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T.C. Carvaiho et al / International Journal of Pharmaceutics 406 (2011) 1-10
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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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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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We need to be able to solve problems when:
A. Details of flow are not known
B. Large scale of flow suggests that details
should not matter.

[ 1)

TO I TS [WE Wikl UG

| NTE 6RATESD FORMR OF
O I1FFEC EANI AL £Arance S

oL MARLS CON SBL VAYIIN

Al

= g = 7*AS—3

B VOLUME
FolL AL MAsS 1wg 108 | INTEAL

U 206 15/ 32 10/27/16



CONYINVITY !

\/ \/ vu;ﬁgc\q\{\)\/
— 2 (oN=dm
§ %&EM Si |-

TRELEM  TREAR WS US

YO KELPTRACK OF
WAsSs 1n ghEe BY
WAYC #1V6 ) NFLowe 4

OV FLows

30357_17_lecture_10_26 16 /32 10/27/16



%I_YT“ | SQC\') m)CD_Q

look AN A S MPALE CASE
oL WHICH WE KNow ANCWEL

X //r\gj\)q,
==
Pr\/,\\\\ \ ﬁ—g)\)%

PICK < &/m - D

'q_
AT OPEN VLS WNLLE U IS
VON -2 ELD

30357_17_lecture_10_26 17132 10/27/16



INFrow) ™ )

(§3@°f?)93

AAEH |
- Vemoe-v
ﬁg—l B RKE g =coner
il gqﬁoﬁ)ooé ?'f(—vﬁoog
N, \
= g revnh

RAVE OF = ¢ @,

Wl&igx; i / (! VOLMErR
| JENSYY P Llow
PATE

30357_17_lecture_10_26 18 /32 10/27/16



(N 2 Joeom 1S NS
AQUET Vy 0%
Vg D B
)

1S AL oF TRHE 'V

30357_17_lecture_10_26 19/32 10/27/16



()= §4V>,AV\— ) ‘AVZAz_SAV?s’Qs

% :g%“\}%’i‘z =g JéA\}?J AJ'

)N VAR
USE FoL 1IN TR Toe M,
FOL TURBNMEAT IN PIPES

¥ 00cVg, VEroc TY PLOPILE

1S USURLLY " FLAY' ENOUGH
TO JVsT WARTETE "y 'A<

- SN e URL OE .

30357_17_lecture_10_26 20/ 32 10/27/16



MAOMB N TUN CONCEL VANV,

1 N e
Mire cARLE AA) EFFORS 1S

NEEpE2D ) |

—

QS): FI\ =2 - TP a0
g/afv vv) VPN Tk

STRANY THIS WITRTHE CAME
VOLUM E INYE SRAL

30357_17_lecture_10_26 21/32 10/27/16



WE SELECTIVELY C Hooce
CITHER VLEAULNG R VOLUME
\ NTE HRAL O CONUELTNIN i

TO0 & CUAFARCE W EGL4L

j% %%&\J = jl% giv&v
\J v

LANE OF CHANGE OF
AL OA ERTUM 10/

§sGTOM = (GGl
V

¢ Mrows

TRACK INf OF
MOMEAUY WM )V
N2 DN

30357_17_lecture_10_26 22132 10/27/16



v = ==
gVCV gm A<

¢ 1T

TRIS |[VTEGLAL OOTHANS
ALLO PNRE VISCOIS
STRBes ACYT V& ONTRE
WALLS., WE UsvALLY Oon T
RCTUALLY B VRLOAY 277 S

(-vpAV =_( pads
GaiguEe

THE VT ERAL CONTRIVS THE
Peescwe RN Ing on At
WALLE ANnD ©PEN SUR FACEL
WE Wt BURALWATE 1T OVLY

ON OPEN soefAcAL])

30357_17_lecture_10_26 23/32 10/27/16



/] g

LOLDSYFACE

7T
Qﬁ $ET E&Oﬂlx

TO

F 1S THE TOTAHL UECTL
ACSTION OF TTIE SO0 WARS

ON THE Frud, WE GET
TR TeM Y2 OV £2 TERrMS

30357 17 lecture 10 26 24 / 32 10/27/16



\J

THUS &
d ( ggi&v)+gqg@.v>&g L

"(PMS e f@%)ﬂswg
s 5

WE NEED TO COANSIDERZ How WE
CAN LY UCE TTHESE EQVATIONG,

NEED:SOME B00Y OF BNEL I1ENCE
NEeEedr SiM Pred Foems

30357_17_lecture_10_26 251732 10/27/16



COMMENTS AL FoLlCE TERNS
ORFes e

RGER
A

VSUALLY WE Kaow €RECI2E
ONYLY AN D@EN LORPACEQ

F Jz(“‘ s

= =14
SO 1 Don'T Even
TRY{{

ALOws WRLLS

=
FoecE NE£OAD To Hay
EITTINVE N pl«/fCE

30357_17_lecture_10_26 26 /32

‘(K 2l = TOTAL Foect
28

10/27/16



¢
s UN T =1 7N
Cegd 3
(-&H9 1T Y FoRcE
HN ENTIRE
CONTRAL Yo oME

WE WILL CONSIDERL COME
EXAMPLE <1 TVANTR

A _— _:-3 A
g'\j fL’\'/'?\)cQs
V\/\/\_/V\J

AJ ACTUAL N Frod g
MOMBVTIN  AUNFLOW VE Lo ITY

oL (SCALAL)

-~ <\x Vx7'1 A TR ¢ LV%V"KAZ

30357_17_lecture_10_26 27 1 32 10/27/16



ng@’Z)CQS = gﬁ Vs oog

V
\)g\i&:sg@uw %
TR V;d))qCQQ = gé\JXVX>A—

/ xéfg\\/k&.géc )"Q
J”L)

-—ngQ

Y = S’g\vlgweL }'J)S
=¢ Uy A

30357_17_lecture_10_26 28 /32 10/27/16



d

\

G AR RN

2
== ""g VIZA‘ '\"S \J'LCD‘SQ \Jl Hz_.

) > '\*QUGQIZ

= | ™ QVLSWQ UZ'A),

e S W——M\___—a—‘—’_—_\_

30357_17_lecture_10_26 29 /32 10/27/16



- ”IPZZ& - f'plswefb/
A

30357_17_lecture_10_26 30/32 10/27/16



//i.

\\ —=

\
- - "
g(m-’c‘}ovg = H Fg@
CONLWANTON 2B PALgcur ¢
NI SHEAL TR E<K
oY CALWN EVALY AYE
\WNE AL ErACTL Y

S0 Comn RETE RALANCE

K~ =gVt Weosofasf A~ Tl (6T
z +Fx
4= O + glhwetu= —P A, cwe 'H'—&

30357_17_lecture_10_26 31/32 10/27/16



VP

= Tf'?%
Ty
Y- gUA = Ph R

F~ == { A, "@V\IA\
e e, AN o N
FOLCE MATCHES PRESCURE
AND NEFLECTS ¢ O LERK
FLrow

_ +gvfar} = “@—A’—""Fd
Fa\ = @.Azﬁgv;zz’qz

30357 17 lecture 10 26 32/ 32 10/27/16



