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Notices

(1) There are 6 question sheets and 6 answer sheets including a cover 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) Select four specialized subjects among the following five 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 five specialized subjects, four specialized subjects of lower scores are adopted.)

(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) You may use the approved ruler if you need one.

(9) Raise your hand if you have any questions.
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R&E1 (Question 1)

—{bisR, TBMUIRE, KEDDAY ) —NVEEKT %, FUbts CIIRDRIGHHEEZ > TV,
CO (g) +2H2 (g) — CH;0H (g) (A)
CO, (g) +3H2 (g) — CH30H (g) + H20 (g) (B)

FUSEHT 510 K DOEHEES 100 kmolh TffE#a <41, ZO#ER%IE CO: 20 mol%, CO2: 10 mol%, Ha: 69 mol%, CHa:1 mol% T
HD, CHISIZERE LV, ERISUEgsnt 550K THREEN, CO, CO DER{ERIZZNEIL 80%, 70% T
%. Table 1 (IZEOE TR R, ELVBRBII—TELT D, UTORVITEZ X,

(1) BEET ADERGIOE/VGE [kmolh] %3k X,

() BUSEB)DRRERSER [kimol] %KD &,

B) FUHRA)D 550K (Z331F A RUSER [kiimol] %3R8 &,
@) USRS DEDRISEE [MIh] 23K X,

Methanol is produced by carbon monoxide, carbon dioxide and hydrogen. In a reactor, the following reactions occur.
CO(g)+2H (g) — CHsOH (g) (A)
COs (g)+3H2 (g) — CH30H (g) + H20 (g) (B)
The raw materials of 510 K are supplied to the reactor at 100 kmol/h, and the composition of the materials is as follows; CO: 20 mol%,
CO»: 10 mol%, Ha: 69 mol%, CHa: 1 mol%. CH4 does not react in the reactor. The reactants are discharged from the reactor at 550 K
and the conversions of carbon monoxide and carbon dioxide are 80% and 70%, respectively. Table 1 shows the thenmochemical
properties of the materials. Molar heat of each material was assumed to be constant. Answer the following questions.
(1) Calculate the molar flow rate [kmolh] of each gas leaving from the reactor.
(2) Calculate the standard heat of reaction [kJ/mol] for the reaction (B).
(3) Calculate the heat of reaction at 550 K [kJ/mol] for the reaction (A).
(4) Calculate the removal rate of heat [MJ/h] from the reactor.

Table 1 ZML*F¥ME Thermochemical properties
IRAE A L FRFEHEB ENBEE (RF)

state at standard heat latent heat of molar heat capacity of
298.15K of formation vaporization gas at constant pressure
AHP® L,°(at298.15K) Co
[kJ/mol] (kJ/mol] [JmolK)]

CHa Gas —74.5 = 42.6
CO Gas —110.6 = 29.7
COy Gas —393.5 - 41.8
Ha Gas 0 - 289
CH;OH Liquid —239.1 375 54.8
HO Liquid —285.8 440 34.7
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fBE2 (Question2)

BURUI=d ST, L7 6 228 bR IBSME: - JHERRE SR AT
=a— N (B, HE DR REAICLoTHRL TS, e 3

B, TIT, w BEROME LEAERIORLE LB RET 5. & =
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= DT LI ERTBIR T Y, T8 DA L TL e

ff{ tEj]‘i’sz’, L TU 2L AN uT@Fcﬁb “:/é:i e diﬂrec(ien
(1) (AL, Navier-Stokes DRDVESTHD (¢ BA, v, @ i FHlpE of gravity
B, p :ENH g  EHINEESRS MDi BRRLGY) . BEIZLIZE-T, RA)F TRERELZTTHEL,
Ebilg, &g UADEZ ONI-EHTREL, {oi/-fEwdt L2 rH,
(6\), ov, ov, 6\1,] op (62\1, o, 0Oy,
o) +v +v +v —= |= m + +
o T Yoy o o’ 9t - o
Q) THELNMHHEE, ORI DEIREREMOL & T,
Q) FDEw (2 #liAmE) & OFREQ #RH X,
4) 8§ ZTTB7DITIY, O ZAFFITTIUIRL

ox

] +pg, A)

As shown in the figure, nonvolatile, incompressible, and isotherinal Newtonian fluid (liquid of density p and viscosity ) is flowing

on an inclined flat wall due to gravity. The flow is a fully developed steady-state laminar flow and forms a liquid film of & in
thickness. The directions and origin ofthe x and y coordinates are setas shown in the figure. The direction of gravity (the absolute

value of the acceleration due to gravity: g ) and the angle of inclination o are also included in the figure. There are no changes of

fluid velocity and pressure in the direction ofthe z -axis (normaltothe x-and y -axes). Answer the following questions.

(1) Equation (A) is one of the Navier-Stokes equations (z: time, v, : velocity in # -direction, p : pressure, g;: i -direction
component of the vector of acceleration due to gravity). Show a simplified equation that is obtained by eliminating all unnecessary
terms and replacing g, by the other given valuables for Eq. (A), following those described above.

ov, op v, v, %,
= 2 T 52 Tt a2
ox ox oy Oz

] +pg, A)

v, v,  ov,
p +v, == +v, —=+v,
ot ax oy o

(2) Solve the differential equation obmained in (1) with the appropriate boundary conditions for the flow.
(3) Obtain the flow rate per width W (inthe z -direction) of the flow, Q.

(4) How many times must Q be multiplied to in order for & to be halved?
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(1) EFEARAORMREZEZ D, ZOMREEREEBIL TRV, UTFORMWICEZ X,
1-1) FEPUCR 1 ISRT & D R MEEE (6,2) 2L 0, SMERENOBIN A E2 52 LIy,
MR R DS R (it}) ZEME X, ZIT, p lIWEORE, o iXEORER, TIXR
EE, ¢ 3FEE, kIR OMGERS R, ARETERII—ELT 5,

S AUEICARE A S

12) TERARIET 2 T2 O ORI — i858, (1) AL,

@) K2R L RE L=150mm, PHEd =100mm, SMEd=120mm OFERH D, ZOM R
EOPEE BIRTTEDS, SRR N T %, RS LOKMICKET omEiids L oiER |
FHADREIIZNEN T =573K, T=288K THHINAE T LRWbD LT D, $7-, Bl o
Hefn b FENRR~ORRERE b =465 Wm?K, IESMUED SIERFEEF~DOIRERE b .
=58Wm2K', MEOINRERSY k=16 Wm'K' &35, EFRETEE  FAOLOEREEL =
BHEL, UFOMOIZER L, }
2-1) M&E» S DRFE L ENREREZ R X, 2 Figure2

2-2) FEDAMUZIEST GRS k=0047Wm K", S 30mm) Y%L & HEBHA%HIT B, 72721, FIESMI
TOEMEFRIT SSWm?K! TELLARNLD &5,

2-3)2:2)D L %, FEOHRINLETEEIIMAIE TOFEFMODIRES i

-

AT, EHEORNBERLEERTSZ &,

(1) Consider heat conduction in a solid cylinder. This cylinder has no heat generation or heat absorption. Answer the following questions.
1-1) Derive the heat conduction equation (Eq. 1) by taking cylindrical coordinates (7, 6, z) as shown in Figure 1 and considering the heat balance in
a small volume in the object. Here, p is the density of the object, c is the specific heat of the object, 7'is the temperature, ¢ is theﬁme, and £ is the
thermal conductivity of the object. In this problem, 4 is assumed to be constant.

8T _ , (14 ( aT 1 8%1 | 9%T
peg =k ()55 @

1-2) Simplify (Eq.1) when the temperatures in the z and 6 directions are uniform under steady state conditions:

(2) There is a cylinder of length L = 150 mm, inner diameter ¢ = 100 mm, and outer diameter ¢ = 120 mm, as shown in Figure 2. The high-
temperature fluid flows inside this cylinder and the low-temperature fluid flows outside. The temperatures of the high- and low-temperature fluids
in the section of length L are 77 =573 K and 7. =288 K, respectively, and they are assumed to remain unchanged in the flow direction. Also, the
heat transfer coefficient from the high-temperature fluid to the inner side of the cylinder is 7 =46.5 W m? K", the heat transfer coefficient from the
outer side of the cylinder to the low-temperature fluid is /» = 5.8 W m2K!, and the thermal conductivity of the cylinder is k= 16 W m K-'. When
considering heat transfer in the radial direction r only under steady-state conditions, answer the following questions.

2-1) Find the amount of heat dissipated from the cylinder and find the temperature of the inner surface of the cylinder.

2-2) By what percentage is the heat dissipation reduced if the outside of the cylinder is surrounded by thermal insulation (thermal conductivity &=
0.047 W m 'K, thickness 30 mm)? Here, the heat transfer coefficient on the outside of the cylinder is assumed to remain the same at 5.8 W m2K-
1

2-3) In the case of 2-2), draw a schematic diagram of the temperature distribution in the radial direction from the inside of the cylinder to the outside
of the heat insulator. Here, the magni"cude of the slope should also be considered.

4
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RiRE4 (Question4)

HHEMBRUA 1 mol % T, = 600 K, A =300 kPa DFIHAREEN S P, =100 kPa DEARIEE T, (1) SHBE () FEE

12, BLU (o) WM &> CENTIRE LTz, LFORWNIEZ &,

(1) FERRICKITIHRMBETD, , NV AU , U ZNVE—BLAH , [EKE-EE O BLUKHKI
TftE w DEEFRERBORIZEEAR L, 72720, B3FIL 3 e 45, £, ZOREKOTNVEERFET
Cpm=(T/2R T—ETHDE L, TFEHIIR=8314)-mol - K LT 5,

Q) ZORBIZRWT, [EMMTHIHFIIERBREDOFIWEER L D b REV, ZOEHZ LT X,

1 mol of an ideal gas was decompressed from the initial state of 7; = 600 K, A =300 kPa to the final state of P, =100 kPa by (a)

isochoric process, (b) isothennal process, and (c) adiabatic process, respectively. Answer the following questions.

(1) Write the values of the final temperature 7, , the intemal energy change AU , the enthalpy change AH , the heat that the gas
obtained O, and the work that the gas obtained ¥ for each process in the table on the answer sheet. Calculate the answers to three
significant figures. Assume that the molar isobaric heat capacity is constant at Cp,, =(7/2)R , and the gas constant is
R=8314J-mol . K.

(2) In this problem, the work done by the gas in the isothennal process is larger than that in the adiabatic process. Write the reason for it.
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R85  (Question 5)

BEOE LA EDLRWBRIBDIEFIRIS ZES RISEE TIT 9o BOs 1 RUSUS 2 OFISEE n KU RIdX1, K20k >
(CREND, h, kMmool 'mn™iY, TNENRIE], Ki52 DRIGEEER CTHD, £z, Ca Co, Gr, CGsiIRIG

oA LB, AR & S DBRETHD, LLTFORIZEZ L,

1))

2
3)

4)

A+B—R FUi& 1 (Reaction 1)
A+B—S B 2 (Reaction 2)
r = dCr/dt = kiCaCs 2\ 1 (Equation 1)
rn = dCs/dt = kCaCh 2.2 (Equation 2)

RIS A BOYB DUHREZR Cao, Coo, FISHSY A DER(VEE xa 0<xa<1)& T 5, BN RIS
A DEEE(Y (ACA/d)% Cao, Coo, xa ZRWTERY,

Cao = Cao THDHEED xp b t ORUHFE T,

Cao = Ceo = 1000 mol m™3 THRIGSHTBE, B 25 min DRV xa = 0.50 L7poT, ZDEEXD h+h DIE
[m? mol ™' min &2k L,

U525 min %, AR & S BEANR—ATOEETEAT%, 25%ER LTV, FIGIZRAVWZRERZIE, 4
R & SITEEN TR -T2 bDE LT, b, hERDE, BL, h, LOBHBERLHATLHZ L,

Parallel reactions in the liquid phase without change in the density are camed out in the batch reactor. Reaction rates of the reactions 1
and 2, vy and r», are respectively expressed as the equations 1 and 2. k1 and & [m? mol ' min~"] are reaction rate conswnts of the
reactions 1 .and 2, respectively. In addition, Ca, Cs, Cr, and Cs are concentrations of reaction components A and B and products R and
S, respectively. Answer the following questions.

D)

2)
3)

4

The initial concentrations of the reaction components A and B and a conversion ratio of the reaction component A are Cao, Cao,
and xa (0 <xa <1), respectively. Express a change of the raw material A concentration over a differential time (dCa/d?) using Caao,

'CBO, and xa.

Show the relationship between xa and 1, in the case of Cao = Cho.

When the reactions were camied out at Cao = Cso = 1000 mol m 3, the conversion ratioxa = 0.50 was obtained after 25 min
of the reactions. Determine the value of k1 +42 [m* mol ' min™"].

After 25 min of the reactions, the products R and S were respectively produced at 75% and 25% of the molar ratio. Assuming that
the raw materials used for the reaction did not contain the products R and S, determine 4; and k2. The estimation processes for
and &, should be explained too.
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R QYRS RO Z27Ul, SR T2 A LT EENY,

ZAVUIRTEAAR T, MR ORI REA LT 7E &,

RN EX XNV E XY, FUTEOERAF L CTOOEEA, 7750, EO8AE Bk Y
BT L2 VD Ko LT 2k,

fiRE 1 13wl T,

R 2—5 D 4 B 6 3 RBEIR U AAGEE 7l 30GE TR L7 3V, 7223, IR L7-RES, AR RIRROEED
BEHHCORIZ DT 23V, @ RS LTS8 IH RO L VRV 3 RIS ET,)

R A RS & BIZA L £,

T [RcEE &V EOWHETRRH AT, ERRIZGGEATH I L,

ERT 556, 57 5EREHFER L THE LA,

(10). RIS DUVNIRIHZ B DI TR ET T &y,

Notices .

M
@
©)
)
)
(6)

@)
®)
(€)

There are 6 question sheets and 6 answer sheets including a cover 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.

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

Question 1 is a required one.

Select three specialized subjects among the following four specialized subjects (Questions 2-5) 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 four specialized subjects, three specialized subjects of lower scores are adopted.)

Retum these question sheets together with the answer sheets.

[f given the instruction to draw a diagram, draw it on the answer sheet.

You may use the approved ruler if you need one.

(10) Raise your hand if you have any questions.
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A1 (Question 1)

e 7B VFELFHIBHR T AEERID 5 H, 5HEAZRED, TIEN 100 25 200 FRRE CHiAT X, 728, ARV
RBILOREER L TH XV SIFEITITEDR Y, 6 U RS UT-EAIZIIEE0 L 0 R 5 IEAMEH &h b,

Choose 5 questions among the following 7 questions regarding chemical engineering terms, and explain each term by about 30-100 words
in English. Equations and figures can be used, but are not counted in the number of words. If you choose 6 and more questions, 5 answers
of lower scores are adopted.

)

Ta—/b e FAY ARBOEREZDR, X512V h LAY R E D) TR ERAINIBET 2 ik
ZEAE X,

Explain the definition of the Joule-Thomson coefficient, and then explain how it can be used to chill a gas continuously by the
Joule-Thomson effect.

Q) | FEARREDOER 2R, ISR LIRS ORER R OE 2T X,

Explain the definition of the catalyst effectiveness factor, and then explain the difference between the effectiveness factor for
reaction rate limited and diffusion rate limited cases.

() | HEEVEHRI IRV MEE 2 5 2 TR O N DR ESLOMERIERZ R X,

Explain the physical meaning of the loss tangent of viscoelastic materials obtained by applying a small amplitude oscillated strain.

@) | MEOBMAMERIZ T 2R 7 V U HHOEREZ R~ L, iz, < D@RMEIDISE LEDEL G | #iC
A,

Explain the definition of the Poisson's ratio in the mechanical properties of a material. Also give an approximate value for many
metallic materials using one significant digit.

() | R OEIHERIZRNT, =B LOMENLE L 2D5E & ZOEMIZ OV THFE L,

Explain when and why the Cunningham's correction is necessary in the equation of motion of a particle.

6) | & MBI L DWEEHADESRIC OV, HEAWTEHIRE L, EOIR, BELFEDOKRDFEZHIATH L,
Explain the principle of fluid velocity measurement by the Pitot tube, using a figure. Here, explain how dynamic and static
pressures are obtained.

() | A FkE 2 BBV T T o RV ER IR dyfdx = f(x,y) OEIERMTOMREIZONT, Th

FTNHIAE X, 728, flx, y) I3, y DB TH 5.

Explain the numerical analysis of the ordinary differential equation dy/dx = f(x,y) using the Euler and two-stage Runge-
Kutta methods, respectively. Note that f(x, y) is a function of the variables x and y.
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fIRE2  (Question2)

BT EsAR R L OB (S B NPRSVER r, SRR ) THIGHLT B p, BT D)
ZE TR (B pr, KE 1) D OEIRIF 2 0BT DHEIZMT 2 LA TORRMIZEx L.

(1) FREFEEREFR, ME L2 AEEe CESIT AEIRL TR n MO R n £ TBEIT 208 50 « 2 &%
AL, 728, Stokes DIEHHIDSEA SN D LT 5,

(2) HBRYEER 7y DATED DS S =R K EMERN A AR B & il o Thitdl, R bR DEETLEAT5,
F7z, HAREEIBREL AL IR 7V —tHANGHRE SN D LRET 5, DBERFRIFR D (R 7V —HONGHE
HEND R/ NORL TR A& TRAEHE L,

) KL TEE p,=2900kg/m?, i Dy=2um, HEHEE S A=1m, WHEREMEE n=5m, SAREPNEE n=10cm,
SYBEEEIERET N= 6000 rpm, THEEEE £=0012Pa -5, MEE pe=900kg/m’® DIFA, KIfHVE N2V NIZHEEE O
DHEH T& 2 5 IKAEBE O [mYs) &Rk &L,

Answer the following questions regarding the separation of spherical particles (density , particle size D) from spherical particle-containing
feed oil (density o+, viscosity £) using the continuous rotating cylinder type centrifugal precipitator (height 77, outer radius of inner cylinder
r1, inner radius of outer cylinder ) shown in the figure.

(1) Derive the equation which expresses the time £ required for a spherical particle traveling at angular velocity @ around a circumference
to move from radius 71 to 7> in static feed oil. Assume that Stokes’ law of resistance is applicable.

(2) The feed oil supplied from the bottom of the precipitator at #, flows through the rotating cylinder at a uniform upward velocity , and
the particles also move up at the same velocity. Assume that particles reaching the outer cylinder wall are discharged from the slurry
outlet. Derive the equation for the critical cut size Dy (the smallest particle size that can be discharged from the slurry outlet).

(3) Given particle density g = 2900 kg/m?, particle size D, =2 pum, precipitator height //= 1 m, outer radius of inner cylinder r =5 cm,
inner radius of outer cylinder », = 10 cm, rosational speed of precipitator N'=6000 rpm, oil viscosity #=0.012 Pa * s, oil density pr=
900 kg/m?, obtain the maximum treatment flow rate O [m?/s] at which the particle-free oil can be discharged from the oil outlet.

Oil ontlet

i Hﬁ Slurry outlet

.}, '/Particlc

%
L4

i

i
|

I

|
!

i e e E T S R

bt L de? v
rﬁTFeed oil

Angular velocity @

1
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ERE 3 (Question3)

EFRREE T, A7 ) — )L KERIE (BHATREE A5 ) —)L 40 mol%) 2S#hSiHEDIRAET 100 lanolh THEASHL, HETEDHAS )
—/b 95 mol%, ¥BENHK 90 mol% 155, KUETEIGREE: T, A%/ —/VRARENLDH: x, RIFELDE: YIIAER
cEZoh T,

(1) BFtE R% 15 L35, FEERHOD x-y #11X% AV YT, McCabe-Thiele D/HXIE 2 LT EERES S OEEHE R EY A
Kbk, -, SRR, BRI ORIBDMAE KDL,

(2) McCabe-Thiele {ETlE, AREN TN —ASERIKS T —ETHY, BEEWIRAENIFATERE LR TEEY N T
HLTEDMRESND, ZOREITLY, FBUATTAT 2KRE V SiRE L 1T, fith T 28K BLREBICHLL 25 L%
H,

Q) BHETRIOENERCORTTEEZ KDL, 512, VIRAF—TONMEEE KD &, (AL, A7) — )L KIAEDTN AT
EEABRL RS9 40 kJ/mol &35,

@) TZ)—)VKERL, BAEIRARET D (=8 ) — NV i#his 78C), ZOBEDIREEHIFHRKIS LT x-y FRKDHE
BEA T, o, ZORGRODEECHERASN T DRBEDL e i~ X,

A saturated liquid mixture of methanol-water (methanol: 40 mol%) is fed into continuous distillation column at 100 kmol/h and
separated into a distillate containing 95 mol% methanol and a residue containing 90 mol% water. Equilibrium data are given in the
answer sheet (7: temperature; x: methanol mole fraction in liquid phase, y: methanol mole fraction in vapor phase).

(1) The reflux ratio, R, is 1.5. Detennine the number of theoretical trays and that of feed tray by the McCabe-Thiele method using x-y
diagram on your answer sheet. Obtain the temperature and the liquid and vapor-phase compositions in the feed tray.

(2) The McCabe-Thiele method assumes that each component has equal and constant molar enthalpy of vaporization (latent heat), and
sensible-enthalpy and heat of mixing are negligible compared to latent heat changes. Explain these assumptions lead to the flow
rates of vapor ¥ and liquid L flowing in each tray are equal to those of flowing out, respectively.

(3) Obmin the vapor flow rates in rectifying and stripping sections. In addition, calculate the energy required for the reboiler. It should
be noted that the molar latent heat of evaporation of the methanol solution can be assumed to be 40 kJ/mol irrespective of the
composition.

(4) An ethanol-water mixture forms a minimum azeotrope (boiling point of ethanol: 78°C). Draw schematic temperature-composition
and x-y diagrams. Answer the distillation method adopted for separating this mixture.
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R9%E4 (Question 4)
1. ®5ovems (EFES) CHEEN:, RESMT 2HT20EV KV ) TOEEICLHEWHR<T brg it
q=—kVT
TREND, ZITEIIEMEERT, VO T ED >+ ThD, LLFORWIZEZ X,
Dk, S OMUINEFEdS , BEUAS OEGERENY bvn VT, SOLEZBERTH83E Q 23t
QM TRLNREH Y ADREBEBREAVTERL, Q% V ORuMAEdY ZRAVWTEY,

2. Fo7ay VB TREIND 7 4 — Ay JHIRICEAL T, UTORMICEZ L,

(1) Hh W) Z AT Rs), Dis)IB I MERTHC(s), Pis), Pas), H(s)THYE,
Q) EEREKITEZ BILTND, ADREDBZT v ARIZ 02025 1 IZSE LR, A K)o wEE Rd X,
C(s)=2, Pi(s)=4/(1+3s), Pxs)=5/(s*+2s+3), H(s)=¢™

1. For an object named V (volume: ¥ ) surrounded by it smooth surface S (area: S') and having a temperature distribution 7', the
heat flux ¢ induced by the conductive heat transfer is expressed as
q=—kVT,
where k , the thermal conductivity, is uniform and constant in and around V. Answer the following questions.
(1) Express the total heat energy Q that is transported through the entire area of S, using & , the areaelement d S of S, and the

unitnormal vector 7 of dS .
(2) Transforn the equation obtained in (1) using the Gauss’ divergence theorem to express Q' using the volume element dV of

V.
2. Answer the following questions for the feedback control system shown in the block diagram below.

(1) Express the output ¥(s) in terms of the inpuss R(s) and IX(s), and the transfer functions C(s), Pi(s), Px(s) and H(s).
(2) The transfer functions are given by the following equations. Obtain the steady-state value of the output ¥(s) when the input R(s)
changes stepwise from O to 1.
Cis)=2, Pius)=4/(1+3s), PAs)=5/(s>+2s+3), H(s)=e™

Input

+_.Output
Y




2022 4 10 A, 2023 4 HAF (October 2022 and April 2023 Admission)
IS RFRFFARERTREI AP EREA (AR TR B ATHSERE
Graduate School of Advanced Science and Engineering  (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2022 &8 A 25 H#HME / August 25, 2022)

HEBHE | b¥FTE (FPRE 1D RS/ A N {tFT¥ ZERES
Subject | Chemical Engineering I1 Program Chemical Examinee’s Number | M
Engineering

fERES5 (Question 5)
WHE X DIMIRFDOIREED 0024 gL' LA L2725 L PHEERIBRNHFIREMN $H D, & FOENIZIIT 2WE X OFENBET 504
TORMIEZ L

(1) Hdt MIWE X 2 3EMZ SR LT, & hOBFICRNT, TOELITWME X 25EE F [gh \o Tt &4,
W X FE SR EHRT 5. MIRPOME X (TBBC SO TRIRSh, RCHR S G, BlEORIERIZH S m
RHDOWE X DIREEE, BREFREEE AN E BB —RBOSSIc L > TEREND, WE X DREX Clgl], b MK
AOIMEDES VL], Ffii% ¢ [h)& L, MikTFOME X OMEIN %8,

(@ F=0.15gh'& L, EE2hEOWE X OIMIRHORELZFHENT L, 723, b MENOMIMKRE V=501, ME X DFRIEE
T k=0240" THD, T 2T, —EEIEMSHIER  dC/dt + aC = Q(t) D-—AXEDX (Eq.1) AL, aldELL Q@)
13t DR, Const 1 IFEDTEETH 5,

(3) BEAC LY, EE2h BICERIBRE SN, WHE X OMIRFREN 0024 g L LA FICA2 208 25 EE X,

Compound X may cause an adverse effect on the human at a higher concentration than 0.024 g L' in the blood. Answer the following questions

concemed with behaviors of the compound X in the human body.

(1) A person ingested a solid containing the compound X. In the stomach, the compound X is released from the solid at a rate £ [g h'']. The
released compound X is dissolved in the blood at once, whereas the compound X in the blood is absorbed at the kidney and is excreted into
the urine. Assume that the change of a concentration of the compound X according to the absorption into the kidney is expressed by the
pseudo first-order kinetics with the removal rate constant & [Ir']. Show the mass balance equation of the compound X in the blood, where the
concentration of the compound X in the blood is C [g L', the volume of the blood is ¥ [L], and the timeis z [h].

(2) Giving F=0.15 gh"', determine the concentration of compound X in the blood after 2 h of ingestion. Assume that the volume of blood in the
human body and the removal rate constant of the compound X are ¥ = 5.0 L and k= 0.24 h”), respectively. Use an equation of a general
solution (Eq. 1) for a linear differential equation: dC/dt + aC = Q(t). a isaconstant, Q(t) isa function of#,and Const. isa constant
of integration.

(3) The solid was removed after 2 h of ingestion by gastric lavage. Determine the time at which the concentration of compound X in the blood
becomes less than 0.024 g L.

C=e"%{[ e Q(t)dt +Const. } Eq. |
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