@@@@

d DOI: 10.22034/ijche.2023.399550.1313 This journal is an open access journal licensed under an

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

(Peyrovedin, Razmjooie)

Modeling the Effect of Phase Change Materials on Water
Temperature and Vaporization Rate of Evaporation Ponds

H. Peyrovedin'®, A. Razmjooie?
1- Assistant Professor of Chemical Engineering, Natural Gas Engineering Department, School of Chemical
and Petroleum Engineering, Shiraz University, Shiraz, Iran
2- Ph. D. in Chemical Engineering, South Zagros Oil and Gas Production
Email: hamedpeyro@saadi.shirazu.ac.ir

Abstract

The management of petroleum wastewater with the aim of protecting Received: 28 May 2023

the environment in the process of oil and gas extraction is one of the most Accepted: 2 September 2023
important actions that has received special attention in recent years.The release Page Number: 17-31

of petroleum effluents into the environment causes harmful chemicals to enter
nature and motive irreparable damage to the environment. One of the most
common methods for separating these chemicals from wastewater is using
evaporation ponds, which perform the separation process with the help of water
evaporation. However, several factors such as rainfall and lack of access to solar
energy have negative effects on the efficiencies of these evaporation ponds.
Accordingly, considering the importance of petroleum wastewater management,
the purpose of this research is to study the effect of using phase change materials
on the amount of evaporated water and the water temperature of the evaporation
ponds. For this purpose, initially, the temperature changes of wastewater of one

Iranian Chemical Engineering Journal — Vol. 23 - No. 135 (2024): 17-31

Modeling the Effect of Phase Change Materials on Water ...

of the refineries are modeled by applying the energy balance in the pond. Then, by Keywords.

adding a tank containing a phase change material in the evaporation ponds, Renewable Energy,

the temperature changes of the effluent are re-examined with new equations. Phase Change Materials,
By comparing the modeling results in these two cases, it was found that by adding Evaporation Ponds,

a tank containing C33 paraffin (as a phase change material) into the pond, 735 kg Modeling

of the fluid will be evaporated during the night compared to the normal state. R
Additionally, it was found that if a copper fin is used on the tank, the heat transfer Optimization
can be increased up to 10 times.
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Table 1. Characteristics of the fluid inside the pond.

Parameter Unit Value
Density at 15.6 °C kg/m? 1051
Electrical conductivity ps/cm 43400
Salinity ppm 26300
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Table 2. Characteristics of selected paraffins [27].

Parameter Praffin Unit | Value

) 900

Average Density at 20°C kg/m?
Wax 106 900
Cs3 71

Melting point °C

Wax 106 108
Cas 268

Enthalpy of fusion kJ/kg

Wax 106
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Figure 1. Schematic diagram of the presence of a tank containing paraffin inside the evaporation pond.
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Figure 2. Temperature of the fluid inside the pond at different times and places during the day with an air
temperature equal to 35 Celsius.
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Figure 3. Temperature of the fluid surface inside the pond at different times of the day with an air temperature equal to 35 Celsius.
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Figure 4. Temperature of the fluid inside the pond at a depth of 50 cm, at different times of the day with an air temperature
equal to 35 Celsius.
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Figure 5. Temperature of the fluid inside the pond at different distances from the bottom of the pond at 12 O’clock with
an air temperature of 35 Celsius.
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Figure 6. Temperature of the fluid inside the pond at different distances from the bottom of the pond at 9 A.M. with an
air temperature of 35 Celsius.
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Figure 7. Temperature of the fluid surface inside the pond during the night with an air temperature equal to 25 Celsius during the night.
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Figure 8. Temperature of the fluid surface inside the pond during the day in different seasons of the year.
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Table 3. The results obtained for the fluid evaporation
ability with the help of two phase change materials.

Parameter Praffin Unit | Value
Required mass Cas k 5652
Wax 106 5652
Available energy due to Css 1514736
fusion Wax 106 452160
Ability to evaporate Css 735.48
fluid Wax 106 219.66
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Figure 9. Temperature of the fluid inside the pond at a distance of 20 cm from the tank containing paraffin during
the night and at a depth of 0.5 meters.
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Figure 10. Temperature of the fluid inside the pond at a distance of 20 cm from the tank containing paraffin at 6 O'clock in the morning.
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Table 5. Effect of fin thickness on fin effectiveness.

Thickness (m) Fin effectiveness

0.0015 110.4
0.0150 343
0.0500 16.4
0.1000 9.8
0.2000 5.6
0.5000 2.6
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Table 4. Fin effectiveness of fins used in evaporation ponds.
Fin effectiveness

Fin material Fin length (cm)

Stainless steel 6.0
Carbon steel 12.6
Iron 145

60
Rice 16.9
Aluminum 24.8
Copper 32.3
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