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Symbol

B S 9

Subscripts

a
am

B

cTr

FD

Descrigtion

Referred flow, W V8/4 , lbm/sec

Dimensionless pressure, P/Po

Increment or differe :e

Function of ¥ ,-——%L— X

Efficiency

Dimensionless ter erature, T/T,

Air
Ambient
Burner

Compressor

Critical (at sonic conditions)

Fan, fuel
Fan duct
Gas, gross
Jet

Net

Number

14
y-1
Y+ 1
2
— %

vii



viii

Subscripts Description
P Primary, pressure constant
r Ram
t Turbine
T Total, stagnation condition
v Velocity, vo me constant
0 Airpla :, free stream, NACA standard conditions
1 Inlet station, first rotor
2 Compressor or fan inlet station, second rotor
255 Compressor inlet station (front fan)
3 Compressor outlet station
3f Fan duct inlet station
4 Turbine inlet station
4f Fan duct outlet station, fan nozzle inlet station
5 Fan turbine inlet station
6 Fan turbine outlet station
Superscripts

L]
Ideal, isentropic

Dimensionless Quantities

MN Mach number, ratio of velocity to the acoustic velocity






Previous inv itigators have g lerated '"parametric" engine
performance by using one or more of the following approximations:
1. Extrapolation of current hardware engine performance
data.
2, Fixed o] rating line(s) on compressor and/or fan
performance map(s).
3. Turbine nozzle(s) with choked (sonic) flow.
4. Constant component efficiencies.
None of these assumptions are valid over a very wide range of engine
cycles or operating conditions.
1e material for this thesis has been gleaned from unclassified
U.S. Government, National Advisory Committee for Aeronautics (NACA/
NASA) reports, te: nical society journals, and standard text books.
Hardware engine performance was taken from the manufacturers' Model

Specifications.
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ENGINE AIRFLOW REQUIREMENTS

Bypass Ratio Design Point Airflow Ratio
0 1.0
2 2,07
4 2,905

6 3.735
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Figure 3. Schematic diagram of front fan turbofan engine
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Figure 4, Front fan, separate exhaust, turbofan section identification






Fan, Fan efficiency, My pressure ratio, FPR, and flow, waz,
are known,
Fan ideal work is calculated from the inlet conditions and

the fan pressure ratio using isentropic relationships.

A h% = f - PR, TT2) (isentropic relationship)
Ah, = An'/ N

hry,s = hpy + Ahg

TT2.5 = f (hTZ.S) (gas tables)2

Pra,s = Bpa (FPR)

Fan duct.
Tr3e = Tra,s
Prar = Fra.s

Bypass ratio, BPR, and duct pressure drop, AE% ,PT3f’ are

known,

a3¢g =(W /(1 + BPR)) BPR

Prog = Ppyg (1 = APpp/Ppge)

Trag = Tpag

2
Joseph H. Keenan and Joseph Kaye, Gas Tables, | . 1=33,
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W - (neglecting eni alpy of
£ hTL’ I3 incoming fuel and turbis
w, My (LHV) = hg, cooling airflow)

wg4 =1+ (wf/wa) L

Ppg = Ppy (1= Pg/Ppj)

Turbine, The turbine efficiency, r)t, is known, It is also

specified that the turbine must drive the co ressor.

Aht = Ahc (waZ.S/wg4)
1
Aht = Aht/ M,
Pr,/Pps = £ (Ah;:, Tog,) (isentropic relationship)

Prs = Ppy/(Pp,/Pps)

hpg = hp, = Ahy
Tps = £ (hpg)
Wos = Wy

Fan Turbine. The fan turbine efficiency, Meer is known a

this turb e drives the fan,

Ah

ft Ahf (WaZ/wgS)

Ahg, = 41/ Mg,












15

and temperature are:

PT2 B nr (PTZ/Pam) Pam

TTZ - (TTZ/Tam) Tam

Fan. A fan pressure ratio is assumed to start the fan calcu-
lations. This pressure ratio is selected as a function of fan referred
speed, Nl/ J@iz , and flight speed, MN, or design bypass ratio, BPR,
The fan pressure ratio and referred speed are used to determine the
referred fan airflow, W, /5%2/ 6, » and efficiency, n¢, from a fan
map such as Figure 6. The fan outlet conditions are calculated as

for design points using the map values of efficiency and flow.

A]n; f (FPR, T.,) (isentropic relationship)

T2

./.‘\hf = Ahf/ ¢

hpp.5 = bpy + Ahg

Tpp.5 = £ (hyy o)

2.5 = Ppp (FPR)

Way = (Wop VBpo/ 60y) 8o/ Vor,
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