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II. 2 J}r.~.S. £l-bc,. Or. ".~. TolIN ..... DT L. ~ . lo.bl . 

-rr .. lk _I" OOS i D ~ I II. """"""""'- n •• _ h. ~ oIM .... d ,.." Row 
Ilopolcb _ .. 10 Io' . .. d ,.",.j ..... """ol p.eMl" ••• dien! 8 up 10 101 Th. 
,~ ob_ ... ,b. _·0.,,1 .. tff .... h.-c' siIni&cuo! iDftI .. cc 011 ,b. ~do<iry 
p<06lu. n. .. off«,.. .pp ... eIct.ty. ,~c.~ _ 10 !lie ~I .dp.es" 
iIIe, .... III LIM _~. ofdolvdaocf:y...d ~'*'. cIo-u., dJta h b .. irI 
........ Dp'k ... .r..e.u eo doe &id !low dur.aaU"IItiQ ad! .. rII. IxIouIdary 
fnr:tioouI oIn" tilt. frieI .... oI dr .. .duted ~ ,Ile fOticI .... n. (depPCd .. o.rtYI 
P"'''''''' cit",,) .Dd .... 110 ..... <nio ~ .. "I. 'IU"QIII rlIuow 'fI. C~I -r-. 
resuks r.I>ow ,h ..... " Oollu""cc of "", ... eli ...... rI • • 1Icr. rht_ .. ,. tbt pop • 
• adius ,"10 D. D.tty"""","" o. .. d .... Rqor.oIdJ o.:CIIkrr:- '*'" totoJ dna: _1IiCiad 
Ir ,ed .1 .. OIl ,ho bo<II ..... o fir l rIwu <0"""_1 The p.d""O<i ,ewlI. 0( '*'" 10121 
&it.- II ru-.... of Ro)'Doidl 011""" 0JLhib~ .xcell .. " 'pec","", ...u E."", 

"'1"_ kt.od "" tIr. ve, 1M.. po",~,y ' . "11""d of lb. &-c. p .... OSII)' ... k 
coehm/. ,be r .. , 'hll ErJIUI OC]"";"" Os 0150 ""lid fo. porou.s mc:li.o of ....... 01 
......... 01 ponrclet fOo, .... I.omio ... ,racsir:nr IIld lurIiouIaIl rea:r-t 

1."171 / Ro.+ In 
To ~ 1M.....,..;c.u rQIJr .. .. ..-<plriotental."'eSI'I1I1Oa "" . .. ...nod ""I for 

LIM no... of ,.."'er .. I ......... rube filIod.... 1M: e ..... ' 0/ ........ re< of dm ....... 
:; 2. ' . ' 7. S . uri 6 :; """ 'f:III~. COlllPl~ w.oh predir:led na.oIr.""""'. 
~ 1_ 0,,_. uri Pf_ rII. yolillily oIril. IDOdd. 

I. ldl,nc u'lion 

Flu! 80w ... por_ ..... "l/ftoIof <OCM_ .... ' .. (of,'" PIlI M 
....... ..,. 1'oos ratctea II' '''" &.'" .... coo",~tiCl.cd p" __ n . .. _"red ...... 01, .. 110 ... 
,rt,,,,,, II yoroUl -.;I;" • ."d <I '01)' ""~. IVP~CI""'" .",Loble Sud ."Ir<.o._ 
CI~ II< ~ ... d irr .p;c:..llwt., ............. "" ..... 1. .. , .... _.! p,(H6CI_. 010,.",1 
.................. - ••• _ IF"*'" """ <oooI .. ~ ... "'I"JI"t'WIII ...... byd:olotJ. "';1 
esc"."" dry.o, ,et' "'13' . ..... _ <OOIrq. ",OIl "."n" be' l ""dJ .. ~ ... __ ,..-a. CIIU)<oc raa .... -.d fi>od P'_sang 1'~IurOlolY CO.,cqu..,dy. 
-....&in& tlHo ._or"" " ........ n ]lfDCc$OtS II of CIlI; .. 1 ..,.on""",. 

,... ""JO"')I 0( .... ""'oq ..... I ...... ' _ I. rlIo IIorr.Jd flo.., ......... 
II....,.. ill ,..""'. 1t..L. "'ION _ 1M 1lIrn:y IIoow -.lei. n.. .. 00 ....... -'" of 
Vd ..... r_ (11 .......... e.d 10 0CC0IaI!I ro,bo..,rlotyud_l .. ftcU""rorud 
'''',,·*<:'M Bow '" pO'''''' muI.. V,B. (21 ud Vd ... olPl.\ICIred"'~, of 
Ilow oh"" ''''8 <>II f.«teI ",,"VOCIIDII .1001 • a.. pitt. ",-aicaIIy oad 
c~Ioll)' Ko .... y (.) ;"" .. "p.e<I • '-'Of Gow IJuowp _. <DCdiu", 
_-.c loy _I iMI porolltl p ll'", ...u "'. SJ\II . .... _.",.jed IIowtOOllellid 
.... p.M -r. pOI'Hif) .. d Nebyur.o It ... III IfIlled do. Wi ll by I eoo. ...... \Iu! 
...... perl,' aIy.-r- ... U ........ awr... PoIik,kOlud Rerokao I'I-olyud 
,*,-O\~ 11M. iOn>ed flow Irr I cbo.MIm.I";" porOUI ....................... ed to. 
tiM o!IiecIl or Bow ill..... ->obIo. pew"". IIId S.-.- &nr.. 800 ..,. otid -at 



>llIdy IbcM cfteetl 011 cbe fluid 0_ cUn<ccrislito. EI Kody [1] ........ taI 
c ..... , .. . ully ~ fOO'Ccd <o""o<c ••• bea. cruJkr ad Oow .. III .... u1a: dI.,..,ellilled 
..,110 po __ modia "lao, ""0 <Q .. id . ... Oo. oil. _ D.", ... tft.e.1. Cllenl . ... 1 [I, 
0IUfyucI lAo< lOre..:! _V«tioa .. 1110 em.-. "II- of. p..,kod ck ....... _b 

Isr-nt= ~~.""" TH •• nable potoMy dole III .. spmnublc \IoodId1f)' ~u Ioeao 
reponed by. Gumbel ofinvHlls"".n -.. I) a ...... ,; .. d B,oslIow [9] n..,.liIo .... disr_. poto.')' vlrial~ ill 9..,\ed bed$. 1,.. .. 'QUIII5/l0~ ' h.g!> PO"'''')I n~ 
.. .., '0 1M <:<I.UIIII bo.....u.y c ........ .,.u. ... ud VOI'tmq'01 [101 ...... lb. 
-..sur_u orB"'~"1 ud B.osiIow 191 ,0 IOIvt MMUMUlI)' flit 1M vtlaclf)' proNe 
ill i>cdIennal podell beds WillS ODd 0.. (Ill I£iO/y2.ed .. """"""",,Iy!lle IOrud 
COCI~e hut """.r .... ic.. ven",1 IUIIIulus 6C1:d "":,b po'OII. "",w.. Awui ... d \1.6. 
(I lJ ....-Ia .. nment,ll)' ll>e fOt<:Od <OIl ..... ' ..... iooo""".,.,blo Oow LIIrouJlo. p ........ 
.....! ... .. ~ 1M .. ....,i .. ocI n'.lI>On ~ 

TH 1.";=1 I~.".~re 00 oil. Oll>d Oow througb. porous "",di.o (p..,ked splo ... 
".1$). 1M' ,try bml,.d "' .... UOM mtorcwtion ... til. iIIJIu""". of conoid ..... 'be 
_.o.ra.. rfftcu ...,. as die .-.naIo1e ,.,..0W)', Gow .... rna. ad Y1ICO .. 6ictooe .,. 
!he 0.111 Ilc;rw tIlllla.rullCl. II is 11M" objoa ..... or,u P'P'" ' 0 P'''''''''_ ...... lyoio for 
d,e Oow IbtOu,p • circulI! pi"" 6Dcd "U ."wlled POfOUl1Dedio ( P'.~..:! opto ... 
beds). .. UtS iolO ")f.SICI", UoD ,lot vori.oble po<06I1y. Oow locn ... lIId _.s mell",n 
XIII _ ,1.1 oop:fk&III 1D1bo-.. 011 1M fluod!low o:tu"tlctUl>c.S well u do. bouDd.'Y 
Ina_II d .... lb. bulk mcuo...l ...... d.ced by 1M solid 1IIIm.~ (desopH" Dllq'. 
,..usu.c drop ) ..,d Ib~ OOwioc"" ..... 1I iDdu.ce!I by 'be IIOIid _Iru< tc ~p (Iow"In 
("""'so..! at Fouc.b.ho'-", 60"" dna) 

III 0<4t< '0 1'ottaoIM. ,lie ptobln>. ..... dy, ~ydrodl"'1IBICOI1y io.II)' de-.-.. IOjIed 
Ilwd Oow ... hOlluIJu.1 ... ad" PIP" 6l1ed...m pICked .... cs ••• ,.,.._.....n.m II 
C(losockred II il ...... tned .... 1 110. !lu>d aO>d 1M sob<! tDI''''' It<: .. local ,b.."...1 
tqIIilibr>"", >nO til .. tlooI "",,,,,nod .. ohh. pbysoo:.1 p'o"" .... " .. eII •• 1M ""'OlllY ."d 
daSlC)' arc Cout.wl, T'Ioc pbysal Cftlil" ....... oflloc p. oblcol OS *_. fip'e ( I) 

Under th •• e .w""" ......... 4 by tre.""s rh. IIObd _In'< u.l I •• flu>d " " 
<_;",. ...... ,h. imp, ... ed Da,O)' ''''" ..... '''''' «I""ioa ,eclllclwlI tbe voKoU' bOlllld,'Y 
mo. ....... d "",rul offea. at. o.w:d 

..... eR.. u. p. P. u "'" doe ~ .. Lb, ...... 1 ~ '- !he pt ...... Lb. 111.>11 
6<0""," ."d I •• Iluod dyu.amc.....,...,. .~tMI)- , ..... A.re .... pa_bitif)""" 
'ho ... n" coc:fficon< (forsclllo .. """ func"",,) Dr,~. 1701'01" _.un MIl ... dep.nd .. , 
DO tbe porosocy • MId odoer S ......... nc.o.I pll ...... erl of I'" med,um. n.c .. pit."' ..... 



M. ' Or . 11.5. (I-bd,. 0... M.~ . Tol".1OIII Dr, L.H .~.bl. 

lie ,ivta by E,~ [ ll1 ror b.cked bed<ofode.Mical opIoeric.1 budt o(di.""" .. d .~d 
~OfOM)r I II. 

r . ,tl.J / p no·. y] 
... a 1.7~(l.l) / [ d .J ) 

", 
'" n.o p_ 'pp.o.<:II u""s eqo ... _ (I) caa be IIIOdfromy ..... O(D_ 

!).ow) \0 , .... OIl (I'IIR Owd tIow~ Tbo fint. _4. lad Wrd lCfIIIS .. lII~ npo.luowI 
<ode of "'10_ (I) ore ...:p~$ fOr tk boooia.:Iory v ........ <I". """do wU 

...... 001 &.",. 8 ............ /I I I, Oatqr rna-aldnl...tudl ........ sobIofortIK 
P"'- • ....cnan .. <I iHnii d"'l-

0.... '0 tIK IIcI 1)'1, "'" p.ndo dUlMltt <0 .~e pope. "'OWS ,,0.>0 MD-;s I" .. 
_ .... tk '_IIEY ........ Io~ aU' <be ....... IIOIoIoS" H&JiIjbII. Th ... ,." •.• II 
1....-.1 11101 ' h porowy "'&- VI,," up~ 6-0", dr. _II. Tho ~p.ntI!U .. ! 
........ of Bar..,IU II1II S, ........... [9] 'i" tboc po<o"'Y V1n.onot1 ..u:h" ule<l b l .. ",. 
Vou ... 1 131, Poulillo kos ",<I Ito""" [61. nd Mulonlll .. ",<I K.r locki IL1J Gin bt: 
RP<_cd • '" foDowral form. 

I a I. (I_ " o"l'< •. )'Id )J ,., 
WIt... y" .1>< disllOU uom Ibe boundary will. 'e is tho Ii .. '''e .. 11 JHl'o<il)', l od the 
""",,,,,,,,I COOlUGII b ... d c orC depe.d~' ott lIoe p." icl< diawcter. 

N......nc.1 p,cdlcr.,,,,,, we,. earned Out for. P"'- IDedio fo,,""" by "her. of 
dio ..... c, ;. " 6 .. d • mm. The con"ull,*,- to .... _ tIK -..tioa or.. b, 
... d < ., . ........ , 10 III .. "ied by 8eu ... ., 0IId S ,., __ [oJ .. 4 a..Old, .. ek},.", OBCI 
VOI"!IDe)'Ct 1101 .. d El kldy 11] .mool atbo .... '" 1M ""-of d a), , ...... ILw V. "'" of 
111. 1' .. ........ , lit .. • 017, b _Oa .. d Ol l oad ... J F.tI .. I-,"tbo oth. 
1Io.od. \be vllues or ,1M p,ra\DeICra .ro'c - 0 n , b .. 0 , _ < • 2. FOI dJ,o '"'" or d -
6 mill. <be rollowlq vWu.ro ..... !DOd ... - 0]1. b - 0 S) .... l 

n.. """""''' coodllKllr. 11l'II0'" ... llIe ~I rya .... or • ...,;r_ ...u. 
ruper:r .0 .... ""'*L ... ,.,. .... dI. CO IIP ... tooaal60 ..... drill ........... o(o • • lu.lfot 
llIe pipe ..... wIudI do! w*-y • ·0" ,- '0 

Usml\be a.-SIOIOku ... rubIu U - u /u.,. R · d'g IIId D -dh~ dr. _ ...... IUG! 
......... (t) """ bot "oosrort1lOd 10 _ d!C>Cll1lOul fOrm ole 

whe, .. CI -OO I 0 1(1·.) , 

r - " 'oz _OZ,J / [17,p· ljZ ]. 

Re -Zu", ',Ju , .. d 



8 ",(}PI;'" ('oJlpull 

.. .. 1M O'oCn,u IIucI o;dociry iKludiao, Ill. ooIicI tad fluid .'&on' ... d B ;. lIM: 

.~-.lp«U& .. ~ 

1M ~ ~ooell dns <OI> •• iU.III "'"coli c:bf'OCl.n.~1 of." cl.:oo.aocl 
.... , • is da..-ed II)' the &.aloe c:odli~ ",iolcIo II ""bed I. (16-I7J , 

r. " '. 'lin p";l (0' 
wIo<r. 'w .. !he __ .... 0 ilia.""''''' 

"f "~-'I" 1oco1.~ .... 1" ,dot,.,. • til, ~..t:.-ioI ..... 01 YOIumo 

1.0 """,,- .0 til. bouadary 1hc_1 d.os. lloc Go..o Ill •• III. poroDO " .... 
cqetococes .lw I bulk liil;tio.ul dn, illduud b)' the ~ ..... rix (dellped 1$ Darq'. pr_. ok",,) ad I !low Ill ..... dr., ;"du"cd b)' tile wlid till ....... !uP !low '"'. 
("""Pat .. f ... ~o 'IInII ""S) 1\e bulk 5ietio. (0..-,,),) IDd ,b • ..enll 
(f"~J d .. , cectliaal lad 1M 10111 bulk drl,..mcJr '" I~. auJurII,iDu orllle 
.... 4 .. , IYP'" I .. defilled [ 16-171 all .. ~ .. S-. 1M ""rWoIn.o ..... "", •• iou..,d 
d"hOII l OI foIIOWI 

ID"I' J.'I , .. "fl."n) I[!l. p";l (1) 

j,.OI~3PT .. .(II, .. O''';('J2)I[%pwrl IS) 

f, .. - {dPldxl 1."n)I[V" p';l (III 

..... J." dI. ,.......,obiliryb.ied 00 Iloe .... 11>0"" por .... 1y '. 

I '. " .. lI,loclfameMpOfOfllt)' o ... (r/ro
I1 0 I •• dr 

I." 4 (dtlld.ll.~ ro IJlCf 
ID" Yo Oo-'I ll., 
Ii .. 001110..(1 ' 

I, .. I~ ·In~" .. ~BIJl.,l 

w!oen o. i'tlIeU>QdI~.do. lc)'n"mb" "1 ", /(~ 'o10.J 

( 10) 

(II) 

(11) 

I III 

Ref II d,. ileyaol!1l mu_. based of.I,. ~. 1 1)C1I)o Of , ilOf " 2 uf 'rl u 

1n .1>o p •• sen. .. ..dyC<jul"O"" flO) -111) I r. u.!Cd 
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, 

u-o 
L-.. ___ ~ __ __ 

• 

~~ _old. COO,,,"",'" 
$)'SIt'" ud boWldaries 

, 

, 

I. ~uP: 
,. FIow_ 



FilLl" diff.rftlCt eqlllliol .. demod ill .. equa';"" (n Hook tho fi,. I . d toCOnd 
ankr defoy"ives were 1Iiw<liaod by .... _tnJ dilferau fo,m..! .. ! ISI. The 
Fo,ICIlh.,,,, .. nO/1I .... , ' e"" .. "elrizcd by ~, ... ..J ~ of lIIe vdoe")' 6d6 
" .U ...... ]lrid poiol',,"dd d.e oClll.liour , __ .......... 1.,1te p.aduel afth. wtknown 
.... Iaciry Md lIIe pelSod ¥Cloary n.. ~ .. otn.c <qua<ooo. II """ ... "SIllS Lb. 
Gouu.-di""tIO ' ioo melbOll {19J lO)"del tK Holoa.y &ekI. A ,-.';,ble snd fa ... e.."'e 
~ of !be impofI ... , DeI'-w:alI ...... ...cd ...... Y-dire<:t!o<I ,o obI,", the 
mo""",,,,,,, "",lI ia~ liDlle d:Jf_ furm. 

To .... Iido,. Iloc "'''''..., oIrvdapcd'-"" 1Mi1llllly. c.qo........,tlI wdy (0' 'h 
Oow ... PO'O\I~ "",til. OS ",rrleIi ""' A ""_ dio~,,(1k I ...... 0li0_ .. 
r, .. 2. 1lIc ... M<tooa is tIIId. of, <ower Nbc of11l .... 1II .. diomaa, IlId, no 
.... lao, Tbo ",b< oJ &led IlIIli'otmIy ""'" ....... $led "iIerq of....ro". JIua '0 
rarm, blCh" bed ,0 wrvell th. iOlid p_, lUI"" ..... 0. ... wIIiQo u..tdllows The 
itod .... ' u It. ~ekl ill p ••• by _ of";'" lDCSIt Iou"d. th.,wo c.d, of ,b. 
rube. F .... d.i!I'Ucot, IIpttue "_en ... u": at. _ eM~. n.,. '" ) 1 • • O • 
• ' . J ..... d ~. l GIlD III di . .... w re'P..ctlYtly Fllliol tJowo tilde, ,b. ",...,. It""" &om 
I _ ..... Io .. d Ilok 6.0 III olio .... oM '<$I wctiot. T'H """"" """"" .. kep' 
~~IoJ .. ,~. 11---'''''0011 O\ICII Oow'YS'tDI.. A ",Iibn,"" OfIiu._cr .. Qt.d IS I 
~ .. to _SIlrc ,10. Co .. fI" ",d 60m wiU<iI ,...,.....,. veIO<,,),.'Id Il.oynokh 
_, oftbc How we .......... ,<4. Aij.RIb<-.auy ~lDttet"~<4IO 

CWO pre ... o IIPI )o(.o,.d /Un ~PIl1.I" "'" down ...... 1k \QI ~.'O "'"" .. '. 
til< p",,..,,,. chop .100, th"eI! .. aio. CooN, th. exporimtal. tbello", role .... ".d 
frOlll ~.2 .• ,0"6 10166. 10"6 ,.l,., ne~ ................. perfooOK:dCU'l:fiIIIy. eaclo 
...... t,b. up ........ " ",e", uti,iltod " ,he Lor .... tlow nlts; .IM oIJje<n>e _. 10 
,.-oduce ....... , .. Iuq of Itte beads tod to p1C"QI 1M d!Uu of .... P! pom$l()' 
<HI Itt. I'rei"'" chOp 0$ til. Cow .at. _nlrie<l. 

lbe V.lot:iT)' di1lribu"OIt _til, pope Row II I p_ • ...t.. ...... I <11 __ , 
~ ..... ' 111< ... Il It 0$ cOII"d.,ed tile ..... dnva ro. ,he1te/l_r oflk IIov< 
douoet .... "' •• ...ctr Go ... typeS. lot Of"'" 10 ~ aood u,,,,,,,,-., for 1M ./!"ee, of 
til. dill" ..... 1 .01lOel."" p"''''''''' RI~ ",., bc.ad di .. ,leOfO dud .11>,00 10 , •• ,ope 
.""_ D .... 1M no.. ch'''CI.~,", ,be .. elocity di .. nbul' ..... ~ !be dtlftnc!iut _lI"ee, 
wca sr..diell 
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... 
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f"" I 0.,"""", oI, ... ......... d/w I 
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