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Why Do Cone Angles Of Entry Probes And Landers
Vary from 45° To 70°?

 Parameters that affect cone angle choices -

packaging, atmosphere, heating, stability, etc.

— Advantages of 45° cone angle
» Packing of pressure vessels
« Can decrease heating rates
* High-speed dynamic stability

— Larger cone angles

« Decrease entry heating duration
« Can increase heating rate, especially radiation
 Increase descent heat conduction
« Can decrease dynamic stability
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Conical Shock Detachment Conditions
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Convective Local Heat Load On Cone Frustum
(Relative Values)
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Variations Of Galileo Jupiter Probe
mg = 335 kg = const.
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Shock Layer Temperature and Pressure Distributions at
Cone Frustum Midpoints
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Variations of Stardust Capsule
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Heat Conduction During Descent

« Simplifying assumptions: terminal descent, exponential atm. density
variation with altitude

mgsiny = D:%pV2CDA
Sincesiny—>land p~ eV where n IS atm. density scale height
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Now the approximate descent time, t;, becomes
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Where p, is the atm. density where heat shield is discarded

« Note that heat conduction time is reduced by decreasing the C, or
cone angle. In contrast, during entry the heat load is decreased by
increasing the C, or cone angle [

q-~ m j where n >0

D

« Also, note the effect of atm. density, p,, and scale height, n, on the
descent time



Mars Pathfinder Entry Dynamics
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Gnoffo, et al, “Prediction and Validation of Mars Pathfinder
Hypersonic Aerodynamics Database,” Journal of Spacecraft and
Rockets, Vol. 36, No. 3, May-June 1999, pp. 367-373




PLANETARY ATMOSPHERE ENTRY PROBE CONFIGURATIONS
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Conclusions

Cone Vv Press Max. Heating
Planet(s) E Atm. ' w/o Ablat. Rel. Time | Cp
Angle km/s Vessel
kW/cm?2
70° Mars 67 | Thin no Low (~0.2) short | 1.7
triatom.
60° Earth | 12-13 | _Me9d | o Med (~1.0) Med. | 1.5
Diatom.
0 Dense —_—
45 Venus 11-12 triatom. yes High (~5.0) Verylong | 1.0
45° Jupiter 48 Med. yes | Severe (~50.0) long 1.0
Diatom. ' '
o | Other outer Med. . Very long
45 olanets 25-30 Diatom. | V&S High (~5.0) - ong 1.0
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Variations Of Galileo Jupiter Probe
(%D AJE = 257 kg/m* = const.

d, = 1.265 m = const.
L = 0.926 m = const.
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