
CEE 716 HW 3

t. Apply the side wall correction to the clear flow dataset in problem 6.1.

Given: u* = 0.M1ffi/s, ds=0.105mm, Q=0.064cms, h=0.17m, sr=0.0o2, W=0.356m, C,"a

, 
p_ _ wh _ o.zs6m *O.!Tm 

= o.ogrom'-n W +2h 0.356m*2* 0.\7m

negligible

#
v=*===9j!un'?tr= =L.06ry / 1' Wh 0.356m * 0.17m s ,/

Lvrz. 4 *l.06Lx 0.087mp - 
-= 

+ = 368,000 -+ fully turbulenttre - ym 
10-6 

m'
s

c, -Jlt*2- 
g(o'o+rT)'

l : i = _(_r-;.?j_ = o.or 2o /

rwa, =0.0026 (,*ffD' - o.on r(,*(i)) * 0 1884 =

0.0026 (,,r(ffi))' - 0.o4z*(,*(ffi)) * o.rrrn = s,Lq /
fa=f*#V-f*ot)=0.011

*o=?Rn: o.o665m

16 = f R6S1= ,.rlfi /
,*b=@ =o.ooL6m/s



Problem 2
Compare the results from a) through j) for the plane bed and dune bedforms from the Low Flow
Conveyance Channel (alongside the Rio Grande, NM). Final comparisons are presented at the
end of the methodology for this problem in Table 4. Given:

Q = 625cfs,h = 5.6ft,R = 4.03 ft,T*=50.Lft,* - 0.OOO38ft/ft, dso=0.L5mm

Determine:

a) von Karman constant = rc f) Manning's n = tx

b) Shear stress = r ) Chezy coefficient = C

c) Mean flow velocity = v h) Laminar sublayer thickness = d

d) Froude Number = Fr i) Friction slope = S1

e) Darcy-Weisbach friction factor = f j) Momentum Correction Factor = B*

Work for the mean flow velocity and momentum correction factor is included in Appendix A.
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Plane Bed Calculations

Semi-log Vel*city Profile {Plane Bed}

' -3 "2.5 -z - 1.5 -1 -o'5 o o'$ 1 t'5 2 
'

ln{zl,A1 /
Figure l: Plane Bed semi-logarithmic velocity profile

Extrapolating the linear regression equation from Figure I to the free surface at h = 5'6ft

ux = 0.5151(ln(r)) + 4.064 = 0.5151(ln(5.6))+4.064 -> W=l-9l$ls

a) von Karman constant = rc

,- =1ffi=@ lLL* =o.222ftls

v* =?r"G)= 0.s1s1( tn(z)) + 4.064 ,.7 = 0.s1s1, * - m-r x=lt-4fL

Shear stress = z (assume 70oF, p - t.%st#)

rs = p7t*2 = 1.935(0.222)2'+ ro=lL0gsp'qf

Mean flow velocity = V, 

^o$t 

' 1
. N N Y-. \r).l'''

v; =!niu,n ,,iuior, -- 23.e5 a.;tr z),*(23.e5) -r
i=L i=1

*-=AJUils
Froude Number = Fr

. a 6zs ^ A L46.37+D=z.gzft,
A = L=ffi + A = L46.Z7f*,D = 7; =-0.1
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c)

d)

r, = h = ffi-> rr = o.++o :. suilcrlcat
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e) Darcy-Weisbach friction factor = f

f =#=W+t--0,-022
Manning's L= n

v* = ffnz/3Srr/2 + 4.27 =ff{+.Ol)r/3(0.00038)Ll2 -> n=_A,917-

Chdzy coefficient = C

c=E= m +c=JZLJe,r)t'

h) Laminar sublayer thickness = d

The average concentration in the water column for the plane bed measurements is 672.46 mglL,

which can be converted to a concentration by volume as follows:

r - 
c*g/t (Tahro 1o 1 in , 672'46

vu_2,650,0m(TableL0.ttnJulien,20l0)=ffi.Cu=2.54xL0_4

AssumingT0oFwhere'.p - 1.935'ff,U= 2.05x10-s,andG =2.56,(Table2.3inJulien,

2010) the kinematic viscosity of the mixture for the plane bed system is calculated by:

um=t=@= -r'-- s

The laminar sublayer thickness can now be calculated by:

^ - 
7L'6vm - 11'6(1'o6x10a + 6 = 0.000 SSft or n-=LLiZ-mm---T=E

i) Friction slope = Sy

rs = yRSl-$ =ffi +Sr=O.OOOSSfW

j) Momentum correction Factor = F* 
/N* uJu^(

F* = # Io 
u.'oo =#>v,iz Lzi,\t.: Lzi = Los'4 (rabte 2)

ii

F* =#Log.4 + Bq=-L'.-L7-L
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Dune Bed Calculations

Semi-log Velocity Frofile {Dune tsed}

. 4,-
'l.:
, l.S ,'
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l: lntz);,.h. 
I

Figure 2: Dune Bed semi-logarithmic velocity profile

Extrapolating the linear regression equation from Figure 2 to the free surfac e at lt = 7 .}Bf t

v x = 0.453 (tn1z1) + 2.665 t = 0.4 5 3 (ln (7.0 B) ) + 2 .665L + Ik=355ftl,r

a) von Karman constant = rc

Using a ratio, we can approximate the hydraulic radius of the dune morphology system:

* "* r Rdun"= 4.03 (#) a Rdun" - s.left

,- = 
1E-^+ 

= @ I lt* = 0.250 ft/s

v, = ? h e) = 0.1381 ( tn(z)) + o.s7 66 * T = 0.1 38 1,,( = ffi -r r=l)-55

Shear stress = z (assume 70oF, p = L.%5#)

To= p1t*2 - 1.935(0.250)2 +ra=-0-L27nsI-

Mean flow velocity =W
NN

W =;iurt ,,lu,a,r, = Le.52 (rabte 2),h(2L.72) ->

i=1 i=L

z,=3'91--tt/-t

b)

c)
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Froude Number = Fr

*"W,rw,dune= 50.1(#) ,rw,dune - 63.3ft

0625^A205.58o = i=m+ A=205.58ft2,D = r*= 
',3 

+ D :3.22ft

Fr-Z =4->Fr=O.ZOL :. Subcritcal'Jn6-l@
e) Darcy-Weisbach friction factor = f

f - Bu*z _ a(o.zs.oj) + f = 0.053I -A- @?6y -t-:r-

0 Manning's n-- n

v; _ Y nz/z grt/2 + 3.OT - Y 6.Oelztz 10.00038)1 /2 + n=1._g27_
''ttt71

g) Ch6ry coefficient = C

f _@_ @.?_,t=4;={ffi+L=5e-12
h) Laminar sublayer thickness = d

The average concentration in the water column for the plane bed measurements is 481,75 mglL,
which can be converted to a concentration by volume as follows:

la Cms/L /,r,-L, ̂  I t\ I :^^ 4BL'75Cv_ffi(TableL0,LinJutien,20L0)=,.Cu=1.B2xL0_4

AssumingT0oFwhere: p = 1.935'ff,U- 2.05x 10-s,andG =2.56,(Table 2.3inJulien,

2010) the kinematic viscosity of the mixture for the plane bed system is calculated by:

u* = F^ _ p(l+2.5C) _ 2.05 x 10-s.(1 + 2.5(1.82 x 10-4)) 
= L06xt[-s[*"*- p^ p(L+(C-L)Cr)- 1.935(1 +(2.65-t)L.BZx10-a) s

The laminar sublayer thickness can now be calculated by:

x -L7'6vm - rr'o(r'ooxro-1 + d' = 0.0}04gft or l=_L-l2ilmm." -T - o2so

i) Friction slope = S1

rs = yRSl-Sr = ffi+Sf =O.OOOSSft/It



j) Momentum Correction Factor = 0^

F*= v*2dA 2 Lz, = 68.90 (Table 2)

F* - #68.9 -> B*-=:*P*s

The following table summarizes the above results for comparison between the systems. For the

dune bed system, it is observed that roughness increases due to the presence of the dunes, and for

the same flow, velocity decreases and roughness increases, as seen in the total depth of the - \ .,
profile. 

---J -'-- ' 
r ^.,J*

=#}v*izLzi,Zu,,
LT

-t
AV*, J o

e{W*

$\P

3.55

0.55

0:l2l
3.07

0.301

0.053

0.027

69.72

0.r27
0.00038

1.045

Free Surhce Velocity [ft/s]
von Karman

Shear Stress [psfl
MeanVelocity [ft/s]

Froude Nurnber \A
Darcy-Weisbachf

Manning's n

Chery C

I^aminar Sublayer [rrn]
Friction Slope [ft/ft]

Monrentwn Cortection

4.95

0.43

0.095

4.27

0.44

0.022

0.017

122.29

o.tsi
0.00038

1.071



Problem #3 (20 points)

In English Units, solve ProblemT.4: An angular 10 mm sediment particle is submerged on an

embankment inclined at @r :20o and @o:0o. Calculate the critical shear stress from the

moment stability method when the streamlines near the particle are: a) l.: 15o (deflected

downward); b) I:0o (horizontal flow); and c) l,: -15o (deflected upward).

Table l. Conversion Table of Given Values

Particle Size

gr
Dorrrrnstrea m Cha nnel $lopt

lb

L
SF

0
+From Figtrre 7-4

v (viscosity)

Table 2-3-7OF

I-OGE{IS ft^2/s

GiYen

1O mm

2O degres

O degrees

o degres

15 degrees

O degrees

-15 degrees

1

37 degrees

o-(xt2&ltl:t99 ft
0-349(5585 radians

O radians

O radiam

O-2617993a4 radians

O radians

-0-25179!1388 radiam

0-645771823 radiam

T able 2. Calculated Constant Values

O degrees

o-93969

255-E 'pg160
5.63524 +eq 7-14b

6.63524

O radians

*The page number refers to the page in textbook that value was calculated from.



Next, the following equations were entered in Excel and assigned a random to value:

(Eqn.7.11a)

(Eqn.7.13)

Ztr6lo=ffi

^ -. 
( cos(.a+o) \

P = tart

\ffi+sine,+df

th=,o(ry,-, 
)

.SFs =

(Eqn.7.l0)

(Eqn.7.8a)

Finally, I used Solver to calculate the r. by setting the safety factor to 1. I set the safety factor

to 1 because we are looking for the critical shear stress that the particle will begin to move.

The values for the critical shear stress for each 1, are below'

Table 3. Critical shear Stress Solutions

Solrler

I r. (ryftAzl

15 0.o86s14

o o.Gxl525

-15 0.G,4755

ao tan(O)

4, tan(@) +] r - a?" cos(P)
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Problem#4(20points)

Solve Problem 7.10: Based on Equation (7.2c),consider thatr*c:0.03 when ff:0, then

combine ] m- figure 7.15 with b x 2.6. Compare the values sf x*.that are obtained with
Fp 13

the Shields diagram value in Figure 7.8.

,*r-Ob:';fu (Eqn.7.2c)

If r.. : 0.03 when fi: O,then f : 0.03.

r,rd: lL = -0.38 +lz.or-** 0.5tan(gl (, -,-*)]-' (Eqn.7.r4a)

Where tan(O) = 0.8.

Next, combine equatio ns 7 .2c and 7 .l4aand insert stated values for | ,f,andtan (g).

1
r*c = (0.03)

r + (tz.ot (-o r, +lz.o,-*+ 0.s(0.8) (, -,'*)l '))

Finally, plot z*6, as a function of d*:

0.1

P

1 10 100

d.

Figure l. t*s as afunction ofd,
The values calculated in this problem are approximately one degree of magnitude different than

the modified shields diagram (Figure 7.8). This is because the modif,red shields diagram uses a

ratio of forces to determine the curve while this problem uses stability factors.

l1


