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FY2024 Department of Mechanical Engineering

Master Course Program Entrance Examination

“Mechanical Engineering” (Part 1)

2023/8/29(Tuesday) 9:00~11:00

Instructions

s o B

T

8.
9.

Do not open the exam booklet until you are instructed to begin.

Answer all Questions in Problems 1 and 2.

If you find some incomplete printing or collating, report them to the proctor.

Make sure that you have all 4 answer sheets. Let the proctor know otherwise.

Use 2 answer sheets for each Problem. If there are Questions I and Ilin a Problem,
use one answer sheet for one Question. If there are Questions I ,II and I in a
Problem, follow the instruction at the top of the Problem. If the space on the front
side of the answer sheet is not enough, you may also use the backside. If the space
is still not enough, ask the proctor for an additional answer sheet.

On each answer sheet, write your examinee number (candidate number) and the
Problem number in the designated boxes. If you fail to do so, the answer sheet may
not be graded. Write “Mechanical Engineering (Part 1)” in “Subject”. Leave “( /
of )” blank unless you use an additional answer sheet for the Problem.

Answer sheets with symbols or signs that are not related to the answers may be
judged invalid.

Hand in all the answer sheets even if you have not used them.

You are provided with 2 worksheets. Write your examinee number (candidate
number) on the upper left corner of each worksheet.

10. Hand in both worksheets even if you have not used them.
11. You may take home the exam booklet.
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Problem 1

Answer both of the following Questions I and II. Use one answer sheet for

Question I and use another answer sheet for Question II.

[. Consider a heat engine cycle represented by the p — v diagram, as
shown in Figure 1-1. The working fluid is an ideal gas with a specific heat
at constant pressure ¢, and specific heat ratio k. Here, ¢, and k are
constant. The heat engine cycle consists of two constant pressure
processes (State a — State b and State ¢ — State d) at pressures p,
and p, (p, >p,), and two reversible adiabatic processes (State b — State
c and State d — State a). The temperatures at States a, b, ¢, and d are
Ty Ty Ty 8nd Ty, respectively.

p 'y
P1 ittt D b
Reversible Reversible
adiabatic adiabatic
Po _d = .
=
Figure 1-1

Answer the following questions.

(1) Express the efficiency of the heat engine cycle n using T, Ty, Te.
and Tj.

(2) Express the efficiency n obtained in Question (1) using p,, p,.

and x. Show also the steps of the derivation process leading to your

answer.



(3) Choose the states among States a, b, ¢, and d having the
maximum and minimum temperatures in the heat engine cycle.

Moreover, also draw a T — s diagram for this heat engine cycle.

(4) Using equations or a T —s diagram(s), show that the efficiency of
the Carnot cycle 7, operating between the same maximum and

minimum temperatures of this heat engine cycle is higher than the

efficiency of this heat engine cycle 7.



II. Consider one-dimensional unsteady heat conduction in a homogeneous
medium with specific heat ¢, density p, and thermal conductivity A,
where ¢, p, and A are constant. The length of the medium is L, and the
cross section perpendicular to the direction of the medium length has a
unit area. Assume that heat is conducted in the direction of the medium
length. Let the x-axis be aligned to the direction of heat conduction with
its origin set at one end of the medium. The medium exchanges heat with
the external environment only through its both ends, x =0 and x = L. Let
T(t,x) be the temperature at time ¢ and position x. Answer the following

questions.

(1) Express the amount of heat transferred by heat conduction into an
infinitesimal volume between x and x + §x of the medium during
an infinitesimal time &t and the amount of heat required to increase
the temperature of this infinitesimal volume between x and x 4+ dx
of the medium by 8T in an infinitesimal time &t, using the
necessary parameters among ¢, p, A, dx, 6t, and the first and

second partial derivatives of T.

(2) Find the partial differential equation that satisfies the conditions

for the two amounts of heat obtained in Question (1) to be equal.

(3) Consider the temperature change in time due to heat conduction of
the medium (0 < x < L). Find the solution T(t,x) of the partial
differential equation found in Question (2) that satisfies the

following conditions.
Initial condition (Figure 1-2): T(0,x) = (Ty — Ty) sin(nx/L) + T,
Boundary conditions: T(t,0) =T(t,L) =T,

Express the solution using Ty, Ty, L, and 7. Here, Ty and T, are
constant (Ty > T, > 0), and 7 is the characteristic time, defined as
i pel? 4.

(4) Under the same conditions as Question (3), express the portion of
the entropy change per unit of time of the medium attributed to heat

release as a function of time. In addition, order the three different



values calculated under the same conditions from the least to the
greatest: the entropy change per unit of time of the medium, the
portion of this entropy change per unit of time that is attributed to
heat release, and zero.

T
Ty == Initial temperature profile
L :

0 L ¥

Figure 1-2



Problem 2

Answer both of the following Questions I and II. Use one answer sheet for

Question [ and use another answer sheet for Question I1.

I. The simplified system shown in Figure 2-1 is used to model a wind turbine
placed in the downstream of a uniform air flow with a velocity U,. The
density p of the air is constant. By neglecting the thickness of the wind
turbine in the flow direction (the x-direction), the wind turbine is replaced
with Cross-section T with an area Ar. The air flows through Cross-section
T with a velocity Up. The dashed lines in Figure 2-1 illustrate the stream
tube of the air flow passing through Cross-section T. Cross-sections 0 and
1 are located at the far upstream and downstream from the wind turbine,
respectively. The pressures at Cross-sections 0 and 1 are considered to be
the atmospheric pressure. The areas of the stream tube at Cross-sections 0
and 1 are A, and A, respectively. The flow velocities at Cross-sections 0
and 1 are U, and Uy, respectively. The air flow is steady and has a uniform
velocity distribution at any cross-section in the stream tube. The energy loss

of the flow is negligible. The efficiency of the wind turbine 7 is given by
W
n=1
> pArUy’

where W is the rate of work done by the flow on the wind turbine. Answer

the following questions.

(1) By applying the law of conservation of momentum in the x-direction
to the control volume defined by the stream tube between Cross-
sections 0 and 1, express the force F acting upon the wind turbine by
the air flow using p, Ay, Uy, and U;. The pressure on the surface of

the stream tube is considered to be the atmospheric pressure.

(2) By applying the energy conservation law, express W using p, Ar,
Uy, Uy, and Us.



(3) Using the relationship FUp =W, express Up in terms of U, and
U,.

(4) Express n using U, and Uj.

(5) Find the maximum value of 7.

Cross-section 1

Figure 2-1



[I. Consider a two-dimensional liquid film flowing along an incline making
an angle 6 with respect to the horizontal as shown in Figure 2-2. The
fluid in the liquid film is incompressible, and the density p and the
coefficient of viscosity p are constant. The flow is a steady laminar flow
and is fully developed. The liquid film thickness § is constant. The
gravity acts in the vertically downward direction, and the magnitude of the
gravitational acceleration is g. The origin of the coordinate system (x, y)
is on the incline. The x-axis is in the streamwise direction tangential to
the incline and the y-axis is along the wall-normal direction. The
corresponding velocity components are denoted by u and v, respectively.
The pressure at the liquid film surface is the same as the atmospheric
pressure py. The shear stress acting on the liquid film surface is

negligible. Answer the following questions.

(1) Obtain the spatial distribution of v inside the liquid film. Describe

the steps of the derivation process of your answer.

(2) Obtain the spatial distribution of the pressure p inside the liquid

film. Describe the steps of the derivation process of your answer.

(3) By applying the momentum conservation law in the x-direction to
the control volume ABCD as defined in Figure 2-2, express the shear
stress T, acting on the incline using g, &, 6, and p. Describe the

steps of the derivation process of your answer.

(4) Using the averaged velocity U, inside the liquid film, the
dimensionless friction coefficient ¢r is defined as follows:

Tw

Cr = .

f L Un
5 Plo

Find the value of an appropriate integer n.

(5) Express ¢y defined in Question (4) using g, Uy, &, and 6.



Figure 2-2
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