285

RSERE BT BEM= 3 v ¥ - WXOWE (D
B HeEE E-HE OB

MEASUREMENT OF TURBULENT KINETIC ENERGY BUDGET
IN THE ATMOSPHERIC BOUNDARY LAYER (2)

By Yasushi MITsuTA, Osamu Tsukamoto and Tsuyoshi KATAOKA

Synopsis

The static pressure probe developed in the previous study was improved to be used in fluctu-
ating winds in the vertical as well as the horizontal direction. As the results of test observation
of this new static pressure probe, the power spectral density of static pressure fluctuation in the
boundary layer decreases with about -2nd power of frequency. The turbulent kinetic energy
budget was examined again by the use of this new pressure probe on the Tsukuba tower at the
upper layer (50-100 m) and the lower layer (25-50 m). All of the components of the energy
budget equation were measured. However, the equation has not balanced satisfactorily and
remained a large imbalance. The reasons were not clear.
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Fig. 3 Directional characteristics of static pressure probes as obtained by the wind tunnel experi-
ment. § is the incidence angle from the central axis of the probe.
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Fig. 14 Same as Fig. 12 exept for temperature flux w’é’
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100p
z (m:) o 0.55 2.54 12.4
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25-
10/28 14:10 | Ruwo1z1 10/28 15:40| RuN0211 10/28 16:00| RuUNO212 10/28 16:30) Runo22L
1 1 1 J L i 1 ) ] [1 n f ] i 1 b 1
100
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0 -13.45 — -1.55
5 b
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254
11/2 14:40| RUNIZ2L 11/1 13:24| RUNO922 11/1 13:44| RUNO923
L 1 IS ) [ i I : [ . i 3
1001
z (m)
sob 0.10 0.53 0.75 1.93
0.08 0.20 0.15 1.10
254
11/1 15:40] RUNLO21 11/1 16:00] RUN1022 11/1 16:20] RUN1023 11/1 16:40] RUN1024
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— T
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— w'e'z R -
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Fig. 15 Same as Fig. 12, except for turbulent kinetic energy e’ and turbulent kinetic energy flux

w'e”

~REASKHREINTVREVIEREMBONTVS, UL, RERIKBYS we? KBALTREET
DA TR—BIEERBED Sh T,

i, PREBIEIANF—7 5y 7R We? ODREIRHFEILFKITHML, Z20REMFELLTEL
S5ih 5 turbulent transport JH, %aw'—e’z/az Bxar¥— loss Z2Rd & LBHAMHEL, Wyngaard
and C6te® IRRERFICI (kz/2u}) @w'e?/0z)=—z/L &8 5%, REBRRKRBAELVIBRERLTL
3, Ui LABEIOBREEFEIOWT, turbulent transport IHE KB TO kz/u} TR EIL U7z Fig. 16 it &
% &, turbulent transport HERARERBEL LA = 24 ¥~ gain ZRTHEMICH S LA 5. Thi3E
NOT AN —DBAMENEEKSHY, TAIr¥—REBKBREINTVALLEEHDLERISBCL
MCEB, 7 |z/L] MkE W BiLoN, turbulent transport HIZHMT AKX I ICRABH, F—2¥
WL z/L DB E LU THEDLT T ERRBEERND 5,

F P REBICH T 5 turbulent transport HIZDWTHEOHER KB L, z/L KT 2HRRIZ-2D
LEBONBON, PEERCHNNINEEELEEELONTVS, L LAEORAITI, Fig.16 %
BEZLREHICLIDEDOAE IREBMAE L, FREHFELART A1¥— gain ZRTRENBRS
Nz, LBLIESOENRKEL, FAREHLAR, AEOKEDPS /L OMEPBELTEDTC L3EET
0, z/L OWKEFETOOEBHERTIMANR SN,

(e) dissipation rate

dissipation rate T ¢ KB TO kz/u} TERTALU:EZE Fig. 17 itR T, EKRiZ Wyngaard and
C6te® jr & 5 Kansas TOEBERTH B, COREREITT I F - loss DEEICHNTEY, REEIC
ShboTETELE & Kansas TOERERICHAEVRED O EL L BEANSRoN T,

(f) pressure transport

Fig. BCSELEH P ORIV T YR, P2 & W EDINYT YR wp OFBAK BT 5BEMERT.
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Fig. 16 Dimensionless rate of turbulent ) .

- transport term as a function of z/L. -2 -1 0 1 2 zib
Open and closed circles are same as Fig. 17 Same as Fig. 16 except for energy
Fig. 11. dissipation term
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Fig. 18 Same as Fig. 12 except for variance p’? and covariance p’w’
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SKELEHOY) TR P73, BEALOBEES RRBYTBMEAERL, 2 wp B, BEAXOD
BEABECS W TADES LS, CARREEHIENKIO THICEINSC LE2EDLLTNE, P2
HEE LRICHY LTOBOR bbb 5F wp' HADMHEEE ST LitonT, Elliott DBIMIR L —%
LT3, BRZOREAOHBICROL I BHERLeFvEBLTNS, THICEETAEBIES TH
FIHE L OBBIC K D, HERERT X O WKERRERED, BRNRKEOHNEL ST, ¥ E
FiCEE T 3 EBIcE S ERRRAEIGKAED, RRNEREORYEb5T. ThOi wp RAOD
HEELBENIBDTH B, COEZILLB L wp REBTAEULZZTTHE, HHETOREINE
WO TP SR,

pressure transport i3, BEOBH TR ARERHIK BT A vF¥ — gain 2RI bDL #MIhH,
Elliott BRREHOHIDNTHRH L, wp'/pus 5502 We /2 2REE z/L K LTFuy + T3
L TEhENOME%FME L, pressuie transport Ji2 = » v ¥ — gain, —7 turbulent transport JHi3 =
FF—loss BRTEVIEHREH LTV B, 4E0EACI TS pressure transport FHELZFTOD kz/
w} TERTAL L 7R % Fig. 19 IR T, B3 pressure transport HREEHEICL 57, BEALOBPAT A
N - loss EBLEERLTNE, ULHL, Ho2EMKES z/L Kd3MRERHTILIITER
e

Fig. 16 & Fig. 19 2H#3 52 Lick »C, ¥/ Fig. 18 kB33 wp' OBES = 7 4 — i3 Fig. 15
KRT We: OREF 07 4 —r& 2 BITH LHBEE - TOELIRRZZC LD S, wp OREHST
% % pressure transport & we? OREMSTH 3 turbulent transport FAELNCFOHE 2T 20T
BiwhEbiEREhB, 2O LEKPYD BT, turbulent transport Lk LFFD pressure trans-
port HA 7w v b LEOR Fig.20 TH3, HHoSRAEVY, SEARAOHEEED - L EKOEY K4
HLTWBEESiLALB, UEDT &5 turbulent transport FiZEL WD = 2 ¥ —EHBK L, pressure
transport FHREANDO T AN F -2 MBI HMEE LTV D, TLEZOFOHEELT, HHURAHEL
L5RECBHNTVEEELShS, LL, TOROMEBITREIBMAMIXEELIPR-EDL
A4 A

Rl
Z 3 10
T 10°m/s’
1 a5
752
2t 2
gain gain
1
1+ . .
——* T 1
. N 2
o X o 3
2 . loss
4
loss .
3t . 5
6
4 o 1
7 o 12 omis
. . L loss  13we™  gain
-2 -1 0 1 2 z/L 29z
Fig. 19 Same as Fig. 16, except for pressure Fig. 20 Comparison of pressure transport term
transport term and turbulent transport term
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6. ERTRILF—-INX

RICBRRIZ@QFEL SOFEEX TCOFED, =3 nF-RELRICRITRAELELTHS, Table 1 [EH
LB TOBERDVTEEHOKEZI LR L TH B, Fig. 21 K ¥-WUXRKBIS FHOKEI %
REBIVRREBBETOOTENEN—PTORT, BED error i3 @— B+ +@+E@+(D} %%
bl, WA error 48 gain R U THBEE, =3 F—REOLFHDOMM 2 v¥ — loss ZRL, B
5 ¥ error O A NVF — gain BHRHE = A v F —INHAMBRILTE LE2ER LT3,

SEIOHATR(DRO= A AF-PWEDO TR TOHEEBEHASIKHE L2iLd b 59, Fig.
21 IRT L HICKEN error BEU, WEXROFEHDOKREIEBERMULHNS error DFEEEELTH 3,

Table 1 Turbulent kinetic energy budget components during the observation, ‘U’ and ‘L’ in
the third column represent the upper layer (U; 100-50 m) and the lower layer (L;
50-25 m) separately.

RUN No.| 2ATE 1uz 3o el L | - %ag;pl Total
10-3m2/s? | 10-3m2/s? | 10-2m2/s? | 10-3m2/s? | 10~3m2/s? | 10-3m2/s2? {10-3m2/s2

RUNOIZI| 10728 | U] 0339 | —0004 | 0396 | —0420 | —2.565 | 0.19 | —2.397
1‘1‘;:1;“0 L| o684 | 4304 | 0478 | 0861 | —5210 | —6.868 | —6.243
RUNO211|10/28 | U| —0226 | 0410 | —0196 | 0825 | —1.706 | —1.425 | ~2.092
1?54(5)_0 L| —0379 | 6488 | —0304 | 0218 | —4.580 | —049 | 1.326
RUN212{10/28 | U| —0142 | 0220 | —0195 | 0283 | —1.285 | —0.112 | —1.080
'Téf’{l’(‘) L| —0159 | 2252 | —0359 | 033 | —2872 | 0618 | —0027
RUN0221|10/28 | U| —0043 | 0063 | —0094 | —0.009 | —1285 | —0311 | —1.636
‘fé?g(‘) L| —0097 | 0948 | —0267 | 0163 | —1875 | —0480 | —1.511
RUN0922 (111 | U| 0080 | o105 | 1168 | 0345 | —2046 | 0272 | —0.156
1?;:2: L| o0127] 162 | 078 | —0007 | —3.438 | —2192 | —3.235
RUNZ3|11/1 | U| 0279 | —oo16 | 1114 | 0998 | —3646 | —1.067 | —2.501
DA L | om7 | aise | 0393 | —248¢ | —8211 | 1031 | —5087

RUNI102| 111 | U| —0054 | 0540 | —0.112 | —1.630 | —3365 | —0.135 | —4.702
1540 L | —o112 | 5893 | —0281 | 1513 | —5829 | 6090 | —4.794
RUNI02[11/1 | U| —0.151 | 0635 | —0.073 | —099 | —2.602 | 0017 | —3.119
‘f;:oga L| —0178 | 3312 | —0241 | —0046 | —5.608 | —0.885 | —3.468
RUNI023| 11/1 | U| —0173 | 0467 | —0172 | —0197 | —1.139 | —0.49 | —1.531
lf;f% L| —019 | 2207 | —0111 | 0482 | —3310 | —0.767 | —1.499
RUNI1024|11/1 | U| —0098 | 0192 | —0.106 | 0001 | —0.552 | —0.009 | —0.475
| L | 0153 | 097 | —0206 | 0033 | 1609 | —0300 | —1106
RUNII21| 112 | U| —0219 | —0.040 | 0286 | 0308 | —0.669 | —0.280 | —0.395
WL —oast | o8 | o6 | 0515 | —Lia1 | —0289 | 0593
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AhOER T xA¥—3, BLichiRYKRER
ELERLTIERNDY, ThTHREEAHOAXS
BIEOBY OHORT—F K& dissipation HD S
B2 5 10HBEE LIV, SEOBAITE, Shod
Bz i F-BRBEERRBP LT BEMIELA
ETH -, AAO~DHEOMBEID = 2o ¥ —
8 loss WHNTNBZEERLTEY, KE3i3E
L (DRPEREHRIZRILLT S, LhL, B
HWEAO MU L OB (imbalance) 5 3 £ &1F
MEHE D,

Figs. 22,23 RTEH XU LEILOWT, 27 -2
D5 B S RUN 0922, 1121, 0221 © L7 — 2 %1
W (/L BEHTER, it /L BBEICK
ENMELD) FEMNCONT, =FAF¥F-NZDO%
HAEZBETO kz/ui TERTAL, BEE z/L T
UCFuay b+ LEAERYT, £#I3 Wyngaard and
Céte® 1t & 5 Kansas LB B8R TH 2. COMIC
X 3 &, buoyant production JHIZREEEICIIARRE
EESBTICON, ZxAa¥-—NXOBRTRTHRS
K% {45y, shear production FHic by, THhar

&

© shear production

Xbuoyant production
I Qturbulent transport 1
apressure transport
+dissipation rate

121 e arror . .

-2 -1 o 1 2

Fig. 22 Dimensionless energy budget terms in
the lower layer. Solid lines are the
empirical curves by Wyngaard and
Cote®.
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Fig. 21 An example of turbulent kinetic energy
budget for unstable case and stable
case
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Fig. 23 Same as Fig. 22, except for the upper
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¥ — gain 2FbOFTEELFUCI o ¥iT LETII, shear production FHHFEH /NI WD K £ DHEAH
FELW, FRRERCIMHIKZ 2AF—NXiCEL S ZOHOBBININENA D,

BEOEHMEBATO = 2 ¥ - IIKBHMAICE 3 &, FRERFITE L TIZ shear production F{ & buo-
yant production J{O RIS dissipation rate JHEIZIEH DA EELSNTHEPANEZ L, ThitH LS
HEo#EHTid, —>0 production FHOFA dissipation Fickt L TETHTO%, LB TRFYROMNE Y
T —DFEEINEINT LD TOBLUT LR 2T B, F, REMITIT shear production & dissi-
pation EHMIZIFHH LS D LZZ SN T, SHEOKRTIRRERIC shear production Hid dis-
sipation FHicxt L, TETHT0%, LBTOBBEILHLESL, 2% Y, i ¥ -fRicdbrisi
#BAERITEELZ SN TS shear production B dissipation I U THMAINIREEL > T
B ENOHORRB LB TORMSERICES T 3K TH S5, o0 transport HIZREE BRI,
BEREWIHEICL > TORBABB D, ZOMIBIT 2 F— loss ZRTHEAMS , RUN 0121, RUN
1021 O FBIC BT, pressure transport HAEBICKE B 2 2 v ¥ — loss ZRLTNB L & LHEOR
BETHB, [AEHORBERTHIATVWAIOTHED DX VBERB BT TH A, EicbB~ik
5 it A&7 imbalance D38 - T3,

ZDES5K, TIAF—RERMEILETAEN error UK &icid, KEFAOFHE—RRIEOLHR
MEOBEICLBATES, H3VIZHERS 0/0z QLY FULOBRFERIERT ARZENETEIT
WBEHDEELOND, HICHEMSICBALTIE, REHBEORBZ_FECEIIZFSLERLL LN
3, EBICTECEREE > TWBRCP L HENS 2 LI RGBA B, TLAFEHAOBROHRICONT
12, FHESFHICREPECRESENEEL, —RU feich LRFVHAEL, zir¥-NXLeKiCEOR
EONBESLZTHAPICOVTRPELSH TR,

7. & (]

WEEORBHEOKELZERLL, BAFELHRBLLLT, REERBICBY 3RO 2 v+ -]
FRBELTHRTOELEENICL > TR B i, KAFTORELBZAET ZMBEMAEL, HEOHk
¥ 25m, 50m, 100m OEFE K H W TI98IHEI0H25A 5114 3 B THAET - 12,

LHEFHICERT S EMTELAEEB OO TRERFEENYE Pa TRAED /10,0002 8 L 75
, BCEOHTRYTIEALERLTH S, EHOR <7 v RBEMIBRTRRARBICELH - 2FT
BETZEVIEREBR, ChRRTEITICES-T/3% L, Elliott SORANCK S —1.780 HHOHE
i ot, REOREEHRS w EDanYTyRA wp REBELBECOLIALIEY, AhOKSE
BEI LRCBDTEORML, WDKK VENEBHRTHREIThZ EWIHERERLTN S,

Hhoz i F-INHXRELTR, W2EHORMOKICARICINIRICHET 2R TOEERE Liic
LhbOT, DIRPKEN error ZE U, U UBIHET > BHOR LALRKBNT, Bhox i
¥ DDA ERELOZFEDHMDOHE &—H L, error DREI R LML, BHRNIEIFBRITVE
KB ohis

Flrn i Aa¥ - HOFEORHYKE LT, @QORMEILRAR dissipation HD 5 B 5 10KBETH - 72,
b)D shear production i3 = x4 ¥ — gain ZRTHELILEATH S, LBRBVLTREARERICIIIE
BICNEIME LS - 72, (©D buoyant production HIZAREEMHTICDh, D shear production H
iKbbz — gain BRTHOHERAERITH, RERIKIMBRR L<EITNSTEERT,
REFBCPOPDOTEIAF — loss £RTE@D dissipation rate Hi3, HEOBH T3, FRERITIE,
shear production I & buoyant production FHOFRITIFIFH L {, REMHICII shear production T &1FIF
BDE-TBEINTNE Y, SEOBHTIIRER TS shear production FHO 1.5 » 5 2 FREDHE
%27 UTe 72D turbulent transport 3§ & (f)®D pressure transport FiZEWTEDHEEZ LT3 60D
EEZ OB LI BKEMSEOHMTE oI, HHERIBARCHRETZ L, ZHOMRbTH
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o RuF— loss BRTCEBFELRohk, LHLZOKE S dissipation HD1/10¢ 51 TH 3,
SRERHE - BEZN LIS DOBNEN -1 LT, BECORSERELTHENEB TN S,

BRICABRAITH 1D BRFICL - LASFETCRLALFERON MESHE, WESSFESOLE
fiBER, BAMZHEEMAETE HRERELET,

FREAREO—G, XBENEHRERMDE, BEHEWD No. 58101004, PFFEMEE (LTM=1K)
itk - Tiibhi,
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