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III SEMESTER B.TECH. (BIOTECHNOLOGY)                                        

END SEMESTER EXAMINATIONS, NOV/DEC 2017 

SUBJECT: FLUID FLOW OPERATIONS IN BIOPROCESSING [BIO 

2106] 

REVISED CREDIT SYSTEM  

Time: 3 Hours                                         MAX. MARKS: 50 

 
 
 
 
 

1A. 

Fresh water and sea water flowing in  parallel horizontal pipelines are connected to each 

other by a double U-tube manometer as shown. Determine the pressure difference 

between the two pipelines. Take the density of sea water at that location to be 

1035kg/m3. Can the air column be ignored in the analysis? 

 

3 

1B. 
Explain the variation of shear stress with respect to shear rate in Newtonian and non 

Newtonian fluids.  
4 

1C. 

Blood pressure is usually measured by wrapping a closed air-filled jacket equipped with 

a  pressure guage around the upper arm of a  person at the level of the heart. Using a 

mercury manometer and a stethoscope, the systolic pressure (the maximum pressure 

when the heart is pumping) and the diastolic pressure (the minimum pressure when the 

heart is resting) are measured in mmHg. The systolic and diastolic pressure of  a healthy 

person are about 120mm Hg and 80mmHg respectively, and are indicated as 120/80. 

Express both of these gage pressures in kPa, psi, and meter water column. 

3 

2A. 
If the velocity distribution over a plate is given by u=[(2/3y)-(y2 )] in which ‘u’ is the 

velocity in m/s at a distance ‘y’ meter above the plate determine the shear stress at y=0 

and y=0.15m. Take dynamic viscosity of the fluid as 8.63 poises. 

3 

2B. 

A horizontal venturimeter with inlet and throat diameters 300mm and 100mm 

respectively is used to measure the flow of water. The pressure intensity at the inlet is 

130kN/m2 while the vaccum pressure head at the throat is 350mm mercury. Assuming 

that 3percent of the head is lost in between the inlet and the throat find: (i) The value of 

coefficient of discharge for veturimeter and  rate of flow. 

3 

2C. 

A total of 12 liters per second of oil is pumped through two pipes in parallel, one 12cm 

in diameter and the other 10cm in diameter, both pipes being 1000 meters long. The 

specific gravity of the oil is 0.97 and the kinematic viscosity 9cm2 per second. Calculate 

4 

Instructions to Candidates: 

 Answer ALL the questions. 

 Missing data may be suitable assumed. 
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the flow rate through each pipe and the power of the pump.  

3A. 
With the help of a neat sketch explain the development of boundary layer on a flat plate 

with various regimes. 
3 

3B. 

The velocity of a fluid flowing in a pipe is to be measured by two different pitot-type 

mercury manometers as shown. Would you expect both manometers to predict the same 

velocity for flowing water? If not which would be more accurate? Explain. What would 

your response be if air were flowing in a pipe instead of water? 

 

3 

3C. 

A siphon pumps water from a large reservoir to a lower tank that is initially empty. The 

tank also has a rounded orifice 1 ft below the reservoir surface where the water leaves the 

tank. Both the siphon and the orifice diameters are 2 inch. Ignoring frictional losses, 

determine to what height the water will rise in the tank at equilibrium. 

4 

4A. 

A pump used for pumping drainage has tapered suction pipe. The pipe is running full of 

water . The pipe diameters at the inlet and the upper end are 1m and 0.5m respectively. 

The free water surface is 2m above the center of the inlet and center of upper end is 3m 

above  the top of free water surface. The pressure at the top end of the pipe is 25cm of 

mercury and it is known that loss of head by  friction between top and bottom section is 

one-tenth of the velocity head at the top section. Compute the discharge in lt/sec. Neglect 

the loss of head at the entrance of the tapered pipe. Also sketch the diagram. 

4 

4B. 
In general, how does a drag coefficient vary with the Reynolds number at (a) low and 

moderate Reynolds number (b) at high Reynolds number. 
3 

4C. 

A pitot tube is used to measure the air flow in a circular duct 600mm in diameter. The 

flowing air temperature is 65.6°C. The pitot tube is placed in the center of the duct and 

the reading ∆h on the manometer is 10.7mm of water. A static pressure measurement 

obtained at the pilot tube position is 205mm of water above atmospheric. The pitot tube 

coefficient is 0.98 (a) Calculate the velocity at the center and the average velocity. (b) 

Calculate the volumetric flow rate of the flowing air in the duct. At 65.6°C, properties of 

air are µ = 2.03*10-5 Pa.s, ρ=1.043kg/m3. State the assumptions. 

3 

5A. 

7000 kg/hr of air, at a pressure of 7 atm abs and a temperature of 127oC is to be passed 

through a cylindrical tower packed with 2.5 cm Berl saddles. The height of the bed is 6 

m. What minimum tower diameter is required, if the pressure drop through the bed is not 

to exceed 500 mm of mercury? For Berl saddles, ∆p=(1.65x105ZVs1.82ρ1.85)/Dp1.4  

where Dp is the pressure drop in kgf/cm2, Z is the bed height in meter, ρ is the density in 

g/cc, Dp is nominal diameter of Berl saddles in cm, Vs is the superficial linear velocity in 

m/sec. 

4 

5B. Explain in detail the dependence of Drag coefficient on the Reynolds number. 4 

5C. 

Stoke’s derived the drag FD experienced by the sphere of diameter D moving at a 

uniform velocity U through a fluid of viscosity µ to be FD=3ΠµDU. State the validity of 

this relation to the particular Reynolds number. Derive the coefficient of drag CD from 

Stoke’s law. 

2 

 


