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3. Energy & Power in Hydraulic Systems

Hydraulic Energy & Power
Efficiency
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Hydraulic Jack
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Conservation of Energy Law &
Continuity Equation

Hydraulic Power ¥

Potential Energy & Kinetic Energy
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Torricelli’'s Theorem
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Pressure & Flow

Fluid Power -S&f3=t




M3E X2 S

3.1 Hydraulic Energy & Power

Energy: the ability to perform work
Input ME — Lost HE = Output ME
Power: the rate of doing work or expending energy

Hydraulic System

Is not a source of energy
Energy transfer system

Is much more versatile to transmit power

variable speed, reversibility, overload protection, high-power-to-ratio, immunity to
damage under stalled conditions

HEAT

ENERGY OUT

MECHANICAL

I
!
PRIME 1, | HYDRAULIC
I
|

L HYDRAULIC | _| HYDRAULIC
MOVER PUMP CIRCUIT ACTUATOR
)
MEGHANICAL 2 HYDRAULIC SYSTEM
ENERGY IN (CONTAINED WITHIN DASHED LINES)

EXTERNAL
LOAD
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Source of Power

g

ELECTRIC MOTOR

%
|
| S

GAS TURBINE ALTERNATIVE

INTERNAL COMBUSTION
ENGINE

. Fluid Power &%=t
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Mechanical Power Transmission

MECHANICAL POWER TRANSMISSION F:-T°N
=
EaE =
"‘ =

28N
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Hydraulic Power Transmission

CONTROL
@® STOP @ DIRECTION

@® START @ POSITION
® SPEED @ ACCELERATION

s Fluid Power &t =t
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3.2 Review of Mechanics

P Newton’s 1st Law

B 240 EH3&: An object at rest tends to stay at rest and an
object in motion tends to stay in motion with the same speed
and in the same direction unless acted upon by an unbalanced
force.

P Newton’s 2"d Law

B OIS E 9| Bl The acceleration of an object as produced by a

net force is directly proportional to the magnitude of the net
force, in the same direction as the net force, and inversely

proportional to the mass of the object.

F Newton’s 39 Law
B & OEZO YA For every action, there is an equal and

opposite reaction. R

1
s Fluid Power &<t
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Mechanics

E Linear Motion
B v=s/t
B F=ma
B W=Fs
B P=W+t=Fs/t =Fv

F Rotational Motion

@ = 0/t

T=Fr

W=To

P=Tw

Torque horsepower, Brake horsepower(BHP)

E Efficiency
B 7= output power/input power X 100 (%)

P SEA QYR w4 SUWR OF, DA R Or

e Fluid Power &=t
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3.3 Pascal’s Law

B Pascal’s law

B 7AHS 22 20 Ciot:
&;9% &Fgél'ﬁl- 2. A 10 POUND FORCE

APPLIED TO A STOPPER
WITH A SURFACE AREA
OF ONE SQUARE INCH, .,

i

X

82 82 2= deo=z €.

| ]
I

10

3. RESULTS IN 10 POUNDS
QF FORCE ON EVERY SQUARE
INCH (PRESSURE) OF THE
CONTAINER WALL,

1. THE BOTTLE IS FILLED
WITH A LIQUID, WHICH

E 2HSE )| =9 |SA° LdEZ 15 NOT COMPRESSIBLE.
JIoHEl et 2 S A|0 2 20| 22

B0t o - 4. IF THE BOTTOM HAS AN
= |. AREA OF 20 SQUARE |NCHES
k||j|§ jl'xl_jl_ X-I = EI [: AND EACH SQUARE INCH IS
PUSHED ON BY 10 POUNDS
OF FORCE, THE ENTIRE
BOTTOM RECEIVES A
200 POUND PUSH.

B 3|31IAIAE“_J cllH 0l 2 &t éo

A
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3.4 Hydraulic Jack

Position Jack &
Close Release. ..

A

|
Fluid Power -S&f3=t
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Hydraulic Multiplication

Hydraulic Multiplication

Apply
inches Force  inches
o — (100 bbs)

C2000 How Stuff Works

O 0 N4 o 3 B WK e
O 0 N O 3 s WM P

6 in.
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Simple Hydraulic Jack & Mechanical Lever

1. AMNINPUT FORCE OF
10 POUMNDS OMN A OMNE
SQUARE INCH PISTOMN. ..

3. THIS PRESSURE WILL
SUPPORT A 100 POUMD
WEIGHT IF THIS

15 A 10
SQUARE INCH PISTOM.

2. DEWELOPES A PRESSURE
OF 10 POUNDS PER SQUARE
INCH (psi) THROUGHOUT
THE COMNTAINER.

I~NPUT

L

10 LB

THE FORCES ARE PROPORTIOMAL
T THE PISTOMN AREAS.

4.
\ 10# _ 100%

15&. I 10 5@ . I

EEWA A

2. WILL BALANCE100 LB HERE ...
1. 10 LB HERE ...

COUTPUT

>

100 LB

o

3. IF THIS “"ARM™ 1S 10 TIMES
AS LONG AS ...

(b} MECHANICAL LEVER SYSTEM

-12-
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Analysis of Simple Hydraulic Jack

B Pascal s lLaw

P; = Dy
Fi/A; =Fy/A,
Fo/Fy = Ay/A

I"_in ™ F1 F.:wut - F.‘»_'

I R
AL 51 =4y S,
S,/S, = A, /A, PIS1TDN PISEDN

sy [ ttd4
F,/B;=S,/S, : P P

OIL
Fi Sy =F; 5,
F Conservation of energy

B CE S5 AMAEU OI&IIKZ RHANLAE2 SEH= H48€ 5= 8L

-13- Fluid Power -f-&t=t




Hydraulic Jack

E 19C & =2 J.Bramah

ADJ.SCREW

RAM
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CASE FINF'UT (HAND FORCE) LOAD
- #—BIN ﬁv‘42 IN
HANDLE ﬂ C
PUMF PLUNGER LOAD
7 [ PUMP CYLINDER CYLINDER
CYLINDER HANDLE
L CHECK VALVE 2
v
/ OIL =3
PUMP .
PISTON o
CHECK |
VALVE W™ * x
1 LOAD
P ol PISTON
ATM
e, BLeed
VALVE

-14 -
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Air-to—-Hydraulic Pressure Booster

100psill SI[2E2 =
30,000psitK|S |02

HH2H=Z = UL
Pressure ratio

= 1000psi / 100psi
=10in?/ 1in?

=10

Al&cel "=

N
10

PRESSURE
BOOSTER

1000 psi

INLET AIR
SUPPLY

:

E | AIR VALVE

P

100 psi AIR ¥

e

4

OIL

-15-

RETRACTAEBELE
SHORT STROKE PISTON

AIR PISTON
(AREA =10in?)

%‘“"‘— HYDRAULIC PISTON
(AREA = 1in?)

/0

I
\ WORKPIECE §

MACHINE TOOL TABLE
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3.0 Conservation of Energy

F Conservation of Energy

E Ol XK =& X2X0 H2|: [Nm] [J]

E 20U A=H0H A= ZL.

F,s; = F,s,
U= 8 XE &8

ANARBS S HUXN=E & 20 5
o=

E Energy = Potential Energy + Kinetic Energy

B Elevation Potential Energy (EPE)

EPE =WZ

B Pressure Potential Energy (PPE)
PPE = WP/y

E Kinetic Energy (KE)
KE=% W/g v2

E; =WZ + WP/y+ % Wig v? = constant

-16 -
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3.6 Continuity Equation
HaARs 220MH 2= SHH 2 = E(weight flow
rate)2 &L}
m = W
nAv = pAgv,

Q = Ayvy = Avy, = Qg
vi/vy = Ay/A = (Dy/D))2

'y
P xf%% |2
FLUID T > N — - FLUID
IN . OouT
wOR Q ¢ <4 DI el wOR Q
‘
PiT T ke T %

O, @ -

1
s Fluid Power &&=t
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Continuity Equation

F Integral Relation for a Control Volume
B Conservation of mass

() 0= &I, rov)+ L, (%t

B Derivation of the Continuity Equation for Lumped Fluid Circuit

oV =m = constant

VAp+ pAV =0
AV Ap V 0
— - —F —_ " AP=LAP
V.o SNV Ap

R Fluid Power &&=t
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Generalized Flow-Continuity Equation

P Generalized Flow-Continuity Equation

JGJ V mO} PD
ﬁ ﬁ
PJ Q Lc? =] QO

E Mass Flow Rate Continuity

&) =g, pov)

d d d
V)= (pV
dt(p. ==V,

dp dVv
V)=V
g (PVe) =g (V) =V v oy

Ap=L AP AV 50 dp _p dP
A a4, ot

B Generalized Flow-Continuity Equation

V. dP dV

—Q, = S for Lumped model, p=p,=
Q-G 7 dt Tl p P=Po=P)

-19- Fluid Power -&5<t
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3.7 Hydraulic Power

Hydraulic horsepower (HHP; =2 0t=)
B SXHIHFOHOIEN &E6ts 0

HHP[kW] = p[Pa]Q[m?3/s]/10°

= p[kgf/cm?]Q[ Z/min]/612

Output horsepower (OHP; £ 0} &)
E HZ=ZUHOIEHI Fot0l 8Eot= 0t

EZ0I82 Df”‘*—ﬁ-’é‘ OlLE =&

Iis

4

ol
0o
0>

20 2

A
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Hydraulic Cylinder Example

Questions
E How do we determine how large a piston diameter is required for the
cylinder?
E What is the pump flow rate required to drive the cylinder through its
stroke in a specified time?

B How much hydraulic horsepower does the fluid deliver to the

cylinder?
Answers
= L 7 o7 7z
B pA = F 4 7 _i/ 77777 7TT 77777777 g
A = Fload/p [\ \.\:\ R % /,
BV, =AS o— > p_, F ROD 4F_
Q — VD/ t = AS/ t M/ _: o ; LOAD
= Av .3"'7/7';f/////i*V;//,-"//////////i
BE E = FS = pAS

P = B/t = pAS/t BARREL

= pAv = pQ
HHP[KW] = p[Pa]Q[m?3/s]/10°
= p[kgf/cm?]Q[ Z//min]/612

e Fluid Power &<t
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Conversion of Power

Fxu
Vx| Txm pxQ FORCE x
VOLTAGE x TORQUE x PRESSURE x LINEAR VELOCITY

ELECTRIC s ANGULAR - VOLUME (FOR HYDRAULIC

CURRENT \ VELOCITY FLOW RATE /_\cvu NDER)
HYDRAULIC
| ELecTrIC HYDRAULIC | EXTERNAL

. CYLINDER

Txw
_ TORQUE x
ANGULAR
VELOCITY
(FOR HYDRAULIC
MOTOR)

E Mechanical power = force x linear velocity
=torque x angular velocity

E Electrical power = voltage x electric current

P Hydraulic power = pressure x volume flow rate

-22- Fluid Power -&5<t




3.8 Bernoulli's Equation

0 WLBNN
™1 NTr
Uy Ps

24

¢

M3& ORIt S

Z : elevation head
p/y : pressure head
vZ/2g : velocity head

2420 24 S 2AIE = JUUH 1AE L 2XEH0HA W Ib2l = It

WZ, + Wp,/y+Wv,2/2g = WZ, + Wp,/y+ Wv,2/2g  : [Nm]

Z, + pl/}"" V12/28 =7, + p2/7+ V22/28

_23-

[m]
-

1
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Bernoull's Equation

Bernoulli’s Equation

E Incompressible, steady statetil Al =& = W2t Euler’'s equations & &
2
£+2—+ Z = constant along streamline
y <9

Basic differential momentum equation for an infinitesimal element

P —Vp+ LV =p‘2—\t’

Navier-Stokes Equation
B Newtonian Fluid2 &< 8&&0| S5 2HH0fl dl &l
dv

- ou.
pg_vp‘kv'fij:pa Tijﬂ(auw‘ UJJ

Euler’'s Equation
E Inviscid Flow2| 2 48 S R Al

s Fluid Power &<t
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Energy Equation

A 1bl S0t 1AEZU0A =21 A= S HEX0A B0 2 ol

Jtoll Al= I XI = Gokd, %%*EE{OH Ololl MlIHE = Ul XI= L,

OFZ =40 2lst HIHXZE WA, Ol RAIL2XE0 =2HE M2 S
Ol L4 Xl 2F 2 L.

Ly +py/y+vi?/2g + H-H-H =7, + py/y +vy°/ 28 : [m]

B H : head loss
¥ H : pump head
E H

.. motor head

p=/H, HHP[kW]=p[Pa]q[m?/s]/10° 22 F
B H[m]= 1000 HHP[kW]/Q[m?/s]

-25- Fluid Power &<
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Venturi Application

LOW PRESSURE
HIGH VELOCITY
In | HIGH PRESSURE : Qout . THROAT OF
LOW VELOCITY VENTURI
——— Rerrrrrrrrrri FUEL
é) 2
© BUTTERFLY FUEL BOWI.
VALVE
A1V1 nl A2V2 Q  AIR-FUEL
MIXTURE

p,/y+ vi2/2g = py/y+ vy2/2g
D1 -DPy = 7/2g(V22- V12) >0

-26- Fluid Power -S&f3=t
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3.9 Torricelli’'s Theorem

_ < (L)
E O|&4AQl KM A== Al(free N N
ety S= SHIISET Y =59 &
Z o 2601l MS2S H& At N N
& LC}. ™ 2
N v 8P
Nunnnnnnnuaae

Zy+p/y+v?/2g + H -H -H =7, + p,/y+v,%/2g
h+0+0+0-0-0=0+0 +v,2/2g
v, = sqrt (2gh)

HO0tA AN = A
S0 Fet= &=L

1
R Fluid Power &=t
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Operating Principle of Siphon

F Conditions

B The elevation of the free end p o TUBE %
must be lower than the i i
elevation of the liquid surface N @ N
inside the container I N N T

E The fluid must initially be \ N
forced to flow up from the \ R h
container into the center Z, N N
portion of the U-tube. This is ANILLLANREANY
normally done by temporarily Y -
providing a suction pressure | £EROELEVATION 132 R @
at the free end of the siphon. REFERENCE

Zy+p/y+vi?/2g + U -H -H =7, + py/y+ v,?/2g
Z, +0+0+0 -0 -H =Z, +0 +v,2/2g
v, = sqrt (2g(Z,~Z,H;)) = sqrt(2g(h-H,))

e Fluid Power &%=t
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The Siphon: Toilet

© 2000 HowStuffWarks

Filler Valve [ a Handle

Filler Float
«—Tank

Overflow Tube
Rim

Flush Valve |
= A | E—
D)

Bowl (

Siphon \

)

How a Toilet Works
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Report

E Text Problems
P 33

B 3-25

B 3-40

®E 3-60

P Due date: 2F=

A

|
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