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Experimental study of particles cleanliness control on the

surface of large-aperture reflector

Niu Longfei, Jiang Yilan, Miao Xinxiang, Yao Caizhen, Lv Haibing, Zhou Guorui’
(Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: To the damage caused by surface contaminants from the reflector in the high power solid laser
facility, the offline experiment and online experiment were carried out respectively, the remove rate of surface
contaminants was investigated based on air knife combining dark field imaging technique. Experimental results
show that when the deflection angle of the air knife is 0° and the distance between the air knife and the surface of
large-aperture reflector is 10 mm, the removal effect of dust particles is the best, up to 96.5%, followed by
particles of Al,O; and Fe with same size, particles of SiO, with same size is weakest, and the online average
removal rate can reach 84.9%. Through the online research on the deposition law of particles pollutants on the
surface of the large-aperture reflector, it is shown that the long-term cleanliness of the reflector surface can be
realized by using the air knife sweeping technology once a week, which can be extended to large-aperture high-
energy laser facility and future super large-scale high power laser facility.
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Fig.1 Experimental setup for surface contamination of reflector removal by air knife sweeping and its flow chart
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Fig.2 Boundary model of surface contamination of reflector removal by air knife sweeping
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Fig.3 Removal ratio vs. deflection angle of air knife for different

contamination types
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Fig.4 Removal ratio vs. the installation height of the air knife for

different contamination types
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Tab.1 Surface cleanliness levels of particles contamination

Cleanliness level Particles size/um Count/0.1 m? Cleanliness level Particles size/pm Count/0.1 m™?
5 166 25 7450
50 15 24.6 300 50 1021
25 7.2 100 95
50 1 300 1
15 264 50 11800
25 78.4 100 1090
100 50 10.7 500 300 11.5
80 2.2 400 2.9
100 1 500 1
15 4180 100 42600
25 1230 300 448
200 50 169 1000 500 38.7
100 15.8 750 4.7
200 1 1000 1

LT TS B AL KT WA R W R 5%, 2
B H 4 M SR I UL TS YL ) (BOREE H
W) AT TR LR L BRI, LA KT W R I S B R
TR () BRI B . AEER S I S HCh : KR TR
F1°4 0.55 MPa, X JT H R B 2454 59.9 mis, 7 A FE
(AR 2 BT T AT 1 I 1 2 S 45 2% T AR 1647 4
i R A B 5 B B — SR 2 S B 3K T 1 JBORE 2E 17 >R
8, IFRRLE— A 22 A7, LA R A S5 s 4 2 1o 11
KLOTREG O o 6 BTm e e WA Jia I 53 4 2% 1
KE H BER ] AR T B

WA E 6, KITWRE )5, 4 B I 54 2 1w Bk i 25
B 30K 4 9 80.4%. 85.2%. 85.5% Fil 88.6%, I H.
50 wm DL L 0B 40 A L B S ek /L B T Y R 1 T
PR 2 100 LA, bt 25 B 18] A9 22 fk, 2 545 26 1l 11
Wk B H ShAS TR 8h, 78— JE R P, A UL AR A
UL AR, RS G 2 1 ORI R H AR ], EJE

NS AT A 25 BRAGCE, 3t DA T 158 BH i S 5 2 ki
O K B T 2 B R RS A — 3. R, ZEH R L B
FAPRIR], 6L R B8 2 T BORLAE h #E 50 pm K LA

T, 0 50 pm K AR B BORLAROME 2 BR Y, IF HAEZ M
S 2 T ORE ) b 2 R R B, DI, AR T Bk 5
KB LBRACRME TIEHR o IR S 33 Bk 1 19
TR IC 3R T, UKL IR 31 I I A R < B [l 5 T
[[0F A I e LK (s W A T i AR U Al SR
AR I 0 B AT, R A T ) SRR PRI, K 15 1]
RTI% 22 B S S B R R A . 45 RO B —
)i W A ) A, LR AN B B R I TR] A 1
B, PR, S T B FE WA I B B T N T) A 3T
AL, L IR A RO B AT A 5 A H B3I
I T 7 B 78 DR 5 R 2E X D WA i e S 3 T R
ULREZS 54 H YRR

A LLE B, % B B R B L BRACR A 79.9%,
WA i — A P9 S S5 i A e ) S O R, O i
29 WA i B TEUURLY 1.2 4%, 35X AT RE R B TR Ut
T b 75 N BEAT B RS e W), S SEORL TR ST
FLHRE G W N R AR R A DO 2= R AR
TET, O HC 2 24 A T 0 45 K 1E 4 BEL P O, 2 B4
A2 R, o T B4 R S 75 ) I 48 TR LR, X —
AALAE NIF B SCHR PP AT RITESES Woi— A 5 B i

20210117-5



ISk A2

% 12 www.irla.cn % 50 A
2800 | (a) Before sweeping ——1# 1600 | (b), Before sweeping —e—2#
L 2400 | , 1400 ¢
< 2000 | == g 1200y —
g, B 8 1000 | 95.59%
o 1600 1,920 [
8 23% 2 800 | 3320/8
2 1200 t // Particles distibution 2 . Particles distributio
£ / 2 600 | ;
800 | ~ 5 /
Z 2 Z 400
400 | i*“w—j'/\\. \_ —— TP
After sweeping — 200 F A for sweeping e
o 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6
Time/d Time/d
1 400 350 - o
(¢) Before sweeping —e—3# (d)*  Before sweeping ——
1200 b 300
w) §
2 L 2 L =
é 1 000 £ 250 = @Bljlgooﬁ'ﬂm
= Dl
2 800t < 200 | gm.
= - 1‘?3"/6;
5 600 | 2 150 | ~
_g g /,/ articles distributions
2 400 | Z 100 | A
200 : 200 i g
After sweeping ) ) ) After sweeping
0 1 2 3 4 5 6 012 3 456 78 91011

Time/d

Time/d

Bl 6 FEEMAIRT G S B 2 UL 19 e R 100, 1#2#3#4# 5 BIACR 4 B e

Fig.6 Maintenance of reflector surface particle cleanliness before and after online sweeping, 1#2#3#4# stand for four reflectors separately
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Fig.7 Long-term maintenance of reflector surface particle cleanliness
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