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ABSTRACT

This project is a two-year pilot research for the development of "High-fidelity data-driven
engineering design platform." The tasks of this project include: (1) Self-development of CFD/FEM
simulation codes of airbreathing engine; the basic structure of the self-developed computational fluid
dynamics (CFD) simulation and finite element method (FEM) simulation codes will be constructed and
integrated. Pre-test of the codes will be performed based on the configuration provided by NCISIT in
order to established the foundation for compressor and turbine simulations. Spray simulation will also
be studied to prepare for construction of combustor simulation code. (2) Development of airbreathing
engine component experimental platforms and experimental techniques; the experimental platforms
include test cells for compressor, combustor and turbine. The detailed design of the infrastructure, test
stands, tools and facilities for observation, measurement, and analysis will be performed to facilitate
future construction of the cells. Some preliminary researches will also to be performed for building-up
the core analysis techniques. (3) Establishing the foundation for Emulation technique; structural analysis
of emulation technique for complex system will be conducted, and, in conjunction with the simulation
data from (1), the emulation technique will be first constructed to form the cornerstone for future engine
design platform.
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Pt-plated tungsten wire, diameter 5 um, length
1.25 mm. Wire separation 1 mm.

Sensor identification mark

P—
}

— =
=23

MOUNTING: 6 mm-dia. probe supports
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55P61 X-array probe, sensor plane

parallel to probe axis
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Technical data for 55P61
miniature wire sensors ( Dantec )
Medium Air
Sensor material Platinum plated
tungsten
Sensor dimensions 5 um dia,
1.25 mm long
Sensor resistance
R20 (approx) 338

Temperature coefficient

of resistance 20 0.36%°C
(approx)
Max. sensor

300°C
temperature

Max. ambient

150°C
temperature
Max. ambient Depends on the
pressure Type of mounting
Min. velocity 0.05 m/s
Max. velocity 500 m/s
Frequency limit fcpo
dueney P 90 Hz
(CCA mode, 0 m/s )
Frequency limit fmax
400 kHz

CTA mode)

Technical data for
o ) 55P61 (Dantec )
miniature wire sensors

Medium Air

*Influence from natural convection up to
approx. 0.20 m/s
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Air Inlet Condition

Name Location o mikgs T Fuel Blends
Europe
IKDG ‘Aachen Germany 2 12 550 NG(4O bar, 850 kg/h)
HBK2 DLR, Cologne, Germany 0 30 700 Kerosine, oil, naphtha, NG, syngas
HBK3 DLR, Cologne, Germany 0 7 700 Kerosine, oil, NG
Kerosine, oil, naphtha NG, Syngas H,, CO,

HBK4 DLR, Cologne, Germany 40 %0 e
Lsm Helmut Schmidt University, ) 0 60 NG

Hamburg

NG, H, 1100kg/h, CH, 2500kg/h, CO, (10-
ENEL Sesta, Italy 25 a2 N/A  30%), Propane, Butane
CO, N,, liquid fuels T=150°C

SIT Finspong, Sweden 1 N/A  N/A NG ,CH,N, CO, CH,

Gas mixture plant, NG, CO,, N, H, CO,
HPAF Lincoln, UK o MA L NA
HPCR Cardiff University, UK 16 5 630 H,/CH, blends, CO,
North America
GTTL GE Greenville, SC, USA E 50 510 NA
GEAE Evandale, OH, USA 2 49 50 NA
Solar San Diego 75 16 316 NIA
PSM Jupiter, Florida USA 24 27 650 NG, H, CH,CH, CH, CH,
CEsB2 NASA Glenn Research Center, 3¢ 55 70 NA
UsA
DGTC NETL, USA 10 075 330 NG, Liquid fuel
Asia
MHI 1 I:;::m Machinery Works 16 5 NA NG, Oil, Methanol
MHI 2 Japan 11 20 N/A NG, Oil, CH, Methanol
6 T T T T - T v T - T
® purdie-GTCF
5 @ ONERA-LACOM 1
—_ DLR-HBK3 DERHBIRS
T 4@ @ ] @DLR-HBK4 4
% ONERA-MICADO2
3l .CE—SB—Z @GTTL |
o [/ IKDG PSM ENEL
5 NERA-M1 g P [} @ GEAE
® 2| @DLRHBKI ]
o @HPCR @ MHI 1
o @ Cardiff-GTRC
1 ®DGTC Solar 1
[ ]
MHI 2
LSM
® ) . ; .
0 10 20 30 40 50 60

Air Mass Flow Rate (kg/s)
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35F
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N
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5
o 1 1 1 1 1 1 1
25 3.0 35 40 45 5.0 55 60 6.5

Mass flow rate (kg/s)
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TDLAS K & ¢ #£ = 18§ 57 F 87 B3+
o BT ’}‘55{40'5\«? | ® ( photo
detector ) 71 % 4 4p2c~ B o K F AALITIE
Bl A F 2SRRI R - BT
i %ﬁ‘* T S %ﬁ%*"?‘féﬁﬁé’—%;
TR THA L FR L F R UETF o

d sk R Bz FHBAET Fcd Lk
£ 2. 84T & 5 11 4% Beer-Lambert Law & 5 &~
FRAE IRE EEE 2 T o
e § D R e BT R
o AR o R FRER A e
kﬁ,ézpﬁ%%ﬁisﬁﬁ FrmR e FdghiBKFE
BT R s B R o g R e st
(burning velocity model ) % ﬂa o PNV R

Lhphdse B E i X hlkG £ &
R % 0 L% theta(0) S8k
n=r(6) (11)

MO BT RS CER R B
BopETERIM T AR L

1.7 7 Tg ¢
g = Py"" AporDPY exp (73 3p0)
A

(12)
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Stator

Encoder;
Tachometer

Water out; T, Torque meter
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