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ABSTRACT

An analysis was performed of the turbulent data obtatned Irom Yucheng experimental station in the Shandong
Provinee in 1984, It is shown thal at variant wind speed. the spectra of streamwise velocity remain similar and the in-
tensily of wind fluctuations is proportional to wind speed in the downwind arca of shelter belt. Therefore, we may de-
cide the similarity ot wind fluctuations by a speed scale and a length scale which is not correlated with stability.
a FV, = FRY/H). The =5/ 3 power range of temperature spectra extends to lower frequency. The variation of
ratio a7 T with stability becomes o /T =X HK-Z/ Ly™"". There is not such an exlension of

—5/ % pawer range in the humidity speetra,
1. INTRODUCTION

The investigation of the turbulent flow over nonhomogeneous lerrain is important be-
cause a flat homogeneous terrain is not met often and the practical problem is always related
10 a specific terrain. We need not only investigating the local influence of terrain on turbulent
flow but also inferring the whole tarbulent flow from the measurements obtained at a few
points.

The turbulent spectra over flat homogeneous terrain have shown that the inertial range
and dissipation range are universal at high frequency but the part of low frequency is
variational with stability and can be described by experimental formulas following from
Monin—Obukhov similarity (Haugen, 1973). Therefore, we can start from the concept of the
equilibrium o1 turbulent dissipation and generation and then calculate heat and momentum
flux by means of the rate of turbulent energy dissipation or the energy of inertial range
(Champagne. 1977; Hicks, 1972). We can also measure or calculate (hese two fluxes with the
aid of mean values for profile, radiation and roughness 1o solve the problem of turbulent
structure.

In the case of varying surface roughness the characteristics of velocity fluctuations have
already been investigated (Heijstrup. 1981: Beljaars, 1987). There have been many results for
the other 1opography such as mountain, forest. suburk {Neal, 1982; Steyn, 1982; Plate, 1982).
It is shown that the inertial range can rapidly reach a new equilibrium with the variation of
terrain. It is possible to obtain the results similar to homogeneous terrain under some circum-

stances. For example. the ¢, value measured on the tower in Beijing decreases with height

of =4 7 3 power (Zeng. 1983). It is the aim of this paper to describe the local effects of shelter
belt on the turbulent structure and put the behavior of this turbulent structure in a kind of
flow so that the conclusions can be extended.
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I OBSERVATIONS

The observations were made beside a tower at the experimental station of Institute of
Geography. Academia Sinica. Yucheng, Shandong Province a thick shelter belt to the north.
a line of poplar (o the eust and a meteorelogical station surrounded by shrubs to the west.
Some of flat houses and a two—storied building are located in the north belt. Any belt is about
100 m away from the tower. There are a beuan field southward and 4 thin shelter belt 200 m
away. The site for abservations is in the upwind of the north shelter belt when south wind
blows und in the downwind when north wind blows. The disiance of the site from the north
shelter belt is about six times the height of belt,

The temperature was measured with platinum wire thermometer at a height of 24,6 m
respectively. The diameter of platinum wire is | micrometer. Wind speed was measured with
DISA 35M0} hot wire anemometer with P&l probe and humidity with a fine wire
thermocouple psychrometer, witk a {Tequency response of 01 Hz. Only a lew data of humidi-
ty were obtained lor the thermocouple was contaminated. The analysis of spectra was made
according to Zeng (1983} The averaging time of spectrum is 5 limes the period of lowest fre-
guency component. The variances were culculated with 30 Hz sampling ratio and 300 s aver-
aging time. The error due to the short averaging time was larger than that estimated accord-
ing to Wyngaard {Haugen, 1973). Practically. in comparison with variance averaged over |
hour. il is expressed 1hat the error would be larger than 10% and the variance calculated was
often lower.

The observations lasted six days from 21 August 1o 2 September. Measurement was
made onee every two hours and contipued 40 minute. Quly one group of variance and spec-
trum were calculaled in a messurement usualty. 33 samples under the unstable condition in
daytime were used. It was warm and wet, blowing south wind below 3 m /s in the first 3 days.
The vold air passed through the area. The wind was north and increased to more than 4 m /s
in the other 3 duys. The temperature decreased continuously till 2 September. The states of
sauth and north wind will be discussed respectively becuuse the number ol sample was not
plentiful und there wus not synchronous registration of wind direction.

Il RESULTS

Fig. | and Fig. 2 represent specira of streamwise velocity and temperature, in which
dimensionless frequency f=nz/ U, p—frequency (Hz), z—height (m), I/—mean velocity
(m s} S(np=spectrum  of streamwise velocity, 5,(n)-spectrum of temperature, and
r: —the variance of streamwise velocity and (r; —the variance of temperature. It is shown
thut there are an inertial runge with —5 /3 power law in the spectra of streamwise velocity as
well us temperature. But the normalized spectra are separaled from each other and specially
41 the stale of porth wind. This is related 1o the behavior of fluctuations at low frequency. The
solid curves of velocity spectra are obtained from Hejstrup’s formula(Hejstrup. 1982) and
the lemperaiure spectra, from K aimal’s formula of neutral stratification (Kaimal, 1972). The
caleulated methods will be explained later. The low frequency of velocity spectra mncreases
ohviously as north wind blows and there is a maximum value at f=0.1. The enhancement is
more obvious in the emperature spectra. The range of —3 /3 power law extends to f=0.01.
There is nol such a phenomenon in the humidity spectra {Fig. 3).
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Fia. 1. The turbalenl specira in south wind. the solid curves are calendated according to Hgistrup and

Kaimal, respecuvely, -o# L=003

Fig. 2. The durhulent spectra in north wind, the salid curves are calculated according to Heistrup aad Kaimal.
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A lineur relationship of the energy ol high frequency component (h=4Hz) in the
streamwise velocity spectra of north wind with variance has been well revealed. It has been
shown that the spectra of streamwise velocily remains similar at the variant wind speed and
does not vary with stahbility (—2# L<0.1, L-Monin—Qbukhov length). The data in stable
state al night are also quoted in the Fig. 4.

According to Hegjstrup and  Z,= 1000m. #=4Hz
.‘J’[S“ ) {‘H”IJ =4 B 0‘30702

- p— — . {h
g, [BS(T“)' +4.8)4z)
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g, 3. The humidny specira in porth wind, —z ./ L~0.0.

Obvicusly, the ratio should be dependent on stability —z/ L. There is no longer linear

rehtionship hetween #8 {n) and o under the south wind condition.

BB - Ay

Fig 3 The intensily of high frequency component in streamwise velocity spectra vs. a4, . O —— in the north

wnd -1 the ~cuth wind, = —— in the north wind at night

In Fig. 5, it is shown thut the variance of streamwise velocity fluctuations is independent

2.5,
of wind speed. £/ @ is close 1o a constant under the north wind condition and tends to the
value ever the tlat homogenecus terrain with increasing wind speed under the south wind
condition (Wyngaard, 1977),

Therefore. under the north wind condition, we may find the similarity of streamwise ve-
locity fluctuitions with a speed scale and a length scale (such as the wind speed above shelter
helt and the heighi of belt) independcn’l of stability in the downwind area of shelter beli.

‘TL’
R / H). )

Where ()~ the speed undisturbed, A—the height of shelter belt.  Y—the distance from
shelter belt.
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Fig. 5. Rata of wean veloety und siandand deviations as a function of mean speed. C - - in the north

vl - i the seuth wind.

Bt i~ much different and complicate in the upwind. We do not discuss Lhis state, let us an-
tse the temperature flucluations,

The fine ~cale fluctuations are usually isotropic for the surface luyer in the unstable
canlicatton (Haugen, 1973) We may cxpect that the fine scale struclure measured s
~onropic. The Kalmoegorov constant = and Obukhoy constant # measured by dissipation
wethod (Withams, 1977) are 04 £ 033 and 0.80 £ 0.285. respectively. and close 1o the
el et the 1lat homogeneous, which s an evidence for the isotropic surfice turbulence.
Therelore, we cun obtain the churacteriste velocity £, . and temperature 7. . which is
determined by the rate of dissipation of turbulent Kinelic energy ind dissipation of tempera-
pe

According to the Dyer’s method (Dyer. 1952) we introduce a length scale £, analogous
12 Monin—Obkhov scile

“or ‘ b
{Lo=-. U R [.‘15 (Y ol - Zrzlx’:u)] .
Ruodo " )
i ) ) -
r t' 08 ey U nKoay ’ } {3)

Whete  A-Karman constanl, g—acceleration due to gravity, T—mean (emperature. In
tuking aecount of mfluence of shelter belt. the gradient of temperature and velocity in the
v direction. the equation for the conservatien of temperature variance can be writien as

Cfu A afet N afel
f(—)”f(ﬂ)“—(T‘“ N

Ay
P L

+w ((‘,r + Y i.,—z - N=40 4
The tirst term o the left hund side of (4} can be neglected at a steady process. The second
i i U Lection tern, the third and the fourth are divergenve terms. Assuming the horizontal
anweli as the »ertical divergence may be negligible, the sixth term is the production one due to

hortzgmial gradwent of emper.ture which is zero for the homogeneous terrain.
In order to estimate the importance of the second and sixth terms, we have measured the
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ralics of temperature vatiances at ditferent hesght o {(z =6p1) /6 (2 =2m) and a (z=

A} a,:,{: =2m). The figures are .37 and 0.76. respectively, slightly larger than 30

and 27 % over homogeneous terrain. 11 follows (hat the influence of nonhomogeneous is
not distinct. In uddition, horizental influence on the definition of stability may not be essen-
tial under unstable condition, because horizontal temperature gradient is always an unsiable
fucior and both horizontal and vertical gradient should be correlative due to the sun’s
heating. Summarizing, we may ussume

L={ . T =1, U, =U

+ o]

{3

Evidently, the relatonship of (: and =/ L is well known since the Hick’s method

was used (o decide £ But “; e l is ditferent due 1o the behavior of low frequency. In

Fig. 6 al T". is plotted ugainst -~ L. Although the dispersion is large the peneral

trend satishies 5
o ST x (—z/Ly 7. {6

! .
The covl ™ ient of proportion is considerably different in the north wind. We may postu-

late
1o2

a"/T*:((XEH )(f:/L) : (M

The vatue of ¢ depends on the feature of shelter belt and is a function of the distance
from shieller belt but s independent of stability. Far from shelter belt or considerably distant

away from the upwind (‘(%)= 0.95 sume as Wyngaard's figure (Haugen, 1973).In Fig. 6

there are three dots separated farther probably due to the disturbance of the tower.

—_—l

P e . [
L mn "
“2h
g, &, Dimenswiniess varwives of emperatare s o functan o -2 L
Stoce ,
2 -
ny A HS”(H) [ s (1) nS” my T,
e e S S et R (8)
a, L2 a, g, T, G,

The solid curves may be calculated from Hejstrup's  aS,(n)/ fﬂ multiplied by the
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£ e, memsured and Kaimais a8, 0077 by T Ja, . The mean val:.. of

a7~ 44, arelisted in Table L.

Table 1. The meanvabws ot @ G, and 7 @

wind direelion o U [
M REEETER 27033
5 18134 ' 35076

|

Measured a, 7 &, is close to the value for homogeneous lerrain in the north wind and
stightly smaller in south wind which & probably related to the short averaging time ol o,

IV DISCUSSIONS

The flow over shelter belt arca is complicated {(I1g. 7o A part of air pereioites thraush
shelter beli (Lin. 1987} others climb along the windward side and flow cver thw sieier beir
There is a wake stream behind the belt. Zhan Yi (1984) exploited the model of free jel bound
ary Liver o caleulate the distribution of vetoaity. Practically. both wake streans wnd pet are
some kinds of free turbulent shear fow (Hinse, 1%73) and are similar in the chaca, or dhere
fure we may ulilize some results and methods of free turbulent shear Hows Lo investigate this
kind of complicated now. The curve of decreasing windspeed behind a sheller beit obitaie.:
by Lin Ver (1987} demoenstrates the simiilarity of Tow. We huve oblained the similarity ol e
queney spectra and velocily Nuctuations. Although the vddy convection velocity may nui be
equal 1o the mean velocity we can obtain the similarity of wave number spectra il anly thew
relutionship does nol vary with speed. Theretore the ow may be self-prescrvation and the
formuk: (2) muy be obtained. In a word, due 1o the Jisturbance of shelier pelt, the velociy
fluctuations are more intensive than that ever homogeneous terrain and domimute the whole
streanwise velocity speetra. The thermal effect is obscured under ihe weuk unstable condition
(forexample -2 - L<.1).

/
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Fig. 7 Schemat of e low o shelter belt

For this reason we find out 4 simple similarity that would be extended to o kind of wake
~treant such as the leeward side ot building and hill

On the contrary lemperatuee fluciuations remain 1o show the relationship similar to thal
over humogeneous terrain, I s pointed out that horieontal gradient and vertesl stability aie
correlalive in unstible state and disturbances of shehier belt can comsiderably change the be
havior of temperature fluctuations. The runge of =5 73 power law has heen extended to very

low Trequency. Silversides{1974) correlated this behuvior with heat tlux but o) wus inde
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pendent of heat flux. Temperature fluctuations are always dependent on velocity fluctuations.
According to Fulachier (19%3) temperature spectra and total kinetic energy spectra are similar
in the low frequency. But the streamwise velocity spectra same as transverse velocity spectra
can not bring about the extension of —5/ 3 range of temperature spectra. The low frequency
of vertical velocity spectra would be weakened because of the restriction of ground (Evanov.
1973). Finally this extension is attributed to the eddy convection velocity of low frequency
which is likely much smaller than mean velocity. This inference is not so satisfactory because
there is not this extension in the humidity spectra.

These conciusions oblained from the data measured at one point for few days should be
demonstrated further and the indefinite facts should be investigated further, although this pa-
per is a pood beginning.
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