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Table 1 Construction of the computational model for

the terrain
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dx3 BN 300 30
dx4 BN 100 20
dxs B 500 20
dx6 Hih 50 10
dx7 Hith 50 30
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dx11 IEMHITE (1L=274) 100 20
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Fig.1 Profile of a typical complex terrain mountain
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Fig.7 Numerical model test results
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Table 2 The table of maximum, minimum,and isopleth points of wind speed of isolated peak topography in upwind and

downwind direction

e AR /m - s™! Knin Ui Ko Uy IR EE
0 1 O Y ) N O Y A 1 A W N 1 1 01 N L1 1 R A M
dX4 4.5 4.5 -259.1 274.7 4.5 4.4 -2.1 0.4 5.5 5.5 -249.0 230.0
dX4 5.5 5.5 -2584  1075.1 5.2 45 -2.1 04 6.4 6.4 -181.3 169.9
dx4 6.5 6.5 -258.4 1075.1 6.1 5.7 -2.1 0.4 7.3 7.3 -172.6 170.0
dX1 4.5 4.5 -1487.0 14924 4.0 33 0.0 5.0 6.0 59 -985.9 854.9
dX1 5.5 5.5 -14746 1592.1 5.0 4.0 0.0 79.8 7.7 7.7 -1044.4 989.5
dX1 6.5 6.5 -1487.0 14924 5.7 4.8 0.0 5.0 8.5 8.5 -968.8 842.5
dXx2 4.5 4.5 -723.5 723.5 3.6 2.3 -12.4 0.0 6.1 6.1 -1550.0 376.8
dXx2 5.5 5.5 -723.5 723.5 4.4 2.8 -12.4 0.0 7.5 7.5 -14125 385.2
dX2 6.5 6.5 -725.5 725.5 5.3 3.1 -6.2 0.0 8.3 8.8 -1681.2 3732
dX3 45 45 -437.3 285.3 33 0.3 -28.5 2.0 5.9 5.9 -261.9 200.3
dX3 5.5 5.5 -437.3 285.3 4.1 0.4 -28.5 2.0 7.3 7.2 -263.7 202.1
dX3 6.5 6.5 -437.3 285.3 4.7 0.5 -28.5 2.0 84 8.4 -2584 200.3
dX5 4.5 4.5 -11914 12042 3.5 2.2 -37.1 0.0 6.9 6.8 -759.6 606.8
dX5 5.5 5.5 -11914 12042 43 2.8 -37.1 0.0 8.5 8.5 -766.4 630.0
dX5 6.5 6.5 -1191.4 12042 5.0 32 -37.1 0.0 9.8 9.8 -749.7 606.8

R AR TR B, R XU LA L A 2000, T XU ) 3 B2 5 A BT I, 2 0 R 3
DR ] S ARG s AT AU A9 A (R d R A 300 I BRI B AR, K AUt XU fie /IME % T
WL 7 1) L A O 5 S IR E) 300 m L O m/s, T RSB BT[] 38 DX A5 I S8 KT 4 v Y
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Fig.13 Distribution of the flow field in the dX7 terrain
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Fig.14 Distribution of the flow field in the dX8 terrain
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Fig.15 Wind speed comparisons at plateau topography of
different slopes and heights
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Table 3 The table of maximum,minimum,and isopleth points of wind speed of plateau topography in upwind and downwind direction

e A RGH /m 57! Koin Unin Ko Ui KRGS A
EJRE TR B0 1 T W N 2 Y o A 2 1A 7 1 R 0 1 1 R < W EJRUE TR
4.5 4.5 -450.9 503.9 4.3 4.2 -178.0 183.0 4.8 4.8 -282.8 281.0
dX6 5.5 55 -450.9 503.9 5.3 52 -178.0 183.0 59 59 -282.8 281.0
6.5 6.5 -450.9 503.9 6.1 6.0 -178.0 183.0 6.8 6.8 -282.8 281.0
4.5 4.5 -538.9 538.9 3.5 2.6 -160.0 199.4 54 54 -340.8 340.8
dXs8 5.5 55 -538.9 538.9 4.4 3.1 -160.0 199.4 6.7 6.6 -340.8 340.8
6.5 6.5 -538.9 538.9 5.1 3.7 -160.0 199.4 7.8 7.7 -340.8 340.8
4.5 4.5 -317.0 2749.9 4.4 4.1 -136.6 6.3 4.8 4.8 -1.3 5.7
dX7 5.5 55 -335.0 2749.9 54 55 -140.3 6.3 6.0 6.0 -1.3 5.7
6.5 6.5 -317.0 2749.9 6.3 5.8 -136.6 6.3 6.9 6.8 -1.3 81.4
2% 3 AT /i L XUIE R 0 A, L 8000 .
SEATRHEEH, B 120 m & B XGHE R 6000 52
{3 3 2 A R s A X 9 513 _ o it
R R R D5 6 LR S B M '
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Vel 16~19 5354 AR A A T , W AT = e
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B 32 BN — A BH FEROU AR I MR
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Fig.16 Distribution of the flow field in the dX9 terrain
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Fig.19 Wind speed comparisons at peak cluster topography
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Fig.17 Distribution of the flow field in the dX10 terrain
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Fig.18 Wind speed comparisons at peak cluster topography
of different heights
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Table 4 The table of maximum, minimum,and isopleth points of wind speed of peak cluster topography at upwind

and downwind direction

o ARG /m s Lo Unin Lo T, R A A
bR FRUE BERUGE FRUE BRUE RRUE BRGE RRUE BRUE AR ERUE TR
4.5 4.5 -11400 1125.0 3.1 3.1 -4560.0 4560.0 5.5 5.5 -460.5 495.5
dX9 5.5 55 -1140.0 1125.0 3.8 3.8 -4560.0 4560.0 6.8 6.8 -750.3 750.3
6.5 6.5 -11400 1125.0 4.4 4.5 -4560.0 4560.0 7.9 7.9 -1031.8 1031.8
4.5 4.5 -587.5 587.5 2.5 2.6 -2350.1 2350.1 5.7 5.6 -248.5 261.1
dX10 5.5 5.5 -587.5 587.5 3.1 3.2 -2350.1 2350.1 7.0 6.9 -347.0 359.7
6.5 6.5 -587.5 587.5 3.7 3.7 -2350.1 2350.1 8.1 8.1 -412.5 412.5
4.5 4.5 -273.5 273.5 3.6 3.6 -11135 11135 5.1 5.1 -133.6 133.6
dX11 5.5 5.5 -273.5 273.5 4.5 4.5 -11135 11135 6.3 6.3 -268.5 259.0
6.5 6.5 -273.5 273.5 5.4 5.4 -11135 11135 7.6 7.5 -273.5 273.5
4.5 4.5 -138.9 1330.3 4.4 4.3 -546.1 546.1 4.8 4.8 -93.5 88.5
dX12 5.5 5.5 -138.9 1330.3 5.3 53 -546.1 546.1 5.9 5.9 -134.1 137.0
6.5 6.5 -138.9 1330.3 6.3 6.2 -546.1 546.1 7.0 6.9 -134.1 137.0

I 4 FA: b R X R A AN B
AR R AR | XG0 A S B R AR A R 2, X
/MR A1 B0 AN XU e R (RS B — 2K
X F ARG IR K | i/ IME AL i 5 LB AR SG
FIN 5 W MR R fi K i/ IMELSZ 9 JE R B
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Table 5 The table of wind speed distribution range on
solitary peak topography

I A AGHE A X 1] A X 1]
%y m/s CHTTRUA) (FEET )
dX1 45 (-725~668) (-689~644)
dx2 45 (-351~326) (-787~787)
dx3 45 (-213~181) (-403~415)
dx4 45 (-146~147) (-169~169)
dx5 45 (-640~523) (-1254~1256)

F6 IEMMFRIES LR
Table 6 Wind speed distribution range table for mountain ridge

- Al D59 O @5y Q@S @I @5 @5 E @5
el Mg X X T A X 1] X [a] X 8] X 8] G X 1] A X 1] A X 1]

m/s CE) (FEH) 1) (FEH) CFF7) (FEH) CEF1) (FEH)
dX9 45 (=372~376) (-676~706) (-236~326) (-462~492) (-300~417) (-522~552) (-251~311) (-477~477)
dX10 45  (-221-211) (-409~433) (-136~207) (-288~312) (-162~249) (-296~320) (-162~195) (-308~308)
dX11 45 (=72~69) (0~0) (-19~39) (0~0) (-44~74) (-185~215) (0~0) (-175~209)
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The evolution of complex terrain flow fields based on OpenFOAM

Cao Xiaoyan, Xu Chang, Cheng Zhe, Han Xingxing, Xue Feifei
(Hohai University, Nanjing 211100, China)

Abstract: With the depletion of resources in flat terrain, the site selection for wind farms is
gradually shifting towards complex terrains. Complex terrain presents geographical conditions
distinet from flat terrain,the undulating topography leads to intricate flow patterns, and the wind
characteristics in complex terrains are also different. Therefore, studying the distribution patterns
of flow fields in complex terrain is significant for micro—siting of wind farms and wind power
prediction. This paper, based on the open—source software OpenFOAM, establishes geometric and
numerical simulation models for complex terrain. It investigates and analyzes grids, boundary
conditions, and turbulence models suitable for complex terrain. The reliability of the numerical
model for complex terrain is compared and analyzed using real measurement data from the
Askervein mountain. The paper solves the flow field distribution for typical complex terrains such
as isolated peaks, plateaus, and peak clusters,studying the impact of slope and height on the flow
fields in different terrains. The research reveals that different terrains satisfy the Reynolds number
independence principle. In isolated peak topography, the influence of slope becomes more
pronounced in the lee zone behind the mountain as the slope increases. Plateau terrain is more
affected by changes in height. For peak cluster topography, the flow field development remains
consistent under varying slopes and heights, with height having a greater impact compared to
slope. The provided distribution ranges of flow field characteristic values in this paper can serve as
a reference for wind farm micro-siting and wind power prediction in complex terrain.

Keywords: numerical simulation; OpenFOAM ; isolated peak; peak cluster; wind farm

- 216 -



