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Ppanh gid anh hudng cua chiéu day 6p nudc
t6i hién tuong truot thay lyc cda tau bay

trén mat dudng cat ha canh
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TOM TAT: Truot thly luc 1a mét dang tron truot
nguy hiém, xay ra khi cé xuat hién 16p nudc frén bé
mat mat duong, khién banh xe fruot trén bé mat
hoac khéng con tiép xuc truc tiép véi mat duong.
DSi véi cac phuong tién di chuyén vdéi téc dé cao
nhu tau bay trong qua trinh cat ha canh (CHC) trén
duong bang, nguy co xdy ra trugt thdy luc 1a rat
lon. Trén co s& s dung phan tich CFD bang phan
mém mod phdng Ansys Fluent, bai bao tinh toan
méi quan hé gitra chiéu day va ap sudt finh cda lop
nudc gitla banh tau bay véi mat duong CHC cho
3 loai tau bay ATR72, A321-200, A350-900, fu
dé danh gia anh hudng chiéu day lop nudc 16i kha
nang xay ra truot thly luc cla fau bay trong qua
trinh ha canh-ham da. -

TU KHOA: Truot thay luc, Ansys Fluent, CFD, ham
truot tfau bay.

ABSTRACT: Hydroplaning is one of the most
dangerous accidents, occurs during faking off
on a puddle or flooded runway when the inertial
forces in the fluid film are sufficient fo completely
separate the aircraft tires from the pavement
surface. For vehicles moving at high speeds such
as aircraft during take-off on the runway, the risk
of hydroplaning is very high. Based on the use of
CFD analysis with Ansys Fluent simulation software,
the article calculates the relationship between the
thickness and static pressure of the water film
between the aircraft wheel and the runway surface
for 3 aircrafts: ATR72, A321-200, A350-900,
thereby evaluating the effect of water film thickness
on the possibility of hydroplaning during landing
and braking.

KEYWORDS: Hydroplaning, Ansys Fluent, CFD,
Skid-resistant of aircraft.

1.DAT VAN PE
Khi tr&i mua, mat dudng CHC chuyén tir dang kho sang
ust va co thé xuat hién mét I6p nudc mong. Lép nudc nay

c6 thé gay ra hién tugng truot thay luc, dan dén nguy hiém
cho qua trinh chuyén dong cda tau bay. Hién tuong truot
thay luc dugc hiéu 1a khi banh tau bay khoéng con tiép xtc
truc ti€p véi mat dudng ma bi ngan cach béi I6p nudc &
gitfa, anh hudng dén kha nidng kiém soat diéu khién tau
bay cta ngudi lai.

Hlnh 1 1 Tau bay truo't ra kho: duong CHC
tai s4n bay Tan Son Nhat nam 2020 (Anh Béo Tudj tré)

Thoéng thudng, dé tau bay va 6 té di chuyén trén mat
dudng thi luén tén tai luc ma sat gilfa banh xe va mat
dudng, phu thudc vao hé sé ma sat va tai trong banh xe.
Khi mat dudng xudt hién I16p nudc, sy ma sat gitta banh xe
va mit dudng chuyén tir ma sat khé sang ma sat ust véi hé
s& ma sat giam manh. Khi l&p nudc trén mat dusng dat dén
mot chiéu day nhat dinh két hop vai van t6c chuyén dong
clia tau bay dat d&n mét van toc gidi han, khién cho dp suat
clia I6p nudc dudi banh xe I6n hon ap suat banh hai, ti do
nang banh xe [én khoi mat dudng.

Truot thay luc la mot hién tugng vat ly phic tap, phu
thudc vao nhiéu yéu té nhu tuong tac banh xe-mat duadng,
bién dang banh 16p, ap suat banh hoi, chiéu day I&p nudc,
van téc chuyén déng, hé s6 ma sat... Bai bao sé tap trung di
sau vao phan tich méi quan hé gitta chiéu day I6p nuéc va
nguy co xay ra trugt thay luc.
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2. CAC YEU TO ANH HUGNG BEN VIEC XAY RA
TRUGT THUY LU'C TRONG QUA TRINH CHC CUA TAU BAY
2.1. Chiéu day I6p nuéc trén bé mat dusng CHC

Viét Nam nam trong vung khi hau nhiét ddi, lugng mua
trung binh hdng ndm ti 1.500 dén 2.000 m, véi s6 luong
hang trdm con mua, la mét trong nhiing khu vuc cé lugng
mua I6n trén thé gidi. Cudng do mua va thai gian mua quyét
dinh viéc hinh thanh va phét trién chiéu day 16p nudc trén
bé mat mat dudng. Chiéu day I6p nudc dugc xac dinh bai
cong thuc thuc nghiém cla Gallaway and Rose (1979) [3]:

e 0

Trong dé:

t_- Chiéu day I8p nudc tai diém x tinh tir dinh mai déc
mat dudng, mm;

L, - Chiéu dai dong chay, tic khodng cach tir dinh (tim
duding) dén diém tinh toan, m;

| - Cudng dé mua, mm/h;

S - D6 déc ngang mat duong;

MTD - B6 nhdm mat dudng, mm.

Chiéu day 16p nudc cang 16n thi cang han ché van téc¢
di chuyén. Theo hudng dan cta ICAO [2], chiéu day 16p
nuéc t6i da cho phép trén bé mat dusng CHC 1a 3 mm.

2.2. Ap suat banh hoi

Ap sudt banh hoi la mét trong nhimng yéu t6 quan
trong nhat trong phan tich trugt thay luc. Cac nghién ciu
thuc nghiém ctia Co quan Hang khong v tru Hoa Ky dua
ra cong thic thuc nghiém tinh toan van téc gidi han truot
thay luc [4]:

v, =6.36y/p 2)

Trong do:

v,-Van t6c t6i thiéu gay trugt thay luc (km/h);

p - Ap suat banh hai (kPa).

2.3. Ranh gai trén bé méat I6p

Céc nghién ctu thuc nghiém chi ra 2 anh hudng quan
trong cla dac diém ranh gai trén banh 16p dén trugt thiy
luc [4]. M6t 13, banh xe c6 ranh gai I6p 6 van téc trugt thay
luc gidi han cao han so véi banh I18p tron nhan; hai la ranh
gai banh 16p gitp gidm thiéu chiéu day 16p nudc gidi han
xay ra trugt thay luc. Su mat luc dinh bam khi phanh cling
sé han ché hon, ké ca khi chiéu day I1&p nudc 16n hon chiéu
sau cla ranh gai.

Hinh 2.1: Ranh gai trén bé mat I6p tau bay
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2.4.Tai trong cla tau bay

Cac nghién ctiu chi ra tai trong cla tau bay c6 anh
huéng tuong doéi nhd téi trugt thay luc [4]. Diéu nay giai
thich do banh tau bay cé cdu tric dan héi, tai trong tau bay
truyén xudng cang sé lam thay déi dién tich ti€p xuc gita
banh tau bay va mat dudng, do dé ap suat banh hoi khong
thay déi nhiéu. Nghién ctu thuc nghiém cho thay, khi tai
trong tau bay tang dén gi4 tri t6i da thi ap suat banh hoi
tang ti 3 - 4%, tuong Ung van toc gidi han truct thay luc
giam khoang 2% [1].

2.5. Cac diac diém chia mat duong CHC

Cac dac diém clia mat dudng CHC anh hudng dén
hién tugng trugt thay luc bao gém: Chiéu réng, d6 déc
doc, d6 déc ngang, nham mat dudng. Trong dé, cac dac
diém hinh hoc nhu bé réng va d6 déc mat dudng sé anh
hudng dén viéc thoat nudc bé mat va quyét dinh chiéu day
I6p nuGc trén mat dudng. D6 nham trén bé mat dugc chia
thanh 2 loai: D6 nham tho (macrotexture) va d6 nham min
(microtexture). P& nham anh hudng dén viéc thoat nudc
bé mat cing nhu kha nang phanh ham cla tau bay.

3. MO PHONG SO PANH GIA NGUY CO XAY RA
TRUQT THUY LUC

3.1. M6 hinh toan

Trudc day da cé nhiéu nghién ctiu vé hién tuong truot
thay luc c6 xét dén cac quan hé vé van toc gidi han truot
thay luc, chiéu day 16p nudc trén mat dudng va ap sudt
banh hoi. Nhitng nghién ctiu dau tién ctia Horne & Dreher
[4]; Yeager & Tuttle; Browne la cac nghién cttu thuc nghiém,
chua phén anh hét cac ban chat co hoc clia hién tuong. Véi
su phat trién cla mdy tinh, nhiéu nha khoa hoc da phat
trién mé hinh mé phdng s dua trén phuang phap phan t
h{u han Zmindak & Grajciar; Okano & Koishi [10], tuy nhién
dong chay trong cac mo hinh nay la gia s& dong chay tang
dan dén két qua sai khac nhiéu so véi cac nghién ctu thuc
nghiém. Nam 2006, Ghim Ping Ong va cac cong su da dé
xuat mé hinh stirdung dong chay réi dugc ap dung réng rai
cho cac nghién cliu sau nay.

khong khi
u
7 banh xe
16p nude mat duong

Hinh 3.1: M6 hinh mé t3 phén tich truot thdy luc
M6 hinh phan tich coi banh tau bay ding yén, khéong
khi va 16p nudc chuyén déng vdéi van téc u (m/s) theo
phuong nam ngang, hudng vé phia banh. Hién tuong truot
thay luc dugc coi la xay ra khi ap suét tinh cla 16p nudc
bang véi ap luc banh xe 1én mat dudng, hay luc nang thay
déng can bang véi tai trong tau bay.
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Hinh 3.2: Mé hinh mé phéng sé
3.2. Co'sé ly thuyét Bang 3.1. Bang théng s6 vat liéu dau vao

Bai toan md phong dua trén céc dinh luat co ban cla
dong chay réi, bao gém:
- Phuong trinh lién tuc:

ap
5 +V-(pu)=0 3)
Trong do:
o - Khéi lugng riéng clia chat luu;
u - Vector van téc.
- Hé phuong trinh Navie-Stokes & dang bao toan
dong lugng:

0(pu) _op 07, 0T, 01,
+V(puU —w T2y of
ot et} 6x ax oy Oz Pl
o(pv) op Or, 0r, Or
+V(pvU)=—+—L+—=+—+pf)
o tV(pU) = s e, @)
0 or,
ot 62 6x ov Oz
Trong do: f - Luc khéi trén méi don vi khéi lugng.
- Phuong trmh k-€:

a(pk) ®
V. (k)= [" V/cj+2,u,EU..EM - pe

Oy

o(ee) Lo B
= +V.(p€u):V.[;V5 +C,€;2y,EU.E,.,.—C25p7

Céc gia tri hang s6 dugc ldy nhu sau:

C =0,09; 0, = 1,00; 5, = 1,30; o, = l4dvao, .= 1,92

33. Thong s6 dau vao va khai bao tinh toan mé phoéng

- Céc théng s6 vé hinh hoc: Cac kich thuéc hinh hoc
clia m6 hinh dugc mé ta trong Hinh 3.2. Su bién dang theo
mat cat doc clia banh xe dugc lay theo mo hinh clia Browne
(1971).

- Diéu kién bién: Pau vao (inlet) cia mé hinh gom 2
phén: Khéng khi (inlet air) va 16p nudc (inlet water). Chiéu
rdng clia phan 1&p nudc 1y cac gia tri 2; 3; 5; 10 mm. Van toc¢
cla dau vao lay theo van téc ha canh cla tting loai tau bay.

Vé dau ra cia moé hinh gém outlet top (trén bé mat)
outlet rear (phan phia sau banh). Trong dé, outlet top |8y
bang ap suat khong khi, outlet rear [dy bang 0 Mpa.

-Théng s6 vat liéu:

Cac théng s6 vat liéu duoc khai bdo trong mé hinh c6
cac théng sé nhu sau:

£

e s Do nhét D6 nhét
T Khdi luong riéng > e lads b
Vat liéu k '/m3) tuyét doi dong hoc
9 (Ns/m?) (m?/s)
1. Khéng khi (air) 1,204 1,82x10° 1,51x10°
2. Nudc (water) 998,2 1,002 x 103 1,004 x 10

- Chia lugi tinh toan trong Ansys Fluent: Xay dung
mé hinh phan tich 2D, phuong phap chia lugi td giac
Quadrilaterals, kich thudc lugi 1T mm.

Hinh 3.3: Chia ludi tinh toan

-Thong s6 tau bay:

Bai bao phan tich mé hinh toan cho 3 loai tau bay khai
thac phd bién & Viét Nam véi cac muc tai trong khac nhau
|4 ATR-72, A321-200 va A350-900. Van téc I&n nhat cla tau
bay chay trong qua trinh-ha canh-ham da dugc st dung
dé phan tich kha nang xdy ra trugt thay luc, dugc khai béo
trong mé hinh 12 van téc cta 1&p nudc va khong khi tai dau
vao (inlet). Gia tri 4p suat banh hoi duing dé so sanh véi ap
luc tinh clia I6p nudc dudi banh xe.

B3ng 3.2. Cc tham sé khai thic cda tau bay

Tai trong Van téc Van téc Ap suat
Loai tau bay | CHCIén nhat | hacanh ha canh banh hoi
(kg) (km/h) (m/s) (kPa)
ATR-72 22.700 180 50 8481
A321-200 93.500 220 61,1 1.282,4
A350-900 275.000 260 72,2 1.660

4. PHAN TiCH KET QUA

Hinh 4.1: Déng chay cta nuéc khi tiép xdc véi banh xe
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Hinh 4.2: Ap su&t hinh thanh trong mé hinh

Theo biéu d6 Hinh 4.1 nhan thay, khi mé phéng mo
hinh hé banh tau bay - mat dudng - |6p nudc - khéng khi,
mot phan 1&p nuéce bi vang do tuong tac véi banh tau bay,
phan con lai cia 16p nudc di chuyén vao khe hé gilta banh
xe va mat dudng, thanh phan nay chinh la thanh phan gay
ra hién tuong trugt thay luc. Do anh hudng cla I6p nudc
nay, ap suat tac dong lén banh tau bay phu thudc vao van
t6c dong nudc (tuong ducng van chuyén déng banh tau
bay) va kich thudéc hinh hoc ctia khe hé. Khi dong chay 6n
dinh, ap suat dat gia tri cuc dai va khéng thay déi theo thoi
gian (Hinh 4.2).

Khao sét s6 dugc thuc hién véi méi chiéu day I6p nudc
thay ddi tai cac gia tri 2,0, 3,0, 5,0, 10,0 mm. Tinh toan cho
tung loai tau bay bang cach khai béo lai gia tri van téc clia
I6p nudc va khong khi (tuong Uing véi van téc ha céanh cua
tung loai tau bay) thu dugc cac gia tri dp suat duédi banh 16p
tuong ung, két qua thé hién & hinh sau:

2.50E+06

2.00E+06
H -8
1.50E+06 ;

1.O0E+06

\

5.00E+05

Ap sudt dudi banh 16p (Pa)

0.00E+00

o
w

4 5 6 7 8 9 10 11

Chilu day 16p mrdc (mm)

—4—ATR-72 ~8—A32] -8 A350

Hinh 4.3: M6i quan hé giia chiéu day I6p nudc

va dp sudt dudi banh I6p
Theo dé thi, d6i véi ca 3 loai tau bay, khi chiéu day
I6p nudc tang ti 2 dén 4 mm, &p suat dudi banh 16p tang
nhanh ré rét, khi chiéu day I6p nudc trén 4 mm ap suat nay
tdng c6 xu huéng cham va tuong d6i 6n dinh. Hién nay,
ICAO khuyén céo chiéu day I6p nuéc t6i da cho phép trén
bé mat dusng CHC 1a 3,0 mm cho tét ca cac loai tau bay, gia
tri chiéu day nay trong tinh todn mé phong c6 két qua ap
suat dudi banh 16p sat véi ap suat banh hoi khai thac cla
tiing loai tau bay, cho thay két qua tinh toan phu hgp véi

khuyén cdo ctia ICAO.

5. KET LUAN, KIEN NGHI

Cac yéu t6 nhu chiéu day I6p nudc, van téc tau bay,
dang 16p tau bay, ap suat banh hoi, tai trong banh tau bay,
d6 nham bé mat dudng la nhiing yéu t6 c6 anh hudng dén
diéu kién ham truot cia tau bay khi thuc hién CHC. Véi diéu
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kién van t6c ha canh cé dinh thi chiéu day I6p nudc phai
gidi han dé tranh xay ra hién tugng trugt thuy luc.

Khi chiéu day 16p nuéc tang ti 2 - 4 mm, ap sudt dudi
banh I6p tang nhanh va trugt thay luc thudng xay ra trong
pham vi nay. Khi chiéu day I8p nudc trén 4 mm, ap suat gan
nhu khéng téng, khi chiéu day I6p nudc tang.

DE gidm thiéu hién tugng trugt thay luc, mét gidi phap
h{u hiéu la xé cac rdnh ngang trén mat duong, tU dé giam
thiéu chiéu day I6p nudc trén bé mat mat dudng, gidi phap
nay dugc st dung réng rai trén thé gidi va budc dau da ap
dung thanh cong tai cac cdng hang khong, san bay tai Viét
Nam nhu: N6i Bai, Tan Son Nhat, Dién Bién.
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