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Operating analysis on finite volume of
lake-water source heat pump in winter heating

TONG Mingwei , QIN Zenghu , ZHANG Erfeng
(Key Laboratory of Low-grade Energy Technology and System Ministry of Education,
Chongqing University,Chognqging 400044 ,P. R. China)

Abstract: The feasibility of the main teaching building of Chongqing University additional lake water source
heat pump during the winter heating is analyzed and the water temperature and quality of the artificial lake
are determined, that the water is more serious eutrophication,and it must be purified before the water enters
heat exchangers. Heat carrying capacity of lake is analyzed and hourly temperature of the lake is simulated
during the winter heating operating conditions. When the average temperature is 5~8 ‘Cin January in
Chongqing.the lake as an evaporator cycle water provide energy to heat pump constantly, assumed initial
temperature of water is 13. 7 'C,hourly water temperature is simulated in January. The water temperature
has dropped to 4. 04 C at 24 d, the evaporator surface may be frozen and cause the phenomenon of ice-
clogging, which will endanger the safety of heat transfer equipment, therefore,auxiliary heater must be set
to ensure the main building heating.

Key words: lake-water source heat pump; heat capacity; heat transfer;numerical simulation

W #5 HH7:2012-02-09

ELWAB . HE“+— 1R I E S0 H (2007BAB21B02-1-1)

EE B B (1945, 53 E IR K2 5042 1 4 28 S0, 32 88 A= TR A 38 R A% A% T 5%
(E-mail) tmw1016(@163. com,



% s http:/Igks.cqu.edu.@ny 45 , % . 7 Rk 5 47 49 31 K IR 3k R & 4405 35 17 H AF 7

I 5 ol B A AR ARG it 57 AU B8 355 355 T 7 A g DA
FEF AR S DS R R TR EE Y,
WK IR PO H ARAE N —Fh ] AR IR H R, B A &
BT BE B AT AR W] B AR AL S W AR LR 5
Gl 550 4 2R B8 Z2 G2 M B 1T BE S 3006 ~ 4020
E AN A R K & R KR BRI B R (4 1 52
-+, Cornell K27 3 FH T 3K 5 45k A ) el X%
BEFEREAR T 80% 5 ; Toronto M [X 3% H] Toronto [
WIKAE R & BT S SR =I5 e #E LR A%
G ARG T 90265 5 i A 1 TR 77 A0 IX R
Hb RN K IR AR R BE AT X SR Ve R R L A B AT 9
FA 4 40 %L 1

PR AR PR VL 58 B VLA B AR 2 B IR K A 1
FRB AR HE T\ A A M FOK IR IR
MRS MRS ERTREAEREL., M
B X6 EE R Ml X i b 2 K R R e R B 1 5K 451
ANKZ A — 5 w6 A T 2 3 A ] AT 1 B 5 B B
PR R 27 32 0 8 2 00 39 T ) K U A2 2 ) T R
Ho B TIRA T #2005 #2508 22 40 i ) 1
WIROR BB X R G AE 4 22 R 2 1 7K AR AR 3 e
Ph K Haa 7 T oLk AT 170 5E

1 TITiEMHR

R K F FHA R B A — 1k
MZEEHFRE, B 27 2T 32, W
PAFREE EAE- O M AR 5 2L T 2
R GER IR EE LAk, ST AR 102 T m?,
HREA 7 7 m® RS 1215 m, T FHF
PERTIE A9 N T, BE = E= 204 100 m, i 44 H 4R
it KIAE 3 2 m’, B AR /KR 5~25 C, P KE
3 m, KRG % TR A JH R SR b R OK
AR CN T AR 32 BF BEAR A 2 T 2R G AR ¥
P

2 HIKIEKEBKESH

2.1 KBS

AR AR S SR B 43 S0 L R T A 4R Ab
BB BR A FHPFRERMKLY N 5.5 C. &
FZHVEHIRERSAN 3.7 C, HMAAFHIHE
26~29 C.a¥ H PR 4~8 C.HEMAMA
Fe S HARARIEE 2 5 37.7 CHI28.2 C.
@ A B H fEi S B R R 0 13,6 C
3.4 Co DL EBCHE o, B DR DX 2% 1
Xt A% Gt 25 A B A A as A7 AR E P PLAL Ve L ARG LA
L R GERFE L IS O AR . b T B IR N W)

B K SCHERL £ 2009 4F 11 A % 2010 4F 5 A X}
N T B i 7K % T B S =AM B R AT TR R AR
W, B W ¥ 1847 2 R, H oK 07: 00 F
22:00 A a1 WG BOEHME. B 1A HT 2009 4
11 A Z 2010 45 5 A AT 59 390 7K K A4 3L B B %5 b
TR AR LR

301

251

201

15F

REE/C

10

5.

0 . . . . .
A A o B¢ ok (o
BN AP\ PN P M
A6

B 1 #AKEEERENMEETZURE

M 1 AL, FE A FE ) K K TR B KR E
7.8 C LKW K IRTE 8~22 C Bl 28 1k . 151 K
KRR T 10 CHPRA4 30 do i T2 A T8 /)
RUVR K 42 AF B A KK IR o A 3 — 350, PR
A% KR E .
2.2 HKKBRAH

S iz N T K K B B DL RO A A
(HL IR A R 8 TR H R L ) (GB50366—2005) X
K FH 1 2 7K B 7K R IR AL AL HE FE (R K B 22K, 2B K
XA AR BE AT TR 3 BT S Ak 5 . AR i A D 4
AL S 7K KR T Tl R AN 58 45 915 44 s % 8 K
VL B R R, KT EEEE T E
HARD VBR85S W R AR A T RE IR LT
TE. BIKS R K E SRR R
X5 R SR A AN 0 A G T BN K T4 5 5
RIK A AW A B e 26 K i B, b Rk 2 A
ZU AR TR W IR L H . e WK i
A A 2 i T B AT LA B

3 TEER

% T REULR T 32 e fil e N T A o & 2
23 YA R GE A BT T A B0 A DX OK L 28 R
TS R T K A B IBOK R — S B B A S HEA
Wb BCHER DR AL B A I 2 R FEA F Al
W AL 2R B O 52 B TR TP A 2 o 3 DR K R A



g http://gks.cqu.edu.cn

T K X

2 Ik % 35 &

AE A f2 T3 0T K PR AR BT [ AR DL L 5
Xt A IR A B T K R AR & i T R AT PR A dn R
L e - R T 00T 25 W RGLas 174 FE rh 22
F187 DA A BB 5 2 (1 T80 K U B 1T 8. A T - )
IRH) Ve PR S AN -

Boknf
Wk

E1K K
@

2 BHKOEBENELES R

3.1 AXHELXFEE

TER G S briz A7 b 72 v, ) K A7 78 1 #0388 2
P BB 1) K IR IAIE R G0 AR 1 IR Quave s
2) ) 7K WA ) R BH R A Qe 33D 1K 2R THT 55 25 KUY
PO 224 Quir s 4) W 7K 15 91 K B U BE (1) A ZE 4 Qo
PLESE s B R D) 2) FE LA R, o
3 )R KE— HAFTE BTN LGS ROR A iE 2
SRR TR B B KR A PRI

FRAE LA L 4347 o 8 37 18 7K B4 B P AR

VO = Quune F Qui + Qu Qs (D)

Horr:p 7K B %5 B BURBIE 1 000 kg/m’ sV 2R
KR FL B ACE B 3 m, KT 11 000 m*, A
I K AR 33 000 m* s ¢ B ] S s 5 Quave 7K
TR AR 2R G0 Y /NI R A i L KT 5 Qo 817K
YR /N A A R AT 1 K BH S R L KT 5 Qu K S
/NI P 5 2 SRR AS 4 1 i L kT 5 Qua T K Y
Hi/INI N5 4 B AR i A L KT
3.2 KR EY K PREE ST Quar

K BH B HOBE B 5R 5 2 0 K T 5 S BR 2
We—FB 53 LASE s 4238 53 35 5 A KR N, 16 %8 %
SU I R B i N 19 v S R i 5 8
B IS B ST B0 K SR G R SR A AR B A b
L ARG B8 PR W8S » oo R 81 7K 3 T8 % K BH
PR B R AR 2 I HEUCR 0.1, 2R B K AR Y
K PEFZE R 0T WG o S 0 7K X6 K B i 555 04 W i
B, — L 0. 65, 7 R 17K XF K FH 8 5 1) 47 SR L B
{H 0 0.25, TMIAY % P& 1 (18 — S5 I5F 5 38 7K R 356
A R oo AT I ALIE R 0. 1,

DUJ 80 7 W8 A ) R B 26 25 e Qo 19
Quotr = Ila+ 7o) A/1 000, (2)
Hor o T Ay RECSRE 30 990 /K 3R T8 A K PHEVER 5F. W/m® 5 a
SR B 5 7 S W 7K 0 385 5 258 5 oo SR 8 2K RS
T R A S IK R AL A 11 000 m?*,
3.3 MKkEESHRTIE Qu
W JE T /N B KW 1 AR b il oK R g3
A LI AT KRR BEAR /N, TR I8 7K 5 28 000 S 4R
]
Quvi = h(t, —t,)A/1 000, (3)
Hrp.h B KRS 2SN B RE L=
5.7+3. 8v, Hirh v IR J] Hil 25 A0 I L 78 & ZE S
Bl S BT E N 0,95 m/sM" W e (m® « K);A N
WK R H 11 000 m?* 5z, Sy FEMRZS SR B LA
F A AR 8.1 C se,, S K 2 i i G {2
TR B4R BUA TR R EE 18,7 C.
WK 5 2 RIS 4
Qo = rha(d, —d,)A/1 000, 4
Hrpr HRAEIMN, kI /kg; d WERWN TR R,
kg/kgihy MBI AR ha=h/C,, L C, BT =
S kg/m? 50 C,=1.01 kJ/(kg + C),
MK 528 2 R
Qi = Qurt T Quirz o (5
3.4 MKETEHHEZE Qu
3.4.1 ARG KRB
X F K23 ] 18R X 3 46 A 2o 2 L i1 K 5 D R
A ] fRi Ak 15O M 2 R A 2 R R L OC R
W)
N, = 0.59(G,P )"

- galtl®
= 0. 59(—v2 P,) : (6)
hl
Nu = T o 7
h (7

AWK ENREE Y 13.7 C Bk 281
SRR P,=8.40,0=58.3X 10 *W/(m + K),a=
13.9X10"* m*/s,v=1.174X10"° m’/s,AT=5 C,
[=3 m,

A Ay, 1=26.40 W/(m? « K),

3.4.2 #KE R K I

WA 7K 5 T 5 $A 28 4 ] 15 4k Ry K Bl 2 i RS

& L HOC R 2N R
N, = 0.54" (G, « P)V*, €))

G =G, « N,,N, = };i, (9)
AR he »2=23.66 W/(m” « K,

R A RSB AR IR 24,2 PR, — 52



% s http:/Igks.cqu.edu.@ny 45 , % . 7 Rk 5 47 49 31 K IR 3k R & 4405 35 17 H AF 9

TRIE N i 00 L 45 T 24 = R E . % R F
WK KTRAE 3 m Ze A7 TR BE R Y b S I 2 2o Wi g
TREE R, N T %2 g, bR R
28 CHUE. MWK £ B Ay i35

1
Qm*T@6

Rtz (Lagit ™ Ly VA S (10)

FHorp o F oy il s i v AL BUE A 3 200 m” stk 1
T HUE 28 C,
3.5 FPRZEH

RGN FHHRE S R AL, & Rkt
AR 1076 kW, H Bilfifarh 40.3 kW, RH
()& 1 & 30HXC350A-HP2 AU AT % K ML 4L, &
COP # I8 4. 54 71525 i R G 75 & 2 10 TR AR L, 4R
AL A AR IOK & 220 m? /h, WK & =T
AR AT Ry 1 380 kW,
3.6 HEFER

HRAE 20 (1) ~ (L0 5373 Hr , 11 7K 1Y) 228 1 it B2
i R A h 5

d w
oVC % = Quvac T Quir + Quir + Quir=

[h‘soil.l (tsoil 7 twalcr)F +

pV(:(t/w 7 tw) - T[QHVAC + Qsolar _'_ h(tair 7 tw)A +
rhe(d, 7dh)A+Qsml]:>

;3600 B
tw = 1 OOO‘OVC X [QHvAC + lear + h (tmr tw)A +
rha(d, —d)A+ Q]+t (11)

4 RERERERDN

BRI IR L & P B 18,7 C L iR
25 1AHA GRS A 1 HD R EE KA 1 h,
ST TE] A KO DA 1 b B R 4 (A B 5 0K R
At HC 32 2 KR A BEAR /I« 200 K SF- 7 i) A1 B 7
Ti] P ik JBE A 5 2 AR 2 Bk FICCr [ 2 SR AR 3R B
I BT ARG BN ) 1) B He PP AR i XL TR A 11 3%
PP it 5 989 T XL 3o SR P R DK T L TR A S A & R T8
T KU - 25 50,95 m/s 5 3530 I ) Y 4 K 19 25 9] 3%
GEHEAR AR AR AT TR R A & B oK R A
e % 95 R

WRAF I M | T H R A Z2 K PH R A o &
SRR A 1000 2 A o 11 3 K B e A TR
AR 105 MI/m? s DA ek 7 e S 5 8 Y H 728 1 AR
FHV- 58 BE S H 580 AR 4 PR T ARG B 4
AL AE T AT H AR — A 3 C
THRER S ME . 258 &R G0 Uy 32 28 19 TR R
T S SR A A T B A R B (HUR B

A 2= AL A 72 A R R B 4 S A A Ak L ) K O AR
Ak T HCERCAR B & T A A4 S 1] LSRR O 2 LA B0 R TE]
LIRS £

W 7K 7K 0 B < P SC R R A B T 5 BT A 1)
JKIRE 5 S DR B A L AR 25N T 8 04 TR AL B
0 50 Sy LS T 25 R 2% 8 DA T K B B T8 KR
JEAE A . B3 O Bvis A7 0] gE KR B A AR A
RV

REE/C

..............................

1-1 1-5 1-9 1-13 1-17 1-21 1-25 1-29
ER !

3 BIREBITHBEKEENTL

PA13. 7 COmEIRTTHAERE T3 1 AR & mhk
il o PR < Bt L 9T AR AN BT A IR L o T8 A
i B2 S M AL P 3 B R FEAR T 0. 42 CL LI
FrENe 24 d B I 0 KR BE R E] 4. 04 C. T
TEE RSB TEHN 5~8 Cy 1 AN . 242 Kk 25
Pl EEREAR R 4 Cp. 28 & as R R E A T REC
ZfEZ 0 CRUR 28 A Ak 2 W0 2> th BLES vk 5 | ik AL
LAY DK ™ I BRI A B A

TE2 ZE 2B N b — L BB 5 L oK R 45 1 i
A KA AR B 2 W R R

HT T AR i A i ) K B e R T B v 22 Oy T ke
B T 7K AL I L BE DA 12 DA e & F= i 2 AR T KR
AT 5 | A A T80 7K ik B2 i RS 7 I 2 9 R P L i
B AR s L BRI R ST Bk

5 & &

188 3 AT FR A BR B4 8 K K L L K B E L K A
A AR WK B P BE 0 AR AEL TSR AT A G
NEfE.

D& ZE KK IRAE 8~22 CgE Nk i ik
MR 7.8 CLWAKKREMT 10 CRRZ430 d.
WK K BRI+ A MR S Tl A T AN 53R {EL K B 8 SR
PR E B0 7 T o U R K AR AL DL B 2R R
B L DN 7 T UK R A e R AR 2 AT B AT Al
ab 3



10 http://gks.cqu.edu.cn

T K X

2 Ik % 35 &

DFEAFMBEIEAT THL T UL 13.7 CHEM T
FREE 1 A B KR AR R IR &%
W AR B4 5 17 248 24 d Y Ik L T 7K A O
ELREMKE] 4. 04 C, 28 K A% 2 1 v] BB 8 BLAS vk ini 5 |
BLLH B UK o 30KE 75 B 4 BRABE B 22 4 00 201 R il )
FL I A28 A5 AH IO 1) D RS i

S 23K

L1k, Bepd Eh k. HRE-BKERAERGE LT

PRS2 ) [, )5 B T2 52 B 4% 4. 2009, 26 (1)
17-21.
SHEN Changliang, WU Xiangsheng, ZHUANG
Chunlong. Ground source and lake source heat pump
system and project application [J]. Journal of
Logistical Engineering University,2009,26(1) ;:17-21.

[ 2 ] Buyukalaca O, Ekinci F. Yilmaz T. Experimental
investigation of Seyhan River and dam lake as heat
source-sink for a heat pump [J]. Energy,2003,28(2):
157-169.

[ 3] Aittomaki A. Lakes as a heat source in cold climate
[C]// Proceedings of the 21* IIR International Congress
of Refrigeration, Aug. 17-22,2003, Washington,D. C. ,
USA. [S.1. ]:[S.n. ],2003:1-8.

[ 4 ] Kavanaugh S P,Pezent M C. Lake water applications of
water-to-air heat pumps [J]. ASHRAE Transactions,
1990,96(1) :813-820.

[ 5 ] Cornell University. Lake source cooling:an idea whose
time has come [EB/OL]. [2010-12-01]http: / www.
news. cornell. edu/Chronicle/00/7. 27. 00/LSC. html.

[ 6 ] Chiasson A D,Spitler ] D,Rees S J.et al. A model for
simulating the performance of a shallow pond as a
supplemental heat rejecter with close-loop ground-

systems [ J]. ASHRAE

Transactions,2006,106(2) :107-121.

source  heat  pump

[ 7] Chen X,Zhang G Q,Peng J G. The performance of an
open-loop lake water heat pump system in south China
[J]. Applied Thermal Engineering, 2006 ( 26 ):
2255-2261.

L8] TH . A PR, % | ARKIAEREZE N

IR MER [T TR K%M ARB %W,
2007,30(9):127-133.
DING Yong, LI Baizhan., LUO Qing, et al. Effect of
natural resource on improving indoor thermal
environment in Chongqing [J]. Journal of Chongqing
University: Natural Science Edition, 2007, 30(9):
127-133.

9 THEAZRARLHEET LR TR E W R REER
BARBZZ hEHAFMAE ST AL 0EE
(M. bt o S Tolk ik, 2005.

CLoJBR4: 4 AT #E40, T B8 . 45, & R JF 8 A I B8 B 1 /K U
A RG], B % . 2008, 38(4) - 86-89.
CHEN Jinhua, FU Xiangzhao, DING Yong,et al. Lake
water source heat pump air conditioning system of
Kaixian Country People’ s Hospital of Chongqing
Municipality [J].
Conditioning,2008,38(4) :86-89.

[11] #titeh, P Scsd. B2 IMD 3 . dbat. S 8H
JR 4t . 1998.

L12] 24 BKOT . 3E307 77, 4%, 1961-2007 45 P XU Y
AR ] KRR 2441, 2010,33(3) 1 336-340.

LI Yan, GENG Dan, DONG Xinning, et al. Climate

Heating Ventilating & Air

change of wind speed in Chongqing from 1961 to
2007 [J]. Transactions of Atmospheric Sciences,2010,
33(3) :336-340.

[13] Z= 40 E. F K Hb X IR 7K I B 22 BRI BF 98 LD,
HER L H R R %, 2007.

(% HB%)



