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Simulation of Fiber Optical Discharge Effect of Double Cladding Fiber
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Abstract A model of describing optical discharge effect of double cladding fiber is proposed. The simulation results
show that the velocity of optical discharge of double cladding fiber nonlinearly increases with the increase of power
density in the fiber core and the velocity slowly increases at a higher power density. The threshold of optical
discharge depends on the initial heated temperature. When the initial temperature is fixed, the threshold decreases
with the increase of the diameter of fiber core. The thresholds of double cladding fiber with different core diameters
are compared expenmentally, which are consistent with the model. Moreover, the comprison of different inner
cladding diameters with the same core diameter shows that the threshold of larger inner cladding fiber is relatively
high while the relationship between propagation velocity and power density is the same, which indicates that the core

diameter is the main factor affecting optical discharge velocity.
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Fig. 1 Relationship between absorption coefficient

and temperature
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Table 1 Other parameters used in the calculation

Parameter Value
Thermal capacity ¢ /[J/(kg*K) ] 1430
Density p /(kg/m?) 2200
Thermal conductivity of silica 138
glass b /[W/(cm+K)] :
Thcrmall conductivity of outer 0.2
cladding 4, /[ W/(m+K) ] :
Surface emissivity e 0.9
Diameter of inner cladding d,/pm 250
Diameter of outer cladding d3/pm 500
Room temperature T,/K 300
Initial temperature T./K 2900
Initial hot zone z./mm 0.2
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Fig. 2 Optical fiber axial temperature distribution at

different moments with the space of 1 ps
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and optical power density
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Fig. 4 Calculation of (a) relationship between discharge transfer velocity and optical power density; (b) optical fiber axial

temperature distribution at different moments with the space of 1 us, with equation (1) when o =4X10° m™"
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Table 2 Experimental results with different fiber optical discharge thresholds

Diameter of core/inner

Normalized frequency

Mode field diameter
Threshold /(MW /cm?)

cladding /pm /pm
10/125 2.04 12. 47 8.27
15/130 3.05 14.9 7.4
20/130 4.07 17.74 6.2
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