201441

7SO AR VI =

LHENE R

doi:10.6041/j. issn. 1000-1298.2014.01. 017

FDR R L%t LB BN E R R M5 87

HRE? B

Sally D Logsdon®

Robert Horton"

(L PYAEARABHE R AU S i T TR B, PRPI B 7121005 2. PYALAHRBIH K2R M S8 TR BE , PRV % 7121005
3. REARA IR IR E A SF BT IR, AT TA 50011 - 31205 4. Zfif Al 37 R R 22 & SR U TA 50011)

FEE . O THEST FDR 53K 450 v R B TR] M R PR B B X - S A W 35 000 S 4 52 0, 38 o 2R 3k 190 2% 23 BT A 43 1) % 2 i
BHER 4 AR AR SR AR AT T A g I 28 mm KJETF 10 mm 14 mm $R B[] BE AR Sk 0 10 mm [6] BT
28 mm 45 mm [ EEHEK BT A L B 0 L B, A8 31. 2 MHz LA B A5UBE B 18] B X b A v 1 00 B R ma AR DS 1R B
K BE TR ) 950 B X - 38 ) v S2 AR B RE SR 2 T [l R e o R 50 3 B, R B ) BE R 2 R 3 A W 8 0 A R R 0 PR R AR
I8 b5k 5 AT % AT — A Y R A VR s PR IR R ) kS W T S R R AR, R B R R R O, R
JEE RS A I A OGS N 2 — o FDR 5K B9 SR B D& 25 4 45 L3 R A FL 351 0 B A O S L, X A )

T FDR A J s I R 2 A FR S8 oz 1 A9 2 e
REW: L PN BRREH A
HESES: S24 MERARIRED: A

51

FDR ( Frequency domain reflectometry ) + 3£ 7K 43
1% B A I DA A S0 A H B Sy Al %) Y
KB Ao FDR % % L AT TDR (Time
domain reflectometry) E’J}Sﬁﬁﬁﬁﬁ\m ,E_fﬁff%{ﬁﬁm s
1117 L B AR 6 0 5k D) o R, R AT A% B A 4R Sk S5 M BY
ARG L AR )32

Hi T FDR I &8 3 52 30 s AR PRS2 i, TR 0
FEl 22 1 340 FL A P 9 FDR RS B RN b 5858 17 P F 5%
RZ . SCHRL4 ~8 ] N LA R A Tl o 13
JoT i, R E R S b A R M B R, o3 BT
T FDR SRR M R o SCHR[9 ~ 12 ] 3R,
AT RS T, L BRI —E 2 =,
ORI, LA AR R 22 IR AR K. ST
PR TSk 5 M AR A 2 D0 LA B R AN 58— T 3 A
[ Shang 7t [F] Bl Jf i 47 1 5 A A e PR T 58 R
B, A BB IR BOBUR S R R G, X R
I ST 1 6 5% w8 A R g I R
Pettinelli BF 57 % B, A% [ &% BT X5 4 3 4 vy 52 36 A
FE TR A AT AR KR o DA RS FDR SR (A B
A 2 K 52 W) - 3 A R A Y 0

T W ST R TA] A RE Xk b SR B4 v R

il

WA H W1 2013 -09—19 &l H . 2013 -10-25

X EHS: 1000-1298(2014)01-0102-06

AR R ], AR SCR T AN () [ A [ R 3 A (] ]
AFEFREHR B 4 A5k G K 45 0 A A
i, ISk S AR X - S A H U Y R

1 #RF7TE

L1 TEERHE

N T WA ) 753k &5 A8 X b B A W R M Y
Wy, 130 B T A (R OREORE 5 A [ Y R L
e, b T E O T R [E - DA AEAS [
[F) B AR AN [ R ¢ Sk IO 1 A W i Y 22001, I
W e I WIAD LB R] . Pir Y L sy Bk 1 I 3R 1
JHp Hanlon + R4 F & [H Towa M ) Mitchell &, &
TAab 4, b 2B O IK O, A G E B, e
Loess 1 %45 T 3% & lowa M 9 Dickinson 5., 53 H
B AHAL, 0 e oK R AR TR R R, B
Jd sy —, Z AL, e g

x1 ABEATHRMATE

Tab.1 Particle sizes and densities of the soils

i Wkt BrRipRE RPRIBRE BURWE
S % R % S/ % /g+em ~?

Hanlon 9.76 16.29 73.942 1.36

Loess 27.15 69.79 3. 062 1.30

# EZ A RPLA RGBT H (51309193) \+ — 10" E R AT B B 5 H (2011BAD29B08 ) | Bk 74 44 4% k. 2 5 5 H (2012K02 — 15) Al

PG AR MR B4 A8 & BT Y 0T H (QN2011128)

EHE®B N FEOE, LA VR, ZENF R A A D5, E-mail: xjhv@ 163. com
BIEE: D%, 8% LA, FENFRI KL TS, E-mail: x36936@ gmail. com



LR

VPR 45 FDR $8 3k G540 X 1 3840 vi 3350 4k A9 52 00 20 103

R TE 26 RO TR AR MY AIF 5T Jmy [ AN 5 45
LEE AT LAEARKT S, A 18 H i1 (fL12
1 mm) 35 5 , SR G A 105°C T 148 T4 24 h, T4
JG I R AT RS T R A . R G 2 2Kt
WA AT EE, RPN EE T KB 5% .
10% \15% \20% 7247 (R B 7K R0 0, WS B s
bR E KR T RIEWE . LA A PVC 4 (5 1
75 80 mm, E AL N 60 mm) AR
L2 REFERTR

56 1 & 1 N 2% 0 BT AL ( VNA-Vector Network
Analyzer, HP 8753ES) #E A7l £ o K it M 45 73 Hr A
BOE MRS A4 0. 001 ~3 GHz, R A i H0h 801 £,
O A P 2% 23 M ASCR i 1 1 R AT i BT BNC i
FeSKOoRE % i 28 3 A AHE 1 28 A FDR A% g AH i
R WS AT AT AL 2 h J5 T R A S0 Qi
WA HEH ( Maury Microwave 85050B) #5% #E, R K
Ui T s 1 S 5 12 0 A5 00 6 < 51 e O A 9 4 0 A AR
It FDR A% RS 1 WU S80S, , 98 )5 ] Logsdon Fi
Lavivd A58 7K A 530 A0 A L 280 10 S5 950 R e
A B H B TOR M PR T A A A SR
i

HEH S i ER S
., Z,ec Zegcl-S)

Tz T LZ, 1+s, (1)
A Z,——FDR AL 59 R PR BT, H W) il it 45

5Pk L 2 R ARk
Z,— WA R Z YRR PERE BT, B S0 Q

B2 H R, B 8. 854 x 107" F/m
L7 v LR B R B L B3 x 107 m/s

L——FDR & J8 45 ) v i 5 4 2

7" ——FDR & a8 Rk Je - i K2 A

Sy 5% W 2% 23 A SO A5 Y A2 U2 8L
SR R R B A B2 R

e ()= wfaparcta(:l(Zo"/a'")
A f——R MM A, He
o' —H Y SR
o"—— Y B
HRAE Logsdon H it , &2 /i W £ 4%y R WA
R AR

£ =1+ v’ (e7e))e' /2 (3)
A e, FDR & WA L %k
RN
A W B
Ph B35 25 B Matlab $F 77 4 A2, 38 £ Fo 5% K
1 BB A BE T 6E , AT 22 il £33 0. 001 ~3 GHz 5l Bt 1)

o

8!)

c

(2)

Ii LT, T T AIE S0 AR Sk 25 4 X6 - 3 A F AR 2 1) 5
M,

G B X A AR A 3 UK OB A AT A
LR OB A TR R AR B R X L, TR A
FL Y00 S 1 5 T R 2
1.3 FDR &Mt

AR R —Fh 7 BEEFS5 s 1 TR X
Fofr 85 A6y W ST AL Ry ) Bl 85, 5 F - HE A ol R R 1 RS
T BREHE I E AR 1.2 mm REE AR, di
i E b el AR Eg P (X SN 1§ SR e we = S SR S
S BRI SE 3 T 10 mm Al 14 mm P FpAS [R] (1] B
PR3k (28 mm K ) #EAT AH [A) + B8 00 A 30 R . A
PRAT S BE 52 e+ 3 A s 5 i 58, 26 AT 10 mm £
EFIRIEE T (Y 28 mm A1 45 mm 5 FhAS ] K B 45 Sk iF
A AH R) A= 3 A A H 335 D A 58 o A T L B E R
FERBEXT HHEA W3 i 52 e o SR R 0 R
R Y O R O R K SRR T AR E .

() (b)

P 1 FDR 2 R4 45 1o 1A
Fig.1 Schematic views of FDR probe
(a) LB (b) (LA
L.BNC #23k 2. iigiR 3. NEEHIIRE

2 HRE5OMW

2.1 #FEHiE BB L1 A B E A R

2 JEANTR ) BE R ER T A A A e AR R
HHEZE N 14 mm [A] PR AR I B {E, SE26 50 10 mm [H]
PEAREN I B (8 . B R R A AR R  AKCR 4 Rk
7 TARTE . MK ZE SRR E , RN Rt 8%
TG KR GE . FEAT LS KRG T, 135
A B B 3 5 K AR A AR Ak, X — IR A S
BRI21 I E A B2 BUR . FEXF A — Fh £ FE 2E 470
TR 2 B, AH TR A K 32 T T S [ 1 4 Sk BT I+
A i LT AR I

M 2 BT, Hanlon + 1) 2 7K 564351 2 18. 1% |
13.2% .8.8% F15.2% , WA AL SR I ([ 2a) K R,
LRMBRIE R — PR G KR T ILTFES, 7EHE
I — 7 0t % 22 5 ) PR 3R, G T A Dy 2 —
B A HL S BE PR Sk R BE AR LA — e iRk 22, B



104 f Ak MM ¥ R 2014 4
160 200
18.1%/10mm 1801 18.1%/10mm
140+ 18.1%/14mm 18.1%/14mm
—  13.2%/10mm 160 | —  13.2%/10mm
120} - -~ 13.2%/14mm -~ 13.2%/14mm
8.8%/10mm 140 8.8%/10mm
= 100} 8.8%/14mm = 8.8%/14mm
x —  5.2%/10mm = 120 —  5.2%/10mm
ﬁ 80 - - 5.2%/14mm ﬁ 16511 - = 5.2%/14mm
3 E
gii ki
‘= & 80+
60f .
® o
601
40t
40+
20f 20l
ol : :
B 10° 10’ 10° 10°
W EH O Hz
()
B 1 200y 1y
M‘ 19.9%/10mm . | ; \ 19.9%/10mm
140 I 19.9 %/14mm Ly b 19.9 %/14mm
i e RE WY .
1 —  14.9%/10mm 160|- o i —  14.9%/10mm
120 i - - 14.9%/14mm 1 - - 14.9%/14mm
‘H 10.6 %/10mm 140 ‘\ \ ““ 10.6 %/10mm
s 5L " 10.6 %/14mm - b 10.6 %/14mm
Az ' | 1201 W
3 "““\ \ —  7.4%/10mm k) \) —  7.4%/10mm
£ o . - = 7.4%/14mm £ 100 \ -~ 7.4%/14mm
s A\ =
e W\ &
S gol i\ & sof
w 60 \ \ ) 1)
W\ 60} f‘\ A
40 \ W
40
20} ol
10° 10° 10 10° 10’
MBS E Mz
@

B2 A [l [a] BEAR G B A b i ) &

Fig.2 Apparent permittivity spectrum of two soils
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Fig.3  Soil dielectric spectrum of the different length needle
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FDR Probe Structure Influence on the Soil Dielectric Spectrum Measurement

Xu Jinghui'?>  Ma Xiaoyi® Sally D Logsdon’ Robert Horton*
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
2. College of Water Resources and Architectural Engineering, Northwest A&F University , Yangling, Shaanxi 712100, China
3. National Laboratory for Agriculture and the Environment, USDA-ARS, Ames IA 50011-3120, U. S. A.
4. Department of Agronomy, lowa State University, Ames IA 50011, U. S. A.)

Abstract; The soil dielectric spectrum are related to the soil physical properties, and those are affected
by the structure of the probe too. In order to determine how the probe structure influence the soil
dielectric spectrum measurement, the two kinds of soils were measured at four water content level by
10 mm and 14 mm spacing needle at 28 mm probe length, 28 mm and 45 mm length needle at 10 mm
spacing. It has been confirmed that the probe spacing has no effect on the soil dielectric spectrum
measurement above 31.2 MHz by comparing the dielectric spectrums, and the length of the probe can
affect the real or imaginary part of the soil dielectric spectrum in the range of 0.001 ~3 GHz. The
research shows that the spacing of needle is not the key factor to the soil dielectric property measurement
within a certain spacing, and the length of the probe has a greater influence on the soil dielectric property
measurement. The smaller of the probe length, the larger of the dielectric relaxation frequency.
Therefore, the probe length is the important factor that affect soil dielectric measurements. The FDR
probe should be shorter, it is good to improve the measurement accuracy and environmental adaptation.

Key words: Soil FDR Probe structure Dielectric spectrum
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Research Progress of Pressure Compensating Emitters in
Micro-irrigation Systems in China

Wei Zhengying Yuan Weijing Zhou Xing Zhao Guangxi
(State Key Lab for Manufacturing System Engineering, Xi’ an Jiaotong University, Xi’ an 710049, China)

Abstract: With superior hydraulic performance, the pressure compensating emitter (PCE) has extensive
application in mountain and hill regions where the hydraulic pressure in irrigation systems often changes
greatly. Because of the complicate structure, PCE design mechanism is still not clear. There’ s a big
difficulty in developing new types of PCE products even with high cost, which also makes it almost
impossible to popularize PCE in China. The application and research status of PCE in both China and
foreign countries was overviewed in order to supply a clear understanding to the readers. An improved
development route for PCE was proposed on the base of combining several advanced techniques including
numerical simulation, rapid prototyping ( RP) and visualization experiment. Then the key problems
involved in this route were discussed. And problems proposed in some early papers were solved. For the
compensating mechanism is the key problem in PCE design and development, through part work of our
team , it was pointed out that numerical simulation with fluid-structure interaction method, which provides
us with pressure and velocity distribution, was an effective way to solve this problem.

Key words: Pressure compensating emitter  Irrigation system  Development route  Fluid-structure

interaction



