therefore, not be suitable for

road service, It was tested as a preliminary arrangement.
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Arrangement 12-P is the present Pacific Lines étandard'firépan
draft and smoke box arrangement for GS-1 class locomoti#es, while
12-A is the same arrangement except that it was equipped with an 8m®
diameter exhaust nozzle and 3/4" Pacific Lines cross split, in ac=-
cordance with the arrangement which was previously standard.

Figure 4-27 is a plot of comparative results of the T&NO fire-
pan draft tests made with the present standard short superheater
units, Thesé results are plotted at the firing rate of SOOO pounds
of o0il per hour, and are arranged in the descending order of exhaust

nozzle pressures, psig.

Arrangement 1-X is the presént standard T&NO firepan‘draft and
smokebox arrangement, except that the sand ejector was not included,
and itidiffers from arrangement 1=V¥ (which includes the T&NO sand
ejéétor} in the d epth of insertion of the 1/2" cross split in the |
exhaust nozzle. In the former, the cross split was inserted 1/8" :
‘deep’in the nozzle, while in the latter the cross split was inserted
3/8" deep. |

It will be noted that arréngement 3-Y which was equipped with
Battelle steam-air jets resulted in the highest boiler efficiency
and hot water rate with respect to low exhaust nozzle pressureés; ~
however, further development of this arrangement has been deferred
pending the results of the ST=5 series of o0il burner tests;

Figure L4=34 is a plot of the variation of exhaust nozzle tem-
perature versus e xhaust nozzle pressure, which was used in setting
exhaust nozzle temperature for the firepah draft tests. The curve

of higher temperatures was used with the long superheater units
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while the curve of lower temperatures was used after short super~.
heater units were applied. The cylinder spray water rate was pro-
portioned to reduce the exhaust steam temperatures to the values
plotted for the exhaust pressure désired. The eurves were d rawn

to produce the average heat. drop per pound of steam'worked through
the engine cylinders eharacteristic of road operatien of GS=1 class
locomotives, which are equipped with type "E"“superheaters.

Figure L4-2l indicates the differential between the temperature
of saturatéd.steam (versus steam pressure in the feed-water spray |
chamberf;_apd the témperature attained by the feedwater when the
spray valve has a 2%" or 34" length of sieeve or no sleeve,

It will be noted that this differential increases at the lower}
pressures, which will enable the use of shorter sleeves with the more
open qxhaust nozzles utilized, in order to maintain the proper margin
between feedwater temperature and saturated steam temperature for the
lower pressures involved.

For the ST-4 series of tests thé?loéomotive was equipped with
the 33" sleeve.

Figure 4=30 indicates the apparent areas of exhaust nozzles
tested which were equipped with basket.cross splits as shown on
figure h~h3, -

The afea scale represents the areas of round nozzles less thp
projected area of a %" standard cross split. The steam flow throﬁgh
these nozzles is found in the usual way, by following a vertical line
from the area selected to its intersection with the line indicating
the steam.pressure‘at the exhaust nozzle. ”Directly opposite this
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poigt of 1ntersgétion;lthe steam flow rate through the nozzle can.be
read on the 1eft'seéle. This will be the exhaust steam flow rate for
a nozzle equipped with a standard Pacific Lines é? cross split, for
a GS-1 class ;ocomotive:with type "E™ superheater having unit return
~bends located. 24" from the back flue sheet. :

The exhaust steam.flow rate through any of the sevan nozzles
equipped with basket bridge cross split can also be read on the
left scale direetly opposite the intersection of the selected nozzle
curve with_;he required nozzle pressure ;ine, and'vertieally bglqw_.
this intérsgétion péint of curve and preésure line, the éﬁparent
nozzle area can be read, The apparent areé is the equivalentfpro-
jected area of a round. nozzle equlpped with a 34" Pacifiec Lines ‘stand-
ard eross split that would produce an equal exhaust steam flow for
the same nozzle pressure. R ‘ i

Figure k=31 is similar to Figure h 3@§,A: except that 1t}covers
exhaust steam flow for GS-l class locomotives eéuipped with type nE"Y
superheater, with unit return bends located h8" from the back flue
sheeto , ,

Figure 4L=22 shows graphically for direct comparison the test
results of the Pacific Lines standard oil burning and smoke box
arrangement versus the T&NO standard oil burning arrangemenx equipped
with comparable smokebox arrangement., The nozzle and cross split size
were the same, The 4" cross split was set 3/8" deep in the nozzlé
in accordance with the Pacific Lines standard. (The T&NO standard ..
. specifies 1/8" deep)., This was the only variation from the T&NO stané-

ard smokebox, whichvalsoArequires.aAsand,ejector. The other difference
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between the two smoke box arrangements tested was thé use of the low
resistance basket spark arrestor in the Pacific Lines standard arrange-
ment and its omission in the T&NO standard arrangement, |

The damper setting and atomizer pressures for'the T&NO arrange-
ment were those which produegd the optimum fire and ﬁiniﬁnm smoke
density. ‘ | | :

Tt will be noted that the fireboi.draft for the Pacific Lines
firepan is 34" to A4i" 6f water higher'than“that for the T&NO firepan,
and the boiler efficiency ranges correspondingly 1% “to 2% higher for
the Pacific Lines firepan, ' |

Figuré L-28 is a graph of variation of firebox and boiler sheet
temperatures at‘differentAriring.rates for T&NO firepan arrangement
FDT-1-V which is very closely similar to stendard T&NO arrangement.
Figure 4-29 1s a similar graph for T&NO firemn arrangement FDT-8-Z
which had the enlarged‘design of Dutch Oven., From a study of“these
graphs it will be noted that temperature distribution was morénearly
uniform when .using Dutch Oven. It will also be noted that sheet tem-
Peratures in firebox had 1ess‘variabion between low and high firing

,ratés.when Dutch Oven was used,
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DETAILED DISCUSSION OF INDIVIDUAL TESTS

Fig, Lkl - Test FDS 1-A with 8" nozzle, 3/4" cposs split, 133" stack

height, Battelle design bell mouth side draft ports, standard burner
port, and bottom hopper closed.

There was a certain amount of drumming of the fire at all rates.
Drumming was at a minimum at 5 psig atomizer steam pressure. Although
there was relatively little smoke, the carbon deposit in the firepan
was much lé}ger than that deposited in previous tests with standard
aif openings. ‘At high éigéming rates, carbon built up rapidly, es-
pecially on the lower édée of the side ports and between .rear edge
of these ports and the flash wall. At end of test, the right side
and front end of bottom hopper were red hot dué to carbon falling
through'bottom draft port into hopper. Excess air at the high rate
was 63%.

Fig.lbnhS'm Test FDS 1L with 8=1/4" nozzle, 1/2" cross split, 10"

stack height, Battelle design bell mouth side draft ports, standard
burner port, and bottom hopper closed.

Haze from stack was quite dark. Drumming was heavy, driving .
smoke, fire and sparks from fire door and peephole. Carbon forma-b
tion in firepan was excessive and extended from flash wall to within
a short distance from oil burner. Bottom hopper became red hot at

front end and test at the high rate was discontinued 10 minutes early

L
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duq to potential fire hazard, when boiling oil began to flow from bot-
tom hopper. This was caused by carbon acecumulation in firepan. Air
entering side ports appeared to rise vertically. Excess air was
relatively high, but tests with this arrangement were discontinued
because exceptionally large amounts of carbon formed.

Fig, 4-46 - Test FDS=2J with 8" nozzle; 1/2" eross split; 10" stack
height, modified bell mouth side draft ports restricted by brick on

bottom, T&NO burner port with rounded approach, 2-5/8" x 17" bell
mouth port in front of hopper open. _

Fire drummed at the lower steam rates with some flame flashing
from burner port and, periodically, at the higher rates, No carbon
was deposited in the firepan but there was intermittent heavy haze
from the stack at the high firing rate, Air entering these ports
appeared to flow into pan horizontally, raising the fire above
bottom of firepan at flash wall and between side ports. Excess air
at the high rate was 26,6%.,

Fig, L-47 - Test FDS 3-J, with 8" nozzle, 1/2" cross split, 10" stack
height, modified bell mouth side draft ports, T&NO burner port with

rounded approach, 2-5/8" x 17" bell mouth port in front of hopper
open, | ‘ _

The fire was smooth, particularly at the low rates, but aid
drum and flash out of draft and burner ports at times, There were
intermittent puffs of approximately No. 2 (Ringelmann) smoke at the
higher rates, A small amount of carbon formed on the flash wall

when firing up, but quickly burned off when throttle was opened.
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Firepan was free of carbon throughout test runs. Excess air at the
high rate was 29.5%.,..

Fig, 4=48 - Test FDS=-3-0, with 8" nozzle, 5/8" x 3" basket bridge
.erossysplit, 10" stack heightﬂ modified bell mouth side draft ports,
T&NO burner port with rounded approach, 2-5/8" x 17" bell mouth port
in front of hopper open,

Fire was fairly quiet but there was some drumming accompanied
by flashes of flame from side and burner ports. Smoke color was
fa1r1y dark, particularly at the high steaming rates. No carbon
was deposited41g“f1répan. Excess air was relatively high compared
to other. arrangements with same cross split and nozzle diameter.
Excess alr was 24% at the -high rate,

Figo 4=49 - Test ¥DS 4-J, same arrangement as. for Test FDS 3=J
except that the bottom hopper port was closed.

At low steaming rate the fire was smooth with very slight haze
. at the éﬁack. At high steaming rate, the fire drummed intermittently
with some flashes of flame from side and burner ports, but.was
smoother than fire when hopper was open; stack haze was heavy with
.pufrs\or No, 2. smoke periodically, No carbon was deposited in fire-
pan. Excess air at the high rate was 29.2%..

Fig. 4-50 - Test FDS 5-L, with 8-1/4" nozzle, 1/2" cross split, 1oO"
stack height, side draft rings per Fig. 4=35, standard draft chutes,

T&NO burner port with rounded approach, 2-5/8" x 17" bell mouth
port in front of hopper open.
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Fire drummed with some flame coming out of draft and burner ports.
The stack was clear, with some puffs of haze at the high steaming rates.
A modérate amount of carbon formed on the flash wall and on the floor
of the firepan.

Fig, 4=51 - Test FDS 6-P, with 8-1/4" nozzle, 1/2" cross split, 13i"

stack height, side draft rings per drawing ST-200, standard draft

chutes, bottom draft ring per Fig. 4=36, T&NO burner port with

rounded approach, 2-5/8" x 17" bell mouth port in front of hoppef open,
The fire was quiet at the high steaming rate with haze from stack

fairly dark at the start, lighter towards end of run. There was

periodic drumming at the low rates with spurts of light haze from

‘stack and some flame_from the draft ports. Some carbon was deposited

in the firepan. Excess air at high rate was 21.5%.

- Fig. 4-52 - Test FDS 6-Q, with 8" nozzle, 5/8" x 3" basket cross split,

134" stack height, side draft riﬁgs per Fig. 4-35, standard draft
chutes, bottom draft ring per Fig. 4=-36, T&NO burner port with
rounded approach, 2-5/8" x 17" bell mouth port in front of hopper
open.

.Fire drummed with periodic flame from portsol A small ridge of
carbon formed at bottom edge of side ports and some carbon built up .
on flash wall. Stack was clear except for puffs of light to medium
haze.,

‘Fig. 4-53 - Test FDS 7-Q, with 8" nozzle 5/8" x 3" basket cross split,

134" stack height,‘side draft rings per Fig. 4=35, draft chutes with
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outer edge and damper axis 1pwered é", bottom draft ring per Fig. 4=36,
T&NO burner port with rounded approach, 2-5/8" x 17" bell mouth port
-in front of hoiiper open,

Fire drummed periodically with some spurts of flame out of draft
and burner ports., Color from stack was clear to a slight haze in
puffs, A relatively small knob of carbon formed on the flaéh wall,
and a small ridge formed Just below each side port. The amount of
carbon formed in a day's run appears to be less than the amount that
formerly accumulated i:i 45 to 90 minutes of running with the standard
ports. Excess air was a little less than that with arrangeme nt FDS
3=0, relatively high for 8" diameter nozzle and 5/8" x 3" basket
bridge cross split, - |
Fige 4=54 = Test FDS 7=R, with seme arrangement as FDS 7-Q, ei‘oept
that nozzle was equipped with a 3/4L" x 3" basket bridge oross split.

Bdges of brick at bottom of side ports were cut off for better air
distribution.,

The fire drummed at 30 psig atomizer steam pressure, at the high
steaming rate, but was quieter at 7 psig. Stack was clear to
slightly hazy. There were some puffs of No, 2 smoke at the start of
the high rate, but the stack was clear at the end of this rate,
Drumming was moderate to medium at all of the test rates, accompanied
by spurts of flame out of 0il burner port and side draft ports. A
small mound of carbon formed at base of each side port and extended

8" ahead of ports., There was also some carbon on the flash wall,



The puffs of excessive smoke stopped when flow meter on atomizer steam
line was bypassed., E=xcess air at the high rate was 22,8%,
Fig, L=55 = Tegt FDS=7=S, with same arrangement as FDS = 7Q except

nozzle was equipped with a 5/8"™ x 2" basket bridge cross split.
Drumming of fire was light to moderate and intermittent, with
some flashes out of draft ports., .Color from stack was clear to
slightly hazy in puffs. At end of test runs there was a knob of
carbon on the upper flash wall, extending about 12" from wall., The
small ridge of carbon that forms at the base of the side draft ports
was lower than the ridges for the previous runs with the side’draft
rings shown on Fig. 4=35. BExcess air indicated for the high rate was

28,6%., .
Figo, 4=~56 ~ Test FDS 7-T, with same arrangement as FDS 7-Q, except

nozzle was equipped with a 1/2" x 2" basket bridge cross split. _
Drumming of fire was light at 5 psig. wye pipe pressure; fair-
Iy heavy«atflawyéigmwye pipe;messure, and moderate at the high
steaming rate. There were periodic flashes of fire out of draft ‘
and oil burner ports. At the low steaming rate with atomizing steam
pressure of 8 psig there were some puffs of No, 2 smoke; for the
higher steam rates, color from stack was clear to slightly hazy.
At the end of test the knob of carbon on the flash wall extended out
about 12" from wall and small mounds of carbon had formed ahead of
tha gide draft ports., Excess air for this arrangement was relatively

high compared with other arrangements equipped with 8" nozzle and




1/2m x 2" basket cross spiit, and was 22.,1% at the high rate,
Fig, 4-57 - Test FDS-7-U, with same arrangement as FDS-7-Q, except
that nozzle was equipped with a 3/4L" x 4=1/2" basket bridga cross

split.

Fire drummed moderately at the high steaming rate, medium
heavy at the intermediate rates and lightly at the low rate.
Flame flashed out of draft and oil burner ports periodically. Color
from stack was clear to slightly hazy, with somewhat darker puffs at
the high rate., When firing up, fire dragged the floor of firepan
and the knob of carbon on flash wall was about 1 foot closer to
floor of firepan than usual. At end of test there was no carbon
head on the flash wall, but the deposit of carbon on the floor of
the_ firepan was heavier than usual_, with some extending forward
almostlto the oil burner. 21.8% excess air was indicated at the
high rate. |
Fig. ‘I;-58 = Test FDS-S-U, with same arrangement as FDS-7-Q except
that the nozzle was equipped with a 3/4" x 4-1/2" basket cross split

and side draft rings were in accordance with Fig. 4-37.,

Fire drummed moderately with some flashes out of oil burner
port and draft ports. Color from stack was clear to slightly hazy.
Haze was darker in puffs at the high steaming rate. A knob of
carbon about 10" thick formed on the flash wall when firing up and
during first part of the low rate., No carbon formed on the firepan

floor. A layer of fused material 3" thick had been removed from
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floor of firepan just prior to this test which probably assisted in
preventing carbon from depositing on floor. It was considered de-

sirable to increase the percentage of excess air found to be avail-
able with this arrangement. Excess air at the high rate was 18.0%.

Fig. 4-59 - Test FDS 8-Q, with 8" nozzle, 5/8" x 3" basket bridge

cross split, 133" stack height, side draft rings per Fig. 4L-37,
draft chutes with outer edge and damper axis lowered 6", bottom
draft ring per Fig. 4=36, T&NO burner port with rounded approach,
2=5/8" x 17" bell mouth port in front of hopper open.

Atomizer steam pressure with t his arrangement was high for the
clearest stack condition, ranging from 60 to 90 psig, and apparently
caused excessiwe d rumming. An 8" pyramid of carbon formed on the
flash wall. There was periodic flame out of the draft ports and
range of color at stack was from slight haze to darker haze in puffs.
Less excess air was indicated for this arrangement than for the other
arrangements equipped with 5/8" x 3" basket bridge cross split and 8"
exhaust nozzle,

Fig. 4-60 - Test FDS 9-Q, with same arrangement as FDS 8-Q, except

that T&NO type burner was replaced by a modified Sheedy burner, in.

which a series of 3/32" holes reamed with a No. 00 taper pin reamer

replaced the 1/32" slit type atomizer slot. The combined area of

the atomizing holes was approximately that of the original 1/32" slot.
Color from the stack was as dark, or possibly darker, than for

previous tests, in spite of a slight gain in excess air as indicated
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by flue gas analysis.; With the Von Boden burner in prior tests
high atomizer steam pressure was used to produce the clearest stack
but a rapidly drumminé‘fire resulted, whilgAwith modified Sheedy
burner used in this test, high atomizer pressure did not appear to
be of any particular benefit in clearing the staek, and produced
such heavy drumming that it was not feasible to test with high atom-
izing steam pressure., It was difficult, also, to maintain a low
spot fire with this burner.
Fig, 4-61 - Test FDS 9-T, with same arrangement as FDS 9-Q, except
that aspirating air inlet to the burner was open in this test.
Atémizer was tried at various steam pressure settings, and the
air inlet on the modified Sheedy’oil burner was used in open and
closed positions. If the air through the o0il burner had any effect,
it was not readily apparent from observations.

Fig, 4=62 - Test FDS 10-T, with same arrangement as FDS 8-Q, except

that nozzle was equipped with a 1/2" x 2" basket bridge cross split
and an unmodified Sheedy o©il burner wés used in this test, with air
port in burner open or closed as required,

Starting the fire was difficult because the oil from oil burner
did not appear to be atomized regardless of the steam pressure used,
However, after several attempts during which considerable oil ran out
of the firepan, the fire was started and boiler brought up to working
pressure successfully.

When the air inlet in the burner was closed, the oil flow was




spasmodic and it was necessary to open the air valve. This smoothed
out the fire sufficiently to raise steam to working pressure, but
when the steam throttle was opened, the air wvalve had to be closed,
as oil would flow back out of air inlet. It was found that with
more than a low oil rate, 0il would flow from burner air inlet .when
atomizer steam pressure was less than 40 psig., Most of the tests
were conducted with air inlet closed.

There was a dark haze from stack on all except the low rate,
and a small amount of carbon formed ahead of the left side draft port
apparently due to the faect that burner was pointed sl}ightly to the
loft in order to equalize sheet and superheated steam temperaf,ures
on each side of boiler, |

Fig. 4=63 = Test FDS 11-T, same arrangement as FDS-8-Q except that

exhaust nozzle was equipped with a 1/2" x 27 basket bridge cross
split, and the standard 8" x 8" oil burner port was reapplied to the
firepan; a Von Boden oil burner of the T&NO type was applied, level,
ai; same height as the Sheedy burner which was removed.

By using a suffieciently high atomizer steam pressure, about 95
psig, a practically clear stack was maintained at the low rates. At
thé high rate there was a heavy haze from the stack, although atom-
izer steam pressure was 190 psig which was‘ the maximum pressure avail-
able., At the 14, psig wye pipe pressure rate, there was dark haze
from the stack notwithstanding the 160 Psig atomizing steam pressure
setting, Drumming of fire was not excessive, No carbon was deposited

in firepan.




Fig. L-6L - Test FDS 12-A, with 8" nozzle, 3/4" standard cross split,

133" stack height, SP standard draft rings, cﬁﬁtes, and oil burner
port, superheater units shortened 24", with ends 48" from back tube
sheet, 0il burner tilted up slightl& to point about 14" up on flash
wall above floor of pan. New exhaust pressure-temperatﬁre curve used
for setting exhaust steam temperatures was about 40-50° lower than that
used for previous tests in this series, to compensate for the drop in
temperature of superheated steam with shortened superheater units.
Bottom hopper damper and front hopper port closed. Excess air at

the high rate was 40%.

Atamizer steam pressure of 10 psig was used for the low steam
rates and 20 psig for the high steam rates. No carbon accumulation
was visible during or at end of test. There was moderate drumming
at the low rate. Fire was smooth at the higher steam rates.

Fig, 4=-65 - Test FDS 12-P, with same arrangement as FDS 12-A&, except

equipped with an 8%" nozzle and 1/2" cross split.

The fire drummed heavily at all atomizer steam pressures at 5
psig wye pipe steam pressure with stack color clear. Fire was steady
at the 10 psig wye pipe steam pressure and 20 psig atomizer with clear
color from stack, but would drum at 4O psig atomizer pressure. Fire
was steady and stack clear to slightly hazy at 14 psig wye pipe
pressure, 20 psig atomizer. There was a slight haze from stack at
the 17 psig wye pipe pressure, 20 psig atomizer, which darkened in-

termittently. ' At the end of this rate, a large piece of carbon about
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12" in diemeter was visible in firebox. Excess air was relatively

low ebmpared with other arrangements with 8-1/4" nozzle, 1/2" cross
split and shortened superheater units, It was 18.4% at the high rate,

"g_g. L=66 - Tast FDS JQ-P; with 8-1/L" nozzle, 1/2" cross split, 133"

stack height, combination side draft rings having the lower half of
draft ring ST-200 (Fig. 4-35) at the top and the lower half of ST- .
202 (Fig. h-ﬁ?)_at the bottom, as shown on Fig. 4=39(ST-2154). Draft
chutes with oqter edge and axis of damper 6" lower than standard, |
.standard 8" x 8" burner port with T&NO type oil burner, 2-5/8" x 17v
bell mouth port in bottom hopper open,

‘ At 5 psig wye pipe pressure and atomizer steam pressure of 60\
psig, fire was steady, with slight haze from stack occasionally.
At 10 psig wye pipe pressure, there was very slight drumming and
some haze from the stack, with atomizer.at.GO psig. At 14 psig wye
pipe pressure, color from stack was fairly clear and fire was smooth
with 80 psig atomizer pressure. 80 psig atomizer Pressure was re-
quired at the 17 psig wye pipe pressure.

Air flow was increased over that available with the standard
side draft castings, although considerably more steam was required
to atomize the fuel, The fire was lifted away from the flash wall
and from the floor of firepan between the air ports., Haze from the
stack was considered somewhat darker at all of the steaming rates
than that with standard side draft castings,

Fig, 4-67 = Test FDS 14-P, with same arrangeménf_gs_FDS 13-P, except

that 2-5/8"xx 17% port in bottom hopper was closed.




There was ho consistent or appreciable difference between ob=
served characteristics of tests FDS-13-P and FDS-1l,4-P,
Fig, 4-68 - Test FDS 15-P, with 8&* nozzle, 1/2" cross split, 133"

stack height, side draft rings per Fig. 4-37 raised approximately
3~1/2":above.standard locat ion, T&NO type oil burner, standard
8" x 8" burner port, draft chutes located at standard position,
with outer edge and axis of side dampers lowered 6", 2-5/8" x 17"
bell mouth port in bottom hopper open,
Atomizing steam pressures used ranged from 40 to 110 psig.
Fire drummed somewhat at all of the steaming rates. There was
Periodic haze from the stack at the low rate; none at 10 psig wye
pipe pressure,.heavy haze at 14k psig wye pipe pressure and heavy
haze that was periodically lighter at the 17 psig wye pipe pressure.
The effect of raising side draft castings 34" was to lower some of
the fire in the firepan. Exoess air was somewhst higher than that
available with standard draft ports, but haze from stack was darker
at the high steam rates than that with standard drért ocastings,
Fig, 4-69 - Test FDS 16-P, with same arrangement as FDS-15-P, exoept
that 2-5/8" x 17" bell mouth port in bottom hopper wes olosed,
Atomizing steam pressures used were 40, 60, 90 and 110 psig,
at 5, 10, 14 and 17 psig wye pipe steam pressures, respectively.
There was some drumming at all except the high steam rate. Steok
was clear at the low rate with some haze et 10 psig wye pdpepiessure
fairly heavy haze at 1, psig wye pipe pressure and heavy haze at
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17 psig wye pipe pressure. Excess air percentage was slightly higher.
when bell mouth port in bottom hopper was open (test FDS-15~P) but
stack color was somewhat lighter when port was closed, except at high
rate where haze was equally heavy for both arrangements.

Fig, 4=70 - Test FDS 17-P, 8i" nozzle, 3" cross split, 133" stack

height, combination sideAdraft rings 33" above standard position,
havingvSTezee (Fig. 4=35) upper half at.the top and ST-202 (Fig,
L=37) lower half 14t the bottom as shown on Fig. 4=39 (ST-215-B), and
standard side draft chutes. Standard 8" x 8" burner port'with T&NO
type oil burner, 2-5/8" x 17" bell mouth port on hopper open.

At 5 psig wye pipe pressure, 40 psig_abomizer, stack was clear,.
At 10 psig wye pipe pressure, 70 psig atomizer, there was intermittent
mild drumming with light célofed haze from stack. At 14 psig wye pipe
préssure, 180 psig atomizer, haze from stack was light, to somewhat
. heavier, periodically. At 17 psig wye pipe pressure, with atomizer
valve wide open at 190 psig steam pressure, there was heavy dark haze
from stack, This arrangement did not furnish as high a percentage of
excess air at the high rate as arrangement FDS-15-P, in which the side
draft rings per Fig..4=37 were elevated 33",
,Fig. 4=71 - Test FDS 18-P, with same arrangement as FDS-17-P except

that the 2-5/8" x 17" bell mouth port on hopper was closed.
At 5 psig wye pipe pressure, and 30 psig atomizer pressure, the
fire was fairly smooth, with light haze from the stack. At 10 psig .

wye pipe pressure, 70 psig atomizer, results were similar. At 14 psig
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wye pipe pressure, 140 psig atomizer, there was a dense 1light colored
haze from stack. At 17 psig wye pipe pressure, and 190 psig atonm-
izer steam pressure, there was a heavy dark haze from stack. This
arrangement 4 id not furnish as high a percentage of excess air ﬁt

the high steam rate. as. arrangement FDS-16-P, inwhich the side draft
‘rings per Fig. L4-37 were .elevated 33".

FigsrT2&4<p-Tost FDS 19-P, with 8-1/4" nozzle, 1/2" cross split, 13%”
stack height, side draft rings. per.Fig..4-39 (ST-215-B), elevated '

3an above standard position, standard draft chutes, with side damper
ﬁeight supplemented by an additional 50 1b. weight, three 54" flues
withvbell mouth approach on each side of firepan for additional side
draft ports, hopper damper open and 2-5/8" x 17" bell mouth port in
front of hopper closed, standard. 8" x. 8" burner port with T&NO type
oil burner.'~~

Atomizer steam pressure of 40 psig was the best setting for the
four steam rates tested. The fire drummed vigorously at all rates
with a small amount of fire flashing out of one flue port and oil
burner port periodically., Color from stack was quite clear at all
fétes showing only a faint haze most of the time with infrequent
slighfly darker puffs, Observations during the cecourse of the tests
showed carbon forming at sides of flash wall and along floor, ex-
tendihg from front flue ports to flash wall, OCarbon déposit on
floor was heavy at end of tests.

‘Various combinations of side flue ports from all open to four
pluggea with weights removed from side dampers were tried before
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astart and after conclusion of this test with unsatisfactory results,
sweh as raising fire too high at flash wall, dark smke, and fire
flashing out of ports 6 to 12 inches. The oxygen content of the
flue gases increased 1% with weights removed from side dampers and
all flue ports open, but heavy smoke resulted.

Figs 4=73 and 4-96 - Test FDS 20-P, with 8-1/4L" nozzle 1/2" cross

split, 133" stack height, side draft rings per Fig. 4=-37, applied
t0 .pan approximately 24" ahead of standard. position, standard draft
chutes, T&NO type oil burneg and stanlard 8" x 8" oil burner port.
Hopper demper.& port closed.

Atomizer steam pressures used ranged from 20 to 106 psig. A%t
5 psig wye pipe exhaust steam pressure there was a clear stack,
medium heavy drumming with fire flashing out of the s de draft ports
and oil burner port. At the other steam}rgtes, there was periodic
medium heavy to light drumming which caused some flame to flash from
burner port. The fire was féirly steady at the high rates aml ap-
peared to be an ihcandescent white, with slight haze from the stack,
Some carbon formed on the floor of the firepan between the alr ports,
mostly on the right side. At the end of these tests, there was an
irregular layer of carbon about 2" to 4" thick on the ﬂoor}of the
pan, starting at the fo rward edge of the d raft rings and tep =ring
down toward the rear éf the firepan,

When the tests were completed, there was no carbon on the ‘flash

wall and all parts of the brickwork were brilliantly hot. With this
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arrangement, it was found that a very small reduction in area of the
oil burner port would stop the fire from drumming. The spot fire
appegred to be the most satisfactory when carried with low atomizer
on floor of pan between side draft ports.

Figs. L=-74 and 4-97 - Test FDS 21-P, 8-1/4" nozzle, 1/2* cross split,
133" stack height, 324" x 5-3/4" side draft ports, standard type

draft chutes, T&NO type oil burner, standard 8" x 8" oil burper port,.
center draft port per Fig., 4-36, with bottom damper and 2-5/8" x 17"
béll mouth port in bottom hopper closed.

Atomizer steam pressures used ranged. from 45 to 8 psig. At
the low steaming rate the stack was clear, with fairly heavy drumming
.qf the fire, At the next higher -rate, the stack was clear wiph slight
haze periodically and intermittent drumming. At the two high rates
smoke_was dark and the boiler flues sooted up considerably iQ spite
of extra sanding, which pmdbably accounted in part for thg @rop‘in
boiler efficiency at the high rates. At all of the rates the fire
was periodically flashing out of the oil burner port. |

Holding dampers partly closed, reduction of area of burner port,
and changes in atomizer pressure had no beneficial effect in reducing
smoke density. At the low rates, the fire was high in the firebox,.
At the high rates, the fire appeared to fill the firebox and at end
of tests all of the brickwork was hot.

Undesignated trials were run, using 8 side draft ports, 4 on
each side equipped with side draft ring castings, Fig. 4-40, No side
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draft chutes were used, Each side port could be closed when desired
by means of hinged firebrick plugs as shown on Photos 4-=21 and 4=22,

. Burner port was 8" x 8", and could be restricted in area by an adjust-
| able plate at the bottom. Several'oombinations of L and 6 side ports
open were tried: Observations covered a 10 minute peried after atom=-
izer and burner port had been ad justed to optimum setting for quiet
fire and clearest stack condition. The engine was equipped with 8in
nozzle and 1/2" square cross split and was operated at a steam ratéa
of 1L pounds wye -pipe-bressure° 0il meter outages were taken for

each 10 minute run., Bottom damper was closed.

‘ Port No., : .~ SmoKehax of
Draft Ports, Right side - : 4 : 3 ° & ~ 1 front énd of
S locomotive
Draft Ports, Left side - : 4 : 3 : 2 : 1 :
—<_+

A tabulation of the arrangements tried, and the results, are

as follows:
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Starting with test "B", a considerable amount of carbon formed
on the floor of the firepan and after test "D" the carbon wés cleaned
out of firebox. Arrangement "E" was then tried, and carbon began to
form immediately on the bbttom of the firepan, fuel oil was running
out of some of the side ports and also the bottom hopper. The fire
was put out and the burner, which had been set level, was tipped
upward to‘point a little below the fire door. After this was done,
no further trouble was experienced with carbon on the floor, or oil
running out of the air ports,

It was necessary to. restrict the 8" x 8" burner port 2" to 23"
when using 3 pofts open on each side, in order to reduce drumming,
The reétriction had no appreciable effect when 2 ports were open on
each side of firepan, as the fire was falrly smooth wiﬁh the full
8" x 8" burner port.

‘With arrangement "M" in which the side port'openings were stag-
gered the carbon which had formed on the flash wall during the trial
of arrangement "J" fell to the floor of the firepan, apparently due
to force of the air current from the left rear draft port.

All arrangements could be operated with a practically clear stack
by proper adjustment of the atomizer steam pressure, but the fire
drummed considerably with arrangements having six side air ports
open: Drumming was excessive, and fire unstable when all eight side
air ports were open.

The excess air for 6 side ports open was only 3 or 4 per cent
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higher than for h‘side ports open, evidently on account of the con-
tinuous drumming and flame shooting out of the 6 side air ports.

As excess air was higher from analysis of gas samples than it
bkad been previously for the same smokebox ~rrangement, the optimum
arrangements were selected for regular test runs. Because of the
effect of changing the angle of the burner, on carbon deposition,
an adjustable burner bracket was applied to the locomotive, to
allow adjustment to height and angle of burner elevation, dwring
trial adjustments, |
Figs 475 and 4-98 ~ Test FDS 22-P, with 84" nozzle, 3" cross split,

134" stack height, basket spark arrester, 4 multiple side draft ports
per Fig. 4=40 (two rear ports 3 and 4 on the left side, aml two
middle ports 2 and 3 on the right sAide); 33" T&NO type oil burner,
standard 8" x 8" oil burner port restricted 3/4" in height at bottom;
no side draft dampers or chutes; center damper and port‘ closed.

Runs were made at 5, 10, 14, & 17 pound wye pipe pressures. At
5' pound wye pressure, 28 psig atomizer steam pressure wes used, Fire
appeared somewhat dull over the flash wall, and there were some puffs
of smoke from the fire door port, with medium heavy drumming. At the
10 péig wye pressure there was medium continuous drumming of fire
with 40 psig atomizer pressure; when atomizer pressure wasrz_'educed
to 14 psig later, the drumming stopped. Fire was quiet at the two
higher rates. At‘omizer was set at 36 psig for the 14 pound rate,
and at 39 and later at 60 psig for the 17 pound rate. The small
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deposit of carbon which accumulated on the flash wall during the low
rates fell to floor of the firepan shortly after start of the high
rate., Excess air from smokebox gas samples ran from 53% at the low
‘rate to 28% at the high rate., At conclusion of the high rate,
bottom hopper was opened, with controls at same setting, ani this
increased the excess air 1.5%., Color from the stack was usually
clear with oceasional puffs of light haze,

4 This same arrangement was tried later without designation,
using a 5/8" x 3" basket cross split on an 8" nozzle, standard
burner port reduced 1" at bottom, with burner applied to-a bracket
ad justable for height and vertical angle in even degrees starting-
with'ievel 5 and 9 psig wye pressure rates were tested, Stack was
clear with light haze. in puffs., There was medium drumming‘of fire
at low rate, and quiet fire at the next rate. Atomizer pressure
was held at L pounds at the low rate, and 8.5 pounds at the higher
rate, With low atomizer, a heavy deposit of carbon accumulated
between the ports and on the flash wall, At start of a 13 pound:.
rate there was heavy smoke which could not be cleared. Excess air

was 32% for both low rates,

 Pigs. 4,=76 and 4=99 - Test FBS-23-P, with 8i" nozzle, 4" cross split,
133" stack height, basket spark arrester, é‘multiple side draft ports
per Fig. 4=40 (the 3 rear ports on each side of firepan restricted to
approximately 3=3/4" vertical height of draft openings by ad justable
plates), 34" T&NO type oil burner, standard 8" x 8" burner port .
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restricted 24" in height at bottom; no side d:l;aft dampers or chutes,
center damper and port closed, .

Tests were run at 5, 10, 14 and 17 pounds wye pipe pressures..
Excess air was 41% at the low rate and 19% at high rate., Stack was
clear with puffs of slight haze at the lower rates, but at tle higher
rates the smoke density was about #1 Ringelmann, with puffs of heavier
density, and could not be cleared by inereasing atomizer steam pres-
sure, Some carbon formed on the floor of the firepan opposite both
rear side draft ports on the left side and ahead of the forward port
on the right side. The fire was quiet at the high rates, but had a
light periodic drum at the 5 pound rate, which was heavier prior to
restrictibn of burner port before start of test run..

Figs, L-77 and 4=100 = Test FDS=24-Q wiuw 8" nozzle, 5/8" x 3"

basket cross split, 133" stack height, basket spark arrester, 4
mult iple side draft ports per Fig. 4-40 (the two rear ports on each
side of firepan, unrestricted); 34" T&NO type of oil burner, burner
port 8" x 64" high, adjustable burner bracket; no side draft dampers
or chutes; center damper and port closed.

Tests were run at 5, 9, 12 and 15 pound wye pipe pressures.
Eicess air ranged from 34% at the low rate to 18% at the hi@ rate,
There was slow medium heavy drumming at the five pound rate with
flashes of flame from the draft ports; stack indi_.cations weré clear
to a light haze., At the 9 pound rate there was medium to fairly
heavy continuous drumming with some flame from side ports; color

from stack clear to slightly hazy. There was periodic light drumming



at the 12 and 15 pound rates with color from stack clear to abait #1/2
Ringelmann smoke and somewhat darker puffs,
Atomizer pressures used were 0.0, 58, 64 pounds at the lower rates
respectively, 62 and 76 pounds at the high rate. The fire appeared
white for these tests, with praectically no carbon on floor of firepan,
although burner tip had been lowered from position of .previous tests.
There was a pointed knob of carbon on the flash wall, extending' for-
ward about 8", at the end of the 15 pound test. T
For an additional trial at the 15 pound rate, plugs were removed
from twelve 2" ID draft tubes arranged to pass through flash wall of
. firepan, This caused fire to lift away from bottom of firepan and
dark smoke at stack. Smoke could not be reduced to a satisfactor&
density by variation of atomizer pressure, or by closing all of the
svide draft ports, or any pair of them. When the four rear side
draft ports were reopened and the 12=2" ID draft tubes through flash
wall were closed, the fire and color from stack retul;ned to the con-

dition of the previous test.

Figs. 4-78 and L-101 - Test FDS=25-Q, with 8" nozzle, 5/8" x 3" basket

cross split, 133" stack height, basket spark arrester, 4 multiple
side draft ports per Fig:. 4 - '4L;7¥ (2 rear ports on each side of
firepan, unrestricted), 3i™ T&NO type oil burner, raised 1" to center
it in 8" x 6%" height burner port, burner tilted 4° above level on
ad justable bracket; no side draft dampers or chutes; center damper

and port closed,

- 69 -



Tests were run at 5, 9, 13, and 15 pound wye pipe pressures.
Atomizer steam pressures were 10, 12, 37 and h6 poundé respectively.
Drumming of fire was periodic, of light to medium intensity :at the
lower rates, and fairly heavy at the higher rates, 1ncreasing'with
increased atomizer pressure. Color from stack was clear at the low
rate, and clear with puffs of light haze at the other rates, Flame
periodically licked ocut of the draft ports at the lower edge whiech
was unusual for this shape of casting and may have been caused by
the ébsence of draft chutes., At the end of these test runs there
was 8" of carbon on the flash wall, and a considerab“le amount on

floor of firepan, formed mostly during the low rates.

Figs. 4-79 and 4-102 -~ Test FDS-26-Q, with same.arrangement as for

test FDS-25=Q, except that open top draft chutes were applied under
the side draft ports.

Four test runs were made at wye pipe pressures of 5, 9, 12 and
15 pounds., The air chutes modified the }‘flqw of air into the firepan
so that the fire was lifted away from the flash wall, and %he #1
Ringelmann smoke from the stack caild not be cleargd at the two high
rates by adjusting atomizer pressure. Color from Sback was clear to
slightiy hazy at the lower rates. Some carbon formed on floor of pan
opposite and ahead of the forward side ports. When atomizer pres-
sures were raised there was an increase in drumming. Fire }wa_s fairly
quiet at the high rate, with 88 pounds atomigzer, alt hough there was
some periodiec drumming. The fire woa 14 reach the base of the flash
wall only part of the time.
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During the foregoing series of test runs thg oil burmér wasg set
at 4° tilt above horizontal, After test series was completed, the
burner was movedﬁdown to_level position in steps of 1° and the effect
on fire and. stack color observed. At 2° the stack cleared to a
fairly light continuous haze, and at. 1° tilt, the stack was clear
with puffs of light color. The fire moved back to contact the
lower flash wall at both of these burner settings but appeared to
impinge more fully on the wall at the 1° angle, except thet 1t would
withdraw momentarily which may have accounted for the smoke puffs,
When the burner was made level, the smoke from the stack became dark,
An atomizer pressﬁfe of 160 pounds was required to clear the smoke
afper burner tilt was reduced; however, during the regular tests
160 poﬁnds atomizer pressure shoved no beneficial results although
up to 80 pounds pressure was necessary.

There was no carbon in the firepan at the end of the day, and
iiAwas noted that the fire did not lick out over bettem edge of the
draft'dastings with draft chutes applied. ,

Figs° 4-80 and 4-103 - Test FDS 27-Q, with same arrangement as FDS-

26-Q, except that oil burner was adjusted to a tilt of 19 above
horizontal. o |

Tests of 5, 9, 13 and 15 pound wye pipe pressures were runm,
With this burner setting,the fire filled the firepan although hesavy
atomizer pressures were necessary, During the two low rates carbon

Tormed rapidly on the floor of the firepan aml eventually on the flash
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wall, There was some haze from the stack at the low rates, and rela-
tively little drumming of the fire,

During the two high rates the color from stack was clearer amd
4carbon in the firepan was partly consumed. Druriiming of fire was -
slight. A knob of carbon on the flash wall extended forward about -
5% at end of these runms,

For observation of effect on the fire after the four regular
test runs were finished, the burner port was changed to 8" x 8%
size, At the 15 pound rate the fire seemad improved, the atomizer
pressure could be reduced to haif previous pressure without objec-
tionshle smoke, and much of the carbon deposit burned up. waever,
ou changing to the 5 pound rate, the fire drummed considerebly with
flame flashing out of the draft ports. The burner was then lowered
to the center of the 8" x 8" burner port, but no improvement in
drumming was noted. It was found that only a slight c¢losd ng of the
burner port stopped the drumming.

FPigs. 4-8l and 4-104 - Test FDS 28-Q, with same arrangement as FDS

26=-Q excert that the oil burner was set level &nd the;Squméggft -
castings were in accordance with Fig. 4-42., On account of smoke and
drumming at 5 pound wye pipe pressure it was necessary to restrict
the side port obenings to 94" vertical peight before starting the
test runs.

Tests were run at 5, 9, 12 and 15 pound wye pipe pressures.
Atomizer. steam pressures of 21, 56, 101 and 142 pounds were used,

At the three low rates smoke was clear with puffs of very slight
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haze. There was medium continuous drumming of the fire., There was
reriodic drumming of the same intznsity at the high steaming rate.,
The fire was quiet at the high rate with 10 pounds atoﬁiéer pressure,
but had a light periodic drum at 13 pounds atomizer. There was
some #1/2 Ringelmann smoke at this rate and a few puffs of #1
Ringelmann smoke.

A moderate amount of carbon femained on the firepan floor at
the close of these test runs, starting about 2 feet from the oil
burner and extending to forward edge of bottom hopper port. The top
of this deposit was about 2" above the bottom of the side draft ports.
There was 2" of carbon on the flash wall,

Figs, L=827and 4-105 - Test FDS 29-Q, with same arrangement as FDS -

26-Q, except that the oll bumer had a 1° tilt above horizontal,
and four side draft ports near center of the firepan were used; the
two forward side draft ports were in accordance with Fig, L4-40 and
the two rear ports, in accordance with Fig. 4-42. Burner port was
& x 53" in height due to restriction at the bottom of the 8" x 8v
standard port.

At the 5 pound wye pressure rate the oil burner was level,.
Thero vag ro visible sroke at the start but later ther were dark
puffs of smoke periodically. O0il consumption for this rate was heavier
than usual. A considerable amount of carbon formed in the firepan,
This carbon was broken up at the end of this rate and spread over the

floor, but could not be removed.
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For the 9, 12, and 15 pound wye pressure rates, the burner
waS'given a tilt of 10 above level. This maintained a bright clear
fire and,practical;yAa clear stack, with only a few puffs of slight
haze, |

Excess air'was increased appreciably with this arrangement.
Atomizer pressures of 12, 30 80 and 98 pounds were used, There
was light pgriodic.drumming of the fire. Carbon formed at the rear
of'the forward side ports.

Undesignated tria1 was made of adjust@plelcenter openings in
the round bottom firepan at 5 and 15 pound wye pipe pressures, The
arrangement was the same as for test FDS 29-Q, except that an open-
ing 46" long by 153" wide had been cut in the bottom of the firepan
starting'IB%" frbmwthe flash wall (because of the existing center
draft port) and gﬁides.were applied outside of pan to allow faa ™
fire bricks (15" x 84") to slide on inmdividual steel plates so.that an
air port ofv8~5/8" x 134" could be moved along center of firepan in
increments of 8iv,

Trials were made of various combinations of burner tilt, burner
port size; atomizer pressure, bottom opening location, together with
different combinations of side air port siies, without any notable
success in avolding smoke or carbon, |

At the-slpouna rate it was possible to obtain a clear stack
using bottom 6pening in second position from the rear with both side
air ports partly restricted. At the 15 pound rate this same posi-

tion of the bottom opening gave the best results; which were not
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sufficiently satisfactory to warrant regular test runs of this arrange-
ment ., "

At the low rate using the fourth and fifth positions from the
rear for the bottom open'ing, there was relatively little drumming.
The stack was clear with some puffs of #1 Ringelmann smoke. The
r.ire‘ extended only a short distance from the burner before turning up,
leaving the ma jor portion of the firebox bare of flame. |

Undesignated trial was made with 8" nozzle. and 5/8" x 3" basket
cross 8plit using hopper and draft ports in the burner wall together
with various combinations of four and six rear side draft pe_rts.
Burner was elevated so that the bottom of the burner was a ppréxi-
mately 21" from the bottom of the firepan, measured outside of pan.
An air opening was ecut in the front end of firepan at the oenter,
starting 24" above bottom of pan, measured outside. Th.‘a air open—
ing was 11" high and 27" wide, surrounded by a short sheet metal
hopper with a damper over the front opening, hinged at the top for
controlling air supply.

At a low stéaming rate an apparently execellent arrangement was
obtained with the front hopper slightly open and the rear port on
right and left side open with & restriction at the top of about Bel?
the height of the port. With thia combinpation the fire was steady and
there was no carbon or smoke.

At the high steaming rate, however, no satisfactory arrange-
ment comld be found, and difficulty was experienced in maintaining
full boiler pressure. Any opening of the front hopper damper except
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a very small one caused fire to lift away from bottom of firepan,
excessive smoke, drumming fire, and smoke out of the firebox ports,

Undesignated trials were run with the 8" nozzle with 5/8" x 3¢
basket eross split using the several possible combinations of four
side ports, two on each side of firepan@pther-arrangembntb;éanhaobberv-
ing the effect with and without the front pair of side draft ports
open., The two forward ports on each side of firepan were in accord-
ance with Pig. .4 =403 and the two rear ports on each side were
in accordance with Pig. 4 = 41, The standard center bottom hopper
was blocked off. The 1lip of the o0il burner was 17" above top of the
fioor brick, The burner port was 8" wide by 7" high and the burner
wﬁs tilted down considerably, having been set by atanizer steam with
no fire,.and the steam directed at the lower part of the flash wall.
With this setting, the burner 1lip was about 2" above the bottom of
the burner port, inside the firebox.

With most combinations, the fire was lifted too high in the
firepan, Use of the four rear ports gave the best results., It was
fouhd that slightly blocking the lower edge of the forward pair of
these rear ports tended to lower the fire in the firepan, and when
the bottom half of the two rear ports was also blocked off, it was
possible to obtain a clear fire with no smoke gt the 15 pound wye
pipe pressure. This arrangement was not run at any other steam rate
and it is questionable whether any practicai arrangement could be

devised to duplicate this performance without extensive trials,
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At the end of these trial runs there was'a.deposit of carbon about
5" thick on the flash wall, starting\lZ" above the bottom.

Undesignated trial was. made w;tﬁ 5/8" x 2" basket cross split, 8¢
nozzle and round bottom firepan equipped with two side air ports per
Fig. 4=35, each set 102" ahead of the flash wall at about stendard
height,<qsing open top draft chutes and standard glare shields.
Burner 1ip was 17" above the fire brick on the firepan floor, and
burner tilted down. Wye pipe pressures tried were 5, 9, 13 and 17
pounds, The fire was quiet and did not drum except when the standard
.center hoppq# was opened. Air from the center hopper was detrimental,
causing smoke to.darken, drumming, and driving some smoke out of fire
door port, When center hopper was closed, the fire was smooth and
white; stack clear with puffs of light haze. The@tempefé;ﬁrés ﬁ“jﬁ
at water side of fire door sheet were lower than usual. When flues
were sanqed at end of the 9 pound wye steam rate, relatively little
soot came from the stack, | _

During the trials the center hopper damper was opened, permitting
observation of the flash wall., There was some carbon, mostly in a.
vertical line on the flash wall, The center hopper was opened
slightly»and mgoh of the carbon burned, and evidently some more burned
at the 17 pound rate as little remmined at end of test.

At the 17 pound rate, manual firing was tried. The boiler pres-
sure Wasﬁallowed to drop back to 220 pounds, then the firing rate

was increased to bring boiler pressure back to normsl, This increased
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the smoke density to #1 Ringelmann with some puffs of #2 Ringelmann,
While it appears that this arrangement was quite good it did not

steam quite as readily as the last standard arrangement tested with

the 8" nozzle and 1/2" cross split., For this reason regular tests

were not run,

Fig, 4=83 - Test FDT 1-B, with 8" nozzle, T&NO 3/4" cross split,
133" stack height, basket spark arrester, no sand e jeetor, T&NO
standard firepan and oil burning arrangement.

Four 1/2 hour tests were run at wye pipe pressures of 6, 10,

15 and 19 pounds, using atomizer pressures respectively of 20, 22,
30 and 63 pounds., The baffler door damper was set at 3" open.

At the 6 pound rate the fire drummed when the bottom damper was
closed, It was set at 7 chain links or wide open for the test. Color
from stack was clear. There was a little flame intermittently out of
the burner port apparently due to light periodic drumming.

At the 10 pound rate there was medium drumming, some flg_me from
burner port, and a clear stack. Bottom damper was open _6 links,

At the 15 pound rate there was a little light peri cdic drumming
and some flame from draft and burner ports. - The stack was usually
clear, with puffs of smoke of about #1/2 Ringelmann, Bottom damper
was open 6 links.

At the 19 pound rate, the bottom damper was opened wide. The
fire drummed at medium intensity, with a 1little flame out of draft
.and burner ports, Stack was clear to slightly hazy in puffs. A
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layer of carbon about 4" thick, extending out about 18" from the
flash wall on the right side of fi:napan above the bottom draft port,
had accumulated during these test runs,

Firebox door sheet temperature at water side, thermocouple loea-’
tion No. 4, was higher than any previously noted, the pyrometer indi-
cating up to 525° F at the high rate. _

Excess air ran from 47% at the low rate to 26% at the high rate,v
The fuel used for this test was somewhat lighter than aversge, weigh-
ing 86189 pounds per-gallon. | '
Fig. 4-8h - Test FDT 1-V, with 84" nozzle, 1/2" cross split set with

lower edge 3/8" below nozzle top, 'T&NO sand ejéctor, no spark arrester,
T&NO firepan and oil burning arrangement. 4 7

Tests were run at wye pipe pressures of 5, 10, 1k, and 17 pounds,
with atomizer pressures respectively of 12, 20, 32 and 37 pounds.

At the 5 pound rate the bottom damper was opened 6 links to mini-
mizé drumming and opening the fire door butterfly damper to 5" appeared
to reduce further the intensity of drﬁmming and c¢olor from the stack.

At the other tést settings the butterfly had to be closed to 33"
to keep fire from fla.;shing out of burner port and bottom draft port,
Awith bottom damper open 7 links,

Atomizer pressures had to be low to minimize drumming but it was
necessary to increase pressure at the higher rates to redtice the color
from the stack. .

Color of the smoke was clear to hazy at the lower rates, with a

tendency to darken at the higher rates, becoming about #1 Ringelmann
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with somewhat darker puffs at the 17 pound rate.

Carbon at the end of this test was about 4" thick on the bottom
and sloping sides of the firepan and extended from about the center
of the pan back towards the bottom draft port and flash wall.

Fig., L=-86 - Test FDT 2-V., With same arrangement as FDT 1-V except

“that a piece of 52" OD flue sectioned lengthwise was applied along
lower edge of the burner port to provide & rounded approach for the
purpose of increasing the amount of air flowing around the oil burner;
a similar piece of flue was applied to the lower edge of the upper
front vertical plate of the bottom hopper to smooth the alr flew
through the fixed front draft opening. |

Tests were run at 5, 10, 14 and 17 pound wye pipe pressures,
using 20=50, 59-69, 60 and 84 pounds atomizer oressure respectively.

At the low rate the fire door butterfly damper was set 2" open
and.center damper was closed; at the 10 pound rate the butterfly was
opened 3%™; at the 14 pound rate the butterfly was set at 23" and
bo ttom damper opened 3 links; at the 17 pound rate the butterfly was
_left at 2" and the center damper opened 7 links, :
| The fact that the atomizer pressures were higher than on pre-
vious FDT tests probably accounted for the carbon which accumulated.
on the flash wall, A knob of carbon extending out about 12" from
the flash wall remained at the end of the high rate. _

Fire was quiet at the low rate with no flame out of burner port;
color from stack was clear at start, density increasing to about #1

Ringelmann before end of rate, Drumming was medium at the interme-
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diate rates and heavy at the high rate, driving 3 to 6" of flame
veriodically out of burner port, and below edge of front hopper port.
There was heavy haze from the stack with some darker puffs, Excess
air ran from 313% at the low rate to 163% at the high rate.. Uﬁdesig-
nated test was made with same arrangement as FDT 2=V except that the
T&NO sand e jector had been removed., Water from the feedwater heater
pump entéred the boiler through the top spray check instead of through
the standard side check.”

Fob.r tests were run at 5, 8, 12 and 16 pounds wye pipe pressure,
with atomizer pressures of 60, 41, 34-50 and 82 pounds respectively.

Fof the 5 pound rate, the fire door butterfly damper was set at
2" Aopen; bottom damper 3 1inks open., There were infrequent intervals
. of‘ msdium drumming. Stack was clear with puffs of #1/2 Ringelmann
smoke ,
‘. For the 8 pound rate the butterfly damper was 2" open, bottom
damper 3 links open. There was medium to heavy periodic drumming,
foreing flame about 6" out of burner port and some below bottom draft
ring. Stack was clear with puffs of #3 Ringelniann and darker smoke.

For the 12 pound rate the butterfly, damper was 24" open and |
bottom damper open 5 links., Smoke, drumming, and flame out of ports
were about the same as for the 8 pound rate,

For the 16 pound rate, the butterfly damper was ‘open 34"; bottom
damper 7 links open. Drumming was medium, with the fire periodically
’lashing about 6" out of burner port. Staclk was c¢lear with puffs of #1

Ringelmann smoke. There was apparently less smoke during these tests
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than during tests FDT-2-V with sand ejector and side boiler cheeck,
however the difference was small,

There was about 8" of carbon remaining on flash wall after
these runs,

Fig, 4-87 - Test FDT 2-W, with same arrangement as FDT-2-V exeept

that the T&NO sand e jector was removed and engine equipped with
_an 8" ﬁozzle and a 5/8" x 2" basket eross split.

A series of tests were rn at 5, 8, 11, 14 and 17 pound wye
pipe pressures, using atomizer pressures of 24, 37, 41, 50 & 4O-
49 pounds. 3

The fire door butterfly was open LA" for the first four rates
and 34" for the 17 pound rate, The bottom damper was closed for
the first two rates, and open 2, 4 and 6 links respectively for
the three high rates.

Drumming'was light at the low rate increasing to medium and
heavy continuous drumming at the 17 pound rate.

Fire was visible below the bottom draft ring and periodically
3" to 12" of flame flashed out of burner port.

Stack indicat ions were usually clear with some puffs of slight
héZe° At the 17 pound rate the puffs darkened to #1/2 Ringelmann
with éone #1 Ringelmann smoke., |

8” of carbon remained on the flash wall at end of test runs,.

Excess air ranged from 34.7% at the low rate to 25.3% at the
high rate,

- 82 -



Fig. 4=-85 - Test FDT-1l-X, with same arrangement as FDT-2-V except

that there was no sand e jeetor, and bottom edge of the i" cross
split was set 1/8" below the top of the 8%" nozzle; the rounded
approach to burner port and to fixed draft opening in the hopper
were removed.

The test series were run at wye pipe pPressures of 5, 9, 13
and 16 pounds, Atomizer pressures were 20 pounds for the two low
rates, 40 and 48 pounds at the 13 pound rate, 80 pounds at the
high rate.

At the 5 pound rate, color from stack was clear., Drurmming of
fire v&as fairly heavy. Bottom damper was shut and fire door
butterfly. damper..'open k2", The bottom hopper was red hot on each
slde near connection with firepan. Excess.airp was 23.8%.
| At the 9 pound rate, color from stack was elear to slightly
hazy. Drumming of fire was of medium intensity. The bottom
dampei‘ was open 3 links and butterfly damper was open 34", Excess
~air was 25,3%.

At the 13 pound rate, color of smoke was clear to #1/2 Ringel-
mann, increasing in density to #1 Ringelmenn between peribds when
flues were sanded. Drumming of fire was fairly heavy. The.bottom
damper was open 5 links and butterfly damper open 3", Excess air
was 20.9%.

At the 16 pound rate, color of smoke varied from clear to #1

Bingelmann, increasing to #2 Ringelmann between sand ings of flues.
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Flues were sanded approximately every 10 minutes. Drumming of fire
was medium heavy. Bottom damper was. open 6 links of danper,chain;
butterfly damper.was open 3i", Excess air was 18,3%. |

Drumming caused fire to flash out of burner port from 4" to
10" at the various firing rates, and was visible.moéf of the time
6" to 8" below. bottom draft ring. At the end of these tests there
was a little carbon on the flash wall, and a trace on théubrick
work at the left side of the bottom draft port. Ga:boh.wasiébout
4" -to 6" thick at the bottom right corner of the briokﬁérk'ét side
of and extending-a little ahead of the bottom draft port and to
about 12" up. on the side brickwork above bottom port,

Preliminary Tests - Steam Air Jets: In order to detemine

those combinations of five steam air jets on each side of firepan,
which would Jjustify more extensive testing, preliminary trials were
made using Battelle recommended steam air jets., These devices have
been extensively used on coal burning locomotives by other rail-
roads to combat smoke conditions, particularly in eastern or mid-
western cities where air pollution ordinances are in effect.

These "pllot™ runs were made with 5 lbs., wye pipe pressure,
8%* dia. nozzle, and 4" standard shape cross sp;it with bottom
edge 1/8" below top of nozzle, T&NO oii burning arrangement and
firepan were standard other than application of steam air jets as
shown on Photos. 4=23 and 4=2), Neither spark arrester nor sand
éjector were used in this test.

In order to indicate various combinations of steam air jets

e xplored a method of designation was devised and made a part of
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this report.

Arrangement of : R0 0 0 0 0 Smokebox
Steam~air jets.: L OO 0 00 or front end of ——>
Jot. Designation: A B C D E .Locomotive.

Note 1l: Unless designated by R or L letter designation of Jet refers
to both left and right steam jets in operation.

Note 2: Unless otherwise noted, those jets not mentioned have air
opening clear but no steam through jet,

Steam Pressure

Arrgt. No, Jets at Jet (Psig) A Observed Data
1 Jet E 150 1b, No, 3 smoke - cleared at 10 1b, atom-
B izer, )
2 Jet E 200 1b.  Bottom hopper red hot - Opened bottom
| " damper, o B 7 )
3 Jet B 100 1b. _Stack clear - few puffs of slight haze.
' Jet D L 100 1lb, "Exhaust Nozzle Press, 3.8 1b;
, D R 80 1lb., = Firebox Draft 2,3"; Smokebox Draft
B. 100 1b, 5¢3"; clear stack, Butterfly open 2%,
| fire out of front end of hopper.
5@ 9:55 Jdet C 50 1b, Exhaust Nozzle Press., 4.0 1lb; Fire-
AM D 100. 1b, box Draft 2,6"; Smokebox Draft 5.8";.
E 100 1b. Hopper damper wide open. Stack clear,
, Fire out of front of bottom hopper
and about 4" out of burner port.
6 @0:01 Jet B 50 1b. Exheust Nozzle Press. L.l 1b; Firebox.
AM C 50 1b,. Draft 2,3"; Smokebox Draft 5.7%"; atom=-
D 100 1b, = izer 12f, Hopper wide open, Butterfly
E 100 1b. . open 2", Fire out of froant of hopper,

and hopper red hot, sides and front.
Two or three inches of fire out of
burner port,

7 @ 10:10 Same as 6 above. Bottom damper closed; atomizer 44 1b.
. Exhaust Nozzle Press. 4.1 1lb; Firebax

Draft 3,.,3"; Smokebox Draft 6.3",
Hopper cooler but still red hot. Staek
clear at first, then No., 1 smoks, '
Sanded flues 10:15, stack clear fol-
lowed by increasing haze No. % to No.
1l Ringlemann smoke.
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- ~{eont'd

Steam Pressure
Jets at Jet (Psig)

8 @ 10:30 All jets 50#

9 @ 10:45 A 50#;

10 @ 11:00

11 @ 1l:02

12 @ 11:06
13 @ 11:09

1, ell1l:10

15 @ 11:25

BC 100#;

DE 504

BC 100#
E 150#

;5

A 50#; BC 100#;

D 50
A,B,D 50#
A 100#

All steam jets
shut off

BC 100#

Observed Data

Ko Tire out of burner port, but some

below edge of hopper front port.

Bottom damper closed; atomizer 20 1lb,.
Exhaust Nozzle Press 4,25 1lb, Firebox .

. Draft 4,0"; Smokebox Draft 7.2"; sanded
@ 10:40,

Stack clear to No. % Ringelman
Fire drummed lightly. Fire again out of
front bottom port and through leaks
around top of hopper. Hopper red hot.
Smoke appeared at back of hopper.,

0il on frame back of hopper began to -
smoke, Opened bottom damper 2 links., -
Exhaust Nozzle Press 4.l 1lb; Firebox
Draft 2,5"; Smokebox Draft 5 5n,
Atomizer 20 lb; smoke clear to é Rin-
gelman in puffs. Hopper c¢ooler but
remained red hot with steady flame
blowing 6" below front edge of hopper
port, on inside of hopper. Fire quiet,
No fire out of burner port.

Too much smoke,

Firebox Draft

Exhaust Nozzle Press 4.l#;
". gtack clear

2,8"; Smokebox Draft 5 9
to puffs of slight haze,

Hopper red hot; oil flowing into hopper
at front. Stack clear.

Tried to effect a setting to 1ift fire
at back of pan.

Stack celear to very slight haze in puffs,
Exhaust Nozzle Press .4.0#; Firebox Draft
3.0"; Smokebox Draft 6,0™; Dripping oil
at front of bottom port stopped. Bottom
hopper remained red hot; bottom hopper
opened to 6 links; atomizer 39 1b;
Firebox Draft 2, h"' Smokebox Draft 5 6"

Just prior to changing burner angle to
3 degrees above level.
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Steam Pressure

Arrgt No. Jets at Jet (Psig) _Observed Data
) 8 I1:30 & =~ 100% " Thanged burner angle to 3 degrees

above level. Ringlemann #5 smoke.,

17 @ 11:35 B,C,D 100# : Changed burner angle to 1 degree

above level, This position main-
tained for duration of remaining trials.

18 @ 11:36 A 11 Atomizer 39 1b; No, 1 to No, 2 smokeo
_ B,C 10 2 buckets of sand through flues,
19 @ 11:42 A,B,C 100# Bottom damper open 6 links; butterfly

20 @ 11:45 A,B 100§

‘open 3"; hopper cooled below red heat.
2" of fire periodically below front edge
of hopper port. Stack No., % to No. 1R.

on R sideSmoke No, 1 R.

A,B,C 100# on L side
21 @ 11:50 Same as #20 e%s" .. Exhaust Nozzle Press 4.0 lb; Firebox
cept Jets:E ', . Draft 2,2"; Smokebox Draft 5 2"; smoke
partly blocked o .8light haze to #2 Ringelmann.
off or ghut,
22 @ 11:55 A,B 100# right; Exhaust Nozzle Press 3,9 1lb;
A,B,C 100# left side; Firebox Draft 2,2"; Smokebox
D,E partly blocked Draft 5,1"; smoke No, % R; as-
shut. bestos board blocks used on air
gets opened up on R side to about
.open, Hopper not red hot.
23 @ 12:02 A 1004 Bottom damper open 6 links; butterfly
B 753 open 3"; Exhaust Nozzle Press 3.9 1lb:
G 504# , Firebox Draft 2,3"; Smokebox Draft 5,2%;
D,E blocked + *.,atomizer 38 1lb, Smoke slight haze with
 shut, #1 Ringelmann puffs. Sanded flues at
. 12:10; tried atomizer from 50 1lb; to
80 1b and set on 60 1b at 12: 11; E port
on R side % open acecount block slipped°
tack clear with puffs of No. % to
1l R smoke., No fire out of burner port
and very little visible below front
edge of bottom hopper.
24 @ 12:15 A,B,C 50#; Exhaust Nozzle Press 4.0 lbe Firebox Draft

D,E blocked shut .2,4"; Smokebox Draft 5.2%; at omizer 60 1b.,

(D partly open on Kk Dampers unchanged. Smoke slight haze to
side) 2 Ringelmenn,
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, ) Steam Pressure
Arrgt No.,.'Jets at Jet (Ps
PN A Y 5 (]
D, E blocde shut ;
(D partly open on R
side)

26 @ 12:40 A,B,C o# -
Eb air jets blocked.,

27 @1:00  A,B 50#
~8ll tubes open

28 @ 1:09 © A 50#

29 @ 1:18 Steam jets shut off;
all tubes.open.,

30 @ 1:29 D . 103;
‘ E 50# Righ
side

80# Left
side
31 @ 1:33 D 100#; E 200 #

32 @1335 D 100#

Observed Data
- Butterfly demper opened wide tO
reduce smoke,

Exhaust Nozzle Press 8.8 lb; Firebox
Draft 7.2"; Smokebox Draft 12,.7%;
atomizer Qé 1b; bottom damper closed;
Butterfly open 3", No fire from
burner port, but some below front
edge of bottom port, Smoke No, % to
No, 1 R, A%t 12: 58 very slight haze
to No. % R.

Exhaust Nozzle Press 9,9 1lb.; Firebox
Draft 7.5"; Smokebox Draft 13.8";.
atomizer 104 lb; bottom damper elosed°
Butterfly open 2%, Smoke #1 Ringel-
mann,

Exhaust Nozzle Press 10.1 lb; Firebox
Draft 7.6"; Smokebox Draft lh 3
atomizer. lOA 1b; bottom. demper shut ;
Butterfly open 2"; moderate drumming,
Smoke No. 2 to No, 1 Ringelmann,

;Exhaust Nozzle Press 10,1 1lb; Firebox

Draft 7.8"; Smokebox Draft 14 1n; ‘
moderate drumming, ‘sanded flues at 1(22°
atomizer 104 1b; changed to lower i %
pressure then back to 102 1b, at

1:25, Very slight haze to No, 4 R

in puffs.

No, 2 smoke,

t

» No., 2 smoke,

All air tubes open, Slight haze (Nb )
Ringelmann in puffs at times) stack
practically clear periodically. No
flame out of burner port, but extended
3" below front edge of hopper port.
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o : Steam Pressure :
Arrgt No.. Jets -at Jet (Psigl Observed Data
32(Cont'd) At l 4,0 Butterfly open 1"; bottom
damper closed; atomizer th 1b.

33 @1:41 C,E 1007Right side; Exhaust Nozzle Press 10.25 lb; Fire=-
D 100#Left side; box Draft 6.6"; Smokebox Draft 12. gn;
- all tubes open. atomizer 100#; Butterfly open 3";
‘ ' bottom damper closed; No. 1/2 to No.
1 Ringelmann smoke 1n puffs. No fire
out of burner port but extended 2%
below front edge of hopper.

34, @ 1:50 C,D 100# Exhaust Nozzle Press 9.5 lb; Firebox
‘Draft 6.4"; Smokebox 12.2". Bottom
damper closed Butterfly Damper open
3": sanded at l 54L. Atomizer 100 1b.
After sanding, Exhaust Nozzle Press
10.1 1b; Firebox Draft 6.6"; Smoke=-
box Draft 12.77.

N 100#Right side Exhaust Nozzle Press 10.2 1lb.; Fire-
,D 1007#Left side box Draft 6.6"; Smokebox Draft 12.9",
Smoke No. % to No. 1 Ringelmann.

36 @ 2:06 B,C 100#Right side Trial only. No data obtained.

35 @ 2:00 B
C

37 @ 2:07 B,C 100# No. 1 plus Ringelmann smoke. No other
data obtained.

38 @ 2:09 B,C . 100#Brick in No. 2 smoke. No other data obtained.
‘ E _ ’
39 @ 2:15 B,C 100#;Brick in No. 2, then No. 3, plus smoke.
' E

Brick in D Right ‘
. side only.
L0 @ 2:18 A,B,C 100# Right side; Smoke No. 3 to No. 1 Ringelmann
Brick in E both periodically.
sides
L1 @ 2:22 Same as 40 except Exhaust Nozzle Press 10.0 1lb. Firebox
closed Butterfly from Draft 7.2"; Smokebox 13.5". No. 1
3" open to 2" open to No. 2 Ringelmann smoke,
L2 @ 2:28 A 150 Smoke No. % to No. 1 and some No. 2.
' B 125 Ringelmann.
C 100

E Blocked closed.
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Steam Pressure

Arrgt No, Jets at Jet (Psig) L Observed Data
L3 @ 2333 Same as 42 except that Hopper became red hot on 1B Ft Side &t

front port of bottom the connection with firepan. No., 1 to
hopper was closed by No. 2 Ringelmann smoke. Exhaust Nozzle
a board which left an Press 10,25 1lb; Firebox Draft 10.1";
opening about 1" x 8" Smokebox Draft 16,1". Sanded at 2:38.
on Right side., After sanding, smoke No, 1 to No, 2

. . . Ringelmann, .

L @ 2:43 A 150#; B 125#; C 100#; Trial only. No data obtained,
D 50#; B blocked closed.
Hopper front blocked
same. as 43,

45 @ 2:45 Same as L Bottom damper open 2 links, Butterfly
... . damper open 3 3/4L". Atomizer tried

from 64 1b to 124 1b and set on 98
lb. At 2:49, 6losed bottom damper,
Tried Butterriy damper on closed
and 5" open; set on closed at 2:51.
Tried atomizer on 140 1lb, and set
on 83 1b, Stack elear to very slight
haze in puffs.

L6 @ 2:59 A,B,C,D 150# Atomizer 100 1lb; sanded at 3:00 pm., .
E blocked; Butterfly Atomizer 104 1lbj Exhaust Nozzle Press
and bottom damper ~* - 10,2 1lb; Firebox Draft 1ll"; Smokebox
élosed, Bottom fromt Draft 16.5", Slight haze at stack.
port blocked.

L7 @ 3:07 A,B,C,D 150# ) Trial only. No Data obtained.

48 @ 3:10 A,B,C,D’ 140f E 50# on Smoke about No. 4 Ringelmann, No
Right side; ABCD 150#; other data obtained,
E 100# on Left side.,

49 @ 3:15 Same as 48 except E |

. - 100# Rizht side- . Smokd % Ringlemann, plus, No
' T " other data obtained.
All arrangements after and including 43 had hopper froat port

blocked c¢losed, except for the 1" x 8" open slot from center to
Right side of hopper. Burner at 10 tilt, approximately, after

#17. |
3:17 Closed throttle,
3:18 Removed block from front bottom port and set C on LO#.
3?19 Shut jets off.
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Block of carbbn about 6" thick at center was fourd®n floor pan ahead
of bottom port, with about 8" clear space from bricks on R side am L"
clear space from bricks on L side. It was estimated that carbon ex-
tended about 16" lengthwise of pan.

Undesignated trials were Tun using same arrangement as for FDT-1
=X, .except that firepan was equipped with 10 Battelle steam air Jets.
The bettem.draft _port was bricked closed. The four rear steam air
jets on each side were used and the front pair Plugged. - '

| Wye pipe. pressures were 5; 9, and 13 peunds.

At the 5 pound rate, atomizer pressure was 64 peunds, steam
pressure to air jets, 100 pounds, Butterfly damper 2" open.: The
_ fire was quiet and stack clear. Exoess air, 23.1%

At the 9 ponnﬂ rate, e$9m4zer“pressure was 102 pounds, steam.
pressure to air jets, 150 pounds,. butterfly damper open 4", The fire
was quiet. Color ffdm.stack,‘clear, with seme.elight haie in pufrsf
Excess air, 18.4%. o

There was light drumming of the fire at the 13 pound rate with
atomizer pressure of 137 pounds. Adjustment of steam-air jets and
Bﬁtterfly damper was not chenged. Color.from stack was-clear-to very

slightly bazy. Bxcess air, 15.3$.>
| Following this, a 18 pound wye pressure rate was sét up for ob=-
servafien. Butterfly demper and steam jet pressures were not ohanged.
Atomizer pressure was 133 pounds., Fire was quiet. There was very
slight haze from the stack, Excess air, 15.3%. _

Following the 5 pound rate, steam to the steam-air Jets was ocut
off, Except for a slight increase in haze there appeared to be little

>

ehange in performance,
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When changing to the next higher rate, steam jet pressui'es on the
left side were‘set at 100 pounds; on the right side were le ft at zero
pounds for a short time. This arrangement caused dense smoke and drop
in boiler pressure to 185 pounds.

There was no carbon visible in firepan at the end of this series
of trials, . )
Figs. 4,-88 and 4-106 - Test FDT-3-Y, with 8" nozzle, 3" x 3" basket

éross split, no spark arrester or sand.ejector, T&NO firepan aml oil
burning arrangement., Firepan was equipped with 10 Battelle steam air
jets, with the second and third from front on each side in operation
and the others bricked elosed.

BN

A series of tests were run at 5, 8, 11 and 14 pounds wye'pip_e
pressure, Atomizer pressures were about 80 pounds for the two low
retes; 100 and 140 pounds for the two high rates. Steam pressure
to the steam air jets was 150 pounds for the first 3 rates and 160
boundg for the high rate, |

The bottom damper was closed, except for about the last 20 minutes
of the 8 pound rate when damper was opened l-link because hopper was
red hot on the sides near the top. The hopper remained at’ reé. heat 'en
i.he ieft side during the 11 and 1k pound rates. . The Buﬁterfl;y deamper
.was oper 3" for the two low rates, and 6" for the‘two high rﬁtes. The
hopper front port was open for all except the 14 pound rate, at which
rate it was covered.

The fire was quiet at low and high rates, with light to medium
periodie drumming at the intermediate rates. Excess air at the high
rate was 11.2% with very slight haze from the stack. Color from the

stack was clear to slightly hazy at lower rates.
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Fire appeared 6" below edge of front hopper port and periodically
127" out of burner port at the 11 pound rate; 2" below edge of front
hopper port at the glpound rate, but did not flash out of either port
during the high rate.

There was no carbon in the firepan at the end of this test series.

Figs, 4,-89 and 4-107 = Test FDT = 4 =Y, with 8" nozzle, 3" x 3" basket

eross split,. 132" stack height, no sand ejector or spark arrester;
the T&NO firepan and oil burning arrangement except for application
of five 5%"-.0,1)° draft. flues on each side of firepan close to floor,
starting 3-3/4" ahead of front face of flash wall, Oil burnmer port
was 8" x 83", |

Four tests were run at 5, &, 11 anmd 14 pounds wye pipe pressure,
using atomizer”pressures ranging from 4O to 100 pounds, Fpont hopper
port was closed. Butterfly damper was open 2" at the low rates, 23n
- and h%”,at the two highrates. The bottom damper was cleéed for the
low rate, open 3 links for the 8 pound, 4 links at 11 pounds aml wide
6pén at the 14, pound rate,

Theifire was quiet with some light drumming which increésed at
the high rate., It was necessary to sand flues frequently.

Although preliminary trials of this arrangement indicatqd good
possibilities, during ttese tests the color from the stack was #1/2
Ringelmann increasing to #1 Ringelmann and sometimes darker smoke at
the two high rates, o

Undesignated trials were made using the same arrangementvas FDT-=
L-Y except that the five 54" 0.D. side draft. flues on each side of
the firepan were replaced by 4L0-2" ID draft tubes on each side, a
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total of 80 tubes arranged in 8 vertical rows of five tubes each per
side. The lowest row of tubes had centers located 2" above the floor
brick., The back row of tubes had centers located 43" ahead of flash
wall, Horizontal spacing was 4=3/4L" between centers of tubes; ver-
tical spacing, 3" between centers,

Using the 8" nozzle and 1/2" x 3" basket cross split, a 5 pound
wye pipe pressure rate. was set up., Carbon formed rapidly at the
lower and rearmost side draft tubes and at certain atomizer pressures
1_arge volumes of smoking oil would spray out of the tubes in_this
area,

- Blocking plates were applied to cover some of the fo rward tubes
but carbon still formed rapidly in some of the lower rear draft
tubes on the left side, in spite of the fact that thesg were fre-
quently cleaned, ;

After some time, however, the visible formation of carbon stopped
and all holes remained clear with blocking plates removed and all side
draft tubes in use, Thereafter, many combinations of bottom demper
and Butterfly damper settings were tried with different atomizer
. pressures, but the stack could not be cleared beyond what it was
with.fhe standard T&NO drafting arrangement.

The steam rate was then raised and further trials made of the
various draft adjustments with no benefits observable for these
arrangements as compared with many others tried in past tests.

These trials indicated that relief from carbon formetion, drum-
ming, and other undesirable characteristics of firepan arrangements.

is not assured by the application of multiple small side draft tubes
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to the T&NO firepan, and further, that an application of this kind
would not permit use of an exhaust nozzle relatively as open

as an 8" nozzle equipped with a 1/2" x 3" basket cross split in
road service,

Figs. 4-90 and 4-108 - Test FDT-5-X, with 8%i" nozzle, %" cross split

having bottom edge set 1/8" below top of ﬁi‘ff‘zzle, 134" stack height,
no spark arrester or sand ejestor, T&NO frirepan and oil burning ar-
- rangement with roilowing modifications: . Firepan was equipped with
-an American Arch Company design Dutch 'Téver; there were two hori-
zontal rows of eight %:mdmetubes in each side of firepan, with
horizontal center line of lower row 8" above floor brick in firepan
and '6" between centers of the two rows. Vertical centerline spacing
was 4=3/L", starting 44" ahead of flash wall for tube centers. One
half ﬁrick was laid in the burner port to prevent oil.from running
out of bottom of. port which was 84" high by 9" wide, effective area,
The St, L & S.W. 3" burner was applied centrally in burner port
with the 1ip extending 2" beyond the inner surface of the firepan
sheet containing the burner port, Pressure of steam to atomizer was
taken ét the burner. in place of near the oil burning manifold, to
agree with St, L, & S.,W, practice,

Four tests were run at wye pipe pressures of 17, 13, 9 and 5
pounds; atomizer pressures at burner were respectively 20, 16, 17
and 18% pounds, The bottom damper was open 6 links for the 17 and 13
pound rates, and 7 links for the 9 and 5 pound rates, The Butterfly
damper was open wide for all rates except the 9 pound rate and for

“tie Tirst 10 minutes of the 5 pound rate, when it was 2" open,
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Color from the stack was slightly hazy with. pﬁ'fs of about No, 1
Ringelmann smoke at the 17 pound rate., For the other rates color from .
stack was clear to slightly hazy, with some puffs of #% to 1 Ringel- .
mann smoke. Stack became clear at the 5 pound rate when the Butterfly
damper was wide open. The fire was quiet for these tests, ‘

The carbon on the flash wall at the end of these tests was 10"
thick and there was some carbon on the lower sides of the Dutch oven.
There was no tendency fbr fire to flash from burner port, and bottom
hopper remained relatively cool, Dutch oven and brickwork appeared
to be quite hot over an hour after shutting down,

Figso 4=~91 and 4=-109 - Test FDT-6=X, with same.arrangement as FDT-5-X
except Dutch oven had been shortened '9‘", and the corner of the brick-
woi'k at exit of the oven had been rounded off to a A" radius,

Four jo minute tests were run at wye pipe pressures of 17, 13,

9 and 5 pounds, using atomizer pressures respectively of 41, 34, 36
and 20 poﬁnds at burner., The bottom damper was open 7 links for the
three high rates and 5 links fc'br the 5 pound rate, The Butterfly
damper was open 4" and the hopper front port was closed for all rates.

. The fire was quiet during these tests. Color from the stack
appeared clear to slightly hazy most of the time with some indications
of darker puffs although these were obscured by the heavy clouds of
white exhaust-steam due ‘oo atmospheric conditions.

At the high rate, the Dutch oven appeared to be free of fire but
at the lower rates there was progressively more fire in the oven,
which appeared quite hot at time of shutting down. Fire was period-
ically visible at edge of bﬁmer port during the 3 lower rates,
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There was no carbon in the oven at the end of these tests. Carbon
ch the flash wall was irregular, about 10" thick at the maximum. Excess
air ranged from sbout 20 to 38%.

These tests. did not indicate any outstanding benefits from this
type of Dutch oven.,

Figs. 4=92 and 4=-110 - Test FDT-7=V, with same arrangement as FDT = 6=X

except that the 1/2" cross split was set so that bottom edge was 3/8"
below top of nozzle, Dutch oven was replaced by one 27" wide (9% wider
than previously),20" high, and about 40" long, having an arched top
made of wedge shaped brick, There was no spark arrester, but thg

T&NO sand e jector was installed,

Tests were run at 17, 13, 9 and 5 pounds wye pipe pressure, using
atomizer pressures respectively of 30, 28, 20 and 22 pounds at the
burner,

Bottom damper was open 2 links for the 17, 13 and 5 pound rates,
and l‘link for the 9 pound rate, The Butterfly damper was open 5% at
the 17 and 13 pound rates, and 2" at 'the 9 and 5 pound rates, The
hopper front port was closed,

The fire was quiet for all of these rates, At the high rate,
the stack was clear with puffs of haze from time to time, The Dutch
oven appeared to be full of fire, extending to edge of the burner
port, Excess air was about 20% for this rate,

At the 13 pound rate, conditions were similar except thatucarbon
was observed forming on the flash wall, and at end of this rate was
17" thick,

For the 9 pound rate, more of the air appeared to be drawn
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through the oven and the side ports than for the higher rates. At
this;rate and the 5 pound rate, somewhat less fire appeared to be in
the butch oven than during the high rates when the dampers were opened
wider, Fire extended intermittently to the edge of the burner port,
Bricks near the port were brightly hot and some slag drippings ex-

. tended down in thé porto Excess air was about 37% at the low rate

and the stack was clear,

At the close of these tests the carbon on the flash wall
appeared to taper from 2" thick at the top to about 15" thick at
the bottom, It was noted that bottom hopper became very hot when
bottom damper was open less than two links at the low rates,

Figs., 4=93 and L4-111 - Test FDT-8-Z, with same arrangement as

FDP-7-V, except that a 5/8" x 2" basket cross split was applied to
the 841" nozzle, and a 34" SP Pacific Lines standard oil burner was
used; set to point about 14" up on flash wall, with face of oil
outlet approximetely 2" in from outside of firepan sheet.

Four 30 minute tests were run at wye pipe pressures of 16,
13, 9 and 5 pounds, using atomizer steam pressures pespectively of
30, 28, 20, and 21 pounds, The bottom damper was open 3 links for
the 16 pound rate, and 2 links for the three lower rates. Butterfly
damper was open 5" at the 16 pound rate, and was closed 1" progres-
sively for each lower rate, ending with 2" opening for the 5 pound
rate,

The fire was quiet during these tests. The color from the
stack was approximately #3 Ringelmann with some puffs of #l to #2
Ringelmann smoke,
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No unusual conditions developed during these test runs except
that during the latter part of the 5 pound rate the smoke was per-
ceptibly darker and the oil and water rates increased beyond the
usual variation.

At the close of these tests it was noted that an arm ofcarbon
on the left side of the Dutch oven extended about a foot towards
the rear and towards the center of the firepan at about burner
height,

Carbon on the flash wall appeared to taper from a thin section
~at the top to 15" or more near center height of wall,

Undesignated test was made using same arrangement -as FDT=7=V
except that the 3" cross split was set so that bq_p_t.om edge was 1/8"
below top of the 8-1/4" nozzle. There weresi

xbeefl 2" ID draft tubes
open on each side of firepan, arranged in, four horizontal and four
vertical rows., There was a 5" space between floor bricks in firepan
and the center of the bottom row of draft tubes, with 3" spacing
between horizontal center lines of the rows, There was 43" between
flash wall and the vertical center line of the rear row of draft
tubes, with 4 3/4" spacing between center lines of the vertical
rows of tubes., The oil burner was the standard 33" SP type set to
~ point about 14" up on the flash walla Burner. port was 9" x 84"
high, and the bottom draft port was 6" x 191",

Trials were made using wye pipe pressures of 16, 13, 9 and 5
pounds with atomizer pressure of about 20 pounds at the burner,

The engine smoked excessively at the high rate, and the smoke

could not be cleared by any combination of deamper openings and
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atomizer pressure. When the bottom damper and the Butterfly damper
were wide open and the hopper front port was covered, the smoke
density was reduced somewhat.

For the threehlqwer rates; the top row of side draft tubes was
closed, leaving tvéalveZ" ID draft tubes open on each side, in three
horizontal rows., The smoke ranged from #1/2 to #1 Ringelmann at
:the 13 pound rate; and was clear to slightly hazy at the two low
rates, with light drumming of the fire. ,

This arrangement of sidq draft tubes bad appeared to reduce the
amount of carbon on the flash wall in earlier trials but due to
smoking at high rates, it did not merit further testing.

. At the conclusion of these trials, a makeshift changeover was
made to two horizontal rows of the side draft tubes, using the first
and third upper horizontal rows of 2" ID side draft tubes, 8 tubes
per row, and a total of 16 tubes on each side. The other side draft
fubés Were plugged. The steaming rate was again raised to the high
setting., The smoke density appeared much reduced, although there
were puffs of #1/2 Ringelmann smoke periodically and a few puffs of
#1 Ringelmann,

When. these trials were completed, an am of carbon abouw 4" X
2" was observed to protrude from the left side of the Dutch oven
ajl; about burner height, extending diagonally toward the c enter and
rear of the firebox, There was also a deposit of carbon on the
floor of the oven and a piece about 8" thick on the flash wall,
Pigso. 4=-94 and 4=-112 - Test FDT«»_9-=AA; with same arrangement as

FPT-7-V except that the bottom edge of the 1/2" cross split was
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set 1/8" below top of the 82" nozzle, The standard 34" Von Boden oil
burner was used. Burner port was 9" x 84" high and the bottom draft

. port was 6" x 194", There were two horizontal rows of eight 2" ID
draft tubes in each side of firepan, with the center of the lower row
8" above the floor brick in the firepan, and 6" between centers of the
two rows, Spacing of the draft tubes was L=3/L" between vertical
center lines, starting 43" ahead of the flash wall, The front hopper
port was covered.

Tests were run at 17, 13, 9 and 5 pound wye pipe pressﬁres,
using atomizer pressures of 29, 26, 20 and 19,5 pounds respectivelj
at the burner,

For the 17 pound rate the bottom damper was open 7 chain links,
aﬁd the Butterfly damper was open 4", Color from the stack was -
~clear at first with soms slight haze which increased to #1/2 Ringel-
-menn smoke, Excess air was 24%. ) |

For the: 13 pound rate the bottom damper was open 5 links; the
Bu'bterfly damper, 4", Color from the stack was clear with some puffs
of ver:y slight haze which.darkened somewhat as the test progressed.,
Excess air was 32%., |

For. the 9 pound rate the bottom damper was open 3 links and the
Butterfly damper 3". The color from the stack was clear with some
very slight haze, Excess air was 38%0 _

For the 5 pound rate the stack indications were the same as
for the 9 pound rate, The bottom damper was open 3 links and the
Butterfly damper 2", Excess air was 46%.

The fire was quiet during the tests and the Dutch oven appeared
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quite hot. -

Carbon about 8" thick waé observed on the flash wall at the
end of these test runs., There was also some carbon on the lower
right side of the firepan extending from the flash wall about 18"

forward, There was no carbon in the Dutch oven,
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RESULTS AND CONCLUSIONS

Conclusions.
4. Reduction in required draft:

Inadequate atomization of the oil by the Von Boden gravity
flow steam atomizing "drooling" type oil burner necessitates
combustion air entering the firebox at sufficiently high velo-
cities to assure high turbulence and the consequent breaking up
and intermixing of the deficiently atomized oil with the air.

For this reason, air ports must be more restrictive than
desirable and any appreciable enlargement of exhaust nozzles,
beyond those currently used, to secure an increase in cylinder
power output is precluded by the requirement of high firebox
draft.

This conclusion is borne out by the combustion performance
with the two extremes in the degree of turbulence in the firebox,
namely, the minimum turbulence during tests with the Battelle
design elliptical approach draft castings and the high state of
turbulence with the Battelle design steam-air jet draft arrange-
ment . _

b. The comparative performance of the Pacific Lines and T&NO
Lines firepans can be explained on the basis of conclusion nan,
that is, the lower entering air velocities with the T&NO air
openings.

The T&NO draft arrangement for GS=1 class locomotives has
available air openings totaling 600 square inches versus 390

square inches, on the same basis, for Pacific Lines drafting.
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The normal effect of larger air openings 1is lower firebox draft
and lowered velocity of the entering air with reduced turbulence
and intermixing of the combustion air and oil.

With the damper adjustments found best during tests, the
draft in firebox with T&NO arrangement was 33" to 43" of
water lower than firebox drafts during eorresponding tests with
Pacific Lines pan and the boiler efficiencies were 13% to 2%
lower,

G. The "Dutch Oven":

1. Application of the Southern Pacific design, enlarged
"Duteh Oven" improved the performance of the T&NO style fire-
pan in regard to temperatures of firebox sheets, which were
more uniform with the oven, and tendency to smoke which was much
reduced.

2. No definite fuel saving could be_establishgd for the
Dutch Oven but some saving could possibly acerue in service
because of the more uniform temperatures of firebox she ets and
the excellent small fire performance of such burners as the Von
Boden burner with the Dutch Oven. This could be of good advantage
for fuel savings in territory with long descending grades.

3. Use of the Dutch Oven would not permit further enlarge=-
ment of the exhaust nozzle without other firepan modifications.

4L, Use of the Duteh Oven inereased the gas temperatures in
certain rear areas of firebox and those nearer the tube sheet
were somewhat lower compared to arrangement without the oven,

5. The Dutch Oven deteriorated after relatively short ser-
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vice. It appears that this device would matefially increase
maintenance costs due to its poor service life and its relatively
rapid deterioration would increase possibility of road failures
from collapse of arch and blocking of flame path., Aligﬁmenx of
burner and proper atomizer use is very critical with this device
to prevent oil impingement on walls of oven or flash wall,

4. The bottom draft ring illustrated on Fig. 4=36 is superior
to present standard design as it more nearly conforms to normal
air fléw, This feature extends the life of the castings as im-
proved air flow provides for better cooling, The taper of ring
results in interception of less radiant heat, This improved
draft ring tends to maintain velocity of air, and due to its
construetion it is self cleaning. Carbon and fallen brick do
not tend to wedge into casting and reduce opening.

e Invview of the improved service life of bottom draft ring _
on Fig. h~38 the ﬁse of side draft rings more in conrormity to
the designs shown on Fig, 4~35 and 4-37 would extend the life

of the side rings° _ _ '

f. The use of steam-air jets reduced smoke density and carbon
formation with corresponding increase in boiler efficiency and
enabled the employment of lower nozzle pressures through use of
a more open exhaust nozzle, Although these jets wauld enable
the use of lower back pressures than now currently used, the
steam available for use by engine cylinders, would be reduced by
the amonnt of steam required by the jets. Thus the reduction in

back pressure would not be a total gain as auxiliary steam re-
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II,

i)

quirements woa ld be correspondingly increased. If the Jets on
one side of the engine were to become clogged or otherwise in-
operative in road operation, dense smoke and a drop in steam

pressure would result.

Recommendations.
8. Due to the requirements of the present burner for high
velocity air to provide proper combustion, and the possibility
of providing an improved burner with lower draft and air velo-
city requirements allowing corresponding reduction in back
pressure,ha;jor changes to standard firepan should be deferred
until completion of burner tests in the ST-5 series,
b. The standard Pacific Lines round bottom pan should be re-
inforced to reduce sagging by the addition of three transverse
s‘teelnb_r_aces fastened to mud ring passing under and supporting
the firepan, o o

The method used by the T&NO, as shown on Fig, 4=23 1llustrates
this type of bracing 9 exciept that braces should conform with
curva‘bﬁre of . lower portion of firemn,
So Thé design of bottom draft ring shown on Fig. 4=36 is sﬁper«-_.
ior to the present standard desigh and should be used when re=- |
placements are,necesSary, This formof dfaft ring will not bufn |
out quickly as the standard because it intercepts less radiant
heat and is cooled better by the entering air as it conforms
more nearly to normal air flow than the present design. In addi-
tion, it does not cause a low pressure area around the face of

the ring which draws fire from the firebox against this Surface

= 106 =



which results in burning out the ring.
d. From observations and test data, the use of long marrow side
draft ports is not as beneficlal as draft castings. more nearly
square located adjacent to flashwall, On AC class engines, the
side draft casting should be removed and a draft casting similar
to Fig. 4=38 be applied in lieu thereof,
8. The present Pacific Lines firepan and style of bottom draft
casting is not readily self-cleaning, in that taper of casting is
such that, fallen brick, carbon or other debris become wedged in
the opening greatly restriecting effective area. It then becomes
necessary for shop forces to enter firebox in order to clean this
opening and remove extraneous material through the draft caating.
To provide for readily cleening draft easting and bottom hopper
of failen debris and other material, a clean-out door should be
provided at front face of bottom draft hopper, This clean-out
door will permit hopper to be cleaned easily and quickly by shop
forces with.minimnm.delay or effort, The present damper door at
the rear of the hopper is not accessible or readily usable for

cleaning the bottom draft hopper,

The following notes and conelusions are the results of observa-
tion by members of the test staff and are included as a matter of

interest and information:
(1) A lerge proportion of the combustion air entering firebox

through burner wall or adjacent thereto has a deleterious effect on
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thevfire and on the performance of boiler, with the Von Boden type
of burner; causing drumming and smoking despite increase in exbess
air, Presumably this is due to the 0il spray containing an inade-
quate amount of particles fine enough to support combustion without
the benefit of traversing a longer path exposed to the heated brick=
work, and radiation from the fire above.

(2) With the Von Boden burner and modified draft, air directed
over the fire did not improve performance., The overfire air appeared
to keep the flame down, and interfered with its turning at flash
wall, tended to by-pass over the fire, reducing firebox temperature
anpd resulting in increased smoke.

(3) It was noted from observations of the various test arrange-
ments that air which is directed so that it enters horizontally kept
carbon formation to a minimum, however, there was a tendency to smoke
at higher rateéof \

(4) A more efficient design of air ports, taking aerodynamic
conditions into consideration, will give sufficient air at high -
enough velocities with greatly reduced effective area., The air flow
is more uniform across these air openings with little or.no areas of
greatly reduced velocity or eddy currents. The "flow coefficient"
for such a design of port would be better than present air pory
castings. '

This would indicate that lower ratio of air port opening area

to boiler flue area could be used, because of the better flow con=
ditions through é more efficiently designed air port casting, which

would have the effect of reducing loss of incandescent heat through
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the smaller area d raft ports,

(5) Some carbon formation in firebox seemed to accompany the
arrangements giving the higher boiler efficiencies, while conversely,
increased smoke usually accompanied poor efficiencies,

(6) Consideration should be given to design of firepan and
near throat sheet and front wall of pan, to reduce eddy currents, or
areas of reduced velocity as otherwise, sand used for cleaning flues
will deposit in panoi Every effort should be made to faciiitate the
movement of the cleaning sand through firebox so that maximum clean-~
ing effect feéults and firepan is not partly filled with an accumula-
tion of glazéd sand .

(7) The Pacifie Lines figepan loses much of the bengfit of heat
from brickwork heating oil stream while oil is still close to burner,
because of'the relativg flatness of firepan near burner wall, It is
possible that some type of fire trough can be designed to better pre-
heat the oil in oil stream prior to combustion,

(8) Observations made during various test runs, sifowed that
increased turbulence in the air entering burner port with Von Boden
burner would reduce or eliminate drumming., The addition of rounded
approaches or other smboth entrances to burner port inereased drum=-
.ming. At'times, extremely slight protuberance of a probe of some
kind would abruptly halt vigorous drumming.

It 1s possible that an 8" x 8" burner port, bell mouthed to a
6" x 6" throat would have a beneficial effect, '

(9) Vertical air entry from bottom hopper should be very close
to flashwall when using Von Boden type burners and modified draft,
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Ebving'bottom draft riné forward resulted in poor perforrance.

(10) Air entries should be so located and proportioned that
air can neither "short circu1£" nor channel thrdﬁgh flame and enter
flues without mixing with burning fuel oil, Suéh alr chills sheets
and merely increases excess air without benefit to combustion.

(11) Alighment and tilt of burner is very important. Flame
should be longitudinally centered in firebox., The effects of a
flame firing to either side of center could readily be noted in
smokebox temperature distribution, and also in difference between
steam temperatures of the right and left steam pipes to the engine
cylinders.,

When burner is set with too much vertieal tilt, there is a
tendency for excessive smoke and for unburned oil to escape from
fire door peephole. The temperature of the firebox sheet over
the firedoor also increases excessively, and the locomotive smokes
at the higher firing rates.

Conversely, when the burner vertical angrﬁ is set too low,

carbon will deposit on the firepan floor.



