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;

(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. OrHOl =Od ILicte] Ml MO atef (2F 3,065 A
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(2) ©18 & (Flash point)

(5) JFE %ifﬂlé Methyl Tertiary Ethers (0ll: Methyl Tertiary Butyl Ether,
HIIE 20 CO 2 HCs & BHE0| M2 &= 0l

(30 pt) 3. HGEINHASE HEZ AMEcts Z=R0, HIIXS=ZES2 HH
Nz MZAZE = Ulls SHUHAM 288, M4FE L HEE NUHXNE2Z
=0 g2 M HZAIOA 2SSl dHIA HAC

(1)J1Z2 CIOIZ A HAE= CNG &S EME HAZ E=HAH =IOt
JtsotAIg, CNG eAel HAAagaAz2 JIES] Col& AXe TJxdies
&0IGHCH CIOIZ AR CNG AHME O] HAALBTAIS 2828 OF=GHAI L.

(2) CNG I:H*Oﬂkl AEdts 822 ga BSAsS ML, 08 S9HIS
HASHAIR. &, BI1= 79% N2 2 21% O 2 JHE LY.

(20 pt) 4. 0122 HEUWIIY (Clean Air Act)ES 1970 &0l HEGIH =2
HIOIRESEES HHES LotH AMGIALE NEH 220 A 2F (03)2 MAS
AM3I ot o ZMIAL=Z FHLH KRIISEEZ  (Volatle Organic
Compounds, VOCs)2| HIE2 S Z5tH Mot SHZEE M RES| AEMGH =2
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(1) elttetel tolstBIIESE S22 EHotn, 0l=2 UoIsdI|I=2E SN
HE XOIEOl UA=KIE EHGHAIL
(2) 2 OSM & = AX0l, VOCs 2 6 HiE&= =0, “A"%2 “B"=2
ZAE IS0 MAl BHES2 & 70%E XHXISHCH “A"2F “B"0l dHE o=
HEXOQl 220 (S 242 MAIGHAIR.
(10 pt) 5. OOl =& SEH= 0I30AM MitEls 2H YR SERAS
LIEFLA D UCH Of SHO 2245101 TS 2S00 E5HAI2.
Item Requirement
Octane, research (minimum) 93
Sensitivity (minimum) A5
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 (Ib/in.?) 8.7-9.2
Hydrocarbon composition
Olefins (%, max) 10
Aromatics (%, max) 35
Saturates Remainder
(ALK HotZl= ST HS=RO SHZ2 HHote 0IKE 2T
NZ=GHAI2

Emissions (million short tons)
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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. oteHoll =& O

=] -
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(30 pt) 3. HZAIUIAM 2SS AL HAE HEAIS IIQES &EJIFCz
=2 = Aes otLte E2 0oF & AT s =50 Al 2

Clol& Xl HA= CNG HAsS EMet HAZ &&H X0t

& | A=
JtsotXIg, CNG A& HAYAZ2 J|IES CIoE ANl ARteE
AOIGHCH CIOI& AR CNG HMAC] HALBAS 242F SE=FHA| L.

(2) CNG HAMAM At2ols HE2 A BHESAIS M, 08 S9HIE
HAEOEAI2. B, BIJ1= 79% N2 2t 21% 02 2 D

(3) =S¢t 19.2 2 CNG AZA LHOIA H2E HALAIZ O, HY ALZS SmP
ChRlZ2 LHEGHAIL.

(10 pt) 4. =4 (H2)2 D9 2SS AHLGHAIL. &, 25°C UM S22 s2&EE:
1,050 Btu/lbm 011, =42 Ml 2Z2&2 51,590 Btu/lbm OICt.

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!

(20 pt) 1. OtcH &2 OFEAIIIA (SO2)2 BIEF0IE HHESR/EZ B0 UL
2 2 =30l E0tAIL.
(1) (A0l Lol IS AYoHAIL
(2) OFEAIIAQl HIE=x=0/1E EH 1970 @ 0OlF0 &ExXHEcez AHMAQI
BHE 20| 2A6t= =M ACH 0l= 1970 E 0l= HEHUIIY (Clean Air
Act, CAA)Nl &S& M=22 HIEANHEl 230l U=sdl, 0l
HHOIAIL.
(30 pt) 2. MM UZAINA 2SOl HHIIMA HA= UZAIQ GoJIEs
FIIECZ =2 = U= otk E2 0 &0 JULH TS =30l 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!

(20 pt) 2. Otel D2 OF2HAIEA (SO2)2 HHEFO0IE HIEREZ 201 UL
LS 2 =230l EotAl2.

Emissions (million short tons)
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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!

(2) OteHOll =& REAIS| [UPAC BEH

CH,—CH,—CH,— CH—CH,— OH

(3) Creretar=
(4) 2ED} YUY
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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) HItAS £=BI| HELLEE 800 ~ 900°C 2 112 =H0HEHEI! WOIA
OlFOAI=d, OlHe BFSAS MAIL

(2) AL O NHUCRE iR =8 H2HUE E+0t0 E2 FIHAQ
HIE0l S0tz (1)2 BHE0 2A S 2= =2 0I8E ZHIHAR

(40 pt) 2. TISH =& 2 &= 25| 4HGHAIL.

() UHIILY M2 =HHAM DML HHMAZAH HIH JIMA=20 2= EF

(Hint: 0id & &0l UAS = AL 3K EEE HHECSR & += US)

(4) 2™ J|X (produce
(@]

rgas)e M=xZgd 2L =@ M2 (Hint: =2 d22
A 3INKZ 2 2 US)
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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!

(40 pt) 1. T+S0l =01 & 2F SSO0ll CHGHO 2+&6] JI=0HAI 2.

(1)CIZARI O] HAYA

(2)Chatetsrs EFg 2= A (Polycyclic Aromatic Hydrocarbons, PAHS)

() LMZ JIMl (producer gas)2 MY Y =@ A2 (Hint: =2 42
AAHIINKN2 2 4 US)

ro

(4)213t& (Flash point)

(30 pt) 2. &HAHAIA (Natural Gas, NG)E dHIAOZ Aot 220,
HOIQPSHSO| HHES ZIIXO2 HLAIZ = ULHs SOAH 2HE, 4AS,
252, 82 s2 fUXaEez g2l 0ols% 0 UCH oo =& 2 =350

EIotAI 2.

(1) =AHAILA (Compressed Natural Gas, CNG) HAW AN AlZots HZ 9
HA BISAIS M 0|2 Z2HHIE HAMGIAI. &, 2= 79% N2 2t 21%

(Hint: 24| (Air/Fuel Ratio, AFR)= 2B O2 2AHIZ2 EAlE)



(10 pt) 3. Ot E= Jisel B2 S "olele el JIE=S Z0l otLE BEW=1
UL,

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

S24d (Volatility)ol UHR =2 IR0 ZHE = UAs 4SS FOHA HE

= o
=2z 2362,

(20 pt) 4. “DleHe HE” 2 FFED JYs =L (H)e AHAIAL 3D
HEELS, 'é*i%—f—_/.\_e SELES, SEItASEIS S22 FH E0HE = UL

LS 2 =230l EotAl2.

(1) MHIIAQ £=D| JHEBIEE 800 ~ 900°C 2 N =0Het2I| LHOIA
OI20 Xl=dl, OlIHS BtSAIS MAIQ.

(2) HAHIIA O UHEECZ2E iR S8 SIS YU E E+ot) ¥2 FIHAQ
HIE0I S0It= (1)2 BtE0 2 S A= =2 0IRE E€ZotAI2

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.

all questions on a separate paper provided. Be precise, logical, and

Answer
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. TS0l =0 & 2 8ts 2t SHGIAIL.
(1) CIOI & 22 HD| 22 HABA
(2) OFCHOl =& RZAIO| |UPAC HOH
CH,
|
CH;—CH,— CH,— CH—CH,— OH
(3) CtEtEtsF = Bt A
(4) I8t E I NS E
(20 pt) 2. &dl “Olehe gE’'2 F=2e) Js =AM(H.
HEBIS, EISI4EAQl BRAGIEIS ) AMEH)IAGIEISE £EO
e 2 230l &otAl2
(1) MAHIIAS £==D| JHAEEBIESE2 800 ~ 900°C
0120 X1, TS HHUM SHE 0I5t =4It
reaction)% 2=, O|He steAlss

HAIAC

—

FH E0HE = ‘Bil].

9

F0HBHS T

A2

s

LH Ol A
(water gas shift

T=AUHZ MAIL.



(2) SItA O NNHSHL2E R 248 H2Y0E =+otn Ee
HIE0I S0Jt= (1)2 BtE0 2 S A= =2 0IRE €ZotAI2

(20 pt) 3. Oteil B2 OFAIIA(SO)2 BHEFO0IE HHIESREZ 20 =10 UL
LS 2 =230l EotAl2.

35

w
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=)
G

200

0 -
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Year

(1) (A0l SHEot=E HHERS AHMAE2Z Z£E0AI2.

(2) Ot&HatotAol HHEF0IE 2H 1970 & Ol=0 EXECS=Z MMZFQ
BHE &0l ZA5t= FAMO JACH 0l= 1970 E 0= EZUIIE (Clean Air
Act, CAA)0I =& MZE2 HBIESAHIHEY 200 JAs0, 0IS
EYotA2.

(20 pt) 3. HGINAE HIZ2 AESl= IR0, WIILSSES HI=S
&Lz NPAIZ = RUlbese FHUHA &8 , =P, =
HUXIEeZ E2l 018E 10 UL Oteholl =& 2 =30l EfotAI2.

(1) =& AILA(Compressed Natural Gas, CNG) HAUA AlE6t= A= 9
21

=
A BISAE A4, 0|2 SHBIE H&otAIL. &, Sl 79% N2 &

9.22 CNG A& oM SHES HAAZ W, Y LS SMP

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!
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(3) OtcHe HOIAM SEEIHR RS 220 s >~ A= 2HE
Specification Importance
Volatility e Cool weather drivability

e Carburetor icing

e Hot start and driveaway

e VVapor lock

e Carburetor evaporation losses

e Deposits in crankcase and
combustion chambers, and on
spark plugs
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(20 pt) 2. HAHAINAE HZ2Z AMEote R0, UWIIRI2ESS HIE=2
EJIHOZ NZAZE = Ul=s SHUAN LHEHE, MHHE, 285, I8 59
HUXIEe=z E2l 018 =10 UL Oteholl =& 2 =30l EfotAI2.

(1) d=A&AIIA(Compressed Natural Gas, CNG) HAUHA Aol H&9
HA BISAIZ M), 0|8 SHHIE HUMOIAIZ. ©, BJl= 79% N2 & 21%

9.2 2 CNG A& HHOIM 2=

u
e
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(20 pt) 3. =Aa(H)e= HAHIMAS £=ZI| WAL
MEDIASIEIE SCZ2RH 2HE = AU T

0[0
i
Mo ol
0[0
=
0
ol
>
HO

1) @oItAS £Z=J| HEBSES
(1) A9 | OH

s =2 C oT

00 ~ 900°C 2o =0HerEJ] WOolA
OI20HAL, TS SHAHUWAN =S0HE Ol20lH =4 ItABFS(water gas shift

—_— —_ O

reaction)S ==&Gt=0l, OlIHS BHEASS EMUZ MAIL.

(2) MAHIA 7

NUHOICZE IR L8 AZANE 16D He FINQl
HZ0l S0Jt= (1)2 BI2S0| 2AS8 2= =2 0|RE HUHGIAIR

(10 pt) 4. Oteh D=0l =& HEQH 201, 3] O 222 AHAA AlE, &HI, JIA,
I ES 028 HAAI=E = 22 HOoILE 2 SHEHQ HIUXIS 2| &0
O30T 276t0, 8B 282 dZ25t= 0lehel AMXILIOIS0l 012 201 OIUXIZE
A QT AIREE= AZ(S)H WE I XAZ2 e = RS
HHGIAI 2. (BEE Al 100 Xt Ol LH)

A

AlE, Al J1H, IR S
12 + ASHRI(AIR) ol RI(Z, &)
sl

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. CHS0f 0T 2} &= eS| 25N 2.
(1) CIRATIS Aoy (BREA] 30%t OfLY)
(2) BetH o|0jo] HAHLS  (SHEA| 30X} O] L)
(3) Of2lel BEAS ZHE Etajeacl YH
C'I—[_-r—CH—(iZ'H—CHq CH;

|
CH,

(4) SHEZ (HtEA| 30%t O|LH)

(20 pty 2 FA(H)E HATIAQ £57| AW
NEDtABIES S

(o)
C2RH HHE = ULL O &4 =25



(1) dA7tLo| £=F7| JHEES2 800 ~ 900°Ce| =H0O{HEt37| LHO|A
O|F0|X|1, Bt EHA A =OiE O
'<'5 H} |

) 8510 =d7tA8tS(water gas shift
reaction)2 =dst=0|, o|M2l & =

= TAMUZE 242,

(2) MHIIA O XAt 2 & Of

HIE0| S0{7t= (1)2] gtS=0 2as «

(10 pt) 3. Of2l DO =T Hiet 20|, 23] o A=
7|7 S5 0|88 HaA7|=

Oz =43t 2E3st2 M3t vage] 01|L17<|
A7 Yol ARl FERE)0 et 7280 XAg ZQER = O|f
MHSIA|L.  (HEEA] 100X} O|LK)
HAZ
A& SH| JIH, IR S
012 + AFSHRI(AIR) ol X, &)
sl el

(30 pt) 4. X ALEE[D U= "EHIIEZ(reformulated gasoline)Ofl= 02

=
HI7tHM S0 20| HiE =0, HENMCZ CH2 2 1 =dS HEE = ULt Ch=

‘—o=
=50 EolA 2.

-

(M <

o =
ik
o

Jlol zNg e Tt

O H|(theoretical air-to-fuel ratio, AFR
1% Ar, 21% O,= 7t ™85t Are| &X}2F2 400|Ct,

i
8-
rr
of
>
fo
r
OH
Al
rir
\l

[0}

N

pa
»

I
—
=

(2) S¢H 1852 AT LA &7 SRS H2A
THRIZ A LSHA 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. C+S0 =01 2t &S H4HGIAI2.

(2)—a) ALHEQI EAAGIS IS8T (5 pt)
(2)-b) ATHE Ol LASEFA QL O|HESI A BHEE S (5 pt)
(2)—c) CI&E AIXIO EAXNMOI (HIILQLHSAS =EF 2 &Al 0l (10 pt)
(3) EABFE(SO2 + SO3 = SO 2 =2 =& (Hint: 2 JHXI) (10
pt)

(20 pt) 2. OIEt= 1 JtSEI0|
S0l =& 2 =50l E0otAl
SE2Z 0|F0M UL

11z S8 028 UsSA 9522 AHE6tIAL 8L,
Q. &, Ol JtE82 10% n-=S&1 90% i-

(1) Ol EggHI2 HA BIEAIS M), 0|8 SHHIE AN, &, Bl

S
0
E
A=
e
\‘
:’.::
&
09
s
e
o
o
w
3&)
.
10
oy
x
5
=
0



(20 pt) 3. DHAHAZQ AEHOCZ2H SFHIAS MASIIL & O, OS 2 230l
EotAlL.

(1) SdItA MAEH(EE Jel)E ¢SAS EZEot0 20l ZHotAI2.

(2) 401 2& (1) TLSHUAM 0E S0HE 0I85tH =4 ItALHZ(water gas

a) ol &
(2)-b) 2AINMAZ=)|= SHUHAM 4| 22 +d5t= 017 £EGHAI2.

(10 pt) 4. Otei 0l =01& B 20], 23l 0fE H2E A AIE, &Hl, I3,
= S 08l daAdle = SH2 0L & 2 UXIE ZI1 00
Olehel AXLIGS0l Ol2t 201 XIS
Jlzdel TAls 2= ot 0IRE

O3 E 275t st ns 2 M2
o -
= ot

2l ol AMEBEH=E HE(

HHGIAI2.  (BFS Al 100 X+ OILH)
AR
Al &l I, IR S
oI 2 + AFSHEI(AIR) CHA(E, &)
s

HHGIAI2. (22 50 A+ OILH)

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!

180l =46, g2 d850t=
2l flol AMEE= = et
HHSIAIR. (BFEA

0 |
Jlzdel TAls 222 ot 0IRE

o [
o
P
o
—
=_

A&, SHILJIH, )RS
o2+ AFSHRI(AIR) Off L I

1%
N

)

1

(4) S22 &2 OIEEQ HAHLISL 018 A = U= LY (BEEAI

100 Xt OlLH2 JI&)

0

1L

EtSt=AS PE6lE 28 (BHEAI 30 A OIUHZ Jl=)

P

Hel
ton

=
=

Hel
ton

(5)

Al



C
(n—CisHza) 2

v wo

79%

=

i
[=)

OtAI2. &,

Al

Al

2) 3

10

i

o

=

e

al

gl

)

ar

~J

=

Te)

ilo0

IH

on

<

0[0

S

2w

m ~

o W

o 3
(@)

I

S

— O

I ©

0 S

%) o

Z0 oD
IH

i

7 00
J

JtABES (water gas

SHUM HE S0HE 0180t =4

o
=

(1)

shift reaction

00
1[8]

-

20

oI

| =5tA

A

Al

I

10

-
1o

s

o
0l

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. Ch=2| &4 285 25N L. (4 28 2HEA] 100 Xt O|LHZ 7|E)

(M&L-dF7|3tet = (volatile organic compounds, VOC)2| CHEX Q| HiZE &l

(10 pt) 2. of2ff &0 =O{Tl Hiet 20|, 23] o A=
7|7 S5 080l g7l F 582 GOo[Lf 8 ¥ =

JA80E 2012, etdssts Eoks bl2fel AXLIKS0| o|et Z0| UK S
271 %o MEEE F=E)O et 7[=2He XAMs ERE St= O|fE

MOHSIA|2.  (HFEA| 200 X} O|LH)



H A=

Lo

A&, &8I, 1A, I &
A2 + AHEHHI(AIR) UL A(E, 2)

(20 pt) 3. CH7|2HEEHH AHH & M52 (AtsA A HMIMN £ &
HFE O
o

HZE7|2 5) Y€ 33(2016. 3. 29 Alshof =W, 3L
7

Ct=1F 220 O|E HIE¥2 = OHF Zf =30( EotA 2.

== N EES
HAZotetE S (RO%) 24(21) O[5}
I o2 (R %) 0.7 0|5}
2 2 (g/h) 0.013 0|5}
ol 2te (a/h) 0.0013 0|3}
A Btk (R A %) 2.3 0|3}
= E &2 (FO]%) 16(19) O[3
gt 2t (ppm) 10 O3t
3712 (kPa, 37.8°C) 60 0|5}
90% FE=EZ (°C) 170 O| s}
N ZYHolefine) O CHSIH () ¢tel J|EFE HEY = ULk O &R
HiokEotetE 20| CiStol = () Qtel 7|&2 HETtTt
237 7E2 01d 6 ¥ 1 2EH 8 ¥ 31 YNX| HEAIHOA =215 HEO
CHSHO M &%HLt.

(1) 9 HOAMS 20 2axs g2 Hszt=2 AMG=E
SYSIAI2. (BLE Al 50X Ol LY)
HESZ2 J|=6A2. (BFE Al 50k 0lW)

(3) 9 HEOAMS 20 =SyEeo zFnEss FHSH
JI=38HAI2. (BFE Al 50K Of LK)

0l

=
=

rir
30

12 90% RESETE HOl =& J|FE 0l5t2 AHMo=
SHGIAI2. (BFE Al 100A Ol WH)

ler2el 320l JIEX 0IL0IJIE it US &

=2
=

S
J
ol

Ol

3

o=
TT=



(30 pt) 4. AESXHE GUEE 20% HFO|2 OfEt21t =&l 7HERE AMESHC
78 I 24 2320 gotAle. T o|if 2gH|lg2 BRIl J|ELE 7Pdstd,
7t& 22 ZEHoctane)O| L.
¥ A7t &2 2tdss AN 0=, H0| S0|AM 2| AFEELD ALK
(1) O] 2R E UAAZ 5= s HAMAZ HYSIA|2, (5 pt)
(2) O] =2etHREQ| tot™ xHZ HLSHA|2. (5 pt)
() A7 20N 7ot THS HIEHOZ 0|2 HAHE S MAIL. (5 pt)
4) A7 (3)9 Hr30| [E O|E &S H|(theoretical air-to-fuel ratio, AFR)E
HASEAI2. (5 pt)
(5) AFR=16.0 & [ff, Y (E= £F) AZZ Sm3 TR E A LSHAI2. (10 pt)

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. Ch=2| &4 25 25N L. (4 28 2HEA] 100 Xt O|LHZ 7|E)

(1) ANGE =

muj
Jm
ot
>

= /I8 2% =812 7HX)

(2) MATFA T A EES (natural gas reforming)

(3) CIE ATl (Diesel engine)2| ¢1AgtAl

(4) B2L=tE(NOYel 2 HiZ#
(20 pt) 2. XASXE UERE 20% HO|2 OfEtzut 28 & 7MEES AL
pEe M 4 =230 oA, T ol ERtHlEs RO 7|Ee=z 7HEstd,
7I& 22 ZEH(octane)O|LC.

w grletE2

rfot

2A=E S 0=, E0] SoM E2] AFEE22 /UL



(1) Ol A=l ooty =gS AUBIA 2. (5 pt)

2) &7 (MOIM 7ot ZdH S HEH2E 0|2 HAELEE MAI2. (5 pt)

I
o
I
OH

(3) 7| (3)2 ©-30f ot QlH|(theoretical air-to-fuel ratio, AFR)&

(
ALESHAI 2. (5 pt)

(4) AFR=16.0 & WM, Y (E= £F) MAZTS Sm3 B E HLSHA|2. (5 pt)

(15 pt) 3. Ct3 2| 2 282 2F5IA 2.

CH; — CH—CH— CH,— CH,

|
CH,

(3) otehofl FO{Fl HOAM “Spark-ignition engines"Z} “Diesel engines" 0| A
HiZEl= 7|2E=2S2 dUN HiE +&2 Blws] Ay (JtH
HiZ+=Z0] =8 4%R0e "+++'2, X2 dR0= "+'E 0 XS

o
=
Z20s 2 P

Pollutants

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

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3518)

Total =75 pt

Mid-exam (31).

Hour: 10:30 ~ 11:45 am (75 min)
Date: 23 April 2018

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. Ch=2| &4 25 25N L. (4 28 2HEA] 100 Xt O|LHZ 7|E)

(2) MAHZtA 7§ = ES (natural gas reforming)
3) Aef Al ZhEEl XpE Xt GAaAl o REA(GDI) 7HEE ASAtt= CHE)

(4) MEITFABILS

(15 pt) 2. W3t Q It A(liquefied petroleum gas, LPG)2| Z=d2 0fEt(ethane) 1%,
T2 T (propane) 97%2t £ E butane) 2%Z O|F0{X ULt Of LPG| ML T2
22,300 kcal/Sm30|Ct Ctz ZF 230 BotA|2.

(1) o =H0| CH,Y I, xet y&E TFHAIR2. (5 pt)



) &7l MM Fot =dS HIE2 =2 0|2 Atk S A2, (5 pt)

(3) O] LPGS| QL HES kcal/Sm3 CHRE FSIA|R. TF 90| ZHUEHGEL

600 kcal/kgO|L}. (5 pt)

(20 pt) 3. Ct=22| Z 2= 2 85HA 2.
(1) 2-Methoxy-2-methylpropane2| T+Z2AIIF =2 8%

) =M, S4H?7

| — —
S7hA0| MYHO ZYIL S (FEEA 100K O|E 7]%)

) dMAHrE SN 71T Tt =2d2=XM H|S(specific gravity)dt
&8 T (kinematic viscosity)E = = UL, H7|2E=E HiE ZHOIA
x .

0[=0] ij2 Sa¢ct AXZE XE5t= 0|7 (LEA 100X O|LH2 7]5F)

(4) ofzfofl F=O{El EO|A “Spark-ignition engines"Zt “Diesel engines""0fl A
HiZkl= 7| QY= EHE2 oA HiE =8 Hlus M2d (oAl
HiZ+Z0| =8 ZR0e "+++'2, & dR0= "+ 01 XS

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 + - + - +
Coal-burning utility boilers - + - + t
Gas-burning appliances - + + 22 -

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3246)

Total = 80 pt
Mid-exam (38).

Hour: 10:30 ~ 11:45 am (75 min)
Date: 24 April 2019

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!

(30 pt) 1. Ct=2| 24 22S 2SI (4 2 E HE=A 100 Xt O|WH 2 7|=)

(1) "OIMIX] Mg S 2e|of 2ot

(3) 3t 1t H|3Y T Eo| Xto|H

(15 pt) 2. HU2M R ItA(liquefied petroleum gas, LPG)2| =42 0fEt(ethane) 1%,
I 2 T (propane) 97%2t £ f(butane) 2%EZ O|F0{X UL Of LPG| ML g2
22,300 kcal/Sm3O|Ct. CtS 2t 230f YA 2.

o

(1) B =d0| GH, Y M, x2t y& ToHA 2.

) 71 (MOM Fot == HE2Z 0| gt

-

0|o
mjo
s
>
to



(3) O| LPGe| 1 H2FS kcal/Sm3 CHE FSIA|2. TF 9| ZTUHEL

600 kcal/kgO|L}.

- > xE AXO TTAIE
(20 pt) 3. Ct20| FO{ X HE= Z HiZ)E H7|*EEEE2| HiE =52 HEAISI
> o (@) " " o (@) —_ u
QU BHof MTIHQl HZ4Z0| 52 FROIE "+++'2, S F0s +'E
o uon S o o= Ne) -
e Rs dF0es 2 2 82 LS =30 oA 2.
Pollutants
Unburned Oxides Carbon Particulate
Source Hydrocarbons of Nitrogen Monoxide Sulfur Oxides Matter
Spark-ignition engines + + + - -
Diesel engines + + + +
Gas-turbine engines + + - — +
Coal-burning utility boilers - +: - + it
Gas-burning appliances - + + - -
" . L . " nee . " =
(1) “Spark-ignition engines” 1} Diesel engines”Of| A{ Hi = ==

fi7|2F=2E2 JLHQ BiE +5& CHAl HdoHA 2.

(2) "Diesel  engines"dt  “Coal-burning  utility  boilers"0lA  H{EE|&=
71 2EE= RS2 SUEQ HiE =TS CHA| 2HE5HA| 2.

(15 pt) 4. Ct52| 2t 225 AT L.

() ChSt 22 728 #& Bas29 IUPAC BH

(2) ME HO[OA, HYIE S2ZEFH
(HtEA] 100X} O|H 2 7|=)

ot
0x
N
| >
|
0=
rx
mot

}
rir
0
s

$0

(3) A2 CHAIO] 312Qof "ItEls HItRQl S8t ol2f 9

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2919)

Total = 80 pt
Mid-exam. (45)

Hour: 10:30 ~ 11:45 am (75 min)
Date: 25 April 2023

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. Ct=2| 24 22S 2SI (4 2 E HEA 100 Xt O|LH 2 7[|=)

(1) k&2 B2 AT S FEet ASAte] HaY4 XH0] (10 pt)

=

2 "OIMIBX] Mz & 220 2ot EE/-,(2019. 2. 15 Ald)0l= "O]M X
dE=E'2 F2USE(NOY, FM==E(S0,), FEdR7I=Het=(VOCs)
== A
o=

ndotd A=, 0|52 = HiEA (10pt) (AL M=%t
ix
Ix

(3) MeItA =T 7| 7= BtS(natural gas steam reforming) (10 pt)

(4) Mg HO|QO|A, H7|2 SORSE $4

M|

gﬁl‘% —T— N\E I:c|>|-I:|;|-I (10 pt)
(30 pt) 2. WM R ItA(liquefied petroleum gas, LPG)2| =42 Of Et(ethane) 1%,
I 2T (propane) 97%2t £ Et(butane) 2% 2 O|FO{X ULt O] LPGS| XL E 2

22,300 kcal/Sm3O|C}. CtE 2t 230 EotA| 2.

(1) "o =d0| GH, 2 M, x2f y& FOHA| 2.



@ 471 ()OIN T8 THES HIHOR 0|2 HAUS S MAQ.
(3) Ol PGS NYLPBLS keal/sm® TR THAIR. G, 2o FUFHEL

600 kcal/kgO|L}.

(10 pt) 3. Ct20| FO{Z 2= 2 HIEH

UL 2Hef, LMl HiE+E0] &5 BRU= "+++'2, IS ER0= "+'E,
02 %5 B8R0 2 F= 87 g =230 oA

Pollutants

Unburned Oxides Carbon Particulate
Source Hydrocarbons of Nitrogen Monoxide Sulfur Oxides Matter
Spark-ignition engines + + + — _
Diesel engines + + + - +
Gas-turbine engines + + + — +
Coal-burning utility boilers - + - + +
Gas-burning appliances - + + = -
. .« . . . . x L
(1) “Spark-ignition engines" 1} "Diesel engines”0f| A{ Hi = ==

7 2E=2S0 JHHY HE ==& HHAl g5t 2.

(2) "Diesel  engines"Dt  “Coal-burning  utility  boilers"0|Al  HiE L=

7| 2F=2 2 JLHQ BiE +5& CHAl HdoHA 2.

Good luck on all your work to answer the questions.



