Laia D
N 4 . e -
" | {
- - L [ S . o apdta

RESEARCH PROGRAM
on
OIL BURNING
STEAM LOCOMOTIVES

% % ok ok %k % Xk

DESCRIPTION OF
SACRAMENTO LOCOMOTTIVE
STANDING TEST PLANT

3% 3k o ok 2K 5k 2k ok %k

SACRAMENTO CALIFORNIA

ok ok ok ok ok ko

OFFICE GENL. SUPT. MOTIVE POWER
SOUTHERN. PACIFIC COMPANY REPORT ST
SAN FRANCISCO, CALIFORNIA DATED: NOVEMBER 15, 1950



TABLE OF CONTENTS

SUBJ ECT

PAGE
Index for Report - Text I & Ia
Index for Photo Group II to IV
Index for Diagram Group v
Index for Calculating and Data Group VI
Index for Correction Chart Group VII
Index for Graph Group VIII

Diagrams,, Calculating, Data, Correction Chart and Graph Groups

are bound separately on back of front cover for convenience of

reference.



Page I.
Index of TeZXt

SUBJECT PAGE
Fareword
Test Planﬁ - General Arrangement 1
Instrument and Control Panels 5
Air Supply for Control Instruments 5
Auxiliary -Steam Metering Manifold 6
Water Level and Feedwater Control System 6
Fuel 0il Control System 8
Exhaust Steam Control System 9
Temperature Measuring Arrangement 14
Pressure Measuring Arrangement 18
Draft Measuring Arrangement 19
Smoke Measuring Arrangement 20
Gas Analysis and Sampling “Equipment 20
Automatic Ana;ysis and record 20
Manual Anal&sis of Flue Gases 22
Firebox Survey Equipment ,R3
Test Run 25
Measurement of Steam Consumption by Auxiliaries 28
Calibrationaf Meters ' ' 29
Cold Water Meter a 31
Hot " " 31
Calculation and Control Graphs - Exhaust Steam Pressure
Temperature Relation 33
Calculation and Control Graphs - Surplus Steam Bleed-Off Flow
Ad justment Graphs . 35
Pressure Charts 38

Page 1,



SUBJECT

Flue Gas Composition
Water Level
Flow Rates

Temperature Charts

Page Ia.

Smoke Density - Recording Instrument Charts

Page la.

PAGE

39
39
39
39
40



15
16
17
18
19
20
”1
22
23
2L
25

Exterior

Exterior

Page I1
INDEX OF PHOTOGRAPHS

Description

of Standing Test Building - North Side

of Standing Test Building - South Side

Instrunent and Control Panels

Interior

Interior

Interior.

Interior
Interior
Interior
Close-up

Interior

of Test Building -~ Looking West

View, North Wall of Test Building

of Test Plant,North Side - Looking West
of Test Plant, North Side —Lookiné*West
of Test Plant, North Side - Looking East
of Test Plant - Ldoking East

of Manual Firing Controls

of Test Plant, South Side - Looking East

Right side of Engine at Rear

Front View of Main Panel

Right or

Bast End of Main Panel

Left or West End of Main Panel

Auxilisry Panel

Draft Manometers

Rear of Main Panel

Air Supply Panel for Control Instruments

Auxiliary Steam Metering Manifold

1" Flow Nozzle Installation on Engine

Cold Water Meter for Water to Heater

Hot Water Meter for Water to Boiler

Right side of Engine at Smokebox

Hot Water Meter from Above

Left side of Engine above Running Board

Page II

Photo

OV 060 3 O W

10
11
12
13
1
15
16
17
18
19
20
21
22
23
24
25



Item
26
27
28
29

30
31
32
33
3L
35
36
37
38
39
40
L1
42
L3
LL
L5
46
L7
L8
L9
50
51
52

Page III

Description

Feedwater Heater from Above
Feedwater Heater Float Level Indicator
Feedwater Heater Float Level Position Indicator

Water Meter Calibrating Tank - Located on South
Side of Test Building

Fuel 0il Tank

Fuel 0il Meter and Gear Pump

Fuel 0il Meter, From Above

Air Supply Regulator for Tender 0il “fank

Fuel 0il Meter Calibrating Arrangement
Desuperheating Water Pump

Desuperheating Water Pump and Motor

Right Side of Engine at Cylinder

Left side of Engine at Cylinder

Valve Positioning Arrangement

Special Valve Chamber Bushing for Rear of Steam Chest
Special Bushing in Place in Piston Valve Chamber
Desuperheating Water Sprays

Desuperheating Water Sprays

Desuperheating Water Sprays 1st modification

Desuperheating Water Sprays 2nd modification

Desuperheating Water Sprays 3rd modification

Desuperheating Water Sprays Lth modification
Interior of Cylinder

Cylinder Spray Baffle Arrangement

First Cylinder Spray Baffle Arrangement

Trial Cylinder Spray Baffle Arrangement

Trial Cylinder Spray Baffle Arrangement. Outer
screen shown in place

Page III

Photo
26

_7
28

29
30
31
32
33
34
35
36
37
38
39
40
L1
L2
43
Lk
L5
L6
L7
48
L9
50
51

52



Item

53

Sk
55
56
57

58

59
60
61
62
63
64
65
66
67
68

Page IV

Description

Cylinder Spray Baffle Arrangement-showing
final arrangement of Baffles and screen

8" Adjustable Orifice
Close-Up of 8" Adjustable Orifice
10" Bleed Off Control Valve for Surplus Steam

Thermocouple for Temperatures of Water side of
Firebox Sheets

Thermocouple for Temperature of Water Side of
Firebox Sheet - showing couple end of final design

Thermocouple Application in Security Circulator
Thermocuple Fittings on Boiler Exterior

Draft Manometers

Interior View of Smokebox

Smoke Indicator Light Source

Smoke Indicator Photo Cell

Smoke Indicator mounting at Stack

Smoke Indicator Meter and Warning Light

Flue Gas Sampling arrangement for Manual Analyses

Firebox Survey Apparatus

Page IV

Photo

53
Sk

55
56

57

58
59
60
61
62
63
64
65
66
67
68



Item

O R’ 3 O W

o
S

12
13
14
15
16
17

Page V.
INDEX OF DIAGRAMS

Description

General Arrangement of Standing Locomotive
Test Plant - Sacramento, Calif.

Air Supply For Control Instruments
Auxiliary Steam Metering Manifold

Water Level and Feedwater Control System
Fuel 0Oil Control System

Exhaust Steam control System

Steam Flow Through Desuperheating System
Main Valve Positioning Device

Speclal Rear Main Valve Bushing
Temperature Measuring Arrangement

Identification of Temperature Symbols S-k for
Fig. 7

Thermocouple Designs for Firebox Sheet Temperatures
Pregssure Measuring Arrangement

Draft Measurement Arrangement

Smoke Measuring Arrangement

Gas Analysis Arrangement

Firebox Survey Equipment

Page V.

Figure

2a

ba
6b
6c

7a
7b

10
1l
12



Page VI
INDEX OF CALCULATING & DATA SHEETS

Item . Description Figure
1 Laboratory report - oil sample 13
2 Standing Test Plant Data Rate 4 PSIG
. Fuel and Water Data 14

3 Standing Test Plant Data Rate 4 PSIG

Temperatures, Degrees F 15
4 Standing Test Plant Data Rate 4 PSIG

Pressures and Drafts 16
5 Standing Test Plant Data Rate 7 PSIG

Fuel and Water Data 17
6 . Standing Test Plant Data Rate 7 PSIG

Temperatures, Degrees F. 18
7 Standing Test Plant Data Rate 7 PSIG

Pressures and Drafts 19
8 Standing Test Plant Data Rate 10 PSIG :

Fuel and Water Data 20
9 Standing Test Plant Data Rate 10 PSIG

Temperatures, Degrees F. 21
10 Standing Test Plant Data Rate 10 PSIG

Pressures and Drafts 22
11 Standing Test Plant Data Rate 13 PSIG

Fuel and Water Data 23
12 Standing Test Plant Data Rate 13 PSIG

Temperatures, Degrees F 2L
13 Standing Test Plant Data Rate 13 PSIG

Pressures and Drafts 25
14 Calculating Sheet-0il and Air, Hot Water, Cold Water 26
15 | " "  Boiler Efficiency 27
16 " "

Air-Fuel Relations from Flue-Gas Analysis 28

Page VI



Page VII

INDEX OF CORRECTION CHARTS

Item Description Figure
1 Metering Orifice Correction Factors

vs Orifice Temperatures for various Orifice Pressures 29
2 Meter Correction Factors vs Flow Rate-0il 30
3 Meter Correction Factors vs Flow Rate

Cold Water - Hot Water 31
L Density of Water vs Temperature 32
5 Exhaust Nozzle Temperature vs Exhaust Nozzle

Pressure - 4/1/48 33
6 Exhaust Nozzle Temperature vs Exhuast Nozzle

Pressure 7/15/48 34
7 Temperature & Pressure Correction Factors for

Steam Flow 35
8 Segment Heights vs Correction Factors 36
9 Segment Heights vs Wye Pipe Temperature 7/15/48 37
10 1" ) nooon 1" " 12/28/14‘9 38

Page VII



H
ot
)
B

0 3. . 0 UV W N

10
11
12
13

Page VIII
INDEX OF GRAPHS

Description

Exhaust Nozzle Pressure(PSIG)

Steam Pressures (PSIG)

Master Boiler Pressure Recorder-Controller(PSIG)
Steam Pressures ( PSIG)

Percent Carbon Dioxide in Flue Gas

Percent Oxygen in Flue Gas

Boiler Watér Level Recorder-Controller

Cylinder Desuperheating Water Flow
(Chart Reading x 100 -- 1bs/hr)

Surplus Steam flow
(Chart reading x 100 - 1bs/hr)

Temperatures,°F

Bleed Off Steam Temperature Recorder-Controller (°F.)

Temperature of Smokebox Flue Gases (°F.)
Boiler and Firebox Sheet Temperatures (°F.)

Sample of Smoke Record (%)

Page VIII

Figure
39
LO
L1
L2
43
L
45

46

L7
L8
L9
50
51
52



- FOREWORD

This report covers description of the Locomotive Test Plant
erected under authority of GMO-35006 dated September 6, 1946 at
Sacramento General Shops duriﬁg the latter part of 1946 and the
early part of 1947 for the purpose of.conducting extensive re-
search into the more effective utilizatioﬁ of fuel o0il in steam
locomotives through standing tests on a locomotive representative
of the latest design.

Battelle Memorial Institute was engaged to assist in the
program of research and to conduct certain investigations at their
Columbus, Ohio laboratories.

The standing tests were supplemented by preliminary dynamometer
car tests to establish basic data on locomotive operation and by
follow—up‘dynamometer car tests to obtain actual operating informa-
tion on improvements developed by standing tests.

Standing tests were maede in order to exclude the many un-
desirable influences on test conditions interposed by réad operation
and to permit a wider study of combustion conditions and methods than
would be possible in road service, |

This plant employed an advanced principle of testing to assure
reproducibility of test results in actual service.

Former practice in combustion tests on standing locomotives
was to reduce the boller pressure to the exhaust steam pressure
desired or to throttle the main steam down to exhaust pressure, in
each case removing the main piston valveslso that the superheéted
steam passed directly from steam pipe outlet in chest to the exhaust

passages and thence to the nozzle.



In a locomotive in operation, a part of the heat energy in
the steam to the cylinders is transformed into the mechanical work
of moving the pistons and the train. This transformation of
some of the energy causes a "heat drop" or reduction in the heat
content of the steam énd at the end of the piston stroke the steam
to the exhaust is at some lower temperature and pressure depending
on the work done and the initial condition of the steamn.

During standing tests the steam does no work on the pistons
and therefore, under the usual test methods, the exhaust steam is
at a much higher temperature than occurs in actual service and for
a given rate of evaporation in the boiler the draft produced will
greatly exceed that obtainable in service. Hence the test performance
of the essential combination of oil burning arrangement and front
end is not representative of road service results,

In this plant appropriate heat drops as established from the
preliminary dynamometer tests were caused by the controlled injection
of water into the steam as it passed through the cylinder and the
steam was hence cooled an amount it would have been if its energy
were being used to drive the locomotive, With the instrumentation
and equipment provided, the exhaust steam to the nozzle could be
automatically maintained at temperatures corresponding to those in
actual service for the nozzle pressure concerned, by desuperheating
the steam to the exhaust and the road performance could then be
predicted without either the difficulties of procedure or the

uncertainty in the results of road tests.
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Figure 1 - The Test Plant - General Arrangement.

Test plant building was of frame construction, 32' x 120', and
was located near the Laboratory at Sacramento General Shops. The
building was large enough to house an AC class locomotive without
tender as well as smaller types of steam motive power.,

General arrangement of the test plant was as shown on Figure
No.l. The controi panel, shown near smoke box, had to be located so
that control piping, draft and pressure gage lines had proper slope
to gages, recording and control equipment but when possible, location
of the instrument panel nearer the firing deck would be somewhat
more convenient during operation,

The building was wired for both 110 volt single phase Lighting
circuits, and LLO volt three phase power for operating motor equip-
ment and for the welding machines. For convenience, steam, air, and
water lines extended around three sides of the test building. The test
locomotive was on the track extending down the longitudinal center of
the building. On each side were concrete floors, sloped to drains
near and on each side of the track., These drains were concrete,
covered by cast iron gratings flush with floor surface, and extended
for the full length of the locomotive, "Blacktop" was applied over
ties and ballast for flooring between drains and rail. Heavy wood
walkways were used to fill in between rails where necessary.

A water hose with fog nozzle and a steam hose were arranged on
brackets at a strategic point near fire box for fire protection and
a fire alarm station was installed near the test building.

Two rows of nine light sash windows were provided down the long

sides of the building, the upper row being fixed and the lower hinged,
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This lower row of sash and the end doors were opened as required to
furnish ventlilation and unrestricted supnly of air for the locomotive.

A venting jack over the safety valves extended through roof to
carry off the steam from valves and the boiler blow down steam, to
prevent condensation in buiiding.

Water tank for calibrating the water meters, and a 140 gallon o0il
tank for calibrating the 0il meter were located on the south side of
the test building, as were the fuel snd water supply tanks and the
bleed off muffler,

The feedwater heater alr-vent-drain was piped outside through
south wall of the building, The exhaust from the turbine driven
Worthington Type S cold water pump was also piped to the outside,

The other vents and drains on the feedwater equipment were left as
in service since the amounts of steam exhausted were small and did not
cause noticeable condensation in building and on instruments,

On completion of building, test engine SP-4401 was moved in on
the track to the predetermined point where the flanges on the wye pipe
for bleed-off steam could be connected with the front of the piston
valve chambers, and stack would be under the smoke Jjack. The cab had
previously been removed from the engine, Platforms were built at the
rear, level with the cab floor and on each side of the firebox. Others
were built on top the smoke box at the right side, and on the boiler
near the steam dome, the latter being for the servicing of the steam
calorimeters, etc. Suitable steps, ladders, and protective railings
were built where required for the convenience and safety 6f the test
crew,

The frame and tanks of a then spare, semi-cylindrical tender,

No. 7984, class 120-SC-1l, were set on concrete supports outside of the



3=
test building about opposite to the cab platform, as shown on general
plan. This tender was not of the type or capacity of the tender
regularly assigned to engine 4401, class GS-1, type L-8~-L, but it had
a pressure type oil tank.

The capacity of the water tank was 12,000 gallons. The water tank
was equipped with gage glass tubes and scales on each corner and was
calibrated so that outages could be taken directly if desired, by
noting the change in water level, A similar water level gage with a
colored float was placed inside the building at location convenient
for observation by the Stationary Engineer,

The oil tank of approximately 3500 gallons capacity, was heated
by a steam coil controlled by a thermosyphon type thermostatic valve
installed on the front of the oil tank as shown in photograph section
following. Air pressure, regulated to 10 psig, was maintained in the
0oil tank when in service to compensate for the pressure drop through the
0oil meter and pipe line. Since the oil tank was pressurized, it was
equipped with a series of gage cocks for checking the height of the
oil supply, and a duplex steam punp was installed for the purpose of
expeditiously filling the tank from the supply line.

A large pipe from the main water softener discharge line <con---
veyed water to the filling inlet at top of the tender tank, and a
branch of this line was connected directly to the injector as a
precaution against the possibility of water in tender inadvertently
becoming too low, The line to the injector had a ball feeder for in-
troducing the proper amount of water treatment compounds in the feed
water when not using the locomotive feed water pump, which alone took

similarly treated water from the tender tank,
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Antifoam and other compounds were also added to the water in the
tender tank in the required amount. Water from this tank was piped
to the No. 5-S Worthington feedwater pump with which the locomotive
was equipped.

Because of the nature of the raw water supply the cylinder spray
water also was taeken from the main Zeolite water softener discharge
line to minimize scale deposits on valves, desuperheating baffles, and
cylinder walls.

The wye pipe, made from suitable lengths of 6", 8" and 10" pipe,
discharged into a muffler fabricated from a scrap tank car shell
located outside the building. Boiler blow-off also discharged into this
tank, which had an outlet to a sewer line,

Unarco, 3/4" Insubestos felt was used to cover the metal smoke
jack below the roof line to reduce the noise from the resonating
effect of the exhaust on the jack. Louvre type vents in the jack just
above the roof, and canvas covered, 2" thick Glassbestos curtains,
hung close to smokebox below the smoke jack were also used to absorb
the noise. The louvres muffled the exterior noise considerably and
reduced the amount and velocity of the air aspirated from the building
into the smoke jack, Inside the plant, the curtains and the covering
on the jack absorbed much of the piercing, irritating sound from the
exhaust, but it was still necessary to provide suitable ear protec%ion
for test personnel.

Because of interfering piping and the design of the smoke Jjack
over stack, it was not possible to view exhaust gases at locomotive
stack from firing deck so a periscope arrangement was provided, per-
mitting stationary engineer to view exhaust above smoke jack. However,
when obtained, the smoke indicating meter was placed at firing deck

for use in determinihng ~firing adjustments since observations above
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Jack were not always conclusive particularly in cold weather when
steam obscured the visual observations.

Figure 2 - Instrument and Control Panels,

Two panel boards were used and referred to as the main and
auxiliary panel boards, the latter being at the left end, in the
figurse.

The maln panel board contained the recorders, selector valves
and the recorder-controllers, all of which are labeled and identified
on the sketch.. The details and use of these instruments and gages
are covered in the several sketches and descriptions of the various
phases of the test installation.

The auxiliary panel board contained the pressure gages, draft
manometers, and the thermocouple potentiometer with selector switch
from which most of the data for the calculations was obtained. These
items are also labeled and identified,

Figure 2A-Air Supply for Control Instruments.

This figure covers a schematic arrangement of the air supply to
the controllers for operating the various diaphragm type regulator
valves. For this purpose the air must be dry and at a constant supply
pressure.,

Alr from house line entered separator where moisture was removed.
Air pressure was then reduced to 70 psig for supply to the relay on
the bleed-off control valve. This air was filtered through felt pads
and from this supply a portion went through a second reducing valve
which furnished air at 28 psig to the control instruments on panel
board.

Alr at house line pressure was also taken from the separator to

a regulator near tender oil tank, to supply air pressure to oil tank,
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For convenience in piping, two 28 psig air supply manifolds were

provided behind main instrument panel, one near top and one near bottom.

Figure 3 - Auxiliary - 3Steam lletering llanifold.

An arraengement for metering steam to auxiliaries, with steam
supply obtainable either from house line or from test engine was pro-
vided with 1™ and 3" steam flow metering nozzles, pressure gages,
thermocouples, steam flow recorder and manifold with piping to the
various auxiliaries, as indicated on sketch.

This manifold was designed so that steam used by auxiliaries
could be metered using house steam or test engine steam either saturated
or superheated, Also, steam could be used to operate these auxiliaries
without passing through metering nozzles, as for exemple, when checking
operation of auxiliaries at times engine was not under test.

With very low steam flows, temperature drop through this manifold
was found to be excegsive and the 1" size flow nozzle was temporarily
moved to the engine piping for use in measuring atomizer steam and
similar small steam flows during the actual tests.

While the flow nozzles are referred to as '"one inch" and "three
inch,”" these are actually the nominal size of the containing piping
and the nozzles themselves are somewhat smaller. The smaller nozzle
was designed for a maximum flow of 1000 1lbs, of steam per hour and
the larger for a maximum of 12,000 lbs. per hour. In each case the
standard steam condition was 650C°F and 250 psig. and correction factors
were necessary for other steam conditions.

Figure 4 - Water Level and Feedwater Control System

wWater level in boiler was maintained by a Bailey Recorder-
Controller. Pressure differential between connection in steam dome
and at a lower point below water level (each 15" above and 15" below

desired normal water level line) actuated water level recorder-controller
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This instrument in turn, regulated position of diaphragm control
valve in the steam line to Worthington Type 5-S feedwater equipment,
Thus by varying the steam pressure to feed pumps, the input of water
to the boiler was regulated to maintain level selected by manually
positioning the level selecting pointer on the controller-recorder.

The Bailey recorder-controller was provided‘with a selector
valve permitting either manual or automatic operation of the feed
water equipment from the panel board.

Tender water tank was filled with Zeolite treated water from
engine house supply line. Additional treatment was added to water
in tender tank as required. Water then went through cold water pump,
through cold water meter and thence to feedwater heater chamber,

Cold water meter was equipped with a tachometer-generator which actua-
ted "Veriflow" meter on mainipanel board to indicate cold water flow
rate,

' In the feed water heater chamber, exhaust steam from the main
cylinders heated the feedwater. The reciprocating hot water pump
then pumped the heated water thru hot water meter and thence to the
boiler check. The hot water meter was also equipped with a tachometer-
generator to indicate flow rates, remotely, at the main panel board
by means of a "Veriflow" meter. Between hot water pump discharge and
meter inlet there was a toe connection to a 16 foot by 8" diameter
surge chamber to reduce and cushion the pulsations from the recipro-
cating hot water pump. The piping to this chamber was designed to
assure retention of cool water in chamber and thereby preclude loss
of cushioning air.

Hot water piping was so arranged that the water after leaving

meter could be directed to either the top, steam space spray check,
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the side check, or the meter calibrating tank outside the building.

This permitted study of the effects of the steam space spray check
on boiler sheet temperatures and in addition the hot water meter could
be calibrated under conditions similar to service conditions.

When calibrating cold water meter, steam to the hot water pump
was blanked off, and the water was pumped through the meter by the
regular feedwater cold pump, the flow being diverted from heater to
the calibrating tank.

Normally, in service, the exhaust steam from the feedwater hot
punp is piped into the feedwater heater chamber, contributing some
heat to the water during periods pump is used while there is little
or no main exhaust steam.,. It was however, found that during standing
tests this caused an undesirable pulsating disturbance to the main
locomotive exhaust pressure and related items. Rearrangement of the
piping so that eixhuast from the hot pump discharged to atmosphere in
the smoke jack, smoothed out the performance of the boiler very success-
fully and caused no change to feedwater temperatures as far as could be
determined. This change was solely for the standing tests and not
intended for use in road service.

Figure 5 - Fuel 0il Control System.

This sketch shows o0il supply tank with steam lines, oil lines,
0il meter with tachometerﬂgenérator, sampling valve, gear type pressure
pump, diaphragm regulating valve and thermostatic controls for steam
heat supply.

Because of the resistance of the extra plping and the meter, the
tender oil tanR was operated under 10 psig air pressure to assure

adequate flow to burner. O0il lines were heated with external steam
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colls and were also insulated to assist in maintaining oil temperature.

In addition, a portion of the o0il line was steam jacketed, with thermo-
staetic control of heating steam, to provide further control of oil
temperature.

Boiler steam pressure recorder-controller recorded boiler pressure
and controlled the diaphra~m regulating valve in oil line to vary oil
flow as recuired to maintain preset value of boiler pressure.

Geéar pump shown was used only for those burners recuirings more
pressure at burner than was avallable through use of the 10 psig air
pressure in oil teank. The gear pump was equipped with a by-pass
pressure regulator which could be set to maintain desired pressures
up to 150 »nsig at pump.

This figure also shows a dlaphragm control valve in atomizing
steanm line to burner with a note "not used." The diaphragn control
valve, operated by control air supply to fuel regulating diaphragm
valve, was included in the original installation because usually,the
practice 1s to vary atomizing steam in proportion to oil flow. However,
with the "drooling type" locomotive oil burners it was found that this
method of atomizing control could not be used and it was necessary to
manually adjust atomlzing steam 1in accordance with the particular
combustion conditions.

Figure 6 - [Exhaust Steam Control Systen

This sketch 1llustrates the desuperheating arrangement used to
assure revnroducibility of standing test results in road service by
simulating service conditions of exhaust steam temperzture and pressure
at the nozzle, and thereby provide induced drafts under test conditions,

consistent with those obtained in road service. The idea of desuperheating
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the engine steam by rneans of water sprays in the main cylinders for

standing tests was developed and patented by lir. W. F., Collins,
Engineer of Tests; New York Central System and the method was modi-
fied for use at Sacramento Test Plant by the addition of automatic con-
trols to maintain the temperature and a unity ratio between bleed-off
steam and cylinder spray water.

The staendard locomotive piston valve rings and bushings were
replaced with those designed for precision control of the flow of the
high pressure superheated steam to the cylinders. Steam flow to
cylinders wes controlled by use of a micrometric valve positioning
gear arrangement on the valve stems. Main locomotive pistons were
removed from cylinders and replaced by multiple water spray nozzles
and baffles to mix thoroughly the superheated steam and desuperheating
water,

In operation, the piston valves were first positioned approximately,
and later after conditions stabilized were accurately adjusted to obtain
desired loadings on boiler., The throttle was then slowly moved to fully
opened position and superheated steam allowed to pass into cylinder
through the diamond shaped valve ports in tool steel inserts in the rear
bushings which controlled the flow. As the throttle was opened, the
desuperheating system was also placed in operation and, as the highly
superheated steam passed into the main cylinders, the water sprayed in
became mixed with the engine steam and being converted thereby into
additional steam, reduced the final temperature of the mixture to that
of the exhaust steam condition desired.

The conversion of spray water into steam resulted in an excess

. of steam over that actually generated in the boiler. This excess or
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"surplus" was removed by bleeding off an amount equal to thé water
sprayed in so that steam to exhaust passages was equal to steam to
cylinders. Otherwise the excess steam would raise the draft and the
simulation of road service conditions would not exist and the results
would be misleading.

In this test plant, the quantity of spray water was controlled
autometically to maintain the selected exhuast steam temperature.

The bleed off of surplus steam also was controlled automatically to

a unity ratio with the amount of spray water. The surplus steam was
bled-off thru speclal connections from steam chest heads into a "Y"

shaped pipe and out thru a metering orifice and a control valve into
the nuffler located outside the test building.

The remaining steam, equal to that generated by the boiler less
the amount used by auxiliaries, passed thru the exhaust passages to
the nozzle stand, where, with the feedwater heater in operation, a
portion was diverted 1into the heater chamber; the balance issued from
the exhaust nozzle to create a draft in the smokebox that would be
obtainable in actual road service.

Figure 6A shows a diagramatic view of the cylinders, piston valve
chambers, and the steam and water flow. Superheated steam entered thru
the main steam pipe into valve chamber. Valve always was so positioned
that steam could only enter cylinder thru steam ports at rear bushing.
The valve bushing at rear of chambers had tool steel inserts containing
diamond shaped ports as shown on Figure 6C. The front outside and the
rear inside and outside piston valve rings were stellited on outer edge
to reduce the eroding effect of the steam flow on the rings and alsb

to cut through scale deposited on bushings when spray water flashed . into

!
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stean.

Sprays and baffles were located in cylinders so that spray water
and superheated steam were thoroughly mixed. Many arrangements of
sprays and baffles were tried before the desuperheating was satisfactory
and a number of the modifications are shown in the photographs.

Desuperheated steam then passed through standard ports at front of
cylinder to front of valve chamber., Here steam flow divided, the steam
bled off going through wye pipe to muffler and remainder through exhaust
steam passages to nozzle stand. Since the valve spoqls were hollow,
some exhaust steam passed through valves énd exhausted through rear ex-
haust passages.

In order to position piston valve accurately to obtain desired
loading on boiler the main valve positioning device as shown on TFigure
6B was developed. Valve steam extension with Acme threads was fitted
to valve stem. \When worm wheel was rotated, it being restrained by
plates on each side, the valve, stem and extension were drawn out or
pushed back as desired. Indicator on stem was arbitrarily graduated
but it aided in positioning the valve, In order to rotate worm wheel,
a worm gear was applied., This worm gear was rotated by ratchet handle
or reversible air motor as desired and the arrangement permitted very
fine adjustments of the valve position and the steam flow.

The adjustable orifice in the bleed off line was hand set for each
steam rate so that meter correction factor would be unity for the steam
tempersture and pressure conditions at orifice. Thus the flow reading
on recorder chart would be correct as read when multiplied by the chart
Tfactor common to both spray water and bleed off steam charts and the

ratio linkage between spray and bleed~off instruments would exert its
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proper control,

The amount of water sprayed into the cylinders was controlled by
the Pyrotron temperature recorder-controller and in turn, the spray water
recorder which was linked with the bleed off steam meter had a controller
which positioned the bleed off steam control valve so that the rate of
steam flow through bleed off system was always equal to spray water rate
during automatic operation,

Spray water was taken from the Zeolite treated water supply to
minimize scale. Spray pump motor was of a constant speed type and
regulation of spray water pressure to the Bailey control valve was
accomplished by means of a diaphgram operated valve which throttled
water flow as required. The purpose of regulating spray water pressure
to the actual control valve was to meintain steady state conditions over
a wide range of spray water flow rates and to thereby provide for more
uniform control at spray water controller which further throttled water
supply as required to maintain desired steam temperature conditions,

Provision was made to proportion water flow to each cylinder in-
dividually by manually operated valves which were used to balance steam
temperatures in the two cylinders,

A resistance type pyrotron temperature recorder was used to show
steam temperatures in exhaust passages of each cylinder and provided a
ready means of indicating temperature balance between the two cylinders,
Recorder was equipped with a third pen to record spray water temperatures.

Spray water was filtered in special all brass manifolds on each
side of engine and from this manifold on to the actual spray heads, only
non-ferrous metals were used for piping and valves. Prior to developing

this arrangement, minute particles of scale from the piping which was
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originally iron, lodged in the very small orifices in the spray heads

and prevented satisfactory desuperheating. All piping and connections
inside the cylinder were subjected to high steam velocities and had
to be carefully secured and tightened.

Figure 7 - Temperature Measuring Arrangement.

This sketch shows the temperature measuring provisions. Figure
7A follows Figure 7 and identifies the various points where temperatures
were taken,

The Brown Electronic push button type Indicating Potentiometer,
labelled "M", had a range of O to 1000°F using Iron-Constantan thermo-
couples, and was used mainly to indicate temperatures required in
calculations or for control and accordingly was mounted on auxiliary
panel board. Figure 7A enumerates the teriperatures taken and location.
This instrument, originally for but 12 temperatures, had a selector
switch added in series with one of the push buttons which combination
permitted the selection of any one of 23 different thermocounles,

A Brown Electronik 1l2-point strip chart recording potentiometer,
labelled "B", was used for recording boiler and firebox sheet tempera-
tures as described in table, Figure 7A. This instrument had a rangse
of 0 to 1200°F with Iron - Constantan thermocoupies; chart speed was
20" per hour and printer operated through one cycle of 12 points in
three minutes,

A Brown Electronik l6=-point strip chart recording potentiometer,
labelled "C", was used to record firebox gas temperatures and firebox
sheet temperatures on fireside of sheet, This instrument had a rangs
of 0 to 2400°F with Chromel-Alumel thermocouples, Chart speed was 13.2"
per hour and printer operated through one cycle of 16 points in four

minutes. For gas temperatures both Inconel and Sillimanite protecting
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tubes were used for the Chromel-Alumel thermocouple wires, but both

proved unsatisfactory except in those probe holes near the rear tube
sheet where temperatures were below 2000°F, The ceramic (Sillimanite)
tubes failed account thermal shock, i.e. rapid changes in ambient

gas temperature and sometimes possibly from boiler leakage. The Inconel
was not satisfactory as the temperatures in the firebox proper were
found to be too high. As described elsewhere, gas temperatures through-
out the firebox were successfully obtained by means of water cooled as-
pirating probes containing shielded and protected noble metal couples.

A Brown Radiamatic Pyrometer (not shown on sketch) was also used
successfully for some points in the firebox. This wss a total radiation
pyrometer which converts the radiant energy emitted by a heated object
into electrical energy which can be measured in terms of temperature by
a suitable meter,

The fireside temperatures on side sheets were most difficult to
obtain and even the most successful means of vprotecting the thermocounles
proved inadequate to assure reliable indications for more than a very
brief time. Leakage of boiler water on the couples was a large factor
in their rapid deterioration.
| A Brown Electronik 8-point strip chart recording potentiometer,
labelled "A", was used to record smokebox gas temperatures. This
instrument had a range of 0 to 1000°F with Iron - Constantan thermo-
couples, chart speed was 10" per hour and printer operated through one
cycle of 8-points in 4 minutes., The thermocouple wires were protected
by steel tubing,

A resistance type thermometer, in wye pipe, connected to Bailey

Pyrotron temperature recorder=-controller labelled "RTC," indicated
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wye pipe steam temperature and operated controller used to maintain

desired preset value of temperature by controlling spray water as noted
elsewhere. This instrument had a range of 100%to0 500°F with one complete
rotation of recording chart occuring in 8 hours.

A Balley Pyrotron resistance type thermometer, labelled "RT,"
had three pens and recorded left and right wye pipe steam temperatures
and spray water temperature. The wye pipe temperatures were taken
near outlets from piston valve chambers and served to indicate balance
between cylinders. These two temperatures were recorded by pens with
a range of 100°to 500°F, The third pen showed spray water temperature
near spray water controller, this pen recorded on a range of 0 to LOOCF,
The recording chart made one complete revolution in 8 hours,

Figure 7B shows the development of thermocouples to messure water-
side sheet temperatures at firebox. Style "A" was the first type made.
It had a copper disc in which thermocouple wires were imbedded, which
could be forced against water-side of firebox sheet through existing
wash out plug holes. The moulded bakelite in the cap served to protect
thermocouple wires as well as act as a heat dam to prevent too rapid
heat transfer through tube and thus reduce temperature at couple
Junction in disc. Some of this style lasted about one year which was
considered a satisfactory service life, however, several disadvantages
were found. With the equipment available it was difficult to satis-
factorily mold the Bakelite in the cap. The stuffing box and the gasket
at cap became incrusted with boller water solids and prevented smooth
operation in that it was difficult to keep copper disc against firebox
sheet during expansion and contraction of boiler, It was also found that

size and shape of cap and disc was critical and that hot spots would
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develop sometimes at point of contact with sheet if shape did not
allow sufficient water passage past end.

The next modification "B" was similar to the final style "Gt but
in this arrangement the wires went through stuffing box composed a
soft rubber cork in a special copper tube fitting at the end of a foot
or more of copper tubing, through the tubing and
a standard fitting and then into boiler water space. Stuffing box
was tightened sufficiently to prevent leakage.and the tubing was made
. long enough to be sure it would be cool and heat damage to the rubber
was therefore avolded. The varicusly insulated thermocouple wires were
also dipped in Bakelite Varnish to prevent attack from boiler water and
to reduce heat conduction from the couple., This style gave very good
results but it was difficult to protect wires under screw head and service
life was from but three days to two weeks, because of boiler water attack.,
Bakelite varnish over fiber glass proved the best insulation, with un-
coated glass and ceramic tubes being among the quickest to fail.

Style "C" shows the final design used. Wires were placed in a
3/16m copper tube with end closed by flattemning at contact with sheet,
At the opposite end this small tubing was sweated inside of 3/8" copper
tubing to make the connection steam tight. A regular fitting was used
on the 3/8"pipe where couple protecting tube entered boiler. This
arrangement gave satisfactory results and more than a year of service,

Washout-plug size holes were provided in outside wrapper sheet as
necessary to permit access to water-side of firebox sheet for drilling
and tapping the hole in sheet for holding screw and to allow application

of couple. Outside wrapper sheet was also drilled and tapped in a
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nearby space between staybolts for application of the 3/8" IPS copper
tube fitting where couple entered boiler. A picture of one application
is included in photo section,

This style could be successfully applied at any time to firebox
sheets reasonably close to outside sheet but the application of couples
to the crown sheet for example, could only be done during renewal of
the sheet, or portion thereof. Thermocouples of this style were also
successfully applied in the crotch of each of six Security Circulators
during their installation in the boiler.

Figure 8 - Pressure lleasuring Arrangement

This covers the pressure recording and indicating equipment used
on the standing test., The pressure gages at firing deck were the usual
cab gages with the addition of an atomizer steam pressure gage.

The gages for steam pressure in the flow nozzle lines were used
in determining meter correction factors to be applied to chart reading
of auxiliary steam flow,

The boiler pressure at dome was transmitted to a gage at the
auxiliary panel board and to the boiler pressure recorder-controller
at main panel board. This controller regulated fuel oil flow to main-
tain desired boiler pressure.

The exhaust steam pressure was transmitted to a pressure gage
at auxiliary panel and a pressure recorder at main panel. This pressure
was used when determining proper exhaust steam temperéture to maintain
simulation of road service conditions.

Two four pen pressure recorders were located on main panel, record-
ing pressures as noted on sketch.

The steam pressure in feedwater heater chamber was transmitted to
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auxiliary panel and used for calculating condensate recovered by the
feedwater heater from the exhaust steam.

The steam pressure in wye pipe was transmitted to auxiliary panel
and used in determining adjustable orifice settings.

The pressure gages at each cylinder for spray water pressure and
steam pressure were used in balancing the steam flow and temperatures
in the two cylinders,

The pressure in the cold water pipe to feedwater heater chamber
was measured on right side of engine where pipe enters smokebox. This
pressure was transmitted to main panel, The purpose of installing this
gage was merely for the convenience of the operator to observe per-
formance of feedwater system, in that the pressure gave an indication of
flow rate and helped in diagnosing trouble in feedwater system. It was
noted after installation that pressure loss between cold pump and heater
became quite large at the higher rates of flow.

Figure 9 - Draft Measurement Arrangement.

This sketch shows the draft measuring arrangement used.

In order to conveniently read all the drafts at a central location
a Bank of manometer tubes was used, all connected to a large area
water tank to reduce zero drift to a minimum. With highest drafts on
all tubes, the lowering of the water level or zero point, was negligible,

A system of interconnected plug valves was used when reading the
manometers., All the valves were connected to a shut-off handle and thus
when tubes were to be read, all were shut-off together, This gave in
effect the simulataneous rsading of all drafts at a given time,

Although the scale for reading the drafts could be raised or

lowered, it was found more practicable to adjust the zero by carefully
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adding or removing water from reservoir as required and leave scale
fixed in position.
Sketch also shows relative position of draft tubes in smokebox.

Figure 10 - Smoke Measuring Arrangenent.

This sketch covers the smoke density indicating and recording
arrangement.

A photo electric cell and light source were located just above
smoke stack, and registered density of gases emitting from the stack.
Indicetion was given on a meter at firing deck in Ringelmann numbers,
i.e. from O to 5 with 5 being complete opacity or no light received,
by photo cell. In addition, indication was transmitted to a high speed,
indicator-~recorder at main panel where a record was made of smoke density
on a strip chart.

The indicator at firing deck was provided with a red warning light
ad justable to go on at a predetermined smoke density. This was
usually set at ;2 Ringelmann, merely for the information of the Sta-
tionary kngineer,

The 115 volt power source had a separate ground line between
indicator at firing deck and recorder at panel to provide for better
electrical characteristics and prevent false indication.

Figure 11 - Gas sanalysis and Samnling liquipnent.

The flue gas analysis was obtained by two means: "A" by automatic
instruments consisting of the oxygen (0,) and carbon dioxide (CO2 )
analyzers and recorders with related equipment, and "B" by Crsat analysis
at completion of run, of a continuously collected sample.

A, Automatic analysis and record,

The sample for the two recorders was taken from & five point sampler
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located approximately midway between the exhaust stand and the tube
sheet inside the smokebox.

The sampler consisted of a cross of 18" lengths of 1/4L" iron pipe.
The end of each leg of the cross was fitted with a tee with the leg of
the tee connected to the pipe. All tees were in the same plane as the
legs of the sampler which was mounted in a vertical plane and at right
angles to the longitudinal center line of the boiler with arms of the
cross vertical and horizontal,” : The gas sample entered thru the runs
of the four tees and also thru a 1/16" hole at the center of the cross
on the down stream‘side. The copper tubing connecting the sampler to
the panel board was attached at the center of the cross on the upstream
side opposite the 1/16" hole.

From the sampler, 3/4" copper tubing conducted the sample to the
panel board. The gas then passed thru an inductor and preliminary
washer, a gas pump and scrubber, a separator, and then divided for
each of the two analyzers by which time it was under positive pressure,

. The gas sample for the CO,recorder, after leaving the separator
went through a positive pressure indicator, which was also a safety
device to prevent excessive pressure or vacuum in the COyanalyzer,
and an SOpabsorber before entering the analyzer,

The inductormpreliminary—washef cleaned the sample of sand and
other particles and also cooled the gases. The gas-pump scrubber was
of the water aspirator type which drew the gas from the smokebox
through the inductor and delivered it under positive pressure to the
subsequent apparatus. The arrangement had a motor driven centrifugal
water pump to supply the pressure necessary for the aspirating action

and the water was recirculated with make up water being added
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autometically. The separator was of the centrifugal type to remove

any water remalning in the gas sample after it was pumped and scrubbed.

This asplrating equipment was furnished with éhe Bailley Oxygen
Analyzer and prov}ded a large sample supply. The COp, meter was
equipped with a small mechanical vacuum pump whose volumetric capacity
wés felt to be inadequate because of the distance of the instrument
from the gas source. In view of the relatively large sample available
at the Opanalyzer a portion was diverted to the COpmeter through the
safety device devised to prevent dislodging the o0il in the CO» meter
pump, because of excess pressure or vacuum at times when only one of
the pumps was turned on. With only the oxygen analyzer pump on, the
gas sample positive pressure forced the colored water from the lower
jar up into the top reservoir or trap and then the system vented itself,
With only the COgmeter pump on, air was drawn through the liguid trap
and tube and excessive vacuum could not be developed in the COp pumping
arrangemnent. During test operation, the diverting valve from the 0,
system was adjusted, with both pumps operating, so as to assure several
inches of gas sample pressure in the safety device from which the CO02.
meter took its sanple,

The COp, and O2 analyzers were each equipped with indicator pointers
and also recorded gas analysis on clrcular charts.

B. Manual Analysis of Flue Gases.

The sampling system for Orsat analysis had a sampler identical to
that for the recorders, and it was located closely in front of the
sampler used for the recorders. The gas sample was obtained by means of
a vacuum developed by a steam jet exhauster.

A continuous sample was accumulated from the gas line through an
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appropriate arrangement, in a sampling bottle of two liters capacity

containing an acidified salt solution. The collected sample was later
transferred to the analyzing apparatus by proper manipulation of the
valves and changes in relative elevation of the bottles.

The tubing connecting the sample bottle with the leveling bottle
contained a pinch cock and plastic choke in parallel with each other.
The diameter of the hole in the choke was such that it required 45
minutes for the liquid to drain from the sampling bottle into the
levelling bottle. Thus with the pinch cock closed, a continuous sample
was easily taken at a uniform rate to provide an average of the flue
gases during the run, but the fluid could be quickly transferred from
one bottle to the other by releasing the pinch cock.

Analysis of the gas sample was made on a Fisher Unitized, Technical
Universal Model Gas Analyzer (Orsat Separators) with slow combustion
unit for determination of methane and hydrogen.

Figure 12 - Firebox Survey Equipment

This sketch shows the firebox survey equipment and relative loca-
tions of probe holes, on top centerline, rear center and right side of
firebox.

Firebox surveys were made by Battelle Memorial Institute represen-
tatives aided by members of test crew. These surveys were for the pur-
pose of obtaining gas temperatures, velocities and samples for analysis
of firebox conditions. The surveys were made at the usual test rates
but during special runs of long duration because of the time required,

Probe holes, as shown on sketch, were for access to interior of
firebox with the various probes. Staybolts were removed from the

boiler sheets at these points and holes enlarged to allow 2" ID boiler
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tubes to be inserted and rolled and beaded over. Removahle plugs with

handles were made for each probe hole and all were plugged except when
in use.

Three types of probes were used in the firebox survey; a gas
sampling probe, a gas velocity probe and a thermocouple probe. All
probes were water cooled during wuse and were constructed from thin
wall non-ferrous tubing.

To obtain samnles of firebox gases, sampling probe was connected
with cooling water hoses and with rack of gas sampling bottlgs. Then,
by manipulation of pinch cocks and transfer bottle, and by controllﬁng
the vacuum on the sample line, saline solution was displaced in desired
samnling bottles to obtain gas samples at selected locations in the
firebox. Flow indicator or bubbling bottle, was placed in gas sampling
to facllitate adjusting gas flow and it also indicated that gas lines
were clear. After samples were taken, racks of samples were removed
to a convenient location for analysis by the Orsat method.

The gas velocity probes had two pressure connections to an inclined
tube manometer filled with colored xylene., The probes were of the
double pitot tube type such that one tube faced up stream and one
downstream each being connected to one leg of the manometer. The use
of a double tube had several advantages; namely the error is %*ess than
for a normal pitot tube if the opening is not polinted directly into
the gas sﬁream, the pressure difference is greater for a given gas
velocity and also, the probe can be inserted into a smaller opening.
These had been calibrated by Battelle Memoriael Institute for the sane
renge of Reynold's number as applies in the firebox. The pressure

differential was converted to velocity in feet per second by means of
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suitable conversion formulsae.

The temperature probes were of the shielded gas aspirating type.
Platinum - platinum, 10% rhodium thermocuples were used. The cold
Junction was a Dewar flask filled with water and melting ice. The
voltage of the thermocouple was measured by means of a potentiometer
and later corrected to temperature in degrees F. The thermocouple
was protected with ceramic tubing and was shielded with a single
tube of fused quartz. The firebox gases were aspiraeted past the couple
at high velocity by a vacuum system as shown on sketch. The quartsz
shield reduced radiation losses from thermocouple and proved very
durable in this service. Multiple type ceramic shields were also tried
but were too sensitive to the thermal shock of repeated entry and exit
from the firebox. However, great care also had to be taken in controll-
ing the aspiration when using the fused quartz tubing, to avoid drawing
cold air through it while very hot.

Test Run:

The following covers & typical test run at the Standing Test Plant.

Prior to actual tests, trial runs were made when necessary to de=-
termine suitability and characteristics of the new device or arrangement.
Optimum damper and air openings, proper atomizer pressures, and similar
items of operation were then established before the actual tests. This
was not always necessary but some of the major changes made, required
considerable pretest operation to obtain best results.

On the day of a test, engine was fired up using house stean for
blower and stomizer, and at some suitable pressure, such as 160 to 2001lbs.
pressure on boiler, change-over was made to the steam from locomotive

boiler and firing-up continued until operating pressure was reached.
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During the firing-up period, which required from one to two hours,

depending on the initial tempercture of the boiler water, valves in
velve chamber were approximately positioned, new charts applied to re-
corders and panel board made ready for operation.

after boller was up to pressure, throttle was opened slightly to
warmn up piplng, cylinders, etc.

After a sultable warm-up period, throttle was opened slowly to wide
open position and steam rate controlled by position of piston valves over
diemond shaped ports in the valve chambers. Cylinder spray water was
turned on and desired loading rate on boller was obtained by final ad-
justment of piston valves.

As the spray water rate, the amount of stéam bled off, and the
segnent height of the adjustable orifice was dependent on the wyve pipe
tenperature and pressure, a slight amount of trial and error adjustment
was requlred when setting the test steaning rates in order to obtaln proper
reletlonship between steam temperature and pressure at nozzle balance
temperatures in both cylinders.

During the above trial and error period, feedwater and oll flows
were changed over from hand control on locomotive to hand control at
panel board and then to automatic control. Normally no further atten-
tion was required after oil and feedwater were placed on autonmatilc
control,

After the above trial and error period and after rates, temperatures
and pressures had stabilized, the test run was started., 011, cold water
and hot water meters were read at running start, at end of run and at

15 minute intervals during the run,
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Temperatures, pressures and drafts as indicated by instruments

on the auxiliary panel board were read at start and at end of run and
at each 5 minute interval.

Normally the runs were of 45 minutes duration but for special
tests and firebox surveys, were as long as three hours.

After completion of a test run, piston valves were repositioned
to obtain next wye pipe pressure desired, the exhaust steam tempera-
ture controller was set to the corresponding temperature and the
temperatures in the two cylinders balanced by ad justments to the
manually operated spray valves,

After conditions again stabalized, the test run was made in the
same manner as before.

During and immediately after the change in rate any necessary
firing ad justments were made such as to dampers, atomizer, etc., to
obtain optimum performance and minimum color at stack. The remaining
runs usually two more, were made in a similar manner.

Four runs of 45 minutes duration each could be obtained in one
day under normal conditions with as many as five being done during
tests of a repetitious nature. Wye pipe pressures were selected so
as to produce firing rate increments of roughly 1000 pounds of oil
per hour during a four run series of tests. Normally no runs were
made at firing rates below 3000 pounds per hour. The high rates
were limited to those within the capacity of the feedwater pump to
maintain the water level.

The locomotive flues were well sanded before each test run and,
when absolutely necessary, during the test runs at intervals sufficiently

frequent to avoid excessive changes in steam and flue gas temperatures,
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Atomizer steam pressure was adjusted for optimum fire and stack condi-

tions.

A continuous sample of flue gas was taken throughout each test
run as an average sample covering the duration of the test period,
for Orsat analysis. Continuous fuel oil sample was also taken as
an average for each day of testing, for determination of moisture,
density, and heat value. Figure 13 shows sample results of these deter-
minations.

Examples of the data manually recorded are shown in Figures 14
to 25 inclusive covering the oil and water meter readings, the tempera-
tures, pressures, and other observations made during a series of tests
at wye pipe pressures of 4, 7, 10 and 13 psig, as shown in heading on
each sheet.

The results were calculated on prepared forms illustrated by sample
sheets such as Figure 26, for the oil, air and water rates and Figure 27,
for the boiler efficiencies. Sample calculation of air-fuel relations,
Figure 28, from the flue gas analysis also is included to show method
used by Battelle llemorial Institute representative.

Measurement of Steam Consumption by Auxiliaries:

When it was desired to measure the steam consumed by any one or a
group of auxiliaries such as air compressors, blower, turbo generator
etc., the necessary valves in the manifold were operated to cause the
steam supply to flow through either the 1" or 3" orifice depending on
the steam rate expected.

To determine the steam consumption, the auxiliary to be tested was

operated in a manner simulating service as closely as possible.
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Pressure and temperature readings were taken at orifice, to permit cal-

culation of correction factor to be applied to steam flow as recorded.
These correction factors were based upon specific volume of steam and
the correction factors for the various steam conditions were obtained
from manufacturer's data covering the orifice installed,

Figure 29, "Metering Orifice Correction Factors vs. Orifice Tempera-
tures for Various Orifice Pressures, "™ was a chart for determination of
these correction factors as used in metering the steam consumption of
the various locomotive auxiliaries, and was used in connection with the
1. &nd 3" orifices. It was drawn from a chart furnished by the Bailey
Meter Co., for this equipment. The maximum capacity of the 1" orifice was
1000 pounds of steam per hour, and for the 3" orifice, 12,000 pounds per
hour, at design conditions of 250 psi gage steam pressure, temperature
650°F., with a maximum meter differential of 120 inches of water.,
Variation of steam condition from design conditions was compensated for
by use of the correction factors. Entering the graph with the measured
gage pressure and temperature, the correction factor for steam under
those conditionsumsvobtained. The chart reading when multiplied by this
factor and the chart factor then gave the flow in pounds of steam per
hour,

Calibration of Meters.

A, O0il Meter:

The oil meter was calibrated when occasion required without re-
locating, by weighing the amount of oll passing through the meter during
a measured time interval. O0il was fed from the tender oil tank, under
air pressure, through the o0il meter and a branch line to a weighing tank

of approximately 140 gallons capacity.
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One valve in the line was used for setting the flow rate in
advance of actual run and another valve was used for quickly start-
ing and stopping the oil flow for calibration run. The o0il was
weighed in a tank held in suspension'ﬁy a calibrated traction dyna-
mometer, Readings were taken of o0il meter and dynamometer dialo-
meter before start, with weighing tank emnty, and at finish of run
after flow was stopped. O0il temperatures at meter were taken at
regular, frequent intervals during the run. |

The true weight of the oil through the meter was determined from
the difference in the dynamometer dialometer readings. The apparent
gallonage, from difference in oil meter readings, was adjusted to a
temperature of 60°F, by using the average temperature from the readings
during the run and the expansion co-efficient for group "O" petroleum
oils. By means of an hydrometer, the density of the oil in lbs, per
gallon at 60°F, was determined from a representative sample and the
apparent or meter-indicated amount converted to pounds.

The actual weight, from the weighing tank divided by the
apparent weight from meter readings established the meter correction
factor for the particular rate of flow. The apparent flow rate used
in plotting the meter correction curves was obtained by dividing the
difference in actual meter readings by the time interval,

From these calculationsg, for the various flow rates used in the
calibration, meter factors versus the apparent flow rate were plotted
and a smooth curve drawn through the plotted points.

Figure 30, "Meter Correction Factors vs Flow Rate," 1s a typical
calibration curve used in the test calculations for obtaining the fac-

tors by which the o0il meter outages in gallons were multiplied to determine
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the correct metered volume of fuel o0il, depending on the apparent flow

rate in gallons per minute for the test period. The apparent flow rate
is defined as the difference between meter register readings in gallons
taken at start and finish of each test period, divided by the time
interval invoived, in minutes.

This factor curve covered the range of flow rates used at the
Standing Test Plant.,

B. Cold Water Meter:

The cold water meter was also caiibrated while in its usual place,
by the use of feedwater pump equipment and appropriate branch piping.

The hot pump was blocked and the water from the meter diverted to the
large calibrating tank,

Data was taken in a manner similar to the method used for calibrating
the oil meter, using one valve to adjust flow rate and another for start-
ing and stopping the calibrating run,j Height of water in calibrating
tank was measured and water meter readings taken before the start and
following the finish of calibrating run.

The difference in gallonage in the calibrated tank divided by the
difference in meter readings gave the correction factor, while the
difference in meter readings divided by the time interval gave the
apparent flow rate used for plotting the results.

In a manner similar to that for the o0il meter, values of meter
correction factor versus apparent flow rate was plotted and a smooth
curve drawn through the plotted points,

C., Hot Water Meter:

To insure accuracy of calibration for service under the difficult

conditions imposed by the use of a reoiprocating hot water pump, the
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hot water meter was calibrated under the same conditions, with meter
in place and using heated water supplied by the regular feedwater
equipment. Effluent was, however, diverted to the calibrating tank
where 1t was discharged at the bottom of the calibrating tank through
a locomotive type safety valve set to open at 250 psig in order to
duplicate the pressure conditions and the action of the boiler check
in normal service,

To supply the hot water and the steam to operate the pump, the
engine was manually fired during calibration period using the injector
to supply the boiler. The locomotive throttle was opened enough to
supply suffiéient exhaust steam to feedwater heater chamber to raise
outlet temperature of water to normal operating range.

Calibrating tank was filled about one third full with cold water
prior to each calibration run so that flashing and evaporation of the
high temperature water discharged during the calibrating run would be
minimized.,

Height, as measured in gage glass, and temperature of water in
calibrating tank, together with meter readings, were taken before start
and after finish of each run, Precautions were taken to assure that
temperature of water in gage glass and tank were similar. Water temper-
atures at meter were read at regular, frequent intervals during the run.

The amount of water in calibrating tank at start and at end of run
was converted into pounds by multiplying gauged gallonage by density
factor for the measured temperature of the water in tank. The weight
‘at finish less the weight at start was the weight of water through the

meter.,
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The difference in meter readings multiplied by the density for

the average temperature at meter gave the apparent weight through the
meter.

The weight of water as determined by the calibrating tank divided
by the apparent weight indicated by the meter gave the meter correction
factor, The difference in meter readings divided by the time interval
gave the apparent flow rate used for plotting the data.

Curve of meter correction factor versus apparent flow rate was
drawn in the usual manner, and the curves for both hot and cold meters
shown on one graph sheet, for convenience., Sample curves are shown in
Figure 31, the lower being that for the hot water meter readings.

The upper curve is an example of the meter factors used for the
cold water meter to determine the correct volume of cold water in
gallons used by the boiler feedwater heater, and covered the apparent
meter flow rates usually used.

Figure 32, "Density of Water vs Temperature," was made up for
convenience of reference and is a plot of the variation in the weight
of water, pounds per gallon, relative to temperature, degrees Fahrenheit,
and was used in connection with the calculations made from the readings
of the water meters.

Calculation and Control Graphs:

A, Exhaust Steam Pressure Temperature Relation.
The exhaust nozzle pressure temperature curve shown on Fig.33,

was used as a control for establishing conditions of exhaust steam
temperature and pressure at the exhaust nozzle during the first portion
of the standing tests. This curve was developed by plotting curves

of average exhaust nozzle steam pressure versus steam temperature from

data obtained during preliminary dynamometer road tests of basic

']
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arrangements on engine 4401, and drawing a smooth lower limit curve through

the temperatures indicated by these curves. The lower limit curve was
used in order to have a margin of safety in duplicating road operation
conditions. On this curve, the temperature for 15 psig exhaust nozzle
pressure was found to be 379°F, and this was selected as a principal
reference point because it represented a large percentage of locomotive
operation on grades.

The same data from dynamometer tests were then plotted on a

steam temperature- entropy chart together with the initial or inlet

Steam conditions and these points connected by straight lines. The slope
of these lines was considerable, as might be expected from the conditions

of road service, so a line was arbitrarily drawn through the point for
15 psig and 379°F, with an intermediate slope to represent as well as

possible by & single condition, the many different ones of service,

Actually the deviations of service conditions from the pressure
temperature relation selected, would be inconsequential to the applicability
of the test results, particularly in view of the margin provided by the
temperatures being in the lower range and the fact that for reductions in
exhaust pressures effected through nozzle enlargement on the test engine,

a closely similar change could be expected on an engine in service.

The curve thus developed was advantageous and while not technically
correct for all combinations of nozzles tested it was a necessary con-
promise to avoid extensive pre-testing of the trial arrangements in
road service.

The curve shown in Fig. 33, was used until July 1948 at which time
the Type E superheater units had to be renewed in the test locomotive.
The set of type "E" superheater units apnlied at that time conformed to
a new standard in length, whereby the unit return bends at firebox end

were located 48" from the boiler back tube sheet as compared with the
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units removed which were 24" longer having the return bends 24" from
rear tube sheet., As the change to the shorter units resulted in a reduct-
ion in temperature of the superheated steam ranging from LO°F to 50°F,
it was necessary to develop a new exhaust pressure-temperature curve
lower than that used for the previous tests, in order to restore a suiltable
value to the heat drop of the steam passing through the desuperheating
system so it would be comparable to that of the previous standing
tests and road operation,

The latter curve is shown on Figure 34 and it may be noted that
for the various pressures the temperatures are of the order of LO®F

lower in the low range and 50°F lower in the high range.

These reductions to the temperatures shown on the new control
curve were selected by consideration of data obtained through com-
parative tests at the Test Plant with the two lengths of units, results
of which were shown in Report ST-4, figures 4-32 and 4-33 and of data

obtained during certain road tests made with several lengths of units,

B. Surplus Steam Bleed-0ff Flow adjustment Graphs.

As covered elsewhere, it was necessary to adjust the segment
height of the adjustable orifice to compensate for the difference
in exhaust steam temperature and pressure at the various test rates from

the primary or basic steam condition, to maintain the unity ratio between
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spray water and bleed-off steam quantities under automatic operation of
the desuperheating system.

For use with the orifice and meter, the manufactuer supnlied
curves from which the maximum capacity of the orifice with the meter's
maximum of 53" of water differential pressure could be found for any
segment height, but for the basic steam condition only. Additional
curves were furnished to pernit ready determination of the meter correction
factor for the other steam conditions encountered.

From the latter graphs, Figure 35 was constructed. Then from
this graph and data from the maximum capacity curves, the additional
curve Figure 36, entitled Segment Heights vs Correction Factors was
drawn. This was done by dividing the maximum capacity of the meter
and orifice, which was 25,000 lbs per hour of steam at basic condition
of 10 psig and dry saturated, by the correction factors in the appropriate
range of values to obtaln an adjusted maximum, The segment heights
corresponding to the adjusted maximum capacity figures were then plotted
against the correction factors,

From these two figures, No's 35 and 36, the proper settings for
the adjustable orifice could be determined. However, for this routine
work, the multiple references required proved tedious and a simplified
method was provided through the construction from the two previously
used curves of the reference charts entitled Segment Height vs Wye Pipe
Temperature for Various Wye Pressures, as shown in Figures 37 and 38,
These figures are the same except for range covered, one having been
used during tests made while the locomotive was equipped with the long
supérheater units, and the other subsequent to the change in length of

units,
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Using values of the steam temperature and pressure, as measured

at the junction of the wye pipe and the horizontal run to the orifice,
the proper setting of the segment height of the adjustable orifice
could be read directly opposite the intersection of the given tempera-
ture and pressure lines.

A complicating feature in the use and setting of the adjustable
orifice, was the necessity of obtaining a specified temperature of
steam at the locomotive exhaust nozzle for a given pressure at that
point while the control equipment operated from the non-uniformity of
dissimilar steam conditions existing in the wye pipe. This difficulty
was slight and was overcome by a trial and error method of approximate
control settings and the use of wye pipe pressures as the primary basis
for actual establishment of the steaming rates desired. Initially, a
curve of wye pipe pressure versus exhaust nozzle pressure was plotted
in an endeavor to permit selection of the exhaust nozzle pressures as
the basls for setting the test rates, however, it was found that this.
relation varied too much with the changes made., Thereafter the wye pipe
pressures were used and values usually to the nearest pound of pressure,
were specified from experience to produce the desired overall range of
firing rate and a suitable spread between the individual test rates.

The wye pipe pressures were ofthe order of but one or two pounds
above the pressure at the exhaust nozzle and within the range of tempera-
tures involved it was found that the slight orifice re-adjustment necessary
from the setting that could be estimated by experience, caused only a
minor disturbance to conditions at the exhaust nozzle which were then
readily corrected to the final ones desired,

Where feuasible,sutomatic equipment was used for control and to
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record data, not only from the standpoint of reducing the number of

personnel required as observers, but to reduce the possibility of
errors, to eliminate variations common to manual control, and to
provide a complete, continuous, and permanent record of performance.

Pressure Chsrts:

1. Exhaust Nozzle Pressure Chart No. 1304P, Fig. 39 was used
to record the exhaust pressure (psig) at the nozzle. This record
was supplemented during test period by data from gauge on suxiliary
panel, | |

2, Steam Pressures fécorded on Circular Chart No. 350PS,

Fig. 4O were dry pipe pressure at dome end,pressure at the saturated
side of the header, pressure at the superheated side of the header, and
pressure at the left steam plpe Jjust above steam chest.

3. Master Boiler Pressure Chart No. LOOKP, Fig. 41 showed the
boiler pressure during the runs. The automatic firing control was not
used on the particular day represented by this chart because several fuel
0il control valves were required for operation of the multiple Coen
burners in the test installation. However, chart shows how closely a
desired boiler pressure could be maintained with good burners even by
manual firing control, under the steady operating conditions provided by
the automatic-feedwéter and bleed off controls and with the firing control
automatic, a finer degree of pressure maintenance was obtained. The dips
in the pressure line shown occurred during changes in steaming rate. For
convenience the boiler pressure was also recordéed on data sheets from
observations of gauge on auxiliary panel,

L. Miscellaneous steam pressures shown recorded on chart No. 4LOOKP,
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Fig L2 were left and right steam pipe pressures ( with pen for left
steanm pipe pressures set 51bs high so that the two lines for steam pipe
pressures would not coincide), oil heater steam pressure, and steam
pressure to feedwater pumps. With other burners, the pressure of

the atomizing steam at burner was recorded instead of the pressure

to 0il heater as the heater was not used with other burners.

Flue Gas Composition,

1, Carbon dioxide (COp) content of flue gases was recorded in
per cent,.on circular chart 560-1, Fig. L3.

2, Oxygen (02) content of flue gases was recorded in per cent
on chart No 10K2, Fig. L4hL.

Water Level:

1, Fig 45 shows a typical boiler water level chart No., 30L, on
which was recorded the water level in the boiler. It illustrates the
degree of precision ocbtainable with the automatic control.

Flow Rates:

1. Cylinder desuperheating water flow chart No. 250, Fig. L6
was used for record of the amount of water required to desuperheat the
superheated steam in the cylinders to the desired temperature of exhaust
steam. The chart is self explanatory, rate of flow in pounds per hour
being 100 times the churt reading, for water at 70°F,

2, Surplus steam flow chart, also No. 250, but Fig. 47 was the
record of the amount of steam bled off through wye pipe. The rate
of flow in pounds of steam per hour was maintained equal to chart
reading times 100 for the various exhaust steam temperatures and
pressures by porper adjustments to the 8" adjustable orifice.

Temperature Charts:

1. Recorded on chart No. 500 KT2, Fig. 48 were the temperatures of
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the desuperheating water, and bleed-off stean in left and right wye

pipes. The bleedoff steam temperatures were used to balance the steam
conditions in the two cylinders.

2. Bleed-off steam temperature chart No. 500 K1, Fig.L9 was
used on the exhaust steam temperature controller énd is illustrative
of the degree with which desuperheeting system maintained desired ex-
haust steam temperature. Bleedoff steam temperature was also recorded
manually on data sheet from potentiometer readings made on an instrument
at the auxiliary panel,

3. Temperature of smokebox flue gases are shown on strip chart
No. 504, Fig. 50 and the relative locations at which the temperatures
were taken in the smokebox are shown on Fig 7.

L. Boiller and firebox sheet temperstures are shown on strip chert
No, 506, Fig. 51, and the relative locstions at which the temperatures
were taken are shown on Fig. 7.

Recording Instrument Chearts,

Smoke Density:

l. Density of the smoke at stack was recorded on strip chart
No. 5401=N, Fig. 52, a value of 20 corresponding to No.l. Ringelmann
4O to No.2 Ringelmann, etc,

This typical record does not cover the seme series of tests as the
other sample charts. This example was selected as being better for re-
production because of the more legible recording of a ball type pen applied
to the instrument subsequent to the date of the other test used for the
illustretions.,

The heavy overmarkings on the record are estimated averages used for

establishing a single value for plotting on the graph of results,
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INTERIOR OF TEST PLANT, NORTH SIDE - LOOKING WEST
Showing main panel at right, and auxiliary manifold along wall
in rear, and wye pipe at left for "surplus™ steam from steam chests,
Taken prior to installation of access platforms, auxiliary panel, and

some other apparatus.
ST=-16-2

Photo,
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DRAFT MANOMETERS
Showing method of interconnecting shut-off valves in each tube
for obtaining, in effeet, simultaneous readings. Operating lever at

right, ST-70-1
Photo. 16



REAR OF MAIN PANEL
View taken looking west
with north wall of build-
ing at right. Flue gas
sampler spray pump and
washer in foreground.

ST-70-21

Photo, 17
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DESUPERHEATING WATER PUMP
With 25 HP motor to supply spray water for desuperheating the
steam in ceylinders, Adjacent to motor at left is digphragm oper-
ated, initial pressure regulator, to maintain desired pressure at
spray water control valve. View prior to completion of piping,and
metering orifice visible gt upper end of piping shown, ST=-13

Photo. 35



bl *Z0T70q SUTTTIZ
098 TTTOoBI 0% posn sBM 9ydtx uo dumd Fo oSxBUSSTP 28 FuTldrd °IogBInFea punose

gutdtd ssed-£g pu® JolBTnZox oansseoxd U3Tm xogjow pue dund Avads Sutmoyg
YOLOW ANV JJINd YELVA DHILVIHEIIASHA




g=04=dS
*SOT2ZZ0U SNOTIBA ©Ul 03 JI698BM Lexds Futuorgaodoxd Ul LSISS® 0% OUBIT OUTSUS UO
pequnou ge883 eanssaxd oIB 90TASD gutuoTqTeod oUg moTeg °aBef wmxrom eqwIedo
09 zogow x1® pue ‘sdry Lexds Jepuildo 0qUT Sutdrd ‘xe9TTIF puUe PIOITUBW
zoq8m Avxds ‘eotAep Suruorjisod eATBA JO 9 UOUS SUBIIB TBISUOF FUTMOUS
YACNITAD &4V HIIIDNE 40 ECIS LHOIY

~ gv

a7

?
o
4o
=



GT=04=LS *OTqTSTA

JI090BLU0D SUTFUNCO OJ0I48 UJTA ‘oq0oud Jo doq 4B dumd Jo03BM 20H °*IBOS WJIOMA 698
-10d0 09 xogow XI® puB ‘soTzzou Lexds Iepuliio o0} gutdid ‘xeqTTJ pPuU® PIOITUBW
zo9em Leads ‘ooTASYD SUTUCTLTS0d OATEA IO 1USWOFUBIIB TBIOUOS SUTMOUS
EANITAD IV ENIDNE 40 QIS &LAHT

. ¢
AL 2




L=8T=LS
*suorgisod peusiTqegse ATsnotaexd Lus
10T - b H Au®e 04 uUIN}eX POjBY
SU0T® 3 TX . vrd - HH.HOHw.H T .%..H.M.J-H I8 B8I8B TONTBHTY
SUOT 4BNPRIY 90BTd UT 18UD3BI DPUBY ULTA JUsWe SUBIIB wﬁﬂdwawamo@ WNMMp wm,ga.n.(. 1BOTY
ATRTTATT: - b b 5 T .,..:_,lw S O0T
LHFTTHDNVIYY DNINOILISOd TATVA i i oT

o5 9
)




199498 T00% PejJI0Q PUOWBTDP FUTMOUS
MV 04 DNIHSNE dTGUVHO TATYVA




o LV wo
*qs070 WBO4S JO JIBOI 3B OUIFUS JO oPIS AUSTIX U0 ooeTd UT SUIYsSNg SUTAOYS
UTTIVH) TATVA NOISId NI EOVIL NI DNIHSNH TVIDEIS




I-8T~-IS . *OPISIN0 SOATBA TOIQUOD DUE I9PUTTAD opPISUT Suteq sfexds
pBey xopuiTho seox UT Futusdo Pox U0o3sTd UTBW I9A0 POLTOq ST 3F8T 3® 93®8Td °*AITBTLIUT

PosSn eJoM SO0TASP SUIXTW JOUZ0 IO SOTJFBq OUW UOTUM ULTm Surdnosd TBUTSII0 SUTmoyg
SAVYdS ¥ELVM DHNILVIHYTINSEA




5-8T-IS popD® oJOM ‘OIOUMOSTO UMOUS SB ‘S8TIFEBq DUE ueeIos © pue SUTLBOUISANSOD
0xd q0u PP ouoTe sfeads ouy °IePUITAD UT UOTIBTTBYSUT TBUTITIO FuTMoYs
QAVUdS YEIVM DNIIVIHYEINSHC

pPo02 eonp




T=-%2-LS
£x09908BIST3BEUN 3UM0008 FUTANOIF OTZZOU 01 SPBW UOTLBOTITDPOW 38
SAVYdS YEIVM DNITVIINZINSTC

*Burgeoyzednsep
1T Futmoyg




e=T12-isS *Butleoyrednsep
£x090®vIeT9BEUN qUN000® SUTdnoxd ©TZZ0UW 01 OPBW UOTLBOTITDPOW DPUOOSS SUTMOTS

SAVEdS ¥ALVM DNIIVIHNHINSHT




*SuigBoyrednsep
Sutdnox? ©1zz0U 03 OPEBU UOT}BOTFITPOW DPITUF FUTMOUS
SAVYdS YALVM HNILVEHIEINSHA

0-22-ILS
£x0708BIST}BSUN JUNOOOE




: - KLxo30BISTEBSUN JUNOOOE mqﬁ@sonw 0TZZ0U 09 ODBW WOTLBOTITPOW UYIINOJ SUTMOYS
| SAV4dS maa«g DNIIVIIMIINSHT

-

T=-2¢-LS ’ *Surgeeyzednsep #




T=28=dS

8 : *0IeUMOSTO
UMOUS SOTFFBQ USnOIYJ DPossed UeUd JIMIXIN  *eanyBiodwe) wreegs TBUTT JO TOIGU0D
0S0TO 6ABS 00TFTIO0 SUTABOT W3S 03UT DPOoexTp ‘sfexds PeTT0I4U0D ATTBUDPTA

-TPUT OATT OUJ °*SUTTOUUBYD ©ONDPOI PUB MOTI WBS)S OZTTBIJUSD 03 DPoppe 038Td
90TITI0 ULTA ‘seoTzzou LBads FuTqeeuzednssd JO 5 USWOIUBIIR TBUIE SUTMOUS
YHICNITAD A0 YOIUHINI




¢=8T~IS *I91ET DOPDPB SJOM USSJI0S B DPUB STIIBQ TBUOTLITDDE UV °WBOLS DUB
zogem Lexds o FUTXTW oA0xquwy 09 IOPUTTAD UT DPOTTBISUT OTIIBY TBIIF B SUTMOYS
ININTONVINY TILIVE AVHdS UAANITAD

(o))
<t

*
o
e
<
(o]



I-02-IS *ATuo sfeads YITM IogEM
Sutqroyzednsep JO UoTjBIOdBAS 010 TdWOOUT 3UNOOOR JOPUTTAD UT DPOpPPR 1uUsuePIuet

-8 sTyy ‘Lexds xogem Buiseed I0}JB PUS USOIOS UFNOLUF SI9jUL WBOS
INTITONVIYY TTIIVE AVIdS ¥HANITAD LSY¥IL

-

e T




T=%G=08
*uot9eoTTdde 03 xo0txd epis SuoTe
UMOUS ST UWeeX0S °solges UT sYsIP peyound snoxzeumu JO posodwop) *sIoPUTTLO
UT pesn SUSSIDS PUB SOTITIBQ JO JUSWOSUBIIB ©4BTDPOULISIUT UB SUTMOUS
CHTIEONVEYY TTL4IVE AVYdS HIQNITAD TVIYD

51

r

&
o
+>
o
—
o~
4




2=9G-IS

*008Td UT umoys
UOOJIOS I69M0 °*SoTIes UT sYSTP peyound TBISAGS FO DPosoduwop °*SIOPUITLAD o1l
UT DPOST SUSOIOS PUB SOTIIBYG JO }UOWOSUBIIE ©9BTPOWISIUT UB SUTMOTS
OOV IaY dT4IVe AVEdS ¥YECNITAD TVIYESD




8=¥2-IS  +ygoqs 1o sEEdLq eonpex
09 popPP® sdials IOTTTE ULIA gngq juew
-03UBIIB 1SITI SB OWBS °*UOOIOS pue
S0TIIBq JO JUOWOSUBII® TBUTI SUTMOTS
SNETIDNYIEY TILIVE AVYIS UTIANITLO



2T=04 ;

% *SUTYTTING JO OPTISINO POJBOOT ‘oATEBA TOIJUOD

JI0 peeTq Yo woTgisod ouj peouentr ¢ I0TTOIQU0O-I0DI00OX x098M LBIdS TLTAM

oSBYUTT Weoq 048X A1TUN IODPI0OOI OUF UFnoayj DPUB ‘IO POTQ WEO4S DPOIOJOW 607

-77I0 °*SUTPTING JO TTBA 98B0 3E od1d ofm UT PO3BVOOT °IODPIODSI 04 SUOTL00U

~U00 IO SITOAIOSSI TOAOT JIo3BM DPUB ‘UIFTeq quswFes Surlsnlp® I0F Toeum PUBY
Suimoys ‘weegs ysuldans, Jo JIo-peeTq FUuTIeLoW JIO0F O0TJTII0 oTqBlsnlpy

TOIAIYO TATEVISALAV u8



CLOSE-UP OF 8" ADJUSTABLE ORIFICE
Showing hand wheel and segment height indicator, with vernier
scale just under hend wheel. . . ST-13-2
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RIOR VIEW OF SMOKEBOX
type spark arrester and near top, two of the tubes

ing draft, one extending into arrester from right.
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