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Capillary inlet flow estimation method and its verification

DUAN Xiao-hui NIU Wen-quan
( Institute of Soil and Water Conservation Northwest A&F University Yangling Shaanxi 712100 China)

Abstract: In order to conveniently estimate the capillary inlet flow rate at a given pressure we selected six fac—
tors including capillary length capillary slope capillary diameter dripper spacing flow coefficient and flow
index to determine the capillary inlet flow estimation model and parameter estimation method by using computer
simulation and experimental verification. The results showed that the capillary length capillary slope dripper spac—
ing and flow coefficient significantly affected the capillary flow coefficient a; the capillary slope and flow index sig—
nificantly affected the capillary flow coefficient b. Thus the calculation equations of coefficients a and b were deter—
mined. Comparing the results of the regression method the average relative errors were 2.30% and 0.70% respec—
tively. When the capillary inlet working head were 4 6 and 8m the average relative error between the calculated
and measured values of the capillary inlet flow estimation model was 3.79% and the precision was high. In the de—
sign of the micro-rrigation system the capillary inlet flow estimation model in this study can be used to estimate the
capillary inlet flow.

Keywords: drip irrigation; hydraulic analysis; capillary; pressure; inlet flow

o Myers ' Wu ° N o ’
Bernoulli Darcy-weisbuch
Warrick * 10-12
o Valiantzas J] D *7 o
12018-06-11 :2019-0329

e ” “ ”(2015BAD24B00)
(1991-) o E-mail: xinxn920310@ 126.com
(1971-) o E-mail: nwq@ nwafu.edu.cn



92

37

13
2
Q
(m);a b
1
1.1
1.1.1
1
0.3 m
W
0.5880

21

20
14 o 15 min
15-16
1.1.2
. 17-18 2
L AH, (m); 0,
(Leh™)is (m);h,
’ (m) g, (Leh™).
° (2)
q; = Qi — 0, (2)
q; L (L°h71) NN I
i+ 1 (Leh™),
(3) 22-23
AH, = afQ"s/d’ (3)
AH, i (m);a
;0 ! (L-
h™') ;s (m);d ( mm) ; fim<b
a-b .
Q =all’ (1
T
o h, =h, , + AH, (4)
h, h,_, i i—1
° (m); o
(0.2 ). . 1
Fig.1 Schematic diagram of experimental device
60 m
16 mm 2.1L-
0.5035

1.2.3.4 m 5 mo
2

Fig.2 Schematic diagram of capillary hydraulic calculation
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(5) 8
(6) 4.6 m 8m (1=0)
H=h, +AH, (5) 2 1.1.1
Q = Qn,—l + qn
H (m);0Q o
(Leh™"); . 1.2
1.1.3 Excel Microsoft Excel 2013
RAND SPSS 22.0
300 300 Origin 8.0 o
1
1 . Table 1  Simulation input parameters
H Parameter Value
1.15.2 .--.145m 15m 30 Capillary length/m 60.0~120.0
Capillary slope/% -3.0~3.0
Dripper spacing/m 0.3~1.0
Capillary diameter/mm 12.0~32.0
a b Discharge coefficient 0.5~1.0
114 Flow index 0.4~0.9
2
Table 2 Experiment settings
/m /m /mm
Group Capillarylength Dripper spacing Capillary diameter Discharge coefficient Flow index
Tl 60 0.3 16 0.5035 0.5880
T2 60 0.5 16 0.7478 0.4725
T3 60 0.3 20 0.6096 0.4921
T4 60 0.5 20 0.9838 0.5777
T5 80 0.3 16 0.5035 0.5880
T6 80 0.5 16 0.7478 0.4725
T7 80 0.3 20 0.6096 0.4921
T8 80 0.5 20 0.9838 0.5777
) 2.2
"1 300
H=1.234m 5m @ b
Pearson ( 4 .
3 o A
a a
11.09% 0.04% b :
3.35%. b :
a
-0.726 N

0.840
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%l = e“‘m a b R2
Hem =~ 1.1872 + 0.95131nl/s + 0.96221nk 0.9949  0.9899
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Table 3  Measured and calculated values of inlet flow under different capillary inlet pressure
. Capillary inlet flow/( L * h™") 1%
Capillary inlet pressure Relative error
Measured value The calculated value from regress method
1.0 97.89 97.35 0.55
2.0 151.87 146.24 3.80
3.0 206.12 185.54 11.09
4.0 222.34 219.67 1.22
5.0 250.31 250.42 0.04
4 a-b
Table 4  Correlation coefficients of @ and b with capillary fitting variables
Fitting coefficient Capillary length Field slope along the lateral Dripper spacing  Capillary diameter Discharge coefficient Flow index
Pearson a 0.318™* -0.294** -0.726** 0.103 0.393%* -0.079
Pearson b 0.032 0.840* * -0.002 0.007 -0.001 0.507**

Lk ok P<0.01 B

Note: * * indicates that the correlation is significant at P<0.01 level.

3 a

b

Fig.3 Plots of regression coefficient fitting values and model estimation values of fitting coefficients a and b
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Table 5 Errors of measured and estimated values of fitting coefficients a and b
a Fitting coefficient a b Fitting coefficient b
Group . Relative error/% . Relative error/%
Measured values Estimated values Measured values Estimated values
T1 100.6626 93.7405 6.88 0.5870 0.5885 0.26
T2 89.9086 84.3675 6.16 0.4751 0.4764 0.27
T3 129.5910 118.0762 8.89 0.4935 0.4947 0.24
T4 117.9213 115.1125 2.38 0.5775 0.5778 0.05
TS5 133.2706 121.7783 8.62 0.5860 0.5905 0.77
T6 118.8816 109.6018 7.81 0.4781 0.4784 0.06
T7 160.3890 153.3928 4.36 0.4951 0.4967 0.32
T8 153.6708 149.5426 2.69 0.5773 0.5798 0.43
6
Table 6 Errors of measured and estimated values of capillary inlet flow
Capillary inlet flow/( L * h™")
/m 1%
Group Capillary inlet pressure . Relative error
Measured values Estimated values
4 212.98 211.95 0.48
T1 6 262.82 269.07 2.38
8 311.03 318.71 2.47
4 155.80 163.30 4.82
T2 6 191.09 198.10 3.67
8 238.97 227.20 4.92
4 222.07 234.42 5.56
T3 6 273.98 286.49 4.57
8 346.43 330.31 4.65
4 261.08 256.44 1.78
T4 6 329.53 324.14 1.63
8 404.25 382.76 5.32
4 270.98 276.11 1.89
TS 6 347.79 350.81 0.87
8 436.57 415.76 4.77
4 240.78 212.74 11.65
T6 6 254.36 258.28 1.54
8 302.89 296.38 2.15
4 327.95 305.39 6.88
T7 6 391.16 373.52 4.51
8 435.47 430.89 1.05
4 354.28 334.07 5.70
T8 6 438.74 422.61 3.68
8 520.75 499.32 4.12
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