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Study on the Flow Resistance in Coarse Gravel Bed Channel
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Quantitative prediction of the resistance to flow in natural open channel
with a coarse gravel bed is? one of the important problems in hydraulic
engineering. Flow resistance or friction factors are used principally to derive
depth-discharge relation necessary in the waterway design for the water
utilities of these hydraulic power use, irrigation and so on, especially in the
mountain districts.

In this paper, two kinds of study are performed: (1) Experimentary study
on the resistance to flow in a straight rectangular channel with some coarse
gravel bed materials and the channel is rigid and rough; and (2) the effect
of the thickness of permeable gravel bed layer on the flow resistance.

The writers found that the resistance to fully developed turbulent flow in
straight and in rigid regular reaches of coarse gravel bed channel is dependent,
largely, on the relative roughness, provided that the surface bed materials
are described by the grain size of 50%, or more than 50%, of the weight in
size distribution curve.

On the other hand, the resistance to flow is increase considerably with
the thickness of gravel layer increase.

A statistical model of this form is 1/1/f = c log(a R/ks), where, a=
antilog (E «/2.30); ¢=2.30/(k1/8) ; £t=0.4(von Kdrmin constant) ; and E=
a coefficient and is function of the thickness of gravel bed layer, channel
configulation, characteristic of bed materials, and dynamics of flow properties.

In this study, we have obtained that the friction factor of the gravel bed
with permeable layer for the rigid bed may be expressed by the following
form:

1/v% =2.03 [log (11.09 h/d)) (h/A)7 (IE)E(C)]. where, d; is a represen-
tative diameter of gravel bed materials; coefficients 5, £ and » are function
of the perameter d;o/A; dqo is the effective grain size and A is the thickness
of the permeable gravel bed layer.
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Table.3.1 Experimental conditions.

Items

Conditions and ranges

Total discharges Q (1/sec)

Channel slope Iv

Mean grain size dm (mm)

Thickness of gravel bed layer 4 (cm)*
Flow depths h (cm)

Froude Number Fr

Reynolds Number Re

5, 8, 14, 20, 26, 32

1/500, 1/250, 1/100, 1/50

9.20, 12.03, 13.00, 11.77

4, 8, 12
2.6 ~ 14.7
0.2 ~ 1.08

27000 ~ 231000

* The thickness of gravel bed layer for the cases of bed material B, C and D are

performed only for 4cm.

100 T 7T T Table.3.2 Characteristics of gravel bed materials.
(A
/ Gravel bed
o (%8)0- /)Q i r;aterials A l B ‘ C | D
£ / Mean grain size | 9.20 |12.03 |13.00 | 1.7
2 60 Medium grain size | .70 | 11.40 |10.80 | 10.70
w
o Effective grain
o a0l | size dyo (mm) 6.40 | 8.90 | 5.60 | 7.20
3 Standard deviation | 539 | 1,150 | 1.672 | 1.207
s 0} Specific gravity | 5 67 | 2.62 | 2.62 | 2.62
Q S
* 0 Y .| voidratio (%)  |40.2 |40.2 |40.2 |d0.2
' G 5 .'O . o 100 Sphericity 0.708 | 0.699 | 0.714 | 0.705
Tn mee S o Sorting 1.143 | 1.118| 1.410| 1.197
Fig.3.1 Size distribution curves of the Coefficient . . . .
gravel bed materials.
(1/sec)
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Fig.4.1 Comparisons of the observed main
flow discharges with the calculated main-
flow discharges from the measured velo-
city distributions.
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Fig.4.2 Relationships between the observed Fig.4.4 Relationships between the observed
friction factors and the relative depths friction factors and the relatiive depths
(gravel bed material : A; thickness of the (gravel bed material : A ; thickness of the
permeable bed layer : 4 cm) . permeable bed layer : 12 cm) .
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Fig.4.3 Relationships between the observed Fig.4.5 Relationships between the observed
friction factors and the relatiive depths friction factors and the relatiive depths
(gravel bed material : A; thickness of the (gravel bed material : B; thickness of the
permeable bed layer : 8 cm) . permeable bed layer : 4 cm) .
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Fig.4.6 Relationships between the observed
friction factors [and the relatiive depths
(gravel bed material : C; thickness of the
permeable bed layer : 4 cm) .
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Fig.4.7 Relationships between the observed
friction factors and the relatiive depths
(gravel bed material : D; thickness of the
permeable bed layer : 4 cm) .

Table.4.1 The ratios of the equivalent roughness ks to the medium grain size dso : (ks/dso).

Thickness of gravel bed Gravel bed materials

layers (cm) A B Cc D
4 5.452 3.944 5.294 4.169
8 5.962 —_ — —
12 6.586 — — —
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Fig.4.8 Relationships between the observed
friction factors and the relative hydraulic '-
radius.
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Fig.4.9 Comparisons the effect of the thic-
kness of permeable bed layer on the friction

factors for the case of gravel bed material
A.
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Iﬁﬁﬁﬂcﬁﬁbfﬁiﬁ@ﬂli%ﬂi?%ﬂzﬁj 2.812 (obtained from the bed material B).
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% Table. 4.2 1ITRT, AEFICRT Es 13 OHEE LI fEEE BB HWTHEELUIZ (Up/Us)ea
DOEERE (Up/Us)ovs 1T 2 HRLERELTH 2, COEPLANS L IIT, K (2.11) TH-
THDICEBR LTV T LI 3, Fig.4.11 3—flL UTHEKEB O & DBEE R R,
Fig.4.12 3fic o, B, y Offi%e, HECHEHE dio 2HKERE A TH - 72, die/A, &>
WTF oy bLEEBDTH B, AKFPICRTHIITEINAHERTH 5, a DfEIZ dio/ADBEKIT
Mo THIKRL, 7o dio/A=21285 L, TROLLEBBVEEUVSVEERD S A 1T «=0.51C
WY %, dio/A= 01225 %, alZ0IRWHET A2 & 3 FHEN B, B ILD2VTIX dio/d DE{LIT
U THUERTIZ /2003, £ O3 dio/d OEERICHE - TR T 28I H 5, Fb L dio/
A= 01BN T B=—0.5CWHET A THS 5, HE 7 20Tk, dio/AMHAELU LIS L,
dio/DIT T AB/NEERE 22D, d1o/A=212BVTO LS D, dio/A DEDHBROE L H/h s
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Table.4.2 The obtained coefficients @, 8 and 7 in the equation (2.11)
for various bed materials.

Gravel bed Thickness of gravel | Effective grain size
. a B 7 Es (%)
materials bed layers 4 (cm) dyoe/4
A 0.16 0.268 | -0.400 | 0.0807 | 3.95
A 8 0.08 0.212 | -0.415 | 0.1006 | 4.67
A 12 0.053 0.219 | -0.423 | 0.0927 | 6.67
B 4 - 0.223 0.349 | -0.377 | 0.0743 | 2.01
C 4 0.140 0.259 | -0.380 | 0.0860 | 4.76
D 4 0.180 0.324 | -0.404 | 0.0649 | 4.74
7_-0-/ % -8
1.3 1.0} fo.1 ‘/0 J1.0
; @ﬁ N
(—) ; o 0.8 0.8
B, obs B.M. = Bed Materials -«
1.0 .-r: 0.6 ' q4o.6
-0.05 J—
0.4 s EY PR G 0.4
© § .
M.op o
//eo
A dem 0.2} @ .2 - d0.2
0.5 A 8cm
A l2cm L
B 4dem 0 1 1 1 1 0
¢ 4cm 0.01 0.05 0.1 0.5 1.0 2.0
D 4cm dio/ 8
° s o 1.'0 s Fig.4.12 Relatioships bctween coefficients «,
(2, B,7 and the effective grain size d;o/4.
U, cal

Fig.4.11 Relationships between the observed
relative mean permeable velocity (Up/Uy)
obs. and The calculated (Up/Uy)ecal.
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%, A (4.4) 12 Coles @ wake law itk > TEA NI TH B, (ENEEH0DEE
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Fig.4.13 Velocity-defect law after Coles;
compared with the present experimental
data for parmeable rough surface.
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Table. 4. 3 1ZBTRD 4.5 Hi TR U ERTRBERE, Up/Usx, PR (2.11) TRbahz %
FIAL TR (2.16) (CEHH LI BE ORERKRME L BED DB DI OV THEHERT L TRy 1.8
By € BIOKREC 2ZRULIZEDTH B, AEPICRT Er i3 h 631886 LR 2 O TEFE
U 12 3EHAREK fo ccary DFEBE fo vy 1T 2 HEFERERTH B, TIE focan & o ovsy DY
RETH 2, 58, BMEMBICK LD OREFRE d 3Tk 4.4 MTHRBE LR TH 2 RNER
MERICHIGT 2RE, TR0 EBKMEC DHEE1E dsa=1.79cm, DIRIOHEEIZ du=1.18cm %
A, ZOMDAB L PBIZE—KRBIGENDT, di=dso 2V, T0E» L, HRLEHRE
RIZI0%BEDA —F—Th b, > OWHBERENSE 0.9 EEE>TWVWB L Ed 5, BEROELET S
KR DIEFURBII R (2.16) TH > THARBRTE 5 L HEE SN B, Fig 4. 1413 FHIfE & F
Bl OFSRBICOVWTRULIZEDTH 5,

Fig. 4.15 134347 U AR O 7, ¢ B L OB dro L KBEREAL O dio/A DBELR
DWW TT oy bLEEEDTH S, CORPLANB X IIT 7, & ik dio/d T U THREBIEM
P TBE NS VAT T 4 v VISBREDBEET 5, dio/ABKRELLBE, BbH L dio/A=2
WGESE 9, 6130, L1312 2328 FHEINE, TbLREBEBMIELELVZVEEICIIEER
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Table.4.3 The obtained coefficients 7, § and { in the equation (2.16).

Gravel bed Thickness of gravel .
materials bed layer 4 (cm) 7 : . r Ee (%)
A 4 0.276 | 0.099 0.240 0.954 | 14.8
A 0.368 | 0.162 0.381 0.912 16.8
A 12 0.414 | 0.293 0.768 0.971 12.8
B 4 0.315 | 0 0.403 0.978 | 10.4
C 4 0.253 | 0.0874 0. 256 0.948 | 14.3
D 4 0.205 | 0.0345 0.240 0.947 12.5
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Fig.4.15 Relationships between coefficients
7, &, € and the effective grain size d;o/4.
Fig.4.14 Relationships between the observed
friction factors fb(obs) and the calculated
friction factors fb(ca1y from the proposed
equation (2.16) .
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