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Based on One-Dimensional Model

WANG He—jian, LIU Bo, ZHANG Bo-tao

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to develop a more accurate and fast program for characteristic calculation of present
multi—stage transonic axial—flow compressors, a suitable reference incidence angle model was selected, and a de-
sign/off—design point deviation angle model suitable for large—camber, double—arc blade profile was established.
Thereafter, the experimental data of a large camber plane cascade under multiple working conditions were used to
verify the newly established deviation angle model, and the incidence angle model and deviation angle model
were embedded in the HARIKA algorithm to realize the replacement of original model in the HARIKA algorithm.
In addition, the newly established HARIKA algorithm and the three—dimensional numerical calculation software
NUMECA were used to calculate the characteristics of a two—stage transonic axial compressor at design / off-de-
sign speeds. Finally, the results show that the values calculated by the deviation angle model established in this

paper are in good agreement with the experimental values for the deviation angle of the airflow at cascade outlet,
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with an average error of 0.42°, which is small. The characteristic prediction results of the new HARIKA algorithm

for the compressor are closer to the experimental values than the three—dimensional numerical calculation results.

The maximum prediction error of the pressure ratio is 2.54%, the maximum prediction error of the efficiency is

3.68%, and the overall prediction error is small. Based on these results, it can be seen clearly that the off-design

point deviation angle model established in this paper has certain accuracy and applicability, and the improved

HARIKA algorithm has certain engineering practicability in characteristic prediction of multi—stage transonic axi-

al-flow compressors.
Key words: Deviation angle model ;

teristic calculation; HARIKA algorithm
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Fig. 1 Schematic diagram of experimental equipment

(a) Measuring segment (b) Displacement machine

(d) One of the cascades

Fig.2 Pictures of some entities in the experiment

(¢) Five-holes probe
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Fig.4 Incidence angle characteristic curve
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2 Table 2 Main design parameters of two-stage axial
or compressor

2+ Parameter Value
|- Stage number 2
> Design pressure ratio 2.8
w? 6T Design efficiency/% 83.9
-8r . Average stage pressure ratio 1.673
_10k Design rotation speed/(r/min) 10720
5 Mass flow/(kg/s) 83.5
“12F
Design tip velocity/(m/s) 441.96
_14 ; g g . ;
0.9 1.0 1.1 1.2 1.3 14 15

AVDR value
Fig. 9 AVDR fitting map

Table 1 Cascade design parameters

Parameter Value
Height/mm 100
Chord length b/mm 65
The relative thickness 0.066
Consistency o 1.73
Blade inlet angle/(°) 47.08
Blade outlet angle/(°) 1.98
Camber angle/(°) 49.06
Stagger angle/(°) 21.27
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