Tap chi KHOA HOC - Trwdrng Pai hoc Qudc té Hong Bang S6 16 - 06/2021: 13-22

Nghién ctru qua trinh hinh thanh I&p bang méng

bao quanh may bay trong diéu kién the&i tiét cé
nhiéuhoinuwdc
Dwong Pé Tai va Lé Van Canh’
Trwong Dai hoc Trén Bai Nghia

TOMTAT

Bdai bdo mé td hién twong déng bdng cé thé xdy ra trén cdc thiét bj bay, dwa ra cdc budc dé giai
quyét van dé bai todn ddt ra. Nghién ctru trinh bay phuong trinh hai pha khi - nwéc & dang béo
toan, va loigidis6 nhan dwocbdng phwong phdp phén tirhitu han khéng lién tuc Galerkin (DGM).
Dé chinh xdc ciia phwong phdp sé dwoc kiémtra bdng cdch so sdnh hé sé bdm 8 cia hat nwdcnhdn
duocsovdithuwcnghiém. Béncanh do, nghién ciru gidithiéucosanhiétddéng lwchoccho baitodn

tao bdng trén bé mdt. Trén co'sé 2 mé hinh todn hoc dé gidi thiéu, khdo sdt qud trinh déng bdng

cuamdybayddnsutrong diéukiénbaychdhacdnh.

Tirkhoa: phuong phdp Galerkin, dédng bang mdy bay, mé hinh nhiét déng hoc

1. MO'PAU

M4y bay khi bay v&i van téc duwdi dm qua dam
may & do cao dudi 8,000 m co thé xay ra hién
twong déng bang - diéu nay anh hudng dén an
toan bay. L&p badng hinh thanh trén cac thiét bj
bay c6 thé lam thay d6i cac dac tinh khi déng,
lam tang khéi lvong, tiéu hao nhién liéu cla
may bay [1, 2]. Vi vay, hién twvgng déng bang
cacthiétbitrongquatrinh bay dangla motvan
dé cap thiét va quan trong trong Iinh viec hang
khéng. Qua trinh tao bang xuat hién khi nhiét
dd can bang trén bé mat thiét bj bay nhé hon
hodc bang khong, dong thoi, trong khong khi
co sy gbép mat cla cac hat hoi nudc. Trong khi
quyénluén chranhirng hat nwdcsiéunhd, tén
tai @ cd badang: 16ng, khiva ran. Cac hat nuéc
nay con dugc goi la cac hat siéu lanh
(supercooled). Nhitng hat nudc siéu lanh roi
vao vung dau cta cdnh, vao than may bay,
cabin, dong co, khi déng bang, tuy thuéc vao
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diéu kiénthoitiét bén ngoai, ché dé bay va dac
trwngvatly chacdchatnuwdcdangténtaitrong
khéng khi ma cé thé tao ra nhitng hinh dang
bang, t6c dd xudt hién bdngva dién tich bé mat
bibangbao phld khacnhau.Vidy, [&p bangday
13 mm trén cdnh mdy bay cé thé lam gidam van
toc bay 50 km/h, va lam tdng van téc chao ddo
canh [2]. Bai toan déong bang da dwoc cac nha
khoa hoc trén khap thé gigi tap trung nghién
cru trong nhirng nam gan day. Nhiéu két qua
vé thyc nghiém va tinh todn bang phuong
phdp s6 da duoccho ranhitng mé hinh cu thé.
K&t qua nghiénclrunay codgidtriratién, bdido
la tw liéu cho cac nha thiét ké tao ra va dat
nhirng thiét bi phd bang trén may bay tai cac vi
tri quan trong. Qua trinh hinh thanh bang la
mét cdng viéc rat phirc tap. Hién nay, chwa cé
mot cdng trinh nao cd thé gidi quyét duoc
hoan toan van dé nay. Cadc nha khoa hocchicéd
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thé dua ra mot s6 cac diéu kién, gia thiét dé
lam giam bd&t d6 phic tap cha bai toan nay.
Hién nay, dang cé 2 hudng ti€p can dé giai
duogcbaitoanhaiphakhi-nudc: phuwong phap
ti€p can Lagrange va phuong phdap tiép can
Euler. Trong phuwong phap dau tién, cic hat
nudc duoc xem 1a roi rac khdng lién két véi
nhau. Khi dé, dé gidi dwoc bai todn, tacan tim
quy dao cla tirng hat nwdc duditdc dung cla
lwc trong trudng va luc can, sau dé kiém tra
xem hat nao dang roi vao may bay. Phuong

phap nay don gian, nhung trong bai toan
khéng gian 3 chiéu thi can tinh todn mét s6
lwvong 1én quy dao cac hat nwdc, dan dén tén
thoigianvatainguyénmaytinh. Trong phuong
phédp tiép can Euler, trwdng hat nuédc duoc
xem nhu la mot trwdng lién tuc va déng nhat,
tlrdé cothé dung cdc phuwong phap sé hién dai
nhuw phan tlr hitu han, thé tich hitu han dé giai
baitoan trwdnghaiphakhi-nudc, céthé nhan
duwoc trwedng phan bd hat nwdc tai vung gan
cacthiétbibaybanghinhdnhtrycquan.

Hinh 1. Hién twong déng bang trén may bay

Thinghiém vé dong chay hai pha khi nuéc bao
quanh hinh tru tron dwoc thye hién lan dau
tién vao nhitng nam 1950 bd&i trung tam
nghién ciru NACA [2]. Vao nhirng nam 1985,
1997,1999, trung tam NACA da dua ra nhitng
két qua thwc nghiém cho cdc md hinh canh
MS(1)-0317, NACA65-015, NLF(1)-0414vamo
hinh canh Boing-737 (NACA64A008), nhitng
két qua thwe nghiém nay d3 dwgc so sanh vdi
chuong trinh tinh todn LEWICE [2]. Chuong
trinh nay dugc viét bang phuong phap tiép
can Lagrange cho cac bai todn 2D. Tuy nhién,
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viéc dan ra nhitng thi nghiém cho dong chay
haiphanaylaratténkémvaphctap.

Trong pham vi bai bdo nay, tac gia nghién ctru
truong dong chay hai pha khi - nuwéc bang
phuong phdp phan t& hitu han Galerkin véi
ham co s& khénglién tuc (DGM). Uu diém cla
viécslrdung DGM so véiphuong phapthétich
hitu han truyén théngla manglai dd chinh xac
béc cao dyavao bacciahamcosd, cacthong
s6 dong chay tai moi diém cla 6 ludi cé thé
nhan dugc théng qua td hgp cla cac ham co
s&. DGM cé thé hoat déng trén ca ludi coé cau
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trdcvakhdngcautric, laphuongphéplaigiira
FVM va FEM truyén théng. Tuy nhién, viéc xay
dwng chuwong trinh tinh todn bang DGM phtrc
tap va tén nhiéu tai nguyén hon nhirng
phuong phap FVM va FEM truyén théng do
viéclwu trit cdché s6 td hop cla ham co sé tai
cacdiém Gauss, vivay, phwong phdp nay chua
duoc st dung mot cach rong rai [3]. K&t qua
tinh todn cho cdac m6 hinh canh 2D va 3D duoc
so sanh vdithwc nghiém dé dwara két luan vé
tinhdd chinhxacclaphuwongphaptinh.

2.PHUO'NG TRINH TRUONG HATNU'G'C
2.1.Phuongtrinhdongchaycuahatnuwéc

Hé phuong trinh mé ta trwong dong chay hat
nudcduwocviétlainhusau[3]:

oU oF, OF, 0F.
L4z

R =S(v) ()

Trongdé:

U=I[r,ru,rv,rw]’,

F.=[ru, ru’ +p,, ruv, ruwl’, F, = [rv, rvu, rv’ +

p., rvw]’,F,=[rw, rwu, rwv, rw’+p,]";

S=[r,.divu,c (u,-u)r+r,.u.divu+dp,/ox,
r..divu,c,(v,-v)r+r,.v.divu+dp,/dy,
r..divu,c,(w,-w)r+r,.w.divu+dp,/9z]’;

r,=r-1/In10;p,=rR,T;r=Igp;

p - khéi luvgng riéng phan cla hat nudc
(Liguid water content-LWC);

u, v, w - la van t6c clia hat nwdc theo cac
phuongOx, Oy, Oz;

u,v,,w,-vantdccltadongkhi.

Dé gidi dwgc hé phuwong trinh nay, ta dung
phuwongphdpphantirhitruhankhéngliéntuc
Galerkin (Discontinuous Gelerkin method -
DGM)[3].
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2.2. Bai toan kiém tra - Dong chay bao quanh
hinhtru

Khdo sat mét hinh tru dai v cung ban kinh
R =0.0515 m, van t& dong khi & vé cling u_ =80 m/s,
ap suat tinh p_= 89,867 Pa, nhiét dd T_= 285,
duong kinh hat nudc MVD = 16um, ti trong riéng
hat nudc p = 0.55 gram/m’. Xay dung 4 luéi bién doi
tlr thd sang min vdi kich thudc bién déi: 16x4
256%64 (Hinh 2).

Ligquid water content (LWC)

| I | | I
DS TRESS |WEM 2NEM UGG JREEM ATEESE SATEME A DEA4 7ML T8

e S

e ——

Hinh 3. Phan b truong khéi lvong riéng
hat nwdc LWC

Trén Hinh 3 chi ra truvdng phan bd hat nuéc p
quanh hinh tru. Ta nhan thay rang, hat nuéc
tap trung rat I&n & phan dau cda hinh tru, ti
trong riéng tang |én nhiéu so véi & xa vo cung,
tai vung & phia sau cla hinh try, hat nuwdc bi
tach ra khoi dong chay, tao thanh mét ving
chankhéng (LWC=0gram/m’).
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DGM; K=1, 2,3
B E=1 gnd 18x4
EFEE)K=1, gnd 128232
e Ko7 gl 10a4
&9 Ka2 gnd X8

K=1 gnd 16x4
= = |Expesramn] J
= = [Exporemoni 1

y (m)

Hinh 4. Anh hudng cla ludi va bac cao K clia so d6 1én hé s6 bam B

Trén Hinh s6 4 chi ra hé s6 bdam B clha hat
nwdc. Hé s6 bam cla hat nwdc trén bé mat
vatthéduwoctinhtodnbdngmaoiquanhégitta
xung luong dong chay khi dap vao bé mat va
xungluwongdvdcung.Vébanchatvatly,hésd
bdm chi ra rang, c6 bao nhiéu phan dong
lwvong cha hat nudc dap vao bé mat so vai
chinhnéd&vdcung.
HéséBdwgctinhbdicongthirc:

B=pu,/p.u..

T két qud trén Hinh 4, nhan thay rang, véiK=1

lpinging water

o
o o
'-‘*:_*Jqu 0@
“n.afhspﬁn__‘l_a_________
oo a0
aﬁoqbg:‘“n &
o
o

o

I

Gas

trénludithd16x4thichorakétquadBkhéng
chinhxac,vugtrangoaivungthinghiém [4].
KhiK>2,vacotinhdén dd cong clia vat thé
khi gidi bai toan bang phuvong phdp s6 DGM
thi cho ra két qua B chinh xac ca trén ludi
thwal6x4.

3. CO SO NHIET PONG LUC HOC CHO BAI
TOANDONGBANG

3.1.Co's& ly thuyét va phwong phap sd

Xét mot 6 lwdi bat ki trén bé mat cda vat thé
(Hinh5):

Hinh 5. Cic thanh phan nuwdc va ning lugng cé thé xuat hién trong 6 ludi
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Ta nhan thdy c6 6 thanh phan khéi lwgng nuwéc
cé thé vao - ra khdi 6 ludi. Ty d6 dung phuong
trinh can bang khéi lwvong va dinh luatsd 1 cla
nhiét déng lwc hoc (Téng nhiét lvgng bang vdi
sy bién d6i ndi nang cda hé va cong cla hé
nhiétdéngthuchién dé chénglaingoailuc).

Phuong trinh can bang khéi lvgng:
mim + min = n./lva + mice + m

out
Phuwong trinh can bing ndng lvong:
Eice +Hva +Hout +Hin +Him :Q/' - Qc

4 Mice ) A A AA X
Trongdo:f=f - lahésoddéngbang.
in mim

Tir hé s6 déng bang nay, cé thé chiara lam 3
dangb&mat (Hinh6).

H,.H,6H,, H,H, lan luot la entalpi cla nuwéc
roi vao bé mat khi cu bay, entalpi cla nudc chay
vao O ludi dang xét tlr 6 bén canh, entalpi cla
nwdc chay ra khoi 6 ludi dang xét, entalpi cua

nuwéc boc hoi va thang hoa, ndi nang cla hat nuwéc.

Dé gidi dwgc hé phuong trinh trén, ta dung
phuongphépthirsai[3].

T>273.15K
Khimurde
MNuoc
= ;Q.}'.*‘.‘\“?‘:-‘:\: o NL"..'\:_‘-E\-:\‘\:MI&I o
’ -.;‘-Q;“?\\“" 7 I - \“"‘:

e

Diéu kién cho bé mit long

D<cfcl
T=273.15K

T
B
\C‘H-

3.2. Bai toan kiém tra - Dong chay hai pha bao
quanhcanh GLC-305

M6 hinh cdnh duoc chira & Hinh 7 va diéu kién
ban dau cla baitodn dugcchira@Bang1:

Bang 1. Diéu kién ban dau

Van téc [m/s] 89.97
Ap suat [Pa] 61,282
GOc tan 6
Nhiét do [°C] -11.28
LWC [gram/m3] 1.0
MVD [um] 20
Thoi gian dong bang [s] 360
f=1

Khi/Nudc T<273.15K

Bang
S
S Il AN

b

Diéu kién cho bé mit kho

EKhiMwrde
Wirde

Bang

F J\t":‘x."‘\\:\:“\t:‘t& E‘R\}QQ\;&\\_;‘ -_\‘_:_
11 '

Diéu kién cho bé mit am

Hinh 6. So d6 3 bé mat cé thé hinh thanh cda nuwdc trén bé mat
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Hinh 8. M6 hinh déong bang trén canh GLC-305

Trén Hinh 8 chira mo6 hinh déng bangtréntoan
canh may bay va mé bang trén 3 mit cat tai 3 vi
trikhacnhautrén canh: cudi, gitra va dau canh.

Cac mo hinh bang nay dugc so sanh véi thyc
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nghiém sau thoi gian 360 gidy. Ta nhan thay
rang k&t qua md hinh biang nhan duwgc bang
phuong phdp sé so véi thywc nghiém [5] la

khéngsaikhdcnhaunhiéu.
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4.DONG BANG TREN MAY BAY DAN SU' TRONG

PIEUKIEN ChO
Khao sat mdy bay dan sy sai canh 32 m, dang

baytrongdiéukiénchdvéicdcthamsédsau:u,,
= 695 km/h, do6 cao H=6,000 m, LWC = 0.4
gram/m’, MVD = 36 um. Diéu kién ban dau:
nhiétdddongchayvécung:t.=0,-5,-12,-15,
-20,-25,-30,-33,-35°C.G6ctan: a=0°, 7°. Lwdi
tinh todn 6 mat: 5.5 triéu 6 lwdi. M6 hinh tinh
todndongkhi: M& hinhr8iSST (y,=1). Md hinh
tinhtodndong 2 phaKhi-Nudc: Phuong phap
DGMkhiK=1(Hinh9).

Trén Hinh 10 chira cacvungbidéngbangtrén

may bay. Nhan thay rang bing xuat hién tai

vung dau miii may bay, vung cabin phi céng,
vung daucdnhvadauddngcocliamaybay.

Trén Hinh 11 chira mé hinh bang trén mit cat
dong co may bay khi géc tan bang 0, véi cac
buwdcthoigiandéngbangvacacvungnhiétdé
khacnhau. Tanhanthay rangkhithdigiannho
hon 600 gidy thi bang lam thay d&i bé mat
déngcokhdngdangké.

Trén hinh 12 chira mé hinh bing trén mit cat
clia canh may bay. Thay rang, khit_<-25°C tai
thoi diém ban dau tao ra md hinh bang dang
profile. Khit_ >-15°Cvar,_ > 1,500 s Trén bé
mattréncldabdngxuathiénsirngbang.

Hinh 9. Hé s6 bam B trén may bay

Hinh 10. Ving xuat hién bang trén may bay
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M6 hinh bang tai mat cit V= -5.45 m, a = 0° cia déng co
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Hinh 11. Hinh dang bang tao thanh trén dong co

Mo hinh bang trén bé mét canh tai mat cit V'=-7.5m, a = 0"
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Hinh 12. Hinh dang bang tao thanh trén canh
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5.KETLUAN

Trong pham vi nghién cltru da dua ra duoc
phuong phép giai bai toan hai pha khi nuéc
cac phuong trinh truyén nhiét dé tinh toan
quatrinhdéngbing. Kétquachirarang, trong
ché& d6 cho, trong nhiéu trwong hop nhiét dé
khi quyén khac nhau, van téc déng bang trén

ISSN: 2615 - 9686

bé mat mdy bay vuot qua van téc déng bang
chophép.Diéunaycandugctinhtodndécanh
bdophicong.

Nhan thay rang, bang thudng xuat hién &
vung cabin, phdn ddu cta cdnh va déng co.
V&i nhirng trudng hop nhiét dé thap (t.<
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-10°C), nudc khéng déng bang & viung dau
déngcomachadyvéphiasau,noiconhiétdd
thdp va hinh thanh bang c6 dang “hinh
sirng”. Didunaycéthélamchodongkhisdm
tach khdicanh mdy bay, gdy anh hwdng dén
hésénang.Trongtrudnghopnguoclai,néu
nhiét d6 cao (t_>-10°C), hat nudc sau khi

dap vao phan dau cha déng co va canh, cé
thé déng bang ngay hodc déng bang mét
phan, tdng tiét dién tich ti€p xuc cha dong
khi, gdy ra tang lwc can |én may bay... Diéu
nay can tinh todn dé 13p ddt cac cdm Ung
nhan dang bang va cdc hé théng pha bang
chocdcmidybay.
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The process of forming a thin ice layer around
an aircraft in weather conditions with a lot of

watervapor

ABSTRACT

Duong De Tai and Le Van Canh’

The article describes the ice accretion phenomenon that can occur on flying devices, and giving
stepstosolvetheproblemposed. The study usesthe gas-watertwo-phase equationinconserved
form, and the numerical solution is obtained by the Galerkin discontinuous finite element
method (DGM). The accuracy of the numerical method is checked by comparing the adhesion
coefficient 8 of the water particles obtained with the experiment. Besides, the work introduces
the thermodynamic basis of the surface ice problem. On the basis of two introduced
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mathematical models, the process of freezing civil aircraft in waiting and landing conditions is
investigated.

Keywords: Galerkin method, planeice accretion, thermodynamic modeling
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