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I, INTRODUCTION

The purpose of this Paper is to suggest that in under-developed
countries of the “Third World’, which lack finance for heavy capital
investment but have adequate supplies of indigenous fuel such as
coal or wood, there is scope for the continued development of steam
traction. Substantial improvements in performance. efficiency and
availability can be achieved with steam traction by upplication of
modern techniques®,

The Author supports this premise by giving details of improve-
ments to various types of existing locomotives in Argentina, where
capital available for railway development has been severely restricted,
of a prototype 4-8-0 locomotive which developed probably the highest
power output in relation to weight of any metre-gauce steam loco-
motive and of the 2-10-2 type locomotives of the Rio Turbio mineral
railway in Patagonia. The last mentioned machines, incorporating
gas-producer firebox and other features desiened by the Author,
regularly haul 1,700-ton minera! trains over this 2 ft, 5% in. gauge ling,
160 miles in length, despite an axle loading restricted to 75 tons, and
on test have hauled a train 3,100 tons (127 vehicles) on level track
sustaining 1,200 drawbar h.p.

From experience gained with the Rio Turbio 2-10-2 type loco-
motives the Author has prepared designs for a 2-8-0 type general
purpose locomotive, adaptable to track gauges from 3 ft. 0 in. to
5 ft. 6 in.: combining high performance capacity with an axle loading

-of 13 tons. He has also prepared designs for a high-powerzd 2-10-0
and for a Malict type locomotive of adequate power to haul 10,000-
ton trains,

The writer would stress that his Paper is directed to the traction
requirements of under-developed countries, where the application of
a new steam technology in conjunction with the use of local fuels,
often of poor quality, could be highly relevant. Furthermore, in the
Author’s view, the possibility of global scarcity of petroleum pro-
duets, making desitable the use of alternative fuels where practicable,
provides additional justification for this Paper. '

The writer gladly acknowledges that the mspiration and starting
point for his work was an exhaustive study of the work of M. Apgls

- Chapelon in Prance. The application of M. Chapelon’s researches
into improved exhaust systems and fow through the steara circuit
resulted in the rebuilding, from 1929 onwards, of the compound
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Pacific-type locomotives of the Paris-Orleans Ry
P and gave a new

i erease of maximum power from 2,200 to 3,700 3.4
~ life to the steam locomotive™¥.

- 2. IMPROVEMENTS TO EXISTING LOCOMOTIVES

Metre-Gauge 4-8-0 Four-Cylinder Compound iocomotive

' The rebuilding by the Author, of an existing/4-6-2 type loco-
‘motive as a 4-8-0 followed closely the principles applied by M.
- Chapelon to the rebuilt 4-8-0 locomotives of the PIO. Railway, where

‘maximum power output was raised from 2,200 to 4000 i.h.p.: with

adhesive weight increased by 33%, compared with the Pacific type

locomotives from which they were rebuilt®. e i

 The rebuilt locomotive has a working pressure of 285 p.s.i. and

" a total engine weight of 68 tons in working order which 54 tons
are adhesive. To ensure maximum frecdom of steam flow and to
reduce pressure drops to a minimum the cross section: of steam ports
was increased t¢ 25%. of the piston area. The boiler was fully welded
_except for the main barrel scam-and built entirely: by hand without

' flanging. s e :

: It may be mentioned that practically the !whole of the new
components in the rebuilt engine were of welded: mild steel plate
construction; pistons, cylinders, streamlined casing, tender tank

' extension, axleboxes, etc., being built by this means. i

: Other features of the locomotive were a supplementary super-

" ‘heater between H.P. exhaust and L.P. admission, as used on M.

_ Chapelon’s rebuilt 2-12-0 of the SNCF, and a fully balanced built-up
crank axle with 135" crank selling. ; )
 Despite numerous initial tegthing troubles, until steam leakage
~ problems had been overcome, this locomotive has given extremely
. eood results and the maximum power output allained, 2,120 db. h.p.:
'~ ‘was almost exactly in proporticn of locomotive weights (68: 108) to
that of the P.O. Railway 4-8-0 rebuilds. paoald
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Track conditions in 1947-1949 made it impossible to reach the
designed maximum speed of 75 m.p.h., but riding was very good at
65 m.p.h. when hauling 1,200-ton freight trains, although the coupled
wheel diameter is only 4 ft. 2 in., 200-ton trains were hauled at 50
m.p.h,
£ This locomotive showed remarkable accelerative capacity, due no
doubl to large steam passage areas and high steam temperatures,
which reached 842° F. in the H.P. cyiinders and 602° F. in the L.P.
Minimum specific fuel consumption was 1.78 1b./db. h.p./hour at
1,000 db h.p. and 31 m./hr., an extremely low figure (Calorific value
of fuel was 12,000 B.Th. U/lb.)

Despite the intense draught produced by the Kylchap exhaust,
the combustion system used, in which the bulk of the air for com-
bustion was admitted as secondary air above the fire, enabled high
power outputs to be obtained without ‘lifting’ the fire. Wear in
engine components was very low, due no doubt to the even turning
moment prevalent with compound working.

2.2. Light Rebuilding of 2-6-2 and 2-6-4 Suburban Tank Loco-
motives, Roca Railway

These locomotives, of which thirty 2-6-2 tanks were built in 1916
and sixty 2-6-4 tanks were built in 1927, work suburban services
from Buenos Aires. Some of those working from Tolosa shed have
been diagrammed to rosters involving a mileage of about 7,000 per
month. -

In the extremely difficult labour situation existing around 1950,
operating and maintenance conditions were extremely hard, resulting
in a reduction in maximum power output for the three-cylinder 2-6-4
tanks from about 900 drawbar horsepower after works overhaul to
about 600 db. h.p. after a few months service in these conditions.

The modifications made to these locomotives involved basically
the substitution of a multiple-jet exhaust based on the Lemaitre and
improvements to the valve setting. At a cost of about £200 per
locomotive, at prices then current, the maximum power of the 2-6-4
tank engines was increased to 1,200 db. h.p. with a much smaller
falling off than previously when in run-down condition®,

Whilst it was impossible to design an optimum blast pipe to meet
the prevailing conditions, entailing widely varying degrees of steam
pipe joint leakage in the smokebox or through piston packings, the
Lemaiire type blast pipe gave good results, provided carbon deposits
in the nozzles were removed at regular intervals,

The operation of the rebuilt locomotives has been exiremely
successful and on more than one occasion the whole of the suburban
service for the day has been worked without a single train arriving
even one minute late, a clear indication of the ability of the loco-
motives (0 make up time lost by signal and permanent way checks
and overtime at stations.

The performance of the rebuilt 2-6-2 tank engines being superior
to that of unrebuilt 2-6-4 tanks, the smaller machines could be sub-
stituted for the larser when necessary, giving greater flexibility in
diagramming,

The improvement in performance of the rebuilt 1 nmotives
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. could be seen frequently in the ‘neck and neck’ s#arts
| trains from Plaza Constitution station on parallel tracks,
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: No. 3477, Roca Railway,;
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23 Semi-heavy Rebuilding of 2-6-2 Suburban Fank Ln@bn‘m!wc.‘

Roca Railway . iR
Following the successful results of light rebuilding of the 2-6-2

_tank engines mentioned above, it was felt desirable’' to make. further

substantial improveinents by a more extensive rebuilding, but ‘without
alering the basic structural design. ; i

The basic defects of the original design included small firebox
volume, restricted steam space, low superheat and long stcam pas-
ages with small cross section. Mechanical defects included weax

frames, cab structure working lpose. poor sanding and lubrication

- and heavy axlebox wear—a fairly formidable list.|

After a detailed investigation of those defects” locomative No.
3477 was rebuilt incorporating the following major irmprovemenis',
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Boiler pressure was raised from 160 to 192 p.s.i. the maximum

permissible for this boiler under the A.S.M.E. Code.

Superheat was increased from 620° F. to 752° F. at full load by
fitting a new superheater with larger elements, having 15%
greater heating surface, and by blanking off about one third of
the small tubes to increase the gas flow through the flue tubes
carrying the superheater elements.

To augment the inadequate steam chest volume—which M.
Chapelon’s work has shown should be equal to that of the
cylinder to minimise pressure drop, a supplementary vessel of
6 cu. ft. capacity was connected to the existing steam chest
through the hole formerly provided for the snifting valve. Thus
the ratio between cross sections of steam chest and cylinder was
increased from 43% in the original design to 95%—a most
important improvement when one recalls that pressure drop is
inversely proportional to cross-sectional area.

“ Substitution of the Kylpor exhaust, derived from the Kylchap,

for the conventional circular type provided a substantial
improvement in smokebox vacuum for a given back pressure.
An evaporation rate of 11 tons of water per hour was sustained
with this small boiler, back pressure being only 5.7 p.s.i. and
smokebox vacuum 15.8 in. water gauge. The use of an exhaust
diffuser, which enables 1"~ maximum draught energy to be
obtained during the exhaust advance stage, results in back
pressure being reduced to about one third of nominal during
the exhaust phase'™,

The reciprocating parts were redesigned and renewed. The
weight of reciprocating masses, which gave rise to perceptible
“fore and aft’ motion with the original engines was reduced by
355 1b. This, combined with partial balancing of the reciproca-
ting masses, has ecliminated the oscillations experienced
previously,

To improve steam flow and to enable higher steam temperatures
to be used with existing lubricants, new piston valves with
narrow rings and admission and exhaust diffusers were ftted.
These diffusers are located at the extremities of the valve heads.
The advantage of the admission diffuser is that it improves the
steam flow through the exposed area of the port, assisted by
rounding the edge of the ports to a radius of 4 mm.,, thereby
increasing the flow coefficient of the 10% in. diameter piston
valves to be equivalent to that for 15 in. diameter valves of
normal type. ‘The exhaust diffuser deflects the steam at the
beginning of release, cooling the valve crown, reducing the
exhaust pressure peak and acting as a venturi at port closure
to lessen the losses associated with closing at the end of the
exhaust stroke.  Perlitic materials, used normally in diesel work,
were applied for the valve sleeves and rings; effective life
being about 60,000 miles with steam tightness equal to new.
Whilst retaining the existing Walschaerts valve gear, it was found
possible to shorten the combination lever to increase valve lap
by 0.2 in, These features, combined with high steam tempera-
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ture, low cxhaust back pressure and increased steam chest

'~ volume heve produced a very free-running and. lively engine.

The frames of the original locomotives were unsatisfactory and
the effects of flexing and torsion in service were seen in the
fracture of steam pipes, leakage at joints, looseness of cab and
water tanks and loss of general alignment.. The Author has
followed the principles cogently stated by. EiS. Cox. to this
Institution in reinforcing the frames to:give Maximum rigidity,
with the aid of the boiler, in providing maximum resistance to
flexure and torsion. This was achieved by filting transverse
reinforcing plate members combined with transverse reinforcing
tubes 12 in. diameter and § in. thick to the main frame longi-
tudinals, reinforcements to horn gaps and stays and reinforced
and redesigned smokebox saddle and dragbox.. The boiler is
used to resist torsional, vertical and lateral stresses by means of
pendulum plates strongly braced to the firebox, whilst still per-
mitting longitudinul movement by the boiler. - The resulting
extremely rigid frame structure has overcome the deleets of the
original design and enables high power oulputs to be developed
with minimal maintenance®. Pl et Tond
Lubrication of cylinders and running gear has been improved
A Friedmann mechanical lubricator supplies 28 oiling points,
including the steam brake cylinder. The mechanical lubricator
supplies cylinder lubricant also, combined with saturated steam
at point of entry to the valves. Despite steam temperatures of
752° F.; with maxima rising to 824° F. in maximum power
conditions, cylinder lubrication has been entirely satisfactory
using local cylinder oils with an open vessel flash point of
536-554° F. Large capacity oil-boxes are, provided on the con-
necting rods and the locomotive can travel ‘over 600 miles in
suburban service without oiling. o e R
The oil-burning equipment of combined type, was redesigned
and the burner placed at the back of the firebox with the flame
path lengthened by a refractory wall, Despite; the limited firebox
volume the requisite quantity of oil can be burned to produce
a4 maximum sustained evaporation of 26,000 1b, of cold water
per hour from this small boiler, a major facter being the high
pumping efficiency of the Kylpor exhaust.’ i R
Special attention was paid to providing maximum accessibility
of controls and comfort of the crew, the boilerBackplate being
i tank$ 'moved

lagged with glass wool 2 in. thick and the i
forward 16 in. to give more space in the; ¢a £
The results obtained with the rebuilt locomotive haye shown a
remarkable improvement on the original:, ‘Maximum = power
output at the drawbar was virtually “doubled, ‘teaching about
1,400 h.p. in the speed range 37-62 m.ph. This power outpul
is virtually equal to the maximum obtainable with the PS 11
class three-cylinder 4-6-2 express locomotives with boiler and
firebox evaporative surface arcas double ‘those of “the rebuilt
2-6-2 tank engine, whose machine capacity enabled it to work
services normally handled by the PS'11 epgines but with a fuel
consumption 30-40% lower. When hauling ‘traing on the
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Fig. 3.—Drawbar characteristic curves 2-6-2, Class *8 C” tank loco-
motive No. 3477, Roca Railway.

Mar del Plata line the fuel oil consumption of No. 3477 is only
23-25 1b./mile compared with 43-50 Ib./mile with the 12E type
Pacific locomotives of the Roca Railway.

2.4. Light 4-6-2 type Locomotives—RBelgrano Railway (former

Province of Buenos Alres Railway),

This metre-gauge railway has a main line 341 miles in length
and carries predominantly agricultural traffic to the coast. Of iis
steam locomotives thirty nine are of the Pacific type having a standard
boiler and the last batch of twelve, built by Henschel in 1929 are a
beautiful example of classic German design. These ‘H’ class loco-
motives, which have large diameter driving wheels and slightly larger
¢ylinders than the carlier Swedish built engines, were rated to haul
1.200-ton trains at 15 m.p.h. average speed in the prairie zone with a
mean power output of 500 h.p. at the drawber.

Tnvestigations carried out by Senor Vittone, then chief technical
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adviser to the P.B.A. ratlway, showed that combustion and sleaming
of these oil-fired locomotives could be improved substantially. The
‘fitting of refractory arches in the fireboxes gave an appreciable fuel
economy and some inciease in steaming capacity, which enabled the
maximum permissible load to be increased from 1,200 to 1,500 tons,
with an economy of 27 in specific fuel LJnkunlj)Uoﬂ per 1,000 ton-
miles®,
"1 Following a profound analysis of the draughting of TIG&:E loco-
motives, Senor Viltone carried out experiment,s to give the greatest
posssble contact surface between the entraining jet of! ‘exhaust stcam
and entrained combustion gases in the smokebox. Thdarrangement
finally adopted comprised a circular blast pipe ¢ xp with projections
similar to Goodfellow tips and a large diameter chimney with a body
formed of two truncated cones inside it, to obtain an annular exit
passage for the mixture of gas and steam.

Locomotive No. 356, incorperating the mﬂprovemums mentzoned
- above and with the firebox medified to increase its effective volume
' 'by 18.5%, proved its ability to haul 3,000-ton test traing in the normal
. journcy time for 1,200-ton trains with the unmo i _idco'moti\:es
With a laden train of 3017 tons the modified focomotive averaged
21.6 m.p.h. over 1224 miles. Maximum drdwhm horscpfwcr was
1,050 at 31 m.ph.
- In terms of practical service operation, tfh, Toad hmzt in ordmary
service could be increased from 1,200 to 2,600 tons \V?Lh 5{),n
- economy in specific fuel consumption per 1 OO{} ton»m'

';,z's Modified 11C Class three-cylinder 4-8-0 typé;
‘ Seventy five of these broad gauge (5 ft.16 /i
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built in England between 1924 and 1929. They have been modernised
at relatively small cost—about one seventh of the cost of general
overhaul in workshops. Maximum drawbar horsepower at 37 m.p.h.
was increased from 1,000 to 1,400. The rebuilding was carried out to
the directions of M. Chapelon, following within the limitations
imposed by existing layout the principles applied in improving the
performance and efficiency of simple expansion locomotives of the
S.N.C.F.; and included the following modifications™ ",

Boiler: An RS type burner was substituted for the American
type to give finer pulverisation and to achieve complete combustion
in the firebox, thereby reducing the damage to and leakage of super-
heater elements. To compensate for the loss of ‘post combustion’ which
previously took place in the large tubes, the superheater elements
were lengthened and carried to within 138 in. of firebox tube plate,
whilst the use of restrictors reduced the diameter at entry of the small
tubes from 1.9 in. to 1.5 in. The ratio of equivalent gas areas between
Jarge and small tubes thus was raised from 0.86 to 1.12. Working
pressure was raised from 199 p.s.i. to 213 p.s.d.

Engine: Modifications made to valves and to valve gear per-
mitted an increase in port width from 1.5 in. to 1.85 in.; in steam lap
from 0.88 in. to 1.07 in. and in maximum travel from 4.15 in. {0 4.5 in.
enabling the area of steam passage at admission to be increased by
from 41.5% to 519% for cut-offs between 209% and 40%. On the
exhaust side the application of ports of trapezoidal section reduced
the violence of exhaust beats resulting from too sharp a peak flow
at release. Greater steam tightness was obtained by substituting
narrow rings, five for the valves and four for the pistons, for the
two wide rings previously used.

Exkaust: The original exhaust with rectangular nozzic was re-
placed by the single Kylchap and the steam circuit improved between
cylinders and blast pipe to obtain maximum possible homogeneity
of exhaust jet and exact centring on the vertical axis of the chimney,
which is not easy to obtain with three-cylinder simple locomotives.

Chassis: The cross-bracing of the frames adjacent to the driving
axles has been increased by reinforcing bars of the maximum practic-

Modified 3-cylinder 480 5 ft. 6 in.
- locomotive, Roca Railway.
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able diameter. To avoid cracks at the corners of the horn gaps steel
reinforcing plates have been riveted to the frames at these points.
Franklin dutomaticqlly adjusted wedges have been provided to
eliminate the violent axlebox knock previously experie nced with
these engines when working hard.

Results: Comparative trials carriecd out bctween one of the
rebuilt locomotives and one of the original type showed that for a
given fuel oil consumption the power output at the drawbar of the
rebuilt locomotive was 26 to 41% greater. An analysis of the test
results showed that roughly one half of the improveuult was due o
better steam distribution, one third to the improved exmust system
and one sixth to improved combustion.

These locomotives handle freight trains of 1,500 to, 2 000 tons in
ordinary service with a fuel oil consumption about 3_&)“9 fower than
with the original engines on simifar duties. In addition, these loco-

- motives work important fast fruit trains weighing 1,006 tens from the

Rio Negro valley to Bucnos Aires over a distance of 740 miles, on
which they have replaced the more modern am_ nomma[]y nmore
powcrtul 15A and B class 4-8-0 locomotives,

The S.N.C.F. preventive maintenance system, c’vulvmi by Maessrs.
Peneomer and Leroy, with inspection of wearing parfs af stipulated
intervals, dictated by rate of wear of individual compongits, and sys-
tematic replacement ol worn parts, determined by gavges set to limits
of wear has been applicd successfully on these locomotives, The appli-
gation of this system on the S.N.C.F. enabled its steam Ipcomotive
fleet to maintain an average mileage of 156 {ll}(} bf:lwcezt on-line
i’a;lurcs“”

2.6} Rebuilt Metre-Gauge Light 4-6-2 Locomotives, former Santa
"¢ Railway
One of the ALCO light Pucifics built in 1919 was adapted for
the burning of Rio Turbio coal and equipped with gas producer
combustion system. h},ipor exhaust and other improvements alrcady
applied to Rio Turbio 2-10-2 locomotives. It was espegially difficult
to ‘obtain the grate level and ashpan capacity desived in the rebuilt
engine, the orate being depressed below the foundation ring with
adequate reirduor» pmtcmon although ashes tended 'to ddnm, to
the refractory surfaces in he cavy continuous operation.
- Despite the limitations llnpObed by the original design, the rebuilt
locomotive weighing 48 tons, of which only k1 tom '
showed remarkdb]e tractive capacity and can haul 1, 500-ton trains

- on level road developing 1,000 drawbar hor\cpowgr Yor lengthy

periods, with fuel having a calonhc value of 9,000-1,000 B, Th.UJ. per
Ib. and an ash content of 18%. The locomotive made many remark-
dble., performances mdudmw a round trip from Santa Fé to

Resistencia and back, 704 miles, with a 1,000-ton fast huc”m train
without refuelling the tender. 1t is proposed to rebuild similarly all
other locomotives of this class.

2.7. Rebuilt 4-8-2 type Metre-Gauge Lucnmétiv’eg,‘ - Belgrano
Railway
Some ten years ago this railway commenccd lmpz ov;ngj its best’

48" adhesive, -
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Fig, 6—Rebuili ALCO 4-6-2 metre

Railway.

steam locomotive types to the directions of Eng. J. M. Martinez.
Improvements included the fitting of Kylchap blast pipes, multiple
narrow rings for pistons and valves and the RS type oil-burning
equipment already applied successfully on the Roca Railway 11C
type 4-8-0 locomotives previously described. Preliminary tests showed
substantial improvements in performance, economy and boiler main-
tenance. Teething troubles with the RS type oil burning equipment
due mainly to inexperience of personnel, although not fundamental,
were sufficiently serious to result in this being temporarily replaced
by the standard American type until a detailed investigation by the
Author’s team enabled " all the troubles to be overcome successfully,

The performance of these locomotives in original condition and
prevailing standards of maintenance limited power oytput to about
900 h.p. at the drawbar although most trains can keep time, even
making up lost time, with drawbar outputs of 600-700 hp. Tested
under the control of the Author the rebuilt locomotives developed
1,300 h.p. at the drawbar with perfect combustion and a slight smoke
haze only at the chimney, fuel oil consumption being reduced by
30% for equivalent work done. Most recent tuning-up has enabled
maximum power to be increased to 1,500 db. h.p.

2.8. Rio Turbio Railway 2-10-2 type Locometives

The Rio Turbio line, 160 miles in length, conveys coal from the
Rio Turbio Mines inland to Gallegos on the coast of Patagonia. The
line is of 750 m.m. gauge (2 ft. 51 in.) and is laid with rails weighing
35 Ib./yard, which restrict axle loading to 71 tons. Gradients against
coast-bound loaded trains are 0.3% (I in. 333) and 0.7% (! in. 143)
against trains of empties. Operating problems are accentuated by
the very strong winds prevailing in Spring and Autumn in this
extreme southern tip of South America, these winds gusting to 100
m.p.h.

To handle mineral trains weighing up to 1,700 tons laden two
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batches of ten 2-10-2 type locomotives have been built by Mitsubishi
1956 and 1964 respectively, the design being develepwd from one
by the Baldwin Locomotive Company. Total focomative weight is
i 48 tons, of which 38 tons is adhesive. Three of the first butch were
~'madified to incorporate the gas-producer combustion system, already
applied by the Author to the prototype 4-8-0 loconibtive deseribed
* proviously, and the Kylpor exhaust system in place of ‘the conven-
. tional circular blast-pipe. These moditications enabied the maximum

i sustained power at the drawbar to be increased from 700 ta 1,200 hup.

' The number of small tubes is reduced from 108 for 't

Sand the seccond batch of locomotives included these and other
improvements.  The following comments deal with. the principal
features of the later design. N L LTI '
. 1 Boiler: Of mixed riveted and welded construgtion
Cpressure of 228 p.s.i., compared with 199 pi.i, far (i

ith working
first bateh.
H rst bateh to
88 for the second, to increase the proportion of gase g through
the large tubes carrying the superheater elemeints, which are of
#tandurd A type and cighteen in number, Maximun sféum tempera-
Cture is 770-788" F. when working hard. e T e ;
' Boiler tubes are welded to the tube plate and there js no record
- of tube leakage or replacement of fractured boiler stays, despite wide
variation in steam demand and winter temperatures us low as —4° F.
The boiler is secured to the frame by expansion plates with
lubricated bronze slides, on which wear has been negligible after
twelve years operation.  Condition of boilers ‘of the fiest batch of
2-10-2's after twelve years running suggests that neither beilers nor
fircboxes will have to be renewed during the working life of the
locomotives. O il
o Gas Producer Combystion System: Some 70% ‘of the tolal air
~ required for combustion is admitted as secondary aif above the fire-
‘bed through intake ducts 1o the sides of the fircbox and through the
firedoor, which is kept open continuously. Some 347, of exhaust
steam from the cylinders s introduced into the ashpgn for ‘mixing
with the primary air, amounting to about 30Y ‘of the total. The
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endothermic action of the exhaust steam cools the firebed to a dull
red appearance and enables clinkering to be controlled, such that
some forty to fifty hours running can be made without fire cleaning
with Rio Turbio sub-bituminous coal. This has an ash content of
about 15% and is very friable so that at least 50% 1is of less than
| in. size after one month’s exposure to atmospheric conditions®”.
The dull appearance of the firebed with the gas producer com-
bustion system contrasts with the dazzling whiteness of the flames
from the firebed, indicating that most of the heat liberation is taking
place in the combustion space and not on the grate itself.

An important advantage of the gas producer combustion system
is the much reduced unburned fuel loss when working hard, due to
the substantially reduced volume of air drawn through the firebed.

Boiler efliciency as recorded on official tests reaches 78-80%,
assisted by the use of a long brick arch arranged to prevent carry-
over of coal particles entrained by the draught. Combustion is virtu-
ally complete and tube cleaning is almost eliminated. The grate is of
the Hulson type and the ashpan is self emptying.

With the mechanical stoker used on these locomotives it is not
necessary to use the steam jets to distribute the fuel from the delivery
table at the back of the firebox. When the engine is working hard the
action of the draught is sufficiently vigorous to spread the Rio Turbio
slack coal. Under easy steaming conditions occasional shovel firing

20 r
, e
) rd
N 3w
Q 7
&) 4
by // \B
g ol A
< ;
S

2

& 100, 200 X0
Tota/ /f%faé) Backpressurt @ /m{a)

A= Rio Torbio 2-10-2  Stardard combustion 107 srvke opoeily
_9000’ steaming 15/ cn®

B -Ditc 0% smoke  exwss steamng  128em®

C- 3477 O burning [420m™

Fig. 8.—Smokebox vacuum/| back pressure characteristics, Kylpor
exhaust systenn.




218 JOURNAL OF THE INSTITUTION OF LOCOMOTIVE ENGINEERS

to the front of the grate is nceded. The avoidance of use of steam
delivery jets reduces the tendency to increased unburned fuel loss
frequently experienced with stoker-fired engines due to enlrainment
of coal particles by the steam jets. ‘The steam consumption of the
stoker motor amounts to 1-2% only of (otal steam produdmn
K}lpor Exhaust Sysiem:; Whilst this is derived from the Kylchap
it differs in that the diffuser is of shorter length with wider angle and
‘in the reduced iength, with angling of the Kyhla exhaust splitter to
“give some sw1r1mg action 1o the exhaust stream, fo obtain maximum
performance from the diffuser without losing contact between the
boundary layer of the exhaust stream and lln, diffuser walls, The
SWEY]H}E motion imparted to the exhaust stream also provides a self-
cleaning action and obviates the need for seif-cleaning plates in- the
mmkgbo*{ In ma ‘umum steaming conditions the Kylpor oxhaust
yhrcm of the Rio Turbio 2-10-2s gives a smokebox vacuum of
12,5 in. water gauge with an exh: aust back pressure. of 4.3 pasi
. Bustained evaporation rates of about 22,000 Ib. /hour have heen main-
“tained for several hours with this small boiler having an evaporative
‘heating surface of only 950 ft.? and effective grate nrea of 22,5 1%,
_bqrnlﬁw slack coal with a calorific value of 9 000 - 10,000 B.Th.U/1b.
|\ Engine: Steel pistons are provided with six narrow plstun rings,
to standard diesel quality and workmuanship. The Fukao gland plck-
‘ings used have given exiremely good results and enablg steam lwht-
ness to be maintained over ne a:ly 200, ()OO miles running. i
| Axleboxes are provided with si le bearings {o Leﬂl wnh p:ston
‘thryst, wear of about 0.007 in. per 1.OGO miles Junmny being taken
- up by placing shims between bearing and box at periodic hnpcdmnx
every 12,500 miles. Life of bearings is anticipated at over 300,00
miles—an appreciable | 1“13!8 when one recalls the low average run-
ning speed of about {5 arph., maximum speed being Hmited by track
LOl'tLlh,lon to 2528 mph. Axieboxes arc spring-pad  lubricated,
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Fig. 9.—Piston valve with admission and exhausr, ;Mju.sws for 2-10-2
locomotive, Rio Turbio Railway. ~n o+ |
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Lubrication is supplemented by gravity trimming feeds to the lubrica-
ting pads. Bronze wedges and horn cheeks are provided which it is
anticipated will not require renewal during the working life of the
locomotives.

All motion pins are oil tight. Crankpins are provided with
hardened steel bushings which wear very little between workshop
overhauls. Side rod bearing wear is about 0.02 in. in over 12,500
miles running.

Steam tightness of the whole engine, assisted by a rigid bar frame
chassis, is extremely good and affer running 25,000 miles in low
speed, heavy-duty operation over unballasted track, total steam leak-
age is not more than 2% of the maximum capacity of the boiler, this
figure covering pistons, valves, packings and all steam joints.

Cyclonic Gas Producer Combustion: One locomotive of the
second batch has been equipped with cyclonic combustion system,
the secondary air being directed to give a cyclonic swirling action
around the centre of the firebox. The cyclonic swirling action sepa-
rates and precipitates char otherwise ejected from the chimney and
results obtained have been sufficiently encouraging to suggest further
development, with the object of maintaining boiler efficiency against
the unburned fuel loss which normally increases with firing rate.

Performance and Service Running: As mentioned in the
Author's introductory remarks these locomotives regularly haul
1,700-ton mineral trains over this 160-mile line with remarkable
econamy. Specific fuel consumption for the second series is abc .
2.2 1b./db. h.p./hour, about 20% lower than for the original engines,
for mean outputs of about 500 h.p. at the drawbar. With current
plans for doubling the output of the mines, it is proposed to improve
the track and general alignment and to introduce high-capacity coal
wagons to enable 2,500-ton trains to be worked in ordinary service—
by one locomotive.
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