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16.   A Boeing 747 weighs 750,000 lbs. The geometry of the aircraft is as follows: Wing area =
5500 ft2, Wing span = 196.68 ft.  Calculate the lift coefficient for cruise at Mach = 0.75 at

a) Sea level
b) 35,000 ft

a) Determine airspeed:  

Then:  at sea level

b) Determine airspeed: 

Then:     at 35,000 ft

17. The 747 aircraft that is described in question 16, has an Oswald efficiency factor of 0.9. The
zero lift drag coefficient is = 0.018 at . 

a) Estimate the induced drag parameter K
b) Estimate the induced drag coefficient at sea level at 

c) Estimate the induced drag coefficient at 35,000 ft at the same Mach number.

a) 

At sea level:

and

At 35,000 ft:

and



18. For the aircraft in problems 16 and 17,  and at Mach = 0.75 find the following 
a) At sea level

i) Parasite drag (lbs)
ii) Induced drag (lbs)
iii) Total drag (lbs)

b) At 35,000 ft 
i) Parasite drag (lbs)
ii) Induced drag (lbs)
iii) Total drag (lbs)

a) Sea level

b) 35000 ft

19. At sea level, the thrust of a single engine of a 747 is 40,000 lbs. Assuming that thrust varies
with altitude proportional to density, 

a) Find the thrust available with four engines operating at 35,000 ft
b) Assuming the values of and K calculated above are constant with Mach number

(that is they don’t change with airspeed), determine the maximum and minimum speeds at
which the aircraft can fly in cruise at 35,000 ft (if it can fly at all)
c) In cruise configuration, (wheels up, flaps retracted) , What would be the

stall speed at 35,000 ft? Compare this value with the thrust-limited minimum cruise speed
determined in (b). 

a) for one engine we have:

Hence

b)



Substituting in the numbers we have:

We can solve this using a non linear equation solver, or in this case, we can just rearrange it and
solve it as a quadratic in .

     !

Note that the assumption that and K are constant is not a good one since the Mach number is

in the transonic range at the higher speed. In general, the drag would be higher than we estimated
with constant parameters, and we would be at or beyond the drag rise, giving higher values of
drag then we calculated and thus reducing the maximum speed we can achieve (to less than

c) 

Therefore, in this case,  the minimum airspeed for level flight at 35,000 ft is 628.9 ft/sec, the
thrust limited minimum. 

20. The lift curve slope for the 747 aircraft is . Determine the angle of

attack from the zero lift line for the case of flight at Mach = 0.75 at
a) sea level
b) 35,000 ft

a) From problem (16),

b) From problem (16),


