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Full-scale splashdown tests at 
North American Aviation 
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Resurge is well-known in impact 
cratering as the mechanism for 
central peak formation.  



2	  necessary	  condi-ons	  for	  capsize	  :	  
• 	  	  resurging	  jet	  must	  have	  enough	  energy	  to	  overturn	  capsule	  
• 	  	  jet	  -ming	  must	  be	  right,	  to	  catch	  edge	  of	  capsule	  	  
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Resurge timescale 
 t= 2(D/g)0.5 

In reality some correction 
factor applies, since 
resurge is not impulsive, 
and horizontal velocity of 
vehicle changes 
throughout event..  To fit a 
threshold speed Vt for 
full-scale Apollo of  5m/s 
we obtain 

If average VH 
applies, then critical 
velocity is VH ~ L/2t 
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Applying the formula                                           to ¼ scale Apollo, we find a 
threshold speed of 2.65 m/s, which agrees nicely with Stubbs’ results.  This 
formula can be applied to other vehicles, and other planets/liquids.  



Conclusions	  
	  
A+en-on	  in	  splashdown	  has	  tradi-onally	  focussed	  on	  the	  first	  
milliseconds	  a9er	  contact.	  	  	  This	  is	  an	  analy-cally	  appealing	  
problem	  with	  a	  rich	  pedigree,	  and	  is	  when	  the	  peak	  decelera-on	  is	  
generated.	  
	  
The	  late	  stages	  are	  computa-onally-‐demanding	  and	  complex.	  They	  
are,	  however,	  cri-cal	  in	  the	  stability	  of	  the	  vehicle.	  
	  
While	  complex,	  the	  phenomena	  are	  determinis-c.	  A	  simple	  
physical	  mechanism	  has	  been	  proposed,	  with	  a	  cri-cal	  horizontal	  
velocity	  range	  which	  defines	  where	  capsize	  may	  occur.	  	  This	  
mechanism,	  curiously,	  does	  not	  appear	  to	  have	  been	  discussed	  in	  
the	  literature	  to	  date.	  	  
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