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SUMMARY OF TEST RESULTS

between
Cheyenne & Laramie

Eastbound and

Westbound Eastbound  Westbound-Combined
Locomotive Noo 4007 4010 4007 4010 4007 4010
Noo of Trips 4 4 5 4 0 8
Ave, No. of Stops ]

Per Trip 3,25 1.50 4,20 3,50 3473 2,50
Ave, Running Time 2148" 235" 2114" 2t 5" gr4e® 210"
Ave, Speed MPH 20,3 22,0 25,6 27.4 23,0 24.7
Ave, Tons Per Trip 2611 2681 3920 3906 3266 3204
Ave. MGTM Per Trip 148.30 152,28 222,66 221.86 189,61 187.07
Ave, Coal Pounds '

Per Trip 41882 33134 25667 23270 32874 28202
Ave. Coal Per MGTM 282.4 217.6 11503 104.9 198.85 161.25
Percent Increase |

in Fuel Consump-
tion 29 .8 v b 8.9 " 83.5 L
Max, Indicated j
Horsepower 4346 5078 4333 5503 4346 5503
Draft in inches / ‘
of water at front
flue sheet for
following back
pressuress :
10 - 11.7
12 9.1 13.8
14 9.9 15.5
16 10,5 16,9
18 11.2 18,1

Temperature °F, ‘

steam to cylinders

at following back

pressuressg
12 651 707
14 667 723
16 678 733



.The results of this test show the deasirability of
using the double stack, multiple Jjet exhaust nozzles and
modified Master Mechanisc's front end arrangement ‘for drafte-
ing 4000 class locomotlives.

Iocomotive 4010, which is equipped with the double

- stack arrangement, was used for comparison with locomotive
4007, which 1s equipped with a aln§10 stack, annular ported

exhaust nozzle and Master Mechanic's front end arrangements

The front end arrangement on locomotive 4010 includes
a 45~degree deflector plate extending forwaerd and upward from
the bottom of an 18«inch strip of netting across the back
plate. With this deflector plate the front end has proven
to be & very effective spark arrester and can be considarod
satisfactory in this respect.

The above summery shows some of the more important
results of .this test and indicates higher front end efficlency
‘and better overall efficiency for locomotive 4010,

Averages are based on complete trips bhetween Cheyenne
and Laramie.

Indicated horsepower i1s taken from Table VII, temper-
ature of steam to oylinders is from Figure No. 3 and draft in
‘inches of water from Flgure No. 12

LOCOMOTIVES

The importent locomotive dimensions are shown in
the following tabulation:

General classification 4~8=B8=4
Service Freight
Starting tractive forece, pounds 135,375
Weight locomotive in working order, pounds 762, 000
Weight locomotive light, pounds 697 300
Weight tender light, pounds 171, 500
Weight tender loaded, pounds 427, 500
Weight locomotive and tender loaded, pounds ,189,
Tender water capacity, gallons 24,000
Tender coal capacity, tons 28
Expansion of steam Single
Number of cylinders 4
Cylinder diameter, inches 233/4
Cylinder stroke, inches 52

Valve gear Walschaerts



ALVES:
Diameter, inches an
Full gear travel, inches 7
Lap, inches _ - 1-3/8
Lead, inches ' 1/4
Exhaust clearsnce, inches 1/8
BOILER $
Working pressure, pounds per square inch gage 300
ILength tubes and flues, feet, inches 220"
Nunmber of 2«1/4 inch diameter tubes 75
HNumber of 4~inch diameter flues 184
PIREBOX '
ILength, inches 235-1/32
Width, inches 96-3/16
Grate area, square feeb 150
Number of Security Circulators L
Percent air opening grates 12
HEATING SURFACE, Square Feet:
Firebox and combustion chanber ' 593
Circulators 11l
Boiler tubes 267
Boiler flues 4218
Total evaporative heating surface 5889
Superheater heating surface : 2466
Total heating surfage 8355686

TERRI TORY AND TRAINSS

Tests were run in both directions between Cheyenne
and Laramie, All tests were made in freight service and with
one exception all westbouund trips were made without & helper
locomotives Trains hauled were representative of the regular
freight movement. . -

DATA 3

All date necessary for the determination of boller,
eylinder and exhaust steam injector performence were taken. 1

" Coal consumption was determined by counting the
revolutions made by the stoker conveyor screw. This was done
by mesns of an odome ter operated by a device driven by the
conveyor serew. The amount of coal delivered per revolution
was determined by emptying e tank which had been filled to the
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specified capacity of 56,000 lbs. of coal and counting the
revolutions required. A nunber of checks were made and an
average coal factor determined which could be applied to &ll
Standard MB stokers. This factor of 8 pounds per revolution
checks very closely with data from the Standard Stoker Company.,

This method of measuring coal 1s considered more
accurate than the method formerly used of measuring coal space
volume, where small errors in measurement may cause errors of
several hundred pounds in determining the weight of coal used.

Tank water consumption was determined by measuring
the water in the tank at the start of a run, before and after
taking water and at the end of & run. - :

A continuous record was kept of the time the exhaust
steam injector was operating on exhaust steam, on live steam
and when shut off. A venturi meter was applied to the water
inteke line of the exhaust steam injector., With this device
the rate at which tank water was being fed to the boller could
be determined et any time, end the amount of tank water de-
livered on live steam operation was calculated from the in=-
jector time log. For accurate timing of the injector operation
an automatic signal was devised which indlcated when the in~
jector was started, when 1t changed from live steam operation
to exhaust steam operation, from exhaust steam operation to
live steam operation and when the injector was shut off.

A record was kept of the trein movoment, tonnage
and number of cars.

The following pressures were observed 'am recorded:

1. Boiler

2, Valve chamber

3. IBxhaust nozzle stand

4, Exhaust steam in injector
S+ Live steam to injector

The following temperatures were observed and
recordeds

1. Tank water

2. Delivery water

'S, Steam to right cylinders

4. Steam to left eylinders

6, Exhesust steam from right back cylinder
6. Exheaust steam from left back cylinder
7. Exhaust steam from front engine.

8, Smoke box gases right side

9, Smoke box gases left silde
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: Draft was measured near the top and bottom of the
;::ko box, aspproximetely one foot ashead of the front flue
sheet, . :

A speed recorder was used to indicate and record the
speed and to correlate temperature and pressure reedirgs wita
the speed. Correlation of all readings with speed was accom=
plished by marking the speed recorder tape before and after
taking each set of readings. By this procedure it is possible
to caleulate indicated horsepower for each reading and make
én accurate comparison with theoretical horsepower-speed curves.
These records may also be used in conjunction with the con=
densed profile to show the speed and required back pressure
at any desired point with a given train.

COMPILED DATA AND GRAPHICAL PRESENTATION:

The date taken during the tests and the caleulated
results are shown in charts end tables compiled under the
following headingss

Teble I GanarallPerforntneo

Teble II Fuel ~ Water - Evaporation
Table IIT Average Pressures and Temperstures
Table IV Evaporation and Temperature Rise due

to Exhaust Steam Condensed by Exe
haust Steem Injector

Table V Elesco Exhaust Steam Injector
Performance
Table VI Puel Saved by Operation of Elesco

| Exhaust Steam Injeector
Table VII Water Rates and Indicated Horsepower
The following curves are includeds

Figure 1 Relation between Firing Rate and
; Boller Heat Absorption Rate
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Figure 2 Relation between Evaporation and Firing
Rate and Relation between Evaporation
Ratio and Firing Rate

Figure 3 Relation between Exhsust Stand Pressure
~ and Temperature of Steam to Engines and
Relation between Exhaust Stand Pressure

and Temperature of Smoke Box Gases

Figure 4 Relation between Firing Rate and Pounds
of Coal Saved end Relation between Firing
Rate end Precent Coal Saved by Exhaust
Steam Injector

Flgure 5 Relation between Firing Rate and Gross
Ton Miles per Train Hour: :

Figure 6 Relation between Gross Thousand Ton
Miles snd Pounds of Coal per Gross
Thousand Ton Miles

Figure 7 Relation between Exhaust Stend Pressure
: and Steam to Engines '

Figure 8 Relation between Exheust Stand Pressure
and Indicated Horsepower

Plgure 9 Relation between Steam to Engines and
Indicated Horsepower

Figure 10 Relatlon between Indicated Horsepower
: - and Pounds of Steam per Indicated
Horsepower Hour

Figure 11 Relation between Indicated Horsepower
and Speed ) ,

Figure 12 Relation between Exhaust Stend Pressure -
and Draft .

GENERAL PERFORHANCE 3

At the time of the test the locomotives had compar-
eble flue miles, machinery and appurtenances were in generﬁlly
good condlition, and velves were set as nearly as possible the
seme on both locomotives. The essential difference in the loco-

mo tives was, therefore, in the front end arrangement and admis~
sion of overfire air in the firebox.



Locomotive 4007 was equipped with & single stack,
annular ported exhaust nozzle and Master Mechsnie's front
end arrangement.

Locomotive 4010 was equipped with double stacks,
miltiple Jet exhaust nozzle end modified Master Mechanie's
front end. Overfire alr was admitted in the firebox through
twenty=-eight 2+1/4" tubes.

The gensral performance of locomotives 4007 end
4010 is shown clearly on charts I to VIII on which are pre-
sented the speed recorder tapes arranged with & condensed
profile of the territory over which the tests were run. From
the time checks on the recorder tapes it 1s possible to
accurately correlate data such a&s speed, gradient, back pres-
sure and indicated horsepower. .

, In Tebles I, II, IIT end VII data are tabulated
which show the comparative performsnce of the two lcequntivuuo

: Begause of the long descending grades both eastbound
and westbound from Shermen, each test run was closed out at
Sherman, All totels and averages are, therefore, more nearly
representative of the general performsnce of the locomotives
:ha§ if the entire run between Cheyenne snd Laramie had been
neluded. :

The superior performance of locomotive 4010 ia
shown both on the speed recorder tapes and in Figures 5, 6, 7,
8’ 9' 10 md 116 :

EXHAUST STEAM INJECTOR PERFORMANCE S

Both injectors performed satisfaetorily elthough
it was necessary to replace the size 19 tubes in the injector
on locomotive 4007 with smaller sisze 18 tubes. This wes be~
cause of the reduced capacity of the engines after the applica~
tion of the annular ported exhaust nozzle., The better per-
formsnce cheracteristics of the exhaust Injector of locomotive
4010 shown in Figure 4 are due to the higher temperatures of
the exhaust steam recovered. :

BOILER PERFORMANCE 2

Boiler performances sre shown in Pigure 1. The
better heat absorption rate of the boiler of locomotive 4010
is due to better combustion of fuel end less stack loss.
This is due to the use of overfire air and a more efficient
front end arrangement. A%t 8 glven firing rate, the heat
absorption rate of identical boillers should be the same, pro-.
viding the fuel i3 utilized., The difference in unburned
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fuel loss 1s, therefore, reaponsible for the difference in
boiler heat sbsorption rate at & given firing rate.

FRONT END PERFORMANGE3

Figure 12 shows clearly the greater efficiency of
the front end arrangement in locomotive 4010. It is inter-
eating to note the amsell difference in draft from top te
bottom of the flue sheets ami especially in locomotive 4007
with a low table plate. The vertical draft distribution is
good as shown by draft readings snd although readings were
not teken on the horiszontal center line of the boller, it is
reasonable tosassume good distribution horizontally.

The draeft at the front flue sheet in locomotive 4010
- 1s greater than that in locomotive 4007 by 50% at 10 PSI ex-
haust stand pressure to 61.8% greater at 17 PSI exhaust stand
 pressure.

DISCUSSION OF FRONT END ARRANGEMENTSS

1

The important front end dimunaienj are shown by
following tabulations !

Locomotive Locomotive
4007 4010
Type nozzle Annular ported IMultiple jet
Nozzle area Trip Oct. 10 = 5605 8q., in.
49,5 aq. in. (8 - 3" die.
(16-3/4" nozzles)
and 10=5/8% e
dia. plate)
Other trips =~
/ 46.9 8q., in.
{16=-3/4" 0D
and 11. dis.
plate)
Vertical distance =~ nozgle tip
to seat on exhaust base 26-1/2% 16-3/4"
Vertical distance = nozzle ti :
to bottom of stack dxtanaionp 15-1/4" 10-1/32%
Total length stack including
extension 51" 66"

Inside diameter stack at choke - ol 23=3/4"



For & given locomotive and any given front end
arrangement, which includes stack and exheust noszle, there
& definite upper limit of output of the locomotive at whigh
the weight of air supplied will equal that required for the

fuel burned.

Below this 1limit the percentage of excess aiy

will inerease with decreasing locomotive output, above this
limit there will be a deficiency of air,
limits is determined by the charasteristics of the engine
boiler and of the front end arrangement.

: With locomotives of the same design which have the
same resistance to gas flow through

the tubes, flues and

firebox, the number of inches of water draft per pound of
eylinder back pressure or exhaust stand pressure, when measured

in the seme relative position near the front flue sheet, may

be used as the e¢riterion of the performance of front end

arrangements.

Locomotive Locomotive
4007 4010
Inside diameter stack at top 2e" 28-3/4"
?ypo of front end arrsngement Mas ter Modified
Mechanics Master
Mechanics
Table plate 2-1/2 x 2-1/2 Solid plate
netting :
Back plate Solid plate Plate with 18"
: strip of 2-1/2 X
. 2«1/2 netting
Net gas area through tubes and
flues
At superheater return bend 1435 8q. in. 1435 sq. in.
- At front flue sheet 1675 8q. in. 1675 mq. in.
Net area through front end | ,
arrangement 1740 89, in. 1929 aq. in.
Area of stacks at top 661 8q. in. 1298 8q. in.
Area of stacks at choke 573 8q: in. 886 8q. in.
Ratio of stack choke ares to
nozzle eares | 12.2 15.7
Perimeter of exhaust steam '
jet at nozzle 69,0 in. 76504 in.

is

The position of the
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The entrainment ratio, whiech is the ratio of the
weight of gases moved to the weight of steam required to move
the gases, of & front end arrangement, incresses with de-
ercased back pressure, decreased front end resistance and
increased ratio of steck area to nozzle area.

As shown in the ebove tabulation, the annular
ported exhaust nozzle of 49.5 sq. incheswss used only on one
test run. The area was then reduced to 46.9 sq. inches to
improve the steaming gqualities of the locomotive. The multiple
jet exhaust nozszle compared with the annular ported exhauat
nozzle has 20,5 percent greater area and due to & better co~-
efficient of discharge will pass 24.6 percent more steam at a
given back pressure. This means that more flue gas ean be
moved at a given back pressure. Also, either the same power
may be developed on less back pressure or more power may be
developed on the same back pressure.

- - The net area through the front end arrangement is
10.9 percent greater in locomo tive 4010 than in locomo il ve
4007, 1I%, therefore, offers less resistence and permits

easier flow of geses and consequently less energy is needed
to move the required amount of gases through the front end.

The larger ratio of stack to nozzle area of lae'om-»
giu 4010 also helps increase the entrainment ratio of the
ront end.

Other front end dimensions although of lesser ime
portance also serve to give the front end arrangement of
locomotive 4010 & higher entrainment ratio than the front
end arrangement of locomo tive 4007.

Since the characteristiecs of engines and bollera
of the two test locomotives are essentially the same, maxi-
mam output of the locomotives will be limited by the front
end arrangements, end differences of maximum output will be
attributable to differences in front end arrengements.



 Union Pacific Reilrosd Company
Research & lMeghanicsl Standards

REPORT OF TESTS

Locomo tive 4007
Equipped with single stack, annular ported
exhaust nozgle and liaster Mechanio's
front end errangemsnt

ILocomotive 4010
Equipped with double stack, multiple Jet
nozzles and modified lester liechanic's
front end arrangement

N L

October 10-26, 1948

- Office of
Gen'l Supt. WP&M
Omahe, Pebruary 21, 1949 N



This test ahou the desirability of using the double
stack, multiple jet exhaust nozzles and modified Haester
Mechanic'as front end nrrangement for the drafting of 4000
class locomotives.

This front end arrangement includes a 45-693:'00 de~
rloetor plate extending forward end upward from the bottom
of &an 18=inch strip of netting across the baek plate. With
this deflector plate the front end has proven to be a very
effective spark arrester and can be considered entirely satise
factory in this respect. Higher front end efficlency was in-
dicated as shown bys

1. Higher drafts for a given vack pressure.

2, Higher efficlency of combustion of the coal.

3o Higher cylinder efficiency by reduction of cylinder
back pressures and increased auperheated steam
temperatures. ;

4. Less coal fired per thousend gross ton miles,

LOCOMOTIVES

The ilmportant locomotive dimensions are ghown in
the following tabulationg

General classification 4B=B=g
Service : Freight
. 8tarting tractive force, pounds 135,376
Welght locomotive in working order, pounds 762,000
Weight locomotive light, pounds 697,300
Welght tender light, pounds 171,600
Weight tender loaded, pounds 427,500
Weight locomotive and tender loaded, pounds 1,189 500
Tender water capacity, gallons 24,000
Tender coal capacity, tons 28
Expansion of asteam Single
Number of cylinders %
Cylinder diameter, inches 23-3/4
Cylinder stroke, inches ' 32

Velve gear Walachaerts



VALVES:
Diame ter, inches i2
Full gear travel, inches ki
Lap, inches 1-3/8
Lead, inches 1/4
Exhaust clesrance, inches 1/8

BOILERS
Working préaaura, pounds per square inch gage 300
Length tubes end flues, feet, inches 220"
Number of 2~1/4 inch diemeter tubes 75
Fumber of 4~inch diameter flues 184

FIREBOX s
Length, inches 235+1/32
Width, inches 96-3/16
Grate area, square feed 150

. Number of Security Circulators 7
Percent eir opening grates 1

| HEATING SURFAGE, Square Feets.

Pirebox and combustion chamber 593
Circulators 111
Boiler tubes 267
Boiler flues 4218

Total evaporative heating surface 5889
Superheater heating surfece 2466

Total heating surface ; 8355

TERRI TORY_AND TRAINS$

Tests were run in both direc¢tions betwesn Cheyenne
and Laramie. All tests were made in freight service and with
one exceptlon all westbound trips were made without a helper
locomotive., Trains hauled were represantative of the regular
fraight movement. 2

‘@ TA s

All date necessary for the determination of boiler,
eylinder and exhaust steam injector performance were taken.

Coal consumption was determined by counting the
revolutions made by the stoker conveyer serew. This was done
by means of an odome ter operated by a device driven by the
conveyor sorew. The amount of coal delivered per revolution
was determined by emptying & tank which had been filled to the
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specified campacity of 56,000 lbs. of coel and counting the
revolutions required. A nunber of checks were made and an
average coal factor determined which could be applied to &all
Standard MB stokers. This factor of 8 pounds per revolution
checks very closely with-date from the Standard Stoker Company.

This method of msasuring cosl 1is considered more
accurate than the method formerly used of msasuring coal space
volume, where small errors in measurement may cause errors of
several hundred pounds in determining the welght of coal used.

‘Pank water consumption was determined by measuring
the water in the tank at the start of a run, before and after
taking water and at the end of a run. ’

: A continuous record was kept of the time the exhaust
steam injector was operating on exhsaust steam, on live steam
and when shut off. A venturli meter was applied to the watey
' inteke line of the exhaust steam injector, With this device
the rate at which tank water was being fed to the boeller could
be determined at any time, and the amount of tenk water de-
livered on live steam operation was calculated from the in-
jector time log. For accurate timing of the injector operation
an automatic signel was devised which indicated when the in-
jector was started, when it changed from live steam operation
to exhaust steam operation, from exhsust steam operation to
live steam operation and when the injector was shut off.

A record wes kept of the train movoment, tonnage
and number of cars-

The following pressures were observed 'and recordeds

1. Boiler

2, Valve chamber

3. Exhaust nozzle stand

4, Exhasust steam in injector
S Live steam to injector

The following temperatures were observed and
recordeds

1. Tank water

8. Dali"ﬂry water .

3, Steam %o right eylinders

4. BSteam to left eylinders

B, Exhaust steam from right back cylinder
6. Exhaust steam from left back cylinder
7. Exhaust steam from front engine.

8, Swoke box gases right side

9, Smoke box gases left side

-
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: Draft was measured near the top and bottom of the
:::k: box, approximately one foot shead of the front rluo
8%

A speed recorder was used to indicate and record the
speed and to correlate temperature and pressure readings wita
the speed. Correlation of all readings with speed was sccom=
plished by marking the speed recorder taps before and after
taking each set of readings. By this proecedure it is possible
to caleculate indicsted horsepower for each reading and make
an accurate comparison with theoretical horsepower=speed curves.
. These records may also be used in conjunction with the con-
densed profile to show the speed and required back pressure
at any desired point with a given train.

COMPILED DATA AND GRAPHICAL PRESENTATION:
The date taken during the tssts and the calculated

;renulta'ére shown in charts and tebles coupilod under the
following headings:

Teble I General Performance

Teble II Fuel -~ Water - Evaporation

Table IIIX | Average Pressures and Temperatures
Teble IV Evaporation and Temperature Rise due

to Exhaust Steam Condensed by Exe
haust Steam Injector

Table ? Elesco Exhaust Steam Injeetor
. Performence .
Table VI Fuel Saved by Operation of Elesco

Exhaust Staﬁm Injeector
Table ViI _Water Rates and Indicated abrsepowar
The follawing curves are includeds

Figure 1 Relation between Firing Rate and
Boiler Heat Absorption Rate



Pigure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7
Figure 8
Plgure 9

Pigure 10

Figure 11

Pigure 12

GENERAL PERFORIANCE 2

-be

Relation between Evaporation and Firing
Rate and Relation between REvaporation
Ratio and Firing Rate

Relation between HExhaust Stand Pressure
and Temperature of Steam to Engines and

~ Relation between Exhaust Stend Pressure
- and Temperature of Smoke Box Gases

Relation between Firing Rate and Pounds
of Coal Saved snd Relation between Firing
Rate and Pregent Coal Saved by Exhaust
Steam Injector

Relation between Firing Rate and Gross

" Ton Miles per Trein Hour

Relation between Gross Thousand Ton
Miles and Pounds of Coal per Gross
Thousand Ton Miles -

Relation between Exhaust Stand Pressure
and Steam to Engines ~

Relation between Ixhaust Stand Preassure
and Indicated Horsepower

Relation between Steam to Engines and
Indicated Horsepower

Relatlion between Indicated Horsepower
and Pounds of Steam per Indicated
Horsepower Hour

Relation between Indicated Horsepower
and Speed

Ralatidn between Exhaust Stand Pressure
and Draft

At the time of the test the locomotives had comper-
eble flue miles, mechinery end appurtenances were in %:narally

good condition, and valveas were set as nearly as poss

le the

same on both locomotives, The essential difference in the loco-
motives was, therefore, in the front end arrengement and admis~
sion of overfire air in the firebox.
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Locomotive 4007 was equipped with & single stack,
annular ported exhaust nozzle and Master Mechsnie's front
end arrangement.

Locomotive 4010 was equipped with double stasks,
multiple Jet exhaust nozzle end modified Master Mechanie's
front end. Overfire alr was admitted in the firebox through
twenty-eight 2-1/4" tubes.

The general performance of locomotives 4007 and
4010 is shown clearly on charts I t VIII on which are pre-
sented the speed recorder tapes arranged with a condensed
profile of the territory over which the tests were run. From
the time checks on the recorder tapes i1t is possible to
accurately correlate dats such as speed, gradient, beck pres-
sure and indicated horsspower.

In Tables I, II, IIT end VII data are tabulated
“which show the comparative performsnce of the two loeovmtlvuo

Begause of the long descending grades both eastbound
and westbound from Sherman, each test run was closed out &t
Sherman, All totels end averages are, therefore, more nearly
representative of the general performance of the locomotives
then if the entire run between Cheyenne and Laramie had been
included., ‘

The superior performance of locomotive 4010 is
shown both on the speed vecorder tapes and in Figures 5, 6, 7,

HAUST STEAM INJECTOR PERFORMANCES$

Both injectors performed satisfaectorily although
it was necessary to replace the size 19 tubes in the injector
on locomotive 4007 with smaller size 18 tubes. Thig wes be~
cause of the reduced capacity of the engines after the applica~
tion of the annular ported exhaust nozzle. The better per-
formance cheracteristics of the exhaust injector of locomotive
4010 shown in Figure 4 are dus to the higher temperatures of
the exhausgt steam recovered. b7

BOILER PERFORMANCE s

Boller performances sre shown in Figure 1. The
better heat absorption rate of the boiler of locomotive 4010
is due to better combustion of fuel snd less stack loss.
This ia due to the use of overfire eir and & more efficlent
- front end arrangement. A%t 8 glven firing rate, the heat
sbsorption rate of identical boilers should be the same, pro-
viding the fuel 1s utilized. The difference in unburned
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fuel loss 1s, therefore, responsible for the difference in
boller heat ebsorption rate at a given firing rate.

FRONT END PERFORMANCE g

: Figure 12 shows clearly the greater efficiency of
the front end arrangement in locomotive 4010, It is inter-
eating to note the smell difference in draft from top to
bottom of the flue sheets amd especially in locomotive 4007
with a low teble plate. The vertical draft distribution is
good &8s shown by draft readings and although readings were
not taken on the horizontal center line of the boller, 1t is
reasonable to assume good distribution horizontally. .

The draft at the front flue sheet in locomotive 4010
is greater than that in locomotive 4007 by 50% at 10 PSI ex~
haust stand pressure to 61.8% greater at 17 PSI exhaust stand
pressure, :

DISCUSSION OF FRONT END ARRANGEMENTS

, The importent front end dimsnsions are shown by
following tabulations :

Locomotive Locomotive
4007 4010
Type nozzle . ' Annuler ported Iultiple jet
Nozzle area. Trip Oct. 10 « 56.5 8q. 1in.
: 49,5 8q. in. (8 - 3. die,
{16=3/4" OD nozzles)
and 10e5/8™
dia. plate)
Other trips =
iy 46.9 aq. in.
' {16=-3/4% OD
and 11‘ dis.
plate)
Vertical distence = nozzle tip :
to seat on exhaust base - Re=1/2" 16=3/4%
Vertical distance =~ nogszle %1
to bottom of stack axtenaionp 15-1/4" : 10-1/32% .
Total length stack including :
extension 51" 66"

Inside diameter stack &t choke 27" 23=3/4"



Locomotive Locomotive
_ 4007 4010
Inside diemeter stack at top 29" 28-3/4%
Type of front end arrsngement Mas Gor Modified
: Mechanics Master
liechanics
Table plate 2-1/2 x 2-1/2 Solid plete
netting
Back plate 8o0lid plate Plate with 18"
. strip of 2-1/2 X
2=1/2 netting
Net gas area tlirough tubes and
flues ,
At superheater return bend 1435 8q, in. 1435 8q. in.
~ At front flue shest 1675 8q. in. 1675 aqs in.
- Net area through front end : :
arrangement 1740 8q. in. 1929 sq. in.
Area of stacks at top 661 8q. in. 1298 sq. in.
_Araa of stacks at choke 573 8q: in. 886 8q. in.
Ratio of stagk choke area %o
nozzle area 2.2 15.7
Perimeter of exhaust steam
Jet at nozzle 69.0 in. 76504 in.

For a given locomotive and any given front end
arrangement, which includes stack and exhasust noszle, there is
a8 definlte upper limit of output of the locomotive at whieh
the welght of air supplied will equal that required for the
fuel burned. Below this limit the percentage of excess aiy
will incresse with decresmsing locomotive output, sbove this
limit there will be a defieiency of air. The position of the
limits 1s determined by the charssteristies of the engine
boiler and of the front end arrangement,

With locomotives of the same design which have the
same resistance to gas flow through the tubes, flues and
firebox, the number of inches of water draft per pound of
eylinder beck pressure or exheust stand pressure, when measured
in the same relative position near the front flue sheet, may
be used as the c¢criterion of the performance of front end
arrangements.
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" The entrainment ratio, whiech is the ratio of the
weight of gases moved to the welght of steam required to move
the gases, of & front end arrangement, incresses with de-
ereased back pressure, decreased front end resistence and
incressed ratio of ateck area to nozzle ares.

As shown in the sbove tabulation, the annular
ported exhaust nozzle of 49.5 8q. inchuut used only on one
test run. The area was then redusced to 46.9 sg. inches to
improve the steaming qualities of the locomotive. The multiple
Jjet exhaust nozzle compeared with the annular ported exhaust
nozzle has 20,5 pereent greater area and due to & better co~
officient of discharge will pass 24.6 pereent more steam at a
given back pressure. This means that more flue gas ¢an be
moved at a given back pressure. Also, either the sams power
may be developed on less back pressure or more power may be
developed on the same back pressure.

' The net area through the front end arrangement is
10.9 pereent greater in locomo tive 4010 than in locomo tive
4007, 1I%, therefore, offers less resistance and permits
easier flow of geses and consequently lesss energy is needed
to move the required amount of gases through the front end.

The larger ratio of stack to nozgzle ares of locomo-
tive 4010 also helps incresse the ontz-aimnt ratio of the
front end.

Other front end dimensions although of lesser ime-
portance also serve to give the front end arrangement of
locomotive 4010 a higher entrainment ratio than the front
end 'arrangement of locomo tive 4007,

Since the characteristies of engines and bollers
of the two test locomotives are e¢ssentially the same, maxi-
mam output of the locomotives will be limited by the frent
end arrangements, and differences of maximum output will be
attributable to differences in front end arrengemerits.
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Locomotive 4007 was avalleble for service £6 days in -
13311 being out of service July 10 for nozzle chenge &nd uly 23
nd 24 for monthly inspection, with totsl milcage of 7181 miles

: for this month.

Locomotive 400’7 hes been released to pool uruet‘ to obe
tain the reaction of enginemen and operating officers.

C*ﬁ"{.

/.

‘7. Gogerty
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GENERAL PERFORMANCE , TABIE I

, Sumber of ¥oo DURATION OF TES® ' Potal Total Goal  Per GuEM Average
DATE Qars of TONS I TOTAL DEAD RUNNING Tank Watey Pired | Pounds Pounds Speed
1948 loads Emptys Stops Hes. Min. Hre. Min. Heso Mino ~ pounds Pounds . Veter Goal MPH

. Westbound ~ Cheyenne to Sherman ~ 30.9 Miles
1000 400 :

kg 1 ;@ B 1idld B OB B BB
82 9 1 <8 pp 1¢ 1§ 194 & S @ @ o
o;uigtﬁlgz 6 1 2508 g-/ase 108 a8 % W gg&e 27440 172701 16,0 .
it i 1 BB i3 B OB B ER
22 53 14 i ‘ 85.29 1 55 0 0 1 5 141200 9,23 o 1647.8 403.9 16.1
Bastbound - laramie to Sherman - 25.9 Miles ! :
o’ﬁn‘.‘ﬂx 67 1 1 71 92:49 1 13 0 0 1 12 94962 21040 1026.7 227.5 24.3
ti i I B 1Y B B B ER
U 55 1 376 113.34 } B9 0 1 2 104075 20416 . 918.3 180.% 19.7
1000 4010 | . - A
wwg ¥ 2+ & wR (8 B P 1% Pmoogp B oo 8
88 & + @ 48 18 i ;’?.«5 - S & S %

* Helper 503 - Max. Tractive Foree 70450 Lbs.

** 54 loads, 17 B, 2965 Tems o Otte : |
, loads, C B, 2714 Tons Otto %o Sherman _ r
32 Tons is average for trip Cheyemne to Sherman : |



DATE
1945

000 4

Ogtober i0
i2
13
7]

1000 4010

Oetober 23
24

=

1000 4007

Ogtober 11
12
13
7§

1000 4010

Qotober 23

24
2

Semk Water  Exhaust Stesm
Injestor Condensate
Pounds

Total

Pomnde

. |

1308

9930
97

1210

10630

PUBL - WATER - %YAPORA!!OI

Actusl  Qoal Pired  Pownds Wster Bvap. Per Ruming  Pounds of Goal

Evaporation Total ~ Pound of Coal Pired = Pime Fired Por Houy
Total Pounds m ‘j Astual Hours Rumning Time
! " vesthomd = = Oheyonne $o Shermam - 30.9 Miles _
:,/;x ' j i v : E
56551 . 4.17 2.1167 1 |
! w | 4013 1.9000 ' ‘gg .
200m3 . 4.25 204667 | lg;g B |
178216 %632« 4.87 2,1333 1 b
| | |
14 27440 | 5039 - 1.9 1419; |
K&z ’ % T oy 4 ;/&'31 | }Eg
151@9 @i ' 1.9167 Wosb. |
Easthound - m%min to Vsho'rmn - 25:9 ¥iles
a0en 21040 O 1.0667 19724
1028 21296 4@23 | : 1.2667 12
. 10374 174?(% e 0 1.1500 15193 j,
111747 20416 3:47 13167 W% - |
5 . =
113040 21768 5.19 1.2000 18140
200 18584 49 Ly |
5.23 1.0500 15
135946 2832

3.7 1.3167 21533

TABIE II

Killions of BTU's

Absorbed Wy Evap Hesting
Surface m Hr. Rumning 7ineg

..

OO g
sh o

WIER




-

1000 4007
Ogtober 10

1000 4010
Ostober 23

g5
*E%

B

13

i~

1000 4010
Ostober 23

*ER

AVERAGE PRESSURES AND TEMPRERATURES

!

Pressure - Pounds Per siwu-o Ingh Gauge

Boiler

286.2
£90.6

2655

8
0.7
302,

| 3“@7

~ VYalve

Chamber

9

2

- 283.2
281.4

283.9
281

oﬂ-v

m;enturn = Degrees rahrenho,ﬂ

BExhaust BExhaust In N“m Live
Steam lcuh water

Westbound -~ ehwem %0 Sherman - 30.9 Iilea

o

fank

566

300

8

i
tDelivery

i

Water

22796
%
227.7

2%.2
e
gﬁh

Bastbound - Iﬂ!ﬂio

Stand Injeetor
12.9 | 10.1 ' 2. 3
;7:5 : ig:g %
: 1;68 13’e6 e? ;
8. .0
o 9§ g@a
‘ 1209 s eg
12,9 9.0 a"e
M 3 Ly
o 13.1 %{ez '
6.2 - 135 1.0
15.6 lﬂ 3
B na 9§ : )
2 8 ggé

e
92 =
61

- 60,0 :

+8
3.s

307
Dok |

23908

231,

2255

o2t

i s 24°03 .

24304

2486

Right

772

72506

e
fas-d

&5 Phiinen - 25.9 Miles

- bbbol

308
4.0

6937

T4

7490
7319

~ Steam To Oylinder

1sfs

Right Back

53

331c

3663
36404
364.9

%53

Bxhaust 3“.?.‘ A PSS
Aty Toak  Trent Tagine

52
24

363.2
3

et

02 .8 S

TABIE IIX

R P SR = KANIELL SRS SRR Joe-r=ns T S At

i . P S

Smoke Box Gases

‘Right lef%
p1 e
6721 %7
L 7
T24. 707.8
7245  THd




EVAPORATION AND TEMPRRATURE RISE DUE 70 EXHAUST STEAM CONDENSED BY EXHAUST STRAM INJEOTOR j ‘ TABIE IV

Pounds Of Tank Water : _ ' Total pounds Temp. Rise Millions Of BTUs
~ Bamning : Fed To Boiley ' Condensate Water Bvaporated Dus To ~ Absorbed By
DATE Time  Exhaust Steam 1Live Steam Total Tank ‘Retuzn By Boiler Exhaust Steam Pergent Evaporative Heating
1948 Hours - Operation  Operation Vatey Pounds Astual Degrees F. Return Surfage
Westbound - Cheyonne To Shpm = 20,9 Miles
oxggoxfg 10 2.1167 130394 16868 147262 | 156553 . 63,61 ‘5 3
T 2 1.9000 104727 22448 137175 ggz i 14(275 %m 1 % ER gz
13 2.1667 w 16998 191400 1?'?2 8 Z .78 | :
22,1333 , 18306 176216 71.30 » | aﬁ‘ 1940
T e | ' :
Ogtober 23 1.922% 125 71 133850 9930 - 147780 ‘ X 6.91 161,58
R ah o 48 270 :gas égg ' 14510 izél.e ' g'gf;%r - §is8 e
52 | 1:9 7 138849 2751 141200 10680 151860 i 78:34 , ’7:03 0553
Eaetma - mmia!o Sherman - 25.9 Miles _ ; ,
o”i';"bf“’{; 1,066 : 874 ' | ‘ %é 71- 1 | 10211 6.29 l7 00 111.55
e 12 12266; 931.5 232 é’goas ' 55 m&g _ '33:65 ' }Z: 111,00
13 1.1500 9% 4340 - ARl g% 101354 7223 | 110.79
14 1.3167 9 | 4199 104075 T2 | 111747 e 6.8 121097
1000 4010 : ' | |
Ostober 23  1.2000 862e 4828 103450 9590 113040 3233 . 8.48 121,57
24 1.1167 1868 &3% 85600 Z?M’ 2004 29 ‘7916 100022
g 1.0500 ;/um 79537 55 | 35092 85.10 7:61 93¢
1.3167 6359 710 97 77 - 15046 %

+07 7959 117.10



BIESCO EXHAUST STEAM INJECTOR momlcn ‘ TABLE ¥ :
Hours Injector Tank Wader Delivered To Boiler fPomp. Degrees F Pounds Iive Pounds Live Pounds To¥sl Lbs. Cond.Return Ne® Temp. % Cond. Temp . Rise Due

Operates On Exhaus$ Live Running Delivered Stesm Used Ry Steam Used Exhaust Vater Fed & Total Rise Due To Returnm Bxh. Po Exh.Steam
. Exhaust Live Steam Steam Time To Pank Imjeetor Exh. By Pump Steam To Water T¢ EBxh. Steam Steam Condensed On
21;3 Steam Steam Operation Operatiom Total Hourgs Bollsy  Water Steam Oper. = Total Condensed Boiler = Boller  Condensed Operation Ezh.Operation
' Vestbound = Cheyenne To Sherman - 309 Miles
1000 4007 ' |
, 2.0117 0.2667 = 130% , 2,116 227.6 12 2 156551 63.63 bo 012
@it 12 10612;,, on49r; 1%437291 iﬁ }mfé 1.9003 : ugag %;’% 1058% = §§2 25239 %% 6§om g% Z;
13 3128 353 174402 6998 ﬂo 2.4667 234, Zsf;‘o 15234 gg 3?12 2 12 Z¢43 82.78 " 0.75
1 109535 0, 5528 143294 18306 02,1333 227.7  b3.0 1267H o) 1782 92 7230 7.2 0.40
1000 4010 : | ,
16411 Q. ) 133850 1. 23502 6.6 0 8o .91 . L Re
St 3"%‘?' :‘1{% %33% ggsﬁ éé% | 10;72% é{é"x §3°0 %uzgo g xzw im 3°§3 9;‘5’352 2% ,%3"95%
2 ;:3%2% 0.0314 138849 2352 141200 1.9167  236.1 283 13945 719 10680 1515?0 7.03 W3k . /79:62
ok ’ Bastbound - laramie to Shewmsn - 25.9 Miles ‘ e J
L0GO 490? : | p
Ogtober 11 1.1 0, 1,066 0, 8.0 51 10211 200 ® . 8209 :
Do Mg U2 e i BN ORI ER @ o P omm I B 12 4
13 1.2011 aom 3’;& 4340 94! 11500 225.5 61.1 geR 4% ﬁg 101354 E 7223 98
14 12914 0. , 4109 194075 1,3167 224.4  60.0 8619 2k : 111747 6‘-.; 5o .13
1000 4010 | ’ | : ,
tover 2 1.1695 0.0608 28 103450 11,2000 0. .8 8733 90 113040 8.48 33 8.86 101.9
‘o.? '22 1,094 0.0539 32% 4.832 5533?» 101167 gi'zj, ? 9 823 zi 9504 35864 ' 7026 32929 8.09 90,
22 0.9297 0.1094 1114 23 79 10500 2%3"’ 53.7 7040 402 092 7.61 85.10 8.% \ 3436
R oas 359 70 97069 1.367 2306 354 979 497 oF 10506 7459 $o01 T 569



'PUEL SAVED BY OPERAYION OF EIESGO EXHAUST STEAM INJECTOR | | A TABIE VI

Boiler Press. Tank Net Temp.Rise Water Astuslly fillions Of BI9°s Absorbed Coal Per Houf From Piring Rate Coal Rate Pounds Qoal
Pounds Pey Water Dus To Exhaust Evaporated By Running Ay menoating -Surfage Per Houy . Hoat Absorption Curve Differense Saved Per
mg:g i 8q. Insh Temp. Steam Boiley Time If Ped By Iive = EHxhaust Steam If Fed By Live Pounds Por  Trip Ry Exh,
I Gauge Degrees F. Candensed Total Pounds  Hours Aetun Steam Injector Operation Steam gmmor Houy Steam Injestor
Westbound ~ (heysnne To Shermem < 30.9 Miles ' ‘

1000 4
omu:ozo 286.2 5704 63.61 156551 2,1167 81, 864,45 | 15318 1295 2741

12 290.6 5943 ggo:w | 13275 1.9000 84..67 | & 12%%8 g 1290 a:}z%

13 eggaz 9.0 . 2007 2 2.4667 90, 97. | 13 19617 }Zf 4

Yy 2889 3.0 71e3° 17821 201333 91.29 97-25 18000 19643 3 3%

1000 4010 : » ' A . ' ,
Ostover 23  298.4 6.6 76 .95 34 80 ; 1.9 83‘,5% 89.45 15140 83 1443 2790

24 3017 300 78:75 042 1,766 84. o 90,93 15445 xbz@ 115 , 20

gz %0201 5 2 96.57 1.9 géa-zo 101,03 - , 17315 19 . 222 4307

% 300.7 586 78.34 151 1,936 236 9257 4 15840 : 1503
) 4 Eastbound - Iérania To Shemman - 25,9 Miles !
1000 4007 | . :
Oetover 11  298.2 8.0 gmzs 10211 1,066 104027 111.88 21667 000 2 - 2488

r 8 E ¥ = a5 i @8 m .

14 298:2 ,602 75: 111747 : 123'1&7 | 922@ 9920& g_%ae 20:41 1799 - 2369
1000 4010 ' o =
ostober 23  294.9 53,8 gz.33 113040 1.2000 101,31 . 110,48 12528 22141 2613 - 31

24 296.0 58.9 : 18503 : X

3029 804 1 11&7 0,04 : 97-21 ; 779
299.3 5357 85010 gﬁm 1.0500 ' +20 ' 96«18 16524 18 245 1721 L
2 2992 5.4 8.07 105046 1.3167 b Shs 15915 17565 1648 2170



DATE
1948

1060 4007

Ostoder 10
12
13
4

1ogo 4010
Oetober 23

-8

1000 4
Cotober 1
12

i3

11

1000 4010
Ogtober 23
24

2

Exhsust Stand
Press. Temp.
PSI Degrees
F
21 n
12,9  327.1
175 345,4
17,0 3H6.0
178 347.3
13, 361.1
1%& 9.3
12,9 : 8% 9
12,9 360.1
16,2  317.9
17:8 3 @g
16.2 318,
16.2 34007
15.6  3B1.1
12,3 334.7
mez 34345
12, 35447

270.9
2722

2
28%22

261
28 :;'

2608

| ?33

Valve omhr
P’.'.'e Tompo
psl Degrees
Gauge ¥
271.9 65902
2739 - 692.>
277.0 6%
273.0 o3
2688 d
2Bovs 7168
286.9 72001
207.3 7125

664.0

i

o

0.1

719.4

AVZRAGE WATER RATES AND INDICATED HORSEPOWER g
' Exhaust Stand ' After Adiadatic npnerm Pl %0 Pp  Pounds Steam  Inthalpy Veloeity Gorrection
Prnl. Je4 Per Houp Steam  Of Steam For Rad. &
Specifis ‘ Spooiﬂa Yeloeﬂy Through To To In Velosity of
Yoluma xamm P§! : Volume Enthalpy Pé. Per BExhaust Engines Engines Pipes Ft/Sec.Steam in Txh,
Entropy T, Hy Absolute v, Hy See. V2 Fozsle W, Wy Hy 11

|

Westbound - Cheyenne to Sherman - 30,9 Miles |

‘1.7674 17.064 1202.8 15,0 1159,2 1481.8 600 64567 6.6 1049
1;7&-14 1505 121202 - "1707 23&% 112?.6 149893 %g m %4 10 99
1.767Z 1549 1216.0 . '17.4 11 eaz 1510.0 39 %zxo 1552 g 10%.4
1.759 1:).3% 121106 1709 23&27 11 70 14 .1 6”97 39 10%34'
1.7866 18,529 1219.0 5.1 26.05 u73o2 1520.2 74101 80323 1374.1 1 ‘04
1.7834 18,139 1218.1  15.4 e§;47, 1725 15169 75503 810 1 og 124.0
1.7 18,674 1219.0  15.0 . 3.4  1516.9 734 8u7r 137886 134.2
1.7870 18,650 12185 15,0 eagaa 117300 1515.1 73404 9 1374.6 1340
|

mﬁum - Iaéaio’ To Sherman-25.9 Miles

17478 15.622 11978 16,9 2368 1126@6 14746 1 maEy 1%9:, 100.4
LR RO M 03 BR OB MR GW R e B
137&3 1208.7 24.57 n 14999 64326 70210 139:7 10203
1,7876 17. 1228,1 16,6 . 26.19 1181. - 1535.0 80139 88797 1304.2 1;3509 '
1. 7747 2 12066 u.z & P 2;. 1162, 1490.1 72999 Pg{; 1370.7 132.0
mga 18.25 1210.7 1. zg 1166.0  1501.9 ;g,se 1615 1354.1 ' 132.8
1.7651 18.746 1216.1  14.8 28,41 11706 1515.1 18 79321 37 Wi 13$68

TABIE VIX

ibs oétoa
per Ind.

Horse~

power
Pipes BTU per Lb. Hour

U8

17.93
17.7%

16.60
16,10
16,10

16.49

:u;va

L

_ 16,48

Indigated
. Horse-

- power

A b Dt U b
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