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ASTPONOMIA.— II. Physical Parameters of the Upper Atmosphere
of Venus, Computed for Different Chemical Compositions of
CO,.- CO.', by Constantin J. Macris - Basil Ch. Petropoulos *.
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ABSTRACT

In this paper we give the physical parameters, for different chemical
compositions containing CO, - CO;‘, computed function of the altitude in the
Venus atmosphere. The above physical parameters can be used to study the
upper atmosphere of Venus where COz'CO;' is probably formed from the
photoionisation of CO,. The U.V haze, that appears between the altitudes
60-80 km, in the Venus upper atmosphere, has attributed by Aikin, to the for-
mation of CO,- CO;. The computed physical parameters, can be used to study
the kinetik reactions of the CO, - CO; in this haze. We have used for the above
computation the measurements of Venera 9 and 10 and compared the results of

pressures and densities, to the measured values frcm Venera 9 and 10 and Pioneer.

1. I'NTRODUECTTON

In a preceding work (Macris - Petropoulos, 1979) we computed the
physical parameters of the lower atmosphere of Venus, for different
chemical compositions containing SO,. In this work we have computed
the physical parameters of the upper atmosphere of Venus, for different
chemical compositions containing CO,- CO; .

The atmosphere of Venus has high density, from 0 to 50 km alti-
tude (lower atmosphere), where there is thick cloud formation, probably
of HySO,; and low density above 50 km (upper atmosphere).

* K. I. MAKPH - B. X. TIETPOIIOYAOY, Al cuoixal mapdpetpol 7Tiig &vwTépag
dtpocpaipas tijc "Appoditng Sid Siapbdpoug xNuminds cuvbécelg ai dmoial mepLéyovy
co, - co;.
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2. CHEMICAIL COMPOSITIONS AND COMPUTED PHYSICAL
PARAMETERS FOR THE UPPER ATMOSPHERE OF VENUS

The chemical composition of the upper atmosphere is different
from that of the lower atmosphere. T'his is attributed to the phenomena of
jonisation and photoionisation of CO, which take place at high altitudes.

The lower atmosphere contains a small quantity of SO, as the
Pioneer measurements have shown (Oyama, 1979), while in the upper
atmosphere there are probably aerosoles which create a haze at the
altitudes of 70-80 km, as has been observed by Mariner 10 (Dunne
et al, 1978).

The composition of these aerosoles is still unknown, but Aikin
(1972) has made the assumption that they are cluster ions of the type
COZF. CO,. The pressures and temperatures conditions at these altitudes
and the photoionisation reactions favour the formation of these mole-
cules (Bauer, 1973). But the existence of CO,- COs can not be detected
with the instruments that have been used by the different spacecrafts,
which have explored, the atmosphere of Venus.

However, it is possible to measure the quantity of CO, and COj
at these altitudes. The latest measurements of Pioneer have shown that
the principal component of the upper atmosphere below the altitude of
155 km (Kundsen, 1979) and COJ is abundant between the altitudes of
155 and 180 km (Kundsen, 1979).

To verify Aikin’s assumption, we have computed in preceding work
(Macris, Petropoulos, 1978) the pressure and the denstity of the atmos-
phere of Venus for the chemical compositions of table I.

TABLE 1

Chemical compositions for the atmosphere of Venus.

1 97% €Oy, 8% N,
2 94% CO,, 8% N,, 156% H,0, 15% CO,-CO;J
3 . 94% CO,, 8% N,, 056% H,0, 2,6% CO,-CO5
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In this work we have computed for the three chemical composi-
tions of table I the following physical parameters of the atmosphere of
Venus (pressure, density, number density, speed of sound, density scale,
mean free path, viscosity, pressure scale, mean particle velocity, collision
frequency, columnar mass) from O to 200 km. The computed pressures
and densities are comparable to those measured by Venera 9 and 10 and
recently by Pioneer (Shapiro et al, 1979).

For this computation we have used the Pitts (1968) programme,
which is based on the assumption of the hydrostatic model and we have
accepted that is valid for the homogeneous atmosphere of Venus, which
contains a great quantity of CO,, below the altitude of 180 km (Nie-
mann, 1979, and Kundsen, 1979).

For the above computation we have used, apart from the chemical

composition of table I, the following data:

1. The temperature near the surface T';= T568°K (Venera 9) and
Ts = 138°K (Venera 10), (Keldysh 1979). The pressure near the surface
Ps = 90190 mb (Keldysh 1977) measured by Venera 9 and 10.

2. The distribution of the temperature (table 2, 3, 4) which has
been measured a) between 0-40 km by Venera 4 to 10 (Keldysh, 1977),
b) between 40-90 km by Venera 9 and 10 (Kolosov, 1978) and c) between
80-200 km by Mariner 5 and 10 (Fjeldbo, 1971).

3. The radius of Venus R, = 6050 km which has been measured
by Mariner 5 (Fjeldbo, 1971).

4. The distribution of the molecular weight from 0 to 150 km
computed from the chemical compositions of table 1 and from 150 km
to 200 km calculated by Marov (1972). The computed physical para-
meters are given in tables 2, 3, 4.

3. COMPARISON OF THE COMPUTED VALUES OF PRESSURE
AND DENSITY WITH THOSE MEASURED BY VENERA 9

As we have noted in our preceding work (Macris, Petropoulos, 1978)
the computed number densities and pressures based in data of the
chemical composition 1 (table 1), coincide with the measurements of Venera




SYNEAPIA THE 29 MA'1'OY 1980 315

9 and 10 (Kolosov, 1978) between 44 - 76 km and for the chemical compo-
sition 2 between 40-50 km altitude.

The computed number densities and pressures with the chemical
compositions 2 and 3 of table 1, have been compared with the meas-
urements of Venera 9 and 10 between 80-90 km in tables 5 and 6
respectively. The values of number density measured by Venera 9 and 10
for altitudes 80-90 km, are within the computed values computed with
the chemical composition (2) and (3) and containg CO, COi, 1,5 and
2,0 % . This is also, does true for measured pressures which are within
the values of the computed pressures only for the altitudes 80, 84, 88
and 90 km while for the altitude 82 and 86 km the measured values fall
computed.

The above anomalies can probably be attributed either to the
inversions of temperatures at the above altitudes, or to changes of the
electronic density, Mariner 10 has found distrinct temperature inversions
for a short distance with increasing height (Dunne et al, 1978). We can
conclude that if CO,- COs is formed at these altitudes its quantity is
between 1,59 and 2,59, .

Between the altitudes 90 - 150 km Venera 9 and 10 and Pioneer did
not measure the number density and the pressure, and it is not possible
to make comparison with the computed values. However between the
altitudes 150-200 km the computed values of density can be compared
with the recent measurements of Pioneer (Shapiro et al, 1979). The
computed values of density with the chemical compositions of table 1
are greater than those measured by Pioneer. These difference can be
attributed to the fact that these measurements were realised at different
periods of time (Venera 9 and 10 in 1976 and Pioneer in 1979).

4. CONCLUSIONS

The upper atmosphere of Venus (50-180 km) is homogeneous and
contains a great quantity of CO, and CO; with probable formation of
CO,-COY in a percentage quantity between 1,6% - 2,0%.
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If we take into account the values of temperatures and densities
of tables 2, 3 and 4 we can separate the atmosphere of Venus into the
following parts:

1) Lower atmosphere (0-50 km)
2) Middle and upper atmosphere (50-180 km)
3) Upper thermosphere above 180 km altitude.

The ionopause extende between 400- 1000 km altitude (Kundsen,
1979). The percentage of CO,-CO; in the atmosphere depends maintly
on the ionisation of the atmosphere and the intensity of solar activity.
Aikin (1973) concluted that for this region CO,- CO7 is created within
the layers E (125 km) and F; (160 km) (Bauer, 1973) wich are caused by
the maximum of electronic density and are due to the ionisation of CO,
and the photochemical equilibrium of COZ (Bauer, 1973). These mole-
cules are thereafter precipitated in the form of aerosoles and form the
haze. Consequently the composition of the atmosphere of Venus contains
CO,- COJ at the height of the haze, and its quantity depend of the
value of the maximum electronic density, which change us a function
of solar activity.

The values of pressures and densities for different percentage
chemical compositions of CO,-COf, based on Venera 9 and Venera 10
measurements are given in tables 2, 3, 4 and correspond to values of solar
activity near the minimum (1976). These parameters can be used to
study the kinetic of the reactions of formation of CO,- CO;F . The recent
measurements of Venera 11 and 12 and Pioneer were obtained near the
maximum of solar activity (1979).
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TABLE 5

Comparison of the computed and measured number densities

by Venera 9 and 10 (80-90 km altitude).

H (km)

N mol/cm3

Computed values

Chemical

composition 2

N mol/cm?®

Measured values
Venera 9 and 10

N mol/cm?
Computed values
Chemical
composition 3

80 1,89 X 10" 1,83 X 10" 1,50 X 10"

82 1,32 X 10" 1,26 X 10'® 9,64 X 10

84 8,87 X 1016 7,20 X 101 6,09 X 10

86 5,57 X 10 4,50 X 10 3,79 X 10%

88 3,87 X 107° 2,70 X 101® 2,31 X 1018

90 1,93 X 10'¢ 1,60 X 106 1,33 X 10
TABLE 6

Comparison of the computed and measured pressures

by Venera 9 and 10 (80-90 km altitude).

P (mb)

Computed values

P (mb)

P (mb)
Computed values

M d val
A less) Chemical 'easure vames Chemical
g = Venera 9 and 10 b

composition 2 composition

80 4,09 X 10° 4,97 X 10° 5,52 X 10°

82 2,51 X 10° 3,60 X 10° 2,54 X 10°

84 2,14 X 10° 1,82 X 10° 1,55 X 10°
86 9,16 X 10" 9,10 X 10° 2,28 X 107"
88 6,99 X 107" 6,38 X 107" 5,46 X 107"
90 3,74 X 107" 3,66 X 10" 3,21 X 107"
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BEPIABRYILZ

Eic ufav mooyeveotépav oyaciav jlag Omeloyloape tag @uotnae maQaué-
T00Vg Tic Gruoopaioas tiic "A@ooditng cuvagriiosr tol Tyoug dia Sragdoovg
ynuixde ovvdéoerg mov mepeigav SOp. Al Tipnal adTdV TOV QUOLRDY THQAUETQWY
dvavrar va yonotpwomwomndotv S v perétmv tiig xatwrégag druocaioog TG
*Agooditng (0- 50 km). Metayeveotéowg demotddn Um0 tod Pioneer 1 Umag-
Eic SO, 8vtog tijg drnoogaloag ths *Ageoditng.

Eic viv magoloav oyaciav vmehoyloape Tdg QUOKAS TAQAMUETEOVS TG
aruoogaioac tiic *A@eoditng cuvagticer tod Uyovg S dragoovs ymuindg cuvv-
Péoeig mov mepLéyovv t0 ouumroxrov uégrov CO, - cof.

To ubgrov adtd elvar mdavov va oxnuatilerar eig ta dvatepn oTewHATH
tile Grpnoopaioas tod mhavitov xai v dmotehfi TO ®VELOV GuoTATIXOV LGS Gui-
yAng mov mapetijonoey 6 Mariner 10. Svvexgivape tag Omoloyiedelong Tunag
méoewg %ol wurvoTnTog e tog uetondeioag Hmd OV Stacrmuomhoiwy Venera 9,
Venera 10 xai diemotdoausy Gt ai dmohoyiodeioar tipal cvpmintovy pe tag
ueton deloag el ta Hyn 80 - 90 km 2¢’ Goov 10 mocootov tol CO;y - COF neoié-
xetar petald tdv updv 1,5% - 2,6 %.

Al guowral maoduetoor tag 6molag Vmehoylouue dvavtar cuvends va yom-
owomotndodv dx v pehétnv tiig Gvotégag dtpoopaigas tig Agooditng,
(50 - 200 km) »ai va ushetndij Pdoer adt@dv 6 oxnuatiopos tod nogiov CO; - coy.

“Avo tdv 150 km, ovvexgivaue tig vmohoyiodeioag Tiuag murvoTnrog QoS
tog uetondeioag Hmo tod Pioneer xal etigouev §ti ai vmohoyioVeloar tinai eival
ueyahvreoar tdv perondetcv. Tovto aneddoapey elg 10 yeyovog dtL al petnoetg
v Venera 9 xai Venera 10 #ywav alnsiov tod &hayiotov tiig filtaxiis doa-
otmotdtntog &v@y oi uerofoewg tod Pioneer mhnoiov tov peyiotov. ‘H mhiany
doaotnoétng xolvetar 6t maller onuavtixov dhov elg TOV oxNUATIONOV TOU

CO, - COF sl 10 avidbreoa otoduata Tig drposqaigag tig *Agooditng.
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