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Axial Chord, Cax 45.0 mm | 42.5 mm | 40.0 mm
Blade Span, H 75.0 mm
Blade Pitch, S 56.1 mm | 47.7 mm | 39.3 mm
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Inlet Flow Angle, ain .0.0deg | 0.0deg | 0.0deg
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Fig. 7 Boundary layer structure of N2/H20 mixture; velocity vector and H20 mass fraction
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High Performance Alloys Developed for Turbocharger

Abstract
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Takashi Saito  Hiroshi Uchida

High performance alloys were developed in order to improve the performance of turbocharger for

automotive engines by leaps and bounds. The developed alloys are (1) the  -TiAl alloy for turbine

wheels, improved its high temperature oxidation resistance by the new surface treatment and (2) the

heat resistant magnesium alloy for compressor impellers with the superior specific high temperature

strength to the conventional aluminum alloy, and (3) the high modulus steel for turbine shafts with

the young modulus of 300GPa strengthened by the dispersion of titanium borides. The application

of these developed alloys for rotating parts can reduce the inertia moment (Ip) by 42%, and can

push up the resonance frequency of shaft vibration by 44%.
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Fig. 3 Model for Multiple Scattering Simulation
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Fig.4 Scattering Patern FigH5 Distribution
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3) KT, /hH, LB, E13EF R ¥ — ¥ KFHHES, (1998-10), p. 101-106
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Table. 2 Considered fuel compositions

CHa CO2 N2 H2 H2S
Table 1. Reaction Mechanism Rate Coefficients case | | 63% 34% 2% 1% 0
SPECIES
CHs, CHs, CH:, CH, CH20, HCO, CO2, CO, Hz, H, 02, O, OH, HO2 Hz0z, case Il | 63% 34% 2% 1% 10ppm.
H20, N2, H:S, SH case lll | 63% 34% | 2% 1% 800ppm.
In form ki = AT’ exp(-E/RT) A B E
REACTIONS © 04
CH3+H+M=CHa+M 8.0E26 -3. 0. 1] 0.35
CH4+02=CH3+HO2 79E13 0. 56000, 5
CHe+H=CHs+H2 224 3. 8750. @D g3
CH4+0=CH3+OH 1.6E6 2.36 7400. >
CH4+OH=CH3+H20 1.6E6 2.1 2460, So0s B
CH3+0=CH20+H 6.8E13 0. 0. S :
CHa+OH=CH20+H2 1.0E12 0. 0. > g9 Bt e T
CH3+OH=CHz+H20 L5E13 0. 5000. 2 "k i B : :
CH3+H=CHz+H2 9.0E13 0. 15100. €015 E LD 0P <SRN S WSO DU SO
CH2+4H=CH+Hz L4E19 2. 0. 57 F : : ! - Sewage Gas+AIl 3
CH2+OH=CH20+H 2.5E13 0. 0. O 5y Foers / ....... gy 3
CH2+OH=CH+H20 4.5E13 0. 3000. g  F ’ ot : ; : E
CH +02=HCO+O 33E13 0. 0. £ 005 B LS o eimnieas bcinsinas FR SRR =
_CH+O=CO+H 57E13 0. 0. E : : : ! : : 3
CH+OH=HCO+H 3.0E13 0. 0. = g Bl i I i 3
CH+CO02=HCO+CO 34E12 0. 690.
CHz+CO2=CHz0+CO -~ LIE1l 0. 1000. 0.5 0.6 0.7 0.8 0.9 1 1.1
CI‘I2+O=C0+H+H' 3.0E13 0. 0. Equivalence Ratio ¢
CHz2+0=CO+Hz 5.0E13 0. 0. ) ) . . . .
CH2+02=CO2+H+H 16E12 0. 1000. Fig. 1 Laminar burning velocity at atmospheric condition
CH2+02=CH20+0 5.0E13 0. 9000. )
CH2+02=COz+Hz 69E11 0. 500.
CH2+02=CO+Hz0 19E10 0. -1000. 5 p—r-g e e ————
CH2402=CO+OH+H 8.6E10 0. -500. 03 ] : T : | T=208K
CHz+02=HCO+OH 43E10 0. -500. 2 E : 3 '. Experi : 1 d '
CH:0+OH=HCO+H20  3.43E9 118 -447. E 03 o \ope {®-Expenmental data
CH20+H=HCO+Hz 2.19E8 177 3000. & s ; i byKobayashietal. .
CH:20+M=HCO+H+M 331E16 0. 81000, 0.05 [--eeee) . ---(CH +AIr T=300K, ¢ =09 )
CH20+0=HCO+OH 1.81E13 0. 3082. 2 E N : : :
HCO+OH=CO+H20 50E12 0. 0. 8 T TN R T SO S
HCO+M=H+CO+M 1.6E14 0. 14700. ® Y=<} L
' HCO+H=CO+Hz 40513 0. “o. > : %
HCO+0=CO2+4H 10E13 0. 0. 20.156 FCH +Air=w = I g AT
HCO+02=HO2+CO 33E13 0.4 0. E s :
CO+0+M=CO2+M 32EB13 0. -4200, 2 01 F-N- foeeraeean
CO+OH=COz+H L51E7 13 -758. = ok :
CO+02=C02+0 L6E13 0. 41000. s F
HO2+CO=CO2+0H 58E13 0. 22934, ‘g 0.05 T LT
Hz+02=20H 1.7E13 0. 44780. L s Sewage Gas+Air
OH+Hz=H20+H 1.17E9 L3 3626. I o e e A
H+02=0H+O 5.13E16 -0.816  16507.
O+Hz=OH+H . 18E10 - 10 8826. Y 0.2 04 06 0.8 1
H+024M=HO2+M 3.61E17 0.72 0. Pressure p MPa
H20/18.6/ CO2/4.2/ H/2.86/ CO/2.11/ N2/1.26/ . . . .
OH+HO=H20+00 7 50E12 0. 0. Fig. 2 Effect of pressure on laminar burning velocity
H+HO2=20H 14E14 0. 1073.
0+HO2=02+0H 1.4E13 0. 1073.
20H=0+H20 6.0E8 13 o
H+H+M=I‘I2+M 1.0E18 -1.0 0. L\j::@\ :n%ﬁjmgﬁﬁaﬁﬁ L/?‘:O
H+H+H2=H2+H2 9.2E16 -0.6 0.
H+H+H20=Hz+H20 6.0E19 -1.25 0. kD Z & o HEbH 2 R OHSE S X E RARBE
H+H+CO2=H24CO2 54920  -2.0 o
H+OH+M=H0+M  L6E22 2.0 0 HEIIFEALEE LN L L, CODEFEETH
H20/5/ ; . s .
H+0+M=OH+M 62E16 0.6 0. {6H 2 DBFRRPERE L A & A HARTERNZ &5
H20/5/
H+HO2=H2402 1.25E13 0 0. DPBbo HRAY —E VREEESIZEE. S, SET
HO2+HO2=Hz202+ 02 2.0E12 0 0.
H202+:M=OH+OH+M 13E17 0 45500,
LI N5 =0 BN o)) HEEIZ DN
H202+H=HO2+Hz L6E12 0. 3800. & PSR DTS LI
H202+0H=H20+HO2 1L.OE13 0. 1800. = JATE BS - -z 1> SHLA
CH3+H:S=CH4+SH 38E11 0 2599 THRAT2BRDPBD %o £ 2T, DEIL. HERD
H+HzS=Hz+SH L18E7 21 699. 2 T . 7
0+H2S=OH+SH 8.43E12 0 3815. YR 2 T=298K —E & L, #IMEN 2R ¥
OH+H2S=H20+SH L4E13 0 880. B
TRHARBEEE DR £V, 2 ORRER 2 107R
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Fig. 3 Laminar burning velocity of sewage gas

under engine running condition .
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Fig. 4 Schematic diagrams of combustion
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Fig. 5 Histories of temperature, equivalence ratio, and major species for (a) methane, (b) sewage gas
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Table.1 Basic Specification

Parameter Unit Valne
Intake Duct Pressure Loss 0.015
Compressor Efficiency 0.81
Pressure Ratio 2.5
Compression Ratio 15.0
Bore X Stroke cm 7.0X7.7
Intake Valve Diameter cm 3.64
Intake Valve Lift cm 0.91
Exhaust Valve Diameter cm 4.37
Exhaust Valve Lift cm 1.09
Intake Valve Opening deg *525.0
Intake Valve Closing deg *775.0
Exhaust Valve Opening deg *310.0
Exhaust Valve Closing deg *555.0
Average Wall Temperature C 100.0
- Mechanical Efficiency 0.832
Gasifier Speed pm 5000.0
Turbine Expansion Ratio .2.27
Turbine Efficiency 0.875
Exhaust Duct Pressure Loss 0.015

*measured from BDC
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Table.2 Input Data or Output Data

Output Data
Parameter Unit Value
Thermal Efficiency % 37.7
Specific Power kWi/kgfisec) | 2316
Input Data
Parameter Unit Value
Pressure Ratio 5.0
Intake Valve Opening deg *495.0
Intake Valve Closing deg *715.0
Exhaust Valve Opening deg *300.0
Average Wall Temperature T 465.0
Turbine Expansion Ratio 4.54

*measured from BDC
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 Table.3 Input Data or Output Data

Output Data
Parameter Unit Value
Thermal Efficiency % 46.5 -
Specific Power kW/(kgf/sec) 388.9
Input - Data
Parameter Unit | Value
Pressure Ratio (Supercharger) 3.0
Pressure Ratio (Bypass) 8.0
Compression Ratio 18.0
Bypass Ratio 1.0:1.0
Intake Valve Opening deg | *569.95
Intake Valve Closing deg | *715.0
Exhaust Valve Opening deg | *337.0
Exhaust Valve Closing deg | *539.0
Average Wall Temperature T 1120.0
Gasifier Speed pm | 5000.0
*measured from BDC
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(1)’ORION, A gas—Generator Turbocompound Engine® ,
byR.J.Hoker,S. A E.Tmns.,vol.65,1957.
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’ Engine, by P. H. Schweitzer,vol.1, 1962.
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