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Problem Statement

Human beings require about 500 ml. of air per breath when resting. Conventionally, large 
metal oxygen tanks weighing tens of kilograms are used. This decreases the diving time and 
restricts us from exploring  any deeper parts of the sea.

In this project, we are designing a underwater breathing system modelled from the design of 
fish gills. This radical approach uses the principle of counterflow diffusion to extract dissolved 
oxygen from surrounding water and supply it to the body. Potential advantages of this method 
are as shown below.

TANKLESS APPARATUS CONVENTIONAL APPARATUS

WEIGHT LESS WEIGHT 40 lbs / 20 kg

DIVING  TIME APPROX. 45 MIN. ABOUT AN HOUR

SIZE VERY SMALL LARGE



OUR PREVIOUS IDEAS…



Surface Supplied Method Electrolysis





The proposed design of the breathing system is mimicked from fish gills. Each of these gill filaments
contains a complex structure known as the lamellae.

From this diagram, it can be seen that the flow of blood in the lamellae and the flow of water are
counter-current. The blood vessels bring the deoxygenated blood to gills and take it back.

Our Concept 



The concentration of oxygen present in the blood and water depends on the partial pressure of
oxygen. It can be seen from the figure that due to the partial pressure difference of oxygen in blood
and water, oxygen diffuses into the blood. The main advantage of counterflow diffusion lies in the
homogeneous transfer of oxygen from the water to blood.



Mathematical Model

Rate of Diffusion: The transfer of gases across the 
membrane obeys Fick’s Law. 

The equation implies that the rate 
of diffusion of oxygen depends 
upon the partial pressure 
gradient, the area of gas exchange 
and the diffusion constant.



Our Elementary Idea



Experimental Setup
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COMPARISONS

ELECTROLYSIS CHEMICAL REACTIONS DIFFUSION

SIZE INTERMEDIATE LARGE SMALL

SAFETY

DIVING TIME

WEIGHT

TUBE LENGTH

WATER FLOW-RATE LESS N/A COMPREHENSIBLE

REBREATHER YES YES YES

RELIABILITY

BADOKGOOD



Current Challenges

• Size of the molecules such as the oxygen and carbon dioxide which 
are to be exchanged are in the nanometre range. The membrane 
with such a pore size is very expensive to manufacture. 

• The system`s working involves the process of bypassing the blood 
from lungs which is could be consequential.


