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Thermal effect analysis of all-solid-state solar
pumped laser

XU Weichen, ZHANG Haiyang, ZHAO Changming
(School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The solar-pumped laser is a device that directly converts the sunlight into the laser. It has the
advantages of less energy conversion, high efficiency, simple and reliable structure, stable performance and no
pollution. An all-solid-state solar-pumped laser for the space environment (4 K) was modeled, and the thermal
effect of the pumped solar collection phase was analyzed. The steady-state thermal analysis was carried out by
using ANSYS Workbench® thermal analysis software, considering two mounting bases and four solar
deflection conditions. According to the feasibility verification of the first case, the suggestions for further
improvement and optimization were put forward, and the actual model building and testing were preliminarily
envisaged. In view of the second infeasible case, several possible improvement measures were put forward,
and the future work was prospected. This study provides a new feasible scheme of temperature control system
with all-solid-state conduction cooling for the practical application of solar pumped laser in space environment,
and provides research data for the practical application of space solar pumped laser in the future.

Key words: solar pumped laser; temperature control system; space application; steady-state thermal analysis
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Fig. 1 Simplified thermal analysis model of all-solid-state

solar pumped laser

B AR B 1, 2 3B o AR AR | S LA S
FLJE TR o AT SN S Y JE T S 5 ) JE T 4 I



REFDG2E 2023,44(6)  IF4EER, 46 218 25 K BHOGIE M HOGAS KR 73 B . 1221 -

FEE K 26 °C(299.15 K) L s o HATER 20 ) Ry
ERL, ANSE RO T ON AT FE VR R B B

2 ZESKEARBBAZREINL ST
2.1 T ANSYS Workbench®F & B9 N 2 7

TEVRYE 25 [0], T = EN RINAEFE, K
PHOE T OER Ry a8 . RIS T, B0k
A O X F B R ML R RIS, LT,
RO 38 A A 25 48 22 1805 3 P ok $ it R A 7 A%
TV, X AE P A A ok %) B A 5 K =2 [ R T
Az GRS, H5 6 AR DL ARG I 8 X s ) R4 T
fERIR VAT E . XTI OSBRI 5, 5%
JEHETR R B . R e A A] A, RV R 3
T ) PR AR, O PR ST R BAR, AT %
o T3 AN, BT O AR R R HLA5 R,
e P 23 B A B S RN, RREAR T
Y o) 1S I 5 2 )l A% TR AR, FR AT S )N, A
ANT2% 55 I IZ OGRS B SR G A X el 2
i TSN 4 A SR .

BT IR S A AH DG B AR R i TR R A R
SR CRR T2 ) X — M o WA SR w0 i R (R
) RE SR WA % T S R AR S SRR R — 3R
T S P 22 L

e=2 (1)
qp

e e ARG AR CREE) 5 g W) 7R 3 T 4 5 A 5
qp F PR [R] — R TH] 4 S A

AT AR OB AT LIRS, SRR SRR 0,051,
BEE BRI R 4 K, MR A R 740 T

e BRI IV DI Re ) 1 BUAL R 1E A
B AR, HL AT AR RO 2 A RS A TR SR 26 C
(299.15 K)fE i o W) st Bk 0 48 P 7 A4 ) A is 2
MRHE WO A% 25 2540 22 8] () B A S 2 i 30 P R R4S
FCH 3R T X 23 [A] PR S P Ay X 2 fm] A, T
fib 3% 10 24 B CROTE X b PR ) o B RS R, =
2 213 (] 3y 5 28R A0 28 A 19 S B 1 FH 3 5, AT XoF
AR BRI H B WOLAS L5 £
F I3 A 5T KORE I #4317
2.1.1 FEERER AL

A B GEORE, DL RN R B R (PMMA) 1l
TS FE T 2K 3% R B A A R K DG % B R
— MR IE 92% LA b T B AR Y 2R IR ) 25
FREUMMIEXEH TE5, £S5 N E R
i, Il T T IR R

R1 BAEREUERZBOMREN RS E
Table 1 Materials and corresponding thermal conductivity

of each part of simplified laser model

" 2 Rl 5/
st MR (W/(mK))
RLENES Nd:YAG 14(20 °C);
10.5(100 °C)
HIE I YAG 14(20 C);
10.5(100 °C)
R R A AR 8 I IV s il 397
IR IE B LN 1R F IR 0.19
(PMMA)
Ghst a4 151

Sy PRAF IR AR VR IR 2 B AW ELR B
DL o %6 92% L 1 45 44k St , X6 B S5 4 2k i
7115 . PMMA 47 55 2 5ok 2= g i AH i, J)
n=1.4919

5 I 23 [] TG, R AR IR A 3T
EE e )

R= ("_1)2 (2)

n+1

fRA n=1.49, 15 R=0.04, B JE IR /K % 45 1Y 2 5t
RN 4%, AR T 278 F 4% B9 K PH G RE R
H 375 5 R SR RICSR AT 0 2 o T 2R A ) R G 9 Rk
AT LIS EN, PMMA X ] UG % /N T 0.5%, B
TR 4% [ i et AR o T8 ok B i e i 10
TR BH G ) 2 2L e a4 b F o] WOk ik B, anEl 2
I 7RUs

22
2.0 23 [ K PHYE S (AMO)

~ 18

= 1.6 .

5 14 HuTE R PG (AML.5)

<12

=0 ;

& 0 W/

0.4 Ll M—
0.2 5z — |
0 I L L 1 1 L 1 1
300400 600 800 1000 1200 1400 1600 1800 2000

P /mm

E2 XEEZHHIE
Fig. 2 Solar emission spectrum

Bl PMMA AR X K FH G 3 A~ i B i ~F- 34 0 i
FAR/NT 0.5%. CRIZSRIRBAEIIHE 1362 W/,
FEVR R BB R T ALY 0.119 46 m?, W) A 3E TR IR 3
BER R BHOGIh % h 162.7 W, W i i #8 A5
DI 0.5% LA, BIZNF 0.81 Wo

Ry e UE A VR R G2 B 75 43 PR i B Az Bami Ak,
1 0.81 W By AT R I 514 T R TR R % B T,
RS R L R TR 26 °C(299.15 KD fH R, 473



. 1222 - A

% a4 5 6 )

FC AR AFTE B E Sy 0.05 (YRR I, H M 3R 1 A
BOANL A (), 1R BIRRS S RN 3 iR

353.88
! 34727
340.65
334.04

327.43
! 320.81
314.20

. 307.59
I 300.97
294.36

Z;LX

0 0.100  0.200
-— mm
0.050  0.150

B3 FEERERRSERENHE

Fig.3 Steady-state temperature distribution diagram of

(m)

Fresnel lens

X RS 25 R AT A3 M T LAAG ], AR A A iR
JE A Z )5, el R 294.36 K, di = i
9 353.88 K. fij JE VR IR i i Ak PMMA F95 iR
423.15 K(150 °C), /& T 40 B B de 21 i) o5 s Tt B, i
R IR L ) IE R TAE
2.1.2 ARt RBP4 AR & AR Y 64 R
R HT

B RN S Lo T N TP A N R e
5| A PH 6 A S 2k 28 Xl (0 e i, I T il A PH
e Lk i JE TR R B B R AR IS 2 R T OB
AN TR, EOG A J2 AR5 4 7 A R ] Y A T
Gy AR, 5IEAHR 1R E AR

LA UL SCBRE L, 38 B G 2A 3 R R
EUEATIB S, 1959 2 iR g

k53 AT T 2 [ S AL T HVBE AL () T A5,
3 2 ZE AT IS 3, AT 5 DL Eihs 09 4 Fif b
T 2380 A 17 10 R AT 56 S AR Y () m] A7

BE X 00FN 3o R L, 05832 B, T FE TR R
75 B 1 P A% 5 E AR AR ER ST AT I 5 A R T
K, WA HE T 7R 85 55 T 7 A A A AN 4 5 T
B H] 6 A RS A AT o SR R AT A M
AR A2 0 OR 325 B8 1Y) 7 SR TR AR B 44 7 T b

ZE Lk, TR N 4 BT 430k

1) 0°CIEAS) s ShiA B L HE I 5 52 #44;

2) 3°: ALY I PN R THT % A T 2 1T A2 B4

3) 10°: JEIR IR 7545 RAR AL I A PN 3 T 52 4

4) 25°: FEIRIR BB AR e T IN R Z A

F2 KMERZKETERBEST

Table 2 Solar ray tracing irradiance distribution

;g%i FEOFE AT WA RE UG 20
0° 1.2 1.1 1.1 1.3 6.8 54 1309
1° 5.4 1.2 1.2 1.4 15.9 19.7 123.0
2° 5.7 6.7 1.2 1.4 338 527 802
3° 6.0 1.6 1.2 1.4 51.2 105.3 4.5
4° 6.1 1.6 1.2 1.4 73.8  70.0 1.5
5° 5.7 1.9 1.2 1.4 122.4 5.6 04
10° 5.4 10.0 1.2 1.5 134.4 0.2 0.1
15° 6.1 25.5 1.4 1.5 113.9 0.1 0
20° 6.1 51.3 1.9 2.4 77.0 0.1 0
25¢° 9.1 1212 4.1 4.6 12.3 0.1 0
30° 10.6 112.6 6.4 6.3 8.2 0.1 0
35° 10.8 103.4 7.5 6.8 7.6 0.1 0
40° 10.4 95.3 7.6 7.1 39 0.1 0
50° 8.7 66.7 7.8 7.2 1.9 0 0
60° 6.0 42.6 6.3 54 0.7 0 0
70° 4.1 22.1 33 3.7 0.3 0 0
80° 1.0 7.8 0.8 1.4 0.1 0 0
90° 0 0 0 0 0 0 0

ARG~ 5 B A 230 % 4 b B0 6% K BH Dt
O i AT I8 A B A e R AR X L Y 7 s
IR, IFHEAT A A AR ST T o

1) 0°CIE AN )+ fib b B HCHETE Js 52 4%

D5 ELEAFAS B 5 BRI A0 ] 4 B o

-17 =15 -10 -5 0 5 10 15 17
17 0 17

15

10

Y/mm
=

=17 . J
-17 =15 -10 -5 0 5 10 15 17
X/mm

B4 HEREAREREBESHE
Fig. 4 Irradiance distribution diagram of front surface of
conical cavity
13RI ARG ARANEL 5 BT, AR R A IR B
AR E Z R, SRR 0 299.13 K, fi R iR N
440.66 K, 73 31| tH B E 5] 5k JA2 1T D At P A2 A



G2 2023, 44(6)

VRYEER, 45 42 [ 25 K FROG SR OL A% B0 73 B - 1223 -

4

X
50.00 (mm)

Es5 RESHRIWERE(FEEKE)
Fig.5 Diagram of steady-state thermal analysis results
(contour map)

it — 0 EWLEE B i (A B S T 3 7Y
AR, 5 ANSYS Workbench® 45 21 14 %5 ki
ik B 73 A R0 S i JF R AT TR R B, 45 2N )
Z M p v AN 7 Bl B R 0% R A Kl s OF
Origin #F AT RG24 3 5] 6.

AR

1.00 1.00

0.98 :" 098

’ 0.96

0.961 0.94

0.944

0.92

a 092 0.90
md

-f» 0.90 0.88
™

= 0.88 0.86

0.86 1 0.84

0.84 1 0.82

0.821 0.80

0 s [

Z@f,@»

Eo6 RFEREMERSHHRESHHLKE
Fig. 6 Heat distribution curves of crystal rod and conical
cavity
Kl 6 T EOULA B & A B SCHETE 19 PR 20 1 T
FEATAFAE 2 DAL, IR AMUZ A k.
PR TR B4 it B2 23 A n] LA M A R 3 1 R A% 5 2
RARNH R, A — 7 il BE A B2 1 72 A (B AR AL B 2
BB AT b AR Y B LB Ol 440.66 K, TEIX
AT Nd:YAG f AT IEH TAE (P Nd:YAG 4
R R 2243.15K) .
2) 3°: R JF e PA) 4 THT B ] A iy T A2 4
P LA B R AR IR AN P 7 s, 19 3 108
BEERANE 8 FT o, AR R A A BE A B E 2
J5i ARy 293.85 K, He i i 389.46 K, 5
L T BE A o R BUT , O AR AT IE R T
PECH AP 58 1357.77K) .

19—0190 —150 —100 —50 50 100 150 190190

150 150

100 100

50 50

Y/mm

0 0

=50 =50
-100 —-100

—-150 —-150

=190 !
-190 —150 =100 =50 0 50
X/mm
(a) MR I A N AT

-35-30 20 -10 0 10 20 30 35
3

—-190
100 150 190

Y/mm
(=]

=35 -
-35-30 -20 -10 0 10 20 30 35
X/mm

(b) L JAE G 22 1

7 KMEABERESHE

Fig. 7 Solar irradiance distribution diagram

388.33
377.83
367.33
356.83

346.34
! 335.84
325.34
314.84
304.35
293.85

Zo—.LX

0 0.100  0.200
N _— J
0.050  0.150

B8 RSHSITERE
Fig. 8 Diagram of steady-state thermal analysis results
3) 10°: JETR K 7 5% AR RIS e P 2 1T A7 44
D5 BRS04 R FE A P 9 s, 15 81 198
AL RN 10 Fro, 18R (R BE 43 A Fe e 22
Ji, Fe TR N 294.36 K, e il A 353.88 K, ik

m



. 1224 - A

% a4 5 6 )

P TARRRE R . WRAEN T, BOLRS T IES TAE
(RIS 1 1357.77 K, PMMA #5558 423.15K) .

—190-150 —-100 =50 0 50 100 150 190
190

190

150 150
100 100
50 50
g
g 0 e 0
>~
—-50 | —50
-100 | —100
-150 | —150
-190 ' —190
=190 —150 =100 =50 0 50 100 150 190

X/mm

B9 XMABBRESHE

Fig. 9 Solar irradiance distribution diagram

353.88
! 347.27
340.66
334.04

32743
! 320.82
| 314.20
307.59
l 300.98
294.36

Z;LX

0 0.100
[
0.050  0.150

0.200
I (m)

10 RSHSTNERE
Fig. 10 Diagram of steady-state thermal analysis results
4) 25° JEIR RSB B SR Te T MR 2 3
U5 ELARAE AR B A R IR IR AN 8T 11 BoR

200 150 100 50 0 —50-100—-150-200

50

100
150
200
250

Y/mm

300

350

400

450
475

0 —50-100-150-200
X/mm

AMRAERESHE

Solar irradiance distribution diagram

200 150 100 50

& 11
Fig. 11

153 i B 25 205 SR A 8] 12 T, R A A5 K R UL
BE Ay AR e Z 5, AR S 298.95 K, i i i
4 435.97 K, AL TR S T N SR T . JER K%
BRI IR /N T 344.62 Ko WAHEBL R, OE SR AT
IEH TAE (R4 G 5029 800 K, PMMA 4
Fi423.15K)

435.97
W 2074
140552
39029
375.07

! 359.85
344.62
329.40
314.17
298.95

A,

0 0.100  0.200
-_— e

(m)
0.050  0.150
B 12 RESHOmERE

Fig. 12 Diagram of steady-state thermal analysis results

213 %

N AR EE RO L&A S Z ) i P & 2
i G JAE A1 5 7 /1 3 T X 245 (] A B3 e 5 33 )
HEAT Ve TR, T At 2 T 4 A (Y JC X Ah A 4
SF I, 500 % DU RS T B AR R, TR A
PR AT K B ARS8 X lie 5% 14 1+
DLHEAT ARSI, 945 8] T AT PR RIE, FARSS
R 3 PR,

£3 HRLE

Table3 Summary of results

it SR, 1 RO e
0°  FhIAEERHHEIEREZI 44066 KGRMARE)  AlfT
3° TR JE PR 2 T B 389.46 K(ffftE)  wlfT

] 5 R T 2 T 7 A
10° FEFURASE MR 353,88 K(FEM/RIBHE)  TIAT
PR A PN 2 T A7 34
25° RSB AR 435.97 K(435¢) CIEs;
TR ZA

3 ZESKAXRBHARNE—D
s

TN, R TARGEAGE i 6 IS TR IR ST
I T B, T LA T 2 I AR 4 4 ] A
R AR 5 A3 5o A AT 44 03—
Jrat. MRS, T B 2 6 0 4 AR S 4
1 9 S 9P 5 5, R BB 40 20 B T 20 £



RN 2023, 44(6)  VRYEER, 55 48 25 K FH G IR T OGRS N 434 . 1225

R R 2 I
3.1 RAIFEERFS KBRS R 5 T
S, RS GRS R BHYEE
DA TIB B, TS B LT 4 FhIE OB AT AT PE 50
B
1) 0°CIEAS): FER/RBERE . bk S HAEIE
?}L;
2) 3°: FETRUR B BE | B0 TRY I B P 2R 1T A A 5 e
il 2R 1 52 4
3) 10°: JETR IR 7 G0 S ABE TR I e N 2% T A2 4
4) 25°; JEVRIERE MRS T N RS2 H
H T B 118 i S A i, RIS A s P e
Tk, WA WOG AR BT 7 AR ) B U RE S A 25 4 )
AL Tt SRR AN 58 1 IR 5 1) 3 8] A R AT R S R
P, B ENRHIR H 6o EEXF LA L 4 Fhig i i 53
BT, EORIETR JK 32 B i AR T F- AR/, (B iy T 5
SERGEHEARE, SO N T L R, AR T T AL
1) 0°CIE AR : FEVRIERE | A N AR
PR ARG A (& 13 fFrow ) #4743 M nl DL AS
2, i TR R B Y R LB R T 547.34 K, U
I Ak, BOZ AN G A T AT CH o PMMA #5 A5
3 423.15K) .

52
oS

P

0 0.100  0.200
—-— e
0.050  0.150

(m)

B 13 REHRIWERE
Fig. 13 Diagram of steady-state thermal analysis results
2) 30 FETRARAE BT | AB R JIS A PN 2 T K Al B e
XA g R (AN 14 Fros ) 3E 47 50 # il BLAS
B,y TRV K OB B R e R T 476.59 K e
E 0 Ak, HOZ R B0 AT AT o PMMA 5 50K
423.15K).
3) 10°: JETR IR 75 BE AR TR Je P 2 T 52 AR
XA g R (AN 15 s ) #4750 Al LLAS

), o AR R OB B A el B T 558.31 K, Bhi
CLH AL, BOZ P BLA T T CHh PMMA 5 25
423.15K).

A
0 0.100 0200 Z Y
e (i)

0.050 0.150

14 RERDTERE

Fig. 14 Diagram of steady-state thermal analysis results

J\
0 0100 0.200 4
| |

(m)

0.050  0.150

B 15 FRESHROSTERE
Fig. 15 Diagram of steady-state thermal analysis results
4) 25° FEIRRBH MARTE T N R TH 32 #
XfRR A SR (K 16 Jrs ) #4770 Bl LU A

ey

0 0.100  0.200

= — (m)
0.050  0.150

16 FRESHRNTEERE

Fig. 16 Diagram of steady-state thermal analysis results



. 1226 - A

k¥

a4 5 6 )

B, b TRV R 3 B e s TR = T 636.28 K, G
L AL, BOZ R g SR I AT (Hf PMMA 5 S0
423.15K) .
32 g

242 SRR 5 45 1 [0] $A % T B BR 5 i AV
17 =1 30 2o R R AR R A A ik — T =X, L H Ak
AT 266 A8 (BTG X A0 $ 558 ) BsF, 43 3t U o 2 (]
SEAMET, PR A B M AT R KA
SRR B8 X e i (A5 DL AT AR S b, 15
BT ARATIHEAE, BAARZ SRR 4 s,

x4 HRLE

Table 4 Summary of results

SCER A F AL JG S P L 4t
0° FERRBEG AR L HAEE 2 RS
3° FEMR/RIBGE BB A P A, A AT AT
10° FERREG SRR R Z R Al
25° FERRBBL BT T NREZ I RAIAT

ANETAT D PR 2 o T T AR 0 B Y e el B
o T (423,15 KO, DT 5 BOH 6 AR T8 125 1
AI%L»Iﬁ_:‘O

4 LHip

T, W T R DL ER O RS IR R R4, I
gha s W AR S 24 PR AR, Gl 2o 43 B A5 21 4 [
DAL Ve HJZAE A N T 23 R A58 1 K PH G 2R T
BOLRRA— M AT H o . HOR, el
K BROGH OGRS BEA I T TRIAL R fk . 25 T4
il S B 322 2 2 T sy H AT P V2 D Re ) T 78 4% R
AL RN, A5 A5 AL LS SN i T AR AR
ARG R B ASHGL 1Y ied , iz H] ANSYS
Workbench®F 43 A1 FC4: , X I o't 28 i % 17 10 49 53l
AT T ARSI B, I8 o i 45 R AR B TR AT
PERIE . Bl S, 70 ] 1 TS 8 1 B2 1 I 1 v D g
B I JAE 3X — 1 (A5 B AT AT M S0 ) Al b R
VA IV JAE B Sy TG I Ve I RE Y 1T AL SR AR A S &
& UG B, I S RO A (AR i 48 58 X 2 ] B B3 3
Py ATV 20 . T, 138 T AN A AT 4
W AATAT Y B PR B R B T AR TR R O BT IR R o
o BE, ASBIFSE S 3 8] R B O SR T OB A R S
(i) P15 o A S B iy FH A AL T —Fh 2y R H 4
[ S48 R AT XM Ry el 17 7%, JF B
R 2R TG 1 I A T e Y 1T AR SR A Sy 2 2 K

JE S T 2 25 R AT AT B e R, Ol o ok 3 (AR
BH O 252 3 O 25 BE 68 15 21 52 B vz A S 438 1 F 5
R

K FHBENE y fg AR A T FEAE RETR . L H A HX
AN SN SE ISR E NN R b R SR R S
WK BRSO R Y T2 BB R IR 2 — o AR T HA
AL AR, KDL R B0 & BoA B 54
PRATAROR R SEATRRT AE  PERERRE LA S TS
QeAEAL L, AR BEOERGREEAT A4, A HAE K
BH . = & 9 2 (] e 5 EL W R S, A A i A4 R
DLHFIRE KA K 25 ]

ABEFEAE R B TR R E I S T EERY
1 2R A2 SR A A Oy 42 2 R e Y AT AT PR R IE 2 )i, W]
PAAREE AT e SR 30T0 f HAb TR2 FLE AR 1 A8 Ak 3
T, BN @ A S YAG AR R i A Y
IARSE, AR ity A e B 47 B4 7 9 23 LA
17 1L AR JRE 50 e T B AR 1 DB, O AT
S PR AN TE o R, X R G A IR
DRE 4 T L A2 SR A DAy 22 25 IR JAE 1) AN ] 47 0 U 4%
R, WA A AT S RO R T BT IR A5 R, 38 DR
AR, B TR 51 50 3 A B, DT B2 v
RE T, AR BIAR A5 2 ) AR R

&E 30k
(1] ki e, o B R Uk R AT 9T (D). K AR i Mok 2%,
2014.

ZHANG Hailong. Research on the new energy develop-
ment in China[DJ]. Changchun: Jilin University, 2014.
[2] R EBRRIEA TR A AR IR A& R (0], T F A
RETA, 2003, 21(2): 3-8.
ZHU Junsheng. Development situation of new & renew
energy in China[J]. Renewable Energy, 2003, 21(2): 3-8.
(3] Mr b, 25 BB e IR V3 4 Bk 15 BOR — % (1], &%,
2009(8): 28-29.
ZHENG Lijie. A list of support policies for new energy
vehicles in various countries[J]. Economy, 2009(8): 28-
29.
(4] A, MRS, 56T K FHAE AR AR & e e 45
FE ], REIRSTRE, 2023(3): 59-62.
DU Wei, DU Chengtao. Development trend of solar heat
utilization technology[J]. Energy and Conservation,
2023(3): 59-62.
[5] BT, &M, fTEf. K BH G A I I A HO L 2% K s
)0z (7). 208 53806 TR, 2006, 35(34FI3): 95-99.



[6]

(7]

[8]

(9]

[10]

[11]

[12]

NG 2023,44(6)  VR4EER, 45 2 [ 25 K BHOG ST BOG AR A0 43 B e 1227 -
ZHAO Changming, ZHAO Bin, HE Jianwei. Solar [ 13 ] mam. Ko kot 05T (D], At dhEE

pumped solid state lasers and its space applications[J].
Infrared and Laser Engineering, 2006, 35(S3): 95-99.
VISTAS C R, LIANG D W, GARCIA D, et al. Ce: Nd:
YAG continuous-wave solar-pumped laser[J]. Optik,
2020, 207: 163795.

PAYZIYEV S, SHERNIYOZOV A, BAKHRAMOV §, et
al. Luminescence sensitization properties of Ce: Nd: YAG
materials for solar pumped lasers[J]. Optics Communica-
tions, 2021, 499: 127283.

CAI Z T, ZHAO C M, ZHANG H Y, et al. Investigation
of dependence of solar-pumped laser power on laser medi-
um length[J]. Journal of Photonics for Energy, 2022,
12(2): 026501.

CAI Z T, ZHAO C M, ZHAO Z Y, et al. Efficient 38.8
W/m’ solar pumped laser with a Ce: Nd: YAG crystal and
a Fresnel lens[J]. Optics Express, 2023, 31(2): 1340.
CATELA M, LIANG D W, VISTAS C R, et al. Stable
emission of solar laser power under non-continuous solar
tracking conditions[J]. Applied Optics, 2023, 62(10):
2697.

Bt n, e 75 22, ARG, A5, RIS DR 13
ARFERE . BOtAE, 2007, 28(2): 11-12.

TAO Yujia, HUAI Xiulan, LI Zhigang, et al. Advance-
ment of cooling techniques in high-power solid state
laser[J]. Laser Journal, 2007, 28(2): 11-12.

AZW], TR, KA TR AR SMIT R IR SR 2 Bl 47 7]
ALT). ARAE R 224 (A AR i), 2004, 30(4): 110-
116.

DENG Chuanming, YU Weidong. Issues on the out-layer
protection of spacesuit in space environment[J]. Journal
of Donghua University (Natural Science Edition), 2004,
30(4): 110-116.

[14]

[15]

[16]

[17]

[18]

[19]

22 BEMT T AR e (CLARRVI BRI SR ), 2010.

TAO Yujia. Study on cooling of high power solid-state
laser[D]. Beijing: Institute of Engineering Thermophys-
ics, Chinese Academy of Sciences, 2010.

NI N, ZHANG K Y, HU J P, et al. Combined use of
blackbody and infrared radiation for accurate measure-
ment of temperature field of aluminum alloys[J]. Optik,
2022,268: 169763.

WRALLT, MR, B, 4. SRR B4R = K FHAE A
FHERMRFSE [T]. 2151, 2009, 30(3): 30-34.

YAO Xuhong, ZHU Linquan, XUE Zhongjin, et al. Re-
search on Fresnel lens for improving utilization of solar
energy [J]. Infrared, 2009, 30(3): 30-34.

KNG, X e, BB R FER R A THE G I
Yo dRim Ak L], PR, 2021(7): 23-26.

LIU lJiaxing, LIU Gaofu, CHEN Deliang. Discussion on
the change of amplitude of light wave in reflection and re-
fraction using Fresnel’s formula[J]. Physics Bulletin,
2021(7): 23-26.

FBE, 55 ST R B G EPMMA o6
RERYZIR [J]. TREIELNIH], 2017, 45(2): 64-68.
WANG Zhonghui, XIN Yong. Effect of injection velocity
on optical properties of high transmittance PMMA injec-
tion molded parts[J]. Engineering Plastics Application,
2017,45(2): 64-68.

ASTM. Standard tables for reference solar spectral irradi-
ances: direct normal and hemispherical on 37° tilted sur-
face: ASTM G173-03[S]. America: ASTM, 2020.
SAMUEL P, YANAGITANI T, YAGI H, et al. Efficient
energy transfer between Ce’ and Nd** in cerium codoped
Nd: YAG laser quality transparent ceramics[J]. Journal of

Alloys and Compounds, 2010, 507(2): 475-478.


https://doi.org/10.1016/j.ijleo.2019.163795
https://doi.org/10.1016/j.optcom.2021.127283
https://doi.org/10.1016/j.optcom.2021.127283
https://doi.org/10.1016/j.optcom.2021.127283
https://doi.org/10.1364/OE.481590
https://doi.org/10.1364/AO.485158
https://doi.org/10.1016/j.ijleo.2022.169763
https://doi.org/10.3969/j.issn.1672-8785.2009.03.006
https://doi.org/10.3969/j.issn.1672-8785.2009.03.006
https://doi.org/10.1016/j.jallcom.2010.07.207
https://doi.org/10.1016/j.jallcom.2010.07.207

	引言
	1 全固态太阳光泵浦激光器系统模型分析
	2 全固态太阳光泵浦激光器热效应分析
	2.1 基于ANSYS Workbench@平台的热效应分析
	2.1.1 菲涅尔透镜受热情况分析
	2.1.2 针对空间环境中4种光线偏转情形的热效应分析
	2.1.3 结论


	3 全固态太阳光泵浦激光器的进一步研究
	3.1 采用非恒温制冷底座的热效应分析
	3.2 结论

	4 结论
	参考文献

