
.,- _,.. 

SOUTHERN PACIFIC COMPANY 

SPARK ARRESTER TESTS, ENGINE 4401 

SACRAMENTO LOCOMOTIVE 
ST ANDING TEST PLANT 

San Francisco, Calif., 

November 12, 1947. Report No. ST-I. 

~=====================================# 



RESEARCH PROGRAM 

ON 

0 IL-BURNrnG 

STEAM LOCOMOTIVES 

SPARK ARRESTER TESTS 

ENGINE SP 4401 

-. 

LOCOMJTIVE STANDING TEST PLANT 

SACRAMENTO, CALIFORNIA 

OFFICE GENL. SUP!'. MOTIVE POW".&R 
SOUTHERN" PACIFIC COMPANY 
SAN FRANCISCO, CALIFORNIA 

REPORT NO. ST-1 
DATED NOVEMBER 12, 1947. 



TABLE OF CONTENTS 

SUBJECT: 

Purpose of Tests 

Conclusions and Recommendations 

Description of Locomotive and Test Plant 

Diagram of Engine and Tender (Figure 1) 

Description of Spark Arrester Designs 

Diagram of Master Mechanic's Front End {Figure 2) 

Photographs of Cylindrical Basket Type Spark Arrester 

Data Sheets 

Graphical Results 

Discussion of Data and Results 

Photograph of Draft Relationships and Test Arrangement 

Print of Drawing Showing Basket Type Spark Arrester 

PAGE 

1 

1-2 

3-6 

4 

6-8 

7 

9-11 

12-27 

28-32 

33-37 

35-36 

38 

- --~ 



PURPOSE OF TESTS 

Standing Tests on Engine SP 4401 as covered by this 

report were conducted at 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 pre8ent standard front end spark 

arrester arrangement (commonly known as Master Mechanic's Front 

End) and shown by Figure 2, page 7. ~ests 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". 

CONCIDSIONS 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 oil 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 will 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 redistribu~ion 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 conditions than Series "C" with 

basket type arrangement. However, both Series "B" and Series t!C'' 

showed much improvement over Series "A" as represented graphically 

en Figure 4, page 30, showing draft differential between exhaust 

nozzle and firebox at various back pressures. 

It is recommended as result of this investigation that 

cylindrical basket type spark arrester be adopted as standard for 

oil 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 Vfechanic' 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 4401 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 a Walschaert valve motion and by an ALCO 

power reverse gear. The piston valve maximum travel is 7-l/4tt; 

steam lap, 1-3/4"; lead, 1/4"; exhaust clearance, 3/16"; maximum 

cutoff, 73~% of stroke. 

The boiler is a conical, radial stayed type, with 

sloping back head, inside dry pipe, type rtE" sufe rheater with 

end of units located 24" from the back tube sheet, and· a multiple 

front end throttle. The boiler is supplied by a Worthington 
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Cy linde ra. _________________ Z.7'' Di a. X 30 Stroke 
Weight on Drivers __________ ~ ______ 2GZ,OOO Lbs 
Weight on Front. Truck ____________ ?~1000 Lbs 
Weight. on Trailing Truck __________ I04,300 Lba 
Weight on Engine-Loaded _________ A.42,300 Lbs 
Driving Axle Journals-Main ____________ 13" X 14" 
Driving Axle Journala-Front ___________ IZ"x 14" 
Driving Axle J ournala-Others ___________ I z• X 14" 
Engine Truck Journals ____________________ '7":><.14" 
Trailing Truck Journals __ Front ?"x t4"f>ack <2)"x 14" 
Boiler Tubes-Length of _______________ Z.l'-6" 
Boiler Tubes-No.of ___ -----~A~-2.t' & I -2>1." 

Heating Surface of Boiler Tubea ...• 450Z. Sq.ft 
Heating Surface of Firebox __________ 35~Sq.P't 
Heating Surface-Evaporating ________ 4858 Sq.Ft 
Heating Surface of Superheat er ____ .. Z.5f,5 Sq .Ft 
Heating Surface-Combined ___________ 74Z.; Sq.rt 
Boiler Capacity _________ ---------- ____ 9Co.\ f. 
Tract.in Effort to Adheain wt. _________ .Z.?J7 
Tract.in li:ffort-{M.K.P. 8~ f.)_ ___ <DZ.,200 Lba 
Tractive Effort of Booetar _______ 13,'710 Lbs 
Total Tractive Effort _____________ /5,910 Lba 

Tender Class 228-R-l 

JC'-+·---

DIMENSIONS AND WEIGHTS FOR LOADED TENDER. 

CAPACITY OF OIL TANK •• ----------------------. 6/f! 7.5°GALS. 

GALLONS OF OIL TO MARKER BAR _____ ------- 6, 06J£: GAUi. 

CAPACITY OF WATER TANK-------·----···---- Z/1 ~00 GALS. 

WEIGHT OF TENDER, EMPTY. _________________ 1-st.;rti'Ollss. 
WEIGHT ~F ~1600 GALLONS OF WATER. /t!JaOOtJLes_ 
WEIGHT OF 606J!!, GALLONS OF FUEL OIL..5"0,500Les. 

WEIGHT OF .;ENDER, LOADED ________________ .374"S00Les. 

SIZE OF TRUCK JOURNAL--···--·-·-··-·---··· 7 l( I 
WEIGHT OF TRUCK-----·--- -·····-······-·---· !?6,95'0 LBS. 

WIDTH OVER FRONT STEPS·------······-··---· /t)'-/"i" 
WIDTH OVER BACK STEPS-·----··-··-·····---·· .9~/o,:• 
EXTREME WIDTH (overh-o11l-Sf1!ps) ·---··-·/()!..I§ 
1-00'1.h over ~nd sill.s _________ .9'-10" 

JOURNAL PRESSURE IN POUNDS PER SQUARE INCH OF PROJECTED AREA.-----··---·-···-·-·-··----------··-·- ..300/bs. 

4 FIG.1 



Lab. No. ST-16-2 

General view in test plant prior to installation of some platforms 
and apparatus but showing Wye pipe, for removal of "surplus" steam, 
connected to exhaust steam end of chest by special steam chest 
heads. 



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 autormtic controls 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 SP.ARK ARRESTER DESIGNS 

1. 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 rront 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 and 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

ment. 

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 th1s test spark arrester are shown on Drawing 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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Lab. No. ST-28-2 

Cylindrical, Basket Type Spark Arrester, showing removable front section for access to 
noza1e and cross split. 



tab, No, ST-28-3: Test Installation of Cylindrical, Basket-Type Spark Arrester, Shows eut· 
out ~ade for pfpe to feedwater heater, and removable section for access to nozzle; also, 

~ tubes for measurement of draft, and to right, flue gas sampling tubes, 



Lab. ~o. ST 28-4 

C7-llndrioal, Basket Type Spark Arres~er. Front section removed ~o show nozzle • . 



DATA SHEETS 

Three series of test runs were made as the basis for 

this study and are designated in data sheets, photographs, graphs 

and discussions as follows: 

Series "A": Locomotive equipped with present standard 

Master Mechanic's Front End (pages 13 to 17, incl.) 

Series "B": Locomotive without spark arrester (pages 

18 to 22, incl.) 

Series "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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GRAPHICAL RESULTS 

Information obtained from foregoing data sheets which 

has been correlated and presented graphically on subsequent 

pages is as follows: 

Figure J: Draft vs Exhaust Nozzle Pressure, Series "A", 

"B" and "C" (page 29}. 

Figure 4: 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 nozzle 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 JO. In 

Series "C", with basket netting arrangement, draft at nozzle was 

very slightly higher than vlith Series "Bf' 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 ttB" and "C" arrangements is due to the removal of front 
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end restrictions and means t.hat 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 
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f---- '-., - WITHOUT SPARK ARRESTER 
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CYLINDRICAL BASKET TYPE SPARK ARRESTER 

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

TEST ARRANGEMENT 

ESP= Exhaust Steam Pressure: EST• Exhaust Ste am Temperature 



Lab. No. ST-26-6 

Supplementary data desk-panel showing (top pair) test gages for auxiliary-steam 
metering orifices; (middle pair) boiler pres~ure 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. 
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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 determined 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 "C". 

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 indic'ated 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 4401. 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 "0",will 

amount to approximately J.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 fire box 

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 "0" and Series "B" would 

be essentially the same. 
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