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ihere  is  hardly  any  eteam  rower  etatien  today  that  

does  not  make  use  of regenerative  Feedwater  Heating  in  which 

boiler  feedwater  is  heated with  steam  extracted after  it  has  

is  because  of the  well partially  expanded in  the  turbine.  

recognized  principle  that  aegeneratiVe  Cycle  has  a  higher  

thermal efficie ncy  than  that  ef the  basic  nankin°  Cycle  and 

increases  as  the  number  of feed heating  stagos  

Feedwatcr  heating  is  carried  out  by  means  of increases.  
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shows  that each additional feedwater  heater  adds  a  progressively  

small increment  of efficiency  and theoretically,  an  infinite  

number  of  heaters  will raise  the  efficiency  of the  tegenerative  

It is  observed  the as  aankine  Gycle  to  that  of Carnet Cycle.  

number  of heaters  tends  to  infinity,  temperature  difference  
4' 

between  the  heating  steam  and  the  inceming  foodwater  tends  to  

approaches  'reversibility'.  zero  so  that water  heating  process  

because  of inherent irreversibility  of superheating  

process,  the  ideal Carnet Cycle  efficiency  is  not  achieved.  

evertheloss,  the  infinite  heater  cycle  is  of academic  interest 

because  it  demonstrates  the  basic  principle  of regenerative  

feedwater  heating  •
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For  five  to  seven  stage  feedwater  heating  cycle,  

rease  in  turbine  heat input  ixtr  unit  electrical energy  output 
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 of  the  order  of nine  to  fourteen  percent 

These  figures,  though very  impressive  as  it appears  to  be,  
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cannot  be  taken  in  isolation  as  adoption  of the  systen  of 

regenerative  feedwater  heating  necessitates  increased capital 

investment  and  running  costs  so  that  a  balance  has  to  be  

struck between  the  incremental  increase  in  efficiency  and the  

additional costs  involved in  achieving  the  same.  •
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flue  gases  leaving  the  boiler  economiser  tend  to  have  a  higher  

reducing  the  boiler  efficiency  temperature,  thus  inevitably  

to  an  extent  which could largely  counterbalance  the  increase  

It is  because  of this  reason  in  turbine  thermal efficiency.  

ereheater  are  also  incorporated  in  modern  boile r  
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design  and  this  again  calls  for  increased  capital investment 
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 large  that installation  problems  become  awkward indeed.  

having  about a  third of  steam  flow  bled to  feedwater  heaters  

The  cost  -1 low  pressure  end is  a  reel help  in  this  respect.  

of  the  turbine  is  also  reduced .  

In  the  recent past,  due  to  increased  cost  of both power  

has  described 14 

2 of feedwater  heaters.  

application  of various  optimisation  techniques  to  the  

heater  of a  six-heater  nuclear  power  plant  and  reported  a  re— 

optimisation  of heater  design  conditions  of each individual 

duction  in  turbine  heat rate  of about  6.8 fecal/KA and  a  not  
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increase  in  power  output of about  2.5 Me  in  the  880 M4 nuclear  
Cr: 

power  plant  as  a  result  of application  ,f the  optinisatiun  

heat  transfer  coefficient 

and  is  of  the  opinion  

different  fer  different  heaters  that  this  coefficient will be  

optimal distribution  of  feedwater  heater  surface  areas  in  

He  has  also  assumed  the  same  •
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value  of overall heat transfer  coefficient for  all the  seven  

heaters  in  the  feedwater  heater  chain  which is  1800 

and 720 Kcal/hr  m2 o  L.  for  the  cawlensin9  and  dusuperheatirkj  

sections  respectively.  He  has  clearly  stated  that  this  is  

one  of the  limitations  of his  work  and  suggested  that  better  
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The  widely  varying/contradicting  values  of overall 

heat transfer  coefficient assumed  by  Salisbury  jai  ti 
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author  to  analyse  the  feedwater  heater  chain  of  an  existing  

modern  steam  power  station  with a  view  to  determining,  analy— 
tically,  the  average  value  of overall heat transfer  coefficient  

for  each individual heater.  

The  plant under  study  is  the  4  x  110  kiru  i4anak  

which will affect the  results.  
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extractions  from  the  steam  turbine.  

0 

feedwater  heating.  

4hereas  extractions  

of  the  turbine  to  the  rot-meter  inlet.  

4' 

••• first  three  LP heaters  are  taken  from  the  LP cyclinder  

from  the  HP casing  

extraction  for  the  last  heating  stage  is  taken  from  the  'cold 

and two  HP heaters  in  the  feed'-heat  cycle.  

The  present  work is  restricted  to  evaluating  the  average  

value  of overall heat transfer  coefficient for  the  various  

reheat° line  i.e.,  from  the  steam  main  connecting  exhaust 

feedwater  heaters,  excluding  the  deaerator,  at rated full load 

medium  pressure  cylinder  or  casing  of the  turbine  while  

of  the  turbine,  the  next  four  extractions  are  taken  from  the  

of 110 4#  and  under  design  conditions  with all the  heaters  
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before  its  entry  to  the  economiser,  by  eight  non-regulated 

Feedwater  is  heated to  about  232°C4  

Rated  steam  output is  375  tonna/hr  at  at reheater  outlet.  
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iv  calculation  have  been  

The  author  was,  

Values  of individual 

breakup  of various  

relevant  sectitis.  

tions  and  various  assumptions  made  have  bon  brought  out  in  

'charged. i.e.,  in  circuit.  

film  coefficients  have  also  been  presented  and compared 

presented  for  their  behaviour  at  part load,  although a  few  

transfer  coefficient  could not be  compared  with those  deter..i 

rhe  work is  based  primarily  on  thepretical formula— 

however,  unable  to  lay  hands  on  consistent field  data  in  

remarks  have  been  included  on  the  basis  of a  separate  

exercise  carried  out  by  the  author.  

resistances  to  heat transfer  from  steam  to  water  has  also  

with  those  available  in  relevant literature.  

the  absence  of which the  actual values  of overall heat 

mined analytically.  
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In  this  design,  dish typo  headers  aad  tube  nests.  

of tubes  are  welded to  long  cylindrtcal headers  and  in  

The  coils  in  each celumn  each plane,  there  are  four  coils.  
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A  epecial advantage  of using  baffle  • 

The  formation  of thick film  and  an  increase  in  

•
-■

 

44  
G1

2
  

• • 2 4
)
 

plates  for  vertical units  has  been  reported  (.1)  in  that 

the  direct contact type  heater  is  a  eaerator  and  of the  

surface  type  heaters  is  popular  as  this  arrangement 

resistance  to  heat transfer  is  thereby  prevented.  

these  can  be  arranged also  to  strip  the  steam  condensate  

surface  type  heater  is  the  common  Le  or  

and helps  in  directing  tn.;  flow  of  steam  hr  ugh the  

at intervals  as  it runs  down  the  outside  of long  vertical 

increases  turbulence,  allows  thermal expansion  of  tubes  

known  ana  needs  no  elaberationi  



boiler  feed  pump  so  as  to  ensure  a  positive  

head under  all conditions  of service  ill.  
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Admiralty  metal 

In  early  sixties,  an  industry-dwise  trend towards  

;led steam  condensing  outside  the  tube  surfaces  
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operating  under  vacuum  so  that rusting  could  occur  if 

ferrous  material were  used  ill  

carbn  steel feedwater  heaters  began  la  

ciable  quantity  of air  is  present  in  Lk heaters  

by  Aorris  and  ehillips  42.;.  demonstrated the  acceptability  

is  usually,  though  not always,  cascadsd  to  the  next 

conductivity  and also  b.nausc  A the  fact that appre- 

of  foAwater  heaters,  popularly  known  as  drip  or  drain,  

(70).  Copper,  4A  arsenic.  1.25/0  tin  and  remaining  

C 

Cupro  Nickel Alloys  and Uuminium  grass  are  the  

The  material for  Lk  heaters  is  usually  non— 

ferrous  because  of obvious  benefit  of better  thermal 

lower  heater  in  the  chain  

cribe  other  methods  also.  

N
 

in  a  feedwater  heater  chain,  a  particular  heater  

is  referred  to  as  'Low  eressure' (Lr i  .peater  or  'High  

Pressure (HO  Heater  depending  upon  whether  it is  

located,  in  the  heater  chain,  before  the  boil.  Ar  feed 

after  the  Lk  Heaters,  a  deaera— 

tor  is  arranged in  an  elevated position  on  the  suction  
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of  carbon  steel for  feedwater  heater  services,  parti• 
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for  coefficient  for  the  steel tubed heaters  and  for  the  

 
steel is  the  material most commonly  used  for  high 

pressure/temperature  heater  tubes  as  it facilitates  

the  use  of welding  for  tube  joints  and also  simplifies  

the  chemical control of feedwater  in  plants  in  which  the  

Fares  and  Usisk ial  

report  that in  ems  where  acid-cleaning  of feedwater  
heater  tubes  may  be  necessary,  stainless  steel tubes  

 
 

It  has  been  established  ill  that  optimum  effi...  

ciency  is  achieved  in  all heaters  with  non...reheat  cycle  

and in  the  heaters  below  the  reheat  point on  reheat 

sets,  when  equal enthalpy  rise  takes  place  over  each  

Fenton  jai  has  written  that the  last heater  in  
a  reheat set should  have  an  enthalpy  rise  of about  1.8 

times  the  rise  of other  heaters  in  order  to  obtain  the  

In  actual practice,  however,  the  best  heater  spacing.  

distribution  of  enthalpy  rise  between  various  heaters  

and  the  numoer  of  feed  heating  stages  is  a  compromise  

between  the  theoretical or  economic  optimum  and  the  

 

Laboratories  of M/s  Hitachi  Ltd.,  Japan  igi  also  
demonstrated  that  the  difference  in  overall heat 

 
 

 

 

non-ferrous  heaters  was  not  much.  

major  surfaces  are  ferrous  ilai•  

 

 

cularly  for  the  HP  heaters.  



 
 

 
 

 
 

 
 

 
 

 

steam  is  reheated,  bled steam  temperatures  in  Hi  heaters  

 

superheat of steam  cannot be  used  in  an  ordinary  heater  

because  the  temperature  in  the  heater  shell is  determi— 

 
 

 
 

 
 

 

Fenton  DI  has  listed  another  advantage  of desuperheaters/ 

 

(or  'approach ')  even  down  to  zero  or  in  some  cases,  even  

 
 

 

gauged  by  the  so  called 'flu' (terminal temperature  

 

between  the  water  leaving  the  heater  and saturation  

temperature  corresponding  to  the  heater  shell steam  

ib 

it  requires  much more  additional surface  area  to  lower  

 

necessary  temperature  gradient required for  heat  flow  

by  conduction  frog  the  condensate  film  formed  on  the  

 
 

Fenton  i21  has  written  that this  are  quite  high 111.  

 
 

heaters  it  is  customary  to  include  a  'desuporheating' 

section  in  the  main  shell  where  superheated  steam  is  

It  complicates  the  heater  design  and  construction  but  

reduces  the  capital cost,  as  compared with providing  a  
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difference) which is  the  difference  in  temperature  

4 I Lower  the  TTU,  better  it ise  

TTO and the  lower  limit  of TTD is  governed  by  the  

 
 

ned  by  the  pressure  prevailing  in  the  shell  where  

 

separate  desuperheater  and  hence  finds  favour  Al.  

a  'crossamovQr . i.e.,  heating  a  part  of  the  feedwater  
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or  beyond  the  saturation  temperature  is  possible  

 

outside  surface  of tubes  
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condensation  of steam  is  taking  place.  
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Many  factors  are  listed in  reference*  ia,li)  
ding  choice  of  fluid  on  the  shelleide  and  on  

side  of a  shell and  twee  type  of  heat 

A  is  commonly  specified as  the  outside  surface  

coefficient  ever  the  entire  tube  length,  

It is  customary  kii12)  to  allow  the  steam  to  leave  the  

According  to  Horlock 

posopTsuoo eq uea sunmpuoo asoql zc;pun meal.* pt, eN 

mechanism  of heat  transfer  in  this  section  is  entirely  

by  convection  and  the  greater  part of resistance  to  

heat  transfer  is  in  the  steam  film  formed  on  the  tuhesill.  

heater  designs,  heater  drain-cooling  sac— 

0
 

a
 

tions  are  also  provided  so  as  to  help  in  recovering  a  

part of the  heat  lost  in  HP  heater  drains  1.10.0*  

f3edwater  heaters,  however,  it is  usual to  make  feedwater  

pass  through tubes  and  bled  steam  flows  in  the  shell 

around  the  tubes  al.  
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usual equation  (la)  
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where  ,4  is  the  heat transfer  rate.  

0  is  the  relevant average  overall heat  transfer  
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as 	isentropicAly  perfect gas  i.e.,  (p  & 

are  very  closely  functi,:ms  of entropy  
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area  of tubes  and  

is  the  elemental length,  

is  the  effective  length of heat exchanger  path,  

Is  the  mean  13 
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recommended  the  use  of average  bulk or  arithmetic  mean  

elemental change  in  temperature  and 
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e.  LW  are  respectively  the  greater  and  lesser  

0
 

1
4
 

I
 

•
 

14 
0

 
Ism

 
4
4
 

•if 

at  either  end  of  the  heat  exOtanger  f low  path.  

The  concept  of  Ldai;  is  based  on  a  number  of simpli— 

2 assumptions.  •
 

a 0
 

•
 

is  that  there  are  no  partial phase  changes  (vapourisation  

The  derive... or  condensation)  taking  place  in  the  system.  

tion  is  applicable  for  sensible  heat changes  only  or  when  

vapourisation  or  condensation  is  isothermal over  the  whole  

414 
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Colburn  ildl  studied  the  problem  of  varying  

D
 

over  the  flow  path and  concluded  that  whenever  'Li ° varies  

over  the  flow  path,  LM  IL)  is  not  the  true  considerably  

For  linear  variation  of °W,  he  temperature  difference.  

proposed  a  mathematical model for  determining  the  average  



temperature  of a  fluid for  cases  when  the  temperature  rise  

or  fall of the  fluid is  small.  

■

vhen  the  design  of a  heat  exchanger  results  in  ex— 

treme  lengths,  it  is  usual to  employ  multipass  units  Dial.  
In  a  single—phase  section,  increasing  the  number  of passes  

on  the  liquid  side  makes  that  section  of the  exchanger  

more  like  a  counterflow  heat  exchanger  than  a  cross-flow  

number  of passes  is  increased,  the  liquid  velocity  increases  

r  resulting  in  increased heat which increases  eeynolds  i  

transfer  coefficient.  

The  problem  of  evaluating  exact  LMT[)  for  multipass  

exchangers  has  been  studied by  a  number  of research workers.  

Nagle  ilkl  obtained a  correction  factor  'F' for  upte  1  —  6 

exchangers  by  graphical integration  and  commented  that  the  

'F' factors  for  1  —  2  exchangers  applied  with negligible  

tiecent  work by  Kraus  error  to  1 —  4  and  1 —  6 exchangers.  

has,  however,  revealed the  variation  to  be  

upto  6.8 percent  in  extreme  cases.  

Bowman  jai  rederived/extonded  the  results  given  by  

Fischer  1221  also  worked  on  multipass  exchangers  and gave  

Bowman,  Mueller  and  Nagle,  a  set of general rules.  

their  comprehensive  paper  i211,  presented  graphs  of 

factors  for  shells  with one  to  six  passes  and  number  of 

continuous  tube  passes  respectively  double  the  number  of 

kere ilal  has  suggested  the  use  of following  shell passes.  

equation  for  LAID  correction  factor  'F' for  1 —  2  exchanger:  
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6  Thermal effectiveness  
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one  of the  fluids  changes  phase  throughout 

of  exchanger  path,  then  F  me  1 since  Li4TLi  will 

the  shell and tube  fluid temperatures  

respectively,  

Aiffix  I and  2  respectively  denote  inlet and  

outlet  conditions.  

The  correction  factor  'F' has  been  graphically  

presented  with 

tical portion  of a  curve,  it  is  difficult to  read the  

figure  and 'F' should be  computed  from  equation  (3) 

This  factor  'F' when  multiplied  by  the  

0
 U
 

for  I 0.2 exchangers  and  the  same  value  can  approximately  

be  the  same  for  coonterflow  and  parallel flow  condi.. 

Many  references  lailatal  contain  correc... •
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is  close  to  



splitting  up  of the  problora  into  two  zones  viz.  one  desuper- 

superheater  or  subcooling  condenser  and  has  suggested 

heating/subccolitg  zone  and  the  other  as  condensing  zone,  

AtotalP the  total heat  transfer  area  
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The  equation  

4, 

for  each zate  and 

and counterflow  LMTU  for  each zone.  

heat exchanger,  

Q  & LMILi  are  respectively  the  heat transfer  rate  

determined  from  equation  (1).  

can  be  used to  determine  weighted  Licit  knowing  Ua  &  A  

Knowing  LATD(weighted),  design  U or  Jo  can  be  
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tin  factors  for  various  crossflow  conditions  usually  

encountered.  

04 

4.;ve  pr.sontod graphs  of the  dimensi:)nless  groups  of 

and  ;.fU  (;iumber  of Heat  transfer  Units).  
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for  the  exchanger.  Gupta  and 'rakash have  also  

14
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illustrated  use  of this  concept.  
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The  most  common  equation  for  overall heat transfer  

coefficiAlt,  as  presented by  rE.Mo  (  4)  and reference  (la) 

is  of the  form  

0
 

54 

where  thi_•  various  terms  have  their  usual meaning.  

Lquation  (6)  may  also  be  written  with usual mota— 

in  the  form  

C
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Fouling  the  buildup  of unwanted  deposits  such as  

higaighted that  fouling  often  causes  a  mark,Al  re— 

(  ) and benenson,  Velikovich  and  tiezhikova  (a) 
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)  

overcome  this  problem  and  this  coats.  

puts  the  additional cost equivalent  

about  1500 to  3600 crores  of dupees  per  annum  to  the  

duction  in  heat  transfer  capability  of  plant  and  forces  

plant  designers  to  specify  additional heat  transfer  

One  estimate  

surface  area  to  

A  term  'Cleanliness  

Factor' to  represent dirt  or  fouling  factor  has  alst,  been  

contamination  on  steam  or  water  side.  

ing  resistance  (as  converted into  ,AA0  units) 

introduced  by  Kern  (14).  
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tures  upto  'lei.: and water  

velocity  over  0.9144  rn/s  

(d)  Treated  boiler  foedwatr  
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Although  this  is  the  only  efapirical data  readily  

available,  it  has  received  severe  criticism  u4  Cs 

as  ignoring  the  tube  material,  lack of test data  and  

lack of  timo  interval for  buildup  of sposifi:Al coef fi— 

cient and nonelinearity  of buildup  with time.  

Korn  (IA)  has  made  frequent  use  of the  equation  

resistance/coefficie  

where  the  symbols  have  their  usual meaning.  

•
 

tv4 
Two  different  concepts  have  been  used by  variJus  

research werkers  while  investigating  forced  convective  

These  are:—  

Uniform  Heat Flux  Concept  which is  useful 

when  the  temperature  difference  responsible  for  

heat transfer  process  is  constant  over  the  

of  heat  exchanvr  such as  pure  counterflow  in  

erature  rise  in  one  fluid  equals  the  

U
 

temperature  drop  in  the  other  fluid or  electrically  

heated surfaces  and  nuclear  reactors  121.  

0
 

5 %
M

O
 all Temperature  Concept  which is  

useful when  the  wall temperature  of  heat  transfer  

matrix,  rather  than  the  heatflux,  is  substantially  

temperature  

1
 



boiLers  or  

that  results  

0
 

•7,4
C
 

 

is  always  higher  than  the  unifoxa  

fluid  handled  41.  

Nucseit  Numbor  

It has  been  recorded  (la)  that  unifei  heat flux  

mately  equal to  the  saturation  temperature  of the  

condensers  having  Ube  well temperature  approxi— 

uniform  througrout  the  unit  such 

wall temperature  

stated  that for  lamin,:or  

versus  tieynuld  

for  uniform  heat flux  concept is  about  9 to  28 percent  

Kays  Qi)  has  presented curves,  due  to  the  work of 

Number  for  fully  developed  turbulent flow  conditions  inside  

These  are  available  in  FIG.  3 in  which a  circular  tube.  

flow conditions,  the  convective  heat transfer  coefficient  

1)1eicher  and Tribus,  correlating  NuH  

higher  than  that for  uniform  wall  temperature  concept.  

Most  of the  standard results  for  forced convective  

Fares  &  isk ial  

•
 

(1,1cY  

have  opined  that  because  of relatively  thin  boundary  layer  

heat  transfer  are  available  for  fully  developed  thLral/ 

near  the  entrance  region,  heat  transfer  coefficient is  

uniform  heat flux  concept and then  cmveztell 

for  turbulent  flow  conditions  are  invviably  
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high in  thAs  region  and have  defined 'entry  length ' as  that 

region  of  flow  p ith beyond which the  flow  pattern  becomes  

It is  obsttrved that for  

factor  is  
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in  case  of turbulent  flow  is  much shorter  than  that  

for  laminar  flow  ia.  
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Wu  =  0.023  
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to  1,20,000,  kr  =  0.7 to  120 &  14/0;>60 (1a,I2).  

This  equation  agrees  very  well in  the  range  aye  -  10,000 

Re  =  17,000 to  48,000 showed  that  thermal  entry  length 

Varies  from  10 to  15 tube  diameters  and that  for  kr>  1,  

has  no  effect  on  entry  length.  

04 

Wet  Transfer  coefficient 

repro:  so  

flow  in  

out that for  the  earn  

for  heat  transfer  is  obtained  from  a  smooth rather  than  

a  rough pipe  and  gave  the  following  equation,  known  as  
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temperature  which is  the  

liquids,  all fluid properties  are  evaluated at their  

arithmetic  mean  temperature  of the  fluid  at  its  entry  

range  which  porature  difference  

demonstrated  that  fcr  both air  and  helium,  the  data  are  

correlated  nicely  try  eveluating  the  physical properties  

of the  fluids  at  the  'film  temperature' i.e.,  the  arith— 

metic  mean  temperature  betneen  the  tube  wail and  the  

Another  very  popular  equation,  proposed  

.ulburn  (a),  is  
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10,000  to  1,20,000  k-r  =  0.7 to  120 & 	>  60 when  

fluid  properties,  excluding  Cp,  are  evaluated  at  the  

(19  proposed the  co— 
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efficient  0.023 of  equation  (8)  and  (9)  to  be  43. 
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Kays  ()  gave  the  following  equation  in  the  range  

1  to  20 fur  buth uniform  heat  flux  and  uniform  wall 

temperature  concepts  

gases,  hoover,  to  and exit from  the  
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In  equations  •
 

0
 it has  311 through been  

assumed that  no  heat  flows  by  conduction  through  the  fluid 

mass  because  of the  to  rature  gradient  availablea  

ow
 

inlet to  tube  outlet.  Kays  cad  has  upheld  this  assumption,  

both for  laminar  and  turbulent flows,provided  the  product 

rie.rr  (reclet  Wumber)  is  greater  than  100.  %ccording  to  

C
 valu,s  appreciably  lower  than  this,  longitudnal con  

4, 
a
 

duction  can  be  expected  to  become  important  and  will have  

• 
64 0

 

.4 
0

 
•.) 

4. 

N
 

C) 
.4

 
41• 
0

 
4, 

1 
44 
••4 should  be  

1 

of  the  fluid  from  tube  wall to  the  middle  of fluid stream,  

	

I 	
6 

	

I
 	

0
 	

4■1 	
01 

	

0
 	

8
 

	

C
 	

• 
a
. 	

a
 	

to 
0
 0

 	
0

 	
,..., ro

 	
...... 

	

0
 	

e
 

• 
4
, 	

S4 
1

 
i
l
 
k

i
 fa

 

3
 

g
 	

..... 
4
1
 

;4 
0

 
g

 
e, 

	

40
4
 	

0
4

 
-.0

 	
C

 	
'
0

 

	

0
 	

>
 

	

w
il 1

4
 C

9) 	
1

 	
0
 

AO 
0
 

tom? 
 

4d
• .34  

0
 
0
 

. 6
:
 

	

IS
o ;.: 	

4
 

	

.4
 	

ido 	
1
 

	

0
 IIM

 0
 a

 C
P

I 	
>

 
.
0

 	
0
 	

41) 
0
 	

3
 

SO
 	

O
 .4

4
 	

M
 	

0
 	

I. 0
 

	

V
 	

•
 
.
0

 
.
*
 	

a
 

	

V
 	

0 	
.c 
3
 o

.... ti 
14 	

0
 	

fed 

	

C
 	

sa 
	
0
 
j
 

a
 

a
 

owl 
RS 

---......x 

	

0
 	

4
 

oP 
0

 
4

I 
	

3
 4

0
 	

.... 
.
 

a
 

0
 

C
 	

a
 	

a
 	

:111 "--0  id
 C

 	
.0 	

3
 

3
 	

>
 	

..... 	
0

 
.,3 	

TLI 	
4

 
+A

 
a4 	

u
. 

%
 	̀

..-$ 	
a

 
0

 
443 	

?
. 	

0
 

V
 
a
 

;
 
	

a
 	

0
 	

. ..... 

	

14 	
.4

 
.0

 
0

 
a
 

m
i 
a
 
.
)
-
k

 
"

...I
 

3
 

•■4 
oP 
.0 
C

 
a

 

	

2
 	

_
ft 0

 

	

ow
l 94 	

C
 0

 
)+, .4 	

.0 	
C

 	
0
 	

a
r
e
 0

 	
fill 	

le
 

.0
 • 	

,s
 	

44 	
I
 	

3
 is

 	
3
 

	

0
 

-3
 
V

 
0

1
 

4r)
4
4

cr 	
t
 

	

C
 -

■
 

a
4

 6
4

 i1
 M

1
4
 3

 0
 

a
 	

r" 
0

 
a
r
i z

 
u

 
1

 
C

s
 a

 
O

. 

	

0
 	

.1* 

g a
 
.
 ›
 
2

 
• 

14 
 

	

c
 	

6
 

	

... 
0
 	

$
4
 O

.  

	

1
 	

04 

	

E
 	

.1
 	

...... 
• 

4,  1
4
 

	

3
 a

d
 	

OP 

	

0
 	

2
 

N
 
.
4
 

40 
3
 

P
ri C

 
 e
IN 

	

',I) 	
4i. 

	

4
 	

64 
a

 4
s

  

	

4
  
0
4
 
0
 
3
 
0
 	

I
 
	

0
 	

4) 
=

 V
 u

 
). •"" 	

*0 	
-. -!-- 

4
 	

a
 3

 
ars• 

0
 	

e
 

0
 

	

0
 	

cil 	
o
 

-a
 

4
0
 6

4
 	

II 
.
0
 
0
.
 
	

0
 

0
 	

0
 	

C
 	

' ' 	
'-.) 

3
 ..4

 s
u

 
	

)
 
0

 	
a

 	
44.) 

.0
 ••4

 X
 0

 4
.'4

 r
e

*4 
	

to 	
0
 

	

4r,  0
. 3

 o
o

 4
a
 tfo

 	
=

 
a
 	

a
 

4M• 

imsselt  :4umber  

Kik) 

.4 	
r 



investigations  

of Jeschke,  has  suggested that  for  turbulent  flow  of 

air  in  helically  coiled tubes,  convective  heat transfer  

coefficient,  as  obtained for  straight tubes,  should  be  

and that  in  the  

absence  of data  on  specific  liquids,  the  same  

be  applied to  them  as  well.  

Hostess  and Mayhew  (41)  investigated heat transfer  

for  turbulent flow  o f water  in  steam  heated  coiled  pipes  

and gave  the  following  equation  for  average  peripheral 
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certainly  highur  for  helical/spiral coils  as  compared 

Kubair  and  Kuloor  44),  in  their  work with  to  uptu  

$4 
f3 

exchanger  which are  about  20 percent  greater  than  those  

computed  fur  straight  pipes  using  similar  flow  velocites.  

He  reasoned that because  of increased  turbulence  caused 

by  tube  curvature,  tube  side  coefficients  for  a  coiled  

flow  than  for  a  straight tuba.  

ditions,  give  performance  better  than  that of helical 

tube  can  be  expected  to  be  greater  for  a  given  weight  

5000,  have  reported that spiral coils,  under  certain  con— 

coils  and  that in  all cases,  heat transfer  coefficients  
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tubes,  the  values  of convective  

the  fluid  preperties  are  evaluated at  the  film  temperature.  

,Apta  and  krakash (a2)  recommended that  for  flow  

parallel to  but  outside  

equations  for  flow  inside  the  tubes  provided  'hydraulic ' 

• 
C

4 
•
 

eN1 

heat  transfer  coefficient may  be  determined  by  using  the  

with  those  of straight  tubes.  

or  'equivalent. diameter  is  used  rattier  than  outside  and 

for  square  pitch 

for  equilateral 

area  of  the  exchanger  shell is  small as  compared with 

that  of tube  bundle,  

Their  results  

M. C
 

of flow  parallel to  but outside  the  tubes.  

Kays  (al)  further  commented that the  curve  is  in  fair  

de  as  1.00000 to  conclude  that the  concept of equivalent  

for  staggered square  pitch configuratien  can  be  approxi- 

a  circular  tube  having  the  same  equivalent diameter.  

diameter  is  not necessarily  a  good approximation  in  case  

the  FIusselt immber  for  fully  developed canditions  inside  

agreement  with the  available  experimental data,  although 

mated by  the  curve  of FIG.  6.  

triangular  pitch 

Kays (11)  cited  Messier  and  Taylor's  work  



woen  1.2  to  1.3,  an  average  value  of 1.10  can  be  taken  

• 3
 

14 

1/44 

411011 side  heat transfer  has  been  investigated by  

and uardner  4  Aller  (45) and  the  effect of 1
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crossflow  on  shell side  has  been  dealt with by  belle  

Tinker  and otevore  (l )  in  their  respective  work.  Thuir  

work,  however,  appears  to  be  applicable  only  to  those  

cases  in  which  no  phase  change  takes  place  and the  flow  

is  predominantly  a  crossflow  one.  

Kern  (12)  has  quoted  Donohue  to  record that  baffle  

pitch,  and  net  the  usual 25^  cut of the  baffle,  determines  

the  effective  velocity  of the  shell  fluid.  He  gave  the  

following  equation  for  shell side  or  bundle  crossflow  

area  from  which velocity  of the  shell side  fluid can  be  

however,  yields  

mean  Tube  hitch  

Fell L o  x  Mean  Clearance  x  Baffle  eitch 

basic  theory  

outside  a  VEKTICAL Toot.,  

for  average  value  of condensing  heat transfer  coefficient  

developed by  Nusselt,  has  given  the  following  equation  
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written  in  the  forms  
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profile  in  

flow  conditions  with the  assumption  that  no  now-condone* 

is  smooth  and  is  at  saturation  temperature,  the  wall 

These  equations  hold good for  fully  developed  laminar  

able  is  there  in  the  vapour.  the  liquid—vapour  interface  

the  limit  oetween  id00  to  2100.  

To  allow  for  the  fact that condensate  is  4104444 

Cp  of the  liquid  film  especially  at  high pressures  when  

the  liquid  (condensate) film  is  linear  (21) •  
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20 percent.  

account  for  non-linear  temperature  distribution  and pro— 

posed a  modified  equation  wherein  he  replaced  

O
 M

 

equation  (17)  by  the  term  

.sparrow  et al (46)  proposed that  the  tffect of vari— 

ation  of viscosity  with temperature  may  be  accounted  for  

(p  evaluated at  reference  tempe- 

rature  given  by  

0
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•P s4  
Faras  and  Oxisk ial,  itohsenow  4.1)  7 

have  commented  that  experimental data  generally  agree  with 

the  equations  suggested above  or  are  slightly  higher.  

liohsenow  (g)  quoted  Kapitta  to  record  that  in  case  of  

water,  waves  or  ripples  begin  to  form  at  41̀  

these  waves  or  ripples  reduce  thu  effective  film  

4) 

4. 
ft 

thickness  so  that the  net  effect is  to  increase  the  meow 

as  evaluated  from  the  above  equation  should be  increased 

by  20 percent to  arrive  at  the  value  of condensing  heat  

transfer  coefficient.  

Adams  (21)  has  presented  the  following  equation,  

4! 

due  to  Nusselt,  for  condensation  taking  place  outside  



a  single  HORIZONTAL TUBE for  the  laminar  region  of  the  

condensate  flow  
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Aohsenow  (14) has  presented the  above  equation  in  an— 

other  fur  
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single  tube  divided  by  

Those  equa— 

designates  condensate  flow  rate,  

pLr  unit  tube  lengths  at its  lowest  point.  

tiuno  are  valid  for  

tical tubes  and 

1000 to  2100 

horizontal tubes,  Nusselt  (lava)  

condensation  taking  place  outside  a  

all of the  condensate  dropping  from  any  one  

on  the  next lower  tube  in  the  bank and  modified equation  
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is  automatically  allowed  Ur  because  the  effect of 

that  equation  (18)  is  equally  valid for  tube  banks  

that since  the  condensate  

4, 
ip 
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all of this  subcooling  to  be  removed,  he  

5
 

•
 

film  was  subceoled,  it  is  possible  that  additional 

condoinsation  occurs  on  the  liquid  layer  between  tubes.  

proposed equation  (20)  to  be  multiplied  by  a  factor  

tion  provided 
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Mc  Warts  (34) commented that  for  steam,  average  

ratio  of measured  to  predicted coefficients  was  1.23.  

Fara.  4  Uzisk 421  also  commented that 

most  experimental data  for  pure  vapours  agree  with or  

are  slightly  higher  than  equations  (18)  to  (20) and they  

attributed  it  to  external vibrations  causing  ripples  in  

the  liquid surface,  splashing  off  tubes  in  a  bank or  

fact that .lighted  the  

for  vertical position.  

for  horizontal position  has  a  value  larger  than  that 

based on  condensate  on  the  lowest tube  in  the  
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ing  place  outside  vertical tubes  in  the  TUitLiUL 

Kirkbride  (a) and  Badger  (12)  proposed the  

following  dimensionless  equation  for  condensation  tak— 

commented  that  this  equation  is  in  fair  agreement  with 

experimental values.  

iensatien  khenork  
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 For  condensation  of  pure  

inplace  of latent heat in  various  equation  and stated 

is  still governed  by  conduction  that the  heat 
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through the  liquid film.  
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difference  from  top  to  bottom  of a  vertical 

case  of desuperheater,  it  is  customary  to  disregard 
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and consider  all the  heat  to  be  delivered at  ttiQ  satue 

than  far  the  saturated  steam  at the  same  pressure.  

Linear  VARIATIleti 	4ALL TEMPEAATURE C
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to9
  

obtained  from  equations  Ft  to  be  multiplied with 

1.0 1.06 1.15 • 
0
 

•• 

;It 

Hohsenow  (iv  reported  that  presence  
STATIC FILLO  aids  in  increasing  condensing  heat transfer  

Coefficient inside  a  vortical 
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34
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(ag)  recorded  that when  the  VauCITY of 

I
 

9
 

uncondensed  VAYuket  is  substantial as  compared with the  

velocity  of the  condensate  at  the  vapour—condensate  

interface,  the  vapour  velocity  influences  the  velocity  

and thickness  of condensate  film  so  that  with downward 

flow  of condensing  vapour  at  high  velocity,  the  heat 

transfer  c..ufficient  is  found  to  increase.  

Hampson  (2v )  also  reported  similar  findings  for  cross— 

flow  of steam  at  high velocities.  

temperature  corresponding  to  operating  pressures.  

has  recorded  that  even  with as  such as  

is  only  about 3 percent higher  

0
 . 

tt 

and  (id'  so  as  to  get  the  corrected  value  of 

eatio  of top  to  bottom  temperature  • 

difference  
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OF 	in  condeesing  vapour  in  the  following  words :  

noynolds  (210  explained  the  effect  cf IMESOCE 

eihsenow  (la)  and  others 	have  explained that 

the  total pressure  of vapour  and  n_ eecondensables  

approaching  tube  wall surface  remains  constant but  near  

condensation  surface  (wall)  where  concentration  of 

0
 

4+
 

vapour  and,  therefore,  its  partial pressur  

$4 
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0
 

•
 

than  that  in  the  main  body  of the  mixture  so  that the  

concentration  of non-condensable  gas  and  its  partial 

Jue  to  difference  pressure  is  correspondingly  higher.  

in  partial pressures,  the  vapour  diffuses  from  the  main  

body  of the  mixture  through  the  gas  or  air  film  to  

The  rate  of condense— liquefy  at  the  condensate  film.  

tion  is  thus  governed by  diffusion  or  mass  transfer.  

The  interface  saturation  temperature  is  significantly  

the  temperature  of the  main  vapour  gas  mixture.  

owl 
0

  

The  combined mass  and heat  transfer  procee$  requires  a  

lengthy  trial and  error  stepwise  calculation  to  predict 

the  performance  after  account4for  this  offset.  

diffusion  phenomenon  is  s.lewn  in  FLAJAL  7(A).  

Langon e*  results,  as  reported  by  itohsenew  (la),  

revealed that  a  significant decrease  in  heat transfer  

coefficients  results  from  the  presence  of  very  small 
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for  a  dirty  tube  

may  Ue  rewritten  in  the  

for  a  clean  

•
 

of fouling  resistances  on  inside  

and  outside  surfaces  of the  tube.  

from  condensing  steam  to  water,  except  whore  very  high  

i.e.,the  water  side  resistance  is  the  major  resistance  

stated that it is  because  of this  
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and his  results  
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eilson  (22)  showed  that  the  sum  

fur  a  series  

also  investiga— 64 
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ted the  effect of presence  of air  in  condensing  vapour  

is  shown  in  FIGLkiE  7(B).  
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condensable  gases  that leak into  the  system.  Fenton  

has  highlighted that exact  location  of vents  is  most 

important in  feedwater  heatarsand that in  many  cases,  

a  marked improvement has  been  obtained  by  merely  re— 

positioning  of the  vents.  
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 water  velocities  are  used.  

the  film  coefficient for  water  flowing  inside  tubes  

Heat transfer  coefficient based  

He  pointed  out  
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 side  aroa  of the  

transfer  coeffici,:nt  for  a  unit velocity  based on  out..  

on  inside  area  can  then  be  worked  out.  
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the  intercept 
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and the  tube  wail  resistance  can  be  worked  out  by  the  

usual steady-state  conduction  equation.  Aim  wall and 

dirt  resistances  are  subtracted  
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Mc  Adams  (k) has  commented  that  when  water  velocity  

Van  Hangel (21) in  his  tests  for  brass  tube  surface  

becomes  too  low,  the  assumption  of 0.8  exponent  will 

incorrect;  hence  this  relation  breaks  down  at low  water  

that  at  the  upper  range  of tube  side  resistance  

was  nearly  70 percent of the  total thermal resistance.  
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single  spot  in  a  condenser  and  that  it  did  not  apply  fur  

the  overall heat transfer  coefficient  because  of the  wide  
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UUmour  (22)  in  his  series  of three  papers  has  

presented  nomograms  for  quick calculations  of tube  side,  

shell side,  tube  wall and  scale  resistances  for  cases  

where  no  phase  change,  for  cases  with parallel flow  in  

.a
t and  for  cases  involving  change  in  phase  41 
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heaters  and  condensers.  He  has  also  divickd  the  tempo..  
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respectively.  

range  7,500 
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10,000  to  60,000 determined  

is  shown  in  FL.0;.L  8.  the  graphical method of  oilson  

fouling  or  dirt  resistance  rd  .  wcp,. rimontal 

Otrok (a),  as  presented  by  Mc  .idams  (l)  using  
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 for  old/new  condenser  
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the  Lk  casing  of the  turbine  itself.  

Lach  heater  is,  in  turn,  built  up  in  

The  problem  considered 

Breakup  of total thermal resistance  intim  

section  1.3,  has  been  analysed.  

Feed  later  heating  cycle  of an  existing  110 41.  

here  is  to  determine,analytically7 the  overall heat 

reheat unit,  broad outlines  of which have  been  given  in  

transfer  coefficient  based  on  outside  area  of  the  heat..  

Inc  surface  for  all the  seven  fuedwator  heaters  at the  

rated  full load  of 110 .3,,  with  all thu  seven  heaters  

various  components  has  also  been  carried out.  

analysis,  basic  performance  parameters  as  per  supplier's  

in  operation.  

simplified  flow  diagram  of the  feedwater  heating  

cycle  is  shown  in  FD3UhE  9.  

• $4 

• 
2 •
 

are  of vortical design  and  their  details  are  given  in  

the  subsequent paragraphs.  

The  first two  Lk  heaters  do  not  have  any  separate  

shell of their  own,  rather  the  tube  nest is  built up  in  
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LIM 	IV & V 

Their  design  is  almost identical but  for  the  shell 

The  tubes  

whose  thickness  is  different  for  LPH V because  of higher  

are  expanded  into  a  steel tub,)  plate.  

went of tube  bundle  layout  fir  these  halters  is  shown  
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near  the  top  portion  of  the  heater  and the  exit  is  

FI....iO“L  11.  

Foedwater  entry  to  those  heaters  is  from  one  side  

steam  enters  from  one  side  near  top  of the  shell,  
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location  which is  at  right  angles  to  the  water  

a  drain  at  the  exit,  and  the  condensate  leaves  throug  

urip/drain  from  a  lowest point  on  the  heater  shell.  

higher  stage  heater  cascades  into  the  next  lower  stage  

same  side  of the  shell 36 water  entry/exit  heater  on  th 

side  at a  location  nearly  i3  mm  above  bottom  flange  

the  shell.  
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These  two  heaters  are  also  of identical design  

but  for  the  shell thickness  which is  higher  for  HPH II.  

Arrangement  of tubes  in  these  heaters  is  much 

Each heater  more  complex  than  the  one  for  LP heaters.  

consists  of two  sections,  viz,  the  'desuperheating  

section' and  the  'condensing  section'.  ialereas  the  

desuperhoating  section  forms  the  central core  of the  

heater  and consists  of vertical tubes  bent  into  double  

WU ' shape,  the  condensing  section  is  built 

around  the  desuperheating  section  in  the  
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annulus  packed  with horizontal tubes  bent into  double  

spiral coil shape.  

Feedwater  enters/loaves  the  water  be  

the  heaters  and is  divided into  two  paths  one  fraction  

(about 10A) flows  through  the  tubes  of the  desupf,.rheatw.  

ing  section  and the  remaining  fraction  flows  into  two  

inlet headers  to  which the  horizontal bank ,f tubes,  

other  and  each bank consists  of ten  Layers  of  hori— 

horizontal tube  banks  placed vertically  one  above  
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tube  details  are  shown  in  FICAMLs  12 13 respectively.  

zontal tubes  arranged vertically  above  each other.  

each horizontal plane,  there  are  four  coils  and  the  coils  

in  each column  are  independently  connected  to  an  inlet  
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It  will be  seen  that the  entire  mass  of steam  to  be  

In  a  given  horizontal plane.  

extraction  steam  for  heating  the  foedwater  first  

enters  the  central desuperheating  section  or  core  from  

bottom  of  the  heaters,  gets  desuperheated,  escapes  into  

the  main  shell near  its  top  and then  flows  down  in  the  

shaped condensinj  section  where  it  gets  con— 
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densed  on  the  outside  of spiral tubes.  steam  thus  

condensed  leaves  the  heater  near  its  bottom.  

the  condensate  of heating  steam  from  LkH  II cascades  

into  LPH 1 and the  entire  drip  from  LPH 1 is  led  to  the  

suction  of condensate  pump.  The  condensate  of heating  

steam  from  LeH  V  cascades  into  LPH IV,  that from  LPN IV 

Cascades  into  LPH III and  the  combined  drip  of LPH III 

is  led  into  the  outlet of a  flash tank/expander  (not 

included  in  the  analysis  here)  wherefrom  the  condensate  

help  of a  booster  pump,  into  the  

main  condensate  or  feed pipini  .test before  LPH III.  

The  condensate  of heating  steam  of HPH IL cascades  

into  Hei l  I at a  point  about  1800 mm  above  bottom  flange  

of  the  heater  and the  total drip  of HPH I is  led  to  the  

deaerator  or  at  low  loads,  it goes  directly  to  Lkii  V or  

*von  to  the  flash tank/expander  when  LalI V is  not in  the  
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In  addition  to  the  feedwater  heaters  described 

various  flow  di  3grams.  

ahoy°,  a  'oeaeratorl  and two  more  small heat exchangers  

ers  also  exist,  although it  has  not been  included in  

FIJUnES  14 &  15 show  detailed flow  diagrams  for  

I to  V and  HAI I &  II respectively.  

Alcroas  former  of the  two  condenses  approximately  

from  the  turbine  stuffing  0
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boxes,  the  latter  condenses  steam  escaping  from  laby•  

Flash tank/expander  and rinth seals  of the  turbine.  

steam•jet air  ejector  also  act as  small heat  exchangers.  

However,  separate  identity  of  all those  heat  exchangers  

has  been  avoided in  this  w-rk.  

I & II give  the  available  data  for  various  

heaters  as  follows  s•  

I s  salient features  of various  heaters  such 

tai 

as  their  physical dimensions  and  material 

of tubes.  

TABLE II s  .supplier's  performance  parameters  for  

the  regenerative  feedwater  heating  
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specific  enthalpy  drop  of steam  can  be  worked  out  

the  conden— by  assuming  that there  is  no  undercooling  

(4
4
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sate  so  that specific  enthalpy  of condensate  leaving  a  

particular  heater  corresponds  to  the  saturation  tempera.,  

Multiplying  the  mass  flow  rate  of steam  tura  of water.  

by  the  specific  enthalpy  drop  of steam,  total rate  of  

enthalpy  drop  of  sto w  can  be  worked  out.  

4) 
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be  added  the  time  rate  of enthalpy  drop  of drain/drip  

cascadin3  from  a  higher  pressure  heater  into  the  next  

The  resulting  sum  gives  the  total lower  pressure  heater.  

rate  of heat  transfer 	for  a  particular  heater.  

by  the  mass  flow  rate  of water,  0
  

0
, 

enthalpy  rasa  of feedwater  in  a  particular  heater  can  be  

worked  out so  that  final  temperature  of foedwater  leaving  

the  heater  can  be  determined.  

Having  known  all the  four  terminal temperatures,  
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the  basic  equation  (1) can  be  used.  I 
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41 now  possible  to  calculate  LA10.  
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For  LkH 1 & II,  the  quality  of stoarn  is  almost 

that  of  saturation  state  and  thus  steam  temperature  can  

be  taken  to  be  constant throughout the  heaters  and LMTD 

can  accordingly  tv.:  worked out  with  tl  hap  of equation  

6ince  no  partial phase  change  takes  place  'Fs=  1.  

since  the  two  halves  of each of these  heaters  are  iden— 

tical,  calculations  need only  to  be  made  for  eith er  half 

of  the  heater.  

III,  IV & V,  the  inlet steam  is  sup,r— 

LMTD,  desuper— 

heating  and condensing  process  LMTDs  are  separately  worked 
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  The  condensing  zone  may  be  designated  as  one  I and 

O
 

the  desuperheating  zone  as  Zone  II.  0
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Lone  I,  its  value  for  Zone  II may  be  determined  by  using  

equation  (3)  by  assuming  the  flow  to  be  a  counterflow  one.  

Percentage  of enthalpy  drop  taking  place  in  the  two  zones  

can  also  be  worked  out.  •
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weighted LATO  can  be  determined  for  the  heater  as  a  whole,  

by  using  equation  •
 

FIGU1:L  Lig  shows  various  temperature  profiles  for  

LMTD determination  of LPH I to  V.  
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the  effect  of enthalpy  of drip  cascading  from  a  higher  

pressure  heater  into  a  lower  pressure  heater.  

In  He  heaters,  there  are  33 tubes  in  the  desupere 

heating  section  out  of a  total of 33  240 273  tubes  

i.e.,  water  flow  area  for  desuperheating  section is  

about 12 percent of the  total flow  area.  In  order  to  

account  for  different  weight  densities  of water  in  the  

two  sections  and  also  the  contribution  of inlet/outlet 

headers  in  the  condensing  section,  it  may  be  assumed 

that about  10 percent of  the  total mass  flow  rate  of 

water  goes  to  the  desuperheating  section  and the  remainm  

ing  to  the  condensing  section.  

For  the  desuperheating  sections  of HPH  I & II,  

Counterflow  LMTD can  be  determined  and  the  correction  

factor  'F' can  be  applied as  per  equation  

For  the  condensing  sections  of  ktrFi  I 

flow  may  be  assumed to  be  a  parallel flow  one  and  LATO  

can  be  determined in  a  similar  manner  as  f)r  LkH III to  

because  of cressflow  conditions  existing  in  the  •
 

Condensing  section,  the  WU)  determined as  above  nay  be  
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FLAME 17 shows  various  temperature  profiles  for  

GOTe  determination  of MPH  I  &  II.  
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main  difficulty  in  applying  theoretical formula— 
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tions  arises  from  the  fact that  tube  wall temperature  must 

thu  moan  tube  wall temperature.  
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can  be  had by  trial and  error  method by  keeping  in  view  the  

fact that heat flux  is  cunatant  from  steam  condensing  out— 

side  the  tube  surface  to  heat conduction  through tube  wall 

and from  the  tube  inside  surface  to  the  water  flowing  in  

the  tubes,  the  heat  flux  being  worked  out  on  a  particular  

(sly,  outside  area)  

.0
 

c-• •
 

U
) 

U
) 

.0
 

U
) 

14 
U

) 

4
4
 

4
4
 

0
 

C
 
 

4.0  

0
 

.2' 

0
 

.41 4
.5  3

 
3
 

 

JP
%

 

4
4

 

4
 

.0
 

F
 

 

In  equation  (24)  

 
 

Considering  per  unit  tube  length,  

 
 

0
 

C
 

• • • • 43 

•

14 

.0 
• 

1
44460 

3 

0

4. 
 P4 

a. 

041 CV 

0 

U 0 
4.1 .c 

.aubstituting  the  values  of 

• 

4 



4 
%

W
O

 

•
 

•
 

•
 

• 

At ',  which is  the  difference  

raturo  of 

4' 
st 

and simplifyiai  wo  got,  

.4
 

4
' 0 ▪  4

 

4 r- • 
••• I 0

 

4
 

•
 

3 

O
a 

I
I
 

It 

gs  0.8666667 h (At ) 

IS  0.6  hi  ( Ati) 

Individual temperature  drops  Att.  Atra  

4 

From  equaticm  

ry F
  

•
 

>
1
 

C
I 

6.4 

0
 

I
 

• • • • 

Hi H 18 II,  

C
) 

+
1
  

3
 

0
 can  bo  vp.Jrkud 

<1 	
4 

0 
0

 
2
 	

.. 
e3 	

+
fa

 	
4
 	

t
 

Is 	
4
 	

I
 	

n 

+
 	

44'4
  

co 	
<I 	

04 

S
 	

4044 	
42?

 
4
 	

'1̀ 	
<

I 

e
s

 	

e
-N

k
 

m
o
o

;
 

.14
 

.
0
0
  

3 • 
v4 

2 
• 

>. 	
3

 	
T2 

8 	
... 
‹ 

*4 	
br i 

I?
 se 

64 
0

 
1
 •J

A
 

m 	
2
 $4 



C
 	

•44 
.0

 

1
'
 

3 

•-• 

4, 

T.1 

<3 

4,  • 

4
 

cv 

 

4
 

tV •
  

•
 

•
 

•
 

•
 

•
 

•
 

t he 

 va

lue s
 

 o f 4 t a n d
 

A t w 
 1
 

3
 

 

3
 

!laving  known  

0 

tr) •
 

•
 

•
 

•
 

C
 
•
 

LAI I to  V,  which are  entirely  condensing  
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is  worked out from  the  relations  

can  bo  worked  out as  under:  

heaters,  the  condensate  flow  is  fo uond  to  be  in  the  lami•  

nar  region  so  that equation  (16)  can  be  used.  

the  help  of equati,.ns  can  be  determined with 

determined  from  equation  (16) is  The  value  of 

increased by  20 percent to  account for  ripple  effect etc.  

(Notion  2.2.8).  

In  the  condensing  sections  of HAI 13 II,  the  tubes  

are  arranged in  horizontal double  spiral coils  and the  

condensate  is  found  to  be  in  the  turbulent region  so  that 
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at  least  5 ercent  tL%  account for  the  effect  of  ripple  

tube  bowing  etc.  (;action  2.2.8).  
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and that  the  figures  are  generally  higher  for  the  heater  
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with  the  m rmal range  of  values  for  condensing  heaters  as  

per  various  references  quoted below:  
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The  value  

section  is  only  about  15 to  V/ percent of its  comma— 

ponding  value  for  the  Condensing  section.  

The  desuper.-  

These  figures  are  relatively  lower  probably  

different  for  the  two  sections.  

because  the  dirt coefficient  may  not  be  significantly  

/hese  figures  are  in  

about  10 percent  onwards  has  been  indicated.  

ing  section.  

the  condensing  process.  
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obtained  in  
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that  check calculations  by  using  equation  (12)  yield values  

various  calculations  are  well within  the  range  presented  by  
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for  helical coiled  tubes.  
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is  the  controlling  (major) resis... 

Lance  to  heat  transfer.  

Wilson  (2a)  allowed that  when  steam  condenses  outside  brass  

thermal resistance  0
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water  side  resistance  was  about 70 percent  of the  total 

tubes  carrying  water  at moderate  Velocities,  water  side  

Re  IR 100000 to  60,000.  theimal  resistance  in  the  range  of 

Contribution  of tube  wall thermal resistance  is  

and thinner  tube's  in  view  of low  operating  pressures.  

using  brass  tubes  wherein*  

negligible  because  of  better  thermal conductivity  of brass  

(iii) Meet flux  is  relatively  low  i.u.,  of the  order  

of  7,500 to  16,000  (20,000 in  extreme  cases) 
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reveals  that  water  side  

eater  velocity  and temperature  encountered  are  

perusal t-4 TABU VI to  VIII 

high  thus  giving  higher  Reynolds  Number  on  water  side.  

Itself is  quite  large  for  these  sections.  
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conductivity  of carbon  steel (about  40  percent of  that for  

admiral ty  metal).  contribution  of  tube  wall for  
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desuperheating  sections  of UP  heaters  is  relatively  lower  

In  the  case  of  (iii) heat  flux  Is  relatively  high.  

Such  high  values  of  Re  Re  s.  58,740  to  2,52,612.  

in  lowering  heaters  also  aid  
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Lk heaters,  It  may  thus  be  seen  that  in  case  of  

-ilsen  riot  technique  may  be  applicable.  

HP  heaters,  tube  wall resistance  is  the  highest.  

0
 

the  ideology  of dilson  Plot  does  not  s,7em  to  be  applicable  

steam  side  resistance  is  the  major  resistance  and  in  case  

to  feedwater  heaters  in  the  sense  that water  side  resistance  

restricted  sense,  

of  steam  side  and  tuba  wall  resistances  may  not  vary  much 

is  not the  controlling/major  resistance.  

over  a  range  of tests  for  the  same  heater  and  in  that 

0
 

•
 

•
_
 
0
 

.4
 

4
4
 

14 

0
 

0
 

0
 

r?, 

2 

0
 

X
 

a
 

444 

4
) 

04 
A

 
a
 

C
 

.04 

0
 

1:1 

0
 

0
  R

f 

 ttt 

14 

4.2  

4
 
0
 

..0 

•
 

Almt 

Liled  tubes  

of steam  side  



This  difference  is  

0
  

.0
 

c
r 

as  well as  4t  for  various  

21.70  85.95 

It  may  be  recalled  here  that whereas  an  attempt  has  

CJ 

5-4
 

X
 

w4
.
3
 A  perusal of 
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The  actual temperature  drop  may  be  

C O 
.4 

• An  examination  of the  product of  the  

for  various  heaters  reveals  that  this  value  
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of LAID itself is  subject to  a  number  of simplifying  assumpu.  

tions  not  many  of which are  realised in  practice,  /4  the  

For  instance,  counter  flow  pattern  has  strictest  sense.  

been  assumed  for  UM  III to  V and  desuperheating  sections  

of HP heaters  and parallel flow  pattern  for  condensing  sec— 

As  a  matter  of fact,  however,  the  fl,mi  tions  of  HP heaters.  

pattern  is  a  complex  combination  of parallel,  counter  and 

croseflow  conditions.  AS discussed in  :section  2.3.2,  Van  

LAID  concept 
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is  true  for  a  single  spot  in  a  heat  exchanger  and is  not 

applicable  to  the  equipment  as  a  whole.  

deisgn  value  of  heat  flux  including  the  effect of drip  

stantially  higher(by  about  20 to  56 percent)  than  



fouling  or  dirt coefficient for  both surfaces  of heater  tubes,  

expressed  on  the  basis  of steam  side  area.  

*(a) Condensing  Section,  Desuperheating  Section,  
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TEMA  (2)  dirt or  fouling  coefficients  are,  in  

general,  much higher  than  those  obtained by  using  equation  (7).  
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product of heat transfer  area  and A slight variation  in  

LMTD  values  can  change  the  dirt coefficients  from  negative  to  
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For  HP heaters,  fouling  coefficients  work out  to  

values  are  greater  
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Its  effect has  been  taken  care  of only  partly  on  tube  side  

coefficient  in  the  shape  of increased water  temperature/ 

virieCity  and this  effect is  absent  on  steam  side  where  the  

effect of only  steam  flow/condensation  has  been  considered.  

Contribution  of chimney  and  gland steam  conciersers  

rig  

44 
0
 

«4 
0
 

0
 

0
 

8
 

•
 

4
1
 

$4 

a has  also  been  ignored.  

condensate  has  been  considered.  

inlet steam  to  s  4hereas  
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The  percentage  enthalpy  drop  due  to  desuperheat— to  HPH II.  
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Hi,  heaters.  

It may  be  noted  that  feedwater  heaters  
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have  been  ignored,  although  

these  may  not be  insignificant in  case  of 

the  influence  of electrostatic/magnetic  field  cannot  be  

heat transfer.  

are  installed  not  far  away  from  turbo—alternators  and 

t  .strictly  speaking,  equation  
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to  3,00,000 within  20 percent  (21).  as  worked 

out  by  equation  (9),  may  not  represent  the  true  value  cif 

heaters  where  Re  ranges  meter  side  coefficient for  

from  about  1,81,831 to  2,52,612.  
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of simplicity.  In  practice,  however,  pressure  drop  does  
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The  cumulative  effect of various  factors  (i)  to  
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From  the  foregoing  dimension  of  results,  following  

 

 

inferences  may  be  drawn:  

   
 

The  values  of overall heat  transfer  coefficient  for  

lower  this  coefficient.  

in  fair  agreement with the  calculated  filly's.  

C; The  figure  of  overall heat transfer  coefficient is  

lower  for  heaters  wherein  the  presence  of a  desuper"  

heating  section  tends  to  

different for  different  feedwater  heaters,  being  somewhat 

parameters,  including  the  accumulation  of  dirt/sludge/scale  

and  presence  of air/non-condensable  gases  in  steam.  
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evaluation  of mean  temperature  difference  between  the  

Theoretical formulations  yield a  fair  estimate  of  overall 
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the  major  resistance  to  the  heat transfer  phenomenon.  

shell side  fluid and tube  side  fluid can,  

heat  transfer  coefficient  for  various  heaters,  although the  

analysis  is  restricted in  the  sense  that  a  number  of simplify— 

actual value  of  overall heat transfer  coefficient 
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In  order  to  obtain  more  reliable/realistic  results  •
 

ing  assumptions  are  

of  optimal distribution  of heat  transfer  areas  amongst 

various  feedwater  heaters,  actual values  of  overall haat  

transfer  coefficient  for  various  heaters  should  be  used.  
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The  present work is  limited  to  the  evaluation  of 

overall heat  transfer  coefficient  of various  low  pressure  

and high pressure  feedwater  heaters  under  full load rated 

conditions  with all the  heat^rs  "charged" i.e.,  in  circuit 

equillibrium  state  i.e.,  
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optimal  distribution  of  total heat  transfer  area  amongst 

various  feedwater  areas  by  making  use  of  overall heat  

transfer  coefficient values  computed  for  each  foedwator  

operating  conditions  by  taking  actual moosur000nt  of 
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