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Abstract

Water distribution, discharge-pressure relation and rotation nonuniformity of pop-up sprinklers
during application of reclaimed sewage effluent and groundwater were tested to investigate the effects of
water quality on sprinkler performance. The overlapped sprinkler uniformity coefficients were also
determined from the radial water distribution of an individual sprinkler. Three types of pop-up sprinklers,
DPX — HP sprinkler, DPX —TS sprinkler (recordable angle adjusting) and Toro V —1550 sprinkler, were
used and sprinkler performance were measured after the operation of 447 h for both sewage effluent and
groundwater application. A significant influence of water quality on sprinkler performance was found.
Sewage effluent application resulted in 3.4% ~ 4.7% and 2.7% ~ 9.0% reduction in sprinkler
discharge and coverage radius, respectively; while sprinklers applying groundwater produced a 0. 03% ~
0.09% reduction in discharge and a 2.5% ~ 3.9% reduction in radius. Sprinkler rotation
nonuniformity, represented by a maximum rotation deviation, increased after a continuously operation of
447 h, but no significant influence of water quality on the rotation nonuniformity was observed. The
influence of water quality on Christiansen uniformity coefficient (CU) was also insignificant.

Key words Pop-up sprinkler, Reclaimed sewage effluent, Discharge, Hydraulic performance

Weks H B . 2000 —09 —22  f&[H] H i : 2009 — 12 —24

« [E57863” B H AR DI A B HH VB9 (2006 AA100212) A1 L B4 BTLR% 62 2 31 F (2008 GB23320438)
EER N A0, MR LRI, s, NSRRI R R F5Y, E-mail: liyf@ iwhr. com

BINAESE : A DR, R S0, 3B A 3 0 5 B8 & % R BF5Y, E-mail: 1ijs@ iwhr. com



5 8 1

SR W S P AR KON AR T S Sk oK T 4 RE B9 R TR 57

51

A2 7K T8 2 2 Ak A K B IR L 1 i A K
AR HB, B AR K HE R LA S Y 3t T
W E, WA SC R BT T 2 4R P AR M T R
T T LAk, FR T AR 2 IR E R e R
S, P FH AR A A el b S S A 0 0 T % T AR
KT WS ) 3 N R B SR AR D, B BT 2 4R
HAPE I AR I G X AR W A R S BRI 9 R
T A S S X P A K A P I 5 5 R L AR
1 o AT, T A e e g Sk 302 LR HLK
A BB 3 1, A 5 5 7K 0 P BE BT 5 L #RAE K
ORI WS K S PERE AR R AR B okE T
T 2% G0 14 T K R S i ) g 2 2 i = 3k R
SRA RN U R A K I R E Y R,
A KRS Sk 7K T P BE B 52 0 2 RCA 14 AR 7K 58 3 R
Ao P R R PR 1Y G B ), JE RS T T R
S, BT R T8 5 A% 3y TR i) S AL R
18 2 AL HE R S UmE Sk BN A 2% o sk S5 I i AL
1 B B ) B W (9 1 5) BE BUBE FERE 1 AR K
JRAS A SR o O I, AR SO B 3 b i Y Y el bk
Th e 2 B ek, 3 e 0 14 2 7K O ok g 1 e 1Y
LM R T ik MBSk P A 2 R R AR A O
A K S ) BT AT A 2 AR A

1 #REFZE

9 T el bR It R b i R B 3 Fol T A X B sk
DPX — HP #Y 5 sk (3 V13 B 5 7K 8 3 3% 45 A BR 2
7)) VB ICAZ T BE R DPX — TS RUms Sk (W7 v 15 45

il

IKWEHE B A BR 2 \)) AL DV — 1550 BUmE Sk (58
[ Toro 23 wl) , 3CH Al HP W3k SE42 Mtk A4t
B FoR o ALY T ELORERE S M & 1
FiR o

®1 FAEABIERSH

Tab.1 Characteristics of the pop-up sprinklers

used in the experiments

AR DPX - HP %  BHATICIZIIRER 462 V- 1550 AU
S8 LSS DPX — TS I sk Mg 3k
TAEE J13E
206 ~470 206 ~470 167 ~470
/kPa
BAETAEES
350 350 343
/kPa
B2/ m 8.5~15.8 8.5~15.8 5.8 ~16.8
Hidt/m®h! 0.11 ~3.20 0.11 ~3.20 0.19 ~2.64
e MBEE/(°)  0~330(A[iH) O0~360(H ) 0 ~360(H )
WS A7/ (©) 25 25 25
7k AR SF/mm 19 19 19

MBS A0 6 S, 4 3 4L, B MR K
AIFFA R PEAT W RE A . I A R TAE IR
R¥F N 0.35 MPa, R G A Kiz 417 16 h (6:00 ~
22:00) , Sz 47 [ 3 447 ho R A £E [ 5K
K AR B AR ST s (AE ) K% IR 5 F 5 Ak
Mo REAT X065 R B AT BT AR A 8 Sk i A4 R
o FRAREE AL 50T R X B {5 K b B 1) —
FAL PR X5 B PN AR ARG P 36 3 1) oA ik
Froife o BRI T 46 AT O T /K Z= 4B LRt AR MR
FHEAE IR 5 IR I E X 1S UK B4R AR 2E AT
MRE S5 RN 2 PR o

x2 BHEKMMTKKRERMNKER

Tab.2 Characteristics of the sewage effluent and the groundwater used in the experiments

R /mge L

21 K

TR
/o B & HCOy €Oy SO,k

i BODs COD,, 43 TN TP 7SS cfurmL ™!

WR/AK 24.3 21.9 75 26.7 240 36.7 50

FAK 47.1 38.9 154 178 554 33.5 92

0.13 Ffa 11.6 151 334  1.36

0.276 0.024  43.8 132 712 50.9 0.874 53.1

0.038 KK 1.7 x10°

2.9 x10°

M T e 0 3 Wk 1K ST PR R 23 B He A
R KRR AR K RS Sk K T PERE R R 22 5 o Mk
JK 3 REAE 7K A BB 7K FE Bk 58 A B A I PO (K
A TR A P R F 5 BT, 0 W B &) 3k K g o2 il
RT3 A 458 Sk 0t o — T ) R &R A% Bl
Pk R OK R gy A AE, IO T ik 2 RO R B
iz

WSk Tk 73 ) 0.4 ORIk J1 R R
0.5 ZimA e . AWk F— K71 F I

R TE T A T e A 0 — 2, IR U o 2
(AR %R T U

FALIGE Sk K 3 A AE 2 TG RV BT IR . AR T
7 SR AR 1) 00 HE S, ) B 0.5 m, 7K T 687 11 °F- 24
2 K R 2E 4 200 mm + 1 mm , &R K 545 A 3
Jiks 0.5 h,
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Fig. 1 Relationship between discharge and operating pressure for pop-up sprinklers tested
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Tab.3 Relationship between sprinkler discharge ((, m’/h) and operating pressure ( H, kPa )

KR R DPX — HP #J 3k HAICIZIfE ) DPX — TS AU 3k 6P V- 1550 Ak
BATHT 0 =0.026 1H***7(R* =0.999 6) 0 =0.027 1H***3(R* =0.9999) 0=0.021 1H*>*'"*(R*>=0.998 1)
Tk B1T)E 0 =0.027 1H*>*2°(R* =0.999 7) 0 =0.027 9H"*%(R* =0.9999) 0 =0.020 1H***°(R?* =0.9977)
) BT HI 0 =0.0392H"*78 (R* =0.999 3) 0 =0.032 1H**°(R* =0.999 6) 0 =0.028 8H"*7' (R? =0.998 3)
TR BTG 0 =0.0329H"2%(R* =0.999 8) 0 =0.0259H"%(R* =1.0000) 0 =0.0220H"38(R?> =0.998 6)
2.2 BEkKEHNT T
=5t —o— FIEKIEITR

B2 ~4 45 7 AR K R KIs17 R 53 F
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adjusting recordable sprinklers
(a) 2 SWEK(FAK) (b)) 15 2 SBELIE (HR oK)

(a) 3 AWEK I (A K)

—O— {/EAKIZATH
—— HAEKIET S

o 3 n 6 8 10
5 Sk 85 /m
(a)
6
s
¥ O b FAKIBATH]
: —— R KIS T
Lﬂi\ﬁ 3
i)
= 1
. s ) 6 8 10
L5 S0 25 /m
(b)

44X V- 1550 BUmE K (A ) K i o3 Al

Fig.4 Radial water distribution for the Toro
V — 1550 sprinklers
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2.4 HEHEEH

L F 9% 5 S5 T W 378 3 1 Sk 201 5 249 50 BE 4 7
G5V 1.0 S S R S 4 ) B 2 B R 1 2 A
R AW RB(CU) " RN 6 Fiw, Al LU
A A KA T KB 4T 447 h JE 3 sk i3y
S F B BUAS [ R A A8 A, (EL S AR IR 4 ek
ASHE AR 3T 6. 5% o WK Z J7 2 /3 H7 1 45 B BR

R4 EBITEIFEIT 47 h EHSREILE

Tab.4 Comparison of coverage radii for sprinklers at the beginning and after 447 h of operation

W 3 7 g AR H R K
BATHTS A /m  BATEHR/m BERE /% BAWHE/m BITEHER/m IR %
1 9.5 9.1 9.1 0
DPX — HP 7 5 sk 2 9.9 9.5 9.1 4.2
3 10.0 9.1 9.0 9.5 9.2 3.2
JA— 1 9.5 10.9 10. 1 7.3
DPX - TS HmE 3. 2 1.1 10. 8 2.7 10. 8 10.9 -0.9
3 11.2 10.7
1 9.1 9.0 1.1 8.9 8.7 2.2
BV - 1550 FE 2 8.8 8.3 5.7 9.2 8.7 5.4
3 9.9 8.9 10. 1 9.5 9.1 4.2
250
7k 8 NS(P =0.069)
5 S 2 7Y NS(P =0.241)
% Sk 28 R 5 K A BLAE NS(P=0.114)

ENS R EFALE, TR,
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Tab.5 Comparison of the maximum relative rotation deviation for sprinklers at the
beginning and after 447 h of operation
o £ G PR %G 3 - I ] /s AR 2 /%
i):ﬁ %5 T K fRAEIK K A K
o BATH BATRE 2l BITE BiTE RBM BITE BivE XM BiTE B7E XA
1
BARC ey
2 36.97 37.45 0.48 35.28 35.7 0. 46 1.2 3.8 2.6 2.1 6.5 4.4
DPX — TS %153k
3
1 15.22 15.6 0.41 15. 47 17.86  2.39 4.7 7.7 3.0 7.2 8.1 0.9
£ V-1550 AUmgsk 2 16. 46 17.2 0.76 15.08 15.58 0.5 2.0 2.5 0.5 3.4 8.3 4.9
3 15. 49 16.7 1.22 16.77 17.85 1.08 1.7 2.9 1.2 3.8 10.5 6.7
ZSHT
K R NS(P =0.675) NS(P =0.304)
0k 2 A NS(P =0.386) NS(P =0.752)

NS(P =0.697) NS(P =0.841)

R6 BAESTHMETMTh FHEHETREILE
Tab.6 Comparison of CU for sprinklers at the beginning and after the operation of 447 h

S - Ak H T K
BATHT BT E A AL MR B/ % BATHT BTG AR AL R B/ %
1 0. 85 0.86 0. 87 1.16
DPX — HP i 3k 2 0.88 0. 90 0.89 -1.11
3 0.91 0.91 0 0.88 0.9 2.27
1 87 0.89 0.88 -1.12
HACAZ T8 DPX — TS %I 3k 2 0. 89 0.91 2.25 0.87 0.91 4. 60
3 0.89 0. 90
1 0. 84 0.88 4.76 0.89 0. 87 -2.25
FEB V- 1550 HmE Sk 2 0. 80 0.75 -6.25 0. 87 0. 90 3.45
3 0. 80 0.83 3.75 0. 87 0.88 1.15
PR iy
KR NS(P =0.970)
g Sk 24 75 NS(P =0.884)
Mot 3k 28 B 5 7K IR 32 HLAE NS(P =0.982)

IR R ANGE Sk & T XoF 53 JHE 143 ) 28 B3 A 19 B2 Wi 32 AN
FoOFEMZEAMOARE . HEKEZETT 447 h
Ji 3 RSk 1 2 5] R BCE AR R AE 0.75 LLE B
5 PP A K 18 T B Sk BB 08 il A2 e TR VK 24 20 JEE 1Y

3 HRIE

X DPX — HP # HAT L {2 D1 g i) DPX — TS #!
FHEE V — 1550 AU 3 g 3k, 3 51 FH T 7K FH A=
IKIBAT 447 h W E T ATHT 5 TSk K B A
SRR R -E IR R SRR, FAKE
AT S 3k U 0t PR AIK 3. 4% ~ 4. 7% W E 5 BE AR

16% ~23% G FEREAL 2. 7% ~9.0% , [ & # & K
THUT Ko 3 FHWEL FHES V — 1550 BTk X 4=
Kt UK, U R BREAR 23. 6% , AR BT
7.2% o FRAKIBAT MWk 5% B 1 S TEREAR , 25 R IR
W Sy ok 8] PR B R 22 R I 4. 2% ~ 4. 4% | SF H e
By I [E] I K AR ZE AN Ko P AR KB AT AN 20 Wk
3 5] 2 B0™ A W] R e, HL 3 50 R BORR IR R AR
0.75 DL L, BEA8 I 2 K 2 2] BE R BESR o B Ok
B, i Ak B A RO 22 Rk B oK g P RE T
A KRB AS F R Wi, B D T DR 5 30 G W I e 1E
SE A AN PR KB AT B TR R Sk E Ak B
PRAUEFEE 7J it A Jo 4
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