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1.1 EKSEREZMEZHE
1.1.1 #EARE

FH T IR AL D RMEE Y ) FE 7K s 1R 5 U el i B
BRI TS, RERERN e, weh T e R
B4, AR SCIER T PLASTRO /A ] 524
HydroPC ¥ [AFE L I AME R R I HEK S, L TAER TN
60~350 kPa. JifE N 1.2 L/h, HAHSECEHE IS
O ES 1.0mm. YESE 0.1 mm. G /NMETEE
0.35 mm. HHEEE 2.8 mm. J& AT EA 6.8 mm.
WA Y S HA 2 mm. FIE R ICE 10 A i v
JE 1 mm. R AEE 30 HAL RN 5 0.85 mm. /K 2E
ZERINE 1 PR, [BEFEFL DM T R R MERE K % R
ma SRPEIE R DARGHE KSR A 3 S A . P KA
TR EFEHAKO, RERE. HAKAREREELE,
N IK AT 3k AN T DA 308 HE Wk 7K 2 o DA/ 3 2
EIE AT B REK A RN R . FEAKER K D5 R
IR S 5 b, s Rk 2 [ 5 A A
S R A T 50 s o 5 i AR N T e ot gk B
AR, AR BT ) H IR,

LRSS 28R SRR T 4kEnE SEAENE 6K
MNOKE T EAKE 8B 9.0ME 10/l
1.Gland  2.Elastic diaphragm  3.Emitter body  4.Labyrinth channel
5.Pressure regulating cavity 6.Emitter inlet 7.Cavity inlet 8.Cavity outlet
9.Boss  10.Groove
Bl AREAEKILDAMERE AAMEBKBELEMTEHE
Fig.1 Schematic diagram of cylindrical pressure-compensating

emitter with orifice inline
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2 2
w +h-k (1)

A2=T[~d-|:H—h—W
AP d AT O ES, my H ORI e
B, ms; b WS, my D OEATTEER,
m; k AHEO/METER, my oy MR AMREE, W
W (HA) FIERE (m) ; AP N EFEME 2, kPa.
BT B A 1T B 1T

Diaphragm surface of phase I Diaphragm surface of phase II
K (e oV d > . h

"
1 H
=~ [/ 1
X

W DI EAR: d AT OEE: k/AMERERE: H R
B AN

Note: D is cavity diameter; d is cavity outlet diameter; k is groove width; H is the
cavity height; 7 is boss height.

B2 AMZEAFBEHER ZBTEE
Fig.2 Schematic diagram of elastic deformation of diaphragm in
compensation cavity
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55515 DA REAS e M fisE Fy 1152 1 40 A (R LA IR 35
1.2 KAOMERERIE
1.2.1 R¥&&t

SeEAT B AT RIS, BT AN DR 2 E K 2R K
JIPEREMIEIA . Fsm R B B AR 1 R,

x1 BEZFRERIT

Table 1 Design for single factor experiment
B A L/mm d/mm h/mm d,/mm k/mm H,/HA W/mm
Tested factors
L 1.9, 22, 25, 28 1.0 0.1 2.0 0.35 30 0.85
d 2.8 1.1. 0.9. 0.7. 0.5 0.1 2.0 0.35 30 0.85
h 2.8 1.0 0.1. 0.2, 0.3, 04 2.0 0.35 30 0.85
d, 2.8 1.0 0.1 1.5, 2. 25,3 0.35 30 0.85
k 2.8 1.0 0.1 2.0 0.35. 0.4, 0.45. 05 30 0.85
Hy 2.8 1.0 0.1 2.0 0.35 30, 40. 50. 60 0.85
w 2.8 1.0 0.1 2.0 0.35 30 0.70. 0.85, 1.0

Ve LOAMOEES, 4 RHOEAR, R NG, dONN AR, kMG METER, H, R RERE, wORIBR R, R

Note: L is outlet distance, d is outlet diameter, % is boss height, d,is boss diameter, £ is groove width, A, is diaphragm hardness, /¥ is diaphragm, same as below.
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Table 2 Orthogonal experimental design for key parameters in
compensation area and their flow index values

R AR
Labels £/mm d/mm hr/mm Flow index
1 2.0 0.8 0.1 0.028
2 2.0 1.0 0.2 0.186
3 2.0 1.2 0.3 0.293
4 24 0.8 0.2 0.158
5 24 1.0 0.3 0.301
6 2.4 1.2 0.1 -0.428
7 2.8 0.8 0.3 0.320
8 2.8 1.0 0.1 -0.216
9 2.8 1.2 0.2 0.103

H: d, N 2.0mm, k }J. 0.35mm, H, )J 30 HA, W24 0.85 mm,
Note: d, is 2.0 mm, & is 0.35 mm, H, is 30 HA, and ¥ is 0.85 mm.
1.2.2  RIHHHI4E

TRE I PE R 5 IV HE K 2SRRI
TKEAIS R DSM Somos 14120 YEEHIE, HIAEHREK
SR 3 Fom. $EIR RV FER B ARSI R
FIEARRIG LY B, St —Fhaiia, WA 25 ANk
AR SEER RO, et HAPI0e, SPG2E R 3 .
IREAF RN KD B AR, e/ METERE . G B
PG B IR Keyence A1) VH-8000 Sty s
1E 100 REBOAREL PR TIIE, (A . FUESRE . R0
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Fig.3 Rapid prototyping pressure-compensating emitter
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Table 3 Average errors of designed and physical dimensions

EA A

Structural Sk ThEe
Physical dimension/mm Average error/%
parameters
&DH:E.% 1.90. 2.20. 2.50. 2.79 0.26. —1.8. —1.07. —2.61
Outlet distance
o zS
'Luﬁ‘h 1.10. 0.89. 0.70. 0.51 -0.045. —0.75. —0.39. 1.75
Outlet diameter
I, £ B BF
S 0.10~ 0.20, 0.30. 0.39 —0.016, —2.053, —1.13, —2.9
Boss height
A PY
E'E'.EHI 1.51. 1.94, 2.41. 295 0.37. -3.25. —-3.72, —-1.61
Boss diameter
N

0.34. 0.39, 0.46. 051  —2.2. —-1.75. 2.17. 1.75

Groove width

1.2.3 XEpidAz

I HT 7K DRk & e B B I S sy i an
Kl 4 fros, REMHER T 372240 A 10 kPa % 200 kPa B[
woE O o . ROl R K kO
GB/T 17187-2009/1S09261:2004 %3k, X5 TFUERT B S0Ks
JE A A B NI )7 10 kPa JF4)% 3 min, AR5 i Hl
Kt 77 200 kPa 434/ 3 min, fHFR 3 U585 8
100 kPa {2/ 42 min, AT FERFLE 1 h 450 W4
PL 10 kPa OB ZE M 10 kPa JF4I &4 120 kPa, SRJ5 LA
20 kPa #} 248 200 kPa £5 . SRR EFT AL 2
T N RS G R /) 5 min, SRJGE R EREK
FHE TG, RN AY S min, WHGE, Lh.

a. BEEREHA

b e H LA IR

b. Photo of test bed
Lokt 20d9ER% 3.AWMUKIR 4FEME SRR 6. EIE  THEKS
8.4
1.Sink  2.Filter 3.Self-prime pump 4.Surge tank 5. Pressure-regulating

valve 6.Pressure gauge 7.Irrigation emitter 8.Fulshing vale
B4 RKEKMEREE
Fig.4 Diagram of hydraulic performance test bed
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D158 SUAREKZR ) Hyo M TAER S H>Hy I, &
71 H-3 5 g /K IR HE B 05 5 R (g=1 B x i s
68, AR R Ho M x 05 R ) AR K A (1
TR G AR R IR - th 2k
K5 Fizme I Sa al g0, A K A B0 B 1) 52 M 7R A
I 4 N R S, S S A (B4 45 kPa) ,
Xof s 7 9 e b 2R 1 R D AT B B, S B R
R . ANJK DFE RS K HBE, JisbEs TR
JE (BT R B IR R Aot i S, K BRI T YT Ik B
e S 1 P 4 A RS S W ol 1 S
TR I AMERE K RS A REPERE . 1 Sb T LLE Y, R >
100 kPa I, J& 75 st VAR R K, B s 3 K
IR FRMR R, TAEXA (RUEMBO . e <
100 kPa i, ELF2R A/ NI, AR TR R R
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a. Influence of outlet distance on flux
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&
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c. G HALK L= 15
c. Influence of boss diameter on flux
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—A—03 v 04

IRASAMERCRITBAL THAR 3 ARG RIREKE:, (HIGE
PR AR, AR e G D0, DI At i3
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o
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0.6
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0.4 L L L L L n L L L .
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I.}: JE s Operation pressure/kPa
b, HH AR 5 )
b. Influence of outlet diameter on flux
/N 5 JE Groove width/mm
14 —2-035 -a-045
b o040 —v-0.50
= e ee s e SNy
212 Z/L oo o Tt
5 Ii, e R
=)
E10
08—
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I} i JOperation pressure/kPa
d. /IR ST I TR R T
d. Influence of groove width on flux
vV
I
v
v
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A JE J1Operation pressure/kPa

e. & RN AR Y R
e. Influence of boss height on flux
P RIBGE R, WIOEER 2.8 mm. HITEAN L0 mm. A RE 0.1 mm. A B 2.0 mm. " A/ME G 0.35 mm. BAEERE 30 HAL R 0.85

mm: B a~e ™, ARRAHAER., HOERE MEEA LE/IMEE.

MR A, AL S BB R R E .

Note: In experiment design, outlet distance is 2.8 mm, outlet diameter is 1.0 mm, boss height is 0.1 mm, boss diameter is 2.0 mm, groove width is 0.35 mm, diaphragm hardness is
30 HA, and diaphragm is 0.85 mm,; For fig a-e, outlet distance, outlet diameter, boss diameter, groove width, and boss height are variables with other parameters kept constant.
B S EAHRT RS M AST AR
Fig.5 Influence of key structural parameter in pressure regulating cavity on flux
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15 T BE R 38 KR o
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FLARB N HE R 2K I MEReAA e 2 5, (HERA K.
G HEAA 1.5 mm KR 54 3 MM E BHAMREKSS
AHEE, RSN SR, 4G EAT=2.0 mm [,
X HE K B PERERE i o

Bl 5d Hp, Bl RE S OGO S K, IR
A4S (20 kPa) o HIJE ST AMEREK S TAEERE v S, A
B E B T AMEREKSRAE AR TE S 1 B BL Pk
€, BT DA A S, BTN R i A
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BN Ram. MOE TR 2 Fros eSS 4L
A HAE FAHEZK A8 7K J7 1 BE 510
2.1.2 EXRELER

HIE 6 Prosi s i s % R it de g Bl LLE
SHEAEHB MR FAMEEREZEZRHE, EE))
TiiE M A R I B RN R, Hp A 1
R S B FE KB M e d o 128, A2 RE A
W, S EEEE N 2.0 mm, HHEAHN 0.8 mm,

BEERN 0 I mm (R2) . AT EESNSEEM
R RN, 0 i i G A XA T B AU E, U
GRECH IR B AL, 15 B R 4 SO KBS
fegi s R, JREF XA TR BER AR AT B A, Bk
GiR W& 2.

24 R4 Test
22 <)
2.0
1.8
=1.6
<=
D14

LGNSR

20 4060 _ 80 100 120 140 160 180 200 220
I_{}: i /1 Operation pressure/kPa

Vi B AR 2.0 mm, MG/ 035 mm. BUF TR 30 HAL BT S
% 0.85 mm.

Note: Boss diameter is 2.0 mm, groove width is 0.35 mm, diaphragm hardness is
30 HA, and diaphragm thickness is 0.85 mm.

He6 ERIEER
Fig.6 Orthogonal experiment results
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[ 0.85 mm B. SL4LA TR S AMERE K S5 10K 11 BE
B, ISR 25 kPa, WATEECA 0.02795.
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a. Influence of diaphragm hardness on flux
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b. Influence of diaphragm thickness on flux

e WIEh, HEEEEY 2.8 mmy I EAN 1.0mm. AT 0.1 mm.
ME B 2.0 mm. S/ METEE 0.35 mm. A EE 30 HA BT 0.85 mm;
Elafilb b, 23l ERR JEERREE D, HABS U ORRER E .
Note: In experiment design, outlet distance is 2.8 mm, outlet diameter is 1.0 mm, boss

height is 0.1 mm, boss diameter is 2.0 mm, groove width is 0.35 mm, diaphragm
hardness is 30 HA, and diaphragm is 0.85 mm; For fig a and b, diaphragm hardness

and diaphragm are variables with other parameters kept constant.
B7 BAMNBEKSAZNOY"

Fig.7 Influence of diaphragm on flux of emitter
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Influence factors on hydraulic performance of
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Wei Zhengying, Ma Shengli*, Zhou Xing, Yuan Weijing
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Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Pressure-compensating emitter is widely used in the agricultural irrigation due to its better compensation and higher
uniformity performance than non-pressure compensating one. However, the factors that influence the hydraulic properties of
pressure-compensating emitter are complicated, which causes difficulty in design and optimization of the structure of the
pressure-compensating emitter. In this study, we determined important influential factors of pressure-compensating emitter
based on theoretical analysis and investigated effects of those important factors on its hydraulic performance in laboratory tests.
Single factor and orthogonal experiment designs were carried out to analyze the each factor’s and their interactive effect. The
HydroPC cylindrical pressure-compensating emitter with orifice inline was purchased from PLASTRO. It had working
pressure of 60-350 kPa, flow rate of 1.2 L/h, outlet distance of 2.8 mm, cavity diameter of 6.8 mm, boss height of 0.1 mm,
groove width of 0.35 mm, boss diameter of 2 mm, diaphragm hardness of 30 HA, and diaphragm thickness of 0.85 mm. The
theoretical analysis showed that the hydraulic performance of the emitter could be affected by the distance of outlet from inlet,
the outlet diameter of the pressure regulating cavity, the height of the boss in the regulating cavity, the diameter of the boss in
the regulating cavity, the width of the boss in pressure regulating cavity, the materials characteristics of the diaphragm such as
hardness and thickness. The hydraulic performance experiment of single-factor design showed that: 1) The far distance of inlet
from outlet could result in poor flow regulating performance of the emitter since the flow rate tended to be reduced with high
working pressure; 2) When the pressure regulating cavity diameter was 00.5 mm, the emitter had good compensating
performance and also high initial pressure, which suggested the diameter should be less than 0.05 mm under non-micro drip
irrigation; 3) Boss height had a large influence on pressure-compensating performance and its optimal value was 0.2 mm; 4)
Boss height did not greatly affect hydraulic performance of the emitter and the performance was almost same when its value
was high than 2.0 mm; and 4) The large value of groove width could facilitate pressure-compensating process but not the flow
regulating performance. The orthogonal experiment revealed that the hydraulic performance of the emitter was optimal with
flow exponent of 0.02795 and initial pressure of 25 kPa when its boss diameter was 2.0 mm, groove width was 0.35 mm, outlet
distance and diameter were 2.0 and 0.8 mm, boss height was 0.1 mm. In addition, the material properties of the diaphragm
could greatly affect pressure-compensating performance and the performance was best when the hardness of diaphragm was
50° and the thickness was 0.7 mm. In sum, those factors should be considered in design of pressure-compensating emitters.
The results would provide important data for emitter design.

Key words: irrigation; structure; diaphragms; drip irrigation; pressure-compensating emitter; hydraulic performance;
influential factors



