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SOUTHERN PACIFIC COMPANY
Pacific System

DYNAMOMETER TEST NOe 7

Southern Pacific Locomective No. 3803, Class AC=9, was puk
In test service on April 23, 1940, for the purpose of obtaining the
operating characteristics of this class of locomotive and to deter--
mine if any lmprovement in combustion could be effected. In.
addition, the operating characteristics of the fesdwater aibizeys)
system, the injector, and the Valve Pilot, were obtained and |

fmprovements made where found advisable.

PHYSTCAT, DATA

Locomotive 3803 is one of 12 four cylindsr articulated locow:
motives, type 2-8-8~-4, Class AC~9. It was built by the Lima Loco~-
motive Works and was put in sebvice in November, 1939.

The locomotive has two 2 cylinder power units articulated
under a common bollers The cylinders and frame of each unit arve
cast integral, all cylinders using steam at 250 lbs. boiler pressure.

Walschaerts valve motion is used on both power units, the
cut off being controlled by a single ALCO powsr reverse gear, The
valves are 11" in diameter, inside admission.

' The boiler is of comical, radial stayed, construction, with
sloping back sheet, inside dry pipe equipped with a tengential steam
drier, type "E" superheater, and an American front end multiple
throttle in combination with the superheater header., The firebox
1s of radial stay design, equipped with grates and hoppers for
coal firing and has seven American Arch Brick Company's Securi ty
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circulator tubes which also support the bvriek azrch.

The locomotive is equipped with a Haneoek Turbo Feedwater
Heater and Pump, Typs TAZ, eapacity 13,000 gallons per hour, and a
Nathan Non-Lifting Automatic Simplex Injector, Special Fo. 17, Type
3871, Capacity 13,000 gallons per hour.

All auxiliaries use superheated steam except the turbo-genera-
tor, feedwater pump, steam turbine, coal pusher, hydrostatic lubries-
tor, steam heat to the mechanical lubricators, eab iieat, power re-
verse gear emergengy steam control, and the injector.

The engine is eguipped with a double stacs, in tandem, with
the front and back eylinders each having a separate exhaust, and the
standard "Magster Mechaniec's" front end arrangement,

The locomotive is equipped with 0il lubricated bearings on all
axles on engine and tender, using spring pad ilubricatosrs developed on
our lines. Mechanieal lubricators feed oil to all driving box bear-
ings, shoes and wedges. TFelt pad inserts are used to lubricate the
hub faces on all driving boxes and trailing trucks. Magnus
self-cooling 9il tube journal bearings, with Sateo lining, are usged
in the engine tyuek, trailing truck, and tender boxes, the driving
boxes having white metal lined crown brassges, aind Sateo hub faces,

The tender is rec%angular, nominally rated at 28 tons of coal
and 22,100 gallons of waﬁer, Class 221-R-1, with a Standard type "MB"
stoker engine mounted over the frame, and is carried on two. 6-wheel
Buckeye trucks. Actually, by calibration, it was found that the
tender held 21,720 gallons of water and 31 tons of coal, level full.



CONDITION OF LOCOMOTIVE

Locomotive 3803 was originally placed in service in November
1939. At the time it was removed from regular gervice for test pur-.
poses, it had made approximately 25,000 miles and was in good mechani
eal condition.

During the time the test apparatus was being applied, the
mechanical condition of the engine was checked and several minor rg~
pairs were made in order to put the engine in good condition. 4%t the
same time, the valve gear was checked by "rolling the wheels" and
several minor changes were made in order to "square" the valves. The
cut off was calibrated for "corner" or maximum Stroke, and each five
teeth on the reverse gear quadrant out of corner, to and including
-eenter, and at 35% and 60% in the back up motion. During the progres:
of the test it was necessary to replace piston rod packing of the

left front and back and the right front cylinders.




DIMENSIONS AND FROFORTIONS

Tractive Power, HEP considsred as 85% of boiler pressure

Driving Wheels, No. pairs
" it Average Diamster
Engine Truck wheels, 1 pair, Diameter
Trailing Truck Wheels, 2 pair, Diameter
Driving Wheel Base - Rigid, Front Engine
" ! ! " Back Engine
t i i Total, Both power units
Whesl Base of Engine
" Ao " and Tender
Length of Engine and Tender, CGverall
Weight on Drivers
T " Engine Truck
" T Trailing Truck
Yotal Weight of Engine, Loaded
Type of Tender, {lass 221-R-1
Capacity of Tender, Water
B " o Coal

Weight of Tender, loadsc

Cyiinder Diameter, front eagine, right and left

' ; back engine K ! N
Fiston Sircke, fromt and back power units
Fiston Rod Diamster
Fiston Valve Diameter
Steam Lap )

Lead

oy

124,300 1bs.
8

63.68"

367

455

11ta4"
11747

441 7n

66" 3"
112r-31 7/8%
i26'~2 1/87
,ﬁlgoolm.
4%,300 lbs.
1@0,400 lbs.
6?9,900 1bs,
R%Gtangﬁlar
21,780 galions
Bé Tons
4$3,900 1bs.
24.03"
24,0287

32°

4 3/4n

11

1-5/16"

3/16"




DIMENSICHS AND FROPCRTIONS

Cylinder Steam Forts

Valve Travel, forward motion, right and left, fromt unit

" " back up ' * v fromt unit

Zxhaust Clezrances
Valve biction, Type
dxhaust Nowrzles, Lominal, Diameter ant type split
dize of Split, diamond shape
Zxtension Stack, distance above noazles
Boiler Pressure
Tubes, huimber ané outside 6iameter
Fluss " t " v
- Superhesater elements, number ano cuteide c¢iameter
Length over tube sheecis
Firsbox length
i width
Total gas area of tubes and flues

deating surface of firebox, less circulatore

B " * 7 circulators

" " Total evaporating

* iy Superhientsr slemgnis
1 i Combinad

Grate, length
" width

"t srea (1léss ares of inside firing table;
-5

back upit

back unit

24.1X 2 3/8"

3"27"5‘3663‘24
.-3’,

6% "ana 63

6--3"” and _li!
16 = 32

Line and Lius
Walschaerts
7' diagonal split

M[’—'

15-1/4"
250 1bs. per sq.in.
86 - 2-1/4"

260 - 3-1/2"

131 - 1-3/16"

22° ~07

205-5/8"

102-1/4

6329 sc.ft,

465 v

24 v
6918 o
2831 v ¢
T4
150 -1-1/47

T'ell-1/2"
110.5 sq.1%.



LIST OF AUXILIARTES AND SERCTALTIES

Feedwater Fump and Heater Hancock fA-2

Injector Hathan Simplex, Type 17 Hy¢

Stoker Standard Stoker Co. Type MP

Coal Fusher " " " Type DA

Circulators (seven, 5" dia.) American Brick Arch Co. Sscurity type

Brick Arch " n N a

Grates Waugh Bguip.Co's Firsuars

Bafety Valves, 3. Consolidated -- 34"

Tangential Steail Dryer Auerican Throttle Co.

reverse Gear sLCO type H

Air GCompressors - 2 Westinghouse, 83" ¢ross compound

Turbo~generator Sunbéam - typs R-4

Signal Foam Meter flsctro-Chemical Corp. Model GES

Valive Pilot Loce Valve Filoi Corp. Model VP-100

Supsrheater Elesco Buperheater Co. type 'E"

Tenk Level Indicator Asheroft-American, type 1189-T

Firedoer = air operated Frenklin R.R. Supply 0;. Butterfly typse
Ho. 8A

Lubricators - Mechanical-4 Nathan - types DV~4 and DV-7

Drop Plugs -6 Hathan size Mo. 1



The Dynamometer chart made a continuocus record of drawban
pully, siack actlon, speed, steam chegt bressure, back pressure,
brake pipe and brake ¢y linder pressures, throttle and reverse lever
positions, a duplicate of the Valve Pilot tape record, time and
distance, ang tocation.

On the locomotive, readings were taken at 10 minute intspvals
westward and at 5 minube intervalg castward, while the traing wasa
in motion, of the following:

Cab -~ boiler pressure, back bressure, and cylinder pressure,
of' the back power unit; shhker engine and jet Pressures, pressure of
steam entering the feedwaterp nump steam turbine, fesdwater pump
suction and discharge temperatures and discharge pressure, specd
and cutoff indication of the Valve Pilot,the temperature of the .
steam to back eylinders, and the throttle ang réverse lover posi-
tions .

Front end and left running board - £emperature and pressure
of the steam to, and the exnaust from, the front cylinders, the _
preésu;e of the exhaust steam from the back eylinders 5o the feedw
water ﬁeater, the vacuum in the smokebox in front of, and in baek
of, thé diaphragm, the temperature of the smoke box gases and the
temperéture of the feedwater entering the boiler check valve,
Readings were taken at 10 minute intervals, in each direction, of
the carbon dioxide content of the Smoke box gases.

lAt the beginning of the tést, water meters were applisd to
the feedwater pump and the injector suction lines and these were
read at the beginning and end of sach run and at each stop of mere

than five minutes duration, As will be sxplained later, these meters
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were subsequently removed.

The water section of the tender was ealibrated and readings
were taken, by means of a ealibrated stick, at four points in the
tender, at the beginning and end of each run and each time water was
added to the tender. The temperature of the water in tne tender was
taken at the beginning and end of each run and each time the water
way gauged.

The cpal section of the tender was calibrated with weighed
coal for each 3" of height up to level full. An auxiliary coal con-
tainer of 2 tons capacity was carried on top of the tender for uce
in emergency. The fuel consumption was measured by leveling the
coal at the beginning and end of each run and at each time aoal was
added to the tender.

Engineers were requested to keep the thrattle fully open, as
much as posgible, controlling speed with the reverse léver, and to
regulate the cutoff according to the Valve Pilot, with or without

corrections, as will Dbe explained later.

TERRITORY

All test runs were made on the Rio Grande Division, between
Tucumcari and Carrizozs, New Mexico. The uphill portion of the test
was terminated, in each direction, at Corsna. 044 numbered runs were
westward, from Tucumcari to Corona, and even numtered runs were east-
ward, from QJarrizozo to Corona.

The average distance of test runs from Tucumecari to Corona

was 126.5 miles and from Carrizozo to Corona it was B1l.3 mileg. The




line is single tracked with a maximum of one ﬁer cent grade"in each
direction, the maximum curvature being four degrees, The track,'pari
of the former EP&SW line from (arrizozo to Santa Rosa and leased ffom :
the CRI&P (Rock Island)-fré@fSanta Roga o Tucumeari, is more Or 1ess.
uncompensated for curvétureﬁénd many of the curves are excessivelj
super elevated for freight train speeds. For a profile of the grades

see page 29.

TRA INS

Tocomotive 380% wae tested in freight service only. Traine

of 101 cars were handled from Tueumeari to {prona, consisting of

empty: refrigerator cars and a few loads, the Dynamoneter Car, and two ;fi

cébooses, one eaboose being permanently equipped with a brake pipe
préssure recording instrument. The weight of these trains avex&ged':
6040 Ms. During the first part of the %test, when water eaﬁditioné at
Santa Rosa weye not favorable, stops for water were made at Santa -
Roea, where only a small amount of water was taken, at Pastura,'and
at Vaughn. TLater, when the water treating'plant at Santa Rosa was

complefed, a full tank of water was taken there and the stop at

Pastura was eliminated. Coal was taken at Pintado, except in the few -

1nstances when traln welghts wers extremely light, and at Vaughn
Irrom Carrlzozo to Corona the tralns eongisted mostly of ‘loads
and an attempt Was made to keep the tonnage as close to 7500 Ws 85

possible. However, due to the varlatlon_ln the train lead departlng

from E1l Paso, these traing averaged 6985 hs. Ordlnarlly, water was :4;7

taken at Ancho, but on several ocoasis

-

"when,the train welght was.;  1”"3“




'extremely light, water was not taken until arrival at Gallinae, and
a few timee, not until arrival at Vaughn. Cosl wae not taken until

arriving at Vaughﬁ.

FURL

Coal burned was obtained from mines st Dawson, New Mexico,
and varied considerably in the size of the lumpes and the amount of
"fines™ or finely granulated coal, particularly the latier. C(pal was
fired by means of a Standard, type "MB" stoker, using the steam jet
brinciple to distritute the coal over the grates. Normally, the
grates were ghaken only prior to taking water or coal and very little .
unvurned coal was lost in the hoppers. The type of zrateg used,
while allowing ample combustion air to enter, was very effective in
retaining the coal and ash in the firebox and there was practically
nd losg of unburned coal through the grates.

Fuel samples were taken each time coal was added to the ten-
der and composites of these samples wers analyzed for heat and asgh
content, ete. The following is typical of the range of wvalueg for

the ¢aal uged:

BTUs {actual)} per 1b. 11,220 t92 12,629

BTUs dry mon 11,335 to 12,342
Fixed carbon % 41 tp B0
Volatile A 38

Moisturs 7 0.06 to 1.28
Azh % 15 to 22

Wt. per cu.ft. lbus. 53,0 to bb.9

-10-




APPARATUS

The apparatus used on this test, excluding the Dynamometer
Car, and the calibrated tender, consisted of bourdon tube pregsure
gauges, calibrated and frequently checked on a dead weight tester,
calibrated mercury tube thermometers, and a thermo eouple pyrometer.
Draft in the smokebox was obtained in front and in back of the dia-
phragm plate, in inches of glycerine, later converted t5 inches of
water, The carbon dioxide conbtent of the sﬁokehox gages was obtained
by means of an absorption device calibrated to read directly in 530g «

In the cab, regular cal connections were used for bhoiler
pressure, cylinder and back pressures, cylinder steam temperature,
stoker engine and Jet pressures, feedwater pump discharge pressure
and temperature, and Valve Pilot speed and cuboff indicatisns. A
gauge and a thermometer were applied in the cab to indicate the preg-
sure of the steam to the feedwater steam turbine sand the temperature
of the feedwater pump suction water. The cuboff was obtained in the
cab by means of an indicator directly connected to the grossghead of
the power reverse gear. The cutoffs were recorded and put on the.
Dynamometer chart by means of a push button signal. Ag the normal
pressure of the steam to the eylinders was 220 1lbs. per sq.in. the
throttle position was indicated in Quarters or increments of 55 psi
and wag recorded and put on the Dynamometer chart by push button
signal.

On the front end the pressure and températura of the stean
was obtained directly over the left steam chest. mExhaust steam:pres—

sure was obtained by connecting all four exhaust portions of the

Iy




valve chambers to a common pipe leading to the pressure gauge. The
exhaust steam temperature was obtained just telow the exhaust stand.
Smokebox temperature was obtained by use of a four foot mereury tube
pyrometer extending through the front 5f the smokebox. Smokebox
vacuws was obtained from pipes extending through the side of the
smokebox, on the horizontal center line of the boiler and extending
in to the vertieal center plane of the boiler, both in back and in |
front of the diaphragm plate. The smokebox gas samples were obtained
by means of a vacuum pump connected to a pipe which extended into the
smokebox and connescted to a perforated sampler pipe located in baqk'
of the diaphragm and approximately 20" from the floor of the smokebox
On the left running board the tempsrature of the water from
the fesdwater pump was obtained at the boiler cheéck by means of a
glasg tube mereury thermometer., The pressure and temperature of the
éxhaust steam to the feedwater heater was obtained about 127 fr0m-the?
heater. |
Temperature of the water in the tender was obtained at
gseveral points in the tender by means of a glass tube meroury thermam;

eter inmmersed in the water,

CHANGES MaDE DURING TEST

8
Rune 1 to 12 inclusive were made with the engine standard in
all respects, with 7" diameter exhaust nozzle tips on the front and
back exhaust stand openings, hereafter to be designated as 7x7, the
Tirst dimension being that of the froat nozzle tip. A& 1/2" stgndar@_

split was used in all c¢ases, placed dilagonally and in such a mannsr '

18-




that the diagonals of the square material used were vertical and _
horizontal. The main supply of water to the boiler was furnished by
the feedwster pump.

Due to diffieulty in supplying water to the boiler, due in
part to the drag of the water meter, the 4" meter in the feedwater
suction line was removed at the end of Run No. 4. The 3" meter was
removed from the suetion line of the injector at the end of Run lTo. &

Rung 13 to 20 inclusive and Runs Nos. 24, 25, 31, and 32,

were made with 7—1/4x 7Y nozzle tips. This change wag made in order .

to more nearly equalize the exhaust pressurss of the front and baeck
power units due to the faet that the exhaust sgteam supplied the feed-
water heater is taken Trom the baek unit only. At the end of Run HbH

the feedwater pump hot well in the tender was modified in a manner

which prevented the hot water, returned by the pump, from eirculating.'

in the main body of water in the tender and raising the temperature
of that water to a point where neither the pump nor the injector
would discharge into the boilér. At the same time the stoker engine
exhaust was repiped in such a maaner that the piping did not pass
through the water in the tender. An automatic overflow control was
placed on the injector, the purpose of which was to prevent loss of
water through the osverflow when the-injector was ia operation.

Runs Nos. 21, 22, 23, 86, 27, 28 and 29, and 30, were made

with the injector supplying all the water to the boiler. The nozzle

tips were ?-1/4X 7r,  Wo diffieulty in supplying suffiecient water to
the boiler was encountered at any time.

Runs Nos. 33 to 38 inclusive were made with 7-1/2x 7-1/4"

nozzle tips and with the feedwater pump in operation. The effeative

—-lB—



diameter of the front nozzle was redused t0 7 3/8" as this wag the
minimum bore of the exhaust stand opening., At fthe end of Run Ho. 50
the stoker engine exhaust was changed task to its original piping
through the water section in order to determine if this location ex-
cessively heated the water in the tender.

Rung Nos. 39 and 40 were made 7-1/4x 7" iozzle tips and with

580 sg.ins. of arch brick removed from between the two eirculators

nearest the back head of the firebox, the No. 6 and 7, with the open- - '

ing centrally loeated 2n the cenfter line of the firebox.

Runs Nos. 41 to 49 inclusive were made with the arch brick
removed as desoribed above and with 7x7" nozzle tips,

In the tabulation of average data it will be noted that cer-
tain runs are not included in arriving at an average. The deletion.
of these runs is caused by data which varies too greatly from the
average due To the extreme variation of one or another of thelprinw
ciple variables, particularly the weight of the train and the avefagé'

cutof?f.
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Test rumns used

Total time - hrs.mins.
Standing time - hrs.mins.
Running time - hrs.mins.
Rumbey of Stops
Distance Run - Miles
hveragec Speed-ii.F.H.
Foupde of water - Tender
Founds of water-Condensate
tounds of water -~ Total
Pounds of coal burned
Total Ho.cars in train
%o.lcads inc. dyn. ear
No.empties inc.cabooss
wt.of train - Ms
dt.0f trein - tons
1000 ton miles
pounds coal/1000 ton miles
Drawvar pull - Lbs.
DEHF Hrs. Adjusted
Lbs. coal/DBHP Hr.
syerage dev. H.F.
Hquiv.Evap.Lbs/DBHP Hr.
ibs.corl/Sq.Ft.grate arcs
lbs.watsq/Lb.coal(ﬁvalZ“}
«Pressures—
Boiler _
Front Cylinders
Back "
Back Press-Front Cyl.
R i ] Bac k 1t
Ftoker engine
o jets
F.d. to boiler ~ ocb
Steam to F.W.H.turb.nozzles
ixh.atesm to F.W.H.
~Tempsratures °F-
Front steam chest
Bac 1{ it it
Smoke hox gas
Exn.steam of front cyls.
N 7 to F.W.H.
F.«, &t boller check
Tender water temp.
dater at F.W. pump suct.
Degrees supsrheat-Back eng.
average draft in suoke
box back of dia.
av.draft in smoke Box
front of dia.
o2 Content of flue gas
Boiler efficiency

- AVERAGED DATA-~
Tucumcari - Corona

7-3/8 x T-1/4"

Nozzles

-

33,3537

6-54"
i-44"
5“10 ]

6

136.6
26,44
354,786
49,300
404,086
66, 66T
101

8

93

6067
3004
£10.35
162 .46
42089
16664
4,00
3223

22 .46
116.7
7.29

244
166
172
10.5
10.1
36
152
251
160
1.0

654
664
515
310
317
214
15
124
285.2

14.3

9.9
9.9
57.66

77X

Bozrles 500 5q.In.
Arch Brick

1,5.7.9
11
T-22"
1-42"
5-4Q"

7

136.7
24,12
359,512
44,965
404,477
67,759
101

7

94
5983
2992
409,00
165.67
42789
16582
4,09
3000
24,22
106 .4
7.17

246
160
193
11.3
10.6
31
146
256
146
7.6

640
666
538
322
327
209
11
123
282.3

14.4

5.2

56.26

747" Nozn. 7-1/4"x7" Tel /%"

Removad

41,43,45
47,49

6 - 59 4
1-27"
5-32"

6

136.6
24 .69
380,549
50,100
430,649
70,509
101

129
268.¢
15.9

-11.1

9.0
6k.32

Injector

21,23,27
29

6-31"
1-13"
5-18

2

136,3
25,172
353,032
67,707
101

4

91
5614
2807
382.59
176.97
38429
15293
4 .42
2895
23.07
116.3
7.05

245
172
174
10.2
12,4
39
150

654
666
525
311

73
288.6
15.0
10.4

11.1
54.50

Hogrles

ew

13 ? 15 1 17 i)
25,31
T-4G"
i-42°
5-58°

4]

136,17
22,90
363,172
47,359
410,521
70,679
162

8
g4
6023
3012
4L1.74
171.66
42555
16613
4,21
2061
24.50
16%.2
65.96

244
156
174
10.3
9.4
40
145
256
L&T
8.6

636
646
513
304
302
200
75
121
290.5

13.7
9.2

16.3
53.84



Test runs used

Total time - hres.mins.
Standing time - hrs.mins.
dunuing time - hrs.mins.
Number of stops
Distance run - liiles
dverage speed - L, FP.H,
Pounds of water - Tender
Founda e¢f water - Qondensate
Pounds of water - Total
Pounds c¢f coal burned
Tetal Ne. cars in train
No. loads inc. dyn. car
No. empiies inc. cabooss
Wt. of train - Ms
Wt. of trein - tons
1000 ton miles
Founde coal/1000 ton miles
Drawtar pull - Lbs.
DBHP Hrs. Adjusted
Lbs. coal/DBEP Hr.
Average dev. H.P,
Equiv. Evap. Lbs./DEHP Hr.
ibs.coal/8q.Ft.grate area
Lbs.water/Lb.coal{from 212°)
-Fregsuresg-

Boiler
Front eylindsrs
Baclk i
Back Presg-Front Cyl.

i HJ Bac 1{ "
Stoksr dngine

K Jets

F.W.to beiler - cab
Steam fo F.W.H.turb.nozzles
Exh.ateam to F.&.H.

- -Temperatures °F-
Front Steam Chest
Back H "
Swoke box gas
Exh.steam of front cyls.

" t toe FOALH.
F.W. at boilsr check
Tender water temp.
Water at F.W. pump suct.
Degrees superheat-Back eng.
average draft in smoke box

back of dia.
Lv.draft in smoke BLox

front of dia. -
Ce2 Content of flius gas
Beiler efficiency

¢ Light Load

~ AVERAGED DATA-

Carrirczc -~ Corona

7*3/8”22 7_,1/4:5

Kozzles

L

34,36,38

247"
18
2-29°
1

51.2
20.62
179471
23984
203455
37876
94

g4

10
7665
3833
196.25
193.00
56257
8354
5,40
3362
24,48
6.49

243
192
197
11.6
16.5
37
166
255
160
8.6

659
669
513
315
325
211
73
123
283.2

15.3

10.6
8.4
53.1%

~16-

Tvixrz n

Hozgzles

2,6,8
10,12
2.42°
19°
2-23:
2

49 .4
20.73
179127
23532
202659
36497
85

78

8

1754
3871
191.52
19C¢.56
54793
7886
4,62
3330
25.97
139.7
6.78

245
188
199
12.4
11.0
43
157
254
156
6.7

656
677
045
337
347
211
15
119
290.0

16.1
16.7

53.54

7"}{73!
530 8q.1In,
Arch Brick
Removed
42, 444
#46
2-17
21
1-56"

2

5l:4
26.59
135366
18133
153499
27190
70

53

17

5575
2788
143.30
189.74
42123
6442
4.23
3353
23.87
128,0
6.77

247
174
183
14,2
11.5
42
131
258
150
1.5

655
662
506
303
314
214
&a
126
282.6

15.9

11.2
9.7
56.90

7“;/4ux7“ 7;1/4”K¥

Injector

22,26,28
30
2-52"
19!
233"

1

51.2
20.08
181445
181445
30396
g1

8o

11
7800
3900
199,68
192.29
53553
7971
4.381
3124
22.75
136.2
6.47

245
196
201
12,0
13.9
41
168

-

669
686
540
326

TG
5.9
16.3
11.0

10A7 :
51.10

Wozzles

16,18,2¢
24,32
2-39"
24
2-15"
51.2
22.76
165502
23584
189086
36452
83

72

11
7023
3572
199.81
202.73
50232
1527
4,86
3356
25.16
147.3
6 .22

244

191

197

1346
11.9 )
¥

157

255

163

10.¢

659
676
533
318
325
215
70
121
290.2

6.3
10.9

10.5
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DISCUSSI0ON

As stated in the opening paragraph, the object of this test
was to determine if any improvement could be affected in the evapor-
ating qualities, or the ability to produce steam bty the use of the
heat obtained from the combustion of coal; to reduce the coal con-
sumption per unit of work without adversely affecting the ability of
the locomotive to produce work; to test the efficiency and reliabilit:

0f the Hancock Turbo Fesdwater heater-pump system; to taest the rs-

liability of the Nathan injector; and to tegt the operating indica-

tisne of the Toeo Valve Pilot.

EVAPORATING QUALITIES

During the progress of the test several changes were made and
at no time during the 49 test runs did the locomotive fail to steam
or to produce sufficient stean for normal requirements. On one or
two oceasions when certain operating characteristics of the Valve
Pilot were being oktained and the power units were working.against 19
sr 20 lbe. back pressure, the boiler could not kXeep up with the demand .
for steam; however these were extraordinary demands and would not be
duplicated undex normal conditions of operation. It may therefors te
stated that the ability of the locomotive to produce steam is entire-

ly adequate.

COAL COMBUSTION

Due to the construction of the grates, which limits the amount

of gombustion air, and the construction of the air openings to the
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under sides of the grates, changes in the amount of air available for
combustion would have taken a great deal of time and, in view of the

favorable steaming qualities of the locomotive, asg discussed in tha.

- preceding paragraph, no changes wers made in t@e combustlion alr sup-

ply. However, several changes were made in thé draft arrangement in

the smokebox by varying the diameters of the exhaust nozzles, as

will be discussed in later paragraphs.

TEEDWATEZR HEATER AND PUMP 3YSTHI

Soon after the test was started, it was noted that, due to
the construetion of the hot well in the tender, the hot water return-
ed from the feedwalter pump was excessively heating the main hody of
water in the tender, which adversely affected the ability of the in-
jeetor, in operation, to pick up the water and supply it to the.hail—
er. In addition, the heating of the water ultimately would result ia
the failure of the feedwater pump to supply more than a small @era
gentage of its capacity to the boller. At the end of Run Wo. 1lb the
not well in the tender was modified in & manner such that the hot
water returned to the tender was returned to a point adjacent to the
suction line of the pump and the tendency of the hot water to mix
directly with the main supply was practically eliminated.

Before modifying the hot well the temperature of the water in

the main section often increased as much as 15 degreeg or more be-

tween fillings. After the hot well was changed this increase in tem~

perature was reduced to not more than one or two degrees between

fillings.
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At the same time the hot well was modified, a change wWas ma&a_- "“
in the governor of the feedwater pump steam turbine. This Ghanga-rég

gulted in more reliable regulation of the steam turbine speed.

STOKER ENGINE EXHAUST EIPE

At the same time the hot well was modified, the staker_éngine_
exhsust pipe, which sriginally passed through the main water sechion
of the tender, was disconnscted and repiped in such a manner that it

discharged under the tender between the rails. At the end of Run_ﬂa¢ '

58; when it had been determined that, with the modified het well, the
temperature of the water in the tender did not increass more thanroﬁé 
or two degrees in temperature petween fillings, the exhaust piping
was again connected in the original manner. |

1t was found that the temperature 4id not increase mbre.tnaﬂ__f
three degrees between fillings and it was determined tha®% this ar- |
rangement would be gatisfactory, as a 3 degrec rise would not affect .f
adversely the operation of the injector nor the feedwater pump; aad
the temperature inocrease would result in about a 1/4% heat saving |
and, in addition, this feature would be valuable during extremely_--f=5
c¢old weather in offsetting the possibility of freezing the tender . _. ;
water. At temperatures near freezing the heat transfer would of -

gourse be greater and as much as 5 degrees ilnorease cail be expectedg

- INJECTOR

as stated defore, congiderable trouble was gxperienced 'x_r\i:‘Lt]nL.'-"i

the injector due to its failure to put all the water in the bo;ier¢ 5f
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It was considered, at fivst, that this was entirely due to the hot
water present in the main tank. At the time the hot well was moﬁifir:: i
ed, an automatic device perfected by the manufacturer of the injectﬁr._
was applied to the injector. The purpose of this device was to aqté#'_ 5
matically close the overflow valve of the injector, immediately after
delivery of water to the boiler had commenced. The device is g9 aon-
gtructed that it automatically opens if the injector "breaks" or
momentarily faile to deliver Water'ts the boilsr.

This device performed in an entirely satisfactory manner-aﬂd
at no time while in operation did more than approximately 5% of the
watler fail to enter the boiler, ané then only on rare occasions,

On one trip the auvtomatic device waz disconnected before
leaving Tucumcari. On arrival at Santa Rosa it was estimated that
1G5 of the water was being put "on the ground", ﬁhrough the averflaw
pipe. On arrival at Vaughn it was estimated that 28% of the water.
Was being put on the ground. Immediately after this was determined
at Vaughn, the automatic overflow control was agsin connected and

there was no further loss of water out of the overflaow,

LOC0 VALVE PILOT

The design of the cam of the Valve Pilot, which contrsls the
cutoff indication in terms of miles per hour, is guch that for maxi-

mum horsepower output, the black, or cutoff hand, should be kept

directly under the red, or speed hand, by adjusting the reverse_laver .

as the speed changes.

It had been reported that the elass AJ-9 locomotives coal@.n353 5ji
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be operated aecording to the Valve Pilot indication withaut.deve;op¢
‘ing excessive back pressure and, as a result, regquiring more stéﬁ@
thah the engine could produce.

Therefore, it was part of the purpose of this test ©2 make 2
study of the Valve Pilot and to determius what practical chaﬁges
should be made in order that the locomotive could be operated ac-
cording to Valve Pilot indication.

Soon after the start of the test it was found that the engine -
did develop excessive back pressures when operated acgording to the
| Vaive Pilot. On cheecking the speed indication of the instrument it
wae Tound that the speed was high at low gpeeds and low at high
speeds, varying from a maximam of 4 ¥.P.E. high atv 18 ¥.P.H. ©d cOr-
reot at 24 ¥.P.E. and 3 M.P.H. low at a speed of 4C IL.P.H. As it was
considered inadvisable to delay the tast to corrsct the speed indi-
cation and the Valve Pilot was an invaluable instrument in the opera-
tion of the fest, in that one run could more nearly be made to comparf
with another whenr both runs were made according to the indicationg of
the instrument, the speed indication was nob corrected during the
test. However the error in speed was considered and compensated for
during the test.

4t the start of the test it was found that these locomotives
were being operated at a recommended maximum back pressure of 15 1he.
per sq.in. The combination steam pipe - back pressure gauge'in the
ecab is equipped with an adjustable stationary brass hand and this had
been placed at 16 1lbs., indicating the recommended back pressure..

After a sufficiedt aumber of runs had been made to determine s

the operating characteristics of the locomovive, it was found that,
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with 7x 7V nozzles, maximum powey output was ottained when the engine.

was worked with 17 lbs. baek pressure. As the back pressure varies
with speed, the cutoff being maintained constant, this-statement.
holds true prineipally for the range of speed between 12 and 20 M,P.H

The Valve Pilot instrument does not indicate below.the figure
12, the figures representing both speed and cutoff in terms of Speéd;
Ag oviginally set, the cutoff hand indicated 12 when the reverse
lever wag placed for maximum valve travel or cutoff. After careful
.Study of the problem the instrument was adjusted to indicate cutoffs
% 1.P.E. lower than formerly, the initial reading or indication being .
9 instead of 12. A48 There was no figure below 12 on the dial face
the number 9 is relative. With this setting the engine could be
operated, with the hands together, at maximum nower sutput witnogt
exceeding a back pressure of 17 l1bs. |

Phis, of course, did not correet the false indication of the
speed hand but sufficient data has been pregsented on the grapaic
ohart, page 28, to enable the Valve Pilot Corporation to redesign the
cam in a mannsy such that the engine can be operated at maximum power

by reference to the instrument.

TONNAGE RATING

Prior to the start of this test the tonuage rating of class
AC-% locomotives had not sfficially been established and was not !
shows on the current Rio Grande Division time table. An gdditional
purpose of this test wae to obtain sufficient data to determine the

time table vating of this class of power. O page 24 ig shown g
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“graph of tonnage vVersus speed on ruliang grade and, &s ehown on this
graph, a 7200 M train can be nandled on a ruling grade of 1% at a

minimum speed of 1o M.F.H.

COMPARISON OF TEST DATA

Ag previously stated, odd aumbered rune were made from Tucums
gari west to Corons and even numbered runs were made from Carrizozd |
eaat to Corona, the top of the grade. Duse to the variation in train
weights it was found inadvisable to rely on a direct comparison of
averaged data. The averaged data has, however, teen tabtulated for
informative purposes only, and certain date has teen shown graphical-
ly on pages 2i ahd 27.

1t was found tnat the principal data, such as lbg. steam per
1b. coal, developed horsepower, coal and water conzumpbtion, and boil-

er efficiency, varied more or less in direct relation with the hourly

rate of firing the coal. Within the falrly close range of variation -

of the firing rate the principal data may be assumed to have a
straight line‘relation and this data therefore was plotted against
the 1bs. of coal fired per hour per square foot of grate area, the
1bs. of aoal being equated to & coal having an aveTrage heat value »f
glightly more than 12,000 BTU per 1b. The averaze of the firing
rates Tor all runs was Tound to be 125.1. The value of the plotted
data atgthe average firing rate was, therefore, taken from the graphs
and pl%tted onn page 17. The data presented on thie latter page has

been usld for comparing one set of conditions with another.
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RESULTS

Tn comparing the data presented on page 17 it will be noted
that the engine performed most sconomically with 7 x 7" nozzles,.tha
-standard arrangement for this class of locomotive, and with 580 sq.
ins. of arch brick removed from the middle secﬁion of the arch near-
gst the firedoor. During the progress of the test it had been noted
that increasing the diameter of the front nozzle from 7 to 7-1/4" and
later increasing this to 7-3/8Y and the back nozzle to 7-1/4", had |
not resulted in a fuel saving. It had been noted, however, that the
coal being fired had & high percentage of fines, or small sized coal
ranging from coal dust to lumps about the size of mateh heads. Due
“to the high velocity of the flame around the back end of the aych;
nearest the Tiredoor and the point where the coal is blown into the
firebox, these fines were teing picked up before reaching the coals
bed and were being carried out through the stack as evideneed by the
concsiderable volume of cinders coming out of the stack, particularly
at high firing rates.

It is impractical to measure the stack loss of a locomotive
on the road but from tests made by other railroads and colleges 0a
gtationary test plants, the loss of unburned coal out of the stack
nas been found to be as high as 12% at high firing rates. Tt is
roughly estimated that the stack loss of engine 3803 approached or
possibly exceeded that figure. A ssmple of the cinders was analysed
and it was found to have a heat value of 9300 BTU per 1lb. As the
original coal averaged 12,000 BTU per 1k, this indicates.that in pass~'
ing tﬁrough the firebox and flues only 2700 BTU was extracted from
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each pound of cinders.

| Obviously, anything that can be dsne to reduce this stack

loss and which does not adversely affect the ability of the toiler to
produce steam, will result 1in some saving of fuel. As the increass
in the nozzle diameters, which hasg fthe effect of reducing the draft
in the front end and should reduce the amount of unburned fines
thrown out of the stack, had not resulted in any material saviag, the
arch brick (in part) was removed for the purpose of reducing or dis-
placing the velogity of the flame around the end of the arch. 580 sg.
ing. of areh brick was removed from the central sectiosn nearest the -
fire door and the stoker Jets. The area removed approximated that of
the casting just inside the firedoor which protects the aoal, iﬁeide
the firebox, which is being forced up by the action of the coal in the
stoker conveyor scorew behind it, to a point where the jets pick it up
and project it into the firebox.

It was found that, with this amount of areh briek removed, t@e
stoker jet pressure could be reduced approximately 10 1bs. getge. This
indicated that less force was required to project the goal througﬁ the
path of the flams and thgrefore the velocity of the flame in fraﬂt.of_. 
the stoker Jets had been reduced. |

As compared with the test made with 7 x 7" nozzles without
arch brick removed, the test made with the arch trick removed resulted
in a 6.8% decrease in 1lbs. c¢oal per drawbar horsenower hour, a 8ﬂ68%
ingrease in boiler efficieney, and a 3.17% increase in the 1lbs. of

steam per 1b. of eoal. Taking the latter value as a basis o compari-

son, the saving in coal for equal amounts of steam generated would be

3,1%. Assuming a2 maximum error of 1,000 in 60,000 1bs. of ocoal, fired
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due to the inherent inaccuracy in the method »f weighing coal by
volume meagsurement, and also assuming that the error resulted in &
lower coal consumption, the error would be 1/60 or 1.3%. Subtracting
this from the expescted saviang would show a mipgimum coal saving tolbe
.expectéd of at least lué%.

Gonsidering only the coal used from Tugumeari to Corona and
from Carrizozo to Corona, the average enal consumntion for the round
trip would be 104,000 lbs. or »2 tong. Assuming 14 round trips per
month and ooal at the current rate of 33.06 per ton at the mine, this
will result in a saving of $5,760.00 per year for the total of 12
engines of thie class.,

In comparing the results of the feedwater pump versus the in-
jector, it was found that runs with the same nozzle diameter were not
cbmparable, apparently because, with the injector in operation and
the feedwater pump not being used, the pressure 5f the exhaust of the
back power uait, at the nozzle, wag increased due to not taking off
the steam for the heater. This increased the draft in the smokequ
énd affected the combustion. Therefore, the injector runs with
7-1/4x 7" nozzles were compared with the feedwater pump with 7x 7"
nozzles. Tt was found that there was a 4.35% decrease in 1bs. of
coal per drawbar horsepower when using the feedwater pump as compared
with use of the injector, a 3.71% inerease in boiler efficiency and a
3.41% increase in lbs. of steam per 1b. of coal. In addition, the

fegedwater pump system averaged a 15% return of coundensate.
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CONCLUSIONS

. That the removal of 580 sg.ins. of arch brick from the center of

the arch section between the Nos. 6 and 7 eirculators will re-

sult in a fuel saving of approximately 1.8%.
That the present standard air opening to the firebox and standard
Tront end arrangement'will result in the most economical performe

ansce.

" That the modified hot well and the change in the pump governdr

hag resulted iy a more reliable operation of the feedwater heafer

pump system.

That the application of the automatic overflow eontrol to the-inw.' o

jeetor has resulted in dependable operation of that deviece.
That the informatiosn obtained will make it possitle to eorrect
the Valve Filot and permif operation of tne engine in accordance

with ite indication.

RECOMMENDAT IONS

That for fuel economy and reliability, and flexibility in-agrviqe_"”::

part of the arch brick be removed from the arch of all engines sf
this class, acceording to Motive Power drawings covering ths
change, and that the present standard front end arrangemaht and
draft opening to the firebox be maintained.

That the hot well in the tenders behind all engines of “this clase
be modified in the same manner as that behind engine 5803. |
That automatic osverflow controls be applied o the injectors of

all engines of this class.
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4. That the cam design of the Valve Pilot be modified, on all en-~
gines of this class, to agres with the graphical_datarpresentéd.
herein, |

5. That the stoker exhaust pipe be meintained at present standard;
that iz, to pass through the main body of the water in the ten;.

der.

offioce of Genl.Supt.Motive Power
San Francisco, September o, 1240
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