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Experimental Analysis on Optimal Tail Water Discharge
Method of River Water Source Heat Pump
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Abstract: In order to study the influence on water temperature raise of river water source heat pump tail
water discharged in different methods, the real sensor network is established by using digital temperature
sensors. The simulation experiments of different discharging methods of river water source heat pump are
carried out, including submerged-type discharge, surface-type discharge and jet-type discharge with 12
effluent ways. By using weighted average method, the preferred values of such factors as the average
temperature raise,the temperature raise variance, the biggest temperature raise value, and the number of
temperature measure points above the temperature raise average value are calculated. Moreover, the
experiment results are analyzed by the three-dimensional figures of water temperature raise, which shows
that jet-type discharge is better than submerged-type discharge and surface-type discharge.and the double-
port way is better than single-port way. In addition, the double-port way along with the current in surface-
type discharge method is the one that exerts least influence on river water temperature raise.

Key words: heat pump systems;discharge;weighted average method;river water source

IKRUEAAEBOAR T H S O RE R AR 2 LR K HRHON R BRI 52w A [ H o B Bk
A AT 2 T MR B 22 i T MR BT R A IO AL L R B 3 2l HE K BE A K B B BT R A ¢ A TS
B R E KRR RGBT H R, BT SglRAKRR 2 TUK BUE AR B2 AL L 0 R

75 B 9 :2010-06-08
HEEWMB :FR“+— « H7BHE S8R 55 B8 (2007BAB21B03-1)
EE B I AR (1963-) , &, @ B2 - 1 4, BN F KA B 345 i £ R 05T . (E-maiD) qxx118@126. com



http://gks.cqu.edu.cn

106 + REHR YL KB TE

% 33 A&

AR NH, VTN K TP e B 38 45 - S 80— R 51
R SE MR s K 2R A I R B B AT
51 7 U 25 0 T i Y ke A I U e S R 5
— S Ry 1) T M 0 | R S O A W A 3 A
S K A Bl Y SRR BE T G A

I 7K VR A R 0 T B #4558 7K 7K 3 B3
R I 9 TE B A A T A R AR R K HE TORE oG
5 AR AE AR A0 o HL 3 25 05 R 3R 3 T 8 B 48 1
WE5E, W F. X Ma S85Y SR BRI 8 16 19 =48 ke iy
AT X R K Wik S (— PR B 3 HE ik A i
He il 7 2%t K 25 58 09 5 i BE AT T = 4 RS S
Suyambazhaha 45" 85 5% FBRUE ke Jifi 910 4507 B A
XHAEAKSF D7 1) 2 AN AS A5 TR R AKCHE R 1 55 9 HE
51 Y IR B AR G R AR AT T B AL, gk S
FEF AR E W ke WU R ZK AR B T R
TH 1 7 U A AKX B I VK AR AR = e s ] b
) 5 il 0

VLA R B 5 2 7K HE A Y] K A4 s HE T
77 2K T2 5 i HE 11 B 3 K S8R R T A L
T A AN 7] J2 7K HE s 7 2O VL] K 8 T 1
S 5] L, 1) DG AH DG BT R T8 L BRI A B X UL
KR AT AR [ HEAK 7 28 5% 3 7 20T R K HE o
VLR 7K 35l 20 55 3k B 1% 5 o 0 47 3K 36 0F 5% 5 DA i XoF
K IR 358 5 0 A5 /N HE I 5. 5 AR R A B i
oy 7 T PR g LAk e A BT S ) BB R, O 4 R
W Fm A i 20 AF 3 Fh i Y i R R K HE
I 12 R iy SO i EHEK AR . A RCE S
T A SR A DLV e A R Y 5, 5 et
e 5 1) AU 30 T AR K S HEK L IE S R G AE AR
Il HE s 2R 98 TR B S 6 IR T B (E R T
2% I T B TR T 30 AR 4 SR AR R
FAINAT 3593 A7 32050 500008 43 BT » SR BCHR 26 4, AT
A i HE T 5K
1 REEERFE
1.1 REEE

PEGRE BN 1 BT /R BF 58 52 94 300 30 A58 400 2 G
T BETTAL o B B, B LT T8 K X 58 XA 6 m X
2 m>0.9 m; /K HE R K IR AR U Sk [ 14 1 $1
ARG, IR E I E m ALK I AE LK KO 4
FF BRI 38 1Y /KR = 6. 15°C 38 i % 2L ) A4
T AR R 0. 5~1 m/s (7K - 353 4% ) A HE
7K s DAASEEL S PR 0T 38 A K A B0 . e B AL 3 2 4k
KA 43 AL & =X CHE K IR F /K T 200 mm)
et 2 Gk 1 K D 10 mm) F15F 7 2 CH ok B

i K I 100 mm) 3 B HEAK J7 . AR HEK 7 XX
43R 338 B OB ) | 3 ) BT CRUIE ) A ] 5 1
OBLET) VB i BA 1T CRUET) I 37 BA 11 (R ) A 36 3
B O ED &S 12 Ak o . B0y
KA 50 mm B HARHE RS M F B 1 ARk
B3 ALE W I R A EE 100 em, A2
25 mm 1) 2 MRAEKE S FE 1 P HEKEE 1.2 7,

T A SE IR &R 48y LTMS8662 4 fig I
FERERG, RAEE DALLAS $07 i % 1845
DR YE Bl — 55~ +125°C . MRKS BE 0. 5°C, 43 HF R
+0.062 5C, LIRSS EAIHLE R A RS-485
A A v F R BB B R IR LB T (Watchdog)
AR I ey 2e & Ry etk il 1 fioR,
T BE LIRS R 4 X5 X 3 I =44 8 7 8, 15 )2 %
AX5 A 3R 20 A, BIVE WA Oy ) A & 5 4. [R]EE
500 mm; ¥ b 58 75 [ A B 4 47 (8] BE 4 5 D 200
mm,300 mm Fl 200 mm; BE i€ 300 mm.600 mm,
900 mm W EEILA E 3 )73 Horh, N2 R AL AR G
5 1.4.7,10,13,16,19,22,25,28,31,34.,37,40,
43.46.,49.52.55 Fl 58; W2 R B AL AR g5 2.
5.8.11,14,17,20,23,26,29,32,35,38.,41,44 .47,
50.53.56 F1 59; I 2R EL A g5 3.6.9.12,
15.18.21.24.27.30.33.36.39.42.45.48.51.54 .57
60,

bk e %k
(18501250 o MR
x 1350) |
1 13 f2
o© O O o o
Elo o o o
= h o o o E}
= o o o -
Bk N 500
T K
(6000 x 2 000 x 700 )
6 000
|
thk

Bl RBxEHE

L2 R®H*

2 B R T AN AR X3 Bl KRR R
FE R HEAKR T 3B AR 12 Fh i 3 T 2R X6 70300 K 3
T THAY SRR o A HE K A IR AR [R] B 4% 4R L
A [l HE K T3 38 8 3t 75 37 HE T 1 BR 32 7K 358 i
JEE o A o

2 REERRESH

2.1 KBRS RN
T TE R (R ST e A AT S T A SF- 34 45 i T



http://gks.cqu.edu.cn

%14

e g S TR R AR R T R LR R 107

5 22 PR B2 8 it T80 7 34 0 ] FL ) o WO B 24
KR53 T8 %5 4R A6 & 1 S B 0 I G 28 gl A
0N TR T B R BE AL A /N S Sz il T T i BE Y R ) A
K5 IR T P4 0% s B R 1 IR HE AR AR A I B 52
M) £ 3 T 5 8 T T 3R 1 T HE 7K 6 7K A B0 85 1
I KA

WEFER I T ¥ I T 5 2% L dsc v T THE R R
T EE B 4 D HEARIUHEAT 20 . I i BE 47 3
ZEWITFF X 4 A48 BRI/ B R SE AT HE . AR
I A48 R 0 ) TR O TS (] A &R A R
FAINACE B33 R B S 8 . A5 T T 3 18 I T 7 25
S5 e U TR S R T X (E A B AR &R B A3 il B
40%.15%.20% #1 25% .,

1
P= >7(X,X[f) (3)
1

X E RBFAEE. CE A5 i SMETHE, Cin
WIS D IR T 25 P O R BE(E X, N
MIRBRIL; f NS ) D TRARIURYAUE R

Fie BTG 3 (DA /0N 380 R 1 Ji D 32 JBCHE 7K CHbs ) 7
2 BP0 (B0 /0N 5 322 2% 7K R B 8 A 5 i )
R A 2
2.2 #ERHMARXISTAKEBANEIE

R o B HE O S K TR A BIKZ T i
200 mm, AP TE -2 KR 24, 270 83°C L, #UK IR
JiE 32. 737 5CL 2 6. 149 2°C, K 3 ¥ & 0. 085
m/s, 3¢ 1 HEZK 10 min B 538 T80 . R4 2.1

ERITAT 5 A UL 2 5% K 9 0 i 1 0 5%
E-=L13E () RSO SR RIS 0. 274 C i TH

n FRE M 0. 375 C R FHJr 2 (0. 001 054, W1 iR T
D= %2(5—}:)2 (D) B A P

F1 ERAHAKFTXAE

i = I/ C T 2% iR THE/ C 7 T 2 R LA
BT An| 0.365 6 0.005 967 0.5625 34 3.2
[ XL 0.419 8 0.004 309 0.6250 31 5.25
FE A B 0.462 7 0.010 263 0.875 0 21 9.25
4 ) X 0.441 7 0.014 180 0.812 5 23 8. 30
SUR AN 0.431 2 0. 005 707 0.625 0 34 5.45
fo A 0.424 0 0.004 179 0.562 5 35 4.10
FS G | 0.5230 0.033 188 1.125 0 19 11.55
38 XL 0.476 1 0.016 793 1.000 0 20 10. 40
g 2 0.373 1 0.023 703 1.125 0 27 6.95
1] XL H 0.410 4 0.010 204 0.6250 32 5.05
i As| 0.274 0 0.001 054 0.3750 22 3.15
M X1 0.253 1 0.001 482 0.375 0 11 3. 90

2 2 HET LabVIEW®) 22 1] 16 ¥ 35 =X HE 7K IRt
iR N VR iyl W O = S . IO A S ) A T
X Wy A A AT, WY By A E 5 5, AR R
LT 1R 2 DGR AL, () (D) ()45 |
S N N = € 3 S 7 - N B = v 1 1 R 0 =
PRI IR FE 35 {E 2 0. 287 5 C v 27K M 1) i T 3 (8
H0.2719 C,FIRKMERIRTIE R 0. 2625 C,
F P 2 AR 3 HE K X ] T K I 2 A R TS e 4
KGR ZE 8 DL BOK IR 1. 3% i35 35 2] i b 2
XL 2(a) (D) REH BT BHHE., T2
IR IR T E /1N B 8 B HE B 1 1 SR 38 A7 AE YT

B oh R AR ETE 0. 25 C, AR
WK 7 T R IR 52 238 S0 3l i 5 I
KR T A3 A EZR T HOK 5% K. |
TR W95 7 A oK s BRI B4, 5 e i R
T Mg B 1 s 9 =X B 6 i b O 7 K U 1Y) 4 A g
T3« TS5 TN 58 53 o A RCHRIE P75 G 1 B 52
2.3 FEXHMA X TAKE R A AT

e 2 HE RO 20 K T g KT 10 mme B3
)3 - 2 K IR 24. 696 88°C L, HUK IR B 30. 852 5°C,
IR 6.155 6 C,E/KF#E 0.079 m/s, HEZK 10 min
i IR s R LR 2 A 3,



http://gks.cqu.edu.cn

108 T RERAE R R % 33 %
w3125 T1jg§n5
04375
03125
{Wo25 Wo2s
B2 #xXHAKIRREOHREA=4LHE
F2 EXxkFEXHMAKXMLLE
o = I/ C I h 2% iR THE/ C I T 34 1 R A e
e [A] B 0.364 6 0.006 781 0.562 5 32 5.55
e ] WL 0.402 1 0.005 779 0.6250 25 6.95
A B O 0.357 4 0.018 371 1.000 0 22 7.55
£ 1] XL T 0.340 6 0.025 596 0.812 5 15 7.75
pUR/ - | 0.359 4 0.005 942 0.562 5 33 4.75
WA 0.407 3 0.006 950 0.6250 28 7.55
3 0.461 4 0.021 628 0.875 0 21 9.95
e XL 0.385 4 0.016 707 0.875 0 15 8.95
I 1] B4 [ 0.339 7 0.046 080 1.562 5 13 8. 80
1% i) A 0.313 6 0.022 324 0.750 0 20 6.35
MG 37 B 0.311 4 0.001 627 0.3750 47 1.75
IR AL 11 0.2385 0.001 496 0.312'5 42 1.25
s {m03125

0.4375
0.375
03125
0.25
N P 0'8(). 15,
-_—

(m0.25

B3 REXHKREROLR EE@RA=Z4E

e 2 Fros ARGE 2.1 000k (E e £ 0L LA
S NI T W S G S I A< N A A i TR [ W)
0.238 5 C, Tt mHAL N 0. 312 5C, i@ T J5 Z1H
0.001 496 .4 3T 45 b5 ¥ W] 2 AL T H & LAk i 35 7
Ao R TH 2 i B B JZ KR B IR T R
0.271 9 C, KA MR T 0. 228 1CL T2
KRR T EIME R 0. 215 6 C. REY HUSCR B 2
PRBLH K .

3 Hl T =4k &l el [ R] 3R T HE T
RS e T 2 PR AR AR PR T 3 T 23 A 52 2K i

FETH AT A I A 25 ST AE Ry St R 5 e, B B
HE S I ) KR RO A S R T KR B R
SR FISL I H 8 AT LI R K A 2% 1 4R 52 4 14 A 30
TR AR o 8 0 T 52 9K A R B8 43 A SR 45
2.4 HRAHEA A XTIk E R 8 &

S A HE R o X K s K 100 mm, A5 4
T SEH K 25. 521 88°C L, #A K IR BE 31, 675°C L ik
7 6.153 1°C LKW E 0.085 m/s, HE/K 10 min i}
B IR TR A R IR 3 K 4,



http://gks.cqu.edu.cn

%1 P B L I AKOR HR B K HE A T XAk iR B AT A 109
*3 EAERAHMRAXAEE
i g = I/ C Tty 22 f R THE/ C U T 34 1 A B P fE
T[] B 0.256 2 0.003 933 0.437 5 16 3.5
T W H 0.300 0 0.009 242 0.687 5 27 3.95
A 1] 2L 1D 0.347 9 0.011 96 0.8750 26 6.70
725 ] W H 0.3312 0.026 92 0.750 0 17 6. 90
IR L | 0.505 2 0. 009 440 0.687 5 22 7.65
Wi A 0.434 4 0.008 134 0.6250 34 5.50
L e 0.403 1 0.026 01 0.750 0 23 7.05
3 X 0.426 0 0.013 04 0.750 0 29 6.55
M B 0.307 3 0.002 422 0.437 5 42 2.55
M8 AL 0.263 5 0.000 939 0 0.312'5 15 3.65
@o3125

B4 SmHAkmREOHREEAEBEAZ%E

S HE T AR S B v i T2 B A S
5 A 75 e K i AR 5 Bl s ARG P s B W
2 HE s A 2 T T H e R iR B S N B T
0.9C, RBIK#EAKIKZIG 7 B 32 2 355K 3 1
i VR (325 5% ) 3% 18 A9 KR 2 AR D) Bl S ) )
iR WEA R R 2K 2 A T

MR 3 s AR 2. 1 1 DI R 3 45 S ) S it
CHEAK B vy ORI 5 1 7R 3% 7 X
T T Sy 0. 307 3C, iR T om H A
0.437 5C BT+ 224 0.002 422, {H B IR T+ H &
Bom ik A2 g, Ho, BR KRR T E R
0.293 8C, FJRKMEMIRTHIME R 0.278 1C,
W] JE 7K 38 1N 2 KR I BE T HORR BEROR

S I <O v s v - S S T =W

b JZ K T R A K I B R HE K 1Ak B A7 v
BRI T T X I8k B 26 B8 K R 1) AR KL AR 60 4% Ik
BN R TR THE 0. 437 5°C, p R EK R T
DU B S8 /0N o v R T R TS AN B T R, R
e S S iy W B N N E 7 ) 5 N ol
VR FHARL T 5843 /K 3 o o R0 Bl A T ISR R K 1 5
M ¢

Fie BRI 26 {6 3 5 00 o b3 3 FhHE K 7 XY
HRL T H 18 % 7K AR B 35 5 5 /N B O O 2 TEAE
HE— 25 R AN 4 TR, mI )T X VT K B B TR T
5 558 /0N 1 HE Tk T 2 R S+ 3R T 2 AR I I X H
A= WO e W | A S I s = W R R
HE A 37 B0 11 37 7 3

R4 IMAEARTRXNESLLRE

Heal s =X I/ C R 2 I i e TH{E/ C T T 2 R LA
185 1 =3 2 1 0.274 0 0.001 054 0.3750 22 3.15
2 T =W AL 0.238 5 0.001 496 0.3125 42 1.25
S5 vt = g £ 11 0.307 3 0. 002 422 0.437 5 42 2.55

3 &g

TLOK PR AR R 7K R AT S« T3] 7K 38 i T

oA 2 2 B HEOT SRR o R B R g 2 R
SrHT. AR
D s Be s HE O A R IR AN 52 25 R B 9



http://gks.cqu.edu.cn

110 + K#E RS

E 7 - % 33 %

M » 7K AL T 23 A7 32 B T ROK 508 7K 1 A g
H T 00 3 5 7 A HROK s B B4 L 51k $A i R
o AL B 11 H 9 7 BB 5 3t i 5 KL 1 4 A
T+ FRAZH NN FE 53+ A B P T5 G 38 B 5
BRI HE TS 5

2) R AHE o TS R 3 R A K AR
ST 3l TH o3 A 52 B K AR 2 TS H A A 2 R
DA F A L[R5 m o SR AT 13 AT DA R K A
T AR S H 9 A 00 A T B 88 54 7 52 0 K 1
IR A SN AT o AR 0 T 5 U T XL
Ui B X HERCO) 5

3 B RHRBOT A A i T2 B A
JIHIFE S A5 FE K B FA 5 2l i A A P b .
T R 3 T 2O A2 K AR B I B R . L
B e BN se o3 » Je AL HERO 5

DR b 3 B HEK I7 A I Y 3 5 5K
FHF-$2 G 26 (B DA /0N 30 K HE 5+ 445 31 X8 0] 3 7K B 355 3k

SEMAREE /N (4 1R O 7 SRR A < 2 T 2 HE A T 3 XL

P 3T 2 S O S A DU B 11 3L T 3 i
FCHEK L A 17 1 3 7 5K

S 30K :

[ 105k R, 2L IR 55, ORI AR FRTE R E

RIS BT LT ], W REECR, 2007, 25 (2): 102-
105.
ZHANG CHENG-HU, LI GUIFTAO, ZHUANG
ZHAO-YI, et al. Application prospect analysis of
surface water source heat-pump in China [J ]. Energy
Conservation Technology, 2007, 25(2): 102-105.

[ 2 ] CHEN XIAO, ZHANG GUO-QIANG, PENG JIAN-
GUOQO, et al. The performance of an open-loop lake
water heat pump system in south China [J] . Applied
Thermal Engineering , 2006 , 26 (17/18) . 2255-2261.

(3]s, R REH. S5, RHARKN KA LSR5 5
M B4 23 A B Ak SR LT ] K BEIRAR 57 2008, 24(2) .70-72.
SUN YAN-TAO, WANG HUI-MIN, WU XIU-
FENG, et al. Impacts of thermal discharge on aquatic
ecological environment and the countermeasures [ ] ].
Water Resources Protection, 2008. 24(2).70-72.

[ 4 S, et e . /K IR BN 5 K R s Y [T . 1% il

75 ,2009,39(7) :66-70.
MA HONG-QUAN, LONG WEIL-DING. Application
of water-source heat pump and water heat pollution
[J]. Heating Ventilating & Air Conditioning, 2009,39
(7):66-70.

[5]Ef2. POsmfad LML) HERPRE,
2006, 32(6):69-71.

WANG XIN-LAN. Harm of the thermal pollution and

its management advices [ J]. Environmental Protection
Science, 2006, 32(6):69-71.

[ 6 ] YILI CHUANG , HSIAOHUI YANG , HSINGJUH
LIN. Effects of a thermal discharge from a nuclear
power plant on phytoplankton and periphyton in subt
ropical coastal waters [ J]. Journal of Sea Research ,
2009 ,61(4) :197-205.

[ 7 JLANGFORD T E L. Thermal Discharges and Pollution.
[M]. Netherlands : Kluwer Academic Pub , 1991.

[ 8 T ARMERE . R VLT 8 T 55, Ui v T TR HkE 7K 0 12 33 2

Wy AR s L] A 252 K 2008 L 27 (6) . 933-
939.
XU XTAO-QUN, ZENG JIANG-NING, ZENG GAN-
NING, et al. Effects of thermal water discharged from
coastal power plant on distribution of zooplankton [ J].
Chinese Journal of Ecology, 2008 ,27 (6) :933-939.

[9] BUYUKALACA O, EKINEI F, YILMAZ T.
Experimental investigation of Seyhan River and dam
lake as heat source-sink for a heat pump[J]. Energy,
2003,28(2) :308-316.

[10] ZENG PING, CHEN HUI-QUAN, AO BAI-CHUAN
et al . Transport of waste heat from a nuclear power
plant into coastal water[ J]. Coastal Engineering ,2002,
44.301-309.

[11]F X Ma C,W LI 3D numerical simulation of ambient
discharge of buoyant water [J] . Applied Mathematical
Modelling,2001,25:375-384.

[12]S SUYAMBAZHAHAN, SARIT K, DAS T
SUNDARARJAN. Numerical study of flow and
thermal oscillations in buoyant twin jets [ J .
Internationa Communications in Heat and Mass
Transfer,2007.34.:248-258.

C13] 5K 3. b th e bl O 780 il 9 /K U 2 % B0 VK A B
ISZ M A3 BT D], 1« [R5 K2, 2007 :49-51.

[14] BR&fe AP Re40 . T 838 . &6, SR IF BN R B Bie W /K U
AT S PR AR GE S oy A LT . W3 25 9 2008, 38(8)
111-114.
CHEN JIN-HUA, FU XIANG-ZHAO, DING YONG,
et al. Test and analysis for lake-water source heat pump
air conditioning system in Peoples Hospital of Kaixian,
Chongqging [ J . Ventilating & Air
Conditioning, 2008, 38(8):111-114.

[15] YIN LIUZHI, YU YAO. Weighted estimator with new

weight values and analysis of its variance[ J]. Journal of

Heating

University of Science and Technology of China,2008,38
(11):1268-1275

[16] National Instruments. LabVIEW Evaluation Guide
[M]. Hong Kong: National Instruments, 1998.

(3 ¥W|ED)



