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Abstract

In this study, a conjugate gradient method based on an inverse algorithm is applied to estimate the unknown time-dependent thermal
contact resistance in a single-coated optical fiber, which is subjected to transient thermal loading. While knowing the temperature history
at the measuring position, no prior information is needed on the functional form of the unknown contact resistance. The temperature
data obtained from the direct problem are used to simulate the temperature measurement. The influence of measurement errors, initial
guess values, and measurement locations upon the precision of the estimated results is also investigated. Results show that an excellent
estimation on the time-dependent thermal contact resistance, temperature distributions, thermally induced microbending loss, and
refractive index changes can be obtained for the case considered in this study.
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1. Introduction

The conventional optical fiber for telecommunication is
usually constructed of silica glass fiber coated by two or
three layers of polymeric coatings [1,2]. However, when
silica fibers with polymeric coatings are stressed in a
humid environment, strength degradation occurs after a
long period of time due to slow crack growth. To solve
this problem of moisture attack, inorganic coatings such
as oxides, carbides, and carbon are being considered
[3.4]. On the other hand, metallic coatings such as alumi-
num, indium, copper, tin, etc. are also applied on optical
fibers [5-7]. Some of these fibers exhibit higher resistance
to moisture attack and show higher strength than poly-
meric-coated fibers.

On the other hand, thermal stresses are important in
multi-layer structures such as optical fibers, since they
cause increased transmission loss in the optical fibers. Ther-
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mal stresses occur in the optical fibers at a low temperature,
which are due to the mismatches of thermal expansion
properties of fiber and coating material [8,9]. Since thermal
stresses affect the performance of the optical fibers, they
have been extensively studied [10-15]. Nevertheless, to
the author’s knowledge, there was no work in the literature
investigating the effect of interlayer thermal contact resis-
tance in such layered construction as optical fibers. In
addition, the thermal contact resistance can neither be
measured nor calculated directly. However this problem
can be solved by the technique of Inverse Heat Conduction
Problem (IHCP).

A direct heat transfer problem is concerned with the
determination of temperature at interior points of a
region when thermophysical properties and initial and
boundary conditions are specified. In contrast, an inverse
heat transfer problem considered in this study involves the
determination of the unknown time-dependent thermal
contact resistance from the knowledge of the temperature
measurements taken within the body. Many methods of
solving the inverse heat transfer problem have been
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Nomenclature
E Young’s modulus (GPa) p step size
h convection coefficient (Wm 2 K1) r conjugate coefficient
J functional €0 strain tangential component
J gradient of functional n very small value
k thermal conductivity (Wm™' K1) 0 temperature drop (°C)
q direction of descent A variable used in adjoint problem
R thermal contact resistance (m* KW~") v Poisson’s ratio
r radius (pm) 1 standard deviation
T temperature (°C) o, stress radial component (MPa)
To initial temperature (°C) 0. stress axial component (MPa)
T, surrounding temperature (°C) ) stress tangential component (MPa)
t time (s) T transformed time (s)
u displacement radial component (um) w thermal expansion coefficient (K1)
Y measurement temperature (°C) @ random variable
r microbending loss (dB/km)
A small variation quality Superscript
An,, An., An,, refractive index changes K iterative number
o thermal diffusivity (m*s™")
-3
developed. In this article, we present the conjugate gradi- x 10
ent method (CGM) [16-23], which converges very rapidly
and is not sensitive to the measurement errors, to estimate -+
the time-dependent thermal contact resistance of a single- sl
coated optical fiber by using the simulated temperature
measurements. Subsequently, the temperature distribu- i
tions, thermally induced transient microbending loss, 7 Exact Solution
and refractive index changes of the optical fiber are also Inverse Solution
calculated. é i
The conjugate gradient method derives basis from the o gl
. .= . g
perturbational principles and transforms the inverse prob- N
lem to the solution of three problems, namely, the direct O
e - .- a4
problem, the sensitivity problem, and the adjoint problem, 51
which will be discussed in detail in text.
2. Direct problem Y- Glass Fiber
Coating
To illustrate the methodology of developing expressions i -
for use in determining the unknown time-dependent ther- 3 L l L l . l .
mal contact resistance, R(f), in a single-coated optical fiber, 0 0.02 to's(:: 0.06 0.08

we consider the following transient heat conduction
problem.

Fig. 1 shows the geometry of a single-coated optical
fiber, which is composed of a silica glass fiber coated by a
thin layer of coating, and has intermediate and outer radii,
ri and r,, respectively. Assume the single-coated optical
fiber is initially at temperature 7T(r,0) = Ty, and for time
t >0, the fiber at its boundary surface r = r, is subjected
to a convective thermal loading of the surrounding temper-
ature T, Ts, < Ty. Here the subscript i =1 refers to the
region of glass fiber, and i = 2 refers to the region of coat-
ing, respectively. Then the mathematical formulation of this
transient heat conduction problem is given by [20]:

Fig. 1. Estimated thermal contact resistance at 20th iteration with initial
guesses R’ = 0.003, measurement error ¢ = 0.0, and measurement loca-
tion ry, = 63 um.
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