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'x Conservation of Momentum
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‘Basic Law
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Streamlines Subregion (3)
at time, 15 ™\ of region 111

Subregion (1)
of region 1
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System boundary
at time 15 + At

f_N)
2y ) -

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




ivativ

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




—-
Ve ©)
lIl
@

crrnmmn S e A= S I

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




~ Assumptions: (1) Steady flow (given).
1 (2) Incompressible flow.
(3) Uniform properties at each section.
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i </ -~ | [Signof Vi A, is
"""""""" Vi-Ap = -ViA, ay | negative at surface (1)

|
I el . .
o S 1@ ~ [Signof V- A, is
i Vo Ay = + VoA, positive at surface (2)

o

| =
DO 000 = S Slgn of V3-Aj31s
SaRg | positive at surface (3)
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: Assmp: (1) Steady flow.
| (2) Incompressible flow.
(3) Uniform flow at each section where fluid crosses the CV boundaries.

- Jetvelocity,V = 15im/s
~ Nozlearea,4, = 00lm>
i . . 0 """" _* ------------- _.—‘ ..... _’ _________________ 0 _______________________ —‘ _____ —‘ ________
S Bt Mg = V pd¥ + VpV -dA and — | pd¥+ | pV-dA =0
- at Jev CS ot Jev CS
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FS, - path o path + Rx

force due to atmospheric force due to atmospheric 5
force of your hand on

pressure acts to right pressure acts to left control volame
(positive direction) (negative direction) i
on left surface on right surface p

{For top and bottom surfaces, u = 0}

g {At (D, PV1 Ay = p(—V;A,) since
Rx = —uy pV1A, V, and A, are 180° apart.
: Note that u; = V;}

’ 2

R, = —15 = x 9995 kg X 150 X 0.01 m? X aki {u; = 15m/s}

: S m3 S kg-m

‘R, =—2.25kN { R, acts opposite to positive direction assumed.}
- The horizontal force on your hand is

G I
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i = 0(1) S

ng// wpte+ [wpvd
SO SO [ CcV cs 5555555 SIS

G umgﬁff&=ﬂmw—%@¢%ﬁ;uww =

o A . S
S i Fp o= pgedV = p(—gsin 9)(/1 + (7) o S
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dp

RN V2
SES L —g dz = VsdV; = {1(
p

-
2

—

V2 R RSO DD P PRI OO
) o — R e e eSS PP D OOPIP P PDOS
-1 81 = constant oo
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Example 49 NOZZLE FLOW: APPLICATION OF BERNOULLI EQUATION

S Assmp:

(1) Steady flow (given).

(2) Incompressible flow.

(3) Frictionless flow.

(4) Flow along a streamline.

(5) z,=zy:

(6) Uniform flow at sections 1 and 2
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DRI 2 PRI
S P P Vs | R
 memnene o= 503V = §9i|(7) - 1]
. EMAERA) =0 or Vidi=Vadi=Q
2[ran2 1 gpo? [N\t 1
- = a 1) =
i 241 | \A2 S Dy | \D2 e
- 8 1000KE x 1 orop g N P
- e m? " (0.075)*m? | kgem — N*
e N.s2  Pa-m? e
____________________ . Y A
| P = BREXITC NS XN
~ With Q = 0.02m3/s, then py, = 819,776 kPa g

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




~The sketch shows a vane with a turning / V %U

Assmp: (1) Flow is steady relative to the vane. I

(2) Magnitude of relative velocity along the vane is constant
(3) Properties are uniform at sections 1 and 2 . EEE——

(4) FBXZOZ SO

(5) Incompressible flow. o
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=/ u-pVidA) + / |

u(pVdA) = +ui(—pV1A1) + uz(pV2Az)

R, = [V = U)eos 6 —(V - U)](p(V—U)A1) = (V—=U)(cos— 1){p(V — U)Al}é

= (30— 10)_ X (0.50 — 1) X 999

R, =—59N {to the left}

(30—10)—X0003m

N-s2
kg-m
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= 0(1) o

B+h= o[ ep ¥+ vptodd

_________________________________________ v o S

ooV -dd= [ oV -dk o =0)

e 2 B

i = /A v(pVdA) = v2(pV2Az) = v2(pV1 A1)

= (V= U)sin0{p(V = U)A1}

— (30— 10) ™ x (0.866) x { (999) 5 (30~ 10) 2 0.003m2)

R-Mg= LMAKN  fupward)
R, = 1.04kN + Mg {upward}

—

R =—0.599 +1.04j kN
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- T

B aaannaat d L e
- Fgt+Fg - / yf, pd¥ = E/ Uxy; pd ¥ +/ Uryz PV rye -dA
Y cv CS
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Example 4 .14 | AWN SPRINKLER: ANALYSIS USING FIXED CONTROL VOLUME

Q = 7.5 Umin
w = 30 rpm

(1) Incompressible flow.
(2) Uniform flow at each section.
(3) o= constant:
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a =307
(Control volume
is fixed
wrt XYZ)
e N — O [ i [ ol s o
e r X FS + / r X gpdV+ Tshaft —l— / r X VpdV+ / r X VPV ” dA N
e c; a’CV _____________________ s
= Q = Q 2
2Aw  27DZ,
IR 3 2 : KRNI
L =g Bt 1 W e, min
S 2 min 7T(4) mm?2 1000L m? 60s oo
Ve =497mjs
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Isometric view Plan view
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Oyster® Wave
Energy Converter — Hydroelectric
Power Conversion Plant

High-Pressure
Flow Line

Seawater Piston —

A e e 9. .

ic of Aquamarine’s
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~ Conservationof Mass

. i Coordinate Sustes.
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'x Conservation of Momentum
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Computati
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coceesec Fig, 6.1 Fluid particle moving along a streamline. LD L L L
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- Duct
 EempeB1rowmase 0 Fow N

o TR RIS s T N%”d

- The flow rate of air at standard )
~ conditions in a flat ductistobe T

- determined by installing pressure O I\

- tapsacross a bend. The ductis 0.3 m k2025mA \| 03m
~ deepand 0.1 m wide. The inner

~ radius of the bend is 0.25 m. If the B e
 measured pressure difference

~ between the taps is 40 mm of water, m—
~ compute the approximate flow rate.

Assumptions: (1) Frictionless flow.
o (2) Incompressible flow. o
e (3) Uniform flow at measurement section. S
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SO [P In(r2/n)

1/2 oo
kg m m3 1 B
Y x 9.81_ x0.04 X X e
m? 2 " 123kg ~ In(0.35 m/0.25 m)] """"""
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5555555555555555555555e;r;'nou z|5|zfzfz =

-~ ¥ Euler’s Equation in Streamline Coordinates

(')) ) B
%ds = dp (the change in pressure along s)
s |

1% :
de = dV  (the change in speed along s)
Os
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|

To manometer or
pressure gage

Fig. 6.3 Measurement of stagnation pressure.

- Stagnation pressure 1s measured in the laboratory using a probe
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S Stat|c ......

I pressure e
S } Total Flow holes SR
conrriiniiiiit o Flow | _—head — e SR
= "Yjw tube e - B
e e I C Tl
NN 1 e 1 T | PP
S | RN
s A ! S
I P Po p
o Po RN

(a) Total head tube used (b) Pitot-static tube S
S RN with wall static tap
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A pitot tube 1s inserted in an air flow to
measure the flow speed. The tube 1s

- inserted so that it points upstream into the

-~ flow and the pressure sensed by the tube is

Example 6.2 PITOT TUBE

Air flow . .
N\ the stagnation pressure. The static pressure
l - 1s measured at the same location 1n the
| ~ flow, using a wall pressure tap. If the
U 3—5 _pressure difference 1s 30 mm of mercury,
f ~determine the flow speed.
Mercury/

Assumptions: (1) Steady flow.
(2) Incompressible flow.
(3) Flow along a streamline.
(4) Frictionless deceleration along stagnation streamline.
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o Pain
; ‘m
o = 12X lOOOk—g_,’- X 9.81 = X 30 mm X 13.6 X ——— X - 1 RE—
o m s 1.23kg 1000 mm
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Example 6.4 FLOW THROUGH A SIPHON

A U-tube acts as a water siphon. The 1L
bend in the tube is 1 m above the water
surface; the tube outlet 1s 7 m below the 8 m
water surface. The water 1ssues from the
bottom of the siphon as a free jet at
atmospheric pressure. Determine (after

listing the necessary assumptions) the -+
speed of the free jet and the minimum 1
absolute pressure of the water in the

bend.

Assumptions: (1) Neglect friction.
(2) Steady flow.
(3) Incompressible flow.
(4) Flow along a streamline.
(5) Reservoir 1s large compared with pipe.

Prof. Dr. Ali PINARBASI © Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




k 2
g ><981— X (—1m) N.s* oo

kg:m

2 . Ll
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