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SOME CONSIDERATIONS ON UNSTEADY FLOWS
IN UNDERGROUND CHANNELS
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Hydraulic transients in the underground channel system such as the underground flood way and the sewer
network are investigated experimentally and numerically. The typical features of unsteady flows induced by the
inflow discharge into the underground channel are clarified by the fundamental hydraulic experiments. It is also
shown that the hydraulic transients with the propagation of an interface between the open channel flow and the
pressurized pipe flow can be reproduced by using the numerical model. Numerical model is extended to predict the
hydraulic transients with the interaction between the overland surface flow and the underground channel flow,
considering the inflow and outflow discharge through manholes.

Key Words : Flood disaster, Open channel flows, Pipe flows, Sewer network, Underground flood way

Numerical analysis

1. [FL&IC

W, FNIFROZE LWART IR, BRI
HHHONKIZEZLEPEBT LI LR T
TW5. ZDX) RRFIZHL L, HHRNDEKE
2EPAEXEERD, TREBOILFEDOHR BT,
HFE, # T KB L OVEKRD =0 0 Z i
NEHBERTERHEINRTVWS, 20k 3R
Wi, ERPOKRD XS R KREHZT TR, F/h
NFREIC BT ERTHS.

HTF RN TRBERIZBWTE X b A /KkHES
FRREEZ U TOL 5122 5.

Fig. Wi LRV 7 HFRIEFHE AR O M TR
X, ERROARPR TR B oD RER T M T )1 o0 g2 R T
HY, RO XD pKBEARENEZL BND.

O  HTFAJHAZEDIREED LKA FHA L, HTH
JIRFEEIZ/2Y, THsmde kG ORI L
THK ZBEK T 5 £ TORBEKRBEISE N 4578 5o
o TN, &I, TSIt o B RKAL &

KA R EE IS L VR TR OEE /2R
FGA—HEEZ BN, BAMICERIZEMLTBL &L
ERDD., ZOHE, ZEOREDLHEIRIEBIZEE
ERESTRICERT 3720, BAKBKN L EREN

BT B REHEHAO PREORLINEE L

5.
@ RUT7HEENFCESRECIY RS TIREEL
L7 a, MM TREAY—Y v IREL LD,
SHOKMEB 2 FHET ALEND 5.

@ BEEOWMAMMEBHRANEELTHTL, E
FTHEERFFIB VT =RV P—BRR+45/h SV
E, BIOWMAVIHICH TN KEDZEREASIA
DI WiEE DR,

T, AR TIE, #TRJI OBk #IHA KR

FEAXRIT, BKEIREED S RIBICERE & o
TREBTIORLEEBTZCLIVERT LD
W, HERRELERER LB TAZLICL VEE
FEATET NV ERIET 5.

— 823 —



BN L BARNOEREOBB 24D I EE
HERBATICI, 16k, KE2FZEREICHEEIC
U MAT Y NERITZEEKKE LTHETTS
TIGA RS UERRNSZEREWY, L, B
BAENOERZEMMERE L UTHETT2Z LTk
HLTWS., LML, MHEAEED DM TKEDOE
BT, MYIBCTEAERERINDEZ 1D, E
FEMEA L LTBRY D> BEIX AR, 7, KD
ERA~DEXE OB ARSI, Benjamin®
Wilkinson® DT AR & 5 IZHEEMMER A L LT
BHRIN’ZEND, ARETIRERTOBH 1+
HIEEFETICH L CTIHEMMERGE L LTOETIEL
AN,

ESDO IR E N B < BV 1T bz FKEZ %f
B2, T4 R UERER UIEEMRERALE L
TORFEZEBEL TSR, BYTITEREEL
BRIV RWEASZITER TE 2. £2T, £
DK DER~DZETIHDOBRABRZRLIIEFTH
ZAREOYV—U U ICEA SN, EREO—20
L ODBEN R BN B FIEERNED D,

bz, BEBFETNLVOERLE LT, BERED
5 FE 72 1) EE K A TAKGERA~TAT BRI
ELBRERSTEY BT, #RAE BT AKERD
MEEAZZE LLEBERETET VIZOVWTS
£255.

2. MTFRENIICE T B HKOHARKEE

Ze D T INCEKBFHEA LIRE IS0, Bk
BOH B THRESSITUIKMN EH T 5BBIZOVWTE
245, =¥, HRE2EE L ERKEEZROUE
EHRARS. KIZ, BN & REAKBRLORER
BT A EBREROEEBTETNERAVTREZH
BL, ERERLIERTS L TETIVORIEEZTT
.

(1) KEZRBROBE

EBRIIFig 21 R LK E AW TIThLZ. X
BEZeoRBIzL, FMAloMiL Y —EREZTRA
5%, TOBROMNORAE LT 4B L VOERRK
L. ZEROBAREILQ=040/5) TH 5.
Photo 1IZ/KEFRE|OMNORIRE R L. it
AKkD7v Yy " RBATHIER, BLXU7r bR
TRsscBE L-1%, BN ERICH T 5875
BETE 5, KEOKEEEMN X2 HEinTER
EAEEIR S Lz, KEAHEREBIZRY, £
YVEDSIFIKMIA EF L TN T ER505

(2) BERITETIL

$AEfET O EBRIY, KOIEEMMEZRE L 7B
ABRHRENALE L OBEBRAENLD 1 R oERER L EHES
B CHERENS. Fig. 3R LEEEZEROTT,
AT BV ERRETEIZUTOL > TH 5.

Fig. 1 Schematic illustration of a typical
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Fig. 2 Schematic illustration of experimental setup

Photo 1 Invasion process of water front and
the propagation of hydraulic bore
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Fig. 5 Calculated results of depth distributions
in the circular conduit
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the interaction between the surface flows and
the underground channel flows

S

(b) Downstream end of the channel

Photo 2 Invasion of the surface flow in the upper channel
and the inflow into the lower circular conduit

— 826 —



© )

Fig. 8 Classification of the flow pattern
at the vertical shafts
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Fig.9 Calculated results of the depth distributions
in the upper and lower channel
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