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1. Submersible pump 2. Flow regulating valve 3. Mixing pump 4. Sampling mouth
5. Gate valve 6. Pressure gauge 7. Laminated filter 8. Differential pressure sensor
9. Electromagnetic flowmeter 10. Outlet pipe 11. Reservoir
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Fig.1 Schematic of device for hydraulic performance
test of laminated filter
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b. laminated surface

a. VA RE Ah T
a. Outer section of flow channel
T ed B 7 )R mm s b P A AN = A R mm; 0 & R I RS
= AIE T (0): 10 & R W R mm.
Note: d is single laminate thickness; h is height of triangle outer section of flow
channel; #is apex angle of triangle outside flow channel; / is length of flow channel.
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Fig.2 Schematic diagram of laminated structure
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Table 1 Main structural size parameters of 5 laminated filters

=R A A ) I UERR uRE | o YER 11 T UESR IV T uERV
Main structural parameter of laminates Filter I Filter 11 Filter 111 Filter IV Filter V
JE % (d) Thickness/mm 2.14 2.16 2.05 2.19 1.60
Ji % (p)Number of laminations 276 270 268 262 312
VAR (D Length of flow channel/mm 15.14 15.43 15.14 14.97 15.42
HEHC£) Number of flow channels 801 701 720 580 750
VRN = TR (O Apex angle of triangle outside flow channel/(°) 57 55 74 64 33
Ve K AR T = 411 B 1 Ch) Height of triangle outer section of flow channel /mm 0.61 0.68 0.64 0.71 0.36
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KT RN B il i 85 Je v Ik uE fE 1, A
HAT E W AR Bid 5 v K R 0~104 >10~204 >20~
40, >40~80. >80~160. >160~320. >320~1 000 um Y&
YUK O EE 4 5 10.68%- 8.94%- 22.97%- 30.78%
15.03%-6.64%-4.96%. SEFREEMEH , FEM KRS I — 2
g R G, e GV kAN T 018 mm!™, AR SR
FPRLAR/NT0.16 mm 407D, Je v0 i ik 80% O & 73 %0 ,
FFA TRESEBR . 2 L) 1) & 7K E o 4 i 75 15 7 K
RIS, KU B AN B i 98 8% , fELIE s W &
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R, BRI PR FEE K I 0 30 m/he AR 45 7 e
Ty ¥ FE K TR HED, ¥ 3 AN b K & Vb B Ot i 2y B0 K
7 0.02%-0.03% 52 0.04% , L0 Y. (1) [ A4 J50RL v B 43 il
241200300 F1400 mg/L.
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7Kk 4512k Head loss/

0 5 10 15 20 25 30 35
JZ4T B [8] Operation time/min
a. FrVb a2 0.02%
a. Silt concentration 0.02%
e I UE SRR BT B o, L B RS I SRS AT B . SRR AN 30 m? bl

IZ17 I [A] Operation time/min
b. &4 0.03%
b. Silt concentration 0.03%

15 20 25 B 2 4 6 8
JZ24T I} [A] Operation time/min
c. Zb i 0.04%

c. Silt concentration 0.04%

Note: ¢, is the stable running period of the filter, ¢, is the blocking running period of the filter. Flow rate is 30 m*-h'.
B3 RE A AKFHET SA &R IR BRI MAD ST
Fig.3 Dynamic of head loss of 5 laminated filters under different sand-water conditions
R2 AEHKSDEFHTARNERE R SIEFERY S ERNE TR EE@MPNEER
Table 2 Linear regression fitting results of filter clogging uniformity varying with time
at different period under different silt concentration

o 0.04% 7 ¥V 1 Silt concentration 0.03% 7 ¥b & Silt concentration 0.02% 75 b 12 Silt concentration
Filter k R? k, R n k, R? k, R? n k, R? k, R M
I 0.44 0.93% 3.10  0.99%* 7.00 0.22 0.98**  1.21  0.99%* 545 0.14 0.98**  0.48 0.99** 334
II 0.53 0.94* 3.62  0.99%* 6.81 0.30 0.90* 1.49  0.99**  4.89 0.19 0.99** 0.54 0.99**  2.86
1 0.46 0.98** 528  0.99%* 11.48 0.33 0.99*%* 2,68 0.99**  8.11 0.21 0.96** 0.77 0.99**  3.73
v 0.43 0.93* 486 0.99%* 11.34 0.34 0.97** 248  0.99**  7.29 0.19 0.97** 0.65 0.99**  3.50
\ 0.80 0.98** 2,10  0.99%* 2.62 0.34 0.95**  0.61 0.99** 1.77 0.19 0.96*%*  0.40  0.99%* 2.07
TR 2RI R G35 o, o, B B R L5 e 2R B, P<0.055 %%, P<0.01. R [

Note: R,>and R,? are linear fitting determination coefficient in ¢, and ¢, periods, respectively, *, P<0.05; **, P<0.01. Same as below.
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b Silt concentration/%  [70.02 E§0.03 M0.04

o8 &8 8888R

Median particle size/um

;j;é: N=)

)1t Sand interception/g
cubmhBRB8RELS

| 1l 11 \% \%
Bl ukas
Laminated filter

| 1] 1] \% \%
LA PURTE
Laminated filter
a. Piybi b. D;,
a. Sand interception b. Median particle size
AN FRERAE 0.05 K1 AR S0 B R AN IR DB &% A7 78 S 25 M
Note: Different small letter indicate significant difference among filters at 0.05
level under same sandy water condition .

B4 2 K G T SAPILIE &8 R M) A2 AR P ALK 12
Fig.4 Amount and median size of intercepted sediment
by 5 filters under sandy water condition
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231 FRMEEFNIARS &R EH LSRN G L L FR
FHE bSO o B g SR mT LUE B, AN R & v i DR 2R 1
ALK B A AR ARFAE 3 FE 3550 BE R 1290 o DA S $
BT DL YT T R NI, $5 DA 5 h5 o 1 5 v 5
SHhS L IERR AT SR G VR . B Je i S v s E A
SPHTULR, 5 P B A it S8 8% n, M VA K Dy i 5 & 7 4% 45
TS HUR I H DG OC 2, I m, 9 by B AT I (LA T3R75)
AT LR, AR 45 SRk 3 Fios.
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Table 3 Relationship between performance evaluation indices of laminated filter and structural size parameters

PRI RE VPN $8 47 Single performance evaluation index

s % FE B B K Sk 4 2 1 K EAT S - ISR, TNy
A BERAE o pMBUKIRRRKRER A A B PR T DR £
Structural pa- Clogging uniformity Head loss growth rate Operation cycle . . . . .
. . Sand interception Median particle size
rameter index during ¢,
a b R? a b R’ a b R a b R? a b R?
d 5.66 -5.96  0.24* 1.62 -1.34 0.06 -11.35  36.69 0.08 21-59 76.26 0.36** 5695  -52.33  0.47**
P -0.08 2841  0.33* -0.03 9.72 0.12 0.18 -37.31 0.13 0.29 -47.71  042%*  -0.69  254.66 0.46**
118. - 1004.
/ -7.44 18 ! 0.27%* 252 40.26 0.09 13.21 187.29 0.07 20.00 -271.96  0.20¥  -61.85 0% 3 0.37**
A -0.01 13.64 0.11 -0.01 5.75 0.08 0.03 -8.72 0.07 0.09 -30.34  0.68%*  -0.13 154.57  0.27**
0 0.12 -1.12 0.39%* 0.04 -0.56 0.17* -0.27 28.94 0.17*  -0.25 46.50 0.18* 0.67 25.04 0.25%
h 1090  -1.03  0.29** 3.59 -0.22 0.09 -2428 2824 0.12 43-25 58.42 0.47*%*  99.83 3.27 0.47%%*

TE A BREON y=ax+b, L1y VPO bR x A 8% S KL a T b LT FEHI S 20

Note: Fitting function is y=ax+b, where y is each structural parameter and y is evaluation index, a and b are undetermined parameters.
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X 3R AR5 £ H sz R R [ 3 Zon L RIEC R
FEXT M Dy, {1 [1E 5347 v, 530 B 0 HL 52 i) AS Jd 25 (P>
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F1 DA W 235 (P<<0.05) , HL 15 J5 2 52 i 4 {2 3% (P
<0.01), 5 R WL (2) F1X (3) o FEXT n, (E 14 1) 53 Br

Hh 1A 5 Rl 35 SR (P <<0.05) , {H 4 T 2 4[]
FAET R ZHAMEAH R, dF A TR K0T 221 ik
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KT 10, 255 WA (4) , 3308 25X [0l U5 75 2 19 5 808 H
FROCHE ™ A= 52 o S T B 22 B 2P AH D0 ] U5 077 7 %
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AT A 53 B

X5 g EA R AR B d p L0 R AT FE AT HT 3
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Table 4 Linear regression results between performance evaluation index of laminated filter and structure parameters

RZ
gt 22 H 850 LB K BA7 AW R Y P R
Structural parameter Clogging uniformity ~ Head loss growth rate  Operation cycle Sand interception Median particle size
index(7,) during t,(k,) (7) (M) (Dsp)
B A JEJ& Single laminate thickness (d) 0.24* 0.06 0.08 0.36%* 0.47%*
2 v 7 B Number of laminations (p) 0.33* 0.12 0.13 0.42%* 0.46%*
B A VA K E Length of flow channel (/) 0.27%* 0.09 0.07 0.20% 0.37%*
)7 RS % Number of flow channels (£)) 0.11 0.08 0.07 0.68% 0.27%*
TSRO L G P I Apex angle of 0.39% 0.17* 0.17* 0.18* 0.25%
triangle outside flow channel(6) ’ ’ ’ ' '
v VB R A1 401 = JE 5 Height of outer . .
section of flow channel (h) 0.20% 0.09 0.12 0.47% 0.47%
Y(M)=-12.54d+0.08f +4.67 VA QIEMKIK K 7.22.7.08.7.88.8.63.3.11, LA H/],
(F=39.4,R*=0.78,P<0.01) (2 B RS IEREEL . FTUUE LIRS V SRS VRO
Y(D)=-51.781-0.796+129.67h+818.16 TEAAIG » T U8 % TIOR8 3% TV ) 2815 VPO B 0]
(F=11.4,R*=0.62,P<0.01) (3)  ILuESE VISR YRR, il yE A T IR A8 TV (145

Y(5,)=—4.86d(VIF=22.87),-2.871+0.076+10.22h+48.76

(F=3.5,R*=0.41, P<0.05,d Y%} i VIF=22.87,

h 5% N VIF=29.83) (4)
Y,(n,)=0.46d*-0.48p*~0.36/*+0.450%+0.47h*(5)
Y,*(,)=0.29 Y,(n,) (F=12.7,P<0.01) (6)

Y,(5,)=1.56d-0.02p—1.491+0.020+2.80h+27.52  (7)
K y(m) YD) . Y(y) 530 X #2005 M A2 v
{HARLAR Dy IEZEI ST n, IR PERNH SR Y () B Y
() FT S IO 14> 18008, Y, () A, THBRAS 7L R 2 T 2
P GG A 25 . Y, () M Y, () B FR UEAL
i, d* pE O R RIS d p 1L O h ARG
232 AFEAEMAHKGTIEBRAESSFN T X

FR 2 v i v 2 1k e A VP FIARAUE  n, A1 DS (E BL/N K
FE MAE WO G o R b SCBT S 1R A 5 FE S SR
HIEMBOEESL VA & ik JEAR PERE I 48— H AR pR 2L,
¥Aabrar 48 Q, Wal(8),

Q=-0,Y(M)+w,Y,(n,)+0,Y(D) (8)
Kb Q W& R I IEAEREZE G VEM 8 AR R AL, T 1R 0=
1,2,3)3F/R Y(M) \Y(D) .Y,(,) 3 eREIT X B A A £~

AR AR S AT S o RS R A ) AR B YE A A
HEIHE AR I B AR B A o~ B, WIAZ AR B3 4 . ek #
IR T o, W TH 5073 0 an A9, FAB P E T 4% FR
FRAR R EU B g S R .

1

w=— <))

" (a-B)

2

P a Ry 5 ok B 2 5 B U B8 45 bR K g5 /AL, B4 5 B

ik Y R I BT bR 1) B KA
% R [20]3F 515 ©,=0.004, w,=1.2, ©,=0.0007,

WIZE-G PR B B L2 (10) .
Q= 2.00d-0.03p-1.89/-0.0003/+0.036+

3.58h+34.89 (10)
W5 & i AR dp LS, 0 LR R AR AR (10)
OB S R IE R N T E NS TENE Q, i UEAR T

BPERER ZE . WRYER 2 AE 47T LLE B, S siids ks, i
JEAR VORI JE 2% 113 1 Y VA A8 P 1) Ve V0 B FE R
S AL i S s R BRI ot AV IBUR/ -t QAR I E SR 5
%, L JE A VORI SR 4 TUFT AR Ve V0 IR AR D B HH
AR Vb A BERE o W] UL, 210D TT LA A THT A 35 M6
B R L PR T RE AT S5 A VPN R L
24 EFEMARPMER RS RS HEMRTE
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Comprehensive evaluation method for hydraulic performance

and filtering quality of laminated filter

Yang Peiling, Lu Ping, Ren Shumei, Wang Xiao, Liu Weijie
(College of Hydraulic and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Laminated filter has the characteristics of screen filter and sand filter, and can achieve three-dimensional filtration. The
structure size of laminated filter is the most important parameter affecting the filter performance. In this study, we established a
comprehensive evaluation method of laminated filter performance. Experiment was carried out at Tongzhou Test Station of China
Agricultural University. A total of 5 kinds of laminated filters commonly used were selected. The hydraulic and filtration perfor-
mance of laminated filters were tested under different sediment concentration (0.02%, 0.03% and 0.04%) and flow rate (25, 30,
35 m’/h). Dynamic change of head loss with time, clogging uniformity index, amount of intercepting sediment and median parti-
cle size of intercepted sediment were analyzed. Based on the performance test, the 3 single performance indices (amount of inter-
cepting sediment, median particle size of intercepted sediment and clogging uniformity index) related to the size parameters of
laminates were selected through correlation analysis. By means of stepwise regression analysis and principal component analysis,
the multivariate linear regression equations between 3 single performance indices and 6 laminated structural parameters (single
laminate thickness, the number of laminations, length of the flow channel, the number of flow channels, the apex angle of triangle
outside flow channel, the height of triangle outer section of flow channel ) were established respectively. And the regression equa-
tion of 3 single performance indices was used to establish the comprehensive evaluation function of laminated filter performance
by direct weighting method. The results showed that there were great differences among the 5 laminated filters in head loss,
amount of intercepting sediment, median particle size of intercepted sediment and clogging uniformity index. The evaluation val-
ue of comprehensive evaluative function established in this paper for 5 kinds of laminated filters was ordered by filter V(3.11),
smaller than filter 11(7.08), filter 1(7.22), filter I11(7.88) and filter IV(8.63). The smaller evaluation value indicated better compre-
hensive performance of laminated filters. According to the analysis of the test data, the evaluation results were in line with the ac-
tual situation, and could comprehensively and reasonably evaluate and compare the performances of laminated filters. In addition,
the numerical value of the index also reflected the difference of the structure and size of the 5 kinds of laminated filters, which
showed difference in clogging uniformity index, amount of intercepting sediment and median particle size of intercepted sedi-
ment. According to the design requirements of laminated filters, there was a certain constraint relationship between the structural
size parameters of laminated filters. It was difficult to improve the hydraulic performance and sediment disposal capacity of the
filter at the same time only by changing the value of a certain parameter. Therefore, the geometric structure and size of laminated
filter should be considered comprehensively in order to optimize some performance parameters of laminated filter. This evalua-
tion method cannot only be used to assess performance of laminated filter, but also provide information for improving the size of
laminated filter structure and further optimizing the performance of filter.

Keywords: filters; clogging; evaluation; lamination; uniformity



