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There are 7 question sheets and 7 answer sheets including a front sheet.

Fill in your examinee's number in the specified positions in this cover and each question and answer sheet.

This examination booklet consists of only question sheets. Use other separate sheets for answers.

If the space is exhausted, use the reverse side of the sheet and write down “to be continued”” on the last line of the sheet.

Select 3 specialized subjects among the following 6 specialized subjects and answer these questions in English or Japanese.
Moreover, mark specialized subjects that you have selected with circles in the table given in the cover of the answer sheet. (If
you select more than four specialized subjects, three specialized subjects of lower scores are adopted.)

Return these question sheets together with the answer sheets.

If given the instruction to draw a diagram, draw it on the answer sheets.

You may use arented ruler if you need one.

Raise your hand if you have any questions.
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R 1 (Question 1)

PRI 2 FV T, AER 100 kgh 238K (AFEHE 02: N, =21:79) TRRBES AL, SO, BLUSOs MR L TV, ARk
L72SOs 137k & s S THS0s & U TBRBEAER A 2 HsDIRE SN D728, SOs I BEBDOH A H AHFIZITE TR,
HO A ZAORBE%E SOz: 15 mol%. Oz: 5 mol%, Np: 80 mol% T D, LATDRINZEZ L, FRFEIXS=32, 0=16, N=14

& ‘é—}:)o

(1) SOsIZEE(L L7z S DEIA (%] &Rk,

() AR L= SO, DEEE [kgh] ZRKD X,
(3) BRIZESE (%] KDL,
(%) BYERRE (0°C, 1 KUE) I[ZBT DA AWE [m¥/min] %KD X,

Sulfur of 100 kg/h is burned with air (volume ratio Oz : N2 =21 : 79) using a combustion equipment, and SO, and SO; are produced.
SO; is reacted with water, and removed as HSO4 from the combustion product gas. Therefore, SOs is not contained in outlet gas in the
equipment. The composition of outlet gas is as follows: SO, : 15 mol%, Oz: 5 mol%, Na: 80 mol%. Answer the following questions.
The atomic weight of each element is S=32, 0=16, N=14.
(1) Calculate the ratio of sulfur [%], which is oxidized to SOs.
(2) Calculate the mass flow rate of SO, generated [kg/h].

(3) Calculate the excess air ratio [%o).

(4) Calculate the volume flow rate of outlet gas [m*/min)] at standard state (0°C, 1 atm).
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RIRE 2 (Question?2)

LITORICE % &, BRET 2WBREITHT DR FlaEEER L TERE L,

(1) Hagen-Poiseuille S VDBE A% it E, =/l L A¥E, Navier-Stokes DR, & DV NI DMOFFHEDL v
ERVTET,

() (1) TH7==0 5, Hagen-Poiseuille A VD NERE 254 =aET,

(3) Hagen-Poiseuille {1V D AMTIS I DFBS 5530 2 K A 8T,

Answer the following questions. Define and use appropriate symbols for the relevant physical quantities.

(1) Derive an equation that expresses the velocity distribution of the Hagen-Poiseuille flow by employing either the shell balance
method, the Navier-Stokes equation, or any alternative approach.

(2) Derive an equation for the average velocity of the Hagen-Poiseuille flow from the equatlon obtained in (1).

(3) Derive an equation expressing the radial distribution of shear stress in the Hagen-Poiseuille flow.
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fRH3  (Question 3)

AT ORIWZE 2 X,
(1) HIED o 8L B HOITFROAEZ KT Clapeyron DT AFTREIND, TI T, AHTS LAV I ZN AR
B AN — LHEEBAE ChH D, ZOREZEHT L,

dp _ AHTS
ar — Tavers 3
Q) KD=FE/T273.16K,612Pa THY . ZDLITKIT BEIFDHEL 0917 gem?, FRIEDEENT 1.000gem?, @
& LB 13 6.008 kI mol! THD, DI HRFFHIROAR A RD L, 7721, KDOE/NVEEZ 18015 g mol! &
ERAN
(3) F£/7 1013 kPa |Z31F BAKDBAIL373.12K TH Y, ZORITRIT BEHFET L H LT 40656 kI mol! TH D, FEJ)
25200kPa D & & DR EHEEE X,

Answer the following questions:

(1) The Clapeyron equation, which represents the slope of the coexistence line between o and B phases for a pure substance, is expressed
by equation a), where AH'™S and AV'"™S are the enthalpy of phase transition and the volume of phase transition, respectively. Derive
this equation.

dp AHLTS
ar — Tavers 8

(2) The triple point of water is 273.16 K, 612 Pa. At this point, the densities of solid and liquid phases are 0.917 g cm and 1.000 g cm?,
respectively, and the enthalpy of fusion is 6.008 kJ mol™'. Calculate the slope of the melting curve of water at the triple point. Use 18.015

g mol! for the molar mass of water. -
(3) The boiling point of water at the pressure of 101.3 kPa is 373.12 K, and the enthalpy of vaporization is 40.656 kJ mol at this point.

Estimate the boiling point at the pressure of 200 kPa.



2024 -4 AAN¥ (April 2024 Admission)

JRERE RSP TRBE RS ERER Y OMNE AR ZARER)  SPTR A A SRR
Graduate School of Advanced Science and Engineering (Master’s Programs), Hiroshima University

Entrance Examination Booklet (Special Selection for International Students)

(2024 A1 H 25 H3Efiti / January 25, 2024)

AERELE | b (FHMEE D A=/ A (scamncs R
Subject Chemical Engineering | Program Chemical Examinee’s Number | M
Engineering

R84  (Question4)

KD X HIJEE L, BAEER)N o OBERR L AR SBEALATE, BATRFES7-0 H OEL
B TIEL QWD BN IR x FTEDINAE L EARDMIAEN 31T D %t ma JEEAH,
TED, 7o, BUBER LT —ELT D, EFRREE LT, LLIFOMWIEZ L,

(1) FARFIEOIREE T, & 72 oD & & SuIMARINOB A £ 25 = 1ok V., A«

RN OIREE AR AR X,

@ (D& E, FHRNTKIT DR T 27T NS X

Q) ARIEEDIRED Th, PO T L 725 TS (T1>Th) & PN
FESATRA RO L,

@ QD& E, FHRNCKIT DEEIRE Te 277 2 AE T X,

(B) DL E, BUREK g) & x DR E L THEE,

FEENTR
flat plate
with heat
generation \
right side
L
x=0
fb—-———»x

As shown in the figure, an infinitely wide flat plate of thickness Z and thermal conductivity & is heating at A of heat amount per unit volume
and unit time. Heat transfer occurs only in the x direction of the plate, and convective heat transfer at both sides of the plate is negligible.
The thermal conductivity & is assumed to be constant. Under steady state conditions, answer the following questions.
(1) When the temperature on both sides of the flat plate is 7, find the temperature distribution equation in the flat plate by considering the

heat balance in the volume element.
(2) Inthe case of (1), derive an expression for the maximum temperature Timax in the flat plate.

(3) When the temperature of the left side of the flat plate is 71 and the temperature of the right side of the flat plate is 7> (71 > T2), find the

temperature distribution equation in the flat plate.
(4) Inthe case of (3), derive an expression for the maximum temperature Tmax in the flat plate.
(5) Inthe case of (3), express the heat flux g(x) as a function of position x.
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RIRES (Question 5)

A—R L7225 EREREROIRIBRIS 2 —EDIREIZR N TT ), ZORIGDBEEIL, ra = —HCa TRIHL, raldSUSEE
[molL min)], & IZSUREEESEL [mind], Cald3WWE A DIREE [molL] Téh b, LUTOMIZER Lo
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Bl REE8% AV VT 30 min SO SR TAER, Ca lTHHEE(Ca)D 50% & 7207z, SUHREEESL k [min?] 23R &,
ZFDEG Rt IV THE A % 0% 82 DIZLEERFUGSIE ¢ [min] 23K &,

— OSDERTURIS R AV, - Z DBFERIGEAT Do HEERHE 30 min |12 CHAES 2 L WHE A DR xa [0
< BIZRRBDN,

7] USRS 4 2 DESICIE, ~ OBMERIGEIT ). BRIGEE COWRREZ 30 min 1295 &, xa [

WK BT BDY,

A liquid phase reaction (A—R) is carried out without change in the liquid density at a constant temperature. The reaction rate is
expressed as ra = —kCa, where ra is a reaction rate [mol/(L min)], & is a reaction rate constant [min], and Ca [mol/L]is a
concentration of the compound A. Answer the following questions.

)

@
)

@

After 30 min of the reaction in a batch reactor, Ca was 50% of the initial concentration of the compounds of A (Cao). Determine
the reaction rate constant, & [min].

Determine the time, 7 [min], required to achieve 90% conversion of the compound A in the batch reactor.

This liquid phase reaction is carried out in a single continuous stirred tank reactor. Determine the conversion rate of the compound
A, xa [-], in the case of operation at 30 min of a residence time.

This liquid phase reaction is carried out in the two identical continuous stirred tank reactors in series. Determine the conversion
rate of the compound A, x [-], in the case of operation at 30 min of a residence time in each reactor.
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Fnﬁ/%ﬁ 6 (Questic)n 6)

AZ )—)IVIKIEA i (5 TRIBEE: A% /—)L 30 mol%. Fitk: 100 kmols, IREE: #) 0377y 2 FREEHE (X 1) BB\ \LE T
5 (" 2) THBESID, 1 atm (2B DRI GREE: T AZ/ —/VIRIBEADER: x, SIBELVDE: p) IIERRIC S 6N
TV5,

(1) 7Fv 2 ZRBBYEICIY 25 kmols TREHIRE1S5, FAE#X (FE RO 1) & VT, BIER L OBE TOMRK, B8LU77
v a KB DIREE RO X,

Q) EFFREE CETENDAY ./ —/L 95 mol%% 25 kmol/s R RS, TR R % 2 L5, TR (REFIEDR 2) 2 VT,
McCabe-Thiele DYEXFEZ SO FTEERREBAS LOBFEHHEEA KD X, Fiz, HERERDIRE, ABOMRL, SAHOHMRZRD
o \

(3) EBEDYLET NI —%ROT, FHEDTZOIC, BFENIERNI LR TR TEDH 0L, E/VERREEU (=30 ki/mol)i&
MR I —TEL 15, EBifERs COMEEE g, [kI/s], BIONEAERTOMEE gy KIis[a, (VD7 T 2 7RE08, BIUR)D
BRI OB ETENTIRDL,

A liquid mixture of methanol/ water (methanol: 30 mol%, flow rate: 100 kmol’s, temperature: boiling point) is to be continuously separated
either in flash distillation (Fig. 1) or continuous distillation (Fig. 2). Vapor-liquid equilibrium data at 1 atm are giveh in the answer sheet (7}
temperature; x: methanol mole fraction in liquid phase, y: methanol mole fraction in gas phase).

(1) 25 kmol/s of distillate is to be separated by flash distillation column. Using the equilibrium diagram (Fig. 1 on the answer sheet), determine
the composition at the top and bottom of the column and the temperature of the flash distillation column.

(2) 25 kmol/s of distillate (methanol: 95 mol%) is to be obtained by continuous distillation from the top of the column. The reflux ratio R is 2
Using the equilibrium diagram (Fig. 2 on the answer sheet), find the required theoretical number of stages and the feed stage using the
McCabe-Thiele plotting method. Find the temperature and the compositions of the liquid phase and the gas phase in the feed stage.

€)) The requlred energy of a distillation column should be determined. For simplicity, we assume that sensible heat is negligible compared to
latent heat and that the molar latent heat of evaporation, A (=30 kJ/mol) is constant regardless of composition. Find the heat of cooling gc
[kJ/s] and the heat of heating gn [k/s] in the condenser for the flash distillation column (in (1)) and the continuous distillation column (in (2)).

£ 535S total condenser -

£ %452 total condenser 9. [J/s]
q.[Jfs]
isti B H i, distillate
i llat )
iﬂj Dﬁin?g/t;]a © X Xp, D [mol/s]
FH feed < E R reflux
IREifeed L, [mol/s]
‘i*/i {r?‘ieb?ls] _'@ — Xg F [mol/s] ¢
ZE8 heater
an [V/s]
‘ : ,Q i # H % bottoms
7 Xy W [mol/s]
?&f [:%ﬁt/ZTS fngk 2 heater "
o (B reboiler)
Gn [J78]
1 75viamE E2 SR
Fig. 1 Flash distillation Fig. 2 Continuous distillation
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Notices
(1) There are 2 question sheets and 2 answer sheets including a front sheet.
(2) Fill in your examinee's number in the specified positions in this cover and each question and answer sheet.
(3) This examination booklet consists of only question sheets. Use other separate sheets for answers.
(4) Ifthe space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the sheet.
(5) Answer all the questions in English or Japanese.
(6) Return these question sheets together with the answer sheets.
(7) If given the instruction to draw a diagram, draw it on the answer sheet.
(8) Youmay use arented ruler if you need one.
(9) Raise your hand if you have any questions.
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/ING&3C Short essay

25 5 YREESEHEA L 13, Al (Artificial Intelligence) <P 10T (Internet of Things) 72 & DT P # NN AFIFA L CEEEEZITOE
4 WEEREREMIZ, BB~ DBUERHEFREE MR RS TH D, BB 5 WEREMOBEN A>T F i mOBEE T 1
AZONWTERE L, (800 FFFEE)

_The concept of Industry 5.0 (the Fifth Industrial Revolution) involves integrating environmental friendliness and sustainability into Industry
4.0, which uses digital technologies such as Al (Artificial Intelligence) and [oT (Internet of Things) for industrial transformation. Discuss
the manufacturing processes of chemical products in accordance with the concepts of Industry 5.0. (about 300 words)





