3k F1M
100 2017 4£ 4 A

Kol TR

Transactions of the Chinese Society of Agricultural Engineering

Vol.33 No.7
Apr. 2017

BOTREM TR Ut FLIE R R BFN SRR
M RERFL K KD, REZY BRRED, R

(1. PEACRMEBH R KR S @A TSR, M 712100 2. FHACRMEHE R ZK IAREE TR, ¥ 712100;
3. PEAERAMBIEOR 2 [ 2 X KRBT FEke, Mk 712100)

OB R R KA T NS AR R, TR LI R K AR I R IR B, AT T R T AR AR
&, WFIT 3 MSTHAE (0.72. 1.87 F14.40 L/h) HITRFLI AR KSR 2 fh 38 Gt ) sk, g&58R%H,
A R RE K B HEEfS AT (8] NSRS /D, 1T R 88/ M THae « Wi it 5 33 i st 3 e JE /K 2% 1)
Hii. KSR BOKA N RIERANBREDBNEZERRK, HESKROTURNBREBBMIRARR. ¢
BERKRERIEL T, HESKREE, NBREB/N, BiHRERN 1.87 Lh BEKSNATEAS, JHIES/KERH
13%1 K2 40%0F, NBREH 1.4 L/h FRZE 03 Lh 4. #EKZE B HIE S KRS NBRERE AT EM . M
TFLRE & HE K BAE I R B AZ O3, EREACKIE R (RS ER) M T, @ KEABRES LK
R AIER, ArSEIl 3K B AEE, AR ESEEBM H . 1% LR & RE KR T R RS
EHEIR: Fid; B3R AKE; MILMEREKE;, AE; K

doi: 10.11975/j.issn.1002-6819.2017.07.013

FESES: S275.6 XEkPRERS: A XERES: 1002-6819(2017)-07-0100-07

g, REF, KM, REZ, BREX, 7 M RIDREMIIREMHILEEREKFINSFERNZMIV]. Rl
TE%IR, 2017, 33(7): 100—106. doi: 10.11975/j.issn.1002-6819.2017.07.013  http://www.tcsae.org

Cai Yaohui, Wu Pute, Zhang Lin, Zhu Delan, Chen Junying, Yang Fan. Effects of designed flow rate and soil texture on
infiltration characteristics of porous ceramic irrigation emitters[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(7): 100 — 106. (in Chinese with English abstract) doi :

10.11975/j.issn.1002-6819.2017.07.013 http://www.tcsae.org

0 5

LR REHE R A — PG IR PEREDL R AT L e
KA HA AL AR 9B 7K A O HE /K 24T BE
B AEPIREAKN Y. S H RO AL, BATK,
WRES A, & BT AT R e R,

VRN — Rl R RO R K AR, A R AL B K 4%
LB R A DT AR R IR SR I,
2m TARACKS, Sebet LI KA ER LTINS
Ui B A REK I B B T A . AR
WETEARBL, BOKACKBR, AL B EYILG I BLIA
BUCRECK, AHIFI ] R NS BB . Gupta 1
BRI, HERHT 2 fLR - NSRRI BN
W, IR SR RBEOR, ZAFLERABG
EREA PR RS KRR, FINERAKCKT,
TIEBME I ZAF L EMANBRER BN, BE

ks HIW: 2016-07-18 BT HI: 2017-03-10

HEWH: ERBBSETRIEBBE (2015BAD22B01-02) ;=558
SR TR (1 THRD BEHE (B12007) s PHAbRMAEHE K
AL S LR & FBIE (2014YB061)

fE s SORRE, T, Berbikil N, b4, 33 AF KRR AR
o Mk PHALRAMRHE R KRS @5 TR, 712100,

Email: yaohui_cai@163.com

MBEER: R 5, BERIIA, FIRR, HLAESm, FENET
IKA 7K LARREIT TR I B0 LR MR % o [ R X 57K R
e, 712100, Email: gjzwpt@vip.sina.com

w 7KK TR R R AT LS AN T o 48 15 SO SR I
FERREE L 0.2 m TARACKTS, ZLEBE RIEK
FH GO E) Bk, RHEKEBR; —EEKE
LT, EAKRBOTH RSN TRk, R
LRI REM AR S B TR . _EIRBT ST 500 AN IR
SR T M BV KR AR IR BB R PR REAT T AT
BT 5 0 Bl 2 E /K BN B R ) B R A AN
e BRIAHE FE 0 H AL T8 I 0F FE A [F 261 ifLRe
BERE KA B, A P AL P RRE K S NS T AL
PR EEE R A, 3 i P ok L P e K i A SR P
AHT TR T A E A AR, AT 3 AP
THRE QERSER PR ACK FRRED RIMSLIE
BEREKASAE 2 AP AR BB E, KSR BT
BN ] 48 K A BN (8] AR A R, O e K %
i Bl 33K S5 AR A BE K 25 N BT RN 35 K R AR A LR
BEATARRE, B AE AL M B E /K 2 B HE) N B FE A

1 MREEE

1.1 REEESTH

TREGLE P b AR K2 v [ 5 X1 KR A T B
FEWK 1R KT T . W E R . 5.
HSREE . KSR LK L RS (E 1a) .
TN 37 emx29 cmx42 cm ( L EAX FEAXED
T EEEREN 20 mm FIXTRR/NFL CEE S A il 2%
16 cm) H L@ #EKE . ACEE NS IR, HEEN



57

BOMRRESE: VOTHIAL B AN 39 T Rl L B HE K 28 N ISP RS 101

15cm, =24 66 cm. #EK#ETRA M =@ 5HKE
TEAHER:, EEMEE T LA, HSEN 20 cm. EEKEERA
PUALARAIRT 5 R 2 ] 52 X5 ARt 5 B A o] AR b
LB EREKES (] 1b) o EKSSNRRIERLER, DA
PERD . AR BRIV O 2 B IR A T A, K
PP EM BRI 51 3 A LN 10~100 gm FIBEAL, T
SEIERKHRE 512 . KIS M SEE RS
R 1 P, WIHRENTSH 0.2 m Ak FHIEHE .

1 i JfliMarkov bottle
HAREE

Exhaust and
stabilivolt tube

IR MRS

Soil moisture sensor
JE7K & Intake pipe

20 cm|

a. I E

a. Experimental device

b. TFLPEEHEK S
b. Porous ceramic emitter
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Fig.1 Schematic of experimental device and porous ceramic
irrigation emitter

x 1 AEAEKBIFIESH

Table 1 Characteristic parameter of emitters used in experiment

HMEX R
,,l;ét:El g . YR f;.— Lo os L i .
s ?“ uIm}E a5 i P“]}LM?XI_J ﬁl[_lnu% T
5 Sintering : External diameterx ~ Designed !
Density/ - . Discharge
Label temperature (@c mS/) internal diameterx  flow rate/ e L=
/C & inner hole depthxhigh/  (L‘h™)
(mm>xmm>mmxmm)

S 1200 246  39.53x19.88x4.98x6.81  0.72 4.23
M 1250 2.40  39.37x19.82x4.97x6.80  1.87 11.71
B 1300 234 39.51x19.87x4.98x6.82  4.40 22.85

RIGIEPIE LRI b 2 FIONEZRAY Y 1. 18t
B B v TS = BN ZE L B4R L E BT A R AR
T 7 VI L YA B A M b s B IR FERA 30 em, KEER
IR G 3 X T B IR R AR T 2 mm G723 B B R
IR 4 SR OB R 73 B4 (MS2000 2, H/R3C,
E[ED W, AR K SR R 4 RN A
KH RETC 8AF#ATAHE, 5% %K 2 s, LKy
REAIE 2R FH S KR B 0L (CR21IG PR &Y, Haz, H
A Wi, RWE 2 fios.

%2 WIS A TIRA IR B4R
Table 2 Summary of physical properties for tested soils

U ZH B S TR IIZH
FHELHR Jigili| Particle composition Bullﬁieﬁsit y Soil hydraulic parameter
Soil name Texture kL kL WL Eem) TAIEAKE TAIGKE
Clay/% Silt/% Sand/% Saturated water content/%  Saturated hydraulic conductivity/(cm-d™)
4+ Lou soil B+ 20.19 41.75 38.06 1.35 40.2 17.12
4+ Loessial soil 3RS+ 9.00 18.75 72.46 1.35 355 101.55
St " N ZI—F0 ;5 %M 2 min 5 10 min BJEN], 1d5%AH
—0— Lou soil N N N s NI . .
=718 - o- Jitti :Loessial soil I 2 5 ORI /K A2 2 o HEOKIN TRIIA 2 5 h I IR K,
E I; KR NS I B AR A S N 7] B PR 221 52 0 A48k T AR
g0 PR, IR 3 IRE B HFIYME, Lh. RN ERE
é i K O U L 4 em ARISIATE 3 AMbRE JE 0 3K g
3 i FRIRERL (EC-5 %, Decagon, M) , [AIBE 1 min J
i r E TS K, IR BRI 3 AR K P AR Ei (P EAMH .
1F
. 2 BRESH

10 20 30 40
135 /K FSoil water content/%

B2 BELFHERSIFIEHL

Fig.2 Soil water characteristic curves of lou soil and loessial soil
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DL H, ANFEAEET L5 R NB SR A AR
FAL o BT N B B B FE 7K B[R] 30 T 281G K. A )
VEZKINR] R R R B K B/ TR 4 LI RPN BRI R K
T+ MK AR, B B K R Bt AB R K,
EShifEGE RN 122 L, BEd 88 L, M MK
BB ANBER/DN, E5hE4 R 36510, Bt
HON 1,75 Lo AN AL R HE /K 28 NI UL 5 B P 1) 1) A8 4k A1
BB FEKAR NSRBI A 1) AT 5N 2
BB 1D WA B (EZK 0.5 h A4, #EKZRIIA
VB B K (A B IR s 2) RREMY R, BEEE
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Fig.3 Cumulative infiltration and infiltration rate as function of
time at emitter with different designed flow rate and soil type

R 3 NLHEEFNBHE (0.5h. ShPE) 5K
wItiE. NRPEH, TERASXN NS EIE K
Wi, AR ERINBRES AT L. SO EN KA
SEBR AR R TR (P<0.05) o BEE REKESBOHRE K,
BEKERAEIE L PP NS TR Y LSS N S 1R o

R3 BAKFRITRESFAENERLIRENERE
Table 3 Designed flow rate of emitters and infiltration rate in soil
at different time

. 4 ;; s
pise Bt A jF?lt)\i ”Z'““Et i)
Treatments  Designed flow rate/(L-h™) Verglggehm 1ration ra 56 b
0.72(S) 0.71b 0.70b
L(i)%:s,i)il 1.87(M) 0.44c 0.35¢
4.40(B) 2.26a 1.76a
0.72(S) 0.78b 0.74b
4
ﬁj’[%j: . 1.87(M) 0.90b 0.73b
Loessial soil
4.40(B) 2.72a 2.47a

1 FPIARRNG F RN AL E) 2 57 .2 (P<0.05)
Note: Different small letters in the same column mean significant difference at
0.05 level among treatments.
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Fig.4 Soil water potential as a function of time at emitters with
different design flow rates and soil types
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Fig.5 Soil water contents around emitters as a function of time at
emitters with different designed flow rates and soil types
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water potential
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Fig.7 Relationships between flow rate of different emitters in soil
and soil water content around emitters
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Effects of designed flow rate and soil texture on infiltration characteristics
of porous ceramic irrigation emitters

Cai Yaohui®, Wu Pute***, Zhang Lin*3, Zhu Delan'?, Chen Junying'?, Yang Fan'
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and
Water Conservation, Northwest A&F University, Yangling 712100, China; 3. Institute of Water Saving Agriculture in Arid Areas of China,
Northwest A&F University, Yangling 712100, China)

Abstract: Subsurface irrigation has been achieved by using pitchers, pots and ceramic tubes, which has gained a certain degree
of interest in arid regions due to its high-water use efficiency. Porous ceramic irrigation emitter is an improved version of the
traditional method of subsurface irrigation, and it has good performance and low cost. In order to minimize evaporation losses
and deep percolation, a proper design for an irrigation system with ceramic emitters as the core component is required. In this
study, we investigated the effects of designed flow rate and soil type on seepage characteristics of soil water content under the
irrigation system with ceramic emitter. Soil tank laboratory experiments were conducted with 2 different soil types and 3
designed flow rates. The designed flow rates were 0.72, 1.87 and 4.40 L/h for the 2 soil types (Lou soil and Loessial soil). The
Marriote bottle with 15 cm in diameter and 66 cm in height was used to supply water for the ceramic emitter during the
experiment, the designed working pressure was 20 cm. The cumulative infiltration was measured by different water levels in
Markov bottle. Porous ceramic emitter was prepared by a sintering and compression molding technology using silica, talc and
silica sol as raw materials. The discharge coefficient of ceramic emitter was 4.23, 11.71, and 22.85, respectively. When the soil
tank was filled with soil, the soil moisture sensors were installed around the ceramic emitter to record the changes of soil water
content. The variations of cumulative infiltration, infiltration rate, soil water content, and soil water potential around emitters in
the 6 different treatments were analyzed. The results showed that: 1) Infiltration rate of ceramic emitter in the soil decreased
gradually with time and finally stabilized. On the contrary, the soil water content around the emitter increased rapidly, tending
to approach saturation; 2) Soil texture had a great influence on the infiltration rate. The infiltration rate in lou soil was smaller
than that in the loessial soil under the same designed flow rate. Designed flow rate had a great effect on the emitter flow rate in
the soil. The average emitter flow rate increased at first then decreased with increase of the designed flow rate; 3) The change
of soil water potential was the direct cause for changing of infiltration rate. When the designed flow rate higher than soil
saturated hydraulic conductivity, a saturated zone formed around the emitter and a certain positive pressure was generated.
Therefore, the infiltration rate was less than the designed flow rate. On the contrary, when the designed flow rate was smaller
than soil saturated hydraulic conductivity, the soil water potential around the emitter would be negative pressure and promoted
the outflow of emitter, and the infiltration rate would be bigger than designed flow rate; 4) When experiment started, soil water
content around the emitter increased rapidly and reached closely to the saturated water content. For the emitter with designed
flow rate of 1.87 L/h, the infiltration rate in lou soil decreased from 1.4 to 0.3 L/h when the soil water content increased from
13% to 40%. The higher the soil water content was, the smaller the infiltration rate was. Soil water content around emitters had
an appreciable negative effect on emitter infiltration rate in the soil. There was a feedback regulation relationship between the
water content and emitter flow rate. If a porous ceramic emitter with an appropriate designed flow rate, which working
pressure head was extremely low or zero, the soil water content can be automatically controlled and the emitter would take the
initiative to irrigate. Irrigation system is an interrelated subsurface system of irrigation water, ceramic emitter and soil,
therefore, in the future, more factors such as working pressure, designed flow rate and soil saturated hydraulic conductivity
should be comprehensive/y considered in studying the seepage characteristics of ceramic emitter.

Keywords: texture; soils; water content; porous ceramic irrigation emitter; flow rate; soil water potential



