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| [{b2: T3 Massand Heat Balance |

AB )= NDEKBILIZ L > THELVLAT AT B RREREINTND (KIS A, B LIZANVLAT VT B RO—EIX
EHITIL SN TEXBRICZR D (UG B) MFREND A X ) — )L L 28K DFNIT1:15 TH 5, ZEKITHRE 21 vol%,
EHRTIVol% NS, BOGIREIL 69815 K THh D, A LIZFR/LVAT LT K, Mg, KBIORKIED A X 7
— VTR EES N, o e RS DIRFE L BHEOTNIITL1:8 THDH, A X ) — BRIV AT VT B R~
RRITBOWTH D, UTFTOMWMCEZ L, BWrEIT Table 1 (TR,

(1) A% 7 — ) OHEEEEE A 100 kmol/h D & & | s OTHEHE [kmol/h] & K X,

(2) A2 —/LVOUFKGHEA 100 kmol/h D & & | RS A ORIV LT VT B R FlE, KB LZORKIED A Z

J = VO HHE [kmol/h]Z KD X,

(3) I A DIEHERULNENE SR I,

(4) ﬂe“ﬁé@ﬁﬁéﬁl‘z?ﬂ%ﬁ&)i

(5) 698.15 K IZF1T % s B DFUGEZE KD L,

Formaldehyde is synthesized by oxidation of methanol using air (Reaction A). A part of the produced formaldehyde is further
oxidized to formic acid (Reaction B). The molar ratio of methanol and air is 1 : 1.5. Air is composed of 21 vol% oxygen and 79
vol% nitrogen. The reaction temperature is 698.15 K. The produced formaldehyde, formic acid, water and non-reacted
methanol are separated as a condensate. The molar ratio of the residual oxygen and nitrogen is 1 : 8. The selectivity of
methanol to formaldehyde is 80%. Answer the following questions. The thermal properties of these materials are shown in
Table 1.

(1) When the feed rate of methanol is 100 kmol/h, calculate the consumption rate of oxygen [kmol/h].

(2) When the feed rate of methanol is 100 kmol/h, calculate the outflow rates of formaldehyde, formic acid, water and

non-reacted methanol [kmol/h].

(3) Calculate the standard heat of reaction for Reaction A.

(4) Calculate the standard heat of formation of formic acid.

(5) Calculate the heat of reaction for Reaction B at 698.15 K.

CH3OH+%O2 — CH,0+H,0 - - - (A) CHZO+%O2 — HCOOH - - - (B)
CH5OH 698.15 K | fd)iias | 698.15K o HERR 0,
Air Reactor Separator N,
CH,OH
CH,0O
HCOOH
H,O
Table 1 Thermal properties of materials.
AH¢® AH.° L,° c. AHp : HEYEA Y BN Standard heat of formation
[k3/mol] | [k/mol] | [kI/mol] I /(mopI-K)] AH° : FEUEBREZEN Standard heat of combustion
N L° : 298.15 K (Z331) % 78T 1 A
(298.15~698.15 K) h f 9.
CH,OH | —239.10 | —726.74 | 37.50 60.3 Latent heat of vaporization at 298.15 K
CH,O0 | -108.70 | -571.11 0 437 D P25y Average molar heat
HCOOH ? —254.62 | 46.20 60.3
H,O —285.83 — 44,01 35.5
0, 0 — 0 314

C 0 —393.78 - -
H, 0 —286.03 0 29.1
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| | #® Fluids Engineering

Ko X oz, FEE L JFWL HoCTHENZ
K U#ﬁ%ﬁlﬁ@ﬂf}ffﬂ%l‘ = kBN
o, ) 75%&””‘%7%0%57%(“%%\ W%
LTS, IHPOES L OFEOFIIX
THREL TCWDBELIDEHRTH D, ﬁjj
ONEREE g) D E | R OBERME o, xz
EEROME EFAE, KR LZEBY TH
D, yHh (x &z FEEEERIZIEAR) JFAICIE
B, ENOBITAET TR, LLFORIW
W&z X
(1) NZ/R L, W O30 INE 2 Ax O fE ik
(ZHmEyHFmcEzhENESL W) I
LT, EEEE HOoART 2 BIOD
BEONT U A%EEZEZHZLIZLY ., 2
JF TR EEY, & ATy TR A LT,
(2) ROy HEXE, Z O35
YR RSO S & TRT
(3) Wr A & SR b L,

4) = OB TREECS LIETHEAMIS 2R X,

As shown in the figure, incompressible and nonvolatile Newtonian fluid (density p, viscosity x) is flowing as a liquid film in
steady and isothermal state along an inclined flat wall due to gravity. The flow in the region of length L in the figure is a fully
developed laminar flow of & in thickness. The direction of gravity (acceleration g), the angle of inclination «, and the
directions and origin of the x and z coordinates are also shown in the figure. There is no change in the velocity and pressure in

N

\

the direction of the y-axis (normal to the x- and z-axes). Answer the following questions.

(1) Derive a differential equation including the z-velocity v,, considering the balance of momentum and force and the balance

direction
of gravity

of mass for the region of a small thickness Ax (lengths L and W in the z- and y-directions, respectively) in the figure.
(2) Solve the above differential equation with the appropriate boundary conditions for the flow.

(3) Obtain the average velocity over the cross section.

(4) Obtain the shear stress on the surface of the wall exerted by the flow.
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| | 152 Heat Transfer |

WD, FMED,OHE BMEEEK) OF 2 EIEORKBZ RN TERY, ZOHBEREE -EORKFIZE L TN
5. HEIZIIANED;ORIEM (BUYREEK,) 2N&EPNTND, BEAKIEET,, KKOEET,, &N OMEER
hy, SMEOBMRESRED, &5, BUREREhIIREM DR SR —E & 75, ERNEHORKORE T —
EE L, BEIRIEMOEMIRPITERT S,

(1) Z OB DOIMANARIEM 25 BE LB DRV OHEHEME S 470 ORK~DHEGHEE Q 2k 5 X%

EH L7 X0,
Q)%mﬁ@ﬁé%ﬁMéﬁtﬁm,ﬁuﬁéét@@mﬁ HE QIEHDES TRAMEA T, TOEHIZON
T L, RNEZ TR TREMOE I ZEH LI,

High temperature steam is flowing in a pipe of inside diameters D, and outside diameter D, which is placed in atmosphere at
a constant temperature. The thermal conductivity of the pipe wall is k;. The pipe is covered with heat insulating material
(thermal conductivity k,) of outside diameter D;. The temperature of steam and atmosphere is T, and T,, respectively. The
heat transfer coefficients between steam and pipe wall and between heat insulating material and atmosphere are h; and h,,
respectively. The heat transfer coefficient h, is constant independent of the thickness of the heat insulation material. The
temperature of steam inside the pipe is constant and the contact heat resistance between pipe and heat insulating material can
be neglected.
(1) Derive the equations for the heat flow rate Q to atmosphere per unit length of the pipe when the pipe is covered with
and without heat insulating material.
(2) The heat flow rate Q to atmosphere per unit length of the pipe represents maximum value at a certain thickness of heat
insulating material when the thickness is changed. Explain the reason and derive the thickness where the heat flow rate
is a maximum value.
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| |1I:I¥$E7‘j$ Chemical Engineering Thermodynamics |

J£77 101.3 kPa 12817 BB Dl 353.2K THY, ZOL XD BT X/ E—E 308 ki/mol TH 5,
PUFORWZE 2 &,
(1) W DOFEKIE DR KT %2 %9 Clausius-Clapeyron O % & H+ X,
(2 O THEHLEXEZHNT, £ 120kPa ([ZBF 5B Oz fEs XL,
Q) Y EDWEEETRIREZZ D, WIRNMOWEDENSHEE x &1L X, WROWE L WEELEDOH
RAERTRAEHE L, 2720, WRITHERE CH DL L L, WHITABLRWE T 5,
(4) (3)CHEM L= & BT, JE/) 1013 kPa 123 TEASRT 0100 OEE % &2 P L VAT O M % He
K,

Boiling point temperature of benzene is 353.2 K under pressure of 101.3 kPa. The enthalpy of vaporization of benzene is 30.8
kJ/mol at this condition. Answer the following questions:

(1) Derive the Clausius-Clapeyron equation, which represents temperature dependence of vapor pressures for pure
substances.

(2) Using the equation derived in (1), estimate the boiling point temperature of benzene under pressure of 120 kPa.

(3) Consider a solution which contains a small amount of solute. Derive an equation which represents the relationship
between solute mole fraction x and boiling point temperature of the solution. You can assume that the solution is an ideal
solution and that the solute does not vaporize.

(4) Using the equation derived in (3), estimate the boiling point temperature of the benzene solution which contains a solute
of 0.100 mole fraction.
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A% 80%., RNIEMERY % 20% GBI AN H 5, 7 LUH LIV R g2 VT, sROTADE R % 573 KiZ

TAT 9o BADFEEr A [mol LY h']iZ, Eq. 1 D X 9 IR ADREECAD —~RESEE R L LTREND, A2, 573K

T O EHRE E KL 9.6 X10° P TH W . FUSEHTITERIA 228 2.0 m® minN2 TG S5, ROSERIZES —ET

BIEEINS, LTFORWIZE Z X,

(1) Hesy A@ﬁAM&miA—WMSk%EéMtO_@&mﬁﬂmbwkﬁmb ROy A D3RR 99% % FEL
T BT DITHERIEFRDORMEZ R D L,

(2) 5 A DBGIRARM Z 50 LTS, ELVWRIGRIZA = 2RP+ S THAHZ ERbhoTz, ()TROEAE
DR 28 % FIWTZBR DRy A DIE LW RER 2 KD K,

The raw gas contains component A at 80%, and the remaining 20% is inert. A thermal decomposition of component A is carried

out in a plug flow reactor (PFR) at 573 K. The thermal decomposition rate ra [mol L™ h™] is expressed by the first order

reaction kinetic using a concentration C of component A, as shown in Eq. 1. The decomposition rate constant k is 9.6 X 10> h'.

The PFR is fed with the raw gas at 2.0 m® min™ and operated at a constant pressure. Answer the following questions.

(1) The decomposition reaction of component A was surmised as A — R + S. Assuming that the reaction formula is correct,
determine the volume of PFR required to attain 99% decomposition of component A.

(2) The analyses for the thermal degradation products of component A revealed that the correct reaction formula was
A — 2R’ + S. Determine the correct decomposition efficiency of component A in the case that the PFR as designed in
(1) is used for the thermal decomposition.

*rA:kCA qu
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WD 10 EDFEAID HH, SEA RN, ZHF1 100 2>5 200 FRETHHT L, 72770, BRRXE2HANWTH Luwn
FHATITI 2 720, (6 UL B L2 GA 3B a0 IR s AR S ET,)

Choose five terms among the following ten 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 more than six terms, five terms of lower
scores are adopted.)

Gine,

No. [ term

(1) | HsIER &R REIER single pass yield and overall yield

2 | AT T77v - ALY~ OiEH| Stefan-Boltzmann law

() | AKE heat capacity

(4) | —EHERRE double-film theory

(5) | REISEET IV unreacted-core model

(6) | —RENER first order lag element

(7) | &R O ELEE & Bl crystal structure of metals and coordination number
@ |v—FTq4 T T7T7vT 4T loading and flooding

9) | JBW L ELIRIC 31T D iR IR R R R friction factor in laminar and turbulent flows
(10) | —AFFARERE acceptable daily intake
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| | BWIET% Powder Technology |

b5 MFRERPICHIE BEREC, TH - IZRBE I N TW AR 2 EJILE ST 5, TRIZZEBIZLLTORMWIZ
Kk,

(1) FEZItIZBW T, WS h 2T 01D R b — 7 AR & HEE X,

(2) FFAIUZ IV T, ERShITERIT 5 RETH ek FE EIRE Chh =0 22 BhOXIZ 81T £ Pk 8 &R i

C.x2RTAZ2rRHE,
7272 L, UTFoREEHHE &,
Dy : R f(Dp): MR AT (B R pwﬁ L5 e OV A5
i TR OREELREL g HEJNNEE o - FIEAORL - R

The particles distributed uniformly in a cylindrical vessel with initial concentration C, (mass base) are settling down by the
gravitational force. Referring to the figure as drawn below, answer the following questions.
(1) Calculate Stokes diameter corresponding to sedimentation distance h at the time elapsed t.
(2) Show the equations expressing the local particle concentration C;, (mass base) in the region of depth h
and the average particle concentration C, (mass base) in the region from h = 0 to h at time elapsed t.

Use the following symbols to answer the questions.
D, : particle size f(D,) : frequency size distribution (mass base)  pp, pr : particle and fluid density
w: fluid viscosity g : gravitational acceleration C, : initial particle concentration (mass base)
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| | WEIBH Mass Transfer |

D L 510, 1o TR B NRIET, [K]. AL Ep, [PalDiE~7-  wetslab
ZE ST B AT By MEEHRTE 2> B 13K B 238 L C B aikiE T2 T
FIENCHERE U, MR IR BRI, [K]I2 72 > T\ B, Z2&ih ok [ R
SOTEIZ /NS < MBS O 2.8 [m] O BRI O 3 L ONE Vi <j

FENAITER L BRI TX 5, SEREHESKLEAREL LD LT 5, B

T KI5 5 Ak 0ELULp PallADOAntoinest T 5 2 515, Lk Pw d

EXIFIR =831 I K mol?t &5,

In(Lleaﬁ—ﬂ ® EN:>

1000 T-397
(1) EROBREEEZ AN M sTKTE T2 & & ERIREBICRT 522500 0 5 >z
SR B~ D27 10 AR g [ m2 st &2 sk L,

(2) IRET AZEB T B KDOEKE % py [Pa]. 225 OKDOIEHIREED [m? s & 45 & &, EFREICRIT D2h1m0
KOHEFEFHHN,, [mol m? sz R L, 7272 L, Ny DR HUS BN ORI TSI TE 5 & LTE,

3) 1=0.0263Im" st K™, T, =310 K. p, = 3.37 kPa. 5=2.00 mm. D = 2.88 X 10° m? s, /k D#EF i #hr,, = 43.7 kI mol™
¢} 9
D & ET,, [KIOMEIFEN L 52,

(4) ZERPOKERT PN AL LT & & BERRET (T ED X I T 2028 H & & HIZHHE X,

Py

A

As shown in the above figure, a wet slab with water is settled in a humid air flow of temperature T, [K] with a partial vapor
pressure of water py [Pa]. Water is continuously vaporizing through a boundary layer from the surface of the slab in the
z-direction at a steady state. The temperature of the slab surface is equal to a wet bulb temperature T,, [K]. pg is small enough
to assume that the concentration and temperature profiles in the boundary layer with thickness & [m] on the slab surface can be
approximated to be linear distribution. All gases can be assumed to be ideal gases, and a saturation pressure of water p [Pa] at a
temperature T [K] can be given by the Antoine equation (D). The gas constant is R = 8.31 J K*mol™.

(1) When the heat conductivity of air A [J m™ s* K™ is given, derive an energy flux q [J m? s™] from the bulk air to the slab in
the z-direction at the steady state.

(2) When the water vapor pressure p,, [Pa] at T,, and the diffusion coefficient of water in air D [m® s™] are given, derive a
vaporization flux of water N,, [mol m? s?] from the slab to the bulk air in the z-direction at the steady state. For
calculation of N, you can assume that the mean temperature in the boundary is approximated as T4 [K].

(3) When 4 =0.0263J m™* s* K™, T, = 310 K, p, = 3.37 kPa, 6= 2.00 mm, D = 2.88x10° m? s™, and the latent heat of
vaporization of water r,, = 43.7 kJ mol™ are given, obtain the value of T, [K].

(4) Explain how the wet bulb temperature T,, changes as the partial vapor pressure of water p, changes, and also describe the
reason.
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AYRDOW HFERIZ SN T, LLFORBWZE x &L,

1) fODTFTAEWREFGS)E L. GEX NI AR E T 7T AL 52 L TRE) % s DE%E L TERYE,

(2) FEIZHBWTs=io (IITEBHANL olXFEE) & L. oDfED 07> HooFE TET HREOH F(i o) DBEE %
BFEFE BT, el WML Bl E DR ROEREOEEZ =T L,

(B) F(O)&2T7 /7 AWEHT HZ LT, G2 0Ny XM ()2 KD X,

Answer the following questions about the given differential equation (A).
(1) Using F(s), which is the Laplace transformation of f(t), derive F(s) as a function of s by the Laplace transformation of the
given differential equation.
(2) Substituting s = iw (i : imaginary unit, o : real number) into F(s), draw the outline of the locus F(i@) on the complex
plane when @ changes from O to the infinite. Show the coordinate values at the intersections of the locus with each axis.
(3) Obtain the solution of the given differential equation f(t) by the inverse Laplace transformation of F(s).

10, 410
dr?

20()-0, f(0)-0, f(0)-1 (A)
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| | BB - BB/ Materials Science/Mechanics of Materials |

PR OB 10 mm D R FEH D BLfih 5 [ iRERBR 21T > 7o, IRORIWWITE 2 K,
(1) RFBHDOIT) —OT B2 & . M EITHEMEEE O 5 22 R"E X,
(2) ffEE 17 kKN SREHI T DLz & &, RSO T AT 01% TH o 72, REMOMEFMELRE 2 KD L,
B) VOHMHIEE DN, 3 22B T, WHT A I =T A LRFBMTENL DORKE I &HIRE X,

A uniaxial tensile test was conducted for carbon steel with a diameter of 10 mm at the test section. Answer the following
questions.
(1) Draw a stress-strain curve of the carbon steel and indicate five of mechanical properties in the diagram.
(2) The strain of the test section was 0.1 %, when a load of 17 kN was applied to the carbon steel. Obtain the modulus of
longitudinal elasticity of the carbon steel.
(3) List three of the mechanical properties in question (1), and compare these magnitudes between commonly-used
aluminum and carbon steel.
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| | B8t T2 Environmental Chemical Engineering |

Hii KA o 2 — Tl BEREEPEBIE 7 1+ 2|2 XK 9 BOD 180 mg Lo F/k73 30,000 m® dHic T STV 5
[/~ vt 235 T%Wéﬂé@&Z%Om@ﬁ iz AFEAH L, SAIIE TARBEECHRALTWD, AEK
FKINZER & T %

(1) HAKEAE VZ —OHk N8BV TK)IOBODIX 2.0 mg L, #ifid 1.62 m* sTCHh 5, Jifik &1k
BRI ISR RIR G SRS SE L, HIFKEAE Y v # — DB K & DIRAIZ L DK DOBODEEE DN %
10%LINICHN 2 5 72D DBODRRER 2 HH L2 Uy,

(2) BODi5JE&T% 0.2 kg-BOD kg-MLSS™ dt & 4254 BRAHE OMLSSHE 2 8 H L 722 S\,

() ZOTuEANLDERORRIGIREZ FHEHEE L, 15IEEHE 0.5 kg-MLSS kg-BOD™, 75RO A IZ
XoHCEEFE002d LT 5,

Conventional activated sludge process is operated to treat sewage in the H city water reclamation center, where sewage
containing 180 mg L™ of BOD is treated at 30,000 m® d™*. The process has the 4 aeration tanks operated in parallel, and each
volume is 2,500 m®. The sewage flows into the 4 aeration tanks equally. The treated wastewater is discharged into the K River.
(3) The flow rate and BOD concentration of the K River water are respectively 1.62 m® s* and 2.0 mg L™ at the
discharging point of the H city water reclamation center. Assuming that the treated wastewater and the river water are
completely mixed in a moment, derive the BOD removal efficiency of the process to control increase of BOD
concentration in the K River water at the discharging point to less than 10%.
(4) Derive MLSS concentration of the aeration tank, when the BOD-sludge loading is set to 0.2 kg-BOD kg-MLSS™ d™.
(5) Calculate the annual production of excess sludge in the process. Gross yield coefficiency of sludge and fraction of
MLSS oxzidized by endogenous respiration per unit of time are 0.5 kg-MLSS kg-BOD™ and 0.02 d*, respectively.

Annotations:
BOD: Biochemical Oxygen Demand (ZE#{b R0k 3 22K &)
MLSS: Mixed Liquor Suspended Solid (759
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| | %dfilifight - 7025 I~ Numerical Analysis/Programing |

X122 H Xy E TOFPH CTx L yOBMRZWE LB T — # D3niid 5, x7 —Z ORFRIE—E TIZRVS, Bl 2
RS L THICG X BRI L T D, TbDT — 57%: ERRAVICHIM] L, R OXICH L CTyDfEz R 5
VAT 07T AL, 2EL, BRERMEEF A FROAN L, BRET 4 AT VALK FZTLHOL
T2, £io. T 0 s 707 SEEICITERERZ2FORTRAN, PASCAL, BASICOWT in—>% &

There are n discrete data describing the relationship between x and y that were measured in a range from x; to x,. While the
intervals of x data are not constant, x;<x;.; is valid for all neighboring tow x data. Describe a source program that interpolates
these data linearly to obtain y value at any x. All values required in this calculation are inputted with a keyboard and the

calculated results are displayed on a monitor. Use FORTRAN, PASCAL, BASIC of a standard version as a programming
language.



