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ROCKET BASICS 1: THRUST AND SPECIFIC IMPULSE

In a liquid-propellant rocket, a liquid fuel and oxidizer are injected into the com-
bustion chamber where the chemical reaction of combustion occurs. The combustion
process produces hot gases that expand through the nozzle, a duct with the varying
Cross section.

In solid rockets, both fuel and oxidizer are combined in a solid form, called the
grain. The grain surface burns, producing hot gases that expand in the nozzle. The
rate of the gas production and, correspondingly, pressure in the rocket is roughly
proportional to the burning area of the grain. Thus, the introduction of a central bore
in the grain allowed an increase in burning area (compared to “end burning”) and,
consequently, resulted in an increase in chamber pressure and rocket thrust.

Modern nozzles are usually converging-diverging (De Laval nozzle), with the flow
accelerating to supersonic exhaust velocities in the diverging part. Early rockets had
only a crudely formed converging part. If the pressure in the rocket is high enough,
then the exhaust from a converging nozzle would occur at sonic velocity, that is, with
the Mach number equal to unity.

The rocket thrust T equals

T =mUg +(P—Py) As =m{ue+%}=mueq

where m is the propellant mass flow (mass of the propellant leaving the rocket each
second), U, (exhaust velocity) is the velocity with which the propellant leaves the
nozzle, P, (exit pressure) is the propellant pressure at the nozzle exit, P, (ambient
pressure) is the pressure in the surrounding air (about one atmosphere at sea level),
and A, is the area of the nozzle exit; U, is called the equivalent exhaust velocity.
Rocket performance is often characterized by specific impulse Igp defined as

Ueq
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where gg = 9.81 m/s? (or 32.2 ft/s?) is the gravitational acceleration on the Earth's
surface. Specific impulse is measured in the units of seconds. For chemically based
rockets, the higher specific impulse 15, usually means the more efficient rocket. (This
characterization is not applicable directly to electric propulsion thrusters.)

Isp =

Specific impulse less than 100 s was typical for Congreve rockets. Modern solid-
propellant rockets achieve Igp = 250-300 s. For comparison, a high-performing lig-
uid-propellant rocket engine, such as the space shuttle main engine (SSME) using
liquid oxygen and liquid hydrogen, would have I, = 410-450 s. Specific impulse
and thrust usually increase with the increasing altitude as the ambient pressure de-
creases.

Congreve rockets had only a converging nozzle. At the exit of such a rocket, the
exhaust velocity was thus typically equal to the local speed of sound, with exit pres-
sure approximately one-half of the pressure inside the rocket, and the temperature 10—
25% smaller than the gas temperature inside the rocket case.

A typical Congreve rocket would burn its propellant in a few seconds. During this
time interval, the rocket thrust would accelerate the missile. After that, only forces of
gravity and air drag would affect rocket flight on a ballistic trajectory.
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