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=y The Task

Generate a map with auxiliary coordinates (B-lines) from measured data as required for performance programs
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St An example of what others have done...

Represent efficiency and pressure ratio as a function of mass flow and speed using mathematical functions, here ellipses
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Engine performance calculations

(==t T
A Compressor maps
=2 * What is important for a physics based smooth map...

e That the lines of PressRatio=f(Flow, Speed) look nice?
* That the efficiency contour lines look smooth?

That is not sufficient.

* Important for the cycle calculation are
* Compressor exit pressure and temperature
 The power needed for driving the compressor

Kurzke Consulting

S * There are no laws of physics about the shape of efficiency lines
* However,

there are laws of physics about the shape of specific work lines!




= Simple compressor theory

specific
work

V4

absolute H= U*(Vuz_vul) EUIer > |aW .

velocity plus hypOthESIS
H/U*=1-V,, /U (tan o+ tan 3,)

) V. flow angle = metal angle
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= Some equations

Y=1—-—>dX(tana, + tan B,) Euler + hypothesis (flow follows the blade trailing edge)

P=1—c, XD Work coefficient W is a linear function of flow coefficient ®
% PW=WXH= wxXTrq Two expressions for shaft power
g I'rq — ¢, HU Introducing work coefficient ¥ = H/U?
2 2
w usw and flow coefficient & = W/U
Trq 1—c® 1
w2z 27 g T C2gp 1 ReplaceW by 1-c¢,X®P andre-arrange
Trq/W=c,U— cic; W Multiplying by W vyields a linear equation for Trq/W=f(W)
d(Trq /W)
3U =0 The slope of Trg/W = f(W) is independent from speed

Conclusion:  The lines Trg/W=f(W) are parallel straight lines




= Map smoothing
The Trq/W=f(W) lines are straight and parallel in the upper left map region
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=T Map smoothing
Considering the exhaust guide vane Mach No helps in the lower right region
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See Kurzke J. Generating Compressor Maps to Simulate Starting and Windmilling. ISABE-2019-2499, 2019
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Trq/Flow = f(Flow) lines in the map of a ...
Single-stage transsonic compressor
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Trq/Flow = f(Flow) lines in the map of a ...
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Trq/Flow = f(Flow) lines in the map of a ...
Eight-stage axial compressor (no VGV's)
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Trqg/Flow = f(Flow) lines in the map of a ...
Single-stage radial compressor
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Warning: Maps of a Compressor With VGV's Are Not Smooth !
Three-stage axial compressor with VGV's

NASA TP 2597 Fig18 NASA TP 2597 Fig.22
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Examples #6 and 7
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Maps of compressors with VGV's are not necessarily smooth... A

When parabolic B-lines are used, kinks in the VGV schedule are visible in the work-speed? correlation
Nevertheless, the Trq/W=f(W) lines are straight and parallel

NASA TP 2597 Fig.22 NASA TP 2597 Fig.22

700
1.2
g
£ 600
E Ly
(2]
c
@]
(@]
o 500
=]
X

rel. Specific Work
[e)]
Torque/Flow
oy
o
o

4 300
24 200
0 : . : . . 100
0 2 4 6 8 1 8 12 16 20 24 28 32
Spesd Flow
Example #6

Copyright © Joachim Kurzke 18

September 2026




Trq/Flow = f(Flow) lines in the map of a ...
Two-stage radial compressor

NASA CR 120943 Two Stage Radial NASA CR 120943 Two Stage Radial
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Note: there is an interstage bleed valve that opens at speeds below 0.8
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— More examples ...

Vo
MNtherm X Nprop FHV

SFC =

Home My Services ¥ My Tools ¥ My Products ¥ More... ¥

Compressor Maps

Hello GasTurb, GSP, pyCycle, T-MATS, PROOSIS and NPSS users! You need compressor maps for your performance studies? | can generate them for you!

The source of your map may be a figure from a publication, calculated or measured data as text file, and input data from your favourite performance program. Extending the map down to

1% spool speed and to pressure ratios less than unity - as needed for starting and windmilling simulations - is not a problem.

Kurzke Consulting

The following maps were created or updated in the context of writing the paper entitled Generating Physically Accurate Compressor Maps which | will present at the GPPS conference in

Montreal in September. You can see that the thesis that the torque/flow=f(flow) lines are parallel is true in a significant part of each of the maps.

The following maps are available for download in both GasTurb and NPSS format. Many of them have been extended down to 1% of the design spool speed, making them suitable for

starting and windmilling simulations.

e NASA Quiet Engine Program - Fan B Bypass

e NASA Quiet Engine Program - Fan B Core

* NASA Energy Efficient Engine - Fan Bypass

e NASA Energy Efficient Engine - Fan Core

s Single Stage Transsonic Compressor - Pressure Ratio 1.5

e Single Stage Fan - Pressure Ratio 1.7

* 3 Stage Subsonic Compressor - Pressure Ratio 2.25

.
LN

ingle Stage Fan - Pressure Ratio 2.47

e 3 Stage Fan - Pressure Ratio 4

* 3-Stage Transsonic Compressor - Pressure Ratio 4
6-Stage HPC - Pressure Ratio 8

e 8-Stage Comressor Without VGV's - Pressure Ratio 10
Single Stage Radial Compressor - Pressure Ratio 5

2-Stage Radial Compressor - Pressure Ratio 10

All the comressor maps are licensed under Attribution 4.0 International (CC BY 4.0) See: hitps://creativecommons.org/licenses/by/4.0/legalcode

eptember 2026 opyright © Joachim Kurzke
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Recommendation:
Check the quality of your compressor map!

» It has been show with 8 examples that Trgq/W=f(W) lines are
straight and parallel in all compressor maps

» More examples are published on my website
» Exception: two stage radial compressors with interstage bleed

Kurzke Consulting

»No matter how you generate your compressor maps:

= Check the shape of the Trq/W = f(W) lines

> If these lines are not straight or their slope changes with speed,
the smoothed map does not align with first principles.




The reward for your efforts is...
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Physically sound compressor maps allow you to simulate exotic operating conditions,
such as starting an engine in flight.

=i Thank you for your attention

eptember 2026 opyright © Joachim Kurzke



Are you looking for an alternative to Smooth C ?

The challenges of writing a fully automatic map smoothing program

* Compressors are different:
* Subsonic — transonic — single stage — multi stage — axial-radial — single and multistage radial compressors, fan with bypass ...

* Generally, maps must be smooth
* However, maps of compressors with variable guide vanes or interstage bleed are not necessarily smooth!

* The source of data differs:
* Measured — calculated — from outside the company

* The format of the given data varies:
* Tables
*  Map as figure with n contours
* Separate figures for n=f(Flow) and n=f(Pressure Ratio)
* Efficiency may be isentropic or polytropic
* Given data may be true or relativized values

* The number of available speed lines differs
e * Identify and address outliers in measured data

| * Create smooth lines through the given data

* Add interpolated speed lines

* Extend to high and low speeds

* Extend the map down to 1% spool speed as needed for engine starting simulations

* Extend the map to a pressure ratio of less than one as needed for the windmilling simulation

* Quality check
* In asmoothed map, there are many correlations between parameters that all must be consistent with physics, for example
specific work — pressure ratio — efficiency — WV — ® — losses — EGV Mach number — ...

* Arethe Trg/W = f(W) straight and parallel in the relevant map region?

* Note that the correlations vary by compressor type
All correlations must be smooth — except those from compressors with variable geometry

Kurzke Consulting
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