
 

downstream of the critical nozzle exit on the flow field close to the nozzle 
throat were clarified numerically. The results obtained from the steady 
computations were in close agreement with the previous experimental data. 
In order to simulate the effects of back-pressure fluctuations on the critical 
nozzle flow, an excited pressure oscillation was assumed downstream of the 
exit of the critical nozzle. The computed results showed that, for Reynolds 
numbers below Re = 3740, the unsteady effect of the pressure fluctuations 
can propagate upstream of the nozzle throat and it has effects on 
fluctuations in mass flow rate through the critical nozzle, even in chocked-
flow conditions. In cases of the pressure disturbance with large amplitude 
for Re = 7470, the pressure fluctuations can propagate upstream of the 
nozzle throat. However, it is found that the mass flowrate does not fluctuate 
with time. 
 
 
T-2G-3.  NUMERICAL INSTABILITY ANALYSIS OF THE 
LATTICE BOLTZMANN EQUATION METHODS USING 
DIFFERENT SCHEMES 
A. R. RAHMATI, Isfahan University of Technology, Iran, M. 
ASHRAFIZAADEH, Isfahan University of Technology, Iran, E. SHIRANI, 
Isfahan University of Technology, Iran, The lattice Boltzmann equation 
(LBE) method has been recently developed into an alternative effective tool 
to simulate fluid flows. Although it has significant advantages over the 
conventional CFD methods, there are still some restrictions in the 
utilization of LBE models. One of the shortcomings is that the physical 
boundary conditions for macroscopic variables cannot be implemented 
directly since the dependent variable in the LBE model is the density 
distribution function. Furthermore, for the Single-Relaxation–Time Lattice 
Boltzmann Equation (SRT-LBE) model when the Reynolds number is large, 
the relaxation parameter approaches to the stability margin if the number of 
mesh points is not large enough. The instability problems may be 
compounded in three-dimensional flows when physics may not be 
adequately resolved owing to computational constraints. Much progress has 
been made in this direction in recent years and several approaches have 
been proposed to increase numerical stability. Some of such approaches are 
Entropic Lattice Boltzmann Equation (ELBE) method, Multi-Relaxation-
Time Lattice Boltzmann Equation (MRT-LBE) method and Fractional 
Volumetric Lattice Boltzmann Equation (FV-LBE) method. In the present 
work, numerical stability of the ELBE, MRT-LBE, FV-LBE models and a 
combination of the two last methods, i.e., FV-MRT-LBE model are 
compared to that of the SRT-LBE method for the simulation of the lid-
driven cavity flow at different values of the Reynolds number, ranging from 
1000 to 10000, on a 257× 257 grid. The FV-MRT-LBE model is a new 
approach that is presented in this work and its results are compared with the 
results obtained by other methods. Results show that the stability and 
accuracy of all methods are comparable with that of the SRT-LBE method 
at lower Reynolds numbers. However, as the Reynolds number is increased, 
the stability of all methods turns out to be better than that of the SRT-LBE 
method. Furthermore, the MRT-LBE method produces more stable and 
slightly more accurate results compared to ELBE, FV-LBE, and FV-MRT-
LBE methods, especially at higher Reynolds numbers. 
 
 
T-2G-4. ABILITY OF MIXING TWO IMMISCIBLE LIQUIDS IN A 
KENICS STATIC MIXER 
J. Y. C. LEONG, Monash University, Malaysia, C. F. THAN, Monash 
University, Malaysia, Y. W. OOI, Monash University, Malaysia, The ability 
of the Kenics static mixer, a commercially available mixer that does not 
involve the use of mechanical agitation, in mixing of two immiscible liquids 
has been investigated.  The model object is a length of pipe containing the 
Kenics static mixer elements each resembling a short helix. The two 
modeled phases were palm oil triglyceride in the continuous phase and 
methanol in the discrete phase.  This process mimics the pre-mixing 
process before the transesterification process which takes place in the 
biodiesel production. The flow field was simulated numerically using the 
commercially available Computational Fluid Dynamics software package, 
Fluent.  In the preprocessing phase, the modeling of the model object 
incorporated both tetrahedral and hexahedral meshing schemes to discretize 
the model geometry. Solving the flow fields involved choosing the 
appropriate models. These included choosing between the various laminar 
and turbulent models, an appropriate multiphase model as well as an 
appropriate drop breakage model. Postprocessing was concerned with 
extracting relevant information from the flow field to evaluate the 
performance of the Kenics static mixer and involved assessing its 
effectiveness in mixing the two fluids by statistical means and estimating 
the pressure drop across the mixer. Simulated data predicted that the Kenics 
mixer with an RL (successive elements were installed with an alternate 
twist) configuration is the most effective static mixer. On the other hand, the 
Kenics RR (successive elements were installed in the same direction) mixer 

is more efficient as it achieves mixing with less power requirement. A better 
understanding of the Kenics static mixer will enable its incorporation into 
the production cycles that necessitates the dispersion of two immiscible 
liquids to affect the kinetics of reactions as seen in the transesterification 
process in biodiesel production. 
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T-3A-1. HEAT TRANSFER ENHANCEMENT OF RECTANGULAR 
RIBS WITH CONSTANT HEAT FLUX LOCATED IN THE FLOOR 
OF A 3D TURBULENT DUCT FLOW 
E. ESMAEILZADEH, A. ALAMGHOLILOU, H. MIRZAIE, A. 
KHOSHNEVIS, Department of Mechanical Engineering, the University of 
Tabriz, Tabriz, 51666-14766, Iran, In this paper numerical investigation of 
hydrodynamic and forced convection heat transfer in a rectangular 
horizontal duct has been undertaken. Heat sources are cross rectangular ribs 
with small aspect ratio and uniform heat flux under turbulent regime. The 
purpose of this study is to apply a passive method for increasing rate of heat 
transfer from the ribs. Geometry and the physic of the problem are roughly 
similar to cooling of electronic boards. Therefore three rectangular ribs 
established along the width of the channel with specified distance on the 
floor. Between ribs some vortexes are appearing which in general act like a 
heat traps and reduce the heat transfer rate. This thermal resistance should 
be neutralized by applying heat transfer enhancement methods. Establishing 
holes between the ribs because of that the interior pressure is much less than 
environment is an advantageous method which causes distortion of vortexes 
and finally augmentations of heat transfer by producing a secondary flow 
without any outsource energy. This method classifies as passive methods. 
Numerical simulation for assumed geometry is performed by solving 
governing equation in finite volume with Phoenics software. Obtained 
results were compared with available experimental results of literature and 
indicate good agreement. Comparison between plain case and passive case 
shows effectiveness (PEC) is related to geometry parameters significantly 
specially to number of holes and their arrangements. In this investigation 9 
arrangements was analyzed so results compared and discussed completely. 
 
 
T-3A-2. STUDY OF THE EFFECT OF PARTICLE SIZE ON THE 
HEAT TRANSFER IN A FLUIDIZED BED HEAT EXCHANGER 
Y. D. JUN, Kongju National University, Korea, K. B. LEE, Kongju 
National University, Korea, S. Z. ISLAM, Kongju National University, 
Korea, S. B. KO, Kongju National University, Korea, and M. F. KADER, 
Kongju National University, Korea, Heat recovery from flue gas from 
industrial furnaces, boilers and incinerators for better use of energy 
resources is a nation-wide concern in Korea. To overcome the fouling of fly 
ash on the heat transfer surface and erosion and periodical cleaning which 
are the major drawbacks in conventional heat exchangers for flue gas heat 
recovery, a single riser no-distributor-fluidized-bed (NDFB) heat exchanger 
is devised. Compared to the existing ones, the present heat exchanger 
system is featured in the particle fluidization method which does not depend 
on conventionally used baffle plate with holes and the multiple down comer 
tubes for heat extraction from the heated particles. The heat transfer 
performance and pressure drop, effect of suspension density and particle 
size is studied for this no-distributor-fluidized-bed (NDFB) heat exchanger 
system. It was observed that the effect of particle size on the heat transfer is 
more significant for smaller particles and larger suspension densities. 
 
 
T-3A-3. RE-CIRCULATION BEHAVIOUR IN THE FLOW FIELD 
OF A LOW ASPECT RATIO DUMP COMBUSTOR 
N. P. YADAV, IIT Kanpur, India, A. KUSHARI, IIT Kanpur, India, This 
paper reports an experimental investigation of the recirculation behaviour 
inside a low aspect ratio dump combustor. The length of the combustor 
studied was less than the reattachment length for the separated flow. The 
exit of the combustor is tapered which supports the flow reversal from the 
exit section. The recirculation behaviour in the combustor is evaluated from 
the cold flow visualization and pressure measurement studies. This 
recirculation was induced by the geometry of the combustor, therefore, it 
was an unforced recirculation. In this study, a dissimilar thickening of the 
recirculating flow was observed inside the combustor that happened due to 
the flow reversal from the exit section. The recirculation and flow reversal 
from the tapered exit section encourage a cyclic behaviour in the vortex. 
The findings of the visual study were corroborated by measuring the wall 
pressure distribution and the results were found to be in a good qualitative 
agreement with each other. The findings of this study can have applications 
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in the design of better combustors with proper alignment of the fuel 
injectors with respect to the flow for better evaporation and mixing of the 
fuel. 
 
 
T-3A-4.  THE EFFECT OF THERMAL MACH ON THE 
TEMPERATURE DISTRIBUTION AROUND A MOVING HEAT 
SOURCE 
E. IZADPANAH, Yazd University, Iran, S. TALEBI, Yazd University, Iran, 
M. MIRZAEI, K. N. Toosi University, Iran, M. H. HEKMAT, K. N. Toosi 
University, Iran, In this paper the effect of thermal Mach number (M=v/C) 
on temperature distribution around a moving heat source (inside an infinite 
body) has been investigated. Due to rapid movement of heat source and 
small time scale in such problems, Fourier heat conduction model can not 
predict temperature distribution accurately because in Fourier conduction, 
speed of heat propagation has been considered infinity but in non-Fourier 
conduction, this speed is limited. In this work non Fourier heat transfer 
model is employed and the governing equation is solved using finite 
difference method. It can be considered that there are three manners for 
thermal Mach number. When M>1 the speed of the source is greater than 
the speed of the heat propagation, consequently the temperature at the 
region behind the heat source changes. When M ≤ 1, the speed of heat 
propagation is greater than or equal to the speed of the source. This causes 
variation of temperature at the regions behind and in front of the source. 
And when M=0(C=∞) the non Fourier conduction model approaches to the 
Fourier model.  From assessing the results, it is obvious that there is no 
critical mach number for heat source movement, and also for constant speed 
of heat propagation if Mach number become smaller the bounds of 
temperature variations is increased. For C=20m/s, the difference between 
Fourier and non Fourier models is small, but whatever we go more far from 
heat source , this difference increases. If speed of heat propagation is 
decreased, difference between Fourier and non Fourier conduction models 
will be increased. 
 
 

16:00 ~ 17:20 (Room 102)
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T-3B-1. THE MACRO & MICRO SCALE SIMULATION STUDY IN 
NICKEL ELECTRO-PLATING PROCESS 
D. H. YOO, H. S. YOON and J. C. AN, CAE Group, Corporate R&D 
Institute, Samsung Electro-Mechanics Co., Ltd, Korea, Electro-plating has 
significant applications in present day industry ranging from 
microelectronics to metallurgy. But, although advanced numerical methods 
exist and have been applied with great success in engineering domains, the 
use of methods for electroplating applications remains very limited. One of 
the main reasons for this might be the complexity of the process that 
governs electroplating reactors. Mass transfer effects and reaction bath 
design play an important role in the plating process. To improve the 
performance of the electroplating process, a better understanding of the 
electrolyte flow, current density distribution and deposit thickness 
distribution in the plating bath is needed. In this study, we reported the 
mechanism of the non-uniformity of nickel deposit thickness increased by 
the fine pattern trend. To this purpose, we have developed a macro & micro 
scale multi-physics numerical method to calculate the deposit thickness of 
micro patterned PCB (printed circuit board). In our tool, all the mechanisms 
related to the electroplating process such as fluid dynamics, ion transport, 
and surface chemistry have been considered with the Butler-Volmer kinetics 
for calculating the current density on the electrodes.  And, a micro scale 
method, we have redesigned the structural & driving conditions of nickel 
electroplating process that can improve the deposit thickness uniformity. 
The results of calculation well agree with the corresponding experimental 
data. 
 
 
T-3B-2. AN EXPERIMENTAL STUDY ON SWIRLING FLOW IN A 
SUDDEN EXPANSION TUBE USING THE 3D PIV TECHNIQUE 
Tae Hyun CHANG, Senior Research Fellow of Korea Institute of Science 
and Technology Information 335 Gwahangno, Yuseog-gu, Daejeon, Korea, 
During the past three or four decade, the characteristics of turbulent 
swirling flow have been studied extensively because of its great 
technological and scientific important. It well known that swirling flow 
improves heat transfer in tube flow. The reason for this is due to the effect 
of streamline curvature associated with the tangential velocity 
component. The swirling flow of water through a sudden 1:2 axisymmetric 
expansion has been studied experimentally in a horizontal round tube. 

Measurements of this flow were performed with a 3D PIV system. While 
swirling flow through an abrupt tube expansion is a relatively unknown 
problem. For a many years, this flow has been investigated in straight tube 
for heat exchangers or combustion chamber. In this research, the results are 
compared with swirl flow and non swirl at the sudden tube. The important 
objective of this research is to introduce velocity profiles at the expansion 
region with swirl and non-swirl flow. Other one is to design thermal fluid 
machinery in which swirling is playing a main source of heat and 
combustion. 
 
 
T-3B-3.  PIV STUDIES ON DRAINING FROM CYLINDRICAL 
TANK WITH ECCENTRIC DRAIN PORT 
C. H. SOHN, M. G. JU , B. H. L. GOWDA, Kyungpook National University, 
Korea, When draining takes place through a axially located drain port in a 
cylindrical tank with initial rotating imparted, a vortex with an air core 
occurs. By providing the drain port eccentrically, the vortexing can be 
prevented, if the eccentricity is above a particular value. For values of 
eccentricity less than this value, vortexing with an air core occurs. For 
certain values of eccentricity, the air core appears and disappears more than 
once. In this study, this phenomenon is investigated using PIV. The results 
indicate that the appearance and disappearance of the vortex with an air 
core is due to concentration and diffusion of vorticity alternatively. 
 
 
T-3B-4. MEASUREMENTS OF MICRO BACKWARD FACING STEP 
FLOWS WITH A SINGLE CAMERA MICRO 3D-PTV 
D. H. DOH, Korea Maritime Univ.(KMU), Korea, H. J. SUNG, KAIST, 
Korea, Y. B. CHO, Y. B. PYEON, K. R. MOON, KMU, Korea, K. R. CHO, 
Eyelizer Co. Ltd., Korea, M. OISHI, Institute of Industrial Science(IIS), 
Tokyo Univ., Japan, H. KINOSHITA, IIS, Japan, T. FUJII, IIS, Japan, M. 
OSHIMA, IIS, Japan, M. TAKEI, Nihon Univ., Japan, Single camera based 
micro 3D-PTV system has been constructed using GA algorithm. The 
system has stereo-viewing holes just behind the objective lens of the 
microscopic system. The system consists of one high-definition camera 
(1028 x 1024 pixel, 500fps), an Ar-ion laser(500mW) and a host computer. 
A hybrid genetic algorithm (GA) has been adopted and an epipolar concept 
has been introduced to eliminate spurious candidates so that calculation 
loads can be reduced. The constructed system has been adapted for the 
measurements of a micro backward facing step channel (H x h x W: 36μm x 
70μm x 3000μm). Reynolds number with H is 0.017. The performances 
tests for the system have been carried out using the actual camera 
parameters. The measurement errors for X, Y and Z coordinates were 
0.083μm, 0.045μm and 0.083μm, respectively. The measurement results 
were compared with that of CFD results. It showed reasonable tendencies 
qualitatively. A small amount of measurement errors were attributed to the 
fact that the particle density was too small, the optical conditions was not in 
optimal, and the errors from vector  interpolations couldn’t be reduced.  
In this study, the optimal distance of the two holes was 5mm and their 
optimal diameter was 3.5mm. 
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Separated Flows 
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T-3C-1. NUMERICAL SIMULATION OF ACOUSTIC EXCITATION 
OF LAMINAR FLOW PAST OF A BACKWARD-FACING STEP 
C. BALAJI, S. R. CHAKRAVARTHY, IIT Madras, India, Acoustic-like 
inlet perturbations are introduced in a flow past a backward-facing step at 
low Reynolds number (Re < 400).  The unsteady flow is numerically 
solved using the finite volume method, and the SIMPLE technique is 
employed to couple the pressure and velocity fields.  A distinct off-band 
frequency at Strouhal number St = 0.2 is observed in the transverse 
component of velocity when the flow is perturbed with noise in the range 
2.3 < St < 23.  Fourier decomposition of the flow field is done to obtain the 
velocity field at St = 0.2.  Large-scale vortex shedding is observed at this 
frequency; the recirculation zone is found to lift off and pinch off. With 
harmonic perturbation, the preferred frequency of the shear layer decreases 
with increase in distance from the step and matches that with the noise 
perturbation, signifying that the preferred frequency is independent of the 
frequency content of the perturbation.  Increase in Re increases the 
response of the transverse component of the velocity for lower excitation 
frequencies and vice versa.  Multiple peaks occur in the stream-wise 
component of the velocity field because of constructive and destructive 
interferences of the inlet perturbations propagating along the irrotational 
and rotational streamlines.  The modification to an acoustic-like 
perturbation at the inlet afforded by the presence of the shear layer 
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