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Nghién ctru danh gia dong luc hoc nang cua
tau dém khi str dung vay khi dang phan doan

Lé Vin Dudng, Nguyén Duy Pat, Mai Vin Toan

Tom tat—Tau dém khi la phwong ti¢n chuyén
dong trén g01 khi, c6 thé di chuyén trén can va
duéi nwée dé van chuyen con nguwdi, hang héa,
trang bi ky thuat. Yéu cau quan trong doi véi
cac tau dém khi (Air Cushion Vehicle — ACV)
1a: ning cao dd tin cdy va tudi tho lam viéc, giam
chi phi van hanh, tinh 6n dinh va kha niing co
dong cao. Bai bdo nay xiay dung mo hinh ly
thuyét nghién ciru dong lwe hoc ning ciia tau
dém khi sit dung vay khi dang phin doan.
Trong md hinh nay, phwong trinh Bernoulli dbi
v6éi dong khong nén va dinh luidt hai Newton
dwgc sir dung dé mé ta dong lwc hoc ning ciia
tau dém khi. Trén co sé mo hinh xay dwng, cac
théng s6 dong lwe hoc ning cia tau dém khi
“Hovertrek 6100L” duwgc khao sat.

Tir khod—Tau dém khi, dpng luc hoc nang, géi
khi, vay khi dang phin dogn

1 GIOI THIEU

Télu dém khi (Air Cushion Vehicle — ACV) la
phuong tién chuyén dong trén gbi khi, ¢ thé
di chuyén trén can va dudi nude dé van chuyén con
nguoi, hang hda, trang bi ky thuat. Sau gan 300
nam phat trién, ngay nay ACV da phat trién manh
mé va dugc st dung rong rai tai nhiéu nude trén thé
giéi phuc vu cac muc dich thuong mai, du lich,
quéan sy... Di ddu trong linh vyc nay 1a cic nudc
MY, Anh, Nga, Trung Quéc, Canada...

Hién nay yéu cau quan trong d6i voi cac ACV la:
nang cao d¢ tin cay va tudi tho lam viéc, giam chi
phi van hanh, tinh 6n dinh va kha nang co dong
cao. Pé dam bao cac yéu cau do, hé thong nang cua
ACV la mot trong nhimng yéu té quan trong va
quyét dinh. Hé théng nang cua ACV bao gdm vay
khi, cac duong din khong khi, cac quat dé hat
khong khi tir moi truong va ddy vao trong dé tao
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16p dém khi (co ap suit cao hon ap suit ciia moi
truong xung quanh). Thanh phin quan trong xac
dinh gén nhu toan bd cac dac tinh cua ACV trong
qué trinh nang (tinh 6n dinh, tinh thong qua, tinh
ludng cu, tinh diéu khién...) 1a vay khi. Hién nay
trén cac ACV hién dai dang st dung hai dang vay
khi chu yéu 14 dang tai — ngén va dang phan doan.

Cung véi sy phat trién ciia ACV, trén Thé giGi
dd c¢6 nhiéu cong trinh nghién ctiru dong luc hoc
nang ciia ACV dé phuc vu qua trinh thiét k&, hoan
thién két cau hé théng nang cia ACV. Chung da
md ta két qua ctia mot phan tich dong luc hoc nang
phi tuyén [1] va tuyén tinh [2] cia ACV véi vay
khi dang tai — ngén. Fu [3] da nghién ctuu dong luc
hoc ctia ACV duya trén phuong trinh chuyén dong
co ban sau bac ty do. Nghién clru chi ra ré‘mg su
thay d6i ciia goc do dém khi ha xudng va di chuyén
nho hon nhiéu so véi tac dong cia song. Yang [4]
da st dung phuong phap tinh toan dong luc hoc
chét luu (CFD) dé nghién ctru dong lyc hoc cua hé
thong vay ctua mot ACV 1y tuong, dudi sy tic dong
khong theo quy luét cia song. Pong luc hoc cua
mo hinh thu nhé theo ti 1& cia ACV di chuyén qua
dam lay than bun da dwoc nghién ciru thyc nghiém
boi Hossain [5]. Hinchey [6] x4y dung md hinh
nghién ctru dong lyc hoc nang ACV voi tac dong
ctia ngudn kich thich phi tuyén.

Gan day, tai Viét Nam da c6 mot ) cong trinh
nghién ctru v& ACV [7, 8]. Trong [8], tic gia di xay
dung mé hinh va tién hanh khao sat dong luc hoc
nang ACV. Tuy nhién, trong m6 hinh nay chua tinh
dén anh huong cua vay khi va bé mat di chuyén.

Vi vay muc tiéu cta bai bao 1a xay dyng m6 hinh
dong lyc hoc va nghién cuu chét lugng dong luc
hoc cua ACV su dung vay khi dang phan doan khi
di chuyén trén séng hodc cac bé mit gd ghé nhim
phuc vu bai toan tinh toan thiét ké ACV c& nho
phuc vu cong tac vén tai, tuan tra, du lich,... tai
Viét Nam.
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2 XAY DUNG MO HINH KHAO SAT

Gid thuyét xdy dung mé hinh. Trong qua trinh
lam viéc, ACV chiu tic dong cua cic yéu t6 bén
ngoai nhu song, gio, khi dong hoc... Tuy nhién,
trong xay dung md hinh va khao sat dong luc hoc
nang ciia ACV, ta gia thiét:

- Vay khi dugc gia dinh la mét mang khong dan
hoi, khong khdi luong, ap suat khi p phan bd déu
trong khong gian dudi than tau va trong vay khi.

- Téc d6 dong chay cuiia khong khi bén trong vay
khi va dém khi duoc gia thiét khong dbi.

- Luu luong khi vao Q qua quat nang cua ACV
va luu lugng khi thoat ra Qa thong qua khe hé cta
vay dém khi 12 6n dinh.

- B0 qua cac luc tac dung cua gio, song vao
ACYV trong md hinh xay dung.

- Su théi khi vao vay khi dugc gia thiét 1a dudi
tdc d6 am thanh va nén theo nguyén 1y en-tro-pi, sy
can bang nhiét dong xay ra ¢ trong dém khi.

Xady dung mé hinh. Vi cac gia thiét trén, mo
hinh khao sat dong luc nang cia ACV duoc thé
hién trén hinh 1. Trong m6 hinh nay, lugng khong
khi ¢6 khdi luwong min duoc déy vao dém khi tir quat
nang, khi hoat dong on dinh ACV ¢o6 khéi lwong M
(khdi lwong khi ACV day tai) duoc nang do cao hc
S0 V&i mat nén nho dém khi ¢6 do cao hs phia dudi
than ACV, luong khong khi thoat ra khoi vay dém
khi qua cac khe ho he (he = he - hs - hg) c6 khoi
lwong Mou, g 13 chidu cao map md bé mit.
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Ap suét khi p va luu luong khi Q dua vao dém khi
tur quat nang dugc xac dinh theo moi quan hé [1]:

P 23 1
S v

r r

trong d6: pr va Qr twong tng la ap sut va luu

lugng chuin phu thudc vao thiét k& cua ACV; ¢ 1a
hé s6 ty 1¢ ap sudt tmg voi luu lugng Q = 0, thudng
1,2 <¢< 1,4 d dam bao do 6n dinh.

Phuong trinh (1) phan 4nh thuc té 1a sy dao
ngugce dong chay khong khi dinh ky c6 thé xdy ra
trong dém khi, tirc 1a: Q <0, dp/dQ < 0.

Quat day vao dém khi lugng khong khi c6 khi
lugng min, ta co:

m, =Q-p [kg/s] @)

Trong mo hinh trén, st dung dinh luat 2 Newton
viét phuong trinh chuyén dong cia ACV theo
phuong thing dimg, ta co:

M-h =(p-p,)-S-M-g ®)

trong d6:h 1a gia tdc nang theo phuong thing
dung cua ACV (m/s?); p 1a ap suat trong dém khi
(Pa); pa la 4p sut khi quyén (Pa); g 1a gia toc trong
truong (M/s?); S 1a dién tich tic dung theo phuong
nang cia ap suat khi trong dém khi va dugc xac
dinh theo cong thirc:

S=k-l b +h,-L, (Mm?)

v6i k 1a hé s6 tinh toan phan dién tich ndm trong
vay khi, k = 1,2; I, va by 1a chiéu dai va chiéu rong
cta vay dém khi twong Ung, thong thuong Iy = 2by
(m); Ly Ia chu vi vay khi, Ly = 1,2L (m).

Gia st ACV c6 tiét dién ngang 1 hinh chit nhat,
khi @6 chu vi ctia dém khi L dugc xac dinh theo
cong thue: L = 2(Ix + by) = 3k

Suy ra: Iy =L/3, by = L/6

hw 12 phan vay khi bi ngdp trong nudc hoic bé
mit di chuyén tinh theo phuwong ngang, ¢ thé tinh
gin ding hy nhu sau:

I h, (h, <0)

v {o (h, > 0)

Khdi lugng khong khi trong dém khi m duge xac
dinh theo cong thirc:

m= pV 4

trong d6: p 1a khéi lwong riéng khong khi trong
dém khi (kg/m3); V la thé tich dém khi va dugc tinh
theo cong thurc:

V =kA(h, —h,) (5)

Véi: A=1_-b =L?/18 (6)

Thé phuong trinh (6) vao phuong trinh (5) ta dwoc:
LZ

V =k—(h —h 7
=) (7)

Khi d6, phuong trinh (3) ¢ thé viét dudi dang:

.. 1 L2

h, = —| k—+1,2Lh -p,)- 8

. M[ T W](p P.)—0 (8)

Phuong trinh cin bang khdi lugng khong khi
trong dém khi:
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©)
Do khéng khi trong dém khi ¢ sy thay doi lién

tuc ca vé thé tich va khdi lugng riéng cua né theo

thoi gian, 1dy dao ham theo thoi gian hai vé cua

phuong trinh (4) ta duoc:
m=pV + pV

m= min - mout

(10)

M&i quan hé giita 4p sudt va khéi lwong riéng
ctia khong khi bén trong dém khi theo nguyén ly
en-tro-pi:

pp " = const (11)

Ap suit khong khi c6 mdi quan hé tuong ddi véi
nhiét d6 bdi phuong trinh:

p
=pRT hay p=—

p=p y p RT

trong d6:y=c,/c,la s6 mii doan nhiét; R la
hang s6 khi, R = 287 (m?/s?K); T la nhiét d6 bén
trong dém khi (K).

Dao ham hai vé cia phuong trinh (11) theo thoi
gian ta dugc:

po” —pyop =0 (12)
hay p = ’;—E (13)

Liy dao ham hai vé cua phuong trinh (9) theo
thoi gian, sau d6 thé cac phuong trinh (10) va (13)
vao ta duogc:

M—’_ pV = I’hin - r‘hout

7P

Liy dao ham hai vé cua phwong trinh (5) theo
thoi gian ta dugc:

V =kA(h, =h, )

(14)

Thé vao phuong trinh (14) ta dwoc:
; pkA HC ~h
pV + ( g):n:]in_rﬁuut
¥RT RT
Tir phuong trinh (15), ¢6 thé giai p theo phuong
trinh:

(15)

pkA(Hc — Hg)
RT

. yRT

p in — out

(16)

Phuong trinh (16) c6 ba gia tri chua biét: do
nang theo phuong thang dimg he, ap suat dém khi

P, luong khi vao, ra khoi dém khi m,, m , .Trong
d6 theo phuong trinh (1) va (2) ta c6:
. ep,—p PQ
m = =g . r 17
n=Qp \3/ (¢-1)p, RT an

Dé tinh luu luong khi thoat ra, &p dung phuong
trinh Becnuly doi véi hai bé mat khi:

2
v + L P_ const
2 y-1p
Tir phuong trinh (18), 4p dung ddi v6i mat cat
trong dém khi (v1= 0, p1 = p) va mat cat bén ngoai

dém khi (V2 = Vout, P2 = Pa), ta co:

1
. 2_7{2_&]2
o ly-1le p,

trong do: p va p 1a 4p suit va khéi luong riéng

(18)

(19)

khong khi trong dém khi; paVa pa 1 ap sudt va khoi
luong riéng khong khi ngoai khi quyén.

Mdi quan hé ciia pa VA p duogc xac dinh theo
nguyén ly en-tro-pi:

1
Pa _ (P_j
P p
Thé phuong trinh (20) vao phwong trinh (19) ta
nhan duoc:

(20)

71

Vout — 2_?/3 1_[&]

e -1 P Pa

Luu lugng khi thoat khdi dém khi dugce xac dinh
theo phuong trinh lién tuc:

mOUt = paAeVout (22)

trong do: Ae 1a dién tich khi thoat ra va dugc xac
dinh theo cong thirc, (m?):

1 .

A = EL(h° ~h, —hs)(1+ sign(h, —h, —hs))
Khi d6, thé phuong trinh (21) vao phuong trinh

1)

. p
22) va dat p, = — ta duoc:
(22) APy = :

pL(h, —h, —h, )(1+sign(h, —h, —h,))
out — zﬁ !

2 7+l %
= BRO)
y=1ip p
(23)

Phuong trinh nay c6 thé chinh xac hon bang cach
thém vao mot hé s co dé tinh dén su sai 1éch do ly
tuong hoa md hinh, hé s6 co co thé xac dinh bing
thuc nghiém [9]. Vi vay, khéi lugng khi thoat ra
khoi dém khi xac dinh theo phuong trinh (23) c6
thé viét lai nhu sau:

m
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‘ c,pL(h, —h, —hs)(1+ sign(h, - h, —hs))
m = .

out Zﬁ

2 7]z
y=1up p
Thé phuong trinh (17) va (24) vao phuong trinh
(16) ta duogc:

. yRT
P \Y

Jep—p pQ, pkA(h -h,)
(s-1)p, RT RT
¢,pL(h, —h, =, )(2+sign(h, —h, —h,))
2JRT '

2 y+1 %
= OR0)
y=1Up p
(25)

Nhu viy, ta thu dugc hé phuong trinh md ta
dong luc hoc nang cia ACV str dung vay khi dang
phan doan bao gém hai phuong trinh phi tuyén (8)
va (25) va dugce thé hién nhu sau:

.. 1 L2
h, = —| k—+1,2Lh -p,)-
) M[ 8 WJ(p P.)-9

(24)

[ep—p po, _PkA(h.—h,)
(¢-1)p, RT RT

copL(h, —h, —h,)(L+sign(h, —h, ~h,))

2+/RT

472

ZOab
y=1\p p
(26)

Trong hé phuong trinh (26) cac thong sb: L, R, g,
v, T, hs, Pa, pala cac thong so dau vao.

3 KHAO SAT PONG LUC HOC NANG ACV
Trong phin ndy, trén co s& md hinh va hé
phuong trinh vi phan mo ta dong luc hoc nang cla
ACYV da xay dung, tién hanh khao sat dong luc hoc
nang ACV voéi vay khi dang phan doan “Neoteric
Hovertrek 6100L” dang dugc st dung tai L doan
Cdng binh 249 — B6 tu 1énh Cong binh, L doan 25
— Quéan khu 9 v&i cac thong sé két cau chinh nhu
sau [10]: M =816 kg; Ix=3,14 m; by=1,57m; L=
9,42 m.
Céc thong s6 dau vao phuc vu tinh toan:
Qr=0,97 m¥s; pr = 1,25x105 Pa; R = 287 m%/s?K;
g =981 m/s%y=14 T=2930K; hs = 0,22 m;
pa = 1,013x105 Pa; pa = 1,205 kg/m?; co = 0,95; ¢
=13, k=12
Dé don gian trong qua trinh khao sat, ta giai
quyét bai toan khi tau di chuyén trén bé mat map
mo cb quy ludt:

h, = A, sin(wt) = Aosin[i_—ﬁtj

trong d6: A 1a bién do mép mo, Ap = 0,03 m; T,
1a chu ky ctia map mo, Te=0,3 s.

Thay cac gia tri trén vao va giai hé phuong
trinh vi phan (26) dé khao sat cac thong sb dong luc
hoc nang cia ACV “Neoteric Hovertrek 6100L”,
két qua thu dugc 1a sy thay doi ctia chiéu cao nang,
ap suat dém khi va khe hé dém khi dugc thé hién
lan Iuot trén hinh 2, 3 va 4 tuong tmg.

Do reang thea the gian

a oaa nang ho, ]

4 5 &
Thai gian ¢ [5]

Hinh 2. D6 cao nang cia ACV theo thoi gian
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Hinh 3. Ap suit dém khi theo thoi gian

Khe ho way khi theo i gian

Khe ho way kb [m]

2 3 4 5 [ T 5 )
Thei gian t, [s]

Hinh 4. Khe hé vay khi theo thoi gian

Tir két qua nhan dugc chi ra trén hinh 2, 3 va 4
nhén thay rang, khi ACV di chuyén trén bé mit
map md, voi quy luat mdp mé nhat dinh, do cao
nang cua ACV su dung vay khi phan doan cling c6
gia tri dao dong véi quy ludt twong ty. Gia tri ap
suat cua dém khi ciing dao dong véi muc do twong
mg, tiy thudc vao xu hudng thay doi cta cua khe
hé vay khi va mirc d6 dam bao luu lugng dong khi
tu dong co.

4 KET LUAN

Bai bao da xay dung dugc md hinh va h¢ phuong
trinh vi phan mo6 ta dong luc hoc ning dbi voi ACV
v6i vay khi dang phan doan dugc st dung trén cac
tau dém khi loai nhé hoat dong trén bé mat g6 ghé.
Trén co s& mo hinh xay dung, tién hanh khao sat
cac thong sb dong luc hoc nhu chiéu cao nang, ap
sut dém khi va khe ho cia ACV “Neoteric
Hovertrek 6100L” véi quy luat gb ghé cua bé mat
cho trude. Két qua nghién ciru ¢ thé sir dung tham
khao trong vi¢c nghién ctu, tinh todn, thiét hé
théng dong lyc ACV phuc vu tinh toan thiét ké
ACV loai vira va nho ¢ Viét Nam.
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Investigation of heave dynamics of an air
cushion vehicle segment skirt

Le Van Duong, Nguyen Duy Dat, Mai Van Toan

Abstract—Air Cushion Vehicle (ACV) is a
moving vehicle on airbags, which can travel on
land and on water to transport people, goods
and equipment. An important requirement for
ACVs is to: increase reliability and longevity,
reduce operating costs, stability and mobility. In
this paper, a model for the dynamic behavior of
air cushion vehicles segment skirt is presented.
In this model, the compressible Bernoulli's

equation, Newton's second law of motion are
used to predict the dynamic behavior of the air
cushion vehicles. Based on the developed model,
the heave dynamics parameters of the air
cushion vehicles “Hovertrek 6100L” are
surveyed.

Keywords—Air Cushion Vehicle, Heave Dynamics,
Cushion Pressure, Segment Skirt.



