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�orld's widest 
ngine collaboration 

lobal collaboration 

" Combines the technological expertise and 
resources of five leading aero-engine 
companies to provide: 
- excellent integrity & reliability 
- low fuel consumption 
- low noise 
- ease of maintenance 
- good resistance to ingestion damage 
- growth potential 

" Selected to power Airbus A320 

" Service entry 1989 

5inilb '', 111' 11 'hII I I' (I Iddes 

control 

Powder-metallurgy turbine discs 

Leading particulars 
Take-off thrust 25 000 lb (11 340 kg) 
Fan diameter 63 in (1600 mm) 
Bypass ratio 5.7 
Pressure ratio 30.2 
Total air flow 790 Ibls (358 kg/s) 

Fig 1.1 Leaner, cleaner, power 

inced technology features 
WidFýr hord ! an blade,; F ADFC Supewi 
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APPENDIX 5.1 

The starting point is to make an estimate of the boundary 

layer growth through the stage using, for example, 
Stratford (1967) or one of the modern semi-empircal 

methods such as Wright (1984). The boundary layer is 

assumed to have an axial velocity described by a simple 

power law profile I/ 
h 

v0. ýs 
The extent of end-bend will be (n+l) times the 
displacement thickness, by definition. n is typically 

assumed to be 5. 

Freeman (1978) suggested designing for constant tangential 
blade force through the boundary layers, so for a rotor 

V4'3V63 V 
0V6o 

= \To, 3 -% - \Tao lreo 

and for a stator 

VO IV9 3-V 4v91.6- =U413- tea. '-r O, 

Lower case denotes values in the boundary layer, upper 

case denotes the values at the boundary layer edge. See 

fig 4.3 for the notation. 

Consider the case of a compressor with an IGV with axial 
flow at inlet, so Vgo and To,, are both zero. 
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Then 

and thus 

V44 Ve4 1rA4 T&4- 

Ueµ - Vag Vew 
I. rav 

The IGV exit angle is given by 

O( = Lan -1 

and the rotor inlet relative angle by 

Vaw V e, ý 
urA 4 u- 

/- 

--taA 
V4 

Across the rotor, from equation 1 

Vk Y 93 = Ua; 1TB3 

Thus the rotor exit and stator inlet angles are given by 

e3 C'ý'3 (vv 
lraI Tai 

ýC2 = EAG o"3 

The calculation for the stator is similar to that for the 

IGV. It may be seen that bladerows can be treated in 

isolation. 
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APPENDIX 6.1 

PROBE CORRECTION ALGORITHM 

Three non-dimensional coefficients are defined: 

Cyaw = S2-st 
PT - 

C. r = P, - PT 
PT 

Cs = 
PT/_-1 

i 
1 Pr 

l. y 
P; 

Where PT and p are the true total and static pressures of the 
flow, P. the indicated total pressure and S2 and S3 the side face 
pressures 

Pi is defined as (S2 + S3)/2 and ds = S2 - S3 

For each probe, a series of three curves are produced 

3. 

The variables are weak functions of mach number and this is 
normally taken into account by producing a carpet of calibrations 
and interpolating also for mach number. However, in this case, 
the mach number is below 0.15 at all points in the flowfield, so 
a single curve is assumed unique. 

During an area traverse, values of Pi, S and S3 are recorded at 
a nominal setting angle. The following ioutine 

estimates the 
true values of total and static pressure in the absense of the 
probe and the angle correction to the normal setting. 
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The procedure is as follows: - 

Calculate Pi and ds 

D1 Pi Pi 

Cyaw = ds/Di 

Look up 8 from Cyaw curve 1 

Look up Cs and CT from curves 2 and 3 

ýThL: 

14 
P; 

SCI+CT Pi 
-I Y4 
- 

IC ý 
1ý0 

ý 

also 
PT ýOW [CS (Py 

-1) + I] N 
then Dnew = Pr {, 

check ID ' D tolerance 
new old 

Return to recalculate Cyaw 

F1,7. ý 
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APPENDIX 7. 

The following pages contain output from the throughflow 

analysis of traverse data at the peak efficiency and near 

stall operating points as follows : 

7.1 DCA Datum 

7.2 DCA with Inviscid End-Bends 

7.3 Low-Reaction CD Datum 

7.4 Low-Reaction CD with Inviscid End-Bends 

The data is presented in imperial units scaled to a 

compressor inlet conditions of 14.7 psia and 288K. Other 

units are: 

radius inches 

velocity ft/s 

pressure psia 

temperature K 
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7.1 DCA Datum 
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7.2 DCA Datum with Inviscid End-Bends 
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7.3 Low-Reaction CD Datum 
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7.4 Low-Reaction CD with Inviscid End-Bends 
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