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Preliminary Design of Aircraft Gas Turbine Engines
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o= Z g8 ZUH TEE olF & e AEY 4 Adsidn & 5
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F% (engineering)e] #FA A& RRH FHL229 AN RA &4
ZF23% Zo] AAZEY (system integration) sHolgtn & 4 UL Aotk AR
7b 1%9] s H(analytical) 7|5 g K3 FEolZH FAe FAEA AMLE
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du|dATA S QAR A% (RFPY #4), AAAIRz7 4, €994
Rol2e] 1Y, HA7IAe A, A (design point)sld R FHAH
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o +4sk5 © 61,690 kg~66,224kg

o] 5A¢e]: 3,185 m (10,450 ft) 35t at S/L. , 377.840kg

ZFZA2]: 2,109m at 285,763 kg

HA71EE % 529 knot (980 km/h,603 mph) at 317,515kg
9145 m (30,000 f0)

#%A8): 10,562 km (6,563 miles) o] S5 377,840kg

Cl. 25X A s{A{(Constraint Analysis)

GE7)9 AR ez FAHE Alade FEHEED 4L F2 HAY dEns
o|§A] FHE 5] (thrust loading at sea level takeoff)s} o] FAle] E/) 23}
(wing loading at takeoff)7re] @A E FHopsted FqEY. Al FHY
23] (thrust-to-weight ratio)Zt % 31 Tg/Wrpol 7152 FA5:, FAE
@) ddBA T Bk Yehlin] Wip/Sel 71Eas EAEY. FH 5T 3
A% o2 A48 Ade EiRsEc AV 28 2P & REIIRE o] T
FRAE A (ine)o] ohiEl 99 (space) S HEPTI R & F Utk 29 264

14
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9 e 1) Y% Zolo] gF2dA o|8Y ), 2) 4B 2= 2 PHE &
=2 HEE b, 3) Foi7 1E, £ R FSEE 4ot 0, J3m 4) dFF
dole] gF2ex 458 glo] AFE W 22 PaFd =d Y9 AAsin
ATt 51894 (solution space)e] Wl Foll E7|% 31 BE =zlo] HE5EE &
F A, o GG oW F5e & Aol HAY AgAE o8 A o
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(Fig. 3. Thrust Loading vs Wing Loading: Cargo and Passenger Aircraft)
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719] ASe] 23 7S5 NG Agolvh g AA7 AHSEHE 715K
Boeing 7479] ASS RB® Tg/Wry = 0.268, WrolS = 148 (Ib/f2) 98 & &
At

BE F£27 Mo neisE 445 G ETh
Constant Altitude/Speed Cruise (€% LE/E% ¢¥)
Constant Speed Climb (2% &= 4%)
Constant Altitude/Speed Tum (73 1%/&5% A3)
Horizontal Acceleration (% 7}%)
Takeoff Ground Roll (0|5 A¥ &)
Braking Roll (A% &)
O Service Ceiling

olg] gl ulsl A5 Fj o] AlSEls AAETE 88 78NS o 22

oA ¥7g 2ot}

o
O
@)
O
O
0O

_dn W od 2
{T"(D+R)}V—W-af“+g dr 2) (1)

A7l4 Te 79, D £488, RE 27} 93, Ve W94E, We §3719)
29 bt 1T = FANSE, 233 ddre A A Ul Z W8
Gehdth, Ted Sale] Aue 718 FFdck S B, S R gL
29 fAeluiA Mshg, T3 P8 A 2L B89 2FAUA 85
£¢ Spldn) ol 13 4] Az teht Yok

&4 ARIA 2 eFAUAS T (h+V2/2g,)% MR 0] (energy
height) 7,2 BEAHE 4] (D€ P4 FUZ chest 2o 2eld & Stk

1
W =737{h+2g0 Vo d (2)

Aol FEe F3rle AL i F e 8T o, old SRV
2 F% 2L 2Pl KE(weight specific excess powensti 3H, P2
718t



84 F3AAaT

d. 1%
P=e = L (ps 35} (3)

Aircraft
Velocity

vV 4¢—

28 4. 3700 ®3sk= 8
{Fig. 4. Forces on Aircraft)

9 3 Fzke 247} FAFY(installed thrus) T} €722 (instantaneous
weight)S Atg-llo} 3l A971 e o] we o 43} Zo] A$ as} fE
e

T= OCTSL b 1 fr W = ,8 WTO 4)

installed engine thrust lapse o 1%, $% ¥ Frd4r] 2HEoiyo ulat
gAY, fe ARARFH 259 Ar)d) e} gebd & gith o[5S 4 (2)
of sk ths AN S A 4+ gt

TSL _ﬁ D+R 1 d V2
Wrg —?{(m)+ T/“?E(h-"“ﬁ?g_o)} (5)

Bz 05 (FSADAA 1LOCIFAD Alols) g 78, as NEAA B4
dddes €20A sled, dEE rlale 0905k mujelsla Elojna <l
e ALe ¥ig vlEleE M, 25818 oghn oFR kg4 oz Ak

o= {0.568 + 0.25(1 — M)3} c06 (6)
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2k 42 4 (Mission Analysis)

oS3 R Ts Wro)9h ENRE (Wrp/S)9l AN ZHEW, 1 gL
Zol 553} (gross takeoff thrust: Wyp)S &3l 3437)9] 27]& Aok &
Tk o2 Fol Ao I FF77F SRt she WA JF (mission)E 23
Fogq shesith

Wroe BA1%% (payload weight) Wp, 2745 % (empty weight) Wy, 2832
27 A8 FZ(required fuel weight) Wp 2l &o2 Jepdt) &,

WTO = Wp + WE + WF (7)
2ot EFF

SREAN oA i
3

T8 T = or

Wpi= RFPY| BAIEY 5 F@oz vepde} I AH
5% 2RBA (expendable) GAFH Wpp)oltl, A=
age A 4N Ee 2AF F 3 AN g9 S
ShE G- (permanent) A1 5% (Wpp)o) o

Wee &3718 718 7288 B8 473L2= o) Aahd A 2A a7,
1A (avionics)ZH], vl5, Hd S EFRT F, Wes WLk Wed 313
HA v e AL ot 3

Wre 4258 5 A 2EEE A3 S8 vehdth Wepe €203
A AL FF71e] FFL FEA AR dade daFHNE 7348
. AEAREE A AAFY (T o A2 AN vdgs2S (TSFC)S
Fo2 7193] AR of £ njdEAREgL AR HelF, w|yPRA, 2%
1 225 YA (throttle setting)ell <]l #slo], 2721 AER Ao 99
MG £ glojof T AAM| T I HAHS B SHE el I
T FU¢ Hio] ARMHNE 71 5 JE HHQ vPPHS dopd & Yk
AR 2 Fit(leg) B AAde JEE FHE ARY weo P $
Fo| YRo|BE Wpe Wipd FE2EA AN 7h5sith We o Wee Zete)
S 9F PN 278 38l W TR BAR F oz 9
AVNE S Wi Wep B Wees] AN 2 WY 4 Qivh 284 Ty,
3 S 2tz SRt A RS Wyl B3l 7 5 gl

A PR AREHE 712 vlgle] I98) (thermodynamics of
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flighpel et B8 & lE ALz A7 F¥o T L] Aj=H I3

Z1el AMgEE BHE dFe Aok 2 1‘-} AFAA e o WHEez 37

o 4% HHshe A% H P A7 2R Y F37] FF 2
st

aw AW

?=— T = -TSFCxT (8)

o 21¢ Relakd thgh 2ol & & Utk

d

Vv 9)

|~

dw B ro T T d_t TS
V——TSFdeI—— SFC"HT dsds__T FC

of RN L dWpo] 4B A28 W FF-Fxe ©e FED pHE A
28 g el o] 93 Fgde) dRe Frles FEAe q5A Y
AL FAEA + AX A A) F7tell AHEE L, dRe dE3F(wing tip
vortices), ¢, T8N F ¥T7-U7 )‘]”‘“%'J-—l 1984 oA} (non-
mechanical energy) FE2 A4HETEH

el 4 (HE BEsl] AA B4l dide]l He dFFYY o8 #elA
e Aoz Uehte FEE4 (weight fraction)& 3t AR ¢ U=H
3l o) AR = vt Fa8 Aot

Wf nat ! Winiciai = Wf/ Wi (10)

82 #PNA A(9)F FE87] AsiMe TSFCS W3t Feje «159
B 5Hinstantaneous thrust loading: /W = (o f) (Ts ./ Wro)) & ¥R B 2] T E
AlZre] drez & 4 Slojof gtk AF| olshd o] HEdle T /Y AR
o2 et Aok e FHHAREY Pol wel A >0 3 P =09 B
2, B3 AAE 9u A, FAE FH Bt gt

Y] A9 A (P, > 0), nE9 £5 #3F ANE= B2 489 2&599
A7)l g 44 BRI} TR Zlo] BTt AMY #39] V| X
AdA HAXN (T = alg)7t ek o] Feld] &5l Rz 24 455 =
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O 54 3% (constant speed climb)

7} (horizontal acceleration)

8]
or )y o
01}‘ o8

2 71 (climb and acceleration)
O ©o]|F 7} (takeoff acceleration)

Fe) BY) AP, = 0), BF £59 2 2Feke 278 44 Al
B A AEo itk UL 4 2GR 2FFY (T =D + B
e g % g, ol £3= AL et doh

55 «% (constant speed cruise)

5% 43| (constant speed turn)

A9 &% vlslg9t 2% (best cruise Mach number and altitude)
20o]E] (loiter)

¥4 (warm-up)

o] & 33 (takeoff rotation)

O 9% o4z] o] 715 (constant energy height maneuver)

dFpde 7 gAE Jehe dEH #A4E 28 59 (@ 3F AR
(AAF: Air-to-Air Fighter)e] 73-%2} (b)ol 471 2 7] (Cargo and Pas-
senger Aircraft)el A58 Fall Ueht 9ot agelE 2330 AFE BE

F3AF 7} G2 BqA L gl

Z A SRS B8l 3E7)0 8FEHE 0§, duax ¥, g4
B & Foe o] dRslHe AFer & 4 vk o2 AFe] HE 4=
HN 4R 3EE Gste oo ARARE Fsls A2E & 5 Uk
ole e B4 & duA] FoldM ARHE ¢y e 98 Hue ¥
4¢ 2 F Y vy AEE e AJ-} 2ol A28 4 fEa §Y

e}
o}
O
O
O
O

0,

_ P
S5 = a TSFC

@

oltt. 18 6ollx 9 Ho] £x-31 5 b} FAF WA DF A golE Y

Blle AES 29 ¥ ¥4 8 Ushiie Sadg 18EE, ﬂi—l A=
SEE Fitle A2 4 dvA Fol 204 o Fdd € A2,
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Escape
Dash
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B=0.68

Deliver Expendables

Descend

@ Loiter

Descend
and G

@ ; .n,v\n .
B =06 o

4 Warm-up
and Takeoff

Subsonic cruise Climb

Accelerate
and Climb

p=1

Cruise
B=073

Descend

Loiter B=0.86

Cruise

B=0.70 b
Descend 4, . ar?é:cend

Land

and Takeoff p=1

J8 5. el chyid HiN
(Fig.5. Mission Profile by Phases)

B=0.9

Descend

Combat
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B=0.85

Combat Air Patrol

B=0.81

Climb

Y Warm-up
and Takeoff
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80k # 90k ft Zo =100k ft
0 AU TN N T U T O A T Y Y I O O

60— <N _ —~
50 // \ —
= Path for
Min Fuel Climb B
40 - =

ha\
73

30—
20— ,' |
o] . ' ' B
O T T T T T T T T 71
0 500 1000 1500 2000
YELO CITY (fS)

O 6. HA0| HRARE Ebish= AS HE
{Fig.6. Minimum Fuel-to-Climb Path on f; chart)

Zo(h, VOIA 2,5 (y, VAl A3id A2 F& 443 Zo] vehdth
o] A2 T /Wrg. WrolS, B B Z7 1.2, 64 1bfft2, 23 0.970]0}

9 of2|gl AFMN 2 4 dAlE RS Adetd AAARE FAe 28
7o RA & vie} 22 3508 HEAAT AES 53 o] FolAof Pt

OF Ms allM (Performance Analysis)

27HE dFE /) 2 £8% ¢ e 7Y dAE AgEte AR E
A= 71A Y AAE B dig #4-g slRog ¢ NolF g Fa=
st} o]EE BE XY 7|2 Aedidoletax 3, du|dAgedae A
s AR #4 (on-design cycle analysis)®k 23413 34 (off-design
cycle analysis)e.2 3=},
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INPUT REQUIREMENTS

*MISSION DEFINITION
«DRAG POLAR
<ENGINE PERFORMANCE & —»
+INSTALLATION
INTERACTIONS
INITIAL
GEOMETRY
TOGW, TW
OFF-DESIGN
. MISSION
SCALING RULES VES
AP, ENGINE
GEOMETRY FIX DESIGN AP
MODIFY GW l
OR RANGE FY PERFORMANCE
OR RANGE/ MOD!
ENDURANCE’ FOR INTERACTION ggyglé;% .
EFFECTS :
T MISSION(S)
S‘.’s”é‘féﬁg ES&'SC‘V, OUTPUT OFF-DESIGN
ENG SIZE AND/OR RANGE MISSION RESULTS:
RANGE/ENDURANCE
J SPEED
DASH MACH NO.
QUTPUT A/P WEIGHT ETC.
(FUEL CONSUMED) —_J’/<~
l VES ( srop )
NO ¢ MISSION SOLVED /
OUTPUT MISSION
RESULTS
|| AP GROSSWEIGHT
ENGINE SIZE OR
issi i RANGE/ENDURANCE
Mission analysis process. GEOMETRY, DRAG

a8 7. giestisel oty

{Fig.7. Mission Analysis Process)

Mol g e E&o FAATFZA (design limitations)#} H| 3 ZZA(flight
condition), 28} A A HALEHdesign choices) T n#std AEri7iAs
(performance parameters)E < &s}7] 93 Zlolt}, o] €9 & v 2o

O Al s: FH (e Y5 (specific thrust)),

H A2 ARZ(TSFC: thrust specific fuel consumption)
O AAAFERA: Hojl YF A3 &,

Faake A BE
o AAXYAE: 4571 L) (compressor pressure ratio)

# k=&Y (fan pressure ratio)

ulo] sl A8} (bypass ratio)
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AR A

)éﬁ]%ﬂfsﬂéﬂ% RE AANY Algo] 288 4 9o A%le] Zv)e oH 2
A Fge S /e n JaET HAE e BE AL glol vlwd =
AslA FAEEY, ojg A3z J|dste A& E9TH MolEd sk A
ARG RS0 WS Ha st Aelth

AAHE e QB & =24 HolRH(urbofamA 2] % - :
HolBd AR 2 82 /TR Hox|HRo] EjolHAE 7 Helo =
(fan) 2 Z7}8 o2 dRska] Bl §& §39 71§ A7z Fddw, oF
QEy} 7tz WAIE $E MEHES FozN FHFIMS FAlY F2
Age 2742 /) HolBH AR S48 Ay 2 A= F7t
Foz ulolsjxule} AGHy] & A At

power extraclion bleod alr

3 k{1 o1
- + \}

Secondary stream

O3 8. THiomiAH| E{o{=E AXC| (R, FI1HAT] §lE).

Fig.8. Schematic of a High-Bypass-Ratio Turbofan Engine
{Separate Exhaust System, without After burner).

o] iAol AAH sl ALEE Fo 1L v 2
F=aAe g8 g A (calorically perfect gas)o] Tt

Zt 28s] A FEL d71LF %51'(1"@— Pgs = Pg)

43 &7) 2 EHeWlaA 37 ZERA<] W Evirt 4RE.
7 959t 2g =0 Sl
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o 7 9kd T YHHA LeiA Uk
0 F71BCIE, WHFY) 54, FAELH T B9 Se Qo
o] A xAYelN n2E YARE TheH Ao

My=09 Alt =35000(ft) T,4=1516K
y=14 Cpe=1004.9(J/kg) hpr=4.4197E+7(J/ kg)

Cp= 1092.20//kg) g=5=00 =096 7,5=0.95
m,=0.95 pmar = 0.95 ,=0.96 7, = 0.98
e~0.87 e=0.86 e, =0.86

PyP=1 PoflPy=1 7, =0.65

AR AN At wEYH v)AELR g0 A F2 Al At
ol (my), 4&7] 4=l (n), 2eln vloldfi2=n] (o)) @2 2¢ 9, 10 2
1133 Jehdtl, ol& 1Ye vjdgsAres Jis & 4 Qe A9z 47
el 28 Fohe dd F234 AH4d = ok

150 38
~ a7
o000y
aal Pogg - a8
140 nl“n
- 35
- a4
—_ 130 - - 33—
j@)}
=X - 32 -Tm-l
S
%) L&y O
< 120 —_—
-0 3
.E - 29 (Q"-Z..,
M.
110 1 .
= 2 B
- 27
—-—-«-————>— - 28
100 -
- 25
- 24
80 T T T T T T T T T 23
1 1.2 1.4 1.8 1.8 2

et

T8 9. HeEH| Mele) g diIT Nst4o| M|
(Fig.9. Engine Performance Parameters vs. Fan Pressure Ratio)



BF7] 8 7hzeoinl AR oHdA 23

170 y{1

- 264

- 282

160 + L 26

- 26.8
L —
61"’0 | 256 m
4 - 254 "H
S O
2] -~ 25,2 —_—
Z 100 L 25 3
I~ 248 (Q‘
IE z
— - 24,8 (V7]
LL 130 - | oas et

L 242
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ar- 23.8

- 238
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28
e
a8 10. 2&2iE(e) Bl ME AT MEsHso) Wl
(Fig.10. Engine Performance Parameters vs. Compressor Pressure Ratio}
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- 27
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260 4 - 20
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- 255
220 -
200
180 B“u L 245
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gt A, ol F3 25 % kS A2, 3 2 &5 F AA 93719 9589
FYe R ES AAYAA ot 247 oot 2EAY e 4
AR o]&fe] ZFHeNMY AeFAE &3, 227k Z¥(matching)2
T3 2 AANASY dA &F HAE S WA S AT FEAHE
Qo] A3E Fof o¥ldAe] o GAQ sizingdl o ARE ZFA Hoh
2HAA YA EHHFs vEHAEGRE 2 £5), 22 &5 Je(throttle
setting) (B1oiy] A%k #A7)I =& Aul(nozzle setting)e]t}.

82455 2Ese BHEE ol F 71A H#He] st

o ZFAtele] e pd sk uhy,

0 84:43%9 4% ol (5 FERE A 240 5SS A .

o] ¥ 7}A] WHL A4k o BE xeolzl EAl T & Utk dujdA
dire AAl 8471 gleER BE 3449%53Ee deild Ras ARRsA
gdA AFa-g £t AT dyde 38 2L W 713l
Ate-gel,

O FUET: My, Ty, Pp, T

O BAVET: d=fMy), d, b, my, ty, ty, my, My, 1, 1, N, Ny

O FERT my, & ¢ Cp Cuy Cus by 1y PolPy, PoglPy

0748 o agE oYl A9} A FElolRl Y FeMe] EEE choked .
C84gE3 AYgEn)s AAXNRRE ¥l &g
CObleed 271, cooling 7], 5H ¥-20] A 3H, AU &= FAIF
OHI7I =2 A 23,
&Z) station oA Q] BHA Y.
O B-T7H| = % Fo} FAIE
oulFA e GEne v|gnlsiee] wal dFEHA P,
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b, $AALGRE, FHANEE, 245, G5 B Fo YEAEA
gk AFolt} e AT Fo 2tele ¢y, T/FE 2 JAEEE 2
A7l sl 5""-“%510%0? g}, =33 (matching point)& 3 3eiztEolA &
Z7)sk gojule] FR&w, 58, adn AFFH] FFHE JHE T,
7k AEZ2AIN S3E Z2FYSS FEA (operating line)S YEL &
o} 2AAA gHe Raxos Be vEAMNAYE xS 2 4t &
AMe 28 128 Zrh

dl. Engine Sizing

BAANLHNG Ed AEY 44 FFEAE FHTD 7 deBR Azl
72 ARY 712 A8t 252 4 Aok Sizing o1 AFAFH AR A&
FAAL e gAANE B NBIP0) o) AFRFHA 271E Hsie
el Aol $E7|8 dAe FHL FAZH(nstalled thrust: T)H3 B
#22(uninstalled thrust: F)2.2 VYePd ¢ 9tk olw Fa54 & ¥ B3R5
ol 4] A3 (self drag)e 8 gro|22 vk} o] vehd 5 Ut

F =T + (self drag) (10)

A G AAo] sizing €7] Rell AR ojop sted, ol A dT
N 7EE S 4% Berh 53] 5 ulojd2H|E Ze BojRd <l
e} Aol 2 AuAALR Y8l FFEH] IA HEE 8AEE
%’#013}-‘{‘: sufolsl k] ElojEdl Az g A EFAIID Ut oA

2944 A gee) 24 D sizinge AAY F23A adcl & Aol

‘:11%1 AZA e B8 AP B E A FAFA 2 #F A7t
2N Qon, BEL nacellzt A9 FFHQ WS APHez
package7t AF = vk AAGH Aol T AT =TT &4
gro] iEEd o)& Aoz yehid thga At

T=F— ¢;F - 9,F (11)

=
T

F - (1'_ ¢f_ ‘ﬁ';;}

(12)
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A7 i o n & VI Fet 22 AR} wlel Agtepy thedoz FA R,

¢i = szet/F» ¢n = D}rozz.’e/F (13)

AR HFRF A71E RE vPRAAAN 27587 dA 272 uEss
E ZAAdc

_F T (14)

T (Fimyy T (Fim)(1- ¢~ ¢,)

)

AT sizing AN oFeET} 28%e] A% A% aAsol ¥ AT 24
Pl e, ArIE ks FAMle) s ohed FERFY A9 )
At 228 B,

BT =ZoINe Bl 5!

FUTAX ] 714 FE(additive drag)e T8 Ao g AAgT)
i
Dadd =,J; (Pe.r: - PG) dA

= P\A((I+yM2)~ PyAg(A\/Ag+ YMg) (15)

o

FH FH-FoME dRe ZAAS) w23 2 I3k x|}
=Z%He AdolM= “Integral Mean Slope™E ={lata) AXtd 4= glor}

ol Akl vl% e tEg nFTE

EESEY 9 FES ol fsld thed) ol
vehd 4 3ok

(16}

(17)
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=golAe] 4B AL & % ok
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g (Elmig) (19)

¢n =

o) BAE o1gslel 28 £ YUk

QITEAT} =5 piso| Y

YFRGE HAR ATAE Agy oI AARNRES) AREE BH] )
Z5ed AL @ & stk @714 YFVAL sizingAlol AfAg & akel BeIA)
FolelsizAs| e U7 WA graph o%) AF ATFVAAG Aoz
38 7€ 4 A oke wgEd AW HUTE BNRBE Myl
A M 22 714579 Q7442 chokinge 7| ﬁsﬂ)ﬂ M 15T Foo}
ek

BE 08 ola2 she o] BEIT. ofad BlaAd AfE AT 4993
AgE RS0 BE IAE 4%E BY T Ho2 B + Utk

Ay ,
Ay = 1.04 (A] )M L Ad (20)

W7 =ge WAL Eojre] JEA o2 e AR T3 Ay
SBRE A AHska dol L & wF9] A 71284 A

. 24 &

FE37] Ao dudARE nAE B8 v e 9ok HES A
4 3ck

7L 87 Al oquldAs AAdAC BA 24 Fod B ode
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g9} ANAele) FHFEFE njF Mty FRE AP AAYY 78
EUE FHske Folth

1}, RFP9] =Hde Az 2AHE B8 244 de +8t 88 #Y Ve ¥
A 4Ee A3 setsle] sizke ARl Az mE AL FF 7 d
7le 28 dEdtn R oF 39, ojFe) RE AARE AN Al
ghaje] qEE gt

o FYPyatel AR TE&RA 4 R ARAHGAA ¥ TaT A
AL wnl, AA HP el el A FHE s AAHoR
AR Aol wedslolof gt AR A N FF7IS AF vl
B DA BALE £ JYES BF AN F 2 FEIEP FL FEF
AL Solf Z uldd 4 glojok Frh

2, AR 4T FAAE A8 fr18eE pRse] Z1E FE YHe 2
olo] gy Hs W9 5 YRS Q9 Ey Fu= Ppgska 4
Sua4l vEAT pdasnge #AZ RHY 5 oo} ¥
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Initial Engine
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Run engine at full throttle over flight
envelope Size A,
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A;/Ag*, Fgc/moao, AQ,Ag

Resize I

Moy mO(Frcq/FA) Size A L

Cron CTON(mO/ Mow) o

Ay AIN(mON/ mo) I
| ¢i’ Dps F ref

FrequreqN !

Run engine at missin points

with mil or max power F,

NO ‘
FuN [Fp= 1.0
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Engine sized
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Fig.13. Fl.ow Chart for Engine Sizing
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71 2 A4 4
area ° subscript
speed of sound add additive
specific heat at constant b burner
pressure C core flow
drag c © compressure
polytropic efficiency ¢f . fan
uninstalled thrust d @ diffuser or inlet
fuel to air ratio f ¢ Dbypass flow
fuel heating value Ju © fuel flow
mach number { o inlet
mass flow rate m ° mixed flow region
pressure n : nozzle
terperature r : free stream recovery
axial velocity ! ©  turbine
velocity ty © high pressure turbine
total temperature ratio 4% - low pressure turbi
cooling air fraction 1,—9 station number
engine bypass ratio 0 : ambient condition
ratio of specific heat
efficiency
total pressure ratio * SUperscript

#

coefficient

optimum value



