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TEOPETUYECKOE N 95KCIIEPMMEHTAJIBHOE NCCJIE/IOBAHUE
CYIIEPPOTAIIV ATMOC®EPHBI IIJIAHETHI BEHEPA

Broromos A.IL.%', Tormm6 B.M.%2, Kepxanopra B.B.%3, Jluakun B. M.%*, Jlumatos A.H.*%, Ma-
kapos B. C.%6 Manykun A.B.%7

¢ Poccuiickaa akagemus HayK, r. Mocksa, 117997, Poccus.

Armocdepa Benepni 6bi1a oTmanenno usydena B Tedenue npubsmsuresbuo 100 JgeT u ¢ KocMudIecKuMu Kopad-
JISMU TOYTH TIOJIOBUHBI CTOJIeTUs. B pe3yabrare ObLIa JIpaMaTUdecKas MOJIEPHU3AIms IpeacTaBaeHuil. [ aBHoe
OTKpPBITHE — OOHApYXKeHUe yHUKAJIHHOIO SIBJIEHWs — Cylepporanusi arMocdepsl. Brepsoie 910 00HApykKeHO C
opbutsl B 1974 ¢ kocmudeckoro kopabist Mariner, i 3170 — rJ1aBHBIN 371eMeHT arMocdepHoit quaamuku. Vccaemo-
BaHMe cynepBpamnierns mpoBoausiock B YJIBTPAOUOJIETOBOM muanasone B BbicoTax 65-69 KM 1 B muamna3oHe
IR 51-59 kM, n Takxke B xozme 3Kkcrepumenta ¢ 6awtonom BEI'U ma 53-55 kM. B mpomexyTOUHBIX BBICOTAX He
ObL/IM BBIIIOJIHEHBI CACTEMATHYIeCKue n3Mepenusd. 1Ipeyroxkeno BBecTr Jierkne 30HIbI-0AJIIOHBL B arMocdepy B
PA3JIMYHBIX BBICOTAX, HO C yBEJIWYEHHON JIMTENbHOCTHIO mnojera. O6G0JI0UKH ClIeJIaHbl U3 MeTa/lIM3UPOBAHHOMN
PET ¢doapru. Macca moste3uoro rpysa Ha Kaxka0oM 30HAE cocTasiseT 1 kr. [lmamerp 000JI0UKH 3aBUCUT OT BbI-
COTHI, ¥ B BBICOTHOM amana3oHe 50-70 KM HaXOOSTCS B Auana3oHe 1-3 MeTpoB. DKCHOeauIns J0IKHA IPOITATHCS
npubmusurensao 30 3emubIX mHei. Takske IpeioXKeHO IPOABUHYTOE 00bsCHEeHUe (PUUTIECKOr0 MEXAHU3Ma CY-

TIeppOTAIIN.

Karoueswie ca06a: IPOCTPAHCTBO, MpoIecc, nHGOPMAINs, CTPYKTYPa, PA3BUTHE.

VENUS THEORETICAL AND EXPERIMENTAL ATMOSPHERE SUPERROTATION
STUDY

Ekonomov A.P.%!'  Struct P.V.»?  Kerzhanovich V.V.%3 Linkin V.M.%* Lipatov A.N.%5,
Makarov V.S.%¢ Manukin A.B.%7

@ Russian Academy of Sciences, Moscow, 117997, Russia.

Advanced explanation of the physical mechanism of superrotation is proposed. The reason is solar light pressure.
The atmosphere of Venus was remotely studied for approximately 100 years and with spacecrafts for nearly half
a century. As a result, there was a dramatic modernization in terms of views. The main finding is the detection
of a unique phenomenon: the superrotation of the atmosphere. For the first time, this was detected from orbit

in 1974 via the spacecraft Mariner, and this is the main element of atmospheric dynamics. The superrotation

1 E-mail: alekonomo@yandex.ru
2E-mail: gotlib@iki.rssi.ru
3E-mail: kerzanovl@yahoo.com
4E-mail: slavalinkinl@yandex.ru
5E-mail: slip@iki.rssi.ru

SE-mail: vmakarov@mx.iki.rssi.ru
"E-mail: amanukin@yandex.ru



TeopeTuyeckoe u IKCIEPUMEHTAIBLHOE UCCIIeL0BAHUE CyneppoTranuu armocdeps! niaHeTs Benepa 69

study was conducted in the UV range at altitudes of 65-69 km and in the IR range of 51-59 km, and also,
during the course of the experiment, using a VEGA balloon at 53-55 km. At intermediate altitudes, systematic
measurements were not carried out. It is proposed to introduce light weight balloon probes into the atmosphere
at different altitudes, but with increased durability. Envelopes are made of metalized PET foil. The payload
mass on each probe is 1kg. The diameter of the envelope depends on the altitude and at an altitude range 50-70

km is within the range of 1-3 meters. The expedition should last approximately 30 Earth days.

Keywords: Venus, atmosphere superrotation, balloon.
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Introduction

The results of two balloons which flew in the cloud layer of the atmosphere of Venus during the Vega
experiments were analyzed as to the nature of the superrotation and local dynamic and thermodynamic
characteristics of the atmosphere. These measurements via balloon, along with measurements of tem-
perature profiles from Venera 15 Fourier spectrometer measurements, allow us to propose a mechanism
that accelerates the atmosphere to high zonal velocities and maintains these speeds, i.e. the superro-
tation of the atmosphere in general. Spectral measurements with balloons confirm the possibility of
imaging the planet’s surface from a height of not more than 55 km. Future experiments with balloons
in the atmosphere of Venus are being considered.

In particular, we discuss the possibility of measuring the geopotential height, because Venus has no
seas and oceans for vertical positioning of the temperature profiles. As an innovative research platform
within the atmosphere, an overpressure balloon with a lifetime greater than 14 Earth days, as well as
vertical microprobes, are being considered.

In situ studies of the atmosphere of Venus are necessary because the dense atmosphere blocks
remote observations from orbit. Below cloud level is a large percentage of the atmosphere, the surface
of Venus and numerous processes that determine the heat balance of the planet, the mechanism of
interaction of the atmosphere with the surface (inducing wave buoyancy), and geological processes
on the surface. Data from previous missions are insufficient to answer the questions regarding the
generation of the superrotation of the atmosphere of the planet, buoyancy waves penetrating to great
heights, what is the full range of turbulence in the cloud layer, and many other tasks of significance, so
it is necessary to continue studying the atmosphere of Venus with balloon probes and descent probes.
Important parameters for balloon probes is the duration of their flight in the atmosphere of Venus.
Project Vega showed that it is possible to solve the problem of increasing the flight duration of balloons
in the atmosphere using well-verified manufacturing technology. This can be achieved by using a reserve
gas which can be utilized to compensate for gas losses during flight, which will increase flight duration
from 2 to 20 days. To study the atmosphere of Venus on the lander and balloon probes, a meteorological
complex should be used for measuring the main atmospheric parameters P, T, dT, W, W’, E (pressure,
temperature, temperature gradient, wind speed, acceleration, infrared flux).

Tables 1-3 shows the main parameters of balloons, respectively, for altitudes of 55 km and 48-50
km.

1. Download advancement — deep dive

From a comfortable trajectory of 50 km, we can advance the balloon down to the surface. The
problem is the hot environment for electronics. To overcome the 100°C limit for Si electronics, we
must exchange Si for GaAs. In this case, we will be able to produce a long flight of 37 km. There
the lifting power of a balloon is 10 times greater compared to 50 km. After several revolutions around
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Venus at a constant altitude in superpression mode, the aerobot starts a slow dive into the atmosphere
along a sloping spiral. Vertical section of the atmosphere will lead to electronics overheating failure at
approximately 11 km.

2. The reason for the abnormal rotation of the atmosphere of the planet Venus

It is known that the atmosphere of Venus rotates in the same direction as the planet itself, but
the period of rotation of the planet is about 240 Earth days, and the period of rotation of the upper
atmosphere is approximately 4 days.

Thus, the entire atmosphere rotates faster than the surface of the planet, therefore, the external
constant torque should act on the atmosphere.

At the base of the model of external torque formation, there is an experimentally confirmed effect
of rotational pondermotive instability. Any spherical or cylindrically symmetric body with an initial
angular momentum will be rotationally unstable after uniform luminous flux dropping perpendicular
to the axis of symmetry. The reason for this is that symmetric surface points as to a flow will have
different temperatures: the point emerging from a shadow has a lower temperature in comparison with
another which was heated by the flow. As the tangential component of light pressure is proportional
to the absorption coefficient growing with a rise in temperature, there is the torque accelerating initial
rotation of the body.

The gear of formation of the difference in absorption coefficient symmetric concerning the direction
towards the Sun for the portions of the atmosphere of Venus is more difficult, but the idea of using light
pressure seems fruitful. Cloud layer altitudes also differ for morning and evening terminators, which
also increases the torque of light pressure.

Even in a case when the difference in an albedo is less than one percent, and the area where there is
an albedo difference is no more than 10% from all areas of the planetary disc, and cloud layer altitudes
differ by no more than 5 km, the difference of light pressure over several million years can untwist the
atmosphere till observable speeds.

It is known that the Venus atmosphere rotates in the same direction, as a planet, but the period
of rotation of a planet about 240 earth days, and the period of rotation of an upper atmosphere —
approximately 4 days.

Thus, all atmosphere rotates faster than planet surface, hence, the external constant torque should
act on atmosphere.

At the base of model of external torque formation there is an experimentally confirmed effect
of rotational pondermotive instability. Any spherical or cylindrically symmetric body with an initial
angular momentum will be rotationally unstable after uniform luminous flux dropping perpendicular
the to an axis of symmetry, The reason of it is that symmetric surface points as to a flow will have
different temperature: the point which goes from a shade, has smaller temperature in comparison with
another which was heated by a flow. As the tangential component of light pressure is proportional to
an absorption coefficient growing with growth of temperature, there is the torque accelerating initial
rotation of a body.

The gear of formation of a difference in absorption coefficients symmetric concerning a direction
on the Sun for the portions of a Venus atmosphere is more difficult, but the idea of using light pressure
seems fruitful. Cloud layer altitudes also differ for morning and evening terminator that also increases
the torque of light pressure.

Even in a case when the difference in an albedo makes less than one percent, and the area where
there is an albedo difference, no more than 10% from all area of a planetary disc, and cloud layer
altitudes differ no more, than on 5 km, the difference of light pressure during an order of several millions
years can untwist atmosphere till observable speeds.

In drawing change of altitude of a cloud layer for morning and evening terminator is schematically
shown.
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Table 1. Scientific payloads for 48-55 km

Scientific payload A3-55 | A3-48
T, p, W, w, dT, e, w, HKg 0.4 0.6
camera ( 1 mkm) kg 0.5 0.5
Acoustics kg 0.3 0.3
Nephelometer kg 0.5 0.5
TDLAS 0.5 0.5
seismology 0.4 0.4
GS-MS 2.5
LIDAR 0.5
dropzonds 2%2

Table 2. Balloon parameters for 48-55 km

Parameters A3-55 | A3-48
Envelope volume m3 20 20
Total floating mass kg 21 38
Altitude of operation km 53-55 48-50
Photovoltaic cell power W 1-2 2-3
Velocity of flight m/s 70 70
Transmission rate to orbiter bit/s 10 10
Mass of gondola kg 6.7 21.5

Table 3. Mass distribution for 48-55 km

Mass distribution kg A3-55 | A3-48

Photovoltaic cell 0.3 0.6

Rechargeable battery 0.4 0.8

Control system 0.3 0.3

Communication subsystem 0.9 0.9

structure 1.2 2.5

Helium pressure vessel 1 4.5

reserve 3.5

TOTAL 6.7 20

Table 4. Comparisons for missions
Vega balloon | Undercloud orbit | Undercloud finish | Deep dive

H km 53-54 37 54-37 54 +11
TK (T °C) 300 (27) 430 (166) 300 = 430 (27 = 166) | 625 (400)
P bar 1.03 4.8 1.03 +4.8 1.03 =35
Time h 46 100 200 100(?)
Density kg/m3 0.6 5.8 0.5+5.8 0.5+30
Frequency MHz 1668 1668 1668 1668
Electronics Si GaAs GaAs+Si GaAs

Table 5. Comparisons for HTE materials

Material Tech maturity | Temp tolerance (°C)
Silicon (Si) Very high 125 = 250
Silicon-on-Insulator (SOI) Medium 250 =+ 300
Gallium Arsenide (GaAs) High 350

Gallium Nitride (GaN) Very low >500

Silicon Carbide (SiC) Low >750
Diamond Very low >800
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Fig. 1. Entry vehicles aimed at different Venus
latitude zones in turn consist of several vehicles in-
tended for different heights assembled using a tan-
dem principle. After entering into the atmosphere,
these vehicles disintegrated, releasing balloons
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Fig. 2. In the illustration, the change of altitude
of a cloud layer for morning and evening termina-
tors is shown schematically

Fig. 3. [Each vehicle aimed at different Venus lat-
itude zones in turn consists of several vehicles in-
tended for different heights
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