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Experimental investigation on the formation of stationary solitary waves in uniform steep slope channels

ONNERFREE 1, ZHEG— 2

*Takuma Kato!, Youichi Yasuda?

Abstract: This report presents experimental results on the formation of stationary solitary waves in uniform steep slope
channels. A stationary solitary wave is formed as a transition from supercritical through subcritical to supercritical flows by
installing a local roughness sheet in a smooth channel. The effects of roughness height, roughness region, and uniform
Froude number on the formation of a stationary solitary wave were discussed, and also different water surface profiles were
shown. In addition, the water surface was measured at center line of channel.
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Table 1. Experimental conditions
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Connection between smooth and roughness

4 |

—

1) No.1 (roughness region: 98cm)  2) No.5 (roughness region: 49cm)

Photo 1. Flow conditions of stationary single waves
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mooth gite elarged Table 2. Relationship between
No. | Fo mho | Bheo | Sope A =80 | o) ’m“é{‘“;ﬁ” Particle No and roughness height
{TTm.
1 | 1086 | wss 8 86 1201 86680 10 5 43 Mesh size of | Residual rate
2 | 1088 541 8 86 1201 86680 20 5 43 . o .
3 1038 e 515 L0l p— 50 5 45 Particle no fifth s.leve of.partl?le in
4 | 106 543 874 1001 54280 I 5 1 (last sieve) fifth sieve
5 | 1w 551 890 L1275 64280 10 5 1 30 500 um more than 92%
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n | 107 338 870 1287 63720 40 5 4 100 125 pm more than 92%
Sand cloth paper
For tirst, second, and
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Sand cloth paper
For the other
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3) No.8 (roughness region: 49cm)
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1) Water surface profile for No.1
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2) Water surface profile for No.2

Figure 2. water surface profiles for Fr = 1.086 (Effect of roughness region)
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1) Water surface profile for No.5
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2) Water surface profile for No.9

Figure 3. water surface profiles for Fr = 1.10 (Effect of relative roughness)
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1) Water surface profile for No.4
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2) Water surface profile for No.8

Figure 4. water surface profiles for Fr = 1.065 (Effect of relative roughness)

3. BB PSR S 302 T Y 72 O FiE i
BABER K ISR S A i O —H61 % Photo
LITRT. BEEIORESND X HIZ, KilEiOBIETIIK
HOMMTIREL ASNRWN. 2D G, EFH
RENED LI T 2O EAMEICT D201,
KERERET S Z LIk T, MARKED 71—
R, VA VSR, 7T AT Kb, fHRHEE (v
N ~—/3—No.), MHEFRBEFHICEENRIND.

4. TEFEWRIEOKEE O

Bz 5N mAS RO 70— Rk, LA VR,
T AR N, F KL UMERPHLEE (B R~4—,3—No.)
2% LC, HLERR ERLPH OE W X KOtk &
Figure 2 (2”3, /RSN D & 912, HEZE P
NRELRDZLICE ST, WIRKBNIENY, EH
BRI DI E T D & 72D, B2 Bzt A
RO T N— R, LA VR, TAXT R, B
FOHLE R BRI LT, HXHE (o Rai—X
—No.) DEWIZ XD KIEFO L% Figure 3, 4 1271~
T IR END LI, FEHEN NS RBHITD
T, BOWLTEMED FRANCZIBL, FEn/hE<
70, FOMEME, MAFRDO 7 — RS 72
L1xEE< 5. 7ok, 2B No.1,2,3 D54, Figure
LITRENAD L DI, i X & HLE X O Kk O &
EZEPML D 2 — AR TR E WD, HEiiE R oK
MBIOEENRKELL RoTnD.

5. ¥&

VAR TR 2 & H & Rk TR~ BB T
BB EARG L LER RSO KERICSNT,
& 1R EREHED b & THRE LTz, BRI D
KIETERIT KT DIMAGRD 7 — N, FExHHLE

(%> F~—s3—No.), HEREHFMOZEZH S )
2L, TOFRMD—F% Figure 2,3,4 (T Lz, HE
REHIPEANKE LS 2D 2 LITE o T, WXL
D, ERRIIRESEEIC E TN DM & 2R D, FExH
FEDRNE L 7251250 T, WO ITARLE DS Nl
BL, WEmavhs< b, 2OMnE, WRARTED 7
= REPNS L2 D1EEEL 8D,

6. ZE3CHR

1) Andersen, V. M., Journal of Hydraulic Division, American
Society of Civil Engineers, Vol.104, No.8, pp.1185-1188, 1978.
2) lwasa, Y., Proc., 5th Japan National Congress for Appl. Mech.,
Paper 11-14, Japan, pp.315-319, 1995.

3) Grillhofer, W., and Schneider, W., Physics of Fluids 15, pp.
730-735, 2003.

4) Ohtsu, I, Yasuda, Y., Gotoh, H., and lahr, M., Journal of
Hydraulic Research, IAHR, Vol.39, No.2, pp.203-209, 2001.

5) Ohtsu, 1., Yasuda, Y., and Gotoh, H., Journal of Hydraulic
Engineering, ASCE, Vol. 129, No.12, pp. 948-955, 2003.

6) Gotoh, H., Yasuda, Y., and Ohtsu, I., Transactions on Ecology

and the Environment 83, WIT, Southampton, pp. 33-42, 2005.
7) Schneider, W., and Yasuda, Y., Stationary Solitary Waves in

Turbulent Open-Channel Flow: Analysis and Experimental

Verification, Journal of Hydraulic Engineering, ASCE, to be

published, approved on April 23th 2015.

476



