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SUMMARY

I. Project Title

Development of the Laser Design Technology for High-power COIL

II. Objectives and Importance of the Paper

Recently, high-power COIL(Chemical Oxygen lodine Lascr) has been
becoming more efficient tool in laser materials processing. The reason for the
interest stems from the possibility of getting more than tens of kW output power
and minimal loss in optical fiber beam delivery. Morcover, shorter wavelength of
COIL compare to that of CO2 laser shows good results in cutting and welding
because .of its high absorption in materials.

Therefore, some high-developed countries has focused on developing COIL
technologies for remote laser processing of the large structure such as the old
nuclear power plant.

We have also some nuclear power plants which arc more than 20 years old.
Therefore, we are trying to develop the laser design technology for high-power

COIL, which can be applied to dismantle and decontaminate old nuclear reactor.

III. Scope and Contents of the Project

We were trying to develop the optical design technology of high-power

COIL and singlet oxygen generator, and laser resonator technology. The scope and



contents of the project are as follows ;
1) Study of the process of chemical reaction during laser is gencrated
2) Study for efficient singlet oxygen genecrator
3) Supersonic nozzle for high-power COIL
4) Evaluation of laser mirrors and measurement of output power

of high-power COIL

IV. Results and Proposal for Applications

Results
. Theoretical study of the chemical reaction process under laser opceration
. Basic design of 10kW class COIL
- Design of efficient singlet oxygen gencrator (Jet type SOG)
. Measurement of laser output power with self-developed mirrors

- more than 200 Watts

Proposal for Application

In this project, we developed the optical design technology of high-power
COIL. On the basis of this project, we started new large-scale, dual-use
technology program betwcen commercial and military. We expect this COIL will

be applied successfully to remote laser materials proccssing.
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A1d A4A
Chemical Oxygen-lodine Laser(COIL) /&2 &2 &M = 42 $
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Zefo] oA g HCl #olA 7} 1965 o], HF/DF #lo]=|7} 1972\ d o]
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of A& wAEct[1,2] dZLLE 33tEo] W FEE uf UYst= @
oA A& olgslaen g L FRE wErt

RI + hv = R+ I(%F,;) (1)
I(%Pi2) = 1(%Paz) + hv,
o 7]A RZ CH; 2} CF; o[ o]&2 AAFHLZ rlE AZER dAFE Hrist
on oA apgo] 1.315 um Y& FHASIATE  EZF ojufe] 2.2 =U%te
1(Piz) — 1(%P3n) 9] o3t =p7] 22} Holgle A HolxALGL Y&
3 BFAM AL P, A 225 A7 $83 WEs A2
A7) wiol WAZITH: RS dodtl. &Y AFHEAL 2ot #Holx9
2R A.J. Demaria &} C.J. Ultee o] 1 ANZA Y3 Act [3] 2152
flash photolysis arrangement A3 ofA] £ 0= dolx2] &&o] 65 joule &
& Hastolrh.  ER 8F 2=t sl A ApEelx I Az @
QxfAxte] wiepEAtgelel e SE Az} (Pe) 7 LoE Bl H
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i) A A dojd £ glon Py, AAFE uletdeize] HolE
7VedtA s A7l "3 BUEES O3iA JXa e Zlem weiA
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Plank Institute Fir Plasmaphysik 2] K.J. Witte, R. Volk 5¢] & AIE
o] &Y 2L #HolA Jl&g wWHAZ [11]

Z71e] i 22 ol AFES AMEH I dUAE HA
37171 7Hedt A BARRE I AAT gain cross section wiEol Fojyt o]
A Alago] Hrhe Zlojth, AW HaAle® ¢ QR2E gain HA(a)=
ThE Ao HAIA BoFal 3efaoe Exl 20k #HolxY F4F

a=0(g,N,~gN) (2)

7127} "©itl, o7)A o0& magnetic transition cross section ©|3L N, 2}
gus N &t & v A w2 Ao W2 AelE] dRPAEA population
density &3 SFEEEE UEhdch. W& dFAefold Liehths Aol 4

flo

o4 WS Theel gain of TR Ao Uehd £ ok 7N T & 2%
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__1 T, 1

a=15 90| 7 (V=g Vi) (3)

)\3 /2
g =4 m

T

A2(T = 300 K) ol (7/12) 0, = <F 7.4 X 10™ Co* & Tt 7}Ac) 919
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A = olrk [14-17]

I(?Ps)+ Oy 1A><:>1< 2P1a)+ O, ) +AE

AE=279 cm™!
2 - LK P[0 '0)]
I(°P1p) = Ko [0 I1-10,('0)]
K=t =075 cxp 42 ] W

A7 oF7re] oLz Xol( 4E = 279 coolE R2EZ Uz Hol:
THsdlal 8252 B &% Al$ K = 4.6 x 10 con’/mol-sec & AF20)A
oF 2.9uiE WrH &%= K. = 1.6 x 1013 cmd/mole-sec & UYAMTL W AP
g AINH AL o83t 0! 4) EBE BHshe

HE & WFol FH ofyx] o] 2pFo] ¢
BHH oUA] BRof tht I AF FHA thH gro] Ex3tA] U
Thal AT [17] T&o] Hol £E& 713 F&E2 4T ez
Elvt ofUx]do] Hxe 2% 58 AFAE RAcie F3F3ta Qdch
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A7IH A(4)o] ol8HULE. Ara-20E oJUx] Hol dHolHol cht 4(5)
e 29 gain 7] WHY VAE HolFZ F 20T 3} HYRAES 7}

AL e HoZEy] oo mj 2R3k AMNAL Kf >>1 o of oS Sof
K,=29012 f =2 Th] s O, 1A>=—§—o§ o o A(5)e BE a4 Bg

of SYHold gain o] HTIZk, a,=a0 LU0l 7HAA Feh ol A
WAL ARlo] e el 0y(') o AHLEE dold Wl Yol &
ks A AAWTh  wWF BY gin A F, =0 d ©F ZAHEA
Boel thsld Waw EE ix $& L 7 theT 2L el
0,('2)/07 ¥I7F 14.5 % BH= & 2utE LAECE 200 K oA £¥of

5t 0,(A)/07 2] 273 8.3 % 71| WolZc

-2 _402 7.
fi=% exp| - |=0.169 (5a)
or Yim SR

24 AAEEE poEdxze FW ouA] Wol AZeHE LoE
dold WAL 95 o &S F9Ze 42 SEo] W YT o|AL Ity

A EF AEE FU &HA iFE JEE siA I

A 3 -, AxES] 0,02 BHetE g4

oA AFHUAY tha F LA AdAUd I FA 2 A5 3
3h3 At&-20E dolA( COIL )2t fexxte] 31513 EEog AYsie=
A= Hzstgdr}l. Selinger & I EEES0| NaOH &0 Cl, 7|HE =
ZA1A THE sodium hypochlorite €942} hydrogen peroxide £-¢§& w27
TYste] 3 A FHAM GG Fg N wEe wEselrt [18,19]
283 YEL onfx fﬂiiilﬂ] AZ 0,('h) dimer 2HE UeE JOE Ko
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Fctka = ek=El et [20]  Fto} AxPH o R EE AtLTE qA YA A=
ChH Zof "ol 4td® EXEA EHAE 2oz AzFejzltt. A4LE A
gd3t= ¥Rg2 oln| hypochlorite 7]|-qxl4 ¥r-go2 & oA Qlrh
HypochloriteE 417171 $is KOHE-dol Cl, 7|HE FFA71Z B8
hypochlorite 7} 2}itstpiel Whgste] 4tarl WAYSHA Hrl.

Cl, + NaOH — NaOCl + HCI (6)

NaOCl + H;0, — NaCl + O, + H,0

0,('8) Aol A E AT IS5 Held & 1 29 AgEo] AR
stglon] Eio foFsialr}. [21-23]

H1, Z1A-gN W By A5,
( Gas-liquid reaction model and ratc constants.)

e SEAS
1. HO;+Cl — HOOCI+CI” K1=2.1%10"°CM%/mole- sec
2. HO3+HOOCI — ClO;+H,0, K,=®
3. ClO; = CI"+(0, ') (in liquid) K=
b (0 = OCin i) K OIBETEE ion
5. OH +H3;0, < O,H +H,0 Equilibrium: K. > 10

919 FolA whg 29} 3& ukg 13} nlmsle] LE7 Bituhel] sMgA I HE

RAE AR "k holA HHL2 Ho, o] £2Z o|%Fltl. Khan

fr

(o

hypochlorite ¥+8-& E38lo] oo AR L 0,('A) 8 & UAESS
ZArstgct. [19, 201 dagate]  sEdes FHT 3749 Az,

'So M, B, (abgAEl), o it ke zasfof dith. Hol( I« %,

g

L

<

€ A7) BFA I3, &% FA, ¥ FF ol x| 7R £HE e

okgh 2}7] #IA HMololrh. Hol( A, < %) £ 456X £HS
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gt WHEEI widdele] B4 EE AloldA e Aol HAH
| vtepdelzt obd EE Adele] B Eo R}
‘Selel uhebdenztel F3} Holzt dZs| FAHIL FEES
Y Jel® EX)stA € Zlelrt [24,25]

. Abg SE Aejellde 3 UPo] £ Jefot vie el
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2ol
e
X
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0

A
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Az 29152 TN EFS Y4
O:('A) 2| Aol &3 Aelel uletatelziel A3 29 FXQ F9E =
sl Erh I A ARHES 100 % o IxIEEE M Q’%iﬂ"o‘dwﬁl
0,(0) ¢ BAE& =98] o1 glth.[20,21,24] E@stA Fbae aleje]
At dAdefolA el Fitomlyt ofx ulHAIStrL AP RITE 70% oA
80% o AAH £5&E 71X Zo] o} [26,27,29,30] |

~mt
o
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2 1

m[n

E1. 8 ¥gEe] mie &2 BEE VR O,(M) & AEE £ 9
71 wi2ol O,('A) & B0 vyt B2l3 AL A3y wert vk A
/A g RA ST 3712 o vehe] FTh  d4 JIATE 7148 sk
4( basic hydrogen peroxide, BHP )2] o§] HHolA FEE 1 Hl. oA H
o7 Hbg-EAjof miet wbgo] FFE oL AHH b= oH FLBFE
HarEo|2 3L JIHE dolrtr] 918l A Folal "olx iparh  AA|Ae
de Tl E1. o Hbg4Ale] 23t whE w[FAG BV Ao AT AHH
o2 0,('N) B4HY A=E FESA £BoT FAAFH} 3tch dAuksid
AEE Zo] Ao mE st Al7to] wHAAEE FE3] of/slA] &

3171 miEolth  mebd da JAE 0,('8) o A ol tiE RE
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O,('8) Kt} BHP £o2 of A Fa=oldL gEi 2o uld dE3i=
H] "adshd Zolth, it A4E o83t 0,(') o A el ulF o

D=7%10"%cm*/scc

rr

5% 4 9l& ZoJth.  J|Alo] g oA FHit Ag
oli FAt ol Thy Az} o] fA| Exf Aol AAEH,
1*=2D, 1,
el A3 AQ e-folding residence time = TSI} Zo] FolRirl
14=(k,[HO 5])“1’=“loh7sec

A g ZFole vhet drh

1=\ 2D (k, [FHO ;D) ' =1.2x10"%m

ol @aTAI AY FA HFl HAR(107 sec) BE el A
&F WEATIE WS fitte ZAE& Yekdoh AF o] athE o] AA I
o|ZHE FitEolxofgt 13l o] wf Hels AT ERF AAY HBYHE
AYste Azte] "®oh. 2#A 0x('8) 7t B5F AAAA B A% 1, & o
H ol D =D, o7l wjEol th&zt Zo] 7HHch  dxolM 0,('A) ¢
2z} A)zbo] of 107 Zo|7] wjEo] x|t

12 Dcl -7
T~= . = =~ .._10
0 ZDO D()K}[HO z] See

HZ843 £%  M=10"secol]l 3] olEE wEAHE a0, 'M)E

Ty/0t=107 o7] wjEo] tiE Wolrt Wt

Copeland 5-& O,('8) o Aol tiRt whe FF@ 74/ g &
H& AFsTh (28] ol BAL A4 YAz A& AAe o
A EAH ol vish Agsidith A4 AMENEe] Bt FEHL UF

st wEgShe SE@nt ozl JA 25 st gk 252 1 A

°l HO; & AA3A77 I8 g4 71AE ol&sle g AR e,
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10 7sec =k, [HO ;] Hrl 71 A 7bset Ax] Atefo iz F&stgich.
3 Aol O,(A) WAL wdyoT o dxute] Z7bo] waictin
Fastodrt.  AAT 0,(') A uBAEsIES AEy 2ok ohlel s
2HE A2 AR HAFEE 0,(1A) o deids dmsigct. R Hx
A ZF EH L dxut o] gl A AoA A J|Ae] Basl Aol 2
£3517] BB AL Horh o|AL BusA 71H] B2 &Eo Arf
Hel ox] Sl oEfIcHE AL el

AollA =213t fAhe I32. of Uehhorh A2 ZH7L oOA o
2 EZRHQA g o5 &5, UfF & 7RI gt F2jch, &, g4 AR

"
= Y

olF A EXEo o EHS wig|n EHE S oA FHatEln ¥kg-s}
= 84 4 S5 FA4Fo] vt REAFA d4 A dE4E T oA
Lieptch

dc(‘l
dt
A7|A C £ 3HFL sEEOlI r & MY Hx9} 7N &LHE9] "ot}
Jel3 S + HEH HA J[AEn ] vlo|tt,  ANAteA HAT HFE
Zol2] HAl/3HEAH A= HIE £33IC]

[D,(k,[HO ;1) 1]V?

rS——=-UfC% (7)

CLix,t)=P C 0,t) exp(~x/) (8)

AFQ AN 0,(N) o BE, Clxt) & AAY ol 5843 A

HAw 2 A 71A] & 743

Cf,(x,t)%Pc,Cd(o,t)[eXD(“VﬁZ)‘eXD('i})] (10)
+PECE(0o,t) exp(~7T)=f/=K4)
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GAS  Cl,+He (Ar)

cl, o,(4+0,(n

|

t=0 t=t
L=utp

282.0 ,('8) GH7I0IM S 7|5 - BHE 2AE
( Gas-liquid system for O 2('A) generation.})

A(10)oll A A Ha X532 0,('A) & FHiHD,) & HBAEH HE(K)9
Fdol AHT 0,('h) o I wBPEE vehdct F oz 25y
AHtoll A Cl, T W] SHlolA el ths] A&t 2g[aL upA|
g g2 Aol 0,( ') o HlBAEe} AN dHeRe] 0,())
o] Wk Adigiitt. T2 e Atk JHY go] & FE ALsie
B3Hes 22 g 7M. o] FEIIAL WHEstE 1Al o ¥
Clz 7} 3EY HE fu 3} O 71A 5=, Ci(o0), 8 EFY FoE Uehd

fr

th 4% 72 Aoz HAHTL P} CL A 0,('A) 7t BEE uf
atoh A[(10)3 2 REgol 28] EHoA Falo] dojital i ERISRR
Bl Z1H4e2 dolrt WETh  0,('0) 7F dA FHe] BolE Fol o
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A ulgAssl AREch  ofg 0,(1) 7} "ol Uzke el vy B
28y olsl7} ofx] R&sty] wfRo] Aba/lN Em olg A7z ulBAS
qae} M7 4ta fe] FHE olgstd ATt

Al 4 A, 27] COIL HolA B

Ao EE Q05 HUxtof T dolHBALLZ 1977d McDermett
ot I BEBEY o3 AL WARI 1978V RIEgch [26] o] uf
basic O,( 'A)-H,0, 4+&-& ol&3ls] 0,('A) & AAA7|7] $I3] bubbler
7t ol &HTE X7 AFolMe £ YeHES] £8o] 1979 B+ 100
e o F43] st [30]

I 7h2dl COIL o] dFo] dUgtt HEOIEW 1 B4 AZEE 315t
A a0 HFE uE ZAlY ¥52 A430nh ARES #1343
Ex7]9} do|x] dAre] AFE |2 Held, Hurlock 2|3l Copeland So] &
AL O,('8) Aol oigt AN E S ols)stx] EyUrt. [21-23,28] AMRE
2] 7|RetA Y T MSEEEF S ol FEATE oS
ER $£35719 I0°P,) &9 FE TAILU [/0,(') F5o 28 uiety
A5 BHYES olsliER] K3t A v eERt HItsHe FET
2elal ofu] EASHA AL J|&Fe WP L L8] FEHol AT AL

ilo
[

ul

EHE 42 225 WA oA EE¥o]l AFgcE IHAE E3MAL
ety Erolet dolA B HAEY wEA WEsAch oS &
A olF ARF HolA Fe¥o] BEty] whREoltl. (PP, — Py Hol
E BAste ohE A=t AelE 7 A Y5 gain 3 dolA S TE

71 $13] 21(3,4,5)4 0.8 23EE O,('A) £58o uigt 37t Q& sic}
ol 0,('A) & F3LA ApAdof iyt EFE ofsfet HWHIRA o2 MA H=
3 AFEZHFEH AF5e AHES AE AT glo] A = A sF
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McDermett Soll &3] AFRH O,('A) WA7|E= Cl, 7|47} BHP 49
EASHAA 7| XS YR IAA NS 0,('A) F BEAII| = Sparger B
ef et [29, 30]

Sparger oA BHP of £33 H4 7IE7 71X F219 AN FH
A wEgsfofsla tol A AHE 0,(A) & 71ZE7} 2] Head E E3)
o &AXE S JIA J|RZ HAAE oo} gt wEe} BHP oA J|E] &
A o] YR Bom g47F 0,('4) o2 AR ABEA] 4 zlolm w4
7] $5&o] W& Holtl. gtek BHP head 7} UR I &, 7| &) A2
ol UR 2 AL ulBAsl 2ol Aztgct. ol2g ATl E 0,('d)
o] ulEAIL £ FH7 Exgch. A WHAE 712 e O,('N) 7 7E
FHe) oA thi] Hatslols Bolweln wgAds Bk Fodxe =3
O,('0) MR/ BH 2ol 71 AAlollA] dolditt

k
O3 '8+ 03 "8) D> 05( ')+ 05( %) a1
ke=2.2X10"%cm%/ sec

o] FL A2 H{EAAFLE JIAAT AHol o EFTE U A head: 7|
of t]gt uf$ = hydrostatic UL HZ3Ich oS So] Ttol J1Sxk wpAl
712] kA ko] 1 Torrolebd 8cm 2] BHP head: 7[A| 71 Eo] tish 8 Torr
9] hydrostatic ¢48& A& Zlo|t}. o|& J. Kodymovael 2] HAE L
| Sparger ®WF-$7lo]A2]l O,('A) 45&of thl hydrostatic head®] HZ}ES
233,06 Rodvh (28] AH oz HHo] B oA Spargere WA F7H3
W2 AP olA 2Ed 4= Qlil Sparger?] 4td At 532 Sparger FA|o]
o8& 4 ol oA E WA o) zeHrt. W2 FY¥S de WHS
olFo mWE EHE I W2 Atdk oA R Sparger EH
HE& F7HA7I= Zeolnt
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THE 714 go|AEAAYE UL 3l 7| TFo| B3 FH7|
A A o2H dolx ZIE F43 AHHEATE ol =k 1979
Wof Benard Fof &3] 100We] =qtofA XHo|A 3stalx 1981 TRWAOAM =
Berg Fol 2kW CW FX]§ E.o|A stAct [30,31] F F7] 340 Hager
5ol 2J% Ax|E= ofF 2 hubbler?} “sewer pipe quantum engineering” &
o|-&sl= Zof &5 £3& 1008 F7HAZch [32] ol3 Z=ete] upxatE
1985 Hager Sof 2J3] R.I¥ 4 n® gain Zo|E ZIX|Z 4.6 kWe] €39
o] = o]t} [32]

W2 o dFAEo] COIL Fol o] Eof Cle-BHP 313-7]8] cthe}
27 Hte] mE 239 o8 FelES Kol A A|stglrt. [33-36]

Sparger Hh-3-71¢t FE oY 2|5 ffol 23] AAHoE A
=] 7] wfFoll dolxe 277t T T 3= g [37-39]

Ny
P-= 91MdUc,[YA— Yﬂ,—NA( e )}nef (12)

A1(12)2 dAd oz &8 Aottt UeE £9,P,E Cl, o % Ma}
i g SEAR Ug, O,(N) & £5& YV, O0,(h) $£5&q ©es
FEE Yy 225 22 selo] AR 0,('0) 22 £ N, L2EER}
2] 5% N, AFE A& n, o FEE AEsAE n,; ¥ Ef o
T &A, SEEF 845 &4 2 3 YE &4 5& dEsta 9l
cl. g3 91o]2l= ZhE kilojoules/ mole & oy x| wg&E 713 o=
o] oju] Xolg Liehdch.
bubbler WF&7IolA  O,('A) & $5&o] uf$ ei1(35%0lA] 65%),
¥ UAFE o 10%712] Y& + 7] e ol 8¥E £ U= &YS U=
= U2 9449 f2E& F7HAFIE Zolth. SRRt bubbler ¥hg-7]ofA]
SEot YU oz A =t meld £3.& gol7] e X
% d9-& FI7IX 7|3 “sugar scooping” HANE FA3}SlE=

fr



60 -

na, %

20

a3, 8Ue Folof 2 0 (a) =58 AES.

{ The dependance of the O 2( A} yield on the height of solution.

Hol Wastdrt, Ase) HBE The ol Urhdch

QAL J(2P,,)—I(2Py,) Aol

7N da WEp, £ Aol Qs LW}, o}ge) 4KHF COIL o]
Sparger WA} 2 =& AY(A)E AT YA ATh  2eE BAHE

ThE 37 AR &5 v, 7 Eolrtop & Zlojth

1

A 5 &, 727G 0, o 12 oA Ho] RS

A Ats W 7] 716 ATl Aol Al o] Hol}
oub: ®AE Th T HEol ¥ Wast Utk ARz 20
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ol2] FHeuR] AF HkZo] dolLlr] fsiA= thEe W2 W&ol drh

a) At ExpOA Y] ofuz] zjufx] wh-E-

b) AtA Ex19t 0= UAL Alol9 ofUyx] zfufx] ¥H-&

c) 2. U=} Quenching #Hg

d) &= i g ¥k

212 FFE iy B3 AFE2 g FFSA=T dut Ao}
R.F.Heidner of &J3} zi¥ |5l 483 AREH gy P 5ol izt 37}
7} Ael=Ela BarEe] F o). [40,41]

219 WS E F A WAl Aol wx] F IR Y F27 WEEo] 9
th. R HAe olde=E dF Kol AlUA| pooling BFFoltt. &, HXLA
o2 T g B ouz] el [0,( )] 7t B2} 5o sl YAEHE ke
o]t}

205 1A)k—ﬁ»og.,( )+ 0,(%2) (13)
k¢ = 2x10""em®/molecule- sec
Heidner &= o] ®h-gof thgt L= EALE WA [40] g L2751 @
< LEYSFE ZIY Ftste Zojth o] WAL 0,( N8 £4E Ko
F7] whFoll Fasich  Zelal A4 EAETY Aol U4 AF ol uvld
sto] E4E ST

T o] olUR] =fuix] ¥R 0,('2)2] 4% 712t quenching ¥H-g&-

ot}
kq
O ')+ H,0 = Oy ')+ HyO+AE (14)
k, = 5%10 %em®/molecule~ sec
o] ¥kg-2 U] L& AR} olUx] AeiZEE ('A) el oyx] AL U}

Ehdch o] zpgolA o atdch 3 2k A Aol A wiebieid T o
22 #3571l A7t HAFAQ vEEE ¢ =erh
At B3Pt 225 (AR ouz] I HFES ofFel HIW 4
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(4) 22 vehfolxls 225 EEJIE AT 39 olvx] Ho] HkgEoi &
T EE ALl SF Q05 UAE Alo|9] HEZel ¥t At F ¥ SF

Axprref =8 oA pooling WEZo|T}

1 2 ks 1 2
O, ( A)Y+I( P1/2) — 0y 2)+I( P]_/‘Z) (15)
kg = 1.1x10 Bem®/molecule - sec

Z JHAAL QoA b Ag 283 HEE ¥

£ e vf Fag vrgolt  A(13)o] HEe LQE quenching £E7}

o
T
olo
flo
2
o
it
S
b

k
I(Pyp)+ HyO — I(2Pyp)+ H,O+AE (16)
ko = 1.7x 10 2cm®/molecule- sec

M GOE mle FF WS LT Bxjel s Wgolth szl Hhgol
god ROE AAE BYAZ 4 ¢ WEelth. 23 doldE wE 4
31:}. o}z-l_a:_ o8 Ratel szl WS A ofsHE 2L ohth chee
2] wgol AAHCE

. ko, .
I+ 0q( ') = T5+0,(%2) (17a)
ki, = 7% 10 ®cm®/molecule- sec

klOb
I+ 1P ) + HyO = 15+ 1(*Pyp) + H,O+AE (17b)
ki, = 35x10 " 'em®/molecule~ sec

. L ku 2
12"'02( A)—’ZI"’Oz( >) (18)
ky = 3% 10" %cm®/ molecule- sec

A7 0,('h) off AT L0= B =2 sl WS A T Fo
§ &= PHo| HelWTh A HH F A ST, ky, okt ROE B

2Hg vieh Azpgejols AFouzFog wfe £ EE Aei( 0>30tod0)
2 E=A vrETE ule Aol AFeUz|Fer EE 205 X

I; & 23M4elMA" 0,('0) ot EokE FEo] o) sfelsiA =
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Heidner of 2J3] uf-¢ wtE Zo] FHIFgch [41]1 o] FAME ILx, v
>30) 7F O,('A) of &3] I,(B%n,) v=3 £9% ExA "Hrl &= 8%
Exle £ 72 aeE HAE sEEEs [,(B'n,) AXAeit Fxsle &

¥ YA E JHXch. B AL ogA 2= APyt XA o2
FefolA 7o fox 2P AFAUA] EF] dojrtrfelrt. &

rl

o 0,(N/I, 8 BEEL ki =35%10 Pem¥/molecule-sec 9 = B
L5228 4% AFUAIFLz EE [, § 4487t I ZAAE g
(18)0] o] &} I A=t} 2328 = =} upx} =5 s
k10, =35X10 em¥/molecule-sec & HAT = ST £ERTh T w2
A FEA Ha ABUAHeE BE eoc Exe A4 uyW
t}. [42,43]

oo} A2 F wAY AABL &Y ¥ XA APE B3t oA 5o
Ach[39] F 7He 0,( M) 7t 225 EXE AT g8 ASEH A
e A2 A(15)0 whet I(PP,) & AR F Hal 212 4 (17)o)) 4}
LHT  wlebd HaF F Y 0,('A) 7 9.5 Bl slg] uhgoll AR
The 2& 7138 4+ A3 S9831F oL AL F L o=BxjolM dup &)
glEl=u 3t A3 H,O L ohE v[EAEE 3EEe] s 1, u]EAd 3t

e ¥t ez "ast 0,('A) o ool dnht EHE solth

A 6 A, AA vES7e} HelX HF

Aha7t Aol A wse]d shuich el sleld AFHROl AA/
A B Edel Fagold wiuttt ML HolAUY 4 =S ERO
2R @astolor Wttt 22 WA Y ot JAeld 44Y Ak

o] 0,('d) ®W u|EAEE M) 9ls) o] Ent &2 £58& VI e 3t
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L oo EAx|0]A 2 alt}. W ozl sl Qs 0,('A) b o
Edog g ¥HI 255t A5 Zalghcl

Disk L} Spray ¥E-g-71& O, 7t HAsStE EHEL Fol3 F3lo ¢

2

3] 29"k JlAAlA 0,18 & WAL A 0,(N) Tt ¥gIY
Bulo] o3 WAFxE FIEFFLEA FHFHAE EErL AMH d4
of o3 s}t A on ALFx7F WAET] wfFol] FuloN dio] &4
< AHFLR A4 A ATt oluf itAe] AL HEHHoA €
5& ¥& B3l gt T g FulolA at4d] Y
Aoz A(13)3 A(14)o] g3 FASRZL  0,('h) & E4LS

2.4
1Py +1%P,)
1.8
E 10 em™ ) ,
WP +1{"Pyy)
1.2
—_O 1
2 ( Ag)
0.6
7882 cm’”
Xx'g
R S 3o -
. . ; 0, (X%}
2 3 4 S

r (I&)

284, O (a0l 2B el Sol KoL IEE
(1, levels involved in the dissociation by ¢2'a).)
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pooling RF&3 HAH o2 SE F ¥ HapgelzRe A W4 & A=
FEIRS AR E2e] Hd FEE UEhfold 4 glon ofd A9 F Rl
B3t Al =) o] 747 B-E vehdcl

dC¥
dt

A7IA C§ & 71 0,( ') ¢ 228 Uehl Cf & 0,(%) ¥
TEE Uehdch  Zela gl Ao A ¥y ¥y d F843 2 £5
€ Y] & BF ERLEFREY 44 olhg HAFETL 1, & WA
dao +8& Vel &8 F+3)
A 7H 22 e A, 1,=5/U%, 28 AT 0,( %) ¢ BEE
Th& Ao 2 Fo% 4 gt}

=Y %exp(~t/14) - 2K CEYV’+ K, (M) C¥)

A4S AT EHL EeE

(r

g
ddCE - K(CEP - K (M)(CE)=0
28 M2l ERSE WE ¥ BUS TANA 002 Bttt A9 T
NEL AW 4+ 93 @, o de BE, % 2 LrolA AAHY 4+ 9

th. 2wl N, & N=C/Ci 2 Belstn 53 UM N,y(t-=0)-0Y

o 1,=(KsC% & Ajgir].

dN
0 L =y %exp(- /1) -Nyip (19)
o] A]2 Reatti WA oM 3L imaginary Bessel TH4-2] #lollA] doja
x| REr}
2y ° al (Re ") - K (Re ")
Ny= = exp(-t/T,) T - (20)
8T TR P | al (Re ) -K (Re "

A7] R & R*=4Y%1,/1p) 2N BAHI a, a=K(RV/I,(R) = N,=0
2t t=0 o whe] HE Adfolct. 1 2 K & imaginary Bessel ¥=2] 3 ¥z
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o} = Wy ok, LAly] By £EL ¥ &= F AT 0, 9 M,
Y=CyC, 24 B N, & ALY 4 girh

G G Cie)  Cue)
Ny(t)= T =T U(t)

=[1-exp(~t/1)1Y;

U(i) t 71A 448 Aol B FHFHLE F 0, B4 Fe A
o8 ARtk F, O4UO=CHU)=CyHl1-exp(-t/1)]. ©olRE& 2&d
g5t drlh EF Y- (1,/1p) ARE MR EH 58 s 4
gk VI (14/1p) AAe ¥E £583 44 JIA9 %8 i Pooling 4
el W), o] e 1w} AT}, e Folvh WA 458L 1nrt F 4 9
o &, YIi<l %% JIH £ 50 cm/seco]i S = 0.1 cm d ol
T4&Tp otk ZefA gek @4 Z1AQ] gt o] 200 Torro]Aofla] A 2}bE]A]

RE Qo Y- (14/1p) 32 AEH2E BE Z-9of 1Xr} 3t

¢

ol = HE HA tlaZ gTle da g doof A 8IS
2

A
7RG 7] flE) F-EF 22 BHP o A e A vj23E 7pAAL rh

fr

5& Y, & 71A7] %13 @

oy

J#3% A5 “rotocoil” o]glil HEn AtA

S

Z <4 1.5 mole/sec B 7}x|3L 35 kilowatts & & of|x 2}5Hl. [38,39]
NS HAs7] olaiex] REAW 60%xe] LT FF 0,(')) £5&L A
ta3 Whg71E 7R3 dglct [44]

O,('8) 7} W79 S$|oe] 7o) B3] ol wAE wjn}
th 4 (19)ef pooling &2} YREAM AYF oAt SEF} vBARE ¢
oA A(19) EH +58(V=0)7 (20)8] 23} 2FE d& + I
th olE &Aol ol EstA ALk 0,( 1) 9 1T £58,
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1.0

Y5°(1:cI / Tp)
08 AN

04 R N
\\__Q,li
~——
02
00
0 2 4 6 8 10

x=t/2 T,
J85. YTl J|H|9] Fol A|Ztef B :@&FQA)—I +58.

{Normalized volumetric 02( A) generator yield as a Function of gas transit time in the generato

(Yy)
o] thZe] AAA G Fsle] AU £4 0,('8) ZHLEHE AAHHTL

A1
YA YA

+k[ Oy t=—— +k6[02]( ) (21)

ol7]4 71Z L olu] HoH ul gith t & $To] 0,('A) & &2 A 7to]
Tl t=V/Av & Zo] AAHATE AHH 0,('0) o £58 g O, ]
23 w718 AYgA 28 E T#6o] Relon Rigrod Fefofl thdt FAe

T}Z™ “Rotocoil” & £33 g Zzleo] Llehjgdtt  “Cavity” &€8o] =}
22| Rigrod curve & fitting of uj-¢- BFE3IA 7|51 3 cavity £4
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A2HE 23 ABERE fJ4ab stglch wolA FHRW ol F =E&
goll Al Liehgich. 23 oA vehd F i EHEL =d
BHP A3 o]% £%(>20 to 40cm/sec) 7} LtoX| e Zo| R Hzy EHHo]
325 Haie Fut ®W W] uzt ofe 2] drie Zojth. o] & 7}
<o EXAL BHP o FEs} ddolth vl TS &S &1L BHP 8
& B2 desk HH KEEoAM HEFHe O, FNE A7t E=F A= of
ol F3ols ¥ 918 o FAZF AAHOR 0.05cm off 7hTE elA 20
e 2/h ghol AL #H Hojth. dr|EEe AL A4S ¢lste] FHA
LHEE Zole Fol 3] WAy @ Zo] thFt AR Hgto] Q= o]t
AxLEo] 7t &3iA olZ|E|Z H,0 4%7] &elo d3) of71€ct. XEH
WA 2o ol LA W0l 2 2 FA7E 2] dstch
HlE A disk ¥h3-71¢ F7iet H2WAol =t et o) WAyt
Z7A2 BAHF o|3hE 7|23 ZHo| oldA|gtE Balan S} Zagidullin 5o
os) AUE L R wEE719 2L UAE oLt [45-47] olelg b
S7IE2 A7 dFatole] A 2L-EE ofH KmolA &Aool A7t
2 FHORRE EAH £ Atk H2 WAol o5l Aot 2T
9718 FZE 7o) Uehfgict [45,46] R w2} K2 ulof 2]3)
A A2 94 715 ZeE(0.0lcn ¥HE 22)& R4rh
A714 AH 715-& mel FHole da 7H7 gl EHG T
He &, 7ol ¢f 0.03cn 8] 7L A7} olef 2 FBl=F
AdAE gt 2 43 fAle] 5 ZdHo| $ystA =Hgdch e Az
gzt zho] dofilz] U= AlZiiolA BHP Rl 715e ZAE ¥ £ 9l
th. A AL F5&F Q4 oRYE HIHHE Zagidullin o] 50
meters/sec 2] F-H ol HEEE o|&3le] BAIIYCE [46] Tl o] Fol

A om ool BiFk AL 90-95% o 4L o]§FE 2% jet JIF(L)Y gOlE &

%
i)

32
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60

50 o Rotocoil Data

40

30
of = 0.0183

20

Power Kilowatts

10

Outcoupling
18 6. (b) Rigrod Extraction Model

1/Yield
\
'
\
'

0 1 . . . 1 . . . L
o 1 2

P-t (Torr-sec)
86, (a) e g EFE Q(1A)9—| =E8.
(O 2(1A) yield as a function of pressure.)

A £ 97 i &2 A¥olA HAF AlF 4 dHdrhk  Zadullin & 30
Torr 2] b4 oA WAV |E FAFHcts A& Easiglrt [46] ol& 7]
AL HA disk WhgI7Io= de &7FHE A 271 fA ZA] A o]
Fol d4 AR F&3 f-Fol 3] AU 75 golot & wy] wfFel =
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3718 §32} FAE Eol7] #l3) eI F
£ Zeo] nigtsict, @) Fug wigy] WAl IHF 0,('A) o

isk 223 droplet A} ¥Hg7]

o
5

A A o] Eilo] BaE

W
W

j:]_.———_ OSCILLOSCOPE

VACUUM PUMP

Y

= 7. (a) Zagidullin ¢l 281 SO F Jet HFE 7}
(Jet Reactor as Demonstrated by Zagidullin.)

Mo, + Mo %

30 |~

- o - T 1
[o] 10 20 30 40
P (Torr)

IR 7. (b) Zagidullin of 28] H T8 Jot Wl Zlol chEF A E.

{ Performance of Jet reactor as demonstrated by Zagidullin.)
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Tl HlE 20082 A/V 3 olE 4 olti¥X|el= A A E Sparger L} bubble
RbE7le VIR BE uiFol 20-30uie] Zhell AFHch ol%t= Wl EAHY
§hE7l= ot 3 M 4+ Atk

2|27 COIL off thaiA oA 2 A A7l 7] 71 F g2
&3 2Elal VHEE wolej: thdRt 7&3d 5715 @A COIL
Zlee] UARRS AFRdct. AR oA = olF wPYol= B3t
Asjjof & w2 ZAAS 7ML At
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# 3 . COIL &] 52 4 %
A1 - AH

COIL #lolA& 3pepitgol 3] 4™ of71deld] AdLZHEH oy
A& Aol EE 94 Uxto]] 25y oA wRlo] dojuts RO 2A], F
b B EL] ol Hldste] &Y wWRlo] 7hed do|xo|ct  COIL

£ AEYo|HAE Hold ALY, FAAEY &oldTF A M 4d &

o2 ALY 4 o= AT dolHE HriEn glor} e 2&F ol
Aot el A7) FF Jlewnt ohet JlA A, HEFIFOEE AE
8] 3F7I&ol BAag Fololrl.

COIL #o]x WRdA 718 A7l He F
of 71 At AW A8 7] (singlet oxygen generator : SO0G) 24|, R7]o= bubble
type SOG & o|-&3 A& dolx WAALE sttt o]F drum type
SOG W Jet type SOG 7F JHgElo] &¥ COIL Holx] wzlo] Jl53tA
st 53] Aot AL /LY Jet type S0 & LS Fgo]
TS 87 ohsl FRAFASZR ulg UutstHA & ATALE
YBAA FEE 22 dolA WAL T it AtLuAds] Aot
AzFol A Fis] J =5 olct

COIL #lo]AE wWIAE]l w1 EI Z=7t =of 4 kv F¢
AEZYo] Zol|3tA o]Fo] I 4 glow FHEF AFA FEAol JHE 3o
dlojxe] €97 ALl 23 zRILFA AP #FHolHoltth  JIEE
glojx 2 wo] AM&StE= C0p #lo]xo uls) U wgo] FomT |72
BEFTEC] Fob &t itdwoke] &/ ATA 7[EY C0; dolxE chAY
L2 JtiEE 8ol & #olxolrt

COIL #ojx& A7IE AHE&shA] Ax X HAJAEE  AHEStY
dolx WL FIRE ZHAdo] UL Bt ohzl, A FH2 uH|I] Fo
B = glo] 7ol JeBE AErREe ¥EY 4 At FHRE

o]-&¥ YAIIFo] JHIIEE =F AAZY AAAYE W iAo FHLH +
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—

e 7t HAEZ dolAo, AET HAFoME old tiFt FEATE
=3shal Qe fele] A AEldA 1, 2 FUE =T X2 i
A /sl AFE Exlslor T Aol olrha et

A 2&Y dHolx F8I7I&S dRF AF/EI HFPHA dAdE
7L e BT wAl dAIRE, dolA e AFALY dE thEE
Te2A I 3a71e2 ALY, B3 ity @ d¥FS& A glrk. COIL
dolA2RY WAsHEE mrlaZe okl A4S 2Rt Aoy
AEole, A B8-S 91T dolAsgrle 2o Atz o277
A3 Anbel] g2 4FE v A& &R u A Vel ¥ £

alch.

A 2 . COIL #olx{e] xle] W of7]4tady7]

COIL ol thezt 2 Spehibgol o3t WASE of7|atol
gsf L0E Bt 205 UAE sfest HL, T ojsjakke] o3
225 927} o17] Hof o|ZHE oA o] o]FojATL (I 8)

H,0,+2KOH+Cly — O,( '\ +2H,0,+2KCl (1)
I,+n0,( 'A) — 2I+n0, (2)
I+0,( ') — I'+0, ' (3)

I"— I+hv (4)

% 8. COIL #lojx{ex2] 7|2 &} i35,

( The fundamental reactions of COIL system. )

- 41 -



AREH 0 F stoichiomeric method of &J¥F ¥EE(1) 4]L 2 3Ig &L 7l A%
o T HMESETE =ofF7] 25l #Alol LPI oA HO0, ¢ KOH &
mole H]7} T} Zo] XA3Ste COIL H2R2 313 Qltl. (non-stoichiomeric

method)

[(H20:]  9mole/ ¢

[KOH] = 8mole/ ¢ =L1 (5)
EZE u[=39] Phillips Lab. oA & olg|¥t ubH 3} tjEo] KOH o]2]o NaOH 2}
LiOH 59 d7le]E& E35te AMEHOTA o7jats UAATEES HoF:=

WHE AL AR E d - T

o] 714tae] whAdo] AMEEE KOH 7F oF 4 mole/liter & #H-%
chlorine utilization = oF 98% o] Zo=® dej# gom olgg olf
LPI oM 8 mole/liter & KOH & A}R3}od chlorine utilization o]
eyt Heg AP2AE wio] AR gl

oi71ake WEE 918t LPI dlAe= 7 Y 2dHAdHL §IE
Z£H]5lo] (18! 9) mixing tank oAl%= H0, ¥ KOH 2] BHP (Basic Hydrogen
Peroxide) Z%l801& ZFu|3}3l collecting tank &= COIL 2] Z3& Fo] jet
S0G & B3to] EAIE= BHP & AAsIA Hrh. H0; off KOH & 3] 47
Ha gsfido]l UABH =l olnl mixing tank 2| cooling coil o] AX[Ee]
o} AAHLE o[ &3le] BMAE AFFA Hrh LPI oM BHP &
SBAAFE gear pump 7 FH[E ] A Qko} COIL FEo] EuA HWA
collecting tank o] Ro}& BHP = mixing tank 2} collecting tank Alo]ej
AZHEES o[ &3t} 4 A7l UABHESF sl mixing tank 2 o]FA| 7 H
Tk A¥EE& &9lstA Hch

U7teld & BHP & COIL o] B3 FHef of -20°C & WdzAA
Fedl ole €YY 2xrl YolALSH H0 o =E:HFI|Yel HobH
AL 7Io A BEEE 744 E deactivation AAFE WMEGEES

aA v& 5 97 dFelrh
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g vae pump |
ooz |

iodine injector

~colleg

ting tank

a3 9, COIL #olA X F8=E

( Schematic diagram of COIL system. )

COIL lolxel silojel & # %= ol 7jabantAg 7] (S0G) & e
cha o] 12 X 50 mm ol |&7iast upgste Zol: 100 mm 2A
Plexiglass =4 A 2sto] HA7hAe)t BHP sle] wWreo 474 wHEY ¥
glgirt, of7jatayAslole A 3 mm, A7 0.8 mn ¢ 86 7 hole ©] A&
perforated plate 7} Q&dl o1& 23] BHP 7} jet & H3HAA E&F L
jet o ZHg Blel davisst uhgste) ol 7jatavt WASHA SHEe
Zoltt,

WAE o 7jAtAE slit valve Z E35}o] plenun duct 2% o %51 A
=] slit valve 28y 2 cn ol o] x]o]l Ny buffer gas %} Z3E| o]
iodine injection nozzle = ¥3lA ®rch ofrldtas olE Eals Atol4
zE543 BBz zx 7E ot gavtael 2EIEA ol¥FHA
s RNE S S A gy Fled ol2|¥ deactivation W quenching
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TS Zo|7] 25t He HE N, & buffer gas & AME3}A ®th  LPI
ol &= COIL ¢ F3u|EE& Ho|7] 98t He cthalel] 7}Ho] HH3L
HALTIAE BF L8O AFESIAL 9lodr]

A 34d L= Eff U RS

ROEE A2 AE Ex|ste JtdstA =HWH JAEXdElE
A =¥EE 528 2zt 9itl. LPI oA 19 107} Zo| tungsten lamp
o] Wlg o] &3t FFFE AlFFO SIAAFE FAE AMESIAL ATt
L2257 FHEH o 60CE EAID HAItAE BolFe] RQE
THEEE HujRch  oA7jatket EXT FEo] s EFE oyH|
AYAPL R sfe/odrHE ROEE 2059 faro] Wold4S ol
&8 o] FII5IA "HA ol UAALE BAHE Qo= Ex 9 U=t A7}
o 7]14t4&E  quenching Al7]E 9L stA  FHo| dolx wUAFESS
HolEgls AL 31A Hrh uwEly feE9] R[S FHs| AHA¥
PEe A7 AR stARCE 2106 RE= AN AAdEE
RETL FEF cellE& T et L£2E A= of 488 nm oA ¥t
F57t o2 mRE YoM e A o] #HEFSE FHBIL carrier

gas B ARREE AATlAL] /R¥S dH 2022 §FE o 4 olrh

g

L=
a1

ny=—1
I, Lo

AZ7IA np @ RQE B2 BE, In ¢ RLEE EER| ¢S uiY FFEH
intensity, Im . 2255 &Y o] FF 2 intensity o|Tl.
AL71242] ¢tEo] 100 Torr ©]al, L2E 22} Eelo] ¢F 1 Torr § Z-$

225 % (iodine mass flow rate)2 th23} Zrc}.

InUg/Ip) (6)

M]Z‘:nhxxa_]_}f."lgraol: (7)
=

2= & =& HIE oA AU ZRE AdH
Ues orjitaet Effo] o]FojArt (¥ 11). 2= TFREES Ao

(r
o
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Fe2A FAZE 14 m o) RETF FHEE A& UASI] #ste oA
T3 Folls of 70°C 2 71AAA AHEUTE 22E IS ¥F Hole
27 0.6 m 2] 21 7}9] hole o] 2 A= widSo] Qi olF Afel8 AAZ
oF 2 mm o]t}.

A7dtast EHE 22E B ol Aol U] AdHol 2sfA
foEL e/efr|st ofFol=u]l, LKeE At WALEE A7
o|RolAA stalm TN SEE Wolol Frh  uhebd Ille]

= 10, o= £33 W #Z cell.

( Schematic diagram of lodine sublimation and absorption cell,)
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LIERE Higt Zo] olE ERTlAE REE =ES Bole T SAEHEE
7Z1He 2xE JErta JIA 2] 2 2SHel FJI3A Hrh
AgHEZ] uwf7|gfo] FEIY} ZAPole REEHES EIBIA =Ho FZ3rt
UAA5tA =W A supersonic branch of FHZ3lA| ElaL wiriFpo] F 31X
otA ¥|™ subsonic branch & A#3}A] Hc}

Supersonic branch 2 33t F-o THIIAHEY 2+ FE3] HolA
#lo]# 8] o]5o] ol th&#HY o7]atiel RQE EYHIAE olFAZ
T Jdernzg aEddoe|xe JHsdol wolzrh iyt JAHEAY] £271
Mach 2 7}2] EolX| B2 #o|# o|5 Zeolst ZHo|x & 74 #olA mirror
F AHg3fo} girie A ofo] wiE A Hr}l,  Subsonic branch & B¢ &%

&S Bolel EYPUlLe 2x71 $E3] JErzirz 80x=  dxle]
RIRAERXE 28] olFofXrh.  Agd &S 2% 738 HolAE

#olx] FF7l uUellA EFs %3317 gl A
JF11e] Vel vl o] pitto tubed o]-85}e] stagnation pressure peay
2} dynamic pressure p° & ZAYLEA THR Ao 2]3}e Mach number My

= ¥ + AUtk

[>
N
3
lo,
S
k1
(i
g

P _ 166.7TM % (8)
P (TME-1D®

(8) A}& AT graph 7} ZZ@12¢] LleERY 9l oldt JAE

o|-&3hd F27] oMY gas dynamics & FE3 W £ o, XZ%
"rth gAJol LPI 2R &% =F& HAE + & program & Y5

4 gglen, olF &Il 8] AAHoT AFHFZ wJIFE L3t

Uste 71A £=2& & 5 JA =HHdch
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a3 11.(a) RLE &

( Mixing nozzle of Iodine. )
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a7 11 (b) 2&% =58 T2

( Structure of supersonic nozzle. )

2% 12, Pitto tube 2] &t¥ v]o] uw}E Mach number,

( Dependance of Mach number on the pressure ratio in Pitto tube.)
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A 4 A, Ao} COIL #o|A ¢ F3t
T4t o] A AL H5B 7t
glAlob LPI oA ¢loll 7l&¥t H7]ik4 g7 @ 4= ETYHEZF
323l 2EE =& o]&3le CIL do|AE SRAL 4 ot AR
AM2E B E S Hy0; 18 mole, 2.5 liter W KOH 13.5 mole 2.5 liter &
E3R BHP S ARSstgcth. E 2 o Ao} dolA mirror & AMET
AEZZE Ueiida, E 3 ode FuclA A zste] Fu|3E 4t golx]

mirror & AME3F AHEAAE VEhfch

COIL do]=] xo] st chemical efficiency = TR

>
(o
e

UpEhj AL,

laser power(W) (9)

chemical efficiency N=-g5 5 kJ/mole X Cl, flow rate (mmole/s)

oA & + QR A AT HYRHA F4t mirror F
AHE-E glojA &3o] Aot LPI oAl AMEE+= mirror of u|dtY WE3
¥e 4%E uUshde ¥ 4 9ok (2Y 13). LP1 2 Aok chenical
efficiency n & 17.6 % ¢l ¥WbA 2t mirror & ARRE AQo: Huy&d
215 W, &t} chemical efficiency n 22.8 % 2] Z}2 &9t} o]+ mirror
Z}H| 8] scattering loss 7} Fol #o|x] &4do] A2l ¢J] wiFeltt. eyt
TUF APRZoA HEESIY  dolx WS ¥ ZAF dHolA &0
FAAH LR FoleEr RS Hold APl nmirror EHE TH|ZLE
ArstelE A9 Ao Hel ule} Zo] mirror EWo| Yol &AW Z&
JHAY 4 29t} o] mirror & coating SlAL AA g3l AHoA Fe)
APLE AT ZoF olF A Hasdo] dlrin wivtE st
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¥ 2 . gAot mirrorE ARE%F COIL & H-RpAld,

( Experimental data of COIL by Russia mirror,)

Power
No.|{ P1 | P2 | P3 | P4 |P10 |MN2-1(MCI2| MI2 | T1 | T2 o n (%)
1 |17.6/6.4|1.4}37 (5.1} 20 |10010.250.80.18| 30
2 119 16.5|1.2| 47 |5.3| 20 97 [0.26} ” ! 22
3 /18 (7.3]|1.25/58 |5.2| 20 99 | 0.26 " " 125
4 119 |7.411.3,60|5.2| 20 94 10.35| 7 " 117
5119 |8.2/1.4|68 |[5.3| 20 |10.2/0.36 | ~ " 123
6 |20 |7.0{1.24| 47 |4.8| 20 (10.4/0.36 | “ ! 132
7 (19 |6.21.24) 37 {4.5] 20 |10.3/0.35| ~ ! 117
8 (18.6/5.61.4|27 {4.8| 20 |10.3/0.35| “ " 96
9 (20.4/7.1(1.2| 50 [4.8| 20 |10.4]/0.40| “ 7 135
10,19 {7.1/1.3|50 |5.4| 20 |10.5/0.30| ~ " 91 17.6
X 3. =4t mirrorE ARE3F COILY H-2MAl¥,
( Experimental data of COIL by our mirror,)
Power
No.| P1 | P2 | P3 | P4 | P10 [MN2-1 (MC12) MI2 | T1 | T2 (" n (%)
1 [{207.1(1.2]49 (49| 20 [10.4/0.35{0.8/0.01| 215 22.8
2 119.6/6.9{1.2 ) 49 | 5.1 | 20 |10.2,0.30| “ “ 184
3120 (7.1({1.2| 51 (49} 20 {9.9]|0.41} * * 201
4 120(7.1/1.3|51 {50} 20 [10.0{0.35] * “ 196
511917.0(1.2] 50 [4.9] 20 [9.8]0.35| “ “ 191
6 {20 (7.5(1.2}51 |51 20 [10.0{0.35| * “ 140
7 119 17.2(1.2|50 [5.0] 20 {10.0/0.35| “ “ 201
8 120(7.111.2|50 |50] 20 |10.0/0.35| 1 “ 183

o} 7] Al Pl : SOG pressure (torr),

P2 : Plenum duct pressure,

P3 : Laser cavity stagnation pressure

P4 :

MN2-1 : primary buffer gas mass flow rate (mmole/sec)

MC12 : chlorine mass flow rate

MI2 @

iodine mass flow rate

Tl : output coupler mirror transmittance (%)

T2 : total mirror transmittance

50 -

iodine photo-absorption cell pressure, P10 : pitto tube dynamic pressure




250

Hihmirror & ALSEH2{0[HEASY
£
g .
2
5
RIMOILPt mior &A= 7
.
I"
50 S S O O O OO SO PRPRS
0"
*
0 . . . , .
0.15 0.2 0.25 03

0.35 0.4 045
lodine flow rate (mmolefs)

28 13, dolx ¥ 5gdulal.

( Comparison of COIL power.)

AL 1. COIL #lo|A wWaF &

farnd

& AL glo|A mirror EH,

( Inspection of Mirror surface after COIL operation.)
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A 4% dE

COIL & &YE #olA Fold 71 Z 100 k¥ F ol H
&9& WENE = d3 FHER FEA &Ml M FH2
WA AL 3xn)E 7R EE dFo| FARROL U 4tYELE AFEI
olth. whetd 2 APoMe el EZFFQ COIL #olx sidte] QA
71z AE A AFXE APAZ EFHd F ALIe d A¥S
FA38e] stgdtt. olE I3l 10 kW & COIL #o]=x¢] 7fEAA, of7]4t4
b7l BEI|E HE, COIL o]z 37 A, =8 7l & 7133
1€ Y FHEIL AL g en COIL HolA AN 71 EA7} ®He
DEE o838 ol 7]4bAwAY] (singlet oxygen generator ; S0G) A,
53] gAlofol A A2 AEE  Jet type S0G & Ad=ystarh. Jet type SOGE
Sepihg B&ol & BV ohlgl FRALEE vy WstHA 8
oi7]14taE UAAA & £ AU wfEel 10 kW F¢ IZ&Y Holx UM
sl 7P AU Felol oAr|aaUATIE wntEdr] afZelqdrt. kR
A& WS 97 24 =E9 MUV&I COIL #olA WA oA
dofLhs stepibg st S olshsin o8 Hey 4 Ak A7E AP Ach
g5l FufofA oA UL FIPEES A A st BAlot] COIL Fx|of
FApste] AT A 2100 o]y &¥E dgen gaol AHFEHTIE
Holyt 548 Hol Fch COIL #Heolx 7&2 ZAHA J&i®Il
FR3H ol& gIste] olejt Ayt AREHAW fF Ut LF V&S
53171 fsted JeRfIIHLZREY Ropd V&S5 HUE A3t
# AJo} Lebedev Physical Institute 2REE of7]4tA x| H2of cjgt
FARE, &2 Tokai tiglea: COIL #Holx AE d 7&L, I3
UE Kawasaki FFHLEFE= Atd§ COIL o] JFAV&S 5317
¢lsf 2zt 71 2 uxiete] HE3 up Art,
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