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Engine test of small gas turbines with aviation bio jet fuel
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Engine tests of small gas turbines were performed with both of 100% HEFA (Hydro-treated Ester and Fatty Acid)
bio jet fuel and JetA-1 commercial aviation fuel to investigate the effect of the fuel change on the performance of the

gas turbines and the emissions. The results showed that the emission of particulate matter (PM) was greatly reduced

with HEFA, while the performance of the gas turbines and other emissions were quite similar to each other. JetA-
1+HEFA 50:50 blend fuel, JP4 and HDF (High Density Fuel) were also used to promote the understanding of the
effect of fuels. Chemical analysis of the fuels was performed to investigate the relationship between the characteristics
of the fuels and the engine performance and emissions. The lubricity of the fuels and the effect of the fuels on O-rings
for fuel passages were also investigated which are essential for gas turbine long term operations.
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Fig. 1 Exhaust gas measurement system (The engine in the
figure is different from that used in this study)

Fig. 2 Exhaust gas sample line
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Table 1 Fuel property

JET A-1:HEFA Test
M d rti - -
easured properties JET A-1 HEFA 50:50 blend JP-4 HDF method
Freezing point [C] -48.0 -58.5 -51.5 -63.0 -61.0 JISK 2276
Dynamic viscosity [15°C, mm?/s] 1.655 1.963 1.786 0.9967 3.531 JIS K 2283
Surface tension [mN/m] 23.6 22.5 23.1 21.2 31.4 JISK 2241
Density [15°C, g/em’] 0.7886 0.7554 0.7732 0.7573 0.9386 JIS K 2249-1
Net heat of combustion [MJ/kg] 43.380 44.140 43.730 43.610 42.120 JIS K 2279
Physical distillation
77777 yﬁtial boiling point [*C] 148.5 146.75”7 148.5 59.5 175.5
10% recovered temp [C] 164.5 165.0 165.0 95.5 181.5
,,,,,,,,, - JIS K 2254
77777 50% recovered temp [ C] 193.5 208.7(7)"7 198.5 153.0 182.0
77777 90% recovered temp [C] 237.5 253.75”7 247.0 219.5 182.0
Final boiling point ['C] 259.0 269.0 262.0 250.0 194.5
Lubricity(BOCLE) [mm] 0.83 1.04 0.87 0.58 0.84 ASTM D5001
Carbon [mass %] 86.1 84.7 85.4 85.8 88.3
JPI-5S-65
Hydrogen [mass %] 13.8 15.2 14.5 14.1 11.6
Sulfur [mass %] 0.0006 | <0.0001 0.0003 0.0006 <0.0001 | JISK 2541-6
Composition
Paraffin [vol %] 79.1 98.4 89.1 85.9 96.9
,,,,,,,,,,,,,, ASTM D1319
77777 E)’l’eﬁn [vol %] 3.0 0.9””7 1.6 1.3 2.0
Total aromatics [vol %] 17.9 0.7 9.3 12.8 1.1
Aromatics
Benzenes [mass %] 21.3 <0.1 11.6 17.0 0.2
ASTM D6379
Naphthalenes [mass %] 0.2 <0.1 0.1 0.1 <0.1
Total [mass %] 21.5 0.1 11.8 17.2 0.2
Table 2 Impact of fuels on O-rings BB Fiz, BIREERRIMRI DN VD, HK
= — BRRWEEZ ObND, HEEKITIE]etA-1L ) D%,
uoro Nitrile . . . .
HDFIX, 10%% R & 90% ™ HEE1205T L o203
carbon rubber N . - N o b
Specification M83248/1 | MS29513 b: S \!:)')jfb AilY, 13 Lii. PHIHDY) % AR
Initial Hardness IRHD-M. | 71 o2 121, 7(43‘ | exo-tetra-hydro-dl-cyclo-pentadline CioHis
_ Mok BH, AFHOREOMERZE 31ZRTY,
value Tensile strength 14.7 14.1 el v o N
[MPa] OB E RS &, BEET, HUAREDZD TIET A
- WE—BENRRENZ EWG05b, Tz, BRI KR
Elongation 199% 329% . o . . N
e Hordnoss o RTYY NWREL, WHRALLIC WEPHTE S, HHFEIEA
70 hours | Tonsilo stoonath Yy o INTWRWv, F72, WENIEL, REHEHIEEK
ensile stren, o -49%
. Mkl Lo CBES 2 &R0, FRERECEERS
sink test Elongation +4% -26% nz
Volume expansion +0.3% +24.8% °
HEFA Hardness +0% -5%
70 hours | Tensile strength -4% -16%
sink test | Elongation -4% -6%
Volume expansion +0.4% +6.5%

Fig. 3 Exo-tetra-hydro-di-cyclo-pentadiene
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Table 3 Combustor inlet temperature, pressure and air/fuel ratio

JetA-1 HEFA
XN[%] | T3[K] | P3[kPa]| AFR XN[%] | T3IK] | P3[kPa]| AFR
80 100% | 100% | 100% 80 99% 103% 99%
85 100% 100% 100% 85 99% 101% 97%
90 100% 100% 100% 90 100% 104% 101%
95 100% | 100% | 100% 95 100% | 100% 98%
100 100% 100% 100% 100 100% 100% 98%
JetA-1+HEFA JP4 HDF
XN[%] | T3[K] | P3[kPa]| AFR XN[%] | T3[K] | P3[kPa]l| AFR || XN[%] | 73[K] | P3[kPa]| AFR
80 99% 102% 98% 80 99% 104% 99% 80 99% 103% 97%
85 99% 101% 97% 85 100% 101% 96% 85 100% 101% 91%
90 100% 103% 101% 90 100% 102% 100% 90 100% 101% 95%
95 100% 101% 97% 95 100% 98% 97% 95 100% 98% 92%
100 100% 99% 98% 100 100% 100% 98% 100 101% 99% 91%
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Fig. 5 NOx emission (JetA-1, HEFA, Blend)
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Fig. 6 PM emission (mass density)
(JetA-1, HEFA, Blend)

Table 4 PM mass density [mg/m*N] (JetA-1, HEFA, Blend)

Rotation JetAl
Jet A-1 HEFA
speed XN +HEFA
2.9 1.4 0.52
80%
(100%) (47%) (18%)
5.9 3.1 2.0
85%
(100%) (56%) (35%)
11.9 6.7 3.8
90%
100% 56% 32%
( ) (56%) (32%)
214 13.0 7.5
95%
(100%) (61%) (35%)
46.3 31.1 18.9
100%
(100%) (67%) (41%)
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Fig. 8 NOx emission (JetA-1, JP4, HDF)
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Fig. 9 PM emission (mass density)
(JetA-1, JP4, HDF)

Table 5 PM mass density [mg/m3N] (JetA-1, JP4, HDF)

Rotation
Jet A-1 JP4 HDF
speed XN
2.9 1.4 6.0
80%
(100%) (49%) (205%)
59 2.9 15.7
85%
(100%) (52%) (280%)
11.9 8.2 259
90%
(100%) (69%) (217%)
214 18.6 46.3
95%
(100%) (87%) (216%)
46.3 45.1 81.6
100%
(100%) (96%) (176%)
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Fig. 10 PM emission (number density)
(JetA-1, JP4, HDF)
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