HOKKAIDO UNIVERSITY

Title ERZEKOREBER || 0 BEME@MICE D EROEREM
Author (s) =H, lER; YOSIDA, Zyungo
Citation KRR, ¥IBE, 36, 29-40
Issue Date 1979-03-10
Doc URL https://hdl. handle.net/2115/18353
Type departmental bulletin paper
File Information 36 p29-40. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




Zyungo YOSIDA 1978 Theoretical Studies on Air Flow Within Snow, II. Boundary
Conditions at a Porous Surface When Fluid Flows over It in the Form of Laminar
Flow. Low Temperature Science, Ser. A, 36. (With English Summary p. 38)

peii

qF A 2 5 o W OB OB R I
(BB BETC 7 5 U OB R )

# B JH =
(b ¥ Ky 2HEHR
(REF153 4 9 A28)

L £ 2 B &

1. JBEBREAHED RS

RMEX—-BOEBREIAMETH 5. BRULAMAOKECE » TIREI RS E, B
Bts, ThbbEAMEADOERERITHRENII SO THKET 5, CORNTIRENL, Z5L
WERDEAELIrSKRLI S, ¥, SBRBABR THLOAMTH L2 L - THRIEE
RETHTHH I,

WO, HARLSIMEOERY IFEBERE ) 2\ i3 TEEMER] 98, T
K OEGBOIEEBUER TIX, MEDOHEN O THBLVIBEREERLVIZD, LrL, &
BEEH T, AMAEBHEBRZ 200, HRAEHEIZOXIRHELFTEZLAD I R
fals,
2. Beavers O %

3%V 2K%EO Beavers (3, ATHAPEOKELH L K& BELBHE LTHTER
FRIftol, —J, RHCET 2RAE&EGY

(dU/d2)e=0 = (a/V By ) (Uy — k) (1)

Ly E, RE BRI D AHAKTDTES 2R EESH H BRI X - THRCED Y,
FLTC, EROMREFEROBREDERLFETE LD,

A Q) T2 XRA»SHELEFct2 5 EE, U AR AROWE, Uy 3EmHTO U D
EThrD, a ILIMBOEUBEMEETCEELERT, B XE4AHBEOLERREELET,
SHAMEAOKS, AWK ERM UHRECHNS, TOEBREL « &T5&, « IFEHT
DIE uh 25, HIHERBC LD ORTHEAL, BT EHECHTTS, X1 D ub
13, CO—EEOEMEBRECTE S, ub 220 THRVWDIX, AWKELXEFLDEDORHE
BRENAR LA CENARY £ HHBHROKC S HTFs Ltk 3,

3. —BEREH

ERE&ML, BRELOWESL D VZIGHOMOBGRE LTHELLRBRETHS, L

%1z, Beavers D4R ()X, BEAWLEORE CXWEMEMARE us 2.5<tr. THT,

* QbR AFERBIERITER 819465
(EERS HEE £368 EM534E



30 % B H EH

ORefRBLDE LT, BREEE T, ABRBOWRBE LRI ER, Thth, WK
RBOWBEELIMIEIETIATAEWI b2 —BEREHE LTRET H., EROITHED
bhiz(DREFhhoEE, ZOFULSHE L BEREHOE LEDEMTET5DH,
CORMYLDEHTHD, m{THI LD, ~MERLKGOUAERS XDLN D,

Beavers OB REH TR L, TOWMXTHRET - BEREMECE X, JHTREIHEE
BT, ARRBAERCFTRZRIEFTRE LTRAED N OWTOLDTH S, Fikk
BERLGTIIDHH, MEOEAMEALK THLESR EBVOEREMEEBILTHRDO
i LTORRIDTHAS S,

II. ZARTETEEEASH
1. ZRTFFERSARR

[F20%] CONCHBEETHRODORBELLT, cofIEHT, HEESAHE
MO ZRILFHROMES %, BHORMIL Y CROLZHEZOEE HERNOMRLE LTE
»5H, —MEEES ZLidiovnh, BAMSAMEYES LT 5, KPLRFHEE KPR
EBEREZRACE B0, ZKRLETERNIRIET CHD, TOMESMitTTEHHER
DY, JEML FTHEohiERN BT EE b5, FIATA2HRX I ORRN0FES I
Iao<bzrs, Az RXLIOKXG)XL3) £EL, #EEoRB WK, wXIDLDE
ZTOEEMHS,

2. ZRAFFTEESATTOESHEN

EAEE (2,9, 2) OREEZKFABEEERE bk, EE 2 #RER Lo TR EDK
BT, EEEz 2B RFCEFCES, Rk, FHRERFREBSEIAES LK TH
b, LLIOMITIE, EBHKKODRIBELSIXTL, boEb, BXLoFHEE
LoT, ENEEKLYTIETH, ERIRTREZIRLIHAZEYIRBS, 2% b, B2 ZDOFHE
HETHRN DRI & 2l PHEERER T, 2 ALK THs & ThE, RETHE
HREIE, EHAR R X UHEETIROFHREY 5 2 5EMRE va DES (4, v, w) B}

u=u(z)=0, v=w=0; ]
—aplox = G (>0, —oploy = —aploz=0 |
D&M BT R TPITEER E a5,

BHCHHEEOED VL, ENAROFHH, —#iE, =z FHE—K Lk, L
L, ZDENEFNI VL, ENARIIERTES, RIROEKCEORY K&, RKOER
X - TRZRTERIB I hbhd, ZOESVCOENAMRE, LTFLLEHTEDIZE N
SR, STEIIR DT E—RL, Ladb—EBOTI AR THS, ThTEDLS
—0pldx HIED—EME G IeFE L &R,

ZEWAE v DI (, v, w) 32 ROEMERHETHD, ¢=Vid+0+w B u kD &L
W, Yo, x FRiOWTOERHRR (1, 35) 1%

0=G+{p+ uw) du/dz?+ ¢ (du/dz? —(¢/B) u (3)

(2)



ENEKOMEER 11 31

B Eh D, K2 OEREENS EED AR EE, v FARIT 2 HERICOWTOEE)
TR, (I 3) RCTRIhHHEMABRREWET 5. LoT, I ZOTRILFTEFEN
KMOPGE w ik, B)ROME LT z DBRTELIN S,
3. EFAHENORES 1)
EBHBEX Q) ORDBMHAME LT, 2 T EMRR
u=up = BG/e (4)

DRFET S, BEOREHFICIROFENMES LV, L0 HEERBOKIMOWHEL, # ¢
ESERVORTEZONS, HEN us DZOKME EHLM) & IS LT 5,
Duvrovin i3, BSBOHIZH, KEALHE m OEIE, WA 1cm/s Kl 7o\ 578
ERZMEBEML, chPREOARC X TETHLOEEZLLY, chnb, BRAERED
D, BHTHE DD D, ERENIMOFET ST EBHbhE, 1L, 0
NOFEE, LFLLEOK L FHEE—FK Ly,
MEu D 2 X TEZELTCB)RE—ERST5 &
u* =u—ug, pe=pu+u ug (5)
ZAWT
du/dz = du*/dz = (Ve/B) w*yus+(2[3) 1 w* [+ w) (6)

BRDOND, MHEETE, u=us 205, du/d2=0 /D ETHD, ThTaz—o—0 D
& & duf/dz—0 1is s KOS ERETEDT(6) RE 2 7.
wxX Lo 27) XKYRT X5k, KPHEROEIGHDD 2 55T
Tee = (1 + £'q) (0u/02 + dw/0x) (7)
ThbHo LoT, GDEDHVD o 12
oo = (¢t + ¢ w) dufdz =(We/B ) w* o s +(2/3) ¢/ u* (8)

THEz2bMD, BOIETIRD DT, 15.=14=0, ce=0,=0,= —p=Gx—p(FH) T
%o
4. EBHFEROES 2)

RIEDOE MRS RN (6) DL LTHE2 LMD v & = SOy, ERITEDOHOHE
BTERTHICDIT

s = (¢'{ pw) u* = (/[ pu) (u —us), {=2Ve/(ps B) (9)
a5, WE
S=41+(2/3)s =1+(2¢/38) (u—us) 10)
A LTEHShD s OB
F(s)= R(S) =35-In {(S+1/(5- 1)} (11)

EXD, THELH
{ = F(s)—F(so) = Fy(S)~ F1(Sy) (12)



32 # H K &

CEIRLZZERORYEI T LR L s THIBRD, SBIVS L, 9 RFICQA0) K
DO ul 2=0TD u DfE
2y = (=0 (13)

ERHCLEED s KIS OETHD, BERE 2=0 TR, BEXRFARILOET 00,
il usg LHKRE, LN oT, s DIEIRIETH 5,

EH, SXEIHRG) T, FTHERE ¢ BIOCENGE G BRI 0THD &5 &
DbET, uwkzblORELT

Vu =uy +24/¢/6/ B (2<0) (14)

wi#Wie, AXBO Q)X ThE, LB, ZOEBRSHBE, s 20 Eisbhb, (9RO
SEHIVERERELS, LL, #p BIV G % 0ESHMERE LT 12) R 14 K&
—58T5,

FIMC F(s) & s L OBEY B TR L, F6) i3 s OBXERT F0)=—o0, F(0.032)

r ®)

- ¢ = F(s8) - F(so)

—12-]

-2k

FIH —KREFAEHNKMOTHREE « 0 5% R TR, (@) Rk (b) ”
OREAMNERBAR L 2b 0, s=(¢//pp)(u—up), (=z4efpsB), ps=p+
Hup, p ZELKORHERE, # IECOMBELRBERE, c 3l
ZBE, BAEZOBKE, us 2 EHRE




EHESORBER 11 33

=0, F(o)=co TH5, HEAY dF/ds 12, s=0 T o0, s=c0 TOTH5,

EARTEC & s LB, HiE FG) LOEBAnbTIRODH I TEINDL, &
2, o CHAHEREZONT, s=6 Kitofcb L5, F1R(b) T, LD s=6 D
CSEREYT, ThER F@) LoXEy A LT3, T0 A ETO Fis) OfEr (12) Xo
Fiso) THB, LT, H1IX D) oLAXRYAHERC L - CLEAHC DI LT E,
COXYWRE ABEBELKTREOZEBI =008 kD, s L EDOBFIIE, AR
DOMDEC L EBEMBPTEIRD, L, s O, FRD 0 S5 5 HEMR L EET
LTiIdr%s,

IO s—{lBEPRT IO, BMERATOHLHEICETHE, FELE s130E%k3,
DFEY, u NEFIE us L —FKT 5, ZE,ISZOREIETTOMERIAZINKEY B
Bl Licoir s,

III. Beavers OB %

1. Beavers DB

FLUNOFEBEL I MARNOTEDER D,
RLILIBIVORTIL OFNEHTLLHERERD
TEEDH, F2HRETHRIC X 51k, Beavers i,
ALDEBW LA Wk OERE, TichbERMEEE
Cr-THEZBEE LTRL, BT 5ME
DEREREHIE LY, LT O I &, 5 IV &
i3, BRI OBRIT L%, Beavers OWEHE DK
HThd,

% 2 iz Beavers DR BROB A KERT, K
T OO B, HBbAIALEBUES LW ED

oL, ThabbEBlETo—RLET, @ '
OO0 0 TFTOEMIEL I Y ETHDH B, H OO

DF, ¥EFVCHEREEEZRBWT, DOWEOR M ug—
», OO EFfiekmrhd, | M OTFELE
FBERTTH D, WM L OO & oM%K & ¥

IS iwets, EAMEMEO— SR O%FE AL $2E Beavers 0EBEEOMEN, K

L ooz Y, SE R i FR OO o FoxMy ATERBESIL
AFHEL RE, MELEFCSHRE s, iRm0 05 4B
&5, B h Aok o UIEEEMkEEE M 235 5,

) ) . 00’ & M rOROWH LS ALY E D
- 74" > 3 -
ﬁ%kbi)%}[—%goll}ﬁp;%ﬁ%%&f\_?o ZK 553%%%{2?1‘&7‘:3%, mﬁk‘%ﬁgvlﬂzﬁ

FAEU X, BRI ZRCSZEL LI ED WE G 25225, Wi LCA M ERN

; -y : DYEE U 051, digk BNN 2279
PTYHRG %, RESRCHI S TEELDD. o pmg o opfiams, Al
Yy FHAR IOz AROEN HEZORD, T5 i LCoO 13, T OO0 # {Ri Jp b ik B

Ltz WHOKHLSANED RS, iy ML RERCORBARES AT,



34 # B | A

ZRTETFATAKER & LTELSEAND D » TN D,

HBOEE h2TPINEL &oT, MBEHOERERBRICE D, TOWEL U TR,
SHWBEHNORNIBEILR TH D, TOFHME, ThbbEBEEY v TRT, L2IAMWE
CHARBEE BN E D, HBROMEILGECKNT, HHABEROREREIE T,
LoT, URBIO w0 Mz, Thih, #H2RoME LCA ¥ I U#ifiR BNN D%
EBTHALS,

FREER OO0 to U b u b off, T7bbAHSEBRETEIND U L ubofE
B, Thth Us & uy &35, Biciy, Bax A HOECRNT uu>U, & LThHH, Wk
NOWEREILDBEROTEES | ETEIE0bEL D E, TORPMIRIIPC D NE IS
i Bbis, UL, EREEEY R ORMNFWFEHE AT OERNERTIL, kO
s I TRT LS, u>Uy EB8LSDPIELY, ZHYEMNERD u OMEITFERTE us=
BGle THz2bhs, Bl e bit, Thith, 2HIMEOERMRKEEREL TH A,

2. Beavers OEREH

WBANOWE U A FEatEER OO0 CliT NEERALML LT, Bervers (33Tt ¥z

nE| TAUORELTRLE
(dU/dz)e=0 = (/4 By ) (Uy—ueks) (15)

BRE LT, uh VIEBEBRE T cus 120 & L\, By il A MHEO LB RFR T, HADH
Wi w ¢ &35 & B=B/r OBRAH 5. By Oy, SAWELHER T HEEOBHOM
BRTTEEY, WAEOHBECIEKAFE LR, By DTLREIDIRLOE Ly, X T(1H)
Kb, a BERTHTHDH Libhbd, O L& LT Beavers 13, a 7%, HEOK
B mBERy, BRtEIOMERLT CTEIIFRTHDE LI,

FBAOTAIUIBR 205, 2=0 1 LT A5 ROER &L AV, 2= L ik
U=0 237 Dt & LTHERGEOEB HERY L L, U2z oL LTEEZhB, &0
UrHCCHEINRZERAORESR M &35, FBEER OO0 ZEicIFE Bk ER Clk
EhxitcbThE, BEAORIIETKT Couette Wi & 70 b, U OHAIMIEITE 3 ROBER
LCO DWicie B, DL ZOWMELR My &35 &, O=M/M,», ENAE G & F v,
VB, & a OB TEIND Z ENRHLRS,

Beavers 13#ifh & LUK ERGEEXZ BT M EPERL, A DWAWAKERONT @ %
EHIDD, TORER, RBR Tz O @ & h & OGN, (16)XOBREBERFE L TELR
TERBERE K< E I T LD LR, R, HEOLA Y ECOWT a OENRRD
bhic, ZHAHEOMEC LY, a OMEIZ01 05 40 DHWIETE -T2, T Beavers DFf
Biw ks s, a DEORECLAWENOTE « 2B+ 5HHELIELE Lisw, Tibiahks
WOIRETHAS,

IV. ZBBEEICEIIBHRO-—REREE

1. —HEREH
H2HEDB b NRETOMH DR, FUHOKRH THOFLBBETCHD, &



ERNEROMBER 11 35

DEBBOFEYERTH L LI Y, THE, SHABARKOEEBEER OO0 CToWfiE
IFERTE us &7 D, WAARE OO T (Uy—us) DEEZ S - T MWD & LTt b,
Beavers DfUE Lc i R 45K (15) 12, mBENREOKEDO WA dU/d=z 25, & OO0 T, =d
D HEE (Uy—us) WG 5 & ER3TRMbe S 7, 727, Beavers i, HEE us DR
DB IE up=cup B\, B VEELR (Ui—up) & L, DL, BBBOHFE
BER LR, Beavers DR T, FHABRNRAORBCETLHF LVWEBATREL
5728 o
Lisl, EBEBIX, PHEEEL > TERCHFETLIND, ThEER LLVEREZIES
TEMEE LV, ThT, Beavers OBRLM LA, FANETHENLEHCESE, &
BYEEEE OO Wk 2 NEMERSMHE LT
(Teado—+0 = @ (Toge=—0 (16)
, EREBEMEREGLLT
U, = bu, (17)

EHREL, SOk, TORLTE [—HEREE) L 18, a &b LRBEBEEROME
Bl TEEHLERICERTHD, R16)DEMEFUDOHE2HFF LI, HOO o LHEE
THEC BT DHENTFHIMIET] o DETHD, Us & u &1k, MBABIOCLZABEHND
Ttk OHE OO wkiFAWET, FUIHHELRELES Uy BID u L LUTHS,

R (16)A7) O—MER FEHIE LTeh, ZTDhi, Beavers OB R EMHR (15) 23, & %
haETHDH, EB, ROBZHTTRT IO, BINHT2BRC1)ANRNEMEGEH L
HHEHDOL EWRTTEDEL, 1) ABELND,

2. Beavers OEREHF E—BREREH

Beavers DERTH, MBEHNOMEREADBERNOTMGE T T, (EREYHE SRS,
Fhdz, BOPHECL > TERINADZEN I BCE LU TECE L HOKRY, T0¥k
%, Beavers D& BHNORENCH TCIDT I,

R 16) DEADH 2 HFIL, LAMERAOW A KICE R 2 39WIE ) 0 FZBHEER 00 Itk
FaEbv, LoT, ThERbLTAL, FUEHDOG)KD ur ik, Tho 2=07T
Dl (g —us) % AT,

(Tem)em—o = (e 2y) (dufdz)eco = \/JBro(“o_uBh/ﬁ-ﬁ ]
D= 2uy+us)3n f 18

Thz bhb, N16) ORI, WHEANOHEIETEH OO0 COBMIEHITAS, X

(Tzz)z=+0 = (dU/dz)z:O (19)
ELTEERS,
A8 L (19) & (1) RICRA LIS %, W) RE{F - CERT 5 &
(dU/d2)ewo = (a/b)We/ By (Uy—bug)f1+D (20)

Nz bhz, Z0OR% Beavers O3 (15) & —H I ¥ AL



36 w OH KW &

D=0, b=ce, a=aye (21)

ERFT IV, b L, u BEFRNELT, pup EB7EbIE, us<luy 1Ehh, DL T
BB, Thbrb D=0 LB DLEUERICLD, Lo T, Beavers DIKE LISER LM,
HHYEROWEDOFEBMERIC BT B wy XX DD EEVSHBOL LI, b=c &k
WIC(16) RB L A7) ROFERFHBCEMTHD E V2 5,

Beavers O&. (15) 1%, &R, MBAEREh B HEEOE OO0 kT 2FMIGT & #E L D
BRThs, £2AHT, RXIDOEHHERAL I - T, OO KRFHLAHEANFMED
SIS EWMEE OBIRE L2 50 & LTA8) R\ s hic, MBHHAES JOLHLERNR
HOE OO R HEMHIGHOM & HEDM & e h HBEFRE RTON—BER LG TH S,
K201, Zo—BERSGEYO1-T, 8)R%E, HABRRIC LIHEANLLRBENKE
CEARBIEEBLILDIBE I\,

BIMIIE ) Tos DMEBRIRETH S, LN ST 10 OBEBEUEC X > T—REREHOE
Ka®ZEDSDRAIFBEAE . L L, ZBRE e« OWlE L #HC Beavers DEREZ B 7t
> Ta®ZRDIE, b OEZLHAA, CHARDH - T a DELEDLID,

3. RETRUL—BEREH
R (18) DEL EhRIAL DRARIT, M uklp 7ebHiE

(Taz)e=—0 = £ (dut/d2)0 (22)
EEBF D, LinioT, (1) R&ANR &, b= OFEFEEHWT
(dU/dz2).=0 = a(de/dz),—q, Uy = ey (23)

EEBLTH v, EHHBROMERD DI HI-TiL, 23 ROHWDOEREUENEFTH
B, 7ak, 16)R A7) ROWOER LM X (23) ROWOEREM R L, FHBHEEEE O
DJE A Beavers DEBRTORBWME R > TV T HILT S, ~BRIEREBTHHZ L35
FTLH

4. ["BONIEROKRT

R e 1 I, I CANRDE R e KE LW LT, B 1IHOKR D TIEBL
7o Up<uo DBARIZHETH, ULH LEBRRE w1k, SHIPEOERNNCH B HMEDOERDOF
BWHETH D, EEOWEBCTESIIE CLB\v Lo T ull, FHRER CERNCERN
OWE U LBITTRETHE, Thbd, w=U, THARETHD, TOFEIILX, ThET
DA, FBBUEBERHY RO EMERE R TERNERTHHZ LEXRT S, BB
HERCE 2B L E, KoM U TRT X5k, EROMECENMZEI TH Y erid
Up<ug £725Z BB I 5,

H2HETHI X 51, Beavers 12, (15)RD a BMERILTHSHZ EnD, a ILHED
SFRERE ¢ G ThinvE Lic, LAL, SABRNIECIE ¢ LEEILRICL & 5L pu
LD 2O LD D, MEOHIERTLELD, ZON a TEETRTLELON 2
s, RE, 200 RoELD S B

(a/b) e Y1+D (24)



EREZOWREBESE 11 37

DRTN a Hieh, DIFTHERRDOLTH S,

A1) AR T X 51T, Dk wuf=Qutus) BT 5, Thik, & XEFPHILkTh
X, ala bl b—Hituf DL - TERL, LIHBEOREOMERT TEELE
BCTabbzisv, KiCa RNERTHDETHE, a Z@ORC Lo Tw ORELD
KR+ %, La L, Beavers DI o7 a OHIEER, ZOBKOEELHEL> 5K
IR TRV,

V. ¥ & &

BB LAMEORECTFTCHENBRE LIRS BEEEL S, OB, il
WHOERYZ I THAEZOET ), FHETCARKBZEE LdS, RECKTHERE
il T

(Tezdo=to = @ (Taz)o=—0, U, = buy, (A)

ERELI, v &2 8d, RELCRAYBMBAABIOCLFCUEETHS, U s
LV 2 IHBEB B LOCHNLHEBOELE HCRT 2 PHREEYEbLT, a b L3P ED
EMCEFLERT, TOEIERCI > TEDLILIRNELDTHDH, FEEK RILLT
B THBH, ThT, LZAMEIESOEH L, BOFEHIEE M CRE Tl 5 BREAR
FHRRE & %,

Beavers & Joseph i3, Tip/eEKER T EH L, ATLAPEIC T, KER KD
DEREMEELT

(dU/dz)z=o :JM(UO—&:Z&B) (B)

PREL, RECEERER a OEXERC X o THIE Lic, MARIRES, KZoMowktk
RV, o OERKEOBHECITEBERCRLAMBEOMNMESCOARKIEL, 01 &£ 4.0
LoMIcEN, RB)T, By KL e 3EAYEOHE BRI L OEHE, us 35
BANFER TORBMETH S,

WXL T2 B EHEARBICET 5 EBHER 1 33) 25 A LA I K BoFHR
E, ThbbRRiE e« 8L U0Z 0B du/dz % 2 OBFE LTRDIz, £ du/dz ZH
WTA)R2b B R WHoXeHEE, ThicX

a=aye [V1+D, b=¢ (C)

DBRFRE 2T, Diduy DB RIS THRTIETHE, L-TC, u BB XFIL
a=aye & LTEV, LT, R e 2T L5 2, FEF/I X UHE T Beavers DE
BEBIIo,TCarwEDNE, a OEFRDSND,

R(C) DEABRTREIENRTHBRD, a & a LRFCERTEILI 2V, EBS2IL, B
HBUVIE A E DI, B TCERIHDPMEC L - TCEDLETHDH, L, BER Fhairse
THR B EDOERIME L,

BEEz b w bOBRE FIHHRLELSR, PEEETELIRS,

COMXEESCHI - T, LHEERFERMEMEROAH ZHEREILDETD



38 HF OE O A
KEMIIDHRRAC WAV HHBH LTI », ZCRELTRHHOEEERT,

X &
1) Beavers, G. S. and Joseph, D. D. 1967 Boundary conditions at a naturally permeable wall.
J. Fluid Mech. 30-1, 197-207.

2) Beavers, G. S., Sparrow, E. M. and Masha, B. A. 1974 Boundary condition at a porous sur-
face which bounds a fluid flow. AICRE J. 20, 596-597.

3) HFHIERL 1978 ZWAKOWBEHRK, I ERENYE, WEFE, 36, 11-27.

4) Dubrovin, L. I. 1965 Air currents in the snow and firn layer of Lazarev Ice Shelf. Soviet
Antarctic Expedition, 3, 218-219.

5) HFHIEA 1977 B FETAEAKM. KERE WHRE, 35, 47-65.

Summary

1. It is imagined that a wind blows over the horizontal surface of a snow cover in the
form of laminar flow with no turbulence accompanied, dragging the air that fills interstices
of the snow lying near the surface. For such an imaginary case, the present author writes

(tazdimr0 = a(Tan)e=—0 (1)
and
Us = buy ( 1/)
as boundary conditions at the surface of the snow cover, where

x, z: coordinates taken respectively leeward and upward with the origin on the surface,

Us, uy: respective values at the surface of velocity of the wind and intersticial velocity
of the air in snow,
7.© mean value of microscopic shear stresses of the air,

a, b: constants whose values are determined by the nature of the snow surface.
Boundary conditions (1) and (1”) are applicable also to other kinds of fluids and porous materials
if only the fluid makes a rectilinear and laminar flow over their surface.

2. Beavers and Joseph made on artificial porous materials an experiment, which will be
described in Article 4, and found that the result of their experiment was in good accord with
the theoretical result obtained by assuming the boundary condition

(dU/d2)m0 = (Wa/ By ) (Us —cup) (2)
at the surface of the materials (Ref. 1). In formula (2)

e, By: porosity and specific permeability of the porous materials,

a: dimensionless constant characteristic of the structure of the porous surface,
up: intersticial velocity of the fluid deep in the porous materials.

3. The present author derived in Paper I equations of motion applicable to the fluid
flowing within a porous material, regarding that shear stress arises in it from two causes:
molecular viscosity and structural turbulence. Let % (2) be a solution of the equations of motion
such that it fits the experimental conditions of Beavers and Joseph. Then it is possible, by
use of du{z)/dz, to draw formula (2) from formulae (1) and (1’) with the result that constants
a and b in the latter formulae are expressed by those in the former as

a=aye and b=zs, (3)
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provided that z,=u(0) is so small as to make the shear stress due to a structural turbulence
disappear before that due to molecular viscosity.

4. Figure 2 of the text shows schematically the experimental arrangement of Beavers
and Joseph. Impermeable plate M is placed a short distance & above surface OO’ of the
artificial porous material. Water fills its interstices as well as the channel between M and OO".
Whole of the water flows from the left to the right under the action of a constant pressure
gradient G with velocity profile LCA in the channel and BNN’ within the porous material.
As h is very small, the flow in the channel is laminar.

5. Beavers and Joseph measured experimentally flux M of water through the channel,
while on the other hand they calculated the same flux using the boundary condition given
by formula (2). Broken curve LC,O in Fig. 2 gives a velocity profile in the channel when
OQ’ is supposed to be impermeable; let M; denote the flux calculated for this case. Ratio
®=M/M, is independent of G and makes a simple function of h/yB, and a. Beavers and
Joseph found a good agreement between the observed and the calculated values of @, and,
in doing so, they could determine the magnitude of @ which turned out to lie between 0.1
and 4.0.

6. The flow of water through the porous material is governed by equations of motion
(1) shown in the English Summary of Paper I. If coordinates x and 2z are placed in Fig. 1
respectively to the right and upward from point O, the equations of motion are reduced to
the single equation

G+(p+pu) dujd2’ +p (du/d2?—(/B) =0, (4)
because v, w vanish whereas u is independent of z, ¥ and ¢ turns out to be equal to z.
The solution of equation (4) gives u(2) mentioned in Article 3.
7. When integrated, equation (4) yields

dufdz = (VeTB ) w*ypm+ 2B [+ 1) (5)
with
w* =u—us, pp=p+pusg  and up = BGJe, (6)
where the constant of integration is so chosen that du/dz=0 for 2= —oo. Then formula

(2) in the English Summary of Paper I gives, together with the above equations (5) and (6)

(taa)sm—o = (gt + f'u) (due/dR)eco = Nep/ B (wo—u)y1+D (7)
with
D =y Quy+un)/3p, (8)
which makes the second factor on the right side of formula (1). The left side of the same
formula is given by
(Tz:c)z=+0 =u (dU/dz)z=0, ( 9 )
because flow of water is laminar in the channel of Fig. 1.

8. Formula (1) is transformed into
(dU/d2),-q = (a/b)We[ By (Us—bus)y1+D , (10)
when both of its sides are replaced by the right members of equations (7) and (9), Uy/& being

substituted for u, by virtue of formula (1’). Comparison of equations (2) and (10) leads to

the relations -
a=aye W1+D and b=c. (11)
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When %, is so small as to make D negligible against one, they are reduced to relations (3)
shown in Article 3.
9. If the dimensionless variables

s=(/pp)(u—ug) and L =z4e/(usB) (12)
are used, the integral of differential equation (5) is expressed by
{=F(s)—F (s), (13)

where F (s) is a function of s as illustrated by the curves in Fig. 1 of the text, while s, is
the value of s corresponding to #=u, Analytical expression for F (s) is given by

F(s)=3S—In {(S+ 1)/(5—1)} with S =415@3) . (14)

10. Since the fluid flowing over the surface drags that flowing below it, U; should be
greater than u,. But the above obtained result &=¢ gives U, <u,, because ¢ is always smaller
than one. This contradiction will be solved in the next Paper IIL
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