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, ryrRqpucrlg[.
fh is c lass of  engine, f i rst  bu11t in 1951 1s oneof  the  12  s tandard  types  fo r  Br i t i sh  Ra i l *uy" .  

' - í i  
d i f fe rsf rom the  c lass  11 ,  z -Go eng ine ,  dea l t  w i th  in  gu1Íe t ln  no ,J ,and also to bee_ome a B.R" stald.ard,  in having á iá"g,""

boi ler  and coupled. wheels,  which make i t  mo"á suíCài: -e ror'undertaking work at  the higher end. of  the Class h ránge of
- .power outtrnrt ,  whereas the 2-Go englne is more e"pácràrry.  c lesigned to deal  wi th the lorver end..

The c lass  4 ,  4 -6-c  by  reason o f  i t s  p ro f l le  and
ax le  we igh ts ,  h?F-  r l -  except iona l  range.o f  rou i *e  avu i lub i l i t y ,
whieh eoupled" wi th the power range iáaicated in th iÀ Bul let inmake i t  part icular ly suÍ table for  mixed. t raf f ie workÍng.

The engi ,ne tested- was exact ly as bul l t .  fhe designof front end was already based. on expe-rimental wor.k reeently
carr ied out at  Swindon, and no nodi f ieat ions to the d.raught ingar rangements  were , regu i reC,

Se l f - c lean ing  p1a t " " ' " " "
which ïvere retained. throuehout the
s t e a m  i n j e e t o r  i s  f í t t e d "

The  p resen ta t i on  o f  t he  d .a ta  1n  th i s  Repor t  i s
d i v i d e d  i n t o  t w o  m a i n  p a r t s .

The  f i r s t  de f i nes  the  re la t i onsh íp  be tween  eoa las f i redv water  as d-rawr f r .om the tend.er , ,  t raet i -ve ef for t
1$ .  ho rse -power  bo th  as  ava i l - ab le  a t  t he -d rawbar ,  d .a ta
d : " re l t l y  app l i cab le  to  the  i rnned ia te  eommerc ia l  zu rpose  o fexamin ing  t ra in  l oad ings  and .  schedu les  to  ob ta i " - "áá "c t i on
in fue i -  eonsunpt ion by work lng the loeomot lves where poss ib le
neares t  t he i r  po in t  o f  max imum opera t i ng  e f f i e iency ,

The seeond par t  eoncerns i tse l - f  main ly  wi th  thermal
: : i + :1 " : : { ,  

g i v i ng  da la  on  a  bas i s  o f  i nd i ca tea "pó* " r  cove r ing
Po l_1e r  and  cy l i n le r  e f f  i e i  ene ies r  f ac to rs  o f  morê  impor tance
i n  1 o c o m o t i v e  d e s i g n "

The  te -s t s  v re re  ca r r i ed .  ou t  under  the  d i rec t i on  o fMr "R"A"R idd1es ,  Member '  (Me-ehan ica l  &  E le_c i r i ca r  Èn l i " "á r i "Á )la i l -way Exesut iver  the Èork being eoni ro l led by thó
l o c o m o t i v e  T e s t i n g  C o m n i t t e e  e o n Ë i s t i n g  o f  : _

Mr"  E"  S"  cox  (c r ia i r )
D r "  I Í " ï . A n d r e w s
M r ,  D , R " C a r 1 1 n g

Mr .  c .  S ,  Cc  cks
M r "  s . o " E l 1

+  M r .  R , F . H a r v e y
Mr ' "  T" lv l "Herber t
M r "  R .  G , J a r v i s
Mr"  B"  spencer

' f l t t ed  
ín  the  smokebox .

tests ,  and.  no exhaust

E x e c u t l v e  O f f i c e r  ( D e s i g n )  R . E .
R e s e a r e h  D e p t " ,  D e r b y .
Sup er in t  end. ing Engineer ,
l oco "  f es t i ng  S ta t i on ,  Rugby"
L " M , R . ,  D e r b y .
W" R, , Swind.on"
C h i e f  O f f i c e r  ( M o t i v e  p o w e r )  R " E "
D i r e c t o r  o f  R e s e a r c h ,  R . E "
S . R " ,  B r i g h t o n .
E " & , N " 8 , R " ,  D o n e a s t e r .

+ Replac ing Mr.  F"yÍ "Abrahamr Super in tend ent  o f  Mot ive
P o w e r ,  L " M " R e g i o n  a s  f r o m  1 4 t h  S e p t " ,  1 9 5 1 .
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Graph I  sholvs the mnning of  one of  these tests
1n diagrar,mat lc form.

IV, rES[ ARzuNqE]{U{TS.

1'l:e steam rates and. speed.s at whleh the engine
was tested fair ly eovered. the range between the l imi ts in
eyaponat ion and. speed. glven in the previous subseet ion" On

*the stat ionarSr plant the test  per iod proper r Ías approximately
: :  90 minutes on the average; i t  wa6 not less than 60 minutes

at  the  h ighes t  ra tes ,  wh i ls t  i t  exceeded.120 mlnutes  on  the
lowest,  On the control led.  ncai l  tests th, , -  Ber iod.s were al l
of  approximately 60 minutes of  unrestr lcted steamlng on
stabi l  ised. cond. i t  ions,

v" 4coh{gT-IyE. 
'

ïhe  locomot ive  se lec ted .  fo r  the  tes ts  was No.75006
which  had run  l+1600 mi les  in  t ra f f l c  s ince  l t  was  bu i l t  in
September 1951. No piston anÉl val ,ve examinat ion or repalrs
had been carr ied.  out in the per iod between bui ld- ing and the
eommeneement of  the tests.  By the end. of  the tests the
ml leage had. i r lcreased by 2r910.

El-sewhere in th is Bul let in w111 be found. a diagram
giving the leading part Ículars of  the locomotive fo l lowed. by
d. imensional  d.eta1ls and rat ios and. a table set t ing out the
designed. valve events,

The locomot ive  is  p rov id .ed .  w i th  11ve s team in jec to rs
onlyr  and f i t ted.  wi th a rocking f i regrate wi th Hulson type
f i r e b a r s .

vï " coAr, q"

The ensine was tested.  on two coals  i

B l ldwor th Cobbles,  a  Grad.e 28 hard.  eoal .
Bedwas ,  a  Grade  2A  so f t  coa1 .

The  p r i ce  o f  B l i dwor th  Cobb les  as  de l i ve red  on
the tender  at  Swindon Mot ive Power DeBot  at  the t ime of  the
tes ts  was  57s "  9d . "  pe r  t on ,  exc lus i ve  o f  hau lage"

The correspond. ing pr iee of  Bed.was was 67s"  íd .
p e r  t o n

B l i dwor th ,  a  coa l  comnpn  to  a l l  l oco rnc t i ve  tes t i ng ,
was du1l  in  appearance,  ver ï r  hard.  wi th  patehes of  br ight
laminar  s t r r re ture.  ï ts  ÊJ-ze var led.  f rom 6r  in  greatest
d imens ion  t c  2 t t  m in inmm d imens ion  w i th  an  ave rage  s i ze  o f
l + t t '

The Bed.was coal  in  appearance was fa l r ly  br ight  t
?9 f t  and .  f r i ab le  and  i t s  s i ze  va r ied  f rom J í  o i r  i n  gz .ea tes t
d. imension to  d,ust ,  whi ls t  the maxi r ï r .m s ize of  the máin bulk
w a s  a b o u t  1 t  6 t r .
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CAIORIFIC VÁIUES & PROXIMAIE ANAI,YSES
P t .  -

OF REPRESENTATI\E SAUPT,ES OF COAIS

Calor: i f le Yalue (eross)

Br i t ish Thennal  Uni ts
per  1  1b .

Proximate Analysis

Mo i sture

V o l a t 1 1 e  m a t t e r ,  l e s s
mo isture

Fixed. Carbon

'Ash

Total Sulphur

/"

%
4

%
al

BLIDIiVORTH BEDÏVAS

As
*recelved.Dry

As
re celved. Dry

1 2930

6 . 9

3 2 . 7

5 6 , O

l+.1+

o . 6 5

13890

3 5 . 2

6 0 . 1

I+.7

^ -7n

13970

í " 8

24.6

o ) o  o

B . o

o  " 9 5

1L+22o

D l '  O

8 " 2
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r ia t ion  ln  ca l -o r i f l c
presentat ive values
8ê,

the var '1ous samples showed l l t t le
value and. proxlmate analyeisl

anil analyses are glven on a separate

;ï.;:, Owing to the friable nature of Bedwas, in c€rnmon
.,S;,with other ïVelsh coals, and. the effect of f ine eoal on boi
' * i , - i - á a :  - . i ^ a ^ -  ; +  a - * - - - ^ - t  + L . ^ +  ^ ^ ^ l -  . i - - - ^ - ^ - l  - b

o f  f i ne  eoa l  on  bo i l e r
Ï, ,*ff icieney, i t  was arranged. that eaeh inerement of coal as
'fi: 

- 
-

d and. weighed. coltaingd -8% of f 1nes. f lr is was generallyFgggeg anc. welgneo. contalned. -ó% ot -Í '1neÊ. I l ls was generally
l ess  than  the  pn rpo r t i on  o f  f i nes  1n  the  eoa l  as  f i r èd . r  ás  the
coal  was subject  to  fur ther  breakd.own by the f i reman af ter
the inerement  had.  been p laced.  at  h is  d. Ísposal .

\rt Ï .  OBSERVATI-ONS.

fhe method of testing and frequent sampling and.
analys is  of  the prod.ucts  of  combust ion imposed.  a r ig id  contro l
over  the f requeney of  f i r ing and.  qual i ty  o f  eombust ion.

The f Í rebed for  Bedwas was th icker  than for  the
hard. eoal at the same nate of f ï-r ir ígr the d"epths belng
roughly  in  the rat ios of  the propor t ions of  f lxed earbon in
the  coa l  f rac t i ons .

Blid.worth and Bedwas eouLd. be burnt wi.th eoual
e f f ie iency  a t  the  same f i r ing  ra tes .

The fire had. a tend.eacy to moye forward at speeds
o v e r  5 5  m . p " h "

fhe resistances through the sel f -c leaning plates
of the smokebox were found. to account for 1 eft of t]ne total
boi ler  resistance at  a l l  rates of  evaporat ion" At the maxirmrm
r?t9  o f  evapora t ion  the  loss  o f  d . raught  aeross  the  se l f -c lean ing
plates is about 22/"  of  the total  d.raught,

Nevertheless,  ref  erence to Graphs 11 and 25 show
that  i t  has  been poss ib le  to  pos i t ion  the  prae t lca l  1 Ími t  o f
the  bo i le r  (1916oo t l .  o f  s team per  hour )  w i ie re  the  curves
of  coa l  per  d . "b .h .p .  hour  tu rn  sharp ly  u lward .s  separa t ing ,
! f  so doing, the eeonomic and. uneconomie ranges o? tne
locomot ive"  ï t r i s  ra te  o f  evapora t ion  was the  h ighes t  a t
whieh a balanee could.  be cont iurously maintained. between
steam prod.uct ion and d-emand. l  s inee i t  depended on the
9ff iciency of the d.raught arrangement, it has been marked.JE ' ron t  Endt r  l im i f .  ón  f .he  oraphs .  Another  l im i t  -  the  t tGra te t í
l im1 t  - -G  * ; i l ; à ; ; ; i i ;  Ë rapns ;  a t  t h l s  l im i t  no  i nc rease
in s team product ion wi th  respeet  to  f i r ing ra te is  obta ined.
eYen  i f  t he  a i r  necessa ry  fo r  combus t l on  ean  be  supp l i ed .
t v i t h  t he  se l f - c lean ing  p la tes  i -n  pos i t i on ,  t he  r c rà ie t f  l im i t
w?s nol r  o f  cor lpss,  reached in  the tests ,  and.  the va lues.
F, t "e l  (ZZr t+9O to 241190 1b.  o f  s team per  ho ' ' r r  aceord. ing to
- lh9 type of  eoal )  have been obta ined.  by ext rapolat ion of  the
b o  i l e r  e f f i c i e n c í  e h a r a c t e r i s t i e s "

- Superheat in the exhaust as measured. in the bfast
p lpe at ta ined near ly  5OoF" at  the h lgher  rates of  work ing,

_ Test  resul ts  here in g lven are representat ive
o f  a  l ocomot i ve  o f  t h l s  c lass  Ïn  f i r s t  c l ass  cond i t i on ,
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As ind.leated 1n the lntnoiluetion, the naln pr:r.pose
these tests waê to provid.e d.ata on whlch rnost eeonomical

rk ing of  the loeomotlve could.  be basedr col ls istent wl th
ueet ing t  raf f ic  requirements.
il'

lhere is no reason to th lnk that  in general
present-day sehed.ules and train load.s based. upon long stand.lng
l raet iee and exper" lenee d.o not  a11ow eeonomieal  loeomot ive
Opera t i ono But s ince in the test ing equlpment now ava11ab1e
to the Rai lway Execut ive there ls means of  f lnd. lng aceurately
the rate of  eoal  ranger i t  wi l l  c lear ly be of  Eome value to
examine present sched.ules and loads to eheek that they are
1n fact  wl th in the nrcst  eeonomieal  range ln their  ent i rety
and. i f  noto whether by adjustments orrer part icular sect ions
acceptable to the Operat ing Departmentt  they could.  not  be so
modif ied.  as to br ing about a reduct ion in eoal  consumption"
Slmi lar ly,  proposals for  new or accelerated. t imings ean be
examined.  in  re la t ion  to  the i r  cos t  in  coa1.

The manner ln
Bu l le t in  can be  app l led
out in f \ - r11 1n Bul let ins

which the d.ata contained. in this
for the above purpose has been set

N o s . 1  a n c l  2 .

ÏX. COMPARISON ]i l Ï IH PREVTOUS "

This  engine is  o f  the same fam11y of  des ign as the
eng ine  d .esc r ibed  i n  Bu l l e t i n  No .5 ,  and .  t he  resu l t s  a re
di reet ly  comparable,  except  that  the la t ter  was not  in  qu i te
sueh good.  cond l t ion mechanica l ly .

Presence or  absenee of  se l f -c leaning smokebox
and.  exhaust  s team in jeetor  on ly  enables an ind i rect  compar ison
to  be  made  w i th  the  con ten ts  o f  Bu l l e t i ns  Nos .  í  and  2 "

DIMENSIONAI DETATLS AND RATIOS.

Cy1 lnd.eqelind_ jilLqam Cbes'Lq "

Pis ton swept  vo lume
Cy1inCer c learance vo lume as % of
Pis tcn swept  vo lume
S t e a m  c h e s t  v o l u m e  ( 1 )  a s  % o f
Pis ton sv lept  vo lume

Piston Valve

Nominal  d . íameter
Steam lan
I e a d
Exhaust 1an
lÍaxina:n'r cut-off .  Fore gean
Maximum eut-of f .  Back s ,ear
For  d-es igned valve set t ing see separate

shee t ,

à 1 1  P +
V U c  I  U  o

] -ns,
1ns .
ins "

70
Yo

l + . 1 2

1 0 "  B '

) 4 "  o

í o
1 "11/16' 1/t+

N11
7 7 . O
7 6 " 3

(1)  Steam ehest  vo lume between valve heads and
uP to  s team ches t  f l anse  faeed
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rïo ( C o n t d .  )

Í1er

t ,Barre l d . i ame te r ,  ou ts ld .e  m in "
nax-

tubes,  number
out s ld.e d ia .
th l  ekness

tubes, n:mber

il..,,stnarr

arge
outs id .e d. ia .
th lckness

Superheater  e lements (double return loop)
o u t s i d e  d . 1 a -
bhickness

Length between tubeplates
Hea t ing  su r faees  

I  = "u  Eng ine  D iag ram
Grate area ') . .- ' t>

ïVater  sur face at  ha l f  g lass
Volume of  s team above water  at  ha l f  g lass
Tota l  p is ton swept  vo lume as S of

s team volume |  . -

F i rebox vo lume/Grate area
Fi rebox vo lume/Fi rebox heat ing sur faee
À̂
$ '1a rge  tubes

À $na11 tubes
q
U

S t e a m  C l r c u i t

Regulator  area thncugh p i lo t  va lve
ff rr fr maln valve

Ma in  s team p ipe  th rough  bo i l e r ,  d iamete r
e ross -

sec t i o r ra l  a rea
I ) r  rn : r  chu r r !  v  u ó r r

thrrcugh iubes
bo re
c ro  ss -se  c t  i ona i

I  n ê D
! ! r  v s

area through
1 iner

ins "
s "T / .  G"

1ns "
s. viI. G"

ins "
a 1'Ír 1a
V  o  l l  o  v  o

l r  q  Q n
T J

6 t  e n
4 tr-t
t J  I

. q 3
t 4

t t

21
F +

7
t 3
l E t

1 0
q z ' t  n e ?

Superheater  e lement ,s ,  area
spheri ca3- end.s

S t e a m  p i p e s  t o  c y l i n d e r s ,

s q .  f t  "
êr-" f t

6 . 6
1 " 8

- ï n  n c
|  . \ .
4 " y l

O . )

I
I

-7::r'
)có

4
I

ffi

nl - .  -7

é L 4  1  é  í
_ 4
11:
J 2

2 3 " 7 6

2 C " 6 4
1e

,f tr c.

( 4 " ó
r 1
.r'-

/ r O  i

7'-' .í
J l  "  I

o ) "  1

' :

s q . ] . n s
e ^  i n qv  Y o  r Á À p

ins

s q "  1 n s .

sq" ins
Q , a  i  r ' q

{ . . - -
l- l-Ii)

sq"  ins

e ^  ' i r c

1nÊ
sq" ins

s n  i n q

sq"  i ns

Steam ches t ,  c ross-sec t iona l

P o r t s ,  w i a ï n
cross-sec t iona l  a rea

Passage ,  s team ches t  t o  cy l i nd .e r ,  m in "
e ross -sec t i ona l  a rea

Exhau.st  passage adjacent  to  s team chest
max .  c ross -sec t i ona l  a rea
at  po int  o f  convergence of
fou r  passages  be low  b las t
n i  n a

Elast  p ipe "up, -ËËà Draught ing Árrangements,
sq.  in .s
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ENSÏON ETAI AND RATÏO (  Conta.  )

Clrcu i t

rea through ashpan dampers, front
ba ck

1r spaee through grate as % of grate area
Free area through tubes,

i : ' , : t 'Total free tube
f ree

area as  % o t
see Draught ing

'  j , ,

i . :Area through large tubes o f  t o t a l
a nê9 �

grate area
Arrangements "

la rge
sma11
t o t a l
a s %

s q "  f t .
s q "  f t .

sq ,  f t  "
s q " f t .
s q ,  f t .

i n c

s q .  i n s  "
i n o
+ a r u .

s q .  i n s .
; - ^
I  j t È ,  c

i n s .
ine  ins ,

i  n ^
f [ È  r

ins "

;  * ^
l_ lrb .

1 , 5 9
1 . 0 6

34.4
1 . 7 4
2. 04
3 "78

l+6" o
14 .2

Chimney choke,

Draught ing Arrangements

B l a s t  p i p e  o r i f i i e ,  d i a .
a rea

Chinuieyr d-ia. at choke 
I ' '

a rea at  choke
d. ia  "  a t  top

Ch imney  be l1 r  d . i a "  a t  bo t tom
Blas t  p ipe  o r i f i ce ,  be low  snpkebox  een t re
Chimney choke above b l_ast  p ipe or i f ice
Height  o f  ch imney,  ehoke to  top
Ch imney  s ides ,  t ape r
Ch imney  be l l ,  dep th  be low  choke

t , 3
+ À

1 7 . 7 2
1 Z  t r

144" o
, lÈ,  t r
t J . J

23"  6
9 . 0

7 1  n

2 9 " O
í i n í 4

9 " 2 5
I' 2 " ó l 1  
í' j

2"  30

1 " 6 1

.BJ_asr  p ipe o r l f  i  ee d ia  "

Sg ig 'h t_c {  choke  above  o r i f i ee
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