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It is commonly known that the flat bed is unstable in open channels in the range of

small and large Froude numbers, in which the presence of the free water surface is
important to the instability. However, instability of the flat bed without free water

surface has not been well understood.

In this study, we perform a linear stability

analysis of the boundary between sediment and water in pipes transporting sediment
with the use of the mixing length turbulent model. The analysis reveals that the
governing parameter is the Euler number, and that the boundary is unstable in the

range of relatively small Euler numbers.
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i% Euler BMOKREZWGEBIZIAN Y, HIEBENEKLE R
DU (HBEE) ITETRELS 2D ENH5.

-1 KR ELBEEOLE Euler OBER
Euler}t | 4°,/D" | Euler¥t | 4", /D"
22.0 33x10% | 210 5.0%x10™
20.0 7.4%10™ 18.0 1.7x10°
17.0 2.5%107° 16.0 3.7%107
15.0 5.5%10° 14.0 8.3X10°
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—HRACIZ ETE
OHEIZRRZEEXLNDD, BEEZBEICTST-

R

|RTHEE o

X-5 Im[QD =X
(a) 6,=0.25 DFF, (b)6,=0.5 DI, (c)8,=1.0 DI

BAKBOEGE, Fro1BXOFr<1 OFEBTH—K
REEIRZEY LR, MFEOERTIZT v FF 2 —
VS, BEOERTIITFT 22—V BRETEZ ENbMn
2TW5. Ehix LTEROEA, K-512XniZm
— KR E I Euler BO/NS VB COARREE & 2 B



ZENbnD. FKEEERATIE, HELTXETS
BRTENRRDIZD, TNENOBAICBIT D0 —
KAEDOLEMNE HEMICHET D Z LI TERVD,
BEEIZI1T 5 Euler E3BAKKIZI 1T 5 Froude I %t
ST 5 LT, BEREBAKE WThoRabT =
—VICHE TS L) RRERIIBRETHI OO, B
DR, ToFT a—IIBY T2 RERITBRE LR
WZ ERbns., REEOEEAIKROLIIZKEL
5.

A =272H" | (81)
X-5 1 KAVIEHERS R K & 2 58 (Bl 1X
1~15THDHZ ENbhd. BEEEICHYTIERE
DOREHE P BIRZFET D LT, EBRICERE
NET 2a—VORERIFERD 2~3FL DT ENT
mBEns. —F, BABIIRAETST 22— DA,
WEIIAKED SERELRD Y. ZZTHHAKRLE
BCIXERD2EBRTEDTON TS, HMIZH
BT B LI TERWVD, BKBEOKENRERD 1/2
YT 2 &L, BRICRET DT 2—OFR
ETFEVVEREZFOILICRD. I CIIMELEHE
T BT OSRMEZy=1 DFAICBo72. 5
%, ETHEOHEDENEE DT ZITV, EBRIC
FoTHBERERITTHZIENVLETHS.

8. MR

HHEERHEROEFEE L2Z2WEKBRZEIT S, B—K

REOREEEZRAD1-DIC, BIEREMRIT 21T 7=,
ZORER, ROFRVALNER-T

ERNOB —KREOLZEMEZRET DEER/NT
A—%& [ IEuler${ & Shields#(TH 5.

* a—Euler$% £ k(T instability diagram % #i\ /- #5 R,
EulerftD/N S W T — KR EIIARLE L 2D,
REEIBETS.

c RAET D REKOEBERIL, Euler$X & Shields$i
Lo TET D0, BEROMP2~3FETHS.

- FE O Sl i3 Shields¥k S K & < A2 BIF L/ &
2 Em»H 5.
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