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Reasons for the Low Frictional Coefficient of Ice Surface: Progress
and Model Analysis
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Abstract: Low friction is the most outstanding feature of ice surface. The existence of liquid water on ice surface,
which serves as lubricant, has been taken as the main cause for its low friction. Three main hypotheses for the
formation of liquid water on ice surface were introduced and analyzed. It was found that the pressure-melting, friction
heat-melting and pre-melting theories cannot give satisfactory explanation to all facts. Based on the previous studies,
it was clear that the formation of liquid water was not the only reason for explaining the low friction of ice. A new model
that there is a transition layer with small ice particles and liquid water forming a gel-like amorphous structure on the
ice surface is proposed. Owing to the weak interaction between these small ice particles, they can easily slide or rotate
along the shear direction and thus reduce friction. Both the rotation of ice particles and lubrication of liquid water benefit
excellent slipperiness of ice surface.
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FHBE O T 5 UK %Ak, BRIk S RAEVR RG22 38 OB 1 B . SR K AE SO JER 1 77 1 4 A0 A1 £
TR LA, B EE I A OB R BERE TR AT I s AEVKIE b1, RGN A 2T B
FEAHPIE haFH , =RR I EBOCI MY 5 UKk, i S 0KJT. K% IKIEAL4E,
RIS )1 55 UK ) BE B R BN, R AT R A L

9T AR DK T LR JBE 45 AR 0 I R O 5 K (R P PR e, AT e T AN BT . i T Uit R
TR R RS A — B R FE R, PR T DURISRRAE UK 45 M 7 i+ 0 B IR, IR AR
WEFT RA e AEAATHRIRSE I T — e, g S S B AR . AT 3 122 52 1 A
B VKR AL — JRIEK, SRR WS ACKSE T RIRAE L (B T3 2 K7 25 9 Ji EAT U A
FEARK SR . A SCAELRRM R U AR, SR 1 — AR, RENS T i AR K T Vi 7 1) S A
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Faraday #5328 HE VK () R A A K IY, 1850 4F, Faraday fEAB S 2 K M 7 —MEUR,
ks 2 BLUK RAE—ie, Guk—BTE )G, Wik R g N — A4k . Faraday ¥ iZ I S A T KR H
AR RS KIE M R AE T BEANER S . & T XZRASKZ WA, P e fa il 2 #
il o
21 JEAIRAUL

1850 4= Thomson KB 1 44 s AIE I LRI R . 1886 4F Joly H41% J5LHE N FH T B UK 10 71 i R
R, BT “IESIRRARUL” (pressure-melting theory). Joly HIH5LR M, 4K L /1iAF] 4.72 x 107 Pa
B, VKIS f ] PR EI-3.5 °C e iR b <l & T7-3.5 °C, MK TEUK T K 77 71 Rl 7K ke
FEWEAER . MUK B — X, b K & TS oK . “ R IR UL WA TER K
[B) BLAE SR R 20 64 h 5 i 1 2 451 1 BLAE [ N AR D ER AL 22 b R, 0 — AR 2R S5 TERHELK T K
FEN 7.62 cm, FEEN 0.0245 mm, HHUILTFHE K TN 1.575 x 108 Pa, 43 HI UK s 2 40 B FE AR
10.95 K 145,

W BAE T, B UK TR B AN B AT SR . VKT K@ KT a8 i, v
FE—MAE 1.4-2.4 mm. RIOK )R — AN A - P dE )2 R BRATHK T K BN 40 cm,
B EN 1.5 mm Bl 3 UKEREN 60 kg, AR UK 7R UK S BRI Ak UK TET, D) 0K 0 e Jn 8 0K T 1)
JE 58 (p)IX N 9.81 x 10° Pa. k¥ va Fifil g 5 #2145,

Ap = AH, lnl (1)
AV, T
Horb, AHw AUV BEJRAHAR RS, AV, AT i BE IR AR R AR AL &, T /KRR UE I 7 1 11 6 [

\\\\\

1 1 )

AV =V (1)-V (s)=0.018 kg - mol ™ -
0=V D=V, () & (1000 kg-m~> 920kg-m” ()

=-1.565x10"° m* - mol™

AN 1 mol VK-KEMAR BN E AV, , LLRIKIIIEAES AHm = 6010 J'mol™!, I1EH KA T1=273.15K,
A[fS T=273.08 Ko XKW, X T —ArifEhEMEsh i, BME R H— Rk JIus oK b, i in7e ok
THT A 70 R B A UK R i T B 29 0.07 Ko T H BT UK 34 L R 2K T—5 °C (W TAEFEIEIK, &
EE R E 5.5 °C; MXTTUKERIZ3h, &5 SRR °C), FrLAUKII =4/ I 134 & LAE
Kigah. HAh, ABERBL, EflEE-30°C AR, WKIEDR BB EM TR . XERILEH “EH
RAR L BEAT RERE

SEfR b, AR 1891 55, BRI “IE A $2H S 2 G, Wood CL4E KR CHH HIZ LI 17
. BREE, BB RUVAE B BUTIEE KRR RN KIEE . HAh, BAATE
I T O ALK G UKICELRT, FEAS P A vk IR A K IIE FT, ABARSR B8 B8 2 UK T i
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“EEVERME UL B 52 H Bowden Al Hughes T+ 1939 fE#& H 01, Al Jd i v S000E vk 7 77 AR
(I FAN 2 DA DKAE AR T e, R R 2 RAE R UK RN 4 47 4E . AngelPefia 1K
T UKL FAE UK T L0 AT I UK ] 5 DK T DRk R4 BT 7= A R AR DR R 1 225K . 2 )5 Colbeck )
R VKT RIS UK I, UKD R EE & Tk, HBEE AT I, BT R e % . X5 “J%
JIRLR” 3 BRI A R TR L FEARAT IR A, 32D SR T B AR I

WRAESLIM E , 5 UK Z 18] T B BE R R B u=0.02. FEMRE 60 kg H1ia 3 & ™ A IE K 1 (F) I
LT, RN HTEBEEEE ST O

f=uF=002x60kgx9.81m-s” =11.772N 3)
VK TIEEE S 1 m BT SN
W= fxI=11772Nx1m=11.772J (4)

Z ) DUBEE AT OB o B R TS UK BE RIS AL 340 6010 J-mol™, st BE 45 A4 F T~ UK 1Y) ik
fife, VU Rl AR UK IR T B 0.035 g, WK IR &S BEATBACH 1 grmL™!, AT &R FRZ08 0.035 mL. 24
TEATEEE N 1 m B, $ZMRUKTIFERE 1.5 mm tHE, FRZEEME TR 0.0015 m?, JU 78 24 i W ) vk
JZEEERA 23.3 pm.

WHEEON, 6 B L R AL TR LA ReOK, Rk B R EA G XA, W
TEHEAE R 2 RFT 40 . 23.3 pm WVREE O e feiln = A R T B0 FE B R R o 1 skbs b, T4
()5 P R Huze 1 R T K FHOK Y, JBES P A B IR) #BE J 0K A% 3R IR B RS, DR AR il g 77
KRR E e /N T Bl TR, X AT RE R ECRIE Y R 08 JE B TS J2 . Ah, IKITILE R Z 4]
AR EEE T, BB VKRR, DK JTFNPKTH 2 8] i 2h BE 2 R H o KRRk, B = A2 (1)
JEEE AT /DUOL K E BB S iz /N T 23.3 pme X RN BESERRAAR UL (1R PR .

2.3 RmEAL

CRIMMALTL” (pre-melting) i - /& H Faraday T 1859 F3EH A, {H Thomson B )5iEH,
Faraday [ SE56 1646 1 B2 N 5 B0 7 DK fl e A0 L B2 1) B AR B0 DK iR 45 7 — 2> Faraday B
Ja [EI N, 20k B2 AT RE 5 7K 193 ¥ (supercooling) A 12131, 1860 4F, J. Willard Gibbs #E3CSCHF T
Faraday FM 5, HIX— AR A 1) “ iRl ” rhr. B3] 1949 4 Gurney FFRFE HIK
FMAFAE A B, JFRR KR 70 7 B T2 A E AR AT E, X 152 0K 3R I8 R AR
KRR 2 5 “ SRR A BB N AT 2.

IR “RMBALEL” E— P kK E. 1951 £, Weyl #F— 545 1, VKR A5+ FARFH 5
FAE, FUEMAEL T Faraday Frifi (R K JEDS), 1961 4F Hosler $5 i, 3 )2 /K B8 1 J5 B2 AT DAHE IS 0K
TH] PR HE P2 A DK A4S SN~ I8 . SEgRIe R W], IR & T-22 °C, 1 A/KI M 28 Uk, vk
(140 2 THT 1) B A7 76— 18 2 7K 0z AN 2 Bk [ 1 7K D01, 1969 4F, Orem J8 3ok W B SESGUE B, 43 = T—36 °C
B, UK PR AAAE RS KT NATTIE SR AN [R] 6 D7 VE R OKTHI K 2 (0 )& BE AT T &, R IK)Z R
KAFE 1-100 nm 2 [8], BIJL+3] ETFZK0FHEER, 1987 4 Kvlividze 2 185 i 4% i JL 4R AE
W, UKRMEAIKAE-20-0 °C B N, HE SR Z KT KD 71 10° 6%, 24K 1/25. X
BH 3 2 HH 7K A T VRS 7KORA [ 285 UK 7 R TR S
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L E -9 °C P,
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