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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) 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.
(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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fiJ&E 1 (Question 1)

T B Ceig (8 114) 23 40%38IZE4, & 2517 498.15 K., 100 mol hr! TRRBEIRIZ G AU TUVA, BREEFIZ IV T,
e NI AT Z o HDRED 0% MRS, FBD 10%I3—IR(LIREIT D, Z9ROMBHIE, R 20%, %5
80%& LT, IROBMNIE R K, BB Table 1 [ICH-Z HAVTCUD,

(a) BERZERER RO X,

(b) HE A ARRDERSORRE R I,

(©) A7 Z L DIFMEERNENE RD L, RIS LUYKEOEEIREERN 2424 —393 kI mol 35 1 T—286 kI mol! Téh 5,
(d) BAQTIRERYS 7= W RBEIRI e S D A0 & o LR DIREOAT o B L e —hE A

() A7 & L ORFEEER LOEFREEE RO L (A7 % 1kg ¥7=0),

Octane CsHis (molecular weight: 114) is fed to a furnace at a rate of 100 mol h™! with air in 40% excess at 498.15 K. In the furnace,

90% of carbon in the fed octane is burned to CO> and the remaining (10%) is converted to CO. Assuming that the air is composed of

02 (20%) and N2 (80%), answer the following questions. The thermal properties of the materials are given in Table 1.

(a) Obtain the stoichiometric amount of air.

(b) Obtain the composition of the exit gases.

(c) Obtain the standard heat of formation of octane. The standard heats of combustion of carbon and hydrogen are —393 kJ mol"! and
—286 kJ mol”, respectively.

(d) Calculate the total enthalpy of the mixture of octane and air fed to the furnace per hour.

(e) Obtain the gross heat value and the net heat value of octane (per 1 kg of octane).

Table 1 ZMEFHMUAE  Thermal properties of materials

State Ly AHe AHP C, Ly : 7SN
latent heat of vaporization
at298.15K  at298.15K at298.15~498.15K  po - [EHERIEEL
[kJmol"]  [kImol'] [kJmol'] [J mol" K standard heat of combustion
CsHis  Liquid 41 —5470 (© 239 AHP « FEEUEAE YR
CO, Gas — — —393 41 standard heat of formation
Co Gas — —283  —111 30 Cp : PHENEG R
H.0 Liquid 44 — —286 34 average molar heat capacity
0} Gas — — 0 30
No Gas — — 0 29
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RiRE2  (Question 2)
TRITRT LY, ATTEDNE 2 SORETE WRERLS,, S,; S, <S,) PRSI TNSD, BT 2
&
(1) FEEHEE= = — b R DN B AICELIR CHL D SR Ck 9 D BRI A8 X | S, & S, AVTEY,
ZIT, UFOARGEE VL,
- BT O BRI (KFRoe1”) & R R G Uiz & A A (o)
FAP R I N EN—HETH 5,
BRI DB IR X B,
Q) 2NE1 L0 b FHNAIE S 528, 2 TOENFVTOEALVEL RDZENH D, B LNHIHEHETE,

Two horizontal circular tubes of different diameters (cross sectional areas: S, and S,, respectively; S, <S,) are connected as

shown in the figure below. Answer the following questions:
(1) Derive the friction loss factor for the case in which a turbulent flow of an incompressible Newtonian fluid goes from the tube on the

left to another on the right, and express itusing S, and S, . Here, use the following assumptions:

- The time-averaged fluid velocity is uniform across each of the two sections in the figure: a section immediately upstream of the
connection (“1” in the figure) and a section at which the flow is considered to have sufficiently developed downstream of the
connection (“2” in the figure).

- The friction loss on the tube walls is negligible.

(2) The pressure at “2” can be higher than that at “1”” although 2" is located downstream of “1”. Give a possible reason for this.
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fiiE 3 (Question3)

M ORI em, W Tom, £E 17m, BYEER 165 Wm' K1) P 373 K DEFRIKREAN TR Y . FE sk

IE293K ORKREHELTNWD, ZD& &, BIFKZERO B0 L, FE R0 H OEEKEIL 091kgh! Th o7,

LIFDRNCEZ K, 7e720, 373 KT B/KOEHEEENE 40.7kI mol, KDy F-Eid 18gmol!, FIESMERIOEYRE

REIE 7S Wm2K! &35, E£72, BRNEEEROBESIIIEFI NS W ER L TRV,

(1) FENEDBRZABE LTAEE O (W) 2RO K,

(2) MENERDDYRSANKRRAEE T DIEEEB 25 L&, FEREORRGUL, 2EOBEOMY%h,

() ZOMEIZES 2 cm OGS EMEFR 0027 Wm!KY) 2ROV THRET S, Z0& &, WiBMIEERAE 2R X,
7ol U, WiBASVEEIOBMAEREN S, 47 Wm2 K &5 5,

(4) WiBEA 252 Z &, B KRN IETEWA 45 < 5D B35 2,

(5) WEADEMESUL, DEROEMEEOMY%h,

Saturated steam of 373 K is flowing inside a circular tube (outer radius 9 ¢m, inner radius 7 cm, length 1.7 m, thermal conductivity 16.5 W

mr' K1), and the outside of the circular tube is in contact with the atmosphere at 293 K. At this time, a part of the saturated steam was

condensed, and the amount of condensed water from the entire circular tube was 0.91 kg h'. Answer the following questions. Here, the

latent heat of condensation of water at 373 K is 40.7 kJ mol"!, the molecular weight of water is 18 g mol”!, and the heat transfer coefficient

on the outer wall of the circular tube is 7.5 W m2 K. Moreover, since the heat resistance on the inner wall surface of the circular tube is

very small, it can be ignored.

(1) Find the heat transfer rate Q (W) that has moved from the inside of the circular tube to the atmosphere.

(2) When considering the heat transfer from the inside of the circular tube to the outside air in the radial direction, what percentage of the
total heat resistance is the heat resistance of the circular tube wall?

(3) 2 em thick heat insulating material (thermal conductivity 0.027 W m™ K-) is wrapped around this circular tube to keep it warm. At this
time, find the temperature of the outer wall of the heat insulating material. Here, the heat transfer coefficient on the outer wall of the heat

_ insulating material is 4.7 W m?2 ',

(4) What percentage of the amount of condensed water will be reduced by wrapping the heat insulating material compared to before
wrapping the heat insulating material?

(5) What percentage of the total heat resistance is the heat resistance of the heat insulating material?
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R4  (Question4)

TH )=V (631 K (53 2) ROEEKICEADWTLLFOBWNIE 2 X, 72720, TIHRE, PIHEA, ¥,

&y FENVENURSDY | DIRFRTV3R L SR Ly R EFT,

(1) ZORIIEARIIBR RO, ZOROEERIETMBIRA KT T — xy, y B, B LV — ) BRIE RN AT,
12120, T = xq, yy BRERNCEE, BhaR iR <ch) mEﬁﬂw"?c (DPC) , SitHiElE (V) | ARG (L) | Sibcrrae (VL) |
BLUYEHR (Az) %, FHINORERCR

(2) IRAEEDY 363.15 K T4 /) —/LOJRFEE /L M> x; =0200 D& X PO P EKFHENASE Y, v, BRD L,
FelE U, ZOREECRT AR OBFFREEIL PS =158.24kPa, Py =70.03kPa Th V) . BHEIE BAREI AT
bz ons,

Inyy =x,2{d+2(B-A)x;},  Inyy=x2{B+2(d-B)x,}, A=1537, B=0862

(3) =& ) —/bm =400 mol &7Kny =600 mol ZIHA L, Q) &R TIRE « EAHOTICBWCHERRIBIC Ls, —oLx

OSFROWERER" RO &,

Answer the following questions on the vapor-liquid equilibria for the ethanol (component 1) + water (component 2) around
atmospheric pressure. 7'is temperature, P is pressure and x; and y; are liquid phase mole fraction and vapor phase mole fraction
of component 7, respectively.

(1) This system has a minimum azeotropic point. llustrate schematically the 7' — x;, y; diagram, and the x; — y; diagram that
express the constant-pressure vapor - liquid equilibria for this system. Inthe 7 —x;, y; diagram, indicate the boiling point curve
(BPC), the dew point curve (DPC), the homogeneous vapor phase region (V), the homogeneous liquid phase region (L), the vapor -
liquid coexisting region (V+L) and the azeotropic point (Az) using their abbreviations in parentheses.

(2) Obtain the boiling point pressure P and the vapor-phase mole fraction y;,y, at temperature of 7 =363.15 K and
liquid-phase mole fraction of ethanol x; = 0.200 . The saturated vapor pressures for the pure components at this temperature are
.PlS =158.24kPa and P2S = 70.03kPa, respectively. The liquid-phase activity coefficients are given by the following
equations.

ny =x2{4+2(B- 4, }, Iny, =x*{B+2(4-B)x,}, A4=1537, B=0862

(3) n; =4.00 mol of ethanol and #, =6.00 mol of water were mixed and equilibrated at the same temperature and pressure as those

given in the question (2). Obtain the amount of substances of the mixture existing in vapor phase 7 -
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fERES  (Question 5)

ARICRN T, By A OSFRCE VST R & S MERET S (Reaction 1), = ORI EBIERATHET L, — RS
(Z0E9, 3K TORINEEEEL k130640 Tdh D, By A % 250mol- L EFiEln3, 323K CHYES A FISRAIZ 150
L-h! TS s g, LIFORWICE 2 X,

M
@

)

Q)

DG D> OERHERIISHH T T T D0 90%DER{LERA 5 1= Ol B OSSR ZFE & SR L

[l -~ OEREZ AT D n HOEEHEIGERAEA N SIV-5E, n BH ORISIEOH NI AR xan
73 Equation 1 DX DICERSND Z L&t AL, GIBUGHE COMRIEEN L35,

[Fl A L, EAIHEE SA7 2 BB SOs 2 2 B E L CRIIT 90%DER LEAVE BT, K SO5E
DA % KD K,

PNEE 25 cm OSRRIT U LISUSOS SRS CROR SHD B, 90%DEE L4152 1=l B2 RUSEE O F & 25k
&

Component A decomposes to form R and S in the liquid phase as the following equation (Reaction 1). This reaction proceeds without
change in the liquid density and follows the first order reaction kinetics. The reaction rate constant, &, is 0.64 h at 323 K. A raw material
containing the component A at 25.0 mol- L is fed at 150 L-h" into a reactor system operated at 323 K. Answer the following questions.

M

@

)

)

The reaction is carried out in a single continuous stirred tank reactor. Determine the reactor volume required to achieve 90% of
conversion.

Show that the total conversion (xan) at the outlet of " reactor is expressed as Equation 1 in the case that 72 identical continuous stirred
tank reactors are operated in series. Here, fis the residence time in each reactor,

Operating the two identical continuous stirred tank reactors in series, 90% of the total conversion was achieved. Determine the
residence time, &, for each reactor;

Determine the reactor length required to achieve 90% of conversion in the case that the reaction is carried out in an isothermal plug
flow reactor with 25 cm of an inner diameter.

A(l) — R() + S() Reaction 1

1

—— uation 1
(1 +k6)" =

xAn=1
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BRI 254, B5THEREHRAL ChZELIT RN,

(10) HR&H DV NI D DB BT TFEZET T IES 0y,
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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.

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.
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.)

Return these question sheets together with the answer sheets.

If 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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ARE 1 (Question 1)
RO T HOAVF TR BT 23R 9 B, 5 HABED, TAVEI 100 2365 200 TFRREE TRl &, 7ods, BBz
TABLOWEER LT I3 g ooy, 6 UL S U735 A1 i35m0 L 0 R 5 DR S D,

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.

(M

HEREIGA T J01T 2 BB & B VIR Eal] L, By A, B ORGSR A ja & WVE EHOR I D
BfRASRD L, 772U, EHORIE Das = Dea, G0 THRHIE v, BEIREp, T/UWRE ¢ 3B MoE
J:o

Explain the difference between mass flux and molar flux in diffusion phenomena and obtain the relationship between mass flux

Jja and molar flux Ju for a mixture of components A and B, where the following terms should be used; the diffusion coefficient

Dag = Dga, the average velocity v, the mass concentration g, the molar concentration ¢y, and the molecular weight A, of
component ¢l

@

RS RODIS T & B ADBRE RV Y < o OEEFI A - Tl X,

Explain the relationship between stress and strain in linear viscoelastic materials using Boltzmann's superposition principle.

3

BRUEICRIT 5, e X oL Mk, WERBENE v — Ty FEOBIROIEEIE S SV TBIAE £,

Explain the similarity of the relationship between heat transfer and Nusselt number, and mass transfer and Sherwood number at
the boundary layer.

O

N & AR — S AR T HlT B ERI AR DB TR ORI /34 K ONREE D AR O 2 i
T

Explain the difference in the temperature distribution in the flow direction of higher temperature fluid and the temperature
exchange efficiency between a parallel-flow type and a cross-flow type double tube heat exchanger.

©)

77 T TV ARRB R SRR BHER) OIRET R OE AR X,

Explain the difference between van der Waals equation and equation of state for perfect gas (ideal gas).

©®)

7T VY R T mRE T, ARKIEORERAAED B/ ZSEE RO L FIREHITE XL

Explain the procedure for obtaining the molar heat of vaporization from the temperature dependence of vapor pressure using the
Clausius-Clapeyron equation.

™

(S ?ﬁ%‘ 5 BIFTONT, By =)0 [a, IV THRL T, Mis—DTHET D L&, f0=0 DFfEZBIZ &
VAR X,

Explain the regula falsi method by taking the solution of /(x) = 0 as an example when the function y = f(x) is continuous and
there is one solution in the interval [a, b].




20214E10 A, 20224 4 A A% (October 2021 and April 2022 Admission)
IR RFRES R AR AR LR (i) SR A AR ATE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2021 4 8 H 26 HZEHE / August 26, 2021)

ABEE | LT (FERE D AL/ N leccune s B
Subject Chemical Engineering II Program Chemical Examinee’s Number | M
Engineering

RIEE 2  (Question2)

KIFHE Dy, B, Tl DERIGRL T-ORFIER AR OB B A LUF ORIV A 2 K

(1) & heg AR O L AR DI ORI & HHAVMEREE » AR RAE TN L, BL, &
KRG, SINEE Lo, BB g 2L, 7286, A b—2 AR OT AR DHRE Co ik, KL
F LA JIVARE Re, DB E L TRATEZ B,

. 24 10
- ) _4 . Co= 2<Re <500
Z h—y AW C, - (O<Rep£2) T =TS ( g, )

P P

) BIFEE0.7 mm, ZEFE 2500 kg m? DERIGRAL-DENC & DRI 2 kb L 708, GAKEEIT 1.8%105Pas, &
NEREZ 13kgm™ L X,

Answer the following questions about the motion of a spherical particle of size D, and density g, in a static gas.

(1) Derive expressions for the terminal settling velocity w of a spherical particle by gravity in the Stokes and Allen regions, respectively.
The viscosity and density of the gas are given by zand g, the gravity acceleration is given by g. Here, the drag coefficients Cp in
the Stokes and Allen regions are given by following equations as a function of the particle Reynolds number Re;,.

10

Stokesregion :  Cp = ;—4 (0<Re,<2)  Allenregion :  Co=— (2<Re, <500
€ €

P

P
(2) Calculate the terminal settling velocity by gravity of a spherical particle with a diameter of 0.7 mm and a density of 2500 kg m™.
The viscosity and density of the gas are 1.8x10° Pas and 1.3 kg m?, respectively.
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FHRE 3 (Question 3)

SHEOWE LA G 0.1 m, #5001 m, JE& 002m) %, BUE (REE90°C, BIRIEE 5%) ZWATIL CHifd 5, #e

IR FIEDO YIS AR wi =035, IRFEAKR W =010, FHEEKLwW.=005 &5 5, ZABHEMEIOREL, wi=0350

G 2000 kg/m® Tdro7-, MEEREE (Rhoitsid, BET, WE H, BIREE RH, W0 S w, Y HEEE Gy, Z5HE

B AR EBBIILUTEAL

(1) EEBRE, PR EURG, RN K OV 3 i bid, BN TOSAUEDIREE 5K
ROPIGIA ORI A+ T,

() EREEHICOSKAHERBI T DIRENTR LONBE R OEKX 250, F7o, MEREEE TRk &,

(3) W I OVESRREH T TR ERZRD L,

@) BERCENMREL h % AT, TESRREHE (ORISR [ke-H OAm? )| & # s,

(GYh=25 (M2 sK)D & XD R, &KL,

A porous wet plate (length 0.1 m, width 0.1 m, thickness 0.02 m) is to be dried under the parallel flow of hot air (temperature 90°C, relative

humidity 5%). The initial moisture content (based on dry solid weight), w:, critical-moisture content, w, equilibrium-moisture content, we, are

0.35,0.10, and 0.03, respectively. The density of the wet plate at w; = 0.35 was 2000 kg/m®. Answer the following questions using humidity

chart (Notations in the figure are as follows. T temperature, A: humidity, RF: relative humidity, vy: humid volume, Ci: humid heat capacity, A:

latent heat of vaporization).

(1) Drying process can be categorized as pre-heating, constant-rate, and falling-rate period. Draw a schematic time course of temperature and
moisture content of each period.

(2) Draw a schematic temperature and humidity profile along the gas-phase boundary-layer during the constant-rate period. Answer the surface
temperature of the plate, 7.

(3) Answer the moisture weight in the plate at the beginning and at the end of constant-rate period.

(4) Assuming / is the heat-transfer coefficient, derive the drying rate (per unit area), R, [kg-H,O/(m? 5)] for the constant-rate period.

(5) Obtain R, when /2 =25 J/(m?s K).

Cy [kI/(kg-dry-air K)]

10 11 12 13 14
2600 : : ; : :
135 1 e e e
1.25
= L1s | 2500 pu roy
g A5 T s
9 ovos o IS g
1) N R I
& . 2
T 05 2400 |- o
= o~
— jaw
Fooes b 1006 &y
T b 1 &
Qn
0.75 L X e 0.04
=< .
2,
~ 0.02
=1 0.00

110 120
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4  (Question 4)

1. JEi2n ORHRD 7 — V) = (f(x) =%°+i(a

2

=1

, cosmx +b, sinmx) ) A\ LTE, £ (x) BMEBEERDOSE, 77—

U fR#IL a, = I:f(&)cosm&dé (m=0,1,2,..), b,=0 (m=12,.) THEZLND., AMEK

f(x):—lxl (—TchSTc) D71 A skeb X,

n
T

2. BT bOBEEG () DNRD I HZE-Z 6N T D, REE G D AT » P K, T O AZ R

T

G(s)

1. For the Fourier series of a periodic function with a period of 27 expressed as f(x) = Doy D (a

Fourier coefficients are given by a, =2j0nf(§)cosz7z§d§ (m=0,1,2,...) and 5
T

3 =55
T A 5C
S +35+2

cosmx +b,, sinmx) , the

‘m
=1

0 (m=12,..) when f(x) is

Il

m

an even function. Derive the Fourier series of a periodic function, f (x) = —]x’ (—n <x< n) .

2. The transfer function G (s) of a plant is given as follows. Obtain the step response of this function and draw its outline figure.

G(s)

3 -5s
2 : ¢
s +3s5+2
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RiJEE 5  (Question 5)
VLT IVT e ROFEH Y A7 BT AU TORMWNCE 2 L, 7AT ROSRIA UVt 0 L35,

(1) FHH A5 DEBEBORE 30 m? [ZEERDNE LI TV A, BER N DITHE IS x [mgm2 min! |07 T v 7 A THR/LVLT LT
b RHBEE L, ERIZSWOTEBIC AR TND, —F, RO, ZOERICIHES 24250 22.5 m?h!
ICTMA LTS, EFIREEICEBIT AERORL LT VT b REEmg m?)% x 4V VTR,

@) VAT VT ROFA AL, FAAPEAETIC 1 ETHE v MRS AT 370y hEFIL
TERIASI, BN AEOHROBETAZ n Ble v NTDRER M) IR T Y 0 Fi(Eq. INHED ERET S, 22
T, D[mgkg! dNIIFT A MWEOREE, q[mg! kg diIFY ATWED OB IE A2 v M AERTH D,
Ao DY AV PIZEQ2 DEIIEEINDZ LR, DIMSEOEE, 1-exp(—gD)=qD Lip5,

B) 1 AP ZOERICEFET D ADFNVLT AT RICE28BAY A7 % 105 AT LT 57018 FR S5 x [mg m?
min &R &, ¢ 1£21X102mg' kegd, b hOFERE & REIIE 220 m¥ dY, 50kg, FENEFOT VT e ROURIVER
13 80% LARES D

Answer the following questions about the cancer risk from formaldehyde. Degradation of formaldehyde does not occur.

(1) Wallpapers are put on the wall of 30 m? in the room with a volume of 45 m?. Formaldehyde is released continuously at a flux, x
[mg m? min''], and immediately disperses into the room atmosphere. In addition, clean air continuously flows into this room at
22.5 m*hr!. Express the formaldehyde concentration [mg m] in the room under a steady-state condition using x.

(2) Itis assumed that the cancer risk from formaldehyde is expressed using the one hit model, in which cancer is developed in the case
that a carcinogen hits a gene even once, and the probability of hitting the gene 7 times for carcinogens, 4(r), complies with the
Poisson distribution (Eq. 1). D [mg kg d'] and ¢ [mg' kg d] are the dose of carcinogens and probability of hitting genes,
respectively. Prove that the risk of carcinogenesis, P, can be expressed as Eq. 2. If D is very small, 1 —exp(—gD) = gD .

(3) Determine the acceptable formaldehyde flux from the wall papers, x [mg m min™'], to achieve the risk of carcinogenesis less than
107 for a person living in the room all day due to respiration. Assume 2.1x102 mg™ kg d of ¢, 20 m® d"! of a respiratory volume and
50 kg of a body weight for this person, and 80% of absorption efficiency during respiration for formaldehyde.

h(n) = eXp(—.qu),x ab) Eq. 1

P=gD Eq2
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