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Abstract

Wind tunnel simulation of the atmospheric stable boundary layers (SBL) developed over arough surface
was conducted by using a thermally stratified wind tunnel of Research Institute for Applied Mechanics
(RIAM), Kyushu University. The present experiment is a continuation of the work carried out in a wind tunnel
of Colorado State University, where the SBL flows were developed over a smooth surface. Stably stratified
flows were created by heating the wind tunnel airflow to a temperature of about 40-50°C and by cooling the
test-section floor to a surface temperature of about 10°C. To simulate the rough surface, a chain roughness was
placed over the test-section floor. We have investigated the buoyancy effect on the turbulent boundary layers
developed over arough surface for a wide range of stability, particularly focusing on the turbulence structure
and transport process in the very stable boundary layers. The present experimental results broadly confirm the
results obtained in the CSU experiment with smooth surface and emphasizes the following features: the
vertical profiles of turbulence statistics exhibit different behavior in two distinct stability regimes of the SBL
flows with weak and strong stability, corresponding to the difference in the vertical profiles of the local
Richardson number. The two regimes are separated by the critical Richardson number. The magnitudes in
turbulence intensities and turbulent fluxes for the weak stability regime are much greater than those of the
CSU experiments because of the greater surface roughness. For the very stable boundary layers, the turbulent
fluxes of momentum and heat tend to vanish and wave-like motions due to the Kelvin- Helmholtz instability
and the rolling up and breaking of those waves can be observed. Furthermore, the appearance of internal
gravity waves is suggested from cross-spectrum analyses.
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Wavy motion
List of symbols Kn eddy diffusivity for heat
(=-w8/(30/3z))

f frequenc'y . L Monin-Obukhov length
g acceleration due to gravity =- u*3 Ob/ kg Qs)
Km eddy diffusivity for momentum Nev Brunt-Vaisala frequency

_-uw/(aU/az)) (=((g/9)°(8@/az))”2)

Qs surface "heat flux

*] JUMKZER S SR (=(w8)s- a(d0O/3z)s)
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Re s Reynolds number based on 6
(=Ux0/v)
Ri 5 bulk Richardson number
(=g6A0/0,UD)
Ri local gradient Richardson number
(=(g/®)+(30/3z)/(dU/dz)2))
U ambient velocity
U W mean velocity components in X, z
direction
u, w fluctuating velocity components
in X, z direction
u, friction velocity (= (7g/ p)112)
uw vertical turbulent momentum flux
u®, wo@ horizontal and vertical turbulent
heat flux
Zo roughness length
a coefficient of thermal diffusivity
6, 0,4 momentum and thermal boundary
layer thickness
K Karman's constant (= 0.4)
u, v coefficients of dynamic and
kinematic viscosity
(S} mean temperature
O temperature of ambient air
O temperature of cooled floor
AO temperature difference(=0 - Og)
O, average absolute temperature in
boundary layer
Op absolute air temperature near
surface
0 fluctuating temperature
0* friction temperature (=-Qs/u*)
p mean mass density of the air
o, r.m.s. value of u-fluctuation
Ow r.m.s. value of w-fluctuation
P r.m.s. value of @-fluctuation
T surface shear stress
(=-o(uw)s+ u(3U/3z2))
¢ phase angle
1. XUBHIC

RRBERBICENDHERIE, TOREEICKELT,
EREMFERTBROM FERE, 35 < HREARELN
OB EERRM ORERRE, BIUOHEAR
OHFIRBICKPEND. INSRENTNRHHNRE
FEHE, ARBEREERET D BCRERELICX

S[ERE (REHERE) 13, ABRORE, ALROBE
{b, BRI, HHWIBHAVKR 2 RETHN, /=
HEOEELERICZITEVWEEDEENSHS. D&
SREZOEEENE, BHEDRED, LEHOREEIC
M BLEEREOHES LVAFRFEICOVWTIR+ 2
REBENBONTHES T, HESYETTIVIERERH
INT Wi (Caughey, 19827 ; #1L, 1984% ; #EMH,
1984% ; Stull, 1988" ; Derbyshire, 1990% ; Mahrt et
al. 1998%, ; Mahrt,1999").

EREOREERBICET 2548, RROEHHE
BIUKE—BREORHEBI2OMEEICEHET, B
OMBmERBICHEL THREFIID V. LML,
Caughey (1982)", Stull (1988)", Mahrt (1999)” 7z &
DREBRBEICHTIEAFEMRL Ea—KRBADEE
BEMEBERBBEI TN S. 4, BERELEOLEE
ENNVIY Fr—RY VB Rig GABREERTERE
B, BOIVREMRBIC I > TERINREERE
BE, BERUEOMOBEZELBEXZTESR, £8Y X
M) THEIT S &, Caughey etal. (1979 (Ri 4
BIZ#H0.14% &), Garratt (1982)”, Nieuwstadt
(19842)'” (Ri 5 %I #90.16#2F), Sorbjan(1988)'",
Lenschow et al. (1988) '*(Ri 5 ¥13#70.13~0.18%2H),
HES (1991 (Ri 5 $i3#90.26#2 ), Derbyshire
(1995)'* 2 &13, ELFRESBL = BTN, H 5
WIEFEEOREEDBRAFATHD, FEBLINEREE
BONHE, EBBRBIUVR T I v I ADOMERGED
wWEINTWS., ZhH5OERRFRBIIBEY B Ar—)
ULV ERTELRE EICH L TERTS L, Hn
CHU b BREELEoLHBEMBERTHTN,
1997'). T /sbb, KEHMEIC —H T HE LI a8
ZETO2PNREEOREERBICBEL TIZ, #HHEIC
BIFBEZT - A TITHEER M-0 A, KDEED
REBERBETM-0 RIOILK B &2 5 BFTHEERL, o
BB & LTz - less Fk B A B 3 U (Holtslag and
Nieuwstadt, 1986'¢), ZhS5OERBETY > /Ic &
D, BEOILRKIROBESMETFRTREELTNDS
(Nieuwstadt, 1984a'”, 1984b'" ; Derbyshire, 1990%).

—%, BWWEEE T, Yamamoto et al. (1979)'®,
Mahrt et al. (1979)" (Ri 5 $13#90.26 ~0.34 12 ),
Finnigan and Einaudi (198D, Ueda et al
(1981)%" (Ri 5 ¥ 13#90.32~0.68# %), Andre and
Mahrt (1982)* (Ri 5 #13#90.5%2 %), De Baas and
Driedonks (1985)* (Ri 5 ¥13#10.4%2 ), Coulter
(1990)*”, Smedman et al. (1997)*(Ri 5 ¥ 13#90.5512 5
BREOBEND D, EEITHWEEE OB AWK TIX,
Caughey and Readings (1975)%®, #1L 5 (1980%7,
1983%), TE&E (1984)%”, Finnigan et al. (1984)%”,
Hunt et al. (1985)*", Mahrt (1985)*?, Smedman
(19883 BN TRKFONTEDORENRINT NS,
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Finnigan and Einaudi (981" ¥R #l, 75v 7 A
DOMBEAAITH U THEEK SRR OFSEREFIL T
sRLT W3, Kondo etal. (1978 OBE#ERICEB W
T, BARUFY—RY CERAKEL LD EHR 2
HENoRENESNS. FEHEREOITSLOKRKET
BRI EHRETH 208, & T44mOMETIZ
Kelvin-Helmholtz D & S 2R EEMNE I Hh, 2
NS5O LRAIC LAV AELEMMNE 5N 5. Ueda
et al.(1981)*"OEMEREOBREITIY, B ELTh &

D EZEORTETIREAFRFEOREZENVSR SN, &

HB 2 TIREALRE R B O Kn/KmMEFEIT/NE i
&7 > T3, Smedman (1988 DEBEITHREE
RENTHE2 BHBEZE L, HEICET2EBETIR
THEGRET, LV EEWTIIREEANMBEL TR
TI9 I AQERBILHN TEIN TS, Xz, BE
EDERIERE IZBIT S Coulter (19902 D T,
b DI2E BN W60 2R ICRE TIRVWELNNE
flxch, ZOENBIT—AIAFEYUTFoIT&LSD
Kelvin-Helmholtz# (% 2 2 AM) ORE &L T ORI
BIEL THIER I INTNS L BRTNS. Smedman
etal. 1997)%13, BHEEDKTERBIZBNWTHREE
FRCHEBICNIREER T SV IR, BRSS9 IADH
BEERZE |E L TS, Mahrt (199971, BREEER
BIET3LE2-1KBWT, HEANSEBN -5 S
ITEANOEAEIBEN 5T LIZEEL, CHIHEE Y
b, AR EICKZ2EE S 7 —ICBEEL TV LRE
LTWws. ¥/, REEERBTIREFTOHLER, &
R EaSRmET s L TERBETY VO #+
ZEEBLTWS., 20X TR BBAEENREI N
TWEREEERBICE T2 —HERIIRLEREL L
TWiz Wy (Mahrt, 19997). ULa L, &, KEXKT
BOMERERRELEOEFIIbELD, KRB E
DEFREXFREBEICHEEL T, BREEREOME
W, WBREIGEWKKOELTRFHCEENEE > TS,
FABRAORBEXIINL, KEERBMRICBITS=E
AEBROBRBOEEHNEBRRRMOREL L BICHER
NTW3B (B, 1984% ; Meroney, 1990%). §7sbb,
FHETERERDINSHRL, taichfIni-&mz
FIENERTREIRERBOFEERASMNITL &
HETEHRANRBEINTE 2. REBERBICETIEN
EB & LTI, Aryva and Plate (1969, Nicholl
(19700°", Arya (1975, Mm@ (1981)°*", Piat and
Hopfinger (1981)"", 47 5 (1984)'", Ogawa et al.
(1985)*2 72 EANBERE U - AL E R B & BIRNIZ A& 5K
L, Gt T2RERBOPRETNTNS. &
7=, Komori et al. (1983)* 13 Ba/K BN D% ERk BF &
TEFBECRIETEADRERARITNS. LhL, Z
NS OFTLREEICHT 3 AFREEO (L E RHITH
~R7zDIE, Arva and Plate (1969)*®, Arva (1975)%,

Ogawa et al. (1985)", Komori et al. (1983)™ 2@ &
T, ¥r, TOBELAENFTNREEDER, Thabb,
M ORI BN 027 UTOHEEOLREEETO
EBRTHY, BROBREEIIBIIIEAFERBEOEE, #
EHMERIENERIIBNTHBRETAICHSMZEIN T
[2YA420

BT, FEHEO—ANZa0 S5 RN KR¥EOKSEAR%E A
WTHESHRFEEICREE THEREREIIHL. Rig
=0~133ICEHS LEHOLERBDOHEE TN
(Ohya et al., 1997*"). ZTD#E, RS ICEALLUT
WWHITRZEHELMICR . 1) HE, BESRE
EBIZ, BB TSV IABLVRTI SV AbREE
OEMEEHITHROFEP L, BNREETIIERET
BRTIEIEEOERS. i) REERBOILFEMEIZS
NWEEERI 5 =0.12, 0.2007 —R), BLXTRWERE
ERi 5=0.39, 047, 1.33D 45— RA)D_DDF )V —FZ
MFshs. i) BHNKEELFNEEEDOREFR S I —
T BITBETHEOERENZ, ThsORFEEY Fv—
RY CBRIOBESTDENEMG LTS, Iabb,
BERY Fv— RV 8 Rigr~0.25) 2EREL T, &
RET N —TERicr L D AE LRI, BEEIN—T
ERicr K O/NIRRINCHH LTS, v) FEDE G
WA BIIEFAR)F+r—RYCER IZE>T—%®D
HEEdRIcEF LD 5N S,

ARFR NI EHES B2WMEL T, TERBL -
FHAORKEFERBE L D RBHICHERET 3201,
BiRARERA QICELRREE A EBE, f<BEiBKmiIz
Fr—2EHEODHTHR LICRETIEVILKERE
ZERL., INICHTHEEHOREEDRBEIIRE R
Nz, FHEOBEMIL, R, BOIREHLEOLE
BRETCHEONZLREFE 1) ~v) PHEELOLTEE
RBIIBVWTHHRINI N E SN Z2ERERBRME B
WTRHT 2. KIZ, HICBVWKEEOALREREICD
WTEBE., #OMERERFELHEN, REkEsHE D
BECEHLTEOIREEEBH®TS. LLEky,
NEOERVFEABHEL VBN TWAREERBO K
HEENZTERTEZOMRIML, BICRELEREIC
BIIEEEERBOBBIIHN U TENERDOILENS D
FEEHET.

2. RBRRBBLUAE

2.1 RERERR

EE BRI AN K FIS A E RO R E B BiR
(Ohya et al., 1996") W=, ZOEMIZBEKE D K
WAAR THIEFIIE LS MXE X1.2mX EX13.5m %
95, AEBRICReRIBERBREERT 201
K[MAEE S RMREHBAEBENRHE I THS. &
FmnBEEZAELDT < LFESICRBEEN, TONE
138 X 3cmMERO KT VIR TET40BICHEIEN T
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W3, EBICBIT2RREBEIIZEDEE—F—BLY
THROBEAREZAWTPIDHEETI — KNy O
ChO—IAEIEETH D, ZNICLDIRASMEIRE »
HEBERSERTES. [IMAEBOTRIZIIND
ALKROEFASHEN 28RBS N, KELOKR (BF
1m/sh, ERFMOEANRIIZ04%ERE) MR X
N3, HEHOKEICIZES1.5m, £ ImDE/F
NEIOREEFEDTEY, TINGKDZWIHRKE #
MTBHIEIEDTA~80CHORMEREZ BB/ R
THIMIZHET B EMNTRETH . ARV EMITEE
2.5cm®D 7 IV IEHE NN, BA/NRIVRNT—IRIZEE
NESNDLIITRE->TNS, BIEHRITIRFEOR &
ERTRECTRRBERBRVERINDILIIC2E
BREELLTNS.

2.2 KEBAEK

SEORERBLICEREREERTIE, BATER
FDIRE % O =40~50CEE ITMHAL, KEREZOs
=10CHBITHBHLUKE. BEZU,=0.7~1.9m/s IZ5%
EFL, MERADMEIScmBEID 2RI AEE
&, O TH8.5mO# I 20cmfEl R TRE3mMmOF . —
CEREED THEREIC LEVWALRERBEERL T
Wa., F&LT7Oy I7M50m THRMLBOA/NHR
TOEFERBEEEZFME L. £ 1KICEEROTEE
MzERYT. EBRREEIRICRTLOCPIR 15—
(N1), RERBIR 8 r—A (S1~SR)TITW., ERBEE
T 0 =40~50cmiZ2E) 2EEIICE ST, VI /WX
i Reg= (2.0 ~5.3) x 104 BXUNN I Y Fo— K
Y HIERig = 0 ~11I7TORETSH 5.

2.3 FhoOFHRIEEATRIE

HE OB EITIZ x B OB T 0 — 7 (Dantec 55P61)
L w5t (Dantec 56C17)Z AL, BEDAIFEIC
3% 70 — 7(Dantec 55P05) &K Hi iR &t (Dantec
556M20) & Wz, £, [IREEOE Y —PKIEI
DB T EE O ZEEE O B E I 1B F B EE FF (Kaijo
DA-600)& i\, IREOEEMORE, [REBEBL N
KREREDE=Y —IZIRCAWZ O A )N —T ) AIVBE X
BESZHAW:.. B o0 —-JIREEZ T TRABER
MLUTHINEEND B0, ELWEELEIZEFMET 3
TDICREEBICLSFESZERICHELES TR
oz, AERTRUTIRIBEERICEIWTEE
ZEMEEL 2 (KBS, 1996).

EX= (A+B * Ueff(Ow-0) . o))
727U, U= Ulcos? ¢ +k%sin? )% @

ZZTERBROENEE, OwRBARIEE, ORKR

BE, KIIBBOvawiZBi TH5. A, BIOoDO—RE,
mit0.5H3NZOMEREL TS, BREREBERE
FEE Rl IC B % L 78k IE %8 (Ohva and Fukamachi,
1997 W, ZOXBIIREMAORHEE, KR
BEXESICRETE, RERAFEIHAE Y—%E%
L-BEFEAES EAVWTRAREBEECKETTRER<
FHlTES. AREEORESMIIO S Ea—¥F—4&H#
BL7- M SN—ZEBERWTHELE. BoNi=5F—
F13200HzD O —/NA T 4 V7 —%2FEL /=%, 500HzD
BTU T TRERTI2EY O A/DEEEIT, 1
DEL—F—ICE VAT L. SHIESTERE, B
EDT —& 1371 F 50000 & TH 100801 0 FHAI B
HTH5S.
BNORIIEREEBEHWEFREAE—V Y

TAYV—ED 2B OHETIT o, BIFEOHETE, &

BELFIC L > TERINZEXEROEZBRVAA O
DR FTAMBICEEINE 7 A neHEN, KFEm
BEFEEEL THEMANBEAINE. —H, RAE—7
TA ¥ —EIZBWTIE, KEKETICEIEZEATER
ENZIBEDAE—I T V—2HERAONSEMD
Wi EICEE L. BEEEE L CGIRIRO LERIIC &
EFENF6~IBDIKW /O 2 7 ¥ —RUOBIFEREOD
ISTHRBIcEMNEZIROT O 225 — 2RV,
Fiz, B ASIIIESEREN24mm, RO20EAL >
XERY, BHEMIZL/1258TREEZT 7.

3. RBRER
3.1 RREEZ, KEATOREKRN, LU
T -ATATRE

AR HONEIEREL MBI x=9m& Lz
OTHREREITHREL, ERAHAB I OHE— K
HIRERE LTS, SEIOERTREEERBEZ O,
BEDTr—ARBVWTHEEERNBES 6 2IZERALC K
ExThHotr. BERY— AOBAU,, L1 /)L XK
Reg, NIV F¥—RY HRig, BREESO,
BEXAO(0,-0s), BEEFEEU,, BXUE= -
A72T7RE LERELRIORTHED g0/ Zh
FROEBIEBVAMIEZLTWS., ZEL, zIi3#H
BEEREZEZEELLTNWS.

AERTRAERKAICF = — > 28E#F0 OiE £
DERERBEREIGLD, FIUFRT —ANLTOHE
BRIz, = 0.55x10 mTH o/, #1RICBNTHE
WHU, TERTGC U ERRE Y, /U 2Hh5L, &
EROME E ORI FS— ANLTI, BELOPILHR
r—Z (u,/U4=0.04, Ohya etal., 1997*") Tt~
KIBREEKRKEND. TNLRETIE, EERRERE B
HLEIZDOWTIT o RERREOERE R (Ohya et
al, 1997*) % “WBEI—R” LR, FBICRERY —
A (S1~S8) D u ,/U,ThH, BHET —AIZHREHER



UM KIS BIFEFTT®R 551195 20004797

107

U, =0.7 — 1.9 m/s,

= 6. =39 - 53T LS

2D fence| J Oo

-~ YK [ > X
0 9m
‘ \ l Measurement
Cooled floor at ©, =8 —12°C station
Fig. 1. Experimental arrangement.
Exp. case N1 St S2 S3 S4 S5 S6 S7 S8

Un(ms-t) |1.76 | 1.83 | 1563 [ 1.29 | 1.256 | 1.01 | 081 | 091 | 0.76

Re; 53000 {50600 | 42600{35300 | 34700 | 28000 { 20100 | 23700124200

Rigs 0 0.12 | 0.16 | 0.24 | 0.27 | 0.40 | 0.58 | 0.74 | 1.31

(% ,)(m)| 045 | 0.45 | 0.45 | 0.45 | 045 | 0.45 | 0.40 | 045 | 0.55

A0 (C) | O 27.4 | 266 | 27.4 | 29.4 | 28.7 | 30.0 | 43.3 | 441

u./Us ]0.054]0.043{0.041[0.035]0.030 | — - -

8./ AO 0 ]0.026 {0.023 |0.023 |0.017 | — — -

u.(ms-1) ]0.095[0.078 [0.063 [0.044 [0.038 [ — - -

4.(C) 0 [071]060j064 |[050 | — — - —
Qs(Cms)| 0 }0.055}0.03810.028 }-0.019 | — - - -
L(m) o |064 049 |023 |0.22 | — - - -
©,(TC) — 242 | 205 [19.2 | 21.7 | 185 | 19.0 | 188 | 189
9,(7C) — [12.0 | 122 {11.3 [106 |108 | 96 | 84 | 8.0
9,(C) — {355 343 | 339 | 349 | 343 | 343 | 409 | 40.7

Symbol | @ | % ||| ||| |-O

Table 1. Experimental conditions of neutral (case N1) and stable boundary layers (cases S1 - S8).

26 &

03 o

0.6

0 o 02 04 0.6 0.8 1 1.2

U, (9-85)/(0,-65)

Fig. 2. Vertical profiles of the mean velocity and temperature. a) Streamwise velocit,

v U, b) Temperature ©.
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Tk REREERT. LML, RigRICKET M
BEET—AEERT, EEENEIZDIIONZDOE
MNELEOTNDE., ZZTHEEIREZER, RED
FAR(a))ICEsN BEDIT, BAREEDORERY —
2 (S5~S8) DIPE, EER 7T v J A u WIIKEIE <
TREAEEDERD, u, DERSTHEL(IU/ I
D ICLBFENFE LAETHO(E1IRICITRELTY
T, B - ATaAT7ES LITASHIIEEED
MEEBITNELIE>TVSD. F—A(S5~S)DHNE
FETREZY - AT727 B3I L 23 ET30IIHE T
H>3. ZOBRBAEIIRRAEZLDSIZEEAR IS v I AN
KREES TIEEAEXYOEREINETHS. £/, XiH
SOITREBE L TWRNA, PIERDOUL=1.0m/s (Re;
=3.0x 10) THRERBEHET o k. ZOIFEFED
HRTTALL 7=#5 RITKEITRT Uy=1.76m/s (r— 2R
N1) O#REIFIIAKERD, ZEROGHHTIEL
INVZEDEEIBEFTEDLDOEERS.

3.2 ELttEDHES R

EHEE, FHRE, HERLXCRELEES, ME
BHRT SV Auw, KERT 597 2ub, BLY
BEBT 5y AW OIH L, SHERGE U B L ONE &
EAQOEAWTERILLL, ThoDOHBELMEE2RMN
5 4AKIRYT. MO z AES BTN ThOr— X
TOHERBEZIGE 1R TERLL TS,

B 2H@DEEEE T, KEEOEIMIENERE
SETERBELL, FICRNEEEDT —AS6-S8ITH
TREERBOEANKELBZ>TVREDONDOMNS. B
2RO)DEGRBEICBNTIE, TEEOHEME EDHITE
RB2ETOIMeNsEBLELTNVWS, ZZTHEEL
THREFVWOIR, FFERICBIHBEOHEDMHIT,
Ohya et al. (1997) (R & — ) & AR IC B B2 R &
BREYA T, Thbt, TZAhOWLWbY 3
"polynomial"# 1 7 (Stull, 1988") DMBELHE NS &
ETH5.

% 3 M(a—c) DEE, B ELENE S (ERT/LL EE
RE)DHELHIIBNWTE, BHEI— ALRBRIZER
BOTH2IZBNWTHSMRBVWARENS. BTNEE
EDr —AS1~S4THR, uZs (F3Ka), wLE
E3EDb), 0ZFH FE3Rc) DLW IhIZBWTH, BF
EoE & HiIZD U DOEERI IS < Ao TS,
I3 E IR E B TIdArya(1975)°*®, Ohya et al.
Q9N EBH r—RX)DHRLAKRTH 5. ThH505H
HET—ADRESHEENER LK TEE, uEH
DOE 27IE, Caughey et al. (1979)¥ , Nieuwstadt
(1984a)'” , Lenschow et al. (1988)'? , Sorbjan
(1988)!", Derbyshire (1995)" 72 &, ZEAE DFTFE W
REEOBHAKREIRALL TS, wEBOHESTH T
13451 Derbyshire (1995)" OEBAEKERE B HTWS.

BELEOHRESF TIIEHIUKRICE > ThRDER M
BRhoTWa. FEBOHER, L0035,
Caughey et al. 1979)® , Lenschow et al. (1988)'?,
Sorbjan (1988)' ITiEVy . IREEZ B3R S D8 E AT 1K
DEV, EELUTEYRMONELHRROBEWIZE
HLTW3EEDLND (ZHIZDWTRERZHEE E
DEEETHIRERERBICETIRARAEREERKFTZ
DH|EDOPF TR LW .

—F, BAREEDT—A(S5~S8) DHEELH (F 3
Ma, byTi, z /6 <O5DEETHREIEDLIZDN,
AFEIENBELLEOIGEDNTWS, HiZE3IR@®
uZEH T, BEREPREDH, POLBRTINEH O
BABRS NS (ZOHBIZTOVTIIE 3 98I TR
3). ZOREEOHEMII, BFIMHEREESE Tld Finnigan
and Einaudi 1981)*®u, wZE, #51983)* D
uZ B, Mahrt (1985 ® wZ 81, De Baas and
Driedonks (1985)*OwZE), 0 £H), B Coulter
(1990)*° DWEBIZOWTHEBRMNESTARSNS.
BEXD, BE3M@o0EE, BELBRIDHESD
MTHEHIREZ LR, RESHFENTELE LBLE
DZDDTN—~T RPN DERBRVWHEZZETH
5. i, BERBRZTWESENGT 20ELE S
IERNVF—DRENT O ADS uEHB LI NEBELH B
FIFRICBDP IV TNWA I ETHS.

FEARQOREETHRT 5y 7 AuwDBMHTIE, &K
BT —ADBE. z /6 <0.6THIMUFITHNKE K
BlLL, BIZREEDT —A(S5~S8) D7 )NV—T TR,

z2/0<02TREAEEDERS>TNS. ZOLDITHK

B — A D uwiESH OEAS, BEEE[EE D
ZODTN—TIIRFoN B, BALEED r—A(S1
~S4) O uwHEAHOBEMIL, Caughey et al.(1979)
®  Nieuwstadt (1984a)'”, Lenschow et al. (1988)'?,
Sorbjan (1988)'”, Derbyshire (1995) 75 &, 1#& A
EOFPREDBUBERLBELUL TS, i, BNEE
EDr— Z(S5~S8) DML Yamamoto et al. (1979)
'8 ®Finnigan and Einaudi (1981 Q& #IIZ BT
FARZERNARS S, Tiabs, HEE< EERE L
HWTREAEEDIIRD, BEREBOHIEETRAMERZ
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Fig.11. Joint probability density functions of w and 6.
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Fig. 12. w- 8 coherences and phase angles for the case S2 with weak stability and for the case S8 with
strong stability. @) Coherence at five heights of z/ ¢ for case S2, b) Phase angle at five heights of
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