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ABSTRACT:- Corona Virus is deadly spread out to thousands of healthy people and so strong as to infect to
the surrounding people after people. We must keep the deadly virus indoor as much as we can. As have
mentioned above, the hospitals are nothing but a pressure vessel with negative pressure compare to the
atmospheric pressure

How? We must not allow the indoor air already contaminated to leak out to the atmosphere, which will transmit
to other people. The new virus is so strong and so fast to transmit, it will spread within a few seconds to
thousands of people and became patients immediately. To solve the problem, we must build a pressure vessel to
keep the virus inside the vessel and not to leak outside. It should be a negative pressure compare to the
atmospheric pressure. Another words, is to keep the indoor pressure lower than atmospheric pressure, so the
contaminated indoor pressure is lower than outdoor pressure. It is a part of a traditional HVAC operation. This
article shows step by step procedures of HVAC system design procedures, with emphasis of the air duct system
design. Care must be taken to keep close attention to the maintenance of the system.
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Figure 2 Psychrometric Chart
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Figure 3 Typical Air duct System

l. INTRODUCTION
Due to the spreading the deadly virus, the indoor pressure must always be kept lower than atmospheric
pressure. This can be accomplished by setting the airduct system pressure, static pressure portion lower than
atmospheric pressure. Before we go into the pressure, negative or positive, we must first review the basic
psychrometric chart as shown in the Figure 2.
The chart is based on the following equations.
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V =1.288 [V, (1.2/d) ]*? (1.1)

where V is the velocity of fluid, VP the Velocity in pascal.

SP,/ SP; = (RPM,/ RPM,)? (1.2)

Where SP’s are static pressure due to the fan operation and RPM’s are

the rotary fan round per minutes. Also

due to the required pressure difference between indoor and outdoor for spreading the dangerous virus, we must
treat the building as a pressure vessel. Or we must build a pressure vessel by itself.

The use of composite materials has been widespread over last 25 years from the aerospace vehicles to
civil engineering structures, the materials possess such characteristics as high strength/density and properly
controllable modulus/density ratios and they are generally composed of filaments and matrix materials. The
filaments are embedded in the matrix materials to give additional stiffness and high strength. Among others, a
cylindrical shell can be named as the most typical pressure vessel.

The cylindrical shell theory that we develop in this article is common to liquid oxygen storage tanks of
outer space rockets, orbital shuttles as well as columns of building structures. The cylindrical coordinate system

is shown in Figure 4.

d I_ .

Figure 4. Dimensions, deformations and stresses of a cylindrical shell

As shown in Figure 5 the filaments can be arranged arbitrarily to make a composite structure more
resistant to loadings. As the mechanical properties of composites vary depending on the direction of the fiber
arrangement, it is necessary to analyze them by use of an anisotropic theory. Composite materials are also
generally constructed of thin layers, which may have different thickness and different cross-ply angles. The
cross-ply angle, vy, is the angle between major elastic axis of the material and reference axis (see Figures 5 and
6).

The variation in properties in the direction of the thickness implies non-homogeneity of the material
and composite structures must thus be analyzed according to theories, which allow for non-homogeneous
anisotropic material behavior. Our task is to formulate theories for a shell of composite materials, which are
non-homogeneous and anisotropic, or hybrid anisotropic materials.
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Figure 5. Fiber orientation
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Figure 6. A laminated cylindrical shell, material orientation

According to the exact three-dimensional theory of elasticity, a shell element is considered as a volume
element. All possible stresses and strains are assumed to exist and no simplifying assumptions are allowed in the
formulation of the theory. We therefore allow for six stress components, six strain components and three
displacements. There are thus fifteen unknowns to solve for in a three-dimensional elasticity problem. On the
other hand, three equilibrium equations and six strain displacement equations can be obtained for a volume
element and six generalized Hook’s law equations can be used. A total of fifieen equations can thus be
formulated and it is possible to set up a solution for a three-dimensional elasticity problem. It is however very
complicated to obtain a unique satisfaction of the above fifteen equations and the associated boundary
conditions. This led to the development of various theories for structures of engineering interest. A group of
simplifying assumptions that provide a reasonable description of the behavior of thin elastic shells proposed by
Love (Reference [1]) has led to the development of the classical shell theories.

Love’s theory is based upon the well-known hypotheses of thin shell theory. A detailed description of
classical shell theory can be found in various articles. (References [2] to [6]). The system of shell equations
derived based on the assumptions is usually regarded as satisfactory for thin homogenous, isotropic shells
except for problems associated with certain types of loadings and where the transverse stresses and strains may
be important. For example, the transverse stresses are of importance in the so-called near edge zone of a
constrained cylindrical shell under internal pressure and for a shell made of very soft material in transverse
direction. This led to an examination of the classical theory of interest and numerous investigators have tried to
obtain more refined theories of shells.

Another way of being free from the classical assumptions is to apply the asymptotic method to the
three-dimensional elasticity equations and thus obtain so-called rational two-dimensional shell theories.
Asymptotic methods have at their foundation the desire to obtain a solution that is approximately valid when a
physical parameter (or a variable) of the problem which is very small (or very large). The solution is usually of a
boundary or initial value problem in powers of a parameter, which either appears explicitly in the original
problems or is introduced in some artificial manner. The highlights of using the asymptotic method to derive
shell equations are first to comply with the three-dimensional elasticity theory and incorporates the expansion of
stress and displacement components in an asymptotic series. We can then collect the first approximation by
taking only the leading term of the expansions.

The derivation of the theories is accomplished by first introducing the shell coordinates and dimensions
and yet unspecified characteristic length scales via changes in the independent variables. Next, the
dimensionless stresses and displacements are expanded asymptotically by using the thinness of the shell as the
expansion parameter. A choice of characteristic length scales is then made, and corresponding to different
combination of these length scales, different sequences of systems of differential equations are obtained.
Subsequent integration over the thickness and satisfaction of the boundary conditions yields the desired
equations governing the formulation of the first approximation theory of non-homogeneous anisotropic
cylindrical shells.

Our developed shell theory for non-homogeneous anisotropic materials is equivalent to the classical
Donnell-Vlasof shell theory of homogeneous isotropic materials of a single Young’s modulus of E = 29,000 ksi.
(200 Gpa).
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Scientists from Russian schools normally identify the Donnell’s theory as Vlasof equations, we therefore name
the equation as Donnell-Vlasof as described in References [2] and [6].

General Anisotropic Cylindrical Shell Theory

Based on a non-homogeneous, anisotropic volume element of a cylindrical body with longitudinal,
circumferential (angular) and radial coordinates being noted as z, © and r, respectively, and subjected to all
possible stresses and strains (Figure [5].). The cylinder occupies the space between a <r < a + h and the edges
are located at z = 0 and z =L. Here, a is the inner radius, h the thickness and L the length.

Assuming that the deformations are sufficiently small so that linear elasticity theory is valid, the following
equili9brium and stress-displacement equations [Equations (2.1) and (2.2)] govern the problem:

[r I'-:l-"_g'j.l' 1 + Iﬁ'z: & + [r 'j'-zj )z =10
(r 1,9 » + 05, g+ 1), s+ 75, =0 o
[‘i"ﬂ'_,. j! r T Trgs g T [‘i" r:r'zjr z Y8 = 0

Uy ;= 5110, + 51205 + 5920, + 59475 + 5957z + 51475;
1
F[’Ha.a +u,) = S50, + S0 + o+ S5Tp;

Uy » = 513':}_2 + 536 Loz

1 1
FIHP.E'-I' Ug r — ;'HE' = 514gz+ Tt 54Ejr6'z

2.2)

Uy + Upz = 515'5'-2 + ot 555:'. Loz

1
Ug, T “Uzg = 516'5'-3 + ot SE-E- Tgz

T

In the above, r U& and i, are the displacement components in the radial, circumferential and

longitudinal directions, respectively, g, , 0g. and o are the normal stress components in the same directions

and = and 7,4 are the shear stresses on the &2 T3Ce. -2 face and - G'face, respectively (Fig. 3).

A comma indicates partial differentiation with respect to the indicated coordinates. The Si’s (i, j=1, 2,..., 6) in
(2.2) are the components of compliance matrix and represent the directional properties of the material. The
compliance matrix is symmetric, Sj; = S;.

Complete anisotropy of the material is allowed for, making 21 independent material constants. We are
not allowed to illiminate any of those components since the material properties depend on the manufactures set
up, or, in the case of aerospace vehicles, a different gravity environment.

The components can be expressed in terms of engineering constants as follows:

Engineering Journal www.iajer.com



Operation and Maintenance of HVAC System for Corona Virus

1
5 =7 - Lj=1.3)
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S44 = E 2.3)
Sss =—
E:I.E
1
Se6 = Gen

In (2.3), the E;’s are the Young’s moduli in tension along the ¢ — direction and ~ © and G; are the Poisson’s
ratio and shear moduli in the i-j face, respectively. Equation (2.2) implies anisotropic property of the material
only. Materials to be non-homogeneous, different properties of each layer of the shell, we will allow the
material property variation in the radial direction as follows:

5:._.[ — 5:_,I [T_] (2.4)

Unlike the majority of theories, which identify material properties from the beginning, this theory willallow the
properties to be, variable, as hybrid theory.

The principal material axes (r', ', z') in general do not coincide with the body axes of the cylindrical shell (r, 6,
z). If the material properties S'; with respect to material axes specified, then the properties with respect to the
body axes are given by the anisotropic transformation equations:

The shell is free from surface traction at its inner surface while the outer surface is subjected to a uniformly
distributed tensile force. The boundary condition is then:

Op = Tpg = Tpy =0 (r=a)

p(6.z), 1, =7,,=0 (r=a+h)

(2.5)

Uy
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y J"Hh [l+r—a—d] 1
N, = a.|1l+——| dr
s g a+d

. r—a—d],
Te- |1 +————|dr

a+a (2.5)
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In the above, a is the inner radius of the cylindrical shell and d is the distance from the inner surface to
the reference surface where the stress resultants are defined. Note that Ny, and N.o and M., and Mg, respectively
are different. This is due to the fact that the terms of the order of thickness over radius are not neglected
compared to one in the integral expressions.

Formulation of a Boundary Layer Theory

As explained in the introduction, a theory of shells is distinguished from the exact three dimensional elasticity
formulation by the fact that one of the coordinates is suppressed by the mathematical description. The procedure
used here for obtaining the twodimensional thin shell equations is that of the asymptotic integration of the (2.1)
and (2.2) describing the cylindrical shell. As a first step for integrating (2.1) and (2.2), we non-dimensionalize
the coordinates as follows:

X=zL v=(r-ah,o=86/§5 (3.1)

where L and = fa Jare quantities which are to be determined later.
Next, the compllance matrix, the stresses and deformations are non-dimensionalized by the use of a
representative stress level o, a representative material property S and the shell radius a as follows:
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5; =5 5

O, = ﬂ'trﬁu, Tg = ﬂ'tg, O, = ﬂ'tr
(3.2)
Trg = 'j_t.'r'E'r Trz = ':'_t:r':zJ Tgz = Jtﬁ'z

U, = aga S, Ug=0asSvg, U,=agasS,

Where the dimensionless displacements and stresses are functions of = ¥ 219 @-These variables, together

with their derivatives with respect to = ¥ and . are assumed to be of order unity. The parameters Land £
introduced in (3.1) are thus seen to be characteristic length scales for changes of the stresses and displacements
in the axial and circumferential directions, respectively.

Consider a small parameter €, € < 1. With respect to an arbitrary domain D of the cylinder, M; is said to be of
order €" relative to a second quantity M,.

M2 o~ E'.T1 Ml (3.3)

Where n is an arbitrary between 0 and infinity
If everywhere in D (with the possible exception of some isolated small regions) the relation

e < M,/ M| = ewn (3.4)

holds for a suitably chosen value of m, 0 < m < 1. According to this definition, two quantities are of the same
order if n = 0 in the above, while a quantity is of order unity when n = 0 and M; = 1. Substitution of the
dimensionless variables defined by (3.1) and (3.2) into the elasticity equations, (2.1) and (2.2), yields the
following dimensionless equations:

Uy = A[Sait, + Saate + Syat, + Sautrg + Sasty; + Sastes]

v+ G) v, = A[Ssit, + Ssotg + Seat, + Szutyg + Ssstr + Sspta,]

AVy g + (é) (14 Aydvg, — (é) Avg

=4 (é) (1+2)[Sart, + Sapte+ Sty + Sastyg +Susty, +Suste;] (3.5)
Vpy = G) [Siat +Siate+ Siaty + Siateg + Sistys + Sigts;]

(5) vgg+ 1, = (L4 29 [Sayt, + Sorts + Saaty + Satrg + Sosty, + Ssta,]

o
i
“ L

G) (1+ 2y)vg . + ( )FE-D = (14 A)[Ssst, + Seats + Seaty + Seatrg + Seatyy + Sestss]
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[t,,z(1+ﬁ,_v]],}.+( )tg,,_.,ﬁ+( *) (1= 2y)t,, =0
[t,.gE1+ﬁ,_vJ],_,,+f )t5.0+,?t,.5.+( )(1+h]tgm 0 (3.6)

[t,(1+ Ay)], (_1:1) ,.E.D+( )[1+}'1]tm Aty =10

Where A is the thin shell parameter, defined as

hfa 3.7)

The parameter A is representative of the thinness of the cylindrical shell. We will consider only the case of thin
shell theory as

A1 (3.8)

The dimensionless coefficients S;; of the compliance matrix in general are not all of same order.
We therefore assume that they can be expanded in terms of finite sum as:

T N o) z
S, (A= Xas S ()i @9)

Where S;™ (y) is of order unity or vanish identically. Next, we assume that each displacement components,
represented by the generic symbol v and each stress component, represented by the generic symbol v, and each
stress components represented by the generic symbol t, can be expanded in terms of a power series in A2

(2 ¢ ) = T v™ (v, %, )™
t,x,¢:2) = Lyt ™ (.2, ¢)A™7

12

(3.10)

Shell Theory of Longitudinal and Circumferential Length Scales (ah)

We will now develop a theory of both characteristic length scales same as (ah)*?

, as follows

L = (ah)!'*‘, g = (ah)k (“.1)

In the above a is inner radius of cylindrical shell and h is the total thickness of the wall as shown in Figure 1 and
Figure 3.

The basis of the above equations are first non-dimensionalize each and all the variables to compare the
magnitudes on equal basis and empirical number, which is used in the theory of shells.

The following systems of differential equations are obtained by substituting the characteristic length scales (4.1)
into (3.5) and (3.6).
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Ve, v = E'i!-ltz + 532t3+ E.'-'*l?*t'r: + E'Bdtrﬂ * g35trz + E-3E~t|'az

Va,y + h%vr’x = ASgyt, + Sgotg + Sgat_ + Sg,t o+ 555trz+'§ 82
L _s3/2
A vr.¢+ A2 (L + Aay) Vo,y A vy
- 3/2 T
23201 +ay) Sygt, + S,otg + 5,4t +'§ﬁ&tra +-§;5trz + gﬁﬁts

=35 7T
v WE Tty + Sygtg + Syat F Bt + Tt + Sigte,

zZ,%

= 1k
a,¢+ﬁ% v = VE1 + Ay) Tpyt, + Tty + Syt + Tt Tt + Tt

v

(1 + xy) va,x + vz’¢

- 3
AT CLH+y) Sgyt, + Sty + Seate + Seutre T Sestr T g6tz

rg
()
Yr,y =0 (4.2)
ey (0)
z,y + Ve, x = 0
(1) (o)

(1) (0) (o) (o) (o) (o) (o)
Vz,x = S11 £t + S12 tg + S13 tg,

(1) (o) (o) Co) (o) (o) () (o)
Vg, d + v, = 512 t, + Soa2 tg + S28 tg,

1 0) (o (o) (0) (o) (0)
V'B(il):: -+ v:’g = Sgg)tz )+ Sz tg + Sgs Ly,

(1) (0) (o)

trz,y tz,x t&z,d:

(0) (o)
tra(;ly) + tg o F tgz,x = 9

= 0

(2) (1) (1) o)
tr,y F trz,xt tro,s te

From the initial terms chosen for the first approximation system.

where v; , Vg, v, are the components of displacement at y = 0 surface. You will find the linear y dependence of
the in-plane displacements.

We will then obtain the in-plane stress-strain relations:
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(0)
t X €q KI
téu} = [€] e, + |C] K, 9y (4.3)
iy
K
‘o2 “12 12
where strain components & and curvature components k; defined at y = 0, surface are given as follows:
1 0
W ¢
1 Z,X 1 T, XX
(0) (1) (0)
g =V + V K, = -¥ (4.4)
2 r 8,9 2 T,$¢
(1) 1 (0)
£,,= V + v( ) K = 4V
127 "g,x  z,d 12 T,Xx¢
and [C] is the inverse of the first approximation compliance matrix.
— -1
(0) (0) (0)
| Si S12 Sy
_ (0) (0) (0) (4.5)
(€l = | 8537 S3° Sy
(0) (0) (0)
| 516 S26 g6 -

The transverse stresses can now be solved by substituting the in-plane stresses obtained in (4.4) into the last

equations of (4.6) and integrating with respect to y, we then get:

+ B,.K. ) - (A,.e. , + B_.K. )
373,90 353,

(1) _ -
tyz = Trztx’¢) {Aljsj,x 1579 ,x

(1) _ _
fro = Tral08) = g5y By = Bafyg * Bagfy,e)

(4.6)

(2) _ )
ty ' = Tr(x’¢] fTrz,x * TrE,¢}y ¥ ﬁEjEj ¥ BZjKj ¥ DIjEj,xx

+ K. + 2D..e. + 2E..K. + D..g. + E..K.
EIJ jaxx 35%5,x 3j77,x 257 3,% 2j 3,4
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where Ty, T,o and T, are the stress components at y = 0 and A;j , Bj;, D;; and E;; are the products obtained by
integration of stress strain coefficient components over the thickness coordinate. The boundary conditions are:

g,=1.=Te=0atr=aand

¥z

g =p(8z)whenr=a-+#
@.7)

I.=Taea=0atr=a+ h

T

Where p* = p/ (¢4), to non-dimensionalize.

We now complete the second approximation theory of the asymptotic expansion and integration procedure,
which can be shown as follows:

1J{Z] . i

r,Y
BLE) BN O B

Z,Y T,X

2
v{ ) + v[DJ VL) I }w(ﬂ) =0

al}r rl¢' B al}r

(3) [ﬂ] (4} (ﬂJ 4, (23 (2) @), @
Vz,x = 51 S12° %6 St 512 e
(2) 2) _ (0, @ , 0 (@)
Ve ¢ " Vr ‘521 tz 22 te

L@, B NONO

ﬁ,x YV, Y 51 &6 “ o

(7) (5) L), L@, @)
©) (4) CO RN CO I 3
trﬂ,y [ytrsj’y+te,¢ ‘re t&,x .
(6) @), ,.@4 @
by Ot eyt e s Y 0

By integrating the first three equations of the above, we will obtain the following equations:
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2 3 3)
v v e, v e - v
)
(2) ( ) (0) [GJ
VB B (x,¢) + ['«i’ - ‘.I’ ¢

Inserting the displacements obtained in the equation (9) into the middle three equations of (8) to obtain the
following equations:

(3) () 5(0), 4) _© 4 @) 2y (@) (2)
Vz,x = Ve, xx? T S117%; *S1o te *S11 t; tS1s te

g9 (2 0 (2)_, () (0) (o) (2)

521 %z 75227 %6 TVe, 6 *We o Vr,qdY " Vr (10)

(@0, 3_ &) 3 (o) (0
566 py Va,x +Vz, s +2 (V B9 X Vr’x¢

By combining the equation for V. in the equation (7) and the last two equations of (9), we can obtain the in-

plane stress-strain relations as follows:

NS ., ,
’t;z:'{=£(2] €5 + [ CI14{K, ¥ (11)
K
where
@ Qo T
te1= sy s o
o o s
€ = “Ei
e, = v(;]cp + VI(_Z) 12)
e _ (@) (3)
12 8, x Z,d
K, =0
K = vg?jq:' B "i{:)w
Kip= 20V - V)

Substituting t,, ty and t,, into the first approximation equations of (5), we will obtain the following transverse
stresses:
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) _ 6 Cv@ 3 )
o) = Tob, 9 - 0@ W o ) 9Bss]

rZ 8,X z 9¢ 8,x¢ r
_[Vilix 11+WE€3£¢ Uf:}(}‘qu L% SJL iin B,
(13)

e we - v LR {vg}¢¢v[ AL W(e]mr'vﬁ}wﬂzz]
tx[-d) -1y ](x P+ [v( i 12t {e,)cp Ve ]Azz"w(e?)cp -vs:'¢¢ )Bip 1

(257 oy 5 85 ) IV ,x¢¢*[i11'(fiiz T2V, 127 Q1o 291V, s he0e
*Eg Bpaloa )0 Vg 4y *[B1am R1oByn 800 Ve e *

(Ep2~ @202 Ve, sas0s L B1a CuaBoa/ 8V, (o™ 47
[-22*(522—22" —22} ]Vr, 600 (- @239-22’;&22” vr, $4409¢

G5 e

where

E; = ﬂ E; ;40 (18)

Finally the above equations are the governing equations of the semi-membrane theory of hybrid
anisotropic materials. Note that the higher derivatives are those associated with the circumferential coordinate ¢.
This is due to the shorter circumferential length scale compare to the longer longitudinal length scale. The
equations are further simplified if we consider the physical nature of phenomena, which are axi-symmetric load
and axi-symmetric deformations and stress variations.
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Figure 8. Radial displacement of theory (ah)

1. CONCLUSION

A typical pressure vessel, created for keeping the deadly corona virus, was selected for the cylindrical
shell of various laminated materials and it must be designed for negative pressure.

In this paper, we first discuss how the approximation shell theories are derived by use of the method of
asymptotic integration of the exact three-dimensional elasticity equations for a hybrid anisotropic circular
cylindrical shell.

The analysis remains valid for materials, which are non-homogeneous to the extent that their properties
are allowed to vary with the thickness coordinate.

As a result of the application of this method, one can obtain shell approximate theory of various orders
in a systematic manner. The first approximation theories derived in this paper represent the simplest possible
shell theories for the corresponding length scales considered. Although 21 elastic coefficients are present in the
original formulation of the problem, only six appear in the first approximation theories. The shell theories thus
assume the existence of a plane of elastic symmetry.

It was seen that various shell theories are obtained by using different combinations of the length scales
introduced in the non-dimensionalization of the coordinates and that each theory possesses unique properties
such as the orders of stress magnitudes, displacement components and edge effect penetration. In this research,
we considered a theory with length scales of (ah)"2 for both longitudinal and circumferential directions.
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