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Abstract - The purpose of this study is to analyze the freezing characteristics of water in STS water tanks for reservoirs exposed
to outside temperatures in winter. A large-scale STS water tank was modeled as a 2D symmetric analysis model, and heat
transfer analysis was performed for 48 hours using winter outside temperatures to observe temperature trends in water at the
tank’s outer part of the center and supported part of the bottom by insulation thickness. Through the temperature change rate and
phase change time of water, the analysis model confirmed that the bottom is more vulnerable to heat loss of water than the side.
Furthermore, parametric study was conducted using the insulation placement at the bottom of the tank as a variable and water
freezing characteristics were established based on the heat transfer characteristics change according to insulation placement. An
effective insulation design was proposed by comparing freezing time for each insulation placement based on minimum and

maximum residence time of water.
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(a) STS water tank for reservoirs

Aluminum jacket
(0.6 ~ 0.7 mm)

‘Water

STS panel (STS304)

Polyurethane foam /
Polyethylene

olyurethane foam/

C-channel Polyethylene

(b) Bottom part of STS water tank

Fig. 1. Schematic of STS water tank structure
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Fig. 2. Schematic of heat loss in STS water tank
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Fig. 3. Time-temperature curve of water freezing
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Table 1. Thermal properties of materials

Thermal Densit Specific
Material conductivity (ke /Isn%l heat
(W/m-K) & (J/kg-K)
Aluminum 202.4 2,719 871
Carbon steel 53.34 7,850 439.8
Concrete 2.0712 2,391.7 936.35
Galvanized 51.962 7,849.8 481.98
steel
Polyethylene 0.038 342 2,300
Polyurethane 0.044 191.6 1,546.6
Rubber pad 0.42426 1,423 1,613.7
STS 304 15.311 7,954.3 473.62
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Table 2. Information of the 2D symmetric model grid

Mesh | Number of | Number of | ©Orthogonal quality
type nodes elements Min. Max.
Quad/Tri | 2,552,650 | 2,490,227 | 0.99759 1
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Fig. 5. Verification of analysis model

Table 3. Comparison of accuracy for water freezing data

Chen and . Accuracy
Data Leel!®) This study %)
Initial freezing time (s) 500 490 98.00
Water temperature (°C) -17.1 -15.8 92.40
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Table 4. Results of heat transfer analysis for bottom and side part water

Insulation thickness Freezing point reach time (hrs) Temperature change ratio (°C/hr) Phase change time (hrs)
(mm) Side Bottom Side Bottom Side Bottom
30 6 5 -0.836 -1 42 4
40 8 5 -0.625 -1 40 4
50 11 5 -0.454 -1 37 4
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Fig. 8. Details of insulation placement parameters
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Table 5. Results of water freezing data for parametric analysis models

Model case Insulation thickness Temperature change ratio Phase change time | Total freezing time
(mm) (°C/hr) (hrs) (hrs)
30 -1 4 9
Bare 40 -1 4 9
50 -1 4 9
30 -0.83 6 12
Case | 40 -0.83 7 13
50 -0.71 7 14
30 -0.56 10 19
Case 2 40 -0.50 10 20
50 -0.45 14 25
30 -0.36 23 37
Case 3 40 -0.31 23 39
50 -0.29 24 41
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