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Performance simulation and verification of air-turbo-ramjet

LI Cheng, ZHOU Zheng, TU Qiu-ye, CAI Yuan-hu
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Abstract: In order to verify the-validity of-air-turbo-ramjet (ATR) model, modifications
were made with referende to public experimental data. ATR-throttle performance and transi-
ent state performance were simulated by using-the modifted-model. Comparisons between the
calculated\results and experimental data show.no more than 1% errors in the modeling preci-
sion at the high corrected rotating speed and no more than 5% errors at the low corrected ro-
tating speed. The increasing errors-at the low corrected rotating speed are due to the inaccu-
racy of gas property/at exit of the gas-generator and the burner. Trends of all the parameters
obtained from-the model agree well with the experimental data above the idle speed. The
comparison restlts demonstrate the high fidelity of this ATR model, while the rationality

and reliability of existing ATR model are also demonstrated.
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Fig. 2 Compressor characteristics
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Table 1 Efficiency characteristics of

compressor operating line

B3 /10° (r/min) e
30 63.1
40 74. 4
50 73.3
60 70.7
65 69. 0
68 67.7
70 66. 4
73.168 64.5
80 62.3
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Table 2 Total temperature and total pressure at
gas generator exit, and react pressure varying

with rotating speed"*!

Tk / HOBE/, HOBRK/ KN/
10 (r/min) K psi psi

30 994. 2 168 173.3
40 1037.6 254.6 271.8
50 1097.7 365 400. 5
60 1137.1 505.1 562.6
65 1144.9 586. 8 655. 1
68 1146. 4 639. 3 712.2
70 1146.5 677.2 753.3

73.168 1146.6 737.2 816. 4
80 1146.6 878. 6 955.1
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Fig. 3 Relationship between total pressure loss of

airflow path and corrected rotating speed
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Fig. 4 Relationship between total pressure loss

of gas path and corrected rotating speed

SUERBURAL T BAR A = B IR0 C  B R i B
A5 2R 2 ARl S B 4 B 3o R e A o O L
SCHRC2 5 Hh 2 8 00 25 507 R A DA I R R A 4 )
JE AR 0 o AR R O AR A 0 . e
() 25 A/ R B e R R T SCR[11-15 ] v
TR T A5 S W 3 A T R AR 1 R T bk
LA 36 45 S ACSCH ATR B 0 B 5 461 2k A
RUE N, T 3 M 4 o FR ph 2k,

1.4 #RHEIK

PRI I B P20, 743 96 B R ASHL H SO
T Ak b s MR WL W H s ] 5 3 AR BT
B KRB IR IR B & R HE . AR SO
AT A AL rh e BOR IO H AR R S R E TER
BLHE ARG B R EREE N 05 &R
AT BIR.

LG Ab o A SCAR 4638 56 455 R -4 B4 R 4
W Sl A

BTRAT LR IE, #id ATR #RE &
THE BB 0 JE 2 1 Jy B 20 AR N ek A Sk el R AL
V- R A S 3 0 A R T DL RO R
A AR HE T EOR R SR RSO R, TR B AR
TN BREL IR R K H DL R A A TRV, SR i
R AL B AT R E ATR R AR 3 5 PR fBE.

g b )R ATR BERIIERE L, 5] AT SCik
L2 RSB AR SR A2 Rt B IE T
VB RS E NA T B HIBI AL B T R WA A
RSB TR E G 9 ATR PERERT R, DL 55 4 1
FIEBA 1 A 0L SC R (2] 09 3 56 25 2R AT 56 iE
ATR FERY 50K B A n] SE bk, Boin A5 AR
e ie- 4 WA S ST A, H AR AL A 1E S R I
JE N R P VI G 3E AT R e 18 A S DA ROk I Y T
R B IE . DA B IE 5 R 52 i 45 70 A By,



2564 it = 3

o 28 4

2 FE&R

WM T 5 FAS R 19 & Sh LSS #4 L /T 3 Fh
SERITA 2 AR B I I B L 2 R g A IX
WTE T AT Build 4 4544 ,Build 5 Z5# %1 T
BRI A 2 AR I A A JF A B Y I B 458 2k A
BIRSIED . R, BA Build 4 450 59 8ol 2 58
BN, A SR BUE AL B X Build 4 4544,

2.1 gt Ak

HRPE A 25 . ¥ 7 Build 4 589 ATR #

R S S5 3.
®£3 BitEAsH

Table 3 Design point parameters

ZH ol
= /m 0
L2y /i3 0
JESHLEE I /10° (r/min) 65
EAMA BB/ (kg/s) 0.89947
JEAHUE L 2.812
FESMLE 0. 69
i E R A 0.2
BEADER/K 1144. 944
HEEPY e 0. 545
T 1E L 3. 030692
e I A R AR A 0.9953
A 43 sl i/ 20. 743
DIk TS 0. 709506
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Fig. 5 Relationship between gas mass flow rate

and corrected rotating speed
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Fig. 6 Relationship between net thrust

and corrected rotating speed
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and corrected rotating speed
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Fig. 8 Relationship between turbine expansion

ratio and corrected rotating speed
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Fig. 9 Relationship between turbine inlet total

pressure and corrected rotating speed
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