Journal of Korean Society for Atmospheric Environment
Vol. 32, No. 6, December 2016, pp.613-623
https://doi.org/10.5572/KOSAE.2016.32.6.613

p-ISSN 1598-7132, e-ISSN 2383-5346

0

/Y AU 7|2 EEE HHEEHo st AY

A Study on the Characteristic of Emission for Air Pollutant
by Small Two-stroke Engines
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Abstract

In this study, pilot experiments were conducted by setting operation conditions to analyze characteristics of
emission for air pollutant from small two-stroke engines. Emission factors of the measured concentration of
pollutant were compared with EEA. Emission factor of CO analyzed by experiments - concentration, flow rate, fuel
consumption, etc. - was estimated at 816,011 g-CO/ton-fuel in average. It was confirmed that more than 80% of the
fuel consumption is discharged to the Carbon Monoxide, and that as the engine load becomes higher, emission
factor of CO increases in the form of log function. The average emission factor of NO, and PM,, was 3,801 g-NO,/
ton-fuel and 3,730 g-PM,/ton-fuel each. The deviation was not large by comparing the fuel-based emission factor
of EEA and the result of this study. Since considerable pollutants are expected to be discharged from the small two-

stroke engines, continuous research and support of the policy is required.

Key words : Two-stroke engine, Characteristic of emission, Emission factor, Non-road equipment, Air pollutants
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1 9lth(Goh, 2016; KEITI, 2014).

2 AAZF NFER9) Z7FE Class IV (20~50cc,
handheld)g 2% AX] &-& Hof 9 FQAPFo| 3
B9 S = QAR 3 7eeE 71E T/
A& AFY 7|&sEd HEY e FEolth(Kim
et al., 2008). FY AT 28§02 o]2ojz A
gk 71eAQ] A7 R AP glont uje 7
23+ Aol E3] Class IVE 2 A7) th3t A
LrleF o2y g4 os AP AF7F AY AR
gk A7golct.

HER Fule e A Eo] oF 19kW (25 hp)
oslel 284 AFMoR FAEo] 9lom, A7,
A

Table 1. Equipment specification used in this study.
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2.1 53 # 248H

CARB (California Air Resources Board)o| A= 48
Az A& QF7ES &lst] flste] ANFHA
o} w)EAA A B A 7] (NDIR, Non-Dispersive Infra-
red)E o|-§3to] HiE7tA AF7]ES Elsta jlew
(CARB, 1999), EPA (Environmental Protection Agency)
o £5AA] e FAVIES) FHCIRE Selskn
Sl Inspection 7]32l Intertek Af A= £F ANRF
AE ol&ste] HiEE4S st Atk (Timothy,
2010; U.S. EPA, 2008).

2 AT 23 2P AN WiEEALS gelst
7] $jsto] whufu|Eo] & 2F9 AH] (Brush cutter,
Blower)& AAst4E 2™ (&£ 1), Pilot FEjZ AFAA
of thgt wiEEAS Felstr] flste] 2HF HHE Al
sto] AFS s A LEEE (PM, )2
=] 224 (ASTEK Stack sampler)Z 0]-&3}¢]
&52s8te] ARE AFstHen, 7ty e HEE

29 H7IAA A AAZE 7EAEA 7] (MK 6000)

o off w1 B

Equipment: Brush cutter
Engine: Two-stroke
Displacement: 42.7 cc
Weight: 9.5kg

Output: 2.1 hp (1.6 kW)
Engine RPM: 8,000 RPM

Equipment: Blower
Engine: Two-stroke
Displacement: 65.5cc
Weight: 9.4kg

Output: 3.7hp (2.8 kW)
Engine RPM: 7,500 RPM

Mixed combustion rate - Gasoline : Lubricant=25: 1
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Table 2. Analysis item and range of analyzer used in this study.

Range
Analyzer Item Unit
Mean range Scale range
0, 0~25 vol, %
(€(0) 0~20,000 ppm
CO, 0~100 ppm
MK 6000 (Electrochemical analysis) NO 0~5,000 ppm
NO, 0~2,000 ppm
NO, 0~7,000 ppm
SO, 0~5.,000 ppm
0.05~4 0.1~2.0 %
co 0.1~10 02~50 %
NO, 5~625 10~250 ppm
SO, 20~3,600 100~1,800 ppm
. 1,3-Butadiene 50~800 50~800 ppm
GV-100s (Used gas-detecting tube) Acetaldehyde 25100 5100 ppm
Acrolein 3.3~800 10~800 ppm
Benzene 2~312 5~120 ppm
Formaldehyde 8~6,400 20~2,000 ppm
Toluene 5~690 10~300 ppm

(A) Chamber

(B) Exhaust port

(C) Duct

Fig. 1. Configuration of the field experiment in this study.
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3 AFAL AESYT 3L 87]3E (VOCs,

© EEA (2013)04
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Volatile Organic Compounds)2] 7
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=2& st S48t

2.2 NEEX| & AM=zHF

297 £YAA 7HE A 9RY FAHY 8L
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7F2 9m, M2 3m, 0] 25me Ay g AHE A2}
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A3 AASH o|Z7] (Brush cutter)@} E 2] (Blower)
oA WEHE hag FES 253 HAAE 24
o 948 SAok 37 R 7T FehE el
S (™ 1(B)), Hi7] el A 92 5 Qe AF
02m, Zo] 3.5me| 4EE HE= AZ st
1(C)).
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(A) Engine load setting

L | WS

(C) Real-time analysis

(D) Sampling

Fig. 2. Course of the field experiment in this study.

U pEst geb Aoz Bastgon 3RHoE A
RS YR b ofelgol Qlof LYRet 29%

il

T o

(29 AANE olg3te] AHAAE A HoHE 1~3 1
Az WS, ool et Hohee AW Hrhae
25%, 50%, 15% 2 283ttt AAst Haldz uj7)
TRV 928 YES B 4 34T 25 2 2
XA E A2 (27 2B)3H4 I, COL NO, 9| -
HARE ALEHI)E ol g3to] 0GB SEE
ZEoz 243t 290 e B FES
Aok YA L 9EYPM ) FEUA A3
olgsto] ojxe] BARE 13 29 A FEE
Hatgom (1 2(C). VOCso] et HAe [
AHgstel 18] 29 Al 58 HH 0= HHstel 3
=8 A5t BuIE AA 2gstel APl
AkEd o el sl daes 24
A 28 9Y yoiE ST 4

B rlr
o F{E

o
E’Ar.tdr{n:ﬂﬁulé

N

MR o o orlr OPF o u mlm
2
_EE

A ARG on, LAY AHEE o

o713 A A 32 A Al 6 &

shof s Al o) @) (LhnE B4ttt

3. 4

ot

Zut
31 RHUTN 08 2

of ¢FA HiER£2 HALE ER 5]'0“] A3t =0
2A317] 913 HES WAL 0.1m,005m02m &0
2 AR, JFHor gE AH(0.2m)yS A7Fst
o] QHEAY 2 23T ¥ 39| 25% $F0
ARFsHE AR o, WiE7t2Y fFo] B+
0.004 m*/seco] Y3, 7FEA|ZH] W2 dZAH|ZRe oF
0.38L/hr2 EA =}

AZ9 HlE 50% 222 FA5HES = viE
7k229] o] B 0.005 mYsec +F=0] 32w, Avl=
OF 0.74 L/hr J=2 EAEo] AP IxpE HA7L 27|
W} 75% 22 ARESIE 7Hs Alole WiE7ks



617

Iomo[q g / JoNnd ysnig 1V

SO'1 0s¢e 0C 8000 9T0 0 91 v Cl

060 00€ 0C 9000 0C0 0 91l v 1T

001 00¥ ¥C 8000 LTO 0 91l v 01l

060 0sy 0¢ 8000 S0 0 9l A4 6

Pec 06¢ 0l 9100 0s°0 (4 8¢ q 8

L1 06¢ 0l €100 wo 4 8¢ dq L cL
081 00¢ 0l S10°0 8¥°0 (4 8¢ dq 9

89'1 08¢ 0l 7100 Sv'0 4 8¢ dq S

08’1 00¢ 0l 9100 0s°0 (4 8¢ d 14

6’1 0ce 0l oo 0c9 S00 8¢ d €

08’1 00¢€ ol €100 089 S00 8¢ d 4

0C'l 00T 0l €100 SS9 SO0 8'C dq [

06'0 00¢ 0c S00°0 910 4 91 v Cl

06'0 00¢ 0¢ S00°0 SIo 4 91 v I

0s°0 0s¢ 0¢ S00°0 910 4 91 v 0l

89°0 (013 0¢ S00°0 LT°0 0 8¢ d 6

99'0 0ge 0¢ 9000 610 0 8C d 8

0L0 0S¢ 0¢ 9000 81’0 0 8¢C d L 0c
080 00t 0¢ L000 1co 0 8¢C d 9

Lo 09¢ 0¢ 9000 0co 0 8¢C d S

09°0 00¢€ 0¢ 000 ore SO0 ol v 14

0L0 0S¢ 0¢ 000 61'C SO0 8'¢C q €

80 0S¢ 4 000 LST SO0 8'¢C q [

980 ocr 0¢ 9000 LTe SO0 8'¢C q !

8¢0 061 0¢ 000 cro 0 8T q Il

8¢0 061 0¢ 000 cro 0 8'C q ol

() 00T 0¢ €000 1o 0 8'C q 6

() 00C 0¢ 000 €ro 0 8'C d 8

8¢0 061 0¢ ¥00°0 cro 0 8'C q L

0€0 (U9 0¢ 2000 €Tl c00 91 v 9 4
oo 00¢ 0¢ 000 €CC c00 8'C dq S

8¢0 061 0¢ 000 61'C c00 8'C q 14

8¢0 o6l 0¢ 000 LTT S00 8'C q €

wo orl 0C €000 () o 8¢ q [4

00 00T 0¢ €000 6£0 o 8'C q I

(1y/7) Aduaroyya [ong  (Jur) uondwnsuod [on  (urw) dwn SuperadQ (99s/ ) xn[f  (s/ur) MO Jo Aorep  (w)jonp Jorowerq  (m})inding  dinbg  oN (%) peoT

‘peo| auibus ayj JO Blep JUSWINSES 'S d|qeL

J. Korean Soc. Atmos. Environ., Vol. 32, No. 6,2016



618 WA AR AN - B8 AT - olag -

2 A

Table 4. Measured concentration of pollutants by the engine load.

- A - D7)

N CO[ppm] NO, [ppm] PM, [mg/Sm’]
0.
Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75%
1 18,351 19,250 10,000
2 17451 25,897 17,160
3 7,667 21,985 19,101
4 11,907 15,826 17,451 86 88 98
5 9,139 17,500 18,787 71 81 89 106
6 11,641 19,355 18,796 93 63 98 87 81
7 14,596 17,909 19,923 83 65 58 75 79 85
8 10,590 15,371 19,923 66 63 58 62 80 112
9 10,545 17,352 17,328 46 63 82 69
10 10,427 9,945 16,169 57 54 66 145 102
11 11,993 23,807 21,703 70 71 86 117 111
12 18,836 18,799 75 84 84
Aver. 12,210 18,586 17,929 65 69 71 81 94 97
o 3316 4,147 2,907 14 13 11 13 25 13
frFol Ha 0012 mYsec, B AulE= 1.51 L/hrol Lk 800007 (A) Concentration of deviation and 30000
24 0.9L/Mhrofl A A 234 L2 |7} HAE}gT 25000 | 3Verage-CO 25000
ol AFAor AT & JUd AW 2FFE ¢ 20000 A 20000 ¢
_ _ _ o I8 g g
FI2ARAR 7] A= B dFAE 2 15000J ~ 15000 2
) T | i 5 i
A% Batol digk A7t Was AN e B S 10000, 10000 >
2elo), Q) S710) e St Avlvh AR so00] oo
Qe 2718 A8 A5, N | | 0
Load-25%  Load-50% Load-75%
3.2 LYEEHY E=H=sx 24N 1001 (B) Concentration of deviation and 100
BHAY o3P 29y 239 gHlY A £ g | 2verage o 0
Foto] ME 2d=dE = SH ARE H T CO 5 80 ¢
EYE Y 93§42 fA g Qe Ade 2 & .
Wi By B A&HoE FEE AR, 5 .. =
. ) |
NOS} PM, ) Aol WiEkae §4& A .
FA% 9E°] H70] 02mel AHRE 2HL A
e 40 : : 40
OI'ME]' Load-25% Load-50% Load-75%
Al A8 9] &9 o] HAl7} I A] Yol £l o7
EH_O gulel 242 ‘]- FaA e !— S 1601 (C) Concentration of deviation and 160
A5t 2 CO9 HiE&s=E B35 23, 7,667~ 140 average-PMso 140
25897 ppm HEE BHE BA ZAHQC, BoE o | o
_ - é &
o) 0% FEE GABE el B ¥EA AT B B o B
ehdth AURSIE 15% SEOE A BE & -
h A Aadhe AR R 3@y T o
o) $o1E BE £202 fASE A ) B
40 40

Ahule WAl A Yol Bekett. NO,
o Aol MjEBE Sao] LRt T} 46~03
ppm =2 SAECH (2™ 3(B)), PM& 62~
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Load-25% Load-50% Load-75%

Fig. 3. Average concentration and deviation by the

engine load.
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Table 5. Measured concentration of VOCs by the engine load.

N 1,3-Butadiene [ppm] Acetaldehyde [ppm] Acrolein [ppm]

0. Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75% Load-25% Load-50% Load-75%
1 >800 > 800 273 30.0 10.0 350
2 >800 >800 475 355 14.5 325
3 > 800 >800 > 800 193 450 50.0 10.0 10.5 17.5
4 >800 >800 >800 193 70.0 50.0 1.0 80.0 40.0
5 >800 > 800 15.0 325 60.0 1.0 10.0 60.0
6 >800 30.0 40.0 60.0 10.0 50.0 90.0
7 > 800 29.5 50.0 420 50 30.0
8 >800 350 37.5 420 150
9 30.0 37.5 79.0 15.0

10 21.0 70.0 18.0

11 33.0 60.0 475 70.0

12 65.0 80.0 90.0 100.0

Aver. - - - 25.8 48.5 52.1 94 369 55.6
g - - - 7.1 14.7 16.5 6.5 32.8 294
N Benzene [ppm] Formaldehyde [ppm] Toluene [ppm]

0. Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75% Load-25% Load-50% Load-75%
1 166.7 150.0 >300 >300
2 80.0 275.0 250.0 >300 >300
3 120.0 490.0 1,100.0 >300 >300 >300
4 195 40.0 59.0 750.0 300.0 >300 >300 >300
5 39.5 20.0 40.0 110.0 110.0 500.0 >300 >300
6 20.0 20.0 200.0 200.0 500.0 >300
7 10.0 20.0 20.0 87.5 225.0 500.0 >300
8 20.0 20.0 87.5 165.0 500.0 >300
9 10.0 20.0 95.0 87.5 165.0 1,250.0

10 20.0 10.0 100.0 625.0

11 20.0 20.0 40.0 135.0 750.0 900.0

12 20.0 40.0 725.0 750.0

Aver. 19.8 18.8 439 109.6 387.2 609.1 - - -
o 10.8 3.5 26.7 404 259.8 352.0 - - -

145 mg/Sm’e] WjEEE FEOR EAESY
3(0)). NO& PM,,& QRE3ES Z74A A4
7b woE AEFE R, ol e o]
S 37HE duAgwel adoR A4ina e
=8

VOCs & HAIA] 7tA&H7|E o] &5te] =43t
AHEZ-2 1,3-Butadiene, Acetaldehyde, Acrolein, Ben-
% 6%oln], ole] gt
59} Zt}. 1,3-Butadiened}
Toluene2] AL o= 2Ae 2= Qe Ax|Wo| H& ¥
917k 2 800 ppm, 300 ppmo| L}, 54 F=7} F
S Holus 20E Edstgon, umA 4%

o BYS 2YNHE FHIYLF 2SI Fob

zene, Formaldehyde, Toluene &
SR 2YBEL ¥

A A2 FHEAT(TH 4).

3.3 RLE=AE &+ EM A Hlw
AR A ol whet APIAER S4E &
dEdE ARALFE 7|F202 ARALTF

g 2¥9=% vj& A4 (g-pollutant/ton-fue) S EA3}
R 6), VOCs Hi&A4=¢] ol & dtolA
A5 SANE o= SHE7] dEel 2AHY
oA A5t ATt.

=AY By d79] 8|S (0.72kg/L)S I
gsto] e HEdE wiEATE 248 en, CoY
HjE&AeE o 816011 g/tono 2 A&EE Q] o]=
ABAREFE oF 80% o)/do] COZ HiEHE Ae 9
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60.0 Average concentration - Acetaldehyde 60.0 Average concentration - Acrolein
50.0 """ 50.0 B
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Q // & | -
2 300 e 2 300 .
= . = s
c c ”
2 200 2 200 42
10.0 10.0 P
0.0 T T Y 0.0 T T )
Load-25% Load-50% Load-75% Load-25% Load-50% Load-75%
50.0 Average concentration - Benzene 700.0 - Average concentration - Formaldehyde
45.0
i 600.0 =i
40.0 ol e
35.0 - /,’ 500.0 1 o
€ 1S T
& 300 P S 400.0 P
g 250 £ a0 :
£ 200 — — < : -
15.0 el 200.0 I
100 100.0
5.0 ]
0.0 0.0 )
Load-25% Load-50% Load-75% Load-25% Load-50% Load-75%

Fig. 4. Average concentration of VOCs by the engine load.

Table 6. Emission factor of pollutants for this study.

CO [g/ton-fuel] NO, [g/ton-fuel] PM,, [g/ton-fuel]

No.
Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75%  Load-25% Load-50% Load-75%

1 878,293 870,776 669,838

2 815,834 972314 795,535

3 561,204 959,685 756,947

4 842,153 679,744 951,826 4,284 3,856 4272

5 626,166 954477 988,086 4,021 4,151 3,652 4479

6 585,726 997,596 984,181 5,141 3,551 4,242 3,525 3,388

7 905,025 904,243 944268 5516 3,525 2970 3,710 3,589 3216

8 675,804 868.839 835,890 4,512 3814 2,629 3,076 3,152 3,756

9 569,379 851,752 945,071 2,684 3312 4,801 3461

10 646,528 624,852 857,192 3815 3,615 3,763 3,806 4,309

11 743,612 779,078 946,986 4,658 2481 4,006 3,258 3,890

12 657 A85 914,010 2,819 4,394 3,258
Aver. 713,611 843,403 882.486 4,237 3919 3,658 3,893 3,537 3,821

o 128,683 129,570 100,245 1,058 850 713 510 246 500
n)sh7] o] 3] w2 $EUS ¢ ¢ U, B 7S AR T 2AE LE=EE HEA
Hog PRt oHdaE viEgAee AHHL S EEAQ Tier | 59 d& 7|4 WA+ 5
2 2718l A4S Bt NO®F PM, 9 A9l “Gasoline - 2 stroke” & AA|E o] Q= vjE&A4¢} v
P WA 47} 3,801 g/ton, 3,730 g/ton 0. 2 BAEQ w3t Ailoltt QEAEAERE w|EA 45 £Fo] ZA
on, LFRN7L Fotd4E wjEAS ol AasE AolshAl g2 RS s, @AHEE T &
o7t oAl STtk FElE YERTHaE 5). AE PM,, liE&A+Y 52 EEA =51+ A9 {4t
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5000, Emission factor based on fuel
consumption - PM1o
4500
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2500

2000 .

2FdAY Hried=d WiEs

o
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i

F A7 621

Emission factor based on fuel

consumption

Load-25%

Load -25% Load -50%

Load-75%

-NO«

Load-50% Load-75%

Fig. 5. Emission factor of pollutants based on fuel consumption.

Table 7. Comparison of Emission factor for small two-stroke engine.

[Unit: g-pollutant/ton-fuel]

This study
Category EEA"
Aver. Load-25% Load-50% Load-75%
CcO 620,793 816,011 713,611 843,403 882,486
NO, 2,765 3,301 4237 3,530 3,767
PM,, 3,762 3,730 3,393 3,537 3821

" EMEP/EEA emission inventory guidebook 2013 - Non-road mobile sources and machinery.

A Yehth (Y 6). CO% NO,9| 9ol oF |
o, Lav) A= g SEOE dehged) ol 24 s}
o] AMgHE PR GBRO V18 Ayl dF G T
ol wekEinh.

DA 75 nhe

B3} 25%

1 2
A8 A7 Ao ARG 28F 2PAH h 2) B4
294 WEE4S ﬂowm 9Jate] A%

o) o}a} Pilot o] AHS AAEA L,

oL

29
deqzd = odEad iz
= o9y 25,897 ppmo. 2 YA+

Ao &

249 558 5 24T 0EA5 oIy Hg
s g vlmstel o T2 @

W& 7L 0] et vzt &
Z2zo) 4 B 0.004 m'/sec, 0.38 L/hr, 50%
4, &8 E 2220 A= 0.005 m¥/sec, 0.74 L/hr, 75% 22| A=
0.012m%sec, 1.51 L/hro2 BEAE o] HalE =d42

Aol = %14101]*1 71&FolY BAZ o A 22w FHE Z7bEE AL sl
go| HAL AA] ot FE O

BX% A3k, COx 7,667~
| E2 2 Hied = AL &
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Comparison of emission factor - CO Comparison of emission factor - NOx
1000000 - M This study == EEA 4500 I This study == EEA
900000 - 4000 -
T 800000 g 3500
%— 700000 - o o | T 3000 . L .
2 600000 . 2 500!
g 5000007 2 2000
& 400000 - T
£ 300000 o 15004
S 200000 5 1000
100000 | 500 |
0 T T T 04 T T T
Aver. Load-25% Load-50% Load-75% Aver. Load-25% Load-50% Load-75%
Comparison of emission factor - PMio
4500 - This study == EEA
_ 40004 o o ______
[} 4
2 8500 3762
S 3000
3 2500
Z 2000
2 1500
£ 1000
500 -
0 T T T ,
Aver. Load-25% Load-50% Load-75%
Fig. 6. Comparison of emission factor of EEA and this study.
AT, LRl wet 5=k FABTE 5% 5 BAH o] 0|2 BEAY AAEo] 9l Tier 1 £29] o
Z9| Ba} Aof oA Zadts AFS B ol A 2 7|8 WEASe BRsAL, B 21 g R
9] Rolg £ $FOR AT ), ?1_{ WEgd 2 Elssi
At 4ol g7 wZolzt weE NOQ}
PM, & Z+Z} 46~93 ppm, 62~145 mg/Sm34 Er
2 ngom, AANE FAANULE B Ho zAtel 2
= A%E 24
VOCs9] 29 EEAYA AA St Qe Ak 3o 2 AF= FEEA A iy edEd H 24
fo] =2 629 ERNL Palo g AT 2Hr|E 7S T AHED A AFAD7Y AP 3w
olgste] FEES ZAsAoN, ZHUYES Hojg 2 Ao, olo] A=Y
2 A%t Y] 4% (Acetaldehyde, Acrolein, Ben-
zene, Formaldehyde)= 35317t S7HE+5E =7}
7t S Fdstsinh References

4) LHE=AE s WiE R, BT 52

dz 49 "jEAess COo 3% Ht 816,011
¢-CONon©.2 BA o] =AM oF 80% o|4fo]
coz WaEt 28 FAFAL, 2GR} Fold
52 2a94 FH2 F715E A %A NO,
2} PM, ;2 H4t 3,801 g-NO,/ton, 3,730 g-PM,,/ton .2
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