| AKISKAN MUHENDISLIGI
Ucak Aerodinamigi: Akiskanin ugak

uygulamasindaki rolleri

FIGURE 5.26
The weight,

FIGURE 5.31
Flow pattern around the cross section of an airfoil.
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Akiskanlar Muhendisligi

1. Giris ve genel bilgiler

-Girig ve genel bilgiler
-Akiskan Ozellikleri

-Basin¢ ve Buoyoncy kuvveti
-Laminer ve tirbllans akim
-Borularda akig

-Direncg ve kaldirma kuvvetleri

MAK101 Akiskanlar Muhendisligi

Bu bélimde ¢esitli muhendilik uygulamalarinda;
Aerodinamik-hidrodinamik,
Eneriji Gretimi,
Biyomihendislik,
Boru ve kanal akimlari,
Mikrokanallar,
Sportif uygulamalar,
akiskanlarin isledigi rollerler ile ilgili genel bilgi verilecektir.

Akigkanlar, gazlar ve sivilar diye iki kisma ayrihr.
Ayrica hareketsiz(, statik) ve hareketli (dinamik)
olmak Gzere iki farkli uygulma alanindan da
bahsedilir.

Akis problemleri, hareketsiz bir akis ortaminda hareket eden
sistemler , ugak- otomobil gibi, ile hareketsiz sistemler etrafinda
hareketli akigkanlar, Blm—gpgkrgkgrt][gfm%léh 9.5!59 gibi, ikli farkl
prblemle karsilasilir.




Hidrodinamik; S\ akiskan problemleriyle

Aerodinamik; gaz akigkan problemleriyle ilgilenir.

Tanim: Akiskan en kigik kayma gerilmesi
etkisinde deforme olabilen madde sekli olarak

2.Akiskan Ozellikleri.

tanimlanir.

Probleme gére akiskanlarin bazi 6zellikleri 6nemli olurken bazi 6zellikler ikinci
dereceden 6nemli olabilir.

Akiskanlarin {ig termodinamik 6zelligi; h=h(P,T)
i) Basing, P.......... s=s(P,T)
i1)SICAKILT ...

iii) Yogunluk,p.........(kg/m?) u=u(PT)

A.K'§ ortamllnda enerji transferi s6z konusu ise; Cp=Co(PT)
iv) Entalpih........... kJ/kg

v) Ig eneriji,u.......... kJ/kg

vi) Entropi, s............ kd/kgK

vi) Ozgiil 1silar, Cp veya C,....kJ/kgK Kilgallik 6zelligi,
Akis ortaml.nda sUrtinme ve Isi transferi sz Yiizey gerilmesi,
konusu ise;
vin) Viskozite, LT kg/ms Buharlagma basinci,
Ix) Termal iletkenlik katsayisi, K............. W/mK

Kavitasyon,

Akiskanlar;
A -Sivilar
-Sikistirlamayan Ak.
y } ' -Sikistirlabilen Ak.
l_r , | -Mitkemmel Ak.

A -Gergek(viskoz) Ak.

; ’ -Newtonumsu Ak.
T = dquy - Newtonumsu Olm. Ak.
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Akiskanlarin sikigabilme 6zelligi;

Akiskanlar,basing kuvveti etkisi altinda yogunluklari degisebilir. Boyle
akiskanlara sikistirilamayan akiskanlar denir.

Tanim: Bulk Modili

I,u/]md Piston Gas Cylinder
‘ : ! v— dP —dv azaliyorsa,
i}o | | o |
e B= -dP/(dv/v) ..(Pa)

= dP/(dp/p) .... (Pa)

FIGURE 54
(a) For most practical purposes Yy engineering, liquids are incompresdigle
and retain their original volume when forces act on them. (b) The

gas within the cylinder is compresseX by the piston and force F

B degeri sivilar igin
Ses Hizi, ¢ =(B/p)'2, Mah sayisi, Ma=V/c

Uclk, gazlar icin yUksektir.

Akigkanlarin sikisabilme 6zelligi Mah sayisiyla denklemlere
tasinir. Ma<0.3 igin akigkan sikistirilamaz kabul edilebilir.
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Onemli:

—Ma < 0.3 : Incompressible
—Ma < 1: Subsonic
—Ma=1: Sonic

—Ma > 1: Supersonic
—Ma >> 1 : Hypersonic
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Cidar Sarti (No-slip condition):

Mikroskopik dlizeyde, akiskan ile akiskanin temas ettigi
ylzey ya da cidar arasinda izafi hareketin olmadigi kabul
edilir.

FIGURE 55

(a) A layer of oil is sheared between a moving plate and a stationary surface.
(b) The shearing motion of the fluid is conceptually similar to a deck of cards
that is pressed and slid between one’s hand and a tabletop.
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Kayma Gerilmesi ve Viskozite:

Yuzeyin akigkana temas noktasinda;

T =F/A (N/m?) :Kayma gerilmesi

- ? du/dy : Hiz gradyanti

s Akiskan ortaminda;
P :
ol

! ! T = du/dy ve t=udu/dy=pu V/h

u( dinamik viskozite)..kg/ms (Nm?/s)

P v =p/p (kinematik viskozite).... m/s2
1 =sabit .... Newtonumsu akigkan
akiskan
u=#sabit ....... Newtonumsu olmayan
akiskan

Tanim: Viskozite akiskanlarin yapiskanlk 6zelligi olup, akiskanin kayma
gerilmesine karsi géstermis olduklari direnctir. 10

Bazi Akigkanlarin yogunluk ve viskoviteleri:

Viskozite birimi;
W - kg/ms (veya Nm%s) veya  Poise, 1 P=1gr/cms

DénlGsum: 1 P= 0.1 kg/ms

v - m/s? veya Stoke, 1S=1cm?s
TABLE 5.1 . .
Penstyand Density, p Viscosity,
Viscosity Values
for Stve sl Ginaes Fluid ke/m? stug/te® keg/m-s)  slug/(fts)
and Liquids at Air 120 233x10° 18x10°  38x107
Room
Temperature and Helium 0.182 3.53x 104 19x107°  41x107
Pressure
Freshwater 1000 194 10x10%  21x10°
Seawater 1026 199 12x10%  25x10°
Gasoline 680 132 29x10* 6.1x10°%
SAE 30 oil 917 178 026 54x10°
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3. Basing ve Kaldirma Kuvveti(Buoyancy).

Akiskan ortaminda akigkan cisimle etkilestiginde ortamda ;
Drag, Lift ve KaldirmaKuvveti (Buoyancy Force) olusur.

Drag ve Lift izafi hareketten, kaldirma kuvveti ise basing farkindan

] Lift o, Drag, D Weight, w

|

Buoyancy, F

FIGURE 5.1
Buoyancy force acting on a submerged submarine.

FIGURE 530
‘The lift force is created as fuid flows past an airfoil that s inclined by the
angle of attack «.
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Kaldirma Kuvveti(Buoyancy force):

A C W=V Aeis.
Buoyancy, F,
Bir ylizeye etki eden dusey kuvvet, yizeyin
Ozerindeki akiskan agirhgidir. .
Fe= (Varcoea - Vascoea)-Ya = Varcea-Ya \ :
Kismen gémild bir gizim igin;
Fe=Vgomaia-Ya
Fg=V,.
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Basing:

Basing birim yuzeye etki eden kuvvet olarak tanimlanir.
P=F/A

Durgun akiskan ortamlarinda(hidrostatikte), z yukari yénlu disey
dogrultuyu gostermek izere, basing dagilimi;
dP/dz=-pg (Hidrostatigin temel denklemi)

denklemiyle verilir. Integrasyon igin p=p(P,T) z
bilinmelidir.
[¢]
Basing derinlik ve yogunlukla orantili olarak
degisir.
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Sekilde ele alinan elemanin diisey yénde kuvvet
dengesi;

Sivilarda( p sabit)

basing derinlik
yéniinde lineer

FIGURE §10
Equilibfium of a beaker filled with liquid. Pressure increases
with dfpth because of the weight of the fluid above.

olarak artar.

Sekilde elemanin kuvvet dengesi yazilirsa ;
P,A+W=P.A,  W=A.h.pg yazilirsa P,=P,+pgh=P +yh

Basing Birimi: Sl sisteminde basing birimi pascaldir. 1P=1 N/m?
ingiliz sisteminde psi dir. 1 psi= 1Ibf/ing?
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-Akiskanlarda basing akiskanin bulundugu hazne geometrisine bagl
degildir.

-Verilen akiskan igersinde yatay diizlemde her noktadaki basing
birbirine esittir.

Puim

I

Water

Py=Py=Pc=Pp=Py=Pp=Pg=Pyn+pgh

Py#P;
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. - -Laminar: highly ordered fluid motion with_ = = |
4. Laminer ve Turbulans Akis: smooth streamlines.

-Turbulent: highly disordered fluid motion Laminar
Akis hiza bagli olarak; characterized by velocity fluctuations and

SFee: S ————
-Kigik hizlarda molekdller birbirine paralel yériingeler cgizerler. Bu - s |

-Transitional: a flow that contains both

akisa LAMINER akis denir. laminar and turbulent regions
-Hiz arttikcg/molekdiller akis yonu ile beraber akisa dik yonde de . : —
hiz kazanirfar. Bu akisa TUTB}ULANSLI akis denir. Transitional
Turbulansh . . L Wl
akista akim Bir akigin laminer veya turbilansli .
ortaminda adina olup olmadigi boyutsuz buyUklik | = — - |
Revnolds olan Reynolds sayisi belirler. e ~
; — ——
Yl o Re= (VL)/v....( Atalet kuv./Viskoz | v m— . |
geri me erl kuv.) Turbulent
denen ilave V : Akis hizi
erilmeler ’ -
g|u§ur_\., L : Karakterisitik uzunluk,
FGURE 534 v v :Kinematik viskozite
(a) Laminar and (b) turbulent flow of a fluid around a sphere.

T=pdu/dy-pu’v’
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5.Boru ve Kanallarda Akis: Basing akis yénunde azalir-Pressure drop
- - — Re<2000 i¢in akigin laminer oldugu kabul edilir.
Boru ve kanallarda akis bir gok mihendislik uygulamasinda; . . . .
. : . Laminer bir boru akiminda hiz profili parabolik olup
-Su-gas-hava dagitim sistemleri,
-insan viiciidu sirkiilasyon sistemleri(damarlarda kan akisi, solunum r?
sistemi), V=V 1_P

karsimiza gikmaktadir. Bu akis ortamlarinda basing, vizkozite ve akisin
Reynods sayisi 6nemli parametrelerdir.

. denklemiyle ifade edilr.
Bir kanal akiminda akis ortaminda; Shearstess Y

o -« -« .

-basing kuvvetleri, e ) Turbulansh akista
-atalet kuvvetleri, e ) e

- V() = Vo | 1=~ N

viskoz kuvetler , FIGURE 5.16 FIGURE 517

) iene behpee s oaions bttt YEsi st s Rt el & the sratet st o pie’s
arasinda ?lf denge vardir. Akig oo, and it moves i comtantapecdt denklemiyle verilir. o and s o ser o b et f he
kanalda yUksek basingli noktadan pipe.
dlsuk basingli noktaya dogrudur. Laminer akis igin; _
vmax - vort
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L uzunlugunda olusan basing kaybi:
AP=v_ 16d—'UL =v 3%{—'“[' , Re <2000

D  boru capi
L boru boyu
n

Akiskan viskozitesi

g=v A tanmukullamwullak ve A= L
_ md'AP 4
=280l
Bu denkleme Poiseuille Kanunu Denklemi denir. ‘
Hacimsal debi(Volumetric flow rate); _ AA_V (m /s) veya(lt/s)
t
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ingiliz sisteminde;,  ft' 7s

Katlenin Korunumu Prensibi:

Kutlesel debi akis kanal boyunca sabittir. Eger yogunluk sabitse akis
boyunca hacimsal debi de sabittir.

Velocity, v
— I P1AV4 =pA,V,

Velocity, v,
i—’
—_— 0
I T
- | p.= sabit igin

Section 1 Section 2 A A
Area, A, Area, A, v _— V
1 1 2 2
FIGURE 5.19
Fluid flow in a pipe having a constriction.

m; = my=m
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6. Diren¢ Kuvveti (Drag):

Bir akigskan ortaminda hareket eden sistemlere; otomobil, ucak, roket ve diger
araclar, hareket yonlne paralel olarak etki eden kuvvete diren¢ kuvveti ya
da drag akisa dik kuvvete kaldirma kuvveti ya da Lift adi verilir.

Lift force, Fy.

[ .
— Drag, Fp
[

— Angleof

Airstream’s attack, e —

velocity, v

FIGURE 530
The lift force is created as fluid flows past an airfoil that is inclined by the
angle of attack a.
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Drag ve Lift kuvvetleri;

C,: Lift katsayisi

1
E) = 5 pA V ZCD Cyp: Drag katsay!s

A: Referans alan

Referans alani olarak dikkesit

F = l pAVC alani veya yiizey alani segilebilir.
L 2 L
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Kureye etki eden drag kuvveti;

Velocity, v

Stationary sphere Moving sphere

—_—

— (e ) —  —— e d)—

Drag force, Fy, Velocity, v Drag force, F,

————

(2) (b)

FIGURE 5.21

The drag force depends on the relative velocity between a fluid and an object.
(a) Fluid flows past a stationary sphere and creates the drag force Fp. (b) The
fluid is now stationary and the sphere moves through it.
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Dik kesit alani referans alinarak sistemlerin Cp
degerleri;

TABLES.4
Numerical Values o ialoreapl
of the Drag 2 ) L.
Cocfficient and System ft m Drag Coefficient, Cp
Frontal Area for
Different Systems Economy sedan (60 mph) 20.8 19 0.34
Sports car (60 mph) 224 2 029
Sport-utility vehicle (60 mph) 29.1 7 0.45
Bicycle and rider (racing) 4.0 0.37 0.9
Bicycle and rider (upright) i 0.53 il
Person (standing) 6.7 0.62 12
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Cpdegerleri geometri ile beraber akimin Re
sayisina baghdir.

Kaldirma Kuvveti (Lift):

Kire icin bu degisim;

1,000
$ 100
e G al .
£ ners Cp=24/Re , Re <1igin
e Foy=3mudV
2 D=OTI
3
8 1| Cp=24/Re
for small Re
0.1
0.1 1 10 100 1,000 10,000 100,000
Reynolds number, Re = pud/j

FIGURE 5.22

Dependence of the drag coefficient for a smooth sphere on the
Reynolds number (solid line), and the value predicted for
low Re from Equation (5.15) (dashed line).
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FIGURE 5.26
The weight, thrust, lift, and drag forces acting on an airplane.
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Cp ve C, karakteristikleri, Enerji denklem;

Akis ortaminda basing enerijisi, kinetik enerji ve

Sisteme etki eden direng ve kaldirma kuvvetleri ( drag ve elevasyon(disU) enerjisi arasindaki iliski Bernoulli
lift) rlizgar tlneli deneyleri ile elde edilir. denklemi ile ifade edilir.

2

C =C (geometri,a) £+£+ghzcveya LY on-c
p 2 pg 28

A
Il

C (geometri, )

L
>
sl Dulsu enerijisi ihmal edilerek Bernoulli denklemi;
Glis
z 2
;K‘T‘\ge‘t\v!ov‘f;:‘tﬂedv::renled as fluid flows past an airfoil that is inclined by the L _ + _— = Sablt
Angleof k. (o)
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small single-engine aircraft.
Kanat etrafindaki akimda kadirma kuvveti; C, degisimi;

P v .
FL —+-—=Sabit :

1 p 2 Stall
15
= 3
= S
— = 05
0
o e 5 10 15 20
FIGURE 5.31 Angle of attack, & (deg)
Flow pattern around the cross section of an airfoil. e —
V>V, —P, < P,oLift FIGURE 532

Coefficient of lift for a type of airfoil that could be used in a
small single-engine aircraft.
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OZET:
)BUyuklUkler ve Birimleri:

TABLESS Conventional Uni
Quantities, _
Symbols, and Quantity Conventional Symbols  USCS st
Units that Arise Torce
in Fluids Weight a Ib N
Engineering Buoyancy Fy b N
Drag Fo Ib N
Lift A Ib N
Pressure P psi, psf Pa
Density » slug/ft’ kg/m®
Viscosity " slg/(ft-s)  kg/(m-s)
Velocity v, Vavg Vmax. ftls mis
Length
Characteristic length ! ft m
Pipe length 7 ft m
Area A i m?
Volume v, AV gal, 1t} L,m?
Volumetric flow rate q galis, f'fs Lis, m*/s
Shear stress T psi Pa
Time interval Ar s s
Reynolds number Re — —
Coefficient of drag Cp — —
Coefficient of lift cL - -
Mach number Ma = =

‘ ii) Bagintilar ve Denklemler

TABLES6

Key Equations
that Arise in
Fluids
Engincering

Shear stress w= u%
Pressure p1=po+pgh
Weight w=pgV
Buoyancy force Fr = puiag Vobject
Reynolds number Re= ”7“’
Pipe flow velocity Vmax = l‘ﬁ—i‘z

Vavg = 7 Vmax

v=umes (1= (£))

5 AV
Volumetric flow rate A=9%
q = Avayg
_ md'Ap
g=
128 ulL
Drag force Ay = Ay,
1
General =5 PAVCp
. ; 24
Special case: Sphere with Re < 1 Co=
1
Lift force Fi=3 PAVCL
" . P v?
Bernoulli's equation 45 +gh = constant
P
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Uygulamalar:
2.
1.
v
-—
. <
D C Q
[
FIGURE 5.23 FIGURE 5.24
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