Ha3E H4W I APNEE 3 O GG ) 2013 48 A

Vol. 43 No. 4 JOURNAL OF SHANDONG UNIVERSITY ( ENGINEERING SCIENCE) Aug. 2013

XEHS:1672-3961(2013)04-0105-06 DOI:10. 6040/j. issn. 1672-3961. 0. 2013. 024

ok & LR W ittt TR A PR 12 BT AR B

B & e IhEA, SLALA
(1 IR TR B, LA BFm 250101
2. A BEUREE SR B AR IR 2 E I E A L=, LR BERS 250101
3. INAB AR YRR AT ST E, LA FFm 250101,
4. F AN BERAN A BRA A, 1WA F 5 266314)

PR h T R RO PG MR R AR SUE SN E, A MGBBEL, ALERT LRRBK
A LU AR, AR AERE M- @i S, RS R WP B R T LBk AT AR TR, AP AT AE R
MARFEHRBATH X, 0 ERKTFERRARBT EARRBENSERNRAD NG YR, SR ART
ERAEMR,AFHRAPEERARTRN; mEARTFELARR, MK, R/ RRIRTE, R EZTER
P OB RS, TR AR R EZEEAR P R EARE, B R TR SZATER P,

SRR L A PR R RS B K T

R E 43S : TU995 XEkFRERG A

Model of leakage fault diagnosis for the pipe
network of hot-water district heating
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Abstract; To reduce leakage faults and improve the efficiency of fault detection for hot-water district heating network ,
a hydraulic-condition calculation model of node leakage was established based on the network graph theory, which a-
dopted plane topology of a heating network, and could simulate and predict its leakage conditions. Aiming to the fixed
pump head of the simulated network, the hydraulic conditions of different leakage nodes and different leakage rate at
supply and return water main pipelines were analyzed. Finally, it was found that users’ pressure and flow decreased
when the supply pipeline leaked, and the leakage of return pipeline caused opposite results. Whatever, the neighboring
was influenced more than others for users before the leakage-node, the while users behind the leakage-node changed in
the same and the changing extent exceeded the former.

Key words : district heating; heating network ; leakage; fault diagnosis; model; hydraulic conditions

8 A #7:2013-01-22 [ 2% 4 AR A 1] :2013-07-23 13:16
[ 4% HH BR ik« http ://www. cnki. net/kems/detail/37. 1391. T. 20130723. 1316. 001. html

ESWE A AR 22 8RB B0 H (2011-K1-34 ) 5 45 2 )T B} 22 $0OR 5 B 0t H (2011YK020 ) 5 1y 78 3 57 2 1 b ) ik 5 4 ¢ B it I

(XNBSI1225) ; AR AL N RHITAE4: 9E BT H (XN110108)

EBERIAT AT E(1974 - ) T INRTESRN , BIBEZ, 1L, BT 5 i R v B R S8 R PP R S Tlb A ) AR

E-mail ; zhoushoujun@ sdjzu. edu. cn



106 W% ko

A2,
&

»e
&

it (T Ji0) FA3 5

0 73
S P LIRS, o 1 2 AR 2 r B B IR 2% [ 1
RN IR AL T T S L, S9N A ) | H AT
SE PR A R R ARG R B T AR
T PR R T AN 2 L R A, B P
FlAFEN 7RI ERE A LA BT,
UGB A 52 2% o R AR I R A R Y
U 2 1) 2 — 283 4T Z AR Y TH AT 9
— e rb/INVE T G R LA AR TR el ke A KR
2, 38 BEOKAE B PR O A N U AL JBE v G fe it 2
TN 427 { QAP - SR g LI 11
B, AR 5y 5 EE WO R A A A o AR G N AR
7185 3% BRI IA 2 R, AT AESE R HE R B Y
WAL, 384 Ttk e 1) s 3 R o AN 50 4t s ar A
PR R G R S T U A TR AU o B A [
s AT R SRR I T g KR A (9 A2 1
P AU, DUSEEUGE R iR - S B K2
T A B 25 3 A B e R R ) R AT i B
XHIERE RS 1T R, 3 e (R BV 5 1778 K

LT N Tl i

H T HEPAE I 7 STAL 7 BT AL, 3 40 32
I B STACER R oy SR I, PR3 SR
PO TE B By A T e [ YR A A
FETT R, AR IS R 4R 2 A, AT T AR Y-
ARG AL AR

|

POK SR PP IR A R R A R T
A-G=0;
B, - AH=0; (1)

AH=S -Gl -G+Z-P,
K F—AHA n+ AT R, m ANE B,
WA A RIRHERE , g noxom B, B E— Q3R
BRI, ok Rank (A) =n; B, B P IEA
[, D (m = n) xom BrdfiBe s G O BUf 1
H,6=(G,,G,,,G,); AH Jy’8 BB Jj J B,
AH = (AH,,AH,, -, AH,,) ;S & BT bk &
BOEFE (m B3 fAAERE) , S = diag{S,,8,, -+, S, };
|G B G X m By Xt fAERE, |G =
diag{ 1G,|,1G, 1, ,1G, | | ;P JpE Beif /K 1) 1
P=(P P, ,P,)" MBI E KRR, %55 B
P =0; 54 KN, P R E R Z 58 B

WA REE R, Z = (Z,,Z,,-+,Z,) " ;Q R
Uit AT A, O B ER B g5 4 PR K g
MANKEE Q= - ¢ HARTT R 0 =0,

(1) KR SR ARAERIANE

M‘AG, = - AR*, (2)

o, My By g (max Well) A [, J2 LA B, Dy ik
Bl (m —n) x (m —n) BRI FRIE 2 6 I . MO
Xof IO AR, A [e] PR AR, AR L 8 M s AN
[f]; AG, iR 2 YGE M ZEE 0 & 5 Ah, N HEA
[ B B R RAR AR, 24 G* SRy R 4L it L fE
H0,
2 HHFHMRE
SIS FRRR I R R = #A S i
SR ARRTIR IEE T RR LG 1 B 8057 %07 E 4
N EHEE LU i b — . sudb v ik
SRR EAR S AT EI

2 (2) vy MO B sl 2 %o R T AR B, HLT A
Uy 3 5~ O, WA 48 ek 7 ik e 2, M
R R T M — b 53

M =LDL" (3)
Kb D X AT R HIER . A k=m—n N
my My, o omy, 1 ]
my My My | Ly 1
m, mk2 m, Ly 1y J
d, 1 1, Lu 7
d, 1 Lo
d, 14
K (2) Bk
(LDL")*AG!*' = — AR'LDL" , (4)

m%ﬁﬁi%?ﬁ,ﬂlﬂzla ljr:()(j<r),/fg=
k j—1
a;= 3 (LD), (L"), = % (L,d 1, +1,dl,) , (5)

Ao s}
KT RS TSI 51 1, = 1, T AT 15
LT EEMARY

di=a,;

j-1
t":aij_rgtltirljr’ .]:1’2"”’l_1;

i
, _ (6)
lii:tif/dj’ ]:152"”’1_1;

i-1
di=a;- thi,li,, i=2,3,-,k,

Ay = (DLY)AG)™, RABUR % 2 A i B iy



%4 49 JASFAL 5  PRoRK S LR I T s 1 o 12 A 7 107

B R 5 10 DG, BRI & T A POKER
(1) i LY*" = — AR SR H "', (7) FR P X 2 R (A — S gl kAT T
(2) fi#(DL)“AG)™" ="' AR AG)™ ST A, LA A A B LA L4y
(8) 31 AME B, 22 Nk BT SRS UL 1,
B R () R RI AT A2 DL R e R PV R BT B O 1000 m’/h, 24 i 45 10
y, = —Ah;; A, BRI TR

{ i (9) 100 m*/n>

yi= _Ahi_rgtlliryr; i=2,3,k,

e, ma(8) , AR LU R AR

{Asz =Y/ d,
k
AG, =y/d; - 7zlln'AG1r i=k-1,-2,1,

(10)

3 XARMEN, M- EMETILE
PR ] R AR DL G A

3.1 #oKERARELIE N
Wnp L R BN O 1A ARECIR A

nl sl n2 s2

AL U] P S B R iR, R BB B
KEE S 750 m, B AE B ik a1k 2 #r, ¥ok
50 m o HE T PG B AL LKA BT 7 N BCE R R
DN500, J5 3 4~ &R B 121408 DN250, 41X
Bt B 0.939 MPa, ik ] 2 & 57 A K R
DFRG250-500 , /K 5% 3 i 1 450 r/min, SR F 22 4
IKFEAMKE FE D7 2, e 19 A0 12 8 (RIZK A KA
FO AR He i, 8 e s 0 28 R B 148 R4 3
HESEEIZR BN 0. 15 MPa,, #5480 £k 15 1 T 8 755
R =3.5, i K hE 0, =140 m*/h, LA R 1%
T AT, HERl K F 7534 WKL 2

n9 9 nl0 sl10 nll

DN500 | DNS500

s21

@

s22

[
N
w

s24 s25

DN250
DN250
DN250
DN250

S. n4 s n S né6 s n s7 _n S
DN500 | DN500 | DN500 DN500 | DN500 | DN250

526

S!
DN250 | DN250

s27 528 s29 s30 s31

DN250
DN250
DN250
DN250
DN250
DN250

nl2 sll nl3 s12 nl4 s13 nl5 sl4 nl6 s15 nl7
FOK A i (ERBALLAE R  E

The simulated network diagram of hot-water district heating system
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Fig.2 Supply and return pressure of design condition
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Fig.3 Supply and return pressure of different leakage rates for
leakage condition A
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Fig.4 Supply and return pressure diagram of leakage

condition B
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Fig.5 Supply and return pressure diagram of leakage

condition C
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Table 1 The pressure difference distribution of users for different conditions
g BTERE LA e LR e IO i v
1 0. 840 0. 830 1.12 0. 818 2. 64 0. 843 -0.43
2 0. 759 0.747 1.63 0.730 3.85 0. 766 -0.92
3 0. 696 0. 681 2.20 0. 660 5.18 0.706 -1.44
4 0. 647 0. 629 2.78 0. 605 6.56 0. 660 -1.96
5 0.612 0.591 3.35 0.563 7.93 0. 627 -2.48
6 0. 587 0. 567 3.35 0.539 8.08 0. 604 -2.94
7 0.571 0.552 3.35 0.524 8.21 0. 588 -2.94
8 0.562 0. 543 3.35 0.515 8.31 0.578 -2.94
9 0. 558 0.539 3.35 0.511 8.38 0.574 -2.94
10 0. 557 0.538 3.35 0.510 8.42 0.573 -2.94
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Table 2 The flow distribution of users under different leakage conditions
we TR BRTRAGWNDRAL) WIS WA
/(m’ +h™) /(m’ +h™") /(m’ -h™) /(m’ +h™) /(m’ -h™)
1 100 99. 44 98.27 98. 68 100. 2
2 100 99. 18 97.45 98. 05 100. 5
3 100 98.90 96. 55 97.37 100. 7
4 100 98. 60 95. 60 96. 66 101.0
5 100 98.31 94. 64 95.95 101.2
6 100 98.31 94. 64 95.87 101.5
7 100 98.31 94. 64 95. 81 101.5
8 100 98.31 94. 64 95.75 101.5
9 100 98.31 94. 64 95.72 101.5
10 100 98.31 94. 64 95.70 101.5
FH P A 1 000 986. 00 956. 00 965. 60 1011.1
A I I 1000 1 046. 00 1 136.00 1 105. 60 1011.1
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