47 6 Vol. 47,No. 6
2007 11 Journal of Dalian University of Technology Nov. 2007

: 1000-8608(2007)06-0885-05

* 1 2 2 2 1
M 2 2 2
(1. s 116024
2. s 116024 )
9 A} 9’ 26
- 9
3 H H
. P731.15 : A
0 [3] R
[4~8]
’ .
b
b
’ [9.10]
’ b
b
b
Y b
b
b
’
b
b
b A
,
b
3 N
. 1
LIJ;
. s 22 m,
(27,
, ’

0.45m, 0.6 m,

: 2005-12-12; : 2006-06-16.

: ( 402330323 40376006) 5
(2003DEB5J057).

*(1961-), ,



886 47
, 40 cm . 5 cm 15
cm . 15 cm ;.
6.75 cm/s. ,
CCD
s = %atz + vt @D)
s s 1
b ’
E o
s 3
W |
JL “ ”
it | B ’ ’
- A L
S| : =
1 5
=043 68 +0.136 3
Fig. 1 Test's equipment 4+ pr=nong s
i
CCD 70 cm, E
.y
25 cm, 13 cm;CCD )
25 Hz, 0.04 s; 219
[} 8. 8 S. 3 s 0 g < 6 8 10
s
.4 , 3 -
0.2 s. Fig.3 Acceleration fitting curve based on
displacement-time
’
s 2.5.8 10cm

0. 685 87 mm X 0. 685 87 mm. 2 CCD

2 CCD
Fig.2 The state at a certain moment of ice by

CCD

b

F - Fl + Fz == Ma - ‘OWCISI(.UW - 'Ui)z +
%pWCZSz(vw — ) (2
:F ;M H
;F1\Fz
;low ;S] ;SZ
(
)30, 3
(2) M\DW\pW\Sl\SZ
sa U ,Cy C,
N

’ b *
© 1994-2013 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



887
2; ani €1, =1{1,2,
. N}, N ,
C, C, . .
N . O G .
. @ 2
R ),
C, C,
R C, C, s t, 1, t, 1;
W, ={C,,C)|C,<C, <, Cy<C, <y, R,
CinCro i Cy o, ) C R
. Uu: ={(C,, CHIC,, CH eWT 3.1
R?) C,, C) (€. ; ’
C,) € U, €0
N , 1 ‘ (t,) s
UCHREDY (Ma, — [ €18, + 58| % L.
(v — mzpwf (3)
J(C,, O . €. C)
€Uy g
OPT; min J(C,, C,) o ﬁ.l 5 __.
> | ool
s.t. (C,, C) €Uy V) S S .
(€. C) EULIC,, C) U 2r
) Ua R? , Ezn 1.62 1.Eu1 £.06 1.65 110 1.1'2 144
OPT i, CH € ®
Ui «,, Cy) 4 L
, Fig.4  Skin drag coefficient vs. index ¢,
3 . 3 a; 3.2
v, 3 ( N= ,
3. 3 , 2 .
, Ui ,
c, G, (3) .
C,.C, . : (R
[5N8]’ C, C,
1.0 X 107 ~ 99.0 X 107%. R, = 0.917H + R,.H
30 , 26 R, .
. 13 .
9 . 1 5, R,
, 26 R, .



888 47
1.5~ 100 s
1] __-l—_;Ff - 2.06 X 107! ~2.48 X 107°?
oL ow TR .
M (141,20 80
2 gp | o ¥ . 2.0 X 1074,
ol . By
0F Wi
a1 - : 20 90
0 5 10 15
Kylem Lisl, ’
6005 [16]
5 Rh
Fig.5 Form drag coefficient vs. index R,
4
3.3
, D
(L/Ry), (2 s
b
6. s
Bl : ;
_o| =006 - EAR 20,89 - {FAR, )15
T
7 4 . o HIE
g K]S \_m- o TIE
Vi w Flmd
ar W, e WL &Y
10 R .
- ———a -H ’ N
i 1 B 12 16
LiR,
6 L/Rh :

Fig. 6 Skin drag coefficient vs. index L/R,

L/R, 3~ 10 000

, 6 C, = 0.006 -

(L/Ry) Y2 4 0.691 « (L/R,) *°* .
28.87 X 10°* ~ 1. 02

X 10°°.

, 20 X 107°,5.8 X 10,
5.5 X 10 °,4.5 X 107°,3.2 X 10°,2.6 X 10 °,
2.5 X 107°,1.02 X 10?81l

b

s 6

[1] GUEST P S, DAVIDSON K L. The aerodynamic
roughness of different types of sea ice[]J]. J Geophys
Res, 1991, 96(C3): 4709-4721

[2] ANDREAS E L. Roughness of Weddle sea ice and
estimate of air-ice drag coefficient [J]. J Geophys
Res, 1993, 98(C7). 12439-12452

[3] MARTINSON D G. Ice drift and momentum
exchange in winter Antarctic pack ice [J]. J Geophys
Res, 1990, 95(C5): 1741-1755

[4] WU Hui-ding, BAI Shan, ZHANG Zhan-hai, et al.
Numerical simulation for dynamical process of sea ice
[J]. Acta Oceanologica Sinica, 1997, 16(2):
303-325

[5] HIBLER W D. Ice dynamics [M] // The Geophysics
of Sea Ice. New York: Plenum Press, 1986:577-640

[6] , ,

[Jl. , 2001, 20(4): 34-39



6 : 889

[7] . . MARGARET A K, . [13] RHEEM C K. YAMAGUCHI H, MATSUZAWA
Jl. R T. Application of a new sea ice dynamic model,
2003, 25¢( 2):292-298 DMDF model, for the prediction of pack ice motion
[8] R s .. in the whole Okhotsk sea [C] // The 16th
[Jl. , 2003, 25( 2): 299-303 International Symposium on Okhotsk Sea &. Sea Ice.
[9] PRINSENBERG S, PETERSON I K. Variations in Hokkaido: Okhotsk Sea &. Cold Ocean Research
air-ice drag coefficient due to ice surface roughness Association, 2001:293-300
[J]. Int J Offshore and Polar Eng, 2002, 12(2): [14] SMITH S D, BANKE E G. The influence of
1-5 winds, currents and towing forces on the drift of
[10] STEINER N, HARDER M, LEMKE P. Sea-ice icebergs [J]. Cold Regions Sci and Technol, 1983,
roughness and drag coefficients in a 6: 241-255
dynamic-thermodynamic sea-ice model for the [15] SMITH S D. Hindcasting iceberg drift using
Arctic [J]. Tellus, 1999, 51A; 964-978 current profiles and winds[J]. Cold Regions Sci and
[11] s s .. Mohr-Coulomb Technol, 1993, 22. 33-45
- [Jl. [16] LI Zhi-jun,LLU Peng. Measurement of iceberg draft
, 2005, 27(4): 19-30 with  marine radar[C] // 6th International
[12] R R , . - Symposium on Test and Measurement. Dalian.
[l , 2000, 7( ) Dalian University of Technology, 2005:2972-2975
219-230

Optimization and identification on current drag coefficients of
isolated ice floe based on experimental data

BAI Yi-la"', LI Zhi-jun®’, LU Peng’, ZHANG Li-min’, FENG En-min'

( 1.Dept. of Appl. Math. , Dalian Univ. of Technol. , Dalian 116024, China;
2. State Key Lab. of Coastal and Offshore Eng. . Dalian Univ. of Technol. . Dalian 116024, China )

Abstract: Current drag coefficients are most important parameters in sea ice dynamics model. Both
shear stress on ice bottom and pressure on ice draft section contributed to ice floe movement, and in
the numerical simulations ice corresponding coefficients for their contributions are skin drag coefficient
and form drag coefficient respectively. By using a wave-current flume, current-ice drag experiments
were performed by freshwater ice blocks with different shapes, including cuboids with smooth bottom
surface and rough surface and disk with smooth bottom surface, and 26 data sets were obtained.
Using these data, the parameter identification model is established to distinguish skin drag coefficient
from form drag coefficient by applying momentum method theory and optimization method, and the
corresponding drag coefficients are obained. Based on the two roughness index—profile bearing length
rate and root-mean-square deviation of the profile, relationships of the coefficients and the index are
analyzed. In addition, the relationship between skin drag coefficient and the ratio of ice block length

to draft is obtained, which can be used to compute the skin drag coefficients of the iceberg and ice

floe.

Key words: sea ice; drag; roughness measurement; parameter estimation



