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A model solid propellant rocket has a mass of 69.6 gm, of which 12.5 gm is fuel.  The rocket produces 1.3 
lbf of thrust for a duration of 1.7 sec.  For these conditions, calculate the maximum speed and height 
attainable in the absence of air resistance.  Plot the rocket speed and the distance traveled as functions of 
time. 
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SOLUTION: 
 
Assume that the mass flow rate from the rocket is constant.  Also assume that the thrust remains constant 
over the burn duration. 
 
Apply the linear momentum equation in the y-direction to the CV shown using a frame of reference 
attached to the rocket. 
 
 
 
 
 
 
 
 
 
 
 
 

 

where 

  (Most of the fluid has zero velocity in this frame of reference.) 

 

  (weight) 

  (The exit pressure may be different from atmospheric pressure.) 

  (We’re using an accelerating frame of reference.) 

 
Substituting and simplifying: 
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Note that the thrust, T, is the force required to hold the rocket stationary (neglecting gravity). 
 
 
 
 
 
 
 

 

where 

  (Most of the fluid has zero x-velocity.) 

 

 

 
 

Substituting and simplifying: 
 

 (2) 
 
Substitute Eqn. (2) into Eqn. (1): 

 (3) 

 
Apply COM to the same CV:  

 

where 

 

  

Substituting and simplifying: 

 (4) 

Assuming the mass flow rate is a constant, solve Eqn. (4) subject to initial conditions: 

 

 (5) 
where M0 is the initial mass of the CV.   
 

( ) , ,
CV CS

x x rel B x S x
d u dV u d F F
dt

r r+ × = +ò ò u A

CV

0x
d u dV
dt

r »ò
( ) ( ) 2

CS
x rel e e e e e e eu d V V A V Ar r r× = =ò u A

, 0B xF =

( ),S x e atm eF p p A T= - - +

( )2
e e e e atm eV A p p A Tr = - - +

( )2
e e e e atm eT V A p p Ar= + -

CV

Ta g
M

= - +

( )
CV CS

0rel
d dV d
dt

r r+ × =ò ò u A

CV

CVdMd dV
dt dt

r =ò
( )

CS
rel e e ed V A mr r× = =ò u A

0CVdM
m

dt
+ =

0 0

CVM t

CV
M

dM m dt= -ò ò

0CVM M mt= -

Ve 

(pe – patm)Ae 

x 

T 



  COLM_43 

Page 4 of 5 

Substitute Eqn. (5) into Eqn. (3) and solve the differential equation for the velocity: 

 

 (6) 

 
Solve the differential equation given in Eqn. (6) for the height of the rocket. 

 

 (7) 

 
Note that Eqns. (3), (5), (6), and (7) are written specifically for when the fuel is burning.  When the fuel has 
been expended, the rocket equations of motion are: 

 (8) 
 (9) 

 (10) 
where t’ is the time at which the fuel has been expended. 
 
For the given problem we’re told: 

M0 = 69.6 g 
Mfuel = 12.5 g 
T = 1.3 lbf = 5.79 N 
t’ = 1.7 sec 

giving a mass flow rate of: 

7.35 g/sec = 7.35*10-3 kg/sec 

 
The maximum velocity will occur at the moment the fuel has been expended (neglecting the velocities as 
the rocket falls back to the ground).  The maximum height will occur when the velocity is zero. 
 

Umax = U(t = t’ = 1.7 sec) = 139.2 m/s    (h(t = t’) = 114 m) 
hmax = h(t = tm = 15.9 sec) = 1100 m 
 
The maximum height occurs when: 
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The rocket speed and height are plotted below: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

-200

-150

-100

-50

0

50

100

150

200

0 5 10 15 20 25 30 35

time, t  [sec]

ve
lo

ci
ty

, U
 [m

/s
]

0

200

400

600

800

1000

1200

he
ig

ht
, h

 [m
]


