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Shape Optimization of Swept, Leaned, and Skewed Blades
in a Transonic Axial Compressor for Enhancing Rotor Efficiency
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ABSTRACT

Shape optimization of a transonic axial compressor rotor operating at the design flow condition has been
performed using response surface method and three-dimensional Navier-Stokes analysis. Three design
variables of blade sweep, lean and skew are introduced to optimize the three-dimensional stacking line of
the rotor blade. The object function of the shape optimization is selected as an adiabatic efficiency.
Throughout the shape optimization of the rotor, the adiabatic efficiency is increased by reducing the hub
comner and tip losses. Separation line due to the interference between a passage shock and surface boundary
layer on the blade suction surface is moved downstream for the optimized blade compared to the reference

one.

=2

AFAME L& 7YY ZHNNASA R
INE gz, dile F3M(stacking line)d] A
& FAIH3E gozd &) dEEES T
7102 AlE3odct 339 F3A 4L 4l 24
(sweep), Hllean) E 2T (skew)S o]&3t5ich A&
& FHU4EVIY R FEFL JARE, 9%, A
Z 4, 3%, 240 o2 93 u$ 23 349
F g Z1 glon, 53] FHge dAW AA

pa—
e 2

* $RA47]edTd A ¢ oA
E-mail : jangcm@Kkict.re.kr
#x Qlatigtu dighy JiAF e
wxx Q3o etal 7] A58

29 43280l 98 TYHE 99 39 Y
A WF F50 28 P AR 2

HA Ao

= F74¢&4(shock loss), E7f &Ee}t
el (cormer separation) 2 B
&H(tip clearance loss)S &°lv Aoz oA gl
.79 o2 2o}, Galimore V& 5457 =
o] Wil 245 dg AHEEld 339 d¥S A3
St 22 HAHslY @ ALz AA"E gAY
o2 3 H{AEH (comer loss at hub)3 EA1<EAtip
clearance loss)& €49 4 J&& B3I

- 525 -



Table 1 Design specifications of NASA rotor 37

Mass Flow 20.19 kg/s
Pressure Ratio 2.106
Rotor Rotation Freguency 171837 rpm
Inlet Hub-Tip Ratio 0.7
Inlet Tip Relative Mach No. 14
Inlet Hub Relative Mach No. 113
Tip Solidity 1.288
Rotor Aspect Ratio 119
Number of Rotor Blades 36

Stati9n 1

Fig. 1 Meridional view of Rotor 37
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Fig. 4 Definition of blade lean (top view)
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Skew line

Fig. 5 Definition of blade skew (front view)
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Table 2 Design space of blade sweep, lean and skew 100
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Table 3 Results of ANOVA and regression analysis for the
optimization of blade shape

Model R | Rt | g S0 of
Lean-sweep 0.98 0903 0.0022283
Skew- lean 0.985 0919 0.0069015
Sweep—skew 0.988 0936 0.0013443

Table 4 Optimum value of design vanables

Design Lean- | Skew- | Sweep- | Mean |
variables sweep lean skew value
Sweep % | 10.08 - 1044 1026 |
Lean % -1.60 -1.35 - -148
Skew radian - 0.067 0.064 0.065
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Table 5 Results of optimization %

Optimized| Increase
Model Reference shape % o
Lean-sweep 8.5 09%
Skew- lean 89.9 141
88.65
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Rotation

Fig. 8 Comparisons of reference and optimum blaces
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Rotation
————————

(b) Optimal lean-sweep-skew

Fig. O Identified vortical center of tip leakage vortex and
contours of Mach number on the plane of 96
percent span (interval of contour lines = 0.0375)
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Fig. 10 Mach number contours on the planes of 10, 75,
and 90 percent span (interval of contour lines =
0.05)
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(b) Optimal lean-sweep-skew

Fig. 11 Axial velocity nommalized by Mach number at TE
(interval of contour lines = 0.05)
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