
1

Ṯ ṯ
*

**

* )

**

2017 7 6
2017



2

50%

39%

43%

~2%

~1.5%

:2016

60 %
* 

֘ ֙
100

80

60

40

20

0

(%
)



3

Gr.1 Gr.2

SGr.1
/
SGr.2

2016

< >

< >

< >

< >

< >

SI

SGr.3

< >

< >

SGr.3

SGr.4

SGr.1

( SGr.2

< >

< >

< >

SGr.4

< >

T T

0.5~1.5%pt

~1.5%pt 1.5~2.0%pt
2.0~3.5%pt

~0.2%pt



4

SGr.1 

D-CFD

D

͗ ҏ ͗

0.5%pt
1.5%pt

1 , (2)



5

SGr.2 

2016 Sekine Lab.@WasedaUniv. and JST- CRDS6
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Current : 3.0mA, Furnace temperature : 473 K
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In the electric field even at 473 K
SR and DR proceed over Ni/Mg/LZO catalyst

La0.1Zr0.9O2

Ni NiMg Mg

Oxidation can be suppressed

1wt%Ni(acac)/1wt%Mg/LZO 

CH4:O2:CO2:H2O:Ar = 6:1:2:2:9, total 

flow rate, 200 SCCM, input current: 3.0 

mA, catalyst weight: 200 mg, furnace 

temperature: 473 K.
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SGr.2 ṕ Ṗ

Combustion Diesel H2
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SGr.2  ṕ Ṗ

4

˂ҐнΦл 40kPagage H2 2%

˂ҐнΦл 
2016

2017

H2



8

SGr.3  

(6)

Mg2Si

1.8 MPa m Mg2Si
Mg2Si 2.5 W/cm2 ( )

ðð Sb 0.5at% ×

ðð Sb 0.5at% + Zn 0.5at% 

ðð Sb 0.5at% + Zn 1.0at%

S2ů
ZT =

ə
T

Power factor

ðð Sb 1.0at% + Zn 0.5at% 

ðð Sb 1.0at% + Zn 1.0at%

VOC[mV] ISC[A] Pmax[mW] [W/cm2]

Sb 0.5at%

Zn 0.5at%
70.9 26.1 462.9 2.89

Sb 1.0at%

Zn 0.5at%
69.0 23.5 406.4 2.54

SG.4
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2014FY 2015FY 2016FY 2017FY 2018FY

Gasoline [%pt](ɲƪtŀ) 0 0 0.22(5.6) 0.78(20) 1.26(32.3)

Diesel [%pt](ɲƪtŀ) 0 0 0.66(16.1) 1.33(32.4) 2.05(50.0)

ṇ
/

Gasoline Diesel

2016FY 2017FY ( 7 5 )

(11.5N)+0W-8 5.6kPa(0.22%pt)

(25.7N)+0W-8 LOC ) 3.3kPa(0.13%pt) 5.1kPa

T
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l 
e
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n
cy

[%
]

T
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e
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[%
]

Fiscal year Fiscal year

0.22
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1.33

2.05

64%
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12.2mm

(1)2ZR-FXE

˒пу
17.2mm
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(1)2ZR-FXE (1)2ZR-FXE (1)2ZR-FXE

(2)DLC

DLC4 р˃Ƴ

(2) (2)0W-8 SIP
JXTG

(3) MoS2VT

(3)TiC, TiN, SiO2 (3)0W-8 SIP
(

(4)AC8A

(4) (4)0W-8 SIP ( )

JXTG)
(5)

(5) (5) 0W-8 SIP
(6)

ZP+MoDTC

PMA+ZnDTP

˒оф

˒пп
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ӱᵃ χ ԁ ᵬˢᵊ 429 ˣ
τΣΪϥ

200 µm

25

20

15

10

5
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Dichroic mirror

YAG laser

Telecentriclens

CMOS camera

Lens

f = 200 mm

Test section

Lens

f = 100 mm

ˈ 1064 nm

ˈ 532 nm

ˈ 355 nm

SGr.ễ
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ṇ ṕ3 Ṗ



19



20

SIP

1.5L
HONDA

SIP

1D SIP gasoline engine simulation model 
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Turbocharger efficiency map

Requirementfor 0D/1D T/C model 
To predict turbine and compressor efficiencies with variation in the size of T/C

Cold map Hot map

Isentorpicefficiency under the steady flow
Working fluid: Compressed air: ~80 oC
Measurement: Adiabatic conditions

Efficiency including thermal and friction 

losses under the pulsating flow

Working fluid: Combust. gas: ~1000oC

Turbocharger efficiency map

Aerodynamic performance 
(efficiency) of T/C

*
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ü Reduced mass flow rate [(kg/s)*ãK / kPa] 

Normalized parameters using turbineinlet temperature and pressure

ü Reduced speed [RPM/ãK]

Reduced flow rate and rotating speed

Turbine and compressorefficiencymaps are defined by reduced
massflow rate and reducedspeed. However,the effect of working
gastemperatureon heat transferandfriction arenot included.
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Objective

T/C performances related to aerodynamics, heat transfer and

mechanical friction should be independently considered.

Prediction models of the heat transfer and friction in 

turbocharger are developed. 

Cold map based T/C model including thermal and 

friction effects

To validate the developed model, turbocharger performance 

tests were conducted.
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Proposed T/C model including thermal and friction losses

F
ri
ct

io
n
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Developed heat transfer model for T/C

Heat transfer between gas and T/C housing

Heat conduction from turbine to compressor

Heat transfer to surrounding (w/ heat radiation)

Heat transfer

Heat 
conduction

Radiation

Area
Heat transfer coefficient

Thermal resistance

View factor Emissivity

Stefan-Boltzmann const. 
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Estimation of friction losses

ü Simplified friction estimation model 

Proportional to viscosity 
and rotating speed

Garcia-Cuevas,ά9ȄǇŜǊƛƳŜƴǘǎand Modeling
of AutomotiveTurbochargerunder Unsteady
/ƻƴŘƛǘƛƻƴǎέΣUniversidad politecnica De
Valencia,PhDthesis

Constant

Couette flow
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1d

Turbocharger test stand

Test T/C

Single scroll fixed geometry T/C

for 1.6 L downsizing gasoline engine

(Max. speed = 200,000 rpm)

Test type Cold / Hot

Max. turbine inlet flow rate 0.215 kg/s

Max. turbine inlet pressure 400 kPa (abs.)

Max . hot gas temperature 1,000ϴ

Oil inlet temperature ~ 100ϴ

Coolant inlet temperature ~ 100ϴ

1d

1d

1d
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Turbine & Compressor efficiency, Friction

Efficiency

Work

¸Turbine

¸Compressor

Efficiency

Work

(Total to static)

(Total to total)

¸Friction
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Effect of heat transfer on measured 
turbine efficiency

@ T/C speed = 100,000 rpm const.,

Toil_in = 80ϴ

V Under estimation of temperature drop

between turbine inlet and outlet due to

heat transfer leads to under estimate of

the turbine efficiency.
68
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]

Temp. rise due to heat transfer [+ϴ]

Measurement 

average value 

of Tturb_in=30ϴ

V 2 ϴ decrease in temperature drop

causes about 5 % error in turbine

efficiency with this conditions.
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Tturb_in=55ϴ

Tturb_in=80ϴ
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T/C wall temperature distribution

@ T/C speed = 100,000 rpm const.

Tbearing_case= Tcomp_out(Compressor measurement)

Tturb_in = Tturb_in_wall = Tbearing_case_wall(Turbine measurement)
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Effect of heat transfer on measured 
cold turbine efficiency

@ T/C speed = 100,000 rpm const.

65
66
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68
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Reduced Mass Flow Rate [(kg/s)*ҞK/kPa]

Tturb_in=30ϴ

Tturb_in=55ϴ

Tturb_in=80ϴ

Tturb_in=Tturb_in_wall=
Tbearing_case



32

Measured compressor efficiency
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Corrected Mass Flow Rate [kg/s]

100000RPM

Toil_in = Tcomp_out

Tbearing_case = Tcomp_out

Tbearing_case= Tcomp_out
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Estimation of friction losses

R² = 0.852 

R² = 0.910

R² = 0.975 

R² = 0.953 

0

0.005

0.01

0.015

0.02

0.025

0 30000 60000 90000 120000 150000 180000

F
ri
ct

io
n

 T
o
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u

e
 [
N-m

]

T/C speed [rpm]

Toil_in = 90ϴ

Toil_in = 80ϴ

Toil_in = 70ϴ

Toil_in = 60ϴ

Friction losses -> Increase in lubricant oil temperature
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T/C test stand simulation model 
for model validation

T/C Heat Transfer Prediction Model

Friction model

Measured 

Turbine Cold Map 

Measured 

Compressor Map

Compressor Outlet

Compressor Inlet

Turbine Inlet

Turbine Outlet

TurbineCompressor

Turbo-shaft

T/C performance with hot working gas is simulated using

measured cold map combined with the developed heat

transfer and friction model.
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Model validation

T/C rotating speed (= balance between turbine work and compressor work)

95000

97000

99000

101000

103000

105000

107000

0.035 0.04 0.045 0.05 0.055

T
/C

 S
p

e
e

d
 [
rp

m
]

Turbine Mass Flow Rate [kg/s]

EXP

Prediction

Prediction w/HotMap

Simulation conditions
Rotating speed 100000 rpm(Target)
Turbine inlet temp. = 600 oC
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Summary

Å

Å

Å
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SG3 LOC
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LOC Ẁ ṕSG3Ṗ

linerpiston

ṕ ṖFEM

ṕ Ṗtwo phase
NS eq.

ṕ ḯ Ṗ

Re eq.

ṕ Ṗ

ṕ Ṗ
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Reversible

UV ray

Time

Example of Photochromic Reaction
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Glass
Stainless Sheet
Thickness10 ˃ Ƴ

UV Light

CMOSCamera

White LED Light

Schematic of Experimental Apparatus

White Paper

Solution

Solute Spiropyran

Solvent Ester Oil

Concentration 0.08 %

Light Guide
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Before Coloring After Coloring
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YAG

16bit CMOS

f = 200 mmf = 100 mm

1064 nm
532 nm
355 nm

LED

мл˃Ƴ
0.08
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