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[FMERE]
I —1(¥%) (Mathematics) (1/3]
fEiZE 1 (Question 1)

(06 08 0
1. 1781 A=| 0.8 0.6 0 | KKOWTUTOMWIZER X,
0 0 04

(@) 1THlA DEBAFEEEF~Z P ERD K,
(b) 1751 A DHITHIERD L,
(©) T A" &3 EX L, nlZBAKTH S,

U
@) EFBEEST MM u=|v | &T5HLx, limda”u Z3ET L,
w
1 1 &
2. 4751 B=| 1 B 1| oE#HERDE, RBbIIEKRTHS,
21 1

-06 08 0
1. Answer the following questions about the matrix4=| 0.8 0.6 0

0 0 04

() Find the eigenvalues and the associated eigenvectors for the matrix A.
(b) Find the inverse matrix for the matrix A.
(c) Calculate A", Here » is a natural number.

U

(d) Calculate lim A*u whenu =| v | is a nonzero real vector.
n—x

w

1 1 b?

2. Find the rank of the matrix B=| 1 1 .| - Here b is a real number.

pr 1 1
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R928 2 (Question 2)

A D ={x?>-2x+y? <0} Lo 2EHE,

szf In|y| dxdy
D

KN, Lo 2 X,
(a) FESEEE x-y FEEIZRL, ZOBEBIINvTF T 227, 20, x, y#EICELZTYE,

(b) 2EHESI%RDE, BB, BHLEIWELT,

fl Inz J 2
z=—=In

o V1 —z2

DEEDEHVTEL,

Answer the following questions about the double integral 7 on the region D = {x? — 2x + y? < 0} .

I=_U In|y| dxdy
L

(a) Show and hatch the domain of the integral on the x-y plane and express values on the x and y axes.

(b) Calculate the double integral /. The following integral may be used as necessary.

fl Inz J n1 5
z=——In
o Vi—2z2 2
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EAFERR (D, @ oW TUTORIWCE X L.
z=y' (1
y=2 (2)
(a) y = coshx, z=sinhx 2D, () FEE-T T & BT,
(b) By AR (1), (2) ZfEiT,

Answer the following questions regarding simultaneous differential equations (1) and (2).
z=y (D
Yy=2 (2)

‘(a) Show that y = coshx and z = sinhx satisfy Egs. (1) and (2).
(b) Solve the simultaneous differential equations (1) and (2).
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I —2(# ¥ H7%) (Mechanics of Materials) [1/2)
F9%E 1 (Question 1)

Fig: 1 \ORT L5 Rt L HEL BRI AEEEENH D, B, RE(+1), WEHE A, REZRE
o, BXOVYLVIERE Ths, BEIL, BE, WEHE 4 BEREE w0, BIUYCYIRETHD, 12
7L, 151, w<a: Thd, BERZIBOmGE~EE L L, MEETEOIREZHE Omm BIERIC
BT A E T AT PP LR &R, ZOREBICBWTHEL BEOEFRICERT 2RO ETRENL 01 B X
RO ET5, LTORWIZEZ X,

SukE & A OEF AICERT AN O & O DREITEK Y S A D#E W 0ORE R,
ELEEOEVEINFNS BLXOY 6 ET5EE, 1, aBLV & ORI THRY ILOEENETRE,
L HFICERT IR 0 BLO R ERD K,

MEICE BB S ERD L,

bl e

There is a combination bar consisting of a round bar and a circular tube as shown in Fig. 1. The round bar has a length
of (I + 4), a cross-sectional area of 41, coefficient of thermal expansion a1 and a Young’s modulus of £1. The circular tube
has a length of /, a cross-sectional area of 4, coefficient of thermal expansion o, and a Young’s modulus of £3. Note that /
>> 1, a; < az. The temperature of the combination bar was raised by 4T until both ends of the circular tube contacted the
rigid boards after both ends of the round bar were fixed to the rigid boards. In this situation, the internal forces induced in
the axial direction of the round bar and the circular tube are Q1 and (s, respectively. Answer the following problems.

1. Show the equation of equilibrium of forces 01 and Q.

2. Show the conditions to be satisfied about Z, 1 and &> when the elongations of the round bar and the circular tube are
o1 and da, respectively.

3. Determine the internal forces O and 0 induced in the round bar and the circular tube, respectively.

4. Determine the elongation of the circular tube Jz.

Rigid board

Round bar —]

;]22

s
Circular 7
tube

Rigid.board

Fig. 1
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I —2(## H2) (Mechanics of Materials) [2/2]
BH2E 2 (Question 2)

PITFOWIZEZ X,
1.Fig. 2@ZRd L 512, BERd, BRIIOABO—HEMAEEICEEL, MOBHEKIREIE—A L M 2EAE
F 35, BRAOBKREAMIE I They, BELUOBHBEBORLNAeIS L TUTORDNEEH T L, Z2C, 6
IR & T 5,
16T’ 3271

Tmax=ﬁ' go:;TG_E‘I
2. Fig. 2@ R RIZE A DN D VOTHZRILF—U' 2RO X,
3. Fig. 2(b) \ZRT & 5 R ERd, L dy & b OBATEAEN, RCICBWTRALYE—AV MTERTDEE, BfE
NEOEABLOBICBITAIREE—A FTabTpe ROLBEZEZ D, ZOMBENRAREE & 22 EREHAY
£
4. B3 T, BOACEIBIUCBRICEZ O NAUVTAHAIRAX —Uy b Upy, BEUBRMEZABIEZLNLDID
PTHEFAX—UERD L, 7L, HEEREGCEIBL2EICE>TH—-TH 5,
5 HRFUT— ) DE2EREAME 4 OREEFANT, T eT, ROWICACIKBIT R LNABoaRD X,

(M

1. As shown in Fig. 2(a), one end of a round bar with diameter d. and length [ is fixed on a rigid wall. Assume that a torsional
moment T’ is app]ied to the other free end of the bar. Derive the following equations in (1) for maximum shear stress 7,4, in
the bar and angle of twist ¢ at the free end, where G is a transverse elastic modulus.
167’ 32Tl

Tmax = W , P = m M
2. Calculate the strain energy U’ stored in the bar as shown in Fig. 2(a)..
3. Let us consider the problem which the torsional moments T, and Ty at the points A and B are obtained when a stepped
cylindrical bar as shown in Fig. 2(b) with d; and d, in each diameter is subjected to torsional moment T at the point C.
Explain reasons why the problem is statically indeterminate.
4, On the previous problem 3, calculate the strain energies Uy, Uqp and U stored in the section AC, the section CB and the
whole stepped bar as shown in Fig.2(b), respectively. Here, the transverse elastic modulus G is assumed to be uniform through
the bar.
5. Based on the Castigliano’s second theorem and the result of the previous problem 4, calculate T, and .Tp, and the angle of
twist @, at the point C of the stepped bar shown in Fig.2(b).

oNT A\ C d2 B
, (]
) , T\p—v |
/ Y :di 11 >« 12
(2) ©(b)

Fig. 2



2023 4 10 H, 2024 & 4 A ANF (October 2023 and April 2024 Admission)
JRBRER G EETE TR A AR LR (—kin) HFR R AZRRE-E
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University -

Entrance Examination Booklet (General Selection)
(2023 4E 8 H 24 HEM / August 24, 2023)

REREE BB (EMBAE 1) |7 e T A Wiy |  ZREw M
Subject | Mechanical Engineering I || Program | Mechanical Engineering | Examinee’s Number
[FAREmM]

I —3(#H H1%) (Mechanical Vibrations) (1/2]
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Fig. LD GRE2EZ S, KESERL—IVLEELZDOENCESBEE m OWEP BB D, Wik Plidida
AZRNLUTEEESSN, IRBENLTHQEERINTVS, TR A LERBORXRTHIELEEICE
TH5, MEPBIUH QDENSDE#HEZZINFN s BLTGyeXRIT LTS, y=2L, =L, =0T
HHLE, RRITEREICSHD, TR ALSECNDE IR THS, TTTLRIEDEHTH S, KAl
t=0ICBNT, WEPOMBLHEEZ =L BT =023, £k, t > 0BV THQ DIEN
y= 2L+ Ysin(wt) DX S ICEHNT 3 LRET 5. CTTwEIEDEBTHD, w?id k/m OBEE TR
L9 5,

(1) ¥k P DEBAEXZE T,

(2) (1) DBEARERO—RFEZ RO X, GEEREIFE TR A —REZRD L)

(3) ¥tk P OLLE = ZEF4 t ORI L LTHRY, WHRGEZERE L) ‘

(4) Pk P OFHNIED S DEMDREED LM Xnax ZKD K, (C1, Coy a1, BRU ax WEHTHB L
&, |Cisin(ayt) + Cosin(agt)| D_ERIE, |C1| +|Co| THBLWVIBEEREHNTI,).

(5) k=5000N/m, m=1kg, Y =001l mTHBET %, FQADSEIIDSTIOREE% 50 N Kl
T B30I w bl I NEEGEZRD L, EYRBEAZHNTER X))

Consider the system shown in Fig. 1. The object P is allowed to move smoothly on a horizontal rail,
and it is connected to the wall through the spring A and to the point Q through the spring B. The spring
constants of both springs are k. The distances of the object P and the point Q from the wall are z and v,
respectively. When y = 2L, x = L, and ¢ = 0, the system is in the equilibrium and the force acting from
the spring A to the wall is zero. Here, L is a positive constant. Hereafter, assume that the object P satisfies
z=Land =0 att=0, and that the point Q moves as y = 2L + Y sin(wt) for ¢t > 0. Here, w is a positive
constant and w? is not an integer multiple of k/m. .

(1) Write the equation of motion of the object P.

(2) Derive the general solution (as opposed to the forced-vibration solution) of the equation of motion
obtained in (1).

(3) Write the position z of the object P as a function of time ¢. (The initial conditions need to be taken
into account.)

(4) Find the supremum X,y of the magnitude of the displacement of the object P from its initial position.
(If necessary, use the fact that the supremum of |C sin(a:t) + Casin(agt)| is |C1| + |Ca| when Ci, Co,
a1, and ap are constants.)

(5) Assume k = 5000 N/m, m = 1 kg, and ¥ = 0.01 m. Derive the condition to be satisfied by w to
make the magnitude of the force from the spring A to the wall to be smaller than 50 N. (Answer with
appropriate units.)

wall
7 - : y
spring A
k
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I —3 (i H5) (Mechanical Vibrations) [2/2]
fA2E 2 (Question 2)

Fig. 20X 5K Z%EEZ S, BEN 3m & m THB 2D0MWENHY, TNTHD Fig. 2 1R /TEIDZEN
Ba Y 8T B, CNODNEEREEICHB L E, 21 =02 =0TH3LT %, 2 DOYHEDERNI/KTFITH
ICHEENTWVWAEDET 5, RPD 4k, 2k, BXUEIE, ThZTNORRDOEIRERTHD, FIZEE3M
OYHEICE N1 TH D, EROBEBIBHTEZIZENTVEDET S,

9, F=0&LT, XOMWICEZ K

(1) CORDEHHEREES,

(2) TOZRDEEAERENEZTNTRD K,

(3) 2 DDYHEKDFTEMBNZN TN 21 =20 BE U 23 =30 TH Y, FHEENLELCEOTHELE, 0
BEU o Bt OB LTERYE, BREHIBETZC L, EL, ald /N EWIEDREKTH S,

i, NI F IR L LRI F = Fysin(wt) DX I ICEENT 2 LRET %, 727ZL, wid (2) TRDOE
FARSEOVTNEE—HLEVWERTDH D, R BEDEHTHB, RDOMWVICER Lo

(4) 71 BT 22 1DV T DIEHIRENEZ KD Lo

(5) z1 I DWW T DFEFIIRENFEDIRIEN 017525 £ 5 & w ZRD Ko

Consider the system shown in Fig. 2. It consists of two objects with masses 3m and m, and their
displacements in the direction shown in Fig. 2 are denoted as z; and xo, respectively. When the system is
in the equilibrium, z1 = z3 = 0. Their motions are restricted in the horizontal direction. In the figure, 4k,
2k, and k represent the spring coefficients of the springs, and F' represents the external force acting on the
object with the mass 3m. The friction on wheels is negligibly small.

First, assume that F = 0.

(1) Derive the equations of motion of this system.

(2) Find all the natural angular frequencies of this system.

(3) Suppose that the objects start moving from their initial positions z; = 2a and ze = 3a with the zero
initial velocities, where a is a sufficiently small positive real number. Find z; and zg as functions of
time t. Describe also how they are derived. '

Next, assume that the external force F' varies along time ¢ as F' = Fysin(wt). Here, w is a constant that
is not equal to any natural angular frequencies obtained in (2), and FO is a non-zero constant.

(4) Find the forced vibration solution with respect to z; and x5 as functions of time ¢.
(5) Derive w such that the forced vibration solution with respect to x; has zero amplitude.

Xy X2
i,
7 2k ’ k
w [l |y
m
(@] @)
F 2k
e 3m '
, 7
Fig. 2
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ZREDIEEE
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2
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I
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Notices
(1) This booklet consists of only question sheets. Use another booklet for answers.
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F928 1 (Question 1)

1) v 7%y AMDBLUT A =0 AADE, THEHREATHEIER L UBLIECH S, Thehomks
EEF T L,

@) Mg B LUAl DFEFH4E, £ 0.145nm, 0.118nm Th D, Mg LT Al DSEEFEROEFEREZRD L,
T, HENCEENAFETHERD L,

(3) Mg BL U Al REOERICBIT 3T E, 70 Hf%Z I 57— L > TR, 72, Mg BEUAIREROE
frfarbOT_RYE, TR0 ETOTRY FROEETRE,

@ F11% Mg-Al O ARIOTFERER CH D, Al TRO—IREFEE o ~D Mg Jt3RO 200°CH LT 400°CTD AL
5% Mg OEETREREZ R, %7z, All0at®Mg &&% 460°CTaliiiE LR, B L. €O, =R TRE
LB, BT 2 S OBHRERIRE K, Fo, 0L 5 BRI D O EH 2,

(1) Magnesium (Mg) and aluminum (Al have hexagonal close-packed and face-centered cubic structures,
respectively. Draw each crystal structure.

(2) The atomic radii of Mg and Al are 0.145nm and 0.118nm, respectively. Calculate the. lattice constants of perfect
crystals of Mg and Al Then, indicate the number of atoms contained in each unit cell.

(3) Indicate the slip plane and ship direction of Mg and Al crystals at room temperature by Miller indices. Also,
indicate the number of slip planes and slip directions on each slip plane in the unit cell of Mg and Al crystals.

(4) Fig. 1 shows the equilibrium phase diagram of Mg-Al on the Al side. Show the solid solubility limits of Mg to Al
at 200°C and 400°C, respectively. Al-10at%Mg alloy was quenched after changing it into o single phase at 450°C.
After that, illustrate quantitatively the relationship between hardness and exposure time when held at room
temperature, and explain the reason why this relation exists.

700

i680.452°C

6004 \

500+

Temperature (°C)
w N
S 8
T

N
QP

100 - ~ ,
A0 10 20 30 40
Mg (at.%)

1. Alflio> Al-Mg i8R Fig. 1 Al'Mg equilibrium diagram on the Al side.
1
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I — 1 (###44) (Mechanical Materials) [2/2]
B9RE 2 (Question 2)

(1) #li8k 0. 8UC BREEREME L TR0, 0SYC-18%CT—8INL A—RAT T FRAT v L ASEERN S 1100°CE TR ITEAL, 107
R T8, AvA LTm, WEOMBRO BRI +DITEE RE Sh T, UTORWIEL2 L, (BL, SRR
FEDB(IT massh TH D)

(1—1)  BFRIOMES L OVEERRE COLRBEMOZ L2 AT L
(1-2) BFEHZOWT, NIEAETE BAEORIRAMEE B1IRRS, B0, X)) OBV, Bl L & bIih~L,

(1—3) 0. 08%C-18%Cr-8Ni A —AFFA FRAT VAL, T00CHE CRINHERRFTD LiitEMA S5, T
&, ZIUSHT ABHIERE 3 OFT &L,

@) F—RFFA FRATFLULVAEH, wATLHA MRATUVAR, T4 FRAT VAR, I35, &IRMO 5
TEOSW N5 D, U FORRERYET D7 DI Rl 28R L, $7r, ZOEREHZE~L,

(&) WRIERAALR
() EATRAE
© thE
@ R

(1) Pure iron, 0.8% carbon steel, and 0.08%C-18%Cr-8% Ni austenitic stainless steel were slowly heated from room temperature to
1100°C, held for 10 minutes, and quenched. All materials had been sufficiently annealed before heating. Answer the following
questions. (The unit of concentration of element is mass%a)

(1-1)  Explain the change of microstructure in each material during heating and cooling processes.

(1-2)  Explain the difference between the mechanical properties such as tensile strength, elongation, and hardness, before heating
and after cooling each material by giving the reason.

(1-3)  The corrosion resistance deteriorates in 0.08%C-18%6Cr-8% Ni austenitic stainless steel when held for a long time at about
700°C. Explain the reason for the deterioration of corrosion resistance and mention three countermeasures for improving
corrosion resistance by giving the reason.

(2) There are five types of steel: austenitic stainless steel, martensitic stainless steel, ferritic stainless steel, carburized steel, and
high-strength steel. Select the most suitable steel to produce the following products and explain the reason.

(a) Container for liquid nitrogen

(b) Vessel container foran aqueous nitric acid solution
(¢) Gearwheel

(d) Bridge
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I —2 (& 75%) (Thermodynamics) [1/2]
RHRE 1 (Question 1)

PUTFIWZFRT 4 DOR W REN DR SN DENEF A 7O T, 8B @)~ () KEX L, BIfFRMAEIT 1kg
OEEEALTHY, [HEER R 1T 0287K/(Kkg) THD, F/bb#hlk « 13 136 THYHEEETDH, ZIT
p, V, T WHIBEIZES, (51, BAFEEAZRL, BF1~4TREB1~4%2KT, 1,05 BLV ps WEIEN 491K, 298
K BLU 855kPa ThH D,

[EFE 1—-2] IREE 1 2 SIREE 2 ~TFEREE (p, V1, 10— po, V2, T)
[EFE 2—3] REE 2 5> SIREE 3 ~ITMIENER (p2, Vo, T — p3, V3, T3)
B 3-4] IREE 3 D> HAMREE 4 ~IXFRIERE (03, V3, T3 — pe, Va, 13)
[ETE 4—1] IREE 4 2 DAREE | ~IIWTEVERE (pa, Va, T3 — p1, V1, Th)

(@) B5FE V3 RO L,

(b) EHE V3V, RO X,

(c) WiB\iZ iRt 23 B9 2{L%F W 2RO L,

(d) BIERIEN 1 A 2 A TTHEROLEEY 1078k THDEE, N/ 2RO L,
(€) TDHA T NVDOEGENE n BRD I,

Answer the questions (a) thorough (e) for a thermodynamic cycle consisting of the following four reversible processes.
The operating gas is one kilogram of ideal gas with the gas constant R of 0.287 kJ/(K'kg). The specific-heat ratio x is 1.36
and constant. Here p, V, and T denote pressure, volume and thermodynamic temperature, respectively, and subscripts 1 to
4 denote states 1 to 4. 71, T3, and p; are 491 K, 298 K, and 85.5 kPa, respectively.

[Process 1—2] Isothermal expansion from state 1 to state 2 (p1, V1, Ty — p2, V2, T1)
[Process 2—3] Adiabatic expansion from state 2 to state 3 (p2, V2, T1 — p3, V3, T3)
[Process 3—4] Isothermal compression from state 3 to state 4 (ps, V3, T3 — pa, Vi, 13)
[Process 4— 1] Adiabatic compression from state 4 to state 1 (ps, Va, T3 — p1, ¥1,.11)

(a) Calculate the volume V.

(b) Calculate the volume ratio V3/Va.

(c) Calculate the work W3 done by the adiabatic expansion process 2—3.

(d) Calculate ¥>/¥; when the net work done by the operating gas by one cycle is 107.8 kJ.
() Calculate the thermal efficiency # of this cycle.
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[FEIRE F#E]

I —2(#AH%) (Thermodynamics) [2/2]

fS28 2 (Question 2)

PITOHRM @)-) &2 &,

@

®)

©

(d)

©

EEE Ty & To DEAM A & B A8 S CHET S LIRE NTRof, Bl A & B, BLUEHENLHESROT b
1 25K | ASh, ASe, ASass R EHER L, 7L, BEMENROBMOBCSHNIBRTE, WTNOEERMIOWTHEL
FEIT0461 KK THY, Tyt TplidE4273K & 407K THD,

FEE F Ok 1 kg loWTE 25, BLEIZII HREEEEYE 0334 MIkg, PRI 27RFEERNL 226 Mikg TH 2,
AT BEMED T b o B E AShs & HAICRITAERRBOT L b B2l ASy ZRHEE &L

X7 RHMTILF—G Oy : dG = -SAT+Vdp (S,T,V, p &, &4, =2 ha'—, RE, 58 [£7) 15, (35/dp),

EFBIREE A DEE T 57 AT = VOB ERD L,
BERERH =TS +G  (H T #0e—) hbHEL, RREOOBREE, (8H/op), #BWIREI D05

BB ERD L,
LRAOOFEREE, BRI pV = NRT (R 131 ENHI2 0 OKETEE, N IZE/NVEMOWHEETT L p®

B0 1ok LC(0H [op), BRHRETE L,

Answer the following questions (a) —(e).

(@)

b)

©

@

©

Think of two solid objects A and B, whose temperatures are 74 and 75, respectively. They become thermally in contact with each other,
and their temperatures becorne 7} finally. Calculate the entropy changes of the objects Aand B, and of a system consisting of the objects A
and B: ASs, ASs, ASa:5, assumning that heat exchange between the solid objects and the surroundings is negligible, the heat capacity of

each object is 0.461 kI/K, and T and 7 are 273 K and 407 K, respectively.
Think of 1 kg of pure water at the atmospheric pressure, where the latent heat of fusion at the melting point is 0.334 MI/kg, and the latent

heat of vaporization at the boiling point is 2.26 MJ/kg. Calculate the entropy change during the fusion at the melting point ASks, and the

entropy change during the vaporization at the boiling point ASvp.
From the differential of Gibbs free energy G: dG = -SdT +Vdp , where S, 7, ¥, and p denote respectively entropy, temperature, volume,

and pressure, derive one of the Maxwell’s relations with which (BS / 6p)T can be calculated from a thermal equation of state.
Starting from the thermodynamic relation H =75 +G , where H denotes enthalpy, and using the result of question (c), derive the

thermodynamic relation with which (8H /&p), can be calculated from a thermal equation of state.

Using the result of question (d), calculate (8H/dp), from the thermal equation of state pV = NR,T , where N denotes the quantit
T ty

of matter in the unit of mole depending on Tand p although R, denotes the (universal) molar gas constant.




2023 410 A, 2024 4 4 A A% (October 2023 and April 2024 Admission)
KRB REREFEE T RBEERE LR (—RERKk) FPEEAERBRREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 42 8 A 24 BEHi / August 24, 2023)

REE B (MR ITEEMSED | 7er7A BB L SBRES M
Subject | Mechanical Engineering II || Program | Mechanical Engineering | Examinee’s Number
[ R FA#E]

I — 3 (k1) (Fluid Mechanics) (1/2]
RI#E 1 (Question 1)

Fig. 1 \oRT £ 512, A po ORKTN, BEE p DI SN2 R DWBRROBIN DD, ZORROEIZH B a
DINH £ = 0 IR S WD D, AISTHERIERIE S LTROED 2L CE B, KAOKETES o VNS
DAROFHIEES v 1T, HIIHETEDIZLDEN (r<<v) LT 5, BROBOENIWATE, RRUEFRSIKLT
—EET D, EANINE FAZIE O CNT, EAIMEEOKRE ST |gl=g &1 5, x BIZSHE EFIXITRY, FREOEED
8% x=0 L35, UTOMWNTELL,

() KEDEXD x DIBEICH B L ¥, FEmEEEL LC, KEe/MUHODOICE Y Lo~V X — 4 OXERY,
(b) EEITEOWT, KOEHES o2 RKD X,

© KEOEI D x DL EOKEOKTHEIR A 2T,

@ EEOREBNT, KEOEIMBx DL EDETES uk a,g Rx EHVTRYE,

© FH @ CELIERZBNT, 1 =0 ICEBRERHZ L Tk T T2 0BT 3R T 2Rk X,

As shown in Fig.1, a hemispherical tank with the radius R is filled with

‘water with density p in the atrosphere at pressure po. The water starts to ) *
flow out though a small hole with the cross-sectional area a at the bottom of I Atmosphere with pressure p,
the tank at time ¢ = 0. The water.canben'eat'edasanincomp@ssible e z;fo
inviscid fluid. The falling speed of the water surface vr is assumed to be .
always negligibly smaller than the outflow speed of the water v, though the l
small hole (vr << u,). The wall thickness of the tank is negligible. The water
atmospheric pressure is constant regardless of height. The direction of g _ x=0
gravity is vertically downward and the magnitude of the gravitational _@V
acceleration is |g| = g. The x-axis is taken in the vertically upward direction Water starts to flow out
and the position of the bottom of the tank is set to be x = 0. Answer the though a small hole at 1= 0.
following questions. x
1 Cross-sectional area of water surface 4 |
(@ Show Bemoulli’s equation between the water surface and the small ' / _
hole exit taking the tank bottom as the reference plane when the water ¢ ~------ - -T--~~f
surface is located at x. Falling speed v¢
(b) Find the outflow speed of the water v, using given conditions.
{c) Show the cross-sectional area of the water surface 4 when the water g = - x=0
surface position is x. Cross-sectional Ea Outflow speed v,
(d Show the falling speed of the water surface vrusing 4, g, R, x when the areaofaholea
water surface position is x by solving the continuity equation. Fig1

(e) Find the time Tneeded for all the water that filled the tank at =0 to
flow out by solving the equation obtained in question (d).



2023 4 10 A, 2024 % 4 A A% (October 2023 and April 2024 Admission)
BB RFERERGERE TR EMAEREIRERNS (—#8R) TN B AERREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 4E 8 A 24 HEHE / August 24, 2023)

REF B [BRIEEMAEL || 72r7s B ILE ZBRES M
Subject | Mechanical Engineering I || Program | Mechanical Engineering | Examinee’s Number
[REEFA#E]

I —3 (fttk 1) (Fluid Mechanics) [2/2])
[5R%8 2 (Question 2)

Fig. 2 KR EER Y EHET 5. A 0 X IEEMRIERERGOBAIRRICATIRE Q T oy FEHNTHEANEEH Y
2MAMEEZL B, ZOL %, FhBBERCBEICRNES2EHD, UTOMWCER X

(a) BAEO2BRERICBIS, BE v, 2 v 2ThENRD X,

(b) BMEXFY v Lo BRDX, 2L, r=1T¢=0¥7%,

(c) ZORNDOEERT ¥ v ¢ OBEREFFT, RMEWRT, ThPhEEHAKD Fig. 2-A KRTE L.
(d) BAE O 2HTHMRC ITR- BRI 2RD L

(&) TOBEEHULY (2,y) = (a,0) & (z,9) = (—a,0) D2 AN HBBEEEZ 5, HERT ¥ v ¢ ZRD X,

As shown in Fig. 2, the coordinate system is defined, and a two-dimensional flow of the source on the z-y plane, where
an imcompressible inviscid fluids blows out uniformly in all directions with a volume flow rate, @, at the unit time
from the origin, O, is considered. Here, the flow is assumed to have a unit thickness normal to the coordinate system.

Answer the following questions.

(a) Find the velocity components (vr, vg) in the region excluding the origin, O, respectively.

(b) Find the velocity potential, ¢. Here, ¢ is zero at r = 1.

(c) Tlustrate several contour lines for the velocity potential, ¢, with solid lines, and several stream lines with dotted
lines in Fig. 2-A of the answer sheet.

(d) Find the circulation, I', along a closed curve, C, surrounding the origin, O.

(e) If this source is at two places, (z,¥) = (a,0) and (z,y) = (—a,0), find the velocity potential, ¢.

4 Y

-
2 4

Fig.2
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I —4 ($1$9 T %) (Control Engineering) (1/2]
RAZE 1 (Question 1)
UTORWNE 2 &,

. Fig. 1 D74 — KNy I VAT AIONTERD, 72120, K(s) =a—ﬁ? G(s) =§T“&>60 ETo, a LBIBFADTIETS

55
(a) rhsby~DIEREP (s) &R L,
b) a =042 g =w?D&E, P(S)DEA L ILAREERDL, L, wFEDELTHD,
(@) @ =08 f=wDLE, PS)DEAT v TREERDE, L, o HECRETHE,

2. Y(s) = iU(s)%‘:%fcéo

(a) HADEFIEN y(t) = e 22D LA u(t),t 2 0&2KD L,
(b) BAIRT v B ERD &,

Answer the following questions.
B

a+s

1. Consider the feedback system in Fig. 1, where K(s) = and G(s) =_§. « and f are nonnegative real numbers.

(a) Derive the transfer function P(s) from r to y.
(b) When ¢ = 0 and B = w?, derive the unit impulse response of P(s), where w is a positive real number.
(c) When ¢ =0 and B = w?, derive the unit step response of P(s), where w is a positive real number.

2. Consider Y(s) = S%ZU(S).

(a) Find the input u(t),t = 0 such that the steady-state. output is y(t) = e 2.

(b) Derive the unit step response.

r o+ € u v

-—_>T—-> K(s) G(s) r

Fig. 1 Feedback system 1
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I —4 (%8 T %) (Control Engineering) (2/2]
f%E 2 (Question 2)
LUIFOR A Z X,
L. UFOZ50RUICE VESNDTVAT BIONWTERD, TIEL, a,fIFEHTHD,
2 t

dd};(zt). -2 d};(tt) +y@) =u), ul)= afo (r(¥) — y(z))dr - ﬁdyT(:-)-_
(@) rhby ~DIREREG (s) ZRD &L,
(b) AT LHEE LR DT-DIZa, BT T_EFEERD I,

9. Fig 207 4—KRu IV RFAEERD, IEL, G6)IdbIEERRERKTHY, O MVEENEFig. 3TH
ZBNBLDETE, Ei, KL K(s) = e B ThHHLbDLTD, 2L, LIIEDFETHD, VAT LIWEELRD
T DITL AN E L ERD X, 7038, Fig 3 QuidAEIRERL, TOMrad/s £55,

Answer the following questions.
1. Consider the system described by the following two equations, where @ and f§ are real numbers.

d*y(t) _dy(t) ¢ dy(t)
TP 22y =u®,  uw=a fo (r@ ~ y@)dr - B2
(a) Derive the transfer function G(s) from r to y.

(b) Derive the condition of @ and B under which the system is stable.

9. Consider the feedback system in Fig. 2. G(s) is a stable transfer function, and its vector locus is given in
Fig. 3. In addition, K(s) is given as K(s) = e”!S, where L is a positive real number. Derive the condition of
L under which the system is stable. Note that @ in Fig. 3 represents the angular frequency, and its unit is

rad/s.

r * y
> G(s) —o—> Iim
EENEyNNN
K(s)
Fig. 2 Feedback system 2 ; Lot (.57 .
/ \
~0.5 = o =0
o .
-1 71 1 Nre
Ao = 1008 /
I —0.55
3 /
\\\\ <
= i Ié'w=5
w =10 S )
GUw)
Lt
IREN

Fig. 3 Vector locus of G (s)
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& 1 (Question 1)
(a) BIEKEOBAIRES XA, V, =RT,/p, =1.00 m’,

Using the thermal equation of state of an ideal gas, V; =RT,/p, =1.00 m .
1 1
(b) BAHSEDFET S b r =R E N, V)V, =(L /1) =(T,/T;)~ =4.00,
1 1
Using the isentropic relation of an ideal gas, V,/V, =(T,/T, )~ =(T;/Ty)~1 =4.00.

(¢) HBEALY, Wy=c(,-T,)= Rl(Tl—T3):154kJo
K_

From the first law, W,, :cU(Tz—Yg)zil(Tl ~T,)=154kJ.
K —

(d) FEAEY, EROMEHEW, ITEROEBEIZHELL, EHI TRl > 2 & HfE3 >4
(TR TEMERAEN T 2EHFICFE LY, LEEA-T, /)’ZODJ: N2 %,
v, w
W pdV +| pdV = RTln—+RT1n L =R(T,-T, ln izexp{—“‘}zTOO
el p, MRy = e R )

1 1
AR L L V) L /R /A
o \L I Ve N

From the first law, the net work W

net

is equal to the net heat supplied to the system, and is equal to the
net work done in the isothermal processes 1—2 and 3 — 4. Therefore, the answer is as follows.

v, /4

dV dV =RT1 RT;1 =R(T,-T,))h—== == —__1=7.00
eyl e n3 < )HVIZVI p{R(TI—TS)}

1 R
1[1) (Zj AN ANA
o L T Vi 10

(e) Rk Y, n:VVnet: VVnet R(T T)hl( Z/V) =1- 5203930
O I pdV RTIn(V,/7;) T
From the first law, 77—W“€‘— W R(T L)n(V/V) “1-5 29303,
[paov  REWMGLT) 7

fiRH 2 (Question 2)
(a) ZOwRITEEREE B 5006 CdT =TdS = S, Si=cpln%*@&>w, F 7o E R OB

FRAE Los T =00 340K Th B, LER-T, KOL A5,

AS, —461xln%—1012 JK, AS, —461><In%=—829 J/K, AS,.,=AS, +AS, =183 J/K

Because this process can be considered as an isobaric process, we can write as

C,dT =TdS = S;;, - S, =C, ln . Because the heat capacities of the objects A and B are the same, we

in
ini



T, +T,

can write as 7} = AT =340 K . Therefore, the answers are as follows.

AS, =461x 1n£7(3)_1012 J/K, AS, _461x1n3;:)'(7)=—829 J/K, AS,.,=AS, +AS, =183 J/K

(b) IHE—TFED T CfERL LOEENEZ 505, ROLHITk5D,

s = 334 =122 kI/K, AS, = 2260 =6.06 kJ/K
273.15 " 373.15
Isobaric fusion and vaporization processes are isothermal processes. Therefore, the answers are as follows.
= 33 _x kI/K, AS, = 2260 _ ¢ 06 kJ/K
273.15 " 37315

© { (aG” = [“j ;oom*‘{i(a—GH =(8—VJ LG HOT, (“J (%] wirons.
oT op oTr\ dp ), ) oT op or ),
{a (6GJ } (as) { G (8GJ } (av) . (asj (av}
Because of =—| — d | —| — =|— | ,wecanwriteas | — | =
op\oT p ), oT\ op ), ) or ), p ), oT

(d) dH = TdS+SdT+dG:>(aHJ :T(a—sj J{&_GJ :T(a—SJ +V EFEFHMND, EFCODEZE
ap ), o ), \op ), p ),

i, [aa—HJ =—T(Z—;J +V EET D,
P Jr »

Because we can write as dH =7dS +SdT +dG = EGHJ = T(a—SJ +£8—GJ = T(a—SJ +V, using the
ap ), op ), \op ), ap ),

answer of the question (c), we can write as (%—HJ =-T (G_Vj +V.

P )r P

(e) (D EZ &G 2 b BHPREFREXZME, NAT, p OB THL Z LITIEELT, L
TOXSICHRAETE S,

(a—HJ - T(an V——TR“K )T+N} V=V (azvj ——V(alan
op ), or ), p|\oT ), N\oT olnT ),

Using the answer of the question (d) and the given thermal equation of state, and noting that N is a
function of 7 and p, we can calculate as follows.

OH _T[GV) V__T [8NJ ranlayep L [GNJ __V(élnN)
p ), or ), p|\oT ), oT olnT ),

Uk
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& 1 (Question 1)

(b) b, < v, £V, EF@DEZEM, %UOZ =gx =, =+2g9x L EIT D,

Using the condition of v, <wv, and the answer of the question (a), we can write as

1
EUOZ =gx = v, =+/29x .

© A:;z[Rz—(R—x)z]w(sz—xz)
(d) HFEDOREY Av, =av, & FEIT D, LID->T, E#Hb)()DEZEZME, RO X HIZEIT D,

av a~j2gx

o

vVvp=—=——
"4 z(2Rx-x)
The continuity equation can be written as Av; = av, . Therefore, using the answers of questions (b) and
(c), we can write as follows.
av,  a\/2gx

A4 z(2Re-x)

Uy =

(e) v =—% 72 n, BEQDOREREE, RO X HIZE BTX S,

1 5
ﬁ:—%:j}f(zmz jdx j"\/_dt: SR */2_T r-14 7 @

dr 7r(2Rx—x2 4 15 a\j2g
Because of v, = —;ﬁ , using the answer of the question (d), we can calculate as follows.
t

%:_%:Io 2Rx%—x% de—J.T@dt:—ﬂRiz—@T:T_ﬂ i R%
) R L 4 15

dt 7(2Rx-x’ 7 1542

[ 2 (Question 2)
@)g%ﬁuﬁw;@Q=zm@¢g§Hézw5%=§lo%mM@ﬁﬁwat@%=oo
r
From the law of mass conservation, we can write as () =2zrv, . Therefore, v, =2i. From the
zr

symmetry of the flow, v, =0.
. N s o¢ Q 10¢ . N
) HERF vy roERLy, Loy =9 1 _oLEIS, LiENoT, 5 b
or 2zr r 06
R, RO K 5 CE T %,

o¢ _ Q Q _
5= 0=9= #(r)= = jd¢ j Sdr=¢= lnr
.. . . . 8¢ Q 10¢
From the definition of the velocity potential, we can write as — =v, =——, ——— =, =0. Therefore,

or " 2xr’ roé
using the given condition, we can write as follows.
o¢

_ _ 9 _ Q@ _ tas_ 9 _Q
%_0:¢_¢(r):dr_2m:>j0d¢_jl 2ﬂrdr:>¢ 2”1nr



(©)

(d) ?)Ef;’%@ff%]‘=<ﬁcv-dl=L(va)-ndS £V, WEOHEITR AL FTTEO MM CHE I

FEVND, S OMEH, T =[ud0=0 LFHHTE 5,
From the definition of the circulation: /" = @Cv -dl = L(V X v) -ndS , we can calculate it using any closed

curve enclosing the origin in this case. Therefore, using a circle of radius », we can calculate the

circulationas 7 = _[02”v9rd9=0.
=/u //\‘_Q" _Q 2 2 E=N §=y o=\ > R N o= s
(e) ERIbYDEZITg= 5 Inyx* +y* EET, FEEMERT > v ¥y AN OEERT > v v VT E
V1
NEDELNDI NG, BAIFROLIITET D,

@ =%1n1/(x—a)2 +y° +%ln«[(x+a)2 +y° =%ln{[(x—a)2 +y2}[(x+a)2 +y2}}

The answer of the question (b) can be written as ¢ = gln«/xz +3”, and the velocity potential of an
T

incompressible potential flow can be superimposed. Therefore, the answer can be written as follows.
Q 2 » @ 2 2 Q { 2 2 2 2
=—"Iny(x-a) +y’ +=In/(x+a) +)y’ =—In [ xX—a) + }[ X+a) + J}
/ 2z ( ) 4 2z ( ) 4 4z ( ) 4 ( ) 4

Uk



