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Abstract— Massive droplet transmission is primarily responsible for the COVID-19 pandemic
consequences, which are the most serious. Pleural effusion is a primary symptom of coronavirus illness.
Direct contact with infected people can result in droplet transmission of the COVID-19 virus, as can
indirectly contact nearby surfaces or things used on the infected person. The physics of the pleural fluid
deformation in the lung on free convection is described in the current paper. A pleural effusion happens
when fluid accumulates between the lung and the chest wall. With excess fluid, the lung's surrounding
tissue could become irritated. There are numerous causes for this, including pneumonia. Graphical
representations of the various velocity, temperature, and concentration profiles are produced by varying

the non-dimensional parameters of the fluid.
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I. INTRODUCTION

The spread of diseases via droplets has long
been a subject of intense research in many
domains. Concerns about the spread of the
COVID-19 disease

transmission of bacterial and viral infections from

infectious include the

inanimate surfaces to vulnerable individuals.
When an infected person breathes infectious
organisms such as influenza, COVID-19, or SARS
viruses, airborne disease transmission begins.
Complex flow processes, such as air-mucous
contact, turbulence and droplet evaporation,
deposition, flow-induced particle dispersion, and
sedimentation, moderate the transmission process.
Droplets more significant than a specific size settle
more quickly than they evaporate, contaminating
nearby surfaces. Because they are smaller, drops

evaporate more rapidly than they do.

The entire respiratory system is constantly
exposed to air; most particles are removed by
inhalation, but aspiration, mucosal dissemination,
and homogenous spread all happen. Few bacterial
or viral infections manifest as particular surface
antigens adhering to mucosal epithelial cells in
people with healthy lungs. An excessive fluid
buildup between a human lung and the chest wall
is a pleural effusion. Pleura surround each of our
human lungs. A thin membrane known as the
pleura lines the interior of the chest wall and
covers the lungs. The two occupied pleura levels

often have a small fluid between them. The lungs
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and chest wall move when we breathe, which

functions as lubricating oil between them.

Various treatments bring numerous pleural
effusions that are brought on by multiple
treatments. A low blood protein level increases
blood vessel pressure, or fluid spills into the
pleural space, which are the three leading causes
of transudative pleural effusion. Heart failure is the
most typical cause. Exudative effusion is brought
on by tumors, infections, or obstructed blood

arteries.

The patient noticed a differential diagnosis of
dyspnea and dry cough referred to lung cancer and
was treated for the COVID-19 infection, according
to Zahra Ahmadinejad et al., [1]. Saffman [2], who
was interested in the impacts of both coarse and
fine dust, looked into the influence of the crucial
Reynolds number on the change from laminar to
turbulent flow. According to Adrian Bejan, the
order-of-magnitude estimations generated by scale
analysis were validated by the buoyancy ratio and
Lewis number simultaneously multiple-scale
boundary-layer problem [3]. Christian et al., [4]
lung parenchyma computations assessed and
identified as nonlinear compressible in various
computational lung models. Experiments are
compared with whole pulmonary to allow the
model to be validated in vivo. Richard Haber [5]
the correct fluid dynamic forces on the lung that
balance buoyancy and allow for stable states of the

pleura not coming into contact. Pleural fluid
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pressure can simultaneously balance the buoyancy
of the lung. The unstable free convective mass
transfer flow past an infinite vertical plate with
studied by
Ramana Reddy [6] for both Soret and MHD
Mittal et al.,, [7] has attempted to

demonstrate the flow mechanics of the COVID-19

changing suction velocity was

effects.

epidemic, including the generation of respiratory
droplets, two-phase expiratory fluxes, and droplet
evaporation. S. Das and others [8] The radiative
heat flux was modeled using the Rosseland
diffusion approximation in the energy equation.
The Laplace transform method has been used to
reach conclusions regarding an infinite vertical
plate with heat and mass transport in the presence
of thermal radiation. Using a sliding semi-infinite
sheer scale and the influence of chemical reactions
during mixed convection, Prakash [9] described a
perturbation technique. The ongoing problem from
vertical

a  moving surface by R

Muthucumaraswamy [10]. Using a specified
physical norm, Swetaprovo Chaudhuri [11]

theoretically  developed respiratory  droplet
dynamics and pandemic droplet evaporation. The
current study focuses on how the natural buoyancy
effect of the lungs causes pleural fluid to get
contaminated by a new coronavirus. Padmavathi et
al., [12]-[15] established various respiratory tract
fluid flow due to forced and free convection

stream.
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A. MATHEMATICAL FORMULATION

We have taken into account an unsteady two-

dimensional laminar flow of a viscous,
incompressible fluid (Pleural Fluid) of uniform
cross section h, fluid is lying above and below
bounded by porous layers, and the physical
situation can be written in Cartesian form
under the assumptions based on study areas.
The

condition at the porous medium interface at t <

initial time-dependent slip boundary
0, assumes that the region is at the same
temperature T and concentration C. When t>0,
the temperature and concentration of the area
instantly rise to T_0 and C_O, respectively.
These values oscillate with time and are thus
kept constant. Make the x axis parallel to the
fluid flow and the y axis perpendicular. The
problem's schematic representation is displayed
below. The appropriate boundary conditions
are used to derive the governing equation and
the ensuing assumptions are then generated. In
the y direction, the blood flow is subjected to a
consistent magnetic field, designated BO. The
mobility of COVID-19 barely creates any
applied magnetic field or electric field. Over
the model, the Boussinesq approximation is

used.
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y Fig:1 Physical Configuration

vV ov YV ov v \bT The balances of the mass, linear momentum,

e A S O OOOT00 i i
‘/ng Y energy, and concentration species serve as the

B pleural fluid =0 N . . ]
S - foundation for the governing equations.

 OOOCOOTOTHOSROIOERN —» =

RIS

Continuity Equation:
o= (1)
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By substituting the following non-dimensional quantities, the given problem becomes non-dimensional.
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by _mﬂv _uﬂ’x R T Ta-To Ta-fg' T T v e

where temperature and concentration are represented by the dimensionless variables
& end w respectively.
Neglecting the (*) symbol results in the main governing Equations (1) and (2) no longer implying

v = g, Where w7, IS a real positive constant and is also taken into account as the characteristic velocity.

i

o )

i i &

E+v5=—%+(w—?)+ﬂrﬂ+ﬂsga—ﬂ'*au—3fﬂlu 4)

Using non-dimensional values, the beginning and boundary condition becomes,
At, t=0, u=0
At, y=0, u=10 ®)

At y=H, %=un‘u,:—:=uﬂr[ﬂ+?}3]

Where, Gr=w [Grashof number] Gr::&""gv—:’_':”j [Solutal Grashof number],

2
o= ﬁ,[Porosity parameter]H, = % [Hartmann number]

At

B. SOLUTION METHOD

The perturbation method can be used to obtain the analytical solution for the set of dimensionless

equations from (3) - (4), along with the set of boundary conditions (5). This procedure can be carried out
4312
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by depicting the perturbation parameter (¢ <=2 17 as being very, very small and then following it with
flow velocity u.

Ula, 3. £ = wy (¥) + @™y (3] + o(eh) (6)

Plxy.t) = p{x) + ee@™0p 0] +
o(et)
(1)

By substituting the aforementioned equation into the basic equations (6) to (7), we can move further

with our problem while ignoring higher order terms, i.e., o(*}. The resulting set of equations are as

follows ) and .
2 g Bug _ gt by 1 = P
(ﬁyz)_crﬁy _I:ﬂ- +Hﬂ]“u_ﬁ1_
Gro, —Geg,
(8)
Aty=0, =, =0 )

— Bug _
Aty =H, 2y = ET

Boundary conditions (9) can be used to obtain zeroth-order velocity (1, We get,

wy = Age™ ¥ Ayt _QE‘ —(Bye™¥+
RE. Bmz}.+ L"l Emsy-l- Ca g'm{,]']
(10) Aty =0, u, =0, (11)

—y
Aty =H, By O

Boundary conditions (11) can be used to simultaneously derive first order velocity ( 7, We get,

Lo+
= Ay e"F 4 A0 _%1 — Ry e™¥ +
R'l- qu,}'_l_ C'E E‘I‘Jt;_‘l-'+ fq_ Bma}l:'

(12)
Il RESULT AND DISCUSSIONZ
The goal of the current study is to assess how well numerical computations of the analytical results for
the following fluid particles velocity distributions can characterize the flow of the fluid at various values
of physical parameters. MATHEMATICA 12.0 was used to compute the heat and mass transport, and
the findings are also displayed graphically. To evaluate the graph throughout the algorithm, we use
equivalent values Until the other parameter values are maintained in their fixed state. The Grashof

number, Hartmann number, Porosity parameter are among the parameters we are computing.

(t=2p=3x10"%p=002.2x1071, g=

0,81 10°%¢C, = 0.001L,A = 0.005.=0.002,n =
0.00L,x=0.0LH=056r=0506c=05a=
04,r=04K=05M=03s=04.0=02c=
0.03)
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Fig. 2 depicts how different magnetic fields affect
the velocity distribution. Lorentz force is the way
of referring to such a force. The graph below
shows that the fluid's velocity rises as the
HARTMANN parameter A solid

material's porosity is a measure of the "Empty

increases.

space,” whose volume ranges from 0 to 1. We
noticed that the fluid's velocity rises as the
porosity permeable parameter rises. The pleural
fluid's velocity is depicted in the aforementioned
graphs as increasing pictorially as the values of
the Grashof and Solutal Grashof parameters. It is
evident that a buoyant flow develops during fluid
flow inside the lung as a result of the gravitational

force's acceleration move through fluids.
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Fig: 2. Velocity field for various values of Ha
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Fig: 5. Velocity field for various values of Gc

1l CONCLUSIONS

In the use of the perturbation technique, the
dimensionless governing equations above are
analytically resolved. We have come to the
conclusion that the buoyancy effect of the lungs
and chemical reactions within the pleural cavity
cause heat and mass to transfer on an unstable
magnetic field with natural convection flow of the
human respiratory system.

The key conclusions from the aforementioned
results are as follows:

* As the Hartmann number and porosity parameter
grow, the velocity of a fluid flow increases

monotonically.
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* Both the Grashof and Solutal Grashof number

and the fluid flow velocity gradually rise.

IV Nomenclature
u, v — the fluid flow velocity in x and y direction.
g — gravitational acceleration
p — pressure of the fluid
p — fluid density
p — dynamic viscosity of the pleural fluid
v — kinematic viscosity of the pleural fluid
Gr —Grashof Number
Gc — Solutal Grashof Number
Ha —Hartmann Number

o* — Porosity Parameter
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