HOKKAIDO UNIVERSITY

Title TIOBRE0ER N REEUEET S VEIRRES
Author (s) =H, lER; YOSIDA, Zyungo
Citation {KERIE, ¥IEE, 33, 39-55
Issue Date 1976-03-30
Doc URL https://hdl. handle.net/2115/18273
Type departmental bulletin paper
File Information 33 p39-55. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Zyungo YOSIDA 1975 Theoretical Studies on Snow Removal by a Plough, III. Flow
Type Kick Up of Snow Caused by a Plough Moving at Low Speeds. Low Temperature
Science, Ser. Ay, 33. (With English Summary p. 52)

7 7 v B F o H wm U
WHMEE S 5 v R &EE 5

=5 B OJE K
Clh: PPN &)
(R 50 4710 A 2£98)

L. £ 2 i &

COBXIMBIVZheos3<<mXIVIE, HADHRXI LIV oEETHD, A/ —
70X, Y, XOWBTHEYES VTS, Thk THEEST) Ho -8 EhT) &
%S, HXI LN L CREETEL 7 VR I AT EER L, #HCIL &L IV & TR
T5>0x, BETHL IS vnsITHIFTHS, MPTRHBHEERER LKA Sh
%, BIETIRER, BMATohTb LT hEEbTR, VI voEMEYIRADES, BE
DIEBHVOFREBH T O D LWL, 75 v OoBEFELI IR TRET S, R T
MBAEERS TA2 FEE L, BRIV THREBEERED TEMEELT S,

EOWECRE, T v0BROWT, XTI EI L TR LRURER LD
MHEL, FTEC, TIVRATCHaDERERY T VT, FHAMECHUEE T2
S IR ED R —ERE V Cl#b & T, Wiy, KFEERT, Lrd, ETHEICE
BT SUREAERT SV THDH, LoL, EREAT I v LR EHLERLHAGTE
S, I UREIEL, BAMEE LIRS I VS TEE VTR Z LD,

7oK EBREMEhD, TOEMY, MREoRh0E & —FKT 5
THEDERET S, BRTITvDORHBGEL TBBPINRIU T2 &, SOEBHMLIMCE
L3, ZOBBAREROICLETLARFF Y, TOB T s EHHFALWBOHHETEH—
HEfEE > THbDEEZD,

Ehi, TO—HiEMY, BMEEREY 2L 5 Tl BNER L RET S, $7k,
ST T 5 ATLRE T, —EMOI P LFe ERFI AL

p=ke (k: HE) (1)
OBIEA T D 722 b D L+ 5, KHBBLS T, EORBPCIEN p 2BAM pu C#L, *
DHEFRY L OB D, T p BEDT MBI, MBBEORWBEBLELDL, Een
ex = pulk DIEICREI- NI EFETRT T3, LicdisT, X IDFEINFHHETHTONI LS
Z, WMEBRESTE 505 L, BORE=FAF -2, 75 v ORIFHERSCH > TREEMHS
hig B ORMAERICOZ

5 bk ERBEETES #1696 5
ERRSE HEE £338 BH04E



40 H# B B R

Ep = (k/2) & (2)
AR TEI LD, A= F—DMARDDEDRENDIT DD, Ep D—fL,
BNT, BDOBTENLLBETHTHAS5, LL, WD TEGKH TR T T28b T DM
DNTIE, COBORMEERTHIENTED, 2% 0, BHFEEBCRIDEELT
X,

AL FEDIHTIEEL 5 5 BT OEEL, ALFOEER 0 £T5 &

c=+k/po, (3)
THEzbhB, RXIT, VocDiEH ik EmEDIEH, V<cDEHWHEEDITHWLE
52 LEDI, <D MEFxng) OMsORECHD TEH [EHE) (X OBEHRTHE S,
FRz, TORTI TEETLION V<c DIZHOREAED T Licd, BHTHE
THHEEE, VORPMI-TELLEDLS, LrLwX L HTefE, VXD Lo0R
R

T=(V/ct=pVYE (4)

EEARELTRHCS Z LTS, EBEBHIF TR, TOEALLIIFECHIN

II. FSO0RCHIESOEELEHRE

FIM@IE, Y797 PRl TREBEEERS T 53 2ZoBEAMERTHH, A
X, BELAEAERS 7y ORERAYSOLT, SAXELIHEENS LkbBES by 0F
DEN, EPOEEV THEATET
BHFohs, BRGSO TORHK
i3, BHFohs o /e, HHEG
Lebie, BEVCAEA~NELE
5, mFi, 77 v oEfELEA S
IO EIDE ST dD, TTV
NEEBBITEN 12 A gEF R
LDRCHS T 5B, BMBITOHF A
GATHAREF BLOMOHEY,
WX 1T MBI &siti,
EEIFIFORIBRTI 0
THH, Bk, AFEREELL
THAEL LS, BABERT 7 P
PHIRKLE L () ORI TES gy g ) e insis o5 R, 4% SN i
b, OB EFENTEC WG Eebie, BE VohrbATn- Tith, #ik
P, 28 11X (a) D#RHE I BE e D&, SWHEHE, S XY FRH5FRELT bR T,
W R X DIED 7o /Tl & B /AT WE G R TEEA~EIED, BT 7 viEH

ORGE, (b) MATHELELTOEOER Y AN ERT
DWTREGFEZS, Dt DE,




77 v REOHESE 1 41

L 73539FAFEZT0EH
HEEV TSIl GEGHER EDBEX by DML EX, F1XK (@ DBEXTES L
zHRD—EEMEY 55, COEMHEY (VY5 v 2 FEMH A 38K T 2FEH) 245
O, EfEhicSEd [F50F2FE] S5 IXHMIK T2 EE) LS ElL X5, £4
R, R IOF I ST cie®EEL, SdBb Tl 2 EMiEL W Z &ERRLI,
BORX B iIFEMC Lo CTLELRWELT, #1RK @ OBEMNIHE dze Red 2Fic i
BT%&
pu(du/dx) = — (dp/dx)+ rog (5)
DEBMHABRAN LGNS, wubplpril, EF2HEMEITO0H2FORELTE L —#IE
MG & T, 2k xOBAKTHD, HERMS B LT, D ETOHREIC TS, O
D DBEBER Y 1 L LI, g XENMEETH 5,
FBDE X by R EREL 2t DIT pV=pu DEHFFH BRI o2, —HEME & o
EDENTIL po=p(1—¢) DEARA S DD %, ¢ & u&ik
e=1—(/V) (6)
DX THIIN D, EMIEMERCHL06p 3 kit EL v, ThbOBEHEYHGD L,
HEETRR 6) 1%
{1-a/m} deydz = 2119 (7)
WEENZBND, SATOudfl, Tichb x=0TOudEX us L X5, THEWD
FTBRR(7) DN
w—yl = — {T/(l—T)} 219z (8)
ELTHBRD,
Y2 EMOBBAORIYITETE, FHARLELBATR 2=—, u=V Thb, &
OE&ME @) RiTvh b &
1= L1-7) {1—@u/VY) (9)

Iy = k290, = c%/2pg (10)
DR 2 D, LILFEOWEKR T TEES, RIETLETHETHS, Thic, T2 ESH
DO IMEERE ODHEHIc2D,
2. FAFECERI=SERD

77 v ¥ 2 EMOTMATE, BBEHSOTOZREEV T, LOERV IV pIWE

EuT777lho TEly, Lctio T, HEHE TOERHZE LOEY 75 v O aICE
BhcloChl&EFrztehd, 1K@ D dxNeHhBHEH LD E 25035 EE DX
pohogdzim O E L\, X T, SFEMH EDOFRLE, Thhbb7 7 v E 2 EHEOLMEN 51T BE
BhHR Py b T5E&

Fs= ﬂhoggo_lpdx (11)

BT D, ERAER o=pV/u Duiz @) X H 2 bh b uwfRATIIE, o2z DBAFEL



42 # OH H R

TGN, ThC Lo TANRXOALEEDTL, L OfEHIZ (9K (10) K& A5 &
Fo=hok(1—7) {1—(uA/V)} (12)

Nzbhd, O FREOEBCETZNTRSLH, SFOBEBEREK ¢ ORMNCIIBEFEL K
Vo Fie, FoABTHONR, KR, EEV CELIEIN@OMEGTH3, HFEGIX
FhuaETILDIIOTT,

3. BHIALOESOBHER

F2EBORIIEZETORD, T2EZSROITHIBEN Fe2ETA2)RL, wa/Vi
SATYD, ma X7 7 v RERTOZOEET, Bl EELLEA EOBEKRL NIV, £
NEHEND &, MBEBIITR TR 7vEMERRS 5L T5, FATOZOREE v DFH
ENCERTHD, ThT, ua b v EOBRELED, ORE QWD REDua B v TEENL
T EiCL L5,

FORMELT, HIN@OALLFREOMIHDE, THRbbBIIFEO > 210H
2ERF ] 400, ThicEBIBEOEREZH Cildd, FTHILMAbhSNEELX
5, ¥2EENE ] OLEWRE % hopa DJIT x DEDOHFACHT, F HTOZO—FEHEIS
prbTHE, FIVEMEEDIEAS ETHEX by OFR hipr DFITEH ] OFHEEH
TZEWCD, TONXT Ty OBEBEHICE > CETLEERTS, LoT, TO xS
—hprcosa IZO &L, BLEDIED, 759 DBSTENF D x B F. TRINDN*E
JoTEEmz %, > LT, FIemzbh st 0 -k

hopa—hiprcosa+F, (13)
Eieh, L, TOXRDE2HIHPLIBZ LTS, BOTHTHEDOIETITHD pr i,
PAC BIEEI NI WEEL LR BB TH D,
ik, BT HE ETERBODCKE] it TR 7S 7 v OEREE2EOERIDOIE
TP, ZL T, BuMMCED FHE L2 BB T 2E50EBHED 2 RGO L 0%
hio1v-v cos a—hyoaus-ua = hypy V(v cos a—uy) (14)
CoELv, EOROELL, BEHRAGEX hoyv=hpsus=hpV T Lo THLTEENZH
b, pa o bliY, Thth, ABLFRECBIBE0REETHD,
EHEOEHIC LY 1)K & M)RXLIMHEOELY, XoT, pr=0 &
hopat Fo=hyo, V(v cos @ —us) (15)
DESFRA IS Y f2D,

DEDHARTU) ROLELANOTHDZ LRI ND, FhiLX > Tus & v &DEIF
PEbh b,

4. REBDITEROESOEE v & us LOBF

RXIoFEIVEHE2HTLIARS, 77 v ¥BREL, TORICBESTON F OKERS
LEBCfFAEET, Bz HFACELEIESVEEETS, 1RO AZOFEHEDIESH
WORTHDH, AAFEF HEE, LA @D ALEKSIOF SoRESTHD, BILA K
2T, HALES  bEZTRKEREFT~NT T, A KL F AL OMEH 5 BNNIRHE



75 vRFoER I 43

dx ADFEOEIE S fodx BAKFEH ISz D, ZOEBDEXHNOHDORARET S 2T
MO—HERISD p 2%, 77 v OBDTHEH ECHBZE0—WEMEHERMLUTH5 EEL D,
BIX(b) OB/PXE dz 2B B EOEE, MEEFS IO OFILMb5H & Hr L
hopu(du/dx) = — hy(dp/dx)+ £ (16)
RHEBHBRAN LD, p, u, pIX, ThTh, TOEE, #E, —WBERTHITHS, b
L TCOHBEOEFNDID, FO—HFEMHOIGI p LE &L OMICIX dp=rde DEIRRH B L L
TEL, §ELTHHREDIES Y O XABATE, XoT
du/dx = — V(de/dx) = — (V/r)(dp/dx)
BB D foD, COBIREERSBER oV=pu x5 &, EBHIHEX0Q6) X

{1=(eV¥m)} (dp/dz) = folho (17)

LEBENLZLND,

ERNA S5hDF DT ORZoEHIED LT, 2% ) SRR ANERC
BDETHE, dp/fdx FETRHRTHE b, LIA, COXLICEZBEFHECELW
b, ARBRTIE p=ks DBIRMTL D Ic0m b, s X RO ELY, Lo TANROEHADE
MR 1-T BT B, L 2AT, SIEERDPTEEL T390, 1-TRIETHD, —7,
AN KROEAD 13, BIR @R LIERD, FRAECHEHWTWEINSRATHD, T5HE,
dpldx ZIEE LcD TR A7) KA D fefclonC £ D,

FnT, A EDDF EAhrF COEOEMPIBRABECHD EREL L5, FxILOX
el o, BUBE TR B L2 % p B TD, ThQ ZBRIAARTO v iR ERIC
K&, T5& 07 Rk

dp/dzx = falhy (18)
CHEbE, FOREYRFEdpdz iz BEBXTFREL, X dp/de b &THB, ThéD
2 WIDBEE TN L 5 e FEikiw, LRos TA8) RANESDIEHWDIELK LD,
BHTFOHD 2 BH f DA B F SECOBRIN L2525, Thbb

m:fﬂm
N
ThHhH, o, AREF HETOpEpa b pr IRV ELWEEZ DD
[ (@pldz)dz = pe—pa

ThHB, L-TA8)XLXy

Pr—pa = Fufhy
Nig i, LTATpr=0 LHEL], LT

hopa+F,=0 (19)
T, BIETE N 15 RO LR BEETD, Lo T, IB)RDOALLH S V0 Tlhh
o, Thhrb7IFINEBATHENED

Uy =vcos a (20}



44 % B B A

i teo, ThNRRDII EL TUntoua & v EEESBARTDH 5,

F O XD ua/Vit (w/V)cosa TEEXhzbhaL, ROBINHTo/ VT OREK &
LTRdDBRB, THIZIYD, ORDILA)RD Fo bEEELK T OB L L TRIhDBZ
LT b,

5. RIRBEKIEH Py

¥ 2 EFO—EEMC pIT, I VHIBCACEIAIRER G, I, XL EMHOH
ETh Y 2> (DRCLEbR TS, TALI0AEuAb, RO dwW/de iz TH 5,
ThbbEDOEE uil, z DAL LB, 2FVHE 1R (@) TELBE~NELIZ DR, WP T
Do ROICIDE uDWHiL e DAL LOL, cDERZp D EREERTS, Lo,
¥ 2 EMEOFHE Tk dp/dx>0 TH D, —F, BHITHEOETIE dp/de<0 THSH T & Hi
HTxi 18 RRLTCw3B, kDo Z&nb pad, 77VvREMRD A STRAEY L2
Eb b, Lichi-C, BTk 2RAD p % BIBEKXIE 450 Tpn T
T Lo TE, EEED T TIE pa=px &0 5,

EEBSTTIERFNLL BN, HXITRL L L, BERST T E L EHENER
BIHLT pa=0Th5s, BHITEEXDEICONp AL, BHITHO LMD F A TRK
HCET D, Lo TEEBRITF T pr=2pn LD, GRX I TREKRIBIENZES pa TE
L, CORBSIIHEY TR -T,)

I #HREERD TEROZSOEE v

OB UIHTE, 77voBSTECHBMUESTY S0 dbs, 77y OEHMEYIF
DDIEAL S ETHLEBEDOHE v Offi v, BNFE—HERMEACTT OBR L L TED D, HE
v DHFL, 77 OEMITE S HETH 5,
1. 8HPEROEBR

F2RX7 IV EFLoBEMARENCT, F1R () bbbz, HHHL i, F2KD
TERTIY AA'B'D'DFA D H 2 BXBNFERE LT L, ZOfo d D1k 3XTHt
RLE2D, At BF57 57 %2 FFB, U SS v oBdTE FcmET S
FIxERLb0ETEM) LASTD, ¥, BElew, 757 X EFSOEEIME G i
BXERLEY IEN] &5,
EMEEN#MxcbDn, 5%
CIRH U e B 3R fii7e B 7o,

BEfEIR oD & RIEGE HA~BET
b, WUNEHEd OB FROE
Vil 3 B4R D'BY DB b B /i
BDEBOMNEBEE THWAET S
t, BB =VdtchHsb, A BixEx

HEABOBBET, £ TOFEORE H2M HHEEENGERDS S OMER, R0
B VDL LibCh B, 7 AA”B"D'DFA HOERBI%EREE L D




77 vREDHEHR III 45

CHvER de oS 7eie, B M OEMEILIES DF o @s s, FY Sx@sd 75 v OEfE
CEELAROME~ES, F/ S FAX Y vdt #1375 v OfRHE %Y Do e H 5,
BENILENEEV CED, Lo TEOAMER Vdt E3E~BWTHR A ORBECES,

FRLROBE L 5 & 5 ML R R HAHFE AW 235 Sh, ROEF=FLF— LR
= FAF— LA dU 23 LEL XS, ZOBBITED THWKMICRZ 5215, R
LN EDRIDOBLZRTEGT S5, 75 LBNEHE A, Thbb=fr¥—REMNCLY

dW=dU
Wl hieoZ &iled, ENCLAMB=5 1+ - OBEEEL v, Thid, BHFmo
1§ AF 23 TR\ e dd, =R — 238 2 RERDOBLLLHEL R BTH 5,
2. SRDBRICHETHEIW

FAEAT 240000 () ROFEHE CRADERMZHESN (2 77 v OBSHTHA M
2 DB FONF 3) MEHARDOEICIZ B HO3FEEC &5, Z05H (1) &L (2) Lohik
RCAEFEE L, O)OHARERE LGOI, CONHRLELEO0ENDLTH D, KDL
TO—BEMEES, TibbEN R0 THAHI LT3 FThit, EMOLHEDIE]
Pri}x0 LRELR, TNIEMLRWCTBETLHRFEND, PRI —EEMEICTIEIEEL
B, Lo TEDARMEBTOENL 0 TH D, 2 DIXHNCHET S, L LESHITEX
FIELTW506, QDONAHEELT B Likicw,

BTN, BUEHE2ZECENCERED Fo TEMEERTSI, TP 2 H NRILER
EON Fe EMBOMLbNAS, TN OEAEKRICIXID S NX0OTH D, &IHNE
NoOBEBIEE VOoFEEHTH D, Lo-T, #HEH GHENE Foe DI TEHIAFILTH5
TV, ZLTC, ENEME G & L, ToRHolme Vde #2135 2K, Lo THIMA
BTN, Lichss TR

dWe = FeVds
KOELWEFREREY T2, OWOoNd QoBNidFELLAvsb, APDNRT K THHFXIOD
dWe 23 Th D, LT, KU BB LicLb
MV:de=ﬂ—ﬂh—WMVﬁmkV& 21)
Hrzbib,
3. BRICELDIABIRILF—OEX

FEMEEN &L, WHEXDOHEHCEEZELD >, I OEEOLDIT RO A=+t
F 2T,

TEoOFEMK A, BOERMALENEML THFCHLCES L, thPhoRALX A& T
LHEBHOPWBEONR=FVF —EBOIDTHART S, Will=F ¥ —HROEEERD
BENRA D129, WARLICAT= F ¥~ ORMAOoTEESLE LT, R TUL, #HEIOER
B Lo CHkIFEB, LAL, BEXYEHCEHMCBLEEESORBTERTE 5,

Btk AL, EkBEE w TEHLL, MEGELAELSOR0 L DODBNFER
EEZD, ¥, ThZhOEGROBEETIREOHEBNCS SWEE C L L, Bkoxrhiist



46 # OB K R

OYER D LS, Tihibb, TOBNFRIPWEC EYWHED E2rbicd, EEB YT
He Fr+re, EEBIRAd o W2IC wdt OFEEKEF I FORRCBEH TS, LoTH
Fit Fwdt 20 & LnAFEE Rk T s b, BEBOBEICL - TAEFLWED 0oF
fbix, WED D> LEGBIZETARIVEBE» LD ERTTHD, LoTHED DA
WMz FAF 13 ELR, Fhdg, N FoRLizASE Fodt XE C OREH =5 A F—D
WG &I D,

Btk A SRS w, C, Bk BAEE wytw CRAUFECE-TWTD, MOBRETLL
RIERIHLSLRG, 20 w RHEGEOHEMNEE TH D, i FIREENCENR
By, Lo T, MEGOEMEICSH 2 EBHOWEDOHH=F L £~ DA, WHEKO
HXNBEERE - BEBED OBV LW EE LD,

EMEEN EAbDELEOBNERCRS, R2HMOBNMNKMdresHrrEM EEN
EDMMHEEL V—uic 0L LS, AHDEDHIEDEERIIL thypgdxr TH B, Licidio T

AU = phygdt S"_z o(V—u)dz (22)
72, EMEEN EOEMEAHEET 2 2HOBBRNOFTORIM= A F —pdt DB
KT, COFEBRAOEZIL, WO ETLRL, BOFERCET S, LoT, BEEETOEED
e, ROWRH=FrF—nNdUr 3 WRTHZ LI 5,

COEDERY, RUBBENACOE TLERL OO0 2 HEh S R0 & OFOBER LT
bR s, EMOBEEHLE NOEERD, B2 TEHIRD, EMELTIHENKL
Th, LOMI|MICERTH L, KIS OEBEREEL IV OBRECHERCE ., Lo THX
L el = 4 v F — dUr DB E U COMRBITER L T I,

A@ b undzDBRELTHMBR, b o=0V/e DEIFRIZ L - T2 DB E L TH %
Bhb, LOEXO)EXNbbD, THICL - T Q2 REDOES L ETTS &

1-7 2
dUr= 2—2,(1— —Z‘VA‘> h0p0V3dt (23)

Eith,
4. EFIXRNF-OEDIELBUEBCIIABTRAF—0EK

EN, TOLETEM LERETLR, 26408 Vdt DEMBET550TH 5, EE
bbb, —HERED S, Thd i, FMETRNCBEBCLORE= AL+ -0
WRERITE, SNO=FALF BT EI bR,

FMZlt CEMUEE 2RO BALF SLofichd, B t+de Tl B SEF/ SE0/
Z52%, ELbLDRAICEWTIEMORTFEB ML Fitoichs, ZOXMOE
IHEK] EgiEs, X615, BEHEIB L0 WHEOBFEXTEB) &, FAELEF ELDH\
ROEY [FEF) L4505, EKORBRELLOBLATLRALENLDS, BKO= R4~
A DOBHNRECELLEG, LoT, BECIIAE=AAF—CMLTEIBEM D=x
AF KL, BFO2IAF-LEZEBDO=RAF-LDELL - TELBR S,

EF0EEIv CEBOEBERXV THD, EBLLDOFLEBIL heVde O &Ly,



77 vBREOH 1L 47

Lo THUMNSEB de e s 2 2T M OER) = & L F — DB
dUK=umﬂw—vam%Vdn=—amﬂl—@nw}mmv%u (24)
CroTEzbRB,

ZEBRALTBTHY, BF MESMNCIEHIRTHERAC T a2 50 ch &, P71
O B eBFETHD, FNT, TANZTTHNIER), BEFEHFOERLILT, EFXEB
L0, MEHBORNAED LI

E, = pu/2k = (k]2) & (2)
EHPRS=f L F —RmREn, BFRALECHo & i, BB LU AVd Dk
BTHote, LoT, MIMEHCE - THIEMOPH= R L F —H

dUp = (k/2) & bV dt
RO+, L AT, WEEXKIEH pu=Fkey ZE 2RO A BB 5—GEMIET) pa= kea
ERIUEEMG, ey=ea=1—(uar/V) TH3B, LT

k 2 1 ’

EELENRTESD,
5. HEEH r OB ELTO V/V

BANFEE dt OB WK RE BBNZERD =3 4 F — 04 dU % dUx+dUr+dUe ©5
2bhb, BNERCAELTIORMAELT T, TOAFICH RO dWe TH 3, LT
F1HOKE B W dW=d4dU &

dWe = dUk+dUr+dUp

EE»h5, ZOXDFEY (21), (24), (22), 25) DX TREN 2, 1»2R)XNTHELLRD
ur=vecosa DRERE A5 &, v/V 2Fa# &35 HEA

(wVﬂVH&JRWaywm—zmu4=o

Nzbhd, COHFBROIL, v/V=0¢%L

v 2cosa _ 2 cos a (26)
V  74+@2—7)cosla 2costat7sin®a

L THD,

H—DBLLDE v=000, BRTOER, FZXEFLTII ks, T5LF1HE
PUE LT, TIOBOEEREBRICKREARDTHA S, DX 5t 3BT
HFEhE, Lo THE—ORILIET, 26) X022 A5, Tiobb, 26) XodRp 50
BAERCHDHT DBAEMN o/ Vi dict b, o/VET LOBRERTHMBIL, KRORIIVICE
2, ®HARE L TRT,

5% D260 RTT=0%,EL & v/V=1cosa>1 Lizh, Tixbb VIVNZWLERT SV
ThbH, ShiE, VAIVpI WG, EO L THEIBEERCERBCL=2 1 ¥~ HEE L
DWT, BHFEROFBOEE =3 ¥ —DEXBIHITIHOMEL Y KX THLDTHD, @k



48 # OH O A

BHTcix, 77V EXEMARI O AD, MERMEFE LRy, AT, @XItox
Tk oic, B vV TthdH, (RO IV OF 2 HHE 4 XNEH)

IV, fIiBBXEHELITTS9EAEED
REOEERH v CKBEIL

1. FIBBKEen LEEXH + COBRK

TIIOMRBENLILTBREMIND, ThPx, BOEHOEASERTHIZERKE
ex=pulk 1, TIVHIBNRECHI A ABEORNEFRTALERLZENTEDL, T T
ew & T LOBREEEL X5,

2 MIEEE 3D 25) AT ¢ LT Tl L 91 ex=1—(a/V) TH B, Lo Tua=
veosa DEARE 26) & x> T

ew=1—(v/V)cosa =T/('+2 cot? @) (27)

Nxbhbd, BIXOEESE, QNRIC LD, en & T EOBEGEERTHEE M, T
A a XEIER E L, & OEIE 30° 45°, 60°, 75° ABATH %, D a DEDETAERE, Th
MoHEBVOEDIE, iLFa, b ¢, dTETI LTS, BIROELSIRBEEEED
Tk s exn DT, HIXIOE 6 Fic a=75" DIEHL - DHEL N2 7o b DS fiirs B 7xys,

B3R HDERD, ek, <L Tk 7 OMABE, 7T>1 TET OBIEKTHD, ©
¥, FIVOEE VAFOMBIEY ¢ X0/ I HEHEBSTHNEERTSHD 5 biL, Vi
REVEETFTDOBRCHIeZ 5HBENRE G, LrL, Vil c kB TREAEDS FoimE
Cigh &, ZOMRRNMET 2, Thbb 7 I vRELEDELE, 77 v0FRCRIFTHEN
97 %,

IR WiBRAEew & EELRET LOBK, a, b, ¢, dix, TWH
a BERFR 30% 40° 60°, 75° TH B EEFETHRE, KEREHIL,
fEA 0.1, 0.5, 0.75 120 & LWEHE DO BRE ec TR 7T,



T vBREoEHm 111 49

A LU % % Cofigith FoER T, AHUMSTORPTHEO—EHTHEE « 2
HAHMHcHIZDE, BEPRHHREL, BHFRRBM» OREMCELD EE2 D, «3F
DHHTEEIZETIHHEIOATIS, LIATeamit c DRAMETH S, LT, ex 2 &
IO RECHBREE ST, &ic, REACERT S, F7<0Aap 60° DEMBERT 7 v
=05 DEDhHHELIEHVEHCE A5, TR 0BT Oh ex DELEE 3 KO ¢
KXo THD, TH06667I07 57k &, FAMAIOSET, en=05%RTAEWRELD, Th
PHE T endlec LD KE W, LoTO06667D7 DOfize 7, TEHTE, T LHKREWTTD
BHTRREM LB L2 5, T ad e bDETEED,

BMHTHMBACH ST OB L MRBEICERT S T OB E L 5T 5 T O & 5 BBk
TT % [BRAEERHE) EBS50 5, GRC L IL Tl 7, ¥ ERBEE LAK,) T oAl o ik
TRREBL) Of% bzt 5, BIRLEFTHD TEHOBAAIR IO T OEIT,
FRERD a & eo LITxT 5, EEBHTTOMRKES S L OMATEHET, 25125,

BN THRILL B, 12l DT IDNTL, BToEby, BHTHEER
BHTHD, BEREBHITRTERECEE udVNE W, TRTT R ILICHKRT B L en 8
e TTEDBENET D, BIRGERSCH D 4EOEME, Tibb4HORAAB AN
FOL 5B ERTRT, TORMKEBEDT OETHHTRNLEME T, L hRKEWT TOEE
Bt TR ch S, LrL, FlELTREH T a=60° cc=05 DIZH\IZIL, a=60°
COWTDOEEREIRICKT S ex BiExY 5 2 2HE ¢ 2%, ex=05 DRKFEHEH LT B, Lo
THREBMAOHAREBIIRIL T, THAMALTL, ZoGEBIFIREHE O F IS,

FECHALEME T, 2 RDDITHE, en K eclTE Wi QD REET T 2 XdhiE L,
CHIRTIDEBD, ThbLEEREBTOESOT, ThbH, XD 3) K

cosa = {sc—l-(l—ec) 7’}/4/7(7:-55 (I1, 3)

HIT T, BEBESTOES DT, THD, F1HEE, FE3ROBIAITRIN DAL
BACRTD T OETHDH, ZOERMT a=T5° =075 DIEH\ D 7,=115; a=60° ¢¢=0.5
@03535\/‘@ Ti=0 BB,

IR BABEEMET

[44
€ 30° 45° 60° 75°
0.1 0.6667 0.2222 0.07407 0.01595
0.5 1.674 2.851 0.6667 0.1436
0.75 1.654* 2.109 3.586 0.4307

*EIOMEI DWW CIRERSC IV & 1L 15 3 HE R

2. FTS5SUEAREZEOERSI L v LOBR
I3 2 EEORIIEELHOROEBELNL L xWEs7bDE i L L
1_(uA/V) =¢&p = &M



50 H H BEH I

DGR HACD &
A=(1=7)(2—exn)en } 28)
=042, ly = cf2pg
LB ENTED, R@NTex AT OHELL THBRTHS0b, ZhiICXdIRRTT
DB BRhIcZ LTl b,
HARDOERE SR ENDBIUFOMEE a, b, ¢, d W2 & T LOARERT, L0
L 7=0BIOT=1TO0ILLES,
K (28) XBH FrR B OIE S\ OBERTH B, REIED T CIL, TICBRIE < en 2t e
WOELWV, Lo Tk, BEH
A= (2—ec)ec(l—T) (29)
THEINB, €01, 05 075K ELWHEDEBRIE LRI THL, ThbHDER
LWFOME L 0L EOBAAMIMAEE LT, ZOHTHREE» LREI~OES T ol
PIXLED, ALHOT DEAHEIRCH DT, DIEIZOE LW EXFE S EThuy,
FCH TPl Bla U a=60° =05LF5L, TR 0BLHRBL THEAKTIHIE DN,
AIHR ik - TERT S, EfO0L
L DLATHBF—DEARETET O\
BARMECEL, TDH & T THEKE OS5
LOFEEE L &, BETIRERE L  |o.6

\
da
hhb, FOBED 2O ELITER 0.5 \>
051F5, e 0l7ebil, H—D V)
AL CREA DAL L & D, \ 0.5-
\
0.75

ATEROOLKE LR TFET A,
WIZERRD 5 b O JBHaE, o

. . N 0.4
BAT a bk ec EOMETIZEHL
REEHITD A 2K T,

Ry I 0% IV Jif 1 HC, HE \ 0.3

OMWMEPEIERE ¢ 1% 10 m/sec < H T
HH5EHEL, NEICLDE,
LEVEELE )T L OMOERENR . 0.2+
£ 08~09TH%5, FEREDEER :

BOBEMTINA, ThixrlE LT
LAEEIITIIDE ., T,
28): T c=10m/sec, p=1 ¢ K< & / R
L=5m &l B, c=20m/sec & LTh 042 044 0,6 0,87
L=20m TH%b, L ZATELNTH BAR EEERT EALOBR, AR L ENTB L
BE, HDIEHL, 1T 03 LI TFOM FrvEsREEOEX IS, a, b, ¢, dixd

W a A 30°, 459 60°%, T5°TH B ERRTER
e EED, T5HE, Y50 FE2EER B, 0.1, 0.5, 0.75 i1 = D BFEE cc D,




75 viRFEoEs 111 51

DRI m OBEL VD LTk,

BAKCIL 2=1—7 OBEFXHHTEEZ VR TH S, HEBHATHB L5, TXTOT
DIECHL T, Ax 1—7 L /&, TOHESEE, ObIC, HXV Clfbh b, 1—7 13 a=90°
DEEDA%RFET,

3. FOUEAEZEDROHND

7y EAVHEORIHDOER, HHRICHIE-TEIDIND, TOEISHNINDETYH
Ty tVEEELREDIEND D, COBEIVBNRIVE T IV ELZEEORBEHFAOELLS
bDEELZTHRLS, CORLTIE, 777 E2EBDEIRALEDOER by LB &
RELCE, LrL, 22C, 7592 ESN, BEEIRKhDOEETHDLELTRDIKE
R D—EEMHEE LT 28 %, HEFAC L 51T5EEF25, Tinbb, vEFRLLT

Adhjhy = ve (30)
EwL, dhix, REHAOEDLDCATS E2EEOERO LAER, Thbb, B d
BoThsb,

T E2EMORBRTHIBEINOBAYERELCAE Y ¥ ERECE B L,

d=z+l tigB, THE, @ADL

zﬂ—ui={nu-4ﬁzygu—xq, vn—u§={nu-¢ﬁzy¢ (31)
DEEENREI N D, ZIT
E=2al (32)
EkE, BUOFEIRLE2RTE ML e=1—w/V), ex=1—(us/V) DBEFH%E -~ TER
T5kE

e=1—41l—ey(Z—ex) & (33)
Rxbhb, BEOHINASTRIE )
B2oRbzbhb, LirL, FOR 0.2 0.4 0.6 0.8

E=0Te=0, =1 Te=cy DERLEM
I b ALV, 2K 70 H
iE, @Rz
e=z¢eyné (31)

THEE IR B,

5 X, 5ED en D{EIZDOWT,
ek & LOBRERTHBM L RL 1,
ROEMM®TF v E 2 FEfE O B 1A S
2, BWMNT I v ORERMCHI D,
Ah i e BT B0, 5 KO

W, 77U EZEZORY BAofcEK B 77vEXEBEHOE LELOMR, 75V
> -y FLEMOBBE»D 77 vl - THl- 1B
oM 2ERY S &ils D, o, TV EXEBORS [CH - N ETH

75y L EEREWE, Thb B, 77U EXDOEOBY HA VL e AT B,




52 # OB | OE

B L DEINVNPNENE, TOBROBNDIL, EECEI-TWTY, BT ZXIhsTChsb5, H
AR bID X, LiX, THA0KEL TLIREL THhXL, THABOBBICELHE
MIfld LB EREL DR, I VEZEZBORERYSADIL, HE VEE IR,
FRILZ DD TIRD D Fuvhy,

V. £ & &

EAERT 7 v L MBEEERD T EROCER L, BIELL 7 7 vy
T, MEE, MEBAOBIERERERE ¢ X 0 /NSWHEE V TRh 5126\ ORBHE 7 5
Mg esEFchs, ULEEZL, 75 viiBBET % 20 FHEY 505, hixlksIvIlc
B BB T T, 207 Y2 EMNERB I ik oTe, BO—HEMIGT o IT,
779 ¥ X EMOMENY 77 Ve b o GEGI ORI AL, 77 YO REMTRAM pu
ZET S, FLT BRI URIBOBITEAYTROBALHNLZCRIPLTO b, EE
BHFOEHDPpIX, 77 vBRERTIZOT, BIFH ETHAL, BHTFEOKHETRA
il px LT E B O ICET L, RIBRATE ex=pu/kit, 77 v nEiCh 2 5HEOR
A FRTHRERDCERTE D, EEBSIT TR, EEEH T OMAL L LI e 23HAT
Bo EEEHT T, MIT, TOBKE L LI e (XEA LI,

B BT, BETFRTROBOEE vk Ent, LhL, o/VET LM
OB, HEE S¥FORLIVILELLE, ZTO2bY, 77 v iz EfRAORS [
T EDRER, Ete, TIVELEBORY BNV BRI,

CORXEESC DI T, BAREFHEGERM IR O EE—B 5 - FXPFEE
BN, BEBOASAMEEEEMEELIL DL LTEIUE, $AS, EEFromo
FiBn 6% OFFELREAEREY KW, & ZEL THREWERHOEYET,

X 2

1) HFHIEA 1974 Y5 vBSomH I, 1L KB, WES, 32, 39-53, 55-70.
2) NERH 1966 TOBIMHE . BERE, WEE, 24, 299-303.

Summary

In this Paper III, low speed kick up of snow of the flow type, that is, the flow type
kick up of snow caused by a plough moving at ‘low speeds’ is studied theoretically on
the same assumptions made in Papers I and II in which high speed kick up was dealt
with. Let ¢ denote the velocity with which a weak plastic strain is propagated in the
virgin snow to be removed by the plough. The plough is said to move at a ‘low speed’,
when it runs through the virgin snow at a speed V less than ¢. But, in the following,
V should be regarded as the speed at which the ground carries the virgin snow towards
the plough, because use will be made of coordinates moving together with it. A
variable
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7 =(V[c}= 0, V?k (1)

will be used in place of V in such problems as that V acts as an independent variable.

(1) The virgin snow is compressed horizontally before it reaches the front edge of
a plough moving at a low speed whether the kick up be of the flow or spray type,
whereas the snow undergoes no such a ‘compression before the plough’ moving at a
high spped. In Figs. 1 and 2, point A shows the tip of plough located some distance
above ground G. Let a horizontal plane positioned at the same level as point A be
called plane S. The layer of snow lying below plane S is carried away to -the right
together with the ground at speed V without being compressed by the plough. The
snow above plane S is acted upon by two forces: compressive force due to the plough
and frictional force which the snow below plane S exerts. Therefore the following
equation of motion holds for the snow above plane S

pu(du/dx) = — dp/dx+ppeg, (2)

where p, # and p are density, horizontal velocity and compressive stress of the snow
respectively, ¢ is coefficient of friction and ¢ is gravitational acceleration. Coordinate
x is counted from point A to the right. If the value of # at point A is denoted by
us, solution of the above equation is given by

Wl = — {T/(l——?’)} 2ugz . (3)

Point B in Figs. 1 and 2 where u=V gives the point at which the virgin snow begins
to be compressed. It is found that the distance from point B to point A, the length
of ‘region of compression before the plough’ is given by

I=La-1{1—@/VF},  l=cY2ug. (4)

As mentioned at the biginning of this paragraph, no region of compression exists before
the plough in case of a high speed kick up, because 7 greater than 1 makes / negative
and negative value of ! is meaningless {rom the physical point of view.

Total frictional force Fs with which the snow below plane S drags to the right
the snow in the region of compression before the plough is found to be equal to

0
FG=S

#ogda = hok(1=T) {1—arv)}. (5)

Point F in Figs. 1 and 2 shows the position of the rear margin of the narrow
‘zone of kick up’ within which the front edge of the plough exerts forces f’s to the
snow to kick it up. Compressive stress pr at point F is assumed to be zero. Applica-
tion of the approximate method described on page 53 of Paper I to motion of the snow
lying on the zone of kick up gives

—Fe=hopa, (6)

where F, is z-component of the vectorial sum of ’s, that is, x-component of the total
force with which the front edge of plough kicks up the snow. p, is the value of p at
point A.

Compressive stress p of the snow increases from point B to point A, attains maxi-
mum value py at point A and starts decreasing to vanish at point F. Therefore pp=0,
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pa=pu and pr=0. As the compression of snow is assumed to be completely plastic,
compressive strain ¢ of the snow undergoes no change in the unloading process which
occurs in the snow during its advance on the zone of kick up, with the result that
eg=0, ea=em=pu/k and er=ey. It was shown in Paper I that pa=0 and pr=pu in case
of high speed kick up of the flow type: p starts increasing at point A and drops
suddenly to zero after it has reached the maximum at point F. (In Papers I and II,
pu was written as ps unlike in this Paper III.)

(2) If velocity of the snow at point F, that is, velocity of the snow just after the
completion of kick up of the flow type is denoted by vector v, its direction is parallel
with the sloping surface of the plough. Its value v will be found by the use of the
first law of thermodynamics in the following paragraphs.

Let those parts of snow that are enclosed at time ¢ in polygon ABDYDFA and
rectangle ABB”A”A in Fig. 2 be called ‘snow M’ and ‘snow N’ respectively. If the
combination of snow M and snow N is considered as a thermodynamical system, the
only work done on the system during an infinitesimal time interval d¢ following time
tis

dWg = FeVdt =(1—7) {1—(uA/V)} ho RV dt 4 (7)

which ground G performs. Kinetic energy of the system increases during the same
time interval by the amount

dUx = — (1/2) {1—(0/ V)2 hopoV*d . (8)

There are two causes effecting an increase in internal energy of the system: the plastic
compression of snow M and the friction between snows M and N. An increase in
internal energy due to the plastic compression is given by

AU = E(c%/2) hoV de = (1/27) {1—(uA/V)}2h0 poVide . (9)

Infinitesimal part dx of snow M shown in Fig. 2 makes a displacement (V—u)d¢ rela-
tive to snow N during d¢, being pulled to the right by a frictional force given by
rohygdx. Therefore the frictional force between snow M and snow N does the work
equal in amount to

0 — 2
dUF=S Z(V—u) dt-yphogdx=lTr<1—u—‘;> hop,V3de, (10)

which turns out to raise by the same amount of internal energy of the snow composing
two thin layers of which the one forms the bottom of snow M while the other forms
the top of snow N.

Although temperatures of snow M and of the above two thin layers of snow are
raised due to the increase in their internal energy, the increased internal energy has
no time to escape from the system in the form of heat, because every part of snow
passes the interval from point B to point A in a very short time of the order I/V.
Therefore the change occurring in the thermodynamic system during d¢ is adiabatic
and the first law of thermodynamics requires the relationship

dWG = dWK"l‘dWP'l'dWF (11)
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to hold true.
Application of the theorem of momentum to the motion of snow M and use of
equation (6) give
UL =7vVcCOS . (12)
If us is exchanged for wcosa in equations (7), (9) and (10), equation (11) yields the
following function which relates v/V with velocity variable 7:

v/V =2 cos a/(2 cos? «+7 sin®a). (13)

(3) Maximum value &y of compressive strain ¢ of snow can be regarded as a measure
for the influence rendered by the plough upon the snow. As ey=1—(ua/V) for the
low speed kick up, equations (12) and (13) give
em =7/T+2cot?a). (14)
Curves in Fig. 3 show that ey given by equation (14) increases with increasing 7 in
the domain of 7 less than 1. If 7 exceeds 1, increasing 7 brings reduction of ey as
shown by the curves in the right half of Fig. 3 which is a copy of Fig. 6 in Paper L
For the same value of 7, whether kick up be of high speed or of low speed, the greater
the scooping angle « of the plough is, the greater value ey has.
If equation (4) is written in the form of [=[,A(7), then A(7) can be expressed as
A= (1—7‘) (2_51\1) EM . (15)
For the flow type kick up a relationship between 2 and 7 is given by the convex curves
in Fig. 4, while the straight lines in the same figure give a relationship for the spray

type kick up.
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