5537 &5 11 FEMKX R IHFR Vol.37 No.1
2019 4 01 H Agricultural Research in the Arid Areas Jan. 2019

X EHS :1000-7601(2019) 01-0144-07 doi : 10.7606/j.issn.1000-7601.2019.01.20

BiRIGENSHSE R Philip NS EREHE
o REFLE R, KEA

(122N T RZEVEIRAE VR SRR ET 0, Hol 220 730050 2. Holr & A M fig 5 K AR ILAMIbiE R G i 5 S0 ==, Holh 2291 730050,
3 JHHR T RAFREIR 53 1 TREBe , Hol 220 730050)

W EARKRBRNEFAMTEEANGBRERETNGER BT NRBAR T BRE L (BAR A, R
B, 1:4.1:6,1:8 F4iA) RILER(3S5. 7 em) P EEAE(1.35.1.45 ¢+ em™) st HIMANBHAEN B, FH %
Y7 R AT B R E B i B R R I8 R R L AL, B SR Philip NS AL I B OE B RNB BHEAT
TWAaaH, EREWBEREZ BN I B R b fr 238 R E oy kT AR, B RSLE R Y e T 3
A, UNBEH 180 min i, FIERE 135 g em™F 145 g - em P CK L EEZBRANBELH ZBRBEIL N 1: 4,
1:6.1: 84 M 3.62.3.12.2.77 541 3.47 2.64 2.16 ;B HAEBRMAIL AR N BB d K TFHATELH
AR T AT AN TEARNMERE, LERE135g- ecm™F 145 g - em7 A M A RFLEZ(3.5.7 em) HY
T ABEER (V) EATEABEESH) SIE(V/H) 425 % 0.929,1.081 1.111 F7 0.957 ,1.048 . 1.064 ; F &
Haw ERELREHERARBEESSHEANBE R R BIN ST AT REERAHRAER NS EFLER
FRILAEAMBRE LG KR, RE VTR B0 %42 B #F R E F KT ;Philip NS4 A 66 8 5% 45 R 78 70 Ok
ERNB B AW, e ZH(R) 7 0.98 UL b Philip A\BBA R LERBR(SMAILERHH A
T 38 o, B 9 0B b A b R T B e T R IR AR R NS R (A) O UM 5 B RAYRE M R OBT A W R LA U
Ex, EFTUEON ARV EFFEVLHTEN. LERE 1.35 g em” RILEAS em BHEBEL 1: 65013
KE145g-em™ XILER 7 em BREWL 1: 8,

KGRI B N R NB A I5 K Philip NS A

FE %S :S152.772;S141 XERERARAD . A

Infiltration characteristics and Philip model fitting
analysis of biogas slurry hole-irrigation

ZHENG Jian', ZHANG Yan-ning'*>*, WANG Yan’’, ZHANG En-ji'*?
(1.China Western Research Center of Energy & Environment, Lanzhou University of Technology, Lanzhou, Gansu 730050, China;
2. Gansu Key Laboratory of Complementary Energy System of Biomass and Solar Energy, Lanzhou, Gansu 730050, China;
3. College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou, Gansu 730050, China)

Abstract ; Biogas slurry hole-irrigation technology is a kind of on going integration of water-biogas slurry irriga-
tion method, to explore the soil infiltration characteristics and suitable infiliration model of the conditions of biogas
slurry hole-irrigation, effects of biogas slurry ratio(the volume ratios of digestate to water were; 1 : 4, 1: 6 and 1

: 8), hole diameter(3, 5 and 7 ¢cm) , and soil bulk density(1.35, 1.45 g - cm™) on the soil infiltration charac-
teristics were analyzed through laboratory experiments, and impact factors of infiltration and wetted body under the
biogas slurry hole-irrigation were analyzed with the mathematical statistics method. At the same time, using Philip
infiltration model analyzed the biogas slurry hole-irrigation cumulative infiliration. The results showed that the cumu-
lative infiltration volume increased with decreasing biogas slurry ; waler ratio and soil bulk density bul increased with

increasing the hole diameter. After the infiltration lasted for 180 min, the cumulative infiltration volume in CK treat-
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ment were 3.62, 3.12, 2.77 times and 3.47, 2.64, 2.16 times compared to the digestate treatments of 1 : 4, 1 : 6
and 1 : 8 at the soil bulk density of 1.35 g + ¢cm™ and 1.45 g - em™. The shape of the wetting body is an ellipsoid
which changes gradually with increasing the hole diameter, from greater horizontal axis to greater vertical axis. The
ratios of horizontal to vertical axis (V/H) were 0.929, 1.081, 1.111 and 0.957, 1.048, 1.064 when the hole diam-
eter were 3, 5 ¢cm and 7 c¢m at the soil bulk density of 1.35 g+ em™ and 1.45 g « em™. The power function can be
used to accurately describe the functional relationship between the maximum wetting distance and time. Meanwhile,
the relationship between the cumulative infiltration volume and the soil bulk density, hole diameter, and the biogas
slurry ratio can be modeled by the established multiple linear equation perfectly, and the partial regression coeffi-
cient test was at significant or very significant level. Philip infiltration model can accurately describe the relationship
between the cumulative infiltration and time with a decision coefficient R above 0.98. For the Philip infiltration
model , the soil infiltration rate S increased with increasing hole diameter, however, the S decreased with increasing
biogas slurry ratio and soil bulk density, the soil stable infiltration rate A with the biogas slurry viscosity and the
suspended particles contained in the biogas slurry related. It is suggested that the optimal ratio of biogas liquid, hole

diameter, and soil bulk density in agricultural production are 1.35 g em™, Sem, 1 : 6 and 1.45 g - em™, 7 cm

,1 : 8, respectively.

Keywords ; biogas slurry hole-irrigation ; cumulative infiltration volume ; wetted body ; Philip infiltration model
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Fig.1 Schematic diagram of the test equipment and sampling
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Table 1 Soil particles distribution
= Hif%E Particle size/mm
Ttem <2000 <1.000 <0.500 <0.250 <0.100 <0.075 <0.005
Joies o d
Mass fraction 100 99.995 99.93 99.885 99.789 99.764 3

/%
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Table 2 Physical-chemical properties of different ratios of biogas slurry

R T LR AR s i o HER AR
Ratio of biogas Conductivity value Dry matter Density Viscosity Total nitrogen  Nitrate nitrogen Ammonium nitrogen

slurry /(ms « em™") quantity/ % /(g+em™) /(x1073P -+ 5) /(g- L") /(mg - L") /(mmol - L71)
CK / / 0.9890 0.8937 / / /
1:0 17.71 1.39 1.0020 1.8690 2.43 173.82 50.39
1:1 10.39 0.71 0.9956 1.2793 1.35 77.92 31.35
1:2 7.24 0.46 0.9938 1.1350 1.08 54.65 24.99
1:4 4.57 0.28 0.9922 1.0343 0.38 25.73 16.94
1:6 3.44 0.21 0.9917 0.9942 0.26 18.96 13.02
1:8 2.74 0.16 0.9914 0.9741 0.18 13.26 8.68
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Fig.2 The influence of different treatment on the cumulative infiltration volume of biogas slurry
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Table 3  The fitting equation of the maximum horizontal wetting distance (H) and the maximum vertical wetting distance (V)

1.35g+ em™ 1.45¢+ em™
5 [ ltem £ £ 7
3 cm 5 cm 7 cm 3 em 5 em 7 em
14 /2 Fitling equation V=0.929H V=1.081H V=1.111H V=0.957TH V=1.048H V=1.064H
R? 0.992 0.990 0.993 0.982 0.992 0.993
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Table 4  Fitting parameters of the maximum horizontal wetting distance and time

+HATE/ (g em™) L/ em THIRAL L - \ R
Soil bulk density Aperture Ratio of biogas slurry

CK 2.622 0.332 0.998

3 1:8 2.602 0.248 0.995

1:6 2.728 0.233 0.998

1:4 2.516 0.236 0.999

CK 2.287 0.360 0.999

135 5 1:8 2.625 0.260 0.998
1:6 2.503 0.259 0.996

1:4 2.790 0.207 0.996

CK 1.984 0.404 0.998

7 1:8 1.885 0.317 0.985

1:6 1.726 0.324 0.993

1:4 1.862 0.300 0.998

CK 2.445 0.341 0.999

3 1:8 2.216 0.288 0.996

1:6 2.843 0.226 0.975

1:4 2.219 0.254 0.995

CK 2.115 0.258 0.990

1:8 1.940 0.305 0.996

145 3 1:6 2.006 0.281 0.998
1:4 1.795 0.278 0.997

CK 2.799 0.319 0.996

7 1:8 1.991 0.321 0.995

1:6 1.861 0.303 0.996

1:4 1.429 0.332 0.982

F 5 Philip N\BHEEIESH
Table 5  Fitting parameters of Philip infiltration model

AT/ (g em™) BN L L2/ em S A R
Soil bulk density Ratio of biogas slurry Aperture ’
3 6.1186 -0.1140 0.9875
1:4 5 12.3800 -0.2225 0.9819
7 15.1884 -0.2213 0.9954
3 8.1776 -0.0522 0.9954
1:6 5 15.1897 -0.2485 0.9942
135 7 16.9528 -0.2376 0.9964
' 3 13.0832 -0.1538 0.9986
1:8 5 17.2512 -0.1975 0.9963
7 22.8406 -0.4946 0.9881
3 16.5150 1.1881 0.9994
CK 5 24.0635 1.2966 0.9990
7 26.7904 1.3556 0.9980
3 9.7628 -0.1451 0.9927
1:4 5 10.4763 -0.1391 0.9891
7 14.3129 -0.2698 0.9852
3 9.5383 —-0.0426 0.9950
1:6 5 13.1333 -0.1595 0.9882
145 7 16.3985 -0.3153 0.9935
' 3 11.6212 -0.1257 0.9937
1:8 5 15.6369 -0.1769 0.9942
7 19.6169 -0.1969 0.9924
3 15.3706 0.9332 0.9977
CK 5 18.6720 1.1891 0.9952
7 20.4450 1.2746 0.9966
\ SEEE N HECRG kL R RA R RS T IE
3 4+ -L/\
- )
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