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Research on Surface Icing of Tethered Balloon Based on CFD
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ABSTRACT: The work aims to predict the icing parts and icing amount of tethered balloons under different environmental con-
ditions, so as to provide a reference basis for safe operation of tethered balloons. The icing research was carried out on the test
pieces made of flexible materials in the climate laboratory. The icing was compared and analyzed with that on metal surfaces, so
as to clarify the icing mechanism of flexible materials. Numerical simulation was used to study the multi-parameter and
multi-state icing of a certain type of tethered balloons. At the same time, the stability analysis of the tethered balloon after icing
was carried out. The results showed that the icing situations of flexible and metallic materials with a certain degree of rigidity
were basically the same, and the icing mechanisms were the same. The distribution of icing on the surface of the tethered bal-
loon at each pitch angle under normal icing, freezing fog and freezing rain conditions was calculated. Under normal icing condi-
tions, icing mainly occurred at the leading edge of the tail, and the amount of icing increased with the wind speed and pitch an-
gle; while under freezing fog and freezing rain conditions, icing occurred at the capsule and the tail, and the amount of icing

varied in a V-shape with the wind speed and pitch angle. According to the stability analysis based on the calculation results, the
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tethered balloon has a certain "icing tolerance" under normal remaining buoyancy, but it still needs to carry out ice and snow

countermeasures when it is under severe weather for a long time.

KEY WORDS: tethered balloon; icing; climate laboratory test; numerical simulation; stability analysis; icing tolerance
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Fig.1 Schematic diagram of tethered balloon

SO FR B BRI AS DR T, SR T BB AU Y
Tk, EHUON R B AR 22 RS E KT,
5E T &KL S ki o [RIF, JT R T &R B UBRES
VKR IR MY, GRR, R BRI AR
IEWRELT B —Er “Z5KAER”, T halR
B ACBRB VKT A S B U (E, X TR AR B AR
T AAEREEE X,

1 R SM LR

TCOM A F) T 1982 45 T3 7 5k [¥ 1 2 <
BRHAT TGRS T R KNS5, JHE e —
RYH R G B T AR e
Cold Regions Research & Engineering Laboratory JI Ji&
T REASERIKE MBS, & B TR R)ZH
T RHUKE B AE®!, W 2 Fias. Pacific-Sierra
Research Corporation T 1989 -l J& T & B A ERIK
WA, A 35 25 ZER 77 AR Ak %
S AT HRE T HAR L HF  NACA 7 1958 4 fifi i ZPG-2

RAETTRE T AT, AR LS UK AR R AT R
BT TV M. AT IR, (U E VR R 25
QAT A A A SR T T A A K o PO AR R AT A
B RN R 25 OB AR/, SRS Dk T B M E R
RRREHAT VAL o FERWN 8RS R ATRE, Wi T
SEVREE PKCIT 5T 3 02 1T 5 WL Y, E R AR AR Ak T
[EZS RN T

K2 SSELmERTIR
Fig.2 Snow test of US Laboratory

T R B AERTE E R AP B, SEBRES N 3
D e H e = KE ST s T gt bl st
Tk AT TE R B A BRI S AR Xk S KRR
N RE T R A gY, B T EFEWAR, HE
B PR 4R A1 F 28 38 5T Fr T 2008 4 A1 2011 4F
SRR TR BARERAR SRR UK E 25 B /06 YA &
BR A Bk Y SR B SR UK S RO Y ) 1) e
JEA S SR VK S PN ARG BRI B ) e i
FRVKS i, SO T (Rl SR i B ALl /A, HEBR VK
ERORAM, FR B BAR . LTS AR K %)
725 g B B UK U R R IS B PR vk 5 5 ik AT T
AT FNPEAR , A AZ T ikaE T I A ESF R i T
YEREE, N R BIFA MRR VKRS RGO — R 2
pEUOL ZE bR, BN T 4 A AT, i
PATT RBE SRR ST, B2 REWA TG, HARE
TR N

2 FEMBLEKIIEGR

2.1 FEMEHEE

F SRR R R R L KR Bk
JRMEHRZ LR, W 3 R o AR R Z
FI S5 ) 9 ZAROR R T2, LT 4E AR
F B AERENEA R A PUSRSMEREE 22 R AL, 5E5h



- 98 - k& W B TR

2024 47 A

2R KUY IR 2 (ol 2F 4k g 2 PR RE RIS REAS B T 244k
RETRE, fJa im0 I, 7EFR R
BHRSNZINE — 2 B A RAF 50 (1 H BRI
o TR A58 B T A S, T ASE R AR R T SR ARG
{1 75 4 o

Vo

«— MWHEE

— KHE

«— HRE

B3 R

Fig.3 Material composition of tethered balloon
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Fig.5 Flexible material icing test: a) test platform;
b) test situation
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Fig.6 Appearance of a tethered balloon capsule: a) shape of tethered balloon; b) grid division
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Tab.1 Calculation of environmental conditions
TR WAKEGE(gm?)  KEEA/pm  FEEE/C  KITEE/m  45KEH/min
GBJ 2195-95 4%f4 0.5 20 -10 1 800 —
FAR25 [ff3% O V%5 414 0.3 250 -10 1800 20
FAR25 [ff3% O VR 4514 0.3 1000 -10 1800 —

x2 MTEESHMAEXRE
Tab.2 Relationship between flight speed and pitch angle

KATHE/(m-s ) WA A7)
5 2.8
10 4.3
15 5.7
20 6.7
25 7.4
30 7.9
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Fig.7 Ice distribution at an elevation angle of 4.°: a) GJB 2195—95 condition; b) pogonip condition; c) ice rain condition
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Fig.8 Total icing amount and component icing amount in each state: a) variation curve of total icing amount and pitch angle under
GJB condition; b) variation curve of total icing amount and pitch angle under pogonip condition; c¢) variation curve of total icing
amount and pitch angle under ice rain condition; d) variation of icing amount of each tethered balloon component under pogonip

condition; e) variation of icing amount of each tethered balloon component under ice rain condition

5 Hig
RIS L VKBTI 45 & 2 B OBk A A
A, SRR AT 2T R CFD BUE AT, BF5T
RS T B R B AR ki A — 2 S E N
6, PFREBIT:

1) PR35 — 7 W BE A SR Pk R R 3 1 A < S B3R
T2 VK DA — 2, Z5vKHLEEAR R

2) BEARFZMT, RERTEE B R ELE KR
{37, BEVRFVRE R B TCAE K, 4 vk B XU FRHATD 1y 38
R R

3) ERZ RIS, BRI T 24,
UHRAL o A VK BE X MR M 2 v B2k, 0 #r
DR 32 B A/ N AGHE RIR A 2 2850 v 7K 32 2 1 3%
MR, AR R X FIRHID Ffy 2 25 22832 RGBS o Bl
& WG TR A B, B AT E AP TR A5 vK

4) F B BRIERAT R SME X B IUKR 12 3h B
ENROR , TEVRSS MR AT, SV AT LB RS
KR R

5) XSS UKIE B R B ROT AR EVE T, 3R
W2 B AURTERI AR IEH RSO0 T B —E 1 45
DREERR™ , AELRI 1) % JC T 445 D EL 8 3 35 0 i KX
I 2 3 A IMEPE I 2R

SR

[11 &3 EUNRESERNARSNAD]. B, 2010,

(2]

8(25): 6-7.

CAO J. Development and Application of Tethered Bal-
loons Abroad[J].
2010, 8(25): 6-7.
ELEAR, FIAR. EIMFR BB RN 5 K ).
IR T3, 2007, 5(3): 10-14.

WANG W X, WENG Y D. Application and Development
of Oversea Mooring Balloon and Airship[J]. Rubber Sci-
ence and Technology, 2007, 5(3): 10-14.

BV FY, XM, RETAR AR AR B AR R G R AL
ARBER[T]. KOs Bl H AR A Be 74z, 2007, 7(3):
51-54.

SHAN Y L, LIU Y Z. Overall Technology Summary of
Tethered Aerostat System Based on Low Altitude Explo-
ration[J]. Journal of Changsha Aeronautical Vocational
and Technical College, 2007, 7(3): 51-54.

W, R, XUDEEC. SR R B 2R B S
ERRGMREmI]. PR IS, 2010, 32(1): 7-9

YANG W, GAO B Y, LIU X B. Effect of Environment of
High Altitude Region on Tethered Aerostat System[J].
Modern Radar, 2010, 32(1): 7-9.

/NG, ATER. DK R B BRI AT [CY SR
Jei e LA 2 AR R IR SCHE IR IR E s 2
43,2014

HU Xiao-jin, HE Wei. Effect of Hailstone Impact on
Captive Balloon[C]// The 6th Aviation Society of China
Youth Science and Technology Forum. Shenyang: Chi-

Science & Technology Information,

nese Society of Aeronautics and Astronautics, 2014.
FrHatE, R R A AERIATLE A RIE[CL/ 2016 4R E
e R, R5E: PRI, 2016.

QI Y H. Introduction to tethered balloon implementation



+ 102 -

2024 47 A

[12]

[13]

of comprehensive security[C]// 2016 China Floating Ve-
hicle Conference. Dongguan: Chinese Society of Aero-
nautics and Astronautics, 2016.

ROBERT L A. Cold Weather Aerostat Study: AFGL-TR-
82-0278[S]. USA: Tcom Corporation, 1982.

CARTEN A, MCPHETRES G, ASHFORD R. Tethered
Aerostat Operation in Arctic Weather[C]// 5th Lighter-
Than Air Conference. Anaheim: American Institute of
Acronautics and Astronautics,1983.

HANAMOTO B. Special Report 83-23: Aerostat Icing
Problems[R]. USA: USA ARMY Cold Regions Research
& Engineering Laboratory, 1983.

WILLIAM L, PORTER J P. A Flight Evaluation and
Analysis of the Effect of Icing Condition on the ZPG-2
Airship[R]. USA Ohio: National Advisory Committee for
Aeronautics,1958.

BRI, BEFE, WA, . REAERCE G TEN SOl ME
PREEH AR D] AR SEETOR, 2022, 208):
22-28.

SHENG W X, DUAN Q, SHA G L, et al. Application of
Tethered Balloon Platform in Emergency Communica-
tion[J]. Electric Power Information and Communication
Technology, 2022, 20(8): 22-28.

BAET. R H S EZBD]L HRRE &,
2022(8): 36-37.

HUANG W N. Extremely Eye-One, Extremely Eye-Cat-
ching[J]. Knowledge Is Power, 2022(8): 36-37.

FIOFRR, RN, RAEE, R ARERIRSE A
W RS 55 ], TS5, 2021, 61(1): 59-60.
LUFC,LUY L, WU J G, et al. Research on Independent
Monitoring System for Tethered Balloon Spherical Struc-
ture[J]. Engineering & Test, 2021, 61(1): 59-60.

AR, BH]. R AIRRGR KT R E RTRI[T]. AL
M5 HLF, 2009, 27(1): 17-20.

PENG G L, CHEN L. Development of Snow and Ice
Removing Device for Tethered Aerostat[J]. Machinery &
Electronics, 2009, 27(1): 17-20.

B, SR R EBAERN BRI EER K A
W), RIS T, 2011, 39(6): 76-79.

JU J B, ZHAO L H. Study on Snow-Melting of the Teth-
ered-Balloon by Heating the Gas[J]. Cryogenics & Su-
perconductivity, 2011, 39(6): 76-79.

fite) e, EAE. FREAS G B UK R F AL A R DK
HITIE[CY2012 AErPEPEZS AR, P4 s
2F43,2012.

XIE Guang-hua, WANG Hua. Combined method of ice
and snow removal by anti-icing coating and electric heat-
ing film for floatplane[C]// 2012 China Floatplane Con-
ference. Xi'an: Chinese Society of Aeronautis and Astro-
nautics, 2012.

PGB, J7 . PRAS SRR R 2T YR EAS N 5 VR ).

[18]

[19]

[20]

(21]

[22]

[24]

[25]

P23 27 B4, 2016, 34(3): 33-37.

LYU Y C, FANG T. On the Detection Method of Fiber
Layer of Aerostat Envelope Material[J]. Journal of Xi’an
Acronautical University, 2016, 34(3): 33-37.

Pk, Sz, AT AT S BRI
SHEGRAD]. AL MR K24, 2014, 4003):
333-337.

YANG Y Q, MA Y P, WU Z. Analysis and Optimization
of Envelope Material of High-Altitude Airships[J]. Jour-
nal of Beijing University of Aeronautics and Astronautics,
2014, 40(3): 333-337.

AL, RS SRR BB R [CY/ 2016 4R
A sk dbat PEfTE Y2, 2016.

LI Tong-bing. Research Progress of Floating Vehicle
Bladder Materials[C]// 2016 China Feoating Vehicle
Conference. Beijing: Chinese Society of Aeronautics and
Astronautics. 2016.

KUK, a T, BN KIEEVK)Z R A d 2
VKRR S SE[CL/ 2016 TR 1 A ) 24 A
2. T TR, 2016.

ZHANG Huan-huan, JIN Zhe-yan, YANG Zhi-gang. Ex-
perimental study of water droplet impact and icing proc-
ess on ice surface[C]// 2016 Cross-Strait Symposium on
Fluid Mechanics. Xining: Qinghai Univeersity 2016.
MR, TR, WRMEL 55 50K 45Kkt
TR SIS RN S HOR (7], foias 3 J1 241, 2018,
33(12): 2817-2826.

XIAO CH, YUK L, CHEN F Z, et al. Test Technique of
Aerodynamic Parameters Measurement during Icing/de-
Icing Process under Icing Environment[J]. Journal of
Acrospace Power, 2018, 33(12): 2817-2826.

FEHA, PR, SPE, S RIS T K TR R
T 25 DK AR A SRR B ST (0] Ve i, 2020, 41(1):
74-80.

JJAO M S, CHEN M M, JIN Z Y, et al. Experimental
Study on Freezing Process of Water Droplet on Cold
Surface at Low Ambient Temperatures[J]. Journal of Re-
frigeration, 2020, 41(1): 74-80.

BR, RHR, XGF, % =4e8 a5kt 72 LY
MEEREFE]. A% 3244k, 2014, 29(6): 1339-1345.
LU T, SANG W M, LIU X Y, et al. Numerical Simula-
tion of Icing Accretion and Influence on Three-Dimensio-
nal Wing Configuration[J]. Journal of Aerospace Power,
2014, 29(6): 1339-1345.

Fak. FLILSS VKEUE T 5 25 VKA AL SE (D). 7 At
BT AIR RS, 2011,

FU B. Numerical Calculation of Wing Icing and Research
on Icing Model[D].
Aeronautics and Astronautics, 2011.

Ansys Corporation. ANSYS FENSAP-ICE User Man-
ual[K]. Pittsburgh: Ansys Corporation, 2018.

Nanjing: Nanjing University of



