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How low can you go?

A memoir of cold day sync

At the cold day sync conditions the
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So why is this special?

LPC PR vs Wc Map

CFD Flow -1%

Cold Day Hot Day
Synch Synch

You are
here!

At this off design condition where low
ambient temps of -10F increase air
density, flow into the engine must
decrease to maintain precise FPT RPM.

IGV




So what's the issue?

LPC Performance Map | IGV — hpc_IS
60NC + 70Nc Cold Day Sync — 0% / 20% / 25/ IR BIFFA QU Iow

e Atthese low RPM's and high IGV
angles flow starts to separate off of
the airfoil at Rotor one and Stator

one

e One solution was to increase bleed
which | found was possible up to
30% of total flow.

T .P,
Correct mass flow= Actual mass flow * [— *—=L

Tref P

The rotational speed also needs to be corrected by the equation:

T
- J [Tres
Corrected speed = Actual speed /



Let’s stick to 25%!

Q Lii]
Normalised Pt by Stage | 60Nc + 70Nc Cold Day Sync — 0% / 20% / 25% / 30% Bleed Overlay
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Why is this happening?

al Angle / Incidence / Camber
ne (design pt: wc_106p0000)

e At this high IGV angle
the flow is being
overturned into the
rotor near the hub.
This high incidence is
what is causing flow
separation and
therefore stall.
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How can we solve this? - The easy way or the hard way?

# ——— Rotations
rotations:
name: lpc_IGV
angles: [-50]
. . . axis_vector:
To decrease incidence just lower IGV Angle to 45°! axis_point :
name: hpc IGV

1 .
19:09:44.000 | INFO non_prefect — Copied: /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteady_45_IGV_| ang es .
19:09:44.000 | INFO non_prefect — Copied: /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteady_45_IGV_| 3 o
19:09:45.479 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst aXlS_VeCtOI.
19:09:45.480 | INFO non_prefect — Copied (de-hashed ! - -
19:09:45.480 | INFO non_prefect — Copied (de-hashed i i _45_ axis polnt . [
19:09:45.480 | INFO non_prefect — Copied (de-hashed i i Lo
19:09:45.480 | INFO non_prefect — Copied (de-hashed i i _45_ name: hpc S1
19:09:45.480 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst]
19:09:45.480 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst| angles .
19:09:45.481 | INFO non_prefect — Copied (de-hashed [RA5E bt
19:09:45.481 | INFO non_prefect — Copied (de-hashed): i i - "
19:09:45.481 | INFO non_prefect — Copied (de-hashed i i 458 aXIs_veCtor’
19:09:45.481 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst| ° ] .
19:09:45.481 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst| aXlS_pOlnt . [
19:09:45.481 | INFO non_prefect — Copied (de-hashed
19:09:45.481 | INFO non_prefect — Copied (de-hashed
19:09:45.481 | INFO non_prefect — Copied (de-hashed): x
19:09:45.481 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst|
19:09:45.482 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst|
19:09:45.482 | INFO non_prefect — Copied (de-hashed):
19:09:45.482 | INFO non_prefect — Copied (de-hashed
19:09:45.482 INFO non_prefect - Copied (de-hashed o
19:09:45.482 INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst|
19:09:45.482 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst|
19:09:45.482 | INFO non_prefect — Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst
19:09:45.483 | INFO non_prefect - Copied (de-hashed): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unst
19:09:45.484 | INFO non_prefect — Copied (sidecar): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unstea|
TA
19:09:45.484 | INFO non_prefect — Copied (sidecar): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteal
19:09:45.485 | INFO non_prefect — Copied (sidecar): /scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteal
19:09:45.486 INFO non_prefect — Patched exit BC type=-12 value=87.8: IN21.LEO
19:09:45.486 | INFO non_prefect — Patched exit BC type=-12 value=87.0: IN22.LEO
19:09:45.487 | INFO non_prefect — Patched exit BC ty 12 value=87.0: IN23.LEO
19:09:45.487 | INFO non_prefect — Patched exit BC type=-12 value=87.0: IN24.LEO
19:09:45.487 | INFO non_prefect — Updated FCOOL.LIST exit row irun: @ > -12
19:09:45.487 | INFO non_prefect — Warm-start prepared: 53 files written to /scratch/simulation/superpower/lpc/4stg/ste
19:09:45.504 | INFO non_prefect — Submitted DTS warm-start-run to Slurm: 142454
jeffrey.buskirk®banshee:/scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteady_45_IGV_6@Nc/igv_6@pct_wc_87p0e

JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)

142454 main jeffrey. jeffrey. R 0:05 1 banshee
jeffrey.buskirk®banshee:/scratch/simulation/superpower/lpc/4stg/steady/IGV_45_Study/unsteady_45_IGV_6@Nc/igv_6@pct_wc_87p0e|

Let’s start with the easy way!

RelativeMachNumber




coord 1

span ~5% (r=15.573)

er Ipc 4stg boom sO ret310p0

superpower _Ipc_4stg boom_s0 _rot315p0

Section overlays at selected span stations

span ~50% (r=20.714)

span ~95% (r=25.854)




But Wait There’s More!

At this off design The Plethora in Question:
condition the Leading

edge of theIGVisalso = -

Stalllng. TO fIX thls Issue ‘ Radial Prof:te[sps;] IGV | IGV Design Study | 100Nc & 60Nc N . :/Tt[ ®
a plethora of solutions | | o\ j ) [l =
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L 20 = -

i 1.2 -80 -60 -40 =20 0 -2000 -1000 0 1000
— — 009729d9 [100Nc] LE —— 009729d9 [100Nc] — — 009729d9 [60Nc] LE —— 009729d9 [60Nc] — — 0d731f0e [100Nc] LE —— 0d731f0e [100Nc] — — 0d731f0e [60Nc] LE —— 0d731f0e [60Nc]
Baseline [100Nc] LE Baseline [100Nc] — — Baseline [60Nc] LE —— Baseline [60Nc] — — S1 LE-B -4.9° / SO LE-B -2.0° [100Nc] LE —— S1 LE-B -4.9° / SO LE-B -2.0° [100Nc]

— — S1LE-B -4.9°/ SO0 LE-B -2.0° [60Nc] LE —— S1 LE-B -4.9° / SO LE-B -2.0° [60Nc] — — S1 TE-B -2.7°/ S1 LE-B +2.6° [100Nc] LE —— S1 TE-B -2.7° / S1 LE-B +2.6° [100Nc]
— — S1TE-B-2.7°/ S1 LE-B +2.6° [60Nc] LE —— S1 TE-B -2.7° / S1 LE-B +2.6° [60Nc] — — S1 TE-B -4.0° / SO LE-B -3.4° [100Nc] LE —— S1 TE-B -4.0° / SO LE-B -3.4° [100Nc]
— — S1 TE-B -4.0° / SO LE-B -3.4° [60Nc] LE —— S1 TE-B -4.0° / SO LE-B -3.4° [60Nc] SO LE-B -4.9° / S1 TE-B -2.0° [100Nc] LE SO LE-B -4.9° / S1 TE-B -2.0° [100Nc]
— — S0 LE-B -4.9° / S1 TE-B -2.0° [60Nc] LE —— SO LE-B -4.9° / S1 TE-B -2.0° [60Nc] SO LE-B -4.2° / S1 TE-B +3.0° [100Nc] LE SO LE-B -4.2° / S1 TE-B +3.0° [100Nc]
— — SO LE-B -4.2° / S1 TE-B +3.0° [60Nc] LE —— SO LE-B -4.2° / S1 TE-B +3.0° [60Nc] — — 227b0903 [100Nc] LE —— 227b0903 [100Nc] — — 227b0903 [60Nc] LE —— 227b0903 [60Nc]
— — 299591ff [100NC] LE —— 299591ff [100Nc] — — 299591ff [60Nc] LE —— 299591ff [60NC] SO TE- -4.2° / S1 TE-B +4.2° [100Nc] LE —— SO TE-B -4.2° / S1 TE-B +4.2° [100Nc]

— — SO TE-B -4.2° / S1 TE-B +4.2° [60Nc] LE —— SO TE-B -4.2° / S1 TE-B +4.2° [60Nc] — — 2ba43b98 [100Nc] LE —— 2ba43b98 [100Nc] — — 2ba43b98 [60Nc] LE —— 2ba43b98 [60Nc]




The Hard Way

Because of the high incidence on
Rotor one one way to solve the
issue is to turn the airfoil from 0%
span to 40% more into the flow.

Before

After

60%Nc TPA near-stall (wc_67)
Wc=98.5 PR=1.639

>

perp pc/4stg Brestl
_Nc60_igv50deg/igv50_60pct_wc_67p0000/Time_Passage_Avg/vtm/

RelativeMachNumber



