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Calculation of Temperature Distribution
in Eccentric Multi Core Diode Pumped Fiber Lasers
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In this paper, the temperature distribution in fiber lasers pumped by multi diode bars located in out-of-fiber
axis has been investigated semi-analytically. For this reason, we consider heat deposition in fiber lasers due to
pump and the nonhomogeneous heat conduction equation has been solved by using Green function method in a
cylindrical coordinate system. Our model has been used for single, double and multi pumped configuration and,
for a typical fiber lasers, the results have been plotted and discussed.
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1. Introduction

Fiber lasers have been the subject of considerable at-
tention recently [1–3], because they operate in low thresh-
old, have high efficiency, high beam quality, and can pro-
duce a single mode beam [4–8]. In power-scaling studies
of high-power fiber lasers, the role of thermally induced
effects acquires very much attention, because standard
fiber designs would eventually lead to high core temper-
ature [9, 10] and the usual assumption of neglecting the
thermal effects can no longer be justified.

Eccentric-core fiber lasers are important because they
have more efficient pump absorption with respect to con-
ventional fiber lasers [11]. The temperature distribution
in off-set solid-state laser, whose pump region has been
slightly displaced, with respect to crystal axis, has been
studied in the literature [12]. Here we consider eccentric-
-multi-core fiber lasers whose cores are off-set with re-
spect to the cladding center. We consider heat deposited
in the core regions which are off with respect to the
cladding center. The inhomogeneous heat equation has
been solved by the Green function method and the heat
behavior in the core and cladding region has been inves-
tigated.

2. Derivation of Green function for fiber lasers

The general form of the steady-state heat conduction
equation is as following:

k∇2T (r, ϕ, z) = −Q (r, ϕ, z) , (1)
where T (r, ϕ, z) is the temperature distribution,
Q(r, ϕ, z) is the heat density and k is the heat conduc-
tion coefficient. We consider the heat deposited in an
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Fig. 1. The cross-section of the fiber laser with the
pump in the off-axis position.

Fig. 2. The cross-section of the fiber laser with pump
source Λ and its image −Λ.

out-of-axis region, Fig. 1. We used the Green function
method to solve Eq. (1). The Green function can be
calculated with analogy to the Poisson equation in elec-
tromagnetism. Therefore, by considering a linear heat
source, Λ inside the fiber, located at(ρ′, ϕ′), and its im-
age, −Λ at (ρ′′, ϕ′′ = ϕ′) (Fig. 2), and by using the
method of image for a cylinder in cylindrical coordinate,
the Green function can be written as [13, 14]:

G(ρ, φ, ρ′, ϕ′)

= ln
(

ρ2ρ′2 + b4 − 2ρρ′b2 cos(ϕ− ϕ′)
b2 [ρ2 + ρ′2 − 2ρρ′ cos(ϕ− ϕ′)]

)
, (2)

where (ρ, ϕ) is an arbitrary observation coordinate inside
the fiber.

We consider the Dirichlet boundary condition in which
the temperature is identified on the boundary. Therefore,
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the temperature distribution can be written as

T (ρ, ϕ) =
1

4πk

∫ ∫
Q(ρ′, ϕ′)G(ρ, ϕ, ρ′, ϕ′)ρ′dρ′dϕ′

− 1
4π

∮
T (b, ϕ′)

∂G(b, ϕ, ρ′, ϕ′)
∂ρ′

bdϕ′. (3)

where the second integral is evaluated on the boundary.
For multi-core fiber, the heat generation in the core is

expressed as
Q(ρ′, ϕ′) = Q0i for ai − ci ≤ ρ′ ≤ ai + ci,

and ϕ′i − cos−1(si) ≤ ϕ′ ≤ ϕ′i + cos−1(si);

where i = 1, . . . , N ;

Q(ρ′, ϕ′) = 0 otherwhere, (4)
where

si =
ρ′2 + a2

i − c2
i

2ρ′ai
. (5)

Here ci and ai are i-th core radius and radial position, re-
spectively. In the following, we consider a few examples.

2.1. Single-end pump
By considering N = 1 in (4) and by setting the core on

the x axis at distance a, Fig. 3, the heat power density

Fig. 3. A single-core fiber laser cross-section.

Fig. 4. Temperature distribution function for a single-
-core fiber laser.

can be written as
Q(ρ′, ϕ′) = Q0 for a− c ≤ ρ′ ≤ a + c

and − cos−1(s) ≤ ϕ′ ≤ cos−1(s)

Q(ρ′, ϕ′) = 0 otherwhere. (6)

By inserting (6) into (3), and by using the following data:
b = 300 µm, c = 5 µm, a = 20 µm, k = 0.051 W/cm2K
and P0 = 200 W, the temperature distribution can be
plotted as in Fig. 4.

In this case we assume that the surface temperature of
the fiber will be T (b, φ) = T2 cos(φ) + T1.

2.2. Double core, symmetric case

In this case, we consider a double-core fiber laser with
cores symmetrically located, as depicted in Fig. 5.

Fig. 5. Symmetric double-core fiber laser cross-
-section.

Fig. 6. Temperature distribution function for a sym-
metric double-core fiber laser.

Therefore, (4) for N = 2 and c1 = c2 and a1 = a2

will be
Q(ρ′, ϕ′) = Q0 for a− c ≤ ρ′ ≤ a + c;

− cos−1(s) ≤ ϕ′ ≤ cos−1(s)

and π − cos−1(s) ≤ ϕ′ ≤ π + cos−1(s)

Q(ρ′, ϕ′) = 0 otherwhere. (7)
By using previous data, the temperature distribution is
plotted in Fig. 6.

In order to calculate the temperature distribution in
this case, the following boundary condition has been
used: T (b, φ) = a + b cos(2ϕ), where a and b are con-
stants.

2.3. Double core, asymmetric case

In this case, the sources are located at 4π/15 and 7π/6
with respect to x-direction, as shown in Fig. 7.
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Fig. 7. Asymmetric double-core fiber laser cross-
-section.

Fig. 8. Temperature distribution function for an asym-
metric double-core fiber laser.

So we have
Q(ρ′, ϕ′) = Q0 for a− c ≤ ρ′ ≤ a + c;

4π/15− cos−1(s) ≤ ϕ′ ≤ 4π/15 + cos−1(s)

and 7π/6− cos−1(s) ≤ ϕ′ ≤ 7π/6 + cos−1(s),

Q(ρ′, ϕ′) = 0 otherwhere. (8)
The temperature distribution will be as shown in Fig. 8.

In the case of two asymmetrically positioned sources
we assume the temperature on the boundary to be (em-
pirically) T (b, ϕ) = T1b +T2b sin(2ϕ)+T3b cos(2ϕ), where
T1b, T2b and T3b are constants.

2.4. Four cores, asymmetric case

The cross-section of the fiber laser with four asymmet-
rically positioned cores is presented in Fig. 9.

Fig. 9. The cross-section of the fiber laser with four
cores asymetrically positioned.

The cores are located at angles 0, 53π/100, 103π/100
and 8π/5 and the temperature distribution function for
this case is drawn in Fig. 10.

Fig. 10. Temperature distribution in fiber laser with
four asymmetrically positioned cores.

Fig. 11. The variation of refractive index in symmetric
and asymmetric double-core fiber lasers.

For this kind of model, the temperature distribu-
tion function on the boundary is empirically taken as
T (b, ϕ) = m + n cos(4ϕ) where m and n are constants.
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3. Change of refractive index

In this section, as the application of previous calcula-
tions, we are going to find the variation of the refractive
index for two double-core fibers, with symmetrically and
asymmetrically positioned sources. The variation of the
refractive index can be found from [12, 15]:

∆n (ρ, φ) = [T (ρ, φ)− T (0, φ)]
dn

dT
, (9)

where ∆n(ρ, φ) is the differential of the refractive index
with respect to the fiber axis and dn/dT depends on the
fiber material and taken as dn/dT = 10−5 K−1. There-
fore, by using the temperature distribution in symmetric
and asymmetric double-core cases, the refractive index
change is calculated and plotted in Fig. 11.

4. Conclusion

In this paper, the temperature distribution in multi-
-core fiber lasers has been studied. Because the fiber
lasers do not have the axial symmetry, the temperature
becomes dependent on the radius and angle coordinates
of the cross-section. It can be observed in all of the figures
that the temperature is maximal in the core axis, and
decreases to the clad temperature at the core boundary.
Also, it can be observed that the temperature decreases
to the environment temperature at the clad boundary.

Therefore, by finding the temperature dependence in
the medium, all optical properties of the fiber can be
studied. In this paper, the refractive index and its de-
pendence on the temperature has been studied. Maximal
variations of the refractive index have been noticed in the
pump region.
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