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ABSTRACT : In an analysis of continucus records of meteorclogical elements
(such as wind direction or wind velocity), it is necessary to consider the
mean values of thege elements for short intervals and later analyze Lhese
values for some gquite long period., In such a precerss, both the very small and
very large frequencies are cut off from the frequency spectrum., This

paper is an analysis of the dependence of the dispersion of meteorolosical
values on the internal and external averagings intervals on the basis of
theoretical considerations. The averaging method uced by F, B, Smith

(J. Roy. metl. soc.,, Vol. 88, 370, 1902, 177) is summarized and applied by

the authors: the work of J. Ogura (J. metecrol., 14, 195/, 9-1/) in this

fleld iz also taken intc account, The results cbtained are in ;reneral
agreement with an earlier paper by V. P, Gracheva and V. P. Lozhkina on tne
stability o wind directicn in the surface layer of the atmosphere (Tr.

CGGO, No. 153, 1964). For example, in Fig. 1 of the Enclosure, the value

ol the parameter AT/ui, characterizing atmospheric stability in the lower

layer of the atmosphere, has been plotted alon;m the x-axis ar” ihe mean
.value of o (dispersion) for the summer or winter seascn has been plotted
(Ln degrees) along the y-axis for a 20-minute averaring period, With an

increase of instability when AT/ug > 0 (temperature docrease with height)
the values of o increase ir summer from 2 to ',O, whereas in winter .hey
are almost constant and equal to 3-;0. When there is an inversion

(AT/uf < 0) in bot' winter and summer the averase values of o change

ingignificantly, approximately from €-7 to 2-30; the winter and summer values
of ¢ are almost equal, In contrast to unstable states when o in summer is
several limes greater than the winter values, The figures alongside the
vertical lines denote the number of 20-minute periods used in constructins the

Fom
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. 2 .
curve fcr each interval of values AT/ui; the length of the vertical

lines is a measure of the scatterineg of individual o values from their
mean value for the considered (winter or summer) seasons., With an
increase in wind velocity to approximately 9-. m/sec the g values fo=
all AT usually decrease, except in the rase of winter inversions. With
an increase of wind ..locily above U m/sec, o 'n both winter and

. C . . .
summer changes very little (about 27), except in unstable weather in

summer when mean ¢ = 3.50. Fig, 2 of the Encleosure shows the
dependenc~ of ¢ in summer, averased for 2-hour time intervals, on the
averaging period for different stability conditions. It is shown
that with a chanse in the external averagin,. period from 20 to 40
minutes the valucs of o increase by 20% on ihe average under unstable
conditions and by 35% under stable conditions; with a chanre in the
averaging period from 40 to 70 min, the values increase by 1% and
25%, respectively, Ori:, art, has: 11 formulas, 3 fisures and 1
table., FEnglish Translation: 3 paces,
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ABSTRACT: This paper reviews the method for determinines the horizoental
component of' tne exchansce coei'ticient ¢n the tas’'s of the apparent
contiurea..on of a smoke plume from a tactory chimney propesed oy

M. Ye. Therlyand (Meteorcle-‘ya i ~idrolecsiva, Ne, -, 19°1). The method

-5 applied to investi-aticns made n 19 0=19r % in the nei-hbtorhocd of the
Shehekine GRES,  These studies ot atmeepheric contaminat . on ror an
a.rcrai't were nade to determine the eometrical parameters o!f the smcke
plune at varicus distances from the source, The hor'zontal 18 -hts

were made tv a distance where tne plume apparently enacd. a point where
the concentration ror all practical purposes was cuens.dered egual to zero,
A total of 70 t'lichts were made. Tt was found that the key parameter

¢y (rean dispersion in the time T) varies from 0.1 te 0.0 (depend . n- cn
weattier conditions), btut its absclute value rerains constant to a distance

ol 20-40 km rrom the scurce, The detern ned characterist cg of @O are
compared with data obttained on the basis of suttonts thecry; ¢O 'S

recalculated to the parameters used in othter stud'es. Usin-. da‘s rom

these other studies (&. W, Bierly and i, W, Hewson, J. appl. met,, Nc., 7, 19 .%;
Nerman . Istitzer, J, met., Vel., 19, No, #, 19v41; I, tuqvar and

C. &impsen, J, appl. mer,, Vel, o, Ne, 1, 19'?) the value ot QG is 0.1 tco

4¢ kn from the source and ¢on the avera. e QO = 0,1 10 a distance ot % km

from the scurce, Oriy, art, has: 1 formulas, 1 fi-ure and 2 tables,
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FCLLOWING ARE THE CORRESPONDING RUSSIAN AND ENGLISH

JESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian

sin
cos
tg
ctg
sec
cosec

sh
ch
th
cth
sch
Ca\..‘

arc sin
arc cos
ars tg
arc ctg
arc sec
arc cosec

arc sh
arc ch
arc th
arc cth
arc sch
arc csch

rot
lg
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English

sin
cos
tan
eot
L]
csc

sinh
cosh
tanh
coth
sech
esch

ain’}
cos™+
tan'l
cc:‘t."l
sec‘1
o] Toi

sinb=t
cosh™1
tanh~1
coth~l
sech~1
cach~l

curl
log
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RESULTS OF ANALYSIS OF EXPERIMENTAL DATA CHARACTERIZING
THE DISTRIBUTION OF ATMOSPHERIC POLLUTIONS
NEAR TEE THERMAL ELECTRIC PCWER
STATICNS

R. I. Onikul, G. A. Panfilov, B. V. Rikhter,
and R. S. Gil'denskiol'd

The method of analysis of experimental data on surface
concentrations of sulfurous gas and ashes 1is expounded,
allcowing the determination of the guantity of dangerous

sveed Uy and maximum concentration qy- A comparison is

conducted of experimental results characterizing pollution
near a number of large thermal electric power stations,
with data of the calculaticn by theoretical formulas [1].
‘There 1s noted their satisfactory agreement. Data
characterizing the dependence of the rise of the torch of
chimneys on tnhe speed of wind are reduced, which also will
agree with theoretical results obtained in [1].

At present there 1s insufficient volume of experimental data on
characteristics of the propagation of harmful impurities ejected by
industrial scurces into the atmosphere in different seasons and in
different climatic and physicogeographic conditions. This is the
essential obstacle for use of avallable theoretical researches on
atmospheric diffusion, since it does not permit judging the
correctness of initilal positions of the theory and used parameters
and determiring the region of applicability of design equations. 1In
many cases the experimental study of air pcllution by industrial
enterprises was not accompanlied by a determination of all the
parameters necessary for a comparison of obtained data with
theoretical calculations, or 1t was conducted without the necessary
complex of meteorological observations.

The experimental data existing until recently in the USSR and
abroad pertained to sources of comparatively weak power located at

FTD—MT-RN-186-67 '




RN P

low height. Thus, for example, the formulas of Sutton obtaining
wide use, essentiaily, in Jdetail were checked only on the tasis of
data of experiments at Porton! during the carrying out of which
concentrations were determined at shert distances (of the order of
100 m) from the surface source.

Ti.ere subsequently appeared many modifications of Suttori's
formulas [2, 3, 4] etc., and th2y were widely applied In the
calculation of pollution of atmosphere from chimneys of industrial
enterprises. But the results obtained were unsatisfactory, and in
certain cases the divergence of theoretical and experimental data by
one crder and more was noted.

In recent years there has bteen conducted a number of great
researches in the examined question [5, 6, 7], but the methods of
the calculation given 1in them are not confirmed in sufflcient degree
by experimental data. Geometric heights of chimneys H at large
industrial enterprises reach 150-200 m. Streams, of flue gases
ejected from the stacks possess an Znitial speed and overheating with
respect to the surrounding air, and depending upon meteorological
conditions they rise to a certain helght above the opening cof the
stacks. The rise of the stream as frequently characterized by the
quantity H + AH, called the effective height of the stacks. Speeds
of ejectlon and overheating are such that aAH at slight and moderate
speeds of wind also attain hundreds of meters.

Dependence of AH on meteorclogical parameters and parameters
of ejection i1s studied experimentally also insufficlently.

Thus at present very great practical importance 1s obtained ULy
the investigation of atmospheric diffusicen from sources whose
effective height outside the dependence on meteorclogical conditions
is not less than 200-300 m. At such heights the regularities of the
stratification of wind and temperature with height, intensity of
turbulent exchange and other meteorolcgical characteristics
determining atmospheric diffusion are studied quite inadequately.

In connection with this in the period from 1961 to 1963 the
Mailn Geophysical Observatory im. A. I. Voyeykov (GGO)? jointly
with the Moscow Sclentific-Research Institute of Hyglene im.
F. F. Erisman, the Ali-Unlon Heat %ngineering Institute im.
F. E. Dzerzhinskiy (VTI)3 and the Southern Branch of ORGRESY

IThis name cannot be verified and 1s a transliteration from the
Russian. [Tr. Ed. note]

2[GG0] (I'T0)
3[VTI] (BTU)

“[ORGRES] (OPT'P3C) = State Trust for Organization and
Rationalization of Regional Electrical Stations and Networks.

Main Geophysical Observatory.

All-Union Heat Engineering Institute.

FTD-MT-24-186-67
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conducted investigatlons of scattering ol sulfurous gas and ashes
from stacks of thermal electrlc power stations. GGO conducted
theoretical researches, and a wide complex of meteorological and
aerological works. Meteorological observations Iincluded gradient
and balance measurements. Aerological observations, consisted of
aerostat, aircraft and hellcopter soundings and pilot balloon
observations. Moreover, there was conducted an anemometric
survey of the terraln and certain other observations.

Methods of observations and the first results of thelr analysils
are expocunded in a number of articles of this collection and in
(8, 9, 1017,

The F. F. Erisman Institute produced measurement of the
concentration of sulfurcus gas and ashes under the torch o: JRES!
and fractional composition of ashes. The method of these observations
is discussed in [11].

VTI and the Southern Branch of ORGRES measured parameters
of ejection, namely; the volume of gas-alr mixture ejected from
stacks, temperature of ejectlon, gquantity of ejected sulfurous gas
and ashes and the fractional composition of ejected ashes; these
parameters were determined by the conventional method.

In this article data of four expeditions are analyzed jointly
(September-October 1961, March 1962, July-September 1962, and
February-March 1963). The corducted complex of experimental works
is one of the most complete researches in the study of diffusion
of impurlty from industrial gources,

On the basis of the conducted thecoretical researches, ithere
were developed formulas of the calculaticn of pollution of the
atmosphere by ejecticns from chimneys of electric power stations [1].

Below are given certain results of analysis of data obtained
in expeditions by surface concentrations of sulfurous gas and
ashes, Essential difflicultles in the use of data avallable in
1iterature on experimental determination of surface concentrations
o1 harmful substances, about which it was already mentioned above,
are connected with the fact that different authors applied essentlally
differing methods of investigation: the duration of the sampling
of air variled, various methods of chemical analysls were used, the
quantity of points of sampling of air and distribution of them
with respect to the source of ejection were also unequal. It
is especially necessary to note that the data given in literature
on pollution of atmospheric air, as a rule, were not accompanied
by synchronous measurements of parameters of ejection (temperature,
volume, welgrt ejection).

During the study of pollution of the surface ailr from local
source, which !s the Shchekino, GRES, the method examined in detail

I1{GRES] (I'P() = State Regional Electric Power Statlon,

FTD-MT-24-186-67
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in [11] was used. It consists in the fact that under a visually
defined axls of the torch at different distances from the source
(from 1 to 10 km) it is disposed along several points. Usually at

a glven distance there was placed 3 point, and simultaneously
altogether 15-20 points, in which a 20-minute sampling of the air
with subsequent analysls on the content of sulfurous gas was
produced. The perlod of sampling 1s conditioned by the accepted
method, and to a certaln degree it is close to the optimum. The
more short-lived changes of concentration are connected with
fluctuations of the flow, and during a long pericd of intake of
samples the probability of departure of the torch is increased,
which leads to decreaslng of surface concentrations. During a
20-minute period of sampling in many cases the measured concentrations
are considerably lower than the axial concentrations, since in
certaln cases a departure of the torch from che point of measuremeit
was observed. Other causes of understating can be the 1lnaccurate
location of points of sampling on the basis of visual determination
of the axls of the torch, sharp distinctions in the direction of
wind on land and at heights, turbulent pulsations of airflow and

the change of thelr intensity, the irregularity of ejection from
stacks and parameters of the smoke stream, etc. In connection with
this analysis of the data occurrad by a new method proposed by

M. Ye. Berlyand. For an analysis of data there were selected
separately data on the concentration of sulfurous gas and ashes,
which pertain to equal values of ejections from stacks and to
conditions with approximately ldentical characteristics of turbulent
exchange. At every distance (for the individual expedition and for
all expeditions together) there were plotted on a graph quantities of
SO2 concentration depending upon the wind speed at the height c¢f

the wind vane.

Drawn on these graphs was an envelope above which remained only
single, sharply jumplng polnts. One can assume that the low values
of concentration on these graphs are explained by the departure of
the torch and other above mentioned causes, 1.e., they are not
of interest from the point of view of the contamination of surface
layers of alr. Sampling polnts cannct coinclde with the axls of
torch, and this 1s explained by the definite spread of points on the
graphs. Plotted on Fig. 1 are values of the surface concentration
of S0, (at a distance of 3 km from GRES stacks) depending upon

the wind speed according to the wind vane, and an envelope 1s drawn.

Analogous graphs for distances 4, o, 10, 15 km are glven
respectively on Figs. 2-5. From the graphs given it is clear that
envelopes clearly 1limit the basic mass of maximum single
concentrations measured for the whole period of investlgatlons at
different distances from GRES stacks.

It is necessary to note also that at all Jdistances the maximum
of concentrations 1s connected with the definite value cof wind speed
u, which 1s dependent on the 1initial speed of outflow of flue gases
from the stacks and the quantity of thelr overheating. At small




w'..1 speeds the height of the rise of flue gases 1s very great; with
8. g winds the effective height 1is small, but the flue gases pass

far from the source and greatly disperse in the atmosphere. The
greatest surface concentratlons are observed when u = u

Ve
M with an

increase in speed of the wind the surface concentrations rather

qulckly increase, and when u > Uy with a further 1increase in speed

of the wind (up to 1.5-2 m/s) the change In surface concentrations
1s very small.

Calculations and experimsntal data shcow that when u < u

2
ymg/m") 3 km
2,01 "
e . »
1.5 - ..
.t .
;.0—- L] .o [] .
LY [} . .
. . .
] ) L]
(XLN . ™ . . . . .
0'5- o c. 4 :.: .:..0 .‘l!' ..c : ‘o ) e :
. ... 1 :.. .,:- : N . . * :
. $ ‘. ‘o::. *
] * 1t ! i L
0 2 4 6 8 0 um/s
Fig. 1
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The examined method of analysls of dat. of observatlons possesses
a definite advantage over the usually utillzed methods of finding
the average concentrations. With calculatlon of average
concentrations there are considered zero and weak concentrations,
which are usually connected with the departure of torch from the
polint of intake of sample or with the low sensitivity of the method
of determination of the concentration. Thus mean values of
concentraticns with the indicated system of sampling are insuf-
ficiently defined and Zepend on random factors. Also depending on
random factors 1s the value of the absolute maximum, which is
observed very rarely and 1in certain cases can be connected with the
error of the measurements. The reduced data permit checking formulas
in [1] obtained on the basis of theoretical solution for the
concentration of impurity:

3 V‘A—T‘..'
4, =C65Y (1)
_ AQYFm 3N
I =4 VAT’ (2)
Xy =20H. (3)

Here A 1is the measured coefficient depending on the temperature
stratification of the atmesphere determining conditions of the
vertical and horizontal scattering of impurity in air; V — the
total volume of flue gases cojected from all stacks; N — number
of stacks; H — geometric helght of stacks; Q@ — quantity of Impurity

elected from all stacks; AT = TF - TB’ where Tp 1s the temperature

of escaplhng gases, TB — temperature of ambient alr; m and F —

dimensiconless correcticrn faciors considering the speed of ejiection
of flue gases and dispers! cness of aercsol particles,

Coefflcient A ls calculatedl for condlticons when In the surface
layer maxlmum concentrations of centaminatinn are created, i.e., for
convection conditions in the summertime. In these cases when the
speed of the wind attalns dangerous values Uy and the surface

concentration attains a maximum vilue, A taxkes the following values:
200 for Kacakhstan, Central Asta, central part of Siberia; 160 for
the northern and northwestern Furopean territory of the USSR, Urals
and Ukraine; 120 for the central part of the buropean territcry of
the UJISR In reglons with similar climatic condlitions.

At values of parameters characteristlce for the Shohekino GRES,
4y ccerding to calcusation data shouild be about & mfs. The

fact that the quantity of dangerous speed appears close to 5 m/s

{s very significant, since similar speeds are cbserved almost dally,
and therefore 1t i{s pessible by calculating for dangerous speeds not
to consider recurrence of the wind according to the speeds.
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A comparison of calculations by formulas (1), (2) and (3) with
given experimental data showed that calculated maximum concentrations
of sulfurous gas Ay and distances Xy corresponding to them will

agree with guantities obtalned as a result of the application of the
above described method of analysis of experimental data. The
distinction does not exceed 20-30%.

There is obtained a satisfactory coordination for maximum
values of the concentration of SO, qQ, calculated by formulas glver

in [1] at different wind speeds u at various distances from the
stacks.

Given below are ratlios of the largest concentration qQ, to dy

~

at speeds of wind from 3 to 10 m/s according to data of the calculation
and observations:

U m/seienns A | 4 S 8 10
gy calculated..... 0,5 0,8 1,0 0.9 0.8
9w cxperimertal.. 0,7--0,8 0,9 wl,0 1,0 0,7-0,9

Theoretlcal and experimental values of ratios of concentrations
of S0, at distances from 2 to 15 km (when u = uM) to q are the

2
following:
X KMeer o v v v e 2 3 4 6 10 10
gg ciloulatediinns .. 0,9 1,0 0,9 0.5 0.3 0.2
Quexperimentale.. ... . 0,8 0,9 0.8 0.6 G5 0.3

According to data of observations for each distance of the
measurement of concentratlion there was determined the wind speed u
at which q at this dista.ce attalned the greatest values. It turned
out chat for distances ¢” 2«6 km u = 5-0 m/s, and for 8-1% km
u = 6-7 m/s. According to calculatlon, these speeds consist of
5-6 m/s. Thus, it 1s obtalned that at all dlstances from the source
the maximum concentration are observed at speeds close to Uy,

By an analogous method a comparlson was made of data of
calculation and the experiment for surface concentrations of ashes,

Figures b and 7 glive graphs of the dependence of the concentration
of flying ash on the wind speed for a distance of 1 and 3 km and
analogous graphs of Fig. 1-© are for sulfurous gas.

Let us give the ratlo L1 foer acsnes at a distance from 1 to

u
6 km:
X MPeee L 1 2 4 6
Geeal-alateso oo 0.4 0.9 0.9 0.8
Quexrerimertai........ . 0.3 1.0 0.8 0.6
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Caleulations confirmed the satlsfactory agreement of theory anrd
experiment and cn concentratlions of flying ash.

For checking formulas (1l)-(3) there was undertaken also the
analysls of certalin other experimental data on surface concentrations
of sulfurous pas and ashes obtalned Jdurlnwe 1993-1958 by F. F. Erisman
Tnatlents In 1t cxpeditlciery researches In the study of air
polliution near a number of large electric power statlons,

lata were anaiyzed at seven thermal clectrle statlons cperating
on different carbes and peal with 4 range ﬁ? heirhts of the s3tIcKs
from 40 to 190 mo: . the number of plpes varled from 1 to G

v

In those cases when some of the parameters cf electlon were
absent, they were calculated accordlng o 'he p\wer f the station
and calortcity of fuel with the nelp o0 a l-incown in
technology. 1f it was not possitle to can 5 Lnalogous
to those shown in Flgs. l-%, then gquantlt lied as the

half-su: of the guantity of the atsolute maximu™ of concentration
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and the average quantity of all positive samples. Coordination was
very good both with respect to sulfurous gas and also ashes.

Table 1 gilves experimental and calculated values of maxlmum

concentrations of sulfurous gas and ashes referred to the cor-
responding consumption Q.

Table 1

u_ . 100

- Hel.tt
VRES ¢ -‘:' s..5.irc s 2as askes
“om
EXNCr. - 10 ie | exteri-| -a):.a
rereal .ated rertal lated
2]
Rasrira....... e 150 . . -
erepovets. ..., . . . .. 120 , .

S P L o {(2)2
Stk Ltass. .. . . )
hesvetay.ceoeeae. . . . L. 70
VALY deenecnnnas o 40--60
e . 40

IR X PO

—ReggRR

NIV ODOD
TIPS A
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Figures 8 and 9 shows in logarithmic scale the dependence of the

q
M )
ratic T on H according *o Tabie 1 for sulfurcus gas and ashes.

The obtalined results permit maikling

. a conclusion about the satlsfactory
cocrdination of data of the calculation (1) and experiments {2},

It is confirmed that the dependence of maximum concentration on

helght of the stack from da.a 2f coxperlmente s ciose to Ul
theoretically.

Suantity 3, Is the tasic pntity charastericing surfyoe
]
contaminations, since {t s consldered with the designlne o°
{industrial enterpricses, A was salid above, the gquantlity of the
susface concentratlon of impuritier depend on the efffective helght
of the source H ¢ 33, AU 1 PIxed temperature o elect o oguant lvy
AH depends on the speeod of the wind at the helpht of tre o ’fx.:':.‘-*,

N 3 as ar v Y o 1. e - ¢ N - ) . vy e .4
which on the average s closely onnested witn e speed 00 tThe wind

. b . Pess e b 3 PR
at the nelght of the wind vane.

Gaod courdinatlion JF tre thenry and eoxperliment Tor o surface
concentrations of sulfurcus pas and dust, regationahliys OF
concentrations at different dlstances {rom the sogrce, guaintitie:
of dangerhur speod, ete., lidicate tne ast thal the condacted
calcuiation of the rise in a smore torceh should bt oonfi-med syl

flctently weli ty experirental data.

For a 4di
of electlion arn
the threoretica. ‘o
photographing o1 ¢
were produced.
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Photographing was produced in daylight under different :
meteorological conditions from the side approximately at a distance
of 1 km along the perpendicular to the axls of the torch on-an
average of every 15 minutes and at moments when the form of the torch
was sharply changed. For an illustration Figs. 10 and 11 give
photographs of the torch at small and moderate speeds’ of the wind.

The clear photographs were subjected to treatment. The treatment
and analysis of the photographs was performed by G. A. Fedorov and
photographing of the smoke torch was conducted by A. M. Tsarev.
Quantity AH was determined by the height above the mouth of the stacks
on which the monotonous rise of the axis of the smoke torch was~
ceased. V@ A
The height of the stacks and distance between- h91conies available

on the stacks were used as a scale 1in the determination of the o
photographs of AH. :

Figure 12 gives the dependence of quantities AH, dete*mined by
photographs on the speed of wind u at the height of: the ‘wind vane
(under conditions with approximately an identical quantity of ‘air
ejJected from the stacks) according to data of three expeditions,wf.;
1962-1963. The smooth curve on this figure characterizes:the = /.
dependence of mean values of AH (in the interval of wrnd speeds -
0.5 m/s) on u at the height of the wind vane.

Upward and downward from every averaged point the standard
duratlion AH 1is plotted. :

11
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The spread of points can be explained by both coscillations of
parameters of ejection and a whole series of other factors
{(distinctions 1in stratification, ..-bulent pulsations of airfiow,
etc.).

Tor calculation of guantity AH there was recommended tue
following interpolation expression:

i 15waRy [o 33ZRAT
AH =250 (25 4 20T, (4)

where u — speed cof wind at the height of the wind vane, W, — average
speed of outflow of gases from the stacks, and RO — the rgdius of
the stack.

Formula (4) will satisfactorily agree with the experimental
data. A comparison of calculated and experimental values of AH on
the whole material of cbservations showed that the divergence on the
average 1s about 25-20 m. Somewhat larger distinctions are noted
at small wind speed, but the relative error was found to be small,
since quantities of AH are very great.

In conclusion let us note that the analysis conducted in this
article of experimental researches on propagation in the atmosphere
of impurities ejected from stacks of thermal electrlic power stations
showed that the application to calculations of atmospheric diffusion
of the theory expounded in [1, 12, 13] gives sufficiently gcod
results.
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ANALYSIS OF DISPERSION OF HORIZONTAL OSCILLATIONS
OF THE «IND DIRECTION

Ye. L. Genikhovich and V. P. Gracheva

There 1s examined the dependence of dispersion of
meteorclogical quantities on internal and external intervals
of averaging on the basis cf theoretical considerations.

As a result c¢f the analysis of experimental data
absclute quantities of dispersion of wind direction and
also thelr dependence con meteorological conditions and
on the period averaging are obtained,

With the analysis of continuous recordings oi meteorological
measurements (such quantities, for example, as direction or speed
of wind) it is necessary to examine the mean values of measured
quantities for small time intervals s (although in order to exclude
inertia of the instrument). The obtained values are analyzed for a
certain, 1in genecral, sufficiently great period of time T. With this,
obviously, from the spectrum of turbulence there will be elimlnated
the region of both very small and very great frequencies. The
influence of such a procedure of averaging was investigated in a
number of works (for example, [4-8]).

The most clear rcasoning on the dispersion of wind speed is
conducted by Smith [3], using the following scheme of averaging.
Let us assume that V(t) is the continuously recorded wind speed.
Let us calculate for 1t the mean value on the small interval
(t - s/2, t + 8/2) of length s. The obtained function of the
moment of time t 1s averaged with respect to the great interval of
time (1 - T/2, v + T/2) by duration T, and we calculate the dispersion
of the average on the interval by duration s (as a function of t)
relative toc the average on interval T. ™~ ' Ined disperslon is
found to be the function of the moment of . ., *.e., depends on
the position in time of our interval T.
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Averaging with respect to all t from the interval (-A, A)
when A » » (which 1s equlvalent in thils case to the statistical

averaging with respect to the ensemble), it 1s easy to obtain searched
dependence

@«

—_ s!nhmT] sin? ns
A= [P [1— sl | e gy (1)

where F(n) is the spectral function connected with the correlation
function r(t) by formula

"(f)=IF(n)cos nntdn. (2)
From (1) it is easy to obtain
o= o= o 3
where there 1s designated
4, =, njf‘(n)[l - i%]drz. (4)
In work Ogura [6] it is shown that
i

.
RO _;_ug (T = x)r (x)dx (5)

w0, 0

a

(this formula 1s equivalent to the equation of Taylor in the form of
Fourler). Thus it is easy to obtain the expression for the first

two components in (3). But the expresslon for the third component

in terms of the correlation function was not obtalned. When s << T
the smallness of thils component followed from physlecal considerations
and was confirmed by Smith for the particular case when the spectral
function was assigned by equation nF(n) = const.

A more thorough analysis shows that for the last component in
(3) the simple expression in terms of the correlation functlon can
be obtalned. For this (1) is divided into two componrents, and the
obtalned integrals are calculated by differentlation with respect
to parameter s (with the calculations it is necessary to remember
that s < T). The final result has the following form:

a? g ‘ r
-03’:_:0:-‘;27“, (S --X)r(a\')dx——;—;j(r..x)r(x)dx‘*_
> b
+ a7z [ (5= XU (0 — 1 (T 4 0) — (T — ) d (6)
16
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comparing (6) with [3) and (5), we obtain

a4

9. T 1

= G | 6 0N W)~ 1T~ (T~ 0] dx. (1)

o
shﬂ

, 0
If one considers that

0<ir () < r(0)=1, (8)

then 1t is easy to obtain the estimate

LS (9)

not dependent on the form of correlation of function r(t).

If one assigns the concrete form of correlation function, then
ol

formula (6) permits obtaining the exact expression for o; _, since

,\—
for the majority of approximaticns of the correlation functicn of
the guadrature in (6) lead to elementary functions or the simplest

special functions. Thus, for example, 1f one assumes that

r(t) = eoltl (10)
then it 1is easy to obtaln
., 2 s 2 —ar
o=l e ) gl - 14 e™) 4
o+ las— 14 e™) — gt —e™T) -
- 4:7‘1 sh? . (11)

0 B
The first two terms in thls foruula correspond to a% 0~ % o
5 ’ Yy
and all the remaining - mponents appear In o; T
3

With the help of formula (11) it is possible to calculate error
obtatned with rejecting In (3) of the last component. Resuits of

Qc
calculctions of the quantity & = ~§4$ are glven Iin the following table:
OT,S
al 120 12 ! |

a$ 18 1.8 0,1 0,01
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Flg. 1. Dependence of o on stabllity. 1 — 20-minute
period of averagling, summer data; 2 — the zame, winter
data; 3 - 40-minute period averaging, summer data.

As was shown in [4], formula (1}, and this means and formula (6),

ﬂ
takes place also when by o° we understand disporsion not of the
gquantity but of wind dirs:ticon.

Analysis of experimental data [] shows, for example, for the
case of great instabllity quantity a Is approximately

0.5-10'3 s'l, which agrees well with results of [1). From formula
{11) 1t 1s easy to obtaln that with such a and the selectlon of

the internal and external intervals of averaging equai respectively
to 150 and 1200 s, quantity & does not exceed 8%. Then in (3) the
last compenent can be di-reparded  where the dependence of dispersion
of the direction of wind on intervals of averaging 1s determined by
the first two terms of (11).

Absolute gquantities of dispersions of the wind direction and
tlso thelr dependence on meteorclogical conditions can be ottained as
(. result of unalysis of experimental data. The metl.od of corresponding
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observations and analysls 1s discussed in [2]. 1In this article in
the supplement to the earlier published work [2] there 1s examilned
data of observations at the Shchekino GRES! for March and July-August
of 1963, during which there were obtalned and analyzed recordings

cf the M-45 recorder approximately for 700 h. As before, there was
determined the average direction of wind and standard deviation o.
The quantity of the internal period of averaging was 2.5 m and of
external period of averaging, 20 m {200 h were analyzed also on
40-minute and hour external periods of averaging).

Dependences o on the stablility and wind speed were sought
separately during the summer (July-August 1963, and winter (March
19€3) periods, where in the summer data there are included also
observations of August, 1962.

The obtained results confirm those earlier published in [2],
somewhat definitlzing them. From graph given 1in Fig. 1, where
plotted along the axls of the abscissas 1In logarithmlic scale 1s the

value of parameter é@, which characterizes the stability of the
u\
atmosphere in the lower layer and aiong the axis of the ordinates
there 1s plotted the average (for the examined summer or winter
period) value of o In degrees during a 20-mlnute period of averaging,

it is clear that with an increase In instability when

é% > 0 (decrease ! temperature with helght) values of ¢ in the

u
1
summer increase from 2° to 25° and in winter almost do not change
L. AT
and are equal to 3-95°. During an Iinverslon state (= < 0) both
[
u-
1
in winter and summer values 08 » on the averaye change lnsignificantly,
approximately from ©-7% to 2-3°, the summer and winter values of o
almest belng equal in value, In oo ntrast to unstable states when
values of o In summer exceed Wwinter valucs several times. Filgures
ilnes Indlcate the number

at the vertloa! segment. of the stralyg!
~f VY e Ve . O i Y 3 - } . 4
of 20-minute periods used o the paotting of the graph In every
. . AT , :
defined {ntepval of values of ==, the gquantity of the vertival

uy

A
segments of tie stralgnt llnes characterises e measure of scate-
) "

4 v - - " - . . 1. " ;
toriny of separate values 20 o from thelr mean vaiude for the examined
period {summer opr winter), The scale for the measure of scattering

Fal
ks

1o vt came ay

A« i, where AT is
between levels O.% and 2.0 om.

k N i - DT B ey - -4 LR 1 -

The dependence of valuvs of the standard deviatlion orn speed of
. - P, Aoy . P, 'y s g e ~ % PR o 1 ore e
the wind was examined, fust az in work [2], separately for 27 > Q,
LT = 0 oand q the dirference n temperatures

YIGRES] (IrP3C) = State Heglcnal Flectirlc Power Stat!.n.
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With an incresse in the wind speed approximately up to 5-6 m/s
the o values with all AT, take rule, decrease, except for
inversion states in the winter. This
can be seen from Fig. 2, where plotted
along the axls of the ordinates are
mean values of o for the examined
periods during a 20-minute period of
averaging and along the axis of the
absclssas, the wind speed at a height

P ' of 1 m.
INIS

v
IS(

P With an increase in the wind
- speed above 6 m/s the values of ¢ beth
- in the summer and winter periods are
Prd changed very little and equal to
- approximately 2°, except for unstable
2 states in the summer when the mean values
T of ¢ reach 3.5°,
Flgure 3 gives the dependence of
o values averaged for two-hour time
intervals a?cording to data of §ummer
0 v ] recordings (approximately 300 h
20 w sotmin on the period of averaging for
different conditions of stabillity.

Fig. 3. Dependence of ¢

on the period of averaglng. From the represented data 1t
1 — unstable conditions; follaws that with a change in the
2 — stable. external period of averaging from

20 to 40 min the values of ¢ increases
on an average of 20% during unstable
and 35% during stable states, and with a change in the period of
averaging from 40to 60 minl5 and 25% respectively, which will
agree with results of the calculation by the formula (11).
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THE QUESTION OF HORIZONTAL SCATTERING
OF IMPURITY IN THE ATMOSPHERE

V. S. Yeliseyev

Discussed here 1s the method of the determination of
the coefficlent of horizontal diffusion according to a -
vislble outline of smoke from industrial smoke stacks,
and results are given of the calculation and analysis of
parameters characterizing horizontal diffusion according
to data of aircraft observations of the smoke torch of the
Shchekino GRES.! A comparison is made of ob%a'ned data
with characteristics of horizontal diffusion by Sutton.

The question of horizontal scatfering of particles in the
atmosphere plays a very large role in the number of applied and
theoretical problems of meteorology. It is necessary to note that
the question of the vertical component of the coefficient of turbulent
exchange was the subject of numerous investigations both in the
Soviet Union and abroad, and the magnitude of it dependerit on the
wind speed, stratification of air and roughness of the underlying
surface in the first approximation is well-known. It is a more
complicated matter with the horizontal component of the exchange
coefficient. A number of works on the horizontal diffusion of
particles [6-9 and others] is well-known, in which the coefficient
of horizontal diffusion 1s determined on the basis of meteorological
parameters cr data on diffusion of particles in the atmosphere.

One of the natural methods of determining the horizontal exchange
coefficient is the study o1 the behavior of smoke torches from
industrial stacks, which are sensitive indicators of atmospheric
turbulence. K

Upon gettling out of the source the smcke gets into the
environment and is transferred by airstreams, coloring them,

1[GRES] (rpac) = State Reglonal Electric Power Station.
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moreover, in colors visible to the human eye. The method cf
determinaticon of ths horizental ccmponent of the exchange coefficlent
by a visible outline of smoke torch is propeosed by M. Ye. Berlyand
£1]. The essence cf this method consists in the following. We
consiaer the equa lon ol turhulent diffusion characterizing the
propagaticn of smcoke torcnes in the atmosphere,

2}0 . d /l
"‘o?""&'"'rdz +k,d,. (1)

Here g is tha ¢ enuxation ﬂf Impurity, and k and ky are

on 23
ertical and horizonta bompunen?: of the exchange coefficient.

The initial condition with this formulaticon depends on the type
of tre examined source. Taken as btcundary conditions is the absence
of the flow of smeoxe on the surface of land and the limitedness of
solution on infinity. It 1s assumed that changes of coefficient of
horizontal diffusion with heieht are approximately proporticnal to
a change with height of the wing speed, i.e., k_ = k.u.

0
The solution for g is then in the form
=g (x, yIM(x, y). (27
where [
v? - (3)
cmgrqray )
z ngox p( 4501 )
Quantity =h 15 the solutlion of tne differential ejnat? 5 -
3, 0 54 TN
e TGE R =)

pect to the vért;\al
racreri?nlb the condition

After Integrating egquation (4) wi
from 0 teo », we wiil obtain the relaticen ¢h
of preservation of the impuri*y‘in”the atm

jﬁdﬁk?~QJ : - (5)
§ ;

From (2}, (3), (%) with vhe vaking out of the mean value of wind
speed u teyond the integral sign it follows

[gdz=St =v,, (6)
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In this case
from the solution
we replace paramet
At great distances

Quantity ¢O 2
pulsaticns of the

At the same
metnod cf det
in {3) kO by kO’
Ve N determines

pussitvle to write

according to (8),

he ceolumn of unit section.
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wi2re N is the defined number, the cloud Is not
< N the ¢lcoua 15 transparent. Eguality Vg = N
itle contour of the smoke stream.
smoke torch from sbeve or from below, considering
(6), one can determine parameter ko characterizing
ttering of the rarticles. The obtalned results
tively short distances from the source. As was
43, ac a result of the inztapility of the average
ind, distrituticn of concentration depends on the
the intawxe ¢©f samples,
of ouservation T > + the rrobablility of recurrence
ion, averaged on pericd 1, i1s described by the
2
1 o {7
w(3) = ——=- oxp| -5 |, (7
so ¥ 2r V295

erace JISPUIrSa0n JdUlang oidd Time 1.

tne mean value of concentration can be obtailned
of the eguation c¢f turtulent diffusion, if in 1t2
xao

er K. by some effective coefficlient kK. = k, + —
U 9] 0 2
from the scurce
2
Xd

‘;‘f) s o (8)

an be determined on the basis of analysis of
wind vector, as was done in work [5].

time it Is possible tec offer ancther independent
natlion of parameter vy In particular, by replacing
and by knowing that equality

the visible contour of the smoke cloud, it is

appruximately

—9 2\ N
= o (~ 2m) (9)
2u

2




When y = 0, x = L, satisfying equation (9), this presents
the tctal vislble length of the torch.

Then

___.o____z =N, (10)
22 1/ Tt

Equating (9) to (10) and replacing 2y = ¢ (where d is the width
of the smoke stream at a fixed distance from the scurce), we obtain

d (11)

Po = 9 V]n_é_. ’

where d - the width of the torch at the fixed distance, x -- distance
from the scurce, L — length of visible contour of the cloud.

Since the parameter ¢0 practically depends little on distance,
then for the calculation orf it it is possible to propose another
formula excluding the visible end of the torch.

Determining the width of the torch at two different distances
from the source, we will obtain the appropriate formulas:

2
2 _ 4
?o_ ‘xz L '
1 ln,x_l
2
2 4
Po=— " T
4x2 In —
2 X9

(12)

Thus we can determine ¢O by the width of the torcl at two

distances from the source. During 1962-1963 in the region of the
Shchekino GRES there were conducted combined researches 1in the
pollution of atmospheric air. 1In these investigations, with the
help of aircraft there were determined geometric parameters of the
smoke stream at fixed distances from the source. Flights along the
horizontal were conducted up to a distance where the visible end

of the torch was finished, and 1t was considered that beyond the
visible border of the smoke stream the concentration of impurity

is practically absent. A diagram of the flight in the horilzontal
plane is shown on Fig. 1. There were conducted a total of
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Fig. 1. Diagram of the flight of an
aircraft through a smoke torch in a
horizontal plane.

20 flights. From an analysls of data we obtained that the parameter

¢O on an averace vavrie~ fror 0.1 te 0.2 (depending upon annual
cenditions), but the absolute magnitude of it doces not change with
distance up to 30-40 km from the source,

In Tables 1 and 2 data on geometric parameters of a smcke
torch on separate days are reduced.

Table 1. 31 August 1962, L = 17.5 knm

AN dw 2y [ Xl d
: ‘ { :
! i 1 .
1 l o oo |1 | a0
2 vl \ il { b | ot 0 0]
RS B 171 S SV S PR NN WA B (41
4 i 1120 010 , i | 1610 l 0,11
5 ‘ 1,30 0dr b e 0,17
6 o |0 I l !
) | I
Table 2., © September 10: .2,
L = 42.5 km
X KM ' d W i l FURRYI dw e,
o e | ' Lo
n 16460 ) 25 ’ 49490 0,11
10 31330 O, 1 S0 P 220 0,11
15 20660 0,09 35 3000 0,13
20 i
1 !

3480 ‘ w1l i

The approximately obtained characteristics of ¢O can be
compared with data obtalned on the basis of the thecry of Sutton [7].
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According to this theory, ratic I of ground concentration at
point (x, y) to the value concentration of impurity at point (x, 0)
1s determinecd by the formula

— 2\
q“(__—_"v ‘\) = exp('—' - ‘,\'.."‘H ), (13)

7] (x, U} \ X

where n — parameter of stability of the atmosphere, and ¢ — virtual
coefficient of horizontal diffusion. Value cy is connected with
oy — variance of distribution of ccnacentration across the wind

directicn in a horizontal directlon y — in the followlng way:

e, =VT L. (14)

‘-

a

2]
M

X

From the theoretical scheme (3), examined in accordance with the
replacement of ko by RO with calculation of the instability cf the
wind direction it is possible to write approximately

5XX'XL==ex (———JE—\. 1
g (x,0) P 2?%-}‘2) (15)

Then by comparing formulas (13) and (15), we will cobtain the
approximate relation

~ Lo (16)
Po = Ve
The given transition from cy to ¢O has meaning to use in
connection with the fact that in literature there 1s comparatively
much data cn quantity Ca “nd its connection with weather conditions.
Recalculation of %0 according to work [10] showed that ¢O
does not change with distance from the source up to 16 km, and equals
approximately 0.1 (when n = 0.23).

Using values of oy given in works [11, 12], it is possible to
show that in the medlum ¢O = 0.1, up to 25 km from the source,
Further investigations should be connected with taking Into

account the nature of the horizontal diffusion of particles depending
upon meteorological conditions.
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