Sekizinci baskiya yaklasan Akiskanlar Mekanigi alanin-
da, ¢cok genis bir sekilde adapte edilen ders kitabidir.
Yeni sekizinci baski, problem ¢bzme teknigindeki kanit-
lar, okuyucularin dogru sonucu bulmada ve sonuglarin
fiziksel anlaminin iliskisi agicindan, sistematik bir planin
gelismesine yardimci olacaktir. Sekizinci baski, bunun
yaninda enerji ve cevre ile birlikte akiskanlar mekani-
ginin prensiplerini iceren alanlan yeni videolarla gor-
sellestirerek akiskanlar mekaniginde ilgin¢ yeni uygula-
malar yardimiyla okuyucuyu motive etmektedir.

AKISKANLAR MEKANIGININ BASLIKLARI, SI VERSIYON,
SEKIZINCIi BASKI

e Enerji ve Cevre lzerine vaka ¢alismasi: DUnyada ar-
tan enerji ihtiyaclan dogrultusunda, akiskanlar meka-
nigi uygulamalarindan yenilebilir kaynaklar dretmek.

e Tanitm Videolar:: Klasik NCFMF ve c¢esitli kaynaklar-

- .- dan gelen yeni videolar, bircok kavrami gbrsel des-

M tekle kavramay! kolaylastiran kaynak olarak kitabin

" " ' web sayfasinda 6grenci ve 6égretim elemaniicin kul-
lanibilir durumdadir.

e Bélim 5: Hesaplamall akiskanlar dinamigi Uzerine,
basit 1 ve 2 boyutlu akigslarnn nimerik analizi icin tab-
‘ 1 losal yaklasim Uzerine malzemeleri ve tartfismalari
” l.’l“ i icermektedir.

& , ¢ Kitabin tumundeki dlcum birimleri tamamen S siste-
mindediir.
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Fluid mechanics deals with liquids and
gases in motion or at rest.
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Intermolecular bonds are strongest in solids and weakest in
gases.

Solid: The molecules in a solid are arranged in a pattern that is
repeated throughout. Because of the small distances between
molecules in a solid, the attractive forces of molecules on each
other are large and keep the molecules at fixed positions.

Liquid: In liquids molecules can rotate, move about each other
and translate freely in the liquid phase.

Gas: In the gas phase, the molecules are far apart from each

other, and molecular ordering is nonexistent. Gas molecules
move about at random, continually colliding with each other and ’J \\:)C
the walls of the container in which they are contained. (_‘__;f""" e 2

@ =
Particularly at low densities, the intermolecular forces are very | Q\_,\_}\‘a\
small, and collisions are the only mode of interaction between
the molecules.
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Free surface

Liquid
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Low Pressure
Compressor (N,)

High Pressure
Compressor (N.)

High Pressure
Compressor
Drive Shaft

Low Pressure
Compressor
Drive Shaft
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...... Wind Turbines

1.62e-01
1.73e-01
1.645-01
1.55a-01
1.45e-01
1.36e-01
1.27s-01
1.18e-01
1.09e-01

e 3 3 \ ! A R
0.006+00 . AN N WL DATUMMGO @000

BN Contours of Velocity Magnitude [m/s) (Ijme=3,01005+401) 28, 20058 4 10 11

12 13

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




2. Rotor
1. Pitch
4. Brake
5. Low-speed shaft
6. Gear hox
1. Generator
8. Contraller
9. Anemome ter
10, Wind Vane
11. Nacelle
12 High-speed shaft
13. Yaw drive
14, Yaw motor
15 Tower

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




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




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




Note that a fluid 1n contact witha Relative S

g e g N g g e DPEE R UI'IIfOI'm \.'elocltleg SRR

ffffffoth 1 surface does not slip—it has
- solid surface does not sli p—ithas Soileat odtes o

Zero oo
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X No-Slip Condition o
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EF9 energy systems
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ThefirStIaWOfthermOdynamics R N RSN
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Example 1.2 Mass conservation applied to control volume
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A drop forms when liquid is forced out of a small tube. The shape of the drop is
determined by a balance of pressure, gravity, and surface tension forces.
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- In steady flow, any property may vary from point to point in the
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RIS uE') ulr,x) IR

~ speaify the velocity fietd.

~ The velocity field may be a function of three coordinates and

................................................................................................................
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Fig. 2.3 Example of uniform
flow at a section.
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o " eameo  would have a number of identifiable

R individual sttt S et e et e et et e e et e e
SR ) ———— fwopatices  flyid particles in the flow, allof
\ - which had, at some time, passed
o ~ through one fixed location in space.

S Streakline at seakineata 1S defined as a streakline.
s some instant later instant SIS
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'X Stréaklines and Pa_thlines _

- Streaklines vs. Pathlines o

S ,"I:I'l. UiSL-IEil E}:plaﬂati[}ﬂ RIS

e Ramin Mehran o
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~ Streamlines are lines drawn 1n the flow field so that ata given

I d,\') _ U, p)
S X L reamline  W(HY) RIS

dy\ oo

I = u(x,y,t) —) = v(x,y,1) EEREREEEE
NN d’)particlc dt particle S
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R ) (a) Force components . (b) Stress components

oo Fig. 2.7 Force and stress components on the element of area 4A,.
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Fig. 2.9 (a) Fluid element at time t, (b) deformation of fluid element at time t + &t, and
(c) deformation of fluid element at time t + 24t.
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'R 7 Viscosity
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~ SG =088 . | &

T T — [/=0.3 m/s
~ Assumptions: Y |

(1) Linear velocity distribution ™ "=°f‘ mm

~(2) Steady flow S x

el (3) p = constant (R N—
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G .

9.81 m

100 cm
X

(a) p = 0.0065 —=

X
cm-s 1000 g

p=65%x10"*N-s/m?

g2

m

i i
() ==
SG p]‘lgo

4N'S

p
S m’

S =9 x il

S

PR 4kg -m

= 6.5X10 X

X
m2  (0.88)1000 kg

rn3

. .

(0.883)1000 kg

----------- v =739 xX10"'m?/s .

)
_ du

dy ) y=d
Since u varies linearly with y,

du Au

O Tupper = Tyrupper

L = 6.5X10"

RPN 4N s

KRR Tupper = H

d
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| The upper plate is a negative y surface; so :
| positive Ty acts in the negative x direction.

S [ The lower plate is a positive ysurface; so | oo
positive 7, acts in the positive x direction.
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----------- (a) A "wetted” surface (b) A nonwetted surface

o Fig. 2,11 Surface tension effects on water droplets.

B " Water )\ 6>90° [
S 8 < 90°\ droplet PR
Sy 0N M

“rnice
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I | Inviscid
I I flow RIS
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- the surface be zero, but inviscid theory states that even though
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----------------------------------------------------------------------------- Point of

NN NI separation TR
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. streamlined object. G
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. » Laminar BERRENS
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'R Laminar versus Turbulent Flow

Alr Illll]llles
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'X Supersonic Wind Tunnel
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: Internal and External Flows
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The dynamic viscosity of pure glycerol is 1.5 Pa.s and its density 1262 kg/m3.
~ The kinematic viscosity of pure glycerol is
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The dynamic viscosity of pure glycerol is 1.5 Pa.s and its density 1262 kg/m3.
~ The kinematic viscosity of pure glycerol is
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Shear StreSSZ Zz‘i:jlux: Velgcrty gradient; 2

~ Peak rpm for a racing engine is 18000 rpm which

~corresponds to a maximum piston speed of 25 m/s.

~ The viscosity of the lubricating oil in the gap

- between a piston and the cylinder wall is 0.016

~ Pa.s. Ifthe gap width is 100 um, is the shear stress

~acting on the piston at maximum speed
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ShearStreSS T=uX Vel()C[ty gradientj o |

~ Peak rpm for a racing engine is 18000 rpm which é |
—

~corresponds to a maximum piston speed of 25 m/s.

~ The viscosity of the lubricating oil in the gap

- between a piston and the cylinder wall is 0.016 —
~ Pa.s. Ifthe gap width is 100 um, is the shear stress

~acting on the piston at maximum speed @

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




© Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




A solid cylinder of weight W slides down in a vertical pipe
which has a diameter of D=30 mm. The length of solid
cylinder is L=50 mm, the clearance between the pipe and

the block is 0.1 mm and filled with oil (p,,;=890 kg/m?3,
U,;=0.40 kg/m s). Assuming linear velocity distribution in
the film and neglecting the air drag, find the terminal
velocity of the solid cylinder if the density of the solid
cylinder is p,=1300 kg/m?3.

F
4

~| <

T=—=U

F=G= pg"szL - G = 1300 * 9,81 "*(0-03;0-0002)2

0.44 % 0,0001

V= 0,40 = 3.14(0,03 — 0,0002) = 0,05 2
= 0.0234m/s

V

L=50 mm

4
V.

0,05=0.44 N
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A thin 20-cm 20-cm flat plate is pulled at 1 m/s horizontally through a 3.6-
mm-thick oll layer sandwiched between two plates, one stationary and the
other moving at a constant velocity of 0.3 m/s. The dynamic viscosity of oil is

0.027 Pa.s. Assuming the velocity in each oil layer to vary linearly,

(a) plot the velocity profile and find the location where the oil velocity is zero
(b) determine the force that needs to be applied on the plate to maintain this
motion.

Fixed wall
| ]
[
h;y =1 mm V=1m/s F
L
-
i
L _
L -
L |
Moving wall
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.............................. ...6—
L _— —  v,=0.60 mm RESEERIEE PSP PN PEN S
I 0.3 S
Sl Fixed wall S
L [ ] L
IRIEIRIE RIS PEEPEEPPENE h L
R EROTE hy=1 mm F=1mis DL
SO ¥ — F L
IRIEIRETIPIEPIEEPEENPEE 3 RIS
o h=2bmm | B
NN ¥ Va V=03 mis oo
.............................. ' -
RO T 4 < | L
BB | Moving wal L

B NN ISR HNNPNRNRAES (-« A ISHRIRNN '] ¢ ISR e
Fonearupper = TwupAs = s [31] = ud; 52 = 0.027 - (02:02) 35 = 108N

- F=Foarupper T Fsnearjower = .08+ 054 = 162N -
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Pressure level

Pgage
Pabsolute

—————— g — Atmospheric pressure:
101.3 kPa (14.696 psia)
at standard sea level
conditions

Vacuum

--------------------------------------------- Fig. 3.2 Absolute and gage pressures, showing reference levels.
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Elevation (km)
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20—

0 | I I l I
-120 -100 -80 -60 -40 =20 0 20

Temperature (°C)

Fig. 3.3 Temperature variation with altitude in the U.S. Standard
Atmosphere.
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Table 3.1

Sea Level Conditions of the U.S. Standard Atmosphere

Property

Symbol

SI

Temperature
Pressure
Density
Specific weight
Viscosity

15°C
101.3 kPa (abs)
1.225 kg/m’

1.789 x 10> kg/(m-s) (Pa-s)
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Pressure acts
I perpendicular
1 to the surface

and increases
 at greater
l depth.
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Copyright © 2004 Pearson Education, publishing as Addison Wesley.
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Reference
level and
pressure

Location and
2<zg— Y h —p>py < pressureof
Iinterest :

p —po = —pg(z—z0) = pg(zo —z) Fig. 3.4 Use of z and h coordinates.
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Blood —
| pressure \

(1) Static fluid.
(2) Incompressible fluids.

(3) Neglect air density (<< Hg density).
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k RN
— — —_— = b4 —_— D P
Pa 136 X 1(X)0 m3 X 9 81 120 100 kgm L

= 16 OOOE = |6 kPa e

m? Sl

Blood \ R P
-] pressure \ \/ m PRI
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LI Assumptions; (1) Static fluid. LI

LI (2) Incompressib]e flumd.
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~pa—pe=(pa—pc)t(pc—pp)t(pp—pe)+(PE—pF) +(PF—p8)

- = P08+ Prg8dh ~ Poi8ds + prg8dds + P084s -

~ p = 8Gpy,o with SGug=13.6 and SGoii = 0.88

e PA T PR T g(—szOdl 1+ 13.6pH20d2 - 0.88pH20d3 + 13.6pH20d4 + szods) e

= gp,o(—d; +13.6d; — 0.88d; + 13.6d4 + ds)

T DA — P = 8PH,0 (—250 + 1020 — 88 + 1700 + 200) mm

~ PATPB = 8pu,0 X 2582 mm

-------------- m kg m N -s?
SR = 9.8]1 — x 1000 == x 2582
o e ms 1000 kg m

" pa—ps = 2533kPa.
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LI ' mz\ 8/mR T\ &/mE ooy
ety po= pol 1= — = po| — o
s f [U( Tn) [O(T()) nimmninmninmninnin
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Liquid,
density = P
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o Solution:

| In order to completely determine F, we need to find

RPN (a) the magnitude and

| (b) the line of action of the force (the direction of the force 1s perpendicular

PRSP to the surface).

| We will solve this problem by using

RIS (1) direct integration and

DRI (11) the algebraic equations.
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S b S

e 772 1 Lniinnnniiinnn

| =pgw|Dnt 5 sin30°| = pgw|DL+ — sin30’ R
0
- ke m 6m: 1N |
L =000—= % 098] — X X s X — RIS
| T Pweosigrem pnxAmE S X gl em |
| Be=ssskN .

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



Prof. Dr. Ali PINARBASI

© Fox, Pritchard, & McDonald




-~ Fr=pgw|DL+ —sin30 o

s R T + = = - =6 SR
rmmn TS0 2 Sims0 0 2 " e
C Aslwsdmxsm=20m

fi = v = g3 XSmX (4m) = 267w

o2 o Em+267m X s X —— = 622m

Y T )T 4y ‘ 20m? 6m oM
- Iy=0ad¥=x=25m
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| [p=4700P
p Y a (gage)

I required to Keep the aoor C1oscd. Liquid,vy= 15,715 N/m3

R Solution: PR

- This problem requires a free-body diagram (FBD) of the door. The pressure

o distributions on the inside and outside of the door will lead to a net force SR
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| po=4790 Pa (gage) [TTT =& =
- \ . ] |- L.

[

Po + Pam + pgL
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e 2 2 IR
:3:3:3:3:3:3:3:3:31;*r — ( L) bL 1 bL — pObL L 7bL ORI

o e
o =790 06mX09mX = +15.715 N x06m X081 mEX ~
g m? 2 m? 6
R 9566 N e
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oo Solution: RRIORIS

~ We will take moments about point O after finding the magnitudes and S

~locations of the horizontal and vertical forces due to the water. The free
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D D kg m _ (4m?) N-s2

= pg—Dw = pg—w = 999—= X 9.8] — X X o
pg2 w = pg 5 W —3 81 2 S5m X =l

Fy = 392kN o
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RTINS = ¥ + S
o o Ay, R
- e
- = = 2 s =
NN I = — = = X = . T
éééééé;é;é;égé;é;é;é;é;é;é;é;é;é;é;é;égé;é;é;é;é;é;é;é;é;é;é;é;égé;é; B 4
- For F}, we need to compute the weight of water “above” the gate. To do this we
: § § § § define a differential column of volume (D-y)w dx and integrate o
DZMDZM
 Fy=pg¥ =g / (D —y)wdx = pgw / (D = Vax'"?)dx e
e 0 0 e
= D i
. 2 on| P2 oD gD
. e [D-“ gV ] = pw [7 Vegr| = T
S 0 S
IR kg 4ym* 1 _ N-.g | S
SRR = — — X X X — i
E;E;E;E;E;E;E;E;E;E;EFV 999 ><981 s2 A0 . 4m kg-m 20L KD o
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Ry p/a D/a SnnI
= 0 / L I — / (D — ar*?)dx B
RIS 0 0 S
s /e s
e D 2 D 2 D pgwD®
BUSHRSHBEE N ‘o D —)(2 S—— 5/2 = — — | = =2 oo
s S [2 = pg¥W |52 ~ 5V 102
DSBS 0 DO
i 5 2 2 2 SnnT
e 0 s SO -
s 10a’Fv 10a 10 4m i
L =
Mo =—IR+XFy+(D—y)Fy =0
L 1, ’ S
oo R = g[WFy+ (D~ y)Fyl i
= [2mX%IKN+@-267)mx3RkN]
 E =167kN Fa | oo
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Liquid,
density = p
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This relation reportedly was used by
= - Archimedes 1n 220 B.C. to determine
s ; - PE¥  the gold content in the crown of King
e | Hiero II. Consequently, it is often
called “Archimedes’ Principle.”

ﬁgravity F, buoyancy
(a) Stable (b) Unstable
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Net upward
force is
called the
buoyant

forcel!l

Easier to lift
a rock in
water!!
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Y TN ONT T v b e i L g g g e ir at STP

Y L A e A e S e A

I Basket =
- Assumptions: (1) Ideal gas. L B

BRI (2) Atmospheric pressurce throughout eletetelele ettt letetefed et h e Dt L e Sl e e
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AT o
e 2 o
s = 1.227 k% 2672N > kg m o
S - w(15) m? ShmENESE o
- ke .
LI e o o (1 227 — 0. 154) = 1.073—= 3 L L L L L
s I
to obtain the temperature of this hot air, use the ideal gas equation
-
s 0009090909090 2 [BEaaaaa
conn s I 1227
L R e (273+15)° KX ——= =329°K
B ot air 1.073 o
s S S 6O B
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Hydrostatics — Interac

| The density of seawater is 1030 kg/m3.
| Which of the following values is correct for
| the hydrostatic pressure at a depth of 10
| 000 m?

- m 7
= = loooo F >\ {7 !
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Hydrostatics — Interac

| The density of seawater is 1030 kg/m3.
| Which of the following values is correct for
| the hydrostatic pressure at a depth of 10
| 000 m?

- m 7
= = loooo F >\ {7 !
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{ydrostatics — | 1ferac

A vertical cylinder of inside diameter 50 mm s

8 sealed at the bottom and filled to a depth of 500
mm with mercury of relative density 13.6. The
barometric pressure is 1.1 bar. If the mercury
supports a piston of mass 5 kg (a perfect fit in the
cylinder with no leakage or friction), what is the
pressure at the bottom of the cylinder?
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A vertical cylinder of inside diameter 50 mm s

8 sealed at the bottom and filled to a depth of 500
mm with mercury of relative density 13.6. The
barometric pressure is 1.1 bar. If the mercury
supports a piston of mass 5 kg (a perfect fit in the
cylinder with no leakage or friction), what is the
pressure at the bottom of the cylinder?
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T p=202ba
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In the diagram, which of the
following conditions applies to f&s
the pressure at A, B, and C?
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In the diagram, which of the
following conditions applies to f&s
the pressure at A, B, and C?

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




| In the manometer system, the
| points of equal pressure are
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| In the manometer system, the

§ points of equal pressure are
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The following table shows the pressures

88 ot locations 1, 2 and 3. Which row of the |
B table is correct? i
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The following table shows the pressures

88 ot locations 1, 2 and 3. Which row of the |
B table is correct? i
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Hint: Write down equations for p’ on
the left and right-hand sides, equate B
the two and solve for H. i
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LHS  p'=B+pyg@Gh+Lsinb) (2) (c)p=B+pgH+pg Lo
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PREF

A 7 A

diameter D
YV ~ //\\A

B If = = 0.015 bar, 0 = 30°, p,, = 850 kg/m3, pr = 2 kg/m? and h = 0.2 m, which is
@ the correct value for p?
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PREF

77 7

diameter D
YV ~ //\\A

B If poer = 0.015 bar, 0= 30°, g, = 850 kg/m®, pr = 2 kg/m3and h = 0.2 m, w
§ the correct value for p?
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Py =30 kPa

Aiur

Water
15°C

Gage flud
SG=24
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}——Mercury
SG=136
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A piston having a cross-sectional area of 0.07 m? is located in a cylinder
containing water as shown 1n Figure. An open U-tube manometer 1s
connected to the cylinder as shown. For h;=60 mm and h,=100 mm,
what 1s the value of the applied force, P, acting on the piston? The weight
of the piston is negligible.
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A 25-mm-diameter shaft is pulled through a cylindrical bearing as shown
in Figure. The lubricant that fills the 0.3-mm gap between the shaft and
bearing is an oil having a kinematic viscosity of 8.0 10 m?/s and a
specific gravity of 0.91. Determine the force P required to pull the shaft
at a velocity of 3 m/s. Assume the velocity distribution 1n the gap 1s
linear.

Bearing Lubricant
p i
o Shaft —_—
s 0.5m .
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Pressure gage B is to measure the pressure at point A in a water flow. If the
pressure at B is 87 kPa, estimate the pressure at A, in kPa. Assume all fluids
are at 20°C.

N N N
(Yw = 9790E:Vmercu?‘y =133 100@1]/011 = 8720—;

m3)

SAE 30 oil Gage B

Mercury \
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5:5:5:5:5:5:5:5:5: Pa — YWADw — YarlADy — YolA2)o = P&

© pa— (9790 Nim*)(— 0.05 m) — (133,100 N/m*)(0.07 m) — (8720 N/m*)0.06 m)
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A 50x30x20-cm block weighing 150 N i1s to be moved at a constant velocity of
0.8 m/s on an inclined surface with a friction coefficient of 0.27.

(a) Determine the force F' that needs to be applied in the horizontal direction.

(b) If a 0.4-mm-thick oil film with a dynamic viscosity of 0.012 Pa.s is applied
between the block and inclined surface, determine the percent reduction in
the required force.
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