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oNg has a 48-in diameter an changes to 36-in at the midc
average flow velocity of 5.57 ft/s has been measured in the
alculate the discharge and the average flow velocity throug
eter section

‘ iy =?
D, = 4.0 ft —_— D,=3.0f - 2 M/
Q=713/s
o @
Q - V]_ X Ai = V2 X /A\2

[4) =t (4 f1)2/4 =12.57 ft? - Q=5.57 ft/sx 12.57 {2 =70 ft3/s
i) = m (3 ft)2/4 =7.07 {2 — v,= (70 ft3/s) / 7.07 ft? = 9.90 ft/s

Conservatic



ong conveys 70 ft3/s with and average flow velocity of
ar cross section is 14 ft wide. About half way in the reach,
lon and the cross section changes to 10 ft wide and the
elocity increases to 1.5 ft/s. Calculate the water depths

d downstream of the contraction

e

g - (B, =10ft |————— >
141t _— 2 v, = 1.5 ft/s

Q=70 ft3/s
ﬂ

Q=v,xA =V, xA,
#8/s / (1.0 ft/s) = 70 12— A, =B, y, — y, = 70 ft2/14 ft = 5 ft
/s [ (1.5 ft/s) = 46.67 112 — A, =B, y,— y, = 46.67 f2/10 ft = 4.67

Conservatic



yation as determined

Q=V,xA =v,xA, [L4]
eady flow for which the

rge remains constant Y
ross sections 1 (inflow)
flow)

Inﬂow area Outflow area

flow discharges are different, the Continuity Equation becomes,

AS

Qin _Qout At [2 1]

At is the change in storage represented as (Sgpe — Sinisiall /(e —t;). The
equation are perfectly established, for example if:

« AN increase in storage will occur, SO Sgna1 > Sinitiarr ANG
, @ decrease in storage will occur, sO S, < S

initial

IS a typical application from this equation

Conserva



ation when the flow discharges are different is represen
e for a fime interval ¢, from ¢t; to t, which accounts for the

4 . Sf i [2 2]
Qin Qout i tf _t '

Qin < Qout - Sf< Si

STORAGE

OUTFLOW INFLOW OUTFLOW

Conservatic



ystem for a farm has a tank of 10,000 gallons. The inflo
ded by a well with pumping capacity of 2 gom. When the
long would it take to empty it out if its supply discharge is 30

From Eq. 2.2:
S S

Qin _Qout n t

out —

30 gpm

Sf=0
= (0-10,000 g)/t — t=-10,000 g/ 28 gpm = 357.14 min
t=595hr=5hr 57 min

Conservatic



nity has a tank 30 by 30 ft (square base) and 20 ft high to
the water depth in the tank is one foot, the inflow pump has
g to fill it up. The confinuous supply from the tank is 25 gom. It
mated that the tank has to be refilled to maximum capacity in 2
ute the discharge of the inflow pump to the tank, and the supply
fime of the tank (i.e., w/o receiving inflow)?

Q,,. = From Eq. 2.2: S _g
23 gpm Qin _Qout =— I
1.0 ft |ﬁ {
A 7.48052 g = 1.0 18
x30 ft)x1.0 =900 ft3 Sy= (30 ftx30 ft)x20 ft=18,000 ff°

25 gpm = (134,649.36 — 6732.47)g / (2 d x 1440 min/d)
Q,,= 25 gpm + 44.42 gom = 69.42 gpm

= (6732.47 — 134,649.36)g/t — t=-127,916.89 g/ -25 gpm =

116.68 min / 1440 min/d =3.56d=3d 13.3 h



ydrodynamic force produced by a flow discharge ©
gh an expansion from 4-foot to 6-foot diameter. Pressure
downstream are 100 and 124.85 psi, respectively. The pipe
any slope (z = 0).

6 ft i cellenp From Eqg. 1.8:
sz
~100 ft ZFX — pQ(VZX _le)
> N ‘

=1.94 1b-s2/ft4(1100 F13/5) (Vo - V1)

4 = 12.57 ft2 v, = (1100 ft3/s) /12.57 ft2=87.54 ft/s
4 = 28.27 12 v,.= (1100 ft3/s) /28.27 ft?2 = 38.90 ft/s

Conservatic



/ 4
R, F,,
q — 6ft | wammnmsm
v, = 38.90 fi/s
\

~100 ft

»
»

X ‘ p,= 124.85 psi

R, - F,, =1.94 Ib-s/ft4(1100 ft3/5)(38.90 - 87.54) ft/s

= 103,5101b

EQ. 1.10:  F,, =100 Ib/in2 (144 in%/ft2) (12.57 f2) = 180,956 Ib
F,, = 124.85 Ib/in? (144 in2/f2) (28.27 ff2) = 508,327 Ib
5| + R, — 508,327 Ib = -103,510 Ib

27 Ib - 180,956 Ib — 103,510 Ib = 223,861 Ib <«
HF, = -223,861 Ib

Conservatic



plication from the

of Momentum in

the Hydraulic Jump. This e e
y an instantaneous —
flow regime from
al to subcritical flow. It i
occurs in spillways of large TR
en large flow velocifies are gl »
d through the chute (large
nergy) and an energy
rmay be required in

to the energy dissipated by
ulic jump




percritical to

regime is not possible
retarding the flow

The physical

lons can be explained by
pt of specific energy and
pth (at minimum energy).

s the physical properties of
aulic Jump and the fact that
pbe solved by the energy

I) equation




Qo Energy Conservation of Momen
IE ~ (rectangular channel with
’ width = B)

subcrifical flow | V2"/29 >F =pQ(v,, —v,, ) [1.8]

- \ The hydrostatic forces are of
LA \ the form ydA, where d is the
LY _|D. depth to the centroid of the
1 22 cross section and p = y/g
_/// L. =
0 1 Fl_FZZPQ(VZ_Vl)
Rs”
2) (D,B) -y (D,/2) (D,B) =y/g Q [Q/(D,B) - Q/(D,B)] dividing by B
D.?/2 = (Q/B)*1/(gD,) - (Q/B)21/(gD,) unit flow q = Q/B

q°/(gD,) = D.?/2 + q*/(gD,)
manipulafion and rearranging terms, this equation becomes

The Hydrau



D2+D,D,-29 _¢
gb,
nown as the conjugate depths of the Hydraulic Jump. Solving

C yields

-—1+w/1+8F22} [2.3] or Dzz%[—l+w/1+8F12} [2.4]

v2/(gD) = q>/(gD3)

(Energy) loss in the Hydraulic Jump s,

E = (DZ_Dl)3

2.5
hj 4D1D2 [ ]

Ique relation between the conjugate depths and the flow

q= \/(ngDz)¥ [2.6]




annel 20 ft wide carries a flow discharge of 200 ft3/s. A
lon Its average flow velocity is 6 ft/s

at that cross section 5
al or supercritical? D :3/q— [2.7]
g

occurred, what would

conjugate depth?e __,——’
ulate the head (Energy) __,——’
n the HJ . SN
..... 1 S D,
(900 fi3/s) / 20 ft = 45 fi3/s/ft
@

7/,
18/s/ft)2 / 32.17 ft/s?]/3 = 3.97 ft

0 ft3/s)/6 ft/s = 150 ft2 — D =A/B = (150 ft2) / 20 ft = 7.5 ft, so there
flow because D,=7.5ft> D,



D,=7.50 ftlor (e

» |D,=1.80 ft N
=1 =45 fi3/s/ft
i D, =&[—1+w/1+8F22} ‘
® 2

2.3, the conjugate D, can be calculated. But F, needs to be
ed: F,= (6 ft/s)/[32.17 ft/s? x 7.5 ft]'/2 = 0.39 < 1 subcritical v

D, = 75ﬁ[—1 \/1+8(039)] 3.75x0.48 ft=1.80 ft

_(D,-D,)  (7.5-1.8)ft®

= = =3.411t
AD,D, 4x7.5ftx1.8ft

D, +D 1.8ft+7.5ft

=45ft? /s

2 = \/32.17 ft/s*x1.8ftx 7.5t



iform flow discharge for a trapezoidal canal with wate
iIde slope, z = 1; bottom width, B = 20 ft and invert slope, S =
th canal excavated in alluvial soil and has growth of grass

0.028 S=1ft/mi=1ft/5280 ft = 0.00018%4
r a frapezoidal cross section can be calculated as follows,

BN BN BN BN BN BN B BN BN BN B B BN B . A:(B—|—Zy)xy [28]
]
y =10 ft
Q=7¢ P, =B+2yv1+z® [2.9]
J/  z=1
B =20 ft N

| 149 o1s

ning Equation (Eqg. 1.16), QZTARh VS [L.16]

+ 1x10 ) 10ft = 300 fi2
2x10 ff (1+12)1/2 = 48.28 ft — R, = 300 {2/48.28 ft = 6.21 ft

0 ft?) (6.21ft)**1/0.0001894 = 742.5ft*/s



ing smooth neat cement joints
wash on concrete base.
reeding and smoothing platform.
Small concrete-lined diteh, straight and uniform, bottom slightly
dmhed the sides and bottom covered witha rough deposit, which inereassthe nvalue,

4.n=0018 Shot-cone:

wnh fine nlgac and botto
08, E

in thc middle ;nd

g without smooth treatfent. Surface covered

h drifting sand ¢

joam, with deposit of clean sand

Coerele luuug 'nade i & ough lava-rock eut, clean-scoured, very

mugh and deepl) pitted.

u

L Ll

Fie. 55 (7-9)
igation canal, straight, in hard-packed smooth ssnd.
ment-plaster lining applied directly to the trimmed surface of
the earth channel. With weeds in broken places and loose send on bottom.
9.n= 0024 Canal excavated in sty clay loam. Slick and hard bed.

Fic. &5 (10-12)

10. 1= 0024 Ditch lined on both sides and dottom with dry-laid unchinked
ubble. Bottom quite irregular, with seattered loase cobbles. )

11, 5 =002, Canal excavated on hillide, with upper bank mostly of willow
roots and lower baak with well-mede conerete wall, Battom covered with coarse

gravel.

12 n =002 Cobble-bottom channel, where there is insuffcient silt in the
water or too high & velocity, preveating formation of 8 graded smooth bed.

chawael, senenfint rmagelar s slepes; faely even, dan
Fgit gray silty elay o light tan st loam; very Litth raristion

s

Typical n Values for Difterent Channels

Tie 55 (16

ifed in day srd ssndy Sam; rm\rzlu side dopes, boltem, snd
o slopes

Dredge chaned, irregular 3 sloges and botiam, in Hack
chay of top to nuw day st bottom, @ies corerd with suall saplngs and hrul.
shight saul gradual variations in erves stetion.

m




anal has the following design characteristics: Q = 74211t
= 10 ft and n = 0.016 (unfinished concrete). Assuming

Vv

the left side of the equation are known, and the terms on the right
€ equation contain the unknown, which is y (water depth)

7421ft°/5x0.016 [(B+zy)y]*"
=932.6844=[(B+z
49x+/0.0073 [(B+2y)y] [B+ zym]m




932.6844 =[(10+2y)y]*// [10+4.4721*y]*? 3397.9329 =[(10+2y)y]*3/ [10+4.4721*y]*>
Convergence Solution Convergence Solution

y=| 9.99969 9326831 10.00 y= | 17.52233 3397.9281 17.52

Unitorm Flow Problem (Manning)



ric (and dimensionless) function for the R, of a pipe, anc
as follows,

(water depth) on y-axis as y/D every 0.10
(b -sin ) D?, where ¢ = angle (radians) and D = diameter
26D
\/P,=1/4 [(d-sind) / d] D. Express R, /D (dimensionless) on x-axis

as 1/4 [(d-sind) / ¢]
Use the plot fo determine the R, of a 48-
in pipe when the flow is both full and

half-full. Determine at which water
depth would occur the maximum R,

Hint: ¢ = 2 arc cos [(0.5 - (y/D)) / 0.5]
from 0° (y/D = 0) to 360° (y/D = 1)

Uniform Floy



| |

Dimensionless Hydraulic/Geometric

Uniform Flow Problem (Rj)

l

of a Conduit




Dimensionless R, for a Conduit

=
=
o
u
[a]
]
=
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=
A
2
c
2
v
c
v
£
2
(n]
N

0.15 0.2

R;, (dimensionless Hydraulic Radius)/D

Uniform Flow Problem (Rj)
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