Bolum 8: Borularda surtunmeli Akis

Internal flows through pipes, elbows, tees,
valves, etc., as in this oil refinery, are found
in nearly every industry.
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Laminer ve Turbulansh Akis

Laminer Akis:
e Calkantisiz akiskan tabakalari ile
karakterize edilen cok duzenli akiskan
hareketi laminer akis olarak
adlandirilir.

Tirbulansh Akis:

* Yuksek hizlarda gorilen ve hiz
calkantilari ile nitelendirilen cok
duzensiz akiskan hareketi tuarbulansh
akis olarak adlandirilir.

Ui

Fluctuations of the velocity
component u with time at a specified
location in turbulent flow.

Uu=u+u'
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Laminer ve Turbulansh Akis

% Laminer akistan tirbulansh akisa gecis aniden
olmaz ve bir ara akis rejimi yasanir.

< Turbllansh akistaki hizl degisimlerin sonucunda,

v ) ) (a) Before (b) After
akiskanin yogun bir sekilde karismasi, akiskan tbulence T .

parcaciklari arasindaki momentum gegisini arttirir.

) o o FIGURE 8-20
% Bu da yuzeydeki slrtlinme kuvvetini ve The intense mixing in turbulent flow
dolayisiyla, gerekli olan pompa gucunu arttirir. brings fluid particles at different

momentums into close contact and
thus enhances momentum transfer.

Dye trace Dye trace
—_— _—
Vavg v;ng
f Dye injection f Dye injection
(a) Laminar flow (b) Turbulent flow
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Reynolds Sayisi

p : yogunluk (kg/m?3)

pVortD
e =
H

v : kinematik viskozite (m?/s)

H=pV
Laminerden tlrbulansli akisa gecis, V: hiz (m/s)
e geometri,
o yiizey piriizliiligi, D Boru capi (m) ]
e akis hizi,
e ylizey sicakligi,

akiskan tiirii ve daha bircok seye baghdir.

Osborne Reynolds, 1880 yilindaki detayli deneylerden

sonra, akis rejiminin esasen, akiskandaki atalet
kuvvetlerinin, viskoz kuvvetlere oranina bagl
oldugunu kesfetmistir. Bu orana Reynolds sayisi denir
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Kritik Reynolds Sayisi

< Akisin tirbdlansli olmaya basladigi Reynolds sayisina kritik Reynolds sayisi
denir.

< Farkli geometriler ve akis sartlari icin kritik Reynolds sayisinin degeri farkhdir.

< Dairesel borudaki ic akis icin kritik Reynolds sayisinin genelde kabul edilen degeri
2300'ddr.

V,..D
Re=p ort
u

Re = 2300 Laminer akis

2300 = Re = 4000 Gegis akisl
Re = 4000 Tarbulansh akig




Hidrolik Cap

Circular tube:

% Dairesel olmayan borulardaki akislar icin
" 4(mwD%/4) =D

Reynolds Sayisi Hidrolik Cap D, kullanilarak D,=—5
hesaplanir.
[ 2 Hidrolik ¢api (m) ] Square duct: a
a |~

D, = 4i2 =a
—> Kesit alani h™ 4q ~
@ Rectangular duct: ||@ X o
\ b =

Islak cevre __4ab __ 2ab
h™ 2a+b) a+b

=

e iy

Channel: a

_ 4ab
h~ 2a+b
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Giris Bolgesi

Irrotational (core) Velocity boundary Developing velocity Fully developed
flow region layer profile velocity profile
Fully developed
Vive Ve | Vi Vive Vive / Vie  velocity profile
=% . o
e e
— | ] ]
''''''''' I [ — e ' ! a ' e
I ] [ e — Sl
T T '
>
. Hydrodynamic entrance region i 7 =

Hydrodynamically fully developed region

< Akiskan viskozitesinin neden oldugu viskoz kayma kuvvetlerinin etkisinin
hissedildigi akis bolgesine hiz sinir tabakasi veya sadece sinir tabaka denir.

%+ Varsayilan sinir ylizeyi, borudaki akisi iki bolgeye ayirir: viskoz etkilerin ve hiz
degisimlerinin 6nemli oldugu sinir tabaka bdlgesi ve surtiinme kuvvetlerinin

ihmal edilebilir oldugu ve 6zellikle radyal yonde hizin sabit kaldigi doniimsiiz
akis bolgesi (cekirdek kismi).

% Akis tam gelismis oldugunda slirtiinme katsayisi maksimum degerine ulasir.




Giris Bolgesi

% Gelismekte olan akis
bolgesinde u = u(x, r)
olmasina karsin tam
gelismis bolgede u =
u(r)’dir ve bir boyutludur.

4

% Boru c¢eperindeki kayma
gerilmesi yuzeydeki hiz
profilinin egimi ile ilgilidir.
Hidrodinamik olarak tam
gelismis bolgede hiz profili
gibi bu bolgede ceper
kayma gerilmesi de sabit
kalir. Zira bu bolgede hiz
profili ve viskozite
degismez.

A
Tw 1
|
Entrance region <+——
]
i > Fully
: developed
" region
|
|
I -
I =
" x
TW TH' TW TIV TW TW 7-W
\ - - - - i - -
1
Ncity boundary layer 1
rt / : Vavg
- —— x ————————————————————————————————————————————— I ———————————————————————
: Fully developed
Entrance region | region

Giris Uzunlugu

e

N

Lh,laminer = OOSDRB

Lh,turbiilans = 1.359Rel/4

Ly, tirvitans = 10D

Bolim 8: Borularda Sirtiinmeli Akig




Borularda Laminer Akis (Re < 2300)

¢ Dairesel diiz bir borunun tam gelismis akis bolgesinde, 6zellikleri degismeyen daimi
ve sikistirilamaz akiskanin laminer akisini ele alalim:

Px+dx

F, = ma, =) /’ Tr = | u(r)




Borularda Laminer Akis (Re < 2300)

2mrdrP), — QurdrP), ., + QurdxTt), — CwrdxT),,,;,, =0

2ardrdx
Tr+dr
—
P.,—P —
’ x+dx X + (rT)r-Fdr (rT)r _ 0 Px
dx dr —
——-
T

Taking the limit as dr, dx — 0 gives

X

+dx

dP dUD _ ) m 1 = —p(duldr)

r— |
dx dr L u(r) 1R
dr r
_.“r: ] .l e
Ei( d_“) _ dar '
r dr jPdif' dx T il
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Borularda Laminer Akis (Re < 2300)

Ei( d_“)_ﬁ
r dr jFdr  dx

2 [ dP Tr+dr
u(r) = 4—(;) + C/Inr + C, G
K Px Px+dx
— R
boundary conditions —
T
r=0 — adulor=20 '
r=R — u=0
]
u(ry 'R
- E ()17 i S
4\ dx R? i e
_’UXJ‘_ Umax
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Borularda Laminer Akis (Re < 2300)

i R* (dP %
0= () %) J -

Ortalama hiz (m/s)

Uort =

f:u(r)Zmﬂdr _ R%4dP

TR? ~ 8udx

Maksimum hiz (m/s)

R?dP
_Ea = 2Upp¢ B

umax -

Hacimsel debi (m3/s)

V= Upre A

o
u(r) = umax(l = E)

Tr+dr
—

Px Px+dx
—- i —
r—-

'T,.
|
L u(r) tR
dr r
_.“r: . .l
X
—>uxl<— leax
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Basing Duslsu ve Yuk Kaybi

Basinc¢ Diistlisu

BuLuoye _ 32uLugye

V2
Pressure loss: AP =f %p—;"%

LV.Z

AP
Head loss: hy = —ng = fﬁ—%;gv

AP =Py — P, = —; 2 (Pa)
Basin¢ Kaybi Darcy-Weisbach
! , Bagintisi
u
AP, = fﬁp B (Pa)
1 Darcy-Weisbach
. Sirtinme faktoru
Yiik Kaybi
AP Luy.> 64
hy=—=f——22 (m) f=—
JoJs| D 2g Re

Basing kaybi (yik kaybi) bagintisi
akiskanlar mekanigindeki en temel
bagintilardan  biridir  Bu baginti
laminer ve turbulanshi akislar, dairesel
veya dairesel olmayan borular ile
plrizstiz veya puruzli borular icin
gecerlidir.
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Basing Duslsu ve Yuk Kaybi

Basin¢ Kaybi Darcy-Weisbach ——r—r— .
) Bagintisi PR s L
L puyye - — AP, —— |
AP, = f5—— (Pa)
2 Darcy-Weisbach — Vg |D
. Sirtinme faktoru o .
Yiik Kaybi | L iy
2 2
hL — APL — £u0rt (m) i Pressure loss: AP, :f%&;{%
P9 D 2g
Head loss: iy = STL - p LVive
ead loss: hy =42 —]‘D 72
Darcy-Weisbach bagintisi borudaki stirtiinmelerden
kaynaklanan basing kaybini (ylk kaybini) yenmek igin Basing kaybi (yiik kaybi) bagintisi
. . . akiskanlar mekanigindeki en temel
pompa tarafindan akiskan verilmesi gereken ilave SeErkrdEm  strdT B seET
. .y . laminer ve turbulanshi akislar, dairesel
basinci (yada yliksekligi) temsil eder. veya dairesel olmayan borular ile
plrizstiz veya puruzli borular icin
gecerlidir.
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Basing Duslsu ve Yuk Kaybi

Basing diistist bilindigi zaman basing kayini yenmek

icin gerekli pompalama glicli hesaplanabilir:

Pompalama gilicl (W)

y

\W pompa =V X AP

AN

—

N

Hacimsel debi (m3/s)

Basing distisi (Pa)

V =uytAc
R? dP
Uort = _@E
[—£-*;
dx L
_ APD?
uOTt - 32#14

Yatay boru icin:

AP=P1_P2=APL=pghL

s

VZ
Pressure loss: AP; = fD—'W}i

AP, V2
Head loss: h; = L Zavg

Pg _fD

Wy = 16 0D

D = vﬂ\’g
Wy = 1 P

2D —V, /4
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Egimli Borularda Laminer Akis

2mrdrP), — QurdrP), ., + Qurdx7), — CmrdxT),,, —|pg2mrdrdx)sinf|= 0

2ardrdx

w d du dP -
— —\|r— | =—+Hpgsinb

—) r
+ pgsulﬂn(l'—:ﬁg)
s

Ortalama hiz (m/s)

Hacimsel debi (m3/s)

(AP — pgLsinf)D?

uOTt = 32#[4

_ (AP — pgLsin@)nD?

14
128ulL
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Egimli Borularda Laminer Akis

Laminar Flow in Circular Pipes

C
(Fully developed flow with no pump or
turbine in the flow section, and
AP = P, - P;)
. . AP wD?
Horizontal pipe: V = T2/ul
C

(AP — pglL sin@)mD*

‘ Inclined pipe: V= 128L

Uphill flow: 6 > 0 and sinf > 0
Downbhill flow: # < 0 and sinfl < 0

The relations developed for fully
developed laminar flow through
horizontal pipes can also be used
for inclined pipes by replacing
AP with AP — pgL sin 6.
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Ornek 8.1

|
m EXAMPLE 8-1 Laminar Flow in Horizontal and Inclined Pipes @ Denem| 6m/s _}

: Consider the fully developed flow of glycerin at 40°C through a 70-m-long,
m 4-cm-diameter, horizontal, circular pipe. If the flow velocity at the centerline | 70m I
is measured to be 6 m/s, determine the velocity profile and the pressure dif-
ference across this 70-m-long section of the pipe, and the useful pumping
power required to maintain this flow. For the same useful pumping power +15° @

input, determine the percent increase of the flow rate if the pipe is inclined
15° downward and the percent decrease if it is inclined 15° upward. The
pump is located outside this pipe section. _15°
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Borularda Turbulansh Akis

Darcy-Weisbach Bagintisi
Basing¢ Kaybi Yiik Kaybi
2 AP Lu
,0 ort - L ort
P h (m)
AP, _-LD (Pa) o P9 =D 29
f : Darcy-Weisbach Siirtiinme faktori
Laminer akis Tiirbiilansh akis
= 64 — Colebrook Denklemi
" Re ~
= = —20103(”9 y 22 )
\ \/} | \37 Re\/.?;
Haaland Denklemi —
1 6.9 e/D\'"! _
vf =—18loglo- |37 Moody Diyagrami
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Borularda Turbulansh Akis (Moody Diyagrami)

0.1 (T T T
0.09 —IE Laminar Transitional Turbulent
0.08 ¥ flow T ﬂmﬂlv ) flow | N
: " = = Fully rough turbulent flow ( flevels off)
0.07 HH LT 0.05
T —
‘L‘ ‘H"-._____- ‘\.\ {}.[)'4
0.06 \
Y =u . 0.03
1 - i
0.05 = :
s T - i
o " \\\:\‘_\H - = 0.02
23 N =E 0.015
~  0.04 e NS i\
ot - N NN B T ——tl | X
=] 2\ N NN T . 0.01 o
] z A\ RIS T < 0.008 B
& — w\’:\\ - T ~ ’ o
§ 003 o NN mat 0.006
2 z = = = £
5 A 3 ; = 004
- (4] =] 1] N =
7 0025 : NS B : :
N =
S r S T 0.002 =
‘ NSINISS g
It . I —— " E
E'.DZ ] I.. M EH:"‘*-—.HH_ — g.ml 8 =1
ﬁqb-.. e 1= = .DDU
Roughness, & = L 0.0006
] Material fi mm »J\‘:. el M ~L 0 A
0.015 | Glass, plastic 0 0 LT A :
_ Concrete 0.003-0.03 0.9-9 ,P =n = B—— hi
| Wood stave 0.0016 0.5 Smooth pipcs Ml [T 0.0002
Rubber, smoothed 0.000033 0.01 R T~ T S
i . /D=0 -—— =L
Copper or brass tubing 0.000005 0.0015 -,\..\.‘ """-..,__“_h =T 0.0001
| Cast iron 0.00085 0.26 - e ] it
0.01 | Galvanized iron 0.0005 0.15 ~ — =~ 0.00005
7 [ Wrought iron 0.00015 0.046 L el!D = 0.000005 T4
0.009 k Stainless steel 0.000007 0002 e n.:-..: | =1
| Commercial steel 0.00015 0.045 e/D = 0.000001 na . ||
T80 L T T O I N Y B A I i - 0.00001

103 2010% 3 456 8 10¢ 20103 4 56 8105 2010°) 3 4 56 8 106 20103 4 56 8 107 21073 456 8 108
Reynolds number, Re
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Borularda Turbulansh Akis (Bagil puruzlalik, €)

TABLE 8-2

Equivalent roughness values for new
commercial pipes*

Roughness, &

Material ft mm
Glass, plastic 0 (smooth)
Concrete 0.003-0.03 0.9-9
Wood stave 0.0016 0.5
Rubber,

smoothed 0.000033 0.01
Copper or

brass tubing 0.000005 0.0015
Cast iron 0.00085 0.26
Galvanized

iron 0.0005 0.15

Wrought iron 0.00015  0.046
Stainless steel 0.000007 0.002

Commercial
steel 0.00015 0.045
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Borularda Turbulansh Akis (Problem Turleri)

1. Determining the pressure drop (or head loss) when the pipe length and
diameter are given for a specified flow rate (or velocity)

2. Determining the flow rate when the pipe length and diameter are given
for a specified pressure drop (or head loss)

3. Determining the pipe diameter when the pipe length and flow rate are
given for a specified pressure drop (or head loss)

# i 0
). A
AF [)

The three types of problems
encountered in pipe flow.

f

f — Uort — Re — fdﬁzeltilmis

D - u,+ — Re —RAP

Colebrook Denklemi Moody Diyagrami
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Ornek 8.2 (1.Tip Problem)

Sicakhgi 15 °C olan su 5 cm capindaki vyatay
paslanmaz celik borudan 0.006 m3/s debi ile
daimi olarak akmaktadir. Borunun 60 m’lik
bolumuinde meydana gelen yik kaybini, basing
dususini ve bu akisi surdurebilmek icin gerekli

pompalama gicunu bulunuz.

Psy = 1000 kg/m3
Ue, = 1.138 X 1073 kg /ms
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Ornek 8.2 (1.Tip Problem)

0.1 (T T T I T [0
0.09 —IE Laminar Transitional Turbulent
0.08 ' flow — [ ﬂmﬂlv ) flow | N
: " = = Fully rough turbulent flow ( flevels off)
0.07 HH LT 0.05
-"'_—._
‘L‘ ‘H"-._____- ‘\.\ {}.[)'4
0.06 v
Y == ; 0.03
Y - ;
0.05 = -t
- B HH
2. %\:‘ = — 0.015
= 0.04HHHE N +
o = L] | A il ——tl | X
=] 2\ N NN T . 0.01 o
5 2 \QQ: :-:__ =L ~ 0.008 @
4= I Iy - E N v,
§ 003 ) RN mat 0.006
2 2 AN == s £
2 =\ D i - 0.004 =D
- (4] =] 1] N =
7 0.025 \ e e ‘ z
Ny =
g b R - 0.002 =
) e =
It [ ] - —— 5 i
E'.DZ ] I.. M EH:"‘*-—.HH_ — g.ml 8 =1
Roughness, & T LT = 000
o . = Suss B - 0.0006
ateri mm [ M
: : — - 0.0004
0.015 | Glass, plastic ] 0 - -
_ Concrete 0.003-0.03 0.9-9 ,P =n = B—— hi
| Wood stave 0.0016 0.5 Smooth pipes ML 0.0002
Rubber, smoothed 0.000033 0.01 e/D40 R T~ e uill T.
"~ Copper or brass tubing 0.000005 0.0015 ] -,\.\\ 1] =T 0.0001
| Cast iron 0.00085 0.26 - L S
0.01 | Galvanized iron 0.0003 0.15 ~ I = 0.00005
7 [ Wrought iron 0.00015 0.046 L el!D = 0.000005 T4
0.009 k Stainless steel 0.000007 0002 Sy = gy | =1
| Commercial steel 0.00015 0.045 &/D = 0.000001 553 ||
T80 L T T O I N Y B A | s - 0.00001
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Reynolds number, Re

Bolim 8: Borularda Sirtiinmeli Akig




Ornek 8.3 (2.Tip Problem)

1 atm basing ve 35 °C’de isitilmis hava, 300 m
uzunlugunda, 26.7 cm c¢apindaki dairesel plastik
borudan tasinmaktadir. Borudaki yik kaybinin
20 m’yi asmamasi istendigine gore borudan akan

havanin debisinin belirleyiniz.

Prava = 1.145 kg /m?

Vhava = 1.655 X 107> m?/s

Colebrook Denklemi

fL= _2{}IDU(EfD+ 2.51)
\/j} TR\ 3.7 Rﬁ\/j?

—_- D =267cm | S -
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Ornek 8.4 (3.Tip Problem)

1 atm basing ve 35 °C’de isitilmis hava, 150 m

uzunlugundaki dairesel plastik bir borudan air

0.35 m3/s debi ile tasinmaktadir. Borudaki yik l

kaybinin 20 m’yi asmamasi istendigine gore

minimum boru ¢apini hesaplayiniz.

Prava = 1.145 kg /m?

Vhava = 1.655 X 107> m?/s

Colebrook Denklemi

fL= _2{}IDU(EfD+ 2.51)
\/j} TR\ 3.7 Rﬁ\/j?




