\/ Fluids at rest

=

* If a fluid is at rest there are No shearing forces
acting on it, and any force must be acting
perpendicular to the fluid. ) i il ; o
8D " 5 anE C? ) i) i wssd!

* Stress on an object submerged in a static fluid

F—

2NN
o )sz The force exerted by a static fluid on an object 1s
Do?’ always perpendicular to the surfaces of the

U object. Ko
’éZ)  The force exerted by the fluid on the walls of : g :
d\3) the container 1s perpendicular to the walls at all iy |
. Jb‘ points. /'
R 4 et

e )~ Sl )
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P=T =& > $ Fluid Stress ok =
A ‘S :3 .*A\N 7
° 1 . ; ALt
Stress 1s defined as the force per unit (agrej{: Vp N"-‘-‘M-qurface
* Normal component: normal stress = T Boiis adliig

In a fluid at rest, the normal stress g "
D —— DTV, & l e S
~eas YANE ol

1s called pressure .. {
£ 2o u“,)é > 9”3

Tangential component: shear stress

Tangent
to surface

s A liquid takes the shape of the container it is
in and forms a free surface in the presence of
graVity Free surface

A gas expands until it encounters the walls of

the container and fills the entire available

space. Gases cannot form a free surfacg Liquid Gas

\

» Gas and vapor are often used as synonymous
words

50



\_/“ Shear stress and pressure

4
uConsider a force, f, acting on a 2D region of area A4 sitting on x-y plane
. vs®
F=F (ti)+ F, (£))+ F.( k) ?’?,; T/
For simplicity, let £ =0 1

r= j (shear stress) p=— i(normal stress (pressure))
* Shear stress and pressure at a_point
CE T
T=| = p=
A lim 4—>0 A lim 4—>0
* Units of stress (shear stress and pressure) /™ Mt
7 b/ fa
me
[F] N F] B b
m = Pa (Pascal) in SI units m = = = psi (pounds per square inch) in English units
@—ﬂ— d foot (English units)
- pounds per square foot (English units =

9 \/ u /
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/7 7 *Note*

~  Fluids are either liquids or gases:

Liquid: A state of matter in which the molecules are relatively free

. to change their positions with respect to each other but restricted by

SO . — .
J/.} cohesive forces so it can maintain a relatively fixed volume.

Gas: a state of matter in which the molecules are practically

unrestricted by cohesive forces. A gas has neither definite shape

nor volume.
e —

** Fluids considered in this course move under the action of a shear

stress, no matter how small that shear stress may be (unlike solids)

), \/ e /



Continuum View of Fluids
DV bimsdiv) o ol 260 Ll
Convenient to assume fluids are continuously distributed throughout
the region of interest. That 1s, the fluid is treated as a continuum

: . , s
This continuum model allows us to not have to deal with v
molecular interactions directly. We will account, for such

interactions indirectly via VISCOSHyk QUr K

§5oh 2 08
Qp)_/\.k)\ .

A good way to determine if the continuum model is acceptable is
to compare a characteristic length () of the flow region with the

mean iree path of molecules. o2 o, % ‘U»s OV ASTW
If L << A | Continuum model is valid }_ w Ja0 @;N c.,,\u uM

Mean free path (A ) : Yoo S Ay 2 a0t N <€ A

Average distance that a molecule travels before it collides with
another molecule. P

Fp S e

,uP e prret U —=
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\/ - Viscosity s

. Vlscosny,@ 1s the property of a fluid, due to cohesion and
~ Interaction between molecules, which offers resistance to shear

.
.

deformation. /\yf (@ Sr (AN iz Ds¥ae e g, A

=

. . . E)p‘ q"’&;" A »
* Diftferent fluids deform at different rates under the same shear
stress. The ease with which a fluid pours 1s an indication of

its viscosity. af W OO W LA o) s

 Fluid with a high viscosity such as syrup deforms more

slowly than fluid with a low viscosity such as water. The
viscosity 1s also known as dynamic viscosity.

Loy oosee of o S
Units: N.s/m? or kg/m/s o_,‘;,:)@\ Nl oS 205 A\
2)ov— U
Typical values:

Water = 1.14 x1073 kg/m/s; Air = 1.78 x107° kg/m/s

M M =
o (W e )




Viscosity ~—
s A simulation of substances with different
viscosities.
¢ The substance above has lower viscosity
than the substance below.
Dynamic /M

Kinematic 7)

V
! \/ e /

\J /) - \
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" Dynamic viscosity,[{]

Definition oL/ 1t o sS) L8 U - J"
T Dynamic viscosity, u , is defined as the Shear force per unit
area (shear stressm needed to drag a layer of tluid with a unit
Velomty past another layer at a unit distance away from 1t in the

fluid O *ea=C o pr e plh rante 1hior aoydpishs T

v~ ¢ Measure of internal friction_of fluid Eartlcles

- °*Molecular cohesiveness %%Ti‘i”w‘”‘” A —sr

W\
=

___s *Resistance ,fEnd hag to shear (or flow)_ . => )
M;\MJM e uw
ﬂ b, Water:[1.14 X 10~ kgm.'is'1 IS
e —=
Air: (178X 107 kgm™s™ =
N’
N
Units: INsm™ or kgm™'s™! or lPa s\or poise (10 Poise = 1 Nsm™*| _ _
Nt = "/



\_/“ Kinematic viscosity, P >

S’

Definition: 1s the ratio of the viscosity to the density;
Sobudps M _ @

— — . Qo¢ !
V “ / p ~CSn) P 0;;;[
« will be found to be important in cases in which significant viscous
and gravitational forces exist.

..3 -
) Units: m?/s V - L\LIX\Q — LIUX (0
000 m2
Typical values: 9% ‘ /s
) Water = 1.14x10°m?%/s; Air = 1.46x10~ m?/s;

In general,
v' viscosity of liquidsl Witht temperature, whereas

J -
NSO WS 2 af,_’,lj.&l." .,l/c'."/) o) us
v’ viscosity of gasest Witht in temperature. : ﬂ

Lo Wy YA B NAvao =3 &S )

ot




__/~ Viscosity in Gases & Liquids

Viscosity in Eases
* Due to intermolecular collision between
randomly moving particles

=i For gas, temperature', amount of
— intermolecular collision f, viscosityf

A""("_(“\ )‘)3\"’) :)L0>(e'/3\ )\Sj\’l h‘/\'-’:’/) 6»") ~e S, '-']nf

Viscosity in{liquid \

 Due to intermolecular collision between
liquid particles

e For liquid, tempe;a_turet, intermolecular
collision 1s weak, viscosity | S
.- : - . . <
:._.p-,_‘;\)\dni) cesP\ _ZU,L‘:\\ @p t,‘g\ﬁf’;b sl s JioI

- )
\ 4 e \

rl—
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J *Facts*
(B ) 21 Gt Mmoo Gast LS T aos Ut e

“ > Viscosity: Aproperty that represents the -

__Anternal resistance of a fluid to motion or the :
ccﬂ | ]l 9 . 4 Al
tAZS oy . :
» Drag force: The force a flowing fluid exerts on
a body in the flow direction. The magnitude of
‘Jv\ this force depends, in part , in viscosity.

n? Viscosity li’l_.mportant o&r e;(jl‘r{lglax oF EOA
> To determme ‘the amount of fluids'that can be
transported in a plpehne during a specific
TGS 0, 55 015081 ) o
= To determm the energy losses associated
with transport of fluids in ducts, channels and
pipes.
» Viscosity is due to the internal frictional force

that develops between different layers of fluids 1
as they are forced to move relative to each other. “!-9 YD "-)-7"':* ’/

#"5"0"‘0)‘6&02\(,”9 o.p,_r.ﬂm-—- ’AD,’A) u\_gap..:;}.v
22 Lol V el _"s.aébl\ y ol /




Viscosity ( /)

° LK) . . - . . _ s
No slip condition . , . = ,J;,Pq__, ) oo WS P
» Because of viscosity, at boundaries (walls) particles of fluid adhgre to the
walls, and so the fluid velocity is zero relative to the wall

» Viscosity and associated shear stress may be explained via the following:

flow between no-slip parallel plates. V
* Flow between no-slip parallel plates Y =
each plate has area 4 J
F, O T
Moving plate é , Y " J
F=-F U=U > S|

= “. el . % x
Fixed plat /
7

Force F induces velocity {7 on top plate. At top plate flow velocity is T

At bottom plate velocity is zero °0



\ \\__//
The v'elocffﬁfuced by moving top plate can be sketched as follows:
V y A
The velocity induced by top ] U ‘ N’
_, plate is expressed as follows: . - /' w(y=0)=0
oS A e—— U) ~
\ - = e EE—
(RPN u(y) (Y y Y | = u(y=Y)=U
v > u
| - U ()
For a large class of fluids, empirically, £ OC-T
: AU : : : :
More specifically, F = 'UT; 1S coejﬁczent Of VIS COSILy
F U . :
Shear stress induced by Fis 72 T HY From previous slide, note that
dr U
. du dy Y
Thus, shear stress Is T= lu— 4
dy
"/

In general, we may use previous expression to find shear stress at a point inside a

moving fluid. Note that if fluid is at rest this stress is zero because — = 0

dy
Y - o

\\ J - \



\/’; ~  Viscometer o
s

N’

\ : ~—

o/

o/

Coefficient of viscosity |#|can be measured empirically using a viscometer

Example: Flow between two concentric cylinders (viscometer) of length L

I - radial coordinate
Moving fluid
~Eixed oute

A : ¢
cylinder. "- (./"J‘\’.V J_)nl -69\/3(“*_,-‘-—! ‘
T eer L o sz ‘\/ ‘-’-‘""’ 3
Inner cylinder is acted upon by a torque, 7 = T k causing it to rotate about
point O at a constant angular velocity @.and causing fluid to flow. Find an
expression for 7 —

"’ \/ | 9 | /
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N Surface Tension,[a] 1

Capillary action

a - A molecule

on the surface
? g ' Surface tension:
- Defined as the force acting a unit length of a line

—A molecule
inside th . . .
jid drawn in the liquid surface
oS 1259

) (’//‘D NS Vop 0.093S (BN
RUBPILZT

2 2V 2 JuS 2 gl el oS ge ge |
- Surface tension tend to reduce the surface area

of a body of liquid
- The internal pressure within the droplet, p and

the surface tension forces,c must be in
equilibrium.
ﬁd « W‘A,&.ﬂd

‘}r)}:ggfé)(}’;")ﬁe
S N ) g N
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s Surface tensmn. L oS o k2 vyl

 Taking Vertlcal equilibrium of the forces acting on

the droplet O pa0 w0
* The magnitude of surface tens10n forces are very
small compared to other forces

* Normally are neglected

3:
G
2X
A
!

Capillary actio

* Surface tension vector (acts uniformly along *
contact perimeter between liquid and tube)

— {\"’;ﬂ)'\ oxLxcos®
: 2o =pm- | =1
. oxL | /7/' oxL )
20- 4 ‘ N Meniscus™ | 1 : di
p= —‘ O = p_ X a l § Vh qur;‘);ui/

Units : N/m ) < 64)
A |

\ €S/,
uone Lie|de) q
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Adhesion of water molecules to the tube dominates over cohesion between

. water molecules giving rise to O and causing fluid to rise within tube P&
o=o0n H

R 5 0
o unit vector in direction of. & o surface tension (magnitude of &)

-

R ) n 2 force o
O = c_y[s1n¢9(i)+ lo]= length >%< T

Given conditions in previous slide, what 1s & ?

O O

[y \9< - 79/ &= o [sin@@) + cosO())]

lﬁ Vh W = W(—} ) (weight vector of water) J/ W/

W ~J

— N’

. 2
i W: ywaterﬂ-r h 65 N’




| \/ e © Capillarity _ 27 d

When a liquid comes into contact with a solid surface:

N\ SS9 Adhesion forces: forces between solid and liguid
e & »” - Cohesion forces: forces within liquid

/" If cohesive forces > adhesive forces, the meniscus in a glass tube )
will the liquid concaves down in order to reduce contact with the
surface of the wall as in figure (b). When the adhesive force of the
liquid to the wall > the cohesive force of the liquid, the liquid is
more attracted to the wall than its neighbors, causing the upward

concavity. (.
—
Cdpillar}/ tubes Capillary tubes
r r
- -
Dl/\ b'/\ Convex
0 _\! - | B | meniscus
n [ X,
DiC ‘ L A \
T [ = e o S
h i /,/ )
/,‘:v
:—:—:-_——l:-:'z ABberrerres Ty fEFEIEC Capillary ety
-_h- Tt attraction repulsion [ 7
Al L
N o
Adhesion Cohesion
(a) Water (b) Mercury Water is more adhesive. T ——

Mercury is more cohesive.

It sticks to the sides of the glass. It sticks to itself more.
_— RN
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/ / 0!
j — pe 1 J\;’
N = —" _‘{'F—)
. i SN : :
5\:@‘ i Capillary effect is
- T = the rise or fal] of a
St B St liquid 1n a small-
diameter tube
) e) \,f;)\ b C“jf‘ ’7;(‘
[ 4J>-cos6’ 40 cos O 20 cos @
h = Or h = e Or .
vd - P87
X L
. 3/})\ ‘)if 'y')\
~ [
where /1 = height of capillary rise (or depression) O

c = surface tension

0 = wetting (contact) angle
v = specific weight of liquid
r = radius of tube

: i

. V4
Units= m or mm

\
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-4 NVapor pressure, P, o o wla

Vapor pressure

- s .
AUEU Y Va PP 1) PR WX T Y
| Defined as the pressure at which a liquid turns to vapor.
R . 2« The pressure exerted by its vapor in phase equilibrium

d x v | . . . . . - , . .
with its hqulslpat._ah)glven,te;mpe-g%glrj: PR VSV IR

=

“

> 4
[ )

> g 4 \
) ¢! The molecules w 18h¥15v‘ers abovethe surface of the

- liquid exert pressure in the confined surface

i.e(@gf molecules escaping liquid surface = # of

incoming molecul z;U;,:L;&M = G Al s ANt
—cbua-??_’( W\ Uy o =

3 fapoatn 2 o Biing

*Under this equilibrium we call the vapor pressure the
SafFafoHIpressure oo, 452 Ber)| < NN 2P ~E
*At any given temperature, if pressure on liquid surface

e falls below the the saturation pressure, rapid evaporation

wems . Qceyrs (i.e. hoiling). For a given temperature, the
saturation pressure 1s the boiling pressurey Lse s o b Wie
P vapour — P saturation Units: N/m2or Pascal =~Oo-= £ e ) Lo &
: — - Gl ) T
S0l s s 90 e — £ G 3V e o e vl

Bulies camol form

Hinge (e ripol

S B a4 Nan
| MMOSENIK prystue.




=

- =/

\’/ " < Compressibility yuja)z’,e*"

Al LT ) $5% _),_‘,2)\,__;‘4\4\ TES SRR AL

 All fluids compress if pressure increases resulting in an increase in density
-Compr6851b111ty 1s the change in volume due to a change in_pressure

~Srees
*A good measure of compressibility 1s the bulk modulus (It 1s inversely U T
proportional to compressibility) ©é/
N
’) (‘4 q e ——;‘speleC volume) D 1S pressure W 0s s
(r‘g._{ 1

L -0, .. - D. ..
-From previous expression we may write Oingt = Ooiar) P nat — Pinii)

initial ) B & = X -di-

9
B =320000 psi dv

*For water at 15 psi and 68 degrees Fahrenheitt,

*From above expression, increasing pressure by 1000 psi will compress the
water by only 1/320 (0.3%) of its original volume

*Thus, water may be treated as_incompressible (density (£)is constant) &

LN SE G L8 TE S o)l S SN U FEEN BB

* In reality, no fluid is incompressible, but this is a good appr()leatlon Ny

for certain fluids
< S | )



Types of Fluid

Fluids can be classified into five basic types. They are:

— Ideal Fluid

Real Fluid

Pseudo-plastic Fluid .

o

Types of Fluid

— Non-Newtonian Fluid

Newtonian Fluid




1. Ideal Fluid: S T

A fluid 1s said to be 1deal if it 1s assumed to be both incompressible and

inviscid (non-viscous). 7 Pne bleX J o s
v" An Ideal Fluid is a fluid that has no viscosity (inviscid) and
- 2P o2V
no frictional forces. :
A —
v’ It is iIncompressible in nature. —
P 23 223 . .
v’ no surface tension reset up even during the fluid motion. >
v' Practically, no ideal fluid exists. ( ) B :
A Aad AL R = =
: S Pipe Ideal flow Real flow
. . ‘
2. Real FIU1d. U;:L; \ELS- Velocity distribution of pipe flow & -
. . . L . A
Practical Fluid have surface tension, viscosity and compressibility. P
v' Real fluids are compressible in nature. They have some viscosity.
D\ao e A
v" Real fluids implies friction effects. el
: = 3D
Examples: Kerosene, Petrol, Castor oil 1
0350

PV A AT,



AW ) ;\

3 PSEUDO-PLASTIC FLUID;

* A fluid whose apparent viscosity or
consistency decreases
instantaneously with an increase in
shear rate.

* Examples: quick'sand and ketch-

up etc.. OE”"‘--“J M)_;".L-s O
U.ﬂ-’:-—‘;(—yp - .

S

4 NEWTONIAN FLUID:

* Fluids that obey Newton’s law of
viscosity. For a Newtonian fluid,

* viscosity is entirely dependent upon

the ‘temperature and pressure of the

(" \

wa/\ Yeot® r"""YJ j-a.e)u 8, ) M!_,sJ.C
* Examples: water, air, emulsions

'

Different rvnes of Frmilsions

-

) :

e

-
S NON-NEWTONIAN FLUIDS
* Fluids that do not obey Newton’s law
of viscosity are non-Newtonian

fluids. _,_.3__>,_>,>t_9&.-3
* Examples: Flubber, Oobleck
(suspension of starch in water), 5

Pastes ‘_G_f_:_]_s & Polymer solutions

—_—

Tooth Paste




\_/ “Newtonian and Non-Newtonian Fluid

4
obey refer ) )
Fluid = = —=p» Newton’s law - — 9 Newtonian fluids |
of viscosity e ' v
. s . S ]
Newton’s’ law of viscosity is given by, Bl
Air
N du . 4 | Water
LT = U— e’ |oil
d < 9> | Gasoline
where, Y ) 4P ?f;'_ o7 | Alcohol
1 = shear stress ' 0 * | Kerosene
-
w = viscosity of fluid  4¢ 2 gt
: : Glycerine
du/dy = shear rate, rate of strain or velocity gradient

* The viscosity [n]is a function only of the condition of the fluid,
particularly its temperature.

» The magnitude of the velocity gradient (tiu/dy) has no effect on the .

magnitude of L.
o N/ 9, 7]




__/Newton’s equation of viscosity

’ N’
L . d

Shear stress due to viscosity ata point: 7 :@d;—u
Y

* Kinematic viscosity y dimension

boundary plate
@ (2D, movin’gr) | velocity, u
V= shear stress, t
L

M : viscosity (coetfficient of viscosity)

boundary plate (2D, stationary)

Newton’s Law of Viscosity is very useful to us as we can use it to
evaluate the sheqr stress (and ultimately the shear force) exerted by

moving fluid onto the fluid’s boundaries. e
du —
T at boundary = u o Note y is direction normal to the boundary ="
Y at boundary .

" \/ - 74/

\ 4 e \



-y Velocity gradient

The fluid “sticks” to the wall.

Moving away from the wall velocity increases
to a maximum.

Change in velocity with distance is

“velocity gradient” G

— CII)/'

Plotting the velocity across the section gives
)'/7 “velocity profile”
SO Shear stress, 1, is the force per unit area:
. 2
r =— &

A
Uly 1s the rate of change of velocity with distance

in differential form this is ? = velocity gradient.
'y s

N Yy | - . N
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_/ _ Non-Newtonian Fluid

PN VIO 25 LLUfe A @8 e
—» Some fluids do not have constant i ——p They

don’t obey Newton’s Law of viscosity.

» They do obey a similar relationship and can be
placed into several clear categories  r(dueioviscosity

Non-Newtonian fluid
The general relationship is; / Newtonian fluid (linear relationship)
n
O # du < -
T=A+B|—
dy Non-Newtonian
iyl fluid

where A, B and n are constants. 2 (non-linear

For Newtonian fluids A=0, B=p, andn=1 rglationship)

S 75eS yaaskuls g
- Azo  wn=) & M

In this course we will only deal with Newtonian fluids

76

N
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\/Classﬁicatlon of Flows

,_yv % MJ_U\_,.,;_,”‘/\M o buL)

> Viscous vs. Inviscid Regions of Flow e
—y . L7 Inviscid flow
° Viscous flows: Ql@\oMY 5050 0oy ,
Flows in which the frictional effects are significant. g l
 Inviscid flow regions: —
In many flows of practical interest, there are regions e S D UTOLON
(typically regions not close to solid surfaces) where - f
f & Inviscid flow
viscous forces are negligibly small compared to inertial -~
or I;Sﬁsure fOI’CGS/ \15 \F ""“D (p;ﬂ-? )US 4 o—l.e)\f . 1
7 ‘e ;(.M <2 251 (S_,_o ot The flow of an oriéinﬁlly uniform fluid
> Inter nal VS- External FlOW stream over a flat plate, and the regions
NS 2 AN ZaesTa of viscous flow (next to the plate on
» Internal ﬂows are dominated by the influence of both sides) and inviscid flow (away
viscosity throughout the flow; field . ) D ~yyfrom the plate).
l.}l;b Q—?"J'o{' = w‘),m.»”

» For external ffows VISCOous effects are llmlted to

the boundary layer and ake — e
‘,é\_am o;r,.ysuyo..-, ,wf‘:i.?vl-' :!(":_\f(}..:u”

1 N " <
= — > = — p = —— > =
T i ‘75\__\:,—#“ 4“(\, > == e I e e
ri|k R - — —'x—-‘}* ﬁ - -
R < i < -3 ——— ——
/IE =y = > 7)/ s 7/’
> o — e — — e



R SRATR Wopoie b (oo cbls —orslf
NN d Macil number, Ma = V/c i1s a good indicator of whether

v s

— . C . e e - \/
&ﬂ{/\},m P\t LoD

_ompressible vs. Incompressible Flow

A flow 1s classified as imcompressible if the den51ty
eI Az U LWid 250

remains nearly constant.

Liquid flows are typically incompressible.

Gas flows are often compressible, especially for high
elae-) “&'L’ .P\’ QN g8t

: or not compressibility effects are important. Schlieren image of a small model of
Z the space shuttle orbiter belng tested
V SpLLd of flow o M~ at Mach 3 in the s_gp_erwd
Ma =—= _,d tunnel of the Penn State Gas
C Speed of sound Dynamlcs Lab. Several oblique
 Ma<0.3: Incompressible P AN d’t’ & Shocks are seen in  the air
- surrounding the spacecraft.
S(-'®” « Ma<1: Subsonic o3<M<) i &
. LW

J")t':*’ﬂ e Ma=1: Sonic

s 22** Ma>1: Supersonic 78
# « Ma>>1: Hypersonic . . . / = & )
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\>/L/aminar vs. Turbulent Flow

\/ é\_,e,c?‘ st 2 (.Je)-a-: o -~

’ N’
G . : : :
(L‘J' Laminar: highly ordered fluid motion with smooth
. ASe LA LU 2 baho
streamlines. =0 w2
oo . . ) ) — B—
\)99  Turb > highly disordered fluid motion . _, = ;
’ O 5 5 a8 A SWI? iy S amers et [N —
characterized by velocity fluctuations and eddies. . Laminar
2% Transitional: e O S ——
= flow that contains both laminar and turbulent regions o
Transitional
7'9’> Reynolds number:
J R.= pUL/p 1s the key parameter in determining sl
whether or not a flow 1s laminar or turbulent. ’ ’ Turbulent
\ 5 . - "
a7~ Re <2000 Laminar , 5 /(, % £ oS Mo >

6:,"’(’ Re > 4000 Turbulent D) PC = U éi
L M\ / 79



Sp” 2D
Natural versus Forced Flow -

./ » A fluid flow is said to be natural or forced, depending on how
the fluid motion is initiated.

o Inforced flow <+—" 20
s077 Neser S b (oSO Wl et
a fluid 1s forced to flow over a surface or in a pipe

by external means such as a pump or a fan.

e In natural flows I C 3 ,

any fluid motion 1s due to natural means such as

se2) | Sor

the buoyancy effect which mamfests itself as the | i scntieren image of a girl ina

cao!l swimming suit, the rise of lighter,
rise of the warmer (and thus ighter) fluid and the =~ warmer air adjacent to her body
indicates that humans andxzarm-
blooded animals are surrounded by
fall of cootlder (and thus denser) fluid thermal plumes of rising warm air
>\ AR FA R 80

) \) | vu\ /



;, \/ - System and Control Volume
. e ‘ U 5 aasd\  \_/
> - @@s defined as a quantity of matter or a region in space

chosen for study.

’) A closed system:

N

- ) ~ " - Y . L IS
Cv’;ﬁ’(J’Lr W;‘ .-_,3\991?-5 55\-. (hul\

(known as a control mass) consists of a fixed amount of mass. &~
g"‘!U o WS\ %—F

) An open system or control volume:

1sap )oerly selected region in space. It usually encloses a device that
. o\Lyr o u\-ﬂa_,B’ S\l Mo i) O Lo C/g-;_._a
involves mass flow such as a compressor, turbine, or nozzle.

» In general, any arbitrary region in space can be selected as a_ control

volume.

There are no concrete rules for the selection of control volumes, but the "/

proper choice certainly makes the analysis much easier.
N

We'll discuss control volumes in more detail in the next Chapters.

uu 'v\ }1

\\ J -




\/ System and Control Volume " ve

< S System: w

Clesey V¥ A
~ A quantity of matter or a region in space

chosen for study.
b’g * Surroundings:

. g@“)\ 2,:
d The mass or region outside the system
The real or Boundary: >s>~

imaginary surface that separates

the system from its surroundings.
V‘S‘\f-(ke)“}o_a_: w\S_SS""‘ i
» The boundary of a system can be f xed or

movible. Systems may be considered to be
closed or open.

Moving
boundary

[—
-

2k
GAS =
. 2 1o 3m
Fixed
boundary

| m?

' 4

[ —— ————— —— —

SURROUNDINGS s NO
» Closed system (Control mass):

CLOSED
A fixed amount of mass, and no

SYSTEM

m = constant
mass can cross its boundary.

BOUNDARY



en system (Control volume)

A properly selected region in space.

« [t usually encloses a device that involves mass
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flow such as a COMPressor, turbine, or nozzle. |
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