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CLASSICAL TURBOFAN ENGINE
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TURBOFAN ENGINES REVIEW




MIDDLE BPR TURBOFAN ENGINE

JT15D Turbofan

JTI5D-5D

T e ot = 13,54 kN

SFC=0.55 daN/h

BPR=3,3

Mass = 292,6 kg
Length/Diameter=1531/520mm
NI1=15,900 RPM, N2= 32,760 RPM
Application: Cesna CitationV, Hawker 400

Two shaft engine.

It consist of: single stage fan, single stage LPC, centrifugal HPC, reverse flow R UNITED
72 TECHNOLOGIES
combustor, single stage HPT, two stages LPT, separated nozzles of core engine and Y PRATT & WHITNEY

external duct


Turbina JT15D.mp4

HIGH BYPASS-RATIO TURBOFAN

LEAP A

Compressors: OPR=40:

F — Single stage, LPC — 3 stages, HPC - |0 stages
Combustor — second generation Twin-Annular
Turbines HPT — 2 stages, LPT — 7 stages

BPR 11

Length 3,328 m/ Diameter 1,93 m

MTO 143 kN

MCT 141 kN

N =3894 RPM, N2=19391 RPM
CFM LEAP-1 Application A-320




GEARED TURBOFAN (GTF)

PWI1100G

F — | stage LPC 3 stage, HPC 8 stage
Turbines: HPT — 2 stages, LPT — 3 stages
Gear 3,3:1

BPR — 12,5
Lenth/Diameter 3,4 m /2,224 m ,

Weight 2857 kg o 2 o I T

MTO 147 kN (33G) 120 kN (27G) 108 kN (24G) VR == " N

Rotor speed: Fan — 3281 RPM, LP — 10047 RPM, HP 22300 RPM
Application: A320 Neo



GTF VS CLASSICAL TURBOFAN

GTF
Fan Gear system

Low pressure
compressor High pressure turbine GTF got:

Low pressure - Higher work of single
LPT stage
- Less LPT stages
- Higher LPC pressure
of single stage
- Less HPT stages

High pressure
compressor

Conventional
engine




THREE SPOOL TURBOFAN ENGINE

Rolls-Royce Trent 7000
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(1 STAGE)

SPEED OF IP ROTOR : N2

SPEED OF LP ROTOR : N1
SPEED OF HP ROTOR : N3

Coppressors:
F — single stage
IP — 8 stages
HP — 6 stages

BALL BEARING (x3) ¢
LOCATION BEARING V=
RADIAL AND AXIAL LOADS

DIRECTION
OF ROTATION

-LP & IP ROTORS :
COUNTER CLOCKWISE

- HP ROTOR : CLOCKWISE

(*) INTERSHAFT BEARING ®

Turbines:

LP — 6 stages

IP — single stage
HP — single stage

ROLLER BEARING (x5)
™  RADIAL LOADS ONLY

MTO: 324,0 kN / 72 834 Ibf

MCT: 289,2 kN / 65 005 Ibf

Pressure ratio : 50:1

BPR: |0:]

TIT: > 1835 K (1562 °C; 2843 °F

SFC (curse) = 14,4 g/kN/s

Stosunek ciagu do masy : 5,13
Rotation: (100%):

HP 13 391 RPM, IP 8937 RPM, LP 2683 RPM

Application: A330 neo



Vo, mo

TURBOFAN ENGINE THRUST

THTUST
13 m
- 19 T =m9V9+A9(P9—P0)+
V19, mI19 MyoV19 + A19(P1g — Py) — moVy
| “\\ _________________ R . Yo, m9 effective exhaust velocity
' i .
’ Veg = Vo + Ag(Py — Py) /1hg
—t S L IR = Vot = Vig + Ar19(Pyg — Pp)/mitg
'i;:'l'.l Fift ":\&gi V9, m9 T = mgVeg + MygVe19 — Mol
......... Vio,mi9 Core engine exit mass flow
Mg = Mpq +My
External exit mass flow
2 21 23 25 3 445 5 9 Myg = My3

m13

Bypass Ratio BPR =
My



SPECIFIC THRUST AND SPECIFIC FUEL CONSUMPTION

SPECIFIC THRUST
MoVeg + MyoVe10 — MoV (14 f5)Veg + BPR * Vo190 — (1 + BPR)V,

moq + mqs3 1+ BPR
— my
Fuel/air ratio fg =—
maz;

ST of turbofan engine goes down for higher BPR
SPECIFIC FUEL CONSUMPTION

m
SFC = 11t /T = — — = e —
MoVeg + MygVe19 —MoVy (1 + fp)Veo + BPR * Vo9 — (1 + BPR)V,
/B
_ 1+ BPR _ /B
(1 + f5)Voo + BPR % Voro — (1 + BPR)Vy _ (1 + BPR) # ST
1+ BPR

SFC goes down for higher BPR



TURBOFAN ENGINE EFFICIENCIES

Due to the fact, that the high BPR turbofan engine produces a
lot of thrust by cold streem (external duct), therfore a

Thermal efficency significant amount of exit gas temperature is clouse to the
ambient temperature. This generate low heat losses and high
Power imparted to engine airflow thermal efficiency.
Nry =

Rate of energy supplied in the fuel
0,5 e (ﬁ’thgeZ + m9V932 — m()VOZ) _ 0,5 g ((1 + fB)Vgez + BPR x Vgez — (1 S BPR)VOZ)

rH = i, FHV faFHV
Probulsive efficenc Huge amount of exit flow of the high BPR turbofan engine
P y passes through the external duct of low temeparture therefore
np = Thrust power exit gas speed is low and only slightly higher than flight speed.
Power imparted to engine airflow By this way propulsive efficiency is high.
S
Vo*T MoVo * 7h (1 + BPR) * Vo * ST

e 0,5 % (MoVoe? —oVp®) 0,5 % (oVoe? — oVp?) 0,5 * (1 + f)Voe” + BPR Vo> — (1 + BPR)V,?
Overall efficency
Vo*T (14 BPR) * Vg * ST
— k — —
o = e =P =5 FHY i, FHV




TURBOFAN TEMPERATURE & PRESSURE DISTRIBUTION

14 ‘*H
9
— core flow

T

------ bypass flow




Required data

Assumptions:

TURBOFAN ENGINE CALCULATION

®
L) (2] (21 (28 (314)

1]

Ambient and flight conditions: H, Mo

Engine cycle parameters: FPR, LPCPR,
HPCPR, BPR, TIT

Pressure losses: inlet, burner, exterenal
and internal nozzles, ducts

Efficiences: fan, LPC, HPC, LPT, HPT,
burner, mechanical of spooll and spool2

Fan and LPC and HPC are calculated according
compressor standard

External nozzle calculation is provided
according nozzle calculation standard, but gas
paramethers specification is for air

Mass flow related parameters are calculated on the mass flow in the core engine inlet
m21, therefore fB= mf/ m21.

Nozzles are typically convergent, but often model is simplified by full expansion
assumption




TURBOFAN ENGINE — SHAFTS POWER BALANCE

|3, 19 LP spool

Pg + Prpc = Typr

-
=S
S
=

: Il_-i\“\\ \,‘ e ';;_-;..'.::;. ........
Q':s\\ %

1y * cp(Trzq — Te2) + Mypq * cp(Taz — Tias) = My * cpe(Tias — Tys)

T Mys = My tMy

—— | ==
ok E‘gﬁ A RAREL P %
?Lﬂ A‘.z-z’ ‘ ’
- i S\ |

|\ (14 BPR) x cp(T21 — Tez) + cp(Tyas — Ti23) = (1 + f) * cpe(Teas — Tis)

......

HP spool

1yq * cp(Tez — Trps) = My * cPpp(Tey — Tias)

2 21 2325 3 4455 9 fiys = Mgy +ritg

cp(Tez — Teas) = (1 + f) * cpe(Teq — Teys)



EXAMPLE OF TURBOFAN ENGINE CYCLE CALCULATION

GIVEN:

temperature [K]

Flight conditions:T0=217 K, P0=22 kPa, M0=0.88, BPR=9, FPR=1.6, CPR=20, TIT(Tt4)=1600 K, mass
flow m=100 kg/s.

my =0.98,mp =0.98, m;y = 0.97, mpy = 0.96,nF = 0,91,1¢ = 0.83, nypr = 0.88, nypr = 0.9,
Nmup = 0.99, 0mp = 0.995
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TURBOFAN ENGINE PERFOTMANCE

Parameter Unit Value

Thrust' KN 13.9345
2 "Specific Thrust' ‘W*s/lkg’ 139 3452
3 ‘Fuel consumption’ kgis’ 0.2382
4 "Specific fuel consump’ ka/MN/R 0.0615
5 therm. efficiency’ 0.4915
i ‘prop. efficiency’ 0.7192
7 ‘overall efiicizncy’ 0.3535
g |'vVY 'm/s' 682.8809
g |'V19 'm/s' 365.8624
10 |'"HPT_PR' 3.8618
11 ['LPT_PR 44430

Link to example of turbofan engine calculation:

Results discusion:

Specific thrust is significantly lower than in the turbjet
engine

Specific fuel consumption is lower than in the turbojet
engine

All efficiences are higher than in the turbojet engine for
specified flight condition

https://robert-jakubowski.v.prz.edu.pl/download/task_no_4 turbofan_engine.pdf



https://robert-jakubowski.v.prz.edu.pl/download/EeJWU1BTBGXSNGTyQUF3IgHGAzIAMzIyIdfTo1ZDQ1NQsieQUOKn4GeRA-JBwu,ZOEEsDOwIDKlAvTwQuCQULRBVUSS01Vx4eEDVbFUJNXm5ZE0A/task_no_4_turbofan_engine.pdf

TURBOFAN ENGINE CYCLE OPTIMISATION

ST & SFC vs. HPC PR for constant BPR and FPR & three different TIT
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Specific Thrust [N*s/kg]

TURBOFAN ENGINE CYCLE OPTIMISATION

ST & SFC vs. HPC PR for constant TIT and FPR & three different BPR
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Higher BPR causes lower SFC & lower ST
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Specific Thrust [N*s/kg]

ST & SFC vs. FPR for constant TIT and FPR & three different BPR
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TURBOFAN ENGINE CYCLE OPTIMISATION

T T T T T T 009

1 0.08

71 0.07

71 0.06

10.05

1 0.04

1 0.03

1.3 1.4 1.5 1.6 1.7 1.8 1.9
Fan Pressure ratio

Specific Fuel Consumption [kg/N/h]

ST gets maximum for the same FPR than SFC
achieves minimu value.

Lower BPR leads to FPR grow of maximum SF
and minimum SFC

It shows that it is possible to find optimal FPR
for some BPR. FPR should be lower for higher
BPR
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