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ABSTRACT

A set of multi-stage self-preheating burner and its experimental system which adapted to
the blast furnace gas was designed and developed for clean and efficient utilize of low heating
value(LHV)fuels according to technical advantages and realizing approaches of flameless
combustion. Analyses including the air flow and pressure characteristics under cold state and
combustion and emission characteristics under hot state through Computational Fluid
Dynamics (CFD) simulation and experimental research work.

First of all, according to the summarized various new burning technologies and their
principles, a scheme of multi-stage self-preheating bumner with some typical preheat chambers
were designed based on the gas backflow to preheat air and fuel. The specially designed
experimental system was confirmed after design, calculation and optimization, which mainly
included industrial boiler, blower, induced draft fan, cooling device, measuring device, data
acquisition and processing device, control and warning device. Then the experimental system
was set up according to it.

Secondly, the numerical simulations were down. Compared the theoretical basis and
classification of basic control equations, turbulent models, chemical composition transport
and response simulation models, radiation models and NOyx formation models and selected the
suitable ones for this research through the references and comparative method. The boundary
conditions, the choice of physical parameters, initialization, convergence criteria, theory and
calculation method of flue gas recirculation rate was described. And according to the different
combustion chambers and preheat chambers, various physical model and suitable grid
partition method was built. After the respectively researches of flow, heat transfer and
combustion characteristics of combustion chambers and preheat chambers, obtained the
optimum ratio of combustion chamber’s radius and length and compared the flue gas
recirculation rates, temperature fields, burn-out rates and NO emissions when using different
preheat chambers. The results verified the feasibility of realize flameless combustion of using
LHV fuels in this burner from numerical simulation.

Finally, the experimental research works were down. In the cold state experiment,
measured the speed and pressure distributions in the combustion chamber when using the
multi-stage self-preheating burner and a traditional one, observe the backflow area and
analyses the flow and recirculation characteristics. In the hot state experiment, measured the
temperature field in the combustion chamber and obtained the combustion characteristics of
different load & different excess air coefficient conditions when using different burners. At

last, combined with the numerical simulation results, acquired the final conclusions through
|



comprehensive contrast of combustion and pollutant emission characteristics that this design
of burner and experimental system can realize flameless combustion when using blast furnace
gas and meet the technical indicator which was high gasification efficiency, proved the
feasibility of research on the flameless combustion characteristics. The research accumulated

precious experience for thorough and meticulous research in future.

Keywords: low heating value fuels; flameless combustion; multi-stage self-preheating
burner; numerical simulation; experimental research
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HMAZRARET, BREXED, RPRFHMED, HARKRTHE, NTRE
FAHERE.,

. MBRES, 8 NOHAKEET 104, WaE%mETRE 2/3
Bk, B SOHBUKERT 3x10%, RAHBKRERTFERFE, HEREEZE
B, #i5 LK.
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BHUEH. BTHARDEEAR, BB RT, AR &8 %
PREESHHOEE, BOBRRNKEREES REEAFGEK: BRP
GRYSER, MOBRBEBARLREERAE, HTHSHER.

Z2RYE. PHEREXGEE, BRTRBIARAZOHA, EKEH
Har, WOMBEE: EmABEZRYS, BTRETE.

272 8HENFH

hREREREHNE, RUBREFERERKRRA, THERETLMHA
PARERETHEABREARARHZSTARE, WE L1 FF. ZRE
THee, EABRES—ARABARKESSH, RERARAER, £F-4
FAAAZSEL A mANEASR, REEIRECRERAP N, ZEBK
EABEHENARFE, MESLEARRABERSE, FHEEET 200CH,
Bem e AR R AERBOANER. BRRRET REANELETT.

CREEA, BEFSRERNRENCLERTXEHES, RENERD
B, RERENEHEXGEE, KEEERER BEEEL AN, PAN
THTHEYSME, BHEATRE 0%ES, HERER, BIFE CO. NO,

FERIK, BERNTIEE, AFEEBKEE.
mame 30/

M 2.6 MAHEEITAE AT ALY RE
213 ERARGLRE

BEEABULABRMS, SHEETRAN—HERALARE, ANRFE
JUAN B 45 R R 1) 1) L -

(1) EABEHEE. VEHRAEHRIATRARKNERE, EARAL
WBKRAEAMLRER, XEARBMIAHERAMERE, ¥TFITEES
BER-ARTBEMAE. BAHEE, HEERRECRTE 2MAN &
Bk LR REHERCY,
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(2) BARKEHHERTZ. HTEAREARALHBANEXKNE
E EREUATREFMNHLERENE, FEARANATNRARYE, UAR
BEETHALMGE LS.

3) EAAMBPLEHER. XRERBONBPEREZILAHE L
BHZRAUREEABRBAGEH, EHREIBRYERPER, EABRAHE
B

(4) BRAMAPPERUES . ERARKARSRETR, H3lkp
NENEE, REFEE.

2.8 NG5

SELBASRETR, TEREATERCRERE. FAHRE. KE8
EHENOHBRFELRA, FUETBRRELAFROERE, REFRNS
BABTAMPER, BBEGEAXRBENINR, VREEGRENRS, BEEH
JTRIER. AMUFEYRRHMEREEHH, N TEREnRr . 5
BUHAA. "ARKESE KN HEIMEA.
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E=E ZHABMARESERT

AT LR ERERHOEIAAFEREARBREEZIAANKRES, &
HTEFREEEROFE S B A RAREEE . XS IR R A 9 [E O
K4H, BT B A0 R AR A DR A B A AR R AP R Y R
RBEHAIE, ERRREKERIEEFS.

3.1 iHkR

AL ERBESERN T SRRSO, LI E PR RUETE R
B, FHBREARERBARKE, AHART T —HERABRAMES, KX
EFAREIREBASHERTRARNY. ZRREOERAZSRREZR
4, WA 3.1, RPFRHAETIEHFSHRE. REFHRE. REEKBERE R
HORBNE AR, REZRERFTRERPRITEENKD, ZRRE.
BERAESHEE. EHURTRABFRAESE —ENEHN; BREZA—HHAR
E%F%eﬁ%%%ﬁﬁ%%ﬁﬁ%%\ﬁﬁﬁﬁﬁﬁ@%@ﬁo

I ems -

K.

©

(ah A-AHIER, bl BBHEAE, chCRUE
O SEAOEE, 2 FUENERN, 3E0ORE, 4 AEASERE, 5 LEAAAE, 6 SMRAETRE, 78
HEAEE], 8 RREBIRE, o TASMMNE, 10 BEBREELE, 26 MHBAERAT, 27 FEHERE,
28 B k)

E 3.1 EER ARARERSH R RETR R

GRRBNEELARTAR:

(D) KRR N B RAS T ARSI KRR Z R ST FR B

(2) BEHABEBNBORBREANBRBEERENAKN, S8
HE—KIH

) ME/FHEABRESEREANRR/ZSAAE R EREEFHEM
SERENEARFGHBRBASRERT RER, EAZABAERAR, R
R 2 — KA #H



(4) HMB/Z BT REESERE B RRE/ S RRE N — 8
MEEE, SERRSNRERSIREERRS RBMRER, FFRB80%=
R, MEBIE KA,

(5) HTFZRMAKRKRETRES U OMRK/ZEE, EWTERE
FALAETREZAHAEREARENTERE, XARBREENREIH
231k, BKHBR IR NOLHEML, SEHRHAE S, Bme EZEARE MR
SE R MR SRS R YHR

18 19 20 21 22 23 24 25

7
L7 i

U ZRHOEE, 2 ZHOERI, 3#0RE, 4 HRBEAERE, 5 EEARAE, 6 SMRTRE, 7 A8
BRAERT, 8 ABHEAE, 9 TERRAE, 10 RERECELE, 11 Hi5, 12 #55%, 13 FAEE,
14 RIPTH, ISHREEE, 165008, 17 RPHARIE, 18 HthAk, 19RWKTAE, 20 BE, 21 HKE, 2K
B, BHEERE, 20 MEEE, 25 EKEE)

B 32 MRS E WP IER R BRI R EE

Lﬁ%&ﬁﬁﬁm%%%#ﬁﬁﬁﬁﬂQW“"ﬁﬁ BT
s BAKLIA. ME32HR, REZESREBEATEZR 10 RHER
F$%1&t FRARBBAERT T MARETALERT 26, MEAARE
BAE 8 MARHBAE 6 #A; FRAOKRHERI] 2, ZENE[HEOEE 1
BMAHORE 3, REEZRBAE 5. 9. REANFSHBWHATHHE 15
Rt BEENRBHSEWANBRBANZBETRE REHK, #ﬁﬁ@ﬁkﬁ
BRESERE 4, HMHTAAE 6. 8 FHRBRHE[HAE S, 9 PHER
T, FHEORNE 3 PRZHTHA, REEEALPE 16 9, 5%@
RN RHTZRAX SR, BEBTEE PR 16 MR HEEE 17 H4,
2, RARTIHR. WE32 R, RESECRERECELE 10 ZEER
WAL 18 ko JFRAMARTIAERIT 26 (RABMHTRER 7), XHAKRE
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AR 7 (BAMRRTRAREBR ] 26), BB NSRBI FAE 6 (AR A
%7)ﬂA FRHEORERI 2, FANEEEONEE 1 EAEONRAE 3, R

ERAE S, 9A. REMESYWHATHE 15 BREE. RESNRER
%%%Am%ﬂﬂﬁ BARARERA, FERAERABRESERE 4, M5
METALTEIT 26 (RABRBTARAERIT D PHBRBEARZARKRE 5. 9
RS HTHA, A ORE 3 PRHE[ETRA, REHEALPE 16
B, SRPAKNRET KBS, BEETEELPHE 16 MRPHBEE
17 H#EH .

3.2 BRI

TRABTABRESR, HEREANBESBAAAAREERAZUR—
WEANRET. RESTHREESHONE. EORENNERBESERE .
EEMASEREANBREFAE, ZRA/AEURSEELHRIT, RREENE
BRyPE.

(1) FdMRERRMAEN—URELTAMNEEZR, T2HERFESR
RE, HBETETITUFENETERESSRPAELIE.

(2) FidBREE—wmii, B—wAFONgAZS/MEURERES, H
Rt kAR ERE KB HEREA FRETBUE .

(3) g OREIEEREBASERECTFHPHITSE, EREHSE
REXBTARETSHOEY, TERARREFEZS, HABTREFTEM
MESSFR, WE 3.3)-(HFR, UEKFSIER O RAE NI FRE RS 8 E.

(HFRBRBESEREIRUHTE, il bERREZ 5P EMNS”,
“vr ERRXNER, FURETEMKASHI A TR LRLERE.

(5) FidMEFAS/ZERAENMETHRASERE K50 REZR
BEFRERPRITARBXPIIARALE. SHRTRAEFAMNBEREE, W
B 2.3(e)-(FT R, FAHEH#OREINERLERTT. BERABENESR
HEETRALEOREEE, BTRAAFRULEASHMNESHERE RN
FE. '

(6) FidREAAE/ZAHMATETEE N RN, EMBESHOERER
1, FRBAAENFABRESHREEEEE.

(1) FRBIIKER, TRERPAFERATRACHANRERAE/E
SEAERAE.,
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20 30 2 30

27 27
® (h)
29 30 29 30 29 30
27 27 27
30
® ) (k)

(HOATAZ A-AHEHE, @KIFAAZESBREZEOLHEHR)
QO ZRENEY, 2 ZVENERN, 3#ORME, 4 BARTERE, 5 EETRRE, 6 SMABTIRE, 7AM
HEAERT, 8 AMHEAE, 9 TEURRE, 10 MERETELE, 27 SUREEE, 29 BRARE, 30
BEBHE, 31 ZERHR)

Bl 3.3 MABAZSRR. BE/ZSHEAEN) L HREAER

33 HAMS
(D MRERREAREFENHRBAARER T AER, ERLESD
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HAHESHARBIANRY/ZSBEYRERMES, A\TTRERNKAE
e, FRK/EARAYMANRENERE: YRETENTRESIAZERE
BREREEESEREASN, X5ZSAREANZIRBHTAEARBE
KRR B 7R RIS B IR SE R S B O XU P SEAT B
BH/ER2HAESSEAAE, KR 800C N LR R, AW ERRHE
MR, KHEARAR: REEBMRREZRARE, THEHKEERE
G KIEBTNK), REEERHEX, RENBEEEEERE, RRZANE
EAH+45, BRENGTFYRERE, XEESMREEKX. BIREEL.
BB EBERE, AN, RRKEERFEEETRAUMEAAN NOMERSH
BEEE R

(2) HONBENMRERIE, SEEBESERECERL D, EHERE
ST T R, N TRERARERE, ERIET SRESERE RN
BHE BRI E K

(3) EREAABAMBENEE, IHHBARMENEREXK, H#
BENBBERFE, FHREEERR;

(4) BEBUAERBHENEHEMRRKM A ERMABRAER, HiL3)
WRHH, WHRURE, BRERUERKZSARHARAR,

(5) MFBZBERFARERP BT AERD, ZATRAENRBBARET
EEHOEELORITATZSRRERE, AR EBRE AR K E;

(6) MipmBT L2 TR, REEPHING, THEFR, E#.

3.4 NG

AENATHRAATRREROBERE. HERRE, EXERRAKA
FR, FAREABERTRIT, RELHREARA TR, HEEERETR
BATHR, BHEARBHE,
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ENE HEEMMR

4.1 HEER
4.1.1 EH AR

4.1.1.1 ZEYEBIER
EAYBENGERETENE. HRTFESBUREERTELE.
(1) REFEGZ
FETFEFEBXHFIAEEHTE, BRZHPEE—ANHAXEEREH
th, XREEREEIME, W) A7 R /5 SR R E 188 5 5 A7 i (6] A 2 ) 1 2t
HBsANRAAREZEME. ERARZILDAHRNELEHZ— RERX K-
»,0 )=
o ot T (4.1)
FE3RFEETEFEN KL, ERATTERNMATERS. HF
VIR S, RN EHE —ZATmMABEEHNRE, KRIEA .

%jjljpdxdydﬂcgpd,q:o (4.2)
X Vol—i3 %k,
A—E .
(2) BHEFETE
HEFEFEURAKRDAHLNEREMZ —, BEFBHETRE
HEMHAELESFAREREMTEERhZM., RERN:

5,:5_9 (4.3)
dt

(3) REFEIRE

S AR 0 TR AR IR 5 AT B85 4 07, 7 BB B[R] P B 2 K 0 o
EMLEBHARRERNRARSTERNAADZENEM. FRTBREL
A

or pc

AP O—H AL ) 92 ] P IR A R

S AFTBERIEA N
ﬂ+ug+v—ai+wgt-=-i(?it-+—a—2£+—az—tJ (4.5)
ot & oy & plax’ @ o
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fE Fluent 7+, XAMBEFER KA.
_(pE) x( u,(0E + »‘E(Mx ;h J,+u, )¢]+s, (4.6)

Hef, k,ﬂ-gxz—Zhj.Jf+u,(rij)‘ﬁﬁi<§¥ﬁ%~ 519 BRI R R R BOHE SR A B
i 7

BWIE, S, RAMUERMERNEEREN, RUERNARKERAPBEX
REBAER . b, RERRERIRY, J RAHJHTBAE. £ 3.6 F:

2

E=h-2 5%
p 2 (4.7)
Hep, BESANERENA:
h=mehj,
J (4.8)
R .8, mEAYIHFEESY, WE
h.=\| c. .dT
! Lf“ (4.9)

4.1.1.2 immiER

WAZ—MELMNEANEZ, ERABNRAMEXENE. EENYR,
ERARTHEE—RNEE. BE. ENEYEENERENKIBEENL, HFHHE
EEMZRALETSER. HFRELMRE. BHEHLIAN, ALEFEIETES
HTHENEGRBATREERR, BB ETRERE L, ZRLR
BI5H, RETTUAANKERE, SRBREH BT UERBRONITER.
HEXENTBRTRESHERINALANZR, RAEEFERACHTERHE
XERE. A, RAEHENEENHEEUNEREEXEE, EXHERN
HREEKEXREEZZLBRNER.

i E 3 M B E R R R 4 AR BL(DNS) KRB RICLES) A Reynolds
FHE: (RANS) 133,

HEEH (DNS) FERA=Z4ERE NS FEMNBASTEELE. WEE
A FANZ A SN RN ARERLARHBRISK, XRTEREL, Mt
BB HEREH.

AREM (LES) RAFREES NS FREMKR, MAEEZHEI R, RE
B/ i KR ) IE 4% F Reynolds R 7 3 i 37 0L A 458 0 5Kk % BB o KR 45 30U o+ L
FMEXBRUEEZELENEZ, ERAMKRREERBHE.

Reynolds *F¥7i% 2K JET2A N-S F RN HEFY, BEBREHEERN

2



R KB R EARSHEMN. BB NS TEFEST 6 M KRAE,
EBEBIANEMT 6, ERLFEEH, FHRARR. —HEEKK#E Reynolds
BH, BEIAREAHE, XBE Reynolds M AHKE ., —HRETF Boussinesq
B 3% B i A R BUE

Hop, WRE R B AT E R A R R B R B N D b 8
TEXBTRR, EIBFNARNZ. Reynolds N1 5FHEEHE KRR

A
- _ Ou, Ou ou,
— pi, (ax ax)“("* "'ax)

A pi—in i E

ui— i 3318 &
k—1 3l 8¢

BERERAEENUI T ELE, BABEREETIAZTHE,. —TE
MG EER, AFEEREX TS = mH ke BE ., RNG k¢ RER
Realizable k-8 %, HR¥ZRMAR, NERAZPBLEHRM. FEERTE
B/©. 2%, SEEENRE, ETVRSIAXTHEMPE ZHONAH. BT
2 [ SRS, H AR 0 TR R S bR ke R
4.1.1.3 WHE S BB R RAEI %

AREME P AELEEN HRE . BERRE, &FE REEERC,
ZREHMNRE T ERETAES RES K, XA B & E K% RN L
2R MHETEACY, RNERUBEANEALRELA S RETET, ALHTE
7 P

(1) BRERERHEA (Laminar Finite-Rate)

BTN EN, RNEEBIE Arhenius 2RHE. X—EHEXN TR
RKIGRERY, BEBEKGES Arhenivs LEH N ENREELEE, X—K
BABKH.

(2) WHHHER (Eddy-Dissipation)

IWHRNEEhHREH, HE@FTRN AR Arrhenius HFE3) %t
o, h2RNEEHARBENEARE k¢ 84, RERABER (k-e0), R
BRI HEAT, REEAKERBHMRE. ZEEXN FERBAXGRTERZN, BE
TR AP, REY—FEAFEXBERFHBREUNATER .,

(3) HFRER/RHEFBER (Finite-Rate/Eddy-Dissipation)

HBERFEBERAGEE, A Arhenius MRER AN T ERNER,
BRNEERFAMEEPR/ . L L, Arhenius R NERER— M3 HEF
*, HIERN—H#HAFERREE, —BAGBEAR, RESEREESNT

Arrhenius R ZE, HHRNZEBARHH.
23
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(4) wHBHES (EDC) HEY

WRBMS (EDC) BHARREBEAENT B, ERRKDTAEEAOL
FRMNE, BERMREEMBREG T, FEERIBERE. RIGRE
FRBEMNREEETERNES, HEBBChETD S5 09 FAERE.
EDC BHBEARBRN R TAHF FAN UL RNHE. BL, HFEHRSHEF
HIRK,

AREF LI HARAR, FE5XMLROSON, RH EDC BE AR ELE
REATHBITE S o 36 R R0 BE R A 28 DU e U PE AL oh B (0 K IR BT B F A 7%
R EMENRE,
4.1.1.4 EGHER

—VBRERTERNZENDEBE"ENES, BEAH, BHH0L6E
AR, FUERELES, BEE LABHRRESRAABNL ELESN L
Fto Fluent F 824 ) # B H A H T L

(1) The Rosseland Model

Rosseland R R ZARMKEHER, REENATAREENHE, HiE
REEERR, FENERD.

(2) P-1 #EH

P-1REYREP-NERMEK, EAFAREEME. ML DTRM #E, K
RRETHHEEED, EATHEHEN. ARBTERORTHEAN, P-1 #
HEEER. A5 P11 ERATNHEREROTER S,

(3) Discrete Transfer Radiation Model (DTRM)

DTRM REMMAEFE, EWMUEANHTEHZOREERARLA, Hi
REBACESHHNARATERNEN. RELHPHENHNETURSE
DTRM R K E, HitH 24828,

(4) Discrete Ordinates Model (DO)

DO BERBRAIAXMBEHELY, NMAREINAREEHHEHER, B
HEE-KEEFNEHHN, EFERAHEE.

AREHAP, R\EFIR®S, RAEHEH 0 DO,
4.1.1.5N0, fiZ B 452

ERPRSORELES, BFTEESEENY, FUBHE NO, T2
B, BB AR NOx FE N # R NO, MHER NO,.

BAOBNOMERERERB—RIIEE KB TEE B A X Zeldovich
BOWERNFREN. BHTFRERANE NO,MIERMIT:

k
O+N,==2N+0 (4.11)



N+O —kfz—A0+N0
) T (4.12)

k
N+OH=—=2H+NO (4.13)
HA ks ko ka FNREARNKERES, ki ko ka R A3
REMERES, XEFEFHEAENLRARTRAE, HELTHE LS.
ENOBEPHIMRNERREWT.

ki=1.8X108e 39T  m®*gmol-s (4.14)

k4=3.8X107e*®/T  m’gmol-s (4.15)

kp=1.8X104Te T  m¥gmol-s (4.16)

k..=3.8X103Te2%29T m’gmol-s (417)

ks=7.1X107e” T  m%gmol-s (4.18)

k3=1.7X108e”2*%%T m?/gmol-s (4.19)
BAHE NO K EEEDT:

fg—toLkﬂ [oIN, )+ k.. [N]o, ]+ k., [NoH]- k., [NOIN]- &, [NoJol- &, [No] ]
(4.20)

He, FiEMKRERAMLE gmol/m®s THEHHTE NOMNKEREE, &
% 0. H. OH k& .

Mg NO, T B WL 2 1 Fenimore BAMEN, EME. Em. BHF
MERENERTEBKERE. Bil, REH NO, FEERERTEH NO,
BHBIRAN, BEXGRELET, NO, KHRMEEEEEAKE, WRER
NOARESKI N, ARFREBTHEER.

P A NOMERFEATRAE—RINERARNAMGFEZPEAR, TEDT
5 R MR :

CH+N, & HCN+N (4.21)

N+0, & NO+0 (4.22)
HCN+0OH <& CN+H,0 (4.23)
CH +0, & NO+CO (4.24)

Y £ KB T B A4 400 0 B HUE R NO, MBI (f0 CH, CHy, C, CHD,
KRN OEN SRR S DRG] R, TXelsybEEsBdRET RN
% NO, 1.

CH,+N, & HCN +NH (4.25)

HCN+N &N, +... (4.26)
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WEL NO, ERMAHBETHERLATERALEMEX. HON H%
BMERIERER MMM, REENKREEELBLAYNHEN, Y81
e, RER NO,=ELMM, HEEL -/ HEME, BLaTRNA LR
K. EXBEBHNO, TEREL CH RMTEHRY.

Q\ZQLkO[CHINZ] (4.27)

Fluent  NO, A BB EAAHE, REH, REBURHTFRIERLBE
MR B NOL KA. 8 T FL NOL IR, FBH T NO. HCN BL& NH; ik
KREHEE, BT NOMBMEFEELLENRG . BEHAB AL ESDRE
HALERRKM, B NOKTAMEREERNEABELE, XETHN+ Y B
EHNOM ppm K E, LEEERBGTEBREH AN ppm WE R,

412 IARFHRMESH

FRER[BYXAEEAD, BERARABRERKDEZENL, EF 100%
i (BERF) T, TEEMRKHOEEIIA S0m/s 5 45 m/s. HOEEH
FE&E 300K, WMABELETETAN 3, ERBREREEHESHEOBRNIEAHD
(101kPa).

ERAHEXERBAR4M4. AAZHHEORBEIB IR EE, BHA
B#EANER 300K: REERBRERER, BEHEEREHER 1300K, Fi
EARRERASERERTZ/MMITRENEE, HNH KA FTERR, §E
BT #  RH0H 30W/mP*K. .

BRI RE B RS, EAELH 3000 kI/Nm®, BE/RA 45 CO25%.
CO215%. NpSSHHHEWMBMRS 5%, EMELRH 1.2. BERAYHBLERT
ERBESARETE, HEBEYERLHA C, NHEEIETFLARANRES
BmACFHRRELH, MERA)HEELS C, WELEESL ML R
w5l

4.1.3 ¥R R SFIE

MG KA all-zones HHFHE. HEHER: BEFERENIF 10° Hip
BREMNF10%, BRMBHHOFRERBRERE 10%g/s A, HHElked,

414 TREE

IR BBERRF A 1005 kW, Hb 100%60H (FEhE) T, E558
RHEOEERH KR 50 m/s 5 45 m/s, 80%F A T Hh 40 m/s 5 36 m/s, 60%FEFTF
A 30m/s 5 27 m/s, 40%5HF TR 20 m/s 5 18m/s.
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415 BREENRITEH

BEESERASRORNYBIFER-ANEXEENLE. BIEREN
KARET REYAEYHREHIBE. hEEMTREYARE=YES K
WARERE, EXESERE (K) AERNESAERE (FREERLEHR
EREREHONTAARBEARERR) GHONESARBNERERBZH
[46]’ ED;

o _ My (5)-,(0)
T M) (4.28)

FRP M) MEREEH O R x 501 yz T L FBREEE BT 3
FERE, M) #ORAZSARNERERE.

ELBRAAFRRERTNAREE RS, A7 yz FELE, ARRE
NBHARDOFEERE M) DASETHEOFTERIOERAE (Mower)»
B My, (x) =Mopuger (x)o HERERBTREARBEEARYHABRBERE, N

My ()= [[ov. (0, 2)yez
Alx) (4.29)

Mt AG)RRIERBEEHO N x LK yz P _LEE [ R E P37 [ R
B, ATHRANZSABRHEORERE, Mu. &) BARRHELERERS,
ST Mouster (x) FIEEER

MREEAB ST ANRERE M) RBESERE (K,) &L CFD ¥
EREER (4.28) M (429 HHWAE,

4.2 ¥IBER

42.1 HRIRE

BB E RN A KERE B, NEHR—RIF 053 %HAZ
R, BEAHRES. RBTRARBELAMNABNTH, EXRRENLR
KR, WTRETEIENERERRERREZLRKENL, HRNE 3.1/
RRREER, RARTHE 4.1

B4, W CFD £REBBEMEETLRKELE, HECTHRERTH
RETESEOBHERT/ZEOMARFNARLE, AT EOUEARERR
RE.
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4.1 MESHEIRER

F4.1 FRABRBEEERRY
e R e Mg @RA0 0 #READ HHED
%5 KE (m) ¥£ m) ¥BKEL (B m B m *££ m)

1 3 0.3 0.10 0.027 0.047 0.1568
2 3 0.5 0.17 0.027 0.047 0.1568
3 3 0.6 0.20 0.027 0.047 0.1568
4 3 0.7 0.23 0.027 0.047 0.1568
5 3 0.75 0.25 0.027 0.047 0.1568
6 3 0.8 0.27 0.027 0.047 0.1568
7 3 0.9 0.30 0.027 0.047 0.1568
8 3 1 033 0.027 0.047 0.1568
422 AR

HFRZ B B R R 8 BURE PO £ HOR L B R TR R 45 14 T 4 3 3 48
MENTSG. EOGHURREEREY. ERDKREZNER, H5EREER
BB HRAIR L, HHRTWE 42 FIRK 7T MRBRER, ¥k, LR
S D RH P IR R A5 B (A R e 28 AR RIR R e, AT R
SEOREARMBR, B2 14 250 TRE. SRR, LRK. CRRER,
R, EERAZARTHATORE R AR RERTARERRENZ
W, BEH 5.7, K, EE S PRSERARKFETASARRAKTE; #
BeTRIEXRMGKFIASALRKTE: KR T PRIETHEHRER
BERNMARTE, ERAEERAARTRE 4.2
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B4.2 BEERTnEEUREE
#4.2 TEREERTRERDER T

B #O #0 MO0 BR PH AR AR OBA B BEB
=5 KA RE KA B0 B OB ASR BB BR REHR
2 Km km Mm) ®F B FF AER B ¥F AEH

Pm) & £Bm @) B Rm @)

1 1.2 0.5 2 0038 2 0027 3.003 1 0047 0.3839
2 1.2 0.5 2 0038 2 0027 3003 1 0.047  0.3839
3 12 05 2 0038 2 0027 3003 1 0047 0.3839
4 1.2 05 2 0038 2 0027 3.003 1 0047 03839
5 12 05 2 0038 2 0027 3.003 2 0033 0.5391
6 12 05 2 0038 2 0027 3003 5 0021 1103
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