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ABSTRACT

Despite the wide use of micro-turbine engines in various aerospace fields, these engines consume a relatively high
amount of fuel to provide desired thrust. The fuel consumption is a key parameter in the efficiency, endurance and
range of an unmanned air vehicle. An effective approach to reduce the fuel consumption of these engines while
maintaining the thrust value is to convert them into micro-turbofan engines. In this research, a mixed flow micro-
turbofan engine structure derived from a micro-turbojet engine is employed. In order to analyze the performance of
this structure, a thermodynamic modeling using matrix iteration method and Newton-Raphson solver is performed
for a micro-turbofan engine. The findings of engine modeling are validated against a gas turbine performance
simulation software. Afterwards, the required fan module is designed for the converted engine. The operation of the
micro-turbofan engine in the steady-state and transient regime is investigated. Comparing the performance of the
new engine with the experimental data of baseline engine indicates that despite no change in thrust value, the
specific fuel consumption is reduced by 20%.

Keywords:Mixed flow, Micro-turbofan Engine, Thermodynamic Modeling, Fan Design, Specific Fuel
Consumption.
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3- Continuously Variable Transmission (CVT)
4 -Transonic

1 -Auxiliary power unit
2 -Specific Fuel Consumption (SFC)
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2 -Low Pressure (LP) shaft
3 -Low Pressure Turbine (LPT)
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1-Low Pressure Compressor (LPC)
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3-International Standard Atmosphere (ISA)

S AT i laugly obicd N adalolys a5
3 eS Slp ¥ HolilS g e g oy jgless
aloe 959y el Glee S 9 B s

S5 Sy dm (Senlindge i Joms ao liws cger
4o g odd 03) i jeSge Slayill (can ow Sl
G3bte ol sl IV ] 868 o i yas LS wolaws (e
Sl 5590 6999 Slo-2 (b2 nolie (Budou (nl o
GO 9 9 s9 S o2 Sl Ly polie 5,35 ,LS
g S (8 50 oy sl 4 bgyye slalls 5 ond 0o;
2 s WS e 18 Slaine S50 g S (s
lallas 50 (g0 dugyy SO b aSLl b 00,5 i 1S5
l_>§l5_<..m GO d gy O0,5 oS oads (i, Llade
35 o0 ol gl 98 6,5 Jor sl ) eolic
A ey 81y Volae o (6185 g, & JSa VY]
Jo— Vel Jlalw ams o lias 1) 1,45 Jos
LU, s MATLAB-Simulink L > ;5 Seelisoge s
el o ools Hlas £ ISy el glizl o

Conditions

Inlet

I

X Error 1
Fan Calculations
Bypass Duct
- Error 2
Update Calculations
Mass
Flow, Fuel Flow Burner Calculations
Bypass
Ratio, Turbine Error 3
Beta Fan, .
Calculations
Beta
Comp.
§ Error 4
Beta Turb. Mixer Calculations
Error 5
Nozzle Calculations

Solver

No Error i <Limit i

i=1,2,....5

Next Time Step

53 Jn syt o ile S5 i, (8) S
259 (Saelooga

1-Newton-Raphson



VEY bl sl doyled O Vals «Seoliyng T 5 ¥l Solse 08

2
C
7—1' o1 !
ZCP
_r
7 !
P =P, [_1j W)
75,
_ A
Y2 RT,

QY]

LM el a0 asls plis ¥ JSb 5 ol
gl (Seologe s S (b 51 (Sl ool
Lol JB 5 Sbial lacesS Glg oo Soug 53]

10900yl

Compressor =

— e P
. :':—?— S ——
. = T —
Mixer .
Nozzle

MATLAB-Simulink o ;0 891,65 9,500 ;8590 (5w Jow :(F) JSC&

Initial Design
Parameters

.|
Y

1 D Design Code

!

Update Design Vista AFD
Parameters Software

4

Optimum
Perlormance
Parameters

Update Thermodynamic |
Cycle

Angys Bladegen

¥

Ansys Geometry

55 sl (o s, oY) S

Lo st Jogome 0 So g aday 5had ((R) abal; o
Dol Cewd d (5,500 jlaie Ll 5l alaS e !
GO 0y Sgh ay aday Hlad Sl (6l po o Slpiing
5 e iyl i L [V ] sl 15 5+ ey
Lo Sos 50 ooz (o gl 20 0B (6515
Sl 1) aiggy o SO g5 o0 ) ailg,y 5l colazul

S,5



oy OhSes 5 (Slool el 2 Jrod b S g0)95 — 9,500 55890 S 03y ESgu Sras a8

o 33,5 o0 (e Gl sl 5 198 o> usly el
3= ‘al_? <(h) 0y &lmﬂ 9 h/c) J.E...a Cnnd )1 oolaiul L|
Al s ) 5 O yg0 s Loy Slaws
27, Q)
n pr— —m

S
o waly SlocueS plo Gog a9 OV) abal) &b
9 'Y w)) L uﬁ)yL....u‘ 5)555) 6Lbo).| Slows ©y Sloss
ouls b 8 Slasin Wigd g0 43,5 Ll 0 sae VO
IS 0 5 8 oo wliie 4 .l oawl ¥ Jgo jo
=k 58 e ¥ Jae SO cwl o ools ylid Ye
Ansys 4 Ansys Bladegen sla )l38ls 5 3l oolaswl b oo
5,559, ooy Cwls e .l o Cuss 4 Geometry
Sl oo ools HLas VY s jo eads ok 85l o

o&.{:}@‘f’o us Slaseiw (F) Jg»‘-"

30 ,lade 30 ,lade salily
595t )99
-IAY SS9l 035k
- ANy kW) lgs
- f/ay Nm) ,olzs
- ad obr wuye
B '/fY d)ldf)l-‘ ““")‘p
-/va <IV¥ S legs sue
oY AN degree) ;)b ,> z9,5 al;
AN <Xy 05980 o po
VE/ON fIvH (degree) 3l =il
) ) Ao Eowd
AN AN mm) > ,l> ki
- QAR d,
d,
lid i d,
dsZ
lid - dy
ds3
Vo VY oy Slass
B VY Mrelsl

1 2 3
Shroud

Rotor Stator
blade blade

Hub

03D ‘5>|).|a u_e Sles :(A) J&w

Air deflection £*/[degrees]

0 ] 1 | | !

| } ]
-10 0 10 20 30 40 50 60 70

Air outlet angle o /[degrees)

Qgl) et )gS/C G (61 (golgiin polin () S

[VF] ol s sl 5 ol

E ke (s ym Slakis § cohb o ell

o Cess a0y Sgi s Ay e o g

Do & (8 oy yhad g Slige ey e l L bl
g R et R

d, =95.6mm

N =79885rpm

50 ol Ciljg5linl g 959, j0 0y a8 a5 gl e 08
SLeMbl .l sl suis L_s—"‘fb O Slels A IS

av)

e 08 s slayielly avule cuz j5ige (b abaks
L ool ¢y (glmo o Slas sl (6ly 1aigds g0 423 ,5
2 870 Cad (8l ccmlin Hlade SO A S 5 oola]



VEY bl 5l o) oyleds o) Yals «Seoliyng ] g ¥l SuilSe OA

Pressure Ratio P02/P01

V= @ N

Corrected Mass Flow (Kg/s)
o8 o liie 4 (1e) JSb

Silwannd s -0

L oads >hb (892,959,500 H9ige 0, Shoe i (pl 5o
Sl D98 s0 (o) 2 (Sealiudge i (g5lwand 1 eslaisl
30 0,8 oo plowl Al 10 V0 0 Slee Sb5,l o gkaie oy
poo ad>pe 05 LL el jo j5590 5, Slos gl al> 5
ad>yo )0 05 b oe (g 1,35 Cumdg 50 55590 0,58
13550 L (85,559,500 j5ige L gus Bpan (lye pous

Lh eIl g5lwand gl -0-)

3 LS akal (o )3 595 g slaelly polie
Jome 6 i Fam o cge .l oad ools Ll VYW USCs
w5 MATLAB-Simulink L, e 5 _Spol_35505
S8des I8l 50 y9ise il e slaosls b (g5lwand
Lo o sools .l ouls duslio Gasturb 13 55 40,9
sael S (nl 3o 5wl Cgygimg e H5ige Joe 4
s 350 e |y el 5 e (B WY S

L oyl 0429 Gasturb 13 53l a i s MATLAB

SSlas j0 g Al o8l cnl g e (il yg0 il
Ay 2 395 N lais 45 (80000 rpm g0 iay) Eac s
(N s sl (eSS Al g0 sl 5 b bogas a5
ChD (o 90 e |y 590 (Bran CS g Gl

(@)

M (LE 1o TEY{mm)

(®) =

W (LE 1o TE} fmm)

) ER R N
Spi
18]-—~—Thickness @ Sp

16]==6=Tnickness @ Span-g-Z500 =~ 4"~~~
ickness @ Span: 10000 =

10 11 12 13 14 15 16 17 15 19
Thickness (mm)

1|-~~—Thickness @ Span: 0.
—+—Thickness @ Span: 0.
16]==e=Tnickness @ Span: 0.7500

-0.00 0.2% 0.50 078 1.00 125 150 178
Thickness (mm)

oA L§'>|).|a us G Ay LgLo.i :(\Y) JSJ«



VE-Y ol 5l oplad ) Yol «Seoliyog ] g ¥l Sl

20 ‘
-=GasTurb
-+Therm. Model
=15 -+-Baseline Eng. /
& / i
z e
E 5 ./'//
8.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
()
1.2
-=GasTurb
—_ 1 =~Therm. Model
2 --Baseline Eng.
(=] T
§0'8 /
o
@ —
g /
0.4
,/4/
0'8.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
(©))
1400 .
-=-GasTurb
< 1300 ~Therm. Model
S --Baseline Eng.
£ 1200 9 2
l_
@ 1100 L
= e //
2 1000 —— —
o)
S 900
808.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed

(9)

04
-=-GasTurb
400 -*Therm. Model
—--Baseline Eng.
=300 2

Thrust (N
)
(=)
S

100
8.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
(h
80 :
-=-GasTurb
70 a -*Therm. Model
—_ \ --Baseline Eng.
(]
Z 60 \\
g 50 \'\ \
40 \ —e—e—
38.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
@

4

-=GasTurb /
35 -+Therm. Model
' ~-Baseline Eng. v

3 //
2.5 /
P
//
0.7 0.8
Relative Spool Speed
(o)

N

Compressor Out. Press. (bar)

0.9 1

797 L8 (0 4539,9 lgp (25 (3 w0y S s Bran (g s £ 55 (@ el (WILL Sl o (89:)55-9 s 5350 5 Shos (1Y) S5
O 69939 SLed (5 ¢ y9 eS

L anl Comgyoim5,Soe 4 Sand (5557 9,500 5
oty JRB LS j5ige 4 (8 paie (o558 4 az g
00gdte 4O Q’“")ﬁ" 99,9 6LOQ aS ol ;Q L ‘B)y ]
G Gliee (05 (omyp Sz )13 18 Al Heise slne
Jsoz 50 h5ise slayiallb Sl o )s Shas Jae 99
).";51..\_*> ‘J5A_? Q_g.‘ 6L®o\>|o A d>gd L ol 0l B
u.»‘).sl.».s ML’LS" 0}33&9”; g_éfmd\gbyjogm)Oa/Y J_)‘}s 13
MATLAB-Simulink la. st ;o 0ol plodl g5 Jos
Lk cdle )0 9550 0 ,Shas Julow )3 (o8 BB 05
30 g0 calitee yolic oojly aS csl [S3 4y a3y o)l
(o (e d=il il wiled e a6, bl
G=b ok g5 9 (Phb bl 1o g e g eeS

ol el 5 Jade ailine Ly, Cd g B yae ial3dl g,
B an ey oo 13.5 /s Jlabe an Ce s 5Slas j0
Srman Gliee 5l eS (i sLajg3pled )0 ES g
a3l L (@) W USCd ollae ol ly 3o g
5% 94l ol ohg S g Bpas jlaie gige Sy
Bras e Jals o, o034 g/kNs 4 e 2STas
b HeSse an S eoleiinn s5ige Sln oy SS9
JLEd e 4 (695,5 Slor (23 (lie Zenl Sgpde NS
2 S FA Ge)9 (63959 SLed 5 5 peS (29>
sig, Aloais sols 5L (Y (MY (Y (gLl
sbaygge plo 3o b anglie ;o byl cnl &l pss
WelS” Joe 93 glts LS lie 5 0392 (sibata 30,95
Sl 60959 Slgp (20 Olime Rl sl (ASuals

\



VY bl 5 s oV oplads o) Yol o Seoliyng ] g ¥l Sl 5.

Joe g (Selsge i Joe o @illas pae 510> :(8) Jgur
LL <Jb> o Gasturb

s sSlos>
(eo)®) bl
Y/A N) el s
\A% (g/s) S g (20
AL (@/KN.S) 6515 CSgus B o
YIY Kkg/s) 39,9 slor (20
\AS (bar) 9w oS (>, Lid
VA K) 5585 699,35 sleo
14

o]

Fuel Flow (g/s)
3 2
///
\\\

8
, \ /
60 5 10 15 20 25

Time (s)

500

—GasTurb
—Therm. Model
400 —— —Baseline Eng.
3 I
B 300
= AN //
=
200 I/
1000 5 o 20 25
Time (s)
(<)
1.2

—GasTurb
—Therm. Model

2 \ —Baseline Eng. r

Turbine Inlet Temp. (K)

~
=0.8
z J
o6 ——
8 4
=04
0 20 5 20 25
Time (s)
()
1400
—GasTurb
1300 —Therm. Model
—Baseline Eng. /\
1200 /
1100 \ //\
1000 \\/ f
900 \/ B
8000 5 20 25
Time (s)
(9)

Relative Spool Speed
o o
® ©

ol aily wilys o Falaie slaodl cabbgy po alis
9 )9_...:]...05 su3 o\))’l.} g_)b.....u ‘&5..55.0 u.!‘ QQL)QL..M; 6‘19
oo oale HLas VP USs o calisee gLl bl o (098

0.95
-=-Fan Eff.
0.9 --Comp. Eff.
Turbine Eff.
80.85
2o0.
2 — —~
e R R o A — S e
w - i ~N
0.75
065 0.6 1

0.7 0.8 0.
Relative Spool Speed

135 b (g jlwdands glis ~0-Y
Coodl Bl L )35 Lulpl o j9g0 0, Slee gw)p
Pl SSL 5ss b ygige sloyull pan oz ool

Mo ai)ls Sbylas Lan 5 ufaiizr Slyds gw b
Seelias a4 atnly Jlons )55 (69359 Slod Sl aess

-
-

—GasTurb
—Therm. Model

\ —Baseline Eng. /
AN Y ot R

//
——

-

o
3

—
(6] 5 10 15 20 25
Time (s)
(alh
70 —GasTurb
60 —Therm. Model
. —Baseline Eng.
| —
£ 50 /
=)
S a0 A
w \——
30 S/
200 5 20 25
Time (s)
@
5 :
—GasTurb
—Therm. Model
4 —Baseline Eng.| =

]

\_/

N

Compressor Out. Press. (bar)

=

o
[é)]

10 15 20 25
Time (s)

()

HLad (o 699)9 Slgr (20 (8 0y S g B pan (7 ol (0 il (o e oo (AH,38 (695l )0 (35059579, 55590 0 o :(1F) S
% (69959 Slod (9 g S (25,5



ruel FIow(g/s)

VEY bl 5 s Voylad o) Yol «Seoliuog ] 5 ¥l Sl

4

A ey 89,9 Sled S g Sl JasS by s
Olep Sl anazg b cul cog bz Oy
Ol 5l S a0l Sz 9,50 s5ige Slp S g
Ol B sl ascis les 4 liws sl oals (y yai
@S Beb g salss (850,559, e H5ge I ieS el
Jos an b e s s oYU Blke codel Caws @
MATLAB- Le )5 (851,555,500 j5ige (Seoliadge s
a9 b .oyl 9929 Gasturb 13 )138ls 5 Jow ¢ Simulink
O DS iSlas o5 bl 51 F Jgam slaools o
g Bran a4y bgyye )35 Cl> 5o Joe 93 byl ly
Joe I3 il oo 0 FIY ol D! ol aS 04 059
Sz Fod BB Sl L) Gaasd pl jo onls &)
Ol 3 Olssise g amls 1,08 cdl> 5o 9550 8 Shoe Julow
WS ged oslizl T sl o s >k ol
A oo LIS jgm preS 42 (59, |y H9ige 3 Shes e
G5 Pled SG g (e (65 Dl S Bl e ()]
bd 4 g e Code S Oll anld ol cue
930 T bS5l (e (T Ol o 9 SO0 7
D9 50

23 e jome peS 7w SUykS o b g Sl g0
3y Slas oy g Al e il g WSt s
g (§39)9 Se MO S8 Gllae )55 Sl ) 955e
Szl 35800 Jlosl (0,575,500 s5i90 4 oy &6
Lok abi G5l ge (shie s SOl Jold ool Gy a3
S e e (6525 QLS G 9,500 (b aal S5 4
o=l @l el (B bl ahab 4 Gaen; 9 4l G
Al by (b alais 4 bayye jlade 5l S g ¢ glate
So U Sley ol S )0 e ot Jloosl il 3
Aol e salS s )3 B0 sgus cwl i L K (5, alass
b abaii ay by e oo b c g Toazs o 51 o
A i Cg ilo oo laie pl jo 4l iz U g oad ol
Sz 5979500 HPse Slp SEgw o e 0 Sles
Sz Condy 1SS Canloud 48 5 IS su b
Ol P50 (mnd S o Sl a3 0 (LA ) 590
S8 63955 g (3 0y S g B man il
@ ol 5l (b D)gots Guyg S 5 j9w S (9>
Ol s 0wl (NP L (NP sl JSs o cs 3
4 )9 (8999 SLed 5 g S g Bpas )3 SLSU

3.5

2.51

Surge line

Scaled Compressor Pressure Ratio

Deceleration

Il Il
0.15 0.2

Il
0.25

Il Il
0.3 0.35 0.4 0.45

Scaled Corrected Mass Flow

g9 oS (69 Slas AL (59; s990 (6 S PLLd s Sialed : (1Y) S

pAV)

- ‘Micro turonet engiﬁe

— Micro turbofan engine

400 450

Thrust (N)

S g9 9,500 5 HE92,95m 9,50 HPige o Slee dunlia :(VA) Sl

b

Joe g (Seoludge i Jaw o @illas pae iSlas:(£) Jgus
1,35 592, Jsbo ,o Gasturb

s iSTo
(0s)3) eyl

YIY Joel (gmd e
\iid Ny el
1Y (8/KN.S) 0539 B gus B pao
- 10 (kg/s) 5395 sl (2
YIA (bar) jouw oS 25,5 i3
VA () e85 59959 sloo




VY bl 5 s oV oplads o) Yol o Seoliyng ] g ¥l Sl sy

60, alire bl jo canly posd pae e 0 a0

&l =V

[1] Derbel, K., and Beneda, K. “Sliding Mode
Control for Micro Turbojet Engine Using
Turbofan Power Ratio as Control Law”, J.
energies. Vol. 13, No. 18, 2020.

[2] Kadosh, K., and Cukurel, B. “Micro-Turbojet
to Turbofan Conversion via Continuously
Variable Transmission: Thermodynamic
Performance Study”, ASME J. Eng. Gas
Turbines Power. Vol. 139, No. 2, 2017.

[3] Palman, M., Leizeronok, B., and Cukurel, B.
“Mission  Analysis and  Operational
Optimization of Adaptive Cycle
Microturbofan Engine in Surveillance and
Firefighting Scenarios”, ASME J. Eng. Gas
Turbines Power. Vol. 141, No. 1, 2019.

[4] Vyas, U., Andreoli, V., and Paniagua, G.
“Effect of Transonic Inlet Design on the
Performance of a Micro-Turbojet”; AIAA
Aecrosp. Sci. Meeting, Kissimmee, Florida,
2018.

[5] Large, J., and Pesyridis, A. “Investigation of
micro gas turbine systems for high speed
long loiter tactical unmanned air systems”, J
Aerosp. Vol. 6, No. 5, 2019.

[6] Ilhan, M., Tayyip Gurbuz, M., and Acarer, S.
“Unified Low-Pressure Compressor Concept
for Engines of Future High-Speed Micro-
Unmanned Aerial Vehicles”, Proc. Inst.
Mech. Eng., Part G: J. Aerosp. Eng. Vol.
233, No. 14, pp. 5264-5281, 2019.

[7] Tayyip Gurbuz, M., & Acarer, S.
“Aerodynamic Analyses of an Integrated
Low-Pressure Compression System for
Adaptive-Cycle Micro Turbofan Type Jet
Engine”, DEUFMD, Nol. 24, No. 72, pp.
939-951, 2022.

[8] Ottl, C., and Reinhard, W. “Thermodynamic
and Mechanical Design Concept for Micro-
Turbojet to  Micro-Turboshaft Engine
Conversion”, Proc. of the ASME Turbo
Expo. VOO8T20A005, 2020.

[9] Seddighi, M., Fazeli, H. “Thermodynamic
Design of a Power Turbine for Using in
Conversion Process of a Turbojet Engine to a
Turbo-shaft Engine”, Sci. J. Fluid Mech. &
Aerodyn. Vol. 3, No. 1, 2014. (in Persian)

[10] Kelly, C., McCain, C., Bertels, J., Weekley,
S., Moody, K.J., Utley, L., and Rouser, K.P.
“Design of a Geared Turbofan Module for
Small Unmanned Aircraft Applications”,
AIAA Scitech Forum, 2021.

[11] Titan Gas Turbine Manual, AMT Netherlands,
2014.

L (89199 =m0 j9— g0 O yShos Lo -0
g Sl (ol 50 dml Gz gr )99 S0 9T g0
So 0 Slas g poloplis Gobss cpl aldl 5l Bon
Czgr,95- 9,500,990 ol Flie (891,959,500 59550
39590 (s=2,78 S (glmosls 5l Lol jo e o ol
e |y 89,959, Ke 9 40l Crga 559,500 H5i90
S5 ol sleosls azgi b oo o lis el ol
23550 Cawl i 03l Wilgs o (892 55-5,500 55590 45 (>0
G lisen slacal 5 55 o] o s oljme S el |, b
23530 05y g Bpas (i (plplly Cul Cogy 6
Y N N (YU PR PO IV ON SRV TR RV

Syl olen ailelw

S5 Az -F

g B yan oS g 3 Shee )] 3T slaJlo o
S el a5 158 Az g8 9 90 Crgrysizg,See Lo )sige
2 an bysise ol o shaie (ol Gl cenlie a1,
4 gy e el cnl 5o el (Bgr,55-9 See o590
) Sl 5 05 Sl s jgige 3 1, s il
SO b a8 5 I 0Ll Ko Sladsd 4 s (6 ion
MATLAB-Simulink la, st )0 (Soslooge 5 (g5l Jow
2955 3 Bt GB92)55 9,500 s5ise 9, Shee (23 sTn
o2 4yl (ol So e plnil S g 59 S0
29590 Gilw o s (85 plml wax j53ge lp
5, Skae 5 dalio Gasturb 13 1530s 5 L 1,56 5 Ll &>
TR ISP L  KER W SOWLIE SR VAP I 0
5 92,0 OIY LL cdl> o Gasturb Juw 5 (Soesliooge 5
99— JoB BB 5l lias aS eogs wo s FIY 1,05 cdl> o
3, Slos aslin o ls cabpll  Soluoge 5 (s3le Jow
ol Sz gysim9 - See soSge L (89959 - See 99

Y. u‘)_uo L o)aj u}}w g_BJ..A.A u‘).uo w.zlf OM\)QL..M)


https://fma.ihu.ac.ir/article_200250.html
https://fma.ihu.ac.ir/article_200250.html
https://fma.ihu.ac.ir/article_200250.html
https://fma.ihu.ac.ir/article_200250.html
https://fma.ihu.ac.ir/article_200250.html

4

OhSes 5 (Slool el 2 Jrod b S g0)95 — 9,500 55890 S 03y ESgu Sras a8

[19]

[20]

(21]

[22]

(23]

[24]

Power: an Exploration of Gas Turbine
Performance Modeling”, Springer,
Switzerland, 2018.

Zinnecker, A. M., Chapman, J. W., Lavelle,
T.M., and Litt, J.S . “Development of a
Twin-Spool Turbofan Engine Simulation
Using the Toolbox for Modeling and
Analysis of Thermodynamic Systems (T-
MATS)”, NASA/TM—2014-218402, Glenn
Research Center, Cleveland, Ohio, 2014.

Chung, G. Y., Prasad J. V. R., Dhingra, M.,
and Meisner, R. “Real Time Analytical
Linearization of Turbofan Engine Model”,
ASME J. Eng. Gas Turbines Power. Vol.
136, No.1, 2014.

Montazeri-Gh, M., Rasti, A., Jafari, A., and
Ehteshami, M. “Design and Implementation
of MPC for Turbofan Engine Control
System”, J. Aerosp. Sci. Technol. Vol. 92,
pp. 99-113,2019.

Walsh, P.P., and Fletcher, P. “Gas Turbine
Performance” 2nd ed. Blackwell Science,
UK, 2004.

Farokhi, S. “Aircraft Propulsion” 2nd ed. John
Wiley & Sons, UK, 2014.

Saravanamuttoo, H. I., Rogers. G. F. C.,
Cohen, H., Straznicky, P.V., and Nix, A.C.
“Gas Turbine Theory”, 7th ed. Pearson
Education, UK, 2017.

[12].

[13].

Mattingly, J. D., Heiser, W. H., and Pratt, D.
T. “Aircraft Engine Design”, 2nd ed., AIAA,
Reston, 2002.

Lichtsinder, M,. and Levy, Y. “Jet Engine
Model for Control and Real-Time
Simulations”, ASME J. Eng. Gas Turbines
Power. Vol. 128, No. 4, pp. 745-753, 2006.

[14]. Giffin, R. G., Parker, D. E. and Dunbar, L.W.

[15].

[17]

[18].

“Experimental Quiet Engine Program
Aerodynamic Performance of Fan C”, Report
No. NASA CR-120981, Washington, DC,
1972.

Stabe, R. G., Whitney, W. J., and Moffitt, T.
P. “Performance of a High-Work Low
Aspect Ratio Turbine Tested with a Realistic
Inlet  Radial Temperature Profile”,
NASA/TM—1984-83655, Lewis Research
Center, Cleveland, Ohio, 1984.

Cumpsty, N. “Jet Propulsion: a Simple Guide
to the Aerodynamic and Thermodynamic
Design and Performance of Jet Engines”,
Cambridge University Press, UK, 2003.

Dufour, G., Carbonneau, X., Cazalbou, J. B.,
and Chassaing, p. ‘“Practical Use of
Similarity and Scaling Laws for Centrifugal
Compressor Design”, Proc. of the ASME
Turbo Expo. GT2006-91227, Barcelona,
Spain, 2006.

Kurzke, J., and Halliwell, I. “Propulsion and



	علمی-پژوهشی
	کاهش مصرف سوخت ویژه یک موتور میکرو - توربوجت با تبدیل آن به موتور میکرو - توربوفن

