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NGHIEN Cl’U MO PHONG PAC TiNH KHi PONG CUA KHi CAU
TREO DANG HELIKITE

SIMULATION RESEARCH ON AERODYNAMIC CHARACTERISTICS OF
HELIKITE BALLOON

Pinh Tin Hung
Truong Co khi, Pai hoc Bach khoa Ha Noi

TOM TAT

Trong vong mot thé ky tro lai day, thiét bi bay sir dung khi (nhe hon khéng khi, LTA-Lighter
Than Air) dé dwoc sir dung cho nhiéu muc dich khdc nhau, chang han nhie tudn tra bién gidi, iing
phé tham hoa thién nhién, khdo sat dia hinh, gidm sdt qudn sw va nghién ciru khi quyén. Pé phuc
vu cac muc dich nay, khi cau cé thé diroc trang bi camera, radar va cac cam bién khdc c6 thé cung
cdp théng tin theo thoi gian thuc cho mdt dat, cho phép dwea ra cac quyét dinh mét cach kip thoi.
Bai bdo nay nghién civu mé phong sé hai dang hinh dang cia khi cau treo lai gom béng bay — diéu
hay con goi la Helikite, twong tw mé hinh da dwoc san xudt trude dé béi cong ty Allsopp Helikite
UK.

Tir khéa: Nhe hon khéng khi; Helikite; Khi cau,; Allsopp; M6 phong.
ABSTRACT

Over the past century, air-powered aircraft (LTA-Lighter Than Air) have been used for a
variety of purposes, such as border patrol, disaster response nature, topographic survey, military
surveillance and atmospheric research. For these purposes, airships can be equipped with cameras,
radar and other sensors that can provide real-time information to the ground, allowing decisions to
be made in a timely manner. This article studies the numerical simulation of two shapes of a hybrid
balloon-kite airship, also known as Helikite, similar to the model previously produced by Allsopp
Helikite UK.
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1. GIOI THIEU

Khi cu treo 1a mét loai thiét bi nhe hon
khong khi (LTA) dugc ¢b dinh v6i tram mat dat
thong qua day budc va khong co dong co, thiét
bi ndy c6 thé bay trén khong nho sir dung khi
LTA [1]. Hién nay, vdi tién bd trong khoa hoc
vat liéu va dién tir, khi cau treo duoc st dung
trong cong viéc giam sat, lién lac khong day,
hoat dong ctru trg khén cép, giam sat va bao vé
canh dong néng nghiép, ghi dit liéu khi quyén,
phat dién, chup anh trén khong va kham pha
khong gian. Pay 14 thiét bi cung cap cic tng
dung trén véi chi phi thap do muc tiéu thy dién
nang thap Chung lo lu’ng trong khong trung ma
khong can bat ky ngudn ning lugng nao; day
budc duy tri vi tri cia chiung va luc nang dugc
tao ra boi khi LTA. Ngudn dién duy nhat can
thiét cho hoat dong cuia chiing 1a danh cho tai
trong va, néu can, cho khi cau hoat dong duy tri
ap suat bén trong ctia chiing. Nang luong c6 thé
duoc cung cap thong qua ning luong mit troi
hodc pin tich hop.

Trong diéu kién khong c6 gid, khi cau
treo va bong bay thong thuong st dung luc
nang cua khi LTA dé nang toan b tai 1én theo
phuong thang dtng. Tuy nhién, khi gip gid
16n, cac khi cu bay truyén thong sinh ra luc can
16n lam ching 1éch khéi vi tri can béng, dan
dén mét do cao khi bay. Hién tuong nay goi la
blow-by [2]. Bé khéc phuc hién tuong blow- by,
khi cau phai sinh ra luc nang 16n vuot qua can
thiét dé giir can bang. Diéu nay doi hoi khi cau
phai ¢ kich thude 16n dé chira da lwong khi
Heli can thiét, ddn dén tang khdi luong, ting
chi phi van hanh, gay khé khin trong viéc diéu
khién. Mot nhuge diém khéc cta khi cau thong
thuong 14 Iyc nang cta ching bi han ché do chi
phu thudc vao khi LTA. Bé khac phuc nhuoc
diém cta cac khi cu bay thong thudng, mé hinh
diéu két hop bong bay, goi 1a Helikite, da dugc
phat trién bai Sandy Allsopp [3]. Helikite ngoai

viéc ¢6 thiét ké doc dao, cac mo hinh nay con
nhe hon va nho gon hon so v6i cac loai khi cau
khéc nho vao céc vat liéu cdu thanh va hinh
dang khi dong doc dao. Helikite co uu diém on
dinh trong gi6, tiét kiém ning luong, thoi gian
bay kéo dai, khong c6 tiéng on va dé& van hanh
hon so véi khi cau c6 ddy budc thong thudong

[4], [5].

Trong bai bao nay, hai mo hinh Helikite
duoc lya chon nghién ctiru gdm mé hinh Helikite
dang cau va mo hinh Helikite dang elip.

2. NGHIEN CUU MO PHONG
Mb hinh Helikite gdm [3]:

- Bong: Hinh elip hodc hinh tron, lam
bang vai hodc vat liéu nhe dé chira khi heli hodc
khi hydro dé tao nén khdi lwong nhe hon khong
khi. Phan bong giup Helikite bay 1én khong
trung & diéu kién khong cé gié: trong hang
dong, trong ring cay, dia hinh thap, khuat gio...
Theo théng ké cuia [3], ty 18 chiéu dai trén chiéu
rong cua Helikite phd bién ndm trong khoang
tir 0,83 dén 1,67. Trong do, ty 18 1,5 dugc su
dung nhiéu nhit cho Helikite. Vay nén, mo
hinh Helikite trong bai bio duoc thiét ké theo
ty 1€ nay;

- Canh diéu: Pugc lam bang vai hodc
cac loai vat liéu bén, duoc gan vao phan bong
cta khi cau. Sau khi Helikite dat duoc do cao
nhd phan bong, canh diéu tao ra lyc nang giup
Helikite duy tri do cao. Ngoai ra, canh diéu
gitip ting sy On dinh va kiém soat ciia Helikite
trong khi bay;

- PBubi dung: Co6 hinh dang tam giac
phang, dat phia dudi cta diéu, bao gdbm khung
va vai. Phan dudi dung nay co tac dung nhu
mot bé mit 6n dinh ctia may bay giap khi cdu
on dinh khi c6 su thay doi huéng gio;
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- Day: Gidng nhu khi cau treo khac,
Helikite c¢6 cudn day di kém dé két ndi véi mat
dat, thuong dugc 1am bang diy cudc hodc cic
loai vat liéu méng nhe c¢6 kha nang chiu lyuc.
Day budc giup két ndi Helikite vi mat dat va
¢ dinh pham vi hoat dong ctuia Helikite;

- Tai c6 ich: Phuc vu cac muc dich khac
nhau, tai c6 ich khac nhau. Kha nang mang tai
ctia mot Helikite c6 thé thay doi tuy thudc vao
mau cu thé va kich thudc cia khi cau.

2.1. M6 hinh Helikite
a. Helikite dang cau

M6 hinh Helikite dang cau c6 phan
bong véi duong kinh 80 cm. Hinh dang va kich
thudc cua Helikite dang cau duoc tong hop
trong Hinh 1.

b. Helikite dang elip

Mo hinh nay dugc thiét ké véi phan
bong dung khi Heli dang elip det, ciing thé tich
chtra khi Heli so v6i mé hinh dang cau nham
muc dich so sanh, phat trién san pham. Ty 1&
D1/D2 cta mé hinh (Hinh 2) dugc thiét ké dua
trén mo hinh Helikite cua cong ty Allsopp [3].
Chiéu dai H va goc M dugc giit nguyén so véi
mo hinh Helikite dang cau.

2.2. Thiét 1ap méd phong

Nghién ctru mo phdng trng x1r ciia dong
chay qua Helikite dugc thyc hién véi sy tro
gitip ctia phan mém ANSYS. Dic tinh khi dong
ctia mo hinh Helikte dang cau va elip duoc so
sanh v6i nhau va so sanh voi bong hinh cau
khong c6 diéu (Hinh 3) ¢ van tc gid 5 m/s, voi
gdc tan o thay doi tir -20° dén 60°. Goc tan nay
duoc dinh nghia 1 goc vénh cua Helikite so voi
phuong gié thdi nhu minh hoa trong Hinh 4.

Mién tinh toan 14 hinh hop chit nhat voi
kich thude xac dinh trong Hinh 5 [6].

Kich thwéc | Gid tri

D (cm) g0
L (cm) 80
H (cm) 30

M (d6) 58,41

Hinh 1. Hinh dang va kich thuoc Helikite

dang cau
Kich thwée | Gia tri
a% DI (am) 63
% ‘r D2 (cm) 90
, L (cm) 90

H (cm) 30
M (48) 5841

Hinh 2. Hinh dang va kich thuoc Helikite

dang elip

a. Béng hinh cau b. Helikite dang cdu c. Helikite dang elip
Hinh 3. M6 hinh Helikite

Hinh 5. Mién tinh todn
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Tiép theo, mién tinh toan duoc chia luéi
dé tinh toan mo phong. Chia ludi 1a mot cong
doan quan trong trong qua trinh mé phong, anh
huong truc tiép dén thoi gian mé phong va dic
biét 1a két qua bai toan. Thém vao d6 hinh dang
ctia Helikite phtrc tap, c6 nhiéu diém ndi véi
kich thudc nho, nhat 1a ¢ phan lién két giita
canh didu va vo bong nén ludi khong ciu triic
dang tur dién dugc lya chon st dung. Téng )
lu6i thu duoc 1a 2.498.341 phan tir (Hinh 6).

g
T

Hinh 6. Chia luvoi Helikite

MBS hinh rdi k- duoc lua chon st dung
trong bai bao. Pay 1a mé hinh rdi pho bién nhat
duogc str dung trong md phong dong chay qua
vat thé [6].

3. KET QUA

Dbi v6i bong hinh cau, phuong gié tao
v6i hinh cau tai moi phuong déu nhu nhau, vi
vay ta chi mo phong mét trudng hop duy nhat
dbi voi bong hinh cau. Ddi v6i hai md hinh
Helikite, cac goc tan thay doi tir -20° dén 60°.

Két qua lyc nang va luc can cta hai mo
hinh Helikite ting dan theo goc tan (Hinh 7).
Luc nang va luc can cua hai mé hinh Helikite
nho hon so v&i bong hinh cau & goc tan -20°,
xap xi bong hinh cau & goc tan -10° va 16n hon
bong hinh cau tir goc tin 0° dén 60°. Mic du lyc
can cua Helikite 16n hon m6 hinh bong khong
diéu, tuy nhién viéc két hop diéu voi bong ciing
tao ra lyc nang 16n hon boéng hinh cau. Piéu
nay khién Helikite giir 46 cao trong diéu kién
gi6 16n tot hon bong hinh cau. Luc can cua hai

mo hinh ting tuyén tinh trong khoang tir 0° dén
40° va tang cham dan trong khoang tir 40° dén
60°. Luc nang va lyc can cua mo hinh Helikite
dang elip 16n hon so voi mo hinh Helikite dang
cau.
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Hinh 7. Luc ndng va lyc can Helikite
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Hinh 8. Chat luong khi dong Helikite

Mo hinh Helikite dang elip c¢6 hé sb
chat lwong khi dong tot hon mé hinh Helikite
dang cau (tir -10° d&én 60°) (Hinh 8). Hé s6 chit
luong khi dong ctia hai mo hinh dat cuc dai
trong khoang 0° do dén 10° va giam dot ngot
khi goc tAn am. Nguyén nhén 1a do khi goc tin
am, phan diéu bi bong can lam mat luc ning
ciia canh diéu. Vi vy, goc tin cta diéu can
dugc chon trong khoang tir 10° dén 30° nham
dam bao d6 on dinh cta diéu.
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DBudng dong cua dong chdy qua hai mé
hinh tai goc tan 30°, van toc 5 m/s duoc biéu
dién trong hinh 9. Dong khi di tir mét trén cua
phan bong di xudng két hop voi dong khi di tir
dudi canh diéu di 1én tao mot ving xody sau
bong. Cac dong xody nay c6 thé anh huong dén
hiéu suét bay cua Helikite.

a. Helikite dang cau

b. Helikite dang elip
Hinh 9. Puong dong qua Helikite

4. KET LUAN

Bong hinh cau do tinh doi x{mg nén
phuong gid tao VO’1 hinh cdu tai moi phuong
déu nhu nhau Va gan nhu khong tao lyc nang.
Helikite, khi cau treo két hop bong va diéu, cho
luc nang, luc can 16n hon va ddng thoi ciing
tao ra chét luong khi dong tdt hon nhiéu so véi
bong hinh cau. Luc nang, luc can va chat luong
khi dong cua mo hinh Helikite dang elip 16n
hon so v6i mé hinh Helikite dang cau véi goc
tAn tir -10° dén 60°. <
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