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Abstract: By the improved individual can combustor, the differences of the combustion
and emission characteristics between coal-based jet fuel and petroleum-based RP-3 jet fuel
were evaluated. The results showed that the coal-based jet fuel had better lean ignition and
lean blowout performances; in addition, the combustion and emission characteristics of these
two jet fuels exhibited the same trends when the fuel flow or exit temperature changed.
However, the combustion and emission characteristics of the coal-based jet fuel were slightly
lower than those of the RP-3 at the same fuel flow, furthermore, at the same exit tempera-

ture, the wall temperature of the coal-based jet fuel was lower than that of the RP-3.
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Fig. 1 Experimental setup of individual can combustor
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Table 1 Main performance parameters of individual

can combustor
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Table 2~ Main performance parameters of gas analyzer
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Table 3 Properties of coal-based jet fuel and
RP-3 jet fuel
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Table 4 Hydrocarbon type of coal-based jet fuel
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Table 5 Lean ignition and lean blowout fuel air ratios

of three jet fuels
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Fig. 2 Exit temperature and temperature of gaseous

emissions varying with fuel flow
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in gasous emissions varying with fuel flow

S8 BT XA R A R B A T S AR R S
LT SRR LA B B K R S R A W ERRE T iR
(OO0 R SR T o 5 R o SRR 1 ¥ A AT L 1T L
e dae 5 e e B MR be B I HL A AR K 22 . 5
A HERIR AT IRk & R A i A 5
J 1) W AR RN 5 DT o 5 48R 0 R AT B R AT TR
W o 7 () 0 A 3 A o R R M AR Ay e
SIRRHR 2 )5 AE R RIRE R A
A 2R

% SR IR b HE T Y 3 Y5 Y 2 SO, A
REAEAY (FEZ R NO M NO). [ 4~ 4(0)
BoR T 56 A5 E 0 R b B AP SO. . NO,
NO, J57 7 53 55 B I 2 1 AR . B 4 () B
IR BRI N T 6 g/ s B L i SRR e
BAH SO, Jit & 43 80k %, 1i_RP=3 W SRR RHA
PR SO, BT 43 FUH L 0. 0002 260y 4R
HARTF 6 g/s B, 3 F i 565 8 B be B < SO,
Jo 5 BRAE Ry K - R I 4 B VLA R T
R O T A B R AT A
i3 A RP-3-WE B0 (AN 3% 2 BT /R) 5 O 9 e 3
RZJG SO, Bid 73 B R 8 &R FALES 1Y
A0 A PR

M4 (o) aFELE 2, 4 T 3 Ak 56 20k, b6
FRMT R LT B AP NO B 5ors 7 .
BRI /N T 7g/s B RS NO iR
Y BUE AR B AR N SRR R R T Te/s Ja,
PSR AT NO &40 5 2 b I, X LA 5
W SR ERT RP-3 W UKk L 6 AH 7] 5T 4t i & F
PRI SRR BHIR B B A NO Ji 2 43 500 & L 1
HR R KT 7¢/s J5.NO Bk % T+ AY g
TR i 3 B 4 (o) Al LA B, 3 Bl g R kR e
A NO, Jitit 40 8056 4 — 3, JF B NO, it
35 B AR T O 2 R B R

M 2 K3 R 4 w36 45 SR AT DL
B IR IREE N L SRS RP-3 1R,
SRR I 498 b R HIE TR 1 S 5 B AR il Uk 1 22 A
PoE A — 2 AR AR R MR BE RN AU W HE TR
W o 08 B M R K e 0 HE s T A M R 5
A0l 3 1 RP-3 W8 S RkE AT 45 2 i X 4>
I E5E 5 2 fir 35 s N K22 s 2 B9 1 4516
— B AT R RR R R & B LA T63 IR
il & B AL, W5 K BRI SE T SRR JP-900 YRR %
FIHE IR P 2 EE A SR TSR R JP-8 IR — 2. I
A, B 2 R 3 5o A I B0 45 5T A& B, BRAR
TR A Mt AR 2 vh 0 6 s R RL T RP-3 M5 A< 4%



1880 o= 3 N % %31 &
0.00020 F Ep— U R A B — BB ER L AR IA JP-8 Rt BT
, O AR WERTET IP-8 AL LE L AL R A A
< 0.00015F = RS IRRL a1
;"3’25 [ He JJ.
= 000010} 2.3 BRIEHERMEEH R ENT L
.= - I~ "
E fo D ) — Ak b 5 s R B M0 A5 1L
4 . i ol . T ey M, [ P
AT A WD 1 52 e s R [ 5 Rk 22 1 R e e
oF f199% 3. Patra %575 6 T IR 1 W0 25 Bk ke 2 B 5 2 B

-}
oo
o

5 6
BRI (g/s)
(a) SO, [t 41 4%

O RP-30EAC IR
0.0014 F :

L —O— IR G mETRE
0.0012 F = BESLmES k]

g ]
2 0.0010F
5

0.0008
£ 0.0006 F
4 L
0.0004
0.0002 F
5 6 7 8 9
BRI (g/s)
(b) NOJF it 73 %%
0.00020 |
« 0.00018
=
& 0.00016 |
0.00014 |
S
0.00012 ~O0— RP-3M S0k
—O— RA ML
0.00010 —— BRI
5 6 7 8 9

AT (g/s)
(¢) NO,F it
4 BRSSO, ,NO,NO, i it /344
Fif 4% b O 2 1 AR Ak
Fig.4 SO, ,NO,NO, mass fraction in gasous emissions

varying with fuel flow

B AR L 1+ 1 3R A 1A (HR AR R
FHECR? P 2 80 #2300 RP-3 W AR X 4> ik
W R AR AT B SR A7 A IR AT LR T B b A Y
BRBEVERE. 75 I8 B 5 e bt A6 5 JEE L 22 5 T L I A
PERE J7 T #Y LA H, B AL B nl L) 25 18 A
HE TSR A 32 A B e J 43 A DA S )
A RP-3 B 52 B $2 71 RP-3 UK
Tk B AR T e AR AP B A (] I SOAS e AR
FCRRBe ROV RE. 26 [ 25 ZE AU TP-900 A9k

X W SRR JER 8 0 HE TR A 1 5 i B % 1L T R
X BER 7B AL AR AR SO R R T T B b
25 17 2438 5 A R E 3 b B AR 0 1R e =8
Y. 7R 50 2o AR, 28 A AR 2 [ E (500 g/s) s
3 3 R R T I A R el R 1 B I Bk B
BEE .

S 0] LA BT 3 gkl ke =
TR BE DA 400 °C B4 2 700-°C il R L MR =
BE R AR S B T LR R (U A 700 °C |
800 °C A A be 25 BE IR AD 2 i R B L % 800 °C B iy
BEMR AT 600.°C b} (9 B L. X — 3044 7] BE 5 %
beaE WK G 2 33 3R AR AR A 6. T KB R SRS
KBTI B U AH G 2 R e = 1 T v B R e
ZA I AR IR 2SI /. Patra S5 BIF 9 3 26 B 24 1%
BN NG U IR AR B o KK e 8 S B AIR, A
Tl A5 R 08 22 RE SR T B TR 4 38 B M A ik
S [R] R B2 28 Y 1 ek B8 I O SRR B B IR
BEME /N, XA IS AT BE S AR S 8 R R T R 11 T
PR RE A G L RIBA b 25 A — 8 43 BE 5 2Bl s A K
e 2 A AR W A, Fy 08 A AR A Y T AR
P BE B 5 T LA RE I A — 2k,

180
170k
=2 160l
- 160‘
S 150k
140k
1 [ —0— RP-3WES 4}
0k —O— it AUkt
[ — BN TR
1 i i L L

400 500 600 700 800
HRbEE i R/ C

PR 5 R s Bl R 68 2 11 3 8 Py AR A

Wall temperature varying with exit temperature

Fig. 5

3 & g

MR WA S K G TR Sl i T — &
LN N e B S B AN



5% 8

B SCAF MR IORHTE 3t T A AR e A AR5 R HE B R AT 5

1881

— PPl IR A R A0 HE R 0 U T Ik
TE X LU 7 1% 09 LAl b, B ST BE T R
FABEA RP-3 WU B 488 B8 AR e . AR 8
I EE R G B R 45 .

1) HRE M SRR B 2230 a5 KR B il R
AEZLA T RP-3 WKL

2) MR TSR B AR 58 A0 HE RS 1 2 Bk
HA T O A AR AL L S RP-3 IR o 42
— .

3) LEAH R T A M SRR A AR 58
FIHERCPE BEZAR T RP-3 W MARE

4) FEAR R E = SR T L S S
MABHER BE 7= A 19 198 be 25 BE IR 22 IR T RP-3
KRR

CESd &

[ 1] Bergthorson J] M, Thomson M J. A review of the combus-
tion and emissions properties of advanced transportation
biofuels and their impact on existing and future engines
[J7]. Renewable &. Sustainable Energy Reviews, 2015, 42
(1):1393-1417.

[ 2] Oldani A,Valco D, Min K, et al. Conventional and bio=de-
rived jet fuel surrogate modeling in-low.temperature_and
lean combustion[ ] ]. Energy & \Fuels, 2015, 29 (74597~
4607.

(3] ALV, S e 28, v [ TR0 i 25 A58 1ih 11 4 VS B &2 C Oy

AELT . LR LR R 272 42 2016, 41 (1) : 1-8:
REN Haitao, GUO Fang, YANG, Xiaoyi. Potential -of mi-
croalae cultivation for bio-jet fuel producing and reduce
CO; emissions in China[ JJ. Journal of Beijing University of
Aeronautics and Astronauties, 2015, 41 (1) 1-8. (in Chi-
nese)

[ 4] Lamprecht D. Fischer-Tropsch fuel for use by the U. S,
military as battlefield-use fuel of the future[ J]. Energy &
Fuels,2007,21(3) :1448-1453.

(5] #3C, RFBR, MR, S5, B L s < RRRHBIF 58 0K B e 28
(17 4 R ,2015,21(5) :52-57.

YANG Wen, WU Xiuzhang, CHEN Maoshan, et al.
Review of coal-based jet fuel[]J]. Clean Coal Technology.
2015,21(5) :52-57 (in Chinese)

[ 6] Mochida I, Okuma O, Yoon S H. Chemicals from direct
coal liquefaction [ ]J]. Chemical Reviews, 2013, 114 (3);
1637-1672.

[7] Zvifd, RFw, G WCF. M HH AL B ATE T FE 0k R
(1. iR, 2014, 20(2) £ 39-43.

LI Kejian, WU Xiuzhang, SHU Geping. Development of di-
rect coal liquefaction technologies in China[ J]. Clean Coal
Technology,2014.20(2) ;:39-43. (in Chinese)

(8] HRE, WIAE, &S 4. RP-3 2 M B 58 iy 1 40 F1

fai A7 3 B R [T A2 3 ) 22 40, 2010, 25(9) :

[10]

[11]

[12]

[18]

[14]

[15]

[16]

[17]

[18]

[19]

1948-1955.

XTAO Baoguo, YANG Shunhua, ZHAO Huiyong, et al.
Detailed and reduced chemical kinetic mechanisms for RP-3
aviation kerosene combustion[ ]J]. Journal of Aerospace
Power,2010,25(9) :1948-1955. (in Chinese)

WSO, AR, Th b, B RP-3 A & MR Il B0 FC K R Y
M SN T 0 LB [0, i 25 3 1 2 4, 2014, 29 (12)
2810-2816.

ZENG Wen, LI Haixia, MA Hongan,et al. Detailed chemi-
cal reaction mechanism of surrogate fuel for RP-3 kerosene
[J]. Journal of Aerospace Power, 2014, 29 (12); 2810-
2816. (in Chinese)

Bruno T J, Smith B L. Evaluation of the physicochemical
authenticity of aviation kerosene surrogate mixtures: Part
1 analysis of volatility with the advanced distillation curve
[J]. Energy &. Fuels,2010,24(8) :4266-4276.

Bruno T J,Huber M L. Evaluation of the physicochemical
authenticity of aviation kerosene Surrogate mixtures: part
2 analysis and prediction of thermophysical properties[ ] ].
Energy & Fuels,2010,24(8) :4277-4284.

Heneghan S PiZabatnick S, Ballal D R, et/al. JP-8 4+ 100
the development of high-thermal-stability jet fuel[J]. Jour-
nal of Energy Resource§ Technology-Transactions of the
Asme,1996,118(3) : 170-179.

Balster- 1M, Corporan E,De Witt M J, et al. Development
of an advanced, thermally stable, coal-based jet fuel[J].
Fuel Processing”Technology,2008,89(4) :364-378.
Patra~J, Ghose P, Datta A, et al. Studies of combustion
characteristics of kerosene ethanol blends in an axi-sym-
metric combustor[J]. Fuel,2015,144(1):205-213.

Tsue M,Imamura O, Suzuki S, et al. Effects of fuel proper-
ties on self-ignition and flame-holding performances in
SCRAM jet combustor for n-alkane fuels[ J]. Proceedings
of the Combustion Institute,2011,33(2):2391-2398.
Wierzbicki T A,Lee I C,Gupta A K. Performance of syn-
thetic jet fuels in a meso-scale heat recirculating combustor
[J]. Applied Energy,2014,118(1) ;41-47.

Thg B R A A SR — b T RO SR R R % R A T
B PR % B LT ] Ab R TR 2 22 40, 2011, 31 (6) £ 657-
661.

MA Chaochen, HUO Xuemin, ZHANG Qiang. An adjus-
ting device for extending the flow range of micro can com-
bustor[ ]J]. Transactions of Beijing Institute of Technolo-
gy+2011,31(6):657-661. (in Chinese)

B 2% PR 2 L okt , G5 A B R O B R 6 B il AR R
FURPERCR B 5w [T, AL 28 31 J1 2 4, 2012, 27 (12) .
2687-2691.

XUE Xin,LIN Yuzhen,ZHANG Chi.et al. Effects of liner
pressure loss on combustor lean blow-out and combustion
efficiently performances[J]. Journal of Aerospace Power,
2012,27(12):2687-2691. (in Chinese)

BT, ROV RS G BRI S KA R R R L
R[], M7 3l Iy 2241, 2013, 28(8) : 1689-1695.



1882

%31 %

[20]

[21]

LI Ming, WU Erping, SUO Jianqin, et al. Performance
comparative experiment on flame tubes of a certain com-
bustor[J]. Journal of Aerospace Power,2013,28(8):1689-
1695. (in Chinese)

MR RE  BRTGERE  X  JEL T T AR R 5 Sk I b S e 5
BRI K B B ma [ ). ot A B0 0 % 4, 2004, 19 (3) 2 332-
337.

YUAN Yixiang, LIN Yuzhen, LIU Gaoen. The effect of
flow field and fuel spray of combustion with swirl cup on
lean blowout limit at idle condition[]J]. Journal of Aero-
space Power,2004,19(3):332-337. (in Chinese)

Kt AT B SR AR A AR AR Y 25 Al g
S3HTLT. s 3 F1 24k . 2012, 27(12) 1 2660-2665.
ZHANG Chi,FU Qihui, RONG Long, et al. Measurement

[22]

[23]

and analysis of atomization characteristics of oxygenated
bio-fuel[J ]. Journal of Aerospace Power, 2012, 27 (12):
2660-2665. (in Chinese)

B, PR RZ L Bkt L S5 IE B e A SRy A A 4 i 5 Ak R
FRBRAA KL (9 B 52 [T ], AL 25 3 71 %% 4z, 2016, 31 (1) : 188~
195.

HUO Weiye, LIN Yuzhen,ZHANG Chi, et al. Research on
n-decane as surrogate fuel of aviation kerosene in atomiza-
tion process[ ] ]. Journal of Aerospace Power,2016,31(1);
188-195. (in Chinese)

Corporan E,Edwards T,Shafer L,et al. Chemical, thermal
stability, seal swell,and emissions studies of alternative jet
fuels[JJ. Energy & Fuels,2011,25(3):955-966.

(%4t )





