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©  A  process  and  system  for  protection  against  freezing  of  large  air-cooled  steam  condensers. 

©  According  to  the  invention,  the  heat  exchange 
surface  of  exchanger  tube  bundles  (14)  of  a  con- 
denser  is  partially  or  totally  insulated,  preventing 
heat  exchange  with  external  air.  In  case  of  partial 
insulation,  the  part  of  the  tubes  nearest  to  the  steam 
header  (12)  is  insulated.  The  insulation  is  provided 
by  means  of  rotary  fins  (32)  which  can  be  tightly 
sealed  or  by  means  of  removable  panels  (132),  or 
flexible  screens  (232),  or  with  combined  systems. 
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A  PROCESS  AND  SYSTEM  FOR  PROTECTION  AGAINST  FREEZING  OF  LARGE  AIR-COOLED  STEAM 
CONDENSERS 

The  present  invention  refers  to  the  field  of 
large  air-cooled  steam  condensers,  as  those  pro- 
vided,  for  example,  in  power  plants.  These  gen- 
erally  comprise  one  or  more  bundles  of  exchanger 
tubes,  usually  finned,  which  branch  off  from  a 
steam  header  and  are  arranged  in  various  ways,  for 
example  vertically  or  horizontally  or  like  "a  roof" 
(like  an  A)  in  a  lateral  view,  each  bundle  ending,  at 
its  end  opposite  to  the  steam  header,  in  a  conden- 
sate  header.  The  condenser  is  usually  sized  on  the 
basis  of  the  maximum  steam  flow  rate  and  for 
functioning  with  summer  air,  usually  according  to 
the  equation: 
Q  =  AxAT  x  K 
wherein 
Q  is  the  heat  per  hour  to  be  exchanged,  Kcal/h 
A  is  the  exchange  surface  sq  m 
AT  is  the  thermal  head  or  temperature  differential 
(or  the  average  logarithmic  temperature)  between 
the  steam  and  the  environment  air 
K  is  the  total  heat  exchange  coefficient,  the  most 
important  variable  of  which  is  the  air  speed. 

During  winter,  the  condenser  works  in  un- 
favourable  conditions,  both  because  it  has  a  re- 
duced  steam  capacity,  part  of  the  steam  being 
directed  to  other  uses,  and  because  of  the  severity 
of  the  external  conditions. 

Such  large  condensers  are  therefore  frequently 
damaged  on  the  inside  because  the  condensate 
water  freezes.  These  serious  damages  deriving 
from  freezing  are  due  to  the  low  temperature  of  the 
winter  environment  air,  to  cold  winds  and  to  an 
inadequate  designing  of  the  condenser,  which  can 
determine  the  formation  of  pockets  in  which  part  of 
the  condensate  is  held,  which  is  therefore  exposed 
to  freezing  to  a  larger  extent. 

The  protection  of  the  condenser  from  freezing 
therefore  is  a  problem  which  at  present  is  widely 
studied. 

In  order  to  remove  the  disadvantage  mentioned 
above  one  or  more  of  the  solutions  listed  below  are 
presently  provided: 

a)  The  insides  of  the  tube  bundles  are  de- 
signed  and  the  heads  are  made  in  such  a  way  to 
try  to  avoid  the  stagnation  of  steam  between  the 
rows  of  tubes  or  between  the  tube  bundles;  such 
stagnation  entraps  incondensable  matter  which  is 
inevitably  present  (USA  patents  No.  3968836  and 
No.  4129180). 

b)  Variable  speed  or  multi-speed  ventilators 
are  used  to  control  the  speed  of  cooling  air  through 
the  bundles  of  the  finned  exchanger  tubes  accord- 
ing  to  the  temperature  of  the  air  itself. 

c)  Mechanical  blinds  or  shutters  are  used 
which  are  installed  above  the  tube  bundles  to  con- 
trol  the  air  flow  rate  in  relation  to  the  temperature 
requirements  of  the  steam  condenser.  All  the  bars 

5  or  plates  of  these  blinds  are  connected  to  a  single 
control  lever,  so  that  they  move  together  to  reduce 
the  air  flow  rate  through  the  total  width  and  the  total 
length  of  the  bundle. 

d)  Insulating  valves  (of  the  throttle  type)  are 
w  used,  which  are  mounted  on  the  header  which  feed 

steam  to  the  bundles,  in  order  to  exclude  25%, 
50%,  etc.  of  the  tubes  of  the  steam  condenser, 
thus  concentrating  all  the  steam  to  be  condensed 
in  a  reduced  number  of  tubes  of  the  condenser 

75  itself. 
e)  Windscreen  walls  are  used  which  are 

raised  along  the  periphery  of  the  steam  condenser, 
having  the  aim  of  reducing  the  effect  of  the  impact 
of  the  wind  which  influences,  in  a  considerable 

20  way,  the  heat  exchange  from  the  bundles  to  the  air. 
f)  Windscreen  skirts  are  used  extended 

downwards  with  respect  to  the  bundles,  which  form 
a  screen  against  the  disturbing  effect  of  the  wind  to 
the  recycled  hot  air. 

25  g)  Hot  air  recycling  chambers  and  cold  air 
mixing  ducts  are  used,  with  mechanical  blinds 
which  control  the  relative  flows(UK-A-2  086  559, 
DE-A-1  936  137). 

h)  Preheaters  for  the  cold  environment  air 
30  are  used  which  are  fed  with  steam  having  a  higher 

thermal  content  or  with  electric  preheaters. 

All  these  sytems  however  have  a  high  operat- 
ing  cost  and  furthermore  are  unreliable,  in  as  much 

35  as  they  don't  always  obtain  the  hoped  results.  In 
particular,  they  are  not  able  to  completely  eliminate 
the  stagnation  of  steam  within  the  tube  bundles 
and  the  steam  trapped  therefore  remains  exposed 
to  freezing,  with  dangerous  damages  both  to  the 

40  exchanger  tubes  and  to  the  heads. 
The  system  d)  which  is  provided  with  big 

valves  is  rarely  used  both  because  it  is  expensive 
and  because  it  has  big  upkeep  problems  and 
therefore  high  costs.  There  are  also  disadvantages 

45  of  operation  caused  by  the  freezing  of  the  valve 
heads  and  by  leakage  at  their  seats. 

The  blind  control  systems  c),  although  they 
drastically  reduce  the  heat  exchange  capacity  of  a 
condenser,  they  nevertheless  produce  the  following 

so  disadvantages:  even  when  the  blinds  are  almost 
completely  closed,  the  cold  winter  air  continues  to 
pass  through  the  heat  exchange  .bundle  and  laps 
the  entire  length  of  the  tubes,  This  means  that, 
under  certain  thermal  conditions,  the  steam  can  be 
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completely  condensed,  for  example,  in  the  first  half 
of  the  tubes.  The  so  formed  condensed  steam  runs 
along  the  second  half  of  the  tubes,  which  is  lapped 
by  cold  air  and  therefore  can  freeze.  Furthermore  a 
good  control  of  air  speed  would  impose,  especially 
in  winter,  very  low  air  speeds,  while  the  cold  wind 
reaches  the  condenser  at  much  higher  speeds, 
Gusts  of  wind  from  15  to  80  km/h  are  not  rare.  The 
final  result  is  that  the  wind,  reaching  with  this 
speed  the  thermal  exchange  surfaces  of  the  bun- 
dles  of  the  condenser,  cause  effects  about  100 
times  superior  (for  example  80  km/h)  to  those 
which  would  be  desirable  to  obtain  by  controlling 
the  speed  of  the  air  moved  by  the  ventilators  (for 
example  0,9  km/h). 

Let's  examine  the  example  of  a  steam  turbine 
which  discharges  at  a  pressure  of  0,2  ata  (i.e. 
under  vacuum  state)  corresponding  to  a  steam 
temperature  of  60  'C.  Supposing  that  the  environ- 
ment  air  design  temperature  is  30  'C,  the  thermal 
head  AT  (or  the  average  logarithmic  temperature) 
will  be  proportional  to  60-30  =  30°  C. 

Let's  assume  that  the  system  is  installed  in  a 
place  having  the  minimum  winter  temperature 
equal  to  -30°  C.  At  said  winter  extreme  temperature 
the  thermal  head  is  proportional  to  60-(-30)  = 
90°  C;  this  means  that  the  condenser  surface  which 
is  designed  for  the  least  favourable  air  condition  (in 
summer)  exceeds,  in  winter,  of  90/30,  i.e.  of  300%. 
It  appears  that  the  means  used  at  present,  which 
are  directed  only  to  the  control  of  the  air  flow  rate 
by  means  of  one  of  the  systems  mentioned  at 
pages  2  and  3,  do  not  prevent  from  freezing. 
Above  all,  the  least  expensive  systems  described 
at  points  b)  and  c),  separately  or  jointly,  do  not 
achieve  said  purpose,  since  the  winter  air  at  -30°  C, 
however  having  a  low  flow  rate,  when  reaching  the 
finned  tubes  of  the  end  row  in  their  entire  length, 
can  cause  the  condensate  to  freeze. 

The  risk  of  freezing  increases  with  the  wind, 
which  passes  through  the  bars  of  the  usual  blinds 
(which,  as  known,  are  closed  ail  together,  in  a 
modular  way)  and  causes  effects  of  heat  exchange 
up  to  100  times  superior  than  what  is  necessary. 

The  problem  of  the  service  stability  of  the 
system  is  further  increased  by  the  natural  draught 
which  takes  place  due  to  the  so-called  "chimney 
effect"  of  the  air  chamber  and  the  ring  of  the 
ventilator.  The  natural  draught  is  desirable  in  as 
much  as  it  reduces  the  operating  costs  (less  elec- 
trical  power  to  the  ventilators);  however  this  draught 
becomes  unstable  because  of  the  continuous  dis- 
turbance  caused  by  the  wind.  The  low  air  speeds 
required,  which  work  together  with  the  natural 
draught,  are  therefore  very  susceptible  to  the  dis- 
turbing  effect  of  the  gusts  of  wind.  These  instabil- 
ities  of  the  movement  of  the  air  cause  an  undesired 
instability  of  the  discharge  pressures  of  the  steam 

turbines. 
A  further  known  solution  (i)  consists  in  screen- 

ing  (against  these  gusts  of  wind)  the  air-cooled 
bundles  of  the  condensers  providing  en  walls, 

s  blinds,  etc.  up  to  completely  enclose  the  con- 
denser  in  order  to  eliminate  the  effect  of  the  wind 
and  to  preheat  the  environment  air  by  mixing  it  with 
the  recycled  hot  air  (UK-A-2  086  559,  DE-A-1  936 
137).  Even  this  solution  is  very  expensive  and,  the 

w  more  it  is  efficient  against  the  wind,  the  higher  is 
the  installation  cost. 

The  aim  of  this  application  is  to  carry  out  a 
good  protection  against  the  freezing  in  air-cooled 
steam  condensers.  A  further  aim  is  to  reach  such 

75  protection  at  low  costs  and  nevertheless  in  an 
effective  way. 

An  object  of  this  invention  is  a  protection  pro- 
cess  for  tube  bundles  of  an  air-cooled  steam  con- 
denser  against  an  excessive  cooling,  characterized 

20  in  that,  instead  of  reducing  the  air  flow  rate  as  in 
the  previous  systems,  the  heat  exchange  surface 
or  area  of  the  tube  bundle/s  is  reduced  by  means 
of  a  total  or  partial  external  insulation  of  said  sur- 
face. 

25  According  to  a  further  feature,  the  surface  of 
the  single  bundle  is  insulated  starting  from  the  end 
next  to  the  steam  header. 

A  steam  cooling  system,  comprising  a  steam 
header  and  at  least  one  bundle  of  exchanger  tubes 

30  extended  from  said  heater  to  a  condensate  header, 
is  also  an  object  of  the  invention,  characterized  in 
that  it  comprises  a  means  for  airtightly  screening  or 
insulating  the  surface  of  the  header,  said  system 
being  selectively  operable  at  successive  intervals 

35  along  the  length  of  the  tubes. 
The  screening  means  can  be  made  of  blinds  or 

shutters  having  two  positions,  i.e.  open/closed,  or 
of  removable  panels,  or  even  of  roller  shutters,  or 
finally  of  any  other  means  apt  to  the  aim. 

40  The  new  process  and  the  new  system  provide 
a  reliable  protection  of  the  steam  cooling  structures 
against  freezing  and  furthermore  have  a  low  cost. 

Some  examplary  embodiments  of  the  system 
and  the  process  will  be  described  later  with  refer- 

45  ence  to  the  attached  drawings  in  which: 
figure  1  is  a  schematic  view  of  a  steam 

condenser,  as  seen  from  a  plan  at  right  angles  to 
the  axis  of  the  steam  header  and  provided  with  an 
insulating  means;  one  bundle  of  tubes  is  corn- 

so  pletely  illustrated,  another  is  shown  broken-away; 
figure  2  is  a  broken-away  view  from  the  left 

of  figure  1  ; 
figure  3  is  a  section  along  line  3-3  in  figure 

1  ,  enlarged  with  respect  to  this; 
55  figure  4  is  a  view  similar  to  that  of  figure  1, 

but  shows  a  bundle  of  tubes  in  a  condition  com- 
pletely  insulated  from  external  air; 
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example,  the  axes  34  are  transversal  to  tubes  16. 
The  fins  are  preferably  organized  in  sections,  for 
example  three  sections  as  in  figure  1,  indicated 
with  30  ,  30  ,  30'".  According  to  weather  conditions, 

5  one,  two,  or  three  sections  of  fins  will  be  closed  by 
means  of  motor  36,  starting  from  the  one  closest  to 
the  steam  header;  for  example,  in  figure  1  only 
section  30',  nearest  to  the  header  12,  is  shown 
closed;  air  circulation  is  therefore  avoided  between 

io  the  tubes  16  in  their  part  which  is  screened  by 
closed  fins  32.  In  other  words,  the  surface  of  the 
tubes  which  is  exposed  to  the  heat  exchange  is 
reduced  only  to  the  sections  30  '  and  30'".  It  will  be 
noted  that,  in  this  way,  the  steam  travels  hot  inside 

75  the  part  of  tubes  nearest  the  steam  header,  sub- 
stantially  without  any  heat  exchange  with  the  out- 
side;  then,  in  the  successive  part,  it  starts  to  give 
off  heat  to  the  outside  and  condenses  only  near  the 
condensate  header  18.  The  risk  of  the  condensate 

20  freezing  in  the  finned  tubes  is  thus  avoided. 
In  figure  4  the  same  system  or  plant  10  can  be 

seen,  in  which  all  sections  30  ,  30  ,  30'"  of  the  fins 
have  been  closed,  for  particularly  unfavourable 
weather  conditions,  so  as  to  completely  insulate 

25  the  tubes  from  the  outside  (exchange  area  equal  to 
zero).  It  should  be  noted  that  the  fins  32  could  be 
placed  also  on  the  structure  wall  facing  the  ventila- 
tor. 

In  figures  5  and  6  a  modified  embodiment  110 
30  of  the  system  is  illustrated,  in  which  the  insulation 

assembly  for  insulating  the  finned  tubes  from  the 
outside,  is  made  of  a  structure  comprising  l-section 
beams  138,  extended  between  the  walls  22  of  the 
structure  which  encloses  the  tubes,  and  further- 

35  more  comprises  curtain  panels  132  which  are  as- 
sembled  between  the  beams  138.  The  other  ele- 
ments  of  the  condenser  illustrated  in  figures  5  and 
6  are  identical  to  the  similar  elements  described  for 
the  first  embodiment  and  have  the  same  reference 

40  numbers.  According  to  the  environment  conditions, 
the  curtain  panels  132  relating  only  to  the  first 
section  130  or  also  panels  relative  to  the  second 
section  130  or  also  panels  relative  to  the  third 
section  130'"  will  be  assembled  (so  insulating  the 

45  corresponding  section/s  and  preventing  air  from 
circulating  in  it).  Instead  of  the  entire  area  of  the 
tubes,  an  area  reduced  by  1/3  or  2/3  or  even  no 
area  is  exposed  to  the  heat  exchange.  Also  in  this 
case  the  panels  may  be  placed  also  on  the  other 

so  structure  wall. 
A  third  embodiment  210  of  the  steam  condens- 

ing  system  is  illustrated  in  figures  7  and  8,  in  which 
the  elements  similar  to  the  embodiment  of  figures 
1,  2  and  3  have  the  same  reference  numbers  and 

55  will  not  be  described  in  detail.  The  system  of 
figures  7  and  8  is  provided  with  an  insulating 
system  230  made  up  of  a  folding  screen  232, 
unwound  from  a  roll  234  by  means  of  a  motor 

figure  5  shows,  in  a  view  similar  to  that  of 
figure  1,  a  modified  embodiment  of  the  steam 
condenser,  in  a  condition  in  which  part  of  the 
surface  of  a  tue  bundle  is  insulated; 

figure  6  is  a  left  end  view  with  respect  to 
figure  5; 

figure  7  is  a  view,  similar  to  that  of  figure  1  , 
of  a  further  modified  embodiment  of  the  system, 
shown  m  a  condition  in  which  part  of  the  surface  of 
a  bundle  is  insulated; 

figure  8  is  a  left  hand  view  with  respect  to 
figure  7: 

figure  9  shows  a  further  modified  embodi- 
ment  of  the  system,  in  a  condition  in  which  part  of 
the  surface  of  the  tube  bundle  is  insulated; 

figure  10  is  a  left  hand  view  with  respect  to 
figure  9; 

figure  1  1  shows,  in  a  view  similar  to  that  of 
figure  1,  a  condenser  system  with  a  combined 
insulation  system  for  the  surface  of  the  tubes. 

An  air-cooled  steam  condenser  is  indicated  as 
a  whole  with  10  and  comprises  a  steam  header,  12, 
to  which  the  ends  of  several  bundles  14  of  gen- 
erally  finned  heat  exchanger  tubes  16  are  con- 
nected.  The  other  end  of  each  tube  of  each  bundle 
14  connects  with  a  condensate  header  tube,  18. 
The  bundles,  in  the  examples  illustrated  in  the 
figures,  are  arranged  like  a  roof,  or  like  an  A;  they 
couid  however  have  any  other  arrangement  what- 
soever. 

Each  bundle  of  tubes  is  supported  by  means  of 
a  structure  or  frame  20  which  can  be  seen  in  figure 
3,  having  a  substantially  rectangular  shape  in  plan 
view  and  generally  comprising  a  couple  of  lateral 
channel  sections,  22,  with  solid  walls,  which  en- 
ciose  the  tubes  along  two  opposite  sides  of  the 
rectangle,  and  spaced,  transversal  elements  24, 
placed  along  the  other  opposite  sides  of  the  rectan- 
gle.  This  assembly,  per  se  known,  leaves  the  bun- 
dle  of  tubes  exposed  to  the  passage  of  air  through 
the  structure  walls  defined  by  the  elements  24.  A 
flow  of  air  is  determined  and  controlled  by  means 
of  the  ventilator  V. 

According  to  this  invention,  on  the  external 
and/or  internal  side  of  each  support  structure  20 
supporting  a  bundle  of  tubes,  a  screening  or  in- 
sulating  assembly  30  is  provided,  which  can  be 
selectively  closed  section  by  section,  for  example 
against  said  support  structure,  so  as  to  substan- 
tially  prevent  the  air  to  circulate  in  said  sections 
where  the  screening  assembly  is  closed.  The  as- 
sembly  30  is  made  up,  as  shown  in  figures  1  ,  2,  of 
oscillating  fins  or  blinds  32,  each  pivoted  on  an 
intermediate  axis  34,  so  that  it  can  be  rotated 
between  an  open  position,  as  seen  for  the  lower 
fins  in  figure  1,  and  the  tightly  closed  position,  as 
seen  in  the  upper  fins  in  figure  1.  In  the  illustrated 
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(18),  a  supporting  structure  (20)  for  said  exchanger 
tubes  comprising  supporting  walls  (22),  character- 
ized  in  that  it  comprises  a  screening  assembly  (30) 
extended  on  at  least  one  face  of  the  supporting 
structure,  said  assembly  being  tightly  closable  se- 
lectively  section  by  section,  so  as  to  selectively 
reduce  the  exchange  area. 

5.  A  system  according  to  claim  4,  said  struc- 
ture  (22)  comprising  solid  lateral  walls  (22),  char- 
acterized  in  that  said  assembly  (30)  comprises 
hinged  fins  (32)  which  are  pivotable  between  an 
open  position,  in  whcih  air  is  allowed  to  pass  ar- 
ound  said  tubes,  and  a  tightly  closed  position  on 
said  supporting  structure,  in  which  air  is  not  al- 
lowed  to  pass. 

6.  A  system  according  to  claim  5,  character- 
ized  in  that  said  fins  (32)  are  arranged  in  sections 
and  each  section  can  be  closed  in  sequence  start- 
ing  from  the  section  nearest  to  the  steam  header. 

7.  A  system  according  to  claim  4,  character- 
ized  in  that  the  screening  assembly  (30)  comprises 
removable  panels  (132)  collaborating  with  cros- 
spieces  or  beams  (138)  extending  between  the 
lateral  walls  (22)  of  the  tubes  to  insulate  the  bundle 
of  tubes  section  by  section. 

8.  A  system  according  to  claim  4,  character- 
ized  in  that  the  screening  assembly  (210)  com- 
prises  a  flexible  screen  (232)  wound  in  a  roll  (234) 
and  which  can  be  unwound  therefrom  along  sup- 
porting  crosspieces  (236)  extending  between  the 
lateral  wails  (22)  of  the  tube  bundle. 

9.  A  system  according  to  claim  4,  character- 
ized  in  that  the  screening  assembly  (310)  com- 
prises  interconnected  plates  (332)  forming  a  shutter 
which  can  be  lowered  along  the  tube  bundle  start- 
ing  from  a  storing  space  (334)  for  said  plates. 

means  235.  The  part  of  the  folding  screen  which  is 
unwound  from  the  roll  is  positioned  against  the 
crosspieces  236  extending  between  walls  22  and 
encloses  the  corresponding  tube  sections,  i.e.  does 
not  let  the  air  pass  through  a  corresponding  part  of 
tubes  18.  With  this  system  it  is  possible  to  continu- 
ously  vary  the  length  of  the  finned  tubes  of  the 
condenser  which  must  be  insulated  from  the  out- 
side.  Even  in  this  case  the  screen  232  could  be 
placed  also  on  the  side  facing  the  ventilator,  be- 
sides  on  the  one  opposite  the  ventilator. 

The  system  310  illustrated  in  figures  9  and  10 
comprises  a  bundle  of  exchanger  tubes  14,  a 
steam  header  12  and  a  condensate  header  18  as 
described  with  reference  to  figures  1  to  3  and 
having  the  same  reference  numbers.  The  insulation 
system  330,  in  this  case,  is  formed  of  a  series  of 
blades  332  which  can  be  lowered  like  a  shutter 
starting  from  a  store  334,  so  as  not  to  let  the  air 
pass  for  selected  part  of  the  bundle  of  tubes  14. 

In  figure  11,  finally,  a  system  410  is  illustrated, 
comprising  the  parts  relating  to  the  exchanger 
tubes,  to  the  steam  header,  to  the  condensate 
header,  identical  to  everything  described  with  refer- 
ence  to  figures  1  to  3,  and  equipped  with  a  mixed 
insulation  system,  partly  made  of  removable  panels 
432  and  partly  of  a  flexible  screen  433  unwound  by 
means  of  motor  435  from  a  roll  434,  placed  at 
intermediate  height  on  the  finned  exchanger  tubes. 

Possible  other  insulation  systems  of  exchanger 
tubes  made  of  combinations  of  the  systems  illus- 
trated  here  and  equivalent  to  them  are  comprised 
in  the  field  of  invention. 
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Claims 

1  .  A  process  for  protecting  an  air-cooled  steam 
condensation  system  against  freezing,  said  system 
comprising  bundles  (14)  of  exchanger  tubes  (16) 
extending  between  a  steam  header  (12)  and  a 
condensate  header  (18),  characterized  in  that  an  at 
least  partial  thermal  insulation  or  screening  of  the 
exchange  surface  or  area  of  the  bundle  tubes  is 
provided,  thus  making  the  air  circulation  in  the 
screened  part  substantially  equal  to  zero. 

2.  A  process  according  to  claim  1,  character- 
ized  in  that  the  insulation  is  provided  starting  from 
the  end  of  the  tubes  (16)  next  to  the  steam  header 
(12). 

3.  A  process  according  to  claim  1,  character- 
ized  in  that  said  insulation  or  screening  is  provided 
tightly  closed  at  least  on  the  side  of  each  tube 
bundle  facing  outwards. 

4.  A  system  for  the  condensation  of  steam  by 
air  circulation,  comprising  a  steam  header  (12),  at 
least  one  bundle  (14)  of  exchanger  tubes  (16)  ex- 
tended  from  said  header  to  a  condensate  header 
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