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QUTSTANDING VENUS SCIENCE QUESTIONS

A - GENERAL CIRCULATION (CONTINUED)

1/ WHAT IS THE LATITUDINAL VARIATION OF THE ZONAL FLOW ?

2/ WHAT IS THE LONGITUDINAL BEHAVIOUR OF THE ZONAL FLOW AFTER THE
SUBSOLAR POINT ?

3/ WHAT TS THE CAUSE OF THE JET WHICH OCCURS PERIODICALLY AT MID

T0 POLAR LATITUDES ?
HOW DOES IT AFFECT THE OVERALL MOMENTUM BUDGET OF THE FLOW ?

4/ WHAT PROCESSES PRODUCE THE DECLINE OF THE ZONAL FLOW WITH
INCREASING ALTITUDE ABOVE THE CLOUDS ?

5/ WHAT ROLE, IF ANY, DOES DISSIPATION PLAY IN THE DEGRADATION OF

THE RAPID ZONAL FLOW ?
WHAT IS THE ROLE AND DISTRIBUTION OF SMALL SCALE TURBULENCE ?

6/ DOES COMVECTION PLAY AN IMPORTANT ROLE ? IF SO, WHERE ?

7/ ARE WAVES AND EDDIES THE CONTROLLING FACTORS IN THE RAPID FLOW?
WHAT ARE THE DOMINANT SCALES OF WAVES AND EDDIES ?

8/ WHAT ARE THE VALUES OF THE VERTICAL AND HORIZONTAL MOMENTUM
FLUXES AT DIFFERENT LATITUDES AND ALTITUDES ABOVE AND BELOW THE

CLOUD TOP MAXIMUM WINDS ?

9/ WHAT ARE THE RELATIVE FRACTIONS OF MOMENTUM AND HEAT TRANSPORT
BY WAVES AND BY THE MEAN MERIDIONAL FLOW ?

10/ WHAT IS THE BEHAVIOUR OF AIR MASSES IN THE ZONAL FLOW ?

o
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[FOUT§I§NQ{NGMYENH§*§CIENCE QUESTION

B - COMPOSITION

L/ WHAT IS THE CHEMISTRY OF SULFUR IN THE UPPER ATMOSPHERE OF VENUS ?
WHAT IS THE SOURCE OF SULFUR IN THE ATMOSPHERE AND HOW IS SO,

OXIDIZED TO HyS0,, ?
ARE THERE ANY REDUCED FORMS OF SULFUR IN THE UPPER ATMOSPHERE ?

2/ CAN THE SULFUR CHEMISTRY BE USED AS AN INDICATOR OF VOLCANIC

ACTIVITY ON VENUS ?
CAN' THE DISTRIBUTION OF SULFUR SPECIES BE USED TO INFER VOLCANIC

SOURCE LOCATIONS ?

3/ WHAT IS THE CHEMISTRY OF CHLORINE IN THE UPPER ATMOSPHERE OF

VENUS 7
[S A CHLORINE INTERMEDIATE INVOLYED IN THE OXIDATION OF CO TO

(0p ON VENUS. IN A MANNER SIMILAR TO THE WAY IN WHICH CHLORINE
IS INVOLVED IN THE DESTRUCTION Oz IN THE EARTH'S UPPER

ATMOSPHERE ?
[S THE PRESENCE OF EXCESS HCL OR HF A BETTER INDICATION OF

VOLCANIC ACTIVITY THAN 30y 7

4/ ARE THERE ANY VOLATILE METALLIC COMPOUNDS PRESENT IN THE UPPER
ATMOSPHERE AS THE RESULT OF VOLCANIC ATIVITY ON THE SURFACE ?

>/ WHAT ARE THE PRECISE ABUNDANCES OF THE RARE GASES NE, AR. KR
AND KE AND THEIR ISOTOPE ABUNDANCES ON VENUS ?

6/ WHAT IS THE D/H RATIO ON VENUS ?

// WHAT ARE THE ABUNDANCES OF TRACE OXYGEN SPECIES SUCH AS Uy & HoQ 7
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THE WAY TO A BREAKTHROUGH [N UNDERSTANDING
IHE ATMOSPHERE OF VENUS

1~ LONG LIVED BALLOON AT CLOUD LEVELS MEASURES THE ATMOSPHERIC
PARAMETERS FROM 55 KM TO GROUND BY A SERIES OF DROPSONDES

2 - STABLE PART OF THE ATMOSPHERE PROBED BY SMALL BALLOONS WITH
VERTICAL EXCURSIONS

3 - UNKNOWN PART OF ATMOSPHERE AT HIGH ALTITUDE EXPLORED BY
LONG LIVED BALLOON AT 65 KM COULD CARRY A M.S. FOR CHEMISTRY

% - UNKNOWN PART OF ATMOSPHERE AT LOW ALTITUDE EXPLORED BY HIGH

TEMPERATURE BALLOON AT 17 KM SHOULD GIVE EVIDENCE FOR DEEP
HADLEY CELL
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FUTURE BALLCON MISSI (NS

ADDRESSING THE VENUS SUPERRRCATICN PRBLEM

- WANT MANY (~v 12) PROFILES OF (T,P,u,v,w,chLOUD, ers' FIR)
FROM 4C 10 80 kM AT ALL (A EVERY 3(°) LONGITUDES,

- To GET THIS COVERAGE, NEED LONG-LIVED BALLOON CAPABLE OF
CHANGING ALTITUDE., NAVIGATE ON GYROS, STORE TELEMETRY. MEASURE

T, W WITHOUT WAKE EFFECTS,
e '

- Non-equaToRIAL coveRAGE (10° To 3(°) PLUS HIGH LATITUDE ( > 6(°)
1S DESIRABLE,

~ MULTIPLE CIRCLING AROUND PLANET IS DESIRABLE,

- THIS MISSION WILL MEASURE THE LARGE-SCALE EDDIES, BOTH TIDAL
(AND SYNOPTIC),

~ THE SAMPLING WILL BE LIMITED (ONE EDDY EVERY FEW DAYS) BUT
ADEQUATE,

- CAN DEFINE FLUXES OF HEAT + MOMENTUM, BOTH VERTICAL + HORIZONTAL.
AND MEAN CIRCULATION.




ALTITUDE STABILIZATION USING REVERSIBLE FLUID

] ]
60
.E VENUS
wi ATMOSPHERE
Q
> |
-
’.....
.
< LIQUID
REVERSIBLE FLUID
SATURATION CURVE -
o 1 |

0° "~ 500°
TEMPERATURE, “C

CLOSE VALVE TO
CONDENSATION CONT}NFLmo

VAPORIZATION

oPTIONAL _~"

DESCENT
TRAJ CTORY

TIME

Venus Balloon Equilibrium Altitude and Cyclic Motion
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Atitude control experiment balloon system.
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Return
Atmospheric/
Y —Engineering data -
(5 min duration)

1.4 m/s

Take Optical n
Navigation
Data

65° FOV
optics

Return
Navigation
Data

“(1hr duration)

Target Maximum
-~ ~— Altltude = 60 km

28 mis
-~
Target
_ Minimum
- T T e e T ™ Altitude
| - = 40 km

One altitude cycle ~ 6 hrs

Acquire atmospheric and anginaering data every 10 minutas
Acquira 50-70 frames of Optlcal Navigation surfacs height data per orbit
@ Retum stored dala every 2 hours

Acquire 1 high resolution surface fopography imags per orbit
Retumn hi-res oplical data durlng 1 hour pericd each orbit




ALTITUDL, km

20

10

Venus Cloud Bobber Mission Profile.

BALLOON

NATER/AMMONIA YAPOR MIXTURE

FINNED HEAT EXCHANGER
(EVAPGRATES WATER BELOW 42 XM)

8GNDOLA




'POLAR CAP

BALLAST EJECTION
VALVE

a3

Figure 2.

-POLAR CAP

S

\ ==
1 METER
_ OVERPRESSURE
("'MVALVE

BALLAST RESERVOIR

Sketch of a possible

Mlukewarm" balloon .

for operation near
40 km altitude,
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VELOCITY, m/s
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~Dikg

PRIMARY BALLOON

SUN SENSOR
GRAVITY VERTICAL
PRESSURE ALTIMETER
RADAR ALTIMETER
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EARTH UPDATE*
—+  ELEMETRY —_— PROCESSING
SECONDARY -, AND FUSION
BALLOON o
~ bl BN |
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] |
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]
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Planetary Aerobot Testbed Vehicle System
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VENUS HIGH TEMPERATURE ELECTRONICS

HIGH ALTITUDE ¢ D UPPER CLOUD
BALLOON

CONVENTIONAL fc;, 05 Bar

ELECTRONICS Cj’
LI-HALIDE . 3 TS LOWER
BATTERIES 70°Cli—50 < Az ———— CLOUD LAYER

EXTENDED 130°¢ fl- 20 @ LUKEWARM

i COMMERCIAL BALLOON
ELECTRON] CS 2 Bars
0
NO BATTERIES HYBR'D 220 C '““30
CIRCUIT

EXPERIMENTAL

4 ELECTRONICS - LOW ALTITUDE
#— 300 c’l—zo @ BALLOON

GaAs 15 Bars
FUSED SEMICONDUCTOR
BATTERIES Gap HC |10 R
i l — 11km 365°C
VACUUM
TUBE, el LANDER ,,

VENUS

&9
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VENUS HIGH TEMPERATURE
BALLOON REQUIREMENTS:

L. MISSION DURATION 2 wks

2 ! 100 km ERROR

3 < 2kg

g 1000 TO 3000 MHz
5. EMISSION ~ PULSE OR CW

6. ANTENNA " CIR. POL OMNI-DIR
7. ALTITUDE 18 km

8 TEMPERATURE 300°C T0 350°C
SIBLE

9. MEASURE TEMPERATURE (POSS | BLE)

0. PRESSURE (POSS | BLE)

(L LIGHT INTENSITY (DYFFICULT)
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BEACON FOR LOW ALTITUDE VENUS BALLOOW

’ X CERAMIC
TRIODE/CAVITY

|
[
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i
|
SODTUM-SULFUR OSCILLATOR
: J_ ,a> BATTERIES | a
i f i
i
, FiL/—‘l.I‘AEhﬂ']\ [PLATE
|
| S ) POWER
! —5] 6—— - o
| | CONYERTER
| g
i i /;’]'
| mg..\’i“_“l._ /
’ TIMER /
l " 'h) A - /
] H
Y ",
Z CONTAINS: Z— CONTAINS:
ELECTRIC MOTOR TRANSFORMER
GEARS ANDIOR CAMS REED SWITCHES

FILTER COIL & CAPS




MISSIOR

BALLOOR

TRAJECTORY:

INJECTION:
ALTITUDE:

PAYLOAD: 10 XG,

TYPE: OPEN,

LOW ALTITUDE

B MK NOWY

XO0T COMSTRAIXNED

20 K¢

FILLING GAS: B20
PACKAGIRG TO BE DEVELOPED

DIAMETER: 2 M
VOLOME: & M3
MASS: 1. FLOATING
(KG)

2. JETTISONED

3.

GRAND TOTAL

STABILIZED

BOY IMCLUDING BALLAST

BY BALLAST

GONDOLA
BALLAST
BALLOON
BH20
TOTAL

TANKS
EXCHANGER
STRUCTURE
TOTAL

10
20

23

10

30

40

89




MEDIUM ALTITEDE (1) (CONSTANT LEVEL)

SION MORE THAN ONE COMPLETE REVOLUTION, NIGCHY IRJECTION
ALTITUDE FIXED AT S5 M, CORSTANT LEVEL
PAYLOAD: (NOT INCLUDIEG BALLAST)

1 GORDOLA 30 k¢
12 X 5KC BROPSONDES 90
120

LOOK TYPE: SUPER PRESSURFZED, VITH VALVZ AmD BALLAST
FILLING GAS: HELIUN
DEVELOPED POR VENERA 84
DIAMETER: 8 N
VOLUME: 250 n3
LP MAX 50 MBAR

MASS: 1, FLOATINC GONDOLA 120
(KG) BALLAST 25
BALLOON 75

BRELIUM 24

TOTAL 244

2. JETTISONED TANKS 300

STRUCTURE 150

3. GRAND TOTAL 700



MISSION

BALLOON

MEDIUM ALTITUDE (2) VERTICAL EXCURSIONS

- 1/2 CIRCUMNAVIGATION FROM MIDNICHET 1O KOON

— VERTICAL EXCURSIONS FROM 40 to 50 KM ALTITUDE
= ABOUT 10 TO 20 SUCH EXCURSYLO®S BURINC XISSION
= MAXIMUM TEMPERATURE: 160*¢C,

— PAYLOAD 10 KG NOT INCLUDING BALLASTY

TYPE: OPEN, STABILIZED BY BALLAST
FILLING GAS: HELIUM

NO DEVELOPMENT NEEDED

DIAMETER: 3.5 M

VOLUME: 20 M3

MASS: 1. FLOATING GONDOLA 10
(KG) BALLAST 12
BALLOON 8

HELIUX 3

TOTAL 33

2. JETTISONED TANKS 42
STRUCTURE 20

62

3. GRAND TOTAL 95



MISSION

BALLOON

RIGR ALTITURE (635 - 70 KM)

MORE TEAN ONE CIRCEOMEAVICATION

NIGET INJECTIOR

VERTICAL EXCEURSIORS (2 te 3 EM)
PAYLOAD: 30 EC ROT IBCLUDING BALLAST

TYPE: OPEN, STABILIZED BY BALLAST
FILLIKG GAS: RELIUM

NO DEVELOPMENT NEEDID

DIAMETER: 10 - 15 METER

VOLUME: 500 T0 17060 w3

MASS: l. FLOATIEC GCOXDOLA 30
(KG) BALLASY 25
BALLOON 30 TO 75
BELIUM 9 TO 14
TOTAL 96 TO 134
2, JETTISOKED TAKKS 115 10 175
STRUCTEURE 70 TO 100

AND DEPLOY
TOTAL 155 TO 275
3. GRARND TOTAL 280 TO 410




MISSTION

BALLOGN

HIGH ALTITUDE (I>65 KX)

(2) SOLAR GAS BALLOON

DAY ONLY, IRJECTION NEAR SUBSOLAR POINT
ALTITUDE 64 - 66 XN
PAYLOAD 30 K&

TYPE: OPEK, STARILIZED BY BALLAST
FILLIRG GAS: COj

%0 DEVELOPMENT KEEDED

DEAMETER: 12 M

VOLDME: 1000 M3

MASS: 1. FLOATING CONDOLA 30
(K¢) BALLOO¥ _90
TOTAL 120
2. JETTISONED  STRUCTURE 60

AND DEPLOY
60

3. GRAND TOTAL 180




HIGE ALTITUDE (Z>65 KM)

(3) EIGET G4 BALLOON

MISSION 1/2 CIRCUMNAVIGAYIOR ¥FROM MTEDNTGHT TO NOOK

ALTITUDE: 65 KM
PAYLOAD: 5 KG

BALLOON TYPE: OPEN, THERMALLY WEaIED.
FILLING" GAS,’” 0

DEVELOPMENT -REEDED .
nxanzrzn.ﬁfls%ni¥i
VOLUME:" 4000 m3

MASS: 1. FLOATIRG 35
(xG) | 35
2. JETTISONED 40

3. GRAND TOTAL 75




A Mission Concept for

Yenus Samplza Return

June 27, 1985

Dr. Jacques Blamont
Ross Jones

Dr. Angus McRonald
Carl Sauer
Chris Purvls

e Due to the long Serles of Successful Missions 1o venus (Maoriner 2 & 5 & 10,
venera 1-12, Ptoneer Venus, YEGA 1 & 2) and the Approved VRM Project and
the Interect In Sample Return from Mars and Comets [T IS TIME TO CONSIDER
A VENUS SAMPLE RETURN MISSION

e The Mission Objective 1s to Return at least one lkg sample of the Venus
Surface to tarth Orblt

e Mission Concept Proposed by Dr. Blomont includes Balloons and Alrplanes
in the VENUS Atmosphere

e The Venus Sample Return Mission is similor In size and challenge to the
Mars Sample Return Mlsslion

Missioh Mode Optlions

® Direct Return from surface

®"Ascent Yehicle carried to surface and {anited gt mid-gltltude

®**Balloons with airplane transfer and mid-altitude Ignition of
Ascent Vehicle

® Tethers dragged along surface from mid alt!tude balloon or klte




SPL
0ppor tun{ ty

1995
1996 Direct

1996 Broken
Plane

1999
1996 Direct

1596 Broken
Plane

*final Venus Orblt: 300 km clrcular equitorial

Trojectory Options®

Deep Venus
Earth Space  Earth to Yenus Yenus  Venus to Earth
Departure ay Venus Arrival Stay  Departure Earth Arrival
Date _Date Time Pate Time Pgte Time pate
6/9/99 - 140 cays 10/24/99 461 1/30/01 129 6/8/01
4/8/96 - 110 7/27/96 493  12/3/97 183 6/4/98
3/6/96 3/28/9% 152 5/28/96 485 12/3/97 183 6/4/98
tarth Deep VYenus Venus Earth
Departure Space Arrival beparture Arrival
C3 Ay AY AY g

9.3 km?/s2 - 3.39 km/s 3,67 km/s 3,32 km/s
i7.6 - 5.1 3.43 4,05

5.67 1.87 3.32 3.40 4,05




S VENUS SAMPLE RETURN
PHASE |

LAUNCH: JUNE 6, 1999
ARRIVAL: OCTOBER 24, 1999

TOS

‘AEROCAPTURE:AT
PROVIDES VBNUSHNTO#A 1300-km
ESCAPE ‘QIRCUEARIEQUATORIAL
ENERGY ~~.  REUSABLE OHBIT
NOTV
p \ RETURNED
/ TOISRAGE
/ #STATION
EARTH |
\ SPACE STATION
\\ AND:SPACE:STATION
N BASED OTV

3 SHUTTLE LAUNCHES
#1 FOR:SPACECRAFT {20,000 kg)
#2:FOR:OTV: PRORELLANTS (26,800 kg)
#3 FOR TOS { ~ 14,000 kg)




S

ALTITUBE, km

VENUS SAMPLE RETURN
PMASE I

T ViDM2 !
380- — TH _
: DEGRBIT =()
I PN VDM1 =2
| (\p“/\’f ‘h('{\\"‘ (
| @Rt R4 o
I F-’ﬂ — - - -——_,T(\L.
. BALLOON: . ] % T ' 5 - o
50-60  TERMINAL % .
| ALTITUDE S @%"H"ﬂ‘ =Ty
| DESCENT -~ =
| ,
|
l
I
| %
l 1 kg
| SAMPLES
| | % | @@@ PARACHUTE
! | | | DESCENT
i [
ol ‘ 000 l !
3 SAMPLERS ON'THE SURFACE FOR 1 hr
VOV = VENUS ORBITING VEHICLE ——————- 500 km ~— 50 km ——
VDM1 = VENUS DESCENT MODULE #1
VDM2 = VENUS DESCENT MODULE #2 - 4 hr . —— 0.5 Rr —=

ERV = EARTH RETURN VEHICLE



VENUS SAMPLE RETURN
SR PHASE Wi

ALTIT-UDE, km DEGRBIT
vOm2

DEPLOY:HQAT “AIR”

] BALLOONIWITHVAV
| AND3A w.
| AIRPLANE % P
| NoJ : | ATMOSPHERIC
60 ENTRY
|
| CLIMB TO DEPLETE VELOCITY
I BACKUP ALTITUDE
I AlRPLANE -
4{0
| VDM2 ERRORELLIPSE
, + 300-km DOWNRANGE
i +  50ikm CROSSRANGE
0

VAV = VENUS DESCENT YEHICLE




S

BALLOON
AIRPLANE
ENCOUNTER
/s
/W
7
/7 'SHAMBLE
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venus Somple Return Comporison to Mors Somple Return
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summary and Conclusions

e Sample Return from Yenus is supported by a large number of previous
missions to Yenus and by COMPLEX documents.

e Based upon Prellminary Work, Misslon Concept Appears Fegslble

e Misslon Concept is similur to Mars sample Return in shuttie launches,
complexity, Time and presumably cost

e Venus Sample Return does not reauire, but is a good candldate for
International (NASA. ESA, CNES, IKD) cooperation

e The current Mission Concept is complex and requires technologles new
to planetary missions, 1.e. aerocapture. alrplanes, and hot alr balloons.
However all the required technologles are supported by terrestrial
equivalents and the majority of the new technologies could be tested

on Earth,

e This mission concept avolds putting complex. hilah technojoay vehlcles
into the hostile Venus surface environment,

® MSR and VSR could be parts of a comnon sample return program since they
nave many common features and elements.




