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Table 4 Effectivemixing length under different working conditions

L B R £ B S Im TH B R B S Im T AR B S Im
T1D1Qlol 3.892 T1D2Q1o1 5.074 T1D3Q1lol 5.622
T1D1Q1o2 3.636 T1D2Q162 4.488 T1D3Q162 4.823
T1D1Q103 3.531 T1D2Q163 4.252 T1D3Q163 4.767
T1D1Q201 5.821 T1D2Q201 6.824 T1D3Q201 7.134
T1D1Q202 5.292 T1D2Q202 6.222 T1D3Q202 6.735
T1D1Q203 4.979 T1D2Q203 5.753 T1D3Q203 6.134
T2D1Q1o1 3.711 T2D2Q101 4.576 T2D3Q1o1 4.810
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T3D1Q201 5.443 T3D2Q201 4.833 T3D3Q201 5.905
T3D1Q262 5.194 T3D2Q262 4.602 T3D3Q262 5.204
T3D1Q203 4.528 T3D2Q203 4321 T3D3Q203 4.932
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FSES NEERy HEE  E F P
it 10.052 2 5.026 17.359  0.000
biois 3.635 2 1.817 6.277  0.004
FHEE 19.635 1 19.635  67.817  0.000
VEEEE 5.21 2 2.605 8.997 0.001
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Effects of Steady Intermittent Fertilizer Injection on Uniformity of

Water and Fertilizer Mixture in Irrigation Pipe
LI Jie, LI Junlong, ZHANG Yisheng”
(School of Water Conservancy and Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: [Objective] Intermittent fertilizer injection is commonly used in fertigation. The objective of this
paper is to investigate the impact of steady intermittent fertilizer injection on the uniformity of water and fertilizer
mixture within the head pipe in the irrigation network as well as the minimum safe distance for the branch pipes.
[ Method] Laboratory experiment was conducted to analyze the change in fertilizer concentration in the pipeline
under ideal working conditions. The experimental results were used to validate a numerical model developed to
simulate water flow and fertilizer movement in the pipe network. The validated numerical model was then used to
evaluate the uniformity of water and fertilizer mixture in the pipe network under different conditions, including pipe
diameter, water temperature, flow rates and fertilizer injection ratio. [Result] The numerical model accurately
reproduced the experimental results. The modelling results showed that when other conditions were constant,
increasing the main pipe diameter from 63 mm to 110 mm increased the mixing distance by 0.769 m. Increasing the
main flow rate from 6 m*h to 8 m*/h increased the effective mixing distance by 1.598 m, 1.064 m, and 1.132 m for
pipe diameters of 63 mm, 90 mm, and 110 mm, respectively. When the fertilizer injection ratio was increased
from 2% to 4%, the effective mixing distance was reduced by 0.534 m, 0.824 m, and 0.826 m for pipe diameters of
63 mm, 90 mm, and 110 mm, respectively. It was also found that increasing the temperature from 10 C to 30 'C, the
effective mixing distance of 6 m*h and 8 m*h decreased by 0.499 m and 1.681 mm on average. [ Conclusion] The
effective mixing distance required for uniformizing water and fertilizer in the irrigation pipe increases with the pipe
diameter and flow rate, and decreases with the increase in temperature and fertilizer injection ratio. Pipe diameter and
flow rate are the primary factors influencing the effective mixing distance. For main pipes with diameters of 63 mm, 90
mm, and 110 mm, the opening position for branch pipes should be 5~5.5 m away from the fertilizer injection pipe to
ensure uniform mixture.
Key words: water and fertilizer integration; numerical simulation; multiphase flow; fertilizer injection tee pipe;
steady oscillating flow
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