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Abstract

Light electric aircraft becomes quite important vehicle due to various advantages such as zero emissions, noise
reduction, and lower operational costs. However, traditional design methods developed for fossil-fuel-powered
aircraft are not suitable for electric aircraft. Because mass of battery remains constant during flight. The
present study aims to establish a new conceptual design method specifically for electric VTOL (eVTOL) aircraft
with fixed wing. The configuration of eVTOL with fixed-wing has been selected due to its capability for longer
range and higher operational availability. The results demonstrate that a reasonable configuration and
performance can be achieved for eVTOL with fixed-wing. Additionally, the development of a subscale eVTOL
with fixed-wing is currently in progress. The design process is also presented.
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Abstract

At present hybrid rocket is expected as low cost space transportation system to launch nanosatellites. However,
for practical application excellent mixing and combustion of fuel and oxidizer of hybrid rocket engine must be
realize as well as high combustion efficiency. In order to solve the problem a Multi-Section Swirl Injection and
Aft Counter-Swirl Injection Method has been newly proposed by the present authors. The method has been
proposed to increase combustion efficiency and keep optimum O/F ratio during combustion. In addition to the
previous experimental conditions, new combustion experiments are being conducted to find the optimal fuel
and oxidizer mixture ratio for higher specific impulse of hybrid rocket engine with Multi-Section Swirl Injection
and Aft Counter-Swirl Injection Method.
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Abstract

Diesel engines are internal combustion engines with low fuel consumption. However, CO, emission such as a greenhouse gas
is unavoidable because diesel engines use the hydrocarbon fuels derived from fossil fuels such as diesel fuel and heavy oil.
Therefore, diesel engines are required to switch from the utilization of hydrocarbon fuels derived from fossil fuels to the
utilization of carbon-neutral fuels such as bio diesel fuel and non-hydrocarbon fuels such as hydrogen and ammonia to prevent
global warming. If the mixed-combustion of biodiesel fuel and green hydrogen derived from renewable energy sources is
applied to power generation systems using existing diesel engines, it is expected that the power generation sector will become
a low-carbonization. If the fuel injection strategy such as fuel injection timing and fuel injection pressure in existing diesel
engines are adapted for the mixed-combustion of biodiesel fuel and hydrogen, modification of the ECU control system will be
required, which may increase development costs. In this study, the mixed-combustion of biodiesel fuel and hydrogen was
applied in the retrofitted diesel engine with hydrogen supply system and without modifying the existing ECU control system.
Smoke emission characteristics of the retrofitted diesel engine equipped with a hydrogen supply system were investigated at
medium engine speed and light load operating condition (Ne =1640 rpm, BMEP = 0.3 MPa) when the hydrogen supply ratio
was varied in the mixed-combustion of biodiesel fuel and hydrogen. As the result, smoke levels in the mixed combustion of
biodiesel fuel and hydrogen were lower than the smoke levels in the diesel engine running on BDF only, even though the
hydrogen supply ratio increased to 47.4% and the excess air ratio decreased. The reduction of Smoke emission in the mixed
combustion of biodiesel fuel and hydrogen is attributed to the fact that as the hydrogen supply ratio increases, the amount of
BDF, which contains carbon, supplied decreases.

Keywords : Heat engine, Diesel engine, Thermal efficiency, Smoke, Bio diesel fuel, Hydorogen
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Table 1 Engine specifications

ltem Specifications
Engine type Dlinline 4
Displacement cm? 1362 s L RO )
Bore x Stroke mm 73.0 x 814 /4N oM E Y 3
Compression ratio 18.5 = ( ; A b Xz
Maximum torque Nm 170(@ 2000-2800rpm) 3 \‘_‘ij 57 /L o - ’;’k“ @
Maximum power kW 53 Fig. 1 Multi-cylinder diesel engine for research




2-2 EHRIZE

B2 IIAMRICRIT D Vv AT AOWEKTH L. KEROT V0 OB PERRIE, REF TEEAMIITE
AT OMEREN G TR L7z, Rl EE, =V 4 ) kiRt (F—= > 2% FD-SS2A) CHRHlL7-
Smoke (FAE—7 A —%— (AVL # : 415S) IZTEFHHIL, Smoke L7 4 /L& ZAE—2 F 73 (FSN) THR LT
TV A~DOWAZERIR BT E R (R : LFE-150B) 3 X OV sa i Aies (FIHIAFERL : LFC-200)
ERHWCEHAIL7ZZ. v U U HNENERAEE o — (F AT —8:6056A41) ZHWTHIE L7c. BAR%EIT
PREEARATEERE CNEFRIZSERL © DS-3000 3 U —X) /nHsRd7-

Fuel Fuel mass
filter flow meter

Dynamometer Air flow rete
controller calculator

=

Eddy current
dynamometer

Laminar flow meter

Heater

Combustion Amplifier of
analyzer crank angle

Coolant
tank

H; cylinder

H, supply path Coolant pump

Fig. 2 Schematic of engine system

3. KFREHIATL

ARFFETIL, AT 4 —EB = D ZBWTKFE L BDF & ORBEEREZIT 9 720, KFEMIE T AT L OREE
EATo T, AWFEICIT DKFMAG T AT LA TIE, WIREREE (BDF) (X280 L— AT AT LDA V7 F—
L0V U ANICEEES 21T, KFBIIREE D ST 2 5L Lz, M3 I3RS KBS E
DY AT A THD. KBIIERENZRHELIZ) 2T, KFBA V=7 Z—InORREN~ERNT D, WKE
WIS S 42 KB OTEIIPHERRIEICERE LK FEHTEER (7 A e ) ICTEHIET S . B Sk
FERAENE LUK~ =h—/L RIZTRAZER E O TREKEEK L, WRATRIZBWTY Y U ANITHHA S
BRI, RIEBREZ A P27 X =V ) U EARNICEBMES LHOEBEKESES. KB V=7 X —3EH
L7o/ksE E AR & MRKEN T HRAROIEET 2 IR 2R3 5720, R~=F—VFX0H 1m L
DONCEIZRE LT,

KFBIIKFBA V27 X —OBIREF IND. K4 13KEA Vo7 X —DBIREFIRIEE RS, EE D
LT DU ANDKBOEKEIIKEZEAA V2 X —ar bu—F7—OMEEHHIR [msec] & ME5E % [Hz] %
PSHL L THET L LN TES.

Ha injector Injector
controller

Flow meter,
ForHz

P T e
7

Pressure Temperature
measurement measurement

=) Exhaust

Hs cylinder

BDF

Fig. 3 Hydrogen supply system



Injection
frequency [Hz]

e >

Injection
duration [msec]

Time

Fig. 4 Hydrogen injection control parameter
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Table 2 Bio diesel fuel properties for the test Table 3 Diesel fuel properties for the test
Category Properties Category Properties
Density 15 deg. C  g/em® 0.883 Density 15 deg. C g/em’ 0.825
Kinematic viscosity 40 deg. C mm®/s 4.5 Kinematic viscocity 40 deg. C mm®/s 2.644
Flash point deg. C 65 Flash point deg. C 64.0
Pour point deg.C -2.5 Pour point deg.C -27.5
Cloud point deg.C -3.0 Cloud point deg.C -5.0
Lower calorific value klJ/kg 37010 Lower calorific value kJ/kg 43092
CCAI (Calculated Carbon Aromaticity Index) 826.1
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Fig. 10 Breakdown of supplied energy to the engine in dual-fuel (Hydrogen and BDF) engine operation
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& DIRBEEBRICBNT, KBIIKEA V=7 X —POERKENICER T2 2 THIGL TV D, 2o,
I8 1T T L D ICAKRFIC L AR EEIG I L, WRED D OKBUIREIHEINT 212> T, =YDl
ANERENBDT 5720, U NG SN DEREENRD T DA & 7.
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Fig. 16 Smoke level in dual-fuel (Hydrogen and BDF) Fig. 17 Fuel injection pressure in dual-fuel (Hydrogen and BDF)
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19 137k & BDF & ORBESRMIZIIT 2 KB OMAGEERIA 13T 2 ZE5GREIE Ao DL TH D o 1
X (1) Lvskolz (BB 2024). 2 ZTO i 137KHE L BDF & OIRBELMEORIFETH Y, mhg 1 32250H
W, my, [ 3KBEOE B, mpprlt BDF OE &R, AFRgy, (3/KFEOMGRZHARL, AFRg pprlid BDF O
2SR TTH D . AWFZETHEM L 72 BDF OBERRZERELIT 12,65 & L7z, (BRIl 2006) £72, B OREOMHERL
BDF DA T ¥ & ifiln L 7-BR O 2850 R 2 73

p) _ mair (1)
total = -
"% iy, - AFRg p, + thppr + AFRg ppr
70 5.0
=
E
[ e e B AR 4.0
g .\* ____________________________
= S ° 3 ‘ ——e——o
g 60 < 3.0
3
o
: 55 | Air volume flow in BDF 2.0 || Excess air ratio in BDF
E operation operation
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H, supply ratio % H, supply ratio %
Fig. 18 Air volume flow in dual-fuel (Hydrogen and BDF) Fig. 19 Excess air ratio in dual-fuel (Hydrogen and BDF)
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KFNZL DT DU ~DOUHREEEIEHINN L, U o ZNA~OKZEHAGEHININT D105 T Ao 1R T L,
BDF DA Ty ¥ v i8R L 7o SIS BT D EXGEREIR LV H Ao KT LTV A, ZHUAnk Lz L 912, K
FNC X D HHEAEEIS DN L= TIE, WRAE S OKRBHIGENBINT 5120E-> T, = P O AZESR,
BN Lo Z SICERT S, £72, 2D daw DIETIE, B 11 ISR L72KFEIC K D HHABEEIA 23890 L 7B
RPN T ABEO EAOBERIZHE 72> TND EBZLND. EFLD Ao DK FIZMA T, AWFECHEH Lz L
fa 7 ¢y MIBROBEAT 4 —B =0 V0 TIIKHRIC L D HHREEEIA 23N 5 1206 > C, BDF OMEHIE )
PMETTHHEE 2o TND T, KEICK DGR EEIGEINT 51T L, Smoke ML ZAVLCTWERIEL 72
S>TW5A. LML, /kFE L BDF & OIRBESRMIZEIT D Smoke 1% BDF DA Tx L ¥ % il L 7= 5:F0 Smoke X
D HIRVKHEL 225 TUND. ZHUT, /KFEE BDF & OIRBESIFIZIWN T, KEIZ XL DEEEEEEIS SN 512
Mo T, RBEGAIZREICH S BDF DIFGEN DL 2o TV D ZENREREEZZ DND.

1. #&

B THOOS I SN = 50 FCOKZIREET 4 — BN D0 OB ZME L, NS ZOHIE S 27 AT
BEEMZTIC, KEMBEBOLEMAIMLEZL Fa 7 40y MHEOT 4 —B AL o DB TKREE AL %
74 —B/VEREL (BDF) & OiREEZ i - EEEAMTEIR (BBIEL - Ne=1640rpm, IEBTIAZ)ES - BMEP
=0.3MPa) 2Tk, FREOFRMHFIZHWTKRFEDOMIGEIG AN ST HE 2B 2 HAR T ¥ U PERE & Smoke
OHEHREZ TN, LUFORS R A 157,

(1) 3 - BARHEIRS/F COKFED BDF & ORBECEWT, KERICLDZ Do ~DOEBREIA 2R T
474 %FE TEOTFMFICEBWTHERTRPIC T VA =y v a v EORERELZR T2 Lel, =
VUEREELCGEIETX A L aMR L.

(2) 7K & BDF & DIRBERIFIZIHNT, KEIC K DMHGEAEEIEINT 51206 T, ERBGIEIMET I H1H
MCTHD. ZhUE, KEIC L DUFRAEEIE NN L7281 D AT T B AN & 225
BREIROE I L DR N ZRE D I L D WEREOBINAR R A NENOE T2 &, R
BUNROETICE N - 7= L HEIS 5.

(3) =V OWERRISICKRFEMRIEE 2LV be 7 4y MEEOT 4 —E LoV BiF 5/Kk#E L BDF
& DIRBESIEICIT D Smoke (%, Ul « A MIEIRSSIEIZ I T BDF OA & RELE L Cm 3 A ilin L 72 [
® Smoke LV IV IR TE 52 L AR T2,

(4) ARFFFENZF N TIESE L7=HiE - MEAMESRM ORI H/KkFE E BDF & ORBEFERR T, KFEIC K D HHEEEE|
BHN L, BDF 12X AMHREVEDFIG WD T A& D L, T7BVERY Y a 2 FOBRREORD
(2> T BDF OBREMERENIME T L, D OZEKGHEER KT T 25 Z L2025, Smoke DAL LT WERAEIC
BB D0, RFEE G AT BDF OBHEENBDT 5 Z L1125V Smoke DHEHZMHIT 5 Z LM TECV\H &
ZEzohb.
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