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# # 4BT0620421 ' MAJOR MECHANICAL ENGINEERING
KEY WORDS: PERFORMAMNCE / COMBUSTION / INJECTION TIMING

WATHIT TANGPISITYOTHIN : APPLICATION OF DME BLENDING WITH PALM
BIODIESEL IN AN IDI COMPRESSION IGNITION ENGINE. ADVISOR : ASSOC.
PROF. KANIT WATTAMAVICHIEN, Ph.D., 262 pp.

This research is aimed lo study the eflects of DME blending with palm biodiesel on engine
performance and engine combustion phenomenon, This study had been conducted with the Cl engine, KUBOTA
model RT120 IDI 0.624 liters engine and test with 50%DME. 40%DME and 30%DME blended with palm biodiesel
to obtain engine performance. The combustion -phenmﬁhﬁiﬁrg analyzed using in-cylinder pressure data. The
resull showed in this research was divided into Bm parts, fjrﬂ-pm is about comparalive engine perfarmance
beiween using different blending ratio such as 50%0OME, 40%0ME and 30%DME blended with palm biodiesel
and using palm biodiesel on a dyanﬁ'tu;mlﬂ Th secmd part, combustion phenomenan of 50%0DME, 40%0ME
and 30%DME blended vith pqlm‘ bug-:ﬁaﬁal wer avalualad by employing rate of heat release thal using in-
cylinder pressure and fuel l&ﬁ prgm.ure da‘t; fuel E'I;e:;llun rate, ignition delay and mass fraction burned.

The result of full ld eqﬁnna pm*l‘nnﬂarﬂ had shown that maximum torgue and smoke density will be
decreased with higher bfrndef DME rﬁlvu Tlﬂe 5%%DME gives lowest smoke density. The part load engine
performance revealed thal ﬁ%GﬁE ;md 405%DME ,#vas lower specific total energy consumption than that of
palm biodiesel, 40%DME gwa‘sw Spedific total Mcmmmmnn but 50%DME gives higher specific total
energy consumption than palm buqﬁ!lesel E;naust g&ﬂgmparalme will be increased with higher blended DME

ratio. Smoke density will also decfeasa&mmhgher I:lujfpﬁ.@ME ratio as at full load. It was found that maximum

in-cylinder pressure will be ublalned --.qm MDME and‘ﬁﬂ!&DME which was higher than 50%DME. Increasing of

DME blend ratio will rasu{l i rulardad slart of n'lfeclnnn ED%IJME is the rrmst retarded. The start of injection of
30%DME and 40%5@5 are simi ,

Increasing of DME blanm ratio was resulted in retarded start of cumbushun The start of combustion with
30%0DME and 40%DME -am the same but more retarded with 50%0ME than 30%0DME and 40%0ME within the

GHOME Wi tre range between 0.4 10 24 “CA

range between 0.4-1.6 "CA. Increasing of DME also shows retarded end of combustion, S0%DME is the mast
retarded that resuitin hingherexhaust gas temperature-Netheat release-of 50%DME is the highest. The 30%0DME
gives lowest net hieat rélease, Increasing of DME blanded ware found that the(@enter of heal release is shified
away from TDC, 30%0ME has center of heatorélease closed torTRC but S0%DME has‘cenler of heat release
furthedaway fram TDE\The mass fraclion burped of 40%DME is the highest ut the mass fraction of 30%0ME
and 50°%DME are similar,

Finally, this study can be concluded thal diesel could be replaced by DME blending with paim
biodiesel. The study have also shown that, if the engine’s model using in this study was brought to regular used,

the 40%0DME would be the best match for optimum energy conversion efficiency and mass fraction burned.

N
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N3TLIUNIIAIN syngas (synthesis gas) avazlfuaaiusiidumumiues antiuazidng
nszuaun3flamsdu (dehydration) azldiflu DME Ge@ewlulizaadliasi 1]
- Methanol synthesis:

CO+2H, = CH,OH, AH?, =-90.3kJmol™

rxn

- Methanol dehydration:

2CH,OH = CH,OCH, +H,0, ~AHS, =23.4kJmol™

rxn

- Water-gas shift:
H,0+CO = H,+CO,, AH; = 40.9kJmol *

rxn

- Net reaction:

3H, +3CO = CH,OCH,+CO,, AH?, =258.6kimol™

rxn
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T (K) P (kPa)
264.30 193.5
274.63 281.6
280.50 342.4
290.14 465.4
29512 540.1
307.86 773.2
312.92 880.9
326.76 1245.9
327.44 1267.1
333.81 1467.9
334.79 1504.9
340.67 1712.0
354.66 2297.8
361.18 2620.5
376.03 3463.4
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Property Dimethyl ether
Chemical formula C,H.O
Mole weight [g/mol] 46.07
C ratio [Wt%] 52.2

H ratio [Wt%] 13

O ratio [Wt%] 34.8

S ratio [Wt%] 0
Stoich. A/F ratio 9
Boiling Point [ C] 235
Explosion limit in air [vol.%] 3.4~17
Auto Ignition temperature [OC] 350
Kinematic Viscosity (liquid) [cSt] <1
Liquid density at 20°C [kg/m3] 668
Specific density [gas] air 1.59
Lower Heating Value [kd/kg] 28430
Specific heat [kJ/kgK] 2.99
Vapor pressure @293K [Mpal] 0.53
Cetane Number 55-60

an1TRluNNsNTzaNafaNananisawlstues DME wWanlFauieuniumiaaiu [2]
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ANAY 0.1 MPa ANAY 2 MPa
HRAINAITNAY Alia  DME Aia  DME
UL omm— & - Y ¥
(AN AURA
FoLnas 60 MPa, 50 mm oo
LIV EFELETL RN
293 K)
NAAINDUND A fnNN 293 K BIUUANH 439 K
FaU4 Alia  DME Alta  DME
(AYTNAURA 0 7% ' i ’
FoLnas 60 MPa,
ANNAUTOLITY 1 £/ I
MPa) '
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AN9199 2-3 40ULsTNaLURNRNALIE [4]

et ppm Tnenf3name | waaluiana wrdaulug | angndoulnelua
0, 209,500 31.998 0.2095 1

N, 780,900 28.012 0.7905 3.773

Ar 9,300 38.948
CO, 300 44.009

Air 1,000,000 28.962 1.0000 4773

arN1snAuNaalitanazeslulaslanyssaanaliTaslduannisdnanniauia
tsznausnafng 2 4o waazdoudiBurumuinanalalua119n 2.3 e AnaUdnI1d91

azlFqn

Fadeunuanazlfdianaluananedlulnsauussannia (an,) i 28.16 g/mol

Amiudgisennisenlnd DME asnsnaeiuanniseilline

C,H,0+3(0, +3.773N,) — 2CO, +3H,0 +3.773x 3N,

v
LAZANNITOANLI A AT AI UL NITANAALANNIA LS A

(E) Mo _ (2x12) +6+16 o111
A, M, 3x((2x16)+(3.773x2x14))

air

1
=

deslanFausauiuAvesdims (FAnavann 0.0690-0.0697) wazuAalaau (@
ANUTTHNIT 0.0685)%Lﬁuié’dﬂﬁ@q’l,%mummmﬂfiﬂz%w'?umw@mﬁzdwmmmwaﬁ
(stoichiometric mixture) ¥aaNa"28AN" Wi L& BB enauREa L DME 411190
el A uRai i neenGiausiandn diumauausniiatugyudwinly DME Aufu
FedeTilufinssiedananden dusuAndaunasiiazinls DME 'E]MV\I%’@@J’M%N%@LL@

0.0555 (A UNANLINN) Taud 0.294 (AauNANIUN)
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1]
Total = 105 Million T/yr || g other
50 -
B Taiwan
» 40 -
E 28 B 5. Korea
c-30
= Iq Hlindia
= 20
H China
{° OJapan
o T T

Electricity Residential Transport

U7 2-6 uualiinArnuseanisld DME lugnamnssusing
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2.1.5 msu@an DME lusnadszina

flaqifutlszinasinge 1dinnslassnsifaaiundn DME  wnung inldeunmnaes
DME siuiiaunaniianla Wesainidenaniusiuouninisenauiuainnsoulsglifann
d’lj a 1 ! a o % = v dl ! all | 1 d”
damassIAgnatnaduiiu i ldsaiuueiinnazgnasndnniduegneuil Inelutlszima

sinee i TAsan9iREnAL DME Asil

UszinAay

laqiiutlszmeaaisisniglszaananiauainisnlunisudn DME 1 §1u
% = = 1 1 o a o dl 173
AusiellneilaeunszangegnIuNmanie Sanaunannlssuldazunanuniuea

waztnuiu arunnagUiasnIskan uilaqiiulansmaeg 2-4

FI19799 2:4 NIAIN1THAR DME Anuaumnasiiee] Tuszimeay

Capacity
Province Feed —stock Start-up
(WuFuFa1l)
1 | Guangdong Methanol 8 1994
2 | Henan Coal 10 1994
3 | Shaanxi Natural Gas 10 1998
4 | Shanxi Methanol 10 2000
10 August 03
5 | Sichuan Natural Gas
100 December 05
6 | Shandong Coal 150 May 05
7 | Shanghai Coal 5 December 05
8 | Anhui Methanol 20 December 05
9 | Hubei Methanol 100 May 07
10 | Shandong Methanol 10 May 07
11 | Henan Methanol 100 July 07
12 | Jiangsu Methanol 50 August 07
13 | Guangdong Methanol 300 September 07
14 | Niingxia Coal 210 May 07
1093
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X o A o = = A o o a
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1 3 Aususailluauianlaananeldlumn1sen 2-5

AN9197 2-5 TATINNITIANNIAINITNAR ME TUUAa T UNATadaLs

Province Feed —stock Capacity(Wusiusatl)
1 Jiangsu Methanol 200
2 Jiangsu Methanol 300
3 Yunnan Coal 160
4 Guangdong Methanol 200
5 Anhui Methanol 100
6 Guizhou Coal 180
7 Shangdong Methanol 250
8 Shanghai Coal 50
9 Chongqing Coal 80
10 InnerMongolia Coal 3000
4510
Uszinadlily

TAsannstanImsasaadlet 1981 ifhilnsenisiinan DME Tnelfiuniues
ANNNTELIUNTUENIA (dehydration) %qﬁfﬂmﬂizmﬁﬁmﬁumﬂmﬁ DME u&Nriu LPG
uaZ e mamainiluiaieseusiida InedLFEYF197 aeiaidu Toyota Tsusho oA
ANTINEe Taaln1a9N1IHAR 100000 Fusatl

szinAininala

1R34n1s MOCIE G451 lsznaalfiiiet] 2007 Inenasunsiiazsin DME 14l
sannsgananaeluil 2012 Taauislfiilu 3 do9

2007-2008 | - g3nelasa AR DME Geazudaiasalutl 2008 Taeifing

NNINAR 10 AU
- E%TmI;Tqmmgmmmgmﬁﬂuﬁu
2009 -3GulArNNsEULIL

2010-2012 - FUHWAENENAIRARLITIYW 3000 Ausaduy
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UszinaAdgue

luflaautlszmasausfldfinnsaiielssuedn DVE Geflinganiadn 1.3
Susuieldlunsuaniu LPG

UszinAangIu

UszinaBuinuflunufiaze@n DME a1n methanol Theinszuaunis
dehydration uA fixed-bed reactorlaeifiingan1InGn 8 uaususetl Faazudaiaialul
2008

uananniifeillassnisudn DVE lutlszmpsuanun wulssmeaiing
dszmaiaide Uszinaauigaing Uscime@nid dseinalungn EU  uaztlssinAusida

Totalam lavieuuawinls

2.1.6 n15ld DME luilaqiiu

o

dusuludaunnstin DME 114 188 Tassnstinle idvaneTaseniasiodd

nauaN DME 20% fiufingvesalagainniafnmsnwan wlidmstiegnsiiazin s
mmmqmm%’@u@mmLwipliu??‘l?mﬁhimmmLmﬂmmLLmﬂrfiw"Lry’w’LL@zmiﬁﬂLmuﬁ%ﬁﬂﬁ
NfngpnAstiaandnsog

mﬂgﬁLmuL%@LwﬁxﬁﬁLéﬁ@lummmﬂmmmﬁmj WudHUszAnsnInganadn § NO,
tiaandnuazReunadn
naldflugaarunssunanlnin U3dn GE uazLiadm Siemens Westinghouse An1sld DME

Twrzasnannszud Wi nuLAs LA G9ls L ANTNINLAZNAN A

217 nwansailunisld DME

2.1.7.1 4ankun15kd DME
dapuadn17ld DME uwnusitdupmaluaaeseand Cl dsznavlilfaanisanas

194 lalasanfuan (HC) warafuauneuuenlas (CO). lulaids asanntassaieluiana

Y o o

199 DME Haandian (0,) Wuasdilsznauatiszninianitieus anfieudaglulidutini
Tneamss daiunian udaas DME azldifiawmain (soot) wiraruazaes (particulate matters

wsa PM) wanainil DME  Liddaafiduasfilsznay asduaslinaldifiae so,  an

v

nszuunen gl lunnmegaunisdaaslalde (exhaust emission) lunszuaunguen st

289 DME ~ Hguugiaindinszuauniamn idaesaies asinli NO,  anad aannis’ld

L%

wsedaus Cl tagldindunims uisumauiunisld DME azwudnldennianusgns Ll
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o o dglo/ 1 13 o dl & a a d” a
AUAN (N0 smMog) LAZUANATNULNNLIN n19ld DME fulATaseus Cl 1HARATaLINAS

Taange azlifdsaNiReuNqn171E conventional diesel

2.1.7.2 Aaid=lun15ld DME
P ' o P ! X a o 2 o JRiy
\Ha9annA1ANFa IR DME HANTANNIN09 0 INAIALTA FatuNAINLN b6
a1n DME AazfAanad T9890a LEanIn1381L L a091 TN o N AN LaZANITA
289 DME m1ndnssiudiaa naliiianngsa (leakage) Nilu (pumps) wazdiiam (fuel
injectors) fasiinnainasuaedudnliuaniu DME wetlaafunisannsauiaznisdndes
2199114 (pumps) uAIRA (fuel injectors) ANATUNA9Lg9UEN (Additive) NTRENNNNg
waaauliiy DME  Inelnfiazldansigeusis (Additive) NHNIWELINIAIN reformulated

diesel

22 thanlulanaa

1 v %
) 1 ! o = [ I~

nduluTefma (Palmitic Methyl Ester) ¥igafaatiadn PME siufunaaanuidanas

v
o o

aio v @ dla o o . = a o a dl ¥
naununnaaiunfiauiuuan luiaqii dadululenman@nainindulduaugaldunann

neangthan iudinsen naueamesiliadu (Tranesterrification)

C11Hz200,—Chy e HO—CH
CiyHC0—CH 4 IxMeOH —_ ~ HU—(EH +  3XCyyHpCOMe
C11Hz2C0.—ChHy —— HO=CH "biodiesel"
{coconut methyl ester in
triglycende glycerol this example)

Palm oil + Alcohol [+Catalyst] —> Glycerol + Fatty-acid ester (Biodiesel)

ﬁﬁﬁ“&m%”mﬁm Ufnsenadeniifinduaniadines (Sponification from ester)

O 0
" . Water "
R—C—0OR + NaOH ——= R—C—0ONa - ROH
Ester Metalic alkoxide Salt Simple Alcohol

Ansunszununisuanilanlulafmanniasfnedazldiuniues waziidulngy
Aufluingau wazldnssuaunisn@nuuung(Batch Process) Tnailnimnenlansanlasiiv

o 1 aan aaa a dl a = o dl v
l?]fJLﬁ‘\?ﬂ{]ﬂﬁ‘?;l’} ﬂgmmmmmgmuqm 65 ANANLTALTER AITNAU 1 UTFTEINA sﬁfl"]iﬁllﬁ
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azanandn uduaa lods Haninnand  ietlinanzieandiau aglululesma 1nns
dupnl  Nanysnindindunmalng aslafuen neauuenlas deundn waziiasain A
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221  puantnthanlulademanldlunmsnagau

thaslluledisadnedeiildlunaennisnaseuiinnuandfnudsznAnsugsia
WAL WA, 2549 P97 27 (F09197) Tadluldmniivuases deduundnenzuas
@mmwmmﬁqﬁuhiaﬁLsnm?w'?um’i"mﬂuﬁmimwm (luleRimaguaw) [6] waznInggIu
Mdurineiululenion EN way ASTM SsausanlSlunnsnsi 2.8

Tunnsiinthanlulesmann ldlunnsmaget dnaululenimadnededansoieiiu
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Properties Unit Test method Limit Result
(ASTM)
Ester content* % mass - 99.85
Density (15°C) kg/m’ D 4052 - 96 860 - 900 879.2
Viscosity (40°C)* mm®/s D277 3.5-5.0 4.63
Flash point °C D 93 - 02a 120 min 166
Sulfur content ppm mass D 2622 - 03 10 max 16.0
Carbon residue % mass D 4530 - 00 0.30 max 0.7
Cetane number ~ 561%™
Sulfated ash %mass D 874 -00 0.02 max <0.005
Water content mg/kg D 2709 - 96 0.2 max <0.005
Total contamination mg/kg
Copper strip rating D 130-94 No.1 max 1a
corrosion
Clound point - D 2500 - 02 16 max 13
Oxidation stability hour EN 14112** 6 min 7.2
Acid value mgKOH/g D 664 - 01 0.50 max 1.73
lodine value g/100g
Linilenic acid ME % mass
Polyunsat ME % mass
Methanol content % mass EN 14110** 0.20 max 0.01
Monoglyceride % mass EN 14105** 0.80 max 0.74
Diglyceride % mass EN 14105** 0.20.max 0.48
Triglyceride % mass EN 14105** 0.20 max 0.18
Free glycerin % mass EN 14105* 0.02 max 0.0004
Total glycerin % mass EN 14105** 0.25 max 0.28
Distillation T90 - ASTM 1160 - 03 360 max 364
Specific gravity kg/m’ D 1298 880
Heating value MJ/kg D 611 39.872
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Properties BS EN 14214:2003 ASTM D 6751
Unit Limits Unit Limits
Ester content % mass 96.5 - -
Density (15°C) kg/m’ 860-900 | - -
Viscosity (15°C) mm’/s 3550 | mm7s 1.9-6.0
Flash point °C 120 min | °C 130 min
Sulfur content mg/kg 10 max % mass 0.05
max
Carbon residue % mass 0.3 max | % mass 0.05
max
Cetane number 51 min 47 min
Sulfated ash %mass 0.02 max | % mass 0.02
max
Water content mg/kg 500 max | % volume 0.05
max
Total contamination mg/kg 24 max -
Copper strip rating class1 - No.3
corrosion max
Clound point - - °C report
Oxidation stability hour 6.0 min - report
Acid value mgKOH/g 0.5 max mgKOH/g 0.8 max
lodine value g/100g 120 max" |- -
Linilenic acid ME % mass 12 max F -
Polyunsat ME % mass 1 max - -
Methanol content % mass 0.20 max | - -
Monoglyceride % mass 0.80 max | - -

19



p1971 2-7 (sie) wmsg iy lenima

Properties BS EN ASTM D

14214:2003 6751

Unit Limits Unit Limits
Triglyceride % mass 0.20 max | - -
Free glycerol % mass 0.20 max | % mass 0.02
Total glycerol % mass 0.25 max | % mass 0.24
Group | metals mg/kg 5.0 max | - -
Group Il metals mg/kg 50 max |- -
Phosphorus content mag/kg 10.0 max | % mass 0.001

max

Distillation T90 - < °C 360 max

222 Tasegsumscaiaaslulaniaa

= 3 1 IS dd‘ 1 o 1 1 dl
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F13797 2-8 uanslaseaFanIsARzednsa lasi(Fatty Acid) PNARANTRRALFNATNT

undnlulafes [7]

Fatty Acid | No. Of Carbons & Chemical Structure
Name Double Bonds (= denotes double dond placement)
Palmitic C16:0 CH4(CH,),; COOH
Palmitoleic | C16:1 CH,(CH,).CH=CH(CH,),COOH
Stearic C18:0 CH,(CH,),,COOH
Oleic C18:1 CH,(CH,),CH=CH(CH,),COOH
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q

Reference | Fuel Cetane
number

36 Palmitic acid methylester 74.3

37 Palmitic acid methylester 74.5

36 Stearic acid methylester 75.6

37 Stearic acid methylester 86.9

38 Stearic acid ethylester 76.8

38 Oleic acid methylester 55.0

38 Oleic acid ethylester 53.9

dl 1 2 % % o e v a dl % o dl ¥ & A

aninanaun et dnanegen Mlunasmageuiduinsiunlfanningn wse
NiFendnlrauiinwfiateamas (paimitic methyl ester, PEM)Teilaseai1an1aialnanalis
A15197 2-8
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acf o a0 A o -8 & a e 1 A o rd‘
unsupaar AT nuiniueslszuin 47 uaridumiiaeane flATnulNILIasg

n91 InefiANasi 74.3 uay 74.5 wandlumni319n 2-9
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Tndi(Particulate  Matter)  uazifFunnlalnsarsuaunldlagniualud (Unburn
Hydrocarbon) waziFunaufingasuewnaueenlos(CO) tHanaae Tan1sannafsil
Wunatlselominniainnisiluladuaniduwmenaaintauantf lunsuaneandiay
HANDE oxygenated fuel D4 11% laeuaa vinTidna lun1sduailnanysaiuingeau
2 e v O M A e 2w \

nauN pann s N lulefmannIn Hauiunaui leaINn19M1anIg
nslduindululenmadsinansaguninayediiiasainaiinidanniswnlud uas
lalnsmnsuaunldlagnuntud unsatinannsoinliiinenisiduilaels uazena
= £ Ao g va @ 1y %Y o = Y A o
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100% (B100) 21819 08ANANNIENNAINNALAEE 90% LAy B20 &1N1380 b6 20%
749 40% wazann Department of Energy UsemAanigaiaann uaz University of
Idaho Southwest Research Institute LLAaZ Montana Department of environment
Quality @HNagudunaliLiAzaiW 8ne The National Biodiesel Borad 18
AWM AAUNIAITIW Tier | Uaz Tier Il Health Effects Studies 4k
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3. uafiwan NO, fifisduiiesannsliimilulefiadudemadunimaassd
dnunn annnsldlulediaa  B20 luaninznnszquuazseusn aannImagaLze
National Renewable Energy laboratory Wi ldensluTeRiee B20 RnansT
Hunaieiid NO, ifhuunensdivindu uazluunensdl dewinlfan NO, Bndae Aq

Tdannsnagdldetinsdaraudninnsinanass NO, Wasainnisldundululania
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AauNITUaNITIaINAY DME adlu Uhanluladims azwidn Uanlulefeaas@udl
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1 % ! 1 1
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U ¥ .
FYULHEN b Swirl chamber (IDI)
WNANTZUANGL 94 mm. (bore)
9N 90 mm. (stroke)
Fumsnszuangy 624 cc.
w9eHngegm 12 hp / 2400 rpm
usadingagn 4.0 kg-m / 1600 rpm
ARINFIUNE9ER 21:1
o a =3
Pan taginy: lWuuUlane
ARNALL 140 kg/cm®
SIEOYQEGITE GITAR Usziam: 849z visegnaL
AANNAL: 600 kg/em”
. A el ) o
TLULNARAU andelaatluuui rotary
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HAn Redman Heenan International Company,
England

U Froude Hydraulic Dynamometer(DPX2)

Resolution 0.1 kg

ANNEIRAURNAA(L,) 0.03525 m

ﬁqﬁ’agaqmﬁmmsa%’ﬂﬁ 150/7500 CV/rpm, (1 CV =0.986 hp)
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U7 5-4 udmA Proximity 31/7 5-5 uans Pulse Meter

Qﬂﬂiﬂiﬁiﬂ’ﬁffmﬂmuL%@@U’Luma‘m@mﬁ Aa Proximity 11ia Inductive 37
AL TR RIS waziNadimas (Pulse Meter) LAAIANNNIEII0LITRILATDIEILS
TnaiEinga Proximity 1ﬁﬁgﬁum@q1muﬁiuﬁmﬁ LAZIAAIINLFITOLAINNIINNULBIUTIN LAY
(Flange) anlauntufinefilenasdn fipiaseusd ﬁ\agﬂ'ﬁ' 5-4 Lngﬂ'ﬁ' 5-5 uardayania
wadlaged Proximity A4 lun1ssanasiEaseulduandldlunsed 5-3

dwFuudnnisinaneesgaeunsniinasuiSasauirseceud esunelden
Proximity \fudumesaviudneensisaseuuwuulidnda Ine Proximity WUy Inductive £
a1AaauINLNwan WA (Electromagnetic Field) ‘Lumimq@ﬁufmmﬂwmﬂﬁLﬂu‘lwz
(Metal Target) kg luszezansna (Sensing Distance) JesaunLLnEn N
Usenaanansa Proximity aclifinnsdudafudngiiivea ey denelufadeusas
Proximity 19¥naufae 1082 ANUIALILNLLELUAN (Coil), aaadalainad (Oscillator), 2447

;39241 (Trigger Circuit) UAZ39391@WIWN (Output Circuit) AgLN 5-6
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;113797 5-3 uanstiaganiamaiinaes Proximity N ld3nA NG saLILATRNELE

fva, @'u OMRON, E2E-X2D1-N
PUIALEUNIUAUENA 8 mm (M8)

Type Shielded

Sensing Distance 2mm £ 10%

Operating Voltage 121024 VDC

Leakage Current 0.8 mA max.

Response Frequency 1.5 kHz (1,500 pulse/sec)
Operation Load ON

Indicator Operation set indicator (green LED)
Ambient Temperature -25°C to 70°C

Vibration Resistance 10 to 55 Hz

Weight Approx. 45 g
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[ 72
v AKX

AyryraunisidasuulasAruentaqadaanisiauzetla (On or Off) vieHauatfudn
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Wetule 1 3unuazsanaaaniiiiduaonuiseuluvios pm IngeinunsAIWIL fa

ANN1T 5-1

T (pulse/sec) x 60sec (5-1)
(tooth no./rev.)

FI1399 5-4 uaRLeYaNINATNA TGN 4 1N 1 TUAAINAAINNITITOLILATEIEE

flvie, fu DIGICON, PM-05
Power Supply 100-240 VAC 50/60 Hz
Power for External Sensor 12 VDC = 10%, 80 mA

Measuring Accuracy (23 £ 5°C) F.S. £0.05% rdg =* 1 Digit.

Measuring Range 0.0005 kHz to 50 kHz

Input Signal Max. 50 kHz(ON/OFF pulse)
(ON voltage : 4.5-24V,
OFF voltage : 0-1.0V)

Max. Indication 5 digit (19999 to 99999)

Display Accuracy (Update Output | 0.05/0.5/1/2/4/8 sec

Cycle)

514 9uUnsalgANuAINALES (High Pressure Set)

ilasannszuuivinnimasessuflugedfufalulnsauiufudenas DME uay
thdululedma Weld DVE flannuiuresmainaennssisunimmagen neluvieds
FanAs A livededamnanessyuy (Fuel Line) AinasULI9ALUlIedNudNNNgn 3 MPa
%qmﬂél%ﬂqﬂmniﬂﬂﬁwdu wiane azllanansomuusafussauills asanilusiaslfulgessuy
@ﬂmrﬁzm%mwaq duvienupauiudauanausuliuinnd: 15 MPa Inaigunsnlgany

1 ¥ 1 1
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injector

v
o

317 5-7 unudenazinsveLnsniganuANAUgatite Swagelok

;19797 5-5 21eaziBangnInianuANALgY (Swagelok)

WY gilnsal
1 Flexible Teflon Hose Tube Adapter
2 Male Connector
3 Ball Valve
4 Sample Cylinder
5 Tube Adapter
6 Union Tee Tube
7 Flexible Teflon Hose Tube Adapter
8 Reducer
9 Male Connector Parallel Threads
10 Gasket
11 Tube Seamless
12 Cap Tube
13 3-Way Ball Valve
14 Male Connector Parallel
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ANNWEUEYIa DME wantaululapema azaadniunazenulldeinas Taadviaun

b

DME nanidxlulasma saundulidsriuanase Inavianldiflunadadainag dailuvian

ANNNIINUANNARIANINNGT 3 MPa avliannsnldgnsnifununanuniuazasls

515 qunsalipnansdudaacinduidainas
o o é’ A 90’ o d” a o o %’ o d’l a ¥ olz dI nI/
n19dRdnnAuaeetinduimenas aztirdeainduaeinaendlduunnds Temnds
ansnsnFurminle 60 Alaniu Aponuaziden 2 N3N AgLN 5-8 uazldurRniduaiiive

AUNAMUNTaNAINLL AL LU ag

3117 5-8 uansainsninisdndnI AU ARSI UTALINGS

-dl ¥ a nI/ d' Yo o : A j a
139N 5-6 LL@@Q“II@H@V]’W\?L'Vlﬂuﬂ"ll@\'imqﬁﬁﬂimﬂﬂ@m?qﬂ’]?@umﬂ@\iL‘ﬂ’ﬂL‘WZN

Model JADEVER JWA - 60K

Capacity 60 kg

Resolution 29

Capacity 120 1b

Resolution 0.005 b

Internal Resolution 1/600000

Pan size 320 x 240 mm

Sensitivity Drift 20 ppm/°C (5-35°C)

Operating Temperature | -5°C-40°C

Display LCD with backlight, 7 digits

Power 110, 120, 220, 240VAC+10%,
rechargeable battery for 60 hours

Dimension 390L x 345W x 120H (mm)

Option Module 1. Bi —direction RS232 Module Box
2. Relay Module Box
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310 5-13 uAA4 Inclined Manometer

518 aUnsalinanunAuazANARLSTANNIA (Ambient Conditions)
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Number

5.1.10 aunsainldlunisnagauinaanuauluiasenlvel

5.1.10.1 Piezoelectric Pressure Transducer
AMFUNITALA LA LAIANN AL TR LN T LA L AN AT A LNAI NI NG
yinanld Piezoelectric Pressure Transducer @almeiyinlundalaseasneazilsznansosnan

rd‘ ' dl = o =S dl 1 a
poand a9azanolsyq i resnuaiadusananseyiniunan  Ingtlszanataaanunazien

dl o
wUemaNILINNNIZNI

TuﬂﬁﬁmmmﬁﬂuﬁmLwﬂmﬁ’%“ﬁﬁ Pressure Transducer gisia AVL ;g'u

GU12P Asgilil 5-19 Aassiuueguasdipsasaus Auuanslugili 5-21 Talaazidans

AN9197 5-7



P39 5-7 WARANATUANITRUAY Pressure Transducer &i%a AVL §14 GU12P

$1an15 Tadaud 0-20 Mpa
Overload 25 Mpa
Sensitivity 150 pC/MPa
Linearity <+0.3% FSO
Acceleration Sensitivity <0.001 bar/g
Shock Resistance >2000 g
egungh Idauldng 400°C
Insulation Resistance i 20°C ~1013 Q

a1 Capacitance 7 pF

Thermal Sensitivity Shift

379 20-400°C

<+2%

%39 200-300°C

<+0.5%
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Tun199pARINALAiadn s maInadas |d Pressure Transducer 3@
KISTLER 1 607C1 A4gily 5-20 Ineisinmd Pressure Transducer LuviaanatinsiuimaLngs

. R T T - STV = < o a4 o =
Fogseninetutinduimanasnuiaan mmm‘lugﬂm 5-21 AINTEUATLAEAAIANITINN 5-8

AN79N 5-8 WA ANADLANLIRYBY Pressure Transducer fisfa Kistler 114 607C2

T99N19 e 0-482,633 kPa
G T R gagn 698,476 kPa
AN Sensitivity -0.0174 pC/kPa
gounni et ludaq -196-260°C
NULMUNHN Intermittent Gas Temperature 1650°C

AN Temperature Coefficient of Sensitivity 0.02%/°C

YRV T

— S ——

y .o 7171 5-20 UAAININVD Pressure
719 5-19 WAAININTBY Pressure Transducer AUFLIAAINN

. 3 Transducer MFLTAAINNAY
pusluaginn 5 om a4 e o
danafinadniagn
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317 5-21 uARIAUMIINI9AAFY Pressure Transducer 1iudnanuauluiasnn luluay

o dgj a dl Y o A
AANHALTALNANNNINELIUARA

5.1.10.2 MsUdayaANNAY

w389 DEWETRON lugilnsainldlunisiivdayaaauduluiownlng
o é’ a ¢=|I Y o A = cY v .
wazpoHAMTAIINIdTngn TaedinsisvideyadaeTisunan Combustion Analyzer
Version 6 1 liaunsaifindeganaiusuuii Real-time lun1934eildiATas DEWETRON

314 5000-CA-SE 331l 5-22 uazildagamatinnaniaei 5-9

91I7 5-22 uaniATay DEWETRON {1 5000-CA-SE



F1N31991 5-9 LARIATLANITRTaILATEY DEWETRON g1 5000-CA-SE

General Specification

Resolution -0.1 degree with crank angle encoder at up to 8000 rpm on

1 channel

-0.2 degree resolution with 4 channel up to 6000 rpm
Result display Online mathematics and statistics

Fast online displays (pressure diagram,P/V diagram,...)
Function Powerful knocking recognition capability

Fast stream to disk mode Z1

MS/s)

Input specification

Max. channels

32

Internal amplifier slot

16

Sampling rate

Up to 1 MS/s total

Resolution 12 bit
Input
10V Standard

150 V (isolated)

Charge

DAQP-V modules
DAQP-CHARGE-X modules

Crank or CA input

isolated

Computer system

Display

17" TFT / resolution 1280 X1024 pixels

Processor

Intel 2.8 GHz

Memory / Hard disk

1 GB /250 GB high speed

DVD drive

DVD -/+ RW

Interface

USB, RS232, LPT,Ethernet

Operating system

Windows XP Professional
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;13199 5-9 (Fia) LAAIATUANTTRU93LATEY DEWETRON §14 5000-CA-SE

System specification

Dimension 460 X351 X 200 mm
Weight Approximate 17 kg
Operating temperature -10t0 50 °C
Storage temperature -10t0 70 °C
Humidity 10 to 80 % non cond., 5 to 95 % relative humidity
Vibration MIL-STD 810F 514.5, procedure
Shock MIL-STD 810F 516.5, procedure
Power supply 90 to 260 VAC

5.1.10.3 Charge Amplifier

nufudasdeuainuszqliiananaeanunann Piezoelectric Pressure
Transducer iiludtynodnsesulvida (Analog) inetinliluansnaizatlszananaliaglu
stunufdiasnissiall Taeld Amplifier $13 DAQP-CHARGE-A 2 6 iauiasdtysynmuann

Fuel Line 4az Main Chamber fanandlugiin 5-23 Tnaiddayaniainaiinfiamngei 5-10

Lt

=
mad i: .1
i
- e

L 1 it

»dl

L]

31I7 5-23 uans Amplifier $14 SAQP-CHARGE-A



;113197 5-10 uansdiayan1amaiian Amplifier $14 DAQP-CHARGE-A
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Amplifier $14 DAQP-CHARGE-A

Supported Sensors

ICP2 and Charge sensors

Sensor type selection

Push button or software

Input Ranges
ICP2 input

Charge input

0, 20, 40, 60 db
0.1, 1,10, 100, 1000 mv/pC

Gain Accuracy

1%F.S.

Input range finetuning

Programmable

Range selection

Push button (fixed) or software (all)

Integration

Single (velocity), double (displacement)

LED indicators
Range and filter
ICP LED

OVL LED

A,Vand D LED

5LEDS
Active with connected ICP2 sensor, inactive for charge input
Overload control (output voltage > 5V)

Indicator for acceleration velocity and displacement output

Constant current source

3.810 5.6 mA, >26 V

Filters (highpass)

0.1 Hz, 1 Hz, 10 Hz (+ 2dB @ f,

Filters (lowpass)

100 Hz, 1,3, 10, 50 kHz (+2dB @ f,

Filter selection

Push button or software

Filter characteristics

Butterworth 80dB / decade (24dB/octave)

Bandwidth, -3dB

0.1Hz to 50 kHz (+2dB@ f,

Typ. SNR @ max bandwidth
Gain 0.1 and 1

Gain 10

Gain 100

Gain 1000

Gain 1000

90 dB
87 dB
73 dB
54 dB
60 dB @ 10 kHz

Output voltage

+5V (+ \V-peak voltage.)

Output noise

< 8 mV (all ranges with 50 kHz filter)

RS-485 interface

Yes

Power supply voltage

49V, (10 %)

Power consumption

0.6 W to 1.2 W (depending on sensor)
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521 NMSNAKRUANTIOUL
v

TupaUNIINAGaLANTTOUZLLNaaNLW 3 49 e

5.2.1.1 Nn19 Run in
nisanilasuTugaunne luasesendlvg 18¥ans run in 1sessuslng
mﬂﬁum‘#mﬂuﬁmuf{ﬁmm@:ﬁu?‘ﬁm;:imammzﬁq B dpansAenanntlsznausag 3
drunen faid
1. llfn132 (No load) A3N39381 2,400 rpm F282i9an 30 UH
2. 1N19% 50% 28 rated power AINIETATAL 2,400 rpm
78121981 30 U7
3. 81132 100% 284 rated power AINNL3TAL 2,400 rpm
sveizinan 20 Falu
mMevdnaiasunis Run in l@iinnsnlasutneninussedusneuEuin
MIMAGEL  NIMAEELANIIIULBUa N TuRme  aantuasiinnnsiatudne

901 o dl 3 dl ?)l s d’l a i %’ o = 3 a d‘ &
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52.1.2 mi%mﬂ’auﬁn”lizgqqm (Full-Load Performance Test)

ﬂ'@uﬁqmmmmuﬁmqumsz@;mm a¥inmng warm up  LARedEUAAL
szuutusedulignmgiivnan Aeldenndd 70°C A nduGunageumanadiiug
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ARRIHAT 2100 rpm i@lﬁm?@muﬁfagiuamqmqGTfJ17'1' mﬁdﬂmmqwmmmmLm@wumm

v K { ' ¥

ANHEE 2100  rpm uAnAENundayaaInnIsTnAsie 7 7 fayaniianiedn 1Hun
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%
a o 1 < a o o/

AIINLFITRLTRLATENUN, gringRtnaeiiiy, guu)itndiunasg

a 9 a
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u, goungilaide,

v ¥
A o o A

gruunFlen, angALarANNALLITEINA, FRINALL AN TWTBWEAY LazA1ATUAN

a q

' 1
g =

AN NN T IR A LLATe e UAA LA Ta LIRS LATRIEUAAANAT 1700 rpm 58 1%

1
=

LzeNeuAnt luaN10AYFILAIRITUANAY LaznsznERLRAUNAIINLEY 1400 rpm 993
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g 3 apnaaall azliAudNiusssudeusdafuANTTaLINaN19N19494n (Full

Load)

5.2.1.3 NSNAKAUNNIEUN9AIU (Part Load Performance Test)

anp NI I szaineansrgegauazanafaseiilfarnnnmegey
mi:qaz\gm:gﬂﬁﬁmﬁwummlummmzﬁﬂuﬁmmﬁqLL@:?{Lmﬁmmﬂﬁi’m A m3unIg
NAKAL engine performance test

nasiaanqanulifnulasindnmnimeseunIuNInsgIu ESC  Test
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1400, 1700, 2100 rpm waSANIIMARALAWMUANezAnARaLaNTzAL WHur 10 Nm, 15
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MAUNINIINARALALFBY  warm up LATstuAauszILTMaaLfiulg N
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Needle lift
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Crank angle (deg. ATDC)
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6.1 HANNSNARAUANTIOAUSNANILNTEFIFRA
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6.1.1 wgalaLusn (Brake Torque)
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Full Load Curve Torque
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Full Load Curve Torque
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Anglh 6-2 wudnugstinusngegaainnisldirdululensailudemashe 40.36

N-m 1A911159381 1700 rpm danisstiniuangeann lannisld 40%DME Wumamasae
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Almallumangy 19.87%
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Full Load Curve Torque
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Full Load Specific Total Energy Consumption
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Full Load Specific Total Energy Consumption
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6.1.3 A1z ANENINNTIURAUNRINULTRLINRS (Energy Conversion
Efficiency)
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Full Load Energy Conversion Efficiency
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Full Load Energy Conversion Efficiency
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Full Load Exhaust Temperature
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Specific Total Energy Consumption @ 1400 rpm
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mngﬂﬁ' 6-18 memLi_l?fﬂuLﬁﬂuﬁmmmi%mﬂa@qwﬁ\‘mummfiﬁL‘Wﬁz(STEC
(MJ/KW-hr))  fuuwsedalusn (Torque  (N-m)) ‘ﬁlmmL?ﬁqa?@um?'@wuﬁmﬁmrﬁhm AR
FABAEIA W9

finauI39581 1400 rpm N132 10 N-m SN TR A INE LTI NI
a1nn"3ld DME wasihdwlulediaaiidndau 40%DME Lﬂuémwaqﬁmﬁﬂ@mmﬁu 16.23
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1400 10 LT 16.23 16.52 17.15
1400 15 14.31 13.65 13.66 14.39
1400 20 12.71 12.79 12.89 13.07
1700 10 19.00 16.94 17.46 18.11
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2100 15 15.62 15.22 15.38 14.96
2100 20 14.22 13.83 13.71 13.64
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Energy Conversion Efficiency @ 1400 rpm
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Energy Conversion Efficiency @ 10 Nm.
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Speed | Torue AnlssAnBANnNs L AENE ST e A
(%)
rem N-m [ 50%DME | 40%DME | 30%DME | PME
1400 10 20.26 22.18 21.79 21.00
1400 15 25816 26.38 26.35 25.01
1400 20 28.33 28.15 27.93 27.54
1700 10 18.95 21.26 20.62 19.88
1700 15 22.96 24.78 25.16 25.02
1700 20 27.27 29.12 28.32 27.45
2100 10 18.86 18.90 18.73 19.28
2100 15 23.04 23.65 23.41 24.07
2100 20 25.32 26.02 26.26 26.40
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Pre-Chamber Pressure @ 1400rpm,10N-m
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Pre-Chamber Pressure @ 1700rpm,10N-m
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Pre-Chamber Pressure @ 2100rpm,10N-m
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dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 1700 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 1700 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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Slope_of_dp/dCA of Pre-Chamber Pressure at 1400 rpm 10 Nm
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Slope_of dp/dCA of Pre-Chamber Pressure at 2100 rpm 10 Nm
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Fuel Line Pressure @ 1400 rpm,10N-m
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Fuel Line Pressure @ 1700rpm,10N-m

Pressure (bar)

-20

490
440 1700_30%DME
1700_40%DME
390 | 1700_50%DME
=
© 340 |
2
© 290
>
o 240
0
E 190
o
140
N g M\[\ /\ f\m[\ /I\
40 T j § T T \x T /\x
-20 -10 0 10 20 30 40 50 60 70
Crank angle (deg)
Fuel Line Pressure @ 1700rpm,15N-m
490 T s e — S
440 1700_30%DME
390 1700_40%DME
E | 1700_50%DME
8 340
© 290
S
>
o 240
0
8 190
o 140
40 -
-20 -10 0 10 20 30 40 50 60 70
Crank angle (deg)
Fuel Line Pressure @ 1700rpm,20N-m
490 T —— il
440 1700_30%DME
1700_40%DME
390

1700_50%DME

0

-10 0 10 20
Crank angle (deg)

1 ¥ 1 1
717 7-23 wanspuAUIINA NN AvEasaL 1700 rpm

39/ 10 N-m,15 N-m az 20 N-m

143



Fuel Line Pressure @ 2100rpm,10N-m
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Speed | Torque SOl (CA) EOQI (CA)

rpm N-m | 50%DME | 40%DME | 30%DME [ 50%DME | 40%DME | 30%DME
1400 10 -11.2 -13.6 -13.6 57.6 46.8 42.8
1400 15 -13.6 -13.6 -13.6 55.6 48.8 43.2
1400 20 -12.4 -13.6 —=oRel 66.4 53.6 46.4
1700 10 -9.2 =SO85 =10 58.4 35.2 31.2
1700 15 -9.6 -9.6 -10 62.4 53.2 50.4
1700 20 -9.6 <10 -10 64.8 57.6 55.2
2100 10 -12.4 -14 -13.2 45.2 42.8 39.2
2100 15 -12.4 -14 -13.6 50.8 43.2 40
2100 20 -12.4 -14.4 -13.6 57.6 53.6 50.8




146

ANNQAEFHFUNIIRALTOINGY (SOI) UAzAnRUAANIIAATAWAY (EOI) 1Az lstng

N19RALTALNGY AINLAASTUANTINN 7-2

dl 1 = d’j a
AN 7-2 LAAITINNNTAALTDLNGS
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rom N-m 50%DME | 40%DME | 30%DME
1400 10 68.8 60.4 56.4
1400 & 69.2 62.4 56.8
1400 20 78.8 67.2 60.0
1700 10 67.6 44.8 41.2
1700 15 2 62.8 60.4
1700 20 74.4 67.6 65.2
2100 10 57.6 56.8 b24
2100 15 63.2 57.2 53.6
2100 20 70 68 64.4
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Fuel Injection Rate @ 1400rpm,10N-m
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Fuel Injection Rate @ 1700rpm,10N-m
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Fuel Injection Rate @ 2100rpm,10N-m
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Main Chamber Pressure @ 1400rpm,10N-m
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Main Chamber Pressure @ 1700rpm,10N-m
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Main Chamber Pressure @ 2100rpm,10N-m
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Speed | Torque | pualumiedin dgegn (bar)/CA aTDC
rpm N-m 50%DME 40%DME 30%DME
1400 10 62.66 / 4 67.02/5.2 | 68.23/5.6
1400 15 649/28 | 67.33/4.8 | 68.04/4.8
1400 20 65.85/4.4 | 67.86/4.8 | 69.26/4.8
1700 10 63.21/6 65.58 / 6 72.46 /8.8
1700 15 63.83/6 | 68.99/10.4 | 70.46/9.6
1700 20 63.42 /6 70.82/96 | 72.07/9.2
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Torque | Speed | agusulutiasnudgegn (bar)/CA aTDC
N-m rpm 50%DME 40%DME 30%DME

10 1400 62.66 / 4 67.02/5.2 68.23/5.6
10 1700 63.21/6 65.58 /6 72.46 /8.8
10 2100 63.57 /8.4 66.96 /7.6 63.41/4
15 1400 64.9/2.8 67.33/4.8 68.04 /4.8
15 1700 63.83/6 68.99/10.4 | 70.46/9.6
15 2100 63.42/8 65.31/6.4 63.76 /4.4
20 1400 65.85 /4.4 67.86 /4.8 69.26 /4.8
20 1700 63.42/6 70.82/96 | 72.07/9.2
20 2100 68.71/7.6 67.83/6.8 64.59 /4.4
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dp/dCA of Main Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 2100 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 2100 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 1400 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 1700 rpm 10 Nm
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dp/dCA of Main Chamber Pressure at 2100 rpm 10 Nm
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Heat Release @ 1400rpm,10N-m
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Heat Release @ 1700rpm,10N-m
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Heat Release @ 2100rpm,10N-m
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Speed | Torque SOC (CA) EOC (CA)

rpm N-m | 50%DME | 40%DME | 30%DME | 50%DME | 40%DME | 30%DME
1400 10 -7.6 9.2 F92 59.6 48.8 46.0
1400 15 -8.8 986 -10.0 58.0 51.6 46.0
1400 20 -9.6 -10.0 -10.0 67.2 55.2 52.8
1700 10 -7.6 -8.8 -8.8 65.2 37.2 34.4
1700 15 -8.6 92 -9.6 76.4 56.4 54.8
1700 20 1952 ()2 £8) 2 N 60.0 57.6
2100 10 -5.6 -6.4 -1.2 55.2 51.6 46.0
2100 15 -6.0 -2 -1.2 55.6 52.4 48.4
2100 20 -6.8 -7.2 -7.2 58.4 54 .4 52.8
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Speed | Torque gaan19uen sl (Degree)
rom N-m 50%DME | 40%DME | 30%DME
1400 10 67.2 58 55.2
1400 115 66.8 61.2 59.2
1400 20 76.8 65.2 62.8
1700 10 50 46 43.2
1700 15 85.2 65.6 64.4
1700 20 84.4 69.2 66.8
2100 10 60.8 58 53.2
2100 15 61.6 59.6 55.6
2100 20 Hae 62 59.6
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Speed | Torque .

AINNTAL (Degree of CA)
rpm N-m | 50%DME | 40%DME | 30%DME
1400 10 16.8 12.4 9.6
1400 15 16.4 13.6 12.0
1400 20 19.2 15.2 13.2
1700 10 10.4 8.8 6.8
1700 15 12.8 8.8 8.4
1700 20 15 11.2 10.8
2100 10 14.4 12.8 12.4
2100 15 16.8 15.6 14.4
2100 20 16.8 16.4 15.6
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Torque | Speed .
AINNTAL (Degree of CA)
N-m rom | 50%DME | 40%DME | 30%DME
10 1400 16.8 12.4 9.6
10 1700 10.4 8.8 6.8
10 2100 14.4 12.8 12.4
15 1400 16.4 13.6 12.0
15 1700 12.8 8.8 8.4
15 2100 16.8 15.6 14.4
20 1400 19.2 15.2 13.2
20 1700 15 11.2 10.8
20 2100 16.8 16.4 15.6
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Speed | Torque
(%)
rm N-m 50%DME | 40%DME | 30%DME
1400 10 36 37 34
1400 15 38 38 37
1400 20 38 39 37
1700 10 36 38 36
1700 15 25 27 28
1700 20 29 29 30
2100 10 33 33 37
2100 15 37 38 39
2100 20 36 38 38
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20 1700 29 29 30
20 2100 26 38 38
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Speed | Torque 19AIN199MIETA (CA)
rom N-m 50%DME | 40%DME | 30%DME
1400 10 3.6 4.4 4.4
1400 [0 4.8 4 3.6
1400 20 2.8 3.6 3.6
1700 10 1.6 0.8 1.2
1700 15 0.8 0.4 0.4
1700 20 0.4 0.8 0.8
2100 10 6.8 7.6 6.4
2100 15 6.4 7.2 6.4
2100 20 5:8 7.2 6.4
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Net Heat Release @ 1400rpm,10N-m
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Net Heat Release @ 1700rpm,10N-m
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Net Heat Release @ 2100rpm,10N-m
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Speed Torque nslaasANTaugns (J)
rom N-m 50%DME 409%DME 30%DME
1400 10 482.69 478.43 464.60
1400 15 606.14 592.57 582.64
1400 20 760.34 731.06 715.21
1700 10 561.53 561.73 565.66
1700 15 640.05 646.84 599.14
1700 20 777.66 786.09 774.23
2100 10 537.70 533.13 535.52
2100 15 666.42 654.36 634.91
2100 20 811.56 802.68 760.55
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Torque Speed nnsuaatmINNTaugNs (J)

N-m rem 50%DME 40%DME 30%DME
10 1400 482.69 478.43 464.60
10 1700 561.53 561.73 565.66
10 2100 53770 533.13 535.52
15 1400 606.14 592.57 582.64
15 1700 640.05 646.84 599.14
15 2100 666.42 654.36 634.91
20 1400 760.34 731.06 715.21
20 1700 777.66 786.09 774.23
20 2100 811.56 802.68 760.55

A a = o ' dy a 3’/ ! v d‘ IS
\HaWansoiFauiiauiussndnsaanaisaisdaunaninanmeanuds Welnig
1 4
Windndou DME  Tuihanlulenma wudnenisilassainuiaugniazgeau lnadnaou

50%DME HAn1slaasnannFougandn uaz 30%DME HATn1silaeaaiiniauaign

aa

LAN1TAZ AT R dIuNaN AN U2 AN A NN TN U AN A AR AINAN U

q

AMNANZARIUNIALTALNANNLHN Il Fael faaznannlusiada 7.7

7.7 APRIUNIALTDLNAINLHA LN

o

] dsj a ai v A [ % éj a dl v % d} o o
pdcuNamaINAIEN Ml Ae Andauteuaamam@snmn lududa ety
v dl I dgl a dl 1 I % dqj a
ANFauTLaeaanu A NEamaNgnNn dsar AN Ta T e INAS
9117 7-48 D931 7-50 uansdndousnaimiom@siiunudass DME wanindulule

o

ALTANEARIU 50%DME, 40%DME WAz 30%DME



Mass Fraction Burn @ 1400rpm,10N-m
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Mass Fraction Burn @ 1700rpm,10N-m
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Mass Fraction Burn @ 2100rpm,10N-m
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Speed | Torque Mass Fraction Burn
rom | N-m | 50%DME | 40%DME | 30%DME
1400 10 0.77 0.84 0.80
1400 15 0.81 0.83 0.82
1400 20 0.85 0.81 0.79
1700 10 0.84 0.94 0.92
1700 15 0.78 0.85 0.80
1700 20 0.84 0.90 0.87
2100 10 0.80 0.79 0.79
2100 15 0.81 0.82 0.79
2100 20 0.81 0.82 0.79
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20 2100 0.81 0.82 0.79
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Speed T SOl SOl SOl EOI EOI EOI SOC SoC SOC

50%DME | 40%DME | 30%DME | 50%DME | 40%DME | 30%DME | 50%DME | 40%DME | 30%DME
(rpm) | (Nm) (CA) (CA) (CA) (CA) (CA) (CA) (CA) (CA) (CA)
1400 10 -11.2 -13.6 -13.6 57.6 46.8 42.8 -7.6 -9.2 -9.2
1400 15 -13.6 -13.6 -13.6 55.6 48.8 43.2 -8.8 -9.6 -10.0
1400 20 -12.4 -13.6 -13.6 66.4 53.6 46.4 -9.6 -10.0 -10.0
1700 10 -9.2 -9.6 -10 58.4 35.2 31.2 -7.6 -8.8 -8.8
1700 15 -9.2 -9.6 -10 62.4 53.2 50.4 -8.6 -9.2 -9.6
1700 20 -9.6 -10 -10 64.8 57.6 55.2 -9.2 -9.2 -9.2
2100 10 -12.4 -13.6 -13.2 452 42.8 39.2 -5.6 -6.4 -7.2
2100 15 -12.4 -13.6 -13.6 50.8 43.2 40.0 -6.0 -7.2 -7.2
2100 20 -12.4 -13.6 -13.6 57.6 53.6 50.8 -6.8 -7.2 -7.2

mﬁ?’]\i‘ﬁl 8-2 ANTINUAANNAUAY Ignition delay, EOC waz Burn Duration

Ignition Ignitiquﬁ ,,:f!gﬂnition '}’:\;___ Burn Burn Burn

Speed T dela'}_/q\ delay delay EOC EOC ‘f_" EOC Duration Duration Duration

SO%E;I\/}'-E 40%DME | 30%DME 5O%DME7 40%DM§3;§0%DME 50%DME | 40%DME | 30%DME
(rom) | (Nm) (CA) M (CA) (CA) (CA) (CA}T~ (CA) (CA) (CA) (CA)
1400 10 -3.6 4.4 -4.4 59.6 48.8 46.0 67.2 58.0 55.2
1400 15 -4.8 -4.0 -3.6 58.0 51.6 46.0 66.8 61.2 56.0
1400 20 -2.8 -3.6 -3.6 67.2 556.2 52.8 76.8 65.2 62.8
1700 10 -1.6 -0.8 -1.2 65.2 37.2 23.2 72.8 46.0 32.0
1700 15 -0.6 -0.4 -0.4 76.4 40.0 38.8 85.0 49.2 48.4
1700 20 -0.4 -0.8 -0.8 75.2 42.0 41.2 84.4 51.2 50.4
2100 10 -6.8 -7.2 -6.0 55.2 51.6 46.0 60.8 58.0 53.2
2100 15 -6.4 -6.4 -6.4 55.6 524 48.4 61.6 59.6 55.6
2100 20 -5.6 -6.4 -6.4 58.4 54.4 52.8 65.2 61.6 60.0
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MARNUIN N

N1MTFIU 1SO 3046 N NLITDINUNITNAFALLATDIL WA [28]

International Combustion Engines - Performance
Part 1 - Engines for land, rail-traction and marine use - Standard reference conditions

and declamations of power, fuel consumption and lubricating oil consumption

n.1 Scope

This report of 1ISO 3046 specifies the standard reference conditions and the
methods of declaring of power, fuel consumption and lubricating oil consumption for
reciprocating internal combustion engines using liquid or gaseous for particular engine

applications.

n.2 Field of application

This part of ISO 3046 covers reciprocating internal combustion engines for land,
rail-traction and marine use, excluding engines to propel agricultural tractors, road
vehicles and aircraft.

This part of ISO 3046 may be applied to engines used to proper road construction and
earth-moving machines, industrial trucks and for other applications where no suitable

International Standard for these engines exist.

Nn.3 References

ISO1000, S| units and recommendation for the use of their multiples and of
certain other units.

ISO 1204, Reciprocating internal combustion engines - Designation of the
direction of rotation.

ISO 1205, Reciprocating internal combustion engines - Designation of the
direction of cylinders.

ISO 1585, Road vehicles - Engine test code - Net power.

ISO 2534, Road vehicles - Engine test code - Gross power.

ISO 2710, Reciprocating internal combustion engines - General definitions.
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ISO 3046/2, Reciprocating internal combustion engines - Performance - Part 2 :
Engine tests.

ISO 3046/4, Reciprocating internal combustion engines - Performance - Part 4 :
Speed governing.

ISO 3046/6, Reciprocating internal combustion engines - Performance - Part 6 :

Overspeed protection

Nn.4 Units and terms

N.4.1 The units used are those of the International System of Units (SI Unit)
described in ISO 1000.

N.4.2 The general engine terms used are as defined in ISO 2710.

n.5 Standard reference conditions

For the purpose of determining the power and fuel consumption of engines, the
following standard reference conditions shall be used :
Total barometric pressure :
P.= 100 kPa
Air temperature :
T =300 K (27 °c)
Relative humidity :
d, =60 %
Charge air coolant temperature :
T_ =300 K(27 °C)
If other reference conditions are-chosen, these shall be stated.

NOTES

1. Relative humidity of 60% corresponds to a water vapor pressure of 2,133 kPa (16
mmHg) at a temperature of 300 K.

2. The air density at the standard reference conditions is equivalent to that at 98 kPa
(376 mmHg) and 20 °C and to that at 101 kPa (760 mrnHg) and 30 °C

3. For automotive type inboard and outboard marine propulsion engines, the standard

reference conditions in ISO 1585 and ISO 2534 may be applied but they shall be stated.
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Nn.6. Auxiliaries

Nn.6.1 Introduction

In order to show alertly the conditions under which a power is determined, it is
necessary to distinguish those auxiliaries which affect the final shaft output of the engine
and also those which are necessary for the continuous or repeated use of the engine.
Items of equipment fined to the engine and without which the engine could not in any
circumstance operate at its declared power are considered to be engine components
and are not therefore, classed as auxiliaries.
(Such as fuel injection pump, exhaust turbocharger and charge air cooler are in this
category of engine components.)

N.6.2 dependent auxiliary : ltem of equipment, the presence or absence of
which affects the final shaft output of the engine.

Nn.6.3 independent auxiliary : ltem of equipment which uses power supplied from
a source other than the engine.

Nn.6.4 essential auxiliary : Item of equipment which is essential for the continued
or repeated operation of the engine.

Nn.6.5 non-essential auxiliary : ltem of equipment which is not essential for the

continued or repeated operation of the engine.

n.7 Declarations of power

Nn.7.1 Introduction
n.7.1.1 Purpose of statement of power

Statements of power are required for two main purposes :
a) the declaration by a manufacturer of the value of the power which his engine
will deliver under a given set of circumstances. This declared value is known as
the “rated power”.
b) the verification by measurement that the engine delivers the power which has
been declared in a), under the same set of circumstances or after proper
allowance has been made for any difference in circumstance.
To specify the set of circumstances under which the declared value of a power

would be achieved, the declaration shall state :
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a) the kind of statement of power (see 7.4) and of necessary, the ambient and
operating condition (see 7.4.2).
b) the kind of power output (see 7.3).
c) the kind of power (see 7.3).
d) the corresponding engine speed.
NOTE
1. The term used in a) to ¢) may be combined, for example, continuous net brake fuel
stop power.
2. Where appropriate to the engine application and the method of manufacture, the
power achieved may be subject to a tolerance on the declared power. The existence of
and its magnitude shall be stated by the manufacturer.
3. Measurement of the powers referred to in this International Standad shall be
determined in accordance with ISO 3046/2.
n.7.1.2 Unit of power
Power shall be expressed in kilowatts (kW) The addition of the equivalent metric
or imperial “horsepower” is permitted for a transitional period.
Nn.7.1.3 Power and torque
For engines delivering power by a shaft or shafts, any power in this International
Standard is a quantity proportional to the mean torque, calculated or shafts transmitting
this torque.
For engines delivering power other than by a shaft or shafts, reference shall be
made to the appropriate International Standard for the driven for the driven machine.
n.7.1.4 Engine speed
The speed of an engine is_the mean rotational speed of its crankshaft or
crankshatts in revolution per minute, except in the case of “free piston” engines where
the speed is the number of cycles per minute of the reciprocating components.
n.7.1.5 Engine with integral gearing
When stating the power of an engine fined with an integral (built-in) speed
increasing or reducing device, the speed of the driving shaft extremist shall also be
given at the declared engine speed.

n.7.2 Kinds of power
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n.7.2.1 Indicated power

The total power developed in the working cylinders by the gases on the
combustion side of the working pistons.

n.7.2.2 Brake power

The power of the sum of the powers measured at the extremity of the engine
driving shaft or shafts.

Nn.7.2.2.1 Any statement of brake powers shall be supported by the
following list of auxiliaries :

a) essential dependent auxiliaries as defined in 6.2 and 6.4;

b) essential independent as define in 6.3 and 6.4;

c) non-essential dependent auxiliaries as defined in 6.2 and 6.5.

The power absorbed by the independent and the non-essential dependent auxiliaries
may be significant, in such cases, their power requirement shall be declared.
Note - Examples of typical auxiliaries are listed in annex A for guidance purposes. These
lists are not necessary complete.

n.7.2.3 Net brake power

The brake power measured when the engine is using only the auxiliaries listed in
7.2.2 a).

Nn.7.3 Kinds of power output

Nn.7.3.1 continuous power

Power which an engine is capable of delivering continuous, between the normal
maintenance nitervals stated by the manufacturer, at stated speed and under stated
ambient conditions, the maintenance prescribed by the manufacturer being carried out.

n.7.3.1 Overload power

Power which. an engine may. be. permitted ' to deliver, at stated ambient
conditions, immediately after working at the continuous power.

The duration and frequency of use of overload power which is permitted will
depend on the service application but adequate allowance shall be made in setting the
engine fuel stop permit the overload power shall be expressed as a percentage of the
continuous power, together with the duration and frequency permtted and the

appropriate engine speed.
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Unless otherwise stated an overload power of 110% of the continuous power at
a speed corresponding to the engine application is permitted for a period of 12 hours of
operation.
NOTES
1. The power of marine main propulsion engines is normally limited to to continuous
power, so that the overload power cannot be given in service. However, for special
applications, marine mnain propulsion engines may develop overload power in service.
2. If the engine application is not determined, the engine manufacturer shall specify the
overload power and the corresponding engine speed.

n.7,3.2 Fuel stop power

Power which an engine is capable of delivering during a stated period
corresponding to its application, and at stated speed and under stated ambient
conditions, with the fuel limit so that the fuel stop power cannot exceeded.

N.7.4 Kinds of statements of power

n.7.4.1 1ISO powers
n.7.4.1.1 ISO power

Power determined under the operating conditions of the manufacturer’s test bad

and adjusied to the standard reference conditions in clause 5.
n.7.4.1.2 ISO standard power

The name given of the continuous net brake power which the engine
manufacturer declares that an engine is capable of delivering continuously, between the
normal maintenance intervals stated by the manufacturer, and under the following
conditions :

a) at a stated speed under the operating conditions of the engine manufacturer’s

test bed;

b) with the declared power adjusted to the standard reference conditions given

in clause 5;

c) the maintenance prescribed by the engine manufacturer being carried out.

Nn.7.4.2 Service power
Power determined under the ambient and operating conditions of an engine

application.
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To establish service power, the following conditions shall be taken into account :
a) the ambient conditions, or any nominal ambient conditions according to the
special requirements of inspecting and/or legislative authorities and/or
classification societies, as specified by the customer (see clause 12);
b) the normal duty of the engine;
c) the expected interval between maintenance periods;
d) the nature and amount of the supervision required;
e) all information relevant to the operation of the engine in service (see clauses

12 and 13).

n.8. Declarations of fuel consumption
n.8.1 Definitions
n.8.1.1 Fuel consumption
The quantity of fuel consumed by an engine per unit of time at a state power and
under stated conditions.
The quantity of liquid fuels shall be expressed in mass units (kg).
The quantity of gaseous fuels shall be expressed in energy units (J).
n.8.1.2 Specific fuel consumption
The fuel consumption per unit of power.
Nn.8.1.3 ISO specific fuel consumption
The name given in the specific fuel consumption at the ISO standard power.
If not otherwise specified by the manufacturer, a declared specific fuel consumption
shall be considered to be the ISO specific fuel consumption.
n.8.2 Reference calorific value of fuels
n.8.2.1 Liquid fuel engines
The declared specific fuel consumption of a liquid fuel engine shall be related to
a reference lower calorific value of 42,000 kJlkg (10,030 kcal/kg).
n.8.2.2 Gas engines
The declared specific fuel consumption of a gas engines shall be related to a
stated lower calorific value the gas. The type of gas shall be declared.
n.8.2.3 Specific fuel consumption declarations

The specific fuel consumption of an engine shall be declared at :
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a) the I1SO standard power;
b) (if required by special agreement) at any other declared powers and at

specific engine speeds appropriate to the particular engine application.
Unless otherwise states, a deviation of +5% is permitted for the specific fuel consumption for the

declared power.

n.9. Declarations of lubricating oil consumption 1 Lubricating oil consumption

n.9.1 Lubricating oil consumption

The quantity of lubricating oil consumed by an engine per unit of time. This

quantity is used for guidance. It shall be expressed in litres or kilograms per engine
operating hour at the declared power and engine speed.

Nn.9.2 The lubricating oil consumption after a stated period of running-in
shall be declared.

n.9.3 The oil discarded during an engine oil change shall be not

included in the lubricating oil consumption declaration.

n.10. Adjustment of net brake power for ambient conditions

n.10.1 When it is required to operate the engine under conditions difference
from the standard reference conditions given in clause 5, the net brake power output
shall be adjusted to or from the standard reference conditions by the following formulae

(see note 1) :

P, = OP, (n-1)
o =k- O.7(1—k)[i_1j (see note 2) (n-2)
um
k = Py _a¢x P& k L | Ti ’ (ﬂ-3)
pr _a¢rpsr Tx Tcx

Nn.10.2 In the case of turbocharged engines in which the limits of turbocharger
speed and turbocharger turbine inlet temperature have not been reached at the
declared power under standard reference conditions, the manufacturer may declare
substitute reference conditions to or from which power adjustments is to be made.

The following formulae (4) and (5) will then be used instead of formua (3)

-
p r X CcX
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max

P. is the brake power;
p, is the standard reference total barometric pressure;

P, is the saturation vapour pressure under standard reference conditions;

(1)r is the standard reference relative humidity;
T. is the standard reference absolute air temperature;
T_ is the standard reference absolute charge or coolant temperature;

cr

P_ is the substitute reference total barometric pressure given by formula (5);

ra

T, is the substitute reference absolute air temperature to be stated by the

manufacturer;

TU. is the boost pressure ratio at declared power under standard reference

conditions to be stated by the manufacturer;

T .. s the maximum available boost pressure ratio to be stated by the
manufacturer;

QL is the power adjustment factor;

k is the ratio of indicated power;

M., is the mechanical efficiency (see note 4);

P, is the brake power under the conditions being considered;

P, is the total barometric pressure condition being considered,;

P, IS the saturation vapour pressure under pressure the conditions being
conside,ed;

d)x is the relative humidity condition being-considered;

T, is'the absolute air temperature being considered,

T,, is the absolute charge air coolant temperature at charge air cooler inlet being

considered.

The factor a and exponent m, n, and q have the numerical value given in table 1 (see

note 5).
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NOTES

1. For the convenience of users of these formulae, reference may be made to tables and
nomograms in annexes B to 0, which also include numerical examples.

2. When the ambient conditions are more favouravie than the standard reference
conditions, the declared power under the ambient conditions may be limit by the
manufacturer to the declared power at the standard reference conditions.

3. If the relative humidity us not known, a value of 60% should be assumed in formulae
references A, E and G in table 1.

For all other formulae references the power adjustment is independent of humidity (a
=0).

4. The value of mechanical efficiency shall be stated by the engine manufacturer. In the
absence of any such statement, the value of 1], = 0.80 will be assumed.

5. When declaring the ISO standard power the engine manufacturer shall state which of

the fomulae references in table 1 is applicable.

n.11 Adjustment of fuel consumption for ambient conditions

n.11.1 When it is required to operate the engine under conditions different from
the standard reference conditions given in clause 5, the fuel consumption will differ from
that declared for the standard reference conditions and shall be adjusted to or from the
standard reference conditions.

The following formulae shall be used if other methods are not declared by the engine

manufacturers :

b, 1=, (n-6)
where B =wa (n-7)
where;:

b is the specific fuel consumption
B is the fuel consumption adjustment factor
QL is the power adjustment factor (see 10.1)
k is the ratio of indicated power (see 10.1)
Subscript r corresponds to values under the standard reference conditions.

Subscript x corresponds to values the conditions being considered.
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NOTE - For the convenience of users of these formulae, reference may be made to the

tables and nomograms in annexes B to 0, which also include numerical examples.

Table n-1 - Numerical values for power adjustment

Engine type Condition Formula | Factor Exponents
reference a m n q
Power limited by A 1 1 0.75 0
Non - air excess
Compression turbocharged Power limited by B 0 1 1 0
ignition oll thermal reason
engine and Turbocharged
dual-fuel without charge Low and C 0 0.7 2 0
engines air cooling medium speed
Turbocharged four-stroke
with charge engine D 0 0.7 1.2 1
air cooling
Spark ignition Non - E 1 0.86 | 0.56 0
engines turbocharged
using Turbocharged Low and medium
gaseous fuel with charge speed four-speed F 0 0.57 | 0.55 | 1.75
air cooling engine
Spark ignition
engines Naturally G 1 1 0.5 0
using aspirated
liquid fuel

NOTE - The factors and exponents given in table 1 have been established by tests on a

number of engines to be generally representative and shall be used in the absence of

nay other specific information; for example in formula reference D, for an engine with the

charge air cooled by engine jacket water, the value for exponent g could be zero. At
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present, they apply only to the type of engines specified but table 1 will be extended to

include other types when sufficient are available.

n.12 Information to be supplied by the customer
The customer shall supply the following information concerning the required power :

a) The application and the power required from the engine and details arising

therefrom.

b) The expected frequency and duration of the required powered and the

corresponding engine speeds.

c) Site conditions
1) Site barometric pressure (highest and lowest reading available; if no
pressure data are available the altitude above see level).
2) The monthly mean minimum and maximum air temperatures during
the hottest and coldest months of the year.
3) The highest and lowest ambient air temperatures around the engine.
4) The relative humidity (or alternatively the water vapour pressure or the
wet and dry bulb temperature) ruling at the maximum temperature
conditions.
5) The maximum and minimum temperature of the cooling water
available.

d) The specification and lower calorific value of the fuel available.

e) Whether the engine is to comply with the requirements of any classification

society. or with' special requirements.

f) The probable period for which the engine will be running continuously, and the

duration of maximum and minimum load.

g) Any other information appropriate to the particular engine application.

Nn.13 Information to supplied by the engine manufacturer
The engine manufacturer shall supply the following information :
a) The declared powers.

b) The corresponding crankshaft and output shaft speeds.
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NOTE - For certain applications of variable engines it is common practice to supply a
power/speed diagram covering the ranges of power over which the engine can be used
in continuous and in short period operation.
c) The direction of rotation (see ISO 1204).
d) The number and arrangement of cylinders (see I1ISO 1205).
e) Whether the engine is two-stroke or four-stroke, naturally aspired,
mechanically pressure charge or turbocaharged and whether with or without
charge air cooler.
f) The quantity of air required for the operation of the engine for :
1) combustion and scavenging;
2) cooling and ventilation.
g) The method of starting, apparatus supplied and additional apparatus
required.
h) The type and grade of lubricating oil(s) recommended.
i) The type of governing, with speed droop of required (see ISO 3046/4 and ISO
3046/6).
If for variable speed duties, the working speed range and the idling speed.
If necessary, the critical speed range shall be indicated.
k) The method of cooling and the capacity of the cooing system with the rates of
circulation of the cooling fluids.
m) (From air cooled engines only.) Whether hot air discharge ducting can be
fitted.
n) A schedule recommended maintenance and overhaul periods.
p) Specifications and lower calorific values of fuels recommended.
q) Maximum permissible back-pressure in the exhaust system and the maximum
permissible intake depression.

r) Any other information appropriate to the particular engine application.
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N1SIABASINIS IUAURIBINTA [29]

NNSIABATINIS UAURIRNNTARAEAT Air Box Method [29]

n3indRngINIslualedaINIARNLaE Air Box Method unisdnlaeldunuaasis
Uszneunuteinenia T9ieinenIAaLd98aANITNILIRONTBIBINIATINAAAINAINIL
3 dl & O U dl 1 aa a o dl 0‘ o
n1sneuzenATaseus inlieinian anuaeiiaidnsnisluanananaanndn
ANALANASEN LAY NARININAN
14 1 C 1 aa dl o ]
ST IV T P KL NN G E C A T P VL E R R AT R
LN

A
FANTINN U-1

19NN -1 wanswadiiauguinatseseds g lng sz ndnsinisiuasiie

Orifice Diameter (mm.) | Air Flow Rate (mS/s) Mass Flow Rate (kg/s)
10 0.002 0.002
20 0.008 0.009
50 0.048 0.057
100 0.19 0.23
150 0.43 0.51

Vena
contracta Measuring
(- orifice
M
\‘u— Pt ] Airbox

//:;::_:___ r_J,“I B

a 1

To
Manometer engine

U7 2-1 wamsnmnisdndnsnisluaaedainAlaLds Air Box Method [30]

ANENEILAAINITINATAIDINIANIULNLY Orifice Plate
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NANUAANLLEAINTIN Orifice Flow Meter

1%

Fnnasaesisniannganazyinildfinnisnsvinensasanian s lagniwaszit

a8l Kastner [27] A92NNNT (2-1)

__417x106K4d2

° NV n’

c s min

1
o o a @

Tned v, Aa BNATEIRNaINIATLANTIgR (M)

L T2

A AP HAMVINAL 1 AIUSULATASLUS 2 A9UIY LAY

A
o))

PANTIAU 2 RVNFLLATNEIUF 4 S99

9

d An L wim@uﬁﬂmwm Orifice Plate (m)
N, A8 S1UIuNIZUANELIBILATENEUE
V, A BNAsTtngNgL (m’)
" = E e o
Ny A8 AINLIATALLATDIEUANUALNAA (rpm)

ANNF L Fa1n1AR laeinu Orifice  Plate  iuresluadnsialule (Incompressible

Flow) kaziansaun A duunLiuaesaIn1dmaei mnmuﬂmumﬁé@a azlgian

2 2
= P, , Vv
—F—FZ=—"+-2+7

: (1-2)
Yair 29 Yair 29
med p A8 ANAL (kPa)
v A8 AHLEIBNNNA (m/s)
V.. A8 dminemnzaesennid (kg/m’-s) = P..g

P., A8 ANNULILUWIEN8INIA (kg/m®) Wiy 1.165 kg/m’ 1 30°C
Z AR TTALIAYINES (M)

A 1 1 tﬂl 9 ! 2 1o 2
g AR ANANNLIHAdRINLT IHNRsaasTan (m/s)) it 9.807 m/s

v Y A o 1 o o
NG FRTRY 1 uaY 2 ABAIWUNANT9Y 1 uaz 2 Tugd 9-1 991 muaAL
[Wasananiog 1 luainialla uavisaasaniazetlussAuaugameaiy Al
a2 lFANI5998981NNA ANNANNTIN (3-3)

2A
v, = i (2-3)

2
pair
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nsluacinu Orifice aviia Vena Contracta @azvinlinisluaasatiaandingwy

v 1
AN AatieAnn T MaLULAYFa aLladnIn1sivalatuNare981NIA e

ma - CDOpairVAO (1-4)

Tne? C,,  Pa Discharge Coefficient 494 orifice plate

A ABIUIALDY Orifice (m’)

(0]

NN9IANARNIANNAUANATAN Orifice  Plate  azdalaslduruelimnes daarlsan
Head luniog mmH,O T98I130UNNIATUIRIAINARISANALRANATEN Orifice Plate 161
AINANNIT
Ap = Py, 00 An (1-5)
wen Ah  Ae uafne Head Nanulsaininuaines (mmH,0)
2
Prio AB AINVLALULIE9UN (kg/m’) WAL 997 kg/m’

WHAUNANNNT (2-3) Ay (B-5) Nnuadluannig (3-4) azlgaunisnunldldeu Aa

- :CDOAO\/Zpairszog An (2-6)

v ¥
FOUANNANAT (1-7) WA (1-8) ATAINITANIBRAINAILUANTANAIAAINA WA

Equivalent ratio leaina@unisnase bl

V/t
FIA-= B (2-7)
CDOAO‘V 2pairpH20g Ah
(F/A)
Equivalent rato = ——— (1-8)

(F/A),
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NMARNUIN A

mmg'mmswm'aum?mﬂuﬁ ESC Test Cycle [31]

The ESC test cycle (also known as OICA/ACEA cycle) has been introduced,
together with the ETC (European Transient Cycle) and the ELR (European Load
Response) tests, for emission certification of heavy-duty diesel engines in Europe
starting in the year 2000 (Directive 1999/96/EC of December 13, 1999). The ESC is a 13-
mode, steady-state procedure that replaces the R-49 test. The engine is tested on an
engine dynamometer over a sequence of steady-state modes (Table 1, Figure 1). The
engine must be operated for the prescribed time in each mode, completing engine
speed and load changes in the first 20 seconds. The specified speed shall be held to
within £50 rpm and the specified torque shall be held to within 2% of the maximum
torque at the test speed. Emissions are measured during each mode and averaged over
the cycle using a set of weighting factors. Particulate matter emissions are sampled on
one filter over the 13 modes. The final emission results are expressed in g/kWh.

During emission certification testing, the certification personnel may request
additional random testing modes within the cycle control area (Figure 1). Maximum
emissions at these extra modes are determined by interpolation between results from

the neighboring regular test modes.

Engine Speed | % Load | Weight factor, % | Duration |

1L ltowide [0 _ __Jis__ “T  _ |4 minutes
AN\ [ UROR 10 | 1 U/ &(F by
3 B 50 "% 2 minutes
4 B 75 10 2 minutes
5 A 50 5 2 minutes
6 A 75 5 2 minutes
7 A 25 5 2 minutes
8 B 100 9 2 minutes
9 B 25 10 2 minutes
10 C 100 8 2 minutes
11 C 25 5 2 minutes
12 C 75 5 2 minutes
13 C 50 5 2 minutes
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100
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Addiionsl modes
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Idla Enginaspesd, %

Figure 1. European Stationary Cycle (ESC)

The engine speeds are defined as follows:

1. The high speed nhi is determined by calculating 70% of the declared
maximum net power. The highest engine speed where this power value occurs (i.e.
above the rated speed) on the power curve is defined as nhi.

2. The low speed nlo is determined by calculating 50% of the declared
maximum net-power. The lowest engine speed where this power value occurs (i.e.
below the rated speed) on the power curve is defined as nlo.

3. The engine'speeds A, B, and C to be used during the testare then calculated
from the following formulas:

A = nlo + 0.25(nhi - nlo)

B = nlo + 0.50(nhi - nlo)

C =nlo + 0.75(nhi - nlo)

The ESC test is characterized by high average load factors and very high exhaust gas

temperatures. As Euro | ... V. Sometimes Arabic numerals are also used (Euro 1 ... 5).
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We will use Roman numerals when referencing standards for heavy-duty engines, and
reserve Arabic numerals for light-duty vehicle standards. The heavy-duty engine
regulations were originally introduced by the Directive 88/77/EEC, followed by a number
of amendments. In 2005, the regulations were re-cast and consolidated by the Directive
05/55/EC. The emission standards apply to all motor vehicles with a “technically
permissible maximum laden mass” over 3,500 kg, equipped with compression ignition

engines or positive ignition natural gas or LPG engines.
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i ! 1 v
FN3197 9-1 UARIKAANITIUENAANARELIRANANLUTaNN a0 aTe RN

1aululeadimanan DME N8n3149UnNaN 50%DME

Mano Air Oil
Speed | Torque | Crted T | Power FC STEC Amb P Exh T

Measure | Box T T

rpm N-m N-m kW als MJ/KW-hr | mmHg | mmH,O °C °C °C
1400 10.0 10.07 148 | 0.213 17.77 756.5 11.6 31.9 218 85.4
1400 15.0 14.91 2019 _gF 1255 14.31 756.6 11.6 316 | 25628 | 71.9
1400 20.0 20.14 2.95 | 0.305 1251 756.6 11.5 319 | 3146 | 77.8
1400 214 21.56 3.16 | 0.320 12.46 756.5 11.6 324 | 3439 | 93.3
1700 10.0 10.08 1.79 | 0.277 19.00 756.55 14 32 234.7 | 83.1
1700 15.0 14.95 2.66 | 0.339 15.68 756.55 13.8 32 297.7 | 87.9
1700 20.0 20.17 3.59 | 0.386 13.20 756.55 13.6 32.2 | 350.8 | 91.7
1700 23.7 23.85 425 | 0.466 13.50 756.55 13.4 32.3 | 391.6 | 93.1
2100 10.0 10.12 222 | 0.345 19.08 756.55 18.4 32.3 | 263.1 95
2100 15.0 15.01 3.30 | 0.420 15.62 756.55 18.4 323 | 3213 | 976
2100 20.0 20.21 444 | 0.514 14.22 756.55 18 321 | 392.7 | 88.5
2100 24.6 24.68 543 | 0.614 13.91 756 17.8 31.6 455 75.5
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FN319% 9-1 UAAIKAANITIUENAANARELIAANANLWTBLNT I TeTe RN

1dululenmangy DME Nemndauean 50%DME(sia)

Water Air Air
Speed | Torque WT DT . n, n; smoke
T Density | Flow F/IA ¢
rom N-m °C °C °C kg/m3 als % % BSN
1400 10.0 747 | 29.8 | 30.6 | 1.150 | 7.094 | 74.57 | 20.26 | 0.030 | 0.31 0.06
1400 15.0 70.7 | 295 | 30.2 | 1.151 | 7.098 | 74.53 | 25.15 | 0.036 | 0.37 | 0.06
1400 20.0 76.9 | 29.7 | 30.5 | 1.150 | 7.064 | 74.25 | 28.33 | 0.043 | 0.45 | 0.06
1400 214 83.3 30 | 30.9 | 1.148 | 7.088 | 74.63 | 28.90 | 0.045 | 0.47 | 0.08
1700 10.0 72.8 | 29.8 | 30.7 | 1.150 | 7.793 | 67.48 | 18.95 | 0.036 | 0.37 | 0.05
1700 15.0 80.2 | 29.9 | 30.8 | 1.150 | 7.737 | 66.99 | 22.96 | 0.044 | 0.46 | 0.05
1700 20.0 84.8 30 | 309 | 1.149 | 7.678 | 66.53 | 27.27 | 0.050 | 0.53 | 0.06
1700 23.7 83.5 | 30.1 | 31.2 | 1.149 | 7.620 | 66.05 | 26.66 | 0.061 | 0.64 | 0.07
2100 10.0 76 30.4 | 31.7 | 1.149 | 8.929 | 62.65 | 18.86 | 0.039 | 0.40 | 0.06
2100 15.0 80 30.7 | 31.9 | 1.149 | 8.929 | 62.65 | 23.04 | 0.047 | 0.49 | 0.06
2100 20.0 82.1 30 | 314 | 1.149 | 8835 | 61.95 | 2532 | 0.058 | 0.61 | 0.07
2100 24.6 85.8 | 29.6 | 30.6 | 1.150 | 8.789 | 61.58 | 25.89 | 0.070 | 0.73 | 0.08




237

FN319% 9-2 UAAIKAANITIUENAANARELIAANAULWTBLNT I TeTe RN

1Uaululenimangy DME N8n3142UNaN 40%DME

Mano Air Oil
Speed | Torque | Crted T | Power FC STEC Amb P Exh T

Measure | Box T T

rpm N-m N-m kW als MJ/KW-hr | mmHg | mmH,0O °C °C °C
1400 10.0 10.10 1.48 | 0.189 16.23 754.75 1.4 319 | 2054 | 86.2
1400 15.0 14.98 220 | 0.236 13.65 754.6 1.4 32 244.7 89
1400 20.0 20.22 2.96 | 0.298 12.79 754.55 1.4 32.2 | 296.2 | 90.7
1400 214 31.40 4.60 | 0.426 11.76 754.5 1.2 32.3 | 439.8 | 90.9
1700 10.0 10.11 1.80 | 0.240 16.94 754.85 13.6 319 | 2164 | 874
1700 15.0 14.98 2.67 | 0.305 14.53 754.8 13.6 319 | 2658 | 86.2
1700 20.0 20.16 3569 | 0.349 12.36 755.5 13.6 314 | 3265 | 70.7
1700 23.7 31.91 5.68 | 0.562 12.57 754.2 134 32.2 488 87.6
2100 10.0 10.13 223 | 0.334 19.05 755.8 17.8 32.2 | 2584 | 97.5
2100 15.0 15.03 3.31 | 0.396 15.22 755.65 18 324 | 3144 96
2100 20.0 20.26 4.46 | 0.485 13.83 755.55 17.7 32.3 | 3889 | 89.7
2100 24.6 32.34 7111 0.783 13:99 754 17.2 30.7 | 559.1 | 58.1
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FN319% 9-2 UAAIKAANITIUENAANARELIAANAULWTBLNT I TeTe RN

dululenmangy DME Nomndauean 40%DME(sia)

Water Air Air
Speed | Torque WT DT . n, 1 smoke
T Density | Flow F/IA ¢
rom N-m °C °C °C kg/m3 als % % BSN
1400 10.0 76 29.6 | 30.5 | 1.153 | 7.041 | 73.84 | 22.18 | 0.027 | 0.29 | 0.06
1400 15.0 79.8 | 294 | 30.6 | 1.152 | 7.039 | 73.86 | 26.38 | 0.034 | 0.36 | 0.05
1400 20.0 82.6 | 295 | 30.7 | 1.152 | 7.038 | 73.88 | 28.15 | 0.042 | 0.46 | 0.07
1400 214 88.8 | 29.3 | 30.9 | 1.151 | 6.973 | 73.25 | 30.60 | 0.061 | 0.66 | 0.09
1700 10.0 77.3 30 | 30.8 | 1.152 | 7.687 | 66.45 | 21.26 | 0.031 | 0.34 | 0.05
1700 15.0 76.1 | 29.8 | 30.7 | 1.152 | 7.688 | 66.44 | 24.78 | 0.040 | 0.43 | 0.05
1700 20.0 82 296 | 30.4 | 1.154 | 7.695 | 66.38 | 29.12 | 0.045 | 0.49 | 0.06
1700 23.7 89.1 | 29.2 | 30.7 | 1.151 | 7.628 | 65.98 | 28.63 | 0.074 | 0.80 | 0.15
2100 10.0 83.5 | 30.1 | 31.8 | 1.149 | 8.785 | 61.60 | 18.90 | 0.038 | 0.41 0.05
2100 15.0 83 29.8 | 31.9 | 1.149 | 8.832 | 61.96 | 23.65 | 0.045 | 0.48 | 0.06
2100 20.0 85.8 | 29.3 | 31.7 | 1.149 | 8.761 | 61.43 | 26.02 | 0.055 | 0.60 | 0.07
2100 24.6 84.5 | 28.7 | 29.9 | 1.154 | 8.653 | 60.44 | 25.73 | 0.091 | 0.98 | 0.11
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F1399% 4-3 UAAIKAANITIUENAANARELIAANNAULWTBLNT I TeTe RN

Uaululenimangy DME N8n3142UNaN 30%DME

Mano Air Oil
Speed | Torque | Crted T | Power FC STEC Amb P Exh T

Measure | Box T T

rpm N-m N-m kW als MJ/KW-hr | mmHg | mmH,0O °C °C °C
1400 10.0 10.08 1.48 | 0.186 16.52 756.3 11.5 322 | 1955 | 83.8
1400 15.0 14.96 219 | 0.228 13.66 756.2 1.4 325 | 236.8 | 88.8
1400 20.0 20.19 2.96 | 0.291 12.89 756.15 1.4 32.8 | 2864 | 91.6
1400 33.0 33.29 4.88 | 0.399 10.72 756.25 1.4 33.3 | 4658 | 95.6
1700 10.0 10.07 dn79" 1»0.239 17.46 6625 13.8 30.3 | 206.9 | 71.7
1700 15.0 14.96 2.66 | 0.291 14.31 756.4 13.6 322 | 2619 | 86.2
1700 20.0 20.15 369 | 0.348 12.71 756.35 13.6 321 | 317.7 | 85.1
1700 32.7 32.96 5.87 | 0.540 12.07 756.15 13.2 33.1 | 510.5 | 94.2
2100 10.0 10.11 222 | 0.326 19.22 756.85 17.9 321 | 261.7 | 98.9
2100 15.0 14.99 3.30 | 0.386 15.38 756.8 17.8 321 | 313.7 | 98.7
2100 20.0 20.22 445 | 0.465 13.71 756.75 17.7 324 | 380.2 | 95.8
2100 32.9 33.08 7.27 | 0.757 13.64 756.05 17.2 32.6 | 590.4 | 88.1
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F1399% 4-3 UAAIKAANITIUENAANARELIAANNAULWTBLNT I TeTe RN

dululenmangy DME N8mndauean 30%DME(sia)

Water Air Air
Speed | Torque WT DT . n, 1 smoke
T Density | Flow F/IA ¢
rom N-m °C °C °C kg/m3 als % % BSN
1400 10.0 732 | 315 | 354 | 1132 | 7.158 | 86.87 | 21.00 | 0.025 | 0.31 0.05
1400 15.0 86 304 | 352 | 1.131 | 7.095 | 86.19 | 25.01 | 0.032 | 0.40 | 0.06
1400 20.0 87.6 | 304 | 354 | 1.130 | 7.032 | 8548 | 27.54 | 0.039 | 0.49 | 0.06
1400 214 97.7 | 316 | 364 | 1.129 | 6.998 | 85.16 | 27.18 | 0.076 | 0.95 | 0.15
1700 10.0 84.1 | 306 | 35.6 | 1.128 | 7.609 | 76.28 | 19.88 | 0.031 | 0.38 | 0.06
1700 15.0 84.8 | 30.8 | 356 | 1.129 | 7.609 | 76.27 | 25.02 | 0.036 | 0.45 | 0.06
1700 20.0 87.8 | 314 | 36.0 | 1.128 | 7.553 | 75.71 | 27.45 | 0.045 | 0.56 | 0.06
1700 23.7 98.3 | 326 | 36.8 | 1.128 | 7.438 | 7459 | 26.51 | 0.091 | 1.14 | 0.22
2100 10.0 83.3 | 31.2 | 36.0 | 1.129 | 9.044 | 73.34 | 19.28 | 0.033 | 0.41 0.06
2100 15.0 871 | 314 | 36.4 | 1130 | 8998 | 72.95 | 24.07 | 0.039 | 0.49 | 0.07
2100 20.0 917 | 314 | 36.2 | 1129 | 8996 | 72.96 | 26.40 | 0.048 | 0.60 | 0.08
2100 24.6 99.1 | 326 | 37.2 | 1.127 | 8988 | 73.03 | 2455 | 0.097 | 1.20 | 0.15
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Mano Air Oil
Speed | Torque | Crted T | Power FC STEC Amb P Exh T

Measure | Box T T

rpm N-m N-m kW als MJ/KW-hr | mmHg | mmH,O °C °C °C
1400 10.0 10.32 1.51 | 0.181 17.15 752.55 12 35.2 184 74.3
1400 15.0 15.32 225 | 0.225 14.39 752.55 11.8 35,5 | 2269 | 828
1400 20.0 20.68 3.08 | 0.276 13.07 752.25 11.6 35.6 | 273.7 | 89.2
1400 21.4 39.26 5.76 | 0.531 13.25 752.25 11.5 359 | 5284 | 103.3
1700 10.0 10.35 1.84 | 0.233 18.11 751.3 13.6 356 | 2023 | 926
1700 15.0 15.35 2IC™ |02 7 4 14.39 i5ile3o 13.6 35.6 | 241.7 | 93.8

1700 20.0 20.71 3.69 | 0.337 L8N > TG 134 35.8 | 292.6 97
1700 23.7 40.36 7.18 | 0.680 13.58 752.75 13 36.3 | 563.4 | 105.5
2100 10.0 10.35 228 | 0.296 18.67 752.3 19.2 35.8 | 2381 | 99.7
2100 15.0 15.33 3.37 | 0.351 14.96 752.75 19 359 | 283.6 | 102.2
2100 20.0 20.69 455 | 0432 13.64 752 19 35.7 | 333.8 | 101.7
2100 24.6 38.62 8.49 | 0.868 14.66 752.5 19 36.5 | 598.5 | 109.1
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GR)
Water Air Air
Speed | Torque WT DT . n, n; smoke
T Density | Flow F/A ¢
rom N-m °C °C °C kg/m3 als % % BSN
1400 10.0 73.2 | 296 | 305 | 1.1563 | 7.041 | 73.84 | 22.18 | 0.027 | 0.29 | 0.07
1400 15.0 86 294 | 306 | 1.152 | 7.039 | 73.86 | 26.38 | 0.034 | 0.36 | 0.08
1400 20.0 87.6 | 29.5 | 30.7 | 1.152 | 7.038 | 73.88 | 28.15 | 0.042 | 0.46 | 0.08
1400 214 97.7 | 293 | 309 | 1.151 | 6.973 | 73.25 | 30.60 | 0.061 | 0.66 | 5.98
1700 10.0 84.1 30 | 30.8 | 1.152 | 7.687 | 66.45 | 21.26 | 0.031 | 0.34 | 0.07
1700 15.0 84.8 | 29.8 | 30.7 | 1.152 | 7.688 | 66.44 | 24.78 | 0.040 | 0.43 | 0.07
1700 20.0 87.8 | 296 | 304 | 1.154 | 7.695 | 66.38 | 29.12 | 0.045 | 0.49 | 0.07
1700 23.7 98.3 | 29.2 | 30.7 | 1.151 | 7.628 | 65.98 | 28.63 | 0.074 | 0.80 | 6.19
2100 10.0 83.3 | 30.1 | 31.8 | 1.149 | 8.785 | 61.60 | 18.90 | 0.038 | 0.41 0.07
2100 15.0 87.1 | 29.8 | 31.9 | 1.149 | 8.832 | 61.96 | 23.65 | 0.045 | 0.48 | 0.07
2100 20.0 91.7 | 293 | 31.7 | 1.149 | 8.761 | 61.43 | 26.02 | 0.055 | 0.60 | 0.08
2100 24.6 99.1 | 28.7 | 29.9 | 1.154 | 8.653 | 60.44 | 25.73 | 0.091 | 0.98 | 5.97
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SS-4BHT-24 (2)

Body Material

PTFE

Description

PTFE-Lined, SS Braided Hose Assembly, 1/4 in. SS Tube
Adapters, 3/16 in. Hose Size, 24 in. (60.9 cm) Length

Connection 1 Size 1/4in.
Connection 1 Type Tube Stub

Connection 2 Size 1/4 in.
Connection 2 Type Tube Stub

ConnectionSize 1/4 in.
ConnectionType Tube Stub
eClass 37110201

Hose Length

24 in. (60.9 cm)

Inner Diameter

0.16 in. (4.1 mm)

SiteSearchable

Yes

UNSPSC Code

40141504
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SS-42GS4 (4)
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Description:

SS 1-Piece 40 Series Ball Valve, 0.6 Cv, 1/4 in.

Swagelok Tube Fitting

Flow Path

Standard (2-way)

Flow Pattern

Straight (2-way)

Valve Material

Stainless Steel

End Connection 1 Size 1/4in
End Connection 1 Type Swagelok® tube fitting
End Connection 2 Size 1/4in
End Connection 2 Type Swagelok® tube fitting

Ball/Stem Material

Stainless Steel

Packing

Modified PTFE

Ring/Disc-Material

Stainless Steel

Max Temperature with Pressure

Rating

300°F @ 2500 PSIG /148°C @ 172 BAR

Orifice

125.n

Room Temperature Pressure Rating

2500 PSIG @ 100°F /172 BAR @ 37°C
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304 SS Double-end Cylinder, 1/2 in. FNPT, 3785
cm3 (1 Gal.), 1800 psig (124 bar)

emale NPT

3785 cm3

36030101
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SS-4-ta-1-8 (2)

Description

SS Swagelok Tube Fitting, Male Tube Adapter, 1/4 in.
Tube OD x 1/2 in. Male NPT

Body Material

Stainless Steel

Body Type

Male connector

Series

Swagelok tube and adapter fittings

End Connection 1 Size

1/4 in

End Connection 1 Type

Frational Swagelok® tube adapter

End Connection 2 Size

1/2'in

End Connection 2 Type

Male NPT

Cleaning

Swagelok SC-10
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ss-400-3 (3)

Description

SS Swagelok Tube Fitting, Union Tee, 1/4 in. Tube OD

Body Material

Stainless Steel

Body Type Tee
Series Swagelok tube and adapter fittings

End Connection 1 Size 1/4 in
End Connection 1 Type | Swagelok® tube fitting
End Connection 2 Sizév 1/4'in
End Connection 2 Tyb‘e Swagelok® tube fitting
End Connection 3 Sizé 1/4 in
End Connection 3 Type Swagelok® tube fitting

Cleaning

Swagelok SC-10
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ss-4BHT-120 (3)

PTFE-Lined, SS Braided Hose Assembly, 1/4 in. SS Tube

Description
Adapters, 3/16 in. Hose Size, 120 in. (3.0 m) Length
Body Material PTFE
Connection 1 Size 1/4 in.
Connection 1 Type Tube Stub
Connection 2 Size 1/4 in.
Connection 2 Type Tube Stub
ConnectionSize 1/4 in.
ConnectionType Tube Stub
eClass 37110201
Hose Length 120 in. (3.0 m)
Inner Diameter 0.16 in. (4.1 mm)

UNSPSC Code 40141504
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ss-100-r-4 (1)
SS Swagelok Tube Fitting, Reducer, 1/16 in. x 1/4 in. Tube
Description
oD
Stainless Steel

Body Material

Body Type Reducer
Series - Swagelok tube and adapter fittings
1/16in

End Connection 1408 |

|
End Connection 1 %}

Swagelok® tube fitting

End Connection 2 S?{e

1/4 in

End Connection 2 Ty(e

Frational Swagelok® tube adapter

Cleaning /

Swagelok SC-10
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SS-400-C
Description Stainless Steel Cap for 1/4 in. Swagelok Tube Fitting
Body Material Stainless Steel
Cleaning Process Swagelok® SC-10
Connection 1 Size 1/4 in.
Connection 1 TypE;,,. Swagelok® Tube Fitting
ConnectionSize/ 1/4 in.
ConnectionType Swagelok® Tube Fitting
eClass IL/ 37020713
SiteSearchable / Yes
UNSPSC Code o 40141712
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SS-42GXS4
7 S P
-’
e
o
SS 1-Piece 40 Series 3-Way Ball Valve, 0.35 Cv, 1/4 in.
Description
Swagelok Tube Fitting
Flow Path Standard (3-way)

Flow Pattern

Switching (3-way)

Valve Material

Stainless Steel

End Connection 1 Size / Type 1/4in/ Swagelok® tube fitting
End Connection 2 Size / Type 1/4 in/ Swagelok® tube fitting
End Connection 3 Size / Type 1/4 in/  Swagelok® tube fitting

Ball/Stem Material

Stainless Steel

Packing

Modified PTFE

Ring/Disc Material

Stainless Steel

Max Temperature with Pressure

Rating

300°F @ 2500 PSIG /148°C @ 172 BAR

Orifice

12510n

Room Temperature Pressure Rating

2500 PSIG @ 100°F /172 BAR @ 37°C
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SS-400-1-2RS

Description

SS Swagelok Tube Fitting, Male Connector, 1/4 in. Tube OD

x 1/8 in. Male ISO Parallel Thread

Body Material

Stainless Steel

Body Type

Male connector

Series ol

Swagelok tube and adapter fittings

End Connection 1 S|z/eA

1/4in

End Connection 1 y?

Swagelok® tube fitting

End Connection 2‘{ze/

1/81in

End Connection 2 Tyge

Male ISO/BSP parallel (RS)

Cleaning #

Swagelok SC-10
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SS-2-RS-2V

'“J/

Description

Stainless Steel Gasket for 1/8 in. ISO Parallel Thread (RS)

Fittings, Fluorocarbon FKM Inner Ring

Body Material

Carbon Steel/Fluorocarbon FKM

Cleaning Process

Swagelok® SC-10

Connection 1 Size 1/8 in.
ConnectionSize 1/8in.
eClass 23070101
SiteSearchable Yes
UNSPSC Code 31181500




256

SS-12M0-1-M16X1.5RS
(1)

Description:

SS Swagelok Tube Fitting, Male Connector, 12 mm Tube OD
x M16 x 1.5 Male Metric Thread

Body Material

316 Stainless Steel

Bulkhead

No Bulkhead

Cleaning Process

Swagelok® SC-10

Connection 1 Size

12 mm

Connection 1 Type

Swagelok® Tube Fitting

Connection 2 Size

16 mm

Connection 2 Type

Male ISO Parallel Thread

ConnectionSize

12 mm

Male ISO Parallel Thread

UNSPSC Code

ConnectionType
eClass 37030703
SiteSearchable Yes
40141720
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NIFAUIUMIARFIUNMSHANIALNIR, ANDASIFIUANNALTDLWAYAINIA, AR
1 9 ° 1 [ Y L4 = al 3
Faus, AANNURILUBIaniulhanlulafdanan DME NdauNansng g

2.1 NFANUIUMNAARIUNITUANIALNIA
2.1.1 DME blended with Palm Bio-Diesel (DME 50% : PME 50%)

Density :
p=mNV,V=m/p
Doy = 668 kg/m'’
Done = 879.2 kg/m'’

Container Capacity :

%

BOMB

= 3,785 cm’
Parameter :

Let X be mass of DME

Let' Y be mass of PME
Formula :

X/ Powe) 7 Prye) = Vaous
Calculation :

From: (X/ Poue) + (Y Poue) = Vaoms

Since the blended fraction is 50% and 50% so parameter X = Y
So (X' Poye) + X/ Peue) = Vaows
(X/.668:kg/m’) + (X/°879.21kg/m’) =3,785 cm’
X [(1/ 668 kg/m’) + (1/879.2 kg/m’)] = 3,785 cm’
X =1.4368 kg.
Summary :
My, = 1.4368 kg.
My = 1.4368 kg.
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@.1.2 DME blended with Palm Bio-Diesel (DME 40% : PME 60%)
Density :
p=mV,V=m/p
Dove = 668 kg/m’
Doy = 879.2 kg/m'’
Container Capacity :

V.. . =23,785cm’

BOMB
Parameter :
Let X be mass of DME
Let Y be mass of PME
Formula :

X Powe) t (Y Poue) = Vaoms

Calculation :

From™ (X/ P oye) + (Y Prve) = Vaous
Since the blended fraction is 40% and 60% so parameter (3/ 2 )X =Y

So  ((B2)X/ Poe) + X/ Pewe) = Veous
((3/2)X/ 668 kg/m’) + (X/879.2 kg/m’) = 3,785 cm’
(3/2)X [(1/ 668 kg/m’) + (1/ 879.2 kg/m’)] = 3,785 cm’
X = 1.77016 kg.

Summary :
my,e = 1.18111 Kkg.
Meye = 1.77016kQ.

@.1.3 DME blended with Palm Bio-Diesel (DME 30% : PME 70%)
Density :
p=mV.,V=m/p
Doe = 668 kg/m’
Do = 879.2 kg/m’
Container Capacity :
Vaous = 3,785 cm’

Parameter :



Let X be mass of DME
Let Y be mass of PME
Formula :

(></pDME) + (Y/pPME) = VBOMB

Calculation :

From (WpDME) + (Y/pPME) = VBOMB
Since the blended fraction is 40% and 60% so parameter (7 / 3)X =Y

So (713X Powe) + X/ Pewe) = Veous
(7/3)X/ 668 kg/m’) + (X/'879.2 kg/m’) = 3,785 cm’
(7/3)X [(1/ 668 kg/m’) + (1/.879.2 kg/m’)] = 3,785 cm’
X =2.12482 kg.
Summary :
My, = 0.912 kg.
Mpye = 212482 kg.

2.2 NMTANMUIUMIBATIFIUANYAUDILTALNRYAINA

(D@ e X Moy )+ (P pye X Meye )

TneAuanulfainannis e =
mDME + mPME

2.2.1 BRSIEIUANYRVUTDINRYDINAT 50%DME
(0.1110 ><l436.76) + (0.0803 ><1436.76)
qDSO%DME =
2873.51
Dpoome = 0.09565

2.2.2 SR IuaNyaIaTainAYa AT 40%DME
(0.1110x1181.67) + (0.0803x 1772.50)
D@ oomE =
2954.18
D o = 0.09258

2.2.3 é’mmdquaugmmﬁy@Lwﬁa/mmﬁﬁ 30%DME
(0.1110 X 911.84) + (0.0803 X 2127.63)
(I)SO%DME =
3039.48
D00, ome =0.08951
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2.3 NMFATUIUUIAIAINTAUAN (Lower Heating Value)
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TasAuanldainannis LHY, ., = (LHV,e X %DME) + (LHV,,,c x %PME)

2.3.1 ATAANNSAULRY 50%DME

LHV, o = (39.872x0.5) + (28.43x 0.5) = 34.1510'\;—;

2.3.2 ATAANNSA UL 40%DME

LHV g0, ome = (39.872x0.4) + (28.43x0.6) = 35.2952%
g

2.3.3 AMANNSDUARY 30%DME

LHV, e =(39.872x0.3) +(28.43%0.7) = 36.4392%
g

2.4 NMTATUINUIATAMINULILUY (0)
. ( Pove X Vome )+ (Ppve X Voye )

IpaAuaLlFaNNaNNIg Pl
VDME +VPME

2.4.1 ATAMNUUILUUUBS 50%DME
_ (668x2.1488) + (879.2x1.6312)

Peosome = 2.1488 +1.6312
g
Deoiome = 759.4832m

4.4.2 AMAMNURUILUUARL 40%DME
(668 x1.7675) +(879.2 x 2.0125)

PaowbdvE = 1.7675+ 2.0125
g
Piowoue| = 780-8714 liter

4.4.3 AMAMNURUILUUARS 30%DME
_ (668x1.3640) + (879.2 x 2.4160)
Paowome 1.3640 + 2.4160

g
Psoone =8034992
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