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On the Structure of the Atmospheric Turbulence
-Near the Ground V¥
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Introduction

The author has found out eddies as elements of the atmospheric
turbulence, and investigated their structures, dynamical quantities and
time variations, by a method of analysis® which is based upon examina-
tion into characteristic features of records obtained by simultaneous
observations of several hot-wire anemometers, or examination into con-
tours of equi-deflecting angles observed by a number of special small
wind-vanes distributed over a certain area®. In 1950, using the author’s
observational data, Ogawara analysed the eddies statistically®- At that
time he used two kinds of models: A) one of which was that the eddy
is circular and isolated and its veloeity distribution is sinusoidal within
the cirele and is equal to zero outside of it, and B) the other one was
that positive and negative eddies are arranged alternatively and are
in contact with each other. Then he calculated cross-wind (y-ward)
correlation and comparing with the observational results, he econcluded
that the model A was not adoptable, because the lowest minimum of
the correlation curve was still higher than the minimum obtained by
the observations.

In oscillograms of simultaneous observations of several hot-wire
anemometers, we have noticed that there are special patterns which
show the existence of the eddies appear at intervals and in somewhat
lumpy forms. So it seems to . us that the model A is more natural
than the model B; furthermore Ogawara’s calculation needs some cor-
rections and the corrected results lead the conclusion that the model A
is not always to be abandoned®,

Therefore, we intended to calculate the correlation by using the
model which was adopted in the morphological analysis and to examine
the justification of the model and the method of the analysis itself.

Turbulent velocity components

We choose x-axis along the mean wind direction, z-axis vertically

1) This work was carried under a Grant in Aid for Fundamental Scientific Research
from the Ministry of Education.
2) We may call this analysis the ‘¢ morphological ’ analysis.
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and y-axis perpendicularly to them. The turbulent velocity components
are given by*%
'=—VR, v=V R, VEetrg <R (1.1)
w=—-V,Ry/@+y’), v=V,Rz/@’+y"), Vo+y =R (1.2)

where B is the radius of the circular area in which the vorticity is
constant, and V, is the periphery velocity on the circle®.
The oscillogram records the total velocity V,

V=2v(U+uy+v*+w"™,

where U is the mean wind velocity, but, as #/, v and «w’ are small
compared with U, we get

V~U+u',

so the deviations from the mean can be considered as #/'.

Correlation function

Now we calculate the occurrence probability of the correlation at
two points separated at a distance r along y-axis. '

Introducing new variables z/R=¢, y/[R=y and r/R=p, we define
next functions:

u=—V,7 (1/52+772S1)’ 1=~V (9+p) (1/52+(77+P)2—<—1) (2.1)

e=—V, "1 grpE>1), ey=—V,2T° ol >1).
Vigls WERTF2Y, em—V, T (VER G =D

(2.2)

A) When ¢ lies between & and £+dg, the occurrence probability P(¢,
p)dé of the correlation between two points separated at a distance p
along y-axis is given as follows:—

We must remark here that the integrals which appear in this
calculation become infinite if they are extended over the whole domain.
So we integrate them within the domain —L <(x, y) < L.

1) p=0

0<e<1, Q& 0)—= Vle“{dvy%— S”*q;fdp + S“ didy 3.1)
L 1

- 7 N

1<¢, Q0= aay (3.2)

3) The vertical component becomes negligible when the observation is made at a
height more than 60 cm. from the ground(®),
4) This distribution is that of well-known ‘c¢ircular vortex .

L
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i) p<2
[
ogsgel—-—-,/l—z

9. 3. . 4. A=
P&, p)= {S " eeudy+ S”‘ extydn + Sn Ty dy + Sﬂ he,d7 + S pelezdv}
-A L My : n3 n
[Qu(&, 0) C(4.1).
5 <EL1
nq ny . 7, L A-p
Py, p)= {S eexdy + S ety dy + S ee,d7) + S eyl + S elezd?}
-A 0" ’72' 19 My
[Qu(&, 0) (4.2).
1<L¢
e .
Pie )= eedr/Que, 0 (4.3).
iiiy p>2
0<e<1
P&, p)= {S’l}\ eedy + Snzlelfizd?; + Sﬂz e.edy + Su hedy + gh_p elezdv}
= 1 ny Mg 4
/Q1(59 0) (5‘1)‘
1<¢
. v
P, o=\ eedriae 0) 62),

7:=V1-8=p (=7s) (6)
(cf. Fig. 1%).

B) We calculate the mean
values, referring to &, of these
quantities. As P,(¢, p)d¢ is even
function of & we obtain

where »
n=—1V1-—p, ,=—1V1-¢, /
773=1/1~f§2_‘0y 774__-1/1'—52: \

p<2 -
Po)—={|" Pe, prae - Fel
+| P oae+ [P, pac} /o 7.1)
p=2 1 .
Po)={| Pae o)ie+ [ e, ore] /2, (7.2)

5) The length of thick line is p.
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where A=L/R.

Considering the accuracy of record of hot-wire anemometer, it is
diffiucult to discriminate the velocity smaller than 10 cm./sec. when the
mean velocity is about 2~3m/sec. If we denote the distance where u’
becomes this critical value by y,, and if we assume that V,/U is 0.1
and U is 2m/sec,

10 2 IZL’I== VpR/y():O.].UR/yO:zoR/yg )

so we get y,=2R. Therefore we assume that L=2R, accordingly 1=2.
C) The terms in the functions P,(&, p)dé’s are given explicitly in the
next forms:—

1) (S —’1>\ * S :;p)(eleZ)dnz V;(S i * S A—") < (&+ 027;({2;:0()?} +p)’} )dv

=V§——l——~l:(25 + ) log {(1+p +201/T—g) s 1! E+(A—p) }

P(48+ p*) JZRIpD
+2PE( tan-12 7P ftan A _tap V1€ —ta,n-ll/L?iﬁ)]
§ 3 £ £
(8.1)
2) S emdv—VZS 277;;7”) 7=V [p L log (1+p*+201/1—7)
71
+ S(tan—l 1/1—52 ___tan~l 1/1—52 +P>:‘ (8.2)
§ ¢

T % 79(9+0) gyl o P 2 ]
3 S e VS _17+P) g _Vp[ — P log (1+ 0+ 20,/ T8
) ,, edn= W Bt (L 0] 7 =y g (1+0"+201/1—-¢)

—S(tan‘lz____l —EEZ TP _tan- 1/15 & ﬂ (8.3)

4) Sna Gty = Vﬁszsv(v +p)dy=V;2V'1-8 —p)
LN .

[ La-e-pvi=p-¢] (8.4)

5) S ﬂdrVZSwg(T mdv—""‘[% g+ Llogt HO/I=E —p)
" 7 77

. 2 g+r(i-g+py

-—s(tan"lv___—r_é?_p +tan“1ﬁ'?__ﬁﬁ>] (8.5)

6 Suilezd =V2S"4 7(7+p) TP 4 V2[2\/1 7 _ lgs +(V1I=e+p)
). ! n e+t | "2 e+ 1-g—p)

—E(tan—lw +tan‘1@ ] ' (8.6)
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n (L] )em=v(]l= X

=V};[— : (ta,n"1 vi-¢g

772

E+7y

i

n"1«§—>+1/1—_§—2— len

E EZ+A2
8) Sn V2S = V;%(V—‘l_gz)s (8.8)
A A 2 1 2
9 S 2 =V§,S 7 g —V“’[-t ad ] (8.9
) )49 (@Y w0 M T e (8.9)

D) We integrate the equations e

(7.1) and (7.2) numerically by the
Gauss-Lobatto’s method for n=5
and obtaine the curve given in
Fig. 2.

The resulted curve decreases
rapidly from its initial wvalue 1
and, showing distinctly negative
correlation, becomes minimum at
p=2, i.e. at the distance corres-
ponding the diameter of the eddy,
then increases gradually and be-
comes zero at p >4%.

14

Fig. 2.

The effect of the size distribution

The eddies in the atmosphere are not uniform size and, even in
crude approximation, we cannot neglect the size distribution. So we

must consider its effect on the correlation.
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Fig. 3. ~
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As a special case, we adopt

6) The is the result of that we assumed 4=2.

Fig. 4.
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the size distribution given in Fig. 8, and we get the result shown in
Fig. 47”; namely the distance at which the correlation attains minimum
becomes larger than that corresponds to the mode of the size distribu-
tion and the depth of the minimum becomes shallower.

The effect of the passage of the eddy

The larger eddy spends more time than the smaller eddy when it
passed the line on which the hot-wire anemometers are arranged, so
when we calculate the correlation by measuring the records of oscillograms
at a definite time interval, the probability to be measured becomes larger
as the size of the eddy increases. v

The time of passage ¢ is proportional to R/U4t, where 4t is the
time interval of measuring. The probability to be counted is proportional
to =, so we use z as the ‘duration factor’ and mutiply this to the size
distribution and then using this corrected distribution, we calculate the
correlation.

Comparison with the observational data

The data of the observation are given in Table 1 and Figs. 5, 6, 7
and 8. 4t was 0.1 sec. and the number of measuring was 100, so the
total observing time was 10 sec. The deviations of velocity at each
position of hot wire anemometer from the mean taken by the data were
used as u#’. As we needed the size distribution, we used the results ob-

29th1243
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| Fig. 5.

7) In this figure broken line shows the curve for uniform size and full lin€ shows the
result considered the size distribution.
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30th 1339

Fig. 6.

30th 1210

Fig. 7.
Table 1.
‘ Interval Of  Height ~ Mean Wind
Location Date anemomet H Velocity
. ers U
pnomet () (mjsec)
Chiba : 29 1243 1.5 1 2:85 .
Chiba 30 1939 1.5 1 1.81
Chiba 30 1210 10 1 1.96
Nakano 31 0930 5 6 2.30
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3lth 0930

Fig. 8.
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U=2.85m/se¢

10+

200

r 300

NSR. O.U, vol. 6
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H=1m

U=1.81m/sec

Fig. 9.

Fig. 10.
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Fig. 11. Fig. 12.

tained by the morphological analysis. The results are shown in Figs. 9,
10, 11 and 12®. The curves varies considerably even when the order of
the positions of the hot-wires is reversed, so the agreement may be
deemed passably good.

Consideration about the shape of the correlation curve

As we remarked already, the correlation curve decreases repidly
‘from its initial value 1 and clearly show the negative correlation and
then gradually tends to zero. The curve considered at present corres-
ponds to the curve of the Eulerian g-function, but the negative portion
of the latter is not so remarkable, because it must satisfy the equation

S:Tg(r)dr= 0.

Some typical examples in which the velocity variations are only
positive or negative (A) are shown in Fig. 13 and those in which the
positive and the negative variations are always combined together (B)
are shown in Fig. 14.

8) In these figures full lines indicate the calculated curves, chain lines the observed
curves and dotted lines the 98% confidence limits. '
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We can see that the cases A do not show any part of negative
correlation but the cases B clearly show the negative parts. Though
the shapes of g-function obtained by wind-tunnel experiments may belong
to the cases A, those obtained by the observations in the atmosphere
belong to the cases B, even the interval of hot-wire anemometers and
the wind velocity are of the same order in both observations. So we
can conclude that the elements of turbulence in the atmosphere have
the structures in which the positive and the negative variations of wind
velocity connected each other, but in the wind-tunnel, though the positive
or negative variations occur at random, each of them has little con-
nections and behaves like a pulse.

In the wind-tunnel vortices are generated by grids or honeycombs
and then deform into turbulence. They are generated much more densely
- than in the atmosphere, so the destructive effect of each vortex owing
to the mutual interferences is much more intense than in the another.
This may be the reason that there is a distinct difference between both
cases.

Conclusion

1) The assumption of ‘circular vortex’ which has been adopted in
the morphological analysis is also appropriate when it is used in the
statistical analysis®”, and as the results considering the size distributions
obtained by the former analysis agree fairly good with the observations,
the analysis itself can be judged as is appropriate.

2) Though the morphological method is very laborious, it can find

9) The assumption has been verified by the morphological -analysis(®.
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out each element of the turbulence and measure its size, vorticity and
life time, and can examine it intrinsic structure and three dimensional
one. This is a characteristic compared with the statistical method.

3) The turbulence in the atmosphere differs essentially from that
in the wind-tunnel and the structure, in which the positive and the
negative velocity variations are combined each other, cannot be neglected
in the former.

4) The cause of this difference may be the difference of destructive
effects owing to the space density of vortices between both cases.

To carry out this research many assistances were offered by Misses
M. Matsuda, K. Araki and M. Iwasaki. The author wants to express
his deepest thanks to these persons.
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