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Lungs and Breathing
System

 Lungs serve several important
functions.

s They Interact with blood
s They maintain the blood pH.

“*involved In heat exchange and fluid
balance

*»+a key element in voice production
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Lungs and Breathing
System

 We typically breathe in 6 L/min of air, we
inhale (inspire) 1.2 L oxygen/min

* The breathing rate is typically 12/min for
men, 20/min for women, and 60/min for
infants.

 The air we inhale has 80% N2 and 20% O2
(or more precisely 78.084% N2 and
20.947% O2 inanition to 0.934% Ar and
0.035% CO2)



Lungs and Breathing
System

* the air we exhale (expire) has 80% N,/16%
O,/4% CO,

* delivered by the ~5-6 L of blood pumped
per min.

 During aerobic exercise dV,,/dt increases
Inearly with cardiac output Q,

* The maximum rate of oxygen usage 1s <2.8
L/min for a person of average fitness




Structure Breathing @
system

. Bronchiolar
 the nose and mouth are the entrance of the air Muscle

to the pharynx, larynx, and the trachea
(windpipe)

Alveoli ~—Nasal Cavity

« The trachea divides into the right and left _ .- - Oral Cavity
bronchus, each of which continues to bifurcate : e Larynx
into smaller and smaller bronchi and _
bronchioles over 23 level of bifurcation until = Trachea
they form alveoli ' /

* Alveoli are the actual operating units of the
lungs. The average diameter of the airways
decreases with generation, until generation 16.
This relation is the optimal design of a ,
branched system of tubes in hydrodynamics. Bronchioles
There are about 300 million alveoli, each ~0.2—-

0.3mm in diameter. with walls that are ~0.4 ym
thick

Bronchi



The trachea

Alveoli are the actual operating units
of the lungs.

The total external surface area of the
lungs is only ~0.1m?, so subdividing
into alveoli results in a tremendous
increase in the surface area in contact
with the blood

Without this, we would never even
come close to meeting our metabolic
needs for oxygen

The Airways

Main Bronchi (RL)

AP~ few mm

F ~ 1/sec

Terminal Bronchus
Respiratory Bronchioles

Alveolar Ducts
Alveolar Sacs
0.3 mm diameter

(300 Million)
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Respiratory Zone

Diffusion: x=1/2DV t




Alveoli

Alveoli are in contact with blood in the
pulmonary capillaries after subdividing in
17 branches

Oxygen from the alveoli :> red
blood cells,

carbon dioxide diffuses from

the blood

> the air in the alveoli

The circulatory system is the conduit for
the transfer of O, and CO, .
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» transfer of O, and CO, between the alveoli
tissues, and so we should track the partial
pressure in each system

* Within the alveoli

the partial pressure of O, 1s 105 mmHg.
* In the pulmonary capillaries

the partial pressure of O, is 40 mmHg.

so it increases from 40 to 100mmHg after O2 is
transferred from the alveoli
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the partial pressuie 1

 within the alveoli

the partial pressure of CO, is 40 mmHg

Gas exchange in the lungs

Fagwwa w e -

 pulmonary capillaries

the partial pressure decreases from 46 to
40mmHg after CO, is transferred to the
alveoli
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 The alveoli are similar to interconnected (o) Bronchi— g vl
: 1 .
bubbles and they have a radius R | IR
Superior
lobe
Inside them the pressure is P, Middle
. o obe
and outside the pressureis P_,, N
AP=P,_—P et
in out CapiIIaLy
ZT Bronchioles Heaas
o — —
AP T R Right Lung  Left Lung
* In typical bubbles, such as soap bubbles, ,
. Structures of the Respiratory Zone
both surfaces contribute the same surface .
tension and so T is replaced by 2y S il ot LS
The Law of Laplace for a sphere (The larger the i | D e
'\_ iﬂ _.,":.—.; L
vessel radius, the larger the wall tension 4 | “4;;%?2‘ Awsar

required to withstand a given internal fluid
pressure)



Fhe Physics of the Llveoli

* In alveoli, however, only the surface tension of the inner
surface is really important because it is a fluid/air
Interface with larger surface tension than the fluid/fluid
Interface of the outer surface

=Pin_P tzﬂ

ou R

AP

alveoli

For the water/air interface y =7.2X10™* N/m




alveoli

* Consider two bubbles that are initially not
interconnected
Because R2 < R1; the smaller bubble has
the higher internal pressure

If the plug is opened
air will flow from higher pressure to lower pressure, and
therefore from the smaller bubble to the larger bubble.

the equilibrium internal pressure increases. Because
this pressure is still higher than in Bubble #1, air continues to
flow from the smaller bubble to the larger bubble, until it
collapses.

interconnected bubbles or

with plug

plug
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e alveoli are not the same as bubble

The inner wall of the alveoli is coated with a thin layer of
water that protects the tissue. The surface tension of this
water layer tends to minimize the surface thereby shrinking
the alveolar cavity

* When the diaphragm descends to enter the alveoli
and expand them to their full size

* AP required to expand a 0.05mm radius alveolus
to its full

* Breathing is made possible by surfactants that
cover the alveolar water layer

 These surfactant molecules are a complex mixture
of lipids and proteins produced by special cells in
the alveoli and they can reduce surface tension by
as much as a factor of 70 (to about 1 dyn/cm).

alveoll are not the same as bubble
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* Each lung is surrounded by a sac membrane
within the thoracic cavity

 The inside wall of this sac, the visceral pleura
(membrane), attaches to the outer lung wall.

e The outside wall of this sac, the parietal pleura
(membrane), attaches to the thoracic wall.

* The lungs are expanded and contracted by
inspiratory and expiratory muscles

-this springiness of the lung that pulls the two pleural
membranes apart, and this causes a slight decrease of pressure of
the pleural sac relative to atmospheric pressure of -4mmHg to —6
mmHg. This pressure difference is what keeps the lungs expanded,
and keeps them from collapsing.

Physics of Breathing
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the The mechanical “driving force” in controlling lung
volume is the franspulmonary pressure, which is the
difference in pressure in the alveoli in the lungs and
that around the lung in the pleural sac, which is called
the intrapleural (or pleural) pressure. (The alveolar
and pleural pressures are gauge pressures,
referenced to atmospheric pressure.)

[ The ribs are elevated by the neck muscles to
increase the anteroposterior (front-to-back)
diameter of the chest cavity

Physics of Breathing
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1 Lungs during inspiration
B4 Lungs during expiration







