Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

MEERIAEREN IR E KN ARRRIE

FHR OBERX HRK

The analytic expressions of temperature and stress in directly liquid cooled thin slab laser
Li Ce Feng Guo-Ying Yang Huo-Mu

5| H{5 |2 Citation: Acta Physica Sinica, 65, 054204 (2016) DOI: 10.7498/aps.65.054204

7E 26 %35 View online: http://dx.doi.org/10.7498/aps.65.054204
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/15

AT RERCH B BB S &
Articles you may be interested in

Nd:YAG W &5 5 5 & 2 F 5 o5 0 BRI R 55 15 20 2 S BO G IR REXT EE
Multiple weak-line laser operation from Nd:YAG 4F3/24I13/2 translation in ceramic and crystal
YH 23,2015, 64(20): 204204  http://dx.doi.org/10.7498/aps.64.204204

IR E S P B I 7 COo ¥4 EN 4 H4 1) B 154U
Numerical study of cooling heat transfer of supercritical carbon dioxide in a horizontal helically coiled tube
PP 2#4%.2015, 64(5): 054401  http://dx.doi.org/10.7498/aps.64.054401

e FE AT AR AT SR 3 A S O SE BT AT
Experimental investigation of dredging thermal protection system of hypersonic vehicle leading edge
YE = 4.2014, 63(9): 094401  http://dx.doi.org/10.7498/aps.63.094401

BT 2B I TEC RE Sk 3 SALEE S H 5 53R 07 AL
Multiphysics-based simulation on heat conduction mechanism of TFC head and its influencing factors
YE 24,2014, 63(3): 034401  http://dx.doi.org/10.7498/aps.63.034401

73 XI5 BV AR O B RS AN SE IR R 5T
Theoretical and experimental research on district cooling for thin disk-type laser medium
PP 2EH%.2013, 62(12): 124204  http://dx.doi.org/10.7498/aps.62.124204


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.054204
http://dx.doi.org/10.7498/aps.65.054204
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I5
http://wulixb.iphy.ac.cn/CN/abstract/abstract65690.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65690.shtml
http://dx.doi.org/10.7498/aps.64.204204
http://wulixb.iphy.ac.cn/CN/abstract/abstract63451.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63451.shtml
http://dx.doi.org/10.7498/aps.64.054401
http://wulixb.iphy.ac.cn/CN/abstract/abstract59034.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59034.shtml
http://dx.doi.org/10.7498/aps.63.094401
http://wulixb.iphy.ac.cn/CN/abstract/abstract57801.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57801.shtml
http://dx.doi.org/10.7498/aps.63.034401
http://wulixb.iphy.ac.cn/CN/abstract/abstract54161.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54161.shtml
http://dx.doi.org/10.7498/aps.62.124204

38 % 4R Acta Phys. Sin.

Vol. 65, No. 5 (2016) 054204

RS EEA MRS FRE R DN RL

R

B E

M KA

(MUK 2: B TS BB, HE 610065)

(201541 A 1 B3, 2015 4 1 A 2 HIRE M)

BET NP AR A T SR B, ST T IR VA 3 S RS SR AR O AR BT O A TR, SR
PV B A3 AL AR B N D B, 45 2 1 RS AT 5T P9 RIS 3 AT M. A3 o0 A IR AT 20k 2. R TE 7 AN IR
T J5 BE I XA A He 2R HORNVA AR TH S A SRR A R &, 70t 1 IAUE J5 X AR A SR AR I E 20 A AR 7 73
A B, WHE T 2 TR BB BRI, IREOM AT AR B I R AR . S5 RR: SR AR
I, BT RIS AT CASEEIL S A ) AV BRAGR 18 2 A 5 (K B0 A S RO~ F TR, 2 1) i KGR T R EAE
TR i, B K ) W AR v AR AR 2% P e S FLA T8 R FE ORI, AR BE 5 T R — 4R R EE BB E , 7224
FRISE SNy 22 ST AT DA Sak 2 At R S8 e M) O T e

KUIA: LR B MR O s, IR A, NI, B ZE

PACS: 42.55.Rz, 44.05.4, 42.60.By, 68.60.Dv

15 =

BOLEIB R, A5 s fve H 15O T
YEA R AR TE IR BE MG B, P2 AR g 192 B 30
IS PR RGE BN ) B 2% (0 2 R 3 Ak
7 5 R =71 K #5450 25 A T s
2 BN E TR R R R
Sttt i EREAS . PRI A E AR BOL 2% IV B
BE I — AN 3 5 i X O AR Bk AT < 3%
VA 81 RIFE 434 (1 [ At SR /N VA 0 A SR (A A
WAR. 1969 4F, 3% A F 5 I TSRO 4
&, ARA LA K VA B0 T A A 5 R B, B iR b
AT LA R — 4T B . 19724, Willian ) 32 1
T zig-zag W%, WORTEMR 5 HHil 2 7T AR 0, REW
T B AR % R A SO B, 2003 4538 A R A F
T — R AT S 2 /A ENR AR B A O A%
BT 5, TR R P BB R 2R K 45
M 2% 22 ey 1), 2009 4F, k15 A & fER A BOL 2%
MR b 458 2 TR AR AR LA H R,

DOTI: 10.7498/aps.65.054204

PEH T A B A HR SR HOE S (ThinZag®) 1
Ji%, K 6417 kW [ H B I, S8 T 100 kW
(s e I IR SE TR 7 AR O A IE
H T B R RE, AE S ERVEEI N G T ok
1218 SR [12] X A BB A HE A BREOE
R AT TAR DR M SR 50 0F, R T 171 W
(Ot tH; SCHER [13] R B S 25 18] 2l 1 1
SRBOGA S K ORI R 5 TR B A A
775, SRR T mHNs MR FL ek, sl T
VEEAE Th 2R B 5 1346 W IO S b STk [14] K% A
- SR HOL B IS I AR BB A 2 3 A A R
Ji, A5 T FHIThER 3 KW RO SClk [15] 3
VAR T AL B 42 VA 05 ' 2% o T A X I8 R
Wi A% B 2R SCHR [16] X0 % H D3R 30 kW B AR EL
eV H 2 o A AT T B ER AT STk [17) BUE
BRAUL T A K I A T e A 0O B UL R 4 A N
3 AT R IR A7 W A% R SR SCHR [18] FiE TR A
P UL B A H NA:YLF # AR, 38753 7
B 346 m.J ik BE S

* FEF AR EREAE R (iS5 60890200) F1E K H AR R4 22 51 4 b [/ TREW BT 70 e B & 264 (LS 10976017,

61505129) BEHIATIRE.
T #E/E#H. E-mail: guoing_ feng@scu.edu.cn

© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

054204-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.054204
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 5 (2016) 054204

FEFIAR EAEA HIE RO E T, RS
MARZE AT AN KT AR AIE , SRR TR AE ¥ 2
Wb, Y HBAA ELRA JA B IS KT, A
BEL /N J0 /AR RUE R AR A, T LS S 3 in 4
2 A1 J5E A RE RTRR 2% 280 H RO Bt BEAT T Fn TR
K. EAEHETERY, % HRAER HHOL TN B
R, AW AR U A HR AR
PRFRBNTT AN T 5, 38 RO AR S BRAE R 1
sy 1 BRI SR 3 AR A, AT s B ST
ZRBO s K RAE B AR, DY B I ik
e AR B AN RO 8% AVE BLR it 5 S

AR EEA A, AL T AR B HI
WA FUBOE AL, B T 0 AL BOR % 5 R
BB 7RAR O IR 2 A (R AR AT, K
PV 00 2 AT AU S N D SR B, 4531 1 AR 2RO
I IR RIRE A3 93 A BT, 2 i 7RI AR TE 3

SRR 2% A B BE AN 7 73 A BORE R, 8 1 ELE A
T IECRRIS, 7 ATy F 0T A B Tl AR FY) 52 .
JIT A5 25 b It A B v ZDAR SR O A% 1 BT E AR
WA —E R TR

2 MEMBFHEE

TR A L e A 0 R SR IO 4 1 5 A R R A
Bl 1R, AHMES AR =N RS, &
HEAN TARN BUR 20 905 RO, IR 7 iets
i, EMACR ) S —Im e A = A . RAR
R 2ax2bx2l(x x y x 2), IEREE N 2t. i
TP B A O LR R L, DRI R RAR W] A AR A
PIAS AT AR A SN, B2k AR EL R T 21, #4
RUSLA B T HER G5 4, T DA BRI, JRATTAEA
PO 2 B b = Ba.

e

CRRL S =) 'iﬂﬂ(u

L (b) S
L BTy I

Bl R BRI AR HOLES R (a) WiliA B AR ACHOLER A 1; (b) WIE S, 1 K15 5 7 [ - T ) 3 5

Fig. 1. Simulicational model of liquid direct cooled thin slab laser: (a) Configuretion of the liquid direct cooled thin

slab laser; (b) configuration of cooling channel; the refraction of signal light on the solid-liquid plane.
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Fig. 2. (color online) The relations of the flow veloc-
ity to the convection heat transfer effects in different
flow channel thicknesses: (a) The relations of the flow
velocity to the convection heat transfer coefficients;
(b) the relations of the flow velocity to coolant tem-

perature rise.
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Fig. 5. (color online) The temperature field distribution of gain medium in different flow channel thicknesses:

(a) The transverse temperature distribution; (b) the longitudinal temperature distribution.

054204-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 5 (2016) 054204

— 0.4 mm
—— 0.6 mm
4 — 0.8 mm
— 1.0 mm
— 1.2 mm
2 1.4 mm

o./kPa

—-30 —-20 -—-10 0 10 20 30

y/mm

10
8 — 0.4 mm
— 0.6 mm
6 — 0.8 mm
4
S A
[a M)
S
=
S
—2 53?;;
—4
6 — 1.0 mm
— 1.2 mm
-8 1.4 mm
(b)
—~10 L L L L L
—-30 —20 -—10 0 10 20 30

y/mm

Bl6 (IR E) ARG, TIEARFRRN A (a) BRI 5076; (b) SARSKR A A

Fig. 6. (color online) The temperature field distribution of gain medium in different flow channel thicknesses:

(a) The transverse temperature distribution; (b) the longitudinal temperature distribution.
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Fig. 7. (color online) The temperature field distribution of gain medium in different flow channel thicknesses:

(a) The transverse temperature distribution; (b) the longitudinal temperature distribution.
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Abstract

In this paper, based on the convective heat transfer and conduction principle, the thermal effect analysis model of
the directly liquid cooled uniformly pumped thin slab laser is established. The approximate plane stress and the principle
of minimum are introduced to describe thermal stress distribution in the thin slab. Firstly, the relationships between
the flow velocities in different flow channel thickness values and the convection heat transfer coefficients and also the
relationship between flow velocity and coolant temperature rise are studied. Moreover, the influences of different flow
channel thickness values on temperature field and thermal stress distribution are analyzed. Finally, the variation trends
of wave-front phase distortion with the change of heat power in the case of zig-zag path and direct path are investigated,
respectively. The results reveal that thicker flow channel can achieve stronger heat treatment effects in an appropriate
range of the cooled liquid flow rate, and the thermal profile is symmetrical with respect to the center plane of slab. In
addition, the longitudinal maximum temperature rise occurs in the outlet; the maximum stress distortions centralize
on the both ends and partial sides of slab. It is worthy to mention that the one-dimensional temperature gradient and
smaller stress form more probably for thicker flow channel. Furthermore, zig-zag path can alleviate obviously wave-front
aberration due to thermo-optic effect. In this paper the thermal effect of the liquid direct cooled thin slab laser is
investigated. The research results are beneficial to the design and optimization of the directly liquid cooled thin slab

laser.

Keywords: directly liquid cooled thin slab laser, temperature distribution, thermal stress distribution,
OPDy
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