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Reducing the Specific Fuel Consumption of a Micro-Turbojet Engine by
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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
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1 -Auxiliary power unit
2 -Specific Fuel Consumption (SFC)
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1-Low Pressure Compressor (LPC)
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2 -Low Pressure Turbine (LPT)



oy OhSes 5 (Slool el 1 Jrod b Erg0)95 — 9,500 55890 S 0fng ESgu S ras oS

T-) (Swlioge s sloapin Judo 5 g5l Joe iy
Ll I8 lidiss 55 50 g sads ]| (MATS
4 bgye baslg, aalsl jo [Va] 598 o eslizul (GRC)
D9 o0 g piS 5390 g1y

g 305 g (8 —V-Y

a0 99,9 Slee (o g ad)S )8 j5ige ol 0 8
LS Gl g aes bz S 90 4 ol 5l e sise
S O yg0dmy j9590 )05 LS Coid 050 o pumndls

Dy n L yal alwd by 4 35 ,LS Glse by

BPR — mb}pass (\)
mcore
AV 51wl le jommaS 5 oS> (6 e Yol
T, P N
9 — tin , 5 - tin , ]\]c —_
T, Py Jo

My e = (Nc,ﬂline)
7= f,(N,, Bline)

. ™
n=f (NC,,Bllne)
. mc,map
m =
out \/5/5
hmm — hmut,ideal - htin + htin

n
})tm«t = ﬂ-(ljtin )’ Tlvout = f(})tout’htout)
_ mout (htin - htout)

()

6-Glenn Research Center

] M)\)?ﬁ‘ﬁ

+Test
400 -=Model
g 300
§ 200
= /
100
»~

8.4 05 0.6 0.7 0.8 0.9 1
Relative Spool Speed

20
-Test
-=Model A
/\‘;;15 ///
(=2]
210 //
[T
E —
[T 5 AR
8.4 0.5 0.6 0.7 0.8 0.9 1

Relative Spool Speed

Chds (grmd )38 o p il jgige CSgus (V) U
290395950 y9i g0 (Samoliudge i (5 3lw S Y

L g Jose go 5l allie nl 53 (Sealnaga s Jos
ababons )9 oS (53 (Sbinage s Ly, 5l g ol
bgiye sloosls joban 9 J3U 5 peSin (o5 (31
aai DY) o] o cws 4 1 Ya)S.Lc..c slbaiss 4
alaf; a5 el g Jour ¥ ol 2 o 0 Shae
e esile g end ol (oo (28 LA Cnd
- e i L e bl o Lol s s ol
3 Jl S5l Slasein 5l pols Jow yo Y] s
(o2 Sl ot Guldie sloalds 5l g 52 58 79y 5 99)9
ools 3l ol ! L .ogds e oolaiwl ya s g gm0 eSS
Sl by ol om0 [VY-VF] s outs l) gl3>] sloaiis
Gl sl Coocs Lalidie slaazas [VA] (5,8 ol
MATLAB- Lise 53 (55l Joe s oo gl 5eial jsige
Sislaias SUSG! 5l anT s ol 4o 5 oo ploil Simulink

1 -Component level model
2 -Performance maps

3 -Lookup table

4-Beta value

5- Scaled maps



VEY liaol g ke Voyled Yol «Soliosg pl g Ylw Sl Edgh = gode aoliladgs Of

0= Tin , 5=i’ N, zi
T, P, Jo
m,, =g, (Nc,ﬂline)

out

7 =g,(N,,pline) ™

1 =g;(N,,Bline)
hoo=h

tout _g tin (htin - htout _g,ideal )77

Bout =7 (Bin )’ Ttout = f (Bout > htout )

1 . )
htout = m |:htin mtin + n(htin - htout _g,ideal )min :'

out

m(ml (hlin - htoutig)
2
Nl ZE
60
L &y asgame &5 9 8 ¢ &) Lxil )0 (g e ailie

peScsn —¥'-F

o2 b H38,US limme g e 5l 005;35 (b jeSe jo
pog— 5 (65,5 op 2 sl dals, L g8 o oS 5
u_>‘ 6‘)4 ..\_>—“_¢o Cowd AW u..SJ.: UL)} Slasin

T =

il Hl 850 25 allyy i

mout = mlin + mZin
— )
Area,,, = Area,, + Area,,,
h _ mlinhtlin + mZinht2in
tout ~ .
mout

O ()1 4—?-3.—‘)5 So bl g S (g Lid

Ival sgs

Jib-v-0

1Ko £95 5l g (29,5 ol ghate whaw Sl 550 J3U
Slid (J50 an 899,9 Jhw Slasin o opdle ool
NS5 ol 9, iU 295 o e (Sl
Lol pe b (Sod Sez wlal p b, Slaseie ool
Bl wlosle J3U p oSl Luly, 098 o0

45 alws g Jshrbls fi g f, o fy &S
35 Slasin Cul oads ools Ll F S )0 g e
ool by, s so yss 58 Jglas 5l LoQS&Jl;uT ssle

Speed lines

—— —— Beta lines

—-—-— - Efficiency lines

Surge line

Pressure ratio

Corrected mass flow

&l ol alddzxo Y-V
ob)_.i;é‘s‘ﬁ_ml_}o.\_.ihé_i)pbwé‘f&‘ FUEY- P9 5o
adei YU sles l_3L5‘5_¢ “j‘)_’;_>| )" o g ol S )

Loy odd (o5 2552 4 e €10 Sloa (nl g oo
atadsns jo Ll el oS o canly oloul 56 5l jeue

i ol a by e basly) 09l o0 (258 <ol Bl il

tout

P, =(1-K)P,

=m +m

gas ,out air,in f
) ) D)
. 77b’/nf[_l + minhtin
tout .
mout

FAR =

air,in

il Gy H g atasss o ludcdlo o, K4S
oy -Y-YF

258 ) ol g 0ol plowl SIS (e 50 58 Ll L
Sl le s p @S Lulgy Wy o )



J95 b Cg 98 - 9,500 H990 K 09 CS g Bpan talS

L, s MATLAB-Simulink Ly s ;o  Seolisoge s
el ool ools plas 7SS o i sli
Conditions
Inlet

Error |

Fan Calculations

I

-Bypass Duct
Update Calculations

Mass

Flow, Fuel Flow Burner Calculations
Bypass

eta Fan, Calculations
Beta

Comp.,

Error 4

Beta Turb. Mixer Calculations

No Error i <Limit i

i=1,2,....5

Next Time Step

Silode sl e Sle S5 o, H(B) S5
I g (Seelndge 3
—9 S y5g0 did laglall >k dhais Slasie
by hsSse ok el o, Shes jlasllas 5 90 (5298
“9See y3Tge >b adall lasie D9l oo (e
"o bl slsm 5 by el (Sl Ll 55 g8

FOW PNV () PRCSI

4 ey Sl b H5ige 40 ek Fetee 45 il
o= el agp I il 8 oges adlol wyax jgige
D9 ge Bl (gam 30 )0 H99e (nl sl

DBongisSes s9se >k ahali Slazis (Y) Jgux

Jlade b
A Sgas rpm) ,sige 9o
Voo (@/9) 53955 lod 20
A 438 ,LS s

2-Sea Level Static (SLS)
3-International Standard Atmosphere (ISA)

})tin
n=—"
Pamb
})s = g(htin’})tout’M = 1)
| *)
tin
ﬂ-critical = R
If T > ﬂcritical
[I)S ,U] = gl (htin ’I)tout 7M = 1)
else
[Rv’u] = g2 (htin’l)tout’Ps = Pamb)
Thrust =m_uC +(P, —-P )4, C =1
cal -Y-¢

29E—iS g (e ye gy (sadg HoliS 5l eolaiwl Ly
Oygpods |y Cid Solod Glgi oo ¢y e g (8 (S ras

Sy )

AT

27
J| — \
(6()) o

S AT s glasgly obs N alayl) ol as
e Slp Y poliiS g e by gy jgleas

2lion y989) el Olee S 9 B s
S5 ey dm (Senlindge i Joms ao liws cger
4 g odd 0d) > jeSge slayielly (can o Sl
sbaie ol sl IV ] g oo iy o s o cppen
o 3590 (5995 Slo2 0L,z polie (Gdod (nl )
o9 ()35 9 y9 S (8 slp Lo polie 9 )35
g S (58 50 oy Gl 4 bgrye slallas g 0uls 03;
2 g 88 o L8 Jlaine iU g S (98
ez e o0 dwgpy SO L aSLI b oo )5 o 1,56

N =

L,‘ﬂs_w GO dwgy D3,5 oS 0l Ly Llade
35 sn plol | gmdl 30 65 o oueld f esli
A ey 1y Volae > (6185 g, & S VY]
Joe Vg3l slv ams o i | 1,08 Jos

1-Newton-Raphson



VEY bl sl ojlad O Vale «Seoliyng T 5 oVl SilSe gl — cals asliladgs

[ FSIUINE SN B NOUI TR Vi TR
WY 35 U oy Sgi glo a8 wigd oo csly ob 0528
&5 31 ol & el ez Iy VY] 0 VL 5
D R RUE SRS CINURE VUL BUE PR P SRRERY
gy Ngd oo 8,5 |ISG Vista AFD 33l 5 slac L
SleMbl el oai ool (Las ¥ ISs o b
9 ) Lid Cod (0> (99 ) (b adgl la il
gl el (Sealoge s JSoms (b 5l (S il oo3ly
ol B8 g sl co sl esliiul L gt s
Lol I8z 5 Seibisl laceesS (lss oo Sag 3]

2
7, =T, — =
2C,
_r
ry—1
P =n, [—T j »
7y,
R
=R

QY]

o
AYA O oked ces
Y/A oS HLES s
\YY- K) )55 59559 sleo
s (M) oo ghaia xlans

b adgl (b -F
bl 5 8 599, Slaseie g bl wais (i (nl o
Ogbie (il Slp Ngb oo i (b g SO Gk
b g landg)s Gl Loyl b (man lad
Slacal (639,9 sla pl )by cda> )5 Wgh oo Sl
&> g 03,505l Ay Sl o 4T wits (b
@77 o33bg By /By (IS a8 i i, by 0
A8 et sl g oo DLl (b lacssg g Glye
Sae g Sy slatusgazme 5 (6399 Caep eSS (P
3 Fhe oo olacel 5l (56 aigd oo w85 i je e
el B0 Sei 0 ol ced Flosae 2k ol 8
ail SO 5l S Flo sae lade a5 cenl o Jlows! >
Sgi g Flo 0ae polie 000 ool ) Al jal (pl &S

|

Compressor“—:z;;;

- i—— = Q“ _}ﬁr@_m
e — P e <
= S ‘”’I’ﬁ —== =1 ﬁ —
Bumer Cr— = == i e T
B = X el e S
- = Mixer =
Turbine =1 Nozzle

MATLAB-Simulink o ;0 891,65 9,500 55590 (5w Joe :(F) JSC&

PRCHSNIRNH JEECY B 4 g RO R/ DY) e

Loy So 50 0Ly o gl d0e 08 (6,5

l_>5mJ5_¢‘zoo)_aJ9_>5m))Jas‘(°()4.b|))a
Dol Cewd 4 (5,500 jlacie Ll 5l alaS e bl

dbuo)atjyﬂw))bﬁwd‘fﬁw)ﬁbw



oy OhSes 5 (Slool el 1 Jrod b Erg0)95 — 9,500 55890 S 0fng ESgu S ras oS

Air deflection £*/[degrees]

| I | ] J
-0 0 10 20 30 40 50 60 70

Air outlet angle o /[degrees]

4,351)‘),:.:4‘& wﬁS/C Q.,.....'odl).g 6°L€r~*‘ ).‘l.buu (i)JS.w

[VF] o (20 sls 5 ol

YAl (ol clasine 5 (ohb e el

o Cess a0y Sy adyy b o Gl

Sygo dr oy Hhad g Jljed Lae s oS (pl b L
109 o0 (et )

d, =95.6mm

N =79885rpm

50 Sl col jglinl g 1959, j0 0y Hha8 a5 0gd 0 2 8
SLleMb! .l soe] sois c_s—")"" R Sslos A S

QR

G 08 K0 sl il )l aule Cgz j9ige (il alaks
L ool o8 slwo o slaed s (gl aiad o 28 S
= /6 Cad 6l il Jlade SO A S 51 eolatl
O 995 (50 et Ol dusly 5 192 oS Al ol
oy oL« (1) yy 15| 5 (1E) Jate Eonnd 5l aolizasl

JJ]‘SA Cawd dy ) Oygo A LQOJQ: Slass

\Y

27r,, v

Fl =
S

o aily laceaS plo (o ane 9 OF) abal; 5l
9 VY w)) L uﬁ)yL....u‘ 5)555) 6Lbo).a Slaws ©y Sl
odd b 8 Olasin Wed oo 48,5 Hla3 5 sae VO
IS 50 55 8 ead wliie aidi ol odel B Jgas 4o
=k 58 e ¥ Jae SO cwl o ools ylid Ye
Ansys 4 Ansys Bladegen ls,l33ls 5 5l oolal b ool
9,59, Slrop Culis e Wl oo Cuss 4 Geometry

Sl ) dige Cod SO Ol oo ) iy 5l eolanl
»,5

M,,, =—
relsl RT
VAT
> 5 QRD)
Wsl = \/Z/lsl +Cl
u, =Nd,,
Initial Design
Paramelers
1 D Design Code
Update Design Vista AFD
DParameters Software
A
No Optimum
Perlormance

Parameters

Update Thermodynamic |
Cycle

= Ansys Bladegen

v

Ansys Geometry

0% sl b g, (V) S

Shroud

Stator
blade

Hub

W) ‘5>|).|a u_e Sl :(N) J&w



VEY liaol g ke Voyled Yol «Soliosg pl g Ylw Sl g = sole dnliladgs

OA

A gl S g V) S o calizee glagled jo giliul

ol 00l ools HLd VY S 50 ouls b o3 5l o

a2l o slasie (F) Jpuz

VE/OY IV (degree) 3l =il
\ \ St cas
0/7 0/7 mm) >, ks
- +/f4 ﬂ
ds]
7. 3 %
dsZ
e - dy
ds3
VO VY 0y Ol
- \/“‘ Mrelsl
15,
1.44
E 134
]
g
'% 124
[/
£
ﬁ 11
@

3O ,lade 50 ,lade ol )by
prie )$9)
+IAY Sag 5! ek
- fANY W) 5lgs
- f/ay Nm) ,lzs
- 10 R
- HAAl SISk pe
+/va <IV¥ S s sae
oY Yolay degree) o\b,> z9,5 45
A <Yy 5900 o b

IR L5>|Jb O am Y sles (1Y) S

Corrected Mass Flow (Kg/s)
O o wlidie aids :(Ye) JSCi

(@) =

W (LE to TE){mm)

(&

M {LE to TE) {mm)

——Thickness @
18] —~—Thickness @ Span
——Thickness @ Span:
16]==0=Thickness @ Spam-0.7500

| ——Thickness @ Span: 1.0000

<00 01 02 03 04 05 08 07 08 08 10 11 12 13 14 15 18 17 18 19

Thickness (mm)

——Thickness @ Span;
18{——Thickness @ Span.
—+—Thickness @ Span: 0.
16| ~=e=-Thickness @ Span: 0.7

-0.00 025 050 07s 125 150 175

1.00
Thickness(mm)

iz glagleds 1o ) j5tid 5 @) H579) 0 Cudbbuds @395 :(1Y) S



01 OhSes 5 (Slool el 1 Jrod b Erg0)95 — 9,500 55890 S 0fng ESgu S ras oS

w5 MATLAB-Simulink L ;5 _Seol 33505
S8es l38le 5 50 H5ige (siluoe sloosls b (gluand
Lo o slaosls .l ouls auslas Gasturb 13 55 0 o5
sael U cnl )0 5 aly Crgnygim9,ee yise Joo 4y
o 590 > o |y sl 5 e (N IY S el
S3be dd G (997 sl Billal &5 w0 liS i

L o,ls 0g =g Gasturb 13 g3 4 g MATLAB
Ao 555 adly il sl s (i 490 il
Ay 0 395 N jlade 45 (80000 rpm 50> i) Cc yuw
(NY S el (LSS ol jgige Canl 5 L logas aS

Ch s (g 30 e |y 55890 (B ran g (lhe

Compressor Out. Press. (bar)

Ao o Ll
20 ‘
-=GasTurb
-+Therm. Model
=15 --Baseline Eng. /
o / t
z e
E’ 5 .//
8.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
(«)
1.2 :
-=-GasTurb
— 1 -+Therm. Model
£ ——Baseline Eng.
208 el
S /
4 0.6 /
(%2}
@ ]
—
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 4
'_
@ 1100 ol
= s //
21000 —
o)
S 900
808.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed

(9)

Silwand s -0

L oad >k (891,555,500 s5ise e (iu (al 5o
Sl D5Sse (s Seeludge s §ilwand jl oolil
Py e plla> o ¥ jo 8 Slee Sbs,l ¢ jglaie oy
p9d ad> o 10 5 Lk el o j5i50 0, Shee Jol al> 1o
ad>yo )0 05 dion (g 105 Cumdg )0 y5ige 0,5
5590 L (8555 9,50 y9ige S g Bras (e pge

58 on damlie Sl 5 (el 5 Al Cmg 059 Se

bl eIl gilwams s -0-)

2 LS akali (paiz 0 5590 pte slo el polie
Ju ngl;\_?w > el 0d 00ls obis \Y Jss

-=-GasTurb
400 -+Therm. Model
—--Baseline Eng.
2300 7
®
2 200
e
'_
100
8.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
(h
80 :
-=GasTurb
70 « -~Therm. Model
— \ --Baseline Eng.
(2]
Z 60 AN
< A \
gso \'\
40 \ ——
38.5 0.6 0.7 0.8 0.9 1
Relative Spool Speed
@

4

-=GasTurb /
35 -+Therm. Model
’ --Baseline Eng. //
3

2.5 //
2 //
—
0.7 0.8
Relative Spool Speed
(o)

0.9 1

7955 L (0 1539)9 Sl3p (23 (3 w0hy g B pan (T S g £ (@ aml i (AHLL Sl )3 G35595-9 S0 y550 3 ,Shos (1Y) U
O 69939 Sl (5 ¢ y9 eS



VFV Gl g 5l Vol VYol ‘sS,:.anoﬁﬁ—l 5 OVl Sl Lieghy - cole dnliladgs £

0.95

-=—Fan Eff.
-+ Comp. Eff.
Turbine Eff.

— T~

~

o
«

o
o]
[4)]

Efficiency
o
o2}

o
3
[4)]

5 0.6

©
N

0.7 0.8 0.9 1
Relative Spool Speed

alise 6Lm)5o 39,890 6‘}'." 033l yuss :(\F) JS.M:

)8 b g5 lwdnis gl ~0-Y

Coedl Pl s 1,35 lalpl o 9950 0 Shee ) p
Bl GSL i b jsise slojial )l pam faz ol
Yo il Sl Lo 5 pofatir Slyposis widgo b

Seoliad 4y aisly jlows )98 (69959 Slos Ol s

o g (Senlsge i Joe o @illas poe 2510 :(8) Jour
LL <Jl> o Gasturb

s iSlos
Folyly
(32,3)
YIA N) ol 5
YIv (@/s) cS 9w 29
INAS (g/kNS) opg u.>9....> g_é).a.a
\/f (bar) jow oS >, ,Lid
VA K) o9 89955 slod
14
—
2 /
g \ /
3 10 \ /
% e \ /
< \ /
, \ /
-0 5 10 15 20 25
Time (s)

135 5 ,Shas Julos slys yige g ol (10) JSi

ol Gl 5 oo ailine Ly 5 S gus B ymn ial3dl s,
Byan ey oo 13.5 g/s Jlade an Cepn SSTas 0
Sran Gl 5l eS (o sLojg3pled 0 SS9
a3l L (@) W St llae ol oy ygige g
5948l alS ohs g Bpae lade «j5ige us
B pas Gle GalS o) o034 g/kNs 4 ey S Tos
Al HsTee A Comud (olgidey y5ige Sl ofug S
S8 gise 4y (69555 Gloo (o (liee Lol St SalS
0 5 (9 (69955 SLed 9 9w e (29>
Ay, wadilead el Lz (VY c(oNY (DY (gledSs
sle,gige plo o, Sloe b anslio )0 byl b cpl Ol s
WelS” Joe 33 uliss BLas (lie 5 0392 (sibate (3,95
Sl 69958 Slep (20 Olime Rl (ASucals,
L anl Cozgygimg S dn Cad (85,559,500 5
ot RBOLS jsise 4 (8 yaie (3538l 4 az g
00gae ;O yu el (99,9 sled aS el SIS eV Ll
GBS (i 05 (o) p Sz 0 8 Al Hige jlne
pir 55 ppize csla el ST aos 55T e 53
SSlas (Jeoz ool slaosls 4 asgi b el ool O
Gasturb 5 Soluogeys Jow 90 Gluzg,5> s OS]
Glple 28l oo s S g Bpandy g je 5 00w OF I 13
MATLAB-Simulink la 5w ;o 0ol sloil o5l Jos
Lk ol o js5se 9 ,8ee Llow )0 (Jsud LB oS,
30 yeTge calides olic 005l aS csl S5 4y a3Y o ls
(= (o= il leie 0iled e a6, bl
b b 7,5 5 (Fhb abli 0 g g5 g e
ol aily wiley o Jalaie slaodl cabbgy po aiis
9 25— eS (08 03k Dl cggdse (nl Gobplas sl
oud ool HLas VP G o calizes gLL bl jo o ye8

a.imani@basu.ac.ir :(s55wwly odicuy ¢3) b sl .
amin.anjomrouz@mech.sharif.edu : ¢ iSs 5 Wlo—r

alirasti@iust.ac.ir : paass s 2So-Y

license.

Publisher: Imam Hussein University

© Authors

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)




VEY ol g ke Noyled VYol «Siolinsg T 5 &Yl Sl dgh = sode doliladgs 4

500 —GasTurb
—Therm. Model
400 —— —Baseline Eng.
3 I
B 300
=
= \\\ //
200 I/
1000 5 10 15 20 25
Time (s)
(<)
1.2
—GasTurb
— 1 —Therm. Model
é_) \ —Baseline Eng.
=0.8
kS /
‘506 /
=04
0'20 5 1 20 25
Time (s)
()
1400
. —GasTurb
=< 1300 —Therm. Model
[=% —Baseline Eng. /\
QE, 1200 /
i
B 1100 AN
< \ /
L 1000
5 \Z
= 900 \/
80GO 5 o] 15 20 25
Time (s)

(9)

1.1
—GasTurb
- ; —Therm. Model|
(% \ —Baseline Eng. /
S 0.9 N\
o
joN
% 0.8 \\ ////
o 0.
=
£ \\:—//
Zo7 —_—
L L o 1 20 25
Time (s)
(alh
70 —GasTurb
- —Therm. Model
B —Baseline Eng.
@ S
Z 50 / A\
=)
Q 40 =
30 hd
200 . 20 25
Time (s)
@
5 .
—GasTurb
—Therm. Model

IN

—Baseline Eng.

N

//':
J

10 15 20 25
Time (s)

()

N

Compressor Out. Press. (bar)
w

=

o
a

)L...ﬁ (o «599,9 ‘5‘9@ < © sa).ls u}}m nJ)AA (C swl).? (A_) e w [ (d.” ‘)\.\f ‘Sja)Lu..: BN 059’)9"_9);'3" IP e Q)S.LQ.C (‘;) JL:)

% 69959 Slod (5 jgm paS (29>

Sz 9595 )9 Sl SE s Do (rren 0 Shee
Sz Condy 17 JS8 Canloud 485 IS 55 by
Ol 9550 (orad Sy Sl a3 o0 (LIS ) 59590
S8 (699)9 Slg (o3 w0img S B man (il
@ olej 3l (smb D)got Guays Sled 5 Hem S (25,5
s sl ol (VB (WINF slo IS o s
4 )9S (6999 SLed 5 oy S g Bras jd ST
4 ey (8999 Sled Jg e g Sanl S SasS bl o
Olep Sl anazg b cul cog bz Oy
Ol 5l S 4ol ez gny9im9,S00 5390 lp SS9
Ol 10 el ainn g a4 oliws (gl oads Gy ys
@S b g walss (891,959,500 sege 5l eS Conl

23 e jgm peS 7w SUykaS oy b g Sl g0
WH &99,9 kSJ NO Jiw d)l.b.o “)K od> 5o )559.,0
Szl 35800 Jlos! (0,575,500 s5i90 4 Oloj &6
Lol 4k S, Sl ,55m (siie (8 S onlid ol o iy
o St S P e 5,500 sLL abhl G o
Sl L olb aaii 4 by e Jlade 5l c g jglate
So U Slay o)l SOy e connd Jlosl cul
H\k@@byﬁjlmba&wbw ol 5w
A i Cg o oo lade pl jo a il wm U g oad ol

a.imani@basu.ac.ir :(s55wwly odicuy ¢3) b sl .
amin.anjomrouz@mech.sharif.edu : ¢ iSs 5 Wlo—r

alirasti@iust.ac.ir : paass s 2So-Y

license.

Publisher: Imam Hussein University

© Authors

This article is an open-access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY)




VEY ol g ke Noyled VYol «Solinsg T g &Yl Sl dgh = sode doliladgs 4]

ol 51 Olssias ¢ axils 138 el o g0 o,Slas Julow
WSS g oolizal T glayls jo 8 b ol
A oo LIS jgm ppeS 42 (59, |y H9ige 3o e
Sl S g e Sl G Jeld e )
Ls dy g e oo (5 S olid an T p0 ol cuse
093 T sl (e Sl 3 9 e e
D9 50

3.5

J..\_A a "05_|JA Gl_u O @Yl_‘ &L’a; 0dal Cowd 4
MATLAB- Lo 10 (29,579,500 9ige (Seslidge s
a>g5 b .o)ls 0g>4 Gasturb 13 138l 5 Jow 9 Simulink
e DS sSlas o5 bl 51 Jgaz glaosls 4
CS g B a4y gy (A5 Cb 0 Jow g0 ol )l
J..\_A ‘..\_] w.u‘ ..\_.a)o f/\’ f‘f d)l.a?‘ U"‘ 4\5 obf o)aj
St P8 P (Sesls (L3, Budow cl 50 0ol |

2.5F

Surge line

1.5f

Scaled Compressor Pressure Ratio

Deceleration

1 1 - 1
0.05 0.1 0.15 0.2

1 1 1
0.25 0.3 0.35 0.4

0.45

Scaled Corrected Mass Flow

s3 oS (63 Slas dlE (53 1590 5 S PLD pe ialed :(1Y) S

o (99— 95— 9 S0 yo—igo O ySlos duwylio —O-Y
9 Gl i (ol 30 Al g )95 9 —Sne j3ige
(D 0 S g

SO o0, Shas g ololis Godod ol plol 5l Gas
Gz gy5-9,500 5550 SOl Fldee (892,555,500 550
3950 o=y Cd glmosls Lol jo aes co ol
Q)SJA.C d_deLQ.A 6‘)‘.’ (AMT-Titan) 4.:L) g;q%)g—s)i,,n
e ) (89,9597 S0e g 40l Cogry 959,500 H9ige
IS ol slrools a =g b B3 o olad Sl 3 Q‘}."uo
s3550 Cal 3 03l Wilgi so 890,559,500 55790 a5 Jl> o
G lises ol 5 5o o] g lime S el | asly
39530 059 LS g Bpas (i plplly Cul Cog 6
N [ LN (| PR PO BN SRS R PRV
QS)‘ﬁj—’ C«nsb_n 9 o)_3 u‘;_ua LQ)SJ&.C )Q LS"J‘“‘" J.».sb

Syl olen aslele

S S Azl -F

Fuel Flow(g/s)

Joe g (Sealinge s Joo o G5 e piSlax:(F) Jgar
1,05 595, Job ;o Gasturb

Loz iSlas>
(0s3) eyl

YIY Joel (i ey
\tid Ny el
A7A1 (8/KN.S) 0539 > gus B puo
10 (kg/s) 5099 slso (20
YIA (bar) jow oS 25,5 jLid
VA 00 Cry95 (69959 slod

pAY)

-0 Micro turBojet engihe

—Micro turbofan engine

Thrust (N)

g9 9,5 3 B9y 9,500 Hge o Sles duslie :(VA) S

ab



4

OhSes 5 (Slool el 1 Jrod b Erg0)95 — 9,500 55890 S 0fng ESgu S ras oS

(7]

(9]

[10]

[11]

[12].

[13].

[14]

[15].

[16]

[18].

Unmanned Aerial Vehicles”, Proc. Inst.
Mech. Eng., Part G: J. Aerosp. Eng. Vol.
233, No. 14, pp. 5264-5281, 2019.

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.

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.

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)

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”,
ATAA Scitech Forum, 2021.

Titan Gas Turbine Manual, AMT Netherlands,
2014.

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

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

“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, 1. “Propulsion and
Power: an Exploration of Gas Turbine
Performance Modeling”, Springer,
Switzerland, 2018.

CS g S an JalS 5 0,Slee &) 3T gla L o
S Sl 485 )8 4z gi 9550 S g ygimg S slaygise
£ am ygige (nl b sbaie (nl sl cenlis S0,
45 gy e llie cnl 5o el (B935S0 o590
el bl 55,5 sl s e 31, s Jils
SOl a8 IS5 oLl Ko Oladsd 4 Sl (6 s
MATLAB-Simulink la, st )0 Sesliooge 5 (g5l Jow
9550 5l e (892,95 9,50 Hoige 3, Shee 2l sl
O adsl (oLl So G S plnil S 55 S
325590 $ilwdie @l 285 sl wax 5ise sl
o Slae 5 auslas Gasturb 13 138le 3 L 1,38 4 LL <>

Jowe om @il pae Sl 0l oriwcos Jow s
5 92,3 OIY LL el 0 Gasturb Juw 5 (Sesliooge 5
99— JoB B 5l las aS e0gs duoyo FIV 1,08 > o
S Slas dslie o)l oadalonl Soluoge i (g5le Jow
Aol Sz gnygmgrSes Hoge Lo 09999 Sue 55ige
Vo Ol 4oy S g Bpan Ol 1S caimslits
6o N es alizes bl jo canl 5 poss pas e 0 ao )

ol

&=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-



VEY ol g ke Noyled VYol «Solinsg T g &Yl Sl dgh = sode doliladgs ¥

[22]

(23]

(24]

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

[19]

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.

[21] Montazeri-Gh, M., Rasti, A., Jafari, A., and

Ehteshami, M. “Design and Implementation



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

