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Combustion of a Single Droplet in the Presence of an
Oscillating Flow
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The two-dimensional, unsteady, laminar conservation equations for mass, momentum, energy
and species transport in the gas phase are solved numerically in spherical coordinates. This is
to study the heat and the mass transfer, and the combustion around a single spherical droplet.
The droplet mass and momentum equations are also solved simultaneously with the gas phase
equations in order to investigate the effects of droplet entrainment in the oscillating flow with
and without a steady velocity. The numerical solution for a single droplet combustion gives the
droplet diameter variation as well as the gas phase velocity, temperature and species concentra-
tions as a function of time. The effects of frequency, amplitude of oscillating flow, velocity ratio
of oscillating flow amplitude to the steady velocity, ambient temperature and initial droplet
diameter on the droplet combustion are also investigated. The droplet burning history is not
governed by the g%law in the presence of oscillating flow, unlike to the case under quiescent
ambient conditions.
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Nomenclature t :Time
T :Temperature
¢p : Specific heat u, : Radial velocity
d :Droplet diameter uo : Axial velocity
D, : Binary diffusion coefficient U, : Steady slip velocity
E : Activation energy Uh 1 Acoustic peak velocity
f : Frequency v, : Droplet velocity
i :Static enthalpy W :Reaction rate
k :Thermal conductivity W, : Molecular weight of oxidizer
K : Frequency factor Y: :Mass fraction of species ;
[ : Heat of gasification for unit mass of fuel I, : Diffusivity for general variable ¢
m. . Droplet mass 6 Stoichiometric fuel-oxidizer mass ratio
w; : Net mass flux 4 : Angular direction
P : Pressure p @ Viscosity
@ : Heat of combustion for unit mass of fuel o Gas density
7 :Radial position ¢ :General variable given in equation (1)
R° : Universal gas constant oo Infinity
Re : Reynolds number | /-, | .D/V Subscripts
Sy : Source term for general variable ¢
bn : Boiling
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1. Introduction

The effect of an oscillating flow field with and
without a steady component on heat and mass
transfer from a single spherical particle and dro-
plet has been a topic of investigation since the late
1930s(Marthelli & Boelter, 1939). Some examples
of these theoretical and experimental studies can
be found in refs.(Baxi & Ramachandran, 1969,
Mori et al, 1969, Gibert & Angelino, 1974,
Larsen & Jensen, 1978, Rawson, 1988). These
publications report an increase, decrease or un-
noticeable change in heat and mass transfer,
depending on the frequency and the magnitude of
the steady and oscillating flow.

Zinn et al.(1982) and Faeser(1984) indicate the
positive effects of high intensity acoustics on coal
combustion by using acoustic drivers or pulsed
combustion. Koopmann et al.(1989) investigated
the effects of high intensity acoustic fields on the
rate of combustion of coal-water slurry fuel in the
sonic combustor. Yavuzkurt & Ha(1991) and
Yavuzkurt et al.(1991) calculated a decrease of
15.7% and 12.1%, respectively, in the char burn-
out length for a sound pressure level of 160 dB
and at a frequency of 2000 Hz compared to the
case with no sound for the combustion of 100 ym
pulverized coal or coal-water slurry fuels. Ha and
Yavuzkurt(1991) investigated in details the effects
of high intensity acoustic fields on heat and mass
transfer, combustion around a single spherical
carbon or char particle. They solved the gas phase
equations simultaneously with the particle phase
equations in order to consider the effects of
particle entrainment on the particle combustion.

For droplet combustion, Law(1982) gave a
detailed explanation of the fundamental mecha-
nisms governing the vaporization and combustion
of an isolated, single spherical droplet in a spray

of liquid or slurry fuel. This review paper de-
scribed the usefulness and limitations of g2-law
governing the vaporization and combustion of a
single droplet under various assumptions, based
on the research works(Fernandez-Pello & Law,
1982, Wu et al., 1983, Chung & Law, 1983, Chao
et al., 1985) which Law’s group carried out. The
effects of variable properties and kinetics on the
flame structure were also discussed. Faeth(1983)
developed locally homogeneous flow(LHF) and
separated flow(SF) models to explain the detailed
structure of the flow for the two- or three-
dimensional spray systems found in furnaces, gas
turbine combustors, internal combustion engines,
etc.

In the previous studies on the vaporization and
combustion of droplets, it is usually assumed that
the droplet is stationary relative to its gaseous
environment. Thus, the droplet momentum equa-
tion is not included with the constant slip velocity
between the droplet and the bulk gas stream.
However, in the initial stages of combustion of
pulverized coal or coal-water slurry droplets,
there exists a steady slip velocity, {J,. This steady
slip velocity decreases during combustion since
coal particles or particle agglomerates become
entrained in the main gas flow. During the later
stages of pulverized coal or coal-water slurry fuel
combustion, the slip velocity between the
entrained particles and the gas is quite low for a
significant period of time, leading to low heat and
mass transfer to and from the particles, as shown
by Ha and Yavuzkurt(1991). For this situation,
the particle or droplet momentum equation
should be solved simultaneously with gas phase
equations and the slip velocity continuously
changes depending on the droplet trajectories.

In order to investigate heat and mass transfer,
combustion past droplets entrained in an oscillat-
ing flow with a steady velocity component, an
oscillating flow, Uicos(2zft), induced by the
high intensity acoustic fields is superposed on the
mean steady flow, [, in the present study. The
two-dimensional, unsteady conservation of mass,
momentum, energy and species equations for a
laminar flow past droplets in spherical coordi-
nates was solved simultaneously with the droplet
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momentum equation. The results obtained con-
sidering droplet entrainment are compared with
those without entrainment. The main purpose of
this study is to investigate not only the dynamic
history of burning droplets in the presence of
oscillating flow fields but also to consider the
direct interaction between the combustion gas and
the applied acoustic field.

2. Mathematical Model

2.1 Governing equations

The combustion of a single liquid droplet in
the presence of high intensity acoustic fields is
investigated by solving the unsteady and two-
dimensional axisymmetric conservation equations
for laminar flow with the following common
form(see Patankar, 1980) :

gt—( 09) +%79@;( 2 pu,p)
+7S;T(9—7%(sin Gousp)

N rl 87(” ng)
<I’¢sm0 g(g ) + S,

1 3
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The flow field and the droplet geometry with
1. In the
conservation of momentum equation, ¢g=u,, u,
represents the velocities in the radial » and angu-
lar @ directions, respectively. In the energy equa-
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some nomenclature are shown in Fig.
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High Intensity Acoustic Fields Liquid Droplet

Fig. 1 Schematic diagram showing the geometry
and some of the nomenclature used to simu-
late combustion, heat and mass transfer from
a spherical droplet in the presence of oscillat-
ing flow with a steady velocity

tion ¢=7 is the static enthalpy. The source terms
¢ in Eq. (1) are given in Table 1. 1¥/ in Table 1
represents the rate of production of species Y*.
For homogeneous combustion in the gas phase,
the one-step chemical reaction is modeled by the
following chemical process :
VF[F]+U0[O]:I/P[P]+Q (2)
Further assuming an one-step second-order
irreversible Arrhenius reaction between the fuel
and oxidizer, then the reaction term W in Table 1
can be expressed as(Wu et al., 1982):
Ko*YoYrexp(—E/R'T)
Wa
where YV and Y, represent the mass fraction of
fuel and oxidizer, respectively. In the species

W==— 3)

Table 1 Source terms S, in equation
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conservation equation, ¢= Y;* is defined as:
YE=Yr Y¥=0Yo (4)

where ¢ represents the stoichiometric fuel-
oxidizer mass ratio. The following equation of

state is used
0T = peTw (5)

under the assumption that the variation of the
pressure is small across the boundary
layer(Fernandez-Pello & Law, 1982). The quan-
tities are allowed to vary in the radial() and
angular(g) directions whereas a circumferential
symmetry is assumed around an axis which passes
through the center of the droplet and is parallel to
the flow direction. Thus, the mass, momentum,
energy and species equations in the gas phase can
not be decoupled due to the source terms given by
Table 1 and should be solved simultaneously.

The mass conservation equation for a reacting
droplet is expressed as :

dmy
dt

where sy, is the mass of liquid droplet and #;”, is

=—Axrim’, (6)

a net mass flux from the burning droplet. The
droplet momentum equation is expressed as :

m,i"é;ﬁ:m U— ) (7)
where
Fd:47TVIZPCd U-vz|/2 (8)
o 24 (1+0.15R™%)
Ca= Re 1+5 )
B=p|Cu e QYo=] o)

where ¢, in Eq. (7) represents the droplet velocity
and [J represents [+ {/icos(2xft) for the oscil-
lating flow due 1o the acoustic field with a steady
velocity. C, in Eq. (9) represents the drag coeffi-
cient with the value given by Smith et al.(1985)
with a correction due to mass loss.

2.2 Initial and boundary conditions

The conservation equations of mass, momen-
tum, energy and species for the gas phase are
given by Eq. (1) with the proper source terms to
calculate the combustion of a liquid droplet in the
presence of oscillating flow with a steady velocity.

At the droplet surface » =R, where R, is the
radius of the burning droplet, the velocity , is
zero, whereas the radial velocity i, can be calcu-
lated as follows :

e (1
©

where 77", is a net mass flux out of the burning

droplet. The following boundary conditions are

Uy

used for the energy and species conservation
equations at the droplet surfaces :

T ’ w— Thn (12)
oT _ ..
kW*fm zL (13)
dYr

our | w=p1t;Yr | w— 0Dy 3 lw (14)
oY, | w= oDy | P F (15)

In the present calculations, it is assumed that the
droplet has constant and uniform boiling temper-
ature T,, during combustion as shown in Eq.
(12). As y — oo,

o= —[CUs+ Uicos(2rft)]sind (16)
wr=[ U+ Urcos(27ft)]cos § (17)
[=lw (18)
Y=Y (19)

where (J, is the steady velocity and (J; is the peak
value of an oscillating flow. At ¢=0 and r,

g% =0(Symmetry Conditions) (20)

Initial conditions have the specified values.
3. Results and Discussion

The droplet mass and momentum conservation
Egs. (6) and (7) with two unknowns(,-, and ;)
are coupled to the gas phase conservation Eq. (1)
with seven unknowns(u,. u. £. T. Yi~1Yy.
Thus, strongly coupled, nonlinear, unsteady and
two-dimensional conservation equations with a
total of nine unknowns need to be solved simulta-
neously. The present calculations are made using
the noninertial coordinate system in order to
consider the moving droplet due to entrainment,
and using a coordinate transformation which fits
to a shrinking droplet, as explained by Ha(1990).
The gas phase equations are first solved using the
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same SIMPLEC procedure of Doormaal and
Raithby(1982). Using this solution, the droplet
conservation equations are solved to yield the
updated source terms for the gas phase, since the
droplet is reacting. The gas phase equations are
solved again using these updated source terms,
establishing the new solution for the gas field.
This iterative procedure is repeated until the
convergence criteria for the gas phase equations,
and for the droplet temperature.

These solutions give the droplet diameter varia-
tion as functions of time. The unsteady two-
dimensional(2-D) code with chemical reactions
also calculates the oscillating velocity, tempera-
ture and species fields in the gas surrounding the
burning droplet. All the calculations are made
using the simulation conditions given by Aggar-
wal and Sirignano(1985) as shown in Table 2.
The limiting case of droplet combustion in a
quiescent environment( {,= [J;=0) is simulated
using the present laminar, unsteady and two-
dimensional computer code. Williams(1976) and
Kanury(1977) gives g*law for the droplet com-
bustion in a quiescent environment defined as

di=d§— Kyt @n

where

8k

Ko= Cro:

n(1+B) (22)

A comparison of droplet burning history in a
quiescent environment obtained from the present
simulation with g%law given in Eq. (21) gives
about 5% difference in burnout time. We think
that this difference occurs due to the difference of
the assumptions used in the present simulations
and g%*law:

(1) No solution for the gas phase momentum
equation is needed with constant pressure in the
d*law, whereas the momentum equation given in
Eq. (1) with source terms in Table ! is solved in
the present simulation.

(2) The infinitely fast chemical kinetics are
used in the g%law, whereas the chemical kinetics
of finite rates in the present simulations.

(3) The quasi-steady solutions are obtained in
the 4%law, whereas the unsteady solution in the
present simulations.

After the benchmarks made in a quiescent

Table 2 Values of various parameters used in the combustion of single droplet in the presence of high intensity

acoustic fields

Parameter Value

Cog (Gas Specific Heat) 1046.5 J/kgK

Cp: (Liquid Specific Heat) 2209.2 J/kgK

L (Heat of vaporization) 322140 §/kgK
M, (Air molecular weight) 28.9 kg/kmole
M, (Fuel molecular weight) 142.3 kg/kmole
M, ! (Oxygen molecular weight) 32 kg/kmole
P v (Initial pressure) 1 atm

Q (Heat of combustion) 311680 J/kg

T, (Activation temperature) 15096.85 K
Ton (Normal boiling tempearture for the fuel) 447 K
T. (Surrounding gas temperature) 1500 K
pg=pD, B (Gas viscosity) 1.844E-5 kg/ms

(Liquid density) 730 kg/m3

(Gas conduction coefficient) 0.01929746 W/mK
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environment, the program was run for the case of
an oscillating flow with and without a steady flow
around a burning spherical droplet.

Figure 2 shows the oscillating flow {J, the
entrained droplet velocity p, and the relative
velocity({/—p,) at 50Hz without a steady
flow({;,=0). The applied acoustic field [J oscil-
lates with an amplitude of 40 m/s. During the
droplet combustion, the droplet is entrained in an
oscillating flow with a phase lag. Even if the
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droplet oscillates with an amplitude of velocity,
the relative velocity({/ — p,) of oscillation has an
amplitude slightly lower than that of the oscillat-
ing flow U due to the phase lag which exists
during a significantly long time, as shown in Fig.
2. With decreasing droplet diameter during com-
bustion, the amplitude of droplet velocity
increases and the phase lag decreases, resulting in
decreasing relative velocity( {/ — p,). This relative
velocity determines the combustion rate of a sin-
gle droplet.

Figure 3 shows the velocity vectors around
burning droplet for the frequency of 50 Hz at the
time of 4.99, 9.99 and 14.99 ms. The enlarged view
close to the droplet surface is also shown in the
circle of Fig. 3. The relative velocity({/—y,) at ¢
=499 ms is —3.3m/s(see Fig. 2) with a flow

8\

4.99 ms

14.99 ms

Fig. 4 Constant temperature lines as a function of
time : Uy=0, U;=40m/s, f=50Hz, dy=105
pm
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direction from right to left. The droplet diameter
at this time is about 80% of initial droplet diame-
ter(dy=105 ym). At ¢=9.9 ms, the flow direction
is from right to left with a relative velocity of
—36.4m/s and with about 55% of initial droplet
diameter. The flow direction at (=14.99 ms
changes from left to right with a relative velocity
of 10.5 m/s and with about 21% of initial droplet
diameter. The flow fields around the burning
droplet show different shapes from those around
a solid sphere, due to the blowing(mass transfer
on the droplet surface) during droplet combus-
tion.

Figure 4 shows the isothermal lines for the
frequency of 50 Hz at the time of 4.99, 9.99 and
14.99 ms. These lines extend from S00K close to
the droplet surface and continue to 1400K, with
intervals of 100K. At =499 and 9.99 ms, the
flow direction is from right to left and high tem-
perature gradients are observed around the lead-
ing half of the droplet from 6=0 to 90, particular-
ly near the stagnation point(#=0). When the
flow direction is reversed at t=14.99 ms, the
stagnation point is located at ¢=180 and the
location of higher temperature gradient is rever-
sed. The absolute magnitude of relative velocity at
t=14.99 ms is about three times larger than that
at t==4.99 ms. However, the boundary layer thick-
ness for temperature at /=14.99 ms is similar to
that at £=4.99 ms due to increased blowing dur-
ing droplet combustion. The iso-lines for fuel
mass fraction Y and oxidizer mass fraction Y,
have similar profiles to isothermal lines.

Figures 5(a) and 5(b) show the net mass flux
", and squared droplet diameter as a function of
time. The net mass flux from the burning droplet
increases with decreasing droplet diameter, due to
the increased heat transfer rate to the droplet as
given in Eq. (13). The net mass flux from the
burning droplet also depends on the absolute
magnitude of the relative velocity, giving decreas-
ing net mass flux with decreasing absolute magni-
tude of relative velocity. Thus the combined
effects of the droplet diameter and the absolute
magnitude of the relative velocity determine the
net mass flux from the burning droplet as shown
in Fig. 5(a). The results with droplet entrainment
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(a) Net mass flux and (b) squared droplet
diameter as a function of time in a quiescent
environment and at U,=40m/s with and
without entrainment : U;=0, dy=105 ym

Fig. 5

are compared to those without entrainment and
also with those in the quiescent ambient condi-
tions. The relative velocity without entrainment
in an oscillating flow is the same as the oscillating
flow {/. Thus the absolute magnitude of relative
velocity with entrainment is lower than that
without entrainment, as shown in Fig. 2. The
droplet burnout time in an oscillating flow is
about 16.2 ms. Compared to the case under quies-
cent ambient conditions, the decrease in droplet
combustion time is about 52.9% with droplet
entrainment and 54.6% without droplet entrain-
ment in an oscillating flow(f=50 Hz, {/,=0, [},
=40), yielding slightly increased burn-out times
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with droplet entrainment at 50 Hz. The difference
in droplet combustion time with and without
entrainment is about 3.7%. Under quiescent ambi-
ent conditions, the droplet burning history fol-
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Fig. 6 Droplet velocity, surrounding steady velocity
and relative velocity as a function of time for
frequencies of 50 and 2000 Hz: U,=0, U,=
40 m/s, dg=105 pm

lows ¢*law. However, depending on the magni-
tude of the relative velocity in an oscillating flow,
the deviation from the g?law for the burning
history both with and without entrainment is
large under the condition of =50 Hz, {/;,=0 and
U, =40.

Figure 6 shows the entrained droplet velocity
v.» the oscillating flow {J, and the relative veloc-
ity({J — v,) at 50 and 2000 Hz, in order to investi-
gate the frequency effect on the droplet combus-
tion. Figures 7(a) and 7(b) show the net mass flux
", and squared droplet diameter as a function of
time. When the frequency is increased to 2000 Hz,
the droplet oscillates with a small amplitude
compared to the amplitude of the oscillating flow
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Fig. 7 (a) Net mass flux and (b) squared droplet
diameter as a function of time for frequencies
of 50 and 2000 Hz : U,=0, U, =40m/s, dy=
105 ;m
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U, except towards the very end of combustion
process as shown in Fig. 6. The phase lag between
U and v, increases with increasing frequency
from 50 to 2000 Hz. The relative velocity( {/ —1,)
of oscillation has almost the same amplitude as
the oscillating flow [/ at 2000 Hz, giving almost
the same net mass flux and droplet combustion
time with and without droplet entrainment. The
droplet combustion time at 50 and 2000 Hz is
about 16.2ms and 15.6 ms. These show that a
high frequency is preferable to a low frequency as
far as the reduction in the droplet burnout time is
concerned. The droplet burning history has differ-
ent profiles from g2law for both frequencies of 50
and 2000 Hz, as shown in Fig. 7(b).
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Fig. 8 (a) Net mass flux and (b) squared droplet
diameter as a function of time at U =1, 10
and 40 m/s: Uy=0, =50 Hz, d,=105 zm

Figures 8(a) and 8(b) show the net mass flux
w1, and squared droplet diameter as a function of
time, in order to consider the effects of the ampli-
tude (/; of the oscillating flow(f =50 Hz, [/,=0)
on the droplet combustion. The convective heat
and mass transfer increases due to the increase in
the relative velocity with increasing [/, during
combustion. Thus, the net mass flux increases and
the combustion time decreases with increasing {J,.
The droplet burning time with [J;=1, 10 and 40
is 32.6, 23.4 and 16.2 ms, respectively. When {/,=
1, the droplet burning history follows g%law.
However, the deviation from ¢%law increases
with increasing [J.

In order to investigate droplet combustion
entrained in an oscillating flow with a steady
velocity component, an oscillating flow, {/,cos(2
nft), induced by the high intensity acoustic fields
is superposed on the mean steady velocity, ().
The entrained droplet velocity p,, the oscillating
flow [/, and the relative velocity({/—y,) at the
frequency of 50 Hz are shown in Fig. 9. In order
to consider the effects of velocity ratio( [,/ ) on
the droplet combustion, the amplitude of oscillat-
ing flow varies with [/;=0, 10, 20, 40, 80 and 120
for the fixed steady value( [J,==40). We also con-
sidered the case with [,=0 and [/;=40. The
magnitude of relative velocity determines the heat
and mass transfer and combustion of liquid dro-
plet entrained in an oscillating flow, giving the
net mass flux and squared droplet diameter as a
function of time as shown in Figs. 10 and 11,
respectively. The burnout times for {/,=40 with
varying amplitude of oscillating flow are 14.5

ms( {/,=0), 14.96 ms({/,=10), 15.69 ms( {J,=20),
15.65 ms( {/;=40), 11.84 ms({/,=80) and 10.13
ms( [ /;=120), respectively. When (/,=0 and [/,=

40, the combustion time is 16.23 ms. The flow
direction of steady velocity is one direction from
left to right but the direction of oscillating flow
changes as a result of acoustic field. The absolute
magnitude of this steady and oscillating velocity,
Ch+ Uicos(2xft)— v, determines heat and mass
transfer from a burning droplet. When {J, < {,,
the combustion time mainly depends on the
magnitude of steady velocity and increases slight-
ly with increasing {/; for {/,=40, compared to the
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combustion time with ;=40 and {/;=0. How- similar results for the heat transfer from a station-
ever, when [/, > [, increasing the oscillating ary spherical sphere in the presence of oscillating
velocity superposed on a steady component cre- flow with a steady velocity.

ates a larger average slip velocity between the Figure 12 shows the entrained droplet velocity
droplet and surrounding gas, resulting in in- vs» the oscillating flow {J, and the relative veloc-

creased heat and mass transfer and combustion as ity {J — v, when the frequency is increased to 2000
compared to the case of steady flow only({/,=40 Hz. The magnitude of relative velocity determines
and [/;=0). Ha and Yavuzkurt(1993) show the the net mass flux and squared droplet diameter as
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shown in Figs. 13 and 14. Droplet entrainment
decreases with increasing frequencies, resulting in
slightly decreasing combustion time. The combus-
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tion times for {,=40 and f=2000 Hz are 14.5
ms({/;=0), 14.64 ms({/,=10), 14.92 ms([/,=20),
14.60 ms( {/,=40) and 11.73 ms( [/;=280), respec-
tively.

The effects of ambient temperature(7.,) on
droplet combustion are shown in Fig. 15. The
heat and mass transfer from and to the burning
droplet decrease with decreasing ambient temper-
ature, resulting in the increase in the combustion
time. The initial droplet diameter varies from 105
to 50 4m in order to consider the effects of dro-
plet diameter on droplet combustion. The overall
combustion phenomena for ¢,=50 ym are simi-
lar to those for ¢,=105 ym, comparing the results
with droplet entrainment to those without entrain-
ment and to those in the quiescent ambient condi-
tions, as shown in Fig. 16. The droplet combus-
tion time decreases with decreasing droplet diam-
eter.

4. Summary and Conclusions

The combustion of a single droplet entrained in
the oscillating flow with and without a steady
velocity is investigated. The effects of droplet
entrainment, frequency, the amplitude of oscillat-
ing velocity, velocity ratio {/;/[),, ambient tem-
perature and droplet size on the combustion of a
single droplet were investigated.

(1) In the presence of the oscillating flow, the
entrainment of burning droplet increases and the
phase lag between the droplet movement and the
oscillating flow decreases with decreasing droplet
diameter and with decreasing frequency. At 350
Hz, the droplet is entrained in the oscillating flow
with a phase lag. Due to this phase lag, the
relative velocity between the flow and the droplet
has an amplitude slightly lower than that of
oscillating flow {/ during a significantly long
time. The combustion time with entrainment is 3.
7% longer than the case of no entrainment. If the
frequency is increased to 2000 Hz, the droplet
entrainment is very small. Therefore, the relative
velocity is almost the same as the oscillating
velocity, giving almost the same combustion time
with and without droplet entrainment. The burn-
ing history of droplet entrained in an oscillating
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flow is not governed by the g*law, unlike to the
case under quiescent ambient conditions.

(2) When the steady velocity [, is higher than
the oscillating component [/, the combustion
time increases slightly with increasing {7, due to
the decrease in heat and mass transfer from and to
the burning droplet, as compared to the case of
steady flow only. When [/, is larger than [, the
combustion time decreases with increasing [/
over [, showing the enhancement of droplet
combustion in the presence of oscillating flow
induced by the high intensity acoustic fields.

(3) In the presence of oscillating flow, the
combustion time decreases with increasing ampli-
tude of oscillating flow, increasing ambient tem-
perature and decreasing initial droplet diameter.
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