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Abstract Heat transfer problem is very important in fusion splicing process of photonic crystal fibers (PCF) due to
the potential distortion which can be introduced when exposing the structure to high temperature. Such heating is

further complicated to internal air-structures of PCF. The heat transfer of fusion splicing PCF and theorize for

—

confirming the optimal fusion splicing conditions are investigated. Based on heat transfer and conservation law of
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energy. a three-dimensional axisymmetric conductive heat transfer model is built using a CO, laser as heat source,
the transient heat transfer in fusion splicing process of PCF is simulated in order to avoid collapsing the air holes.
conditions

Experiments and analysis shows that the heat transfer model may find out heat transfer characteristic of PCF fusion
splicing process. and provide theory basis for confirming optimal fusion splicing conditions.
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Fig. 1 Schematic of the cross-section model
geometry of PCF
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Fig. 2 Schematic thermal picture of splicing PCF
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Table 1 Nomenclature term

Definition Value
Specific heat of SiO, eso, /[J/ (kg + K] 1345
Specific heat of air ¢, /[J/(kg + K)] 1010
Diameter of fiber d /pm 100~200
Radius of fiber R /pum 50~100
Intensity of CO, laser I /(W/m?) see Eq. (5)
Total output laser power P /W 0~10
Rate of heat generation from the laser on fiber per unit volume ¢ /(W/m*) see Eq. (6)

Efficiency factor of absorption Q..

Time ¢ /s

Temperature T /K

Beam waist in the x, y direction resp. w, w,/pm
Energy absorption rate W,,./W

Density of fiber pso, /(kg/m®)

Density of air p,/(kg/m?)

Thermal conductivity of fiber kg0, /[W/(m « K) ]
Thermal conductivity of air k., /[ W/m « K)]

dimensionless, see Eq. (8)

approximately 600
see Eq. (7)
2200
0.93
2.68
0.032

CO. WOEH R ERE 1y il = 73 A (S5
A S 1 frs)

2 2
I(y,2) = @exp[— (23}9 _'_Zz? ”, (5)
T

W, W, wy ws

M (=) [y % Al LS 5
OW s
R* =’
A W o R o 1 W AT 238 5 A 40 1 %) R e 0 RIS )i
L A5

q(z) = (6)

+R

BWal)x - Qab&SZJI(y)dy’ (7)

o Qu A B R B B RO AR I R
Y EEREY
Qu. = W.../GI, (8)
X G oy E THOLRMOLA R E,
B G ARAF] (6) 3L 1] LTS F

ZU:T[&’ZRZ

q(2) =
D)

3 STk SRR

>R FH BT TR JT 3 9 LA A5 8 K% 3% 388 56 £F 1 A7 0
I 23 AL RO o 72 HE AT He i B2 fd PCF Jf 4
IR B SR B M SN T S AL B SR B T ™
A ) A5 2 B BRI B E] . AR S g e PCF
Fr A% 3 oy AT T A BROCOTE . RIS R 20> AT A
1N 7 3 o3 AE T AR R = AR A = 4 s ] D] A
JG P T 5 300 5 AR T AL 2 i 0 B — 2R3
BT s R 2R A AE (DO P gy i . FETHE AP RS )
SR AN, AR Y AT AR R R B
RSO . 2 AL B R BRG] L 7R BF 5 bR AT RE
S0 PR B R 0 L SO A R RE R KRR B S

1
@ ®)

(@)

3 e T P A BT B P B s AL Y RO A
Fig. 3 Schematic mesh picture of the cross-section
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