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Minimizing the sloshing of liquids such as gasoline, oil, and water in
storage tanks during transportation is particularly important. In this
study, water sloshing in the storage tank of a multi-purpose forest fire
fighting vehicle was analyzed using the CFD method, assuming the
vehicle was moving at 80 km/h, braking sharply to a stop within 40 m,
and then remaining stationary for a period. The 6.13 m3 tank was
analyzed at fill levels of 5.40 m3, 4.32 m3, and 2.16 m3 with two tank
designs with and without baffles. The time-varying pressure on the
front and rear walls aligned with the motion direction of the vehicle is
examined for all cases. The results indicated that the baffle plates in the
tank design significantly reduced sudden pressure surges and peak
pressures on the tank walls, particularly at lower fill levels. Therefore,
applying baffle plate designs effectively controls liquid oscillations
within the tank of the forest fire fighting vehicle, especially under
emergency braking conditions. This enhancement contributes to
improved vehicle performance and safety.
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Giam thiéu sy va dap cua chat long nhu xang, dau, nudc,... trong cac
thiing chtra khi van chuyén ¢ y nghia dac biét quan trong. Trong nghién
cau nay, su va dap cua nudc trong binh chia cua xe chira chay rung da
ning da dugc phén tich bang phuwong phap CFD, gia dinh xe di chuyén
Vi toe @6 80 km/h, phanh géap dirng lai sau 40 m va gitr nguyén vi tri
trong mét thoi gian. Binh chira dung tich 6,13 m* dugc nghién cau & cac
muc nudc 5,40 me, 4,32 mé va 2,16 m3 véi hai thiét ké cé va khong co
véch chin séng. Su thay d6i ap suit theo thoi gian trén cac vach phia
trude va phia sau theo huéng chuyén dong cia xe da dwoc phén tich cho
tat ca cac trudng hop. Két qua cho thiy, cac vach chén séng trong thiét ké
thiing chira gilp giam dang ké su gia ting ap suat dot ngot va giam &p
suét t6i da trén cac thanh thung, dic biét khi muc nude thip. Do do, viéc
ap dung thiét ké c6 véach chan séng la mot giai phép hiéu qua trong viéc
kiém soét sy dao dong ciia chét long trong thing chira cua xe chira chay
rimg, dac biét trong diéu kién phanh gap. Diéu nay gilp nang cao higu
suit va dam bao an toan khi van hanh cua xe.
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1. Pat van dé

Hién tuong va dép chat long thuong xay ra trong cac thung chira nhién li¢u 6 t6, thung vén
chuyén chit 1ong nhu xang, dau, va cac loai hoa chat trén xe tai...[1]. Qua trinh nay la mdt hién
tugng phtrc tap, lién quan dén cac tinh chét phi tuyén cta chét Iong [2], [3]. N6 bi anh huong boi
nhiéu yéu t6 nhu hinh dang va cuong do cua cac luc bén ngoai, cau tric thung chtra, muc do do
day chét long,.. [4]. Su va dap manh c6 thé tao ra luc tac dong cuc bd rat cao 1én thanh hodc tran
ctia bon chira, dan dén nguy co hu hong bdn chira. Ngoai ra, luc tac dong nay co thé tao ra mo
men du 16n dé anh huong dén do 6n dinh cua xe chd thung chira chat long duoc do mot phén.
Tinh huong nay dic biét nghiém trong khi tan s6 kich thich bén ‘ngoai gan ! tan s6 cong huong
cua hé thong, lam tang kha nang xay ra dao dong manh va c6 thé gay ra sy cd nghiém trong [5].

Nhiéu giai phap thiét ké khac nhau duoc dua ra dé ngin ngira tit ca nhitng van dé nay. Pho
bién nhét trong s6 nay 1a viéc bd sung vach ngin chin song véi hinh dang va kich thudc khac
nhau trong céc thung chua [6]. Tuy nhién, viéc str dung vach ngin chan séng lai 1am ting trong
luong thung va chi phi san xuat. Hién nay, viéc nghién ciru chbng va dép, giam trong luong va
chi phi trong thiét ké thing chira chét 16ng déu c6 thé dugc thuc hién bing phuong phap dong luc
hoc chit 16ng tinh toan (Computational Fluid Dynamics, CFD) két hop voi cac phan mém chuyén
dung [7], [8]. Véi phuong phap CFD, tat ca cac ddc tinh va thong sO nhu gia téc, luc, ché do
dong chay, dac tinh chat long, hinh dang két cAu thung, mirc db day, hinh dang vach ngan chén
song, sO luong va vi tri cac vach nay co thé duoc kiém tra theo cac két hop khac nhau dé xac dinh
thiét ké t6i uu. Chitkara va cong sy (2013) da sir dung phuong phap CFD dé so sanh hai loai binh
nhién liéu 40 lit trong trudng hop 40% nhién liéu va 60% khong khi, tir d6 du doan tac dong cua
lrc va md men lic cua cau truc binh khi xem xét voi gia tdc doc [9]. Mishra va cong su [10]
nghién ctru giai quyét van dé va déap thuong xay ra trong cac thung nhién liéu Boeing 747-200.
Ho da thyc hién mo phong CFD béng phan mém Ansys v61 mo hinh da pha thé tich chét luu. Két
qua cho thdy sau khi thém cac vach ngin nim ngang vao mé hinh ban dau, ning luong dong hoc
hon loan da giam 11,239%. Arslan va cong su [8] da nghién ctu sy va dap cua binh nhién li¢u
clia mot xe tai hang ning c6 hé thong phanh khan cip bang phuong phap phan tich CFD. Ket qua
cho thdy véi viéc sir dung cac vach ngan chdng va dap, ap suat tbi da, tdc do ting ap suat va va
dap cua chit 1ong di giam di 2-3 1an d6i vdi cac truong hop khac nhau. Ngoai ra, nhidu nghién
ctru ing dung CFD dé nghién ctru thing chira chat long khac ciing da duoc thyuc hién, cho thiy
tiém nang va hiéu qua ctia phuong phap [2], [11]:&. -

Hinh 1. Xe chita chay rumg da nang

Xe chita chay rimg da niang do Viét Nam san xuat 1a mot thiét bi tich hop nhiéu chirc ning
phuc vu cong tac chira chdy rumg. Xe c6 kha nang di chuyén trén dia hinh dbc va duogc trang bi
ludi cua & phan dau giup cit xé cdy ¢bi va vét can mot cach nhanh chong va hiéu qua hon so voi
phuong phap thii cong. Viée cit cdy nay con dé tao ra cac hanh lang cach ly v6i dam chay. Xe
con dugce trang bi hé thong phun dit tao ra ap suét cao dé dap tit lira va c6 thé st dung dat cat tai
chd dé hd tro trong viée dap tit dam chay. Ngoai ra, trén xe ciing bd tri binh chira nude cing voi
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phun nudc v6i pham vi rong (Hinh 1). Thiét bi nay da duoc thiét k&, ché tao va c6 nhidu nghién
clru dugc thyc hién dé dénh gia két cau, do 6n dinh, hé thong treo,... [17] - [20]. Tuy nhién, vic
xem xét anh hudng cia thiét ké thung dén su va dap cua nudc khl xe di chuyén van chua duoc
thue hién. Do do, nghién ctu nay dugc thuc hién nham khao sat hién tuong va dap cua nudc
trong thing chtra bang phuong phap mo phong dong lyc hoc chat long CFD v6i m6 hinh nhiéu
loan k-g. Cu the nghién ctru gia lap tinh hudng xe dang di chuyén ¢ téc d6 80 km/h va thyc hién
phanh khan cap dé dimg lai sau 40m, sau d6 dting yén trong mot khoang thoi gian. Trong qua
trinh phanh, su thay d6i ap suét theo thoi gian trén cac vach phia truéc va phia sau (theo hudng
chuyén dong cua xe) duge phan tich ky ludng dé so sanh giita hai truong hop c6 va khong cd
véach chin séng trong thung chira. Két qua nghién ctru s& giup t6i wu hoa thiét ké thung chira
nudce trén xe, tr d6 nang cao kha nang hoat dong an toan va 6n dinh cta xe chira chay rung trong
tinh huéng khén cap.

2. Vat li¢u va phwong phap nghién ciu

Phan tich CFD v& hién tugng va dap trong thing chira nudc cia xe chita chay rimg da ning duoc
thuc hién bang mé dun Flow Simulation ctia phan mém SolidWorks qua bbn budc. Pau tién, mo hinh
thung chira nuée duoc thiét ké cho hai trudng hop c6 va khong c6 vach ngan, cung voi viée xac dinh
mirc nude. Bude thir hai 1a thiét 1ap va kiém tra cau triic Iudi cta cac mé hinh. O budc ba, cac diéu
kién chuyén dong va diéu kién bién duoc thiét 1ap. Cudi ciing, cac phuong phap phan tich, thudt toan
giai phit hop voi muc dich da duge ap dung va két qua mé phong duge danh gia.

2.1. M6 hinh thung chiza nwéc trén xe chiza chay rieng da nang

Trong budc dau tién cta nghién ctru, thung chira nudc trén xe chita chay rimg da ning dugc
thiét ké v6i hai loai c6 va khong co vach ngin véi mot s6 thong sb nhu Hinh 2. Thung chira c6
hinh dang hop chir nhat 18i phia trén véi kich bén trong 1a dai 3000 mm, rong 1800 mm, cao 1200
mm va d6 day 3 mm, tong dung tich dat 6,13 m3 Dbi vai mé hinh ¢ vach ngin, cac vach ngin
nay duoc thiét ké voi cac 16 & day va hai bén, gitp nude luu thong bén trong thing chira. Ngoai
ra, mot s6 chi tiét hinh hoc da dwoc don gian hda nham rat ngin thoi gian giai quyét va cai thién
chat luong ciu triic Iudi trong qua trinh mé phong. Phan mém SolidWorks dugc sir dung dé xay
dung mo hinh 3D.

2.2. Phwong phdp va diéu kién phan tich

Trong bai bao nay, phuong phap thé tich chét 1ong (Volume of Fluid) dugc sir dung dé phén
tich chat 16ng tirc thoi trong qua trinh va dap vdi hai pha khi-1dng st dung phuong trinh thé tich
pha (1), phwong trinh bao toan dong lugng (2) va md hinh k-¢ [8].

oo,
—+V.(x,u)=0 1
| AZCU) ®
Trong do, o 1a ham thé tich pha; u la vector van toc; t 1a thoi gian.
5(§t ) V. (pUU) =—Vp+ Vit f @)

Trong do6, p 1a mat d6 hdn hop duoc tinh dya trén phan thé tich cua ting pha; p 14 4p suét; 7 la
g suét; f 13 ngoai luc.

M6 hinh k-¢ Standard duoc sir dung voi dong niang hdn loan (k) va tc do tidu tan (& ) duoc
thé hién trong cac phuong trinh (3) va (4):

—(pk)+ O (pku,) = X[( et o

+G, +S,
ox v J - pe (©)

i
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2 (pe) +
o o ox. K

Trong d6, ui la thanh phan van téc, u 1a 6 nhét, u. 1a d6 nhot dong luc hoc, xi, X;j 1a cac diém
trong khong gian, G 1a biéu dién sy tao nang luong roi, Sk va S; 1a dai lugng “nguon” bien do
nguoi dung xac dinh, Gi. va Ga¢ 1a cac hé so cua phuong trinh. i )

Thung chira nu6e cua xe chita chay rung dugc phan tich khi dang di chuyén voi téc do 80
km/h sau d6 phanh do6t ngdt va dung lai & khoang cach sau 40 m (Hinh 3a). Gia toc phanh va thoi
gian phanh dugc xac dinh theo cac phuong trinh (5) va (6).

J

0 0 oe & g
< (pet) =—| (u+£) 146,26, -G, pE+5, (4)
o, OX k

Vi =V, +2as ()
V=V, +at (6)
Trong d6 v 1a van toc cudi (m/s), V,1a van toc ban dau (m/s), a la gia toc (m/s?) va s la quing

duong (m). )
Do d0, gia toc phanh tinh toan duoc 1a 6,17 m/s* va thoi gian xe phanh trong 3,6 gidy sau do xe

va dung lai gilt nguyén vi tri cho dén gidy thir 10 d€ xem xét hién tugng va dap trong thung chura.
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Hinh 2. Mét s6 kich thude ciia thing chiva mede ciia xe 6 t6 chita chdy rimg

(a) (b)
100
. : | Mitc 1 (5.40m’ ~ 88,1%)
P | § Mitc 2 (4,32m’ ~ 70,5%)
% 40 .
g Mitrc 3 (2,16m* ~ 35,2%)
20
0 t °
0 2 4 6 8 10
Thoi gian (s)

Hinh 3. D6 thi vin téc theo thoi gian (a) va cdc mire nuwée khi mé phong (b)
Hai pha trong binh chita 1a nuéc va khong khi, khé,i luong riéng cta nude 1a 998,2 kg/m3 va
do nhét dong 1a 1,003x1072 kg/(m-s). Phan tich dugce tién hanh v6i 3 mirc nudce khac nhau 1a 5,40
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m®%(88,1%), 4,32 m*(70,5%) va 2,16 m*(35,2%) trong hai truong hop c6 va khong c6 vach chin
s6ng (Hinh 3b). Do mé hinh thing chtra c6 két ciu don gian va dong chay khéng phirc tap nén
nghién ctru chon loai Iudi toan cuc, ché do thiét lap ludi tu dong ¢ murc 3, day la mire thuong mé
phong cac hién tugng dong chay co ban ma khong tiéu tén qué nhiéu tai nguyén tinh toan. Két
qua thu duoc cho md hinh khong c¢é vach ngan 1a 3700 phan tir va mé hinh ¢ vach ngan 1a 5093
phan tir. Cac thong s6 khac thiét 1ap khi phan tich dugc gidi thiéu trong Bang 1. Ap sut tong 16n
nhit tac dung 1én véach phia trude (P1) va vach phia sau (P2) da duoc phan tich trong qua trinh
md phoéng (Hinh 2).

Bang 1. Thong s6 thiét ldp khi phan tich

STT Théng so phan tich (don vi) Gia tri
1 Kiéu dong chay Chay rdi
2 Tham s6 nhiu loan 1
3 Loai chét 16ng trong thung chira Nudc va khong khi
4 Nhiét dg (°C) 25
5 Ap suat khi quyén (Pa) 101325
6 Thoi gian phan tich (s) 10
7 Budc thoi gian (s) 0,01
8 S6 budc thoi gian 1000
9 S6 1an lap t6i da mdi budce thoi gian 20
10 Phén du 10
11 Gia toc trong truong (m/s?) 9,81

3. Két qua nghién ciru va thao luan

Két ~qua cua cac phan tich vé su va dap clia nudc trong thung chira cua xe chita chay rimg da
dugc tong hop, v6i cac gia tri 4p suat theo thoi gian cho thanh thung phia tru6e (P1) va phia sau
(P2) theo hudng chuyén dong cua xe. Hinh 4 cho thdy su thay do6i ap suat trong cac thiét ké thung
¢6 va khong c¢6 vach ngin chin song tuong tmg v6i cac mirc nude khac nhau.

Sau khi xe phanh tir tbc do 80 km/h, két qua cho thiy ap suét trén thanh thung phia trudc co
su ting manh trong ca hai truong hop c6 va khong co vach ngin. Piéu nay 1a do lyc va dép coa
gia tbc phanh manh di tac dong 1én chat 1ong bén trong thung chira, tao ra ap suit cao ngay lap
tire. Sau khi dat dinh, ap suit c6 su dao dong nhe tuy thudc vao gia tbe phanh va murc d¢ dao
dong cua chat 1ong bén trong. Khi qué trinh phanh két thiic sau 3,6s thi 4p suét trén thanh thung
giam dot ngdt do hién twong quay trd lai ciia chét 1ong. Hién twong nay dic biét 16 rét & mic
nuée 70,5% (Hinh 4c) va 35,2% (Hinh 4e). Su dao dong nay c6 thé dugc giai thich boi hiéu tng
va dép trén dién rong, noi khong c6 vach ngin ngin can sy lan truyén cua song [16], [21]. Nguoc
lai, trong binh chtra sir dung vach ngin chin song, cac vach ngin da giap lam giam sy dao dong
va phan tan luc tac dong 1én thanh thung, nhd d6 cai thién tinh 6n dinh cta 4p suit bén trong. Két
qua phan tich ciing cho thiy voi thiét ké c6 thém véach chin séng, 4p suit 16n nhit tac dong 1én
vach phia trudc da giam khoang 0,8%; 3,6% va 4,2% tuong ing véi 3 mirc nudc dugce khao sat.

D6i v6i vach thing phia sau, két qua quan sat cho thy 4p suat giam lién tuc sau khi phanh cho
dén khi xe dimg lai, nhu minh hoa trong Hinh 4b, d, f. Hién tuong nay cho thiy Iyc tac dong lén
chat 1ong khong ddng déu dan dén viéc nudce di chuyén vé phia sau thing chira, gdy ra su thay doi
clia 4p suat. Sau khi xe dung lai, ap suat trén thanh thung phia sau lai ting 1én do dong chay cua
nudc, phan anh sy chuyén dong cua chat long trong thung. Pac biét, su chénh léch rd rét glua thiét
ké c6 va khong €6 vach chin song cho thdy vai tro quan trong ctia cac vach ngin trong viéc cai
thién kha nang on dinh cta hé thdng. Vi thiét ké co thém vach chin song, ap suét 1on nhét tac
dong 1én vach phia sau da giam khoang 0,9%; 2,3% va 7,4% twong tmg v61 3 mue nu6e duge khao
sat. Ket qua nay cho thay thiét ké c6 vach chin song di ching minh kha nang giam thiéu dao dong,
ap suat 1én cac thanh thung chtra, do d6 co thé nang cao hiéu suit va an toan trong qué trinh phanh.
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—m—Khong ¢ vach chin song

® C6 vich chin séng
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Hinh 4. Két qua dp sudt tong trén: (a) vach phia trude va (b) VAch phia sau véi mire nude 5,40 m?;
(c) vach phia truéc va (d) vach phia sau véi mirc nude 4,32 m®; (e) vach phia trude va (f) vach phia sau

(a) 5,40 m®

voi mirc nuoc 2,16 m

(b) 4,32

m?

3

(¢)2,16 m*

Hinh 5. Chuyén dong ciia nude tai cc thoi diém khdc nhau ciia thing khéng cé vach:
(a) mirc nuée 5,40 m3, (b) mirc nude 4,32 mé, (c) mirc nuée 2,16 m*
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Hinh 5 va Hinh 6 trinh bay két qua mo phong cho tit ca cac mirc nudc cia hai thiét ké thung
chtra v6i hién tuong chuyén dong cua chat long dugc truc quan hoa tai cac thoi diém 1,0 gidy,
3,6 gidy, 5,6 gidy va 10 giay. O mtrc nude cao, hién twong chat long béan tung tée khong co su
khac biét dang ké giita hai thiét ké. Tuy nhién d6i v6i mirc nudc thap, viéc phén chia thung chira
thanh ba ngan riéng biét bang céac vach chin song da gitp giam su gia tang ap suat dot ngdt va ap
sudt toi da trén cac thanh thung [22]. Nudc duoc didu chinh qua cac 16 & day cac vach ngin mot
cach tir tir, dam bao ludn cdé mot luong nude nhat dinh ¢ ddy, qua d6 ngan ngua sy gian doan
trong thung chira. Piéu nay khong chi cai thién tinh 6 6n dinh cta 4p sudt ma con ning cao hiéu
qua hoat dong ctia hé théng.

(a) 5,40 m? - (c) 2,16 m*

Pha long

Hinh 6. Chuyén dong ciia nude tai cac thoi diém khdc nhau ciia thing cé vich:
(a) mirc nuée 5,40 m3, (b) mirc nude 4,32 m, (c) mirc nuée 2,16 m®

4. Két luan

Nghién ctru di chi ra ring viéc thiét ké thung chira ¢6 vach ngin chin song mang lai nhitng
loi ich 13 rét trong viéc giam thiéu dao dong va phén tan luc tac dong 1én thanh thung khi xe chita
chay rimg phanh gip. Két qua phan tich ap suét trén cac vach thung trude va sau cho thiy, trong
truong hop thung khong c6 vach ngan, ap suat dao dong manh khi _phanh gy nén hién tuong va
dép chat long va lam giam tinh 6 on dinh cua xe. Nguoc lai, v6i thiét ké vach ngin chin song, ap
suat duoc diéu tiét mot cach hidu qua hon, giam dang ké hién twong dao dong manh va giap duy
tri sy 6n dinh bén trong thing chira. Do d6, viéc thiét ké vach ngan trong thung chira 1a giai phap
kha thi va hiéu qua dé nang cao an toan va on dinh ciia xe chita chay ring trong khi van hanh.
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