B (HEER] © AR =)

Twelfth International Conference on
Flow Dynamics (ICFD2015)

AR5 TR -
Rt i
IRELEIZR -
e H I
BRI -

BT BTSSRI TR 2

RPILEE BHEEE

BN

104 4 11 H30H

104 ££ 10 H 26 HZE 104 5 10 A 31 H



RS

ARSI 10 A 26 HiELH A& lI&2:50 Twelfth International Conference on Flow
Dynamics ICFD2015) #aTer » Fherag it H AR L A2 (Tohoku University) F e
T A 10 H 27T HE 10 H 29 H - g TR ETE R 5 - R -
EE - PRIEEER FOKETRMEEIN ST am e, 5T 20 REEx 28 > L3R
HerRmamol o AR NEBEEFR L (nvited lecture) RREE G i T FF A (session
chair) o AR E R AHEE LM BERHITN B 2 TR 2 R BETE L
BORT S5 I 2 MR KR S B R B s b B SOR N H R A IEE 2 2
EHh -



5 1< PSRRI 1
S TR 1
JT A= TR 3

S FEEREETH oottt bbb bbb bbbttt 3
S HTBE (B TE) eeeereerereeee ettt 4



— - Hi

FE2 BRI &3 — 7 B B M B o 58 N B B A I8 R E S T
FEZEHrRE o IR, (RSB - — - EIREC ISR - FRER
REE NN LM B > T - =~ IR R TR A S B R RS
BT EER - DU ~ FES BRI G S HE BRSO - PRAE T ST R R R
H ARSI H HAME S TE N B R B AR — 20 S 2 e i S K2R
REA PR - RSSO R EEZ %G -

— R
(—) 10H27H9:30~12:002/IPlenary Lectures)#Hag
1. Highlights from a University/Government Collaboration -
Old Dominion University and NASA Langley Research Center Colin Britcher (Old
Dominion University, USA)
2. Drop dynamics in complex fluids: Partial coalescence and self-assembly
James J. Feng (The University of British Columbia, Canada)
3. Challenges in Photovoltaics
Noritaka Usami (Nagoya University, Japan)
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1. Numerical Study of the Collapse of a Bubble Cluster

2. Diffuse-Interface Approaches to Miscible and Immiscible Hele-Shaw Flows

3. Numerical Visualization of Nanobubble Behaviors at a Roughened Solid-Liquid
Interface under Influence of Surface Charge Density

4. Numerical Simulations and Experiments of Single-Phase Fluid Loop
Surface Oscillations of Magnetic Fluid in Magnet-Magnetic Fluid Systems under the
Alternating Magnetic Field
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6.  Simulation of Unsteady Wet-steam Flow in Low Pressure Turbine Stages considering
Blade Number

7. Hironort Miyazawa (Tohoku University, Japan), Satoshi Miyake (Mitsubishi Hitachi
Power Systems, Ltd., Japan), Satoru Yamamoto (Tohoku University,Japan)

8. DDES Simulation of Turbine Blade at High Subsonic Outlet Mach Number Xinrong



Su, Xin Yuan (Tsinghua University, China)

Conjugate Heat Transfer Analysis on the Film-Cooling Effectiveness of a Flat Plate
with Trench Configurations Inkyom Kim, Jinuk Kim (Hanyang University, Korea),
Dong-ho Rhee (Korea Aerospace Research Institute, Korea), Jinsoo Cho (Hanyang

University, Korea)

10. Performance Prediction of Axial Fan by using OpenFOAM

(AR AFR10H28H9:00200 0S13: Complex Thermofluid System session * fE#EE

T (Invited lecture) - #FRE H By~ Simulations of Flow past an Inclined Flat
Plate with Adaptive Nonconforming Spectral Element Method” , {4 - [EEE
PN EIREHT BN TR A2 ER - BATE 2 0% TNEGERT 2 S
B RS R 4& T = o BERIIA A FF50S13: Complex Thermofluid System
10:40~12:002 session > &H{[EsessionF Ske s SLEEF

(=) AAF10H29H10:00~16:00201 GS1: General Session Aerodynamics (25 @&

o

10.

TIE2)
Numerical Investigation of Aerodynamic Characteristics of a Roof from the point of
Venturi Effect and Wind-Blocking Effect (Tokai University, Japan)
A Low Frequency Calibration Device for Pressure Sensitive Paint (Tohoku University,
Japan)
Performance Evaluation of Flapping Flight of Elastic Wing Using Parallel Partitioned
FST Method
PIV Measurement of Flow Field around Tandem Flapping Wings
(Nagaoka University of Technology, Japan)
Flow Measurement around a Straight Wing Vertical Axis Wind Turbine using PIV
Method (Tohoku University, Japan)
Aerodynamic Design of a Tip-mounted Ducted Fan Propulsion System for the Small
UAVs (Hanyang University,Korea)
Performance Prediction of an External Nozzle under Low Altitude Flight Condition
(Tohoku University, Japan)
Curvature of Shocks at Regular and Mach Reflection (Ryerson University, Canada)
Investigations on Compressible Mixing Layers in Confined Ducts (Muroran Institute
of Technology, Japan)

Numerical Simulations of Free Jets from Square Supersonic Nozzles (The University
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Simulations of Flow past an Inclined Flat Plate with Adaptive Nonconforming Spectral
) Element Method '

Li-Chieh Hsu', Kai-Yu Chuang'
Department of Mechanical Engineering National Yunlin University of Science and Technology
123 University Road, Section 3, Douliou, Yunlin 64002, Taiwan, R.O.C.

ABSTRACT .
The spectral element method with vorticity error based adaptive meshes refinement schemde, namely, adaptive
nonconforming method is used to simulate flow past a inclinded flat plate. Simulations of flow past a flat plate with
an angle of attack of 20° to 50° are performed with conforming mesh method and the adaptive nonconforming method.
The results show that the adaptive nonconforming method can reduce the global L error dramatically with only 62% of
the element number of the conforming method. The results of adaptive mesh method with respect to Strouhal number,
drag and lift coefficients deviate less than 1% from those of the conforming method.

1. Introduction

Flow past a thin airfoil is an interesting topic for science
and engineering because it abounds with rich physical
phenomena such as shear layers, leading and trailing
edge vortices, laminar separation, vortex shedding, etc.
It is also important for micro-aerial vehicles design.
Lam [1] investigated experimentally the shedding of
vortices from an inclined flat plate. The results showed
the trailing edge vortex in the separated wake possesses
more intense vorticity levels but a smaller vortex size
than the leading edge vortex. Breuer [2] conducted a
large eddy simulation (LES) for the flow past an
inclined flat plate in Re=20000, at an angle of attack of
18°. His study revealed Kelvin—Helmholtz instability in
the free shear layer behind the leading edge and a highly
asymmetric wake with vortices of unequal strength in
the wake region.

However, there have been few studies of flow past a flat
plate in hundreds of Reynolds number. Taira et al.[3,4]
studied the flow past an inclined thin flat plate with
immersed boundary method to simulated a synthetic jet
type actuator to modify the dynamics of wake vortices.
Brunton and Rowley [5] further used the immersed
boundary  method and  proper  orthogonal
decomposition/Galerkin  projection  to  simulate
stationary flat plate in Re=100, 300 flow and study the
full dynamic wake structures of a pitching or plunging
flat plate. Sun and Boyd [6] used a hybrid method which
combines Navier-Stokes solver for continuum region
and information preservation method for rarefied region
to simulate flat plate in low Reynolds number (Re <
200) and extremely low Reynolds number (Re < 10)
flow. Their results show low Reynolds number flows are
viscous and compressible, and rarefied effects increase
when the Reynolds number decreases.

The purpose of this study is to validate the adaptive
nonconforming - mesh scheme of spectral element
method for the critical regions- such as leading and
trailing edges of extremely thin flat plate in high angle
of attack.

2. Method
The incompressible Navier-Stokes equations are solved
as the following manners.
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A time splitting scheme [7] is introduced to separate the
nonlinear convective terms from the diffusion terms.
The nonlinear convective term is treated explicitly by
using a third order Adam-Bashforth scheme due to its
low dispersion errors and relatively large part of the
imaginary axis included within the absolute stability
region [8]. The pressure and diffusion terms are
modeled as Helmholtz problems which are discretized
by the spectral element method as shown below.
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The variational form of Eq. (3) is implemented by

Gauss-Lobatto quadrature in integral and ‘Lagrangian

interpolation Contributions are summed from adjacent
elements to from the global matrix equation as follows.

(A-AByu=Bg )
where A is the discrete Laplacian operator and B is the
mass matrix.

The nonconforming spectral element introduced by
Bernardi et al. [9] provides a technique which only
requires minimum L* errors on the interfaces between
elements. The corresponding nonconforming equation of
Eq.(4) in the case is

Q" (4-AB)Qu =Q"Bg ®)

Q is a global projection operator matrix which projects
the solutions from mortars to the interior points of the
local edge of elements, whereas Q" projects solutions
from the local edge of elements to mortars. The detailed
can be referred in the previous works [9].

In this study, the estimated error of vorticity is used as
the mesh refinement indicator.

3. Results and discussion
3.1 Validation
For validation, présent results are compared with the



Blasius solutions in boundary layer. An extremely thin
two-dimensional flat plate with its leading edge at x=0,
the ftrailing edge at x=30, is used to approach a
horizontal flat plate. The upper surface is kept in
absolutely flat. The lower surface begins from the
leading edge to the trailing edge asymptotically with
maximum thickness, 1 X 107 unit, at trailing edge.
The uniform flow boundary conditions (w=U,, v=0) are
employed in the inflow, upper and lower boundaries so
as to set flow conditions, Re=140. The outflow
boundary condition is employed in the most downstream
boundary. There are 95 conforming spectral elements
(K), employed as the initial mesh with the 11 order (N)
of Gauss-Lobatto-Legendre polynomial the basis

function.
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Fig.1 Nonconforming meshes (K=215) of zero degree of
angle of attack after mesh refinement from a coarse
mesh

After adaptive meshes refinement, the element number
is increased to 215 as shown in Fig. 1. It shows mesh
refinements are took place around the plate because
viscous effect causes the large gradient in velocities.
There are more vigorous mesh refinements at the sharp
tip because the intersection between fluid and solid may
cause the more difficulties in computation and generate
larger errors. Fig. 2 shows the nondimensional velocity
profiles at different stations (x=25 to 27) on upper
surface agree well with Blasius solution, From these
results, it demonstrates the adaptive nonconforming
spectral element method can resolve the boundary layer
problems with high accuracy.

3.2 Inclined flat plate

A length of the plate with only one unit at an angle of
attack is employed to compare the accuracy and
efficiency of the conforming and nonconforming
method. There are 395 conforming spectral elements (K),
employed for conforming approach. On the other hand,
in the nonconforming approach, the initial coarse mesh
with 95 elements. Fig. 3(b) shows the refined mesh after
carrying out 50 times of mesh adaptation with the
indicator based on the estimated error of vorticity. The
mesh refinement regions are concentrated in the areas
around the flat plate. The results from adaptive
nonconforming meshes have good agreements with the
counterpart done by conforming meshes as shown in
Fig.3(a). This agreement also exists in 0=20°, 40° as
well as 50°.
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Fig.2 Comparison of present velocity profile with
Blasius solution
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Fig.3 Vorticity contours of flat plate in a=50° (a)
conforming method (b) Nonconforming method

4. Conclusion

This study shows the adaptive nonconforming
method guided by vorticity error is a useful technique
which performs the same or even better than the
conforming method with respect to accuracy and
computational cost.
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