Clarkson

University

ouncary Layer

Goodarz Ahmadi

Department of Mechanical and Aeronautical Engineering
Clarksom University
Potsdam, NY 13699-5725

ME 527 G. Ahmadi

Outline
* Flows Past Immersed Bodies
» Boundary Layer Flows (laminar)
 Blasius Solution
e Boundary Layer with Pressure
Gradient
» Falkner-Scan Equation

Boundary Layer ks

ME 527 G. Ahmadi

Boundary Layer over a Flat Plae Clarkson
UO‘ UO‘
; 0
, o0/l <<1

Laminar Boundary Layer

ME 527 G. Ahmadi

10/6/2018



Boundary Layer
Thickness, &

Displacement s f(1u )y
Thickness ‘! U, y
Momentum = U
Thickness 9=£U—(1—U—Ojdy
‘ Shape \ I X
ME 527 FaCtor G. Ahmadi

Boundary Layer Theory Carksos
" of Magnitude An. Prandtl
8u av 0
8?< ay S &ZO
U, ofv}
14 0

Boundary Layer Theory Serkses
.dyTwo-D FI(.
RN WV
OX ay p OX ox*
VY N i)
8x 8y
u_ N _,
ox oy |
ME 527 G. Ahmadi
Boundary Layer Theory Carsos
-r of Magnitude An'
ou . ou_ 10p j?ﬁ
u— v St
OX pax 6x
& om U, U,
0 7
’_—_’ / ’___’ 5 1
ME 527 8~\/L\;:° ZA‘X/UT"E-‘\/R_“ G. Ahmadi

10/6/2018



Boundary Layer Theory Geisen

.r of Magnitude Ana-

ov ov  op 0% OV
U—+V—=—"+V(5+—)
X oy oy O o

ME 527

- ' : .
N7 ol ,8U, Uy
/ 05 Y
p~pr2) @~6—sz§~0
ME 527 ay ¢ G. Ahmadi
Boundary Layer Equations Clarksen
1dp U du U (x) is the external
“pdx  dx | [flow velocity
2 ou ov
ua—u+va—u:Ud—U+va—L2J o
ox oy dx oy Y

G. Ahmadi

Boundary Layer Equations Clarksen
ou ou_ ldp ¢
Uu—+V—=———+v—s
ox oy pdx oy’
L v
X 8y udi Prandtl
B d at y=0 u=0,v=0
Cgr:lgit;?; ’::} at y=0 u=U,
Boundary Layer over a Flaf Plafe Glarkson

G. Ahmadi

ME 527

10/6/2018




Y, Y

” »
> I
” >
> »
- g

ME 527

1
u
U5 ‘? T
T u

G. Ahmadi

Blasius Similari

Clarkson

nnnnnnnnn

ty Solution

Boundary Layer over a F at PIate Clarkson
ou ou d%u
U——+V_—=vVv_—
OX oy oy° —
u v,
oX oy
B d at y=0 u=0,v=0
Cc())l}ljgits)% ’j at y=0 u=U,
Blasius Similarity Solution Glarksen
ey g =T (2t

Boundary
Layer Eq.

Boundary
Conditions

=
=)

ME 527

ff"'+2f"'=0

at n=0 f=0,f'=0
at n=o00 f'=1

G. Ahmadi

Boundary Layer
Thickness, & n

o5
UO

=5Re,

|
N

X | o

<:5

4 f’=u/U,

umerica
Solution

f

Experimental

V .3,3 data

W U0
dyl, VX

u
T=pH—

ME 527

f(O)—O.332

G. Ahmadi

10/6/2018



Boundary

Layer over a Flat Plate Starksen

=3

Boundary Layer over a Flat Plate Clarksen
Friction Coefficient
ot 2f"(0) _0.664
’_——} o ;pUi - JR. 4R,
Drag Coefficient
D 4f"(0) 1.328
;pU§Z ) VR . VR,

ME 527

G. Ahmadi

Thickness

Displacement

)

5= 1-9 gy =1.721 | XX
0 UO UO

Momentum

Thickness

=

Shape
Factor

ME 527

j i(l-—jdy =0.664
U \/ u0

= -2 2
0

G. Ahmadi

Boundary Layer Equations Clarkson

with Pressure Gradient

UUUUUUUU

Boundary Layer Equations Clarkson

with Pressure Gradient

UUUUUUUU

ME 527

ou aou du o%u
U—+v—=U—+v—
oX oy dx oy
a_u+a_v—o
ox  dy uo v
oy
Stream Function, y v _66_:/(/

G. Ahmadi

Stream Function Formulation

dy O’y Oy O’y

3
=U oL +V8W

oy oxoy ox oy:  dx

oy®

Boundary
Conditions

)

ME 527

W 81// =0 at y=0
ox oy

a—l'[/:U t y=0w
Y (x) aty

G. Ahmadi

10/6/2018



with Pressure Gradient

Boundary Layer Equations Clarkson

nnnnnnnnn

Hence for similarity solution
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>0, m>0, Accelerating Flow, No inflexion point
<0, m<0, Decelerating Flow, with inflexion point
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