Environmentally-Friendly Combustion Technology
(Class #: 3329)

Final Exam.

Hour: 2:00 ~ 4:00 pm
Date: 20 June 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
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
Sulfar (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

* 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% N,.

(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 NO.
Provide three kinds of variables that primarily affect the NOy 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
CHNgS,05 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 NO, 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—%+ﬂ+5

(4) If the dry mole fraction of O, has been measured to be 12% and a, 3, ¥ and o 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

Final Exam.

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

Student Name:

(Class #: 3160)

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
you learned during this class if you do want to get just a point. Be careful with mathematics

and units!
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(1) Jr22 KNEXo RS MSSM02 AWHUS 0, 1 920 x4
CiHis O& JbEE & UUCH SIHHIIF 0.95 91 FR0 Y AADF DIt
S RYUE HAQ MG PSSO NO 2 MEECD JIFE O, 1
NO o SEZ HAstAIR

BHOIOEA S0 10%E =&ttt A WM H-8E=
NOy 2 =& < 4,300 ppm OlA 2,800 ppm OlotZ MZAIZ
AR =, 1 0l=E 2t M=0tAIL.

7

(30 pt) 2. Tt 2 &S 2t dHGHAL €2 MAI2.

(1) A= HEE X (Three—Way Catalytic Converter)2| =&

i

(2) DEJASOH e HIIYSESY HISASIEUNA JIE dAsE
S 0
(3)NO, HiE M2JI=S SUAM HASE M2 KIS (5 JHAl 014)
(10 pt) 3. OtcHOl FHA H= 2 & 3
HZEJl= S0l 78 MEJlEs BE0F=0 UL Us 24 =5

ASNEAAR HZ7|F (2002 4 18 1 A 2E)

lxzs s

10% THREFAZF (%) 0.15
AT @ 15 °C (kg/m?) 815 ~ 855
et (R %) 0.043
Ctog| @& (FI %)

FEN (um)

(2) e Hol =& 2002 & 1 2 1 E2H XNSM=s W 2R
HAD|AFS 0l 0.043 %0lote &eds = dRE M T =
UJACH Lk, 2003 4 E=! 6 ZRH AgEE  OHE

6
I BE2EE U A= 0.0050 % 0
BEEAIDID| 218 JHE Sl Jl=

(40 pt) 4. 2LHO| O Bt ZSSALHANAM AIRSID Y= ESE SAGIAS 1,
JZERSC H N, S, 089 %22 2I|2 252 0/120{/ AACH N, S, 0 It C,
H 9 3istMo2 2eeol YLD NFEBONE, 2I| 2SS MAS 0 Z22
BI8HAI2 CH,NyS,052 LIEFE 2 QUCH TS 2 220 Z5HAIR



(1)0] =EK9 dHABI2AS MAIQ. WIIA, x 2 y E 22 Br22))}
MSESOAS AtAH S (oxygen coefficient)2 AtZstet. &, 0 8=
5|8t XAH (lean condition)IAd HAAZIHX D, €& NO, (thermal NO,)2
MANZS Dot L=CtD JHESHCH 8 =8 o "XHOP“ IS =
NO 2t SO, 2 2N 5| Met=ICh] JFE etlh.

(2) M= NO 2F SO, 9 AXIA SESN SSRIA SESS 22 MAIQ

Q)SE HIIJIAS &= S AX HHIJIJIAS & SEE82 HIE EOAL

(Ans.: 1+ & )

4.762x—%+ﬂ+5

SHLYUYLYI, =0.8083, p=0.0013, y=0.033,

(4) &hA0l AX SEE0| 12%2 SE L
5=0.057 0|ctdH, BHSS0 A2l &tAAH w0 x 2t E Z2EOIAIL.

(B) HEINA JIELZ SO 2 NO 9 s&5 22 ppm &

ol 27| Y Z2I|Hs
HFEX2H92Z 1 atm, 0°C 2 Jt¥sttt

(7)(B)HA L& ZW0 JI=e M, 0 =&&EAS HHIIJIAIL Z2I|=2
SIME Y= HEE Z2EHoket.

(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 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
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 & SRFELMANM AIZ6ID Y= SERE 2461ES M,
1=%=C, H, N O2t &2t 2I1282 82=2 0|2 JUJCE N, S, O It C,
H 2 stefdoz2 2N AL Jt8etH, 2I] 42=2 Mest 0 S7<2
SHEFA 2 CH NpS,0s2 LIEHE == QULCH T2 2 230l E€6HAI2.

(1)0] RS9 dAB2AS MAQ. HIIM, x 2 y & 22 S22
MEZH M2 AAAHZ2 (oxygen coefficient)2 AlEsotel. &, 0 SR
32X (lean condition)lA HAZIHXID, €& NO, (thermal NO,)2
MAE JHotAl E=00 JtESCH o, =% WHl &Mot= N 2 S =
NO 2t SO, 2 2t& 5| MetECHa) DA st

(2) MAEE NO & SO, o HEIA SEEI SERIHA SEES A2 YA,
[m] = =

Ctet, 9= NO (thermal NO)= D 246HAl &

A
S
=
It
10
Oh
g
HI
0
10
=
i
ne
0
=
0

(B)s& HIIHAS & =28 A

(Ans.: 1+ )



(4) AbAS] HE 2280 12%2 =XZAD, 0.8083, 0.0013, 0.033,
0.057 0|21, HIS 20 A Ol AFAHL0 x2S ZAHBIAIL

(B) HAEIA J|Z02 30,2 NO 9 ST 2 212 ppm S22 LHEIAIL

6)0l2 2I|2Fn WY 2IjFE 22 Nm® o2 AFGIAL. o,
HEXHOZ 1 atm, 0 °C € J}A st}

(7)(B)IA 2R Z0O JIXS M, 0 LAEAO HIJIJIAIL ZIJI2
SIMEIU=K HEE 2R Gtet.

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

correctly.)

(20 pt) 2. 2003 & 12 & 10 & JIE2Z, ot F=HE H= =22lLiet
HoletEE28E M 103 & 2 IP%iPE‘E MEJIE SUHA 2R HXI|E&=
SO0 ULH US 2 =30 EotAl 2.
N Z |2t

) =8t 2 2005 @ 12 & 31 dtX2006 &8 1 & 1 2 2H

9 & = 3§ 2 8 & (RU%) 35 (30) Olat 30 (27) Olat

H Mg 2 (RUI%) 1.5 0lat 1.0 Ol3l

o & = (g/f ) 0.013 Ol ot 0.013 Ol ot

ol & & (g/4 ) 0.0013 Ol ot 0.0013 Ol ot

oA B2 (RH%) 1.0 0|4 2.3 Ol ot 1.0 Ol &t 2.3 Ol Gt

= 4 B & 2 (Rl%) 18 (23) 0lat 18 (21) Olat

& & 2 (ppm) 130 Ol 5t 50 0|5t

= J| & (kPa,37.8TC) 70 Ol &f 65 0|5t

0% 7 & 2% (C) 175 0| ot 175 Ol ot

HlD: SdE (olefine) & &0l AL () et JIE2 AEE £ UL 0] 8=

ASIESIESEHES () &2 J|IECZ HESEH

(1) sdE &0 =20 dAASE0 SISz =27otn 1 s

1 Hot= Ol RE 2tetol JI=0tAIL
(2) &&= 3l &= 2006 1€ 1 252H 30% OlotZ A Mot=E 0|8
|=GHAI2.

(20 pt) 3. 2001 & 5 & 23 & ASESESHA0| MO 2004 & 2 & 17 &
A5 (50 I =IF 0lA0l HIEA2ASA E=)2 500 2004 € 5 2



17 L2H 0 €20 ESTACH ReluetsE 2001 @ 10 € 4 & 0] g2l
MNESIR O, &M =2 816t JUCH (01=, =, A0t SE HIE=2 0tY)
0] ol SM2 ARH RIILAZZE (Persistent Organic Pollutants: POPs)2l
MAL A2 L HHES EFSHO2 22lotD X &0l JA=sdl, BE5MH A0 9E, 254
BOl 135, 25K C0l 43 (35M A0 =8 HCB, PCBs & &0t CHOISA &,
E2R)OCZ2 12 T2 KRIIRISE S 1 Aoz Hotld /UCH B4 C ol H8t
4 ZS2 HIATECZ MY HiEt=e Z2RE 2ot=0, s tHiEs82 HEXQI
OE GtL2t 21, D IEN2 & 2E2 st H8J|2 =52 890AI2.

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 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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(4)CI& Xtsx H=290 & 2 Yskx stets 2Us 20l= 0l
(50 pt) 2. 2UW2 0L &t EXHUMANAN AIZ20tD Y= EKE 246U S M,
8= C,H, N O 2 22to 2I12 4222 0120 M JUIUCE. N, S, O It C,
H o ststdoz 2 UCHD JHEsOH, 21 d2=2 MHels 0] =89
SFSFAI 2 CHuNS,0:2 LIERE == AL O3S 2 =230l E06tAIL.
(1)0l /9 dHABISAS MAIQ. HIAN, x 2 y E 22 Bi221
Ak 2 Hl2 (oxygen mole coefficient) AFZa6tet. &, 0]

MEZSUA

ERe 32X (lean condition)WlAl HAZWHXILD, €& NOy (thermal
NO, 2l MAHE Dokl Z=0tn JFESCH 8, &7 Wol =Mdl= N o
S= NO 2t SO, & 2tM3| M&t&CHo JFESHLE.

o =22 02 0 2HE0I

N | —

HA =0& HtHz S=70 Ze=
A



(2)MAEE NO 2F SO, o HAXEIIA S S8IIA SESS 22 MAIL
I8H 2 X NO (thermal NO)= 1246tk ¥ =L
B)SES HIDIJIAS &= S22 HXZ HIDIJIAS & S2E2| HIE 22AIL.
(Ans.: 1+ &
4762x— %+ g+ 6
(4) ArAC] HE 2280| 12%2 =X EAD, 0=0.8083, p=0.0013, y=0.033
5=0.0570lctH, etS2UHMN MALH 0 x gt=S Z2HOIAIL.
B)AXINA IE2Z SO, 2t NO 2 s£E 22 ppm ©HRZ Z2HGIAIL
(30 pt) 3. Ol2HOll =& HE= R2lLiet WIISFEEYE H 103X 2 ANsSXHEZ
HEIE SUHA LR MEJE2 B0HF=0 JALH O3 2 230l EotAlIL2

N Z |2t
I =a e 2005 @ 12 & 31 dtX2006 &8 1 & 1 2 2H
g5 = 5§ 2 8 ¥ (R1%) 35 (30) Olat 30 (27) olat
H Mg 2 (RUI%) 1.5 0l &t 1.0 Olal
o & 2k (g/L ) 0.013 Ol ot 0.013 Ol ot
ol & & (g/4 ) 0.0013 Ol ot 0.0013 Ol ot
oA B2 (RH%) 1.0 0| & 2.3 Ol ot 1.0 Ol &t 2.3 Ol Gt
= 4 H & 2 (Rl%) 18 (23) 0lat 18 (21) Olat
& & 2 (ppm) 130 Ol 5t 50 0|5t
= J| & (kPa,37.87C) 70 Ol ot 65 0| ot
0% 7 & 2% (C) 175 0| ot 175 Ol ot
Bl SelE (olefine) &0l CHSIN () etel J|ES HEE == ULt 0] B
SSESIESEHES () &2 JIELZ HESH
(1) o sszs AHMols 0IK] 2 KIS JI=6HAIL
(2) 2006 H2H YR I AHIIE0 23E= 0IRE JI=0HAI2.

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 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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(30 pt) 1. Or2HOl =& HEE= Relliet HIIestEEEY H 103X 23 IS E
MZEINE SOA LR MEINES 20HF10 UCH S 2 230 otAlL

=g = EX)|I=

g =5t E 2 Y (RI%) 30 (27) Olat

B H B S (RI%) 1.0 0I5t

& 2 (g/f ) 0.013 Ol ot

ol & & (g/2 ) 0.0013 Ol ot

o A B 2 (S%) 05014 ~2305

(H23:1.00/4 ~ 2.3 0lal)

2d g (Rl%) 18 (21) Ol 3t

2 & & (ppm) 50 0|6t

S J| & (kPa,37.87C) 65 0| ol

0% R &2 < () 175 Ol ot

HlD: Sl (olefine) &0 TSt () et JIEE2 HEE £ ULt 0| B2

USZSESESZ () &2 IELZ HESHT

(2) 2006 ERH LR SIIY AMIIE0 23tE= 01FE JII=0HA2.

(3) =SdlT &S 18% 0I5tZ A HMSt= 01 E E&YotAIR



(50 pt) 3. 2LHO| O Bt ZSSIALHANAM AIRSID Y= ESE SAGIAS 1,
JZERSC H N, S, 09 %22 2I|2 252 0/120{/ AACH N, S, 0 It C,
H 9 sistMo2 2eeol YLD NFEBONE, 2I| 2SS MAS 0 F22
518 AI2 CH,NyS,052 LIEFE = QUCH 03 2 220 Z5HAI2.

(1)0] RS AHABIEAS MAIQ. OIIAM, x 2 y E 22 BIES21
MHASUH ML &AL = A= (oxygen mole coefficient) 2 At&aotet. &, 0l
EREe Sl2XAH (lean condition)HA HAZIHX LD, €& NO« (thermal
NOL 2l MAE NHGHA =0t JFESHCH £8 =% WOl &Xote N o
S=NO 2SO, 2 2&&s| Mt=ICtD) JASHL.

’

(BE: 2HUAM =08 HtHZ S|R0H ZSE -5 =2 O, 0l 2tAH L0l

(3)S& HHDItAL & SES0 AX HIJIOtAL 5 2282 HIE E2AI2.

@

2
(Ans.: 1+ )
@762 -2 L .9
42 2

12%2 SEEALD, a=0.8083, p=0.0013, y=0.033,

(4) &hA0l Ax SEE0I
SS=0 A2 LA =01 xgts 2EHGHAIL.

3=0.057 0lctdH,

(B) AXRIA JIELZ SO, 2 NO 2 s£5 22 ppm SHRI2 ZHGIAIL.

i®)

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 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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(10 pt) 1. OteHOll =& O JtEel AN RH HED= EA438HE (Nitric
JlI @18t otLtel ot 2 BHJIJIAE MH=&tot O

Oxides, NOy)2 MH=S MG
FUEE Az I = = BHDIJA TH&=# (Exhaust-Gas Recirculation,
EGR) Jl=2 &2 SJtdl (Equivalence Ratio, ER)S &2 20F=10 UL
CtS0l =& 2 230 €6tAI2.

5000 - A

4000

T

3000

2000

Exhaust nitric oxide concentration (ppm on wet basis)

T
=
I
to

1000

EGR (%)



AZ0A &

ME=0otAl2.

A
T

o|l =
AN AL

F1.0 &
HIGHO BHOIJIA S0 10%E =8tstCHH
4,300 ppm OIM 2,800 ppm Oldt=2

(10 pt) 2. Oteh F=AHA
stg= HiEslsllE

OIEP

EL

Ol, SJtdIJF 1.0 & M, BHIIJIASE =& AIZIX e
A LA HEE= NOL2 =
MZAZ = JA”J=0, 1 0I=E

20008 1 & 1 €2H di¥ APO”“OH HEE

Hg A2 BIEdEJ|I=0l ClotH =2

T AN= 2242 20/6HH, 0|2 20| of= 0|RE EYolAI2.
2235182 (1) HS - HIS HILA HelAld(a2tgp 2
(Hg 2 A) TEEHH 9 MEH D2 DE A2/ Z(RDF) E= | 0.1(12) 0l8}
(mg/S m) HEZECHAE DEAZME(RPF) d2A4
(2) LFAIL(DHAZ ALRAIL) 0.1(6) Olat
B) M1 X 2EMEAIE =& AAR 0.1(15) 0l &t
(4) ANHIE-H35]-Z2IAE L O HE MZAL = )
0.1(13) 0l&}
ABIE AMAIA
(5) 1 2o IS AL 5 0|5t
(50 pt) 3. 22U 0L &t EXRIHLEANM AIZ26tD U= SRE 24618 M
d==8=C,H, N, S, 02 242t 2I|2 42==Z 0I12HMH URUCE. N, S, O It C,
H o ststdo=z 2 UL JHEsCH, 21 d2=2 MHelst 0] 82
BtBLAIS CH,NgS,052 LIEHE & UL TS 2 2SS0l ZotAlI2
(1)0l =R SABISAZS MAIQ. OJIA, x & y B 22 piISED
MA=Z0AM O| AbA =2 HlZ (oxygen mole coefficient)2 AlEs6tet. &, 0]
8= gl8XAH (lean condition)lA HAAZIHAILD, €& NO, (thermal
NO, 2l MAHS DedotAl =00 JI-SCH, £6 S8 WOl &MMot= N
S=NO 2SO, 2 &0F35| Met=CHD JFAESHCY.
_ . 1
(8IE: 2HMUAM =& HIHZ =SS0 ZE&= 55 | Oo Ol 2tAHEL0]
MAZOl ML = HEsy E AEEHT)
() MAHE NO 2F SO, of AXIIA S22l SSIIA SEESS 22 MAIQ
Ctet, &€& NO (thermal NO)= Dot Xl &2=C
(3) S HIDIJIALS = 228Ut HAX HID|JIAS &= SEE82 HIE Y2AL.




@
(Ans.: 1+ 2 )

@762 -2 L .9
272
(4) AbAO] A %%%m 12%2 =HE YD, 0=0.8083, p=0.0013, y=0.033,
5=0.0570lctH, Bt==2 U0 ML &AH O_X%\*% Z AN L.

(B) AXRIIA JIELZ SO, 2 NO 2 s£E 22 ppm SHRI2 ZHGIAIL.

(30 pt) 4. Ol2HOll =& E= RelLict HIISFFEEE H 103 X 2 NsSXHS
HZEIIE SUHAM LR HIJIES 2HFD ULH G2 2 230 €otAl2
I EE S seJl=
2008 & 12 € 31 LNHX| 2009 1 2 1 22H
gt st =35 & 2 2 (RI%) 30 (27) 0I5t 24 (21) 0I5t
Bl ® & (2T %) 1.0 08t 0.7 0]}
8 & (g/t ) 0.013 0|3t 0.013 0I5t
ol & & (g/t ) 0.0013 0|3t 0.0013 0I5t
1.0 014 2.3 0|5} 1.0 014 2.3 0I5t
A A 82 (RH %) 48 1L2H102 (421226102
31 YNA 2105 = MB:| 31 LA 208 E=
0.5 014 2.30lat) |[MIZ:0.5 04 2.3 0lct)
£ B S (RU%) 18 (21) 0I5t 16 (19) 0I5t
2 & & (ppm) 50 Ol 5t 10 0I5t
60 0| &t
= J| & (kPa,37.8C) 65 0] &t (20108 1 &€ 1 L2H
M)
0% K E25<(C) 175 0l &t 170 0I5t
I SelE (olefine) 820l CHSIN () ot J|ES HE& == ULt 0] E=
ASIESIESEHES () &2 J|IECZ HESEH

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 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
you learned during this class if you do want to get even just a point. Be careful with
mathematics and units!

(40 pt) 1. OOl =& 2 85Ol 2 “ T" 2, §cl¥H “ F" 8 LA,
U KN Y SKotH Lddote 3 Raze=E
(
(2) WSS EES ti=cte MEEN HEL = IS EIIE (P22
/ >

ppm OILF mg/m°)2 A0, AILEOUA 84 SOl st wEoz F
Jlzs E3AMIe A= gAg =/He=z 11 Jl=Egt &0l

e o
ol Qb
HU

(B) W&t ZBENYE X 103 = 2dH sz MEIJI=0A s WO
SR SHE (SESIESIEA)S &2S 18 = 21% Olot2 A Hol=
Ol = sSdEI0| Otets! (E3tESt=ANEC 2 H0| =2 HE0ICH ()

(4) At=x2 Lol d20lce MA= 2Y (soot) ES =2olot) S EHZ
F=HS HAEBID| ol 246 S0| EOF=ICH ()

(5) HE OS2 iEss HiEX+=2 UEWHE gH 34 oEE
sk & Q. ()

(6) EALSIS (NOx)Sl MM 2&HSH HAHLISSZ 2 [, NOx 0l D01l A
e digo0z =2g3& gjl =0 &R= N, 28 0, 2t tlFSOH ©J o
MAE = " Thermal NOx” , CN O|LF HCN 0] B+ES6HN é:”édE " Prompt
N = N S22 22H J|2al= “ Fuel NOx” Jt
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o

_ e
a1l
|J
1
Pl
=)
[]0|I
io -
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= 0f
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=
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otAI 2.
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00
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=
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otct.
22X NOy (thermal

=
=

x 2 y

MAIL2. IIA,

= o o (=}
S72 HABISAS

MASUH AL &AL & HZE (oxygen mole coefficient)2 Al

(1) 0l

HAE O XL,

(lean condition)0il Al

=
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P
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AH A
S o

(2)
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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 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
you learned during this class if you do want to get just a point. Be careful with mathematics
and units!

(1) A=A S E X (Three-Way Catalytic Converter)2| S &
(2) AAWF0AN &= NOx 2 &7
(10 pt) 2. OtcH =O01& H= 2010 & 1 & 1 E2H oie ALEN HE2 =2
H

HEEIIE0ICH Hg ZA2 BiEalESJI=0 Hott 23 Wl =3
£ 9= 20lotH, Olet 20| o= 0172 E£FotAlI2.

~S3582 (1) H4-HIIS HIA AAHRINLR2ARLAES

(Hg 2 A) EEICH 2 MEE IS DEHZHEB(RDF) £ | 0.1(12) 0/t
(mg/S m) HEZetAE DHEAZREZ(RPF) M AL
(2) LHEAIL(DHSAE ALZAIL) 0.1(6) Olat
(3) M 1 Xt SEMEAL = 222 0.1(15) 0l 3}
(4) NPIE-S3|-Z2tAH © 0 RIZE MEAL & _
0.1(13) 0l &t
ABIE AMAIE

(5) 1 Sfel HHEAIE 5 0I5t




(10 pt) 3. OteHoll =& D2 Jtsel AXOZLH s = EAAMSE (Nitric
Oxides, NOy) 2l MAHS AN st 6tLIS 2otOo 2 HYI|IIIAS =850
SeLsE AU BI12F E&ot= HHJI0IA =8 (Exhaust—-Gas Recirculation,
EGR) Jl=2 &2 SJtdl (Equivalence Ratio, ER)S &42 20=10 UL
CtS0l =& 2 230 €6tAI2.

5000

4000

T

3000

2000

T

T

Exhaust nitric oxide concentration (ppm on wet basis)

1000

®=13

0 ? ? sl“_ |

0 5 10 15
EGR (%)

AN & = A0, SItEIIJF 1.0 & M, BHIIJIAE ==AI2IA 2= 220
HIGHH BHOIJIA S0 10%E =&tetCtH X LHHA MAE = NOXQ SEE <&
4,300 ppm OAl 2,800 ppm OlotE MZAIZ = A/A=0, O OIRE 20l
A =0lAI2.
(20 pt) 4. OfcHOll =& 2 €0l 2H “ T 2, S2lH “ F7 8 MAIL

(1) HES S22 Z23o6l= U UNHA JHE ZSR0HH Deddle 30K RAZ=E
M (ash) &, M 2325, &8 20ICH ()

(2) AisxE CloIE Hd=2lle MHE 2HY (soot) S= Sdlot)l HEEHS
s AHGID| /o 248 S0l Bot=CH ()

(3) M ELS| HIAKH (fly ash) 282 % 0t JIsdt & =010F ol= 0||R= A 0
HIATHOE HHOEA SE (duct)Of &EAESHH 229 248 S22 0tJ|6tL
SA/EEAEI0 g2 =D E0ICH ( )

(4) SEHIGCC = AEsS 20N 2E HAAAH 2Mol= D29 €2 0|0l
22 It SISz MIIE MAGt=E HRE 2L&HCh ()



(20 pt) 5. OteHOll =& HE= R2lLiet o183 EA&Y M 103 = 23 ANsXxA
HEI= SHA LR HMEI=S EWFD JUALHE OS2 23S0 E6HAI L.
=g =2 SaJlE
2008 @ 122 31 2LNIK 2009 & {1 & {1 L2FH
Bt 5F = 5 & 2 8 2 (RE1%) 30 (27) Ol &t 24 (21) 0l &t
Bl H S = (B%) 1.0 0I5t 0.7 0|5t
= &2k (g/d ) 0.013 0|8} 0.013 0|8}
ol g 2f (g/4 ) 0.0013 0|8} 0.0013 0l &}
1.0 0]& 2.3 0|5t 1.0 0]& 2.3 0|5t
A AN B (2H %) 4 1Y2HI10E 4 1Y2EHI10E
31 YUNK EDE = ME: | 31 YNK D& =
0.5 0l& 2.30l8l) |MIZ:050la 2.30!|5}
s gl B & 2 (RU%) 18 (21) 0I5t 16 (19) Ol 5t
5 & & (ppm) 50 0| &t 10 0| &t
60 0|5}
= J| & (kPa,37.87C) 65 0|5} (20108 1 & 1 L2H
eSE=3)
0% R &2 < (0C) 175 0| &t 170 0| &t
HI2D: SaAlE (olefine) &0l CHEIN () &2 D=2 g 4= UL 0] &
SISEESISSS 2 () &2 JECE HESHH
(1) 2010 UEH &Ko =I|2 AMII=0| 3= 01K E JI=06tA2.
(2) 2009 UEH=E sdt =S 16% 0lot2 AHMII=S HE 23o
OlRE 8YotAI2
(20 pt) 6. SFIELHAUHA AIZ20ID U= ERE S24oI¥S M, O SRK=C, H,
S, 0% 22t0 20|12 d2==2 01FHME U/UCE. N, S, OJF C, H 2 st o
2L JATD IHFEOE, I H42EE2 MAS 0 ERY SiEt4l
CHuNpS,0sZ LIEFE == QULH OtchOl =0 & JtE ololA TS S50l E0tAl2.
I8 @ 0] S/ HAABISA WA x2F y 2 22 BIS210 M0 A2 At
H %= (oxygen mole coefficient)2 AFZEHCH

=
>
Q
-
n

® 0] SR = 32X A (lean condition
NO,) ol MA&S Deddtkl &=L,

© == U0l &Mot= N2t S= NO 2 SO, = 285l &et= L
0 ==0l Z=&= %5%& Op Ol 2H B0l dd=2 & = H== vy
At etlh.




(1) AtAQ HAX 2=

6=O 057 0lctdH,
otAlL.

(2) |§+Dlaﬂf Mg

Good luck on all your work

20| 12%=2 SHEHULD, a=0.8083, B=
ALIA JIE22 SO, 2 NO 2 OE%



Environmentally-Friendly Combustion Technology
(Class #: 3698)

Final Exam.

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

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

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! 1 can not do give any credit if you do not write anything—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. OteHel &2 &M JiEe A NSKU HsSE D Aes BHItA =8t
(Exhaust gas recirculation, EGR) Jl=2| T
TWC)2 2 2XE EW =1 UL TS0

=
®
)i
=
©
<
O
o
=
QL
<
%
o

High volume EGR

Three-way catalyst
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. -
ol Of < £ ] o5
T T g ) S & 0l U
o] Ul T Ox <k Il uJ T TJ
k= S pd = = E m <
Kt zr oo} Q 1 = To)
T oy =2 KK W = S 0
- w0 G = B = = 4_ﬁ.v
w 2 0 m s SN w o i _
50 W M 7 < %_%_ . Al = U_A S
R o= J -
MM 000 o o ol Qu,._._uv @ K 0l0 o )
=3 = 7 K Il 0 < oo O =
e} 2 .o X0 el 10 g . __mﬂ o2
0l o w8 2 TS M . _AI__mr__d__dm__A:__H &
U = reEx s o = A = N)__mmmquﬂ__m__d ol
70 K < = o 03 . O il pA :nmm?BB %__SA\U/__mﬂ@ﬂmmo
s & = e ok NS 4o.o.wMo1zo1domM£
U5 cE2s9 7 S A 1502 g R
~N _ qcoU =z 0 ® o < A06167 :
5 © wmm|mo R 52 = N
o3 =835 o ™ Ar ~p O 5 T
DR T o o & o - o ol ~ 00 i
R0 mei;.__: %o -0 X o Ke — T W il
~ F < N ﬂml_?. OI.* = J OF M = Ok w
o B8 = o~ o) K] o dW S
3 S o s o ro 1 J[Igal < Te) o
- _ g__o_ Ao_.A 2 W = KO = — - O_ i
R o1 > | X {) ol ol o0 = H R 3 K o Ok
o0 LW = = AN — Hooo=
= o_u/nwo_nlm Moo a3 E ) Ol = =~ 5 ©
o KH mw,/w_u v KIS A _ﬂua____ mow” oF Py =
g Mamg _ D oERd w2 I oo Ik o
54 57520 OF 00 M= oo A i i o) 0
SR o Ko =< NS5 e " aE _F 5 P =
A © © © <4 RO Be Bs = I B g~ 2 T
nE 2 S0 LS S w22 R = 253w ~ o
~ = S — Ko %__a_(wﬂ H_T)_/.m\mao o &
9 @y 0 532 G or o
= " rag I 40 wo| g © g0
S U KK Kir | o w0 5|2 < 0l =5 oD LY
&= [~ 053 4 m) |0 zp OF I fof ok
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2o = |2 | 0 -~ I
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i)l
|0

A EN HEZ= BHESEINE (Lt
. ANEEOUA 24 SOl Qe gz

lEs SBZANIe= NS ‘%*Ilga* SHNOZ IEGEIIE !
Bt (

S >

fol o
_'Q ol

r

=
oA

U
E*o

=

(4) AAZBHONA NOx2 MAES 2AMoH)| fol HDSFER2F (peak flame
temperature), ZDSHE S0 A2 XS A2 (residence  time),
SHERENAM 28 HF  (turbulence)dll 28t AAZBZQ =20l4dsS
ZA3ote AAMAHE0l 28822 NHSCH ()

(5) et o2 RHE2 JIEOILE HHHAIZ S Heteo =z M&telD, & & 20|
AlNCozZ U2 RAHER2 MYPE B0 el IS0 ()

(6) SSASX2 22 0SS0 Ost iEdE2JIE2 &HotAHL ga=22&
== A&t R0, B8 S2HH2IH Histl= LESEQ 2oz
LIEFUHCH ()

(10 pt) 5. OteHel E= Ji&d B&2sS Holole 0 JI=E S0l otUE 201D
ULE.

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

S AF
(=]

I

A O]
T AN

rir
o

=0zl

uin
nio
E
i

S (Volatility)0l U =2 J20 A
&z 4HoAIL.

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. Be careful

with mathematics and units!

(20 pt) 1. O A EHCgHig)2 SHAAIIE OH AXNOZ2LE HIECE = HHIIDIAZ
tAZA)|2 SHGIUS M, Ofdiet 22 AXDJ|E 4= UL
CO, = 8.44%
0o = 8.79%
NOy = 76 ppm
CO = 44 ppm
HCs = 15 ppm
(1) NOLOII THet BIEAZI1E0l 80 ppm(3% 0,)Y ZL, AHMZ HEEH=
NO2l s&E HAOHAIL.
(2) NOy 2| Hi = Xl 2=(emission index)E g/kg SH¥IZ HAGIAIL.
(10 pt) 2. HAAZ2HUHAN M= NOw= LEHESZ Ofciol =0 SF9
HIZILIS S0 2ol A S

O Zeldovich HI2HLIS
® Fenimore HI2ILIS
© 2 E A HItLIS

AJ9 2 HAHLIBS EReIE EHGAIL. (212 30t OILH)



(30 pt) 3. OfcHOll =018l 2 AHOl 2H “ T" , SelH " F" £ YA,
(1) HEtS =<IE ZH56t= O UM IHE SLoHH 1DefdtsE 30K R4A2=
M (ash) &, 8825, 2010 ()

(2) NOoI 445 Aot 2ol znstE 2 (peak flame Temperature),
HotE2T0HAM2  MFAlZHresidence Time), SHEAH0NAM 28
3 (Turbulence) Ol 218 AAZBZ 9l E0l142 zAs&t6t=, 08 3T
ALMOHYOl 28822 DHECH ()

(3) AE0 ERE =2, L IHASE, DL L | &S Z2Hol= Oe
pS|
S|

(4) &gl s BIOIHSH dAHME &Xcts F2HE2 £ Fo SHHIS
HOoistD, 4JAZMEX(TWC)E E&otI| RAR0ICH ()

(6) =201 == Ues ROFY JALATHES HZ HEH dHYol=
o

cl L0l E(lignite) 2l 2& W S AFSICH ()

& @ 0] SR2 HABSAUMN x2 yE A2 BtS2 MESUH AL &t =2
Hl == (oxygen mole coefficient)2 AISStC}.
® 0| SR= 38X (lean condition)HIA HAZUHXILD, & NOy(thermal
NO,)2| MA& S 1NedotAl %=L
©® == W0l Mot NIt S= NO2 SO.& &M 3| MEHE L.

0 =2 OO0 ZAB0l dd=2 &t = H=x= yE

(1) &2 AX SE280] 12%2 SHERYD, 0=0.8083, f=0.0013, y=0.033,
ALENA JIE2Z2 SO NOS =& 242 ppm ©HRI=2

(2)0I2JJ1Z WABISHS 22 Nm® 2 ZHGIAIR. ©, HEZAHOR
1 atm, 0 °CE Jt& &t



T HIIE

24 (21) Ol at
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0
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¢}

9]

]

P

]

P

o
o

O

0.7 0l
0.013 0l
0.0013 0]
1.0 0|4 2.3 0l
42 1L2H10E 31 2NX 2108 = HS:0.5
2.3 0]
16 (19) Oldt
10 0l
60 0o
170 0l

AL
(=]

0ir

700

&

Jlet (kPa, 37.8C)

90%

=
=)

HMEJlE S0HA E=2 M|

(20 pt) 5. OteHoll =04

ol &

Ct.

o3
<k
oll

040
Rr

oI
kA

o1 O
3l o)
0

-

— Rl
S M
o 0l
= i

Ol
J

. —

n0 ol

_

100 oJ
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= o
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= il
ol ToT
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= 0
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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 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. Rl P HOISEENE M103x 23&H NsXgdsE MIIE S0A
ot F=S

LRl MEIIE teh et 2ZCt S 2 280 E§5tAI2.
=g = M=
SSEE SlEtE & (BRI %) 24 (21) Ol ot
HIE & (R01% 0.7 0|5t
o &2k (g/t ) 0.013 Ol ot
ol &k (g/t ) 0.0013 Ol at

1.0 0|4 2.3 Olot
A BHEE (R %) (42 12 2H 108 31YNA &210&H= HS3: 0.5
014 2.3 0lal)
ST S (RO %) 16 (19) 0lat
2 s (ppm) 10 Ol ot
ZJ|e (kPa, 37.8C) 60 Ol ot
90% = T) 170 Ol ot

107
Lo
=i

(S5
0
u =

AdSZSE =SS () &9 Ii—QE HZ e

-0

HOIM = M, #&ZR S RULDIE
=clZ 0l 16% !0, LIH Xl 60%0il ol & ot=
-

E|’3|~A/\O| 2}0!»7(4 fg; /\—|D:| I,AI (E



S2 ULINMOZ [YIIQUEZSE HI=S
T 225D, 9 ZOAA Z0l 24%IX
|=3HAI2. (EFE Al 50K OILY)

(2) HLRN BUTE LS oE

SItAIDle & &0l

(20 pt) 2. SIHLHAUM AHBSID U= BRE SAHGIUS B, 1 SREC, H, N
S, 0% 9219 2|2 H42S2 01Z0M UUCH N, S, 0JF C, HYt sistm o2
2etelof UCHD JHESIOE, 21 H2SS Most 0 FRI sstae
CHoNpS,052 LIEFE 2= QUCH OtHOI =01 D1 S SHIM CHS 220 ZotAIR.

IE: @ 0l RO AABISANA X2 Y2 242 S22 MHS0M ML 2

H 2=(oxygen mole co efﬂment)i AP%@D.
® 0| SR getXAH(lean condition)lA HAEHAILD, €& NOy(thermal

NO 2l &S Ded5HXl L=C.
© == W0l &XHot= NIt S= NO%t SO& 2t&o| &&= Lh.

0 =2 OO0 A0 dd=2 &4 = H=

rr
<
i

(1) &tAS] HE S EE0] 12%2 SEEJD, 0=0.8083, B=0.0013, y=0.033,
AXNA JIE=2=2 SO2 NO2 s 212 ppm ©HRAZ

1 atm, 0 °CE J&A &tHL}.

(20 pt) 3. Jt&E AX XSX0 HE8DD Us HIoLA M=% (Exhaust gas
recirculation, EGR) 211t &2 =0H& Xl (Three—way catalytic converter, TWC) 2l
OIE OfchH UM B0 ULE TS F=HE 2 2 S0l ZotAl2L.

High volume EGR

Three-way catalyst

(TWC)

—_— =



(1) f12 Og 20l EGR Jl=S HEoIAS M, NOx2 =5 M4
ZAaAZ = JAsl, O 01w 2HGHAI2. (BFEAl 504 OILH)

(2) 2 ol =& TWCHA HE IILIYESEES0| HEXOR HH
MEIZ2 HHE=EXE dHEIAI2L. (BFEAl 80X Ol LY)
(20 pt) 4. CI2 2 220 2+25] ©5HAI2L.
(1) €= NOx MA HHLIZS (BFEAl 50K Ol W)
(2) CI& AZEIINMC ol (5IHK &)

(3) 0 HIILESE HHE=EE HEX+=2 LIEE 2 23

(BtE Al 50Xt Ol LH)

N

(4) NOx2| MM E ZATAIZ £ A= o

HMO(SH) 2 (BF=Al 80X+ OILH)

(20 pt) 5. OF2H Hoil= CHat ZFO| MEH0| THEH DEE AT DTS2 HO0IE It
FOIM UCH S 220 Z6HAI2.
I DHEL B hCEEE
e (%) (Btu/Ibr,)
A 27 5,700
: 63 10,900
C 99 19,500
D 41 9,200
£ 87 17,700
(1) 0% LY BRO AEB2 =AY (rank)0l 6 =F6t01 25 X450
A9 =2ARH A SR AES LHGHAIR
(2) DHEASHOR 2 O, ME E= A0 SUEOR 2 & YT 0
SOIES HEXO AN ST SHGHAIR

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 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. 4SS 2 ES0ll 2t23| oAl 2.

(1) NOx & HALIZ (BEAl 100X+ OILH)

Ol

(2) D12 BE2XY HMI103E 283 ANsXHHAS MIEJEUM SHE SSS 16%

Olot=z s Hlots 0IR

g

(3) 0 HIILESE HHE=EE HEX+=2 LIEHE 2 23

(BtE Al 50Kt Ol LH)

(4) NOL MAs FASAIZ = U= HAIIs9 3]  (Hintt OES E
HIGIEE HA 20| HADJI= EH xHW LSS &I JITHE)
(20 pt) 2. AL HA0NAM ASBSHD U= SKRE 246I”US M, D K= C, H N
S, 0% &2te RJl2 d==2 0IF0HM URLE N, S, OJt C, H2 &8z
Z2EH0 AL IJtEetUdE, 2IJ d8s= Mot 0 72 ssa2
CHuNgS,0s= LIEFE == RUCH OteHOll =01 & DS StUlA TS =S50l EotAl 2.

IS @ 0] 82 HABISANA x2 y2 22 S22 MASHAM &L 2
H 2= (oxygen mole coefficient) 2 At SHCE.
® 0| SR= 38X (lean condition)HIA HAZUHXILD, & NOy(thermal
NO Sl MAS DNefotkl Z=Ct.



© =2 Li0l ZMoHs NIt S= NOS S0,2 25| HEeC)
© =20l ZHE 1529 00 A0 MM M B HAE yE
2
ABECH

() &2 AX SE2E0l 12%=2 SHERYD, 0=0.8083, f=0.0013, y=0.033,
AXIIA D=2 2 SO2 NO2l s 5 22 ppm HR=

¥

o=z

(4)0122J/2 BABIIFS 242 Nm® A2 ZHGIAIR. ©, HEX
5

1 atm, 0 °CE J}A &tHL}.

(20 pt) 3. ofcholl =& OS2 Jisel AIXNOCZL2H HiEs EAAFE (Nitric
Oxides, NOy) 2 MAMHS AXMot)| st otLtel goto =z HiJ|JIA S =&tot(]
SAt=E dal 312 = = BHDIJEA TH=#F (Exhaust-Gas Recirculation,
EGR) Jl=2 &2 SJtdl (Equivalence Ratio, ER)S &42 20=10 UL
ChS0l =& 2 230 &

5000
4000

3000

2000

T

Exhaust nitric oxide concentration (ppm on wet basis)

1000 - bt

=13

(3) Jt&® NESXS HBES ME22MHOR AHGIUZS M, 1 AR T4
CiHis Q2 JHEE 4 UAACH SIHHIIL 0.95 01 A0 B A} 2I|9
BH RYE A MG PSS NO E MSECD JIFE O, 1
NO ©f SEE HAEHAIR

(4) DN 2 4 AS0l, SIHHIIL 1.0 O, BIDIDIAS SSAIIIX e
220 HISH0 BIDIDIA S0l 10%S 808 X LN Mags
NO, © =ZZ 9 4,300 ppm OIA 2,800 ppm Ol8I2 H2AIZ =
UASC, 1 0IRES 2+2F5| ASBHAIL.
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)OI Al cSt
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NS

COz = 8.44%
O = 8.79%

NOy
CO

76 ppm
44 ppm

HCs = 15 ppm

J
WH

Ll

SN2 bH

’

OF

T

2

oll

HHEa3 2101 80 ppm(3% O»)

ioJ

CH

——
_
o

(3) NOLOI

FAIL.

HLko

i
A

NOxZ

FAIL.

&HG

(emission index)E g/kg &< Z A

Xl ==

=
=

(4) NOy 2! bH

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 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!

(30 pt) 1. CtS 2 2300l CHSHOd 2+ A HSHAIRL.

(1) OIS (MHSIHZFLHS WSS E &S UE= &Y
(BtE Al 100X OILHZ J[=)

(2) Prompt NO, A& BHIHLIS (EF=Al 100X OJHZ J|=)

(3) ™ AT A0l H2E 0IM2HX HHESEI1E01 <300(6)°2 20l
IMEO U= M,

(a) S&Z2=Z «“300”1 “672]

g
12!
]
o

FOfl DI RSl “670l2t= =XtQl 20|

(c) 212 (b)2F 20l 1 =XEZE HAISt=E 0|2 (EFEA| 50Kk O|lWZ J|=)
AZHUA HisZs EAAMSES(NO, = NO + NO»o MHS
=@ J|leEs %OM, (HWOIA =H)
(ERC J=2 3K BEE W2 E0

(2) 2 Dl=2ol JelE 2tetol 8YGtAI2. (BF=Al 100K OlUZ JIs)



(20 pt) 3. CH7 |2 EENMH AIHH & K152 RXSA HE- MMM £= FHO§K 2
MZEZ|1E S) HH 33(2016. 3. 29€ AlE)of| MEH, 2|23 ME7|E2 CHE1t
Z20 O|E HIEOZ CIF 2 230 EotA|2.

| EeE A 7| =
HotEoiolE e (RO(%) 24(21) O[5}
I otEk (£I(%) 0.7 0|5}
o 2 (/) 0.013 0|3t
ol 22k (g/h) 0.0013 O3t
LA B (R A %) 2.3 0|3}
=g 8 2tE (RIO(%) 16(19) 0|5
gt 3t (ppm) 10 O3t
S7|® (kPa,37.8°C) 60 0|5}
90% FE2F (°Q) 170 O[5}

N Zg|H(olefine) O CHSIO () el 7|E2 MY == ULCf 0O R

koot e CHStO = () oFel 7|&2 & 23tCt

) Z7|¢ 7|=2 0 6 ¥ 1 YEEH 8 € 31 YK AN E15= HMEZ0

CHSHY & -&otCt
(1) A% 20l LS HMEIIZ0A g@é SIS El Sy T FneS
AHEH= OIS E 212 J|&6HAI2. (BFE Al 100K OILH)
(2) LR LU =MHots LEE 3829 20 NUXH 22 B LMe
2= 2NESS HAHGIAI. (BFEAl 100K Ol LH)
(20 pt) 4. 0| A=2EH/~CgHys) AAIE T HEOCR2H HHEC = BIJIJIASE
IARAI 2 SXGIFS [, Ol 22 HAXI|E ZAHS HALCH
CO, = 8.44%
O, = 8.79%
NOy = 76 ppm
CO = 44 ppm
HCs = 15 ppm
(1) NOLOI CHEH HHEEZI1F0l 80 ppm(3% 0,)Y AR, ANMZ HIES=
NOLSl = EE HAGHAIR



(2) NO« 2l HHZ= XI4=(emission index)E g/kg St 2 HASIAIL.

(20 pt) 5. SHRLTANM ASolD U= ERE 2ACIAUS O, 1 ER=C, H, N,
S, 0% %4210 2|2 H2S2 0I201H UUCH N, S, OJF C, He Sst=O2
2BCl0l UCKD ™SO, 2 H2SS MBS 0 =R sstae

= 0 3
CHuNgS,0s= LIEHE == QUCH OtcHOll =01 & DS GHUlA TS =30l EotA

e @ 0] S72 AABISAINA x2 yE 22 BISS) MESUHM2 &t =
H 4= (oxygen mole coefficient)& AFSStC}.
® 0] 3= 32X H(lean condition)H A HAE
NO, 2l MM S 1NeddtAl &=L,
©® =7 Wl =Xot= NIt S= NO2 SO, 268 5| &&=,

5 =2 00 2HB0l HdE=2 & SH=x= yE

=
=
K
e
=
%
=
o

3

D

(1) AFA0 AE 2280 12%2 =HEAD, o=0.8083, p=0.0013, y=0.033,
§=0.057012}2, XA J|ZO2 S0, NOO| SEE 202 ppm S92

(2)0|22J|12 0 HAZI|HS 242 Nm® S92 LHGIAIQ. &, EEXAHO=Z
1 atm, 0 °CE J}&A &tL}.

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!

(40 pt) 1. Lf52| &4 2= 2ESHAL. (A4 E0 CHs 2= 70 Xt O|LHE 7| &)
(1) NO, HiE MP7|es SoHAM H2EE /2| 6= (5 7HX| LIE)

(2) MEtO| 22| ANH

(3) ¥=0t o Tl HiEs 87| £ OFE THE = A= L H

(4) EH(thermal) NO, MMd HAHLS

(20 pt) 2. SILLTAA AFRGHD Y= BRE 24GIAUS M, 1 ER=C, H, N
S, 0% 2219 2J|2 H2S2 0I20M UALH N, S, Ot C, HE &stxo2
2BE0 AT JIFEOE, I 2SS HMUS 0 =R HEtAe
CHuNpS,052 LIEFE 4 QUCH. OteHOll 01X J1E GHOIA OIS 230l 26tAI2.

IS @ 0 RO HABSANIM X Y2 242 VISSDH MESHMHY ML 2

H == (oxygen mole co efﬂment)i AP%EH’J

® 0| SR= 38X (lean condition)HIA HAZUHXILD, & NOy(thermal
NO,)2| A& S 1NedotXkl Z=C.

©® == W0l Mot NIt S= NO2 SO.& &HM5| MEHE L.



o =2 OO0 A0 HL=2 &t SH =+

rr
<
i

(1) &9 AX SE280] 12%2 SHERYD, 0=0.8083, f=0.0013, y=0.033,
AXIA JIE2 2 S02H NO2l =& 22 ppm ©2I=2

N
o
1o
=
=
=
3(.0
o
40
HU
Y
0
Qj
>
30
ra
dul
A
Pg
ry
|0
HU

(2)0l222712Fn =2
1 atm, 0 °CE Jt& &l

(20 pt) 3. CtS 2 &2 XS] ZAHH|(air-to-fuel ratio, AFR)Of| (2
AR E 0| E K| (three-way catalytic convertor, TWC)Q| CH7|¥=EE(NO, CO,
HCs)2l MAZRES EOF1 QUCL OFF =230 7HES| HotA |2, (4 50 Xt
O|LH2 7|&)

100 NO, _  Co

80 -

AN

Conversion efficiency (%)

NS

N

lWinlw

V/A

o
Q

13 14 15 16
Air—fuel ratio

(1) 20N = = UAXO0|, “window"E HO{LITH M SF2| COf7|
1 MH=2E0| 245 HOIXEE 3" = AFRSE A Oot= Z0|
4

7
SR5ICE O|ME &2 Y22 AFRE HOY = U= YWHS 252

(2) AT window 2Lt &2 AFR O A NO, MAHE0[ &35t &A= Of
oA 2.

=

(20 pt) 4. OIASEHi-CgHig)S SHAAIIE OE AXOZ
BHIOIDIAE JIAZAD|IZ SEOIRE W, Ot 22 AXJIE =4

CO2 = 8.44%
Oz =8.79%



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

(1) NOLOIl CHSt BHE3IEJIE0l 80 ppm(3% 02)Y
NOel =52 HHoIAIL.

SN2 bH

(2) NO4 2| HHZ= Xl z=(emission index)ES g/kg S22 HAGHAI L.

Good luck on all your work to answer the questions.
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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!

(15 pt) 1. 22| &4 25 2oL (Z4 22 BEA 100 Xt O|LHZ 7|=)

(1) 28 olsE2ZRH HiEE= O7[2F=Ee #Ms=E Sote

(20 pt) 2. OlA~=Ei(isooctane)E HAAIE OHE X SAH AlE(engine
dynamometer test)2Z282H HIE&Z= HIJIJIAE D
OfcHet 22 AXJ|E ZES AL (x HW 2HI2

o |
or

CO2 =12.47%
CO =0.12%
O = 2.3%



CGH14(§/¢) 367 ppm
NO = 76 pp

(1) &I NO s 5% 0,2 12 NO s =2 HAGHAI2.

(2) 2 (1)OIA HAE NO sEZ2 HIE X 2=(emission index)2 HAHGHH g/kg
CHR| 2 LIEHLHAI2.

(20 pt) 3. CH7|SAEH™Y AHFE H115E2XSA FA2-HIHH £ FH0O0§H9
HN=7|E &) 88 332017. 1. 28¥ 7|&)0f =W, LR ME7|E2 CHS1t
Z20 O|E HEC R OHE ZF 230 HotA|2.

N EeE s EES
HdrakZoletE e (B Ol%) 24(21) O[5}
HIM ot ek (2] %) 0.7 0|5}
= = (9/0) 0.013 0|3}
ol 22k (g/h) 0.0013 O3t
A otEk (B A %) 2.3 0|5}
=g 8 2tE (2IO(%) 16(19) 0|5}
gt 3t (ppm) 10 O3t
571 (kPa,37.8°C) 60 0|3}
90% FE2% (°C) 170 O|st
1. 22 E(Olefine) B0 Thst0] () QHo| 7|ES MEE 4 QICt 0] A WE3BHE &0 (fStoi T ()9te] 7|5 M st}
2.9 HO|E 275l WskEslotE SHEk 7|F2 2015 H 1 € 1 YHE 22(19) O|sHE I %)E MLt CHoH QEA|M
(Y| ™ - 94 - YBHEO)A)0 CHSHOI= 2015 1 2 € 1 YHE Mgt
357|Y 71Z i 6 Y 1 URE 8 Y 31 YA HEAIMON EDEE= HE0 Cfsto Mt

(1) |2 20l FLE MEIEZ0NAM ZE= StegESy Sdio IS
2 A

TtHIStE OIRE 22 JI=GHAI2. (242 60Xt OILH)

O[LH)
(20 pt) 4. =L HAUAM AE0HL U= S7E EHoURE I, 1 7= C, H N,
S, O &fZ2to 2Jl=2 d==2 0IF0M UL N, S, OJt C, HE2 sst8 ez



Z2EH0 AT IJtEetUdE, 2IJ d8s= Mt 0 72 ssa2
| J}A |

CHoNpS,052 LIEFL & QUCH OF2H0l =OE JIE SHIA TS 220l 25HAI2.

JHE: 0 0 S72 HABSAUA x& y2 22 et dd=0lA2 &t =

Hl 2=(oxygen mole co efﬂment)i M%al]

® 0| SR getXAH(lean condition)lA HAEHAILD, €& NOy(thermal
NO )Ol M2 DHotAl 2=C0.
© =7 W0 =Xot= NIt S= NO2 SO,& &t&o| Mat=E T

= —_— = 1 [ —
0 =Rl Z&= 56 =2 001 2AHGI0l dd=2 &4 SH== yE
AtEetCh

(2)0I2JJ1Z WABIISHS 22 Nm® 2 ZHGIAIR. ©, HEZAHOR
5

1 atm, 0 °CE JtH

Good luck on all your work to answer the questions.



