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Adlaal ‘-.""‘9(7)L;s Jgmanll (K ”1:f(7[2)}i 7z1=f(1/7zz) ol 95\
dp=pv'f (MJ The resisting force F of a plane during flight can be
7

considered as dependent upon the length of aircraft /, velocity v, air
viscosity u, air density p, and bulk modulus of air K . Express the
functional relationship between these variables and the resisting force
using dimensional analysis. Explain the physical meaning of the

dimensionless groups.

Solution

The resisting force F' is a functionof: [, v, u, p, K
Mathematically, F = f (l RTINS ) (1)
Or fi(FLv,u,p,K)=0 )
Total number of variables, n=6
Writing dimensions of each variable, we get
F=MLT?I=Lyv=LT  \ u=ML'T " p=ML> K=ML'T™>
Thus number of fundamental dimensions, m =3
-.Number of 7 —terms=n—-m=6-3=3
Eqn. (2) can be written as:
fi(m,75,75)=0 3)

Each 7 —term contains (m + 1) variables, where m =3 and also equal to

repeating variables.

Choosing /,vand pas repeating variables, we get three terms as
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Equating exponents of M, L and T respectively, we get

U
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— 793,03 ;€3
7y =13vE p K
MO = 1 (LT P (M P s
Equating exponents of M, L and T respectively, we get

Ty =——
vip

substituting the values of 7;,7, and 75 in eqn. (3), we get the functional

relationship as:
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or F=1*V’p¢ L,%
lvp A

Physical meaning of dimensionless groups (7, 7,,7;)

: It is the ratio of F and dynamic force/*v?p. It indicates that

7[1 =

12
the resisting force experienced by an aircraft is dependent on the length
and velocity. For any given aircraft, the resisting force will be

proportional to the square of velocity.

7T, = ZL : This dimensionless group is the reciprocal of Reynolds number
vp

and represents the role of viscous action on the resistance.
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Discuss the generalized Coutte flow of a power law fluid between two

parallel plates.
Solution
VA
y=d
y=0 > X

Let us consider a steady flow between two infinite

parallel plates situated at y=0 and at y=d ,
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when the plate at y =01is at rest and the plate at y =d

is moving with velocity U . Let the velocity vector

be #(u(1),0,0). Then the strain- rate tensor 7;; has the components

7}11:7}22:7}33:7}1320’7}12:%%' (1)

The momentum equations are
o:—g—fﬁg—;. )
0=—Z—§- )

From these equations we find that the pressure gradient g—z =—Pis
constant. Therefore,

Ty =—Py+7., (4)
Where 7. is the value of the stress at the plate y = 0. In this case constitutive

equation becomes

n-1

du
d_y s (5)

du

12 = Hig,

Since u increases from zeroat y=0 to U at y=d, so % is positive

throughout, and therefore we can take (5) as

a1 ©)

dy

Substituting from (6) in (4), we have
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—=Uu (—Py+70)1/", (7)

u=—m 2} )7 4 4, (8)

Where y. = %’ and A4 is a constant of integration. Using the boundary

conditions: =0 at y=0, we find 4=-=(2)""y.%  Thus

U

1+

w= ) - (=) | ©)

Again, using the condition u=U at y=d, we have

U= ()] - (- a) . (10)

This equation determines y. which in turn determines z.. From (9) we can

determine the shearing stress at plate y =d .
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