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On Turbulent Flow in a Permeable-Walled Channel

Turbulent flows in flat rectangular channel having one porous bounding wall is considered on the
basis of Reynolds equations and Brinkman’s equations, and the effects of boundary roughness and veloc-
ity slip condition on the friction factor and the velocity profiles in the channel is analyzed. And the
boundary condition (slip velocity condition) is theoretically derived using a perturbation method.

The results shows that velocity slip at the porous surface bring about the increase in the friction factor
in the channel, the extent of the increase being accentuated with increasing the factor k/b, this factor
also cause a screwing the velocity profiles such that the location of the maximum velocity is shifted

toward the solid wall.
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Fig.1 Schematic diagram of the flow situation.
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Fig. 5 An example of observed velocity distributions in a channel.
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3. HAWICHDEE o lm0=15],=0 (58)”

HEOREZME > THEHEHIT 3 OFH4R
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(1—exp (¢H/L)) (67)
H*=H/L H:BEBEX

2.2.2 WHAHA (26) OFRAMHER y, OBA

BEEOLHWE y=0 kBT LhitHAlckdic, ¥
REBMERE -7, MEAHER (26) 12 y=0 T—o
KIEADT, FE%x —y, BEHL, y=y, KBOLTH
BOEREM: (65) Fid (66) MEKILT S ELEZ,
y=y, THEIM i LERBOREM (66)” DEHE
RAHS, MBAEBAUNED wux=Alny/k+B, k 38

O ARFTERH AR E



76 (270) , 23 H
EEHERr—VTH5.
u/um=Alnylk+B u=ul,.,,  (68)
(u—u,)/ux=Aln (y/y,)
Up L ZROTERRLERE LTSI
u/Us=(Uax/ U {Aln(y/L) — Aln(k/L)} + B(uz+/ U.)
BREHEEZHNT
e(duldy)y=o=ul,=p, —1=ul =y,
e(Auzx L] Uay,)=(u2x/ U A
XIn(y,/k)+Busx/ Uy)
ko/Ly,=In(y,/k)+(B/A) (69)
CORICE > THRAMHER y, BRED. BEFICL =
ODIEIWHBER L=k Bl esntx, R
ko*/(ys/k)=(ko/k?)/(ys/k)=1n (y,/k)+B/A

ko* BBAKBOREE, B, Bk THRZTZHE
HERRTH-T, IELTHE 02cm OEISPHIMEE
DBE ko=1.5%x10"°cm? k=0.2cm ko*=3.75% 1074,
LoHE, LOFBRXORI y,/k=012 TH 5 hi—
BT

ys/k=f(ko*) (70)

ThbH. (69 wwk-Ty,/kKThiT (68) iITA
FTHL &K > TERETO slip velocity u, d3Kk%
5.

u,/urx=AlIn (y,/k)+B=f(ko/k)
u, =tz f (ko/k) (71)

THEBEE o, HER 7y -1 k, BKREH ko
EoTREEDT LN DD S, BEHEE ws 2 u (=
{gbl/2}'12), k/b itk - THhRE S 12T L EEZ N

u,=gusb/v, k/b, ko*) (72)
ZhidfED Poseiville MO DFHA L BT 2 &
U Ju; =W b[)0 D=(0+2a)/ {o(1+ca)}
o=b[Vk,
a: REBEAORK TR (=ko*)

BB

slip velocity Z T, HRBHOMENIFLBXH
& (66) (71) &b

U=1+u,/U,— 1) exp (—L%/ks) —1<y<0
=1+ Alko/ L) {(u2/Ua)/ (/L)) exp (— Ly /ky)
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UL, BRABROREIGRERD BEBREE uy, B
KEDHRERE L, BKERY ko B EDOEKE LTK
Hohte, TOTLEERTIEROLH LS.
BEBELULTEREAOND0DR ko LLETH 2
»5

ko Vs Us
L | e(du/dy),-0=(u),=0—1
—U=Uly)
I | xt¥srAa |l
k Uk
Appendix
P=P,+¢P,® +2P,?
+e*P,Y et P Wt (ALD)
U=U,© +cU,W 42y,
+U et U, 9+ (A2)

&L, HERX (55 KlRATHIZ
dP|dx=dP, |dx+cdP," dx
+e2dP,'? | dx+0(e?)
=d*dy (U; Qe U,V +2U, @)
— (/U@ +e U, W +62U,@)
—(CRe,[ ) (U ) +2(U, )2
+ AUy D)2 4 42 U, O U, ...
+262U,9 U, U, @ ...
263U, D U, 4} (A3)
/€% 1/e, RBIH, ¢, €% &3, ¢4,
DEHEUBT I LickhrREANB OIS,
U9 =0, U,®=0
o) 4P, [dx=—U,®

O(e) dP," dx=— U,

0(s?)  dP,?|dx=d*U,? |dy*— U,

=—U, (0 dP,|dy=0)
O(e?)  dP,® |dx=— U, —CRe,(U,?)?
0(s*)  dP,W|dx=—U,®

“'2 CReP(Ud(Z) Ui())3
(A3)



FEKHREEZH T 5 FHNOHENITONT

o dPldx=d]dx(Py® +eP,M +£2P,D +--)
= U, D —cU,® =2, ®
—e3U;® —3CRe(U, ¥ )?
=—1/e){2U,P +2U,® + -}
—(CRe,/e){*U,? +---}
=—(1/e?)-U~(CRe,/¢)- U*

Lisy, chid Darcy-Forchheimer DRt ks &
. Ric EREA TR (59), (600 DX Sic BEA
USBEREH ply=o=Pl,=0 (du/dy)y=o=(dU/dy),=0
=(1/e)@U/dn)y=0, Ul y=0=Ul =0 ZROIHIRAT
hid

1. pOtep®4e2p® 4e3p® 4o
= PO e PO 4 2P0 4
2. dldyu® +eu +eu®+-)
=(1/e)d/dp{eUs" +e* Up @
+e3UpV +}
+ddy(UD +3 U +--)
3w eu 2y 43y ® 4.
= U W 462U D 463U,

+e2Up® 43U, @

¢ DRFEEUBTHIIEARE L LTRANB OIS,

o) u® =0, p(ﬂ) =P, (0}
du‘“’/dyzdu.(”/drj
0(e) u = Un(l) pu) _-——__Pd(l)
(A4)
du“)dy=dU, (2)/d,7
0(e?) u® = UB(Z) + U, (2), p(z) =Pam
du'? |dy=dUs® |dy+dU,? |dy

Bl & FgkIC HBR (55 IKRALT « OFFHLHKT
hid,

@ny 7
o(l/e)  d*Uy™®/dn*~ Uy =0
Th& LoHmREHLD
Us ™ =(du® |dy,-oe*
w0 = Uy =(du® [dy,—
o) dP, [dx=d*Uz'® |dy?
—(U; @+ U,@)
Darcy OX, (A3) & (Ad) &b
U™ =+ (du' |dy),=0€"
uD | o= U@ +du'® [dy) =0
O(e) a*U ¥ [dn*— U ®
—CR(UyW)?=0 25
ULDERDS
Ul,co=u'® +eu® +eu@® 4|,
=0+e(du® /dy),=o+e2(Us® +du'" |dy),=0
+2[(Us® +du® [dy+dU,? |dy)
—1/3:CR.,{(dUM dy),=o}’]
=U,;+e(du/dy),=o0

+1/3:¢°CR,, {du'? [ dy),=0}?
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