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Technology and Patent Trends of Altitude Compensation Nozzles
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ABSTRACT

The altitude compensation nozzle is a nozzle designed for optimum performance at all
altitudes. A method of improving the specific impulse of the space launch vehicle is a
method of improving the characteristic exhaust velocity which is a characteristic of the
combustion chamber and a method of improving the thrust coefficient which is a
characteristic of the nozzle. The altitude compensation nozzle enables improvement of the
performance of the space launch vehicle by improving the nozzle performance for the same
combustor. Research on altitude compensation nozzles has been actively carried out in the
DLR in Germany and is being carried out in advanced countries such as the US, Russia,
UK, Australia and Japan. In this paper, the technology trends and patent trends of altitude
compensation nozzles are investigated and summarized. Based on this, the technical trends
of altitude compensation nozzles is grasped and utilized as basic data for the study on the
performance improvement of a launch vehicle.
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Fig. 2. Dual bell nozzle at test facility P6.1
in Lampoldshausen[17]
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Fig. 3. Flow phenomenon of E-D nozzle[19]
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Table 1.

Advantages and disadvantages of altitude compensation nozzles

Advantages

Disadvantages

Dual bell nozzle

¢ High reliability because there are
no moving parts

* Provides a net specific impulse
gain for the entire trajectory
compared to conventional bell
nozzles

¢ Increased payload weight

Decrease of specific impulse during
flow transition

Increase nozzle length and weight
Unstable flow due to large
separation

Increase of side load during flow
transition

E-D nozzle

¢ Reduced nozzle length relative to
conventional bell nozzles

¢ Increased payload weight

e Thrust vector control by throttle

¢ Pintle position may move to
optimize performance

Higher throat heat flux

Reduced system reliability due to
moving elements and cooling
system

Aerospike nozzle

¢ Reduced nozzle length relative to
conventional bell nozzles

e Altitude compensation results in
greater performance(no separation
at over-expanded)

e Thrust vector control by throttle

Higher heat flux

Cooling

Aerospike is more complex and
difficult to manufacture than bell
nozzle

More costly

Extendible nozzle

* Increased thrust efficiency
¢ Increased payload weight

Reduced system reliability due to
moving elements and cooling
system

Increased nozzle weight

More costly
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Table 2. Trend of patents on dual bell nozzles[23-25]

1965 2008 2013
[US8938972B2]
[US3352495] [EP2137395B1] Engine apparatus and method

Nozzle construction Rocket engine Laval nozzle for reducing a side load on a

flying object

I

g

THEDRETICAL SPECIFIC WPULSE
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The concept of increasing the

\

area ratio of the nozzle to
obtain the maximum thrust in
the operation trajectory

Method of increasing thrust of
Laval nozzle according to flight
trajectory

How to reduce the side load of
the nozzle when starting and
stopping the engine
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The nozzle plug aerodynamically self
compensates for changes in ambient
backpressure at the nozzle exit cone such that
the nozzle thrust coefficient is maximized for
any ambient backpressure

Secondary injector at the rear of the plug is
used to extinction the recirculation zone to
increase thrust
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Table 4. Trend of patents on extendible nozzles[29-31]
1964 1981 2004
[US3346186 A]
Extendile rocket nozzle (US4383407 Al [US2005016179 A1]
comprised of a coated flexible ) )
Extendible thrust nozzle for Extendible exhaust nozzle bell
mesh subsequently deployed )
rockets for a rocket engine
and heated to become
impermeable
i1 PN
&

Study of nozzle extension Study of nozzle extension
shape considering mounting shape for expansion of
capability and volume extendible nozzle part

Study of nozzle extension
shape using external actuator
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