range.

W-3D-3. DESIGN AND TESTS OF A NATURAL LAMINAR FLOW
AIRFOIL

Yung-Gyo LEE, Cheolwan KIM, Kijung KWON, Tae-Hwan CHO, Jae-
Yeul SHIM, Eung-Tae KIM and Dae Sung LEE, Korea Aerospace Research
Institute, Daejeon, Korea, Drag reduction is one of main concerns for
commercial aircraft companies than ever because fuel price has been tripled
in ten years. In this research, Natural Laminar Flow airfoil is designed and
tested to reduce drag at cruise condition, ¢=0.3, Re=3.4x10° and M=0.6.
NLF airfoil is characterized by delayed transition from laminar to turbulent
flow, which comes from maintaining favorable pressure gradient to
downstream. Transition is predicted by solving Boundary Layer equations
in viscous boundary layer and by solving Euler Equation outside the
boundary layer. Once boundary layer thickness and momentum thickness
are obtained, ¢“-method is used for transition point prediction. Empirically
adjusted e"-method is known to be accurate and fast for transition
prediction. A new NLF airfoil, KARIFOIL, with maximum thickness of
15% is designed for a very light jet. It is modified from NLF-0115 airfoil by
reducing leading edge radius and by shifting maximum thickness position
downstream. Camber is also increased to shift up the drag bucket for better
performance at climb conditions, ¢;=0.6. Transition position and drag polar
are computed and compared for various Reynolds numbers. Transition is
delayed at upper surface comparing to NLF-0115, which results in less drag
than NLF-0115. It is interesting to notice that drag of KARIFOIL is higher
than that of NLF-0115 at low Reynolds numbers, but drag bucket gets wider
and drag is reduced as Reynolds number increases. Eventually, the designed
airfoil has less drag at a cruise condition as well as a climb condition than
drag of NLF-0115 at cruise condition, Re=3.36x10°. Pitching moment
shows more negative values. It is important to notice that transition at high
angle of attack locates almost leading edge to minimize aerodynamic
change by contaminations like bugs or rain drops during take-off and
landing. KARIFOIL is tested in KARI 1-m Low speed wind tunnel to
investigate subsonic characteristics. M=0.1 and Reynolds number ranges
from 3x10° to 9x10°. At low Reynolds numbers (< 9x10°), test results show
good agreements with prediction. Drag bucket is shown clearly. And it is
wider and minimum drag is smaller for larger Reynolds numbers although
Reynolds numbers are lower than the design target. High subsonic and
transonic characteristics of KARIFOIL are examined in a transonic wind
tunnel facility. Mach number ranges from 0.5 to 0.7 and Reynolds number
from 3.3x10° to 4.3x10° Unfortunately it seems that flow over airfoil is
turbulent by free stream turbulence and vibration of a model. So, minimum
drag is much higher than conventional NLF airfoils and data can’t show
clear tendency for Reynolds number variation. For turbulent flow, tests
results show the same tendency as prediction. Flow visualization doesn’t
show any evidence of transition. As results, KARI’s NLF airfoil is designed
and shows better characteristics than NLF-0115. The characteristics are
tested and verified at low Reynolds numbers, but at high Reynolds numbers,
laminar flow characteristics are not obtainable because of fully turbulent
flow over airfoil surfaces. Precious experiences, however, relating NLF
airfoil design, subsonic and transonic tests are acquired.

W-3D-4. AERODYNAMIC INVESTIGATION OF FLOW THROUGH
A CENTRIFUGAL COMPRESSOR STAGE

R. RAJENDRAN, NAL, India, S. RAMAMURTHY, NAL, India,
PMOHANAN, NITK, India, In a centrifugal compressor the work is
imparted on the impeller to get higher total pressure of the working fluid.
A diffuser is employed at the down stream of the impeller for the
conversion of kinetic energy of the flow coming out of the impeller into
static pressure. The overall efficiency of the compressor is dependent on
the design of both impeller and diffuser. The vane diffuser reduces the
operating range, however by proper setting of the diffuser with reference to
impeller; it is possible to achieve good stage performance. The setting
angle of the diffuser with reference to the impeller plays a crucial role on
the stage performance. This paper was aimed to experimentally
investigate the flow behavior in a centrifugal compressor stage with detailed
flow inside three different setting angles of the vane diffusers. The
experiments were carried out at different speeds ranging from 15000 to
20000 rpm in a closed circuit centrifugal compressor test rig. Static
pressure measurements were carried out at impeller shroud from inlet to
exit of the impeller to study the flow behavior in the impeller at off design
conditions.  Static pressure measurements on the suction and pressure
surface of the vane diffuser and also on the diffuser channel from diffuser
leading edge to diffuser exit at different radius to study the effect of
pressure recovery in diffuser on the overall stage performance. Similarly
unsteady flow measurements were carried out at impeller shroud and
diffuser channel using miniature high response Kulite transducers to study
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the unsteady flow behavior at the compressor stage with three different
configurations of the diffuser. From the experimental results an optimum
vane configuration is selected to achieve good stage performance.

13:20 ~ 14:40 (Room105)
Geophysical Fluid Dynamics ( IT)
Session Chair : Prof. N. Huang, Lanzhou Univ/China

W-3E-1. NUMERICAL STUDY ON INFLUENCE OF RAINFALL
INTENSITY ON HILLSLOPE EROSION

Y. AN, IMECH CAS, China, Q. Q. LIU, IMECH CAS, China, Rainfall
intensity is one of the most important parameters of influencing soil erosion
on hillslopes. The phenomena, that erosion amount rises with the increase
of rain intensity under the same precipitation, is widely observed. It is
commonly accepted that rill erosion plays an important role in this complex
process. Different rain intensity would induce different rill condition which
in turn results different erosion amount. In order to consider the impact of
various rill conditions and distinguish the contribution of rill and interrill
area, a two-dimensional erosion model, which includes a one-dimensional
rill component and a two-dimensional interrill component, is proposed. This
model calculates rill and interrill processes respectively, which indicates a
more reliable rill flow character can be obtained. Several sets of
experimental data are used to verify the model and a good agreement is
observed. The effect of rain intensity is discussed by considering influences
of rill development stages which directly corresponds with rain intensity.
Influences of parameters which represent rill development stages are
discussed here. The hillslope with approximately parallel rills is generalized
to a numerical plot containing one rill and its interrill catchment. Basing on
this platform, a series of numerical experiments discussing the mentioned
parameters, are carried on. From the results of numerical experiments, the
following preliminary results can be obtained: (1) A slope with rill might
produce more erosion than a slope without rill; (2) Along with the increase
of rain intensity, a peak value of erosion capability of a single rill appears.;
(3) The increase of rill intensity, which includes increase of rill number and
rill length, would contribute to the augmentation of hillslope erosion. More
assured conclusion on how rainfall intensity effecting erosion amount might
be obtained by simulating the development process of rill on hillslopes.

W-3E-2. NUMERICAL PREDICTIONS ON ATMOSPHERIC
DISPERSION OF POLLEN IN EASTERN AICHI, JAPAN

N. SEKISHITA, Toyohashi Univ. of Tech., Japan, H. MAKITA, Toyohashi
Univ. of Tech., Japan, A computer simulation was conducted for the
prediction of pollen dispersed in atmospheric turbulence in Aichi, Japan.
Recently, hay fever becomes serious problems in Japan due to atmospheric
diffusion of pollen. This pollen dispersion is affected by time when trees
release pollen, velocity fields, weather condition, etc. The precisely
prediction of atmospheric dispersion of pollen can help many people who
are sick with hay fever. The diffusion equation was numerically solved
based on velocity data calculated by mesoscale weather model, MMS5. The
present prediction was carried out on March 6th, 2007 when a lot of pollen
measured in the eastern Aichi by Ministry of the Environment, Japan. Three
velocity components, u, v, w were gotten at each 2km on north-south and
east-west lines in the simulation area: 136.8-137.9 of east longitude and
34.5-35.3 of north latitude. The falling velocity of the pollen in the
atmospheric turbulence was assumed to be the terminal velocity of the
pollen and its value was 0.036m/s in this case. The quantity of dispersing
pollen from trees was assumed to be constant along a forest in this
simulation; pollen density ¢ was always 100 pieces/m’ in the forest
distributed in the present calculation area. The pollen density settled down
on the ground was calculated from 14:00 to 14:30 on March 6th, 2007.
Since comparatively strong north-east winds blew in this period, we
observed the high distribution of the pollen density in south-east side of the
source (forest). Velocity vectors and the contour map of pollen density on a
horizontal cross section were also estimated. The pollen source was existed
on the windward slope of a small mountain. This result showed that the
pollen dispersed leeward of the mountain due to wind. The pollen
dispersion in the atmosphere was simulated successfully. In the near feature,
the present simulation will improve by precisely modeling release time
from trees, the falling velocity of pollen, the effects of geographical features,
etc. And, the information of pollen dispersion will be provided for local
people.

W-3E-3. NUMERICAL ANALYSIS ON IMPROVEMENT EFFECT
OF WIND SHEAR BY A STRUCTURE INSTALLED UPSTREAM OF
A WIND TURBINE



