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Investigation on Temperature Drop and Flow Resistance Characteristics of Mass Injection
Pre—Compressor Cooling Device
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(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to meet the demand for the verification of the Mass Injection Pre —Compressor Cooling (MIPCC) based on a
traditional turbine engine, a kind of MIPCC device with high efficiency evaporation and low flow resistance was designed, and a set of test
system was built based on the study of characteristics of temperature drop and flow resistance. The effects of medium flow rate variation and
inlet temperature variation on the characteristics of temperature drop and flow resistance were studied respectively, and the effectiveness of
the MIPCC was verified. The results show that the characteristics of temperature drop of MIPCC device lie on the medium flow rate
variation, while the inlet temperature steadiness, the evaporation efficiency and the temperature drop of MIPCC increase with the increase of
the inlet temperature. The inlet temperature in front of the fan could be maintained within the range of 80~120 °C by adjusting the flow rate
of medium injection. The flow resistance was mainly caused by the MIPCC device rather than the injection, however, the medium jet
influences hardly on flow resistance characteristics. The total pressure loss of MIPCC decrease with the increase of the inlet temperature,
and total pressure loss of MIPCC was less than 4%.

Key words: MIPCC device;flow rate ; temperature drop;flow resistance ; streamline ; aeroengine

VA2 AL « AU 348 & sh Pk a5k H]
HEVEFPMPETIS T RBARN, Horp i HAUR
PR HES T H) & SIHLALTE S 712 41 (Mass Injec—
tion Pre—compressor Cooling , MIPCC VAL S 2
4 R PR & 8L (Air Turbo Ramjet Engine
With Expander Cycle, ATREX)®, MIPCC #z- r 3€ [5]

0 3lF

FURT, AP TS 3 71 R GERE S B A i i S bR AL
ANE) 2.3, 5 FEPRICHE R BRI, iR R AT
i (0 5 R A, v ] s I gy e e A sh LA 5%
HIF9 o DA I 1SR o e o e e AL ity S A i A T

s HEA:2017-09-14 BEEWM B i Bl 4 (20142806005 ) %5 B
YEZ B XIE(1987), 5 At , TARIT, FZMNFAS L ST TAE; xufe612@163.com,

SRR XM, 5 IGSE, BEUERL, S, S % o B I K-S B AFE BTS2 [T]. i s 3081, 2018,44(2 ) : 81-86. LIU Xufeng, CHANG Hongwen, XUE
Hongke, et al. Investigation on temperature drop and flow resistance characteristics of mass injection pre—compressor cooling device[J]. Aeroengine,2018,44(2):

81-86.



K

82 i

¢ g Bl

5 44

MSE FAR 24 vl 4 5, J2 75 5 HL s LR i i ik
AT PN IR I S T ¥4 20 ), 3 K 1A A S A
B, T 7R R BRI ST T R
JE, (Rl ek & shpL e T PERR. SR AR TR H AR
15 R B2 AT SO A7 BE A BRI, 4
JRRNPLTAERL T, HAT 1986 442 H ATREX
MR 10, R 1 R T AR S A IR A vh & 3l
BL, R AR RR S U A 4 AR o 4 e x>k
AT H . A AR S FEAR B I e B AR Xt
AT B IR A R B AIL Tl Bl AN K, - HAT e 0 P AT 58
PREFOT S, N 028 ZShWLE Bk i de & 8
HUFFE I B LA 5T 7 1) 22—, (R AN F o8 B 4
WA HAR B HA T RN A,

A 7T R G e K AL A RGT
T RLZE A | IR BEL ) S A T4 2 A S B R 4
T ENE GET RS B R 45
TFTF SRt v i , DASRASSF) It T30 74 2 it ot A
i BH R FRBH A ST IR | S O TR e B A R A S
AR LA

1 RERFEMAE

1.1 SHEFS R E#ER

BT I F R L AL 4 R SR e 2
QA 1 PR o ST A e B R 600 mm, B4 HE
FF M L 2 SRR S A . AT A TR
G o NI N S o e o XL S O
Tva e B R A 22 T AR AR S N o 28 B I
ek 5 B R R GAHE A BT 3 R R R AR
i WS I A

B 1 SRBUSEESEN

W RS 9 10 2 A AURR T/ o 58 42 2 R O F IR 3
TFLRESAE A EETHR R 250 o AR B A
FE IS AN BE G R Rk il i 20K, A A i i i

Z] R IE AR B 2 A EUE BE T R A K
L, 45 RSPl R A BR R WESHFR E T B A Jo,
T ST R ORI 28 R SR U T 26 T T S A TR
TEARIEMSE S 5 AR B2 T, 8 s s £, 5 08y
WSS ) 25 A REAR , ST ) T4 e WSS A 3 1 i
SRR IBRAY 5 55 T A PAL 18 RE , 38 1 5
DL TRV 2 Y SR BT 0 288 R A8, AR YR BT T 8
(UG5 AT SR Tl J I8 S5F It et AN S5 AURLAR 2K FE A
Jo 3 s 2R G0 ) 1A s 3 0 BT A W 4 Jo ) 2R - 4
E 4% (Sauter Mean Diameter, SMD) Jif A~ KT 150 wmo
PRBATREZT IR WIVERAS], X R ShbLiE U2 Ra A
DL 7 MBS A 5 WA 190 4 11 Ak >R P 4 T 28 T 7 0 e
W I AL 3K

B BRI AGE N, 2N AT 5 R ™ E Y
SRR, I BRI 8 SR 48 I A I 7% e
B SRR B S I T S IR S B
E R Z L, RS R AR B Y B SRR R )N
SR T4 1A Ik EL AR P A, ok i s s B
TP SRR, UL TV 2 T T AT X U BEL AR )
M) fpe Rt e B %

PR UEZRE B BA B B T LA , XA T JRE 1)
BEBCTT B BT A 5 LI 4T, A AT 55 8] R
SEREATE T 2 0 b, BT AT R IE LA AR
209% AN IZAR TR N 1 TSR T 45 2R R
XS TV 2 ) BELARP P AT — o IR
1.2 KRS

Mo TEAAIALE R EE MRS . HEUE A
P R ARG N 5 R R R LA
A0 A LT3 F100 M 5 ke R4y L B
B A R G AT LS G b RIE S i 1
TRV S B0 ) HERR I AT AT S o b AL
RGN 2 B,

SHRFA R e 0
s RRSE pop N\ N mm‘\v
= 3)59| ‘R SRk o p—
%j ’:Ezﬁfcr e el P e — i
% el SRR ?
Wi

B2 ShabueREMEELRE RERRE
PR G T AU ST = bR A7 2% A F
NIRRT ARG T AR I
U5 S 1AL RS AN & Sl SR/ N K 5



2l

XNELIEEREE « S5 P4 e B 5 B AR P B 7 83

BUVE Rt SRR AL T R 58 i it , 1038 FH & 3l
AbTF R GE I fe A S , B FH & S LRI /N & Sl
J& TAE /N SIHLHER R il 2 <5 W IR AE S | 5
NI RE , FAFREAMEBIR LR A
S B RN E SIHLG T AR R s A HE
ST M SE BRI F k sh AL A 8] E R AN ]
R IIFRET IR T BB % R Gt il FH T RA
SIHLIE SR AR 3 RS RA T BT 451

PGB TR, LRI RIS
B S A AR 1, S WA BT 2R R S R R Y
235 (B AT IE] o AT B FE A B U T
BB BORUG IR B . SR IR B e R
HRa] W% SR AT A ShALA 1 () B 8 2 A3 SR o
564 7R R T T (A B/ NP BB 2 TR T 22
SRR, 2 e M RSB AR Y 3.5
ffo B JEIEBE B T A A R R R 70
BERE T, SR TS e B R BOR I GE B Y U
T PRUE & S 7 () v

A JTHE R R G0 5 R A S B 1 i e, R
LI 1) S50 9L TR0VA 206 B AL 7 A2 P I S5 A S Mt 55
JE 77, XI5 e 7 W S o A S B (X A% I
B S o PLQ TH Fl s . ARG FEALFREK
FOVE I AT R R I A R AR R
wrdE . AR R G EIANE 3 PR,

B3 NREBERFRE

1.3 A=

W 22 G 1Y 32 B ) e 2 I 1 E A< N AR Y S
JE RIRSEATEIR B AR RS R T R e B
I e B AR A R o I R I A A R K
RUBRHLH , S fift L A

HI B S A B 4 Frs R 4 5327 st
28 N ER ARSI S A 3 % 1 A3k 3 N RIE RS
935 e 0 B s A B AN AL S 7 SR 6 32 8
I 48 A~ SIRAFRAS I SR 2 52 8 A5 3 16 S BURAY
TR Ao

E5 EUNERAR.BENIACE

TEIRK S RE T, O A AR A TRk T, )
2R FH 22 AR B , AR A R IR DR ) 1 1 5
V5 BREAAT R B0 TR AL EE (R SO B Rl i
(EL A SRS IR T4 20 A R P R A RS A2 1) o BT i 16

A
1.4 REHFRMXE TR

(1) R Gedpe A i 36 & ShbLas K, AR it 42
FPIREE BRI IRAS

(2) R Gefe Al i/ N A SIHL T A /N A ST
VEIRZS  fERE BRI 248 TR

(3 B s RGUR 3y, (A BRAEA B T R 48
NARFR, RS B, TR AR E T, TP IR S S
JHE% , [ S PAD [l K S, SR PV e BT 0 A 5

(4) R WGSBS 30 EA TR , (WA it e (AR A 2



22
73
o

84

Kl %44 5

I TR, fr R E T, X R GU R B , 1]
AP SR R 5

(5) A PBRAE AR SIHLA AR A L, 7ER L
ARESCIRZS s, i/ A S BIL T ARSI U TV 2
B T PR R AR

FAIFFITIE 10 > T8AE, Wk 1.

Fz1 R TRIEEA
- KPR WS i
1/C q/(kgls)

1 140 0

2 140 0.7~1.2
3 160 0.7~1.5
4 180 0.7~1.8
5 200 1.0~1.8
6 220 1.0~2.0
7 200~260 2.0

8 200~280 2.2

9 220~317 2.5
10 280~317 2.7

2 WEERKESH

IS A E X im R R R0
TETLL 2 ~6 T, ZHHA I B 19 Fa
R R AR Z NI 6 s o AT L
(DTERSPLA PRI A B KT, Rl
AR A R AN, B A SO U A AR, A
28 Tk T A, Tk e e R A S 2 MR RS, PRI AC R
FF—B0 TN TEA L B TEE I, A BT A 2%
KRGSE , T PRGN, IR I, RIS
VORI A I 5

2.1

1.0 1.2 1:5
ql(kg/s)

E6 ARBHREMSRERENHM(TI2~6)

1.8

()TER P PRGBS T, B2 %
SIHLTAEAER R E R ECIR AT , S T4 2 )
PP T SR T IS A T U 3

22 REIIE X RS M B0
TETH 7 ~10F, 258 iied 2 5 <R
S AR ) 4 0 S (A 2k QP 7 7 D
e
| () ZEBEST R AR 2T B2 e T
THER SRR IR M e kR P K A
FHAMHE B, AN 4% SHLAE A SRR
AT T, MR VL LU AR XU A
A R R AR s MR B WL RS T AR T A
ERF TR W L3 e IXUB T AR 5 I
2 S s B e S LRI T 5, % 3
BRI, EDEEST A TR I2E R AR R
ASENF T L S e LT A0 , R
IR M WA A 3 S MR
| (2) T8 9 LA ARSI U BT 37 P
R IR R T TR 1 TV S ARG L AN 24
WSk AR S L B ik — AR L 5
Vo B4 TR 2 2 2R WA A LT
SeFE . MR ORI R s A 5
S R LB 890 S R HE A S WL I
DR 2190

—— 7 —8— 8§ k-

205 9 =@ =10

-0
P LY
185 ,‘:,}""'
£ 165
3 145 — =
125 -
105 7 1 1 L 1 1 1
200 220 240 260 280 300 317

¢

7 AREERBREXNSAEERENMTI 7~10)

2.3 RIHNDOIRERIZH
A& SIILAURR BT F LB SIS0 4R (735 A ]
8.9 7R ), A3 A o i MR AL I X LAY £

BRI

0.7 1.0 12 1.5 1.8 20

8 AHIANORSHEE(TIH2~6)



552 1 XIJELWAE S5 « B I T4 26 TR A 5 T B AR i B 85
L P ~3.1%, FLBR % SHLXUR A AR O T 0 L TR
Ny I EL R 5
Z 100

200 220 240 260 280 300 317
tIC

9 AHHMANORSFEEE(TI 7 ~10)

MR I, IS PR R L &
I LA B AT LA GIAE 80 ~ 120 °C. RIfH&
BIHURIR TAETERR PR D ECIRAS T S PR B 1
RANHUAEE AT SRR, & ShBL TAETE 5 iR
FEE Y, NI AR R SIHLASTESZ RAT SRR AT
o FE AR BRI, TR, A R SR It Ui — o AR B i
W T RSP ERIN T, S T R ShILA N A
2.4 mPE4FIE

RE U I P4 2 B 1) S e 61 9 A A SR 9 7
VA5 T TG BEL AR o 368 o S U T4 2 S PR Pl
SR VA B T, BV B B RS ok
SR TR % BB EIRS, LA 8 ARG, 43t
SRR RV B A U B o T 1 RS TR e
B BUE LT | Bl &SP AR AL S i i
AR R BRI A 10 FrR; ZE A
JOR A I S5 5 o it BELAR P R s s, L&z shATLXUR i
A FHREE RS2 A TR 3T

4.0

——] —u-) B3 -A-4 —0—5 —

35

3.0

25

2.0

1. L L L 1 L 1 L 1 L 1 L )
22 35 50 80 90 95 100 110 115 120 135 140
tI°C

B 10 RIPMANOSREERRZFE THRIUSKES R
BERE

P AT I -

COTESHR IV 3 EA TARRET , RIS A
JoAS , DRI2RE B 5 R 14 Al oAb 2 B A L B 1) T vy 12
W/, A B B 5 R A SRR < 4% 0P
YO, RURIRLEE BT o S B A R S LR AR T
AR, 7ESEEATRAL RO R,
PRI

(TEFR B E TARE T AT 2~6 T
IR AT DL, S P04 ) B R A R R A 1.8%

(3) ARSI AT A TR RS2 1 5 H 4
Mt s 24 SRR A T il B AR TN, S50 3 T 2
TAERE LS ESUR AR T 1%, RIS
AR A 2 T 2 ph SR B B DS , TS5 4
JRAR AR A K

3 #Hig

BT T S T 2 A AP 2R ¢, T e
TR T B IR R AR B IS 5,
R 4E5E.

(DFEFE N EUTTE T 3T RS B SR e
RIRHEST, IR AE R R Y AL A RS T
NI ES AR, T e A R S T e A I A
i, B R B HLRUBE A AR B 7E 80 ~ 120 °C, A\
A A SR /AT ShBRBORT RA T i B R BR A
SRR PB A IR AR LABEIE 5

(2) 55 T4 5 B 1)l R e 2 B T I S O
i, dIRER AR Al I B R E B A TR E AR K
R, B R R A0, SRR RN, 2SS
A ST AR IR B O IR O3 S T 2
BN AR RS, HEBUS AN S 2k
&R BRI R E 5

(3) UGB S VR 2 2, SR T 2 A48T 45 7]
SEELAT L, A BT AT 3 28 LU AR TRILE 209 AN I,
LTI 2 B B By D T BRI, AR < 4%, 1%
PP T SRR T SR B R A B T BUR 77
SR FRANK o AT A AT R BLAR, Ji/ V45 A
VTG 28 PO Bk — 20 B S 100V 2 B It FEL R
BIFFETT 1] o

Je &5 TAPRE 2 SIS S U P04 2 8 X A A A
B 45 KA it

SE

[ BRT, IREZE, P @i K sl R A #A
FeikEe ST, 2013,26(6):26-30.
YANG Tianyu, ZHANG Yanjun, RUI Changsheng. High speed turbine
engine technology development [J]. Gas Turbine Experiment and Re-
search, 2013,26(6):26 — 30. (in Chinese)

(2] E o2, XIGSC, £ 5 RS BRI R WL AR K S A
87 FHT ] Atz & 3hHL, 2013, 39(3):12-17.
WANG Zhanxue, LIU Zengwen, WANG Ming, et al. Future develop—



86 it =

ko Bl

5 44

ment and application prospect of turbine based combined cycle engine
[J]. Aeroengine, 2013, 39(3):12-17. (in Chinese)
[3] Balepin V V, Liston G W. The steam jet TM:Mach 6+ turbine engine
with inlet air condition [R]. AIAA-2001-3238.
[4] Young D A , Olds J R. Responsive Access Small Cargo Affordable
(RASCAL)
[AA-2005-3241.

Launch independent performance evaluation [R].A—
[5] Carter P H, Balepin V V. Mass Injection and Pre—compressor Cooling
engines analyses[R]. AIAA-2002-4127.
[6] Mehta U, Bowles J, Melton J. Water injection pre—compressor cooling
assist space access[R]. AIAA-2012-5922.
(7] AR, ARG, £ R K RHL TBCC 3 1 7Rl
IR IR IR S HIFST, 2013,26(6):12-14,30.
MEI Dongmu, LIN Peng, WANG Zhan. Requirements for TBCC
propulsion of air—breathing aerospace vehicle [J]. Gas Turbine Experi—
ment and Research , 2013, 26(6):12-14. (in Chinese )
[8] Vladimir B, Robert E. MIPCC technology development [R]. ISABE
2005-1297.
(9] 57, maXUbk. weg b P U S s AR 2l ) R GE—TBCC R st &
HOCHEER). O3, 2007(11):49-53.
WANG Fang, GAO Shuanglin. The ieal dynamical systems of hyper—
sonic cruise missile-=TBCC engine and its critical technology [J].
Winged Missiles Journal,2007(11):49-53. (in Chinese)
[10] 4%, ZZICIR, B RKHY, S5, G i ive AR = =Xim 5t i A S Lk
REREBL]. bR, 2011, 32(1): 1-4.
LI Cheng, CAI Yuanhu, TU Qiuye, et al. Performance simulation of
air—turbo-rocket with water injecrion pre—cooler{J]. Journal of Propul—
sion Technology,2011,32(1): 1-4. (in Chinese)
(1] P, i, B2 W, Sy T0008 T 4 A S MLE AR5 S R e (1],

fiizs bR, 2015, 26(10): 53-59.

RUI Changsheng, ZHANG Chao, YUE Dongfeng. Technical study and
development of Mass Injecting Pre—Compressor Cooling turbine engine
[J]. Aeronautical Science and Technology, 2015, 26 (10): 53-59. (in
Chinese)

Preston C, Terry S. MIPCC technology development [R]. AIAA-
2003-6929.

HELYG, M7, FMEE, S5, R N 2R I8 2 5 2R R B e
SrHTL]. 1 HE AR RA2F41,2008,20(2 ):5-8.

YUAN Hongtao, YANG Li, SUN Rong, et al. Water droplet movement

[12]

[3

[t}

and its evaporation characteristics in high temperature gas flow [J].
Journal of Naval University of Engineering, 2008,20 (2):5 —8. (in
Chinese)
[14] Claudio B,Claudio B. Evaluation of the combustion process in the
Mass Injection Pre—Compression Cooling Engine [R].ISABE-2003-
1127.
(5] P, SREZ %, IRWIAE, 2%, Thffl 3 — it R ahplicihisd
e REEERIENT). MR R, 2012, 24(6): 64-67.
RUI Changsheng, ZHANG Yanjun, QIU Mingxing, et al. Failure mode
and method of extending life for the rolling bearing in gas turbine[J].
Aeronautical Science and Technology, 2012, 24(6): 64-67. (in Chi-
nese)
XUH ¥, kR, SR B R B AN AT (0] W ER,
2015(34):517-519.

[16

—

LIU Yueling, ZHANG Chao. Reaserch on temperature and humidity
measure about injection pre—compressor cooling experiment [J]. Mea—

surement and Control Technology, 2015(34):517-519. (in Chinese)

(ZhH KR FE)



