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BHAESBLERERTEREBR (20000 OFeFicdhiE, RAEOF T 2
FoNT ZADOFREEBERIT 1965 £ 4,992ha Th » 72 2%, 1983 £ (2|3 36, 634ha,
1999 #12% 53,516ha ICEL TWA. F7/-, MG 2MLFEaERbG, Kitzmy
b ¥ 7= 1983 41T 1% 4, 674ha, 1999 4T3 13,571ha (0@ L TV 5. 1999 & 0 &
BAUBEGILSDNWTHDE, FTAR - NTRATCHBROLEDIHAENEL T0%
Thd. £, METBRICEVTIE, BN 52%, RE»P 40%E20, R
WOWTHHRBEERIERLTWALZIERFLE. oL CRAEZRAB&OE
AR LTEALERICE, SFTHRBRBEZROPLTH--BELLEOE M E
oHie b, KAl ER FOBSHIKICB L THRABHEML TW
LIENETLNS.

MRREEPERTHAUMOBEEMBICB T IRER, ELLKIIMT ToOK
fe, REA2LLO0BHEBEPLLTOIRENITZLEAL TH-. LiL, B
WERDPOHBES - BEREFER OB EOTRA 2 B, MEHIC
BUUoMHREENEELCEL QUBREKEE, 1976). HRE XS EASNIK
D7z 1976 FEORFAICKBIT D2 IMBROMBREHIL 7. 26ha ITBE o s, B
ETREATAE - NTRAETTH 1508ha ITEL TWD (BAARKES R ERERB
B RIRBEAR, 2000).
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REMBEEYRMOEKRTHY, RERHFHRPORBRIERCFEFELTVS.
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b, 1982 WE L, 1992 HIE S, 1995; F L6, 1999). Z o8, HEHIE
KBWTHEREASEEZHEAL TV DR, EEMEOMENEECHS. =
NETHEABROGENRE LT, MTFABAICLIME (LS, 1967 :
K&, 19825 il s, 1982 ; IWTF 5, 1982) RRREOBEC L IHEHFED
BR (@B 5, 1981 ; fH4a, 1998) R OBRHEAITFbATE~. LirL, “h
ETREESNTEAHMTABAKCLIMES, BREOHEECLABEHED
BBITEBANA Y ZICH L TCOLENLERTHS. LEaN-T, MEHEK TIZ
EELEBLLTVHEEANAY R ZEATSEFANL .

LrL, EEAY R, BRELEE2ESCNETHIEMERET 201
BERER 2 R T 2L ENH Y, LHAABRIE . Fh, BHBEARSEND
1O, ME OB S EMEL RO FEEDRBETT 5. 610, B Y 20,
HERAHECHTIRAROLBTRENIBEREN DS VEERE L, HiBK
PHEWZ EBREHENTWD. Z0ky, BT 23 HR HDRCEEY
B, REESBEVEEONOATHLEVZSE. —F, BEXL AL HREE
DEEACBERUEOHIR TIL, AT ANELERLT WS, Zhid, sk
NUADTHMADRLEEDERNEL, SOICHRBELHEVE VS HMic k
LIEHTHL. ZThLOKFEEL, MEHRICBIT 2 EFOBRERMMMAE Lo
RBICLY, MEHMBICS O THERUBE CES ERL TV Bl Y 2%t
THHFENKE V.

MEMIBICER NV R 2 EATI2HEGKE, BREB~OBMESHEIBIE L
2% (UhHK, 1977). S B OBEKFOm LI X0, REREIK S E T T,
DXL RBEICHLMA D 2EEHGREZBERT AL IAETHD. LoL,
=Rl EREORAEAEEFEHOBRL 2520, BRLZHREIRECH
5. 20, BREXABROBMENEHRLLZL2ENOHRMAMALZEL
T, EEMikomEEZREL TS (BE, 1975). £/, 0kH>nE2)H
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VADEERMEMEL, AHCHEBTIMTEENBEET, BRXBEEEL
B AHEROMELRY, FFEICRESQRMEERDS. LoLl, ACEHT IR
TREBELEMTI2HER, REMEHFEL LTHMEERL4EHATE, K
BTN TES. 20k, BEHRICBWTEBRN N R ZHEAT L7
DI, ARHCEBHL, BRABOHESHFELBR CEOMIELEBLLETH
5.

FTIT, AMXTIE, MEHBRICBT2EH NV 2OMEELEBO-HETHD
REERAXMEL AT LORANFMEERHEIZBENL L, KORNFIZHOWNT
Bl £F, B2ETCIRALAXME AT LOMREFHIT OV T
RpEEHI, WERNOBRZRFFANPLRAXAXME S X7 LORE L HE
FEIZOWTER L., BEI3ETEH, BRFAXME AT 20MEENIEZH
LT HEEbiIC, BMERRIAMEOZDOEREFIECODVWTHRLE, iz,
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BV THLMNILE., &6, FAL4ETHE, LERNICHRE IR
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BMRENIBECTHS. L2L, WThoFR L bExs 2BBEANERINRT
BY, +H5EKL TR TIEAL.

0, BEEOHMAELED TV HRAZEARXME S T LiE, WHBRHN %S
DIAEBRSE CTEANELS>OH B, L2L, i~ LEBRBRELA SN TEN
TVRWED, "NTRAZ K-> THRBRASCHFABREARY, HaxRMBEBREEL
TV, TITC, AETHERZERXME L X7 LAOMH LEMER B L&
bil, AERBEBEASA TV 2EH2HEL, BERALARXMEL 27 L0
BREmE L.
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BRERAXBES AT 22T HEM Y AOEMKEK 2K 2-1 12, & E %"
AMECRATLORBRAEZEH 2-1 10577, BAZXAXMSE > 257 4%, @
FRABROBERMEE LTEKERLTCWIERABEE#RLAR L LTS (L
T MEHAREHREHNT D). MEABRER»"O XA ShALREREZ, 7127
VEZ P ERBLT, MBMHEICRESNZERY 7 F~%y, BREH~%kx
HFoHEXTHD. BB, "UANOBEZHEMNE LEEER (UT, BEH
REH LT D) 3, MEABERLIINCEBL VS,
MEABREROMEL, BEROBEBEE A THIMMANG FICHERE T
LPBEEHEAMBETIToTVD. AHERICHAVERSBROEOEIRRKEE 2-2 125
T. BEROKE L L, BRRLEAEVY, [RBEU Y EHEBREALESD
s 47 (bl Ax|, HBC-S3) # AW/ (LT, K& A 7HERmEE L B
T5). KA THSEAE L, BOB~0BZ2ERHM ML, K& L TR
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TOBAECESLHAB T L2LOICRELRL. 2, BT LEHR ORI E LS
HECLD OCHLHBCETCHEBICRETETH LM, APFELBML T I1.5CL
Lic. 7, KA TBREEAEORPBICZT, BREAB~BRELLE2z %2
WHMETHOOBELYAPNBINTEY,5 5 ~3 M E THEEICREA
RETHD. THABROFER, | REHOBEEKICLY, HHLhEBERAK~DED
METHZLRERETELLD, AR ELBEBL TIRHEL L.

2. BERZARMEL AT LAORKY - Bk

INETHREZFENLTVHLEBNYVZROBRAMOME FX L LT, B
A 75HABICEREETH >HRAL, HTAKEZBRESCHMBICEBAKT 2 HFX e E8H
Foens., L, BESATE2EET SR, A T7OFLOH 2V
RICREIHh, +OLREENRELN L VERC, ABAREELKICKY A
A IHRBHRTIEFASAEALNL TS, /-, iTKkEZHAVWEFXTIE, Hkic
Lo TAhkROMBENEETHD Z & (WHE, 1979, 1L T H, 1982; ¥ H, 1995)
X, KEVPHERTELLELTH, MTAKOKEIZE>TEZ 4V LBENRD T
EREOELLOBMBEAER I TS, 6K, HITKEZBRE TS ~BOKT
5HRKTHE, BAKERDPRVWES, MEXAR 4L, MAKLEMTFTARkZE
BREMOENBALTLEIRBMNEAET LS. ZoHE, HTFRKEBKIZKYH
EMESHEAL, "UANFEELLEEALAEALRATWVDS.

—F BEREFRAXAMECATLE, TROBRBEHZAR L LTHWE D,
MTAEZBRRE LEZHEICHMBE RO LRHRA 2. ~TAMEIZOW
TY, BERBEHLBELZY 7 PETHERLTWD D, BMELAT L0
DHEBARHICTAILENZL, BaA MIERBETES. £, BFOERND
A~NLRBEAETSHD.

ME AT L2 BETHIHACBVTY, BREBAME L AT LATHE, T
NRTOPWEB AT ARRCERBELTCHLD, RESAT2RET 56 ICHE
ERBIIBREBUBRBEENICLDNAA TOWBOHBRMEN R, #Hir - FH
WESTHD. £, BEBRAB CTHENEERLHEL TS, BT
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BoH AEBHBIIBIIRBENLBEE
BREICERZEZE L TRELTOMEL AT L2 28HAY 23, 1
R ERIE - LB EELPLICEBFLIEATHS, LorL, BEEEALHE
ATLICETOEBROBLFERITILALITDRA TV AR WEYD, Br hBENE
MEhTws., 22C, AT, 2ENCLELECERZEAXBE S 25
LAVBEASNTZUEROAERBICETOIRRMERBEEFICHOVT, EHH
ERIUHMEMVAEORBRICDWTHR B L L G0, MBELA - RES, Rk
FHEIZDOWTHRH L.

1. IWEREHTE L OCEBEHOREEH

BEHM, BETOFEFLBICILBRIEEARE (RE, LHREBLRAH
R I —AEERNRRE) OBRMABR A AT 2L LTEELENTZATHY,
MEDONYABEBLOME VAT LOMERIR—Ths(5H 2-2, 51 2-3).
MELY, MO 6.5m, AT 25m o 3 @K (BEE AL 488m?, fRIRLL 0.63) & L 7=.
BERBERE®E LT 37.2kW (32,000kcal h™') DRMEN % H T 5 iE EIEE#
1A, AVOERBMICHRBEL, K¥IALA 7HRESROKTHBELE-. BRE~E
RERE AT 2FEAS 7 M, 10 R 300mm (EEA 200mm), E X 0. 05mm K
VEZ7 bRV, BREBOFBEAGLICHEBEL, 0 20mm, 500mm B 0K
SHLODZBT, BREA~KREHFT2H5XTHD. "T2ARNDOIBEICIZ, @E
RBEE#HEINCRIEAEORBABEE#REZ A VL. £/, BR7 4L 5011
RERARIVAVIZIA L ZT74VbERAVE.BRHHOEGICK T 5 &5 B X,
WAL SABZWH D, 6 AN IABT — VAR AB L ThHo7-. BRTTO
BHICBTHARERBIE, BRIRIVY, R —FRLETH- -
RAGE, FECREELZVHATHY, BETEEREE ~0 T 0 UK
BRRBREOLNDZEbhHole. L, BME 2T ANEET I Licky,
NDAPEBEST L R<RMER TR £, 9R 3R LEAVLDOD,



FH2-2 RIHiOREFH

12



BE2-3 R o g

13



BEEXZVHEAICE, BRAMEORESGEDLIOICHRI—T 2 MK
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BT, EBRORSESDRVWVHEATho, MWEHRAOKE T K
MELALSHPEREOEZRPTHOHEMSE L, BETHIEHERRA L.

RIEGLHBMMICKEBELT, MEHABEEHELRE LAV O EmNIE+ 5%
MERNER L. L2L, MERWEEN BN 72 5O 32 f CIid s 28
N, "TUZADOBRTEFMICL > TREBNCERELLIBAEBRAONT-.

2. W RBEFILHOREEBH

BRESKF NV ACRRAERAXBE L AT L2 I LD TEALLEEHTHS.
B, Mo 8.5m BIT5Imd 28 L, MO 8 5m, BAT 63m D 5 HWAMR -
gt 7THEMNT 2 (BRKEFE 3, 545m?, {RIRL 0.84) TH D (BEH 2-4). BT HE
L LT 87.0kW (75,000kcal-h") ORBMKEHEZATHRABEKREZ A O
MERHFMOEBIIENTNIET D, At 2E8REL, KA TRERDE
THIELZ., BRE~NBRZKEFT2%MS 7 ik, R ERAKO AT
hot. "NYANOBEREICE, MEMABEM L ARG 116, 0kW
(100, 000kcal-h™") ORAENEZ2EFEITIBEHAEEHL 2 ARE L. 1,
BR7 ANVLDICERYZATVRBEBE 7 4V L ER W, BT HEOEHIZEK
TAEEMBIE, BREREORBEVEITH- 2.

FEIHE, WRERRANLELTHEBREESLBENDO RV TH -0, ~D
ZARBUNIMEENVEL, BREB~OSoHBMMA RN, ERAY 7 b
i3, EfTFoEfLEE2EBRThHo N, YPWOBRBMELTME T &KW
MEBTHY, BRECERSBM W ERENBBETH-. Zokd, #*
BT H2MERBEZOECKREBLIA~KRLEEZA, BHBICBESIND &
Aol E BB UVEIBERABOTEM ~RE A4 T E2EE L Tz,
BMBBELTICLDEEZODND A TOBBRBEZER LD, BEEZHA
S (N GAY /SN
3. iR & LB DR E = F

Beb B ABMARBERAME S AT AN EASREEH THH. B,
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o 6.2m, BL1T 40m © 4 @R (K fg 992m®) TH D (5 H 2-5). MEHER
B L L T 34.8kW (30,000kcal-h’") ORBAEHNE2HFTHIRABEEE LAY O M
ERHUOERICERAENL 1 ET S, Gt 2AEREL, BEEOECHEL L.
BREA~BRBREZREHTH2ERS 7 ML, #H 0 & 300mm (EARLH 200mm), &S
0.05mm DR Y ¥/ bEBWL., RS 7 bORBAME X, BRE MWL
&L, O 20mm, 500mm RO ESH LOEZMT, BREA~KEMHITEHHFAT
HDH. NUANOBEEICIE, MEAEEH# LIS 2RO RRBEE K%
16, AIURBENZETHIF 7 PV ABRABEE#REZ | AxELE. £/, B
M7ZANBCET7vRRBEE 7 422 A0, @ILITOFEFHIZRBIT 5 8 EE &
Bix, —%x—Yavslos%kitachH-7-.

ZWATIE, BEEXPZVWVHBTHY, BEFTRERET~OZTOHEME LR
RohdZdtbdhbolz. LML, MELATLAREERTIZLICED, ~"T R
NEEST LR BMERITbAE., £, BRYNI XL FILLIVERE R
MW+ 244 7OBRERABEM TV, LaL, BbELLICKZBMED
BEL, MEABEBRICLII2RMHERELSHRLELD, FHTHMEL 2T 4
FEELTWE, BER, R T5MEXR»OBEERMBRAIETH D LN
N2 KIATHRERABZHMNALTAH TEEREL TWS.

5. RAZXZAXMEL AT LORE

WERANSERCER SRR ERAAXBEC AT L2687 28~V 20
EHICOVWTHAELL. ZORKER, UTOMBRABALN LR T,

OERY 7 FrOBRBRRCLI2MEENOKRBERIET GFRF X O RKEL).

ONYARBE Lo b0, POREOMERNERTNNBAH (A

EROFERNFM).
OBREBEIN—T L OMBRED NV ZARNGHLBERENDOBELSAHE (~ND
AWNGEERMEBENOBEGKMEHR).

QRMEMBEEHOERICL 2R MEREOHEM (@S M5B O @ IES ).

LENR-T, KXW Tid, BRAXBAXME AT LOKXiTHEL & GED
FMO-DICUTORBEIC N THRHAT LI EELE.
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OFERY 7 FORBAE, BRORLZERSFXICBITL2MERNO LR
#t.
QBRAEBRICLIMEREORKILIOTME, HEHFICLIBERAMER
D HE .
OQREZEAEEHRORMAEOHME, RRAXAXME AT 22T 5HEHEN
DAL —BRERERNAY ZAOYLERE O LK.
¥, HBEHBIEBVWILERERMLEM LAY ZABEMLTNDE I Eh
L, BMHERBEOTHINRELEELERTHD. 0, ERMLRES
NTWAIBEARMICHMTIEEFED, REFHEORLIBEEMIBLICE W THE
FATEADLEHONICTHIERMETHD. £ T, HRFTENTWVSHHM
BREAMOEEMESL, HMEHMBRICEITIIERAEOLKL, MEVATL2AHT
BEMAT AL —BOBEEAY A, BLOMROLBRAOEERSICHE
ENTVWLIERABBEOERNY A EZHBIIT- 2.
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FI3E BEREEXME S RT L OEES

EERAERLEWMELEE (WEEE) (BARREXHS, 1997) & Lhid,
MEXEBAZVEEOEMNA Y ROEEREHEL, BRAMSELE BAAKE
BOMLELD., LrL, FOCEBTIMTEELRBETL I LiIckYy, K
BMEWMELLTHMSERZEAHCTE, KIBCBB I LN TED. 20K
W, BMEMBICER N NV A2 HRBETHHESICIE, BREB~OHEWEISHEE
KBBTEO2MELEORENLETHS.

ek, WEIEDLNTELHMTARKEZEAVWERSEEOL S, MEREHOFF
MmHETREETER (EES, 1967) Yy 2lE~OHERKE (K4, 1982 WF
b, 1982), BMAK LM TAOBREZLE (AL, 1982) KWLDFENERTH
5. LoL, Thbo@ECEBNTI, BEEBICLII N VAICHT I2HEEN
HEOBBDRICOWTEHEELTWAW., T, MEOBFERLHMTAKTHS
mH, MECLIVRETHIKBELHETARKLEOXJBRECTCH /2D EZLDL
ns.

— %, BRERXME VAT LT, "VAORMNGIEELITORLD, &
MrOHRETIKEZMERLLTCHMT DI LN TEDH. £ 2T, KHETIH,
BRAZAXMES AT LIC2WVWT, ¥RFANPBERNCKREITRELRIL
. £, MERHNOBREHLEERAET D L LI, ERASFAUEC X LM
ERAMEOTHEEICOVWTRHNLEZ., &b, BEVRATLAEHT DEH
DARZEATARICHMBLELI2BRMHEBERIIOWVWT, MEMRICEKERLT
WHHEBAT 2O, FMixiTo.

FL1E RASFRAVBEENCRETER

Lo
BRXBAMES 2T 413, MEABEEH»O XA L ZRE 2, BRAGED
bREMITAZETMEZRToTWA. Z0kYD, BRE~BRLzKRE 1T T
WBRRY 7 POBKSLEBMESBEREN~REITEHERIREV. £ I T,
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A THAMELC AT LAORBMEENOFMET> L2 EMIC, ERS 27 Fo
BROHEMEPIBEENCRIEITEBEODVTIBAERICIIBRHLE.

MER LOFE

. A ZBLUOERSFROBE

ERIT, WRRIEZRRSAN (EFEITH) CER LM O 6.5m, B{T 18n
D4 ERANT R (FKRin g 468m°) T, 1999 4 12 A M5 20004 3 B TiF- 1.
BRZANVLIZB 7y RREL 7 4V L (BEFZYV—Fys@l, =72
=Y, B& 0.04mm), FEBLIUOME 7 A L AICIZBERARIA LI V%7
ANL (AHERTIH, ==Y —F— EX0.15mm) #BELZ. ~T X
NICBBERFRVA VI AR 74000 (BHERTH, B, ES 0. 1)
KED 1TRBOREBI—-—T U 2REBL, MARFH TITo7~. "YAATIE +~
FEALAFIOBRBREEZ2IT > TWVWEEDIEEABRER &L L T 58 0kW
(50, 000kcal-h™") ORBENZ2ATIRABERLRBEL, BEX1T- 7.
REHBEEREOHEDL, BEE HICL->THFY, BRI-F O NOKELKHR
EUMUCIKRELL. BERABEBROENIL, # (1998) OB XBEEANKHE TR
KESHWTRELE.
ERETOLSEBEOXR IR EZRI-1IC, ¥7 FOBRBRAE*BTHE 3-1 12
AY. F 7 M AR, H70 % 300mm (EEA 200mm), E X 0.05mmOHEY &2 b
EFEREMORERTICERBL, D& 20mm, 500mm BRO®wE B L O %28t 7-
(7 P EHBEA 0.03n?). IREHLFMIZEMmME L L, fHEOBBEIK
EEICKESMHT., F7 FTRHBEAHL, REBLOoLrb0HRXRLE. ¥
7JFBRIFIYZ FPAREREORY F7 bx AV, MO LK 500mm O A& I
RELE REHLOODE, BBBLOTHRBOHHESHEE, F7 AR E
F#kE Lz, 7 FEEXKIIHVE 1100mn, EX 0. lmmD R Y ¥ 27 R EREIC
LVEgmkRL, BRELESETLHHFRXELL. F7 VoW fFiix, # hm\eE
TEWmY Tz rb@BELV—LER G, BIREHOSHEMEIC 800mm t§ T
BELZ (F27 ML 0.17n"). EH L AEX, OF 20mm, 500mm K &
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L, REHBLIMITY I FEBIRAIELTWDEH, " 2ORMME &L
. Tiwmix, X ERKROREHSEHE L L.

ERXRSY 7 b~ik, BERABEEEEIMNCRI-AMOME HEFERICLY
FEL. MEABE#ROESY 7 b o WBMHTO&FXRAS 7 FETIE, AR
200mm D7 VX TAL Y ML OB LI, BB, JLXTALT FPHNO
BEZREL, FERFL~OXRENZEIRETHILE2HRLIE.

FERFRXOFL 7 FARLEREBELOIWKEIT S 30 WO EYRE %2, 2458 8 %
3 (BAH /)~y s 28K, ANEMOMASTER MODEL-6621) (X W MIE L. %7,
7 rEmPRBOKEBEL ASEFURES (2—F— 2 X5 A, Kadec US-6)
WWEXOVRELE., B, FHRELY 7 FRNKIBOR AL, ERFAICH LT
ERBLIOCTHD 28& L, E@MNS 1.5nBER LB L LL.

MERBEHOBIEICIL, BEEmE (bl Sx®, HBC-S3) M /. Hl
Wi, BEORBMICL-TRHEABEHOERZHGL, BEXKRTLTIIDL
| BB ICELETZEICHRELEL. 28, BEBAKOBMO D OB E %K
Rl E3BELEKSE L. £, MEVAT2EER L, MEABRERSB
JUBREBRABER I ZThLOoMER LD, RIBRI—FT 2L 2.
2. MERAOFEM

—fi, RPAREEOREVE, AREEDONEIVWERBRLZ LENE V.
¥, TOMORELEZHELRERRNICEETLIEZEALOND. 2T, BEH
DEEROBES 19994 12 4 21 B 9:30 &£ 20004 2 A 16 B 9:30 1217 » /=,
LT, EERI MEVATLERFORRAEAMICH I 2ETHBOHE (%)
ELl. Thbt, BREBPOHBETCESTL VIS, HTRIT 100,
ERICMELTVWIHEAIEFOTHD. ik, RED—7T % P AR OEFIZH
LT, BRTHREL L.

1999 12 AN H 2000 E 3 AT T, REPBREIN-HOME R+ PE
L. WlE»bomMEKE2 1EEMBRIC I 2MERL, £oE&E% B,
BRI Y- oMER (kgm>h') ELTHELE. ol, SELKOHMER
i, MBS =T v ORBICE > TRBREMGEORBLEDORENRRLID,
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1. xRS ROBEE &M

FEXEBRFXOF 7 PREREHBLOKBTSEHYRE, BLUOF¥ 27 PAKIER
ERI-VIWART. 7 PAOFEHEEILX, WFhoE@RFRTH Eifs kT
TWTETLE., 27 b AKIE, 3.42ms"'25 0.34m-s ' ETETFL, #7 b
BROLIZIERULTh-o. —F, #7 MEFRKIE, 0.59m-s' 25 0.03ms' &
TETLE. WEHMLOOEHRERZ, WTFhoERFRATH, Lk, Fie
HIZHK 12m-s™ Th - 7=

7 PRAKER, ERTEVWTFhoEREFXE L S50CHIETHH-7. T T
i, ¥7 PARIF2ICTHEN, 7 FEEXKTIEHH UWCETETFTLE.
2. ME®RN

19994 12 A 21 H L 2000E 2 A 16 AICBIT A BETROMER LK 3-212 R,
WTFNROERGFXIZBNWTH, THRTCHELNEL, BRE~OEEXRD LN
2. 72, 12A22HBOF 7 PARKES 7 FBROFEFERIT, LIS P T
X 20~30% DHEM TH oM, TH TIH30%LULEEEN . ¥7 FEHERD
EFERIT, F7FAK, 7 FPBREEARTERITE» o208, FH» S Tk
T TR&EN . 2AI6ADY Y PARDOEERIE, LHE»SREHETITO
~20%DEWH THY, THCHTHRCTEL. ¥ FBETI, WTFhoXH
THLH 7 MREBEMNBELWEBEOMTHRABIN, LD THIZHT T20% Lk
ot Tz, F7 PAR LRI, THRickd2@EEmbhole. ¥7 VEHK
DEERIE, LHE»S FHRICHITI T I0%U T TH - 7=,
WMHEAOEERL BT DL, 2A 16 HICKRTI2H 21 Bz, ¥XT®
ERFRTCELS o7, £, AEBICLDESEROET, ¥7 FBEX T/
EL, I PEBAERTEIRE LT,

b, WAEALL, SERCERTEDLOAL OO, BEREOTEIHESE L
MEABOVBLADBLG BEATLABELETIETCITE, T TRHEINE.
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£ 3-1 HERESFXOFHREL ¥ 7 FRZIR
257 J &7+
77 bAH REHLO KR
L THR E¥WE T kW T
(ms™ (ms?)  (ms?) (s (C) (C)
#7 FAK  3.42 0.34 11.6 11.9 48.4 21.0
%7 FBK  3.39 0.71 12.8 12.3 1 X1
&7 NEEX 0.59  0.03 1.6 10.3 51.8 14.1
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1999 £ 12 A2 5 2000 F 3 A E COFEMM ¢, MEROKRKMWEEHKL -
2HITHE2A 2Z2BOMEROEB AR 3-3 177, MERKIT, WFhoi
RGN ELRHERLACL > TRELEGBHULEZ., LrL, EROKRAMIT, W
FTHhHOER AR E LIZ 1. 6kgm2-h' b, EIRoT.

EEROBELZITo7-1999F 12 H 21 HEL 2000E 2 16 e MEROH
BIZBWTERKRMEAEZRLAZ 20004 2 A 17THE 2H 22 HORBAK SR %2 %K 3-2
WZaRY. kB, RPOBBRER (HRAKEL»LHBE, kef-m?), ABRTZIE (n),
KR (C) 1, R S K 3km b @IS (L B 5 5 1L B 2 4K BF 22 i (&
B —TOBRMELR V. £, SOHEEIEES (1981) O FikiZ k-
T, HREELABRSEILOLRAELEZ. IRSEIEEROFEL2THo - 12
A2l BB HEL, 17.5kgf m 2 ThHh o7, oo B 12~12. 5kgfm? TH »
. BOEEIX, 128 21 BAKRBLKEL 012 THo7R, tho ALK 0.06
Thole. KRBT 12A 21 BXBELELS N OCTHozdicx L, o HIZ
-2~-4CTh 1.

%

WFROERSFKXICBNTH, BRE~DOBREIWELHBOEBELLNG, &
BY 7 MPETHMESINSL. BREAOCHESICIK, BRAOE, WEBMHE, &N
ORI, SERENEET LN (ML, 1967 ; FY), 1982 LT H, 1982),
Bio, RN EBETHIEICLoT, BEREFELIREEN D (WBHE, 1979 ;
B¥E, 1981 ; @B 5, 1981 : £F42, 1998). 7/, BRE OB TS X, ®EHM
EHEELOEMACHIERVEERALLOBEEICL > TRML, KEIZX
STEOBBEEN NS AVETTHII LN BREIR TSI 5, 1982).
LiERoT, KYAF AT, =5 L~ 14~50CORMEZA L T 7z
H, BREAUNOBRES EFL, RPCHBETI L <BELLLEZD
Nk, —F, MTFTABKICLIZMELAL AT AOMEDL, MEIHTARES
DREZEICL> TRET IO, BHEETBBAONMD LR (F1) 5 iEE
OMFEBEEICL > THMET 5. FHE (1988) (X, Mtz ARt 2~
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#3-2 FEBOBIKE

ABREEY HBETE TOEE TYIRIE KE
(kgf-m?) (m) (C)
12A218 171.5 0.15 0.12 -0.2 EERWMAER
2H16 B 12.5 0. 20 0. 06 -4, 1 "
2A17TH 12.5 0.19 0.07 -2.7 S AR
2H22H 12.0 0.25 0. 05 -1.8 "

X1 BIEEKENHHE
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100 FEOBREERL LD ILEEABELTVAS. AL RAT AIBRE~K X (13
DB OBEFFICEL > T, E~OMEERVEEY, MEDELHED TV
LRI

TR ENOERFKXOBMERRAEESRIC L > THMT 5L, WFhoxm
FRELBEREFMICH L TCTFTHRTMEL BRI, 27 FAK, #27 FBEOK
FHLOOFEHEE L, LRETFTRICKEREZIRDL >0, 27 PRNKIRIE
RELETFT LA, —F, ¥/ EBEX0F 7 PRREIZ, Likicks\wT ¥ 7 b
AKX, 7 P BRIV HELS, FTHTIHEOLIETLE., “hix, £y s b
WEBOBEWNWCLDZ2bDTHE. £/, F¥7 VEERTOY 7 FAKBROEKT
X, 7 FAK, 7 FBREV bKENo., LEN-T, ERFMICKL
TTHROESRPENPSTLERELT, 7 FAK, 7 FBRIEFZ PAK
ROBET, 7 VEERIZY 7 NAORELFY 7 FREKBOBRTAEEL TL
tEEZOND.

=, TRTOZERFRIZBNCT, 2H 16 LT I2A 21 HOFFRMN
P, TRRECBARENEB LI LIS, HTFABKE RV
TRETHL, ARE, BABRE, BTE, TEHRLCOEBEZI LI LIHE
ERTWS (AEY, 1982, 106, 1982). £7, EOEENKREL B> 25T,
BREKETLRLT VLW ®EbHD (B, 1982). Liehn->T, 12 4 21
A, hoRBEB XV LBRSENSL, £, SARENE»s LD, TOE
ERKELS AR, TRTOFRFATEHESELIRB - EBEAOLND.
¥/, 7 FBR T, REBMOBEZTROENR NS, 7 MREME L
L OB TEHEENEZLSRBOOLNE. Zhix, 7 PO DRBOKE i 5
BREICH LTEBE Ch-721D, ¥ 7 FRBUBHETOLAMEDENEL,
THORMENBLEZZEBFRRLEEZEAOND. F7 VEERIE, ¥ FaRE
KR THEBBOESROENRKE D72, ¥ 7 FNEERXKEXY I FAKD, &%
BY 7 FOBKBELIORBABLZ LK T 2L, FMIEIHEMAET, ABON¥ES
PEREICELTVWSY, #FF3EFAECT, BREKEL VLRV, 207D,
T EEXTIE, BREENSEL, TOHEENRKEN- 128 21 HiF, ¥7
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PAKBOBRTAZE LS, MESBALLEBEMINS. 5, BERAL 2L,
EOEEPNEN o7 2H 16 A, IRKICLRTETENELS, TE, BHEK
RICL->THB VRSN Z RTATEESEZEION 5.

TNENOFERFAESLOEIRDONEDN, MERORANMEICITER
erole. Fh, RVATABRRLEBRAKMERIZ 1.6kg'n>h'H0, 1 AH
TYVOMERICHET 5L 38kgm? oo, ZoffEik, WKICBIT3 15
FHAMMOFTHSER (BAMBBEEHS, 1997) L —%+ 5. LirL, v
THOZER TN L OVBERIRAERAIC L O KX EHLTWEED, K2
TLAORMEENZHMT 2HB8101E, BERLOBEFELEERTILEN S 5.
T, "VADBBII-THEMEINER SN L WVWIHE (K4, 1998)
RBEAMOS L, HBESODOHBAR 60~100%% EDHH &5 @BE
(B, 1998) 23dH 2. ARBR T, MEL AT LNBHL WAL XIZRED
—TVERALTVWELOD, REKE MCEZEEICBELXT-oTCWE. 20k
O, KVATALATIIRMEABRBEHOBI T TR, BEFEE# OSBRI G
KEELTWEAREELEZEZ LS.

UEDRERDG, AVATLACHRALEZSIEEOXRAFRXod Tk, #7 k
ARDEIIICERY 7 PEMBOBEEICHBL, BEAYKRE{F1 5 FRANESE
KETDEEZLOND. L2L, 7 FOEREMAEL 2o =540/ E
NOBETHTFREND. LMo T, FRF I FORKEILZESVWTHRHT S
LERODEEZOLND. o, MEEBERIHEHLNIC LV RKELLEHL TV
T, BRERBLBMEROMEBENLL, AMELATLOMEHEBRBR YR %
HONICTOIREIHD.

B2l EABMERNOHEELEIMEOLEDORE

LI
AMEL AT LAOMERENIL, ERY 7 FPORERELLEORBEYT T D L
WORBRMHLNER>72. LML, ThOOMBEORTEBAERICLY
RT3 #LS, TRMLMEENSCAGEDOTIM G ELRLETHS.
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SR, N AORBAMREICIE, N ARAKIEE L EE AN GRE S S
FLERABELZRD D ik (AAREKR¥S, 1977) AHwbhTEE. La
L, ABME AT L0 BBL TV 28, BRANE~OREXEEIC L B3 E
REWGBESINDLD, BELEARBZ RO I FETCEIMEARLFMTE L
W =%, BRIESHE TR, SHEEGTICBT 52K 5 EBEf~0 %t i E
EOREHAEFENREINTWS., 0k, ThboFE2EATH L
&Y, AMELATLOBRRAE»O OREERPLHMEROBE KRB L HE T
EHLEZOLND. 22T, A CTREREARXME L 27T ACK T 2B EE
NOBRELZHETHDILEZANKE, BAERICIVBERLIBEEORKEY
ElzFM L. £, HEHABCIVERA»LOAGERCMEROE K
EOHELITI>LLBIC, MEEIMEOEDOUEBFHRIIDVWTHA L.

MEB L UHE

1. ANV RBLOCBEY AT LAORE

BAZERE, s R UILERIEERREG N (RFTH) (@ L 7o
NT AT, 2003 12 AND 2004 F3AETITo7. MEVAT LOERS &
PO EZR -4 1R, ERFRIL, MHCHEALLESY S PARERBKALN
KEL, HOEO03m (EEKHNO0.2m), X 0.05mmDOARY ¥ 27 MEH WL, &
7 I, AEzPLELTEESHIC 1 6 2 KEEL, WL % 0.5m
M T1AYY 36 BATICERIT . ok, ¥AF 7 MZHWT, #ifli & FEkIC
MEABREROBE LMNE2 Lk, KAWoEG ML FHREHTS. wxHLon
CERRNEE COMBEM (n) &, REHLOOER (n) &, £EBRBICBITD
REHREHLL, R FN0.15m, 0.02m & L7z, HEHEIZ, 48 D2
DO L, NAIOBRMRAEH | HE2+HEREKL L ITo%. BEREOHML#HE T
DEEIT3.Tn, BREOCHEHBAEIL26° THsH. BREAICE 7 vERHEH 7 «
b (BEFZV—rTF o7, =727 U=, EX0.04mm) ZEHRL 7.
ME S AT Aid, A& FBICREREEE (RF R, HK-2025) b &M@ L
FERBR A, SHHCRELAERY 7 MCXVBRAREICEBRICKE 15
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FRTHD.

FLE BFEBRLTOVARNS, AT AR IBOREI—F - 2BEL,
BEEXEZREZ 1TCL L THEMAEERL EMNORBBEER (KM,
HK-2025) % E#i L /.

2. BARBRILIOBMERLBERORBHLT (L OFM

2003 12 ANDB 2004 E3AEIT T, AMECATLAOMERLBER
WELEZ. MEROFME LT, BRELOHET I AKEELHB L. AL
bHloo> T, "AAKTEEF (F 4 7 A9, FMIG-HO-0C-4) 12k ¥V 1 B O
MERBELZERI SV AICEHRL, F—%oH (KADEC 8, KADEC-UP) Taék L
. 2B, BMEKOKEEBIET B0, O KERFA T TCOHSIZHOW
TAREOWMHIEH (B 7 S AR 2& Ttk £/, BERR (kg-n?
W) 13, BAREORBL2Z T2 LR BESATWVWS (K5, 1998). *
IT, BARRET LNV RLE BN THBLZB AR (kg'm2-h™")
EBAREu, (ms7) ZHOWTKRKXELYKD 2.

R=rx(1+0.24u,) (3-1)

3. MEBMED-YDOREHEOEE

BEPIXRENEETEDLNALTRY, BRAOM 2V OMYNBETCHDLONIT
Wa7H, BRIZEEZNTVAN~OBROBRARZERTES. 12, RMEL 27
LABRBBTHLICLY, BRABCTRENMMBINTRY, BRE O KB
BEVWOTERSIEERBANELF -RELRoTWBEZEILND. £ 2T,
BRANBEZKOMMBRETCHD 0CT, BEHOLVWERTHL EREL, B
REICBTI2BEBEEOETAVIBLY, BMEBOHELIT- /-,

BIRE COMBRET, ZRF 7 FOERICEL VBB BRARESEL TS
L, BRY 7 PCL2ZROEEE2ZIY, BRARAGEREL TS
BB T AR ENRDD. £22C, BREAERY 7 FORE L X 5 M %t
ML, ThUAOHERSFEREBICH T TARERZFALL. Z0kd,
BRES2ETCOBGERQ, (Won?) X, MEOMTHDE LT, KA LYK
7.
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0,=0,+0, (3-2)

ZIT, O MEIMEAR CoOBMRER (Won?), O, AANKEE TOR
CER (Vn?) THD. 2B, BERLOUBEZAHICT LD, @wH L L@
ENVELRERORERGHESYT-VOBRRERL L CHIBLE.

i, BERNRERCOBMEERQ, KRR L Y R» 7.

Q,=a,0,-6,)s, -5, (3-3)

T, o, MEMEEKOEHBRER (Wn-CY), 6,: ¥ PRRIR
(C), 6, : BIRAERE (0C), s, : MBMKICLVBEERTDRL TS
BREHE (n), s, MEXNLELBREOKREKREHE (117nY) THD. 28,
SAFER Y 7 FORE (EBAYAORIT, 18n) L, HHEIEEL TV DHIE
NHHEHLZ.

ABE AT L, —FlicEAEKREH LA, BRR%BREICKRE
5HXTHDHI, HRHECLIIAGEROHENILETHD. HEOBEIC
BT, HABOBEAOFMHICK T 2B BERO M (Aaron H, 1994 ; Van
B, 1996) X, MWK OKEMEHEIZI T D AREEREL RO D MKt
RENTWD (AABRFS, 1975). L L, MRBOSEEH KT 5 EH
BEEEPRDONIERTRET, FHE (1978) ORENMRATELIRETH
5. 22T, HEORE T, EBRECEFLTWVWIEEHELHELELTEY,
AMEVATLO-FCHAEBEEH L IZRIC—HE L2V, LrL, KX
BELBGERBOHENEHTERVEYD, EBROBEHEO—FIZEA LK
ETNTHDERELT, RAHFHBRCORBERa, 2RI D KRDT.

u.x 0.625 A
a, =0.286( “ ) xZ (3-4)
' v X

T, u,: BREACBYIREBLOOPLERE (n-s7'), xKREHL
OO (n), v: EXOHHEFRE (nP-s™), A EZX0BEERE (Wn'C
N ThDH. p, X (4) T, BRESAOEHMEERTLRDTEY, 1,
fE, MEDICELVHERTEBRICEIIL VW IHEERAGRLEL TS, o
D=, WHRILELTVIRBEIREHLOOME (x, 0.5m) IKFELWVEW
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IGHETHELE.

—F, BARAARBER CORARERQ # XA L VKD .

Q,=a,0.-6,)s,-s,” (3-5)

IIT, o, BRAMBRERO FHREER (W2 C"), 0 : h—F o L
S (C), s, BAMBICLIVAGRESTDODATWIEBRER (n?) ThHD.
BB, S,ABRESEL s, #BRVEERE L. a i, BATEKRE QKK
LIoBMmERLEARL, RAXX VKD (LA, 1988).

v 1/3 /1
a, :0.13(Gr><—~) X — (3-6)
a y
3 —_—
Gr - gcos ¢ﬁy 2(60 0\4‘) (3_7)
\4

ZIT, Gr: V7 AFRT7E, a: EKORELREER (n’-s"), y: EHOE
& (3.7m-0.5m=3.2m), g : EAMEE (n-s?), ¢: BREOCEMNAENEE
LT AE (90" -26° =64" ), f: EXOoKBERETHL. 2k, yiiH
ARAMICEVBEEEZT-o-TCVWI2EREORS L, BREAEOHMGIHFE TD
RE3. Tahb, BEGRICEIVBEBEEELZT > TWVWAHIE05n&k 5\ ofie L.
g, X () BEALLTAEN0~40° OB THIIT 10%LUNOBRETE
RTELELTVD (WA, 1988). KFRETHRA LAY ADBROEHR A K
2 26° ThHHILD, BELLTHIIEL THY, EA@GESLL2S. LhL,
40° L 64° TRE LK Q,0%EIX, 2%Ciilzlenid, ol sBRERMOE
Bicxt LTEDLTH S L HWLE.

4. MEVATLBBPORKERHEORE

WAl RBEROBEHEZTO DI, BREIKBITAREHL OO P L
BE (u,) 47 FPRKER (6,) 28, BRMKEBEROKBEHE LTS 10, &
— 7 U EBRR (6) PLETHD. I T, BREICBTIKREHLOOH
DERBEELT, RxHELAMNDS 0.15m OEEEICE T 5 30s Mo ¥ E & A5
JBEE (HAH /<~ v 2 A4, ANEMOMASTER MODEL-6621) # W T, LM 5
TG TI0AFAMELEZ., £/, R 7 FAOPLEEDS FRICHE L
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. F7FPRRE, AT EBRKRICOWTIE, BEMRENKS, MEL 2
TLAVEEBLIBIZ, F—4%o# (KADEC #, KADEC-UN) # H W\ CHlE L 7.
7 PRKIBORAIZSY 7 bR LBORE L LR S FRICHT T 10 B AT, &
— T UV EBRBOMEIIBR T L A6 15em Bt 3 AT E LT,

RS

. MEBOEABELREROHED

BERENMBS, MECATLANKEML T V72 2004 F 28 6 B 18-S 9
HIZHETOMEEORMEL, BEROHEBER -5 ICRT. 2k, ZOH
M, FMEEOPTHUBHIBRERENE LB THS. BERE, 7 H 0
Bp& 4 BF, 8 H I8FFD —BERYZRMERIHIC 2. 0kg-m2-h ' 2 X DEAFTTEL,
RARKTIL2.5kg'm™®h' Thotz. LML, TRLUSNDOBEBE IR 1. Okg-m2-
W' UTFeERy, EHOBBPRKEN-7. —F, MEBOEAEILZ, BEE LT
ERCEMTHBLED, BERLIVOGEBOBEBI NE o7, MERORKK
fEix, BERPE -V Lo mEBCREEINZN, BERI L LLEL,
1.6kg'm™ h"' Thotz. £/, BEERNKHENICBEM SN -BEETL, BE
BiIRUINZ &<l TREE .
2. MEVAT LBBTORELRMH
BRECRBI>REHBLOORLRFEu, &5 7 PO P LREORE R R
2ZH3-61CRT. u,dd, RAT2.3m s, /P T1L.9ms' Thokd, L
LBTHRIEHTTREE-E CThole. 20D, HEHEOu, & LTLEEND T
RETOEHETHD 2. 125" ZHECHWVWE. 7 bNoPoR#ER, E
HTIEL5ms ' THOD, HRAIZETL, FHRHBTIZO0. Im-s' EFTET L.
ERY 7 hOFY 7 PNRIBOREFRER 3-TIZRT. 22 C, LR EMT,
ERY 7 MO ERA~DERTHL (SEILERVE SO 7 FEBIIE E
7W). ¥ PAKEE, BEABRERICEWV LR TGN 60CTHo72. L
L, MEABEEE OGN 2IZEERTL, THRBTIHH20CETETFTLE.
o, MEABERE®RHOOEREEH (2, n) 547 FAKIEIZ, KR L viapl
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TE.

8, =-0.0592z" -1.27z +60.6 (3-8)

R?=0.97* 1% KHETHE

2004 2A6ANLIBECIBILNTANADOK L EH 2K 3-3ICFT.
BARAMGRERCORGERZ2HE T30 ELI—F v FHRIRIT, #E
HICEVEBETFOERRONZLODOH 15CEARD, I—F o NHEKRLY b
LACED» /. BAKKEUTHIBAEHAEIZ, WTFLOMERL L In-
sTUTThHoM. £/, HIMZELAEEHAKRIBEIZ-2.1CTH- 1.

. BEHBILL2BMEEOHEL ERM L 0Bk

K (3-8) By, REHLOTLKF I FPAKENRLBERLE 5.
IOkY, BEIMBEEKTORGER (Q,) OHEILHEZ> Tk, X (3-4)
THONLEFEHBGEERL, X (3-8) THEHLAFYZ FAKEZR (3-3)
RALT, WEHLAOZTLoMEERZEH L. R (3-4) kv HmH i
BMTOFHPEERLHBELEZL IS 21,0002 C' Thho 1o, FHEGEESR
EF 7 FARBLORD M HERIC L 2R EEROFEHRLE 3-8 12
TY. MEHABREER»OEVERMICBT ABEERIT 1930 Thole. L
L, MEABREBRLOBMADZIZLETL, FTHREOKREH LD T 66W-n?
EFTETLE. 260BERBB A7 TE 140W-n2 L2y, KO@MEH L H
WTRERBICHMET DL, 1.5kgm h " ICHY L.

BRUNREB TCORRERQ, OHEICHIZ > TIL, K (3-6) THLIEE
BBMRER L, RI3I-3TRENTEI—TFT UV EBKBEEZN (3-5) WRALTEH
L.

HERMNORMEBOERUMBELHEMBE2RIAVICTRT. BREENSE -2 A
TRHE 2ABHOMEROEAME (BKME) L 1.6kgm?h' Lol —3F,
ME M RERICBT O MEROMEMIT, HEFEIOLHALAR LI, WT
NORERSL —FED 1.5kgm*h' &Rl HAMFEHEBMICETIIAMEROH
EEE, »—7 LHBIBOEKEL>T 0D, HEHBOZETIRATY
0.5CTHH, ZTLALENRL 0.5kgm>h! ThHhot-. RN, MERD
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% 3-3 BMEVAT LBBTORREMN

AT A=Tr SRR B4t

ANERIE LEKE 85y
(C) (C) (C) (m-s™)
2A6H 16.6 15.3 -2.1 0.4
2HT7H 16.5 15.1 -2.7 0.6
2H8H 16. 7 15.2 -2.1 0.3
2H9H 16.9 15.6 -0.8 1.0
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#3-4 RMEBOEMELHEHE

e B E BOHEEE

EHfE wH BR A5F

(R KfE) X
2H6H 1.03 1.52  0.50 2.02
2ATH 157 1.52  0.49 2.01
2A8H 1.63 .52 0.49 2.0l
2A9H 0.8 1.52  0.51 2.03

BTV b kgem*+h!
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WMEBITHABERIC LA E 1324, 2.0kgmih' e ot=. F7, 4aH ik
BT IBRERDODEEN 5% @M.

Z 5
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wEHLO wEHLn BRI  BEEROHEE ken’-h')

OO oPUEE FEROmE

(fiz) (m-s™) () S BRI &
1B 25 36 2.12 57.6 1.52 0.50  2.02
2B4% 72 1. 06 48.6 1.97 0.42  2.39
3B:6%| 108 0.71 39.6 2.29 0.34 2.63
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HH O HERE BARAFAEERPENICEBLARWRHETCORMEREDORE & HE
Thad. EFBRBIZE, REBLorhooXRICKY BRGEBARTH RE? EH
LTWVWAAEELSHY, BRMIEEBE TCOMSBELBNMCFMLTNEZ LD
Exonhd. £, £EBRB T, REHFTAEL2EBERBAICHFLTEELY
RLTHLT, BRALEORELZRBODIFIXELoTWVAIHEFALAELND.
TOEIRBEOMEROMEIL, AFETIIRETHY, LV EEL CFD
(Computational Fluid Dynamics) R EDPHEFEXAVAILENH 5.
UEkoz btnt, BROFERFXICBITI2AMEC AT LOMEREIOK K
X 1.6kg'm2h' THHH, ERFY 7 FOEBRLEOEKREMADZ LIZLY,
MEENOBMENAETHLEEXOND. 72, BAEEE TOMEERE
A, BBV T ORKIETIMERIMECHEVBRELLRVWEE L LR
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HK-2025, A EM{EHR) THD. EHANATYRICHBEEHBEE# L LT, 37.2kV
(32,000kcal h™) ORBENZETIRABEEH (KW, KA-321, 4TH
ttkk) oAHEZRBLE. BEHABEHBORBEIZEE L I k- THY, #H
NUREBBENTALBICBREI T NOBERERRE 14CL LI,
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AT ALZENT, MEABEROEHAR (0) 2SR EEBET 2546,
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Q,=V,H,n, /A4, (3-11)
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b, 1982), o D 2 E~OBAK (K4, 1982; (LT 5, 1982) 72 L0,
HMTARKEBATBRATLZFABRKRFTENA TS, LarL, K& (1974) 2k h
i, BATHAKTZ2HE, MSCHCORIARIE, BERE TN 0%, B
SR 3mesT THAB 0% ETETTS. 2T, M TAOBEBD S H,30%
NHB0%IEMEICHVONT, BA~KBAL TSI LEEKLTWS. — 7,
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WKWHRHIGL, BEAEPBMBICHVWONE., Zhid, ERF 7 F& 7 ARICE
BLTWEZLE, BERABICLOHHNBEEChH-m bitkdEXDL
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B KBRSV OBRELERREX, WAKBRESR—-THIE, REROD
W THDMAKIIZTITHOT S, ARBRICBT2HEB A AT XA LHEBANAT 2D
BT, TR EN 1.64, 2.04 THDH. BT 2 OBRE RSB O YLK H
U VORBE T, BHAT RN TH 24% Vo208, Zhid#ik
DELBFEF-BELTWNS. LEB->T, BEABEHROEAROEBIX, R
koBEWNCELDZbDEVWZD. £, RBEPREVWIEICLPHERBOBRE
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MEBLUFE
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2T,y FETIIEE 455y, t,: RAOFE 11454y, T, BERXETRER

(C), T,: 44RE (C) THD (1L, TOT, OO LIES).
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BMEME T, AHMORBEEAEBD TO R P EABIIELTH 5.
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Evolution of melting snow system for multi-span
greenhouse in snowy areas

Shinsuke FURUNO

Summary

In order to develop a melting snow system for a multi-span greenhouse in snowy
areas, one of a melting snow system consisting of heated air through ducts onto the
internal roof surface using on air heater was investigated. The data obtained in the

present are summarized as indicated below.

1. Characteristics of the melting snow system using heated air, and problems
encountered in a producing area.

The melting snow system using heated air consisted of an air heater, a snowfall
control unit, and several ducts. Characteristics of this melting snow system were as
follows.

(D The development of a melting snow system using groundwater was associated
with several problems. On the other hand, the development of such a melting
snow system was hardly restricted by the area.

@1t was possible to install the melting snow system in an existing greenhouse at
a low cost because simple equipment was used, including an air heater, several
duct, etc. In addition, this melting snow system could be easily maintained type
of equipment used.

@1t was possible to operate the melting snow system automatically, including the
start when it began to snow, due to the control by a snowfall control unit.

The performance of a melting snow system using heated air install in a multi-span

greenhouse was investigated in a producing area. Since the melting snow system

83



sometimes did not operate well, the relation between the performance snow melting
and the duct condition, etc. was examined.

When the melting snow system was used, heat requirement increased. Thus it was
necessary to compare the heat requirement of a multi-span greenhouse equipped
with the melting snow system with that of a single-span greenhouse locking a

melting snow system.

2. Comparison of methods for the supply of heated air

Several methods for the supply of heated air were investigated. The performance
of snow melting decreased with the distance from the end of the horizontal duct
under the roof in each method. However, when the melting snow system was
automatically turned off one hour after the end of snowing, no snow was observed
on the roof.

The maximum melting rate of snow during the experiment which was 1.6kg -m™-
h”', was the same in all the methods. However, the performance of snow melting
varied with the weather conditions. When the snow density and snowfall were high,

the performance of snow melting decreased.

3. Estimation of the optimum performance of the melting snow system and
suggestions for improvement in relation to the methods of supply of heated air.

In the melting snow system using heated air circulating onto the internal roof
surface of a multi-span greenhouse, the maximum melting rate of snow was
measured in a field experiment, and was estimated separately for the forced
convection area and the natural convection area. The measured melting rate of snow
fluctuated with snowfall. The maximum value of the measured melting rate of snow
was l.ﬁkg'm’z‘h", while that of the estimated melting rate of snow was 2.0kg'm'2'

h''. The amount of heat transferred in the forced convection area was 75% of the

total heat, suggesting that optimization of ducts providing heated air onto the
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internal roof surface may increase the melting rate of snow. It was shown that the
double ducts increased the heat transfer up to 18%, compared with that of a single
duct. On the other hand, the heat transfer in the natural convection area was small.
Opening of the thermal screens to raise the air temperature close to the roof surface

may not be effective in enhancing the melting performance.

4. Comparison of the heat requirement between a multi-span greenhouse with a
melting snow system and a single-span greenhouse

The heat requirement was measured and compared between a multi-span
greenhouse equipped with a melting snow system and the typical single-span
greenhouse locking a melting snow system. Generally, single-span greenhouses do
not require a melting snow system because snow drops off naturally from the roof
by gravity.

The results for the multi-span greenhouse showed that the amount of heat
provided by a heater for snow melting increased with the increase in snowfall, and
there was a high correlation between the two parameters. The heat requirement per
unit floor area of the multi-span greenhouse was slightly lower than that of the
single-span greenhouse. This suggested that the decrease in heat requirement for
internal air associated with the larger floor/surface area ratio of the four-span
greenhouse was more significant than the increase in heat requirement for melting

SNow.

5. Comparison between measured heat requirement and estimated heat load

The measured heat requirement of the single-span greenhouse was slightly lower
than the estimated heat load based on a common calculation procedure. The
measured heat requirement of a multi-span greenhouse equipped with a melting
snow system was equal to the estimated heat load. Similarly, the measured heat

requirement in the producing area was equal to the estimated heat load too.
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Therefore, it appeared that the measured heat requirement in a snowy area was

lower than the estimated heat load based on a common calculation procedure.
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