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The determination method of limit energy consumption of water
supply in open-loop surface water source heatpump systems
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Abstract: For the open-loop surface water source heat pump systems, energy consumption of water supply
is the key factor for energy saving of system. On the basis of energy consumption model of heat pump unit
and energy consumption model of water supply etc. . open-loop surface water source heat pump system
energy efficiency ratio coupling model is established. Based on energy efficiency ratio, the coupling limit
value of surface water source heat pump system in different temperature of water supply and different
energy consumption of water supply is obtained. Through the actual case, energy saving rate of the system
is calculated in different temperatures of water supply and different system modes. And the determination
method of the limit energy consumption of water supply of open-loop surface water source heatpump
systems is established.

Key words: open-loop surface water source heat pump system; temperature of water supply; coupling;

energy consumption of water supply; limit energy consumption

I # H H#8:2010-10-15

E&TH : BERHERS A — 1R I H K 5 IR PR = 800 6 SRR AF9E 5 R 35 (2006 BAJO1A06) 5 1 57 1 g
A GUG RO REH AR I W5 50 dh T 4 (CSTCL 2008 AB7110).

EEB AN EH Q971,55 F IR KRR EENEH IR AT A R B S I m A st
(E-mail) wyfreel @126. com,



http://gks.cqu.edu.cn

% 3 x

B XM ERBEIRER ZABOKRARALTRAL A £ F ik 111

WK PIRARIR R Ge o o IF M . 1 [ b
PR AR B 2 i IF SR AR R
Gt s . i TR REAFAERUK B R
AEFE » H— UM RE#E 28 5 30 B B 7 A7 56 I G L 3
FHOKREFE A I TEAH XS B0 A2 [ A JF 3 K
K PRI I A 52 W 2 AT SOK RO R
Gio DT K IR AR A AT ST T B R R OT X
WFKBEHARGE o b TR E R AT B
AR FAIRE 110 E 7K Hl JEE 28 F /K AAR 9 3LE T A &6
7 PR K R AR Y 7 KT BB AR T K AR Al
PRIk PAT K AR IR AR 0 1) 0 AR R0R — B I T T
HOKBERAE RS TR 2K U8 P R 58 UK
i 2 K AR T B — B (B & 2R K T AR Y HOK RE
FEI K4 S BOT A R K IR R G Bk BE
P SRR RGEATRE Y B
Xt I 2K IR IR 2R S8 UK REAE AT FRIEAT 5T

Mo R AR 2R GE R A A R R
— AR BOK IR APOK K ) — D EHZ R e
IOKREAE . #E — D3 F K RS R G0 15 19 RE L
275 IR BOK IR B MBOK REFERY S U A (B, RITIBUK
I J5E ¥Ry BB/ R R A A2 20T B ARG 5 i BRI IR I D]
IR REAE FIR BT B AL mT LB 5 . HOK REAE 14 BR A 5K P
o2 T AE UK R BE R Al R S TR A HROK IR
X AN T 14 B S JBE BR L 3o A FIR Lt ol R SE T
PR IR R G REVE B0 A E MR SR 1T RER

1 REEITHENY

0T HER R E T 2 SR K IR R R G EOK
REAE Y FRAE  F1 ] B i B A D7 36 Rt AT k5. BRI
3 %k F GE A% AT 23 1 FE RE I D0 L B R L
o YR 2D Y L 25 R R 8 2 IR 4L k4T o3
WESE . BEARLEST 2 A0 R AT 5 - 1) X5 e A8
R L s U 2R 4 LA T B v K ML 19 BE AR T 55 1
IR URFRZEALAE (9 REFE T3 2 LA A TR 5 2) P i 2%
GER A i JE 2 — 2 3) A% B8R 22 /N i A/
7 VR A TR) L ML A S 9 JE K 22 PR 35 R
5 Csd) LML Gz Ve 1IE KL O 32 'C o LA
PR

LWL ECH PRl 2R G 45 € — BN W) 3R B
THREHEARZ BN ¥ ffar o 1 800 kW #4471 fif Oy
1300 kW s B af M 1) ¥ VR 7K 716 36 2% 4 SC i e N
27 m,BWGEFT . W HIK R GE I Y UK AR 1 7
H25 m, AERWHEAT .

H T RS R R AT — R A b I 2 2
G M A T R G A5 SR IR AR RGN,

AT AUTIE RGEAEH 1817 B, UK BEFE [
{EL 1 B 72 7 85
2 HUKEEREBEITEAERRZRIET

BEFER B EL
2.1 BUKBEREMRETEREE N

HUK R FE FRAER 2 SCTE 1 RE R BL A [ ) 2R fg
Tl K DR AR AE 2R G819 B I S UK REFE . UK B
B A 25 52 31 2 456 B far UK Oy =X UK IR B S5 & 1
S, UK AR FE FRAE Y 1538 B RO FE R ) R 48 1
fif AN [R5 G BEFE T 20 00 5 AS [ 1 BROK IR B R K
TR ARIE R G Z2 B8 RE K LL 5 78 UK LB 5 UK fig #E
BB A P SE T b 0 A ) T 050 A5 B4 R i 2R G Y i Ak
e iEAT o3 A5

FEGFE AR A - D ARG S b TR AR S Rk
SRR IRIE 3R G0 R0 28 IR R GE 45 A0 40 1 RE FE A
B3 2) 43 S S ) 47 far 2R A [) i TC B AR T 7K U AR
HERGEMBER L 5 3) 43 7 1 35 75 ¥ 20 38 7K i B2
32 CHIAIR G fr 2N WAL T R G RERL L s 4 LU
RS PR ZR 56 BB H AR Sy 3 L 43 0 E AR AS ] T
DL T BB RS RERL L, 15 BK AT RS A )
BRI EE T A T8 2SR R G 1 B
2.2 KEARVAMBERGFRR

H A 7E K UR AR IE TR rp il P35 22 1) R MR 20 A
ML B LAIBAT AR ML R T 58 0 4 B A L
R FED) 5 LA AW VR K 5 A A K HE TR Y o
. ASHRAE Handbook™*) | 7% I Il B 1 14 ¥k £
A B A Rk X S B R 5K B

fi=NDD'Dy(Ty—Ty)(Ty — Ty (D

K /L AIEHLAFET & kW N LA
# XFETR kW 5 T Ry K U5 K HIL 2 2k /K R, C s
T Ry 25 PR K ML 2R 328 K 3 o C 5 T 2 [l U3 K U5
AKAMBLLLE 7K T BE 2 BOF #9948, C 5 T b [ H A 28
PE KU AL 20 3 K TR S 80F- 39146, C5 Dy Ry I IH &
B, LA PRk RE PR E .

FESEBRIZ AT HLAL AR b 2 7 35 40 67 fr 15 250
FiB4T . HUL 7 B B R ST i 7 2 B8 43 T
R PLR, JNULAl 5 8 A P41 REAE A A, A% 3%

W, = PLR X f,. (2)

it bl TR X 52 5K 21 A BT K VR AR R L4

HAE Sl LSBLGR-M-2400M, R4EHL4LH &4 T

UL W38 AT B s, M MATLAB 302 & 159
Dy A 1,



http://gks.cqu.edu.cn

112 TR K FFER

%34 %

F1 ARVARBHCERRB(D,OE

i

0 1 2
0 0.971 38 0.007 91 0.000 88
1 0.018 33 0.000 26 —0.000 07
2 0.000 35 —0.000 04 —0.000 02

2.3 FARKERARRFIKKREEFYFRER
XK UK A Y 2R S8 T BOK K SR BE AR 2
RS RERCR O R . Rtk B S iE A
AN A G T I T K A RERE AL R
WK E R LB T U S HG. G By
R FR MR A P £k, TR I B R R BT S
ik S A R K R Re 4 R
H=a,+a,G+ a,G*, (3)
7= b +bG+bG . 4)
MK IR R A AR AR i 2k AR AR A, 4
ARl E e R 2 AT RISRAGAS [\ 4 3 L 7K 8 1
A VR
H = cyn, +c,nG + ¢, G*, (5)
p=di+d\G/n+d,G"/n*, (6)
K en WREFEH, RZE oo varvoodoody ody HEEHR
XF I A [] 1 2 3 IO AN [ . 45 3 4 I o 12 ot
2 R FUK Bl T 2 07 B W] LLSR Y — R B AS [ e
TR TARRE S WG H g,
Z BIFAOK IR AL R G K AEREAE 7 72 L AR 4l 52
B A5 3 1 5 2 K AL I A7 1Y & A 50 L R T B/l
T R B He PR A S OK A REAR I SRR R
PUA MR X TAERE KRR S
K FR A G R 2 AR
W, =—2.240.41G, + 0.8 X 10 °G? +
0.19 X 10'G?, (D
AW, K IEKIEA KL REFE kW G, KR K
L/ s,
2.4 KAEBIZERER
FEIBOK 7 58 75 X0 K K A7 b B HoAE
ISR AR LR /N T DAL A H B, AE BUK K S FE
REARCINy, n] 220 . W g /K A BB A5 I BEAE W, =
C="H%.
2.5 AHEREFEER
RIS I BEAERE L 2 IR CDFN 0t 3 208 20 85
KX @ AR,
W, =1.98 X 107G +8 X 107G +
0.143 158G, — 2. 168, (®
KW, AR W IR RERE. kW; G 2 ¥ 5 3 K it

#,L/s,

2.6 Hftige#
XTKERES ARG S AEHAG. BA

AHFE A2 K R G R i W R Gt . HEREFE AL 7Y (1 i 57

TESU ERGEA TR REFEE AL B B S A E] . =S

KGR IR BEREFE T W 25 R i MR GEREFE N W

3 FAHMRKERRREFREIRE
T

3.1 AXHMRKERRRFIZITRELWEFER

25 P8 TRERE AL L (EER) 48 23 I TR A8 171 1%
T 5 #2358 LA T A AE L IR I AE HL S I R 2
oo AR P 3 4> 28 R AR AE B 4T B Be iy e &K
R REACR . TR K IR A R G 1T RERL L 1Y)
L ESYTE W

F = Q )
W) +W,() +W, () +W, () + W5 ()

D)

A Q N HEHLAL W (HO W (o) g AE LA

¢t B2 IS AT REFE s W, (o) S IR 7K A K K 5 ¢ B 2

HYIBATRERE ;s W (1) S K Ab BB 4% ¢ I 20 1) 12 17 RE

FEsWo () 9 (HOKIEER K B ¢ W 20 (15 17 REAE 5

Wi () RGN GE ¢ B 2B 1T REAE ¢ A= 1Y

BT A

3.2 R IE BE R AT

3.2.1 BUKAALL BUKIEE A8 &

o TR IR AR RGN BUK RGREAE 5 # M=
RGN AR RGREFE AR, LU 2 1 R
HKRGERIBEFE (WO FIK IR RGEBOK REEHY
REFE W O I ELAH (W /W O SRy 43 B 25 7 AS T
BOK T7 58 AN [a] BRUOK BE 6 T #tb 28 7K 5 F4 22 1 71 B

1.9+
1.7+ —— Totidf —m— bk

« 151
B

;a 13+F
1.1}
09+

0.7
02 03 04 05 06 07 08 09 1.0 1.1
PLR

1 AEBKARTHEERFREELL

B 1 g 73 531 SR F {6l AR A8k AN £ A 48 ) BB K
T REM B R R S KRR RENR RS
fris RGEREFEM 2 . A1 Al IR BN R 2548 .

1) ox T oA e s (UK B FERLALD 1Y UK



http://gks.cqu.edu.cn

% 3 x

B XM ERBEIRER ZABOKRARALTRAL A £ F ik 113

T G WL AEFB 4y S % PLR=0. 7 B, W /W, =
0. 95, K JEHATYS I 7 G i 3% R FE /N T B2 A &
i L BERE . B PLR g5 m . Wo/W. 518t 7]
B4k, 24 PLR=0. 8 B ,W./W. [{E 1. 11,

2) % T A o e AR O K T R Y
PLR=0.5ff ,W./W.=1.02. 8 W./W. {5 /Mt
HE/MERT 1, KR REFE W, 768 A 1 iy A8
R 3 B 8 KT 0 MR GE i i i BEFE W,

3) M #B 4 1 fif % PLR = 1 B, F Az 48 B
W /W, =1.93; Rl AR W, /W, =1.28, X4
H I 2 B 78 W6 0 far 38 17 I T8 I8 R IR R EOUK 7 &
KIEIAE RGN R ARSI K TH M S HARENER
K i 1% fig

H1 T O BEFE 5 K IR BE 1 RS 5 e o i B
IKIK G REAERAE 204K 3 W /W M2 AT Z ]
XA, FHER AL T=32 CRMRER L
(EER=3. 71) Ry S, %t DL | & 57 (9 2R 55 R FE S
ORI PEAT 15, AT AAG 2R 25 AT MHAE W /W, 1)
Z B A PR AR T RE LR 2,

R2 ETFTTHEGTHRRBAERER

EERMRSEHKREER
W,/W. AT/C | W/W. aAT/C
1.28 1 2.43 5
1.54 2 2. 69 6
1.92 3 3.29 9
2.15 4

WRIEE 2 AL /X2 AT MIE W /W,
FIH] Matlab #4740 & 158 244 X (100, A
a=W,/W.,

AT = 3.87a —4.19, (10)

R4l = (10D W] S350 45 21 %) A [F] K ZE R #E T 1Y
ORI BE BRAE 0 m] DUAS 30 A [a] BROK IR B2 25 78 T 1Y
BOKBEFERR A . 1 1 SR JH B 422 20 7K 09 7K R F R &
gt 5K RO FE g 30 °C LT ¥ 21085 Y HS 7K il BE
H32 C.PEMIRZER N 2 C, B AT=2 C; 2Kk
I R GER UK REAE 2 0 L2 T R G 2K R Gefg
FEM 2 /5. B0 a=W,/W. =2, ¥ a BEALALAO
LRI AR 3,55, KT AT it HE. X3&
W1 7E 30 CRYHEARZAET 13 KI5 P52 1 JUK BE
FEIE T LS 1 R G JDUE IR A 0 A REAE A5 1 T
R K IR R G WA RN T R RBOR . R G
FESCMIIE 7 TAE G 25 o
3.2.2 A& R M ETah A X A5 B

310D FY T 5 25 1 2 b 3R 7K IR B 1 IBUK 7 %8

Sk 7K VR K TRT PR AL B RS B R R A HLAL L BOK IR R AL
L1 F KR B AR ) o T SR FH A X 3 A 25 1 BBOK R
SR K I B K U B AEATL AL 4 3E K TR BE A [ L A
TEA 4 PR 10 A% AR 25 QMRS S R 0, i 22 —
MEAE 1~2 CAAD BV AL MIRE T. MEBUKE
BT, W2 A FERIR ZE T T =T, + At

et A e R i L 3K (10D W HEAT A R B IE

AT = 3.87a — 4. 19 + At, D

[ 45 0 28 (10D (g 58] -, 76 ¥ B 1R KR
EHR 32 Coa=W /W, =2 % ac=2 C,it5H
i A A0 K T 22 B AR 2 (LD W] DAAS 3]

AT =3.55+2=15.55 C, 12

R E/K i BE /N F 26, 45 C B, A BE AR TIE b 2% 7K
TR AATE 2 A X H 2SR R G T R
3.3 FEAATEREHKERET 2 T RSEA EER

%t tb

R A ] 2 7K 3 B R 43 17 ff %6 PLR, w] 31550
138 TR VAT RGE W RER L i & & 2. A 2
A DU R 7K BE AT 2R 48 BRI LL 1Y) 5 i 2 b 35 1Y
TCIR S il A7 I8 AT » 3B S TE TR 4> T A is AT » 7Kl B
TG o R ABE &

50l —¢#KI18T
w [ #k24 C
= 4.5F —&— K30 C
;ﬂi ! —— kK32 C
§ 351
ﬁ 30}
2 2.5 1 1 1 1
0.20 0.40 0.60 0.80 1.00

B4 H i FEPLR
2 ARE#HKEET EER BE PLR B934

3.9
e 371
& 3.5
g3
33
&2 3.1 —o— WHARY32 C
S —— PRRLE32 T
W29 —— BERL31 C
2.7 1 1 1 1 1 1 1 1
02 03 04 05 06 07 08 09 10 LI

WA ATTRPLR
B3 EH#EWKRAEFKET EER i PLR B34

Bl 3 Sy i A IR 2R 49 R 3R K K IR AR R e A
ANTRIHR E T 97 A 38 28 A IR f) R 23 EE AR A i 2R 14T
FE R BE A KR (32 COTF L R M B4 1 3R 42 A
IKIRIATE R G REFERY N R AU fn 28 AEAE . 7E 42X fiE
FEHYXF L SR AR JK B H FE AL 4L TF 30K A
ZRI UK BEFE BN T ML 2 I 19 1% 3K K L RE#E



http://gks.cqu.edu.cn

114 TR K FFER

%34 %

ARG O, BT LA 3 i BRIl LR X, R
TEFR A i3 PLR==0. 8 &, W25 ¥ & 45 1Y RE ’%
FoR TR IR HE R G BERLLL

IKIE AN KRB 31 Cif s i I8 3 1Y
Pl LI 2] L KRR RGREAILTE & Fh iz TR AS
THRTHEME RGN RGERERL . X2 B
SOK R ATE R G2 19 AL AL HE K TR BE BRI » Bt B 52 i R
RGN FR G RE R L AR X K /N 1 R 3R AN S 2 i % R
Fe IO BAEHLALRERE . EMLATEKIRBEREAR 1 CHY,
KIERERGE A B HRER L. 7T WL, 3% 07 36w LA
HEAT AN W) 2 7K B 25 T 1Y T RE 40T
3.4 TEEE

¥ B B K I BRI FR GE AN R RS T R G
91T BEARF i 7E B3R 3 AT 19 45 2R B, AT DU RS R R
GLis AT RERCEL X FSE Rl M K IR VR R iB
7 I ARRT 5 8 FL 2 R R GE Ry T RE SR

TRE R E R DAV A8 B R A S R R G g
BN 4 F O P A FZ K R R G817 10
RERCEG /N B2 T R Geas 1T I RE L LL . B & 1 22
P58 2 W RGBT M BERL LU AR 15 3 (A
W F o RER . W RE MR E AR W] DR IR T

F—F

.}(:T>Oo (13

e K 28 (13) (9 R i, kil 2 T JF 3C i %k
VR R GE A Ia 17 Lo B2 8 R 48 RE I R
B AR UE T I 2 R K R AR R G 1 RO

PRI o AT A4S B A X 8 2035 KR 32 C
T2t K PRI 2R G0 2R K IR K B 3 AL 1
KI7EmE R BOUKKE T RETRER. Bk
AR 3,

£3 AEABKKEBHOTEER

Bk K/ C 30 28 26 24
WHEHR/ % 2 5 8 11

2005 4F 11 g 44 R TR T T AL DX R T AT
O 6.7X10" m® AT ¥ L $UR 19 Y I 2t 3
KR R G, 2005 4E 7 H 18 H . H K2F BRI
X RGBT SLEAT T O, AR B R
ES R ¢ 8 =071 1 S N o | 17 NP 7
RAGFHBOKE S 29.5 CL RBP4 COP 2y
4.28, FBRGEMBUKREFESFITHE A 2 Y R R
GLRERL LA 3. 85211,

R4 LHEIBTEERSH

BOKIRE KR
/C RGLRER L

WS SEPRTRE BB RE

ROREMIL  E/ 0 E/NK

29.5 3.852 3. 747 2.8 2.75

T TS P AR R AN [ B HLAL B BEREL R G2 Y
B m] 7 T AN [R) 9 G 24 45 2 2 5 o AR G Y Y iE
o W3R 4 PPN S RO AR 5 e
A 2SRRI . DR REAR I 1 Ui W 3% UK fiE
BRAELTH 33 07 ¥ 1 IE A

4 & it

13 o % 2t 2 K PRI 2R 48 1 s A7 R et
Fr o3t A5 2 1 I 2 R K I AR 2R GEAE AN [R] UK
I BT AN [ SO R D0 T s 47 MU A RE AR 4 1 I
P2 T IR PRI ZR ST RE R L 1 2 s A

DFFE R T FOK IR R G REAMF T I
JK UL BE FHOK REAE A9 R & R AHL

35T T AN [l 9 BOK T7 2006 UK BEAE KA IR A4
RAGREA LRI A3 5] T AR s LT R
b K L HEHLA 9 HOK T O R A e SR
Y R GE T REAR

4) Xt A [ OK iR T I 3 R R PR AR R G
REFE 5 TV 2B 1 W WL 25 08 R G REAEHEAT 17 %)
FC o3 T A5 2AS [ UK IR EE TR I XM 3R K K TR R
FGURIR 00 P v 508 B R R 23 R R G T RE R
T RE AR AT LAAE S 7K PR AR 28 Gt UK RE FE BIR 6L 1 H)
Wi AR 4

S 30

[1] HATTEMER B, KAVANAUGH S P. Design
temperature data for surface water heating and cooling
systems[J ]. ASHRAE Transactions, 2005, 111(1):
695-701.

[2] ANTERO A M. Lakes as a heat source in cold
climate[C] // Proceeding of the 21st International
Congress of Refrigeration, Washington, August 17-22.
WWW. tut, fi/units/me/ener/julkaisut/Paper
ICRO614. pdf.

[ 3] CHIASSON A D, SPITLER J D, REES S J. A model
for simulating the performance of a shallow pond as a
supplemental heat rejecter with closed-loop ground

source heat pump systems[J]. ASHRAE Transactions,
2000, 106(2):107-121.



http://gks.cqu.edu.cn

% 34 I F.5F TR EARBRAR ZAGFORGALTRAL A E 7 ik 115
[4] PEER T, JOYCE W S. Lake-source cooling [ ] ]. 126-130.

[5]

L6]

L7]

[8]

L9]

ASHRAE Journal, 2002, 44(4) . 37-39.
DENBRAVEN K R. Regulation for open-loop ground-
source heat pumps in the United States[J]. ASHREAE
Transactions, 2002,108(1):962-967.

TR 2, Aok, TF M R K b TR B R R S
SrrL)]. MRS 2SI, 2007, 37(9): 99-103.

ZHANG YIN-AN, LI BIN. Application analysis on
open-loop surface water-source heat pump systems[ ] .
Heating Ventilating & Air Conditioning, 2007, 37(9) :
99-103.

FRICT T e H R K PR AR DL VLK AR S v #
e AT s A ()], B9, 2008, 38(3): 15-20.
ZHANG WEN-YU, LONG WEIDING. Feasibility
analysis of surface-water heat pumps with Huangpu
River water as cold and heat sources [ ] ].
Ventilating & Air Conditioning, 2008, 38(3): 15-20.
Fiibé . oK, XU, S5, JF Uil 2 K IR B A 1
BN RN A sE LD, 8 4R, 2006, 27(3):
10-13.

CHEN XIAO, ZHANG GUO-QIANG. Utilization of

Heating

artificial lake as heat source-sink for open-loop surface
water heat pump system in Hunan[J]. Journal of
Refrigeration, 2006, 27(3):10-13.

F 5L, B RS KRIKERAFE IR 5588

XAy M LT £ oK #5535 TR, 2009, 31(2)

[10]

[11]

(12]

[13]

[14]

[15]

[16]

WANG YONG, GU MING, XIAO YI-MIN, et al.
Comparative analysis on experiment about open-loop
system and close-loop system of WSHP at Yangtze
River[ ] ]. Civil,
Environmental Engineering, 2009, 31(2). 126-130.
EFm. KILAKE MM SR LD] &ERK
2,2008.
BUYUKALACA

Journal  of Architectural &

0,

Experimental investigation of Seyhan River and dam

EKINCI F, YILMAZ T.
lake as heat source-sink for a heat pump[J]. Energy,
2003, 28(2) :26-28.

TIM P, JOYCE W S. Lake-source cooling [ J].
ASHRAE Journal, 2002, 44(4). 37-38 .

ASHRAE. Systems and equipment handbook [ M ].
Atlanta: Society of Heating, Refrigerating. and Air-
Conditioning Engineers, 1992.

FEUJF. ToRE RS A B AT R LA R g
BrFELD]. J7I . TR, 2006.

2230 VLG K K PR A R SRR AT A X (D .
K H R K%, 2008,

Phig. MR KEREREWETRHESEB
WEFELD]. WiHE K2, 2006.

Tt

(Ra A &)

TN NLPNLDNLD NI LDNLD NPT NP NLNLDNZD NI NLD NP NZD NP LD NI ~LDNZD NP NZDNLDNLD LD DNLD NPT NP LD LN LDNZDNID~IDNLDNID LD

(E#E 109 7O

L9]

[10]

[11]

[12]

[13]

LO S M, FANG Z, LIN P, et al
model: the SGEM package[J]. Fire Safety Journal,
2004, 39(3): 169-190.

SHEN T S. ESM.: a building evacuation simulation
model[ J]. Building and Environment, 2005, 40(5):
671-680.

PURSALS S C, GARZON F G.

evacuation time considering evacuation routes [ J .

An evacuation

Optimal building

European Journal of Operational Research, 2009,
192(2): 692-699.
KAl KANG. Application of code approach for

rail station [ J ]. Fire

Technology. 2007, 43(4) . 331-346.
X7 K RAR. BT R R A B B R A 4
MG B[], e 5855254, 2009, 9(3).:170-172.

emergency evacuation in a

[14]

[15]

LIU FANG, CHEN FEI, ZHU WEIL
software based on the zone grid evacuation model[ ] ].

2009, 9 (3):

A simulation

Journal of Safety and Environment,
170-172.

SHI L, XIE Q, CHEN X, et al. Developing a database
for emergency evacuation model [ J]. Building and
Environment, 2009, 44(8). 1724-1729.

MAEoE, JE 220, AR Mg A BB #ORE i I8 &
AT, #R TS . 2009, 22(1) :20-23.

TIAN JUAN-RONG, ZHOU XIAO-QING, ZHENG
ZHI-MIN.  Surveys
subways[J]. Urban Rapid Rail Transit, 2009, 22(1);
20-23.

on personnel evacuation in

(Ra A &)



