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numerical investigations have modeled inlet distortions as temporally
invariant. This study presents the first assessment of fan performance under

Keywords: dynamic total pressure distortion. The results enable detailed
Inlet distortion characterization of unsteady distortion effects and their implications for
Axial fan compressor design. A stability analysis based on the rotational stall
Turbqfan engine mechanism quantifies compressor response under clean and distorted inflow
E&tl?tégﬁ stall scenarios. The propagation speed of stall cells decreases from 37% of rotor

speed in clean conditions to 35% under dynamic distortion. Stall cells
increase from 1.82 to 2.01 while their size expands across the entire rotor
passage. Overall, dynamic total pressure distortion compromises fan stability
by amplifying the severity and onset of rotational stall.
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Fig. 2. Front view of rotor 37 [16].
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Table 1. Boundary conditions [16].

Total Pressure 101325 Pascal
Total Temperature 288 kelvin
Rotational speed 1800 Rad/s
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Table 2. Aerothermodynamic performance of the fan.

Inlet Mass Flow Rate 86.0046 [kg s™-1]
Inlet Volume Flow Rate 73.1713 | [m"3 sM-1]
Total Pressure Ratio 2.5472

Total Temperature Ratio 1.3800
Total-to-Total Isentropic

Efficiency % 817912
Total-to-Total

Polytrophic Efficiency % 84.0014
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Fig. 6. 3D diagram of the first row of the axial fan rotor of an
aero engine.
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Fig. 4. Comparison of numerical results with reference
experimental data of [16].
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Fig. 4. Comparison of numerical results with reference
experimental data of [16].
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Fig. 5. Meridian diagram of a three-stage fan of an air engine.
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Fig. 7. 3D distortion geometry and its related sketches.
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Fig. 13. Computational mesh of the blade surface along with
the distortion surface mesh.
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Fig. 10. Mesh generated for the first row of the fan rotor with input and
output.
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Fig. 11. Mesh generated in a section of the domain.



Ladlon pwtizs )3 (5ygl
OV /v aiparr oo

Interface 1 lnle'rface 2
1
. 1 2 ,
Region: | _ ! ﬂ', Region:
Inlet \ | § . Outlet
Region
Distortion” ™" = - -
____—»BC: Outlet
BC: llllt'l/
" Rotor

Zroe] o iald g by (clamaials ol yos s v yuusd il g (g5p0 bail s — YV F S

Fig. 14. Boundary conditions and interfaces with flow domains
and distortion surface domain.
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Table 3. Boundary conditions.

s Steady-State & Transient
i (RANS- SST k-w)
Total Pressure 101,325
[pa] (Clean
P Condition)
1 Inlet Total
Temperature 300
[KI]
Corrected Mass
2 Outlet Flow [kg/s] 80
Rotational
3 Speed 10,000 [RPM]

1. Probe
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Fig. 17. Total pressure distribution at the inlet in clean
conditions (without distortion).

D180_Ring 1

%Delta_PO1
>14

10.9
I778
4.67

REIERIng |

oo o) b o051 glogel b bl 53 (63959 5 JS 5L iy —VA JSG
OB Ky, o bl sladasuie Glulxe
Fig. 18. Total pressure distribution at the inlet in the condition

with distortion at 0.06 seconds (along with calculations of
distortion characteristics in rings 1 to 5).
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Fig. 16. Probes for rotational stall analysis.
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Fig. 21. Extentin rings 1 to 5 under distortion conditions at
0.06 and 0.0746 seconds.
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distortion conditions at 0.06 and 0.0746 seconds.
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Fig. 19. Total pressure distribution at the inlet in the condition
with distortion at 0.0746 seconds (along with calculations of
distortion characteristics in rings 1 to 5).
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Fig. 26. Mass flow rate changes over 13.5 cycles (clean
conditions and dynamic distortion).
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Fig. 23. Pressure drop variation trend over 13.5 cycles (clean
conditions and dynamic distortion).
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Fig. 24. Trend of changes in total to total efficiency over 13.5
cycles (clean and dynamic distortion conditions).
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Fig. 29. Trend of changes in the size of the stall cells during 13.5
rounds (clean conditions and dynamic distortion).
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Fig. 30. Distribution of stall cells in the circumferential direction on
fan blades in clean conditions.

w9 SNk (99959 JS HUid (Selod glagel 13U (g0 )y

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
-3.10E+06 N " N L N N s N N s N N "

-3.15E+06
-3.20E+06
-3.25E+06

POWER [W]

-3.30E+06
-3.35E+06
-3 40E+06

-3 45E+06

FAN ROTATION

(Sl glogel 5 5 Laly3) 159 IO b > e ol s s, VY S5

Fig. 27. Trend of power consumption changes during 13.5 cycles
(clean conditions and dynamic distortion).
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Fig. 28. Trend of change in contact angle during 13.5 cycles
(clean conditions and dynamic distortion).
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Fig. 35. Flow lines in a first-row rotor housing in clean 46 [ VFF )3 glogel s

conditions. Fig. 32. Distribution of stall cells in the circumferential direction

on fan blades under distorted conditions at 0.0746 seconds.

Plesl bl o Jol crdy y5g) aaase G 3 ol ys bslad -Ys J&M’B
gl /o5 ees bl 3 (8 sloy g9y 3 9 Clacsyy Jil sy Joko —FY JSS

Fig. 36. Streamlines in a first-row rotor housing under Fig. 33. Stall cells on the hub and on the fan blades in clean
conditions with distortion at 0.06 seconds. conditions.
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Fig. 39. Pressure distribution at the rotor outlet in clean
conditions.
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Fig. 41. Rotational stall wave propagation pattern under
dynamic distortion conditions.
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Table 4. Summary of rotational stall analysis results for clean
and distorted conditions.

Clean Distorted
Tcr 0.0161 0.0171
Tosc 0.0088 0.0085
O 0.37 0.35
N 1.82 2.01
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Fig. 40. Rotational stall wave propagation pattern in clean

conditions.
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