HA3E AW
2021 4£ 8 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 43 No. 4
Aug. 2021

doi;10. 11887/j. cn. 202104003

http://journal. nudt. edu. cn

B SERME T E RIE A E R

VAR S Y A

(1. PEAFRERZEVAFALE, LT

100094; 2. FEAFREAE, LT

100049

3. LAAR KRS baA b g TR/ERE, LA F5 266590)

B B O IR A R AR TR SRR B o HAT R ORREOE — SR A A
SRIET SIS [AARIE T gkl , (58 RIS HOR A QAR AME B — BRI HE R H ™ FARE T BRAME SR
i 1) R 2 e DAy e I 2 TP AT, 1 ] e G 2 ] 40358 RS 38 ) SR A% 3 —— g J0r Dby 3k e (AR AR AL T 3R AUk b
o BEAL, A AT MRS B SN AL (L, Bt S ISR A R RO P - AR R R B A 4R
RSN . SR BN ZAE AR S AT TR P B9 3 A8 BOE TR B PRGBS BT

BRIE R

KGRI - 2 UBR " AR R BB B s s T R i vk
TR (FIRARSS) #RIRES(OSID) ;

FESES V2] +.92  STEERERRD:A
LEHS 1001 —2486(2021)04 —017 —07

High-altitude balloon shape calculation and general algorithm design
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Abstract: High-altitude balloon provides a reliable low-cost platform for high altitude scientific experiments. The shape of the balloon is directly

adopted as natural-shape or based on natural-shape ; however, how to simply and quickly solve the natural-shape equation general-purpose is a difficult

problem. The mature solution tool in the field of optimal control—gauss pseudospectral optimization software was used to solve the natural-shape

balloon equation which is transformed into the optimal control description. Furthermore, a general algorithm was designed to solve the natural-shape

balloon shape with any spherical control factor and any height by analyzing the shape data. Results show that this algorithm can calculate the required

natural-shape without adjusting parameters, which is convenient for researchers to quickly obtain a large amount of required spherical data.

Keywords: high-altitude balloon; natural-shape balloon; balloon shape design; Gaussian pseudospectral method
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Fig.1 Schematic diagram of 3 - shape balloon
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Tab.1 Comparison of calculation result of Gaussian

pseudospectral method and Smalley’s

AR 6,/ Smalley 6,/

3 AL Smalley I,
(*) (*)

0 50.149  50.149  1.994 1.994
0.1  54.392  54.391  2.155 2.155
0.2  58.886  58.885  2.350 2.350
0.3  63.469  63.468  2.588 2.588
0.4  67.920  67.918  2.870 2.870
0.5  72.012  72.012  3.198 3.198
0.6  75.579  75.578  3.567 3.567
0.7  78.548  78.548  3.971 3.971
0.8  80.937  80.937  4.401 4.401
0.9  82.816  82.816  4.852 4.852
1.0 84.276  84.277  5.317 5.318
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Tab.2 Partial calculation result for 3=1

3 6o/ (%) L
1.10 85.407 5.793
1.20 86.282 6.278
1.30 86.963 6.768
1.40 87.497 7.262
1.50 87.918 7.760
1.60 88.254 8.260
1.70 88.523 8.761
1.80 88.742 9.265
1.90 88.920 9.769
2.00 89. 067 10.275
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Fig.2  Comparison of the shape of large sigma

and Euler’s elastica
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Tab.3 Calculation result for 3 =0.4

7/ N'e Baginski  Baginski
gy FEE Mo
1.0 67.920 -0.000 67.906 —-0.000
1.1 50.937 -0.470 5 50.916 -0.470
1.2 40.616 -0.650 5 40. 600 -0.650
1.3 33.231 -0.763 5 33.214 -0.764
1.4 27.613 -0.846 5 27.602 -0.847
1.5 23.191 -0.912 5 23.182 -0.912
2.5 5.276  -1.253 4 5.270 -1.254
6.0 0.098 -1.654 4 0.098 -1.654
15 0.000 -1.965 4 0.000 -1.965
40 0.000 -2.213 4 0.000 -2.213
100 0.000 -2.384 3 0.000 -2.384
200 0.000 -2.484 2 0.000 -2.484
300 0.000 -2.532 2 0.000 -2.532
400 0.000 -2.563 2 0.000 -2.563
500 0.000 -2.585 2 0.000 -2.585
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Tab.4 Reference calculation results during

balloon ascent for 3 =2.0

BE/km o 0,/(°)  FEKRME z a
0 0. 000 1.418 8.987 -6.925
2 0.000 1.517 8.891 -6.708
4 0. 000 1.630 8.780 —-6.467
6 0. 000 1.758 8.651 -6.197
8 0.000 1.906 8.499 -5.893
10 0. 000 2.077 8.315 -5.545
12 0. 003 2.305 8.058 -5.098
14 0. 065 2.596 7.702 -4.536
16 0. 826 2.941 7.226 -3.877
18 7.297 3.361 6.515 -3.034
20 89.067 3.915 4.717 0.000
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Fig.3 Balloon profile for partial hight
values while 3=2.0
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Tab.5 Parameter value of design balloon

b MERE KM LEKRHE
0~0.69 1 000 2 5
0.69 ~0.93 100 3 5
0.93~1.1 100 3 6
1L1~1.2 100 3 7
1.2~2.0 100 6 11
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Alg. 1 General algorithm of shape calculation
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6. L k=1/1,%% z FRMH a f/ME K ST

7. HE T =m, BEERIE,n=n+1, return 4

8. end if

9. if 7, #m, then

10, THBIES -6, 315 7, =, (R
. else 7, =m, BNFFFRERIE

12. end if

13. ik

—
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Tab.6 Calculating parameters value of lift-off state

3 rRRME rRARME akvME k
0 0.20 2.00 -1.85 2
0.1 0.20 2.20 -2.00 2
0.2 0.20 2.40 -2.20 2
0.3 0.20 2.60 -2.40 2
0.4 0.20 2.80 -2.70 2
0.5 0.20 3.20 -3.00 2
0.6 0.20 3.50 -3.30 4
0.7 0.20 3.95 -3.70 4
0.8 0.20 4.30 -4.10 4
0.9 0.30 4.80 -4.40 4
1.0 0.30 5.20 -4.90 5
1.1 0.30 5.65 -5.30 5
1.2 0.30 6.15 -5.70 5
1.3 0.30 6.60 -6.10 5
1.4 0.35 7.25 -6.75 5
1.5 0.35 7.65 -7.20 5
1.6 0.35 8.10 -7.50 5
1.7 0.47 8.50 -7.90 5
1.8 0.47 9.10 -8.40 5
1.9 0.47 9.60 -9.00 5
2.0 0.47 10.00 -9.40 5
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