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1. INTRODUCTION 

This report is describing the LPT rotor shock instability problems in the 

worst case of LPT operation. 

The following is the analysis procedure: 

1) LPT AERO requests performance group to offer the performance analysis 

cycle sheets corresponding to the worst cases of LPT operation. 

2) Using TAPS program, AERO must check out the cycle which has the 

maximum rotor exit critical Mach no. and maximum blade axial force from the 

AERO’S and MCD’ s points of view respectively. 

3) According to the cycle sheet selected and the blade tape files from AERO, 

MCD analyzes the vibration problems and determines the maximum deflection 

blade coordinates for aerodynamic analysis. 

4) AERO group compares the deflected blade and the original blade, and 

calculates how much the throat area and exit critical Mach no. varied when flutter 

phenomenon happened. 
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5) It must be determined whether the rotor blade needs to be redesigned or 

not. 

2. PERFORMANCE ANALYSIS 

As previously stated, this analysis is requested by AERO, and needs to be 

done by performance group. 

The purpose of this analysis is to find the worst cases for the LPT operation 

at peak aerodynamic loads such as the maximum rotor exit critical Mach no., 

maximum flow rate, and maximum pressure ratio or the combined cases of the 

above parameters.  

Appendix l shows some of cycle sheets offered by performance group. 

The reason why we only choose these cycles is that the maximum rotor exit 

critical mach no. will happen when LPT operates within these cases (i.e. with 

maximum nozzle area as shown on cycle sheets).  

3. STREAMLINE ANALYSIS 

Basically, AERO needs to run TAPS at the cycle far from the design point, 

say, the higher altitude to get the worst case. But, from the MCD point of views, 

the cycle the cycle that has the maximum blade axial is required. 

Therefore, AERO needs to choose a cycle with lower altitude because the 

axial force of blade increases with the inlet pressure (at station 4.5), which 

increases when the altitude is reduced as cycle sheets indicated. And it makes no 

much difference about rotor exit critical Mach no. throughout all the altitudes for 
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aerodynamic analysis. 

Using TAPS program, AERO obtained the maximum rotor exit critical Mach 

no. M1* of 1.498 with the maximum nozzle area, and the corresponding tape files 

were transferred to MCD. 

4. EVALUATION OF LPT BLADE TO AN  
INSTABILITY PROBLES (MCD) 

MCD must evaluate the LPT blade design to a shock instability problem. 

What AERO group needs is the coordinates of maximum deflection blade when 

the flutter phenomenon happened. 

Appendix 2 shows the deflected blade coordinates given by MCD. 

5. AERODYNAMIC ANALYSIS TO THE SHOCK  
INSTABILITY PROBLEM 

In order to compare the deflected blade with the original blade, the blade 

profiles and channels need to be plotted to both blades. 

5.1. DEFLECTED BLADE 

For convenience, only three sections were chosen for hub, mean and tip 

sections from the deflected blade coordinates. 

Due to the cylindrical sections, the average radius was taken for the three 

sections. 

The spaces from blade to blade were calculated by the formula. 

Si= 2 Ri/BLADE COUNT, where blade count is 50. 
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The detailed procedure of calculation and programs are in appendix 3. 

5.2. ORIGINAL DESIGN BLADE 

Taking the three average radius of hub, mean and tip as interpolation sections 

in LABLAD, the blades were plotted.  The input of LABLAD and plot are in 

appendix 4. 

5.3. SHOCK INSTABILITY 

Overlapping the two plots in appendix 3&4, it is easy to see that the 

downstream parts of blade are deflected down when the shock wave is there. 

The shock wave occurs when the critical Mach no. is greatly larger than one 

(M* is 1.498 here). Due to the shock wave, the blades deform to widen the throat 

area and M1*will decrease (to M2*) when the shock isn’t there. 

5.3.1. M2* CLOSE TO M1* 

By the blade plots in appendix 3&4, we can easily measure the throat areas 

and calculate the percent throat area increases as table 1 shown.  From Mach 

table and the calculated throat area (A/A*) changes, M2* can be determined. 
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TABLE 1: The Percent Throat Area Increase When The Blade Deforms 

RADIUS M1* 
THROAT WIDTH 

M2* 
ORIGINAL DEFLECTED % INCREASED 

6.4609 

9.72132 

8.32277 

 

1.49 

1.46 

3.75 

4.73 

5.49 

3.71 

4.79 

5.75 

-1.07* 

1.27 

4.74 

 

1.48 

1.42 

Mass Aug. 1.498 

From table 1, M2* is close to M1*, and the percent throat area increases are 

under 10. 

Generally speaking, if the throat area change is under 10%, it will be no 

problem for the blade design. 

*The percent throat area increase at hub section should be zero. The negative 

value here is due to the plot error, in addition, the throat widths were measured 

directly from the plots. 

5.3.2. M2* CLOSE TO 1 

If M2* is close to 1 (i. e. far from M1*), it is supposed to input the new rotor 

exit angles of deflected blades in TAPS program for calculating the exact value of 

M2*and getting the percent throat area increases from Mach table. 

Besides, the blade needs to be checked with DENTON to see what the loading 

looks like when it deforms. 
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6. CONCLUSIONS 

The purpose of this study is to make certain that whether the current blade 

design has the flutter problems when LPT operates far from the design point. 

From the analysis results, we know that it is not necessary to modify the current 

1042 rotor blades. 

However, to this flutter problem, MCD has started to consider the 

redesigning work for the LPT backup design. 
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