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Visualized Experiment for Observing Infiltration Process Affected by
Preferential Flow inside Ring Infiltrometer

Zhang Jing Lei Tingwu Hu Yaqi Yan Jun Chen Tianqin
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract. Studying the effects of preferential flow on the infiltration process is of great importance to
increase the accuracy of measurement. An experimental device was suggested to display water movement
process in the soil during infiltration. The device consisted of a disassemble soil container, a halved
infiltration ring and see-through container surface made of plexiglass plate. After infiltration ring was
hammered into soil inside the container, the soil inside the halved ring was cut radially into two halves
with a steel plate, part of soil outside the experimental part of the container was removed and a plexiglass
plate was used to cover the soil inside infiltration ring for dynamic visualization infiltration experiment.
Then the infiltration process in the soil profile within the ring can be observed. The structure of the
device, working principle and its application methodologies were detailed. A series of infiltration
experiments were conducted to demonstrate the working procedures of the device with silt loam taken from
Beijing. The exemplary soil infiltrability processes were computed based on the water supplied into the
ring during the experiments. The dynamic process of wetted area in the soil profile inside the ring
indicated that preferential flow not only influenced the initial infiltration process but also affected the total
infiltration process. The whole infiltration process was divided into three stages based on the infiltration
characteristics produced by wetting soil, which were initial infiltration stage, transitional stage and steady
infiltration stage, respectively.
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Fig. 1  Schematic diagram of soil container
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Fig.4 Wetted area features for the first infiltration stage

32
o o
e o]
o o
o o
o o
o )
e o]
o )
) )
o )

K5 552 A A BB BeER N L g i W AR AR AR

Fig.5 Wetted area features for the second infiltration stage
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Fig.6 Wetted area features for the third infiltration stage
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Fig.7  Soil infiltrability estimated with variable

water level method
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Fig.8 Cumulative infiltration as functions of time

4 LERIE

P T — T RERE B AL SE W I T A B
WK A B SRR IR . d TR
BRI T s o IR RE RS ELUL M RN R Y
TR T B AB AR B e ik 3R A A K gy
AB IS TR R0 o AR PO TR S 9 T T AR A A
ABERBRI N WA RS 3 B
AR (A A B B I ) 9 2 5 R 5 B Rl
2 L REAR A 3 IR AL B TR T LA B R
Wit I 1] F9 78 PR o 2228 ) UCORE I SE U R TR T 3R
KABN 5K B A B AR BT AL, it — 2
WEFE IR A L HEK 3 A B i A M & R ER S UA



160 & ol HLOM ¥ R 20154

BAGKE AR AL T IR, XF 2 B 25 A B A 18 4 A 1B o
P19 T 1 D AR AR DR DG S TR Y 2 RN T

10

12

13

15

16

17

18

20

21

& % x Wt

Hillel D. Environmental soil physics[ M]. New York: Academic Press, 1998.
Katsvairo T W, Wright D L, Marois J J, et al. Sod-livestock integration into the peanut-cotton rotation[ J]. Agronomy Journal,
2006, 98(4): 1156 - 1171.
Kennedy A C, Schillinger W F. Soil quality and water intake in traditional-till vs. no-till paired farms in Washington’s Palouse
region[ J]. Soil Science Society of America Journal 2006, 70(3) . 940 —949.
Govaerts B, Sayre K D, Lichter K, et al. Influence of permanent raised bed planting and residue management on physical and
chemical soil quality in rain fed maize/wheat systems[ J]. Plant and Soil 2007, 291(1 -2) : 39 - 54.
Bouwer H. Intake rate: cylinder infiltrometer[ M ] // Klute A. Methods of Soil Analysis, Part 1; Physical and Mineralogical
Methods. Madison; American Society of Agronomy, 1986825 —844.
Perroux K M, White I. Designs for disc permeameters[ J]. Soil Science Society of America Journal, 1988, 52(5) : 1205 - 1215.
Peterson A E, Bubenzer G D. Intake rate: sprinkler infiltrometer[ M ] // Klute A. Methods of Soil Analysis, Part 1. Physical and
Mineralogical Methods. Madison: American Society of Agronomy, 1986 845 —870.
Lei T W, Pan Y H, Liu H, et al. A run off-on-ponding method and models for the transient infiltration capability process of sloped
soil surface under rainfall and erosion impacts[ J]. Journal of Hydrology,2006, 319(1) . 216 —226.
Lei T W, Liu H, Pan Y H, et al. Run off-on-out method and models for soil infiltrability on hill-slope under rainfall conditions
[J]. Science in China Series D,2006, 49(2) . 193 -201.
Mao L L, Lei T W, Li X, et al. A linear source method for soil infiltrability measurement and model representations[ J]. Journal
of Hydrology,2008, 353 (1) : 49 -58.
Bodhinayake W, Si B C, Noborio K. Determination of hydraulic properties in sloping landscapes from tension and double-ring
infiltrometers[ J ]. Vadose Zone Journal, 2004, 3(3): 964 - 970.
Arriaga F J, Kornecki T S, Balkcom K S, et al. A method for automating data collection from a double-ring infiltrometer under
falling head conditions[ J]. Soil Use and Management,2010, 26(1) : 61 - 67.
EE PRV RTT. BTV R LA B R A [T]. h E AR A KA K E,1998(10) : 10 - 11.
TR, A, £, % DR AB MR T]. A HI~ER ,2013,44(12) : 99 - 104.
Lei Tingwu, Zhang Jing, Wang Wei, et al. Assessment on soil infiltration rates measured by ring infiltrometer[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2013, 44(12): 99 —-104. (in Chinese)
Elrick D E, Parkin G W, Reynolds W D, et al. Analysis of early-time and steady state single-ring infiltration under falling head
conditions[ J]. Water Resources Research,1995, 31(8) : 1883 —1893.
Walsh E, Mcdonnell K P. The influence of measurement methodology on soil infiltration rate[ J]. International Journal of Soil
Science 2012, 7(4) :168 —176.
Verbist K, Torfs S, Cornelis W M, et al. Comparison of single- and double-ring infiltrometer methods on stony soils[ J]. Vadose
Zone Journal ,2010, 9(2) . 462 —475.
sV AL, £ SCEIRINE 1008 & R BEUEE T )] BEBHEK 24, 2007, 26(3) : 14 - 18.
Ye Yuntao, Wu Jingwei, Wang Xingkui. Numerical simulation of double-ring measuration on hydraulic conductivity[ J]. Journal
of Irrigation and Drainage 2007, 26(3): 14 —18. (in Chinese)
TSR B8 BROUHE, B 5, %, I HARN LA B BRI [T]. KL A# R 2012, 26(4) : 94 -97.
Ren Zongping, Zhang Guanghui, Wang Bing, et al. Effects of double-ring diameter on soil infiltration rate[ J]. Journal of Soil
and Water Conservation,2012, 26(4) : 94 —97. (in Chinese)
Lai J B, Luo Y, Ren L. Effects of buffer-index of double-ring infiltrometers on saturated hydraulic conductivity measurements
[J]. Acta Pedologica Sinica,2010, 47(1): 19 -25.
KA, TR, IKOEHE, . IR AB SR LR i A B ORI R T ]. RO B3R, 2014, 45(10) : 140 -
146.
Zhang Jing, Lei Tingwu, Zhang Guanghui, et al. A new experimental method for observing the initial soil infiltration under ring

infiltrometer[ J ]. Transactions of the Chinese Society for Agricultural Machinery,2014, 45(10) : 140 - 146. (in Chinese)



