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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 effective heat conductivity of the filler, taking into account
radiant heat exchange , which plays a significant role here . In
work [1] an analysis is made of asymmetric aerodynamic heating and
effective heat conductivity of a thin—wall panel with a circular
cyl indrical filler . The solution was constructed in a linearized

formulation under the assumption of constancy of the nuclei of

integro—differential equations, describing heat exchange in 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 is found depending on the

dimensionless parameters which determine the process.

A cylindrical honeycomb filler is 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 . Figure J. gives an example
of a honeycomb filler, the bases of the cells of which are true

hexagons.
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A honeycomb ce ll, 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
T1 and T2 respectively. The bases radiate according to the law of

an absolutely black body, and the walls - Ideally gray with a degree
of b lackness ~~~~. 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 corres ponds prec isely 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 f ill er with cons ideration of heat radiat ion has the form

(1)

the Integral equat ion of radiant heat exchange

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(2)

boundary conditions:

1(O)~~ J; 1(I ) ~~~t~, (3)

2.
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a

where it Is designated

T :. ~~~~~~~~~~~~~~~~~~~t — - ~ -; I—
~li 

q— •

K(E); K(l—~ ) — coefficients of irradiance 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 ;

dK (r)
dr — mutual coefficient of irradiance of two elements

of the cylindrical surface at a distance r from each other.

I A d  A I A d  I I II -

IJ ilfflTI,,, 11I~~~~~ ’

P’igure 1. Hexagonal honeycomb filler.

The func tion K( ~~) ,  which Is fading rapidly with an Increase

of ~~~, for cells of arbitrary form in a plane we will approximate

by the exponential function

I((
~
J_I+exp(_2I

~
), (1~)

where — dimensionless geometric parameter . In the case

of a round cylindrical filler

I—*  ~~~~~~~~~~~~~~~~~~

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

3.
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in the fcrr’~ 01’ a ~et  of p ar a l l e l  walls —

I— -
~~
.• 

~~~
A ~‘o:~pa ri~ on of the  p recise  c o e f f i c i en t  of  I r r ad l a n ce  K ( ~~) and
t ir ’ I r first derivat. 1ve~ , w h i c h  f o r  t hose two cas es can  be ob t a i n e d
:‘eadll v by t h e  d i f f er e n t  lal  met hod ( see [ 3 ] ,  and also [ :‘] ) , w i t h

hose c:i II’ u l at  ed ac ‘o r d ing  t o fo rmu l a  ( 14 ) shown I n  F igu re  ..~

I ifi

Figure 2 .  Comparison ot’ the a pp r o x I mat i n g t’un ct  I on  exp (— ..~l~~) ( 3 )

with the precise angu lar  c o e f f i c i e n t s  .~K V )  (i? ) and -~~~(I) ( 1) :
— for  a round cy l I n der , appro x  I m a t  ion o t’ work  C .~ I; b — for

p ar a l l e l  wa l l s .

A f t e r  subst It ut .1 on ot’ (14 ) I at  o ( .
~~ 

) t he m l  egral e q u a t i o n  ( .‘ )
is replaced by the  equa t ion

I
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which after the appropriate transformations can be reduced to
the differential

d’~~ ) 4 j ~~~) du($4 (~)J (6 )

with boundary conditions:

q(O) 1 
~~— — -~~- — -~- exp (—21) —

—

q(I) t~ 
( 7 )

— =-~--— -~-exp(— 2O —

_ I (~[t’(iu — 1 L
q(q)]exp t_ 2!(I —i1)Jdij.

The problem is reduced to two differential equations of the
2nd order (1) and (6) or their equivalent equation of the l4th order

~~~~~~~4ej S j _~~,d I t’(~)I O (8 )
d~’ d~’

with boundary con dit ions ( 3 ) ,  ( 7 ) .  Af te r  l inear izat ion of the
equat ions and boundary conditions (7) relative to O (F~)=t(~~)—l the
solution can be obtained in a closed form :

q (IJ — 2(1 — 1~) ~ ~ + ~ 1zp(— k ~
) — exp —k(I — I))}.I~(a, 1, s)k .

L ‘ 
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wh ere

I(o . l, e) _I1 ø+e/I + iS~~ 1ys (gu~~~ )

c (a. 1. a ) — u+P + 1 ) /s (P +ã) —
— exp (—  k) Io + 1’— ’ V~i~~~) i.

(10 )

At values of the dimensionless parameter a , characterizing

the ratio of heat transfer in the honeycombs by radiation and heat

conductivity, close to 0 and ~o, we obtain correspondingly
t(~) I —(I — i,)~

- the solution with disregard of radiation ;

t (
~) — — 

I 
— 
(1 — ~~

2(1+1) 1+1

— the solution , in the case of a round cy l indr ica l  f i l l e r  co inc id ing
with the distribution found in [~?] for t emperatures In a cylindrical

t ube  in the  absence of heat  conductivity and corresponding to the

approximate solution ci’ the classical Vlasov—Khottel problem
[14 , ~~~, eS].

Introducing the generally accepted concept of effective heat

conductivity of a honeycomb filler in the direction of axis

~~

_ _ QH (l l ’
~ 1T1 ( 1 — t 1)

where Q — total heat flow arriving from the upper base of the cell

onto the lower
Q.. — ).6L ~J.(O1 + 471(F— (l —4(1 — 11)I X

X j— F_ exP (—2lVLHd~
—

—
1~

[I +4e (V — i_~ _E
q(~)] J_ exP(_21~ )LHd~ }_

- — ~ LT1 .~! (0) + 21~ T~ —i-- ,
H dt
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we obtain for the expression

F 1
~~~

4
+(1+0m 7 o ; :  ‘ 

(12)

T 6b e ing  d e t e r m i n e d  by d imens ionless  parameters  0 — . j ,o ,i

In the case of little influence of radiation (a~~ 0) or heat conduc—
t i v i ’ y (a -

~~ ~
) formula  (12 )  tu rns  In to  formula

- 6L

..~~ 4 1_ I
~~7 (13)

and

- - o  4c.7’~H I
X LII (lLi )

~~~11

corresrondin~ ly; In the case of a radiating capacity of’ t h e f i l l e r
close to 0(c ~~ 0) the effective heat conductivity of a honeycomb
filler , as it should be expected , is determined by the sum of
eq u a t I on s  (13) and (1 14 )

( 15)

The solut ion of’ (12) makes it possible to select the form of
the honeycomb filler cells which possess the least effective heat
conductivity. When c 0  we obtain from (15) for the optimal magnl—
tude of geometric parameter 1:

1 ,a.Y~— i  ~~~~~~~~1u., _ 0  ~~~~a<1.

This and the anaL gous dependence of 1
0 fl1 

on a when c 1, cons truc ted
according to (12), are shown in Figure 3.

7.
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Figure 3. Dependence of’ ~~~~ on a :
1 — when c=0 ; 2 when c=1 .

DESI]~ ATI O~JS
T — temperature (°K ) ;  z — coord ina t e  on height  of f i l l e r ;

~pe 3 
— d e n s i t y  of r e s u l t i ng  radiant  heat f l ow;  c 0 — S t e fan — B o l t :m a n n

c o n st a n t ;  A , c , H , 6 — heat conductivity, degree of blackness ,
height and half—thickness of the filler wall; L, F — l eng th  of con —

oar  and area of cell base ;  D — diameter; a — distance between
paral le l  w a l l s ;  — e f f e c t i v e  heat c o n du c t i vi t y  of  a honeycomb
f i l le r  in the  d i r e c t i o n  of ax i s  z .
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