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B.TECH. DEGREE EXAMINATIONS: APRIL / MAY 2023

(Regulation 2018)

Fourth Semester

BIOTECHNOLOGY

U18BTT4001: Fluid and Particle Mechanics in Bioprocess

COURSE OUTCOMES:
CO1: Conceptualize fluids properties and its behavior under static conditions.
CO2: Identify and analyze the significance of pressure drops and boundary layers concepts.
CO3: Elucidate the flow measurements and transportation of fluids.
CO4: Apply the principles of size reduction and equipment’s.
CO5: Solve importance of mixing and agitation and scale up.
CO6: Elaborate the principles of filtration, centrifugal and sedimentation.
Time: Three Hours MaximumMarks: 100

PART A (10 x 1 = 10 Marks)
Answer all the Questions

1. The mercury is used as manometric liquid for following reasons:
1. It has low density so that mercury rise is reasonable for a pressure.

2. It is miscible with the liquid flowing in the pipes.

3. It does not stick to the surface of the tubes of the manometer.

4. The vapour pressure is negligible at room temperature.

5. It react chemically with most of the liquids flowing through pipes.
Which of the above are correct for manometric liquid as mercury?

CO1 [K2]

a) 1,2 b) 2,3

c) 3,4 d) 4,5

2. Assertion (A): Newton’s second law of motion to a body of fluid in motion that acts as a rigid body
and analyze the variation of pressure in fluids that undergo linear acceleration.
Reason (R): Relative density is defined as the ratio of the density of a substance to the density of
some standard substance at a specified temperature

CO1 [K1]

a) Both (A) and (R) are individually true

and (R) is the correct explanation of (A)

b) Both (A)and (R) are individually true but (R)

is not the correct explanation of (A)

c) (A) is true but (R) is false d) (A) is false but (R) is true

3. Consider the assumptions made in the derivation of Bernoulli’s equation:
1. The fluid is real.
2. The flow is unsteady.
3. The flow is one dimensional.
4. The flow is incompressible.

CO2 [K1]
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5. The flow is irrotational.
Which of the above was correct for solving Bernoulli’s equation?

a) 1,2 b) 2,3

c) 3,4 d) 4,5

4. Assertion (A): For non-spherical particles, the diameter of a non-spherical particle may be defined
as the diameter of a sphere having the same volume as that of the particle.
Reason (R): If the average velocity at any cross-section parallel to the flow is based on the entire
cross-sectional area of the bed.

CO2 [K1]

a) Both (A) and (R) are individually true

and (R) is the correct explanation of (A)

b) Both (A)and (R) are individually true but (R)

is not the correct explanation of (A)

c) (A) is true but (R) is false d) (A) is false but (R) is true

5. Match List-I with List-II and select the correct answer using the codes given below the Lists:
Type of pumps Associated features

A Centrifugal pump I Rotor having blades
B Gear pump II Rotary pump
C Reciprocating pump III Air vessel
D Turbine pump IV Guide vanes pump

CO3 [K1]

a) A - I, B - II, C - III, D - IV b) A - II, B - III, C - IV, D - I

c) A - III, B - IV, C - I, D - II d) A - IV, B - I, C - II, D - III

6. Which of the following valve types of valves causes the greatest head loss when completely open? CO3 [K1]

a) Ball valve b) Globe valve

c) Butterfly valve d) Gate valve

7. Consider the following for granulation rate processes:
1. Attrition & Breakage
2. Consolidation & Coalescence
3. Wetting & Nucleation

CO4 [K2]

a) 1-2-3 b) 2-3-1

c) 3-1-2 d) 3-2-1

8. Match List-I with List-II and select the correct answer using the codes given below the Lists:
Equipment Size

A Crushers I < 50 μ m
B Ball mill II < 3 mm
C Sand mill III 3 mm – 50 μ m

CO4 [K1]

a) A - I, B - II, C – III b) A - II, B - III, C - I

c) A - III, B - II, C - I d) A - III, B - I, C - II

9. Which type of agitation are very effective impellers over a wide range of viscosities (up to 104 cP)? CO5 [K1]

a) Propellers b) Turbines

c) Paddles d) Helical screw
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10. Settling zones in continuous thickener:
1. Compression zone

2. Clarification zone

3. Settling zone

4. Upper compression zone
Which is the correct sequence of zone in the thickeners?

CO6 [K2]

a) 1-2-3-4 b) 2-3-4-1

c) 3-4-1-2 d) 4-1-2-3

PART B (10 x 2 = 20 Marks)
(Answer not more than 40 words)

11. Summarize the considerations for the choice of repeating variables in momentum transfer. CO1 [K2]

12. The pressure difference over a manometer is 2452 N/m2. If the manometric fluid is carbon

tetrachloride (Sp.gr.1.6) and water is flowing through the pipeline and fills the manometer leads,

what will be the manometer reading?

CO1 [K3]

13. Water flows through a pipe of internal diameter 20 cm at the speed of 1 m/s. What should the

diameter of the nozzle be if the water is to emerge at the speed of 4 m/s?

CO2 [K3]

14. 98% Sulphuric acid of viscosity 0.025 (N.s)/m2 and density 1840 kg/m3 is pumped at a rate of 685

cm3 /s through a 25 mm pipeline. Estimate the value of Reynolds number.

CO2 [K3]

15. Recall the advantages of venturi meter. CO3 [K1]

16. Outline the advantages of centrifugal pump over reciprocating pump. CO3 [K2]

17. Distinguish between the capacity and effectiveness of screens. CO4 [K2]

18. Name the four common ways of breaking solids in size-reduction machines. CO4 [K1]

19. List out the reasons for incorporation of baffles in vertical vessels. CO5 [K1]

20. What are the characteristics of filter medium? CO6 [K2]

Answer any FIVE Questions
PART C (5 x 14 = 70 Marks)

(Answer not more than 350 words)

21. a) The pressure difference Δp in a pipe of diameter D and length l due to turbulent flow
depends on the velocity V, viscosity μ, density ρ and roughness k. Using Buckingham’s π
theorem, obtain an expression for Δp.

7 CO1 [K3]

b) Determine the density, specific gravity, and mass of the air in a room whose dimensions are
4 m x 5 m x 6 m at 100 kPa and 25°C. At specified conditions, air can be treated as an ideal
gas and gas constant of air is R = 0.287 kPa m3/kg K.

7 CO1 [K3]

22. a) A pipe 300 m long has a slope of 1 in 100 and tapers from 1.2 m diameter at high end to 0.6
m diameter at the low end. Water is flowing at a rate of 90 l/s. If the pressure at the high end
is 68.67 kPa, find the pressure at the lower end by Bernoulli’s equation.

7 CO2 [K4]
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b) Crude oil of density 840 kg/m3 is pumped at a rate of 3 l/s through a 52 mm inner diameter.
steel pipe under a pressure drops of 550 kPa over a length of 600 m. Calculate the Fanning
friction factor using the Hagen-Poiseuille equation.

7 CO2 [K4]

23. a) Water is flowing at a rate of 500 cm3/s through an orifice of 25 mm diameter installed in a 75
mm diameter pipe. What will be the difference in the level on a mercury manometer
connected across the meter? The coefficient of orifice meter is 0.65.

7 CO3 [K4]

b) Demonstrate the working principle of centrifugal pump with a neat diagram. 7 CO3 [K4]

24. a) A dolamite mixture having the following screen analysis is screened through a standard 100
mesh screen. Calculate the effectiveness of the screen and the mass ratios of overflow and
underflow to feed. Work index of limestone = 12.74. Screen analysis data below:
Mesh 35 48 65 100 150 200 -200
Feed 7.07 16.60 14.02 11.82 9.07 7.62 33.80
Oversize 13.67 32.09 27.12 20.70 4.35 2.07 0.00
Undersize(wt%) 0.00 0.00 0.00 2.32 14.32 13.34 70.02

7 CO4 [K5]

b) What will be the power required to crush 150 tonnes per hour of limestone if 80 percent of
the feed passes 50 mm screen and 80 percent of the product a 3.125 mm screen?

7 CO4 [K5]

25. a) A batch bioreactor is to be scaled up from 10 to 10000 liters. The diameter of the large
bioreactor is 10 times that of the small bioreactor. The agitator speed in the small bioreactor
is 450 rpm. Determine the agitator speed (rpm) of the large bioreactor with same impeller tip
speed as that of the small bioreactor.

7 CO5 [K3]

b) Explain the purposes of agitating of liquids and illustrate the classification of impeller types. 7 CO5 [K3]

26. a) What is the terminal velocity in m/s, calculated from Stokes law, for a particle of diameter
0.1 x 10-3 m, density 21800 kg/m3 settling in water of density 1000 kg/m3 and viscosity 10-3
kg/m s)? (Assume g = 10 m/s2).

7 CO6 [K3]

b) Volumetric flow rate during constant pressure filtration is
��
��

=
1

��� + 1 �0
Where V is the total volume of filtrate collected in time t, q0 and Kc are constants.
Given V = 1.0 litre at t = 41.3 s and V = 2.0 litre at t = 108.3 s, Integrate the above equation
and evaluate Kc and q0.

7 CO6 [K5]
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