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BTABL S AR SAIA T BARA D RS E SR, ARFNE R u =u,,v=0,w =0,
Hb, w, o0 w 3HWARTE x|y 2 TR, uy ABUEIT R T %E’Jﬂ(/nu{n x BT I R EE BT
SAMATRMEDBR, KT W TIHAOYRAEDBR, KRNI KRIE, BFREMHEN. p=1.01 x
10° Pa, BEWICHICIEFEEEN, HEF n = 0.014
2.2 MERI5

BB TSR Y RE T pR B, O DRIEA R AR BT i, A R R R LT AR A R AT R 43, BT R 271 790
A AT 43 o B I A DR T DR AR AR AR T B BE S 0.2 m, AR, PO T A A AL R AR N, WRIR R Ty, A
A AREE 0.1 my BT, R PRI LTy 0] MA%AH BT s E FEH 0.4 m,

3 K TAILS

3.1 #FHEHESAEILE

K TSR 3 FHE AR | SR FHEE AL, U AR B R 12 15 42 AHBLCBE DL L 49 150 1 45 /N JF il 4R
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Table 1 Ratio scale of parameter
S8 JLAap i it i isf [1] HAE bickict
R 15.00 3.87 871.40 3.87 1.00 1.57

BRGSO AT, TR E N9 m, 8 m, 15 m, 55 B AU I B2 43590k 135 m |
120 m, 225 m, B @ 430028 1/3 000, 1/2 000, 1/3 000,
3.2 BREMHRKEN

BRI, BT A DK, 50 R R K K A L R T A T R AT
T, B SR A BT AR KRS WX ORI 2,

T, B
®2 BEFANOKRENAOREXZR

Table 2 Relation between main tunnel inlet flow and inlet water depth

SP AT KE/m BTALRE/ (m® - s7")
BLA Ji Y BERL/(x107%) J
0.06 0.90 15.8 13.8
0.09 1.35 22.5 19.6
0.12 1.80 28.8 25.1
0.15 2.25 34.9 30.4

0.18 2.70 40.8 35.6
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£3 BEUMANES O SES m

Table 3 Distance between monitoring section and point O
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1# 24 3# 4 5# 6# T#
i 3 1 1 3 5 1 3
Ji Y 45 15 15 45 60 15 45
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Fig.2 Waterline of main tunnel and west branch tunnel with different «
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Table 4 Discharge ratio under different diversion angle

SR L 15° 30° 45° 53¢ 60° 65° 70° 75°

Q,/0, 0.564 0.503 0.423 0.407 0.399 0.397 0.396 0.394

Q.70. 0.436 0.497 0.576 0.593 0.601 0.603 0.604 0.606
0.60 - 4 ATH, o 7F 15° ~45° 5 [l 3 R EE, RT3t
0551 H 0. 564 B /Ny 0.423, P4+ 533 il 0. 436 3 oy
_ os0 0.576, HRTHELTFET 25% , Bl a N 15°88 & 45° ) %
B 04 T T 25.0% , Hi, %/ 30°8F, RTo
2w H0.503, PEFSMRE A 0,497, ATEF 43 i ik S A A,
® ARG, VT AR KR TR T, o £ 45° ~75°7u [
0331 OB, T4 L 0. 423 W/ 0,394, T T 493 L
0305 30 25 60 75 0.576 B K 0.606, 4 T4ri L FIE6.8%, Hrh, a M
EIRES A 45°H0 7 60°, A5 TAM Lt 0.423 Wik 0.399, TR 5.7% ,
B3 4y L2 g ff O B a H 60°H8 & 75°, AR T4 B 0.399 WA 0.394, [

Fig.3 Discharge ratio curve under different 1.2% . ZZT BTN Fe bt 2 e f 6 Z ik LI 3,

diversion angle L 3 AT, R 53 B W e K I e T
15° ~45° ) G5 ALE 45° ~ 60° 75 Bl AR fL BT, 2R T 40 Uk b A2 21 e f 2w pdi /N, 25 FAE 60° ~ 75 Y 3G i, AR

T LB A A 2R B 22, A A AR T R R AR TR R
4.3 o XERERS RN
RS TR AN 450, 53°, 60°f, B z=0.2 m, 0.4 m FHEATRZ, 2K 4, K5 s,
P4 TR, 2=0.2 m P, SORWEEFT7E XU AR T A DR, BE& M m, WEE D5 H 6 m/
s.5.5m/s. 5.5 m/s, H/NUE XA P TR AR AR T T BOAMU, WEEAE 3 m/s LI, 2=0.2 5F
T, 28 Be K Rt P, 2 # 3G, e R I DX TR T /), R /)N U R DX T R A T A
BERAC AL KRR E N 4.5 m/s, R—MT, 2=0.4 m B 2=0.2 m Fiii, #IAE 4.5 m/s i #HET7E
DCIREE R, [A]— P AL, 3200 3 A P 7 DX SB35 I B W08 /N, 2 =0.4 m “FTT, o i1 45°88 % 53°, KR+
SR LT, o 38 2 60°, AT, KATFRE, AT AHBRIMIAFFRX

(a) 2% Ff145° (b) Z fa53° (c) 5 F160°
e s —

3354455556
PiLH/(m - s7)

Kl 4 2=0.2 m V20 B G
Fig.4 Flow field of branch tunnel on the plane of z=0.2 m
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(a) 74 F145° (b) %5 FA53° () Zh F160°
_— = — = 00 020 e

3354455556
PLE/(m - s

K5 2=0.4 m ¥ 20 B
Fig.5 Flow field of branch tunnel on the plane of z=0.4 m
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R 5 BRI FRAE BT E KR m
Table S Water depth of characteristic section in tunnel
BT [N AT
it/ (m® - s7h) 1# 24 14 24 3# 1# 24

Bl Wl B | B % HE KB BE R B AR B R
13.8 1.16 1.18 1.15 1.16 0.95 1.10 0.94 1.06 0.74 0.85 0.26 0.28 0.37 0.38
19.6 1.53 1.60 1.52 1.54 1.33 1.40 1.32 1.34 1.12 1.14 0.28 0.31 0.43 0.44
25.1 1.91 2.00 1.71 1.78 1.61 1.66 1.50 1.54 1.31 1.36 0.34 0.37 0.43 0.47

B2 5 WAL, 38 B TH I 25 R 5 A R 00 B R A5 B RRAE W T K IR A AR . KB B, BRI, K
AR DR A A — e R 22, T BRI K R BUE TR K

PLECT L#WT I 0], A D 13,8 m’/s B, Sl (i 5 A0 00 45 2] ) i v /K 2R 20 3o 1. 16
m, 1.18 m, FiFEMH2Z0.02m, IREN1.7%, ADHEN13.8 m’/s i, P+ 3 AWK E (3#, 44, 5#)
WRZEWTE 10% ~20% Z (0], 3#Wiim B4y K doD BE B e dln, IR2EHR K, M 15.8% ., AHJiERN 19.6 m'/s,
25.1 m*/s BF, PR 5 DU AS 45 B K DR R 2576 A BEVE R Y o H TN R DR 3 AR U AR B | BURR R AE R A
PIAN T 5T J5 v A5 S0 AH I T T K RN TR, Bl 5 SRR 25 R v, BRI 25 W D0 T T K TR R 25 LR 6

Fo6 BREMEHEAKRRE %
Table 6 Water depth error of the tunnel monitoring section
B 7T AT
AR/ (m - s7h)
1# 2# 3# 44 S5# 6# T#
13.8 1.7 0.9 15.8 12.8 14.9 7.7 2.7
19.6 4.6 1.3 5.3 1.5 1.8 10.7 2.3
25.1 4.7 4.1 3.1 2.6 3.8 8.8 9.3

Q.76 13.8 ~35.6 m’/s U ZEfk, Q. X%F MAIE AR . 76 T BE I 20 3 LL g/, 435I7E 0. 406, 0.594 /)
W sh, READORET, SETESEAREARNA . B TFoRkILET,
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Table 7 Discharge ratio under different inlet flow

ADWE/(m® - s7) Jrk Q,/0Q. 0,70, AR/ (m® s ") IR Q470. 0.7Q.
BE 0.410 0.590 Bl 0.401 0.599
13.8 30.4 )
5 0.427 0.573 5N 0.391 0.609
Bl 0.406 0.594 BH 0.403 0.597
19.6 ) 35.6
ik 56 0.412 0.588 i 56 0.398 0.602
HE 0.403 0.597
25.1
R 0.405 0.595

T BEALLUSS A D i B RS SR A

hmE7AM, AODREN13.8m’ /s, 19.6 m’/s, 25.1 m’/s. 30.4 m’ /s, 35.6 m’/s B}, KT REIFADH
HARZ N 4.1% . 1.5% . 0.5% . 2.5% . 1.2% , ANAFERN13.8 m’/s, IRER KN 4.1% ., #THH
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5 4% 1w

AR SO B SR K B B ¢ =36 s I 2K ARG 2 BOK MR AT T RESY, X AR e i 15° ~ 75° 5 [l
N2 FE K B B AT T BUE TSR, 38 o BOE TR S R 50 A I TR A T IR AR T @R e A 530 F FR K B B
IR R 45 W I B T K R B SR R L, BT R AR

(1) BT REZ A3 IOmm/N, &0 Je /N 15988 & 450, KT 40 bl 0.423 W/h 2k 0.399, T &
T 25% ; iR A5 E 600, KT TRES. 7% 5 7R3 M 60°8 2= 75° KT /00 e A8t/
THE1.2%

(2) BFADREXISFR LW/, i Je M S3°mF, AT, 6T 400 2 I 7E 0. 406, 0. 594 /NI
Wz,

(3) ZARJefAA, BTN R, BB K m & AS A, R — Wi, KR A T3
S IR /1B = Wil QDS s N ) VAR A% - 5 A
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Hydraulic characteristics of non-pressure branch tunnel
during the water filling stage "
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Abstract: The long-distance, non-pressure branch tunnel is a hydraulic structure that affects the flow regime and
discharge ratio. In the water-filling stage, there are complex flow regimes in the branch tunnel. In this paper, the
numerical simulation calculation in the non-pressure branch tunnel at the water filling stage, considering different in-
let flows and diversion angles, was carried out by the FLUENT software. At the same time, the water depth at each
monitoring station and the discharge ratio for the branch tunnel, after the water flow is stable for different inlet flows,
were verified by the model test. The results show that the inlet flow during the water filling stage has little effect on the
discharge ratio, which depends mostly on the diversion angles, between 15° and 45°, considered in the simulation.
In addition, a recirculation zone appears in the upper flow outside of the lateral branch when the diversion angle is in-
creased to 60°. The change in the diversion angle has little effect on the main tunnel water surface line. The water

level in each tunnel section increases when the inlet flow increases.

Key words: water filling stage; diversion angle; discharge ratio; waterline; recirculation zone
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