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FY2020 Department of Mechariical Engineering

Master Course Program Entrance Examination
“Mechanical Engineering” (Part 1)

2019/8/2 7(Tuesday) 9 : 00~11:00

Instructions

Ot 00 1O

.

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 Oin a Problem

use one answer sheet for one Question. If there are Questions I, 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 (candldate
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 ‘foilowing Questions I and II. Use one answer sheet for
Question I and use another answer sheet for Question II.

I. Consider a reciprocal compressor illustrated in Figure' 1-1. This

- _compressor takes in the ambient gas at temperature 7; and pressure p,
and discharges the compressed gas at tempereture 7, and pressure p,
'(pl < p,). The cylinder volume of the compressor is V. whén the piston
is at its fop dead center, and Vg, when the piston is at its botfom dead
center. The intake valve is open when the pressure in the cylinder is lower
than or equal to p,, and the discharge valve is open when the pressure in

the cylinder is higher than or equal to p,. Both valves are closed in other

conditions. The processes in the compressor are reversible and adiabatic
. when both valves are closed. When the valve is open, the pressure in the

cylinder is equal to the pressure of the space that connects to the open |
valve. Answer the following questions assuming that the working gas'is'an

ideal gas with a constant ratio of the specific heats, «x, and a constant gas

constant R. The hydrodynamical loss and the friction loss are neglected.

~The ‘thermodynamic state of the working gas does not change when the
workmo gas flows through the valves.

(1) Drawthe p-V cycle diagram of this reciprocal compressor and

indicate the intake, compression and discharge processes in the
diagram.

(2) Obtain the ratio of the intake volume to the swept volume (the
volumetric efficiency 7). Show the derivation process too.

(3) Obtain the work that is requlred for a cycle us1ng Vmc: Vapes Pi»

p2 K and 7. Show the derivation process too.

Next, consider compressing the gas at temperature 7, from |

pressure P, to pressure p, using the two- -stage turbo compressor that is

composed of an 'LPC and an HPC as 111ustrated in F1gure 1-2. The working
fluxd flowing into the first-stage compressor LPC is compressed to the

1/10



pressure p, by areversible and adiabatic process. After that, the Working
fluid gives the amount of heat O per unit mass to the heat bath with the
temperature 7, using the-heat exchanger, and is cooled to the t,emperature
T .. The pressure of the working fluid is constant in this heat exchanging

process. Frnally, the working flurd flows into the second- stage compressor

HPC, and is compressed to the pressure p, by areversible and adiabatic

- process. The sum of the work done in the LPC and the HPC is minimized.
Answer the followrng questions assumrng that the working gas is an ideal
gas with a constant ratio of the specific heats, ¥ and a constant gas
constant, R. The hydrodynamical loss and the friction loss are neglected.
The‘thermodynamic state of the working gas does not change when the
working gas flows through the inlet and the outlet of the compressors.

(4) Obtain the inlet- -gas temperature of the compressor HPC, T Show

' the derivation’ process too.

(5) Obtain the inlet-gas pressure of the compressor HPC, p_ and the
amount of exchanged heat O at the heat exchanger Show the

derrvatron process too.
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II." As shown in Figure 1-3, a metal wire made of homogenous material with

a radius 7 and a length / is connected to electrodes at both ends. Consider.
the measurement of the thermal conductivity 4 of the metal wire by .
measuring the electrical resistance of the metal wire between the

. electrodes. By applying an electric current 7 to the metal wire at initial
temperature 7o, the metal wire is heated, and the temperature distribution
inside the metal wire reaches a steady state. Because r is suff1c:1ently
smaller than /, the radial temperature distribution of the metal wire is
assumed to be uniform, and the axial temperature distribution 7(x) can be
described by the one-dimensional heat conduction equation along the x-
axis, as shown in Figure 1-3. Here, the origin of the x-axis is set at the
center of the metal wire, as illustrated in Figure 1-3. ’

Defining p as the electrical resistivity of the metal wire at a certain
position, I?pAx/(nr?) is the heat generated per unit time in the .
infinitesimal length Ax along the axial direction at this position. Assume
that the thermal conductivity 4 does not depend on the temperature. The
temperatures of electrodes are kept at the constant value 7, and thermal
radiation is neglected. -

First, consider the case Where p is the constant value £0. Answer the
- following questlons

Radius r, Length /

"Electrode Electrode

x=0 ' x=1/2 T
Figure 1-3

(1)Consider that the metal wire is placed in vacuum. Describe the heat
conduction equation of 7(x). Obtain 7(x) by solving the heat
. conduction equation.

'(2)Consider that the metal wire is placed in a gas of bulk temperature

To. Describe the heat conduction equation of 7(x). The heat flux from
- the ‘metal wire surface to the surrounding gas at the position x is -
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given by h{7(x)-To}. Here, the heat fransfer coefficient, h, is
constant. | "

Next, consider that the electrical resistivity p of the metal wire is
dependent on temperature T(x) and is given by Equation (1).

- PIW) = poli+ AT® T, ), o
where £ is a positive constant. Answer the followihg questiobns.

(3)Consider that the metal wire is placed in a gas of bulk temperature

To. Descrlbe the heat conduction equation of T(x) The heat flux from

the metal wire surface to the surrounding gas at the position x is
given by h{T(x)-To}. Here, the heat transfer coefficient, 4, is
constant.

v (4)Obtain T(x) by solving the heat‘ conduction equation obtained in
Question (3). | ‘

(5)Consider that the metal wire is placed in vacuum. The electrical
resistance of the metal wire between electrodes, R, is given by
Equation (2). '

12 g2

R=[} L @

-Express as a function of A, where'Ro=pol/(nr2).

R-R,
R
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Problem 2

As shown in Figure 2-1, consider the flow around a flat plate placed in .
parallel with a uniform flow with a veloc1ty, Us. The flow can be assumed to
be a steady two-dimensional laminar incompressible flow.

Figure 2-1

6(x) is the thickness of the boundary layer at a distance x measured from |
the leading edge of the flat plate, and & is assumed to be much smaller than
x. In general, a two-dimensional steady inCompresSible flow can be
represented by the followmg continuity equation and Navier-Stokes

equations,

ou 6v_0 :
ox oy

6u+ au__ 1 6p+ 62u+62
Yax TV dy p Ox 0x?  0y2/)
v, v 1 ap (a?- 6?17)

a““’a“‘p'@ axz ' ay?

where x, y denote the coordinates, respgctively parallel to and normal to
the flat plate. The origin of the coordinates is set at the leading edge of the
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- flat plate (upper left corner of the flat plate). u and v are the velocity

~ components, respectively in the x and y directions, and p is the pressure.
p and v are the density and the kinematic viscosity, reépectively, which can
be assumed constant. Answer the foll‘ow'ihg questions.

(1)Express the order of each term except-the préssure-gradient terms in
the above equations by using 6, x, U, and V.

(2)By using the results th‘a't you obtained in Question (1), show that the
following equations (flat-plate boundary-layer equatlons) hold for
the flow in the boundary layer on a ﬂat plate.

, 0u+6v_
ox oy

(3)By using the boundary-layer equations for a flat plate shown in
Question (2), show that the Veloc1ty, u, is a linear funct1on of the
distance from the Wall surface,. vy, very close to the wall.

(4)By using the results that you obtained in Question (1), find the
relation between the thickness of the' boundary layer, § and the
distance from the leading edge, x.

(5)Suppose that the boundary layer becomes turbulent. How does the
thickness of the boundary layer, &, compared with that for the.
laminar boundary layer at an 1dent1ca1 distance x from the leadmg
edge of the flat plate? Explain Why '

Next, consider avcontrol volume as shown in Figure 2-2. dx is the
streamwise length of the control volume, and the top surface DC'is set at a
far higher position than the thickness of the boundary layer, §. The depth of
the control volume in the direction perpendicular to the x-y plane is the unit
length. 7,,(x) is the wall shear stress that acts on the upper surface of the flat

. plate.
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(6)Apply the conservation of mass to the control volume, and represent
the amount of mass that goes-out of the control volume through the
“upper surface DC per unit time, mpc, by using the displacement
thickness 6*(x) defined by the following equation.

o]

6% (x) E-fo (‘1‘—U—L:o.—)dy_

(7)Apply the conservation of momentum to the contrb_l volume, and
represent the shear stress 7,(x) by using the momentum thickness
0(x) defined by the following equation.

9(9;) = Lw%(l—%>dy'

Lastly, as shown in Figure 2-3, consider the case where two flat
plates are placed in parallel at a distance D. Assume that the distance-
between the two flat plates, D, is larger than twice the thickness of the
bouhdary layers, 6(x). Let Uy, and P, respectively be the velocity, and
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the pressure of the main flow (not influenced by the two flat plates) that
enters between the two flat plates. - -

.,
e,

Figure 2-3

(8)The main-ﬂow-velocity U(x) between the two flat plates increases
due to the development of the boundary layers on the top and bottom
walls. Represent the main-flow velocity at a distance x from the
leading edge of the two flat plates, U(x), by using the displacement
thickness of the boundary layers at the same position, §*(x), the
distance between the two flat plates, D, and the main-flow Velo'c'ity '
not subjected to the effects of the flat plates, U,. Hereafter, the \
displacement thickness §*(x) is defined by the following equation.

[

D -
2 U
5*(x) = j; (14— m) dy
m (9)Represent the pressure at a distance x from the leading edge of the
flat plates, P(x) , by using the displacement thickness of the
boundary layers at the same position, §*(x), the distance between the
two flat plates, D, the density, p, and the main-flow velocity, Uy,
and the pressure, F, not subj ected to the effects of the flat plates.
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(10)As 'shbwn in Figure 2-4, consider a control volume with its bottom -
surface AB placed on the upper surface of the flat plate, its top
surface DC aligned with the centerline of the two flat plates, and a
streamw1se length of dx. The depth of the control volume in the
dlrectlon perpendlcular to the x-y plane is the unit length. By
applying the conservatmn of momentum to the control volume and

- using the results of Questlons (8) and (9) represent the shear stress

- Tw(x) by using the displacement thickness 6*(x) and the momentum
thickness 6(x) of the boundary layers, the distance between the two
flat plates D, the densfty p, and the main-flow velocity not subjected
to the effects of the flat plates, U,. Here, the momentum thickness
6(x) is defined by the following equation,

7%

Figure 2-4
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