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HEAT AND MASS TRANSFER 

IN A SATURATED POROUS WEDGE 

WITH IMPERMEABLE BOUNDARIES 

K.P.· Goyal* and D.R. Kassoy 

Hechanical Engineering Department 
University of Colorado, 

Boulder, Colorado, 80309. 

ABSTRACT - Heat and mass transfer in a two-dimensional radial flow 

of a viscous fluid through a saturated porous wedge-shaped region 

with confining walls is studied. 

Similarity transformations are used for the temperature, velo-

city and pressure, in order to reduce the describing systems- to 

ordinary differential equations with two-point boundary conditions. 

Both exact and asymptotic solutions are obtained for the velocity 

and the.temperature. It is found thattwo distinct solutions (jet 

flow type and slug flow type) exist for a given set of flow para-

meters. Specific results are presented for small wedge angles. It 

is shown that symmetric diverging solutions do not exist above a 

critical Rayleigh number. An application ·.of the theory to the con-

vection of liquid water in a crude model of a fault .zone in a geo-

thermally active area is presented. 

* present address: Earth Sciences Division, Building 90, Lawrence 
Berkeley Laboratory, University of California, 
Berkeley, California 94720 
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_NOMENCLATURE· 

Dimensional quanti ties carry a prime, .while- non.-dintensional 

·quantities do not. 

b 

c 
po 

e . 3 

F 

g 

G 

L 

M 

p 

r 

s 

T 

T max 

T 
0 

v 

extent of fault :zone perpendicular to plane -of flow. 

reference specific heat at constant pressure. 

unit vectdr in the vertical direction 

similarity temperature, a pure function of e = Trl/l+a 

gravity constant 

similarity velocity, a pure function of e = rvr 

reference permeability of the medium.· 

-·~·characteristic length· [defined in eq. {41) ]. 

mass flow rate. 

isotropic pressure, over pressure in the wedge.; 
.· 

hydrostatic pressure corresponding to the density p
0

• 

radial distance from the apex of the wedge. 
( Ct ) 

-·- l+a · similarity pressure; a .pure function of e = Pr . 

temperature at any point in the wedge. · 

maximum temperature in the wedge, specified at r = 1. 

reference temperature. 

Darcy velocity vector times density. 

radial_ component of ~.r. 

tangential.componei1t of v. 

.. 
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Greek Symbols: 

a exponent of T. 

aeo reference coefficient of thermal expansion. 

~T characteristic temperature difference in the system 
[defined in eq. ( 39) ] • 

V del operator. 

ee semi-wedge angle. 

A reference thermal conductivity of the medium. mo 

~0 reference viscosity of the fluid. 

v kinematic viscosity. 

v
0 

reference kinematic viscosity 

p density. 

p
0 

reference density . 
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INTRODUCTION 

Studies of continuous viscous flow between non-parallel plane 

walls have been of interest since Jeffery [7] and Hamel [5] found 

the exact solutions of the hydrodynamic equations. Harrison [6], 

Karman [9], Tollmien [17], Noether [15] and Dean [1] dealt with 

specialized applications of the problem. A systematic treatment 

of the general problem was developed by Rosenhead [16] 1 who pre

sented similarity-type solutions for different Reynolds numbers 

and wedge angles. Millsaps and Pohlhausen [13] described the ener

gy transfer associated with the O'effery-liamel hydrodynamic prob

lem. Much later, Fraenkel [2,3] showed that the nonuniqueness pro

perties of the describing mathematical system lead to the. appear

ance of additional solutions. 

Katkov [11] showed that the exact similarity formulation could 

be extended to ,include free convection if the Boussinesq approxi

mation is used in the momentum equation, if the dissipation term 

in the energy equation is negligible, and if the.transport pro

perties are constant. In this cas~, the wall temperatures must be 

proportional to the reciprocal of the radial distance cubed. Lu 

and Chen [12] developed solutions to theproblem formulated by 

Katkov [11]. Both convergent and divergent flow solutions for dif

ferent values of Reynold's nuinber and Prandtl numbers. are presen

ted. 

In the present work; we develop exact solut.ions for the equa

tions. which describ~ the flow of a liquid in a saturated porous 
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medium. It is assumed that mass enters the apex of a wedge-shaped 

region (Figure 1) bounded by impermeable walls I at the rate M I • 

The boundary temperature decreases with distance from the apex at 

a rate consistent with the similarity theory used to construct so-

lutions. The thermal conductivity of the saturated medium, the li-

quid specific heat and the thermal expansion coefficient are con-

stant. Similarity analysis requirements imply that the liquid vis-

cosity decreases with increasing temperature. This property is not 

unlike that of water, in which a temperature change from 25°C to 

225°C causes an 8-fold decrease in the viscosity. The porous me-

dium is assumed to be isotropic and homogeneous. It follows that 

the porosity and permeability are constant. We examine the effect 

of buoyancy on the steady forced convection in a wedge-shaped re-

gion. Radial flow conditions are invoked so that similarity theo-

ry can be employed to find exact solutions. The basic mathemati-

cal system is reduced to a coupled set of ordinary differential' 

equations with two-point boundary conditions. A combination of nu-

merical and analytical methods is used to.solve these equations. 

The results presented here are for a slender wedge configuration 

when e << 1. Additional results for other parameter values can e 

be found in Goyal [4]. The theory is used to calculate heat and 

mass transport in a.crude model of a fault zone in the earth's 

crust in a manner similar to that of Kassoy and Zebib ['10], who 

considered the cooling of a rising column of hot liquid in a sa-

turated porous medium within a channel confined by impermeable 

walls. 



2. DESCRIBING EQUATIONS 

The non-dimensional governingequations are, 

where 

'iJ•v = 0 , 

vv = Te - 'iJP , .,.J 

v = p'(Darcy velocity vector) 

cr' 6T'g'k'p• 2;~· eo o o 0 

v (T) 
VI 

=Vi' 
0 

T = 
T 1 

- T 1 

0 

' 

' 

P 1 
- P 1 

H 
p = p 1 g 1 L 1 ae 1 AT 1 ' 

0 . 0 

r' 
r = r:;-r ' 1 < r < oo 

R = Rayleigh nUmber = 
L'AT'g'a 1 k'c.' P 1 

... eo o· po o 
vI 2A I 

o mo 

6 

(L) 

(2) 

(3) 

(4a) 

( 4b, c) 

' 
( 4d, e) 

.. 

(4f) 



.•. 

• 

7 

On the·impermeable boundaries the normal component of the ve-

locity must vanish and the temperature decreases with increasing 

radial distance from the origin at a rate compatible with the si-

milarity theory used for solution development. Mass flux at any 

constant radial coordinate is equivalent to that entering the 

wedge at the apex. If 

-a. v = T I (l > 0 1 (5) 

then equations (1) - (3) can be reduced to ordinary differential 

equations by using the following similarity transformations: 

ve 

T 

p 

= G (6) 
r 

= 0 I 

F < e > = 1/l+a. I 

r 

a 

= r 
l+a 

s<e> . 

(6) 

(7} 

( 8} 

(9} 

Equation (1) is satisfied identically. The coupled equations 

describing F and G can be written as, 

dG _ ~ [cos (een) Fa.+l] + a.G dF 
dn - dn a+l F dn ' ( 10) 
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d
2

F a
2

F R FG 
e a -·+ = - -

dn
2 (l+a) 2 a+i 

, (11) 

where, 

n = _a_ , Ra = Ra 2 
ae e (12) . 

Solutions to .equations (10) and· (11) are subjected to the fol-

lowing boundary conditions: 

where, 

F(n=l) - 1 , 
dF 
dn <n=O) = o , 

Ml 
M = 2 p I a I Ll T I g i k i L I a }v ' 

o eo o e o 

(13a,b, c) 

(14) 

Equations (8) and (13a) imply that the boundary temperature 

varies like r-l/(l+a>. Flow syilUlietry is imposed by equation (13b). 

Global mass conservation is expressed by equation (13c). The singu-

larity at r = 0 is similar to that found in theories of this gene

ric type. Once F and G are found, the pressure field can be ob-

tained from (2) and (9). • 



• 

.... 

9 

3. ASYMPTOTIC ANALYSIS 

Asymptotic methods can be used to facilitate solution develop-

ment when the parameters R8 and ee have certain special values. Low 

Rayleigh number solutions (R + 0) can be obtained from the limit 

R8 + 0, 8e fixed. When F = 0(1) and G = 0(1), the lowest-order solu

tions for a = 0 (constant kinematic viscosity) are given as follows: 

G (n > = 
cos (28 n > e 
~2--c-o-s~8~- + M -

e 

sin 8 e 
28 e 

I 

In the case of a slender wedge, 8 << 1, e 

F - 1 I G - M I 

8 < 7T /2 0 e 

(15) 

(16) 

(17) 

implying isothermal slug flow. Thermally induced variations are en-

hanced by increasing e . Both F and G decrease monotonically from e 

n = 0 ton= 1 for any value of 8 (Figure 2). e 

A second class of low Rayleigh number solutions can be found 

when F = O(G) >> 0(1). The transformations 

f 
F = and 

Rl/l+a 
8 

I (18) 

can be used in (10), (11) and (13) to show that, 
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(19) 

.ll.. 
l+a ' (20) 

f(n=l) = Rl/l+a 
e ~~ <n=O) = o , (2la,b,c) 

Second branch solutions, obtained by quasilinearization tech-

niques from the lowest-order approximation to (19') - (21), show 

large thermal effects caused by a special velocity distribution 

near the origin. Very hot fluid is brought upward in the central 

portion, while cooler fluid moves downward near the wall. The net 

mass flux is fixed. A comparison of the two solution branches for 

Re -+ 0 is shown in Figure 2 for C1. = 0, r1 = 1, and 8e = 10°. Once Re 

is chosen, second branch so·lutions in terms of F and G can be cal-

culated from (18). It will be converiiEmt to denote the moderate tern-

perature solutions as slug flow type, and those with large tempera-

ture variations as jet flow type solutions. The existence of two 

solutions of (10) - (13) when R << 1 implies that non-uniqueness 

may prevail for more general values of R. 

High Rayleigh number solutions (R -+ co) for a slender wedge can 

be obtained for the limit R
8 

= 0 (1), ee -+ 0 when F = 0 (G) = 0 (1). 

For a= 0, the lowest-order terms of (10), (11) and (13) are, 
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(22) 

d 2F 
ReFG 0 -+ = ' dn

2 ( 23) 

F{n=l) 1 dF 
<n=O) 0 M J~dn = ' dn = ' = (24a,b, c) 

6 

A first integral of equations (22) and (23) can be written as, 

where, 

dF 
dn 

e 1 + e 2 + e 3 = - A , a constant , 

The solution to equation (25) will depend upon whether the 

roots e 1 , e 2 and e 3 are real or complex. 

The integration of (25) is obtained in terms of an elliptic 

function [18] for the real roots e .. 
1. 

A numerical attempt was 

made to obtain solutions F and G satisfying boundary conditions 

(25) 

(26) 

(27) 

(24), for R = 10, 20 and 30 with ee = 10° and M = 1. No solution 

was found which satisfies (24). It appears that solutions to the 

system (22) - (24) do not exist for real values of ei. However, 

a compelling proof, beyond an extensive computer search, is not 

obvious. 



The integration of (25) for complex roots gives, 

F = 

where 

e - H 
1 

2A 
G = F + 3 

e 1 > 0, e 2 = a ± ib 

3 

H2 2 
2ae1 

+ 2 + b2 = el - a 

H + el - a 
m = 2H 

, 

, 

and en denotes a standard elliptic function [18]. 
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( 28) 

(29) 

(30) 

( 31) 

(32) 

One may combine (24), (26), (27), (30, (31) and (32) to show 

that, 

H2 
3(M+C) - H 

c = H [-2E(u)+sn(u)dc(u)+u] , 
u 

1 1 ( 33) 

(34) 

(35) 

' ·' 
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m = }H [H + 4 (~~C) + ! (M+C)] (36) 

where de and snare standard elliptic functions [18]. 

Equations (33) - (36) are solved for a given R8 and M. Once 

H and m are known, equations (28) and (29) are solved for differ-

ent values n, where, 

el = 3(M+C) (37) 

2A 
3 = M - e 1 + c. (38) 

Here again it is found that the solution to the system (33) - (36) 

is not unique for a given set of parameters. The two types of 

solution are shown in Figures 3 and 4. 

The existence of easily-obtained solutions for complex values 

of ei lends credence to the belief that solutions do not exist for 

real e .. 
1 

For wedges of finite included angle, large Rayleigh number 

solutions (R ~ oo) can be obtained for the limit R
8 

~ oo, ee fixed. 

It can be noted that the highest derivative in F is lost in the 

energy equation (11) for this limit, giving rise to the isothermal 

slug flow at the cold environmental temperature in the central 

core region of the wedge. This implies that core flow would be 

downward from above, or that M < o .. This suggests that the solution 

for M > 0 does not exist. This point can also be proved mathe-

matically by using an inner variable to keep the highest derivative 

in the energy equation (11) • It can be seen that the solution to 
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theresultirig boundary layer equations does not satisfy the 

required boundary conditions and hence the diverging flow can 

not exist for this limit of R8 + oo 

• 
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4. NUMERICAL SOLUTIONS 

Numerical solutions are the exact solutions obtained by inte

grating the coupled nonlinear differential equation~ {10) - (11) . 

The equations were first quasilinearized (Kalaba [8]) and then in

tegrated by the Runge-Kutta method (Noble [14]). The initial trial 

functions for F and G, obtained from the two classes of solutions 

generated in the asymptotic analysis of complex roots, are used to 

generate the two distinct numerical solutions. In Figures 3 and 4, 

a comparison is made between the lowest-order asymptotic results 

and the numerical solutions for the parameters shown. It can be 

seen that the maximum difference in F is about 7.5% for the lower 

solution, and 9. 5% for the upper. :!t can be noted that both numeri

cal solutions show the existence of the reverse flow regions • 
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5. RESULTS AND DISCUSSION 

Both numerical solutions to (10), (11) and (13) are plotted in 

Figures 5 and 6 for several values of R. It is observed that these 

solutions approach each other as R increases to a limiting value. 

As the viscosity-temperature relation in Equation (5) is 

changed by varying ex., the temperature boundary condition on the 

wall, defined by Equations (8) and (13a), is altered. It follows 

that a comparison of solutions at different a-values, for all other 

parameters equal, must be treated with care, because the basic boun;o. 

dary value problems are altered. In Figures 7 and 8, the effect of 

ex. (kinematic.viscosity exponent). on the temperatures and velocity 

profiles is shown. Both solutions show a decrease in temperature· 

with increasing ex. (decreasing v). It is clear from (8) and (13a) 

that an increase in ex. increases the .wall temperatures along the 

length of the wedge.and decreases the temperature gradients there. 

For a given specified characteristic temperature difference across 

the wedge, an increase in a would require a corresponding decrease 

in the heat transfer through the sides of the wedge. Also, the in

crease in a reduces the local convection effects because the wall 

temperatures along. the wedge tend to be const,ant. Both of these ef- • 

fects give rise to lower values of F as seen in Figure 7. Solutions 

of the jet type flow ar~ more sensitive to cx....;variat~ons because of 

the generally larger temperature variations compared to the slug 

type flow. Velocities are expected tobe higher in jet type flow, 
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because of appreciable reduction in the kinematic viscosity. This 

is unlike the slug type flow with moderate temperatures, in which 

velocities are not affected appreciably with changing a (Figure 8). 

Figure 9 shows a plot of e vs. R for different values of e - max 

M and a. Divergent flow, symmetric solutions exist in the regions 

below the curve in question, but do not exist in the regions above 

the curve. It can also be seen that R increases with the de-max 

crease in M and e , and with increase in a. e 

In Figure 10, the similarity wedge center line velocity G(O) 

found from numerical computation is plotted as a function of R 

for a= 0,2. Both solution branches are shown. For a given value 

of R, we note that the slug flow solution shows a decrease in G(O) 

when a increases. The jet flow solutions display an increase in 

G(O). It may be observed again that solutions do not exist beyond 

a certain maximum value of R when other parameters are held con-

stant. The value of maximum R increases with increasing a. The 

center line velocity for a jet flow solution is higher for a = 2 

because of reduced kinematic viscosity. Asymptotic solutions ob-

tained for R8 + 0, F = O(G) >> 1, are also plotted for a= 0. It 

may be observed that the two solutions are very close when R8 + 0 • 
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6. APPLICATION TO A HYPOTHETICAL GEOPHYSICAL PROBLEM 

Kassoy and Zebib [10] have considered the cooling of a rising 

column of heated water within a porous medium confined by parallel 

impermeable boundaries. An application to the heat and mass trans-

fer within a fault zone located in a geothermally active section 

of the earth's crust was presented. Here, we consider a related 

application to a slender wedge-shaped fault embedded in the crust 

of the earth. The theoretical results are applied to the section 

of the wedge between r' = L' and the radial location at which the 

wedge intersects the earth's surface in order to avoid the singu

larity at i' = 0. 

The following data is assumed: 

Depth of the fault; D' = 2 km , 

Included angle of the ~edge; 2ee = 20° 

Temperature .at. the earth's surface; Tt_ = 25°C , 

Temperature at r' = L'; T' = 225°C . 
B 

Then it follows that the radial distance from the apex to the sur-

face is given by r' = D'/cos e = 2.03 km. For the constant vis-D e 

cosity case (a = 0), it can be seen from (4c), (8) and (13a) that, 

where; 

rD 
Ll T I = . ( T I -T I ) 

B t r - 1 ' D 
(39) 
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r' 
D 

rD = ET · ( 40) 

It follows that a relation for L' can be obtained in terms of known 

quantities from (4f) and (39), 

L' = 

where, 

1 
y 

R + 

Rr' 
D 

rD 
- (T'-T') 

B t 

I ICI I 

g'aeoko pollo 
= ,2.A, 

~o mo 

I ( 41) 

( 42) 

The material properties of liquid water appearing in (42) can be 

evaluated at the upper boundary of the crust (T' = 25°C and p' = 

1 atm), in order to find y The appropriate values are, 

a' = 2.6 X l0-4/°K I eo 

k' 10-9 2 = em I 0 

c' = 4.179 X 10 7 cm2/sec 2 - OK , 
po 

ll' = • 891 X 10-2 gm/cm - sec I ( 4 3) 
0 

v' • 894 lo-2 2 = X em /sec I 0 

.A' mo = 20.55 X 10 4 gm em/sec 
3 OK - - I 

p I .9971 gm/cm 3 = . 
0 
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If R = 20, then one obtains, 

Ll .1594 km , (44a,b) 

Characteristic convection velocity; 

a I 11 T I .g. I k I 

eo . o 
vi :::: .535 em/day , ( 45) 
.0 

Characteristic mass flow rate; 

M1 = 2.97 x 105 kg/day-km • (46) 

The Rayleigh number, based on.D 1 rather than L.', is 251. 

The centerline tem!"lerature and that at the boundary of the 

wedge is shown in Figure 11 as a function of.the radial distance 

from the apex. For a slug type flow, the former is a factor.of 

1.2 larger than the latter. In contrast, the factor is 5.9 for 

jet flow. The temperatures, for a variable viscosity (a ~ 0) case, 

will be different quantitatively, but qualitatively similar to 

those presented in Figure 11. It l.s'apparent from the graph 

that the temperatures predicted for a jet flow are unrealistically 

large for geothermal applications involving the convection of 

liquid water in rock systems. 

A calculation of local pressures at different points along 

the wedge center line was made for the comparison with the boiling 

point curve. As an example the wedge center line. pressures at 

r 1 = .3 km are found to be 165 atm and 154· atmfor the .slug and 

• 
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jet type flows respectively. Upon comparing with the boiling 

point curve, it can be concluded that the boiling does not 

occur for slug type flows but it does occur for jet flows. 

This again strengthens our belief that jet type flows will not 

be observed in the physical situation. 

In Figure 12, the radial Nussult number, defined as the 

ratio of the total heat flux across a sector at a given radial 

distance to the reference heat conduction 28 b'A' ~T' is e mo ' 

plotted as a functiori of radial distance. The variation for 

jet type flow is observed to be much larger than the slug flow 

result. It is noted that the convection process enhances the 

heat transfer process by a factor of about 25 for the more 

realistic latter flow . 
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7. CONCLUSIONS 

We·have developed exact solutions for the equations which des-

cribe diverging radial flow convection of a variable viscosity li

quid in a wedge-shaped region of saturated porous medium confined 

by impermeable walls. It has been shown that .the properties of the 

solutions depend Upon the wedge half-angle a , the mass flow rate . e 

M, the Rayleigh number ,R, and the viscosity exponent a. For a given 

set of parameter values 8 , M and a, it has been found that two e 

distinct solutions exist.below a specific Rayleigh number. Slug 

flow type solutions exhibit relatively small variations in velocity 

and temperatur~ across the wedge at any radial location. In most 

cases, the flow direction -is purely unidirectional. Large gradients 

in velocity .and temperature. and the presence of reverse flow re-

gions characterize the jet flow type solutions. The latter proper-

ty implies that a very spec~al velocity distribution is required 

at the apex of the wedge. In this sense, it would be difficult to 

observe such a flow in the laboratory, to say nothing of the geo-

physical environment. Further consideration of the physical signi-

ficance of the je.t flow would require a spatial stability analysis, 

such as that described in [ 10] , in order to determine whether such. 

a flow is a stable.asymptotic solution to.a well-developed parabo

lic differential equation •. On the basis of the presence of exten

sive reverse flow regions, one may conjecture thatinstability 

will be found. 

Q.t 
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The nonexistence of two-dimensional symmetric radial flow so

lutions above a specific critical Rayleigh number suggests that: 

(a) Asymmetric solutions, like those considered in [2,3] 

should be sought. 

(b) Non-planar flow associated with the influence of 

natural convection, like that studied in [10], should 

be considered. 
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FIGURE CAPTIONS 

The wedge-shaped region. (XBL 7811~6639) 

Slug flow (F,G) 
function of the 

,, (XBL 7811 .... 6640) 

and jet flow (f,g) solutions as a 
nondimensional wedge angle n: 

a = 0, M = 1, 

Asymptotic and numerical temperature (F) solutions 
for slug and jet type flow: (XBL 7811-6641) 

a = 0, M = 1, R = 34 

Asymptotic and numerical velocity (G) solutions 
for slug and jet type flow: (XBL 7811-6642) 

a = 0, M = 1, e = 10° e , R = 34 

Effect of Rayleigh number (R) on the temperature 
tF) for slug and jet type flow: (XBL 7811-6643) 

a = 0, M = 1, 

Effect of Rayleigh number (R) on the velocity (G) 
for slug and jet type flow: (XBL 7811-6644) 

a = 0, M = 1, e = 10° e 

Effect of the viscosity exponent (a} on the tempera
ture (F) for slug and jet type flow: (XBL 781

1

1-6645) 

M = 1, e = 10° e . , R = 20 
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FIGURE CAPT!ONS (Continued} 

Figure 8~ Effect of the vis·cosity exponent ex. on the velo-

city (G) for slug and jet type flow: (XBL 7811-6 646) 

M ""' 1, ee = 10° ,. R = 20 

Figure 9. Effec:t of viscosity exppnent a and mass flow rate 

(M) on the ·maximum Rayl~igh number (Rmax> for which 

di~ergent solutions exist. (XBL 7811-6647) 

Figure 10. The wedge center.;.line velocity G(O)·vs. Rayleigh 

. number (R) for ex. = 0, 2: M ::: · 1, 8 · = 10°. (XBL 7811-6648) 
e 

Figure 11. The dimensional temperature variation with depth 
' .. 

in a model fault zone: ex. = 0, M = 1, e = 10°, R '= 20. e 
(XBL 7811=6649) 

Figure 12. The Nusselt number (Nu) variation with depth in 

a model· fault zone: (XBL 7811-,..6650) 

. ex. =· 0' M -= 1, e · .... 10°, R =· 20 
e 

•,) 
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Figure 3. Asymptotic and numerical temperature (F) 
solutions for slug and jet type flow: 

a=O, M=l, 8 = 10°, R = 34 e 
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Figure 4. Asymptotic and numerical velocity (G) 
solutions for slug and jet. type flow: 

a = 0; M = ·1, 8 = 10°, R = 34 e 
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Figure 5. Effect of Rayleigh .number (R} on the 
temperature (F) for slug and jet type 
flow: 

a = 0, M = 1, e = 10° e 
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Figure 6. Effect of Rayleigh number (R) on the 
velocity (G) for slug and jet type flow: 
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Figure 7. Effect of the viscosity exponent (a) on 
the temperature (F) for slug and jet type 
flow: 

M = 1, 8 = 10°, R = 20 e. 
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----Asymptotic analysis 
for a = 0 · 
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The wedge center...;line velocity G(O) vs. 
Rayleigh number (R) for a = 0,2: M =l, 
ee = 10°. 
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Figure 11. The dimensional temperature variation with 
depth in a model fault zone: 

a = 0, M = 1, e = 10°, e R = 20 
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