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INTRODUCTION

This class of lccomctive was first placed in
service in the early part of 1951 and was the first of
the Standard Designs to emerge from British Railways.

The purpvose cof this class was to provide a
locomotive with a wide range of route availability and
an easy accessability of compcnent parts, which would
ultimately take over duties such as are at present carried
out by the former I, M. & S. Royz2l Scot class, the former
I.. & N. E. V2 clazs and the fcrmer G,.W.R. Castle class.

This rexort is ccncerned with the performance
of the decign asg it emerged and also forms a basigs for
the allocation of the class ¢f lcoccomotives to the duties
for which 2t 1s best suited =224 “c enctle those duties
to be performed within the wcet econcmical range of the
locorictive in so far zs the COperating Department’
requirements ars satisfied

The presentatiocr ¢f the data in this report is
divideda intc two main parts :

The first defines the reliationship between coal
as fired, water as dreswn frcm the tender, tractive effort
and horsepower both as availstle =2t the dwa*bar, data
directly applicable to the immedists commercial purpose
of examining trein loadings 2nd schedules to obtain
reducticn in fuel consunmriion rking the locomotives
where possivle nearegt ¢i maximum overating

efficliency.

The second parit coiicerns 1tself mainliy with
thermal efficiency, giving 2 ¢ a bacgis of 1ndizmatad
power, covering boiler er efficiencies, factors
of more importance in aesi1gn

The tests were carrisd out under the direction
of Mr. R. A. Riddles, Merbeﬂ( ‘echanical and Electrical
Engineering) Railway Execut:ve, the work being controlled
ty the Locooctive Testing C“mm;ttee consisting of:-

Mr. E.S. Cox (Chair) - Exscutive Officer (Design) R.E.

Dr. H.I. Andrews - Electricat Engineering,
New Works and Develoopment
S,Jtipﬁ, R E.

Mr. D, R. Carling -  Gurerintending Ergilneer,
ILccomotive Testing Station,
Rugby

Mr, C.8. Cocks - L.KN R Derby.

MR. s8.0. EI1 - W.R Swindorn.

Mr. R.F. Harvey - Chief Officer (Motive Power) R E.

Mr. T.M. Herbert - Director of Research,; R E.

Mr. R.G. Jarvis - E2.R. Brighton

Mr. B. Spencer - E & N ER Doncaster.
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NATURE O¥ Th® TESTS.

The boiler ani cylinder performancss wers
established in the first instance by tests on the
stationary testing plant.

These tests were followed by tests on the road
by means of the Controlled Road Testing System. On
these the boiler efficiencies which had been established
on the stationary plant were reproduced and the coal and
steam rates a8lgc established on the stationary plant
were related to the horsepower at the drawbar.

The tests toox place at intervals between April,
1951 and February, 1953.

METHOD OF TESTS.

The Flant Tests were carried out at the
T.ocomotive Testing Staticn, Rugby, and the Controlled
Foad Tests were carried out tetween Carlisle and Skipton
on the London Midliand Region, using the L.M. No, 1
Dynamometer Car. ’

Tests were carried out using the live steam
injecteor only, the exhzust steam i1njector only, and both
injectors, but in this report only working with the
exhaust steam injector is represented, up to the limit
¢t capacity of *this fitting, end at higher rates of
stesming with both live snd exhaust stsam Lnj=otors used

together.

STATIONARY PLANT TESTS.

These were conduct
-
4

d at constant rates of
evaporation and combustion a t

1A at constant snpeed.

The coal and wat ates were established by
the gummation of Incramente Me*hOQ, the constancy of the
steaming rate during each test being checked by mesns of
the Swindon steam flow meter.

carrisd ouxt covered speeds from
ffe from 15% to 50% and feed
tc ove 3) OOD lb/hr, The

The rangs of teztsz
0 m,p. k. tc 75 m.p.h., cut-c
water rates from under 40, 00C
majority of the work was perf
opening.

“

Indiceting was carried out. on the test plant only,
2d "Farnboro'" typs of indicator, as descrit:ad

CONTROLLED ROAD TESTS.

These tests were carried out at constant rates of
steaming using the Swindon Tyne Steam Flow Indicator to
ensure *the necessary constancy and, in general, ths same
methods of control were exercised over the combusticn as
with the Stetionary Plant tscsts.



The boiler perlformance esr=~lished on the plant
was reproduced and the coal and water rstes related tc
the werk at the drawcar withcut difficulry The ranges

of speed and cut-off covered were slightly wider than
those covered on the Stationary Plarnt 2nd Figs., L and 5
show parts of the running of two of trese tests in
diagrammatic form.

)
1

\
L

At the higher rates of steaming tc be attempted
it was evident that excessive speeds would te attained
even with the maximum weight of train thast could be
'1 permitted over tnis route sc, for the tests at such
¥ rates, use was made of one or two of the Mobile Testing
{4 Units to preovide an additioral resistance sbove the
?b natural resistance of the train The Units were not

used to hold the speed &t any ovrecise predetermined
values but simply to keep the speed from rising too high.

¥ TEST ARRANGEMENTS.

the road not only oF
the locomotive but CF

working at present

Tegts cn tne Stat:ornapy Piont were of varying
duration according tc the rzts of werking., ronging
generally from SC mins, to 1LC mins., drcpping fo cnby
/0 mins, Tor the moximum sustsined rote cn the plant,

The pericds are the teszt pericds preper during which
unrestricted stesming in ststilised cenditions wsas
sustained, &after = consideratble pericd of “warming up"
at this same rate of steswmirg.

Cn tne road, due to the limitaticns cf ‘*he route,
the duration of the test pericds was ah rrtsr. genersily
from 6C to 75 minutes for rates of Worging similar ¢
those actually attained on the test plazot and from 590
to 55 minutes for higner ratesz. but nly for 45 minutes
for the maximum rate attained cwing t¢ humsn end supply

limitations.

Vhen testing 2 locomotive or i3 size &t a4 hign
rate of steaming consideration must pe glven to the numan
element: Even for a test run of relatively limited duraticn
the work of firing con become too much for cne man 1o

cérry out without undue fatigus and for this peascn twe
firemen were used for tests at the hizher rates cf working.
These rates of working é@re grester thon any*thing normally
required for train working in Great Britain. even for
periods of quite limited -dursticn

THE LOCOMOTIVE.

ted for the tegsts was
xrried out with
i’ these engines

The locomotive firct select
Ne, 70005, and further checlk tests were

3 No. 70025, the first of the se~ond series g
Q to be turned out from Crewe Yicrks, Both engines were
1 Prepared for test during building and tney had run in
traffic 560 miles and 1040 milss respectively tefore the

first tests to which they were subjected., In =211 No. 70005

e
t




ran 6,890 miles at Rugby and abo
Road Tests, No. 70025 ran 6,35
onlye.

1t 5.00C miies on the
> miles on Rugby plant

some rapid wear occurred at first on the piston
eand valve rings of No, 7CCC5, znd opportunity was taken
whilst the engine was at Rugby to investigate thne working
of the lubrication system wnien has resulted in
modifications, Although improved, the lubrication still
leaves something to be desired under the sustained high
output conditions on the plant as distinet from normal
service on the road,and investigstion is continuing.
Variations in steam consumptiorn arising from these ring
defects are not thought to have exceeded about 2% on
engines otherwise in new condition.

The valves are actusted by Walschaerts motion
and the designed valve events sre shown in table No. 3.

The ashpan has =

Gemrer at the front only and
§ the grate is of the rocking tyce fitted with "Bulscn"
} firebars: Self cleaning tletes zre fitted in the smokebox,
EXHAUST STEAM INJECTOR.
Tests with the exhzust steam injector and the live
steam injector showed that the water consumptior was
reduced by 69 when using the exhsust steam injector and
the correspording coal eccromy, dep nding on the rate
of steaming, ranged from atout €z% at the lowest rates
of working to about 9% at the cava

exnaust steam injector,

The exhesust steam injector, Davies & Metcalfe
Cless "K" 11 m.m., has s specified maximun delivery of
2530 gallions per hour. 22CC gellons of feed water per
hour was the highest figure actuslly sustained on the

Stationary Pliant.
The live steam injector, a Western Region 11X,

will deliver feed water up to thne limit of the boiler's
steaming capacity.

"FARNBORO'" INDICATOR,

Indicating was carried out with & modified
"Farnboro'" indicator and a number of representative
diagrams are reproduced Lerewiih,

The indicator produces diagrams on a basis of
angle of rotation of the driving axle instezd of the
stroke basis hitherto most femiliar, and also builds up -
the diagram over a large number of revoluticns instead
of one or two,

The diagram is comnosed of a nunmber of dots
Produced by perforating 2 special vaper witnh an electric
evark, the position of the spark teing determined on one
axis by the angular positicr of the axle and on the other
by the pressure of steam in the cylinder, This is done
by picking up electrically the moment when the steam
Preéssure balances a gas pressure that can be varied at
will and which operates the suark pointer of the indicator.




The modifications to the original indicator,
to make 1t suitable for use on & steam locomotive, have
been concerned with the pressure sensitive elements to
make these suitable for use in contact with either wet
or superhested steam and with the electrical system to
enable all four cylinder ends to be indicated
simultaneously and to speed ur the process appreciably,
this now reqguiring about half a minute,

1t is, of course. most important that the rate
of steaming, the speed and the cut-off should be kept
constant throughout the taking of any one set of
diagrams. On the test plant the cut-off and regulator
openings are kept fixed and the beiler pressure and speed
held within very close limits, thus also keeping the
steam flow within close limits., checked by means of the
steam flow indicator,

A number of carsful and methodical comparative

tests have been made witn the latest piston indicators
cof the Dobble kKcInnes tyre. tnese latter being fitted

as close as possible to the cylinders. The tests covered
the normal working range of tne locomotive for beth speed
i and steaming rates, and showed only small differernces

between the two types of indicator. mestly less than
variations between diagrams tz<en with elther indicator,
Taxen broadly over the whole rznge of the tests the
results are within 1% of cne another,

The representative diagrams shown. about 2 full
size, cover both normal and excertionally high rates of
working. Once the different avvearance of the diagrams
has become familiar they sre fournd to give a vepry clear
victure of the events in the cylinders. They can be
converted into stroke base aiagrams by either gravhical
or mechanical means and in the latter case the area can
be obtained at the same time, but in the former it must
either be computed or meassured sepsrately, The short
vertical rows of dots are cdue to phasing contacts to
assist conversion of the diagrams,

COAL.

The tests covered by this bulletin were carried
ocut using two cosls:-

gouth Kirkby, s Grade 1A Hard South Yorkshire,
Blidworth, a Graede 2B Hard East Midlands.

The South Kirkby coal wes suprlied in very large pieces
which were broken down to "Cobbles'" for firing, The
consequent slack was screened out for the sske of
uniformity and only over 1" size was Tired.

The Blidworth coal was supplied as "Small Cobbles!
and as such i1s very suitable for firing.

In each coal the various samples showed 1little
vVariation in analysis and calorific value; representative
values and analyses are given in the table.

At the time these tests took place the South
Kirkby coal cost £3%.3,10d. and the Blidworth £2.18,114,
ber ton, on the tender at Carlisle Motive Power Depot,
not including the cost of haulage.
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QOBSERVATIONS

The cylinder efficliency is consistent with
$. =t of other locomotives of modern design having
B imilar clearance volumes, and working over the same
Brange of pressure and temperature.

Sharp clear indicator cards were obtained

®.t 30,000 1b/hr. 2110 1.H.P. was developed at 374% cut-
$orff at 53% m.p.h. at which point steam consumption was
B1,,.2 1bs. per I.H.P. hour. : .

The lowest specific steam consumption was
13,28 1bs. per I.H.P. hour at 2C% cut-off at 70 m.p.h.
#wvhen 20,000 1bs of steam per hour were being used to
Ricvelop 1506 I.H.P, At this zZoint cylinder thermal
defficiency was 14% which is €8% of the maximum
ferficiency possible under the Rarkine cycle.

! Interest centres in this lccomotive on the
#large boiler provided. ertain features of the
fperformance are shown up clearly by these test regults,
gout there are others, advantagecus to the Operating
¥Department, and referred to leter, which do not emerge
ffrom the controlled constant ccnditions.of test
:gprocedure.

; The meximum boiler cepacity is deliberately
flimited by the draughting errangement provided, which

8is such to promote economical combustion at normal

frates of working: Nevertheless it is sufficient for a
fcontinuously sustained evaporstion of 30,200 1b/hr. of
§fced water and for as much as 36,150 lbs/hr. maintained
ffor three quarters of an hour on the road. These values
fare beyond the capacity of a single firemen and two men
fwere employed in this range.

: The draughting arrangement satisfactorily
kcovers the whole range of working of which one fireman

§is capable, and it also covers the range of most economical
jworking of the locomotive =s a whole.

3 : With the two qgualities of coal tested, the
ffront end arrangement permitted zn evaporation of 30,000
flbs. of feed water per hour, the amount of coal required
kfor this rate of evaroration beirg, of course, higher
%for the lower grade of coal. Roiler efficiency with
gooutn Kirkby coal was still 75% when 3000 1bs of coal per
fhour was being fired, which is about the upper limit for
yhand firing. A corresponding efficiency for the B.R. Class
8> engine with the same quantity of similar coal fired
(Bulletin 6) was 69%, end for any quantity of coal fired
§above 1000 1lbs/hr. there is an appreciable advantage in
Befficiency for the larger boiler, Wwith Biidworth coal
gthe Class 7 boiler efficiency was lower throughout the
g 'cnige than with South Kirxby, Moreover, with Blidworth
fcoel tne Class 7 boiler efficiency is lower than that for
gthe Class 5 at the lower rates of working, although it
fSurpasses it at the higher rates (over 2,330 1bs/hr,).
#This is a feature observed on other tests with wide
§firebox engines.

There was some evidence that the distribution
AOf air over the grate would hsve been improved by
gProvision of an additional damper door at the rear.

These matters nave been thrown up by this series
{CF tests =35 subjects for furthers investigstion,
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& It will be noted that the exhaust steam
dinjector with 11 m.m. cones could orly be worked up
Bto a tender water feed of 22,000 1lbs/hr. The

8 odmixture of cold boiler feed above this rate

% represents a debit to boiler and overall efficiencies
8 which must be borne in mind when comparing the results
#Mwith other types of locomotives.

Two features of the larger boiler, of value

(a) The ability of a larger grate to carry more
clinker or ash from pcor quality coal before
the air supply through the fuel bed becomes
sufficiently restricted to affect steaming
adversely. This festure will be brought out
in the Bulletin for the W.D. 2-8-0 and 2-10-0
locomotives shortly to e published.

(b) The larger reservoir cepseity both in heat and
steam which provicdes = reserve for short periods
of heavy demand, sucn zs accelération up a grade
after & cneck and tc tide over temporarily
adverse firing conditions.

¢ Although the maximum steam supply to the
‘#cylinders which was sustained continuously on the test
Bprlant for well over an hour wss 31,610 1lbs/hr., an
finteresting road test is partially represented in
RFig. L4 on which a steam rate to cylinders of 37,560
&1lbs/hr. was maintained for L> minutes. This represented
the haulage of an 850 ton passenger train over the
ECarlisle - Leeds route at limited load timings, and
fat this rate of working a further engine limit began
gto be reached, namely, that of adhesion under running
 conditions. When rail conditions are good this limit
usually exceeds the corresponding limit on the test
Plant.

: The corresponding rostered Class 7 load over
B this route is LO5 tons, and the difference represents

i the potential which the engine possesses to meet
tadverse operating conditions.




TABLE Nc. 2.

B.R. STANDARD CLASS 7/

BOILER LIMITS

SUSTAINED RATES.

{ Limit of {Estimated | Maximum Front

3 Exhaust |Limit for | Attained | End

¢ Steam cne on Lim:t
ﬁ Injector |Fireman . Test Plant

} SOUTH KIRKBY COAL

Hc.v. 13800

‘ (B.Th.U/1D)

“freed water 1b/nr. 22000 23100 30200

fsteam 10/mr. 23110 21510 31610

fooa1 1v/nr. 2813 3000 14320
BBL1DWORTH coaL

£C.V. 12600

E (B.Th.U/1D)

freca water 1b/nr. 22000 19800 30000
Esteam 1b/nr. 231410 21060 31410
?CO&l 1b/nt. 3411 3000 5066

X The figure given for the 1limit of one fireman
g must of course be a purely arbitrary one depending as it
deces to some extent on the paerticular engine. and alsc
Hon tne time factor,

| Care must be taken in applying the sbove coal
rate of 3000 1b/hr. - approximetely five shovels per

Hmirnute - as it must be maintained continuously if the

; steam rate is to be maintained continuously, ard there

g are, af'ter all, other duties which a firemen is expected

to perform when the locomotive is in traffic.
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B.R. CLASS / ENGINES. DIMENSIONAL

DETAILS AND RATIOS

CYLINDER AND STEAM CHESTS

Piston swept volume cu.ins.

Cylinder clearance volume as % of
piston swept vclume

-gteam chest volume as % of

piston swept volume

PISTON VALVE

B Nominal diameter ins.
Steam lap ins.
Lead ins.

Exhaust clearance

Maximum cut-off Forward gear - - A

# Maximum cut-off Back gear , %
 For designed valve setting

see geparate table,

§ DOILER

mex,

# Small tubes number
outside dia, ins.
Thickness

flarce tubes :namber
cutside dia. ins.

liGPate area )

d Barrel diameter outside min.

thickness

E Surerheater elements (double return loop)

outside dia. ins.

thickness

fLength between tube plates
Heating surfaces)

See Engine diagram

¥ Water surface at half glass sq.ft-

| Volume of steam above water at half glass cu.ft.
} Total piston swept volume as o of

steam volume

g Firebox volume / grate area

ks

# Firebox volume / Firebox heating surface

;‘A/S Large tubes

St iR e T R s

#2/5 small tubes

8796
10:3

51.8

11
1.11/16
1/4L

NIL
77-5
7h.7

5' gn

6? 51511
136
2.1/8"

11 8.W.G.
LO
5.1/2"

7 S.W.G.

1.3/8"

10 5. W.G.
171 on

121.8
148.4

6.86
6.53

1’03
1/L20

1/L435



8/ CTRCUIT
Blator area through pilot valve

1" " 1!

all valves open
ﬁ«n steam pipe through boiler dia.

o cross sectional sres
shecrheater elements area through

1 spherical ends
- through tubes
'E‘ém pipes to cylinders bore
j cross sectional area
i am chest, cross sectional areé

through liner

Bts width

4 cross sectional ares
§3sage steam chest to cylinder min.
5 crossg sectional ares

#=ust passage
7 max. cross sectional area adjacent
to steam chest

at point of convergence cf four
passages below blast pipe
ist pipe cap, see Draughting Arr-ngements
CIRCUIT
ga through ashpan dampers frort
' space through grate as % grate area

fe area through tubes large
: small

7 total

. through large tubes as % of

. total free area

1l frce tube area as % of grate area

ey choke, see Draughting Lrrangements

BUGHTING ARRANGEMENTS
vft Pipe orifice dia.

area
at choke
. area 2t choke
§~ dia. at top
;“t bipe orifice below smokebox centre line
fi@ey choke above blast pipe orifice
EHL of chimney choke to ton

Biney qia,

gney sides taper

Ymey choke dia.
Ft pipe orifice dia.

®|ht

of choke above orifice

} of choke

sg-ins.
sqg-ins.

ins,
5g-ins.
Sg.1ins.
Sg.ins.
ins,

sg.1ins.,

sq.ins,
ins,.
sg.ins,

sq.1ins.

ie LIV

[ ]
i

Sg.ins.

sq.ft,.

sq.Tt.
sqg.ft.

sq.ft.

ins.

sg.1ins.

sqg.ft.

1,64
18,8

38.48

34L.96
39,3

28.27

g1.2
2-1/L
56,6

L41.9

62.5

107.5

5.3/8
22.69

11! 3,5/8"
1.29

1v 5,31 /64"
10 L1 /om

2'10.3/L"
o' 2.1/Ln

1 in 14
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No.70,005 Running on the Rugby Test Plant.

M0.70,005 and i Vehicies, Weight 338 Tons,
including L.M. Region MNo.l Dynamometer Car,
about to leave Skipton 4th. June, 1951.
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EXAMPLE OF TEST AT CONSTANT EVAPORATION UNDER CONDITIONS
GIVING APPROXIMATELY MOST ECONOMICAL COAL CONSUMPTION.
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SOUTH KIRKBY COAL 13800 BTh U/LB.

SMAL L FIGURES ON CURVES INDICATE CUT-OFF, MAX STEAM CHEST PRESSURE.
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SOUTH KIRKBY COAL 13800 B.Th. U/LB.

SMALL FIGURES ON CURVES INDICATE CUT OFF, MAX. STEAM CHEST PRESSURE.
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ON CURVES INDICATE CUT OFF, MAX STEAM CHEST PRESSURE.
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