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Abstract

Based on the characteristic of ice melting easily when heated, using the steady-state plate method,
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the thermal conductivity of ice is measured using “cold conduction” instead of traditional “heat con-
duction”. We have developed an intelligent measurement device for ice thermal conductivity based
on Arduino. The device consists of a temperature control system, a copper plate constant tempera-
ture system, a data collection system, etc. The data can be displayed in real-time through OLED
screens, and the operator manually records and processes the data. It can also be transmitted to the
computer through the Arduino microcontroller, making it easy for the computer to process the data
and obtain the thermal conductivity of the ice. Using a self-made ice thermal conductivity mea-
surement device based Arduino, the effects of the cooling temperature of the upper copper plate,
the type and concentration of impurities, and the thickness of ice on the thermal conductivity of
ice were studied.
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Figure 1. Schematic diagram of measuring thermal con-
ductivity using steady-state flat plate method
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Figure 2. Schematic diagram of cooling method for heat dissipation copper plate
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Figure 3. Overall real object diagram of the experimental device. Here, 1. Low temperature
insulation box; 2. Upper copper plate constant temperature system; 3. Three core refrigera-
tion system; 4. Self made thermometer; 5. Power socket; 6. The computer; 7. Ice bucket and
insulation felt; 8. Ultrasonic distance measurement module; 9. Water tank; 10. Data Display
System

E 3. RBRERGAIYE. Hb, | REREHE; 2. LERIERAL; 3. Z&HQ
R4; 4. BHEIRETT; 5. BIRIEHE o B 7. KRERRIEER; 8. @BEKNE
BIR; 9. KFH; 10. BIEETRRS

4. KBLER R
4.1. MEAKNSHRAY

MRHEELE 10 REEHUAFINAAE B B e, 11 I P AR BRI OKFE S R h (RD N AL B
). EHWNE RGN “AES” BRREE, WL FTHENBRESEE SN Ty = -7.65C, Ty =
1.72°C; #RJE, o3 NHIELTE B SRR (35 B2 B A 8] AR AL i (an e 1 A1 4 FiR).

FH Origin F1 Excel A 753 2 8 4% (1) B AR T il 28 pR B (a1 4 Bl A :

DOI: 10.12677/app.2023.136033 294 S A B


https://doi.org/10.12677/app.2023.136033

w2

Table 1. Natural heating data of the lower copper plate in the thermal conductivity measurement experiment of pure ice.

Here, the time unit is s, and the temperature unit is °C

1. AR SARENESE F, THEENBRTERRE. b, MESMNs, EEAMAT

WP MR WM R MR RE W RE W RE W RE W R
1 -997 183 =510 365 223 547 -0.54 729 0.90 911 1.90 1093  2.53
15 -996 197 479 379 204 561 041 743 0.96 925 1.90 1107  2.59
29 -9.29 211 —448 393 -191 575 029 757 1.09 939 1.96 1121  2.59
43 -891 225 423 407 -1.79 589 -0.16 771 1.15 953 2.03 1135  2.65
57 —-854 239 398 421 166 603 —0.04 785 1.21 967 209 1149  2.65
71 -8.10 253 373 435 154 617 0.09 799 1.34 981 2,15 1163 271
85 =7.73 267 348 449 -141 631 0.21 813 1.40 995 2,15 1177 271
99 -735 281 329 463 -1.29 645 0.27 827 146 1009 221 1191  2.78
113 -691 295 -3.10 477 -1.16 659 0.40 841 .52 1023 228 1205 2.84
127  —-6.54 309 291 491 -1.04 673 0.52 855 1.59 1037 234 1219 2.84
141  -6.16 323 273 505 091 687 0.59 869 1.65 1051 240 1233 290
155 —-579 337 254 519 —0.79 701 0.71 883 1.71 1065 240 1247 290
169 —541 351 235 533 —-0.66 715 0.77 897 1.76 1079 246 1261  2.90
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Figure 4. Natural heating curve and tangent of steady-state point 73, for
the lower copper plate
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Table 2. Given and measured experimental device parameters
F2 BKEMVENTERESH

i H A [/ (kg K)] AL L (g) i 4% B 4% (mm) 75 JE 8 (mm)
385 118.1 75.02 3.04
VKFE A2 (mm) UK b ) B (mm) SRR IR (C) T BARASEE(C)
35.52 67.9 ~7.65 1.72
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Table 3. Measurement of thermal conductivity of ice under different cooling temperature conditions of upper copper plate
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Figure 5. Comparison of thermal conductivity of pure icewith them of
impurity ice with different mass percentages of NaCl Salt or white sugar
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Table 4. Thermal conductivity of ices with different thicknesses made by NaCl solution

F* 4. FEIEEM NaCliZ sk SRR

TEBUIERL 1R (%) WU R (cm) FHAH(W/(mK)]
0.794 5.293 1.996
0.794 5.032 2.179
1.186 6.025 1.949
1.186 5.135 2.101
1.575 6.040 1.875
1.575 5.042 2.036
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