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Analysis and Simulation of Air Flow over Complex Terrain

Case Study: Air Flow over Phuka Mountain in Lop Buri
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Theerapong Boonterm, Captain 2010: Analysis and Simulation of Air Flow over Complex Terrain
Case Study: Air Flow over Phuka Mountain in Lop Buri. Master of Engineering (Mechanical
Engineering), Major Field: Mechanical Engineering, Department of Mechanical Engineering.

Thesis Advisor: Associate Professor Chawalit Kittichaikarn, Ph.D. 88 pages.

Phuka Mountain in Lopburi, Thailand is used as a training place for pilot students to practice taking
off and landing their airplanes. However, there are many factors that affect the control of airplane during take
off and landing. For example, very small pad to land, unforecast wind speed and direction, gust, turbulence
and updraft and downdraft due to various mountainous areas are the main keys. This paper presents the
simulation of air flow over Phuka Mountain using commercial Computational Fluid Dynamics software.

Air flow over Phuka Mountain was modeled in three-dimensional domain. RNG k-E€ with standard and
SIMPLEC algorithm were used to solve for the separated flow. Simulation was made for flow of atmospheric
air in December where the two wind directions (90 degrees and 120 degrees), three wind speeds (30, 40 and
50 m/s) and three different landing locations were studied. The results from wind tunnel experiment are used
to verify with Computational Fluid Dynamics software data. From the results obtained, it is found that the
velocity profile obtained from Computational Fluid Dynamics software agree well with those obtained from
wind tunnel experiment. Contours of those velocity obtained from Computational Fluid Dynamics Program
therefore can be used to predict the flow over the Phuka Mountain and suggest the pilot how to control the air
plane during its landing and take off . From the results obtained, it can be suggested that at the location
number 2, the pilots should land and make the terrain contour flying carefully at the altitude above the ground
not over 84 m (275 feet) approximately. At the location number 3 and 4 which are at the top and rear side of
the mountain respectively, the approach angle should be the shallow angle (approximately 5-12 degrees with
the horizon) at the altitude above the ground approximately 210 m (688 feet) and far from the landing point
approximately 280 m (918 feet). The aircrafts maybe slip from the glide slope because of the highly separated
and swirl wind. The pilots should avoid the steep angle to approach (approximately 15-20 degrees from the
vertical) which begins from 440 m (1443.6 feet) above the mountain. It cause the aircraft to be at risk for

hard landing.

Student’s signature Thesis Advisor’s signature
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Atomospheric boundary layer
Control volume surface area
Computational fluid dynamics
Model constant
Constants in turbulence transport equations
Detached eddy simulation
Direct numerical simulation
Diffusion term in Reynolds stress equation
Zero plane displacement height
Force
Constant in k — @ turbulence model
Froude number
Coriolis parameter
Terms in low Reynolds number turbulence model
Gravitational acceleration
Height above ground; hill height
Average roughness height
Turbulence kinetic energy
Non-dimensional roughness height
Large eddy simulation
Obukhov length scale; characteristic hill length
Mixing length; inner layer depth
Mass
Stratification frequency
Pressure
Production term in Reynolds stress equation
Peclet number

Prandtl number
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Reynolds averaged Navier-Stokes
Renormalization group

Reynolds stress model

Reynolds number

Richardson number

Term in low Reynolds number & — & model
Source; strain rate

Strain rate tensor

Time

Mean velocity

Free stream velocity

Fluctuating component of velocity
Friction velocity

Non-dimensional velocity scale

Reynolds stress

Velocity components
Volume

Distance

Directional components
Sand grain roughness height
Vertical height

Roughness length
Turbulence model constant
Advection scheme variable
Turbulence model constant
Kronecker delta
Dissipation rate of & per unit mass

Dissipation term in Reynolds stress equation
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n.n, = Turbulence model constants

0 = Hill steepness

¢,-j = Pressure-strain correlation term

@ = Latitude

K = Von Karman constant

i = Dynamic viscosity

y7s = Turbulent viscosity

v = Kinematic viscosity

Y2 = Density

£ = Reference density

0,,0, = Turbulent Prandtl numbers in k£ — & model
o,0" = Turbulent model constant

0,,0,0, = Root mean square of turbulence component
T = Shear stress

7, = Wall shear stress

T = Turbulent shear stress tensor

D = Flow property

.Q,.j = Rotation term in Reynolds stress equation
Q0 = Angular velocity

w = Dissipation rate of k& per unit k&

W, = Rotation vector
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Stratification and stability
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Numerical Modeling
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2. Reynolds Stress Model (RSM) Reynolds Stress 924115H1A5INY Rate of strain
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0" fo Length scale

u" Ao Velocity scale
Zero Equation
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Samagorinsky (1963)
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Baldwin and Lomax (1978)
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suudraeams Imaunvuiluiliuues Spalart-Allmaras (S-A) ADUTILUUNOULAY
=1 a a o [ 9 9 J 9 1
tlszansamdmiumsldludweimanamans 4, aunsom ldanaumsmsniem
=1 = a 9 d‘ LY [ ] o [ d' [ 9
Mesaumaaed Tasaziionlens lvanuendirandu himangdmsums lmansudou

1 Ao A a 9)3 o
w31z idymanms lnanusnalndiumis

~

2
==, SV —cwfw(%J +§[div([17 +v]gradv)+c,,gradv - gradﬁ] (22)

o d e szezilndmisnga

N ~ U
V=unxd, S=-1L
xd

d‘ A . . y tg LY = d‘ v r ,
1J® u, A9 Friction velocity YUBYNU ANUTIANTUNKNUI (Wall friction)
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