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ΦA

XA =
mA

mc
YA =

mA

mB

ΦA = −
1

A
∙
dmA

dt
= −

mc

A
∙
dXA

dt
   𝐄𝐪. (𝟐. 𝟏)



 XA YA

τ = −
mc

ΦA∙A
∫ dXA        𝐄𝐪. (𝟐. 𝟐)
XAτ

XA0

τ1 = −
mc∙(XA0−XAτ)

ΦA∙A
= 

mc∙(XA0−XAτ)

KU∙A∙(YAwet−YA)
  𝐄𝐪. (𝟐. 𝟑)

KU 

mc A τ1 

τ2 = −
mc

A
∫

dXA  
ΦA

      𝐄𝐪. (𝟐. 𝟒)
XAτ

XA0

τ2

 



 



lnPsat = A −
B

T+C
  𝐄𝐪. (𝟐. 𝟓)

Psat



 

 





 



Xeq = Xeq∞ ∙ exp (
2γVm
rRT

)   𝐄𝐪. (𝟐. 𝟔)

Xeq r Xeq∞

γ Vm

 





 

 



1

𝛼𝑤𝑠
=

𝑇𝑤−𝑇𝑜  

𝑞0
  

1

αsb
=

T0−Tb 

q0
  𝐄𝐪. (𝟐. 𝟖)

1

αp
=

Tb−Ts

qzT
  𝐄𝐪. (𝟐. 𝟗)



αws αsb

αp  qzT

q0  Tw Tb

Ts T0

1

βp
=

ps−pb

ṁ
   𝐄𝐪. (𝟐. 𝟏𝟎)

1

βb
=

pb−p

ṁ
  𝐄𝐪. (𝟐. 𝟏𝟏)

βp βb ps 

pb p

ṁ





 



 

 



 

 

Solid





 

∙ ∙ ∙





 

 



P =
RT

V−b
− 

α

V∙(V+b)+b∙(V−b)
 𝐄𝐪. (𝟐. 𝟏𝟐)



α

α = 0.457235 ∙
R2∙Tc

2

Pc
∙ α  𝐄𝐪. (𝟐. 𝟏𝟑)

b = 0.077796 ∙  
R∙Tc

Pc
  𝐄𝐪. (𝟐. 𝟏𝟒)

𝛼 = [1 + 𝑚 ∙ (1 − √
𝑇

𝑇𝑐
)]2  𝐄𝐪. (𝟐. 𝟏𝟓)

m = 0.37464 + 1.54226 ∙ ω − 0.26992 ∙ ω2  𝐄𝐪. (𝟐. 𝟏𝟔)

α = ∑ ∑ xi∙ xj ∙ √αi ∙ aj(1 − kij)  𝐄𝐪. (𝟐. 𝟏𝟕)ji

b = ∑ ∑ 0.5 ∙ xi∙ xj ∙ (bi + bj) ∙ (1 − Iij)    𝐄𝐪. (𝟐. 𝟏𝟖)ji

α

ω
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Vvoid = Vwet cake − Vsolid = π ∙ r
2 ∙ hc −

ms

ps
, 𝐄𝐪.  (𝟑. 𝟏)

r hc ms

ρs





 







 



 



 

s





 

LOD(%) =
Initial weight of the sample − Final weight of the sample

Initial weight of the sample

∙ 100  𝐄𝐪. (𝟑. 𝟐)
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y = 1 − 𝑎 ∙ t   𝐄𝐪. (𝟑. 𝟑)

y = 𝑎′ ∙ exp(−b′ ∙ t)     𝐄𝐪. (𝟑. 𝟒)

y
xt

x0
x0

xt  𝑎, 𝑎′ b′



 

 𝑎 𝑎′ b′

𝑎′

𝑎

b′



𝒚 = 𝟏 − 𝒂 ∙ 𝐭 𝐲 = 𝒂′ ∙ 𝐞𝐱𝐩(−𝐛′ ∙ 𝐭)

𝒂 𝒂′ 𝐛′
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𝑦 = a ∙ (1 − b)x   𝐄𝐪.  (𝟑. 𝟓)
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An illustrative example of the experimental procedure. 
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dCf
dt

+ u ∙ ε ∙
dCf
dz

= D ∙
d2Cf
dz2

+
(1 − ε)

ε
∙ α ∙ k ∙ (Cf

∗ − Cf)   𝐄𝐪. (𝟓. 𝟏)

Cf

ε

α 

Cf
∗



 



 

 

 

 (ε = 0.32)

 

 

 

 



𝐿𝐸
𝐷𝑝

≥ 50

u ∙ ε ∙
dCsf

dz
= k ∙ (Cf

∗ − Cf)  𝐄𝐪. (𝟓. 𝟐)

Cf = 0 Cf = CfL

k = (1 − ε) ∙ αsf ∙ ksf

CfL = CfL
∗ ∙ [1 − exp (−

k∙L

u∙ε
)]  𝐄𝐪. (𝟓. 𝟑) 



 

dms

dt
= −mḟ  ⌊

mfL

mfT−mfL
⌋

𝑚𝑠 �̇�𝑓

𝑚𝑓𝐿

𝑚𝑓𝑇 

𝑚𝑓𝑇 ≫ 𝑚𝑓𝑙

dxs
dt

= −
mf

m0

̇
 ∙ CfL  𝐄𝐪. ( 𝟓. 𝟓)

𝑥𝑠 𝑚0

𝑥𝑠 

dxs
dt

= −
mf

m0

̇
 CfL

∗ ∙ [1 − exp (−
k ∙ L

u ∙ ε
)]  𝐄𝐪. (𝟓. 𝟔)  



 

xs
xm

=
K ∙ x

[1 − x] ∙ [1 + (K − 1) ∙ x]
  𝐄𝐪. (𝟓. 𝟕)

CfL
∗

Csat

mm/m0 xm

(1 − K) ∙ x2 + [K ∙ (1 +
xm
xs
) − 2] ∙ x + 1 = 0 𝐄𝐪. (𝟓. 𝟖)

x =
−[K∙(1+

xm
xs
)−2]±√[K∙(1+

xm
xs
)−2]

2
−4∙(1−K)

2∙(1−K)
 𝐄𝐪. (𝟓. 𝟗)

𝑚0 → 0, 𝑥𝑠 → ∞)

x =
2 − K ± K

2 ∙ (1 − K)
  𝐄𝐪. (𝟓. 𝟏𝟎)



≤ ≤

dxs
dt

= −
mf

m0

̇
 CfL

∗ ∙

{
 

 −[K (1 +
xm
xs
) − 2] ± √[K(1 +

xm
xs
) − 2]

2
− 4(1 − K)

2(1 − K)

}
 

 

 𝐄𝐪. (𝟓. 𝟏𝟏)

 

t =  
m0

QCO2∙CfL
∗ ∙ (x0

′ + x′ + (2 − K) ∙ [x − xm ∙ ln (
α′

β
)] + K ∙ xm ∙

ln [
α′′

β′∙(1−x)2
])    𝐄𝐪. (𝟓. 𝟏𝟐)

a = K2   𝐄𝐪. (𝟓. 𝟏𝟑)

b = 2 ∙ (2 − K) ∙ K ∙ xm    𝐄𝐪. (𝟓. 𝟏𝟒)

c = (K ∙ xm)
2    𝐄𝐪. (𝟓. 𝟏𝟓)

x0
′ = √a + b + c    𝐄𝐪. (𝟓. 𝟏𝟔)

x′ = √a ∙ (1 − x)2 + b ∙ (1 − x) + c    𝐄𝐪. (𝟓. 𝟏𝟕)

a′ = x′ + K ∙ (1 − x) + (2 − K) ∙ xm    𝐄𝐪. (𝟓. 𝟏𝟖)

a′′ = x′ + (2 − K) ∙ (1 − x) + K ∙ xm    𝐄𝐪. (𝟓. 𝟏𝟗)

β = x0
′ + K + (2 − K) ∙ xm    𝐄𝐪. (𝟓. 𝟐𝟎)

β′ = x0
′ + (2 − K) + K ∙ xm    𝐄𝐪. (𝟓. 𝟐𝟏)

CfL
∗ = Csat ∙ [1 − exp (−

k∙L

u∙ε
)]   



k = (1 − ε) ∙ αsf ∙ ksf    𝐄𝐪. (𝟓. 𝟐𝟑)

Ksf =
Sh∙Dm

Dp
    𝐄𝐪. (𝟓. 𝟐𝟒)

Sh = 0.135 ∙ Re0.5 ∙ Sc0.33 𝐄𝐪. (𝟓. 𝟐𝟓)

Sh = 0.3 ∙ Re0.83 ∙ Sc0.33  𝐄𝐪. (𝟓. 𝟐𝟔)

Re =
ρ ∙ u ∙ dp

μ
    𝐄𝐪. (𝟓. 𝟐𝟕)



Sc =
μ

ρ ∙ Dm
    𝐄𝐪. (𝟓. 𝟐𝟖)

CfL
∗,

t =  
m0

QCO2 ∙ CfL
∗ ∙ [x − xm ∙ ln(1 − x)]    𝐄𝐪. (𝟓. 𝟐𝟗)



F(CfL
∗, xm ) =

100

N − 1
∑(

n

j=1

tj
exp

− tj
cal

tj
exp )2  𝐄𝐪. (𝟓. 𝟑𝟎)
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Dx =
Dx of the dried PCM 

Dx of the raw PCM
  𝐄𝐪. (𝟓. 𝟑𝟏)
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𝐃𝟓𝟎 𝐬𝐚𝐦𝐩𝐥𝐞

𝐃𝟓𝟎 𝐫𝐚𝐰



CFL* 



 





 



 

 



kJ ∙ kg−1 ∙ K−1

Cpwet = Cp,s ∙ xs + Cp,l ∙ xl  𝐄𝐪. (𝟔. 𝟏)

Cpwet = 1.77 ∙ 0.875 + 2.35 ∙ 0.125 = 1.84 kj ∙ kg−1 ∙ K−1  

Q1 = mbed ∙ Cpwet ∙ ∆T = 0.07 ∙ 1.84 ∙ 50 = 6.4  kJ 𝐄𝐪. (𝟔. 𝟐)

 kJ ∙ kg−1



Q2 = ∆Hvap ∙ mc,dodecane = 337.4 ∙ 8.5 ∙ 10−3 = 2.9 kJ  𝐄𝐪. (𝟔. 𝟑)

kJ ∙ kg−1 ∙ K−1

Q3 = mN2 ∙ CpN2 ∙ ∆T ∙ tb = 0.055 ∙ 1.04 ∙ 50 ∙ 3 = 8.6 kJ  𝐄𝐪. (𝟔. 𝟒)

 Q1  Q2  Q3

Q1 + Q2 + Q3
0.7

=
6.4 + 2.9 + 8.6

0.7
= 25.6 kJ or 0.007 kWh  𝐄𝐪. (𝟔. 𝟓)

 



Ps =
k

k−1
∙ qv ∙ pin ∙ ((

Pout

Pin
)

k−1

K
− 1) ∗ tb =

1.4

1.4−1
∙ 25 ∙ 10−3 ∙ 50 ((

100

50
)

1.4−1

1.4
− 1) ∙

3 = 335.4kJ or 0.093 kWh  𝐄𝐪. (𝟔. 𝟔)

P1 =
Ps
ns
=
0.093

0.7
= 0.133 kWh  𝐄𝐪. (𝟔. 𝟕)

ns

PtAFD = 0.007 + 0.133 = 0.14 kWh  𝐄𝐪. (𝟔. 𝟖)



 

 



Q4 = mbed ∙ Cpwet ∙ ∆T = 0.2 ∙ 1.93 ∙ 40 = 15.3 kJ  𝐄𝐪. (𝟔. 𝟖)

Q4
0.7

=  
15.3

0.7
 = 21.9 kJ or 0.006 kWh  𝐄𝐪. (𝟔. 𝟗) 

 

kJ ∙ kg−1 ∙ K−1

Q5 =
mCO2∙CpCO2∙∆T∙textraction

0.5
=

1.2∙2.61∙8∗2

0.5
= 101.1 kJ or 0.028 kWh  𝐄𝐪. (𝟔. 𝟏𝟎) 



 

CpCO2 kJ ∙ kg−1 ∙ K−1

∆T

Q6 = 
mCO2∙CpCO2∙∆T∙textraction

0.5
=

1.2∙0.928∙53∗2

0.5
= 236.1 kJ or 0.065 kWh  𝐄𝐪. (𝟔. 𝟏𝟏)

 

∆H

kJ ∙ kg−1

P3 =
mCO2∙∆H∙textraction

0.9
=

1.2 ∙108 .7∙2

0.9
= 292.7 kJ  or 0.08  kWh  𝐄𝐪. (𝟔. 𝟏𝟐)

 



kJ ∙ kg−1

P4 =
mCO2∙∆H∙textraction

0.9
=

1.2 ∙70∙2

0.9
= 188 kJ or 0.052 kWh  𝐄𝐪. (𝟔. 𝟏𝟑)

PtscCO2 = 0.013 + 0.028 + 0.065 + 0.08 + 0.052 = 0.237 kWh  𝐄𝐪. (𝟔. 𝟏𝟒)
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D12 = D0 ∙ exp (−b ∙ (p − p0))

p0 = 0.1 Mpa 

D12 = 5.38 ∙ exp(−0.0078 ∙ (20 − 0.1)) = 4.607 · 10 − 9 m2 · s−1



https://github.com/CorySimon/PREOS
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