W’ Jua.é
* 0.0

wwwwwwwwwwwwwww


http://mohandesyar.com

AD
doddo V-0

Dby 4 Lo S JLatl auls meles g0 9STal (cuyp 3Ly Gl 4 Lo)S Jlal LS slelad o
Jmad ol oS gy ih ol LS JEl o p 051 Candy LSS 035 4 5 bl
1 @5 aslge adaly s S melsS gy ]y g0 Y g OYLw Seslins by, (B censs
ol 5 Lo sl 55 ol aalln |y Los ool 5 b 1l S o s b i

B9l o by o bl obulr Gletinw 4 ks g ol Ll Juad

TP Jbw L= Y-0

= ol gl ezl G5y ol ad jo lanlay 15 Hlai o 1) (V-0) S8 gillae c56 5,5 o 59, oL~
gl (oo Chrogi Jlw

T=H— (\-0)

gd>ad pas | L sl glasl el ﬂ QT axlg a5 0neS Swlos cod hu cwls el

2
m
ooliiwl (o Lzl abis G 5l (650 Y Cadao (ols (lis glp 0 i Y ) 0gd 0 0 559

1|

| -
=t i

|
[

(] [y | (| =1
=) = =t =

L

% Fluid > .

- lll.-'l‘P-3':"1:]-'E - - _'_'_'_'_'_,_,_.—-—'—"'_'_'_'__.__ -"ﬂ@ y
'.'P. _'_.d___——I_ et l:f
~ EH =T 8~ o AT~ £F —— AF =4y g

—
= l .
J v R
| Laminar boundary ! _ ! Turbulent boundary
Leadng laar Tiznsition layer
edze
x=0

S (39 S (69 2 o 5ip0 Y by saidd (LIS loged V-0 JSCb

~URYUK

www.mohandesyar.com


http://mohandesyar.com

AF

5 0l Ol dn i gl ad 51 (Sl alols o Ll ol ol 550 4 (5550 Y (558 L
LS ol S 5l ey g Wigd oo st el (ulogd oo ol (SzrsS SleeSadl b Lels>
D9h (oo e 4B Y 4 (g0 Y G 09h (o0 ol 0L >

KA

(aids| dod)] )35

Y
\ﬂ

_—w

;o}awwwﬂ)axwgm@}ﬁ

Re = ——="— (¥-0)

St basT ol (Silaims Crjl pl Vies)g sl 5l alols xolil by cop Uey o 50 a5
2 Sy jadginy sae coils axgi wb.Re, >5X10° a5 sas 0 &) oKis wbdie 4 pl,T )b ,>
aizl b @ ly o0l (S Sl Lz o b3 (i 5 s (6525 Ll @ aly oe Sleirdg
D340 1S oy yo |y pbMis b > U el S slgaden ) olael 51 gl o S a5 el (gai ! 30 1S

el 1538 4 jo jalsn) dae ol ¥ Vgene obdlie 0l > jolsn,

Olayz e Sl 0ad 00ls LaS (1-0) S350 obie 5 T lyzr s &0 (s SledSC
Ol (das Lo 85 e a4 O3 Caomd 10 wboMie b, 7 e Al 5o el (sgage Lo i ol
T e 4 o5 ol sl m sl maw 4 Koy L a5 cal T Y b5l U e caadd

Laminar Raegion of sporadic bursts of ——= Fully turbulent
y flow regime | vortices resulting from local boundary layer
U | ' collapse of the unstable flow field
- I e T — .
- ,__-——[—  — e =

W.v}p@.v,&.w nnt g i S B A S R S ™ 5 £ :
J
Re,=>3.5x10° U-X  Re,<4x10°

Ht‘x=0 | xF Dimensionless distance, Hex 5 _ “
L 5 492x% Vlscou&s:: e
N = sublayer |
\.-HEK

gy oue g i Jlw (b2 alal, Y-0 &

L Jlw ey b canlite 55,5 o3l 5 wigp ;500 4 s Y G 5l awslys oo LdsShe al,T ol > o
g_,&)_».npj‘i"ea@yb;&)m‘f‘y)|&_»5).’>o)‘sb‘uaJlDuaJlD'JLﬁ.u‘&_i’ |)JL.4.>.~SJQ.'>09_>

www.mohandesyar.com


http://mohandesyar.com

AY

ploie o2 5l Jlow lo 4 oMl (b2 axl 005 0 adgi Ob oz Sz 50 (2955 &S 9,10 D9
G285 S 5 oy gl A pbDlis Gy a S S Gle gl <l nl o g s
e S alasde ]y oS > ojlail g (65,50 ol Sl 51 (S 005 (q255wg SLe JUnil sledsSIge

ol i ] 0l o Bl ol 5l olo S (Sasile 5 caile by log s obdle b >

ol plas (55,0 ¥ plonil i 9390 (o0 JSAT W) (63959 50 (550 Ve S Sk o 1) W) 9,0 Gl
Sy E et 0l el Gl 2 S laisS (oo 4l anng M 02 1) Gl al 4SS (e 0 )
FE I PN I £ OO I W - T PR TR C ol (i SOOI PPN = L PR S g (L WU | S RGN P-T PN

P09 oo oolitul il g ol Glodl > (6l (g)lre lgie @ Salsn; sue

d
Re, =222 52300 e
14
b Sl plp g o o SO b Glp (Swg ddal,
P09 = T S gL - Pr7 e
m
G =—= um (a_a)
1 Y
PODg ) Sz d ol oo ) jsn; dae cnlple
Gd
Re, = 4 #-0)
7

TH 2 Jbw b= Y-8

s ez pgan 15T Ol (oo (sl o (5 00 997 g a5y s Sl Jes o a4z 5]
WS 0,8,z et Dyge a4 Gl 5l e Jelsd jo S 559 50 Jle sl S

Sy ol o s b1y g s (ol g g U 0515 Jlw Ol S 2 8l (slag s 5l ST
ey o0 Ol b olasal jo Jlw lp (g p dolas 4 i 25 2l Jlw LI

p oAV (Gl -Y-0)
p 2g

el 0 B jg0 4 g
dp Vvav
L =0 (o -Y-0)
P 8.

~&) M
www.mohandesyar.com


http://mohandesyar.com

AA

ol 3o Jbm oz ce Vg bz jladass S jo Jlad poJlw pogase o2 PYL Ll j0 a5

s ole 3 650l Olass T 0 a8 0gi atie (65, Aolae SO bl i @515 Jlew 51
100,5 jslale pluw

., 1 . 1

g Oy W, A-0)

i=e+ pv (A-0)

ganls b o ead plxl Lalls I8 WS a0 oo adlol sl )5 Q¢ A3ls 550 e o] o a8
= Ol IS o 5l 2 P Y Sl 5 RS e 63959 ) Sl el Jlew o x> v

W“SGAOOLM‘)") Ja.:‘s) )‘).:..\.: ‘1,5‘).: QL:)} Be )L..MB sl Ml?ua 6‘)9.}..“5
p = PRT Ae =c, AT Ai=c,AT

105l e 0ol R s ojl5 Slem coll o  pgase 55 S sl 8 ol

R=2
M
Lo ld anb ojay aiwse S > ol el R=8314.5TTkgmol. K g Jssdo (59 M o yo oS
P o s |y 5l 0y50d S e 5l 3y S 5 Kbl bz Jle gl
To 132200
T 2
7
po :(1+ }/ 1M2)7—1
p 2

tlosae M gc,/c, (= oy slal,S cus Y oS, b wlo> T, py, Py Vi Lalg, jo a5

s ol

u=y
a
P39 oo Al p Dyge a4 Jlowl 55 G sl g sl Dgo rdge Sy a oS
a=(ygRT)" (V+-0)
t o y0 g g0 4 YU dolee aiS L8, Jlaws! 515 asile Iga S
a=20.045\T (O1-0)

el 8l a0 sy T aS

~&) M
www.mohandesyar.com


http://mohandesyar.com

AQ
o (§y9 S99y 2 eyl i 4 F-0

5 9= adjlae jleslawl L (g5 Y (gl oS0 i o 1) ISy ead ooy lis S pae L]l
NP

Lol L cdl> g ol o515 Jlow =)

Dl 0929 jLid Ol osi 5,9 0 Ogee Sy 0 -Y

el ol e s Y

Ll w2l y Coz 0z hp slog o -F

-
e x
—— ——
[y e
= - . 4y AU
- (e dy
- ]‘ 3
die  d [dul ||
# dx [ ) |_i.r'l.= LAY II |
gt
u ‘ I ‘:if. o
i ax
F aﬁ’l i | [;IE 1
¢+ - gy |dy
H— o 22 s
idu
| ———— gy
- fr iy - d¥
L,-

T o0 aY 5o JyiS pxe plodl Y-8 S

SlrmrS oo B e (0SS asile Slll 38 pone (nlplioeesS (oo ooliitul (g pgs (68
POsd (g0 AL p) D)go A g b Ajlgeriie
DF, = x caz p0 eS8 o3l L iyl

Do dm Olos) 9xly 50 G Ceow a9 5l (695,5 <S> o3Il 1S (558wl ) Beez Cu yo S
pudyu = pu’dy
bl il ploj 92ly 55 o S gy 4 (69559 £

p udy

~&) M
www.mohandesyar.com


http://mohandesyar.com

L ol plp cly G arg, 3l 9,5 o2 0L~

p(u +a—udx)dy
Jdx
pu +a—ua’x)2dy
dx
Lcwsl plp b 4y, 5l 80959 o2 b~
p vdx
Lcwl plp oYL @y, 5l (295 > Ol
p(v+ﬂdy)dx
dy

Fele olell 2 4ijlge S

pudy+ pvdx=p(u +a—udx)dy +pv +ﬂdy) dx
dx dy

L

du Jv
dx dy ) )
b cal plp Sl 4, 5l aS x Cge o &S, ol

pvudx

o0+ 2 )+ 2 dyydx

dy dy
bl plp &8 Sz 0 Al )LAS g5
Jdp
—— dx d
0x Y
Lcwl plp Gl agy pojlszd p o
ou
—uU — dx

Lcwl plp Vb argy pojly (bp 9 9

] oo Sy YU olie ggazme 51 S > som yo Al LD 950
) ) o’u
AB Sy sami=l ay—zdx dy

~&) M
www.mohandesyar.com


http://mohandesyar.com

0

¥ S 3 Al S8 e opladl sl b 6 lad slag gz (B n by ggeme (p0ls 53 Rl b
: M)L)
ou  du o’u dp

U—+Vv—)=lU———= \Y-0
P( . By) ﬂayz o ( )
byl b 5l o s slp ol oo 1y dolre cplawnl ol ple> b (650 Y gl &S 1> ojlail doles oy
= grbae 0ol & (508 egd awgi 45 (o pB (g, Sy b bl o 0,5 > 88s b 65
23,5

M)‘}AWJ o ).:‘).» Sy 4\Jy CeolBus ».\.«.«S uo).‘ido).».i» ).b 59 ‘) (£-0) JK..: 30 odls oald ul.u.d L)L"‘”

9 pem g o0 Sl Hlguo 9 L2, A-A Slxio bawgh jgame S e slp ) poiioge 9 90

T G3p0 Y 30 635 SIS sy 2 Sy J 5S> (LIl F-0 S

ewl Ole Y asas 5l 5500 o>

H
J.pu dy ()
0
3l plp Vamao 5l (6,50 &S > 03lail 4
H
[p u*dy
0
l.j S J.g‘ﬁ Y damaw )| S J)? o)"dJ‘
H d H
u’dy +— u’dy)dx >
!p y dx(gp y) @)

~&) M
www.mohandesyar.com


http://mohandesyar.com

ay

:)‘| S| Q)L,.CY 4_7;6..4)’\ SIS P>

H d H
J‘p udy+—(.|.p udy)dx ()
0 dx

d (’f
u,—\ | p uddex
dx 0
P g (o033l Sy o 4y dalx lgo 5l sey> e &S Cually (pl g > Ll (1185 Sl o L

S o o3lail gl 8ylg A=A amin 5l abecanl () ke )0 axsl 1 9580 (0) &le 4o ool 03938

Jowl Ole pp> ol X gz o

d H
u, d_(J‘ pudyjdx

X\ o

Pl 2 D)ge & S8 w5l g5 AllS S > o3l ) cnl
d(f d
— udy |dx —u,, — dy |dx
illo g fo o
d(" d{ % du_ ("
uwa[!;p udy]dxza(uw}[p udyjdx—g(z[p udy]dx

—iﬁp uu dyjdx—du—""(]{p udy]dx
dx\ 3 - dx 3

(\¥-0)

Lol 2l Jlgeo j0 (bp g9,

-7, dx= —(,u dxa—u}
y=0

- —d—pH——piT(u —u)ud +du—°°]{pu d (10-0)
Y dx dey = Y dx Y
Pasl ol b Jlis S
dp du
_:O:— I/[Do d (\?_a)
dx P dx
:E\,JGQ;’@;\.; ) Oygo A (G0 &Y Lgllj.i’:.il olre ol ,Lisd ol 6l
d ¢ ou
p—J.(um —wudy =7, =| U— AY-0)
dxo ay =0
)=

~&) M
www.mohandesyar.com


http://mohandesyar.com

ay

u=0 y=0 (-
du
PR y=90 (i
MBS oo dzel iz (VV-0) dolee coli jlis Loyl ol
o’u
=0 =0 S
dy’ Y (
P R e o N PR N
u=C,+C,y+C,y’ +C,y’ (YA-0)
Dyl (0) () by jlea sl eolaiul b
u 3y _ L[Ljs (a-0)
u . 2 0 2\ 0

o)l (VV=-0) dolas jo Cae s ol J13 L

5 3 3
g éz_l(zj 1_§1+1(zj 8 O T I VIS
dx 125 26 25 216 o), 26

Pl oo ey 15 Sile 655 Jemiliieo b

d 39 , 34 u
L2 oull8) = -
0P =g
10,5 oz w2 3l byt (lgd (o i Cob pLu,, 9>
0% 140
—=———+const
2 13 u

:ﬁ,.i)lo X:0,5:0 o u.s‘J.:Lu

5=464 |2~ (Y+-0)
uoo

Pl ) Ohge a4 Gl oo g sae cans p ) adal,y ]

o_ 464 Y1-0

x Rexo.s =0
PO pelyS 1S S 530 O jso |y 55,0 4 Wsles S

§_ 5

= (Gl -Y1-0)

~&) M
www.mohandesyar.com


http://mohandesyar.com

af

Siyo aY iyl doleo 8-0

b 5 ke il osle sl 20 e 5o 1, (0-0) JSK& 55 oud eols (yLis 7S e LI
S

ool 230 o515 5 LG 0l 2

ol ol oy slo S (ale S (Sasile e 3V

oS (o0 s bz Sz 0 ole,S (Saile, ST

D9 o0 Abg p) g0 Ay (65,80 Aijlae oal ools las Lol sl ol Lo

ST G dg) & 2l 4 b Gub lend JEe 55l wg) 4 ol 4l Gk jlead Jie 55+
b g & Gle) Gk jlead it sle)S + ol (55, 00l plol i) Qs IS+
Caly oo g3 5l ol 4 > Gk jleads 715 (6550 =
Y as) 5l el 4l Gk jlead ) 6550+ @YL 4, 5l Gl Gk sl ead 7,15 655

undisturied flow

in the
Pressurg b ispha onlyl

adjacent to the

Py --!—I}i- :D d:-t]dl.l
"
Rl
e e . S
dy
*—. - o
-
ulpvidx Ty

Sy aY 30 (55l dijlge lp JyaS pxo lodl -0 S

Low‘).s‘).s CJJ LS“"J" 65).‘.’

M
www.mohandesyar.com


http://mohandesyar.com

0

Lol plp oS oS e dxdy  JpaS o a4 Cand Gy ol jo aS 8l

b el pln Ol A 25 6551 ol e

1o pgs 4 yo Sledil s 5l bgaii g (65, 4slee Lhe b

2 2
pec, {ua—T + va—TT(a—u + iﬂdxdy =k or dxdy + ,u(a—uj dxdy

dy* dy

U—+v—=a — (YY-0)
dy

5 +
ox  dy dd- pc,

T T 3T u (aujz

2
u U «

<<1 (YY-0)
pc,a T
S, (YY-0)akal, Jly soe Ly bl S8 il b awslie o oyl OWl &ygo opl 4o
PS50 emd
c
pr=Y = &t
o k
M2
Pr—<<1 (Y¥-0)
cT

Dol oS Gty b 3l o515 b sl opl o
oT oT o°’T

U—+V— =
ox  dy dy’

Y0-0)

oS Gy w¥F-0

Sz oy ol 50 45 098 (oo i a5 5l Al Djgo 4 a5 Sealidgjau (5550 4Y atlen Cow s
Lo slaibol,3 o] j0 a5 05 oy yad gl aml Sygo o g o 1) olo)S (6500 AYe 05 oo (ol
Wgd (oo AUl g Jlow Gloe LS Jobs 5l Les sleglial S cnlisls 992

~URYUK

www.mohandesyar.com


http://mohandesyar.com

a5

T, Frec-stream T,

L | T, +0.00(T. - T,)

e Thermal boundary layer on a flat plate
of the boundary layer during o

flow over a flat plate. (the fluid is hotter than the plate
surface).

.l"ll LI 1
Streamline
il -
TN T_-i‘_
! [

Streamlines —|

Lecal convection \
cosfficient, B ix) : e ]

Temperaturs

profile holx)

Fluctuating
velocities, mizing

S T rbuian >
Larninar ransitio Tul t
= =

Thermal boundary layer development on a flat plate showing changes in fluid
temperature profiles and local convection coefficient in the laminar and turbulent flow regions.
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layer, and {c) Local heat flux determined from the temperature gradient at the surface,
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The development of

a laminar velocity profile in a pipe.
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