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[ 3 RE U HICK DT VU VRRRICE T HERTRDEHRE & UET

Heat Flux Measurement and analysis in an engine combustion chamber with an adjacent three-point
sensor

HE —1=

Kazuhito Dejima

B KFRFRR

Meiji University graduate school

FRIFT &
Osamu Nakabeppu
BAKRZE
Meiji University

A three—point heat flux sensor has been developed with MEMS (Micro-Electro-Mechanical Systems) technologies for
evaluating turbulent heat transfer on engine inner walls. This sensor has three RTDs (Resistance Temperature Detector)
with the size of 315 um on a 900 um diameter circle. The RTD has two important advantages, that is, self-heating for
heat flux calibration and a high signal to noise ratio. In measurement tests using a spark ignition type engine, the
sensor detected a wide cyclic variation of instantaneous heat fluxes. In addition, turbulent properties were estimated
from the adjacent three heat fluxes

KEY WORDS: Heat Engine, Spark ignition engine, Measurement/Diagnosis/Evaluation, Heat flux measurement (A1)
1 Fa2ameE
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Fig.1 Three-point MEMS heat flux sensor.®
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HELT

EREHERTITRY. TP UEERH2000 rom, HEH 0.8 &L, BURFEHEES (IMEP: Indicated Mean Effective Pressure) 400 kPa
DEAFEMIZTHEEIT o=, ANEEHIE MBT (Minimum advance for the Best Torque) & L7=. RTD MoMIEEIEH v bA T/EKE 10 kHz
DA—RRTANEABELIVTL 10 D7 TENMLTHEALR. BIFEILES 200 4V LORITL, V509 AEF0.1°F (120kHz 48) (2B
MEEFRE L. Bon-BET—42%5 AT 24 kHzH%) L, ZRTECEIMCEMRT OISR YRR ZRDT=.

Table 1 Experimental conditions

Pressure MEMS IMEP 400kPa
transducer SENSOI] Engine specd 2000
Equivalence ratio 0.8
Compression ratio 13:1
Ignition timing MBT (-24 CAD ATDC)
Intake valve open / close -362°/-123° after TDC
Exhaust valve open / close 147°/349° after TDC
. . . R . In-cylinder flow Enhanced tumble flow(with intake port adapter)
Fig. 2 Schematic diagram of spark ignition type gasoline
. 6) Coolant temperature 80°C
engine.

3.2 BRRENREREDY A JILEE

FY, HRATRHESHRERRER (TR |, FHMETE7 U0 JIVEHRRER (R |, 200 94 27 o9 U T TEHERR (ER) 2R3
IZRY. SIT, FHEET oY TILFHTE 200 4 JLOBEET N5 E—V EMB I SV I BENE 2L LAT—HT LD EHEL,
TV INERER > BREETRRICOVWTARE, 4 X&25HET 5L, ZEFEET13.2 KWl THof=. W/ A—F—DEFTRNEL DT
VOVBMREIZEWNT, ZO/ A XLANLEHSNENEFITES.

NE 3 IGT TDC

§ IMEP=400kPa, 2000rpm, w/ tumble adapter, 4= 0.8
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! 23 1 X
: N Conditional average -

M .

L L =0 ®©
I

=2 |
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Fig. 3 Instantaneous (lower), conditional ensemble average (middle)

and 200-cycle ensemble average (upper) heat fluxes.?

WRHARTIIT oYY INFHOHDBRDRETH oA, K HEHE/ 4 XkickY, FHBICRIRIHEE/D LICETILE. TV
YU FHERROE—VEE 1.2 W/ TH>1A, BEHEOE—VEZFHTHE 1.8 Wi &Y, 7oy U TILFHISHLTHEEIZK
EFHBiE NG ChIT, B FADOREEIERFHLY A VILEBICELGDOT, BHIZT U9 JLFEHERS ERBNBEICHIET 5-HTH
3. $lbhb, FUoHUILEHEOHTI VD VEMEREEHET 2 &1E, REODAEEZRRDLIBELHY, +HEE0REL.
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Fig. 4 Local heat fluxes simultaneous|y measured with the three RTDs.®
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Fig.5 Frequently-separated heat fluxes. from the local heat fluxes.®?
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Fig.7 Flow speed estimated from local heat fluxes.®
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Development of the MEMS Wireless Temperature Sensor for Engine Cylinder Wal | Temperature Measurements

= BiF

Minhyeok Lee

RIRKE

The University of Tokyo

E RiE

Taejin Kwan

RIRKE

The University of Tokyo

FX B

Kenichi Morimoto
RIRKE

The University of Tokyo

57 NI

Yuji Suzuki

RIRKE

The University of Tokyo

A MEMS-based flexible wireless temperature sensor was proposed for wal| temperature measurements in combustion engines. The sensor
corresponding to an LCR resonant circuit is inductively coupled with a read-out coil. Resistance changes of the sensor resistor
in response to the temperature change can be quantified with the resonant frequency shift of the circuit. A prototype sensor
using a glass substrate was fabricated with standard MEMS processes, and a flexible sensor was also made using a copper-plated
polyimide printed-circuit board. A monotonic increase in the resonant frequency was observed with increasing the temperature
at the sensitivity of 6.2 kHz/°C. The flexible sensor was attached on the inner surface of a glass cylinder, and the read-out
coil was fixed on the outer surface of an optical engine. Crank-angle-resolved measurements of the cylinder wall temperature
were performedwith a time interval of 1. 2 ms. When the engine rotation speed was 718 rpm, the measurement results show approximately

44 °C increases in the wall temperature after the ignition.

KEY WORDS: Electronics and control, MEMS, Vehicle sensor, Wireless sensing (E1)
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HE, NABEOSSA2EYELCLEREERYEFEOERBIAERSIN TS, NEEEICET2HNS VXOHRT, AFHEENED
BEIEE 207G 0%EFNEDH ", SHBEXROEREIEETHS. TOEHEDEHICE, BRREADOS T2 REOERE KA SER
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[CALWSNEN 2, oY EHAIEY & ORICYBMLEEMABRELRZS, TUo00&5 GAZMATRRERTRGEMIRESND.
—7h, FOMRBES, Y—FEJ5 74, UUAMEORKBERHEOEEKXRFEZALS Phosphor Thermometry® - 7# £12 &k 5 BREHA
LEALNTVDD, TRBEHT IR #BI-ODENBELLDS.

ZIT, BREGRKI VDUV UABRRHBIZENE LI-BREEL U YORRET o TERLY Y. KRBT, toYORBEEESZ,
ETLTERE VY ORRIET Y O VERHANDICAICEL TRNT 5.

2 EUYDRE

2.1. EREEHYDOHEE
BREUYE VYRS EROFEICESTIDARICHBT 2 ENTES BEBREUHIE Ny TUDK I LRABEREREEHL,

AEEBEEELCRETIELNTRETHSD. —H, B tLoHE, RABEREFLLV:O, MO SOBHEGEELELT D, Rk
DESHBRARETOERZEET 5L, BROMAML EAMBICH DRSNSV, BHMLGRER CERATELZSBR oML
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& BROXRERBHSELL, ZOLT FENSRETIEEREMICEE  Fig 1 Equivalent circuit models for the read-out

Resistance
€—>

Phase angle

TRENARTHS. coil and sensor. Correlation between the resonant
LR EEEMWNS¥E LT, BERELEEEHBEFERILED 2 frequency and the wall temperature is also depicted
BY OEEAAETHS. AT UV EBREROELICEIHETEMBD  schematical ly.

ELEHRAMBEAELUHH, CORBIZEIW oY OREKFIE LT

Fohd 'Y EFEL"IF BEICHTIHERARUELCOBRERITZTL, RROBEEXRT (ENSVVEEEIHESIELLEL, BV
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3 EUHOREELEREDEL
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WREIZ500 mEQOEFREMAT 5. TOLIZ, BII/OVEEDES
EEHOBAHEHE (I FLOR ) 2—HKICERMLERIC, 5/
—VEASRERLEICEBLI-IRVZRB L TENMNRERATSH. KD
BOLORMERVSEE, BABORGBRICHT SBBENMEXT D
=&, AR EFoMAPEFABRRICEIYREEND. RIZ, ERER
DIYFUTETY, LYRMNEERRICBRETDHCLT, RETEYDE
B/Xa—uhBond. UEO—EDBERE T+ FJVYTSTT41 £
LY, MEMS TREDEKLLD.
TEROTOCXTTHEBEHRA LI-&IC, EEK[MERFEEEZHALTI00
nmED S0 EREERRTS. ZDSi0BIE, FrLI0FERELY
ITEBELHT H5-ODEZEL LTORENZR-7. L TEEBHEIZE
BERMD-OHDEAETYF T LRI, £FEELS—ERRL, 7
+hUVIS T4 EAVTEIEROFTE IS L EEDH - LEEEE %/
R—=29% HBELLEVVOEEZR3ITRY.

3.2 EUHYDOEMEEE

T UHEROERER, DM RETIFEERR (BOR) HBNEEA
ExaHH-H, BELUVOBRMBEBEIMNIILOREZIZHELL.
VHOEMABREEALSE5OICE, BENEDOOERDEIA
DRI ZRENHS. LML, MENS TEIZAVLLh L —EBHNEERE
BERARE CHRTREERRERE €0EVHII/OVEETHY, EIE
PO ILOEEEHELL.

ZZT, ZL*¥LJ)L PCB (Printed Circuit Board) HffiZEA L 1=
B4z, EoyRETOCROBEERT. £9, mEAGHERY A2
FEBREAVTIAINEF YRR ERAT S, MEOEAH 18 unBE
EEW®, FEEHE (R) £1 Q UTICMZZZEATARETHS. B
EZAET H-HOEME (R, E5b) & R4 ITRT&SIC, nN—FT
R EERLICEFESERBTERRAAVEY VT ETH>THALE. &
ERMFOERELZ I ILFERRESY 0FLUEICTE LT, BEE
LIZE2FEERECIRRBARBICEZLEEET 1%RBEITMR L L
NTEDL. RUA S FEREVYOEEZRS ITRT. RUA S FITRM -
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(a) (e)
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(H
r h
(c)
R
Glass wafer
() Au .
- Photoresist
mm SiO,

Fig. 2 MEMS fabrication process: (a) Au sputtering and
resist-coating, (b) bottom metal layer patterning, (c)

Si0, layer deposition, (d) SiO, etching, and (e), (f)

5),7)

upper metal layer patterning

Fig. 3 Photograph of the MEMS-based wireless temperature

sensor® -7 .

Au sputtering

St Polyimide

‘ Photoresist
Cu
s Au
‘(d)  W— = Hard mask (Si)
EEm  Photo mask

Fig. 4 Sensor fabrication process: (a), (b) Cu layer
patterning, (c), (d) Au sputtering for deposition of the

resistor part, and (c1)-(c3) Si hard mask fabrication

process® .

Uy S

Fig. 5 Photdgrabﬁ of (a) the Polyimide-based MEMS
wireless temperature sensor, (b) magnified sensing
resistor, (c) flexibility of the sensor, and (d) the glass

cylinder fixed with the sensor and read-out coil® % .
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VEAOEEICEE LKET, ERA—TVITANT. BEMNS200°CFT
25 °C FRCTHRREESEAND, FREICETHIHIRERBDAEET o1
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EAEEENEVNEDOD, ERAMEICEVTIETREAREN 1%DEEHA
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=
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ig. 6 Measured resonant frequency as a function
of the temperature® . The blue dashed line is a

quadratic fitting curve.

Table. 1 Specification of the engine.
Engine Specification
Cycle 4-stroke
Bore x Stroke 41.2 mm x 50.8 mm
Compression ratio 3:1
Fuel CH4 1.5 L/min
Ignition timing ~6° ATDC

Network [«---»

analyzer | .-» PC
i Ethernet
Jim
Phase XL [Function B
meter generator

Fig. 7 Schematic of the crank angle-resolved wall

temperature measurement system © .

220 Ignition (F) ATDC)

200 - !
| 188°C
180 |
160
140

120

Measured temperature [*C]

100
-540 -360 -180 0 180 360 540

Crank angle [° CA]
Fig. 8 Measured temperature as a function of the
crank angle after compensating the effect of piston

movements © .
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ElX, 718 rom THAB. FHMIC 144 °C 2RI BREEED, BFRERITH 4
CREEFRLTVWSI DA S —F, EEEEREERRIC, SRE
AASERVTYVU VIR EREZ L. RKOBEHEE, 20 7 2 U,

16 SUBBRDEEZ, BIITRT. RXEORRGEORFN, +57I28E
ZABNTWND I EMNHD. 51, KXDGEOBERERE HERANE
BETARRERU DTS EITEY, V) U FAHHERDERD-HDH
RE/BDHIENTEDEEZOLND.

Fig. 9 Flame propagation after ignition inside the

glass cylinder captured with 1000 frames per second.
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KETRILF—EHODOE) IZHEIFTEIR—IR—+Zv o TADI D
I T UIEREZNER 50-55%~ DHREK

The Path of a 50-55% Thermal Efficient Engine of Super Truck Project Organized by DOE

TH E&
Masatoshi SHIMODA

1 R=nN"—+359o 702z FRE

KREIZEWNT, TRILF—% (DOE, United States Department of Energy) ASHlMI#izY, KELSwvs (452 8) OBREIER (C02
DER) 2EEMELTR—NR—+595LWVN53T02 ) FA2010FE4 ALY 2015 FE3 AETHMERBSNz. MEZTIIEZRH
TELT2016F10 ANDS 2021 £I AETHHMIN TS, ARAREE—RHR, E-RHARL LI, W UX, T4 LTF—, RILK, F
EXg—MZnEThfbcgY, ELOWMREEESM, KEOEILIMEHR, KF BRIV TSV —2EOKABLF—LEHRL TH
ELTWS. E—RHAROFEORELLTIE, SHAEF—FILT, AIUX, FERZ—HHB0ER, F4L5—, RILAEHLHL0EM
LRILTHY, TOFEHFZEDEAABLTLD. DI VARECNICEELZERRSESYZA SO TOD LY FEFE—RAEESE
ZREHAEOHE (2015 &£ 10 A~2017TF 9 A) ITFERBHNIEATEREL TS, Ch-OHAEOEBREE EF6 AICDE£ADE
FERED|E L LT Annual Merit Review Meeting A S AY:, ELIMEHRFOHENETES &L YRGS EOTME XENE, HED
fefe, tPub, AEERMOBESITONS. 0 Meeting (ZFFEICKIRET, MEHL 458, 0RBTHY, R1ITFRT LIS, KE<LH
[T CEMMEMOEEE KR - BHEROERICIMINTEY, ZTOFIZE DAL= Session EEATLNS. R—/1—+FvoDT0
DY MLEmMEMOEE DS D Advanced Combustion Systems O Session IS&ENS. FKREFE Power Point 20 #HIZED £ DM AF
and. LHL IO Power Point IZIE, #FEM, FHMEESLVILEAHZBINTEY, FHSENEIHEEOBVRELR, /0%
BERINTVENENRS. ZOEHEHAREBITRINTLES, ZTOHRLETLHIBBEEINTE ST, it EROKEZEFTEHAD
BENEL. Tz, TVOVORRICELTE, BHE SEORBOIVIOUNELATEY, RBEHEROM—IEICRTIFELSL.
BFICREBOEBMREL, HEICKDZFA, RRICEIIBEINEBELTHEY, ECEFTHERTHEASNTLEIMDATHDZENS L. LIE
DESIZ, R=R—FrS VI ORRERE, BMANEEFDLEGIENH DD, HREENBTOFTERAFTILS, T—ELTY
PUDEHERLIZETHMAEPLE LT, BROBHREMRERZTEA#S.

Tablel HHERBHDHE
(2017 Annual Merit Review and PEER Evaluation Meeting @704 5 L& YSIA)

VEHICLE TECHNOLOGIES OFFICE PROGRAM AREAS HYDROGEN & FUEL CELLS PROGRAM AREAS

ACS Advanced Combustion Systems FC Fuel Cells

EDT Electric Drive Technologies H2IN Hydrogen Infrastructure

EEMS Energy-Efficient Mobility Systems H2S H2@Scale

ES Electrochemical Storage MN Manufacturing R&D

FT Fuel & Lubricant Technologies MT Market Transformation

Gl Grid and Infrastructure R&D PD Hydrogen Production & Delivery
LM Lightweight Materials SA Systems Analysis

PM Propulsion Materials SCS Safety, Codes & Standards

Tl Technology Integration ST Hydrogen Storage

VAN Vehicle Technologies Analysis TV Technology Validation
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Approach - Integration of Cummins e

Component Technologies Approach - Vehicle Energy Analysis e

Air Hand”ng B Apalysis o_f 27 Drive Cycles for Class 8_ Vehicles
. m" & EGR with a Variety of Seasons (Summer, Winter, etc.)
Combustion 1 y A
[T interstate: 15-22%
Fuel Aftertreatment (AT) Peterbilt
Systems ;.

Inertia / Braking |
Urban: 15-20%
| Interstate: 0-2%

4 Rolling Resistance
Urban: 7-8% T Urban: 8-12%

[ Interstate: 13-16%
Delphi & Eaton & Dana Bridgestone &

Goodyear
Bergstrom Weight Reduction 4

Analyze: Where is the energy going? Identify priority.

20Jun2014 5

Drivetrain
Urban: 5-6%
Interstate: 2-4%

Auxiliary Loads

Electronic C}otrols

Nl

Waste Heat Recovery
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Fig. 1 TP UDEKRERERLIZET HEOERELM Fig. 2 BE@EODTHILE—M@A
(2014 Annual Merit Review and PEER Evaluation Meeting,
Project-1D:ACE057, ” Gummins Super Truck Program” David
Koeberlein &Y3EIA. LT Fig. 2~Fig. 8 LR

22



ENGINE REVIEW

SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN Vol. 8 No. 8 2018

Technical Accomplishments - @
Freight Efficiency Enabling Technologies

Advanced Cab
and Trailer
Aerodynamics =
WHR Engine e T, - GPS Cruise
System . | Control

Advanced Formula ]
Aftertreatment

Efficient
Cooling
Package

Retractable
Trailer Skirts
Battery n :
Weight Reduction APU Advanced Single Tires

Reference; Objective 2
* Vehicle details are included in Peterhilt's 2013 AMR presentation ARRA-081

20Junz2014 6

Fig. 3 FETREZHRELLRA—1—F+397

Innovation You Can Depend On

3 A== +F v DHRREAE
RR—=CODFR2IZ, FEHTEBLTVSIHRRNBEE | RIIE (EKREIE 50%ELY), 5 2 RBIE (EKRBHE 55%HLY) ITHELT
Y. ASVRAHITBEOTE, FELEZE SIS, ZOFBTERL TODERRMELBWHEHLND TOD LY MIDWTHRT.

1) %1 RHIE (EREBIE 50%3H )
@ BHEDIZE1TRAROBELANILEZAT~8% EHET D, (R—RAI D UDLANLEE2~4%LRILEBDND)
@ WIFhDHEELT+—EILOBEES (270~300MPa) Zib& LT, BAISRT LS54/ X)L, RBREOFELRUES I
YLD AEHE RRELERORBILERSBRRRENE.

Technical Progress e Technical Progress e
Optimized Piston Bowl — Genetic Algorithm Optimized Injector — Single Cylinder Engine
_ { ToC |
131 bowl generations computed 3 M + Injection rate shape revised
— Compression ratio increase % ; \ with injectar specification
3 » Optimized profile outperformed = i\ - Controls combustion heat
A 2 i\ release rate
. 2 / - Increased efficienc

Objectives il = / N

+ Minimize GISFC v | - =

= Constrain NOx, PM, Peak Cylinder Pressure - = =/ 1.3pt Close Cycle Efficiency Gain T
8 F 14 | 0 20 40 % . A
: BB | > 2 Crank Angle [deg] H A
: BER = increased CR | o —— A —injector A —Injector 8 g » ';'.-.‘-' P .
K |z e T 2 2 L A ad =B
o 5 Ry ) P : @ 3 o 3
SREE % | N SN Seeking to minimize ks L T

2 ' 5 5 ; _
H go's O_:‘: é’ H combustion duration E Impact of injection rate shape
= 304 e - | = il - Seeking to control S at constant intake conditions
s T s i -
S0z |- ™[ BTEimpact -+ 0.5% BTE % combustion phasing for 0 10 20 30 40 50 GO 70 8O 30 100
H 00 A optimum efficiency fsNOx [3/kgf]
£ Peak Cylinder Pressure [bar] E + Injector A » Injector B

200un2014 13 204unz014 4
Fig. 4 BEEBKOSELL Fig. 5 412z 30KHEL (BEI D00

EETE, HFELEE)
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R&D Status of Advanced and Innovative Batteries as the Battery beyond Li-ion

KEP LEEE

Hikari SAKAEBE
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National Institute of Advanced Industrial Science and Technology (AIST)
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4.4 Zoith

RIUITRLEMg EtE, BBICEBENE ZAVSENTHD. EETIRNT—BEICBVTEIRELHEFBLOY, AEIRLY—F
ETAYY FEHELRREENAHS. Mg X 2D 45180, ERRDP EBMHPTRABHEESKECFRBIZHEIZS
L. BBOFBICKELBREE (BERGEECTEHICIRILF—BERLBRIOCLHELGIRLY—TEELRELLTHRLELID)
PRBET, BEFZOREDOERBEDRERRNVEDON TS, EBMHERKICN 1 F UABEDLTEMBETESMHORERE
BT, BHOMEENAA—DTELEEHDBERIIANLTHS.

NaAF>, Mg AFLUNDERTEREESTY U TDRFELTIE, KAF, CaqFdy, BIEMAAY, TvitP1F o EDRR
EAEDHLNTNSD, BEFENLERRFRETHD.

5 FRMIGREL

LIBZZET RN - EFREEMINETHRRTELEBYBMRENEDONTEY, ERATILOEELEATHSIENREE
Y5 KEICEIRLF—BEEAPFTESEMIENDO ORE L TIE 2030 FLURDOEREARAENSEDT, NEDO @ RISING2 7
A2y k4 JST O ALCA-SPRING THRAIEDZ—47 v FE 2030 FZ—DDI A LR F—VITRATWS. EXF LI-RAEMTEM
EHRRZDEAREENTOTHMALLL S, RERDTHLEREAVEAFZEVSREFRBATRIFER AL, Li-REERSHE
REETHREN NEDSONTVEIDTINNL CDH-YDRFEANIMET 53D EBbND. F-ENFETIZIILIB DEKIELEH, Rt
DELELILIBARESNSAEEMENPFTES. AR THENLEBEUATHITRASABOH T, LIBLEIRLT—BELOMBEE
AATLTESH LN, LIBORERMOBRELF=0H, S2E (BRE) LIB EX#HAK - EHETHOAESIEBESIS.
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