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Abstract: When measuring atmospheric optical turbulence with a balloon-borne micro-thermometer, the
wake caued by the rising balloon will affect the measurement of the thermometer below it. In order to
analyze this effect, experimental measurements were carried out in Huaihua, Hunan Province, China, in
November 2021 using the method of hanging two radiosondes under a balloon. Fistly, the wake evaluation

standard proposed by Barat was used to evaluate the effects of the wake at different positions under the
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balloon, and the turbulence intensity measured at different positions under the balloon was compared.
Then, according to the measured refractive index structure constant, the coherence length and atmospheric
seeing of different height were compared, and the measurement deviation comparison of different positions
under the balloon was obtained. The results show that at altitudes of 0—6 km, the measurement result with a
30 m rope is significantly affected by the wake, at altitudes of 615 km, the balloon wake has little
influence on the measurement due to larger wind shear, and at altitudes of 15-30 km, despite the existence
of wake effects, they have little contribution to the optical parameters of the entire atmosphere due to the
weak optical turbulence intensity in this altitude layer. This study has great reference significance for future

sounding measurements of optical turbulence.
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Fig. 1  Experimental equipment. (a) The radiosonde; (b) the balloon carrying two radiosondes at 60 m and 90 m from the balloon
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Table 1 Record of balloon soundings in Huaihua City

Ex:;:;zl:rnt Date Launch time  Termination time  Termination altitude/km Weather  Length of ropes/m
1 2021-11-18 07:58 09:52 33.90 Cloudy 30-60
2 2021-11-18 19:25 21:23 34.86 Sunny 60—-90
3 2021-11-19 07:28 09:12 35.93 Cloudy 60—90
4 2021-11-19 18:34 20:40 33.79 Overcast 60-90
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Fig. 4 Meteorological parameters and balloon status during the sounding process of the sounding balloon launched at 07:58 am on

November 18, 2021. (a) Temperature; (b) pressure; (c) balloon vertical velocity; (d) balloon diameter
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Fig. 5 The measured wind shear and the minimum wind shear required to avoid wake for rope lengths of 30, 60, 90 m. (a) Morning
of November 18, 2021; (b) evening of November 18, 2021; (c) morning of November 19, 2021; (d) evening of November 19, 2021
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Fig. 7  Statistics of C count at different altitude intervals from the two radiosondes with different rope lengths in four experiments

conducted in 2021. (a) Morning, November 18; (b) evening, November 18; (c) morning, November 19; (d) evening, November 19
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Table 2 Optical turbulence parameters obtained by radiosondes with different rope lengths in the

0-6 km altitude interval

Experiment number Launch time Length of rope/m rJdecm E g of /% Epwi/ (") E\g Of epyid/ %

30 7.96 1.27

1 2021-11-18 07:58 63 -39
60 12.95 0.78
60 20.61 0.49

2 2021-11-18 19:25 -9 10
90 18.68 0.54
60 10.74 0.94

3 2021-11-19 07:28 8 -8
90 11.64 0.87
60 12.59 0.80

4 2021-11-19 18:34 -11 13

90 11.18 0.90
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Table 3 Optical turbulence parameters obtained by radiosondes with different rope lengths in the
6-15 km altitude interval

Experiment number Launch time Length of rope/m r/cm Ewofrfd%  eppnd (") Eyg Of epyuu/ %

30 10.01 1.01

1 2021-11-18 07:58 18 -15
60 11.84 0.85
60 39.12 0.26

2 2021-11-18 19:25 -9 10
90 35.57 0.28
60 10.94 0.92

3 2021-11-19 07:28 6 -5
90 11.56 0.87
60 49.93 0.20

4 2021-11-19 18:34 -9 10
90 45.24 0.22

%4 15~30km & & X 0] R 4 KB B TR = BURF 09 A 5 im i A 3
Table 4 Optical turbulence parameters obtained by radiosondes with different rope lengths in the
15-30 km altitude interval

Experiment number Launch time Length of rope/m r/ecm Eygofrd%  eppd/ () Eyg Of €pynd %

30 17.47 0.58

1 2021-11-18 07:58 14 -13
60 20.00 0.51
60 68.80 0.15

2 2021-11-18 19:25 14 -12
90 78.24 0.13
60 22.23 0.45

3 2021-11-19 07:28 =21 26
90 17.60 0.57
60 74.94 0.13

4 2021-11-19 18:34 -1 1
90 74.02 0.14

2.3 EERoEHIEEXY
R 82 3 1) 52 8 C2 BRER T B M TS 7 RO T 5 e AP T 7 BB 2 KOG 24 MET . ASTF
UK F I 225 S RATIR 2 800 5 BT o b €T LU, 48 30 m T 60 m 28400 5 45 Bk 2 B4t ook
(R, HET KR AR T R AR R 22 5t 20% o T 60 m H190 m 48 K75 962 S MMM 280, =R
IR LT P AL AT (i 24 2%~ 129% 2 181, BRIt , 7EAFH 1600 g K 5/ AR (1 L BRHEAT B 22k
SRR , BRI T AR F A7 RE B K T 60 m O X BB B
&S RRBKMF T2 60 fR0 K5 % R A S

Table 5 Integral optical turbulence parameters obtained from measurements with different rope lengths

Experiment number Launch time Length of rope/m rdem Egofrd%  epyud () Eyg Of €pyind %

30 5.32 1.90

1 2021-11-18 07:58 36 -26
60 7.22 1.40
60 16.30 0.62

2 2021-11-18 19:25 8 8
90 15.05 0.67
60 6.57 1.54

3 2021-11-19 07:28 2 2
90 6.69 1.51
60 11.56 0.87

4 2021-11-19 18:34 11 12

90 10.32 0.98
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