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Abstract

A theoretical and numerical investigation on the boundary-layer flow over a two— or three-dimensional hill
is presented. The numerical model is based on the finite volume method with boundary-fitted coordinates. The
k-¢ turbulence model with modified wall function and the low-Reynolds-number model are employed. The
hypothesis of Reynolds number independency for the atmospheric boundary-layer flow over aerodynamically
rough terrain is confirmed by the numerical simulation. Comparisons of the mean velocity profiles and surface
pressure distributions between the numerical predictions and the wind-tunnel experiments on the flow over a
hill show good agreement. The linear theory provides generally good prediction of speed-up characteristics for
the gentle-sloped hills. The flow separation occurs in the hill slope of 0.5 and the measured reattachment points
are compared with the numerical prediction. It is found that the k-¢ turbulence model is reasonably accurate in
predicting the attached flow, while the low-Reynolds-number model is more suitable to simulate the separated

flows.

Key words : atmospheric boundary layer, flow separation, hilly terrain, k-¢ turbulence model, low-Reynolds-
number model
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Fig. 1. Schematic diagram of the wind flow over a hill.
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Fig. 2. Orthogonal grid system for the single hill
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Fig. 3. Vertical profiles of turbulent eddy viscosity in
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Fig. 6. Vertical profiles of mean horizontal velocity U/U. over the single hills (ciicles, experimental data; lines,

predictions).

J. KAPRA Vol. 13, No. 1 (1997)



72 AT - AR - AR

2.0
|‘ z/L, Exp. Cal.
2.0 & -----
r b 00 o
L 10 W o———
1.5 £| +2.0 4 - -~
il
s
N |
= P
~. 1.0}
N
0.5 |
0.0 L
-1.0 -0.5 0.0 0.5 1.0
AU(z)/ U (2)
(a) fractional speed-up
x/L=-2.0 x/L,=0.0 x/Li=1.0 x/L,=2.0 2/L,=3.0
‘. ° [ o )
o o °
4 -] L o Q Q
| ) d o o °
of o a -]
9 -] a -] -]
3 ° .8
] 3 o g .
I S o
NS Y : :
1 9 [ a o
24 o ] o
4 -] a o L]
-] £l o
b q o °
) 3 ° o
q o o “
{ K K
14 ° q o °
[} -]
Q Q,
©, ©
° °
L o O]
k o
-0.2 0.0 0.2 -0.3 0.0 -0.3 0.0
v/U.

(b) mean vertical velocity

0.0

og_0°

k/UL" x 100

(c) turbulence kinetic energy

Fig. 7. Comparisons of measured and predicted flow characteristics over the single hill, S3H7 (symbols,

experimental data; lines, predictions).
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Fig. 8. Comparisons of mean horizontal velocity profiles over the three—dimensional hill, S3H12-3D (symbols:
experimental data; dashed lines: linear theory; solid lines: computation).
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Fig. 9. Contours of mean streamline inclination angle on the three-dimensional hill, S3H12-3D (z=2mm).
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Fig. 10. Cross-wind mean velocity profiles on S3H12-3D at y/L,=1 (dashed lines. linear theory; solid lines:

computation).
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up velocity profiles at the hill top (symbols:

experimental data; dashed lines: linear
theory; solid lines: computation).
e In?(1*/2,) = 2% Ly (22)

olgaf Mol whzml 2= /oA Hd §4%7} (speed-
up)7} HAHER, LAAFANE HY FEI0P)
A Fol3 W¥3 FAR A5 E 26 AN
S0 esh 1r<io<i) Aol YL & > Yon,
et A f4374s ok 1 Alold FelelA iAg
o2 93 4 gloh. Mason (1986) Nyland Hill

Table 2. The inner layer length scale from theory and

computation.

Hill Base Jackson .
Height | Length | & Hunt Mason |Computation
Hlem] |4Licm] | Imm] | /lmm)] | /lmm]

4.0 26.7 4.9 1.8 2.0
7.0 46.0 7.7 2.5 3.5
12.0 80.0 12.2 3.7 7.0
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