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LECTURE-5 LAMINAR BLs

© 2D Flow and Scalar Transport Equations
© Boundary Layer Approximations
© 2D Velocity Boundary Layer Equations

© 2D Temperature and Concentration Boundary Layer
Equations

© Methods of Solutions
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3D Navier Stokes Equations - L5( 1—15)

Mass Conservation equation
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2D Flow Assumptions - L5( %)

Consider a 2D forms of Navier-Stokes Equations with following
assumptions

@ Flow is Steady (9/0t =0)

© Flow is Laminar

@ Fluid properties p, Cp, i1, k and D are uniform
© Independent variables are x = x; and y = X,
@ Dependent variables are u=u; and v =u,

©@ Body Forces are neglected
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2D Flow Equations L5( =)

Continuity Equation

ou 8_v_
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x-Momentum Equation
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y-Momentum Equation
ov ovl  op v v
p[ua—x—l—vw]——@-i-,u{ﬁ-i-@] (5)

March 15,2010  5/17



BL Concept L5( )

@ The concept of the wall
boundary layer was first T
introduced by L. Prandtl in —
1904 to theoretically predict T o T
the drag experienced by a S E— |
body immersed in a flowing | |

fluid. Define
@ Prandtl identified a thin Q x*=x/L, y*=y/L
viscosity affected region close Q@ u =u/U,, v:=v/U

to a surface in which . 2 T
significant velocity variations Q p*=p/(pUs) Re ==

take place. Q s<<X,u>>v
@ Outside the Boundary Layer, L and U, are reference length &
Free Stream is Inviscid velocity
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Non-Dimensionalised Equations L5( 1%)
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BL Approximations L5( <)
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2D BL Equations L4( )
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ou
local shear stress: y, = M{—} (12)
Y Jy_o
L
average shear stress: 7 = 1/ 1 8_u dx (13)
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3D Energy Eqn L5( &)

D him ) aT] A My hy)
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+ D_Ft) + Qchem + Qrad

where hp = 3~ wy h and hy = h9, (Teer) + f;  Cpy dT

We again invoke uniform property assumption
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Dimensionless 2D Energy Eqn L5( 1%)

(u*aT* +V*0T*)
OX* oy*

1 [T  &2T
= (Repr) |ox® T oy~
y
+ (EC) {U %"‘V 8}/*} +Qchem+Qrad
Ec ou* , ov*, ou* oOv*,
b (ge) [P G 2 G 5?9

Q@ T =(T-T.)/AT, — O(1)
@ Pr = Prandtl Number= 1, Cp/k=v/a
© Ec = Eckert Number = U2 /CpAT,
Q Q" =QL/(pm Cpm U)
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10

Energy Equation - B L Form L5( 3=

Carrying out Order-of-Magnitude analysis, and invoking B L
approximations, we have

oT oT 0*T ou dps
pCp |: a +V ay} W /L(W)z +u L +Qchem +Qrad

d x
(16)

@ Note that 92T*/dy** >> 92T*/ox*
@ In the viscous dissipation term, only ( du*/dy* )? is
important.

© In the pressure work terms, : u dp../d x is important

March 15,2010  12/17



Prandtl No Spectrum L5(
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Prandtl Number defines the Fluid Type
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Mass Transfer Eqn L5( 1z

3D Mass Transfer Equation

Ipmwk) | Opm Yw) O Owi
— 7 ()mD ZXV 1R 17
aH o ox ox PP ) TR AN

Carrying out Order-of-Magnitude analysis, invoking B L
approximations, and making uniform property assumptions, we
have

2D Mass Transfer B L Equation

B B o2
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Dimensionless Form L5( 12

. 0wy . Owg 1 | P

+V

Q v =(v—wy)/Aw, — O(1)
© Sc = Schmidt Number=v /D

OX* oy* - (Re Sc) oy *?

+ Ry
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Summary L5( 12

I(pu @)

dpve) 0 od
OX ay - W |:|_<1> W] + Scb (20)
0] (IS So
1 0 0
u Hm . . - dpoo/d X
T | kn/CPm | (Qchem + Qrad + im (9u/8y)? + U dps./d x)/Cpm,
Wk Pm D Rk

Recall: a &y +2b &,y + ¢ )y =S (Oy, Dy, P, X,Y).

When the discriminant b?> — a ¢ = 0, the equation is parabolic.
When b? — ac < 0, the equation is elliptic.

When b? — ac > 0, the equation is hyperbolic.
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Methods of Solution L5( 32

Boundary Layer Equations are PARABOLIC .

There are 3 Methods of Solution

@ Similarity Method ( PDE to ODE )
@ Integral Method ( PDE to ODE )

@ Finite-Difference or Finite Element Method ( PDE to Set of
Algebraic Equations )
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