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ABSTRACT

Development of Simulation Technique Based on Gridless Method for

Incompressible Thermal Flow around a Moving Body

Ko Seokwon

Advisor : Prof. Jeong Se-Min, Ph.D.

Department of Naval Architecture & Ocean Engineering
Graduate School of Chosun University

When performing CFD(Computational Fluid Dynamics) simulations, solvers and schemes with discretizing govermning
equations by FVM(Finite Volume Method) and adopting unstructured grids are generally used because of its advantage over the
conventional approach using structured grid. However, the grid generation process can still be very time consuming and needs
toughness for a complex geometry. Moreover, the convergence and accuracy of the simulation results are very much affected
by the quality of the grid. On the contrary, the gridless (or meshfree) methods are feasible and robust for the problems with
moving boundary and/or complicated boundary shapes, because these methods do not need to generate a grid system.

In this study, a newly-developed Eulerian gridless solver for the simulation of two-dimensional unsteady incompressible
viscous thermal flows around a moving body in the low Reynolds number is introduced. The convection and diffusion equation
of heat with adopting Boussinesq approximation is added to deal with heat transfer phenomena. For the implementation of a
moving body, moving domain method based on ALE(Arbitrary Lagrangian Eulerian) technique is adopted. The spatial
derivatives of governing equations are solved by WMLS(Weighted Moving Least Square) interpolations on a cloud of points. A
Fractional time step method is adopted and the Poission equation for the pressure are solved by successively in the WMLS
sense. Some benchmark simulations of the flows including heat transfer and a moving body are solved by the developed solver

for the validation and the results are compared with analytic solution and those by experiments and other CFD simulations.
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(Kim, 2011), Q1294 2Zo| RS 9Ist MY 1A (Hyun and Lee, 2013), At
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Fig. 1 Application of CFD for thermal flow problems in various fields
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Fig. 2 Comparison of gridless method and unstructured grid
(Source : https://www.nogrid.com/)
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Mot SH-25 HE2MHE oisdot=s O 201 AF=Z & UCHFig. 3)(Hwang et al.,
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Fig. 3 Examples of simulations by Lagrangian gridless methods
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Table 2 Comparison of maximum velocity position

Y Ly
Rayleigh 4 4
Error [%] Error [%]
number Fluent Present Fluent Present
[-] [-] [-] [-]
10* 0.8255 0.8263 0.09 0.1140 0.1133 -0.63
10° 0.8926 0.8933 0.08 0.0669 0.06735 -0.49
10° 0.9399 0.9400 0.00 0.0399 0.0399 0.07
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Fig. 9 Comparison of temperature contour maps by changing Rayleigh numbers(Top :

Shi and Khodadadi.(2003), Bottom : present))
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Fig. 10 Velocity contour maps by changing Rayleigh numbers
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Ra = 10°

Ra = 10*

Ra = 10°

Fig. 12 Comparison of temperature contour maps by changing Rayleigh numbers(left :

Zhang et al.(2016), right : present))
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Ra = 10°

Ra = 10*

Fig. 14 Comparison of velocity contour maps by changing Rayleigh numbers

Ra = 10°

(left : wu-velocity, right : v-velocity)
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Fig. 17 Streamlines and pressure contour maps by changing Reynolds numbers
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Fig. 18 Comparison of pressure coefficients along cylinder surface when Re=40 and 100

Table 3 Comparison of drag coefficients around a circular cylinder (Re=40)

Col-]

EXP (Henderson, 1995) 1.54
CFD (Suckale, J., 2012) 1.54
CFD (Present) 1.538

Table 4 Comparison of drag and lift coefficients, and Strouhal number

Col-] Ci[-] St[-]
CFD (Moon et al., 2005) 1.33 0.332 0.164
CFD (Sam et al., 2009) 1.33 0.312 0.164
CFD (Present) 1.34 0.330 0.167
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Table 5 Simulation cases for oscillating motion

KC number Reynolds number 08
Casel 0.2 500
Case2 0.4 250
Case3 0.6 166.67
Case4 0.8 125
Case5 1.0 100
Case6 5.0 100 20
Case7 10.0 10
Case8 15.0 6.67
Case9 20.0 5
CaselO 25.0 4
Casell 30.0 3.33
Casel2 1 35
Casel3 2 70
Casel4 3 105
35
Casel5 4 140
Casel6 5 175
Casel? 6 210

Fig. 190 Re=100, KC=5¢! HRZ X3 2ot U= &F F=72 &5 2LE

CtE =XIAIZ2dI0l& Z I (Ghozlani et al., 2012)2t HI WS LIEHLHRUCEH =2 B
F1OF 02 Mi(Fig. 19(a)2 (c)), =2 0l =TI 2UDOF B, BF 0l HeEe=2
=2 Y0l €4 =0 Fig. 19b)2t ()2 ER= & B9 & IS0 FIHE
Mz, =2 S +22 zUe FR0es & 280, —z22 20 R0 =
HF LEBUAN =2 == 2010 JCH L& =0 AXNF20AME 28 220t
NdelXle gas 20/=0, 0l 2de EXotAXNE RM= 280 2o HE
OlSotHl =0 UHEtUE a2 2=
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Fig. 19 Snapshots of pressure contour maps at different time-steps when Re=100 and

KC=5(left : Ghozlani, et al.(2012), right : present)
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Keulegan and Carpenter, 1958 and Sarpkaya, 1986).

X3t 2Sots 0 A=t €2 FF2 Hfl 201g g5 24| g2
x

2, A&l (30)2 Morison HEACZ LIEFLHO&ICH

B

1
EFt)= CmpVa(t) + ECDpAu(t)|u(t)| (30)
HIIM C 2 2438 A=, Ve 2 %I, alt)= AIZHO 2 JIsE, A= &

FO| CHHAMOIM, u(t)s AlZH0I 2 £ ZO0ICH
Fig. 22= 2t R&E AEHE 2Sots KC=1(Re=35, =351 It EOHHM LIt
£ KC=6(Re=210, p=35)2! B0 Uol, AlI2tS FIIZ XA stet S H == AMHE
=S UEHHALH Ol=, KC=It &H2 E20=s EF2FH 20 =X &I =2
Of #=0l &=ol= &2 a0l = BHH, KC=Jt HE =S 2 28 &40 &
%C_

Hol S&st ms&¥s g4 &2 ofUet, EF22H 2t E0A
@]

B

N
_O'j
=
1n

= 0
O] &dsttt OlZ elol, e=H+=2 zUetol &

20 I I
i KC 1{(U_. =1m/s, T=1.0s)
151 — KC6(U_ =1m/s, T=6.0s)| |

4 A A T A
Z& [ s s W W e
A A A A

ol WARLWANLY,
VAR

o5 T e ir 18 19 20

tT [-]

Fig. 22 Comparison of time histories of drag coefficients by changing KC numbers

max

max

Cp [

_38_

Collection @ chosun



L3 2Sote FF0 AZote ) 288 S22 g2 Z2Fol= YHU=
Morison &, F2|0l == &2(Fourier series approach), X AXS
method), Z| O Xl 8 (Maximum value method)S0| QUCH = HANM= JtE H&eH &

2 gHoz X Too 34 I2YS 0IBH0, B L ALAS =HHACL

Cp=—"A =" [ ——db 31
D 4 1 4 0 pUIiaX_D ( )
2 Uy T 2 U T 27 Fsing
Oy=—>—"2—p =-— "t / b (32)
™ 0 o pUL.D

Fig. 232 KC=2} Rex=E ZXgot0 =355 SZotH st 0 et Al=clold
ZUSZFH 52t 288 H+=E FEGHH Kuhtz(1996)2] &8 Z 1, Dutsch,

et al.(1998)2] FVM Z 1t & Uzunoglu et al.(2001)2] BEM Z 12t HlW3dt) UCH

I
pal

_39_

Collection @ chosun



10 ;37 v EXP.(Kuhtz, S.) ‘ v EXP.(Kuhtz, S.)
L A CFD.(Dutsch, et al.) 3.5 A CFD.(Dutsch, et al.)
O CFD.(Uzunoglu, et al.) O CFD.(Uzunoglu, et al.)
® CFD.(Present) 3 ® CFD.(Present)
8 B
I 25}
— I — [oeocs 38 8 ’6 v
T 6 o ) B ® A
=) 3 = N
(&) é (&)
4 5 1.5
® 1
5 we 2
A ) v 05
L I ‘ ‘ ‘ I L I ‘ ‘ ‘ I
% 2 4 6 8 10 % 2 4 6 8 10
KC[-] KC[-]

(a) (b)
Fig. 23 Comparison of (a) drag coefficients and (b) inertia coefficients with other

results versus KC numbers((3 = 35)
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Mol 2t= JAFE JIERLZ H2Ad L2 (Fole AEFEE 2011, GEEE

Table 6 The typical flows patterns around a oscillatory cylinder depending on KC number
and 3 (Tatsuno and Bearman, 1989)

Regime

Principal feature

A*

No flow separation

Two vortices shed symmetrically

Longitudinal vortices

Rearrangement of large vortices

Flow convected obliquely to one side of the axis of oscillation

Irregular switching of flow convection

Flow convected diagonally

Q"o |™m| g | aQ|lwm | >

Irregular vortices pattern
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Fig. 25 Comparison of vorticity contour maps around a horizontally oscillating circular
cylinder with fixing beta as 35
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