Environmentally-Friendly Combustion Technology
(Class #: 3329)

Mid-exam

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

Student Name:
Student’s SIGNATURE:
Student 1.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! | 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.

(@) 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 I-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 206
Isooctane 418
n-Cetane 205
Methanol 385
Ethanol 365
Acetylene 305

Hydrogen 400




(@) 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 1.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! | 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!
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(30 pt) 2. C+30 =& 2 &S Z&HGHAIL.

(2) 2IstA (Flash point)
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(30 pt) 3. HAIA
SDIHCZ MTAIZE =

(1) J1Z9 Lol A& WA= CNG s s HA=Z
Jtsob X8, CNG S HAAHAZ D
& 0lotCt. CIOI& AMX W CNG

(2) CNG tH*Oﬂ/d AMEdtes 22 A BISAls ML), 0l 3Y%HIE
HAGHAIR. &, BI1= 79% N2 2 21% O 2 JHE BHLY.

(3) 29H| 19.2 2 CNG A& LM HEE HAAIZ I, Y AtA%HZS SmS
IR 2 AEGHAIL.

(20 pt) 4. 0|=22 HAEWUIIY (Clean Air Act)2 1970 Yol JHAGIH =R
HOIRLESEE2 tHES ZotH AMOIALEH NEH 220M 2E (03)2 M8S
M) ot o 2=z FHEH KRIISEEZ  (Volatile Organic
Compounds, VOCs)2| BIE2 Z26tH Mol StEEMO RES| AE#SIH 2
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(10 pt) 5. OteiiOll A S HE= OI=230A MditEs 29 3R 2
LFEFLH D QICH O SEO 2015101 TS 220l Z6HAIR
Item Requirement
Octane, research (minimum) 93
Sensitivity (minimum) 725
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.?) 8.7-9.2
Hydrocarbon composition
Olefins (%, max) 10
Aromatics (%, max) 35
Saturates Remainder
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t= 0IRE £EotAI2.

(2) 2 &= 20 0.01 %= HMIEto

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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!
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(10 pt) 4. =2 (H2)

1,050 Btu/lbm 0112,

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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(20 pt) 1. Otch &2 OF&AIIA (SO2)2 BHESFOIE HHEREZ 201 UL
LS 2 =230l gotAl2.
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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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(20 pt) 2. Otch &2 OFEAIIA (SO2)2 BHESFOIE HHEREZ 202 UL
LS 2 =230l EotAl 2.

Emissions (million short tons)
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(2) OftatotAcl HHEx0IE 28 1970 & Ol=0 EFXZHezZ MAHEQ
BiZ20l Z2A8k= FAMO0l JUCH 0l= 1970 & 01=2 FEHUIIY (Clean Air
Act, CAA)Ul E&E M=Z2 HIEMIHEl 2201 UA=dl, 0l
EHGHAI 2.
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g

2 8
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(2) A O NHUC2E iR =8 HESHUHE =40t RS FIHAQ
HIE0I S0tz (1)2 BIE0 24 S A= =2 0IKRE EHSIAIR

(30 pt) 4. HUINAS HZZ AISolE R0, UIILYSIS HES
SDINOZ MZAZ 4 UlHs SEI0IN XS, NS 2 IS UNeSE
=220 ACH OkHOl FOIE J2S S HEAMAN SHEQ MeIIIA HAY
METZ HES AAs| BOIFD UL

(1)J1&2 CIoIE dX HA= CNG dEES EME HAZ &FHA NIt
JtsotXlgh, CNG Ao gdAAavtalz J|ES CIo/& Xl JxXdit=
& 0IotCH CIOIZ ANE N CNG AR HAGAIS 2128 OF=05IA|2

(2)CNG HANAM AIEBote 232 AL EBI2AS MDD, 0|8 SHHIS

(3) 3¢l 19.2 2 CNG X LA H2E ALAZ WM, HY AAS SmP
ChRlZ2 LHEGHAIL.



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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(2) OteHOll =H& REAIS [UPAC BEHHEY

CH;—CH,—CH,—CH—CH,— OH

(3) et &S
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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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(20 pt) 1. &30l "0l HR"2 FILD A= =2 (H)s A =3I
HEELS, EoteAll 2=4tsits, ABIIASIES SC=2FH 20HE = UL
LS 2 =30l EotAl2.

(1) HSHIAL =ZI| HELE
Ol A=, oLl et

() HHIIA O NHHSUOZE R 248 HSUNE 2P0t B2 FIHHQ
IS0l SOIJHs (1)9 PSS BAS 2= R 0IRE SYsHAIR

(40 pt) 2. C+S0l =018 2 &S 20| &HGHAIL.

(1) CIOI & 2=SLHHD| 29 HAEA

(2) 8o MHNA

@)UY M2 =M MU H2HAZ20 dHlioh JIMEZ2I 2= &A
(Hint: 6] Z2&0| YS 2= UA2L}, 3IHK BEE HEEOR & £ U2)

(4)eM=z JIMl (producer gas)l HMEEE &L 2 A2 (Hint: =2 482
AN 3INXNZ 8 4 UB)



(20 pt) 3. HAHIAE HE=2R M
EJIEOZ NTAZE = = 5 = ,
HUXIEez Eel 018& 10 UCH Oteholl =AHE& 28 230l E6HAIL.

(1) d=HAIIA (Compressed Natural Gas, CNG) HA WA AIEdt= 29
HA BISAIS M 0|2 2HHIE HAMGIAI. &, BJ1= 79% N2 2F 21%

(Hint: I (Air/Fuel Ratio)= BRSO SHHIZ HAIE)

(2) 2¢Hl 19.2 2 CNG A& LHOIA HAEE HAAZ [H, U A4LSES Sm
2 LHEGHAIL.

(20 pt) 4. OOl =OH& StEtE2S 21, U3 2 &9 S20 EotAl2.

CHs—- O- C- CHs
|
CHs

H

(3) 0 at&f20l =2 = 288 A5 SF/E M1, 1 A= 2+

(4) Ol ot&t=20l D=s&=2 EMol= SZ0l AIZEO0l HII12t ==& 0H
ciel 2001 Y=, 0 =teE=0l et

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 1.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! | can not do give any credit if you do not write anything. Be careful
with mathematics and units!

(40 pt) 1. T+S0l =01 & 2t SS0ll CHSHK 2+=5] JI=0HAI 2.

(1)CIZAXIO] HAYA

(2)Ctatetsr=s EFgt 2= A (Polycyclic Aromatic Hydrocarbons, PAHS)

)M =Z JIH (producer gas)2 MY L =@ A2 (Hint: =8 42
A 3INKNZ 28 2 US)

ro

(4) QI3 E (Flash point)

(30 pt) 2. HAHAIIA (Natural Gas, NG)E HZAOZ AIZ5t= Z20,
S22 == &JIE2e=2 MZAIZ = Ales SHUHAN @82, a2,
252, JIEE S99 XSz de| ol2% D QUL OofeHol =& 2 280l

EotAl2.

(1) d=™AIIA (Compressed Natural Gas, CNG) HA WA Aot A2 9
HA HISAIZ M1 0|8 SHHIE HAGHAIL. &, Z201= 79% N2 2F 21%

(Hint: 22 H| (Air/Fuel Ratio, AFR)= LBIHO 2 A HIZ2 EAIE)
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(10 pt) 3. Ot E= Jt&el B2 S "olele el JIEE S0l otLHE BEWH=1
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

Zord (Volatiliy)ol LR E2 ZR0| 24s £ s HASS F0{A HE

=2 o
=2z 2362,

(20 pt) 4. “DigHol ©IR” 2 F2@D Y= 24 (H)s HOIIAY 2=))
MEES, B5l2A0] S2AFES HEIIAFYS SORLE AR 2 UCH

LS 2 =230l EotAI2.

(1) AL =3I HEBE2 ~
OIFOU X =0, 0lHel BtSAS MAIL.

(2) MHIIA O NSO 2RE IR K48 H2ANSE EFRotD E2 =IHAQI
HIZ0| SOHIt= (1)9 B S A2 A=

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 1.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! | can not do give any credit if you do not write anything. Be careful

with mathematics and units!

(40 pt) 1. TS0l =0 & 2 &S 2h=6] £HGHAIL.
(1) CIOIZ =222 HAEA

(2) OteHOll =H& REAIS [UPAC BEHEY

CH;

CH,—CH,—CH,—CH—CH,— OH

J

(1) EAHIIAS %= JHEBIESE2 800 ~ 900°C 2o =0HErESD| LHOIA
Ol X4, C FHOIA S0HE 0120t =4It ABHS (water gas shift
reaction)= £=8&ot=0l, OlMHe BISASS =AUZ MAIL

—

0o ol
|'ﬂ



(2) A D UHHUCRE WL K48 H2UNE 275610 B FIHRQ
1 =2 =
= —

HIZO0l S010t= (1)2 23S0l 24

Emissions (million short tons)

(o y %
1940 1950 1960 1970 1980 1990

(2) OtEH&tDtAC HHEFO0IE EW 1970 & Ol=0 EXXZez MAF
BHE &0l ZA5t= FAMO ACH Ol= 1970 & 0I= B ZUIIE(Clean Air
Act, CAA)0I E2E MZ22 HBIEAHIHESY 201 JA=0, 018
E oA 2.

(20 pt) 3. HAHINAE AHz=2 At
EJIECZ NZAZE = = 5 = :
HUXIEe=z el 018% 10 UCH OteHoll =H & 2 =30l & ot

(1) =HAIIA (Compressed Natural Gas, CNG) HAOMA At2oles =29
HA BIESAIES M 0|8 BHHIE HAGIAIL. E©, BIJl= 79% N2 2F 21%

_ O

=)
S
0°
=
N
oo
nio
n
300

(2) 3Hl 19.22 CNG A& LHUAM HEE HAAZ
R 2 LHEGHAIL.

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 1.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) 382 Bk 2242 = Est=2A0 S IUPAC 2EY

CHs
|
CHs -CH2 - C - CHs
|
CHs

20| &M

W

= Ase =M S

nio

(3) Ot2HSl HOUIN BELEIHR W

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) 227 II3te = (Volatile Organic Compounds, VOCs)2| LHEX QI HHER
|

(20 pt) 2. HOIIAZ GRZ Ao TR0
Moz LAY & 0

fHUXIECez E2l 0l E 10 UL Ot =& 2 23S0l EotAlL

(1) =HAINA(Compressed Natural Gas, CNG) HAUA AlZ2ol= A= 9
HA BISAIZ M1 0|8 BHHIE HAGHAIL. B, 201 79% N2 2 21%

O, 2 Jt8ett.
(2) 3¢l 19.2 2 CNG U UM H2E ALAZ WM, Y AAHS Smd
R 2 LHEGHAIL
(20 pt) 3. =a(H)= HAHIMNAL =35I MHEE Eatr=A0] RELA5ES,

SMEDIASIEIS SCZ22H EUHE = UL U3 2 =30 €otAI2.

(1) AHIIAS =D HEBESEZ2 80 900°C 2 =0HEtsIl WA
OI2U X2, CIS SHOUA SO0HE 0120t £=HItABF=S(water gas shift
reaction)S £=&ot=0l, OIH2 BISASS =ANUZ MAIL.

= S
!

(2) ESIA O MHSCZ2E e 48 AZUUHE S 70t 2 FIHEQ
HIE0l S0It= (1)2 BHES0 2 S = =2 0IKRE ZHAIL.

(10 pt) 4. Oteh D0l =HA Hiet 201, €

Jl=F S 0180off HAADle = S22 g0lU
180= =+otl), B3ssr= d5ot= Ol
&I Qo AMEEH= HE(SE et

&, &Hl, DI,
& 0ICt.
D | OIAXIE
JIEE XAZ2 TRE Ste 0IRE

Alg, 2dl JIAHL I+ S
HE + LSLHAI(AIR) HIHXI(E, &)
2tE &

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 1.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. LI5S0 O 2 &5 7Hefs| 2o 2.

(1) CIQIRIO] HAHLAl (HMFEA| 30K} O|LH)

(:H_; _CH_CH_CH': CH1

|
CH.

4) SHE (2HEA| 30Xt O|LH)

(20 pt) 2. F2(H)= BA7ILS 37| HWEHS, Eeteao FERZUES,
L = A
o O _

= Escily Of & = ULt ChZ 24 =30 EolA 2.



(1) dA7ILo| £=F7| JWEES2 800 ~ 900°Co| H0o{jgta7| LHOIA
O|RO{X|1, Ct= EHA0AM FHO§E O
=} |

reaction)= =dst=0|, o[ S Al

T87tA8S (water gas shift
MNOj2 MA|Q,

mn o
_C'J_I-
Ay 2

(2) MEZA O XN 2R O £

HIE0| 20{7l= (1)2] gts=0 &els

(10 pt) 3. Otz 1 &0
7|17 S8 0|83l HaA
J3oe =275t 2HES
27| s ALEEl= ARE)OM Pt 72Xl XAE EHRE = O|fE
HYSIA|2.  (RHEA] 100X} O] LK)

o2 + ASHAI(AIR) R, &)

=

(30 pt) 4. X ArEE[D U= HH7IEZ(reformulated gasoline)Ofl= 02
S

H7tHS0[ 20| Higts|=H|, CHEH 22 CoHxp2 =2 1 =9 LIEHE == ULk ChS

(1)

(2) S¢H 1852 AT LM &7 H2E HLAZ I
THR 2 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 1.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. CtSOl =018 2t &2 YA,

(20 pt) 2. OlEf= Tt JtRI0| 2
CI20 =& 2t 220 E6tAIQ. ©, 0ol Jisele2 1
(@]

SE2Z 0|10 A UL

(1) 0 Egdz9 84_/.\_ gSAS A, 0[E SAHIE H&GAI2. E,



(1) SAIA MALEHEH
(Br=2A! ZEH510 50 X OILHZ D[ &)

(2) MD| 28 (1) SSHZ2HUMH HHH =0E 0126t =4ItABHS(water gas
shift reaction)S A5t S [,

2 AlE, 241, J1A,
XNE &I {0l
Olet 20l OIHXIS

JE0E 276t, #Ad3ss @3ote 0
= = s JIEXOl XAlg ZRE St= 0RE

2l ol AMBEH= HE(

HHGIAI2.  (BF=AI 100 Xt Ol LK)

A4S, 8l J1AH, 217 S
A= + ASHHI(AIR) HIEHA(E, &)
3353

(10 pt) 5. Ct22 2t 280l CHo 225l A HGHAI2. (22 50 At Ol LK)

(1) EXL3ESFA

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 1.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. Oteh &0 :
I &2 0180l HaAI=E = SHE &
J80lE =+6t, g3 38st=

&2 flol MEHE H=(=

HHGIAI2.  (BF=AI 100 Xt Ol LK)

I

HE HSE AL ALY, &I, DA,
P SHEHS (IHXIE 201 10l
IXILIKEO0I Olet &0l HUHXIS

9l
ol Xas ERZ o= 0IKE

AE + ISIHI(AIR) Ol LA RI(, &)

(1) CIZXS XS HAAEA (BtE Al 50 Xt OILHZ J|=)
(2) 2AM3t229 =2 HE& (2 JHX)
(3) HEALL HIWSEHALMNA DIHES A2 HEES

(4) S2ZS & OIEXQ HAHLIBSL 018 LRE = U= &Y (BHEAI

100 Xt OILHZ J|=)

0

L

(5) &3¢

PEtSt=AE PEote 28 (BFEA 30 X OIHZ Jl=)

Hl
fol

=
=

Hel
fol
1



N = ; 0 |
LU = d 8 o
2 ™~ o < N >
S /] e} 2 o

O ~ Ar g S o
| A0 o = <
n
= i o 0j0 i
w 0. ) U e o) ok
L of =< = o ~

< G ol = 0 __r_u_
m_m % < K 10 il ®
by o ) _IU_ 0 N..U_l
a = o __OD = A_I

MH 110 IH 110
il o o[
0 u o < 0 0l0
OF 3) o <0 o © 3
= & = un < i >
w e gy W3 A
T <
= < 0 X0 W= g - =
o r 3 oD oW I8 =
4] LR D w3 =W
) (@) =
: o 7o) _mn., M N 25 M._ <
o JTp _— o HE Ju on
< Em =~ = my B B mr_ = W ol
s D 5l 3 05 < AD
>) . ol S -~ < 1=
= 2L 0f om IW oL G5
oT & o 5l Mmoo =2
00 ~ 8 <I S 50l
) ga m " xW® 5= P
. 32 A S WmZ 20§ I
RIw = S 2 <= S
S KO o iIo
S KRE A S

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 1.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. Lt32| 24 2= SIS (I ESE BIEA] 100 Xt O|HZ 7|=)

(M3LE R 7|=tet =2 (volatile organic compounds, VOC)2| CHEXN QI HYZE |

(10 pt) 2. OF2f 2o FOfZl Hret Zo, 23| of =
7|7 52 088 AAAlZIE F BHS Polut

Jzol 276D, B#EIS MBeHe Ojayo 2

@7 B ABEE RS Tf3 JlEMel XAS L= st= 0|RE

MEHSIA|,  (HFEA] 200 X} O|LY)



HE + MEHHI(AIR) OILARI(Z, &)

(20 pt) 3. 72 B 2T Y A E & M115Z(AtsAt H2-JHIMH E= H0iK 2
HIF O
=TT

MZE7|1&E &) 2H 33(2016. 3. 292 Ao =X, 3

Chsar 220 0|2 HE22 US4 =250 EotA 2.

7|z AR 7| E
S EBIEHE B (SI]%) 24(21) Olst
St (2I%) 0.7 OI3f
Btk (g/0) 0.013 O[3}
ol &t2f (g/h) 0.0013 0|3}
a2 B (RH%) 2.3 Ot
ST B (£]%) 16(19) O[3tV
3 t2F (ppm) 10 O[3}
=7\ (kPa, 37.8°C) 60 oI5t
90% RELE () 170 Olot

=
F&eletE A0 iotoi= () 2t 7|22 HE

= 0iE 63 1 LFH 8 & 31 LKA A

(1) 9 HolAM 20 Z&E sg=s2 zDgHEs AHots
HHSIAI 2. (BHE Al 50Xt OILK)

(2) ¢z W 2&=E s 0l JIEX OlU0IJl= ottt USR &
OFJIE = A= EMESS JIE0HAI2. (BEEAl 50X+ Ol LK)

(3) 9 EWAMQ 20| =Zymo DS FAMols ole=2
JI=3HAI2. (BFE Al 50K OILH)

>

S 90% wRE=2=E HO =0d& JlE Olot=z AHMots
HHSIAI2. (BEE Al 100Xt OILH)

o E(olefine) =0 CH5tO] () 2o 7[E2 HEY =+ ULt O

rEehel H=7lE2



EE 2lE) 2&'¢

C
o

(

=1
=

71 "90% wE2L"s Z2AZH0| THE '90% S

<0

|0] O[T},

ol

I

~l

Jo!

(30 pt) 4. XI5XE HZRZ 20% HO|2 OfEt2nt =3

2 2EH(octane)O|C}.

i
4n

(DN

oM 22| A& ALt

=
[S)

A o=, 0|

4

-
O
— =

=

g7 E2 2R

SHEHE TS A ABIAIL. (5 pt)

) O 2xd=e

4) &7 (3)2| Ht30| ME O|F JAH|(theoretical air-to-fuel ratio, AFR)E

SIAI2. (5 pt)

¥

<d

Al

FAI2. (10 pt)

AtS

SE) AABS Smi TR 7

[

(5) AFR=16.0 & [Ij,

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 1.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. Ct32| Z} 22 HdESIA|2. (& ET'E HtEA| 100 X} O|LHE 7|=)

(2) MATtA T4 = EE-S (natural gas reforming)
(3) CI2AUZI (Diesel engine)2| A g

(4) EAMBE(NOYS| F2 HiE

(20 pt) 2. AFESAI2 GEZ 20% HHO|2 OfEt21}
HEe I 2 =230 BSAR. ©f, ollf =gH|lE

7t&2l2 2EHoctane)O|Lt.

x o7lek &

rlo
rfot

geEE 9N 0=, E0] SOM E2] AFE &2 UL



(1) Ol 2RO otatX TdE HLSHAIL. (5 pt)

@) &7l (MOM Fot =FS HIZ2Z 0|2 HAESS 2AL. (5 pt)

3) &7l ()2 230 o
HALSEA| 2. (5 pt)

M
o
rhu

S AH|(theoretical air-to-fuel ratio, AFR)E

(4) AFR=16.0 & O, A (L= FF) H2=S Sm3 TR 2 A LSHAL. (5 pt)

(15 pt) 3. CtS2| Z &2 HFSAIR,
(1) M7t A (producer gas) MZEHE (MHEA] 100 X} O|LH 2 7|5)

() Ot2fo] REZAIG e ErEteA0l HY

CH, — CH—CH— CH,— CH,
|
CH.
) OF2HOl Ol HEO|M “Spark-ignition engines"dt “Diesel engines”"0j| A
HiEkl= 7| Y S E S JUAQl HiE =& Hlud] A (X2l
HiZ+E0] 55 420= "+++'2, ¥& 420= "+'2 Oi* H=

7;|OO_"I_ 7] IIE __rl__'_)

Pollutants
Unburned Oxides Carbon Particulate
Source Hydrocarbons of Nitrogen Monoxide Sulfur Oxides Matter
Spark-ignition engines + £k + = =
Diesel engines + 3 + - +
Gas-turbine engines + + + 2 4
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 1.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. Ct322| Zt E&2 HISIAR. (Z4 2E'E HtEA| 100 X} O|LHE 7|5)
(1) 2LUSFENOY I A EdR7ItE =2 FHIZH (242 2 744)
(2) MA7tA I HHES (natural gas reforming)

(3) XA 7HEEl RArsAte| A4 ok H=A(GDI) 7HE & ArsAtet= BHE)

(15 pt) 2. USRIt A(liquefied petroleum gas, LPG)2| =42 0Of Et(ethane) 1%,
I 2 TH(propane) 97%2t & f(butane) 2%Z O|FO0{M RUCEL O] LPGL| MeLEH2
22,300 kcal/Sm30|Ct. Ct2 2t 2301 ESHA|2.

(1) "o Zd0| GH, Y [, xet yE TSHAIR. (5 pt)



Of

) &7 (oM

PEdE HIE2Z 0|2 HABSS MAL. (5 pt)

r

(3) O] LPGe| PSS kcal/Sm3 CHRIE FSIA|. EF 9O ZTHIEIL
5

600 kcal/kgO|L}. (

(20 pt) 3. Ct22| Z 2= 2 B5HA| 2.
(1) 2-Methoxy-2-methylpropane2| #+ XA} =2 &

—

) X, sME7|E2 sS4 E2
= A | (HFEA] 100X} O|Lf 2

HIO|2OfAE 0|82 F47ta d4h A
7

oA

3) UHHRE EYANE 71 2%t 2d2=2A H|F(specific gravity)dt
S8 E(kinematic viscosity)E = = U£Hl, W7 |IE=E HiE FHON
= =

0|=0] 0j2 Sasct AXZE 2-Eodt= 0|7 (LH=Al 100Xt O|LH 2 7|5)

(4) of2ffofl =O{Xl EO|A “Spark-ignition engines"dt “Diesel engines"" Of|A{
HiZkl= t7I”E= | 4CHAHQ HiE &= Bl THEd (SThHX
HiE+F0] =2 4R0= "+++'2, ®HE ZR0= "+'2 0 X2

2
=
ZL0s 2 28

|O

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 - + + = =

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 1.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| 24t 2= 2SR (4 =E YHEA] 100 X} O|LH = 7|&)
(1) TOINHX] XMZH I 2|0 S EHEH (2019, 2. 15 A|EH)0ll= “O| A HX]|
k=3

= 4.
HEEE'E EAMIE(NOY, HitetE(S0,), IR ER7|2HE(VOCs)
o A

=L
@z oMzt 7Y Ee

(15 pt) 2. WM FTtA(liquefied petroleum gas, LPG)2| =442 Of Et(ethane) 1%,
I 2 THpropane) 97%2t ':'Ef(butane) 2%Z O|20{M QICt O] LPGO| Xgetdate
22,300 kcal/Sm30|Ct Ctz ZF 250 EotA| 2.

(1) &z =80 CGHyE M, xet y& 7oA 2.

@ 471 (OIN T8 THS HIFOR 0|2 AAHSS MR,



(3) Ol LPGe L EH S kcal/Sm® HRIZ FOHAR. E, 229 SEHE2

600 kcal/kgO|Lt.

(20 pt) 3. Ct20| FOZ #= A4 HIZRHE 7| SE S| HIE +E2 BAISIR
UL 2Hef, LMl HiE+E0] &5 BRU= "+++'2, IS ER0= "+'E,
e X2 8R0e —'2 122 42 b= 250 AR
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 - + + =
(1) “Spark-ignition engines” 1t "Diesel engines”Of| A{ Hi = &l=
7|2 E=2 S0 Y BiE &S CHAl 2 doHA 2.
(2) "Diesel  engines”d}  “Coal-burnin utilit boilers"0|A]  HiEE|l=
g g y
7|2 S dUH HiE &S ChA| 2Hd5HA 2.
(15 pt) 4. C}22| 2 22 2HSIA |2
(1) L2t 22 #28 4= Etele49] IUPAC BE
¢
[ R S R
C C cC =-cC C C
I 7&7 I I |
-
() Mg, HlO|2Oj~, H7I2 SORRE YIAS WM £ e uy

(8t=A| 100X} O|LH 2 7| =)

(3) At 2 tidlof 2RO Ho7tE= "7HM 2l SFLE oo A&

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 1.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. C}22| 2 22 2GS (Z SE HHEA| 100 Xt O] 2 7|5)
(1) 7H& 0 C| AT S FHEroE Xz Ate| HARAL O] (10 pt)

HE 1 (2019. 2. 15 A0l = “O/ M HX]|
=22 FHAUTFE(NO,), FMBHE(SO,), ALER7|=te=(VOCs)
85t A=, o2 Fa HiE’ (10pt) (AL =%t
=2

3) MAtA £=F 7| J§ =S (natural gas steam reforming) (10 pt)

(4) MEt HO|OjA, H|7|= BH =25 dig = s 2 (10 pt)
(30 pt) 2. WM Tt A(liquefied petroleum gas, LPG)2| =442 Of Et(ethane) 1%,
I 2 THpropane) 97%2t ':'Ef(butane) 2%Z O|20{M QICt O] LPGO| XNgetdate

22,300 kcal/Sm3O|Ct. CtZ 2 =30 EtA| 2.

(1) &z =80| CGHyE M, xet y& 7oA 2.



@) &7 (Mol et =4

%
(3) Of LPGe| 1RIZEES kcal/sm? CHRZ FOHA|R. T =29 SEEHE2

600 kcal/kgO|Lt.

HIEf O 2 0|2 HAHIZ S MA|L,
C

(10 pt) 3. LS50 FOHZT #= A HIEHE 7RG ES2 HiE =& EAISHD
ULt Tref, JofHel HiEsE0l 28 d%R0e s BR0=

e W2 PR 2 RS S 1S 30| YotAlL.

Pollutants
Unburned Oxides Carbon Particulate

Source Hydrocarbons of Nitrogen Monoxide Sulfur Oxides Matter
Spark-ignition engines + + + = _
Diesel engines + 3 4 - kil
Gas-turbine engines + + - - +
Coal-burning utility boilers - + = + +
Gas-burning appliances - + + = s

n H pt H " ney: . " = L

(1) “Spark-ignition engines” 1} Diesel engines” 0| A Hi = k| =
= = = AXO 5
i7|QE=2 S A HiE &S CHAl 2d5HA 2.

(2) "Diesel  engines"dt  “Coal-burning  utility  boilers"0|Al  HiZ &=
7| B2 RS2 HUXQl HiE =F 2 CHA| 2HE5HA 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2764)

Total = 85 pt
Mid-exam. (11)

Hour: 13:30 ~ 14:45 am (75 min)
Date: 23 April 2024

Student Name:
Student’s SIGNATURE:
Student 1.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. Ct32 2t 225 AISHA 2. (Z4 2EE HEA 150 X} 0|2 7|=)
(1) 7t& 2 B2 AT S FAet ASAte] g4 XH0] (10 pt)

(2) Ct3at 2 =& #= Etobe22 IUPAC BE (6 pt)

C
| 1

-C- -C- |
I
C
|

_ﬁ_
[

-n-0-0-—
[

(3) 7t&2IXts ARt C|AXtSX AT HIEZFOAM PM, NO, CO, HCs 9
SO HiEs= Hlw (8 pt)

(4) MAVIAZRE =2 M4 (10 pt)

(5) 7] W DIMEZX] P2 #8E0 Us ELLSF(NO+NO=NOy),
SHASE (S0,+503=50,) 1t 227 7|2kt Z (volatile organic compounds,
#

VOCs)2| FHIZR (6 pt) (4 M=2171 71E =2 2714)



(30 pt) 2. ASAtE

HEZE 20% HIO|2 OfEt&(ethanol,

CoHsOH) 1}

gl:l —
7bE2E ARBSICID JpEe If 2 E30| HotAlR. T ollf =gH|lg2 RO
7|2 75k, 7hEEl2 S EHoctane, CgHqg)OI L.
(1) O =gd=z2| olet =dE AASIAI2. (10 pt)
2) oM Fot ZEE HIZE 2= 0|2 HAPS S MAI2. (10 pt)
(3) flel ErE0| M2 O|2&FYH|(theoretical air-to-fuel ratio, AFR)E
A LA 2. (10 pt)
(15 pt) 3. (Lt 7| EEXY AlAHE HM11s52KtsAt HE-F7HH Es
Z0iMe M=7|F &) [E' 3310 =D 7 IEEEFIER) e Hx27[E2 Chaat
&Lt
g2 HE7|Z
YT S Y (RT%) 24(21) Oft
WH e (FI% 0.7 Ol
22 (90 0.013 0|5}
ol & (g/h) 0.0013 O3}
L 2 (RH%) 2.3 O[3}
ST S (FI|%) 16(19) 0|5t
g 2 (ppm) 10 0|8}
7|9 (kPa, 37.8°C) 60 O[3}
90% RERE () 170 0|3}
B3 1. 23T (Olefine) SO Toto] () 2o JIES HBY 4 UTL 0] B YHFNES Yo
thetol = ()9t0 7172 X8t
2 ¢ BOIT £7¢1 $HEHAS B JF 2015 W 1 € 1 YRH 22(19) O[5HE %S
HEOITE OB, SEAM(QUTIRIE - FRA - QUHOIA)0) Chetols 2015 W 2 ¥ 1 YRE
Mg Bt
35719 J1Fe oE 6 ¥ 1 URE 8 Y 31 YK MEAMNON ZREE HE Tt
Mgt
(1) HSEatetE S22 24(21)% OI5tE HH|St= O| /et Ol 22 7T
H7I5t= Ol & (6 pt)
) 2y E &2 16(19) O[stZ2 FAHsH= 0|7 (4 pt)
(3) 90% FE=2LE 170 O|StE A5 0|7 (5 pt)

Good luck on all your work to answer the questions.



