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There are 5 question sheets and 5 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 three specialized subjects among the following four 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 four specialized subjects, three specialized subjects of lower scores are adopted.)

Retumn 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 a rented ruler if you need one.

Raise your hand if you have any questions.
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a1 ( Questionl )
A B CHy EERD O DIREL (FRD) W AZZEREHITFRIFEL T IROMRODIEBEES A (RBET A HAKDIRE
SN HR) AR LT, ‘
CO,:800%, 0n:500%, Ny:87.00% .
R ORRE | R 21.00%, 2255 79.00% & L TUAF ORI N £ &, BYLFIEENL Table 1 1279, JRFE43 H=1.00,
C=120, N=14.0, 0=160 &§5,
(1) AZ > 1kg Y720 ORFEEE [kikg] B LUEFREE [kkg] 2RO L,
Q) A OFEHEARREN [mol] %R &,
) BEL (EED HAOMER (%] ZROL,
@) BREET A OREEDHA) O/ERR [%] Z3RKD X,
(5) WERIZERE (%] KDL,

Fuel (source) gas composed of metharie CHs and nitrogen was completely combusted with air, and the flue gas (combustion gas
without water) was generated as the followings.
" C0.:800%, 0::500%, Na:87.00%
Assuming that the air is composed of 21.00% oxygen and 79.00% nitrogen, answer the following questions. The thermochemical
properties.are shown in Table 1. Atomic weight of each element is H=1.00, C=12.0,N=14.0,0 = 160.
(1) Obtain the gross heat value [kJ/kg] and the net heat value [kJ/kg] per 1 kg of methane.
(2) Obtain the standard heat of formation of methane [kJ/mol].
(3) Obtain the composition [%] of the fuel (source) gas.
(4) Obtain the composition [%6] of the combustion gas (gas with water).
(5) Obtain the excess air ratio [%o].

Table 1 Thermochemical properties

AHP : FEAEARER Standard heat of formation

State A]-[f° AHC o Lvo
a29815K  [kimol]  [kVmol]  [kmol] MM : BRIERABER:
CH, Gas [ —890 _ Standard heat of combustion
0, Gas 304 B _ L2 : 298.15 K \ZH31T HARFEIEEL
0, Gas 0 _ _ Latent heat of vaporization at 298.15 K
H,O Liquid -286 -286 44.0
N, Gas 0 - -
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A2 ( Question2 )

BORID 2 SOKFEE WEAETNENS, & S,) BPROL SIS, FEithaKk GEp =1000kgm’,

KEEEW = 0.001 Pas) (2R L CHEDEHTIME L TG, 20 & &, S INBO < TRl Gl BRI s

U EIAS, B OB R ES B, £ 2T, BT Section 1 &R LI BFEILCISH BIEE () 1200

T, ERLEOBTERES (<S,) OERTLY, =v T, S LBMORRTY, =0 LT 5, %7z, Section 1 D& iz

THC, FAHRE LWl Section 2 4T, 7 2 CIEHEY, IO > TR EERT B, SbIC,

Section 1, Section2 THEN (p, ,p,) FENEFNOWEICTZ> TENEN—HTHH LT 5, LIFORICEZ L,

(1) Section 1 TOSEHIFLH(7, ) %, Section 2 COTHIFEH (v, ) & U THRH,

QDREREFNT, v &, (7,) #BAITETRE,

(3) Section 1 \Z BTG T2 VAT BHikOVE§ 0 EBE L EX, (7,) 2 EALH THE,

(@) PLEDRERE | 2 SO & BEE TSN 5 COMBNER L OB /L F— DI B2 - Lic kb,
FHRBAIE RS 72 ) DTFVF—BEE, 28 (7,) &S ZEALHTHRE, ZIT, FBAIRT 2 AMIENE
EHTEDHDET D,

(5) KOFEEN 150 m’h, FFRAAIDBE DD 040m Th>T, S§'=0.67S, LH2EHLEDE OEERD L,

Two horizontal circular pipes of different diameters (cross sections S, and S, , respectively) are connected as shown in the figure,
and a sudden contraction of the flow channel occurs for the water flowing inside (density p = 1000 kg/m3, viscosity p = 0.001
Pa-s). At this time, immediately downstream of the contraction, there is a region of low velocity near the pipe wall and a region of high
velocity near the pipe axis. Therefore, the flow velocity (v, ) in the cross section named Section 1 in the figure is approximated as
v, =v' in the region of cross section S’ (<.S,) at the center of the pipe, and ¥, =0 in the region outside of S’. The
cross-section further downstream of Section 1, where the flow is sufficiently developed, is named Section 2, where the flow velocity
v, isapproximated as uniform across the cross-section. In addition, the pressures ( p, and p, ) at Sections 1 and 2 are assumed to be

uniform across the respective cross sections. Answer the following questions. ;

(1) Express the average velocity (¥;) in Section 1 using the average velocity (v,) in Section 2.

(2) Using the result of (1), express v' in a form that includes < v, ) .

(3) Derive the momentum of the fluid flowing through Section 1 per unit time and express it in a form that includes (172 ) .

(4) By considering the above results and the momentum and mechanical energy balance in the space bounded by the two cross sections
and the pipe wall, derive the energy loss per unit mass of fluid, £, , and express it in a form including (¥,) and S'. Here, shear

stress in the pipe wall is assumed to be negligible.
(5) Find the value of l:?v when the flow rate of water is 150 m*h, the diameter of the downstream pipe is 040 m,and S’ =0.67S, .

Section 1 Section 2
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W1 W2 DEREFNENL,, Ly, BMEEFEFIEhk,, Thermal conductivity k; . Thermal conductivity k-,
ky L FE, AR 1 OINEREIREEET,,,, B 1 L 2 OEARTOIRE B
#T., W2 DAEEmRELET,, &1 5, UTFOREZ L, \ /|
7L, EREREE LT, ARRVL, |
0 W1 ER 2 ICBT AEEHE AR TR I EraiHEE
Fo BB, Tpy > Typ &5, L
(i) B 1 M2 IR 2EMEN A R TR A 2 ENiiEE L.
15| ORMREER L A TENELAS W K) & 15mm, 422 =
DOEMRER L BT F N2 5.0 W mK) & 10 mm THA,
F, R OAEREIL VI IREE 400 K OFEIRREL, W2 OASKmEIL VL7 BE 300 K DRI EEL T3,
BRI & RIRFR AR OB RERI T 1200 WM K) TH D, LLTFOROZEZ L,
() MIECECRE EUmEE) 2RO L,
(i) ENRFARY ARSI OBAREERRM T2 Y DABRE 23K D &,
(i) K1 ERR 2 IZBT AIREMRTE K] 2 Ei sk &,
F7-, 1 ASEED DR 2 AMREC T HIEES Omm < x < 25mm) ZAEEREOS T 7 HhicHiT,

Consider a plane wall composed of two different materials, labeled as Plate 1 and Plate 2, as shown in the figure. Heat transfer oceurs only
in the direction of thickness (x-direction), and the system is in a steady state. Answer the following questions. .

)

@

Let the thicknesses of Plate 1 and Plate 2 be L; and L, respectively, and their thermal conductivities be k; and k., respectively.

Let Ty, be the temperature at the outer surface of Plate 1, 7. -the temperature at the interface between Plate 1 and Plate 2, and T,

the temperature at the outer surface of Plate 2. Let A be the area of heat transfer.

(i)  Write the expressions for the rate of heat transfer through Plate 1 and Plate 2, respectively. Assume T,,1 > T,5.

(i) Whrite the expressions for the thermal resistance of Plate 1 and Plate 2, respectively.

The thermal conductivity and thickness of Plate 1 are 45 W/(m'K) and 15 mm, respectively. The thermal conductivity and thickness

of Plate 2 are 5.0 W/(m-K) and 10 mm, respectively. The outer surface of Plate 1 is in contact with a high-temperature fluid at a bulk

temperature of 400 K, while the outer surface of Plate 2 is in contact with a low-temperature fluid at a bulk temperature of 300 K. The

convective heat transfer coefficients of the high-temperature fluid and the low-temperature fluid are both 1200 W/(m?>K). Answer the

following questions.

(i)  Determine the overall heat transfer coefficient.

(i) Determine the rate of heat transfer per unit area from the high-temperature fluid to the low-temperature fluid.

(iii) Determine the temperature drop [K] across Plate 1 and Plate 2, respectively. Also, sketch the temperature distribution across the
wall from the outer surface of Plate 1 to the outer surface of Plate 2 (0 mm < x < 25 mm) in the graph provided on the answer

sheet.
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RARE4  ( Questiond )
BYEE, TR SBE, HlH AR AR Aot A3 % £ITOENT L D p 65O
T 1) TIN5, LFORIZER L
(1) 38 A, B DAFF, BLOZORERIIEL, &
7z, ZOSBE AT NS, Bk KOSEERRASN

wRegig
Distillation
column

TR AR, BREIERITD ;:»f:: % :
(2) EE A NTI, RSO I HRRIE— /L ] EEE;QA l . m';eﬁtB B rC)
/(j’/f/I/EF'OWk{FE(W/O)&)éb\iiﬁ(q:'@j‘/m/ 1 ##HoRTA FglE ion system

(O/W)) ELCHEEL, £ DRI D RiEH SIE |
() PSS (81 2), ZOBRARIEIEERIE CI: r = r) ORFBRIIES Carfmol m) &L, 777

BRI SR\ BRI B, Fe, HABEVZBIECIE Ca=0 LHREDLT D,/ :
SAFORIICER L, ; 5
@-1)r=r"T Ca=Ca LT, ZOBRRIRFE N OOFEROERCE /LR RIS o

%) Ma[mol s e AHRDIHREL TRd L, 728, BIOILHGREE DIm? s d2. 7
@2)r>> 1 T Ca=0 &3 BTET, WEBBIREL ke [m s T BT L, 2 EbBOI

Fig. 2 Diffusion from a sphere

(3) FHHEEETIL, 100 kg FHEAER EREE 30 wive) % 100 kg 1>/ 7 R /L 2—T L ThlH Y
B, Bl kA7 O N T L ORISR, ARG b T5, UTFORICEZ L
(3-1) MR AN ORRR I THHIVRL, WERHE AR
(3-2) VEREIC JoH IR TSR OB L UBE RO A FIEL AT L, Fe, MRIRTERRR i RIRORERR
BFruy ML, 12771, ERNEHEATAMEI,

Acetic acid and water are often separated in a separation system combining extraction and distillation (Fig. 1).
Answer the following questions.

(1) Answer the names and roles of Equipment-A and -B, respectively. In addition, explain why the present separation system is applied to
the separation of acetic acid/ water.

(2) In Equipment-A, extract or raffinate is emulsified (water droplet in oil (W/O) or oil droplet in water (O/W)), and solutes (acetic acid)
diffuse from the surface of the spherical droplet (Fig. 2). Concentration of acetic acid is Cai [mol m~] at the surface of the droplet
(radius: »=r1) and Ca= zero at a long distance from the droplet, respectively. Acetic acid diffuses across a stagnant fluid layer. Answer
 the following questions.

(2-1) Derive the diffusion flow rate (correspondmg to extraction rate) of acetic acid, AZx [mol s™'], from the droplet under the assumption of
diffusion in dilute concentration, by assuming Ca = Cazat 7 = r2. Diffusivity of acetic acid is D [m? s™'].

(2-2) Derive the mass transfer coefficient k. [m s™] when Ca» equals to zero for r,>> r1. ’

(3) In an extractor, 100 kg of acetic acid aque'dus solution (acetic acid: 30 wt%o) is extracted by 100 kg of isopropyl ether. A liquid-liquid
equilibrium chart is given in the answer sheet. Answer the following questions.

(3-1) Answer what the dashed lines in the liquid-liquid equilibrium chart are and explain physical meaning of the lines.
(3-2) Explain the procedure for determining the composition and amount of the extract and raffinate by the plotting method. Then, plot the

compositions of the extract and raffinate on the liquid-liquid equilibrium chart. It is not necessary to do the calculations.
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RERE 1 1T,
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There are 5 question sheets and 5 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.
Question 1 is a required one.

Select two specialized subjects among the following three specialized subjects (Questions 2-4) 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 three specialized subjects, two specialized subjects of lower scores are adopted.)

Retum 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 a rented ruler if you need one.

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

WD 10 HOFERID H b, 5§ EZEW, FFH 100 235 200 FREE CaifAe &, KosE AV TH SV s aidin
ZR0N, 6 TEPL MR U EATITB A D X VR S EBM A SN D,

Choose 5 terms among the following 10 terms, and explain each term by about 30-100 words in English. You may use figures and
equations, but do not add them to the number of words. If you choose 6 and more terms, 5 terms of lower scores are adopted.

ﬁf EEG] Term
(1) | PhiEER _ Boiling curve I
Q) | TrEREEICRT A —EN First-order lag in process control
Q) | E#i2n TOT—Y Rk Fourier coefficients for a period of 27
@) | (EFERUSOIEE TR/ — Activation energy for a chemical reaction
NS | H—Br=a—tr1 Carbon neutral
6 | ZAT7HAINTEARA Life cycle assessment
(7 | WEBERR L S v—U v N | Mass transfer coefficient and Sherwood number
(8) | =EMEE BMmER) X oMK Heat transfer coefficient and Nusselt number
9 | BRESEIBIT DB UEE Discretization accuracy in the finite difference method
(10) | X BRIEHTEIC L B ST HSORERE : Identification of the cubic crystal system by X-ray diffraction
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RilRE2 ( Question2 )

L )= UGS 1) 7RG 2R DKIETHEA DV T T ORI NCEZ L. 72720, TIKIERE, PkPalldES, xHL
Dy I35 | DFFER LOKHBELRERT. £/, MR OEFEZERVE PS[kPali LU PS kPalidkaTo-2 b b.
1595.8 1687.5

log,, P®=7.2422——————, e
' T -46.702 T -42.980

log,, 2 =7.1156 -

(1y =& ) —v+KO LD REARIIREH T 5 2 BRICONWT, EERIRTHEENRE RS T-0, B, BIVx-n
PR EARREN TR T, 72720, T-x, y BRI OB (T, Thp), Whaii#R (BPC), Ermdhiyt (DPC), &HE
Rk (V), WEMERER (L), KUEHTEEER (VAL), BIUSERS (A2 %, FEIAOLEEE -3 HE AV TRT D
L.

() BED T=353.15K T4 ) —/VOBRIBELZEN x=0200 D& X, WROES P LRFELDR y, » 2FH
FIeROL. 727250, [HETEERRE B, WHEOTEERREY) 3L U2 i3k D Margules o CH 2 b s.

Iny, =x; [A+2(B-A)x ], Iny, =x'[B+2(4-B)x,], (4=1.537, B=0.862)

B) =&/ —/Lm=400mol &7Km=6.00mol ZIEE L, () LR UIEEE T3 L OVES P OFM Rz vCE#pREEIs L.
DL EDKRUIAET BT E ) — A ROKOHEEnV BI nyY 2FNERD L.

Answer the following questions for the vapor-liquid equilibrium of the ethanol (component 1) + water (component 2) system, wﬁere T[K]
is the temperature, P [kPa] is the pressure, and x; and y; are the liquid and vapor phase mole fractions of component i. The saturated vapor
pressures P;3 [kPa] and P>’ [kPa] of both components are given by
'1595.8
T-46.702°

1687.5

log, P%=7.2422 - e A
Bio T —42.980

og,, B =7.1156—

(1) Schematically draw 7 -, y1 and x; - y1 diagrams representing isobaric vapor-liquid equilibrium relationship for a binary system with
a minimum azeotrope, such as ethanol + water. The T - xi, y1 diagram should show the boiling points (74,1, 7b2), boiling point curve
(BPC), dew point curve (DPC), vapor phase region (V), liquid phase region (L), vapor-liquid coexistence region (V+L), and azeotrope
point (Az) of the pure component using the variables in parentheses or the abbreviated names.

(2) When the temperature is 7= 353.15 K and the mole fraction of ethanol in the liquid phase is x1= 0.200, determine the boiling point
pressure 7 and the mole fractions of the vapor phase y1 and y», respectively. Assume that the vapor phase is an ideal gas, and the
activity coefficients of the liquid phase 1 and y» are given by the following Margules equation.

Iny, =x;[A+2(B-A)x], Iny, =x'[B+2(4A-B)x,], (4=1.537, B=0.862)

(3) Ethanol 71 = 4.00 mol and water 7, = 6.00 mol were mixed and brought to the equilibrium condition under the same conditions of
temperature 7'and pressure P as in (2). Determine the amount of ethanol and water present in the vapor phase, " and ,", respectively.
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RRE3 ( Question3 ) .
KA TR EN DTS E R OB Rt A CRIEIC T T2l 8 A, TROBREE,
A— 2B+ C, r=kCy

22T, rlmol-m3- s IEBEARICHT ASUSEE, k[s7] IERISEEER, Calmol - m] I35y A DEBETH A, Bk

T ARG A DOMIRORIZER S LV VRIEIERR A E N TE Y, K5y A, B, CBIUORNEERS BB L 27

LTIV, SISENOFRUIR L LI TH 5 LIRE L, FUGEE ORI Anhenius DX TEREND HD &

T 5, UTFORWNCEZ &, 72771, KR&EIL 1013kPa, SIEEIE 8314)-mol - K Th D,

(1) BUCERADIEREOALBIZINT DA A DEIGEED xa[-] Thd L&, FOMBIZRIT DG A DEEFE Calmol-m]
%, FRGY A DYERRE Cao[mol-m?], SUSE xa[-] BLO FHEHENE a[-] 2AVTHEY,

(2) ZEHIREE o[s] LROT A DFRUGER xa[—] OBRERTNE, MINEETEE L[] BLO FFREEME a[-] 2HW
THRYE, 72750, ZOBURIIRBSHEZET LIEBROEKIRIE TRTZ &,

() 1BE T=200°C {28} DUSHEETE k[s7) #RD L,

(@) NEMRSZE LR A %, FHNEEE Fa=1.50mol -s7, JBE 7=200°C TRIGEHT, FUSR xa=0.800 %75
BT ODRICEAEFE Vim®] 23R &,

A gas-phase reaction described by the following equation was carried out in an isothermal tubular reactor under atmospheric pressure, and
the experimental results are summarized in the table below.

A—>2B+C,  r=kCy

‘where, 7 [mol - m= - s71] is the reaction rate for the stoichiometric equation, & [s™'] is the reaction rate constant, and Ca [mol - m~] is the

concentration of component A. The feed gas contains an inert component in addition to component A. Components A, B, C, and the inert

component are assumed to behave as ideal gases. The flow within the reactor is assumed to be plug flow, and the temperature dependence

of the reaction rate constant is expressed by the Arrhenius equation. Answer the following quesﬁons. Let the atmospheric pressure be 101.3

kPa and the gas constant be 8.314 J - mol! - K.

(1) When the conversion of component A at an arbitrary position in the reactor is x [ — ], exptess the concentration of component A at that
position, Ca [mol-m], using the initial concentration, Cao [mol-m~], the conversion of component A, xa [ — |, and the expansion factor,
EA [ = ]

(2) Express the relationship between the residence time, z[s], and the conversion of component A, x4 [—], using the reaction rate constant,
k [s™], and the expansion factor, £ [ - ]. The relationship should be presented in its final form after completing the integration.

(3) Determine the rate constant, & [s], at a temperature of 7= 200°C.

(4) Calculate the reactor volume, ¥ [m®], required to achieve a conversion of xa = 0.800 for pure component A ‘without any inert
components, given a feed molar flow rate of Fao=1.50 mol -s™ at a temperature of 7'=200°C.
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Temperature Residence time Conversion of A Mole fraction of the inert component in the feed
T°Cl 7[s] xa[-] ' yol-]
180 610 0.150 ' 0.620
220 2.60 : 0.450 ' . 0.780
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&4 ( Question4 )

() BEE pp. EE D, OHE—HRBIFD, FHEZERF (B pr. $5E ) Z2iEENT 5, R BRMAEEGIIR b—2
ADEHRNC LTeANN, A= W AORERENT 1 &35, BEANCLARTORBIME EIEE ¢=98ms?) |
BAL T, ATORWNIER L, 72720, UGt LT =0 D& &, RirEEIX 0 95,

(2) FERIFERE 2R T EEHE L,

(b) HEARURERE w 33 LWL TAEFIRGE] © 2T, TEERRE] ¢ 1OV DILEEE w) 23R4 =8 L,

(c) B 850kgm> DE—ERIRKIFH, BE 13kgm™, KE 1.8x 107 Pas OLEKHEEARINEHE 60x 104ms T
WELTWD, k& BFOERE D, KDL,

Q) FERIOE ST, MEER —q 2H0V-, BE pp. HZ D, OBE—ERIRAITHS, FFICEE SN - AT ARSI Ok
ZERH GERE pr. R ) ZIEENT D, BRI DIAEIUIA b—2 AOEFHNC L7223, B = H AORHE
AT &5, BRSRE ESEINESNTUVVRVES (E=0), KAIENICLY FEXICHHRERE L, KREE (&
RICESHEE) 25w & LTEIRISND, —F., EF90E EQEINENS & I ERNESIT T Hi i oEs L,
HEAREED 1w & UCTEIIEN D, THREBIOLAIE ORAEENIOWT, FRENEFIREIZRBT A8 RS
T, Flol TNOEET DT LT R OER D, ZAVTIZ, w BEO w ZRVWTREER 9 OEfEZ RS
A I,

(1) Consider the motion of a single spherical particle with density p, and diameter D, in stationary air with density pr and viscosity ur. The
drag force of particle follows Stokes' drag law, and the Cunningham correction factor is equal to 1. Answer the following questions
regarding the particles free settling due to gravity (gravitational acceleration g = 9.8 m's™2). The initial condition is that the particle
velocity is zero at time = 0.

(a) Derive the expression for the terminal settling velocity u from the equation of motion of the particle.

(b) Using the terminal settling velocity 2 and the particle relaxation time 7, derive the expression for the settling velocity u(7) at time .

(c) A spherical particle with a density of 850 kg-m™ s settling in air with a density of 1.3 kg-m™ and a viscosity of 1.8 x 107 Pa's, witha
terminal settling velocity of 6.0 x 10# m-s™. Calculate the particle diameter D, '

(2) As shown in the figure below, consider the motion of a single spherical particle with a total charge of —g, density p,, and diameter D,
moving in stationary air (density prand viscosity x) between two parallel plate electrodes arranged vertically. The drag force of particle
follows Stokes' drag law, and the Cunningham correction factor is equal to 1. In the absence of an electric field (£'=0), the particle settles
downward under gravity and reaches a terminal velocity (terminal settling velocity) w;. When an electric field £ is applied, the particle
experiences an upward static electric force and moves upward, reaching a terminal velocity u,. Express the equations of motion at steady
state for the downward and upward motion of the particle, respectively. Then, by combining these equations, derive the expression for
the absolute value of the total charge q using the observed terminal velocities ; and up, without using the particle diameter D,.
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Figure Particle motion between parallel electrodes
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