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Vapour Power Cy les or Phase ha ge y le 

CARNOT CYCLE 

Figu e sho s a Ca ot le o  T-s a d p-V diag a s. It o sists of I  t o o sta t p essu e 
ope atio s -  a d -  a d ii  t o f i tio less adia ati  -  a d - . These ope atio s a e 
dis ussed elo : 

. Ope atio  - .  kg of oili g ate  at te pe atu e T  is heated to fo  et stea  of d ess 
f a tio  . Thus heat is a so ed at o sta t te pe atu e T  a d p essu e p  du i g this 
ope atio . 

. Ope atio  - . Du i g this ope atio  stea  is e pa ded ise t opi all  to te pe atu e T  a d 
p essu e p . The poi t  ep ese ts the o ditio  of stea  afte  e pa sio . 

. Ope atio  - . Du i g this ope atio  heat is eje ted at o sta t p essu e p  a d te pe atu e 
T . As the stea  is e hausted it e o es ette  a d ooled f o   to . 

. Ope atio  - . I  this ope atio  the et stea  at  is o p essed ise t opi all  till the stea  
egai s its o igi al state of te pe atu e T  a d p essu e p . Thus le is o pleted.  

Refe  T-s diag a : 

Heat supplied at o sta t te pe atu e T  [ope atio  - ] = a ea - - -a = T  s  – s  o  T  s  
– s . 

 

Fig.  Ca ot le o  T-s a d p-V diag a s 

Heat eje ted at o sta t te pe atu e T  ope atio  -  = a ea - -a-  = T  s  – s . 
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Li itatio s of Car ot Cy le 

Though Ca ot le is si ple the od a i all  a d has the highest the al effi ie  fo  
gi e  alues of T  a d T , et it is e t e el  diffi ult to ope ate i  p a ti e e ause of the 
follo i g easo s: 

. It is diffi ult to o p ess a et Vapou  ise t opi all  to the satu ated state as e ui ed  the 
p o ess - . 

. It is diffi ult to o t ol the ualit  of the o de sate o i g out of the o de se  so that the 
state  is e a tl  o tai ed. 

. The effi ie  of the Ca ot le is g eatl  affe ted  the te pe atu e T  at hi h heat is 
t a sfe ed to the o ki g fluid. Si e the iti al te pe atu e fo  stea  is o l  °C, the efo e, 
if the le is to e ope ated i  the et egio , the a i u  possi le te pe atu e is se e el  
li ited. 

. The le is still o e diffi ult to ope ate i  p a ti e ith supe heated stea  due to the 
e essit  of suppl i g the supe heat at o sta t te pe atu e i stead of o sta t p essu e as it 

is usto a . 

 I  a p a ti al le, li its of p essu e a d olu e a e fa  o e easil  ealised tha  li its of 
te pe atu e so that at p ese t o p a ti al e gi e ope ates o  the Ca ot le, although all 

ode  les aspi e to a hie e it. 

 

RANKINE CYCLE 

Ra ki e le is the theo eti al le o  hi h the stea  tu i e o  e gi e  o ks. 
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Ra ki e le. 

 

(a) p-  diag a  ;  T-s diag a  ;  h-s diag a  fo  Ra ki e le. 

(b) The Ra ki e le is sho  i  Fig. It o p ises of the follo i g p o esses : 
(c) Pro ess -  : Re e si le adia ati  e pa sio  i  the tu i e o  stea  e gi e . 
(d) Pro ess -  : Co sta t-p essu e t a sfe  of heat i  the o de se . 
(e) Pro ess -  : Re e si le adia ati  pu pi g p o ess i  the feed pu p. 
(f) Pro ess -  : Co sta t-p essu e t a sfe  of heat i  the oile . 
(g) Fig. .  sho s the Ra ki e le o  p- , T-s a d h-s diag a s he  the satu ated stea  

(h) e te s the tu i e, the stea  a  e et o  supe heated also . 
(i) Co sideri g  kg of fluid : 
(j) Appl i g steady flo  ene gy e uation S.F.E.E.  to oile , tu i e, o de se  a d pu p : 
(k) i  For oiler as o t ol olu e , e get 
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Co pariso  etwee  Ra ki e Cy le a d Car ot Cy le- 

The follo i g poi ts a e o th oti g : 

i  Bet ee  the sa e te pe atu e li its Ra ki e le p o ides a highe  spe ifi  o k output 
tha  a Ca ot le, o se ue tl  Ra ki e le e ui es a s alle  stea  flo  ate esulti g i  
s alle  size pla t fo  a gi e  po e  output. Ho e e , Ra ki e le alls fo  highe  ates of heat 
t a sfe  i  oile  a d o de se . 

ii  Si e i  Ra ki e le o l  pa t of the heat is supplied isothe all  at o sta t highe  
te pe atu e T , the efo e, its effi ie  is lo e  tha  that of Ca ot le. The effi ie  of the 
Ra ki e le ill app oa h that of the Ca ot le o e ea l  if the supe heat te pe atu e 
ise is edu ed. 

iii  The ad a tage of usi g pu p to feed li uid to the oile  i stead to o p essi g a et apou  
is o ious that the o k fo  o p essio  is e  la ge o pa ed to the pu p. 

Fig. sho s the plots et ee  effi ie  a d spe ifi  stea  o su ptio  agai st oile  p essu e 
fo  Ca ot a d ideal Ra ki e les.  

Effe t of Ope ati g Co ditio s o  Ra ki e C le Effi ie  

The Ra ki e le effi ie  a  e i p o ed : 

i  I easi g the a e age te pe atu e at hi h heat is supplied. 

ii  De easi g/ edu i g the te pe atu e at hi h heat is eje ted 
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This a  e a hie ed  aki g suita le ha ges i  the o ditio s of stea  ge e atio  o  
o de satio , as dis ussed elo  : 

. In reasing oiler pressure. It has ee  o se ed that  i easi g the oile  p essu e othe  
fa to s e ai i g the sa e  the le te ds to ise a d ea hes a a i u  alue at a oile  
p essu e of a out  a  [Fig.  a ]. 

. Superheating. All othe  fa to s e ai i g the sa e, if the stea  is supe heated efo e 
allo i g it to e pa d the Ra ki e le effi ie  a  e i eased [Fig. ]. The use of 
supe heated stea  also e su es lo ge  tu i e lade life e ause of the a se e of e osio  f o  
high elo it  ate  pa ti les that a e suspe ded i  et apou . 

. Redu ing ondenser pressure. The the al effi ie  of the le a  e a pl  i p o ed  
edu i g the o de se  p essu e [Fig. .  ] he e  edu i g the te pe atu e at hi h heat 

is eje ted , espe iall  i  high a uu s. But the i ease i  effi ie  is o tai ed at the i eased 
ost of o de satio  appa atus 

MODIFIED RANKINE CYCLE 

Figu es sho  the odified Ra ki e le o  p-V a d T-s diag a s egle ti g pu p o k  
espe ti el . It ill e oted that p-V diag a  is e  a o  at the toe i.e., poi t ′  a d the o k 

o tai ed ea  to e is e  s all. I  fa t this o k is too i ade uate to o e o e f i tio  due to 
e ip o ati g pa ts  e e . The efo e, the adia ati  is te i ated at  ; the p essu e d op 

de eases sudde l  hilst the olu e e ai s o sta t. This ope atio  is ep ese ted  the li e 
- . B  this doi g the st oke le gth is edu ed ; i  othe  o ds the li de  di e sio s edu e 
ut at the e pe se of s all loss of o k a ea - - ′  hi h, ho e e , is egligi l  s all. 
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REGENERATIVE CYCLE 

I  the Ra ki e le it is o se ed that the o de sate hi h is fai l  at lo  te pe atu e has a  
i e e si le i i g ith hot oile  ate  a d this esults i  de ease of le effi ie . Methods 
a e, the efo e, adopted to heat the feed ate  f o  the hot ell of o de se  i e e si l   
i te ha ge of heat ithi  the s ste  a d thus i p o i g the le effi ie . This heati g 

ethod is alled ege e ati e feed heat a d the le is alled ege e ati e le. The p i iple 
of ege e atio  a  e p a ti all  utilised  e t a ti g stea  f o  the tu i e at se e al 
lo atio s a d suppl i g it to the ege e ati e heate s. The esulti g le is k o  as 
ege e ati e o  leedi g le. The heati g a a ge e t o p ises of : i  Fo  ediu  apa it  
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tu i es— ot o e tha   heate s ; ii  Fo  high p essu e high apa it  tu i es— ot o e tha  
 to  heate s ; a d iii  Fo  tu i es of supe  iti al pa a ete s  to  heate s. The ost 

ad a tageous o de sate heati g te pe atu e is sele ted depe di g o  the tu i e th ottle 
o ditio s a d this dete i es the u e  of heate s to e used. The fi al o de sate heati g 

te pe atu e is kept  to °C elo  the oile  satu ated stea  te pe atu e so as to p e e t 
e apo atio  of ate  i  the feed ai s follo i g a d op i  the oile  d u  p essu e. The 
o ditio s of stea  led fo  ea h heate  a e so sele ted that the te pe atu e of satu ated stea  
ill e  to °C highe  tha  the fi al o de sate te pe atu e diag a ati  la out of a 

o de si g stea  po e  pla t i  hi h a su fa e o de se  is used to o de se all the stea  
that is ot e t a ted fo  feed ate  heati g. 

The tu i e is dou le e t a ti g a d the oile  is e uipped ith a supe heate . The le diag a  
T-s  ould appea  as sho  i  Fig.  

 

 

REHEAT CYCLE 

Fo  attai i g g eate  the al effi ie ies he  the i itial p essu e of stea  as aised e o d 
 a  it as fou d that esulti g o ditio  of stea  afte , e pa sio  as i easi gl  ette  a d 

e eeded i  the safe li it of  pe  e t o de satio . It, the efo e, e a e e essa  to eheat 
the stea  afte  pa t of e pa sio  as o e  so that the esulti g o ditio  afte  o plete 
e pa sio  fell ithi  the egio  of pe issi le et ess. The eheati g o  esupe heati g of stea  
is o  u i e sall  used he  high p essu e a d te pe atu e stea  o ditio s su h as  to  

a  a d °C to °C a e e plo ed fo  th ottle. Fo  pla ts of still highe  p essu es a d 
te pe atu es, a dou le eheati g a  e used. I  a tual p a ti e eheat i p o es the le 
effi ie   a out % fo  a /  a  le. A se o d eheat ill gi e a u h less gai  hile the 
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i itial ost i ol ed ould e so high as to p ohi it use of t o stage eheat e ept i  ase of e  
high i itial th ottle o ditio s. The ost of eheat e uip e t o sisti g of oile , pipi g a d 
o t ols a  e % to % o e tha  that of the o e tio al oile s a d this additio al 

e pe ditu e is justified o l  if gai  i  the al effi ie  is suffi ie t to p o ise a etu  of this 
i est e t. Usuall  a pla t ith a ase load apa it  of  kW a d i itial stea  p essu e of 

 a  ould e o o i all  justif  the e t a ost of eheati g. The i p o e e t i  the al 
effi ie  due to eheat is g eatl  depe de t upo  the eheat p essu e ith espe t to the 
o igi al p essu e of stea . 
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BINARY VAPOUR CYCLE 

 

BINARY VAPOUR CYCLE 
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THEORETICAL QUESTIONS 

. E plai  the a ious ope atio  of a Ca ot le. Also ep ese t it o  a T-s a d p-V diag a s. 

. Des i e the diffe e t ope atio s of Ra ki e le. De i e also the e p essio  fo  its effi ie . 

. State the ethods of i easi g the the al effi ie  of a Ra ki e le. 

. E plai  ith the help of eat diag a  a Rege e ati e C le . De i e also a  e p essio  fo  its 
the al effi ie . 

. State the ad a tages of ege e ati e le/si ple Ra ki e le. 

. E plai  ith a eat diag a  the o ki g of a Bi a  Vapou  le. 

NUMERICAL QESTION:-  

. A si ple Ra ki e le o ks et ee  p essu e of  a  a d .  a , the i itial o ditio  of 
stea  ei g d  satu ated, al ulate the le effi ie , o k atio a d spe ifi  stea  
o su ptio . [A s. %, . , .  kg/kWh] 
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. A stea  po e  pla t o ks et ee   a  a d .  a . If the stea  supplied is d  satu ated 
a d the le of ope atio  is Ra ki e, fi d: i  C le effi ie  ii  Spe ifi  stea  o su ptio . 
[A s. i  . %, ii  .  kg/kWh] 

. Co pa e the Ra ki e effi ie  of a high p essu e pla t ope ati g f o   a  a d °C a d 
a lo  p essu e pla t ope ati g f o   a  °C, if the o de se  p essu e i  oth ases is .  

a . [A s. .  a d . ] 

. A stea  po e  pla t o ki g o  Ra ki e le has the a ge of ope atio  f o   a  d  
satu ated to .  a . Dete i e: 

i  The le effi ie  ii  Wo k atio 

iii  Spe ifi  fuel o su ptio . [A s. i  . %, ii  . , iii  .  kg/kWh] 

. I  a Ra ki e le, the stea  at i let to tu i e is satu ated at a p essu e of  a  a d the 
e haust p essu e is .  a . Dete i e: 

i  The pu p o k ii  Tu i e o k 

iii  Ra ki e effi ie  IV  Co de se  heat flo  

 D ess at the e d of e pa sio . 

Assu e flo  ate of  kg/s. [A s. i   kW, ii   kW, iii  . %, i   kW,  . ] 

. I  a ege e ati e le the i let o ditio s a e  a  a d °C. Stea  is led at  a  i  
ege e ati e heati g. The e it p essu e is .  a . Negle ti g pu p o k dete i e the effi ie  

of the le. 

[A s. . ] 

. A tu i e ith o e leedi g fo  ege e ati e heati g of feed ate  is ad itted ith stea  
ha i g e thalp  of  kJ/kg a d the e hausted stea  has a  e thalp  of  kJ/kg. The ideal 
ege e ati e feed ate  heate  is fed ith  kg/h of led stea  at .  a  hose e thalp  

is  kJ/h . The feed ate  o de sate f o  the o de se  ith a  e thalp  of  kJ/kg is 
pu ped to the heate . It lea es the heate  d  satu ated at .  a . Dete i e the po e  
de eloped  the tu i e. [A s.  kW] 

***** 
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