Environmentally-Friendly Combustion Technology
(Class #: 3329)

Mid-exam

Hour: 2:00 ~ 4:00 pm
Date: 18 April 2002

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything — put
something even like the words in “What U See” of Britney Spears. Be careful with
mathematics and units!

(20 pt) 1. The histogram given below shows energy consumption estimates of a country by
source for a recent year. Such estimate values for each category are quite similar to those of
our country in 2000. As you seen, most of energy, ca. 85%, used in our life is obtained from
combusting petroleum, natural gas and coal; this would be closely related to a variety of
environmental problems regarding air pollution. Keeping this situation in mind, discuss why
we must make an effort to understand combustion processes releasing a huge amount of air
pollutants.
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(30 pt) 2. A fluid fuel is combusted by the rapid oxidation autoigniting its mixture with air
in a spark-ignition engine, commonly so-called gasoline engine.

(a) What is the combustion mode?

(b) What is the flame type?

(c) Do you expect successful operation of the engine without any problem? If so,
give your description. If not so, explain the reason. If you go with the latter case

and someone proposes you the use of a fuel having higher octane number, do you
accept his idea?

(30 pt) 3. Answer the following questions.

(a) Name the hydrocarbon fuel using the IUPAC (International Union of Pure and
Applied Chemistry) notation.

CH, CH;

CH,—CH—CH,—CH—CH—CH,—CH;

CH,

(b) What is the major component of liquefied natural gas (LNG)?
(c) A liquefied petroleum gas (LPG) consists mainly of propane whose boiling point is

around —42°C. Calculate the compressing pressure required to convert gas-phase

propane of 5 mol in a 1 /-volume container into liquid-phase one. The gas constant is
0.08206 atm-l/mol-K.

(d) Describe how to measure the higher heating value of a liquid fuel.

(e) Define pour and flash points for a liquid fuel.

(20 pt) 4. The autoignition temperature for a number of fuels in air at 1 atm is listed in Table
below.

Substance Autoignition (°C)
Methane 537
Ethane 472
Propane 470
n-Butane 365
n-Octane 2006
Isooctane 418
n-Cetane 205
Methanol 385
Ethanol 365
Acetylene 305

Hydrogen 400




(a) What is the autoignition temperature of pure fuels?

(b) Which fuel is the most difficulty to be combusted in atmospheric air?

Good luck on all your works to answer the questions. Spring is in full swing, so enjoy the
Spring.



Environmentally-Friendly Combustion Technology
(Class #: 3160)

Mid-exam

Hour: 11:00 ~ 1:00 pm
Date: 22 April 2003

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything — put
something even like the words in “What U See” of Britney Spears. Be careful with
mathematics and units!

(10 pt) 1. OtcHOll =& EH=
x 2]

2 = 2e|Letel MM MO M A2 (2F 3,065 &
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ethyl Tertiary Ethers (0ll: Methyl Tertiary Butyl Ether,
Off CO2tHCs 2 HiZ=0| &&= 0=

0=

(30 pt) 3. HAIAE HZ=Z AZct= Z20, UHIIQXISESS HES
Nz HEAZE = Ulse SHUAM 288, s € HHES UHANE2=2
== QUCH Otefiol =HA O 2 S HEAOAN 2SS MHIA HAC
Aesc HSsS 2ol 2010 AL
(1) J21&2 EIOI% Al HA=E CNG &= Eliet Az &&H XDt
JtsobXlgt, CNG e HAAHA=2 J|E2 Col&2 Xl Jxdit=
20l otCh. EIOI% A CNG HMECf AALRAS 282 SF=GHAI2

(2)CNG HAONAM AtESts ¢z2 oA BrEAlg M1, 08 SHHIE
HEHoAIL. & SJ1= 79% N & O (=

(3) 2| 19.2 2 CNG AUZ LHOA 22 AAAZ [0, Y ArA2kZ2 Smd
CIR 2 AEBIAIL.

(20 pt) 4. DI=2 HAEUIIY (Clean Air Act)S 1970 HEol JHHSIH =2
HIOIRLESEE2 HES LotH AMOIAULH NEH 220AM 2E (0z)2 M482
SHMGHI fotd O gAYz FgHd KIIFE=2  (Volatile Organic
Compounds, VOCs)2l BHEZ2 LAHGHH AMGts SHEE 2 REJ| ABOIH 2



2, 1995 H 0l =
=01z Dye
35
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Emissions (million short tons)

2 QUL

1970 @ JIEC2 I HHEES 30% 0l =2 = U
VOCs 2| =8 ZHMANA et FHE 20HF1D R

Ct.

-

1940 1950 1960

1970 1980 1990

(1) clLietel HWIISBIIEEESS So6t, 0= WlsZIIEs2

e

XOIE 0l A=XE &Eot

(2) e OS0AM & = AX0l, VOCs 2 e BIERE S0, “ A
bS

(10 pt) 5. OtehOll =UHE SH= DI=0A MoEsE 2H FHERO
LIEFLH D QUCH O S EU 2HGIH T2 =280 €5tAI2.
Item Requirement
Octane, research (minimum) 93
Sensitivity (minimum) i)
Lead, organic (g/gal) 0.00-0.05
Distillation range
Initial boiling pt. (°F) 75-90
10% point (°F) 120-135
50% point (°F) 200-230
90% point (°F) 300-325
End point (°F, max) 415
Sulfur (wt %, max) 0.01
Phosphorus (g/gal, max) 0.005
Reid vapor pressure (1b/in.2) 8.7-9.2
Hydrocarbon composition
Olefins (%, max) 10
Aromatics (%, max) 35
Saturates Remainder
(LR =JiEs ST wamo 22 FHMos O
MZ3HAI2.

HAI= HHE
oo

20|
T XO| BFAISI O]

+C e =2

£ 22! MAIGHAIL.

1M BiEEel & 70%E XK * A" 2

OteH ol

o

ol



()8 B2 20 0.01 %=Z MBtcts 0IRE YTHAIR.

Good luck on all your work to answer the questions. Spring is in full swing, So

enjoy the Spring.



Environmentally-Friendly Combustion Technology
(Class #: 2975)

Mid-exam

Hour: 1:00 ~ 3:00 pm
Date: 20 April 2004

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(20 pt) 1. OfcHOll =& D2 =2 E H2t felUctilA ZHEE ol AtEE
Mot HHAIA AHIES HEE F01E 201 ULH
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dE=HOZ 2000 & Ol=0ll HopHHILAS] AFEEO0| Sotet A= & = Y=,
Ol =ItEC=Z AEst g8t W28 SHE of&ot)| fist =82 &0l
o8 MZ SHUHA HAAINA ROl = JHE 2 8= & AR
Jl=0otAlIL.



(B)Rt= Xt AXUA 20| LMT= = J
(4)IicHE H Etst=A2t S Etat=A0 XH0IE

A 2HEQ A HAS HEAI HIIRYES 2I|HOR
S G0t 13 UCH THS 2SO oA

(1) JIE2 Lol dX HA= CNG XS st HAZ =EAH W=Dt
JtsobXlgt, CNG el&lol HAadtAz2 JIES Clol&2 Aol XM=
2f0IotCH CIOIZ AR CNG MO HABLAIS 282F OF=GHAI 2.

(2) CNG HAWAM ABols H=29 A BISAlE MDD, 08 3AHHIS
HAGHAIL. B, BI1= 79% No 2 21% O 2 J

19.22 CNG A& WHUA 22 AAAZ O, Y AtAZHS Sm°
CHR 2 AEBIAIL.

(10 pt) 4. =2 (Ho)2 D9 LSS HAGHAIR. &, 25°C UM 29 sZ&EZE
1,590 Btu/lby, OICH.

Good luck on all your work to answer the questions. Spring is in full swing, and
enjoy the Spring.



Environmentally-Friendly Combustion Technology
(Class #: 2907)

Mid-exam

Hour: 9:00 ~ 10:50 am
Date: 20 April 2004

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

teh D82 OtgHAEA (SO2)2 HHE 018 HEREZ 201 UL

Emissions (million short tons)

() R -
1940 1950 1960 1970 1980 1990

(2) OrghetotAol HIEx:01E EY® 1970 & 01F0 EXE2z MM E

BHE2 0l ZAck= M0 UCH 0l= 1970 @ 01= HEUIIE (Clean Air
Act, CAA)UI E&E M=Z2 HIESMIHEl 2201 U=dl, 0l
/\-|EI:| I_Alg
(30 pt) 2. M UHZAINAN 2SS HEHIIA HA=E HEZAIY HIIQES
&Lz 2 = U otLtel E2 Mot &1 UL TS =50l EotAl 2.
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Good luck on all your work to answer the questions. Spring is in full swing, and enjoy your

life.



Environmentally-Friendly Combustion Technology
(Class #: 2960)

Mid term examination

Hour: 10:00 ~ 11:50 am
Date: 20 April 2006

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

teh D82 Or2tatItA (SO2)2 BHEF0ISE HHE/EZ 2010 ULH

() R -
1940 1950 1960 1970 1980 1990
T



AXHCz MHHO

(2) O AMIIAS HEEF0IE 2EW®H 1970 & 0|10
ICt. 0l= 1970¢ 0|= EAMWIIY (Clean Air

BHE 0l 240t =AU U
Act, CAA)l =& M=2 HIEAMIEL 20]

—

A=, 0IS

SN2
| OISl 9B 2 =S Us ah (H)s HEIAS B
HEEHS, B54A0 REMSIUS, MEIIAGES SO22E AU & UL
CHS 2t 220 oAl
(1) #OIILAL £ZJ] HELS2 800 ~ 900°C o D2 ZHEFSI| LA
OIZO{XI=O, OIIHS] BISAIS MAI2
(2)FOIIIA O NHSCZE IHR 48 AEUNE 27560 B2 FIHEQ
HIZ0I SOIOHs (1)°] BISOl BAS 2= FQ 01RE SYEAL

L0, s HiEs
= HUHXEL=Z
HIOA HAQ

| CIOI& A HA=E CNG HAS et HAZ &gl JHXDt

(1) J1&ES
JtsotAlgh, CNG ool HAaydAaz JIES Coj&2 Aol OxXie
A0IStCH CIOIZ A& CNG A& HAAGAIS 2128 OF=0lA|2

(2)CNG HANAM AMEdte A= HA
HEBIAI2. &, BJ1= 79% N2 2F 21% O 2 It

(3) Ul 19.2 2 CNG A& LHUIAN HZSE HAA
Rl 2 LAHEGHAIL.



Environmentally-Friendly Combustion Technology
(Class #: 2959)

Mid term examination

Hour: 2:00 ~ 3:50 pm
Date: 24 April 2007

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

CH,;—CH,—CH,—CH—CH,— OH

(3) Crerrars
(4) SEOIL =LY
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Environmentally-Friendly Combustion Technology
(Class #: 3408)

Mid-exam

Hour: 11:00 ~ 12:50 pm
Date: 24 April 2008

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful

with mathematics and units!

(1) AL =BI| HEBE
=] A

2 8
Ol A=, Ol BISAS MAIL.

(2)HSIIA O RHMOICZE R 248 HEAWE SActD B FIHFQl
HIZ0l S0I0Hs (1)9 BIS0 BAS 2= FQ 0IRE SYGHAI2.

(40 pt) 2. G300 =& 2 &= 26l &AL,

(1) CIOIZ SIS 22 HABA

= o ™M

(2) AR HdUE

() I MZ SHUA DAL HHMASO Hioh JIMSEZSIH = EE
(Hint: (i &0l /US = AU, 3K EEE HEEHLZ S =

(4) &M= JIH (producer gas)l M=Z2Y &L =@ A2 (Hint: £+
AA 3N R 2 4 AB)



(20 pt) 3. HQIIIAZ AARR AEIE ZR0, UIILQYSHESol b
2I|Ho2 MAANL £+ UCHs SN LHE, MY, 258, )
MK OR L2l 012D ACH OFHofl E0Z 2t 2SS0 A2,

— - L —

(1) d=AHAILA (Compressed Natural Gas, CNG) HAW AN AIZo6te HZ 9
HA BISAIZ M1 0|8 B2HHIE HAGHAI. B 201 79% N> 2 21%

(Hint: 294 (Air/Fuel Ratio)= LBIRO 2 SHHIZ2 EAIE)

0

(3) O st&f20l =2 = 288 g9 S/E A1, 1

0

19
o
uo
v
I
ol

EMot= &d0l Ate0l I8 =&=UH
J=0l A=, o steg=0 2et 28 Jis

0x 02
S o

Good luck on all your work to answer the questions. Spring is in full swing, and
enjoy the Spring.



Environmentally-Friendly Combustion Technology
(Class #: 4818)

Mid-exam.

Hour: 11:00 ~ 12:50 pm
Date: 22 April 2009

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(2)Ctatetsr= Etgt = (Polycyclic Aromatic Hydrocarbons, PAHS)

)M =Z JIM (producer gas)2 HMZEEY L =2 A2 (Hint: =2 42
A 3IKZ 8 & AUAS)

ro

(30 pt) 2. HAHAIIA (Natural Gas, NG)
i

=2 O
HIILIESES HHES &JIH2Z HIAIZ = Ults SHUHAM 28 E, g,
2E5E, )88 2 U222 Z2l 018& 10 AL Oteholl =& 2 S 30l
EotAlL.

(1) L=AHAIIA (Compressed Natural Gas, CNG) HA WM AIESdle H29
HA BISAIZ M), 0|8 SHHIE HUMOIAIZ. ©, 8Jl= 79% No 2t 21%

(Hint: 298| (Air/Fuel Ratio, AFR)= LB O 2 SHHIZ HAlIE



ol 19.2 2 CNG AT LHOA 22 AAAZ O, BHY A2 Smd

(2) 1
PRI 2 AFEGHAIL.

0 R

r

(10 pt) 3. OteHel E= Ji&d BE2S Holole 0 JI=E S0l otUE 201D
ULE.

Specification Importance

Volatility e Cool weather drivability

e Carburetor icing
e Hot start and driveaway
e \Vapor lock
e Carburetor evaporation losses
e Deposits in crankcase and
combustion
chambers, and on spark plugs

24 (Volatility)0l U == IR0 Y = UAs 84SS FOHE HE
JE=2x 8HGHAI2.

(20 pt) 4. “Dl2He SHE” 2 FFLD Us =4 (H)s A 3|
HEELS, Bl 2=4tstbts, ABIASIES S2=2FH 20HE = UL

Chs 2 =250l E€otAlL.

(1) BHIHAS =B HEEEE 800 ~ 900°C 2 D=2 FMEI! WHUHIA
m] =4

OIF0XI=0l, OliHel gts4

(2) MQIIA O MHUCRE S 248 HEAMET S5t B =R
ZaS 2=

HIZ0l S0Its (1)2 BtS0l 2ty

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3698)

Mid-exam

Hour: 1:00 ~ 2:50 pm
Date: 19 April 2010

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(2) OteHOll =H& REAIQ JUPAC B H

CH,—CH,—CH,—CH—CH,— OH

(1) dAIIAS £=D| JHEBIES2 800 ~ 900°C o =0Her2D] LHOIA
OIZ20 XL, TS SHUA =S0HE Ol20lH =4 ItABFS(water gas shift
reaction)% £8igl=0l, OIS BISASS =AUZ MAIL.



(2) MOIA O UHUCR2E IR 24
HI &0l S0i{2} N

1980 1990

1950 1960 1970
Year

HOtAI2.

Hots BHERS PHXNCR &

(1) (A0l 3
(2) m%&nAw BIEZ012 20 1970 & 0150 HINO2 HHX
HE 20l 2458t A0 AUCH Ol= 1970 01= HHHIIY (Clean Air
Mt(MNW CUE ME2 WERMONED B0l USCH, OIS
HBGIAIL,
(20 pt) 3. HEINAS A2 AISolE AR, UIILSSESO WaES
2|NO2 HUAZ 4 UCHs SHHAM LIS, MY, 258, JIHE 59
MAXIEOR U2l 0|2 D ACH OFH0 FOIR 2 S S0l L5HAI2.

ﬂJ

(1) d=HAILA (Compressed Natural Gas, CNG) HV\OH/H AEdte HE22
HA BESAIZ M, 0|8 2HHIE HAMGIAIZ. &, BJl= 79% No 2 21%
O, 2 JFA BHLY.

AAZ O, Y pAS Sme

Al 19.22 CNG & UM HEE HA

(2) S
ChA 2 ASOHAIL.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3398)

Mid-exam.

Hour: 10:00 ~ 11:50 am
Date: 21 April 2011

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(2) Ct32 22X XA S H= Eat=A00 (8 IUPAC B Y
CHs

(3) OtcHel HOIM SEEI HR RS 20 2 = A= 2HE

Specification Importance

Volatility e Cool weather drivability

e Carburetor icing

e Hot start and driveaway

e Vapor lock

e Carburetor evaporation losses

e Deposits in crankcase and
combustion chambers, and on
spark plugs




(4) & RII38 = (Volatile Organic Compounds, VOCs)2| HEXQI &
| ek 3 JHX)

(5) D9 LLTO| WY LAYEL £ 0/
(20 pt) 2. HOINAS E2 ASols FR0, UIISASHESO WES
= ¢ SIET-g=

Moz MZAZ 2 ACHs S
0

HUXEez Eel 0I5 UL OFcHUl =0 & 2 =S 0l EotAl L.

(1) =HAILA(Compressed Natural Gas, CNG) HV\OH/H AMNSote H&22

Al M 0|2 ZoHIZ HASIAIL. S, 2= 79% N, 2 21%
O, 2 I} A8t}

(2) 2oH] 19.22 CNG A LHOA ¢EE2 HAAZ [0, WY AtAFS SMe
CI| 2 AEBIAIR

(20 pt) , Eet=ao 2

3 = A
MEDIASIEIS SORTE 2€OE £ UCH OIS 2 2SS0l H6IAI2.

—

fon
o
010

Rl

(1) A =3I HAELISE 800 ~ 900°C 2 =0HerSIl WA
OIZ20 X, Chs EHOA fI]H% Olgéf(ﬁ =& JtABHE (water gas shift
reaction)S ==&st=0l, OlIHSl B =MUHZE XA,

0|0
rulﬁ
i

(2) ®etA O NHBICEE (e 248 HSYNSE 275t B2 =IiHel
HIZO0I SO{OH= (1)2 BFSS0l ZAS 2= 2 0IRE YA

(10 pt) 4. OF2H IO =O0IX BESH 20I, 2ol O GIES S A&, &bl, JI2,
JIT S2 0180 HAAIIE F SHS H0ILH L HEHS XIS D) I80ICH
QOIS 27510, #Z 232 MB5Hs Dl AXILIOISO0l 0l9t 20l LIS
oI Pl ABEE HR(S)0 OE JIEXel XAS BRR d= 0SS
SSUBIAIR. (BHEA 100 Xt OILH)

PN

A, &ul, 213,717 S
Z + MSHRI(AIR) Ol RN, &)
st

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3615)

Mid- term examination

Hour: 3:00 ~ 4:50 pm
Date: 23 April 2012

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.

Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(40 pt) 1. Ct30f FO{T 2t &2 7Ef5| HHSIA L.

(:H_; = CH AT CH oo CH'.I CH1

|
CH.

4) SHL= (BEEA| 30%} O[LH)

(20 pt) 2. T=L(H)= A2 =TI HAEES, Eole=a9| EEL4EHS
o = A
o O |

(]
METtA st Of & == ULt ChZ 24 =30 EotA 2.



(1) MA7tASl =F7| I LSS 800 ~ 900°Co| HOHHIST| LHOIA
O|FO{ X[, AOAM HO{E 0|25 -’F’Sﬂﬁt.'_*g(water gas shift

Chs &
reaction)= T&ot=0|, O|fel EISHSS =AHE 2A[2,

(2) HAUZIA O XMt 2 & O 2
H|0| 20{7t= (1)9| HtS 50| &

(10 pt) 3. Of2f &0

ZFO{TI HEQF 20|, B3| O{H AR E A A|M, MH|, 7|4,
7|7+ &2 0|24 EI AZle = S8 2 Zo|Lt Y HEfo| XS H7| {Eo|Ct
O™ 27t ed3ss M3st= O0/249 AX|L|0{E0| 0|2t Z0| ofHX|E
A7 8 AREE dAZE)0 Ot 7|28 XAg Q=2 sle= 0|{E
MHSIA|2.  (HEEA] 100X} O|LK)

AAS
A& HH| JIH IR S
2+ A 3HHI(AIR) ol LA, )
sl

(30 pt) 4. ¥X AMEEI Us HYItE2l(reformulated gasoline)d|= 0
HIIME0| 20| Hige|=0|, cHEECE CH,p Q2 1 =ES LIEtE &= QUCL O3
=220 ESIAL.

1 <
& ¢ H|(theoretical air-to-fuel ratio, AFR)E AAMSIA|. & S7|= 78% N,

(e}
1% Ar, 21% 0,2 7H785t10, Are| 2X}2F2 400|Ct.

(2) S¢H 1852 AT LOM &7 A2 HLAIZ I
T2 A LB 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3526)

Mid-exam.

Hour: 3:00 ~ 4:50 pm
Date: 24 April 2013

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(40 pt) 1. ChSO0l =0 & 2 &S ZHIIAIL.

(2)-c) CI& 2dlXIOo] EAAOI EH3|9 Of SFo LM ROl (10 pt)
(3) A= (SOs + SO3 = SO 2 =2 HIE& (Hint: 2 JHX) (10
pt)

N1z 2gd s skt 382 ArEot A} et
Ct = Ol 017(' 2.F =S0 gotAl2. &, Ol JtEel2 10% n-S&1 90% i-
(]

SBOZ 00 UL

(1) Ol EHZ2 HA BIEAIS M), 0|8 SHHIE HMSHAIR. ©, B)l=

79% No 2t 21% O, 2 JtEetlh.

OIH|JF 14.7 2 [, Y AFA S Sm® THRI2 HAHGHAI 2.

S
OH



(1) E4ItA MAYH(E= Re)E BHSAS EEotH 2te5] 4HGHAI2.

(2) AD| 28 (1) SHZ2HA HHE =0HE 0125t =4 ItABIS(water gas

(10 pt) 4. OtcH OB 0l =& Bt 2001, E3] ™ H=SE AL AL, &I, I,
7 S 0I8dl HaATle = 82 S0ILE £ FHie HIHXIE 2] =0l
2 S lefel AXILIG=0] 0l £0] HUHXIE

180l =+otll, EEEss d3ote
2l Aol MEBEH= H=(S)O et
HHGIAI2.  (BHEAI 10 L

l=2X80el XAasS ER=Z o= 0IRE

HE + ISHHI(AIR) Ol LA RI(, &)

HHGHAI2. (22 50 X+ OILH)

S
ha
M

to

O

0%

i

1o

Z-{'_|

L=

0

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3573)

Mid-exam.

Hour: 10:00 ~ 11:50 am
Date: 23 April 2014

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(10 pt) 1. OtcH D0l =0{& Bt 2001, E3] ™ H=SE AL AL, &I, I,
7 &= 0I8dl HaATle = 82 S0ILE £ FHie HHXIE 2] =0l
2 lefel AXILI0=0] 0l €0 HUHXIE

A A AMEDsE A=(S)ol
SHHGIAIL.  (BHEA 100 X+ O[WH)
HAS
A& SH| JH, IR S
o2 + ASHHI(AIR) of LA RI(Y, 2y
sl

(3) &AL HIWSEHALUNA ODIHES A2 HEFS
(4) C2S&9 0OI2XQ HIHLIBL 018 YXE = U= LY (BFEA

100 &t Ol Z J|=)

0

L

(5) &3¢

P EtSt=AE P86l 28 (BLEAI 30 Xt OIHZE JI=)

Hel
tol

=
=

Hel
fol
il



79%

—

—

c, S0

FAIL.
FAIL.

0

0

FRI2 HI A

22 gmd o

F

, 0l & SdHIE At

N

F

o 4l

f

n

HIOF16.0 & [,

(2)

i

FOd =& It A BEZS (water gas

50 &t oluwiz J|a)

shift reaction)S Al&

H,

Il

ol

A

P

[

JU
5
1o

e
ol
010

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3607)

Mid-exam.

Hour: 10:00 ~ 11:50 am
Date: 25 April 2016

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(40 pt) 1. CtSO| Zt 222 HIFSIA|2. (Z4 2S'E YtEA] 100 X} O|LHZ 7]|&)
(MELH ] 7|3tet = (volatile organic compounds, VOC)2| CHEX Q1 Hi = &

Q)M EH7tABIEES (coal gasification)

=1y | O A=S A AlE, 28|, 7|4,
7|7+ S5 0|88 Aol F 582 EO[Lt 8 HEfo| o|HX|S 27| HOICt
JA80E 275t2, atgds<ts 3otk j2fel AX|LIKS0| ol 20| HUHX|E

=
A7] Qs A2EE dZE)0 Ofgt 7|28 XAgs ZERZ sl= O|fE
MOSIA|Q,  (HFEA] 200 X} O|LY)



HZ + ASHHI(AIR)

l:!l)

=

oI RI(E,

(20 pt) 3. CH7 | B EMEH A|H™E & M115Z(AtsAt A= " IHN = FHOiKN 2
MZ712 &) ©H 33(2016. 3. 29 Alghof 22X, L PHEEH9| M7=
CtSat 220 0|2 HHEHCS 2 C1F 4 230 HIIAL.
eI e EES
Hrat=oletE 22 (R I]%) 24(21) Ot
B 22 (R %) 0.7 0|3}
o 2 (/) 0.013 O[5}
ol 22k (g/h) 0.0013 O3t
M S (EH %) 2.3 0|8}
S E 2EF (RI|%) 16(19) 0|35}
2t gt (ppm) 10 O|5t
S7|® (kPa, 37.8°C) 60 0|5}
90% FE2E (°C) 170 0|5}
N 2| (olefine) O OS] () ¢tol 7|&E2 HEY =+ ULCL 0] F=2
HIorEolets 0| CHSH = () 22 7|&2 & -EBtC}
2 Z7Y 7=2 0i1H 6 € 1 2EH 8 & 31 YK HZEA|IHAAM 215= HEO
CHSHO] M-8 otLt
(1) 9 EoAMe 20 2sxE 329 IIsads AMGl=E 0IKE
SHGIAI2. (BFE Al 50X OILH)
(2) ®I2 U 2= 318t29 20| J|I=X OILHOID|E 6L U ¥E &2
OIIE 2= U= 2HNEES JI=SHAIL. (BFE Al 50X Ol LK)
(3) @ HOAMQY Z0 S2yTmo S AHLE 082 212tF
JI=38tAI2. (BHE Al 50K OILH)
(4) SII12W 90% RESTE Tl =& JIFE 0I5t2 AHTt=E 0IRE
HYHBIAI2. (BFE Al 100K OILK)



7] "90% RE2Z"E H2AZO| CHE '90% SE(EE FE) 222

#2 o|OjolLt.

A

(30 pt) 4. XI5 G=EZ 20% HHO|L OfEh2 1}

7k

o|

=20 EstA L. &,

o 2

g

RULE.

oA E2| AHE R

=
o

AN O]=, g0l

Bl
4

=

8l
ol
fof
o/
~U

b

b

w AM7|Qf

ALY S 2SR, (5 pt)

il

M|

2. (5 pY)

D~
ALS

o 2 AR =toty =d= AL

O|2 & %AH|(theoretical air-to-fuel ratio, AFR)S

=
—

71 (3)° #HSof

ALFSHAI 2. (5 pt)

(4)

FAI2. (10 pt)

AHS

S Sm3 B2 A

=13
=]

) Ak

H ==
T T

J

(5

Ql
o

16.0 & 0, 1t

(5) AFR

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3515)

Total =75 pt

Mid-exam.

Hour: 3:00 ~ 4:45 pm (75 min)
Date: 26 April 2017

Student Name:
Student’s SIGNATURE:
Student I.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is exactly 75 min.
Answer all questions on a separate paper provided. Be precise, logical, and ordered in your
responses. Show all your work! 1 can not do give any credit if you do not write anything.
Be careful with mathematics and units!

(40 pt) 1. Ct22| Z4 2= TSI L. (A4 28 HHEA| 100 %} O|LH = 7]&)

1R
>t
Q
U
mjn
Im
(02l
pal
rir
N
o)l
of
0]
rot
Mo

42 7kX)
(2) MATEA I =BG (natural gas reforming)
(3) I AT (Diesel engine)2| A

(4) BALSENOYSl F2 HiEH

(20 pt) 2. AtSXE AEE 20% HHO|2 OfEt=2nt =2 E 7tEElE AtEStttn
b8 i Zt E320| EohAl. B ol =gH|lE2

— =
7t& 22 S EHoctane)O| Lt

—

n

w o7t Z

rlo
rfot

Sz = o 0=, 0l SoA 2| AHEED QAT



(1) O 2=l sty =dE AUBIAL. (5 pt)

@ A7l (MM T NS BIEHOZ 0|2 AAYSS MAI2. (5 pt)

(3) A7 (3)9 €30 [ME O|F & H|(theoretical air-to-fuel ratio, AFR)E
HASHA| 2. (5 pt)

o

(4) AFR=16.0 & [, A (L= FF) LTS Sm3 T2 ALUSHA[L. (5 pt)

(15 pt) 3. Ch=22| &4 2= 235N 2.

(1) Bt (producer gas) M2 E (BEEA 100 Xt O|LH 2 7| =)

(2) of2hel LxAE = EtaleAo| BY

CH,— CH—CH— CH,—CH;
|
CH,
) Ot2Ho| FO{Z HOA “Spark-ignition engines"dt "Diesel engines”" 0| Af
HiZkl= 7| RESE S dUHQ HiE &S Bl wd) A (JofX el
HiE+E0l =2 dR0s "+++'2 H& BR0= "+'2 e X2

7;|OO_||I_ " IIE ?__'_)

Pollutants

Unburned Oxides Carbon Particulate
Source Hydrocarbons of Nitrogen Monoxide Sulfur Oxides Matter
Spark-ignition engines + + + = —
Diesel engines + + + - 4
Gas-turbine engines + + + - 4
Coal-burning utility boilers - + - A +
Gas-burning appliances - + + - -

Good luck on all your work to answer the questions.



