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Kittisak Kamsinla 2011: Effects of Coolant Temperature and Intake Mixture Preparation on
Diesel Dual Fuel Engine Operating Characteristics under Part Load. Master of Engineering
(Mechanical Engineering), Major Field: Mechanical Engineering, Department of

Mechanical Engineering. Thesis Advisor: Mr. Tanet Aroonsrisopon, Ph.D. 103 pages.

A diesel dual fuel (DDF) using natural gas as a premixed fuel has been regarded as an
alternative for conventional diesel engines. The DDF operation is subtle and involves many engine
parameters. The current research investigated effects of intake air temperature, coolant temperature, and

ratios of natural gas utilization on operating characteristics of a DDF engine.

In this study, the intake air temperature was varied from 30°C to 60°C, coolant temperature
was varied from 45°C to 95°C and the natural gas amount was varied from 60% to 80% by energy to
the total fuel. All experiments were performed in a 2494-cc Toyota 2KD-FTV under steady-state
condition at 1900 and 2400 rpm. Under these engine conditions, all fuel supply was controlled
constant, where the corresponding lambda of the charge mixture was 1.6. The diesel injection timing

was varied from 30° to 50° BTDC.

By comparing with conventional diesel operations under the same conditions, results showed
that DDF operations produced significantly greater engine-out HC and CO emissions. This resulted in
a decrease in the combustion efficiency. On the other hand, the DDF operating mode produced very
low engine-out smoke and NOx emissions. Raising the intake air temperature from 30°C to 60°C
caused the mixture temperature at the intake manifold to increase no greater than 12°C as a result of
high EGR (hotter than the intake air) regulation. Lowering the coolant temperature caused the charge
to be more difficult to autoignite, the start of combustion to retard and the combustion efficiency to
decrease. As the diesel injection timing was advanced from 30° to 50° BTDC, it was more difficult
for the charge to ignite. It was expected that the mixture contained more premixed portion which
reduced hot zones in the mixture. Furthermore, reducing the fraction of natural gas utilization from
80% to 60% helped promote the autoignition of the charge, reduce the mass-averaged temperature

during the start of combustion, and decrease the engine-out HC emissions significantly.
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Engine model

Toyota 2KD-FTV

Number of cylinders
Number of valves
Manifold

Fuel system

Engine displacement
Bore x Stroke
Connecting rod

Compression ratio

4

16

Cross-flow with turbocharger
Common-rail direct injection
2,494 cc

92 mm x 93.8 mm

158.5 mm

18.5:1

v Y
ﬂ1§1\1‘ﬁ 2 ﬂmﬁuummt%mm

Diesel (B2)T Natural gas

LHV (MJ/kg) 42.8 34.14

MW (kg/kmole) 170° 22.20
(A/F)s 14.5 11.71

H/C 1.848 3.243

o/C 0.002 0.256

N/O - 0.0353
Specific gravity 0.83 0.77

3 o oa

3 1 a o
wineg: Humlszinanndeyatiniudma (Bo) nazluTedira (BS) nadou Tagustn

Jan. 10a (WH1rY)

131 Heywood (1988)
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1. ﬂﬁ“ﬂﬂ’d@‘UWﬁﬂigﬂﬂﬂlﬂﬂﬂmﬁ{]ijWﬂ'lﬁ

H Y
mM3snadoUgugleINAIziinIInageun 3 an1iz Adae 11il

{ < 4 4 ! 1 a
1.1 “I/Iﬂﬁf]ﬂﬁﬂﬂmi’lif)mﬂéﬂﬂﬂu@ 1900 ﬁf)‘Uﬂ’f)’L!"lﬁ, NIEFTITUYBIN 8.5 mg/cycle,

Al 2.8 mg/cycle

4 a 9 1 () a
ﬂ1§1\1‘ﬁ 3 MIMINATIUNANTENUUBIGUWHNDINIAUVUUN 1900 iﬂllﬁﬂ‘lﬂﬁ, NIPHITUBIN

8.5 mg/cycle, Alya 2.8 mg/cycle

Engine Condition 1 2 3 4
Engine speed (rpm) 1900 1900 1900 1900
Lubricant Temp. 95°C 95°C 95°C 95°C
Coolant temp. 85°C 85°C 85°C 85°C
Intake air temp. 30°C 40°C 50°C 60°C
Engine Condition 1 2 3 4
Diesel (mg/cycle) 2.8 2.8 2.8 2.8
NG (mg/cycle) 8.5 8.5 8.5 8.5
Rail pressure (MPa) 42.7 42.7 42.7 42.7
%ER 70 70 70 70
Diesel injection timing Jsunldeu USunldou USunlden WSunlden

~ [~ : 14 1 = a
1.2 ﬂ’lﬁ/lﬂﬁf]’ﬂ‘ﬂﬂ')’liJﬁ'Jﬁ@Ulﬂ%f]\iﬂu@ 2400 39UABDUIMN, NYFITNIIN 9 mg/cycle,

Ala 2.9 mg/cycle

{ <3 4 1 [ a
1.3 ﬂ”liTlﬂﬂ@”]Jﬁﬂ'J"lllﬁ’Ji’f)‘].llﬂ%f’]\ifluiﬁ'2400 'iﬂ‘]JG]’E)‘L!Tﬁ, NIFHITNBIN 10.1 mg/cycle,

Ala 3.3 mg/cycle
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{ < 4 1 [2) a
2.1 ﬂ’lﬁﬂﬂﬁatﬂﬁﬂ'ni.llijﬁaﬂlﬂ%@\jﬂuﬁ 2400 ’iE)‘UGI’f)uTﬁ, NIFDHITUYIN

8.5 mg/cycle, Al 2.8 mg/cycle

. a %’ 1 < { 1
ﬂ1§1\1‘ﬁ 4 an.mmi‘vlﬂﬁauwaﬂizmummqmwguumamﬂuﬁ 1900 ﬁi’]‘]JG]’t’]uTﬁ,

MYTITUMA 8.5 me/eycle, Alya 2.8 mg/eycle

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 1900 1900 1900 1900 1900 1900
Lubricant Temp. 95C 95 C 95C 95C 95C 95C
Coolant temp. 45C 55C 65 C 75 C 85C 95C
Intake air temp. 30C 30C 30C 30C 30C 30C
Diesel (mg/cycle) 2.8 2.8 2.8 2.8 2.8 2.8
NG (mg/cycle) 8.5 8.5 8.5 8.5 8.5 8.5
Engine Condition 1 2 3 4 5 6
Rail pressure (MPa) 42.7 42.7 42.7 42.7 42.7 42.7
%ER 70 70 70 70 70 70
Diesel injection timing  1$unfdey  USunldey  Uiualden  diunlden  Jiuwden  dfunldeu

A < 4 14 ' S o a
2.2 ﬂ’lﬁﬂﬂﬁfl‘ﬂ‘ﬂﬂﬁ’lllﬁﬂiﬂﬂlﬂ%@\iﬂuﬁ 2400 9UADUIN, NIHETITUBIA

9 mg/cycle, Al 2.9 mg/cycle

{ ] 4 ' a
2.3 ﬂ131ﬂﬂﬁf’]1]ﬁﬂ')11]!533’[’)1]“’1%@\181!@{ 2400 'if’)‘]_]ﬁ’ﬂu']ﬁ, ﬁvwcﬁﬁﬁﬁusﬁwﬁ

10.1 mg/cycle, Alra 3.3 mg/cycle
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3.1 ﬂ’lﬁﬂﬂﬁaﬂﬁﬂ'ni.llijﬁaﬂlﬂ%@\jﬂuﬁ 1900 ﬁE)‘Uﬂ’f)uTﬁ, NIFDHITUYIN

7.2 mg/eycle, ALK 3.7 mg/eycle, BATIAIUNAINUVDIMHTITUEIA 60%

Y [ J (% 2] a
ﬂ1§1\1‘ﬁ 5 MTNMINATDUHNANTETNVUDIDAT I IUNAINUUDINIHTITUYIA 60% VDY
[ ¥ a 3’, { 1 (9 a
WﬁQQWUL%@LWQQﬂQWMWﬁ 1900 iE)“LIG]E)‘lHﬁ, NMYTITUBIN 8.5 mg/cycle,

Alya 2.8 mg/cycle

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 1900 1900 1900 1900 1900 1900
Lubricant Oil Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75°C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 3.7 3.7 3.7 3.7 3.7 3.7
NG (mg/cycle) P, 7.2 7.2 7.2 7.2 7.2
Engine Condition 1 2 3 4 5 6
Rail pressure (MPa) 42.7 42.7 42.7 42.7 42.7 42.7
%ER 60 60 60 60 60 60

Diesel injection timing  ofutlden  dsunlden  YSunlden  dJSunldew  dSuwlaew  dSuuldou

{ 3 4 o ' o a
3.2 ﬂ1iﬂﬂﬁﬂﬂﬁﬂ’)1hli’)iﬂﬂlﬂ%@\1EIL!G] 1900 ﬁ)‘Uﬁﬁ)uTﬁ, NIBFHITUYIN

8.5 mg/cycle, AIy@ 2.8 mg/cycle, SATIAIUNAINUVDINTTITHMA 70%
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33 ﬂ131ﬂﬂﬁf’]1]ﬁﬂ')11]!533’[’)1]“’1%@\181!@{ 1900 5’0‘]_]@]’01!'”?], ﬁvwcﬁﬁﬁﬁusﬁwﬁ

9.7 mg/cycle, A 1.9 mg/cycle, BATIAIUNSINUVDIMHFTITHHIA 80%
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PV = mRT ©)

mdT = :7 (pdV + Vdp) (10)
LWi'l%ﬂ%‘liJu

du = % (pdV + Vdp) (11)
wld

§Q —pdv = 2 (pdV + Vdp) (12)
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120 Engine Speed 19001pm, NG 8.5 mg/cycle, Diesel 2.8 mg/cycle
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Engine Speed 19001pm, NG 8.5 mg/cycle, Diesel 2.8 mg/cycle
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Engine Speed 1900 rpm, NG = 8.5 mg/cycle, Diesel = 2.8 mg/cycle
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Engine Speed 1900 rpm. NG = 8.5 mg/cycle. Diesel = 2.8 mg/cycle
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Engine Speed 1900 rpm, NG =8.5 mg/cycle, Diesel = 2.8 mg/cycle
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Engine Speed 1900 rpm, NG =8.5 mg/cycle, Diesel = 2.8 mg/cycle
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Engine Speed 1 9001pm, NG 8.5 mg/cycle, Diesel 2.8 mg/cycle
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Engine Speed 1900 rpm, NG 8.5 mg/cycle, Diesel 9mg/cycle
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Engne Speed 1900 rpm. NG = 8.5 mg/cycle, Diesel = 2.8 mg/cycle
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Engine Speed 1900 rpm, NG = 7.2 mg/cycle, Diesel = 3.7 mg/cycle
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Lower heating value, MJ/kg 34.14
Stoichiometric A/F 11.71
Specific gravity 0.77
MW, kg/kmole 22.20
Methane, % by mole 74.89
Ethane, % by mole 5.57
Propane, % by mole 2.10
n-Butane, % by mole 0.39
i-Butane, % by mole 0.48
n-Pentane, % by mole 0.06
i-Pentane, % by mole 0.12
Larger hydrocarbons (> C6), % by mole 0.12
CO,, % by mole 14.30
N,, % by mole 1.97

3: Thanachai e al. (2011)



83

MIINUINT 2 msmﬁauwaﬂizwmmqmmﬁmmﬁw% 2400 59UADUIN,

MYTITUHIA 9 mg/cycle, AL¥a 2.9 mg/eyele

Engine Condition 1 2 3 4
Engine speed (rpm) 2400 2400 2400 2400
Lubricant Temp. 95°C 95°C 95°C 95°C
Coolant temp. 85°C 85°C 85°C 85°C
Intake air temp. 30°C 40°C 50°C 60°C
Diesel (mg/cycle) 2.9 2.9 2.9 2.9
NG (mg/cycle) 9 9 9 9

Rail pressure (MPa) 49.8 49.8 49.8 49.8
%ER 70 70 70 70
Diesel injection timing J5unldeu Yonden  dsunlEeu  d3unlaeu

MSHUINT 3 MINATOUNANTENUVBIQUHUYNOIMAV TN 2400 50UABUIN,

MAFITUIIA 10.1 mg/cycle, Al 3.3 mg/cycle

Engine Condition 1 2 3 4
Engine speed (rpm) 2400 2400 2400 2400
Lubricant . Temp. 95°C 95°C 95°C 95°C
Coolant tem. 85°C 85°C 85°C 85°C
Intake air temp. 30°C 40°C 50°C 60°C
Diesel (mg/cycle) 3.3 3.3 3.3 33
NG (mg/cycle) 10.1 10.1 10.1 10.1
Rail pressure (MPa) 55.8 55.8 55.8 55.8
%ER 70 70 70 70

Diesel injection timing Ysunden  JSuwlaew  dSunlden  dsulaou
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3 a %} 1 < { [
MINAUINN 4 A1TNNINATDUNANTTNUVDIQUNYUUIMABITUN 2400 TOUADUIN,

MYTITUWIA 9 mg/cycle, ALra 2.9 mg/eyele

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 2400 2400 2400 2400 2400 2400
Lubricant Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75°C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 2.7 2.7 2.7 2.7 2.7 2.7
NG (mg/cycle) 9.5 9.5 9.5 9.5 9.5 9.5
Rail pressure (MPa) 49.8 49.8 49.8 49.8 49.8 49.8
%ER 70 70 70 70 70 70

Diesel injection timing  d§unfaon  JSuwden  JSualden  dSuwlden  dUSunldew  dSuldeu

H a %’ 1 < { [
VﬂﬁNN‘H’Jﬂﬁ 5 @ﬂiNfﬂi‘Vlﬂ’d’ﬂ‘UNﬁﬂiz%ﬂm@ﬁqmﬁﬁﬂuWﬁﬁ@Lﬂuﬁ 2400 iﬂﬂﬁﬂlﬂ‘ﬁ,

MAFITUIA 10.07 mg/cycle, Al 3.33 mg/cycle

Engine Condition 1 2 3 4 5 6

Engine speed (rpm) 2400 2400 2400 2400 2400 2400
Lubricant Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75°C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 3.33 3.33 3.33 3.33 3.33 3.33
NG (mg/cycle) 10.07 10.07 10.07 10.07 10.07 10.07
Rail pressure (MPa) 55.8 55.8 55.8 55.8 55.8 55.8
%ER 70 70 70 70 70 70

Diesel injection timing  yJSunlasy  dSulaew  Usunaden  JSualdew  dSudlasw  Usunlaeu
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Y o ' v 4 a
MINEUINN 6 MINWNMINATDUNANTENUVVDIDATITIUNAINUUDINIETITUYIA 60%

[ ¥ a 3‘/ { 1 () a
VOINAIUFDINAINIHNAT 1900 TOUADUITN, NMWTTIUIA 8.5 me/cycle,

Alra 2.8 mg/cycle

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 1900 1900 1900 1900 1900 1900
Lubricant Oil Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75°C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 3.7 3.7 3.7 3.7 3.7 3.7
NG (mg/cycle) 7.2 7.2 7.2 7.2 7.2 7.2
Rail pressure (MPa) 42.7 42.7 42.7 42.7 42.7 42.7
%ER 60 60 60 60 60 60
Diesel injection timing ~ Jfuwlden  J5ualden  USunfFen  USunlEew  USunlEew  dunldeu

! [ J (% (4] a
ﬂ1§1QN‘L!'Jﬂﬁ 7 ATNMNINATDUNANTENUVUDIDAT I IUNAINIUVDINIYTITNUHEIA 70%

[ { a g’/ { 1 9 a
maqwawmg%mmmwmﬁ 1900 ‘if]”ijiﬂfllﬂﬁ, NIYTITUBIN 8.5 mg/cycle,

Alya 2.8 mg/cycle

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 1900 1900 1900 1900 1900 1900
Lubricant Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75°C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 2.8 2.8 2.8 2.8 2.8 2.8
NG (mg/cycle) 8.5 8.5 8.5 8.5 8.5 8.5
Rail pressure (MPa) 42.7 42.7 42.7 42.7 42.7 42.7
%ER 70 70 70 70 70 70
Diesel injection timing ~ d§unlden  Ysunlden  dfunldew  USunlden  Ysunldew  USualden
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Y o ' v 4 a
MINEUINN 8 AMIWMINATDUNANTENUVVDIDATITIUNAINUUDINIFTITUYIA 80%

[ ¥ a 3‘/ { 1 9 a
VOINAIUFDINAINIHNAT 1900 TOUADUITN, MHTIIUVIA 9.7 mg/eycle,

Alra 1.9 mg/cycle

Engine Condition 1 2 3 4 5 6
Engine speed (rpm) 1900 1900 1900 1900 1900 1900
Lubricant Temp. 95°C 95°C 95°C 95°C 95°C 95°C
Coolant temp. 45°C 55°C 65°C 75 C 85°C 95°C
Intake air temp. 30°C 30°C 30°C 30°C 30°C 30°C
Diesel (mg/cycle) 1.9 1.9 1.9 1.9 1.9 1.9
NG (mg/cycle) 9.7 9.7 9.7 9.7 9.7 9.7
Rail pressure (MPa) 42.7 42.7 42.7 42.7 42.7 42.7
%ER 80 80 80 80 80 80
Diesel injection timing ~ J§unlden  dJ5uwden  Uunlden  USunfFen  UfunAew  dunldeu

MU 9 Joyaguugll o Mumiasumsw Tngd

Engine Speed 1900 rpm, NG 8.5 mg/cycle, Diesel 2.8 mg/cycle

Tin (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC
303 942 968 976 988 1004
313 939 962 971 982 1001
323 934 961 965 977 996
333 932 961 966 975 996
Engine Speed 2400 rpm, NG 9 mg/cycle, Diesel 2.9 mg/cycle
Tin (K) T _SOC (K) T _SOC (K) T_SOC (K) T_SOC (K) T_SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC
303 995 1016 1026 1046 1049
313 991 1016 1020 1040 1050
323 986 1014 1016 1041 1043
333 986 1014 1014 1036 1026
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Engine Speed 2400 rpm, NG 10.1 mg/cycle, Diesel 3.3 mg/cycle

Tin(K) T _SOC (K) T _SOC (K) T_SOC (K) T_SOC (K) T_SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC
303 1011 1015 1017 1048 1067
313 1004 1009 1017 1039 1055
323 998 1004 1015 1032 1052
333 998 999 1012 1022 1035
Engine Speed 1900 rpm, NG 8.5 mg/cycle, Diesel 2.8 mg/cycle
Tw (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC
368 964 975 1001 1011 1022
358 965 980 1002 1011 1027
348 966 979 1004 1011 1027
338 966 980 1005 1014 1027
328 967 981 1007 1018 1028
318 968 981 1008 1019 1029
Engine Speed 2400 rpm, NG 9 mg/cycle, Diesel 2.9 mg/cycle
Tw (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K) T_SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC
368 1011 1012 1019 1029 1030
358 1014 1014 1020 1030 1031
348 1015 1017 1020 1031 1032
338 1015 1017 1023 1033 1033
328 1018 1020 1023 1035 1036
318 1018 1021 1026 1040 1046
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Engine Speed 2400 rpm, NG 10.1 mg/cycle, Diesel 3.3 mg/cycle

Tw (K) T_SOC (K) T_SOC (K) T_SOC (K) T SOC(K) T _SOC (K)
30 BTDC 35 BTDC 40 BTDC 45 BTDC 50 BTDC

368 992 1002 1019 1023 1034

358 993 1006 1023 1027 1035

348 993 1011 1026 1037 1039

338 994 1012 1032 1038 1043

328 998 1013 1031 1040 1046

318 999 1015 1033 1042 1048

Engine Speed 1900 rpm
Tw (K) T_SOC (K) T_SOC (K) T_SOC (K)
%ER 60 %ER 70 %ER 80

368 958 966 1006
358 960 967 1009
348 961 970 1009
338 960 971 1012
328 967 972 1014
318 969 973 1017
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M3 19WuINA 10 Joyaguugil o duniiallandaled 11nTisunsy Boost

Engine Speed Load %ER SOI T_IVC
rpm Bar BTDC K
1900 3 70 30 435
1900 3 70 35 436
1900 3 70 40 435
1900 3 70 45 435
1900 3 70 50 440
2400 3 70 30 452
2400 3 70 35 451
2400 3 70 40 452
2400 3 70 45 452
2400 3 70 50 455
2400 4 70 30 457
2400 4 70 35 455
2400 4 70 40 454
2400 4 70 45 455
2400 4 70 50 455
1900 3 60 30 436
1900 3 60 25 436
1900 3 60 30 435
1900 3 60 40 433
1900 3 60 45 434
1900 3 60 50 435
1900 3 70 25 430
1900 3 70 30 428
1900 3 70 35 428

1900 3 70 40 428
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Engine Speed Load %ER SOI T_IVC
1900 3 70 45 428
1900 3 70 50 433
1900 3 80 25 429
1900 3 80 30 425
1900 3 80 35 423
1900 3 80 40 421
1900 3 80 45 418
1900 3 80 50 420
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ANTNNUINN 11 VBHANITNATDUNAINLIITOULATOIYUA 2400 39UNDUIN

Alwa 2.9 mg/cycle MYTITUBIA 9 mg/cycle
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Tin MTHC MCOH MCH4 M Nox T_EGR EGR COov
°C PPM % PPM PPM % vol

30 1793.3 0.1 17.3 25.7 353.0 32.7 0.0
30 6209.8 0.2 3834.3 30.0 242.0 32.8 3.2
40 6155.3 0.2 3736.5 34.4 245.0 339 3.2
50 5734.0 0.2 3534.0 40.4 260.0 334 3.1
60 5076.1 0.2 3465.2 44.8 265.0 345 2.7
30 6030.3 0.3 3752.7 15.0 238.0 33.0 3.1
40 6028.7 0.2 3576.4 17.2 244.0 33.6 33
50 5882.1 0.2 3526.0 18.0 245.0 343 3.1
60 5240.7 0.3 3432.5 19.7 255.0 34.5 2.8
30 6554.6 0.4 3814.2 7.0 236.0 34.1 23
40 6514.3 0.4 3809.4 9.8 243.0 33.8 3.4
50 6151.1 0.4 3581.7 10.1 244.0 33.6 3.8
60 6017.8 0.4 3445.6 11.3 250.0 34.9 2.9
30 6947.9 0.5 3833.4 4.8 233.0 33.0 5.6
40 6209.8 0.2 3834.3 30.0 242.0 32.8 3.2
50 6155.3 0.2 3736.5 34.4 245.0 33.9 3.2
60 5734.0 0.2 3534.0 40.4 260.0 334 3.1
30 5076.1 0.2 3465.2 44.8 265.0 345 2.7
40 6030.3 0.3 3752.7 15.0 238.0 33.0 3.1
50 6028.7 0.2 3576.4 17.2 244.0 33.6 33
60 5882.1 0.2 3526.0 18.0 245.0 343 3.1
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ATTNNUINNT 12 VBHANITNATDUNAINNLIITOULATOIYUA 2400 39UADUIN

Alya 3.33 mg/eycle MIFTITUMA 10.07 mg/eycle
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Tin MTHC MCOH MCH4 M Nox T_EGR EGR COov
°C PPM % PPM PPM % vol

30 917.3 0.1 0.0 64.5 384.0 29.0 3.9
30 3768.5 0.2 2051.9 75.1 260.0 27.6 3.7
40 3688.2 0.2 2066.5 90.0 263.0 27.7 3.7
50 3692.9 0.2 1902.4 105.3 266.0 27.6 3.4
60 2913.9 0.1 1398.6 134.5 279.0 27.2 23
30 4159.4 0.2 2490.4 36.8 257.0 27.1 33
40 3922.0 0.2 22453 61.0 259.0 27.6 3.6
50 3764.0 0.2 2013.2 66.4 264.0 27.8 3.1
60 3267.8 0.2 1670.6 81.0 267.0 27.5 4.1
30 4505.9 0.2 2710.6 20.0 253.0 27.1 3.1
40 3984.4 0.2 2234.5 36.1 256.0 27.5 4.2
50 3883.6 0.2 2111.3 41.5 259.0 28.1 3.5
60 3394.2 0.1 1763.7 57.7 265.0 28.1 3.5
30 4341.5 0.2 25441 10.4 252.0 27.2 3.8
40 3932.6 0.2 2152.7 19.3 256.0 27.9 4.0
50 3738.6 0.1 1955.0 23.6 257.0 27.5 4.3
60 3384.3 0.1 1716.2 32.7 262.0 27.9 2.7
30 4975.4 0.3 29733 6.6 254.0 27.6 3.8
40 4074.0 0.2 2182.8 12.9 257.0 27.6 4.3
50 4075.9 0.2 2176.4 13.2 260.0 28.1 3.6
60 3542.5 0.1 1803.4 21.9 264.0 28.3 3.7
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ATNNUINN 13 VBHANITNATDUNAINNLIITOULATOIYUA 2400 39UADUIN

Alwa 2.9 mg/cycle MYTITUBIA 9 mg/cycle
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Tin MTHC MCOH M CH4 M Nox T_EGR EGR COov
°C PPM % PPM PPM % vol
&5 1793.3 0.1 17.3 25.7 394.0 32.7 85.0
95 5961.3 0.2 3296.5 33.6 260.0 32.6 95.0
&5 6148.0 0.2 3402.4 27.1 252.0 334 85.0
75 7196.5 0.3 4422.1 25.7 234.0 33.6 75.0
65 8616.3 0.5 5783.1 21.8 220.0 33.7 65.0
55 9965.5 0.6 6483.0 19.6 208.0 32.5 55.0
45 13124.4 0.5 8582.4 12.8 196.0 31.8 45.0
95 5523.8 0.2 2983.2 20.6 259.0 32.8 95.0
85 5946.3 0.3 3276.1 20.0 249.0 33.2 85.0
75 7466.0 0.4 4586.5 17.8 232.0 33.0 75.0
65 9956.4 0.7 6541.2 16.1 208.0 32.7 65.0
55 11439.8 0.7 7395.8 12.1 193.0 32.6 55.0
45 15712.2 0.5 10089.4 6.4 178.0 30.1 45.0
95 5526.8 0.3 2905.6 13.0 255.0 32.8 95.0
&5 6329.5 0.4 3456.5 10.5 244.0 323 85.0
75 7961.3 0.6 4934.8 7.1 226.0 31.8 75.0
65 11247.8 0.7 7339.1 6.3 194.0 31.0 65.0
55 13280.8 0.7 8454.9 4.5 177.0 30.1 55.0
45 17928.7 0.6 10153.1 23 170.0 27.7 45.0
95 5308.5 0.3 2715.7 6.6 255.0 32.4 95.0
85 6220.1 0.5 3385.2 5.8 244.0 33.1 85.0
1793.3 0.1 17.3 25.7 394.0 32.7 85.0
5961.3 0.2 3296.5 33.6 260.0 32.6 95.0
6148.0 0.2 3402.4 27.1 252.0 334 85.0
7196.5 0.3 4422.1 25.7 234.0 33.6 75.0



M519NUINT 13 (A1D)
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Tin M THC M COH M CH4 M Nox T _EGR EGR Ccov
°C PPM % PPM PPM % vol
8616.3 0.5 5783.1 21.8 220.0 33.7 65.0
9965.5 0.6 6483.0 19.6 208.0 32.5 55.0
13124.4 0.5 8582.4 12.8 196.0 31.8 45.0
5523.8 0.2 2983.2 20.6 259.0 32.8 95.0
5946.3 0.3 3276.1 20.0 249.0 33.2 85.0
7466.0 0.4 4586.5 17.8 232.0 33.0 75.0
AS19HUINT 14 %’agamimﬁauﬁm"mﬁas@mﬂ%wuﬁ 2400 5OUADUIN
Alwa 3.33 me/eycle MYFITUIA 10.07 me/eycle
Tin MTHC MCOH MCH4 MNox TEGR EGR cov
°C PPM % PPM PPM % vol
85 917.3 0.1 0.0 64.5 466.0 29.0
95 2385.8 0.2 1362.7 137.4 286.0 26.5 2.2
85 3970.3 0.2 2551.8 88.6 261.0 25.3 3.0
75 4339.7 0.2 2823.1 69.2 265.0 26.5 3.1
65 5133.8 0.2 3396.7 46.8 259.0 27.3 3.2
55 5495.6 0.2 3605.9 35.0 253.0 27.1 3.7
45 6434.9 0.3 42249 25.5 234.0 27.3 4.2
95 2353.6 0.1 1311.8 103.7 281.0 25.7 2.7
85 3522.2 0.2 2206.0 58.5 272.0 26.4 2.9
75 4262.6 0.2 2746.2 38.0 264.0 26.5 3.0
65 5008.2 0.2 32354 22.9 257.0 27.4 34
55 5595.5 0.3 3611.5 18.8 248.0 27.5 34
45 7442.1 0.5 4875.2 8.9 229.0 28.1 4.3
95 2746.1 0.2 1571.7 55.5 275.0 25.9 2.2



M519NUINT 14 (A1D)
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Tin MTHC MCOH M CH4 M Nox T_EGR EGR COov
°C PPM % PPM PPM % vol

&5 3974.0 0.2 2486.0 28.4 268.0 26.4 2.8
75 4382.7 0.2 2744.9 17.8 258.0 26.3 3.0
65 5212.7 0.3 3303.7 10.5 254.0 26.9 3.1
55 6040.0 0.5 3864.4 8.7 242.0 26.0 3.6
45 9324.8 0.7 6072.0 5.5 217.0 26.1 6.5
95 2737.1 0.1 1550.0 35.0 275.0 25.6 3.0
85 3648.1 0.2 2220.0 16.0 270.0 26.0 3.7
75 4136.0 0.2 2523.7 11.3 261.0 26.2 3.7
65 4974.4 0.3 3085.8 7.4 256.0 26.3 4.6
55 6672.5 0.6 42413 5.5 241.0 27.0 6.4
45 0.8 7181.9 4.1 211.0 26.3 23.7
95 2794.9 0.1 1539.9 24.6 273.0 25.8 3.1
85 3842.1 0.2 2327.2 11.6 267.0 26.2 3.9
75 4581.6 0.3 2782.2 8.5 260.0 26.6 5.5
65 6267.1 0.4 3944.8 6.2 253.0 26.7 14.2
55 8343.6 0.6 5339.9 52 234.0 28.2 32.8
45 0.7 9760.1 3.8 205.0 28.6 87.0
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y = -0.0002x3+0.039x2-2.565% + 59.5
R2=0.994
s v=-0.0004x3+0.078x+ 5.131x+ 119
- \ R*=0.995
v =-0.0008%3 + 0.156x2+ 10.28x + 238
o == R*=0.995
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Technical Features

* Full four-quadrant operation with high speed and torque dynamics
* Voltage intermediate circuit using IGBT technology

* Torque calculation with 4 kHz for air gap / 1 kHz for shaft.

* Optional zero torque simulation.

* Optional simulation of gear shifting oscillations in the drivetrain.
* Torque response time better than 3 ms

* Current harmonics < 4.5 %

* Power factor 1

* Grease lubrication for bearings; re-lubrication via nipples

Machine

Cradled AC dynamometer with a squirrel cage rotor, which is heat-shrunk onto the shaft enabling
high speed and low vibration.

Features:

* Construction design IM-B3

* Protection class IP 23

* Forced air cooling

* Bearing temperature monitoring by PT100 on DE and NDE side

» Winding temperature monitoring by PTC resistors (warning and shut-off)

* Fan can be switched off for acoustic measurements; with automatic switch on at winding
temperature warning.

* Optical speed encoder with 1024 (4096 for some versions) pulses per resolution.

* Ambient temperature during operation: +5 to +40 °C

* Ambient relative humidity: max. 95 %, non-condensed

* Overload capability 25 % (1 min in 15 min)
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Technical Features

* Full four-quadrant operation with high speed and torque dynamics
* Voltage intermediate circuit using IGBT technology

* Torque calculation with 4 kHz for air gap / 1 kHz for shaft.

* Optional zero torque simulation.

* Optional simulation of gear shifting oscillations in the drivetrain.
* Torque response time better than 3 ms

¢ Current harmonics < 4.5 %

* Power factor 1

* Grease lubrication for bearings; re-lubrication via nipples

Machine

Cradled AC dynamometer with a squirrel cage rotor, which is heat-shrunk onto the shaft enabling
high speed and low vibration.

Features:

* Construction design IM-B3

* Protection class IP 23

* Forced air cooling

* Bearing temperature monitoring by PT100 on DE and NDE side

» Winding temperature monitoring by PTC resistors (warning and shut-off)

* Fan can be switched off for acoustic measurements; with automatic switch on at winding
temperature warning.

* Optical speed encoder with 1024 (4096 for some versions) pulses per resolution.

* Ambient temperature during operation: +5 to +40 °C

* Ambient relative humidity: max. 95 %, non-condensed

* Overload capability 25 % (1 min in 15 min)



Type (with roller Type (with Mominal |Mominal (Max cpeed Mass inertia
bearings on cradled |hydrostatic bearings |power torque motor {incl.
ctator) on cradled stator) |generator |generator coupling
flange)

- APA 102722 Gx 100 kW 80 Nm| 22,000 rpm| 0.04 kgm?
APA 102/20 Px - 120 kW[ 100 Nm| 20,000 rpm| 0.05 kgm?2
APA 102/12 Px APA 102712 Gx 120 kW 255 Nm| 12,000 rpm| 0.13 kgm?
APA 104/8 Px APA 104/8 Gx 120 kW[ 509 Nm| 2,000 rpm| 0.35 kgm=
APA 202/12 Px APA 202712 Gx 220 kW 325 Nm| 12,000 rpm| 0.32 kgm?
APA 204/8 Px APA 204/8 Gx 220 kW[ 934 Nm| 2,000 rpm| 0.94 kgm?2
APALOD 208/3.5 - 220 kW|[1,867 Nm| 3500 rpm| 4.6 kgm?
APA 302/10 Px APA 302710 Gx 330 KW J00 Nm| 10,000 rpm| 0.53 kgm2
APA 304/8 Px APA 304/8 Gx 330 kW|1,400 Nm( 8,000 rpm 1.9 kgm=
APA 308/4 Px - 330 kW|2,801 Nm| 3,500 rpm| 6.5 kgm?
APA 402/10 Px APA 402710 Gx 440 kW| 934 Nm| 10,000 rpm| 0.65 kgm?2
APA 404/8 Px APA 404/8 Gx 440 kW 1,867 Nm| 2,000 rpm| 2.5 kgm?2
APA 404/6 Px APA 4048 Gx 440 kW|2,334 Nm| 6,000 rpm| 3.5 kgm?
APA 404/4.2 Px APA 40474 2 Gx 440 EW|2,801 Nm 4.200pm| 4.5 kgm?
APA 408/4 Px - 440 kW|3,735 Nm| 3,500 rpm| 11.1 kgm?
APA 504/5 Px - 500 kEW|[3,000 Nm| 5000 rpm| 4.5 kgm?
APA 602/10 Px - 600 kW| 818 Nm| 10,000 rpm| 0.67 kgm?
APA B04/5.5 Px APA G04/5.5 Gx 660 kW|3,500 Nm| 3,500 rpm| 7.2 kgm?
APALDD 60443 5 - 660 kW(4,400 Nm(| 3,500 rpm| 10.7 kgm?
APA 704/5 Px - 750 kEW|[3,500 Nm(| 5000 rpm| 4.5 kgm?
APA BO2/12 Px APA BO2/12 Gx 800 kW| 764 Nm| 12,000 rpm| 0.53 kgm?
APALDO BO2/10 APA BO2/10 Gx 800 kW|[1,060 Nm| 10,000 rpm 1.3 kgm=
APA10D BO4/B - 800 kW|3,396 Nm| B,000 rpm| ©&.4 kgm?2
APALOD BO4/4 - 800 kW|5,500 Nm| 4,000 rpm| 16.8 kgm?2
APA 1004/4 Px APA 100474 Gx 1000 kW|4,500 Nm| 4,000 rpm| 10.8 kgm?

MUHUINN 3 A1319318982108AUDI Dynamometer HAAZ Y
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COOLANT CONDITIONING

MWWUINN 4 Coolant condition
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Technical data:

Ambient conditions:
Ambient temperature

Air humidity (rel.)

Primary circuit:

Operating temperature (TB)

T- control range nominal (TR)

T- control range advanced (TR)

Control accuracy steady state (engine inlet)
Control accuracy steady state (engine outlet)
Flow rate at nominal cooling capacity (Q)
Pressure loss at nominal flow rate (_p)

Max. system pressure

Max. mixture ratio water/glycol

Coolant capacity in unit

Secondary circuit (cooling water requirements):

Temperature at unit inlet
Pressure: min

Pressure loss

Max. glycol content

Recommended water hardness

0to 40 °C

20 to 80 %, not condensing

10 to 140 °C

70 to 125 °C

20 to 125 °C

0,7 °C or higher

+ 2 °C or higher

12 m*/h at _p =0,9 bar primary
0,6 bar excl. piping and UUT 4
1,4 bar (up to 6 bar optionally)
50/50

201

0to 30 °C

2,5 bar, max. 6 bar
1,5 bar

max. 5 %

7 -8 °dH

101



AVL FUEL BALANCE & FUEL TEMPERATURE CONTROL
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Technical Data
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Recommended measuring range: 0 ... 150 kg/h
(wider ranges up to 240 kg/h on request)
Vessel capacity: 1800 g
can be switched to 900 g/ 450 g/ 225 g
Systematic measurement uncertainty: U, =0.12 %
Maximum measurement frequency: 10 Hz
No. of measurements (running average): 1...99
Ambient temperature: 5...50 °C
Fuel temperature: 0...+70 °C

Fuel supply pressure to the system:

0.1...0.8 bar

Fuel supply flow:

max. consumption + 100 ka/h

Fuel circulation capacity at 50Hz:

standard 240 Vh, optional 450 Vh

Fuels:

Otto (EN228), Diesel (EN590), up to 6% Biodiesel
(EN14214) and 20% alcohol
With FlexFuel option: up to 100% alcohol and biodiesel

Pressure control (option):

feed pressure: ~0 ... 6 bar (rel.)
turn pressure: ~0 ... 0.5 bar (rel.)
special ranges available on request

Temperature caontrol range:

adjustable from appr.10 °C* ... 80 = C*"

* depending on cooling water temperature

** depending on heat return flow of the engine and fuel
properties — gas bubble formation has to be avoided

Temperature stability:

better than 0.02 °C

Heating power {option):

1.6 kW

Cocling power:

1.6 KW at 10 °C spread and 0.5 bar cooling water
differential pressure

Interfaces AVL 7335:

RS232 (AK compliant) or 733/730 protocol
Analog 0 ... 10 V (optional)
Digital 'O (optional)

Interfaces AVL 753C:

2x RS232 (AK compliant)
Analog 0 ... 10 V (optional)
Digital V0 (optional)

Power supply:

230V, 50 Hz

220V, 80 Hz (option)
100V, 50-60 Hz (option)
115V, 60 Hz (option)

Power consumption: 2.25 kW
Dimensions: 770 x 1350 x 345 mm (W x H x D)
Weight (dry): 135 kg
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