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A Study on the Influence of Fuel Component and Load
Changes on the Emission of Air Pollutants of High
Speed Diesel engine for Small ships

Lee, Kyeong Yeol
Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Ship’s fuel oil with a high viscosity and high impurities is likely to
cause incomplete combustion of diesel engine, and is therefore highly
likely to cause emission of air pollutants such as PM (Particulate
matter), NOx (Nitrogen oxides), SOx (Sulfur oxide) from the ship.

Recently, restrictions on the emission of air pollutants are being more
tightened on the ship. So it is required to develop more effective
national policies on the reduction of air pollutants emission from the

ship.
In order to do so, it is necessary to analyze the factors that affect the

emission of air pollutants from diesel engines for the ship and use its

results to establish policies for reducing emissions.
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This study investigated that the increase in sulfur content of MGO
(Marine Gas Oil) used as ship’s fuel oil has some effect on kinetic
viscosity rise, SFC (Specific Fuel oil Consumption) improvements and
the increase in SOx (Sulfur Oxide) emissions on high speed marine
diesel engine under MCR 500 kW. SFC (Specific Fuel oil Consumption)
improvements is due to the kinetic viscosity increase of fuel oil which
affects the reduction of friction loss in attached fuel oil supply pump,
etc. And this study also found that increased sulfur content in fuel
oil does not affect the emissions of NOx(Nitrogen Oxide), THC
(Total Hydrocarbon Content) and CO (Carbon monoxide), but an
increase above a certain level of sulfur content affects the increase in

PM (Particulate matter) emissions.

KEY WORDS : NOx(Nitrogen Oxide) ;
SOx(Sulfur Oxide) ;
PM(Particulate Matter) ;
MGO(Marine Gas Oil)

Marine Diesel Engine.
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)

M BAST BRH AR hAL FARTA “u AN B FG

flo

A = Adute] T oo
S E3le] A= 9 T-IMO)°] MARPOL &
ofoll A FASIL A= A EH“I‘T’: I = 83t Adsta Atk

r[r
éé o
ﬂm
.l-Ll
>
)
>~
>
i

&A%, MARPOL @k = Fallel] FAlsHE Adukel] ot v &4
E o7 d7Idl, s )k Adbel the wi Al 7F A& Ak
i

5Y% sEow AAEHIE o H YU,

= 7] & AL skl AR B3Eoln n ZatE A A
A s AGolA ARAAel BAF FAHE WAL, AFA, 4
A 5 B RED vmete] AURES Fad S AL Aol g
= Aol
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23 AL EZA(PM)S 23 A

7] 5 JAGEZAPM)S Fig.ollA UebA v vjESdoA AF 7]
O &2 HjZ5 = 1*(Primary) PM¥} o) 7] FollA 3}&Hkg-o oef A4
H 23 PMOo 2 FEHT 13 PME AAAEH A S = FHZA|, 2

=9 £7FF 59 OC(Organic carbon)®} 19j& o= Mgt HF 5 3}
HARE HE o ArlE Wrvte, B4 0 Bogee] 94 2 &7
7] ol Atk 22 PM2 o8 wlEdolA ve= 7hx dHe] =
Aol 7] Fo 0 247 sehiisg Yo wAHE Ao, 344
dE da HAFAA wEHe dadE(NOx), FthshE(60x), AT
#7182 (VOCs), ¢mUol 5ol F£37, & 7 westd A4H
o, F-2 A7 25m olste] mAHRE MAFE S o] ZTH[20]
Combustion Emissions H,0 SO, Emissions
Primary OC, E l i
Gas-Phase
o Photochemistry
HCI Emissions e
~ )3 H,SO.
pL=— < *~Primary

H
K cr

> a+

Sea-Salt Emissions

’."/ 5 H+, 804‘ sto4
/Primary OC,EC . HSO;

| NH,", OH~=— NHE

Condensible___,Secondary LBy ey NH; Emissions
: Metals
Ornglcs OC / NO;, H*
Ca?t, Mg** ‘\\‘
Gas-Phase Lo tg HNO,

Photochemistry s “~Gas-Phase

g . Photochemistry

Gaseous Organics f
Emissions Dust, Fly Ash Emissions NO, Emissions

Fig. 12 5l 22 JAZ=d(PM) B4 34
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AAFEAPM)S B 712 A (Organic formation)d F7]%

2l A4 (Inorganic formation)o.2 FE& 4 9l

714 %1 A4 (Organic formation)= 7] Fo| EA)5t= ©&7F 87
o]’¢2] alkane ¥ alkene Al¥, Terpene ¥ Isoprene 52 AAW|E 7]
A8}3tE, 123l Toluene 59 W¥EHH T #7|8FE°] OH, O; ¥
NOzoll &3k AFspak-go] e I&AAE frle= HdEes s et
o, ofgfe] A3 Zo] Table 22+ 22k A4 F714 dATEZ(PM)
Hh3-2 3 71220l WstksS yERd 2ot [21]

[IVOC + OH(Os;, NOs3;) — SOA
T (semi—volatile)

(Long—chain VOC, Aromatics, Biogenic VOC)

Table 2.2 22t A4 f714 AN =Z(PM)9] wHe2 3 W3S

Gas-Phase Organic Species prerosol Yield

[ugm-3 / ppm(reacted)]
C8 and higher alkanes 380
Anthropogenic internal alkenes 247
monoterpense 740
toluene 424
xvlene 342
cresol 221

F714<1 A A(Inorganic formation)= ™7] Fo Y=Y oKNH;)} &
AFEHE(SOx), AAa4EsHE(NOX)°] A& §h-g-3te] 4 (Sulfate), E4H4E

(Nitrate), ¢EF(Ammonium)= TAA7|= AS Dot 444

_15_
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o

1

(Sulfate) S 7] = FistEo] Whssle] AAEE FAHH,S0,)
UokNH;)7} gHteo] A=, dAd (Nitrate)S o7l & A4k
(NOx)°] 5719} HH-g-3} *@HEI A3 ormolrl 8tEo] A
o}, 34+ (Sulfate) AA L HI7FAHMS A4 (Nitrate) A4S 71
SREEES

o M o |

T oox Moo

%44 (Sulfate) 2§43
H,SO, + 2NH; — (NH4)2SO4(S)
714 SO, + 20H— — H,SO4

(ﬂiﬂ]}\o}Eﬂ S + H,Op — HySO4, S + O3 — HySOy

244 (Nitrate) A4
HNO; + NHj; < NH4NOg(aq, S)
71 A8 (B8HE-S) - NO, + OH— — HNO;

71A & BA| AdE] : N.,Os + H,O — 2HNO;

@9, A4 (Nitrate) A4S 7F9d FRFo|mR t)7] Fo ZA3
= AaistE, ¢ryol 2 F 4 (Nitrate) =
el
[

Wk 2 o2x A4 ANde] wx7h AAET. E 249 (Nitrate)

o
off
H
o

T UYoKNH;)7} 344 (Sulfate) HH-g-ol = s}
22t AR E = 57148 dAS=EE S dEUKNH) Y &
o wetx AAEY wElA 2212 A E = dAFEZD(PM)S Table

go] dEUYOKNH;)e &%=7F Hth(rich) R 4
o8 Z4zh FEHI o mE 23 AAGEEPM)S] A
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Al

Hkg-o] BT t2A e Erh[20]

Table 2.3 YFUKNHy) F5o] whE 23} YAFEZ(PM) A4 vhe-] 54

w =1

7 NH,/SO4 11 A4 e =4
HAETo ALk,
AHg ollolZ=Ee] A

a A 1C1

NH; ¥4 (deficient) <20 AArd Aol RH
o w73
BRERE

NH; 2 (rich >2.0

3 ( ) NH3 34‘03
_ 17 _
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A3 234A4E 15HAYRY &5 HF B

31 A3AuE w&O)AV|#e] ASH AHE A%

OA 7]dolA ZH3pAdo] Y AgE ALgsta ZH3A A7) 4R
i, o] b Fo EArEel FAE dAgr) wWe g4 A

==(diesel knock)E €o7Al ot webA 2EpA| A7) A

o] A7l S7HH. FEAd S %éi}fs}ﬂ AeMeE dAmg 2

f
=

2
To ARE AEIE A0 FLT. YuHoR AUl ¥ duY
42 gAwazt & oy ‘a%%tﬂ, aEgATIRe AR Ats

U doto] AgAEle =y 2 Rzy|BOF iiﬂ%ﬂ_ﬂ%% A&
gl wet Hubg AFE A5E AR FuelA TEE= AR
AHE= SO EFAA o 2)slA Marine Gas Oil(MGO) 9] OH E1rlEh:‘r[20]

off
-

Mubo A ALg3HE MGOE 749 A f9t talgos Aol v
S ol ol PEE ZolE HAH. o=
FAFE Ao Aukg Ao FAr|Ee] dEA A e ¥4
o] Zo] FAVZH AAYH U AAFFE
3 A FAEAAYARTA x1]2018—67§, 2018.4.9.)01]/‘1 Qe 9l
frF AdrEe] w2d, Ae8-e 10 ppm elstel, 4
o} 508} & 500 ppm ©]FE AL Utk MEt=
A 2Hg-E 52 ooy, Aubge 40 o] F oz zo]E Holu Yt} of
8 TGS AAE ) AMAE T I3l HelA &Fshe Aol ds

o Ho

2 l‘[l‘ rﬁ
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9= o A5 Ao g
54 (0) ATE T8 o3 | (AL 15 olsh
JAsEH (C) 40 °)%

FHE (40T, mm?/s) 1. 90]%~5.5 ©]3} | 1.5 o]’%F~6.0 °]3}
THAEY 0% FE2%, C) 360°] 3} -
10% Zfre Read (FA%) 0.15 °]3} 0.20 °]3}
=3 AHE (F9%) 0.020] 3}
3 (mg/ke) 10 o]st 0.05 °]sH(FAl%)
3% (FA1%) 0.02 °]3} 0.01 |3}
A EgE (AEER ) 52 o]t 40 ©]%
S3E2 (100T, 3h) 1 o3}
e A (0) -18 ©]3} -
2 4@60C (HRR UFET, (m) 400 ©]s} -
D=@15C (kg/m’) 815 ©]’~835 ©|3s} -
otk I (FA%) 5 o]a} -
PFEZEAE FF (FAR) 30 o3}
Hhol o T A ek (59]%) 2 oA 5 o]3} ]
A (52k2 ) - w7} AY

AR AGAFIEFLN AT LA A RO BB LA (I EAAY

FIAl A|2018-675, 2018.4.9.)
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Fu Azsolde] FFHE At B 2§57 B of
o] AuE Af7t ART sHAel BFch o|HF o[ FE
5

jm
o2 AR AgFo] HYFF F BB

olFol & ol o= 23 mARA fEEdE dH FdtE
(SOx)¢] LA LI Aol & Aolghal Adste] tefst TR/

o
AxA o2 33 A f(High Sulphur Diesel; HSD) 4713 2+ %@P
of Ag5E= AH3 7-(Ultra low Sulphur Diesel; ULSD) 17}
stR=t, 4% 75]%9] + AA AZelA 7 F e F FHF
0.05% wRke] Aukg i 13(E dFolA “MGO A” = A A3 the
A7MES A#3 7 -(Ultra low Sulphur Diesel; ULSD)
3 Af 13(E AT A “MGO D” 2 AA), 18

2 238t Az ds 234 “MGO B”
“MGO C” 2 AA)e FHRFFH. AFF ZFUltra low Sulphur
Diesel; ULSD)Z+= dRF Ff4ol AujE = A28 415 FHRAT

il
dor Rl
tz
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Table 3.2 AIA|Fol| AH&-

A 234N g AR Sy

No. | & B3 SEYH

1 ULSD | =ful g9t FHaolA fojsts 4AHE5 74

2 | MGO A |Adsf sHdAVt FAdshe AedaE 74
3 | MGOB |ULSDS MGO D& 10 : 19 &= &g

4 | MGO C |ULSD$ MGO DE 2: 19 Hl&=2 &%

5| MGOD |ULSDel o] H7HAE FYste] A=

Collection @ kmou

_22_

=2]/3}5hA dA
Ao SR AdAS5f
AFENS oFstg o, 17 A= Table 3.3%



Table 3.3 ARIA P AHEH AFAE A5 =24 2 547
SRR
Property Unit ULSD [MGO “A”MGO “B"MGO “C"*MGO “D”
LHV MJ/kg | 42.799 42.684 42.69 42.55 42.326
HHV MJ/kg | 45.726 45519 45.654 454 45134
Density kg/m3 | 824.5 850.4 828.2 844.4 864.2
Ash % 0.001 0.001 0.001 0.002 0.003
Fe mg/kg <1 <1 1 1 1
C % 85.66 86.35 85.62 85.48 85.33
H % 13.79 13.36 13.71 13.5 13.24
N % <0.75 <0.75 <0.75 <0.75 <0.75
O % 0.48 0.27 - - -
S mg/kg 6 211 1,014 5,021 10,726
Cetane number - 54.6 52 52.8 51.0 491
Aromatic total % 19.7 264 20.5 23.0 264
MAH % 18.3 2T 18.0 17.3 164
Aromatic| PAH % 14 27 21 44 79
compositi
on DAH % 0.2 26 0.6 1.1 21
TAH % 1.2 0.1 2 5.6 10.0
Non-aromatic total % 80.3 73.6 79.5 77 73.6
Kinematic viscosity ﬁé({ (s: 2.468 3.791 2.525 3.185 4.555
Pour Point °C 9 -6 -8 -7 -6
CENYIE SR RREY MRS TL
_ 23 _
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st aFel 4% ULSD<} MGO A, MGO D+ Z7Z+ 6, 211, 10,726
mg/kgo &2 Z}7} 354l 180W] BE ApolE Hola Ut webA FiksE
(SOx) wiZ==e A5 & Aol7b dd=u, A9ddZFlower heating
value; LHV)o] Fd3st7] wj&o A FL3 = 3
AT

1
o
ox
o
A
o
(i
P
(o]
!

Aubg AT Ze dEFSAAME A8 F3} EA4S YEu=
Algt7HCetane index)e] #kol A-AFEF F2H2EL7E &olstAl dojy
2 Aol FolAH Ag B AH], WiETlE EAE IS T
olH AFoAME Y dm BT % 2
3t 9 Aiee AV /IS Zloe® dddEn

g o] =245 A 5(Cetane index)7F PolAl= Aoz EA
Hglou, MGO C MGO DE A= ®ud o 3 343 5000ppmo]
Apol b A uk, AleA]+(Cetane index)®] & W37t gle HE vlFo &
W & FHEFT AGAFE Alole] RS fle AeE Addn.

out, ekl =& 40C T3 =(kinetic viscosity)7} =4 e}
= A3E B £ Jgot. 4 A5 69 40C 53 =(Kinetic viscosity)E 4F
HHH, 3 sFEFo] 6 ppmel ULSDE 2.468 cSt, 3 g-F=o] 211 ppm

Q1 MGO A= 3.791 cSt, & o] 10,726 ppm<el MGO D& 4.555 cSt
oltt. MGO A%} MGO D¢ 3= ®WstE XY, & Tiol 5438 =
7Fsk Wk 40C 5% =(kinetic viscosity)= °Ftr =713 AL & o

40C s =(kinetic viscosity) =7t & &2 S7F Alole] A3 H

daAl= dEEA e 2oz agdn. a3y, Ak es & 3
gol 57k Al 40C S(kinetic viscosity)7} €HF F7Fst= Aol U
Bl o

— 24 -
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40°C SHE(¢St)
5

4

uLSsD MGO A MGO D
(e 82 6 ppm) (2 |E 211 ppm) (2EFE 10,726 ppm)
Fig. 3.1 d5f¥ 40C 54 =(kinetic viscosity) #4] Az}

olo]A F(017Me] AR A4 F(Z % 100 ppmr]TH} 1+
A % 360 ppm)e] 40C 53 Z(kinetic viscosity) #4Z23}=

B, AFFA e 2894 cSt, 173 = 3596 cStE YERY 163
A7 A3 fol BlEl 0.709 ¢St T ASE B Frh[21]
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A4 AJAANHZA B AAEH

4.1 AJAAFFA

411 9%

Aol AeE &%
st AA=9 360 PSe T4
DD6CAM dzlolt}. B Addfel] dAjHo] 3 o AW 2EF

wA 5Zae Agulste] AA Pl &S

(@ F4F L126TIH 1% (b) ti-s DD6CAM =%

Fig. 4.1 AN F & 2FnE0ANZIe] B

o
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F4F L125TIH 33 571 A18% DD6CAM AR o] A|YU-& Table
413 2o

Table 4.1 QAT L AFyLEr)AQRe AY

Engine Maker/ FAakRlZ et 5o/ N7 AEH/
Model L126TIH DD6CAM
Encine tvpe 4 stoke, In-line, 4 stoke, In-line,
5 yp water cooled water cooled
Cylinder number 6 6
Displacement (cc) 11,051 12,920
Bore x Stroke 123 x 155 133 x 155
(mm)
Max. Power 360 PS (at 2,000 430 PS (at 2,000
rpm) rpm)
Compression ratio 17:1 17.2:1
Model Year 2003 1998
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5ol o] AIAFEHAAANA AmEFFol thet LT Aloj7F &olst
At

412 YA

AA Adbol Aol 2 A3 AR AP FHELr] 9s] di o
g A FHAL AdsAt. AX FHA= THA Aor|et AA S}
o] Qe ETs) 3 HSFE Aojsts Au|ZA T4k L126TIH Azl 7
¢ Horiba-SchenckAFe] 400kWg =€ A<l W400L AF&3$ T, EH%

T R
DD126CAM <l Z19] 739 HoribaAbe] 460kWg AC A Q! DYNAS3S A}

&3kt

(a) Horiba-SchenckA} 400kW & (b) HoribaAle] 460kW
84 AC 534
(52F L126TIH IR A3 L) ()5 DD126CAM R A & -8)

Fig. 4.3 QXA g A8 5EA

_30_

Collection @ kmou



41.3 YZ4/AE FFA A

X
=}

o

Aukg 1
== )
1,00081H =4
o] g3ty FAIALE Ao F Wity FFO=E
7F 44 Fo] olslE ol WYzt Feed® B 7} A}
gale] AAZxE EE3H o, =
d3tA A -&3FAT

Level sensor, Shut-off valve, 1

A ey R

X]‘E‘ =T ou

P
T
STaAAEAE

2 PID

7 B R8st

AA71E
T

A9

(b) W5 DD6CAM <l

w A oA

—r
—

Fig. 45 5 FgA %A
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A8 FFANFA B3

31 94
3-way valveE ©]&3te W73 FF8 T+ UESE dAsFgadde 7433
Atk ABREAES Aolstr] Hs T4k LI26TIH dxlol= 394 Ao
719k 9% E Throttle Mo1715 A2sta AR Throttles A28,
DD6CAM dlzlell&= 4+ L126TIH %13}

ZAzrgo] 9l7] wEo| A5HS Ao —’F
o] Ax1¥ TEMSA}F] Throttle Ao~

4.2 v 717t AS A AR

Ao

iTH HEEE )29

ol

i

Fig. 4.6 54+ L126TIH Aol AR8-= SPC(FhH <} FTIR(S) &
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z
il
=
N
r B
0,

of Azs| A AMg3tHTE FTRE #HolAE ol &3 78 24
NOx, SOx, CO, CO2 5= SAHY &+ Jor HE FD BReEs &
o] THC 94 Z4o] 7153 Agulolty. SPCE AZHT wj7|7t~S
g 3 AXE FHAA 2 PMY FAE 43k PM mass &
2§89 = wiErke Hat/r]Eel v

EI

1x

8 02 4 x f oo b oo
N
=

!!1IH!IlIIII}IIIIHHIMIHHIHNHIMIIIHIHIHIH

NS

Fig. 4.7 th-3 DD6CAM A Foll AH&2 AMA i60 B 714 71(=) <k

Nova prime(-¢) #v]2] =<5
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g% DD6CAM d17e] A9 exEgol AVLALY] wjE7hAEA7]2l
AMA i60%} SPC, Z18]3 MRUAMS] NOVA prime AH]E Hj7]g}el Ftho
22519k AMA 60 HlZ712 Ul THC, NOx, CO, CO2 5& =H3l=
FUUFE A Fol AL F dE AFAF AR olx, NOVA prime Hj

Nkzel EFE A2AEE A HAZA BAC AT 5 A W)

7 saan A7 F71Rol FATI4F AAeh AmgFelol Flowmeter
2 77 AAsgen, AR 3 Ads RUEPes] 98 Yo
Q&7 BuAA 27, FANUSC Sof LxalAs} HAMS 43
AT =S AAAFA o] £x, e =B 2ds] 98 T

43 AJANE B wZItESR AR AH=

Table 4.2 74k L126TIH SUAIR 2 wj7|74 =54 ] 55
No. 4 TA/E2 Az 3] A 7l &
1 527 W400 | Schenck Horiba | T orTP™
2| EeA Aoi7] | DCON 3100 | cht graie) | Torpm
3 SPC SPC 478 AVL PM =4
4 FTIR SESAM i60 FT AVL g
5 | Throttle controller| DTA-000 AVL O‘jgﬂl%i}\}%k
6 Flowmeter FM-1500 Ono Sokki A =4
7 | Intake Air Flow Eldridge T
meter production Inc. =4
FAIZS B8 AIAE B w7t SA ARAE A A s AR
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E AHEs 5FL Table 429 Zon, AA AX /NF=E Fig 4.8%

Dyno Controller

Heat
S Exchanger

nhﬂ.ﬂ'ﬂﬂlﬁ _J %

E/G Coolant
E | I @_@_ (Seawater)

—— o) ol H| Al Diesel y— Y

Dyno NAmaI| |
FTIR
H | cpF =
SPC — MGO

S

HH 21 2k A
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Table 43 U5 DD6CAM AN 2 w7]7}224 4u] 52

No £ TE/Ed A 23] A H a1
=g ~ 35} rpm
1 &G A DYNAS3 Horiba
A o
o | =54 20171 | SPARC Horiba T ol
3 SPC SPC 478 AVL PM =4
Exhaust gas ; vl 7] 44
4 analyzer NOVA prime MRU =7 (SOx)
Exhaust gas , v 7] /3
5 ralyze AMA 60 AVL e
6 Flowmeter FM-257 Ono Sokki Asg =4
7 Intake Air Flow Eldridge production | &4 &7
meter Inc. =4
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Dyno Controller Heat
E—— Exchanger
_A AfAAlA _J i

E/G

Coolant
- (Seawater)
= - b )
—— o H| Diesel
Dyno AR A

X | AMAi60 | Nova prime |
DPF 2 = —
tH 21 kA

Fig. 410 tH-s DD6CAM <A B w717 =54 AA] M=
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44 AJIANHYHL A3

ISO 8178+ TS HI =28 QoA Hl&E = 7|94 mj&TF

2 E 548 W) A8 FAHOE Agse AY moE AW §
GAE ol §T FPH +AS B st BN YAy BUe BE
Hste AY ol

1 % ISO 81784 (E ZX)& Alukg <z
Atol g2 AA| Z7)o #AGle] YAT AXIHATE VFoE AP
WHolm E3 Abo] &2 Adh A de3de st

o} webA ol AFoAME &2y Ay AxeA AR
7F =9 syl 1SO 8178-F2 =9} 1SO 8178-E3 Z:=
2 AAstAth

Table 4.4 1SO 8178-4 R=X A& i A EF U
Test cycle Classification
B Diesel engines for craft less than 24 m, except

engines for tug/push boats

B Heavy-duty, constant-speed engines for marine
propulsion, without restriction of vessel length

Heavy-duty engines running on the propeller curve
E3 for marine main propulsion, without restriction of
vessel length

Spark-ignition engines for craft less than 24 m, except
engines for tug/push boats

E4

Diesel engines for craft less than 24 m, except for
tug/push boats

E5
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194 E57}A] 5 71X 2 B&5S
% AR 7=

2 Table 4.49} #Zt}

P
T

oS

A 9 JhA S
ISO8178 E2 cycle 1 2 3 4
Power
100 75 50 25
A5 (%)
=1
Speed, % Rated speed
7V A 0.2 0.5 0.15 0.15
Table 4.6 1SO 8178 E3 cycleol|A] 9] =9, 34 H 7s5AF
[SO8178 E3 & 1 2 3 4
PO;V et 100 75 50 25
A% 7 (%)
=1
Speed, % 100 91 80 63
7V A 0.2 0.5 0.15 0.15
E2, E3 2o mt A A HEE= 28 9 dSF =24, 7154
4~E Table 4.5, 4.6} o] A 3}HATH
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Ra : 437159 BUlsE (%)
pa : 93719 E3}FF7%d (kPa)

a: A5 S 439 He CY
< o HeF CY AR M, y/x (T 1.969% 3t}

ob2d, AAASLE(INOX)o gt FERAA T AlLHA

_ 1
Ki.0= 1% Ax(H,— 10.71) + B<( T, — 298)
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