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Figure 1

37th COSPAR Scientific Assembly 2008

FUTURE DRAG MEASUREMENTS FROM VENUS EXPRESS



Figure 2

Orbital Decay Due to Atmospheric Drag



Figure 3



Figure 4



Figure 5 (Keating et al., Science, 203, 1979)



Figure 6 (Keating et al., Science, 203, 1979)



Figure 7

Predicted and Observed Diurnal Variation in Density

(Keating et al., JGR, 85, 1980)

160 km



Figure 8



Figure 9
(Keating & Bougher, JGR, 97, 1992)



Figure 10

Variations of thermospheric temperature residuals (!T) with solar activity (F10)

Second diurnal survey (12/5/79 – 3/6/80)

Pioneer Venus Orbiter atmospheric drag measurements (OAD)

11 day running means

(Keating & Bougher, JGR, 97, 1992)
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(Keating & Hsu, GRL, 20, 1993)



Figure 12

Magellan Atmospheric Densities Compared To Model Prediction

(Keating et al., 1993)



Figure 13

Previous Venus Spacecraft, not Designed for

Aerodynamic Heating, were Safe Below 150 km

• Pioneer Venus Periapsis Altitude

Part 1,  145 km – 185 km (1978-1979)

Part 2,  145 km – 185 km (1979-1980)

    Final Part,  210 km – 130 km (1992)

    Max Density 10-11 g/cm3 (no evidence from thermisters of
aerodynamic heating), Dynamic Range 106

• Magellan Periapsis Altitude

Cycle 4,  170 km – 190 km (1992-1993)

Aerobraking, 137km – 148 km (1993) (near noon) (no
evidence from thermisters of aerodynamic heating)

Cycle 5,  160 km – 210 km (1993-1994)

Cycle 6,  170 km – 210 km (1994)

    Max Density 0.8 x 10-11 g/cm3



Figure 14

Discoveries from Venus Orbiter Drag Effects near Equator

• Thermosphere on dayside only 300K compared to 1100K on
Earth

• Discovery of Cryosphere on nightside only 100K compared to
900K on nightside of Earth

• In Venus cryosphere temperature is decreasing with altitude, as
opposed to a thermosphere where temperature increases with
altitude

• Discovery of 27-day oscillations associated with rotating sun

• Discovery of 4-day oscillations associated with rotation near
cloud tops giving indication of super-rotation of the
thermosphere

• Detection of response to 11-year solar cycle

• Atmospheric behavior in both CO2 regime and atomic oxygen
regime

• Requirement for wave breaking near terminator to explain
cryosphere

• Requirement for very strong O/CO2 15 micron cooling to
explain cold thermosphere



Figure 15



Figure 16

Magellan Cycles 4,5,6  Local Solar Time vs. Latitude



Figure 17



Figure 18



Figure 19

Accelerometers

on Mars and Venus Orbiters

(2005)(QA 2000)Venus Express

(2005)(QA 2000)Mars Reconnaissance Orbiter

(2001)(QA 2000)Mars Odyssey 2001

(1996)(QA 1200)Mars Global Surveyor

Launch

Year

AccelerometerSpacecraft



Figure 20

Venus Express



Figure 21

Vortex Measurements from Pioneer Venus Orbiter

(F. W. Taylor, 2004)

Polar projections of various views of the northern

hemisphere of Venus, looking down from above the N pole.

Figure A (top left):

ultraviolet image by

Mariner 10, showing

vortex behaviour

centred on the pole.

Figure B (top right): a thermal

image of the vortex (11.5

microns wavelength) by

Pioneer Venus, showing the

complex structure of the 'eye'

and its double nature or

'dipole'.

Figure C(Bottom

left):  An average of

images similar to B

over a 72-day period.

The averaging smears

out the rotating

dipole and

emphasises the

average appearance

of the cold collar

(and the thermal tides

at lower latitudes).

Figure D(bottom right): the

same data as C, but this time

averaged in a rotating co-

ordinate frame with a period of

2.7 days, the same as the

dipole.  This emphasises the

dipole and smears out the

collar.  The thermal contrast

between the brightest part of

the dipole and the coldest part

of the collar is about 50K.  The

distance across the 'eyes' is

about 2000 km.



Figure 22

VEX Accelerometer and Orbital Decay Investigations of

Venus Polar Thermosphere Region

1) First vertical, diurnal, latitudinal and longitudinal
measurements of the structure of the polar thermospheric
region.  What is the character of waves in this region?

2) Measure the nature of the transition from the polar
thermosphere to the polar cryosphere.

3) How is the cryosphere maintained and insulated from
thermosphere? Does wave breaking near the terminator inhibit
mass and energy transport to the nightside?

4) Is there coupling between the middle atmosphere polar dipole
and polar collar with the thermosphere?  Can the 2.7 day super-
rotation of the polar dipole be detected in the thermosphere?

5) Is the polar thermosphere super-rotation similar to the
equatorial thermosphere super-rotation? What processes spin
up the polar thermospheric vortex?



Figure 23

VEX Accelerometer and Orbital Decay Investigations of

Venus Polar Thermosphere Region (continued)

6) What is the impact of a super rotating thermosphere on escape

rates and the evolution of the Venus atmosphere?

7) How do the characteristics of the morning and evening near

equatorial terminators compare with the polar terminator region?

8) How does the polar thermosphere respond to solar EUV

variations related to the rotating sun and to the Solar Wind?

9) What can be learned about forcing from below and above by

comparisons with other VEX instruments?

10) How do thermospheric variations correlate with ionospheric

variations?

11) How do the polar thermospheres of Venus, Mars, & Titan

compare?


