Flﬂliyﬂ Department of Environmental Protection

FLORIDA

Hydraulics 3: Problems
on Conservation of
Momentum and Energy

Mariano Guardo PhD, PE, D.WRE
June 2, 2015




Centerline of pipe
D=3ft = =i et e e m it =

~15.53 ft

SECTION 1 - 2 (NTS)
(through Centerline of pipe)

PLAN VIEW Note: Slope of pipe (S, = 0.1 %) is not shown

Conservation of M & E Problem



Total head (H)

Energy 8rade line

Conservation of M & E Problem



ft2 v.=v,=Q/A= (100 ft3/s)/7.

4in2/ft2]/62.4 Io/f13 = 161.91 ft
5ft/s)2 / (2 x 32.17 ft/s2) = 3.11 ft

kY _012x3.11ft =037 ft

29

)= p/p =1.918 x10° lb-s/ft2/1.935 lb-s?2/ft* = 9.912 x 10 f1?/
3 ft / 9.912 x 10°¢ ft?/s = 4.28 x 10¢

ygram for: R,=4.28 x 106 and e/D =0.002 — f=0.0235

2

V" _p.0235x 12231
3t

]x 3.11ft =0.38ft
g

=0.37 ft + 0.38 ft = 0.75 ft

Conservation of



Total head (H)

Energy grade line

Conservation of M & E Problem



Conservation of M & E Problem



Conservation of M & E Problem



Top of concrete block

SECTION 1 - 2 (NTS)
(through Centerline of pipe)

PLAN VIEW Note: Slope of pipe (S, = 0.1%) is not shown

Conservation of M & E Problem



GRADUALLY VARIED FLOW

9.14 ft NAVD
18.74 ft NAVD 18.64 ft NAVD

17.94 ft NAVD

1400 ft

8+00 10+00
63° 26' 6"

Conservation of Energy Problem



ow with y,= 7.35 ft (control) GVF
C/s y L T A \'

AARRIEENORRERE
) | (/) | () | (2 [(f/s)| (f) | () | () | (/) avg ) | &) | (|#) | (#) | @)

735 0 18.00 132.30 6.76 0.71 32.70 4.05 7.35 0.44 0.00054 = = = - 17.94 26.00

7.41 1400 18.00 133.38 6.71 0.70 32.82 4.06 7.41 0.43 0.00053 0.00053 - - 075 0.75 18.64 26.00
6.56 200 21.56 119.92 7.46 0.87 29.67 4.04 556 0.56 0.00066 0.00059 0.30 0.05 0.12 0.17 18.74 26.00

6.10 800 21.10 110.11 8.13 1.03 28.64 3.84 5.22 0.63 1.1E-05 0.00033 - - 0.27 0.27 19.14 26.00

E I C {g A/
xy [2.8] F = v S — vZn? [1 1
P,=B+2yv1+2z® [2.9] VO x Lo e 2 99 Rh4/3 .

li Equation for subcritical flow (controlled downstreo
> advancing upstream,

E=A+B+C-D

Conservation of



ow discharge through a 9-in pipe connected to a tank wi
hown in the sketch. The pipe is smooth with f=0.011

~ Th(H) Length of pipe = 10 ft/sin 45° = 14.14 ft
=2t vz 29+ hy

A=m (0.75 t)2 /4 = 0.44 {12

v,*/2g = (Q/A)?*/2g = Q*/(A%2g) =

v,%/2g Q2/[(0.44 f1)2x 2 x 32.17 ft/s?] =

Q?/12.56 =0.07963 Q>

from Darcy-Weisbach Equation [1.13],

2 2
hf:va_:O_01114.14ft Q
D 2g 0.75ft 12.57

30 ft = 10 ft + 0.07963 Q=+ 0.01652 Q>
Q== 20 ft / 0.09615 s2/ft5= 208.01 ft¢/s?
Q= 14.42 f3/s

=0.01652Q°

Conserva



ydraulic energy (both kinefic and potential) to electric
s a valuable renewable resource. Hydropower developme
ope and involve the design, operation and maintenance of
erse structures, machines, processes and systems

plemented infrastructure, it achieves efficient and economical
and is significantly safe to the environment

oower generation equation derives from the conservation of energy
ulated as follows,

P=yxQxH [3.1]

an be expressed in horsepower (HP) and kilowatt (KW) units as

x H x H 0.746x»xOxH x H
O 3.2] Py = 7 x0Q xS [3.3]
50 8.81 550 11.814

represent the power being transmitted by a flow discharge Q
otal head available H (ft). The following sketch illustrates the
) hydropower plant




Y

Penstock

Generator

=

Turbine Shaft
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Reservoir
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Turbine Scroll Case/

Draft Tube

Installed | Anval | 4 ea

Country River |Capacity erlfgggi'z‘ flooded cgriquse’:?(f)n
mw) 0 (P (km2) [OTP

(TW-hr) @

Three

G China Yangtze 22,500 98.1 632  2003/2012 |
orges i
Brazil 1984/1991,
Itaipu Parand 14,000 98.6 1,350 2003
Paraguay
Guri  Venezuela Caroni 10,235 534 4,250 1978, 1986

(M MW (megawatt) = 10¢ Watts
@ TW (terawatt) = 10'2Watts

Hydropower Generafion




Total head (H)

h
Energy grade line t

p./y+v2/2g
1326 ft NAVD

et

Hydropower Generation



h, = 52.5 ft

Hydropower Generation



gral part of pumping systems and they are also often use
on and other areas associated with water resources

their design is based on the Energy Equation as with turbines.
m In a reverse mode in relation to turbines. They create hydraulic
n this is not available by means of mechanical energy (i.e.,

r diesel engines)

hree main classes of pumps: Centrifugal, Rotary, and Reciprocating

| pumps are more widely used and typed by their mechanical
fion that depends on the impeller or casing

tion of an appropriate centrifugal pump is obtained by the Specific
) which determines the three types of impeller shapes associated
|, mixed and axial flows. Ng values are calculated as follow,

N :M [3.4]

3/4
H;

ed (rpm), Q = flow discharge at optimum efficiency (gpm), and
(ft)
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Impéeller Shrouds

Radial-Vane Area

Pumpps

Impeller Shrouds

Francis-Vane Area

448.831 gpm/cfs
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2loped by a centrifugal pump depends on the periphe
peller and it is expressed by,

p(psi)=H (ft)xSg <y (Ib/
____H(f)xsg ~ HXS
144 ft—in®/62.41b  2.308

40 psi

Gasoline
Sg =0.73

Pumps: Spée



operate at 55 psi and the weight of the three liquids is
Jids are pumped at different elevations. The lighter the liquid
, the higher the head (H) at which the liquid is pumped

H x Sg (psi) = H = p (psi)x2.308
2.308 Sg

A

(3.7)

p(psi)=

H=174ft

55 psi

Gasoline
Sg =0.73



H; = Total Head (ft)

h, = Static Discharge Head (ft)

h, = Static Suction Lift or Head (ft)
l,= Total Losses in Discharge,

local + friction (ft)

I, = Total Losses in Suction, local
+ friction (ft)

Pumps: Suction Lift and Suction Head



Pumps: Suction Lift and Suction Head



lous equations, the efficiency of a pump is representec
output from and input to the pump,

W,
Eff pynp = [3.11]

pump ~
hp

ower to the motor is expressed in HP or KW ass,

(HP) =% [3.12] P (kW)= 0740 o g
i i Effmotor . i B Eﬁmotor -

all efficiency of the pump is affected by that of the motor,
Eff .= Eff x Eff [3.14]

pump motor

y requirement (KW-h) per 1000 g of water pumped is calculated as

H. (ft)x0.00315

KW —h/1000g =
Eff

[3.15]

p&m



power of the motor required to drive a pump for the
g system with free discharge into a tank. Also estimate the
ent for 8-hour operation per day. Both suction and discharge
diameter 207 ft NAVD

200 ft NAVD Q = 55.7 ft3/s = 25,000 gpm

I D= 3.0ft

f=0.019

K = 0.55 suction

K = 0.40 discharge
Eff ump = 83%

E =76%

motor

07 ft — 133 ft =74 ft h,=145ft-133ft=12ft
(3 ft)2 /4 = 7.07 ft2 v=Q/A=7.88 ft/s v2/2g = 0.97 ft
019 x (7920 f1/3.0 ft)x 0.97 ft = 48.40 ft (discharge)
19 x (65 /3.0 ft)x 0.97 ft = 0.49 ft (suction)
0.97 ft = 0.39 ft (discharge) h;=0.55x0.97 ft = 0.53 ft (sucfion

Pumip protc



2

Aa5 +‘;L= 74 ft —12 ft + 48.79 ft + 0.93 ft + 0.97 ft =112.69 ft
g

~ Q(gpm)xH, (ft)xSg 25000x112.69
e 3960 x Eff 3960x0.83

pump

=857.1HP

Power of the motor is calculated from Egs. 3.12 and 3.13,

B,  857.1HP
Eff 0.76

hp < 0.746
Pootor (KW) = == —1127.8HP x0.746 KW / HP = 841.3 KW

2quirement is estimated from Eqg. 3.15,
H, (ft)x0.00315 112.69x0.00315
Eiip.. 0.83x0.76

ped (8-h/day) = 25000 gpm (8 hr) (60 min/h) =12x 10¢ g
ed = 0.563 KW-h/1000 g x 12,000 g = 6753 KW-h

IP otor (HP) = =1127.8HP — 1130 HP

motor

motor

10009 = =0.563KW —h/1000g

Pump proc
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Questions?

Thank you!




