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Estimation of barometric coefficient for neutron component of cosmic rays was performed for
Antarctic station Mirny taking into account effect of dynamic pressure caused by wind in the
atmosphere. Hourly data of continue monitoring of neutron component and data of the local
meteo station have been used for the period 2007-2014. Wind velocity at the observatory Mirny
reaches 20-40 m/s in winter that corresponds to dynamic pressure of 5-6 mb and leads to the
error of 5% in variations of neutron component because of dynamic effect in the atmosphere.
The results are interesting for high latitude and high mountain detectors, where effect Bernulli
may be significant.
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1.Introduction

The most precisions and stable detector which more than half a century provides data for
investigation of the primary cosmic ray variations is a neutron monitor. The statistical accuracy
of the standard neutron supermonitor 18nm64 at sea level is about (in the hourly averaging)
0.15%, so it is necessary to errors from other possible sources to be lower then this. Primarily,
such possible sources include the errors of exclusion a barometric effect from observed data.
Typical accuracy of modern pressure sensors is 0.2 mb, which gives us the required accuracy of
amendments ≈ 0.15%. But there is another source of errors, more difficult for consideration.
Barometric  effect  which  primarily  is  caused  by  neutron  absorption  in  the  atmosphere,  is
determined  by the  amount  of  matter  above  the  detector,  i.e.  by static  pressure.  Applicable
pressure sensor measures the total  pressure as the sum of the static and dynamic ones.  The
objective of this work is  the experimental determination of the contribution of the dynamic
pressure and the application of necessary corrections to the observed data.

Dynamic pressure  is  caused by wind flow and equal  to  the  kinetic  energy of  the  unit

volume of matter 2
2

1 VPD   , where   - is the density of the air, V - is a flow speed.

However, only a part of the kinetic energy is  Dx PC  converted into potential energy and

impacts on an obstacle and on the visible data of pressure sensor. The proportionality coefficient
(an  aerodynamic  coefficient)  depends  on  the  geometry  of  the  obstacles  and  the  Reynolds
number,  i.e.  the  level  of  turbulence. The  effect  of  wind  for  the  individual  events  was
investigated in [1-6], but a detailed analysis was not performed.

2. Experimental data 

Regular monitoring of space and meteorological parameters at Mirny station is carried out
since 2007. The following data have been used in this work: the values of the counting rate of
the neutron monitor 12nm64, pressure sensor RSB-1M measurements (this sensor located in the
same room with the detector  12nm64),  pressure  and wind velocity vector  according  to  the
weather station MILOS-500 (at a distance of 900 meters from the first pressure sensor). 

Figure 1. Observed at observatory Mirny wind velocity during 2007-2015.
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Actually analysis  was based on the hourly data use classic method [7].  To estimate the
turbulence also used  atmosferic pressure and wind speed at hour resolution. To estimate the
turbulence also used atmospheric  pressure  and wind speed at  minute  resolution.  All  data  is
organized in a database “Mirny” [8], which contains two tables of identical structure for the data

at hour and minute resolutions.

On  the  Antarctic  stations,  including
station Mirny,  due to the nature of the relief
“run off” winds are observed. The strength of
the “run off” (stock) wind is  proportional  to
the  steepness  of  the  slope  and  reaches  the
highest values in the coastal  areas with high
slope  towards  the  sea.  The  maximum  force
stock  winds  reach  at  the  Antarctic  winter  -
from  April  to  November,  they  blow  almost
continuously day and night.  Figure  1  shows
the  observed wind  speed  over  2009-2014 in
minute resolution.

3. Method

Barometric  effect  is  easily eliminated by
the  law  of  radiation  absorption  in  the
atmosphere according to the deviation of the

measured atmospheric pressure (assuming that it is the static pressure PS) from the standard P0

for the observation point

CN = )](exp[ 0 SU PPN   , (1)

where  /1 , the so-called barometric coefficient and   is free path of the particles in the

atmosphere,  UN  -  the  measured  detector  counting  rate,  CN  -  the  detector  counting  rate,

reduced to the standard level P0.
Because measured by the sensors barometric pressure P is the sum of the static and dynamic

pressure of the atmosphere at this point, the static pressure P equals the difference between the

measured and the dynamic pressure, i.e. Dx PCP  .

Corrected for the barometric effect (static pressure) detector counting rate NС can be represented
as:

CN = )]([ 0 Dx PCPP
U eN   =

)exp())(exp(
0

0 Dx

N

U PCPPN

C

 
   , (2)

where  NU   - registered count rate detector at the moment and P0 - the average pressure over

some time interval. Barometric coefficient  0  (  for Mirny station is 0.73%/mb,  P0=980

mb) is defined in a calm and windless period. Logarithming of equation (2), we got the linear
equation:

0ln CN = DxC pCN ln  or cxay  , (3)

where 0ln CNy  , CNa ln , DPx  , i.e. linear regressive equation with respect to a and c.
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Figure  2.  Correlation  dependence  of
uncorrected  and  corrected  for  the  primary
variations counting rate (grey and black points
correspondingly) on dynamic pressure of wind;
curve  NMK  is  approximation  for  corrected
data. 
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Next, data should be corrected on the primary variations. To solve the problem of estimating
the barometric effect, measured by detector counting rate NU should be freed from the primary

variations. This can be done, if replace NU by )1/( UN , where   - the primary variation for

this point of observation. Then equation (2) can be written as:

CN =
)exp())(exp()1/(

0

0 Dx

N

U PCPPN

C

 
   , (4)

In approach of zero harmonic, the primary variations can be eliminated according to the
data of the base, near-located station S by follows. Let's write variations for the two detectors as:

 = 010 Ca   and S = SCa 010 

Eliminating the unknown amplitude of zero harmonic 10a ,  we can estimate the expected

variation of the test detector by means the observed variations in the detector S 

 = S
S

C

C

0

0 (5)

Equation  (5)  accounts  the  difference  in  parameter  of  the  stations  (height,  stiffness
geomagnetic  cutoff)  and,  in  principle,  allows  you  to  involve  any of  the  stations  as  a  base
referenced.

4. Discussion of the results

Figure 3. Temporary dependences of corrected on barometric effect counting rate with taking into

account the effect  of wind and without it  ( 0
CN и CN ),  and also wind speed (upper panel).  The time

dependence of the values of the wind speed in minute resolution and a filter adjacent differences (middle
panel). Indications two pressure sensors P and Pm and their difference (lower panel).

For the analysis we have selected about a dozen of events, when the observed wind speed
exceeded 30 m/s. For example, we show a record event of September 2009, when the maximum
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wind speed reached 42 m/s. Figure 2 shows the correlation between the counting rate and the

calculated dynamic pressure  DP .  Counting rate (gray circles)  by above described procedure

(formula 4) was corrected for primary variations (black circles). Correlation analysis for this

event leads to aerodynamic coefficient  03.063.0 xC , (the correlation coefficient is 0.93).

Of all considered the events this correlation coefficient turned out to be the best.
Strictly  speaking,  the  aerodynamic  coefficient  depends  on  Reynolds  number,  which  is

proportional to wind speed. But in a limited range of speeds, this dependence can be neglected if
the Reynolds number is out of the critical region of crisis resistances [9, 10]. 

Details  of  the  analysis  are  presented  in  Figure3.  At  the  top  of  the  figure  the  time
dependences of corrected for the barometric effect counting rates without and with taking into
account the wind effect, and also time dependence for wind speed are shown. It is clearly visible

a  good  anti-correlation

between  counting  rate  0
CN

and  wind  speed,  which  is
completely removed after the
correction  for  the  dynamic
effect in accordance with the
expression (4). In the middle
panel  of  the  figure  the  time
dependence  of  the  wind
speed (in  minute  resolution)
and  the  filter  adjacent
differences are shown. It can
be seen, that at wind speeds

exceeding 15 m/s a turbulence of the flux increases; this fact should be taken into account under
further investigations. In the lower portion of Figure 3 readings of two pressure sensors (placed

inside  and  outside  of  the  building)  and  their
difference  (minute  resolution)  are  shown:
according to these results, readings of different
placed  pressure  sensors  are  identical  in  low-
wind  speed  periods  and  have  fluctuations  at
high speeds, which confirm the flow turbulence.
Turbulence that observed with the free pressure
gauge measurements PM, is smaller than in the
case of the pressure sensor P inside the building,
due to the condition of airflow building.

This raises the question on dependence of
the aerodynamic coefficient on the wind speed,
i.e., on the Reynolds number.
The  presence  of  a  significant  dissipation  of
energy throughout the volume of the turbulent
wake, as well as the formation of the interface

in the separation of the boundary layer, lead to the fact that the bodies, under airflow of which
the flow boundary layer separation occurs, providing a high resistance to the oncoming flow. At

5

Figure  4.  Correction  for  the  dynamic  effect  the  observed
variations of cosmic rays during the period 2009-2014.

Figure 5. Зависимость аэродинамического 
коэффициента [9] от числа Рейнольдса для
шара и цилиндра.
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sufficiently high Reynolds numbers, at which, however, the boundary layer remains laminar up
to separation point, the coefficient of resistance is not dependent on Re. However, when the
Reynolds number reach the values at which the boundary layer is turbulized to separation point
of the laminar boundary layer, a separation point of the boundary layer moves downstream;
herewith turbulent layer narrows considerably,  and the resistance of the body is  reduced by
several times. This phenomenon is called resistance crisis, and appears because of fact that the
transfer of momentum in the boundary layer sharply increases. From the latter it follows, that
the  entrainment  of  substance  within  the  boundary  layer  by  external  flow  is  significantly
enhanced, and the liquid particles move in the boundary layer at the direction of the pressure
rise further, than in laminar boundary layer case.

You can  put  the  question  about  dependence  of  aerodynamic  coefficient  from Reynolds
numbers, obtained for different values of wind speed for the test period. The Reynolds number

Re LV   for  observed  at  the  observatory  conditions  varies  from 3.4  107 to  1.5  108 at

changing of wind speed V of 10 m/s to 45 m/s and the characteristic size L = 40 m, i.e. Reynolds
number, even for low values of wind speed is higher than the value of the Reynolds number Re
= 3 105 at crisis resistance. For ground level conditions at t = -20°C and the air density  

=1.393  кг/м3,  the following values for the dynamic (  =1.63 10–5 N s/м2 )  and kinematic (

  =1.17 10-5 м2/s) viscosity of air have been used.

Aerodynamic coefficients  xC  obtained allow us to consider the dynamic effects for the

entire  period  of  observation,  as  shown  in  Figure  5.  Because  of  accuracy  of  the  observed
variations is tenths of a percent, the possible error due to a dynamic effect, as seen in the figure,
reaches several percents under strong winds.

5. Conclusions

It is shown that at Mirny station, where wind speeds often reach high values, the
absolute error in the determination of variations may reach 2-4%, thus, to obtain precise
data  we  should  always  recalculate  barometric  effect  with  taking  into  account  the
dynamic effect of the wind. To identify the depending the aerodynamic coefficient on
the Reynolds number we need to consider larger number of events. In addition, it is very
important to consider the dynamic effects at other polar detectors, primarily neutron
monitor  Mawson,  where  the  greatest  regular  winds  are  observed.  For  example,  the
annual average wind speed at the station Mawson is 21 m / s, and at station Mirny is 11
m/s [11]. It is also important to involve data of mountain detectors, because there are
very different conditions of flow around obstacles for them.
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