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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 a rented ruler if you need one.

Raise your hand if you have any questions.




2024 % 4 AT (April 2024 Admission)

TR RN T AR ReRHE LERE] (&) BRI A AT B
Graduate School of Advanced Science and Engineering (Master’s Programs), Hiroshima University
Entrance Examination Booklet (General Selection)
(2024 2 1 B 25 B3EHE / January 25, 2024)

HEEIE | (T EMBE D AT N le=aneat XS
Subject Chemical Engineering I Program Chemical Examinee’s Number | M
‘ Engineering '

fRE 1 (Question 1)

PRBEIER 2 FAV T, AR 100 kgh 2828, (SFELE 021 N; =21:79) CHREES L. SO 38 LT SOs MR LT D, AR
L7 S0 137K & Uit SHTHaSOs & U TBREEARCAT A BERE SNAH 720, SOs ZEBOH O A AT TE FHRN Y,
H0 A 2 D#R%IE SO, 15 mol%, Or: 5 mol%, N: 80 mol% T b, LATORICEZ X, BRFEILS=32. O=16, N=14-
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(1) SOsITEEL LT S DEIE (%] ZRD X,

) 4Rk LTz SO, DEEE [kgh] AR X,
(3) MERIZERER (%] Z3RD L, _ '
(4) EHERRE (0°C, 1&TL) (2B AHO T ARE [m¥min] 23R X,

Sulfur of 100 kg/h is bumed with air (volume ratio O : Np =21 : 79) using a combustion equipment, and SO, and SOs are produced.
SO; is reacted with water, and removed as H,SO4 from the combustion product gas. Therefore, SOs is not contained in outlet gas in the
equipment. The composition of outlet gas is as follows: SOz : 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) Caleulate 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 [%]. '

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

/




2024454 A% (April 2024 Admission) |
IR KRR OERET AR AR LR (N8R FF9R B AT RS
Graduate School of Advanced Science and Engineering (Master’s Programs), Hiroshima University

Entrance Examination Booklet (General Selection)
(2024 41 B 25 BEEHE / January 25, 2024)

HEEE | (bRIE EMRED A TN LFIF S
Subject Chemical Engineering Program Chemical Examinee’s Number | M
' Engineering

RAEE 2 (Question2)

UTORICE 2L, BRETAYBREICKT 2R EIEaER L THEAE L,

(1) Hagen-Poiseuille FALDEES % Fi> T4, =/l T L RHE, Navier-Stokes D, 8DV NTEDMDFEDY ¥
g AWTE,

(2) (1) 187305, Hagen-Poiseuille it LD TFEAREE 2 55§\ 2 &1 T,

(3) Hagen-Poiseuille fid VRO ABTRS I DFR G A M e R T ET,

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 equation obtained in (1).

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

AT ORI NTEZ &,
Q) FHED a FRE P IEOHIEROAfE T Clapeyron DFRIL )N TERIND, 2T AHTS LAV SIIEN TS
B AN Y— CHIESAETH D, ZOREEHE L,
dp AHTTS
ar ~ Taves 9
Q) ROZEAIT273.16K,612Pa TH Y . ZOITRT DERDTEENL 0917 gem?, FRIEDEEL 1.000 gem?®, fEfiE—
BV E 116,008 kI mol! Th D, ZODRIZKIT HEMFHIROARE RO &, 72720, KROE/NVEEE 18015 gmol! &
15,
(3) JE77 1013 kPa lo381T BAKDIAUIL 37312 K TH Y, ZOITRIT BT # N E—11 40.656 kI mol! TH D, J£/)
23200 kPa D L & DR AHEET L,

Answer the following questions:

(1) The Clapeyron equation, which represents the slope of the coexistence line between o and 3 phases for a pure substance, is expressed
by equation a), where AH'™ and AV are the enthalpy of phase transition and the volume of phase transition, respectively. Derive
this equation.

dp AHLTS
ar _ ravers 9

(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.
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REE4 (Question4)
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(1) TARFTEDIREA Ty & o TV B & & IMIRINOBIN A E X 5 = LIk b, A0 N
AR @ﬁ};’i“ ﬁj\;ffﬁit ) I left side right side
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@) ()D& x, FRPNCEIT DREIRE Thee R TAAEHE L,

(5) BDE &, B o) ZALiE x DRI L LTRE,

As shown in the figure, an infinitely wide flat plate of thickness Z and thermal conductivity & is heating at H 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 75, 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 Tinax 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 75 (71> 7>), find the
temperature distribution equation in the flat plate.

(4) In the case of (3), derive an expression for the maximum temperature Tinac 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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R85  (Question 5) )
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(G4 R34 VYT 30 min S SETHER, Ca lIAHEE(Ca)® 50% & 7207z, RUSHREEEE k [min']Z5R &,

Z DRGSR T TR A % 90%BUE S8 5 DIE AU t [min] &2 3K &,

— ORISR AV, S OWRKERUREAT 5, SRS 30 min (2 CHMET 2 & WE A DER(ER xa []30
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7] AU eR % 2 DESINIE, ZOHRFERIGETT 9. FiUGEs COMEETRNZ 30 min (Z9 D &, xa [-1E
W BIZRRD0Y,

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 74 is a reaction rate [mol(L min)], & is a reaction rate constant [min], and Cx [molL}] is a
concentration of the compound A. Answer the following questions.
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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, # [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, x4 [-], in the case of operation at 30 min of a residence time in each reactor.
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FIRE 6  (Question 6)

AF ) JUIAKIRETR (GRS A% /—/1 30 mol%. Ji&: 100 kmols, 1REE: #h,E5) 37T 2 7RBHE (X 1) 35\ a8 ARy
(X 2) THEESID, 1 atm IZRITAKIREE GRE: T A%/ — VIRV SR, x, SIEEL SR ) IFERRC 5250
TV,

(1) 7T afRERET Y 25 kmolls TERIMIEAED, THERX BPEFIEOR 1) % O, SHTERB L OEIE COMEL, BL077
v 2 FREAOIREA RO L,

(2) EFFRE CIETEY DAY /—7) 95 mol%?: 25 kmol/s TEEHHIEA 13D, It R % 2 &35, TR (R FIREDR 2) 2 VT,
McCabe-Thiele OOFERIFEIC LV FTEERRESS K OVEEHRER A SR &, 7, BERERODIREE, WeFAOMEL, SHBDMEEA $
X,

() FREEDO VBT RVX—ERDOT N, MO, BN A TR TEHbOLL, B/VRREE (=30 k/mol)id
R DT —EL T B, RS TORHEE g, [ks], BRUNMBEES TONEE g, [KislE, (VD7 Ty 278888, BLOR)D
BRI DOBE TENEIRDL,

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 given in the answer sheet (:
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 kmoV/s of distillate (methanol: 95 mol%s) 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 thie liquid phase and the gas phase in the feed stage.

(3) The required 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, [kJ/s] in the condenser for the flash distillation column (in (1)) and the continuous distillation column (in (2)).

£ B#E38 total condenser

2 %538 total condenser g [Jfs]
G [Jrs]
BH & disti 2 7%, distillate
Z%kﬁfn?é?gllate X Xp, D [mol/s]
B feed } & reflux
. L7 fee R L, [molis}
Eﬁ {;chi/s] xp F[mol/s}
NgLEE heater
Gn [J/s]
‘ Q i l & i 7 bottoms
j Xy W{mol/s]
?&f [:%tlt/c;;m In#:FE heater i
o (B 388 reboiler)
Gy [J1s]
©1 ISy E 2 B
Fig. 1 Flash distllation Fig. 2 Continuous distllation
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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 a rented ruler if you need one.
(9) Raise your hand if youhave any questions.
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/INiRSC - Short essay

55 SRR L1, Al (Artificial Intelligence) <P 10T (Internet of Things) 72 & DT X VERMTERIE L CEEEEH AT HE
4 RSN, B~ ORI IS Th D, 5 5 WEESEMOBLEIZA - IR OREE 7 0t
ATV TiRE X, (800 FHEE)

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 IoT (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)



