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p('}-‘-(f v,%»%ﬁ}g)= —z+,.[%’/«»g+§ +p], (3.3.26b)
< direction |

,(%+v,'f"?’+”%+ v%‘/)=-z+ “[§+%+?—"{+ng| {3.3.26¢)

Transport Phenomena in Biokogical Systems, Second Edtion ”musm?m‘ u..mm:?a

George A Truskey, Fan Yuan, and David F. Katz " ANl iahts resenved.
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Simple flow of interest

» Flow of liquid past a stationary sphere (which is the same

as single particle moving (perhaps by gravity) through an
otherwise quiescent liquid (or gas).

» Here is drawing from Denn'’s book:

SN

FABLE 3.4

(Continued)

Spherical coordinates
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Review Article

The Transport and Deposition of Nanoparticles in Respiratory
System by Inhalation

Huiting Qiao,"’ Wenyong Liv,' Hongyu Gu,' Daifa Wang,' and Yu Wang'

Koy Luburstary for Breracchanics el Mechamdiclogrof Minutry of Bdacatam, Schow of Biskopicad Scienie and Madwal Engiwyring,
Resbang Uty Reaping 10831, Cliina

Schosd of Bowmedsal Engiacering, Sciomce and Health Spstoms, Dvened Usiversite, Pladelphio, PA 1904 USA

Corespeadenoe shookd be addresoed 10 Ya Wang: wangys@bass chucn topical respiratory treatment it is best to use particles with an

- S S MMAD bgmeen 0.5 and 5 wm. This is what is known as the breath-
, able fraction of an aerosol.®

Academic bdnee: Shaming Zhang

Copryrght © 2005 Hulting Qlao et sl T is an opon access anicle diaribused under the Creative Commons Anribution License,
which permits unrostrictod uw, Sutribstion, and seprodoction in any medium, peovided the origine week is properdy citad

1he inkaled nanopartichcs have saracted more and osore sosthon, dnoe they are move casilly bo enter the doop part o respirsiony
ayalent. Soese nasopartiches were roported 1o cause pulssonary inlesmation. The toaicty of sanopecticle depends not oely 03 i

Connards Ints weadatrn @l SomonOvet

Journal of Controlled Release

journsl hemepage. www. slsevier.com/locate/jconrel

Review
Pulmonary drug delivery by powder aerosols O“"‘""
Michael Yifei Yang, John Gar Yan Chan, Hak-Kim Chan *

Adverured Orag Dvitvery Comng. Nanlty of Marvssy (A PV Umsersey of Ypdary Ydan, N 2000 Acstvaiiy

ARTICLE INFO ARSTRACT

el aary The ey of ptucssaieutical actisels 1elanes 10 IS deposion In the Chaacally eelivant regions of the husgs,
Secraved 3 Mz 2004
.

whech can e assenied bry 21 vive hang Cepenanin soudes. Dvy poweder formalatons are pognbe a5 devions are por

Contents lists available at ScienceDirect

International Journal of Pharmaceutics

ELSEVIER journal homepage: www.elsevier.com/locate/ijpharm

Review
Influence of particle size on regional lung deposition - What evidence is there?
Thiago C. Carvalho?, Jay I. Peters®, Robert O. Williams I11%-*

* Divisdon of Marmacestion, Callege of Marmexy. University of Texax of Asstin, Asstin, TX, USA
* Departent of Medicine, Division of Pulmonary Diseasey/Cricionl Care Medicine. The Uiversity of Texms Health Soence Center of San Antonio, San Antenio, TX USA

ARTICLE INFO ABSTS

e muses Deposition of Inhaled Particles in the Human
' """ Respiratory Tract and Consequences for Regional
Targeting in Respiratory Drug Delivery

Joachim Heyder

GSF-National Research Center for Environment andd Health, Institute for Inhalation Biology, Neuherberg/™Munich, Germany

Partiche behavior in the human respiratory tract is well understood (decreasing respiratory rate ). Total daffusional deposition there-
and can be used 1o (1) estimate particle depasition in all regions fore decreases with increasing particle size up to about | pm

af tha snrmlestane tonet lane smis savnsal sasndond b snci mstbaen
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66. Spinning baseball. The late F. N. M. Brow_g dc'voufd
many years to developing and using smoke visualization in

wind tunnels at the University of Notre Dame. Here the

flow speed is about 77 ft/sec and the ball is rotated atr 630
rpm. This unpublished photograph is similar to several in
Brown 1971. Photograph cowrtesy of T. J. Mueller
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8. Sphere moving through a tube at R=0.10, relative ative to it. The photograph has been rotated w;hp.ed

motion. A free sphere is falling steadily down the axis of a from left to right. Tiny magnesium cuttings arcd J

tube of twice its diameter filled with glycerine. The camera by a thin sheet of light, which casts a
is moved with the speed of the sphere to show the flow rel- sphere. Cowancean 1968

SymneTac: WrEn WAY SFl

. Uniform flow past a circular cylinder at R=0.6.
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The Transport and Deposition of Nanoparticles in Respiratory
System by Inhalation

Huiting Qiao,"’ Wenyong Liv,' Hongyu Gu,' Daifa Wang,' and Yu Wang'

Koy Luburstary for Breracchanics el Mechamdiclogrof Minutry of Bdacatam, Schow of Biskopicad Scienie and Madwal Engiwyring,
Resbang Uty Reaping 10831, Cliina

Schosd of Bowmedsal Engiacering, Sciomce and Health Spstoms, Dvened Usiversite, Pladelphio, PA 1904 USA

Corespeadenoe shookd be addresoed 10 Ya Wang: wangys@bass chucn topical respiratory treatment it is best to use particles with an

- S S MMAD bgmeen 0.5 and 5 wm. This is what is known as the breath-
, able fraction of an aerosol.®

Academic bdnee: Shaming Zhang

Copryrght © 2005 Hulting Qlao et sl T is an opon access anicle diaribused under the Creative Commons Anribution License,
which permits unrostrictod uw, Sutribstion, and seprodoction in any medium, peovided the origine week is properdy citad

1he inkaled nanopartichcs have saracted more and osore sosthon, dnoe they are move casilly bo enter the doop part o respirsiony
ayalent. Soese nasopartiches were roported 1o cause pulssonary inlesmation. The toaicty of sanopecticle depends not oely 03 i

Connards Ints weadatrn @l SomonOvet
Journal of Controlled Release

journsl hemepage. www. slsevier.com/locate/jconrel

Review
Pulmonary drug delivery by powder aerosols O“"‘""
Michael Yifei Yang, John Gar Yan Chan, Hak-Kim Chan *

Adverured Orag Dvitvery Comng. Nanlty of Marvssy (A PV Umsersey of Ypdary Ydan, N 2000 Acstvaiiy

ARTICLE INFO ARSTRACT

el aary The ey of ptucssaieutical actisels 1elanes 10 IS deposion In the Chaacally eelivant regions of the husgs,
l‘\"« )Vt 52004 whach can be assevsed bry a0 vive hang Ceposan soadees. Dry powsder formudanons are popnbe 2 devion are por

Contents lists available at ScienceDirect

International Journal of Pharmaceutics

ELSEVIER journal homepage: www.elsevier.com/locate/ijpharm

Review
Influence of particle size on regional lung deposition - What evidence is there?
Thiago C. Carvalho?, Jay I. Peters®, Robert O. Williams I11%-*

* Divisdon of Marmacestion, Callege of Marmexy. University of Texax of Asstin, Asstin, TX, USA
* Departent of Medicine, Division of Pulmonary Diseasey/Cricionl Care Medicine. The Uiversity of Texms Health Soence Center of San Antonio, San Antenio, TX USA

ARTICLE INFO ABST?S
e Ny muses Deposition of Inhaled Particles in the Human
Recewed 6 October 2010 of inhalats

Respiratory Tract and Consequences for Regional
Targeting in Respiratory Drug Delivery

Joachim Heyder

GSF-National Research Center for Environment andd Health, Institute for Inhalation Biology, Neuherberg/™Munich, Germany

Partiche behavior in the human respiratory tract is well understood (decreasing respiratory rate ). Total daffusional deposition there-
and can be used 1o (1) estimate particle depasition in all regions fore decreases with increasing particle size up to about | pm

af tha snrmlestane tonet lane smis savnsal sasndond b snci mstbaen
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SEEMS LIKE T IS SARE TO SAY
TR W ARE OPTIM 220 for

THE TRAVEOFFS OF EPFICIENT
QREATH IV 6 VERSUL PROTECTON
FeoMm PAeC LEC

The respiratory tract is especially designed, both anatomically
and functionally, so that air can reach the most distal areas of
the lungs in the cleanest possible condition. Nasal hairs, nasal
turbinates, vocal chords, the cilia of the bronchial epithelium, the
sneeze and cough reflexes, etc., all contribute to this filtering pro-
cess. And, on most occasions it is properly done. But human beings
are full of paradoxes: an efficient system, designed to avoid certain

particles from penetrating into the lungs, is at the same time used
to intentionally deposit drugs in the airways and even for these
to reach the alveoli in the best possible condition. It is thus nec-
essary to get around the defense systems by evading reflex arcs,
mucus layers, ciliary movements, etc., so that, with the inspiratory
flow, the molecules that can improve diseases are deposited in the
lungs. A system that evolved over time in order to filter and clean
the air should be dodged in order to deposit other substances that
we deliberately want to reach the inside of the organism. Without a
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PARTICLE CLEA2Z Wi
MECHA U 1SMC

T.C. Carvaiho et al / International Journal of Pharmaceutics 406 (2011) 1-10

Inertial

Impaction Sedimentation Diffusion
Directly related Directly related Inversely
to tod? related tod

Y Gpmp)-dg kT
N i i =

P
Aerodynamic Diameter: ‘--“J,:.

Fig. 2. The influence of particle size on deposition. d: particle diameter; Stk: Stokes
number; py: particle density; V: air velocity; n: air viscosity; R: airway radius; Vi@
terminal settling velocity; p,: air density: g gravitational acceleration; Dift diffu-
sion coefficient; k: Boltzmann's constant; 7: absolute temperature; d..: aerodynamic
diameter; po: unity density.
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