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PURPOSE OF TESTS

Standing Tests on Engine SP 4401 as covered by this
report were conducted a% Sacramento Locomotive Test Plant to
determine the relative performance characteristics and economies
of cylindrical basket type spark arrester netting arrangement as
shown by Drawing GO-E-5520, page 38, and photographs, pages 9 to
11, inclusive, as compared with present standard front end spark
arrester arrangement (commonly known as Master Mechanic's Front
End) and shown by Figure 2, page 7. Tests were also made on
locomotive with entire spark arrester removed for comparative
purposes. Tests with present spark arrester are designated in
this report as Series "A"; without spark arrester, as Series "B"
and with basket type netting as Series "C",

CONCILUSIONS AND RECOMMENDATIONS

As a result of these series of tests, it is evident
that the cylindrical basket type spark arrester is superior to
the Master Mechanic's Front End presently used. The use of the
basket design will result in maintenance and operating economies
including potential saving in fuel o0il consumption. Based on in-
formation obtained from these standing tests, fuel consumption over
the operating range of indicated horse power output can be re-
duced by approximately 3.5% with basket type netting as indicated
by graph on page 32. This fuel saving ﬁill result from the fact
that removal of restrictions to gas flow in smokebox now existing
with Master Mechanic's Front End design including deflecting plates
and numerous changes in direction of flow will be eliminated with
the basket design. Removal of these restrictions naturally causes
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a favorable redistribution of draft relationships between firebox
and front end with the consequence that the equivalent volume of air
and gas can be removed at a reduced back pressure. This, of course,
can result in increased cylinder horse power or the attainment of
the same cylinder horse power with reduced fuel consumption as com-
pared with Master Mechanic's Front End. Another resulting advantage
from use of cylindrical netting is increased accessibility to

flues and superheater units by maintenance forces due to elimina-
tion of necessity for removing front end plates and netting.

Series "B" tests conducted without spark arrester
showed very slightly better draft condi@ions than Series "C" with
basket type arrangement. However, both Series "B" and Series "C"
showed much improvement over Series "A"™ as represented graphically
cn Figure 4, page 30, showing draft differential between exhaust
nozzle and firebox at wvarious back pressures.

It is recommended as result of this investigation that
cylindrical basket type spark arrester be adopted as standard for
0il burning steam locomotives in place of Master Mechanic's Front
End in view of economies that would result from its use. The
basket arrangement offers only slightly higher resistance to flow
of air and gases than the front end without spark arrester and
until further study has been made of other spark arresters both
at Battelle Memorial Institute and Sacramento Locomotive Test Plant,
the basket type is the most desirable design yet considered.

With the removal of Master lMechanic's Front End and
substitution of the basket type netting therefore, and the resultant
ability to move a larger volume of gas and air through the boiler
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for a given back pressure, it is further recommended that additional
consideration be given to modification in nozzle diameter and

cross split design and also to modification of exhaust pipe and
stack relationships which can now be accomplished account removal

of table plate in smokebox. It is possible that further fuel
economies can be obtained by this means.

DESCRIPTION OF LOCOMOTIVE AND TEST PLANT

Spark arrester tests covered by this report form a
part of the general research program on oil burning steam locomo-
tives being conducted by Southern Pacific Company in conjunction
with the Texas & New Orleans R.R. and Battelle Memorial Institute.
Engine SP L4401 has been selected for tests incident to this research
program inasmuch as it is representative of 4-8-4 type locomotives
Class GS-1 operated on both Southern Pacific and T&NO lines, Loco-
motive was built by Baldwin Locomotive Works and first placed in
service in August 1930. Principal dimensions and data on this
locomotive are shown by Figure 1, page 4.

The engine has two simple cylinders using steam at 250
pounds per square inch, boiler pressure. The 12" diameter piston
valves are controlled by & Walschaert valve motion and by an ALCO
power reverse gear. The piston valve maximum travel is 7-1/L";
steam lap, 1-3/4"; lead, 1/4"; exhaust clearance, 3/16"; maximum
cutoff, 734% of stroke.

The boiler is a conical, radial stayed type, with
sloping back head, inside dry pipe, type "E" superheater with
end of units located 24" from the back tube sheet, and a multiple
front end throttle. The boiler is supplied by a Worthington

-3-



Equi

Equipped with N¢ 5 S
or

ington Feedwater
Heater.

Class G5°1,G5-13 |, p4&, -sF
Boiler Pressure 250 Lbs.

- - N

174 soelsote sl i

- o WidIh over eaves IO"()‘=.,“Q 1a® B ‘e - A
A3 g + | P ,‘;L"T - 'Q + '
— N o s) | 286 | R a o
. v:]”j p ST T | LS et . e N .
'h%n j L - T T Y60 o = 84 —~F4¢ J X
NS ;\‘2 J"/ Firebox -',-.-‘“ "—“"‘ .‘?d l -8 —r '$ 9
Ny & Y127 1025 N = 2
S T 3s "Cenfer hJﬂ'I - / i J | _ .‘z’ji‘
(G () 1 1
J L") ) % EEON L
T e e sogrin, oo gl T
|Lateral Driving Box | 195 |
. — - 4510 v i
53-73 ‘
- -58-55 =5 .
s & : & & : &8 8
8 3 2 o
5 ¥ 08 3 5 5 = 3
Cylinders..____________.___27"Dia.X 30 Stroke |Heating Surface of Boiler Tubes....4502 8q.Ft
Weight on Drivers_.._______.____..262,000 Lbs |Heating Surface of Firebox.......... 3506 8q.Ft
Weight on Front Truck.___________ 76,000 Lbs |Heating Surface-Evaporating .___...4858 Sq.Ft
Weight on Trailing Truck._.._.....104,3200 Lbs |Heating Surface of Superheater.._._..2565 Sq.Ft
Weight on Engine-Loaded ... ____._442 300 Lbs |Heating Surface-Combined..______._._7422 8q.Ft
Driving Axle Journals-Main_.____.____. I3°X 14" |Boiler Capacity . . _____________....___9%.| %
Driving Axle Journals-Front__-_-_--___IZ:Xl4" Tractive Effort to Adhesive Wt,_ ________ 237
Driving Axle Journals-Others__________.12'X \4“ Tractive Effort-(M.E.P. 83 £).__.62,200 Lbs
Engine Truck Journals_______._.____.___ 7" X 14" | Tractive Effort of Booster_____._ 13,710 Lbs
Trailing Truck Journals__Front 7% i4"Back 9 14" | Total Tractive Bffort ____________75910 Lbs
Boiler Tubes-Length of ______________ 2l'-6"
Boiler Tubes=No.of _______. A9-23" & 198- 3%"
Tender Class 220-R-1

—_—— = — —— —— .l..-l.l'_._u_[_"_f_.l

127" ——H

10-0" Wide “ne
: S W
5 I w
I I

;rf 3{ _d S =y :;;%_: e

a ) 20 - AS

[

[ - B8 Clasp Brakes | )
o+ S0~ 50~ }——5-’0“_-_.__‘5-0‘_'_.
12-34 24°5° 11402
40°5

DIMENSIONS AND WEIGHTS FOR LOADED TENDER.

47:8)" Lulling Face fo Chafing Iron o

CAPACITY OF OIL TANK . . ... .. 62 75 GALS. |SIZE OF TRUCK JOURNAL ._...._...._....___.. 7x Iq"
GALLONS OF OIL TO MARKER BAR..__..._.._. 6, O6L2 GALS. |WEIGHT OF TRUCK _............................ 24950" Les.
CAPACITY OF WATER TANK..._._._.......... 2/, 600 GaLs. |WiDTH OVER FRONT STEPS.................... /ﬂ'—/é
WEIGHT OF TENDER, EMPTY. ... /25 00Q es. |wiDTH OVER BACK STEPS ... . ~9'—/Q,’,’
WEIGHT OF 2/60 0 GALLONS OF wWATER. /80000 ks. EXTREME WIDTH (oye.rb'w:/ Steps) ... /0,’— / 3,
WEIGHT OF 606 2 GALLONS OF FUEL oILIQS500 es. | Width over ernd Sills___ _ _ _ __ _9=/0
WEIGHT OF TENDER, LOADED..._............ 374 500 es.

JOURNAL PRESSURE IN POUNDS PER SQUARE INCH OF PROJECTED AREA......_....... el 300/bs.

4

FIG.1




Lab. No, ST-16-2

General view in test plant prior to
and apparatus but showing Wye pipe,
connected to exhaust steam end of c

heads.,

installation of some platforms
for removal of "surplus" steam,
hest by special steam chest :



type 5-S feedwater heater, capacity 9,000 gallons per hour, and
a Nathan non-lifting injector, capacity 7,500 gallons per hour.
The feedwater hot pump has an SA type steam valve gear.

Spark arrester tests were conducted in Standing Test
Plant at Sacramento Laboratory which was designed and constructed
for the general research program. Test plant is completely
equipped with necessary instruments and automatic conﬁrols to
insure most accurate results and uniform operation of locomotive
boiler. Photograph of locomotive SP 4401 as installed in Loco-
motive Test Plant is shown on page 5.

DESCRIPTION OF SPARK ARRESTER DESIGNS

l. Present Arrangement:

The present standard front end spark arrester arrange-
ment used on Pacific Lines is commonly known as Master Mechanic's
Front End. This design is based on that originally developed
at Purdue University Locomotive Laboratory in cooperation with
Locomotive Railway Master Mechanic's Association many years ago
and recommended as standard front end by that committee. This
arrangement as modified for use in Pacific Lines' locomotives
is shown by Figure 2, page 7. As can be noted from Figure 2,
this front end arrangement consists of a deflecting plate in-
clined toward front tube sheet, a small section of which consists
of spark arrester netting. A so-called "table plate" is installed
under the exhaust nozzle and is attached to a section of netting
inclined toward the smokebox door. At the front of this table
plate is a deflecting plate extending downward ahd forward at
an angle. The entire arrangement of plates and netting extends
across the smokebox so that the major portion of gases emitted

from front tube sheet is necessarily drawn under the table plate
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and around through front section of netting, with a lesser portion
being short-circuited through narrow section of netting in back
deflecting plate. The resistance to air and gas flow caused by
this arrangement is self-evident when considering the path which
exhaust gases must travel to escape from stack. A high draft at
exhaust nozzle must be induced by the exhaust steam Jet from the
nozzle in order to draw the gases through this front end arrange-
nment.

2. Cylindrical Basket Type Netting Arrangement:

About the simplest type spark arrester netting arrange-

ment that can be designed to reduce resistance to gas flow is
the basket type arrester which is applied between lower portion
of stack extension and upper flange of exhaust stand. For sim-
plicity of design and structural strength, the circular con-
struction was chosen for test purposes. Detailsof construction
of this test spark arrester are shown on ﬁrawing GO-E-5520 on
page 38 ind photographs showing netting before and after appli-
cation are shown on pages 9 to 11, inclusive. Spark arrester
screen used both in the Master Mechanic's Front End and Basket
Type Netting was present standard Tyler No. 363 "Draftac" Steel
Wire Netting.
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DATA SHEETS

Three Series of test runs were made as the basis for
this study and are designated in data sheets, ppotographs, graphs
and discussions as follows:

Series "A": Locomotive equipped with present standard
Master Mechanic's Front End (pages 13 to 17, inel.)

Series "B": Locomotive without spark arrester (pages
18 to 22, incl.) |

Sefies "C": Locomotive equipped with cylindrical basket
type spark arrester (pages 23 to 27, incl.) |

The following data sheets show results of test runs.
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STaNDING TEGT PLANT - SAORAMENTO
ENGINE NO. 4401, TEST SERIES _4 NO. ___ RUN NO, ___
DATE
10-23-47 -28-41
OIL Mal | Na No. 3
hILLletomfdlng Ttart, 1.70121201.44 -S4
. Veter Reading Flnlsh 207 121459.4
. Gallons Difference (B-A) 197.¢9] 25204
D, Length of Run - Win. 30 30 30
;, Flow Rate - GP¥ (C/D) 6£.599 240 10.88
Veter Factor (from curve) .q2z258 | .9754 .9708
3. ave. Temverature at Veter 153 1 169 169
. lemperature Correction Factor 9680 | .96443 .9%27 1
Y. Yolsture Content - ¥ 0-313 0.33 Q.16
Y. Dry O11 at G60O°F. - Guls. (CxFxEx{1-1/100) /8739 | 241.91 304.56 ]
¥, Density - 1b3./Gal. ' | 2382 | £38Z £.340 |
_., Heat Value, Dry - 3TU/Lb, /18165 | 18145 (8270
¥, 011 Burned - Lbs, (Jx¥] 1570.7 | 2021.7 2540.0
N. o1l Burned ner Hour = Lbs. (Mx%£0/L) 3141.4 | 4055.4 5420.0
HOT %ATER .
F—é’ Veter Re:ding Start 2720 12593824 290%£72
B, Meter Re.ding Finish 254899 {62261 294129
(C. Gallons Liflerence (B5-4i) 2179 2903 3267
T [0, Length of Run - ¥in. 30 30 30
E. Flow Rate - 3PV (C/D) 72.6 9.1 [08.6
"F. Vater Factor (from curve) - — -
G, Corrected Gallons (CxF) - _ -
H, Average Teirer.ture 219 230 237
I, Denslty - L‘.)a./\:ul. - — _
Y. Hot Water - Lbs. (ox1) 12942 | 25072 32(903
K. Hot Yater - Lbs. er Hour (JxfD/D) 137938 | 50144
CCLD WATER
A, Meter Readiny Start 0079711206891 2439%£9
B, Veter Reading Finish 2027971209513 247293
[C., Gallons leforoncc (B=n) 2000 261C 3204
D, Length oZ Run - Nin. 2N 30 30
low Rate - GP¥ (T G617 212 2191
Ff Veter Factor (from curve) .9£23 | .9275 .9270
G, corrected Gallons (CxF) 1976.4 | 25833 32044 |
H. Average Temperature 5 | ¢s 23
ensity - Lbs/Gal. £330 | £330 £.333
J, Cold #ater - Lbs, (GxI) 164645 | 21519 27175
X. Cold Water - Lbs, per hour (Jx60/D) 329301 43038 54350 |
CONDENSATE FACTCR .
Lbs. Hot Juter/Lbs. Cold Jiter 1 | 1
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GRAPHICAL RESULTS

Information obtained from foregoing data sheets which
has been correlated and presented graphically on subsequent
pages is as follows:

Figure 3: Draft vs Exhaust Nozzle Pressure, Series "A",
"B" and "C" (page 29).

Figure 4L: Draft Differential between Exhaust Nozzle and
Firebox vs Exhaust Nozzle Pressure, Series "A", "B" and "C"
(page 30).

Figure 5: Fuel Rate vs Exhaust Nozzle Pressure, Series
"A" {page 31).

Figure 6: Fuel Rate vs Approximate Indicated Horse Power
Output, Series ™A™ and "C", showing calculated fuel saving with

Series "C" arrangement (page 32).
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DISCUSSION OF DATA AND RESULTS

As result of tests and based on analysis'of data and
results obtained, it is evident that the basket type spark arrester
used in Series "C" will result in operating economies when com-
pared with present Master Mechanic's design used in Series "A",
The primary reason for these economies is the improved air and‘gas
flow conditions that can be obtained by removal of present res-
trictions caused by plates and netting and the substitution of the
simple basket netting arrangement which offers minimum resistance
to flow of air and gases.

Reduction of front end resistances in Series "B" and
"C" as compared with Series "A" are shown on Figure 3, page 29
and Figure 4, page 30. By referring to these graphs, it can be_
seen that with Series "A"™ arrangement higher drafts are obtained
at exhaust noz zle account restrictions to flow caused by de-
flecting plates and netting. With removal of all netting and
diaphragm plates in Series "B", the smoke box draft equalized
at a value below maximum obtained with Series "A"™ and firebox
draft showed an increase for any given exhaust nozzle pressure
in range considered. The draft differential between nozzle and
firebox was accordingly reduced as shown on Figure 4, page 30. 1In
Series "C", with basket netting arrangement, draft at nozzle was
very slightly higher than with Series "B" due to presence of netting,
but firebox drafts were practically the same as with Series "B",.

Increase in firebox draft for a given back pressure

with Series "B" and "C" arrangements is due to the removal of front
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end restrictions and means that a larger volume of air and gases
~can be moved at a given back pressure over the range considered.
Conversely, this means that the same amount of air and gases can
be moved in Series "B" and "C" at a lower back pressure. This
decrease in back pressure can result in increased cylinder horse
power or for a given‘cylinder horse power the fuel rate can
accordingly be reduced by operating locomotive at shorter cutoffs
than necessary with present arrangement. As a result of ability
to move larger volume of air and gas with a given back pressure,
further study should be made into the desirability of enlarging
nozzle diameter or modifying cross split to permit operation of
locomotive at lower back pressure, with resultant increase in
cylinder horse power.

Removal of table plate will also permit greater lati-
tude in further consideration of desirability of changing nozzle
and stack relationships.

To illustrate further the effect of draft redistribu-
tion with the three test arrangements, photograph is included on
page 35 which is a composite of actual photographs of multiple
draft manometers taken during test operations. This composite
photograph shows high draft differential between firebox and inside
of netting with Series "A"™; the reduced differential, equalized
smokebox draft and higher firebox draft with Series "B"; and the
slightly higher draft inside netting with Series "C"™ as compared
to Series "B"™. Photograph, page 36, shows layout of test station

...3]4‘_.



SERIES "A"
;sPRESENT STANDARD FRONT END

~ ESP 14.7 PSIG EST 392 DEG F.

Bl e s

G g gL

tEstali bl § B
Bl |

i |

i ; 1 Y

- T
T b |

‘i WITHOUT SPARK ARRESTER
B

- ESP 14.3 PSIG EST 373 DEG. F.

J-H R

! Fieh §ERE§ "c"

.. CYLINDRICAL BASKET TYPE SPARK ARRESTER

ESP 14.3 PSIG EST 382 DEG. F.
Lab. No. ST 30-A

; i v 35 2y .o : i:':;z'
TEST ARRANGEMENT il WSS G [

BSP= Exhaust Steam Pressure: ESTs Exhaust Steam Temperature -
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Lab. No. 3T-26-6

Supplementary data desk-panel showing (top pair) test gages for auxiliary-steam
metering orifices; (middle pair) boiler pressure and feedwater heater chamber;

and (lowest pair) Wye pipe and exhaust nozzle pressures. On right, Brown elec-
tronic pyrometer with extra multipoint switch below. Single tube manometers for

drafts, at left.




for draft measurement.

Saving in fuel oil which can be obtained with Series
"C" basket type netting as compared with Series "A"™ arrangement
is presented on Figure 6, page 32. This saving was detérmined by
taking firebox drafts for Series "A" as indicated on Figure 3,
page 29 and determining on this graph the reduced back pressure
at which the same firebox draft could be obtained with Series "Cn.
By this means a reduced exhaust nozzle pressure was obtained for
a given firebox draft. This reduction in exhaust nozzle pressure
was applied to fuel rate vs exhaust pressure curve, Figure 5, page
31 and the effective fuel reduction determined. By obtaining the
indicated fuel reduction at various exhaust pressures, the fuel
rate curve for Series "C" was established as shown on Figure 6,
page 32. Approximate indicated horsepower outputs for Series "A"
as shown on abscissa of Figure 6 were obtained from horse power-
exhaust pressure relationships available from Dynamometer car data
obtained with Engine SP L4O1. On the above basis, the fuel oil
savings available by changing from Master Mechanic's Front End,
Series "A", to basket type netting arrangement, Series "C",will

amount to approximately 3.5% over the operating range considered.

Information developed from these tests indicated that
draft inside of basket netting, Series "C" was only slightly higher
than draft at exhaust nozzle without netting, -and that firebox
drafts with both arrangements were practically the same, being
slightly higher with Series "B" than with Series "C'". Therefore,
the available fuel oil saving with Series "C" and Series "B" would

be essentially the same.
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