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Connectedness reliability of district heating network
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Abstract; For evaluating the reliability of topology of district heating network, connectedness between heat

sources and heat users was proposed based on spatial network model. Four indices of connectedness reliability

were established to describe heat supplying from heat sources and heat flowing into heat users. The connected-

ness importance of pipe was then put forward on the basis of the connectedness reliability from all heat sources

to all users. The connectedness reliability of heating network with multi-sources and multi-loops was analyzed ,

as well as the connectedness importance of pipes on main pipelines, loops and common pipelines. Analysis

shows that the connectedness reliability of heating network with multi-sources and multi-loops was considera-

ble. The closer the distance between pipe and source, the higher the connectedness importance of pipe. The

length of the main pipe is important to the system reliability.

Key words: district heating; spatial network ; connectedness reliability ; connectedness importance

W ST 114 4 JiE, A v IR R G ey Rt 7
AW R PR e 4 ml S R OR B S2 BT Y T
W AR B R G 0 L B, AR R HH A A
A 6 R T 1) B AT 55, R SRR S U
W& IR 45 R 58 N _EHEZE 60 A-ACTT 4, AT IRk
22— B T ] S PRI, 5 U
T AR —RIVBER . B X R G AT RS
(TR, AR B Hly T 1T 5 4 2 TR R A g 2
TR 32 2R P f oo FEl 3k vt A0 0 ) i o B, 2

Y #E B E3: 2010 - 03 - 26.
E&mA: “ A" BRI H (2006BAJ01A04) .
EEEN: £ AL(1981—) 5 i1l

ARFAE (1944—) 2o 2082, 1A 0.

SRR PR RCEE ol T 30 A, SRl S Tk ek
PR /NI A AR PR 22 K D 0L 2% 38
AR A R R BT DR, S8 B
FEN IR TS A BEAT TR AR AT SEPE DT 5T, —TF
TP A D AE R 1 R SRR P, D e R
PRSI 3 55— J5 T 2 A 0 o A E A 4 L
AT ET X R U it 2 = 2R 48 ] SEE

I ZEE R HhE—HA P wE
1 |7 A
AR O A P 5 0 A 03 A

AR P RGP 3 R0 268 R (58 i R
R, D SE B HA LK 5 BRI G R



58

END, A PPV 3 i AT S BT - 95

Ryt 2 ) A IO A R s ) A ) PP A BE (AR
ST R BEKAE A ] R T A BE LA B AR
TRRER P P S 0% 3 [ A 85 777 A 2 A R o By
R SR

PP I rp PR R e s, RIDEESR A =S
T DA v I 5 R P P S Bl e A K A [l 7
B BRI TEAE A R (] B, FLAE AN TSRO [l K
AT A PO o 73 ) 77 B 2 1 00 T 1) A 5 R P 7
HEK S KL i e

2 HREHE FEAG AT
AR 0 01238 4 SR 00 1A 10 o

FFE IR PR P i 1 AR MR R, D BIF 5 R ] g
P A e ) I o BT A R S B R T P 52
PSR R AE T 1. AR [l K OF T I Hh A B
MIE A5 R ORAN BT i . A, R
TEAERAE I mh 3] 73 14 4 — MR AE B 1P i 42 22 2 Y
11, 2578 T R A mT L  d 3a 24 F  1)  2 B
A /IR SZ A L ELIRIT TR TS E 1.

AR SCHITRIFSE ) A AR 00 ) 2 e ) AT, %4 B
HAIERHERA 2 FORZS, HLAZE AR 4 5 1)
RIUR Y A L A IR R B AR AL 2 MR B
IR A T 14 32 30 55 5 R A I g LA B B
CIEH BRI RS Fr kg e obh, 4 W A A7 A
X AT SRR A S MR Y 4 B

Fay s H T KRN K4S W2 R =R 27 F 27,
2% ()4 PO 322 T T REJE Oy

R =P|Z} -P|Z}. (1)

NIRRT , A AL T 15845 i e n]
SEFESR BRI A T4 R A2 A 2.

D) 65 PUH P 5 20— POl g i Y ] g
JE R AR BEAR G I ng DRI, ny DA
FUTEBOKSFTEAE R G ey, e, oo, e RN
BOIE W AR AR, Horp g 2 AP i R 4
By

H1 2 45 F A AR Z A5 B KA W 6
R vy 5 o, BRI

n8; j N8 j k
Dy, = ’Z,l ll_Ile;i,j,k,l' (2)
s ng 0 FHEKPTEAE G A BRI R 5
v B PR R R o B b /N A B
AR s ng N HACF R R G iR AT 5 v 2 o,
8 R/ N A R

XA T 5 v, SRR A B/ N AR OR
A, R EHEE R 0 52— IR E
DEREO)

Z = ZDS (3)
2) 45 & IR 'ﬂiﬁﬁﬂﬁlF‘LLE’J_‘faﬁz’fR
TR R G, 2 B B R R 9
%é”u = {Ul > Uy .”’U"U} ,EEI%/J\%%E@EEEE H
BN oy, 5 FTA PO E n S A

Zy = HDSJ (4)

3) A IR P ‘ﬁﬁ/'\ — > AR TR T 1Y AT AR

JE Ry K (4) i F AR A RS K = vy

U {og | MBTA KRR XA P 584

DR R K ARSR 28 A, 73 3 B A Ui - 5 =D
— A B

% = 31105 (5)
4) B A IR S BT A AR T % T Y ] S T
Ry Xiﬂ?ﬁ*ﬁﬁﬁ)‘j 5B IRURAY LR KR 2

BRAR AR P A T P 5 A R R A R
H H D* i (6>

i=1 j=

MRAE(D) , d itk IEUJ( oA 14 45 32 3 (1] Rt
1072 B AT A G X L 1 3 Ja ] R BEAR AR R,
RU \RSi ﬂl Rsu- "h‘ﬁ*ﬂﬁ $ﬂ@ﬁfﬁﬁ@“ﬁﬂ ng = 1
R, = R, = Ry,".

3 ATRyWEKRLEREEE

R BT AR R S E 200, A0 A R
— BRSNS D R G, A B IANIR. X &
Grp R B AR L 45 T E R AR, X
BT AR Ao A A EE 2 . AT SRR Y £ 2
L BUE ARG Y 2 8 T AU T A
PGSR SO T B Byl SR
P A FAUR S BT AT P ) 2 308 A5 JEE R £ 35 116
P T 1Y L, BT Ry WO B e, 119100 T 22
&

I( ) - SU L = 1127'“7’15‘ (7)

Kol ﬁm&emﬁﬁg
4 BHIE SR AT
AT
1 K AR X B G 2 440 5
SR, AR S 3 I, S, .S, A S,
B -4 24 s 40 B BB 5 5 AL

AR5 50 A 32 MU B, A Be IR IR 1.
TEFEL 1 HARIC 4 A [, 30 o T AT IV,



- 96 - L S NS I A N - ¢

FA43 &

3 @22
30

20

19

@9 il 12 15 18

E1 ZHREZHERTEEN
I I A B A
AR SCIRE3 ) 045 5 HU 3 1 e
0.095 3 km "o BB B 75 431 R 4
S U BRI R R AR
r o= e—0.095 BM‘ (8)
Aol DRBIRIE ks AR R A
R LA, AR 7 =0.49.
{12 (8) F ST SIS B T G L% 1
*1 ERKESAREE

4.1 EBEWEE

K2 S A P 5 b — A R i 5 R S
BER (G o= 1,2,--,24) ENTHRAL T i T 55
I T IR Ry RIAE] T 0.976. 18] 2 Hfa] i ]
AFERFFS X T AT 4 A [l By e,
H2 RS A R B R RO T 2 Al
SR B BRI . AR T AL B A B, A3
BB P TSR BEAL T R R KT 5 [l TV
b R R R T B B ] . At
I AR AR AR LA 2. K 2 PR E AR
PR I B TSR Ry Ry Al R B ELRZAT
UL, RIS, 5 BT A IR B AT A s =
HH AN R BT N Ry > Ry > Ry i
T3P T IR I8 WA T, FE b
WS, M, FEIME LM 4 i — 2, PR B
T ] SEE AR RN thaC(8) mA, B 1
TR, A B Al B BRI, PR, AR 1] o 0 3
I AT EEBE Ry, R AR =PRI TR
5 PRI R GO FU R, AR 1 A LA
s 3 A, LT A U P 5 20— A
TR A 18 PTRESE Ry IR B R 7K

1.000 [
0.996 [ ,
B A A x4
g 0992 f * v
1 0.988 KX ]
ﬂwm O Ik 1
’ A [ O
0.980 1 ¢ [l I 0
. o,
0976 | & MV |

2 4 6 8 10 1214 16 18 20 22 24
P G5
B2 EEARPESEL—IMRABRNEBTRE
R2 HAEMEEWEERER

AR NV A RE AR

B A P 5 5 b — A Ry =0.920
TREPES A SUH P ER, AR S, il Ry =0.593
e RIS PTG, RS, 8 Ry =0.911
BEPIRSIrEPUH M, PR S; @il Ry =0.721
FiAT AR5 A A i R g, =0.461

B BEKEAn BT
1 4.700 0. 803
2 0. 100 0.995
3 2. 600 0. 886
4 0.454 0.979
5 0. 661 0.970
6 0.538 0.975
7 0. 642 0.970
8 0.372 0.983
9 0.798 0.963
10 0. 629 0.971
11 0. 343 0.984
12 0.343 0.984
13 0.373 0.983
14 0. 546 0.975
15 0. 199 0.991
16 0.444 0.979
17 0.247 0.989
18 0.317 0.985
19 0.232 0.989
20 0.791 0.964
21 0.366 0.983
22 0.718 0.967
23 0.515 0.976
24 0.371 0.983
25 0.858 0.961
26 1. 111 0.949
27 0.488 0.977
28 0.718 0.967
29 0.380 0.982
30 0.477 0.978
31 0.409 0.981
32 0.434 0.980

N T SEHERR A R BT P ] 2 K
-, 33 BB TR R BT 4 el
EAASAEBL R R, SFEIE. DL kB P
P ATEERE R, (RPFEIEA PR S, I A A BE  [ml
e TRl % T L AR P R, o ol s [l g5 1 ey
TSR, AL T P A A P R, #97K-F-
B, Al T BT R, iR (A T2
[l TV 2 S 3 PRI Y [l %, DR - A
PR, AP(EAL T4 M R K -



58 END, A PPV 3 i AT S BT 97

%3 BRGRRLEAAASES —AREMEET
WE R, T

HRALE HH P g R FHE

T 1~24 0. 989
[ 1 13 ~15;17 ~21 0. 988
[a] 3% 11 1~5;11~16 0. 994
[i] % 110 4~11 0.991
5] % TV 22 ~24 0.978

NIEER R 4,5,11;13 ~15 0.995

4.2 ERNEBEEZE
TR 3 A HGE 0 1 A8 B 3% 38 B 2 0 il
NI, =0.845.1, = 0.682,1, = 0.766,i% KT
B A B . B 4 ~ 32 AT Bt
I T 3 v, I AT XA [F] L
BRSBTS 4 ~ 32 A B m B ]
— BB T, BEARLER A — K T RA AL
BB A N W E BT 1, 4% 1, K F
I HER 45 A0 A8 B AR 5 Dy I A B
[l 1457 B Il i 10 457 B el i TO0 457 B [l % IV
BB B T—I1 2Z ] 1 28 2487 B 48 B | [l i 11—
I Z [a] A A48 A B
T 30 B S W T A5 AR B A I i Sl PR A
HH R AR R G AR ] DL, R A B
o, 0 T A BRI, L . Ik,
] i 2 () A LA | A8 BORAS X v 1) % i
JIE AR Y B
0.14

= suRes

a 0.10F AA
ﬁ s A‘AAA
= 008}
& Lo |
E;i 006 a 1T xxyzgzﬁ

0.04 [ K BT &
[ & IEIE%N* [A&]
0.02[ X

L JC 2

4 8 12 16 20 24 28 32
BERHS

B3 EF R M(HS4-32) EREETER
5 %

1) BT 2 (W) 45 A R 5 1 (6 EAVAE IR0 v g
PR PR B T RIS, 32 1 4 SRR A A
()5 45 PR BART P 5 5B 32 T P 5 FEE A, 1
& TR TR bR R R RS b, 2
T RIRS A S P g g TR B
HE TR A

2) ZHUR TR A A 19 254 B AT A o Y 1
APEEREAROF-. DR B 16 258 FT A 5 0 5 A A
BRI LR PR A IR BOAh 3 S (0 A

FEART A A I MU A BT R Y B G, i
3) FATR 1T 2R A ROk BGIR L AR iy ]
JEAT EZLAFE . AR T A 1R S P
AR ] A R R T R A IR
ELBCE N IR, DAGRIESERA Y g ] S s (H 2K
AR AL T 07 A B P T X, M DL LA AR
R ERE, 22 0 R, EAR IR i AR I
BT IX A OL B, PRI S EOH DA I i i n]
FE LR SR, XS F R Y 1R B E )
BB I, IR E T 2 E R RS

5% ik

(1] ARFAE. iSSR0 S 22 0 AU A e 3 [ 46 Hh pit 4
Fk[T]. BEEasyE, 2000, 30(4) . 33 -37.

(2] M3 BHARZER AT EEMENTTE[ D] IR iy
IREERESR Y, 1994,

(3] EWREE. ZIEFRR KR OB 100 K nT 51k
WL D], MEREE : IR /RIE LR, 2004

(4] Zfear. BB o0 VB B SR 2 AV M I
PBAHIFSEL D] G /RTE : IR /RIE DR, 2005.

(5] EBEEE, FGNI, 4RFHe. 2 R 2 3045 (A 34 1Y
KN TURAU S 73T T3k ) ). Wi =ik, 2004, 34
(11): 131 —134.

[6] WANG Peng, ZOU Pinghua. The method of construc-
ting loops in district heating networks for minimizing
transporting energy [ C ]//The Fifth International
Workshop on Energy and Environment of Residential
Buildings and the Third International Conference on
Built Environment and Public Health. Guilin: [ s.
n. ],2009:2035 —2042.

(7] EBEE, A8FAE, JHENI. SR (AW 3 4G
BRI R ] LT RGe05 B4l 2005, 17
(3): 563 -566.

(8] EWEREE, 4R-FAE. ZARPEFRARAS AR TG OF
FE[J]. WEEAE, 2009, 39(2): 1 -4.

[9] WANG Peng, ZOU Pinghua. Network reliability of dis-
trict heating systems based on the combined planar net-
work model [ C]//Proceedings of 2009 IEEE Internation-
al Conference on Industrial Engineering and Engineering
Management. Hong Kong: IEEE, 2009 233 —236.

[10] A, StaEih. TR RS0 n] 5L MEBUE 70 Hr 7 ik

(M. Jbst: B ki pk:, 2002.
[11] skEGE, #0, JLEH. ARG n] S0 i
[M]. FEJREE: MG/REE TR bt 2009.

(4wig #A4L)



