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Abstract; In order to clarify the technical development and application status of hydraulic ram pump),
the development history of hydraulic ram pump technology, and brief introductions of the basic
structure of hydraulic ram pump were reviewed. On this basis, it expounds the efficiency calculation
method of hydraulic ram pump, and combs the development of theoretical design method of hydraulic
ram pump. Then, the research and development status of hydraulic ram pump at home and abroad was
summarized, and the fundamental reasons for the limited development of hydraulic ram pump in China
were put forward. It is pointed out that simplifying the manufacturing and assembly process, developing
large-scale hydraulic ram pump manufacturing technology, and developing lightweight and split hydrau-
lic ram pump are the key points of future development. Then it is concluded that the system parameters
and structural parameters are the main factors affecting the hydraulic ram pump. Finally, the practical

application status of hydraulic ram pump at home and abroad was compared and analyzed. It is pro-
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posed that the development and application of hydraulic ram pump should be based on the theoretical

model of the whole operation process of hydraulic ram pump considering the dynamic opening and clo-

sing process of discharge valve and delivery valve, and the manufacturing technology of hydraulic ram

pump suitable for different groups or objectives should be developed. The research results provide a

certain reference for expanding the application scope of hydraulic ram pump and improving the manu-

facturing technology of hydraulic ram pump in China.
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Fig.1 Hydraulic ram pump system

D'AUBUSSION g% n,, LAT WK 18 by K51 , 2
i KR A i L 7K BB 5 A K BB Z AT LB A, 1158
N W]

q(h + H)
nD:(q+Q)H' (2)

XFEEE (1), (2) &3, D" AUBUSSION R4 #1143
TR EEZ T qH X —0 i FRCRENT 1, F I,
D' AUBUSSIONZK %% F T RANKINE %%

— > BT ) KRR ER T KRR R KRR L AR
AL SFEALR, W&l 1b R K BRI (1) — 4~ T
VeI FEREIR AR - D W hh At 21, ik /K iR e 5 g s
AN I VER T IS, K IR TE K B 3 /R F R 56
P b A% 2 I 7K g 9% R 428 1R B0 00 7K A8 iE A K i
B, IR K iR AR T UK G A AR
i 1a fros. YK wAE 1K T 5 ) s H Al 4 )
i, K HE Sk 7K 6 . ) Hh K R 28R 06
W1, ZRge & A AR, ZE 1 9 R T 2R3 . &5 R
HES K BIAT I, 7K B A A 2 e, an &l 1 il
N HEAZSEENBK , — 385 B4 /KA 3k
TR LK L TR 40 DL 2 e 4 A AR B AR e S
SHEN.Q TSI, ST, i
IKIRAE 1R 250 B R PR OC AT, 3tk 7K i 7 2 ) 8
HASNIER T EH G, KRN T —A TAE
AR, W e FR. 28 s e 250 H IR B EA
TRERZE , FFAE N — AR R K BT B i A 25 S
W 3 BT At A E 2 AOIRE P K, DU B R 4 AR T
WK, T ha T 1% 28 S 07K .

BT KRS B B B9, —Fh 7 2 A 4 itk
] F K B FRIR S K e B 1 A A R 0 R o R
TASTAEB B, 36 F A o] e 46 i 8l 7 R R oK A 1

AN BB 7K BRI (], SR AR AT KRR AL Y AR JE
W1 ok oK B AR S S50 0'BRIEN A1 GOS-
LINE KK EEAE B 1A TAE IR 3 4 DB, &
WS T ASKERSE TAEZ 1T 1A BLAR R (AL AE
AR R RE R FH R K i B S, H A B B SR FH W 7K
BEFEE  LANSFORD 4F 7 Bt J5 # 1 /> T8 A 1 40
1k 6 4B B, 76 O'BRIEN 1 GOSLINE B4 4t -
#h I LR T S AKAE R K R ) AR AR T
TR FNRCFE b4 72 FE T 2K Sk 1 28 1kt e A T
S T 7K IR A L o sk O A 1%, i 7K I I ) 7 A
KROL'™ 43 #7 1 itk 7K B 77K 3 V8 13 6 I ) BAT
Bl 12 B Bl R O i 7K TR 78 [ B[]
JF I 156 B 9. TACKE Ak 2 A~ 18 1] 9 A 4] 2o 72
SRR 8 B KK ER Y 1 A AR R 16 A
B JRHFNEK 3 BB, R T A K R LK R
Bk 23k 20 INTHACHOT 260 1) % RENNIE 21
R I i AT 1098

WYLIE il STREETER 45 4 1 FAELR g, nT %
IRERAR 53 77 78 41 AT 1 B2 5K fif. VERSPUY 41
WK ER A TR AL A 30 3 K8 R T i K i B, K T
HATE G FHE 0, 35 G F i 5 o 5L br s 72
TR R 2 R K IR K R A8 Bl R R
s SE NAIM 251 g BT 1 O R T K
ARG BB, A 7K 1 F 7K i I B AR Ak
LI E] R RREOC R R ECY 0.5, (B IR X%
BB B HERF PR A K RE 48 BOBUE 1 5 BEAYE R 174017
FILIPAN 25 (i 2 1 YK R R4 7K 30 2 5
s gl 2 5 # 5 fan K A S — AN B ) i AT Y 1k
[m] 5.

TR A 2 A B itk 7K R AR A K 1R L B 1k B B 22



o T T

B P AL R KRR T S K 1. A BB OF AT
Xl 7 FR I 7K R RS AL e e ey Ak B XA 2 Fif D
S TR T TR0 R PR B A A, DO BN 2 28 2%
PER TS OL T BEIRIIT S 5O . @) fi8E T RASE—RL
FRITIE SO PAT, AR e 111 A T 38 A2 A 5 I Tl i A2
LIRS R R PR RO R B IR A T AR LR
AR REFRATE : O B8E 1 PR R 220 B
eI AT A A K (A B, FL A B A 1 ik
— AL 2 BRE R T T S i e, 2l 75
AL SR S 1 e 7 MUK R, AR XE A
FRYE bR R K R R RE Y 5% B PR 3RO R AT 2
PEAE.

2 Witk

ANDERSON"" % EASON F1 AMOS il ¥ 1) JE 45
IKERIEIEAT T ZAEMWEE, 0F & T ANDERSON /K fit
k2 B 7E 95 [ VULCAN 7K 4R 22 1 B &F. 1985
AEEE 1997 411 12 a [A], Warwick R2EX KBRS HEA T
T RS, BTG T S1,S2 fil P90 RIS [ /K
BRSO 2 R S N ) A Sl o TR T AR
SRR B, PG, B KR 2 — s
LKA TR A 19 25 R PLATPUS KRS FH AR
WS e s A BRI A P A T, S RO S B
fifg, WA T B B AL TR TR R
KRS, — SR K 2 R I il rs T
— K B 5. MOATES' ™) 5 3 114 7K 4 55 1) ] 25 fi
(7.62 m) {7K I, AT 1) 90 fi(27.43 m) (175 BE 5 H 4
%2 160 gal (8.18 m®) [y 7k . o [ 20 {H42 60 4FA%
Trbs & Fe/K AR A, Wi 48 B B ra A MILAR) S L i ol
AT ES 1 G A SRR H K R it K
1 5 K 1R 75 S 3R, X Ll L H s 4~8 T
WRMIRGE BT E R, Ha =R R K s  H
1L, AR BEATE A ) 1 R, YO
5 b, DX A8 Y 17 7Kl 5 22 DA ] 11 7 Ok 2.

MEAEE , MR K HIEE 7™ i A R R 8 22 i
i TR R AR Sh ) F H AR R BRITZ5 44 0 M H R
EISHEGE BT FE o DA T A T 40 M B R 2
B S G ), 22 R Sy T KR
TRULIE TR A Bl ) 2R AR 48 T K R R
TP R bR 2R BT ) B4 357 0 7K e 2 55k R e g 1)
B 70% , AR K% 3% 42 A5 AR T K Sk i e
HARITH 2" Fi| ] Fluent 43 #7 T A [ it /K 18 JF
(Rt AR, 10 AR F 1 TR 5 T K 2 08/ 20% ~

30%. F 74 H Sy T K A 45 R 5 3 1A R OG A
BB, 34 T FR AR B MRS S8 Fe TR
PR 7K AR 2 7 25 SCE SR AL L R /K Fe A DA G AR S iy
FERb G B Ak,

IKEEGAE A R AT T R — L&
RIzE 1) T Ji 0% S 7K 38 HL AN 5 1) b X, 22 3
M AE AL 2 A0 (6 D) 5 o™y 2. v P RE /K R 2 A B
DA KR R ] 36 e AR 0 3 K, B 25 2 AR R B 58 Y
SOTERVTE 345 I E AR B e O & 5 1 K B
S B BB AR I T 4 b n) A A R
IR 3 v p VA N N [ E= S U R ORI
P o IR S A A RE A SIS K T RE R AT 33X X
A0 BAREEEHHIX o EER, W AT
i 10 R 7K 2 0T 3K 46 Ml X1 O E O LR B
Y. Q) KA 7K R AL ] 1 B AR AT A AR
PR IX — e N %% B R T KR, "B — /R H
TRAKERAE () 22 55 30 55 8 K T 4% 2 5/ F AR /K
5 5y — Iy, KERSE T K ) & i K OB B IR
FBK 128 RORAE S SR, W ZEAR R K i it [
I, IR AR 7K 118 1 32 1 AR B 2 I 5 B A
BN, HMEASHE T TR P S P %) 1t 7K R 0 7K R
P28 R 2 B BT H AT, HE 59 il N d5c oK 1 A8 7K B 2
4 500 mm, S A A6 5T B K AT B R OR K
R@) I R KR R IE . KR 2 11
JFE — R K, 40 Rife 7K HE % () R A 256 kg
(100 mm) ,907 kg (200 mm) , VULCAN 7K 4% i) i
4 240 kg( 100 mm) ,1 678 kg(200 mm ) . 7K4EZE —
P L B AE Aazs L 1K, K TR 3 iy 2 4 st T LA e
MELABGR LT , 2ob K o i SO A U A s 4h s i
IR N N P B A =B U A e 0 NS W
S T BT SR T B () R

3 AR

IKEEFENERE IS N 2 28 2 J51 D /KR
HRGINSE, BIEAE K 51 3 1K ik
IKESEKIE EHR M BER) %.Q) KR 1
SERISH, A3 Mk 7K R KR 1 250 5 A S 8 (AL
FLTFBE e B AR 5 45 ) L3 ALy 8 =R R
SF SRR A O i, B N AR KT T KRR
BFF, M4 T — S 205 0 5 s .

SETHI % Bz 520 1 e Bk ) 7K e 258 7 AN [
VE IR S FA TR K TP RE, FEBLA T K Rt
s B r 25 0 T BIL KBRS 7EAE K Sk



FHRIK, S SUAPERKERRAFARAR

S 1.00,1.14 F11.28 m,3h Jj7KE R 4,6 F18 m T
T,k 6,8 F1 10 m By /K &, 76 LAl 1 25
TE K ALK . YOUNG ™ gt T /K i &
G, A 250 R B F KBRS
FI2 HE B 1K M R R e RS ittt oK fid i 55 DA
F AT KR 5 10 45 # 280, SUARDA 452 BF5E T
it 7K TR FL 1T R R A% X1 B 140 5 i) L 11 D ]
BRI, K E A B 22 |, T )N 5 Bl R AR
BRI, i 7K AR B Bl A B 1] 9 20 7K 2 1 T A A
SN AR T A R B 45 T R K R A
MK B R AL e B SURYAWAN 4512 fiF 5 % 31, i
B S RERENS 0 K B IR 1 TAERCR th 17.03%
PET252.99% ; Bl 45 A5 SE N SRR BRI 3G i, K
FRIE T AE 03 4 T, 28 MR R s SO TR g 06 A 0
AN B A S AR ROR TR — R I, Rk R
32 S AR RN AR RN T R
HEN AR T 0 18 2 7 18 50 R R PR 7 k.
SUCIPTA ZS BF58 T Jo itk L . 1 mm /)N FL IR B
1 1 mm NFL 3 FRE5FY IO MERE 25 57, 45 R 3R
B, HE 1 mm ZNfL_EE B 1 (0] BE 8 4 T 7K A 2 1)
BEYIIE7V G

RO NG W S iiit AL 1PS iR
5, — MR R e — b B U AR 7K R 2 17 3K
55 RN IR R g AN Hl FREME .
iz F e AR WAIE S Y T N A Y /N
K2R K. LAl 1K B BE B8 e T i i), BR
SEH X LA FH K Sk A M iH 3 46k, EYTELWEIN A
e K Sk iz R 0 eR A, AR T 0 e A A
A 7K Sk R 260 1 2 77 7K 45K B, KROL Al KAH-
ANGIRE 25 H (1154 2 5 oK | S 50H 6. /i,
FENoF 4 LA KBS T FE AR B8 /N e 4 A 75
TSN /N W s o N = W S T BT N S S S AED 8
i 2 B T A R T K 2R 1 B B 1 £ S B AR
P LA, in SUCIPTA F1 SUARDA #8335 FL
P 1 [T ) 2 7K o T KT R 1) AR Ak A X
Bt A R s fd o BAT — 2 (19 S M. 5 22358
A] 25557 3 B B AR R RN TS5 A B o 2 4 B T
J& Bl DA B AR R S i, A5 B G HerE R, DA
F5 FOKERZE 17 S i T e I I

4 THENMHA

MONTGOLFIER % W7 S (1 H 2 A i 48
kK B, Z 05, KR ZR BTz T s Tl AR

7= PR R FE B SR T K = 2 35 PR K. 35 AR
B T AL R 1200 A H 35 FH /K 1o K S 2 3
H KA 227 m'/d. PHHE R R 23 2288 7 2 &
DN300 /K FESE , n] i /2 24 s R H 8 A 36 AR AR Bl
P PR T SR HEL 3% T 0 1 LA D 0 D 4 X 4
BT 17 FEA 12 JEKERESE VS ,2 800 2 AL L
TR B2 25, 1 4 RN 10 P 75 3K B 3 Bk ok IN-
THACHOT " 16 4% 635 101 JiF % 5¢ 52255 7 1 1 24 Hb
T 3 14 K R, g 1 DX W AR 2 336 R T K

HE7E 20 20 80 AR 4R A it ) Al K
FRZE. 1987 4, WiiL A8 BH 2 5 15 A Sk My i S Y
SR EM 2 BITE 1, KR AT R #
22002 AR, WA LR e R 700 £ 5 7K bl
OB I RR A D EHEZ 5, R T /NI
X H KT Z )5, WL gk s e ) i F K di 4
ALK T A BH L4 ) T 186 &, fifHk T 666. 67
hn® L3 P 2% B 55 el ) 94 SR /K I AL, DA 2% 3
AR K L I A, DU s A 55
Mo DX A X KRR HEAT T AR RO .

B AR AN, B RIG AATE & T KR AR %S
AURGE IR | HLBR AR L K BE K E I
TRIRAG A SR B A — 22 19 b FH I 5t PEARSALL
T A 3RS SRR B KRR A A e Ry s R
B, R SRR B B A L ke e s ] BT
AR E A TR E R R 500 mm BRI K
B RPN U 1.2 m P8 22 K S 3E A T
fr 8 3 T B SR S0 ROBERTS 45 647
TRAE I 27K R o Ay i 2 T FF ALY, 3R T LA
1. NGANGA #0316 K il 5 AL S K L R
LRSS RS, % AR G KR vh i K S AL
I, A KBRS $8 FHK i 3AEe , itk s 1. G R4
PR R A K B 2 1) L K S £, R 0 3R Tl
15 435 3R 2 2 U 3 T 2R L R R, ) K R R
W R KT 2 =K FE380 %7 A AR K Sk B % b Al
7KL BAEE , E T S B K B e AR IR R B B 1K
WAL TT T, MARATOS ™ BIFE 5 I g , 7K i 4 ] 4 £t
JEREIIIE T, HAEZ T AR BT A H1E
FIORMRER BT T AL )50 2 B, (H R D 5 2
5z,

TREEAE W B = BAT SIS RS AR T
WE, PRI 8K B e bl 2255 i B 4T 4k
BRENEE. O WF9E R I KR A 25 AR 4 Il =
) s 4 0 ELAT — 2 B R FH T 5, EURH DGR o
LR

i



L uod

HEREDUDE T 7741t

54539 &

5 &

TEIEELA TREACAE T, KB AR RE A A DR I B B
DR R AT R 14 o A e T AL ok P A 98
FHLBILHT R A PRI 15 Gt slOb R iz i ) 8L K )
RLPLIBOK SKas 47 o B 4 K AR (A1 R, 1o T iy 55
J L AR B ) 7 IR ABIESE.

1) 7 7% RE 7K R i K 1R 3l 28 AR PAT i A Y
KBRS AT Al A BE AR, O = et BT AN AL £
PEEE AR

2) EM TR G HLIX K R EK )k
PSR I LA B A s 1 DX ) 22 256 A T, % S 16T
1 R IR 760 73 3 K 2 il i F A

3) RGUEATK R RERE TR R AT %2
BUEARI R, 7 BT A B R A 255

4) WFFEKEEF AL 2 48 K F1 A IR
P AU S S5 U A 15T, A AR 55 i dz Jo H
M DX A R BE 3G L I B B PR K R B R AL VL 98¢
TRBESH BETT A 5.

2 2% 3Lk ( References)

[ 1] ANDERSON E W. Hydraulic rams[ J]. Proceedings of
the institution of mechanical engineers, 1922,102.337-
355.

IS i AR K R 2 B A 06 % R BRTE AR A $2 7K
Sk R AR SE LT ] E AR A KA K,
2019(7) :193-195.

XIAO Xiao. Research on popularization and application

(2]

of high-lift hydraulic ram pump and its related patented
technology in rural water extraction practice[ J]. China
rural water and hydropower, 2019 (7):193-195. (in
Chinese )

INTHACHOT M, SAEHAENG S, MAX J F J, et al.

Hydraulic ram pumps for irrigation in northern Thailand

[3]

[J]. Agriculture and agricultural science procedia,
2015,5:107-114.

R, TR, SO, S TR R AR K R A
TUASE[T]. KA2A4H, 2015,46(1) :102-108.

LI Jiazhen, YANG Kailin, GUO Xinlei, et al. Adjusta-
ble and high-head model experiment on the hydraulic

[4]

ram pump[ J]. Journal of hydraulic engineering, 2015,
46(1) :102-108. (in Chinese)

WILLIAMSON S J, STARK B H, BOOKER ] D. Per-
formance of a low-head pico-hydro Turgo turbine [ ]J].

Applied energy, 2013,102:1114-1126.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

FILIPAN V, VIRAG Z, BERGANT A. Mathematical
modelling of a hydraulic ram pump system[ J]. Journal
of mechanical engineering, 2003,49(3) :137-149.
LANSFORD W M, DUGAN W G. An analytical and ex-
perimental study of the hydraulic ram[ R ]. Illinois; Uni-
versity of Illinois, 1941.

KROL J. The automatic hydraulic ram[ J]. Proceedings
of the institution of mechanical engineers, 1951, 165
(1):53-73.

TACKE J H P M. Hydraulic rams—comparative investi-
gation[ R]. Delft; Delft University of Technology, 1988.
RENNIE L. C, BUNT E A. The automatic hydraulic
ram—experimental results [ J ]. Journal of power and
energy, 1990,204(1) :23-31.

VERSPUY C, TIJSSELING A S. Hydraulic ram analysis
[J]. Journal of hydraulic research, 1993,31(2) :267-
278.

NAJM H N, AZOURY P H, PIASECKI M. Hydraulic
ram analysis: a new look at an old problem[ J]. Journal
of power and energy, 1999,213(2) ;127-141.
MATHEWSON L. The rebirth of the hydraulic ram pump
[J]. Waterlines, 1993,12(2) :10—-14.

MOATES T. Hydraulic ram pump[ J]. Countryside and
small stock journal, 2004,88(4) .32-35.
XUTEF. TR B T A B RSB
ity BRI, 2007.

R, SOHTE, MITAR, A KBRS TR E A
NAEREDIFRELT]. K FIZE4R, 2017,48(9) :1098-1106.
LI Jiazhen, GUO Xinlei, YANG Kailin, et al.Flow pas-

D]. |k

sage optimization and performance study of the hydraulic
ram pump [ J]. Journal of hydraulic engineering, 2017,
48(9) :1098-1106. (in Chinese)

HARITH M N, BAKAR R A, RAMASAMY D, et al. A
significant effect on flow analysis & simulation study of
improve design hydraulic pump[ C]//Proceedings of 4th
International Conference on Mechanical Engineering Re-
search, 2017,257.012076.

T, FIRIL. JET ANSYS sKHE 4 25 ¥ 47 FR T2 A
[J]. EBEHEK 274, 2016,35(6) :103-108.

WANG Tao, YU Zhenjiang. Structural finite element
analysis of hydraulic ram pump based on ANSYS[J].
Journal of irrigation and drainage, 2016,35(6) ;103 -
108. (in Chinese)

T AR I BT B0 DR 7K B T A2 AR K Sk BE TR B0 S5 Ik
A SBR[ C 1/ R 55 2 (8 4 T —2 T
Jei R A I8 4508 SCAR TR T AR R AL,
2015.451-453.

SETHI L. N, PANME F A, TERONPI A, et al. Per-




4512 19

FHRIK, S SUAPERKERRAFARAR

[21]

(22]

(23]

(24]

[25]

[26]

[27]

formance evaluation of hydraulic ram pump with rain—
cum-roof water harvesting structure in a hilly terrains of
north east of India [ J]. Journal of agroecology and
natural resource management, 2015,2(4) ;:317-320.
PIEEST, o BB KR AL 2 R GEAAL I B A
LT Aol TRE2EH, 1998,14(1) :91-94
ZHONG Jianli, JIANG Chengqiu. Optimum adjustment
of installation system of hydraulic ram [ J]. Transactions
of the CSAE, 1998, 14(1): 91-94. (in Chinese)
YOUNG B W. Design of hydraulic ram pump systems
[J]. Journal of power and energy, 1995,209 (41):
313-322.

SUARDA M, SUCIPTA M, DWIJANA I G K. Investiga-
tion on flow pattern in a hydraulic ram pump at various
design and setting of its waste valve[ C]//Proceedings
of International Conference on

Design, Energy,

Materials and  Manufacture, Salamanca,

2019:012008.

R BRE. A R S it 1R T SR A3 A i K A Y 5
[J]. BEUF IHE, 1993(3) :24.

ZHU Chengxiang. Effects of waste valve working fre-

Spain,

quency on the delivery flow of hydraulic ram pump[J].
Energy engineering, 1993(3) :24. (in Chinese)
SURYAWAN A A A, SUARDA M. Experimental study
of acceleration effect to hydram pump performance[ J].
Scientific journal of mechanical engineering, 2009,
3(2):194-201.

SAITO S, TAKAHASHI M, NAGATA Y. Effects of the
air volume in the air chamber on the performance of
water hammer pump system[ J ]. International journal of
fluid machinery and systems, 2011,4(2) :255-261.
FHR, BITAK, Sk, . KRR A AR
T B R GBI LT ). B K AL S5 K A BHEE,

(28]

[29]

[30]

[31]

[32]

[33]

2015,13(2) :298-301.

LI Jiazhen, YANG Kailin, GUO Yongxin, et al. System
identification of thermodynamic process for the air cham-
ber of hydraulic ram pump [ J]. South-to-north water
transfers and water science & technology, 2015,13(2) :
298-301. (in Chinese)

SUCIPTA M, SUARDA M. Investigation and analysis on
the performance of hydraulic ram pump at various design
its snifter valve[ C ]//Proceedings of International Con-
ference on Design, Energy, Materials and Manufacture,
2019.012007.

GUO X, LIJ, YANG K, et al. Optimal design and per-
formance analysis of hydraulic ram pump system [ J].
Journal of power and energy, 2018,232(7) .841-855.
ROBERTS A, THOMAS B, SEWELL P, et al. Genera-
ting renewable power from water hammer pressure surges
[J]. Renewable energy, 2019,134.1392-1399.
NGANGA O B, NYAKOE G N, KABECHA W, et al.
An experimental prototype for low head small hydro
power generation using hydram[ C]//Proceedings of the
7th JKUAT Scientific, Technological and Industrializa-
tion Conference, Central, Kenya, 2012.174-183.
kg, BELE, REE. KERE T K #he
B LEG AT [ )] AR, 2015,33(1) :69-73
ZHANG Feng, DAI Chunni, WU Qinbing. Experimental
study on tidal energy storage with hydro-ram pump[J].
Journal of marine sciences, 2015,33(1):69-73. (in
Chinese)

MARATOS D F. Technical feasibility of wavepower for
seawater desalination using the hydro-ram ( Hydram )

[J]. Desalination, 2003,153(1) :287-293.

LR AX)

—



