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Figure 2- Manning roughness coefficient a) 0.02, b) 0.04 and c) 0.06
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Table 1- Width and depth of flow and hydraulic radiusin different bed roughness and discharge in per meable and
imper meable channel
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< P ok 2l
Set Roughness Discharge Infiltration value errlr?:gbilit Width of Depth of Hydrualic
coefficient (n) (L/9) (L/s/m) P y flow (cm) flow (cm) radius (m)
1 0.024 5.88 0.0000 »> None 35.63 11.09 5.88
2 0.020 10.31 0.0000 »> None 36.75 11.30 6.02
3 0.025 15.63 0.0000 »> None 38.63 13.95 6.90
4 0.042 5.92 0.0000 > None 35.50 9.90 5.47
5 0.044 10.00 0.0000 > None 37.63 12.10 6.32
6 0.041 15.51 0.0000 x> None 39.88 15.95 7.45
7 0.063 5.37 0.0000 »>None 36.88 11.50 6.09
8 0.060 10.75 0.0000 »>None 38.75 13.60 6.82
9 0.061 15.08 0.0000 > None 40.88 16.49 7.67
10 0.021 5.18 0.0045 »5 Low 35.38 10.40 5.63
Medium
11 0.020 10.53 0.0070 et 36.00 11.05 5.89
9».&
12 0.022 15.63 0.0108 sL; High 37.50 13.10 6.59
13 0.040 5.15 0.0047 5 Low 35.25 10.90 5.79
Medium
14 0.042 10.00 0.0073 e 36.88 12.00 6.24
94\40
15 0.041 15.15 0.0111 sL; High 38.25 14.80 7.05
16 0.062 5.29 0.0053 S Low 36.00 11.20 5.93
Medium
17 0.063 10.20 0.0110 s 37.88 13.10 6.62
5.\.40
18 0.064 15.15 0.0196 sb; High 39.50 15.70 7.36
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Table 2- Average and shear velocity, shear Reynoulds and Darcy Weisbakh coefficient in different bed roughness and
discharge in permeable and imper meable channel

. o R Srdedeh S sy 399, b s
W3y e o 3985 la2e . e s
o b [Tadd v Ty
Roughness . . . Average Shear Darcy
Set coefficient Dls((lz_i}gge nglét(rf}?rg) errr?e?a%ili ¢ velocity of velocity R St:l%?;l ds Weisbakh
(n) P Y flow (m/s) (m/s) & coefficient (f)
1 0.024 5.88 0.0000 > None 0.2077 0.0233 23.15 0.1135
2 0.020 10.31 0.0000 5 None 0.3685 0.0628 62.40 0.2384
3 0.025 15.63 0.0000 5 None 0.4240 0.0410 40.70 0.0749
4 0.042 5.92 0.0000 > None 0.2533 0.0420 250.49 0.2285
5 0.044 10.00 0.0000 > None 0.3296 0.0449 267.46 0.1505
6 0.041 15.51 0.0000 > None 0.3573 0.0455 271.18 0.1317
7 0.063 5.37 0.0000 > None 0.2559 0.0603 897.53 0.455
8 0.060 10.75 0.0000 4> None 0.3524 0.0660 983.36 0.2859
9 0.061 15.08 0.0000 > None 0.4123 0.0761 1133.79 0.2833
10 0.021 5.18 0.0045 o5 Low 0.1974 0.0267 26.55 0.146
11 0.020 10.53 0.0070 Lwgo Medium — 0.3387 0.0441 43.76 0.1361
12 0.022 15.63 0.0108 sL; High 0.4141 0.0475 47.13 0.1085
13 0.040 5.15 0.0047 5 Low 0.2302 0.0344 204.86 0.1778
14 0.042 10.00 0.0073 Lwge Medium — 0.3033 0.0502 299.18 0.2276
15 0.041 15.15 0.0111 s,; High 0.3550 0.0541 322.24 0.1858
16 0.062 5.29 0.0053 oS Low 0.2340 0.0620 923.56 0.5874
17 0.063 10.20 0.0110 Lusgie Medium — 0.2974 0.0717 1067.58 0.4744
18 0.064 15.15 0.0196 sL; High 0.3668 0.0793 1181.85 0.3969
1 0.70
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Figure 3- Transver se diffusion coefficient in different bed roughness and discharge in permeable and imper meable channel
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Figure 4- Observed and calculated diffusion length in different bed roughness and discharge in per meable and imper meable

channel
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Introduction: It is important to understand the processes of diffusion and transporting solute in the furrow
irrigation system, because of their role in diffusion of pollutants in the environment. Movement pattern of
fertilizer from the source ofplants is usually under the effect of advection and turbulent diffusion processes.
Maximum solute diffusion length (SDL) is the minimum distance which materials such as a fertilizer, could
uniformly spread in the whole flow cross section. The SDL depends on hydraulic properties, condition of
vegetation and channel specifications. Velocity profile of furrows as a result of parabolic shape of the cross-
section is different thanthe rivers and rectangular channels. The main objectives of this study were to investigate
SDL in a permeable parabolic channel and evaluate the effect of different discharges and bed roughness on
diffusion length in a parabolic cross-section of a furrow.

Materials and Methods: In this research, the effect of different levels of discharge and the bed roughness
coefficient was studied on transverse diffusion coefficient (TDC) and the maximum solute diffusion length
(SDL) in a parabolic channel with permeable and impermeable beds. The channel had a 10 m length, 0.5 m
width and 0.3 m depth with a parabolic shape (similar tothefurrow irrigation system). Before entering the
channel, the water flow passed the lattice filters to slow the flow. To increase the rate of flow development, the
first half meter of the channel’s bed covered with gravels (maximum 5 cm thickness) and non-submerged woods.
Three levels of discharge about were conducted including 5, 10 and 15 L/s as well as three levels of bed
roughness coefficient including 0.2, 0.04 and 0.06. Different rates of roughness were created using various
thickness of net and vegetation cover on the furrow’s bed and wall. This research was conducted in channels
with beds of permeable and impermeable. In bed of with permeability, 15 holes with a diameter of 1.5 mm
construct along the bed of channel. In this experiment, Sodium chloride as a tracer was injected to the water at
the upstream cross section. The place of injection was 2.5 meters far from the channel inlet where flow was
completely developed and water surface swings were constant. The tracer concentration in the water and the
velocity profile were measured at eight cross sections along the channel including 3, 4, 5, 6, 7, 8, 9 and 9.5 m
from upstream. The velocity profile was measured using Pitot tube. No specific equation is introduced to
calculate the SDL. For this reason, dimensional analysis was used in this study.

Results and Discussion: The results show that, the values of TDC for different treatments ranged between
0.23 to 0.56 cm’/s in impermeable channel where it is 0.30 to 0.58 cm”/s in the permeable channel. Also the
values of SDL ranged 108-170 m in impermeable channel and 91 -129 m in the permeable channel for different
treatments. TDC has direct relation todischarge and bed roughness. In stationary bed roughness with increased
discharge, and in stationary discharge with increasing bed roughness, TDC increased. Also In stationary bed
roughness, discharge has positive and direct relation with SDL. However, in stationary discharge, roughness
value has the negative relation with SDL. A statistical analysis of T-test indicated that the difference between the
values of TDC and SDL in permeable and impermeable beds in the 1% level is significant. The Darcy Weisbach
coefficient is the most important parameter in justifyingchanges SDL that this parameter depends on the velocity
of flow, and the velocity of flow depends on discharge and shape of channel too. According to the results of the
experiments and the regular values of discharge, infiltration and roughness coefficient in furrows, it was shown
that the maximum solute diffusion length of furrows would be less than 70 meters.

Conclusions: The objective of this research was to develop an approach for the determination of solute
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diffusion in afurrow irrigation system where the cross section is parabolic. For this reason, solute diffusion
length, in different bed roughness and inflow rate was studied. Eventually, an equation was developed to explain
SDL in a permeable parabolic channel andthese experimental results could prove useful to predict the fertilizer
transport in furrow irrigation method as well as other areas where mixing and contaminant decay is of interest.

Keywords: Diffusion process, Furrow irrigation, Infiltration, Transverse diffusion coefficient



