Fxample 1, Consider a jet engine in steady level flight at velocity VO relative to the

atmosphere. Perform energy analyses of the air that flows through the engine using

two different reference frames, one fixed to the engine and the other fixed to the space
through which the aircraft flies., Subtract these two expressions to show that the work

domne by the engine is equal to the product of its forward velocity, A , times its devel~
oped thrust per mass of flow, (!vo-—ﬁol). ©

Using the reference frame fixed to the engine, and assuming ey = (0, the steady state
S

energy equation is
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In this reference frame the system work is zero, since there is no forward velocity rela-
tive to the frame.

In a reference frame fixed to the space through which the system moves, the velocity of
the gas entering the engine is zero. The exit velocity in this reference frame is the

absolute velocity, ]Ve abql = !Ve[ - ]Vo . The energy equation is
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The properties of the media are unaffected by the reference frame., These include the ‘en-—
thalpies and thé energy released by the combustion process,!qu. Thus the two energy equa—
tions can be subtracted to determine system work in terms of velocities
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The mass of a rocket varies with its expenditure of propellant. Thus the vehicle as
a system does not satisfy steady-state conditions. The rocket engine, as a part of the
vehicle, intakes propellants and combusts them to generate hot gas products that are then
expelled from its nozzle as a high velocity jet. Therefore, it is possible to analyze the
rocket engine as a steady state system,
Exercise 1., Modify the steady state energy equations for an air-breathing engine (see
Exmp. 1) to the conditions of a steady state rocket engine. Subtract them to derive the
following expression for the work done by the rocket.
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Exmp. 1 and Exer. 1 developed the system work per mass of flow through jet and rocket
engines respectively from an energy perspective, System work can also be predicted from
the momentum principle, The force developed by a propulsion engine equals the rate of
change of momentum of the gases that move through 1it, For jet and rocket engines, the
propulsion forces are, respectively,3
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3The assumption that e/ = 0 is incorporated in eqn. VD-2a. In general it would be
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