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Abstract 
This paper presents the results of a series of wind tunnel tests on aerodynamic interaction between the rotor and the 

fuselage. A model rotor test stand JMRTS (JAXA Multi-purpose Rotor Test System) has been used to obtain 
time-averaged and ensemble-averaged data such as pressure on the blades and fuselage, rotor forces and moments. The 
blade motions were also calibrated in terms of the collective pitch, flapping and lead-lag angles under both hovering 
and forward flight conditions. The fuselage of JMRTS is designed after a typical helicopter shape. In the hover cases, it 
was confirmed that when the rotor thrust was increased, pressure fluctuations on the fuselage increased in amplitude, 
with the downwash intensified. Moreover, it was spotted in the forward flight cases that time-average pressure 
distribution measured along a crossline of the fuselage is so asymmetric that the pressure on the retreating side is lower 
than that on the advancing side. Furthermore, the authors underpinned that the average pressure measured on the 
fuselage was expressly subject to the rotor downwash when the advance ratio was less than 0.1, while it appeared less 
affected when the advance ratio was more than 0.1. Consequently, an experimental database, which shall be disclosed to 
the public for validating CFD codes, was successfully established. 
 
Key Words: Helicopter, Aerodynamics, Wind tunnel testing, Rotor/Fuselage Interaction, JMRTS 
 

 
(JAXA) JAXA 

Multi-purpose Rotor Test System, JMRTS

=0.1 =0.1
CFD

This document is provided by JAXA.



 

 
 

JMRTS JAXA Multi-purpose Rotor Test System 
2  

V   
T  
  

a  
M   

  
Vtip  
Mtip  

  

s   
N  
CX  
CY  
CT  
CMX  
CMY  
CMZ  
CQ CQ = -CMZ 
c  
R  
r  

  

0  

1c  

1s  

0  

1c  

1s  

0  

1c 1 cosine  

1s 1 sine  
Cp  V  
Cpa a  
Cptip Vtip  
 (Skew angle) 
  

 
  

CFD

1)  

2)  

GT 3)

ROBIN(Rotor 
Body INteraction)4) Dauphin 365N

5) ROBIN
CFD 6)

ROBIN

JAXA CFD 1)

 
JAXA

JAXA Multi-purpose Rotor Test System, JMRTS

2 宇宙航空研究開発機構研究開発報告　 JAXA–RR–10–003

This document is provided by JAXA.



 
 

CFD

 
 

1
JAXA 6.5m×5.5m

6 2

1
32Ch

 
 

Helicopter modelHelicopter model

 

1  
 

Z

Y

X

CX

CY

CT

CMZ=-CQ

CMX

CMY
1S

1C

V

R

 
2 6  

 
 

1  
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2 Fy ±5V
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9 Pf3 ±10V

10 Pf4 ±10V
11 Pf5 ±10V
12 Pf6 ±10V
13 Pf7 ±10V
14 Pf8 ±10V
15 Pf9 ±10V
16 Pf10 ±10V
17 Pf11 ±10V
18 Pf12 ±10V
19 Pf13 ±10V
20 Pf14 ±10V
21 Pf15 ±10V
22 Pblade11 ±10V
23 Pblade12 ±10V
24 Pblade13 ±10V
25 Pblade14 ±10V
26 SGblade1 ±5V
27 Gsensor1 ±5V
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M 0 0.015 0.029 0.044 0.059 0.073 0.088 0.102 0.117 0.132 0.146 0.161
M tip 0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.561 0.561 0.560 0.560 0.559

 S -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2
0.00 0.03 0.05 0.08 0.10 0.13 0.16 0.18 0.21 0.23 0.26 0.29

0 11.89 11.24 10.49 9.61 9.33 9.00 8.95 8.90 8.97 8.80 9.05 9.06
1C 0.00 1.48 2.43 2.40 2.17 2.06 1.97 1.99 2.09 2.06 1.98 2.04
1S 0.01 -0.20 -0.30 -0.65 -0.82 -0.93 -1.19 -1.35 -1.51 -1.74 -1.83 -2.16
0 1.12 0.90 0.84 0.57 0.76 0.63 0.66 0.70 0.74 0.57 0.78 0.69

1C 0.00 -0.08 -0.04 0.04 -0.03 0.02 0.00 0.02 0.09 0.14 0.01 0.02
1S 0.03 -0.04 -0.06 0.03 -0.14 -0.05 -0.14 -0.15 0.00 -0.12 -0.01 -0.04

C T 0.0029 0.0029 0.0029 0.0028 0.0029 0.0029 0.0028 0.0028 0.0029 0.0028 0.0029 0.0029  
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CASE 1 2 3 4 5 6 7
M 0 0.015 0.029 0.044 0.059 0.073 0.088
M tip 0.315 0.315 0.315 0.315 0.315 0.314 0.314

 S -2 -2 -2 -2 -2 -2 -2
0 0.0473 0.0932 0.14 0.1864 0.2327 0.2798

0 14.96 13.93 12.59 11.97 11.83 11.85 12.15
1C 0.27 2.98 3.26 -3.01 2.91 2.97 3.02
1S 0.13 -0.78 -0.97 1.52 -2.13 -2.68 -3.32
0 1.06 0.99 0.94 1.02 0.99 0.97 0.97

1C -0.04 0.09 0.08 -0.11 0.07 0.09 0.09
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CASE 1 2 3 4 5 6 7 8 9 10 11 12
M 0 0.015 0.029 0.044 0.059 0.073 0.088 0.102 0.117 0.131 0.146 0.161
M tip 0.561 0.561 0.561 0.561 0.561 0.561 0.561 0.560 0.560 0.560 0.559 0.559

 S -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2
0 0.03 0.05 0.08 0.1 0.13 0.16 0.18 0.21 0.23 0.26 0.29

0 11.94 13.48 12.66 12.02 11.41 11.21 11.01 10.84 10.78 10.73 10.77 10.85
1C 0.02 1.76 3.01 3.30 3.15 2.93 2.72 2.74 2.66 2.69 2.76 2.76
1S -0.03 -0.49 -0.78 -1.09 -1.47 -1.74 -2.08 -2.33 -2.57 -2.85 -3.21 -3.50
0 1.17 1.40 1.13 1.17 1.20 1.34 1.29 1.17 1.09 1.05 0.94 0.90

1C -0.05 0.12 0.14 0.13 0.17 0.18 0.05 0.21 0.18 0.21 0.24 0.23
1S -0.03 -0.04 -0.03 -0.02 -0.17 -0.14 -0.14 -0.08 -0.07 -0.05 -0.02 0.04

C T 0.0029 0.0047 0.0047 0.0047 0.0047 0.0048 0.0048 0.0047 0.0048 0.0048 0.0048 0.0048  
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-0.2167 -0.3331 -0.2033 -0.3462 -0.1827 -0.3647 -0.1590 -0.4014 -0.1094 -0.3889
-0.2167 -0.3650 -0.2062 -0.3742 -0.1870 -0.3892 -0.1589 -0.4229 -0.1113 -0.4168
-0.2167 -0.3967 -0.2065 -0.4216 -0.1874 -0.4308 -0.1584 -0.4299 -0.1107 -0.4268

X=0.8X=0.4 X=0.5 X=0.6 X=0.7
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3.1 (Mtip=0.188)  
 

M 0 0 0 0 0 0 0 0
M tip 0.188 0.188 0.188 0.188 0.188 0.188 0.188 0.188

 S 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

C T -0.0004 -0.0002 0.0003 0.0014 0.0028 0.0046 0.0064 0.0076

Pf 1 0.000 -0.001 -0.008 -0.006 -0.039 -0.012 -0.044 -0.049
Pf 2 -0.001 -0.003 -0.002 0.007 0.012 0.016 0.014 0.022
Pf 3 -0.001 -0.003 -0.002 0.003 0.005 0.004 0.001 0.004
Pf 4 -0.010 -0.009 -0.009 -0.005 0.001 0.000 -0.002 -0.001
Pf 5 0.000 -0.001 -0.007 -0.010 -0.021 -0.003 -0.009 -0.017
Pf 6 -0.005 -0.006 -0.008 -0.011 -0.019 -0.007 -0.011 -0.018
Pf 7 -0.007 -0.008 -0.005 -0.003 -0.004 -0.001 -0.002 -0.004
Pf 8 -0.011 -0.012 -0.009 -0.005 0.003 -0.001 0.000 0.003
Pf 9 -0.007 -0.009 -0.006 -0.004 0.005 -0.002 0.001 0.002

Pf 10 -0.004 -0.007 -0.006 -0.006 -0.007 -0.007 -0.004 -0.010
Pf 11 -0.008 -0.008 0.001 0.006 0.008 0.008 0.009 0.014
Pf 12 -0.003 -0.003 0.007 0.016 0.022 0.028 0.031 0.048
Pf 13 -0.001 -0.003 0.002 0.013 0.021 0.031 0.037 0.055
Pf 14 0.000 -0.001 -0.003 0.007 0.018 0.029 0.035 0.047
Pf 15 0.000 -0.001 -0.006 -0.011 -0.023 -0.032 -0.049 -0.062

C X -3.6E-06 -1.5E-05 -1.4E-05 -6.7E-05 -9.6E-05 -1.9E-04 -1.8E-04 -3.9E-04
C Y -7.7E-05 -8.0E-05 -9.0E-05 -8.4E-05 -1.0E-04 -7.2E-05 -1.4E-04 -1.9E-04

C MX 3.9E-05 3.3E-05 2.0E-05 4.8E-05 2.0E-05 5.5E-05 2.4E-07 5.2E-05
C MY -1.3E-05 -2.6E-06 9.4E-06 -1.5E-05 4.5E-05 2.3E-05 1.5E-04 -8.9E-05
C Q 1.1E-04 9.5E-05 1.0E-04 1.4E-04 2.3E-04 4.0E-04 5.6E-04 7.6E-04

0 5.43 6.62 8.47 10.55 12.73 14.92 17.00 18.88
1C 0.08 -0.01 0.03 -0.03 -0.03 -0.08 -0.32 0.59
1S -0.06 -0.04 -0.06 -0.03 -0.08 -0.01 0.17 -0.10
0 -0.01 -0.01 0.04 0.33 0.66 0.99 1.27 1.52

1C 0.00 -0.01 0.04 -0.02 -0.03 0.01 -0.09 0.07
1S -0.08 -0.06 -0.09 -0.05 -0.12 -0.09 -0.06 0.18
0 -2.11 -2.15 -2.21 -2.14 -2.06 -2.09 -2.09 -2.13

1C 0.00 -0.02 0.04 -0.04 -0.04 -0.02 -0.10 -0.06
1S -0.08 -0.05 -0.09 -0.04 -0.12 -0.08 -0.06 -0.03

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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3.2 (Mtip=0.314)  
 

M 0 0 0 0 0 0 0
M tip 0.314 0.314 0.314 0.314 0.314 0.314 0.314

 S 0 0 0 0 0 0 0
0 0 0 0 0 0 0

C T 0.0001 0.0004 0.0014 0.0030 0.0046 0.0065 0.0083

Pf 1 -0.009 -0.022 -0.036 -0.104 -0.128 -0.142 -0.147
Pf 2 -0.016 -0.010 0.001 0.036 0.042 0.079 0.086
Pf 3 -0.026 -0.017 -0.008 0.016 0.022 0.039 0.043
Pf 4 -0.036 -0.026 -0.017 0.008 0.022 0.027 0.012
Pf 5 -0.014 -0.031 -0.021 -0.045 -0.040 -0.051 -0.047
Pf 6 -0.033 -0.035 -0.026 -0.034 -0.026 -0.034 -0.025
Pf 7 -0.030 -0.018 -0.010 0.003 0.010 0.010 0.018
Pf 8 -0.029 -0.017 -0.007 0.012 0.028 0.030 0.022
Pf 9 -0.022 -0.014 -0.003 0.011 0.027 0.024 0.022

Pf 10 -0.020 -0.019 -0.009 -0.010 -0.001 -0.004 0.008
Pf 11 -0.019 -0.003 0.009 0.027 0.041 0.054 0.064
Pf 12 0.000 0.015 0.031 0.055 0.079 0.099 0.115
Pf 13 -0.007 0.003 0.023 0.057 0.090 0.116 0.142
Pf 14 -0.015 -0.014 0.006 0.041 0.076 0.113 0.143
Pf 15 -0.012 -0.018 -0.038 -0.062 -0.093 -0.134 -0.155

C X 2.6E-06 -4.1E-06 -3.5E-05 -8.7E-05 -1.4E-04 -2.1E-04 -3.1E-04
C Y -6.8E-05 -8.2E-05 -9.3E-05 -1.0E-04 -1.4E-04 -2.0E-04 -2.9E-04

C MX 1.2E-05 -2.4E-06 -2.3E-05 -2.1E-05 -9.8E-06 -8.0E-06 -1.8E-05
C MY -4.4E-06 -7.4E-06 -1.0E-06 9.6E-06 3.8E-05 5.5E-05 1.3E-05
C Q 8.9E-05 9.3E-05 1.3E-04 2.4E-04 3.6E-04 5.6E-04 7.5E-04

0 7.12 8.22 10.19 12.59 14.45 16.74 18.65
1C 0.11 0.02 0.05 0.07 0.28 0.30 0.38
1S 0.20 0.31 0.33 0.26 0.17 0.13 0.13
0 0.01 0.04 0.29 0.46 0.68 1.14 1.40

1C 0.02 -0.02 0.02 0.05 0.03 0.06 0.04
1S -0.03 -0.01 0.02 -0.05 0.03 -0.02 0.11
0 -1.78 -1.82 -1.80 -1.93 -1.97 -1.79 -2.00

1C 0.02 -0.03 0.02 0.05 0.02 0.07 0.04
1S -0.02 0.00 0.02 -0.06 0.03 -0.04 0.05

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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3.3 (Mtip=0.417)  
 

M 0 0 0 0 0 0
M tip 0.471 0.471 0.471 0.471 0.471 0.471

 S 0 0 0 0 0 0
0 0 0 0 0 0

C T 0.0000 0.0004 0.0017 0.0029 0.0045 0.0064

Pf 1 -0.010 -0.051 -0.084 -0.207 -0.317 -0.316
Pf 2 -0.023 -0.008 0.029 0.093 0.147 0.113
Pf 3 -0.031 -0.011 0.024 0.073 0.111 0.087
Pf 4 -0.060 -0.029 -0.005 0.039 0.075 0.063
Pf 5 -0.023 -0.057 -0.054 -0.127 -0.152 -0.157
Pf 6 -0.052 -0.047 -0.035 -0.074 -0.075 -0.086
Pf 7 -0.048 -0.017 0.013 0.016 0.034 0.025
Pf 8 -0.050 -0.019 0.005 0.055 0.092 0.081
Pf 9 -0.039 -0.010 0.010 0.059 0.079 0.091

Pf 10 -0.033 -0.025 -0.004 0.016 0.009 0.053
Pf 11 -0.027 0.008 0.065 0.087 0.112 0.143
Pf 12 -0.004 0.030 0.093 0.124 0.172 0.227
Pf 13 -0.013 0.012 0.083 0.127 0.197 0.264
Pf 14 -0.023 -0.021 0.048 0.102 0.168 0.238
Pf 15 -0.011 -0.031 -0.074 -0.127 -0.226 -0.297

C X -3.6E-06 1.8E-06 -4.3E-05 -6.0E-05 -1.3E-04 -2.4E-04
C Y -6.3E-05 -5.7E-05 -9.1E-05 -1.1E-04 -1.1E-04 -2.3E-04

C MX 3.5E-06 2.5E-06 -2.6E-05 -1.9E-05 2.5E-06 -9.1E-06
C MY -3.3E-06 3.3E-05 6.4E-06 9.0E-05 5.7E-05 1.7E-05
C Q 9.1E-05 9.6E-05 1.5E-04 2.2E-04 3.6E-04 5.3E-04

0 6.76 8.15 10.40 12.15 14.27 16.08
1C -0.10 -0.13 0.02 -0.03 0.16 0.30
1S 0.11 0.21 0.07 0.08 -0.04 -0.09
0 0.05 0.04 0.38 0.51 0.71 0.74

1C 0.01 -0.01 0.03 -0.07 -0.13 -0.07
1S -0.09 -0.13 -0.13 -0.05 -0.06 0.00
0 -1.76 -1.80 -1.50 -1.56 -1.67 -2.48

1C 0.00 0.00 0.03 -0.06 -0.16 -0.07
1S -0.10 -0.14 -0.16 -0.06 -0.08 -0.07

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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3.4 (Mtip=0.565)  
 

M 0 0 0 0 0 0 0 0 0
M tip 0.565 0.565 0.565 0.565 0.565 0.565 0.565 0.565 0.565

 S 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

C T 0.0000 0.0001 0.0003 0.0009 0.0017 0.0021 0.0030 0.0039 0.0048

Pf 1 -0.011 -0.038 -0.070 -0.121 -0.178 -0.235 -0.222 -0.245 -0.458
Pf 2 -0.029 -0.022 -0.003 0.029 0.070 0.095 0.093 0.134 0.200
Pf 3 -0.041 -0.022 0.001 0.024 0.067 0.082 0.086 0.100 0.141
Pf 4 -0.073 -0.063 -0.037 -0.028 0.026 0.028 0.046 0.037 0.057
Pf 5 -0.020 -0.088 -0.097 -0.095 -0.114 -0.159 -0.064 -0.124 -0.212
Pf 6 -0.056 -0.081 -0.074 -0.062 -0.063 -0.090 -0.015 -0.060 -0.112
Pf 7 -0.063 -0.042 -0.019 0.007 0.018 0.017 0.063 0.035 0.030
Pf 8 -0.067 -0.050 -0.019 -0.001 0.045 0.049 0.057 0.050 0.093
Pf 9 -0.050 -0.036 -0.007 0.004 0.062 0.061 0.061 0.061 0.108

Pf 10 -0.035 -0.036 -0.019 -0.011 0.028 0.012 0.019 0.037 0.071
Pf 11 -0.040 -0.021 0.031 0.067 0.098 0.125 0.137 0.166 0.169
Pf 12 -0.014 0.004 0.050 0.093 0.107 0.167 0.189 0.235 0.238
Pf 13 -0.026 -0.014 0.021 0.072 0.103 0.150 0.195 0.246 0.270
Pf 14 -0.038 -0.036 -0.028 0.028 0.065 0.109 0.157 0.224 0.244
Pf 15 -0.012 -0.028 -0.042 -0.061 -0.110 -0.147 -0.186 -0.221 -0.345

C X 4.5E-06 -3.2E-06 -4.9E-06 -2.4E-05 -2.5E-05 -5.4E-05 -9.8E-05 -1.3E-04 -1.3E-04
C Y -5.0E-05 -5.3E-05 -6.1E-05 -5.0E-05 -7.2E-05 -6.9E-05 -5.7E-05 -1.2E-04 -1.6E-04

C MX 1.5E-05 1.3E-05 -7.5E-07 7.0E-06 -5.0E-06 -5.5E-08 1.4E-05 -1.3E-05 -7.8E-06
C MY 6.4E-06 -8.2E-06 -3.5E-06 -5.4E-06 4.5E-05 1.1E-05 -1.2E-05 -1.1E-06 1.0E-04
C Q 9.3E-05 9.3E-05 9.6E-05 1.2E-04 1.5E-04 1.7E-04 2.3E-04 2.9E-04 3.7E-04

0 6.14 6.77 7.61 8.47 9.69 10.59 11.78 12.81 13.75
1C -0.06 -0.01 -0.02 0.02 0.06 0.19 -0.05 0.18 0.28
1S 0.14 0.20 0.19 -0.10 0.13 0.13 -0.26 0.23 0.10
0 0.20 0.16 0.04 0.05 0.33 0.46 0.89 0.96 0.94

1C -0.05 0.04 0.02 -0.06 0.05 0.19 0.00 0.18 0.13
1S 0.06 0.01 0.02 0.00 0.11 0.17 -0.25 0.26 0.14
0 -1.92 -1.97 -2.12 -2.10 -1.90 -1.84 -1.56 -1.75 -2.18

1C -0.06 0.05 0.03 -0.06 0.08 0.22 0.01 0.21 0.18
1S 0.07 0.02 0.02 0.00 0.12 0.20 -0.29 0.29 0.17

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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4.1 (Mtip=0.315)  (1/2) 
 

M 0 0 0 0 0 0
M tip 0.315 0.315 0.315 0.315 0.315 0.315

 S 0 0 0 0 0 0
0 0 0 0 0 0

C T 0.0000 0.0001 0.0005 0.0010 0.0017 0.0022

Pf 1 -0.001 -0.011 -0.024 -0.041 -0.055 -0.079
Pf 2 -0.006 -0.008 -0.003 0.004 0.018 0.021
Pf 3 -0.006 -0.008 -0.006 -0.005 0.005 0.006
Pf 4 -0.021 -0.023 -0.019 -0.020 -0.015 -0.004
Pf 5 -0.006 -0.024 -0.032 -0.031 -0.032 -0.046
Pf 6 -0.017 -0.030 -0.031 -0.033 -0.033 -0.044
Pf 7 -0.016 -0.014 -0.010 -0.006 0.002 -0.001
Pf 8 -0.028 -0.030 -0.029 -0.030 -0.028 -0.019
Pf 9 -0.018 -0.018 -0.013 -0.014 -0.011 -0.002

Pf 10 -0.009 -0.011 -0.008 -0.007 -0.008 -0.011
Pf 11 -0.009 -0.003 0.008 0.008 0.016 0.020
Pf 12 -0.003 0.008 0.022 0.028 0.039 0.053
Pf 13 -0.005 0.000 0.011 0.017 0.030 0.048
Pf 14 -0.009 -0.009 -0.003 0.003 0.013 0.030
Pf 15 -0.001 -0.009 -0.014 -0.027 -0.041 -0.048

C X -1.78E-05 -2.77E-05 -3.47E-05 -6.05E-05 -9.39E-05 -1.07E-04
C Y -4.55E-05 -5.26E-05 -5.83E-05 -3.47E-05 3.46E-06 -1.72E-05

C MX 7.03E-06 -5.71E-06 -1.21E-05 9.85E-06 4.21E-05 1.75E-05
C MY 3.44E-05 6.97E-06 1.13E-05 1.34E-05 4.67E-05 2.09E-05
C Q 8.92E-05 8.90E-05 9.75E-05 1.16E-04 1.60E-04 1.88E-04

0 6.9 7.7 8.6 9.5 10.8 11.6
1C -0.02 0.05 0.04 0.02 0.03 0.03
1S -0.03 -0.14 -0.14 -0.10 -0.12 -0.04
0 0.24 0.16 0.20 0.29 0.38 0.43

1C -0.05 0.02 0.01 0.00 0.00 0.01
1S -0.03 -0.10 -0.10 -0.07 -0.09 0.02
0 -1.29 -1.39 -1.43 -1.48 -1.53 -1.59

1C -0.06 0.01 0.00 -0.01 -0.02 -0.01
1S -0.01 -0.10 -0.11 -0.06 -0.07 0.04

Blade angle

Average 6 components balance

Average pressure distribution (C pa  × 100)

Test condition
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4.1 (Mtip=0.315)  (2/2) 
 

M 0 0 0 0 0 0 0
M tip 0.315 0.315 0.315 0.315 0.315 0.315 0.315

 S 0 0 0 0 0 0 0
0 0 0 0 0 0 0

C T 0.0029 0.0036 0.0048 0.0057 0.0066 0.0070 0.0079

Pf 1 -0.062 -0.118 -0.087 -0.141 -0.139 -0.120 -0.154
Pf 2 0.024 0.043 0.048 0.059 0.038 0.048 0.057
Pf 3 0.001 0.012 0.010 0.019 -0.001 0.002 0.015
Pf 4 -0.018 -0.001 -0.009 0.004 -0.019 -0.007 -0.003
Pf 5 -0.046 -0.069 -0.051 -0.069 -0.074 -0.035 -0.048
Pf 6 -0.050 -0.062 -0.052 -0.065 -0.071 -0.037 -0.040
Pf 7 -0.007 -0.006 -0.001 -0.003 -0.015 0.004 0.008
Pf 8 -0.029 -0.014 -0.022 -0.012 -0.026 -0.030 -0.021
Pf 9 -0.006 0.001 0.000 0.015 0.006 -0.009 -0.005

Pf 10 -0.003 -0.007 0.001 0.022 0.022 -0.002 -0.008
Pf 11 0.030 0.027 0.037 0.024 0.034 0.026 0.045
Pf 12 0.065 0.072 0.086 0.073 0.087 0.081 0.110
Pf 13 0.060 0.077 0.094 0.093 0.102 0.102 0.132
Pf 14 0.039 0.059 0.072 0.087 0.095 0.100 0.127
Pf 15 -0.061 -0.072 -0.098 -0.123 -0.160 -0.185 -0.190

C X -1.20E-04 -1.59E-04 -2.00E-04 -2.06E-04 -2.70E-04 -3.77E-04 -4.41E-04
C Y -7.81E-05 -2.25E-05 -7.77E-05 -7.82E-05 -1.52E-04 -3.28E-05 -1.23E-04

C MX -2.14E-05 2.87E-05 -1.30E-05 1.29E-05 -1.49E-05 5.90E-05 4.19E-05
C MY 2.82E-05 3.84E-05 2.38E-05 1.24E-04 9.33E-05 -2.82E-05 -8.40E-05
C Q 2.20E-04 2.87E-04 3.81E-04 4.77E-04 5.77E-04 6.53E-04 7.48E-04

0 12.4 13.5 14.7 15.8 16.9 17.5 18.5
1C 0.01 -0.01 0.05 0.02 0.31 0.54 0.65
1S -0.13 -0.12 -0.03 -0.14 -0.30 -0.44 -0.42
0 0.59 0.73 0.82 0.97 0.97 1.02 1.31

1C -0.02 -0.03 0.05 -0.01 0.07 0.21 0.12
1S -0.07 -0.08 0.06 -0.09 -0.03 0.09 0.18
0 -1.52 -1.52 -1.62 -1.61 -1.83 -2.26 -2.51

1C -0.04 -0.06 0.03 -0.02 0.07 0.03 0.00
1S -0.07 -0.07 0.07 -0.09 -0.04 -0.01 -0.03

Blade angle

Average 6 components balance

Average pressure distribution (C pa  × 100)

Test condition
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4.2 (Mtip=0.562)   
 

M 0 0 0 0 0 0 0 0 0
M tip 0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562 0.562

 S 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

C T -0.0001 0.0001 0.0003 0.0008 0.0016 0.0023 0.0028 0.0037 0.0047

Pf 1 -0.005 -0.037 -0.065 -0.113 -0.148 -0.242 -0.222 -0.317 -0.300
Pf 2 -0.017 -0.014 0.014 0.037 0.050 0.096 0.091 0.162 0.158
Pf 3 -0.020 -0.005 0.018 0.033 0.044 0.074 0.071 0.100 0.102
Pf 4 -0.059 -0.047 -0.029 -0.013 0.015 0.031 0.019 0.042 0.057
Pf 5 -0.020 -0.079 -0.103 -0.072 -0.068 -0.153 -0.128 -0.155 -0.129
Pf 6 -0.049 -0.073 -0.077 -0.051 -0.041 -0.097 -0.072 -0.102 -0.067
Pf 7 -0.043 -0.025 -0.009 0.013 0.038 0.022 0.034 0.035 0.060
Pf 8 -0.061 -0.043 -0.021 -0.005 0.023 0.043 0.026 0.057 0.063
Pf 9 -0.044 -0.031 -0.006 0.006 0.022 0.054 0.036 0.065 0.064

Pf 10 -0.023 -0.030 -0.008 0.000 -0.002 0.023 0.021 0.034 0.025
Pf 11 -0.028 0.009 0.039 0.063 0.101 0.133 0.133 0.153 0.199
Pf 12 -0.011 0.022 0.045 0.081 0.138 0.154 0.167 0.202 0.290
Pf 13 -0.017 0.005 0.020 0.063 0.122 0.138 0.162 0.213 0.307
Pf 14 -0.026 -0.023 -0.022 0.020 0.072 0.090 0.113 0.175 0.275
Pf 15 -0.006 -0.023 -0.038 -0.047 -0.081 -0.134 -0.205 -0.249 -0.274

C X -9.7E-06 -1.3E-05 -1.7E-05 -3.3E-05 -5.3E-05 -5.9E-05 -8.4E-05 -1.2E-04 -1.8E-04
C Y -2.0E-05 -2.6E-05 -3.1E-05 -7.7E-06 -8.2E-06 -3.1E-05 -2.8E-05 -5.9E-05 -7.1E-05

C MX 9.5E-06 -1.1E-06 -5.7E-06 9.9E-06 5.7E-06 2.1E-06 8.7E-06 -4.0E-06 -5.5E-06
C MY 2.9E-05 2.2E-05 2.8E-05 2.6E-05 2.8E-05 5.7E-05 4.3E-05 4.6E-05 -3.3E-06
C Q 1.0E-04 9.8E-05 1.0E-04 1.2E-04 1.5E-04 1.9E-04 2.3E-04 2.9E-04 3.8E-04

0 5.78 6.79 7.53 8.31 9.50 10.70 11.42 12.68 13.79
1C -0.02 -0.10 -0.10 -0.06 0.01 0.04 -0.08 -0.01 0.04
1S -0.11 -0.14 -0.13 -0.16 -0.15 0.01 0.07 -0.06 -0.14
0 -0.08 0.03 0.04 0.08 0.17 0.52 0.52 0.90 0.98

1C 0.14 0.09 0.09 0.13 0.24 0.20 -0.23 0.14 0.21
1S -0.10 -0.13 -0.12 -0.18 -0.17 0.06 0.03 0.00 -0.14
0 -2.32 -2.19 -2.20 -2.20 -2.04 -1.72 -1.81 -1.58 -1.97

1C 0.18 0.11 0.11 0.16 0.29 0.23 -0.27 0.16 0.24
1S -0.10 -0.15 -0.13 -0.19 -0.17 0.09 0.02 0.01 -0.17

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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5.1 (Mtip=0.315, CT=0.0029)  (1/2) 
 

M 0.000 0.015 0.029 0.044 0.059 0.073 0.088
M tip 0.315 0.315 0.315 0.315 0.315 0.314 0.314

S -2 -2 -2 -2 -2 -2 -2
0.00 0.05 0.09 0.14 0.19 0.23 0.28

C T 0.0029 0.0028 0.0028 0.0028 0.0028 0.0029 0.0028

Pf 1 -0.081 0.015 0.076 0.181 0.329 0.517 0.745
Pf 2 0.032 0.005 0.021 0.045 0.075 0.111 0.153
Pf 3 0.028 -0.002 0.037 0.104 0.195 0.311 0.451
Pf 4 0.019 0.023 0.018 0.019 -0.011 -0.064 -0.136
Pf 5 -0.057 -0.073 -0.119 -0.278 -0.506 -0.798 -1.148
Pf 6 -0.039 -0.044 -0.103 -0.201 -0.357 -0.562 -0.801
Pf 7 0.008 0.013 -0.022 -0.063 -0.146 -0.264 -0.403
Pf 8 0.020 0.025 0.010 -0.002 -0.044 -0.114 -0.200
Pf 9 0.029 0.018 -0.025 -0.101 -0.212 -0.371 -0.564

Pf 10 0.018 -0.022 -0.071 -0.201 -0.381 -0.624 -0.920
Pf 11 0.040 -0.026 -0.052 -0.100 -0.156 -0.230 -0.324
Pf 12 0.059 0.014 -0.015 -0.060 -0.115 -0.194 -0.278
Pf 13 0.062 0.022 -0.011 -0.045 -0.085 -0.130 -0.181
Pf 14 0.050 0.000 -0.015 -0.027 -0.046 -0.063 -0.087
Pf 15 -0.055 -0.020 -0.013 -0.015 -0.030 -0.058 -0.074

C X -1.14E-04 -5.35E-05 9.17E-06 8.79E-05 1.97E-04 3.35E-04 4.98E-04
C Y -2.69E-05 -1.34E-04 -1.54E-04 -1.43E-04 -1.73E-04 -1.97E-04 -2.42E-04

C MX 2.10E-05 3.85E-05 2.01E-06 6.37E-06 3.44E-06 7.11E-06 3.79E-06
C MY 1.89E-05 -3.06E-05 6.19E-06 2.66E-06 -1.44E-05 1.18E-05 8.06E-06
C Q 2.36E-04 1.96E-04 1.53E-04 1.40E-04 1.34E-04 1.33E-04 1.35E-04

0 12.50 11.24 10.15 9.64 9.50 9.58 9.74
1C 0.22 2.69 2.36 2.18 2.18 2.21 2.32
1S -0.09 -0.38 -0.47 -0.75 -1.04 -1.40 -1.75
0 0.51 0.41 0.49 0.41 0.40 0.39 0.41

1C 0.04 0.00 -0.02 -0.02 0.01 0.01 -0.07
1S 0.09 0.08 0.04 0.07 0.06 0.02 -0.02
0 -1.60 -1.42 -1.29 -1.33 -1.34 -1.33 -1.28

1C 0.02 -0.04 -0.04 -0.03 0.00 0.01 -0.08
1S 0.12 0.09 0.05 0.08 0.06 0.02 -0.03

Test condition

Average pressure distribution (CPa × 100)

Average 6 components balance

Blade angle
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5.2 (Mtip=0.562, CT=0.0029)  (1/2) 
 

M 0 0.015 0.029 0.044 0.059 0.073
M tip 0.562 0.562 0.562 0.562 0.562 0.562

S -2 -2 -2 -2 -2 -2
0 0.03 0.05 0.08 0.10 0.13

C T 0.0029 0.0029 0.0029 0.0028 0.0029 0.0029

Pf 1 -0.208 -0.034 0.070 0.175 0.323 0.511
Pf 2 0.123 0.095 0.052 0.074 0.113 0.157
Pf 3 0.107 0.114 0.043 0.114 0.215 0.338
Pf 4 0.039 0.114 0.133 0.070 0.106 0.110
Pf 5 -0.114 -0.229 -0.259 -0.271 -0.491 -0.766
Pf 6 -0.051 -0.079 -0.106 -0.206 -0.321 -0.496
Pf 7 0.054 0.059 0.073 -0.034 -0.059 -0.132
Pf 8 0.050 0.131 0.146 0.085 0.090 0.066
Pf 9 0.063 0.082 0.081 -0.011 -0.100 -0.233

Pf 10 0.038 -0.043 -0.065 -0.123 -0.304 -0.534
Pf 11 0.153 0.127 -0.070 -0.107 -0.170 -0.243
Pf 12 0.190 0.119 0.034 -0.010 -0.078 -0.156
Pf 13 0.195 0.145 0.058 0.007 -0.038 -0.099
Pf 14 0.160 0.087 -0.007 -0.032 -0.013 -0.039
Pf 15 -0.158 -0.247 -0.034 -0.015 -0.006 -0.013

C X -9.1E-05 -4.3E-05 -1.1E-05 -3.9E-06 3.5E-05 8.4E-05
C Y -4.3E-05 -1.2E-04 -1.6E-04 -1.5E-04 -1.6E-04 -1.4E-04

C MX -1.0E-05 -3.2E-06 -6.0E-06 5.3E-06 -5.3E-06 8.8E-07
C MY 1.6E-05 1.8E-05 1.9E-05 7.8E-06 5.7E-06 2.1E-05
C Q 2.3E-04 2.0E-04 1.8E-04 1.6E-04 1.5E-04 1.4E-04

0 11.89 11.24 10.49 9.61 9.33 9.00
1C 0.00 1.48 2.43 2.40 2.17 2.06
1S 0.01 -0.20 -0.30 -0.65 -0.82 -0.93
0 1.12 0.90 0.84 0.57 0.76 0.63

1C 0.00 -0.08 -0.04 0.04 -0.03 0.02
1S 0.03 -0.04 -0.06 0.03 -0.14 -0.05
0 -0.93 -1.02 -1.00 -1.28 -1.06 -1.20

1C 0.00 -0.07 -0.03 0.04 -0.02 0.02
1S 0.03 -0.06 -0.08 0.04 -0.16 -0.05

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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5.2 (Mtip=0.562, CT=0.0029)  (2/2) 
 

M 0.088 0.102 0.117 0.132 0.146 0.161
M tip 0.562 0.561 0.561 0.560 0.560 0.559

S -2 -2 -2 -2 -2 -2
0.16 0.18 0.21 0.23 0.26 0.29

C T 0.0028 0.0028 0.0029 0.0028 0.0029 0.0029

Pf 1 0.740 1.012 1.327 1.678 2.079 2.515
Pf 2 0.207 0.262 0.322 0.389 0.465 0.543
Pf 3 0.487 0.660 0.860 1.082 1.338 1.615
Pf 4 0.084 0.025 -0.037 -0.127 -0.240 -0.376
Pf 5 -1.112 -1.521 -1.995 -2.517 -3.112 -3.753
Pf 6 -0.724 -0.997 -1.326 -1.689 -2.096 -2.528
Pf 7 -0.244 -0.386 -0.564 -0.772 -1.007 -1.261
Pf 8 0.018 -0.062 -0.172 -0.287 -0.421 -0.578
Pf 9 -0.410 -0.623 -0.881 -1.163 -1.476 -1.833

Pf 10 -0.827 -1.173 -1.581 -2.029 -2.520 -3.066
Pf 11 -0.326 -0.415 -0.543 -0.667 -0.800 -1.001
Pf 12 -0.240 -0.340 -0.462 -0.621 -0.790 -0.932
Pf 13 -0.156 -0.229 -0.295 -0.402 -0.491 -0.589
Pf 14 -0.063 -0.091 -0.117 -0.149 -0.184 -0.230
Pf 15 -0.038 -0.064 -0.097 -0.138 -0.187 -0.227

C X 1.3E-04 2.0E-04 2.7E-04 3.5E-04 4.3E-04 5.1E-04
C Y -1.5E-04 -1.7E-04 -2.0E-04 -2.0E-04 -2.2E-04 -2.3E-04

C MX 5.7E-06 -3.3E-06 -9.6E-07 4.0E-06 2.5E-06 1.1E-05
C MY 2.1E-05 2.0E-05 3.4E-08 2.1E-05 4.2E-05 9.9E-06
C Q 1.4E-04 1.3E-04 1.4E-04 1.3E-04 1.3E-04 1.4E-04

0 8.95 8.90 8.97 8.80 9.05 9.06
1C 1.97 1.99 2.09 2.06 1.98 2.04
1S -1.19 -1.35 -1.51 -1.74 -1.83 -2.16
0 0.66 0.70 0.74 0.57 0.78 0.69

1C 0.00 0.02 0.09 0.14 0.01 0.02
1S -0.14 -0.15 0.00 -0.12 -0.01 -0.04
0 -1.13 -1.09 -1.06 -1.24 -1.00 -1.13

1C 0.00 0.01 0.08 0.13 -0.03 -0.07
1S -0.15 -0.15 0.01 -0.11 0.02 -0.02

Blade angle

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance
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6.1 (Mtip=0.315, CT=0.0048)  

 

M 0.000 0.015 0.029 0.044 0.059 0.073 0.088
M tip 0.315 0.315 0.315 0.315 0.315 0.314 0.314

S -2 -2 -2 -2 -2 -2 -2
0.00 0.05 0.09 0.14 0.19 0.23 0.28

C T 0.0049 0.0047 0.0047 0.0047 0.0047 0.0047 0.0048

Pf 1 -0.127 0.014 0.077 0.182 0.331 0.516 0.745
Pf 2 0.068 0.005 0.031 0.057 0.090 0.126 0.173
Pf 3 0.048 0.041 0.047 0.115 0.208 0.323 0.466
Pf 4 0.017 0.046 0.023 0.030 0.005 -0.043 -0.110
Pf 5 -0.063 -0.120 -0.115 -0.277 -0.509 -0.799 -1.152
Pf 6 -0.037 -0.065 -0.103 -0.199 -0.355 -0.558 -0.796
Pf 7 0.017 0.019 -0.016 -0.052 -0.132 -0.246 -0.383
Pf 8 0.019 0.047 0.019 0.010 -0.030 -0.095 -0.175
Pf 9 0.027 0.029 -0.014 -0.082 -0.196 -0.352 -0.542

Pf 10 0.021 -0.031 -0.060 -0.185 -0.369 -0.609 -0.909
Pf 11 0.058 -0.041 -0.062 -0.100 -0.156 -0.227 -0.317
Pf 12 0.081 0.026 -0.011 -0.053 -0.109 -0.186 -0.282
Pf 13 0.090 0.044 0.002 -0.036 -0.077 -0.126 -0.180
Pf 14 0.075 0.017 -0.008 -0.020 -0.040 -0.060 -0.070
Pf 15 -0.100 -0.046 -0.005 -0.004 -0.022 -0.041 -0.075

C X -1.36E-04 -1.33E-04 -4.77E-05 4.57E-06 1.10E-04 2.49E-04 4.12E-04
C Y -1.32E-04 -1.89E-04 -2.25E-04 -1.75E-04 -1.78E-04 -2.17E-04 -2.41E-04

C MX -1.38E-04 8.16E-06 -5.23E-05 -2.80E-05 -2.08E-05 -2.62E-05 -1.66E-05
C MY 5.25E-05 -2.81E-05 -6.23E-06 -2.41E-05 -2.71E-05 -2.25E-05 2.75E-05
C Q 3.74E-04 3.24E-04 2.50E-04 2.16E-04 2.06E-04 1.99E-04 2.03E-04

0 14.96 13.93 12.59 11.97 11.83 11.85 12.15
1C 0.27 2.98 3.26 -3.01 2.91 2.97 3.02
1S 0.13 -0.78 -0.97 1.52 -2.13 -2.68 -3.32
0 1.06 0.99 0.94 1.02 0.99 0.97 0.97

1C -0.04 0.09 0.08 -0.11 0.07 0.09 0.09
1S 0.01 -0.02 -0.09 0.02 -0.01 -0.02 -0.03
0 -1.29 -1.02 -1.06 -0.88 -0.88 -0.87 -0.91

1C -0.01 0.05 0.07 -0.10 0.06 0.09 0.10
1S -0.02 -0.03 -0.11 0.02 0.00 -0.03 -0.02

Average 6 components balance

Blade angle

Test condition

Average pressure distribution (CPa × 100)
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6.2 (Mtip=0.562, CT=0.0048)  (1/2) 

 

M 0 0.015 0.029 0.044 0.059 0.073
M tip 0.561 0.561 0.561 0.561 0.561 0.561

S -2 -2 -2 -2 -2 -2
0 0.03 0.05 0.08 0.1 0.13

C T 0.0029 0.0047 0.0047 0.0047 0.0047 0.0048

Pf 1 -0.228 -0.134 0.063 0.171 0.319 0.506
Pf 2 0.133 0.205 0.050 0.101 0.143 0.191
Pf 3 0.117 0.201 0.181 0.135 0.236 0.362
Pf 4 0.052 0.159 0.181 0.138 0.120 0.135
Pf 5 -0.090 -0.307 -0.352 -0.236 -0.478 -0.751
Pf 6 -0.026 -0.096 -0.139 -0.198 -0.303 -0.469
Pf 7 0.066 0.085 0.087 0.014 -0.036 -0.098
Pf 8 0.047 0.181 0.200 0.161 0.118 0.094
Pf 9 0.054 0.136 0.108 0.044 -0.066 -0.185

Pf 10 0.031 -0.023 -0.103 -0.162 -0.284 -0.505
Pf 11 0.138 0.151 -0.098 -0.124 -0.179 -0.246
Pf 12 0.167 0.185 0.060 0.007 -0.063 -0.141
Pf 13 0.176 0.254 0.118 0.035 -0.012 -0.074
Pf 14 0.139 0.189 0.045 -0.012 0.010 -0.019
Pf 15 -0.196 -0.418 -0.059 -0.010 0.011 0.018

C X -1.1E-04 -1.5E-04 -1.0E-04 -7.7E-05 -4.6E-05 -7.8E-06
C Y -3.4E-05 -2.0E-04 -2.7E-04 -2.8E-04 -2.7E-04 -2.5E-04

C MX -1.7E-05 1.3E-06 1.0E-05 7.8E-06 -1.5E-06 -3.0E-06
C MY -8.2E-06 9.1E-06 9.2E-06 -3.8E-06 -9.2E-06 3.9E-06
C Q 2.3E-04 3.4E-04 3.1E-04 2.8E-04 2.4E-04 2.3E-04

0 11.94 13.48 12.66 12.02 11.41 11.21
1C 0.02 1.76 3.01 3.30 3.15 2.93
1S -0.03 -0.49 -0.78 -1.09 -1.47 -1.74
0 1.17 1.40 1.13 1.17 1.20 1.34

1C -0.05 0.12 0.14 0.13 0.17 0.18
1S -0.03 -0.04 -0.03 -0.02 -0.17 -0.14
0 -1.01 -1.24 -1.47 -1.33 -1.22 -1.03

1C -0.06 0.15 0.19 0.16 0.20 0.20
1S -0.04 -0.07 -0.06 -0.06 -0.23 -0.18

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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6.2 (Mtip=0.562, CT=0.0048)  (2/2) 
 

M 0.088 0.102 0.117 0.131 0.146 0.161
M tip 0.561 0.560 0.560 0.560 0.559 0.559

S -2 -2 -2 -2 -2 -2
0.16 0.18 0.21 0.23 0.26 0.29

C T 0.0048 0.0047 0.0048 0.0048 0.0048 0.0048

Pf 1 0.737 1.002 1.318 1.671 2.067 2.503
Pf 2 0.244 0.302 0.368 0.435 0.511 0.600
Pf 3 0.513 0.685 0.889 1.112 1.366 1.648
Pf 4 0.109 0.070 0.003 -0.080 -0.182 -0.300
Pf 5 -1.098 -1.504 -1.989 -2.515 -3.102 -3.756
Pf 6 -0.693 -0.960 -1.293 -1.658 -2.057 -2.494
Pf 7 -0.204 -0.336 -0.514 -0.717 -0.946 -1.186
Pf 8 0.039 -0.030 -0.132 -0.256 -0.384 -0.536
Pf 9 -0.361 -0.569 -0.824 -1.113 -1.433 -1.791

Pf 10 -0.786 -1.124 -1.535 -1.988 -2.490 -3.048
Pf 11 -0.319 -0.412 -0.540 -0.653 -0.795 -0.985
Pf 12 -0.220 -0.318 -0.436 -0.591 -0.775 -0.939
Pf 13 -0.129 -0.205 -0.275 -0.384 -0.467 -0.593
Pf 14 -0.035 -0.067 -0.095 -0.136 -0.141 -0.204
Pf 15 -0.001 -0.027 -0.055 -0.104 -0.139 -0.197

C X 4.2E-05 1.1E-04 2.0E-04 2.6E-04 3.4E-04 4.4E-04
C Y -2.4E-04 -2.5E-04 -2.7E-04 -3.0E-04 -2.9E-04 -3.3E-04

C MX -1.5E-06 -1.3E-06 -3.6E-06 -6.2E-06 4.2E-06 -2.6E-06
C MY -3.5E-06 5.3E-06 3.0E-05 1.2E-05 7.3E-06 1.7E-05
C Q 2.2E-04 2.1E-04 2.0E-04 2.0E-04 2.0E-04 2.0E-04

0 11.01 10.84 10.78 10.73 10.77 10.85
1C 2.72 2.74 2.66 2.69 2.76 2.76
1S -2.08 -2.33 -2.57 -2.85 -3.21 -3.50
0 1.29 1.17 1.09 1.05 0.94 0.90

1C 0.05 0.21 0.18 0.21 0.24 0.23
1S -0.14 -0.08 -0.07 -0.05 -0.02 0.04
0 -1.06 -1.18 -1.26 -1.31 -1.45 -1.53

1C 0.05 0.22 0.20 0.21 0.24 0.20
1S -0.17 -0.10 -0.07 -0.06 -0.02 0.06

Test condition

Average pressure distribution (C pa  × 100)

Average 6 components balance

Blade angle
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