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We consider the possibility of reducing the heat flows through a flat
multilayer wall with internal heat release.

The existence of internal heat sources in thermal
insulation leads to a large variety of problems which
arise in calculations dealing with specific correspond-
ing situations., With constant intensities of heat release
and of the physical properties for each of the layers —
only the thicknesses of the layers changing — we can
find the relationship between the thickness of the
layers at which the heat flow to the medium with the
lower temperature is at a2 minimum, or we can find the
relationship at which the flow of heat to the medium
with the lower temperature is at a minimum while
the heat flow from the heated medium to the wall is
equal to zero. These variations on the problem arise
in the design of nuclear reactors.

Let us deal initially with the first case.

In reference [1] we derived the relationships which
determine the steady flow of heat through a multi-
layer wall with heat release.

Applying the formula for a flat wall to the calcula~
tion of the heat flow to a medium with a low tempera~
ture, we find that the magnitude of the flow
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Here the layers are numbered from the hot medium to
the cold.

Let us isolate a layer with the number ! and let us
consider the magnitude of the heat flow as a function
of the Layer's thickness,

If we employ the notation
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From (8) we find the optimum thickness of this layer:
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This value corresponds to a minimum for gy.
Indeed, with a reduction in the thickness of the wall we
find a reduced thermal resistance on the part of the
wall, while with an increase in the wall thickness
there is a corresponding rise in the quantity of heat
generated within the wall,

When there are only a few layers, the formulas can
be derived in a more convenient form.

The heat is transported through a single-layer wall,

In this event
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Having substituted (5) into (4), we find that the wall
thickness at which the heat flow to the medium with
the lower temperature is at a minimum is given by
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while the magnitude of the minimum flow
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It follows from (6) that 6 opt is positive if we
satisfy the condition
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However, if this condition is not satisfied, the use of
this thermal insulation leads to a rise in the heat flow
to the medium that has not been heated as much.
Equations (6) and (7} can be written in criterial
form
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The figure shows Bigpi as a function of K=AToz%/qV7\
and ay/ s

The intersection of the ay/wy; = const lines with the
axis of abscissas occurs in the region K>1 in accor—
dance with condition (8).
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For the second layer
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Substuting (9) and (10) into (4), we find the optimi-
zation relationships:
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Graph for calculation of optimum thickness of
single-layers heat insulation with inner heat generation
(numbers near curves are values of a /fx,).
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These equations, in which the thickness of one of
the layers—the main layer from the standpoint of
structural considerations — is constant, enables us
to determine the physical characteristics and the
thickness for the main layer at which the use of
additional insulating layers would be effective for the
reduction of the heat flow through the wall.

The value of 0y ¢ will be positive if 6 will vary
in the limits
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These relationships are no simpler than the initial
equation, and it is therefore better to use Egs. (11)
and (12). :
The simultaneous solution of Eqs. (11) and (12) yields
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The resulting nonpositive solution shows that the
use of a single-layer wall with the smallest magni-
tude for q A is more effective than a multilayer wall,
Thus, in structures with internal heat release the
selection of a material exclusively on the basis of the
thermal conductivity is without sufficient justification.

Let us now consider the case in which the insulation
is chosen to ensure that the flow of heat from the hot
medium to the wall is equal to zero. This imposes
the additional condition
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For a single-layer wall we have
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while for a two-layer wall condition (14) makes pos—
sible the following expressions:
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Biy NOTATION
] 4y is the heat=flux density; g, is the power of inter~
nal heat sources; 0 is the plate thickness; vy is the ther-
(an mal conductivity; T is the temperature of medium; « is
the heat transfer coefficient.
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The heat-transfer coefficient o, is contained in the
complexes of formulas (15), (16), and (17).
In analogy with the previous case, it may develop
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