






℃

 



 

 

 

 

 

 

 

 

 

 

 

 

 

℃  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

υ

υ

υ

β

α



 





 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 







 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

𝑃 = −0.1461𝑇2 − 12.58𝑇 + 0.1013 # (1)



m0 = m1 + m2 #(2)

m0 − mass in initial conditions  [kg]
m1 − Ice mass[kg]

m2 − Water mass[kg]

V0 = V1 + V2# (3)

V0 − volume in initial conditions [m3]
V1 − Ice volume [m3]

V2 − Water volume[m3]

Z =
m2

m0
=

m2

m1 + m2
# (4)

υ0 =
V0

m0
=

V1 + V2

m0
=

m1 ∗ V1

m0 ∗ m1
+

m2 ∗ V2

m0 ∗ m2
=

(m0 − m2)

m0
∗ υ1 + Z ∗ υ2 = (1 − Z) ∗ υ1 + Z ∗ υ2# (5)

υ0 − specific volume under initial conditions [m3/kg]
υ1 − specific volume of ice [m3/kg]

υ2 − specific volume of water [m3/kg]

Z =
υ0 − υ1

υ2 − υ1
# (6)



dv =
δv

δP
dP =

δv

δT
# (7)

β =
1

v

δv

δP
# (8)

α =
1

v

δv

δT
# (9)

υ1 = υ10 exp [− ∫ βT1

P

P0

(P′, T)dP′ + ∫ αT1
(P0, T′)dT′

T

T0

] # (10)

β − compressibility coefficient
α − coeficcient of thermal expansion

indicele 0 reprezintă proprietățile apei la punctul de îngheț la o presiune de 1 [atm]

αT1
(Po, T) = A1 + A2T + A3T2 + A4T3# (11)  

A1 = 1.5756 ∗ 10−4

A2 = 5.556 ∗ 10−7

A3 = 2.655 ∗ 10−8

A4 = 7.11 ∗ 10−10

The unit of measurement for temperature is [°C]
The values are taken from the paper "Thermodynamic Properties

of Ice, Water and Their Mixture Under High Pressure, 

Glaciers– Ocean– Atmosphere Interactions” by V. E. Chizhov et. al.   

βT1
(P, T) =

βT1

o

1 + m1βT1

o P
# (12)  

βT1

0 =
β1

1 − β2T
 

β1 = 1.827 ∗ 10−5



β2 = 1.418 ∗ 10−3

m1 = 5
The unit of measurement for pressure is [bar] 

Values are taken from the work “Thermodynamic Properties 
of Ice, Water and Their Mixture Under High Pressure, 

                           Glaciers– Ocean– Atmosphere Interactions” by V. E. Chizhov et. al.

υ2 = υ10 exp [− ∫ βT2
(P′, T)dP′ + ∫ αT2

(P0, T′)dT′
Tk

Tk0

P

P0

] # (13)

βT2
(P, T) = (∑ biP

i

4

i=0

) ∗ 10−4# (14)

αT2
= (A +

B

C + Γ
) ∗ 10−4# (15)

The temperature functions A, B, C and Γ are expressed by:

A = a1 + a2TK + a3TK
2# (16)

B = a4 + a5TK + a6TK
2 + a7TKΓ + a8Γ # (17)

C = a8 + a9TK + a10TK
2 + a11TK

3# (18)

Γ = P + a13P2 + a14P3# (19)

where,
a1 = 4.7856 ∗ 101

a2 = −8.12847 ∗ 10−2

a3 = 8.49849 ∗ 10−5

a4 = 5.56047 ∗ 105

a5 = −3.76355 ∗ 103

a6 = 5.56395
a7 = 5.59682 ∗ 10−3

a8 = −2.76522 ∗ 101

a9 = −4.28067 ∗ 103

a10 = −3.39150 ∗ 101

a11 = 3.65873 ∗ 10−1



a12 = −5.89617 ∗ 10−4

a13 = 3.28892 ∗ 10−4

a14 = 2.65933 ∗ 10−8

These constants are found in the work"Thermodynamic 
properties of water under pressure up to 5 kb(kilobar), and between 

28 and 120 ℃. Estimations in the supercooled region down 

to − 40 ℃"  by L. T. Minnasian et. al. 

%ICE = (1 − Z) ∗ 100# (20)

 

𝑇𝑝ℎ(𝑃, 𝑐) = 𝑇0 + Δ𝑇(𝑃) + Δ𝑇(𝐶)# (21)

Tph − phase change temperature, in isochoric, for the mixture

T0 − freezing temperature of water at pressure of 1 atm
ΔT (P) − temperature drop caused by increased pressure P

ΔT(c) − temperature decrease depending on the concentration of mixture c

 

Δ𝑇(𝑃) = −4𝐸 − 10𝑃3 − 3𝐸 − 7𝑃2 − 0.00809𝑃 + 0.00819547826# (22)

 

Δ𝑇(𝑐) = Δ𝑇𝑠𝑜𝑙𝑣𝑒𝑛𝑡(𝑐𝑠𝑜𝑙𝑣𝑒𝑛𝑡) + Δ𝑇𝑠𝑜𝑙𝑣𝑎𝑡(𝑐𝑠𝑜𝑙𝑣𝑎𝑡)# (23)

𝑐 = 𝑀𝑊 ∗ 𝑀 ∗ 𝜐# (24)



υ − specific volume of solution [𝑚3/𝑘𝑔]

Δ𝑇(𝑐)

Δ𝑇(𝑐) = Δ𝑇(𝑐1) + Δ𝑇(𝑐2) + ⋯ + Δ𝑇(𝑐𝑛) # (25)

Γ𝑃 𝑇

Γ

𝒄𝒔𝒐𝒍𝒗𝒆𝒏𝒕 𝒄𝒔𝒐𝒍𝒗𝒂𝒕

𝒄𝒔𝒐𝒍𝒗𝒂𝒕 𝒄𝒔𝒐𝒍𝒗𝒆𝒏𝒕

𝒄𝒔𝒐𝒍𝒗𝒂𝒕



𝒄𝒔𝒐𝒍𝒗𝒆𝒏𝒕 𝒄𝒔𝒐𝒍𝒗𝒂𝒕

𝒄𝒔𝒐𝒍𝒗𝒆𝒏𝒕

𝑐𝑠𝑜𝑙𝑣𝑒𝑛𝑡 =
𝑐0

𝑍
 # (26)

𝑇, 𝑃 ș𝑖 𝑍
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𝜎𝑉𝑀 = √
𝜎1 + 𝜎2

2 + 𝜎2 − 𝜎3
2 + 𝜎3 − 𝜎1

2

2

𝜎1  

𝜎2  

𝜎3  
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L(Tm) = 1.617 ∗ 10−4 ∗ Tm
4 − 1.711 ∗ 10−1 ∗ Tm

3 + 67.94 ∗ Tm
2 − 1.198 ∗ 104 ∗ Tm + 7.926 ∗ 105

[kJ/kg]

Tm represents the phase change temperature for water[K]

P = 8.78 ∗ 102 ∗ IPm4 + 2.75 ∗ 102 ∗ IPm3 + 3.24 ∗ 102 ∗ IPm2 + 1.97 ∗ 102 ∗ IPm + 0.31 [Pa]
where, IPm is the indicator of phase change from 1 , water. to 0(ice)
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10%  85.4±0.00 127.2±1.41 164.0±1.74 196.4±2.54  -10.72±0.85

10% 38.6±0.57 86.2±0.91 127.9±1.27 164.4±1.65 196.4±2.54  

20%  72.8±0.00 113.1±0.64 147.8±0.81 178.5±0.78  -11.24±1.76

20% 27.9±0.17 73.5±0.38 113.6±0.44 148.2±0.67 178.5±0.78  

30%   96.3±0.00 128.4±1.51 156.9±1.25  -15.60±0.56

30% 14.4±0.84 58.4±1.01 95.9±1.27 128.6±1.40 156.9±1.25  

40%  40.2±0.00 74.3±0.38 103.1±1.33 129.4±1.49  -14.20±1.76

40% 0.5±0.14 39.4±1.38 73.8±1.32 103.6±1.33 129.4±1.49  

50%     165.8±0.71  -11.36±1.12

50% 15.9±0.76 65.3±0.84 105.8±0.65 138.5±0.58 165.8±0.71  



 

10%  96.3±0.42 138.0±0.72 174.8±0.84 206.6±1.75  -10.20±1.23

10% 47.9±0.15 96.2±0.29 138.3±0.43 175.3±0.69 206.6±1.75  

20%  81.9±0.57 122.8±1.27 157.9±1.70 187.6±3.34  -10.71±1.52

20% 36.5±0.53 83.0±0.90 123.5±1.00 158.6±1.39 187.6±3.34  

30%  66.4±0.44 104.2±0.62 136.8±0.60 163.2±0.84  -9.96±0.10

30% 22.8±0.29 66.8±0.43 104.5±0.42 137.1±0.44 163.2±0.84  

40%   90.9±0.48 121.9±0.55 147.1±1.34  -11.63±0.21

40% 13.0±0.22 55.1±0.29 91.3±0.35 122.2±0.49 147.1±1.34  

50%     173.0±2.72  -13.48±1.00

50% 25.2±0.16 76.0±0.21 115.9±2.92 147.1±3.26 173.0±2.72  
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