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UNIT 111 - DIMENSIONAL ANALYSIS
PART - A

1. What are the methods of dimensional analysis
There are two methods of dimensional analysis.
They are, a. Rayleigh - Retz method
b. Buckingham's theotem method.
Nowadays Buckingham's theorem method is only used.

2. Describe the Rayleigh's method for dimensional analysis.

Rayleigh's method is used for determining the expression for a variable which
depends upon maximum three or four variables only. If the number of independent variables
becomes more than four, then it is very difficult to find the expression for dependent variable.

3. What do you mean by dimensionless number

Dimensionless numbers are those numbers which are obtained by dividing the
inertia force by viscous force or gravity force or pressure force or surface tension or elastic
force. As this is a ratio of one force to other force, it will be a dimensionless number.

4. Name the different forces present in fluid flow
Inertia force
Viscous force
Surface tension
force Gravity
force

5. State Buckingham’s Il theorem
It states that if there are ‘n’ variables in a dimensionally homogeneous equation
and if these variables contain ‘m’ fundamental dimensions (M,L,T), then they are
grouped into (n-m), dimensionless independent IT-terms.

6. State the limitations of dimensional analysis.
1. Dimensional analysis does not give any due regarding the selection of
variables.
2. The complete information is not provided by dimensional analysis.
3.The values of coefficient and the nature of function can be obtained
only by experiments or from mathematical analysis.

7. Define Similitude
Similitude is defined as the complete similarity between the model and
prototype.

8. State Froude’s model law
Only Gravitational force is more predominant force. The law states ‘The

Froude’s number is same for both model and prototype’

9.What are the similarities between model and prototype?
0] Geometric Similarity
(i)  Kinematicc Similarity
(ili)  Dynamic Similarity

Sri Vidya College of Engg & Tech., Page 1
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9. Obtain an expression in non-dimensional form for the pressure gradient in a horizontal pipe of
circular cross-section. Show how this relates to the familiar expression for frictional head loss.
[N/D-14]

Step 1. Identify the relevant vanables.
dp/dx. p, V.D. k.. n

Step 2. Wrnite down dimensions.
dp [force/area] — MLT? =17

=MI2T>?

dx length L

p ML

14 i 5 b

D L

k. ; 3

u MLIT?

Step 3. Establish the number of independent dimensions and non-dimensional groups.

Number of relevant vaniables: n==6
Number of independent dimensions: m=3 (M.LandT)

Number of non-dimensional groups (Ils): n—m=3

Step 4 Choose m (= 3) dimensionally-independent scaling variables.
e g. geometric (D). kinematic/time-dependent (7). dynamic/mass-dependent (p).

Step 5. Create the Ils by non-dimensionalising the remaiming vanables: dp/dx, &, and p.

Considering the dimensions of both sides:
MOLOTO o mr;’ T-2 )(L)a (LT-I )b (Lﬂ-—B)c
= M 2test-3e -2
Equate powers of primary dimensions. Since M only appears in [p] and T only
appears 1n [ I] it is sensible to deal with these first.

M: 0=1=+c¢ = c=-1

T: 0=-2-5% = b=-2

L: 0=—2+a+b-3¢ = a=2-b+3c =1

Hence.

DQ

I, = %—Dl”'zp" = ;}’2‘ (Check: OK — ratio of two pressures)
P

Kk : : = ]
II, = 3 (by mnspection. since k, 1s a length)
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.= }LD"V} p.~
In terms of dimensions:
ML*T? =(ML'T™O)@)* (LT ) ML?*)*
- \{1& L-E+u-a—kT—1-b

Equating exponents:
M: 0=1+c¢ = c=-1
T: 0=-1—b = b=-1

L: 0=—-1=-a-b-3c = a=1-b+3c =-1
Hence.

II. = —% {Check: OK — this is the reciprocal of the Reynolds number)
b

Step 6. Set out the non-dimensional relationship.

II, = f(I1,.1I1,)
or
D dx k, 1
— AY_SId W *
pl? f(D ’pID) )

Step 7. Rearrange (if requured) for convenience.

We are free to replace any of the Ils by a power of that I1 or by a product with the
other IIs, provided we retamn the same number of independent dimensicnless groups.
In this case we recognise that II; 1s the reciprocal of the Reynolds number, so it looks

better to use II; =(I1.)” =Re as the third non-djmensional group. We can also write

the pressure gradient in terms of head loss: 2 = pg I. . With these two modifications
the non-dimensional relationship (*) then becomes

gth k,
T2 i Rt
or
L 7* k,
h, = 'b—x'?xf('b—,Re)

Since numerical factors can be absorbed into the non-specified function, this can

easily be identified with the Darcy-Weisbach equation
h =2 Ll
D2g

where A 1s 2 function of relative roughness kD and Reynolds number Re, a function

given (Topic 2} by the Colebrook-White equation.
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10. Describe briefly the types of forces in moving fluid and the importance of three types of
similarity. [N/D-14]

Forces encountered in flowing fluids include those due to inertia, viscosity,
pressure, gravity, surface tension and compressibility. These forces can be written

as follows; Inertia force: m.a=p V (dV/dt) c p V. L.
Viscous force: tA=p Adu/dyocpVL

Pressure force: (Ap) A oc (Ap) L.

Gravity force: mg oc g p Ls

Surface tension force: ¢ L
Compressibility force: Ev A oc Ev L

Parameter Mathematical expression Qualitative definition Importance

iuc R
Prandtl number P=__1L Dlssxpat{on Heat convection
r k Conduction
Eckert number K = V; mnl;c;;;n;)ergy Dissipation
c1 v
C
Specific heat ratio =CL; Tot Enmalpy T3 Compressible flow
Roughness ratio = Wall roughness Turbulent rough walls
L Bodylength
o 3 2
Grashof number G = 2t = Lp Bl_loj - 4 Natural onvection
75 Viscosity
Temperature ratio L Wallimppeanic Heat transfer
7, Stream temperature

Pressure coefficient o~ __P2—P= _ Static pressure  Hydrodynamics.
? (¥2)p¥* Dynamic pressure

Aerodynamics
Lift coefficient s L_- i Lift force Hydrodynamics, Aero
L(¥2)Apr” Dynamic force
dynamics
Drag coefficient Cp= 2 )1; o7 Drag '?g:ce Hydrodynamics,
Aero dynamics
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11. The tip deflection & of a cantilever beam is a function of tip load W, beam length /, second
moment of area / and Young’s modulus E. Perform a dimensional analysis of this problem.[A/M-
15]

Step 1. Identify the relevant vanables.
8. W.LIE

Step 2. Wnte down dimensions.
3 L
W MLT?
i L
I S
E MLT?

Step 3. Establish the number of independent dimensions and non-dimensional groups.
Number of relevant vanables: n=35
Number of independent dimensions: m=2 (Land MT - note)
Number of non-dimensional groups (Ils): n—-m=3

Step 4 Choose m (= 2) dimensionally-independent scaling variables.
e g. geomefric (I). mass- or time-dependent (E).

Step 5. Create the Ils by non-dimensionalising the remaining vanables: 5. Tand -
These give (after some algebra, not reproduced here):

5
I, =

S |
2=
-7

Step 6. Set out the non-dimensional relationship.

nl =f(n2-.nz)
or

o I

7_ f(IT-EIz )

This 1s as far as dimensional analysis will get us. Detailed theory shows that. for small elastic
deflections.

or
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