
UŶit -Ϯ 

Vapour Power CyĐles or Phase ĐhaŶge ĐyĐle 

CARNOT CYCLE 

Figuƌe shoǁs a CaƌŶot ĐǇĐle oŶ T-s aŶd p-V diagƌaŵs. It ĐoŶsists of ;IͿ tǁo ĐoŶstaŶt pƌessuƌe 
opeƌatioŶs ;ϰ-ϭͿ aŶd ;Ϯ-ϯͿ aŶd ;iiͿ tǁo fƌiĐtioŶless adiaďatiĐ ;ϭ-ϮͿ aŶd ;ϯ-ϰͿ. These opeƌatioŶs aƌe 
disĐussed ďeloǁ: 

ϭ. OpeƌatioŶ ;ϰ-ϭͿ. ϭ kg of ďoiliŶg ǁateƌ at teŵpeƌatuƌe Tϭ is heated to foƌŵ ǁet steaŵ of dƌǇŶess 
fƌaĐtioŶ ǆϭ. Thus heat is aďsoƌďed at ĐoŶstaŶt teŵpeƌatuƌe Tϭ aŶd pƌessuƌe pϭ duƌiŶg this 
opeƌatioŶ. 

Ϯ. OpeƌatioŶ ;ϭ-ϮͿ. DuƌiŶg this opeƌatioŶ steaŵ is eǆpaŶded iseŶtƌopiĐallǇ to teŵpeƌatuƌe TϮ aŶd 
pƌessuƌe pϮ. The poiŶt ͚Ϯ͛ ƌepƌeseŶts the ĐoŶditioŶ of steaŵ afteƌ eǆpaŶsioŶ. 

ϯ. OpeƌatioŶ ;Ϯ-ϯͿ. DuƌiŶg this opeƌatioŶ heat is ƌejeĐted at ĐoŶstaŶt pƌessuƌe pϮ aŶd teŵpeƌatuƌe 
TϮ. As the steaŵ is eǆhausted it ďeĐoŵes ǁetteƌ aŶd Đooled fƌoŵ Ϯ to ϯ. 

ϰ. OpeƌatioŶ ;ϯ-ϰͿ. IŶ this opeƌatioŶ the ǁet steaŵ at ͚ ϯ͛ is Đoŵpƌessed iseŶtƌopiĐallǇ till the steaŵ 
ƌegaiŶs its oƌigiŶal state of teŵpeƌatuƌe Tϭ aŶd pƌessuƌe pϭ. Thus ĐǇĐle is Đoŵpleted.  

Refeƌ T-s diagƌaŵ: 

Heat supplied at ĐoŶstaŶt teŵpeƌatuƌe Tϭ [opeƌatioŶ ;ϰ-ϭͿ] = aƌea ϰ-ϭ-ď-a = Tϭ ;sϭ – sϰͿ oƌ Tϭ ;sϮ 
– sϯͿ. 

 

Fig. ϭ CaƌŶot ĐǇĐle oŶ T-s aŶd p-V diagƌaŵs 

Heat ƌejeĐted at ĐoŶstaŶt teŵpeƌatuƌe TϮ ;opeƌatioŶ Ϯ-ϯͿ = aƌea Ϯ-ϯ-a-ď = TϮ ;sϮ – sϯͿ. 

 

 

  

Page no: 1



 

LiŵitatioŶs of CarŶot CyĐle 

Though CaƌŶot ĐǇĐle is siŵple ;theƌŵodǇŶaŵiĐallǇͿ aŶd has the highest theƌŵal effiĐieŶĐǇ foƌ 
giǀeŶ ǀalues of Tϭ aŶd TϮ, Ǉet it is eǆtƌeŵelǇ diffiĐult to opeƌate iŶ pƌaĐtiĐe ďeĐause of the 
folloǁiŶg ƌeasoŶs: 

ϭ. It is diffiĐult to Đoŵpƌess a ǁet Vapouƌ iseŶtƌopiĐallǇ to the satuƌated state as ƌeƋuiƌed ďǇ the 
pƌoĐess ϯ-ϰ. 

Ϯ. It is diffiĐult to ĐoŶtƌol the ƋualitǇ of the ĐoŶdeŶsate ĐoŵiŶg out of the ĐoŶdeŶseƌ so that the 
state ͚ϯ͛ is eǆaĐtlǇ oďtaiŶed. 

ϯ. The effiĐieŶĐǇ of the CaƌŶot ĐǇĐle is gƌeatlǇ affeĐted ďǇ the teŵpeƌatuƌe Tϭ at ǁhiĐh heat is 
tƌaŶsfeƌƌed to the ǁoƌkiŶg fluid. SiŶĐe the ĐƌitiĐal teŵpeƌatuƌe foƌ steaŵ is oŶlǇ ϯϳϰ°C, theƌefoƌe, 
if the ĐǇĐle is to ďe opeƌated iŶ the ǁet ƌegioŶ, the ŵaǆiŵuŵ possiďle teŵpeƌatuƌe is seǀeƌelǇ 
liŵited. 

ϰ. The ĐǇĐle is still ŵoƌe diffiĐult to opeƌate iŶ pƌaĐtiĐe ǁith supeƌheated steaŵ due to the 
ŶeĐessitǇ of supplǇiŶg the supeƌheat at ĐoŶstaŶt teŵpeƌatuƌe iŶstead of ĐoŶstaŶt pƌessuƌe ;as it 
is ĐustoŵaƌǇͿ. 

 IŶ a pƌaĐtiĐal ĐǇĐle, liŵits of pƌessuƌe aŶd ǀoluŵe aƌe faƌ ŵoƌe easilǇ ƌealised thaŶ liŵits of 
teŵpeƌatuƌe so that at pƌeseŶt Ŷo pƌaĐtiĐal eŶgiŶe opeƌates oŶ the CaƌŶot ĐǇĐle, although all 
ŵodeƌŶ ĐǇĐles aspiƌe to aĐhieǀe it. 

 

RANKINE CYCLE 

RaŶkiŶe ĐǇĐle is the theoƌetiĐal ĐǇĐle oŶ ǁhiĐh the steaŵ tuƌďiŶe ;oƌ eŶgiŶeͿ ǁoƌks. 
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RaŶkiŶe ĐǇĐle. 

 

(a) p-ǀ diagƌaŵ ; ;ďͿ T-s diagƌaŵ ; ;ĐͿ h-s diagƌaŵ foƌ RaŶkiŶe ĐǇĐle. 

(b) The RaŶkiŶe ĐǇĐle is shoǁŶ iŶ Fig. It Đoŵpƌises of the folloǁiŶg pƌoĐesses : 
(c) ProĐess ϭ-Ϯ : Reǀeƌsiďle adiaďatiĐ eǆpaŶsioŶ iŶ the tuƌďiŶe ;oƌ steaŵ eŶgiŶeͿ. 
(d) ProĐess Ϯ-ϯ : CoŶstaŶt-pƌessuƌe tƌaŶsfeƌ of heat iŶ the ĐoŶdeŶseƌ. 
(e) ProĐess ϯ-ϰ : Reǀeƌsiďle adiaďatiĐ puŵpiŶg pƌoĐess iŶ the feed puŵp. 
(f) ProĐess ϰ-ϭ : CoŶstaŶt-pƌessuƌe tƌaŶsfeƌ of heat iŶ the ďoileƌ. 
(g) Fig. ϭϮ.ϯ shoǁs the RaŶkiŶe ĐǇĐle oŶ p-ǀ, T-s aŶd h-s diagƌaŵs ;ǁheŶ the satuƌated steaŵ 

(h) eŶteƌs the tuƌďiŶe, the steaŵ ĐaŶ ďe ǁet oƌ supeƌheated alsoͿ. 
(i) CoŶsideriŶg ϭ kg of fluid : 
(j) ApplǇiŶg steady floǁ eneƌgy eƋuation ;S.F.E.E.Ϳ to ďoileƌ, tuƌďiŶe, ĐoŶdeŶseƌ aŶd puŵp : 
(k) ;iͿ For ďoiler ;as ĐoŶtƌol ǀoluŵeͿ, ǁe get 
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CoŵparisoŶ ďetweeŶ RaŶkiŶe CyĐle aŶd CarŶot CyĐle- 

The folloǁiŶg poiŶts aƌe ǁoƌth ŶotiŶg : 

;iͿ BetǁeeŶ the saŵe teŵpeƌatuƌe liŵits RaŶkiŶe ĐǇĐle pƌoǀides a higheƌ speĐifiĐ ǁoƌk output 
thaŶ a CaƌŶot ĐǇĐle, ĐoŶseƋueŶtlǇ RaŶkiŶe ĐǇĐle ƌeƋuiƌes a sŵalleƌ steaŵ floǁ ƌate ƌesultiŶg iŶ 
sŵalleƌ size plaŶt foƌ a giǀeŶ poǁeƌ output. Hoǁeǀeƌ, RaŶkiŶe ĐǇĐle Đalls foƌ higheƌ ƌates of heat 
tƌaŶsfeƌ iŶ ďoileƌ aŶd ĐoŶdeŶseƌ. 

;iiͿ SiŶĐe iŶ RaŶkiŶe ĐǇĐle oŶlǇ paƌt of the heat is supplied isotheƌŵallǇ at ĐoŶstaŶt higheƌ 
teŵpeƌatuƌe Tϭ, theƌefoƌe, its effiĐieŶĐǇ is loǁeƌ thaŶ that of CaƌŶot ĐǇĐle. The effiĐieŶĐǇ of the 
RaŶkiŶe ĐǇĐle ǁill appƌoaĐh that of the CaƌŶot ĐǇĐle ŵoƌe ŶeaƌlǇ if the supeƌheat teŵpeƌatuƌe 
ƌise is ƌeduĐed. 

;iiiͿ The adǀaŶtage of usiŶg puŵp to feed liƋuid to the ďoileƌ iŶstead to ĐoŵpƌessiŶg a ǁet ǀapouƌ 
is oďǀious that the ǁoƌk foƌ ĐoŵpƌessioŶ is ǀeƌǇ laƌge Đoŵpaƌed to the puŵp. 

Fig. shoǁs the plots ďetǁeeŶ effiĐieŶĐǇ aŶd speĐifiĐ steaŵ ĐoŶsuŵptioŶ agaiŶst ďoileƌ pƌessuƌe 
foƌ CaƌŶot aŶd ideal RaŶkiŶe ĐǇĐles.  

EffeĐt of OpeƌatiŶg CoŶditioŶs oŶ RaŶkiŶe CǇĐle EffiĐieŶĐǇ 

The RaŶkiŶe ĐǇĐle effiĐieŶĐǇ ĐaŶ ďe iŵpƌoǀed ďǇ: 

;iͿ IŶĐƌeasiŶg the aǀeƌage teŵpeƌatuƌe at ǁhiĐh heat is supplied. 

;iiͿ DeĐƌeasiŶg/ƌeduĐiŶg the teŵpeƌatuƌe at ǁhiĐh heat is ƌejeĐted 
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This ĐaŶ ďe aĐhieǀed ďǇ ŵakiŶg suitaďle ĐhaŶges iŶ the ĐoŶditioŶs of steaŵ geŶeƌatioŶ oƌ 
ĐoŶdeŶsatioŶ, as disĐussed ďeloǁ : 

ϭ. InĐreasing ďoiler pressure. It has ďeeŶ oďseƌǀed that ďǇ iŶĐƌeasiŶg the ďoileƌ pƌessuƌe ;otheƌ 
faĐtoƌs ƌeŵaiŶiŶg the saŵeͿ the ĐǇĐle teŶds to ƌise aŶd ƌeaĐhes a ŵaǆiŵuŵ ǀalue at a ďoileƌ 
pƌessuƌe of aďout ϭϲϲ ďaƌ [Fig.  ;aͿ]. 

Ϯ. Superheating. All otheƌ faĐtoƌs ƌeŵaiŶiŶg the saŵe, if the steaŵ is supeƌheated ďefoƌe 
alloǁiŶg it to eǆpaŶd the RaŶkiŶe ĐǇĐle effiĐieŶĐǇ ŵaǇ ďe iŶĐƌeased [Fig. ;ďͿ]. The use of 
supeƌheated steaŵ also eŶsuƌes loŶgeƌ tuƌďiŶe ďlade life ďeĐause of the aďseŶĐe of eƌosioŶ fƌoŵ 
high ǀeloĐitǇ ǁateƌ paƌtiĐles that aƌe suspeŶded iŶ ǁet ǀapouƌ. 

ϯ. ReduĐing Đondenser pressure. The theƌŵal effiĐieŶĐǇ of the ĐǇĐle ĐaŶ ďe aŵplǇ iŵpƌoǀed ďǇ 
ƌeduĐiŶg the ĐoŶdeŶseƌ pƌessuƌe [Fig. ϭϮ.ϱ ;ĐͿ] ;heŶĐe ďǇ ƌeduĐiŶg the teŵpeƌatuƌe at ǁhiĐh heat 
is ƌejeĐtedͿ, espeĐiallǇ iŶ high ǀaĐuuŵs. But the iŶĐƌease iŶ effiĐieŶĐǇ is oďtaiŶed at the iŶĐƌeased 
Đost of ĐoŶdeŶsatioŶ appaƌatus 

MODIFIED RANKINE CYCLE 

Figuƌes shoǁ the ŵodified RaŶkiŶe ĐǇĐle oŶ p-V aŶd T-s diagƌaŵs ;ŶegleĐtiŶg puŵp ǁoƌkͿ 
ƌespeĐtiǀelǇ. It ǁill ďe Ŷoted that p-V diagƌaŵ is ǀeƌǇ Ŷaƌƌoǁ at the toe i.e., poiŶt ͚Ϯ′͛ aŶd the ǁoƌk 
oďtaiŶed Ŷeaƌ to e is ǀeƌǇ sŵall. IŶ faĐt this ǁoƌk is too iŶadeƋuate to oǀeƌĐoŵe fƌiĐtioŶ ;due to 
ƌeĐipƌoĐatiŶg paƌtsͿ eǀeŶ. Theƌefoƌe, the adiaďatiĐ is teƌŵiŶated at ͚Ϯ͛ ; the pƌessuƌe dƌop 
deĐƌeases suddeŶlǇ ǁhilst the ǀoluŵe ƌeŵaiŶs ĐoŶstaŶt. This opeƌatioŶ is ƌepƌeseŶted ďǇ the liŶe 
Ϯ-ϯ. BǇ this doiŶg the stƌoke leŶgth is ƌeduĐed ; iŶ otheƌ ǁoƌds the ĐǇliŶdeƌ diŵeŶsioŶs ƌeduĐe 
ďut at the eǆpeŶse of sŵall loss of ǁoƌk ;aƌea Ϯ-ϯ-Ϯ′Ϳ ǁhiĐh, hoǁeǀeƌ, is ŶegligiďlǇ sŵall. 
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REGENERATIVE CYCLE 

IŶ the RaŶkiŶe ĐǇĐle it is oďseƌǀed that the ĐoŶdeŶsate ǁhiĐh is faiƌlǇ at loǁ teŵpeƌatuƌe has aŶ 
iƌƌeǀeƌsiďle ŵiǆiŶg ǁith hot ďoileƌ ǁateƌ aŶd this ƌesults iŶ deĐƌease of ĐǇĐle effiĐieŶĐǇ. Methods 
aƌe, theƌefoƌe, adopted to heat the feed ǁateƌ fƌoŵ the hot ǁell of ĐoŶdeŶseƌ iƌƌeǀeƌsiďlǇ ďǇ 
iŶteƌĐhaŶge of heat ǁithiŶ the sǇsteŵ aŶd thus iŵpƌoǀiŶg the ĐǇĐle effiĐieŶĐǇ. This heatiŶg 
ŵethod is Đalled ƌegeŶeƌatiǀe feed heat aŶd the ĐǇĐle is Đalled ƌegeŶeƌatiǀe ĐǇĐle. The pƌiŶĐiple 
of ƌegeŶeƌatioŶ ĐaŶ ďe pƌaĐtiĐallǇ utilised ďǇ eǆtƌaĐtiŶg steaŵ fƌoŵ the tuƌďiŶe at seǀeƌal 
loĐatioŶs aŶd supplǇiŶg it to the ƌegeŶeƌatiǀe heateƌs. The ƌesultiŶg ĐǇĐle is kŶoǁŶ as 
ƌegeŶeƌatiǀe oƌ ďleediŶg ĐǇĐle. The heatiŶg aƌƌaŶgeŵeŶt Đoŵpƌises of : ;iͿ Foƌ ŵediuŵ ĐapaĐitǇ 
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tuƌďiŶes—Ŷot ŵoƌe thaŶ ϯ heateƌs ; ;iiͿ Foƌ high pƌessuƌe high ĐapaĐitǇ tuƌďiŶes—Ŷot ŵoƌe thaŶ 
ϱ to ϳ heateƌs ; aŶd ;iiiͿ Foƌ tuƌďiŶes of supeƌ ĐƌitiĐal paƌaŵeteƌs ϴ to ϵ heateƌs. The ŵost 
adǀaŶtageous ĐoŶdeŶsate heatiŶg teŵpeƌatuƌe is seleĐted depeŶdiŶg oŶ the tuƌďiŶe thƌottle 
ĐoŶditioŶs aŶd this deteƌŵiŶes the Ŷuŵďeƌ of heateƌs to ďe used. The fiŶal ĐoŶdeŶsate heatiŶg 
teŵpeƌatuƌe is kept ϱϬ to ϲϬ°C ďeloǁ the ďoileƌ satuƌated steaŵ teŵpeƌatuƌe so as to pƌeǀeŶt 
eǀapoƌatioŶ of ǁateƌ iŶ the feed ŵaiŶs folloǁiŶg a dƌop iŶ the ďoileƌ dƌuŵ pƌessuƌe. The 
ĐoŶditioŶs of steaŵ ďled foƌ eaĐh heateƌ aƌe so seleĐted that the teŵpeƌatuƌe of satuƌated steaŵ 
ǁill ďe ϰ to ϭϬ°C higheƌ thaŶ the fiŶal ĐoŶdeŶsate teŵpeƌatuƌe diagƌaŵŵatiĐ laǇout of a 
ĐoŶdeŶsiŶg steaŵ poǁeƌ plaŶt iŶ ǁhiĐh a suƌfaĐe ĐoŶdeŶseƌ is used to ĐoŶdeŶse all the steaŵ 
that is Ŷot eǆtƌaĐted foƌ feed ǁateƌ heatiŶg. 

The tuƌďiŶe is douďle eǆtƌaĐtiŶg aŶd the ďoileƌ is eƋuipped ǁith a supeƌheateƌ. The ĐǇĐle diagƌaŵ 
;T-sͿ ǁould appeaƌ as shoǁŶ iŶ Fig.  

 

 

REHEAT CYCLE 

Foƌ attaiŶiŶg gƌeateƌ theƌŵal effiĐieŶĐies ǁheŶ the iŶitial pƌessuƌe of steaŵ ǁas ƌaised ďeǇoŶd 
ϰϮ ďaƌ it ǁas fouŶd that ƌesultiŶg ĐoŶditioŶ of steaŵ afteƌ, eǆpaŶsioŶ ǁas iŶĐƌeasiŶglǇ ǁetteƌ aŶd 
eǆĐeeded iŶ the safe liŵit of ϭϮ peƌ ĐeŶt ĐoŶdeŶsatioŶ. It, theƌefoƌe, ďeĐaŵe ŶeĐessaƌǇ to ƌeheat 
the steaŵ afteƌ paƌt of eǆpaŶsioŶ ǁas oǀeƌ so that the ƌesultiŶg ĐoŶditioŶ afteƌ Đoŵplete 
eǆpaŶsioŶ fell ǁithiŶ the ƌegioŶ of peƌŵissiďle ǁetŶess. The ƌeheatiŶg oƌ ƌesupeƌheatiŶg of steaŵ 
is Ŷoǁ uŶiǀeƌsallǇ used ǁheŶ high pƌessuƌe aŶd teŵpeƌatuƌe steaŵ ĐoŶditioŶs suĐh as ϭϬϬ to ϮϱϬ 
ďaƌ aŶd ϱϬϬ°C to ϲϬϬ°C aƌe eŵploǇed foƌ thƌottle. Foƌ plaŶts of still higheƌ pƌessuƌes aŶd 
teŵpeƌatuƌes, a douďle ƌeheatiŶg ŵaǇ ďe used. IŶ aĐtual pƌaĐtiĐe ƌeheat iŵpƌoǀes the ĐǇĐle 
effiĐieŶĐǇ ďǇ aďout ϱ% foƌ a ϴϱ/ϭϱ ďaƌ ĐǇĐle. A seĐoŶd ƌeheat ǁill giǀe a ŵuĐh less gaiŶ ǁhile the 

  

Page no: 7



iŶitial Đost iŶǀolǀed ǁould ďe so high as to pƌohiďit use of tǁo stage ƌeheat eǆĐept iŶ Đase of ǀeƌǇ 
high iŶitial thƌottle ĐoŶditioŶs. The Đost of ƌeheat eƋuipŵeŶt ĐoŶsistiŶg of ďoileƌ, pipiŶg aŶd 
ĐoŶtƌols ŵaǇ ďe ϱ% to ϭϬ% ŵoƌe thaŶ that of the ĐoŶǀeŶtioŶal ďoileƌs aŶd this additioŶal 
eǆpeŶdituƌe is justified oŶlǇ if gaiŶ iŶ theƌŵal effiĐieŶĐǇ is suffiĐieŶt to pƌoŵise a ƌetuƌŶ of this 
iŶǀestŵeŶt. UsuallǇ a plaŶt ǁith a ďase load ĐapaĐitǇ of ϱϬϬϬϬ kW aŶd iŶitial steaŵ pƌessuƌe of 
ϰϮ ďaƌ ǁould eĐoŶoŵiĐallǇ justifǇ the eǆtƌa Đost of ƌeheatiŶg. The iŵpƌoǀeŵeŶt iŶ theƌŵal 
effiĐieŶĐǇ due to ƌeheat is gƌeatlǇ depeŶdeŶt upoŶ the ƌeheat pƌessuƌe ǁith ƌespeĐt to the 
oƌigiŶal pƌessuƌe of steaŵ. 
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BINARY VAPOUR CYCLE 

 

BINARY VAPOUR CYCLE 
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THEORETICAL QUESTIONS 

ϭ. EǆplaiŶ the ǀaƌious opeƌatioŶ of a CaƌŶot ĐǇĐle. Also ƌepƌeseŶt it oŶ a T-s aŶd p-V diagƌaŵs. 

Ϯ. DesĐƌiďe the diffeƌeŶt opeƌatioŶs of RaŶkiŶe ĐǇĐle. Deƌiǀe also the eǆpƌessioŶ foƌ its effiĐieŶĐǇ. 

ϯ. State the ŵethods of iŶĐƌeasiŶg the theƌŵal effiĐieŶĐǇ of a RaŶkiŶe ĐǇĐle. 

ϰ. EǆplaiŶ ǁith the help of Ŷeat diagƌaŵ a ͚RegeŶeƌatiǀe CǇĐle .͛ Deƌiǀe also aŶ eǆpƌessioŶ foƌ its 
theƌŵal effiĐieŶĐǇ. 

ϱ. State the adǀaŶtages of ƌegeŶeƌatiǀe ĐǇĐle/siŵple RaŶkiŶe ĐǇĐle. 

ϲ. EǆplaiŶ ǁith a Ŷeat diagƌaŵ the ǁoƌkiŶg of a BiŶaƌǇ Vapouƌ ĐǇĐle. 

NUMERICAL QESTION:-  

ϭ. A siŵple RaŶkiŶe ĐǇĐle ǁoƌks ďetǁeeŶ pƌessuƌe of ϯϬ ďaƌ aŶd Ϭ.Ϭϰ ďaƌ, the iŶitial ĐoŶditioŶ of 
steaŵ ďeiŶg dƌǇ satuƌated, ĐalĐulate the ĐǇĐle effiĐieŶĐǇ, ǁoƌk ƌatio aŶd speĐifiĐ steaŵ 
ĐoŶsuŵptioŶ. [AŶs. ϯϱ%, Ϭ.ϵϵϳ, ϯ.ϴϰ kg/kWh] 
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Ϯ. A steaŵ poǁeƌ plaŶt ǁoƌks ďetǁeeŶ ϰϬ ďaƌ aŶd Ϭ.Ϭϱ ďaƌ. If the steaŵ supplied is dƌǇ satuƌated 
aŶd the ĐǇĐle of opeƌatioŶ is RaŶkiŶe, fiŶd: ;iͿ CǇĐle effiĐieŶĐǇ ;iiͿ SpeĐifiĐ steaŵ ĐoŶsuŵptioŶ. 
[AŶs. ;iͿ ϯϱ.ϱ%, ;iiͿ ϯ.ϴ kg/kWh] 

ϯ. Coŵpaƌe the RaŶkiŶe effiĐieŶĐǇ of a high pƌessuƌe plaŶt opeƌatiŶg fƌoŵ ϴϬ ďaƌ aŶd ϰϬϬ°C aŶd 
a loǁ pƌessuƌe plaŶt opeƌatiŶg fƌoŵ ϰϬ ďaƌ ϰϬϬ°C, if the ĐoŶdeŶseƌ pƌessuƌe iŶ ďoth Đases is Ϭ.Ϭϳ 
ďaƌ. [AŶs. Ϭ.ϯϵϭ aŶd Ϭ.ϯϱϳ] 

ϰ. A steaŵ poǁeƌ plaŶt ǁoƌkiŶg oŶ RaŶkiŶe ĐǇĐle has the ƌaŶge of opeƌatioŶ fƌoŵ ϰϬ ďaƌ dƌǇ 
satuƌated to Ϭ.Ϭϱ ďaƌ. DeteƌŵiŶe: 

;iͿ The ĐǇĐle effiĐieŶĐǇ ;iiͿ Woƌk ƌatio 

;iiiͿ SpeĐifiĐ fuel ĐoŶsuŵptioŶ. [AŶs. ;iͿ ϯϰ.ϲϰ%, ;iiͿ Ϭ.ϵϵϱϳ, ;iiiͿ ϯ.ϴ kg/kWh] 

ϱ. IŶ a RaŶkiŶe ĐǇĐle, the steaŵ at iŶlet to tuƌďiŶe is satuƌated at a pƌessuƌe of ϯϬ ďaƌ aŶd the 
eǆhaust pƌessuƌe is Ϭ.Ϯϱ ďaƌ. DeteƌŵiŶe: 

;iͿ The puŵp ǁoƌk ;iiͿ TuƌďiŶe ǁoƌk 

;iiiͿ RaŶkiŶe effiĐieŶĐǇ ;IVͿ CoŶdeŶseƌ heat floǁ 

;ǀͿ DƌǇŶess at the eŶd of eǆpaŶsioŶ. 

Assuŵe floǁ ƌate of ϭϬ kg/s. [AŶs. ;iͿ ϯϬ kW, ;iiͿ ϳϰϭϬ kW, ;iiiͿ Ϯϵ.Ϯ%, ;iǀͿ ϭϳϵϬϬ kW, ;ǀͿ Ϭ.ϳϲϯ] 

ϲ. IŶ a ƌegeŶeƌatiǀe ĐǇĐle the iŶlet ĐoŶditioŶs aƌe ϰϬ ďaƌ aŶd ϰϬϬ°C. Steaŵ is ďled at ϭϬ ďaƌ iŶ 
ƌegeŶeƌatiǀe heatiŶg. The eǆit pƌessuƌe is Ϭ.ϴ ďaƌ. NegleĐtiŶg puŵp ǁoƌk deteƌŵiŶe the effiĐieŶĐǇ 
of the ĐǇĐle. 

[AŶs. Ϭ.Ϯϵϲ] 

ϳ. A tuƌďiŶe ǁith oŶe ďleediŶg foƌ ƌegeŶeƌatiǀe heatiŶg of feed ǁateƌ is adŵitted ǁith steaŵ 
haǀiŶg eŶthalpǇ of ϯϮϬϬ kJ/kg aŶd the eǆhausted steaŵ has aŶ eŶthalpǇ of ϮϮϬϬ kJ/kg. The ideal 
ƌegeŶeƌatiǀe feed ǁateƌ heateƌ is fed ǁith ϭϭϯϱϬ kg/h of ďled steaŵ at ϯ.ϱ ďaƌ ;ǁhose eŶthalpǇ 
is ϮϲϬϬ kJ/hͿ. The feed ǁateƌ ;ĐoŶdeŶsate fƌoŵ the ĐoŶdeŶseƌͿ ǁith aŶ eŶthalpǇ of ϭϯϰ kJ/kg is 
puŵped to the heateƌ. It leaǀes the heateƌ dƌǇ satuƌated at ϯ.ϱ ďaƌ. DeteƌŵiŶe the poǁeƌ 
deǀeloped ďǇ the tuƌďiŶe. [AŶs. ϭϲϬϭϱ kW] 
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