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Measures to improve anti-knock quality for four-stroke
ignited kerosene aviation engine
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Abstract: A one-dimensional performance simulation for a four-stroke ignited turbocharg-
ing aviation engine with different fuels was made by an engine performance simulation software
GT-Power to optimize the anti-knock quality. Through the reasonable adjustment of the com-
pression ratio, boost pressure, air-fuel ratio, cylinder diameter, ignition timing, knock tenden-
cy of the engine using the new fuel was optimized, and engine’s main output parameters were
roughly maintained. When replacing the No. 93 gasoline fuel with a new type fuel of 61 octane
number, the power can reach 89 % of the original power output after using the method without
expanding the diameter of the cylinder and 95 % after using the method of expanding the diame-
ter of the cylinder; the specific fuel consumption increased about 5. 4% and 6. 1% , respective-

ly; and the exhaust temperature increased about 11. 4% and 13. 4% , respectively.

Key words: ignition; four-stroke aviation engine; kerosene; anti-knock quality;

one-dimensional performance simulation
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Table 1  Basic parameters of engine
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Fig. 1 Schematic diagram of engine model simulation

R rp B R LR SRR R SR
BRI RS 2 A TR e R A LA R AL A
BRI DL e KRB . SRR £ 25 o FE AL
T A s 5 Hh— S ) 33 i RE B AY SRR R
W5 38 5 4% B 35 B Honeywell 24 &) A2 7, %
map [ B A BIBR A g Ak, ) s i 2%



5 33 R 7 R 45 - 4 i DU e AR R SR A 2 R Sl AL R P e 613

B SRR A5 T REAE IR B i d A S ROk S/ o R =ASITTIREE 36 6 A T A

S 2~ Hmn N N
H T & sh bl & 280 A S (e . fy FORE R 4 J6 R F A AR R b i A X 06 T 00 i AT 4 B
by
Kl 2. XJ & B HILI AU AR AR R AT A E L B B B Y A
[ [IRLT ] )
1' 2 | RLT _3Sensor-14 5 I"J“““"%f CylmderolEx-valve-l
Flow Q- q = — ® 3 — 1) — 15923
Mi)mtor 1 n i InPort-1 In_valve-1 Export-1 T
Cylmax CA_2 i
Co bSt n — — X Cylinder03
Au'box 2 DurlO & In]ector-% In_valve-] =
Er——gr— 3 ] 1) N S— ) - =] [E E—Gr— (:
Throttle 1 Inport-3 Export-3
SLT-sensor-1 3?
I Y
Airbox | X € 1 7 Powerg {E» Expipe GasT- T ] i\
0 A & 4. 1 =
1-1 Inp-filter-1 Kiflter-1 EGR-filter [{'.1’[:)‘ c E
o—=AE Engme P- - =
Ki-monitor-1 I Monitor-1
L Injector-4
G Ex_valve-4
[ L=} 2 =3} ¥ 18T ¥ 14 =t 1] b3 1] ¥ T 1= - 1= 1= ¥ 1) b3
= Throttle-2 Inport-4in_valve-4 ExPort-4 e
Cylinder04
Filter-1| 3
- <aflnjector-l Ex -2
> 5 @) =] 1 — El — s 3 21 D M
W @ 5 & Inport-2 In_valve-2 Export-2
‘WG-monitor-1 SQRT 1 T WG-diameter- Cylinder04
Act-1
=) a‘_%’_ e £ 4 (=9) T
Catconi]
@:::] Shaft1 e > (<) lCan ) m—— ) - ]|
Air-in Compress Turbin | T 1-1 2-1 P, Air-out
B L2
Tubs-monitor-1 ExgasT-1

2 Kbl—4E ik Re  E A

Fig.2 One-dimensional performance simulation model of engine
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Fig. 3  Results comparison of simulation and

measurement in air box pressure, output power,

fuel consumption rate and air intake mass flow rate
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Table 2 Results of engine’s rated operating points
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Fig. 4 Influence of EGR function on the economic

and dynamic characteristics of engine
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Fig. 5 Engine performance variation curves with

different kerosene fuels
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Table 3 Performance parameters in knock

limit point with different fuels

28 RP-3 fiizs 5ol 2 # fefl
HPRTT /O —4 —14
R/ kW 55.9 68
MFER/ (g/ (kW « h)) 377 306
HEA R /K 1269 1180

2.3 AESHTHRBRRMUL

HR 52 1) S A T R DR D UL T 47 L i v 45 T
SO R AR AT G N AR AR s D
O B 7 41 e K T 3 e i) A T 4 L
W R T ARG BT AR AR R SO0 K s Lk A7
A 3 2o 9 AN R O R 8 R PR R A A R B AL
IR F R AR LA 4k 2 52 B F i e sh LS K A2



616 i o= 3

AN S ¢ EHRRE

A BRI . AR SR T g AR 4 s .
x4 SHBUEIR

Table 4 List of parameter values

SR B Y
¥R JE 71/10° Pa 1.23,1.35
§i 4% /mm 79.5,84
BRI 13,14
JE 45 9:1,8:1,7:1,6:1
BT/ (O —50~ 10

2.3, 1 /N AR X e 5 A B Ak R 1 5
U /N R 4 26T I AT A 08 R g AT LA g 34 in
B3k 4 R 19 7 /N R 48 B SE B, BRI R
i 8+ 1.7 2 1.6 = 1 HIEBIHLA 9 1 FEATXS
. 6 REERE R 7 1. 23 X107 Pa, S & HA2
J 795 mm. 2SR R 13 A TR 4R L 4 F R .
R ENHLE E 00 M R S B0 m K HR T A 10 22 Ak il

80

=
=4
Q_ 60
-»)3
—a— R4 R6 1
501 —o— R4 AT ¢ 1
—A— RS 1
—v— R4t 9 1
40 1 L 1 L 1 L 1 L L 1 L
=52 —44 -36 -28 =20 =12 —4
FKHERTAR)
(@)
1100
—n— R, SR L6 + 1 41600
10007 o {51@ E%Hﬁ}zﬂ Hl
[ —a HFETR, PR LL 8 ¢ 1 ]
_ OO0 e A9 1 e, |
= —m-m- -0~ 4 A
S e e et I 00
g 7001 0-0-0-0-0-0 g:é—v_v,v—v’ ;\f(
2 600k —u— HERE, JRAFLENG = 1 11000 =2
B —o— HEATIRE, FEATLL N7 ¢ 1 =
¥ g0l HEE, RTINS - 1 a
A —o— T, RN : 1,7 1800
4001 - A
_._._-_-_._.—-—"' —o"’.:JA :"—600
300 8-5-5-0-0-0-0-0-0-e-e-¢ L2 AALYV T
2 1 1 1 1 1 1 1 1 1 1 1 400
0—052 —44 -36 -28 -20 -12 —4
FKARRTARAC)
(b)

K6 NIE R4St T8 T & S AL v e s A ith 2k
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different compression ratios
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Table S Performance parameters in knock limit

point under different compression ratios
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Fig. 7 Engine performance variation curves under

different boost pressures
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