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Flow-field computation for turbofan engine combustion chamber
ZHOU Yu zhen, SHAO Wernrqging, WANG Jujin

(The 31st Research Inst. .

Abstract:

Beijing 100074, China)

The process of turbofan engine combustion chamber norr reaction flow computation was discussed. Norr reaction

three- dimensional flow in turning back-flow annular combustion chamber was simulated. Velocity field, restoring coefficient of total

pressure and fuel distribution were gained. It can be the fundament to compute reaction flow, design and counter-design. It is also im-

portant to improve engine performance in the future.
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Fig. 2 Velocity vectors on middle section

Fig. 3 Path lines for elliptic hole flow
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Calculation method for the fan and compressor
surge margin in the effect of outside flow disturb
LT Xiao-biao, ZHANG Zherr jia

(The 31st Research Inst., Beijing 100074, China)

Abstract:

In order to assess pneumatic stability of fan or compressor in gas turbine engine, the pneumatic stability parameters

were analyzed. Described standard pneumatic disturb and heat disturb used in engineering. A calculation method which can be refer

enced in engineering for the fan and compressor pneumatic stability in the effect of outside-flow disturb was given out.
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Modal analysis on middle casing of turbojet engine
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Abstract:
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Beijing 100074, China
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The experiment modal analysis of the middle casing of the lurbojet engine was completed . The prototype parts and

none- prototype parts were compared through the vibration modal analysis test. The results are helpful for the vibration fault analysis

and structure design of the turbojet engine.

Key words: Turhojet engine; Middle casing; Modal analysis; Modal vibration test
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Fig.1 Middle casing photo and
experimental grid frame
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Table 1 Middle casing modal frequency and modal mode

Oid Modal frequency(f/kHz) ST
rder A | B | C | D odal mode
I 0.59 0. 634 0. 645 0. 662 Casiing. .2 rodal. distuetet mitide,
axdial direction . first order
2 0.764 0.815 0.778 0. 810 s i e e
Casing . 2 nodal diameter mode,
3 1.12 1.20 1.23 1.24 21 direction .. geder
4 1.33 161 1.53 1.57 La.smg - 3 nodal (Immeler m?de.
5 1. 60 1. 70 .77 Casing , 2 nodal diameter mode,
amal_decond order
(6] 1. 78 1. 86 Bex
7 2 03 205 20 200 Cau:::gl 4_"')(']‘3‘] [lldl}’le_lf_r mode,
Casing , 3 nodal diameter mode,
8 218 =1 axial direction . 0 arder
9 7 27 277 27 Casing .4 nnfial (Iiam(fler mode,
10 5 86 2 04 2.96 2 06 Casing , 5 nodal diameter mode,
axial direction . second order
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Fig. 2 Middle casing( A) transfer function
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Fig. 3 Middle casing( B) transfer function
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Fig. 6 Middle casing modal mode
( a) First mode; ( b) Second mode; ( ¢) Third mode; ( d) Fourth mode; ( €) Fifth mode; ( f) Sixth mode
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Calculation of air mass flow in air breathing engine test
LU Yao, ZHANG Lrtang, YU Shouzhi

(Tht 31st Research Inst. , Beijing 100074, China)

Abstract: To reduce the calculation error of air flow measurement in air breathing engine test, based on three nomal calcula
tion methods, two new methods was presented: temperature ratio modify method of compressible flow and program caleulation method
which has no methodological error. The applied range and the methodological errors of all methods were also analyzed. At the same
time, the effects of air humidity, direct heating pollution, and the heal expansion on pipe wall were considered. The result shows that
program calculation method has no methodologleal errol, and it is suitable for analog hypersonic flight test. The temperature ratio modi-
fy method can take the place of program calculation method in engineering; its methodological error can be ignored in wide range of
pressure ratio and airflow temperature.

Key words:  Engine test; Aiflow: Mass flow rate; Flow rate measurement; Calculation method; Calculation error
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FET W E b, e b A R 2 8 i 2 18] 7Y °F
P ¥ EXTE k= ko SRR E 57 RE AAEUE &
{EER K, TH A I B AR, R EME £ R
ERAHERERERK. k2, HSE T 8 & HEit
B mE MmN £ p/p= 1~ 0.6, T,= 250K ~
1200K, J5i%i% 74 0~ 0. 12% .
AT RS v Bk, 2L

L
—_— 'B.L — L)
‘“_‘p | = 1 15,
2 s
18 :A|’ ol .. ) 2
=+ q P RT, pn( 131) ()
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TR EAR AN AE L, A8 v S BEE T 1.0, B B)
AR AR ZE RN, 8 TS AT G 182 i,
% plp M/MERZIN. THEEW, Hp/p=0.9
I, X R ZE EIK 0.4% .
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1
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0= Ap| Fr(1- &) (3)
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Table 1 Variation of dimensionless flow rate ;: A_g_l h@ with p/p,

plp

Method
0. 999 0.99 0. 985

0.97 0. 96 0.95 0.93 0.90 0. 85 0. 80

Formula (1) k= 1.4

0.0316 | 0.09946 [ 0. 1215 | 0.1399 | 0. 1704 | 0.1959 | 0.2175 | 0.2545 | 0.2988 | 0.3548 | 0. 3964

Formula (1) k= 1.39

0.0316 | 0.09946 | 0. 1215 | 0. 1399 [ 0. 1704 | 0. 1956 | 0.2175 | 0.2544 | 0.2987 | 0. 3546 | 0. 3961

Formula ( 2) 0.0316 | 0.0995 | 0. 1216

0.1706 | 0.1959 [ 0.218 | 0.255 | 0.300 | 0.357 | 0.400

Formula ( 3)

0.0316 | 0.100 | 0.1225 | 0. 1414 | 0.1732 | 0.200

0.2236 | 0.2646 | 0.3162 | 0.3873 | 0.4472

Formula 7= 288. 15K 0. 1957 | 0.2175 | 0.2545 | 0.2988 | 0.3549 | 0. 3965
0.0316 | 0.0995 [ 0.1215 ) 0.1399 | 0. 1704
(3) T.= 500 K 0.1956 | 0.2175 | 0.2543 | 0.2986 | 0.3545 | 0. 3959
Method T'=288. 15K 0.0316 | 0.0995 | 0.1215 ] 0.1399 | 0. 1704 | 0. 1957 | 0.2175 | 0.2545 | 0.2988 [ 0.3549 | 0.3965
with no
rror 7= 500K 0.0316 | 0.0995 [ 0. 1215 | 0.1399 | 0. 1704 | 0. 1957 | 0.2175 | 0.2543 | 0.2986 | 0.3545 | 0. 3959
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Oil system design of a certain turbo-jet engine

LI Lin-lin, XIE Guang hua

(The 31st Research Inst., Beijing 100074, China )

Abstract:

An oil system of a certain missile-used turbejet engine was introduced detailedly. Problems on the oil system design

and the primarv data chose for oil svstem were presented. Such as how to keen equation with flow mass and the altitude performance

design for the oil system was analyzed.

Key words: Turbo jet engine; Lubrication system; Engine control; Sub system design
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B 10 kN /78RN 100 kJ/min, At= 35°C, W H I
K73 W,= 33L/h.
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Design for scheme of reliability growth testing of turbojet engine
ZHOU Yuarrquan', ZHANG Litang’, LIU Zhen-de’

( 1. Beijing Inst. of Structure and Environment, Beijing 100076, China;
2.The 31st Research Inst., Beijing 100074, China)

Abstract:

Based on the minimum acceptable value of reliability, the formulas of reliability growth management of power law

model and the strategy of reliability growth management, the formula for the number of turbojet engines placed on reliability growth

testing were presented. Consulting the reliability growth testing data of some turbojet engines and using the preceding formulas, the

scheme fore reliability growth testing of a type of turbojet engine and its ideal reliability growth curve were given.

Key words: Turbojel engine; Reliability model; Reliability growth testing; Test scheme design
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t" ") a, TR AR ¢, & B AT S0 K R 4G
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ti '/ a .30 MTBF {3&K BARAM,, TSR KR 06
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i = 2.423 ?74M|/j\" (8)
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B A A Poisson 1ok F2, A1 B e (] 5% B (7] Al M 48 25
oA, #l
Mg = tof ln( 1/ Ry) (9

A My & MTBF (1) 5% AT 320004 .

A UL AT AR R LA AR Ak vk 8 2 2 KA
7= i BB B e, 0 ) El = o 1R 56 AR 4 SCRR[ 9)
P77 5 AT At T . m BB 5E °] 255 200 fh (19158
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2.4 AIEMEKREARXEHEAR

2 G FEEE KR EN, o S GRS
PLET 5 1 2RI (8], 4 1= fEH %@ UL & H
. XK ZAR(2),(8),(9), H

2.423774 L ) ‘ - M InRy

1fm
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|+l

.+
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A Int[ X | RoRm X W ERKBE . A (10) H
H{l My, UL, ty %ﬂﬂ‘ﬂ ﬁﬁ’]ﬂﬁlkﬂﬂﬁ‘{ﬁ. _’g‘ﬁ to, Ry 7?:2/5\
TEWELRAE, My, UL, m #8E S 2 284075~ b alR 4% T
FEE 1 ERHE, Hoh m X RIS i N 52,
I, AT 2 BEAT N B B AL T -
3 B2 %ol Al MK S Rkt

B-2 RAlE B-1 KWL et AL, H MTBF J
R H /K EEA A R, A2 % B-1 1k
. FIH B-1 &I UE EEIEK R, &

UL =1 800 min, M’I;BFz 1 500 min.

B-1 ] MTBF Wi ET/EN B2 M) M. =T
m, T EX 7 R0 B R B2, AT W21 —
e E B85 T & 1.

Table 1. Shape parameter m of
reliability growth for various engines

Items m Note

Ist group of B- 1 ] 0.353 MLE’

2nd group of B- 1 (2] 0.379 MLE

A- I turbojet engine (o) 0. 340 MLE
Afterburning turbojet () 0. 348
Dry turbojet 3 0.476
Rochet engine 3] 0. 460
Jet engine (11) 0. 350

A type of engine (2) 0.393 Unbiased estmation

" MLE= Maximum likelihood estimation
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Numerical investigation on mixing of atomized kerosene in
supersonic flow with H; pilot flame

YUE Pengtao', ZHANG Mengping’, XU Sheng-li'

(1. Dept. of Modern Mechanics, Univ. of Science and Technology of China, Hefei 230026, China;
2. Dept. of Mathematics, Univ. of Science and Technology of China, Hefei 230026, China)

Abstract: The mixing of atomized kerosene injected into a supersonic flow with hydrogen pilot flame was investigated numeri-
calyy. Twor phase flow. Upwind TVD scheme was use to solve the full Navier Stokes equations for multr species reactive system. Euler
an equations for liquid phase were solved by NND scheme. A point implicit approach was used to deal with the source term produced
by gas phase chemical reactions. The phase interaction ODE equations were solved by second order RungeKutta approach. The distri-
butions of pressure, species densily, temperature, and nominal density of kerosene were obtained. The results show that hydrogen inject-
ed from the injector downstream has a better penetration and enlarges the combustion region. The penetration of kerosene is much high-
er than that of hydrogen. But kerosene is less spread, and there exists a droplet free region downstream the injector.

Key words:  Supersonic combustion; Hydrogen: High energy fuel; Kerosene; Reacting flow: Two phase (low; Numerical

simulation
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Numerical investigation on supersonic combustion of
hydrogen enhanced by a cavity flame holder
XU Sheng-li', YUE Pengtao', ZHANG '_‘b’[eng-ping2

(1. Dept. of Mechanics and Mechanical Engineering, China, Univ. of Science and Technology, Hefei 230026, China;
(2. Dept. of Mathematics China. Univ. of Science and Technology Hefei 230026, China)

Abstract:

The purpose is to understand the flow field of hydrogen supersonic combustion enhanced by an inclined cavity flame

holder. Upwind TVD scheme was use to solve three dimensional reacting system descried by multr component fully Navier Stokes

equations. The chemical source term was treated by an implicit approach. A chemistry model with 11 species, 23 elementary reaction

steps was used Lo describe supersonic combustion of hydrogen. Contours of flow variables, such as pressure, temperature, equivalence

ratio and species were demonstrated to show their distributions in the combustor. Velocity field demonstrates the size and position of

recirculation zones. The results show that this inclined cavity can be as an igniter, as well as for flame stabilizing. Such information

contribute to further understanding the flow field of hydrogen supersonic combustion, and are valuable for designing an high perfor-

mance cavity flame holder in hydrogen fueled scramjet.
Key words:

cal simulation
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Synthesis and performance of cracking
catalyst cuapso-34 for endothermic fuels

WANG Jian, LIN Rursen', FANG Wemrjun',

LI Zuwr ,l_:;uang2

(1. Dept. of Chemistry, Zhejiang Univ. , Hangzhou 310027, China

2. Coll. of Chemical Engineering, Zhejiang univ. of Technology, Hangzhou 310014, China)

Abstract:

Novel zeolite of CuAPSO-34 was synthesized successtully by using copper ions as the substitute of aluminum ions in

silicoaluminophosphate zeolite SAP(O-34, The structures of modified molecular sieve CuAPSO-34 samples were characterized by XRD,

SEM and EDX methods, and the acidities were characterized by NH3TPD method. The comparisons show that the addition of copper

can improve the properties of microstructure and surface acidity of SAPO-34 zeolite. The catalytic activities of the investigated molecu-

lar sieves were tested by the catalytic cracking of the model compound, heptane, of endothermic fuels. The results show that CuAP-

SO-34 can promote the cracking activity of mrheptane and decrease the cracking temperature. The selectivity for the light alkenes was

promoted in the economics cracking temperature range from 500 'C to 600 C and endothermic fuels can provide higher heat sink.
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Fig.2 EDX pattern of SAPO-34 and CuAPSO-34
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Fig.3 EDX pattern of SAPO-34
and CuAPSO-34

Table 1 n-heptane cracking activity over SAPO-34
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P
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Table 2 n-heptane cracking activity over CuAPSO-34

Temperature/ C

Temperature/ C

Product/ % Product/ %

500 600 700 500 600 700
Methane 0.22 2.17 10. 17 Methane 0. 69 5.70 3L:12
Ethane 0.21 1. 68 4.77 Ethane 0.22 1. 67 3.41
Ethene 0.58 8. 80 38. 38 Ethene 4.74 16. 60 21.22
Propane 0.41 2.91 2.33 Propane 0.59 2.69 1.94
Propene 2. 60 15.59 22.70 Propene 28.03  31.47 11.85
Isobutane 0.00 0. 11 0.12 Isobutane 0.00 0. 11 0. 00

n— butane 0. 00 1.77 0.95 n-butane 0.45 1.22 0. 66

1- hutene 0.00 1.21 1.28 I-butene 3.04 1.97 0.31
Anti- 2- butene 0.00 1. 05 0. 60 Antr 2 butene 1. 83 1.39 0.27
Neopentane 0.00 1.51 0.00 Neopentane 323 5.55 1. 14
Isobutene 0.00 0. 00 0. 00 Isobutene 2.22 1. 46 0.25
<4 light alkenes 318 26.65  62.96 <4 light alkenes 39.86 52.89  33.85
<C4 products 4.02  36.80 81.30 <C4 products 45.06 69.83  72.17
<C4 light alkenes' <C4 79. 1 72.4 7.4 <C4 light alkeney' <C4 88.5  75.7  46.9
n-Heptane 91.85  57.47 10.32 n-Heptane 29.20  19.42 11.21
Conversion 8. 15 42,53 89. 68 Conversion 70. 80 80. 58 88. 79
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o F i 5 AR TE R B B R P 5 ), JRRER
PR MR BE . 500 CHY IE BE b R b R B ik B
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34 AT UM A e T 4 T ) R T R M R e AR

bk, ATRESE A R FBIE B TR R 162 T
b, BRbTE AR BB 5T, K2 HUE LUK BT 8
(Cs~ Co) NJEEL, 1L IEBFHLEEREATI . R4 Wit
more 18, {1 1ETK 2 Tt B Wrgd a2 2N E/NA
IEE TR, ERATRETERE 500 C~
600 C, KC, Mk M IR 5% SAPO-34 th 4 B 2 42
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Oxidative stability of synthetic high energy density fuel
and storage life pridiction
MI Zherrtao', ZHOU Zhermhuan', ZHANG Xiang-wen', LI Jirling'; YAO Jiaxiang’

(1. Dept. of Chemical Engineering, Tianjin Univ. Tianjin 300072 . China;

2.The 31st Research Inst., Beijing 100074, China)

Abstract:

The new type manual synthesis high energy density fuel( HDF-1) is a propellant for aerocraft with very high utility,

By rising the temperature to accelerate the oxidation in system the concentration of BHT as a antr oxidative additive was measured from

130 C to 170 C. The consuming dynamics equation of BHT was elicited by imitating the dynamics data. And then, the reserving lon-

gevity was forecast: HDF-1 can be storaged safely more than 25 years.

Key words:

il
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Jet engine fuel: High density hydrocarbon: Oxidation resistance:; Antioxidant; Storage stability
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Fig. 1 Sketchmap of data by

control process experiment
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Fig.2 Chat of dynamics by adding BHT secondly

M 2 Fn] W, —RE NG BHT 198 ¥E e BN AT
NG EERR G i AR AT R AN R, 7R 8 HDF-1
OB, PR R FE L R — ANl LB 2%
BT B (B A X)), X 5 [R5 A Al R )47 1

FE—E), XAP B R R B B Rk
IVAIOR7TRS S e R S5 WA (e /o SRR 1
B HEN HDF- 1 F 30 K RH, BHT fFKN TnH)
A A R AL

4 -
2 3
2 ,
2 2 ——Without BHT
% = With BHT

............

0 102030405060703090:00
Time/h

Fig. 3 Curve of the oxidations concentration
with different time in 140 C
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Fig. 4 Curve of the BHT concentration with

different time and different temperature
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Table 1 Datasheet of imitation by two item formula model

Model: C= at®+ b+ ¢

Temperature/ 'C - dc/d R?
a b ¢
130 0. 060 - 4.037 69. 128 - 0. 1211+ 4. 037 0.997 9
140 0.235 - 8.986 87.090 0.470t+ 8. 986 0.995 1
145 0. 625 - 15. 406 86. 375 - 1.250¢+ 15. 406 0.973 8
150 3.362 — 33.659 87.233 - 6.7241+ 33.659 0.988 3
160 43.756 - 121.550  84.927 — 87.5124+ 121. 550 1.000 0
170 52.739 - 129.750  8I1.867 — 105. 4781+ 129.750 0.971 7

ARG L3R 6 AR R Sl A0 9K - B[] il 22 8103
HEAE RN ko= 1.109x 10" *™/h; Eo= 101.7 % 10’ J/
Mol; n= 0. 9400.

Z CERYERA B IR M N B F1 2 RN

dC :

4l 109x 10" x e T x 0O,

dt
HXZ% R’ 5 0.9120.
SR N E) 1% TR G, -5 S bR SN B B

(RSB CAVNIIE SN R (Y ERE iy itk S Y E N -
TR T e B 3 s R P B I 3 1 S LB . 7 B gk AT
FENR A, X IRE B 1 TR AT TR,
UL BHT 9K I A EE 6 B BE /Y 100 x 107 ° FR1K
B R RKT 20 % 107 ° BT 7 B A], @] B S2Frse i
s RS, ] DL 5 PR AT B A . ERAEE R
Wk 2 fins.
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Table 2 Data sheet of the comparison of model’ s accuracy
Temperature/ T Temperatur/ K Time of experiment/h Time of caleulation/h Accuracy/ £%
130 403. 15 13. 50 13.16 2.52
140 413. 15 7.21 7.04 2.36
150 423. 15 3.80 3.82 0.53
160 433. 15 1.38 1.40 1.45

V5 H A0 S L B T8] 55 52 56 73 A 45 H 0 B 2 I (8]
FEAW) S, B TR A BT 5 2 B S AL 2 A DT
Fic. 8GR PR 3 sl 1127 T R, ]
CAFIU HDF- 1 #8BHEAS [F] 5% A T 047 77 i, 2591
W

BAEHIR 25 CAF T, PHEPUEL A BHT YK
JE AR AEA NI FE 100 x 107 ° R P& 21 2k 30Kk BE 20 x
107 °FT 7 AR 1] (h) . 3h F) 2 5 A2 TS 48 ROA:
25 CH, 1= 225459 h, 216 25.74 y.

HeAb, i FE U B R 2, AR TS S R AR HEN
F BT B B2 A AE I [, 75 S B 82 o, 2R
TS R, 3 B 1% HE A 24 4 I 5 0 B I 1),
B | 3 B b A B AR A7 5 i o

XHUb, AL IR T RO AE 7 y BB S AE IR
ilE, 3 3 31t T iZIEAEAE il B BHT 5 A8 1 24

Table 3 Concentration of BHT in
storage samples in normal temperature

Concentration of
Samples Date Time/y
BHT/ 10" ©
1 1993- 12- 9 [ O( begin storage) 100. 0
2 2000- 12- 10 7 97.42
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A& BEE B A BT 5] & i, BHT A GE 40 i) L A= A, i
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SRR B I RE A R

(3) fEH I 25 C&AF T P BHT AR i
100 10 FFEF 20 x 107 °2155 25.74 y.

(4) HDF- 1 #8022 42 0017 3 R A0 15 2Ok 1)
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Experimental study on the tribological properties of
missile turbojet engine seals

GU Le', WANG Lirqin', LI Xiwjuan', QI Yulin',

LIU Yarrmei', LIU Zher-de’

(1. Dept. of Mechanical Engineering, Harbin Inst of Technology, Harbin 150001 China;
2.The 31st Research Inst., Beijing, 100074 China)

Abstract:

The results showe that two kinds of additives ,

The tribological properties of a turbojet engine seals were tested using different additives and suwrface modification .

FORMULA 410 and PC-7000 . and two kinds of surface modification, which include

honderite process and brush plating indiunr copper alloy, could improve the tribological properties of the tested engine seals.
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fig. 1 Effect of additive on antiwear
property of the basic oil
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Fig. 2 Effect of additive on friction
coefficient of seals component
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Fig. 4 Surface metallographic of phosphatized
seals before testing and after testing( < 240)
( a) Before testing; ( b) After testing
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Fig. 5 Surface metallographic of InCu
alloy seals before testing and after testing( x 240)
( a) Before testing; ( b) After testing
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Fig. 6 Seals after surface
spray teflon

Fig.7 Wire like material from
the hollow shaft after test
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