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Characteristics of the vertical wind proﬁle in neutrally atmospheric boundary layers

Part 1: Strong winds during non — typhoon cIi'mates
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SUMMARY

Veﬂ:icai profiles of wind speed and turbulence intensity in neutrally atmospheric boundary
layers have conventionally been expressed by power law forms. Basic parameters in the power
law expressions are examined using a series of numerical results for non-typhoon wind
climates. The results show that: (i) The gradient height z, is a function of the length scale
U,/f and the surface Rossby number R, . (ii) The power law exponent a, for wind profile
can be expressed approximately as a function of the roughness length z; . (iii) The turbulence
intensity I, (30) depends only on the roughness length zy . (iv) The power law exponent ag
for standard deviation o, decreases as the surface roughness increases. New formulas for these
basic barameters, obtained from the numerical results, give better agreements with observed
data than conventional formulas. For vertical profiles of Wind speed and turbulence intensity,
a comparison of the numerical results and those obtained from conventional forms is also
performed to confirm the applicability and accuracy of these expressions. In Part 2 of this
paper, characteristics of vertical profiles of wind speed and turbulence intensity during typhoons
will be investigated.
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Table 1 G & AREH 5185 NI AGHRIED 70 — VIR

(Physical parameters and global results obtained from the pfesent numerical study)

Case U, f w H

. zg aw IL(30) ap U Ys

(m/s) (1/s) (m) (km) (m) % (m/s) (deg.)

Al 25.0 0.857x10"% 0.001 30 790 012 80 -0.03 0.64 149
A2 250 0.857x10-% 0.01 35 940 015 102 -0.03 0.74 17.3
A3 250 0857x10"* 0.1 40 1145 019 143 -0.03 0.86 20.8
A4 250 0857x10°* 1.0 50 1480 0.26 239 -0.05 1.04 253
A5 250 0857x10-f 3.0 6.0 1710 030 358 -0.08 116 275
"Bl 100 0.857x10~¢ 0.001 15 345 013 7.5 -0.05 028 150
B2 100 0857x10~¢ 0.01 15 410 016 ' 9.7 -005 031 178
B3 10.0 0.857x10-* 0.1 20 515 O0.21 13.7 -0.056 0.38 214
B4 100 0857x10™% 10 25 670 0.28 230 -0.07 046 26.7
B5 100 0.857x10™¢ 3.0 3.0 790 0.33 343 -0.13 052 29.2
'Cl’ 250 1458x10~* 0.01 25 590 0.5 100 -0.04 077 17.5
C2 250 1458x10~* 10 35 950 027 235 -0.06 1.10 259
C3 100 0.499x10~* 0.01 25 665 015 100 -0.04 030 179
C4 100 0.499x10~4 10 3.5 1060 0.27 23.6 -0.06 043 26,0
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SOMEMNI0m & X 5 1%, Deaves HOR, (A—1) =
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Fig. 813, PHRED~ S EROEERIC L 32{LE
RT o B Counihanic & > TEDN BT — 4
T, BABKIERITSRCH B, HIERT SR I
BROTHEIZZIFEL OV, RO A2 Counihan ©
K (A-2) 2L RDEHDT, —H84#1L Deaves
SOR(U,=30m/s)ick B bDTH B, 1, RhoE
B2, BUEMFTRERE fitting Lk O T, R THT

a, =027 +0.09l0gz, + 0.018 (logz,)?

ERTER S BRT — & O X BRI oo
BTH 5, £ DEHE, Counihan DA EHKERDOE.
HNSERIC ALY TSN bOTRE , BIRE
Dover-estimates EfF< e DIC T HEES Rz 2 &
kB HDOTH B, THEEROKAS 313, MERGE
HEAR SO E B BIF— 5 ic ko T8
kOO, L, RRETEERFRABY, &
7F— 7 DT HBERTIBENLVEELS,
—BEICBRF - 7 RSO E A>TV B, 2488
RELLBION, BHIF - DIES>EpAk XL 5
B9 b 5, %(DIE!QEEL:; CounihanME S L 513 fetch
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HBEEAOND, 2K E LB &, METHEDR
AN EBERNEFILTETIRE 55 VBRI ¢
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NEBOBNMT— s RBEL B0, 2084, MEEA
HEOF -5 %EHT B L, f\%fEiﬁb\ﬁk?‘Fﬁﬁéﬂ%T
ﬁEﬂab\aﬁ %,
4. 3 EhoOMEI,30)
«%&Wfrwkibﬁnmmémﬁﬁﬁﬁ%kbé
BB S 2 B BELNDOBS AREL LB, —
R BT & 13, 2 OBF OMBERE OHRERE
L, DoRBNBHE LR OB S THERETH S,
Counihan? DR CHEMZ X %30m & Lie UL,
MR DA S WABL (29> 2m) TIE, 30m %%
BELTBOLPREV, 1L, FEE, AL TI0m
EEMBIE UCHHT 354, BEBSTOELOHR
SOMRBERITRERL D ETEDO/ERV ZLE

+0.0018(logz,)® (14)
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(Variation of turbulence intensity /,(30) with roughness ]ength 29 ; open circles :

observed ; closed circles :
preposed in this study)

numerical results ; solid line :

calculated by the formula
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DPOPARREDRIECH Y, EBFEDEEFEH hL
Bk OPREL R BERNS S, DEDOZ LEZEL
B, APROMITRHBIBUBBEERLTOELEL
3, R OEHIT, PERIFOHBRE fitting L7z b D
T, RATET,

1,(30)=0.253 +0.15l0gz + 0.0462  logz,)?
+0.005 (logzo)® (15)

4. 4 EHRBOEERFREOREEN ap
HhoMEOPEAHEXEEMETF Ve LDk 3
Bz, ZBREOEEFBEDOREE M apABELL
5, L, ChEFCIREERap it 2HERD
154, ap®DffiA— 0.09~0 DFFEAIcH 5 &L HE LB
PP OB ik 2 DB TH B, B, EEMHAT RS
OBRTF 522 L, REERapDEY, 502
RBAXZVWHOOD, —0.05FHLITAHLTNBI &%
Flt. B, DABE¥20REMHEREHS P b
- 0.05 %A L TW5, —Miic, ZREIREOFH R
FHEEOHMLDELL, T, BRETOELIOR
SOBRPF— 7 bEHREOBR T -7 L DIV,
P-T, OO XDERKIVENMFT - oEHE
0 .

Hap,0o—BNEHEEZRL50RMEHEETH 2, 2
T, AR TR, RERITOBREHAV T ORH
P~} Fig. 10 azDay ik 3EEERLIz B
HISEIE 'Y 30 v, BARTRERTH B, apOffild
a OERIZHNVNE B >TOBE T EDGD B, apD
Eid, a, O/NS OB - 0.04 ITIEWEE & 328, a, 8¢
RKE(HBIE2hEITNE L3, HhoRKIRKRR
HOoRDBEHDTH B,

agp=-00025-0.73a, + 48a2 - 10.5a3 (18)
DI EORIFM S50 B & Sic, HBREHEO/NS WG
Tlt, apDEE-0.05 & LTHWEDO I RBYTHS
A, MREHAEOKE WIBRTIR-0.05 X D/
EROVALENH 5,

5. BEOETNERITHREOLE

Bigic, FRERVELNOBIDHESHICET 2
BEDEFINEFBIFHER L OLRET S, LB
BIgNS A -4 % Table 2itE &l

5. 1 PHREOKRENHERYT ETFINOLE

HAERIZOME T, FHRECHESHERKD L E
FELTR, REEHETFI (power law) &K
=8l (logarithmic law) 2#A & UBENHEF
MEBbLECHVWORTVS, REBERIEF VL, RO
BRAEEC LD bERIES It L CAVTIT L W
R ERT 120, £ ORLHMEORFEESH A
IhTWB, —F, BEXREFNE LT, 4RDB
HRI & » THEERIZ#IE U /= Deaves & Harris ®
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(Relationship between ap and a,; open circles: observed; closed circles: numerical
results ; solid line: calculated by the formula preposed in this study)
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ANOMSORELMNIL, R PEEBRECEERMN
B0 Do ks { BET B%, WEADRH LE
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&, BERMET NV EEHREOERFE o, £RD 3
EFNEERBEDOELEFARLILBVSNTN S,

Table 2 EFNHBICHBEESATEREMT S35 4—%
(Boundary layer parameters used for comparison of mathematical models and

numerical results)

Parameter Roughness category
1 2 3 4 5
z(m) 0.001 0.01 0.1 1.0 3.0
u(m/s) 0.64 0.74 0.86 1.04 1.16
Zg(m) 1270 1468 1706 2063 2300
z4(m) 790 940 1145 1480 1710
ay, 0.12 0.15 0.19 0.25 0.30
I,(30)(%) 8.0 10.2 14.3 23.9 34.7
ar -0.03 -0.03 -0.03 ' -0.05 -0.08
f=085Tx 10", U, =25m/s
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[ (a) L eamoim
| d ]| eeccecees 2,=001m
2,=0.Im
- — — =1=llm
, 1000E __.__,‘,jﬁ_
« :
S [
g
N 100f 3
1 o n | 1 N ! . b T L
-10 -5 0 5 10 -10 -5 0 5 10
Percent Difference (%) Percent Difference (%)
Fig. 11 FHEEOMENFi%ERD 5 HOBED T FINOTHRER & SIERITEEE & OB

(Comparison of the wind speeds calculated by conventional models and the

numerical results;

(a) Percent differences (%) with respect to the power law ;
(b) Percent differences (%) with respect to the DH model)
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Fig. 12 HLhOMEOBENNERD 212 DDFH LOEFAOTHEER & BERITER & OBt
(Comparison of the turbulence intensities calculated by the new models and the

numerical results ;

(a) Differences with respect to the modified power law ;
(b) Differences with respect to the new formula proposed in this study)
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(Profiles of the o,/u, showing a comparison of the values calculated by

conventional models and the numerical results; (a) 2,=001m ;

(b) Zo = l.Om)
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Table A ~&$E¥a, &0, /u OBEMFERTEEOEF NN
(Conventional formulas for estimating exponent a, and o,/u,)

Deveas & Harris 17

Counihan ¥

Deaves & Harris 17)

_ 1.1647.0/U
Qu = 711(15072_)10

(A-1)
ay = 0.096logzy + 0.016(logzo)® + 0.24 (A-2)
Ou/ts = 2.63(1.0 - 2/2)[0.21n(z/ 2)]"/? (A-3)

n = (1.0 - z/2G)'

E.S.D.U3Y

1.0

Oy /t. = {0.867 + 0.556l0gz — 0.246(109;2)2}% (A-4)

20 S 0.02m

A={0.76/2%°7 0.02m < 25 < 1.0m

0.76

20 2 1.0m
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