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(3) BMm TR cosw-;l—i = 3ysinz O RIEZ KD X
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Question 1  Answer the following questions.

(1) Find the indefinite integral /(:z: +2)vz + 1dz.

¢ 2logx

dz.
z2

(2) Find the integral /
1

" d
(3) Find the general solution for the ordinary differential equation cos x—ﬂ = 3ysinz.

dz
2 4 1
(4) When A= -1 -3 -1 |, find the eigenvalues and eigenvectors of A.
-4 —4 -3

(5) When A =2i—2j+k, B=1i+2j+2k, C=-2i+ j+3k, find (Ax B)-C,
where %, § and k show the unit vectors in z, y and z axis directions.
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Question 2 When we consider a closed volume V surrounded by the surface S as shown in Fig. 2.1, the divergence
theorem

(1) Find the unit normal vectors n on the surfaces S;(j = 1 ~ 4) respectively.

[[[[ v Fav= [[ £ onas

is satisfied for an arbitrary function F(z,y,z) with continuous derivatives, where n = ngz% + nyj + n.k is an outward
unit normal vector on the surface of V, and ¢, j and k show the unit vectors in x, y and z axis directions, respectively.
Here we suppose an object V surrounded by surfaces Si,S59,93 and Sy given in eq.(2.2). Answer the following
questions.

Syiy? 4+ 2% = a?

52:.’12=h
Sg:.'r=—h,
541220

(2.1)

(2.2)

(2) Find the volume of the object V, by performing the integration on the right side of eq. (2.1) based on the results

of the subquestion {1).

(3) Find the moment of inertia of the object V' about the z-axis by performing volume integral, where the density

of the object V is assumed to be 1.

Per— ik,

Fig. 2.1

4
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BIEE 3 z(t), y(t) BT 3B B ER

{m'(t) + /() + z(t) = —e7F, z(0) = -1

(3.1)
() + 2y (8) + 2z(t) + 2y(t) =0, y(0)=1

ZRE, z(t), yt) ZRD K,

Question 3 Find the solutions z(¢) and y(¢) for the simultaneous ordinary differential equations with respect to z(t)

and y(t):
{ () + ' () + 2(t) = -7, z(0) = -1

z' () + 2/ (t) + 2z(t) + 2y(t) = 0, y(0) = 1. 3
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Questionl  There is an object with homogeneous material (mass: M, base length: 25, height: 2/). As shown in Fig. 1.1, this object is put on the
slope (angle of slope: 8), and the string is connected with the object at Point A. When the other side of the string is connected with the weight (mass:
m) through a light, smooth pulley, the object rises up the slope with slipping. Answer the following questions assuming that the string is parallel to
the slope and the dynamic friction coefficient between the object and the slope is ”. The gravity acceleration is denoted by g.

(1) Obtain the tension of the string, 7.

(2) Obtain the range of m so that the object rises up the slope without falling.

Fig. 1.1
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‘Question2  Consider the vibration of an object by a spring. As shown in Fig. 2.1, one end of the spring is fixed to a wall, and an object of mass m
is attached to the other end. The position of the object when the spring is at its natural length is taken as the origin, and the direction of the Spring’s
extension is the positive direction of the x-axis. The object is subject to a ieston'ng force proportianal to the object’s displacement x. Here, £ denotes
the spring constant. In addition, the object is subject to a resistive force proportional to the velocity with its propotional coefficient denoted by ¢ (¢>
0); note that, however, the resistive force is assumed to be small enough that (4mk — ¢2) > 0. InFig. 2.1, the resultant force of these two forces
is drawn by an arrow. Then, answer the following questions.

(1) Obtain the motion equation.

(2) Solving the motion equation of subquestion (1), obtain the general solution for x.

(3) The mechanical energy of this oscillating system E = %mv2 + % kx? is not conserved. Using the motion equation of subquestion (1),

obtain dE /dt andshow dE/dt < 0.

Fig. 2.1
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Question3  Consider a dynamic model of a yoyo as shown in Fig. 3.1. The yoyo consists of two circular disks connected by an axle of radius a.
The mass and moment of inertia of this yoyo are M and M2, respectively, where K is a positive constant. The massless string is wound around
the axle, and the yoyo is vertically hung from the ceiling. The gravity acceleration is g, and the gravity force Mg and tension of the string T act
vertically. The yoyo is initially at rest and starts rotating and moving vertically downward. Non-slip is assumed between the string and the axle. The
vertical velocity and angular velocity are denotedby v and w, respectively. Then, answer the following questions.

(1) Obtain the motion equations with respectto v and w.

(2) Obtain the relationship between v and w that comes from the “non-slip” condition.

(3) Solving the motion equations of subquestion (1) using the relationship of subquestion (2), obtain a formula expressing the velocity v at time .
(4) Obtain the tension T' intwo casesof k/a = 1 and x/a > 1.

Mg

Fig.3.1
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Question 1  In a fluid in a state of equilibrium of forces, the total differential of the pressure p is expressed as follows.
dp = p(Xdx + Ydy + Zdz) (L.1)

Here X, Y and Z are axial components of body force per unit mass based on an orthogonal coordinate system o0- xyz. p means the fluid

density. The gravity acceleration is denoted as g and the atmospheric pressure is considered as 0. Answer the following questions.

(1) Arectangular tank (length: L, width: 1) filled with water to a depth & is placed on a horizontal ground. Find the force due to water pressure
acting on the left wall of the tank.

(2) As shown in Fig. 1.1, a cart fixed with the tank of the subquestion (1) is moving at a constant acceleration a in the right direction on the
horizontal ground. The coordinate system moving with the cart, where the origin is taken on the water surface at the right wall of the tank and
the right and vertically downward directions are positive, is defined. Since the height of the tank wall is higher than the position of the water
surface, the water does not spill out of the tank .-

(a) Find the equation for the water surface.

(b) Find the z-coordinate value of the position of the water surface at the left wall of the tank.

(c) Considering the volume of water does not change before and after acceleration, find the z-coordinate value of the position of the bottom
surface of the tank.

(d) Find the force due to water pressure acting on the left wall of the tank, assuming h = L/4 and a = g/10.

(3) As shown in Fig. 1.2, the cart fixed with the tank of the subquestion (1) is moving down a slope with an incline angle € at a constant
acceleration a. The coordinate system moving with the cart, where the origin is taken on the water surface at an arbitrary position and the
moving direction parallel to the slope and the perpendicularly downward direction relative to.the slope are positive, is defined.

(@ Find the equation for the water surface.
(b) Find the acceleration of the cart when the water surface is parallel to the slope.

d - -
= 1 Acceleration: a

Left wall
N 2

A A

zZV

Fig. 1.1 Fig. 1.2
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Question2  Answer the following questions. Here the gravity acceleration is g.

M

@

€)

As shown in Fig. 2.1, a liquid of density p flows in a horizontally placed circular pipe C which suddenly expands from the cross-section 1
(area : A) to the cross-section 2 (area : A,). The velocity and pressure at the cross-section 1 are v, and p,, respectively. There is an energy
loss in this sudden expansion part, and the flow velocity and pressure at the cross-section 2 are v, and p,, respectively. Here, the friction and
body forces are ignored, and the liquid is incompressible. Show that the head loss h,, is given by the following formula:

vi

29 2.1)

he=1

A2
where { = ( - A—;) .
As shown in Fig. 2.2, the circular pipe C is placed vertically, and the disk 1 is fixed at the outlet (cross-section 3). However, the outlet is not
blocked by the disk 1. Then, the liquid (discharge: Q) ejected from the outlet is colliding with the other disk 2, and then it is rapidly and
hon'iontally spreading and reaches a steady state. The distance between the disks is D at this time. Find the pressure difference Ap at the cross-
sections of radius r; and r, from the center of the disk. Here, Q and D should be used.
As shown in Fig. 2.3, when the disk 2 was removed, the liquid was vertically ejected upward into the atmosphere (pressure: py ). Find the
maximum reach height H of the liquid, assuming that the size of the circular pipe C can be negligible compared with the height /. Additionally,
it is assumed that the discharge passing through the cross-section 2 is the same as in the subquestion (1).

R~—~fe<,  Continued on the following page.
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Fig. 2.2

Wr—~fii<,  Continued on the following page.
5



2024410 B, 20254E4 AA% (October 2024 and April 2025 Admissions)
JEB RS TR TR AR T (AR EPTR B A SRR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2024 4 8 A 22 HEEHE / August 22, 2024)

HEp TSR | BEREATATITN | ape
aE | - GEERAD TRIT Transportation and e | M
Subject Vehicle and En‘viron‘mental Program Environmental Systems Number
Systems Engineering I - Program
TS 15
Fluid Mechanics

RE3 GDIEDERHERT Vvl w(z) THEALND, HEWEREY OFIBIz W TEZ 2,
. Q
w(z) =Uz +Elnz (3.1)
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Question 3 Consider a flow field around an object given by a complex velocity potential w(z) ineq.(3.1).
Q
w(z) = Uz+2—7;lnz (3.1)

Here, z = e, which is a polar form of a complex number, z. Then, U and @ are positive real constants. Answer the following questions.

(1) Show the velocity potential ¢ and the stream fimction .1p.

(2) Find the components of velocity, 1, and uy in r and 6 directions respectively at a point (r, 8).

(3) Choose the flow expressed by the first term on the right hand side of eq. (3.1) among the followings and describe the reason. Also, choose the
flow expressed by the second term on the right hand side of eq. (3.1) among the followings and describe the reason.

a)uniform flow b) source ¢) sink d) vortex e) doublet

(4) Find the position of the stagnation point, where the flow velocity is zero. Also, find the stream fimction ) at the point.

(5) Draw a schematic diagram of the flow field given by the complex velocity potential w(z) in eq. (3.1), and describe what kind of object the
flow field is around. In the schematic diagram, draw the position of the representative point of the object and the size of the representative part
“of the object.
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(B) T, =0, /V3 DA, L/HERDRIVY,

@ 1, =0,/2 DA, L/HERDRRSVY,

Question !  Traditionally, rivets and bolts have been used for the joining structures of many machines, but recently, the use of joints with fits, as

shown in Fig. 1.1, has been increasing. Answer the following questions.

(1) Explain the advantages and disadvantages of fit joints compared to joints using rivets or bolts, simply. .

(2) Consider a fitting joint subjected to a tensile load P as shown in Fig. 1.1. If the allowable shear stress in the load direction of the member is 7
and the allowable compressive stress on the ABCD surface is o5, show the required lengths L and A in terms of P, 7, o5, @ and b,
respectively.

B) If 1, =0, /V3,find L/H.

@) If t, =0, /2,find L/H.

e e e e i g o e

Fig. 1.1
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Question2  As shown in Fig. 2.1, there is a cantilever beam AB subjected to the uniformly distributed load ¢ over the region BC. The length of
the beam is Z. The bending stiffness of the beam is denoted as EZ. Answer the following questions about the beam.

(1) Draw the free body diagram of the beam AB.

(2) Determine all reactions.

(3) Draw the shearing force diagram and the bending moment diagram. Note that the specific values should be described in the diagrams.

(@) Determine the deflection at the positions B and C, respectively.

< W\

Fig. 2.1
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Question3 A truss structure consists of three members under a load P at point A as shown in Fig, 3.1 is studied. The length of the members before
the loading is shown in Fig. 3.1. Axial forces of the members before the loading are zero. Young’s modulus and cross section area of all the members

are E and S, respectively. Answer the following questions.

(1) Determine axial forces for all the members.

(2) Determine the displacement at point A along the direction of load .
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