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A Brief History of TIME

Proposed to DSMCE call in 2007 for ASRG-enabled missions
Concept refined, proposed to Discovery 2010 (with 27 others.)
One of 3 missions selected for Phase A.

Start July 2011, CSR due in March 2012
TIME Site visit June 2012
ASRG failed FDR June 2012
MSL lands in triumph, selection of InSight as next Discovery
flight program announced August 2012






Dimensionless similarity
parameter for Gravity- Inertlal
motions is the Froude |
Number

F= V(gD

Can match Titan gravity (1/7
Earth’s) by having a 1/7-
scale model. 3-D printed. 2




Test Video 1
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About 75% of impact velocity is
removed at impulsive contact. L '
2 4 6 8
Using Hirano-Miura scaling (Peak SR TR
load proportional to F*2 and relative
density m”-0.66 allowed estimation CFD runs can take days. Scale
of impact loads at Titan in liquid model test turnaround ~10 minutes.

ethane. Validated with a few CFD
spot runs. Safely below ASRG limits.



Kinematics video 2
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APOLLO CAPSULE CAPSIZE STABILITY DURING
SPLASHDOWN: APPLICATION OF A CAVITY COLLAPSE MODEL

RALFH D. LOREXE

Jahms Hopking Universiny Appited Physics Laberatory, Laurel, MD 20723, LS4
Raalph lorenz @jbapl.cdu

Email

Some 9 of the 19.

Stable IT” The

wndadwmendlmm:md Wil theas svicasous ars somaiarsbed - all but cor of the capsize events were @ winds
6 my's. The flight dara are reviewed in the context of a senes of scale-model tests and a physical wdehﬁwwoﬁni for the
domant, bat

mveraon,

cavity catches the edge of the capsule under cestain conditi
moment.

‘This mode] explams hew fither mereases of horirontal velocity a\n‘miapux The moded n:wtmiludtl}nm

capenle and o gplashdown in Titan s hydrocarbon seas.

Keynords: Splashdown, water lnding. hydrodynamscs. stabalaty, testmg

L INTRODUCTION
mwﬂa\wnwammym«m w«mcw
a, whezem

nuwchnlcupmmmolexsumleolﬁumﬁ:um
uniformn and forgiveng . J\snokdwraundhlll tolerable
ampact loads for crewed capsules on land surfaces

sddational hardware, euther arbags (10 extend the stroke over
which the deceleratson event seenrs, 25 in the case of the F-117
escape medule) or rerosockers (1o reduce the impact speed to
very small valwes, a5 m the Soyir capsules). Splashdown 1m-
pact allows a barge stroke, and thos madess loads, by the
hﬁwywmwmaidrwmmﬁt\mhu

This comvenience led NASA wwwkuﬂu;ﬁﬁh

if) - eee Fag. 1. However. the Apollo
easly teses 1o be atically stable i bath an upright (“Stable 1)
and parsly wwverted ("Stable II') condition {see Fag. 7). Because
crew egress was more difficult in Stable 11, 2 gystem to restore
the vehscle 1o an wpright condition was metalled [1] The
mmuﬂawmmhmw“wdﬁ

0.8

Speeds

0.4 -

Fraction of Capsizes for Lower

«+4Q0- Flight Data

Fig. 1 Apolbs 1% ar the instant of splachdonm. This overhead view
from a recovery helbcoper shows very vwllthm.dqqx‘;:i:

15 had a semewhar higher vertical velarity than others becanse.
u.nlmltmpm(m d-mwrmmnnu
i Howeves, the sea state iy rather quiricent indicating Jow
mmﬂlbtﬂpﬂlb”mw (NASA)
S

Logistic

15

Horizontal Speed (m/s)



2 necessary conditions for capsize :

N —

) —

Stable
(Insufficient
energy in jet)

Stable
(Capsule sits on jet)

Capsize
(Capsule
overturned by jet)

Stable
(Capsule avoids jet)

e resurging jet must have enough energy to overturn capsule
e jet timing must be right, to catch edge of capsule



Impact Velocity (m/s)
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The late sta are It nplex. They
are, however crltlcal in the's the'\ |cIe Whlle complex,

the phenomena are detern'f.!hrli‘stlg.,ll rﬁ'ple physncal mechanism
has been proposed, with a critical horizontal velocity range which

defines where capsize may occur. This mechanism, curiously, does
not appear to have been discussed in the literature to date. Orion?

Scale model testing remains an important element of development
(and can be much more efficient than CFD for some tasks).
Demonstrated safe conditions for TIME.







Review of Apollo flights (9
capsizes out of 19) indicated
threshold horizontal speed,
related to resurge timescale

(Lorenz, IPPW-9 and JBIS 2012)
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