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Ground wind tunnel test study of the propeller of

stratospheric airships
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Abstract: In accordance with similarity criteria such as the equal Reynolds number and
equal advance\ratio,~the paper established some similarity formulas about the thrust coeffi-
cient, the power coefficient and efficiency from the perspective of kinematic similarity and
dynamical similarity for the propeller of stratosphere airships. The scaled model test of the
propeller was carried out in Beijing University of Aeronautics and Astronautics ground wind
tunnel. It shows that the experiment results basically tally with the results of the standard
strip’s theoretical calculation and numerical simulation. So it proves that the environment
density has no effect on similarity parameters, and the scaled model test of the propeller can
be carried out in the ground wind tunnel using the Reynolds number similarity criteria and
the advanced ratio similarity criteria. There is no need of building special and costly low-den-
sity wind tunnel. Meanwhile, the experiment results also show that there is a large lateral
contraction in the slip flow regime when the advance ratio of the propeller is less than 0. 3.
So lateral contraction correction is required for the nondimensional aerodynamic character

curves calculated by the standard strip theory.
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Fig. 1 Dissimilarity problem is brought
by density change
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Fig. 2 Wind tunnel for the propeller

of stratosphere airship
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Fig. 3 Wind tunnel experimental equipments for

the propeller of stratosphere airship
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Table 1 Some variable values compare between prototype

model and test model of the propeller

20km ZE XU A% Kk opr
R g R

0.08803 1.225

E

TREE/ (kg/m*) 0.0719

TRBHEE/1077(m*/s) 16,1 1. 46 11. 03

BER R D/mm 6500 850 7.65
RE R 0/ (r/min) 300 1592 0.1885
BT XGHE Vo /(m/s) 20. 0 13.9  1.442
BRI E P/kw 12.9 1.03  12.61
WEHERE R F T/N 490 56 8.7474

R2 Vo=0m/s TAREFEZRESIHFE
T BN S HME KRR S R
Table 2 _Results of ground wind tunnel experiment

at different rotating ‘speeds when V, =0m/s

el o/ mrakLlt PR DR BIERECR

(r/min) A Cr Cp /%
500 0 0.1236 0.072 34 0
600 0 0.1271 0.07407 0
700 0 0.13067 0.0761 0
800 0 0.13482 0.07812 0
900 0 0.13598 0.07943 0
1000 0 0.13918 0.08016 0
1100 0 0.14041 0.08119 0
1200 0 0.14189 0.08108 0
1300 0 0.14253 0.08221 0
1400 0 0.14056  0.08407 0
1500 0 0.14198 0.08738 0
1600 0 0.14118 0.09112 0
1700 0 0.14034 0.10642 0
#HE Oh.7r =20. 5° (BRI R A

A, 24 0B G R LG R T s T R I L CFE TR AT
HEE 20 m/s &, BRE X 5 3 300 r/min, B #F

Vi 20 o B e YL S |
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Table 3 Results of ground wind tunnel experiment at

different rotating speeds when V, =5m/s

o/ AL RO RE IR RB BRERACR

(r/min) A Cr Cp /%
450 0.78431 0.05622 0.06285 70.15737
550 0.64171 0.08666 0.08000 69.51324
650 0.54299 0.10207 0.08556 64.77675
750 0.47059 0.11058 0.08706 59.77239
850 0.41522 0.11544 0.08659 55.35627
950 0.37152 0.11827 0.08573 51.25355
1050  0.33613 0.12196 0.08541 47.99721
1150 0.30691 0.12717 0.08299 47.02945
1250 0.28235 0.13293 0.08253 45.47775
1350 0.26144 0.13659 0.08507 41,9773
1450 0.24341 0.13839 0.0857  39.30631
1550 0.2277 0.14191 0.08915 36.24555
1650 0.2139  0.14061 0.09397 32.00647
1750 0.20168 0.13972 0.10289 27, 38724
7/ On.7e = 20. 5°CE T 24 A

F4 Vo=8m/s TAREFEZRRSIFETLEN
SH M EXRR L &R
Table 4 Results of ground wind tunnel\experiment at

different rotating speeds when V, =8m/s

oo/ SIVIE S (GRS SVl Y Y

(r/min) L A Cr Cp 77/%
600 0.94118 0.02034 0.04812 39.78304
700 0.80672 0.05155 0.06571 63.2878
800 0.70588 0.07613 0.07838 68.56168
900 0.62745 0.09411 0.0859  68.74193
1000 0.56471 0.10504 0.08933 66.40226
1100 0.51337 0.11165 0.09046 63.36255
1200 0.47059 0.11687 0.0916 60.04132
1300 0.43439 0.1212 0.08985 58.59551
1400 0.40336 0.12352 0.09174 54.30895
1500 0.37647 0.12962 0.09654 50.54697
1600 0.35294 0.13253 0.10053 46.52854
1700 0.33218 0.13292 0.11372 38.82639
7/t .72 =20. 5° (T % ff1)
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EEMNSHHERIE R LGSR
Table 5 Results of ground wind tunnel experiment at

different rotating speeds when V, =10m/s

ik on/ ERdEH BOURE PR R R AR

(r/min) A Cr Cr 0/ %
750 0.94118 0.02236 0.04844 43.44506
850 0.83045 0.04788 0.06376 62.3619
950 0.74303 0.06761 0.07404 67.85016
1050 0.67227 0.08532 0.08224 69.74474
1150 0.61381 0.09898 0.08564 70.94222
1250  0.56471 0.10664 0.0897 67.13565
1350  0.52288 0.11288 0.09303 63.4448
1450  0.48682 0.11808 _0-09639 59.63659
1550  0.45541 012248 0.09858 \56.58208
1650  0.42781 \0.12448 0.10198 /52.21984
1750  0.40336 0,12768\ 0.10426 49.39671
I 0.7 =20. 5°CBHHZ 4 )

&6 _Vie=12m/s TAREBEERSHEFE
EEMSH M ERIERE 5 R
Table 6 Results-of ground wind tunnel experiment at

different rotating speeds when Vo, =12m/s

¥l o/ AUHELE PLURE DR R BUEREeR

(r/min) A Cr Cp n/ %
900 0.94118 0.0258 0.04786 50.73641
1000 0.84706 0.0488 0.06054 68.2797
1100 0.77005 0.06663 0.06854 74.85911
1200 0.70588 0.08134 0.0753  76.25004
1300 0.65158 0.09361 0.07802 78.17791
1400 0.60504 0.10091 0.08437 72.36528
1500 0.56471 0.10958 0.09083 68.12829
1600 0.52941 0.11428 0.09923 60.97045
1700 0.49827 0.11714 0.1039  56.17647
ik 0. 7x=20. 5° (B2 34 A1)

2k 5 URBEA Y FTE LL /N T 0. 3 I, A2 MR R 1
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Results of ground wind tunnel experiment at

different rotating speeds when V, =15m/s

Wil o/ RIHELEL P REC DR R B SCR
(r/min) A Cr Cp 7/ %
1050 1.0084 0.01646 0.04397 37.74907
1150 0.92072 0.03655 0.05559 60.53664
1250 0.84706 0.05394 0.0643 71.05819
1350 0.78431 0.06681 0.07356 71.23403
1450 0.73022 0.07977 0.08343 69.81859
1550 0.68311 0.08995 0.08938 68.74664
1650 0.64171 0.09915 0.09486 67.0731
1750 0.60504 0.10551 0.09628 66.30429
1050 1.0084 0.01646 0.04397 37.74907
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Fig. 5 Efficiency comparison of the designed propeller

among the wind tunnel test,numerical simulation

and standard strip analysis
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