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Power Plant Pri mer

STEAM
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G E I V E R A T O R

M A G N E T

T U R E I N E

FIR E

A s team powe : ' p l an t  i s  a  means  f o r  conven ing  t he  po ten t i a l

chemica l  ene! ' cy  o f  fue f  in ro  e lec t r i ca l  energy .  In  i t s  s im-
p les t  f o r rn  i t  c cns i s t s  o f  a  bo i l e r  and  a  t u rb ine  d r i v i ng  an
electr ic  aene! 'a ic i ' .

The bo i le r  i s  a  c jev ice  fo r  tu rn ing  water  in to  s team.  The

s team je t  i ssu ing  f rom the  spout  sp ins  the  fan  ( tu rb ine)  and

a lso  the  genera io r .  In  the  ske tch  the  very  s imp les t  k ind  o f

bo i l e r  and  t u r c i ne  a re  shown .  The  bo i l e r  i s  a  t ea  ken le ,  and
the  tu : 'b ine  is  no th ing  more  than a  l in le  w indmi l l .  Ac tua l
tu rb ines  are  rnore  compl ica ted  bu t  the  pr inc ip le  i s  the  same.

energy by rn eans of  the type of  p lants we hac about  60
years  ago,  we wou ld  have needed th ree  t i rnes  :he  coa l ,  o r
over  1 .34  b i l l i on  tons .  Coaf  - f i red  p lan ts  supp l ied  46 .4o /o  o f
to ta l  e lec i r i c i t y  p roduc t ion  by  e lec t r i c  u t i f i t y  ccmpan ies
in 1977.  Oi l - f i red p lants suppl ied 16.8o/o,  gas- f i red 14.4o/o,
nuc fear  11-8%,  hydro  10 .4o /o ,  and a l l  o ther  0 .2%.

The reason for  the great  decrease in the consurnpt ion of
coa l  l ies  in  the  graduaf  improvement  o f  our  power  sys tems,
both wi th respect  to the indiv idual  p ieces of  equ ioment and
in the system as a whole.  Just  how do we go about  improv-
ing the sysrem shown in the sketch?

Boiler components
Looking at  i t  again,  i t  is  obvious that  i t  can be broken
down into several  d iv is ions.  F i rs t ,  there is  the f i re under
the bo i ler .  This invof  ves not  only the fuei  i tse l f  but  a lso
the  method o f  p lac ing  the  fue l  under  the  bo i le r  and the
arrangement for  burning i t  proper ly .

So le t  us  ex iend the  d iagram to  look  l i ke  th is :

Here,  w€ see a bef  t  conveyor t ransponing ccaf  to the
furnace where i t  is  burned on a ravel ing grate stoker.  Ai r
for  combust ion is  suppi ied by a bel lows.

Remernber,  when you burn coal  you are reaf ly  promot ing

a chemical reactioo-E chain reaction. When coal is heated
to a high enough temperature in the presence of air,  the
carbon in the coal combines with the oxygen of the air to
form ei ther  carbon diox ide (COz )  or  carbon monoxide
(CO). These, of course, are both gases. Which gas is formed
depends upon the guanti ty of oxygen present. The CO
means that the coal is onf y part ia f  f  y bu rned, indeed, the
CO can be combined with more oxygen to forrn CC2.

In burning coal  we do not  want  CO because that  means the
coal  is  onf  y  par t ia l ly  burned:  there is  s t i f  l  energy lef t  in  the
gas, energy that we can recover i f  we can burn i t  to CO2.
I t  is  desi rable,  in  the operat ion of  our  boi ler  furnaces,
always to get as much COZ as we can because in that way
we get  a l l  the heat  out  of  the fuel .

We can obta in the COz by supply ing more a i r  to the fuef
as  i t  i s  burn ing .  But  we do  no t  want  to  supp ly  too  much a i r ,
because i ' f  we do we wi l l  be supply ing more oxygen than
is actual ly  needed to combine wi th the carbon,  and th is
excess oxygen wi l l  p lay no part  in  the combust ion process.
Not  on ly  wi l l  i t  p lay no part  but  i t  wi l l  actual ly  detract
from the eff iciency by absorbing heat that otherwise could
be used to heat  the water  in  the boi ler .  In acrrra l  pract ice i t
i s  no t  poss ib le  to  supp ly  exac t ly  the  requ i red  amount  o f  a i r ,
so somewhat more than enough is  suppl ied.  This is  com-

A word about  :he generator  shown in the sketch.  To most
people the prccess of  generat ing e lectr ic i ty  is  very rnyste-
r ious,  yet  the aciual  process is  easy to understand.  As

shown, the gene! 'ator  consists of  a l i t t f  e  bar  magnet  soinning
ins ide  a  s ta t ionary  co i l  o f  w i re .  Th is  may seem an absurd ly
s i rnple af fa i r ,  yet  that  is  exact ly  what  a real  generator

consists of -a nnagnet  rotat ing ins ide of  a coi l  o f  wire.  As
the  magnet ic  ; ie id  i ssu  ing  f  rom the  ends  o f  the  magnet
moves across :he tu rns of  wire in the stat ionary coi l  an
electr ic  curreni  is  set  up in the wire.  By winding a large
num ber of  tu rns of  wire into a r ing or  dough nut ,  the
current  set  up in each turn is  added to the current  set  up
in the other  iurns of  wire,  and so a much more powerfu l

current  is  prociuced.

This is  a l l  you need to know about  an e lectr ic  generator
now- just  th ink of  i t  as a rapid ly  rotar ing magnet  ins ide of
a  co i l  o f  w i re l th is  p roduces  an  e lec t r i c  cur ren t  in  the  w i re .
La ter  we w i l l  e labora te  on  th is  s imp le  descr ip t ion .

You may wonder,  i f  a  power p lant  is  basicaf fy  as s imple as
th is ,  why  we bu i ld  the  complex  p lan ts  we see descr ibed in
P O W E R  E N G I N E E R I N G  M a g a z i n e ?  T h e  a n s w e r  i s  q u i t e
s imple:  the p lant  shown in the sketch is  not  very ef f ic ient-
indeed i ts eff iciency is close to zero-and since we want to
get  as much power as possib le out  of  a g iven quant i ty  of  fuef
i t  is  necessary io rnake our p lants as ef f ic ient  as possib le.

Unt i l  the  ear ly  1920s ,  the  e lec t r i c  pows: '  p lan ts  o f  the
nat ion  used over  3  pounds o f  good coa l  to  p roduce a
ki f  owat thour o f  e lectr ic i ty .  Today,  the nat ional  average
is  f  ess  than I  pcund o f  coa l  per  k i lowanhour .  ln  o ther
words ,  p lan ts  cu  i l t  d t  tha t  t ime used th ree  t imes as  much
coaf  to  p roduce a  k i lowaf thour  as  we use today .  ln  1977 ,
the  e lec t r i c  u t i l i r ies  o f  th  i s  count ry  p roduced over  985
b i l l i on  k i lowanhours  by  means o f  coa l - f i red  p lan ts .  Th is
requ i red  the  curn ing  o f  447.2  mi l l ion  tons  o f  coa l .  l f ,
however,  we haC had to produce th is  amount of  e lectr ica l
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rnonf y referrec io es excass a/r.

So ,  i n  t he  p rocess  o f  combus t i on ,  we  a re  dea l i ng  w i : h  chem-

i s t r y .  l t  i nvc  i ves  a  know ledge  o f  t he  comPos i t i on  o f  t he

coa l ,  i t s  phys i ca l  con i i t i on ,  i t s  behav io r  unde r  va r i ous  con -

d i t i ons  o f  I enpe ra tu re ,  mo i s tu re ,  e t c .  Ac rua i l y ,  i he  com '

bus t ion  o f  cca l  i s  a  very  corno lex  process  reou i r ing  a  good

know ledge  c ;  l c t h  phys i cs  and  chemis t r y .  I n  a  l a rge  p lan t

i t  i nvo l ves  a  nna  j o r  p rob lem i n  ma te r i a l s  hand l i ng - fue l ,

ashes ,  a i r  and  f  l ue  gas .  R  emember ,  t o  bu rn  cOa l ,  you  have

to  supp ly  about  11  pounds o f  d ry  a i r  fo r  eac i r  pound o f

dry  coa l  used.  3ecause o f  w ic je ly  vary ing  coa l  cornpos i t ions ,

and a l low ing  fo r  excess  a i r  and mois tu re ,  the  ac iua l  amount

requ i red  is  usua l lv  somewhat  more  than th is .

So fa r ,  we heve mere ly  ment ioned ashes  and f lue  gas .  These

have to  be  re rnoved cont inuous ly .  ln  the  c iays  o f  hand

f i r ing  the  remova l  o f  ash  was s imp le ,  though labor ious .  The

f i reman mereiy raked the ash out  of  the ashpi t  anci  carr ied

i t  away in w,heelbarrows.  Tocjay,  in  large p lants,  the re-

moval  of  ash is  a compl icared process regu i r ing rather

e labora te  equ ipment .  So,  we must  add ash remova l  egu ip '

ment  to our  c i iag: 'am ,  a lso a chim ney for  the rennoval  of

f l ue  gas .

Funhermore ,  the  process  o f  combust ion  is  s i imu la ted  by

heat ;  indee i ,  the  process  w i l f  no t  s ta r t  un t i l  the  fue l  i s

b rough t  t o :ne  k i nd l i ng  t empera tu re .  Eve ry th i ng  mus t  be

dOne,  there fore ,  to  ma in ta in  a  h igh  tempera ture  in  the

furnace.  Th  is  makes i t  c jes i rab le  to  heat  the  a i r  io r  com'

bus t ion  be fc : 'e  i r  i s  de l i vered  to  the  fu rnace.  Th is  a ids

combust ion  and increases  the  e f  f i c iency .

With these facts in m ind,  le t  us redraw our d iagram to in '

cc rpora te  thesa improvemen$.  Th is  way:

t h e  b e l l o w s  w i l l  b e  b l o w i n g  w a r r n  a i r

i n  t h e  s k e t c h .

i n t o  t he  f i r e  as  shown
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A l f  t h i s  p robab l y  seems  absu rd l y  s imp le ,  anc  i t  i s .  The

reason fo r  exp la in ing  i t  in  th  i s  way ,  howsver  ,  i s  io  show,

by  means  o f  t he  s imp les t  k i nd  o f  equ iomen t ,  how  eng inee rs
go about  improv ing  the  e f f i c iency  o f  any  sys tenn.  S tep  by

s tep ,  add ing  someth ing  here ,  sav ing  somelh ing  there ,

es tab l i sh ing  c l ose r  supe rv i s i on  ove r  eve ry th i ng  g radua l l y

improves  the  e f fec t i veness  and the  e f f i c iency  o f  a lmost  any

k ind  o f  svs iem.  These are  the  k inds  o f  th ings  eng ineers  a re

concerned w i th .  Near ly  a l l  o f  them are  rnore  or  less  com-
p lex  and reou i re  a  g rea t  dea l  o f  spec i f  i c  as  we l i  as  genera l

knowlec jge .  In  the  example  jus t  c jescr ibed,  fo r  example ,
just  how much sur face should ihe heater  in  the stack have

to  heat  the  a i r  to  a  cena in  te rnpera ture?  How not  shou ld

the  a i r  be  io r  bes t  combust ion ,  how much a i r  shou ld  be

supp l i ed ,  how  much  power  w i l l  i t  t ake  t o  run :he  be l l ows ,
what  haooens to  the  f lue  gases  i f  too  much heat  i s  ex '

t racted f  rom the gases,  what  happens to the s lack? None

of  these is  a  ioo l i sh  ques t ion .

Cons ider  the  las t  ques t ion ,  fo r  example ,  tha t  o f  coo l ing  the

f lue  gases  too  much.  What  happens? Wel l ,  there  is  a lways  a

cena in  amount  a f  water  vapor  in  the  f  lue  gases ;  f  rom the

a i r  and f rom the  hydrogen in  the  
' fue l .  As  the  tempera ture

of  the gases is  lowered,  there comes a t ime when the

satu rat ion point  is  reached and the moisture condenses .  l f  ,
a t  the  same t ime,  there  happens to  be  any  su f fu r  in  the  gas
(and there  usua l ly  i s ) ,  su l fu r ic  ac id  w i l l  be  fo rmed,  resu l t ing

in  the  spread o f  a  th in  bu t  ex t re rne ly  cor ros ive  layer  o f
l iqu iC on  the  ins ide  sur faces  o f  the  f lues .

Th is  s ing le  example ,  then,  shows what  the  eng ineer  runs

into when he begins to ref ine the s impfe system we began
wi th .  He may add someth ing  to  improve i t  bu t  hp  may f ind

tha t  the  imgrovement  i s  no t  an  unmixed b less ing ;  i t  may

a lso  have de le te r ious  e f fec ts .  These he  must  guarc i  aga ins t .

But  le t 's  get  on wi th our  power system. The tea ket t fe

represent ing  the  bo i le r  i s  no t  a  very  e f f i c ien t  genera tor  o f

s team.  Le t ' s  see  i f  we cannot  des ign  a  be t te r  one.  Look  a t

the  ske tch  on  the  nex t  page.  Here  we have a  bo i le r  cons is t -

ing of  two steel  drums connected by a number of  s teel

tubes,  and arranged in a furnace so that  the hot  gases have

to  pass  th rough the  bank  o f  tubes  on  the i r  way  to  the  s tack .

The tota l  sur face of  the tubes is  large,  f f iEking i t  possib le to

absorb a great  deal  of  heat .  The steam bubbles formed in

the  tubes  r i se  to  the  upper  d rurn  (ca l led  the  s ieam drum)
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As you see,  i t  i s  becoming more  compl ica ted .  Now,  we have

a ch imney or  s tack  to  remove the  gas  o f  combust ion  and

a heater  to heat  the a i r  f rom the bel lows before i t  is  b lown

in to  the  fu rnace.  A lso ,  w€ have pu t  in  an  ash  conveyor .

Now,  i f  you  e re  o f  an  ana l y t i ca l  r n i nd ,  you  w i l l  see  t ha t  i t

takes addi t ional  heat  to heat  the a i r .  We have shown a

cand le .  S ince  cand fes  cos t  money ,  i t  i s  obv ious  t ha t  we  a re

nOt  go ing  tO save muCh money tha t  way .  Why can ' t  we use

sorne o f  the  ne  a t  f  rom the  f  i re  under  the  bo i le r  i t se l f  to  heat

the  a i r?  Maybe tha t  wou ld  be  cheaper  than buy ing  cand les?

Wel f  ,  i t  i s  ,  and moreover ,  there  is  heat  go ing  to  waste  up  the
stack.  You know f rom exger ience that  i f  you hold your
hand above a  tea  ker t le  on  a  s tove  tha t  there  is  a  f  o t  o f  heat
be ing  wastec  -  So,  le t  us  pu i  a  heat ing  co i l  in  the  s tack  so
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