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Fig. 1. Simulational model of water-cooled Nd:YAG active mirror amplifeir: (a) Configuration of the active mirror amplifier;

(b) configuration of cooling channel.

034203-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 3 (2021)

034203

30, DAEIIHICR A &S M ARG . e =
e R 91 48 0 J5 i 50 mm x 32 mm [
TR, e KM RE R 3 kW /em?, I:LL 90% Ky
BORARA UE NAYAG gl 58 2 Wi, Bl i 52
B LR, 55— 53 AR R 4L
ML A RO L RER, SRIG N DABBiieR
{1829 A 300 R S T 7 A 240 R 0 iy 40 e N7 P
AR B FEAR AR 29 B0 Nd:YAG B 7= 34
HOh 37%, KA E AL RN 0.5 mm, F &
Cr'*:YAG WIS, AT A5 BR A O 5T A 34
VoA, R T R AR A i 1T 1 4
SRR E TG NG Ve A, Hom 8 454 a0
K 1(b) BroR, H L NA:YAG (5 16 0 4 A8 b
JE s A BT T B 1 22 1a) I TE () B A
1.5 mm, R E PG N 20 °C, Hdk A fE
JE e id SR, PR Nd:YAG i gEf 78 4.
THR R R P SN 2 1 g 1420,

2.2 f-EHIEEHIEILRE

TEROC A A A M R rh, ¥ LR A

MY BAPE S AR R, Hoh RIS HIBUR 5
TSRS B UIA G, — B Ry I L2 T A1 25k
A, HR SRS R W Re 52 290:
uDy

Re = PWT, (1)
X, py, w Ao IR TR B 5% B | R A sl
B, D, RK S EAR, XTI RS, A R b
() 2 1% WSR Re < 2300, MAKATBVEZ W, T
2300 5 4000 Z [, AP Hi; Re > 4000, i HAE
T L. MR G B 8 ) T 5 A AN, AR S
TR AT

PV B 2588 5K — el B8 AN ] 4 6
PV, HN R TR SRS L R B AL S AT
ST | Bl T R RE R T PR A

Opw _
2 + V- (pwu) =0, (2)
9 (pwu;) __Op ,
o TV (pvuiu) = oz, TV (1Vui), (3)
0 (pr) N v —kw V
T +V- (pWTU) = <pr T> + chW7 (4)

KA, ¢ EHE]; w SRR, u (i =1, 2, 3) 435
W @, y A2 7 PR B Ao p RN TR R ;
g (1= 1,2, 3) HIFRIR a0, y, 2z ky I Cyy, 739013R
AN T AR IS T RN Qe TR
TR PR, iR (4) PRy EEE R 0, AR
BN NS i

d (pnaT) kna B
T V- (Cde VT) = QuNd, (5)

iﬁ:qj, PNd;s kNd ﬂl Cde ﬁ%’]i’%ﬂ? @1$EQ%E N ;?t“‘TEJL‘
TEU- IR A A R G A

TNd = va
(6)
kna (VTNd) “TINd = Ky (VTW) *Nw,

P, nng T ng 23590 A T AR AR 5 320 57 1) A
LR FEDIE R ZHWI IS, 8 R IR i
A TR ] A Ak B U - [T R 45 30 B, LHE R 0 3 48 B4
FH b MELLMER B E , TS T3 TR .
knd (VIng) - ming = —h (Tha — T ) (7)
X, T AR
XTI REX NI S, T T REE A, i
R B R BT AR, B Re BB, T I & 5T

F 1 EEETRYTES

Table 1. Physical parameters used in the simulation.
YIS Nd:YAG Optical adhesive H,0
W p/(kgm ?) 4560 1160 997
PER L/(Wm LK 1) 15.09(T/164.17) 07 2.11 x 1037 + 1.81 0.6
it G /(T kg VK 125.4 704005 _ 626.4 1.48 — 9.72 x 1037 + 1.79 x 10772 4182
EMHFE u/(kgmLs?) — — 1.0 x 103
PriF ng 1.82 1.65
POLRB(dn/dT) /(106 KY)  -3.946 + 0.053T — 4.5 x 10°T? — —
P ZEL o/(10 6 K 1) -1.850 + 0.044T - 5.7 x 10572 58 —
kR v/GPa 308 1 —
AL 0.232 0.38 —
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Fig. 2. (a) Transverse heat density distribution in the laser medium. (b) Comparison of flow velocity distribution across the center

of the cooling channel. Temperature profiles in the laser medium and the solid and liquid boundary layers obtained by (c) the

standard k-¢ model and (d) low Re k-¢ model.
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Fig. 3. Thermal stress distributions in the laser medium along (a) z direction, (b) y direction, (c) z direction; (d) zdeformation of

the laser medium.
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Fig. 4. Thermally induced wavefront distortions in the Nd:YAG slab: (a) Thermal-optical effect induced wavefront distortion;
(b) the deformation induced wavefront distortion; (c) the overall wavefront distortion.
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Fig. 5. Temperature field distributions and wavefront distortions of gain medium at different flow rates: (a) Temperature profiles

across the center of gain medium; (b) mean temperature and temperature difference distributions; (c¢) wavefront distortions.
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Abstract

In order to deal with the thermal management problem of high-energy high-repetition rate laser amplifiers,
the efficient heat removal in water-cooled Nd:YAG active mirror amplifiers is investigated in detail through
numerical modeling and experimental analysis. According to the low Reynolds number k-¢ turbulence model, a
full fluid-solid conjugate heat transfer model is established to give a comprehensive model of flow and thermal
characteristics in three dimensions. The thermal distributions obtained from the model are then used to
calculate all mechanical stresses in the laser medium and thermally-induced wavefront distortions. In
comparison with the standard k-¢ turbulence model, the influences of the near-wall treatments of the above
model on the process of fluid flow, convection diffusion and heat conduction, and temperature distributions are
analyzed. Meanwhile, the effects of coolant flow rate and pump parameter on the flow field characteristics,
temperature and wavefront distributions of the YAG disk are also studied. Numerical simulation results reveal
that the temperature distribution of the laser medium is closely related to the viscous effect in the solid-liquid
boundary layer. Although the heat deposition distribution of the laser medium is symmetrical, the temperature
profile is asymmetrical as a result of the increasing water temperature along the water flow. The maximum
temperature rise of the disk is at the outlet end, and the position remains almost unchanged. The front-surface
temperature distributions and wavefront profiles of Nd:YAG vary nonlinearly with the coolant flow rates, but
linearly with the pump parameter. Model predictions show that when the laser amplifier operates at a repetition
rate of 50 Hz, the thermal diffusion of the coolant mainly occurs in a range of 100 pm, and the maximum
temperature difference of the coolant reaches up to 10.85 °C. Correspondingly, the maximum temperature
variation over the front-surface active region is less than 4 °C, with an average temperature of 49.62 °C, which
leads to a total peak-to-valley wave front distortion of 7.27)\. The experimentally measured temperature
distributions are in reasonable agreement with numerical simulations. The research results are beneficial to

designing and optimizing the high-energy, high-repetition rate water-cooled Nd:YAG active mirror amplifiers.

Keywords: active mirror amplifier, low Reynolds number k-¢ model, fluid-solid conjugate heat transfer,

temperature distribution
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