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Abstract

The atmospheric boundary layer is often characterized by vertical variations of air density. In
density stratified layers such as the surface inversion layer that is frequently observed at nighttime, the air
density decreases with height. In stably stratified conditions, negative buoyancy forces are present. As a
result, when air flows over simple or complex topographies in stably stratified conditions, wave and other
fluid phenomena emerge that are not observed in neutrally stratified conditions. In this report, we
performed numerical simulations considering various atmospheric stability conditions for small-scale
topography. Based on the obtained simulation results, we visualize the flow field and introduce drastic
changes in the flow patterns. Furthermore, the effect of stable stratification on the evaluation of power

generation is shown for typical complex terrain.
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(a) Neutrally stratified condition, Ri = 0.0

(b) Unstably stratified condition, Ri =-1.0

(c) Stably stratified condition, Ri =+1.0
Fig.2 Spatial distribution of instantaneous U-velocity component for the steep hill with a=2.0

under various atmospheric stability conditions. Here, the arrows in the figure indicate the direction of flow.
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(a) Neutrally stratified condition, Ri = 0.0

E— Flow

Frame : 100
Time : 100.00

N TEE .
-0.2  Non-Dimensional  1.35

U-velocity (U/Uy)

Instantaneous flow field _

(b) Stably stratified condition, Ri = +1.0
Fig.3 Spatial distribution of instantaneous U-velocity component for the steep hill with a=10.0

under various atmospheric stability conditions. Here, the arrows in the figure indicate the direction of flow.
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Fig.4 Topographical conditions around the location of the wind turbines.

Here, the arrows in the figure indicate the direction of flow.

-0.15  Non-Dimensional  1.30
U-velocity (U/U;,)

(a) Neutrally stratified condition, Ri = 0.0

-0.15  Non-Dimensional  1.30
U-velocity (U/U,,)

(b) Stably stratified condition, Ri = +1.0
Fig.5 Instantaneous flow field including the No.1 and No.2 wind turbines
and the spatial distribution of instantaneous U-velocity.

Here, the arrows in the figure indicate the direction of flow.
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U-velocity (U/U;,)

(a) Neutrally stratified condition, Ri = 0.0

BN Tmm .
-0.15  Non-Dimensional  1.30
U-velocity (U/U;,)

(b) Stably stratified condition, Ri = +1.0
Fig.6 Time-averaged flow field including the No.1 and No.2 wind turbines
and the spatial distribution of instantaneous U-velocity. Here, the arrows in the figure indicate the direction of flow.
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Fig.7 Profiles of time-averaged wind speed at No.1 and No.2 wind turbines.
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(b) Stably stratified condition, Ri = +1.0
Fig.8 Wind speed ratio of wind turbine hub height (78m) to virtual met mast with a height of 50m.

Here, the arrows in the figure indicate the direction of flow.
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Fig.9 Annual wind speed distribution, 50m virtual met mast.
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Fig.10 2MW wind turbine power curve.
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Fig.11 Comparison of capacity factors.

BENTERE LT ZORT — X2 ZEDE, HNLAE
RHEDR = 0.0, BEOY, BEERERIEDR = +1.00D7H
= AT, Fig 10T H i/ T — I — 712D
TR R R (RWh) E R R =R (%) 23 L 7=
FEBHIZIX, Fig. 90 A7 — & 13 15 i b D B 4]
F—EANSRERESN TS, £, AR TILE D2
EIXBEAR T, Fig dlrd BESI Tz — DD FEA D &
D5 AN VERE T CODIRIMA R E L. Fi, R
2 ANT — X E A AH DN T S SN B EHT A R
1%, Fig SICHEBRL 7 JRGs bh A e U e, —#D T —Z iRy
D, HHNIAE R A2Fig 11RT. Fig. 1156, Fa7Ak
JERFOONo. 2 B HE OO AR [ P4 JRGH 1 34.0m/s &7, AR~

Journal of JIWEA

ARDAERPEJEGE & g L CE LRV R e o7,
FERELT, A RG8.0% RV E L2~ T2. — 5,
2 TE AR RFDONo. 2R B D AR [ P15 I 35. Tm /s & 720,
AR~ AR AR ) BGE SV 2T R O F iz 7~ L=,
ZHITEE, B A RI1222.2% E WO RE R AT,
Fig 1R 98912, ili5r —AOFAHF FH 2% ik L <
KDL, BERBREOLGGIIIP N K ER O O
21155 THHIEIIRENT=., MO ERICBITHZNE
TOREBEETHTIE, PREREOAERIRELT-HD
MEEAETHT-. LLRNG, EEORSKMIHR
LAY, LEMEREIL, REERBRDDIRILE
EBETHILET, IV EMREBEETHNICERHES 2
2.

BB\, ABFZE Tl AR oA B A2 A+ IS0
((AD)HKAF DT A—Ha = 3.0)D TEEF T2 R A AR
EL, TOREN FRMNZIER T DY =7 D28 %5
EL-BIE RS 2L — a2 E LT, B E A
DOFBUTE, FH—FEPEERLTZCFDAR—F A7 ¢
ARG T TZATET N VAL, CEDR—F AT A
70 TATET TR B A IRTRE L CREIL-
ETLTHY, FEMIESR V2B IR CIEE 2. 5
(VRS DI I LT IR OT R 100D BRI 55 1%L C,
JEL B2 308 2 SR TEL T 1 PN 0D =5 5 5 Tl ek B R 53 D 22 [ 43 AT
(side view)Z 79", Fig. 122 R3 HISLREZIREDR, =
0.0IZB T D AHY = A7 DZEBEH T5. JAHEY =4
ISR RS - FIE IR O _EfE R L, &
D%, GLIRIRAVERIZ I > CHIBERER NI ERA Fh
TWb. —J7, Fig 1202 R T iR L E Rk JE IR EDR =
+1.0CIIER IR REEL R S Bz, 3720
b, SIS % CIE RIS T AL S I TN e,
JEVHE oA 2V ZAINEIEED R R T 2R > T R RO &
HICHI AT E TRIEEL TWVA. ZAUTEFY = A 7 D8
B OYEATHER ChDH. HNLEEIRFE IR, Z2E L
JEFEDFI A — A THTED D O FIBEE 5272 & 235 ] &
NObDOD, — 5 TRIERERTI L LAE R & LR L
CTREEY = A7 OFEITBE LT HZ LA REL TV 5.
Lotk BEE O RFRENOHERR S VD KB Y 1 K7
7— A TIERHEY =4 7 O AT HRIE S U CEHEE 2
ZERRE W70,

5. 8hHYIC

AW TIE, BANZ NI (IS 2502,
SERRE, R ERE, 28 IR D IRFEIF OFE & D
KRR EEHBRE ISR 2 — a2 El
7o BN TR ERE RIS E, NI D Ot S
H— DEWEIALNC LT, RIZ, EEMEAZEE 5

2021 4¢



B

2B 2 BT EIRO BT IR 2 KRELE LD

Non-Dimensional
U-velocity (U/U,,)

(a) Neutrally stratified condition, Ri = 0.0

(b) Stably stratified condition, Ri =

v Non-Dimensional
U-velocity (U/U;,)

-0.5

+1.0

Fig.12 Instantaneous flow field including the CFD porous disk wake model

and the spatial distribution of instantaneous U-velocity. Here, the arrows in the figure indicate the direction of flow.
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