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Recalling some kRey _concepts
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Some useful definitions

Impermeable boundary

System boundary \
== _
l \\\\\\
T~ =

Extensive v [ V.
Extensive 1 : Control volume | _AE
| 2

property —>
entering —> property Aq __
leaving )
Surrounding /‘T/—
Control surface

(@) (b)

System — a given quantity of matter. A system Ls also a set of connected
parts that form a whole. tn fluids: collection of fluiad particles.

Control Volume (CV) — a volume tn space

Control Surface (CS) — the surface of a control volume

In several demonstrations of fundamental equation in fluid mechanics, you
take the CV to be coincidental with the system in a specific instant.

Extensive Property, B — phgsicat property of a system [e.g9., mass (m),
momentum (mV), Energy (B), temperature, acceleration, ete.]

Intensive Property, b — the amount of property B per unit mass of matter
(i.e., b=B/m). For example, the intensive properties that correspond to some of

the extensive propert’ws Listed above are m/m=1, mV/m =V, E/m=c¢

uniform — having properties that are invariant in space

Steady — invariant with time, d(-)/dt=0. A steady flow is a flow that does

wot change in time.
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(This is showwn in class through slides and it was already demonstrated L
Fluitd Mechantces)

Sowmetimes we may be interested in what effect a moving fluid has on a
particular object or volume in space as the fluid tnteracts with it. To do so, we
need to describe the Laws governing fluid motion using both SYSTEM concepts
(L.e., the mass of fluid seewm tn a Lagrangian Waiﬂ) and the CONTROL
VOLUME concept (i.e., given volume in space, Like expressed before, and thus in
an Bulerian way). The Reynolds Transport Theorem is the tool to shift from one

representation to the other.
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* The left side of the equation is the time rate of change of an arbitrary
extensive parameter of a system. This may represent the vate of change of
mass, momentum, energy, or angular momentum of the system,
depending on the choice of the parameter B.

+  recall that b is B per unit mass, so rho*b*adV is the amount of B in a small
volume dv. Therefore, the first term on the right hand side is the rate of
change of B within the control volume at any given time.

The second term on the right hand side s the Control surface
flow rate across the surface. The dot product
between V and w tndicates the direction of the
flow: if vV and w are opposite, the product is <o
and so the flow is entering the surface (the
property B is carvied inside); if v and ware in
the sawme direction, the product is >0 and so the
flow is exiting the control volume (the property is
carried outside). See the example of the faucet
here.
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Application of the RTT: derivation of the
fundamental equtions

1. Cownservation of Mass — the Continuity Equation
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Examp Le

water flows at a uniform velocity of 3 m/s tnto a nozzle that reduces the diameter
from 10 e to 2 em. Caleulate the water’s velocity leaving the nozzle and the flow rate

10 cm dia.
l €5 2 cm dia
i_ __________ - |
i 1
Vi — TV

The control volume is selected to e the instde of the wozzle. Flow enters the CV at section 1
anol leaves at section 2. We use the simplified continuity equation we just saw for
wniform veLooLtgj profiles (assumptiont ) and constant water dewsitg (assumption 2):
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The flow rate, or discharge &, is then:
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2. First Law of Thermodynamics — the Energy
Egquation

The ENZEY SQUATION i QU Vh aw@zma/ Koo ¥ Ly oF
THE\QMOD‘/NA—M{CS me w it W cv ap(muh (i.a.//lrr)

Ths on ey bolowse Kre b accamt Joo dl 1wpors
g outhurs & BMensy e and o W ¢yeem.

FiRsm LBW  oF

Trerkobynamics = Re rwﬁ%Wa‘f il Stored
W f{l%« SYSEM  (m boma 15 quoﬁ

Ly e wolt o whide HedT i Fovfoned

uM‘\’? \Ww »{f@wl (%%u) mnus Y. tLote et wh

Ko >€Qwa olots Wom K, (o_\% s e /summ,ql,‘

) e
2 |
€ _ da i Jw)
I7 T

E —o TomMe 6V\E(L6'7 dj@ (Zk %73/@&
1)
6: El/(./'&_ EK"%EP







@i Em ‘AL vofo‘m , A
ru% %ﬂ%é j/;ﬂé&):a

Work of osytn el iz
Flow Vo @'/ \b

(Wg)
R/@ wal M:)o(zérl’(“(ﬂ‘ “’\H’\‘
e Jloid momal sty
ovbL € BISTANCE

{

A4

(aw wale ¢ Ko neandk )7[ Plmunc &—\wcw N
J/@b 57g/ﬁ»~ M\ A\ 2 %'\E’U&&\ gW&O& O/Klo[
1S ony other WAL e~ Unw ﬂm) wile
Tlae Jﬁ&u{ hotmed, Streor 15 Mo Pzssuile (P) Ram
M Y dincrion e

e wale (s Q,%QE;{/ Fimeo a DlsTancs d

(
VS |

o \[\/J%: F& —=> %_\;*/{:F’\/

\N\/‘U" \XAV FOE 1S F- PA

=) 9 iy :V{/)F:J F’\T”{"\JA

ot



2

W W,
N4

)L PTA ?( e dir (oo A
Q# \X/S j/s Som Jt 0\/\9 \//+&5? :

&’\}Z/S ,J /F_ f‘\/)/;,\ ;LA iQfCQ“JrLA*’?%)}DAA{(Q“\L?WQ

_g_f ‘P\J/-[QJA
C

YW - Dl iveslhda P e iV enlol i
2= Wy ’;ﬁcé s 7 i(f*e‘ f”?)f /

\\—/

7@8\/ STEHD7 Foew J’@t‘q “'Z/\Mr\ —>d ©

Let ' Lol of K. NET FLux  leww -

o, dl p ’>—/\
fcg (Q Jr,z {/? PgZ)F\/ n A

L\g/7

L AL .«3‘(; LE@ZL Tupwki(‘@ I
u/\/lFoRMu/ DI Syt BUTED  o\HA J)e»v
Ovoss  sechon, H)N? ow e G ;u%



[\)oTE!

T\/\L \/@&wt XS VO{% (]NlFﬂ/lMﬁy DiSTRIb 7D

S8 Y cwsj N0 N
Sa LP/"\ -L@/vv; - \/ m >
T P 24’ ﬂ/fud&/a

Special HManbisn

/U W, L Lr He Veloot
v Wéw%j/ efwt}%wﬁw W 7

WKIA=TLe energy CoEPPLClaNT &L

P A
2
(47 Rl
NV
m%




Uiy U AvEAGE TERM v{}\/ i fA\/

2z —

iR
PAL

v flaws LA om sckine | To #oen )
=> Vom=V (modudy )

4— F: Co&’j\

3 o
A - o Vo %fii;
- VAVE loo

= ‘ b{ Ve ComLe/»Jer—:D L=

(laminar) M l
AAA AL 2 DL
a=~1.08 >

Turbulent - L-AM[ qu_— PW OL:_ L
_ TURBULENT Flsw L= l.03-1ls




EXAMPLE 3.4.1 Determine an expression based upon the energy concept that relates the pressures at the upstream and
downstream ends of a nozzle assuming steady flow, neglecting change in internal energy, and assuming
dH/dt = 0 and dW/dt = 0.

SOLUTION Using the energy equation (3.4.20) for steady flow yields
dH dw; P 1,
@1 - P e, += A
o %S:(p+e +5V +gz)pV

Neglecting dH/dt and dW,/dt the above energy equation can be expressed as

1 1
J(% + ey, + §V§'+g22)p Vo dAy— J (% + ey, + §V12+g21)p VidA1 =0

Ay 1

which can be modified to

V3 14
J(% +ey, +822>P VadA; + J pTszz— J(% +ey, +821)PV1 dA;— J pTldAl =0

Ay A Ay Ay

For hydrostatic conditions, (E +e,+ gz) is constant across the system, which allows these terms to be

taken outside the integral:

V3 V3
(% +eu2+gzz> JpVyiAz-F Jpz—szz—<% +eu1+821) JpvldAl_ J pTldAl =0

2 Ay 1 Ay

V3 V?
The term JchM is the mass rate of flow, »2, and the term JpTdA =m > )

2 2
(% + ey, +g22)n'1 + m%—(‘% +ey, +g21) m-m%: 0

Dividing through by m1g and rearranging yields

e V2 e V2
PLy =2 % 2
A 28 pg g 2g

Y = pg and rearranging yields

V2 V2
p_1+_1+21=&+_2+22+
Y 2g Y 28

€y, —€y,




EXAMPLE 3.4.2

SOLUTION

Neglecting changes in internal energy, (e,,—ey,)/g =0

p, Vi p V3
—t 5 ta="+7+2
Yo 28 Y 28
Assuming the control volume is horizontal, z; = z;, then
vi v:
po_
Y 28 v 2
This energy equation relates the pressures assuming steady flow, z; = z;, neglecting change of internal
energy in the fluid and assuming dH /dt = 0 and dW;/dt = 0.

For a nozzle, determine the pressure change through the nozzle between the upstream and downstream
end of the nozzle. Assume steady flow, neglect changes in internal energy of the fluid, assume dH/dt = 0

and dW;/dt = 0, and say that the nozzle is horizontal. Assume the temperature is 20°C. The
velocities at the entrance and exit are V, = 2.55 m/s and V1 = 1.13 m/s, respectively.

Using the energy equation derived in example 3.4.1 yields

poVi_p Vi
Y 2 v 28
Y
P1—p2 =W%Vﬂ@
« 9.79 kN/m?
2 x 9.81 m/s?
= (5.226 m?/s?)(0.499 kN s*>/m*)

=2.608 kN/m? = 2.608 kPa = 2608 Pa

= [(2.55)*-(1.13)?]

The pressure change is a pressure decrease of 2608 Pa.

we will see several applications of the energ Y conservation Ln the next module,

Pipe Flow.



2. Newton’s Second Law — the Linear Momentum
Equatiow
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Exa mpLe 1

what is the value of the force FH required to keep the hose fixed in its position? wWe
work tn 2D (axts x-Y)-
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Exa mpLe 2

Let’s caleulate the force of a water jet impinging on a flat vertical wall. Neglect the
weight and atmosferic pressure. Assume steady state (R=constant).
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EXa mpLe =2

(Al = 0.007 m? ~—Vane

é Nozzle : >

(a)

Control P — %
volume

As showw tn Figure here (panel
a), a horizontal jet of water exits
a nozzle with a uniform speed
of V1 3 m/s, strikes a vane,
and is turned through an angle
6. The density p=1000 kg/

m "3

Determine the anchoring force
needed to hold the vane
stationary if gravity and
viscous effects are negligible.

we select a control volume that incluoes the vane and a portion of the water (see
Figure panels b, ¢) and apply the Linear momentum egquation to this fixed control
volume. The only portions of the control surface across which fluid flows are section
(1) (the entrance) and section (2) (the exit). Hewnce, the x and z components become:
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Depending ow the particular flow situation being considered and the coordinate
system chosen, the x and z components of \/eLocL’cg, w and w, can be positive,
negative, or zero. In this example the flow is tn the positive direction at both the inlet
and the outlet.

The water enters and Leaves the control volume as a free jet at atwmospheric pressure.
Hewnce, there is atmospheric pressure surrounding the entire control volume, and the
net pressure force on the control Volume surface is zevo. If we neglect the wetght of the
water and vane, the only forces applied to the control volume contents are the
horizowntal and vertical components of the anchoring force, F_Ax and F_Az,
respectively which we write like in the image but we do not know the orientation yet.

with negligible gravity and viscous effects,
ano since p_1=p_2, the speed of the fluid
remalns constant so that v.1=v 2=3 m/s (see
the Bernoulll equation). Hewnce, at section (1),
w 1=V 1, w 1=0, and at section. (2),

W 2=V 1 c0sH, W 2=V _1 SLnb.
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Note that Lf =0 (i.e., the vane does not turn the water), the anchoring force Ls zero.
The inviscid fluid merely slides along the vane without putting any force ow it. if
0= 90", then F_AXx=-63 N and F_ Az=63 N. It is necessary to push on the vane (and,
hewce, for the vane to push on the water) to the left (F_AX is negative) anod up in oroer
to change the direction of flow of the water from horizontal to vertical. This
momentum change requires a force. If 6=180°, the water jet is turned back on itself.
This requires no vertical force (F_Az=0), but the horizontal force (F_AX=-126 N ) iLs
two times that required iLf 6= 90° . This horizontal fluid momentum change requires

a horizontal force only.
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