
Vremain = 6 µm3

Ct+1
i,j,k = Ct

i,j,k + D̃

nn(i,j,k)∑
l,m,q

wl,m,qC
t
l,m,q

wl,m,q

wl,m,q =

8>>>>>>>><
>>>>>>>>:

1

2(6
q

3
2+3

√
3+4)

; 8 cubic diagonals : (l �= i) ∩ (m �= j) ∩ (q �= k)

−1 ; same spatial cell. (l, m, q = i, j, k)

1
2( 6√

2
+3+ 4√

3
)

; 12 square diagonals, i.e. (l �= i) ∩ (m �= j) ∩ (q = k)

1

2(6+3
√

2+4
q

2
3 )

; 6 square sides, i.e. (l �= i) ∩ (m = j) ∩ (q = k)

D̃ = 0.8

%I0 tINF (t = 0) Pdeath Pinf



Pfall = 0.05

16



Pfall

GR

GR

Pfall ≤ 0.05

pfsim

Pfall = 0.05.

pfsim = 0.7 pfsim = 0.9

Pinf (tRBC)
tRBC

λ = Pinf



λ

Pinf = 0.8 Pinf = 1

◦ •
Pinf = 0.8 ♦ Pinf = 1

Pinf

Pinf

fP (0; λ = 0.85) = 40%
fobs(0) = 1 − %I � 95%

∼ 55%
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∼ 60%

HLD L

%I

GR48

KW

GR48

S

L



L

P

GR1
48(L) = 0.93 + 0.46 · L r2 = 0.86

GR−1
48 (L) = 4.67 − 3.29

L r2 = 0.91
χ2

∼ 90%

48 h

L

· · · L



GR48(L)

GR48(L) = A1
2LEXC

L
+ A2(1 − 2LEXC

L
)

A2 LEXC A1

A1 > A2

LEXC = 2.5 mm

LC

99.9%



� �
HLD

HLD

HLD

0.18 mm 0.34 mm

HLD = h1 + h2 h1 = h

B1

B2 < B1 h2 = HLD − h

B1 B2

HLD

GR48(HLD)



GR48(HLD) =

{
B2 + (B1 − B2) · h

HLD if HLD > h

B2 if HLD < h

HLD L

L

χ2



L HLD

GR48(L; HLD) =

{
K2 + (K1 − K2) · h

HLD · (1 − 2LEXC

L ) if HLD > h

K1
2LEXC

L + K2(1 − 2LEXC

L ) if HLD < h

LEXC h

K1 K2

A1 A2 LEXC (mm)
4.1 0.6 2.45 0.03
B1 B2 h mm
5.8 0.4 0.48 < 0.001
K1 K2 h, LEXC

5.4 0.4 0.0012

LEXC

h

LEXC

h

K1 K2



GR48

HLD L •

� �

Pinf (1) Pinf (2)

Pmax Pinf (1) Pinf (2)
Pmin = 0 Pfall = 0.05

Pinf (1)
Pinf (2)



GR48

p (1) p (2) p

0.51 0.01 0.05 0.014

p (1) p (2) P )

Pinf

χ2



• � �



L

L < LEXC ∼ 2.5 mm

L > 2 cm

95%

HLD > h ∼ 0.478 mm

GR48

Pinf

Pfall Pfall



GR48

HLD < 0.04 mm

HLD < 0.1 mm

HLD 0.18 mm 0.34 mm

L > 2 cm

HL



C(−→x , t) −→x
εw = 1 − pf

�C =
N∑

i=1

∂2C(−→x ,t)
∂x2

i
De

U(C)

εw
∂C(−→x , t)

∂t
= De · �C(−→x , t) − U(C(−→x , t))

D0 = 9.3 · 10−6 cm2/s Deff = 0.24 · D0 = 2.2 · 10−6 cm2/s

D0 = 1.5 · 10−5 cm2/s Deff = 0.19 · D0 = 2.9 · 10−6 cm2/s

z C(z, t) = Cgluc(
−→x = (∀,∀, z); t)



U(C(−→x , t)) =
UHL %I ∼ 0.5% UHL = 4.7·10−7mol·l−1

RBCs·s−1

εw = 1 − pf = 0.15
HLD

C0 = 2.67 mM/l

∂C̃(ζ, τ)
∂τ

=
∂2C̃(ζ, τ)

∂ζ2
− ψ2 UHL

C0

τ = t·Deff

(1−pf)·HLD2 ζ = z
HLD

C̃(ζ, τ) = C(ζ,τ)
C0

ψ2 = (1−pf)·HLD2

Deff

C(1) = C0 HL

DBL

HL

C ′(0) = 0 HL

UHL = 0

c̃(ζ, s) = L
[
C̃(ζ, t)

]

c̃(ζ, s) =
cosh(

√
s

Deff
· ζ)

s · cosh(
√

s
Deff

)

e
− t

ψ2

t → ∞



t t → ∞
C̃(ζ,∞) = 1 ∀ζ

C(ζ, t)

ζ t = 0 C(ζ, 0) = C0

ζ > 1 C(ζ, 0) = 0 ζ < 1

C(1, t) = C0 ζ = 0
∂C(0,t)

∂t
= 0

C(ζ,∞) = C0 ψ2

t90 = 7ψ2 C(0, t90) � 0.9∆C0

ψ2 t90 = 7ψ2

∼ 90%
C̃(0, t90) = 0.9 t → ∞

Cst(ζ) t > t90

Cst(ζ) = C0 − UHL · HLD2

2 · Deff
· (1 − ζ2)



Cst(ζ)

t > t90

d0 =

√
2 · Deff · C

UHL

d0

C = C0 =
2.67∆10−3mols/l De = 2.2∆10−6cm2/s

UHL = 4.7 · 10−7mol · l−1
RBCs · s−1 d0 = 1.6 mm.

dRBC dIRBC

dRBC > dIRBC

z > HLD − dIRBC

HLD − dRBC > z > HLD − dIRBC

HLD − dRBC > z

GR (HLD)
GR(HLD) = GRmax

HLD < dRBC

GR(HLD) HLD

V (1)
V (2) GR(HLD) = GRmax · dIRBC

HLD dRBC >

HLD > dIRBC



GR(HLD)
GR(HLD) = GRmin = GRmax ·

dIRBC

dRBC
HLD > dRBC

dRBC dIRBC

U(C(z, t)) =

Umax ; if C < Cmax

Keff

pf · C(z, t) ; if C < Cmax

Umax(RBCs) = 4.7·10−7mol ·l−1
RBCs ·s−1

Umax(IRBCs) = 4.7 · 10−5mol · l−1
RBCs · s−1

Keff = 0.016 min−1

Cmax = 40 mM

Cv CV (RBC) =
2.4 · 10−5mols/l CV (IRBC) = 2.4 · 10−3mols/l

CV (RBC) CV (IRBC)
C = C0 − Cv

dRBC = 1.6 mm dIRBC = 0.5 mm

HLD

GR48(HLD) HLD



C(z, t)
HLD dRBC dIRBC

φ

φ

φ � 1
φ0

C̃0
st(ζ)

φ0 =

s
pf · UHL · HLD2

Deff · C0
; gC0

st(ζ) =

8<:0 ; if 0 ≤ ζ ≤ (1 − 1
φ0

)

(1 − φ0 − φ0ζ)2 ; if (1 − 1
φ0

) ≤ ζ ≤ 1

φ1 C̃1
st(ζ)

φ1 =

√
(1 − pf) · Keff · HLD2

Deff
; C̃1

st(ζ) =
cosh(φ1 · ζ)
cosh(φ1)

φ0 φ1 HLD



eCst(ζ) = C
C0

HLD

dRBC dIRBC

d0 dRBC dIRBC HLD

GR48(HLD) HLD

dRBC dIRBC

K



h

h =


HLD ; if HLD < dIRBC

dIRBC ; if dIRBC < HLD < dRBC

HLD · dIRBC

dRBC
; if dRBC < HLD

GR48(HLD) h

GR48)

HLD

HLD < 0.1 mm



GR48(HLD)
HLD > dRBC GR48

dGR48
dHLD < 0

h

GR48(HLD)
h

HLD < dRBC

dRBC dIRBC

HLD d = d(HLD) dIRBC

dRBC



HLD t90
φ0

d0 dRBC dIRBC
φ1

d0 dRBC dIRBC

mm h mm mm

0.06 18 s 0.04 0.05

0.09 45 s 0.06 0.07

0.2 4 min 0.13 0.16

0.4 10 min 0.23 0.29

0.6 1 h 0.41 0.5 0.5

1.0 1.5 0.67 0.48 0.82 0.48

1.1 1.9 0.75 0.21 0.93 0.21

1.5 3.6 1.04 0.18 1.28 0.19

2.0 6.4 1.38 1.2 1.3 0.13 1.7 0.14

2.2 7.4 1.49 1.1 0.9 0.09 1.84 0.14

2.9 13.2 1.99 0.7 0.6 0.06 2.46 0.07

HLD t90 � 7ψ2

φ

d0 C(d0) = 0 RBC dRBC

C(dRBC) = 2.4∆10−5mols/l dIRBC C(dIRBC) =

2.4∆10−3mols/l

U(C(−→x , t)

−→x

t → t + 1

Ct+1−→x = Ct−→x + D̃
∑

i∈nn(−→x )

wiC
t
i

i −→x nn(−→x ) wi

D̃



Deff cf

lsc ts

D̃ = cf · Deff =
ts

l2sc

· Deff

D̃ < 1
2

ts <
l2sc

2·Deff

ts ≤ l2sc

Deff
· (1 − max (w)) <

l2sc

Deff

max (w)

lsc ∼ 5 µm

ts <
l2sc

Deff
= 10−7cm2

10−6cm2/s = 0.1 s

48 h ∼ 107ts

ts = 6

lsc >
√

ts
1−max (w) · Deff =

0.02 cm ∼ 104

lsc ∼ 10 µm ts ∼ 6

D̃ = ts
l2sc

·Deff ∼ 102s
10−6cm2 · 10−6cm2/s ∼ 102

D̃

D̃ < 1
D̃ = 1



D̃ D̃ = 0.8
Deff

lsc ∼ 1 µm ts ∼ 1 ms D̃ ≈ 0.3

δ = �C(L=10 µm;t=6 minutes)
�C(L=10 µm;0) ∼ 10−3

D̃ = 1 − δ

D̃ < 1
D̃

D̃

C̃(ζ, τ) N

6 < N < 290 HLD lsc ∼ 10 µm

ts ∼ 6 C̃τ
i

N

i τ

i

C̃τ+1
i

C̃τ
i C̃τ

i+1 C̃τ
i−1

C̃τ+1
i − C̃τ

i

�τ
= D̃

C̃τ
i+1 − 2 · C̃τ

i + C̃τ
i−1

(�ζ)2
− Uτ

i ; i = 1 : N



C̃τ+1
i − C̃τ

i

�τ
= D̃

C̃τ+1
i+1 − 2 · C̃τ+1

i + C̃τ+1
i−1

(�ζ)2
− Uτ

i ; i = 1 : N

C̃τ+1
i C̃τ+1

i−1 C̃τ+1
i+1

C̃τ
i Ui i

ai ·̃C
τ+1

i−1 + bi ·̃C
τ+1

i + ci ·̃C
τ+1

i+1 = Dτ
i

Dτ
i C̃τ

i Ui

C̃τ
N = 1 ∂ eCτ

0
∂t = 0

0BBBBBBB@

b2 c2

a3 b3 c3

aN−3 bN−2 cN−1

aN−2 bN−1

1CCCCCCCA

0BBBBBBB@

Cτ+1
2

Cτ+1
3

Cτ+1
2

1CCCCCCCA
=

0BBBBBBB@

Dτ
2

Dτ
3

Dτ
2

1CCCCCCCA
⇒ Cτ+1·A = Dτ

Cτ+1
i ∀i



i nn

i

nn = 5
nn = 9

nn = 27

nn

%I

GR

q (tINF )

pf

k

f(k; Pinf )
fobs(k)



0.2 mm < HLD <

0.5 mm L > 2 cm

GR

HLD > 0.48 mm

GR HLD ∼ 0.1 mm


