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Abstract: To explore the flow and phase transition characteristics of supercritical RP-3 in the injector, the
pressure distribution along the injector of supercritical RP=3 are measured by using a self-designed simulation
test piece of injector contraction channel. Numerical simulation was carried out by using one—dimensional isentro-
pic calculation method. The static pressure distribution of supercritical aviation kerosene RP-3 in the injector
shrinkage channel varies with the injection pressure and temperature. By comparing with the model, it is found
that without phase transition, the fitting accuracy of the calculated results and the experimental values is relative-
ly high, and the flow parameters of RP-3 in the nozzle can be well predicted, and the static pressure distribution
in the nozzle tends to be consistent. When the condensation phase transition occurs, the differences between the
calculated results and the experimental values are large, and the injection parameters have a great influence on
the static pressure distribution. Through experiments, the flow and phase transition characteristics of supercritical

RP-3 in the injector are obtained.
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Fig.1 Schematic of experimental setup
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Fig.2 Schematic of injector (mm)
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Table 1 Sensor position

Section Number Position/mm
1 0
Straight section
2 8
3 16
4 24
5 32
6 36
B ) ) 7 40
5" converging section X "
9 48
10 50
11 52
12 54
5 ) ) 13 56
2" converging section
14 58

Table 2 Test condition

Parameter Value
p/MPa 2.35
T/K 652.0
pi/p. 1.05~1.44
1T, 0.98~1.15
p/MPa 0.1
T/K 289
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Table 3 Surrogate fuel of RP-3"

Surrogate component Mole fraction/%

n—Octane 6

n—Decane 10
n—Dodecane 20
n—Tridecane 8
n—Tetradecane 10
n—Hexadecane 10
Methyleyclohexane 20
Trans—1,3~-dimethylcyclopentane 8
Propylbenzene 5
1-Methylnaphthalene 3
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Fig. 3 Pressure distribution of supercritical ethylene along

the axis of injector
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Fig. 10 Injection processes at various injection conditions in s-p diagram for RP-3
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Fig. 11 Injection processes at various injection conditions in p-7 diagram for RP-3

Table 4 RP-3 phase in different test conditions

P, T Condensation
1.05 1.14 No
1.05 1.09 No
1.05 1.04 No
1.05 1.02 Yes
1.19 1.14 No
1.19 1.09 No
1.19 1.04 Yes
1.19 1.02 Yes
1.44 1.14 No
1.44 1.09 No
1.44 1.04 Yes

I P WA T Ve BEAH A T HAR T A AL T E £
O, 6B A H BV BEARAS o Y85 TR ) A [A)
Wil 5 % S 3B ) B AR, U 3 I AR 1) 22 B AT RE R A A
8B XIS Bl I d 2 NSO A DX S B BE AR
AR
44 REFFE

0 A 1) A [R) W S T B A i e B U
128 A R AN P 12 s il 25 R R B, A (6] — Mo St
JES I NN ¢ N A = 7 B ol A 1
B R eV 2 IR RN B . BE A IR R R AR SR T B A
T U A R — U Y R RN T L B R R
OEH T RAE T IR RS- RR BEARAS
VOORH I 53 5 B R T, AT 48R it O S 2
Thims o b 25 2R ] A, BE A WA R O RGOk, R R
SR I e D SF- 2 B S 20 A A T IR R X
WY 555 s g 8 38 DR, T DA RP=3 i 2 5 il 7 3 1Y
T K AEARAE

1345 T ANEHREME T, # A Supertrapp

BOPEIH ST RP-3 1) 5 B2 Bl il 2 1 g A A8 A LA <
0% s 7 He e B D AR AR R OK T I IR
Je R R O A R R AR . R
J1 el BT g e i R T R i R R R
AR R R W A A o 2 Sl R R AR B — E AR R
AF BRI R A O I S S AR T v B AL
JE 22 AE — IR B [ BN il T L B 12
F4 AR 0 L A R E R RE T S R R R AR
PRI, 48R3 O ik Y 50 X L RS B R 1 K

16 T T T T
15 ¢ . « P J
14} . <144 i
2 M
5 13+ « *1.19 ]
72 12} v <4 v 1.05 4
|5 <
S oIt v, « i
3 «
= 10 .
2 9 M LS
< > T
= 4l . e |
Ywyyy vy
7k vy vy i
6 1 1 1 1
0.95 1.00 1.05 1.10 1.15 1.20
T,
Fig. 12 Fuel mass flow rate
800 T T T T T
700 i * Critical point i
. 2.35MPa, 652K
600 [ ~
~ 500
g -
2 400
S 300
200
100 |
0

0.7 0.8 0.9 1.0 1.1 1.2

Fig. 13 Density variation

200643-8



a3 3 fle 4 R 2022 4F
. (4):942-947. (WU Jun, BAI Han—chen, ZENG Ling-
5 -Q-E -L/l’.\. guo, et al. Experimental Study on Transportation Charac-
W ACSCRESE AR R 251 teristic of Methane/Nitrogen in Supercritical Transport
(1) RP=3 AEREHE P 620 B o 4 gy o el 2007 58
WERIER T e o R SRRV WO B T = {10 g, @ WL JH RP-3 0SB BB .
B BV BEAR AR R BN e #E A, 2006, 27(2) : 187-192. (FAN Xue—jun,
(2) j:/itlii % ﬂﬁ‘ Ed‘ M jj 5 IZ% 'ﬂi& uﬁk %d‘ T E ) /K\ ﬁi RP-3 YU Gang. Analysis of Thermophysical Properties of Daq-
TEHE S WS SR B/ 1N RAEARAS . A BEAE AR ing RP-3 Aviation Kerosene [J]. Journal of Propulsion
AR RN IR ) SRS 2 g e B 2 li_lzliww -
L e 11 B, VESEE, B f, AL B IE ES EIh  m R
SEIR R B o T Rl RS A A B 5 0 R TS TR T S R S T DR SELC . B L1 5 — 2 4 R
(3) Bift 25 W5 55 it 2 Y G , B Il 57 RP=3 7537 3 AR 2. 2000,
I e A v BEARAZ , P BRI 3O, A5 RP-3 i [12] WuPK, ChenTH, Nejad A S, et al. Injection of Super-
7R AE TR L P AR R G critical Ethylene in Nitrogen [J]. Journal of Propulsion
(4) 35 T — 4 5 B 00 -5 Ty o5 T Lt 4 and Pouer, 1996, 12(4): 770-777.
i A% T A T WE P B 2 S (R R A Y R A [13] Lamanna G, Stotz I, Weigand B, et al. Supercritical Flu-
AR L T 0 S VR B B T4 5 R i 7 id In.]ectlon: An Experimental btud}./[(ﬂ. Belgium : Pro-
o ceedings of the Tth European Sysposium on Aerothermody-
BORRR o namics for Space Vehicles, 2011.
BOW RO E R SR L R S T [14] Gao W, Lin Y Z, Hui X, et al. Injection Characteristics
. of Near Critical and Supercritical Kerosene into Quiescent

é%iﬁk Atmospheric Environment| J]. Fuel, 2019, 235: 75-781.

L1 ] 5 A, Bl Sime SRR 8 1 A 4 8% 55 4 4 F [15] Lin K C, Cox—Stouffer S K, Jackson T A. Structures and
F5ID]. At 6T ZS fit R K%, 2000. Phase Transition Processes of Supercritical Methane/Eth-

[ 2] FUA, GHEME, Pk, & . Bk RP-34 N ylene Mixtures Injected into a Subcritical Environment
B s s (7). 4 3R B R, 2009, 40(6) ¢ 656-660. [J]. Combustion Science and Technology, 2006, 178(1-
(WANG Ying—jie, XU Guo—qiang, DENG Hong-wu, et 3): 129-160.
al. Experimental Investigation on Heat Transfer of Super- [16] Star A M, EdwardsJ R, Lin K C, etal. Numerical Simula-
critical RP=3 [J]. Journal of Propulsion Technology, tion of Injection of Supercritical Ethylene into Nitrogen[J].
2009, 40(6): 656-660.) Journal of Propulsion and Power, 2006, 22(4): 809-819.

[ 3] SunQ, MiZ, Zhang X. Determination of Critical Proper- [17] =g, & 6,0k db, 5. BG5S R0 4
ties (T, p,) of Endothermic Hydrocarbon Fuels—RP-3 WARPEDEE L], LA KB, 2019, 45(2): 59-64.
and Simulated JP-7[J]. Journal of Fuel Chemistry and [18] FanXJ, YuG, LiJ G, etal. Effects of Entry Conditions
Technology, 2006, 34(4). on Cracked Kerosene—Fueled Supersonic Combustor Per-

[ 4] FEdwards T, Maurice L. Q. Surrogate Mixtures to Repre- formance [J]. Combustion Science and Technology,
sent Complex Aviation and Rocket Fuels[J]. Journal of 2007, 179(10-12): 2199-2217.

Propulsion and Power, 2001, 17(2) : 461-466. [19] W&, o . SMksh ek (], dbat: BpGT

[ 5] Bellan J. Supercritical (and Subcritical) Fluid Behavior Ak H AL, 2012,
and Modeling: Drops, Streams, Shear and Mixing Lay- [20] @& A, MRFERE, 5k ot B AUk A mE I B Y
ers, Jets and Sprays[J]. Progress in Energy & Combus- AHAS R sk B (T ). MEHEHAR, 2019, 40(3). (GAO
tion Science, 2000, 26(4/6): 329-366. Wei, LIN Yu-zhen, ZHANG Chi. Phase Transition and

(6] fEIEm. NRABLESIG B/ G SRS 25 TR & o B 1 Flow Process of Supercritical Fuel near Injector Nozzle
FLELSBEBILT]. BABERE S SHOR, 2014, 20(1): 1-9. [J]. Journal of Propulsion Technology, 2019, 40(3).)

(7] # &,k K,k M0, & @Ik S R IEREGMREER [21] ElyJF, Huber M L. NIST Standard Reference Database 4~
[J]. IR S5#ES, 2008, 36(10): 44-50. NIST Thermophysical Properties of Hydrocarbon Mixtures

[ 8] B Eh, SR, XEF0E . BRI AL 2% & ik [M]. Gaithersburg: National Institute of Standards, 1990.
[J]. M HBEIRE AR, 2012(7): 18-22. [22] Zhong F, Fan X, Yu G, et al. Heat Transfer of Aviation

Lo h %, A, BA4HE, % 8RR EmERL

o e /AU s e R P T (] HEREROR, 2017, 38

200643-9

Kerosene at Supercritical Conditions[ J]. Journal of Ther-

mophysics and Heat Transfer, 2009, 23(3): 543-550.
(% # . REL%)



