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Effects of varying inhalation duration and respiratory rate on human airway flow
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Figure S1. Time-step size independence test for Wo = 24.1 and IT/BT = 50%. Three-dimensional velocity

(u) was extracted along the coronal plane in the upper trachea (plane 1 in Table 2) and plotted as a function

of non-dimensional diameter y/D. D = trachea diameter = 18 mm.
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Figure S2. Contours of magnitude of plane-normal velocity component (non-dimensionalized with mean

flow speed in trachea, UT) with superimposed in-plane velocity vectors for planes 1–4 at various time points

during inhalation for Wo = 2.41 at IT/BT = 33%. A is at phase θ = 45◦ (= 25% IT), B is at phase θ = 90◦

(= 50% IT) and C is at phase θ = 135◦ (= 75% IT). Coronal plane shows the locations of each plane.
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Figure S3. Contours of magnitude of plane-normal velocity component (non-dimensionalized with mean

flow speed in trachea, UT) with superimposed in-plane velocity vectors for planes 1–4 at various time points

during inhalation for Wo = 24.1 at IT/BT = 33%. A is at phase θ = 45◦ (=25% IT), B is at phase θ = 90◦ (=

50% IT) and C is at phase θ = 135◦ (= 75% IT).
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Figure S4. Contours of magnitude of plane-normal velocity component (non-dimensionalized with mean

flow speed in trachea, UT) with superimposed in-plane velocity vectors for planes 1–2 at various time points

during exhalation for for Wo = 2.41 at IT/BT = 50%. D is at phase θ = 225◦ (= 25% ET), E is at phase θ =

270◦ (= 50% ET) and F is at phase θ = 315◦ (= 75% ET).
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Figure S5. Contours of magnitude of plane-normal velocity component (non-dimensionalized with mean

flow speed in trachea, UT) with superimposed in-plane velocity vectors for planes 1–2 at various time points

during exhalation for for Wo = 24.1 at IT/BT = 50%. D is at phase θ = 225◦ (= 25% ET), E is at phase θ =

270◦ (= 50% ET) and F is at phase θ = 315◦ (= 75% ET).
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Figure S6. Velocity profiles along coronal plane at in planes 5-10 for varying Wo and IT/BT condi-

tions. Three–dimensional velocity (u) was extracted along the line across the coronal plane diameter and

plotted as a function of non-dimensional diameter y/di, where di is the airway cross-sectional diameter in

ith plane (refer Table 2).

6



TA
B

L
E

S1
.L

oc
al

R
ey

no
ld

s
nu

m
be

r(
R

e L
)a

nd
lo

ca
lW

om
er

sl
ey

nu
m

be
r(

W
o L

)a
te

ac
h

pl
an

e
lis

te
d

in
Ta

bl
e

2.
R

e L
an

d
W

o L
w

er
e

ca
lc

ul
at

ed
as

:
R

e L
=

V L
D

L
ν

an
d

W
o L

=
D

L 2

√ 1 ν

( 2π B
T

) ,w
he

re
D

L
is

th
e

lo
ca

la
ir

w
ay

di
am

et
er

at
a

gi
ve

n
pl

an
e,

V L
is

th
e

av
er

ag
e

lo
ca

la
xi

al
ve

lo
ci

ty
,B

T
is

th
e

br
ea

th
in

g
tim

e
an

d

ν
is

th
e

ki
ne

m
at

ic
vi

sc
os

ity
of

ai
r(

ν
=

1.
4×

10
−

5
m

2
s−

1 ).

L
oc

at
io

n
D

es
cr

ip
tio

n
R
e

L
/
W

o
L

W
o

=
2.

41
,

IT
/B

T
=

25
%

W
o

=
2.

41
,

IT
/B

T
=

33
%

W
o

=
2.

41
,

IT
/B

T
=

50
%

W
o

=
7.

51
,

IT
/B

T
=

25
%

W
o

=
7.

51
,

IT
/B

T
=

25
%

W
o

=
7.

51
,

IT
/B

T
=

50
%

W
o

=
24

.1
,

IT
/B

T
=

25
%

W
o

=
24

.1
,

IT
/B

T
=

33
%

W
o

=
24

.1
,

IT
/B

T
=

50
%

Pl
an

e
1

U
pp

er
tr

ac
he

a
(G

0)
67

94
/2

.4
69

47
/2

.4
68

94
/2

.4
66

53
/7

.6
2

71
65

/7
.6

1
74

18
/7

.6
1

67
50

/2
4.

8
66

20
/2

4.
8

66
02

/2
4.

8

Pl
an

e
2

L
ow

er
tr

ac
he

a
(G

0)
42

24
/2

.4
42

28
/2

.4
42

27
/2

.4
42

10
/7

.6
1

42
27

/7
.6

1
42

47
/7

.6
1

41
41

/2
4.

8
42

24
/2

4.
8

42
24

/2
4.

8

Pl
an

e
3

G
en

er
at

io
n

(G
1)

32
74

/1
.6

3
32

76
/1

.6
3

32
75

/1
.6

3
29

56
/5

.1
5

29
47

/5
.1

5
32

37
/5

.1
5

30
15

/1
6.

3
30

76
/1

6.
3

30
79

/1
6.

3

Pl
an

e
4

G
en

er
at

io
n

(G
1)

39
32

/1
.6

3
29

33
/1

.6
3

29
34

/1
.6

3
32

35
/5

.1
5

32
67

/5
.1

5
29

84
/5

.1
5

30
56

/1
6.

3
31

18
/1

6.
3

31
21

/1
6.

3

Pl
an

e
5

G
en

er
at

io
n

(G
1)

33
11

/1
.6

3
33

15
/1

.6
3

33
13

/1
.6

3
29

92
/5

.1
5

29
32

/5
.1

5
32

64
/5

.1
5

30
58

/1
6.

3
31

19
/1

6.
3

31
19

/1
6.

3

Pl
an

e
6

G
en

er
at

io
n

(G
1)

29
30

/1
.6

3
29

31
/1

.6
3

29
32

/1
.6

3
32

29
/5

.1
5

32
61

/5
.1

5
29

80
/5

.1
5

30
57

/1
6.

3
31

19
/1

6.
3

31
20

/1
6.

3

Pl
an

e
7

G
en

er
at

io
n

(G
2)

23
48

/1
.1

1
23

59
/1

.1
1

23
54

/1
.1

1
21

35
/3

.5
3

21
30

/3
.5

3
23

24
/3

.5
3

22
60

/1
1.

18
23

07
/1

1.
18

23
11

/1
1.

18

Pl
an

e
8

G
en

er
at

io
n

(G
2)

20
90

/1
.1

1
21

04
/1

.1
1

20
96

/1
.1

1
22

84
/3

.5
3

23
10

/3
.5

3
21

18
/3

.5
3

22
51

/1
1.

18
22

98
/1

1.
18

23
02

/1
1.

18

Pl
an

e
9

G
en

er
at

io
n

(G
2)

25
35

/1
.1

1
25

31
/1

.1
1

25
33

/1
.1

1
22

78
/3

.5
3

22
71

/3
.5

3
24

89
/3

.5
3

22
39

/1
1.

18
22

86
/1

1.
18

22
90

/1
1.

18

Pl
an

e
10

G
en

er
at

io
n

(G
2)

22
33

/1
.1

1
22

21
/1

.1
1

22
30

/1
.1

1
24

68
/3

.5
3

24
87

/3
.5

3
22

70
/3

.5
3

22
38

/1
1.

18
22

85
/1

1.
18

22
90

/1
1.

18

7



SUPPLEMENTARY MOVIES

Movie 1. Three–dimensional velocity (non-dimensionalized with peak mean flow speed in trachea,

UT) and Q-criterion isosurface at various time points during normal breathing for Wo = 2.41 at

IT/BT = 25%, 33% and 50%.

Movie 2. Three–dimensional velocity (non-dimensionalized with peak mean flow speed in trachea,

UT) and Q-criterion isosurface at various time points during normal breathing for Wo = 7.61 at

IT/BT = 25%, 33% and 50%.

Movie 3. Three–dimensional velocity (non-dimensionalized with peak mean flow speed in trachea,

UT) and Q-criterion isosurface at various time points during normal breathing for Wo = 24.1 at

IT/BT = 25%, 33% and 50%.
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