COLM 42

Flying Elvi, 20 of them in all, jump out of an airplane at a rate of one Elvis, weighing 255 Ibm, every 5
seconds. If the airplane is flying horizontally at a velocity of 120 mph and tries to accelerate at a rate of 1
ft/s?, determine the change in the thrust that must be supplied by the airplane propellers as a function of
time until all of the Elvi have left the building plane.

Assume that there is a drag force acting on the plane that can be modeled by Fp = -kV? where k = 0.2
1b#/(ft/s?) and V is the velocity of the plane relative to the air. The air density at an altitude of 2.5 miles is
approximately 0.61 times the air density at sea level. You may assume that the mass rate at which fuel is
burned is very small in comparison to the mass rate at which Elvi leave the plane. The plane weight at
altitude not counting Elvi is 30000 1bm.

> 120 mph
/ p

altitude = 2.5 miles

Elvis weight = 255 lbm
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COLM 42

SOLUTION:

Apply the linear momentum equation in the x-direction to a control volume surrounding the airplane. Use a frame of
reference fixed to the airplane (non-inertial since the airplane is accelerating).

R Y The given FOR is attached
| ) __,x totheCV.
T+AT | == v
—_— - ,
, | / \—
T is the thrust when there is no'-------- cTTTTTTTTTTTTTTTT k12
acceleration and AT is the additional
thrust required with acceleration.

m " (Assume the Elvi leave the airplane
with no x-velocity.)

d
E I uxpdV+ I Uy (purel dA) = FB,x +FS,x - I ax/XpdV
Ccv CS Ccv
where
d o . s .
_t I u,pdV =0 (in this frame of reference, everything within the CV has zero velocity)
Ccv

I u, ( Pl -dA) =0 (assuming the Elvi jump out of the plane with no x velocity)

CS
Fp, =0
Fs,=(T+AT)-kV?

dv
a dV =—M
j x/ X P di
cv

Substitute and solve for AT.
av
AT =M=—+kV?*-T
dt
Note that before accelerating:
T=kV?
so that the additional thrust required when accelerating is:
dv

AT =M — 1
7 (1

Now apply conservation of mass to the same control volume.

d
EjpdV+J.purel-dA:0

Ccv CS
where
dt dt
Ccv
J. Pl dA=m
CS

Substitute and solve the resulting differential equation for M.
dM
dt
M =M, —mt (assuming the mass flow rate is a constant) )
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Substitute Eqn. (2) into Eqn. (1).

AT = (M, _mt)”;_’t’

Using the given data:

Mo = 30000 lbm + 20*255 1bm = 35100 lbm
m = 2551lbm/5s=>51lbw/s
dvidt = 1 fus?

|.'.AT = 1090 Ibs — (1.6 Ibs/s) ti (0 <££<100 s since there are 20 Elvi)
Note that 1 Ibf=32.2 [bm*ft/s*.

ATA Note that the actual curve would have a

1090 Ibs stair-step shape since Elvi leave the plane in
— discrete events and not continuously.

930 Ibf [~~~ """"7777mc

Jjumping gone

100 s
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