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ABSTRACT: An attempt was made to determine the vertical momentum and heat
exchange in the near-ground atmosphere layer in the specific conditions of a sub-Antarctic

island. For -this purpose, some of the results of the measurements of temperature and

wind speed carried out at the levels 10, 2, 0.5 and 0.05m, during the IVth Antarctic
Expedition of the Polish Academy of Sciences in March 1980, were used. The vertical
gradients of the two elements and the wind stress and the heat flux in the layers under
study, were calculated.
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1. Introduction

The heat contained in the air passing over a sub-Antarctic island is
to greatest extent due to advection only. The portion of heat contributed
to the air by heating from the warmer surface of the island is negligible
small, the reason for this being the comparatively small temperature
contrast between the air and the island and the usually great speed of
the flowing air. Nevertheless, some patches of the island being free of
snow-cover undergo considerable warming under the incoming radiation
during day. A consequence of this is the warming though poor from
beneath of the overflowing air.

The aim of this experiment was to contribute to the knowledge on the
local air-surface interaction in heat exchange in the air layers closest to
the surface, on an island, rocky and ice-covered, as it is the case in
the vicinity of the station Arctowski. This was achieved by means of
gradient measurements of wind speed and air temperature.

2. Methods of data acquisition and calculation

“In order to carry out the gradient measurements, a tubular mast,
10 m_ high, was set on a hill, 50 m high, about 500 m south of the



438 Barbara Cygan and Danuta Wielbiriska

Station. On it, on the levels 10, 2 and 0.5 m, sensors of the air temperature
and wind speed, were installed. Cable-transmitted signals were recorded by
'NSK-type recorders. The instantaneous values recorded were subsequently
read out by an analog tape reader. The data readout frequency, the same
for the two parameters and all the levels, was 3 min. Only a short, ie.
8.5-hour, period of the measurer-:*s carried out on 16 March, 1980,
between 123° and 21°° local time (LMT), was chosen for the elaboration.
Each of the levels and parameters was defined by 170 measurement
quantities.

In order to calculate the wind stress and the heat flux in the atmospheric
eyer studied, the following formulae, commonly applied in the literature
[3, 7, 9], were used:

1= Co(uy—u1)?; —H = Cyco(uz—u)(To—Ty),

where u; and T, are the wind speed and the air temperature on the
level z,,u, and T, are the wind speed and the air temperature on the
level z,,0 is the air density, ¢, is the specific heat of air at constant
pressure, Cy and C, are the transport coefficients of heat and momentum,
respectively.

According to Momn and Obukhov’s theory [10], the transport coefficients
of momentum, C,, and heat, Cy, exchange can . be defined by means
of the nondimensional universal function ¢, from the dependence

Ct = CH = (pz (Ri, 6)9

whereas the dynamic parameter &, necessary for the determination of the
function ¢, can be calculated from the formula

£ = (uy—uy)’
T g(z—zy)°

where z, and z, are the heights of the measurements levels and g
is the acceleration of gravity. The Richardson number, Ri, used in the
calculations, characterizing the stability of the atmospheric layer, was
assumed as

9(T,—T)) (z,—z,)
T (“2‘“1)2 ’

Ri=

where T is the mean temperature of the layer. Knowledge of ¢ and Ri
permits the coefficients C, and Cp to be determined from the tables
of the universal function ¢.

By using the values of the air temperature and wmd speed measured
on the levels z=10 m, 2 m, and 0.5 m, calculations were carried
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out for two adjacent air layers: the first, 1.5 m thick, between the levels
0.5 and 2 m, and the other, 8 m thick, between the levels 10 and 2 m.
For these layers, the instantaneous values of the heat flux H and the
wind stress t were calculated and, subsequently, averaged over half-hour
intervals.

3. Meteorological conditions accompanying
the measurements

The period during which the chosen gradient measurements were
carried out, was characterized by low — except for wind speed — variability -
of all the most important meteorological elements.

Clouds, stratiform in the night and in the early morning, with a low
ceiling and 7/8 of the sky covered by Stratus, changed in the early
afternoon into varying ones. Cumuliform clouds Cu and Ac dominated,
while their amount varied between 6/8 and 7/8. The ceiling also rose
and visibility improved.

Air temperature varied only slightly. Extreme values measured that day
in the meteorological screen were —0.4°C (minimum) and 2.1°C (maximum).
Thus, the daily amplitude was only 2.5°C. The gross minimum was —1.8°C
at 09°° and 0.4°C at 21°°. In turn, the soil temperature at depth of 5 cm
varied between 1.5°C at 03°° LMT, through 1.2 and 4.3°C in the day,
and 2.2°C at 21°°. Unfortunately, the temperature of the ground surface
itself is not known.

At first, the wind was variable, both in terms of direction and speed;
however, during the period analysed, it always retained the south-west
directions characterized by high gustiness in the vicinity of the station.
The speed increased from 4 ms™' beetween 12°° and 15°° LMT to more
than 11 ms™! at about 21°° LMT.

Atmospheric pressure slowly increased in the morning and began to drop
gradually in the afternoon. Daily variation did not exceed 3 hPa. In the
afternoon, the humidity and water vapour pressure were also observed
to decrease.

4. Anemothermal conditions
in the near-ground air layer

The vertical temperature distribution, defined by the values measured
on the levels 005 m, 0.5 m, 2 m and 10 m, was ‘characterized by
large variability on the lowest level, compared with the higher ones, where
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the time differentiation of this element was much less. At the surface,
the temperature varied between 4.5°C in the morning and 1.3°C in the
evening, whereas on the levels 2 m and 10 m it stayed between 1.3 and 2.5°C.
On all the levels, the variations were quite similar: the successive minima
and maxima occurred at alomost the same time. To some extent, this
harmony was distorted only in the period of stronger night cooling of
the layer nearest to ground. These relationships are illustrated in Fig. la,
representing the variation of the half-hour averages of temperatures for
each of the levels.
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Fig. la. Variation of the air temperature on the levels 10 m, 2 m, 0.5 m and 005 m.
Averaged over 30-minute intervals. 1b. Variation of ‘the wind speed on the levels 10 m, 2 m
and 0.5 m. Averaged over 30-minute intervals

The greatest differences resulting from the vertical distribution described
above occurred between the levels 0.05, to 0.5 m and 0.5 to 2 m. They were
about 1.5°C in the first of the layers and almost half as less in the
other. In view of the different thicknesses of the layers, the differences
were replaced by temperature gradient, calculated per 1 m of height.
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In this approach, in the lowest 45-cm air layer one could observe,
over the first afternoon hours, the highest gradient, exceeding 3° per 1m
(Fig. 2a). In the adjacent layer, between 0.5 and 2 m, the gradient
was already six times as less, with 0.5°C per 1 m, but it still continued
to be highly superadiabatic. In the third, highest and thickest of the
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Fig. 2a. Variation of the temperature gradient y; between the levels considered. The variation

curve and the respective vertical coordinate axes are drawn using the same type of line

(solid, dashed and dotted line). 2b. Variation of the wind speed gradient y, between the levels
considered

layers, the gradient was lower by a factor of a few hundred compared
with the lowest layer, and, consequently, it should be considered as equal
to zero and the layer as thermally homogeneous one. However, the
calculations show distinct, though very low, positive gradients (negative
differences from —0.011 to —0001°Cm™!) in the afternoon, and the
negative ones (the values of the differences from 0.005 to 0.008°C m™!)
in the evening. Thus, it could be said that this layer is characterized
in the first part of the period, by stability close to neutral, and, after 18°°,
by stable equilibrium. The middle and lowest layers are initially unstable;
in view, however, of the low thicknesses of these layers, - the effect
of their thermics on the intensity of exchange processes has very small
vertical extent.

A change in the sign of the gradient, already mentioned when describing
the top layer, is also observed in the lowest one, in a similar time,
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between 17°° and 18°° LMT; in the lower layer the gradient is, in terms
of the absolute value, larger by a factor of about 100 than in the upper
one. In the intermediate layer, between 0.5 and 2 m, the mean temperature
gradient does not change in sign, but its values decrease towards the
night almost tenfold. Thus, towards the end of the period the thermal
stability of the whole layer up to 10 m is constant, with distinct
inversion at the surface. )

The gradient mast, set about 50 m higher than the Station, was
differently exposed than the anemometer at the Station site. Therefore,
the wind speed measured at the Station, as given in Section 2, was
_weaker than that registered on the gradient mast (Fig. 1b). The instantaneous
gradient speeds varied greatly, as is illustrated by the rather large values
of the standard deviation g, (Table I). The differences among the instanta-
neous speeds at the particular levels sometimes even changed in sign.
However, after averaging over half-hour intervals, the wind speeds on all
the levels appeared to be largely parallel (Fig. 1b). On the level 0.5 m
the wind varied between 3.9 and 14.1 ms™', between 4.8 and 164 ms™'
on the level 2 'm, and at 10 m its speed was the highest, varying
between 59 ms~! and 20.1 ms~! (Tahle I).

The half-hour averages of wind speed gradients in two layers were
calculated in a similar wav. In the lower one, the variation of the
gradient was not uniform. as quite large changes in its values were
observed (Fig. 2b). The largest speed increment calculated per 1 m
of height was 2 ms™!, the lowest, in turn, was 0.1 ms~'. Much more
uniform variation of the average values of the wind gradient could be
seen in the layer between 2 and 10 m, which is understandable, taking
into account its thickness. The differences in the wind speed also calculated
per 1 m did not usually exceed 0.5 ms™'.

In the afternoon and night, in the both layers, it was possible to
observe an increase in the gradient of wind speed as the latter increased,
which was quite distinct between the levels 2 and 0.5 m and weaker
between 10 and 2 m.

5. Wind stress 7

- The process of momentum exchange, controlled by the vertical wind
speed distribution described in Section 4, can be characterized by the
wind stress 7. The values of © calculated for the two adjacent layers,
between 0.5 and 2 m, and between 2 and 10 m, were analysed. The
calculations were carried out for each time point individually, obtaining



Table I

Dynamical characteristics of the air flow at the gradient mass on March 16, 1980

Time o Ouyy iy Oy, ug.s Ouy s Auyo-, Tio-2  Textr. 10 Auy_g 5 Tp_ 5:10* Texr.-10*
12301300 16.2 1.7 12.5 1.6 103 1.7 37 1194 300.8 22 91.7 269.9
6.5 5.6
13001330 11.7 1.0 8.4 1.8 7.5 1.5 33 1054 253.8 0.8 340 2479
09 0.0
1330-140° 7.1 1.1 5.0 1.1 50 1.1 20 314 66.6 0.1 229 920
0.2 0.1
14001430 Tl 0.9 6.1 0.7 57 0.8 1.1 73 414 04 17.1 56.7
0.0 0.0
14301500 59 14 52 1.6 39 19 0.8 37 19.1 1.1 233 100.0
0.0 0.5
1500-153° 6.8 24 6.0 19 53 2.5 1.0 6.2 20.5 0.7 18.7 92.1
0.0 0.0
1530-16°° 6.5 1.1 4.8. 12 4.0 13 1.5 371 168.2 0.6 25.2 1549
0.0 0.0
16°0-163° 7.1 1.5 57 1:1 43 13 14 22.1 72.5 13 22.8 89.6
0.0 0.0
1630-17°0 10.3 2.1 8.4 1.9 6.7 1.2 1.7 59.6 179.2 18 448 1129
0.0 0.0
1790-173¢ 10.7 1.8 8.9 2.1 6.9 1.5 1.8 33.6 1454 2.1 894 306.5
04 0.0
1730-1800 13.0 1.8 10.0 1.8 8.4 1.7 2.7 38.1 180.0 1.7 22.1 69.3
0.0 0.7
1800-183¢ 14.1 1.8 119 22 104 1.1 2.3 294 95.4 13 58.8 2834
0.1 29
18301900 16.1 35 13.6 29 10.8 2.5 24 56.1 2453 29 138.4 3059
] 13.5 0.2
19901930 183 2.6 15.5 22 133 1.5 28 84.8 2914 23 68.2 2220
0.0 0.1
19302000 17.4 20 144 1.3 12.8 1.8 28 370 84.5 1.5 63.1 2054
11.0 0.0
20'°0-203° 20.0 1.2 159 1.1 13.8 1.5 39 117.5 229.8 22 78.6 185.8
30.1 1.2
20392190 19.1 1.9 16.4 1.6 14.1 1.7 29 40.5 139.6 22 86.3 305.6
: 0.1 0.1

Notation:

iy, il3, lp.,s — the mean wind speed, mps, averaged over 30-minute intervals, on the levels
10, 2 and 0.5 m, respectively;

Guyo, OUy, 6y s — the standard deviation of the wind speed on the levels 10, 2 and 0.5 m,
respectively, mps;

Auyo— 5, Auy_o s — the mean wind speed differences between the levels 10, 2 and 0.5 m,
respectively, mps;

Ti0-2+ T2-0.5s — the mean wind stress in the layers between 10, 2 and 0.5 m, respectively,
Pa x 10%; ‘ :

Textryo 30 Textr_os — the extreme values of the wind stress in the adjacent layers, Pa x 10*



Table II
Characteristics of turbulent heat exchange

Time Hy_os Heyir 2-05 OH, o AT, o5 extr. Au Hio-2 Heir10-2  0H,,, ATio-2 extr. Au
12301300 6464.3 212758 7026.2 —-047 36 594.5 13254 4779 —0.05 49
15353 —-1.1 88.8 14
13901330 4290.6 28052.2 8614.6 —-0.79 35 2472 1873.3 931.5 —0.05 4.7
—930.6 —-0.7 —395.2 13
13301400 —1743 5260.8 3836.9 —-0.59 2.1 380.7 879.3 390.3 -0.09 30
—8195.2 -25 —1583 0.6
14901430 1076.2 5586.7 35494 —-0.72 21 77.6 164.6 1154 —-0.09 22
—6340.3 -17 0.0 0.0
14391500 2501.7 8945.5 2969.8 —-0.70 2.6 94 2243 834 —0.06 20
—1036.3 -0.7 : —-703 -15
1590153 3297.2 10724.6 43302 —0.80 25 —-30.0 70.3 69.3 -0.01 20
) —12263. -0.7 —182.6 -03
1530-16°° 1978.0 112143 38114 —-0.60 30 171.3 1066.1 401.0 —-0.04 40
—944.3 -0.8 — 1823 —1.1
16%0-163° 2056.3 6489.8 2081.5 —0.50 25 62.4 468.1 189.0 —0.02 3.0
21.0 0.2 —-175.1 -0.1
1630170 3368:1 9073.2 3071.8 —-0.40 2.7 —-825 269.8 171.1 —-0.00 4.1
—165.0 -0.5 —315.1 —14
1790-1730° 24153 8760.6 2911:1 —-0.30 38 230.3 623.8 248.7 —0.03 38
—103.8 -0.5 —-11.9 —-1.2
1730-18%° 914.6 2350.0 827.3 —-0.21 23 724 267.0 116.6 —-0.01 4.1
103.8 0.5 —669 09
18901830 682.2 2797.7 13573 —-0.15 37 —167.5 2.1 235.6 0.04 33
—894.3: -19 —669.8 —-0.38
1830-1990 1569.3 2915.2 1021.1 —-0.10 38 —265.7 0.0 2272 0.05 4.6
27.5 0.4 —579.2 —-0.1
1990-193¢ 606.4 2364.1 8233 —0.08 34 —278.6 0.9 3220 0.05 49
0.0 0.3 —861.3 —-0.1
1930-2000 128.5 853.5 320.0 —-0.04 39 —3544 0.0 279.7 0.06 32
—173.2 -0.2 —-7674 0.7
2000-2030 7919 1738.1 748.3 —-0.17 32 —447.6 0.0 321.7 0.05 45
—-76.2 -09 —1030.5 23
20302100 109.2 2279.7 1337.6 —-0.11 38 —-107.0 12453 642.6 0.06 38
—2605.6 -0.3 —1064.2 —-03

Notation:

H, o5s.H,,_, —the mean heat flux in the layers 2—0.5 m and 10—2 m, averaged
over 30-minute intervals. Jm~ 2h~ !; _

Hevry o Hewir,, , — the extreme, out of ten values , heat flux in the layers 2—0.5 and
10-2m. Jm~ 2h !

6H,_y5.06Ho-, — the standard deviation of the heat flux in the layers considered,
Jm 2h!:

T> gs. Ty »— the mean temperature difference between the levels considered. “C;

extr Auy_o.s, €Xtr Auyo-, — the extreme, out of ten values of the wind speed differences
between the levels considered, mps.
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a very large scatter of the values of 7, resulting from the wide range
of instantaneous wind speeds on the neighbouring levels. In order to
characterize the variation of the momentum exchange, half-hour averages
of t were calculated for the two levels considered. They are given in
Table I, which also shows the other flow characteristics on the particular
levels. It can be noted that over the first one and half hours, when the
air mass was presumably still stable and the air flow still laminar, the
values of 7 were higher in the upper layer, exceeding there 100-10* Pa
(Table I). In those hours the weak winds dominated and wind speed
differences between the levels were small and so was the momentum
exchange between them. Simultaneously — in the quite early afternoon — the
temperature gradient was, greater in the lower layer (Figs. 1a, b and 2a, b).
Strong thermal activity caused stronger turbulence, which wasreflected in
greater values of 7 compared with the upper one. In this period they
varied from about 20 x 107* Pa between the levels 2 and 0.5m to about
5 % 10~*Pa between the levels 10 and 2 m.

“With the instability of the air mass increasing in the next hours,
there came an increase in the wind speed and gustiness and the already
slight temperature differences between the layers considered vanished (with
inversion occurring only in the lowest layer, where no wind measurements
were carried out) The two layers were now equally favoured in terms
of the intensity and character of the exchange. The variation of 7 in
both of them was high, with values falling between about 20 x 10~ *Pa
and about 140 x 10™%Pa, the exchange being almost alternatively more
intense in one or the other layer. The variation range of the instantaneous
values of 7 was also similar. In both layers, almost in each of the
half-hour intervals, instantaneous 7 was equal or close to zero, caused
most often by the vanishing speed differences between the particular levels.
The mean wind stress T calculated for the whole period of 17 half-hour
intervals averaged between 10 and 2 m was 48.7 x 10™*Pa, with the
standard deviation o = 37,1 x 10~ *Pa. Between the levels 2 and 0.5 m
7 was 53,3 x 107* Pa, while its standard deviation o was 35 x 10™*Pa.
The extreme values of 7 in the upper layer were 7,,=119,4 x 107*Pa
and 7, =37 x 10~ 4 Pa, while in the lower one T was 1384 x 107 % Pa
and 7,, was 22,1 x 1074 Pa.

It can be seen from the data given above that the values of the wind
stress in the two layers considered are similar, which would confirm
the validity of the assumption of constant momentum flux throughout
the lowest near-ground air layer several score cm thick, although there is
difference of opinion about it among a number of authors [4, 5, 6].
However, the exchange analysed in this paper abstracts from this layer,
which introduces the highest instability of momentum. This is the layer
where a deciding effect is exerted by the speed jump on the very
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surface of contact between the soil and the atmosphere, ie. at 0 m,
where the wind speed is assumed as 0 m/s. On the basis of measurements
carried out on one level only and assuming the above mentioned dynamic
properties of the surface-atmosphere contact zone, other investigations,
eg (2) have yielded similar values of momentum flux for the air layer
between 0 and 10 m. This method, however, gave higher values of
momentum flux when the winds were stronger.

6. Heat exchange

The two processes of turbulent heat and momentum transport are
mutually related by strong interaction. Thus. the dynamic parameters
discussed in the previous section are reflected in the heat transport.

Let us consider first the character of the heat exchange in the lower
of the layers considered. During the first hour the average heat flux H
was directed almost all the time from bottom to top, which was in
agreement with the sign of the mean temperature difference AT in this
layer (Fig. 1a, Table II). The transported amount of heat varied depending
on changes in the temperature and wind speed gradients. The largest
amounts of heat, on average between more than 4000 and almost 6500
Jm ~2h ~ ! (Table II) were transported with a quite strong wind and
relatively large temperature differences from 123° to 133°. The extreme
values and the mean standard deviations given in Table II show a large
scatter of the instantaneous fluxes forming the given mean H. With
decreasing absolute values of the mean temperature differences AT (always
positive) the mean fluxes H decrease gradually, although in a very
nonuniform way, and remain positive to the end of the experiment,
An exception is the mean flux from 13°° to 14°, with the value
H=1743 Jm ~ 2h ~ !. The sign is here determined by the negative speed
difference at the time of a few instantaneous measurements, and not
by an inversion of the sign of the difference AT. Anyway, negative -
speed differences occurred in almost all the averaging periods (Table II).
Throughout the period, in the layer between 2 and 0.5 m, the mean
heat flux H was 1886.8 Jm ~ 2 h ~ !, with the mean standard deviation
6=17339 Jm ~ 2h ~ .

There was different heat exchange in the upper (and thicker) layer,
between 2 and 10 m, in view of a slightly different thermal and dynamic
regime occurring there (Fig. 2, Tables I, II). In the first two hours,
only positive speed differences occurred. With negative instantaneous AT
‘dominating, this gave a positive upward-directed heat flux H, with values
falling between almost 600 and slightly less than 80 Jm ~ 2 h ~ . It decreased
as the wind speed dropped. The period of weaker winds from 14°° to 18°°
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was already characterized by more frequent inversion of the sign of the
speed difference, still, however, with constantly negative AT. The heat
fluxes H changed their sign a few - times during this period. Whereas
at 18°° AT took only positive values. with sporadically occurring nonnegative
instantaneous Au, with usually low absolute values, the heat flux changed
its sign, keeping between —450 and —100 Jm ~ 2h ~ !, In this layer, the
mean heat flux for the whole period reached only 2.2 Jm ~2h ~ !, but
its mean standard deviation o was 268.1 Jm ~ 2h ~ !,

The analysis was carried out on the results gained in the conditions
of strong turbulence, indicating high variation of the instantaneous heat
fluxes, both in terms of magnitude and direction. The two layers considered
differed greatly in the character of the exchange. Between 0.5 and 2 m
there was much higher and less ordered — compared with the upper
layer — variation of the instantaneous quantities; in the effect, the resultant
heat flux was directed upwards. The layer between 2 and 10 m was
characterized by a change in the sign of the temperature gradient in the
other half of the period. This caused a change in the direction of the
heat flux. As a result, in this layer, the resultant flux for the whole
period was close to zero, althout its instantaneous values were quite
large in terms of modulus.

A.N. Artemev [1] gave the mean intensity of turbulent heat exchange
in the layer between 2 and 0.5 m at the Russian Antarctic Station
“Vostok™. It is difficult to compare the strongly turbulent: conditions
of the chosen case from the Arctowski Station with the mean values
for the “Vostok™. When it is considered that both the wind speed differences
and the temperature differences at the limits of the layer given by Artemev
are much lower at the station “Vostok” than in the considered case
from the Arctowski Station, then comparable values are obtained.

Vugts and Businger’s opinion [8] confirms the conclusion that the
morphometry of the island and the measurements point itself has a deciding
effect on the character and, accordingly, the magnitude of the exchange.

7. Conclusions

The selected part of the measurements involved the average conditions
of the decline of the sub-Antarctic summer and a warmer time of the day.
Thus, an attempt can be made to answer the question as to whether
the air flow over the island can cause its noticeable heating and, as
a consequence, an increase in the exchange. The analysis performed justifies
the following conclusions:
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— despite the fact that the lowest layers heat relatively weakly, in view
of the usually low insolation and considerable flow turbulence, it is
possible to discern up to 10 m a distinct thermal stratification with the
temperature gradients between the levels 0.05 and 0.5 m greater by a factor
of more than a hundred than those between the levels 2 and 10 m;

—in view, however, of the weak heating of the lower, layers the
hest exchange is weak, while the exchange processes are mainly controlled
by strong mechanical turbulence of the flow;

— relatively large amounts of heat are transported upwards from the
layer between 0.5 and 2 m;

— despite the quite intense upward heat transport in the warmer part

the period, in the layer between 2 and 10 m there is a change,
in the direction of exchange, in the colder part of the day, so that the
net flux becomes close to zero;

- —despite the large difference in the instantaneous wind stress values
between the levels, the momentum flux for the whole period is approximately
constant up to 10 m.

8. Pe3rome

B OamxalilieM OKpYXEHMH CTAaHUMM , APUTOBCKH™, I KOTOPOIO XapakKTepa O4eHb
BLICOKaA TypOyJEHTHOCTb Te4eHHs BO3AYyXa, HPOBCACHbl IPAH/MEHTHHIE H3MEPEHUS C UEJbIO
H3Y4YEHHsl €€ IMHAMHMYECKMX M TEPMHYECKHX XapakTepuciuk. Ha oOCHOBaHMHM pe3ynbTaToB
H3MEPCHHS TEMIEpaTyphl BO3AYXa MPOBEAEHHBbIE HAa 4YeThipex yposuax (10, 2, 0,5 M, 0,05 m)
u Berpa Ha Tpex ypoBHsx (10,2 u 0,5 M) Obinm BLICYMTAHBl TPAJMEHTHI ITHX BEJNUYMH,
HX XOJ BO BPEMEHH H BEPTHKA/bHBIC MOTOKH TEIUIA, 2 TAKXKE KacaTe/bHOE HAaNpsDKEHHE BETpa.
YcTaHOBNEHa ONpE/e/iCHHAs TEPMHUuCCKas crpaTHdukanus Bo3dyxa a0 BeicoTel 10 M npw
CPaBHHTEJIBHO HEGOBLIIOM OIHAKO HATPCBAHHH CJIOEB JaXe CaMbix OnuM3kux MOACTUNAIOMIeH
nozsepxnocTa. Ilpn C1aGoM TEPMHYECKOM HMNYbCE NPOLECCH oOMeHa NPOHCXOJWIM [1ap-
muM 06pasom Gnaronaps CHIbHOH MeXaHmiecKol TypOYJEHTHOCTH Teuewus. B pesyabrare
KpyImBIX KoneGammii pa3HHIBI CKOPOCTEH MeXIy OTACAbHLIMH YPOBHAMH HaGMIonaics OHeHb
Gombuwioff aMAana3oH MOMEHTHBIX BENHYHH KacaTe/bHOTO HAMPMKEHHS, OT OKOJIO 300.10~4
no O Pa. OpHako B TeueHHE BCero nepuoda HabiloneHuil CpeHHA MOTOK KOJMYECTBA
INBWXeHHS [0 BHICOTHI 10 M ObLT NPUONH3UTENBHO OIMHAKOB H COCTaBNAN okono S50. 10-4 Pa.
U3 cnos Mexay 0,5 B 2 M 3HAYMTENbHOE KOJIHYECTBO TEMJIA YXOAWNO BBEPX, B CpPelHEM
oxono 1900 J.m=2h~! Ho B cnoe mexmy 2 u 10 M, TAe MeHAICA 3HaK TpaJHCHTa TemIe-
PaTYpH, NOTOK TEIUIa HETTO Obla 6aAM30K HyJLO.

9. Streszczenie

W najblizszym otoczeniu stacji “Arctowski”, charakteryzujacym si¢ bardzo duza burzi-
wodcia przeplywu, dokonano pomiar6w gradientowych w celu zbadania dynamicznych



Momentum and head exchange in the lowest atmosphere layer 447

i termicznych charakterystyk turbulencji. Na podstawie wynikOw pomiar6w temperatury
powietrza, wykonanych na 4 poziomach (10, 2,°0.5 i 005 m) oraz wiatru na trzech
poziomach (10, 2 i 0.5 m) obliczono gradienty tych wielkosci, ich przebieg w czasie oraz
pionowe strumienie ciepla i naprezenie styczne wiatru. Stwierdzono wyrazna stratyfikacje
termiczng powietrza do wysokosci 10 m, przy stosunkowo jednak niewielkim nagrzewaniu
si¢ warstw- najblizszych podlozu. Przy stabym impulsie termicznym procesy wymiany przebiegaly
gléwnie za sprawa silnej turbulencji mechanicznej przeptywu. Na skutek duzych wahan roznic
predkosci miedzy poszczegblnymi poziomami wystgpowala bardzo duza rozpigtoéé chwilowych
wartosci naprezenia stycznego, od okoto 300-107* do O Pa. Jednak za caly okres pomiaréw"
$redni strumien pedu do wysokosci 10 m byl w przyblizeniu staly i wynosit okolo 50-10"* Pa.
Z warstwy miedzy 0.5 i 2 m dosy¢ znaczne iloSci ciepla odprowadzane byly ku gorze,
srednio okoto 1900 Jm ~ *h ~ ', ale w warstwie miedzy 2 i 10 m, charakteryzujacej sig
zmiang znaku gradientu temperatury strumien ciepla netto byl bliski zeru.
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