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| « When the real fluid flow past solid body, the
=8 Pl layer of the fluid adhering to the solid boundary
of body and condition of no slip occurs.

« The velocity of layer of fluid adhering to the
body is having velocity as that of solid
boundary.

SOLID BODY

« If solid body is fixed, then velocity will be xero.
« Further away from solid boundary, the velocity keeps on raising.
« As a result of this velocity variation velocity gradient exist. This variation of velocity from zero
at solid boundary to free stream velocity (U) of the fluid in direction normal to the surface
takes place in narrow region of solid boundary. This region is called boundary layer.

* The theory dealing with this boundary is called boundary layer theory.



e According to boundary layer theory, The flow of fluid neighbouring to solid boundary will be divided in two
regions as shown above.

1. a very thin layer of fluid called as boundary layer in immediate neighbourhood of solid boundary where
variation in velocity from zero to free stream velocity in direction normal to boundary causes velocity
gradient to exist, so the shear stress over the solid boundary is

t—uﬂ
dy

2. The remaining fluid outside the boundary layer where velocity of fluid is uniform free stream velocity. As
there is no variation of velocity, velocity gradient is zero. As a result shear tress is zero.
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» Types of boundary layer

« Consider a flat plate having free stream velocity
U.

« As soon as fluid moves over plate, because
plate is stationary, boundary layer starts
forming.

1. Laminar boundary layer- The leading edge of
the plate where the thickness of boundary layer is
small, the flow within this region is laminar, so the
region where laminar flow occurs is called laminar
boundary layer. And the length of plate over which
laminar boundary layer exist is called laminar
zone(x).

« This could be evaluated using Reynolds number for flat plate taking (Re)x is 510> knowing U and 9

x = Distance from leading edge,
U = Free-stream velocity of fluid,
v = Kinematic viscosity of fluid,

U Xx
(Re)x =




UdTurbulent boundary layer

« If the length of plate is more than x as evaluated from Reynolds number, the thickness of boundary layer will go on
increasing in downstream direction.

* The laminar flow becomes unstable and transition of flow occurs from lainar to turbulent within boundary layer. This
short length of plate over which transition occurs is called transition boundary layer.

« Further downstream the flow becomes turbulent and turbulent boundary layer exist over remaining length of plate.

O Laminar sub layer

» This is the region in turbulent boundary layer zone adjuscent to the solid surface.

* In this layer even though velocity variation is parabolic, assuming very small thickness, the velocity distribution is
taking to be uniform.

QBoundary layer thickness(4)

* Itis defined as distance from solid body measured in y-direction to the point where the velocity of fluid is
approximately equal to 0.99 times free stream velocity U.

* ltis denoted by symbol 6

« There are three types of boundary layer thickness

* dlam- Laminar boundary layer thickness
« Otur- Turbulent boundary layer thickness
* & —thickness of laminar sub layer.



* Displacement thickness (67)

- It is the distance perpendicular to the boundary , by which free stream is
displaced due to the formation of boundary layer.

- This thickness compensate for reduction in discharge/flow rate

- Mathematically, sk Js(l—ij ;
0 U Y-

* Momentum Thickness (0)

- Additional thickness perpendicular to the boundary by which free stream should
be displaced due to formation of boundary layer

- This thickness compensate for reduction in momentum of fluid.

U
1 -—| dy.
U} g

o= —

- Mathematically 5 4
0 U[



* Energy Thickness(6*")

- - Additional thickness perpendicular to the boundary by which free stream
should be displaced due to formation of boundary layer

- This thickness compensate for reduction in energy of fluid.

- Mathematicall 8 2
o U U



Problem 1 Find the displacement thickness, the momentum thickness and energy thickness for

the velocity distribution in the boundary layer given by % = %, where u is the velocity at a distance y
from the plate and u = U at y = 8, where & = boundary layer thickness. Also calculate the value of 5*/9.

Solution. Given:

Velocity distribution *r_J
U &

(i) Displacement thickness 0* is given by

S () P il

578
= [y - y_] {d is constant across a section }
20 o
2
=9 - 6—=8—§=§. Ans.
20 2 2

(i1) Momentum thickness, 0 is given by

d
0= i(l—ijdy
o U U



Substituting the value of

(iv)

Ll
U

Yy
o

2 S 2
ez [ XX gy=[ 2|1-2
-[o U[l Uz]dy Io 8[ Sz]dy
_Ja l_id— yz_y4 8_52_84
“h|57F YT |25 48°], 25 48]
=§_§=28_8=§.Ans
2 4 4 4
(8)
8* \2) & _6 _
5 _(§\——Xg—3.AnS.




Problem 2 Find the displacement thickness, the momentum thickness and energy thickness for

2
the velocity distribution in the boundary layer given by 5 =2 [%) - (%J .
Solution. Given :
2
i e en s u Y Y
Velocity distribution — =2 |- =
d U (8) (6)
(i) Displacement thickness 3* is given by
st=[ [1-%) 4
[ (1-5) @
" u v (y)
Substituting the valueof @ — =2[=|-|=]| , we have
U o) \®

S SEEREIE
L) o]




(ii) Momentum thickness 0, is given by

ah-sa-(2-5)-(2-3)
= —Ll1—-——}dy= _ ] — _
© ou{ vl Io(a 5’ 5 52)| %

¢y yz_[ 2y yz]
--[0_8_82_ l—6+82 dy

ol 8 T 28 o

r 2y 4 29y 2y ]dy

5 19

5[2y 5y° 4y’ y“] [2y2 5y°  4y* y
- _ _ dv = - -
Io 3 o 8 o0 )77T[25 35248’ 5o,
[52 M ]:a_ﬁ+a_§
5 38 & 58 3 5
155 - 255+155-35 _ 305-285 _ 25
15 15 15 °

Ans.




(iii) Energy thickness 0** is given by

3 /2y 8y3_2y5+8y4_y2+4y4+y6 4y5)d
Jo \ 8 83 85 64 82 84 86 85 Yy

32y ¥ 8y’ 12y" 6y yﬁ}dy
Jo | & &2 S’ &* 5>

_ [2y2 y3 8y4 N 12y5 6y6 N y7 }

28 382 48°  58* 68° 78°

8 8 28* 128° &8¢ & S 12 S
=3 T3 & T sst o Taer 073 20t 50-0%+7

o 12 O —2100—350+2520+150
—_25-24+225+22
3 5 7 105

| 2458+ 2675 _ 228
B 105 © 105

Ans.




OUTER EDGE OF
BOUNDARY LAYER

BOUNDARY LAYER

fe—x—>] fe—Ax
(a) (b)

* consider a flow of fluid with free stream velocity ‘U’ over a thin plate as shown in figure.
» The drag force can be determined on the plate if velocity profile near plate is known.
« \Von-Karman suggested an equation by which the drag can be calculated . The equation is

This is a.pplled 0 Yo _ 90 Where, 7,- wall shear stress
1. Laminar boundary layers, p U 2 ox p- density of the fluid
2. Transition boundary layers, and 6- momentum thickness

3. Turbulent boundary layer flows. x- length of plate



 For the given velocity in laminar zone, transition zone or turbulent zone of a boundary layer, the shear stress z,
could be obtained from above equation.

So, the drag force on small distance Ax of the plate will be
So, the total drag on plate of length L is
L
Fp= j AF, = j To X b X dx {change Ax = dx}.
0

Local Coefficient of drag (Cp™)

T
CD* = l p(;]2 .
2
 Average coefficient of drag(Cp)
where A = Area of the surface (or plate)
Cp = Fp U = Free-stream velocity

i
- pAU ? 0 = Mass density of fluid.



« Boundary conditions for velocity profile

- The following boundary conditions must be satisfied by the velocity profile whether is laminar
or turbulent boundary layer.

- The conditions are

1. Aty=0,u=0and au has some finite value

dy
2. Aty=90,u=U

3. Aty=6,ﬂ=0.
dy



Problem 13.5 For the velocity profile for laminar boundary layer %

Reynold number.
Solution. Given :

3

Velocity distribution, ~—— = >
u 2

(

3

2

1

2

)3.

Determine the boundary layer thickness, shear stress, drag force and co-efficient of drag in terms of

G)-36

1

2

Y

0

Y

S5(3)

T 0| (% u u
Usi tion (13.10), we h 0= —|1-—1d
sing equation ( ), we have pU2 8x|:‘[0 U[ U) y]
(v
Substituting the value of L 3 (l] - iy in the above equation
U 2\0/) 2.8/
53 () 3 3
Y _ 9 [ 3(y _1[1) {_ é[z]_l(zj i
pU dx (Y0 |26/ 2\d 2\0/ 2\0
5 [ 3 3
=ij EAREP AN | U VAN i PN
ax_ 0 {20 20 20 20
_i_r’ 3y 97 ¥y U3y,
ox |do (26 45° 48" 28° 48" 48° Y




- d
a 3y2 9y3 3y5 y4 3y5 y7 i|

Ox [2x28 3x48" 5x48" 4x2§ 5x48" Tx48° |,

o[382 38° 38 18* 38 18§
_3+ 4 6
88> 208 2898

ox | 45 45 208"

_9 25_35+i5_15+ig_ig]
ox L4 4 20 8 20 28
d| 6 1 1 3084 -35-10 39 9o
=2 | X5--86-—38|= =
ox 20 8 28 ox 280 280 ox
_ 2, 3998 _39 .98
To=PU X g0 ax 2807 ax -(13.20)
Also the shear stress T, is given by T, = ﬂ where u = U[il—i]
0 g y 0‘“’ d y=0* - ) 8 283
B 2
ﬂ U 3 _3y3
dy (20 26

du 3 3 3U
H ) _pyl|2-2_xo0|=Y
enee (dyl=0 25 28° ] 28




I A

o (d)  _ 3U_3wU
wek(f] H3T

Equating the two values of 7, given by equations (13.20) and (13.21)
2 pU2 @ = E ﬂ
280 ox 2 9o

595 = > pUx 0 L 5= 20 M 5
2 39 pU 39 pU
. 3% 420 p
Integrating, we get = X+
2 39 pU
where x=0,86=0, .. C=0
8> 420 1.
2 39 pU
420 x 2
or o= H x=4.64 = 4.64 Hx X X
39 pU pUx
464 L _4.64 x

pUx \/—

(13.21)

..(13.22)

(i) Shear Stress T,. Substituting the value of d from equation (13.22) into equation (13.21), we get

TO=

54.64x 978 Y

S_uU_ 3 ”Ur_om =R,



(i) Drag force (Fp)

Using equation (13.12), we get the drag force as

szjoLtoxbxdx=JoL 0.323%\/§xbxdx

LuwU (pUx pU L 1
= (0.323 bxdx=0323 uUu [— Xb| —f=dx
J; . / " X b X Tl /“ X _L N
_ pU L _in
=0.323 pU f—u xbj'ox dx

=0.323 uwU

= (0.646 pU

pU

—Xb

U

pUL

B

1/2
X

1
2

X b

1L

0

=0.323x2 pU /% x b[vL]

..(13.23)



(iii) Drag Co-efficient (Cp). Using equation (13.14), we get the value of Cj, as

Cp= 1 fp ,where A=b XL
—pAU*
2
0.646 WU f"m‘xb T 1m
= H -0646><2x—>< p
prbv)(LxU2 pUL

1.292 pUL
. v = /R ..(13.24
R { H } D

€L



Problem 13.7 For the velocity profile for laminar boundary flow % = sin (; g)

Obtain an expression for boundary layer thickness, shear stress, drag force on one side of the plate
and co-efficient of drag in terms of Reynold number.

Solution. (i) The velocity profile is % = sin (E 1).

2 0

Substituting this value in equation (13.10), we have

o=l 505l L (G- 3]




Exl sz[EZ)
9 J‘smz[ﬁzjdy—z - 201
20 o
( nd 0) [r8 1 1l
T, _ 9| 25,275 |28 2
5 = + - -0
pU ox T * R
25 28 ) | 28 ]
_ (E)-
_9 0. 1) \4 =8[28_£x2_8]
Ox "l T | ox[®m 4 =
20 20 |
_i-é_é]_ d [4—1!:]8_(4—1:] 00
Tox|m 2] ox| 2m 21 ) ox
4-1 288
= — ..(13.3
o (211: )pU ox (1330



To 1S also equal = n (—)
dy .
aty=0

But

du T (n O) Ur
— =UX—COoS| —X—|=—
[dy]y=0 2 2 8 28

J _ ulr
=0 20

Equating the two values 1, given by equations (13.30) and (13.31)

( e ] P

[

0_“' ay

00 nUr
U? — =

ox 29

2

598 = —~

or 888=HUR>< 2r X .

2 4-m pU?

MU o= 114975 2 ox

(4-m) pU® pU

ox

..(13.31)



Integrating, we get

2
S 14975 M cic
2 oU

Atx=0,0=0and hence C=0

(ii) Shear Stress (T;)

From equation (13.31),

2
S 114975 M
pU

§= [2x114975 2 x =4.795 |-*
oU oU
= 4.795 ZL=4.795 f by
pUx pUx

_ 4.795 x
R

€

X

L _WUm_  pUr uur R,
o= -

26 2Xx4.795x  2x4.795x

JE

pU

...(13.32)



(iii) Drag force (Fp) on one side of the plate is given by equation (13.12)

L L L
FD=I01:0><bxdx=Io 0.327% [R.. x b x dx =032 qubJ'O % ’puﬂdx

£172 L
-0327|.1U><bx{ j X2 dx = 0.327 pU X b % fpli] :

2 4y
oU
=0327x2xplU xb a—xﬁ
n
UL

= 0.655 X PU X b X f"u .(13.33)

(iv) Co-efficient of drag, C,, is given by equation (13.14),

CD=1F—D,whereA=b><L
Epsz

0655 x nU x b x pUL i
Cp=— B _o655x2x b x [P
Epszbe pUL H

= 1.31 x 131 ...(13.34)

\/pUL JR

Note. j sin’xds = (%— sin 2x

)is used.



Velocity Distribution O Cp
w2 (2Y
—_— =2 === 548 1.46/ (R
U (6] (E‘-] At .
I 3fy 1 (¥ ;
A | | - [ s
7 O3 [E] : [ﬁ) 4.64 3/ IR, 1.292/ (K,

3 4

72523+ (3
| [[EEE ' | - | P [ -4 584 ¥ .36/ (R
U [3] .3 R, i
7 NE.5
— =5 | —— 4,79 vf IR 1.31/ (R
U [2 8, & <2
Blasius’s Solution 4.91 x/ |R, 1328/ (R,




 For the turbulent boundary layer on the flat plat pate, the important parameters are
- The thickness of boundary layer
- Drag force on one side of flat plate
- Coefficient of drag
* The velocity profile due to turbulent boundary layer with zero pressure gradient is given by

Blasius
n
‘2
5= (3)
where n = % for R, < 10" but more than 5 x 10°
1/7
L 4
=3

1/4
* The value for shear stress 7, Is taken as 1, = 0.0225 p U? ( g ]
poU



17
Problem 13.13 For the velocity profile for turbulent boundary layer %=[%J ,

expression for boundary layer thickness, shear stress, drag force on one side of the plate and
of drag in terms of Reynold number. Given the shear stress (T,) for turbulent boundary layer as

“ 1/4
=0.02250 U? | — | .
% p [pUﬁ]

1/7
Solution. Given : — = (l)
U o

(i) Substituting this value in Von Karman momentum integral equation (13.10),

T,
oU? bl Uw)?
. 17 17
AT 2
ox [ o \s 5 ox

[ 1/7+1 2/7+1
0 y

Y _
 Ox (l_'_ 1}1/7 (3+1)52”
[ \7 7

_ i _1 y8/7 _Z y9l7 _i Z 88!7 _z 69/7
ax _8 81/7 9 82/7 ax 8 81/7 9 82/7

5 y1/7 y2/7
0 61/7 - 82/7

obtain an

co-efficient

Jo



0 d | 63-56 J0| 7 7 90
ax[ 5‘55}5[ 7 }‘"’-a—x[ﬂs-m—x

In the above expression, the integration limits should be from 9’ to d. But as the laminar sub-layer is
very thin that is & is very small. Hence the limits of integration are taken from 0 to J.

7 2 90 00

Now Ty = E7) p 5 ...(13.38)
But the value of 1, for turbulent boundary layer is given,
w O\
T, = 0.0225 pU*® [pUS] ..(13.39)
Equating the two values of T, given by equations (13.38) and (13.39), we have
7 35 1/4
L oU? 2 - 0225 pU | B
72 Ox oUS
1/4
or ! gi 0225 (p‘;} ] xs% {cancelling pU?)
- 1/4 1/4
or 5138 = 0225 x — x| +—| oxr=02314|-E| ox
7 pU pU
§l/a+! m 174
Integrating, we get 1 =0.2314 [—J x+ C
(— + 1) pU
4
4 1/4
or 2 x8=02314| 1| x+cC
5 pU

where C is constant of integration.



To determine the value of C, assume turbulent boundary layer starts from the leading edge, though
in actual practice the turbulent boundary layer starts after the transition from laminar boundary layer.
The laminar layer exists for a very short distance and hence this assumption will not affect the
subsequent analysis.

Hence atx=0,8=0and so C=0

1/4 1/4
%85’4 = 02314 [L] xor &4 = 02314 %5 ( H ] x

pU 4 pU
174 475 4/5 1/5
or 5 = 02314 x5( p M (0.2314 X 5) B} s
4 pU 4 pU
1/5
= 0.37 [pLU] XS ..(13.40)

=0.37[ s ) X155 45 = 0,37 —— xx:% ..(1341)
pUx R (Re )
4/5 )

e
From equation (13.40), it is clear that d varies as x "~ in turbulent boundary layer while in case of

X

laminar boundary layer d varies as Jx.



(i) Shear Stress (T,) at any point from leading edge is given by equation (13.40) as
u 1/4
T, = 0225 pU? | ——
0 Y [pUSJ
Substituting the value of d from equation (13.40), we have

1/4

U A

1/5
pU X 0.37 X [H] x x*3
pU

5 (
To = 0.0225 pU

\

0225 X 2 415 e
> P 475 4/5
037 x (pU) "~ xx

2 1/5
022sxax Py L[ K
2" (037)™ | pUx

J

2 1/5
_0.0577 x RY ( Z ) .(13.42)
p X



(iii) Drag force (Fp) on one side of the plate is

L L pU?
FD=-[ 1:0><b><d,1c=-[0 0.0577 x 5 X
0

2
0.0577 x ptzf x

u

1/5 .
[ M J % bJ‘ 15
pU 0

2
0577 x pg x(

5 pU?

pU

1/5 4/5
X b x|
] |:4/5}

0577 x — X
4

Tl

1/5
[ U ] % b x L5
pU

2
0.072 x P(2/ x[

pU

1/5
] X b x LY

L

0



(iv) Drag co-efficient, C, is given by

F—D,whereA=L><b

] 2
—pAU
ZP

e /5
072 %P x[”] x b x [*°

CD=

2 “\pU

_ 72 (13.43) { R,, =Puﬂ}
This is valid for R, > 5 X 10° but less than 10’.
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LAMINAR BOUNDARY L

LAYER S } o

_— Let L = Total length of the plate, b = Width of plate,
— U l / - )

_— \//-4\- RANSITION A = Length of laminar boundary layer
et 1 If the length of transition region is assumed negligible, then

L - A = Length of turbulent boundary layer.

. X

(1) Find the length from the leading edge upto which laminar boundary layer exists. This is done

by equating 5 X 10°= E The value of x gives the length of laminar boundary layer. Let this length is
\Y

equal to A.
(2) Find drag using Blasius solution for laminar boundary layer for length A.
(3) Find drag due to turbulent boundary layer for the whole length of the plate.
(4) Find the drag due to turbulent boundary layer for a length A only
Then total drag on the plate
= Drag given by (2) + Drag given by (3) — Drag given by (4)
= Drag due to laminar boundary layer for length A
+ Drag due to turbulent boundary layer for length L
— Drag due to turbulent boundary layer for length A. ..(13.45)



Problem 13.16 (A) Air flows at 10 m/s past a smooth rectangular flat plate 0.3 m wide and 3 m
long. Assuming that the turbulence level in the oncoming stream is low and that transition ocurs at

R,=5x1 0’, calculate ratio of total drag when the flow is parallel to the length of the plate to the value
when the flow is parallel to the width. (R.G.P.V., Bhopal S 2001)

Solution. Given :
U=10m/s;b6=03m;L=3m;
Reynolds number for laminar B.L. = 5 x 10°.
The kinematic viscosity of alr and density of air may be assumed as their values are not given in the
quesuon Take p = 1.24 kg/m and v = (.15 stoke
p = 1.24 kg/m> and v = 0.15 stoke = 0.15 x 10* m?%s.
(1) Drag when flow is parallel to the length of the plate
Let x = the distance from leading edge upto which laminar boundary exists

leOS_pxUXx_UXx_ 10 X x
u \Y 0.15x107*
5 -4
x=5x10 x0.15x10 ~ 075 m

10
Now the drag force on the plate on one side
= Drag due to laminar boundary layer + Drag due to turbulent boundary layer ...(7)



TURBULENT
EOUNDARY

LAMINAR BOUNDARY LAYER G
LAYER I

TRANSITION

3
t—ﬂ.?ﬁm s 225 m v
3m -I

(a) Drag due to laminar boundary layer (i.e., from E to F)

1

‘here Cp, is given by Blasius solution for laminar boundary layer as
~ 1.328
R

€x

1328

\/5 x10°

A = Area of plate upto laminar boundary layer
=0.75 X b=0.75x 0.3 = 0.225 m*
p = 1.24 kg/m>

Cp

,where R,, = 5 x 10°

=0.001878

Fpp= % x 1.24 x 0.225 x 10> x 0.001878 = 0.0262 N



(b) Drag force due to turbulent boundary layer from F to G
= Drag force due to turbulent boundary layer from E to G
— Drag force due to turbulent B.L. from E to F

= (Fea)wm. — (FEF) wrb.

1
Now (FEGhurb. = ) PAU® x Cp
vhere C, for turbulent boundary layer is given by equation (13.44) as
_0.072
D~ 1/5
(Rel. )
1
But R, =UxL__10X3 __55x108
L \% 0.15x10
072
Cp= 00 —= = 0.00395
(20 x10° )

(Feo)ur, = % PAU* x Cp = % x 1.24 x (3 x 0.3) x 10> x 0.00395
= 0.2204 N



1
Now (FER)wrb. = 5 PX Age XU* X Cp

where Agr = Area of plate upto EF = EF X b = 0.75 x 0.3 = 0.225 m?

nd  Cp=—2972 ___ 0072 _ 0052

[(RE)EF]IIS (5)( 105)1."5

(Frp)urs, = % x 1.24 X 0.225 x 10% x 0.00522 = 0.0728 N

Drag force due to turbulent boundary layer from F to G
= (Fee)ww — Fepwn: = 0.2204 — 0.0728 = 0.1476 N
Total drag force when flow is parallel to the length of the plate
= Drag due to laminar boundary layer upto F
+ Drag due to turbulent boundary layer from F to G
=(0.0262 + 0.1476 = 0.1738 N ...(A)



We have already calculated that upto the length of 0.75 m from the leading edge, the boundary layer
is laminar. As the width of the plate is only 0.3 m, hence when flow is parallel to the width of the plate,
only laminar boundary layer will be formed.

Drag force on the plate

= % pAU2X CD

where C, from Blasius solution for laminar boundary layer is given as
1.328

Cp= , here x = width of plate = 0.3 m hence

R _Uxx__10x03

“" v 015x107*

=2 % 10°

= 1328 00297

V2 x10°

A = Area of plate upto width (0.3 m)=3x0.3=0.9
p = 1.24 kg/m’

. Total drag on the plate = % x 1.24 x 0.9 x 10%x 0.00297

= 0.1657 N ...(B)
Ratio of two total drags given by equations (A) and (B) becomes as

Total drag when flow is parallel to the length of the plate _ Equation (A) _ 0.1738

: ; = ; = = 1.05. Ans.
Total drag when flow is parallel to the width of the plate = Equation (B) 0.1657
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Is negative---- the flow is already
, separated
% c
'8 = () ~--- the flow is on the verge of
separation
A SEPARATING
RS CENEESRE du Is positive---- the flow will not
PRESSURE 3. If | — separate at all or the flow remain:
DISTRIBUTION ~__— 9y ),_, attached with the flow
Prn | SE >0




Problem 13.18 For the following velocity profiles, determine whether the flow has separated or on
the verge of separation or will attach with the surface :

Lou_3 1)_1(1]3 o U (zf-(zf

O 2[6 2\5)° @ =23 &)
2
R

Solution. Given :
u _3(y _l(z)"’ _£[1)_£(
U_Z(S)ZB T E=ESGE) T 2

1st Velocity Profile
Differentiating w.r.t. y, the above equation becomes,

ou 3U 1 U (y)le

3
_)
8

= X——=—X3|= —

dy 2 o6 2 \o8) &

2
At y=0, [a—u] =3U—3U(9) x%:ﬁ
=0

S 28 °



2nd Velocity Profile



3rd Velocity Profile

ou 2U 0) 1 2U
=0, | — = —4+2U| = | X === —
at y [aylmo o (S)X

As [%] is negative the flow has separated. Ans.
Yy=0



Suction of the slow moving fluid by a suction slot.

Supplying additional energy from a blower.

Providing a bypass in the slotted wing.

Rotating boundary in the direction of flow.

Providing small divergence in a diffuser.

Providing guide-blades in a bend.

Providing a trip-wire ring in the laminar region for the flow over a sphere.

Nk W=






