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Analysis of flow structure and head loss at surcharged nodes in surcharging process

GENG Yanfen, ZHU Baohang, ZHONG Yingmeng
(School of Transportation, Southeast University, Nanjing 211189, China)

Abstract: To explore the flow structure and head loss at surcharged nodes in the surcharging process, this paper simulated 87 cases
with different boundary conditions using three-dimensional structural model based on the experimental pipeline node model. Comparison
validation between the indoor experiment and the numerical simulation was completed. Qualitative and quantitative analysis, data
correlation fitting and  theory were used to study the effect of diameter ratio (the ratio of node diameter @ to pipe diameter @),
pipe slope and confined pressure head on the flow structure and local head loss. The results show that the water flow interaction at the
node-outlet is the main cause of head loss. The local head loss coefficient K is positively correlated with the diameter ratio, but
negatively correlated with surcharging depth and confined pressure head. It is feasible to propose K=f( Re) relation formula by
theory. In addition, the value of K with two diameter ratios has different responses to the pipeline slope change, therefore, the effect of
diameter ratio should be considered in the design of pipeline slope. The research results supplement the flow structure in the storm flood
model, and can provide empirical values and law reference for the calculation of head loss of one-dimensional pipe network at the
nodes.

Key words: nodes of network; flow structure; local head loss; empirical formula

A XYY SR T — 2R AR TR 4SS T 4 ) S BT SR I I R A R AT — 4k | YRR A ) S
SER W&Lﬁ$‘Rmﬁﬁi?ﬁﬁﬁwmmW%mﬁm%ﬂEﬁﬁfmﬁ%%iﬁgﬁ@m%m . K
?ﬁﬂﬂl??ﬁjﬂiﬁiFEH@Hth/ulJFfﬁE@ﬁE?a B B B SR K Sk A0 2 X IR A I HE K SR A 52 HF]K

AT 2200 00 RS R R A B RORS B A B R R Y R AN s A T T A N K R
PR RSB R SR A R DI O, = A AR T LOKS AR AR R 28 AT K R B
TR SRR R 20 o it B 16 S b I W Ry A 2R i A T T AT B A RSk 2R

ELWB.: HR A KRB SRS (51979040) ; V135748 BF 58 A= BHIT 5 5 B B8 31 3] (SICX20 _0048 ) 5 H 4 155 A 6 AR B} Akl 55 B &
(3221002123D)

EE . BRHOF (1978—) , Lo, BIAEE Wit FEF KA 5K 3 J1% 58 . E-mail ; yfgeng@ seu. edu. cn

SIS BT AL, SR, N i e ol 33T SR SRS A SR SRR M [ ] T2 ( SRR AR ) ,2023,51 (1) :52-60.
GENG Yanfen, ZHU Baohang, ZHONG Yingmeng. Analysis of flow structure and head loss at surcharged nodes in surcharging process
[J]. Journal of Hohai University( Natural Sciences) ,2023,51(1) :52-60.



5511 BRHEZF 58 U R AR 2T AR IR AR KK SR R oA 53

SR AR E 2 B T UL RG RE K SRR AR FIK Sk AR R S T T AT

T RJREACSL R BB R AR AL (W R B @, AR IE BAS @, WILME, @, /@) e
FE K v B AR R IR R L e R K Sk S B R A P Lee SRR [ il AR K Sk
SAF T RBEIE R TEAT S AR BUR AT TR Jo 5512 7545 A5 I BE 10 IS B0 R Z BT T 2R R
ZER K SRR R AL, Gaetano %52 BUAE 1 it i R /K i B2, X MERE R K I (9 7K Sk AR BUROR BEAT TS
FELDAEMBETE 26 KILR P (@, /P, =4. 5) (W15 S 450, 5 F/NLEL (@, /P, <3.0) B 5T 4
D TE W RESE R I, B B A B R EHR RGRE AR L T/ ML L Rl 4 A LR
P | Ll AR KGR 55 2 AN PR T LA AR R HOK AT A AR G R =N 2 R S R ik
SBURIRR AR KA R BB D R SR Z IR BOCR " LIPEAG 7 s HE KR

ARICHIETE T /NLAR FETT s K AR BRI WKk Sk 2R 9 BAA RN, 34 2k B A5 LA HE R )R
Kk BB ISR R RE RUKCK IR R BT S R SR DN R A pR B 2R, D B i kTl T R 5 A5
T RN HE B S35 T KA TE AHRZK RE 1 4R 2 B0 AU A B S04

1 WRF=E
TE— IR T AT HEZK 2R 55 P B 301 4 S0 9 B AR ) S P M T 7 30, BT s e 1
VT . S0 AR R R TT LS P79 M 0 , 0SB A A R4 1 57 B B PO R LT

Baq

1 n . .
+Ve (o, v) =[S, + > (m, -m,)] (1)
at pq ’ p=1

Ko, g HBIRBUI v, A g HIBGHIE m/ssp, g HIBSREIE  kg/m 55, A BEROTE, BRI 4% s,
TN p ATE] g KESEEST A ks, S g AR p HIROFEBUR L ke,
O 45 A R BN BT I F R

ﬁ: a, =1 (2)
SR B R RS FORME TR FEm B, i ELRERS ZRATH N i W AR S IHT . B RO R
% Py = Py P =Sy 3 (o U o)) = [, + > iy, —m )1V (3)
f p=1

SR VSl TR U, Ay o 2T T A AR B AR o
HORTERE AR SR B — B R AT AR P R, Bty

%(pv) + Ve (pww)==Vp + V- [u(Vw + W) ] +pg + F (4)
Aoy AL EE I, m/s; g HESINERE  m/s*; F KT N,
HARERITFEN
%(PE) +V(v(pE +p)) =V(ky VT = Zh’j,q g+ (T 2v)) +5, (5)

Sk W RCFIR B, H o IR BOKG 1J,, 0 q HFRI By loE bk, VT Y Yk g

o AL S W) T O BE PERE RS DAY RE AL 3 S, S BIRIRIT , AR SO % I B2 AR AL
AR e E AN e P A i

) L — (6)
SHE, e AT ARSI TS R TAE L, p Pkt 4% AR
Fe A 5 B K S 5 AL B K S R

2
AH:K;— (7)
g



54 WK E el (AR RS R ) 5551 &

N AH N JREOKSLAR D su WA TE FRE , m/s s K 7GR BB
SE SCHT N E FR R IS I T =2 18] 64 B 88 O 19 i
BOKT s,s/@,, FRUBER, LK 1,

2 REEST 5WIE

BT A Y s 3l I AR B G R 2 B, AR D LY ) Ry
125 45K A 4000 mm, HAEHN 160 mm, 75 M1 Fl M2 {1
BARY R E RSB RS - HEAR KA ) 2 Ak
WHRSE, ML 2 140 mm, @, /@, = 0.88; M2 3 250 mm,
D, /P, =1.56,77 SR 360 mm, JIEFHARAE GB 50014—
2006 Z MK BT RLE ) BB e, PR H 80 mm, EE
MR R o 0, WA B B 7 1 i B R4 12 ok C1 ~
C7 MUKy A 7ERE BS A 1000 mm 1850 mm .2 150 mm .2 500 mm .2 850 mm 3 150 mm F1 3 500 mm H4v &, #&
AU b EsE A TR R R A T R s N U L R 1 RN A R R AR R K Sk

E1 B8ETRANKLBETER

Fig.1 Schematic diagram of head loss in

a surcharged node
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Fig.2 Schematic diagram of experiment model for pipe nodes in urban area
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Table 1 Structural factors and boundary condition variables of nodes
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Fig.3 Results comparison between simulation and experimental measurement
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Fig.4 Local streamlines and X velocity contours on the XOY plane (Z=500 mm)
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Fig.5 Flow field analysis diagram
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Fig.9 Comparison between calculated K values and simulation results
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