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TURBULENT TRANSPORT FROM LAKE BIWA

By Yasushi Mrtsuta, Tatsuo HANAFUsA, Nobutaka MoNj1
Osamu Tsukamoto and Tazichi HavasHr

Synopsis

Turbulent transport of momentum, sensible heat and water vapor from Lake Biwa is discussed.
The drag coefficient (Cp) and the eddy transfer coefficients of sensible heat (Cy) and water vapor
(Cg) over the water near the lake shore are determined. They decrease with increasing wind
speed (U) up to 5m/sec, but have approximately constant values (Cp=2.6 X 103, Cz=2.6 x 10~3,
and Cz=1.8x107% at the height of 5.7m) for U>5 m/fsec. The turbulent fluxes measured near
the lake shore are compared with those obtained offshore. Some systematic differences are seen
between those values caused by the water surface temperature distributions.
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ANYE20cm OIOT, BBHEEIEHL IV 22 2 VO HERBTRIBOAIBER 0.12mm, FEH
& 5m/sec, KR 20°CTEIRH0.13 7, IR Ek A< 0.20%(Sano and Mitsuta'’ 1968) Th 2, BEN OB
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Fig. 3 Block-diagram of the observation system.
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& LTEE L7 (Hanafusa® 1971),

3. BXROAZE(L

BTl 7 F o 7 ABELYAWCI0BIREN LAAEERG LBRMZOMOEZEDORY - 72160 9
KA 5190 6 B3 COFHEE, LEKEE, FEKE, b LUHER KRJLEBHROBEROBHEEL
O#T % Fig. 4 TRT. ZONMORGREYBDLTH-7co ITHREARZR (H) Ri2iZ1 BAMS
EETTRETH->LMWIBHICRIEL R >Tco T LTZOMIHAL EFBHAR () L3KXHFIVHAL
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Fig. 5 Drag coefficient versus mean wind speed.
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Fig. 7 Eddy transfer coefficient of latent heat flux versus mean wind speed.
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Fig. 8 Drag coefficient versus stability z/L. Fig. 9 [Eddy transfer coefficient of sensible heat
flux versus stability z/L.
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Fig. 11 The ratio of the eddy transfer coef- Fig. 12 The ratio of the eddy transfer coef-
ficient of sensible heat flux to the ficient of latent heat flux to the
drag coefficient versus stability. drag coefficient versus stability.
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Ku/Ky ODEOREBEENIICEZABE TV DL OWEMALS b, Businger et al.'” (1971) 1T X hiF it
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5m/sec Pl EORAITE L TiX Cu/Cp=1.0 BV Ce/Cp=0.7 £ % > T\wh, Cy/Cp DFfild Businger %0
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Vb, INHLODHRIEONWTRELICEMEROER LR > THRTED LV,
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WESE{ CRIERATS 84, SIRTOMESMERTELL, T OIKERESFICIBOBERELD
NZORBEALT LIAKEFAIC—HTREVY, SLR—HOoBATRZOMEERBEOBREOEEO
FRERBL TR B L NI FRE- 2 V4T, AAEHEKRDL LORRBRBRERETIHEZEITIRZTONR
ERLREALCPPRAEELE V. 0L BETARLDITHAEL T T T»> T HIEME0R
BERBREHEHFEFRONEE T — 2 —K— b LCHE, SRKEE RUKEEEOHELT- o #—
FORBKRUHESE Fig. 1 WRTELT, I-BRE-HhOoAR-MIOa—2 (2—2 A) %4
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20 ¥ ENFRIAT2Eboto 2—R AR IENLIHEE, B C RRFNZFR2BERELE
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KThY, TTREHLKBRKAEEL VEL Z-Th Y, HAEO/NX 2BRMOEER/KEIZETEER
o T hDMBRTOKESETFTELVIBRCE-TWEIDEEZEL LN S, Fig. 14 R TRG
TRECKESEL, 20BB*ZTTHLABIZOMEATRKEIVEL 2-Twa, ZLTAKELTH
KB ERBRZ OBFEFETICENRL T D, - THETHT BHERAMEOPRMEDO LD L L& 12
BDRE DN D S,

b) R&E ZEENREEOLE

R B B RPN TBERBHFICL > TBONt—HTORFHRAE LA L CH LN A2 -2
DOFEPEE L O Fig. 15 |7, $1-MBORBEMEEFICIIEBREELE 2 —2ROFHLERE
Eo k% Fig. 16 2R+, 2hooBIZ I hid FHR#EIL 20% BEMESOHBKE W,

c) BRRUBHBZBOHE

WEI TR BRICASEOMBTCOBANIC L » THONTEAKRBECHERBOERMBOFREICL - TH
ORIEEVIBOREZBETHY, BORBILLONALOMRBRLNMAELTRESEETRARETD
V)T EREZONDY, T TRHEIZ Co=Cy=Cpr=105x10(H L& X 10m 0AE TR L T) &
W EVEELTEONEERBA T AV I B 2MEROHE LT > TR, Fig. 17 & Fig. 18 |
BB UBROBLZBLHMELMEOZL XONTRABIZ L P HEITL > TROEIOEH KL TH B, 4
ROz LuWD, Co DEEBVNELM-1FREDDT NV BRI IBEBRRESENCORERLIVE
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Fig. 16 The comparison of the dry and the wet bulb temperature between Yanagawa and
the offshore measurements.

STERBLEOENKEL, o THATHEHMAR (LAE) HKREL, X#ZREEE T CRERENN
BB ORBEROEHEAME TN E> TVEEDRELLIDEEX LN S, KR D MHIT Ha
TR TAED » 7o REIC 2  TRAE & ARIC Z ORETEL - TR 2 0B, BROBERITHH
S EEEEL TRV, T OMEORE L EEN 1~2m/sec BEOBNIOTH O KBEOREESR
HTnadDLtELLNL, RAKKRBEZICTIELVEAN, QRRBIRET 22 3H0E.

Sy R B AR RENETS SV ENEFKHEA LD, BT ICERRBCHAREL
EMTHREECREOEHN TS 2%, ERARAMORZRELEFLL EoHHRIKEEAMESTS
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Fig. 17 The comparison of the sensible heat Fig. 18 The comparison of the latent heat
fluxes between Yanagawa and the off- fluxes between Yanagawa and the
shore measurements. offshore measurements,
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550 Cu® Cs KOWTRINETOBAABLELDENRLD Cp LOBBROVWTRIICERZ L
TnhnHARKEILT — 2 0%t bENMBTE D,

BERBRREEICL > TEMRT B L0 Co, Cr, Cs DREICRBEED 5 £ — 2 QREMERT
B2, ZOEDITRBRIIROLZBEOTEL N AMIMEIFo—FY BT hbD

RB:%Jﬁ%giq

LHREFENREOMOBEHN DY » T HEHEE L, 2 HRREEHORBLEBEL L TRAKEOBEL
7L TORBAKERELA VLY, TORDIAEE CRALBRIIANICRETHRENTDR TV LR
ELTWDES, BHIZL2BERICLZRARELRBOFX v+ v 7ORELERL TV 28, ERRZLHD
ZKETOR LV —OMBEELTVWENZ LHEOHMBANRIN TN S,

6. ZR~Y FIILEBIF

INECRBRTCELT F o/ F— s ABEBRBTACTOEBHNLZAKBEROBEIIMAT, 61
HMAEFBEBRE LTI DOR <Y BN, PIUT o S RBOKREEZTIENEL > TH
LRIEHROT 4 V2 VB EIT > THT,

BEF-7REBINLIRABTHREHO SRAOEH LLBERAEHO 2BRAFOBEELHLEL,
A-DZ#% (TEAC. DP-300) iT& - TO2HEILF 4+ V2 n{Ll, ZhdbRE, BE, HEOFHIE,
E¥ESE ~v-2<7 n, RUEERE B, KEJOBBEBRLINLO2RRY b, RUE2RAR
7 PAHBEEREERD . 2O, 1 BORKEMII30 4L LTR2s Fr 0ot EEKIZOW T Tukey @
FER L o7 HECREBCBMTLELT IO ERENPTH A4, ZITRAERBLNERO—
BEANTHELTAT. Run9 ROWTORERREBITL, 7TFHo /LT V2 BEOREERT-C
B7.d0ds Tablel T2, ¥F 05 L FEHEARVCERREZ OV TREZHEREN I {—HL T 5,

Table | The result of comparison between analog method and digital method. (Rurn 9: 0705
~07"35™ 14th. Nov. 1972)

Analog Method Digital Method
Wind Direction (degree) 29 29
Mean Wind Speed (m/s) 6.86 6.96
Vertical Velocity (m/s) 0.47 0.46
Dry Bulb Temperature (°C) 11.6 11.6
Specific Humidity (g/kg) 4.57 4.59
Gy (m/s) 0.72 0.78
gy (mfs) 0.81 0.64
g, (m/s) 0.30 0.35
g, (°C) 0.188 0.245
gq (g/kg) 0.358 0.405
T (dynes/cm?) 1.65 0.59
H (mW/cm?) 1.80 4.00
E (mW/cm2) 57.1 11.2
Averaging Time } L.P.F. (f.=10 c.p.s) 0.2 sec
Sampling Duration 1 30.0 min

HMEE FREBAREBOZRIKRE(EHATIZIELRTERERV, QL ERTF eV BRITACETE &
UAEREOBEHEELA L OMBLIMET 2O TERZZL DR >WTHAR LCHERTSTEITL
T2\,
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Fig. 19 The normalized power spectra of longitudinal velocity, lateral velocity, vertical velocity,
temperature and specific humidity fluctuations versus non-dimensional frequency.
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Fig. 20 The normalized cospectra of momentum flux, sensible heat flux and water vapor flux
versus non-dimensional frequency.
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Fig. 21 The cospectral correlation coefficients of momentum fluxes versus non-dimensional
frequency. (Run 9; 07.05-07.35, Run 10; 09.00-09.30, Run 12; 15.00-15.30, Nov.
14, 1972)
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