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Water (density: 1 g/cm?, viscosity: 1 ¢P ) flows into a smooth, circular tube with an inside
diameter of 3 cm. What is the maximum volumetric flowrate in ¢m?3/s that will ensure the
flow remains laminar? (15%)

A Newtonian fluid flows between two parallel, horizontal, and infinitely long plates separated
by a small distance of 2B. The upper plate moves to the right at a constant velocity of 2v,,
while the lower plate moves to the left at a constant velocity of —wvy,. The pressure drop in the
channel is (P, — P;)/L. Assuming that the flow is laminar and neglecting edge effects, find
the momentum flux distribution T and the velocity distribution v of the fluid by performing
a shell momentum balance for the steady flow. (20%)

A smooth circular pipe has an inside diameter of 0.1 m and a length of 5 m. Water (density: 1000
kg/m?; viscosity: 0.001 Pa-s) flows through the pipe with an average velocity of 8 m/s. If the
friction factor is f= 0.003, calculate the friction loss in the pipe. (15%)

Heat transfer is a fundamental concept in thermal management systems, where the thermal
resistance of a material is often used to evaluate its ability to impede heat flow. Understanding
thermal resistance is crucial for designing efficient thermal systems.

(a) Please define "thermal resistance" and briefly explain its physical significance in the context
of heat transfer. (5%)

(b) Derive the mathematical expressions for thermal resistance for a flat surface, a cylinder, and
a sphere. Discuss how the geometry of these systems affects thermal resistance. (10%)

A conical section made of pyroceram has a circular cross-section where the diameter varies
linearly with distance x, such that D(x) = 2x. The material has a thermal conductivity k = 3.46
W/m-K. The temperature at the larger end (x2 = 0.25 m) is T> = 600 K, and at the smaller end
(x1 = 0.05 m), the temperature is T1 = 400 K.

(a) Derive the temperature distribution T(x) along the length of the conical section. (10%)
(b) Determine the heat transfer rate gx through the conical section. (10%)
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Atank of 0.4 m’ contains nitrogen (ideal gas, M = 28 kg/kmol, Cv = 5R/2) at 2
MPa , 500°C. The tank is connected to an above vertical cylinder covered by a
heavy piston weighted at 30 kN through a valve. The piston area is A= 0.1 m?%
The atmospheric pressure is 100 kPa. The whole tank-cylinder assembly is well
insulated. At the beginning, the cylinder contains no nitrogen. Then the valve is
opened and nitrogen flows into the above cylinder until the pressures in the
cylinder and the tank equalize.

Find the final temperature in the cylinder if the final tank temperature is 250°C,
(10%)

Find the mass of nitrogen that entered the above cylinder. (10%)

Find the piston rise in the process. (10%)

Air enters an adiabatic horizontal nozzle at P; = 30 bars, T1 =230°C, vi = 10 nv/s,
and at a rate of 2.0 kg/s. Assume air to be an ideal gas with constant Cp = (7R/2)
and M = 29 (kg/kmol), wherein R is gas constant.

. Find the inlet area of nozzle. (10%)

. Find the velocity and area at a point, wherein Pz = 20 bars, T2 = 180°C. (10%)
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Please demonstrate a Carnot cycle for an ideal gas using a PV program and explain how to derive

Carnot’s equation. (10%)

Please derive the equation of Raoult’s law and explain why Henry’s Law sometimes is necessary.
(10%)

Please derive the fundamental residual property relations for Gibbs energy, entropy, and enthalpy,

respectively, for a single-component gas under isothermal conditions (15%)

For a thermodynamic property M, we can know nM = F(T, P, ni,nz, .ni...), and Mi a generic
partial property. Please show us how to obtain M= Zx,-ﬁ and in?ﬂ =0 at constant

temperature (T) and pressure (P). (15%)
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1. The reaction A — 2B is carried out isothermally in a continuous-flow reactor. The
entering volumetric flow rate and molar rate are 20 dm® h™ and 10 mol h™.,
respectively. Assume the reaction rate is —r, = kC, with k = 0.0001 s7°.

(a) Calculate both the CSTR and PFR reactor volumes necessary to consume 90%
of A. (16%)
(b) Calculate the time necessary to consume 99% of species A in a 1000 dm?

constant volume batch reactor with Cro = 0.5 mol dm™. (8%)

2. The space time necessary to achieve 70% conversion in a CSTR is 4 h. The entering
volumetric flow rate and concentration of reactant A are 1.5 dm3 min™! and 2.0 mol
dm™, respectively.

(a) Determine the rate of reaction. (5%)
(b) Determine the reactor volume. (5%)

(¢) Determine the exit concentration of A. (4%)

3. The rate law for the reaction A+ 2B - C is —r, = kCoCE with k, = 24 dm®
mol?s™!. Whatare kg and kc? (12%)

4. For a liquid-phase reaction operating in a 40 I, CSTR, the concentrations of the A
and B feed streams are 3.2 and 2.4 M before mixing, respectively. The volumetric
flow rate of each stream is equal. It is known that k; and k; are 9 and 1.5 L mol™
min ", respectively. Determine the total flow rate of A and B, if 75% conversion of

the entering species B is required. (25%)

k;
A+B— R+ 8§
k,
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5. Suppose a liquid-phase reaction (A - B + C) is carried out isothermally and the
data are as following:
Conversion, X 0 02 | 04 {045| 05 | 06 | 0.8 | 09

—ra(mol L 'min) | 13 | 21.7 | 65 | 65 | 65 | 65 | 163 | 11.8
The molar flow rate of A is 0.5 kmol min 1.
(a) For a single CSTR, what is the volume necessary to achieve 80% conversion of

the entering species A? (7%)

(b) For a single PFR, what is the volume necessary to achieve 80% conversion of
the entering species A? (8%)

(c) To achieve 80% conversion of the entering species A, how to arrange the

reactors to minimize the total volume of reactors? (10%)




