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Study on effect of heat loss on energy measurement
result of CW high energy laser

LI Gao-ping, YU Shuai, YANG Hong-ru, YANG Bin, WANG Lei
(Optical Metrology Laboratory, Xi'an Institute of Applied Optics, Xi'an 710065, China)

Abstract: The energy measurement result of CW high-energy laser, acquired by the calorimetric
method and traditional data processing method, is influenced greatly by the heat loss as the laser
pulse duration can be up to 30 s. The effect of heat loss (including heat radiation, thermal
conduction and heat transfer) on energy measurement result of CW high energy laser is studied
in this paper. An experiment setup and the mathematical model of time-temperature relation
were built up,and the correctness of the mathematical model were verified by experiments. The
temperature rising curve of the taper energy absorbing cavity according to the relative expression
with a corresponding data processing model has been gained. Based on the mathematical model,
the measurement result is fitted with the least square method and the fitted curve tallies with the
practical curve quite well. The measurement result was corrected by the data processing model.
The energy measurement result shows that the measurement uncertainty is within 1%.

Key words: CW high energy laser; calorimetric energy meter; heat loss; taper energy absorbing

cavity

:2006-07-10; :2006-07-30
(BZJ010103)
(1966*)9 s ’ * ’ ’

. E-mail : gaopingl @xaonline. com



e 38 e 2006,27( )

YAG ,
(COIL, chemical oxygen- ’
iodine laser) (DF, chemical Ls Fluke 1529
fluorine-deuterium laser) °
2 200 kW, 40 s, ’
®60 mm ,
[1-2] , ?
0 YAG
. 91 s, 3128 ],
, [3-4] . ’
0 , . 2 o
’ 115000
1) o 11.0000 F, BOCRER: 24150
S 105000 TR 89455
N\
1 iﬁlo,oooo
1 . 95000 [
90000 73000 1500 2000 2500 3000 3500 4000 4500
’ B /s
AR AT,
2 -
M- c AT . , . - .
E= a(A) (D Fig. 2 Curve of resistance vs time obtained in experiment
E s M 2
5 C s AT
3 a(d) ’ ;
30°, -
s 6 R ’ °
90%, 6 ,
’ ) 2 o 2 D
=1, 1 °

1

Fig. 1 Taper absorbing cavity of calorimetriclaser energy meter
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Table 1 The laser energy measurement results obtained

by two different traditional methods

method AR/Q E/] Relative Uncertainty/ %
1 1.281 9 2 587 —17.3
2 1.656 8 3 343 6.8
. [5]



2006,27( ) s * 39 ¢
2.1 oo (8)
or ' or
ds r=r, , T=T
r=r, » 1'=T,
dE=so(T'—T})de (3) (8 2
H dE ;s O -
;S s T T = '[Jrl ( / )ln(r/ro 9
0
H ’Ivo o
2.2 - JE
__dr_ A T-T,
. g=—4 dr  r In(ry/r) (10)
2.2.1 o, 2mN(T—T)
@—27’(71(1—7111(7‘0/7‘1) an
’ 2.3
[6]: N
T s (3).(6) (1D -
pe=2=2 —)—I——(A—)—I——(A—H—qﬁ (4)
of ex ox’ oy oy
o b ocVAdT =so (T —=T)dt+ (T, —T )hAexp X
hA 2L (T —T )
o ( pth)dH_ Tn(ro/r) de (A2
° ,(12)
’ d’I‘ e ol T4
) d—t:ao-i—aJ +a, T +a; exp(—ayt) (13
(13)
T—T, hA
= (——1) (5)
T.—T, P oV , 3 ]
T, s s
i T, , . 3
; A H s 1 000 s, 2 500 s
Vv . dt 4 000 s, -
, (13
hA
= (T, —T)hAexp(— 410 6) ’ z2 -
a4 12
2.2.2 i
I
I
107 R
a 8
. IR
2 [\
s 2 o[ \
F N
o 4) ’ [ \"“"-w-......_...______
T 27T 000 2000 3000 4000 5000 6000
oc §:7§( r _)+__(/1_)+ Wi /s
SRR —HASR
——( —)Jr@ (7
r oz
. s (7) 3

Fig. 3 The curve of resistance vs time
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