
$o5Xo — 3

BUOYANCY INDUCED CONVECTIVE FLOW IN POROUS MEDIA WITH HEAT SOURCE

I . T. Hwang

- NOTICE-
Ttm repmi w» prepared u an account of work
Iponiofed by the Untied SUKl Government. Neither tlie
United State* nor ihe United S'ltei Dcpuimeni of
Eneiijy, noi tny of their employeet, nut my of (heir
conlractofi, ujhcontnclofi, or theii employee!, mikei
my wtttMtity, cxptctx at tmplied. or aauam nay fcpl
liability or inpcniftiiity fut theaccuticy.cotnpleteneu
or mefulneu of any inforrriljan, appiratui, piuducl or
prnccH duclmtd, of lepttjenu thai In me would rui
infnnge privately nwned ri|hu.

Prepared for

AIAA/ASME Thermophysics and Heat Transfer Conference
Palo Alto, CA
May 24-26, 1978

ARGONNE NATIONAL LABORATORY, ARGONNE, ILLINOIS
UnfC-MIA-USDOE

Operated under Contract W-31-109-Eng-38 for the

U. S. DEPARTMENT OF ENERGY



The facilities of Aryonnc National Laboratory are owned by the United States Govern-

ment. Unclor the terms of a contract (W-3] - lO^-Kn^-JS8) between the U. S. Department of En-

ergy, Argonne Universities Association and The University of Chic ago, the University employs

the staff and operates the Laboratory in accordance with policies and programs formulated, ap-

proved and reviewed by the Association.

MKMI'.KKS OK AHCiONNK. UNI V K.KSl'I I KS ASSOCIATION

The University of Arizona
Carnegie -Mellon University
C'iSf Western Kcsorvf Un
The University of Chicago
University of Cincinnati
Illinois Institute of Technology
University of Illinois
Indiana University
Jnwa Stal*- University
The University of Idw;i

Km i a a a State University
The University of Kansas

nl vi- r sity Loyola University
M.irquctte University
Michigan Ktfi.tr University

The Ohio State University
Ohio University
The Pennsylvania. Stale UniversiThe ennsylvania. S
Purdue. University
S Li Ui

ity

ivni.ni^aii .Jinn- miivt-i iiuy St'ijnt Louis University

T h e U n i v e r s i t y of M i t h i g - m S o u t h e r n I l l i no i s U n i v e r s i t y
J n i v e r s i l y of M i n n e s o t a
U n i v e r s i t y <il M i s s o u r i
N o r t h w e s t e r n Ut . v r r s i t y
U n i v e r s i t y of N u t r r Du inc

uthern Illinois University
The University of Texas at Austin
Washington University
Wayne State University
The University of Wisconsin

NOTICE-

This report was prepared as an account of work sponsored
by the United States Government. Neither the United States
nor theUnited States Department of Energy, nor any of their
employees, m r any of their contractors, subcontractors, or
th'-ir employees, makes any warranty, express or implied.
or assumes any legal liability or responsibility for the ac-
curacy, completeness or usefulness of any information, ap-
paratus, product or process disclosed, or represents that its
use would not infringe privately-owned rights. Mention of
commercial products, their manufacturers, ortheir suppli-
ers in this publication does not imply or connote approval or
disapproval of the product by Argonne National Laboratory
or the U. S. Department of Energy.

•f
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ABSTRACT

An unbounded fluid layer in a porous medium with
an internal heat source and uniformly heated from
below is studied. The layer is in the gravitational
field. Linear theory predicts that the disturbances
of infinitesimal amplitude will start to grow when "
the Rayleigh number exceeds its critical value.
These disturbances do not grow without limit; but by
advecting heat and momentum, the disturbances alter
their forms to achieve a finite amplitude. Just like
infinitesimal amplitude disturbances the degeneracies
of possible solutions persist for finite amplitude
solutions. This study evaluates these various forms
of solutions. The small parameter method of Poincare
is used to treat the problem in successive order.

NOMENCLATURE

Dimensionless Numbers

Nu = Nusselt number
Pr = Prandtl number , .
R = Rayleigh number R

Roman letters

a = wave number of the steady flow
a » critical wave number
C = coefficient of the plane form steady motion
Cp = heat capacity
D = differential operator 3/3z
g = gravity constant m/sec2

1 = Imaginary constant ij-l
k = unite vector in z direction
Kn = wave vector of the steady motion
P " pressure. Pa
r_ = position vector (x,y,z)
s = heat source strength J/m3

T = temperature, K
<» = velocity vector of the steady motion (u.v.w)

0 =• z-dependent functions

Greek letters

a m coefficient of thermal expansion m/mk
B « temperature difference across the fluid laver,K
1 = differential operator O2/3x3z. 32/3y3z.-A2)
A2 » differential operator O 2/3x 2 + 32/3yz)
A - differential operator (32/3x2 + S2/3y2 + 32/3z2)
3C » differential operator 3/3t

fi(lc )» delta function

amplitude of the convective motion
dimensionless heat source strength
permeability, m2 ,„«
differential operator A2 + R* ' (nz + 1)A2
thermal conductivity, w/mK
viscosity at the reference temperature Pa>Sec
pressure difference from the conduction state
for convective flow, Pa
porosity
density at the reference temperature, Kg/ra3

temperature difference from the conduction
state for steady motion K
poloidal field for the steady motion

e
n
K

SB
X

INTRODUCTION

Similar to the Benard's problem, the possibility
of thermal convection in a fluid-saturated porous
medium with adverse temperature gradient were pointed
out in the early analyses by Horton & Rogers (1) and
Lapwood (2)- The study of thermal convection in such
a fluid layer is of great importance In the evaluation
of the capability of heat removal from nuclear fuel
debris beds that may result from a hypothetical
acc^ent in nuclear reactor (3) or in the study of
nuclear waste disposal (4). Other areas of interest
are in explaining the insulation properties of porous
materials (5.6.«2.) and in the geophysical studied of
geothermal (hot spring) areas (8_), earthquake sources
(9), and vulcanlsm (1(3).

In this study, an infinite fluid-saturated
porous layer with a uniform internal heat source (or
heat sink) is considered. The layer is in the gravi-
tational field and is uniformly heated from below and
cooled from top. According to linear theory, when the
Rayleigh number exceeds its critical value, distur-
bances of infinitesimal amplitude will start to grow.
Such disturbances do not grr ' .ponentially without
limit, but by advecting tiesr. ,:.d momentum, they alter
their own forms to achieve a finite equilibrium
amplitude. Infinitely many possible finite amplitude
solutions for the convective flow are predicted by
linear theory. A question arises on which of the
convective cell shapes among all the possible solutions
is likely to occur. To answer this, it is necessary
to take the non-linear term of the energy equation
into consideration.

Earlier work presented in reference (11) was
limited to' the case with small heat source strength.
It employed the small parameter perturbation method
of Poincare which enables one to reduce the non-
linear Darcy-Oberbeck-Boussinesq equations Into a set
of linear equations. The set of linear euqations
were solved in successive orders. The stability of



three regular convective flows, namely rolls, squares,
and hexagons, were investigated. It was concluded
that, when there is no heat source present in the
fluid layer, all three-dimensional flows are unstable
and the two-dimensional roll is the only stable
solution. When a uniformly distributed heat source
is taken into consideration, the hexagons become a
stable solution when the Raleigh number is near and
below the critical Rayleigh number as was predicted;
by the linear theory.

But in many practical applications, such as in
the postaccldent heat removal in Liquid Metal Fast
Breeder Reactor, the heat source strength is not
necessarily small. The present study is an extension
of that developed in reference (11.) without any
restriction on the magnitude of the heat source
strength. It can be made arbitrarily large. However,
due to the complexity of the problem, the analyses
and results presented here are concentrated on the
steady-state solutions of the three regular convec-
tive flows, i.e., rolls, squares, and hexagons.

FORMULATION OF THE PROBLEM

Consider a homogenous horizontal porous layer of
thickness d as shown in Figure 1. The layer is satu-
rated with fluid and is heated from below and cooled
on top at the given temperatures Tu and T respectively.

fcl C

w => o at z - + -r-, T » Tu at z - -All, andz it

T - Tc at z (X-d)

The subscript f refers to the properties of the fluid
while the subscript m refers to the properties of the

We have taken T. asfluid and the solid mixture.
the mean value of T,. and T •

H c
The problem has a motionless solution. To study

the stability of this motionless solution let the
disturbance velocity, pressure, and temperature to
the conductive solution be u, it, 6, respectively.

Introducing this convect^ve flow into the set of
equations (1-a, 1-b and 1-c) and introducing diraen-
sionlesa variables, we obtain

div u

a + — (u/V)u) =• - vn - u_ + R9k

(u-V)6 -w(nz - AB

with the boundary conditions

+ 1/2.w • 8 = 0 at z

(2-a)

(2-b)

(2-c)

(2-d)

RIGID OR FREE SURFACE T-

Fig. 1. Schematic of a porous layer.

The layer is also heated internally with a uniform
strength s. The conservation laws for mass, momentum,
and energy are governed by the following: the equa-
tion of continuity; the Darcy-Oberbeck-Boussinesq
equations; and heat equation;

div ji » 0, d-a)

-1

where

\nKpo
u X
o m

sdz

For the most of physical conditions, Fr may be taken
to be in the order of 1010. Since Pr is generally
large, we can set Pr « •=• For the steady-state
convective solution, it can be shown that(w8> is a
positive quantity and shall be denoted as e2 = <w9).
Here the bracket < > denotes a volume averaged inte-
gral and is defined as

A dx dydz

Introducing c into equations (2) by changing the
variables (ti, 8, it) = E(U_', 8 ' , i t 1 , ) , and after
dropping primes we have the following equations
governing the steady-state solutions

(u-V)u - -Vp/po - ̂ - - (l-a(T-To))gk

(1-c)

The boundary conditions on the horizontal sur-
faces are

div u. - 0,

-Vit - IJ + R8k - 0,

E(U'V)8- w(nz + 1) - 48 - 0,

with the boundary conditions

w = 8 =» 0 at z - + 1/2

(3-a)

(3-b)

(3-d)



Taking the curl of (3-b), one finds that curl u| - 0.
Together with dlv u » 0, there exists pololdial f i e ld
X (lj!) such that

where ( Is a differential operator given as

(4)

The convergence of the series expansion for the
of regular convection has been demonstrated by Fire
and Joseph (13). Substituting the Taylor's series
expansion (Eq. 7) into the equation for steady-state
solution (given by Eq. 5), and using e to order the
equations, one obtains an infinite number of linear
differential equations. ,Q\

To e° order Che governing equations for x
are given by

Introduce x into equation (3) and eliminate 8, equa-
tion (3) can be reduced to single fourth order
differential equations. Thus for steady-state motion
one obtains

1)A2X+A
2X - 0,

with boundary conditions

x - D
2
X - 0 at z =• + 1/2

and the normalization conditions

(5-a)

(5-b)

(5-c)

The Nusselt number which is a convenient measure
of the difference between the heat transported across
the layer and the heat which would be transported by
conduction alone is defined as the following ratio

(8_a)

(8.b)

and the normalization condition

< a x ( ° W 0 ) > «R<°> (8-c)
We shall now seek separable solutions of equa-

tion (8) in the form of A2x
f(n - -a2xr(n which can be

represented as

iswhere f • exp (ik -r) (14).
definedV -n —

The vector K
-n

Total heat transported
Heat transported by conduction alone at z +1/2

This ratio may be expressed in terms of temperature
gradient of the conduction and convection solutions
as

Nu
1 + nz 1 + nz

In the heat source (or heat sink n < 0) problem, the
temperature gradient at the top and bottom surfaces
are different. Consequently, the Nusselt number is
different oa each surface. We shall choose a refer-
ence Nusselt number so that Nu is always a finite
nunber

Nu - 1 + for n > 0 (at z = 1/2)

Nu 1 + 1 f2
n/2- for n < 0 (at z = -1/2)

(6-a)

(6-b)

K^k - 0, (10)

and a is the overall wave number. In order for the
solution to be real, the relations K

n

N

-N

-K and
n

C_n* must be satisfied. C * is the conjugate of

The coefficient C are normalized as
n

C
n
C
n* " (11)

It would be desirable to proceed in this problem
without further restricting the form of the solutions.
We were not abla, however, to treat the full problem,
but instead following Schluter, Lortz and Busse (14).
the analysis is restricted to "regular solutions". A
regular solution is of the form of equation (9) with
the additional restriction that the angle between the
successive wave vectors are equal

STEADY-STATE SOLUTIONS

For a fixed value of heat source strength n, we
expand the function x and the Rayleigh number R in
Taylor's s e r i e s expansions containing parameter e .

x(e.n)

R(e,r

l x ( v ) (7-a)

(7-b)

The restriction to regular solutions allows one to
consider rolls, squares, and hexgons and many other
forms (which do not however fill the space).

Substituting equation (9) into equation (7), an
ordinary differential equation governing 0(z) is
obtained

- 2a2D2 + a1*)© - R(O)a2(nz + 1)0 =

at z = + 1/2

(12)

(0)with the normalization condition <-a2w)D2-a2)C> = R
The differential operator of equation (12) is self-
adjoint. For a fixed value of a and n the eigenvalue
problem can be solved numerically by methods such as



Che Runge-Kutta-Gill numerical integration scheme.
The solution w thus obtained is difficult to be used
later for solving the differential equation of higher
e order. On the other hand, using this method, ic is
easier to obtain the value of R' 0' and the correspond-
ing wave number a. For this reason, we used this
numerical method to find Rf0^ and wave number relation
for equation (12). The solution of w shall be expres-
sed by the Green's function in the intergral form. _
The Green's function is conscructed by considering'the
following problem.

(D" - 2a2D2 + a*) G = 0 for z + %

G(- 1/2.O - D*G(- 1/2.5) - GU/2.O =• D2G(l/2,O - 0

where

One can now reformulate the solution of equation (12)
as the following integral equation

O5)
ft

- 5 - 0 (13) (13)

and

where G| m , + „ means the limit of G(z,O as z

approaches 5 from s > Ej and G l 2 „ r _ Q means the

limit from £ < z. The Green's function is found as

and the normalization condition as <a 2w z + (Dft)2)=

R' '/a2. Although the eigenvalue R and the eigen-
function w of equation (12) can also be obtained by
solving this integral equation, the iteration is quite
troublesome. As was discussed above, we used the
Runge-kutca-Gill integration scheme to find the

eigenvalve R for the fixed values of a and n.

Knowing the value of R the above integral equation
can be solved easily by using successive approximation.
Subsequently, The derivatives of w are found as

J D

•for -

and

The solution w expressed in this form is much easier
to be used for the higher e order solution.

To the higher order of ev with v > 1, the dif-
ferential equations governing xfy^ are linear inhomo-
genous equation. To e1 order, the governing equation
for x m is

and the normalization condition

06-c)



The right hand side terms are the polynominal of where

We seek the solution of x f n i« the form of such
polynominal.

The necessary condition for the solvability of;
this problem Is that the right hand side be orthogonal
to a l l solutions of the problem adjoint to

Let the particular solution of xfn be of the form

. nr-^ace44-*8"' v (20)
-H - N
n*o **•

(0)

and equation (16-c). Since this problem is self-
adjoint, we must have

vhere x, is any function which satisfies the linear
problem (equation 8). Thus, from solvability condi-
tion one finds

H

vhere ft (z) are z-dependent functions whose forms

remain to be solved. The possible values of a
n.Y

a = 1 , - 1

0

a

1, 0, -1

1, 1/2, - 1/2, -1

for rolls

for squares

for hexagons

Substitute equation (20) into equation (l6-a,b). This
reduces the partial differential equation (16-a,b)
into a set of ordinary equations for w . They
are written as if

where o is defined as

The solvability condition gives Rfl1 = 0 for rolls and
squsres except for hexagons. For hexagons (N = 3),
equations (17) and (11) give 2N + 1 » 7 equations and
7 unknowns C_,, C_2, C_j, Cj, C2, C3, and R f l1- These
unknowns are found as

c.=

„«)_

To solve for X f l \ we write ouc the 2nd term on the
right hand side of equation (16-a).

The solutions w of the xnhoraogenous equations (21)antf
can be expressed in integral form by using Green's
functions. They are

" f J.JL ' "

, except for o = -1/2 and - 1 . For w_j,2 , i t is

J.a)

and for a = 1 we solve O_. directly by integrating

, -0



Here G(z, "l
the Creen's functipn

which is defined In (14-a) and (lA-b) with
fiO. + a ) a)replacing a. Thus all the « • can be

found either by successive approximation or by direct
integration.

So far, we have been dealing only with the parti-
cular solution x

To obtain the general
r »

solution we have to include the solution of the horao-
genous equation. We set

With the'general solution x1"1"1 as obtained above In
the form of

,COn •%

™ the second and the third term on the right hand side
of equation (24) can be written as

where B is a constant remains to be determined. From
the normalization condition of equation (16-c), it can
be shown that B - 0 for rolls and squares. Hence for
rolls and squares

On the other hand, for hexagons, it is found that

m*o

S '* *"

V6
where *^j/2» determined by iterating equation (22-b),

denotes the particular solution of 0 . ,„. We will

therefore write

2 2

To the order of e2, the governing euqation is

and

""»
ltd «*O

= 2

and

)=o ai t = (23-b)

For cases In which
one finds that

» 0, such as rolls and squares,

Multiplying x . and taking the volume integral, the where

solvability condition gives

-2 a2

(24-)



The right hand side of equation (25) in non-zero For hexagons, equation (24) can be written as
if

With these combinations on n, m, y and t., one can
write equation (25) as

m •
n •

£
-Y

n
m
m

- £
" ~y
f £

y
m
m
m

» S.
" -n
* *
* - £

and R ' is found as

-N

Uirx*uJ

or

where

La.-i, i,o+Lc-i,i,-!,n

.,,

Together with equation (11) we have 2N+1 equations for

2N-HL (R^2), C_N, CN) unknowns.

For regular solutions where all the vectors k
(2) ~™

are equally spaced, the values of C and R are

— Oj>|Oj>f "^

for N=3.

RESULTS AND DISCUSSIONS

Having obtained the coefficients of r ', R ,

and R for all three convective flows (rolls,
square, and hexagons), we may describe the value of
R at small c. We note that

(ai

Among all the possible values of a with n fixed, the

coefficient R (a,n) has a minimum value.
called critical Rayleigh number

This is

(1*0

It is found from equation (26) that

67-fl)

and

and the corresponding wave number is called critical
wave number a (n).c The values of R and a as func-

c c
tions of n are given in Table 1. It is noted that R

and a are even functions of n; and it can be shown

that R is a monotonic decreasing function of |n| as

|n| goes from 0 to » (15). This is plotted on Figure
2. When n = 0 (i.e., when there is no internal heat
generation), the critical Rayleigh number equals to
4ir2 which is in agreement with Lapwood's results. The

values of R and R for rolls, squares, and hexa-
gons are evaluated at critical Rayleigh number and
critical wave number at a given value of n and are
shown in Fig. 3 and Fig. 4, respectively. It should

be reminded that R = 0 for rolls and squares. •



Table 1. Values of Critical Rayleigh Number and Wave
Number as Function of n

Q
5

10
15
20
25
30
40
SO
60
SO
100

39.4784
34.5952
27.0162
21.4463
17.6265
14.9164
12.9116
10.1606
8.3690
7.11205
5.4670
4.43907

3.14159
2.4205
3.8158 :
4.0549
4.1952
4.2849
4.3467
4.4259
4.4745
4.5072
4.5488
4.5725

£ =

and for hexagons (E = 3)

1-a)

Thus, the hexagons support the subcritlcal convective
flows. Equation (29-b) has a minimum value of R which
occurs at

and the minimum value of R is

40

SUBSCRIPT I • FLUID PROPERTIES
SUBSCRIPT m - U1XTURE PROPERTIES

0 : THERMAL EXPANSION COEFF. .
ft M « TM-Tt
K: PERUEieiLITT

iCIFIC HEM
f: DENSITY
S: HEM SOURCE STRENGTH
X: THERMAL C0M1UCTIVIH
K.: «mE«ATIC ViSCOSITI « KEF.

0 TEHP T M T M « T C J «

The values of are compared with R and are tabu-

lated in Table 2 at various values of n.
ence is small.

The differ-

0 20 « 60 B0 100 120

MOK-OmEHSHMM. HEW SOURCE STREttMH^

Table 2.

hi

0.
5.
10.
15.
20.
30.
40.
50.

Comparison

Re

39.4784
34.5952
27.0162
21.4463
17.6265
12.9116
10.1606
8.3690

Between R^ and Re

a*

39.4784
34.3853
26.7314
21.2071
17.4215
12.7727
10.0493
8.2789

•

Rc-R,

0.
0.2099
0.2848
0.2392
0.2050
0.1389
0.1114
0.0901

Substituting equations (29-a) and (29-b) into
equations (6-a) and (6-b), the Nusselt number can also
be described as the Rayleigh number discrepancy R -
R . Thus

Fig. 2. Critical Rayleigh number, Rc, versus heat
source strength, n.

For hexagons

We see that if

^ ]> 0 and is an odd function of n-
l ' t 0, then there exists an c such

far H=\,

that R(e) < R ; and the convective flow is called
(2tsubcritical convective flow. In all three cases K

is an even function of n. Similar to K( ', Rl '
decreases montonically as |n| goes from 0 to 00.

From equation (28), the value of the aplitude e
of the convective flow can be expressed in terms of
Rayleigh number discrepancy R - R . One obtains for

rolls (N - 1) and square (N - 2)

and

/+

>r rV=



Fig. 3. Values of A -.^rsus n for he;:aj.:>r<:
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Fig. 6. (Nu,R) and (e,R) relations for rolls, squares
and hexagons at n = 5.
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Fig. 4. Values of R versus n for rolls, squares
and hexagons.
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The relations of (R.c) and (R,!iu) arc- plotted on
Figures 5, 6, 7, and 8 for n - 0, 5, 10, and 70
respectively, Sone ex'rapii's of the num-rlcal results
for w 10 are shown In Figure 9.

0001 0005 0.01 0.05
Fig. 9. Values of 0, w_j. «-l/2- * 0

caluated at n " 10.

0.1
a n J

Figures 5, 6, 7, 8 and 9 raay be used to determine the
amplitude, the velocity .?.nd the Nusselt number of the
convective flows according to their cell shapes if n
and R are prescribed. When n " 0. it is seen that
rolls yield the highest Nusselt number among the
thre» cell shapes. On the other hand when n + 0 and
R is near R > hexagons always gives the highest

Nusselt number. In other words, when R is near R

rolls yield the highest heat transport if n » 0 and
hexagons if n + Q.

The sign of the heat source parameter does not
play an important role in this analysis. All equa-
tions are either symmetric or antisymmetric functions
of n. Therefore, it is sufficient to investigate the
problem with one sign of n. The other half with
opposite sign of n can be obtained by appropriate
reflection.

As the fluid layer is externally heated, the
Raleigh number increases until the layer reaches i t s
critical value of 8 = Rc> at which time, the finite

amplitude convective solutions set in. To determine
which solution is stable, i t requires a somewhat
complicated stability analysis. A complete stability
analysis has been investigated and can be found in
reference (1!>}. The numerical calculation of the
stability analysis has never been completed and,
therefore, is not included in the paper. However,
some preliminary calculation (1_5), indicated that
while squares are always unstable to the squares dis-
turbances in the case where P. is arbitrarily small (H^),
i t is found that square cells are stable to the squares
disturbances tor a certain range of the wave number a
when n becomes large. Hence, squares convective flow
can not be totally excluded from the stability
analysis as was done in the case of small n. As the
layer is heated up and exceeds the crit ical Rayleigh
number R (n), one form of the stable convective flow

sets in. When the Rayleigh number increases further,
another form of the convective flow may become a
stable solution while the previous form of the con-
vective flow becomes unstable. Similarly, when the
layer is cooled doun, the Rayleigh number decreases
from above; and the convective flow cells may change
from one form to other until R reaches the subcriti-
cal value for hexagons RA where hexagons may decay
and the dominant mode becomes the conduction state
(see Figs. 6, 7, 8). The difference between R and

Ht Is then called the "hysteresis effect" n_6,17_)
and depends greatly on the value cf n.

In conclusion, for a fluid-saturated porous
layer with Internal heat gent-ration (cr hi-at sink)
which Is cooled from top and heated froa below,
Figure 2 can he used as a criterion for deternlnlng
the onset of thermal convection If the Rayleigh
nusbcr increases from below. On the other hand, the
values of R̂  as shown In Table 2 should be used to
predict the onset of thermal conduction If the
Rayleigh nursber decreases from above. The numerical
calculation of the stability analysis of reference
(1J>) should be carried out to fully understand the
stability characteristics of each form of convective
flow. Nevertheless, the work presented here demon-
strates that the use of Green's function is computa-
tionally useful in treating the problem with unrestrict
magnitude of n- This method of Green's function is
also useful In stability analysis computation.
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