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THE EFFICIENCY OF HEAT CONDUCTIVITY OF HONEYCOMB FILLERS
G. N. Zamula

The use of multilayer panels with a honeycomb filler in con-
structions which operate at high temperatures requires a calculation
of effectlve heat conductivity of the filler, taking into account
radiant heat exchange, which plays a significant role here. 1In
work [1] an analysis 1s made of asymmetric aerodynamic heating and
effective heat conductivity of a thin-wall panel with a circular
cylindrical filler. The solution was constructed in a linearized
formulation under the assumption of constancy of the nuclei of
integro-differential equations, describing heat exchange 1n a honey-
comb cell. We obtained the solution of a problem for different
forms of a thin-walled cylindrical honeycomb filler when it is
functioning in a system of a multilayer panel with absolutely black
radiating surfaces on the basis of exponential approximation of the
nucleus. An optimal form of filler cell 1s found depending on the
dimensionless parameters which determine the process.

A cylindrical honeycomb filler 1s formed by identical cells
which are adjacent to each other and which are made in the form of
thin-walled hollow cylinders of different form in a plane with
generatrices which are perpendicular to the plane limiting surfaces,
which further are considered isothermic. Flgure 1 gives an example
of a honeycomb filler, the bases of the cells of which are true
hexagons.
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A honeycomb cell, thermally insulated on the side surface, is
shown in Figure 2, where L and F -~ length of the nonconcave contour
and area of the upper and lower bases of the cell with temperatures
Tl and T2 respectlvely. The bases radiate according to the law of
an absolutely black body, and the walls - ideally gray with a degree
of blackness €. We disregard heat exchange with the diathermic
medium within the cell. The temperatures and radiant flows for a
cell of arbitrary form in a plane will be averaged for each section
parallel to the bases and the problem considered as unidimensional,
which corresponds precisely to reality in the case of a round cylin-
drical filler and a filler in the form of an infinite set of
parallel walls (axisymmetric and plane case).

With the accepted assumptions the equation of heat conductivity
in a filler with conslderation of heat radiation has the form

@ _ - (1)
g o0 =0

the integral equation of radiant heat exchange
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boundary conditions:

£O) = 1; £(1) = 1, (3)




where 1t 1s designated

T & . gmGliH

‘-_ﬁ; ‘-_’-'-0 q= T . 8\ .

K(§); K(1-f) - coefficients of irradlance of an element of the

cylindrical surface of the filler at a distance § from the upper
base of the cell by the upper and lower bases respectively;

v =—-KO

dr - mutual coefficlent of 1rradlance of two elements
of the cylindrical surface at a distance r from each other,
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Figure 1, Hexagonal honeycomb filler.

The function K(&), which 1s fading rapidly with an increase
of £, for cells of arbitrary form ln a plane we will approximate
by the exponential function ;

1
K(ﬁ)--z—ﬂ(—’ﬂo (4)
LH ’
where ‘-']F_ - dimensionless geometric parameter. In the case
of a round cylindrical filler
H 1 H )
-— = —exp|—2—
-t KW= p( -t

we obtain the known approximation of work [2], and with a filler




in the form of a set of parallel walls -

e K L)

A comparlison of the preclse coefficients of irradiance K(f) and
thelr first derivatives, which ror these two cases can be obtained
readlly by the differential method (see [3], and also [2]), with
those calculated accordling to formula (4) 1s shown in Figure 2.
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Figure 2. Comparlison of the approximating function exp(-21§) (3)

with the precise angular coefficlents 2K(&) (2) and %NND (L)
a - for a round cylinder, approximation of work [2]; b - for

parallel walls,

After substitution of (4) into (2) the integral equation.(S)
is replaced by the equation
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which after the appropriate transformations can be reduced to
the differential

90 @) (6)
v Mq(a)-eTf

with boundary conditions:
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The problem is reduced to two differential equations of the
2nd order (1) and (6) or their equivalent equation of the 4th order

e —Qd‘d"——;-( )—m"——-—"‘m'-o (8)
dg dp ag

with boundary conditions (3), (7). After linearization of the
equations and boundary conditions (7) relative to 6(£)=t(£)-1 the
solution can be obtained in a closed form:

@ =2(1— )-'.L“_ti{..p(_m —exp [—k(1 —m].
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where

k=2VePFo),
[l e)matoll +P + 1V T 0)~

—exp(— R0+ ol + B =1V (P T,
9@ Le)=c+P+IVeil@+o)—

—exp(—R)jo+P—1Ve(® —o)
(10)

At values of the dimensionless parameter o, characterizing
the ratio of heat transfer 1n the honeycombs by radiation and heat

conductivity, close to 0 and e0, We obtaln correspondingly

t@R =1—(1—1)¢

- the solution with disregard of radiation;
et —en g,

20+ 1+

- the solutilion, in the case Sf a round cylindrical filler coinciding
with the distribution found in [2] for temperatures in a cylindrical
tube 1n the absence of heat conductivity and corresponding to the
approximate solution of the classical Vlasov-Khottel problem
R PR

Introducing the generally accepted concept of effective heat
conductivity of a honeycomb filler in the direction of axis z:

RO, . i1)
e daly” AT (

where Q@ - total heat flow arriving from the upper base of the cell g
onto the lower
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we obtain for i'.,—% the expression

T ] (0. l.! )
Ao = 4— (I 20 Le (12)
. ‘H(+°m f(o, I, &)

[\
being determined by dimensionless parameters x-T.l. o, e
In the case of little influence of radiation (02 0) or heat conduc-
tivity (o + «) formula (12) turns into formula

6L

i il (13)
and
- - o 4¢,TIH 1
A By g ;] (14)

correspondingly; 1n the case of a radiating capacity of the filler
close to 0(e 88 0) the effective heat conductivity of a honeycomb
filler, as 1t should be expected, 1s determined by the sum of
equations (13) and (14)

Ro=d(t4:55) (15)

The solution of (12) makes 1t possible to select the form of
the honeycomb filler cells which possess the least effective heat
conductivity. When €=0 we obtain from (15) for the optimal magni-
tude of geometric parameter 1:

lge=Vo—1 wheys>1, ’
lae =0 wheno < 1. ‘

This and the analogous dependence of lcmT on o when €=1, constructed
according to (12), are shown in Figure 3.
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Figure 3. Dependence of lOnT on o

1 - when €=0; 2 when =1,

DESIGNATIONS
T - temperature (OK); z - coordinate on height of filler;
qp81 - density of resulting radiant heat flow; ¢y - Stefan-Boltzmann

constant; X, €, H, § - heat conductivity, degree of blackness,
helght and half-thickness of the filler wall; L, F - length of con-
tour and area of cell base; D - diameter; a - distance between
parallel walls; Aam - effectlive heat conductivity of a honeycomb

filler in the direction of axis z.

BIBLIOGRAPHY

I. Mosapuwuun M C. HOX, N 10, 1961

2 Usiskin C M, Siegel R Journal of Heat Transfer, Nov. 1960.

3 Cypunos 0. A C6. <Tennonepeasya M TENAOBOE MOAEAHPOBANHWE>.
M, H3a-so AH CCCP, 1959

4. Baacos O L. Hasectus BTH, Ne 1, 1929.

5. Aixko6 M Bonpocu tenaonepeaaun. M., HJT, 1960.

6. Wopun C. H Tennonepenava. M., n3n-so «Bucwan wxona», 1964.

", A% - s




DISTRIBUTION LIST

DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHE ORGANIZATION MICROF ICHE
A205 DMATC 1 E053 AF/INAKA 1
A210 DMAAC 2 EO017 AF/RDXTR-W 1
P344 DIA/RDS-3C 9 E403 AFSC/INA 1
C043 USAMIIA 1 F404 AELDC 1
C509 BALLISTIC RFS LABS 1 E408 AFWL 1
C510 AIR MOBRILITY R&D 1 E410 ADTC 1

LAB/F1I10 L4133 ESD 2
C513 PICATINNY ARSENAL 1 FTD
€535 AVIATION SYS COMD 1 CCN 1
C591 FSTC 5 ASD/FTD/NIIS 3
CfF19 MIA REDSTONF 1 NI2/PHS 1
DNO8 NISC 1 NIIS 2
11300 USAICE (USAREUR) 1
pco5 DOFE 1
P050 cIA/CRS/ADD/SD 1
NAVORDSTA (50L) 1
NASZ? /KS1 1
AFIT/LD 3

]

11.1 /Code T-380

FTD-ID(RS)T-1631-78

—— —— g T
- SO — P —— T

r : e vt A
o ik g o L8 e

By
cnna - S SRS ———




