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ABSTRACT

BACKGROUMD: Physiological protecion of divers in cold water has not woked, suggestng an enginesring

approach.

MATERIALS AND METHODS: Technology fora diver thermal protedion system (DTPS) was evauated

and an actrve DTPS manufactured.

RESULTS: The DTPES technology is comprised of actve heatngfoooling units inconpomted in a backpack
and atubse sui (MedEng) that the diverwears undera wet ordry suit The DTPS can be powerad from

any source (32 volts DC). The DTPS has six pumps (BED Pumps, Inc., UGP-2000P 24VDC) that
dgrculete water through the tube suit. Heating is by five thermal eledric modules (Pelier effect) (TEC,
Supercool US, Inc., DL-280-24) in paralel, with their nlet suppled fomn a manifold that receives water
mtuming from the wbe suitand the outlet feeds from a manfold that perfuses the wbe sui. A
progmmmakble controllarvanes the power to the TECs to adhiewe a seleded outlet manifold

tempearature. The tube suit was designed and commercaly buill and has six independent zones (head,

forsa, amns, hands, kbgs, feet) that are perfused =t opfimsl flows of 0.5-1.0 LY min. The sysiem can be
powemd by surface suppled cument, generstor, or battesss; or, in the free swimming mode, by

multiple modular battery packs. The latterare “sticks" of eight fhiumion batteres (Panasonic 18650)

that are encased in pressunzed tubes and nine sticks am bundled in aluminum trangles that fit in the
curvatures around scuba tanks. The DTPS B 18" by 13" by 3" and although it weights 44 kg in airi is
neutmily buoyant in water. In its expenmental mode, in addiion to the manifolds, the tube suits nlet
and outlet temperatures arm measured and thus serves as a total body calonmeter.

COMCLUSIONS: Using the batiery packs this DTPS has protected divers in a wide range of submersed

watertempearaturas forup o four hours,

[ONR grant NOOO14-021-0278).

Background and Goals

Divar themnal prote dion influences most dive planning as most of the waters of the world are either
below or sbowve that termperature fhatis thermal neutral forman, evan in wet suits, while dry suit and
surface supply heating bmis mobility.
Diving in wamn water is wany poblamatic as to date no effectve codling system s avalahle.
Arecent MAVSEA sponsored symposium that reviewed past and cument diver themnal protection
conduded that no curment systemwas adequate, physiological solutons had not bean found and fhus
an engineerng soluion was needed, whidh was the am of the present ONRAMAVEEA funded progct.
Criteron for system opemtion:

Frovde both thermal profection and comfort with coma home capabiity

Oparationally reliable underthe wide range of diving scenanos wih few moving parts and renewabla
powar supphy

Cora temperature controled wihin £1.0°C

Skin tempemtues confrolled between abowe 20°C and below 35°C

Ciparational water Eemperatums 5°Cto 40°C

Operatonal depths down to 350 faw

Mobility equivalent to that of diving with UBA and a wet suit

Background and Methods

all current thermal protections systems, and cencluded that nene met the established
performance criterion.

all potential engineering solutions ; including insulations, heating and ceooling methodologies
{electrical resistance, vapor compression, phase change materials, fuel cells, batteres, etc)

Reviewed:

Tested and Rejected:

Hybrid aerogel insulation as too rigid with improved protection enly below 100 fsw.
Zoned panel style liguid garment did not hawe an advantage over tube suits.
electrical resistance heating and vapor compression cooling as inefficient and technically
unreliable.
Phase Change Materials as their power was only 52-55 Whikg, requiring a large velume of
material and
slow charge and discharge rates limited applicakbility.
Fuel cell as power supply was 178 Whikg, while batteres are now 160 and will go to 320. Fuel
cell
tested was alsounreliable and had a short life expectancy with mamy moving parts.

Tested and Accepted:

Wet suit and dry suit technology
Six zone tube suit as system-to-body heat exchanger
Six circulating pumps to pump water through the tube suit
Themal electric heat exchangers (TEC)L
Power supplies:

system power requirements to operate TECs most effectively

surface supply by house current, generator or other renewable sources

battery technology identified and tested selecting and developing standard litum icncells

into a
modular unit with appropriate power capahbilities
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Six zone tube suit

Liquid tube suit with tube densty designed
and engneerd o maxmze heat
exchange and produced by Med-Eng.

Six zones (head, torso, amms, hands, egs,
feet) wih ndependentinlet and outist fiows
Each zone is perfused indepeandanthy from
a common manfold in the DTPS and the
mtums allgo o a comman retum manifold
n the OTPS.

The zoned concept alows each zona, and
the total body, to be optimalhy
healedicooled while conserving the power
rmquired to heaticool

Suit Performance
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DTPS- Backpack

. The backpack contains all
components needed to heat/oool
and the pumps used o croulbte
the water fhrough the tubs suit.

. The backpack also holds tha
scuba tank (as shown)and the
battery packs (sea figures to the
s ft).

. Seq the followng fgures for
descaption of ndnidual
components.

. Upperpar of photo shows the inkt (upper) and outlet (bwer) manifalds of the OTPS.
. The manifolds are connected fo the TECs, pumps and indiradly o the tube suit.
. At the bottom of the photo shows the amangement of the six pumps that draw watar from the

Flow Rate (mL/min)

This figure shows the relationship between water fiow mte through the tube suit and
heat exchanga.
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outiet manfold and perfuse the sk 2ones of the tubsa suit.

TECs and their Position and Attachment
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At left & shown a single thermal electic heat exchanges that both heats and cools circulating water.
. A right is the positioning of the TECs.

. The TECs aperate by the Palbiereffect and require 24 vols and14 2 amps.

. He ating or cooling is accomplished by reversing their polarity.

Water Bath Temperature, C

This figure shows the relationship between the suit perfusion tempearaturs {suit nlet)
needed o keap the diverin themalbabBnee and comforl and the water temperaturs
the subjed is submerged in using surface suppled heaterchilars.

Based on these data, and the figure above, a fow rate of 500 mifimin and a pefusion

tempersture of 30°C was chosen forthe DTPS.

DTPS Controller Board
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The contoller board senses the walar emperature in the outlet manifokd. ‘} sra
The controller tums on-off the duty cycle of al of the TECs {o heaticool the manifold i
temperature to 30°C to padfuse the tube suit. £ o
Patent applhcation fied. _—
Power supply for the DTPS
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The OTPS can be aperated to protect a tethered diver using sudace supply curment, 400

genemtors and marne battanes, as well as the battlery modules descrbed in the foliowing
figuras.

Aftertesting and devebpment a fuel cell was rejected as a power source in favorof battenas
for the fres swimmming diver.

Initial devebpment utiized thium polymer batienes n two modules with balancing arcuits
and a chargersystam.

This system has been mplaced by thiumion battenes that have been ntegrated into stcks
of nine batienies (Battery Spedalies) and charging/babncing ciruits, which intum hawve
been integrated into battery modulkes ncoporafing nine stcks.

The battery sticks and modules have besn ncoporated into pressure resistant wbes and
modules and tested fo 500 fBw.

Battery module development
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The fop panal shows a sngle celltested wih vanable dechame mtes giving a total
capacity of betwean 900 and 2400 mdh.

The kower panal shows the battery stick with eight ndividual calls in senes wih a control
and slectical protection card. The data to is nght shows the capacity of the sfickas a
function of s decharge mte. The capacity of the stckis consetert with that of the
combination of the aight indvidual cells.
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Battery module development,

cont.

85 9P Battery Capacity (mAh) vs Voltage (V)
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The fop kft panel shows the nine sticks and protective cards
ncoporated into & tiangular pressue resistance battan madule.
The phoio at the fop sght shows how the batteny modules it on &
backpack that also serves to hold two scuba tanks.

In the lower panelthe discharge rate that the DTPS wil requirs
was used to 85t the capacity of a sngle battery module.

Cive protocols will dictate if the diveris required o camy ona or
more modules, up to sk without changing the fooiprnt ordrag of
the system.

Conclusions

A prtolype DTPS has bean developed, constucied and tested
that can both warm and cool the diver.

The OTPS system can be powered by a vanety of sources,
nciuding surface supply, masne batteses and battery modulas.
Tha OTPS can be re<configured to fit vanous applications from tha
free swimming, surface supply, cosed droult, transported diver
and & adaptable to muliple diver themal protection during
fransport.

Thermmal protedion and comfort has been achieved with the DTRS
fsea poster#Db).




