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NATURAL THERMAL RADIATION OF HEAT-
ABSORBING THERMAL VACUUM CHAMBER
SHIELDS

Yu. V. Svetlov, S. P, Gorbachev, UDC 536.3
A, I, Skovorodkin, and R. A. Shagiakhmetov

A simplified method for computing the natural thermal radiation of heat-absorbing shields of
vacuum chambers is elucidated; computational dependences are presented for shields of her-
ringbone outlines and the influence of the geometric profile characteristics on the magnitude

of the natural radiation is shown.

The efficiency of the heat-absorbing shield of a thermal vacuum chamber within which is a radiant en-
ergy source depends greatly on how small the radiant flux, going into the chamber from the shield is. This
flux consists of two components: the reflected radiant flux and the natural thermal radiation of the shield. It
is expedient to examine these components separately for a detailed investigation of the influence of the shield
on the radiant heat exchange.

In order to assure the requisite absorptivity of the radiant flux, the shields of thermal vacuum cham-
bers are ordinarily set up in the form of a cellular construction. Each individual cell of the shield is a spatial
cavity formed either by adjacent shield profiles or by several surfaces of one profile (Fig. 1a).

In the general case, the magnitude of the natural thermal radiation of a cell in the shield is determined
by computing the complex (radiant and conductive) heat exchange on the basis of zonal methods, for example,
[2, 3]. As a rule, an awkward iteration method of computation is hence used, since the temperature field in

Fig. 1. Cell of a heat-absorbing shield of herringbone
profile (a) and analysis of the local angular radiation
coefficients from the inner fins of the profile (b).
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Fig. 2. Dependence of the natural thermal radia-
tion density, E, W/ m?: a) on the external radiation
flux density Eext, kW/m? b) on the angle of pro-
file rotation v (1, 2, 3, 4, shield cell, inner fin,
cooling channel, outer fin, respectively; solid curves,
A = 0.8; dashed curves, A = 0.9).

the profiles, which is unknown in advance, depends not only on the external radiant flux, but also on the dis-
tribution of the natural thermal radiation of the surfaces which depends on the temperature field itself.

In a number of cases this problem can be simplified with an accuracy adequate for engineering compu-
tations. First, for cooling the shield by a cryogenic coolant (liquid nitrogen, for example) it can be con-
sidered that the temperature field in the profiles depends only on the distribution of the external radiant flux.
Secondly, taking account of the high absorptivity of the black surface coatings of the profiles which are ordi-
narily used (A = 0.8), the natural thermal radiation of the shield surfaces can be considered equal to the sum
of just those natural radiation fluxes of the shield surfaces which are incident directly (without rereflection)
on the entrance surface of the cell

E = z— Mo (1)
en Y=y

It is possible to write for any zone of the profile surface

Q=20 ) Tt (M)Par,, roqdFi. 2)
Fy
If the surface temperature varies slightly in the zone under consideration, then (2) can be simplified
because of the introduction of the mean temperature of the zone surface and, therefore, of the mean angular
coefficient of radiation instead of the local coefficient:

Q= 8i(’T:'t F9r;, Fop- (3)

Therefore, the estimate of the natural thermal radiation of a cell of a heat-absorbing shield is based on
determining the temperature fields in the shield elements [1] and a computation of the local or mean angular
radiation coefficients.

Let us examine the problem posed in an example of a heat-absorbing shield exposed to an external flux
of sufficiently high intensity and which is a grating of herringbone profiles cooled by liquid nitrogen. A cross
section of the shield cell partitioned into zones is shown in Fig. 1a: 1 is the entrance surface of the cell; 2
and 8 are inner fins; 4 and 6 are outer fins; 3 and 7 are annular cooling channels; 5 is the exit surface of
the shield. In conformity with (1), the natural radiation of the cell is expressed as follows:

1 . .
E, = F (Qut Qi Quur) = Eint Echt Fout o 4) ,
en
It can be expected that radiation of the inner fins comprises the main fraction of the natural radiation
of the cell. The maximal temperatures and temperature gradients are on these fins; hence, the computation

of Qi is carried out by means of the dependence (2) which is written in the following more specific form for
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this case:

B

T*(x, Y)Par,. F, + Per,, F,) dxdy. (5)

(= N

H
Qin:: Qnoiu\

0

It is assumed here that for identical x, the temperature is identical on both sides of the fin.

The transverse dimensions of the cell are usually very much less than the shield length; hence, a de-
pendence for a system extending infinitely in one direction [4] is used to compute the local radiation coef-
ficients:

| R 1. .
Par,, F, = —é«(sm ay — SIN &), Pgr,, F, = ? (sin ooy — sin ).

Taking into account (Fig. 1b) that aq = a3 =1/2, sin ap = (MxK)/ABM,), sin a4 = (MzK"/(AML), AB = §, y; =
P + v, we obtain the computational expressions needed:

_ 1 1 — x -+ Scosyy '
ers. 7= ( V ST x%F £ 2Sxcos P, ) ’

=Lt x — Scosty —
ere £ =g ( V' 8% 4 x* —2Sxcos ) ’

For the remaining cell surfaces (outer fins and annular channel), the temperature change in the trans-
verse direction is usually insignificant; hence, the natural thermal radiation of these surfaces can be com-
puted by means of (3). If the temperature along the profile hence varies noticeably, then the dependence T(y)
is taken into account, for the outer fin, for example, as follows:

H
Qs Cour Ol oy (Pre, 7o+ PFy, £, ) j T*(y) dy. {8
[1]

A computation of the natural radiation of the separate elements and of the cell as a whole in a shield
of herringbone profiles with ¥ = 50°; v = 0°; 8= 98 mm; d =40 mm; Iin = 85 mm; louyt =120 mm; H=10m
yields the dependences represented in Fig. 2a. The results obtained confirm the physical representation of
the radiant heat-exchange mechanism in the cell, which assumed that the main fraction of the natural radia-
tion is the radiation of tlie inner fin. The natural radiation of the remaining parts of the profile yields very
much less flux, which meanwhile depends slightly on the external radiation.

The angle of rotation v of the profiles in the shield grating exerts the most substantial influence on
themagnitude Ec. Shown in Fig. 2b arethe results of computing a cell for diffuse entrance of external flux
Eoxt = 2 KW/ mz, A =0.,8. Asis seen, the natural radiation of the annular channel is small and practically in~
dependent of rotation of the profiles. Radiation of the inner fin is a maximum at ¥ =0 and diminishes as the
profile rotates toward the irradiating flux. At the same time, the radiation of the outer fin grows sharply for
large angles of rotation. Consequently, the density of natural thermal radiation of a cell in a shield has a
minimum at approximately y = 15°. The position of the minimum Eg is practically independent of the magni-
tude of the external load ( Fig. 3). It should be noted that this value of the angle of rotation lies in the range

of optimal disposition of the profiles from the viewpoint of thermal shielding of the eryocondensation pump
outside the shield grating.

NOTATION

A, integrated hemispherical coefficient of surface absorption: €, integrated hemispherical surface
emissivity; Q, radiant flux, W; E, radiant flux density, W/mz; T, temperature, K; o Stefan—Boltzmann con-
stant W/ m?- K4; ¢, angular radiation coefficient; F, surface area, m’; ¥, half the angle between the fins of a
herringbone profile; v, angle between the profile axis and the shield surface; S, spacing between profiles,
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m; H length of the profile fin, m; d, outer diameter of the cooling channel, m; H, shield length, m. Indices:
ext, outer; c, shield cell; in, inner fin; out, outer fin; ch, cooling channel; en, entrance surface of the cell.
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THERMAL CONDUCTIVITY OF FLUORIDES OF
ALKALI EARTH METALS

B. M. Mogilevskii, V. F. Tumnurova, A. F. UDC 536.21
Chudnovskii, E. D. Kaplan, L. M, Puchkina,
and V. M. Reiterov

. A linear dependence is obtained between the thermal resistance and the temperatures for the
monocrystalline fluorides CaF,, SrF,, BaF,, and MgF,. Anisotropy in MgF, has been dis-
covered.

Thermal-conductivity measurements are an efficient method of studying the structural and energy
properties of the crystal lattices of a class of ion laser compounds (the alkali earth fluorides) which are im-
portant in the practical aspect.

Monocrystals of the alkali earth fluorides are characterized over the range 80-300°K by a linear de-
pendence of thermal resistance on temperature:

W=AT A, (1)

with a negative value of the constant term A, (see Fig. 1a, b, where data of the measurements are given with
an error of 5% with respect to steady-state procedure [1]). It is supposed that the negative quantity A, is the
result of participation in heat transfer of optical branches evolved in the complex structure of fluorite. The
coefficient of thermal conductivity can be represented in the form

B B
A=W l= A+ Agp ™y —2 + =2,
ac * hopt™ + T (2)
where
By = AT, By=|Aj- (A)™ 3)

The second term in Eq. (2) describes the four-phonon scattering processes of the optical mode, since three-
phonon processes for these modes are suppressed because of limitations due to the laws of conservation of
energy and momentum [2]. The numerical values of the coefficients A; and A, for various fluorides with
the structure of fluorite in the sequence CaF, SrT,, and Ba¥F, are: A; = 0.38- 107%; 0.42-107%; and 0.6-1073
m/W; A, =—14.5-10"%; —18-107%; and —21.5-10"% m- deg/W. The measured values of thermal conductivity
in CaF,, BaF;, and SrF, are higher by approximately 5% than the results of[3, 4], which probably is due to
the higher purity of the samples.

In contrast to fluorides with the fluorite structure, MgF,; has the anisotropic structure of rutile [5-7].
Anisotropy in the directions L and Il to the optical axis C[001] is manifested by measurements of the elec-
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