16-CHEM-A3, HEAT and MASS TRANSFER

MAY 2019

Three Hours Duration

NOTES:

1) If doubt exists as to the interpretation of any question, you are urged to submit a clear statement
of any assumptions made along with the answer paper.

2) Property data required to solve a given problem are provided in the problem statement or are
available in the recommended texts. If you are unable to locate the required data, do not let this
prevent you from solving the rest of the problem. Even in the absence of property data, you still
have the opportunity to provide a solution methodology.

3) This is an open-book exam. One textbook of your choice with notations listed on the margins
etc., but no loose notes are permitted into the exam. Candidates may use any non-

communicating calculator.

4) All problems are worth 25 points. At least two problems from each part must be attempted.

5) Only the first two questions as they appear in the answer book from each section will be

marked.
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PART A - HEAT TRANSFER

(a) [15 points] The inside and outside surface of a hollow sphere atr =rj andr=rz2 (n <
r < 1) are maintained at temperatures T; and T2. The thermal conductivity (k) varies
with temperatures as k = ko (1 +aT + bT?), where ko, a and b are constants. Derive

an expression for heat flow Q through the sphere.

(b) [10 points] A plane wall with isothermal faces Ty atx =0 and T at x > 0 has thermal
conductivity (k) that varies with temperature given by expression k = ko (1 + aT),

where ko and a are constants. Derive an expression for heat flow Q through the wall.

Ethylene glycol flowing through the inner pipe of a double pipe heat exchanger at a rate of
5500 kg/hr is cooled from 85 °C to 68 °C using toluene as a cooling medium, which enters
at 30 °C and leaves at 62 °C. Find the total length of the double pipe heat exchanger required

to perform the task in (a) countercurrent operation and (b) cocurrent operation.

DATA: Thermal conductivity of the metal pipe = 46.52 W/m.K
Thickness of both pipes = 3 mm
Outer diameter of outer pipe =70 mm
Outer diameter of inner pipe = 43 mm
Thermal conductivity of water = 0.63 W/m* K

Property Ethylene Glycol Toluene
Density (kg/m?) 1080 840
Specific Heat (kJ/kg.K) 2.68 1.8
Thermal Conductivity(W/m.K) 0.248 0.146
Viscosity (Pa.s) 3.4x10° 4.4x10*
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A solution flowing at a rate of 30,000 kg/hr and containing 10% solids is to be concentrated
to 50% solids in an evaporator. Steam is available at a pressure of 202.65 kPa (saturation
temperature is 120 °C). The evaporator is working at reduced pressure such that the boiling
point is 50 °C. The overall heat transfer coefficient is 2.9 kW/m?2.K. Estimate the economy
of steam and the area of heat transfer for (a) feed introduced at 20 °C and (b) feed introduced
at 35 °C.

DATA: Specific heat capacity of feed = 3.98 kI/kg.K
Latent heat of condensing steam at 202.65 kPa = 2202 kl/kg
Latent heat of vaporization of water 50 °C = 2383 kl/kg
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PART B - MASS TRANSFER

Acetic acid (CH:COOH) diffuses across a 1-mm thick film of non-diffusing water. The
concentration of acetic acid on opposite sides of water film are 9% by weight (density = 1012
kg/m?) and 4% by weight (density = 1003.2 kg/m?). Calculate the rate of diffusion of acetic
acid at 17 °C.

DATA: The diffusivity of acetic acid in water at 25 °C = 1.11 x 10° m%s
Viscosity of acetic acid solution at 25 °C = 1.1336 x 10” Pa.
Viscosity of acetic acid solution at 17 °C = 1.2883 x 103 Pa.s

The equilibrium data for distribution of SOz gas between air and water in the dilute
concentration region can be approximated by the equation Pa =25 Xa, where Pa is the partial
pressure of SO2 in the vapor in atmospheres and Xa is the mole fraction of SO in the liquid.
For an absorption column operating at 10 atm pressure, the mole fraction of SO, in vapor
and liquid at one point in the column are Ya = 0.04 and Xa = 0.01, respectively. The

individual mass transfer coefficients in vapor and liquid are:

k’y= 10 kmol per m? per hour per mole fraction

k’x = 8 kmol per m? per hour per mole fraction

Assuming the transfer of SO2 through a stagnant film, determine the interfacial compositions

(Xai and Y ai) and the molar flux of SOa.
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A liquid mixture containing n-heptane and n-octane is to be distilled in a column at a constant

pressure of 101.325 kPa. The following thermodynamic data is available for the system:

Temperature (°C) Vapor Phase of Pure Vapor Phase of Pure
n-Heptane (kPa) n-Octane (kPa)
98.4 101.325 44.396
105 125.323 55.595
110 139.988 64.528
115 159.987 74.795
120 179.985 86.659
125.6 205.316 101.325

Assuming ideal liquid and vapor behavior, obtain an equilibrium relation between gas and

liquid phase for the system and plot the equilibrium diagram.
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