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Introduction

• As the project proceeds it will become necessary to 
t th i t th diti t t bloperate the engine at other conditions most notably 

with the transonic condition where there will be the 
greatest aero-servo-elastic effectsg

• To allow for this capability of the simulation moving 
up and down the performance map as desired, p p p
various schedules needed to be derived for the bleed 
flow, exit nozzle area, and fuel flow controller

Exact schedules of the J 85 “like” engine were not available– Exact schedules of the J-85 like  engine were not available
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Modeling Approach

• Started with the stand alone compressor component to 
allow for understanding of how changes in the bleed flow g g
could impact the operating point
– Desire was to obtain an operating line that would closely follow the 

“knee” of the speed line and obtain a high efficiencyknee  of the speed line and obtain a high efficiency 

• First investigations to derive the schedule were focused 
on variable guide vanes however incorporation into theon variable guide vanes, however incorporation into the 
dynamic model with a lump volume for the entire 
compressor proved difficult

• The desired operating line was matched by developing a 
compressor bleed schedule
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Stand Alone Compressor Bleed

• The original map density was increased and efficiency lines 
were smoothed to allow for less error during runtime g
interpolation

• Adjusted Kb and thus the mass flow rate at discrete 1% speed 
line increments to obtain desired operating lineline increments to obtain desired operating line

ÝW K A
PtvÝ W bleed = Kb Ab

tv

Ttv
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Matching Component Model

• Upon integrating the schedule with the overall engine model 
with fuel flow controller, a size mismatch was discovered ,
between the compressor and turbine

• The new compressor operating line shifted downward
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Scaling of Performance Maps

• Three adjustments were made to the simulation to raise 
the operating line of the compressor to allow for operating p g p p g
in the higher efficiency range
– Exit Nozzle area was adjusted and found that the turbine was 

unchoked off of the 100% speed lineunchoked off of the 100% speed line
– This was corrected by scaling the Turbine performance maps
– An imbalance in the torque between the turbine and compressor 

dictated a scaling of the component efficiency mapsdictated a scaling of the component efficiency maps

• The scaling of the maps was done by adjusting the PR 
and CMFR, knowing operating point on the 100% speed 
line and assuming a similar operating location on other 
speed lines 
– The generic map data is then fit using piecewise cubic polynomials
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Scaling of Performance Maps

• In the scaling process it was determined that the surge margin 
at the operating point was approximately 18%p g p pp y
– Expected operation is more likely in the range of 10%
– Rescaled maps to adjust surge margin using an expression of the margin 

in terms of our known pressure ratios PR −1⎛ ⎞ in terms of our known pressure ratios
SM =

PRsurge 1
PRoperating −1

−1
⎛ 

⎝ ⎜ 
⎞ 

⎠ ⎟ ×100%
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Summary & Future Work

• Able to make adjustments to performance maps and 
develop schedules for the bleed and the exit nozzle areap

• Thus enabling the operation of various flight conditions 
outside the cruise condition for which the simulation was 
originally designed 

• Need to make further adjustments to get an exact match of 
the operating line from the component compressor model 
to the overall engine simulation
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