Regression test

Test run started 2026-06-22 00:00:43 UTC
Ashes version: 4.2.0
Comparing with external results

One airfoil blade
Load case set 1
Load case Time series Error score |Result
10 ms Rotor
Torque (aero) 0.000218
Thrust (aero) 0.000015
Blade- Station [Blade 1] 2
Cd 0.000321
Cl 0.000154
Axial induction factor 0.000033
Tangential induction factor 0.000294
Blade [Time] [Blade 1]
Root force (magnitude) 0.000041
Root moment (out-of-plane) | 0.000150
Root moment (in-plane) 0.000030
5 ms Rotor
Torque (aero) 0.000108
Thrust (aero) 0.000135
Blade- Station [Blade 1] 2
Cd 0.000049
Cl 0.000040
Axial induction factor 0.000013
Tangential induction factor 0.000086
Blade [Time] [Blade 1]
Root force (magnitude) 0.000061
Root moment (out-of-plane) 0.000061
Root moment (in-plane) 0.000006
10 ms RPM 10 Rotor
Torque (aero) 0.000080
Thrust (aero) 0.000032
Blade- Station [Blade 1] 2
Cd 0.000049
Cl 0.000040
Axial induction factor 0.000013
Tangential induction factor 0.000086
Blade [Time] [Blade 1]
Root force (magnitude) 0.000061
Root moment (out-of-plane) | 0.000241
Root moment (in-plane) 0.000071
10 ms - unsteady BEM Rotor




Torque (aero) 0.000215
Thrust (aero) 0.000015
Blade- Station [Blade 1] 2
Cd 0.000321
Cl 0.000154
Axial induction factor 0.000033
Tangential induction factor 0.000289
Blade [Time] [Blade 1]
Root force (magnitude) 0.000041
Root moment (out-of-plane) | 0.000150
Root moment (in-plane) 0.000034
5 ms - unsteady BEM Rotor
Torque (aero) 0.000111
Thrust (aero) 0.000135
Blade- Station [Blade 1] 2
Cd 0.000049
Cl 0.000040
Axial induction factor 0.000013
Tangential induction factor 0.000090
Blade [Time] [Blade 1]
Root force (magnitude) 0.000061
Root moment (out-of-plane) 0.000061
Root moment (in-plane) 0.000003
10 ms RPM 10 - unsteady BEM Rotor
Torque (aero) 0.000067
Thrust (aero) 0.000032
Blade- Station [Blade 1] 2
Cd 0.000049
Cl 0.000041
Axial induction factor 0.000013
Tangential induction factor 0.000104
Blade [Time] [Blade 1]
Root force (magnitude) 0.000062
Root moment (out-of-plane) 0.000241
Root moment (in-plane) 0.000058
10 ms pitch 20 Rotor
Torque (aero) 0.000015
Thrust (aero) 0.000036
Blade- Station [Blade 1] 2
Cd 0.000459
Cl 0.000034
Axial induction factor 0.000009
Tangential induction factor 0.000427
Blade [Time] [Blade 1]
Root force (magnitude) 0.000177
Root moment (out-of-plane) | 0.000030
Root moment (in-plane) 0.000019

Rotor




5 ms pitch 20 Torque (aero) 0.000133

Thrust (aero) 0.000253

Blade- Station [Blade 1] 2

Cd 0.000036
Cl 0.000037
Axial induction factor 0.000024

Tangential induction factor 0.000039

Blade [Time] [Blade 1]

Root force (magnitude) 0.000070

Root moment (out-of-plane) | 0.000207

Root moment (in-plane) 0.000005
H Rot
10 ms RPM 10 pitch 20 orer
Torque (aero) 0.000202
Thrust (aero) 0.000001

Blade- Station [Blade 1] 2

Cd 0.000036
Cl 0.000037
Axial induction factor 0.000024

Tangential induction factor 0.000039

Blade [Time] [Blade 1]

Root force (magnitude) 0.000143

Root moment (out-of-plane) 0.000018

Root moment (in-plane) 0.000053
H Rot
10 ms - unsteady BEM pitch 20 otor
Torque (aero) 0.000017
Thrust (aero) 0.000035

Blade- Station [Blade 1] 2

Cd 0.000457
Cl 0.000033
Axial induction factor 0.000011

Tangential induction factor 0.000430

Blade [Time] [Blade 1]

Root force (magnitude) 0.000177

Root moment (out-of-plane) 0.000029

Root moment (in-plane) 0.000022
H Rot:
5 ms - unsteady BEM pitch 20 otor
Torque (aero) 0.000131
Thrust (aero) 0.000254

Blade- Station [Blade 1] 2

Cd 0.000038
Cl 0.000036
Axial induction factor 0.000023

Tangential induction factor 0.000042

Blade [Time] [Blade 1]

Root force (magnitude) 0.000071

Root moment (out-of-plane) | 0.000208

Root moment (in-plane) 0.000007

Rotor




10 ms RPM 10 - unsteady BEM pitch 20 |™0 @ 0000211
Thrust (aero) 0.000003
Blade- Station [Blade 1] 2
Cd 0.000044
Cl 0.000033
Axial induction factor 0.000019
Tangential induction factor 0.000051
Blade [Time] [Blade 1]

Root force (magnitude) 0.000140
Root moment (out-of-plane) | 0.000014
Root moment (in-plane) 0.000045

10 ms twist Rotor
Torque (aero) 0.000058
Thrust (aero) 0.000016
Blade- Station [Blade 1] 2
Cd 0.000459
Cl 0.000034
Axial induction factor 0.000009
Tangential induction factor 0.000427
Blade [Time] [Blade 1]

Root force (magnitude) 0.000129
Root moment (out-of-plane) 0.000000
Root moment (in-plane) 0.000124

5 ms twist Rotor
Torque (aero) 0.000036
Thrust (aero) 0.000051
Blade- Station [Blade 1] 2
Cd 0.000036
Cl 0.000037
Axial induction factor 0.000024
Tangential induction factor 0.000039
Blade [Time] [Blade 1]

Root force (magnitude) 0.000031
Root moment (out-of-plane) 0.000045
Root moment (in-plane) 0.000031

10 ms RPM 10 twist Rotor
Torque (aero) 0.000036
Thrust (aero) 0.000051
Blade- Station [Blade 1] 2
Cd 0.000036
Cl 0.000037
Axial induction factor 0.000024
Tangential induction factor 0.000039
Blade [Time] [Blade 1]

Root force (magnitude) 0.000104
Root moment (out-of-plane) | 0.000445
Root moment (in-plane) 0.000117

Rotor




10 ms - unsteady BEM twist Toraue (aero) 0000055
Thrust (aero) 0.000015
Blade- Station [Blade 1] 2
Cd 0.000457
Cl 0.000033
Axial induction factor 0.000011
Tangential induction factor 0.000430
Blade [Time] [Blade 1]

Root force (magnitude) 0.000128
Root moment (out-of-plane) | 0.000000
Root moment (in-plane) 0.000121

5 ms - unsteady BEM twist Roter
Torque (aero) 0.000033
Thrust (aero) 0.000051
Blade- Station [Blade 1] 2
Cd 0.000038
Cl 0.000036
Axial induction factor 0.000023
Tangential induction factor 0.000042
Blade [Time] [Blade 1]

Root force (magnitude) 0.000030
Root moment (out-of-plane) 0.000045
Root moment (in-plane) 0.000033

10 ms RPM 10 - unsteady BEM twist Roter
Torque (aero) 0.000025
Thrust (aero) 0.000048
Blade- Station [Blade 1] 2
Cd 0.000044
Cl 0.000033
Axial induction factor 0.000019
Tangential induction factor 0.000051
Blade [Time] [Blade 1]

Root force (magnitude) 0.000106
Root moment (out-of-plane) 0.000447
Root moment (in-plane) 0.000129

Load case: 10 ms
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Rotor
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Root moment (in-plane)
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Load case: 10 ms RPM 10
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Axial induction factor

0.04 |-

0.03 |-

0.02 -

0.005

0.004

0.003

0.002

0.001

Time [s]

Tangential induction factor

Time [s]

Blade [Time] [Blade 1]

Root force (magnitude)

0.3 -

0.15 |-

0.1

Time [s]

| Ashes

10 ms RPM 10
10
_ Ashes

10 ms RPM 10
10
| Ashes

10 ms RPM 10
10

14



Root moment (out-of-plane)
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Load case: 10 ms - unsteady BEM
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Load case: 5 ms - unsteady BEM
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Rotor
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19



1.25

0.5

0.5

0.4

0.3

0.2

0.1

0.05

0.04

0.03

0.02

4 6
Time [s]
Cl
" | " " " | "
4 6
Time [s]

Axial induction factor

Time [s]

Ashes

5 ms - unsteady BEM

Ashes

5 ms - unsteady BEM

Ashes

5 ms - unsteady BEM

20



0.005

0.004

0.003

0.002

0.001

Tangential induction factor

Time [s]

Blade [Time] [Blade 1]

Root force (magnitude)

10

0.08

0.06 (-

0.04 |-

0.02 -

Time [s]

Root moment (out-of-plane)

10

0.3

0.2 -

0.15 |-

0.1 -

Time [s]

10

Ashes

5 ms - unsteady BEM

Ashes

5 ms - unsteady BEM

Ashes

5 ms - unsteady BEM
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Root moment (in-plane)
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Load case: 10 ms RPM 10 - unsteady BEM

Rotor
Torque (aero)

0.1 -

0.075 - 4
| Ashes

0.05 |- 1 10 ms RPM 10 - unsteady BEM

0.025 -

Time [s]



0.8

0.6

0.4

0.2

Thrust (aero)

Time [s]

Blade- Station [Blade 1] 2

1.25

0.75

0.5

0.25

0.5

0.4

0.3

0.2

0.1

Cd
I n n n
4 6
Time [s]
Cl
I n n n
4 6
Time [s]

Ashes

10 ms RPM 10 - unsteady BEM

Ashes

10 ms RPM 10 - unsteady BEM

Ashes

10 ms RPM 10 - unsteady BEM

23



Axial induction factor
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Ashes

10 ms RPM 10 - unsteady BEM pitch 20

Ashes

10 ms RPM 10 - unsteady BEM pitch 20

Ashes

10 ms RPM 10 - unsteady BEM pitch 20
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0.05

0.04

0.03

0.02

Axial induction factor

Time [s]

Tangential induction factor

=
o

Time [s]

Blade [Time] [Blade 1]

0.3

0.25

0.2

0.1

0.05

Root force (magnitude)

=
o

Time [s]

=
o

Ashes

10 ms RPM 10 - unsteady BEM pitch 20

Ashes

10 ms RPM 10 - unsteady BEM pitch 20

Ashes

10 ms RPM 10 - unsteady BEM pitch 20
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Root moment (out-of-plane)

0.8 -

0.6 -

0.4

Time [s]

Root moment (in-plane)

=
o

0.3 -

0.2 -

0.1

Time [s]

Load case: 10 ms twist

Rotor

=
o

Ashes

10 ms RPM 10 - unsteady BEM pitch 20

Ashes

10 ms RPM 10 - unsteady BEM pitch 20
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Torque (aero)

0.6 -

i Ashes

0L | 10 ms twist

0.2

Time [s]

Thrust (aero)

0.8

0.6 -

i Ashes

0.4 |- 1 10 ms twist

0.2 -

Time [s]

Blade- Station [Blade 1] 2
Cd

i Ashes

0.5 - 1 _ 10 mstwist

Time [s]



Cl

07 [

0.6 -

0.5 |-

0.4 -

0.3 -

0.2

0.1 -

Time [s]

Axial induction factor

0.04

0.02

0.01

0.125

0.1

0.075

0.05

0.025

Time [s]

Tangential induction factor

Time [s]

Blade [Time] [Blade 1]

a Ashes

10 ms twist
10
i Ashes

10 ms twist
10
] Ashes

10 ms twist
10
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0.3

0.2

0.15

0.1

0.8

0.6

0.4

0.2

0.2

0.1

Root force (magnitude)

Time [s]

Root moment (out-of-plane)

Time [s]

Root moment (in-plane)

Time [s]

Load case: 5 ms twist

i Ashes

10 ms twist
10
i Ashes

10 ms twist
10
B Ashes

10 ms twist
10
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Rotor
Torque (aero)

0.2

_ Ashes

0.1 i- 1 5 ms twist

0.05 |-

Time [s]

Thrust (aero)

0.2

_ Ashes

0.1 - 4 5 ms twist

Time [s]

Blade- Station [Blade 1] 2



0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.05

0.04

Cd

4 6
Time [s]
Cl
" | " " " |
4 6
Time [s]

Axial induction factor

Time [s]

Ashes

5 ms twist

Ashes

5 ms twist

Ashes

5 ms twist
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0.04

0.03

0.02

0.01

Tangential induction factor

Time [s]

Blade [Time] [Blade 1]

0.08

0.04

0.02

0.2

0.1

Root force (magnitude)

Time [s]

Root moment (out-of-plane)

Time [s]

_ Ashes

5 ms twist
10
| Ashes

5 ms twist
10
| Ashes

5 ms twist
10
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0.06

0.05

0.04

Root moment (in-plane)

Time [s]

Load case: 10 ms RPM 10 twist

Rotor

0.8

0.6

0.4

0.2

Torque (aero)

Time [s]

10

10

Ashes

5 ms twist

Ashes

10 ms RPM 10 twist
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0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Thrust (aero)

0 ‘2 ‘ Jl 10
Time [s]
Blade- Station [Blade 1] 2
Cd
I ‘ I 1
0 2 4 10
Time [s]
Cl
I ‘ I 1
0 2 4 10
Time [s]

Ashes

10 ms RPM 10 twist

Ashes

10 ms RPM 10 twist

Ashes

10 ms RPM 10 twist
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Axial induction factor

Time [s]

Tangential induction factor

=
o

0.04 |-

0.03 |-

0.02 -

Time [s]

Blade [Time] [Blade 1]
Root force (magnitude)

=
o

0.3 -

0.2 -

0.15 |-

0.05 -

Time [s]

=
o

Ashes

10 ms RPM 10 twist

Ashes

10 ms RPM 10 twist

Ashes

10 ms RPM 10 twist
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Root moment (out-of-plane)

0.6 -

0.2

Time [s]

Root moment (in-plane)

0.25

0.2 - _

Time [s]

Load case: 10 ms - unsteady BEM twist

Rotor

Ashes

10 ms RPM 10 twist

Ashes

10 ms RPM 10 twist
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0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Torgque (aero)

Time [s]

Thrust (aero)

=
o

Time [s]

Blade- Station [Blade 1] 2

0.5

0.25

Cd

=
o

Time [s]

=
o

Ashes

10 ms - unsteady BEM twist

Ashes

10 ms - unsteady BEM twist

Ashes

10 ms - unsteady BEM twist
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0.7 |

0.6 -

Ashes
0.4 -

03 10 ms - unsteady BEM twist

0.2 -

(=}
N
IN
o
©
-
o

Time [s]

Axial induction factor

0.04 (-

Ashes

10 ms - unsteady BEM twist
0.02 -

o
N
»
()]
o]
=
o

Time [s]

Tangential induction factor

0.125 ————— ————— T —————

0.075 - Ashes

10 ms - unsteady BEM twist
0.05 |-

0.025 -

o
N
B
o
[oc]
=
o

Time [s]

Blade [Time] [Blade 1]
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0.3

0.2

0.15

0.1

0.8

0.6

0.4

0.2

0.2

0.1

Load case: 5 ms - unsteady BEM twist

Root force (magnitude)

Time [s]

Root moment (out-of-plane)

=
o

Time [s]

Root moment (in-plane)

=
o

Time [s]

=
o

Ashes

10 ms - unsteady BEM twist

Ashes

10 ms - unsteady BEM twist

Ashes

10 ms - unsteady BEM twist




Rotor
Torque (aero)

0.2

0.05 |-

Time [s]

Thrust (aero)

10

0.2 -

0.1 -

Time [s]

Blade- Station [Blade 1] 2

10

Ashes

5 ms - unsteady BEM twist

Ashes

5 ms - unsteady BEM twist
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0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.05

0.04

4 6
Time [s]
Cl
" | " " " | "
4 6
Time [s]

Axial induction factor

Time [s]

Ashes

5 ms - unsteady BEM twist

Ashes

5 ms - unsteady BEM twist

Ashes

5 ms - unsteady BEM twist
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Tangential induction factor

0.04 -

0.03 |-

0.01 -

_ Ashes

5 ms - unsteady BEM twist

Time [s]

Blade [Time] [Blade 1]

Root force (magnitude)

10

0.08

0.04 |-

0.02 -

| Ashes

5 ms - unsteady BEM twist

Time [s]

Root moment (out-of-plane)

10

0.2 -

0.1 -

| Ashes

5 ms - unsteady BEM twist

Time [s]

10
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Root moment (in-plane)

0.06 -

0.05 - -

Ashes

5 ms - unsteady BEM twist

Time [s]

Load case: 10 ms RPM 10 - unsteady BEM twist

Rotor
Torque (aero)

0.6 -

_ Ashes

0.4 El 10 ms RPM 10 - unsteady BEM twist

0.2 -

Time [s]



0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

0.8

0.6

0.4

0.2

Thrust (aero)

I _ Ashes
| ] 10 ms RPM 10 - unsteady BEM twist
R B B 1
0 2 4 6 10
Time [s]
Blade- Station [Blade 1] 2
Cd
T~ 2| Ashes
| 10 ms RPM 10 - unsteady BEM twist
n P I n n n I n n n I ]
0 2 4 6 10
Time [s]
Cl
| Ashes
| 10 ms RPM 10 - unsteady BEM twist
n P I n n n I n n n I ]
0 2 4 6 10
Time [s]

63



Axial induction factor

_ Ashes

10 ms RPM 10 - unsteady BEM twist

Time [s]

induction factor

10

0.04 |-

0.03 |-

0.02 -

] Ashes

10 ms RPM 10 - unsteady BEM twist

Blade [Time] [Blade

Time [s]

1]

Root force (magnitude)

10

0.3 -

0.2 -

0.1

0.05 -

] Ashes

10 ms RPM 10 - unsteady BEM twist

Time [s]

10
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0.8

0.6

0.4

0.2

0.25

0.2

0.1

Root moment (out-of-plane)

_ Ashes

10 ms RPM 10 - unsteady BEM twist

Time [s]

Root moment (in-plane)

10

_ Ashes

10 ms RPM 10 - unsteady BEM twist

Time [s]

10
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