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RIRE 1 (Question 1)

7Ry (CiHg) BZER E & BITRBERRH IV Y CORRUE T e St 5, 712730 & 22K (02 21 mol%, Na: 79 mol%)
bE1:33 OF/VEEEET 308,15 K TR S, BEET RITBEERR D B D bD L 975, BREEERO/NEE WG CEbh,
ANER~DEDIEEN I H D &35, Table 1252 BAV-BYEMIEHER VT, UTFORICE 2 &, 72720, Fer
BRI IIEMERTED DIREERE DTN E C—E LT 5, ,

(1) 7228 % 100 molh TS L7z & & OBREED X2 BB OE/VFE [molh) &3k L,
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(3) 72 R OFEHERUEE [kI/mol) &R X,

@) 72/ % 100 molh TG LT & EDOBRBERIIRAT D T AD 3 # 0— [kh] &K L,

(5) 72/ % 100 molh CHES L7 & S DBREET ADIBE [K] 23R L,

Propane gas (CsHsg) is completely burned in 2 combustion reactor with air under atmospheric pressure. Propane and air (O»: 21 mol%,
Nzt 79 mol%) with a molar ratio of 1: 33 are fed at the temperature of 308.15°K into the combustion reactor and combustion gas is left
from the reactor afler combustion. The outer wall of the combustion reactor is covered with insulation and there is no heat transfer to the
Qu)tside. Answer the following questions using the value of the thermal properties of materials as shown in Table. The average molar
heat capacity is assumed to be constant from the standard state to the region of combustion temperature.

Obtain the molar flow rate [mol/h] of each composition in output gases after combustion, when propane is fed at 100 molh.
(2) Calculate the excess air ratio [%o].
(3) Calculate the standard heat of reaction [kJ/mol] for propane.

- il LA O i -Bpmm-rw rﬂz_ﬁj g)ﬁ*r qkf

3
(5) Calculate the temp [J(mol-K)]
: 150
02 Gas 30
N Gas — 30
CO Gas —394 50
H:0 Gas —242 35
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REEE 2 (Question2)
LIFORICEZ Lo 7
(1) AHCE»NIPHED OBEMEORS L OXRME, FADSFAEE (v) Tihd & & ORYTEESHT ) D= FL¥

—kE, kelid, E, =4f (é—] [%(V}z) (f VX Fanning OFTAEEIRE) TEED, AEIBIZHE 0.1 m,

& 10m OBEMEIC, K GFE 1,000 kg/m?, $5E 0001 Pa-s) 23 1 BFEH720 10m® OB TR CONDEXDE, %
K&, 22T, fIIBHTIES =16/Re, ELETIL f =0.0791Re™* THIND LIRER L,

Q) (DDED RN RE IR 7 W S TOT, BIOKRARE 10 mh THRALUAA TV D, ZOERHUNC BT 5=
FIVEHBRE, kgl X, TIT, TR OBEEIEIT 05 SIEEE L,

v,in

Q) QDB DS E S FEYEE) 2R L&,

Answer the following questions.

(g The' enerey.lnss ner nnit magg E_ Wkl swhenthafPiid flguws at anvaveraes velacity (v) fhipueh = novtion of leneth 1, of g,
straight circular pipe of inner diameter D placed horizontally can be expressed by Ev =4f (-g—] (%(vy] , where [ isthe
Fanning’s friction factor. Calculate EV for water (density 1,000 kg/m?, viscosity 0.001 Pa*s) running at a flow rate of 10 m* per
hour in a horizontally-placed straight circular pipe of 0.1 m inner diameter and 10 m length. Assume that f is expressed as
f =16/Re for laminar flowand f =0.0791Re™* for turbulent flow, respectively.

(2) One end of the pipe described in (1) is connected to a larger tank, and water flows into the pipe there at a flow rate of 10 m¥h. Find

[J/kg] at this connection. Assume that the friction loss factor of this connection is 0.5.

the energy loss E

v,in

(3) Find the equivalent pipe length for the connection described in (2).
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&E4 (Question4)

X (ITFTHE A & B DRIOB SR OVWTUITORIZE A &, 7286, 298.15K, 101.3 kPa (| 23317 2 M E DOFF

HEAEREAA | STy b o 87 (X Table DI& Y L35,

(1) 298.15 K (2551} DIEHERUSELAH 59g « TEYERUST L b B —ASS0g . 35 L OMEHERUS Gibbs T/ —AGSgg 73K
o

Q) BERIGALIERIGT o b r E—=—E Th D LRE LT, 373.15 K 12317 DEERUG Gibbs =R AF—AG373 «
BLOYHEE K7, 2RO L,

(3) 373.15 K., 202.6 kPa {28V T A DH & USRS U TP BES BT L RO OT NG ERD L, T2
L., ZbDORIRIBEA L AR L TR,

Answer the following questions on the homogeneous vapor-phase reaction between two substances A and B shown in Eq. (1). The standard
heat of formation AH 7 , and the absolute entropy S ° for each substance at 298.15 K and 101.3 kPa are listed in Table.
(1) Calculate the standard heat of reaction AH 595 , the standard entropy of reaction AS5qg , and the standard Gibbs energy of reaction

AG3qg at298.15K.
(2) Calculate the standard Gibbs energy of reaction AG33 and the equilibrium constant of this reaction K373 at 373.15 K. You can

7 s i‘l r 1L‘ JEVIEUSIN. PN I EpER __C,‘--LZ.._.y
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-an g ‘E ﬂ‘;jdpwiﬁﬁnrt ik ol o @ a0t

2A(g) <> B(g) Q)

Table - Physicochemical properties of substances

Substinoe AH % [kifmol] 5° [1/(mol-K)]
A® ~110 100
B (@) —200 250
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RIES (Question5)

523 K IO THME SN EREGI USRI T, SRR A O¥—5HERUE (Reaction 1217V, Table (O™ #iR4
577 LATORIZEZ X,

(1) FENETVDRIGHFE 28T DEAVEE xa ZFHE L, FOEFAEEROFRITIAT X,

@) BUtk 0 REUS, 1 DG 2 BEUSERE L, RO —2ATO 1 & xu DEIFRERD X,

3) ZOW—FHEUNT | IREUZHED Z L ¥bohotr, MRS 7 728, RSEEEEERD X,

In a constant-volume batch reactor operated at 523 K, a homogeneous gas phase reaction of pure gaseous A (Reaction 1) was carried
out, and the results shown in Table were obtained. Answer the following questions.
(1) Estimate the conversion xa at each reaction time ¢ and write the values in the table on the answer sheet.
(2) Assuming that the reaction obeys zero, first, or second order reaction kinetics, derive the corresponding equations that express
relationship between # and xa.
(3) This homogeneous gas phase reaction was found to obey the first order reaction kinetics. Determine the rate constant by drawing
a graph in the answer sheet.

A — 2B + C (Reaction 1)

Table 523 K (2T 25U A O53fEER T — 4 /Data of the decomposition experiment of gaseous A at 523 K.
BUCHER, Reaction time '

. 0 3. .6 12 30
¢ [min)]
4FE, Total pressure
302 372 443 55.7 754
Pr[kPa]
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(10) BR®AVEIRAZ SRS DA TFR2HET TS,

Notices
(1) There are 6 question sheets and 6 answer sheets including a cover sheet.
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(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.
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Dy=

Cylinder or sphere
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R4  (Question 4)
1. RO RO YHMERREE AT,
dy

dzy dy 2x
+3—=—+2y=12¢"", =6, ——| =-6 1
dx  dx 7 Mo dx|,, M

2. DT NOSEEEL Gs) KR THZ BN TS, UTOMICE L L, 7228, BFE T o TF,
(@) 1ERH Go(s) D7 A v L AFBERD X,
(b) IR Go(s) D7 MVRRIOBIR 2 BPRt X,

1
GrS) = 251+ 4

1. Solve the initial value problem of a differential equation with its initial conditions shown in Eq. (1).
d*y _dy 2 dy
+3—+2y=12¢", =6, —| =-6 1
d Cdx 7 = dxii, v

2. The transfer function of a plant, Gp(s), is given as follows. Answer the following questions. Here, the angular velocity is represented
by @.
(a) Show the gain and the phase of the transfer function, Gp(s).

o T i R e S T T T )

1
Grl) = 25T+ as)
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