AT K2 B K
T4%1%5 (201241 ) 33-45H

HE/—F

LRV NBIR DORRFEEER

B IF 42 0 R P, (kB R
R KBNS, NP 2D, KE

=

=
=]

LR YNBSS (3 EKBAESERIS) ORMGEFEBRPHARZIKFESEICL D Zh T ho Ky, 9
MR TN IcHEE Nz, T NENORIEFERICB VT, AXVANBEREIENCET 3 2 EMBIES
nrc, L L, [EUCHISTRE SRS CERZBE VR L CORELTHEIZHE Lo - 0. BHIARE SO
&, BEKOUIHREZBEIE L Ch, WENCE T 2 8RE, Z8%, LR, RS0 sy 2 A
=R LG, ABRICa Y e — L TERVe, EERBICERIHERED10DEEZEAONS. 55,
WSHIPE 5 &, AXRVYNERNEC > 72X HITHAZ DT END 05, @EHNBERE CHRAIED

[ANAN

F—U =N AXUNBIG RIS, MR, B, EnEl
Key words: Mpemba effect, evaporation, heat conduction, freezing, supercooling

1. [IC®IC
[BEWKEDRELSHSE?2 ] EVwHHEH#HTIE
H e o EELIT WABEBESR [Mpemba
effect| 2%, 20087 H 9 HIC NHK © 7 L EH
Wb LTHy 7y ] TSN, BkER
MmoA vy —xy NEAZBELCEEEE L O IERI
BERMAZHbE N, Mpemba effect I3FH Tl
[L_yghR | EAN SN, [ L=y oNEhER ]
VS FEZOLDIHT A GZCALN

D At R4 B %
T061-3207 dtiE £ fFiife)lrd 7-2-133

* EfRSE

2) JLRIT¥ERY
T090-8507 Aty Ik F i M 165

3) B KBIEEATIIE A KB KR v v —
T940-0821 E TG NT 187-16

4) BRI+ v & — (L)
T943-0193 FrikE LHGTRGH 1-2-1

5) KBREEARE
T582-8582 RBIFFHATINE » Fr: 4-698-1

6) L KFRFRE  BRERb
T060-0810 JtamEALIERTIILX L 10 206 5 T H

7z. 72 L»IZ, Mpemba effect (35 EKDIGS AT
ZHRZIEZGTHERSNWIBHRTH 205, BE
OYEMETHLNE [OOME] 0k ig,
JFK EAEESBE TS, DT EEBEZ B
& Mpemba effect D HAGEE LTld [~ vy
g nkodEt)cdy GiF, 2008), £, b
LEVLEWEIL &2 208 [ & KEFEHEIESR |
bugei XBEDO—>TH 3.

LRYNEZIL, 196345 v =T Ot T
5 2k« &y (Erasto Mpemba) 237 A4 27
=43y 2FBWETHOELET A, HF
LThoodicbokd bicEs ikl
Wil EmblhE >, TDK, VIRV T —
LREDF =R « A XX =IO BRER
AEL, ARvoNEEBIT 1969 FATHIFEFE R A F8 R
L7z (Mpemba and Osborne, 1969). &ihi7kk D
BHAHZRIE, BARTED M, [FL 1969 i
#F+ 5D (Kell, 1969) 12 & » T hE S hi.

LARYNEHRE, NHK THEANSNTH S5 HAD
FKIFFLE ORI THEEELE LY, ARFKFEED
FKWFFERE T 2008 £ & 3 FITh 7o 0 fGER

74



34 Al g A2 —, fth

Bl oy va v AL (& xy NBIRFRE,
2008; 2009; 2010). v ¥ a VICIEZHOLENIH
L CEAER, Ay NBEIRRRSEES S L
TAHBITH Z 20 E S ALY 2 EBENEERIC
o TIThN AT EITiE -1z, TORGEEFERIC
SVWTIEES (2011) 1Tk - THERE SN, &
HOWREDERICK > T, XYy NHESHH
Hi5 EKEFE SRR C 0 9 5 T EBHEID
SNt KFETIR, IS0ty v a v TRE
SNIRIFEROFER T & LD THET 5.

Bk, [EBoREHE0? | ZHES 5 Rt
BWAWAEZ LNBH, IRO 2B B—EH<T
HA5 (A%, 2008).

A) EBE0RRLEHVIRD B, TRbL, £

5 HMNE L 0°CITET 5 h.
B) ELOomBLHEb S, THRbE, &
B oHBE L 0°C L D KRITE 5 0.

$7, HDBYHBEVRBEOKD ZHEST S
i, KO EDHATHEST 2 b0WANASEZ LR
5. IKDOA - B E2FEUTE 5 LIcED X 51Tk
[P SRABEELH 2L, BREEEAOEEN L
ITE WO & 5 ITIEHE» S A 2G5 5. i
BOEE, HIERME A RORGBAPTVESD,
HBIKMA, HIERIEB 5 S5RGBT WS
TRHEKOPULERIET, % & 2001 Tdh
A9, FRBRBEOES, HIEEME A 73 SIKOIEHE,
HTEHAE B 75 SKHIP LA & 5 2 it b, W
T L TH, BaPHEREE TN T hOERT
Hizpam o, BREOHES TNENEIL 5,

LIF, 2~6 HTI3MRAFER I ~V OE & H5 R
AL, REBRICTETLHRE F EOFROM
ZEET S, 0B, HEEFERT, I, BLUVTH,
DRI LREOKTERENTONI. 08
A, EiREIEEOKEZNT NGB LUK EFES
LT A, BEEFEERT EIVTIE, BREDREKL S 4
FEOKTERMTHhNI. TOEEF, —HDE&
TRISENFEER 6 [0 2 —FEDFEERTIT - 72 2 &IT5 5.

2. MREEERI (LEER - K= #)
L 14~76°C O/KEKRZ R L, B
MROKIEE (—200C) AIcB WV THRIEER %=
frofc, WiBVEREDEWR § 4 B 7 4 — AITHEEE
60mm, =S 70mm DR AR, T JITEE 100

FK 14515 (2012)

1T MO v — OREE (RIEFEER 1),

Fig. 1 Temperature sensors fixed to a bamboo spit
(Verification Exp. I).
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Fig. 2 Experiments in a cold room maintained at
—20°C with natural convection (Verifica-
tion Exp. I).
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Fig. 5 Time variation of temperatures showing the
occurrence of Mpemba effect (Verification
Exp. II).
Hot water(dark line) and cool water(light
line). Sensors at 10mm from the bottom
(solid line) and 25 mm (dotted line).
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peratures of hot and cool waters (Verifica-
tion Exp. II).
For these seven experiments, Mpemba ef-
fect occurred.
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Fig. 8 Time variations of temperature and thermal

quantity of hot and cool waters (Verifica-
tion Exp. II).

The thermal quantity is measured per 1g
sample and corresponds to a mean tem-
perature in case the whole sample is liquid.
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Fig. 9 Surface temperature versus thermal quan-
tity of hot and cool waters (Verification
Exp. I).

Measured at 27, 46 and 65 minutes for hot
water, and 0, 27 and 46 minutes for cool
water.
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Fig. 10 Diagrams showing two ways of cooling:
upper-cooling (upper) and lower-cooling
(lower) (Verification Exp. IV).
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Fig. 11 An example of upper-cooling experiment (Runl8, Verification Exp. IV).
Initial temperatures were the same for the 4 samples. In the cooling process, temperatures at
the lower part went down more rapidly until 4°C, and the all temperatures from the lower to
upper changed almost similarly. Samples No.l and No. 2 supercooled by roughly 6 degrees.
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Fig. 12 Definition of freezing time and other times (Verification Exp. IV).
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Fig. 13 Relation between initial temperature and
freezing time for the upper-cooling experi-
ment (Verification Exp. IV).
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Fig. 14 Relation between initial temperature and
freezing time for the lower-cooling experi-
ment (Verification Exp. IV).
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Fig. 15 Heats and temperatures in supercooled

water (Verification Exp. IV).
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Fig. 16 Time variation of temperatures of hot and cool waters (Verification Exp. V).
Temperatures were measured every 10 seconds with thermocouples set at 3mm below the

water surface.

a) Normal cooling. Initial temperatures are 75 and 37°C, and surrounding air temperature —10°C.
b) Cooling when Mpemba effect occurred. Initial temperatures are 78 and 45°C, and surround-

ing air temperature —13°C.
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Yu-to-Mizu-Kurabe diagram (logarithmic
scale, Verification Exp. V).

Each point in the diagram gives a pair of
temperatures of hot and cool waters in
Figs. 16a and 16b. Normal cooling proce-
eds only in the left domain of the dia-
gonal line, but enters into the right
domain when Mpemba effect occurs.

Fig. 17
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Fig. 18 Temperature pairs to cause Mpemba effect

(Theoretical computation).

Mpemba effect occurs at a pair of initial
temperatures in the triangular domain.
The diagram was drawn based on the
results given in Fig. 6 of Vynnycky and
Mitchel (2010) and Fig. 1 of Vinnycky et al.
(2011). The temperature pairs of Mpemba
effect occurrence were obtained by nu-
merical computation of the time taken for
a lumped mass of water to reach 0°C
assuming that it cools only by evapo-
ration and temperature is uniform in the
mass.
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Verification experiments of Mpemba effect
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Abstract: Independent verification experiments of Mpemba effect were conducted by members of
JSSI at five different universities and research institutes. Their results showed that the Mpemba
effect could be observed but it was almost impossible to observe repeatedly even if the same initial
temperatures of hot and cool waters and the surrounding environment were set. The difficulty of
reproducibility was attributed to the fact that the delicate physical mechanisms directly related to
the cooling of water such as heat conduction, evaporation, diffusion, convection, etc. are different in
each experimental run because we cannot control them artificially. In case water supercools it
appears as if Mpemba effect occurred, but supercooling is accidental and follows no regular physical
rules.
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