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Ql.

BDU 20603

A Propeller driven aircraft uses a piston engine of 2OO0 BHP. This aircraft has aircraft data as follows:

The aircraft weight W : 60000 N
The wing area neference S = 20 m2

Wing span :9 m
Wing mean aerodynamics chord C.."" : 1.4 m
The drag coeflicient Co : 0.012 + 0.064 Cr2.
The maximum lift coefficient at clean configuration C16q = 1.4
The lift coefficient C1 as function of angle of attack o, is given as :

N^
c,, (o) : YrL(a - a"=o).u\ / fu,
Where:

ac.
The slope of lift coefficient ----!- = 0.098/deg.

od.
The zero lift angle of attack a._o : - 2.4o

The afinospheric air properties for altitude h below I 1000 m are given as:

r : ( r5.0-0.0064eh)oc = [( rs.o-0.0064err) +zzr]'r

r(,c) *!21,,,u \P : r0r29o t(-.J*r.o* - m,

p=
(r)(p)

*'[q.,l[t, 
J

(kdm')

ffir-rfrrl (r,,ij ( ue )p : 1.45g l0{ l_ r

2SS.l5[ !'l * r ro.+ \m'sec/

[t',
Temperature T in degree Kelvin and h is in meter.

Pressure pr, : 1.01325105 N/m2 ,

Temperature \" :288.150 K ,

Air density pr, : 1.225 kd-'

Airviscosity pr" : 1.7894 tOt kg

sec. m
Speedofsounda:a: fiRT
The ratio ofheat coefficient y : 1.4

The Universal gas constant R = 287 T;
s@'uK

Definition of Mach number V : tU = 9
a

Definitionof ReynoldsNumber fu : Rr. : P Uc*
tr
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If the aircraft flies at altitude 6000 m. At this altitude. determines:

(D The atnospheric properties ( p,T,p, p and a )(iD The Mach Number and Reynolds number of the airplane under level flight.
(iii) The Power required at level flight and the flight angle of attack and flight speed at the

minimum power required.
(iv) If at this flight altitude h : 6000 m, the aircraft engine suddenly off, find the minimum

glide angle lo the flight speed and the horizontal distance can be achieved from the time
engine offwhen the aircraft reaches the ground.

(25 Marks)

a2 The aircraft as given in the question Ql, used an engine with the Brake horse power of 3000 Hp. This
engine brake horse power varies with respect to the flight altitude h through density ratio o defined as :

t\
[nHr]', : frHr'l__-,-.-,lr.nz &-o.rrz 

Isn L Jasrcvd[ 
Psr- )

Where:

ph : air density at altitude h
psr. : air density at sea level

For a given [BFIP]"r' and propeller efficiency rlp, the engine power available P" can be determined by the
following relation:

P, = rro [rur]" o

Assume the propeller e{ficiency rlp is constant and equal to 0.85, and use the aircraft data as given in
Question Ql and flies at the same flight altitude 6000 m. Determines

(i) The climb angle y and the rate of climb if the aircraft flies at a constant speed of 140 m/sec.(ii) The maximrmr rate of climb
(iii) The minimum flighr speed
(iu) The maximum flight speed

(2$Mrrks)

Q3. An airplane weighing 160000 N has a wing area of 45 m2 and drag polar given by co = 0.017 + 0.055 cr.2.
The air properties at sea level and at altitude h : 3 km are given respectively as below:

At sea level (SL) are :

psl : 1.01325 105 N/m2 , \, = 2gg.l50 K , psL = 1.225 kg/m,

PsL: l.78g4lo-5 --E-
At an altitude 3 km is ,rrr"n * 1""' '

Pressure ratio P :0.69204
psl

Temperature T : 268.6590 K

Airdensity P -0.74225
Psr
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u
Viscositv --5- = 0.94656' 

ltsl
Determines :

(i) The thrust required and power required for a rate of climb of 2400 m/min at
a speed of 540 km./hour at 3 km altitude.

(iD The rate of climb at sea level if the aircraft flies at flight speed U = 400 km./hour and the thrust is
45000 N.

(2$Marks)

44. A propeller driven airplane has aircraft data as follows :

Wing area S :40 m2

Aircaft,weight W: 80000N.
The drag polar is given by :Ce:0.022 + 0.05Cr2.
Weight of tuel and oil : 15000 N,
BSFC :2.67 N/kW-hr. and
The propeller efTiciency ft:657o.

The air properties at sea level is given as follows:

psl = 1.01325 l}s N/m2 , \, = 2gg.l50 K , psL = 1.225 kg/^t

lrsl :1.7894 l0-5 -Ig-
sec. m

Determines :

(D The maximum range and endurance at sea level in a steady level flight at
a constant angle ofattack.

(ii) The velocity at the beginning and the end of flight
(iiD The power required at the beginning and the end of flight

(2$'Merks)

Q5. The aircraft weight ofjet plane is 400000 N. The aircraft having a high wing configuration with the wing area

reference is 100 m2 . The maximum lift co€fficient at landing phase is 2.7 . Other aircraft data is given as

follows:

Thetake-off speed V1 = l.2Vs
Thetransition speedV2 = l.l Vr
The lift coefficient C1 dwing ground run is l.l5
The drag polar with landing gear and flaps is Co = 0.044 {.05Cr2
Thrust variation during take-offcan be approximated as :

T: 128,500 - 0.0929 V'
where V is the km,4rour
gravitational acceleration g = 9.El m/sec2

Take-offtakes place from a level and a dry concrete runway (p:0.02) at sea level,

Determine :

(i) The ground run distance 51 and the required time for ground run t1
(iD The hansition distance 52 and the required time for tJte transition phase t2




