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Definition
Definition
Carnot Cycle
. - - D N
A one-phase power cycle refers to a sequence of transformations in which the system 3

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

Tu Isothermal ,
; 0 Ty is the temperature of the

hot source: High temperature

[sentropic
Expansion

o O
Q, 2
g &
3 £
— C

-

T, is the temperature of the

cold source: Low temperaturc | -
S

TL Isothermal 4
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Carnot Cycle

We have:
AS(1-2) =S2-S1=0

Carnot Cycle

NN\

AS)(2—3) =S53-52=Qy/Ty— Qy =Ty(S3 - T
Sa

AS(3‘4) =54 - 53 =0 2 Tu Isothermal 5

e L
AS(4-1) =S1-84=Q /T, — Q=T (S1-54) - -
2.7 2 8

On the other hand, £ 2 g 2
AS(2-3) = - AS(4-1) 2 & = &

TL B ES = 1

Meaning:

Qu/Tu=-Qu/T,— QL/Qu=-T /T, — |QL/QL= .. &
N=(Qy-IQNQy=1-(Q.IIRy) = 1-(T/T,)

=1-(T,/Ty)

TL Isothermal 4

S

Carnot cycle (perfect orideal cycle) - Moot
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Jshall dqala) ddda &) 590, 1 Jeadld Carnot 5,94
Ll
AS(1-2) =S2-S1=0 T
AS(Z_B) = S3 - 52 = QC/TC_) Qc = TC(S3 B SZ.) 2 Qu bulall s gluda 3
TH = — = =
AS(3-4) =54-S3=0 ;
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
EXERCISE

et us consider the heat engine, shown schematically in, that receives

Carnot Cycle a heat transfer rate of 1 MW at a high temperature of 550-C and
rejects energy to the ambient surroundings at 300 K. Work Is .
produced at a rate of 450 kW. \ ! /
Calculate :
On

1. The energy is discarded to the ambient surroundings :
2. The engine efficiency and compare both of these to a Carnot heat - - .

engine operating between the same two reservoirs. ( E)
HE. %

QU AL M) ] JSAN B Jadads (S prdagall ¢ g adl & jaal) g

oally §4g4iada 3 550 LS Alle B ) s da )3 die &l glaga 1 Jamay B Al 0, =naine
Ll g LS 450 ey Jad) US| Ay A 300 dis Jaaal) ) AU
)/ T, \
haal) b Lgda Galdl) oty Al d8Ual) lada, 1
O AN Gl e Jarg s 31 (g a) 530S ¢ ey Lagii a9 ¢l jaal) BpliS 2 Fig. 1
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Carnot Cycle

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

CHAPTER 1. SINGLE PHASE POWER CYCLES
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Carnot Cycle

. 75 40.29

Carnot Cycle SOlutlon‘ 10 -~ 4581

owocyde U5 i6d8 OU0T240  OOMTL Udb. gL 146 L0U34  LUoLZ3  LIALT ABUSU LA 3J0IL D.LUBS
DESCICEEMNNN | o0 o 0002l 0000 108039 120 2604 10853 1762 MWOLS 272 320 6070
mixedcycle

Brayton Cycle According to the thermodynamic tables, at P= ave the
corresponding saturation temperature =45. ;

— oy :

o n=1 T 1 31881 539399

TH B

Q, =T, (S,, —S,,)=2318.81(2.7927 —6.073) = —1045.8kJ / kg

- W = (T. —T, )(Sv—Sf) = (250 — 45.81)(6.073— 2.7927) = 669.8kJ / k¢
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okl Aalaf dBUs ¢l g0, 1 Jualdl) 75 40.29 Otto 5450
10 45.81 Sad)

168 Q01240 OOMTT 6L 46 0034 LU0LZY  L/ALS ZBUSN L/41Z 3301 D.1UB
307y 0001251 005013 108039 15220 26024 108536 (7162 20LS 27927 32802 6.730

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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Otto Cycle

Otto Cycle The four-stroke internal | _
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

Qy is the added heat
Q) is the exhaust heat

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

NN\




i




Module: Energy Conversion LI
Energetlcs 2024/2025

V = volume during the stroke of the piston
Top Dead Center: TDC

Istroke

Bottom Dead Center: BDC

 — rovmbniiction chambar vohiime
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Otto Cycle
Time o0-1 The volume increases from v to V in an isobaric manner

Time 1-2
Otto Cycle . . .
The gas is compressed adiabatically and

reversibly, the volume of the cylinder
decreases from (V + v) to v, its pressure
increases from P1 to P2, and its temperature P
increases from T1 to T2

So we have

Q=0—->W=-AH=-CpAT
=-Cp(T,-T),),

PVY=P,V)
P,=P, (V,\V,) =P, [(V + V)IV]Y
P,=P,
= (VN1 =(P,/P,) -y

T : Compression ratio

T,=T, [(v+V)N]-? T,=T, [t]""}
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Otto 5_4

Otto 2" " . T . W oaen be o
Jhig ¢ pulsai iy 5 all Jalue & J<y ) bia ol

A P1 e lghia 335 ov () (V + V) ) G0 Al shaad) aaa

T2 A T1 O 40 A3 Aajig (P2 P

Lal 13

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

v >k Vv

T : Compression ratio

T,=T, [(v+V)N]-? T,=T, [t]""}
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Time 2-3
Otto Cycle

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

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

From where T3 = Q/Cv + T2

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

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

P, =P, 7 (Q4/T,.Cv + 1)

P,=P, o [(Q/(T, [t]""1)C,) + 1]
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P
Qy=AU=CvAT =Cv (T3-T2)
T3 = Qg /Cv + T2 Ca
— 1a La
P,/P, =TT, o
P,=P, (T,/T,) =P, (T/T,) 3

P,=P, 7 (Qy/T,.Cv + 1)

P, =P, 7 [(Qy/(T, [t]"1)C,) + 1]
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Otto Cycle Time 3-4 The transformation is adiabatic and reversible

The gases expand, providing mechanical work

N\

TJT,= (VI )L =[VIV+V)]-1=1/c]v?

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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Otto 5_4

SHlSaal) Jand) 38 63 g <l Jlad) aaal

TJT,= (Vo/V,) 1= [VI(V+V)]r-1= [1/c]v 1

T,=T,[1/x]-1

We have: PV, =P,V

Then: P, = P, (V,/V,)Y = P, [VI(V + V)]Y = P, [1/z]”
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Otto Cycle

Otto Cycle
During the time 4-1

The system releases heat to the outside.

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

During the time 1-0

The gases escape into the atmosphere isobaric and the cycle begins again. Y&
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Otto Cycle

the efficiency" or "'the yield:

‘\'

nN=1- (‘QL/QH) =1- ‘(Cv (TI_T4)|/CV (Tg_Tz)

QU/Qu=C, (T -TYIC, (T3-T))
= (T, - T,[a/<]y-)/(T, - T, [t]Y")

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

So: |Q, IQ,, = [1/1]*

Moo = 1 - (/7)Y 1
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Otto 5_4

nN=1- (‘QL‘/QH) =1- ‘(Cv (Tl _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

‘QL/QH = [1/T]y_l 13|

Notto — 1- (1/1-)7-1 dia g
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Otto Cycle

EXERCICE OttoCycle

Otto Cycle The compression ratio of a theoretical Otto cycle is 10. At the U\
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 kJ/kg of air.

Determine:

1. The pressure and temperature at the end of each cycle phase.

2. The thermal efficiency.

Given:

rain =287J/kg.K CV(,in =710 J/kg.K v=1.4
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T,=723.9K

P, =2.512 MPa

T,=3234K
P, = 11.222 MPa

T, =1287.5K

P, = 0.4467 MPa

Ny, = 0.602 = 60.2%
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CHAPTER 1. SINGLE PHASE POWER CYCLES
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Y., =287]/kg.K CV i) =710 J/kg.K v=1.4..
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Diesel Cycle

q >
The difference between the Die?el
cycle and the Otto cycle Is that P
Diesel Cycle during the time 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,

Qu=AH=C,AT=C,(T,-T,)

SO T,=Q/C,+ T,
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P, =P, Lol
V, MV, Cra i okl

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

T,=Q,/C,+T, 4da 9
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Diesel Cycle

volumetric expansion ratio t(3-4) is
the ratio of V3 and V4

Diesel Cycle V4 _ V1 et P2 _ P3

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)"

Thevield :n=1-(|Q,/Q)




Energetics 2024/2025

l)niversity of M'sila-----Faculty: ST------ Module: Energy Conversion License '

Skl Aala] A8l ¢l ga L 1 Juadll

DS Diesel sy
 Camot by O A (A T(3-4) eaal) daal) s i
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Diesel 5_s2 V 4= V. etP, = P3

Waal AUl jlad) Al 8

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

—V,/V,=(T,/T) x (P,/P,)

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

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

Belisl) ) adadl: 1 = 1 - (Q_I/Qp)
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EXERCICE Diesel Cycle

The compression ratio of a theoretical diesel

cycle is 20. 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

CHAPTER 1. SINGLE PHASE POWER CYCLES
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T, = 955.2K

P, =6.629 MPa

T,=2748 K

P, =P,

V, =0.118 96 m3/Kkg
T,=1265K

ns =61.1%

Faculty: ST------ Module: Energy Conversion License 3
Energetics 2024/2025

CHAPTER 1. SINGLE PHASE POWER CYCLES



: —— . =
U niveld piinie rsitdéarohacvediBoudiat =iM s il

Diesel 542

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

Energetics 2024/2025

Skl Aala) A3l ¢l ga | 1 Juadll

Diesel 5_2

EXERCISE Diesel Cycle

0.1 s bl (58 daliual) 300 (2 16 (2 4Bl 5 594 Didal) A
B gl) 3554l (b o1 sgll 88 gall 50 adl Ay gha A ja 15 51 Al s JSubiling
$1563 (e a2/ 52 58S 1800 058

:G.AMA‘

_M\SJJAQAJJLSJSL"L@JQASJUMUM\ 1
_Z\-)J\JA.“ seldsly 92

v=1.4 r i =287)/kg.K CVi.in =710 J/kg.K
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mixed cycle

The two cycles can be

combined (one part of
mixed cycle 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.
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mixed cycle

In the

Otto cycle all the heat transfer Q, occurs at constant volume. It Is more

realistic to assume that part of Q. occurs after the piston has started Iits
downward motion in the expansion stroke. Therefore, consider a cycle identical to
the Otto cycle, except that the first two-thirds of the total Q,, occurs at constant
volume and the last one-third occurs at constant pressure. Assume that the total
Qy 1s 2100 kJ/kg, that the state at the beginning of the compression process is 90
kPa, 20° C, and that the compression ratio is 9.

Calculate:

1. Tr

2. T

e maximum pressure and temperature
e thermal efficiency of this cycle.

3. Compare the results with those of a conventional Otto cycle having the same
given variables.

P, =90 kPa, T, =20°C
1=V, /V,=7

CHAPTER 1. SINGLE PHASE POWER CYCLES
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Brayton Cycle

The Brayton cycle Is the gas turbine cycle

1-2 The process being adiabatic T
T, =T, [P,/P ¥
AT=T,-T,

doncT,-T,="T,[[P,/P,]¥ D¥-1]
ou, avec T =P,/P,

T2 - T1 — T1[[T](Y' Dy - 1]
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. NN\

We have: Q,=CAT=C(T,-T,)

isobaric 3
combustion

Qu

!

isentropic
compression

i1sentropic
expansion

"1 isobaric exhaust
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Brayton 3,2
1-2 8 ) all Adalia (4585 Aglaal)

T, = T,[P,/P.]- D

AT=T,-T,
T, -T, =T,[[P,/P,] D -1]
alhla 7=P, /P,

9 T,- Ty =Tyl D - 1]

et W(é‘ﬁ""‘"‘) = CpAT = Cp(T2 - Tl)

: (31 _RaY) Z\AJ'Q (5\93“1.4‘_’.‘9 3.2
P2 = P3 dus 43 L5 (A Aleal
T3. AT2 QASJUAJ\KA,JJSSJS

i1sobaric 3 R
- combustion
o -
v
% Qxn
-
I~ ="
v g
.£ o l
(>

27
o
2
-
2
o)
8 <
i1sobaric exhaust

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

expansion
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Brayton Cycle

isobaric
combustion

i

Process 3-4: at the turbine stage.

isenfropic
compression

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

— W =-AH =- CpAT

-

[

isentropic
expansion

W (supplied)= - CpAT avecAT=T,-T, =1 isobaric exhaust
Brayton Cycle W (supplied” or "'provided) = - Cp(T, - T,) { @ "
= T,[P, /Pt S0, Ty - Ty = To[[P/Po] -2 - 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 Q, .

We have Q, =-C AT =-Cp(T, - T,)
T,-T,=T,- T[]« D
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Ay ) il A ja (5 glena Ao 14-3 Aalanll | : l

T4, AT3 bl da s (addls

Q = 0. Ml g b all Asba 4 Audanl 2 "B
—> W - - AH — — CPAT ;l isobaric exhaust'|
W (2334)= - CpAT avecAT=T,-T, | i B
W (2334) = - 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

Wy Q, =-C AT =-Cp(T,-T,)
T,-T,=T,- T[]0 DA
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Brayton Cycle
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)

=[Cp(T, - T)) - Cp(T, - TN [Cp(T, - T =1 - [I(T, - T)II(T, - T))]

M= (QH - QL)/QH =1- (QL/QH) L isobaric

= 1-[Cp(T, - T)/CP(T, - T,)] T
=1-[(T,-THI(T5-T,)]

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

isentropic
compression

1sentropic
expansion

SO — 1 - [[1/Tp] (V - 1)/7] "1 isobaric exhaust‘

11brayton | Q. |
| .
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Brayton 5_ 3 N = W(ika) / W(Ja)
A sadl) o Sleall 138 BelS (e
= (W(J3N) - [W(g8)]) / W(Ja)
A gl Aie 3334 g b lall uie Al
W(Ala) = W(JA2) - W(ga) = Cp(T2 - T1) - Cp(T4 - T3)

=[Cp(T, - T)) - Cp(T, - TN [Cp(T, - T =1 - [I(T, - T)II(T, - T))]

M= (QH - QL)/QH =1- (QL/QH)
=1-[Cp(T,-T/ICp(T;-T,)]
=1-I(Ty - THU(T5- Tyl
ddai) gs 43 e Jarial) ducsd yuindl
T, = |:)2/|:>1 = P3/P4

isobaric
combustion

Qu

!

isentropic
compression

IaN

Lo
isentropic
expansion

isobaric exhaust
QL |
S

'1

r|brayton =1- [[1/Tp](y_ 1)/7] K]
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Brayton Cycle

Exercise 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.

Cp =1,0035k]/Kg.K
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Ericsson Cycle; Stirling cycle

‘\‘

There are two other cycles that involve an isothermal heat addition process at T, and an isothermal heat rejectio
process at T, : the Stirling cycle and the Ericsson cycle. They differ from the Carnot cycle in that the two isentro

processes are replaced by two constant-volume regeneration processes in the Stirling cycle, and by two constant-

pressure regeneration processes in the Ericsson cycle.

1-2 T = constant, expansion (heat addition from the external source)
2-3 v = constant, regeneration (internal heat transfer from the working fluid to the regenerator)

3-4 T = constant, compression (heat rejection to the external sink)

4-1 v = constant, regeneration (internal heat transfer from the regenerator back to the working fluid)

Ericsson Cycle
Stirling Cycle T A A A

Jin i

SOE STt -

f | ]
; /-".-"
p- .::I.
o Jr{' |

- ] | 4 | 3

I:..lr'::'l.ll i "?._-“_[l

- &

o
¥ = C0n st
= &
=
|
- _J o
S = COnstL
o
|
|
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|
|
-._*_
W
L
I T

Carnot cycle Stirling cycle Ericsson cycle
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Stirling Cycle
_ The Stirling and Ericsson cycles are completely reversible, just like
_ the Carnot cycle. According to the principle of the Carnot cycle, all
‘mixed cycle three cycles must have the same thermal efficiency when operating
_ between the same temperature limits.
Ericsson Cycle T
Stirling Cycle _f

Hfh,.‘if:’rling = Nth,Ericsson = Mlth.carnot = 1 - T
c
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The Brayton cycle with regeneration

In gas-turbine engines, the temperature of the exhaust gas leaving the turbine iIs often
considerably higher than the temperature of the air leaving the compressor. Therefore,
the high-pressure air leaving the compressor can be heated by transferring heat to it
from the hot exhaust gases in a counter-flow heat exchanger, which is also known as a

regenerator or a recuperator

(6 Regenerator
l i T N
7777
) (S0
I e Combustion T
The Brayton cycle with (‘:I_ ———— . —— = _@)
regeneration A d‘) —3) '

Whet

Compressof Turbine — *

.—"’//f H_N\\\'"\——

A gas-turbine engine with regenerator.
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The Brayton cycle with regeneration T A X

The thermal efficiency of the Brayton //
_I:;'II.

cycle Increases as a result of o

regeneration since the portion of energy

of the exhaust gases that is normally

rejected to the surroundings IS now

used to preheat the air entering the

Y zaved = Yregen

combustion chamber. This, In turn,

decreases the heat input (thus fuel) ) /
" .

requirements for the same net work Fout

output. Note, however, that the use of a =

The Brayton cycle with

regeneration regenerator I1s recommended only when @ Regenerator
I I
the turbine exhaust temperature Is L | éséﬁgésé \
: : — YY Y :
higher than the compressor exit (- —— I
I I é) chamber .-"{‘J _E_D
temperature. Otherwise, heat will flow  pt & & L

In the reverse direction(to the exhaust %wf >
gases), decreasing the efficiency
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The Brayton cycle with
intercooling,
Reheating, and
regeneration

The Brayton cycle with intercooling Reheating, and regeneration
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The net work of a gas-turbine cycle is the difference between the turbine work output and
the compressor work input, and it can be increased by either decreasing the compressor
work or increasing the turbine work, or both. We know that the work required to
compress a gas between two specified pressures can be decreased by carrying out the
compression process In stages and cooling the gas in between (Fig. 9-42)—that is, using
multistage compression with intercooling. As the number of stages is increased, the
compression process becomes nearly isothermal at the compressor inlet emperature, and
the compression work decreases. Likewise, the work output of a turbine operating between
two pressure levels can be increased by expanding the gas in stages and reheating It in
between—that is, utilizing multistage expansion with reheating.

Regenerator

1
@
I

T&

Combustion
chamber

Reheater

Turbine 1

+® OFk
Compressor Compressor
I 11
,’// _,..--"’fﬂ

(2) &

Y
N B xiﬁ

(

Intercooler

G

| Turbine 11

\

[

\

CHAPTER 1. SINGLE PHASE POWER CYCLES
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Multi-stage cycle with
regenerator, cooling
and intermediate
heating

Energetics 2024/2025

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:

Wep =W =Ho-Hp)=m.Cp(T>~T7) reversible
Weo =W3 4 =(Hy-H3z)=m.Cp.(Ty—T3) reversible
Wr] =Ws.7 =(H7 - Hg )=m.Cp.(T7 — T ) reversible
Wry =Wg o=\Ho-Hg)=m.Cp.(Tg—Tg ) reversible
O1=09ch-c1 +9ch-c2 =956 + 973 reversible

=m.Cp|(Ty5 -T5 )+ (Tg - T7 )]

(=07 3+059.1= m{’_',p[[}} -15 :I--|—{-T1 _Tlﬂ}] reversible

lUniversity of M'sila-----Faculty: ST------ Module: Energy Conversion License 3.
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Wep =Wio=(Hy-Hp)=m.Cp.(T> —T;) reversible
Weo =W3_4={H4—H3}=?H.Cﬁ.(?4—T3_} reversible
Wry =Wg_7 =|\H7-Hg )J=m.Cp.(Tr —T§ ) reversible
JJra aa Jal yall Badatia 3 )94 |
Cpiadiy 4 ¢ g ) a Wry =Wg o=\Ho-Hg)=m.Cp.(Tg—Tg ) reversible
b gia
01 =9ch-c1 +9cnh-c2 =956 +97_5 reversible

=m.Cp|(T -T5)+(Tg = Ty )|

Qg = Qg_j + Qfﬂ_} = me[[Tj - TE }+ {Tl _Tlﬂ }] reversible




niversity of M'sila-----Faculty: ST------ Module: Energy Conversion License
Energetics 2024/2025

— —=== - - )
aliaadibua bhbsal rrgnadioos Gools
U niveld piinie rsitdéarohacvediBoudiat =iM s il

CHAPTER 1. SINGLE PHASE POWER CYCLES

_ Multi-stage cycle with regenerator, cooling, and intermediate reheating
_ Cooling and intermediate reheating cycle: IS
OttoCyde o
When the cycle is irreversible irreversible
_ Wie=Wj_ o =(H>-Hj)=m.Cp.(Tr—T7) irreversible
_ Wier=W3 gr=\Hyg-H3)=m.Cp.(Ty—T3) irreversible
BraytonCyde Wrp=Wgs_ 71 =(H7-Hg )=m.Cp.(T51—T5 ) irreversible
_ W'ro=Wg o' =Ho - Hg )|=m.Cp.(Tg—Tg ) irreversible

. . 0'>=05.3+010.1=m.Cp|(T3-T>')+(Ty - Ty ) irreversible
Multi-stage cycle with

regenerator, cooling
and intermediate

The correspondents yields are

) T —Tz)+(Tin—T .
heating e =1 ‘QE —1 T -T3)+Tjo—Tj) reversible
Q (Tg —T5)+(Tg —T7 |
are =1 Q> = —nTT_Tj]HT“:’I_TI] irreversible
I'th ‘Q'l‘ (T —Ts5r | +1Tg — T |
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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) Ch Ec
but built in the form of a turbine. The turbine \G
consists of a driving shaft A that powers a E C

. B
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s T g
..-.-.:' ..III. E:.-L i . l'_
IT| ]

1
E “la

compressor C. Fuel G Is Injected into the

combustion chamber Ch, driving a turbine T. M

The load to be driven M i1s located on the

compressor side (cooler side).

Different components
of a gas thermal power
plant
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CHAPTER 1. SINGLE PHASE POWER CYCLES

Different components of a gas thermal power VIS

Gas turbine principle
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Different components
of a gas thermal power
plant
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The components of a gas thermal power plant include:

Engine (gas turbine): Used to convert thermal energy into mechanical energy.
Generator: Used to convert the mechanical energy generated from the
engine into electrical energy.

Combustion chamber: contains fuel and allows the combustion process to
generate heat.

Compressor: Used to draw and compress atmospheric air before it enters the
combustion chamber.

Heating: Heat exchangers are used to heat compressed air before it enters
the combustion chamber.

Cooling: Heat exchangers are used to cool gases leaving the engine before
they enter other heat exchangers or discharge.

Fuel system: includes the supply of fuel (such as natural gas or light oil) to
the combustion chamber.

Control system: used to control the performance of the engine and adjust the
thermal and electrical processes in the terminal.

Cooling system: Used to cool the thermal components in the engine and
other heat exchangers.

Discharge system: Used to remove gases from the combustion process and

CHAPTER 1. SINGLE PHASE POWER CYCLES
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