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Immersed Phase-Change Cooling System for High-Power Fiber Lasers

PEI Xu, BAI Jiabin, HAO He, GAO Guangbo
(AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] High-power fiber lasers are critical in advanced manufacturing and defense applications, yet their
high-power output poses severe thermal management challenges that limit long-term stability and further development.
Traditional cooling methods suffer from inefficiency and system complexity. This study proposes an immersed phase-
change cooling system utilizing the latent heat of the low-boiling-point working fluid R245fa for efficient heat dissipation.
By integrating numerical simulations with experimental validation, the thermodynamic characteristics and structural design
were analyzed, leading to an optimized integrated packaging solution. Simulation results demonstrated a temperature rise
of only 8 °C within 100 s, maintaining stability within the safe operating range of laser components. Experimental tests on
an engineering prototype confirmed the system’s effectiveness, achieving a total heat dissipation capacity of 25 kW. The
proposed system significantly improves thermal efficiency and reliability while reducing energy consumption and system
volume, offering an innovative solution for advancing high-power laser technology and broadening its applications with
substantial engineering value.
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Fig.1  Structure diagram of a traditional liquid-cooled high-power
fiber laser
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Table 1 Heat generation power of fiber laser components
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Fig.2 Schematic diagram of an immersed phase change cooling
system
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Table 2 Material properties of fiber laser components
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Table 3 Properties of common liquid-gas phase change working
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WA hab/cC | ISR/ C | watE F I
R245fa 153 154 NGk BEAH
R410A -51.6 71.5 NGRS 2518

R32 -52 78.1 BCIES 2 PR
R134a -26.1 101 AR | UKAE . REEATA

2026455695 SE 4] - HAEEEIA 135



,—‘? N »
m%lﬁx RESEARCH

B = BECERBOC B RIR B T AL T, AHIAR
AR T 5 T ARORT FE R R PR I AR . AR T 32 B4
B, AL T A e A A A s T s e
MR P IV B A ) T IR R, e i
TS 7 1 R AR PR v TR0 [ L , TR 3R
2o RARGHA R FERRERE e m DR R
B ] FENE DU TR R AR5

el 4 FE 5 PR 8w REEEFHOL S 5 H T
VEREUTHEAT— A4, X H 5B A Xo 2 11 SR 8%
EHERE KRB R AT NG, PSR B BISE . A
PER IR LA + DRI 7 He 4 10 07 SR PRI B RE,
Ferp Ay 77 2N E Sl 1 45 UAR LAY B6IE , BEAS I 2

LR AR/NF 100 mm
A ELr . R, sk

SETETSMIU BT EA 40 mm Y

sl b Sk Bk 2k — == I}

3 BEOSLAHCLRERRENTEE
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Fig.4 QBH mounting interface of high-power fiber laser module
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Fig.9 Cloud diagram of flow velocity change of phase-change working fluid
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Fig.10 Engineering prototype of an immersed phase-change cooling system for high-energy fiber laser
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Fig.11 Temperature variation curve of the laser operating chamber
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Fig.12 High-energy fiber laser emission capability verification
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Fig.13 Output power variation curve of fiber laser
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