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Study on the influence of submersible water impeller on water replacement in Caohai Lake
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Abstract: Caohai is a semi-enclosed shallow water lake, relies predominantly on wind fields for its hydrodynamics, resulting in
slow water flow velocities and weak water exchange capacities. Consequently, pollutant deposition has led to a deteriorating water
quality situation. In an effort to improve water quality, the Niulan River-Caohai Water Diversion Project uses the high-quality
water source of the Niulan River to replace the existing water in the Caohai Lake, but the drainage scheme of the project is
relatively simple and the water replacement efficiency is not ideal. To enhance water replacement rates and minimize water
resource wastage, based on the collection and analysis of field measurement data, a three-dimensional wind field model for the
Caohai Lake basin and a two-dimensional hydrodynamic-convection diffusion coupled model were established. This model was
utilized to investigate the improvement effects of water replacement efficiency under various inflow forms and engineering
measures. The research findings indicated; (1) the presence of surrounding mountainous terrain result in uneven distribution of

wind fields across the lake surface. (2) Influenced by wind, the lake’ s flow field is complex, with multiple circulation patterns
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that hinder the water replacement process. (3) Removing certain guide flow barriers and installing 7.5 kW submersible

propellers can play a “clear water introduction and pollution pushing” role, optimizing the water replacement process. This

approach holds certain reference value for the optimization of water diversion project.

Keywords: wind driven current; hydrodynamic; water replacement; highland lake; MIKE; PHOENICS; Caohai; submersible

water impeller

0 31

T 3 R SN RN R RO T AL, R
FF T, JE TR OK A, 2019 4R S0 52
B B T U S G N [ e TR, SO
AR5 RPASER Sy, ST N ETE R | s
TR R YR 3 45, B S e, R0
W PHHUR A 4 45, BOEAWNRILA 7 %,
EEKIEUN, ARE/N, Kol FEKEE G IR
B, BCENA KRR G218, KRB T 55, V554
YU A5 () U BOHIA K BT H 25% 1k,

ELE AT - O A K A — R A TR it ) 52
i, FOHEK A B LA, S T 20 L A B
B, RS E DUKA B R R E SR UL
TR S G ) 0 5 AR S A A AL 4
By 2Cds il R SR SRS B, R D A
AN AR S AN ) 4 B o 3 BRI 3 R AR TN
TP LBRRIEATHFGE, DL LS A B K TR 401k
PR RIS, (X T K HE L 2 6] R K PR B2
EAA T TR A TR 3D, VKR SR 45 T 7 A 1) e 7K
TLRBRE(H VA i %0 DO MM LT BB KIm A, B
1ET5VRUIRE . MK IR a R S m R S |

B, WK 58 2= & B A EFDC,
MIKE21 . Delft3D %, Hrft MIKE21 %1 75 115 i A]
EFIEMIE | W K SE 2R R R, RO
FEARE R . ARSI, BTz N TR
I, SRl S E R R K R, BT
I, ASHFSE )T PHOENICS B4R T 2% 5 1l 4k 56
P =R A, R MIKE21 0k —4iKsh 1
5Py WO A B ST T VR K Bl g D R s
YA AR IRERIS /- i (RIS S K A
it B S TS Qe s R AR, DU I K BREE
PETHR AR 1, B 1A SR E I
1 M R
1.1 EEIEST

TR AN 195 km®, 4RO F IR B K AL
I, AN AR 29 N 10. 8 km?, 5 T R 8 T AR 2

512

2.7%, VHPKE 2.3 m, HRLH0.2542 m*, W
K223 km, ALK A 7.4 km, Kk K5 EY
2.25 km, fx/NTEEL 0.12 km, WA SR LK
1:869, J&TiAKibin, EBhmdtmki Bk
RUKR, B A0 L AT A PG RS X 3, MR AR bRy
102°24'E—102°28'E . 24°57'N—25°00'N, A i i
FHEA 7 K, B IR ME— B I E A VY E R
HAg G AE Sl 40 m¥/s, #oi TR 18 Kok & &0
1R,
LI Jowi

wiamw L
%@wa };izj

P
»

it
-

5
75 ] i 4

1 km

1 EBKETE

FEOUE S P L, v R R A Y g R R
W, PEEERAE R 3 5 XU B, 33 LA 2 S R TR U
T P XU AU 777 26 S ), 3 ok 0 06 T80 1T XL 3 7E B
75 FAFFEZE S, HEWXS A e A, PR R
Fi PHOENICS X W37 it 17 = 4l . <5 804
K5 R AR AT Y R I AR R I AL 3% R 4L a3l 40 4F
KEHHE, w4 102,743 536°E . 45 24. 992
364°N, Ui S E AR 1 894.94 m, F 5 X K 7Y
(SW), FHXGHE 4. 66 m/s, ik 1 H—4 A
JE5% K /N A 81168, 51 Pa, KUK R EH 1.428 57,
Ho T HUDRE 0.5 m, ) A 3 B 25 R K 0E = BEE 30 m
b A G B LA B R A = A

KFPKEBER(PHRZ) $£56%5 2025 FES2 #



JE AN, Bt X R 12 789. 20 mx 14 035. 1 mx
2 000 m( LxWxH) %1434 1 800 J3 4~/ i A 154 BT
HEATITEAL,

ZE LR P K5 Google earth ) 5 177 121
FL ABR AR MALE 102°E, FIF MIKE #0440 2 — 4k
KB SRR kiR 4 883 ANTHE T AR 8 478 A
THRBAIT (LB 2) o BB 4 S5TTHE R A 51T 38 Al
1 HBIATIE , it 5 s sl B, K AR A
WE NG A, RERR . AR KAER T,
BHT) . BEMZE R 4 R AT A,

~
z
@
=]

trr W

O—==—NN

SO——=NV
oo

EEEOCOC O Oa N

fELLLLLLLS

#
LiibbLLLEESEES

NnoOUnNnOoOUnNnOoOUnNnoOWn
Souhouwounoun

Yrrrrrrr

(a) FEHEHIRHIE

(b) LRI A R4y
B2 EEHRMEESEEXEBMES

1.2 EHIHE

= 4 JR 5 014 S 3 301 PHOENICS 1y
B FLAIR # 4, HARHE Elliptic Staggered 233 T )
KECHEN 8 BEAT fit it 58 (h—e BEAY) , ARHLAH 1
g R R

a(pk) 0(pku,) 9 ( ,u) ok |
+ S| |\w+t—|— +
Jat ox; ax,_ o, axj_
G, + G, —pe =Y, +5, (D)
d(peu, i )
(pe) | (peu;) _ 9 (M+M,)aa .\
ot ox; ax; | o,/ 9x;
2
& &
Cl@(ck +C,6,) _Czpi"'sg (2)

K, G, R PRS- B3 B2 T 5 | S (9 3m Sh B & 197 4=
s G, R GRS RE & B R Y, AT
Fedi it Hh Bk sh 97 & g sTik; €. G, €, ME R
, C, =1.15, C,=1.9; o,. o, DB HiEshHE kA
THHCR & XN Y Prandtl 34, 0, = 1.0, o,=1.3; S,
S, K E SCHY I

2

o =pC, " (3)

&

X, €, AEEL, C, =0.090 004,

KFKEBER(PHRZ) $£56%5 2025 FES2 H

B, S/ EKERBENERKEERPITR

MIKE21 FM A5 8 5 F = 5] A °] & 45 F1 Reynolds

{E )45 1Y) Navier-Stokes 7 #2 #E 171155, FF RN F
Boussinesq % & A /K & S fliE 7, Hrhor il
oh  oha _oho

=hS 4
ot 0x ay 4
Miu+ahu2+0huv=ﬁjh_gh67n_£&_
ot ox dy dx  p, ox
2 T, Ty oS 9S,_
ghap+_[_1( ”+ ”)4_
2py 9% py Py P\ dx Ay
d 0
—(hT,) + —(hT,) + huS (5)
dx dx !
_ _2 . 9
@_'_ahv +ahm]:ﬁ7h—ghaj—£ﬁ—
ot Jdy x ay p, 9y

2 T, T oS a4S
gh@+w_w_1(n+yj+

2p0 9y Py Py Po\ dy ox

d d
—(hT,) + —(hT,) + hv,S (6)
dy ’ 0x :

A, e N v,y AERIRBIRR LR n K
iy d MK, h=n+d HEFRKE; a, o 5359H
xyy I B o NHIKAFEMEE; o
MM fNRTIR N REL, [ = 2wsing; g HEIIN
HEE; po py WKBIBRE SHARBRE; S0 S, . S, &
FNRARSTRN 15355 S RURI, w, | v, AR K

ii’ Tsx N Tbx Al TS)’ N Tby jjz:lﬁjﬁmiﬁ/ﬂgg@jjo
aC aC aC 9°C 9°C
—+tu_—+v—=D —+D —— (7)
ot ox; Jy, *x ’ 82y

sUif, € TR, D, D, K x. y i b
CERTES &

2 BEEMERII

2.1 KIBEHERS

FIH tecplot Ak k% PHOENICS A& 4845 5 /K i
DLl 10 m U] KU RS e E AT 3, 45 2]
YT A EEEIIA X B, AR 3 iR,

PR AT R, B0 X3 52 B 1L A HE Y 1 5
M, RS K ZEIA 2R (PRI 10 m Ab) £
ARG . WA R & AR AR, AR V8 P g
FESR 2224 100 Pa, WHARIALE w, v 7 ERIHAH
IR, SR AR XA, s LR Rk s, B
TREPA PR EYIXGE N 3. 74 m/s, HPERg M AR L
] WG B TG K, AR X Ry 4,57 m/s, 3G R
0.83 m/s. MUl 5 FoifE A0 A G PG g I 0 7 1) AH I
BRI TR R PR R, TS R KR
B LAz

513



MW, S/ BRERRNERKEERIITR

p/Pa

I >81200

[ 81192 ~ 81200

181184 ~81192

g 81176 ~ 81184

81168 ~ 81176
[ 81160 ~ 81168

. 81152 ~ 81160

81144 ~ 81152
. 81136 ~ 81144

81128 ~ 81136
[ 81120 ~ 81128

81112~ 81120

B s1104~81112

= 81096 ~ 81104
81088 ~ 81096

I 31088

(a) HEs#p

(b) 7y ) JRiE

v/m-s’!
B 325
B 320~325
1 3.15~3.20
; 3.10~3.15
3.05~3.10
1 3.00~3.05

[ 2.95~3.00
1 2.90~2.95

. 2.85~2.90

2.80 ~2.85
B 2.75~2.%0
B 2.70~2.75
B 265~2.70
B 260 ~2.65
B 255260
<255

() vJi 1 Rk

u/m-s’!
B 325
B 320~325
[ 3.15~3.20
; 3.10~3.15
3.05~3.10
[ 3.00~3.05

1 2.95~3.00
[ 2.90~2.95

. 2.85~2.90

2.80~2.85
B 2.75~2.80
B 270-~275
B 265-~2.70
B 2.60~2.65
B 255~2.60
B <255

B3 KEE10m &EE, uFERE, vI5ERE

2.2 IKENNEMERSH
TSR RA TR E S, SR AIE 4 Fros

ik /m-s!
>0.060

0.055 ~0.050
| 10.050~0.055

0.045 ~ 0.050
[ J0.040~0.045
0.035 ~ 0.040
0.030 ~ 0.035
l 0.025 ~ 0.030

0.020 ~0.025
0.015~0.020
0.010~0.015
0.005~0.010
0.000 ~ 0.005
—0.005 ~0.000
—0.010 ~-0.005
<-0.010

4 HERHRE

SRR, FOEEAE LR P S AR 2 P R
W(CSW) KPR IR, KB 3l fH iy 730 5t
BRI, F=A I, K 5 B2 A RN AS — B It
BHofGo i IR, HARWR AR A PY AR, HAR
PR U U ) UK i) DAy 9 9 R A 8 O
0.016 1 m/s, Z5FLARIZHKIVEN, WK AR
GRS, (HAZ B K- 20 5 1) i 2 Bt XA M

514

T, TEG LA R R N, KT, B
WA R A, PIMPEEIK A 2235 0. 014 m,

F L P R B9 3 3 52 380 LL AR B I KU A
7= A A AR SRR AE R, KR =4 T 24039,
HI PRI A AN N AR, NIRRT
FRCEE T LA (8 7 R T 2 A /N, KA AT
B2,

2.3 KEEBRHEKEMLER

HRAE A ALY — B0 R 21 TR 2016 4[] By bk B
Bk 55.0 J5 m’/d™ BB A AR BN 6.3 m¥/s,
H T B AN T AR AN KA AU 3, PR 5
BRI Ry EEABIA, AR EN 6.3 m’ /s,
WA PR B, TSk E RSB, Fi
BEEN R A HF-6.3m’ /s, BEWIIRWEE 100, AWM
IKPARHE R 0, FERWRBAT] K T 6.3 m’/s Ji B
T, KEREBSCREAREILE S) . SRR KT
55l AT A KR sg 4, AH 20 3t N 2038 43
IKRTE S i 0 T AR BB e, AT LMK IR E 4
RO R, B R ASEKIX, (HH T RA R
A KIRL, PRI PR AR, IR KR
Z RPN A AEIR N, R I A A A A [
TEHK X, Z K X ARSI B R K R 4 i
FEARE
2.4 IRBRERS SR I IGIR T K R SRS I B

FEARE BT 2 32 KR 45 2815 Yo VR TG A2 A 9 1) 155 0
T, RMMARREETE 10 m’/s, PUINPoK A E
Bt , YRBRIIA D00 A B A ST, TR

KFPKEBER(PHRZ) $£56%5 2025 FES2 #



6.3 m3m':5
(a) WD

(b) *hk20d

B, S/ EKERBENERKEERPITR

(c) #h7k40d

(d) ¥hrkeod

(e) #hksod

(f) #hki20d

B 5 KWAmESIkO6.3m/s fimRkKEEHREKR

ABIERBARER G R — 0 =, —#B AT
TSN REE EARDCE, 5 — R AN,
PRI AR ER R B et , i fb s iR s HF
% P el B 1) 11 R 00 /N B S ity AR oK O RE A8 B e
Wi Ak . PrREBRJE L ANIEl 6 B,

10 m¥/s

Jeb i N5

07m/ s

ZLLA o e

| (F (
[ .

El6 SmEFRERBTEL
H T A R R R BT 2, KR < 5
HEXEL, JF H S NAFAE 2 A B E K BT A
FRAERHLAT, KACEBRINAE, S TRERS CHHBL” KR
HEAFI TR A, K A B R B R

KFKEBER(PHRZ) $£56%5 2025 FES2 H

T2 HRR] PN  K AR E A SR ST ADLE S i A 1 Ak 3
VOB K HET AR R K A THERL, (HI- 7K RE A8 i 3 A
BTN, UK B, SR 7.5 kW
ey DLHR R R KR B ne ), o R R
1300 mm, M5 % 110 v/min, F AL HE 7.
200 m YA, BRIZBEGRE 10 m, HEFRAEROH D=
Jp2.5m /s, ERUH R 2.1 m/s, HEGE X
WK E A e TR T K A A T,
FEH B AL, EEI A, A EAOR
T B i I o A I 7 R

2 BV K HE T A% S R A R T,
PR A TR R AL, 4 IO 5 | A RIE 7K
AR 2 A N, PR HE IR AL B SR S
Bong 1 pral,

FESE KRR AR IS, A T B T 7K A i 3
K, Sl LANK S TG A el 15 K15 LUBTH|
T GRS B R 0. 018 7 m/s,
ARG BARTE T 10, 65% ,  H.IX 8] P4 7K A - i SR
T, ULV K HEE A8 I K IR S A
S N, BB T C5lEMEET EM. ETlR

515



ZHMW, S/ BKERBENEEKAERTIR

i /m-s?!
B -0 50
el B 047~0.50
] 044~047
[ Jo41~044
038~041
/ 035~0.38
032~035
~ Jo29~032
e Ak [ Jo26~029
[ Jo23~026
B 020~023
497040 497060 497080 [ <0.20
7 7.5 kW RSB EARIERRES S
(a) HEFEALERE (b) xbki0d (c) #hk20d
(@) #hk30d (e) #ks0d (0 Hhkesd
B 8 i EKERIBBKEEREFE
20 d B, ORI U HE L A 09 S AT PR K UACRE XV B Ry % N
52.72%~87. 06% , H4ULHER # )5 19 T FE % 27. 30% ~ 1 ERFESH
59.74% , XU BEBEAR T B3 20% 27, AL E] 3k Heimas | S| Ty v v e 2 A

66 d B, I PR IKHIREV B3 T B 100 Wiy, KPS COme s
Ll KR B TR o PR I AT R AR R A SR T K W] 2.5 270 | -2.1 0 | 880467, 2568347
VAL A0 I S0 R, O R0 A P B0 4 OK 1R R 5 A w2 25 270 | —2.1 | 0 |880427, 2568104
HEH

516 KFPKEBER(PHRZ) $£56%5 2025 FES2 #




3 & B

(1) R 7K AR AE 170 2% 18 XU 3% 32 30 8] L o 4 g
PHIY R w52 B RO LR O T AR, AR D
8B LRSI =, R K AN 5] 40 A R AE
AT 5 0K I A 1 7K D3RI IR T A7 L 3 2 4
32 30 11 G BE B4 A K S 5 s 7 AR 2 A KON
AN—WIIR G, U A AR 2 5 BOK MR T B T ZE
WA KA A A (), I 2 1 AU A PY RS (SW)
Wh KU 5 B b i P R K T 1) A
B KR T 3 K AT AR B VG R RR R, O T B
K sh H sz B,

(2) PrRBRFHR /T U0 -3 15208 K i T 41 RE s 1 5
S N KRR B D3 B, T A Y T R
10. 65%, 20 d BF-S 37 A AR R Ve B2 R AR B 20% A2
fi, 66 d Bl R AR ERTT R, H I KR B sk
TRUGE R, WKHE A N TOK IR S A S
FAr N, RENT CglEHETE T MPERT, M er g
P2 ) 1B €N /O M s TR A S B
IRRRESE IR HE L

KFKEBER(PHRZ) $£56%5 2025 FES2 H

B, S/ EKERBENERKEERPITR

Sk

[1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

WA, ti, DhEk, . OB RBEUK IR R E T KR T 5
WFFELI]. ARKIT, 2021, 52(8) ; 38-43.

TETTIE. VLt B U S AT 2 UK B BB BRI T [
B, R TR, 2022.

o, XA, HAESC, &5, AEEYEG X S K BT i
FEPEILTY. AKBEIEDRY, 2020, 36(3) : 89-97.

HIDETAKA T. Fundamental concepts of exchange and transport time

D]. B

scales in a coastal sea[ J]. Continental Shelf Research, 1984, 3
(3): 311-326.

JER, ARTCHE, W, S SR SMNKIREE CFD B AR5 3
RIJT. #EHRL, 2014, 30(2) : 108-114.

VFEE. MIKE21 HD 8B SO I SE B[], # TR, 2010,
47(5) . 1-5.

JUNGKYU A. Development of two-dimensional inundation modelling
process using MIKE21 Model [ J ]. KSCE Journal of Civil
Engineering, 2019, 23(9) : 3968-3977.

W, S, MER, & AR —RUERNK S 0 R R P A
BITHEWHRI]. ARKIL, 2019, 50(5) : 133-139.

(EEHRE = ®)

517



