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Fig.1 The schematic diagram of
the OPPC physical model
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Fig.2 Physical model
x1 HESH
Table 1 The simulation parameters
S8 Kl
b /mm 10
p. /(kg-m™) 7 850
p;/ (kg-m™) 2203
o/ (kgm™) 2 700
pi /(kg-m™) 900
C./(J-kg™'-K™) 475
C;/(J-kg' K1) 703
Cy/(Jkg'-K™") 900
C,/(J-kgt-K™) 2100117
k/(W-m™-K™") 44.5
ke/(Wem™-K™") 1.38
ky/(W-m™-K) 201
k/(Wem™-K™) 2.24
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Fig.3 Schematic diagram of meshing
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Fig.4 The ambient temperature
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Fig.5 Ambient temperature and fiber temperature
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Fig.6 The temperature difference between the icing part
and the non-icing part of the optical fiber in the OPPC
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Fig.7 The temperature of the fiber in the icing
OPPC at different temperature averages
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Fig.8 The temperature of the fiber in the OPPC without
ice coating at different temperature averages
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Fig.9 The temperature of the fiber in the icing OPPC for

different fluctuating temperature amplitudes
at ice thickness of 10 mm
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Fig.10 The temperature of the fiber in the OPPC without

ice coating for different fluctuating temperature
amplitudes at ice thickness of 10 mm
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The temperature of the fiber in the icing
OPPC with different icing thickness
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Fig.12 The temperature of the fiber in the OPPC
without ice coating with different icing thickness
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Table 2 Curve parameters of the temperature

of fiber temperature in the icing OPPC under
fluctuating temperature amplitudes

A/C REIBMENEA REERh EE AL ()
3 17.5 35 52.5
4 17.5 35 52.5
5 17.5 35 52.5
6 17.5 35 52.5
7 17.5 35 52.5
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Table 3 Curve parameters of the temperature of

fiber temperature in the icing OPPC
with different icing thickness

b/mm  GREJEEREN WERRAD WML/ ()
0 14.9 0.9 135
5 16.8 2.8 42
10 17.5 35 52.5
15 18.3 4.3 64.5
20 18.8 4.8 72
25 19.3 53 79.5
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LI Eg i 1757, 8078 250 R 4 0.999 4, 3475
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@ == 0.000 6b* + 0.0366° —
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Fig.13 The relationship between lagging phase of fiber
temperature in the icing OPPC and icing thickness
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Fig.14 The relationship between lagging phase and

fluctuating temperature amplitude for
different icing thickness
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Fig.15 The relationship between icing thickness

and lagging phase of fiber temperature
in the icing OPPC
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Fig.16 The ambient temperature in non-sinusoidal
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ambient temperatures
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Icing monitoring method of transmission lines based on temperature lagging phase
XU Zhiniu, LI Xianfeng, GUO Yifan, ZHAO Lijuan

(School of Electrical and Electronic Engineering, North China Electric Power University , Baoding 071003, China)
Abstract : The purpose of this paper is to obtain the temperature variation characteristics of the optical phase conductor, the
criteria of whether the transmission line is covered by ice or not and the methods for predicting the thickness of ice for the case
which is more close to the actual ambient temperature. In this paper,the 3D model of the temperature field of icing optical phase
conductor is established when the ambient temperature conforms to the sine function,and the finite elements method is used to
solve it. The amplitude and lagging phase characteristics of the temperature of the icing part and the uncoated part of the
transmission line are analyzed. The relationship between the lagging phase and the fluctuating amplitude of ambient temperature
is investigated. The results reveal that the effect of the fluctuating amplitude of ambient temperature on the lagging phase can be
ignored. The relationship between the lagging phase and the thickness of ice is studied. Then the criteria of whether the
transmission line is covered by ice or not and the prediction formula of the thickness of ice based on the lagging phase feature
are proposed. Finally the variations of fiber temperature are modeled and obtained when the ambient temperature varies
according to 4 nonsinusoidal functions,and the error of the prediction formula of ice thickness is analyzed based on this. The
proposed icing criterion and the prediction formula of ice thickness based on lagging phase are validated by simulation.
Keywords : transmission lines ; prediction of ice thickness;fiber sensing;temperature field ; time-varying temperature in the sine

form ; lagging phase
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