
FURROW GEOMETRIC PARAMETERS

By Thomas J. Trout,' Member, ASCE

ABSTRACT: Furrow shape information is required for modeling and evaluating
furrow irrigation. Currently used shape models assume the furrow perimeter is rigid
so that only the flow depth increases with capacity. Actual furrow perimeters are
not rigid and may widen as their capacity increases. If the furrow width increases
proportionally with flow depth, the flow cross-sectional shape remains constant
and only the size increases with capacity. This constant-shape model results in
simple generalized relationships between the hydraulic and geometric parameters,
which simplifies analysis of the complicated interactions that occur during furrow
irrigation. The two shape models are compared conceptually and against field
measurements. The rigid-perimeter model better matches field-measured furrow
shapes and is easier to rationalize conceptually. However, both models match the
important relationships between furrow geometric parameters and hydraulic pa-
rameters equally well. The most important relationship between flow area and
uniform flow section factor is insensitive to both the model and shape. The pre-
dictions of both models are more sensitive to the furrow top width-to-flow depth
ratio than to shape.

INTRODUCTION

Furrow geometry parameters are required for modeling and evaluating
furrow irrigation. Cross-sectional area is required to calculate surface stor-
age and flow velocity. Flow depth is required to calculate water surface
elevation and thus the friction slope used in zero-inertia and hydrodynamic
surface hydraulics models. Infiltration rate has been related to wetted pe-
rimeter. Hydraulic radius is needed to calculate tractive force for erosion
models.

Furrow cross-sectional shape models are commonly used to interrelate
the various geometric parameters. Surface flow equations can then relate
the geometric parameters to the hydraulic parameters. The most commonly
used equation is Manning's uniform flow relationship:

Q = (
1
–)AR213Su2 	 (1)

where Q = flow rate (m/s); A = flow cross-sectional area (m 2); R –
hydraulic radius = (m); P – wetted perimeter (m); S = water-surface
slope (m/m); and n = channel roughness coefficient (s/m 13). The geometric
parameters in Manning's equation, AR2'3 , can be separated from the hy-
draulic parameters giving:

nAR213 = Q 	  (2)

Chow (1959) refers to the left side of this equation as the section factor for
uniform flow. In this paper, the symbol F designates the section factor. If
the geometric parameters can be related to the Manning section factor, F,
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P	 . ••t- 0 r:	 'I	 0 0 	 tz. 5'	 	 CD 2 CD 	 Mm e

r 

, A 	

R	

n	 0	
o. 

q 	

N

o m a' 	 in -•	 fr -.-	 =. 5_, ..0 -.	 51!„.4_,,a8r	 2	 ,,9- 4w
14o121

r,
q.co	 0..,,,

	

PI n cio R	
m	 4 w =	 „Lr..... , cA E, ... ce

• &] 11 0 '	 ci. - 0 '0	 rci ...:, 5	 c • o 0	 z •-•,.	 r 0	 PhCO	 °4 0 20: 	 a-"°(°V,	 -.5.'0,..-.,0,0	 -"'''0Erz'r75.- 1126, • g	 r' 0 "0:17'1 2o rc 0-Fi f°9•" tIL 'rlSitlIU'	 '4	 . 	-	 -.$0.- 2. 0	 .1	 ..,:,2 v4 v,	 o	 C.'	 -• I= 0 r& .g g F.	 O. 5-	 A' "	 .	 =	7. , 	 n	 2 •2: ..,::3	,7' F., "	 5 " co	 •P Cil, f-1	.--10 CD 4 0 a 8 ,

	

on = ci: (D. n-• 
g 

CD	 ,e. Co'PP7.-r•Pro 	 _" 0	 q.	 ,,,,,,,t2-	 n a.a a n
.-,-.	 r4	 ck-	 g, 0. g r2.4 p	 g.g-- F co ''' '9. "m ro	 CD r. 	 -0	 --,	 'a 5-zg e" cr' P	 7:1/E.,0-=Fan."7°'°6ta,„,,,,,..	 ,o-. .rz	 „... 0,	 _	 * o	 .L..,	 •"0 = .., • .P.	.-4-..nFoo$	 o't"*a ,-1'11m= xco noo

	

4:1 0.0 nvg	 .. 	=..._... 	 q 	 corD 0co = 	=-• 0 rt, 0. z 2, , Oa	 e-) ...	 a co 4.	 co w	 q 	 col .0 - •
O Sra. a. t-,-; a 4-1	 ;, cr) 0 0 B'	 :,•580Exci4 =	 on	 0no- a 	 (ID' 	 airs	 o = go 0'0 -. 	 o

	

n..00a. .0	 b-Pagg,q..n12.4zt 'o	
. a F. ,...m 0 ,,..., 0	 a im, s 0 a, eD	 CD COO °° 	 0- ,-,,,,

ia,	 ....-:ri• z,,..,..--
a -	 .+,v'- 10,	

Z 0 . rx,

	

„,. AD g ,L3" 2
.
 ? C p.p ro.	 0-62.a°R,	 n`-' '''°*	c' ." "€

	

Ew A40 n =	 •=Tg"2"‘'NFaa'-a"0=
'4'.. 	r1	 = .4 -coo lupg=gars=	 '.1z, ft,

	

n,m1=fz")'-',^PLm.-=	 cDo.- 0- * 0- ...

	

- to a (1 0.. 0 	°
..° ,49 . g	 1, ..(. 	.. .. 4° az , -9 i g LI  14? 2- . s

q 0.. B . E. 4 ...1 g

	

CO rr,!"-tv,D	 ._- ft 	 CE7 ‘ 	 	 CP	 to	 _.0 ,.col zo.t.ior.a.g.....:	 gr ecD ao g 6,, 4... .,.... .4. g. g C. % (3 6. 4..z.-'

	

04 0 . °,. 4 '" ; „	 n...	 CA z	 n 2 w-
4

o n	 = n n	 '-' '.	 ', ',3N-	 -N. f-,' c° 8 ,L•D'i	 cc,

	

c)..........=	 „,	 ch 	 .+a 0	 ri, to ,+ 0	 14 a ca co 0 I"' 0 r.n 0 = ,.,	 !IP,	
EiriiI6D4L1	 t?D51 F4 ;10FD'	 PC7 1:0"PP 9 ....  o	 	 6. co..5. ro = ., q 	 - 0.L. w vi = co 	 .., 8 	 -	 * *. o .=	 „n , ,-, o	 CD ',,, ,,,w 	*	 .1 . Fp' co at,0 w C6 °	 '' a `R 5••P A)	 co 4.'	 0.. = 	 c	 -0-0	 0 . 6	 .... h.-a	 '_,,,, •,y ." CD '' I-1 CD	 ..#

2. -- o ,_,	
0.

o	 in 5.°)8 
MP
8	 Ili 0	 ;gg g'71 cv >4 	 -, 	 E ..., „,-,.•	 a. P-A	 	 0"	 eD 0 >

O''	 0 04 '-'	 '	 CE:'
two <	 	 •

	

0	 N	 PL. m . 0
CI' 	 n... =	 f̀r ..,4o,--	 0	co OL-	 (7 C1. = 0-H	 o	 °gC1 --.= 	 4	 0ul	 ro	 10	 ›.	 G- CD 0 0 	 `111 FrcA• CD Cr°	 O . 0 X CP	 .4.	 0	 17.1--,

	

5'§ g 5-'12_8?	 o.,,N--eoro,,,,....-go	 e Fr ,-•pD Do * 5:1 = .4 .	 l'W '5/ a' 0,C.D X .	
E

Wm.,.	 4	 ... 0	 ps• .	 m 6	 ...,...o	 ......:.., 11' 3 .. 	 „Pt ° c. 0 	 -2 4.	 ,,,„ -	 A•-•	 2 1

	

0 cio n-s -	 CO	 -
P "'•,r...2..., 	 0	 0. 0n cr 2 7 c,	 0 „ . 0	 =	 _	 	 F,' a. ,-I 0' -- ,..0'.	 " o	 CD n

••	 •	 113.	
0 ,.. 2, 0 0 -.. ,,,. 0	 n - 0.	 C:E.- a 2 c 4--	 c r ,

	

,	 ,,'0 a	 CI' =...0	 6 w o 2o 8.--..5	 . 0 Co4 01 = . rD =	 ...,.<	 a H r.,	 Fcr,2 M 2	 '	 -0	 0 .1 5Ft Fol . ° 00 P 	 0.,D	 .n	 r---:, 2. m. r17 a. n 2 ..r	 ',Z N--- - 0	 .	 '71 .".. a. T , o g =	 b	 il.,	 o,o,.	 .-‹

,:i	 w	 n	 r 71	 4	 o - ;,Ii	 tt'.	 M	 m	 g	boo   5 5.. 5-' a r o ni ,-. g c, ci, '-0-	 ; '5" = •-'•2 < 2' Dd  = n =''' '1 q-.I = .1	 2., cc, to . = co o 8	 -	 .1	 A ro ,,, n	 st• a ,-. , 2 o- 9, c,PI .."	 14' Z	 E ipP 0."	 °''' ° 1:1 cn O' 4	 -1 •	 '-' 0	 F E	 '' cD -' '	 ',..• •	 .... . .1	 L., • ..7	 .	 = • . • tl.	 ,	 ,..; .	 -	 0	 t.,	 '	 5 .-rinut - .2,,,,	 gg -"c•C)	 N r,. 4- 'c'- t71 2 m •	 xt!.. (9. a N F...RLP, !-Tiwoff	 'pj 	'..:P e-g4,	 gl.	 HF ,--...[PP CD > rt,' ng.,	 -	 S. •	 i5r, cm	 5:1s ,:	 ,..3 ch-- 0 o N. rcp r"	 ---..- ,.'8 '' c •	 9	 r,h 	 5 U 0 P 2 1.4'.	 o	 a .	 *-4." r-	 ',.-c-'>	 c-, g -,-. a il a........E.•	 s 5	 ,cia	 a ti ,,,o	 7, • •	 •	 '-'	 LACLL ..	 '',	 .ri . vi eo	 .1 c•D 	0.,	 2	 0-	 ,	 .	

->- n •,.. c.., 	.	 F, =.:-.'" - 5 ,	 o r-	 go	 '', N) 0...6 2 ..tri-_:,op:,.-, 2 5 0' , •	 P",' 	 -6a 2	 -	 E	 >0 5 2 ch oc, it-,.:-	Q,-- ....,	 ,-••:-.,, p,. wk	 ,-....r. P,: 1 	,_... 	f.L..	 ..,	 ,-=	 ...	 ,,,
§ 2 t . ,,S4.5"&eoc.) 4 6 -i a &	 '-'' t-	 q xi " 2 -7-' ,,	 io-'5 z-	 2r, CA ti .	 1	 =•	 0 .•	 •	 g•,..',1•,- E,..	 0 4	 n
'-' " 0	 1=-. al' r-r---'	 tn" R `-'	 1:' :-.	 4 U, el 113 --.1 =	 Cil t' Aa	 ,,,,,,,,	K91	 ,.. PCna	 .	 t,..., P.)	 ^ .,...,	 o .......	 z	 ...-,. t•••) ..	 er'-' 	 ,--ho.scoo.,	 sam ,_,	 	 Tap

	

a co ,-- IN) a •	 co	 m- rD	 fp	 '"I'l a ..---. •	 =	 CZ '...., /-.,	 .-u	 (.4.`,‹	 •-•	 I	 r.. "	 Fi.,	 -	 zS '2 93 5 co	 .9 ,, rz,	 g 8 ....i!	et,	 °	 `4 = ' ' w	 "I 	'1	 5-*	 z	 tzi Ch)	 2 • 4 ° '1' ....1 l'' ° CCFP."	 ----.1 o...,	 =	 o 5. 8	 ?, _ot	 2 0	 Fr,'	 ,, ..._... 	 ci, .	 ...•-e	 i,-)	 n. ,	 „,_. ct	o	 5	 '--... ,e	 -	 ......	 =	 =	 •	 1.,4	 o	 - ..	 -.	 , C4 ?...-6	 -. -,	 '..t• ,.0,..F.,...02,-,-	 g-	 =,-. -	 ,,,2:, ,s .	 4-
2 ' ,. r 2 0 4.	 rr.	 •-• 4	 '',	 VII	

'''
0 .2 --Jo o-	 m	 R

r' ,. • 9 :'.. 	 ..:•	 •	 2	 ''--' n T	 `"@-1°*	 5 . 	 a	 ,,,, •  	 > ,..	 "L •	 f..,, •	 0-	 ;--,-•,-,	 ,.,,	 4k 	 ..,	9.,, .	 ,,, c.	 t:-..., 3 -:	 .,	 5'	 fA 	 >	 --	 ,..) t--c,ix

	

.	.„.... Cel	 ., §- -ra co 2,	 F'-	 Fl	 Q o	 rt,	 gL

	

. n	 c, -	 rr.:	 n-. 0	 oz? * .70 a,*	 N.	 CL	 Fi'	 Q.:-‹	 '-' 1 . •	 rt	 TZ1
.'mivg.'v'E'	 °	 Z	 c,r,?cr	 2	 cr°›-	 ---,"	 9-•h•r,

q FL' 	 E..o.,-.	 ,	 pv	 r%	 ,-.. t")	 20-	 ,,, 0	 6.--. 	 C)
n	 .--=	 F P S.'R=-	 o	 	 cu3 	 -= q'E co ..K. 	 9.=,?..	 <>	 n c•.	 - " .a7	 g o	 +4	 n'•	 ,= rg ...0 	 =	 5 . =	 5 . 	- co 	ni CD ... =	 0 0	 .

cu 0'. a 0,	 , co	 ,-, co	 Li F.	 = a 0 CD	 0 '..." 'ar	 ;,nn 	 11)	 Z	 Vz,	 ,.•• .-1	 ,e	 6	 cg.	 t.	 ,. •	 ;:,..	 1.1
E	 n 5' -	 -	 ,.. s?, '-o	 = "	 ez	 r?,. 	.. FP, ,-D 0.	 R . *,	 Q	 -f.t	 P. ..°	 B ' 0 'ALL Q"	 v, XI 	 2	 "	 a	 0 x 7 =	 rzo (,)	 Fa'	 '-'n	 .0.	 •	 0.,	 ,..‘ o.	 ei,	 ...,	 +IQ	 =	 .	 gg  	 M B ...- 	. 4,, s,-.„,	 •(-)	 .	 "0-' m 	 P a 4`o	 tel	 -	 lz/	 .:

...	 n=1• o'	 'A	 -1 ,'	 	 CN''''	 - 'A	 a . -.@	 ° ni	 *	 z
7	 "0 74>	 1	 "	t''' --. '2-	 o C	 -cl

cp 4'.	 0	 crno cr	 '-'	 -•	 co -	1-"Fi' -	 a	 F4- . -.	 ,
!--'..	 (1 i	 9	 .--,'	 "' 'x'	 %-.4 	 8" ; 	- - •• 5 2 0' ' ' '' .. " 2	 '.4 0"30	 `4,	 '-:=',=-	 =.	 (jQ ;' 	 Q 	 to -1 	 ''' g	 0 -- 	,.....R	 E .7.',-- > n	 0.	 ::	 11	 E.   	 >	 ;SL,•-.	

c
•	 n Z	 m . vl-	 2 n7i 	%-..	 F, ', • a:	 ,V:-' • LA •	 ..- 0 •	 Ti	 •

CD	 I C12 :111 .4.	 T-1 74 	 •	 zTefr	 5 5-	 (3 - - n	 - = 0 0..	 - g Ts	 E	 c c.	 -a --,. •	 n-•	 g' 0•,	 ,	.o	 -. 0	 E ?'	 8 5	 :4:'	 o	 =	 ,-n-•	 0 -•	 =	 DO
Z..	 C.	 0	 1.1	 ::	 I:Mt	 n.•	 ••	 I .	 ::	 ..	 n	 Z..	 1-' 0	 O.	 .:

rr,



7:C.ra	 *r
II	 11	 II	 II	 11	 II	 il	 11	 II	 II

g ee 	 ia. gxgos. 8 8 8
3. 8 .2. g9rig =t=4

1.	 F'1. 7, la g° hg	 .13-' 2 2 2
2.	

'
Z.

5 =5 9 	F2.,'
S EE	 t	 22t4t e = tti

= R	 g=	 •< <
o	 p.,	 11	 —	 co co co

9 co Po-
co

t../1	 o co 9
2 	 73

CL JZ	 rD	 ;
co

0Fw2	 .1:1 ,. w
uo.	 ? 5,n,B-ME

ca'
▪ f4.i§kkko 0 c7;,..0.0.0


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12

