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Introduction and Summary

With the help of LTC James Clock, we selected awide range of technical subjects for
Jason to review during the summer study. In this section we give abrief description of these
topics, and a summary of our results. For convenience we subdivide these topics into two
categories, Show Stoppers" and "Technical Analyses and Inventions."
(A) Show Stoppers
n These topics were speculative ideas for new systems, and Jason was asked to make a
sanity check", i.e. we were asked to see if there were any physical principles that would

ultimately prevent the system from working as intended before major resources were expended.
(1) Cavitating Vortex Bubble Rings ("CVBRs"). CVBRs are underwater analogs to

smoke rings. They can carry energy (in the form of circulating water) over long
distances. We concluded that they could not be used as weapons, since the the
rings become unstable for velocities v2 >2gd, where dis the depth, and gis the
acceleration of gravity. Stable velocities are too low to make useful weapons, and
it is highly unlikely that the unstable high velocity rings would last long enough to
be useful under real conditions.

(2) Detection ofvery shallow mines using nuclear methods.
Some modern mines have no magnetic signature, and nuclear methods have been
suggested to detect the nitrogen in the explosives. We reviewed all relevant
nuclear techniques, and concluded that in each ofthem the range ofthe nuclear
radiations is too short topermit a useful system. We recommend that nofurther
work be done in nuclear mine detection. We do suggest alternative
electromagnetic methods; these are described insection (B) below.

(3) Mathematization of human metabolism.
Are there mathematical techniques that could aid in the prediction of human
response ina wide range ofconditions? No, largely because of inadequacies in
the data.

(B) Technical analyses and inventions
We were introduced toseveral technical problems being faced by USSOC personnel, and
we searched to see if new or overlooked technologies could be used to solve someof
these.
(1) Thermal control for Seals.

Suits worn by Navy Seals must provide warmth during periods of inactivity
underwater, and yet cooling during periods of exertion. The ideal material would
have high conductivity when the skin is warm, and low conductivity when the
skin is cool. Could liquid crystals provide such thermal control? We did not
have the expertise to find suitable materials, however we did suggest an
alternative that we are sure would perform the same task: a well-known device
called a "heat pipe" could be incorporated into a suit. It would provide high
cooling when the humanwas hot, and low cooling otherwise.

(2) Trajectory Generation and Terrain Avoidance
Aircraft flight paths must sometimes be updated in real-time to take into account
new information (e.g. SAM sites destroyed, or recently moved). To enhance the
mission effectiveness, this trajectory generation is often done on a computer.



Newly developed mathematical techniques are far superior to the standard
"dynamic programming" methods that are cirrently used. These include
"simulated annealing" and "wavelets". These techniques should allow real-time
calculation aboard the aircraft.

(3) Low observable boats.
Low observable boats can be constructed, like the B-2 bomber, from scratch.
However because of the clutter of nearby sea surface, we believe that adequate
cover can often be achieved by much simpler methods, and therefore existing
boats can be retrofitted at relatively low expense.

(4) Shallow water mine detection.
Non-conducting mines can be detected in a seawater environment by the very fact
that they ame non-condacting, and therefore present a non-uniformity to an electric
field.

(5) Directed IR Countermeasures
We suggest several technologies that could help the DIRCM problem, including
the usc of batteries for short-term power supplies, and the use of stabilized optics
for tracking and shooting. In certain circumstances RF weapons might be used
against surface-to-air missiles.

(6) Comments on Seal Operations
We were told that Navy Seals do not consume food or other nourishment while
working, and we recommend that this practice be reinvestigated.

(7) Infiltration/Wxfiltration
We studied the "Fulton" system of exfiltration, and although we found the effort
to be excellent, we did have several recommendations of ideas that we thought
could receive additional attention. Most systems .are designed for a maximum of
8 g's, although a person suitably protected (e.g. wearing a g-suit) can be fully
functional after a brief period of much higher acceleration; we recommend that
future systems consider such higher g domains.
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Al. Cavitating Vortex Bubble Rings (CVBRs)

We considered the possible use ofcavitating vortex bubble rings (CVBRs) as underwater
standoff weapons. According toanunclassified memo one wishes to form vortices ofdiameter
oforder 15 cm with energy density 100 J/cm2 which would deliver an overpressure of10,000
psi for a period of 1millisecond. The main interest is in stationary targets but use against
torpedoes orthe creation ofacluster ofCVBRs tospoof the opposition have been considered.

Small scale tests at Tracor Hydronautics have already been performed. They are
considering large scale tests next summer and hope to achieve vortex velocities of 0.1 - 0.6 c
("c" is the speed of sound in water, * 1500 m/sec) and to demonstrate damage of sample targets
consisting ofa pair ofsteel plates with target ranges up to 100-1000 yards. We should decide
whether these large scale tests are reasonably based on theory and the small scale tests already
performed.

Anon-cavitating vortex ring can be modeled as an inner circle ofradius aand vorticity k
surrounded by aflow field ofradius R. In afluid ofdensity p and pressure P the vortex energy
will be

T«ipRK2log(R/a)
andthe vortex will havea forward velocity of

v" 3^k)8(R/a)
It is possible to vary log(R/a) to some degree by different choices of vortex generators, but it

cannotbe be varied substantially and we will take it to be of order 1. If vais the velocity at the
inner radius a then the vorticity is K =27iava. In order to achieve an energy density of 109
erg/cm2 we require an inner velocity of

va- (4.5 x 103 cm/sec)(R/a) = 0.03 c (R/a)

The actual velocity of propagation of the vortex will be somewhat smaller than this by
geometrical factors. We estimate that in order to achieve energy densities of the type required we
will need an inner velocity va « 0.1 c.

The analysis of CVBRs can be usefully be divided into three areas, the production
mechanism, their subsequent propagation, and their interaction with the target. The latter two
areas seem to be the weakest points. The main limitation arises due to a natural limit on the
velocity for stable propagation. At the velocities of interest the inner pressure of the CVBR will
drop below the vapor pressure leading to cavitation. Approximate the pressure inside the
cavitating region by zero and the outside pressure bypgh with h the depth and g = 32ft/sec2. If
va is the velocity outside the cavitating region then hydrodynamics requires that va2 /2 « AP/p =
gh.At a depthof 30 ft the limiting stablevelocity vais thus 31 ft/sec or 0.01 c. Stablevelocities
of order 0.1c could be achieved only at operating depths of order 3000 ft or 1 km!

Subsequent to a limited distribution of thissection of thereportin draftformwereceived
a commentary on this draft byDr. D. W. Sallet and Mr. J. A. Thywissen of Obert Assoc. Inc..
In their commentary they mention aRedirection ofWork and Summary Proposal ofWork which
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SUBJECT: Freedom of Information Act Referral Request -
Michael J. Ravnitzky (DTTC-RSO FOIA 92-79)

This responds to your September 14, 1992, Freedom of
Information Act (FOIA) request referral to the Defense Advanced
Research Projects Agency and the Department of Defense in
response to a request from Michael J. Ravnitzky (DTIC-RSO FOIA
92-79). A copy of your referral is included at the attachment.
The document is identified as follows:

- AD-B154 026 U.S. Special Operations Command Report
entitled "1990 JASON Summer Study", March 13, 1991,
(Unclassified/Limited - 25 pages)

We have completed our review of the document, and DoD has
remoyed the Limited distribution marling for the document. The
requester has been provided with a copy of the document.Z ERRATA

- 'a%1 W. M. McDonald
~ DirectorFreedom of Information

and Securi' y Review
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IN RE ,.. 4 SEP 19-.
,E,,• DTIC-RSO (FOIA 92-79)

SUBJECT: Freedom of Information Act (FOIA) Request

TO: Ms. Tricia Rohrkemper
General Counsel's Office
Defense Advanced Research Projects Agency
3701 N. Fairfax Dr.
Arlington, VA 22203-1714

1. Reference FOIA request from Mr. Michael J. Ravnitzky,
20 Aug 92 (Encl 1).

2. Release of document ADB154026, U.S. Special Operations
Command, dated Mar 91, may only be performed by the controlling
activity. We are forwarding the request, along with a copy of
the document (Encl 2), to you for processing and direct response
to Mr. Ravnitzky. Mr. Ravnitzky has been notified of this
action.

3. Should the review of this document result in a determination
to delimit the document, it should also be reviewed to deternine
if other conditions that would affect release exist. Please
refer to the guidance in DoD Directive 5230.24, Distribution
Statements on Technical Documents and DOD Directive 5230.25,
Withholding of Unclassified Technical Data from Public
Disclosure. If you determine the Distribution Statement/Export
Warning Statement should be changed, please advise the Defense
Technical Information Center (DTIC) so we may mark our records
accordingly.

4. The category of request was Other. Search effort did not
ex:eed 2 hours and required duplication was less than 100 pages;
therefore, all fees for services from DTIC were waived.

5. If you have any questions, call me at (703) 274-6886.

-FOR THE ADMINISTRATOR:

/,

2 En-l KELLY D. AKERS
Freedom of Information Act

Focal Point
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document and are in the process of reviewing it for release..

Please process and return to DARPA for action.

Tricia Rohrkernper
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