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Experimental I nvestigation on.Nonlinear Analysis of Unsteady Flow
Through Coarse Porous Media
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Abstract

An experimental investigation of water flowing through coarse porous media in an open channel with free
surface was conducted to better understand the mechanism of energy loss and changes with flow velocity. In this
research, experimentally, investigate water flowing through coarse porous media in nonlinear unsteady state .To
cast light on the analytical characteristics of unsteady-turbulent flow within coastal rockfill structures, an
extensive research program has been carried out using the open channel flow principles. Crushed coarse
aggregates with pre-determined gradations were carefully packed in a 600 mm wide flume through which,
variation of pheartic surface as a result of the tail-water variation — to resume unsteady flow conditions — were
optically recorded by means of a set of piezometers installed along the flume's side-wall. Discharge rates were
measured by a calibrated v-notch and the tail-water surface variations were precisely timed by means of delicate
electrical equipments specially designed and manufactured for these experiments. Observations on the flow
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media. b) Although a third term defining effects of unsteadiness may be included in the above mentioned
equation, it is of little engineering importance. ¢) The nature of hydraulic gradient (i) variations versus Reynolds
number (Re) — which were plotted for all sets of observations — confirms existence of turbulent conditions in all
experiments. d) Our unigque experimentation set-up adequately resembles the actual prototype conditions.

Keywords: Coarse Granular Porous Media, Forchheimer Equation, Nonlinear Flow, Unsteady Flow,

Crushed Aggregates.

Dslee S5 op a5 sl 1 an s e salS Sl S5
o5l ool el Y dolae s o (3 Jedlsis
NAFF Jlu 53" 0395 o3amed SUiiee 51 015 o0 biuly ol s
53T 0gmeily D455 Jla 3% 0S50 1800 Jlw T3Sk
55 S5 NAVA JL st s NAVY JL s d VAV JL
5 oessbasS Yoo F Jlu s ol ey 55 858 UL
LY A b s Tl e 5 Kax 5 Y8 Jl s o s
sledo gl o Jus Gl glaide (23, L G 0 S
Sy ol Jsdsme glada e jo [ Busle Jy s
[VO-V V] whazs s

Ol sy = (Sbo (S5 el w Ol 5 sbolen
sl 4 31,8 il i oy 2 3550 42858 s ot
5 il e 1 Sboles ol O g8 Sladlas Ll
Sole ssz s Ldaly 5o 50 Slallas Swlleal, ool 55 ashsls
L s s sleoled 5 G50) seleds b ol le dolas s s
Jlw s w}-‘u‘:’ﬂf, Osper liina sl S s (a5 (o m)
SJLa AAFY Ul s Plew S0V Jla s T A8Y
53900 Jlow s Vol lSan s ols i NAAF 55V L Ses
sl 2 0Lz ANV 5 s 55 o i 4 ol s
O Llw 55 0l 5 o0 G50 s sba |y Jadse Jams 050
Salss s 2 53 0z glos Saw L (955 G‘y" ok~
T 0300 0l o (S o8 Lol 09550k 2 (o oS
25 g0d sdalin spt g lagy 508 5 b S

Qs ($1 G ) OB 5 Sl wen LS
oy S st 5 802 Glagl 2 (sl elie sloaly
3 dbe bl (LS 2158 g 3l gy Lol

Dudgeon

Wilkins

Parkin

Johnson

8 Leps

9 Soni

1 0V0| ker

i Fourar e_t al.

1 Konstadinos et al.

13 Chengetal.
Polubarinova

Tek

3
4
5
6
7

Hall et al.
Burcharth et al.

1Y dlesligal

doddo —

P e W 3 ST BRPY R ¥ PN Cn-ﬂ 53 0bor S
S5l s g3ae sladue sV 503 5 Ladus 5o ulide
SV o Sl LY 5 VS o L] (55 50 slaasl
Jslacza slnis 2 )LS s ails s Josdize slnlar e s
Solss o0 s slebidow sl 1 el s 2 &y p0n
Sl (@ + 0y =0) kY slas s s Ly,
(V) 0lozr S s o pdlan 50 B slea [PV e
S adaly 50353 135 s bLisl(i) Sdosae obsl 55
ol Sz sLassl [¥]s s aalys 33z b Sl Oy pon
Lo e cwm (1) (S0 oLsl S 353l sl
slecig 1 S SUSS baly s cals o Flas s (V) ol
S Gio 53 Ol e |y sai 6l Ll gy (poles 4S iy S
[V]s 50 ganail o 5

i=av +bV|V lalax 53 aal, (V)

P I FYPTCAN P YUV P 5 PN PP 4
sates Jlsne bise s 0L sla Sis 5l ol S as
TN 855 s s 23T (sledss b Y samn

sl il ()

oy ol 0 S
I 5 Jsbsite Lo e Dlo goas 0 4l (5 5Lienym
ol Ul i g ¥ sl 3l el & g [3] aizen
o0 SSUS s G 5 il ol Sty o alal
SIS0 e aS Eal S5 L 15 [V Y=4] 5,8 1,5 sslind
Slssome o by Ny m el o s b g 0 olii=e
sice ) 0l sl e Sl e Do s
sl 3lin e Sl 6,5k v s wlesls (s

i=mv"

3575 seian sbansls S| (2550 45 same S s T et 0l
3529 2S5 (kg (DBl el oo s Bk 51l
So el e 3 0ad b 8,8y EI381 @B S 55l
Sad s slael 5l (casida s s game 55 5 25 e e
V1o 3 ks ps el plie o @ LNy M ol s ol 5 e

! Forchheimer
Reynolds Number (Re)

IF9) Jlas £ o lodi


www.SID.ir

sy Sean Lo 51 S (bS5 a8) Ll S gl

ol o.MT \ LJJ-*’ B ‘.b"a.MT

[Y -1l bl 3 Jolsbyayl o) doar

bl s e
S CfY RfY Cvo RV
Ve Y Y Yo Yo (e skoe)D il a
VA NNV SRRV o SRNNRY/-\ IRV $2 (203) N Jsdss
VY VA VA A R VAV IRRVA § as(Sec/m)
\ZAA SR VA2 LV VA L SRR L VA bs(Sec/m)®

s L o lae SR LSS (onSo ganats b o shead 3L 500 S'C
b pllas 6500 SIS (555 ganaes b el

iSlaalin slaosls o 2 sledsln & ol 1 0Ly
3 Sdsaa 0Ll S o sl b 5 5IUT 25, WS
Sl gledaly S50 s e —0L 2 sla iy Sos
35bsh (s 530 23 Dogok S ules S
a=fun(p,u,T,n,D,t) ()
“-194.‘) Q{‘ BL "
Tl o3 Sl g asals Al (65,318 Hedlow il p
tedae Josdss N pdlan 550530l D ST oys Glasing
.@\Mjl‘}:?al}ajguj

Db 5 Jodss o o5 5500 llan o (5l oS ihals Lt IS
O e el 5l g s ) Jite (S 5o 0Ll S
2 (Sx) oA 5 (Bl e lie 4 wilba s 4 )
RO PR PR RPN R

0Ll S s tagy laadl 35 U5 gl
Sdsa olosl S Sl 5o i gumSeslasl Sy
OLasl S S uiles ;S (g St g0 e s 1) Sl
ot 8l sl sim (S5 n s ¢ (S0
338505 s0e 5 (mb(io) (STasae 0ol Sl ase &
O3t 05 5 (% Jans e 5ot Ol 53 S 5 () Sk
Jitso o« os et 0L Ll b (sl 50352 (D* )3 5luil amy
ol Ri o g 5 30 3

SIS slaasly jlaelssus oLl skt dlie opl s
st i lasl SLas coms Loyl 5 5s oS e K55 Jo 55 s
B s 65 8o slaosle s maigs slag S gl el
Jlse Lo (555 o Fhalidio 83 S (205 w3
IV 630000l b oot il ks

4 Regression Analysis

1M9) Jlu & aglodis

[Vl st 550 aalsl s 4S5 Sy ol ol
Shaas oy Slog 5Lad om0 g5 G 5 sl sy Sl el
=55 8l 0s Sapd al)) Jadsas gl g5 o Jw
Sl pSd s 53 Bk 2 slagls > 5lesl sl A
Lot lol s sl o bl s ol s (sl (550 80
033730 Sy ge 53 Ssls lits S0 Ll 55 ealed s b dslas
AU ools gLt 5y ites sl b adslan s o5 e
33 Ol o Ly s 5L adslae s ol 0L 3 38 s0Sls 8
D13 Slaal o Sl S5 bl s VU sk slelilos
o5 sl 6,18 30 (S8 sl lis 4 s game sl
Q.Aﬁli,o (53)‘,3‘_}.5&5:5343‘; aj\.\i\ sG}A 6\.@0[.»5: ;ﬁjuu\;
3L e s S Sl il os g 0l ol oo Jdie b
o) 30T 51 e o Gl (5 s S WS e ol sa
3,8 ol 5L lazs! & Jlia

83_3\ )'\ JS.:.:» 5@\._.3 Slaslie BE) sslizul 390 6\43\; Ja.:zn
dezfuuju_éhx‘;ngwgurf‘f“ﬁwbcnm
s S ania 35S o s 5 ganal U, T o sl
ol dbie s T (s i b Jidaze mllan Conslin 52
oSl B Cambsn 5 Cgr (SIS 0 o le el o als
- rJ @Lﬁ&tﬁ‘)‘ ‘.:\.‘ Gh:a.nd‘ nJ.:.& 9 J:J:J ‘LT’LE“' 6ﬁ‘) ‘Lmt.;\a
o o o STe (ol B L) S35 (655 gladils o5 55
5L et .8 LS pllas sl oalas s ilsls ol
ﬁu}Trﬁﬂaujsﬁaupﬁ@}uﬁwuw
(83,5 slaalaln b 30 s shiten ioen Sl sud
2 8l S B e 5 S 5s b g calwsis o3l 55 s 1 Ll
lsls 513 s 5 S lesl 35 sm 0SS

LS ol Slaalie Lo 5 45555 53 Carad bl (gl
25 Bl lapls 2 o b ol s il Szl 5,8
Basbe st slagl 2 55 (ol SI) 03551 Canses 5 'S5
5 135555 oy Sliime sloamily I Luly ol 55 o
o5l S s bptalesT  shase o & LV 4] whs S sslizal 11 2
Sy e sS Hls ol wagn s LT s Lid o
sl a3 S

";"‘:"’L"'G%f:'“r':"’)"&wi‘ﬁ&ilﬂ’ﬁ\ﬁd’b’-‘(ﬁ‘u(ﬁ‘
ol el 5 (D) 6l ks () s ol ool

; McCorquodale
Hannoura
Queen

ullsls g ol 1A


www.SID.ir

ledigy 93150

o3litl 35 g0 ' 2B Lo3T 4o gazno ) -¥
)ao-"&_ﬁ\.«iduhj};w\):nw\U)ﬁa\f&ms\‘o\;\k\
W b UL T s e sidasls Jaalas ) IS
39> oS dS e Slu A 556 5 e Ll A gl
sy a5l il il ) glategy ity OF i ¢
5 e /7 Ll 2\ 0 J}—‘“{;ﬁi\g%;}&%r(ﬁ@
Sl 5 52 m 95 4 e 5 Blid slaslas b et /P Ly
s Sy Jolsie ame Ces VU o OF s G35 (i
Cs oy 0 Ol e SIS S sl (51 e
b S k5 s gbs il s o J’ﬁMJJ’J‘-"CAJ‘:"“
sslizl 0 0518 el S 31 ol - ¥ U8 SONINCISPEAI R STV CE RPN LR W

Mo

=+ 0.1

1o

TE ! H Jﬂ
g 0t ©
| LI : L |
Wk b2
S 02 e
- 15- 4
(2 4 olal) 0O -l
A 06 ﬂ[
Sump
- 0.4 H |
- 1.8 ik
(= w sl AA 2 -0
g e | ~0.6+ .
[TTTITTRITTTTTI] LI T T |
j N ol |
; M ; i 1
| — 07— 1—— 1—1{-]—5-3:3
15 1

(e 42W)B-B 2u-g
(thx:&)fébJ&}jg:):e:l.é.‘;.a\a)}orjb—\ JS.J

; Experimental Setup

Sump
D “ . 3 FAume
oo 15 bz ke 2,5 K 3 5] 2T Y
CMa.a\JL:

V4 allsslé g ol 1491 Jlu & aglosis _
WWW.SID.Ir


www.SID.ir

Gogs 222

a=f/v\Y (Sm) (f)
b=YY¥/£)\ (Sm)? ()
aonS s g adaly eled 58 dslas 5ob s slie o IS

.Uhé‘_s.o
i=¥/v 4 vYe/s VT %)

Commots il 8 e Loy 53 &S s s ((6laids ¥y (glaiss

3x>&.@a>ﬂ&‘>;@dsngwgw~jy\g
d@df&bwgw‘)bé‘_;ﬂbjbjbb))ﬁdl.bf.d‘)b

dfwuwgw‘))dgdbjéjf}\ﬂdijjé
) 50 a.UjT?ja 6L€J}J.?J>.LL§UA

e ‘5.\.34.43‘.5 (s
100
90 [
80
70 I’
60 I
50
40
30
20
10

]
1 10 100

(Faihee) SISk

J&j}}ﬁ»:&h\a)_,.odajéejcll,m;d.\.:.;d\;r_&—fJsuf:
(\/;’* j\quj\/'Yﬁ\jCc),bb

149) Jlu & aglods

Sluslia L»dJ'Lm:LeT—Y—Y
E;_:)'\jo\.x_wd;a,_l.“sw ol s Sams 3l Lawla&a
N g5 b gaah 5l ey S ad 4 (oS slodls Sl s
Sy e s el 515 as et SlS wad uns 13
\Y/V Gl Oa“‘ e el i oslaslng s gole
gl oS o3l 5 (o /0 S5l g 5ms) S0 o

o3t (F a3 U3 55508) slon F/V0

=t il 4l oy e sl 5l ey
s L sl o pain 035 Jd 5 LT (S0 38 lasie
S iyl s 55 Laas s () Jilss 5 el S
3 Lg\-t.s’\.s CIL_-AA ST s e Ol s L <5L°J'~‘ oLisls
‘}L@Lﬂjj.xicﬁg)rjlé&h);dﬁgﬁb\’ (5\‘“"".’.31
340 (G345 CJL.AA 6.&.343\3‘..5.(,.:5(.5\):» ‘t\.:..i-\ Ll i s
el s osls lis & Ji.‘.‘; s ealaz

Sy i -

bl sleddow 5 4 500 5 Slaslin -\ -¥

Jdsze bse Job 5o (S gsae 0Ll S Ol i s )
Slmp sl a5 Sl Loyl 8 5 5y oa s Ju
oo Lead e i 5l sleolSe 5 laples 5o G 2es 5
FUY s 5 of 5l glaods S s el 3 Gols el
Ln 0355 58wl b s bt losT sl sl s 03]
sloosls oy (ionie 3510 L S eb S o Lol (gl 3 S
3 Sl g 0lal S ghebals S Lyl s o a8t Lol
8 y3lia SPSS 13l 3 SaS b (P aal)ad Lo 0l S e
Qo Sz ¥ s gloosls 5120

ullsls g ol 1.


www.SID.ir

(M/M),Busle Loy 55 5 (S gsaen 0lisl S Ol ks e =Y 5o
Vv

(Gl (i) aaeh) ST V) HO) S
(b
VY 0/Y0 ol
VAR A \/¥Y o/ VY 0:/Y0 \Piz
o/ AY Y. \VAIN \/50 \VANAR VI <D YPiz
o/« AA Y. \VAR \/YO \/YY  f2/A0 YPiz
VALY \K \V/YY \/A- \/YY  Yo/-0 fPiz
VALY \K \/Ya \/A- \VAREEER A WAL oPiz
VARAS \K \/Yo Y/ 0 \/YA - fV/Y #Piz
VARMY Y. \/§Y Y/ 0 \VATER R VAT YPiz
/Y Y. \VIR Y/Y0 \V/0F  YF/A APiz
VAN Y. \/% Y/#- \/#8 0 XS/Y 4Piz
/Y0 \K \/YY Y/V- VA XN /5as \-Piz
VAT \K \VAN VAR Y/ YA/Y \\Piz
VAR Y. Y/\A \7AR \VAYZRR A VAR \YPiz
</YAY Y. Y/YA a/%0 Y/oN  \A/0O \WPiz
o 5 Y/ov e R NABD Ll

93 e S g SNSIAH (6 1 e sl ) T g 5 0l 2 S V(1) (a8l g ) o 52055 05 G 205 plis T H(T)
(456 1 08l em ) (Mg 10550 55 o b sio S oo V(G0 8l o ) Hlige 2055 95 881 Jsb L o(Goe o8l m ) (Jste 20950
C«»‘JQ@L»\’ j‘j%}}&)‘)ﬁj

(2o s5le mn 2) w5 28, YL Sl 3 42850 Sy ihol 8 55 Ol 5 Ol il 2055 sj Clﬁd S5-Y das

VO dads 55 Ve dads js B dRds U,&«Jﬁ:d

0+/Y0 0-/Y0 0+/Y0 0-/Y0 o 515
5+ /Y0 0+/%0 0+/Y0 0+/Y0 Vbl a5
FA/A- fA/A FA/A fA/A Voolad ey
£Y/V0 fY/\0 £Y/ 0 £Y/ e Voosled j2e95m
£0/0+ f0/v0 \AD AR Fooled e
/A /0. A £Y/Y0 O osled j2ag5m
£1/4- £Y/0- \AVAL £V/Y0 7okl e
¥4/40 ¥a/0- va/f. ra/Y0 Voooled essm
YA/« o Y/0- YY/Y- Y/N - Aosled segsm
Yo/ Yo/\0 vY/5- YY/0- 4 oled e g5
FY/f. YV YY/o YA/A: Veooosled egsm
¥e/AD Ya/A0 Ya/.. YA/ VW oosled zag5m
YV/V- Ys/¥ . Yo/No Y¥/5- VY ooled og5m
YF/AD YY/y. Yo/\e \4/ e Wooled 2eg5m
Y¥/AD YY/\ Ye/ye 4/ <L sl
\4/¥0 \$/40 VE/AD \Y/$Y i gl

(ele)
4/ 4/v4 4/v 4/%4 (eusle)H gl

AR allsslé g ol 1#9) Jlu & aglodis


www.SID.ir

(Y& 543 53) (61 4B O 5los a8l JSle 2 Lol 555 C 5D @ s 5 (MVM) S 5500 0Ll S i -F J i

(g 4Bd) (s Sty a3 515 O i

VA FaAEVES A SERVEL L RERVER ] SRVER VIR VAR VAR VARY  SENEVERE S ARVAR ) SENEVARE | SENRVARE REENRVERRFIRNRVARRY ¢ Vv

(b %)

/YA~ VALY BERVAYZ- VAL YANERVAL VAR SEERVARE VARE VALY RVAL P AT VA A SRV [ (- FWES |

/A A UYL o SERNRVES A WV CUNNRVAS (ANNNRVES (- SENNEVAS | SENNRVAS . SRNNRVAS o SNNNEVEL A NENNRVAS & v @

150, 5 51@

Y/$ Y/8 Y/ /¢ Y/8 Y/$ Y/¢ Y/5 Y/8 \2 Y/$ Y/$ Y/¢ JBler S

SPSS

SEAYSEAY SEAY SEAY SEAY SEAY SRV SEAY SEAY SEAY SEAY sEAY ey BlessiD

SPSS

-5/YY SPIXY =B/XY =B/YY =E/NY -E/NY E/YY -S/YY -R/YY -R/XY -B/XY -B/XY -5/ sl C

E--f E--f E--f E--f E--f E--f E--f E--f E--f E--f E--f E--f E--f SPSS

/Y54 VALVREVAYS SERNRVAL A UNENEVAL FARNNEVAR ANV R ZNNNEVA PRENNIEYALY SENNRVAY S SRNNRVEVN SENNRVAYS 1(5lwlne)
(42350 ol o) CuddS 51 G ol Gty dzws 3 515 Ol s

VA {NRVES A1 SEERVERVYNEERVER NS SEERVERV IR VEAR VAR VARY A SENRVARN ¢ SENEVAR L CRREVARE | SRRV L SRRV ER R FANRVAR AR ¢ Vv

(&6 2 %)

-/XoY VALY SERVATAN /Y. /Y VARE LY YA N Y AL R VAL ALY SN e (Slael)

-/ %8 WAL VSRRV & SEEERVEL A WRVZS /NERVAS L ANNRVAS I N VAS | SENNEVES L SENNEVES & SENNEYAS ANNCVRS o v (a

-/YY4 SARY O N0F AYY AYY S ANY A /Ay Ay AR /AN /YA i(slal)
(4233 Vo ol o 1) CddS 31 G (s b Sy d 58 515 ol g

V23 A v SERVES RT-NRVER VN SRR VRV WRVER T NERVER ) CHNEVERL A NENEVARE (A RVAR ) CENRVERE § SEEVER R L UYL AV ARVAR AN { Vv

(b %)

VARE YA CAEY LAY /NA /e VARE VARE VAL VALY SORY Y e (slaslia)

/oY A ¢ VAL & EERVEL SENNNEVES V NREVAS ¢ SR VAN (SR VAN | SRV A SEENRVAS o SENNEVEL A NENNEVAS & v (3

WARE AYE O AfY LAY JNY /NA Ve Y LAY OAY e /eYA /S i(slal)
(423310 ol 1) CddS 31 G oy b Sy A 53 55 Ol s

V23 4 A SRRV LV IRNRVER L7 N VERVZ VAR TN VAR ) AZNRVERT SRR VAR] i SENRVARE VARNEVERY | SENEVER R LUNRVAR AV ARVAR AN { Vv

(6 5 2)

VARNS SNOA SAYA /N0 /N0 /AN Y /A0 /AR /AT LAY Y e (laeles)

/% A ¢ IEEVAS i SEEERVEL SENNNEVES VSRRV f SV (- SENEVES | SENEVAS  SNNNRVAS o SNNNEVEL A NENNEVAS & v (3

WARYS VAVZRRNRVAL VNEEEEVAY . AENEEVA RS SENNRVA RS SUERVAS. Y SRR VAV U VAV SRR VAL L SRS/ VA 1(5lolne)

(a8l o ) 453 otal gl Sllaad 55 235 0 o ol hys bl 5 Ol o203 O ol 5 -0 J sz

VO aidagn Ve aids s D ddds jd gy, aaxd

0+/Y8 0+/Y0 0+/Y0 0+/Y0 Sl 515
VAT 0+/Y0 0+/Y0 0+/Y0 Vosled tagsm
TA/Y- FA/V- FA/Y- FA/V- Yo,lod agsm
Y/ FY/N - Y/ YN Yoolad 2es5m
fO/Y- fo/v- £0/0+ ¥0/0+ Folod jtagm
Yy PY/f0 YV fr/a. 0oLl 203 5m
/% F\ /5 £1/4. FY/N Folad 2y 5m
¥4/Y0 LGYAR £/ £/ Vo lad j2es5m
YV/N - Y/ YA/« YA/YO Aoslad 2y 5m
YE/0- Yo/ Yo/V- vE/0 Voled 2os5m
¥A/A /YO Y0 PY/A Voosled tagsm
YA/O- ya/y. VAR LAVAT) Woled agsm
YE/50 YO/A Y/ 0 YA/\ Voled agsm
AL YA/ YY/40 Ye/Y Wosled tagsm
A/ YA/ YY/40 Ye/v b 5l
\Y/fY \O/ Y /5 Ye/oo 00 gl 13

(2e5ls)
4/%q /¥4 4/%q /¥4 (essl) H glis |

149) Jlu & aglods

allslagal VY


www.SID.ir

(ol 4 43 59) (143 0 Slos slealSys JBwla e oyl 555l s (MVM) S 08 0Lsl S O is -F o

(o o)) (s Commdy 3 51 5 O s

77777 RS L SRSV YIS Y SRSV NRVRL V. ARVAL L SERVIRY SRVALY SRVALY SERVIRY SERVALY SERRVALE

(&6 2 %)
VALTEEERVAY:\ SEEEVAL o SERNRVARL SRENEVAR EENNIEYA ERRENNEVALY SRNNEVAL CENNRVAY TR VEY CHNRVEY SRR VAL A ARV I (NN
A CORVAS | SERVAS ARRYVES CYNRYES \ANNRVES ¢ ANRYAS * SENNVAS § SENNRVAR | AENNRVES | SENNRVES A NENNRVEL A REVES v (a
VAN VMY VMY VA VMY VA VMY VARY VAAY VMY VAAY  VJAAY V/AAY J‘J‘é‘gl‘j ég
YO/YYE  YO/YYE  YO/YYE  YO/YYE  YO/YYE  YO/YYE YO/YYE  YO/VEE YO/YYE  YO/NYE  YO/VYE  YO/VYE  Yo/vY S J‘J‘é'rél;"sg
£/00 £/00 £/00  £/00 £/00 £/00  £/00 £/00 £/00 £/00 £/00 /00 F/00 sl ©
E--¢+ E-¢¥ E.f E-¢¥ E-.¢¥ E.f E.¥ E-.¢¥ E-.f E.¥ E-¢¥ E-f E-¥ SPSS
VAL TEEERVAY-NEEVAL  SENNRVAL EENEEVARE SENEYA ERNENEVAL\ SRNNRVAY N SENNRVAY SEERVEL 7SR VAL SRR VAL A i (luls)
(42350 ol p 1) CuddS 51 o ol Gty dzws 3 515 Ol i
V2 L A NERVAS EREERYAR VS RRVERY2 SR VAR V. RVAR L SANRVARE SEERVERL A SERVARE VNRVARY § SSUEVERE CNEVRR RV ANRVARRE ¢ ,
(&6 2 %)
VACIEERVAYS [RERVAR S [RERVAR £ 7 JENEVA R T DR YA Y DR VAL CRNR VAL DR VAL DRI VAV SRR VY SRR VAL A 7- SV R I (RN
VA ANERVAS F IRV & BERVES SENRYES 7SNRVES s ANNRVAS ( SENRVAS & SENNRVER | SEy/R) | SRRV & MENRVAS & v @
VARY SEERVAVA'ZNERVAL d BEENEVAL FARNRVAR L SENNEVARS SEENRVAL\JNNEVEL S BENRVEY VINEVAY | SNERVAL'7 SRV i (lub)
(4233 Vo ol 1) CusdS 51 uy (b ooy dzw 53 515 Ol i
VES L A2NRVES ELUNRVAR VS ERVEA NI VARV SRVAR L 7SRVAR S ANNRVERL APSRVARE CEERVILE | SEEVERE RNV RV NRVARRY ¢ ,
(&6 2 %)
VAL EREERVANZ TERRVAYN (SRVAL o (*NERVAL {\CREEVA R ERURIRVALY- RENRYAY.S (AR VALY 1 NV AL DR VAV SRR VA0 7 IRV RR R N (RN EN
VA A SERVAS ARV & SERVEL SENRYAS 7NRV2S f AERYES ( SERVRS & SERVES | SENNEVAS | SENNEVEL A VAR & v @
VALY R VAVSIRNNRVAY) BERERVAL o SENNEVAR CENNNYA RL NENNEYA L SRRV AX.Y SRR VEL PR VAV Y- N VEY S BERRVAL 7N i (slale)
(428310 ol 1) CsdS 51 Jay gy Covmady dmy 53 51 5 Ol s
VA FZ VAN AN ANRVAR LT VARG SR VARVRNRVAR ARV  SROKVRAL (ARERYVARE CUNRVIRE | SEEVERE EEERVRR RV INRVARRY ¢ ,
(&6 2 %)
A NACIERVALY [NERVATZ CRRVAL ¢ PR VAL SR ERYAR RSy A R B VAL. VR YL Y DR VAL Y DR VAV SRR A7 VAR RN [ (N
VA VARERYVAL LUV & SEERVAS ARNRYAS £ SEY2S CZNNRVEL ( SERVES & SENNRVES | SENNEVAY | SENNEVES A VAR & v @
VA7ZSERVALV R VAVARERVAL SEEREYA | (VAR SENEVARVNNRVAL L AR VEL L SENNRVAYY SRR VAV SRR VAV i(5lalone)
l;,J;\i L U\j_é\rf' SSw 5Bk 8 byl s Olaalie 5l sslacl b
. Y &5 - .
i=Y/AV +YO/YYV +2/00x V't (A) Cob.a,slin laples 5 e s pbsl 5 o Lailgy 6508

ol S ol s CCSwan Slaslce oy > 5 b 5

o b5 00 Yo b _Blisa ey o s s s (S

uﬂ&)bd)ﬁ()&‘d—]&&la—ﬁﬁ@)}.—c%))u)ﬁ

.Jpru‘ubb‘b@}:—»ﬁ)wkwwrud_&g
Ll %;@SPSS)‘J‘“()}‘J.&L’CJb5axbLEA

a=Y/\4 (Sec/m)

b=Y\/foV (Sec/m)’

c=Y¥/\Ye-0 (V/Sec)

i)t glas ag by o o s 05 o 02 5 558 0 anlin

bMT@)@éQ}SJW)Mﬁwwubjb(%ﬁ

25 Dot s el b diles ol 5 e laame S o i

3,5 s 5k

" allslégul

23S po cul s opl gy (18,0 A s ad ale

el Casa

a=Y/# (Sec/m)
b=5%/\Y (Sec/m)”
c=-#/YYe-¥ (\/Sec)
Ol )
i=Y/PV+ STV V- £/YY <) (v)

SIS 5ke Yo qulp e s (ool ) <280 sln s

a=\/AAY (Sec/m)
b=Yo/VY¥ (Sec/m)’
c=r/00e-¥ (\/Sec)

149 JLu & aglods


www.SID.ir

(e sle e ) 43053 el onb ol s @B ¥ Sl Joolsd 5o OLL 5 ol e ey 5 .| CE‘“ 315V doas

A8 53 ARSd 45 4RSS ,3 ABSs 3 4B 53 4By 5d 4&dS 5 4S50 4lds alax)

\A \5 \¥ \Y \e A 4 A\l Y ga
b/ N R Y O Y O Y O Y O Y O Y T AT K
5 /X De/Ye 0 /Ye 0¥ B /Yo Be/Ye Be/YeBe/Ye Oo/Ye B /X Voold tes
\AR fA/50 fA/50 fA/50 fA/50 fA/50 fA/50 fA/50 fA/50 fA/50 Yo,led SR
fv/+0 fv/.- fv/.- f£/40 f7/4. f7/4. fr/4. f7/4- f7/4- f7/4. Voooled eg5m
fa/vo AWAR fa/vo fa/yo \VAR \VAR \VAR A(AR A(AR \VAR Fooled eg5m
fY/50 fy/5- fY/50 fY/0- AR AR fY/Y0 fY/Yo fY/Yo fY/Y0 0 osled g5
f\/A0 fA/Y0 fA/YO f\/5e fA/Y0 AAVAR AR \ATAR \ATAR AR 2 osled e g5
\RVAR Ya/A. Ya/A. Ya/%. ya/v. ya/v. \RVAR Ya/y. Ya/y. \RVAR Yosled 95
YA/ YV/A. YV/A. Yv/§-. YY/\0 Y/ 0 Ye/a. Y&/a. Y£/a. Ye/a. AUL’—f‘f-‘JJ—:i
Yo/v- Yo/0- Yo/fo Yo/\0 \RAR vE/50 \RFAR \RIAR \RTAR \RAR 4ol e
\AAR Y/ Y/ YY/Y-. \RVAR YV/AO Y\/Y. ¥\V/0. YV/0 \BVIR \- osled 2095
Ye/20 /N0 /N0 Ya/y- YA/~ YA/Y- YA/Y YA/YO YA/Y - YA/Y WY ooled a5
YV/0- Yse/a. Ye/a. Y£/Y0 Yo/¥. Y¥/A- Y¥/0- Yf/v- Y¥/x. Yf/Y- \Y Ul-o-\ijk)j-:i
YY/0- YY/AO YY/AO YY/+ o A\RVAR \a/Y \A/40 \A/% \A/S . YA/YO Wooled eg5m
YY/0- YA YY/AO oYY/ Y /% \a/Y- VA/40 YA/S - VA/E- AA/YD A
YY Oislesl sles
V0 WA WAL AFAA A AR AL WA DAL /e g3l
(o s8le) ez
AR 4/Y4 4/Y4 4/Y4 4/v4 4/v4 4/v4 4/Y4 4/Y4 AR (J:au;JL..)H CUS‘,\

(456 2e) Jalsze fame s (Bly o V(@) 5 (430 2 20) Jlse 2095 95 o o sta oo e VWL sl s

o rSemsts <F
SLoslsses 5 & losl slassls 5 ud ol lanl s S & Slon
Sy Jobiize Lo 0355 0l el O s olsS 55 e
aaly S 55 IS8 g = (b5t Gl 2l Ta 5 ails
O3 S5 e o by (2Bl slassls 351 s &1
ST S 3l s slaasl el csy VL Sl
33 80l e 5 i sT o157 mlad sz (s (<l S o
G p 5 005 Bl olis il s Jalsze slo ks
Gl w pann 5 s bt | Sliulne S8y jesled s g dilae
a5 aS ams e olid 0 Slelie glaal sl wwl e
2 p g oz g 5 Lot lasT ol s oliws J0B (sl
53 il 03,8 5 o JB 5 S S Sl asled 5 sl
ol s ol oltd Coo g elie S i il
b 2 BU e o5 i Gl 2510 sl s n a2
0k e glasen (6805l g 55 (w3 eals s
T S S DY P U BTN
S sLeaplosl S5l 6 538 sladdyn 4 olaws
Lo (S8 sla S5y (g o el 30Kl SBul 2
Dslas o5 0 5 s 5 1 (5 =Se5lasil LB U Jsbs

1M9) Jlu & aglodis

ERVALIASAVIZVAVARS VA% SRR Q)
Ll Gl ¥ el gl n el s & (355050
58l 5 51 Jol-c b 58 ,lie 4S5 55 e sanlin 33,8
(Y dsax) b wlnl s o 54 SPSS
a=Y/#Y (Sec/m)
b=£0/\Y (Sec/m)?
=-0/YYe- ¥ (V/Sec)

33 S0 6Ll o3 D sots 4l and ol )58 dolas LT 51
i =Y/FYV 4 SO/NYV = 0/VY Vet (\+)

anels o5 sk Y Lyl s S5YL s o8 sboles
VY RGNV TRL ) P S
) G 3 55 0l (s Lyl s S LT |
S0l 0503 31 0l sl s Jadbsze Lama 5535 (GBs
e e B (LU 0Lal S o sgin) ams o oLt Caaglio 555
P T SR N [ U5 O I WS P e Fe
Ol et 50350 ol (Cuws 5 s VL) idsze
0Ll S lmsas Sl gladdal, 5 pl @l o ot

IRCEIN P DY PRSI W PR

alslagal V1Y


www.SID.ir

3»@\:@&@;@3xuwwwwélﬂjo\ﬁ o> bl i gl o Blas oSS sl Ll ias I e e 58

k:a”t—“ BE OL.:..}“ @J.}Lrj Q.L;L_..MA Jkl_; 4_3 J'_:J' )&é‘ w.\.’-.@.n 0&:’&4‘-&?‘5 é.)l.\é JL.f...é Cod JKJJ’LQJ:.’C
@‘Jjﬁﬁﬁojjﬁa%g;_e):a\b%jo&wb @'3)-33—0
i les s Sl by ey oShe S GLGT Sl o ol B 5

c"‘}a —?

1- Burcharth, H.F., and Andersen, O.H. (1995). “On the one-dimensional steady and unsteady porous media
flow equation.” J. of Coastal Engineering, 24, 233-257.

2- Sheidegger, A.E. (1974). Physics of flow through porous media, University of Toronto Press, Toronto.

3- Venkataraman, P., and Rao, P.R.M. (1998). “Darcian, transitional and turbulent flow through porous media.”
J. of Hydra. Eng., 124(8), 840-846.

4- Ahmed, N., and Sunada, D.K. (1969). “Nonlinear flow in porous media.” J. of Hydra. Divi., 95(6), 1847-
1857.

5- Ahmed, N., and Sunada, D.K. (1971). “Closure on nonlinear flow in porous media” J. of Hydra. Divi., 8,
1233-1234.

6- Curtic, R.P., and Lawson, J.D. (1967). “Flow over and through rockfill banks.” J. of Hydra. Divi., 5, 1-21.

7- George, G.H., and Hansen, D. (1992). “ Conversion between quadratic and power law for non- Darcy flow.” J.
of Hydra. Engineering, 118(5), 792-797.

8- Bazargan, J. (2002), “Design and analysis of rockfill intakes.” Ph.D. Thesis, Dept. of Civil and Environmental
Engineering, Amir kabir University, Tehran, Iran. (In Persian)

9- Straughan, B. (2010), “Structure of the dependence of Darcy and Forchheimer coefficients on porosity.”
International J. of Engineering Science, 48(11), 1610-1621.

10- Li, B., Garga, V., and Davies, M. (1998), “Relationships for Non-Darcy flow in rockfill.” J. of Hydraulic
Engineering, 124(2), 206-212.

11- Afzali, SH., Abedini, JM., and Monajemi, P. (2009). “ldentification of network physical properties in
simulation of flow through porous media using network model.” J. of Water and Wastewater, 68, 48-56.
(In Persian)

12- Moutsopoulos, K.N., and Tshrintzis, V.A. (2005). “Approximate analytical solutions of the Forchheimer
equation.” J. of Hydrology, 309, 93-103.

13- Moutsopoulos, K.N., Papaspyros, I.N.E., and Tsihrintzis, V.A. (2009). “Experimental investigation of
inertial flow processes in porous media.” J. of Hydrology, 374, 242-254.

14- Fourar, M., Radilla, G., Lenormand, R., and Moyne, Ch. (2004). “On the non-linear behavior of a laminar
single-phase flow through two and three-dimensional porous media.” J. of Advances in Water Resources, 27,
669-677.

15- Cheng, N.Sh., Hao, Zh., and Tan, SK. (2008). “Comparison of quadratic and power law for nonlinear flow
through porous media.” J. of Experimental Thermal and Fluid Science, 32, 1538-1547.

16- Poluobarinova-Kochina, Y.P. (1952). Theory of groundwater movement, English Tranlation by DeWiest,
R.M.J. Princeton University Press, Princeton, New Jersey.

17- Hall, K.R., Smith, G.M., and Turcket, D.J. (1994). “Development of a non-linear porous media flow
relationship for oscillatory unsteady flow.” J. of Coastal Research, 10(1), 158-1609.

18- Magjid Hassanizadeh, S. (1978). “High velocity flow in porous media.” J. of Transport in Porous Media, 2,
521-537.

19- Hall, k., Smith, G.M., and Turcke, D.J. (1994). “Development of a non-linear porous media flow relationship
for oscillatory unsteady flow.” J. of Coastal Research, 10(1) 158-169.

20- Wang, X.A., and Liu, Zh.F. (2004). “The Forchheimer equation in two-dimensional percolation porous
media.” J. of Physica, 337, 384-388.

21- Shokri, M. (2004), “Investigating parameters affecting nonlinear unsteady flow in porous media.” M.Sc.
Thesis, Dept. of Civil and Environmental Engineering, Amirkabir University of Technology, Tehran, Iran.
(In Persian)

110 allsslé g ol 1491 Jlu & aglosis


www.SID.ir

