UNCLASSIFIED

ADJ5 4

407

m im

0ARMED SERVICES TECilCAL

INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGM12, VIRGINIA

mm

UNCLASSIFIED

NOTICB: When government or other drawings, specifications or other data are used for any purpose
other -char) In connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoeverj and the fact that the Government may have formulated, furnished, or in any vay
supplied the said drawings, specifications, or other
data is not to be regarded by implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

:

warns

,.

THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES
WHICH . DO
NOT
REPRODUCE LEGIBLYo

AID Report 6l- 38

21 Mar 1961
ITEM OF INTEREST
Prepared by

AST1 A
"'n

APR '10 1961
Science and Technology Section
Air Information Division

1..

9
**<S|^

SUBJECT;

Control of Nuclear Aircraft Engines
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This article is a comprehensive theoretical analysis of
nuclear-reactor properties In relation to the basic principles of
automatic control of nuclear aircraft engines. Special attention
is given to analysis of reactor dynamics and the effect of reactor
dynamics on control-system design.' T a author notes that the control of nuclear aircraft engines involves the question of reactor
dynamics in addition to the dynamics of gas-dynamic and mechanical
processes associated with a chemically powered Jet engine. Reactor dynamics is Involved because a variation of nuclear-engine
performance is connected with changes of reactor operating regimes.
The discussion includes the concept of the reactor
period, the derivation of reactor equations, linearization of
reactor equations, transfer function and frequency characteristics of a reactor, temperature coefficient of reactivity and its
effect on reactor properties, and control rods,.
The analysis resulted in the followin g conclusions,
1) The nuclear reactor with respe:! to neutron p ower output is described by a nonlinear differential equation of the seventh order.
2) At small deviations from the reactor-equllib rium state^reactor
equations can be linearized by one of two propo sed methods,
3) With respect to disturbances based on the ex cess multipllcatlon constant (Ak) the reactor is considered as being nonstatlc.
Positive disturbances result in a continuous un limited increase
in power, while negative disturbances result in a power reductlon to zero. Steady-state conditions of a rea ctor can only be
achieved at Ak = 0,

AID Report 61-38

»

4) A negative temperature coefficient of reactivity results In a considerable change of reactor properties; the reactor
acquires a property of thermal self-regulation. ?) Frequency
characteristics of reactors at low frequencies (to approximately
1 1/sec) are determined by delayed neutrons; at high frequencies
they are determined by prompt neutrons.
6) The absorptive power
of control rods varies nonlinearly with the depth of rod Immersion
into the reactor tmtmco^£.
Although the article under discussion represents no new
approach to the problem of automatic control of nuclear-powered
aircraft engines, It does reveal to a certain extent the scope of
Soviet efforts to develop such systems. Direct reference to the
subject is rarely found in Soviet open literature.
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