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Abstract: In order to investigate the combustion performance of afterburner after adopting the Mass Injec-
tion and Pre—Compressor Cooling (MIPCC) technology, the effects of different nozzle layout schemes, water
spray volumes and incoming flow temperatures on pre—cooling effect were studied. The working procedures of
MIPCC engine was simplified, and a mathematical model to calculate the water spray characteristics of MIPCC in
the inlet front section of the afterburner was established. Simultaneously, a small-scale test bench for MIPCC was
also set up. The accuracy of the model has been verified by comparing with the test results, and the model was al-
so used to predict the effect of MIPCC. The results showed that increasing the number and arrangement uniformity
of the nozzles can slightly improve the pre—cooling effect. At the fixed inlet temperature, the liquid water evapora-
tion at outlet increased gradually with the increase of the water spray volume, but the evaporation rate was in a de-

cline trend. When the volume of water spray reached 2%, the combustion efficiency of afterburner showed a prom-
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inent improvement compared with that without water spray. After the water spray volume reached 4%, the outlet

temperature and combustion efficiency of afterburner decreased with the increase of water spray volume. With the

water spray volume over 8%, the lean oil flameout limit and combustion efficiency of afterburner (V-gutter flame-

holder) become deteriorated obviously, When the water spray volume reached the maximum value of 10%, the

oil—gas ratio rise from the original value of 0.052 to 0.064 to maintain stable ignition. Meanwhile, the outlet tem-

perature of afterburner decreased from 1860K to 1373K, and the combustion efficiency would decrease from

80.2% to 69.2% compared with the working condition without water spray.

Key words: Mass injection and pre—compressor cooling; Gas—liquid two—phase flow; Pre—cooling charac-

teristics; Combustion efficiency; Evaporation rate
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Table 1 Jet parameters

Parameter Numerical value
Water spray volume/% 0~10
Diameter/mm 0.5
Jet temperature/K 300
Average particle diameter/pm 50
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Fig. 4 Physical object of test system
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Fig.5 Comparison between simulation results and test results
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Fig. 7 Various nozzle layout schemes
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Fig. 8 Outlet static temperature distribution of each scheme

Table 2 Key performance parameters of each scheme

Scheme Number of nozzles  Cooling capacity/K Evjzg;tj‘m
1 6 144 46.88
2 9 146 47.14
3 12 150 48.53
4 12 152 49.56
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Fig. 9 Effect of water spray rate on gas-liquid two-phase physical properties in pre-cooling chamber
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Fig. 12 V-gutter flameholder

Table 3 Test conditions

Parameter Value
T,/K 900
fos 0.064

o /% 0~10

ml(kgls) 0.23
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Fig. 13 Variation of outlet temperature and combustion efficiency with water spray volume
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(a) Without water spraying

(b) With water spraying

Fig. 14 Flame diagram of test site

AR SCGHE RS A5 BT 458

(1) #EST T I 8 MK LAY | 28 38 55 3450 45 21
B EE X B KR 25 76 2% LA GIESE T 0 i B0 1
ARG TI) S 9 T KRR T T AT M

(2) W 6 A B 7 48 02 5% ) S0 I 008 o 1D U B A
A7 ¥ 5] P de B TR R B IS AR 3 £ e
A BTN S), W MR RE 23 A /N IR BE B 5 SR IO &R
AT}, R R 152K, 28 R FH 49.56%

(3) 24 ok YL 0 B AN AR B S 38 9098 W I s 5t
Ab 1 TS K R A B A I K S I R R I R L (HL R
AL TR B R e s XK B AN AR B S IR B
% G M Ak 1 YRS UK 78 Rk i A O T L B 1 B
AR T REARG , K 378 T B2 T,=800K I}, [ 1 by 133.3K, 78
KRN 37.66%, K i IR FE T,=1200K W, B I & R
277.8K, 7 & RN 83.52% ., N ILT B Lk G % I8 K& 8
BIL 4 A bR 245 T 82 W /K ik

(4)WEK KT 8% LLJG , Ak T 0 J1 ik be = 4%
THHEL K AR PR 5 R B 0, K B 3K B A K 109% 1, Tl
ST R BT T 0019 0.052 1 75 0.064 74 fE
FERRE A Y WK 3k B 29% B I 1R = R R
RN T AN K 00 23 A — E 19 42 T 5 58 K 4t 5k 2
4% LG, TN 3R 58 28 11 3R B J IR e 3k R i 25 10 /K
ot A 1S 0 R AR, S WK R E) 10% J5 A L AN I K

BF T, A ke s IR i 1860K R B #
1373K , BREE 3 80.2% T 4% 69.2%

B B R A S R R 2R A 5 A B T B b (S50
) Pl R 4 3 B B H 5 s K R 2R AR
BRI 5 52 e B v 1y B B

&% ik

[ 1] ARIET, XV, e, 55 . s din = K sh bl
SR P BORBEIE (], ML 24l 2015, 36(8) : 2544~
2562.

[2] Wang Z G, Wang Y, Zhang J Q, et al. Overview of the
Key Technologies of Combined Cycle Engine Precooling
Systems and the Advanced Applications of Microchannel
Heat Transfer [J]. Aerospace Science and Technology,
2014, 39: 31-39.

[ 3] Unmeel M, Jeffrey B, John M. Water Injection Pre—Com-
pressor Cooling Assist Space Access [R]. AIAA 2012-
5922.

[ 4] Mesnard J. Overview of the British Aerospace Hotol Tra-
natmospheric Vehicle[ R]. NASA-TM-88008, 1986.

[ 5] Koelle D. Sanger Advanced Space Transportation Sys-
tem—Progress Report 1990[R]. AIAA 90-5200.

[6] #RBTSE, 58 B, 5k ¥, 5. FWRRXE L
BLE ML B RR P 40 BT (). M /R I DR R 4k,
2019, 40(9): 1608-1615.

[ 7] WubWr, Xm i, B M, 55 . KT 5 il 70 v mE
SRR R WA R BET T[T ]. HEREROR 2017, 38(6)
1302-1309. (TU Hong-yan, DENG Yuan-hao, KANG
Song, et al. Numerical Simulation for Effects for Water/
Air Ration on Injection Characteristics with Water Injec-
tion Pre—Compressor Cooling [J]. Journal of Propulsion
Technology, 2017, 38(6): 1302-1309.)

[ 8] LinAQ, ZhouJ, Fawzy H. et al. Evaluation of Mass In-
jection Cooling on Flow and Heat Transfer Characteristics
for High-Temperature Inlet Air in a MIPCC Engine[J].
International Journal of Heat and Mass Transfer, 2019,
135: 620-630.

[ 9] Lin A Q, Zheng Q, Fawzy H, et al. Sensitivity of Air/
Mist Nonequilibrium Phase Transition Cooling to Tran-
sient Characteristics in a Compressor of Gas Turbine [ J].
International Journal of Heat and Mass Transfer, 2019,
137: 882-894.

[10]  ARBTSR, A5 BE, = 0, S M0 5 K S WL IR
B HARBTELT]. HEHEEA , 2020, 41(4): 721-728.
(LIN A-qiang, ZHENG Qun, WU Feng, et al. Investi-
gation on Mass Injection Pre—Cooling Technology of
Aero—Turbine Engine[J]. Journal of Propulsion Technol-
ogy, 2020, 41(4): 721-728.)

[11] Kim K H, Ko H J, Kim K, et al. Analysis of Water

22010022-9



Faate Hrol ot

2023 4

[14]

[15]

Droplet Evaporation in a Gas Turbine Inlet Fogging Pro-
cess [J]. Applied Thermal Engineering, 2012, 33/34:
62-69.

Willens D. Liquid Injection on Turbojet Engines for High
Speed Aircraft[ R]. AD0140167, 1955.

Sohn R L. Theoretical and Experimental Studies of Pre—
Compressor Evaporative Cooling for Application to the
Turbojet Engine in High Altitude Supersonic Flight[R].
WADC-TR-56-477, 1956.

King P G, Nygaard R C. Mechanical Operating Experi-
ence with Three J-57-P-11 Turbojet Engines During a
Pre—=Compressor Spray Cooling Test in an Altitude Test
Chamber[ R]. AEDC-TN-57-70, 1958.

Neely J, Ward T R. Maximum Power Performance of a

J57 and a YJ75 Turbojet Engine with Pre-Compressor

[18]

[19]

[20]

22010022-10

Water Evaporative Cooling [R]. AEDC-TR-58-18,
1959.

Carter P H, Balepin V V. Mass Injection and Pre Com-
pressor Cooling Engines Analyses[ R]. AIAA 2002-4127.
R, RIS, K%, 5. BEEBERENT
SV B KB BRI ST LD ). PR R LR R AR
2014, 35(1): 62-68.

BANE, Hsd, A R B U R AR 1)
Ui i B ECE AL (D], AR L, 2021, 6(3)
23-29.

Jones W L, Sivo J N, Wanhainen J P. The Effect of Com-
pressor—Inlet Water Injection on Engine and after Burner
Performance| R]. NACA-RM-E58D03B, 1958.

BRu Tk, BURKE . SURB SO R )]. fha:
T, 1987(3): 50-52.

(BB . RZ1H)



