Feot) amio AVAA o Liasli o oylesds FA ol AY oLy 6 ylouis SilSo cavckitpo alxo

39 O 09N S g2y98 Hei g0 S (85555 9 (Seoladge i Jdxd g (g 5lwdune

Olpl ool il Sle taio olSiils dLiaslsa alSisls gaizme Lsils ¥ GS . cawlol

Oyl ey sl o o olKiils Ladlyn alfisls goizme Lol GO o

Ol el sl o ctrio oKzl dablgn KL gazme | olis IS P G Loy doxe

Olrl ol ol S gors oRisls Ladlsa alRisls aaiome (5558 (ggomiily Ul‘“' Jox0
oS>

b 3o ol 5 el (el s 5o 5T 51 2 50 5l (Snnlpoga s (slepsal 56 5e &b g 551 BNl gly e il 55,551 Jebos
ol o az oy T 5,Slos S5ty Saz 2oyl Gl 5 Laosls &L & o o Szs ise S S5 5 (Seslunge s Jelo 5 (sl
o L5 55 oy 0 ol o i I 5 e el s 45 i 3l 3 5 pmenls o L s sl Jn g
TEYIYA 4 10PN 31 65,551 Hlesly liee Fo il g pmeS Jlid cons 10 (s sk SV gl )l U Lys oo 5l Laglse (silg, gl alidl b aS” aas
185 el aime Gy ] IS ks 0 IVA b TOVAY 5 Wlsi e sy psigarsy 35T ool L8 b dz s FY oA los sgasme o il oo )
O3l amo e L5 S0 gl ol Wl 1y T 65,55 003t 9950 50 (Senlizoge i (iluatan Jlael (g Bl o o9 plowl S (slgn o Laylyn Sly

83 o il B TOVIOY a4 L0V 0 51, T 65,551 005l e 0palS VAB: Gl il (glas 45 g 4l 5 e Yoo B0 sllanlsn (o5lgn asyun

wlop Gl (09T A (65,51 koS 255 59590 16elS W 039

Thermodynamic and Exergical Modeling and Analysis of a Turbojet Engines without

Afterburner
J. Pirkandi Aecrospace Engineering Department, Malek- Ashtar University of Technology, Tehran
M. Mahmoodi Aerospace Engineering Department, Malek- Ashtar University of Technology, Tehran
M. Hassanifar Aerospace Engineering Department, Malek- Ashtar University of Technology, Tehran
M. Ommian Aerospace Engineering Department, Malek- Ashtar University of Technology, Tehran

Abstract

Exergy analysis can be determining the actual amount of energy dissipation or thermodynamic inefficiencies for each component of
a system. In this research, thermodynamic and exergy analysis of turbojet engine without afterburner has been presented to provide
data and express ways to improve its performance. For modeling, a computer code has been written in MATLAB software and
problem validation has been done with the GSP software. The results show that by increasing the flight altitude from the sea level up
to 11 km, the compressor pressure ratio is equal to 40 and the exergy efficiency increases from 59.16% to 63.38%. At temperatures
ranging from -93 ° C to 47 ° C, the exergy efficiency of a turbojet engine can vary from 51.97% to 50.78%. This means that if the
flight of the airplane is carried out in a cool air, the exergy efficiency can be improved without applying the thermodynamic
optimization in the engine.Other results indicate that with an increase in the flight speed of the aircraft from 50 to 300 m/s and at
combustion temperature of 1850 K, its exergy efficiency increase from 51.5% to 57.53%.

Keywords:Turbojet engine, Exergy analysis, Entropy generation, Propulsion.
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Destruction Exergy Rates of A Turbojet Engine & Its Components
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Entropy generation Rates of A Turbojet Engine & Its Components
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Engine Exergy Efficiency In Different TITs Without A.B
062 T T

—8—TIT=1250K

o6k —e—TIT=1450K ||
—*— TIT=1650 K

—6—TIT=1850K

Engine Exergy Efficiency

i i i ;
50 100 150 200 250 300
Vehicle Velocity [ms]

S (lod yudd 4y Comndd 99 g0 (65,35 003b il ki -~V IS
Gilar s 9 rmye 4 (6999

ol oad esls Glis jgw eS8 jlad o 5 g5l glas)l
0djb il Vb (ilyn i)l 4z e o was o Glis 358 jloges
Sl slges Gal po cdle e 03 e la GRIBL 590 55,55

Ailge B g a8 JLE8 Lo 5 (tegkeS VY glisl o

Engine Exergy Efficiency in different heights

08 T T
—=o&— h=sea level
—*—h=55km
07 g ——6—h=11km H

o o o
IS o @

Engine Exergy Efficiency

o
w

02

i i H i i
5 10 15 20 25 30 35 40
Compressor Pressure Ratio [-]

9653198 EW )] padi Ay Cmd 59590 (535551 003 Ol it - Y D
25 oS (51 HLiS o

Er s o3k St Jlaged oS 4 P BT Glass s
W el o ol izl s gise 95T adsi 5 5 65,551 B
ol oals ooly lad Fo g a8 lid Cod g by mhaw (6 eslS
9 33y 53 (65,551 Gledily (YL a5 wes o i @S (o) 0
5 Byl jlail ce ledily (p S Glls 56 g 005 950 58
5 ablige 2o )3 PY oads pdlel bl )l )3 5350 S (63,551 plenil,
G55 P TP Grrtie 45 S pe Ol S gy SRS S5
JMaie o yteS g ool &y S5 5 Gliiol abioms jo 55T 0 5
@S onl @ arg bassee 59 19n 609)9 b piehs 50 3
33 3k olodig die) p3 Slidod (n i 45 305 0 aiie
255 el jige J3U 5 Gl alaizs sla i

Exergy Efficiencies of Turbojet Engine & Its Components
) T T

I =11 km
09 g
08} .
07 .

Exergy Efficiency
o
a
i

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4Turbine 5:Nozzle 6:Turbojet Engine

W el 5o o szl 9 s9750 655551 003l @l —F IS
Feogm paS HLiS G 9 150 el (5 ykogles

w855 g Senldge s Jalod g g5ladoe

\vd



4l slod 9 59590 41 (63979 Slgp Slod Wil ki —Y-Y
S g

e 4 o 590 (65,551 005k DlpesS Hlogad VY SS o
Ol @l sl ok 0ols i s5i9e 4 (599)9 g g Iga (sled
2550 85,55 023l 008 iy o gw adsl sled 4z j0 45 was e
59 % 83959 Sl slod Gl So0 (sm 1S (o0l G
Ol 5 o e b vls jgige (65,551 003k 8l s 55
g sl Slos g ugendes 4z ;0 -AT gloo sles 1o Slyn Jloged
Al g gl 4> 5 YO

Ol dome 58w Loy dets (s390m0 ilaas (505 sl

Engine Exergy Efficiency In Different Fuel Temp.

053 T T T T
—8—T=25C
05251 —e—Tf=125C
—*—Tf=225C
052, —0—Tf=325C
0515
3
£ 051
w
<]
2 0505
4
w
GE> 05
=3
&
w 0495
049
0485} i ; : 1
048 i i i i H H i
-80 -60 -40 -20 0 20 40
Inlet Air Temperature [C]

3190 (5lod ydd & S 55390 (53,551 0331 Sl = V) S0
2590 4 (599,59 S gw

(8551 ool Sl Joges sy 4 VF LY o SSG o
@lod o ol ezl 5 5550 29,51 g 5 5 63,51 eSS £
0 ] gl 4z )3 TYO 5 -AF g adyl clos g Lame
39 G505 pleaily 8 Judow g0 diline a5 amo oo lid i el
A co Hlid gy K00 G 1 ablige Vb ()55 g jgm e
3 29551 Adg 5 9 63,551 <o B 5 i e ol 0 &S
pespry S ‘_'él)1>| alhdses

Exergy Efficiencies of a turbojet engine & its components

I T7=325 C

Exergy Efficiency
o
a

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4Turbine 5:Nozzle 6:Turbojet Engine

@lod 30 i & T sl 5 59790 (65,35 003l ol i 1Y IS
vaamdw 42 0 YYD 9 -AY Co g adgl sboo g duxo

Yy

TH i oojl Dyt Jloged ey Ve BA Gla s o

3ot slos 53 ol lizl 5 s (9l s 585 63,51
ol oad Al 4l e Ve (silon e g (nglS VAL
iy ) Slidod on i S (55 wline oS was oo Gl b

055 plnil jgige 36 g 3lyiet dbhizs slaide 5o b glwaies

Exergy Efficiencies of A Turbojet Engine & Its Components
T

I T7=1850 K

Exergy Efficiency
o ©o o o o o o o
O w8 & o W » ©

=3

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4:Turbine 5:Nozzle 6:Turbojet Engine

@1l slod 50 ol #1521 5 59790 (655551 033k Wl ki —A JS
4l o Yoo C w5 (95 VAD-

Destruction Exergies of A Turbojet Engine & Its Components
16000 T T T T

T
I T7=1850 K

14000

12000

10000

8000

6000

Destruction Exergy Rate

4000

2000

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4:Turbine 5:Nozzle 6:Turbojet Engine

Sld 33 3T s1521 3 59590 635351 55 & 5 Ol i-Q S
Al g yio Voo ey g ool VALY 5l i

Entropy Generation Rates of A Turbojet Engine & Its Components

T

55 T
&5 I TIT=1850 K

Entropy Generation Rate

2 6

1 3 4 5
1:Diffuser 2:Compressor 3:C.C. 4:Turbine 5:Nozzle 6:Turbojet Engine

Gl sloo 5o o =152 9 59590 19,51 gl & 5 Ol =+ Y5
4l ke Voo oo a9 2915 VAL



s g ol il 4z YYD cogn adsl sl L Cogye
ol S i L0 VA B OVAY 5 Wl se (srke slayiall
lso a5 59 aled 51 Slel jo Laglsn lgp ST aS ol s ol
an Jos aiSame Jlosl G Oliiee wsd planl coul 5SS
L)1) 65,551 o3k o099 b ygige Ll jo (Sealiinge 5 s5le
Gl aiize 4 09,9 5l 3 S gm 035 05 S eizes Ol
o33l Gaytie A el jgige (65,551 el SRl 4 e s
slod 5 30,5 il az 0 AT (6395 sled )3 y5ige szl )0 65,551
JAAXN L g 50 o5 4 ol 5 il a0 YYD co g adsl
Oeied W2 o Fy LAY L jieis g 1A L jen eSS
ONA b sl albase s AVY - L 506 50 (65,55 o508 (o i
A ams oo ol Guios ol Ko mbicw! eolidl lal olglKs
P&l p e Yer B0 Sl Cogys jise Slon S SRl
TOVAY & 70V 31, o1 65,551 005k «oslS VAD+ 3l ml (slao
e 53 yPise szl 0 65,551 003l (nidn wesee Gl
JAVEY L s 50wy 4 @lisl sleo g shlyn ey
Omzeed A2 ooy LAY L 5es g TADAS L g eS|
s YAVE L Gliot alaims 10 s @ (65,551 <o 58 £ i
Byl glos ol cporan. ol oolidl Ll Olsle F.YOY L 5L
T 4l e Yoo ilyn S g 53 g (nglS VADS 4AYO. ]
023 U5 )| LOV.OF &y OYAY 511, ssise US (55,55 onsks wilss
5,551 o3l Gl (sl Jo ol plsie @ olgon azsl Lk 5o
123,50 iy 5 b a b Al L5 j5ige Ko
Bl i silam gl ol SulaS Ll e
ol F S lan slos aS 55 ails 5l glelo jo Y o> @
55 ol s
s e (g5lgn Dlelas )l o g yeS Ay HLid Ces .
Oty 23 il e lyb LS e e gl 1S e
2 B ogdien ploxl eli)] 4z 50 Lenlyn (slyn Cuaglae
...m)f olses! Leovr s )L‘;‘.é S ‘QT slow
ol g 098 yidon 4z e 3l ahiss 5l 25 leo .
Sl Sen &5 o> U slps) dhios 4 (639)9 CSgw @

235 05 ey
Ak a1y (Sew Cl i Ghlgp S @
oles -4
m? IS TN A
- Lozl oz e AF
kj/kg.K b jlad s ong mleS cus b Cp
kj/kg pgats 9>y 65,551 e
kj S5 bl coll STas b (65,551 E
kw suSEs E
- e T T
N 9 F
m/s? Ja ol g

Destruction Exergies of a turbojet engine & its components
11000 T T T T T T

I =325 C
10000 : 5

9000

7000

4000

Destruction Exergy rate

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4:Turbine 5:Nozzle 6:Turbojet Engine

29 i 4 T 532 5 59550 63555 3 €5 Sy Y U
gmdw 42,0 YYD 9-Y Co gw adgl slod 9 duxo slod

Entropy Generation Rates of A Turbojet Engine & Its Components
T

T

I =325 C

Entropy Generation Rate

1 2 3 4 5 6
1:Diffuser 2:Compressor 3:C.C. 4:Turbine 5:Nozzle 6:Turbojet Engine

29 i 5 4 ol €132 9 55390 19T gl £ Sl NP U
ogemdw 42,0 YYD 9-Y Co gw adgl slod 9 duxo slod

G5 4zl —A

Baws 5l Sgmim Gan Sz rise Sooallie ol s
Sy @l 235 18 oy g el 3590 65,51 9 (Senliange s
2550 Sl £ GRIBI L A aaspe las B ol 5 el
@ Gl ol WS e T Gl 5 ol 5,55 eak ez sys
Sld e o 1y 65,81 ool 0g dalgm Bl a5 cuwl geou
s eghS M) el B bys e )3 Slsn 5hg T g eeS
003l i &S Al o ylid ol ws s, LPYYA 4 T09.5)
@9 ik VY gl )0 jemim o ege sl 5 63,5
TA XA e0isd 5 7APAF L g a8 SAVFE b (58 15 o
P oS A 5 65,8 S £ it Geied 850§
s w3 s £y Sl AT b J3b 5 VY F L Gl aldion
S )0 H5ige (85,551 003l Ol @ 4z g b &5 wmo 0 LS
o 1 Dglite (lan Sleld)] Gaizen g jgm oS alide sla)lid
g bl aged QL aige JLad o S )] a0 Ol
9 o5 eS Slieb st Gl glns 4y jLid cond Rl il
SBbon yP9e 039 Sl Az 50

Slon azym byd s j3 o5 el (nl LS el ey s
25 958 i OF 65,51 o3l Bl SSiS sise 4 5995
oG5S eosl ol F il ax e FY LAY Sl e

w855 g Senldge s Jalod g g5ladoe

YA



ool damme 5,5 s L) dame sgamme (sibacas 1S o crnbals

Y4

(1]

(2]

(3]

(4]

[3]

(6]

(7]

(8]

Lo slsp aasie a
PP a.b.
23982 d
R w)?u D
oad diwlgs 5 sl desired
254550 ¢

d‘)“}‘ %Az c.C.

JPRATES k
Juoo"
ity P
ESEIN
& ref

)_“» .o f)& rev

tot

&zl -
Ehyaei M., Angiridezfuli A., Rosen M.
Exergetic Analysis of an Aircraft Turbojet

Engine with an Afterburner, Thermal Science,
Vol. 17, No. 4, pp.1181-1194, 2013.

Turgut E., Karakoc H., Hepbasli A. Exergy
Analysis of a Turbofan Engine: Cf6-80,
University of Anatoly and Ege University,
Turkey, 2007

Balli O., Aras H., Aras, N. and Hepbasli A.
Exergetic and exergoeconomic analysis of an
Aircraft Jet Engine (AJE), Journal of Exergy,
Vol. 5, Nos. 5/6, pp.567-581, 2008.

Struchtrup H., Gwynn J., External losses in
high bypass turbofan air engine, Journal of
Energy Research 31.14; 1383-1397; 2007.

Tona Cesar., Exergy and thermodynamic
analysis of a turbofan engine during a typical
commercial flight Journal of Energy, Vol 35;
pp. 952-959; 2010.

Turgut E., Exergy analysis of a turbofan
engine, Journal of Exergy 6.2; pp.181-199;
2009.

Turan O., Effect of reference altitude for a
turbofan engine with the aid of specific exergy
based method Journal of Exergy 11.2; pp. 252-
270; 2012.

Tai V., Phen ch., Cristinel M., Optimization of
energy and exergy of turbofan engines using

kj/kg
kj/kg
kj/kg

kj/kg

kg

kg/s

Pa
kj
kj/kg
j/mol.K
kj/kg. K

kW/K

kg/kN.s

m/s

m/s

kj

kj/kg

kw

por 9=ly (LT

Sy YL &) )
S g Gl Sl 85
ohs slale,S Cus

£z

7 s

Jge olass

jlasd

ol bbs

g oy o>l ()l 55
a5 oages ol

9551

ol Sy 5

Lo

oy w}w d,m

S5 P e
$5y55) Bl e
el

SNy S &
STy Wsles )5 (5 fageS gl po
G phlcus ool
Ogrlp a3z lad Cos
$5,5" o3k

ohis slale)S Lo
Slewsl, b o33
Seabasga i 033l
OBl 035k

pso o o33k

IS essks

S35 sl e

Y,

AG,

Nt
Mp
N

Mo

B it



[9]

[10]

—
—
—
[a—

[12]

[13]

[14

]

—_

genetic algorithms Journal of Sustainable
Aviation 1.1; pp. 25-42; 2014.

Turan O., An exergy way to quantify
sustainability metrics for a high bypass ratio
turbofan engineJournal of Energy 86; pp. 722-
736; 2015.

Aydin H., Exergetic sustainability indicators as
a tool in commercial aircraft: a case study for a
turbofan engine Journal of Green Energy 12.1;
pp-28-40; 2015.

Yalcin E. Thrust Performance Evaluation of a
turbofan engine based on exergetic approach
and thrust management in aircraft Journal of
Turbojet Engine. Vol 34, Issue 2, pp. 177-186,

2017

Farokhi S., Aircraft Propulsion Kansas, john
Wiley & sons Ltd, 2014

Onder Turan, Hikmet Karakoc, T. Exergetic &
Energetic Response Surfaces for Small
Turbojet Engine, Trans Tech Publications,
Switzerland, 2011.

Hikmet Karakoc T. Exergetic Destruction
Effects of Operating Conditions On the
Turbojet Engine Components, Trans Tech
Publications, Switzerland, 2012.

Ozgur Balli Advanced exergy analyses to
evaluate the performance of a military aircraft
turbojet engine, Journal of Applied Thermal
Engineering, Vol 111, pp 152-169, 2017.

855551 5 (Seelinvga s Jlow 5 gjladoe



