
FLASP-1 BOILERS 

. Cict t l i c  hoi lcl- hot .  t l icn p ~ i i  sl>nic \+ater  in i t  \\.lien 4011 ";in[ sic;im ' s o  :I 
steani car  d~ - i \ : c~ -  w;ls s c c e ~ ~ i l y  l i c a ~ t l  io rc~ i i a l - k  a \  l ic  p~-c j i ; !~-c i l  t i )  m o \ c  o I f  124 
w o r k i n s  t l ic  ha l i d  Seed i t i .  I c  l i re Iiii~l I7ci.11 i t1  I'LIII l !  i w n i c  
minutes o n  ari c lnp ty  hoi lct- : :incl a. l ie p~~n i l ) cc l .  500 l h h c l  i n .  :~l)lli:arccl iii a 
fkw secotids. '1.Iiis i\ i1~1i tc I~C)I-I~I:I~ ~pi~;icli~:c wit11 ll:15li hoi lcr>,  \ ~ l i i c l i  \v111 bt:i~id 
t reatment t l ~ a t  \vi>itld bc d c ~ \ \ l l ~ - i ~ l i t  c~.ocI ty t o  ;ltiy ~ t l i c r  t>l)c o f  ho i lc r .  

General llescriptioo 
A flash boi ler. o t -  \tc;im ?el>csator a \  some clicliirsils \ \ oL I I~  11a\c i t  tcrniei l ,  

is l i t t l e  niot-c than  a c o l i t i n i ~ n r ~ s  titbc. w n l c  l i ~ ~ n t l r e c l s  o f  feet l .  \ \ rappc t l  
~ O L I I ~ ~  a hu rnc r  ancl a p p r o p r i a t c l ~ /  cased ; i r l t l  laggctl. Water  ih Ib i l  i n  ac O I I ~  

end. a n d  superl ientcd stcani come.; o u t  at t l ic o thcr .  I-hcrc i\ ~ i o  m;igic i n  the 
t e r m  ' 1 1 i  \vater i \  i t  \ i i ddcn l \  c o ~ i \ c s t c t l  i n t o  \teal11 on at - r i \a l  I n 



l ; .  1 -  A F1 & ? I t  I3ot~t.11 I ~ S 1 . i l . l  A l lON 

I 1 ,  ! I  hlo\vcr iparlly hi(l(len hy cxha~~s l  slciim pipc), c;~rhu~cttot-, 
I ~ ~ I I ~ I S I !  ~ n ~ t c l i .  i plug, not.mnli/el- fecii i l l l e t .  fuel Ixlrnlis 

pat-liculat- c\p;ln.ion sp:~cc o r  ho t  
spot : t l i o u ~ l i  i l  is 1 r ~ 1 c  111:11 11 litnitcc1 
clunt11ity o f  steam cat1 he generated 
~ l n ~ ~ s u a l l y  qu ick l y  011 increahing t l ic  
fced supply aftcl- [ l ie  boi lc l -  l ias bccn 
a l lowed t o  gel ho t  \ \ l i i l c  on l i ~ l l l  lonci. 
I l i c  pr-occss o l ' s lcnm g c r ~ c r ~ ~ t i o n  is t l ie  
ordin: lry one ol' gt-adual clddition. 
a l o n s  111e tube Ict igt l l .  o f  sensihlc heat, 
latent I l c i ~ t  at id slipcrheat the iuc- 
ccssi\c pol. l ion\ o f  t l l c  hingle tube 
tak iny  the I-olcs o f  cconotnirer .  gencr- 
:itor slid supcrliealct-. 

I l ic  t i lbc  bal iks con\ is t  o f  c i l l ic l -  
l coi ls  :L\ i ll ;l11 I I I .  or 
z iy - ras  y i d s  : i l iey  arc no rma l l y  macic 
scp:iratcl> a l i d  connectct l  clrd t o  end 
h y  \velding. Circa1 ~ n r i : ~ t i o t i  i \  po>\ ih lc  
i n  t l ic  pat tern ill' l i i c  contiect ion\, 
:~ccol-d in? I o  \ \ l ickl icr t l ie p; i r l icular  
c i t l ic  cle\ i~t lct. ' \  hontiet i \  op t i -  
t l i l t t l i  ~ ~ I i t i i t i  l l l c : ~ t i ~ i y  I.III-J;:ICC. 

i i c c  o f  l ~ 1 1 i i i .  rctct i-  
Lion o f  water i n  i l i c  r iy l l r  pl;icc du r ing  
~ x r i o d s  ol' li,clit 1 1  l cluick 
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o11c type (lit-ctl f t-om he low)  the coill.sc 

! (  1 . 1  ( l l s l ; l l  (.(,Nll<(jl ( l N I I  OS l l l c  \+':lkcl. : i l l c l  s1e1t111 i s  l l l r < l ~ l g l l  t11e 
( \ I  101,) hot ton1 coi l .  1op coi l .  ';cco~icI fro111 



bottom, second from top, a n d  so on, w i t h  ou t le t  f r o m  t h e  midd le .  I n  another  
t ype  the  wa te r  passes f i rs t  t l i r o u g l ~  the t w o  coi ls  nearest the  fire, t hen  gocs t o  the 
out le t  erid a n d  gradua l ly  works  back towards the  fire. A n o t h e r  p a t t e r n  w i l l  b e  
described in m o r e  deta i l  later. 

Appl icat ion 
T I l c  l i tn i ta t ions on the appl icat ions of '  l lnsh boi lers 211-c: 
( U )  T h e i r  s i z e  t l i c i r  advantages over o t l i c r  boi lers show best in sma l l  sires 
( h )  ' f l ie  I-ccluircrncnts ( i f  t l i c i r  case oCcon t ro l  i s  t o  b c  f ~ ~ l l y  I-calizcd) f o r  l igh t  

o i l  l is ing (pctro l ,  paraf f in o r  I l icscl ,  para l l in  be ing most  ~ ~ s u a l )  a n d  Tor 
an electr ical supply l i> r  cont ro ls  a n d  a l~x i l i a r i es  

( c , )  l ' l i c i r  absolute d c p c n d c ~ ~ c c  o n  rcli:tblc al lxi l iar ics. 'I'hey c o u l d  not ,  li)r 
example, act as dockside donkey  boi lers i~n less  n r c v o l ~ ~ t i o n  t o o k  place 
i n  the design a n d  mai l t tcnancc o f  the  feed p u m p s  no~ .ma l l y  m e t  the  
s i tu :~ t i o~ i .  

I t  is pwl ia l )s thesc considerations tl~:rt have c a ~ ~ s c d  t l ~ e  app l ica t ion o f  fl;rsh 
boi lers t o  he rcstl.ictcd almost solely t o  cal-s, w l ~ c r c  cond i t ions are I - i g l ~ t  f o r  
them a n d  whcrc  lightticss and clriicli steam 1-aising are irnpol-tant. T h e  majo l - i ty  
of steam c ;~ r r  bu i l t  since 1905 have had th is typc  of boi lcr ,  w o r k i n g  i ~ t  PI -~SSI I~CS 

between 500 and 1.500 lb/sq in. A notab le  except ion is the Stanlcy, w l i i c h  
i t ~ t c k  t o  i ts remarkab le  flrc-t~~b:: ho i lc r  u n t i l  i t  \vent o u t  o f  p ~ - o d ~ l c t i o l i  in  the 
early 1920's. 
.idvatitages 

As cotnpa~-ed t o  a capacity hoi lcr .  :I flash bo i lc r  has mucl1 t o  comtnend i t  
f o r  s ; ~ k t y .  lack of' mainten;~r~ce i.ecl~tircnietits, arid case of i i i a ~ i ~ ~ l ; t c t u ~ - e  a n d  
1-cp:iir. I t i ~ r ~ l - a ~ ~ c c  i s  no t  c o m p ~ t l s o ~ - y ,  prov ided t l ie  t u b i n g  is ;III undc r  1 in .  d ia .  
l 'hese i s  t i o  s ~ i c l i  tiling ;IS boi lcl- cleaning, a t id  the q i i a l i t y  of the fccd water  i s  
t iot impor-(ant. Thc re  i s  no  scal ing tip. as the his11 stcntn and  water velocities 
[ha t  occur  give l i t t le  cll:~rlce o f  a n y  deposit s t ick ing : and. on the once-through 
pt-inciple. \\!hat goes i n  m u \ (  cotnc ou t .  W i t h  :I recipt-ocati l lg ensine a n d  con-  
denser-. tlict-e is al\~,ays plenty of o i l  i n  the feed. but  th is does not seem t o  i na t t c r :  
ir gocs t l i t -ouyl i  the hoilct- a l l  r ight .  :IS shown b) t l ~ c  mess prod i iced where :un) 
leak f r o m  the main steam l ine  impinges. a n d  i t  coats t l i c  i n te r io r  of the tube 
and  protects i t  f r o m  corrosiot i .  wh ich  l iclps t o  account for the l o t i ~  lik o f  these 
boilcl-S. Sc\ctsal 50-ycal--old en:iml>les arc st i l l  it1 sel-\.ice. ill spite of' t l lc  1':icl 
t l i i tt. he ing it1 cat-S. they at-c niost  inl likely t o  have heeti n l \ \ayh pi.ope~-l! 
PI-otccted and  preserved. 
1)etailetl 1)cscription 

M o s t  o f  t l ie  c~pr 's ie i iec  t o  IIC rcI;itcd 11;1s I w e ~ i  g ; ~ i ~ l c d  v ' i t l~ :L 1)ohlc typc  
tx) i lcr.  o l ' t l e r i g ~ i  da t iny  1'1-orn t l ie  1030's. \vl i ic i i  \\i l l he dc\cr ihcd.  'I'hi? pal-t iculas 
t>oilcr i s  :I b i g  one of i ts k ind .  he ins  sadcllcd \\it11 a Itcavy c;~t- and a Stanlcy 
i i i  I c ~ i o o r i o ~ ~ s  f i r  i t  e : i i  I l i c  hoi lel- weigh< l>ct\vcctr thsce n r ~ d  
I'OLII- c \ \ [ .  allcl gcticratcs l>et\\i.cn (100 and  X00 II) of  stcam per  Iiour irt X00 l\> s c ~  in.  
;incl 750 ticysec\ I:. 7-11e stcam cond i t io l i>  ;rt-c dict;tteci h!. \ r l ~ a t  the ctrginc \\ill 
I : t l ie \;\me boi ler  \vould clo 11)s at least 1.200 I b x l  in. ancl 000 dcysecs 1.' .. 
c ~ c c p t  1Ii:it sonic 01'tlie i t i l ion  connection, i>n i t .  \ \h ic l1 are o l ' a  tvpe ntcailt for 
150 l h s ( {  ill.. t n i y l ~ t  h a \ c  t o  be c l ~ a l ~ g e d .  

1'1c;s. l i11ic1 2 slio\\ I11e extcsti:tI ; I I~ I . ; I I~~~~~I~~I I .  ' I ' l lc  di111e11:,ioti\ o~t ts ic lc t11c 
c lcading al-c 74 ill. d i i ~ .  . 3' ill. l ~ i g l ~ .  

1'1~;. 3 shows I l ~ c  ho i lc r  i n  s c c t i i > ~ ~ .  1 he c;15i11g. \ \ I t ic l i  I'o~.tiis 111e 1 i1 : t i i l  i t ~ t l ~ i ~ l l ~ ~ .  

is t i i ;~de ill t \ \ o  l ~ ~ i l v e \  \\ i t11 :I l ~ o ~ . i ~ . o ~ ~ t : ~ l  . joi i i t  at :IIXILI~ inict-I~ci,gl i t .  .l l ic  ((111 II~III' 
i s  rn ; i i~ i ly  empty  hp;icc cornpr is i i ig  t l i c  c i > t n h ~ ~ s t i o n  c l i :~mbc~- .  \ ~ l i i c l i  h : ~ \  :I 11c:lt 
rcsi.;ling steel l ining. some tuhc s~lrt-o1111diny i t .  :111d ;I l i t l lgct~t i ; i I  l1;111ic c111ry. 
l h c 9  1owc1- I l a l f  i s  h~ll 01' ho r i / i ~n l : r l  \pit-:~l pancahc coi l?.  7 i i e  flue y;t\ o u t l c l  i s  



FLUE GAS . .-. ~ 

SUPPORTING SPIDEK ' 
O U i i t l  H,'" 

F .  3 S I  r . ~ ~ o u  .I-III<~I;<;II 1 3 o 1 1 ~  13 

111 the holr011l. \\it11 n o  e x l i a ~ ~ s t  p ipc  o r  d~ lc ! .  
71' l~e icct l  tlo\\ i s  i n  a t  t l i c  l , o l t o ~ ~ i ,  thcl icc 111?w:trds c o i l  by co i l .  I l i c  fil-st f ou r  

coi ls ( . A )  arc in.  0.11. l u b c  : t l ic  ~ i e x i  l\vcl\:c ( R )  ;Ire I .  i l i c s e  s i s l c e ~ i  coil. 
arc \ \c ldc t l  c i id  t o  end !i> ('or111 ;I C ~ I I ~ ~ I I L I O L I S  i l lhe.  and  coliipr-isc t l ic m : ~ i ~ i  ba~ i l ,  
of  l i c ;~ t i ng  ~11r l1c .e  : the t o p  c o i l  ol' this hanl; c o l l s l i t [ ~ t c i  thc  l i rc-so\\ luhe\ .  

An e ~ r c r n a l  p i p c  connect ion ( C ' )  t ;~kcs (1111 S(C;III~, b y  l i o \ v  l ~ ~ i l d l y  SIII>C~IIC;I~~CI. 
to l l ~ c  tol, section o l ' t h c  hoi ler .  .l.llc ste;1111 rii;~I<cs i011r ~ L I V I ~ S  ( 1 ) )  1-0111icl 1I1c 
c o t n b i i s t i o ~ i  c l l a ~ i i h c r .  a11t1 i r ~ a k c \  >I [,as\ t l i r o ~ ~ g l ~  t l ic  t I ~ e r ~ i i o \ t ; ~ t  (l:). \\llic11 \ \ I I I  
l ~ c  clcscrihctl latci- : ! l i c~ i cc  r o  a c lo ic-coi lcd pal lcake ( I - )  o n  to13 ol' (IIC c o m -  
h ~ ~ s t i o ~ i  cl ialr lhcr. 

A! l l i i i IX)IIII O ~ C L I I - S  I l la t  n~ystel - iou\  s c c o ~ ~ d a r >  i'ccd inlet cal lc t l  the 'noi-n1;11- 
i /c r  '. 10 \ v l ~ i c l i  ;I SI-action of tile fcctl i s  : ~ t l ~ ~ i i ! t c t l  in pal-al lcl  \ v i l l i  the 1n;lill i111c1. 
I i s  l l i s  i .  1 I f i t t ing  on 1i1odcrn Ilash boi ler \ .  ancl !hat i i i s  
so lnc t l l ing  i o  d o  \\'it11 lprcvcnting osci l lat iot ic o f  steam tcmpcl-; i t t l~-e on ;Iccoclnl 
o f  thc Ion;; t ime  1:lhcn f o r  a chal iyc i n  the m a i n  Seed su1?1?1y !o  he icI1 :11~ rlli. 



~ l l c r t n o s t a t .  111 filet. i t  t i iakcs no di f rcrcnce w h a t  set t ing is  p u t  o n  thc  not-mali/.el- 
I-cgulat ing valve. 111- cvc i i  i f  i t  is  s l i ~ l t  I- iz l i t  olY. A t  t he  r isk  o f  ~ l t t e r i l i g  a I icrcsy, 
t l i i s  con l l cc t i on  must  he classed w i l l1  ' the  st range th ings  they t o l d  m e  a t  col lege '. 
0 s .  seeing tha t  t l i c  c;l~-ly flash boi lers wo l - kcd  w i t h  n o  n o ~ - ~ i i ~ i I i z c l - .  pcl- l iaps the 
leed in2  ol' ~ r l c l i  a hoi lc l -  is a m o n %  the m a n y  h i t s  of eng ineer ing  pract ice t l ia t  
;tccluirecl t lrc st;ltus of  p l -ohlcms when  scrvo theo ry  was invented.  A n y w a y .  t l ie  
CI:ICI, \,;IIYc c > ~ i  t l i c  ~ i o r t i i ; ~ l i z e r  e ~ ~ i ~ i c c t i o ~ i  11i;~kcs 21 conii"ortit ig l i t t l c  noise w h e n  
thc  bo i le r  i s  k c d i n g ,  so i t  cal-ns i ts  keep. 

A f t e r  this, t l ic  steam m;tkes a b o ~ l t  ten n i o r c  t u rns  (C;) I -ound the c o n l h r l s t i o ~ i  
cli;lnihcr, anot l i c r  p;~ss t l l r oug l i  ( l ie  i l l c l -mosta l .  and criicrgcs l ' ro~i r  i l i c  bo i lc l -  
c:t<inv ~o [ l i e  t l i c l -momctcr  pocket  and t l i r o t t l c .  

I lie t u b i n s  in the t o p  l i a l l ' o f t l i e  boi lc l -  is I:; in. d ia.  (except t l lc  t o p  p:llicakc. 
\ ~ ~ l i i c l i  fol- ~ -ca \o l i r  ~ l n k ~ i o w n  i s  t\+'o i n .  d ia .  tubes i n  pat-al lel)  ancl i s  a l l  \veldcd. 

I l i c  tuhc  m;ltcl-ial ib, m i l d  srccl t h r o ~ ~ ~ l i o r ~ t .  T l i c  lie at in^ \ l ~ ~ - l h c c  i s  101 scl. 
1.1. ;rncl t l ie tube lengllr 025 h. 

R l o l ~ i ~ t i i i g s  :~ntl 1;iltings 
A nc ) r~ i i a l  o u t l i t  o f  [>I-cssurc f i t t ings on a l losl i  bo i l e r  woi l lc i  he. s imp ly  : 

M a i n  l'ccd in let  ( w i t h  n o n - r e t u r n  \ 'nlve) 
N o r n i a l i / c r  feecl i l i lc t  ( w i t h  n o n - r c t ~ l l - n  val\ 'c) 
' i tcam connec t i on  t o  p~-cssr~ l -c  gauge atit1 n~ l ton i : t t i c  c o l i l r o l  
I 1icrmo1nctc1- pocket  
S l o l i  01- t h ro t t l e  v;tlvc 

\ I \ ; l l \e  and  a h;itul-atcd steatn o l f t a k c  fo l -  :I clol ihey p i l rn l> m;Iy : ~ l s o  lbc 
i i t t c t l .  I l r c r c  i \  no nccd f o r  vents. c l ra i~ is .  hlo\vdo\vns. I c \ c l  g:111gc5. o r  
I i ; ~ ~ i d l ~ o l c \ .  

I r  i y e i c ~ ~ l l y  he ld  iii t he  hteam car  w o r l d  that the on l )  ~~-~;I I~I IcI-> tlt;li \ \ i l l  
I I  l I ~ I I  c l i : ~ l c  i i i s  c I c i ~ i  t r c i  I I  i l t i e l ~  : 17ut 
o n  t l ie  ho i l e r  t ie\crihccl. a l l  external  p ipe  connect ions  arc scrc\\.ccl 1111ioiis. ;incl 
rhc)  I l a \ c  s i \ c i i  n o  t rciuhlc at al l .  even the  o n e  :I[ tlrc in le t  t o  t l ic  t l i i ~ i i i t l c .  \ ~ l i i c l i  
II:I< t o  t;tkc the f u l l  \ \ o r k ing  cond i t i o l i \  of  X 0 0  lh scl i l l. a n d  750 dc:~i-ccs I .. \ \ i t11 
;II~ oce;1\it111:1l ~ ~ c c i ~ l c ~ l l ~ ~ l  c . x c ~ ~ r s i o ~ i  10 1.000 cicgrccs l'. 

111 w m c  tic\i,cnh o f  hi1ilc.1-. t l ie t l i r o t t l c  comes hei'ol-c t l ie  \111ic1-1ie;1ter. I l l i s  is 
l,inclc~ i o  t l l c  ccirnl7011c1ii\ i t  l -cI ic\ch the t l i ~ .o t t l c  \ : i lvc of' \ ~ I ~ I C  01 '  1 1 1 ~ ~  1~111- 

~ I I ~ I I C .  I l I I C I ~ ~ I  h l I c l I I .  It i l o t  l I : il' 
i l ~ c  ~ ~ r l i c ~ t c r  c \v;~ter ill i t .  i t  c I ;I bo i l e r  ill i t \  I iriyl it ; i~icI t l ic  
t111-tittlc CC:I\L,> t (>  c011I1.cil t l ic  c l ig i t ic .  Tliis c:111 lbe qu i t e  c x c i t i ~ r g .  l l o \ \ c \ c ~ . .  t l i ix  
1ia1-iicul;tr cal-nibal I-call) gi le\ \\it11 c i rpaci ty  lboilcr\. ancl occur \  \ \ Ire11 t l l vy  
\> I - i~ i i c .  lkl:i\li tboilc~-s. I ia \  111s iio stc:~~i i - \v ; i tc~-  wp;~r ; l t io l i  p rocc \ \ .  a1.c i ~ l i ~ i i r i i ~ c  
I ' I ~ O I ~  p r i ~ i i i ~ i g  : [ l i c y  C;II~  lily v i v c  ca~ - ry -o \ , c r  o f  L I ~ ~ I -  i l '  \ o ~ i i c t l i i ~ i g  yoc \  
tll-a\licall!. \ \ ~ - o n g  \ \ i l l ~ r  t l tc  tcmpcl-;rt l irc contl-01. 

I f .  :I s e t  !al\,c i \  l i l l c t l  i t 1  a l l .  i i  L I  I IT\. I c 1 1  i t :~ [~, r  ,1111. 

\ \  1 1 1 ~ 1 1  is ~i i i~r l i  t l ic  c l ~ i i c k c ~ , t  \\,:I> oi' l - ec i t~c i~ lg  I>I.~S~III.L,. l ' l i c ~ ~  i, :I bit  (11' ;I t ~ ~ i c l ,  
I i~~1.c.  1\11 c ~ ~ g i ~ i c - c l ~ - i \ c ~ i  i2ccl p111iip. \ \ .o~ .k i l i s  ;tg:~il i\t t l i c  i ~ i c r t i : ~  oi '  ~ I IC  \ \ ; i [cr  
i l l  a \iil,clc 1 1 1 1 7 ~  \c\er;l l I1111i~Ircd fect 101iy. ~ i ~ ~ o c l r ~ c c ~  p r c \ > ~ l r c  l i t i lsc\ 01. 1ii;111> 

I~L I I~<I I -LYI  I l l  \ c l .  i i i .  \$,II~:II 211 I i i y l i  \pccd.  t l r o ~ ~ g l i  t l i c  s[c;111i I>I.L:\\III.,.: ; i t  i l r t .  h!,ilc-~. 
o i ~ t l c t  l i i ; iy he slead) a n d  n ~ i r ~ i i : l l .  i\ ~p la i l i  s:1i2ty \ ; ~ l \ c  l i t t cd  !c1 [ h e  li.cd i111c1 
\\oIIIcI. ~ l ~ c r c i ' o ~ - c .  hlo\v ;I( c \ c r y  st l-okc o i ' t l i c  11111ii1>. .l.(> get o \ c r  t l i i s .  :I \\;iter 
cli\cIial-gc \ X I \ ?  l i t t cd  at t l i i s  po in t  i s  a l - ra~igccl  to hc  opciiccl at h l o \ \ - ( ~ l l ' ~ > ~ . c \ s u r c .  
I>y \[can1 I'l-(inl i l i c  ho i lc l -  ou t l c t  ac t i ng  (in ;I spl-ing-loaclcd pi\ to11 (11- ( I i ;~ l> l~ i . : ly~i i .  

C'or111.ol Syslems 2nd Auxiliaries 
' l ' l ~ , c~ -c  is. 01' C O L I I ~ ~ .  i io \v;tte~. l c \ ~ c l  i t 1  :I I1;rsli bo i l e r  : :111cl t l ic  I i r i l i g  : i ~ i c I  

I 'cct l iny ;II-c rcgtl l: l lcd accol-d ing t o  the stcanl tenipci-; I t~i l -c a n d  ~ > r ~ : i ~ l l r c .  
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Several t i ic t l iods o f  cont t -o l  arc jso\\ihIe. t l ic cl ioicc dcl>ctiditi:r 1x1-scly o t i  the 
tyj>c ~ i '  bl t r l ier  i l l i d  :~( t r i I i i l r i c \ .  

I l i c  Scrpol lc t  car\ .  i n  the earl! lL)OO'\. l iat l  c l  \ ;~pot - i / i t ig  I ~ ~ t r t i c r  ( l i k e  a 1;11-yc 
l ' t i t i i ~ ~ \  o r  l i i  ancl nat~ t t -a l  ~ l r ~ t g l ~ t .  l i e  ;~ l lo \ \ ' cd  a n i d c  ~-;ttigc (31. 

l i i-e c,trtl)ul t o  he obl i r incd \ i m p l ~ .  17) r ug~r la t i i i y  t i l t  f ~ t c l  \t11>j>Iy. ,2 donlccy 
c n g i ~ ~ c  pulnpccl l2cd ati t i  I'LICI i t 1  ;l l i \et l  t o  L (1 I l )  :trrd t l ie  spccil ol' 
t l ic  clonkey \\.:IS t -cyul;~tct l  by i i o l ~ t i  t o  kccp t l ic  \ [cam pt-e\\ill-c r i g l ~ t .  le t t iny  t11c 
c t i i c r ~ r c  i t  i e l  1\10 t c t i ~ ~ c t ~ ; ~ t ~ t r i '  i t id ic i l tor  \\;IS I i t t cd .  \Vlicti ;tcI;~t%!itig 
al'tcr trcpnir.;. t l ~ c  ct)l-t-ccl sel l ing o f ' l l ~ e  17itti11) dc l ivcry r a t i o  \\:a\ f ound  h y  r ~ t n 1 1 i r i ~  
t l ic  lit-c ;I{ I'LIII O L I L P L I ~  ;~ t id  rcdi tc i t iy  t l ic  I'ccd j > i t t i i p  s t~-ol \c l l t i t i l  t11c *tc; i~i i  o ~ ~ t l c t  
p ipc  I ' rom t l ic  bo i le r  begall t o  glo\4. t l i cn  i t lcrcasing i! ayair1 ' a \ \cc b i t  '. 

l ~ l i i s  syr tem i\ clltite c o l i ~ c n i c n t  t o  d r i \ c  wit11 ; it., i i i ~ c l t ~ i t : y c  i \  t l ic  
\:tpot-i/i112 I>itrticr. t - c t l i ~ i t - i t~g  t o  be 1>rcl1c;1tccl \vi t l i  t i ie t1 iy l ;~tc~I  \pit-it o r  lhc~ttlcci 
g l s .  I>cfi)rc stcani can be I-xiscd. 

I n  at lol l let- e21rly sy\tcnl.  L l ~ c  l ' t t t ~ r ~ c r - b ? i e ~ s c .  t i le l i re \vets kept at ot lc  01' I\VO 

col l \ t ; ln t  o ~ t t l x ~ ( \  [LIII r ;~te 10r C O L I I ~ ~ I - ~  ;llid I i a l f  I-ate lot- to\v l i  ancl t l ic  steam 
OII~IILI~ was regulated solely hy  t l ~ c  amoLtnt 01' Ikcd ; idtn i t tcd.  l l l c  lkcd p i l n l p  
w;ls engine-t lr ivcn. w i t h  a l iancl-contl-ol lcd l>y-pass. arid thcrc  \\as cr Iratit l l kcd 
p u m p  h t -  s ta r l i ns  oil'. A f t c r  d c ~ c c n d i t i g  :I l o n g  h i l l .  \\lit11 full l i re oti i ~n t l  iio 
feed ; ~ t  a l l .  the boi lc l -  w o ~ t l c l  l)c recl hot, w l ~ i c l i  was r ig l i t  t o  gi\'c ;I srnat-t 
c l i rnh  u p  thc o t l i c r  side. 1:ortun:ltcly. the iro1i-\lc;1m react ion 11;td no t  I x c n  
i11\.c111eti i n  t l iose cl;tvs. 



A typ ica l  m o d e r n  p lant  has a II~CSSLI~C i ~ t o r n i z i l i g  burner,  a n  electr ic forced- 
d r a u g h t  b lower .  electr ic ign i t ion .  :( t e a m  donkey  p l l rnp de l iver ing feed and  
fucl. a n d  on -o l l ' con t ro l  o l ' t l ie  k c d  a t ld  l i rc, act l lated a ~ ~ l o m a t i c a l l y  b y  the stcani 
t c m p c r a t ( ~ r c  a n d  prcssu~.c. - 1 1 1 ~  Scccl cont l -o l  acts OII 21 so lenoid valve in the 
steam 1i11c to the  p ~ l l i i p  : I h c  l i re co t i t ro l  switcl lcs the h lo \ \ c r  m o t o r  o n  o r  oll: 
211 the  sal i lc t ime  ojicl-:ttin$ :I s o l c l ~ o i d  valve it1 the pscssu~-c f c ~ c l  l inc  t o  t l ie  
burner .  A n  air-lo;tdcd ;~ccun i l l la tor  loolcs actcl- t he  s l ~ l ~ p l y  o f  f ue l  w l ~ c l i  l l l c  
p u m p  is no t  r ~ ~ n n i r l g .  as \vlicn l i g l i l i ng  up ancl when t l ~ c  a l ~ t o n l a t i c s  de lnand 
l i l -c b u t  n o t  Iced. 

A par;Iflin spr-ay ft-0111 21 good a tomi re r  w i l l  l i g l ~ i  f l -om a 5pa1-king p l u g  even 
w l i c ~ i  cold,  so c~n-ol t 'cont l -o l  presents no di l l i cu l ty .  'Slle p l n g  is ;ll.t-angcd t o  be 
spark ing  a l l  the t i m e  t l l c  blc>\vcr i s  r l ~ l l l l i t l g .  

W i t h  such a n  outf i t .  steam can he ir;~iscd l i y  the t u r n  01. a swi tch  : ;rnd no 
at tent ion is required d u r i n y  r r ~ n n i n g .  

' I h e  b o i l c ~ -  i lcscr-ihcd tins acl!om;Itic t c ~ i i p c r a l u r c  arid pt-cssc~r-c c o t i t r o l  i n  
l i n e  w i t h  m o d e r n  practice. ;rlliccl t o  t lrc o u t l ~ i o d e d  system of  axle-drive11 f'ecd 
~ L I ~ I I ~ > S ,  :111d t o  a ca rhu rc t l o r  type h r ~ r t i e ~ - .  T l i e  k c d  pumps  li;~\,c solenoid con t ro l  
t l l a l  w o r k s  b y  l i f t i n g  l h c  suction \,alvcs. I ' l i e  c a r h r ~ r c t t o r  a l lows of il s impler  
systcm t h a n  n pressure alomircl.. in tha t  i t  ~-cclnil.ci no I-iiyh-prcssurc fue l  p u m p  
or solenoid fuel \#alvc. hut  i t  gi\:es VCI-y pool-  I'ucl-air m i x i ~ l g .  resulting i n  cxces- 
sivc f l ~ e l  consun ip t ion and  t l ie  i l lab i l i t y  t o  l ight  f r o m  i l i c  sp:~t-king p l i tg  on 
p a r a l l i n  w h e n  the c o m h i ~ s t i o ~ ~  ch;~rnhcr i s  co ld .  I\ s n i ~ r l l  supp ly  of' pe t ro l  is 
requ i red for l i g l l t i ng  1111. 

T l i e  n l l tomat ics.  i n  .;pile (11' s(3111c r;1111cr ho211\ enginecl-ing perpetrated by 
past exper-i~i le~itcl-s. a!-c pcrl'cclly re l i :~b lc .  A stra~iycl - .  k n o \ v i ~ i g  l ~ o t l i i n g  a h o r ~ t  
~ t e a r n .  can bc  pu t  in the C;IS. t o l i l  w l l i c l i  )7cd;ll i i  Sor go and  ~ l l i c l i  C o l -  stop, 
a n d  left  t o  dri\,c i t  i n  t l ic  co~ i I i ( l cncc tI1:lt l l l e  hclilcr w i l l  no t  let I i i n i  do\\,n 01- 

b l o w  i ~ i m  1113. T h e  rcl iahi l i t !  i\ such t l iat l lre s;iIL.!y \a l \ .c  orice l i t l cd  118s bccri 
r c~ i l o \ . cd .  a>  a n  I I I ~ : I I  c i  that  mcrc l y  intcr1i.1-cd w i l l l  pressure 
tchtiny. 

' I ~ l i e  a(~t~,m: l t ic \  :II-C connected. as s i i o \ \  11 ill 1-I(;. 4. ~o ri le \o icnc~i t ls  cr)1it1-i1llirlg 
the lil-c and t l i c  m a i n  rcctl pumps. caci i  o l  \ \h ic l1 i s  1)roilgllt i n t o  opcl-;Il ioli b y  
c i i i  I I 1 r i 1  i t  c i  c i r c ~ ~ i t .  l Iii, i s  thc f;lil-~;rl'c 
n ~ c r l i o d  0 1  col incct io l r  o h i ~ i o t ~ \ l y  s o  Iilr 11ic i i l-c i iack ill' cc l r l -cn~ ~ I I I S  t l ic Iil-e 
o u t ) :  I I I i ~ s l  so I l c I I S .  \!ill1 ;I Il;1\/1 hoi ler .  i t  t(ir11s CIU~ 

t o  hc \aCc~- t o  l ca \c  ulrciclnc t11c Sccciing t l la t  o11g11t 1 0  he ~ O I I C  t11:11i 10 (10 t l i c  
kcc i i n9  tll:11 ot1gI1t not  t i )  he doi lc .  I n  t l ic  l 'c j~-nic~- case, t l icrc i \  t l i c  ckce\s tcni-  
p c r ; ~ t ~ l r e  c11tbt111I t o  clc:~i \\ i t11 tile l i rc  : 01.. i l '  ~ILYIIII i s  k)cin: L ! \ c ~ \  :II :ill. the 
\ i r c \ h ~ ~ r c  \<,ill \ c ) i ) ~ i  c l is : lppc~r.  I11.c (11. n o  fi1.c i111c1 t l lct i  t l jcrc i \  ~ i o  c1;11igc1~ \ ~ I i c ~ - c : ~ s .  
i n  t l ic  I t t c ~  I I i s  I ~ I  01'  ~ C I I C I G I ~ ~ I I ~  c\cessi\,c I I  o r  01. 
I I I I I : I~~I  t i c  i i ~ i  l I C I I I - I .  SO t l ic  ~>r i l ic i l> lc i s  t o  11017 I i l c d i l ~ g  
w11c11 111 CIOLII>I 

Irecd 1)~11i117 co111r~11 c i rc l l i ls  ;~r r :~ i igcd ill ;~eeoreI ;~~~ec \\ it11 t l l i \  PI- i~ ic ip lc 
( ~ I I I - ~ I I ~  o n  t o  cut I-NII~~[, i n )  c o r i \ e n i c ~ ) l l \  i t l ~ c i n i c i \ c \  off  as 1I1c l > i ~ i l c r  
I I I I  ailcl i t  i. I I I I  11, li:~vi. a11 I hand  c (211d t o  
rcmcmhcl -  t o  (~se  i t )  t o  c n ~ i \ c r \ ~ :  t l lc  h : ~ I i ~ , i - >  \ \ l l cn  iI i11t down.  1-01- 011cc t l ~ e  lab\ 
01,  c l l ~ h c ~ f r l c \ s  11;1\ I l(31 <l~)cr; l fc<l.  

I'ress~~re Control 

'1.Iiis i s  ;I ~ ~ i r i ~ i g - l o ~ ~ c ~ c ~ l  c i i ~ l p l ~ r : l g ~ ~ i .  opci1i11g >I switc l i  \ v o ~ - k i ~ ~ :  s t c i l ~ i i  
~ x c ~ s u t - e  to c u l  o u t  t l ic lil-c and  Scetl l>urnl)> : t l ~ c y  co l i i c  ili :I~;III~ 0 1 1  :I S;111 of' 
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a b o u t  80 lh/scl in. When (11-iving o n  the lcvel a t  30 m.p.11. they will be in a n d  
o u t  a b o u t  foul- tinics a 11ii11~1tc. 

-1'11e reason for cuttin:r out  t l ~ c  Scetl pumps.  a s  well as the  tire, is illustrated by 
the progress of one of tlie early attclnpts to raise steani i n  this hoilcr. T h e  
electl-ic :i~lxilial-y f icd pllrnl, that was thcri fitted had been run fol. some time, 
ancl the  boilcl- \\.as thougllt to h;lve plenty of \\.;Iter in it : but  I-epeatcd appli-  
cations of the lire. Sol- sliort periods in [lie ci>ursc of a n  Iiour 01- so. produced 
no 11ressu1-c. I t  w i ~ s  t l le~i noticed t l i ; i t  tlic bc~ilcr- c i ~ s i ~ i g ,  outside tllc tubes sul-- 
I-ountiing the  combustion chanil>cr. \ \ a s  red Ilot. At that stage tile auxiliary 
Seed punip suddctily bccanic cll'cctivc : \ rater  cntci-cd tlie boiler for the  first 
time. a n d  700 l b  press~ll-c appea~-cc! it1 i111de1- ten scco i~ds .  T h e  main ensinc  
was  started. t o  takc the steam away. i111d it hI>Lln merrily fo r  a b o u t  twenty 
n i in i~ tc \  \\,it11 rio 1i1-c at all ailti tiic 17i:iin k c d  pc~r~i l>s  cutt ing in and  ou t  lirlclei. 
the a l ~ t o m n t i c  prcssurc contl-ol. thc pl-e\slrl-c ~rctiiaining >it 6 5 0  700 lb. wlricli 
w i ~ \  iit tll;it time the scttiiis on tlic ;~iilornatic. If the  Seed p u m p s  had nut been 
cut  out  hy tlie pressure coiilrol. th;it hoilcl- \vould Iln\,c hurst .  

'Tllat incident also slio\vcci that tllci-c i \  quite :I lot of thermal capacity in a 
1 1  i 1 c 1  ~ i i o r c  than i \  pencl-ally hi~pllocccl. O n e  is often asked \vhetIrcr a 
cnl- ~ i t h  s ~ ~ c l i  a boilcl- is c~~ii trollecl  hy ~-cy~llat in:r  t11c fire. t.atllcr than throttling 
11ic sLcarii : 1x11 this w o i ~ l d  1101 d o .  Sucli a mctliod \\as indeed practicable wit11 
the  Scl-pollct 5ystc111 prc\iou\ly dcscrihcd~--one coiild open the  thrott le wide 
iind ' clrivc o n  tlic donlicg ' hilt oiil? \\.hen scltlcct o n  a long 1.~111 \\'it11 a clcar 
roacl. l t i c  l i I t o  C I  o r  o c l i i y  i i i  A s  a n  illustration. 
tliis car oiicc 1-;i11 out  o f f ~ l c l  two niilcs 1'1-0111 11ome. I > L I ~  got hack before the  steam 
c i i c ~ e i  : so ~LII-l i ir iy the lil-c oll'is 11ot 21 \ c ry  clT~ctivc 1i1c;iiis (31' easing down.  

'l 'herrt~ostat 
T h e  sensing clcl~iunt 01' the t c ~ i ~ c ~ i i t ~ r c  c i )~i t rol  is illustr;itcd in F I G .  .i. It 

consists OS thrcc stccl Iiairllin t i ~ h c \  I in\ins tlieil- straight portions.  \vlricll :U-c 
a b o i ~ t  15 in. 1011;. bunchctl togct1ii.1- \\it11 a ft11-tlic1- \traigIit tilhc. ollen a t  o n e  
end and  closed a t  t l ~ c  otlrcl-. in tlic 'r.n~l-c of  the  hunch. '1-11c \\'hole hunch is 
\vcldcd together in a solicl iiiass. I<clati\.e expansion. hctwecn t l ~ e  central  tube  
and  ;I c l t ~ a r t ~  1-0ci inside i t .  ~ p c l - i i t c ~  (lie s\vitcI~. 

-1-he tlrrcc hairpin tuhcs c: i~-~-y rcsp i~-~ i \ , c ly  colcl feed. sleani 1>:u-tinlly super- 
hc;itctl. : ~ n d  stealn at its linal tcml>c~-at~ll-c : this al-I-ay o f  tubes  lies across the  
botlom o f  the cirmhtlstii~n ctiarnlrer, of ihc boi1c1-. and  is ~ I I L I S  also s ~ ~ h , j c c t  t o  



di rec t  heat ing r r o n ~  the fire. l - h c  rc:lsons f o r  th is I-atliel- complex arrangement 
arc  n o t  clear, and or lc \ v o ~ ~ l d  imc1gil1c that  at lcast t l l c  in tc rmcdia tc  steam 
clement c o ~ ~ l d  be lef t  o ~ i l .  

' l ' l ie tempcl-ature s\vitcli i s  earl-ied OII the open end o f  the centra l  tube, o ~ ~ t s i d e  
the boi lc l -  casing. I t s  f ~ l l i c t i o n s  arc. as temjx ra tu rc  irises, t o  cut  in l i rs t  one lccd 
pu lnp,  then the otllcl-. and  f in ;~ l ly  t o  cu t  o u t  the l i re.  T l i c  la t te r  S L I I I C ~ ~ U ~  s l ~ o ~ l l d  
lie( norma l l y  bc c;~llccl i n t o  p lay.  I t  i s  a n  cmcrgcncy p r o t c c t i o l ~  i n  c;isc of 
fnilul-c o f  t l ~ c  Tcctl p ~ ~ r i i p s t t o  deliver. loss o f  water \ v h c ~ ~  stat ionary, 01- ra is ing 
hteam \+it11 insui l icient \vatcl- i n  the boi ler. U n t i l  t l ie  m a i n  Seed pumps  wc~.c  
int luccd t o  w o r k  rcgul :~r ly ,  this excess tc t i~pcr ;~ lu l -e  cr~t-0111 11;1d to d o  i ts  s t ~ ~ l t '  
q ~ ~ i t c  often, a n d  proved i t s c l f ; ~  real ~ i c c ~ s s i l y .  No \v  tIi:~t the I)LIII~I)S arc reliable. 
it i\ cal led o n  m u c h  less Srccl~iclit ly. 11 sl iorl ld havc prevented t l ~ e  bo i l e r  
becoming I-ctl h o t  in the incident  described ~1trcie1- ' I't.cssure C o n t r o l  ' : h l ~ t  
at t ha t  stage i ts  propet- set t ins hod no t  been Eound. 

T l l c  temperature sett ing o f  the thcl-ti iostat ;IS n ~ l i o l c  i s  adjustahlc. ancl t l lc  
in terva l  hetwee11 t l ~ c  c u t t i ~ ~ y  i n  of the f irst a ~ i t l  second k c d  p u m p s  can h e  
adjusted i t idcpcndcnt ly.  I l i i s  intcr \ 'a l  ~rceds t o  he set S;~irly w i d e  5 0  dcgrccs t o  
100 degrees l : .~- to g ive stable te l i ipc l -a t~ l rc  cont ro l .  I f  the t w o  p ~ ~ m p s  al-c set 
t o o  close to each ot l ier  i n  t c ~ ~ - i p c r a t l ~ ~ - e ,  a b i t  oC a h u n t  w i l l  somctimcs set i n - ~  
for ;I per-iod o f s c v c ~ - a l  m inu te \  b o t h  pumps  w i l l  come ill \+ i l l 1  the l i re  each t imc  
t l ie  i.x-essurc swi tc l i  i s  11i:idc. t l ie i i  1.01. a l i k e  per iod 11citI1ci- \vi l l  co111e in.  

C a r  speed hers qu i te  a n  clfcct on the accLirncy of tcmpcraturc  contl-ol.  and  
swings o f  100 tlcgrees F. 01- so can  take pl;rcc undcl-  col i t l i t ions o f  vary ing 
speecl. T h i s  i s  b e c a ~ ~ s c  t l ic  fi-ctl ~IIIII~)S are ; ~ ~ l c - ( i ~ - i v e t i .  so t11211 t l ici l -  d c l i v c r \ ~  
rate val-ics \ \ i t h  t l ~ c  spccd. T o  get t l ic  r i g l ~ t  q i l i l ~ ~ t i t y  t)f ' l>cd i ~ l i d c r  :ill c ~ ~ ~ d i t i ~ l i s .  
3 COII~~:IIII-SPCC~ Seed l)1111ip \v0111d be ~ i i o l - c  s ~ ~ i t a h l c .  I l l i s  l r iay seem a p ;~radox 
u n t i l  i t  i s  r c ~ ~ i c r n h c r c d  i l la t  t l ic  k c t l  p ~ ~ r n p s  arc c111 i n  ancl O L I ~ .  s i m r ~ l t i ~ ~ i c o u s l y  
w i t h  t l ic  fi1.e. h y  the 171-CS~LII-C s \ \ . i tc I~,  a ~ i d  the l i re \vorli\ ;I( const;rrit I-ate ; o ~ i l y  
t l ic  l e r ~ g t l ~  o f  t imc  1'01- \ \h ie l l  i t  c i ~ t s  ill I le ing val-iahlc \ \ i t 1 1  the po\\ci-.  T o  matc l i  
i t .  1110 Scctl 1?~11ii11s 0~1g l i1  t o  \\.o1.1\ ;it ;I COI~S~;II I~ i ; ~ t c  too.  :1ii(1 LIlc L~I~I~)cI - ; I~LI~c 
c ~ ~ i t r o l  \\,oIIIcI o l i I > ~  li;,\,c t o  tr i l l1 tl1;11 1-:11c. i~ ih tc ;~ ( l  01' Ihcili: o t i  t l ic  l j;~ll a l l  t l ~ c  
t imc  cop iny  \\;it11 \v l iatc\cr  Ikcd ing I-ate I ~ a p p c ~ i s  111 bc c r ~ r ~ - c l i t .  1.11~ m o r e  
m o d c r ~ i  systcni o f  :I donkey-dr iven lkcd j>~11 i l11  II;IS :l11 ; I~~\~I I I~ ; I~c IICI-c. 

1.11~ a. t l c - t l~ - i \ . c~~  puml? systcm \ \ o i - l i ~  a l l  r i l t  i t \  \ l ig l i t  ( l i s :~( I \ 'a i i tay  bc ing  
that .  o \ \ i ng  t o  i l ~ c  t c m p c ~ - a l u ~ . c  >\sings that tahc place. O I I ~  dart no t  I - ~ l n  qu i te  
as close a.; o11c w o n l d  \rihl1 t o  t i ic  ~ n a i i m r l r n  t c n r l > u r a t ~ ~ ~ - c  dccmcd safe Sol- t l lc  
cti,sinc. so a hit o f  perSormalicc i h  loht. 

1-lie p c l - f o r n i a ~ ~ c c  o f  :I y i \ c n  cnyinc i h  most ~ i i i r c c l l y  l c ~ i t l c ~ ~ t  o n  S~C;I~II 

tcmpcraturc.  01111 the ri.;~tly ; ~ c l . j ~ ~ s r r n c ~ ~ l  o f  siipcrlieat i l l a t  ;I ilasli ho i lc r  :ilii)rds. 
gibe> a st l - ik ing d c l i ~ o n \ t ~ - ; l t i o n  o f  this. f l r c  enyinc i s  ;I tlill'crcnt ;111imal \ v i t l ~  
r t cam at X00 dcgrccs ;is opposcd t o  700 tlcgrccs. Being ;I piston \'alvc cngit ic. 
S c i c c c s  i s  i t  i ~ i .  T h e  poppct-\.al\,e en:i~~c.; l i t t cd  ill sonic cars w i l l  allo\*s 
t l ic  ~ i s c  01' stc;iln u p  t o  1.000 dc~ i -ecs .  

I l i c  boi lc l -  i s  l i t  L I ~  by s i t r ~ p l y  ~ \ v i t c I i i ~ r g  (111 t l ic  1.~1cl p1111ips (orcli11:11.y ;IIIIO- 
mo l l i l c  oncs) at i t l  i l i c  h lo~\ ,c~. .  I g ~ i i t i o l i  t :~ltc\ l?l:~cc \\ii11i11 t\vo o r  t l ~ r c c  \cec)~~cls. 
:it id the i i rc  sets 1113 i i \  cl~al- cler er is tic ticcl? ro;lr :I \ O L I I I ~  i lc\cl.ihcd hy i l i c  
neighhours as  bc ing  posi t ively evil. l i l te t l ~ c  p r c l t ~ ~ l c  i o  a l l  c a r t l i q ~ ~ a k e .  1 . 1 1 ~  
f l lc l  cock i s  then s\vitcl icd fro111 pe t ro l  t o  pal-af l i~ i .  \\'licr-e i t  remains u n t i l  the 
next  pro longed s l i~ l t -c lo\vn i s  foreseen. 0 1 i c e  tv;~rli i. the 1i1.c \vil l r c l i g l ~ t  O ~ I  

parat t in Troln the s p a r l t i ~ i ~  p l ~ ~ g  21s r c q r ~ i r c t l  by the a l l t o  cont ro l .  or  on l i gh t i ng  
1111 again aftcl- ;I c h ~ ~ ~ - d o \ v n  of 1113 t o  tlil-ce l iours.  



1;lash boi lers are qu ick  stc;ttn misers, bu t  the c la ims of one  m inu te  o r  so, 
111ntic fol- sornc types, cant lot  hc  c o ~ i l i r m e d .  7 ' l i is  bo i le r  can raise f11ll pressul-c 
i n  i h r c c  m i ~ ~ u l e s ,  when a l l  i s  go ing  well. h11l tlicl-e arc oSlc11 snags, a n d  i t  i s  21s 
we l l  l o  a l l o w  l c n  m i n u l c ~  h]- this o p c l - a t i o ~ ~ .  

'l'hc 11su:11 t roub le  i s  [ l ie w l -ong clrtatit i ly o f  watcl- i n  l h c  hoi lcr .  T h e  a l n o l l l ~ t  
t c m a i n i n g  ;lStc~- n shu t -down per iod i s  i11dc1c1-minate. L e a k y  v;~lves l c l  i t  o u t  
\ ~ I i i I c  I ~ I - C S S L I ~ C  r c ~ n i l i ~ l s  ; i t  cscII()cs c i l I 1~1-  :Is sLe:Illl p:ISl the 1 ~ 1 l ~ o t t ~ e .  o r  :IS 

\\:;~tcl- back pas1 the Seed check \'alves. ant i  lhcrc  i s  gc t~c l -a l ly  l i l t l c  lcl't a l l c r  a n  
I ~ O L I ~  01. s o .  On coo l i l l g  r i g l i l  d o w l ~ .  the ho i lc r  w i l l  sometimes suck i tsel f  I'ull 
o f  w a t c ~ -  :1gai11. 

If' i t  i s  ~ i c a r l y  fr111. 171-cssrtrc cl lmcs u p  vcl-y c l ~ ~ i c k l y .  perhaps ~ v i t l ~ i n  a ~ i i i n i l l e  
of t u r n i l l 2  the l i re on ; il i s  t l ~ c l i  neccssal-y l o  b l o w  slcarn 10 \hasic t o  kccp  
the ~ p r c s s i ~ ~ - c  down,  and l i c l ~ c c  the lil-c in. ~ t l i t i l  :L 17il OS I~ I~ I~c I -~ I~~I~c  21ppc:lr\. 
ar if one  t r ied  t o  dl- ivc of l 'di l-ccl ly. t l ~ c  slc;tm \ v o ~ ~ l d  dis;~ppe;tr ;I( ollce. 

Il. t h c ~ - c  i s  a shortngc O S  Mater i n  tlrc hoi lcr .  i t  i s  no t  so c ;~ry .  T h e  s y m p t o m \  
arc a 1;tck 01' 11rcssu1-c a l te r  t w o  n l i n l ~ t c s  (.)I- so l i ~ - i l l g  : t l lc  l i ~ l l t i t ~ g  of  I \vo  
i l ld ica tor  lamps. sllo\r.ing that  t i le  t l ~e rmos la t  i s  11-ying t o  cu t  in i l l c  lbcd p u m p r .  
v,liich. h c i n g  axle-dt.ivcn, arc not 1-unliing at th is stage ; and  f inal ly, the l i re  
c u l l i n g  o u l  o n  excess tcmpcratul~e.  wi l l1 [>erllaps otr ly  200 lh or steam-  not 
enough l o  n iovc  the car, nilli t l ic  c ~ i g i ~ i c  cold.  TIIC ~rcn~e t l y .  o f c o u r s c ,  i s  p u m p -  
ing : ;tt present th is  must he dol ie c i l h e ~ -  w i t h  a h:rncl ~ ~ u x i l i a l - y  k c d  p t l rnp 
o r  by  jac l i i ng  u p  ;I back \ \heel  a l i t l  I - L I I ~ I ~ ~ I I ~  l l ie  enginc, so a \  t o  hrilig t l i c  n i n i l i  
pr11nps i n t o  service. 1-he lattcl- ~ i i c t l ~ o d  i s  11-ouhlcsorne. bu t  carries t l ic  cornpen- 
sat ion tlr;~t t l i c  cnsine get5 ~ , ; ~ r ~ i i c d  L I ~ .  leadins t o  a bettel. eventual getaway. 
\Vi t l i  ~ i o  c lu tc l i  o r  gearbox. the ctlg!inc c;l l lnot bc \varmcd L I ~  w i t l rout  tnoc ing 
1 1 7 ~  M heels. 

A steal11 a~~.;i l i: i~-y l'c:cd p u n l p  i \  i o  be l i t tc t l .  \?/l ieli this i s  :rv;riluble. ]raising 
steam \ \ i l l  b c c o ~ l i c  a l i rcc i ic  and p~.cd ic l ;~b le  o p c r : ~ t i o ~ i .  

11ic t ime  i n k e n  t o  gc i  \ t ;~rtccl.  of ten t l~ t (~ t t :d  as :I tl is;~dv;~ntagc oI '5tc; lnl c ; ~ ~ - s .  
o n l y  ;11717lier to s t r i ~ i y  S r i  i:old. Al' lcl- \ I i i ~ t t i n y  do \ \ l l .  t l i c  cnginc  mai mains 
\\:II.II~ for sc \c r :~ l  IIOLII-5 ;III(~ htc;111i 1?rcssr1r? 1i1:t) r c ~ ~ i ; ~ i ~ i  ill i l i c  1x)iIcr {'or ;l11 I~OLII- 
o r  1i1orc. ;11icI cci171c\ L I ~  \ \ i l l ~ i ~ ~  :I 111:11ter o l ' s c c ~ ? ~ ~ c l s  \ \ , l ~ e ~ i  i l i c  I~ I - c  i s  I L I~ I I~C~ 011. 

,\H(:I- n I lal t  o l  l i ; ~ l S ; ~ n  I i i ) ~ i r  o r  Ic\\ .  o l lc  can d~-i\ ;c o f i ' i l ~ \ t a n t l y  hy s i n ~ p l y  prcrsiii:; 
t l i c  accclcrator, and  s\ \ i tc l l  t l ic  firc c111 \ \ l ien  ~ i n d e i -  M;O~ \vl i i lc tile 1 . C ~ ~ .  cli-ivcr i s  
\ t i l l  goi11y t l i r o ~ ~ g l i  t l ic  r i t ~ ~ a l  t i t .  i g ~ i i t i o ~ i  s \ \ i i c l ~ .  c1cct1.i~ ~t: ir- Ie~-. c l r~ tc l i .  : t ~ i c l  gc:~r 
I c \ e r  ancl. evcn i n  tlicse m o d c r l i  times. i i i ; ~ k i i i g  n noise. 

Shntting Down 
At hr ic l ' I in l l \ .  i t  i s  i i i i l y  IICC~~S;II-!. t o  s\vitc:li i7fl 'Ihc l>lc)\$c~-. 11 i \  not  n i cc l i ;~~ r i -  

cal ly  ncccshur) e\.cn t o  c I h111 I c a \ i i i g  a cal- L I I ~ I ~ I I ~ I I .  i t  t l ic  l i t - C  
c c ~ ~ l i i i g  i n  ; ~ u ~ c ~ m : ~ t i c a l l y  I'cil- n SW sccc~lids c ic l -y  t \ + o  n i i n i ~ t c s  or so i o  keep ihe  
171-~SSLI I -C 1117. i, p r c \ r ~ ~ i l ; ~ h l )  ;III ~~ILI~\ ' ; I ICIII  oll'crice i o  l c : ~ v i ~ i g  :I petrol  C;II. \\it11 
t l lc  el igine I - L I I I I I ~ ~ ~ ~ .  

\Vl1cti :I IIZIII o f \ o ~ ~ i c  IIOLII-S ih I~OI-C\CCI~. t l ic ~ r o r ~ t i n c  is t o  c I ~ : i t ~ g ~ ,  ~ I \ C I -  I ~ I  pci1.01 
i n  p ~ - c p a ~ - ; ~ t i o n  l'or t l ie  t ~ c x t  btart. and ;I l i t t le  1:rtcr. \ v l r c~ i  about  a m i l e  f l - o ~ n  home. 
\\r ' i tcl i  i l i c  1i1-c clfr. S tc i rn  prc\\r!l-c :tnd tzmpcl-alrlt-c so011 1111. a n d  1112 t I l c ~ - ~ l i o ~ i ; ~ t  
11.ics t o  c l i t  o u t  the feed p u m p \  A n  o v c r ~ - i c l i ~ i ~  hand  s \ i i t c l i  ; i lIo\\\ one l-ced 
~L I I~ I \ >  t o  he kept  o t i  : t l i i s  hlo\\s 1!1c l';rIl i n  l > ~ - c ~ s ~ ~ r c .  ;II 11ic c ~ p c r r \ c  <?l' t c t ~ ~ p c ~ - ; t -  
~III-c. A f i e r  :I ~ i i i l c  01. so. s1c:111i ir ~Io\\II 111 200 117 \ a t ~ ~ r : ~ l ~ c l .  \ v I l i c l~  (\\it11 t l ie  
engi l lc I l o t )  i s  c n o r ~ g l l  f o r  13al-killg Iliaciccu\.rcs : ;tnd tlicl-c i s  a good  cl lance of 
c n o u ~ . l ~  \Y;I~CI- being l e l i  ill t l ic  hcri1i.r f o r  t11c ~ i c x t  stal-1. 

M ' l i cn  i l i c  steam a l ~ x i l i a r y  fcctl pu l i l l>  i s  l i i tc t l .  i t  \\.ill 17c Ie l I  jogging :IS i l l c  
lhoilcr cools t lowt i .   lid tl?c w a l c r  \\.ill ;rI\vays I>c t l icrc \vhcn i t  i \  rcclrtirctl. 



Maintenance 
'1-hcl-c i s  131-aclically n o  I - o ~ ~ t i n c  maintcnancc.  W i t h  ~:II-ri l l in lil-ins. n o  cutcr l la l  

clc; ini i ig i s  I -cc l~~ i rc t l  ;ind. ;is p rev io~ ls l y  rncntionccl. intcrliztl c leaning i s  l i o th  
s r ~ p e r l l i ~ o ~ i s  a n d  impossible. S t r i pp ing  clown. 1113 t o  ;I po in l .  i s  q ~ i i l c  si t i iplc : 
the t l r a l f  o f  i l i c  ho i lc r ,  con ta i l l i ng  the c o r n b ~ ~ ~ t i o l i  ch:~mbcr.  supet-licatc:~-. 
a t i d  i l icrn iostat .  l i l ' ts  oil' ; i t  wciglrs abou t  100 lb. T h e  m a i n  b u n k  o f  spiral 
coi ls  t l ic t l  l i f t s  O L I ~  o l '  t l ie b o t t o m  h a l f  caying : i t  wcis l is  abou l  160 lb .  1:1irtl;cr 
d i s l i ra~~ t l i n j :  i s  a hacksaw a n d  weld ing job. 

O n c  ho i l c r  (1113c f'irilurc has hecn expcricnced. I 'o l lowing on t l l c  ear ly I - ~ ~ n n i t r g  
w i t l r ~ l l t  t l i c  ; l ~ i t o ~ l i a i i c s  o r  t l ic feed p~1i i i l3s ill p ~ - o p c r  order.  r l l c  I~I~~LII-C t o o k  
the I 'oI - I~ of  a h ~ ~ l g e .  \\.it11 cracks. ill the t o p  co i l  o f  t l ic  m a i n  tube hank ,  a t id  t l ic  
sy tnp loms wet-e a l i i ~ s  tha t  c o u l d  he 11cal-d \vl icl i  d l - iv ing slo\\ ' ly. and  va!>oilr 
a p l > c ; l ~ - i ~ ~ s  r o u ~ i d  t l i c  bonnet w l i cn  5tntional-y. As the t o p  c o i l  as  a w l lo le  l ookcd  
a b i t  o lc l - f ;~~ l i ioncd.  i t  was I-ene\\:cd. 'I-his n ic rc ly  entai led w i l i d i l i g  :I lie\\. co i l  
il i i i i ~ : i i i t t ~ ~ - c  hiliglc-st:irt s ~ i ~ - ; \ l  ev i ip~r ; i io l -  c o i l  ill l i i i l d  steel- and  \\clcling i t  o l i .  
Not b y  a n y  mc:lliy n d i l l i cu l (  j o b  : and ( l int  \\<a\ the higgcst rcpai i-  1 il;:rt 
c o u l d  occur  \\'it11 tlii.; type o f  k~o i le r .  

E\cn :I comple te  tubc  Si-acturc cou ld  no t  I iavc serious COII\~IIIICIICCS. ~I ICI-C 
i\ c ~ i i l y  ;I sma l l  i l l t a ~ i t i ( y  o l ' s tcam t o  be I-clcitscd. a n d  rnoht o f  i t  \ \ o ~ ~ l d  I~;I\,C 1 0  
come a v c r y l ~ o n c  \ \ay  ( c )  gct t o  t l ic  f~-;ictul-e; so t i le  fcl-oci ly o f t l i e  h l o \ \  \ \ t ru l t l  
he rc t i i~ccc l  considerably and not l r ins  \20111d be hal-mcd c>uthidc 11ic boilcl- 
casinjr. T h a t  i s  \vl iy t l i c rc  i, n o  com!3~1lsoi-y insurance \vit l i  t h i \  ty l -~c o f  boilel-. 

Conclusion 
1.0 sun1 ~111. ; I  11;1\I1 ho i lc r  i s  a I-cniai-kably co~iip:rct.  sal;. I c I - L I ~  

IncnlrL 01' ~ p l - o d t ~ c i n s  \team. I t  m:i!,cs certain dei i ini lds on i t s  a i l \ i l i a~ - i cs  a n d  
cont l - t~ l \ .  and speedily rcllccts any tcmpcsamcnt o i l  t l i c i~ .  pai-t : h i l t  i f  171-opci-ly 
\c l - \c i l  i>! tlicsc tliili:\. i t  \ \ i l l  pi-oduce steam t o  n~-clci-. at airy ; .co~oniiblc 
I ~ ~ ~ X : I . : I ~ L I I - C  and  p rc \h~ l r c .  \ v i t l i o ~ ~ t  ~ i i i i c l i  dcla! ant i  \ v i t I i o i ~ t  r c c [ t l i ~ - i ~ i ~  :I 101 o f  
the jp:~r~a~>l icr~r : i l ia  that  s t ~ ~ - r o n l l d \  n rrornial hoi lci-.  
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