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Professional Project

This is a Closed circuit scuba diving
helmet that uses rebreathing to allow
novice and experienced divers to enjoy
shallow dives without the hassle of the
bulky, heavy equipment.
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It will essentially compress the tanks/rebreather unit
on the divers back, the hoses, the mouthpiece, and
even the dive mask into a single, setintained
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The pressure in the box is 50 mm Hg below atmospheric; an 8

at a Pp, of 100 mm Hg,
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The device i® 2 S NBE R AV  idfich dleawh O
water to enter through small holes, where it enters a
chamber that separates the oxygen from the liguid. The
CNRG2YQa AYUOUSNYFE FAL GSNJI
smaller thanwater molecules so that only air is able to
pass through. The oxygen is then compressed and stor
IN a miniature storage tank. The entire gadget Is powere
by an incredibly small, easily rechargeallerobattery.

So far, the design is just a conceg[tiut Yeonhas high
hopes that it will someday be turned into a commercial
product that can completely replace complicated scuba
gear

Orealistisktpgadet lagaoxygeninnehalleti vatten.
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http://news.softpedia.com/news/Spotlight-Odd-Looking-Scuba-Mask-Turns-You-Into-a-Fish-413882.shtml
http://inhabitat.com/index.php?s=water+molecules
http://inhabitat.com/index.php?s=microbattery

Galar som tar Qur vatten

Havsvatten rymmer 5ml oxygen/L.

Om galen kunde extrahera all oxygen skull
galarna i vila behova passeras av 200 L/m\
och vid mattligt arbete 1000L/min

Dessa floden kraver mer energi an
manniskan kan producera.



Innehall av oxygen och koldioxid i vatten, blod ocivBC

250,00

200,00 N FC75

150,00

Content of gas in liquid, ml/100ml

100,00
in water
50,00 gen in FC75
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Solution of gases li

Content of O, and CO, in saline, blood and fluorocarbon at
physiological gas partial pressures.

Gas carrying capacity

Oxygen

Carbon
dioxide
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Some properties of Hydro- and Fluorocarbon

ANARNAY
HCICIC:(I:CI:CI:CI:ICH Hydrocarbon Fluorocarbon
|
HHHHHHHH CgHyg CgF g
Boiling point 145 °C 9 %

Heat of evaporation 86.6 Cal/g 20 Cal/g
Refractive index 20 = 1.398 20 =1.280
Surface tension 21.8 Dynes/cm 15.0 Dynes/cm
Density 0.70 g/lcm3 1.78 g/cm3
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The bronchial tree and a capillary net of an alveolus
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A graphic description of branching. (weibel, 1963)

TRACHEA

CONDUCTIVE ZONE

NSIT&RESP Z.
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Transectional area of the airways
| |

Cross sectional area Larynx
1.5 cm2
100 Terminal bronchioles

700 000 cm2  Area of gas exchange surface

Liquid density is high, which gives a high flow resistance.
Calculated maximum ventilation approximately 3.5 I/min.
Theoretically enough for resting conditions, but not for UV work.
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Excerpts regarding experiments with

liquid breathing

Year Animal Liquid Ventilation Immersion Type of experiment

Kylstra et al
Clark et al
Ornhagen
et al

Harris et al

Wedel

1965 Mice  Saline
1967 Mice  FC
1972Mice FC
1975 Dogs FC

1999 Human FC

Spont./
total
Spont./
total
Spont./
total
Ventilator/
emuls. total
Ventilator/
partial
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Research (drowning)
Technique develop.
Research (HPNS)
Research (sub.eécape)

Research (lung med.)
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How early experiments were made

Pulmonary lavage during O, ventilation.

Artificial ventilation.

www.ornhagen.se
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Apparat anvand i Lund 1968 for att mata
oxygenforbrukning hos vatskeandande maoss.
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The experiments at Duke University Il.

TEMPERATURE
PROBE
GAS VENT

07 SuprLy

MODIFIED DOUGLAS BAG
120 LITER NALGENE 8OX

nearen |3

HEATER PUMP
INSPIRED SAMPLE

EXPIRED SAMPLE
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FOA report
C 50062-5.1
Augusti 1988

ISSN 0347 - 7665

LIQUID BREATHING

FLUOROCARBONS IN BIOLOGICAL RESEARCH

Proceedings from a FOA 5 workshop
Hans Ornhagen, Editor
Lena Nordin, Assistant editor

FOA 58 Naval medicine

Liquid breathing set Hk 1

FORSVARETS FORSKNINGSANSTALT
Huvudavdelning 5
S-102 54 Stockholm Tel: 08-663 15 00
Sverige
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1988 gjorde FoOrsvarets
forskningsanstalt en
sammanstallning av
forskningslaget for
vatskeandning |
varlden
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The most resent
information
regarding liquid
breathing.

www.ornhagen.se
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Partial LiquiVent® breathing in man

(University of ' ;
SIS RGEE PLV In Memphis, Tennessee
(Alliance Pharma-
ceutical Corp.)




Positive Pressure Gas Ventilation

Gas
ventilator

Endotracheal
ube

- ' Alane »
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Liquil’ent Partial Liquid Ventilation™

Gas
ventilator

Endotracheal
tube
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Mojliga fordelar med vatskeandningsapparat
A Inget behov av dekompressionstabeller
A Mindre risk for lungbristning

A Minskad kéanslighet for Ugxplosioner



Why are there no liquid breathing Scuba today?

- Uncertainty regarding toxicity slowed down research
- Density and solubility not adequate for CO, removal

- Thermal control a problem (close contact liquid-blood)

- Liquid breathing was not the solution to eliminate HPNS as
thought

- Commercial diving is decreasing due to robotics
- Pure curiosity does not create enough funds for research

Does this mean that there is no UV-interest in liquid breathing?
No.
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One possible application remains.
Rescue from disabled submarines.

Theoretically possible procedure.

- Enter the escape lock in the disabled submarine at 300 m depth
- Hyperventilate for 2 minutes to eliminate CO,

- Breathe O, for 15 s to wash out N, from lungs

- Inhale from a bag of oxygenated 37 °C fluorocarbon

- Hold your breath

- Pressurize during 30 s and leave the submarine at 300 m

- Float to the surface at 2.5 m/s

- On the surface 2 min later exhale the FC and start O, breathing
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Chemical decompression: Definition and
basics

- Elimination of dissolved inert gas other ways than
through the lungs

- Does not work with heliox (a chemically inert gas)

- Is theoretically possible for nitrox (N,)

- Has been shown in animal experiments using
hydrox (H,). Kayar et al, 1998.
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Chemical reaction

4H, + CO, -> CH, + 2H,0

Methanobrevibacter Smithii in intestines

Extra corporal culture ->

www.ornhagen.se

Intestinal infusion or
Entero tablets
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Animal experiments

Hydrox saturation and decompression.

Incidence of decompression illness (Dl)

Without With
bacteria bacteria

Rats 56 % 25 % Kayar et al, JAP 1998
Pigs 90 % 40 % Fahlman et al, FASEB 1999
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Chamber and control room at US Naval
Medical Research Institute, Bethesda
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Problems to solve

- Increase contact between blood and bacteria

(Inclusion of bacteria enzyme in ghost cells
In blood did not work)

- Eliminate the gas formed
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Hypothetical calculation |

80 kg man, 20 % fat, 240 m saturation (25 atm,
| 2.5 MPa)
Mass Solubility Amount gas at 25 atm sat.

kg ml/mlat 100 kPa liters STPD

H,water 64 0.017 al.2
H, fat 16 0.048 19.2
46.4 liters = 2.07 moles
All hydrogen

Converted to water: Equal number of moles formed 2.07
moles =37.3¢g 2H, + O, ---> 2 H,0
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Hypothetical calculation li

All hydrogen 46.4 liters is converted to methane (CH,):
, 4H, + CO, -> CH, + 2H,0
A quarter of moles is formed 0.52 moles = 12 liters of a gas with higher
solubility.
Mass Solubility mi/ml Amount, liters Actual amount
kg at 100 kPa at 25 atm sat. liters

CH, water 64 0.025 40.0 3

CH, fat 16 0.28 112.0 8
152.0 liter 12 liter CH,
(100 % satat (8 % sat. at
25 atm) 25 atm)

Decompression to 2.0 atm (10 meters) possible without supersaturation.
At surface only 2:1 supersaturation, but a lot of gas in excess (6.1 liters).
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