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Zyungo YOSIDA 1977 Air Flow Induced in a Snow Cover by the Wind Blowing over
Its Surface. Low Temperature Science, Ser. A, 35, (With English Summary p. 62}
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KL FokRAHIEEZ L, kOB ILETHEETS Lo, TEELY% < BNEEHNE
CHWEREZFE T ELARRALLY, ComI3, ToBERIhi ISRER) ORER
BT 2 MmWBECHD, SRNKRMERLEIVDNE LT, BENSHeinz 2308 hE
BOAMZ L - CHHRETHEDGEE DS OEEL D, B HLERN & 2 8im%y 3
Wi hBE# EBHREYFRRCE 2EmEY (FBHREER] L4000 X5, 39l HER TR
TEhAEERENGR S 2, PHKEERIBES 7 b A5~ R e T —ER
ECEETAENGR Y52 5, WiEd NEFTNLEH] &Y EHFAKM) T, £
BoOTZHNEHIL, Chb s onER L TERENEIR] THaEB2 5,

II. B|AEZDOHR
1. ERASHBEAOHHEL

Kifitzbliy, —5°C OERFBREICET S Wi 30 cm x 30 cm OO K H%E, BEX
25cm OPEDORDO LH TR EN 27z, LEFHAS S5mm OF IR, £X20mmEE4mm O
WD 5T WREME & KPS, FIB OO L FTThsd, PIHNCIEE %<
P8 D H I R BARR BUE R T DR A3 & D D Cb B, BURER ML Uic b B R 5 235 N &
DRAZ R LI, BRFLOEE U 235~Tm/s D& ZDOFENZROWE ¢ 1330 cm/s ThH -
Too BEHLLTCUR1Bm/si LD, ¢ b 70cm/s iDIF 7o,

B ob s HARSES WL, FRSAMRA BRI, i, JEE 1em OFF
ERETEBPRCEBEOLA T 5mm OF XK, BEEEIOEBEL WY, BB HEE
T AEEICLT ALY TH B, FML 68cm TOEMEN 2~4mfs D & ¥, BEEHET
XK 9~12 em/s DEN KR DHFEE R L1

BENZHEAOF DD, ZOKKRFENTEIGIV I TWEBRCESRS, 2h
i, FBEALEDSmm Ko tBD TRV TTHR 10 cm/s DHGEICHE BT LE 51 &R
BERB LD THD, L, ZOISCREIRCEATRH T, o5& FEITHEY
TeREZH U Ao,

* bR EIAB TR R B 1845 B
ERFS YEE £3358 HEH5RE
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2. BROBROBRNICESHNE
DIM BRGNS E Lic S WHIETOF I Us w2, MR, EREO
T EHEN R S < T OB I\ T, TEEVDVARES Z TOFHME Uy %l
EL
Uy = /WSl In {(Z-+d)Z) v

DBIFGD, FEIC\ 25 E TIEHICE 0ol E 2D, ThEsbic, Q) ROArDOEH
v, d, ZyDIESIE L, K L plizan < vEREEEOBEEL T, MIEMTHS, s

ZoxrhFhn, BOABMEEC N 5380, hEEEHE, SmEEchsd, X1 TZ=0
ERFTIE Us pikobhsd, FRNKAMOWEL LTI~12cem/s Bz bR RIEOBIH DD
WO REHTIED S L, Us it 150 cm/s §itk D & 7e 5,

P TE R, Fhe, BAFHEHORMEK g 5 Lo os SUNETHE,
PKIT, te HEECAIE L, B3 2cm, F328cmx13bem D7 L 3 =7 ADFHICE
oh, O LRAAEEREO—HE T I ORKEPED S, £ LT, FHREHI2HRD
AENHABET UL s RNEECKRDON D, TH L THELRK s DRJFHEE (D) REEDD
EERBbhits OFHEME, 2wk, —F L7,

NP Z PP EOBEE Rz X 5T

Us=150cm/s, t©5=1~3dyne/cm?, ¢*=10cm/s (2)

RED, ChE B NEROEBELRETALDORME LTHVS, Zhllite, 5203
B 7 A2 BRGIA S, ¢ (XBHE T 5mm OEXTOE WK RO ErET., B
BEw oW Co te i, HEMELENFEDLSBEIE LY, TR Trs OIIZ, 520X 51IE
b fewie,

Fkg & LT, BRXh TN IROmE ¢* ZERENGROS EEBHENL
WD ERFETE o, Kilifobid, BEE O r ~HREFLE- T, ok
E R LT INT) Ule s o 121,

L B My 5 2 #

1. ERARKAORECETIRE

STHT IEEY, AN THENIE R D, FEEW HELFHE ML %3N 2 BERKH
ORERNEE2 DHEBTHL, BERKL - CTRORS HHICERE z 2B, HELEFl
GCHEZR2 L bE, BUBHRICRAEZ 5 DEEOCWMIET s & LTELTZENT
&%, ts DL, BMELENT 2KOFHCIKEL S 2 5 Dcflibh, BHkoFao
ZERE T ENERCES Y S 50 bbb, T OENELOEH L, K HERT
DEALZHTHBN, EHRTHHLD EEBHN&H] & X5

BRI OMEREINIKOBERO S x> WM EB TH B, LorL, FOERMY
HEEOHEE THHFEEE w itz DIEOH A<, FEEK IUXER Tz A —T
BHHEPEL Y S, THE v TEEMNELD 2 X H58bbE Ui, DL 5 iERT
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z HACH—~REEENGRYRDBON, ZORXeRT S, HEIEROBNTHS, =
Wb bhé ut, BEM TFH] #ECTHRLHEE L5,

TR w3, FENIE @) ORLTEBRHE L ADT b O T, HBKE « L&, B
BOERERY « LTI o =cu OBGERH B,
2. BEWEABER

BEENHe —BOKFHEZRET S, ZOKFEOBMERKD > B (11— (ZKkOFHOY)
BEC L > CThnbh, OO« RENEZOYMEE 7£5, 22K 0N HE_E OB INIG
NOFEfEER o L FTIUE, o it o FERICEARE S, FEEK S BIRER T 2 [
K= ThHdETHMND, 7 b o HRKKE—CREICEL Uit 7 0ufdt=0, du/dx=0
Kb, EHESORBOMEE L0 THD, L-TC, BEz2FHEISHETHXRED,
FEEEDS 2z & 24dz KOEL VWV 2OBAKFH TR I TR EBRICEGHOENEHTHTID B &

e{t'+de’)—er' =e(//B) dz (3)

e hteo, KB OFEME, KOBRALKKCHz 2B N %ET, BRIESOBKETH
B, NE)OEDH 2HOBLKFEORICSHZKOFHOEIEZRTOR, HEOHMERE
MmHFEBERN T HEH cW/B) THEZBhBZ L LYY, W= O FRE AT,
@) Kby B E LT

dr’/dz = eu/B (4)
DEMNR D,

R 2 X TR ECE sfenb, BHO—BERC L -, BWIIET o i3, BMKFHEHO
TrhbrEAESY, BMKFHEYE L TEOLCHIBFNERCMZ BT NE2ET, oD
YEE 3z DADOHFIEFEL b T XATHD, HET, HENLOSHEINLHRE LS
Wlen ) JEEE 2 B, MG % ¢ TET, cRIET, r ko Lt o= DGR B,
3. BMISH &EEDE

BNGROBBAERY, BB EoXOBHOMER - TELH BEALEE TH
B, LidioT, MEHMESOEEIy O b 2 o dHY, Tz MobIHNLKKOE
BHGERE u L3035, TR THHNERORED z, v. 2 ok

utdu, dv, dw

TELEFH, THEHMWICH v a s v YIinh
e = —pdu-dw (5)

LLTE2 B ENTED, 0 BEKDOEE TH D, du, dv, dw ZRERNCIE Uiz
R I AR EET 5, RO OFELOHEBEL, BEAKTFEED dJu-dw OEDOFEEY
BT ERET,
BRAGHORORIKBOTRENER EL-TET R, ZhitR L, FHKRDE
HIIEEOkOTHOBENEHTHIAZ LobicBbhd, T FTHKKOALRE
DI L4O0 X5, BMELRE, FRKROPHRE ¢ WBANWNRIEFETLH
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BLERETO DD, Th, FAH—ThHI D HELKORAEEE LIXERMICES 2,
PKDBROME & - TEDSRBUEDOL DN THS,
BRAHHE LRV D L
s’ = — plu-dwo = pl (T} (dufdz) (6)

LECEATED (o b 2 EXME O p. TA B, WA OBBIEBIL S C 2 A b — 2
ADHFERICHEEND, &ChHT, ©OMBORBORAELNE L, FImBRES
B, FEm A b — 7 AOHEROWHESOTIER LT L, 5 & du, dv, dw DERD,
T w CHOIT B LT b, Liehio T, (Jaf b w Il (6) %Kik

' v = ¢/ u(du/dz) (7)

DOHOFHBANCEERRBIND, EXE—D [ B—ELX,rD, ¢ B—EEDOERTHS,

XD THEC I > CTHHIHTEIrETSH, LrL, LhiE () Rof el o
K BRBEZBLIUNDIVCETFHINE NG, BEMLLIXST,

EEHD S 2 OEMEW L EORLTIE, FHIENLEE Lo Z il —EM o
ZfRfeh B, BAEE I ZEALT FErLERSICOhHRTS, Z0/KE, REL
Bl dU/AZ 13 y7s [Z S L TR T B o b etsh, URES Z ToOFHEETHD, BN
KIRDEBE, KOBHEOELED IS, BENELLH 5, BENTLIWIE T OLME,
EMEOEMTLARE ZHFTORIRITEDLT LR —sROELYy, L L, ko
BN EO~FE BT DD, ENEKOEMIE] ¢ MBI 2 Lo TETE, T, &
RERORELILBEIKOEHOEEIC L B DD %, FEH—TRKOFHOEENEDL T\
[R b, BAEH I B4 Uk, ZOX5kOTHROTFHEDORDIT, BREZOIMIL
N7 EREAE de/dz &L OB, BEARGKFTOMEKREZIFFLE Y () RoOWBicit s,
4. EBFBEXNEZOR

RO HWDRDO T L LTHWDE, ERKEOWE « 13 2 OB L LTED S
T2 DOEBHER

d{u(du/d)}/dz = Ku, K=e'B (8)
Bzxbhb, ThEfEs LT

fu(cwan)’ = (2/3) K+ B4 80) (9)
8%, SHPLEEARZSLIEoOh u 3B L, 2 OBBETORRDETHD, u b0
O OROEDERAFEIHE RO THSD, L - TCOARDESFERILO Tt hidiebic

Ve ML LTO RS
du/dz = +42K/3 Ju (10)

BxbhB, du/dz<0 55 1) RELOEZ DS BIEFEKTHL, ThTASERA
L, 2=0 TD u Offi%, TichbBEETD « DY uy TERbT &L, (10) ROFEH R

Nu =yu, —K/6-= (11)
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DFTHEBRS,
5. EAKHOEEHE
X QAL ks, =z 28

H=6u/K =6 Buye (12)

WOELWEE, u=087chZ bbb, u=07nbiE, MRLLh /=0 Thd, Tihib
b HORICETHE '=04L70D, FhULDEICHEERNE ST, FEHCMLbA
LRDYEILT) s OFBIR T, EFERALSHOFERMIEE,ALES HE RS
f, H%C 2 5B Sich 52 S EREC S 5, h

AU, HxHW5E

Valuy =1~(2/H) (13)
E#pRB, ¥, BE HehbbACPE»OHE R 2 2L 5T, (1) R
u=(K/6)2* BB ufug=(</|H) (14)

AWML ERTES, SECHAL 5, birEOBE < #H5 L X OGN ©
ETBE r=—0 OBRE DD, TDZ EMD
= pu(du/de’) = (1 K?/18) 2 = (*/18 1/ B?) ="* (15)
o/ey = (/Y (16)

DRI E,IN D, 1o RFHICKT S, Tibbd=HICKT%, t DETH2,

IV. BlHBROBROKRS

1. EFECKITIEAESOFHE e LHHGH « COBR
BEZoBERE B OREMIE,AD, ThE Tz bhtBRACSENDROEHIT ¢/
R ERBN, Zhdnd uwubdFTHTIENTES, Thbb, (15)RTI=HtE
Wlzbhbd
o= —74 = (¢}/18 4/ B?) H? a7
D H%(12)ATEEM25 &
¥ = (3 B/2e) (c§/14) (18)
LB, LA L REOKDEHOBEC L > TEEDHERTHD, LihisT (/)
BEB TGS R, Thbh, a BEHE LT

o= au}® (19)
DEEGEAR T T 2LENSS, “héF UHOBER

= aul® (20)
WMEZDOES 2 Thiehien, RERDIE, (14RE A6) R EHD (t/0)?=(w/u)® ORI RAE

PhBENLTHS,
BNGHPER T 2 A —ThobEnwd2en, 19X EL L LERRTHS, A
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DEHT x HRACH—THHEVHRERTSEE, WEIEHHER @, OWTULED S
BR O, BEEIoEEDTmb Y, 19RN& S w & o LOBRERLEhDTHES S,
bedb, uk o LITEBRTIIR, % b 1o b, FETORE Us B LORAEHETIMA
HEMEN s I o CEEALDOTH Y, Us & s L DI -EOBBEBHLINLTH S,
PR, Us & w5 EDBVREFETHHFYESACTRED bR, % il
BHHPFEN, b L Us o EDBEGRA Q)R EFE LinHhd, Wi g CleBeBmofR
FELWZ Ele s, FEAQ)RNL, HOELLISHGRTRY, LirL, HEDLEZA
i, ERKRRE 2V TCOBRREREATES T, ZOHEPHERCOCTHNLZ L oh LY,
2, BEROEROHBHMRETOLER

BAROBREZREMCHEHN T, P Ed Us Offi, rs DERIVCHEEHNO—HFTO
BNKROTEDOMENBLETHD, TO=ZO%MEME LTz cBillE LT, 5 1 &
2IHTHERIANKRDOFANROE 2B BT E R, YT, Q19RD u & 70 & DB FRITE S
LG, PHOBIRIRER EBROBREEZHENCHL LA LS,

EECLBELDIT u & 10 EDETH LM, THITHENETCHET, FheksTh
FEHUIRBRAZEI TV, TRT, UTOIS3EELTEDOMEY Us & w5 LDENLHEE
35,

FAESIIETOKROFHOBNEDORWERE TN D DD, w1k Us i~
L/Ah&vziniees, Ll Us ikitleBidTaThr s, ThT

uy = T Us (<) 21)

ERL, TOfEIE, $EbEE2bbEXLDTHD, HMINBERCL - TEDLLNEWE
DL DT, L, ROFIEHTRT IO, T ofE0FAEL S HELL, HHKRE
TRAZERISTC, W NERYLEICLTURETD I ENTES, Us D, F U
B2 Y1 150 ecm/s 2 5,

BEE OBMKFHENICH D KOFHMOMEEIL 1-¢ T, XOBHOEBREAITER
DOWFTERL e WO & LV, c IEBOERECTHSD, Thwz s 1%, 3T 1—-9): ¢ DEHT
KOBHEBAET LB EIhDERTIV, LZATEHARFHFSC DWW TThhichb,
SIWIIHBOEBEDOMOINHULED, THEL 15 DIFEAELRAFARILEZ D,
ik es L DENPIVRBE VT L LD, ThT, 1 DEIIL s DEELDOEEHWD
CERT D, PO o5 OF W AEIL 1~3 dyne/em’® DELFAIC B HI1X D, Th T OfE L
2, 3dyne/em? D 3% 2 5.5, ‘

HFRKMOWEE LT, FHE T 5mm OF I THERIG CRIb e ¢*=10 cm/s 735
5, HHEOBAE B REKC L - CHlEIR, HBHEChI > T T 5 MEHORSE
& LT B=035cm¥s-dyne % f\ %,

K (21) Zf# - T (18) K& B Z /el

¢ =(3B/2:UY) (}/1%) (@2)

Linnh, ThE (12RefRALT
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H = (3 B/eUs) (w/r) (23)
5%, SHIZ(13)Knb

Vi = {1—(cUs/3 B) (rfe0) =} Y Us 4T (24)

ELT, BRKKOWHE u % 2, 7, 7 OB E LTERTABEINS,
3. EROSEROHBHRKRE

& (23) D B, ¢, Us, o CHITH T~ % FVy, T=u/Us Ofiicix 0.045, 0.030, 0.015 %
BAT, TTEFRENIMOTERRE H %5 H L, 20 H offx (13) Ricliv, & 2 &
ORGRE L LD EENH I
DU THD, T Wi,  |°
ST ER TR, ©vx 3, 2,1
dynefem? & Lick &0l fF C
HbH, HoEHD A B CHA
28, T % 0.045, 0.030, 0.015 &
Lick EOMBNRIADORL
T3,

FLMRETHENRIL DI,
EHKTITER, ZHHENR
HOERTHD, LIAHT, &
VEThhrb Lok, EEEN
FE BT, EHEAKK
i FEREOHBR AL, £
hwz, BET 5mm THERR
WOEME ¢* DEBCHIE E 1
L, ¢ REHEEBNKD
BE v EEThTWBERRG
v, BERDBIDIE, HD
fEASmm L h KEWTZ &0
EThDH, Lvl, BEER
5it, B ERDDEOHM A
SbRiv, THhT, KEE D 0.5 u(em/8) 0.5
LT, tiit, R afEnTn R0 55} AR S 2 2
HHECRIuNEENLEEL

3 AR A
r-o 030 __-—" T7=0.045

F1H FEOEHZHIMOME v LB S 2 L OBK, &l
BomBEEBLE, BERT=u/Us & 7o L DEIZ X » T

o, +5&, BIMERIAL A, T iTik 0.045, 0.030, 0.015 %, rqicix 3, 2, ! dyne/

o a cm? w2 bAK, HMHEL, HoOEmCY > 2 BRI

T T ORI OREZAT 5 & LT B, & OMAD T o fpGEHR TR SR o R

LMTE A, R HoEY5 25, Us=150cm/s, ¢=0.9, B=0.35cmi/
sedyne & L %=

B A Sh b M5B E
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mhaR, B, SAdhiRe As iR, A #iER, A MR E A4 ST X5, B, C b ThHIME
b RABRGE 25, HE3, 2, 1 1% dyne/fem? OB THE Uiz 1 DIELZRT, Ay & By &
C,ED 3L, 2230519cm & LWFE—D 8 D CRIOE s o z B E ek LT
#%, 0519cm iy, =D 3KDOMBIHIET S H OEizsizbiz, JFRIGHDOME ¢* »
Bl Ehio z=05cm O g% z A EC D G& LTETE, ChIZD Sy, FH TR
HEBECT B, D D s - HTH5ER50L L L5,

HCHLTHAMBC XD fTkbh, UKL C ML D SXvE»N»T T2
SR T S, 2F Y, C ik C i sinT s H offiiz 05em X hkK&EW, oz &
i, 7=0015 L FhiE, 1~3dyne/cm® DFEIFANICH S 1o O WThOfEes LTH, D HICE
HEARKRTFET S EdRT, 2% ), ¢ KEHBNKMOEE u ¥EEhBE0IK
FENENC R R, A B b T A r=0030 Ol a5, R LT, oh2~3
dyne/em® O HIE, KRECK LW ERPLbhBZ Enmbhs, T=0046D A &
EH MR TR, HECK L WElfig As iR ~R 20 e D, o ik SR A HOERH
Wi ad, £-T, TH0045 L T s o THIKERR LislifEx 7 < & 3T, @ % 3 dyne/
em? Ll EoofE, TibbB M EOHEAS XA TRERE LTI LRVWFERCEB
L, LT, ¢*IRuBEENHEERETAHARD, 7120046 %2252 Lidicy, D& D,
T OFEIIBRE SR, FHRULED, wit Us R BELNEGE WO ST 5,
4. EREHNIROTEHEEHE

2N, T=u/Us BR LD, ThE u* BIVCEEHENLAROEERK H L0
RERTHB LV, e IBET05cm BT EFBHNRHEDOEE « OET, 24RO
2% 05em EBWCCHE L, M OF s of BIC HOBRT 3, 2, Lid & LTS
2, Ldyne/em?® # i\ 7o & & &R T, w* OM#RIT 1B oOBKE b OLUFIRTHSL, £1LT
o MKREVIEE wr iZKkE LV, L, o BB IR Al 3dyne/em? K/ b & LT, ut
338 K fE 1.03 em/s ML v, T IRV EDDMAHHERLY, FiETRLLI YK, o
WADRDL» ST T, ERCVCHRBEREDPELSABTHS, Lich-T, w* OB
HEEDHDE ENTEE, ThTu* 3, FINCHHRNCH T ERH BT HE D EOfl
THRICHERTELEBEL LS5, 2F Y, H2HD w* OMBRIE 25 u* OFHfEE u* D
BmEE UCHAT S, F2RMASRT, ZoFHEIRL T 05cm/s TH D,

HE T 5mm O X TABEGHETC X - TE LR AENKRDOMGE ¢* X 10em/s TH S,
L2 L, BEEGEZ OBRO Eh DICZZRAH D, LIAKELEDL LD, Z OHEETSE
BD g* DB BRBERETELICE VLY, HEDOH VIHEIHTERS LK, £
B g* Offiit 2~3cem/s L HEZIhD, XoT, ¢*D5bED 05D 10K YD1 ET
Bu* > ThHdbhbEWVIERTCIS,

Bleh % Uz Tl LEgRTid s, Cofick i, EaneTlh~il i,
THKME, S AERTHEONICEFEARMCRLEHEHNIEEE Licdb DL T5E%
wBrhsd, Lrd, EHENKHOKGIEHTHS, KOW V BIoEHIERMI, 0L
DOEBERNGHE I B EXBME LTUELRHERTH S,
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uo(cm/s)
H(cm)
1,0
0.8
OUGJ
FO.5 005"
\
\ 04
\
AN
N
N\ \\
AN ~
N ~
~
\\ 0,24
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~
~
\\ -
=~ e——
0,05
0.06 0,08 T 0.1
1 I 1

20 FEOEETS5SmmCETIEBEEHNIEOREE o* 5 LOBNE
MEERBEOES HE 7T 208K, T=u/Us THB, TICFLEDE
DDENEE » T BN, TOEI bbby, LrL oD, u* i
0THRCT OFBEROE N T OERSH B LEEL B, u* LU H
WU B, 2, 34%, todvl, 2, 3dyne/cm2 CH B I & RT
5. #HiEkMlEKER
EHNGROBIMIET = pu(du/de) HBHIT o =pu(du/dz) 1THEEEILTCEL B THEE
HHIG N DB RSTb Ly, FHIROEHBI, QORI TE Y &7 LOBERT
Bh, rut THBEREGRE) 2425015, TR eI TEDND uDEE LT %
r b, HIMKC fuy & T OB FAEHEMB TR Lz, 7 AKREIRBRDOR fuy T
TH52, WEHTH 7L 51, T A0045 ) EofEd &bz Lk, 2OT DL bh55HEK
D 0.045 (35 CThH, HIRCABhBLEBY, #u ik 001s-dyne/cm® DR E XHH 5,
ZhEex L, 0°C TOREOHFHEGREIL 1.71 10~ s-dyne/cm? "G, puy 0 Z OfED 50 4



56 R I R

DILTTER, 20z Enb, FHRR 0.3 —0.03 ,
FERIOED?C, w B E Dl | /o) A
WP R ERHE, BRSO L R rug/s.cm) =
BHTERLVZD,

RO N X o TAETHEFHBH KM
FEIPHDER 2z EELEPCERET S, ¥
fshb, TRKE O FE D AEL du/dz DAELIE
TR E, TOEB, FHNEZCE X
@) ROETCH HREEEIL T« TS |
hé, BN BKOTEI ML BRKIBH &
D512 1F T, BB XOCENARIIER
Lic\ FhT, REEHIIL c 6ET5HH [0
PEM T T3, &2 AP, HEEEEREN
SFRERB L bGEFIREV LT 2,
Tk W E AL du/dz AR EL T8 T o BKRIC

Lz g, @ hbETHNARHTE RV \
EBREHIRE, Th du/dz L DbiF 0  0.01 0.02 ] 0,03 0.04 7

Kich LdiHHATHS, LHrLE®RILEN H3E EHBNKWDOEWIET ¢ LTE u

0,01 -

3

BB S B LB B RTh B, Lid o= pu(dufde) DBRICD 5, 2 ix
HECH A LTS b ) % ATH MEETC s o e, SRk g L F
BT Z DS T2 MRER LCESRENOKR T 351 B REEREMEAR AL pag & 7 & o
W LA VERD, KERTEARIIE bR FATRT, o=l dynefem? & Lz, 2%

) RELERE P 4 pug LFE L5
T, hBATHEERE O A KR

LTERTELRENIVONRERTHD, RDOFEV HTELTLIEHEAIKS, o—
oSBT S,

V. ZE5HELESR
1. EBHRE

FIVHFEAHEDOK ) TR L e, BEHBENGHETEFSNIEL Y ST VBT
HHLHEEIRD, ZOHEV HOLHIEERRMIL, EHIENGKOFEEY, BEOMLKIEEH
Mz 5EHLERCRDHEHRTH 5,

WRBEHENETTC EREROCTRIN TP, TOFEE/NMED 1957 FioH
B TED 1Y, WE 14 m/s OKHCHEMACER lem OFKA T, £OBRWD fedMiEn
B 42 cem Tiic, MEC/ AR ST AR LS mm OFES E S &P R L, BERN
DEZDOEIN, Tl v Fvdr—<A27rn7  vTlETH, TOLS5CLTH
i, BRTVHOFHEDH 400 dyne/cm® 12 b T 5 EEE I H BN L7,

Thinb 3 &, BECHHLAEROEHTEND ZhOFHETHHFEITLAEO L
b0k, oF hVSEDEBES 1%, B TEHKE] L0 P TEFC Lt b, %
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ERCCEIE x #BOKKRFHa, BE: 2BAEMLSL T EE T, % ¢ TFT,
Y HEETRTCOBER— BRI 5 &35 &, TEBRELS L DEDKE

P, sin {2 n(z—c, t)+50n} (25)

DEMRTEIND, RIE P, EHEE ¢, LA e REB 2 OB THD, LrL, T
T, Pl EOWEB OB T S LRE L, EBRELS 1 E QL
P,(x, )= Psin {2 an{x —ct)} (26)
THEZbh% E#E2 B,
2. BRARKOENERELEEDIHHHER
THICMb B KENEE THIEFHNEZOEDLED LT, EAECENHE Hibh
B, T, BRLERIIMEECHHES 2R L, BUADLAETSE, £hT, $IV EHES5HE
OHBRECONIEEI X Y, BERNEIEICHELS DE, BEREHC bEFhIWEFTH
LG, MELLS, $5& FHEIDOENOLEET LD p B IOFRKREDORHBICOWT, E
FHIITHR (4) TH
dpjot = k (9*plax? + 52p[d2?) (27)
u= —(B/e)(0p/dx), w = —(Bfe)(dp/oz) (28)

DELT B, 4, w IZENRIHOWED x, 2 A EET, Lo, &HH=2=0T(26)KXL—HK
THE DB FHBRRNCD O p kD, Topu Q) ACHVIT o, wikE2L 220
hs,

BE TIE DR E £=55%10° cm?/s, ZEREH =09, @ZE B=035cm%s-dyne &
FLTEMTEDY,

Z O p L

p=Pexp(—2nna;2) [cos (27na, z) sin {2 an(x— ct)}

—sin (2 rna, 2) cos {2 an(x— ct)}] (29)

= WITB+1/V2,  ay=—AITB~1/42, B=c/2nnk (30)
THExbhB, B b
o =1-(8), a=—F2{1-(58) (31)
Th b
3. BEROBROMBHKRET
B HE2EHOBMBR I BROBREYILETS, COBHOIES -, KETRT LS
1, Bl &R AIEIND,
EHE B OERNEHREDEFIE D, KEDOEENIHEATHDHICHER . Th
T, I (26) DIRBEIE
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S=nc (32)
lHz PLbwwe s, IRt ERSBET H2LENLHHH, LHIIHE VIFOW2HTEL S,
FEIIEOGEREE c iy, BRCOEMRE Us £ -HT35LE3RLE, Ll Us KEWTIED
55, FRTBIERCHHET c=Us=150 cm/s & ¥ &, ENIEBUREGCLHIE TR Licfi
ZHW, f=1Hz 4%
B=c/2nkn = c?2nkf=65x10"3

LB, BIRFHABMRTNERD TS, 1Hz U EOfEED fREDL S HETHH-TD,
Bix 001l Xh/h&E\w, koTBYRKITLD

a =1, a, = —(f/2) (33)
ERLZENTES,

BNIBMOMEIEE 2 L - TELIFERERDZIDIC, 22 BHDBELEDT, v L w
Eh 2 Lt EOBABE LTELS, oKL x Lt L (x~c) DADORTIREE V75
% 0IEDTH—MtEskbhint, X(@29) & 28) &nbBEND u,v Tax=0LK&, X
L@ REMES &, wb wiid

Q =27P(BJe)(1)2) exp(—2722), O = 2nf{t—(l/4 k) z} . a=clf=1n (34)

0.3 T T —T T T T T T T
Q*/P
(cm3/s.dyne)

Fo.2 -1

f£(Hz
0 20 40 60 80 100 200 | 300 ( )

1 1 ) 1 1 |

B4R R PEBR S OENEABET 5 mm 0SB ET 5 EHEA
LHOTHD M 2 QF &L, QP & f & OWERG 7  hahlhR,
Q*/P i3 f=50 Hz THEA{E 0.286 cm?/s-dyne % & %, QF D Ei{f-
7oe BV BofEt, BIRCHE--ELIRETHE
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VT
u=—Q cos 0, w= —Q sin O (35)
EEING,

HHTOHLHICED L T2 b blIRET D L, EFRNKRDOWMEER T2 P 1l
Tihbbu w zlY 2 RS ETAH7 baid, BxEdY Qk-7% ¥, MM T=1/f
T x—z BNZOEET 5, FORMHEED bR CBEE KT ORBMLZ 0 QB LZbITT
b, QMM ES b, BEFoOME—EMBCED, Hcrdb—EREDOEHNE
MAFELETH I IRz B Eind, KL, HHTHHEICI D Q OERED, =z HH
Tieoh, Q IMEHEBEEMCEI TS,

B FHAE2HOBM THREAKEOWE RIIBHTFS5mm icH -7, LTHT2=05cm
ELicbEn Q% Q¥ &L, QF LENEOIRIE P Lot QP 2 EAKICIRBE fioxt+ 3
e LTmLie, QP f=0Hz Tl k&b, ZOfEIR 0286 cms-dyne TH5H, &
T #igh 3HTl~N7- X 5, FBET 5mm TOFENKMOEBREOFHE ¢* 12 2~3 cm/s L H#E
Thad, ERENZREMBLEALELRL, B, ¢ 3LoErEHBENKEORETH
5ELE5, TBH& fHA0Hz Chotcd LTh, QM ¢ iCET B, Pat7~10
dyne/em? TH 5 EPBBEE e h, FR0Hz UADETHIUE, PRoh X hEickE
Fhidissinv, L L, FLTHCEN LIMMEOBMIE RN GARD L, PREToBEOHEIC
B ERRGTHTES,

VI. % £
. EREASRMEEHSARTEOER

I HTAEFENLMABEA 2R EOEE B AE BT DL 5N L - T
AL, BV ETEMINCEDERNKTIIR OIS DEFEC ML 2 E B K EC L - Tk
Ihad, FLLDFRIMGFEIFEFI DI, Lk T, BRMUCEmHFOZKR>ES
THZENTE D, EROBEAGM L, HAMEHCERGIE, MEORIWTHA S,

ZOERENLMOWEDOERE g 13, BAME «wt+Q &H/ME u—Q] L OMEEETS,
w FEFHERZRORE, QO BIEBBHLROFEDHE N HT, g Oi/MEE, v>Q iebiX
u—Q, u<QiHXQ-uThb, ¢ DFHlERDL DI, BHFHIMOEE~7 + 1
UVHEERE x DIEDF M E T AR 0L L, v D xS 2 KoY

wW=Qcosl, w=Qsind (36)

DOWEES, O 3RHE et & L be—EHE 2nf THATS, ARENGRORED x {4 =
Wit utu, W Kb

g =2+ Q*+2uQ cos 0 = (u+Q)y1—¢*sin?(4/2) , £ =4uQ/Q+upP =<1
(37)
ThhH, LT, g DFHHE g%
_1

{
1 T

S:qdo - —2—(%1‘) E(zj2,5), Elo 6= SO JI=Fsinifdo (38)
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Thzbhb, Elor) 3 2HEMESTHB, w& QLDOWTRAMITT I HREVHIL,
Ry S B e BB RGEET Clll S h B g DRSO E»b EDbh b,
2. EHROBRBEODLIE

BV ESESHET, EHEANKKOBERTHHENHEOIRBE 1 1Hz DTFRE I 7o ps
SRIZERS B DEXRH B, BERNCLDhEEDHBEHNIIOMEL, HEOKDOEHOZ
A 5 MR E OFE T fov, KOBRIB N R O Lich DIEHR, ZoHh %
SHSUBECREWGFHO O OMBHRBOMEDOFHETHD, L-»T, EHHNX
HOFRRE LT ENFEOEE 21X, TORMCEBOBER®ELS HBREICE T &0
BThbH, BBEOBRIZOWTIE, XLl lL% 025mm, HE% 04mm &kiF5%, 20T
Wiz, ZOFROBRD 10 f5ichicd 4mm v LT IWTHAH S, HFV EHFIEHOEH
W, BN OEBEEE ¢ &2 150cm/s & Lz, L -TC ZOEHGD f 0B f=c/2=150/
0.4=375Hz & ¢ %,
3. BAKKOMEDHRABEERBELOK

FILEE ITHTHERI XS, FNKEEBBUE TETZ 0K, Kililebidi#n
DREMBE Y E D, ZOPRORBEET ORE L sV T, MEOLHRZEENG, TR
WIE OV I WHEER AN LI AED, L -T, 20X IR LTHELIRICENLNR
DOWFEDBMAEIL, BADOEFOHEDOR,ATOEEME LV REVITE IR,

BHKFIEMCTH N B0, TOE ¥ TIIBINMEE EBREE DI S 2D T & pitroh
LV, ThTCERARREY R THHERE L, CONBKETEORE KA MHEI
ELHrEHRCSOEYHEETA LR LIS, MEOCEREY o, BREXR 1 LT3, BRAPED
P & e e T x oo & wE 2, ThXThoXcd 3T 580% R, R, TRT &

R, ={/A)@ pla®),  R,=(/A)(1/B) (39)

EEBT A, p REKODFHMEGRE T, 0°C T2 171x10 g/scm DIETH 5, R; ORULA
7R 20BN b#ARS, ARMEONEEYET, R ORE R ORERE~NDE, ¥
DOME OBE Y, BEEH

B =a*8pu (40)
COE LWEEDOHETOD AR L B LTHBZ bbb, a b B LOfHI, XH
T BOBHOEHVOf a=2mm, B=0.35cm!/s-dyne #2059 & B & B & D v L

v=DB/B=85 (41)
LB,

FERB RS DR, BEEE, EMEOROBOW, ENAKRKC T H2ENE
Al, FERE BKELRIGIRDE, WHOBREDH W CEFHX N0, ThT
BWEN L0 & LWEEFCOALN L —#iS H ofchic, B R#EME &/ UTH
B2 v O h T Rl L, BEEORIrOBEEENLJ THHELLY, ThHE, JH,
DBERDBLHELTWBEBALGHOMEDOBRIM & FEHE L DI SKISDBETH B,

AN ORS % Hi C, WYEAORBRER ML EEhTh N & 1L TRTE
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THb, Th& J=vH, I={v-1)/iz} H OBEREEHAV5E
S=ﬂ%=ﬁb+%—meﬂ (42)

Bzbid, REMHORS 113 20mm Thotehb, TOHER 1/2a 135 THB, N+t
BSOS HT2H068 (LM 7D p. 16 LHHERICLD) %, v iU RO LHAWVWE L S=
163 &£ 725,

P, BTHKREOHE R 2950, P LT WEBOR h etk BE L 25 5 12,
FOLDREMBELEE Lish olc &z, BEOT L YR TH - iR, 42
WEHKB LS5 L, BROFEERCIE L

S =J/Hy=3v/(v+2) (43)

Ehen, BENERANOKKE TS, Thdz, ZBRELSETREOEOELE B 1XER
ThbHELRFERbV, RRFOBERTHTHS, LLv=B/B%10 L hk&E\ &
LTIWThArd, +56& Sik25lkeisd, L SA3 2252 Eidinu,

BRE & o B IR OBEN KR OMEOBIME 10 cm/s Z# 57z, BEDO T b D2z
TN L RPREAROHBR - RDOBTH - s BB I B, ThT, Skd, kic
2SI ODEOPREICH D 3I~5 VDT i L, Thh, § IV EPLAHEHT ¢+ & 2~
3em/s LHELIBhTH D,

V. £ &

BHABHICE - TR &, TP lem iz EDFEIThic s THVWERR A RBET Y, h
 TBNKR) L7000, FOREBBLHERICEE L, THAROBECIIERD D\
R EGEA I bR, Lichis T, ENEMARICHTER D EFKK TH L0, JiH
2 TEZDEDRZWTH B00XFIR20bhisy, EROSHLMIIHEDER TH S
5 EFAL, ERENKIRTEAOETMANFEHICIZ BN X - CHESh, EHENA
ARG OEMHD HEEC RIETEDRELRRR L 7> TRED LB

EEENARRIL, BFA,»SHHES H FTOMEEETSE VI ERY 2, EE Hp
DRE EHICHRE 2 LB E, ERBNAROWE ¢ WG « L3, ThEh 22 2° K
WO 5, XoTridu®ic WHldTH Licins, @ AN LTEud c 3 0TH5,
B BT D u Ot u, FHEHICISTHROEER Us 75L&, B SR TNRMTER
ERRANEENRD LRETHIE, FHECOWTUL, 4 230045 Us AT &85 T &hbn
oY

FNKIIEE LR T 5 KO FHOZEM A1 5> WHBHLEHE TH 5, KOFHOBEHM
BB X B0 GL, Thk TSN &adde, w XBERLR O FHIRE 3278
Hicl, BMENH R, BEILROBGHEMI-ETHD. O inb, ¢ 2EREL
T r=pu(du/dz) ORBEIRD, AIXEOZ 12, ZOREACTELERTHS,

EBHENLGHEZHET HEDIEY, REK S OLEZENECHL L L, TLDOERK
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HOEH\ L, FREKCENAEC L5 LB NS IER Lieh o fens, 401IEH VIR
DOFH O N LIS, FRT, BEELICE SIS b AET 5 D EHOmEIEHITH L
TER L1z, FOHKE, ZHERNIMOWEL, HHE Q 2—E T, BOKMICHITRRE
MRZEBH S CEET A2 P ATEREINRB I ER Mot L QREHHMLDES L
L IBBBERMCRDT S, ¥, HOABEITOQH fOMBELTELLLE, QDL
SOFAT S OUFOMETRENS, ZOMEENS, Us=150 cm/s DIEH\ - OEFEHKH DM
EBREE > B0y, ENEOREA &b 7~10dyne/em? DERNETH D Z Lhib b
Stz BEBTHALEHIEDQREGILLA, KO Ieh sz T R ME ORI ORI+ i3
bHAEBREDEMINH B, FOKF L, ELOMEX ENCKEVCEDEOKIEY
FHETHZENTES, &5 LTEHBFRKROREYRNE, EHZTHLRILEFHHKR
L BAREBHT, BEIWMEORSO—DOHIIES T LTl d,

CORIEELRE DI - O E R EERNETAFORE SHBEIRE—WFEL
MH &L DB RE WV, TR L TEMOBRRTET,
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Summary

(1) Oura and others® placed the sensor of a hot-wire anemometer 5mm deep below the
surface of a snow cover and found that the needle of the meter moved when a wind blew
over the surface. Theoretical studies will be made in this paper on how the wind gives rise
to the air flow in snow evidenced by the above finding. To simplify the nomenclature, the
air in snow and its flow thus found will be called “the internal air” and “the internal flow”
respectively.

(2) The wind can be decomposed into two component flows: the steady flow which drags
the surface of snow with shear stress rs and the turbulent flow which pushes the surface
with fluctuating pressure P,. Major part of stress rg is delivered directly to the internal air
with the result that it flows steadily parallel to the wind whereas the remaining part of rg
gives a shear strain to the three-dimensional network of ice with which the structure of snow
is built. Fluctuating pressure P, gives rise to a fluctuating internal flow which changes its

flow direction incessantly when observed at any point arbitrarily chosen in the snow. The
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internal flow is thus a composite air flow composed of “the steady internal flow” and “the
fluctuating internal flow”. But the measured internal flow could not be split into its steady
and fluctuating components, because a hot-wire anemometer is such an instrument that tells
nothing about the direction of any air flow.

(8) A theoretical study of the steady internal flow requires values of zs and of mean wind
velocity Us to be known at the surface of snow. Kobayashi® obtained experimentally the
following values for them together with velocity ¢* of the internal flow at a point 5 mm below
the surface of snow:

Us =150 cm/s, 75 = 1~3 dyne/cm?, g* =2~3cm/s.

Porosity ¢ of the snow was 0.9. This is the only case where the values of Us rs and g*
are available at present in a complete set. The actually measured value of ¢* was as large as
10 cm/s, but it was reduced to the above value because the cavity inevitably made around
the anemometer must have drawn excessive air from the surrounding snow towards the meter.
(4) Let coordinates x and 2z be respectively placed parallel to the wind and in the downward
direction with the origin on the surface of the snow cover. The steady internal flow flows
parallel to the z-axis and its velocity # depends solely upon 2. Shear stress ¢’ on a virtual
horizontal plane placed in the internal air is also a function solely depending upon z. As
neither pressure gradient nor inertial force comes out in the steady internal flow, the equation

of motion for the internal air can be written as
dr’jdz = eu/B, (1)

where B is the permeability of air through the snow.
(5) When viewed microscopically, the internal flow is turbulent, because the internal air can
make its way only by meandering through the complicated structure of the three-dimensional
network of ice. Mixing length [ of this turbulence is kept at a constant value throughout
the snow, because what determines / is nothing but the structure of the network of ice. The
theory of mixing length then yields
v = p'u (du/dz), (2)
where 4 is a constant.
(6) Equations (1) and (2) give
dujdz = —42K/3 Ju with K =¢/¢/B, (3)
of which the solution can be written as
Vu =yu —KJ6 2, (4)
if uy is used for « at the surface of snow.
() When z is equal to
both « and ¢’ vanish. This means that there exists no steady internal flow in the snow lying
deeper than the level of 2=H. I coodinate 2’ is taken upwards from level H, u can be
expressed as
ufuy = (2| H?. (6)
The sign of the shear stress is inverted when 2 is used instead of z, that is, shear stress r
expressed in relation to 2’ is equal to —7’. Equations (2), (3) and (5) yield
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t/ee = (2'/H), (7)

where 7, is the value of 7 at the surface of snow. Therefore r and « must satisfy the equation

1.5

T =aqu with constant a (8)

at any level of 2°>0 or of 2< H.

(8) The curves in Figs. 1 and 2 are drawn for the purpose of comparing the theoretical
results obtained above with the experimental data given in Article (3). On drawing the curves,
Us was put equal to 150 cm/s while three values 1, 2 and 3 dyne/cm? were chosen for
because it is nearly equal to 75 and the observed values of rg lie in the region ranging from
1 to 3 dyne/fem®. In Fig. 2, u* stands for the value of « at the depth of 5 mm where velocity
g* of the internal flow was measured by the use of the hot-wire anemometer.

(9) Let it be assumed that «* was not zero, namely that the internal flow had a steady com-
ponent if very weak at the point where its velocity ¢* was measured. On this assumption
it is shown from the curves in Fig. 1 that ratio y =u,/Us must be smaller than 0.045 while
its value is left unknown.

(10) As shown by w*—y curves in Fig. 2, #* remains less than 1.03 cm/s for any values of
7 not exceeding 0.045, whereas the measured internal flow had velocity ¢* amounting to 2-3
cm/s. From this it is known that the steady internal flow constitutes only a fraction of the
internal flow and its major part is made of the fluctuating internal flow which is given rise
to by the fluctuating pressure P, imposed upon the surface of snow by the wind.

(11) That fluctuating pressure is supposed to be represented by a single pressure wave

P, = Psin {Znn (:c—Ust)} , (9)

although the actual fluctuating pressure would need much more complicated mathematical
formulae if it shoud exactly be expressed. Shear stress ¢ played an important role in the
case of the steady internal flow. But, in the case of the fluctuating internal flow, the shear
stress can be disregarded because there appear pressure gradient and inertial force to stand
against the resistance with which the snow hinders the internal flow. Thus p, pressure of
the internal air, is given by such a solution of the differential equation?

oplot = k(9*plox* +0%plo2?) (10)
that coincides with formula (9) at 2=0. Equations (29) and (30) of the Japanese text make
the full expression for that solution. In equation (10) £ is a constant of which the value is
determined by the natures of air and snow; k is equal to 5.5x10°cm?s for the new snow
of €=0.9 used for the measurements described in Article (3).
(12) The velocity of the fluctuating internal flow can be obtained by mere differentiation of
£, namely

u=~(Bl)dplox, w= —(Ble)apfoz, (11)

where « and w are xz- and 2-components of the velocity. If Ug is put equal to 150 cm/s
given in Article (3), f in equation (30) of the text becomes very small. It results from this
that, for =0, « and w are given by

u= —Qcos 0, w=—-Qsin@, (12)

if Q and @ are used for representing the following experssions:
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X0

Q = 22P (Ble) exp (— 2x2)), O = 27rf{t——(l/2n'k) z}, F=als, 1=1/n.
(13)

{13) Therefore, when a point is fixed in the snow, velocity vector v (, w) at the point rotates
with frequency f in the xz-plane keeping its magnitude at the constant value of Q. Unlike
the steady internal flow, the fluctuating internal flow is not limited in depths, because Q de-
creases with z in proportion to exp (—2nz/2).

(14) Let Q* be the value of Q at =5 mm, that is, at the depth where the internal flow
was measured. In Fig. 4 ratio Q*/P is plotted against n, wave number of the pressure wave
given by formula (9). As the ratio does not exceed 0.3 cm®/s-dyne, P needs to be greater
than 7~10 dynefcm?, for J* to make the major part of the measured velocity ¢¥=2~3 cm/s
of the internal flow.

(15) Kobashi® made experiments of measuring the fluctuating pressure appearing in the
turbulent wake behind a cylinder which was stood in an artificial wind blowing at the speed
of 14m/s, and he found that the root-mean-square value of the pressure could amount to
400 dyne/cm®. This experimental fact makes a powerful support for thinking that P can get

such a great value as mentioned in the previous Article.



