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Fig. 2 The correlation between density of conductor icing and temperature
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Fig. 3 The correlation scatter diagram between

icing thickness and liquid water transmission

V,/(m - s1)

B4 SEBEREBRBEERY 5V, MH5CH

Fig. 4 The correlation scatter diagram between process

efficiency of conductor icing and wind speed

B G LA HE A1
WVsing « ¢
—
SEBKIZ LG AR A

D.—Y X an

(1.3296 — 0. 29111) %
1/ o086z

Rt
3.14 X0.9°

D = 2.1288 X

(WVsing » ) + (18)



760

il %23 &

L
=

3.2.3 AR

A 6 7 VKRB TR T 5 Kb B A R v R
FE B KL KR D 5 S2 vk R D AT
AL SR AN A (B 2 TA) A9 A DG &R Kk 0. 8340

(122 MEEA) 83 B EMEKE R 0,05 B ¢ K4
Ué%%%&ﬂ?ﬁﬂ&ﬂ?*%%%ﬂ%¢mf
gE AN 5 FE 6 iR,

160

WATE
140 - — L
120 - 8

g L i

Z 100

=

o SO 8

%

60 - J
40 F .
20K .

0 | | | | |
0 20 40 60 80 100 120

LR

5 ok AR ok R SR -5 LA (8 B I T LU AR

Fig.5 The comparison of observed icing process thickness and fitted one

200

160

SEfE /mm
> =
(=} (==

60 -

80 120 160
LA {E/mm

0 40 200
&6 R SCNAE S L5 (X L
Fig. 6 The comparison of observed icing

thickness and fitted one

MAUGEERARTFE LR B SR L BE Rk
SEBR B &5 2R e H A AR AR . 5
S Ay B R 22 FE AR T T B UKL KR A

D ¥ 75 12 LG HE N 28. 61 mm.,

AE DL 5 WA K BT 58 1 % WA 2 K R U
HERA M ) B 2 —  XF 3R 2 T 9 i 4% e L 3 R T
LT IAT T30 LA 2O 4 19 /2 Kunkel J7
%, B Pinnick 7%, HACRIEWR Y B985 M€
Eb Ry 0. 6601, 8L & fH 5 52 I {6 /9 #H ¢ R 5

0.6760, %7 HiR 2% N 31. 81 mm, MXF 45 RE,
T Kunkel B8 UL 523 75 58 6 37 09 88 DK AE 7Y (14 41
AR T A 3 S RE LR R TR

MIEL S 6 F X A o3 A8 UK KRR R il R
{EL PR DK R R ADL 50 SR G AN 8 FARL 43 A L D A Bk Bl
BUPE R 22 LA B 22 1 7 B B2 K i W8 4 AR
B FA SR AN R R IR 25 . B T K K
A H L5 ) 25T 1 AE AR AT e B A S B R s AR
R S SRR B VAR B 5 S BRI 00 T R i 3 AL
Y5 BE UK 22 St 23 X 25 AT Ok 12 2% L ik BB [ R AL
SRR AL GG B AT R SR . Ty Ah T AS K
W H5HERHB HWAEAXAD KHSE a0 #75]

FHEEL 91 OB 5 45 5« R — i 3 4 T I 10 102 4 .
BEEE AT E B 2 A R RIS

) A T O T 3R ) 42 75

i

4 4

A FE A 3 3 A U A BB L WK 2006 4F
1 A—2009 4F 3 H 198 vk GTRHRN R TG 508
TS

1) 30 3 ok 5 00 5 ok ek 5 T 0 R4 ORI 23
A o e BUBL I JEE A5 IR A e 28 A O 2 i e
TRV A S H P LB VKR R R LA B IK
A AT LU T b e S B 7 UK T



% 6 39 ES

BAF T ERMT RN R M S LB K TR 761

2) SIHREWE L SR % g MS R T5 &

USHE R B GMASR S W MR R R 52 T
AE DL 5 ¥ A K 9 PR RG2S SR LAl B
14 77 ok R 23 R RS & K4

3) AR5 B B vk i i A R e 4% R

B TR R BCR B R AR R TR T
ZRACHI B VK RS RY . ST A4 B DK R AR Y Y 4L
A E-5 SEINMELZ 18] A9 AR OC R XK B 0. 8340, B 77 R
RN 28. 61 mm, {145 {H LA S e T 52 B 1) 8L UK

RN .
& & 3
C1] HRUMR, Bhik o 4 R, 5 4 VAT S 2 Ky v 2 6 295 40 T 52 W
£t Sy HR 2008, 8:5-7.
[2] kA AR KE . RIRILFLRBEIK S KL A MN LR H
L 17,2005,24(1) : 33-36.
(3] BRKYE RS, 1 0, 55, 4 [ A 2R 45 VK RE J3E 43 A Je S5 0 T
AR B 5 241, 2009,20(6) : 722-728.
[4] RER U, Z00 . % 2MEXPTBRERIKS FLELER
Bt S AR L B AR 41 2010, 21(1) £ 63-69.
(5] RER. R M. 5. BTE L BUKERE. MRS
248 .2009.20(2) :247-251.
[6]  aREPC.3RIMEL ABMRAR , A5 165 A5 T vl S AR UK 1 00 28 00 U 43
. 1 143 5 24 2006, 17 (4) :508-510.
[7] Imail. Studies on ice accretion. Researcheson Snow and Ice .
1953, 3(1):35-44.
[8] Lenhard R W. An indirect method for estimating the weight
of glaze on wires. Bull Amer Meteor Soc, 1955, 36(3):1-5.
[9] Goodwin E J, Mozer J D, Di Gioia A M. Predicting Ice and
Snow Loads for Transmission Lines. Proceedings, First
IWAIS. 1983.:267-273.
[10] Makkonen L. A model of icicle growth. J Glaciol , 1988, 34
64-70.
[11] Maeno N, Makkonen L, Nishimura K, et al. Growth rates

[12]

of icicles. Journal of Glaciology,1994.1(40) . 319-326.

Makkonen Lasse. Modeling power line icing in freezing pre-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[26]

[27]

[28]

[29]

cipitation. Atmospheric Research , 1998,46.131-142.

INA B WS R BEIR B, 55 S 2R B UK R T I i S 2%
ST, E AL T AR A4 2003,23(3)  141-145.

Chaine P M, Casfonguay G. New Approach to Radial Ice Thick-
ness Concept Applied to Bundle-like Conductors // Industrial Me-
teorology : Study 4. Toronto: AES, Environment Canada, 1974.
XN, R A5 2 42 4. 5 40 T T U U i B A5 R 1
g8 H E AL T AR AR, 2001, 21(4) 1 44-47.

TRMRFL. VAR B VA AR Lt X F 2R B kOB T B 5. R ) B I
11,2007 ,4:40-42.

B 5 B TR . ) R R R K R A AR R Y. R RORE
4k, 2010, 33(4):395-400.

JAZRRE IR BB SR BT R KB GIS i) V4 4 v 2k
B BLVK IR A BE ST TP L 075 2010,33(2) : 11-13.

W H . 2k BUKHE TNV BRIE A 118, SR 1982, 40
(1):13-23.

VLA L. H 2R BR DKo 4K 5 3 (Y B Y. B 2 4R, 1983, 15 928
931.

TESER. IR A, b at K4 i, 2003.
BT CURSY R S RERFRIK N = 5 REAE I AL B A
g2 qp 2008,19(1):91-95.

Macklin W C. The density of structure of ice formed by ac-
cretion. Quarterly Journal of the Royal Meteorological So-
ciety, 1962,88:30-35.

Rz, P BT RN A RYINT R AR LB 5 AR T ik B
GEiT AL, R4 2009,20(2) - 252-256.

Kunkel B A. Parameterization of droplet terminal velocity and ex-
tinction coefficient in fog models. J Climate Apply Meteor,
1984, 23 34-41.

Eldridge R G. The relationship between visibility and liquid
water content in fog. Atmos Sci, 1971, 28, 1183-1186.
Pinnick R G, Hoihjelle D L, Fernandez G, et al. Vertical
structure in atmospheric fog and haze and its effects on visible
and infrared extinction. Atmos Sci, 1978, 35: 2020-2032.
Tomasi C, Tampieri F. Features of the proportionality coeffi-
cient in the relationship between visibility and liquid water
content in haze and fog. Atmosphere, 1976, 14. 61-76.
SRR BB DL B 55 00 A K & I S 50 R AR L TR AR 2 B
iz, 1984 G D +8-11.



A
8
4

762 N Eird i 23 %

An Icing Conductor Meteorological Model Based on
Estimating the Visibility in Fog Condition
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D (Key Laboratory of Meteorological Disaster of Ministry of Education, NUIST, Nanjing 210044)
# (Southwest Electric Power Design Institute , Chengdu 610021)

Abstract

By using the daily icing data of Erlangshan Mountains in Sichuan Province during three winter seasons
provided by Southwest Electric Power Design Institute and related meteorological data, methods of correla-
tion analysis, regression analysis are used to study the meteorological factors and icing index associated
with the icing over Erlangshan Mountains. From the view of physical concept, the main meteorological
factors influencing the strength of icing conductor and the microscopic process of conductor icing are ana-
lyzed by the fluid mechanics and thermodynamic principles. The theoretical framework of the rime icing
conductor model and the glaze icing conductor model are built. By analyzing icing data and conventional
meteorological data, it is found that the icing density is not well correlated with other meteorological ele-
ments except for temperature. An icing density model is established by the method of nonlinear regression
analysis whose fitting correlation ratio is 0. 5652. This density model can reflect the real icing density. Ac-
cording to the relationship between the visibility, extinction coefficient and liquid water, the liquid water
content and its transportation can be estimated by the visibility.

To choose the most proper scheme for Sichuan mountain climate characteristics, liquid water content
estimated by different model is compared using observed data. Combined with the observed icing data,
Kunkel scheme is selected for fitting test. As a result, it is found there is a good correlation between the
growth of icing thickness and the liquid water content. The conductor icing thickness is decomposed into
the rime icing which is formed by horizontal droplet and the glaze icing formed by precipitation. An icing
process efficiency index is defined for further transformation of the theoretical models of conductor icing.
From physical significance analysis, temperature and wind are main influencing factors of the icing process
efficiency index. But the icing process efficiency index is not significantly correlated with temperature and
it is related to the wind speed with exponential relationship. Based on these results, an icing conductor
model is established to achieve the purpose of engineering application. From the analysis of the model fit-
ting results, this icing conductor model can reflect the actual icing conductor on the whole, especially re-
flecting the trend well. The correlation coefficient between the icing thickness and fitting thickness is

0. 8340, and the mean square error of icing thickness is 28. 61 mm.

Key words: visibility; liquid water; the icing conductor model



