Environmentally-Friendly Combustion Technology
(Class #: 3329)

Final Exam.

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

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

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



(@) 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% Noa.

(30 pt) 2. Answer the following questions.

(@) 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 Sl 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 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
CHuNpS,0s 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 NOy 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.

o

4.762x—%+,8+5

(Ans.: 1+ )

(4) If the dry mole fraction of O. has been measured to be 12% and o, B, y 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 SOz 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 1.D. Number:

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

tEe NSk H2E 4224202 ZEGIRE M, O dg9 =42
CHi3 22 JIEE == UIUCH SItHIOF 0.95 21 Z =20 2 AbADF ZI12t
SN =8 249 280l BISol NO 2 dME=ll IHEg M, 1
NO 2 s H&GHAIL

USO0l, SIHHIIOF 1.0 M, BHDIJIAS =8 AIDIA %=
BHOIDEA S0 10%E =2HstChHE AR LA MAET s
NOx 2 s&& 2 4,300 ppm OA 2,800 ppm Oldt2 MZAIZE £
AUAP =0, 11 0|7 E 2t A=3HAIL.

(30 pt) 2. Tt 2 &S 2t €S U E§2 MAI2.

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

(2) DHASH E IILYSHESO WEHSIEUN JIE LasE
Hohs 0

I

(10 pt) 3. OtcHOll =& HE= L2lLiet o3 E2dE M 103 X 2 NS ES
HZEDJ|IZE SOHA R MEJIE==2 BEWHFD ULCH O3S 2 =350 ©oHAI2L.

ARAEXHAE M =7|&= (2002 d 1 & 1 & £H)

| =st=

10% THREFANZF (%) 0.15

o= @ 15 °C (kg/m?) 815 ~ 855

stetzk (2A %) 0.043

cCtoz| gtsk=E (2o %)

F&M (um)

(2) e 2Ol =& 2002 & 1 2 1 E2H XNSM=s 2H 2R
HASIAFS 0l 0.043 %0lotel E&Es = ERE ML HIHE =
UJALCE. Ly, 2003 & 6 2 26 ZFH  AlgE  OHE
I BE2HE U A= 0.0050 % Olotz #&ot] RUCH Olddet JI==
BFEAIDID] flet JtE SHHQ D=8 HHS ZHGHAIL.
(40 pt) 4. FLHS AL &t SRIISELHEANM ALZ5HL] Y= SRE =4S M,
137 C H N, S 0% %2 Rl dE2=2 0IF0HM JAR”ULCE N, S, O It C,
H 2 atstdoz 20 UL JHEstUE, 2] d2== Mg 0l s7r2
gtst A2 CHaNpS,0s= LHEHE == QUCH TS 2 23S0l E0tAIL.
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on)Al HAEIXID, €& NOy (therma
JIESEHCH 8 &8 UWH &MMot= N 2F' S
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4.762x—%+ﬂ+5

(Ans.: 1+

SHLULI, =0.8083, p=0.0013, y=0.033,

(4) A0l AX SBEE0] 12%2
At =0 x gt S Z2E0AIL.

5=0.067 0|tH, BtS=0 A2l &
(B) AXRIA JELZ 8022 NO 2 s£5 22t ppm &2 Z2HGHAIR.

228 Nm® =92 ZHSIAIL.

=2 M, of Zg&Ao BiJIIJIAIL SII=Z

(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 1.D. Number:

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

(60 pt) 1. 2ULHS L &t EXLFIELEMANA AIRGID U= EKE 2AHGIIYS W
Jd==8=C,H, N, S, 02 &2te] 2I|2 d42==Z 012HHM UJUCE. N, S, O It C,
H o gtstdo=z HAEE N JACHD JIFSUH, 2I 252 Hest 0 589
StatA 2 CHuNS,0s2 LIELE == QULCH OIS 2 230l €0otAI2
(1)0] =EK/9 dABI2As MAIQ. HIIA, x 2 y E 22 s23))}
MAZUH A2 &_/.\_Jﬂ—“.‘— (oxygen coefficient)2 At23dtet. &, 0] =ER=
S| X2 (lean condition)lM HAZIHX D, E& NOy (thermal NOy) 2
MSHS D246t LOE PD_ JIE L &8 =8 WOl Mot N 1t S =
NO 2t SO, 2 28 5| M&t=ICh JFE St
(2)MAH= NO 2F SO» 9o AXIIA Sl SSIA SEE8S 22U MAIQ.
ot 2 A NO (thermal NO)= 1240tk &=L,
RS UHJIIIAS = S HAX BHJIJIAS & SEE2 HIE YOA2.
(Ans.: 1+ i )

47&x—%+ﬂ+5



(4) &bAS] HZE %E—%OI 12%2 =FEJALD, 0.8083, 0.0013, 0.033,
0.057 0lctH, BHS=S UM &t H=0l x gtS ZEOIAL

()02 ZJI=+W WY ZIjS A2 Nmd® o2 BEGIAIL. ©,
HEXAHOZ 1 atm, 0 °C 2 JHASHC
0 =& M, 0o &&AS HHIIJIADL ZI|=2

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

(20 pt) 2. 2003 & 12 ¥ 10 Y JIE2Z, ool FOA He= =2ueat
DISAS®Y H 103X 28 NSXHH2 MXIIE UM JLe9 MEIIES

SHFD UL OS5 2 23S0l EotAl2.

X gl

- 2005 = 12 2 31 LHXI2006 = 1 2 1 Y=L

2 3 S 5} 8 2 8 Y (2U%) 35 (30) 015 30 (27) 015

ol & 2 (21 %) 1.5 Ol ot 1.0 Olot

< 8 2 (/e ) 0.013 0l 0.013 013

ol & 2F (/e ) 0.0013 015 0.0013 015

&b A B (RH%) 1.0 O0l&F 2.3 Ol ot 1.0 014} 2.3 Ol ot

S8 B (RI%) 18 (23) 0I5t 18 (21) 0I5t

& & 2 (ppm) 130 0I5t 50 013t

Z Il & (kPa,37.8TC) 70 Ol ot 65 Ol ot

0% =& & (C) 175 0Ol ot 175 Ol ot

Hl 0 SalE (olefine) 220l Hot0! () 919 /=S HEE & ULL 0l B2

USRS SEYS () 20| JFCE NEC}

(1) 2T 820 =03 HAES0 ZIENE 2760 1 szs
AR GHS 0|RE 21245| JI&5HAI2

3. 2001 W 5 & 23 2 AESEHA0| X
(50 i =2JF Ol&0|l HIZEANEAN Hz

ne
fol
0 S
<




17 L2H 0 820 ESC/ACH Reltet=E 2001 E 10 4 2 ol geoll
MY3IA2H, 8 BIE2 &8It UL (01=, =, A0t S& HIE=2 0tY)
0] ol 582 A2H RIIQLAZE (Persistent Organic Pollutants: POPs)2l
MALAIE L HIES &2z 2elot DA &0l A=, F5H AU 95, 54
BUH 15, 25K COH 435 (25AM A0 =58 HCB, PCBs £ &5t CHOISA S,
E2R)ICZ &£ 12 B2 KRIILRIEE s 1 UaC=z Hotld JUCH B4 C ol 8t
4 Z2 HATHCZ MY &5 = ZRE Lot=d, 1Hs HEs32 HEHC
OlE GtL2t 210, J BHENZ 2 2E2 /st E8J|= +F2 £Y90IAIR

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 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything—put something
you learned during this class if you do want to get even just a point.

mathematics and units!

Be careful with

(20 pt) 1. CIS 2 2301l 2t=6] €olAI2.
(1) Hetol T 28250 Jtsdt =010k ol= 0l
(2) HEto] E& S Z2Xole =R JI=S
(3) LIEAHAZ0 2AHE &Il 0IR
A)CIAE NSkt H=29 & L gekE steks e 20/ 08
(50 pt) 2. 2UHS ML st SRF}EUHANA AIZ20ID Y= SRE 2401 S W
153 =C, H, N, S, 0% &2t 2I|2 822 012FHME UJULCE N, S, O It C,
H e stsetdoz AL JACHD IHEEHOH, 2] S22 MHeUs 0 589
StatA 2 CHuNS,0s2 LIELE == QULCH O3 2 230l €0otAl2
(1)0l &2K/9 dABISAS MAI, HIA, x 2 y E 22 B2
MASUH AL &AL = H (oxygen mole coefficient) AtZotet. &, 0]
== 312X AH (lean condition)OlAl HATIHX D, €& NOy (thermal
NOy) 2l MAHES Dotk =00 JFASHCH £8 =5 Wol &XHol= N
S= NO 2 SO, 2 &Fs| Met=ICt) JIASHCE,
(BIE: 2MUAM =& HitHZ2 S|0 Ze %5 =2 O 0l ZAH SO0l
MESO MA S HEs=y E AIEEHEE)



(2)MAEE NO 2F SO2 9 HAXEIJIA SES S8IIIA SESS 22 MAIQ.
CteH €A NO (thermal NO)= DH6HAl &=

(3)S& HIItAS & SESW AX HHIDIDtAL & SEE2 HIE Z2A2.

a

4.762x—%+ﬂ+5

(Ans.: 1+

2%2 =X AUD, o=0.8083, B=0.0013, y=0.033,

(4) &hA0l AX SEE0
ot EOH/HO| MtAaH =0l x gt S Z2E0AIL.

8=0.057 0lct&H, &t

OIO =

(B) AXRIA JELZ 8022 NO 2 =& 5 22t ppm ©HRI2 Z2HGHAIR.

(30 pt) 3. OF2HOIl FOIW HE L2IU2t HOISZEEY M 103 X 28 HSHeIE
HEIIE SUAM S2R MEIIES 20150 UCH 0HS 2 230 HatA
8 80| 2

- 20053 12 2 31 LIHXI2006 = 1 8 1 Y2

2 8 = 3l 8 2 & 2 (20I%) 35 (30) 0I5 30 (27) 0I5t

o F B2 (F1I%) 1.5 0I5t 1.0 0I5k

o &2 (g/t) 0.013 0I5t 0.013 0I5t

ol & 2 (g/2 ) 0.0013 0I5t 0.0013 015}

& & B 2 (2H%) 1.0 014 2.3 0I5t 1.0 014 2.3 0I5t

22 EE Y (2% 18 (23) 0Iat 18 (21) 0lat

2 & 2 (ppm) 130 0l 5t 50 0l 5t

= 0| & (kPa,37.8C) 70 0I5t 65 mar

90% R & 2 = (C) 175 015t 175 015t

Bl ST (olefine) B0l 4501 () orel JIES &%g & QUL 0l B2

YRS SEYAS () 02 JIELR HEHT

(3) SdlE &= 18% 0I5t=2 +#HGt= 0IRE E€EGtAI2

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 1.D. Number:

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

(30 pt) 1. OF2HONl Z=01Z H= DelLtet SRS ES K 103X 23 H=Ex4¢2
MZEDIZE SHA 220 MEIES BHED AUCH OIS 2% 20| S6HAIR

I =z =

o B E ot B 2 B 2 (SU%) 30 (27) Ol

ol & B 2 (S201%) 1.0 0|3l

Bt 2 (g/e ) 0.013 015t

ol 8t 2 (g/2 ) 0.0013 0lat

o e 0.5 0l ~ 2.3 0/

oaE (=A% (HE=: 1.0 /& ~ 2.3 05

S o a2 (21%) 18 (21) 0l 3t

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

= J| & (kPa,37.8C) 65 0151

0% 2 =2 % (C) 175 0/}

c . ]




(50 pt) 3. ZLHS ML &t SRIELHALUM AIEBGHD Y= ERE S4GIJAS M,
A13R=C, H N S, O &2 2I|2 82=2 012N JUULCE N, S, O It C,
H 2 Stetdo2 Aee Al JtESOH, 2I| 8252 Mgt 0 S=<
StetA 2 CHuNS,Os2 LIEHE &= QUCH TS 2 220l E§6tAI2.
(1)0] RS HABISAS MAI. OIIM, x 2 y E 22 BISE21
MHESUH M2 &AL = H= (oxygen mole coefficient) 2 At&a6tet. &, 0l
ERE 3eXAH (lea ndition) Al AWK LD, €& NOx (thermal

n co
NOx) 2l Me S ].B#ﬁPII %EUW JtE st £8h &= Wol &Moo= N 1t
S=ENO %SO 2 2H

>|
ol
=
o
Fﬂ
_(,_‘_
kJ
A
0x
9

(3) HHDIDIASl & SESI HX HIDJIJIAS & SE89| HIZ dOAL
o
(Ans.: 1+ 2 5 )
(4.762x—g+£+—)
4 2 2

(4) &0l AX SE2E0] 12%2 SHERYD, 0=0.8083, B=0.0013, y=0.033,
3=0.057 0IctdH, BtS S0 A2 AAH 0 xgtS Z2EHOIAIL.

(5) HAERIA JIE2Z SO22 NO 2 =5 22 ppm SR =2 ZEHGHAIL.

©

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 1.D. Number:

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

(10 pt) 1. Ol2HOl =HE D2 JiEel ANRNOZLH HEE = EA4SHE (Nitric
Oxides, NOX)OI MAEES AHGH| S Stue gtoto 2 HHD|IJIAE MM=&ot:d
SeE= AEZLF 20|12 = = BHOIDEA M=%8t (Exhaust—Gas Recirculation,

EGR) Jl£2 SUE Sotdl
LSOl =0& 2 =250l &0tA

&6
(Equivalence Rat|o ER)OI st=2 B0F=1D QUL
|2
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AZ0A & = JAX0l, SIt8lY
BISIH BHOIDOEA S0l 10%E =

1.0 € M, BHDIJIAE =& AIDIX H= I
FerCHE A LHOIA dEE= NOk2 s=8 &
otZ2 MZAIZ = UAU=M s

i~

4,300 ppm OIAM 2,800 ppm Ol [, 11 O|RE 2t=0l
INE NS
(10 pt) 2. OFleH =& EE= 2010 @ 1 &€ 1 LE2H HE AIEEN HE#E2E =2
sletE IS ZII=0I0H. Hg Z22A°9 tiEdEJI=0 Hal 25 Wol =&
== 292 2/0I6HH, 0|2 20| otl= 01K E YA,
22352 |[(1) HZHIIS HIA A2ZXEIAE(ALBELHE
(Hg 2 M) ESHSHH L MEH DS DEASMEB(RDF) £= | 0.1(12) Olat
(mg/S m) HECcHAE DEASNEB(RPF) d2Al4
(2) LEAIL(DHAHAZ A2 AIE) 0.1(6) Olat
B) M1 X SHHZAE 5 AZ22 0.1(15) Olot
(4) AMJRIE-A3|-ZE2AH 2 O ME HZANE =
0.1(13) Olot
ABIE AMAlA
(5) 1 8o HHEAIE 5 0|5t
(50 pt) 3. 22U Ok &t ELsHEUMANMN AIZ0tD Y= EKE 24519 S M,
1=52=C,H, N, S, 0% «42t2] 2II2 82==2 0IFHAM UULCE N, S, O It C,
H 2 ststdoz A JACtD IHESHOH, RI] 8252 MHelst 0l 589
ststAl2 CHuNBS,0s2 LIEHE 2= QUL OIS 2 2380l €§otAIL

(1)0] RS AHABISAIS MAIQ. OHIIM, x 2 y E 22 B2
MEZ0 M2 & = H= (oxygen mole coefficient)2 AIE6 0l
=S = 59X A (lean condition)IAl HAEHK D, S& NOx (thermal
NOy) ol MAHES Dotk E=C0t0 JIASHCH £68H =5 Lol =XHot
S= NO 2 SO, 2 2tX3| M&t=CHL) JFAE stih.

rr
pd
&

(BIE: ZHMUHA =& Hilz SR0 Z& % =2 Oz 0 2tH 8LO0l
MESO &A 2 Hl==y S ASEtC)

(2) M E NO & SOz o HEJIA SEE SEIHA SEES 242 KA
Ctet, €& NO (thermal NO)= 11e4dtAl 2 =Ch



N R

(Ans.: 1+

5)

+E)

B

@.762%x - % +
4

(4) &hA0l AX SEE0| 12%=2
5=0.057 0|ctdH, BtS=0 A2 &A= x

(B) AXIA JIELZ2 SO 2 NO 2 s&E

SHEAD, =0.8083, p=0.0013, y=0.033,
A4S ANGBIAIQ.

m= =20

(30 pt) 4. OfcHOll =HA Hi= RciLict HIISFZE2HY M 103 X 2 IsxHz
HEJI=E S0A 2R MEJIE=sS 20D JA O3 2 =30 EotAlL

_ SEII=
& e =
2008 & 12 & 31 YUNHXI|2009E 1 &€ 1 L2H
g5 = 3 &2 e (RI%) 30 (27) Ol&t 24 (21) 0I5t
Bl M s 2 (R UI%) 1.0 05t 0.7 0I5t
e & (g/t ) 0.013 0I5t 0.013 0I5t
ol & 2 (g/t ) 0.0013 0I5t 0.0013 0I5t
1.0 0l & 2.3 0I5t 1.0 0l& 2.3 0I5t
oA B E (R%) (421426108 (421226108
31 LNX £0EE ME:| 31 2NK &0GE
0.50/4 2.30I5)) |MB:0.5004 2.3 0I5t
S d & (Rl%) 18 (21) 0I5t 16 (19) Ol&t
& &t 2 (ppm) 50 0l 5t 10 015t
60 0I5t
= J| & (kPa,37.8C) 65 013t (2010 1 &€ 1 L2H
M=)
0% & & 2 & (C) 175 015t 170 0I5t
HI: SelE (olefine) &2F0 CHSIN () 2t JIEE M8 = ULt 0] B2
USIESISSEHES () 22 JIE2Z HESEHL.
(1) LR &2 AMol=sE 018 2 JIXE JI=06tAl 2.
(2) 2010 B2 H &R I #HIIE0 d3c= 01RE JI=SHAI2.
(3) 2009 UEHE= =dE 2= 16% Olotz AHMIIES H= 2Lslols
Ol=E E&Y0otAl R

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 1.D. Number:

Directions: Please enter your name on this page. Then sign the examination and enter your
student identification number above. Time allowed for this examination is 2 hours. Answer
all questions on a separate paper provided. Be precise, logical, and ordered in your responses.
Show all your work! | can not do give any credit if you do not write anything—put something
you learned during this class if you do want to get even just a point. Be careful with

mathematics and units!
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lE=s SSAI

@) UolatdE2dyE M 103 X 23 NSXHEE HEII=0A FER U
SRtle 2T (SESETA) 2 18 &= 21% Olot2 M6t
IS = SAEO0| metE (Z3tES=A)E0 L H0| =J] 20ICH (

(4) XAksXtE CIol& dailes MHE 2H (soot) S2 2dllotl A= ZH
=93 HAEGD| ol 24&HH S0I HOEEICH ()

(5) HE DILEZ2EO U2 HHEX+=2 LEWHHE EH & HEE
st 4~ QUCH ()

(6) 2 ANSE (NOx)2| MMH D 23S HHLIS2Z = M, NOx = D20l A
g dagoz 338 B3I H0 &2 N2 28 O 2te 230l 2ol
MHA T = “Thermal NOx”, CN OILI HCN 0] BtE6t0d MAHZ = “Prompt

—~ =
@)
X:
e Ir

S 3 XM g7 N 2222 H Jlelot= "Fuel NOX” b QUCH.
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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 1.D. Number:

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

(20 pt) 1. Ch8 2t S80Il 20l EotAl2.
(1) &J=S0HEEEX (Three-Way Catalytic Converter)2 S &

(2) HAMHUM MHZ= NOx 2 EF

(10 pt) 2. Ot FOE HF= 2010 @ 1 2 1 L2H Y AT H22 42
sl8t2 HIEGIIIZ0IC Hg 2A2 HIS5ZIIE0 Hotod 25 Wl =0
£Xe 242 2A0I6H0, 012 20l Hs 0IRE HAYSHAIL.
s2382 (1) H2HOI2 HIA A2AMelAL(ALBURS
(Hg 2 M) TESICH L MBTEHIIE DEASHE(RDF) £ | 0.1(12) 0I8t
(mg/S ) HZ2tAE DEHIRE(RPF) ML
(2) LRAIL(DHSZ ALRAIL) 0.1(6) Olat
(3) M1 Xt 2EHEAIL & A2 0.1(15) 0I5t
(4) AIBIE-H5-B2tAH € 0 HE HZEAL 5 _
0.1(13) Olat
ABIE A M A4
(5) 1 %ol BB AlE 5 0I5t




(10 pt) 3. OteHOil =& O JtEel AN RH HHEE= EA45t
fIet otLtel 2Ot Z HHIIJIAE TH

Oxides, NOx)2l MHZ2 AN
SAUAZ=E HAS L 2|12 &
EGR) Jl&=2 g1llE S
CtE20 =& 2 230

5000
4000

3000

2000

T

T
=
I
o

Exhaust nitric oxide concentration (ppm on wet basis)

1000

AN & = JAXO0l, SItHII 1.
IS BHOIJEA SO0l 10%E =8tst M A
4,300 ppm OIA 2,800 ppm Oldotz HZAIZ %= U=
MZ3HAI 2.

2 M, BOIDtASE =& AI2IK Ee 3%
A

M (@)
o
2
pal
—
B
>

HIAHRHOE HHOHA &

E
SE/Eg4H0 22



(20 pt) 5. OtchOll =& HE= LelLiet o128 M 103 = o2& NHsSxA
HZEI= SOHA LR MXRDJ=S EHF=D JLCH COs 2 23S0 H6HA<2L.
EES seJl=
2008 &8 12 & 31 LXK 2009 1 & 1 L2H]
Bt 5F = 5 & 2 & 2 (BE1l%) 30 (27) 0|5t 24 (21) 0|5t
Bl ® & 2F (RO]%) 1.0 Ol &t 0.7 0|5}
= e 2 (g/t) 0.013 0I5t 0.013 013t
ol & 2k (g/1 ) 0.0013 0|t 0.0013 0|t
1.0 0| & 2.3 0|3}t 1.0 0| & 2.3 0I5t
oA B2 (RH%) 421Y2H 10 42 1Y92H 102
31 2NK EDE = HE 31 YUNX =D& =
0.5 014 2.30lat) |HZ:0.5004 2.3 0I5t
s gl B & 2 (BI%) 18 (21) Olot 16 (19) Olot
g & & (ppm) 50 0|t 10 0I5t
60 0|5}
= J| & (kPa,37.87C) 65 0|5t (e0104E 12 1 22H
M)
0% B &2 (0C) 175 0] &t 170 0] &t
HID: SdIE (olefine) 20l THold () o9 D=8 HEEE 4= UL 0] H=R
SISEESISSE S () o2 J|EC=Z2 EZEHH
(1) 2010 HEH &R =J|2 AHII=0| Z23E= 0|KE JI=0tAL
(2) 2009 UEHE sSdE =S 16% 0lot2 RAMHII=ES HE2 2stol
OlRE &YotAlI2
(20 pt) 6. SELEAUA AI20lD Y= SRE 24ot¥Ss M, O SR=C, H,
S, O% 2210 2J|=2 4F=2 0|120HMH QURULCE. N, S, OJF C, H2 st o
ZEEH UL JtEstOH, 2RI d=2=2 Hs 0 =82 steta
CHuNpS,Os= LIEHE == ULt OteHoll =H & JtE otUHIA TS 230l E0tAI 2.
I8 @ 0] SR/ HAABSANWA x2F y 2 22 B2 MHAS0HA2 At
H %= (oxygen mole co efﬂment)é INE=3=1D S
® 0] ZR= 38X A (lean condition)lA HAZI KD, E& NOy (thermal
NOy) 2 MM S NedotAkl ZE=CF.
© =5 WO =Mst= NIt S= NO 2F SO» 2 2t&M5| MetE L,
0 =R0 Eg= %5%& O2 Ol 2HIGO0| MHZO M = Hzxe= vy
Ar= 8L




(1) &tAo] HE SEE0] 12%2 SHEJAD, a=0.80883,
8=0.057 0letH, AXDIIA JIELZ SO22 NO 2 =

H =
ﬂl"[] Il
I

J

©

S

3

o

40

Hu

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 1.D. Number:

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

(20 pt) 1. OteHel D& 2 &M Jisel X X=Xl E%EIE U= BHIEA TH=&
(Exhaust gas recirculation, EGR) Jl=&

= <
TWC)Ol 2 /X2 HH=D QUCH TS0 =0 2t :’%Oﬂ CIEIAIQ.

High volume EGR.

Three-way catalyst
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(30 pt) 4. OteiOll =01 & 2t £HO0| 2 "T'2, SclH "F'E LA,

(1) HAZEHOZEH MAZ = NOXS EF3=

== N
NOx (flue gas NOx), &2 NOx (fuel NOX)2 R=2%ICt. ()

Eoles MEHRN EE2Ze tiss)|= (¢eteo=2
ppmOILt mg/m®)2l ZR0, AFSHOUA 34 SOl 2 LHoZ2 Mo
IE2 %fAI?IE AEg 2R SHOZ HIEdE8IIEH & 2S5 ool
IEMNLAsEE HAISCH ()

(4) AASHEONAM NOx2 MAHsS AMoH)| <ol HDFES2E (peak flame
temperature), ZD3ES A 2 X &= Al 2 (residence  time),

StEARANMN  2Ast YF  (turbulence)Ol 2lst AAZBZO 20l4S
ZlASlote HAAMOHE 0 RS2 Ded=CH ()

(5) YW MO R ROELS JIHOILL THHAILS L 208 XEts D, & 20|
MUNOZ w2 RoIE2 NUB BURY el AZEC ()

(6) SBRUSHY 22 OSHH e BEHSIIFS ol Y2
HEYS MEGs B0, 2E 2#H2Y HEHs 2¥STo ZRoR

(10 pt) 5. Ot E= Jt&e B2 S "olole el JIE=E S0l ofLHE BEH=1
ULCE.

Specification Importance

Volatility e Cool weather drivability

e Carburetor icing

e Hot start and driveaway

e \apor lock

e Carburetor evaporation losses

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

AL
 Us By

w

rr
re
ol
i

=0 &

min
nio

L4 (Volatility)0l HR =8 30 2
JELe2 8oL,

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 1.D. Number:

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

(20 pt) 1. Ol ASEH(/~CeHig)2 HAAII=E HHH HXNOZEH BHES = IJIIIAE
NAZHI|IZ2 SHOIHE M, Oreiet 22 AXJ|E 4= UL

CO2 = 8.44%

O2 =8.79%

NOx = 76 ppm

CO =44 ppm

HCs = 15 ppm

(1) NOxOIl CHE BHEAESIIE01 80 ppm(3% Op)2 B2, HHNZ HHEEE
NOx2l ==& H&tGHAI 2.

(2) NOx 2| HH = XI4=(emission index)Z g/kg SR 2 HAGIAI 2.

(10 pt) 2. HAZSEHUAN LMY= NOk= LEHESZ Ot =0& 3 BEFS
BI2tLIS S0l 2loff = L.

O Zeldovich HI2ILIE&
® Fenimore HI2ILIS
© 2 A HILIS

A9 2 HAHLIBSS REEeIE £HAIL. (242 304t OILH)
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(30 pt) 3. Of2HOll =01 & 2t
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sy WS M U 12 X 30 1) o3 52 AW e S K N~
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¥rx zwm3is ¥@W AR ws CEVE! MRS o OF o 9 < S
= 8 oo 2w AW ¢or o SFS=m W= N8 WE
~ J Lo ) =3 = n N ©
~ < a onw W= 0 @ @ 9O Jwo Bl S O
Q .Mr K z S
S wilo = ~



Al 103

_I

THIIE

24 (21) Olat

P

(¢}

]
]

(0]

o

]

9]

0.7 Ol
0.013 0O
0.0013 0|
1.0 Ol&at 2.3 0Ol
(42 1L2H 108 31 LN £20&E= HSB: 05
2.3 0l
16 (19) O

At
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P
]

9]

o

O

10 Ol

P

60 Ol
170 0Ol

Oir
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(ppm)
=0|2 (kPa, 37.87C)
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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 1.D. Number:

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

(20 pt) 1. ReclLict HIIsFEEY M103x 2ed ANSAHZ HEIIE S0HAM
LR HMEAIE2 Ot 20 Os 2 230 gotAl2

Il &= 8 = AMIIE

SekE SletE 2 (21 %) 24 (21) Ol ot

WM &k (RI%) 0.7 Olot

& s (g/f ) 0.013 Ol ot

ol &2 (g/1 ) 0.0013 Ol ot

1.0 0l& 2.3 Olot
At BHEF (R %) (48 12 2H 108 312X E0E= HSB:0.5
Ol&t 2.3 0|5t

S8 & (21 %) 16 (19) Ol ot

2 & (ppm) 10 Ol ot

Z1e (kPa, 37.8C) 60 Ol ol

0% RE2% () 170 Ol ot

Bl 2dE (olefine) &0l CHAIA () 2to JIES HEE = ULt 0 =

SSESIESEES () &2 JIIE2Z HESHL.

—~
—_
~

? OHUHA = O, 3gx S 2L
ZdI B0l 16%CI0l, LEHXI 60%0il off &St

EtSt=A0 3tetN SEH42 4HGIAIR. (BHEAl 30X

-
L=
—
=
~—r



lE: @ 0 872 HAagt

Hl 2= (oxygen mol

e
@ 0| S/7c gL

NOx) 2 S 1
©
(4]

=
S

(2)olE2371& 1 ot

A

7= WOl EMotes

— 1 o
o == 55 =2 020 2HB0l Hdd=2 & = A== yE

0l

g2
& 256D, ? HoMe Zol
|ZGHAI2. (BHE Al 50Xt OI LK)

SANA x2 y2 22 BtES M S0l A2
coefficient) 2 AFZSHC}.
(

YO Z WIIQE=ES =S

24% Nt K|

lean condition)OllAl HAE XD, €& NOk(thermal

otAl &=Lt
N2t S= NO2 SO.2 =

g
ol
>
o
[l
o

‘

12%2 SEEUL, a=0.8083,
A JIEL 2 S022t NO2 s&

U =
JJ Il
I

O

O

3

1 atm, 0 °CE JI&&tL}.

(20 pt) 3. Jt&gl A

A

recirculation, EGR) Jl= 1t

E Ot DM 2=

ASX0 E2CD As HiIotA M=% (Exhaust gas
ArRA=[0H A X (Three—way catalytic converter,

e
ULH TS0l =& 2 =230l EotAIL.

High volume EGR

Three-way catalyst

(TWC)

— =

TWC) <



0y 4o
ol

+§E

180 20| EGR Jl== HEotRE M, NOx2 s &KX
A2 2= =0, O 0IKE 8Y3tAI2. (BtEAl 50X+ OILH)

2

(2) | 0 =& TWCOHAM O HIILISEE0 ASEH2Z
AEHE MAE=XE SBHAI2. (BF=Al 80X OILK)
(20 pt) 4. CtS 2t 2S00l 2t25] EoHAI2.
(1) X NOx M4 HAHLIS (BF=Al 50Xt Ol LH)
(2) CIZ A HILMS ol (5JHX EH)

B) HHE WSS E HE=sSE HEXN+=2 LEHE [He &2 H
(BFE Al 50X+ OILH)

(4) NOxSl MAS ZIASAIZ = A= HAHO(SH) & (EHE Al 80Xt OILH)

= UA SFo A0l e DA DL EE oIt
=30l EotAl2.

=0IM UL, u

e = DHELA e Degrget

e e (%) (Btu/lbm)
A 27 5,700
B 63 10,900
C 99 19,500
D 41 9,200
E 87 17,700

(1) =O0& A ZSR9 AES2 =AY (rank)0ll 2dH 2F5t01 EE = A5,
A9 #=22H (A ER0 MEIS LIYGEIAIL.

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 1.D. Number:

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

(20 pt) 1. CtS 2 230l 2t2f3] E6HAI2.
(1) NOx 84 HIAHALIZ (BtEAl 100Xt OILH)

(2) I ZE2XY HMI103E 23 AsXHHE HEIIEUHM SHE SSHS 16%
OlotZ Hlote Ol=

(B) 0 WIILESE HHE=sSE HEX+=2 LEHE He &2 E
(BFE Al 50X+ OILH)

(4) NOSI &= 2 = 9aJIE9 EF  (Hint GE8 %
HIGI&E o4 220l HAI|IE S HHW LIS ADI5HH JITHE)

Z2EH0 AT IJtEsttdE, 2I| 4252
Jt

CHaNpS,0s= LIEFE == QJUCH Otef Ol =01 &

I8 @ 0] SR HABIZAINA x2F yS 22

H == (oxygen mole coefficient)2 Al &tC}.

® 0| SR= 38X (lean condition)HIA HAZ XL, E& NOx(thermal
NOx) 2l MAH S 1otk Z=C.



(20 pt) 3. OteHOll =0 &l

(3) &t HE SEE0] 12%2 SHEJD, a=0.80883,
2

(4)

© =7 U0l EMote NIt S= NO2 SO2 2t &0l &= L.
0 =R0l = % o =2 OO0 2AHEGO0l dd=2 & = Her= yE
ArZetCh

ﬂJ"U -
J Il
g
O
@]
3
0
40
HU

LA JIELZE SO22t NO2 =&

ol22J|=t
1 atm, 0 °CE Jt&

_Qé—c.'—fﬂ HHE == é‘ﬁ&@%
?let otLtel e

g2 Jt&E alE
|

|
Oxides, NOy)2 MAMHS AH G S
SeAL=E ASLF B2 %3 ot= HHDIDV\ XH (Exhaust Gas Recirculation,
EGR) Jl=2 sl Sotdl ( ZF=1 QUL
CIS0l =& 2 =230l €0tAl2
5000
g 4000
\2 3000
é 2000
é 1000 P=l2
. s
d=1.3
& 73 ——
o LI i 1 |
0 5 10 15
EGR (%)
(3) Il ANsSXe s A22402 HAEGIYGS M, O H29 X442
CHi3 92 JIEE 4= QUL SIHHIIF 0.95 21 BL20 Y AAIF 2D 9
SN ReE A 2MG| 2SI NO & MESE O] JHEE M, 2
NO 2 =2 HAGHAIL

Jd80HA &€ = UAXO0l, SIHHIJF 1.0 € M, BHIIDIASE =8 AIDIX &=
20 HIote BHII0tA S0l 10%E =&atH AN HilM ddE=

NOx 2 =s&& < 4,300 ppm OlA 2,800 ppm Olot=2 MZAIZ ==
Z2Hef5l A =0otAIR2.



(20 pt) 4. OFcHel 2t 2E0IA B 2+01 Ot

i

A EHOI

0l

0l
il

.

10
J|J

10

IH

ol
Kl
i

o)

—_

wJ
xr

etCt.

IES

ol o =
un =1
RUHO o

Al =
N
Bl o O]

=._\|/
I o

J =
o MH

00 <F
Rl oD

uy &

N
| 3

% o
oD N =
o) L4y
= H0 Dk
<

~

A EICHIF & D, (

m)
)

J
4
I

T2 HAIE

)OIl Al cSt

& (

i0J

I1e)
0]
Kr

<
&)

ur
3+
i

B

CO2 = 8.44%
O2=8.79%

NOx
CO

76 ppm
44 ppm

15 ppm

HCs =

JU
Ll

AHMZ HH

’

2

|2 HIAHGHAIL.

o
T

t

C|
=

(emission index)Z2 g/kg

E=PNES

(4) NOx 2l i

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 1.D. Number:

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

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

(30 pt) 1. IS 2t ES0 LSt 25| EHGHAIR

(1) OIS (MHSIHZRHS WIS SE HEHS UE= 2
(BLEAl 100Xt OILHZ D &)

(2) Prompt NOx & BIHLIZS (BtEAl 100X OILHZ J|=)

(3) e AIYE Hs=0 HE OIHMSHX IS ZII=0] <300(6)° 2 20|
JIMENH UAS M,

(a) S&X2Z 300”1 “672]
(b) 25 0l JITHE “670lct= =Xt 20

(c) #2 (b)2 20l O =XE HAIGH= 01 (BEEAl 504 OlHZ J|=)

(10 pt) 2. HAZSHOUNAM HHIEEH=E ELASF2(NOx = NO + NO2)2 M52
Flastot)| ?E =2 Jl=s SUA, (HWOIA £H)

(NUHEAC J£z2 3K BEE2 =2 =1

(2) 2 Dl=2ol delE 2tetol 8YGtAI2. (BFEAI 100X OlUZ J1=)



(20 pt) 3. CH7|2HBEHY AAE g4 M15ZASA A2 -HIHH £ H0{H <
MZ71F S) EH 33(2016. 3. 29 Ald0| MEH, 2|ZRo| ME7|FE Ot

=
¢20 0lE BIE82 2 Tig 4 =80 HotAI=.

A== ™7 E
WeSoleE S (RFO%) 24(21) O[5}
HH 2 EF (I %) 0.7 0|3}
o 2 (9 0.013 0|3}
o & (g/h) 0.0013 0| &}
A BHEF (B %) 2.3 0|3t
= 2 (F|%) 16(19) O[3
g 2 (ppm) 10 O[3}
371 (kPa,37.8°C) 60 0|5}
0% FERE (C) 170 0|3}
D ZgE(olefine) O Cisto () ¢tel 7|E=2 HEY == UCh 0 3%
WerEotelE 0| OISOl = () ¢t 7|&= HETtLt.
237 7|F2 0d 6 ¥ 1 2EH 8 ¥ 31 YNX| HZAIMHOAM E2105E= HEO
CHSH M &%tHLt.

(2) RL LHOI EMHote LE=E SIS 20l NUXH R 22 L4E
o A |

Q. (8tE Al 100X+ OILH)

(20 pt) 4. Ol ASEH/FCeHig)2 HAAAII = O AXOCZLEH HIES = HIDIJIAE
NAZHI|Z2 SHOIHES M, Orehiet 22 AXJ|E 4= UL

CO2 = 8.44%

O2 = 8.79%

NOx = 76 ppm

CO =44 ppm

HCs = 15 ppm

(1) NOXOIl CHEt BHEJEJIE0lI 80 ppm(3% O2) ZE=2, AHHMZ HHES=
NOx2l ==& H&GHAI L.



(2) NOx 2| HH= Xl 4=(emission index)E g/kg Bt 2 HAGHAI 2.

_'?_
ZEC0 ACHD IFEOY, RI| H2S2 HAT o =R
CHaNpS,0s2 LIEHE 2= QULCH OF2HOI =O{ X JtE 5Hof

JHE: @ 0] SR HABSANAM x2F yE 22 BtSSh MdS0HAS & =

H 2= (oxygen mole coefficient) 2 At StCE.

® 0| 7<= sl¥x(lean condition)HlA HAZXI D, &= NOx(thermal
NOx) ol MAES 1Ned6HK Z=C.

© =% WOl =Xot= N2t S= NO2 SO2 2tM3| &&tEICh,

o =2 020 2AHB0l HdE=2 & =H=x= yE

(1) &2 HE SEE0] 12%2 SHEAULD, a=0.8083, B=
5=0.057012tH, AXItA J|&E2 2 SO NO2l =& E 3—.—. ppm P2

AN L
(2)0|22) |20 HAZI |2 22 Nm® S22 ZHGIAL. o, ZEXHO2
1 atm, 0 °CE J}&&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 1.D. Number:

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

with mathematics and units!

(40 pt) 1. Ct32| 4 2= SIS (A E0fl Lz 2HEA 70 Xt O|LHE 7| =)
(1) NO, HiE MP7Z|es oA HL2SE 2 oS (5 7HA| LIE)

(2) HEto] =9 28 HE

mjn
rt
rn
ot
>
$0
rir
ok
oE

(3) ¥=0t Tl BiEs 87 = o &

(4) Y™ (thermal) NO, Md HFAHLZE

(20 pt) 2. AL HEAUAM ALEGHLD U= S=7E E4HotU= M, 1 7= C, H, N
S, 0% &2te RJI2 d=2=2 0IF0HM JUJYLE N, S, OJt C, HE sStEHC 2
Z2EH0 AL IJtEetUdE, 2RI d8s= Mt 0 72 sA2
CHaNpS,0s= LIEFE == QUCH OOl =01 & JOHE ot0IA THS =2 S0ll EotAIL.

JHE: @ 0] 872 HABUSAUAM x2F yE 22 BtS=l HdS0A2 &L =

Al %= (oxygen mole coefficient)2 AFZstLI.
® 0| /= 38X 2AH(lean condl’uon)OﬂxH HAACIHKRI D, = NOy(thermal

STVTo 2=
NOx 2l M2 1NeHSHAl Z=CH.
©® =% W0l EMot= NIt S= NO2 SO2 &2t&5| MetE L.



0 =70 EE= %5 =2 00 ZAHB0l HEd=2 &t sH+s= yE
At et
(1) &2 AX SE2S01 12%2 SHEJY D, 0=0.8083, p=0.0013, y=0.033
5=0.0570IctH, AZXItA JIE2Z SO2t NO2 s£ & 202 ppm &©HRI2
ZEGtAIL
(2)0I123)I20 NABIHS 22 Nm® S22 ZAFHGIAIL. &, BEEZAH02

1 atm, 0 °CE JI&&HL}.

(20 pt) 3. Ctg 82 7h&E QTel ZOH|(air-to-fuel ratio, AFR)O| [}E
ALIZ 04 & K| (three-way catalytic convertor, TWC)2| CH7|P=ES(NO, CO,
HCs)2l MARES E0FD UCL OH2 30 M| B2, (ZZ 50 Xt
Ol 7|=)

AN
:\\
(@}

Conversion efficiency (%)

NI

7

Window
2

13 14 15 16
Air—fuel ratio

(1) A8UAM & = UAXO0], "window"E HOLIH N SF H7|2E=2 2+
I MA=ZE0] 2457 ROHXEZ 3ld 8?2 AFRE A O{ot= ZAO| 7+
SR5ICE O|ME &2 Y22 AFRE HOE &= U= YHES 2T .

2) &=AHZ window 2Lt =2 AFRO|M NO, MAH=0| A5tAH Ha5t= O|/fE
M %1'('5|_A 2

=

(20 pt) 4. OIASEHi-CgHig)lS HAAIE U AIXNOC=Z2H HISEH=
BIOIDIAS JtAZADIZ SEHGIUS M, Ot 22 dXD|= Zds UL

COz = 8.44%
O2 = 8.79%



NOx = 76 ppm
CO =44 ppm
HCs = 15 ppm

(1) NOXOIl CH&t BHEJAEJIE0l 80 ppm(3% O02) Z=2, AHMZ HIES=
NOx2l s =& Hl&totAIL.

(2) NOx 2l HH = XI2=(emission index)E g/kg St 2 HAGIAI 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 1.D. Number:

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

(15 pt) 1. Ct22| Zt 2= 2SR (A4 =22 BIEA| 100 Xt O|LHZ 7]&)

(1) gD OsHRRH HiE::s H7IE=Z nMskEE ddte

() ALBHOIM HIZEE TAMSBNOJS MNSE M KNl

H7tH &

(20 pt) 2. OlA=2E(isooctane)E HAAIE OHE AR SAAH AlE(engine
dynamometer test)2 2 2H HBIE&= BHIIJIAE D
Ofchet 22 AXD|E ZHES IUACE. (x HW EHI

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



CsH1 (%&) 367 ppm
NO =76 pp

(1) 41 NO s£5 5% 022 12 NO s =2 HLGHAI2.

(2) & (1)0A HAE NO s=2 BHEXI%=(emission index)& H&HGHH g/kg
S22 LIEHHAI 2.

(20 pt) 3. CH7|SHAEFY AlHFE H115E2XSA 92 -HIHM = Z00H 9
MEZ7|E 5) 28 33(2017. 1. 28¥ 7|&)0| MEH, 2|2Fo| M=E7|E2 Cr=at
Z20 O|E HIE SO Z CIF 2 230 BHoA| 2.

7aEE A7 |E
HokSotet s o (RO%) 24(21) 0|5}
I SHEF (R %) 0.7 0|5}
e (9/0) 0.013 O[3}
ol ot (g/h) 0.0013 0|8}
A 22 (B A %) 2.3 0|3}
=T =& (FO% 16(19) Ol 3}
g 2 (ppm) 10 O[5}
S7|2 (kPa,37.8°C) 60 O3}
90% FERL (°Q) 170 O| s}
1. 2 E (Olefine) B0 CHBLO () ¢t 7|2 MET 4= ULt 0 AR LAHIEE SF0| Ltz ()29 7|E2 HEHC}
2.9 HO| & 7ot WetEosE o 7|22 2015 H 12 1 YRE 22(19) O|8HEL|%)E X3t CHRH QEAIM
(Lerield - FRA - YUHHOYA)0) CHSHol= 2015 H 2 E 1 Y2E HEOHCE
33712 71E2 0 6 2 1 YEH 8 & 31 YMX| MEA|HON E1E= XMEO Cfsto] HE3tCt
(1) 212 20| LR MEIZ0NA LSS g2 SYu s
AMGHE 0IRE 22 J|1=56HAI2. (22 60Xt O LK)
(2) LK ZILS JII= 0|52 AHMEIE 01RE HHGIAIL. (BHE Al 60X
Ol LH)

(20 pt) 4. LS AN AIBED Y SRE BHGIAS I, 1 SREC, H, N,
S. 0% 229 V|2 HEEZ 0I20IM AT N, S, OJ} C, HE Sstmo=



20 AT JtEeUE, FI 8= MHee 0 s=<
L,

5
CHuNpS,Os= LHEHE == QUCH OtcHoll =018 DS SHolA THS =230l &otA

IS @ 0] S22 HABISANA x4 Yy 242 BISSI MEASUHAS &AL 2

H ==(oxygen mole coefficient)Z A& &tCI.

® 0| SR= 3le8tx2(lean condition)HAl HAZ XD, & NOk(thermal
NOx) 2l MM S 1okl Z=Ch.

=
N2t S= NO2 SO.2 28| ME=Lt.

© == WOl &Mot=
0 =70 EE= %5 =2 0201 ZAB0l d8=2 &4 =H=+= yE
At et

(1) &0 HE S22 20| 12%2 SEEAJLD, a=0.8083, B=
AXIA JIZ=2 2 S022 NO2 s&E 74% ppm &2

(2) 012=D 12
1 atm, 0 °C

=
S
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 1.D. Number:

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

(30 pt) 1. Lt32 4 2= SIS (I ESE BIEA| 100 Xt O|HZ 7|=)

(1) CH7 |2 E M EHAAYE 32 1152 HE 33(2018. 3. 2% 7|&)0f M2
(@)

LR M=E7|EE 5 O 20 #71E @, @, ®2 Olf
J|=dl= s EES THA Of 7
WSl E S (RL%) 24(21) 0|5} @
B o2 (R I %) 0.7 0|5}

= (g/0) 0.013 0|}

ol 22 (g/%) 0.0013 O|dt

A B (R %) 2.3 0|}

= 2 (F]%) 16(19) O| 5t @
2 =& (ppm) 10 O[3}

3712 (kPa,37.8°C) 60 O[5}

920% FE2E (°C) 170 O[5} ®

(2) EAMTIE(NO,) M HFHLZ S “S& NOL(thermal NOY" HFHLZ



rf

o2t

INESRNRY|

rlo

i g2 4y NSkt EY, HA Snt &
A H

(20 pt) 2. O™ QTIc=RE HiEEZ|= Hi7|7IAE 7IARM7|2 FHE5IRES M,
CO, 8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm O|RULCt. CIS =30
oA 2

(1) NOOll Cist HiESIE7|E0| 80 ppm(3% 0¥ L, AHMZ HiERE=
NOL2| =& ALSHAI2.

(2) NO, 2| HiZX|a=(emission index)E g/kg THRIE HASHA| 2.

(20 pt) 3. ST L0 ARBID Y FRE

S, 09 ozto] 27|12 MESZE 020K A

Ausiol UCkD SIEAOE, 27| MESS Hes o ERel Al
_l

CHuNpS,Os= LIEFE 2= QUEt OF2jOf| =O{ Tl 71 5o A Chg =250 ot 2.

718 @ O] S/ AXELSAINM xR 5 212 2 P20 Mol At =
A 4=(oxygen mole coefficient)2 AHZSHC}
® 0| 8+ gletxA(lean condition)AM HAEIO{X|2, Y& NO(thermal
NOY2e| dds ne{stXx| =Lt

© S WOl ZXHSt= NI S= NO2t SO, 2 2HH35| MLt

—— 1 =
0 RO =& 55% o 00 ZtARI0l dd=2 tax EAFE yE
ALE LY.

(1) &h2o] AZX BR80| 12%2 FFEIAL, a=0.8083, p=0.0013, y=0.033,
§=0.0570|2}H, AZXIIA 7|F2 2 S0, NOQ| 5E5 22t ppm BRI 2

!

HEBSIA|Q.
(2) O|2& 7|2t tAZ7|2S 242 Nm3 T2 ZH-SIA|R. Bt BEXHO=R
1 atm, 0 °CE 7t 3tC}.

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology

(Class #: 3246)

Total =

Final exam (38).

Hour: 10:30 ~ 11:45 am (75 min)
Date: 19 June 2019

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

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. LH7[2EEHH I%ﬁ”" H1s=(XtsA d=2-H7MH E= FH0HH <

MZEZI12 S) YHE 33(2019. 6. 18 7|&)0f M2H, AK9 NHX7|EL
Zah ol E HEoZ O 2t %%Oﬂ EISHA| 2.

5 S EES
@ 10% THREFAE (%) 0.15 0|3}
2 = @15°C(kg/m’) 815 0|+ 835 0|5}
gtat g (ppm) 10 O[5}
® CHet et (R H %) 5 0[5t
w2 (um) 400 O[3}
© ekE atetE(FAH %) 30 0|3}
MIEHX|=(EE= MIEHh 52 O] &

slzre dxsks 0|9 (2FE A| 60X} O|LY)

Ch=at

3) ©7F 23t 0|]2t O|E 30 O|5t2 FA|st= Ol (ZZE 50Xt O|Lf &)



2auelE(NOyYe dd HAHUS  (ZZ 100 Xt O|LY =)

FAES =8 S0 A = (50 Xt O|LH2)

(10 pt) 3. Of2ff &2 7I&E AT =R H HiEE= HAMDE (NOYS| ddS
AXMSH7| fIot StLte| #oteoz HiZ[7IAE Ma=2t5t0] REEl= HEL S7(2
=38t Hi7|7tA Xj+2t (Exhaust-Gas Recirculation, EGR) 7|=9| 15 S7tHH]

(Equivalence Ratio, ER)2| gt+==2 B ULCH CtF 24 =50 HIAI2

:
oL = : ! .
it

(1) 7t&E AsAte ¢eE dEfMe=z Ad5Rs I, 1 sl =42
7bggt = QURULCH S7HH|7F 09591 F20 ot AT STt

()

J2I0A L £ U=0|, STHH|7F 1.0Y I, HIZ|7FAS 2BHA|7|R| &
A20| HBO H{7|7tA ZO| 10%S =HSHCHH AR Ljof

NO2| =& < 4,300 ppmOflA| 2,800 ppm O|StZ MZA|Z = JAAEL|
1 0|RE 7taks| MadtA| 2,

R
0z
2 ox
Ir



(20 pt) 4. MESIELATANM AFESID = OfH RAUEES EMRS M, C H,
N, S, 02t 27|28 d2=E O|F0H JA/JLCE N, S, 07} C, He} st X o2 ATt E|of
ULt 7Pgstttd, 27 4252 Helet O FHEC ZstAZ CHNS,02
LIEFE o= QUCH of2fof =0Tl 7+ SOl M CHE 230 BESHAI2.
7’8 @ O] S/ AXBSAOM XxRF yE 242 3= dd=0 Mo L =
A 4=(oxygen mole coefficient)2 A SHC},
® O RAE IEXZ(ean condition)OA HAEO(X|D, EH
NOy(thermal NOY= 1 2{5X| &=L},
© S HEHY =XSt= NI SE NOLF SO,Z 2tM 3| MetEICt,
0 S| ZE %5EO| 001 A GO MABO| Aa EA%E 2
ArEotC}
(1) Atae] AX SE220] 12%= FEEYD, a=0.8083, §=0.0013, y=0.033,
8=0.0570|2t3H, AXIIA 7|ZE2 2 SO,2t NOO| 8= & ZtZf ppm EHRIZ
7:II-| |.A|2

) Ol2Z7| 23t TABY|ZS 242 Nm? TI9IZ ZHSAIR. B, EEXUOR

o

1 atm, 0°CE 7} g 3tC}.

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 1.D. Number:

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

(30 pt) 1. Ch=2| 2} E30 2SN 2.

(1) EAM2E2(NOy) HiEXAdE2 gt FHA7[=(post-combustion)of|
S

NCR I} SCR 7|&  (Z4Z 60 X} O|Lf =)
(2) HiZ7kAXH&=2Hexhaust gas recirculation, EGR)I O]9 21t (100 Xt O|LH 2)
(3) M NOy H{ L (low NO, burner)2| 12| (80 X} O|LH£)
(20 pt) 2. 0| ATIC 2R H HiZE|= Hi7IAE 7IARMY|E ZSHSI/JAS W, CO,
8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm O|RICt CtS =30

EotAl2

(1) NOOll CH$t HIZESIE7|E0| 80 ppm(3% O LR, AMZ HiERlE
NOL| S5 ALSHAIR.

(2) NO, 2| HiZX|==(emission index)E g/kg THRIE A AtSHA|2.



(15 pt) 3. 7|2 HEHH
o

Al
(=

(2020. 5. 27.

M115z=(Atsit A= HI2tH Ee H0iA Q|

Us ), ThsBEER)

<H 1>

st &2 N Ed b
YSTHBE T (LT%) 24(21) Ol
S B (2% 0.7 0[3}
et (g/h) 0.013 O3}
ol &2 (g/1) 0.0013 O3}
M2 8 (2A%) 2.3 Ot
Sofl s (£my) 16(19) oIt
8 32 (ppm) 10 Oft
=7/ (kPa, 37.8°C) 60 O[3t

Ye)
Q
o~

o %%E (oC)

170 0|3}

=
K
ﬂJ}O

2

| Z(Olefine) SHEO CHSIOY (

40 4o

ofm ol

= H oo B
\lng_uj_

e Hi

rz

o M

£

o

S H

w
ol
N
e

Ot <& 2> 7F&Ele

HY
rlo
=i
[y
[o2)
10
ne
4

m
[ee]

}01i 20153 281
HZA A S0k

12 1 YRE 22119 OlgHE
] x

(]| |:|-.

AA

- - als
ASTM*
Specification test method Importance
Volatility distillation D86 Cool weather drivability

Vapor-to-liquid ratio
Vapor pressure

Research octane no.
Motor octane no.

Antiknock Index
Corrosivity stability
Existent gum
Oxidation stability
Sulfur content
Antiknock additives

Lead content
Manganese content

D2533, D5188
D323, D5190

D2699
D2700

D130
D38l
D525
D1266

D2599
D3229
D3831

Carburetor icing

Hot start and driveaway

Vapor lock

Carburetor evaporation losses
Deposits in crankcase and combustion
chambers, and on spark plugs

Vapor lock
Low-temperature starting
Fuel tank evaporative losses
Vapor lock

Low- to medium-speed knock
High-speed knock
Part throttle knock

Average of research and motor octane no.
Fuel system durability
Induction system deposits storage

Exhaust emissions, engine deposits and wear

Catalyst deterioration
Engine hydrocarbon emissions
Oxygen sensor deterioration

*American Society for Testing Materials.



(1) <E 15004 7ta2el S71¢S 60 kPa O3t QXIBHOF St %I
BREE US <E 2>00M X0} 7ITotn 2428 AL, (2 30Kt

|LH)

()
—

) <® 2>01|A'| “catalyst deterioration”1t ZHHE[= 2
, -1 O| 72} “catalyst” A|2HIO|| CH3 2 HSIA|L.

(3) <H 1>0A 7F&2I9l 90% SER2TE 170°C O|tZ THHste 0|8E <®H
2>0| A Ao ESIA|L.  (Z 30%} O|LH)

(30 pt) 4. MEISIHUTMAOAM AFESID U= OfH FAHES 2GR
N, S, 02t 27|18 4252 O|F0X QUR/ULCE N, S, 07t C S|
ULCHD JHEeICtH, 27| 4222 Mt 0] FHES| IStAE2 CHuNS,OE

LIEHE == RACH Offoff =0Tl 7Hd 5t A Bt 230 EotA 2.

8. @ O] SR ALESHOAM L yE 244 S dd=0Me] M =

A 4=(oxygen mole coefficient)2 AHZSHC}

® O {FAHE2 38X ZA(lean condition)O|A HAE{X|D, EH
NOy(thermal NOy& L2{5tX| @b=C

© FAEH| E=XYSt= NIt S= NOL2t SO= 2HH3| MeHEICL,

0 RHE =gz %5%9| 0.0 A B0l Wd=2| M A= yE
ALE L

(1) A20| AR BE20| 12%2 SHE YT, o =0.8083, f=0.0013,y= 0033,
§=0.0570|2tH, AXTIIA 7|ZEOZ SO,2 NO9| 8= & 22 ppm EHRIZ
AXSIA| Q.

(@ 012371 HYBIFS A% Nm? EI9lZ ZHSAQ, B, BEZUCE

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 1.D. Number:

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

Be careful with mathematics and units!

(40 pt) 1. C}22| 2 230 2HSIA |2,

(1) SI AT BiZ7EA T7| 2= 7 HA7|=sat 23510,

1) a Mg 2240 /e FR U722 FF (3 pt)
)-b. L7 F=E S S M| ?I8l HELl= ZO0iEXLL 0|5
Tt F0He| =2 & (4 pt)
(1)-c. O| =& AH|(AFR = 147) 2L 1T 55 8%, (1)-a0lA ATt
712¥=252 MAHgE Hel (3 pt)

(2)-a. O|2| & HHLIEZ (5 pt)

3)-a.s== 28A=F8 24X (5pb)
(3)-b. 52 MEIS =2

otgh = = Uy (5 pt)
A

2H 07|z tHEXNLl

o3 7H)<t
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LIEH == QACE Of2jof] =Tl 74 oA CHE =230 ESHAI2.
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A %=(oxygen mole coefficient)2 AtESHCE.

® O FAEL2 3|8tEX(lean condition)dA] HAE| 0K
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0 SoEty| mBtE %5%9| 0,01 TAQO| MMEO Ata A

(1) AAO| AX 2E280| 12%2 EHEQUD, o =0.8083, p=0.0013, y=0.033,
§=0.0570|2tH, AXItA 7|ZO 2 SO,2F NO2| 55 ZZ} ppm EHQZ2
AMSIA| 2.

2) OlES7IE 457

1 atm, 0°CE 7} SHCt

OH
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N
N
Z
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7
4
u
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o
>
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(10 pt) 4. O™ QAT ZRE HiZEL|= HI7IAE 7IA24 7|2 FESIYUS W, CO;,
8.44%, O, 8.79%, NO, 76 ppm, CO 44 ppm, HCs 15 ppm ZCt NO, Of CHst
HiZ5{&7|F0] 80 ppm(3% 0¥ B2, 2HM=ZE HiEEE= NO o 8EE
HASHA| 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 1.D. Number:

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

(30 pt) 1. C}22| Z E&2 HYSIA |2 (Z4 2EE YHEA] 100 Xt O|L 2 7|5)
(1) “€H NO(thermal NO,)" A& HZtL|E (10 pt)
2 7t&2 2H7|T0M 22| Eat HekE &S 7Sk OlF (10 pt)
(3) NO, Mg %235 2ot HAK O HEF (10 pt)

(20 pt) 2. MEISHEUFAN M ALRSID U= O|H FAUES 2A5IUS

N, S, 02t 27|12 S2EE O|F0H JA/ULE N, S, 07+ C, He} s&td oz ATHE| o
UL JPFCtH, 27| 252 Mzt 0] FAES| ZSHA2 CHuNES,0:E
LIEFE == QUCE ool =Oo{ T 74 SO CHe 220 EotAl2.

71 @ O] T/ AAUSANM xR yE 242 B S HES0Mel ML =
A 4=(oxygen mole coefficient)2 AHEBHC},
® O] RFAUELZ2 3SlHIExZA(lean condition)OA] AHAE[O{X]
W HSHA| =L

[y
© 7 AEH0| =X{St= NIt S= NO2F SO,2 25| Hetelrt
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(1) 20| X BE80| 12%=2 ZHERAD, a.=0.8083, p=0.0013, y=0.033,
§=0.0570|2tH, AXIIA 7|FEQ 2 SO,2 NOQ| ZEE 22t ppm HHQ2
A5 2.

2 Ol2&7|80 IS 7|18S 42 Nm? HHR|2 2F5IA . B

(30 pt) 3. CtS =2 30f| 7t2kg| ESIA|R. (Z 2EE BtEA| 100 Xt O|LHE 7|&)
(1) ttg2 o Axlof FH&EE HiZ7tA Ka=2hexhaust gas recirculation,
EGR)S| T+ &2} 0|9 Z1HE S 7HH|(equivalence ratio, ®)2| &+2Z HO{F1
AL, 6E S8 © = 0950 BiZt22] 10%E EGRY 49 NO 5&=7F

©F 5,000 ppmOll Al 2f 3,200 ppm2Z X5 LA O|F]

Coolant Control
EGR Cooler

EGR
Control Valve

<+
Air
Intake

Cylinder Head

(3) AHsAE B0l Hotel= HEH2 "I S

Good luck on all your work to answer the questions.



Environmentally-Friendly Combustion Technology
(Class #: 2764)

Total =90 pt
Final exam. (11)

Hour: 13:30 ~ 14:45 (75 min)
Date: 11 June 2024

Student Name:
Student’s SIGNATURE:
Student 1.D. Number:

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

(30 pt) 1. NO(NO+NO,) M4 U MZHat Hast 220 HIAIQ. (242 150 Xt
O|LH2 7|&)

(1) 44 7t E

(2) E AKX O (combustion control)2t H{ZX| O (emission control)

(3) BaAO HER

ru
rot

A

(20 pt) 2. MEISHTTL0M AAEStL s O RAUES E40IRIS
N, S, 02t 77| d=2=2 O|F0M URUACE N, S, 07t C, Het stefX o2 EE.*EM
QUEtD 7pgettt®, 771 d2=S HMelst o] raEe

|
LtEHE == RACH Ofefoff =0Tl 7Hg StoA BtS 250 BotA 2.

8. @ O] 372 AXHSAOM X yE 22 gt S0t WHSF0AMel M2 =
Al ==(oxygen mole coefficient)2 A2 LY,
® O] QAELS BHtXZ(lean condition)O|A AHAE|O{X|

A e{orx| E=E.

H
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ikl
Z
o
rir



AEO| ZetE %5%°I 00 ARGl d8=2 Hax =A== yE
AHESHCE

(1) A20 HAZE BEE80| 12%2 ZHEYUD, 0.=0.8083, f=0.0013, y=0.033,
8=0.0570|2tH, AXIIA J|EO 2 SO,2F NO2| =& ZZ ppm BRI E
A2,

(2) OlES71E HES7|=

1 atm, 0°CE 7} StCt,

1jo
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Z
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r
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Hu
N
ox
Ot
>
to
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(40 pt) 3. Lt =30 25| EoA 2. (ZZ 100 Xt O|LHE 7|%&)

(1) CHE2 B 7kA X =%Hexhaust gas recirculation, EGR)2S| T+& 2t 0|9 ZIHE
S 7}H|(equivalence ratio, ®)2| B4+Z EoF1 =M, GE EH o
0.950( A HiZFAO| 10%E EGRY &% NO &EZ7F 2f 5000 ppmOflAl F
3,200 ppm2 2 XS] Z4A5t= O|F

—
Goolant P

EGR Cooler Unit

EGR
Control Valve

<+
Air
Intake

Cylinder Head

(3) AHSAE Rt BRE SEEL 02 Y

(4) S7HH| (equivalence ratio)2F AFR2| ZH7

Good luck on all your work to answer the questions.



