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There are 6 question sheets and 6 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 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.)

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 a rented ruler if you need one.
Raise your hand if you have any questions.
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FIRE 1 ( Questionl )

TRIDOL 5727 atATxE ) —ADBKNAN L D ERENTND, ibanis LORBESDOIE/ L 1 atm THY, =4
S = E KIS TR SN TG, JBRET ADMAIE. CHa 1 30mol%, CoHg : 3mol%, HO : 67 mol% T
v, 100kmolh THHESND, SUSEENALD, HADH XEEIL598.15K Thd, BRI Z o REaEnTns
D, ZAUIROSNZIEBEE Ley, —F b OEEEA L ERES X OVFEER LERIZF N2 30% B L UN90% Th 5, 1 atm 2
BIFBxH ) —AOPSIE 515K THY . FOMOBYEHEET Table 1 10T, MUFORMTE X L,

(1) HBESE ORI T A THDHTH ) —/LEKOHER [%] KDL,

(2) =P HRAB IO YA 7N ADENFE [kmolh] Z5KbD L,

(3) BUSA)DIEHEREEY [kIAmol] 33 TN 598.15 K 12431 F D RULEL [kiimol] =R X,

(4) ROGEET 1 Y72 0 [ZBRETREEE [Kh] 23R L,

Ethanol is produced by reaction (A) in a process shown in the following figure. The pressure in the reactor and the separator is 1 atm
and ethanol and water are-completely separated in the separator. The composition of feed gas is as follows: C;Ha: 30 mol%, CoHs:
-3 mol%, HxO: 67 mol%. The feed gas is fed at 100 kmol/h. The temperature of inlet and outlet gases is maintained at 598.15 K. Ethane
contained in the feed does not react. The single pass conversion and the overall conversion of ethylene are 30% and 90%, respectively.
The boiling point of ethanol at 1 atm is 351.5 K and the other thermal properties of gasses are shown in Table 1. Answer the following
questions.

(1) Obtain the composition [%s] of ethanol and water, which are product gas at the separator exit.

(2) Obtain the molar flow rate [kmol/h] of the purge and the recycle gas. .

(3) Obtain the standard heat of the reaction [kJ/mol] and the heat of the reaction [kJ/mol] at 598.15 K for the reaction (A).

(4) Obtain the heat [kJ/h] removed from the reactor per 1 hour.

CHa(g) + H20O (1) — GHsOH (D) A)
IN—UH A
. Purge gas
VA IAHA s Cq
Recycle gas ‘ C;Hé
| RISE ol i C,H,OH
100 kmol/h 47| Reactor |[# Separator H,0
C,H, : 30 moi% . : B
C,Hg: 3mol%  : :
H,0 : 67 mol% 598.15K 598.15K
Table 1 - #UWMEAE Thermal properties
State at 1 atm, AHP Lp C, AHY - FEREA R Standard heat of formation
298.15K [kJ/mol] [kJ/mol] [JA(mol'K)] L2 1 298.15 K \TI1) B7RFEEER
CHy Gas 522 - 584 Latent heat of vaporization at 298.15 K
CoHs Gas ~84.0 - 714 Gy : 298.15~598.15 K 125517 5 S EET /LB E:
CHsOH Liquid —277.1 423 942 Average molar heat capacity (298.15~598.15 K)
HO Liquid —285.8 44.0 35.0
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fE 2 (Question2 )
EE SN=EOHLEM IR > THE LY b b e KORFETHE0, HENEL o v NIEEmOROBRRGES
V7 SRR E = = — R ARIEROFTUC W TE R B, HEL oy Fidtaick RITRLIZERY, A&
PRERIER . By RO¥ERIAR (0<k<1) Thd, 1w RHMHH (2 HA) (o—EFEY (V>0) TEh&k)
BT LT, BRTRELLBIRAE L WD, FlADES (p). $E (1) BE (p) X $X3T—H—ELH2T,
(1) FEEOEENED z HTARGSOE e Ehb, RADEI D, RO, v, v, (TENThr 16 EEHE). 075
] RS . z FOFREEE T, ¢, 13z FROE/INEE THH, HELSEZ T, RA)DEDRNT O T
HBEEEE LR ETRE, ,

Q) EEEZ5F 2T, () THELNIIRT 25 RE 2,

G)Y(1)EQ)DAFEX Y . Z O OBEEESF 2 HE X,

@) QYPIEEIZH &N, v, Dr iZxTAEERT ST 7 ORIEERNT, ZOB. 7T 7 OFSHOBE L kA H
1AL OIS,

(5) ZOWNFTE < AWt DAERD T, r i 28 bERT ST 7 O AT, Z0B. 77 70
SROVERE AR & D Wiy,

Consider the flow of an incompressible Newtonian fluid filled in the annular region between the inner wall of a fixed cylindrical pipe

and the outer wall of a rod thinner than the cylindrical pipe, which is present along the central axis of the cylindrical pipe. The

cylindrical pipe and the rod are sufficiently long, and as shown in the figure, the inner radius of the cylindrical pipeis R , and the radius
oftherodis kR (0'<k <1).A steady, fully developed laminar flow is induced by the rod moving continuously in the axial direction

( z -direction) at a constant velocity ¥ (¥ >0 ). The pressure ( p ), viscosity ( 2 ), and density ( 0 ) of the fluid are all taken to be

uniform and constant.

(1) From the balance of the fluid momentum component in‘the z -direction and other considerations, Eq. (A) is derived. In this
equation, v,,v,, and v, are the fluid velocities in the radial (» ), tangential (€ ), and z -directions, respectively, and g, is the
gravitational acceleration in the z -direction. Based on the given problem, present the equation obtained by eliminating the terms in
Eq. (A) that are zero. ‘

(2) Based on the given problem, present the boundary conditions for the equation obtained in (1).

(3) Derive the velocity distribution of this flow based on the solutions of (1) and (2).

(4) Based on the results of (3), draw a schematic graph representing the variation of v, with respectto # . In doing so, ensure that the
coordinates at both ends and the shape of the graph are clearly indicated.

(5) Determine the distribution of the shear stress 7 acting in this-flow, and draw a schematic graph representing its variation with
respectto # . In doing so, ensure that the coordinates at both ends and the shape of the graph are clearly indicated.

2 2
p(avz+v , +K€_av2+v 5112): @'—+ﬂ{lﬁ(rav’j+—l——a—vi+avz}+ﬁ’gz A

a o roe ‘&) oz rar or ) o8 oz

Cylindrical pipe (inner radius: R)

2> Fluid flow | &

Rod (radius: kR) moving at
a constant velocity of V/
Figure
3
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1 (@), OITFT LI, BMREE kB L W O 2 TBEOREM 2R VT LT +2ICROES L OlER®H 5, &
FAREBIZ 350 5 RO R TEMREIC DV T FORVICE XK, 72720, <t & L, B1(), OIZ#iT5MEE
HHEEE 1 & RIBM OBINERBOREE D I3ENENR L &I D (Ti> D), ‘
(1) K1 @DEEIRT, R A LEREM B ORIOBMEICEIITR, ZORES T &5, fREM A 28817

CEEOAE T, T, ks, LEFIVTRE,
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Q) HERUEHT, K1 @O B 21BETA2EERE T, D, kb, LZAVTRYE,
() K1 @DEAITRT, REM 2 A BRI AEEEQ.E T, T, ka ks, LZFAVTRE,
@ H1@E ODBEATENT, HEMESEODIZEL By, KAV THREN L,

As shown in Figure 1 (a) and (b), there is a cylinder of sufficiently long length Z with two types of insulations with thermal conductivity &a
and kg constructed around it. Answer the following questions for one-dimensional heat conduction in the radial direction under steady state
conditions. Assume that k4 <, and that the surface temperature 77 of the cylinder and the temperature 75 at the outermost circumference
of the insulation in Figure 1(a) and (b) are the same, respectively (71> 72).
(1) In Figure 1 (a), there is no gap in the contact surface between heat insulator A and B. Let 7; be the temperature between them. Show the

quantity of heat transfer Oa passing through heat insulator A using 7, T3, ka and L.
(2) Under the same conditions as (1), show the quantity of heat transfer Os passing through heat insulator B in Figure 1 (a) using T, T, kg,

and L.

(3) In Figure 1 (a), show the quantity of heat transfer O, passing through the two heat insulators using 77, 75, ka, s, and L.
(4) Comparing Figure 1(2) and (b), which has better heat insulation? Explain with equations.
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MRE4 ( Question4 )

HHEABKIA 1.00mol 12/ L. T Table (R EEER (A—B), TAERE B—C). THEE C—D). BLUW

@ D—A) O 4 DORLFEEEDBRE YA 7P eE T>T7, UTFORMICEZ X,

7212 LRIEESIE R=8314)/(mol K) & L, ZORUEDEEENBEERL Crn=(2)R T2,

(1) Table D(@)~OPMEZFNEIRD L, ' .

() AR B—C) BT ANE =R AX—5( AU, = ZLE—2 b AH, =2 baB—21b AS, RUSRHBE-
BB O DEZZNEFIRD L,

For 1.00 mol of an ideal gas, a cyclic process consisting of four reversible processes, as shown in Table below, was performed: an isobaric

process (A — B), an isochoric process (B — C), an isothermal process (C — D), and an adiabatic process (D — A). Answer the following

questions. Assume that the gas constant is  =8.314 ]/ (mol: K)) and that the molar heat capacity at constant pressure for this gas is

Cra=(52)R.

(1) Calculate the values of (a) to (f) in Table, respectively.

(2) For the isochoric process (B — C), calculate the changes in internal energy AU, enthalpy AH, and entropy AS, as well as the heat O
obtained by the system, respectively.

Table #IAREROHE / Values of each state point

REER P[kPa] Y dm?) TIK]
State point
A 200 15.0 361
B 200 (a) 400
C (b) © @
I D 400 @© ®
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fIZE 5 ( Question5 )

T IR EDRILAID 5 RETIZB T, RERZZBLARAE LTz, 25°CICBWWTHE LIZT — Zid#]

DEY Thoto, UFORICEZ &, 2B, RERLITR/NREEZANTHEY,

(1) BREFIZOSREEI—REISIZHE S, RIOT — ¥ AWV TRERZO /S REE R &2 KD B 12D
7o 7 RME, kERD X, Fin. BRERZEIO%NSRT B DICET A A HEY L, ,

(2) Z DER{bATARALIEZ40°C, 60°C, 90°CIZB W TITo R, KA THRERAZOSREETEIEDN
oo T V=U AT 0y ME#E RERZOSREEIEDER LT R F—(E)B I OEERFUAWERD L,
Rk, FHE I, RUREHR =8.314 V(mol-K)Z& AV X,

(3) T DIRHERR LA Z 120°CTIT - 12 BB DD REE TR G 2 KD X,

The herbicide Z was treated by an oxidative decomposition method with sufficient amounts of the oxidizing agents.
The data at 25°C are summarized in Table 1. Answer the following questions. If necessary, you may use the least
squares method.

(1) Degradation of the herbicide Z follows the first order reaction kinetics. Draw a graph using the data in Table 1 to
determine the degradation rate constant (%), and determine k. In addition, estimate the time required to degrade
99.9% of herbicide Z.

(2) This oxidative decomposition treatment was carried out at 40°C, 60°C and 90°C, and the degradation rate constants
are obtained as shown in Table 2. Determine the activation energy () and the frequency factor (4) for the
degradation reaction of herbicide Z by drawing the Arrhenius plot. Use the gas constant, R = 8.314 J/(mol-K) for
the calculation.

(3) Estimate the degradation rate constant, when the advanced oxidation treatment is carried out at 120°C.

Table 1 BEE{L /3 fRALEEIZ L ABREA] Z DFEE DI/ /Reduction of a concentration of the herbicide Z by- the oxidative

decomposition treatment
R/ Time [h] 0 2 4 8 12 24
i 3 N .
i E2/Concentration 500 1309 191 733 28.1 1.58
[mol/L] .

Table 2 RZRDIEE CORREAR|ZD 5y #73E FE £ /Degradation rate constants of the herbicide Z at various

temperatures.
{& FZ /Temperature [°C] 25 40 60 90
4y iR FE TE 5 /Degradation rate constant | I:l* 0.307 0.413 0.605

[1/h]

#(1) TR 7= fE/Value as determined in (1)
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EREZ ENEVE XY, RIUHBOERZRIHL CHEOERTA, 2721, £OEEIE Bk kL
BEEICER L D e B KO L TR 2 8,

RARE 1 1T,

RIRE 2—5 D 4 BFH 5 3 FHBIR L AAGEE /- I8SGE TS L2 80, 728, BIR L-RRE, MR moEik
DIEHRIZ OFNE ST SV, (@ BIFEE LIBAI0EA0 & 0480 3 RIS S ET,)
R IR NS & BICEI LS,

RS TRICEE & LW HERRH LB/, BERRCTEATS L,

T 250, BESNEEHEFEALTHELIAR,

(10) EtdH DV NIANARRA B D HETEFEZT T ZENY,
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There are 6 question sheets and 6 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 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 a rented ruler if you need one.

(10) Raise your hand if you have any questions.
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RAEE 1 ( Question1 )

RO TR VFETF RS AEEAID D b, S EHAERER, 3230 100 225 200 FHEE CRtBiE &, Zeds, #iFAIZISW T
BRI ORZHERE L TH LWVOBRIFEI I TEZ D2y, 6 U RS LS8R0 X 0ERW S IERER SN,

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.
) [1EFFT o ox N> C s & KB 0a, ol U, A Taeag0 i & DA B OR e pie L,

Explain the difference between the first-order and the second-order phase transitions using the chemical potential and describe the
volume and the heat capacity change for each phase transition.

@

¥ omm LU T OERRXILI BT 2 S WEBEREDI R E RO E T v — 7 v FROYERIERZ > Tl
AL

Use the physical meaning of the Sherwood number to explain why the flow of droplets or bubbles of a few mm or less results in
a hlgh mass transfer coefficient.

€)

Eo T ORFRIERICIL, P10 BAdEdE, Béh, MOS0 ER-ENH D, FL D ORSEEEDRAEA AT X,
i To. RSB TSI S5 & LU AT REEER ST D B2 ORBEIME D DR & EMHAOIZHER
T,
Typical crystals of polymers include folded crystals, spherulites, and elongated chain crystals. Explain the characteristics of those
crystal structures. Also, explain qualitatively why the shishkabob structure is formed when crystalline polymers are molded at a

high speed.

*)

BHEREAD Nusselt DRI IO BIEEHUL. L X - CIRIE S L5 DA S L,
Explain what determines the heat transfer resistance in Nusselt's film theory of condensation heat transfer.

)

Btz I AR TESEOWERERE AT X, £ (BRETREE & B2 O DOFFEREDBHRIZ OV TR X,
Explain the physical meaning of the mixing length for turbulent flow. Also, explain the relationship between the mixing length
and the distance from the wall. '

©)

FEDREEAT I CE B 2 RIT TR % 4 O &L,
Explain four factors that affect the buckling load of a column.

@

ERATICR B R DR e L, |
Explain the definition of the coefficient of determination in regression analysis.
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MRE 2 ( Question2 )

BZRT L5910, &S (ERIEED A RS L, 1B W OETHRAERE CALEEIZ, g (>0) ([CHE LBRhLT
CPI PR Dy KITHRE p,) DAVERE CH A LB IN TS, Fio, Frrdi< 7 —a A L o0 &
WNZ & T, BRI —E RSB v CR & L, 18 W OIRER (B ~&BErT %, LIFORICEZ &, 72721,
T AV TEBN T ARIES e L T5, RIFEENIA b— AOEHENNED & L, I=H AORIERENL1 &
T5, Eie. BENOHEIEETEXLOLT 5, HARETQ, SRMREFINEERL V., FMAEE Lo FAKEIE
AR &,
(1) BRI T ORBENEE v 2R T I,
Q) BRE /BN T, BIHRADH Y | HAFRUZEITT D HANRFIRED R Th /BTN T, ZOEBORL
THES Ry R TS L,
(3) BRI CALEENT, HAFRUCEND 2| REFRSDROVESIZONWT, LITORICEZ K,
(2) ZOEOR TR R R A EHHE X,
(b) . ZDEEBOSEERIHRI TR Do R A GHIT L,

As shown in figure, spherical particles (particle diameter Dy, particle density o) charged with g (>0) afe supplied with gas in a dilute
concentration to a parallel plate electrostatic precipitator of height (distance between electrode plates) /7, length L and width 7. Due to the
balance of the Coulomb force and drag force exerted on the spherical particles, they are moving to the collecting plate (electrode plate) of
length L and width /¥ at a constant moving velocity w. Answer the following questions. Here, the gas is assumed to have a uniform velocity
distribution in the device. Assume that the particle motion is subject to Stokes’ law of resistance, and Cunningham’s correction factor should
be set to 1. The effect of gravity is negligible. Use Q for the gas flow rate, ¥ for the applied voltage between the electrode plates, pr for the
fluid density and 4 for the fluid viscosity.
(1) Derive an expression for the moving velocity v of a spherical particle.
(2) Derive an expression for the particle collection efficiency 7 of this electrostatic precipitator for the case where the particle mixing occurs
and the particle concentration is uniform for the direction perpendicular to the gas flow in this device.
(3) Answer the following questions for the case where there is no turbulence in the gas flow and the particle mixing in this electrostatic
precipitator.
(a) Derive an expression for the particle collection efficiency 7 of this device.
{b) Derive an expression for the critical separation particle size Dy of this device.

Electrode plate
o ® /‘

o=/ | . =

q ODP 'y A T
H 1 Collection plate
V¢ (Electrode plate)

L
Figure Parallel plate electrostatic precipitator
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RTEE 3 { Question3 )

B g ABRE (MRS S [m?] © —7E) 12 CCY ATEAT D &, CCLIIZRF LIFM & & bITRmISE T2, ZOkE
DE(LEEN D, CCL DZERHROILHER I E RD D, 12721, REEITERICAR-N, RBEO A2 o iEDZER
(&JE 760 mmHg) 23N TRY . HEEOR ET0 CCLIBEII YT 5 & LT TFORICE 2 X,

air —»

E={ti}

(1) Z&F LIz CCL IRy (B 2) #td L. HBE LENOET D, ZolExo
CCly DFE/VFHR Np R RE S = AT o RIEC L 08T L, 72771, Z2&F ‘ z=0:y=0
WZ331T B CCL DFERRE % D [m¥s], CCL DEL3HRE z=0 Ty=0, z=z T I
y=y EE/VEER Cmolm’] & T 5,

Q) DL GEE 2 VTV N 2 ERLE &, 7272 L. COW DB E % p[gm®], £
CCL D7 FE% My [g/mol] &5,

BYDHEQDEHE W EIND 2 &t DT E, 1=nTz=z, t=7T
2=z DERFHFIZ L ORI,

@ ONZBNT =0 Tz=6.6mm, t=3h Tz=17.7 mm ORFOTEAREL D fm¥s] %K
b, 7L, CCL Doy FE% 154 gimol, CCLIREEE% 1.53 glom?, REREIERE .
1L 47°CTEDREIZBT AEIFIFRRUTE S 284 mmHg 95, Figure

“z=zy=y,

| cay,

When CCly is injected into the thin test tube (cross-sectional area S [m?]: constant) shown in the figure, CCls evaporates and the liquid level
decreases with time. From the rate of change of the liquid level, the diffusion coefficient of CCla in air can be obtained. Answer the following
questions by assuming that the test tube is isothermal, that a sufficient flow of air (total pressure 760 mmHg) is flowing over the top of the
test tube, and that the concentration of CCL just above the test tube can be approximated to zero.

(1) The evaporated CCl diffuses through the gas phase portion (length z) and reaches the top of the test tube. Derive an expression for the
molar flux Na of CCly by the shell balance method. Assuming that the diffusion coefficient of CCly in air is D [m?/s], the mole fraction
of CClyis y=0atz=0, y=yxsat z=z, and the total molar concentration is C [mol/m?].

(2) Formulate the molar flux N using the rate of change of the liquid surface. Let the liquid density of CCl be p [¢/m?] and the molecular
weight of CCls be M, [g/mol].

(3) From the molar flux equations in (1) and (2), solve the differential equations for z and 7 with boundary conditions z=z at = # and
z=patt=h.

(4) In (3), obtain the diffusion coefficient D [m?%s] when z=6.6 mm at /=0, and z= 17.7 mm at /=3 h. The molecular weight of CCLs is
154 g/mol, liquid density of CCls is 1.53 g/em?, the test tube temperature is 47°C, and the saturation vapor pressure of CClyat 47°C is
284 mmHg.
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fiEE4  ( Questiond )

-2 (-n<x<0)

I O<x<my’

1. Fn OBECCH £(x) :{ F(x+2m) = £(3) D7 — U bR X,

2. BUTRTHIIROT 2w ZHIKIZOWT, BLFORBICE X &L,
(1) AFI R BIOGERHL Cs), P(s), Gi(s), Gos) ZFAVT, HIH Y 254,
(@) AT RINOHA Y ~DREREE GoRATEHEZ B TWD, AFIRBAT v ARSI BE LD A 7 v b &
;b X,

G(s)=—6 e’
s+8
2 (—n<x<0
1. Find the Fourier series of f(x)={ ! EOZx);n))’ /(x+2n) = f(x),afunction of period 2.

2. Answer the following questions for the block diagram of the control system shown in figure.
(1) Express the output ¥ using the input R and the transfer functions C(s), P(s), Gi(s) and Gx(s).
(2) The transfer function G(s) from input R to output ¥ is given by the following equation. Find the offSet when the input R changes

stepwise by 1. :

| Input + + Output
G(s) =% e R B Cls) —*{ P(s) Y
Gi(s)

Gs)

Figure Control system
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i@ 5 ( Question5 )

MY EFRIEATRERE (BOD) 2% 200 mg/L T A Tk 43,200 m¥/d HMREEHEZHE 16,000 m® DIEHEEMEER 7 m+ 212 X
VAR X, EKIEIN R E N TV D,

)

@

©)
Q)

ZOF A, BODIEHEIRZIE (MLSS) ATF 0.25ke-BOD/(kg-MLSS -d) TEIESAUTUND, BEGHEND
MLSS REE [mg/l] AEHEw L,

ZOTERZERVT, BOD 23 100%5RE SN EAIIBIT AREIGREAER (ASked) 2FERL, 72770, B
2 BOD OVGIREEIR 0 =05, PAMBRIZ L B75ROHCBMEE b=005d" L1535, 728, REVGREERIILITO
K-> TEHETE S,

AS=al,~bS,

ZIZT, L :FREBOD & [kg/d]. S : BEKEENIFIER (ke] TH D,

T DAFNFIER AR SO%HNET 2 7-DIZiE, BREIEND MLSS JREZ O BIZTHUT IV vy,

SAFK FRGAL T LK D BOD % 3.0 mg/L LA FICHERFT 5 7-9DI2id, AuFfiEak D BOD BREE [%] &1 < bigk
FTHIUR N, 22T, W FEEE 5.0mYs, LEBARARIONIH0) BOD i 26 mgll. Thhd, 7o, MEKE
JIW R, EBICR)IKEZERESNHbDET D,

A conventional activated sludge process with 16,000 m? of aeration tank is operated to treat the sewage with 200 mg/L of biochemical
oxygen demand (BOD) at 43,200 m*/d, and the treated sewage is discharged into a river.

)

@

)
Q)

Derive a mixed liquor suspended solid (MLSS) concentration [mg/L.] of the aeration tank, when a BOD-MLSS loading is set to be
0.25 kg-BOD / (kg-MLSS - d).

Derive an amount of excess sludge ( 4 [kg/d]) produced in the process in the case of 100% of the BOD removal efficiency. Assume
asludge conversion rate of removed BOD, a= 0.5, and a specific endogenous respiration decay coefficient, 5= 0.05 d"!. The amount
of excess sludge can be calculated using the following equation.

AS=al,—bS,

where L,: the amount of BOD removed [kg/d], Sq: the amount of sludge in the aeration tank [kg].

Derive a MLSS concentration in the aeration tank to reduce the amount of excess sludge to 50%.

Derive a removal rate [%] of BOD by the activated sludge process to accomplish BOD less than 3.0 mg/L in the river water after
discharge of the treated sewage. The flow rate of the river water is 5.0 m*s and BOD in the river before the mixing with the treated
sewage is 2.6 mg/L. Assume that the treated sewage is completely mixed with the river water immediately after discharging.



