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Abstract

In this study, we experimentally examined a combustion field in a triple port burner. There are four flame configurations,
consisting of attached flames, inner attached/outer lifted flames, inner lifted/outer attached flames, and twin lifted flames.
Focusing on the transition process of these flames, the flow field was investigated when the external air flow velocity was
increased at constant internal air flow and fuel flow velocities. Results show that, except for the attached flame, when the
flame is lifted, the axial velocity toward the leading-edge flame gradually decreases downstream, takes its minimum, and then
increases very rapidly. This minimum velocity is larger than the so-called laminar burning velocity. It should be noted that,
different from a single lifted flame, the inner or outer flame is affected by the other flame located more upstream. For
example, the downstream lifted flame faces the flow induced by the upstream lifted flame. Resultantly, a unique behavior of
flip-flop between inner and outer flames is observed.
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1. #

PRELE FRALAI T8 D 2252 B 2 \ TG T 2 IEBURBETIE,  TEsSIEIC X 0 RE & 22RO RS REIR S N—F D
RNDHEEN, & ERY KRB END Z ERMOLN TS, ZILE TICZE O KRG PIRE S
T&EIz. FE BB KRROFENIIAHE &R O TRG KRS TOWHK RN B SH Y 77 L—24 (Triple
flame) 3F/E L(Chung and Lee, 1991)(J& Hiftl, 2010)(J#¥), 2010), Z D kU 77 L—AZHK B U CELIEAEES %
T T DAL DMTOIL TV D (Muller, etal, 1994). IT4E, =22 Ea—& & W2 BUEF R OB EA L, $
% < ORFFERL R H A S 3TV D (Chakraborty, et al., 2009)(Lee and Huh, 2011)(Shim, et al., 2011). Fili & $fiz 512
Iz CTHEERIC K DET AORGESH =1L Y EHETH 5 (Peters, 1986)(Yamamoto, et al., 2003)(Ji5 1%, 2010).

Forix, K1 oOXD 7R, Vol SMINCZER ) AV ERLE LTz ZEE AS—TF 2 HWT, $ffqitsHE &%
BRIZ L0 RSEHEH 0 & B3 0 K RIZHOUW TR L T & 72(Yamamoto, et al., 2011)(JLIAAt, 2012)(Yamamoto, et
al., 2012)(Yamamoto and Takemoto, 2013). F&x LIAMZ & BEICAIFESIAY & 5 (Blevins, et al., 2002)(Mikofski, et al.,
2006)(Sze, et al., 2006). —FEE/N—FTiL, 1 OOBREL XL & 2 5DZER ) ANVIMEET D28, BREHE 2250
BERY 2L, KRIFWAIESMANC 2 SIERR S D . ZDORER, W O KRB N—FIfF 8 LT8R K
(Attached flames, [X] 2a), PO KK DHDEE 3D AHIEEE EAY D kK (Inner lifted/outer attached flames, [X] 2b),
IMAID KI DIDIFEZ D IMAEE E _EAY D kZ(Inner attached/outer lifted flames, [X] 2c), 5D KR E HITTF
& BN THREE B Y kK (twin lifted flames, [X 2d)0D 4 SO KRIGRENFAET H Z L 2RER LT-. b ok
RPTER SN D PRSI ONTIE, T E TOERIZEB W TRHRET L TV % (Yamamoto, et al., 2011). & 7=l
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Ralb—varitdy, 4 DOKRIZREOERIITZE LY KROIEEEFHEOWRNGNEE TH D 2 & 03SRgE
INTz. Lo T, ZEHENA—TOMIGEZFEMICHRETT o 0ERH D.

BT, L—YEHAER S RE L CEXTWAH Z &), PLIF (Planar Laser Induced Fluorescence, L —#%it2
HOt1E) R PIV (Particle Image Velocimetry, FZf-BEFRIHEEE) 72 EI2 X0, KK & RAVGOFEMRE A nlREIC
725 T & TV 5 (Yamamoto, et al., 2006)(Yamamoto, et al., 2007)(Shimura, et al., 2011)(Steinberg, et al., 2011)(&AR, LA,
2013). = Z CAMETIE, ZEENS—HCL VR ESNDFEE BB KREXIGUT, PIV 2 AW E SO
ATV, & B0 KRKEFHEOFRAUCOW Tz, FRZ, ZFEEAN—F T2 DOKRBERINDTZD, K
REITLOTHIZONTEZER LT,

27
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Fig. 1 Triple port burner

Fig. 2 Photographs of flames in a triple-port burner; U,z = 0.6 m/s,
(a) Ujx=0.4 m/s, Usp=0.2 m/s (b) U;,=0.6 m/s, U3,=0.4 m/s
(C) U]A:0.6 m/S, U3A:0.7 m/s (d) U]A:0.8 m/S, U3A:0.7 m/s

2. EBEREBSLURRAE

2.1 Z=EEN—F & NBEE
FEERC N S EE AS— T OBISENIEEIC 1 IR L, Rl =EEiEs b5, P bEIcER, BRE
ZER A R CE L SE 5. PMHIDZE5 ) AP 10 mm, BREE, ZOVIZNES 14 mm, SMUlODZE5 7 ZVIZNE:

27mm CTHY, VLADEIZZENEIN Ilmm THD. REHITZA X 2z, 22T, AAIOZERGGEEZ Uy,
PRENALER 2 Uyp, AMAIDZERIRIEE Uspy & 75, AT UL % 04,06, 1.1m/s & L, Usy % 0~12m/s OFIPHTLE
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fbEH7z, 72720, Upld0.6mis —E L Uiz, JEEERIE, WRIOZER  AVOHLEFRE L, RGN « i,
AN zdl e L=,

Fx LT E TOWEIZENT, K2 128 LTz 4 DO KBIZREDTERK S 41 5 Wil St & 7= T 2 (Yamamoto et
a.,, 2011). Ujp DS EHY NSV 04 /s TIE, Usy Z B R IZERET D & KSR & AMAIK R D T7 2378 L7236 K
RV I IND. D Usy M HE TN &, IMUDKRDBPTEE ESDIMANEE B30 KR~ L EE T
D, —HUAMN0.6m/s TIE, BIOBEENRAOND. U 2B eSS w5 & Uy, =025 m/s (ZBVWTHRAID
KRDPIENTTRE NS (PHRITEE B AK) . EBIT Unn ZRE LT D & Usa=0.65 m/s LL_EDOEIFHTIZAMAID k
RVFE DD L RRFCNRIO KRB E L, IMIEFEE B30 kK~ LEBET 5.

72720, Un? Llm/s TIEE BICHOBEENRAOND. £ Ua=0m/s TIIFBEREDIERSIND. Us, 28
IMERED ENAIDOKREDHRINFE ERDHEZAETIEIUA=06m/s ERICTHDN, Usa=0.65m/s Tilij DK%
DEE ERD TEHERE ERD KRR INT. 72720, IHIT Uy ZEMSETHNRAIKEOEMERSITA
Lol FITARENE, ZhbDKROEBBREZ NS S L ICEE L.

2-2 PIV EEHRISSH

PIV ORI A 3 1T, BEDEEED 20D X 71730 2 YAG L —H(Quantel 52 Twins BSL200) & [#if4: % %
95 CCD H A Z(JAL T CV-M) DI S D, L—VOHEIL 532nm TH Y, >— PRI L THRGD —
Kot Z T o7, ¥ — FOEZIH Imm THY, —EHEAS—FOHLEZES X5 ICHRK Lz, L—FEh
AT ORENL 2 BDOT P HNT 4 LA « 7V AY = R L—H —(STANFORD RESEARCH SYSTEMS # DG645)%
Tz, B DB IR LT i 2 R— Y F L a s Ea—2 THTT 5 2 L T, BERZHEH L.

PIV OFHRIZMEZR 1 IR T. FL—R I b~ 71> U ACEEPRIAE 1.8 um)(Yamamoto, et al.,
2006)(Yamamoto, et al., 2007)% FHV 7=, fREERFIZIE, CCD B A T DL 2 RN R2RAT 4 V2 B0 £HT kR
D EFCOSEI B DR A BRE Uz, FREFEITIE O Tl & AN—F O Pl —ET 2 L O I L, © -44
Sr=44mm, 0=z=67mm, @ -25=r=25mm, 0=z=39mm D 2 DDLKETIT-7=. L—FOrEMREIZOT
1%300ps &L, @TIL100ps & L7z, BREZIZHW A A T OBiFESIT 1600 pixel X 1200 pixel T 2. PIVIZE D
FHNTR KR 15 Hz DY 7Y » ZJERITTIT o 7203, KRIEREDOEBIMRIZIIT DV & KROEE %+ 2
HIZEMTEDZ L MR L TV D. HHEIRERE 33 pixel X 33 pixel DEEFEI E L, 50 %D A —"—F v T & L
> THESRZ RO, ZO5E, #EZRET &R FHEEERO Y1 X) 1%, FAO220.89 mm, F:HQ
25 0.52mm THD.

Table 1 PIV measurement condition
Conditi Image area Grid length Interval of laser shot | Sampling frequency
ondition (mm) (mm) (1s) (Hz)
A4=r=44
. 1
) 0=r=67 0.89 300 0
25=r=25
52 1 1
@ 0=z=39 03 0 °

Nd:YAG Laser

Burner

Fig. 3 PIV system
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3. HREBBRBLUEE

3-1 fENKEESENY NRDFTNIE

FT, AR (Ua=0.4m/s, Usp=02 m/s) & PRIFEEX EA30 k. (U13=0.6 m/s, Usy=0.4 m/s) DEHEEH & i
RFD “IRTHES 2 X 4 LK 51T, dHEGITIRFOTHH LIz b DO TH S, K4 TiEHLEffir (=0 mm)
BV TR R DOBRBEROGT K ABMZIER L O, TIIZ EHENIES N TND Z &R bn5d. sl
X5 TlE, WRIDOKRNFEE ER>TD728, FROEEMEVD z<16 mm F TIHEEN/NEL, z=16mm %
Bz % EWMNDBEFIIAN > THREH KE L oofz. £IT, HE ENY KRB SN TOHALE (KKOH
) Tt A sEIC R L7,

B 5 OPWRIE & 2S00 KRBT E LT DNLE T ORI 0 v, ORI 004 7 X 6 (3. KRITAEL
KA TN, FAIOFEFE BB KRR SN TS 2=16 mm 2BV Tt L7z, IIHIZR T r=4.4 mm fF
ITOFHRME, PIKROEERFANEZFE L TND. ZHUCED L, PHIIKRBTERR ST D AT CHts A i
IMEZE & DT LS. Z O AEE O IMEZ RO T2 L Z A 04Tm/s ThoTo

WIZ, BRI STINZ ED X S ITELT 20 E~7-. X712 r=44 mm (28T 5 v, D7 A1 5540 %
Y. KR ORERMIAROMEEFK LTS, ZHUT K D LEGAEREE, FE BB KERORIITTSL &b
TN L, z= 16 mm I TR E B L7z WRIOTRE EAA D ARIT z=16 mm [ZTERR S TWND 2 &b,
TG R I3V & BN KR DO TEEICA D EEWARIC L K Sh, ZO%BEINL-bo L Ebns. ZoMH
M, ZHETICHRA DMT o725 S = L—3 3 R B(LAM, 201212 L < R LTuvz, 33 & Ev D k&
TIE, KRHETR (edge flame) DML L %X B30 KROBEERE (KRBT 2 RFTOBBEERE) 73810 &
9 T EDER STV DN, 2010023, TRE B0 KRIEMOEE A X 7 Ol A E O MED Bk 5 &
047m/s 720, A X O KRIREEEE TH % 0.34 m/s(Lewis and von Elbe, 1987) & 0 K& W2 LvbnoT-. 7ok,

B0F f{‘%t.nﬁ
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Fig. 4 Photo of attached flame and instantaneous velocity field;
U;2=0.4 m/s, U35=0.2 m/s
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Fig. 5 Photo of inner lifted flame and instantaneous velocity field;
U]A:0.6 m/S, U3A:0.4 m/s
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Fig. 6 Radial distribution of axial velocity at z=16mm;
U]A:0.6 m/S, U3A:0.4 m/s
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Fig. 7 Axial distribution of axial velocity at r =4.4 mm;
UlA:0.6 m/S, U3A:0.4 m/s

2D 034m/s (TNDWDDJETARBERE TH Y, 1IRITCAR CTHIINDBBERE TH D, EE L0 KRB
ENTWVDTNBGITZ O X 5 BRI G L B> TEY, BE EAAD KRILRITIT 2 s s @ itkeeE & XL
D R&EL 7252 L2 STV A (Ko and Chung, 1999)(Kim, et al., 2007). Z OFRH & LCIE, KM 9 71
DIREARIRE AR DL, KRMER, AREHBOEENRHL LEZONDHN, ERICEY Zh b O
ZATH Z LT TERWED, SBEEY I 21— a ZXVBHLNCL TV FETH S.

32 (FEXBEMSHAIREE ENY KRADOBBROEES

e T, FEEARDDIANEE L2300 KRIZER T DEEOTNOZAIZ OV TGS 5. Uia=0.6 m/s, Usy=
025 m/s TIIATERRDIER END D, Z 205 Usy ZEDNTHIINS 5 ENHIKENERE ERD. 2oL &0
WEARZ R LOZEbZ PIV TR L7-. & B30 KR OIETHEORN Z 2 MRS 5729, 3« 2 SiLlf&iT
M2 @ TR Lz, BN T 2R FORGELEE (ED4-2) EELNEESS MLy (TD4 )
ZX 8 1. HELOWEX 15Hz TIT-o TWAHDT, SR /15 BRI THEONIZLDTHS. Usy=025
m/s 735 Usy ZO TN S B2 E2 t=0s & L7z, KRE ORI TIIBENRE S BARL 2 Enb, HE
B KEBIERR ST DNALE CIEHEELDEOTREN KX <ML T 5. £ 2T, R OBELEIRE D & NAIE X
A KROHIF O S0 Lo OEIEA X 9 DX HIZFFE L, I ONEZX 8 IR Lz, Usy DEEINIC
EBRVEE B KRITTIICBEIT 225, OGN EITREICHOHIIBET 2 Z & RbnoTe
WIZ, BT AR & T O ZIZ DWW TELR LTz, X 812351 AR Ol 7 [ B & 3805 Tk
DRI EK 10 L 11 IZFNERoRd. BUR LI UK R D FEEB BB S TV D ALE A 79773,
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& B0 KREDFLETRAT 1R B % B4 10 Ol 7 A EE DR IME ) B3R D72 & 2 A, 1=0 s TIL0.18 m/s, t=1/15
s TIX030m/s, t=2/15s TiL034m/ss, t=3/15s TIL035m/s E72 0, FFE ENDESIOHEME & HIZFEE Y
KR DHITNCFRAT DI IHIINT D Z ootz £z, 11 OXEEFFARE OFER NG, EDOREZNZB W
THPMIEZ B30 KR OIMIN R TT 0 O D & 72 DEIEFAE L. WHIOEE B3 kKO BRI
SMUDATE KRDFIET D05, ZOIMALKRIZ X 0 KRR U TR T M O IEA O F AN LA H i
L2 ThDH. B d DIMADAFE KRS TR 5 ARE & B30 KRIZAD O MNIMFIET D 2 b,
Usp 2N ER D LT E B30 KROIEITIRAT DWTAEE SR L, FE ER D ARNP KLY FRISERS
iz Z L AVRE ST

0

0 15 20 0 5 10 15 20 'O 5 10 15 20

Fig. 8 Time variation of velocity vector with the particle scattering image (upper figure) by increasing U, slightly
at (a)t=0s, (b) t=1/15s, (c) t=2/15 s, (d) t=3/15 s; U,,=0.6 nv/s, U,,=0.25 m/s
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Fig. 9 Position of inner lifted flame at U,,=0.6 m/s, U,,=0.25 mV/s
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Fig. 10 Time variation of axial velocity distribution by increasing U, , slightly
at(a)t=0s, (b) t=1/15s, (c) t=2/15 s, (d) t =3/15 s; U, ,=0.6 mv/s, U, ,=0.65 m/s
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Fig. 11 Time variation of radial velocity distribution by increasing U, slightly
at (a)t=0s, (b) t=1/15s, (c) t=2/15 s, (d) t=3/15 s; U, ,=0.6 m/s, U,,=0.65 m/s

3-3 MEAREEEAY KA SHEEE LMY KRANDEBEOEES

WIZ, PEE B0 KR BIMAREE BN KR~ & KRICREDNER T DB OFNSG OB OV TR
%. Uja= 0.6 m/s, Usp= 0.65 m/s TIIAFE X BRSO KRBT END D, Z 205 Usy ZENTHEMSE S L4
MR E B3O KRAEEBET D, Usp=0.65 m/s 225 Usy ZAEDNTHIIN S E T2 Br OB RFLNZ I 1T DR ORGELDED
g (Eo4-2) LELNTHEERY bV (FO4-2) K 12157, K8 LAk, HGELEEE OB b
B0 KROAEZFEE L, RS B3 KROFEZ W4T, SMUEFEE B D KROEIZ RE TR L
7o iz, ZRBOKEOFRITE G OFEE K 13 17T, t=1/15s & 2/15 s ORI TR DR E E
N EE EAMUKEDOERE ENDEESNRTHEL TWD Z ERNb0D. ZTD% t=3/15s [IZBW THNRIKRE N FAE
L, PMUEZ B30 KRIZERE LTz, SMUDFHEKRRDTFE B3 D ERIRHCPNIOEFE B D KRB ET D
Bigew, Fx 13 Kk&D Flip-flop & FEA TV 5 (Yamamoto, et al, 2011).

12 1R LT B BEZ ORER T MV DG4 G, IMANE & EAY 0 KR DR CIRIRAL D T 1Rl D TEA D 7]
WHLAT OGN TWAZ Enbnnd. t=0,1/15s TIIIMUKRBAHEAR LV b BRICH 5720, SMALKZED S
PRI O FENMEIE LTZ. — 5 t=2/15,3/15 s IZBWTIE, IMAKRARAIARZE L0 b FiRich 50T,
PRI R ITAMIL R R DB A KE S ZIT b o L Ebhb.

13% b L2, ZNENDKROEOREHRIZA LA MR T 5. ZAUCK DL, ZATRLENRIOARITFE L
DY EEPNNEL IR DIZOIMUII~EE LT D Z L bz, [FIRHCAL TR L72AMAK R b, & BN &
EMKREL 72D ESMU~BE) L=
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2T, BT & T AN EE ORI b2 T2, X 12 12380 DAL il 1) & 2R 07 10 D4 ARGy D
TED “IRITCATZHER T bV &I 14 LK 15 1R, PAIKDE & AMAIK S O FEERIZ 5 A3 2 8 % il 7 1)
HE O IMED HRDTZE Z A, WHEKRICIRAT 53 EIL t=0s TIL0.51 m/s, t=1/15s TiX0.34m/s, t=2/15s
TIL026m/s &2 0, HE ERVEIORAD L L HITFE ERD KROIEFITHMAT HEEMET T2 Z L03b
Motz —J, IMAIKRIZIHAT DL, t=0s TIX0.37m/s, t=1/15s TiX 040 m/s, t=2/15s TIL0.52m/s, t
=3/15s TIL0.68m/s L7210, ¥#& B0 @I NKE L 72513 ESMUK R OFESRITHTAT D E N5 = &N
oot

INHOEERE LR KROFEOMNEZX 12 17T, ZHETIATo MY I = L— a3 CORERL
AAth, 2012)7 5, Usy NS5 EAMALKROFE R0 @SB L, SN THEFTOKKOFE LD @SR
L L 72D ESMALKR D GINAIKZRIZ A O TRALDFEEN 72 72 D Z B> TWd. ZHITE Y, Plk%k
(AT DR E D/ NS < 720, NHIEKED BIRICBE L CTRAE Licb o L iEbhs. Zo%E, SMillo
FE RO KBITNRIOEE B KR LD FIRICAIET 2 2 L1270 b, PRLKR D BAMALKZRIZ ) D PRALAS
TED2D, Usy NS E 5 EAMUKROIEITRAT D2IEENRE 2D, BE LDV KROKRIETICE
U DIRBEREE L AT HIEE RN T AT AAED FIICBEI LT, SMIAROFEE R SIS BEMLZH 0
EEbns.

30/

25

5

—
0 510

5 20 %

FA
5 10 15 20

10

0 5 10 15 20 % 0 5 10 5 20

Fig. 12 Time variation of velocity vector with the particle scattering image (upper figure) by increasing U, , slightly
at (a)t=0s, (b) t=1/15s, (c) t=2/15s, (d) t =3/15 s; U,,=0.6 n/s, U,,=0.65 m/s
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Fig. 13 Positions of inner and outer lifted flames at U, ,=0.6 m/s, U,,=0.65 m/s
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Fig. 14 Time variation of axial velocity distribution by increasing U, , slightly
at (a)t=0s, (b) t=1/15s, (c) t=2/15 s, (d) t=3/15s; U,,=0.6 nv/s, U,,=0.65 m/s

0 5 10 Iﬁmnﬂ § 10 156 20 0 6 10 152ﬂﬂ‘ﬁ'lﬂ 15 0
" - - [ _—

o0 0%(mt) 05 of%(ms) OS5 0S%(mis) 05 0 8im)

Fig. 15 Time variation of radial velocity distribution by increasing U, slightly
at (a)t=0s, (b) t=1/15s, (c) t=2/15 s, (d) t=3/15 s; U, ,=0.6 mv/s, U,,=0.65 m/s

3-4 REREFELSY KKHS_EFRE LMY NRAOEBEOERES

2 1EICTHIBARIZAN, FOHEMFIC LD KRICRROEBOH ST BRIRD Z Lo TnD. T 2T, WK
ROFMAEBRD I G203 > 72 Upa=1.1 m/s IZ8B1F 5 KR DOEBIWFEIC OV TR L7z, Uia=1.1 m/s, U3,=0.75
m/s IZEXE L, Usy 2NN S W72 & 2 O RENCEBIT DR OBELEOBifg L 15 572 E B~ MLEK] 16 127
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T B, S B30 KROI AT, SMIEE BB KROIE AR TR L. ZUZ kb e, t
=0s BLO15sIZBWT, SMALKZEGPALKRIZAID D A BlE2 Sz, 72721, t=2/15s & 3/15s Tl
AMIDVEE BN 0 KRBPRIOTZE D30 KR LD & FIRICAET 2 2 &6, Pk D BAMILKEIZ D5
WNNHDHZ Enbhot=. 2, ERICHDINAOEE B30 kDRI X 0 DN 07 108 O 1EA O JF a4
LIEFoN57-0THD.

PRI 8 D FEERIZ AT Bl R 2 R 7- & Z 4, t=0s TiF0.78 m/s, t=1/15s TIE 0.58 m/s, t=2/15s T
13£0.52m/s, t=3/15s TIL047m/s &7 0, FE LR @S0 & & HICRIK I DI 351T 2 il 7 il B 7
KT L7z, WENOGEE bl s E OfEIE A 2 o ORKIREERE (BITRBERE) Th5 034m/s LD KEL
7ot T2EL, BEEND ARITREARFICHEET HARTHY, REARN W~ TRAREBEL
7o JEPRIRBERRE & MU 2 Z L IXTERWVD, HE B0 KROIEBITHAT 27 03K W55
IIEPVEKR R D3 S —F IS, THRE BB KRR SN D Z EBbotz. — 0, SMILKR O HES
AT ZHEh AR, t=0s Tl 039 m/s, t=1/15s TliX 0.41 m/s, t=2/15s TIE 0.46 m/s, t=2/15s Tl 0.48 m/s
L7720, Uy DI E & HITAMALKRIZTAT 2 TN 2 Z 3o tz. Lo T, U, NS5
ESMANEE AN 0 KK DESBIZTIRAT D85 el 28N L, SMUKR DR E BN @SSR RELS ol bd b
Bbhns.

e aiin,. @ i U.‘,.‘_ ; ) I s (.
0 5 10 15 20 I0152005I0152005I01520

Fig. 16 Time variation of velocity field with the particle scattering image (upper figure) by increasing U, slightly
at(a)t=0s, (b)t=1/15s, (c) t=2/15s, (d) t=3/15s; U,,=1.1 m/s, U;,=0.75 m/s

10



Yamamoto, Kato, Hayashi and Yamashita, Transactions of the JSME (in Japanese), Vol.00, No.00 (2014)

4. ¥ £

& B0 KRERBIZ, PIV (R FEBIRER) 21TV CORIGZEHI Lz, BB/ S—F IR BN
EAMANZ 2 SRR S A T, FNENONERR NG E D &I, KROBBBEICOWTHREI L. 20
FER, LIFOZ ERNHALMNE o,

(1) $F A ITTR & BN KROIEEITIT S LW o250, 0%, BUEICZvnT 5. Zh
XD EE BN KROIEERICTIBN T, HhF A I MEZ & 5. PAREE B30 KR IEEROEE & Hil 5
R E DR MBI HRDTZE Z A 04Tm/is L7 0, A X ORKBEEEE THD 034m/s LD KE N2 LR
booT-.

Q) FBEKRPENUEE BN KRITEBET DEEOTMNOZELIZONTHFT Lz, Upa DREIWNZEERE ER
D KRRIT TRICBENT 503, OGN EIZTLICBEITS. 0L SIMUKRIIMELZEETHD
B3, SMUDAIZE KPR B NIOTEZ B30 KRIZN D ADSTFAET 57280, PHlOZEKGEN —E THHh
MOZEZFRA TINS5 L FE BB KROBEIBIZIRAT 2HENHE R L, WK ROFEE B &man
REL D,

(3) PIZEZ B0 KR DIMAEE B0 ke~ L BT 5 Flip-flop B2 EE L7z, Usy ZHIMEH5 &4
MRFEDERE END ESITREICRKEL 2D, O THITOKREOERE END @S NELL 8D LMk s
BRI RIZ D5 W DREN IR 72D . ZORER, WRIKR ORI T 287 2/ s < 7
v, PIRIKRDS BRI E) L CEA ST S.

(4) Uja=1.1m/s DAL, Usp ZHINSETHRAIKRBEAET2HEN A5, Rl E MO X A
D KROFINHAT DHEZRDT=LE A, WIS A X U ORKBEGRE CTH D 034 m/s LV HICKE
W2 ERbhrolo. BE BN KRIFREARLFIET KR THY, REARN 2V R TIRARE
FEE U7 B BE s e & BT i g5 2 LITTE RV, & BV KR OIS Bl 5 A A
REWGEITIIAALKR DS AS—FICEMA AT, ZEEE BB KRR SNS.
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ABFFEO—ERL, AARFAARB S ORI IR A G FRER 7 23560223) IZL VITORICbDOTHD. 22
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