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Abstract

The forced-convection longitudinal flow of a viscous and heat-conducting fluid in a system of thin parallel cylinders, arranged in reg-
ular patterns, is studied. The aim of the study is to determine both the velocity field and temperature field between the system of thin
cylinders. A new way of calculating i.e. the use of a complex number is proposed. The final results are analytical formulas for determining
the longitudinal permeability and the Nusselt number of the fluid and the system of thin cylinders.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

This paper is a study of the longitudinal flow of fluid
between systems of thin and long parallel cylinders arranged
parallel in regular patterns with a given packing fraction.

The aim of the study is to determine the forced flow
evoked by the longitudinal pressure gradient for a viscous
and heat-conducting fluid, in particular, the influence of
geometry (cylinder thickness and their arrangement) and
of the thermal properties of the fluid.

Problems of the fluid flow between system cylinders are
often found in technology as well as in nature. They are
found in some nuclear reactors, in heat-transfer equipment
[14,15] and also in the process of chemical fibre spinning
[9,12,13] or the coating of wires. In nature they take place
during air motion in grain fields and forests.

The problem of determining the field of the velocity was
solved by Emersleben [1-3] for a square net and different
two periodic nets obtained by the superposition of square
nets but only for rods of a special profile, resulting from
the form assumed by the solution with singularities which
are regularly arranged. Sparrow and Loeffler also dealt
with this problem [4,5]. In the year 1959 they provided
the approximate solution for flow round a triangular and
square net of cylinders by the use of the method of bound-
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ary collocation. Sparrow and Loeffler in the year 1961
solved the second problem of heat transfer, practising the
method of the boundary collocation, for cylinders arranged
in a triangular network [5]. Happel [6] solved the problem
of flow round nets of cylinders via the cellular method. The
numerical solution of the velocity field can be found in
works of Schmidt [8] and Szotochow et al. [7]. In their last
paper they also solved a problem through electric model-
ing. In articles [10,11] an analytical solution moved closer
to the field of the speed for cylinders very thin, was found
by the method of the superposition of solutions.

Yang in papers [14,15] used the method practised by
Sparrow and Loeffler for outlining the field of the velocity
and the heat of transfer in the flow in which the influence of
the buoyancy force to conditions of the flow is considered.

In paper [17] the natural-convection flow of a viscous
and heat-conducting fluid in system of cylinders arranged
vertically in a regular pattern was studied.

Recently in paper [18] an experimental study of free and
forced convective heat transfer along vertical slender cylin-
ders was presented.

The present paper deals with forced flow between paral-
lel cylinder arrays and proposes a new way of calculating
by the use of a complex number. In this study the method
applied in papers [10,11,16] is the starting point for the
present paper. A more comfortable notation of results
was introduced with the help of complex numbers.
The object of the paper is introduced by the analytical
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Nomenclature

velocity

dimensionless velocity

temperature

dimensionless temperature

liquid density

pressure

dynamic viscosity of liquid

thermal conductivity

specific heat

cylinder radius

pitch in cylinder array

ratio of cylinder radius to pitch in cylinder array
cross section falling on one cylinder
dimensionless surfaces of basic central cell

e > o as<D® Rl I

9%}
o

number of cylinders contained in the group n
amount of groups held for calculations
number of cylinder

number of last cylinder in group

volume coefficient of filling

x,y,& Cartesian coordinate systems

X, Yy coordinates of axes of cylinder
z=x+iy=re, z* =x—iy=re ' polar coordinates
Zy =Xy +1Y = R,e%, Z; = X; —iY; = R,e"% polar
coordinates of axis of cylinders

N R"F=3

F;/S permeability

o coefficient of heat transfer
q stream heat on surface
Nu Nusselt number

solutions: at first fields of the velocity and then fields of
temperatures, at the flow round a regular arrangement of
very thin cylinder, taking into consideration the heat of
transfer. After calculating local functions of the velocity
and the temperature we will consider global flow-thermal
characteristics, which means the filter permeability and
for the heat transfer between liquid and cylinders. The pur-
pose of the paper is both to discuss the practised method
and to introduce results describing processes of exchange
for individual cases of nets: triangular, square, hexagonal
and octagonal-square.

2. Problem statement

We consider the steady laminar flow of a viscous and a
heat conducting fluid in the space along and between the
cylinders with the velocity w. The cylinders are identical
and thin of the diameter 2a arranged regularly in distances
b in such a way that points of breaking the perpendicular

plane through them with their axes are arranged on ver-
texes of regular polygons (Fig. 1).

Along the cylinders the temperature of their surface
changes linearly and there appears stationary heat transfer
to the surrounding liquid. Arrangements of cylinders iden-
tically burdened dynamically and thermally are examined.
We assume that in the liquid the density p, the specific heat
capacity ¢, the coefficients: of the viscosity u and the ther-
mal conductivity k, and the along components of gradients
of the temperature 7 and pressures p are constants. In a
cross section the temperature on the surface of cylinders
is also fixed. The tenuousness of cylinders can be estab-
lished by introducing the small parameter

a
£= 5 < 1, (1)
which we will carry out towards assessing, rejecting the
small of higher order.

Let us introduce the Cartesian coordinate systems of
x,y, & located symmetrically between cylinders with the axis

Fig. 1. Arrangement of cylinders in a space.
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¢ parallel to the cylinder axes and we will mark as
X, Yy (k=1,2,...) coordinates of the axis of cylinders
in cross-section. We will still be treating coordinates x,y
as dimensionless, for which the distance between cylinders
b is the appropriate characteristic length scale. Apart from
a two-dimensional Cartesian system of reference x, y at the
same time we will have polar coordinates (Fig. 2) in har-
mony with the model in the complex numbers

z=x+iy=re? ' =x—iy=re’’ (2)

For the configurations of regularly arranged cylinders
examined, parameters of the flow will be periodic functions
x and y. At the selection of frames of reference of cylinders,
we will be guided by criteria of the symmetry and selection
of the element of a set of cells, the central cell, in which we
will be determining the fields of the velocity and tempera-
tures. The middle of the coordinate system x,y will be
put in the centre of the central cell being the section with
shapely polygon created from points of breaking the plain
¢ = 0 with axes closest to the neighboring cylinders. If for
the examined configuration of the arrangement of cylinders
a few basic cells exist with different schedules of the velocity
and temperatures of liquid, then we will alternatively estab-
lish centres of the right Cartesian agreements in centres of
all of these cells.

For both the central cell and the coordinate system cho-
sen, we will group cylinders according to their distance
from the centre of symmetry, indicating the number of cyl-
inder by k£ and through # the number of the next group of
cylinders according to the assignment:

k 1,2,...,Ky ki,ki+1,...K; knkn+1,... K,
m, my =Ky my =K1 — Ky - my =K, —K,
n 0 1 - n

y‘k

Fig. 2. Arrangement of cylinders in transverse plane.

where m, is a number of cylinders contained in the n group
and k, = K,,_| + 1 is the first cylinder in the n = 0 group, in
addition ko = 1. Through n =N we will determine the
amount of groups held for calculations. We will introduce
two-dimensional coordinates of the axis of cylinders in the
united record as follows (Fig. 2):

Zp = Xy + 1Y) = R, (3)

Outlining the field of the velocity and temperatures in
the central cell surrounded with cylinders belonging to
the group n = 0 for the surface Sy and the radius R, definite
with the formula

-1
So = @ctgi— (@ — l)nez, Ry = (2sin£> (4)
4 my 2 my
will be a basic problem of this paper. Because of the peri-
odic arrangement of cylinders, the distribution of parame-
ters of the flow has also periodic character and therefore
outlining these parameters in basic central cells will be suf-
ficient. Outside dimensionless surfaces S, of basic central
cells, we will still introduce the surface of a cross section
S, falling on average to one cylinder. With its help, we
can determine the volume coefficient of filling

b’

X = Tsz. (5)

Sizes S, /&%, S, for essential configurations of cylinders are
given in Table 1. Field of the velocity w and the tempera-
ture 7 will be introduced with the help of the dimensionless
functions W and 0 in the form:

or b*pc op
T = B
o ¢ e aéﬁﬁay) and
b* dp
w=———W(x,y). 6
W) (©)

By substituting the above expressions into the basic
equations of both the momentum and the energy, we will
receive the system of two Poisson’s equations in the same
order:

§me+#wmw

ox2 & -1 0
0%0(x,y) 0*0(x,y
L S W), (3)

On the outlines of cylinders surrounding the area of the
flow, the velocity and the temperature should fulfill the
conditions

W\ZH:S =0 and (9)
Oy = 0, k=1,2,... (10)

Zk:Z—Zk,

In this way the problem posed was led, in turn, to at first
determining the field of the velocity W from the Eq. (7)
with the boundary conditions (9) and then fields of temper-
atures 6 from the Eq. (8) with the boundary conditions (10)
given. As can be seen, for solving the second problem the
need to determine the field of the velocity exists. One
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Table 1
Geometrical parameters and integrals by Eq. (11) for different nets

n m K, R, tgd,, ~ Variant 4, Sty [ Jo, WidS [ [ WodS S [ [ W,dS
Square array 0 4 4 \/Ti 1 a —0.6931 —2.9443 —3.6374 —3.6374

1 8 12 @ % b —7.3777 7.3334 —0.0443 —3.6817

2 4 16 % 1 a —5.9915 6.0164 0.0248 —3.6569

3 8 24 \/§ ) b ~14.9811 149738 ~0.0073 —3.6642
Triangular array 0 3 3 ‘/Ti V3 a 0 —1.5409 —1.5409 —1.5409

1 3 6 % 0 a —1.0986 0.3843 —0.0914 —1.6323

2 6 12 % ? b —4.9698 2.1963 0.0493 —1.5830

3 6 18 \/§ 4z b —8.7980 3.8096 ~0.0001 ~1.5831
Hexagonal array 0 6 6 1 ? a —3.5835 —0.2338 —9.5440 —9.5440

1 6 12 2 ‘/Ti a —8.2963 21.6102 0.0818 —9.4622

2 12 24 V7 @ b —23.3509 60.6675 0.0001 —9.4621
Octagon-square array 0 4 4 ? 1 a —0.6931 —2.9443 —3.6374 —3.6374

1 4 8 1+ 4 1 a —4.2186 4.2784 0.0598 —3.5776

2 8 16 MEVE L2 —14.7498  14.7601 0.0103 ~3.5673

5 4 20 ¥ +1 1 a —9.1007 9.1060 0.0053 —3.5620
should pay attention to the fact that Eqgs. (7) and (8) are =~ where
linear and the boundary conditions (9) and (10) are homo-

. Y ©) ( ) . N R(z)—(x2+y2) Rgfzz* Ré—r2
geneous. For solving the problem posed, it is possible to W(x,y) = = = (12)
apply rules of the superposition. 4 4 4
is the special solution of Poisson’s equation (95),
2.1. Method of determining the velocity field K,
W, (x,y) = Ay + B, Y In(z — Z4)(z = Zi) (13)

The field sought of the longitudinal velocity is defined
with the help of dimensionless functions W (x,y) to accom-
plish putting Poisson on the same level (7) and the bound-
ary conditions (9) of zeroing oneself on the surface of the
velocity of fixed cylinders. We will be seeking an approxi-
mate solution of the sum, which will fulfill the boundary
conditions (9) only for small values ¢ on the limited number
Ky of cylinders, in the form satisfying the Eq. (7)

. 1S
W(x,y,e,N) = W — 2
(x,y;6,N) (x,y) + in

Ae) + Z Wn(x7y)],

k=k,

is the solution of the Laplace equation relating to
m, = K, —k, + 1 straight poles put in axes of cylinders
on a circle of the radius R,, and 4(¢), 4,, B, are constants
meanwhile not determined.

Using symmetrical arrangement of points Z;, we can
describe the post W, in a more comfortable form. These
points are arranged in examined regular nets either like
in the variant (a) on vortexes of one regular polygon or like
in the variant (b) on tops of two identical regular polygons
of the symmetrical location relative to the axis of coordi-
nates (Fig. 3). For the variant (a)

Va Zy

variant(a)

variant (b)

Fig. 3. Two variants arrangements of cylinders in cells.
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Zh = Zpy - €mtR) <k <K, n=0,1,...

we can convert sums appearing in (13) according to for-
mula resulting from algebra

K,
Z In(z— Z,)(z — Z)"
k=ky
Ky
—1In H(Z —Zi)(z—Zy)" = (2" — Z")(Z"

o
ny 2my,
r r
= InR*™ ll - 2<R_n) cosm, (¢ — ¢ ) + <R_n> ] .

For the variant (b)

Z ek <k <k
Zk = 4n
anelm—n(Kn*k)’ k, + mn <k<

_ ZZ?:)*

SR

the half from the total of points in the given group is a mirror
reflection with respect to an axis of symmetry x of remained
points. So we can transform series (13) as follows
K,
> In(z—Zi)(z - Z)'
kn
knt3t—1

Z In(z— Zy)(z — Zy) —|—Zlnz—ZA z—7Z;)

mn

r\? my, r\™

= InR>™ [1 — 2(R—”) cos 5= (¢ — ) — (R—) ]
"\ m, r\"™

X l1—2(R—n> C057(<P+¢k,,)+ (—> :

Rn

Sum W (x,y;e,N) (11) satisfies the Navier—Stokes equation
closely, which is reduced, in the examined case, to the Pois-
son Eq. (7), and we will try to select constants A(¢), 4,, B,
appearing in it, in order the boundary conditions (9) be ful-
filled possibly best on account of the small parameter ¢ and
on possibly the largest number of cylinders surrounding the
central cell. Accurate fulfilling, by the established figure of
the solution (11) of condition (9) on all cylinders does not
even seem possible or intentional, and therefore, for the fin-
ished number of cylinders K, we will be selecting constants
A(e),A,, B, in such a way so that the mistake of the gotten
approximation inside the central cell does not grow with ¢
faster than linearly.

(15)

()]
1 7 sl
B R AN

NEONIEEN

Exploiting the condition of the balance of forces on
every cylinder

2n

rm=lz—2Z; =¢
o =l

U

with the accuracy to terms of the zero order for the sake on
&, We receive

B,=1, n=0,1,2,... (16)

It is possible now to introduce condition W = 0 on any k
cylinder z — Z; = ¢ in the form

0 Ry ZZy+e(Zie™ + Zie) + &

4 4
—|—4 bz{ +ZA +Zln Zi—Z2))(Zy = Z))
+e((Ze —Z)e ™ + (Ze - 7)) )+s]} (17)

Let us notice that one of the expressions for the sign / = &
for ¢ — 0 is becoming odd and in order to remove the sin-
gularity, we will introduce

A(e) = —Iné. (18)

The above relation permits to fulfill the condition (17) on
every cylinder with the accuracy to terms of the lowest or-
der, thinned out from the consideration on &. However
accepting

Ko

Ao = 72 ln(Zl 721)(21 72[)* =

1=2

—2In(meR®™") n=0
Ay==> In(Z) - Z))(Z) - Z))" = —2m,InR,—
1=k,
2m,
{1 - 2(%) cosm, (¢, — ¢,) + (ﬁ—“) } (a)

1) oo+ ()]

L - 2<R70>"', cos 3 (1 + ¢y,) + %Y’”} )

wlF

(19)

we will fulfill conditions (17) on cylinders of the central cell
n = 0 with the accuracy to two terms of the lowest order
for the sake of ¢. Using the expressions (14), (15), (17)—
(19) we will get W,(13) in the complex notation to the form
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Using (12)—(14), (16)—(19), we receive the approximate
solution (11) in the polar coordinates r, ¢ in the form

zeroing the temperature on the surface of cylinders.
Changeable right side of the Eq. (8) W(x,y;&, N) has been
defined by formula (21) in the previous part of the paper.

Ry -1 S = We will b king th imate soluti f this task
W(r, p; ¢, N) = -0 + e+ W, (r, , e will be seeking the approximate solution of this tas
(r, g5 N) 4 4mb? l ; (. ) in the sum
(21) N S N
0,y;e.N) = 00r,y) + =5 |CE) + D (0. +0,)|,  (24)
4nb =
where n=
R2 mg 2my
In—¢ +In {12(15(]) cosmo(qof¢1)+(RL0> } n=0
0
2mp
|:12(ﬁ)m” cosm,,((pfqﬁkn)+ (ﬁ) :|
W, = In R R 2 (a) (22)
0 cosm, 0
[1 —2(3)™ (d1—ds, )+ ] n=1.2,
n [— (RLZ (- i, )+ () Hl 2#) T cost o+, )+ (R,i)'”””]] »)
[1—2(R—2) 2 cos— (bl d)kn R—O :| |:1 2 R—O ¢1+¢Im) (RO) ”:|
This solution fulfills the Poisson equation closely (7), but ~ where
the boundgry conditions (9) are only appro;imately ful- R g ) @2
filled on cylinders of the central cell with the misconception  (x, y) 0 ( 3R) + S A(e) r 0 (25)
being able to grow linearly with &. 64 Ut 4
Formulas (21) and (22) present results received in the and
more comfortable notation than depicted in [10]. Thus
obtained distributions of the velocity for a few ¢ and N i PR & (z-Z)(z-Z)
are shown for the square net [10], and for the triangular L (x,y) =4, 2 ¢+ Z 4
and hexagonal nets in [11]. =
Knowing the distribution of the velocity in central cells x [In(z = Zy)(z = Z)" = 2] + C, (26)
we can determine the average velocity of the flow in each of ) ) ) )
these cells they are special solutions of the Poisson equations:
b* Op 0 00 S
w=——_—_W, W=— w drde. 23 —+—= W(x, A(e), 27
w 1 aé SO / 5 (7", (P)r rde ( ) Ox2 + ayZ (x y) + 4T[b2 (6) ( )
Calculations of the integral [ [ W(r, )rdrdg implicating  and
the longitudinal permeability for different nets are pre- 20 20
sented in Tables 1 and 2 in Fig. 4. Y y 28
2 + )2 (x,7)- (28)
2.2. Method of determining the temperature field .
The expression
The sought field of the temperature is determined with Ky
the help of the dimensionless function 0(x,y) satisfying 0, =D, +E, Z In(z - Zi)(z - Zi)", (29)
the Poisson Eq. (8) and the boundary conditions (19) of fe=kn
Table 2
Longitudinal permeability for different nets
Kind of net z% So 4 i [So wds fu
Square array 1 1 T 15 =10.0833 L [In% _ 1'4723]
Triangular array @ @ 271% Q =0.0271 = [In% - 1.4718]
Hexagonal array %’3 %3 347’% %7 =0.3789 + [ln,]z - 1.3481]
Octagon-square array 3*3‘\5 2(14+2) 3+‘12"ﬁ 10\/224*T =1.1309 L [lnl/ - 0.9713]

&)

[

Permeability average 4= 4]7[ {ln% —1.1596
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A
F,/S
A\ - triangular array
030 T [0 -square array
O - hexagonal array
O - octagon -square array
0.25 |
0.20 L
o151t T Emersleben
-0
Sparrow,
Loefller,
0.10 : : — —
0 0.01 0.02 0.03 0.04 X

(e=~0.1)

Fig. 4. Dependence of longitudinal permeability 7 /S on filling .

is the solution of the Laplace equation of cylinders on m,
straight poles placed in the axe cylinders belonging to the
group n. The constants 4, are determined by Eq. (19). Con-
stants C(¢), C,, D, and E, must be so well-matched that the
mistake of the gotten approximation is possibly smallest.
The solutions (24) satisfy closely the Poisson Eq. (8), but
cannot exactly fulfill the boundary conditions (10). We will
try to establish unknown constants C(¢), C,,D, and E, so
that the balance of the energy and the boundary conditions
on the surface of cylinders of the central cell were fulfilled

with the accuracy to terms of the zero order for the sake of
e, we will receive

n=0,1,2,....

E, =W, (31)

Condition 0 =0 on the cylinder of the central cell
|z — Z;| = ¢ (for the sake of the law of the symmetry the
condition is satisfied automatically on remained cylinders
of the central cell) can be presented introducing the con-
stants, in the form:

approximately (10). Cle) = ~Wine, (32)
Using'the condition of the conservation of energy on Co=— ”i (Z1 =202 = Z) In(Z) — Z)(Z) — Zo)" + moR2,  n=0
every cylinder for the element of the net =1 4
Co=-— KZ w In(Z1 — 20)(Z — Z)'
or oT _ k=%,
_K/O a—rkrkdq?:pc&wS (30) +’%(R3+R§), h 12, (33)
0
0.10
0.09f
0.08f
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0 b

0 0.5 1.0

Fig. 5. Distribution of temperature for square array (¢ = 0.05).
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(34)

We fulfill the mentioned above condition for (0 = 0) with
the accuracy to terms of the order ¢lne.

Using the expressions (20), (25), (26), (29), (32), (33),
(34), we receive the approximate solution (24) in polar
coordinates r, ¢ in the form

R _ 2
9(r7 @;&N) = 064 (r2 _3R(2))
Rﬁ—r2 = ) N
+ ( 4 —W) Ine —&—;(0"—1—9,,) ;
(35)
where
N 2 —R? ol r 72
0y = Ay J 0+R§;{[1—2R—Ocos(<p—qﬁk)+;§}
x InR2|1 -2 cos( q’>)+r2
0 RO ¢ k Ré
—[2—2cos(¢; — ¢y)] 1nR§[2 —2cos(¢; — ¢y)]
-5 R, n=0,
. 2 —R? s r P2
0, =4, 1 0+R3;{[1—2Rncos(w—¢)k)+Rz}
) r r
x InR; 1—2R—n cos((p—<,i>,()+R—i
R R?
- [2—2R—Z cos (¢, —qﬁk)—&-R—g}
R R2
x InR2 [2_2R_(,), cos (¢ — ) +IT§]
—%(rz—Rg), n=1,2,...
(36)
and
0,=WW, n=01,2.... (37)

Example of the distribution of the temperature (35) for the
square net is shown in Fig. 5. As can be seen, like at the dis-
tribution of the velocity [10,11], for not very thick cylin-
ders, the received result seems satisfactory even when
cylinders taken into consideration surrounding the central
cell are not many.

Knowing 0(x,y), we can determine the average
temperature

orf, b*pc @9 g ffso OWrdrde
o¢ u o |’ N ffSo Wrdrde ’

T= (38)

and the average stream heat on the surface of the cylinder

OT| - _ blpedTdp [ 20
ory - " 2map 08 O¢ J, Ory

Vk|,k:8d€0~ (39)

Introducing the coefficient of heat transfera between cylin-
ders and liquid in harmony with the model

g=o(Tr——T),

and Nusselt number Nu = a\/S /k after taking into consid-
eration (23), (38), (39) and for using the condition of the
balance sheet of the energy for the element of the net
(30), we receive

1
=35
from here, substituting the approximation values W and 0,

and rejecting the little magnitudes of the higher order, we
receive the expression

Nu

(40)

QI| gw

S
v

2z
X
M= g T 4D
7 b

3. Conclusions

The main concern in this paper is determination of the
along flow of the parallel cylinders regularly arranged
and heat transfer between the cylinders and the fluid flow.
Because hydrodynamic conditions have the deciding influ-
ence on the course of the thermal phenomenon occurrences
here, therefore for examining the heat transfer between cyl-
inders and surrounding liquid, there is a need first to deter-
mine the flow of this liquid. That results from the fact that
in liquid both the field of the velocity and field of temper-
atures should satisfy the same Poisson equation but with
different right sides, where for the temperature on the right
one there is a function describing the distribution of the
velocity, which previously was determined.

To receive the approximate solution of the posed prob-
lem a method of limiting itself for using the finished num-
ber of sufficiently thin cylinders arranged symmetrically
around the central cell inside which the distribution of
parameters of the flow being appointed was applied. It is
possible here to reduce the three-dimensional problem
leading to the two-dimensional task, for which, for carry-
ing calculations, it was comfortable to use extended com-
plex plane. The distribution of the velocity and
temperatures satisfy the equations of flow and the heat
transfer strictly, however on surfaces of cylinders the
boundary conditions are satisfied approximately, with the
dependent misconception in the not very essential way both
from the number of cylinders taken into consideration as
well as, above all, from the ratio of their thickness to the
distance between them. For sufficiently thin cylinders the
mistakes are not considerable.
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A
Nu
201
A\ - triangular array
[ -square array
O - hexagonal array
101
0 T T T >
0 0.01 0.02 0.03 0.04 X

Fig. 6. Dependent Nusselt number Nu on filling y.

Apart from the analysis of the flow and the heat transfer
on the local scale, for the local distribution of the velocity
and the temperature, characterizations on the global scale
for the hydrodynamic permeability and for the global heat
transfer between cylinders and surrounding liquid deserve
attention.

Comparing research findings of the longitudinal perme-
ability, for arrangements of cylindrical rods we could
become convinced that it depends very poorly on the geo-
metrical configuration of arranging cylinders. If we intro-
duce, in the Darcy law, the dimensionless coefficient of
the longitudinal permeability F;;/S for the average surface
S for one cylinder, we find that this coefficient strongly
depends on the filling y, however, for different distributions
of cylinders, its different values do not differ between them-
selves in the essential way (see Fig. 4 and Table 2). The
question arises whether the global heat transfer does not
have similar properties.

The global of the heat transfer is determined by the Nus-
selt number, for which the surface S is the square of the
characteristic number. The results received are presented
in the graphs form in Fig. 6. And it occurs that for the sys-
tem of cylinders, the Nusselt number Nu describing the heat
transfer depends strongly only on the coefficient of the fill-
ing y and poorly the longitudinal permeability depending
on the configuration of arranging cylinders. Graphs shown
in Figs. 4 and 6 for a few regular configurations of cylinders
suggest conjecture that the coefficient filling y is the most
essential parameter determining the global flow-thermal
characterizations for the flow of liquid along the arrange-
ment of parallel cylinders but the way of arranging these
cylinders plays the secondary role. Since of these character-
istics for different systems is very difficult to create, there-
fore the use of approximation results received for a simple
configuration may possibly be useful. It seems that for a
few special regular systems the results received could be
used also for other evenly satisfying systems though not
necessarily for regularly arranged cylinders.
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