2002 £ 10 H
F23E FTs5HY

#E 3t

JOURNAL OF PROPULSION TECHNOLOGY

R Oct. 2002

Vol.23 No.5

B K& & LR DIVmAE shrT i O AR ST

REA, wrdE, i K
(1 TEHAEMRKY: FAED, Jow 100083 2. J6HTEIEHLRBISIT, L3 100076)

B OB ebxmtheer guiie (M) TEMEA KT R B HL B S e B s X BT T R A A S
TED (14 9 = JC IS Ah 20 A0 2 A7 3 S T R0 S RS G KGR 86, BT T R 0 S R Al e IE B A 6 A A R SRR
ABERBUR MW . 45 REH: XN T A ERRAT M, AR EIESE SR L8 E MR RER K, Bl R
BB A stit. & f rESS g sh i mH i, B RECRRA T, R KA.

REA: ERAMAKCET R AL R AraliREe; AT IRES: RRREE T O HUm

RESHES: V434 NERFRIRES: A

MERS: 1001-4055 (2002) 05038304

Research of rotor attacking angle for liquid rocket reaction turbine
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Abstract:

According to the characteristics of astronautical reaction turbine used in high performance liquid rocket engine with

staged combustion in closed circulation, the designed rotor cascade and hlade to blade flow in the cascade were investigated. For ex-

isted rotor cascade, the effects of positive or negative attacking angle of the reaction turbine on the energy loss and blade to blade flow

also were studied by means of two- dimensional cascade experiments in the subsonic tunnel. The results indicate: in order to obtain the

continuous contraction of the geometrical cascade and less energy loss the positive attacking angle was adopted for rotor design. For

the existed contracting rotor cascade, the negative attacking angle condition results in the less energy loss.

Key words:  High pressure staged combustion rocket engine; Reaction expansion turbine; High loading turbine: Turbin ro-

tor; Attacking angle
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Fig. 1 Geometric channel of the

rotor cascade when i= + 5

Table 1 Incenter’ s coordinates and radius of the
geometric channel of the rotor cascade when i= + §°

1 X(1) Y(1) R(I)
1 -1.776 0 7.145 2 2.568 1
2 -1.083 5 7.065 9 2.506 7
3 -0.575 1 6.945 8 2.458 4
4 0.000 9 6.745 5 2.402 1
5 0.581 2 6.472 4 2.344 5
6 0.957 4 6.255 2 2.306 8
7 1.391 5 5.963 6 2.263 1
8 1.800 6 5. 646 4 2.221 3
9 2.256 7 5.241 9 2.173 8
10 2.687 8 4.807 3 2.127 1
11 3.160 0 4.270 0 2.073 3
12 3.900 5 3.291 1 1.981 7
13 4.713 4 2.0317 1.878 6
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Fig. 2 Geometric channel of the

rotor cascade when i= — 6

Table 2 Incenter’ s coordinates and radius of the
geometric channel of the rotor cascade when i= — 6

/ X(f) Yir) R(1})

1 -1.458 3 7.310:5 2.165 0
2 -0.989 4 7.260 8 2.196 3
3 -0.494 2 7.1507 2.222 6
4 -0.028 3 6.993 7 2.241 2
5 0.493 4 6.755 8 2.254 7
6 1.017 3 6.449 7 2.259 6
7 1.576 8 6.045 8 2.254 0
8 2.360 5 5.3399 2.224 0
9 2.7723 4.901 1 2.196 6
10 3.2254 4.362 9 2.156 9
11 3.687 5 3.7543 2.106 2
12 4.4570 2.6122 2.002 4
13 4.7233 2.183 0 1.962 7
14 5.038 8 1.654 3 1.914 3
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Fig.3 Mach number distribution on rotor surface by
means of positive or negative attacking angle design
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Fig.4 Pressure coefficient distribution on rotor surface
by means of positive or negative attacking angle design
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Table 3 Experimental results of two- dimensional rotor cascade in the wind tunnel

Mach number of exit of Angle Attacking Coefficient of Relative coeflicient of
Inlet structure angle Inlet angle o 2
cascade B i B difference angle energy loss energy loss

Mas % ' AB i & &
40 18. 42 -3 0.061 4 4. 1%
37 15.92 0 0.059 0 0

0.32 37 34 11.58 3 0.072 4 22. 7%
32 11.30 5 0.077 0 30. 5%
30 9.25 7 0.079 7 35. 1%
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Fig.5 Mach number distribution on surface of the first Fig.6 Pressure coefficient distribution on surface of the

stage rotor on the design outlet Mach number condition first stage rotor on the design outlet Mach number condition
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