
2

•

•
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•

•

•

•

•

𝑉𝑠𝑡𝑜 𝑉𝑢

𝑇𝑢
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•

• 𝑇𝑠𝑡𝑜

𝑉𝑢 = 𝑉𝑠𝑡𝑜
(𝑇𝑠𝑡𝑜 − 𝑇𝑤,𝑠𝑢)

(𝑇𝑢 − 𝑇𝑤,𝑠𝑢)

𝑇𝑢
𝑇𝑠𝑡𝑜 𝑇𝑤,𝑠𝑢

𝑛

ṁ
u

t

Inputs

Outputs

P
e
l
e
c

t

T
o
u
t

t

Geometry

D,H,HHR, Q̇HR

External conditions Empirical parameters

Tamb, Tw,su

Initial condition

H

T

, TSP

Hmix,Δ, hamb

Ti−1

Ti

Ti+1 dx

Q̇amb,i

ṁu · Fout,i

ṁu · Fin,i

Q̇i

Q̇i+1

Q̇HR,i
ṁu · Fsu,i

d𝑥 𝑛
�𝑄𝑖 𝑖 𝑖 − 1

�𝑄𝐻𝑅,𝑖
�𝑄𝑎𝑚𝑏,𝑖

�𝑚𝑢

𝐹𝑜𝑢𝑡 𝐹𝑖𝑛 𝐹𝑠𝑢

𝐻𝑚𝑖𝑥

𝑘𝑙 = 𝐻𝑚𝑖𝑥/d𝑥

𝑘𝑙 𝐹𝑠𝑢,𝑖 = 1/𝑘𝑙 𝐹𝑖𝑛,𝑖 = (𝑛 −
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𝑖)/𝑘𝑙 𝐹𝑜𝑢𝑡,𝑖 = (𝑛 − 𝑖 + 1)/𝑘𝑙
𝐹𝑠𝑢,𝑖 = 0

𝐹𝑖𝑛,𝑖 = 𝐹𝑜𝑢𝑡,𝑖 = 1

𝑖th

𝑚𝑖𝑐𝑝
d𝑇𝑖
d𝑡

= 𝑘𝐻𝑅
�𝑄𝐻𝑅,𝑖 + �𝑄𝑖+1 − �𝑄𝑖 + 𝐹𝑖𝑛,𝑖 �𝑚𝑢𝑐𝑝𝑇𝑖+1 − 𝐹𝑜𝑢𝑡,𝑖 �𝑚𝑢𝑐𝑝𝑇𝑖 + 𝐹𝑠𝑢,𝑖 �𝑚𝑢𝑐𝑝𝑇𝑤,𝑠𝑢 − �𝑄𝑎𝑚𝑏,𝑖

𝑘𝐻𝑅

𝜏

𝑚𝑖𝑐𝑝
d𝑇𝑖
d𝑡

= 𝑚𝑖𝑐𝑝

(𝑇 𝑡
𝑖 − 𝑇 𝑡−1

𝑖 )

𝜏

𝑇 𝑡
𝑖 𝑇 𝑡−1

𝑖

�𝑄𝑡
𝑎𝑚𝑏,𝑖 = ℎ𝑎𝑚𝑏𝐴𝑎𝑚𝑏,𝑖 (𝑇

𝑡
𝑖 − 𝑇𝑎𝑚𝑏)

ℎ𝑎𝑚𝑏

𝐴𝑎𝑚𝑏,𝑖 𝑖 𝑇𝑎𝑚𝑏

�𝑄𝑡
𝑖 = 𝐾𝑖−1 𝐴𝑐 (𝑇

𝑡
𝑖 − 𝑇 𝑡

𝑖−1)

𝐴𝑐 𝐾𝑖−1

𝐾𝑖 =

⎧⎪⎪⎨
⎪⎪⎩

𝑘𝑤Δ if 𝑇𝑖+1 > 𝑇𝑖
𝑘𝑤 if 𝑇𝑖+1 ≤ 𝑇𝑖
0 if 𝑖 = 0 or 𝑖 = 𝑛

𝑘𝑤 Δ
T𝑡 𝑡 𝑛 𝑛

T𝑡−1

𝐴(𝐾, 𝜏, �𝑚𝑢) · T𝑡 + 𝐵(𝜏) · T𝑡−1 + 𝐶 (𝑘𝐻𝑅) = 0

𝐴(𝐾, 𝜏, �𝑚𝑢) 𝐵(𝜏) 𝐶 (𝑘𝐻𝑅)

𝐴(𝐾, 𝜏, �𝑚𝑢) =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

𝛽1(𝐾, 𝜏, �𝑚𝑢) 𝛾1( �𝑚𝑢) 0 · · ·

𝛼2(𝐾) 𝛽2(𝐾, 𝜏, �𝑚𝑢) 𝛾2( �𝑚𝑢) 0 · · ·

0 𝛼3(𝐾) 𝛽3(𝐾, 𝜏, �𝑚𝑢) 𝛾3( �𝑚𝑢) 0 · · ·
...

. . .
. . .

. . .

0 · · · 0 𝛼𝑛−1(𝐾) 𝛽𝑛−1(𝐾, 𝜏, �𝑚𝑢) 𝛾𝑛−1( �𝑚𝑢)

0 · · · 0 𝛼𝑛 (𝐾) 𝛽𝑛 (𝐾, 𝜏, �𝑚𝑢)

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
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𝐵(𝜏) =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−
𝑚0𝑐𝑝

𝜏
0 · · ·

0 −
𝑚1𝑐𝑝

𝜏
0 · · ·

...
. . .

0 · · · −
𝑚𝑛−1𝑐𝑝

𝜏
0

0 · · · −
𝑚𝑛𝑐𝑝

𝜏

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

𝐶 (𝑘𝐻𝑅) =

⎡⎢⎢⎢⎢⎢⎢⎢⎣

−ℎ𝑎𝑚𝑏𝐴𝑎𝑚𝑏,1𝑇𝑎𝑚𝑏 − 𝑘𝐻𝑅
�𝑄𝐻𝑅,1 − 𝐹𝑠𝑢,1 �𝑚𝑢𝑐𝑝𝑇𝑤,𝑠𝑢

−ℎ𝑎𝑚𝑏𝐴𝑎𝑚𝑏,2𝑇𝑎𝑚𝑏 − 𝑘𝐻𝑅
�𝑄𝐻𝑅,2 − 𝐹𝑠𝑢,2 �𝑚𝑢𝑐𝑝𝑇𝑤,𝑠𝑢

...
−ℎ𝑎𝑚𝑏𝐴𝑎𝑚𝑏,𝑛𝑇𝑎𝑚𝑏 − 𝑘𝐻𝑅

�𝑄𝐻𝑅,𝑛 − 𝐹𝑠𝑢,𝑛 �𝑚𝑢𝑐𝑝𝑇𝑤,𝑠𝑢

⎤⎥⎥⎥⎥⎥⎥⎥⎦
𝐴(𝐾, 𝜏, �𝑚𝑢)

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

𝛼𝑖 (𝐾) = −
𝐾𝑖−1 𝐴𝑐

d𝑥

𝛽𝑖 (𝐾, 𝜏, �𝑚𝑢) =
𝑚𝑖𝑐𝑝

𝜏
+ 𝐹𝑜𝑢𝑡,𝑖 �𝑚𝑢𝑐𝑝 +

𝐾𝑖𝐴𝑐

d𝑥
+

𝐾𝑖−1𝐴𝑐

d𝑥
+ ℎ𝑎𝑚𝑏𝐴𝑎𝑚𝑏,𝑖

𝛾𝑖 ( �𝑚𝑢) = −𝐹𝑖𝑛,𝑖 �𝑚𝑢𝑐𝑝 −
𝐾𝑖𝐴𝑐

d𝑥

𝐸𝑒𝑙𝑒𝑐 =
∑

�𝑄𝑡
𝐻𝑅,𝑖 · 𝜏

•

•
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•

•

•

𝑘𝐻𝑅

�𝑚𝑡
𝑠𝑢 ≠ �𝑚𝑡−1

𝑠𝑢 𝑘 𝑡
𝐻𝑅 ≠ 𝑘 𝑡−1

𝐻𝑅 𝑇 𝑡−1
𝑘−1 > 𝑇 𝑡−1

𝑘 ∀𝑘 ∈ [0, 𝑛] :
𝐴𝑡 = 𝐴(𝐾 𝑡 , 𝜏, �𝑚𝑡

𝑢); 𝐵𝑡 = 𝐵(𝜏); 𝐶𝑡 = 𝐶 (𝑘 𝑡
𝐻𝑅)

:
𝐴𝑡 = 𝐴𝑡−1; 𝐵𝑡 = 𝐵𝑡−1; 𝐶𝑡 = 𝐶𝑡−1
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ℎ𝑎𝑚𝑏

•

Δ

•

𝐻𝑚𝑖𝑥

ℎ𝑎𝑚𝑏 𝐻𝑚𝑖𝑥

Δ
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10◦C 30◦C 50◦C 70◦C 90
◦
C 10◦C 30◦C 50◦C 70◦C 90◦C

Second tank First tank

2.6

10◦C 30◦C 50◦C 70◦C 90
◦
C 10◦C 30◦C 50◦C 70◦C 90◦C

Second tank First tank

1.6

(−)
𝑛 (−)
ℎ (W/(m2K))
�𝑚 (kg/s)
𝐻 (m)
�𝑄 (W)
Δ (−)
𝑘 (J/kgK)

𝑘𝑤 ((W/(mK)

𝑐𝑝 (J/(kgK))

𝑚 (kg)
𝜏 (s)
𝐴 (m2)

𝐾 (W/(mK))

𝜏 (s)

𝐻𝑅
𝑆𝑃
𝑢
𝑠𝑡𝑜
𝑤
𝑒𝑙𝑒𝑐
𝑖𝑛

𝑜𝑢𝑡
𝑠𝑢
𝑎𝑚𝑏
𝑚𝑎𝑥
𝑚𝑖𝑥
𝑙
𝑐
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https://github.com/NLeclercq27/Water-Heater.git
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https://www.iea.org/countries/belgium
https://economie.fgov.be/fr/themes/energie/transition-energetique/fonds-de-transitionhttps://economie.fgov.be/fr/themes/energie/transition-energetique/fonds-de-transition



