Environmentally-Friendly Combustion Technology
(Class #: 3329)

Final Exam.

Hour: 2:00 ~ 4:00 pm
Date: 20 June 2002

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get just a point. Be careful with mathematics
and units!

(15 pt) 1. Gasolines used for automotive fuels consist practically of a blending mixture of
paraffins, olefins and aromatics in addition to a number of additives. Such blending
compositions vary from company to company and with geographic location and season of
year. Requirements of the unleaded gasoline fuel used for emissions certification in a
country are specified below.

Item Requirement
Octane, research (minimum) 93
Sensitivity (minimum) 7.5
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

* For testing at altitudes above 4000 ft the specified range is
75-105.

T For testing unrelated to evaporative emission control, the specified
range is 8.0-9.2.

+For testing at altitudes above 4000 ft the specified range is
7.9-9.2.



(a) List at least four kinds of additives that are included in gasolines for a variety of
specific purposes.

(b) Explain why the contents for olefins and aromatics are regulated within 10 and 35
wt.%, respectively.

(c) n-Octane is typically used to represent conventional gasolines, although many kinds
of hydrocarbons and additives exist in them. Calculate an AFR value for gasoline,
assuming its complete combustion and air consisting of 21% O; and 79% No.

(30 pt) 2. Answer the following questions.

(a) Coal quality depends commonly on amounts of volatile organic matter, fixed-carbon
existing as a benzenoid ring, oxygen, hydrogen and ash in the coal. Describe
requirements that we name good quality coal.

(b) Formulations of diesel fuels for typically light and heavy duty vehicles are closely
related to emissions of air pollutants such as particulates, NOx, CO and unburned and
partially burned hydrocarbons. Describe a suitable formulation that can minimize
their emissions to the atmosphere.

(c) Bituminous coals contain larger amount of volatile organic materials compared to
anthracite ones. Describe a coke-making process for removing the volatile matter in
the bituminous coals.

(d) Describe three distinctive mechanisms for NO formation during fuel combustion.

(e) For premixed combustion systems, the major air pollutants to be essentially reduced
using any ways are nitrogen oxides, carbon monoxide and unburned and partially-
burned (oxygenated) hydrocarbons. What is the most frequently used technology for
simultaneously removing all the pollutants from a SI engine? Explain why the
emission of sulfur oxides from the engine is usually not of concern.

(13 pt) 3. There are combustion processes that produce predominantly thermal NOx.
Provide three kinds of variables that primarily affect the NOx formation during combustion,
and describe possible ways to significantly prevent its production in the processes,
irrespective of combustion mode.

(42 pt) 4. A coal-fired power plant is burning a coal that has a chemical formula of
CHuNgSyOs based on a 1-mole C in it.

(1) Write the combustion reaction of one mole of the coal, assuming lean combustion, no
formation of thermal NOx and the conversion of all the N and S atoms in the coal into
the respective NO and SO at a certain flame temperature. In doing this, use x and y
as the respective oxygen coefficients for reactant and product streams

(2) Express the dry and wet mole fractions for SO, and NO produced.



(3) Obtain the ratio of the total number of moles in a wet mixture to those in a dry one.

(Ans.: 1+ & )

4.762x—%+/3’+5

(4) If the dry mole fraction of O2 has been measured to be 12% and o, B, y and 9 are,
respectively, 0.8083, 0.0013, 0.033 and 0.057, determine an x value as the oxygen
coefficient for the reactant stream.

(5) Determine numerical values for SO; and NO concentrations as a dry basis.

(6) Calculate the theoretical and excess air amounts at the STP conditions.

(Hint: y is equal to zero when calculating a theoretical amount of air required for
completely burning the one mole coal out.)

(7) Considering your answer obtained at (f), whether this flue gas stream was diluted
with air before reaching stack or not?

(This is just a bonus problem, thus you will get additionally 5 point if answered
correctly.)

Good luck on all your works to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3160)

Final Exam.

Hour: 11:00 ~ 1:00 pm
Date: 17 June 2003

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get just a point. Be careful with mathematics
and units!

(20 pt) 1. OFcHOll =& D2 Jisel AXNOZEH BHEC = EAMFS (Nitric
Oxides, NOX)OI MHEES AHSH| A8 GFLESl &otoe =z HiD|JFA % X == &6+ 04
SsE 2Lt 20|12 &&ots HHDIJFA M=%t (Exhaust—-Gas Recirculation,

EGR) Jl=2 &1t SDJtH|l (Equivalence Ratio, ER)Q &#%2 B0zF=10 UL
CHSHl =& 2 2S00l €0lAl 2.
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(1) Jise UsSXo o2 A22402 HAEGIMES M, O d29 X442
C/Hi13 22 JtEE 4= QUL SIHHIIF 0.95 21 B0 Y pAIE 2D 9
Sl o= AAQ &2X5| BFE5Id NO 2 M&t=CtD JIEE M, 2
NO O ==& HAGHAI L.
(2) JDEOUA & 2= UAS0l, SIHHIOF 1.0 [, BIDIJIASE =&tAIDIX Z=
A0 HIot BHIIJIA S0l 10%E =&tstChH Xl LHHA MAE =
NOx 2 s£2 < 4,300 ppm UM 2,800 ppm OlotE2 HZAIZ =
U=, 1 0|1 E 26| A=A,
(30 pt) 2. OIS 2 &S 2t AYHGIILE ES MAIL.
(1) =0 M EEX| (Three—Way Catalytic Converter)2| <&
(2) DEASH et HIIESEE9 HiEsE2JI=0dAM JIE MAsEE
Hote 0|8
(B3 NOy HHE M2UII=E S0A HAZ2A A2 oS (5 DAl 04l
(10 pt) 3. OtcHOll =O1& Z= Lelutet HIIsFENYE M 103 X 23 IAsxdz
MEIZE SN 2R MERINIZFEES 20D UL U2 2 220 otAlL
AFAsXd g M=2[&= (2002 H 1 & 1 & FH)
7| =st=
10% ZHFEFAZF (%) 0.15
ale @ 15 °C (kg/m®) 815 ~ 855
=tetzr (A %) 0.043
toe| ebeks (B %)
22A (um)
(NNER HZI=0=2 dREASS HAlolE 0/RE E&YHoIAI2
(2)2 Eol =& 2002 E 1 &€ 1 22H N2 =24 ES
MASIAFSE 0] 0.043 %0|ote &S A= dKRE ME THIHE £
UAJCH. ek, 2003 & 6 & 26 2L2H Al#HE JWE
HoletHdE MU A= 0.0060 % OlotE2 A&t UCH Oldst JI=S
OFEAID|D] Q8 DA SUHEQl J|=X BtHES S HGHAIL.
(40 pt) 4. 2 ML &t EKRSIELNANAMN AI20ID Y= =ERE 2451FE [,
R =C,H, N, S, O% 229 2)|2 42=Z 0|20 M UAPLCE. N, S, O It C,
H o gstdo=z 2z JACD JNESUH, 2I1 S22 HAs 0] 582
StsAI2 CHuNBS,Os& LIEHE 2= UL OIS 2 230l €otAI2.




o
0 010
30 THO

rrlorr &

(1)0] =R dHABISAS MAIQ. WIIAM, x 2 y E 22 bl
MASUHAM2 AALH (oxygen coefficient) ArEaotet. &, 0l
3|8tX A (lean condition)lA HATXIZD, S NOyx (thermal NOx
MA= otk =0k JHESCH &8, =% WH &=XMot= N b S

NO 2 SO, 2 2N 3| Met=lChl) JtE &tlt.

P

(2) M E NO 2 SO2 AXIHA SEEN 520t

=20t AX BHII0tAS] & 2282 I

B)&sZ2 IIItAS & 2

(Ans.: 1+ @
4.762x—%+ﬂ+5
(4) A9 AX 2220| 12%2 =FHEUD, o.=0.8083, p=0.0013, y=0.033,
5=0.057 0|ctH, BtS2UH M2 At H = 0._ x etE Z2EOIAIL.
0O 9 E 2 2tppm HRIZ2 Z2HGHAIL.

(B)AXRIIA JIZE22 SO 2 N

2028 Nm® S22 ZFGIAIL.  E

(6) 0|2 27| Y Z2)|s 242
H=XHOZ | atm, 0 °C E JtAEEHL
(7)(6)0IA 20O Z0H0 JI=xg M, O Z&™AS HHJIJIADE ZJ1=2
2t

(This is just a bonus problem, thus you will get additionally 5 point if answered

correctly.)

Good luck on all your work to be answered to the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2975)

Final Exam.

Hour: 1:00 ~ 3:00 pm
Date: 15 June 2004

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(60 pt) 1. ZLHS 0L & ERFIFLNANM AI26ID Y= ERE 24GIUS W
OFR=C, H, N, S, 0% 420l R2I|2 822 0120 UJACE N, S, O It C,
H o stedoz 20 JUCHD JINEESCH, 2I 4252 HIAS 0 512
st A2 CHuNS,OsZ LIEHE == UL T2 2 220l €0tAI2.

(1)0l &R dHABISAg MAIQ. OIIA, x & y E 22 BIS2
MESH M2 AtAH S (oxygen coefficient)2 AtZatet. &, 0 /&
3|8t XA (lean condition)A HAAZIOXID, & NOx (thermal NOx)2
MAZE NdotAl E=00 JtEstth £, =8 WHl &Mot= N 2 S =

NO @ SO, 2 &t&g| MetECh JHA St}
2)MAEE NO 2F SO 9 HEIJIA SES SEIIA SESS 224 MAIQ
CtetH, €& NO (thermal NO)= D46tk E=Ch
(3)SS HIJIIIAC &= S22 AX HHI|IJIAS & SE82| HIE EOAIL.
(Ans.: 1+ i )

4.762x—%+ﬂ+5



(20 pt) 2. 2003 & 12 E 10 & JIE2=Z, Ot =0& Hs 2
IIZE28E M 103X &8 Isigs HMXJlE S0lA 272 M

&0 AL =220l 12%=2 FEEHULL, 0.8083, 0.0013, 0.033,
0.057 0lctH, etS= UM &tAaH=Ql x gtS Z28OIAL

AXIA JIZ=2=2 SO 2 NO 2 s&=2 212 ppm &2 Z2E0HAIL,

Ol2 ZJ|&n Y 2|2 22t Nm® o2 Z2HIIAIL. o,
HEXAHOZ 1 atm, 0 °C E JtAsHCh

(B)UIA Z2OE 20 2= @M, 0 <&EAS HHDJIJIADIL Z2I|2
SIMLY=X R E Z2H6tel.

(This is just a bonus problem, thus you will get additionally 10 point if answered
correctly.)

2010 UCH P%l‘c’o(ﬂl oAl 2.

=g |2
- 2005 & 12 2 31 LIHXI2006 H 1 8 1 YL
o 8 S 58 2 8 (S1%) 35 (30) 013t 30 (27) 0l &t
ol F B2 (S I%) 1.5 0|3} 1.0 0I5}
< 8 2 (g/t) 0.013 0l 0.013 0| 3t
ol 8 & (g/t ) 0.0013 0| 3t 0.0013 0| 3t
& & B2 (RHI%) 1.0 04t 2.3 013 1.0 OI4 2.3 013}
S B E (1% 18 (23) 0l &t 18 (21) 0l &t
& & 2 (ppm) 130 0I5} 50 0| 3t
= )| & (kPa,37.8C) 70 01 5t 65 0| 5t
0% 7 £ 2 & (C) 175 0I5} 175 013}
HID: SelB (olefine) 820l KGO () ot JIFES HEE & ULH 0l IR
SEESBSETS () 20 IFECE M,

ol
=

3. 2001 & 5 & = 7
0 = S3F0t¢H 2004 @ 5 2

t)
A (50 JH =Jt



17 €2H 0 20| YSEULCEH Rellict= 2001 & 10 2 4 & 0] 0l
MZESIRCH, X HIES EHIctD ALt (012, =, HAAIOt S& HIE=2 0tE)

0] 8o S22 MRH RIILE=2ZE (Persistent Organic Pollutants: POPs)9|
MAL A2 L HHES ESHOZ 22lotDA &0l Aedl, B58H A0 9, 254
BOl 135, 25K C0Hl 43 (25M A0l =8 HCB, PCBs £ _%%*oPO# Cto IS&%
HER)CZ S 12 B2 KRIILE=SE S 1 U=z ﬂor ULH B A C ol S8
4 ZE2 HIEEHOZ MY Hisx=s dSRE Yot=d, 28t H%J—I*OI CHEXA QI
GE oLt ED, D HIENZ L 222 /st HZ2)|&2 T2 &Yoo 2.

Good luck on all your work to be answered to the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2907)

Final Exam.

Hour: 1:00 ~ 3:00 pm
Date: 18 June 2005

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

A)CI& XISkt H=22o & 9 2sr= stats x| Us 20l= 0l
(50 pt) 2. 2 L ot SRSELNHANAN AI2OID Y= SRE 24T E M,
DFR=C,H, N, S, 0% 24212 2II2 822 012N UJULCE N, S, O It C,
H o gstdo=z Z2ec JACHD JIFSUH, 2I 252 Hest 0] 282
3tstAlE2 CHuNBS,0s2 LIEHE = UL CIS 2 230l €otAIL
(1)0] &SRS dHABIESAS MAIQ. HIIM, x @ g 22t B2
MEASUHAS &AL = HZE (oxygen mole coefficient)2 AtZstet. &, 0]

_._
=
D
3
o

9
ER= 52X AH (lean condition)lA HAZHXD, & NOy (

STTCT
NOx2 MAHES NG Z=Ct0 JHESICH &8, & Woll =M ot= N Bt
S= NO 2 SO, 2 &tM5| M&t&EChl JHE StCl.
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(2)MAHSE NO 2 SO, O HAZEIA SES8I SRIIA SEESS 242 MAIQ
Ctot, S = NO (thermal NO)= 1D 2ddHA|l L=C}.
() SS HIJ|IIIAC & S22 HAX DAL &= 22280 HIE YOAL.

o

(Ans.: 1+
4.762x—%+ﬂ+5

(4) &b 0l AX SEE0| 12%2 SZ UL, cx=0.8083, p=0.0013, y=0.033,

[m:

5=0.057 0l2t3, BIS SN ALKS0 x2S ZHGIAIR.
(5) AXIA JIEC2 50,9 NO O SEE 242 ppm S92 ZHGHAIR
(30 pt) 3. OFeHOl FO{Z E= 2elltet HIIBY2S XY M 103X 22 NSAE
RZJIE S0 S2Re MEIIES 20D AUCH 02 2 220 oML
= g J| 2
NEa e 2005 = 12 2 31 LHXI2006 = 1 & 1 L=2E
28 S 3B 2 8 2 (21%)[35 (30) 0I5t 30 (27) 01}
ol B B 2 (S1%) 1.5 01t 1.0 013t
& B 2 (/e ) 0.013 0I5t 0.013 0l
ol & 2 (g/t ) 0.0013 01 3 0.0013 01 5
& A B (RAH%) 1.0 0l 2.3 0I5t 1.0 014 2.3 0I5
S o BB (20%) 18 (23) 0I5t 18 (21) OIak
2 & 2 (ppm) 130 0I5t 50 0I5t
= Jl ¢ (kPa,37.8C) 70 0I5t 65 0I5t
0% % & & = () 175 0I5t 175 0I5t
HID: 22 (olefine) B0 5L () ool JIES B + AUCH 0 B
SHESESHYES () o0 JFOR HE
(1) FLRO| 2ELS FRGHE 018 2 XS I EGHAI2
(2) 2006 HRE LRSI RHIIEO LBEE 01RE JSTHAIL.
(3) 2T HBZ 18% 015t2 ARIGHE 0IRE HITAIL

Good luck on all your work to be answered to the questions.




Environmentally-Friendly Combustion Technology
(Class #: 2960)

Final Examination

Hour: 10:00 ~ 11:50 pm
Date: 15 June 2006

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(30 pt) 1. OFRHOI =O01F H= S22t (IISZEHE X 103 X 23 HExoa
MEDIIZE SHA 3220 MEIES BHED UCH OS 2 220 26HAIQ

I Ea = e E

o B = of Bt 2 B 2 (S1]%) 30 (27) 0I5t

ol ® 3 2 (S10%) 1.0 0[5

Bt 2 (g/t ) 0.013 0I5}

ol 8 2 (g/t ) 0.0013 0|3l

_ 0.5 01 & ~ 2.3 0|3l

&8 (A% (HE2:1.0 014 ~ 2.3 0lat)

Sy ®E Y (2%) 18 (21) olat

2t 8t 2F (ppm) 50 0|5t

= J| o (kPa,37.8C) 65 015!

0% 2 =2 & (C) 175 015}

HID: ST (olefine) 0l TH5H0] () OS] =S =EE & QUCH 0| S

U EIESIBIE B YS () 010 J|FOR HEEC}

(2) 2006 ERH FLR2 SIIY AMIIE0] 23tE= 0178 JIS0HAIL.

(3) SdIT &S 18% 0I5t=Z HHIGH= 0IRE EYHGHAIL
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(4.762x —
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puy
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Al

=22 8022 NO 2 =
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(5) A X0t

Good luck on all your work to be answered to the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2959)

Final Examination

Hour: 2:00 ~ 3:50 pm
Date: 19 June 2007

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

=
oLt o %* OS2 HHDIJIAZE M=&5t]d
= HHDIDFA TH=%t (Exhaust—-Gas Recirculation,
quwalence Rat|o ER)S &42 E0W=10 QUCt.

Oxides, NOx)Ol MES AX
Relgls o2l BI|9 =
EGR) Jl&=2 s1lE SOHd
CHS Ol F0IE 2 2201 LatA

(10 pt) 1. OteHoll =018 O Jt&8l
J| 95t
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A80A & = AXO0I, %JPHIJ

F 2 M, BHOIJDIAE =3tAIIIRX 2= E=R
HIotH BHIIJIA SOl 10%E =8t AH o

320
MATZ=E NOKS s&EE <
4,300 ppm Off A 2,800 ppm OlotZ2 MZAIZ = UAA=0, 1 O0lRE 2teol
N=0HAI 2.
(10 pt) 2. Ot =& H= 2010 &8 1 & 1 22H oY AIEEN HsE =2
3Iet2 HIE5I2II=0ICH. Hg 22A2 BHEJAZ2IJIZ=0 GotH 25 ol =&
TA= 292 20I6HH, 0l2F 20| ol= 01RE EYSIAI2.
=232 (1) H=x-HIN2 HItA A2AXHEANEALELHE
(Hg 2 A1) LESHH & MEH D2 DEAS ME(RDF) £= | 0.1(12) Olat
(mg/S m’) HECAE DEASHE(RPF) A4
(2) LEAIE(DHAZ AFZAIE) 0.1(6) 0I5t
(3) M1 X SEMEAIE 58 4222 0.1(15) Olal
(4) NIHIE-A3G|-EctAE 2 O M3 MEAIAL B _
0.1(13) olal
AHE AEAIA
(5) 1 SO s AlA 5 0lat
(50 pt) 3. ZLHS 0L &t SLFEUNANA AI206ID Y= SKE 2456I/US [,
1A=ZR=C,H, N, S, O 42t 2I|2 822 020N UUCE N, S, O It C,
H 2 sistdoz HET o QUCHLD JIESHTHE, 2] 4252 H2s 0] 589
StstA 2 CHuNgS, 052 LIEHE == QULH s 2 =380l §0tAIL
(1)0] RS dHABIEAZ MAI. HIIA, x & g 22 USZ21
MESUH A2 At = Hi4 (oxygen mole coefficient)2 AtZaotet. &, 0]
ES= S8 XAH (lean condition)llA HAAZHX D, & NOx (thermal
NOx) Q| MAS 1DeotAl ¥=0hd JIESEHCH £6f, 58 Wol =Mol= N ot

S= NO 2SO, &2 2tMo| Met=lCty) JhE it

o =2 Oz 0 2AH8LOI

(3)S& HHDIJtAL & SESW AX HHDItAL & S2E22 HIE 22A2.



g
2
(Ans.: 1+ )
@762~ 2+ P 19
4 2 2
(4) AEAS| HAX 2220| 12%2 =X, :08083,[3 0.0013, y=10.033,
8=0.0570|ctH, Bt S=SUH A2 AtAH O_ xas2 Z2HGIAL.
(B) AZIIA JI=2CZ2 SO22 NO S =52 22 ppm SHRZ Z2HOIAIL.
(30 pt) 4. Ot2HOl =& H= L2|Liet OIS FAEXMYE M 103 X 23 sk
HZEII= SUHA 2R HEJ==S BEHFED QUL OS 2 =30 ©otAlL
=g s BEJl=
2008 = 12 2 31 LNHK 20090 & 1 & 1 LA2H
Bt &F = 3| & 2 & 2 (RI%) 30 (27) 05t 24 (21) 0|5t
gl & & 2 (21%) 1.0 Ol &t 0.7 0I5}
o & = (g/f ) 0.013 0|5} 0.013 0|5}
ol & 2k (g/t ) 0.0013 0|t 0.0013 0|}
1.0 0l&t 2.3 0|5t 1.0 0l&t 2.3 0I5t
A A B2 (2H %) (42 122H 10" 42 1Y92H 10
31 YNK E0E = ME:| 31 YK 08 =
0.5 0l4 2.30lat) |HMZE:0.50l4a 2.3 0l|a})
2 g T & 2 (RIOI%) 18 (21) 0l at 16 (19) 0l&t
& & & (ppm) 50 0I5t 10 0I5t
60 0|5t
= J| 2 (kPa,37.8C) 65 0| 5t (2010 1€ 1 Y=2H
M)
W% S =25 (C) 175 0|5} 170 0|5t
HIZD: SlE (olefine) E&F0l CHAIO! () 2t2 JIES HE8E £ QUL 0l &R
BtStESIEISEEs () oo J|IEo =z EEZ6H.
(1) FYRo &&sdts AMoleE 0|8 2 JHKIE JI&=0tA2
(2) 2010 HEH 3YRo &I AMII=0| 23Ee= 01RE JI=6HAI2L.
(3) 2009 UEHE=E sy u &S 16% Olot2 AMII= 0= Xstotes
Ol E BYGIAR

Good luck on all your work to be answered to the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3408)

Final Exam.

Hour: 11:00 ~ 12:50 pm
Date: 19 June 2008

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get even just a point. Be careful with

mathematics and units!

Q)HIIS=2=2S tiEcte MEEN HELE HIEEIIE (ZBHHE2
ppm OILF mg/m®)2l H220, AFZZUA sl4 Soil st eHez Hol
JlE=s S3ZAMIIe As XN sHez 1 JlEgt g0 22

Q) UosBEAMYH M 103 X 2 IA=sSXHE HMEIJI=NAM LS L
SR = SHE (SESESEA)Y &S 18 = 21% Olot2 Aol
IS SdI20| IIetE (Z3Etat=A) B0 32 -0l =] H20IC. (

(4) H=sxe Col2 d20es MAE 2dH (soot) SES =2olot) A= EH
2HS AHGID| Kol 246HAH S0] EOH=ICH ()
B)d IILLESEC HIs=x=S HIsX=2 UEIUHH EH 34 S
mreEsl & U ()
(6) 2 AASHE (NOx)2l M 2HS HAHLISSCZ = [, NOxOl= 220 M
A HAE20=2 BgE 2I| 50 &2 N & O 2te 8ts0 2ol
OlLF HCN 0] BtE6t0d MAHZ = “Prompt

MALZ= “Thermal NOx”, C
NOx”, 2 1 XA
( )

o
10
rn
= Z
0x
el
|0
HU
il
o
s
o
_O'ﬂ
rr

“Fuel NOx”JF QULCH.
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(2)MAE NO 2 SO, o HZXJ}

Ct2t, @& NO (thermal NO)= 1D HGHAl &=Lt

2

=S 22X BiDIOtA

Se HoIotAS &

(3)

)

SEEQY

1+

(Ans.:

pLo

—+
4 2

;)

a

(4.762x —

=0.0013, y=0.033,

0.8083, B

pug

0.057 0IctE

o=

OtAI 2.

JIELZ S022 NO &

A

(5) A Xt

o

3
[0
o0
E]

E]

4

n0

D
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Good luck on all your work.



Environmentally-Friendly Combustion Technology
(Class #: 4818)

Final Exam.

Hour: 11:00 ~ 12:50 pm
Date: 17 June 2009

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get just a point. Be careful with mathematics
and units!

(20 pt) 1. THS 2 ES0ll 25| EoHAI2.

(1) =0 A SHE X (Three—Way Catalytic Converter)2| & &t

S
K%
N

HEOAM MEE= NOx 2| 8F

(10 pt) 2. OtcH =& H= 2010 & 1 2 1 Z2H oY MBEU HEE =2
stgt= HHEdEIJI=0ICH Hg Z2AS IS EJI&0 Hotd 23 ol =&
A= 292 20I6tH, Ol2 20| o= 0l=E £ EHGHAIL.

=22 (1) H=-HIIS HotA AL (A2AELHE

(Hg 2 M) LSS & MEHlle DEAHSMS(ROF) £= | 0.1(12) 0I5t
(mg/S m') HSctAE DEAS NS (RPF) 8SAIE
(2) EAIE(DMHZ AISAIE) 0.1(6) OIGt
B) M1 X SEHEMEAE 5 A22 0.1(15) OIGt
(4) NRIE-SH3|-SHAH 2 O S MEAIE S _
0.1(13) Olat
ANHE AHEAIS

(5) 1 %ol BHEAIE 5 0lot




MOZ2H HIES = 24852
Oxides, NOx)2| MAS |5tJ] {18 dtLtel E'J O 2 HHDIDIAE THE&&H6H]
KUE = AZLE 2|2 2&3dt= HIJIJIA M=% (Exhaust—-Gas Recirculation,
EGR) Jl=2 &E SJi8l (Equivalence Ratio, ER)Q &£=2 B0WZF1D UL
Ct20l =& 2 230 €6tAI2.

(10 pt) 3. OFZHOI =0 &2 Jtsgl ol Nitric
oIk 5

5000 —

4000

I

3000

2000

Exhaust nitric oxide concentration (ppm on wet basis)

1000 ®=12
ET-&\D-\_E
& .
0 5 10 15
EGR (%)

0|

JEUHA & = JAX0l, SIHEIOF 1.0 &€ M, BHOIJIAE &=SAIIIK 2= 20
HIGHH BHOIDtA SO0l 10%E =8tstCtH A&l LH01|/H MAL = NOX—I o_'.:_% oF
4,300 ppm OlA 2,800 ppm 0Iot2 M2AIZ = JA/U=M, 1 0IRE 2t=
MZ3HAI2.

E3¢]

(20 pt) 4. OteiOll =01 &l 2F €Ol 2 "T'2, SclH "F'E MAIL.

(2) HsxE Lo H2lls M48E 2Y (soot) SS =2dlict] AZEHES
+=HE HEGI| Aol 24HM S0 Ot ()

(3) MELS] HIAHM (fly ash) E8&2& It Jts&t & =010 ot 0lR= AL =0
HIAHTHOE  BHOEA & E (duct)Ol & ESHH 29 24& 2 0FIst
gd/gatddlol &S =0 =20ICH ()

(4) SE IGCC = AEsS D20AM 2 HAAIF LMol D22 22 018l
SS JIEot SIIHB R M) E Mitol=s BRE L8t ()



(20 pt) 5. OteHOll =& Z= R2|Liet oIstFE XY X 103 X 23 ASkHoE
HZEII= SUHA 2R HE2JI== BEHFED QUL OIS 2 =350 ©otAlIL
-\—Lxljl
&g =
2008 & 12 & 31 LN 20098 1 &€ 1 2L2H
Bt & = gl & 2 & H (BI%) 30 (27) 0|5t 24 (21) 0|5t
Hl A & 2 (210%) 1.0 Ol &t 0.7 0|5}
= & 2F (g/f ) 0.013 0|5} 0.013 0|8}
ol &t 2k (g/e ) 0.0013 0| &t 0.0013 0| &t
1.0 0] & 2.3 0|5t 1.0 0| & 2.3 0|5t
A A B2 (2H1%) 4€12Y482H 10 (42192102
31 YNK &E0E = HME: | 31 LNK =D& =
0.5 0|4 2.30la}) |HZ:0.50]4 2.30!|5})

s g B g 2 (R1%) 18 (21) 0l&t 16 (19) 0I5t
s & & (ppm) 50 0|t 10 0|8}

60 0|5t
= J| & (kPa,37.8T) 65 0|8} (2010 8 1 & 1 Y2H

M)
W% K=& (C) 175 0|8} 170 Ol o}

HID: SdE (olefine) S0 THEtK () ote JDIES HE88 4 QULE 0l B2
SSEESISSES () o9 JFECZE HEZEHH

(20 pt) 6. SHLLFAUM AFSSHD U= SRE B4GHAS M, 1 SRE C, H, N,
S, 0% o2te] BI|2 HEESE IR0 UAUCK N, S, 0k C, HEY astxoz
ZEeol UKD JFEBOE, RI| HESS MAS 0 RO FHEAL
CHuNpS,0s2 LIEHE 4= UCH. OFHOI FOIR JbY SHOIA TS 2SS0 EaHAI2.

JHE: @ 0l S/ HABSAINA xo vy E A2 SIS2 MAS0A &t =
H == (oxygen mole coefficient)2 A
® 0| =8= 38X A (lean condition
NOy) 2l MAHS Dedotkl =0,
© =7 WOl &=Mot= NIt S= NO 2 SO; & 2&35| &EHE L,
0= S° O 0ff A0l MHZS M 2 A=y 2

At

S
x
K%
N
mn
2
bl
S
=z
Qo
=5
@
3
o

2

| Eafe

NI»—
S%)

oo 30
o

Ct.

A



(2) 0123710 HA B3I

1 atm, 0 °C € JI& &0

Good luck on all your work.



Environmentally-Friendly Combustion Technology
(Class #: 3698)

Final Exam.

Hour: 1:00 ~ 2:50 pm
Date: 21 June 2010

Student Name:
Student’s SIGNATURE:
Student [.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
you learned during this class if you do want to get just a point. Be careful with mathematics
and units!

(20 pt) 1. OtcHel D& &M It Al IUsSK M2
(Exhaust gas recirculation, EGR) J|1= 2| 0 z
TWC)o 8= 2XIE B0 QUL CtE0l




A A = = C, N
S, O 2 2F2t9 —‘?—JI% ==2 020N AN N,S, OJtC, HS st&Eo=2
ZEE UCD IJESUH, 2RI Hd2==2 HAS 0 ERQ FstAl2
CHuaNgS,0sZ LIEFE 2= QULCEH Ot =& I GloIA ChS 23S0l E6tAI 2.
A @ 0] /9 HABISANWA x2 yE 22 BtSSH MASWHAL &4 S
H 4= (oxygen mole co efﬂment)i ArE St
® 0 E5= 58X A (lean condition)Oﬂ/\-I HAAE XD, 4 NOx (thermal
NOy) 2| MAHS 1246tAl ZL=LF.
© =2 WOl &Mot= NI S= NO 2 SO, 2 2t&3| MEtE .
0 =70 Ze= % 032 O 0l 2HHGI0 MHEZEO ML = Hesy S
ArEStHCE.
(1) &A9 AX SE80| 12%=2 SHEUY D, a=0.8083,

B=0.0
0=0.057 0lctdH, HAEIHA J|=2=2 SO22 NO 8 s 2=
Z EotAIL.

ol

(2) 0123120 HAYBIIHS 22 Nm® S92 Z2HOIAIL. &, BEEX2H02

1 atm, 0 °C € JI& &tLC}.

(20 pt) 3. Ol2HOll =& HE= RelLicet OIS EME H 103 X 2 ANsSXHES
HMEINE SUHA LR MIJES 200 JLH O3 2 230 €otAl2

=g = PGS

StSEE SlEtE &2 (21 %) 24 (21) 0|5t

HIE e (R 0% 0.7 Olat

= & (g/l ) 0.013 Ol ot

ol &k (g/f ) 0.0013 Ol ot

1.0 0l&t 2.3 O] ot
A &2 (2H %) 48 1<LEH108 31 YDA 05 = ME3:0.5
Olat 2.3 013t)

SHE & (21 %) 16 (19) Ol at

& &2 (ppm) 10 0I5t

=D (kPa, 37.8T) 60 Ol ol

0% RE=2% () 170 Ol ot

Bl 2d& (olefine) E2F0 CHatK () etel JIES HEE £ ULt 0 8=

LASZSISSESZ () &2 IELZ HESH.

(1) dgRe SIS #HMdl= 01RE JI=dtAI2

S
o
oY
=
0!
o
0]
4
=
Ql
rr
o
10
1]
i
02
_O'j
>
0



(30 pt) 4. OtelOl =& 2t 80| 20 “T'Z, Sc2lH “F'8 MAIL.

(1) HAZEHOZEH MALE NOXxO E2= 2 NOx (thermal NOx), BHIFA
NOx (flue gas NOx), ¥ 2 NOx (fuel NOx)2 R=2=ICH ()

(2) HEtO] =2IE HZESI= U UNHA JIE SQR0IH DHotsE 30K RAZ=
M (ash) &, M 2825, &20ICH ()

Q) UIILE=SE =S HiEol=s MEEN HE2Ce HEsE)|E (dEtEo=z
ppmOlLt mg/m3)2l Z=R0, AIHUEOA A& SO 96 gtHoz FHoHE
EE SFAMIe=e HE 2Xg 5822 HIEsddE2)IEd & Z23s ot
=AM AESTE HAISCH ()

(4) AAZ2HUA NOxo MAHs AXMotI| Aol FDIE2E (peak flame
temperature), ZDSE2EUH A2 S A2 (residence time),
SIERANAN A8 = (turbulence)Oll 28t MAZBZO Z20|4S
ZlASlote HAMONEO OS2 Ded=CH ()

() et O 2 SLUHE2 JIAEO|LL JHHHAIEQ LEt2o 2 N&tetl), & shEkQ|
AECZ U2 RAHE2 M2 B0 el Al=2SE0H ()

(6) s A=t 22 0S| s HisssElI=s HotAL a=2
BHE2F2 Atdole 220, BEE 28 AHIH HIE=Ele QLE=SES 202
LEEFWHCE. ()

(10 pt) 5. OteHel EE= Jisel E2S "otolte 0 JI= =0 otllE EHF10
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
sS4 (Volatility)0l U2 =2 0 M £ Qs SA=S FTOHE HE
=22 AHOIAIL.

Good luck on all your work.



Environmentally-Friendly Combustion Technology

(Class #: 3398)

Final Exam.

Hour: 10:00 ~ 11:50 am
Date: 16 JUNE 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.

with mathematics and units!

Be careful

(20 pt) 1. OIASEH/FCgHig)S HAAII=E HHEH ARNOCZEH BHEC = BHIIJIAS
IAEAINZ2 SHEIGS M, Ol 22 A XD|= R4S 22U
CO2 = 8.44%
02 =8.79%
NOx = 76 ppm
CO =44 ppm
HCs = 15 ppm
(1) NOLOIl TSt Hi=EdIE201=01 80 ppm(3% 02)Y AHL, AMZ HIEE=
NOxS| =sE=E HAIGIAI2.
(2) NOy 2| HH=XI4=(emission index)Z g/kg SR 2 HAGIAI2.
(10 pt) 2. HAZEHOA EMI=E NOwxe= 2BIEOZ Ol2iol =& 3 EF9
HIZtLIS S0 2ol M- & C.

O Zeldovich HIZILIS
® Fenimore HIZILIS
© I2& A HItLIS
Ao 2F HIAHLIBS AR

clE AYHGIAI2. (242 30X+ Ol LK)
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Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3615)

Final examination

Hour: 3:00 ~ 4:50 pm
Date: 18 JUNE 2012

Student Name:
Student’s SIGNATURE:
Student [.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. RciUiet HIISHEXTYH HI103EX 2 NsSXHAHES HMEII= S0A
HYR MXIIES OrHSY 20 O+S 2 B30 EotAI2.

=g = PGS

StSHE SlEtE &2 (21 %) 24 (21) 0lat

HIE e (R 0% 0.7 Olat

= & (g/l ) 0.013 Ol ot

ol &tef (g/f ) 0.0013 Ol at

1.0 0l&t 2.3 O] ot
A &2 (2H %) (42 1Y9E2H 108 312X 105 = MB3B:0.5
Ol&t 2.3 016t

SE & (21 %) 16 (19) Ol ot

& &2 (ppm) 10 0I5t

=] (kPa, 37.8C) 60 Ol ol

0% S22 (TC) 170 Ol ot

HID: SdIB (olefine) & 20l CHBHN

s () erol
S () &2 JIE22 HZEH.

(1) 2 HOHAM = O, LR & RIIIE22 LSE 201 24%,
ZdlE 0l 16%C!0l, LIH Xl 60%0 cHEotes Btate=A=s SAX A1, 1
EtSt=A0 38N SHS 8HGHAILR. (BFE Al 30Xt OILK)



(2) LR ===
Sl &©&0

FYUR0 LOIFE

AeE S22 YEtEo=2 WIIRIE2EO WES
| UASUH= =+otyd, ? HOAL &0l 24%ItHX]
OlRE JI=otAI2. (BtE Al 50Kt OI LK)

JHE: @ 0] 78 HABUSAUHAM x2F yE Z24 ISl dd=0M2 &4 =

Hl = (oxygen mole
9 O| %O: éltﬂ-xj

TT — — /|

a

coefficient) 2 AFZ&HC}.
(lean condition)l A A AL

s
>
]
12
I
=z
o
=5
@
3
D

NOx 2l &S Ned6HAl E=C.

©
o 1
2

(A AX SES01 12%2 SHE YD, 0=0.8083,
AXIA JIELZ S022H NO2 s

=7 WOl &XHot= NIt S= NO2t SO.2 2t&o| & =L,

o =2 OO0 2AHGO0l dd=2 & = Hs= yE

M =
J Il
I
O
O
3
0
40
HU

(2) 01230120 WHYBIHS 22 Nm® 2 BHSIAIL. &, EEX2H0=2
5

1 atm, 0 °CE Jt&

(20 pt) 3. JtEel A TSI

recirculation, EGR) Jl=1t

| M2 s HIOIA M=t (Exhaust gas
ArA=[0H A X| (Three—way catalytic converter, TWC) 2

O E Otell OSE0UA 2010 UCH TS =K 2 =250l EotAIL.




(1) {19 D& 20| EGR JI=2 =252 M, NOx2 BIE=sSE & XMal
ZAANZ &A=, O 0IKRE HAHUGHAIL. (BFE Al 50X OILH)

(2) <12 Jgo =0& TWCHIAM o™ UIIQESES0l AHBHZ HH
AHZ MHE=XE S8HGAIL. (BEEAl 80Xt OILK)

(20 pt) 4. IS 2t 2S00l 2t25] EoHAI2.
(1) X NOx M4 HALIS (BF= Al 50X+ Ol LH)
(2) CIZ A FILM S o (5IHX € )

B) HHE WILEESEH HHE=sSE HEX =2 LIEHE He B

o== -

(BFE Al 50X+ Of LH)

(4) NOx2| A S EASAIZ == U= LM (SH) 28 (EFEAI 80X+ OILH)

— O O

(20 pt) 5. Ot Eol= cw =20 MEHY OiSt DREFAZFD DRSS H0IE D}
ZOIM QUCH OIS 2201 ©6tAl2.
I DHEA Bt nEER=E:
e (%) (Btu/Ibm)
A 07 5,700
B 63 10,900
C 99 19,500
D 41 9,200
E 87 17,700
(1) =& AN B89 ME2 =AY (rank)0l 26 226t ZS HAGD
A2l EQ2H UA 529 MEIS LIZGIAIQ.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3526)

Final exam.

Hour: 3:00 ~ 4:50 pm
Date: 19 June 2013

Student Name:
Student’s SIGNATURE:
Student [.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. Ot 2 S S0l 23| E3HAI2.
(1) NOx & BI5ALIZ (BtEAl 100Xt OILK)

(2) Y1222 H103E 2 UHSXUHAS MEIIEUHA S &2 16%
OlotZ s Hlots Ol=

(B)HH WSS E HHEsEE tHEX+2 LIEE 2 &8

(BtE Al 50Kt Ol LY)

k= 2 = HdAJ|=9 &F (Hint: ol&sg &
HIOEE A 20| gAD|= € H xHW U2 AD|6tH JITHE

& @ 0] S72 HABSANM X2 yE 22 eS8l MEA=20H AN &L =
H %= (oxygen mole coefficient) 2 At SHCE.

8 0| ==c 3= (lean condition)OlA HAZI XD, E& NO«(thermal

NOx) 2| MAHS 1N2o6tAl Z=L1.



© =7 U0l EMot= NIt S= NO2 SO.& 2t Mol &= L.
0 R0l Z&g= %5 =2 0201 2H B0l dd=2 & = A== yE
NE=3=iJ8;

0.0013, y=0.033,
b

B)&aro HX S2EE0| 12%=2 SEHEALD, a=0.8083, B=
2 E 22 ppm SHRAZ

TA JIEL2 SO02t NO2 =&

(20 pt) 3. OOl =& Q&2 Jtsel o {1 BIE&= 2AA32 (
Oxides, NOx)2 MAH= 2AXMGH)| st otLiel &otoZ HiDJIJIAE =86t
SoLsE dA2 U Z2I|2 &&ots HiJ1JtA =2 (Exhaust—-Gas Recirculati
EGR) Jl=2 &2 SJHdl (Equivalence Ratio, ER)Q &4+2 20F=10 UL
CtS0l =& 2 230l €5tAI2.

™
|0
HU
il
m

=
o
>

5000 —

®=0.95
4000

3000

2000 ~

Exhaust nitric oxide concentration (ppm on wet basis)

1000

T

&
. ©
0

to

=13

0 ? ? %_ I
0 5 10 15
EGR (%)

(3) It XSk H2E HEE2AMCoz ZHoI=S M, 1 9229 =42
C/Hiz2Z JIEE 4= UJUCH SIHHIIF 0.95 21 HA20 e AAIF 2|2
2 FeE 242 2HM5] BtESot NO 2 Mt JtEe M, 1
NO 2 =& E HIAGHAI 2.

(4) JSEHO0A & %= UAS0l, SOHHIOF 1.0 M, BHDIJIASE =& AIDIX &
2220 BIot HHDIOFA =0 10%S =&tstCtH X oA MAg
NOx 2 s < 4,300 ppm OA 2,800 ppm OlotE MZAIZ

o

of
A=, A 0l=E

4> r rir



2 Hels MAIL.

X} OF
o =2

(20 pt) 4. OteHel 2t 2&0IA B 2+01 Ot

il

JU

J
]
Rr
K0

(5) il XIS HIDIJtA Eeteo2

Ol Ct.

s

(=)
]

o
T

A EHOI

0l

0l
i)l

e

10

JU
19)

IH

o
Zi

ol
u
43

etCt.

N PIES

=)

_II.PI._(

)2 HiEs

J
Bl .
UHLl
no
o MH

00 <F
R oD

uy ©F

NE
_m.._

3 o
oD M
o) L
=
~

~—

(

Gl A =ICHOF &30,

)
o

m
<
K3

HAIE=

=2

)OIl A ¢St

(

BHOIDIA S

i
—

B BHE

CO2 = 8.44%
O2=8.79%

NOx
CcO

76 ppm
44 ppm

HCs = 15 ppm

Mz BiE&=

Al
=

BHEa18J1E01 80 ppm(3% 022 &=,

Al &k

t

CH et

| S—
_=
[==)

(3) NOKO|

FAIL.

1o

i
Wy

NOx<|

FAIL.

&G

(emission index)E g/kg =<2 Al

EPNES

(4) NOx 2| b

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3573)

Final exam.

Hour: 10:00 ~ 11:50 am
Date: 18 June 2014

Student Name:
Student’s SIGNATURE:
Student [.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!

(30 pt) 1. CtS 2t ES0ll THGHK 2425 8 HGHAI2.

(1) 0

SEA(NESIHNZ2EEHS HWIILISZE HIEHS LIEtW = Y
(BtE Al 100Xt OILH2 DI=)

(2) Prompt NOx &#& HIHLIZ (BtESAl 100X OIlLHZ J1=)

(3) O AIHE AS0 HEE OIME X HHEdEJ1F01 <300(6)° 2t 20l
JIMEO AUs M,

(a)

O

/é}&l QE ccSOOnﬂ} “6”—O—| EPSID‘I
(b) 23 etofl JIXHE “670lcte =Xtel 20|

(c) 212 (b)2t 20l 2 =XE HAIctE 01 (BFEAl 50X OILHZ JI=)

rir

pt) 2. ALZHUAM HIEZ=E ZELAFF2(NOx = NO + NO2)2 MAS
= =S S0lA, (HWOIA =)

(MHWEXRC JI=Z2 I BEZE W2 €1

(2) 2 D=2l d2lE 2tetdl 8YGtAI2. (BFEAI 1004t OILHZ D)



(20 pt) 3. CH7 |2 BETH A|HH A& M115ERASA H=2-HIHN E=
MZE7|& &) BH 33(2016. 3. 2992 Alghof| [EH, L0 M=7|&
Z'o O|2 HIEtO 2 C}2 Zt 220 THlA| 2.

T|=e AH7|E
G EoiE e S (F%) 24(21) OIt
B2 (21]%) 0.7 Olat
o st (g/h) 0.013 O[3}
ol &2k (g/8) 0.0013 O3}
A Bt (2 %) 23 Olst
22| & (2ul%) 16(19) Ol
3 a2 (ppm) 10 Ofat
=7/t (kPa,37.8°C) 60 Ofo}
90% RELE () 170 OI3f

g7 MIJI=0A 2Es sl SdEl XISES
2 1

LR SIg=2 SO AUXH &5 3¢ 2de
100

X+ OILH)

NAEHI|IZ2 SHot= M
CO2 = 8.44%
02 =8.79%
NOx = 76 ppm
CO =44 ppm
HCs = 15 ppm

(1) NO«OIl CHEF HHE3IEI1ZE0l 80 ppm(3% 02)2 2, ANZ HEE=
NOx2l s =& HlLtotAlL.



(2) NOx &l HH=XI4=(emission index)Z g/kg St 2 HASIAIL.

ZeE ACLD JtESCEH, 2] 3
CHuNpS,0s= LIEFE == RUCH OFcHOl =& It otUlA ThS =50l EotA

JHE: @ 0] SR2 HABISAUM X2 yE 242 BtS=20 820 M2 &N =
H == (oxygen mole coefficient)2 AI&S&tC}.
8 0| S8 c= 3letX 2 (lean condition)HA ALZ XD, €& NOk(thermal
NOx)2l MA&S N6t &=L

)
Nt S= NO2 SO.2 =28 3| &at=lCh.

© == WOl &Mot=
0 R0 E== %5 =2 020 2AB0l d8=2 &4 =H=+= yE
ArZ ettt

(N A&tAe HEX SEE0] 12%2 SHEJ D, a=0.8083, f=0.0013, y=0.033,
3=0.05701ctH, AEIHA JE2 2 SO02H NO2l =& 22 ppm &322

(2)012&220|&
1 atm, 0 °CE Jt&

[}
09
ron OHJ
M
o
0
J
J
=
BCO
ra
40
HU
N
0+
Qj
>
30
ra
FEl
MHA
pal
v
|0
HU

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3607)

Final exam.

Hour: 5:00 ~ 6:50 pm
Date: 16 June 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!

SEHSIA2. (Z Z&ofl ChsH REEA] 70 Xt O|LH 2 7|=)

N
)
xe]
=
o
ojo
0
Mo
oo
mjo
>

(1) NO, HiE ME7|es MM fa33 71l oS (5 7HA| LtE)

(2) HEel =228 HE

(3) H=0tCh ot BiE&7[& &= 08 S

=]
rn
mot
1>
30
rir
0%
s

(4) EH(thermal) NO, MM HAHLZS

(20 pt) 2. SH2F A0
S, 0% °42to)
21851 0f

(o]
CHuaNpS,OsZ LIEFE == QULCH OtchOoll =0 & JtE 6f

& @ 0] S72 HABSANM x2 yE 22 S8l MA=20H M &L =
H %= (oxygen mole coefficient) 2 At SHCE.
® 0| SRE 32X A(lean condition)A HAE XD, &= NOk(thermal
NOy) 2l MAHS Dedotkl =0,
© =7 Lol =XHot= N2t S= NO2 SO2 268 3o| &&=,



o =2 001 2ABO0l dE=2 & SH=x= yE

(1) &tAo] HEX SF2E0] 12%2 SHEJALD, a=0.8083,
5=0.05701ctH, AXIHA JIEL2Z SO:2H NO2 =&

M =
]\ Il
I

@]

j©)

3

m

40

HU

(20 pt) 3. Ot A2 7h&E ATIe] ZAHH|(air-to-fuel ratio, AFR)Of| [}
M RAE0fE K| (three-way catalytic convertor, TWC)2| CH7[RP=2EZ(NO,, CO,
HCs)S| HAzRE=S E0F1 QUL Ch2 =30 75| EotA|2. (42 50 Xt
o2 7|=)

Conversion efficiency (%)

/wmdo’w
1 /A

0,
13 14 15 16
Air—fuel ratio

(1) 28MAM & = AXO0|, “window'S HOLIE M SF2 Li7|E=E &2
d HH=7E0| 240 HOHXE2 e EH?l= AFRE M Ofots A0l 7+
2

SSICE O|NEH &2 Y22 AFRE MO = AUs WS AHSHA|

(2) T Zl window ELCt 52 AFR O|A| NO, X|7{&0| dMdtAH HAAdt= 0|RE
MOHBIA| Q..
(20 pt) 4. OIASEH-CgHig)2 SAAIE 0 AACRLH HIESGH:=
HIDIDIAZ JIARANI|I2 =HGIUS [, OlcHQ 22 HXJ|= XAHS ALt

CO2 = 8.44%
02 = 8.79%



NOyx = 76 ppm
CO =44 ppm
HCs = 15 ppm

(1) NO«OIl CHEF HHE3IEI1E0l 80 ppm(3% 02)2 22, ANZ HEZ=
NOx2l sT=E HlLotAl2.

(2) NOy 2| HHi=XI2=(emission index)ZE g/kg &2 HAGHAI 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3515)

Total =75 pt

Final exam.

Hour: 3:00 ~ 4:15 pm (75 min)
Date: 21 June 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!

@) ALBHOIN HIEEE TAMBBNO)S ANSHE IHF XN

o 7t &

(20 pt) 2. O|A=EH(isooctane)E HAAI|E OEH X SH Al (engine
dynamometer test) O 22 H HBIESTl= HIJIJIASE JIARAIIZ ESHOIFS M,
Olelet 22 AXD|=E LS LULE (x HW 22X sY)

CO2=12.47%
CO=0.12%
O2 =2.3%



CeHs (éﬁ) 367 ppm
NO = 76 pp

(1) &I NO sEE 5% 0.2 12 NO =& 2 HASHAI L.
(2) 2 (1OIA HAE NO s=Z HiE Kl 4=(emission index)2 HAFGHH g/kg

CRZ2 LIEFLHAIL.

(20 pt) 3. Ci7|SAETY AHRE H15E2XSA H=2-HIHM == S00H 9|
MNZE7)1& 5) gum 33(2017. 1. 28Y 7|0 EX F|EFO| NZE27|E2 Ctsdt
Z20 O|E HE O Z CIF 2t 230 BHoHA| 2.

7l E i EES
HratZoiotE o2 (RI]%) 24(21) O[5t
HIH oteF (2O %) 0.7 0|8}
= = (9/0) 0.013 O[5}
ol B (g/h) 0.0013 0|3}
LA S (FAH %) 2.3 0|3}
= 2k (FI|%) 16(19) 0|8}
2t 2t (ppm) 10 O3t
57|12 (kPa,37.8°C) 60 0|3}
90% FE2E (°C) 170 O|5}
1. 2 H(Olefine) 0| Chat0d () &9l 7|F2 HE 4 UL} 0] L WtFoietE &0 ool ()2to 7|E2 HEstct
2.9 BO|E 2760 SEEsiete o2 7|F2 2015 W 1 € 1 YEE 22(19) 0|8HE T %)S H Rt} it SEAIM
(Yetce|d - a4 - Lutmoja)of chstol= 2015 H 2 E 1 YEE HEsiCt
333718 7|E2 jd 6 2 1 LEE 8 31 UMK HZA|MOA E0E= B0 CHsto] HE3HCt

(2) LR BILS JIE 0IGtZ FHTt= 01RE EFSHAIL. (BEEAlI 60Xt
OILH)

(20 pt) 4. L HAUAM AISolL) A SFE =4otbd= M, d 7= C, H, N,

S, O% <&fZto 2Jl2 d==2 0IF0AM JUARUCEH N, S, OJt C, Het s=tHC 2



20 AT Jrgstts, 2I d8== Mest 0 s=2
_|

3
CHuNpSyOs= LHEFE == RUCE Otell0ll =01 OtE otollA Ths =50l gotA

I8 @ 0] SRS HABISANHAM X2 y2 22 BISE20 MHASHAL &AL =
H == (oxygen mole coefficient)2 Al &tC}.
8 0| S <= 3letX 2 (lean condition)HA ALEHXILD, €& NOk(thermal
NOx 2l MM E 1NeddtAl L=CH.
H N1

© =7 U0l &MHot= NIt S= NO2 SO.2 2t ™ol &= L.
0 R0 Z== 1s =2 020 ZAHB0l dd=2 &4 =H=+= yE
2
AtE St

(1) &hA0] AE S2E0| 12%2 =HZUD, o=0.8083, p=0.0013, y=0.033,
§=0.057012+2, HEIIA J|ZO2 SO, NOO| SEE 202 ppm &I 2
AN,

K

(2)ol122710 Y
1 atm, 0 °CE Jt&

e
tCY.

212 NmS |2 ZXGIAIQ. &, EEXHo2

nio

ol 0

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3518)

Total =70 pt
Final exam (31).

Hour: 9:00 ~ 10:15 am (75 min)
Date: 20 June 2018

Student Name:
Student’s SIGNATURE:
Student [.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. Ct32| Z &S YA (Z4 2E EEA 100 Xt O|HZ 7|5)
(M Ch7| S e HEHAIME 72 1152 BHE 33(2018. 3. 2€ 7|F)0f 2
YR MZz7|EE T 2O S H7|E @, @ ®2 Olf
= M7= THA Ol 7
HHakEotelE o (R I%) 24(21) 0|5t @)
HH S EE (R %) 0.7 0|}
o =2 (9/0) 0.013 0|35}
ol =& (g/h) 0.0013 0|5}
L 2 e (R %) 2.3 0|3t
=0T & (RI|%) 16(19) O[5} @
2 =& (ppm) 10 O[3t
7|2 (kPa,37.8°C) 60 O|5}
90% RE2L (°C) 170 O[5} ®

(2) BALARIE(NO, 4

e HFHALIZ T "X NO(thermal NOy)" HIFHLE




(20 pt) 2. O] AT CZHH HiEE|= HI7|7IAE 7tARA 7|2 FHESHR
CO; 8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm O| AL} CtE =30
EoHAl 2

s
0 o

(1) NOOIl CHet HHZE3{E7|F0] 80 ppm(3% 0,)Y 22, HEMZE HZEL+=
NO2| SEE A LHSHA| 2,

(2) NOL 2| BIZ=X|4=(emission index)E g/kg THRIZ AHASHA| 2.

(20 pt) 3. SHLHA0N AT A= BRE EMIAS 1, 1= C H, N,

S, 0%} 97to| 2712 MESE 020N UKL N, S, 07 C, HE SfetE oz

ZgElo] Ackn IPYBCHY Y252 N o E89 sietale
_l

CHaNgS,0s2 LIEFE o= QUCE Oft2fof =0{ Tl 74 Stof M Ctg =80 oA 2.

b8 @ 0| SR HALEZSAUM X2 y& 424 HS=0 dd=0Mel M4 =

4
A ==(oxygen mole coefficient)2 AFZ2tC}

® 0| 58+ Z|etxA(lean condition)llA HAE|O{X|11, X NO(thermal
NOy2| d-dE 1ne{dtX| pi=Ct,

© T 7 Lo =Xt NIt SE NOL2F SO,Z 2tM 35| MatEICt,

—_— 1
0 IO ZeEl —5 =9 00 ZA GOl dd=2o M =A==

rir
<
i

\S)

(1) Mol AX SEE0] 12%E2 FFEIJL, 0=0.8083, B=0.0013, y=0.033,
§=0.0570|2}H, AZXIIA 7|ZQ 2 SO,2 NO2| 52 22} ppm B2
2SI 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology

Final exam (38).

(Class #: 3246)

Hour: 10:30 ~ 11:45 am (75 min)

Date: 19 June 2019

Student Name:

Student’s SIGNATURE:

Student I.D. Number:

Total =75 pt

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!

(15 pt) 1. CH7|SEEHE AAHE H115%

(AtsA A=-HIHA £ SH0HA 2

MEZ|E &) 287 33(2019. 6. 182 7|&)0f U=H, B3R N=7|&2 O3t
Z20 O|E HEC = O3 ZF 250 BEtA 2.
g5 Hz=7|%&

@ 10% THFEFAZE (%) 0.15 0|8}

U= @15°C(kg/m’) 815 0|4 835 0|5}

Zetekp pm) 10 0|}

©® CHetEEE(FH %) 5 0|t

=2 (um) 400 0|3}

© HeE atetE(FH %) 30 0|3}

MIEER|==(E= MIEHH 52 O] &

(1) B& M=7|1=0M @& mHsts O+

2) @2 &= #HMsts olw

3) ©7r 2R3t 0|72t O|F 30 O[5tZ M5t OlF

(Ht=A] 50X} O]LH)

C Al 60X} O|LH)

(ZZH2 50%t O[LH =)



(30 pt) 2. Ct32| 2} E30| HYSHA 2.

(10 pt) 3. Of2ff &2 7h&E AT ad
AXMSH| fIot StLte| wetez HiZ[7IAE Ma=2t5i0] R YL
225t= Hi7]7tA M=% (Exhaust-Gas Recirculation, EGR) 7
(Equivalence Ratio, ER)2| &2 H0{F=1 QICt Lt 2t 230 YA,

5000 —

4000 —

wet basis)

3000 —

centration (ppm on

2000 —

Exhaust nitric oxide con

1000 =

IHLIZ  (ZZ 100 Xt O|Lf 2)

H 8% (50 O[LHE)

2& K| (combustion control)2| 2| (100 X} O|L{£)

CREH HIEEE HAMSE (NOY MAe
= GEL 37|12
|22 20tE S7H|

P
1
0

(1 7h&E erxre

%EE IH5M|2

oM & = UAXO|,

1
B0 H[5tY Hi7|7t2

SIHEI7} 1.0Y @, BY7|7HAS SBHAIZ|X| o
N
—

SO0l 10%S =etetChE AT oM S-S5
|

NO,2| 5 =5 2 4,300 ppmOllAl 2,800 ppm O|StZ MZHAIZ £ A=,

ol
1 0|7 ks MEdtA

|2.



(20 pt) 4. MEISI{LH L
UCHD FhEsitel, 27| HE

LIEFE == QUCE Of2fof =0Tl 7Hd otoA BtS 250 BotA <.

SAAM Xt yE 242 S dds0Mel M =
A 2=(oxygen mole coefficient)2 A& SHCY,
® O R[AEE I ZEZH(ean condition)OA AAEOIX|L, EH

NO,(thermal NO,)= 11 2{S}X| =L}
© S HEH| =XSt= NIt S&E NOLQt SO,Z2 M| MehelCt,

F
0 RYE =ZetEl —s5 =2 00 EAR0l dd=2 i A= yE

718 @ O SRl Hawt
m

1
2

(1) M0 HE S280| 12%2 SHEAD, o.=0.8083, f=0.0013,y=0.033,
§=0.0570|2}H, AZIIA 7|Z2 2 SO,2F NOQ| 5E2 ZtZ} ppm EHRIZ

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3218)

Total = 95 pt
Final exam (34).

Hour: 9:00 ~ 10:15 am (75 min)
Date: 23 June 2020

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. =2 Zf S30 2SI L.

(1) EAMELE(NO,) HiEXAE et FHAT7[=(post-combustion)o|
= S

NCR I SCR 7|&  (HZ 60 X} O|LH =)
(2) B 7FA X =2k (exhaust gas recirculation, EGR)1t O|2| 21t (100 X} O|L{ £)
(3) M NO, H 4 (low NO, burnern)2| 2| (80 X} O|L{ &)
(20 pt) 2. O] QAT =R H HiEE|= HI7IAE 7IARAH 7|2 FHESIR/US M, CO,
8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm O[T} C}S 280

EoAl2

(1) NOOIl CHet HiESE7|FE0|l 80 ppm(3% 0)¥ 42, HME HiEXE
NOL| s =5 A LH5HA| 2.

(2) NO, 2| HiZX|=(emission index)E g/kg EtRIZ HMSIA|L,



—‘— = _ =X
(15 pt) 3. CH7|HBEXY AMFE KN1152AtSA H=2-H7tH £ H0iK Q|
T = o S|HFEO
HN=7|2 5) [HE 33]0| M=2M@020. 5. 27. €2 Jid), 7t&23@E)9
MzZ=7|&2 <& 1>10r 2L
<H 1>
= =
st 2 =7
USRS B (F01%) 24(21) Ofst
- —_— -
B BhF (% 0.7 0|5}
- -
22 (/) 0.013 03t
-t -t
ol &zt (g/h) 0.0013 O3}
- D -,
Ma 3 (2A%) 2.3 Olet
— e — .
Sof gl 3 (£I%) 16(19) Ol
o~
57|Y (kPa, 37.8°C) 60 Of or
* -
90% FE2E (C) 170 O[3t
HZ: 1. 23 (Olefine) T THSHY () 22l 7|F2 HE + ULk 0] 22 YHZaE L0 Wtz ()2 7IFES
x it
2. % BOE =76ty HWeEofolE wE J|E2 2015 W o1 @ 1 YRE 22(19) O[SHERIL%)E XHECH CHEL
FEAZ(LEEY - FRLA - SHED )0 ot E 2015 B 2 2 1 LRE HEDCE
38718 7I=2 i 6 2 1 25H 8 F 31 LA MZAHHM E1&E MEO thoto] HEHCt
ofgff <& 2>= 7t&EIf FEA HIHH 2| et g uts LiEfL 1 ACH
ASTM*
Specification test method Importance
Volatility distillation D86 Cool weather drivability
Carburetor icing
Hot start and driveaway
Vapor lock
Carburetor evaporation losses
Deposits in crankcase and combustion
chambers, and on spark plugs
Vapor-to-liquid ratio D2533, D5188 Vapor lock
Vapor pressure D323, D5190 Low-temperature starting
’ Fuel tank evaporative losses
Vapor lock
Research octane no. D2699 Low- to medium-speed knock
Motor octane no. D2700 High-speed knock
Part throttle knock
Antiknock Index — Average of research and motor octane no.
Corrosivity stability D130 Fuel system durability
Existent gum D38l Induction system deposits storage
Oxidation stability D525
Sulfur content DI1266 Exhaust emissions, engine deposits and wear
Antiknock additives D2599
Lead content D3229 Catalyst deterioration
Manganese content D3831 Engine hydrocarbon emissions
Oxygen sensor deterioration
*American Society for Testing Materials.
T 1T = o O o CkX
FOT <& 1>1F <E 2>5 7HX| 1 O =30 EotA2.



°
o
rir
N
ki

(1) <E 1>00M 7t&ERIel B7I¥E 60 kPa O|StZ |/X|S
A= HE <E 2>0A &Of 7|Ristn ZtzH2 MYBIA|Q. (ZF 30Xt
Of LH)

) <E 2>01|k| “catalyst deterloratlon"l'f H#HE= AS <E 1>0M HO}
(

Z}2} 30Xt O|LY)

(3) <HE 1>0A ZtEEIQl 90% RERZE 170°C OSt2 THSt= O|RE <H
2>0 M Ztop AEHSIAIR.  (Z 30X} OLH)
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718: @ O] S/ HAELSAMOM 42 Y& 42 Bt3E1 dd=0AMel & =
Al2=(oxygen mole coefficient) 2 *f okt
® 0] K[dE2 3F|EtxZ(lean condition)OA HAE|OX|1, EHA
NO,(thermal NO)= 125X &=L

© T ALY ZXHSt= Nt S&= NO2F SO,2 23| HetelCf
o FAEO ZgE %5 =9 00 2A G0l dd=29 i EAE yE

(1) AtAo| AX 2E80| 12%2 ENME|YUD, o =0.8083, p=0.0013, y = 0.033,
§=00570|2tH, ZAEIIA 7|F2 2 50,9 NO2| SEE 22 ppm B2
A5 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 3265)

Total = 95 pt
Final exam (28).

Hour: 9:00 ~ 10:15 am (75 min)
Date: 14 June 2021

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. L2 Zf S30 2SI L.

(M-a. MAHY E240| = F2 WIRE=E TF  (3pt)

(1)-b. CH~|
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o
SH|(AFR = 147)ECt H2 =2 42, (1)-a 0lAM EAHt
7|29

=2E9| MHzE Bt (3 pt)
(2) EAAMSHE(NO,) MH7|2 & X NO,(thermal NO,) A1t 2H&H S},

(2)-a. 0|2 I HALIZ  (5pt)
(2)-b. 0|2| Y& x[a2}5}7| ot HAKOf L (5 pt)

(3) HEte| sa1t 1S=t 7| @at HEHSHO]

A= L (5 pt)



(15 pt) 2. CH7|HBEXY AAFE H1152(AtsA Az M E= H0iH 2

Emwmowmwww

A= N e P SIS

Haszsgasegr

(@\] () —

S

=

or |-

100 | X O
X 4 o |
AP

S| |0k <
o 5. W gg
— |~ |0 |joO SR
0 |0 @0 gy 0 5y OF
ot 1ol | <y |57 u

L+
=]
(0]

i

2t

2

90%

ol
ofo

Kr

i

F10%)

FEH 22019 O[3k

1Y

g1 g

2015

=o
=

7|

el

9 mO 278

2.

FE|Of

[RX= M, C H,
2%

o=

=)
I @S|
==

g3l
5 pt)

X
~

of choto A

g
=

A

[

=

FHE(S)

L

[

A

b

i
il

(6 pt)
tS A 2f

=]
il

IS

Fa 0/g
240
r

—

—

¥

N, S, 02t 27|= d==2 O|F0A URACL N, S, O7t C, HRt 3t

F

-
(o]

[ 71F2 0 6 & 1 22E 8 & 31 LMK MZAHOM E0g

"7t
(2) DOIMHX]
A

(30 pt) 3.

CHoNpS, 052

i=]
—

FA
>

SEFO| otd]

s o 8
LHER <= QUCH OfeHofl ZO{F JHE SN THS 280 HEtAlL.

M 2l

Jod

A %=(oxygen mole coefficient)2 AHZSHC},

=
X1T=

NO

(eS|
=

|2t = (lean condition)X[A] HAL|O{X|1,

10]



o RuE0l EuE 589 000 BAYOl YyBL A EASE yE
AL BHCH

(1) MA9| AR BE 80| 12%2 SHEYUT, o =0.8083, p=0.0013,y=0.033,
§=0.0570|2}H, AXTtA 7|ZEC 2 SO,2 NOQ| 55 ZtZ ppm THRIZ

280N 2.

(10 pt) 4. O|FH QAT =22 H HiEL|= HI7IAE 722472 FESIRAE M, CO;
8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm SICt. NO, Off CHBt
HIES|87IF0] 80 ppm(3% 0¥ AR, AMXZ HIEEZE NO, o 5ZE2
A LHSHA| 2.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2919)

Total = 80 pt
Final exam. (44)

Hour: 10:30 ~ 11:45 am (75 min)
Date: 13 June 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!

(30 pt) 1. Ct=22| 2 2= dYSHA |2 (4 EE HYEA| 100 X} O|LHE 7|=)
(1) "@X NOy(thermal NO)" A8 HZtL|E (10 pt)
(2) 7t&E SEI|EM Sy T H2E 22 HMS= Ol] (10 pt)

(3) NO 48 z[23tE 2ot H2H O = (10 pt)

(20 pt) 2. HERHTTL0AM AMEStL Qe O gAES Z4oIAS M, C H,
N, S, 02t 77|12 dE=2 0|20 ARUCE N, S, O7f C Het stfM o= Ao
UEL 7PESLtE, 77] d252 HMelet Of RAUES oY 2 CHuNES,0:2

LIEFE == QUCL Of2fof =0Tl 71y Bt A BtS =30 BotA 2.

7P8: @ O] S/ HAELZAOM X 5 2124 HSE1t WHdSoMel & =
A %=(oxygen mole coefficient)2 A& StL},
® 0| RFAUELS 3|E X Z(lean condition)OA HAAEIO{X|1, €& NO,=
N 2{SHA| =Lt
© FAEL0| =X|SH= NIt S& NO2t SO,2 25| MBte=ICt,
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(1) M29| AZX SEE0| 12%2 SHE|UD, a=0.8083, f=0.0013, y=0.033,
§=0.0570|2}H, AXIIA 7|ZC 2 SO,2 NO2| 52 22} ppm B2
AESHA| 2,

(30 pt) 3. Lt2 =30 =S| BotA 2. (A4 22 BHEA] 100 Xt O|LHZ 7|&)

) Ot22 O AT F&E HiZ7bA Xjz=2Hexhaust gas recirculation,
EGR)S| &2} 0|9 ZIHE S 7HH|(equivalence ratio, ®)2| &+Z HO{F1
UL, A =8 @ = 0950 HiZtA2] 10%E EGRY 8% NO 5&=7F
F 5,000 ppmOll Al 2F 3,200 ppm2 2 SHX 3| ZAstE 0|R

Enai
Coolant ng?&

Unit

EGR
Caontrol Valve

() FHET} FAES] SHHOI X0|H

(3) AsAE B0l H7txl= HEXH2 BIHH S

Good luck on all your work to answer the questions.



