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1. A capillary type of viscometer for liquid consists of a large cylindrical reservoir of radius R
and with a long draining capillary tube of length L and diameter D are completely filled
with a heavy oil of viscosity 4, whose value is determined by timing the fall in the surface
level. At time ¢ = 0 with oil height of A in the reservoir, the valve at the bottom of the
capillary tube is opened to the air. (a) Derive the mathematical expression for the total time
{05 it will take to drain the oil to half height 0.5 H. There is an air vent at the very top of
the reservoir. Use the quasi-steady-state approach and neglect the exit effect; that is, use the
unsteady-state mass balance along with the Hagen-Poiseuille equation for the laminar flow
in the capillary tube, as shown in the following figure. (b) Given R=12cm, H=3 cm, L =
15¢m, D=0.2cm, p=0.86 g/cm3 , tosy =25 s, find the viscosity of oil at 20°C g =? ¢P
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2. Volatile organic compounds (VOCs) of benzene (M,= 78) and ethylbenzene (Mp= 106) can

be stripped from 6500 kg mol/h wastewater by 250 kg mol/h air at 21°C and 1 atm. A
chemical analysis of the wastewater shows the composition in the amounts as in the
following table, and also included are necessary thermodynamic properties. Use the
Kremser’s method by stripping factor S, and calculate the percent fraction of each
component 4 and B stripped from (a) one- or (b) two-theoretical-plate tower, respectively.
(c) If it is desired that at least 99% of the total VOCs be stripped, but the plate efficiency of
the tower is 25%. Estimate the rates of stripping of each of the two components in the
amount of kg/h? (d) What is the total number of plates required for the tower?
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VOCs |Concentration in the| Solubility in Water at {Vapor Pressure at
Wastewater, mg/L 21°C, mole % 21°C, atm
Benzene 200 0.04 0.102
Ethylbenzene 30 0.0035 _ 0.01

. Water and air are separated by a vertical mild-steel plane wall. It is desired to increase the

heat-transfer flux between these fluids by adding straight rectangular mild-steel fins of
thickness yr = 0.12 ¢m and height x7 = 3.0 cm and separated in 2.0 cm apart. Given the
thermal conductivity of mild-steel k,, =42.9 W/m - K, the water-side and air-side
heat-transfer coefficients fyater = 256 W/m? - K, = 11.4 W/m?- K, respectively. Imx 1 m
wall surface can be loaded with 50 fins, whose value of fin efficiency 7 » can be determined
as a function of factor ar = 2Wkyy:)'"” from the following figure. Calculate the percent
change in the total heat resistance LR and the overall heat-transfer rate ¢ when 50 fins are
placed on (a) the water side or (b) the air side, as compared with (c) that of bare wall
without fins on both sides at constant temperature difference between water and air.
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(1) BIERAKIEZTE (Net positive suction head)

(2) HEEI(RE (Drag coefficient)

(3) HEPERZE (Logarithmic mean temperature difference)

(4) HtxIREEEEFHREE (Rayleigh equation in batch distillation)
(5) VRERIEE (Wet-bulb temperature)




