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Abstract: In order to investigate the fuel deposition rate and deposit thickness in an air—cooled injector un-
der actual working conditions, a one—dimensional unsteady heat—fluid—solid coupled heat transfer and fuel depo-
sition model along the axial direction of the injector was proposed. Distributions of both injector wall and fuel tem-
perature, deposition rate and relative deposit thickness were obtained. Effects of both inlet fuel temperature and
mass flow rate on deposition characteristics were studied and compared with a non—air—cooled fuel injector. Re-
sults show that the fuel temperature increases along the axial direction, and the wall temperature reaches its peak
at the bottom of the injector. For the air-cooled injector, the deposition rate and deposit thickness first increase
and then decease along the axial direction under the basic condition. The maximum deposition rate is 26g/(cm?-
h), corresponding to a relative deposit thickness of 0.6%. For the non—air—cooled injector, there are two deposi-
tion peak areas respectively located at the front and bottom of the injector. Peak values of deposition rate are

398g/(cm?+h) and 807g/(cm?+h) respectively, corresponding to relative deposit thicknesses of 8% and 15%.
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With a fixed inlet mass flow rate, the deposition rate increases significantly as increasing the inlet temperature ,

and the total deposit mass shows an exponential growth trend. With a fixed inlet temperature, the deposition rate

just increases slightly with the increase of inlet mass flow rate, and total deposit mass increases linearly. Com-

pared with the non—air—cooled injector, both wall and fuel temperature can be reduced greatly with the air—

cooled one, thus the deposit formation can be significantly inhibited.

Key words: Air—cooled fuel injector; One—dimensional unsteady heat transfer; Fuel deposition; Fuel in-

let parameters; Numerical simulation; Afterburner
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Fig. 1 Schematic diagram of the air-cooled fuel injector
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(b) Calculating element

Fig.2 Heat transfer of the air-cooled injector
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Fig. 3 Heat transfer of the non-air-cooled injector
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Table 1 Parameter setting

Parameters Value
T, /K 1200
p, /kPa 202
T, /K 700
p, 'kPa 213
T, /K 453/483/513
W, /(gls) 40/100/160
X, /(mglkg) 70
Xp/( mg/ke) 0
t/h 8

T,~gas temperalure; p,—gas pressure; T,~inlet temperature of cooling air;
p,~inlet pressure of cooling air; T; —inlet temperature of RP-3; W —inlet

mass flow rate of RP-3; X, —oxygen concentration; X —deposition precur-

sor concentration; (—fuel supply duration time.
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Fig. 16 Effects of inlet mass flow rate on axial distributions
of fuel temperature and deposition precursor concentration

(air-cooled injector)
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Fig. 17 Effects of inlet mass flow rate on axial distributions
of time averaged Reynolds number of the fuel flow (air-

cooled injector)
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Fig. 18 Effects of inlet mass flow rate on axial distributions
of deposition mass at different fuel supply moments (non-air-

cooled injector)

m/mg

0 50 100 150 200 250

x/mm

(a) W, =40g/s

m/mg

100 150 200 250
x/mm

(b) W, =100g/s
04 T T T T T

m/mg

200 250

0 50 100 150
x/mm

(c) W, =160g/s

Fig. 19 Effects of inlet mass flow rate on axial distributions
of deposition mass at different fuel supply moments (air-

cooled injector)
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(b) Air-cooled injector
Fig. 20 Relationship between total deposition mass and oil

supply duration time at different RP-3 inlet temperatures
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(b) Air-cooled injector
Fig. 21 Relationship between total deposition mass and oil

supply duration time at different RP-3 inlet mass flow rates
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Fig. 22 Effects of RP-3 inlet temperature and mass flow

rate on the total deposition mass in the fuel injector over 8h
4 % it

0 Ao ST U AT Al 1) ) — A R AR S B - I — R
A A RIS BT SRR AT T BRI U 1 IR R
it X AT P 45 AR PR B S A5 B DU AR

(1) FE e T 00 F AV AT 45 £ 3 232 f 45 £ 2
Yo7 00 ey S T S AR . 4N AR R R IR KOl 26/
(em®«h) , XF I AH X 25 B VT BUR JE 0.6% . TC 38 WEAT
T3 58, A W FT 1 I FVE FB A AE AE — 25 AR 0 X B
2 48 R 43 ) K 398 g/ (em?+h) Fl 807 pg/(em?-
h) , XF 7 A X 25 A TR BE 8% M1 15% .

(2) Fifi 5 0% ol 2 1YL BE T v, W AT BE I R R 1
B = TF i, DT VA 5 T AH B Rz ] B0, 2% 5 o 5
Koo HHE FT I s, 45 A8 T3 R L A L
TCA VR WEHF AV W AT AT A5 A5 10 ahil m AF  3E R A% il
Hn A N BT e Sy ) B N B IR B 7 ew

(3) R 31 3 11 370 ok 78 A, R Vil L T B 45 5 iy A ok
JE /N B I Bl B BOBR R T 1 s RE )
SR, 235 A TR PR R K (H B R O N TR O
4 4 AR 1 M 2 W 0

(4) [ 5 10k ol 1 0900 6, 405 65 R 5 o Bl 0 1 i iR
Th e e g 4 o i HE O 4 AR R T
BEHE O TR R R K AR R B
Jei o 5 B ST i RR IR/, L2 AR N () 3 49 el
i FEAR .

% 3l AT A T ok I e R R ACBR B b 3 RUTED S
JRUTH 4 2R B 958 47 AE — 22 57, 0B 0] W R A8 ) 48 1
AR GRS E N, AL
TR AR S AT = 4k 25 A2 R M B A 9%

OB E R A AR RSN

S 3Lk

(1] BRIOL. ml s « 75 TBCC I ZfA (1], itk &k



1350 fle 4 R 2020 4F
i, 2006, 32(3): 10-13. (1] FA, tRER, REMH, . T UTHOE I RP-3

[ 2] Sobel D R, Spadaccin L J. Hydrocarbon Fuel Cooling SRR M T[] TR A %IE%?E(, 2009, 30
Technologies for Advanced Propulsion[,]]. Journal of En- (10): 1710-1712.
gineering for Gas Turbine and Power, 1997, 119(2) : [12] IRERB, @, 35 %, 25 . &S eHias 4k RP-3
344-351. SRR RZ M (D], db ORI R K22 24 4l , 2010, 36

[ 3] Huang H, Spadaccini L J, Sobel D R. Fuel-Cooled (3):257-260.

Thermal Management for Advanced Aeroengines [J]. (131 ms &, sk, 36 7R, &% . BEJE U ES il RP-3
Journal of Engineering for Gas Turbines and Power, PSS R [ Cl. dtat P R A
2004, 126(2): 284-293. JUR R 5 1L Al s RS 2 18 308k, 2017.

[ 4 ] Spadaccini L J, Sobel D R, Huang H. Deposit Formation [14] BpR4E, FEINGE, XV EH, S5 . ¥ 500 8 1 ik b 2
and Mitigation in Aircraft Fuels[J]. Journal of Engineer- T B SR B I R S R AE R L], MR R,
ing for Gas Turbines and Power, 2001, 123(4) : 741~ 2014, 35(2): 262-268. (YANG Cai-hua, WANG Xu-
746. qing, LIU Guo-zhu, et al. Inhibiting Pyrolytic Deposi-

[ 5] Edwards T, Zabarnick S. Supercritical Fuel Deposition tion of Hydrocarbon Fuels on the Cooling Channels
Mechanisms [ J]. Industrial and Engineering Chemistry Through Pre-Oxidized Treatment [ J]. Journal of Propul-
Research, 1993, 32(12): 3117-3122. sion Technology, 2014, 35(2): 262-268.)

[ 6] sk, VR, X ¥ . Sedf kb s st HoAR [15] Ale, £ 5H. 8 B nJr#be s w1 45 451X
LR, Wz FHL, 2014, 40(2) : 24-30. ®ArFELy] AR 56T, 1997, (1): 26-31.

[ 7] B¢, ks, .’?J_E% H.mHRR SR E [16] Giovanetti A J, Szetela E J. Long Term Deposit Forma-
Ak st s AT A9 PE BEIF 5T [T, i &S 3h Jy 2% 4, 2000, 15 tion in Aviation Turbine Fuel at Elevated Temperature
(4):391-396. [R]. ATAA 86-525.

[8 ] M HE, wmtE®, #MR%E, % KR shZ Bt [17] Deshpande G V, Serio M A, Solomon P R, el al . Model-
RHPERESLEG (], IR AR, 2007, 28(6): 612-615. ing of the Thermal Stability of Aviation Fuels[C]. Flori-
(XING Fei, MENG Xiang—tai, FAN Wei—jun, et al. Ex- da: 198th ACS National Meeting , 1989.
periments on Cooling Effect of the Air Atomizing Fuel In- [18] Krazinski J L, Vanka S P, Pearce J A, el al . A Compu-
jector Bars[J]. Journal of Propulsion Technology, 2007, tational Fluid Dynamics and Chemistry Model for Jet Fuel
28(6): 612-615.) Thermal Stability [ C]. Brussels: 35th ASME Internation-

(9] HEade, #ER%A, B, 5. SRS <0m Iy B FF al Gas Turbine and Aeroengine Congress and Exposition ,
R PRI S B [J]. A A B Jr S 4, 2008, 23 1990.

(10): 1788-1794. [19] ChinJS, Rizk N, Razdan M. Engineering Model for Pre-

[10] XA, T et KUY i ARG A% Wt 3 41 1 BE 52 i Y diction of Deposition Rates in Heated Fuels [R]. AIAA

BUEARIE)]. iz sh J124 4, 2016, 31(2): 337-344.

95-2989.

(mA.k )



