Technical Specification (TS) of «kHuman Nose»

Cyclic, bi-directional load, “double block and bleed”, combined

Air handling unit for adiabatic humidification, heating and enthalpy recovery
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Key features:

Inspiration: air - conditioning (moistening and heating)
filtering and clearance of air pollutants N
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Expiration: enthalpy-recovery (latent and sensible energy) \ \7
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= 80 % of people have a rhythmic cycle of several minutes to hours where *:m,'! | ’::

congestion and decongestion of mucous membranes alternates between left and right.
This enables the narrowed side to have optimal filtration and clearance while the wider
side has higher air-flow, providing ideal physical requirements for air conditioning.

Description:

length: 8-10 cm, surface area 150 — 200 cm?

inner lining: mucous membrane with cilia (10° /cm?) and goblet cells
sticky surface layer = Airways Surface Liquid: velocity 0-22 mm/min.,
direction larynx, propagated by cilia beating, frequency (5-20 Hz)
mucous production: = 1-2 | per day (depending on irritation, infection)
three turbinate's increase the surface area and affect the flow-profile.



Vorführender
Präsentationsnotizen
I present you the “Technical Specifications of Human Nose»
What mankind invented in the last decades was invented and engineered by evolution already million of years ago?
The human nose is a «Cyclic, bi-directional load, “double block and bleed”, combined Air handling unit for adiabatic humidification, heating and enthalpy recovery. 
This device is more efficient, compact, versatile, reliable and durable than any existing technical device for the same purpose, invented and designed by mankind. 
*** Key features: 
*** Nasal-cycle
The so called »nasal-cycle» demonstrates, how difficult it is, to cover all these specifications in one device.
The «nasal cycle» allows our nose an intermittent operational change between the tasks of «conditioning» and «filtering». Since optimal boundary conditions for the two jobs imply different flow conditions and geometric dimensions. 
It allows as well an intermittent recovery time for the mucous membranes. «Conditioning» and «Filtering» of inhaled air over stresses different qualities of our mucous membranes.

*** Description: read …. 



Nasal cycling enables the partition of «two jobs» and «work and recovery» 12

«recovery time» «work time»
-> optimal filtering < > -> optimal conditioning
+ clearing (heating and hydration)

nose wide (decongested)
O high air-flow

nose narrow (congested)
O low air-flow

O - optimal filtering O - optimal conditioning

0 - low mucociliary flow

O — fast clearance

|
[0 -> increasing dehydration]

1 Soane RJ et al, The effect of nasal cycle on mucociliary clearance, Clin. Otolaryngol. 2001, 26
2White DE, Bartley J, Nates RJ, Model demonstrates functional purpose of the nasal cycle, BioMedical
Engineering, 2015


Vorführender
Präsentationsnotizen
In 2015  David White published an article on «the functional purpose of the nasal cycle», an issue still under discussion.
Why does nature divide the airflow through our noses into a left and right channel and periodically change the quantities of airflow?
David White 2015 and R.J. Soane 2001 presented two reasons:
①The two jobs of conditioning and filtration of air cannot be done simultaneously and in a perfect way, because they have different geometrical and flow preconditions. 
Solution «Made by Nature»:  the narrow, congested nose does an optimal filtration job and the wide nose does an optimal conditioning job.
But why should left and right nose change the priority job periodically? 
*** read …
*** read …
*** ② Dehydration of the Airway Surface Liquid (ASL) is the decisive and critical limitation for our noses!  
Solution «Made by Nature»: the side with the majority of airflow experiences as well the majority of dehydration. This is endangering the mucociliary flow. This side of the nose needs a periodical rest for rehydration!
*** the mucous membranes become congested by increased blood supply, leading to lower air flow and therefore recovery and rehydration of the Airway Surface Liquid!



Dynamic changes of inhaled air and mucus membranes
during a respiratory cycle
0 flow-velocity during in- and expiration (extremely short contact-time)
O heating of breathing air during inspiration and heat recovery during expiration
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Dynamic changes of inhaled air and mucus membranes
during a respiratory cycle

O heat flux from mucus membrane - to breathing air during inspiration
O heat influx to mucus membrane & from breathing air during expiration
O driving force: temperature difference air — mucus membrane, perfusion plays decisive part
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Dynamic changes of inhaled air and mucus membranes
during a respiratory cycle

O humidification of air: evaporation from mucous membranes driven by gradient of vapour
O water-recovery: condensation on the cooler mucous membrane
O height of mucus membrane is equivalent to water mass transfer
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Vorführender
Präsentationsnotizen
White DE, Bartley J, Nates RJ, Model demonstrates functional purpose of the nasal cycle, BioMedical Engineering, 2015

How efficient is our nose as a humidifier? What is its maximum humidifying capacity? 
David White has estimated these values based on «in vivo» measurements of height variations (MRI imaging) of our mucous membranes during respiration.
The surface of the mucous membranes of our nose is about 100 square centimetres.
Maximum water efflux is 7.9 gr/ cm2/h, 790 g/h for the whole nose.
The humidifying capacity per square meter would therefore be 79 litres per hour, far more efficient than a Condair Dual DL with regard to one square meter!!





= LN specialised in air—conditioning
A N\0°E filtration
clearance

mouth

throat, larynx O eating and speech

O pathway for breathing air
O minimalinvolved in filtration
and air-conditioning

Upper Airways

specialised in filtration
Lower Airways clearance

trachea ' :
bronchi 1°- 3° Lower Alrways take over air-

conditioning, when nose is

blocked or high ventilation rate
requires mouth breathing

alveoli specialised in gas exchange


Vorführender
Präsentationsnotizen
Upper and lower airways are closely connected to each other, have close interactions and a strong cooperation.
Upper airways consist of nose, mouth, throat and larynx.
Lower airways of traches, bronchi and alveoli
Normal, standard breathing is nose breathing although resistance is higher in nasal breathing than in mouth breathing. When the nose is block by any reason, 
nose breathing is supplemented or replaced by mouth breathing.
*** The most vital task of all is the one of the alveoli: gas exchange!
*** the nose is specialised in air conditioning, filtration and clearance
*** mouth, throat and larynx are specialised in eating and speech. 
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normal nose breathing
75-95 % of air conditioning
> 50 % of filtration 1-100 um

consequences
for
Lower Airways

no pre-filtering by nose

isothermal saturation boundary
moves deeper into bronchi

dehydration- and thermal stress
- lung periphery = inflammation
and tissue damage !

1 Karjalainen EM et al, Evidence of Airway Inflammation and
Remodelling in Ski Athletes with and without Bronchial
Hyperresponsiveness, Am J Respir Crit Care Med Vol 161. pp
2086-2091, 2000


Vorführender
Präsentationsnotizen
Up to the 1980ies doctors thought, that air conditioning is nearly completed when breathing air reaches the larynx!

Since it became possible to measure at least temperature (not yet humidity) in the bronchi, we learnt, that breathing cold-dry air induces a thermal and dehydrative stress on bronchial mucus membranes. This stress increases with higher ventilation rates and result in inflammation and tissue damage see 1. 





All noses which are not optimal in function and
shape need help from lower airways for the
conditioning of breathing air!

As a consequence, the isothermal saturation
boundary moves deeper into the bronchi ....

.... leading to dehydration and cold - stress
which ultimately causes inflammation and
tissue damage to mucous membranes.



Noses do not function properly when:
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«blocked», impermeable for air
asthmatic and allergic persons

acute and recurrent infections of upper
airways (paranasal sinuses)

COPD patients

smoker’s

seniors

children with large adenoids

When lungs are stressed by the task of

conditioning they react with:

O

O O O O

asthma symptoms («cold-asthma»)
inflammation

decelerated clearing (MCC)

thickening of Airway Surface Layer, COPD
increased susceptibility to infections



desert climate big noses
Hot and dry narrow, tight
high pollution (dust) prominent

“ b tropical climate small noses
e humid and warm median wide
o~ front-/

side- little air pollution little prominent

view nose

arctic climate big noses
cold and dry wide, broad
minor air pollution prominent



Vorführender
Präsentationsnotizen
Climate shaped our noses over million years of evolution ! 
Apes, hominids had small, little prominent noses, here seen on front- and side view.
In different climates human noses became differently shaped, depending on the dominant needs of airways for optimal survival in different climates.
In humid, warm tropical climate with little air pollution, the task of noses was easy. Almost no need for air conditioning and filtration – noses remained small and little prominent.

In cold-dry arctic climate with minor pollution, climatisation of the air, humidification and heating, was the main task. Noses became big, wide and prominent!

In dry-hot climate with high pollution, because of dusty air, filtration and disposal of pollution was the main task. Big, narrow noses serve best for this purpose.


dominant tasks: big noses
filtration + clearing of dust+ pollution narrow, tight
moistening, little need for heating prominent

A ‘l b dominant task: small noses

: no urgent needs! median wide
=\ front-/ . ] )
side- easy job little prominent

view nose

dominant tasks: big noses
moistening + heating = conditioning wide, broad
little need for filtering + clearing prominent



Vorführender
Präsentationsnotizen
What does the comparative study, the anthropology, of different nose shapes in different climates tell us? 
Geometry and size of nose is closely linked to function.  
Narrow, large noses are optimal for filtration and clearance of pollution.
Wide, broad, large noses are optimal for climatisation, humidification and heating.

*** Our noses, shaped for a temperate climate, are in-between tropical and arctic noses. 
*** How can they cope with exposure to dry, desert like climate in our heated indoors in winter? 

There is no nose, which is perfect for both tasks: conditioning and filtration! But nature did find a way to deal with this physical obstacle: the nasal cycle.
The physiological phenomenon of nasal cycle relates anthropological findings with modern research.
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