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Figure 12: Comparison of radial efficiency profiles  

3-B Flowpath Design 
Even though the above efficiency profile of the optimized fan indicates the performance improvement 

for the overall spanwise locations, it is noted that the 20%~50%span region still suffers from the loss 
caused by trailing edge separation. One way to minimize the hub loss without losing the efficiency gain 
near tip is to re-design the flowpath. Thus, the hub flowpath parameters are applied to accelerate the 
low momentum flows moving through fan blades. The tighter flowpath will tend to choke at fan stage 
earlier than the already optimized fan. So the blade count study is also performed along with the 
flowpath modification. Figure 13 presents the flowpath change to accommodate the area rule at the fan 
hub region. The resulting length of nacelle casing is shortened as the nozzle throat location is moved 
upstream.   

 
Figure 13. Comparison of flowpath design (in meridional view) between designs 

As the flowpath area gets tighter, the blade count is reduced from 22 to 18 to prevent the choking at 
the fan stage. The fan pressure ratio and mass flow rate are maintained at FPR=1.31, and 
MFR=158kg/sec respectively. The adiabatic efficiency ramped up to 91.9%. Figure 14 compares the 
efficiency profiles from the optimized fan blade with and without area rule as well as the conceptual 
design. The efficiency from the hub up to around 90%span could be improved significantly but gets a 
penalty near the tip location between 95~97%span relative to the optimized fan.   

The total pressure contours in blade-to-blade domain at 30% and 95%spans are compared between 
optimized fan before and after flowpath change in Fig. 15. The pressure rise with hub contraction is 
significantly larger than the case before the flowpath change as shown in Fig. 15-(a). On the other hand, 
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