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PREFACE

The International Conference on Applied Sciences Mathematics and Informatics (ICASMI) is a
biennial event hosted by University of Lampung that brings together academics, scholars and
researchers from around the world to meet and exchange the latest ideas, networking, opening
collaboration research and discuss issues concerning all fields of sciences, mathematics, informatics
and their application. It also allows representatives of industry, government employers and
postgraduate students to have an opportunity to discuss with experts on some issues they concern.
Due to the COVID-19 pandemic, this time the conference was held virtually.

This conference was held from 3rd to 4th of September 2020, in the Faculty of Mathematics and
Natural Sciences, Universitas Lampung, Bandar Lampung, Indonesia. Zoom Meeting was utilized as
a means of the conference. Each keynote speaker was given 30-minutes for his/her presentation with
15 minutes discussion, while for the oral presentation was held in a parallel session of three or four
speakers where each participant was given 10 minutes for presentation and 15 minutes for panel
discussion. The participants came from across several institutions and universities from 4 countries.
Our initial target participants were 150, fortunately, on the closing date of registration, there were 178
participants who registered from 5 main fields of natural sciences. The main drawback of such virtual
conference was the internet connection. A few numbers of speakers had this problem, so they were
unable to give their best presentation, however, this drawback did not affect much the quality of this
conference.

The theme of this year's conference is "Natural Sciences, Mathematics and Informatics in the
Industrial Revolution (IR) 4.0 toward the Sustainable Development Goals (SDGs).” The conference
will provide researchers and scientists from mathematics and computer science, researchers from
various application areas such as physics, chemistry, life sciences, and engineering, as well as in
education and social fields, to discuss problems and solutions in the area, to identify new issues, and
to shape future directions for research.

We would like to acknowledge all of those who have supported the 3rd ICASMI. Each individual
and institutional help were very important for the success of this conference. We would like to thank
the keynote speakers who are competent in their field of study and come from different countries,
such as, Japan, Malaysia, Turkey and Indonesia, and the organizing committee for their valuable
advice in the organization and helpful peer review of the papers.

We hope that this conference would be a forum for excellent discussions that put forward new ideas
and promote collaborative research. We are sure that the IOP proceedings publication will serve as an
important research source of references and the knowledge, which will lead to not only scientific and
engineering progress but also other new products and processes.

Chair,

Prof. Dr. Rudy Situmeang
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Figure 3 Openning Speach by Chief of Committee
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Figure 7 Closing Speech by Heri Satria
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Solution Formula of the Compressible Fluid Motion in Three
Dimension Euclidean Space using Fourier Transform

A H Alif', S Maryani’, § R Nurshiami®

123 Department of Mathematics, Faculty of Mathematics and Natural Sciences, Jenderal
Soedirman University, J1. Dr. Soeparno No 61, Purwokerto, Indonesia

email: abiyyualif7 @gmail.com', sri.maryani@unsoed.ac.id?, siti.nurshiami@unsoed.ac.id®

Abstract. We derive adetailed determination of the solution formula for the compressible viscous
fluid flow in three dimensional Euclidean space using Fourier transform. For the further research,
we can not only generalized the model problem to the N-dimensional Euclidean space (N>3) but
also we can estimate the solution operator families of the model problem.

Keywords: compressible, viscous fluid, Euclidean space, Fourier transform.

1. Introduction
In this paper, we consider the solution formula of the linearized for compressible fluid flow which
described as follows:

pt+ ydivv= 0 ,

{vt— pAv — vWdivv +yVp = 0. (D

with the initial data are v|gg =0, (p,V)|=o = (po, Vo) and v = {vq,v,,v3)T is velocity and
{ vy, vy vy )T is the transpose of (vy,v,,v3 ) . We know that density and velocity are written as p =
p(0) and v = (v (%), v5(%),v3(x) )T, respectively. Moreover, p and y are positive constants, and v is a
constant such that p+v >0 and p and v are the viscosity coefficients. The domain  is a three
dimensional Euclidean space R3. This result can be generalized to N-dimensional case and also we can
estimates the solution operator families of the model problem which investigated by [2] in 2016.

To introduce our main result, first of all we introduce the notation. For a scalar-valued function u =

u(x) and vector-valued function v = v(x) = {v;(x), v2(x), v3(x))T, we set for ) = %k, (k=1,-,N)
Vu = (3,u,0,u,d;w)T, Au=3Fi_,08u, AV = (Avy, Av,, Avy)T,
divv=3p_, dvi, W={dwv, | k?£=123} V?v ={8,8,vyn | k&, m=1,2,3}.
The set of all natural number is denoted by N and Ny = N U {0}. We set,
Wy () = {U= (p,v) | p € WK(QD),v e WP(Q) }.
Before we state the main result, first of all we introduce the definition of Sobolev space Wé" Q).

Definition 1.1 (Adams and Fournier, [1])
Let k € N U {0} and p € [1, o) then the Sobolev Space Wg"(£2) is defined by

Couleul from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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Wg' (1) = {u € Lg(©) | D"u € Ly(Q),V a with |al < m}
Next, we state the main result of this paper.

Theorem 1.2 Let A;(%),j = 1, ..., 4 be the roots of det[All + M(A)] = 0, where
A308) =00 = —uI‘g’I2 Then for 4(§),j = 1,2, we have the following assertions:

i. Forlt = —=Y_ wehave A(8).j = 1,2 as follows:
(u+v)
M =———1" + IEI\/(LlﬁL\")Zlil2 -
(u+v)
= ——— |82 - IEI\/(u+v)2I‘€I2— 42
ii. Forlg < —) we have 4;(%),j = 1 2 as fo]]ows
(u v) ,
M= ——§)* + |E|\/4Y2 = (p+ V)22 i=v-1.
iii.  For [§| = (;TYB) we have the .so]utmn fm‘mu]a of p(% t) and (&, t) as follow

R _ ,\z(g)eh(ﬁ)t_;\_l(g)elz(ﬁ)t)A __(elz(i)t_el-l(i)t) -
p(g't)_( 22(D-A1(® CD R e EweR MAUOR

elz(f)t _ el-l(f)t 2
V() = iyE (m) P& D) + e MG, (®)

(12(E)e*z(*’t—l-l(z)e’*ﬂﬁ" _ emalEl’t )EE %o(®)
A2 (8)=24(8) [€]*
This paper is organized as follows: the next section introduce a reduced system for (1) and shows

that Theorem 1.2 follows from the main result for the reduced system. In third Section, we calculate
representation formulas for solutions of the reduced system by using the Fourier transform with respect
to X = ( X4, X, X3) and its inverse transform. Section 4 proves our main theorem for the reduced system
by results obtained in Section 3.

2. Reduced System
In this section, we consider the resolvent problem of egaution system (1). Set u; = v; (j = 1,2,3), then
v = {vy, v3,v3) T satisfies

{)Lp +ydivv=f in Q,

— pAv —vVdivv+yVp =g inQ. 2)
First of all, we can write the equation system of (2) in the following
A+ MU=F in 0 (3)

where,

oy _[wn [0 ydiv ]
EU*( )7 vy |’ Mi[yl? —pd —vidiv|’ and F

Il
A

@ -y
~—

We can also write the equation system of (2) in a matrix form

A(p)+ [y?? —MAYEE:de] ()= @)

or we can write in the form

(5]
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A(p)+[0 ¥ Xier Ok ](P):(f) (4)
v yP  —udk —va, Z?=1 d;| W g

In addition, for the time derivative, we can write the equation system of (1) in the following

{pt +ydivve =0 in [0,00) % R3, 5)
v, —pdv —vdive +yVp =0 in[0,00) x R3,
Furthermore, we consider the equation (5). For the simplicity, we can write the equation (5) to be

Uy +MU=0 in[0,0)xR3 Ulg=U, inR3 (6)

with domain D(M) = [[U =(pv)E Wpl’2 | v lan= 0}. Uy = (pg, Vo). Then, by taking Fourier
transform to (6) with respect to the x variable and solving the ordinary differential equation with respect
to variable t, we have

U, =E@Q)F=F"1 (e““(f)?(f)).

where we define the Fourier transform fof f = f(x) with respect to x = {x;, X3, x3) and its inverse
transform as follows:

F=Ff1©O=0m =f e~ f(x)dx
]mB

) 1o
F 10 = jmf £ g(e)de

where & = ({1, §2,¢3) € R®.
Next, we consider the resolvent problem of equation system (5) then applying Fourier transform, we
have
AU+MEU=F

P+ ME®IU=F
U =[u+ME)] FeE
U=7 [+ e R} (7

with det[?d + fﬁ({)] # 0 and [?d + ﬁﬂ({)]-l is inverse of [M + ﬁﬂ({)] .

Furthermore, by using adjoint of the matrix, we can determine the inverse of matrix [M + f@]({)] R

A+ ®E] " = madj[u + M) (8)

3. Representation formulas for solution
In this section, following [4, section III], we compute representation formulas for solutions of (2).

First of all, applying the Fourier transform to matrix M in equation (3) yield the following matrix

0 iyé, iy, ivés
ivés #|5|2‘V'ﬁ véi1§: viids
iy¢s v, ul&|? +vEs véaéa
iyés véiéy vEz & &% + vé:
where |€|2 = & + & + & and i2 = —1. Then we also have

M) =
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A ivé, Bivsz ivés
_ i A+ plE|? +vE v v
[+ §(®)] = ‘}’51 uig §1 ) flfg 5153’{ .
f}’fz vééy A+ plé? +vE 283
iy v§3éy vEz &, A+ p|§|% + vEs

Then, we calculate for the determinant of matrix [)J + fﬁ](é’)] using expansion by cofactors, that is
det[A] + M (§)] = @11 Cyq + @12C12 + @13C13 + @14Cr4
= ARy | — i1 |Bez| + ivEa|Ags| — ivEs|As| &)
where |ﬁij| is determinant of submatrix that remains after the i-th row and j-th column are deleted
from matrix [)J + ﬁﬂ({)] and the number (— 1)i+jﬁ,-; is denoted by Z‘,—; and called the cofactor.
In fact, for i = j = 1 the cofiponent of |§"t’}|’ we have

- A+ plE|+ vEd véié: P&
|Ay| = vE & A+ plE|? +ved v§28s
V&3 vEsE, A+ pl§* +vEs

= (A + pIE®) {2+ mgl?) + vigl?).
Similar technique, we have (iy&;)(4+ p|f|2)2.—(i‘yfz)(ﬂ+ _ulﬂz)z and (i‘yfg)(ﬁ-kpmz)z for
|ﬁ12|, |ﬁ13|, and |ﬁ14|, respectively. Substituting |ﬁu|,|ﬁ12|, |ﬁ13|, and |ﬁ14| to equation (9) we
have,
det[Al + FI(8)] = (A + al&]?)* (A% + (u + v)IE12A + y2I€1%) (10)
Furthermore, we determine a matrix adjoint of [ﬁ! + fﬁ](f)] which is a tranpose matrix of cofactor
matrix. Since these matrix is a symmetric matrix, so that the determinant of the matrix hold the properties
|ﬁ,vj| = |ﬁji| for i,j = 1, 2,3,4. Moreover, we enough only determine the |f‘f\22|, |ﬁ23|, |ﬁ24|, |ﬁ33|,
|ﬁ34| and |ﬁ44|. In fact, for i = j we have

|&ys| = (2 + mzlz)i{a(a +lER) + (& + EHav+ D),
|Aa3| = (A + pl&2) {4+ plE?) + (& + E)av+vD},
|Rgs| = (A+ plE2) A2+ plg|?) + &2 + EH@Av + D).

Employing the same argument, we can find others minors
k"lzsl = (B wlE2){EéD (v +92)) = |A32|-
|A24| = ~(A+ pIE1?){Gaa) (2v +¥?)} = |Aso,
|Asq| = —(2+ pl§12){(€285)(Av + ¥?)} = |&3,|.
Moreover, we have the cofactors in thfffollowing
Car = (2+plgl?) {(A+@ig1) +vig12),
- - ) 2
L Cij = Cjy — (ivEj-1) (A + plE?)",
Cij = Cii(A+ plEI2){A(A + pnl€12)8 + (84 — &i-1&j-1) (v + ¥2)}
with 8;; = 0fori # j,&8;; = 1fori =jand i,j = 2,3, 4.

4. Proof of Theorem
Throughout this section, we use the notation introduced in the previous section.

4.1 Eigen values

In this subsection, we investigate the eigen values. The solution formula for the model problem has
already obtained by Kobayashi [5]. Here, we shall give a slightly detail how to get the solution formula
for velocity dan the density. First of all, we determine the determinant of matrix det[ll + fx‘ﬁ](‘g’)] =0.
By equation (7), we have [ ]
det[Al + ()] =0
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(A + plE12) (A% + (u+ V)[E2A + y218|2) = 0 (1)

From equation (9), we have two possibilities sero values, that are (A+pl§|®)2 =0 or
A% + (L + V) EPA + y2|E|2} = 0. For the first case, we have A3 = A, = —p|£|%. Furthermore, we will
find the eigen values of {A% + (u + v)|E|?A + y2|€|?} = 0. By using the formula

_ —b+Vb¥ —4ac
T
we have
Az = —(u+v)lﬁlzi\ﬁlm_ (12)
In view of equation ( 10), for [¢] = (MZTY\;) we have
h =Y e e G e v
A = #IEIZ - % [E1V (G + V)2[E[2 — 4y2.
Meanwhile, for |§] < % we have .
M=1 wlﬁlz +%|EI\/4Y2 =+ V)2E.
Moreover, for [§| = (MZL) can be been in Kobayashi [5]. Thus, we may omit the calculation.

4.2 Fourier transform of p and ¥

In this subsection we consider the formula of p and V. density and velocity, respectively. These density
and velocity are the result of the model problem (1). First of all, applying div to second equation of (5),
we have

2 divv — pAdiv v — vAdiv v + yAp = 0. (13)

Let D = div v, then equation (13) can be written as follows
D; — wAD + yAp = 0,
with w = p 4 v. Recalling first equation of (3),

pr = —ydivy,
then we can write the equation to be
pe = —¥D,
ot
Bt - _p, 14
” (14

Here in after, we differentiate the equation of (14) recpect to t variable and substitute (11) and (12) to
the result, we obtain

iprr = =D,
;pt[ =yAp—wAD,
1 Pt
SPe=YAP = w(—f-‘;),

P =Y Ap + whp,. (15)
Applying Fourier transform to equation (15), we have

Pee + 0IEI%p, + Yy €12 =0 (16)

with the initial condition
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P&, 0) = po(E), pe(§,0) = =iV, (8). (17

Moreover, we have the general solution for equation (16)
P, 0) = c1eh®F 4 et (18)

where

—wl§]? £ Y w?l§]* — 4y?
g :

’11,2 =

Substituting the initial condition (17) to (18), we obtain

~ A2(9)Po(§) + iVo(8) A1(8)po(§) + vy (£)

CTTRLO-LO T T RO -40

Therefore, we have the soltion formula for

R . A, (H)et (Ot (Hedz®ty L fet2i_pd (Dt
PO = (" ) © i (S ) 0®. a9

Furthermore, we determine te solution formula for ¥(¢, t). Employing the same argument in [3,
Section 3], firstly applying Fourier transform to the second equation of (5), we obtain

Vi — plEIPY — ivg X1 &7k + iv§p =0, (20)
We can write equation (20) in the following sense,
Ve = (—uléP1 = vEEM)V — iyép. (21

Vector ¥(&,t) is a vector which parallel and orthogonal from £, so that we can write the vector V(¢,t)
as follows

(6,0 = a€, 0 =+ (& D), (22)
Where b(¢,t) orthogonal to &, and a(¢, t) is a scalar such that a(€,t) = ¥(¢, t) %

Substituting equation (22) to (21), then we have

0§, ) = (—ul§1P1—vEET) (a(é‘-t)i + b(s‘-t)) = iyép,

H
- —a(c, t)é—lwm 1 VEET) = b(E ) ulEI? + vEET) — ivED,
= —a(6,0) (gle +vEE) - & O + gD —ivgp. @3)

Next, we differentiate equation (20) and then substitute the result to the left hand-side of (21). we
have

06,05+ b6 ) = —a(&, ©) (ulélé + vEED) - be Y ulgl? + vee) - ivep.
Therefore, we obtain
a,(§,6) = wlgPas,) — lElp, b(& 1) = gl b(E 0. 24)
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T
By (23) and the initial condition b (&, 0) = ([ - %) Vo (&), we see that

b(e.6) = er (1-£5) 0, (6). (25)

Also, by applying integrating factor to first equation (24), we obtain

a(§,t) = e @k (a(g,0) — iyI¢]| [} €15 (g, 5)ds)
with a (&, 0) constant.
Furthermore, we will investigate the formula of the second term equation (26). Multiplying (19) by
e‘”mzs, we have

)Lz(f)eil(f)ﬂwlflzs - A (f)eiz(f)s+m|f|zs ~
PG EYNG) )Po“’)

[ el@stoldl®s _ phi(Dstwléls
—t ( p) 1 )f‘?u ),
28 — ()
_ 12({)9—12(;’):_ Al({)e_ili"c”) - . (e—il(fjs_e—iz(fjs)
a ( PGENG) Po— il 5 ) SV (20)

since 412(§) + @[§1? = —221(£) and 4,(§)22(§) = vI§1°.
By integrating (26) from 0 < s < t, we have

e@l¥s p(¢,s) = (

t

j e@lSs 5(€ s) ds

0

—e RO _ g=h©t

( PROEING) )’%@
( i ) 2D = 1@ o
VIEE PR G EYNE) ¥o(4),

without loss of generality, we take a(&,0) = 0 so that e“"ﬂzta(f, 0) = 0. Thus, we have

. e R _g=q O\ _ ,12({)e"‘2("c’t—,11(¢')e_"l“’c”) £60(6)
a6, t) = ”"f'( PGS )pﬂ(‘f)"'( 1) el 27)

Substituting (24) and (27) to (20), this complete the proof of the Theorem 1.2.
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