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Influence of Surface Roughness on the Aerodynamic Performances
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ABSTRACT

This study investigates the aerodynamic effects of blade surface roughness under varying altitude conditions relevant to
high-altitude operation of military aircraft engines. To analyze the flow behavior and performance variations induced by surface
roughness, a three-dimensional Reynolds-averaged Navier-Stokes (RANS) simulation was conducted using NASA Rotor 67 as
the base geometry. The commercial CFD software ANSYS CFX was employed, and grid independence was ensured through
the Grid Convergence Index (GCI) method. To capture the transition-sensitive boundary layer behavior, the Shear Stress
Transport (SST) Gamma-Theta transition turbulence model was applied. In order to represent flight conditions at various
altitudes, a Reynolds Number Index (RNI) ranging from 0.3 to 1.0 was introduced to define the inlet flow regime. Three blade
configurations with different surface roughness levels were modeled and compared. The analysis focused on changes in
boundary layer characteristics, pressure ratio, and surge margin, highlighting the role of surface roughness under varying RNI
conditions. Specifically, the boundary layer thickness, flow separation and reattachment locations, and the structure of shock
waves were found to change depending on the surface roughness and RNI. Consequently, these changes led to variations in

the aerodynamic performance and flow stability of the compressor.
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Fig. 3 NASA Rotor 67

Table 1 Design specifications of NASA Rotor 67

Design parameters Value
Number of blades [EA] 22
Rotational speed [rpm] 16,043

Tip speed [m/s] 429
Mass flow rate [kg/s] 33.25
Pressure ratio [-] 1.63
Tip Radius at L.E. [mm] 257

Tip clearance [mm] 1.016
Inlet hub to tip ratio [-] 0.375
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Table 2 Inlet boundary conditions according to altitudes

Altitude Total Pressure Total Temperature RNI
[m] [kPa] [K]
0 101.325 288.15 1.00
2,000 76.51 275.15 0.80
5,000 52.15 255.68 0.60
8,000 35.25 236.21 045
10,000 22.15 223.25 0.30
o= w B Y 27E Rolsigon, Yol Fof
2 Y g Ao YA Z/MIA e SEHS

Near—stall A|Ao 2 Tdsloict

Eole ¥ =& BEARH] $6te] Sand—grain
roughness model®] Al4(K,) 5.8632 ARSI, BAHA
ol Eelole W 7y e LEske] Ak Hat 2%=(R.)
£ 1.0um (Medium roughness, R,1.0) ¥ 3 2um (High
R.3.2)2 743}, R.7F 0.0um (Smooth
wall, SW)OI 395 HuSkeI, ok, EH k=9 o]

2 4 vislo] W2 2R-1R do| BAL mr} FUa
AR 998ke] Shear stress transport (SST) Gamma-—
Theta W 22® ARgs1gIc)

roughness,

3.3 AXL o|EY Al

ANSYS Turbogrids &3t AAAE FAslen,
SEa duie] G oA A% 24 AR 9
3lo Grid convergence index (GCI) WS 2838191,
Table 30| 235 Uefgich

GCI= Richardson €4PHE 7|WEe 2 {584 Axutet
ojarast Afole] 2AE HrASlo] Ake] $HE U olAts
LFE WEsH= 7olnh & ATRollA ANEE N1 AR A=

Table 3 Grid convergence index

NL“;ESZ of Value Pﬁ’i&? Value
NI 3,590,000 F1 0.922
N2 1,630,000 F2 0.922
N3 730,000 F3 0.924

GCI parameters
hl 0.006531 21 1.301
h2 0.008497 32 1.307
h3 0.011106 21 0.000
p 5.147 €32 0.002
q -0.032 €21 0.00043
S 1.000 €32 0.00173
Fex21 0.92186 GCleoarse32 0.07293
Cexi2] 0.00015 GCline21 0.01886
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Table 4 Comparison of peak efficiency and surge margin

SW R,1.0 R.3.2
Peak efficiency [%] 92.1 91.8 91.3
Surge margin [%] 9.87 9.28 9.17
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