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GUJARAT TECHNOLOGICAL UNIVERSITY
BE-4 SEMESTER — OLD PAPER — S22 TO W25 — Q&A BANK (Numerical)

Subject Name & Code:
Fluid Mechanics (3141906)

Unit 4: Dimensional Analysis & Similitude
(As per new Syllabus For Unit- 5 Numerical)
Topic/Formula Group: Buckingham n-theorem
Marks Group: 4
Question:
1. Describe the steps involved in Buckingham n-theorem with the help of an example.
o Appeared in: 3141906 (Q3b, 04 marks)
o Frequency Tag: Single/Unique

Answer:
Steps in Buckingham m-theorem:
1. List all variables affecting the phenomenon (n variables).
Write fundamental dimensions (M, L, T) for each variable.
Select repeating variables (m = number of fundamental dimensions, e.g., 3).
Form m-terms = (n - m) dimensionless groups.
Each m-term = product of repeating variables raised to unknown exponents x one
non-repeating variable.
6. Solve exponents by equating powers of M, L, T to zero.
7. Write final functional relationship: ©; = f (7, 3, ... ).
Example: Drag force F on a sphere moving in fluid: variables F,D,V, p, u
n=5, m=3 — 2 pi terms. Repeating: p, V,D.

nhkwe

m; = p*VPDF — solve — m; = (actually

VZD2

).

: . . F
> 1s not classic; correct is —— — but
pV2D2

. F
standard drag coefficient uses 1 "
P

1
T, = pdVeDf,u — T, = psD ==
Thus pVZD2 =¢ (pVD)

Marks Group: 7
Question (prove/show):
1. Discharge Q of a centrifugal pump depends on density p, viscosity u, pressure p,
impeller diameter D and speed N. Using Buckingham n-theorem, show that:

Q=0 95 )

o Appeared in: 3141906(1) (Q4c, 07 marks)
o Frequency Tag: Most Repeated
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Answer:
Given: Discharge Q depends on p, i, p, D, N.
Show:

Q=0 ¢ (5t )

Solution (proof):
Step 1 — Variables & dimensions

Variable Symbol Dimension

Discharge Q 3Tt
Density p ML™3
Viscosity U MLiTt
Pressure p ML™T—2
Diameter D L
Speed N Tt

Number of variables n = 6, fundamental dimensions m = 3 (M, L, T) — number of 7-
terms = 3.
Step 2 — Select repeating variables
Choose p, N, D (contain M, L, T; not dimensionless together).
Step 3 — Form 7 terms
m = p“Nb1peQ
m, = p*NP2pezy
T3 = p®3NbsDCsp

Step 4 — Solve exponents for m;
Dimensions: M%1[73%1 . T=b1. 6. [37-1 = MOL0TO
M:a; =0
T:-b;—1=0 = b, =-1
L:-3a;+¢;+3=0 = 0+¢;+3=0 = ¢, =-3
my =p’N~'D73Q = %

Step 5 — Solve for m,

M@z 7302 ~Pz[ 2 . ML7IT~1 = MOLOT®
M:ia, +1=0 = a, =-1
T:=b,—1=0 = b, =-1
L:-3a,+c;,—1=0 = —-3(-D)+c¢;—1=34+¢;—-1=24+¢c,=0 = ¢, =-2

v

U
— A—1Ipn—-1p-—-2,, — —
M =p NTDTR =N = N2

Step 6 — Solve for 73
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M@ ~3asT=bs[ s . MI~1T~2 = MOLOTO
M:a;+1=0 = a3 =-1
T:=b3—2=0 = b3 =-2
L:=3a3+c3—1=0 = —-3(-1)+c3—1=3+4+c3—-1=24+¢c3=0 = ¢c3=-2

1A =2 — p
— 1N ZD 2. —
3 p p pNZDZ

But head H = p/(pg) —» —2— = L&

pN2DZ  N2DZ’
Step 7 — Functional relationship

_ Q v gH
Ty = Py, M3) = ND? d)(NDZ NZDZ)

0 =0 ¢ (g 7p)

Hence proved.

2. Using Buckingham’s nt-theorem, show that the velocity through a circular orifice is

given by:
\/Zg_H oL (H pVH )

o Appeared in: 3141906(2) (Q4c, 07 marks); 3141906(4) (Q3c, 07 marks);
SUM25 (Q3c, 07 marks)
o Frequency Tag: Most Repeated

Answer:

Given: Show that V = /2gH ¢ (H pVH)

Solution: (Brief outline)

Variables: velocity V, head H, diameter D, gravity g, density p, viscosity 4.
n=6, m=3 — 3 7w terms. Choose p, V, H as repeating.

g Do K

vz’

my = Ty =—,TM3 = ——
H D
Thenf’/—2 = (,b(g'ng) —V=,gH-¢; —usuallyV =,/2gH - ¢.

H pVH'

3. If power P required to transport a fluid through a pipe depends on length L,
diameter D, surface roughness K, discharge @, density p and dynamic viscosity y, use
Buckingham n-method to find the desired expression.
o Appeared in: WIN24 (Q4c, 07 marks)
o Frequency Tag: Single/Unique

Answer:
Given: Power P depends on L, D, K (roughness), Q, p, i.
Solution:
Variables: P, L, D K, Q,p, u (n=7, m=3 — 4 n terms). Repeating: p, Q, D.
u

K
Solve to get —— 3/D5 =¢ (B'B’pQ/D) etc.
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4. The frictional torque T of a disc of diameter D rotating at speed N in a fluid of
viscosity ¢ and density p in turbulent flow is given by:

T = D5N? cp:";’:( )
pdii D2Np

Prove this by Buckingham’s n-method.
o Appeared in: W25 (Q3c, 07 marks)
o Frequency Tag: Single/Unique

Answer:
P — PN5N2 ﬂ
Given: Prove T = D°N“p @ (DZNp)
Solution:
Variables: T, D, N, u, p. n=5, m=3 — 2 & terms. Repeating: p, N, D.
T u

Ty M2 =N T Then m; = ®(m,). Hence proved.

= pN2DS’

Assignment — 4 (Question Related To Unit 5)

Q-1: Rayleigh’s Method: The power P required by a centrifugal pump depends on
the impeller diameter D, rotational speed N, fluid density p, and dynamic viscosity p.
Use Rayleigh's method to find the dimensional relationship.

Answer:

Given: P = f(D,N,p, 1)

Solution:

Let P = kD*NP?pcu“

Dimensions: [P] = ML*T~3,[D] =L, [N] =T %, [p] = ML™3, [u] = ML™1T!
MassM: 1 =c+d

LengthL:2=a—-3c—d

Time T: =3 =-b—d

FromT: b =3 —-d

FromM:c=1-d

SubintoL: 2=a—-3(1-d)—d=a—-3+3d—-d=a—-3+2d >a=5-2d
Thus: P = kD5 24N3-dpl-d,d

P
Group terms: P = kD°N3p (m)

pN 2. .
But —— is Reynolds number. So:

ND?
P:pN3D5-¢<p H )
Final Answer:
ND?
P = pN3D5 0] (p )

Q-2: Buckingham  Theorem: The aerodynamic drag force (FD) on an automotive
vehicle depends on the vehicle's frontal area A, velocity V, fluid density p, and fluid
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dynamic viscosity p. Using Buckingham’s w theorem, derive a dimensionless
expression for the drag force.

Answer:
Given: F, = f(A,V, p,u) withn = 5 variables, m = 3 (M, L, T) > n —m = 2 n terms.
Solution:
Choose p, V, A as repeating.

m = pAVPAF,
Dimensions: M°LOT® = (ML™3)¢(LT )P (L?)¢(MLT ~?)
M:0=a+1—a=-1
T:0=—-b—-2—>b=-2
L:0=-3a+b+2c+1>50=3-2+4+2c+1-50=24+2c—>c=-1
Thus ; = p;—LZ)A — This is drag coefficient x (1/2) factor.

T, = pAVPAcy
M:0=a+1—a=-1
T:0=—b—-1—>b=-1
L:0=-3a+b+2c-1—-0=3-14+2c—-1-50=142c—>c=-05
Thus , = pVL\/Z ~ inverse of Reynolds number.

Final Answer:

)

pVZA "

Q-3: Dimensionless Numbers: Define the physical significance of the Reynolds
number, Froude number, and Mach number. Provide one specific automotive or
mechanical engineering application where each number is the primary similarity
criterion.

Answer:

Number Significance Automotive/ME Application

Reynolds Ratio of inertial to viscous forces; Airflow over car body for drag

(Re) indicates laminar/turbulent flow reduction

Froude Ratio of inertial to gravitational Vehicle hydroplaning or ship

(Fr) forces; governs free-surface flows wave resistance

Mach (Ma) Ratio of flow velocity to speed of Supersonic jet nozzle or high-
sound; compressibility effects speed IC engine exhaust

Q-4: Similitude (Wind Tunnel): A 1:10 scale model of an automobile is tested in a
wind tunnel. The prototype is designed to travel at 100 km/hr in air at 20 °C. To
achieve dynamic similarity (Reynolds number matching), what must be the air
velocity in the wind tunnel if the air temperature and pressure are the same for both
model and prototype?
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Answer:
Given:
Scale 1:10 — Ly, /L, = 1/10
V, = 100 km/hr = 27.78 m/s
Same air (p, 4 same)

S VpL
Reynolds similarity: Re,,, = Re,, — @ =22 51,

277.8m/s
That’s ~1000 km/hr (transonic). Difficult in practice.
Final Answer:

v xLL—p:27.78><10:

v p m

[Vin = 278 m/s (= 1000 km/hr)|

Q-5: Model Laws: A spillway model is built to a scale of 1:36. If the velocity of flow
over the model is 1.5 m/s and the discharge is 2.0 m3/s, calculate the corresponding
velocity and discharge for the prototype using Froude model laws.

Answer:
Given:
Scale 1:36 —» L, = 1/36

C v %
Froude similarity: Fr,,, = Fr, » ——==—2t=-—> V. = /L
y m Y4 m ng T T

Vip = 1.5m/s — V, = Vi, /\/L, but careful: V, /Vp, = \/L,/L, =36 = 6

Thus I, = 1.5 X 6 = 9m/s

Discharge ratio: Q, = L2° — Q,,/Q, = (36)*° = 36% X /36 = 1296 x 6 = 7776
Qm = 2.0m3/s — Q, = 2.0 X 7776 = 15552 m3/s

Final Answer:

V, =9m/s,Q, = 15552 m3/s
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