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RESISTANCE LAW OF FLOWS IN HEADRACE
TUNNEL WITHOUT CONCRETE LINING

By Yoshiaki Iwasa, Takashi Hosopa, Junji HiRaokA and Kazuyoshi OKAGAWA

Synopsis

This paper deals with the resistance law of flows in the headrace tunnel without
concrete lining. The fundamental experiments have performed simulating the flows
by using the triangular roughness element. The equation, which is compatible with
the experimental results, is also derived theoretically. It is pointed out in view of
the comparison between experimental results and observed ones that these results
are applicable for the flows in the headrace tunnel without concrete lining.

The numerical simulation model for the flow over a triangular roughness
element is also developed by means of the refined k-¢ model. The numerical
procedures are firstly described with the boundary conditions at the wall and the
free surface. The calculated results are discussed with the experimental ones
indicating the necessity of further investigations concerning the refinement of
numerical model.

1. ¥

i

AWEE, HAUASXRERBE EOKE b v A VOBRBEEIRT 5201, KT v 7 Kb TER
ETHIENAEDa Yy 7 ) — METEER L ERKEE b v 2 VAOHNOKER I W TERLL
bDTH 2, THbb, avy ) — FETEERT 3T EICX ZHEEOHMNSE & UM NEEOFHROE(L
%, b YR AVREBEOMMNERD SERBMICHEET 2 HEERETT 2 &Itk y, KB v 2 VEETD
1 ORBEREBLILEHANE LTV,

T, B VR VOREONNE T =M TEE U fOKBEEREITY, A L OBMF
YR B L OHRhO/KEZBOBIFEETRT, &5, BN EBMILL OKEEHEEEMAS LiIckD,
EREROEMARBTX BERNEEL, o 0KRERE X UHEROBIE~OHRMII >V T,
EBEOKE b v 2 VEIERIC B 5 MR OFREREH O TRIEERA 5, LS L R0 BEL
FTL, RESHEPENVEERL SO X VF#ALSHENOREERT 220, HRETVERVEH
BT ETNVER LT, HHEEREEREREEBTIC LR LD EFVOERLORIEZITS & &b,
RIRER bIsHT 5,

2. JKIEBERIC & BEMAOBE
KEE b v R VEETORIAE Photo, 1 IR L1, MEBEOMMARICE b ¥ 2 v OiEERTENC & 5 HA

_1__.



338 BB SSWIEA S %345 B-2 F3. 4 (1991)

Photo. 1. Headrace tunnel without
concrete lining. (Shimo-
Nishitani run of the river
hydropower staion, Chu-
goku Electric Co. Ltd.)
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Fig. 1. Schematic diagram of

experiment.
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Fig. 2. Definition sketch of
roughness element.

Tablel. Geometrical variables of
triangular roughness element
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Table 2. Hydraulic variables of experiments
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Fig.4. Qualitative changes of flow patterns.
{a) tan 6<0.6 (b} tan 8>0.6
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Fig.6. Schematic diagram for theoretical consideration.
(a8) Domain of integral (b} Simplification of flow

ks _ b/ Ry,

SR O i S|

Fig. 3B XU PFig. 5 (a)~(c) 2id, fr=001 L LTHELL GORERLTHY, a=020LE (6)
RIERERE BIEF—HLTWBE I Ebbh 3,

3. Rig~DER

EROKE b v 2 VRERIC BV TS W QIEOMNER ERECKEERERVT, k/k, &
tanf ¥ & & R/k, OBIRERD, 2. OEBRBERELILE L7 &9, MODOFTHIERERT,

3.1 [EEOMMOHRRESR

HENSEE LR, BREXMIKRICEZOTEES « TEARBHR (HhAHFER) JKE b
vENERIRTH S (Photo 1 BH), ¥R IVAH
oYW T, Fig. 7105 LRSI - THEED x(cm)

50 100
MMHSEHRl S i, BUTER & KADRE 0 57KER ) '

No.l,right side
0L y=50cm
(cm)

x(cm)
50 100

20
No.1l,right side
——~—Measuring Line 40 y=100cm
(cm)
Fig. 7. Measurement of roughness
along side wall in headrace Fig.8. Observed results of roughness
tunnel. along side wall.
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Table 3. Observed results of roughness in headrace tunnel

No. km (m) tan 6 ns Rs (m) ks (m)
1 0.058 0.52 0.031 0.53 0.150
2 0.082 0.63 0.033 0.58 0.186
3 0.118 0.61 0.036 0.66 0.277
4 0.070 0.67 0.029 0.54 0.115
5 0.074 0.76 0.022 0.41 0.032
6 0.039 0.38 0.023 0.45 0.036
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Fig. 15. Control volume for y-component of equation of motion.
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Fig.17. Calculation of pressure in control volume including free surface.
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Fig. 18. Calculation of channel bed shear stresses.
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PR EEEMS I A, BB EEERIREBICET 2 CHERZBVEL, BonEREEHVTH
R FOFRN ORI >WTEE LXK S, £9, Hd~7 VX% Fig. 20 it/R L7z, Cal 1 (tand=
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—%, Cal. 2 (tanf= 1.0) DL, UVEHICRELLBSELTWE, IO 5 LERTOEENHEED,
Fig. 3D k,/k, ILRIET tang OB E L THI TV 2, Fig. 2l i3, KEFMORESFHICH>WTEE

Table4. Hydraulic variables of numerical simulations

h sin ¢ R tan 0 Ax Ay
(em) (em) (cm) (em)
Cal. 1 8.0 1/500 2 0.4 0.5 0.2
Cal. 2 5.0 1/500 2 1.0 0.2 0.2
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Table5. Model constants for  FIRERBERELBLILLDOTHE, tand= 10 OHE
FHICEEE L TRV, FHEER & ERER IS R—

numerical simulation

BLTW3, Blhzzxv¥—EEHDONH*% Fig. 22 &

Cel Cezm Cuoo g, g
137 | 192 | 0.09 10 13 FmgsmﬁbtoEﬁua%e%ﬁﬁﬁ@wﬁﬁwﬁ?
RTRDL TV, Thid, EROEBETHRESES O
B EEZOND, 121 L, Cal 2 DIESTHAOHE MR TEAOEMMBR SN S, Jhik, KE~s b
M (Fig.21(b)) ISRENTV R &I, HAE LR TRASHEBRRICERT 200 LEL NS,
FELLE I, BERFEFVERVTARROEREREZBRIFHTE LI LM -, KL,
BRI, ke DBREFOBRTEICHAVONE NS A~ dn & dn” O (ZOFETIZA. 2

Q) THRRIZEIICKL200 & 125 BHVSN T S,)
EFNMELTRHATSEEL SN S, BREBOS LA,

D —EORNBLETS 5, ’

> & A w e =

30cm/s

(b)

(a)

Fig. 20. Velocity vector of flow over roughnesé element.
(a) Cal. 1, (b} Cal.2

Cal. Exp.
—— & trough

a0 r
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Depthwise distributions of longitudinal component of velocity.
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Fig. 22. Distribution of turbulent kinetic energy.
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Fig. 23. Distribution of pressure.
(@) Cal. 1, (b) Cal. 2
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