UNIVERSITY OF NEW ORLEANS
DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

ENCE 4319 Hydraulic and Fluid Mechanics Laboratory (lcr).
Fall 2010

Tuesday 4:30-7:15

Instructor: Enrique J. LLa Motta, Ph.D., P.E.
Office hours: Tue 2:00-4:00 EN 815.
E-mail address: elamottai@uno.edu
Phone: 280-6093

PREREQUISITES for ENCE 4318 and 4319

ENCE 3318 or ENME 3720 and ENME 3716 or an equivalent undergraduate course in
engineering fluid mechanics.

CO-REQUISITES: ENCE 4318 and 4319 must be taken concurrently, except for
graduate students

STUDENT LEARNING OBJECTIVES
Afler successfully completing this course each student will be able to:

. To apply the principles of hydrostatics, continuity, energy and momentum
to problems associated with steady state flows in pipes and open channels.

. To design components of hydraulic structures.

. To use a variety of mathematical and computer models to solve hydraulic
problems.

. To conduct open channel flow measurements and appreciate the

uncertainty in the data.

GRADUATE CREDIT

Students taking this course for graduate credit will be required to complete an additional
physical or numerical modeling project that extends the subject matter covered in the lectures.

GRADING SYSTEM

There will be at least 12 tutorials, that will be graded, plus a short open channel design project.
There will be no exams, so the course grade will be based on the work handed in by each
student.
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Velocity V (m/s)

List of surfaces with roughness k, = 0.03 mm

Good examples of Wrought iron
Coated steel
Clayware (glazed or unglazed} with steeve joints
Sewer rising mains, mean velocity 2 m/s

Normal examples of Asbestos cement
Spun bitumen lined metal pipes
Spun congrete lined metal pipes
Uncoated steel
Clayware (glazed or unglazed} with spigot and socket joints and ‘0¥ ring seals
— dia <150 mm
Pitch fibre pipes running part full
uPVC with chemically cemented joints

Poor examples of

Discharge Q (I/s) for pipes flowing full
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ENCE 4319

Explicit solution of Darcy-Weisbach formula

Darcy’s formula:

Solve for f:

Taking the inverse of the square root:

Colebrook-White’s equation:

Where

Equate (1) and (2):

Solve for V:

Multiply by pipe area:

LVv?
h,o=f=—
/ fDZg

V £ 2.51v
Gosp 30T s
g : g4

DVJ =

2
V=-2 ZgSDlog[ £ 4 oV ]

3.7D  D\|2gSD

£ 2.51v

0= —gDZ-Z 265D Iog[

Simplifying:

+
3.7D D"jJQgS

+
37D D-/ZgSD
Q=—gD“ {—nglog[ € 2.51v J

(1)

(2)

(3)



ENCE 4319
Empirical Equatiens for Steady, Uniform Water Flow

Manning’s Formula

¢ US Unit System:

1486 21
Jps = " Rﬂ S5
s Sl System:
T W
Ve =—R,S? In both equations, R = etted eTrea
—r Wetted perimeter

Hazen-Williams Formulas

v, .=03 5457CDMO'GJSO'54

Vf =0.55032CD 0935054
P T

le L= 0_2785CDM2.63S0.54

= 263 @054
Q,.. =02794CD 'S

Q. =0.2816CD, 2 g%

= 263 054
Q., =04323CD 'S

1.8519 18519
S = 10.6699[l] Qe
C

487037
D

18519 1.8519
S = 10.4538[l] QL
C

4.87037
Dm
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Velocity V (m/s)

Good examples of

Normal examples of

Poor examnples of

List of surfaces with roughness k; = 0.03 mm

Wrought iron

Coated steel

Clayware (glazed or unglazed} with sleeve joints
Sewer rising mains, mean velocity 2 m/s

Asbestos cement

Spun bitumen lined metal pipes

Spun concrete lined metal pipes

Uncoated steel

Clayware {glazed or unglazed} with spigot and socket joints and ‘O’ ring seals
— dia <150 mm

Pitch fibre pipes running part full

uPVC with chemically cemented joints

Discharge Q (I/s) for pipes flowing full
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ENCE 4319

Explicit solution of Darcy-Weisbach formula

Darcy’s formula:

Solve for f:

Taking the inverse of the square root:

Colebrook-White’s equation:

Where

Equate {1) and (2):

Solve for V:

Multiply by pipe area:

hfzf%%

fzzil;s;g.where S:%—

T T @
ﬁ="2]03[3.§9+;jj} (2)

£ 2.51v

v
———=-2log +
J28sD 370, \/2gSD

2

.51
V = —22g8D log| —— + 221V
37D DJZgSD

Q=-—£D2-2 2g8D log £ 4 =EIA
4 37D D\2gsD

Simplifying:

0= —%D”,/zgs Iog( £, 2N J (3)

+
37D D”\/ZgS
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ENCE 4319
Empirical Equations for Steady, Uniform Water Flow

Manning’s Formula

e US Unit System:

1486 2 !
V= RS
e S] System:
R
V.,.=—R?3§? In both equations, R = Weited zfrea
T n Wetted perimeter

Hazen-Williams Formulas

me_e = 0-35457CDMO-63So_54

_ 0.63 0059
v, =0.55032CD, s

Q, =0.2785CD, 25"

_ 2.63 0054
de—0.2794CDﬁ S

0, =02816CD, s

_ 263 0.5
Q.. =04323CD s

| 1.8519 Q 1.8519
B aris
S = 10'6699(EJ TD‘%B?EEF

4.87037

18519 1.8519
S= 10.4538(i] QL
C D
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ENCE 4319
Assignment No. 1

Due 8/31/10

Solve the following problem:

A gravity main conveys water from Tank A, where the liquid surface is at an elevation of
109.65 m, to Tank B, where the water surface 1s at 100 m. The pipeline profile is the

following:
Distance, m 0 (TankA) 600 800 1000 1500 (Tank B)
Pipe Elevation,m  108.00 99.00 103.00 98.00 99.00

a) The flow rate at the end of the design period is 70 L/s. Design a PVC pipeline

b)

using Darcy’s formula, and € = 3x10° m and v=1.14x10° m?%s. Neglect all
minor losses. Draw the hydraulic gradient.

[f the flow rate at the beginning of the design period is 35 L/s, find the pressure
head at the point located at 800 m from Tank A. Draw the hydraulic gradient
assuming the same pipe diameter as in (a), and that there is no valve at the end of
the pipeline.
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ENCE 4319
Tutorial No. 4
Part 1
Due 9/28/10
1. Evaluate the safety of Shasta Dam section shown on the attached Figure 1.

Assume: L ‘ /‘ »
e neglectice se¢ /‘/”T‘* £ Voo
e neglect waves - 4 i b ” B
e neglect silt T
e full uplift
e earthquake a/g ~ 0.15
e maximum friction factor at base, ps=0.65

Ss =2.40 for concrete

SF against sliding > 1.5

SF against overturning > 2.0

no tension in the base

Sound greenstone foundation rock (1500 psi).
Concrete strength (3000 psi)

linear seepage uplift variation from heel to toe of dam.

Use simple shapes to approximate the concrete section.

Calculation of Reactions

For static equilibrium of the vertical slice, we have:
Normal Load Condition (excluding Silt, Ice, Earthquake etc)
ZFy=0:-F-Prw + P, =0
Ft reqirea = Pn - Prw
Maximum Friction Fravaiane = N s
Fy,=0:N+U-W-P, =0
N=W-U+P,
IMy=0: -xg N-H/3 (Py)-xu Utxee W+ Xy (Py )y P =0

xg = { H/3 (Py)+ Xy U-xeq W -y (Py)- Viw Pow YN
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1. Neglect ice load l. / / 2040 | d ( ' ; ::’6/”
2. Neglect waves I : i - ¥ W | ey
3. Neglect silt load ! P | 245/ | ‘ o PO
4. Full uplift - 1 ‘; )
5. Earthquake a/g ~ 0.15 < | I wY (s ") [7%,08%5] A
6. Maximum friction factor at base, s =0.65"—— ¢
7. Ss=2.40 for concrete
8. SF against sliding > 1.5 ’ >
9. SF against overturning > 2.0 i () ¢
10. No tension in the base
11. Sound greenstone foundation rock (1500 psi).
12. Concrete strength (3000 psi)
13. linear seepage uplift variation from heel to toe of dam.
14. Ignore training walls in the analysis
15. Neglect grout curtain in seepage path analysis
16. Linear seepage uflift variation from heel to toe of dam
17. No tail water
40’
7 c*——*p
A €
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. @
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ENCE 4319 £XCEN <

Tutorial 4, Part 2 : L
Due 10/5/10

Calculate and plot the safe arch thickness as a function of depth (including thermal
stress), using 10-ft increments for the conditions given bclow.

Assume:
Neglect waves
Earthquake a/g ~ 0.1

Ss = 2.40 for concrete

¢ Valley width = 1148 ft
- o  Water depth, hy =518 ft

Arch:

Arch central angle, =133.5°

Concrete:

Compression = 7000 psi
Gw = 7000*144/FOS 1bs/ft*
Ye = 150 1bs/ft?

E.-2.9%108 1bs/fi?

C” = 0.000005 °F!

AT ~ 30 °F top

AT ~ 10 °F base

Rock:
Compression = 2500 psi
Oy = 2500*144/FOS Ibs/ft?

Ice:
Thrust pressure = 4000 1bs/ft®

FEarthquake:
a/g =0.1

Silt:

S:=2.65
porosity = 0.5

H.= 50 ft

Maximum crushing strength of the concrete = 7000 psi

FOS against failure > 3 for concrete and foundation
Sound greenstone foundation rock, strength ~ 2500 psi.
Minimum thickness for maintenance = 20 ft



SOLUTION:

No Thermal Stress (Form 1)

. B
Calculate radius: r=
. 6
2sin—
2
. . r
Calculate thickness to resist ice stress: r., = P7 (p. 47 notes)

Calculate overall t;, (p. 50 notes), first assuming zero thermal stress:

i ?hr[q L1 (s,-1)(1- porosity)(%ﬂ

8

R >
ycr eradians( g )
o, — A - ECC"AT[ r]

trl'b

w B _“

where
h = depth measured fro the top.
hy =h+Hs—h,,hs20

c=te Bl L 5L B ¢ —omss
2 ™" n ) n |\ h

h, =total water depth
R, =r+ Lap
2

AT = 0 for no thermal stress

If calculated .45 > lmaintenance , make adopted t,;, = calculated ¢,
If calculated #,4 < {maintenance » make adOPth trib = lmainterance

Check thickness:
o If tL>25, t., is OK
rib

R Y .
e If _r_< 25, apply correction factor = ( "] ,where R =r+ Loy
tnb r

. G
Calculate dam abutment thickness: ¢, = tn'b( = ]
(o]

fads

Consider Thermal Stress

Calculate AT assuming linear temperature variations from top to bottom.



Recalculate overail ty, using:
a . h
}'hrliCe —+1+ (Sj - 1)(1 = poroszty)[f]j'
_ 8
Ycrzeradians( v, )
o120 pcof 1)

A Z
where R, would be the value computed w/o thermal stress.

tn’b

3

u

If calculated tiy < tmaintenance, US€ tmaintenance

Check thickness:
o If —>251,isOK
trib

2
o« 1< 25, apply correction factor = [R“) ,where R, =r+ t—;l
rib r

Corrected t;, = Correction factor x Adopted tyy,

. c
Recalculate dam abutment thickness: ¢, ., = Corrected tn.b[ * J
g

m
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r=
Op =
Orw =
Liee =

tmains =

114B ft
625 ft
336000 Ib/f?
120000 Ib/ft?
7.44 ft
20 ft

1. Analysis of Arch Dam Neglecting Thermal Stress

Pue =
afg =
55 =

9=
4=

4000 lbgft?

0.1
2.65

133.5 degrees
2.33001455 radians

Silt porosity = .5
Hs = 50

Te =
T

Cn

= 0.735

ft

150 Ibfft?
62.4 Ib/ft?

Distance
below top of
dam, h (ft)

[0 h, ft

Lror ft

Adopted t,,,
ft

/b

Correction
Factor =

(R,/r)?

Corrected t.,
ft

Abutment t, ft




>oﬂﬂ// u(“/c //F‘/J A/

}:; S //?

&= S
L ) g—i
b oy Lo Fid Lab Sep 7
5/ o5 " ENCE 4319
- i Tutorial No. 2
Due 9/14/10
1. Determine the force on the wall at the open channel T-junction shown below.
Assume that the force is due to hydrostatic pressure and is given by
] OER '
— S A V4
P=2 ?
")/, y
Assume o=p=1.0

Given: Q = 120 cfs; y» = 3.0 ft = y3; hy,., ~K V,*/2g where K = 1.0

. w=io’ ) Y qp
éﬂf{’r a /;/ Q= 90(’% /,@

o z
'3
——» [ 5t
0
Q:.Z{ZO.CT[S 2
=B
z~

«
10 ft X

g
Figure 1 Plan view
( ‘-,.‘3,3 117,742,294 7
>, /,7 F/ /

Vu’z

(wﬂ“” )
3 (2=
-(',';r ({O )

/L/ g
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2. a) Estimate the velocity and pressures in the elbow in Figure 2.
b} Determine the force on the elbow due to the water.

A Ao 5

/

c) Design the thrust block for the elbow. — Bfof a-ea A= Wrw‘f*j b gaid Peipiag
e pae L
The mass of the pipe is 300 kg. ¥
Assume: o= = 1; the density of the water is 1000 kg/m and bearing capac1ty of the soil
is 150 kPa. Head loss ~ 0.5 V?/2g, E ety balaco b/i 0@ = 0.1%m
- 7
Given: All diameters are 1200 mm _1_" N7 _& Lz, Py
Q=3.4m3/s F ozt [ B S P (
{ R elbow = 2400 mm
f Angle = 90 | //
’ 0-A = BV, = AV TV 203 (+45) - 501%
Elevation
| / @ | ~
/% 3e0ly (1815) 21 3N e
)
/‘/l An = 71 -
T |2~ 7 17D T o’ Pressure =
R 190 KPa

Z- 1805 L;;%

Figure 2 i/ /02(. ! U /(7!‘)0(3 1)(5 ol)
Mfﬁﬁ (%u—p /‘\/y - ZZL/’)'IZ\{ kﬂ - /

by \'\
KAireclion! o i FER - E0Y, {
2t i o
5
g]-/{/ec w09t Mg 6@]/,”4-25 = g > f/ D1 f
| z,oo;’;;,{ 7 ‘cf"/gf/. M.

M‘f_@’_{’;
. Blvki0E

0 = -{jd_/: A/, :ri_-—lj: Zfﬁ

. ﬂ ,, o
5"’7&"’;1\/(30 Y4y ° =7 o~ 221° A2 A= ] G
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3. Estimate the force on the sluice gate shown below. ' L—
o L4 49;—- :

.| Gate wadth
7y B Ze fi;
G=21t (gjte opening)
Cc=0.61

£ 6 ft

SREEIE G Jid
Y = 1 (N

oV I
QY g5 = Pav, — RN

Figure 3
The GoF 0, () (Fiupt) - B >/
\ coN o gt L Sl e L Ve LN 1z R <_¥f’,}j,é"EZ7"\\
N F‘ (U 7Y }(\gl”;{_fﬁ Hagleen(en)- ¢ (G)loiez) {5 = a2

/{i /%/é {E ;"I
— B



ENCE 4319
Laboratory No. 1
Demonstration of Continuity and Energy Principles

A stuice gate is used to regulatc the flow of water from a channel or rescrvoir. It may be
adjusted to divert flow or increase the upstream stage. The flow upstream of the gate is
subcritical and the flow downstream is supereritical.

Reguired: To conduct a scale model experiment on a sluice gate to demonstrate the use
of the continuity and conservation of energy principles in hydraulics.

Procedure:

¢ Take the following measurements before starting the experiment: a) the channel
width, b) the gate opening, c) the width of the sharp-edged weir, and d) the height to
the crest of the sharp-edged weir.

e Start the pump and allow the flow to become steady.

e Measure the upstream and downstream water depths at the gate.

» Determine the head on the sharp-edged rectangular weir. Use the following equation
(use consistent units on both sides of the equation):

3
Q=%@(0.604+0.081%](L—0.1H)H2

where:
h = height of weir measured from the bottom;
H = head on weir (measured at 4H from the weir);
L = Length of weir

e Using the energy and continuity equations estimate the flow under the sluice gate.

e Compare the estimated flow with the flow through the weir, and calculate the percent
difference.

Results:

¢ Channel width, b =76.2 mm,

e The gate opening, G = 25.4 mm,

e The width of the sharp-edged weir, L. = 50.8 mm,

e The height to the crest of the sharp-edged weir, h = 82 mm.
e  Water Depth Data:

o Upstream of gate, Vo= | / 7. / 1 /7, ' = €\.G

o Downstream of gate, Y= :;5 7, 14 87 5 %G

o Upstream of weir, y2 = o PR
{q'%; ;”1.7) W‘/ olu,y
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EPANET 2

Netwaork Table - Nodes

Elevation Head . Pressurc
Node ID ft 3 ft psi

Junc J 1 ; 0| 679.63 294.48
A — |

Jwne J2 40 238.48 26.00

Junc 13 . 40 23y 48 §6.00
F* i

June J4 | 30| 18461 60,06

Junc 13 | 20 79.38 2573

Tunc 16 20/ 114.78) U 07l

func 17 | 40 134.90, 4112
|

Junc I8 ’ 40 13490/ 4112
‘E | |

[June 19 ! 50/ 76 94! (167

June 10 | 40 74.12| 478

June J11 | 40 73.06| i4.32

June 312 | 40 73.06, 14.32|

Resvr R 20/ 20,00/ 0.00!

Tank T 79 89.00 | 4.33

| Tank T2 9. 69.00 433!
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£ PANE ENCE 4319
J Assignment on Pumping
’ Due 10-12-10
l. a) Calculate the system head curve for the pumping system shown in Fig. 1.

Neglect minor losses.

b) What TDH should be developed by the pump if the total flow rate to be
delivered 15 350 V/s?

2. Pump 1, which 1s attached to a low tank, and pump 2, discharging to a high tank,
are connected in series. The low tank has the liquid surface at elevation 100 and
the high one, at elevation 110. A force main 500 m long, with C =140 and D =
100 mm joins pumps | and 2; the force main between pump 2 and the high tank,
15 500 m long, with C = 140 and D = 200 mm. Neglecting all minor losses, find
the flow rate delivered by this system if the characteristic curves of both pumps
are the following:

Q, s 0 12.6 {252 [37.8 [504 |63.0 |75.7
o Pump1 238 |23.6 {23.0 |21.5 |18.6 |13.7 |7.0
, m
Pump?2 |39.6 |39.1 1378 {342 [287 [21.3 |9.2
3. Calculate and draw the system head curve for the system shown in Fig. 2

neglecting minor losses. Use Darcy's formula to compute friction losses.



Elevation =110 m

—

I

L=1000m, d=250 mm, C = 140

/ Elevation = 85

U R

=1000m,d=300mm, C=140

Fig. 1 Problem 1

a Lab=10001ft, D=24 ", £=0.020

<V

s50ft
30 ft3/s «— b

Lbe =1000 ft, D=12", £=0.020

Lt

—— Q-30

Fig. 2. Problem 3
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Specific speed, Ns=%_ ':ﬁm for single-suction pumps with shaft through eye ot impeller
a o o 9o 9 9 o oo o o o o
8 § 8 88EEESS g & § 8
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RN
400 R R =~J
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RPM .......................................................... /SL(C'{{MdJOfﬁ’EZ‘(’r

_____________________________________________________ P g

(@ 22022 Tavlan ;| CENTRIFUGAL PUMP CHARACTERISTICS RP»SI\ITTQ/ m}/| 660

aOouULDS PUMPS, ING.
H : MODELY gf;,@)u 3655
SIE (a)X6Xi3L
IMP.DWG. 100850
: PATTERN 54109
43%s & DEAREA 294 SQ_IN.
200 3 : a8 GROUP "L
T
7 | T
7 eolik ie3sesasists) iateicEet .
—_— 1 - ;)
J_mP"*’U’r #’ +{ff ST -
: 160 - ! i Sgatti
diam e20 o -::ZF A : ] > 1770
5140 3 I i rd 1
T/LQ 7[&" ‘- ';J[—tfrc /{f—f.f g ! i::-{; - k HJ I ,1 = & ; £ A G RI PI Ml
(16" through 13+ ) can 2120 s ] T aanss
be tiaed, with FAL Bioo | Sung : &= - o
.,:‘(7}}(.‘: fat "‘”f ‘ 80 : - » :'.‘ = 3 .
60 ‘:
a0 R
20 s
0 200 400 600 800 1000 1200 1400 1600 1800
GALLONS PER M|NUTE
(@ sowels Tavra e | GNTRIFUGAL PUMP CHARACTERISTICS | RPM 1150 (05 1658
8O TR e 70 Tl 1| i HOOHL 3755 & 3655
7 T SIZE_ 4 X6-13L
‘ NS H IMP.DWG. 100- 850
70 NS PATTERN 54109
z T EYEAREA 294 SQ IN:
i = N LN GROUP “L”
2 NS ey - I
- ‘ﬂ; = MY Fi ha T
Lk rd "
60 N T T ‘ g‘-‘f—‘"( : w: -] | :I Eyn 1150
s (L ) | F
= 7 5 ‘\ [ \Ilf *"‘i ! R-PIMI
= a \ NN T
g %0 T 1 i 5l 1 NS INEE ; f
= I '} i h AL 1 E 7 [
— P ] | | L 1 ITi ]
G;; 2 dEEEeEr AN
= 40 N eSS LN AR
: i PR 2 ]
T ] < 7 N d
GOULDS ;i b e i
PUMPS HE A VS saan s i
INC. 3 e F g
Seneca Falls, SOpH Tt o ; HH + :
New York, U.S.A. BT HEH? I 1 T t
0 200 400 600 800 1000 1200

Litho in LS A
GALLONS PER MINUTE



ENCE 4319
Finding the operating point in 2 pumping system

C= 140 D (in) = 12 L(ft) = 1476
Min, Static Head (ft) = 108
Max. static Head {ft) = 115 . 0 H
i : =H, -2.88 ——
Modified pump curve: H i caalag — 2 88(1000)
Pump Curves (from catalog}
Svystem Head Curves Pump Characteristic Curve -
O opml Hf, ft] Maximum, ft] Minimum, ft| __ Catalog, ft| _ Modified, ft| —c o <Y, %| PowerHP |NPSHRad. ft
0 0 115 108 145 145.0
50 0.01 115.01 108.01 15
200 0.17 115.17 108.17 145 144.9
280 0.31 115.31 108.31 20
340 0.45 115.45 108.45 5
400 0.60 115.60 108.60 144 143.5
485 0.86 115.86 108.86 70
490 0.88 115.88 108.88 25
580 1.20 116.20 109.20 75 6
600 1.28 116.28 109.28 140 139.0
680 1.61 116.61 109.61 30
690 1.65 116.65 109.65 80
760 1.98 116.98 109.98 82
800 2.17 117.17 110.17 132 130.2
860 2.49 117.49 110.49 84
815 2.79 117.79 110.79 g
930 2.87 117.87 110.87 85
1000 3.29 118.29 111.29 121.2 118.3
1030 3.47 118.47 111.47 85
1090 3.85 118.85 111.85 84
1140 4.19 119.19 112.19 10
1180 4.46 119.46 112.46 82
1200 4.60 119.60 112.60 104 99.9
1250 4.97 119,97 112.97 80
1280 5.19 120.19 113.19 12
1330 5.57 120.57 113.57 75
1380 5.96 120.96 113.96 a0
1400 6.12 121.12 114.12 80 74.4 70 14
1460 6.62 121.62 114.62 60 53.9
1500 6.96 121.96 114.96 60
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l. ‘(’_ j 7 {

Moy T
Tutorial 10
Due 11/16/10

1. Use the Regime method to compute the dimensions (depth, width and slope) of a
channel to carry Q = 3500 cfs and bed material Dsp = 0.5 mm. Use the USACE
formulas (Table 5.9, p. 166 Design Manual).

2. Design a gravel bed channel to carry Q = 10,000 cfs; Dsp = 1 inch; Das. = 1.25
inches; n = 0.03; angle of repose = 33° and S, = 0.0006. Use the maximum
permissible velocity method.

3. Design a gravel bed channel to carry Q = 10,000 cfs; Dsp = 1 inch; Das> = 1.25
inches (slightly rounded); S, =0.0006. Use the maximum permissible unit
tractive force (shear) method. Assume a bed reststance T, = 0.4(D2s> in inches)
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