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Abstract: The Clausius statement of the second law of thermodynamics asserts that heat cannot spontaneously
pass from a colder to a hotter body. According to the spontaneity criterion for spontaneous processes, evaporation
is unquestionably spontaneous; hence, on the basis of the second law, an evaporation process ought never to
exhibit the spontaneous transfer of heat from a low-temperature region to a high-temperature one. Yet the integral
evaporation law for liquid phases distinguishes evaporation-induced heat transfer from ordinary heat transfer driven
by temperature gradients and shows that evaporation can indeed move heat spontaneously from lower to higher
temperatures. Integral evaporation can transport heat not only from low-temperature water to a warmer ambient
air, but also—within a body of water at uniform temperature—carry heat instantaneously from the bottom to the
liquid surface. It can even transfer heat from the colder bottom to the warmer upper surface when the water is
stably stratified (hot above, cold below). The spontaneous aggregation of vapor bubbles observed during integral
evaporation constitutes the clearest real-world analogue yet known of Maxwell’s demon. If the inquiry into whether
these phenomena violate the second law is not restricted to strictly closed thermodynamic systems, the experimental
evidence appears to suggest that wherever the integral evaporation law operates, violations of the second law can
occur. These findings therefore compel us to accept both the integral evaporation law and the fact that the classical
formulation of the second law has limitations. Whether this compels us to abandon the classical statement and to
admit the genuine possibility of violating the second law is an issue that merits serious attention.

Keywords: Integral evaporation law; Spontaneous process; The second law of thermodynamics; Upper heating and

lower cooling effect; Synchronous cooling experiment under heterogeneous temperature
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FIHIBMA LR T A KRERENFORLGIL LTRSS KRG ER

FHrim7K (D80mm,H180mm,550mL ) fKiF/K (D80mm,H180mm,550mL )
R ORTRE RWRES e RIS LWNRE SRR RWOESs et N s
(T [§D) B ('C) BRI (CO FE (CO) (CC) R O KR O

TR A (2024.8.29)

10.05 81.00 81.00 0.0 0.0 60.4 60.4 0.0 0.0
10.10 77.4 65.1 3.6 15.9 58.6 52.8 1.8 7.6
10.15(E 505 InB@ ) 72.3 55.3 5.1 9.8 55.3 45.6 33 7.2
10.20 67.8 52.6 45 2.7 533 423 2.0 3.3
10.25 63.8 533 4.0 -0.7 50.5 40.8 2.8 15
10.30 59.8 522 4.0 1.1 482 39.7 23 1.1
10.35 57.2 50.8 2.6 1.4 459 38.5 23 1.2
10.40 54.0 48.9 32 1.9 43.7 37.0 22 1.5
10.45 51.3 47.0 2.7 1.9 41.0 35.6 2.7 1.4
10.50 48.8 45.0 2.5 2.0 39.5 34.1 1.5 1.2
10.55 46.1 42.9 2.7 2.1 37.7 32.7 1.8 1.4
11.00 44.0 41.0 2.1 1.9 35.9 31.4 1.8 13
11.05 42.1 39.0 1.9 2.0 343 29.9 1.6 1.5
11.10 39.9 37.0 1.5 15 32.4 28.4 1.9 1.5
11.15 38.2 35.0 1.7 2.0 30.9 27.0 1.5 1.4
11.20 36.5 333 1.7 1.7 29.7 25.7 12 13
11.25 349 31.6 1.6 1.7 283 24.4 1.4 13
11.30 33.2 30.0 1.7 1.6 27.0 23.1 13 13
11.35 31.7 28.5 1.5 1.5 25.6 21.8 1.4 13
11.40 303 26.9 1.4 1.6 24.4 20.6 12 12
11.45 28.8 25.4 1.5 15 23.2 19.4 12 12
11.50 27.5 24.1 13 13 223 18.4 0.9 1.0
11.55 26.1 22.8 1.4 13 21.1 17.3 12 1.1
12.00 24.8 21.5 13 13 19.8 16.2 13 1.1
12.05 23.5 20.3 13 1.2 18.9 153 0.9 0.9
12.10 223 19.0 12 13 17.9 143 1.0 1.0
12.15 21.1 17.8 12 12 16.8 13.2 1.1 1.1
12.20 20.0 16.8 1.1 1.0 16.0 12.4 0.8 0.8
12.25 18.9 15.8 1.1 1.0 15.0 115 1.0 0.9
12.30 17.9 14.7 1.0 1.1 14.1 10.6 0.9 0.9
12.35 16.9 13.7 1.0 1.0 133 9.8 0.8 0.8
12.40 16.2 12.8 0.7 0.9 12.6 9.1 0.7 0.7
12.45 155 119 0.7 0.9 11.9 8.4 0.7 0.7
12.50 14.7 112 0.8 0.7 11.1 75 0.8 0.9
12.55 12.9 10.4 0.9 0.8 10.4 6.7 0.7 0.8
13.00 13.0 9.5 0.9 0.9 9.7 6.0 0.7 0.7
13.05 12.1 8.6 0.7 0.7 8.9 49 0.8 0.9
13.10 113 8.0 0.8 0.6 8.2 4.0 0.7 0.9
13.15 10.5 7.3 0.8 0.6 7.6 2.7 0.6 13
13.20 9.8 6.7 0.7 0.7 6.7 32 0.9 0.5
13.25 9.1 5.9 0.7 0.8 6.3 3.1 0.4 0.1
13.30 8.4 5.3 0.7 0.6 5.8 3.0 0.5 0.1
13.35 7.6 49 0.8 0.4 5.0 2.9 0.8 0.1
13.40 6.7 4.6 0.9 0.3 2.4 2.7 2.6 0.2
13.45 6.1 4.6 0.6 0.0 15 2.4 0.9 0.3
13.50 53 438 0.8 -0.2 1.1 22 0.4 0.2
13.55 49 46 0.4 0.2 0.9 1.8 0.2 0.4
14.00 2.4 4.6 2.5 0.0 0.8 13 0.1 0.5
14.05 1.0 45 1.4 0.1 0.7 0.9 0.1 0.4
14.10 0.8 4.0 0.2 0.5 0.4 0.4 0.1 0.5
14.15 0.6 3.4 0.2 0.6 0.6 0.0 0.0 0.4
14.20 0.5 2.9 0.1 0.5 0.7 0.2 -0.1 0.2
14.25 0.5 2.5 0.0 0.4 0.3 0.3 0.4 -0.1
14.30 (- yRim# 2 vk 0.5 2.0 0.0 0.5 0.5 0.3 -0.2 0.0
14.35 0.3 1.2 0.2 0.8 0.6 0.4 -0.1 -0.1
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