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Mars Earth Units
Gravity 3.7 9.8 m/s?
Gas constant 188 287 | Jlkg + K
Air pressure 7 1373 hPa
Air density 0.015 1.2 kg/m®
Temperature 220 300 K
Kinematic 0.001 | 000015 | m?/s
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Table 2 Setting analysis

Solver 2D_Comp_P 3.0
Flow type Turbulent flow
Mach number 0.082
Reynolds number 20000

Angle of Attack 0° ~ 30°
Steadiness Steady flow
Iteration 50000
Tolerance 0.00001

CFL number 1.0

Flux scheme RoeM

Limiter Van Albada
Time integration LU-SGS

Turbulence model

Menter's k-0 SST

Cell 100,000
23 A =H MY
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Averaged Navier-Stokes)7821-& Aul] WA o2 ALE3s)=
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Table 3914 & 4= 310l | stageE]H19] A2 A3}

Z

S2tel| wek ApolE BSITh 0 oA Nomal 1 stage ©f
&l Flap 1 stage ] Ad50] &= 32M, Cross 1 Stage <] 7
T, 2318 (negative) EZ7} A O] F5HATE 2SS
o} 15 °o| A& Cross 1 stage®] Ad%&©°] tha &4kl vla] ¥
ofgton, 7]E o Hls) 0.825 Jo EAFo] BIH A
th 30 °¢] 7%, Flap | stageolA] & EA7F A0,
7122] Normal 1 stage”} 7.5803 J= 7} ¥ A% B
ok
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. TUE Pl AM = wrgZke] FTte] me), v EATF A
24 34 2 ; AEIZ1, Noml 1 sugee] 4%, W87lo] el /& @4
3432 EDISON CFDE‘ : LEEe 239 7—]’,_ Blockol| 4] o] Hls) 1z 18721 1, 67641 Jo] BEAE Z7}5ke B 4= 9
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Table 3 Torque values for 1 stage airfoil (J)
Blade 1 Blade 2 Blade 3 Blade 4 Torque
Normal 1 stage (0°) -0.1525 -0.1928 0.2644 0.1897 0.8162
Cross 1 stage (0°) -0.0959 -0.2191 -0.1446 0.3151 -1.0839
Flap 1 stage (0°) 0.0667 -0.2503 0.1718 0.2695 1.9327
Normal 1 stage (15°) -0.0105 -0.3456 0.4657 0.2488 2.6883
Cross 1 stage (15°) 0.0140 -0.3169 0.5103 0.2612 3.5139
Flap 1 stage (15°) 0.0080 -0.3676 0.4566 0.2541 2.6329
Normal 1 stage (30°) -0.1302 -0.3102 1.0013 0.4498 7.5803
Cross 1 stage (30°) -0.1019 -0.3166 0.7777 0.3687 5.4593
Flap 1 stage (30°) -0.0586 -0.4960 -0.2664 0.3904 -3.2295
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Figure 9 Torque values of Flap 1, 2 stage

Table 4 Torque values for 2 stage airfoil (J)

Blade 1 2 3 4 5 6 7 8 Torque

Normal 2 stage (0°) 0.1393 | -0.2724 0.1089 0.2496 0.0590 | -0.2510 0.3336 0.2477 | 5.1950

Cross 2 stage (0°) | -0.0539 | -0.2171 | -0.1243 0.2182 | -0.0639 | -0.1902 0.4079 0.2346 | 2.1672

Flap 2 stage (0°) | -0.0540 | -0.2223 | -0.1144 0.2206 | -0.0654 | -0.2061 0.3949 0.2340 | 1.9410

Normal 2 stage (15°) | -0.0320 | -0.4254 0.2724 0.1018 0.1518 | -0.2403 0.6530 0.1056 | 5.4066

Cross 2 stage (15°) 0.1011 | -0.4131 0.0061 0.2969 0.1350 | -0.2077 0.7480 0.3517 | 9.1739

Flap 2 stage (15°) 0.0479 | -0.4681 0.1387 0.2225 0.1110 | -0.2017 0.8079 0.3523 | 9.1835

Normal 2 stage (30°) | -0.2966 | -0.4120 0.4701 0.1813 0.0706 | -0.1224 0.8866 0.3609 | 10.3323

Cross 2 stage (30°) | -0.2543 0.2854 | -0.0658 0.1290 0.0282 | -0.2513 0.8563 0.4166 | 10.1555

Flap 2 stage (30°) | -0.3209 | -0.5927 | -0.3831 0.1949 0.0493 | -0.1759 1.0202 0.4155 | 3.5184
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4.2 B

Table 3, 4 oA A¥} k& RMS(Root Mean Square)
method® EA1Z o] Fig 103 #Zo] AE &tk el
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