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RT3, CTRIZEELFEE T, »2OMENTH Y A54IHE )
MESMEFEObOTH A, BF, FOY—LAFIIE - LEENHLE
D/l bERED o URENE, -2 3RELFEETHS L
LTWaA, K33 8T AN LEFANIIAD Y 206 RiET %
WEAE->TWDEDT, XL A EHWTLER/NMIELSNHE
BHEEBLILIITEY, EETOY—-LAY TR MELWE,
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4\ F
d, = rd (2.11)
B0, 22T, d BEXVVXAHT ABRO LV —F R0/ SEE
THb, L—FREIHFIIT v E— ADT, KEFRTH 2 HEFRRE
25 D X9 %T ZFE—R— VRO BEAERAEIZ L 5. WEFEDOS

s (@) h, RS (BB L 3ZhEh,

= d, (2.12)
cos(6/2)

L,=- LT d’”. (2.13)
sin(8/2) cos(6/2)-sin(6/2)

Ehh. ToHEREFRO T VU DHENI,

_h,_,, _ 8Ftan(8/2)

N, = 2.14
T8, nd, @19
THb., 0L EXL AL EERF, L—% Y — LB D L OB,
tan—q=Ds—/2=21 (2.15)
F 2F
7y VNI,
N, = 8F Dy _ 4D; (2.16)
nd,2F =md,

&b,

2.23. SNR/¥5 X—% (SNRP)
KIZ, LDV OMEE 2 ST 5 -0 DIFIZE L 7 5 SN H(SNRY!' VIO
TS, LDV BFERICBIT A SNR AN TEZRSNS.

SNR-—-AS-,—]A'?IZ-[DI;:Z’;” T 2.17)
AYAR PR
A HAEKFICL o THRTE B ER
Af BEBRORKEEN Y FiE
p EXL —HY — LDEE
n SHFETORTHE
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Thb. 2IT, AARBER FITLoTHhT BHANTF/ITX—%,
n-plAf 3ZEXFEF, V—FREBIVESUEBICL > THRILIERN
NRFGRA—=FThHDH. ITNOLRIRFEROFEICIERL RV S, FLDV
KRR CHIEE 25D, BFENTA—F

2
D,-d,
Za in 2.18
(FE) &0

DEHFTHB. TONFINT A —F % SNR/¥TF A — % (SNRP) LIS,
FLDV 552 D RREF DB O MRERFHOEIE L L T 5,

I T2 IR ABAHEEOREREE XL TWAHDTF=F, &
%Y, SNRPIZRADEH 2% 5.

e i
SNRP:(Da'din) =(Da .Zdin) (219)
F-F, F
SO END, LDVOHEET LD SN EE X LTAI2E, BnESE

BECKRELZHEERZFHOLV VX2V, d, x KEL L TN 2 HlERHE
R EEE (KQINBR) . 742bb, #HELEOZTHI AT KEL
L, 7o, MEFENOL—FROZMEEL ETHILIZED, Fv
75 —EEMEORLEEIANTI VT EHS5H S, 2B, SNRP X 10°
DA =Y =L EPETF L nEINTNE®,

2.2.4. FHATREHEL VL 7)) Y URIRS, Fv 7Bk f, A
B8 7 ME A, DR
LDV EHAC BV T, WERE V (=|V]) 370 YUk, (um) &
Ko 77 —E5OREKf, (MHz) ZHWT,
V=4, f, (2.20)

WKLo THRESINS, EIAD I, EFREHFORER/ Y FIRIZ X
> THIF SN2 DT, WETRZEEHEHLFHEZT 2. i, £
SRR OEE BN FIEAS 0~40MHz, 7)) ¥ VM S,=3 um DEE,
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EREEHIL 0~120m/s & 2B, ZOBAICREEOFEIZSH, LT,
HAHEL 2HET A LIXTE R,

FITEFHEIRBEES 7 M 2#T 22 L10L o THBEHROREE S 1T
ZBHEICTHEH2-6 M) . 7 FEDPTLRWVIGEITE, R FY
TI—RRIIEL ST, 7YV EEEAMBEEOMIEICHFILZF v
T —ERBEPREENEDT, HE0ms DRTFO KNy 77— Bk
OHz &2, BEOHMIHETE 2\, 22T, il (2.2.1 HBHE)
D AOM ZHVWTL—F¥—20—FF 21T, BWT LAY
—A) B Hz7ZIFTT 7 bEEDB L, RATE, 70 YU TFHEICH
NBT IR, FEOms DRTF25 f,,\Hz D Fv 77 — EHEHHE
WEnsd, CoER RQCOLQDITVDRLELIIL, fHZBTOF
v 7o —ERBIRE ENTEE, RHFRITHMXOREYRDL, WEH
FOBREATI B L 12k h. $72, L PEEZRE CIIIE, BrELA
FHOHEE B 7Y YV DERPAEMT 572012, Fv 77 —f5%5D SNRH*
I‘U_a“é i, WEAREOEE FINITT 2ImMEIEN SN D

b5,

ng Bv, LREHEEV, 7)) Y UHES, Ny 7T RS,
BB 7 VEf W TET L,

Vo= 8/ (fuom = fi) 221

V, =8,(f = fiom) (2.22)
b, BlziE, BEUEEDBEE S Y M 30~70MHz (/N> FiE
Af=40MHz) , Y 7 & f,,=40MHz T7 ) ¥ VTR 6, %% 4 um 72
HiE, PEHRESHEIZ-40~120m/is & 5.

2.2.5. WFE L7V VBB, ORPMERIZED Ny TI—FEFOD
zAt
HERLF 2o DEFIE, K27 1R X918, WERRNONRMES
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i AIE T B IEBEEORT A VG L, WEFRERDO 7Y ¥ VI E
TAHEBEABEDON Yy 77—V EELZDDTHS. FH0OEIINRT A
FIVEGE Ky 79 —Ba0EEL L LTERSINAEIEY 71 (B
BHEE) VI TRl S 5.

i oew
ITC, L, & &, FhER, Fy 7T -BEHEEORKNEL R/IME
Thb.
KFEAD 7)Y VRSO IRREDOHE, 2%,
@#%- (2.24)

DA LOHEDEFIRE 2 1@ L H 1LY, FEIEVEY
TANEL, BEORTL .
WFEAGDPT) Y IRRS ICHNTERITNSVGEDEY,

)
d, < (2.25)

DRIFEAH Y ToBEDEERE 2TMP L I ISk, TV 54 28
<, Fv 79— BADREIINS (R BDT, /4 XL DB
{2, SNRWEL A,

KT 4,757 > VRIS IS THRE RS WEEDE D,

)
¢>% (2.26)

DEBRVER D EOBEDEF I 271D L H 2%, BREKRF IR
WL D7) TN EMPBETDIL, Py TI—BGICERED /) A X )3
EEL, NTHELZERIDODRE(AEL 2TRENS 2 5.
BT, fMBESUOPERESE L, W—REP ORI, SHED
INEWVWEFVED MSF (V) F v FH AR LIFEN 2 8ER TE2EEL T
BY, HFEE 7Y v OHBOBR 2 RELT 2 2 LA TREL ko T W
5.
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2.2.6. LDV iZEro#lI &M
RICEBOHBETICBIIARMEORED -ODOHFEHEB L EEAIC
DNTIRR5,

() EZRV VXL ADELEREF, F,ORESRM.

F, F,OfiZ, SNRP % LI % 720DIIE T B EFHE T AP L.
LaL, KEFHIZBITBHETIE, F, EAEWE L ¥ XRERBEHD
KRDBIEHZ X o THEFRZITLDT, HIOBREDOHEBESLEIC LS.
HA DWW ERBELANNVOBEBARTIE, TT2000B0AIHFHEER
LT, F, F2400mmfBEICE o 7oA I W AL .

B, BHRENFERDOEE, F=F,Td 5%

(2) ¥— A D, &ML ¥ X D,DORESM.

(1) THO/HESIEE F,F IS L TTE B2 ¥ XED, %:j:é
{FAHMSNRP # EIFAZ LR b. LAL, OV XiTiEL >
ZENT100mm R BZ 5D D%, FRRET S LIFFITHMICIZS.
T, ERLVVAQESEEF - LAMBDICL ) E—2DKEAO
MHRIEHDT, 7V VHERESICHBRT 5.

(3) ¥— FRFEd DRESRN.

Ao XSz, ¥ — FRFRZHRNE~OBIEED, L, /ASTRIEN
KRIEEIV. LEL, NETERL Ny TI—BE5HHEIE %D, SNR
WELS D, T, BEATFOEKELERT, HIRELSE VWL SNR &
FBlnsd (Reinzsk) .

@ 7 ¥ VMRS, DORESRNE.
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AR L 52, 79 Y URMES, 3 — FRFEd D 2BREE;RET
H5B. LhL, §ilD MSF TREVEED Y — FRTFTE, H2EED
WEAHF S B0, FELERETHD. $77) ¥ VHRES,ER
QADIZE > THEBFRBOFH S h, BTIZTY Y VEHN LR L TS,
T/, GEUERZOBEE Y FIBAF L EEEY 7 FEf, 0 & D&
WEHE L BIR L TW2B0T (Fko 224 BIZR) , BREMISHRD 2T
T2 6 %W,

6)%%%&035%370//ﬁN@&E%#
LDV I TIX, BERMIZ 7Y Y VEN>IS TRITNIE Ny 79— 4.:75
BAEALL, SNROETFAHoTLE). TDTEhDL, GEHTHRTESL T
VY VRIES A h, > 158 DERMEERMAL LTV R LELND 5.

(6) ¥— L AHHEd DORESY.

V=27 TA b dEEHRORQINDICEVRES. ShED, E—A4A
BHEd AWKEWITY, EATOY—L YT A MR EZ/NELTELTL
Bhrdb, 23 ICbRLAZEIIC, RADRFFTRIE—-LEEZILTS
DICE—=LIZF ANV T 2HTIZ, 77 A N—00AE 20 TIAA)
PO ENAL =2 I A= LY ATEFTHRRRETHERET d,
RHBET D70, 77 430 NA (RQBM) L3 A— LY XDk
HEEEE R, PERPOE— A AR NRESINDL. ZO2H, E—A
ABHE A ICEBEOEERN Y, T2, 2 A= FL X HEME
RV RENTHEDOT, TROHFRHEGICRS.

2.2.7. FLDV EZETDEHR

INFTIIBRTEAZEERD LI, ERIIRA RS 24T o 72 FLDV

KFRICVLELBEORE AR Z U TICHRR5,
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Z T3 E SR F=400mm, L v A 63mm DL ¥ AWML LT
Hold, INEEL/ZHEHL Y AL LTHWSAZ LIZT A, L=
%13 Spectra Physics #18! Stable 2016 D £ A=488.0nm (Ff) 2 HV 5.

FT7) VMBS ORBL N 2AT). AT AETAERZIIS VT
v 7 8> 58N10 B¢, BT 7 bR f,,,~40MHz TH 1, FEEE
ELLT O 6 BEHIRETRTH 5.

1. 39.98~40.1 MHz (7N FIi& 0.12MHz)

2. 39.9 ~40.3 MHz (/N> K& 0.4 MHz)
3. 39.7 ~40.9 MHz (/N> Fig 1.2 MHz)
4. 39.0 ~43.0 MHz (/N> FIi@ 4.0 MHz)
5. 37.0 ~49.0 MHz (/N FIig 12.0 MHz)
6. 34.0 ~70.0 MHz (/¥ KFIiE 36.0 MHz)
BBOE 3ETHERE T HIHABILHEEF IR 0~12mvs, HA4ET

& LT BTG TESEFH -4~ 12nys, FE5ETHRE T HHNG
VRS IR 0~12nvs, 56 ETHR & T A MG OFEEFHII
04~12m/s TH 5 Z L IFHERCTHREATHSH. 7Y ¥ VHERILNK
QAL R15&D,

5 < A

" 2sin(tan™(Dy/2F))
CIT, RIC2KRD L —F - LM D=4Tmm LT 5 &, 7 ¥V VKA
8,=4.16um & %2 %.

COMED LR DO EEEHE ML S L0 HARTILEFHD. F3,
4, 5EOEERTII LI 4 OFEE B E AR 13X
Q2DEQR22)E Y, -4.16m/s~12.48m/s, %56 BOEETIE 2. DREHEK
HERRAVE-0416m/s~1.248m/s £ 21, ZD5=416umTHFTH%.

RICA BPRETHOIC, 7V VIVBNERIC20 ETHE, ¥—L
AFHEd X, K@16)& D,

2.27)
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d, = 4D (2.28)

"= 7N,
THrHDSH, d.=2.99mm &% 5. E—ALAHFEIIOVTIE, FiED L)
2, 77 AN AE 20 TIEDS) RO T AL - Hea) A
FL Y X2 FWTFATRCET AR T, 2T 5720 (M238H) ,
77 AN—DOBERT NA, 3 X — ML Yy XFEL O NIZESERE Fy.,
PERE LRI RS2V, SEAHVWE 7 7AN-OFERD
NA=0.1134 TH HDT, FQ2.8)L Y a=sin"0.1134°ThH 5. 72,
QP W/ AT ACKE

= a (2.29)

2tana

FoT, ERXiTd, =2.99mm ZAATHE F, =13.lmm &% 5. 22T,
WAL Y XA ¥y a2y %55 L EE 6mm, £AHEHE 16.0mm O L ¥ X
MNHHEDT, INEFHIZLICLTE—LASE 4 #EHELET L,
d =3.65mm & %25, COMEEHNTT7Y) Y IVHENZROET &L, N=16.4
b,

PTICREDZING A — 5 OPREMERT.

F fiber

- () L RE R F=F,=400mm
CEEL o XEE D,=63mm
- ¥ — LG D=47mm
A EVAVE i G N,=16.4
- ¥ — A AR d. =3.65mm
7YV §,=4.16 um
HERORE S h =68.2 um
MERERS L_=1.16mm

F72, SNRP #RQ2.1NIC X VEHET 5 L SNRP=2.07X10°L 20, +7
HARETEXLETHS 223HSH) .
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2.3. PDA
2.3.1. PDA OFEAXREFEH

LDV 2 & A ¥ E & RS, REOPENT 2 5 5Hll LA PDA TH
. HRAEOEMEIL 2.1 HTHRRAZDOT, I TIIHAENEDFIIZ
DWTDOARILBRT 5.

Durst 5@ LDV 5 12 B A ELELEOFIZE T, B ELLD 7 ¥ VDO
FRASEIER FOBBICHAT A2, SHUEBLBH S THEELLD
Ky 79 —BEEIERET, MAEZTPET AL 2 RWEL.
INHDHAR By 7T —EEHPDA)DIE T ) THBH. PDA BT HHELE,
JDIRAEZ X 2-8 IZ/RT .

T T, BEFIIABOBEIIT A EITEE n OEH R BRI
FThHr LT D, HFEOHFEASFHOBERREL I L THIREVEEE,
PEAEL BBT AR FIEML v XORENF R L, ZOESIERE S
KA THEZONB. .

f=—— (2.30)
n—1

CORBIZLY, HTFOMEAEREET L, EHER R>L) BN
fETIE, WEFRENO 7Y Y VMBS, RIAIREINTS, L% b.
722l BOWARIIL VADESERLICL o TRESDT, S, L,
DRI T ORERA Y SLD.

SﬁﬂRfyﬁiRQ- (2.31)
refr ° p fp ¢ f;, .
F230)EQINPH S FROLZI LICLY, MENESTREL 251

et

S ZETNT B 2001013, B 2-8 1 RY & ) 12— @D HRES 72T T
FARTERBL, TREAP ORI SN HEOMAAE @ ZWE S
nFEv. Thabb, BRSNS ¥y 75— BEOEME L, $EOME
THELTL—ETH A0, RMEBROMBS, LREEZINLT) ¥
VIR S, & DI o DBRIE, RQHEMALT,
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s’ nd 1 _, o n d,2sin(0/2)
e n-14 RA
Eab. EXHSL, REd CMEZORRBIBERICHLZ LGN E.
72750, S, S &) bANE VA INAAZ 0N 2 BE B0, K
FENHEO—BUN NS, ZOXRFEEY (Phase ambiguity) 9% [0 8
TH0, SHEFORFERTI LI, BHO S FFRERCHW,

R HBETNAEZRET 2 HRILONHD.

b =2r (2.32)

232, Fu 7S5 —BHoZXAREDORE

PDAIETIE Ny 75 —BHOMAREHR> OHEZIRET 5720, L
HMERBEEDP—W—IIHETL2LEFDHSH. 2.9 IZJEHE n=1.46, L
£ SO um DR F DO NEENFEZ R T, TRORD E¥5571) VDI
LT —F—DREEAVPRE LGS (BERL) , THEIV7) T
25 LT L= — OREEI T2 HE OKERE) 2/RLTWw5A. LDV
DFEIIL, 2ROV —HFRDREEDOF L7 Y ¥ VI L TEDT
MTH L, ZEREEEIF—HLTWhIEL WA, PDADEEIZIE T
YU LEERLET 2K ERECRET DLEFDH 5. |
HF20DOELED ) bEEL D DI, KEREE (Reflected) , 1K
JEIi K (Refracted) , 2 KB (2nd order refracted) B3 Tdh 545, #i
BANLMEPLOREBIINOPER L2 DL A, LA2L, #
FEMAET =W —IIFIET 52012, EROEGSORD—271F A8
BELZHAIZINREFLRETLILENDHS. 22T, EERLDOY
& (2.9 THORD E455) LKFHREDOHE (29 TROKDTH
) DRI 90" ~150" M EDRER GHHEAVLZ L, b LCRKFER
K0s (M2:9 FROROTES) @, B 70° 5 DR KT S »
BEUCE DAL, HFICL D —KBIF NS & 25 HEICZREF
ARETLHIENERLONS. ARIIBWTIE, BEDEREDE WK
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FRAEDOHED, FiF 100 EDZRAEHLI L L. 0%k
Beld 7TV a—A¥ —Ho, VTR TRINS.

¢ =180°-2¢, (2.33)
277,

@z =tan'n (2.34)
TH5bH. RFFERTHVZATHMORENFE n=1.42 TH LD Tp=70.3" L %
5.

2.3.3. KEHTO PDA il
kS > PDA JIETIE, KFORBEZEIC & ) B n 1ZIRE DRI
LhADT, —EEETHILIITERV, L2A, LER3IDITHRL
7289, AREREOBBRRIIBIFROEBE 2o TWE LY, HE
LNAEORGRE SOy b LZBRIE MR OR TEITREEE S EE L 2
5.
WEDIEIE n &L BE pDREITIE, Eykman OBEHRR LIFITNSLUTO
RIERASEL ) SLD19, |
-1 _
n+04
ZIT, C(mikg) BEHTH 5. AT MIZE IR (293.15°K) T p=790 kg/m’,
n=1.42 THHDT, C=7.07X10* & % 5. BIHMOFETFHiT C,H,
THY), TNITMWETIERTY VIHYET 2. EFFH o Hl
483°K T, ZDRETOHITHOTE I 740kgm® & RS H 207
L7A50T, K235 483°K 128575, BITHMOBEIFRIL1.39 L&
5. L7zhoT, KERTOMBREFTEL, 12T1.39~1.420MIH5
LEZTIv, UL, WM IZBESI D HIETT, FRICHE
VIR D AR T—RETIR 2V, SO L ARNEHNEDEE
WIERITNE W EPFHES N TSI,

41



[2-10 12 LD K RIED G EDO—RBIF S ZLEN & % 5Z A%
RAWV7IZga 0, SFORITEn OB T 2 BUEHEDOAHEZRTOO.
ZOREY, FRIFRIT1.42 55 139N L TH, BIEMBROMEE 12
BEAEBL WS eSS0 5. oz ers, —REHRLEHV
DAL, BECH L TET 2 HTFOBIED, Fv7I—E5D
WMHZELREPESBEEMGICRIZTEESIILASEREL T, X
KT PDA PIEDTTEE & 722 599,

2.3.4. PDA KETDOEHI
WIRICERETOFERIE LT, T4 DREF L7z PDA BFEROFRETFIELE

VYA HRBELTHAD, TNEELHLV VXL LTHWSAZ b
129 %, L —HJ1d Spectra Physics #1: 3 Stable 2016 D & A=514.5nm (f%
) AHVS. HREIY T v 7HESTXI0 B ZH W, L v XE
D=75mm, HSHEREF=310mm TH» 5. T2, ZHRMAIIZIE 100 um D
ANy MRTONTBY, WEAEOFLEIPLDOFY I 5L
PR, MENEORBEH CHE L 2o TS, ZfEMHe=70.3"
TEHXT 5L, PDAEREIR, H2-5 ITRLIZFTE—FR—- VROV
—WREHREY, B100umD A} v T Do 2RE L 5.
HESEHIILUTOEBY LT 5,

- Fe R BRI -4~12 m/s

Rl E R TR S 1~100 um
T/, HV2ESRHEEDREL, ARD X912,

- BB ME 40MHz

- EEUEZOREE NV FiE) &
£33, 4, SEOERIZHL . 39.0~43.0 MHz (4.0 MHz)
56 BEDEERIIHTL : 39.9~40.3 MHz (0.4 MHz)
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Th5.
AR & 912, ZRAME KRB XLENE % 5 0=703"L T 5
&, ZOBEOFHNTRE 2RANE,,, T,
d, e = 0.06255 F, (2.36)
LB Ihdbd,,=100pm, F,=310mm & L T7") ¥ VK
Whk, §=5umk kb, R, §=5umt LTKQ22D)&Q.22)ITAA
5 &, WETRETEEEL I,
83, 4, SEDOERIIHL ! -5.0~15.0 m/s
6 BEDOERIIHL ! -0.5~ 1.5 m/s
b, Bk (227 HER) ORE#HBATEHZ LTS, L2 oT
8,=5um\IZBRETH 5.

RQ27) & h L —F ¥ — LB DT,

A
Dy =2Ftan sin'l(—]] (2.37)
: [ 265,

Y%Ab., 22T, A=514.5nm, F=500mm *fLA$ 5% &, D=51.5mm &
AR, THEEKRL Y XE63mm L Y /RSO T, LEFEHREHS
nTws,

Kz, REHEOREZ L5010, WERAEOSES h, 13 d,.,
D2ERERILELRDT,

h,22d,,.. =200pm (2.38)
Eh, 7Y YVHENIG, XQ14H&D,
hm
Ny =32 40 (2.39)

!
7%h, fRIZN=40 T 58, @28 LD, ¥— L AGE d,=1.64mm
b, ThERQMAT S E F, . =7.18mm & %555, WAL

CNEFEIZELICLT, O TE— L ASEL #FET 5 L, d,=1.34mm
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Lhh, TOEREWTTY) Y UBNERDET E, N=489 &2 5.
DFICREDLZINTG A —F OREEERT.

RV XS F=500mm
CERL R 63mm
TRV v X R F =310mm
3w, A D,=75mm

- ¥ — LREE D,=51.5mm
SR IRV g N,=48.9

- B — A AHHE d, =1.34mm
) IV | -1 8,=5.0um
HEREOE S h, =244.5um
CMERROES ! L_=4.75mm
CERRADAY) v ME 100 um

¥7:, SNRP #3£(2.19)ic & DEHET 5 & SNRP=6.48X10* & 2 1),
RETHZ 2.23HER) .

24, LT
EIBENOE6EOERTHRE T AMIEIIRE 2 NFROKE &
TV, o, L=¥REE2RT 74 LT B HE, Tebb/NITT
LE U 54 OEWEFTHER O FLDV B X U'PDA O #E LRGN 217
o7z, LTI, B30 BAMRAREERT.

(1) FLDV
L —FXE kE 488.0nm (F)
18 5 LB AR R BT
%3, 4, SEOEBRICHL . 39.0 ~43.0 MHz
6 HDERRIIHL ! 39.9 ~40.3 MHz
FH R P
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3, 4, S5EDEERIIXWL . -4.16m/s~12.48m/s

56 BENEBRIIAL ¢ -0.416m/s~1.248m/s
SNRP . 2.07X10°¢
(2) PDA
L — ¥R HE 5145nm (fkf)
18 5 AL PR35 B I BT
%3, 4, SEOEERICHL . 39.0 ~43.0 MHz
56 ZEDERRITHL 39.9 ~40.3 MHz
ST
#®3, 4, SEOEERIZHWL . -5.0~150m/s
%6 EDERITHL 0.5~ 1.5 m/s
FHARL RS 0~ 100 um
SNRP : ' 6.48X 10
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1t

) EH - BARE, KEOLZEREHN L Z0IH, (1990), p.90, %
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3. TFiREWEFEKROIMEHRLEEE)

3.1. FzxAHE
BEKKIZFES] - IRE DR & MERSOFEERE & o K/ R
Lo T,

(1) BEZETR OSBRI A %

(2) BE—ImED L /DR T — WIHFEREO ALK KR OEEK

(3) HEDHHBRETDH HEB AR
DWTNLOTREL & 5. 7272, #MFAZ)D LAZQDBELZLE L L
FIELAERL, BEEQDEBEBARISBEINS. THELMILF AL
2o ZHILEARFOEEERETTONSL VL RERICH B BB AROHE
FICRET AEEDPS “WEERE LVOMEsETN, S5ICRMIEL
BN & AR B R R ORI v R T A BRIEICE o T b,
Chiu & "I FERIIR L ATV, EEERROEEL TR L TWw5. ¢
bbb, RO —RZEOMFEL O KA MEE (HEI IA5—) I
WCER LA, 7 AY—HHTORBERORERL 7 525 — 1
EANDBRFE DILFLHEE D L

G =1.5Le(1+0.276Sc'* Re'*yn,*'*(d/ L) (3.1)
ELTERSNDEREE NG X — & G5, {HiEEEd, FHmiEMNE L,
AR n il X o TEALT B, 727201, Le i3V A AL, Scldv a3 v b
B, Re IZMMHERL A v TEETHVWZLVA ) VK THE. £LT
G DSHEIMT A2 oN T, MEEE L &ML L 72 K RIS E e THRBE
T 5 [a] HEIEREE, WEHEORE T ARR TIN5 B KRDT
EN, FRDTTAY—FLD G, LEVICHET~ES [b] NERER
Be, BENRNY T AY IR S NG [o] INEREEMRIE, 7 TR Y —
OHLEIZIKIBRD T T CHRESOADIEE L, SEITEFHD T BRI
5 [d] SBRBRBE L HRTERER Z R B2 2 THIL .
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31 iR ERT. HEiERIG<107) T, HIHEFERE~ND
BREOMRIED L V-0, WiEL ICERRICEINTHRET 5. A
BEBE (10°<G< 1) T, iEHP O CIREOBREIT TR E 2D,
HBOBENKE o THRIET 525, FVEIE TIZBIERBES RN TV 5.
ARERBERRBE( 1 <G<10)Tld, BAERRIZHRTBREO fIERHIZEL <
AEL, HiERET 28DEHET 5. COBE THEFEOIEIZE X
ROV E NG, At (100<G)Tid, FEREDHTER ORI
ENDBH, 75 AY—OHLETIRMEOREENE T X TlEHFO i
BENRERST, BERWNEBIIELNS.

Chiu 5 IZEELEEI—DD I FAS —L LT, [a]~[d]OVTNHIDFE
BECHIET AL LTWAD, ERIZIE, BEKROBEEERE R LI L
LEABMBEBROARBEEY RS L, KIMRA LA — VD, FEEIIAY
— 7 KA ERFEHIR) AL TB IO, BEIFFOREL LR,
FIURAET 5 BIRB KRR, O PICRIMEABRA T —VDED
BBIZEoT, MBEINEL DI TR —IIHFEEN, 7 FAF -
ESWNAT = VOHT 75 AY =R T, [a]~[dDOTEIRELL
BHEEETE2VOLEZOND. 7 LT, ZORMEBMEEIARE
RO BB E R RBEE S E OPL FHEIC b RE R REL 525137 T
b5,

L Lads, BBEAKRO—MHLBETH HEBEDAKRDIZE
TIE, BEBARIERR - TV LIHTEDER, [HEDRE - BEL v
5 BROBEMSITMZ T, BE XIVERETH U SR EBIR L5V L
NDOIZ, FOKREEII T AKRICHERTE) —BHEMIIZ>TW
B, LIzhoT, 20 L9 RG0BEL L5 RN R REERE, KHEE,
AR R IC BT A B A T T A2 LI, EHLOTHETD
B, LIzhoT, {HMEEREOEE 2 ABREEREICOWTEIEL L #
HiX, BOMEEBERE H A S BHEEAIZHER L 72 Driscoll & Pelaccio’

55



PRV, EMICIERY5 kW,

F T CARETIE, B XViERSE CTEL 2MAILIHSR, REFTHRO
BWENDOZOIAELAEARIL— LY MERHM/N3 XTTROZE L [
BT B0, BREPICH—IFEL, THEEFHEE OMICAY v
TORw “FREBER *BROKELH ATy FN—FTREL,
KRPSDOH TV HIVEENRES, CH 7 VI NVEXNY FOKEFENR
EE, WE»rSDI —HENRESORBRERFI TS 2E=y — L7,
ZLT, FNODEBICHEETE A7 MVBIFO 2Lz, £/,
E2ETRLEBFHER D FLDV 2BV, BFEREZEE ML LTI
REEET A 45 I CRRET A 2 LIk b (BB 3.2.7HSHR) , k&
MOMED 2 RTEHNGEEHELR. &5, 7z—AFy I —f &
HPDAYZ W T, {HiEOR RS L U — 8 AR E O RRE 217
2. TROLOBERERCT, KERTZE, O KR THRIBE TOLVWERH I
Vo T, IMEFEEERE RICERE OEBRBR, &5 TITKERTOH
W5 Ay —OBBEEROELE RHEL T TR, BEEKEOMMHEEH
BEZ B O FEM 7o BREH & B 7.

32, EREBEBLIUHE

32.1. TREWHEN—-T

X 32 CERICAVATFRAEE N —FOMERERY. BEHIHR
OHEITHEFERL, BEEY FOICL VBB V7G5, /N—F K-
N B 440mm (2R E SN ZIRAES Q) (RS V—A YT VAT A,
2A) ICELHN, EMERA0)D LS SN B BLAZER THAEEN 5.
FLCEBEREDOZIZ-HREEENT WHLIRAZTAN—F K= 1(13)
iZ%kLR, BERIHIFLL v E LTHEENE, —F, BRIEHZESR
IREBOD S, IREIHIAEZRQZEo 721, BtEL ) 74 AQ)2EL
THN—FERHPLMEGEND, TOLRKIIEEHFELOKD 2@Y, B
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HEBLRE SN, FRABBAL LTN—F K- FU)roHEEh 2,
BRI TN 15Z TFRETHI LIZLD, a8y = TH{REE
KREBRLITZAH. 2B, BY eZFo Loty AL, REPED 72
DAL, Tz, KFEADIE, FEL) 71 A16) %@ - 121k, HIK
Ay pN—F K= FROEHEI NS, ZOMIC, FEKEOXEE L
T, REEFARBRBESEZOTHIYDEATESL L) TR TS,

B33 1= F K- ROFEME, KROEEEEL L HIIRT. K
— FAREIZ52.7 mm D AT ¥ LABT, FEEICE 1 mm OBIROKFEDL
Bos4ay bN—=F52FLTWA, ZOHEICIZAE 58.7 mm, FHE 80.9
mm OBIROFHHICFEG - FEOZRERL CTARERESELH L LD
2, BETOED) 20X EEIC > TRD.

EEREMIIRBERA RO HE TR & U =5.5m/s, Tili— ZREENE
e 9=0.045 kg, /ke,,, BILFHZESREST P=0.4MPa & L7z, $=0.045 134 E
Hizd5E8075 825,

WEEE 33 IZRTEHE, N=FR—tLEEEE L, /N— T8
FTHAMIZ h(mm)%, FEFEIZrmm)% & > T, h=40~130 mm, r=
0~45mm D&% 5Smm ERBTERKL 2.

X 3-4 13X 3-3 L E—FKHTH, KEOEREMELEE (1/1000s) T
H5., BHTRE3INDIHICRZ BB ELEBAED, BREY
WCREBICE RO — 2 KR SR EN TS Z X0 h5b. T
DX KEFEE R FFICEBET S 201, FETHEL D DREER
TOREIR & TR RO BRI R % BIREIC T 5 2 LAY RER, R ¥ b
ENEITH 5.

3.2.2. KRB MG —#HEDLES O FBERY 7 — ¥ Bl SR

M35 ICAEBRTHEALZZOH 7 U VEEE, CH/YY ROKREREN

B L OWIE I —HELEO RN ER RFROMBE LR Y. il I —BEL
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FDHIFIIX TV T £ F >~ L —H (NEC, GLG3200, EIRiEEA1=514.5
nm, 1/BEE 1.5mm) %AWV, I—#EDGE KRERIZ L —F R
LT DFMIHRESNIZEEL AL THEESI, F1 704
7 39 —DM, & DM, I & o TIEREBRSNMR, €V R—IVPICHET
5. FLTC, TH74 V5 F (BLEER, HERIZ OH /N2 FELADT
308.5nm & 18nm, CH /N> FEEHAAT 430.5nm & 1.0nm, I —§ELGCH
AT514.5nm & 1.0om T, &£ 4AWFEOH, CH, MS THRRN) %@L THER
KEBEEN, BETHEEEPM (ERKR =2 A, RIOGUH) THlS
N5, 4B, KEREFEVEBOBIMEL 20%0wE) I, 35K

FIRTHEHIR 70— 72EAL T, £0OREHEEZEE 2mm, &3
4mm DO THIKICHIBE L, il —#HELE & KRELOWEFED —HK
Ermalsgr, '

3.2.3. 5 HWLER
.Eigmmﬁ%ﬁ%ﬁ;wﬂﬁﬁﬁwﬁ%ﬂﬁﬁwfm77§%%?,
RELHALETEEE PM,,, PM, &illE I —HEOCHAEFHEEE
PM 75 D HJIiE, IV 2 /¥—% (NF Eletronic Instruments, Model LI-
76) CTEITICEBEINSE, BIEOT VI THIBSH, AD 2213—%
(ELMEC #, EC-2390) TAD E#f s T/)8—VFara—% (NEC
#, PCI8OIES) DA EVIIMYA TN, TUy =T A A7 ITRFSN
5,7 b— M 20us, W AHRT— &Eium&#bamm
8T, 1.2s MORFHTRETH 5.

32.4. KETORER
RALKEZRBRE O KK TIE, OH, CH, C, 7 VI WVIZ X ARENHEEE
T, WL HHE (band structure) ZFFo T 5
Dyer & Closely®IZ L HUEX OH T ¥ W vidFHay H:J?F"W)‘E\A 72T, BREE
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HARIIE L AT 555, OH I VA VBEEHENE,

CH + 0, = CO + OH* (3.2)
7 B G THE U2k IREED OH T ¥ % )V OH*73,
OH* = OH + hv (3.3)

DL A S—XIER L TERERRBICESL HSBEICET 5(0,0), (1,0,
(L)Y FORERETHS. 22T, h U-s) BT75V %R, vid
REOBEHKTHSH. FOHTD, 306.36nm %/5 FAY FEF5(0,0)
Ny FAROLEET, F0OBEIREG)OERERFTHS CH 77
VigBE L WIS LTE Y, BREEEEE OIS 5.

CH o ¥ hIVHEE,

C, + OH = CO + CH* (3.4)
2 B RUBOTHE U 2BRIREED CH T ¥ 71V CH*7S,
CH* = CH + hv 3.5)

DI A A>XTTES L CEERBICED ZBICET S, 431.5nm &
Ny FAy FET50,005Y FORKEIEETH S, £OME IR
GHDOEERTCTHD C,7 Y HIVEBELHELTBY, BHITRIKE
OFPICEB CHEEINS.

1o, GEERE, C,IVIMNAN XN, EBTHRICET S
SMSMm%A/FAkaTémmﬂ/F(WWHM/NM)®%%ﬁ
BEETHSD.

oLz, 2% (chemiluminescence) 1%, & DALFTED LR
u;oféﬁénémﬁﬁﬁwﬁ%%%wiﬁ%ﬁ,% EARFEIZERS ¥
AEIIRETAHOT, FOAFROBEICEERIET A bDTIE R,

it,%%uﬁm@¥@&%hﬁwf%,%ﬁ@ﬂﬁﬁﬁﬁﬁf@i
REEDDFH A VIIBETIER SN, (LFERETHIEFDHE. LR
i3, BROTVEYKETIE, SREICOH BV TS 5745, TN,
KGO & Y ER SN -FIRIRED OH T VA Vb OfLERE L 135
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A, RHFETHRETIEBARIE, FRIEIEHBRTIIZVOT, OH
RHALBETEDRE o T BRI CTHESND L ELLNS.

INLDT I HNEBREFTIIBRERICEFTOVTWEDT, KRD
DL, FEFICEMEFESPY)EL A, LrL, COEERELZITNIE
bWnIdlE, BONEEREFTIZ, BEEIVINVORBEZRLTWY
BOTRRENVEWVW)ZETHE. I VMVOREEIIRRIREN(LE
BOREYL, ChPERTHHERICEKFEL, BEEMICIZOLFEDE
xHERE L XBERS RV, 2, TTLL0EKRREEFEREL TVWEI L
bER LTI 6 Rw,

ZI T, RIROFRAEBAREN —FOREHHE L & THEBE, S DK
RBEXD AR MRS ()Y —ICHEEFE, OMD-25N [IEF4
k%) THVWCTHEL, FVANVEBROFEHR L. ZORBRIT,
NN—FOBBERTERERICBAT S 7OV OBEYEAIELZ LI
L0, FREHERO 2HEEOKRDOBELIT 7.

[ 3-7(a). (0)iE, FNEFN, FR (@BRFHIGT 5 703 DRAEE
70%) , MR (SBT3 7V ORAEE 15%) DBEOTL
BRTHL., HEIHEEATH ), HEIIEOMELZRTEEMTH 5.
P, EHRE-EREEREL¢=0045kgkg TH 5.

FH, ERE DI, THARS PVIZETT 2O OEES CFHTED
WIRARZ PVARON, £V NVEELIEFNIZEEL-ETHML
TW5. (b) DFFICHL VERDGEITIE, ERART MV AR EE
TIXIEE I, CH, C,T7 YN NVEREKIZ, #EiHA R PV LI
BTHND., §EoT, NV FAY FERESUHRFBRERALEZZAL T
BT TVHNVHRKEOAEEBLZLIITET, FVINEELERELD
BELELDOZHBHELTWERLEZLZONRUTH A,

FHRTIIERARY PVEGD§EV0, HE, BROLELLDH
AIZH OH N FERBA EUIRFBIERAEZ X T A I LICL - T,
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OH HEXEZMRET A I LN TE L, 22T, OH BN BEERICHBOD
BEICHAWAZ L7z £/, OHENEF L CHENRET OAFILH &
WIBEITIEHFRD, T2, MBABOFICPEVHEICITIHELE) B
KOPBR EN TV B LEZ /200D,

T, I-HELREFE, WEARICEROMWESFET 5720, B
TIMEOEB/ VAT R L, WEEBEEOREE IIEREROR
BFEELLDDEEZOND. BIGRTEE»SRT (M 3-14 1)
T B —Ica/m L, WEFREICEBTA-> T AL £
Ao TZ W E AR EIBEATWS, o2k, I—-HEDRE
Fix, MEFRBAOHE S SAY—DFEZRL TS EER 2.

3.2.5. BERBEE
ADZRENTERFF— 5 % 1024 HTOD 30 MO T T v 7 (25
L, FFT ICL o THEARY MNIEHT S, B2 BREFTRVE
BRI IEWRT IS, NIV THIVRNZVTRIOY 4 Ry
EPTHIEDNEVHD, KEBROBERZT 1V FYICEsEIZIEEA
ER OGN ol FRWMEDOAERRIC L 5 BIISEREBICEN,
0 L9 R (15kHz DLE) OffEIZH ) BIREZWEEDNZD
T, U4 Y FTIZEEEL 7.
BERFMES fDEEART MVEE(NHETHE, T —ART MV
Wb, ZORAART PV XDORIXRICL > TRDOOLNS.
W(f) = E(f)-E(f) (3.6)
X,()=E() EQ) 3.7)
ZIT, E(HREPDEBEEARY FVTHE. B, iFi,j 1,
OH, CH, MS [LEE#Hb 3. ERICLoTHEOLNEZEARY FVIT 30
BT oy TIWVEHE LY, FELEITo 7.
HOHMB, MEMEEERLER, T —ZAXRT MV, JHAARZ b
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NVosg7—) Al LTRo LS, HOMHBEIZ =0 ms IZBITSHH
CHBEOMETERILL CTHCHERE R()E L, HEMREIZ2ODF
B0 =0 ms |2 BV 3 HEHBEOHREYETER L THEHER
BS(r)E LTERLL.

FERL LTRE o 2HBRED « O#EFIIE 0 « SN Ark 2o T3
A%, FFT OWE LFEETIHYERL T-NARS c ENjAt2 LTz C
ZC, Atld AD 3 VoN— ¥ OBEBEER], N i3 1[EO FFT TRET 257
— B TH B, SEDFEERSEMTIXA=20us, N=1024 T 5D T-10.24
<7 =<1024ms &£ 2 5%, 333 TCORTEHII-8< c <8ms & L.

71—fmmuﬁﬁmiof,7D1XN7%»@%@&LT*&6
Nz, 72— X3 2ESHOBEREBEESBT BNMHELZRTHOT
b5,

Im(XU(f))} 3.8)

F(f)= tan—l[Re(X,.j(f))

D=L YA CDIE, FERBBSICBT DI AAARS PO
M FOEEKTDINT —ARY P VOREFEETE - T, EHLLL L
bOTHL, Thbhb, ab—L Y ALEF2O00EFOEERKHEETO
HMEMBERBUCHLL, XKADL)IZERINS.

X;(f)
Cy(f) = J’vaTvvlTﬁ

333 THFRETIE, OHRHEFT L CHEREFT LD 72— X120
IEVWER LS 2 DB We®, - ~x, —F, OH BHES L i
EUER L 07 = — X o HEAS C 0~2 x TERLL.

(3.9

32.6. FLDV L%
Bk 3 EERBAEREFRE IICKRE SN —RukAEELE
DO FLDV (B2EHM) 2HWVT, 3278 TRTHFEICL DMHFED 2 K
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TEEE R EHA L7, X 3-8 12 FLDV SRR OBRER % 7R 9. FLDV J&#
RIIBHRET 2TV E— LB TH B, Ar'l—F (Spectra Physics FH#,
Stable 2016) 2L HBE SN2V — i, ¥—L4+/L—% (BS) T2
KNk, —FHBT 57V (AOM) T 40MHz 72 BRI BERH SN 5.
¥4 a4y 7 3IT7—I% 0 WEE 488.0nm (EIRS W2k, L—Hk%E
T2l — Y TRT 7T ANDREICERL, 77 AN HIZEATS.
K7 7 4% BLTEEOENRRICEPN 2 KD L —HHA, kR
CHIERE LT T 5.

WG S DB AEELGI, EBL Y ALFEEICT Y v P ENTERE
B 300mm DEFHL ¥ XTEREN, T 7 A NNEH LU TRETHEGEE
PM, (A AFH2 T %458, MODEL 1961) THi &N 5. PMyH 5 DHT)
IZEB S (DANTEC #3, 58N10) CTRIEI N7z, /=Y
v¥a—% (IBMH, PS/V486DX-33MHz) TN, N—F7 14 A7

RS NS, F£3-112 FLDV Ok ERT. WEICH T, FLDV HllE
WO P LMTARBEOMEEEO L L —B & 724, LDV OHIER
FEAT ¢ 0.068mmX 1.16mm &/h SV, BEVHEZ BB LB L 25,

32.7. 1XFTLDV &2 2 RIGHNEDHE
S IT, 1RTLIDV I X 5 2 RITH BRI ORI T RIS DT
BB, FHAMED P LR TF i 120w, N—T# (h #) EET
1 MOEE LT, h#ih5A LT 45 (o 8) HHOEER o, £ LT 45
(p#h) HEOEEL b L L, BEFYEa(=a), b b(=b) L KB a,
p L OFITEGIE, FREN,
a,=a+a (3.10)
b,=b+b (3.11)
LEITS.
INERVTEENY PVOAKEAZE, N—T8# (h #) HEB
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SUHE (c#h) HAORETEHEY,, V206 FICEBRS Y, v, 13,
%ﬂ%hUﬂ“@l’)ki’é% (X3-9 ZH) .

_«/‘(“b) v, = ‘llﬁ(a +5)) \ (3.12)
V, = ﬁ(a—b) v, = 72—(% - b)) (3.13)

$oT, MEEEOREHS (FHE,LOTI) OMEMBy,, v, &
RKDDBLRAE RS,

v,j,,‘-v;,,.=%(a;+b;)(' b)) = 2(a ~b) (3.14)
T/, BERESEY, -V (= v, v ), /j('tf‘%ﬁ%.

’ ’ ’ ’ 1 23 p 1 7 12

ViV, =vh,i'vr,i =§(a,” _bip)=5(ai,z_bip) (3’15)

v,V ASTHTEEBE O ) THIEERICH YT 5. COMENIFRA L OAE
RIS o TRIZDT, v, v OREDOKE WV E T A TIE, G
2T RAHDTES OLENE NI L EER LTS

T/, 1HEBIAHMEREOGTHOBRE LT, SN ANVFITHE
ML= g%ﬁffz%bf

ke =5 017 4 = [l Y +<a:—b:)2] = {a? +87) (3.16)

2L, PUr—¥RFORERFMEERTIZEN L TWEVOT, K
GJQKdﬁi%TW&w.Lt#of,gih4¥@W®%ﬁE§N7
MVOMIHED 2 eFgEL 2> T A, Tz, BEFEHEL, AR T
KEhbHERIND,

_% = .;.(a;z +bP)= .;.(ZFJ?-) (3.17)

DEDZEnt, RNEFEETHHHE, « ML B HEOEE %
A2 1 RTCHELTH, R3.12), 3.13), (3.15), G.1N% vV TH
TR N — F e RSV, REAEEERSV, REEEOME
HARBY, Vv 2o ICk BT A EATES, 2B, TITOLDV
SHEA N L - R FIIEEHEZO DD ROT, EBROBEIIMERE
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12 X BB AT HT, FHUBBPIC LDV AR % 88T 5 N B0 iliE
bhzo CEHU SN MEBEE R THILICL, ZDEEZ D > THH
EWEE R LY. 2R, RPICELNS, ab, af, b ERRICE
ke 7z, |

N N
zai Zbi
a: i=l , E_:z_:l_ (318)
N N
N N \2 N N —2
S Y(a-a)  _ Yer Y(b6-b)
ai/z — =l - =l , bi’z = 4=l = 4=l (3.19)
N N N
ZIT, NIZ1IHZESICBIRHET— @K TH), SEIOHEZETIE

2000 @ & L 7.

3.2.8. PDA ¥:2:%

IO L N — FEHEE O FFRRE L, PDA 2 H W TKRIREL
PIXRNCEIE L. FOREREFR3-10 RS, BRICEZT VI A4 F
> L —# (Spectra Physics #5, Stable 2016, FE# E A=514.5nm) % H
W7, FLDV RZERERMEEI, ©— Lt =3 T2H0E8NL—%H
D—Fk T 7k (AOM) T 40MHz 72 BEBERT 5. FhEho
¥r < Cal—FTHKT 7 ANDWEICELL, 774K EE
AT B, K77 ANNEBLTEHEOELRICEP N 2KD L — WA,
CRBERICHERERTER TS, TARB LUESRERITROKE
(DANTEC %!, 57X10 8 X U'58N10) #fRA L7z, F2HETHRRL &
31, ZHHFEIFEEETHT S 70.3° OFMITHERO 2. THITERIE
¥ 280 (B4TH) 1S3 LT, i & 5 1 RBIEAER IS
20, KEROEELZITIILL, 22, BREICH L TEILY 5l E
FHED, Fv 7’5 —EBOMEEE HELBOMNT 2 BIEMMRICRITY
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B 3L ALEHTXLAAEICHY L TWAHIY, PDA OHRITZE 3-2
WIKRTEBNTHA.

33, EEFERBIUEE
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11. Pressure gauge
13, Burner port

INERENENEEREI

3 i
oo S
I?)Aonohoho Uj I ;[ | |

—

10 % ' 4 15

1 ] »
() | 2
12

32 FREBEN—TFTOHERK
73



*PBBEBELS
SISO SSENPPOISDS

'Q’QQQ’..”O’I,” i

2 e

e e O RRRIRURRRNANY

o
AeldS -
nox_Eo‘_n_

NEEEE (FENEMH 1/15s)

&k

¥

i

112

IN—F K-k

3-3

FGEER 1/1000s)

ROEEBENLEE (

K

3-4

74



?\&L&&s A:Aperture
| Sy

L:Lens
+X—X X/ P:Pinhole
Ar’_laser F:Filter
Burner
PMox

3-5 OH%J&, CHZM, Wi I —HELHE 5 RN EMEER

PMOH PMOH PMMs

|-V converter

| DM:Dichroic mirror
Probe PM:Photomultiplier

Amplifier
CRT
Printer
A-D converter Computer F}Oppyi
disk drive

3-6 EEFMEZROTOY Y
75




4000

CTG*

3000
2000
1000 L/AAL
O 1 | 1 1 1 I
300 350 400 450 500 550
| Anm
(@ HRDBGE
4000 F—==0OH
100
30001
50|- C=)
2000t
0 300)\ 340
nm
1000 CH<t
O = I 1 L
300 350 400 450 500 550
A nm

- (b) BROBE
3-7 REDGHKARY MV

76



LDV probe

Optical
fiber
7 o ::::::
G ------- A
Ar+ laser Beam

manipulator

Photomultiplier
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Probe: Focal length 400 mm
Spot diameter 68.1 wun
Fringe spacing 4.16 um
Fringe number 16 |
Range: Maximum velocity 12.5 m/s
Minimum velocity -4.16 m/s
Wavelength of laser beam 488 nn
Bandwidth of signal processor 4 MHz
Frequency shift 40 MHz
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R bLEEAE L, KETFHGEIC 8%, PEFAC#E LS.
B52 WRTRERICED, WEHI —#EVES, OH I VW IVEHRENLE
B CHNNY FOKREENES, BLUOEEMBEORE L N—F Ll
MEED, 5 EFORBERYI;T - BEZY —WETH L. =B,
PDA DHAEIIHE 3, 4BOLDOLFE—T, E32IIRTEBNTHA.
i I —ERELE 2 & N PDA #HGRDKIRICIE, TV Ty A4 2 b —
¥ (Spectra Physics, Stable 2016, ZIRiHFE A=514.5nm) % H\» 7. liE 2
—BRELL & KARKIL, BIH2S 40°DFEICERE SN AREL VX
(CL) CTHEFXEN, F4rufvyr7 35— (DM &DM,) IK&o THEE
BIRENF%, Evk—) (P) KR END. 2L T, TH71V5 (F)
(kB & METEIX OH /N FEEAAY308.50m & 18nm, CH /N F
SSFHEA430.5nm & 1.0nm, I —#XEEAAY514.50m & 1.0nm T, &4
#F OH, CH, MS THR) #BLTEEREKRESN, KEFHEE
(PM) (IE#F P =2 X, RI06UH) TSN 5.
E 53 ICHERBEOFMERT. KREAVHBEOMEL 20 %\
L 3, ABLARICHERIR S 0-72EALT, TORBEEE
ZF2mm, £ 4mm OERICRET ST LI2E D, hE I —HELEL
KRFENO P EAIED— ﬁﬁ%mhéﬁt —7%, I —HEEORER
FBIIER 145um DY — AR XE*EE 2mm OFTY ) BWo 728 BT H
),kk%%®M%¢ﬁ@—%%£b5:¢§&w MEOREL & U
L PDA # W THEIE L7228, 234 Thik<72 % 912, PDA Ol
EARIE, I -HEDEOIIERE (RS 2mm) © PDA ZHHRADAY) v
MZXD, 100um 7OV Bo2bDTHA. B, %3, 4ELF
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\Z, PDA & XH510EiHIE OEIF RELD BESWNI 25, BIHDPL
70.3° P& BN L 7z,

H 54 ICEBMEROTOy 7 MERT. LETFHEEE»OOERRE
213, IV a2 3— % (NF Eletronic Instruments, Model LI-76) |2 X ) &L
ERIIEREN, Ty THEIBEN%, AD 22/%—% (Elmec, EC-
2390) BV AT NG, EBOF VT ¥ L— MiE20us, ichHizh
DY ALT — 7 EiL 45000 ETHY, 1HEDHZY 0.9 WHOFELEHD
WHEETH 5. |

AD 2 N—% L PDA BB L OFEEIIINIVATA LA - Uz
#1L—% (PDG) (Stanford Research Systems, WC Model DG535) %\
7z. 551 CTTILEEFD Y A4 I 7 %/"F. PDG IZ AB,C,D DI L7
4ODTIL VNVORNEELTEY, BEFS T, 230 ETH5,
& OERENEERZIC, TILHEILXVE low 25 high N h x5 L
NCEL, 72, FNoEfAaGbEsrI Licky, HiziE, AJLB (A
BEPLb A BE XL ENY, B 5L EASHEEZICNDLT
BB) DEBRINNVARTIZRET A LN TES.

REERTIZ, CILD/7SIVARIZL D PDA EHRABEBZIDO/N-A T AT
7% (TTL ERHE) % 1.1 M4+ VICT5., ShICED, AD I N=F
DF— I AHREBAD PDA T— 9 DADPREIND. )N—A T4
FIINEFINIENL 01 BEIS, AU B2V AIZE) AD I YIN—F
~DF— & DR AAH (TTL Bind) »HB S, FEIC AL B /LA
I2& D, PDAF—FDT A0V 5 44 (g Szl OuiEofE
AEA~OFERER) )ty b (TTL ERE) S5,

B, KEEFOEWRILI2AMTHERZLB) T, OHEFIIIHRBERX
T 225, CHESREAREL CHI VA NVEHELEAFERLT
B Ens., —%, I-HEBESTE, MEFEBRROMER (77275
—) OBELRLTWAEEZLND., &6, PDABFIXMIES 7 A
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5 —NORER LML HEELFH L TWELEILNS.

53. EBRERBLIUEE

[ 5-6 \CAREERICBTAME M EZRT. BREER, FEMBER L IS
r=15mm D#FEATH L IHESERE L2AY, h=35mm GEALERFICIL
h=70mm b) D¥FLICHPERTEEL .

[ 5-7 1< r=15mm, h=85mm (& B!} 5 KR OBMEEP LD OH 72
B VEREES 1, CH/NNY FOKRERET Iy, WHO I —5LERE
B 1, WiEEED EEE (W) REES Y, BIUHEELRED O
52 BORBEERTT — 7 O—Fl2RT. RO « IZRHE (ns) T,
BEEE | I3 E AT LR WA, i = GE & R ITTFATIC T
ANEBBLTVWAEDT, TRODEBRIES,OXRBELHENT L Z
LHTED.

EES R SNAEE SN2V REICERTEY), BIED
{34 1CROND LI, BEBRKEPAHE»OBM 2 KEEEL &5
ZENGhB. T, I-HMEESTOMAONLEL ) HI L LTHEE
SNBMEZ TAY —iE, FRENDL L OMHEILEEEINTNS.
FUHESIIBWTD, BALRESATX— VD7 53R —DHERRE T
FEAELTEY, BEEYHREEZJICLEELTY, HADITAT —
2T, FOBRBRELANILENSHS. PDADT—F VT,
£V SAY —DEHRELRRDD ZEHNTETHD, HHI BT Iy
DR L IMEEE V057 FAY—DORS A —VE, I1TI1
SVE AL (RS N8 % O OB ERENOBFRR) EHWT
75 Ay —HOMEHESEL BT 5 I EATRTH L.

53.1. WMy Ay —DE T LA
[4 5-8(a) = r=15mm, h=35mm |2 B!} 5 55 F DO FEERERRYI 7 — & &7
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. F72, @580) BRI BIIBITEEBEROMNEERTH 5.

SEBRBERF DT — % (K 5-8(b)) 2R 5L, il I —HMELLE T Ly l3E
FENCHRIBE ENTEB Y, WEFREP ICEITRBESZIFEL, BHELE
FhAFoLMEI TR —RBEEE NTWiv., oMM, FERER
DEDPWEAIIBVTORoN. —JF, RO 7—5 (B58a) %
B2 L, t=23ms & 45ms fHIEIZ 2 — 25 A% 1 ~2ms D ERHE & N WERE
BPRONE, LT, ZOBEMHICOH & CHEFVILLEF-TEY,
FBIROKREEC L o THEBRSTHENRT, 7FAF—ZREL T
BT ENERNING.

X 5-9 |2 r=15mm, h=40mm (BT A KEKFDOF— ¥ #/R" . Smm L
DE 5-8@ICHRT, OHEED L LV HEIH L, ZOREHMD
FloTwa. 72, OHEFTIIUDL Lo T D R RETI,
I-HEETRBREENRTVRN, TALDZ Ehs, BRHAREIE
WX 2SR —=DBEEIN, LEWIFOREZEL TSI L0 H0
5., COBEBERPTORREIFIZONTIE, BROEETHEL (L
HZEITA.

532, HADWMIEZ 7 A5 — DFHAE
[ 5-10(a). (b). () |2 r=15mm, h=70, 100, 130mm IZ BT B KKF DT
— ¥ ERY. INLORERRFT — 5 HV, KRFITHFETHME 4
DIlE A5 —ITEB LT, FikiTo .
T, PDATF—= S AV, KR DIE S TAY - DRSS (%
B L.
le=1,-V.—D, (5.1)
TIT, T3 3 —BELEESORREHE, V.37 7 A5 -ADMHED
TR, D IHBHIBR 70— 7OHTFOEE 2mm) TH 5.
(b). (©). (d) {2 r=15mm, h=35, 70, 100, 130mm (2 Bi¥ % £.D PDF Z#/R¥.
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RO BRI IED S50 5 LIS, /N—F A ERE h Ao T,
WGy SAY—DAT —WA/NEL o TWV5.

X 5-12 A PESICBITBHEY A7 —DFHHFERS (DN —
FE A IAERE h 1T A LERT. h=35mm T, (I N—FF LI
IZFEL SommBBETH HHY, h 2 TICONTEHITES L Tnwb
Chiu H@OIXEE d DH—RFMFE D, S KD, 11D@ﬁ%@ﬁ77
2 ¥ — DRREER FRERAICEAT L, IERICE T N A MiH ORI
ﬁu;émﬁﬁmﬂ@ﬁzﬁﬁwxm¢®m&m%én5#%%ﬁ6®
G UT, HigmkeE, WEBEREE, JLRERIREE, SURBREED 4 B O
PREETCRED S B C L 2 FRRL7:. 72721, Gi&

G =1.5Le(1+0.2765c'"* Re''*)n,*'*(d/ L) (5.2)
LEFREN, Le lINVA A, Scidi oIy MK, Re IJHEEZE AR
9 TEERHV LA VAR, n i ZiliER I & T A IHIERE, d 13H
—{HTEEE, LI3FiliEHERETH .

HERITCIHTE I BERE S &

§ = (L/10d)/(1+0.276S¢'> Re''?) (5.3)
LEFETHE, GRS EnEAVT, DEDLIHIIKRES.
G=0.15Le-n*"?/S (5.4)

ST, Le=1 & FHUE, HS5-13PD & )2, neS FHEICHE G L SH
BREOBNLEB LML IENTEL, nAVhEL, S PREVAHE
7R CIX BRI, n AR E (S AVNSVIBEET TIIANSRBEOA T
B ENTHE
u@l?&@@#%%%TWi H 34 ITRENARHE L KK TIE
BESKICBEATRETIE 2L, BIRGAREE lofiL%@ﬁ@
YA —|ZHATRETHA). FIT, EBRT-IPSBADT T
A Y — DRI G DEW 2R AT, ZORRIC, Chiu b DR TH
WHERTWARE—Ed Db I, HiES 7 A5 —NOEMFHHE
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HAED, %, 7T AT —BEDJAIRIBRDMHEY 5 A5 —DORFEES £,
PRV, 3k, FREEBEHAV TV LD, MELEMEDRY v
TEEIFEFITREVDOT (46 BH) , Re=0TH Y, N(E3)DTE
I 1 B T5L,

G.=15-n"-D,/L (5.5)
ZIT, LIZPDA F— ¥ R HWTRRIZ L YRz,
Ne-1
L= (t;—t,) V.I(N:.—1) (5.6)
i=1

72750, NA3EAD 7 S ASHNTEHI SN/ PDA T — B8, idi %
HOWMEDT7 I A7 NVE 44, VZiFEHOWMEDOEETHAH. T, n;
BEZEDFRFY 5 A Y —ONTITIHEPERBLTREIAL TN L
LT, kXick k.

n, =(%ec3)/13 (5.7

5-14(a). (b). (c). (d) < r=15mm, h=35, 70, 100, 130mm (BT 5 fE %
DTEZ S AT —D G, % nS FEICTAy P L2 DZRY. G &
Chiu > DT L7z&8FICIZIZME > TB Y, -F /2, h OEINIAEN G.D
Ty b AHBRIREE - SLERBEIREED O PSR BEBRGE - BLTHIRBE D SIS &
BoTWERFHVRONS.

5-15 I BBESIC BT BFHEBEE AT A — 5 G, D/S— T #T71H
BEhIIHTAELERYT. FHHICRS L, KEERES (h 2V T
IR BESRSE, KA TE (h A5K) CTRNBEBREOTEETI I A S
—DWBEDSTONTVWDE L) THDH. THILEIEICBIT LMo
BE (M3-16 W) LIFIZ—-HLTWD.

A E DO EEED S KO 7B G, OFIMEE Chiu b DEGREITICH
TROBE, BIFTERE-BTIERIVBONL LW Gho7z. £C
T, BAD7 FAY—D GAE% Chin b OHEGGIRATICY TIDZHEI,
BIEINDE ISR —OBRBEIRREL — BT 50 L) AL 12DIC,
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B4 DM T Ay =55 OH 74 VEARELIRIE ShbEEEE
Roy & G.OBRERN. EOKREHS-16 1IRT. ZORKRPL,
IS DEFIIRONEbDD, G BKERERLDE I FAY T,
W ICBRBERIC A RO N B EEMMEL K, GD/PhERI TAY—=TIIZ
DHETHDBEIENDHND. TOILhb, GIMEADIMHI SAF—D
BREBEIRAEE R ITIZRML L TWDH EEXOND.

54. LTV
KREPICHET 2EADOME Y FA 5 —DBBEE/NT XA —% G %l

ET B0, 83, 4AETHYIK -7 OH, CH, HiHI —#EED 3

E512, PDAIZ L ZiliEOREL EEDNEFZEML, 7 5EFORE

BRI F— e Ty — L7z, T, MBI IR —BEDAHZX L

RHLPICT A0, MEEE ALTH (LK) 18 TR TR

BITo IR, UToZ edghorz.

(1) FEBEEROTFRABEBINICIIHBRLER 2R LHEs 7 A Y —
BELTWRW, —F, KERFIZBWTE, BROARELITED
BEELVTRESNT, WEZ T AP —DTHINS.

(2) KEEBRF— 7 »OtBENDMES 7 A5 — DFFRBEE T Chiu b D
BRBITICETROZE A, FHHIBE SN HBRBEREL G
FHERENELNT. T, BAOYZ IAY —OMREIRREED, 1313
FOU5AY—DOERERIIFIELTWE I L3 gho .

5.5. ZEIM

(1) Chiu, H.H. and Liuy,T.M., Combust. Sci. Technol., 17 (1977), 127.

(2) Chiu, H.H - {2 %, 19th Symp. (Int.) on Combust., (1982), p.971.

(3) Pitcher, G.- {12 %, 5th Int. Symp. Laser Anemometry Fluid Mech., (1990),
p.14.4.
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6. BEEHTORKREIIE

6.1. T 2HE

PESR 5% L OFFZEA e SAUT VB B — il R I FI OB & 13
R, EBORBEBNOBEEARIZ, HELI L, H503HEE #
BERDS, BEVCICHERICEEL RIT LA THEET 2 K5 h DR &
NTVBEEZLNTWAEED, T/, EROBEEIIHFTNIC ORI
b—RETII AL, AEXAr— IV EBEAr—VOBELS o T
VBT, BEEIEEDL SRR T AMES A —BETEDD,
IIAY =PI GAT—NERRMEETH LIRS, FE, H
BHTORRDOZETRNEEREREBICL o THETH L, THEID»D
FEFERKREBEPELTVRAEEIICRZZTY, LaL, BEERZIC
WhBLOIEEIZTTHLLE, THIIEBEKEO—ETH 2 A5
DEBBE 2V, EIXTAEBARIFAEREEIITTHE0 D,
FHERAOEBDBEL 2L, RYOKROEIIHEZHHAT L L
FTERV., L IAN, KEOBEERY CIERIDS T TTRLT
52 LIZREER DT, OH 7 V7 VEEDS L ITEFENE D O RHER
DEE IR L 2T T 5 v, T2, AHERBEIBMERE L i
7 I AY —ONEBEREHEEICTS I LATENE, EBEAXROEEL
EISBERPEOBN TR, &2 5.

AETIE, MRALRRABROBELBOIR L EBRFT, KL
DIZEHIE L HMTEOBEMPEEE ' 2 FICHE T 2 BT, BHEEE
BE,LHBET L2 OEBMER LBRBICREESTABHESZEZ AT
KIEEKL, KEED»ORET AIRBEBAROBEZITo 2. BEX
KB TOREE, HE, HEBTEABONBERREASLZOIL, XT
WTANY, AXA=—V ATV 7747, CCDARXAT, BBELEEE
YHAS DS NERY 2HEA W, OH I VAVEEREL C,NY FD
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k%%%@ﬁH9?%»5%%@kM%3—ﬁﬂ%%@ﬁ%ﬁ%%ﬁo
72, BB, KRPTOEBHED BREBHLBET 572018, KEDF
EHI hitfwéﬁk EARE L 20mm 1ZBNVT, FEL5ETHVWZLD
LEMONFEREEWT, BERA»S5D0H 7Y #IVEFENG, CH/NY FOD
RIES, WMEOI —#EK, BLUT72—X Vv 7T —§it#E: (PDA)
b OIMTEERE L RIRES O S B OKRFIET ZRKE=F — L7,
¥/, FROLORIBERIET2SRBLC, PDAT—Y %2374V 3
FAH T FTHIEIEY, A KRENE T TOIRREE H
Y FDBOBBERRICST T, WiEORE L BEEORKBHEZTZV,
TGRS, TR L REE OXME, 7 S CNTHER O iEE K
rE L.

6.2. FEEREEB LIUHE
6.2.1. FEEREE

61 CEREBOBERZRT. HELOZELY 20, BEMLL
7272 VELY 7 b (280mmX280mm X 1325mm, _ETFimfAk) o E#H
$7 x4 MEUREF RO BEEESSE GURERE 18.5kHz) oF
WEINTVD, EERE (BT &, MEEEAKRY FI2L-oTH
BRloiR SN G, BEBROKR— v ECHRAL S N REEE IR, B
HETLAALBIBICZRERBEL, K= r&iHD 5 400mm TIZERE S
N7 EMEPE 4mm OWERAIEIC L o THEAKENS, T2, KD MIAT
2SSV AT 4 LA - ¥ = % L—% (PDG) (Stanford Research Systems, WC
Model DG535) % Fi\», TERIMER %% 22012 U CEHERHY RO R 2 B
27z,

[ 6-2 12K EDEBEE Y 7+ (Nac £, Model HSV-1000) #7212 & % 250
Bijs O XKD TEGEREZZRT. ZFEOTIHIOR LAEER, &K
o DORBEBTHSL., TOKKRDERE,SSFNE L HIT, KT

142



LIMEICHTI SN BER L ®I, BOXTHICHALEFRFIC, BE
BAEHe H ms TANRIABR ENS. 2 LT, BRWITHRNICE > TTHIC
BEILLAS, Bt ms O, FITEHBELRo THETS. LIH7, X
BEDPHEKERGET L E, BHNFTH ORI LED, HROFE
RN DS, BFICEHFNRE EAS. AR TIE, KEVHREZH
LR RET A HIM, T2 b b EREY? S BT ms ZBIEONRE L
7. B, EEBRIZBEEEE 444cm/min T, HREREIL 20ms & LTHT

272,

6.2.2. WERDOEE

[ 6-3 12idiEA» S D I —#ELBE, OH 7 U IVEENRE, CYY FO
KERKBON, TED 202 ARICRETS-0ORERTH), K
BREEE?S Y Yy ¥ bN 5 FTOREMREEL, EEICELSE
LI ENTES. REERTIE, Th#35ms & LT

I, 00 5 VA VERRE L I -HERBROFRRREOLEICOWVT
wB, I —HERREHORE I, TVITr A4 L —% (NEC,
GLG 3200, ZiEME A=514.5nm) BV, Y)Yy FUAVL X (H

FOSEREBEOPLEEASCEENE Y BRI 5. BEENORT Rk
tesE (B 6-3 FRICERA) MICH BB EHETE, S 0 I —HELBRE, Y-
ADERFRSOWMET S, KERHOELHALLE\ET A%, N
B —HY— FOBERCEGRR, REROLMAMOEBEALES B
fbshs.

¥A4rua4y 35— (DM) (HREZRZHR, HRERNS 17!
L X W 400nm) 1 I —BEDEER S EB S, OH BT E RS ¢
LD EVS, WTEROESS, RTFHET 4 Vvy (BAREZRFEER,
OH RYeH | dulkE 310nm, LMEIE 12nm; I —HELA | HOBE
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514.5nm, F{EIE 1.8nm) , A BUEHEOENR S UV =y 2— V1L ¥ X (H

AT7TALOREELISHES W, BEEEEFIOERERINS. &1L
CRBEICHEBINZBILICCD A AT Lo THREENS. CCD H X T
PHLDEFFEFRIAA—V Ty (IP) IKHYATNT ADEHR
EN7ztk, GPIB 4 V¥ =T 24 AR@BLTN—=VF VIV Ea—%
(PC) ICEER SN, 7Oy ¥—F 1 AZITRHFEEND.

FATIRR B T, VBT (BEMENO I —#EL) R
B RUSHEIR CEs T M RERE S/ OH 26) HRERCTHRIL S 578,
L—FREHELTI-HEXHDO 74 V7 % C,NAY FEEHDOT 4V
Yy (AAEZY2E, F0EE 516.50m, FEIE 11.5nm) (CEE TR,
BRGS0 OH 7 VW VARRE, T30 DEEHELEED
C,/Nv FORRZENZRFICHEZILTHI LD TE S,

EZEOBERFIIR 6-4 ITRT £ 5118, FABEALED 22mmX44mm
DEHTH Y, TBAFHIL 4ms TH 5.

6.2.3.. WERDIERK
) Yy ¥—BIFr)F—arytu—7
LLEAWTERESE2RET 52010, YYy¥y—%2HWT LLICHKE
BEIC T AST 2 HEE, LLO MCP BB ZF Y —TV %2075
FiEEdh b, BEOFEZSEHCE LLTRIRETHLDT, Vv v
=RV vy =R R R o LB RO E VIR
Tr v REbH N, BNBOEERE R EORTHERTE 2ho k.
T, BARBIETELZAENELITRETH LA, THIIORNTHE
PRAT B0, HEVELTHILIEITE RN,
CITRBRN L VI BRI Lo THEATERRZAI= AN Y v v
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y—%BWz, ZOVy vy =&, EREY YV Y —BOTEHEIZIZLL
DEREERICEL RETH LY, LLOWEELRTELZOT, L XL
Il%ﬁva77T5C?77%7V77%WIL,T%éﬁHLH:
FEWNBICEBITA XD ICHBAAY. ZOBE, Yy vy —L LLOZN
@t@ﬁ%@%ﬁMmf%b,UV:y:—wv/zwﬁﬁﬁﬁlwmn
D 1/ABE O TEH LMEZEN,

vy —EHEET L 2RO, FhEhV L/ A FiZEoTF ¥
—UEANTRETHRE SN, ERLVABHELRHETLZLIZL-T,
BN EEICAGTES,. Yy v ¥ —0Rl#HIE, PC (NEC #, PC-
9801UV2) DY AF ANAIZEEHRLIZNESS L VA VI —T 24 AH
FHFuPD8255s RV, PV VAFT AL v FIZLoTY L/ £ FEERE
L7z, IPICE2A MY F—EBLZOBREDEBTERL TS, &5
BARPTZIAIV RV 7 F LTI THEIL T2

Q) AA=TA4 YTy T7747 (L1)

KT 7 ANF 2B LBREBRIIEEND R RL0, T2, OHN
YRR ETEEMEORNIE CCD I X AEFERENTELVOT, LL
PRAWCHREL R, HEERTILENSH L. FFRTIE, KEBHE
fiZ BEICRE MCP ##> LL (E#k b=2 A%, 1389P) ZfEML
.

(3)CCD % X J

LLIC L o THEE, ETHMENTBIZICCD # A 1L o THRES N,

FHEEICERSIND. CCDH A 1213 NEC B TI21A L AT RE

T80 WV-BD400 D 2 B & L 72.

LLOXEEOREICIIEED ) L— 1 Y XTREDBERRIFE W

72, —EOHRATHOL Y X ZEWEDEICHAEDELZLDEH W
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72, COBAEBOWARII2ODOL Y ADESEROILE 2 5.

3) 1 A=Y 7ukvi (IP)

QW B FEICHI D AL 202 25D IP (ADS IP-2 75 FIZ PIP-
4000) % F\7e. |

P21, 8 ¥ v F 256X256 EHEN S HE{RAEY) & 2 BEHDTHEL
TW5. NEBOERERTFT—TNV (W 2Ty 7F—7)V) Z@§TZ L&
mkoT, 24, FHRYREER EOBEBRFESTRETH 5.
PIP-4000 iX IP-2 DI&{HEET, 8 ¥ v b 512X480 EEDEEZ X €
» SEENELTWA. EEERADII,, ABOY 7 T TICLoT,
EEBOEE, EIRO AN, Zl71V5) 7, BEEES K
R, ANTILARRREST ST LEBREELIT) JLATE, BHE
YhoTws, ¥4 varon—Fr1T72flARALILIIE-T,
SRR EE (130 FPLLA) 124T) e b TE 5.

2BEDIPIZGPIBA v ¥ —T7 24 AL oTPC LEMINTHEY,
FU I NEBLENIERIE PC IO A E) % SN, THYE—T
4 AZIVARIEEN S, TP LYy v ¥ ORI % S NI PC I TOREGRLE
EHED TS L (BASIC+H<T Y VEE) TiTo72.

6.2.4. BEFLETE

25D IP IEEL, WL LIZE-> TV, $722HD CCD I3 SN
HARE L. Lo TEZY—DEL 2EGIIEERNELL DL 0T,
KRRIAEIT A 7049735 =1L L BREBEBEDTDITEEST K
L bDE o TWA, ERELY AAEED 1 BEOEFREUL P2 Tid
256X 128, PIP-4000 TiX 512X256 TH 5 DS, 2BDH X T DHE 2 —3
X% 72, PIP-4000 DG % HE L b 1/2 O 256X 128 HFRITHE/M L 72
#% PCICEER L7-. 2Dk, PCHTEARE, 7AX7 MEOFRE (P2
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OB T HEFE 120% 235 K) iT-o 7.

6.2.5. KA v MllERREFER

H65DHERICLY, BFF>LOMEI —#EES, OH 7V IVH
RIER, CH NN Y FOKBRENES, B L UEBIHEORE L 85

D, 25 EEORBERFIF -7 HEY—WETH 5. WELITK
KB EFBEETHMETH S, BEEBOELE 20mm & L. ¥R
OEEEIX, KRR, WhiE I —EELER RO SIS S B
DbDEFE—TH 5. iHiEI —#ELE L 5 OIS PDA EIARDIIRIZIE
PN TV A F L —F¥% (Spectra Physics, Stable 2016, FiRiK &
A=514.5nm) % FVa7-. g 3 —BLELE & KERFERIR, 2RO - LATH
SH LT 90" DA RE S NAFERL Y X (CL) THEEER, ¥4
yua4vr3I5— (DM & DM,) ko CHEEBRENMRE, Erh—
VP EEET S, LT, FHE74 08 (F) 2@BL TERLETRES
n, RETHEE (PM) THRILEShS.

MIEORIES & UL PDA THIE S h, BEELEBTREINLLE,
Iy ¥a—FICHDAENS. PDADORERHTIE, L—FlEE—-4t
NL—%T25L, BHREEOHNELNTRERL I, FO—FeTI77
XL (AOM) T 40MHz 72\ EERATS. 2L T, X774 %@L
TRENRICEX FROJEATL —¥FRERESET, WEFREEE
A, SRIABLICESTRERICIE, HHOEE (Dantec, Model
57X10, Model 58N10) % ¥R L7:. ZXHmE, S LT » 5
703° 1Lk o7, THUE, B2ETHNLZ LI, ERIERT 2R
ﬁﬁ(éﬂ%)uﬂtf,v~#tw@ﬁ~;51ﬁﬁﬁﬁﬁiﬁma
B, o, BEIC Lo BT B MEOEREL, Fyv7I-FF50
R & IEE B 2 O A BE MR ICRIZTEEL, BLACER
TEXDHEIZHY L TWBD, PDA DHERRIIERG6-LITRT LB THS.
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EERENOERT S L I HIERHEOED 3.238FR) THE2Y, 3
- HEDBRE—OmES S OBELE TR % <, BIEFIRADOMEEE O
EEIIE LTV D, 7, REROBEBAKIIILBIEKR (2000K B
T) 20T, HE 306~310nm DHEIMERICH 2 OH /3> FORAICI,
OH 7 ¥ # IVEREXUADORELIZRARET, L2d%o T, ZITRERLHE
BEICAIET 5. LaL, CHNY K& NNV FORER, FhEhEER
# 431nm & 516nm OTRIRIIH 5 DT, BEKED & ) ITHEEFEEITE
WIBAICIE, IUBNVERBICTT R ELLOERKRS (HDOERANRS
MUBEE LR TRE SN LG, Lizds T, FHlIZHRED D,
CH, C,Nv FREAOREEFOBREIL, OH BAHICHT IHEER
rLTW5,

6.3. ERERBIUESR
6.3.1. MR EIR
& 6-6(a). (b) (ZFNZFN, BHEEH 4ms THFE SN, WERLE 35ms
%O OH BLUC,NY FORKERBO, FRFEERTH L. KKK
DOEAZIL 40mm BETH Y, EEBIIAEROLMERL TS, T,
ZEOHRASE, WAMICHPLEBRBIBEHRTHL (NWERRIZOW
TIXX 6-4 M) . FRED X HI1Z, BRI THRE T HAEIE, $T0
SOEBRENZEIBRETHD, C/NNY FIZIZTTH5DENERS S
HAEINLLD, Y FEEHAO LLOREY, OH EIXADZNIC
HRTIHREELLTWA., LEA>T, OHBFEE (RA,TLl) #
§97% C, Ny FREEDRONBHBUL, TTOREDD R WAEEFELRL
Zxonb, FRIIWNLT, OH BREE C, /N FEAHPIITH VLK
3, TTORERE)EREBEAMTESL. 72, CHEELZHDL
WG, YRR, BIROD, T3 AREL TV 5 BRI
LEZOLND.
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WESEE ST AL, #557% C,/ Y FEEEES, 8V OH ZLHEEK
AARER EFTRON, C,/3Y FOKIZ OH EIEHEBOWMA THE < %
STWVE, O EDNL, MERIERILTLURIELTEY, 7
RAMOPENHER R RERIIFE L TV DI EWTHh 5. T, Kk
BRI I BAET B C,/ Y FOMESIX, OH XL RIb~2% &, TR
BN CHEURBER BB L NS RIlEZ A — L RR 5.

SHLHIZ, OH NY FTBIE IS AL, C,NY FTHEEN
BKRIROKE SR HDT, BIZKEERE S 21, OH /Ny FTHE
ENHIRHEREETIETODOET S,

X 6-7(a). (b) {XF 2N, OH (% & il I —#HOLE & & FERR L
FAERT, MYEHIR 66 LEETHH. BRELIFENDT, I—
HEN L FEEOKERLL IR OBRERTFHT 1 Vs (BBE -7
BE5145mm) 2 EBLTLEIV, MENELRYVA-BLELRoTWVAE.
LaL, I —HENZIMEVIRIC, BREILITRITEARERL %o
TWaDT, Botizod. 72, MiEkEs Bt um TH LD, TTH
a7 —BELREO A7y — VIZHTEVICKE L, BOBBHILL £
EHICARLTWAS, THUE, WliEs I AY —h b0 I —HEDEEED
e, LLOKREREL LD, 79 A5 —BICHEET 5E4 DOMER
Bl 5 A 5 — WAL SN TV AR WEDTH L. Lo, THAL
KNI —HERGRIE, HAREULEOKRE SOMES TR —1§ER
LTwhEEZLNA.

[ 6-6 L [F 67D 4 MOERE REAS L, ¥\ OH BAh% bk o oA
ROKEERIVEZ 2 AHE X IZIEL Tnb. Z2LT, ZORERDORLR
MENC, BEOH T NEL 2VWEEOTETH2HEEF S 5. THEREIK
I RIME 2 A Y —EBERO B e s, AEEIIME S T A
& — BCARAET B B R M Nl P I % B IR I BAT L TIRIEL,
KRIRD & SIZHET, BHEEOE LR TlEZ 7 R 8 — DLk
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BLTW5h, £ZTlE, OHELBRE C, NV FEEBRODH/INY — B3
P LD —HL T RnI Ehn, KERPOLBOBHEEERDS 25,
VKR E WD KDL, R TRA LT TOEKELTENT Y
HimiES LRMEZ SAY—DE I THAH. TOWSOBFIEBEILH
FEL TRV, %k PDA HIED S, RARIRFETOMEHREEIL 15
fE/mm® T, MERORFEHEFEL LTS0un 2 IRE TN, UEL 11 EE

L, PRVBERROIREILHSE., LidoT, LEOTIFRELT
bBL TR,

6-6, X 6-7 75 ¥IWrd 5 &, MERFBIIIER ITHHE D DA E SR 2 T
ELTBY, =R, 7L ORERHIBEITL TWwA L) ITRR 5.
HE, Yao DUVORFIRKOBRE LRI L T, KRINHTE (BF) H O g (7)
NEREFICH OB o TO L VL =5 4 TOKREIE" L2FT T
5. LaL, THEEIBEZETRLB/MNIEER L BRI RIT L TR
L, ZOEROESELBRBEBT, BXENL, TOMORHE LHEEIC
Lo THEERARF AT ¥ FLICHB T 5 &) IR DORERD 5 BIRT %
L, INLDEAERITT VY LD OFRER L KREEREO LTV S
LWEEZLONT, YL —F A4 TOKRRDITEMBTEDIIR) TH 5.

6.3.2. KRFENLIMED I —#ELE, #E, EEORRRRIEY
KROZENERWMED I —HEDLE» O 1T, BERO 2 RTHRIIE S
NTH, BB RERENHILIZ v, $72, BEROBRITHEOIER
DHEEPRETHE, FZT, TOEEIN—FTB0OIZ, R4 I
BUIAEFOERE=Y ) Y e iTholz. &b, KAV MUEDKE
I, GV FEXDKDYVIZCHNY FOREXRERWZDX, C,/NVF
HTNVTAF Y L —FORIREETH S 514.5nm [ TEFEL TWT, M
HI—#EDEE ORI ENSRNEL 2D TH B, C,/NY FIZCH NV F
WCHRTEREMIIH A28, CHNY FED L, 7905 DBEEELED
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HEPZIH. L L, MESFIHITEMNOENZRT I LIE, T
ERTHRELTH 5.

[ 6-8 12, BARMIBED 20mm B _HIZBT B, KEFOMAMERED S D
OH 7 VW IVEENES I, CHNY FOKERLES 1, WiHI -
BLERES L, WMEOSHESFARERS V,, BLOMEEE D DE5RE
B ORIEFRY T — 7 O—fl 2R3, ROMEE ¢ (3B (ms) T, BEREICIZ
BEHEMIG L TR0, ZOMETIHARENLEFIC, ZIZ—ERETE
XL TWB I FhoTWADT, KRIKEBOEENHNL TS &
RLTEwv, 2B, COMNBICBWTPDARNERITE 225, JE
PRBERF O VI BB EEC VI3 15 fB/mm® Td o 7.

OH/NY FL CHNY FOEXEFTEZHET 5L, OHENLH DL EA
LZDEIZIZFEZ, CHNY FOREDLL DL EA> TS (DA 7 —
VOENWIZEE) . OHREXDIMN L L) LRI LA CH NN Y FOREKIE
CHIVHNWVHRERERONS (REBOBRELZFCICLTHELZITZ R
i, MESIIFBICD LD S I LITHRFEA) . F0%, Kt ms BEh
TCHNY FOBEEFKRELELEoTWAEL, THIZOH BEXE
E{HELTELTY, 3 ITLro0EBRELLEONS. ZOZERD,
F66 67 DPEETHORONE EB), FERDEIEL 2 FHRICHS
PHIRT A NG90 5

¥/, OH L CHOWESZMHE I —HEET LT 5L, KRDOH

ELDETD S AERADENET 5 T T, BIERREICIHEN T CHEET 575,
FEROHEBBIIEFICHBEORFEIMETL, HERELOE -2 A X
Be, BEAEHBEBIFELZS LS.

Ihhs, BN, BREHTEZ 9 A Y - BICHFET 2 BEER L M/
IMED IR EAMELEIBIRWI L LRI, 20EHRTHED LI
WiE s 5 A5 =%, BROILEE OB, >WT, TTORAKREL%:
ENR AT EARET D L), K66 LK 6T DHEENLLHFELONIZDD
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EEUHERHICEET 5.

633. PDAF—%DaArF4aFrvt o) v

X 6-9~6-11 |2 (a)FERBERE, (b)RERED O KRFEL T, (K%EFH
EHRO 3 ODBEICBIT B, WHOKNESM (K6-9) , MEERZL#A
MEEOMEE (K6-10) B L URENOEE (R6-11) 277, He6-11
DHES DRSO VRIS KRR 0 #h 75 1) 53 BE O B B EHME V, (D) (@EI TR
R FRMC VD) (B TEEZEENO ms ) ZRLTWA. Thb
DFERIE, BEROSKEERLEDEL, OH BAEFDILDL EAT) Bl
75, OH BEVBRE SN 2B FTCOMDT— % 2 KRFNFEZROLD
LT, PPAF—¥%arF4atr v rF) 7L CEonzb0
THAb.

X 6-8 DBITIZEAR (b)AH 35ms, HIH (D) 250ms DEETHA. L
7Aoo T, ©DF—FIRKEPHRBEH LT, BHTERT 2EHO
BHRLEINTWBA, BiED & 912, PDAIC L A HEREZEROHIEKR
HAEERBEIETT 20T, HEeo®kEOZEIE, £)R&ECI%
W,

B 69, 6-10, 6-11 &b, (aFEBRBERE & O)RERED O KREESL T
DF—=F1L, BLALRAKOEREZRL TS, IhHhDL, O)DHET
X, RRVBEOREBICHERZRIZLTWRWZ L3905, LAL,
@, b)Y KEFERDOERBET 2L, PRVERANRLZ-TVS. Z
2T, (a), )% KRBER, QARFERE L THELZLBRE L TA
5.

37, M 69 DNESALRS L, KEELERIIFNERIZENT, /b
SWHEOE AR L, HEHKEVIHE (80umli L) OEIEHHEM
LTWaA, RESHBIRIIKEZEVIIR OV,

F6-10 L X 6-11 T, WEZ L OMMERELR RS &, KRINLER & KK
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B3R LTI, 2L LTOEEDREITFHERZED S LW, EOR
BEFICHT L THKREFERDO S, BEOIXLDEHNRES2->TH
D, WERO/NLEVHEOHIZIE, BOFEEYFHoTWEIHDLRLNS.
TN AREROBEICEY, FCE GFENSLEVICEC 22T, K
RIRPEBOERY ZDFWNFANRET 5 2 EBREEEERZ LN 5.

6.4. LTV
LB D B A R L7: BT, BHBRP TOREDRITEE
LIMIEOBERBEE B 2 BB T 52010, BEEESS,OEHE
TLAYS AHER L BZICRET 2BEES L — R TERKL, K
KEPORET AREEBALOBR2ITo /2. ZORKR, DTHZL
MEH SN o 7.
(1) I, WiE7 I A5 —BICHET HHHE LS WIEER RS 2
ANEES R, TERIRIRIRET 5.
Q) WiEZ T AY -, FROTIFREABEREBEBL, THEROEHS
THBRET A LICLY, WBAERDT ¥ 5 AICHIRT 5.
(3) L7HoT, BLMOIZE A ELRWEKERDRKERICBNTYH,
B iy 2 AR RE B SN B T Erir o T2,
4) BWHEAEOEREEAST ¥ ¥ 2P OFERICERE S NSRS T )
L= A TORBEEE R TOEER) TH D,
(5) KRR EETIR, FIEAINERZBEIHEORESALLREDIE
SO LA RON S, JHILMEOESR, Lo TITENIIL S
HNOREPEETH 5.

6.5. ZE M

(1) Williams, A., Combust. Flame, 21 (1973), 1.

(2) Law, C.K., Prog. Energy Combust. Sci., 8 (1982), 171.
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(3) Faeth, G.M., Prog. Energy Combust. Sci., 3 (1977), 191.

(4) Chigier, N., Energy, Combustion and Environment, (1981), p.248,
McGraw-Hill.

(5) B - M2 %, BMFERICE, 55-516B (1989), 2517.

(6) Nakabe, K., Mizutani, Y., Hirao, T. and Fujioka, H., Combust. Flame, 84
(1991), 3.

(7) K& - AR, BHERFRILE, 38-311(1972), 1844.

(8) HiEP - fth 2 &, BMFERERICE, 53-486B (1987), 636.
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14.4.

(13) KA - b 2 45, WM RERICE, 52-476B (1986), 1931.
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335.
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Duct

Power || . |
amp. |
Fuel

[4 C

Spark
gap

Electrodes

X 6-1 EERFEE DO
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0O ms 16ms

a
4ms 20ms 36 ms 52 ms
2
8 ms 24 ms 40ms
£
(-
20 mm

12ms 28 ms 44ms

6-2 EEBVYITAD ATI2XAKEOAELEE (250 Bi/s)
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DM

4 e
4 oy

ccp Ll.kg Lens ‘ ens
— AN
| P TC I P
| ]
1
PC
1. : Image intensifier F : Optical filter

|
| P : Image processor D M : Dichroic mirror
T C : Trigger controller C L : Cylindrical lens
S : Shutter

6-3 HWGEADOME

Spray axis
22

20

Electrodes | 13 Uni £ mm

6-4 RfZEH
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Duct
Ultrasonic atomizer | DM:Dichroic mirror

Power o] F :Optical filter
amp. 71 ] P :Pinhole
Fuel _ PM:Photomultiplier
Beam CL:Collection lens

manipulator PC:Personal computer

Artlaser

Optical fiber
PDA transmitter

Signal
processor
Alrk gap” 5
\\\\\\
PDA receiver ~,
~
Xl 6-5 OH %3, CH &6, Mid I —8ELE, S5 a3 & RAE o [a] R
EHEF R
| # 6-1 PDA D4
Probe: Focal length | 500 mm
Spot diameter 244.8 un
Fringe spacing 5.0 wum
Fringe number » 49
Range: Maximum diameter 190 wum
Maximum velocity 1.5 m/s
Minimum velocity -0.5 m/s
Focal length of recéiving optics 310 mn
Wavelength of laser beam 514.5 nm
Bandwidth of signal processor 0.4 MHz
Frequency shift 40 MHz
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40mm

20mm 20mm
(a) OH 1% (b) C,/S ¥ K&K

X 6-6 OHZRENMEL C,/N Y FRAGDFEFREMSR



40mm
40 mm

20mm 20mm
(a) OH R 1% (b) i 3 — AL

6-7 OH RNf% L it I — BELLR O FE R R
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. 2 —
c 2 Dy=105.0 pm e D3,=103.3 xm £ Dap=113.3 uym
2 B X A
N N ] \;
R R & 1
1 1t 1
& o W
o a &
0 50 100 150 0 50 100 150 0 50 100 150
D pum D pm D pam
(@) FEIRIERS &) KA (© KFBIEH

6-9 {MIEHD KL AT

1.5 — . — 1.5
Vp=0.43 m/s * h=0.44 m/s
Vy=0.20m/s | '=0.19 m/s

F R .-'."J-'..{
. e o SEa

... . v
Pie. WW=027mis

~0-5—"50 100 150 ~05"50 100 150 —05 50 100 150
D um D pum D pm
(a) FEPRBERS (b) KLFIEF (c) KKBER

X 6-10 VHiEE R & A mLEEDFEE

. . = 5
15 V=0.43 m/s 15 Vi=0.44 m/s 1 V,=0.43 m/s
g Vi'=0.20 m/s Vy'=0.19 m/s ® Vp,'=0.27 m/s

LA

m/s

m/

Va(D)

' t
%"'S'Immm{m”“ °-5“41mmwm*[

ot ot o{

Vr(D)
o
U

1V, D)£ V(D) 1VH(D)£Vy'(D) . V(D) V(D)
~0.5 80 700 150 -0%—"86 "T60 150 -0% 50 100 150
D pum D pm D pm
(a) FEBRBERF (b) KREFERT (c) KRFEH

6-11  FLERF OO IiEEH 5 1035 B & EFEAE) O s fE
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7. #

AETIE, TTE2ECBNC, FEIELHHE6EOERIFEHT
% LDV & PDA ¥ AT L D@ bist FEE R L7z,

E3ETIE, EBROEBN-FTRONS, B AVEFETEL
WRALES, BABTHROBVWENOLDIZAELIERKIL -1V M
LIRS RIGIBOZE L EEE L, BHEOBRIBEEC KRBEDHFRE M
HT2HMT, FREBEBARODERLITo. $4bb, wWbwb “F
RABER" 2BROKERE SM Oy bN—FTHREL, KEroD
OH SV HIVHRNES, CH S VA NVENXNY FOKRELES, HiE
PHDI —HEREFORBHRY F—FE2E=F—L, TNLDET
KRBT & AT DVIRITZFEL 7.

EABETIE, TEREFENN—FICROoN5, BEHETLBEEAZRE DE
ROARTEHICRET ST — LY MEBEBUN: 3 XTHOLEIRE D
EEARICGZDEEYYIaL— L, EABEBAEOEELILET
BIrODEERERITo7. Thbb, EIBLA—DTFREEBARFI
FNICEAICHELZEAL, ZORMICEBRINAIEIRTE FiL DM
D ABTBHIEICE L 53— Ly MBI KA PR 1
RITTHEY, E3BLFAMONEHETHBELL. |

ESETIE, KERPICHEETLIEADMEY 5 A Y —OBRIE/NT A
— ¥ G EWETH/-0IC, 3, AETHH -7 OH, CH, H#iFEI —
EELED 3EFIC, PDA I L BIMEDOREL REDNE S ZEML, &5
EEOREBERRTF—y 2BEL. T/, WMEIFTAI—FEEDORXT
ZALNERLPICT A0, FEEREKETH (LK) (CETARYT
TEH 24T o 72,

¥ 6ETIE, MAIAROXELHBAOPRLALT, F5ETLMA
7B R TOKEDEITHER M EORRREEB) 2 MRS T L 1

163



WIZ, BEEEERCOBHET L 25 FEERLZIBICRET 25
BEHEY — A TRIERAL, KEBEPLEET 2 HREEBREOBE %

17 - 7-.

DT, BonEREENIIEDOTRT S.

E2BTIE, E3EILECEDERTHRL T HMNIFITRME L
ZROFEI AT, O, VLW HREEKT 7 AN—ALTHHE, T4
bE/RNITTILF YY) T 4 OBFWERFEEED FLDV B X UFPDA D
BILRE RAT o 72, DTS, B0 BEANRHRERT.

(1) FLDV
L —HNHiE
£ 5 IREZ B B
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HE 488.0nm (Ff)

39.0 ~43.0 MHz
39.9 ~40.3 MHz

-4.16m/s~12.48m/s
-0.416m/s~1.248m/s
2.07X10°

HE 5145nm ()

39.0 ~43.0 MHz
39.9 ~40.3 MHz

-5.0~15.0 m/s
-0.5~ 15 mfs
0~100 um
6.48X10™*
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