36 1
Vol.36 No.1

Infrared and Laser Engineering

2007 2
Feb. 2007

Cooling technology applied in optical elements of high power laser
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Abstract: At present, many researchers pay more attention to the thermal -effect of the high energy
laser at home and abroad. A few technologies have been demonstrated, such as the water -cooling, the
thermoelectric cooler, the phase -change cooling and so on. All of the technologies are induced to
minimize the thermal deformation and damage of resonator mirrors and windows in high energy laser. The
technologies are compared, the multilayer mirror is disscussed emphatically. The engineering experience
verifies this method can meet the requirement of the high power laser system on very small mirror surface
deformation. It is very important method for reducing heating effect of the high power laser.
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0 Introduction

Highpowe r laser system involves an optical train
consisting of resonator mirrors and windows. Thermal
stress and deformation may happen, when a mirror of
the high power laser absorbs a part of the laser energy
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to make the mirror temperature risen.When the deforma-
tion is greater than a critical value, the beam quality and
be affected.
Seriously, this make output laser power decrease greatly

energy transmission to far -field will

and laser beam quality become worse for some high
power laserst. Therefore, the optical compone deformation
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must be controlled to be very small. To do so, some
cooling technologies are usually induced and used in
high power laser systems.

1 Microchannel liquid-cooling technology

1.1 Background

Liquid -cooling has always been an effective
method to minimize the deformation of resonator
mirrors in high power laser devices. By designing the
appropriate structure and utilizing fluid -filled cooling
channels to absorb the heat, mirrors can be cooled and
the deformation of the mirrors can be reduced. The
heat exchange between the fluid and the mirrors’ body
depends on the properties of the fluid and the substrate
of the mirrors, the flow state of the fluid, and the
structure of the cooling channels. Generally, the flow
states are divided into laminar flow, transition flow,
and turbulent flow, where turbulent flow representing
the highest heat transfer coefficient. The structure of
the cooling channels influences the efficiency of the
heat exchange, thus the better we design, the more we
get efficiency.
1.2 Microchannel mirror technology

A microchannel mirror has been developed as a novel
heat exchanger configuration>4. It also has been developed
to provide optimal heat exchanger distortion performance
and reduce coolant flow induced vibration forces and the
deformation of the mirrors. The microchannel mirror
combines the simplified coolant distribution system of the
channel crossflow design with the scalable high perfor -
mance of the microchannel parallel flow design. A
microchannel configuration depicted in Fig.1 with multiple

zones and redundant flow has been implemented but

with a channel counterflow distribution system to mini -
mize fluid interfacesand simplify supply manifolds.The
microchannel mirror is comprised of a high performa -
nce microchannel impingement heat exchanger, a
laminar channel secondary heat exchanger and a basal
structure containing the primary coolant manifolds. The
primary heat exchanger consists of a staggered pin
arrangement with multiple inlets and outlets, the spacing
coolant

of which determines pressure

temperature rise. The microchannel configuration design

drop and

features low flow velocity in the primary manifolds and
to minimize jitter. The
channel secondary heat exchanger distributes coolant to

secondary heat exchanger

the microchannel primary heat exchanger, and provides
additional thermal isolation for the support structure.
The microchannel parallel flow primary heat exchanger
may be operated in either the low flow or high flow
regime depending upon performance requirements. The
result is a scalable, high performance heat exchanger
consistent with the microchannel parallel design but
with a less costly, simple counterflow coolant distrib -
ution system.

The exploded view in Fig.2 shows coolant enters a
substrate primary plenum and flows through coolant
feed-throunghs to the top of the substrate.The secondary

heat exchanger con tains coolant distribution channels
machined directly into the substrate and interface directly
with the substrate feed -throughs. Alternating rows of
inlet and exit channels arranged in a counterflow
configuration to supply coolant to the multiport parallel
flow heat exchanger and return exit coolant to the
primary manifold. Coolant enters the microchannel heat
exchanger through the hole coupler plate. The holes are
aligned with their respective inlet distribution channels.

Then the coolant flows across the zone to a coolant
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return port into an outlet distribution channel, and flows
down the channel to the secondary outlet manifold
through outlet interface tubes and into the primary exit
plenum located in the substrate. As described above, a
microchannel configuration with multiple zones and
redundant flow has been implemented but with a channel
counterflow distribution

system to minimize fluid

interfaces and simplify supply manifolds.

2 Phase-change cooling technology

For normal mirror, when the circular output beam
passes through it, the mirror temperature will increase
due to absorption process and then the mirror optical
thickness will change correspondingly, causing wave
front aberration and over -uneven intensity distribution,
even mirror blasting®. But for the phase-change cooled
mirror, with the existence of phase-change materials,the
temperature can be approximately kept close to phase -
change point. The phase -change materials start melting
and absorbing quantity of heat from mirror body as
soon as mirror temperature becomes higher than phase -
change point. Before the phase -change materials comp -
letely melt, the window temperature is always kept.
After output process, the melted phase-change materials
emit quantity of heat through thermally conductive
core, fix screw nut and window facing, and get ready
for next time as well as mirror temperature drops
down. So the phase -change material is the key to this
technology.The phase -change cooling structure and the
mirrors are described in Fig.3 and Fig.4.

3 Analysis on the two cooling technologies

Compared with liquid-cooling technology, the mic-
rochannel mirror technology will change the structure
and its strength, but the pressure which is brought by the
liguid can not be removed absolutely. So when the
thermal stress and deformation of the mirror must be
special minuteness, the technology will be helpless.

The phase -change cooling technology also has an
insufficiency: the phase -change materials need some
time to change phase again, after they have worked for
a period of time. So we try to integrate the phase -
change technology into the multi -layer mirror technol -
ogy. And the Fig.5 shows the operating principle of the
integrated multi-layer mirror technology.
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Fig.5 Operating principle of the integrated multi-layer mirror

4 Conclusion

The micro channel liquid -cooling technology can
meet the requirement of the high power laser system
on very small mirror surface deformation, whereas the
pressure which is brought by the liquid can not be
removed absolutely. The phase -change cooling techno -
logy all can avoid the distortion and vibration of the
resonator mirror produced in conventional water-cooling
system, but the cooling effect of them is limited by the
working time of the high power laser.
cooling technology, the integrated multi -layer mirror

As a new

technology can solve these problems, but it has not
been developed enough,
efforts to the technology in the future.

so we have to make more
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