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' Boport of Tests of Locomotive 3911

With Lebyrinth Front End, Multiple Stacks, Multiple Jet
Exhsust Nozzles, Elesco Type "TP" Exhaust Steam
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Report of Tests Locomotive 3911

This report covers the psrformance of Locomo tive
3911 with the Lebyrinth Front End, Multiple Stacks, iul-
tiple Jet Exheust Nozzles, the Elesco Type "TP" Exhaust
Steam Injector on the left side, and the NHathan Type 4000
Live Steam Injector on the right side of the locomo tive.

Mthemwuwowamuw3M1an3W3
Class Locomotives are equipped with a single annular ported
nozzle, & single stack, and & Master Mechanic's front end.
Locomotive 3910-14 have Zellers Exhsust Steam Injectors
with 9000 gallon tubes and Locomotive 3911 was first tested
with this injector except that 11000 gallon tubes were
applied.

Ag & result of tests of the Multiple Jet Lxhaust
Noszle and Lebyrinth Front End on Locomotlves 815 and 7006,
indications were that & conzidereble increase in power
would be attained on 3900 Class Locomotives by a similar
design especlally with two stacks and two Multiple Jet Ex-
haust Nozzles.

Accordingly, the Labyrinth Front Lnd, Multiple
Stacks, and Multiple Jet Ixhaust Nozzles were appllied to
locomotive 3911 and tests started. The locomotive was
first used in helper service to determine the correct
nozzle size. The locomotlve then steemed, but ean analysis
of the smoke box gases showed room for improvemant in the
combustion. Twenty-eight 2-1/4 inch diameter tubes were
gpplied in the sides of the firebox for secondary air ade
mission and this change resulted in very good combustion
as shown not only by the ges analysis but also by the ape-
pearance of the fire and the gases leaving the stacks. All

tests were then run with secondary air and at the. conclusion

of the tests, the holes were lef't open.

Discussion of Standard Front End
~ Arrangement and Arrangement on Locomo tive 3911

The important front end dimensions are shown by
the following tabulation:
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Type Nozzle

Area Nozzle - Square Inches

Nozzle Tip to Bottom of Front
End - Inches

Nozzle Tip to Bottom of Stack
¥lare = Inches

Total Length of Stack Including
Flare = Inches _ .

Inside Diameter of Stack at
Choke ~ Inches

Inside Diameter of Stack at Top «~
Inches

Type Front End
‘Wet gas Area through Tubes and
Flues = Square Inches

ligt Area Under Table Plate -
Sguare Inches

Top Are& Stecks = Square Inches

Choke Area Stacks - Squarse Inches

3900 Class
- Standard

Annular
Ported
30-3/16
17
51-1/4

24

26

Naster

Mechanicis

1540

1517
531
452

Locomo tive

3911

29-1/2
Labyrinth

altiple Jet

56056
ésma/as
15-3/4
57-7/8

24-1/2

1540

1635
1367
945

v

The lultiple Jet lxhaust Nozzle compared with the
Amular Ported Nozzle has 24,7 percent greater area and due
to a better coefficient of discharge, will pass 29.8 perw-
cent more steam for the same back pressures.

his means
'~ that either the same power mey be developed on less back

pressure or more power may be developed on the same back

pressurs.

For all powers developed with the small nozzle

the seme power l1ls developed with the lerger nozzle on less

steam and fuel.

With the learger nozzle; powers are attained
which can not be developed wlth the smaller nozzle.

Ihis

is due to the fact that the smaller nozzle cennot pass the
required amount of steam for high powers without excessive
back pressures and excessive back pressures in turn.limit

the power. However

when the locomotive with a larger noazlc bl

is working at ita higheat powers, the steam requirements
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are greater than the locomotlive could utilize with & smaller

nozzle and more coal 1s burned. 9000 gallon injector tubes
are of ample sire to supply . wilsr on 35800 class loco=
motives with annular ported nozzles. On Locomotive 3911,

11000 gallon tubes barely siupplied the boller when develop~-

ing maximum power.

The excellent steam discharge properties of the
. two Multiple Jet Exhaust Nozzles are shown by Figure Ho.
5; which shows the relation between exhaust stand pressure
and flow through the exhaust nozzle.

The Labyrinth Front End compared with the Master
Mechanic¥s shows less restriction in the front end and a
more even draft over the fire, Thess are very desirable
characteristics. The Lebyrinth Front &nd is for all prae-
tiecal purposes. perfectly self cleaning, spark arresting
is very satisfactory, and there is no netting to ltOp up .
or wear out. .

The drafts obtalned with the Multiple Stacks,
Multiple Jet Exhaust Nozzles, and Labyrinth Front End are
very good as shown by Figure No., 3 in this report.

Tests, Territory and Trains

' Tests were first run wlth the Sellers Ixhaust
Steam Injector in helper service out of Cheyenne, and in
freight service between Cheyenne and Laramie, Leramie and
Green River, and Green River and Ogden. In Septembsr 1940,

the Sellers Exhaust Steam Injector was removed and replaced

with an Elesco Type "TP" Exhaust Steam Injector. This re-

port is confined tc the performasnce of Locomotive 3311 with

the Elesso Exhaust Steem Injector. The performence of the
Elesco Exhaust Steam Injector is covered in detail in an-
other report.

Locomotive

The important locomotive dimensions are shown by
the following tabulation:

General (Clessification « = = © « = « = = & 4ef=64
Union Pacific Clessification = = = = = = = CSA
Service = = = = w o ® v o » = = - o o = < [reight
Sterting Tractive Effort, Pounds < = = = = 97,400
Welght Locomotive, Pounds « = = =« « = « = 566,000
Weight Locomotive and Tender, Pounds « =~ < 876,000
Tender Water Capsascity, Gallons = = = = = = 18,106
- = = 44,000

Tender Coal Capacity, Pounds = = = =

! ¥
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Expansion of Steam = = = =«
Number of Cylinders e« « =
Cylinder Diame ter, Inches

Cylinder Stroke, Inches =
Valve Gear = = = = © = « =

e Lo
U I
U
(B
B
Era e
B
R
P

Valves

Diameter, Inches = = - =
Full Gear Travel, Inches
Lap, Inches « = = = = =
Lead, Inches = =« = = = =
Exhaust Clearance, Inches

Foiler

Working Pressure, Pounds per Square Inch =

Length Between Flue Sheets, Fest-Inches

Number of 2~1/4 Inch Diameter Tubes = = <
Number of 5-1/2 Inch Diameter Tubes =

60 Unit Type A Superheater
Firepox

Length, Inches = = = = =
Width, Inches = « = = «
- Grate Area, Squars Feet
Number of Arch Tubes = =
Gaines Wall in Firebox

EREN
1000
RN
N
N
t 100
'
2808
0080

Heeting Surface = Squere Feet

Firebox and Combustion Chamber
Arch Tubes = = « = = « « © » =
Boller Tubes = = = = © = = = =
Boliler Flues = = = = = = = = =

Total Evaporative Heating
Superhesater Heating Surface -

Total Heatling Surface - =

Date

$ 900
t e
t 10
0800
e 600 ¢

i 8 8 0

Surface

- e e

<

]
L]
]
]

g
L]
]

588 0

08 00

0880

Single
& /
22 2
32 &
Walschaert 2

T, o LIS e e M i

213=1/16

108-1/4

108.25
5

548

™
2864 - ;
1862 4
5381 ’
1650

7031

All data necessary for the determination of boiler

and cylinder performence were taken.

The determinstion of

beiler performance requires that the weight of exhaust steam
condensed and the temperature rise due to exhaust steam be
known. Therefore; all data necessary for the determination

of injector performance was also

taken.
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Coal consumption was determined by measurements
of the coal space at the start of a run, before and after
taking coal, and at the end of 2 run. Tank water consump=-
tion was determined by measurements of the water in the
tenk at the start of & run, before and after taking water, ,
and 8t the end of & run. All blow downs were timed tfo- ;
de termine the weight of water blown off. A contlnuous
record was kept of the time the injector was operating on
exheust steam, on line steam, or shut off. A venturi :
meter was aspplied to the suction line of the Elesco Ex- ; :
haust Steem Injector. Thus, the rate at which tank water ~
was being fed to the boller was aslways known and further-
more, combining the rate with the time gave the weight of
tank water delivered to the boiler on live steam operation.

A record was kept of the train movement.

aEes i, i S

The following pressures were taken: (1) Boiler,
(2) valve Chamber, (3) Exhaust Stands, (4) Exhaust in the
Injector, and (5) Injector Live Steam Nozzle. ;

R e

The following temperatures were taken with dis-
tant reading thermometers and msrcury thermometers: (1) Tank
Weter, (2) Delivery Water to Boller, and (3) Exheust Steam
to Injector. S

The following temperatures were taken with a
patentiometer: (1) Steam to Cylinders Right 31de, (2)
Steam to Cylinders Left 3ide, (3) Exhaust Steam Back Engine
Right Side, (4) Exhaust Steam Back Engine Left Side, (5)
Exhaust Steam Front Engine, (6) Smoke Box Gases Leaving
2-1/4 Inch Tube, (7) Smoke Box Gases Leaving 5-1/2 Inch
Flue, (8) Smoke Box (Gases Entering Stack, end (9) Delivery
Water to Boller.

Drafts were teken in the front end.

compiled Deta and Graphical Presentation

the data teken during the tests and all calculated
results are shown graphically in condensed form on sheets 1n
this report under the following headlngs:

1. General Performance

2. Boiler Performence

3. Average Pressures and Temperatures

4. Water Rates snd Indicated Horse Power
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The following curves are presented:

Figure No. 1 = Relation Between Firing liate and Evaporation
i Ratio and Relation Between Firing Rate and

.

Evaporation. -

Flgure No. 2 = Helation Between Firing Rate and Boiler Heat

Absorption Rate.

Figure No. 3 - Relation Between kxhaust Stand Pressure and

Flgure No. 4 - Helation Between Exhaust Stand Pressure and
Indicated Horse Power.

Relation Between Exhaust Stand Pressure and
Steam Through Ixhaust Nozzle and Relation
Between Exhaust Stand Pressure and Steanm
to Engines.

Figure No. &

Flgure No. 6 = Kelation Betwsen Steam to knglnes and In-
dicated Horse Power. '

Figure No. 7 « Relation Between Indicated Horse Power and
Pounds of Steam Per Indicated Horse Power
Hour. :

Figure No. 8 - Relatlion Between Indicated Horse Power and
Pounds of Coal per Indicated Horse Power
Hour and helation Between Indicated Horase
Power and Pounds of Coal Fired per Hour.

Boiler Pegformance

Boiler performences are shown by Figure No. 1
and Figure No. 2. For ldentical firing rates, the effiec-
denciles are about the same as for 800-819 class locomotives
with secondary air admitted over the fire. However, the
boller on Locomotive 391l could be and was forced to very
high evaporative rates due to the efficient front end ar-
rangement. The evaporation was limited mostly by the
grate erea. At high evaporative rates ths fuel fired per
aquare foot of grate per hour becomes excessive.

Cylinder Performance

Cylinder performances are shown by Figure Nos.
4, 6 and 7. As shown by Figure No. 7, there is nothing
unusual In the water rates except that the rates do not go
up abruptly at the higher powers. This is also shown by
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Figure No. 4 whlch shows that the indicated horse power
1imit was not reached at 16 pounds per square inch ex=-
hsust stand pressure. Figure No. 6 shows that 1f the
boiler could have mede more stesm, still more powsr ecould
have been developed.

Conclusions:

The front end arrangement on Locomotlve 3911
proved successful and efficient. The locomotlive was a
free steamsr and the exhsust nozzls showed excellsnt flow
characteristics, which enabled the cylinders tc handle
large quantities of steam without excessive back pressures.

The boller efficiency was sbout the same &as
800=819 class locomotives with secondary air admiited over
the fire. Due to an efflicient front end arrangment, the
boller could be forced to high evaporative rates. Calcu-
lations show the mexismm evaporation which could be ate A
tained in conjunction with the Eleseco Exhaust Steam Injector
to be 97,998 pounds of water per hour, requiring 32,440 A
pounds of coal per hour. The cepacity of the boiler is i
mostly limited by the grate area.

The cylinder performance is usual except that

| the water rates do not increase greatly at the higher

powers. If more steam could be generated more power
could be developed, Thus the grate area becomes the
limi ting factor for power.
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GENERAL PERFORMANCE « LOCOMOTIVE 3911 | “le
. ToN MILES ol ToTAL PouNDS ToTaL 1
7oA NUMBER  NUMBER  NOT CORRECTED DURATION OF TEST WATER ACTUAWLY  POUNDS (CORRECTED FOR HELPER  AVERAGE
- Dave NUMBER OF CARS oF or . FOR HELPER TovaL DEaD RUNN 1 NG EVAPORATED oF CoAL PouNDS PoOUNDS SPEED HELPER
1940 LOADS ENPTYS STors Tous G.M.T.M, HOURS MINUTES HOURS MINUTES HOURS MINUTES BY BOILER FIRED | WATER Coat. HPH Usgo
OBDEN 7O GREEN RIVER ELESCO EXHAUST STEMM iNJECT_OR ¥ITH L~18 TUBES 175,6 MILES EASTBOUND
. ; | ;
sert, 28 63<71=76 1«8 8 3362 590.423 7 W 3 45 5 53 377204 75358 | 745,7 149.0 29.8 NotE 1
ocy. -2 S 0 & 3100 544,360 6 0 1 8 4 52 330489 75296 | 718.,8 1€3,.8 36,0 .3
C 0cY., 16 65«68 4 12 3350 588,325 8 13 2 "R 6 1 361786 78704 i 726.3 158,0 x.2 iy A
ocy. 18 56 13-25 9 3320 582,960 6 50 2 2 | 4 48 307475 72071 997.2 235.8 . %.6 . 2
Oct. 22 63 1" 6 3250 570.700 6 21 0 53 - 28 360707 78610 748.3 163,5 32,1 .1
ocy. 31 ' 58 10 8 e 558,748 6 37, 1 54 4 43 279783 62283 945,.2 210,4 37.2 ot A
OGDEN 70 GREEN R!VER ELESCO EXHAUST STEAM INJECTOR WITH L-19 TUBES 175.6 MILES EASTBOUND
Dec. 2 62 ] 8 2991 525.219 6 4 o .56 5 8 331049 70004 7462 157,.8 4.2 Note 1
Dec. 4 70 1 6 3000 526.800 8. 5 9 59 4 51 , 326200 70753 1238.4 268,6 36.2 €. 2 -
oec. - 6 50=51 19=25 7 3304 580,161 6 s 1 6 5 9 7 361716 76287 734.9 155.0 34.1. e e
GREEN R IVER TO OGBEN ELESCO EXHAUST STEAM |NJECTOR WITH L-18 TUBES 175.6 MILES WESTBOUND Z
: . : | W
: 3 { 24
ocr. 17 R 97 1 2700 474,120 6 9 0 57 6 2 271693 59984 { 573.0 126.5 29,1 . No =
0cy. 18«19 448 3:A2 1 - 1769 310,670 84 5 0 46 4 19 27877 54163 | 70,3 174.3 40.7 HEWER -
s ! 2 &
GREEN RIVER TO OGDEN ELESCO EXHAUST STEAM INJECTOR WITH L-19 TUBES g 175,6 MILES WESTBOUND §
i | i
; f
DEC, 3 50 2 4 2300 403,880 S 30 g - 42 4 48 242050 48425 . 599,3 119, 9 36.6 No S
DEc, ~ 5 19 66 5 3100 544,360 s 49 0 36 5 13 285802 56429 | 53.0 403,7 93.7 HELPER g
DEC. 7 23221820 24 1 1731 304,071 6 31 1 54 4 37 23149 40893 i 7613 134.5 40.2 : % i
_ . z
| 3 o
LARAMIE TO GREEN RIVER ELESCO EXHAUST STEMM INJECTOR WITH Le'8 TUBES ; 251.0 MILES WESTBOUND é N
Ocy, 24 46+:30 0 6 1634 410,252 8 3 2 47 5. 26 283707 51129 | 6915 124.6 46,2 No i,‘
ocr, 28 52 g 5 1620 '406.620 6 % 0 39 - 57 286935 54562 |- 705,7 134.2 42,2 HELPER b
Nove 6 4233735 16 6 2169 544,499 T 35 1 42 5 53 314666 61299 { 577.9 112,6 42,7 ‘ § i
- o o5 g
LARABIE TO GREEN RIVER NATHAN TYPE 4000 LIVE STEAM INJECTOR i 251,0 MILES WESTBOUND E
, ‘ i i 4
Nov, 2 36 0 5 1490 373,990 6 10 0 43 5 27 280224 58900 I 749.3 157.5 4.1 NG g
Hov, 4 4643 3 8 1727 433,474 6 =~ W 0 43 6 " 297277 . 63601 | 685,8 146.7 40,6 HELPER @
Wov, 8 49 7 4 2350 589,850 6 s, 0 39 5 .. 48 303959 66062 515,3 112.0 43.5 <
GREER RIVER T0 LARAMIE ELESCO EXHAUST STEAM INJECTOR #ITH L-18 TUBES ! 251,0 MILES EASTEOUND S8
: : | 0 m
gcr. 25 45-50.47 © 0 7 3256 817.154 9 4 1 33 7 2. 409358 89278 501.0 109,3 33.4 NO ca
Nov., 1 5753 5118 5 3306 829,905 8 15 1 17 6 58 459240 102297 . 553,4 123,53 36.0 HELPER ‘; A
Nov. 7 5657 15 5 3263 819,107 8 6 0 57 7 464952 93584 |  567,6 114.3 35.3 e
Fues ot v =z
GREEN RIVER TO LARAMIE NATHAN TYPE 4000 LIVE STEAM INJECT(R ’ 251,0 MILES EASTBOUND
Nov, 3 58 "7 12 3165 794,312 e 24 1 48 7 36 456549 119109 5748 150,0 33.0 NO
Nov. 5 52 13 4 2900 727.900 8 N0 55 7 10 436364 97461 [ 599.5 133.9 35.0 HELPER
Nov, 9 43 22 7 3200 803.200 8 »: . 9 15 7 21 464915 [ 9788 124.5




AVERAGE PRESSURES & TEMPERATURES - LOCOMOTIVE 3911

Vokn ol WP S e i e A R _
) s 7 : : §MOKE BOX GBGASES
PRES SURE « POUNDS PER SQUARE IKCH GAUQGE o " SYEAM YO CYLINDERS EXHAUBTY STEaw LEAving LEAVING ENTERING

DATE ; ' VALVE ExHAUST  EXMAUST IN  INJECYOR LIVE TaNK DEL | VERY REGHT LEFT BACK ENGINE FRONTY 2-1/4" Ses f2° SMOKE
1940 © BolwER CHAMBER STANDS INJECTOR STEAM NOZZILE HATER 90 BOJLER sSsog Siog REGHT SIDE LEFY SEOE EnGINE TuBEs FLUES Srack
OGDEN TO GREEN RIVER ELESCO EXHAUST STEAM INJECTOR WITH L=18 TUBES 3
SEPT, 28 - 249.1 211,1 1.8 8.1 229,0 . 59 223 6942 674.0 336,0 312.0 338.9 658.0 644.8  637,2
0cy, 1-2 248,.4 209,3 12.5 8.3 4 227.9 P 58 220 691.2 676.7 328,8 304.3 - 35,7 645,6 630,1 626,0
oct. 16 248,2  206,5 11,0 7.2 w82 .. B 22 690.6  670.2 335.6 309,1 338,4  654.7 6% .8 634,4
OGT. 18 247.5 - 183.2 12.2 7.7 22797 < ; 55 220 - - - o \‘ - ‘ - - i
Ocyr., 22 247.7 205.4 12,0 8.9 227.7 1 s 208 685.8 688.0 3%.0 329.1 357.5 668, 8 642.8 643,3
gcr. 31 245,2 1876 10.2 7.1 225.6 ‘ ‘ 51 207 679.8 675.0 326,1 310.8 838.3 637.3 633,1 615.4
OGDEN TO GREEN RIVER S ' - ELESCO EXHAUST STEAW INJECTOR WITH Le19 TUBES _ : i :
DEc, 2 248,3 - 11.4 6.3 ! 229.9 ) 217 ' :
Dec. 4 246,1 198.4 10.7 6.6 228.6 g 8% 222 THIS OATA NOTYT TAKEN ON THESBE TROIPS
Dec, 6 2457 2009 12,1 8.3 227.7 L 231 |
GREEN RIVER TO OGDEN ELESCO EXHAUST STEAM INJECTOR WITH L~18 TUBES |
ocr. 17 . 2440 212,4 10.6 8.0 232.2 o 208 688,3  668.8 333.0 305.p - 330,9  653,8 630.5 632.0
0ce. 18-19 248,5 212.3 13,1 10.0 228.6 . 8 209 - - - & - e ) - .
GREEN RiVER TO 0QDEN ' ELESCO Exwtm STEA INJECTOR BITH L-19 TUBES : e e 0
pec. 3 Bt — 10,0 6.0 232.7 . = 228 .
PEc. 5 250.2 2171 12,3 6.6 232.4 ;. 52 227 THIS8 DATYA NOY TAKEN OB THESE TRIPE
Dec, 7 245.6 213.4 8,7 5.8 ’ 225,3 : - 5% 228 !

: ’ ]
LARAMIE TO GREEN RIVER ELESCO EXHAUST STEAM INJECTOR WITH L-18 TUBES : :
Ocv, 24 : 245,3 187.6 8,9 6.8 225.0 . 54 224 '681.2 681.0 331.2 317, 345,8 642,2 642,.6 619.8
ocr, 28 245,5 194.8 7.8 4,1 223.8 ‘ _ “ 230 659,44 656.8 283,0 276, 305.6 619.5 618.2 588.2
Nov, 6 2484 192.2 8.0 5.0 : 228,8 e 45 216 686.1 678.3 308.8 290,0 322.9 637.7 645.5 609 5

; 3 3 ¢

LARAMIE TO GREEN RIVER MATHAN TYPE 4000 LIVE STEAM INJECTOR : '
Nov, 2 245.2 175.2 11.3 THESE ; : 48 THis 711.0 698.9 3435.3 323.5 58,8 650.9 653,5 631,6
Nov., 4 247,90 210,0 10.5 iTEMsSs Do i 48 DaTa Nov - 693,7 681.8 306.9 290.0 323.1 6263 632, 7 604,6
Nov., 8 242.8 213,5 10,8 NOT APPLY 46 TaKeEN 743.3 729.8 325,3 315.1 343,1 675.8 685.8 653.4
GREEN RIVER T0 LARAWMIE e ELESCO EXMAUST STEAM INJECTOR WITH L-18 TUBES
ocy, 25 , 247 .7 21,1 10,1 7.2 227,6 55 219 676.7 674,7 305,8 " ZQB,P -~ - 3236 629.7 = 626,5 607,7
Nov. 1 250.5 206,8 10,6 76 230,2 o 48 216 . 689,1 683.4 322.1 307.2 335.0 648,.3 644.3 628,6
Nov., 7 249,5 200.2 10.6 7.3 230,1 2 4% 218 687,7 675.0 317.0 1301.4 330,7 654.8 - 656.2 628,.8
GREEN RIVER YO LARAWIE . NATHAN T§?€"4000 LIVE STEAM INJECTOR |
Nov. 3 248,4 213.6 12.0 TweEse . i a8 THiS 678.6  664.6 324,1 283.6 314.8 643. 1 638,4  622.6
Nov, 5 247.7 212,9 - iTEMNS Do . a7 DaTA Nov 660.2 644.3 290 7 266.3 299,7 620.8 619.5 595.1

Hov, 9 250,5 210.8 11.5 NOT® APPLY ’ 46 TAKEN 700,9 691,7 327.3 313 342,9 650.6 652.3 629,0

e RIS G R




/\ Fee : : ‘ BOILER PERFORMANCE « LOCOMOTIVE 3911
' ; - . - TOTAL POUNDS OF BATER
EVAPORATED BY BOILER o
: _ADJ, FOR  TOTAL POUNDS W Aoy, FOR  P.S.1.  Tewe

POUNDS OF WATER EVaP  BOILER TaNK

CONDENSATE FROM ~ PER POUND COAL FIRED PRESSURE WATER  TEMPERATURE RISE  RUNNING  POUNDS OF COAL MiLLioNs OF ;m'ei”m;;

: T.3500

Dave ToraL Tang EXHAUST STEAM BLow Down | DUE TOo ExHausY - TiMme FERED PER HOUR TUALLY Amm_hq'
1940 - : WATER POUNDS  INJECTOR POUNDS POUNDS ACTUAL BLor DowN  OF COaL FIRED Acmap BLow DOWN  GAUGE o 4 sveam OF : HOURS OF RUNNING TIME  HOUR OF RUNNING TomE
CQDEN TO GREEN RIVER ELESCO EXHAUST STEAM INJECTOR Wi TH L-18 TUBES 7 | e
sepr, 28 355122 28250 Li68 377204 verm. . BN 50 8 249.1 59 81, 5.8903 12794 69,76
: 0CT. e 3113%7 23696 4524 330459 331645 - ‘ 4,39 . 4,40 248,.4 56 T 4,8722 15454 74,25
ocr. 16 358192 22455 1886) 41786 386871 - 4,60 - 4,66 24,2 56 63.4 5.9833 13154 67.78
Ocy, 18 294052 22775 9352 307475 20085¢ 4.25 4.0 247.5 55 78. 4.8001 15146 70,43
per, 22 341212 24321 4826 360707 361947 4.58 4,59 241.7 54 72, 5,4667 14416 72.69
oct, 31 269235 15867 5319 . 279783 281246 4,49 4.52 245.2 51 %. 4.8333 12886 64, 81
0BDEN TO GREEN RIVER ELESCO EXHAUST | G ,
bec, 2 320839 19688 9478 331049 333619 ' 4,73 4.77 2483 51 62. 5.1333 13637 72,19
Dec. . 4 . 312019 24928 10747 326200 328961 4,61 4,65 246,1 51 81.5 4.8500 14588 74,08
- DEc, 6 345922 271 317 361716 364634 4,74 4.78 245.7 51 80.5 5.1500 14813 77,44
QREEN REVER TO OGDEN . ELESCO £XHAUST STEAM [NJECTOR WITH LetB TUBES ; ;
oce, 17 268562 14502 11371 271693 274816 . 59984 4,53 458 2441 55 54.4 6.0319 9944 50. 81
0cr. 1819 217247 10116 ™86 217877 220634 " ' .92 4,07 248.5 55 46.0 4.3167 12547 57.09
GREEN RIVER TO OGDEN ELESCO :misszgsigtaﬁ INJECTOR ®iTH Le19 TUBES
oec, 3 238017 13585 9552 242050 204847 425 - 5.00 5.06 252.1 52 57. 4.8000 10089 56,30
pec, 5 2n375 18640 4213 285802 286937 56429 5.06 . 5.08 250,2 52 70. 5.2167 10817 60.69
oec, 7 . RN 13770 9503 231499 234210 - 40893 5.66 5.73 245.6 51 60.8 14,6167 8858 56.46
LARMMIE TO GREEN RIVER ELESCO EX4AUST STEAM INJECTOR WITH Le18 TUBES L
ocv. 24 270967 171499 4409 283707 284855 me X 55 5,57 245.3 54 63, 5.2667 9708  60.25
ocr, 28 273319 19025 5409 286935 288390 o Mse2 - 5.2 5.29 245.5 48 67.8 6.1167 8920 52.27
Nov. 6 . 301144 21934 8412 314666 316906 61299 5,13 5.17 . Mes . & n.r 5.8834 10419 .64
LARA¥IE TO GREEN RIVER NATHAN TYPE 4000 LIVE STEAW INJECTCR |
wov, 2 300522 0 20298 280224 286486 58900 4,76 4.86 245,2 48 0 5,4500 - 10808 60,50
Nov, 4 311242 0 13965 = 297277 301586 63601 4.67 4,74 247.0 48 0 6.1833 10286 56,65
Nov, 8 315080 0 11121 303959 307394 66062 4.60 4,65 242,8 46 0 5.7567 11456 62.13
: 55 ; | ;
: ; 3 ] : 1 i
GREEN RIVER TO LARAMIE ELESCO EXHAUST STEAU | NJECTOR W!TH L-18 TUBES ‘ , ,
v oct. 25° 341272 26999 28913 409358 417027 89278 4.59 4,67  247.7 55 66.0 7.5167 11877 61.23
- Nov. 1 430521 33359 4640 459240 460454 102297 4,49 4.50  250.5 48 78.6 6.9667 14684 72,60
Nov, 7 440277 34590 W15 464952 467521 . . 9WOA - 4.97 5.00 249,5 46 .2 7.3167 13150 72,16
GREEN RIVER TO LARAMIE : , NATHAN tm"moo LIVE STEAM (NJECTOR i
Nov. 3 459915 0 5049 454866 456430 119109 3.82 3.83 248.4 48 0 7.6000 15672 70.44
Nov. 5 440762 0 13194 427568 431663 97461 4,39 4.43 247.7 47 b 7.1667 13599 70.27
Nov, 9 464915 0 21801 443114 449904 100003 4,43 4.50 250.5 46 0 13606 71.44
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t WATER RATES AND INDICATED H.F - LOCOMOTIVE 3911 i - f -
; |
} CORRECTION FOR

_ : POUNDS STEAM vewoct W RADI ATS ON AND

EXHAUST STAND VALVE CHAMBER ' AFTER Amhnlc EXPANSION FROM Py TO Py~ PER HOUR OF STEAM VELOCITY OF

PRESS ' PREBS EXHAUSTYT STAND PRESS THROUGH ENTHALPY  ON EXHAUBT  STEAM 1IN EX—  POUNDS STEM

PSSt TEMPERA- P § | TEMPERA- . SPECIFIC Py SPECIFIC JET VELOCHTY EXHAUSY To STEAM TO PIPES - FT  HAUBY PiPES PER INDICATED iND) CATED
OmscE TURE OF  GAUGE  TURE °r  EntROPY VOLUNE ENTHALPY P S | VOLUME EnTHALPY FT. PER SEC. NOZZLE ENGINES  ENGYNES PER SEConDp B.T.U. PER LB. H.P. HOUR . H.P.

Py AR ' : vy Hy ABSOLUTE Vo Hz V2 L Wy ¥ . W SV, :

§iTH ELESCO TYPE “TP™ EXHAUSY STEAM INJECTOR ‘,
4,9 305 230 65% - 1,7960 25.20 1193.9 13.0 32.09 - _1168,2 1168.1 . 49811 54150 1346.9 270.79 2,5 16,91 3202
8.2 299 230 688 1.7842 23.28 -4190.8 - 13.9 31.28 1160, 1 1272.7 55677 60632 1364.4 79.6% 2,4 14.87 4977
7.8 289 215 677 1.7687 21.17 ~ 11B5.6 130 ? 30,25 1148 ,6 1373.9 62150 67184 1359.5 - 283.83 2.4 14,84 4527
7.9 309 225 650 ~1.7808 21,66 1195, 1 13.0 31.08  1157.7 1400.1 61704 67078 1344,6 i88._32 2.5 17.31 3875
8.0 . 308 225 679 1, 7796 21,52 1194.7 13.0 30,97 11586,9 1422.1 62635 67516 1360.0 ?91 .72 2.5 15.63 . 4320
8.1 350 227 708 71,8044 2,65  1214.6 13.0 32,68 T 1174.2 1454,7 60912 66425 1375,3 297,62 2.6 16,10 . 4126
B.2 315 224 685 1.7828 21,53 1198,0 13.0 31.18 1159, 1 1427.2 62636 67302 1363.2 EQO.QZ 2.5 15.64 4303 -
8,3 326 218 - 702 1.789% 21.75 1203.1 - 13.0 31,61 1163.4 1441.6 62407 68055 = 1372.6 ‘Ge.,ei 2.5 , 15,24 4466
10.1 n 216 702 1.7828 20,162 1205.3 13.4 30.50 1161.3 1515.0 67971 74122 1372.7 5.64 2,5 15.43 4804
10.4 340 208 708 1.7867 20,144 1209.4 13,6 30.41 1165.0 1522,0 68487 74315 1376.2 97,61 _ 2.5 15.49 - 4798
10.5 C3n 215 598 1.7685 19,295 1195.6 13,6 29.24 1152, 7 1495.8 70602 75959 1370.6 21.38 2.4 . 14,75 5150

10,8 340 - 224 699 1.7848 19,799 1209.3 3.8 29,93 1164.9 1521,9 " 69581 76476 1370.8 { 7.20 2:5 16,03 4771
11.1 347 218 699 1.7874 19.726 1212.7 14,0 29,75 1167.9 1528,9 70324 76498 1371.0 gg. 27 2,5 16.34 4682
11.4 35 . 22 695 1,7668 18.674 1197.3 14,2 - 28.17 1154,6 1492,6 72505 78958 1368,6 2,08 2.4 15,07 5239
11.4 324 226 705 1.7723 18,903 1201.6 14,2 28,51 1158.4 1501.3 72058 78579 1373.7 263.85 2.4 15,00 5239
11.4 344 216 m 1,7843 19.410  1211.2 14,2 29.26 ° 1166,7 1523.8 71263 77327 1377.4 298,39 2,5 15.55 973
1.7 344 2t6 70 1.7829 19,171 1211, . 14.3 29.02 1166.3 1528.7 72084 78218 1376.9 - ?98.11 « 2,5 15.58 5020
12,1 321 206 697 1.7673 18,291 1200.1 M6 27.62 - 1157.0 ~ 1499,5 74291 81653 1370.5 ?93.14 2.4 15,15 5390
12,2 n 219 706 1.7729 18.465 1204,9 14.6 27,95 1160.9 1514,9 74168 BO680O 1374.7 ?95.44 2.4 15.20 5308
2.4 343 235 693 1.7791 18,617 1210.5 14,7 28,18 1165.7 1528.7 74233 81589 1368,0 EQB.‘B 2.4 . 16,41 . 4972
12,6 347 216 711 1.7802 18,578 1212.4 14.8 28.10 1167.1 1537.2 74858 79844 1377.4 : 00,02 2,5 15,66 . 5099
12.6 325 200 589 1.7680 18.054  1202.4 4.8 27.3) 1158,6 1511.4 75564 82289 1366.6 294.30 2.4 %B,73 52N
12.7 342 - 216 703 1,7773 18,373 1210,0 14.9 21.77 1165.5 1523.6 75077 80077 1378.5 297,57 2.4 15,32 : 5227

! .

13.0 358 213 697 31,7852 18.526 1217.6 15,1 27,97 | 1172.2 1539.0 . 75294 81605 1370.2 800,93 2.5 16.96 4829
13.6 352 212 684 17792 17.984 1214,€ 15.4 27 .22 1169.5 1533.8 77107 84386 1363,3 2.% 2.4 17.49 . 4431
13.8 322 209 695 1,7603 17.13¢9 1200,2 15,5 26,00 1156.7 1506.0 - - 79262 85730 1369.4 3.06 % 13.25 5622
3.9 . 318 216 682 1.7573 16,980 1198, 2 - 15.6 25,70 13155.2 1497.6 . 75740 £7092 1362.1 E':Z.QQ 2.3 » B, 5520
4.0 333 217 708 1,766% 17.260 1205.4 5.7 26.05 1161.6 1511,7 79409 65889 1375.8 95,67 2.4 15.15 5669
4.2 334 - 218 681 1,7659 17.157 1205.9 15.8 25,91 1162.1 1511.6 79833 85150 1361.4 £95.49 2.4 16.862 5123
15.1 333 212 690 1.7615 16.576 1205.2 16.3 25.07 © 1161,3 1513.3 82601 88928 - 1366.5 295, 38 2.3 16,01 5555
15.1 T371 218 710 1.7839 17.411 1223.5 16.3 26,34 . 1177.3 15524 80649 88383 1376.8 302,92 2.4 16.87 5239

1.4 3386 60 658 11,8393 32,72 1209.1 13,0 35,32 © 1200.4 €87,.83 26649 28970 1358,6 ?188.10 25 ' 17.31 1874
2.4 308 110 - 626 1.8150 20.47 1195.8 13.0 33,47 1182.0 862,70 35271 38484 133%,.5 - 224,23 - 2.4 18.01 23
363 331 100 639 1,68223 28,68 1206.5 13.0 34,02 1187.4 1011.7 40694 44267 1346.6 251,77 2.5 18,50 2393
3.3 262 136 631 1.7792 26,07 1173.8 13,0 30,94 1'156.7 957 .21 42335 45836 1340,3 238.09 2.3 15.50 _ 2057
3.7 312 o8 637 1.8082 27.29 1197 .4 13.0 : 32.96  1177.0 1044.2 43352 47540 - 1345.8 255.22 2.4 17,43 . 2727
4.0 277 162 654 1.7843 25,51 1180.9 13.0 31,28 1160.1 1053.3 46078 50437 1350.5 253.58 2.3 15,21 3316
4.4 298 117 620 1.7949 25.69 1190,7 13.0 32,01 1167.5 ' 1111.3 47507 51835 1335.9 263,28 2,4 17.82 290%
5.0 3186 148 654 1.8021 25,41 1199.1 13.0 32,52 1172.6 1185,7 49893 - 54563 1351,3 273,49 2.5 17,00 ‘3210

8,9 342 184 654 1.7954 21,59 12106 13.0 32,04 1167.8 1499,7 64051 69957 1349,2 298,33 2,5 18,70 3741
; | .
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WATER RATES AND INDICATED HeP. = LOCOHOTIVE 3911 ; Ll

‘ CORRECTION FOR
POUNDS STEAM VELOCITY RADIATION AND

EXHAUST  STAND VALVE CHAMBER ' : PER HOUR OF STEAM VELOCITY OF
PRESS PRESS EXHAUST STAND PRESS THROUGH ENTHALPY N EXHAUST STEAM N EX=  PQUNDS STEAM
£ S 1 TEWPERA- P S |  TEMPERA= SPECIFIC P2 SPECIFIC JET VELOCSTY  EXHAUSY To SYEAM YO  PIPES -~ FY  HAUST PIPES PER INDICATED  INDICATED
GAuGE TURE OF GAUGE ture OF  ENTROPY VOLUME ENTHALRY P 8 | VOLUNE EntHALPY FTY. PER SEC, NOZZLE ENGINEE ENGINES PER SECOND B.T.U. PER LB, H.P. HOUR HePeo
Py 11 Vq Hy ABBOLUTE '2 Hy vz L L He ‘N Vq
WITH LIVE STEAM INJECTOR
763 346 218 705 1.8064 23.34 1212.8 13.0 32.83 1175.7 1395.8 58179 58179 1374,2 296,26 2.7 16.04 Iez7
8,1 308 220 678 17791 21.42 1194,7 13.5 30,93 1156.6 1412.7 - 62500 62500 1359.6 288.81 2,5 15.67 3989
9,2 315 229 703 1.7776 20.548 1197.8 13.0 30,83 1155.6 1484,2 65877 65877 1373.2 292,01 2.5 14.72 4475
10.3 345 218 758 1.7902 20.364 1211.8 135 30.82 1167.0 1528,7 67874 = 67874 1402.2 298,18 2.6 13,55 5009
13.2 350 200 728 1.7797 18,199 1213.8 15.2 27.51 1168.8 1532.1 76210 76210 1387.2 299,19 2.5 14,89 3118
13.2 345 220 730 1.7768 18.081 1211.4 15.2 27.33 1166.7 1527.0 76456 76456 1387.3 298,21 2.5 14,68 5208
13.6 375 190 760 1.7925 18,502 1225.6 15.4 28,03 1179.0 1559.0 76109 76109 1404.4 303,79 2.5 14,44 5271
14.2 313 213 700 1.7529 16,677 1195.8 15.8 25.21 1153.1 1492.5 - 81013 81013 1371.8 291.46 2.4 14,66 5526
15.0 366 200 720 1.7814 17.362 1221.1 16.2 C 26,31 “1174,.9 ‘ 1552.3 80736 80736 1383.8 302.40 2,5 15.97 5055
15.3 316 . 215 G693 1.7502 16,086 1197.0 16.4 24,36 1153.9 1499,.3 84222 84222 1368,0 292.26 2.3 15,09 5581
1563 354 215 723 17733 16,919 1215.2 16.4 - 25,61 ' 117¢C.1 1533,8 81954 81954 1383.9 299,13 2.4 15.30 5356
15.4 364 210 718 1.7787 17.0986 1220,0 16,5 25,79 1174.5 1540.8 81754 81754 1381.4 | 301,52 2.5 16,02 5103
16,1 375 - 200 723 17822 16,890 1225.2 1669 25,51 1178.8 1555,8 83456 83456 1384.6 304,09 2.9 16.22 5145
3.5 395 - 655 1.8575 30470 1236,.5 13.0 36.76 1214.8 1077 .6 40114 40114 1357 .4 265,67 267 21.53 1863
Ae0 328 125 630 1.8158 27436 1205.0 13,0 33.52 11825 1095.6 44726 44726  1340.5 263.98 2,6 ' 19,19 2336
S.4 375 85 700 1.8342 26,84 1226.8 13.0 34,93 119605 1266.6 49620 49620 13783 287.30 267 17.19 2902

12.0 366 160 710 17943 19.470 1221.5 14.5 29.45 1175.5 1339.0 71510 71510 1379.7 300,37 2.5 . 16,35 4374
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