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CHAPTER 1. SINGLE PHASE POWER CYCLES
Definition

Definition
Carnot Cycle

A one-phase power cycle refers to a sequence of transformations in which the system  °

eventually returns to its initial state. In other words, the working fluid undergoes a series of

transformations and ultimately reverts to its initial state.

Carnot Cycle

Q¢ Isotherme 3

2

1o §- = ! Ty is the temperature of the
Y
0 % . hot source K
2 B 8 B
¥ ¥
H & bR~
9 9 9
T.| 08 Az
L 1 T is the temperature of the
W cold source .
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We have:
AS(1-2) =S2-S1=0 T

O\

AS(2-3) =83 - 52 = Q /T, — Q. =T.(S3 - 52)
AS(3-4) =S4-S3=o0

AS(4-1) = S1- 84 = Q/Tg— Qg = T¢(S1 - S4)
On the other hand,

9 Qc Isotherme 3

Détente
isentropique

AS(2-3) = - AS(4-1) T,

Meaning:

QC/TC= - Qf/Tf_) Qf/Qc = _Tf/Tc_) ‘Qf‘/Qc =Tf/Tc

M=(Q.-1Qd)Q;=1-(IQQp) = 1-(T{Ty)

Carnot cycle (perfect orideal cycle) =~ Mearnot = L - (Tf/ TC)
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Ll
AS(1-2) =S2-S1=0 T
AS(Z_B) = S3 - 52 = QC/TC_) Qc = TC(83 B SZ.) 2 Qu bulall s gluda 3
TH = — = =
AS(3-4) =S4-S3=o0 ;
AS(4-1) = S1-S4 = Qf/T¢— Qg = T((S1 - S4) 1} 1 %
. 3 ,
g A 4aall () i |
AS(2-3) = - AS(4-1) I Qusial s 4
olina _‘—LE

Q. /T, =- Q¢ Te— Qe/Q.=-Te/T, — |Qf|/Q. = T{/T,
N=(Q,-IQ:)/Q.=1-(IQQ,) = 1-(TJTy)

Cycle de Carnot (cycle parfait ou idéal) Nearnot = L - (T4 T.)
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Carnot Cycle CHAPTER 1. SINGLE PHASE POWER CYCLES

Consider a Carnot cycle that uses water vapor as
a coolant. A heat source at a temperature of
250°C transfers Its heat to the coolant as It
changes from a saturated liquid state to a
saturated vapor state. The heat Is then evacuated
at a pressure of 10 kPa.
Represent the cycle In the T.S diagram
1. Determine:

v The thermal efficiency of the cycle

v' The amount of heat evacuated

v The net work produced
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. 7.5 40.29
Solution: 10 4581

>

243 1608 OOUIZA0  OUMTL bl 146 60034 LU0LZY L4LT o ZBUSM
Al 1077 0001251 005013 108030 15220 26024 108536 17162 2801

4l 33004 /D.1UB)

271927 32802 60730

According to the thermodynamic tables, at P= 10 kPa we have the
corresponding saturation temperature =45.81 °C =318.81 K

T 31880 439 399
T, 523

n=1

* N

Q, =T, (S, —S,,) = 318.81(2.7927 — 6.073) = —1045.8kJ / kg

W = (T. - T, )(250 — 45.81)(6.073— 2.7927) = 669.8kJ / kg
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10 45.81 Sad)

TR UU0IZ40 LML IUsbJL 146 L0034 LUOLZY  L/AL) ZBUDN L/41Z 0 330LZ D.LUB)

307 0001250 005013 108039 15220 2024 108536 17162 28005 27927 32802 6730

T 1 3188139 3004
T, 523

n=1

Q, =T, (S, —S, ) =318.81(2.7927 — 6.073) = —1045.8kJ / kg

W = (T. - T, )(250 — 45.81)(6.073—2.7927) = 669.8kJ / kg
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Otto Cycle

Otto Cycle The four-stroke internal K
combustion engine, like that of
a car, operates under this cycle

Volume compression ratio:
T=(V+v)v

V = volume during the stroke of the piston
v = combustion chamber volume

Ty is the temperatiur2 of the

hot source .
T is the temperature of the

cold source

Point O Is called the top dead center: TDC
Point 1 1s called the bottom dead centei:: BDC

™\

O\

O\
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Otto Cycle

Time o0-1 The volume increases from v to V in an isobari¢ inanner

Time 1-2

The gas is compressed adiabatically and
reversibly, the volume of the cylinder
decreases from (V + v) to v, its pressue
increases from P1 to P2, and its temperature
increases from T1 to T2

So we have
Q=0—->W=-AH=-CpAT
=-Cp(T,-T),),
P V7 =PV,
P,=P, (V,\V,) =P, [(V + V)IV]Y
P,=P,
= (V1/V2)’Y -1 :(PZ/Pl)(’Y - Diy

T,=T, [(Vv+V)V]r? T,=T, []""*

o\

T : Compression ratio
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Q=0—->W=-AH=-CpAT
=-Cp(T,-T),),

PV, 7= P\,
P,=P, (V,\V,) =P, [(V + V)IV]Y
P,=P, 1"

= (V1/V2)’Y -1 :(PZ/Pl)(’Y - Diy

T : Compression ratio

T,=T, [(v+V)N]-? T,=T, [t]""}
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Otto Cycle

Time 2-3
Otto Cycle

Since the combustion is isochoric, the heat supplied to the gases is.

Qc=AU=CvAT =Cv (T3-T2)

From where T3 = Qc/Cv + T2

As P,/P,=T,/T,

So P,=P, (T,/T,) = P, v (T,/T,)

P,=P, 1 (QJT,.Cv + 1)

P, =P, 7 [(Q/(T, [t]""1)C) + 1]
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P,=P, 1 (QJ/T,.Cv+1)

P, =P, 7 [(Q/(T, [t]""1)C) + 1]

L e f
Qc=AU=CvAT=Cv(T3-T2)
= Qc/Cv+ T2 e
P./P,=T,/T, -
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Cycle d’Otto

Otto Cycle Time 3-4 The transformation is adiabatic and reversible

The gases expand, providing mechanical work

NN

= (V/V,)1 -t = VIV + V)1 = /]y

T,=T,[1/]7 !
We have: PV, =P,V

Then: P, = P, (V,/V,)Y = P, [VI(V + V)]Y = P, [1/z]”
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TJT,= (Vo/V,) 1= [VI(V+V)]r-1= [1/c]v 1

T,=T,[1/]7 !

We have: PV, =P,V

Then: P, = P, (V,/V,)Y = P, [VI(V + V)]Y = P, [1/z]”
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Otto Cycle

Otto Cycle
During the time 4-1 P

The system releases heat to the outside.

‘\'

Q,=CAT=C, (T,-T)=C,(T,-T,[1/x]"" )

During the time 1-0

The gases escape into the atmosphere isobaric and the cycle begins again. YO
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Cycle d’Otto

Otto Cycle

the efficiency" or "'the yield:

N\

nN=1- (‘Qf‘/Qc) =1- ‘(CV (TI_T4)‘/CV (T3 _Tz)

QiQ.=C, (T -TY/C, (T5-T),)
= (T, - T,[a/<]y-)/(T, - T, [t]Y")

= [y/2lv (T, [ - T)/(T, - T, [2]¥) = -[a/e]v

So: |Q/Q, = [1/x]*-1

Moo = 1 - (/7)Y 1
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nN=1- (‘Qf‘/Qc) =1- ‘(CV (TI_T4)‘/CV (T3 _Tz)

QiQ.=C, (T -TY/C, (T5-T),)
= (T, - T,[a/<]y-)/(T, - T, [t]Y")

= [y/2lv (T, [ - T)/(T, - T, [2]¥) = -[a/e]v

|QfVQC = [1/x]r -1 A

Notto — 1- (1/1-)7-1 dia g
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Otto Cycle CHAPTER 1. SINGLE PHASE POWER CYCLES

EXERCICE OttoCycle

Otto Cycle The compression ratio of a theoretical Otto cycle is 8. At the
beginning of the compression stroke, the pressure is 0.1 MPa,
and the temperature is 15°C. The heat supplied to the air per
cycle is 1800 k]J/kg of air.

Determine:

The pressure and temperature at the end of each cycle phase.
The thermal efficiency.
Given:

rain =287J/kg.K CV(,in =710 J/kg.K v=1.4
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Diesel Cycle

The difference between the Diesel cycle |

and the Otto cycle is that during the time (2 % 3
Diesel Cycle 2-3, the received heat Qc occurs in an
Isobaric manner, which means at a
constant pressure.

We have P, =P,

The volume changes fromV, to V,

Q. =AH=C,AT=C, (T,-T,)

SO
T,=Q/C,+ T,

e -
<
*
<
X
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CHAPTER 1. SINGLE PHASE POWER CYCLES

DefinitioR NI |  iesel Cycle
CamotCycle volumetric expansion ratio t(3-4) is 3
oOttoCyce the ratio of V3 and V4
Diesel Cycl
esel Cycle V,=V,etP,=P,

In the case of an ideal gas we have:

V,=RT,/P,etV,=V,=RT,/P,

—V,/V,=(T,/T,)x(P,/P,)

T (1-2) is the volume compression ratio during
phase 1-2.

t(1-2) = (V1/V2)=(P,/P )"  Donc: t(3-4) = (T3/T1) / ©(2-2)"

Theyield :n=1-(|Q{4/Q)
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Cymd ;U.uu' gA t(3-4) ‘;AQA-“ Jaill Z\A.M.\. P
V4. sV3

V,=V,etP,=P,
Laal Al jlad) s 8

V,=RT,/P,etV,=V,=RT,/P,

—~V,/V,=(T,/T,) x (P,/P)

2-1 Adajall P azal) bk sl 2 T (1-2)

t(1-2) = (Vi/V2) =(P,/P )7 1 t(3-4) = (T3/T1) / T(a-2)"

Belisl) ) adadl: 1y = 1 - (|Q/Q,)




i

-ﬂ..l.l.n.l..ﬂ!l_-l_l_l..l.ﬂ_l.. L._I::._Ell.u_li‘r'.-g_l :-.m:-bﬂ.ﬂl:.
Lim i tadm o by aicine.d

Diesel Cycle

university of M'sila-----Faculty: ST------ Module: Energy Conversion License 3

Diesel Cycle

Energetics 2023/2024

CHAPTER 1. SINGLE PHASE POWER CYCLES

EXERCICE Diesel Cycle

The compression ratio of a theoretical diesel

cycle is 16. At the start of the compression stroke,

the pressure is 0.1 Mpa and the temperature is

15°C.The heat supplied to the air per cycle set to

1800 k]J/kg of air.

Determine:

1. The Pressure and temperature at the end of
each evolution of the cycle

2. The Thermal efficiency

rain =287J/kg.K CVi.in =710 J/kg.K v=1.4
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v=1.4 rain =287)/kg.K CVi.in =710 J/kg.K
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Cycle mixte

: The two cycles can be combined
mixed cycle

(one part of the heat can be

supplied to the system at constant

volume; which represents the Otto

cycle, and another part at constant

pressure; which represents the

Diesel cycle. =

Y
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Brayton Cycle The Brayton cycle is the gas turbine cycle

1-2 The process being adiabatic T K
8 § Combustion isobare Isobares
T, =T,[P,/P]0 - % O
AT=T,-T, i
0 & :
Brayton Cycle donc T2 - T1 — Tl[[l:)zlpl](Y "D - 1] 2 3%
ou, avec T = P,/P, : §§
K
T2 - Tl — T1[[T] (v-Diy _ 1] ;1 E';chappealent isobm{e
f |
| .
et W(recu) = CpAT=Cp(T,-T,) :

2-3: at the level of the combustion chamber:

the process Is isobaric P2 = P3.

the temperature rises from T2 to T3. 2\
We have: Q,=CAT=C,(T;-T,)
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ECEEEE | T.= TP -
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. a
L A AT=T,-T,, it :
Brayton 3 3 T2 ) Tl = -I_l[[l:)zll:)l](Y "D - 1] 2 8§
alhle T=P,/P, | §g
. - T
) T2 - Tl — T1[[T] - 1] ;1 Echappealent xsobare
f |
et W(pliss) = CpAT = Cp(T, - T,) ' — S

: (3)_RaY) &J'ﬁ 53@&9 3.2
P2 = P3 Cua 4y bglsl A dalanl)
T3. AT2 30 adl A o adl

Lal: Q,= C,AT = Cy(T, - T,)



N

n_l_u..u..ﬂzl.i.!-_n..l.m..l.l E_._u._ﬂi-_n_lzng_u :n.mﬂ.ﬂnh_n..ﬂl:.
Un i tdm oy e

Brayton Cycle

I university of M'sila-----Faculty: ST------ Module: Energy Conversion License 3 I

Energetics 2023/2024
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Cycle de Brayton T

Combustion isobare

Process 3-4: at the turbine stage. Qe

The temperature decreases from T3 to T4.
The process Is adiabatic, hence Q = 0.

— W =-AH =- CpAT

Compression
N Isentropique

Isentropique

Detente

W (SUple@d): B CPAT avec AT = T4 - T3 'y  Echappement isobare
: : | Q |
W (supplied™ or *'provided) = - Cp(T, - T,) | S
= T,[P,/P,] - D SO, T, - T3 = T4[[P,/P,]~ Y - 1]

ou T, = T,[L/A]0- D7 etT,-T,=T,[[1/x]¥ D7 - 1]

Process 4-1: at the cooling stage.

During the process 4-1, which is isobaric, the gas is cooled by releasing
a quantity of heat Of.

We have Q; = -C AT = -Cp(T, - T,)
T,-T,=T,- T[]« D
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DS | Bravtonius N
" - . g ¢ Combustion isobare
_ A ) o) Al pa (g ghana u-b :4-3 dxlaxl) B % : Bch b
T4, NT3 b all Ay 3 padis ¥

- Otobie Q= 0. ilay Bl oall a2 Alen s :
2 A
Dl B!
— W =-AH =- CpAT : §

D | W (2509)= - CpAT avec AT =T, - T, g R

. | Q |

Jw * 5 — _ _ | £ |

Brayton b 15 W (233#) =- Cp(T, - T,) .
= T,[P,/P,]0- D W, T, - T, =T,[[P,/P,]0 Dr-1]

T, = T[]0 D7 etT,-T,=T,[[1/x]0- D -1]

Al Al ja 5 giaa o 1144 les

QF. 81 &S (U] 3k o8 S 2585 o A lsa) (A Al (1-4 Llaad) DA

Wwa Q=-C AT =-Cp(T,-T,)
T,-T,=T,- T[]0 DA
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Cycle de Brayton . ) L .
The efficiency of this machine is given by: n = W(net) / W(input)

The efficiency of this machine can be expressed as:
n = (W(input) - [W(output)|) / W(input)

Recelved at the compressor and provided at the turbine.
W(net) = W(input) - W(output) = Cp(T2-T1) - Cp(T4 - T3)

Brayton Cycle
= [Cp(T,-T)) -Cp(T, - TN [Cp(T,- T)I=1-[|(T,- T)/(T,-T,)]

T

M=(Q;- Q)/Q;=1-(Q{Q,)

=1-[Cp(T,-TyICp(T,-T,)]
=1 - [KT1 - T4)V(T3 - Tz)]

et the compression ratio be denoted by:
1, = P,/P, =P,/P,

Combustion isobare

Qe

Compression
N Isentropique

Isentropique

Detente

'y  Echappement isobare
| e
l ! S

SO

nbrayton =1- [[1/Tp](y- 1)/7]
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N = W(ta) / W(dA))

Brayton 5_2

A sadl) o Slgad) 138 BelS yal oSa,
N =(W(30) - [W(EJa)|) / W(Ja)

Al gill e 3G 34 g ad Ll A Al
W(2ha) = W(JAN) - W(zB) =Cp(T2-T1) - Cp(T4 - T3)

=[Cp(T,-T,) - Cp(T,- Ty [Cp(T,-T)]=

n=(Q,-Q)/Q.=1-(Q/Q,)
=1-[Cp(T,-T)/Cp(T;-T)]I

= 1- (T, - THU(T,

1]brayton

B Tz)]

ddai) gs 43 e Jarial) ducsd yuindl
T, = P,/P,=P,/P,

=1-[[Ur Jo-D]

- LCT, - T, - Tyl

T

g g Combustion isobare Is
o
a2 g Qe
28
£ 5
a
g3
02 5
o)
2 8“
| =] ﬁ
88
)
T
'y  Echappement isobare
| e
I | S

obares
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Brayton Cycle CHAPTER 1. SINGLE PHASE POWER CYCLES

Exercice Brayton cycle

In a theoretical Brayton cycle, air enters the compressor at
0.1 MPa and 15°C. The outlet pressure of the compressor is
0.5 MPa, and the maximum cycle temperature is 900°C.
Brayton Cycle Determine:

The pressure and temperature at each point of the cycle.
1. The compressor work.

2. The turbine work.

3. The cycle efficiency.

Données:
Cp =1,0035k]/Kg.K
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Exercice cycle de Brayton

da 1 15 9 JSuly Lasa 0.1 die e lall ) o ggd) Jan ¢ 4y Jail) ¢y gl a8y 99 (A
900 (A 594l 3 ) s da ja adl g ¢ Jluly Lo 0.5 belal) 7 i a4y gia

Ay gia A )

o]
3J\3ﬁ\[)AM§dSé5JUﬂ\aA.JJ~3M‘ .1
Lolall Jary, .2

Ll sl Jos L3
_3J543\ seldS 4

Sldanall
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Ericsson Cycle

Stirling cycle

There are two other cycles that involve an isothermal heat addition process at Tc and
an isothermal heat rejection process at Tf: the Stirling cycle and the Ericsson cycle.
They differ from the Carnot cycle in that the two isentropic processes are replaced by
two constant-volume regeneration processes in the Stirling cycle, and by two constant-
pressure regeneration processes in the Ericsson cycle.

N\

Ericsson Cycle

Stirling Cycle 4

Regenerator or

heat exchanger I'=constant

I

Qe Qy T=constant 4

Engine operating on the Ericsson cycle.

v
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Ericsson Cycle
Stirling cycle

i bdde gTC (A dgbuda dyloa da s A5 1a Ala) dules liadl Gl AT G99 dlia
aly dua 9383 93 (e QWliAI Laa g Ericsson 8u94 s Stirling dusilaa s T (A (5 gbuda iia
Bgd (8 il baiuay aaat ulas g ¢ Stirlingsuse @ paad) i saad Auleay (pililaial) cpfalaal) Jladind
.Ericsson

Engine operating on the Ericsson cycle.
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Cycle d’Ericsson CHAPTER 1. SINGLE PHASE POWER CYCLES
Cycle de Stirling

1-2. T = Constant, Isothermal Expansion (addition of heat from the external hot source).

2-3. V = Constant, Regeneration (internal heat transfer from working fluid to the regenerator). Y\

3-4. T = Constant, Isothermal Compression (heat rejection to the cold source).

4-1. V = Constant, Regeneration (internal heat transfer from the regenerator to the working fluid).

Ericsson Cycle
Stirling Cycle

Stirling Cycle (a) Diagram PV, (b) Diagram TS.
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Stirling Cycle (a) Diagram PV, (b) Diagram TS.
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Cycle d’Ericsson

Cycle de Stirling

The Ericsson cycle bears a strong resemblance (very similar) to the
Stirling cycle, except that the two constant-volume processes are
replaced by two constant-pressure processes. N O

(a) (b)

Ericsson Cycle
Stirling Cycle 1.
Tf =

<y

Ericsson Cycle
(a) PV Diagram, (b) TS Diagram.
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Ericsson 5.2

Cycle d’Ericsson
Cycle de Stirling
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(a)
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Ericsson Cycle
(a) PV Diagram, (b) TS Diagram.
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Cycle d’Ericsson
Cycle de Stirling

The Stirling and Ericsson cycles are completely reversible, just like

the Carnot cycle. According to the principle of the Carnot cycle, all

three cycles must have the same thermal efficiency when operating

between the same temperature limits.

Hfh,.‘if:’rlr:ng = lth,Ericsson = 'lth.carnot = 1 - T
c
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Multi-stage cycle with regenerator, cooling, and
intermediate reheating

We can improve the thermal efficiency of the gas turbine cycle and
simultaneously increase the work and power output of the system

by adding to the simple Joule or Brayton cycle:

Intermediate air cooling using a two-stage (possibly multi-stage)

Multi-stage cycle with
regenerator, cooling
and intermediate
heating

compression with two compressor stages, C1 and C2, resulting in a

reduction in compression work.
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Multi-stage cycle with regenerator, cooling and intermediate heating

BRAYTON INTERCOOLING
AND REHEATING

Exhaust t~ 2 2 a ! Regenerator

e Intercooler

590 0@ ¢

=

Gas turbine installation with multi-stage expansion and compression cycle with
Intermediate cooling, recovery and intermediate heating.
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AND REHEATING

Exhaust iy Regenerator
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Multi-stage cycle with regenerator, cooling, and intermediate reheating

Ts= 1300K
ps = 1000 kPa
ded
4
pe= 100 kPs

temperature

Ql A

specific entropy

Cycle d’une installation de turbine a gaz avec a déetente et compression multi étagées avec refroidissement

Intermeédiaire, récuperation et rechauffe intermediaire : (a) réversible (b) irréversible.
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Ts= 1300K
p:= 1000 kPa
ded
4
pe= 100 kPs

temperature

Qc N

specific entropy
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Multi-stage cycle with regenerator, cooling, and intermediate reheating

Heat recovery (or regeneration) Is achieved by using a surface recuperator
(regenerator) to preheat the compressed air exiting compressor C2 before entering
the combustion chamber. This is accomplished by transferring heat from the hot
gases exiting the second turbine stage T2 before being released into the

atmosphere. Additionally, a second combustion process (reheat) takes place in the

second combustion chamber Ch-C2, with the gases exiting turbine T1 being

Multi-stage cycle with Introduced for a second expansion in the second turbine stage T2.

regenerator, cooling This increase in thermal efficiency of the cycle and power output comes at the
and intermediate
heating expense of higher costs and increased complexity of the corresponding system.
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Multi-stage cycle with regenerator, cooling, and intermediate reheating

Considering Cp and the mass (m) of the working fluid remain constant, the energy balance
for the reversible cycle (1-2-3-4-10-5-6-7-8-9-1) and the irreversible cycle (1-2'-3-4'-10"-5-6"-
7-8'-9'-1), represented by figures a and b, respectively, provide the following information

regarding compression work, expansion work, and heat exchange:

Wi =H’:E-.E'=(HE-H}}=??P-CP-ng—T}_J reversible

Weo =W3 4= '[H4 - H 3 ] =m.Cp.(Ty—13) reversible

W) =Ws_7 =\H7 - Hg )=m.Cp.(T; — T ) réversible

Wry=Wg o=\Ho-Hg)=m.Cp.(Tg—Tg) reversible

O1=9cn-c1 +9n-c2 =956 +97_8 réversible
=m.Cp|(Ts -T5 )+ (Tg —T7 )]

0>=053+019.1=m.Cp|(T3-T5 )+ (T, - Ty )] réversible

IUniversity of M'sila-----Faculty: ST------ Module: Energy Conversion License 3l
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Wep =W o=(H>-Hj)=m.Co.(T>—17) réeversible

Wer =W3 4 =(Hy-H3)=m.Cp.(Ty—T3) réversible

Wy =Ws_7 =(H7 -Hg |=m.Cp.(T7 —Tj5 ) reversible

Wry =Wg o=\Ho-Hg)=m.Cp.(Tg—Tg ) réversible

O1=9cn-c1 +9n-c2 =956 +97_8 réversible
=m.Cp|(Ts -T5 )+ (Tg —T7 )]

0>=053+059.1=mCp|(T3-T5)+ (T, - Typ)] réversible




— e, W :
aliaadibua bhbsal rrgnadiomos oo ls
U niveld piinie rsitdéarohacvediBoudiat =iM s il

Multi-stage cycle with
regenerator, cooling
and intermediate
heating

.Jniversity of M'sila-----Faculty: ST------ Module: Energy Conversion License I

Energetics 2023/2024

CHAPTER 1. SINGLE PHASE POWER CYCLES

Multi-stage cycle with regenerator, cooling, and intermediate reheating

Cooling and intermediate reheating cycle:

N\

Et nous avons pour le cycle uréversible :

Wie=Wj_ o =(H>-Hj)=m.Cp.(Tr—T7) irréversible
Wieo=W3 g4 =|Hyqr-Hz)=m.Cp.(Tyr—T3) irréversible
Wri=Wgs_71=\H7-Hg |=m.Cp.(T51—T5 ) irréversible
W'ro=Wg o' =Ho - Hg )|=m.Cp.(Tg—Tg ) irréversible
0'>=0513+0191=m.Cp|(T3-T2)+ (T} - Ty o) wréversible

Les rendements thernuques correspondants sont :

Nth

Nth

=1 ‘QE =1 T -T3)+{To T/ reversible
Q (Tg—Ts )+ (Tg —T7 )

_q Q' 1 t.TEI —T5 |+ lTl.[;,r -1 | i dver-sible
Q1| (Tg —Ts )+ {Tg —T7 ]
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Et nous avons pour le cycle uréversible :

Wer=Wio=(H> -Hjp)=m.Cp.(Tr—T1 )

Wco=W3_qr=\Hy -H3)=m.Cp.(Ty —13)

Wirj=Wg_7' =

W'ro=Wg_o

0'>=05.3+050.1=m.Cp|(T3-T>)+ (T} - Ty ¢ )]

\H71-Hg )=m.Cp.(T7+— T )

(Hor-Hg)=m.Cp.(To—Tg)

Les rendements thernuques correspondants sont :

=1 Q, ~1
1th Ql

L =1 Q3
Mth =

(T, —T3)+(Tio—Tj |

_1_

Q1]

(Tg—Ts5 )+ (Tg —T7 )

{Tzr b k! ]+|[T1.[;|-r -T; )

{Tﬁ —TSr J'+ {TE —TT.-'I ]

Ao ol) cpdudl) Bale ) g &y uill 3 g
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Different components of a gas power plant.

The gas turbine Is essentially an internal
combustion engine (similar to a diesel engine)
but built in the form of a turbine. The turbine
consists of a driving shaft A that powers a
compressor C. Fuel G Is Injected into the
combustion chamber Ch, driving a turbine T.
The load to be driven M iIs located on the

compressor side (cooler side).
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Different components of a gas thermal power

Gas turbine principle

Exhaust

Air intake | Combustion

el chamber

Air compressor N TR U = |.-..-+.,+.+
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