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Abstract: Pleural effusion is an interruption of a pleural cavity in the lung wall. The lung and
chest wall reversal process leads to pleural fluid aggregation in the pleural space. The parietal
lymphatic expansion occurs because of increased pleural fluid. This model has been developed to
obtain new results of respiratory tract infections, and also investigated the reaction of injection on an
unstable free and forced convection flow of visceral pleural fluid transports in two different vertical
porous regions. Finally, the model gives an impact of COVID-19 in the human respiratory tract, as it
helps to anticipate early summary of establishing current pandemic infection. Results are computed
analytically and plotted graphically for various physical parameters. The main highlights of this
paper are mixed convection has been investigated mathematically in porous media, the effect of
temperature and velocity field of pleural fluid was analyzed based on human lung mechanism, heat
exchange associates with mucus layer and pleural fluid layer corresponding to thermal radiation and
heat absorption, contribution of injection parameter over the region’s mucus and pleural phase, it
has shown high sensitivity flow in diagnosis of COVID-19 due to pleural effusion.

Keywords: COVID-19; lymphatics; pleural cavity; pleural effusion; suction parameter

1. Introduction

The suction/injection effects of viscous fluids have been connected with biological and
astrophysical applications. In some cases, those flows have been discussed as Newtonian
and non-Newtonian fluids for boundary layer problems. The most superior symptom
of patients with COVID-19 is respiratory distress, and many of the infected patients
admitted by demanding disturbance could not breathe immediately, also few patients with
COVID-19 produce some basic signs such as headache, nausea, and vomiting. Manifesting
coronaviruses are not always restricted to the respiratory tract and they also occupy the
central nervous system, generating neurological diseases.

This study investigates an instance of COVID-19 with pleural effusion as the primary
manifestation where the patient experienced abnormal breathing disturbance. In any case,
these are generally case reports, and no bigger information epidemiological examination
has been led. More information is expected to address the topic of the importance and effect
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of these manifestations on COVID-19. The human body collaborates with the surroundings
in many different things.

Pleural effusions are unusual and frequently of unresolved origin Incekara Fo et al. [1].
They may differ in size, and the patient can present with progressive dyspnoea, pleuritic
chest pain, dry cough, low-grade fever, and sometimes high-grade fever. The pleura is a
diminishing placenta that controls the chest cavity and lubricates breath. The lung associate
with surface breathing, “excess water filled up the lungs” are called Pleural effusion.

The mucociliary transport influenced by the thermal radiation. The effect of heat radi-
ation occurs due to the temperature difference in the mucociliary phase of Shaheen et al. [2].
The level of tissue harm is identified with heat affectability (conduction) with respect to
time. The present physical model investigates various temperatures and treatment times
with two layers. It expresses heat exchanges in both regions with different modes.

Shaheen et al. [2] inspected that the mucus fluid motion could be constrained by
the magnetic field that is created by the medication conveyance of nanoparticles, heat
radiation because of temperature contrast, permeable medium because of respiratory
contamination, and dispersion of the nano-particles (chemical reaction) because of the
attractive medication conveyance.

Jhaetal. [3] investigated the transient free-convection flow between two infinite porous
plates in the presence of a transverse magnetic field and thermal radiation. Furthermore,
the radioactive heat flux also implies Rosseland diffusion approximation in the first law
of thermodynamics.

Satpathi and Ramu [4] studied a cough machine simulating the transport of mucous
gel in the trachea due to mild forced expiration of a three-layer quasi-steady laminar flow.
The effect of surfactant is considering a sol phase as a surfactant layer established that
creates slip at the wall and coordinates of sol phase and mucous gel.

Uwanta [5] studied the impact of suction/injection on a temperamental hydro-attractive
convective progression of viscous active liquid between two boundless vertical equal per-
meable plates within the sight of cross over an attractive field and warm dispersion. It is
reached out to an exothermic compound, and response of Arrhenius energy is engaged to
control fluid flow (suction/injection) in the channel. Nirmala P. Ratchagar [6] considered
the horizontal channel to describe the surface movement of the oil spill in the presence
of thermal and concentration buoyancy effects including Coriolis force, a homogeneous
first-order chemical reaction in the flow field.

Govindarajan et al. [7] cross-examined that the combined effects of heat and mass
transfer to an electrically conducting, chemically reacting optically narrow MHD oscillatory
dusty fluid flow through a saturated porous medium. The chemical reaction parameter
was analyzed by reverse effect on shear stress.

Miserocchi [8] esteemed that interaction between lung mechanics and extravascular
fluid dynamics controlled and maintained extra-vascular water and pleural fluid differs
among human body organs compartments at particular moving situations. Increasing
permeability and fundamental capillary stress of the parietal/visceral pleura approved by
pleural effusion, lymphatic flow can be drained of one of the major limitations.

Ishak et al. [9], and Jena and Mathur [10] considered mixed convection boundary-layer
flow on a vertical wall with a prescribed heat flux with the effect of suction/injection of a
fluid through the bounding surface likelihood in the cooling process mass transfer, and
significantly, the flow field can be changed, and consequently, it is affecting the rate of heat
transfer from the plate.

Mansoura et al. [11] established that there are few natural convection flows of first and
second-order support due to solid matrix on fluid-saturated porous media by determining
thermal radiation and Joule heating.

Pal and Talukdar [12] and many of the researchers solved the problem using the
perturbation method. They enlarged their studies on chemical reaction and thermal
radiation of the heat and mass transfer in micropolar fluid flow past a vertical porous
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plate in the presence of heat generation with slip condition at the porous boundary in the
presence of a transverse magnetic field using the perturbation technique.

Mani et al. [13] translated the mechanism of activity of Sativa for its helpfulness
against SARS-CoV-2. However, this study rotates around the pathways and cycles, which
should be designated in COVID-19. N. sativa is another expectation and can be utilized as
therapeutics for battling the infection.

Zhou and Zhang [14] established a lung sponge phantom model to explore the impact
of pleural fluid on surface wave in lung ultrasound surface wave elastography.

Chen et al. [15] considered a contextual investigation seen on 109 patients with harmful
pleural effusion of lung cancer. In dispersion though, with two group of victims treated
with oxaliplatin, intrathoracic injections were tried out with the standard aggregation.

Li et al. [16] stabilized and checked by the temperature information of explicit estimat-
ing particles in a clinical treatment case, and eventually the importance of the treatment
intensity of pleural malignancies at various perfusate channel temperatures and medication
duration obtained by the same measurement as the verge of contamination in the lung.

Lazzari and Silvano [17] with CT images of the chest, portrayed careful scarring of
the right lung, a pleural effusion with air bronchogram and a huge reciprocal alveolar
thickening with diffuse ground-glass opacities developing into a whited-out lung.

Degroot et al. [18] discussed entire models of the porous medium and simulated
coupled-fluid porous flow in the complete lung.

Ishak [19] considered a prescribed heat flux on a vertical wall (when there is suction or
injection (blasting) through the wall) with the object of mixed convection boundary-layer
flow, although the plate is permeable.

Mohammad S. Islam et al. [20] mathematically reviewed SARS Covid-2 spray trans-
portation to an age explicit aviation route framework as an initial stage of coronavirus
research for low Reynolds number.

R. A. Cahill et al. [21] studied Reynolds number (Re) under 2300 demonstrates laminar
stream, and created apparatuses and models for the evaluation of gas spillage. Carbon
dioxide spillage is normal, happens at an impressive speed (identical to that happening
with a human hack) and volume, and is fit for communicating particles into the working
room climate.

Cunming Yu et al. [22] examined the instruments of normal drag contraction, which
can anticipate or defer the event of turbulence, are desperately expected to lessen the
grinding drag.

The standards for sorting stream system through Reynolds number (Re) varies
dependent on the kind of utilization (i.e.,), laminar system for stream around airfoil
(Re < 5 x 10°), while it was Re < 2300 for move through a spherical duct determined in J.
Bruce Ralphin Rose et al. [23].

T. Padmavathi and Dr. S. Senthamilselvi [24] investigated that influence of magnetic
field on free convection of pleural effusion.

The object of the present paper is to study the flow past an accelerated finite vertical
plate with variable velocity and temperature effect of suction/injection.The term viscoelas-
ticity has been used to describe flow techniques of the mucus layer. The mucus fluid is an
extremely complicated organic material, in terms of substantial properties, which has both
stream and deformity (visco elasticity) properties defined by non-Newtonian thickness
and time-subordinate stream (thixotropy) properties by Dipak Kumar et al. [4]. With
insight of the present model, this was the principal mathematical study to analyze the
motion viscoelasticity nature and radiative heat transfer of mucous gel because of clinical
qualities of COVID-19 with PE. The dimensionless governing equations are solved using
the perturbation technique. The solutions are determined in terms of zero and first order
of velocity and temperature for both phases.
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2. Formulation of the Problem

Consider an unsteady state of an incompressible fluid passing through laminar flow
of viscoelastic mucous gel and pleural fluid phase in an epithelial tissue with variable
temperature and velocity simulating a model in the respiratory tract. The flow is assumed
to be caused by a forced and free convective generated due to acceleration of gravity.
The corresponding flow geometry is displayed in Figure 1, where mucous gel (0 < y < hy,)
and pleural fluid (h, <y < h)) fields are determined.

The equations are governing the laminar flow of mucous gel and pleural fluid under
unsteady position can be drafted Dipak Kumar Satpathi et al. [4] as:

Assumption:

*  An unsteady case concurrent laminar flow of pleural fluid, viscoelastic mucous gel
and epithelial tissue are considered to be the porous medium.

*  Boussinesq approximation is applied.

e Two porous regions have been taken to analyze the model of the flow.

e Free and forced convective effects of injection on pleural fluid with thermal radiation.

¥
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— — — —4 —» — o=
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: — — - — o —
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Figure 1. Physical geometry of the fluid flow..
Region-I: (Mucous Gel phase) (0 <y < hy,)
Conservation of mass: 5
Um
— =0. 1
o M
Conservation of linear momentum:
oy uy, 19pm 2u,, v
— + G = ———— + | — Ty — Tp) — o—upy. 2

Conservation of energy:
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Region -II: (Pleural fluid phase) (h,; <y < hp)
Conservation of mass:

avp _0 4
=0 @
Conservation of linear momentum:
oup ou,  19py 0%uy, v
W—FUOW__EW—FU W +g¢:B(T_TO)_EuP' (5)

Conservation of energy:

0Ty oT, kr [ 0*T,
= — | —= —T). 6
(at + an) oC, \ a2 pC o Ty = Th) ©)
With the help of above-mentioned hypothesis, the present problem of initial and
boundary conditions of the velocity and temperature tracts are,

um =up=0and T =Toatt=0

U =up=Uy(1+ee)and T =Ty =Tyaty =0 )
Uy =up =0,Ty = Ty +ee“! (T — Tp) and

T, =Ty+ee“ (Ty—To)aty=h,.

The radiative heat flux term in the computation is rearranged by utilizing the Rosse-
land dispersion approximation for an optically thick liquid as per Dulal pal et al. [12]

_40'oT
= Tk ay

The Rosseland approximation has been utilized with achievement in an assortment
of issues going from the motion of radiation through gases at small thickness to the
investigation of the impacts of radiation on shoot waves by atomic blast.

The following dimensionless quantities are used in the present problem to omit
unknown parameters:

) /_um _x Vg _Tu=To g _ Tp=To
up - volum - x h y - h ,9 - Tw TO,GP TZU TO (8)
2
p_ g _why tvo
t=2p = pr "= (for both regions), s = =+, t' = 30,Q, = 40, T3)

where, 8, and 6, are dimensionless temperature for mucous gel and pleural fluid, respectively.
After accounting (8) non-dimensional variables in Equations (1)—(6), ignoring the (")
symbol, the non-dimensional momentum and energy equations become,
Region-I:

Oty Oty pPm <3zum

30r By 320,
RPat+S<ay>— e + Q0 (10)
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Region-II :
duy dup  Ipp 0%uy
ReP %y +S Wy _ PO 0 (12)
Pray+5\ 5, ) = 52 T
where
Gr = w [Grashof number]; Da = [Darcy number]; M2 = ﬁ ;

Re — hpzflo [Reynolds number]; Pr = k—” [Prandtl number]; § = 22 iy [Injection]

The dimensionless boundary conditions are transformed into;

Uy =up="1and Ty =Tpaty =0
(13)

U =up=0and Ty, =Ty =1aty=1

3. Calculation of the Problem

The complete set of dimensionless governing Equations (9)—(12) under the boundary
conditions (13) have been solved analytically by applying the perturbation technique.
From the process of computation, they are worked out, and their numerical values are
presented in graphical form.

This system can be completed with the help of symbolizing the perturbation parameter
used in the (e is much lesser than 1) velocity, pressure and temperature given below:

U(x,y,1) = g (y) + €D, () + 0(e?) (14)
P(x,y,1) = Py () + €' pun () + 0(€?) (15)
T(x,y,1) = Oy () + €O, (y) +0(€?). (16)

Replacing Equations (9)—(12) through Equations (14)—(16) according to the regions
simultaneously, higher order (e?) terms are omitted and the simplification secures the
following set of ordinary non-linear differential equations: ug, 8y, ¢9 and u1, 6, ¢;. For
further work, we need A1-A16 and m1-m16 and the definitions of A1-A16 and m1-m16
can be found in the Appendix A.

Region-I:

L. Zero order equations: (constant term only, i.e., (€°))

0%y, Oty 1\  9pm,
go( 8y2 )—SGm 3y —(p(Da) = o — @GrOpy, (17)
azemo 00,
go( 32 > -5 3y + Qrfy, = 0. (18)
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Uy

1. First order equations: (perturbed part only, i.e., (€'))

dy? dy Da

2
q)(a um1> _ SGm auml + (i _ Rea))uml = —q)GTeml

2
(T ——

Region-II :
III. Zero order equations: (constant term only, i.e., (€?)

o%u ou ap
Po | Po _ Po
( 32 ) S 3y e Grbp,

%0 a0
Po | _ Po _
( 552 ) S 3 +J6,, = 0.

IV. First order equation: (perturbated part only, i.e., (¢!)
9%uy dup
( 8y21> =5 ayl — (Rew)up, = Grby,

00 a0
( m) —S=" + (] — RePrw)by, = 0.

ay? dy

The subsequent boundary conditions are
Upmy = upy=1and Ty = Tpyaty =0

Umy, =up, =0and Ty, =Ty, =laty =1

Region-I:
Velocity and temperature solutions: zero order

g mvarm emzy m(PGrm emly
= Aze™Y 4+ Age™V + + 2l - el
3 ! pM? om3 — sGymy + g M2

ey — My
Oy = A1e™Y + Axe™Y (or) 0y =

om3 — sGymy + M2

e — e -

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)
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Velocity and temperature solutions: first order

mg]Grm5 elmey
U, = Aye™Y + Age™sV + £ ¢
e ¢ 5 ( <q)m§ —5Gyme + (9M? — Rew)
L&emw/
B P 28)
2—sG M2 —R (

pmz — sGume + (¢ ew)

sy mey eeYy — pMisly
Oy = A5V + Age"SY (o) Oy =~ (29)

Region —II:
Velocity and temperature solutions: zero order

__Gr __ ,myy __Gr__ ,mgy
e e
110 — ™9 10 — 9
Upy, = Aqq + Aqpe™2¥ — 8y _ € 5 € + | & 5 € (30)
S mi, — sMip mg — sy

e'moy — phoy

eMmio — eig -~

0py = A1e™Y + Are™ (or) Oy = (31)

Velocity and temperature solutions: first order

iy €18 ey 1Y
up, = Agse"% + Agee™eV + — ol e (32)

m3, — smyy — Rew m3, — smyz — Rew

ey — oYy

_ myy may =
Op, = A1e" + Age (0r) Omy = oMo — iy

(33)

4. Results and Discussion

Physical visions of the problem in essential flows as functions of numerical compu-
tations are carried out for various parameters like Reynolds Number, Grashof Number,
Darcy Number, Prandtl Number, and suction parameter nature of the fluid flow transport.

The effect of several dimensionless parameters is accomplished by manipulating
the default values such as; (Pr = 0.7;Re = 5;5S = 03;¢ = 01,0 = I,m = 15, ¢=7;
Gn =03,w = 0.3;Gr = 0.5;¢ = 0.02;t = 0.2;x = 0.01) for Region I and (] = 0.33;
Pr=0.71; Re = 5;5S = 0.3;g = 0.006;w = 0.4;Gr = 0.5;¢ = 0.002;t = 0.2;x = 0.01 for
Region II.

Figures 2-25 expose implications of the numerous velocity and temperature fields in
the corresponding porous regions.

Velocity Profile for Region I and II:

1. Figure 2 shows that the velocity fields are increased with effect of increasing the injec-
tion parameter. An injected fluid particle does not spread completely, but to part of a
human respiratory tract. The mucus layer has many tissues in the epithelial wall. Few
of the coronavirus inflamed patients that deal with oxaliplatin intrathoracic injection
were enrolled in the regular and observation group by Xiaoju Chen et al. [15]. This
injection was successful in treating dangerous pleural radiation of cellular breakdown
in the lungs.

2. Figure 3 represents the velocity of the fluid flow progressively that enhances the
effect of increased Grashof numbers. Free convection leads to variation in the density
continuously because of the temperature gradient. Normally, density will be reduced
with increasing temperature. This type of dynamics occurred in the human respiratory
tract due to buoyancy force. The velocity profiles are enhanced with increasing
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buoyancy force. This implies that increasing the buoyancy force enhances the heat in
the human body.

Viscoelasticity of mucus recuperates quickly and reversibly reinforces a lot of elastic
and viscous properties in seconds. This fast recuperation is basic to mucociliary
transport and lung fluid sheared by coughing from streaming lower to the alveoli
by gravity. We observed from Figure 4 that the effect of Young’s modulus param-
eter ultimately increases the rate of velocity distribution is enhanced. The present
model establishes elasticity of the fluid kept permeability parameter as (¢ = 0.1).
Elasticity of the mucous gel will be increased in the respiratory tract with increased
COVID-19 transmission. It is also used to establish continuous material deformation
under prominent enforced load. Pleural liquid assortment between the pleural leaves
because of neighborhood /foundational illness of the pleura, lung or extra pulmonary
organs. Regularly, 0.1 to 0.2 ml/kg of liquid is available in the pleural leaves to work
with pleural development. The stage when the harmony between the creation and
reabsorption of this liquid weakens is called pleural effusion.

Quantitatively, pore volume to the bulk volume proportion is called porosity. Inad-
equate porosity is correlated to pore space that contains the rectifiable pleural fluid
in the lungs. Heat transportation of pleural fluid is controlled primarily by linked
pores. Figure 5 demonstrates that the rate of velocity profile in the form of a graph is
decreased with increasing porosity parameter.The range of lung pores lies between
(0 to 1). It may fluctuate by time, and it can be evaluated through averaged time.
Porosity of mucus gel phase is lower than in the pleural phase because of compaction
by gravity. Porosity of 0.1 is viewed as typical for chaotic tissue material at the extent
beneath the biomantle. Porosity in better material underneath the accumulating
impact of pedogenesis can be anticipated to be near this amount.

The Reynolds number can be identified for various factors with relative motion of
the fluid to a surface. The difference between the direction and the momentum of
the viscous pleural fluid may be the reason for the turbulence and laminar flow. It is
clear from Figure 6 that the mucous gel layer flow increased faster with increasing
Reynolds number. (Re < 500) goes towards the upward direction at a quick speed.
Concurrently, (Re > 500) goes towards the downward direction with a perfect
unstable speed. The rate of fluid flow also varies with an increased range of time
immediately. Laminar flow can happen only at a diminished Reynolds number
parameter. While Re > 1200, which infers that turbulence devours more energy that
empathizes with the laminar stream. This outcome is addressed schematically in
Figure 7. The turbulent stream loses Re < 1500 occasions more energy compared with
the laminar stream. Pleural layer, being bi-inward, could change the neighborhood
communications between the cells and the blood plasma with the goal that the stream
will in general remain laminar. The frame of the lung upgrades the productivity of
blood stream, as well as expanding the surface region for oxygen conveyance in the
respiratory tract. According to Fitridge et al. [25], the liquid stream can arrive at its
own consistent state in situations where the Reynolds number takes on values are
lower than 1000. Moreover, with the basic Reynolds number, the stream field keeps on
being undermined by the expanding arrangement at a wavy aspect. After diminishing
the Reynolds number to 1200, the pleural layer vortices fluctuated.

Due to some external force, pressure may be retained and lead to variation, and
it can be used to alter two indeterminant energies, namely kinetic and potential.
Furthermore, this is called the “first law of thermodynamics”. When the pressure
difference is less than 1 velocity, the fluid is increased. When the pressure difference
is (p << 1), decreasing velocity profiles are initiated. The pressure gradient during
pleural effusion varies from 7 mm Hg to 14 mm Hg and the variation in air passage
interstitial pressure between the two lungs in any given creature shifted from —8 mm
Hg to —5 mm Hg.
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10.

Figures 8-11 indicates that the velocity distributions are increased passionately in
order to effect of various increasing Gr, |, t parameters.

Figures 12-16 illustrates that the effect of velocity field is weakened for the numerous
increasing Pr, S, Pressure(g) dimensionless parameters.

Figure 17 represents the variation of different values of the radiation parameter on
the non-dimensional velocity distributions. It is noted that increasing Q, leads to a
decrease in the flow velocity when it is more than 1. We also observed from the same
Figure (Q, < 1) moving towards increased the velocity of the fluid at the epithelial
tissue surface enhance due to diffusivity of the momentum over the radiation effect
of the fluid.

The Prandtl number increases as well as thickness of thermal boundary layer decreases.

Temperature Profile for Region I and II:

The heat transfer process was enriched when both convection and conduction modes
only appeared in the fluid. The ratio between the kinematic viscosity and thermal
diffusivity express the dimensionless Prandtl number. A high Prandtl number shows
a lack in the convection process. Figures 18-22 show that the temperature profile of
the Pleural fluid is elevated with rising Radiation parameter, Prandtl number, Re, and
injection parameter. Furthermore, it is diminished with low Prandtl number. Address
the stream structure for the instance of a Prandtl number equivalent to Pr = 0.7(air).
In the two layers, similar Prandtl numbers act correspondingly. The temperature of
the fluid increased because of the presence of coronavirus airborne transmission in
human lungs.

Figure 23 initially represents the effect of temperature profile enhancement with
an increasing Reynolds number parameter dynamic divergence out from a signifi-
cant point.

Figure 24 shows that various increasing dimensionless injection parameters remain
vigorously increased in the temperature profiles. In the case of fluid being injected
through the lung wall, the velocity gradient increases gradually at the lung wall.
The temperature gradient is also evaluated by increased injection/suction parameter
strictly restricted to 1.

Figure 25 shows that the influence of heat energy is transferred through the respiratory
tract. It may be because temperature fields are boosted with an increasing heat
absorption parameter. Convective heat transfer coefficient performs a vital role in
the free convection and forced convection inside the human lungs regarding the
impact of COVID-19. Tragically, the laboratory discoveries of pleural effusion were
not accessible. In spite of, this review concentrated on the clinical elements of COVID-
19 convoluted with pleural effusion, and we trust that our outcomes could assist
clinicians to better assess and oversee COVID-19 patients with PE.
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Figure 10. Velocity field for various time ranges.
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Figure 13. Velocity field for different Prandtl numbers.
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Figure 18. Temperature field for various radiation parameters.

1 I | I | I
—Pr=063,Qr=1
—Pr=011,Qr=2
—Pr=1, Qr=3
——Pr=12 Qr=4

1 | | ] 1 1 | |

m

Fluid Temperature

=
[

[} ol 02 03 04 05 0B or 0s

y

Figure 19. Temperature field for various Prandtl numbers.

Fluid Temperature &



Coatings 2021, 11, 1313 17 of 22

—Ra=500, Qr=1 JUPIIUSTeRS
- | Re=T00, Qr=2 ol e |

— Ko =12, Ur=3 /q"'/::,/"’j S X
- |—Re=1500, Qr=4 e e

Pl ! | ! l ! ! l ,

o a1 [1¥3 ¥ b4 (B i} or a8 08

y
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Figure 21. Temperature field for various suction parameters.
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Figure 22. Temperature field for various Prandtl numbers.
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5. Conclusions

To study the thermal radiation effects of vertical plate flow with uniform temperature,
the dimensionless equations are solutions that are evaluated using the basic perturbation
technique. The velocity and temperature distribution for different parameters such as
Re, Gr, Pr,Qr and S are studied in the two porous mediums. The conclusions of the study
yield the following results:

Region I:

e The momentum of the fluid flow progressively enhances the reaction of increased
Grashof numbers.
®  The velocity fields are increased with the effect of increasing the injection parameter.
®  The effect of increasing Young’s modulus parameter ultimately increased the rate of
velocity distributions.
¢  The rate of the velocity field in the form of a graph is decreased with increasing
porosity parameter and Prandtl number.

e  The effect of velocity distribution is increased quickly with increasing Reynolds
number.

®  Velocity of the fluid is increased while the pressure differences were less than 1.

Velocity fields are decreased at pressure differences much greater than 1.
¢  Temperature field of the mucous gel is enhanced with growing Prandtl numbers.

Thickness of the thermal boundary layer decreased when the Prandtl number increased.
e  Temperature fields are increased with increases in Qr, Re, S parameters.

*  The temperature fields fixed state while increasing dimensionless radiation parameter.

Region II:

®  The velocity distributions are decreased passionately as various dimensionless num-
bers are (Re, Pr, S, Pressure) increasing.

¢ The momentum of the pleural fluid layer increases with corresponding non-dimensional
parameters Gr, J, and the time radiant increases.

e  Thermal heat transfer is boosted when the fluid particle of the Prandtl number is
enlarged.

¢ Increased injection parameter increases in the temperature fields.

* Increasing Reynolds number parameter with a dynamic divergence out from a signifi-
cant point.

¢  Temperature gradient increases gradually at the lung wall with an increasing heat
absorption parameter.

In the investigation, the author established that pleural effusion happened in 10.3%
COVID-19 patients globally, and those obstinate patients had a higher occurrence of pleural
radiation than general COVID-19 patients, proposing an all the more clearly fiery reaction
in the lung. However, the ongoing COVID-19 pandemic being very problematic respiratory
disease transmission. It is also evolving to the next version of new coronaviruses, mean-
while it presents a challenge worldwide as unrecoverable infectious disease. In this case,
face masks are found to be a desirable solution to prevent respiratory infection. Although
the defined dimensionless parameters in some of the figures are negative, their magnitudes
are physically always non-negative. Based the present research, it can be concluded that
the velocity of the pleural fluid flow is not constituted accurately. To control the spread
of COVID-19 in the initial aspect, vaccination helped. Mucous gel is strictly restricting
transportation in the respiratory tract.



Coatings 2021, 11, 1313

20 of 22

Author Contributions: Conceptualization, P.T., S.S.,5.S.S., R A, V.G, S.N. and J.].N.; methodology,
PT., SS., SS.S., RA., VG, SN. and J.J.N.; software, P.T,, S.S., S.S.S., R.A., V.G, SN. and J.J.N;
validation, PT,, S.S.,S.S.S., R.A., V.G, S.N. and ] ].N.; formal analysis, P.T., S.S.,S.S.S., R A, V.G, S.N.
and J.J.N,; investigation, P.T., S.S.,S.S.S., R A., V.G,, S.N. and ].].N,; resources, P.T.,S.S.,S.S.S.,, R A.,
V.G, S.N. and J.J.N,; data curation, P.T,, S.S.,S.S.S.,, R A, V.G., S.N. and ].].N.; writing—original draft
preparation, PT.,, S.S.,S.S.S., RA,, V.G, S.N. and J.].N.; writing—review and editing, P.T., S.S., S.S.S.,
R.A., V.G, S\N. and J.].N,; visualization, P.T,, S.S.,S.S.S., R.A., V.G., S.N. and ].].N.; supervision, P.T.,
S.S., 885, RA, V.G, SN. and J.J.N.; project administration, P.T., S.S., S.S.S., R A., V.G., S.N. and
JJ.N.; funding acquisition, R.A., S.N. and J.].N. All authors have read and agreed to the published
version of the manuscript.

Funding: The fourth author Dr. Rifaqat Ali extended his appreciation to the Deanship of Scientific
Research at King Khalid University for funding through a research group program under grant
number R.G.P2/39/42. The research work of ].J. Nieto has been partially supported by the Agencia
Estatal de Investigaci ion (AEI) of Spain under Grants MTM2016-75140-P and PID2020-113275GB-100,
and cofinanced by the European Community fund FEDER, Spain, as well as by Instituto de Salud
Carlos III, grant COV20/00617. J.J. Nieto is beneficiary of Xunta de Galicia grant ED431C 2019/02
for Competitive Reference Research Groups, Spain (2019-22). The work of S. Noeiaghdam has been
supported by a grant from the Academic Council in the direction of the scientific school of Irkutsk
National Research Technical University No. 14-NSH-RAN-2020.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We are very grateful to the editor and unbiased arbitrator for their prudent
interpretation and proposition, which refined the excellency of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Nomenclature

x Cartesian co-ordinate along the surface

y Cartesian co-ordinate perpendicular the surface
u velocity component u along x ditections
v velocity component v along y ditections

g acceleration due to gravity

p pressure of the mucous gel and pleural fliud
[y density of the fluid

v kinematic viscosity of the fluid

kp permeability of the porous medium

Gm Young’s modulus of the fluid (elasticity)
B coefficient of thermal expansion

T Temperature of the fluid

Tw constant temperature

Ty increased temperature

] Heat source

Cp Specific heat of constant pressure

Kr Thermal conductivity

Q Porosity of the fluid

Q coefficient of dimensional heat absorbtion
C species concentration of the fliud

Cw constant concentration

Co Raised concentration

S Injection parameter

Re Reynold’s number

Gr Grashof number

Pr Prandtl number
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qr Radiative heat flux
o Stefan-Boltzmann constant
K Mean absorption coefficient
Qs Radiation parameter
Appendix A
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