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ARSTRALT

Turbuleml prapemizs 0 wind welocitete. air iempersiure and humidity were messured onbngnt
the BW [leean Mecesichor [ wver thee southern Taiwen $irait ond an an abrahor placfmn in shallos
waltrs neur Tuichuog. The lenpilsdingl wind curbulemes 1ene] add gust Favclor were found Lo cemoaio conscan
at different wind speeds, bur ihese valees appcarcd o increese as the sueface roughness ipersased  Thermal
and humediry tnrbulenee evels under unsdable canditions depended on rhe skahulity parameter [ZL],
where £ i3 the measuremsnt hesghi and f. she Bloinn -Gbukhoes length. Sperira of wind speed
perolure and humidiay Aegtdstions sbuwed the exislence of an ineminl subrange. Wind strgss deceed
UMng M ineerizal -dissipalion methed wos somewchar lasger than thal sbreingd wang the eiddy-carebation

TEn-

morethad. Tramsler <ne

2nna af (eoniigatumn. hoat and water vapor. were found oo be funcoens of

wind Epeed amd =labilily parameter. aod thedr emparicsl farmulos ond relamiaehipr st poescnied o this

pupeT.

Key Worda: lurbulence level, samilny parmmcice. transier coeficient

l. Introduction

Wind 15 v widespread and important phe noimcren
for mankind. This topic desgrves more wiention es-
pecially m mansoon prevalent areas such as the igland
of Taiwen. The knowledge of webhelent wimd charas-
teristics and speviry ol wind Aucswations in the aemo-
spheric surface layer are required in soudies of aircraft
aafety and the design of large buildings. bridges. power
lines and maring structures. Similarly, tenspevatire and
humidicy fluciuanions slsu play an imponuot cole in
determining the optical refractive index and, cwnse-
quently, the performancs of microwave commuoica-
1kun syslems. Extensive reseanch has been sonducted
on the turbulent properiés of wind over laod during
the pust severul decedes. and the resulis were nicely
reviewed by Liw 19313, O the other hand, studies
o tucbulent properlics and 1he spectra of wind, ten-
perature eod bumidily over the sei hawe besn rather
searce (Shiolany, [97%; Smith snd Andecson, 19847
Whether abolent wind pecperiies over 4 sca behave
differemly (rom these over land surfaces remains an
open question, and mote cxperimental daty are deli-
nitely needed.

© Twrbulen! Muekes of memeniwom fwind siress),
heat aod water vapor are produced by joint interaction
of & vertical wind component and the corresponding
properiies of longitudioal wind velnciry, lemperature
and bumidity. Turbulem fluzes across a sen surface
are of preal importance ba variows aspecis of phy-
sical oceanography and ocean engineering. For
inslance, wind sicess is the main driving force ol
the coupled occan-atbnasphers model and is chosely
associated with sca-surface dynamick, suwgh a3
wind-driit surface cubrenis, micrawave remole sens-
ing of the ovean sucfoce and the dispersion af polly-
lents in marine envirempents {(Kraus and Businger,
1994,
In thig study we have obtained meosurements
ol turbulenl propertics of wind, remperature and
humidity coboard a eesgarch vessel vver open
ocean and om an oflshore platform over shallow cosdtal
waters. The messurcmicncs enable ws 1o study ihe
seasanal variations of wiod characieristics and
turbulent fluxes ever the ceean, and commparisons ol
the resuhs of 1his study with previoosly puoblished
resulls over land and sca swrfaces can a#lso be
mada.
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Fik: 1. Plan view of the Taichung research plalfarm acd the inscru-
rencalicn.

Ii. Experiments
1. tffshore Flatform

A srable regearch plaform, ubout 2 km frem the
shore, is [ocaled in corslal waters off Taicbung harbor.
Al the Incation of the placform, fhe mgan wiater deplh
15 abuual Bm. amd the tidel range is 4=5m. Three-
dimensional wind speed flectuations snd air tenypera-
tute wece masured wsing o [asl-response Solent
senic anemoemster. The sonic probe head, mouoted on
the rail of the plarform, had an ¢levalion of 122 m
wbove lhe mean sea surface (Fig. 1), The ses-sorface
temperature was messured using 8 agarhy modared
curenr tneter.  Analog signals from the sonic sensor
were digitized by ao A/D converter al a sampling
rate of |0 Hz. The sigoals were then ¢onvered o
freguencies and irnsmitied by cadio telemetry o an
vnshore receiviog sietion. The date were oollected
ard stored in a PC i runs of 20-mrinele duralion
ewery 2 hours, During the wioter season, this sile
is strongly influcnced by 3 plevailing morheasters
monsoon: therelure. the platfvrm is exposed to the
meximom upwind fetch for winds ranging in direction
fecn novthwesterly 1o northeastecly,  Similucly, Lhis

— -

Table 1- Tuivhung Muatform Data

seTies perand sumber of cuns
L Dhec. 1904 T
2 Mur |93 Bd
k] Jupe L3995 FiHl
a fagr. 1035 laL
3 Nuv, 1995 14

platform is ufso inMuenced by a prevailing southwest.
crn monsocn doring the suwmer seison, Five serics
ol dats sets from December 1994 to Movember 1995
were analyzed and acce preaenited in this paper (Tabls
s

2, Ship Measurements

Turbulence measurements ol wind, t:mpeE:run:
and humidity wers extended to mors open ocean con-
diliooz in a secend experiment conducied Trem the
RfY Qcean Reseuocher L during its four patrels in the
southern Taiwen Strail from June 1995 to March 1994
A sonic anemoreter (Kaipo, DA-600) was osed to
measure Whie three-dimensional wiod speed, direcrion
aod air temperature. The water wapor densily was
measwred wsing at anfraced differcnatial sbsorption
hygrometer { Analytic Applications, M1i0). Both sen-
sors wore mounted al 9.3m above mean sea level on
a maze lixed over 1he ship's uppeedeck (Fig. 2). The
mean mir-temperatere and oelative humidity were also
Tegged uaing 2 hatd-held psychrometer duriog the cruise.
Sea lemperatures were oblained from bucket thermam-
eler readings.

Analog signals from the sonic aoemometer and
the hygrometer were lnw-pass filtered ae 22 Hz and then
récanded &l 4 90 Hs suropliog rate in s PC. The duration
of the data runs was 16 minuwiss. The most oseful daca
were tbtained as the ship stesmmed into the wind at <3
knuis. In such cases, the winds were over the how,
indicating fhal the ahip did wol seciously diston the
mean Mow. Dana from bour eruises aere wsed in his
paper (Table 23 dhe firse dara ser [Junge |905) was
ubtained mastly in stable atmospheric conditions and
the Mbers were ubtained in unsteble conditions. The
cxperiment in each cruise lasted bwa duys,

lll. Results and Discussion
1. Gust Factor and Turhulence Level
A gust iz a rapid flugtuaion or inslamunecus

veloeny ol wind  Peak pusts of shont doration are
iroportant in designiog the wind load of latge Srrugtures



R.5. Tscng

Table 1. Ship Daia
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Fig: 2r a2 BV Deeons Hestwichee 31 4h seocors abave cthe insm
meanlaiLimn mas

over un ocean  The slurter Ui gust duration, the bigher
the peak gust velocity sill be [Lio. 1991}, The gus
[zctor, defined a5 the radio of the gusi speed based on
2 l-second average W the mean wind speed, is shown
in Fig. } in relation do 1the mean wind speed [or tireg
dilfferent ennditions.  [n =hallow saers over dhe
Taichung platiorm. the gusl fiwctors durisg the som mee
minaesewn (Fag. J1a)p and the wimter monsoon (Fig. 3cb)r
appeur o be independent of 1he wiod speed and bave
um averige volwe af aboutl 121, QOver more upen isgsn
ot Trom ship measuremenis during ihe winler

i 1 S B —

!_ b Takchiarg Touwwr, My 15508, June 1925

3 | r————— R .
(] Taichwang Toraer, e, 194, Do 1905, Moy, 1395

e mean=1.214 7

Gust Factor
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mean=1.147
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Fig. X Variation of the Fusl Facion witll wind apeed for cases of fa)
plaiem eaperiments, blay and June 1985 (b] plaifoom
vaperapsanrs, [ec. 19494, e and Mow, 1895 (o) ship mea
suremenis. lun. 496,

wpmsiwm (Fig. 3{c}i, the gusi factor is slightly smaller
{117 Maote that the imeun wimd speed 45 hased on
a 20-monune average and a 16-minute average, respec-
vively, Far the Taichung placiont and ship wind e zperi-
ments. The average gust foctor i Fig. 30c) will inrease
suomewlint iT 1he cecord length is corrected from 16
minutes ta 20 minutes (Myers of @b, 196%) and cun be
considercd as heing no different from those factors in
Fig. Hap and (bp. The roughness lenglh Zy caloulaicd
from the flux-prodide relutienship of the wind spesd is
appmxim;ﬂel}' .0 ca—-025 c¢m rom ouwur data. Lio
t1991) und Ashcraft {9945, on the arhet hand, alsa
reported that for smocth, open lemmains {Zy~3.5 cm), the
grash e is s 1he arder of 1.5 and that for rowgh
werraing such ws urbon and large cilies, the st Dot
shwmdch be even greater. This is consistent with the
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Fig. d_Variasinn of the surhulence Jevel with wind speed dnr cases.
0l (w) pilomn caperiments, May and Juoc 1993, 10) plaifurm
expeniments. Dec. 1994, Cor. and Mow. L1995, 1) ship mea.
AlfEmens., Jan,

conglusion of Asheraft {1094} thar the gust Facior ins
creuses with increasing tertuin roughness. The presend
study which was conducted over the occan provides
valuable data sen and greatly extends Asherall’s curve
{Asherolt, 1994} of Fig. 7 10 regions of smaller rongh-
ness Iengrh. However, the effaces of thernal 5.{;\bih|,.—
and the weather system on the gust focior should also
b mxgnni ned hefore any firm conclosions can be reached.

The wrbalence level or relutive inlensity of 1or-
bulenee, defined as the rooe-mean-squarc value of the
lumgitudinal wind speed w” (the primed symbul cepre-
sents Muctualions abouwt 8 mean valus) divided by the
mean wind specd, is plotied against the mcan wind
speed in Fig, 4 for three dilferent condiliens as e g,
3. Similer conclusioos can be drewn from Fig. d
compared Lo thode from Fig. 3. The rbulence level
has a higher value {~0.11% in challow waters aver the
Taichung platfarm (Fig. 4121 and (hl) and & sliglaly
lower vulue {~009) oyver the open ocean (Fig, 4o

hoth aee amaller than that o 3nland t2reain (41,1338
where the roughnoess is lurger dLiu. 1HHI

In the case of smaller wind velociies and larger
sil-ar bemperalure differences, the murine atmosphers
is ir onstable condilions. and the booyaney effeca is
more significant. Free convesiion temds Ly occur more
casily in this case. Smith ond Anderzon (1%984) hayve
inwesnigared 1hermal wind hamidiny verbolence fevels in
an unstable atmospheric swctace luyer over v beach near
the warerline during periods of onshare winds.  They
hove Found 1Hal thear eapenimental Jala agresd well
wilh the {Tec-convection laws:

O To=—et g =250y !
e (e =—ct | —EIL) " i1}
where orand oy are thermal and bumidity mucbulenee

inlchsiics, respectavely, Toand (3. are sorfage A us
sorrespanding W the fluxes of lemperidure and humid-
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ity, a, and 4, afre constans to ke deermined froom
experimeniul data. Z is the mewsuremenot heipht und L
is= the Monin-Dbukhoy length, defined as
F=—uF imgw't)) I_ where b, is the friction velocity, T,
is the virmwal temperatore of the air, k=04 i3 the van
Kurman censtaat. g is the grovitaiional vonstunt cod
w i the vertical wind speed component {Hsu, 193E).
We have plotted in Fig. 5 op/T. and qQJQ. with
respect to the stubility parameter [£L] Tor ship duls
with wnstable atmaospheric condiiions. The constant g,
derermined from Fig, 5(up as 1 071097, which 15
simiiar to that reporied by Smith aod Anderson {19847,
O the arher hand, the dane poinis in Fig. 5{h) are
somewhat scuttered. The constant a, determined in this
srudy is 1 142033, which iz somecwhar grester than
ihal ceported by Smoth and Anderson (1984). Since
there have been relatively few studies on homidity
speitra and bwmidiey vorbulence levels over aceans,
more research in this aces is needed to clarity this
difference.

2. Spectral Characteristics

Wind, tempecaiuce and humidiey daca were de-
meaned, and spectral analvsis was perfermed on
F192 and F2VE samples for platform and ship dara,
respectively, The speciral estimales weoe uwveraged in
lagarithmically spaced freguency bands berween
N2 He amd 1he Nyviuist frequency (5 and 20 Hz for
platform and ship experimenis, respectively). Figure
Glar-td) show 1ypical eaumples of platfurm wind
specite, ship wind spectra. Ship wemperalure spectra
and ship huwwadny specrra, respecnsely,  Note tha
the ship dala were low-pass tillered belore digili-
zation v avaid energy folding back from the higher
trequency puct of the spectra while platform dais
were noL low-pass filtered due Lo limiatione on the
egipaenl and power supply avanlable on 1he plal-
torm. It can be seen in FiE. 6 thel a frequeocy band
of the inenial subrange exists which has a spectral
slope of —5/3, The merlisl subrange is less clourly
viaible in she plaiform wind specora owing to the hack
of o lew-pass [illering process as mentivned cachier,
The portion of the spectrum with coosiant f40, )
(oo dd ), ﬂhq{,l‘}} 1ypica1ly acenrs ahave 4.5 He lar
ship duta snd above 0.05 Hz for platformo wind data,
where fin the frequency aond dv is the spectrat valoes.
In Lhe spectra of ship data, there was ofen o wave-
frequenty peek ot 0.1-0.3 Hr due to dominaot
waves of ship motion.  The wriperature specira
from the platform eaperiments did nol show the exisl-
ence of an inenial subrange lor reasons which reinain
unclear, and the resulis will not be disowssed io Lhis

[rper.
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Fig- . Typical examplex af 18) wind spacers, plocfnom experimem,
1] wind sguslirs, SR MisHspengnl . (6] EAperiim spocici.
sbip meagurement. (d) humidily specira ship measuremem.
The line w e % sioge.

3, Stress Estimates and Transfer Coeflicients

In Lhis study, we wsed the eddycorrelation method,
the: inertial-dissipation metbod eod the bulk method to
eshirnate tucbulem Mukes. A bref descriphion of these
methods follows. The eddy-comelation method is the
st divect method for Mux estimalion. Tn the swreface
layer, (e turbolent Moxes of the momentum 2, seasible
heat Hy and laicni heat Ny are nearly independent af
herght and can be expressed as (Hsu, 1988)

I=—puw

. T

= pC T
H, = Lx”_","? ' i2)

whare o is the air density, Cp is the specific heat ol
air aod L is the lateni bear of veporization. The overbar
symbob denores the time averaging process,

The inertigl-dissipation method can be Torther
extended Lo moving and onsturdy platforms such as
ships amd buoys, Assuming isetropic tucbulence, it is
then argued from the Kolmogarefl hypothesis that there
is an imertial subranges of [reguencies where a cuscade
of turbulent cocrgy cxists berween a source region
{lower frequencivs) and o dissipation region chigheo

-1%-
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frequencics). s then peasibie to obtain the rate of
mulecular dissipation ol lurbulent kingtic energy (&6

the diffusive dissipation rawe of the temperature vari-
ance (M) and waler vapor density vanance (M) (oom
D00 D end @40 Assuming thet the verrical
divergence rarmg in the eqoarians af the cealar varianee
budgels can be meglecied, Lurge and Pond (1481 found
that eddy fluxes were given by

- W = RZE P g T - 2L

Wi =] KZRN P IIL |'

wiy'=[ w2 A
where @ 7Y $0EF) and g4 7 are the dinension-
less venlical gradient of wind speed, femperalure and
bumidity, respeclively. The expressions of Lerge and
Pond (1982) are adopied i this siwly:

Pl ZIL a2 pm LV 2L vlable. ZIL=0

Sl ZiLa=( =102 unstable. &L=l

I6Z/L) " unsiable, ZAL<0.
(4}

S ZILY= L=t ]

Bacausa the vertical conpomesn of the wind spagd
was wecucalely measured in the Taichung platform
experiments, i is thus possible o apply she eddy-
correlation metbod 1o estimate Lhe momenium Elua.
Figure 7 comparcs the reswits of — &%’ Fos 56 nuns in
Devember 1994 (rom the platform eaperiments denved
by means of the inertial-dissipation method with the
resulls obdined vsing the eddy. carcelation ethod.
The momemum tluxes oblaioed using the dissipation
techinigque are Found o ke somewhar greaier than those
vbramed using the eddy-cormelation techmigue, bul the
correlation between them is still high. Since the eddy-
enrrelation method (s generally regarded as 1he mos
wccurale method tor Mux estimalion. the comparison
of Fig. T further validates the accoracy and feasihilicy
of the dizssipation method as well.

The 1orbulent Muxes can be paramelerized with
the mean o1 bulk guanuies;

T A
W =l nh
Wy =Up Al 51

where ABeFi—8z, Al=(h~0Fs 815 Lhe pulenial 1em-
porature, and the sobseripts § &nd £ sland Eor those

L
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Flg. 7. Comparisen af momenlur fluaes derived uning Ibe nenisl-
Aisalgul i WECod with Sy Gosrdlalion [uass

quanmiities at the ses surface and a height £, respec-
tively. The nondimensional ransfer coefficients Cn.
C amd £ wre the drep ceetficient. Stanton number and
Dralion nomber, rtgper:li\.lcly. The}' are fupcoons of
height wnd stabilny and wre commonly evaluated (o the
couivalent meatral case an & Q) m heighe ax

€ = I 1 HZ ]
= W10 10/ Z T I
L= 1 1 Zap 0 | U231, {6

where Jg . & and 7, are the corresponding rougliness
lengths in melers.

The inertial-dissipation method was then exiended
10 e acean croises of (he BAY Ooesm Researcher 1N
o cover more apen-ocean wod vorious atmospheric
atabiluy condmians. The roughagss lengihs Z, and Z .
derived from the corresponding integrated fua-prafile
relationship, are in an order of magnitode of 107 e
107 m. Fipure & shuws the cidowlated trunsfer coef-
ficients ¢f momentum. heed aod evaporation from Eq.(B)
under newtral condimins ot a 10 m height, Cpp Crn
und Oy with respect to the 148 m height wind speed
I jom Tor all foor ship paurols. Note thar des obrained
umder light wind conditions [£F a3 M) were oot used
in this study. The dreg coefficienl Cpy was Found o
inerense with imereasing wind speed for Uigae=3 mis.
A lincar-regresston line frem the dala peints is also
plotted in Fig. S(ap, which gives WP Cpy= {1.62+
00520 . The repression lines from Lurge and Pond

-13-
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ditians. :

(1952} ahd Smirth and Banke (1975} are abso shown in
this fipure and appear to be consislenl with our resulls.
Figure E(h) clearly indicates thae the daw paints of Cry
werses U jgu can be divided mele Lwo groups; cach bas
markedly different vatues of £ bur is independem of
wind speed. Under stable atmespheric conditions and

Fig- % The weutral trenster caclliciznols aff (3] Oy th] Cry ood 10
Epw fram ship messuremencs 15 g fwnceine ol suhilicg 290,
Tur bulh ulable (aguurea) and wnelable Colarsh olmwcphberic
cordilicns.

Nay=T mis, Cry=i0.42+0 1475107, whilc
Corumt 1. 2780153107 under unstable armosphernic
conditions and L'yp~5 mis. The consiant walue of Cry
reporied by Latge and Pond ¢ 1981 s slightly amailer
than our resulte. It cam be seen in Pig. 80c) thar Cpy
remaing conaant for various speeds. The average valoe
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of Cpp it ¢ LGB0 Z1W LG " for stable utmospheric
vonditions and {1 .23+0.16) x| 07" far unsiable atme-
spheric conditions,

In order wo further identify the relationship be-
lween transfer coelfivients and atwosphenc sabilicy
conditions, Fig. 9 shows wimiations of o Oy anill Gy
wille ZFL far all ot I-lllp |.'||ll|l.'|]1._ Tlae rdnge ol
for eur ship eapenments was foum =0 ALT s D197,
Chur resulis indicoie thot the dransfer coefficients wene
higher in unstable stmospheric conditions and wers
luwer tn stuble atwuspheric condinivns, This trendd is
pamicolerly evident far the heat flux ceelficient Cry.
I showld alsn he emplmmi:red than (e Linden
unsiable stmosphecic condilions, and thal Upael
wnder x1ahle spmospheric conditons. These resuhs do
nat show uny signthicanl deviations from the previous
results nf large and Pood (19821

I¥. Conglusions

Tis- 51w swrhulence ohservatiws of wind, rempena-
ture uRd humadny over Lhe ocean hoave Been reporied
in this paper. The caperimental program covered various
wind speeds and aimosphenc stabiliny coenditions cen-
dwcted fronm hoth 4 shallow-warer platform and open-
wcean shig patnels. The gust fRotar and the rurbulens
level of the longitudinal wind speed remuined constant
fon warious wind specds and were slightdy lower in
open-ucenn Lhan m shallew -waler comditions: bh were
lower than thase wn ixland femrains where the roughness
wi nch larger. Thermal and homidivy turbulence levels
were found 1o depend on |£/L) ond agreed with Lhe free-
conseeivm laws. Wind, temperature and humidicg
speciru ower ihe sea ull wverified the existence of an
wnernal suhrange.

From the shuined resuls., it was fuwnd tha mo-

menlum fluxes decived using the dissipalion method
weee only slightly greacer than those obtained nsing the
eddy -vummelulion method, The dissipatien-derived Leams-
fer coefficients Irom four ship patrols indicated that
O mhereased lawearly with inereasiing wind speed while

o amed £ o rermiti ned Gosnstant fsar eheilerene winad x'pegds.
Bl Bhein Walmes Wels Mgl Uindel wiislulile el
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TR wark eds suppaned by che Mooonal Scence Cuncil ol
Hhe Republiv ol Khing wnder grant ¥5C E5-281 [-E1 HR0Q035,

References

Asheroll Ior19#44) The solativms g bebecon dhe xusl ralio, lemain
raughness. puse ducacinn and the bwrly mean wind speed. J.
Wiait Eny. fned Arenced., 5% 1512345

Hau 5. 4 11¥8E1 Crontad HWoaerrmoge  Avademic Presy, Sao Diegu.
Ca LS, .

Ko, B B oamd ] A Bawiigen (195 A b ey -Cloman Tarer-
T Owford Univernly Prexs bew York. NY. TS &

lurge. W. G wnd % Pond S198 110 Open sczan memenoem §lws
nsaseicenl s nealeeie st winds F O Phyr dhoegnegr
Il 33 13,

lurge, % [ and & Fond (1%KL) Sensable und laenr Bear {lwx
mcasurcienl: veer Bz avvan F Phyr Sheonepr | 123, H-382,

Lin. K. <111 Wend Enpwcering. Premice Hall. Inc.. Englewnad
Lhife, B, 1N A,

Myera. ] 3. C.H. Halin. and B, F M Allesdvr o [ Hradheak
if theewa vad Luderwarer Engincerrg. MoGraw Hill. Inc.. New
Turk, MY, 1.5 A

Kloatupi, M 1T Turknlemeos mes.u Enkemit, ul the tm el luring
high winue 2 Afercar e, fupue, 530 3qu-i5s,

Semin 5 Ir gnd K 1 amileeacn 19840 Speciee aoF hamidig, lom-
peralure. and wind oyer dhe w22 al Sable Island. Mova Seia.
A, Giewpkr, Koa B9 Judy 2pan,

Semil, % 1L wid B A Budke (3UTY] WATEEAR a8 ChE wéa sLface
Urag cemcffavient with wind spocd  Quare J Rov Metrar S,
(L. I




R.5. Tseng

B LR EE - Rl R 2 EHER

BEZ

B 7 L AR TE R

EUHANE MHARTRAGCREWEEELL BT G W P BRI R
TE = B S B 0" LML A o T O W A L s o 1 T e Bl e Bl et i Ak < e £ B
FAHMTY - M EAS RN EWITE R - K ZRERNE - LAER-R R s - R
DL I R RN Gl M A A Y A 0 CLPE IR WAL TR 2 R T A B A ML B & B
) I RO R L PR U - bR AR A

- if -



