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Tom tit - Bai bao phan tich cac thanh phan Iyc can chinh dién cia
dAu dan sung bo binh bang phuong phap mé phong s6. M6 hinh
chay réi duoc sir dung 1a mé hinh k-e. Cac phan tich va tinh toan
duoc 4p dung cho dau dan M855. Ludi véi kich thudc 2,16 triéu
diém duoc str dung cho md phéng. Phuong phap mé phong dugc
kiém chimg bing cach déi chiéu két qua nhan dugc bing mé phong
voi dit lidu thuc nghiém. Lyc can song chiém ty trong 16n nhit
(khoang 50%), luc can ma st chiém ty trong nho nhét (khoang 10%
- 15%), luc can day chiém ty trong dang ké (khoang 35% - 45%)
téng I can chinh dién véi sé Mach tir 1,47 t6i 2,62. Hai phuong
an cai tién giam lyc can cia dau dan M855 dugc nghién ciru. Két
qué cho thiy, phwong 4n ting chidu dai miii dan 1a hop 1y hon ca dé
giam Iyc can. Phuong phap duoc trinh bay trong bai bao co thé
duoc sir dung trong qua trinh thiét ké dan dé t6i wu hinh dang nhim
giam lyc can chinh dién tac dung 1én dau dan.

Tir khéa - Pan sting bg binh; m6 phong s6; CFD; luc can chinh
dién; Ansys Fluent.

1. Dt van dé

Trong qua trinh nghién ctru, phat trién dan duoc noi
chung, Iyc can chinh dién 1a thong s6 dong vai tro vo cling
quan trong. Do d6, viéc xac dinh lyc can chinh dién cta
dau dan 1a giai doan khong thé bo qua trong qua trinh thiét
ké, ché tao, cai tién dan dugc. Luc can chinh dién gém cac
thanh phan 1a lyc can séng, lyc can ma sat va lyc can day.
Luc can song sinh ra do cac song nén va séong gian nd hinh
thanh tai mii dan va dudi dan. Luc can ma sat sinh ra do
ma sat cia cac phan tir khéng khi véi bé mat dau dan. Luc
can day phat sinh do vung khi xody ngay sau ddy dan c6 ap
suét thap hon nhiu so véi ap suat xung quanh [1]. Viéc
nghién ctru ty trong ciia cac thanh phan Iyc can dong vai
trd quan trong trong qua trinh thiét ké nham dua ra cac
phuong phéap hop 1y dé giam Iyc can chinh dién tac dung
lén dau dan. Hién nay, c6 ba phuong phap chii yéu dé xac
dinh luc can chinh dién. D6 1a phuong phéap ban thuc
nghiém, phuong phap thuc nghiém va phuong phap mo
phong so. Cac phan mém tinh toan khi dong luc hoc phd
bién sir dung phuong phép ban thuc nghiém 1a Missle
Datcom, PRODAS, MC Drag... Uu diém ctia phuong phap
ban thyc nghiém la co thé dy béao luc can chinh dién cua
vét thé bay mot cach nhanh chong. Phuong phap thuc
nghiém dé xac dinh lyc can chinh dién tuy cho két qua
chinh xac nhit nhung lai tén kém thoi gian va cong sirc
chudn bi. Hién nay, phuong phap khi dong luc hoc tinh
toan (CFD) ngay cang tré thanh mdt cong cu manh mé va
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hiéu qua dé nghién ciru cac dic trung khi dong cua vat thé
bay [2]. Trong nhitng ndm gan day, mot sb tac gia da ap
dung thanh cong phuong phap md phong CFD dé nghién
cuiru cac dac trung khi dong cho cac loai dau dan sung bo
binh. Demir va cac ddng nghiép da nghién ctru giam luc
can chinh dién tac dung lén dau dan bé'mg cach tao cac
duong cat trén than dan va dudi dan [3]. Trong [4], Hao va
cac cong sy di khao sat anh huong ciia d6 cong phan miii
dan téi gia tri ctia hé s6 lyc can chinh dién tac dung lén dau
dan. Khan va cac dong tac gia da phan tich anh huéng ctia
chiéu dai dau dan t6i gia tri lyc can chinh dién va luc nang
tac dung 1én ddu dan vdi tdc d6 dudi am bang phuong phép
md phong s két hop véi thuc nghiém [5]. Ntantis nghién
ctru dong chay siéu am quanh dau dan va so sanh cac gia
tri hé sb luc can chinh dién nhén dugc béng phuong phap
md phong s6 va phuong phap do dac bang thuc nghiém
trong dng thoi khi dong [6 ] O trong nude, hién co rat it cac
cong trinh nghién ctru vé khi dong lyc hoc cua dau dan
duogc cong bd. Trong [7], cac tac gia d nghién ctru luc can
khi dong tac dung 1én dau dan phéo c¢& 122mm sir dung can
on dinh. Két qua nghién ctru trong bai bao cho thiy, cac
canh dudi 6n dinh c6 anh huéng rat 16n toi lyc can chinh
dién tac dung lén dau dan. C6 thé théy, cac cong trinh da
duogc cong bd hién nay méi chi tp trung vao viéc danh gia
anh huong ciia hinh dang diu dan t6i cac dic trung khi
d6ng ma chua di sau phan tich ty trong cac thanh phan cia
luc can chinh dién. Do d6, muc dich chu yéu cua bai bao la
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danh gié ty trong cua cac thanh phan lyc can ctia ddu dan &
céc toc 46 dong chay khac nhau dé lam co so dé xuat cac
giai phap giam luc can chinh dién tac dung 1én déu dan.
Phuong phap dugc sir dung trong bai bao la phuong phap
md phong so trén phan mém Ansys Fluent [8]. Mot so déc
trung khi dong cua dau dan 5,56x45mm MS855 da duoc
nghién ciru thuc nghiém va dugc cong b rong rai. Do do,
bai bao lua chon dau dan M855 lam ddi tuong nghién ciru
dé c6 co so so sanh, danh gia tinh chinh x4c ctia mo hinh
mo phong s6.

2. M6 hinh toan hgc va phwong phap giai

Céc dic trung khi dong ciia dong chay bao quanh dau
dan dugc md ta bai hé phuong trinh Navier-Stokes [9]:

- Phuong trinh lién tuc:

P Spu)_ (1)
. ox

- Phuong trinh chuyén dong:

) Olpuu; I
5(P”|)+ (ﬂu.u])z_a_p+i+pﬁ @)
ot X, oX;  OX:

- Phuong trinh nang luong:

o(pE) , o(pEuU) _
ot OX; @)
__Apy) , o7y _qi)+pf.u.+q
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Trong d6: p, p lan luot 1a mat do khong khi va ap suat
khong khi; ui= (us, Uz, Us) la vector van téc cua dong chay;
7ij 1a tensor @ng suat nhét; pfi 1a luc khdi; gu 1a hoa ning;

pE= pe-{—% pu? latong nang lugng toan phan trén mot don

vi thé tich; e 1a noi nang; q; 1a dong nhiét theo phwong x;.
Noi nang e dugc xac dinh bdi phuong trinh Calori cho
khi ly tuéng:
e=CvT (4)
véi R =287 N.m/kg.K va C,= 717 N.m/kg.K.
Nhiét @6 T duoc x&c dinh thong qua phuong trinh trang
thai caa khi ly tuong nhu sau:
p=pRT ©)
Vi gia thiét quan hé tuyén tinh giira ang suat - bién
dang, tensor ung suat nhot c6 dang:
au
7, =2uS; + A6, g'k‘ (6)

Trong d6: Sij 1a tensor bién dang:

1( oy, au,
%2, T ™

]
dij 1a ky hiéu Kronecker, dij=1 khi i = j; g;= 0 khi i #];
 1a hé s6 nhat cua dong chay, phu thugc vao nhiét do theo
quy luat Sutherland:
_ 1,45T3/2

8
T +110 ®)

/ 1a hé sb nhét, theo Schlichting, c6 thé lay:

2
A=—= 9
3 9)
Dong nhiét q; thuong dugc xap xi theo quy luat Fourier:
g =k (10)
OX;

Trong d6: kr 1a hé s6 truyén nhiét.

Nhu vy, hé phuong trinh Navier-Stokes (1)-(3) cung
véi cac biéu thic lién hé dong hoc va nhiét dong luc hoc
(4)-(10) tao thanh mot hé phwong trinh kin. Bang cach giai
hé phuong trinh nay co thé xac dinh duoc cac tham sé cua
dong chay tai moi diém 1a mat do (p), ap suat (p), téc do
(thanh phan van téc trung binh) (u), nhiét do (T), noi ning
(e) va tensor &ng suét nhét (tensor tng suit Reynolds trung
binh) (z;j) tir d6 xac dinh dugc lyc can chinh dién tac dung
1én dau dan.

Trong céc nghién ctu phuc vu thiét ké ky thuat, he
phuong trinh Navier-Stokes thuong dugc giai bang phuong
phap M6 phong sé trung binh theo Reynolds (Reynolds-
averaged Navier-Stokes - RANS). Ban chit cua phuong
phap nay la biéu dién céac bién sb cua dong chay qua gié tri
trung binh theo thoi gian cua ching. Tuy nhién, trong
phuong phap RANS, nhitng hién tugng xay ra véi quy mo
nhoé hon kich thudc lusi s€ khong dugc phan anh trong két
qua mo phong DPé mo ta nhing hién tuong nay can thém
vao RANS cac md hinh b6 sung duoc goi 1a cac md hinh
chay rdi. M6 hinh chay réi duoc sir dung trong bai bao 1a
mo hinh chay réi hai phuong trinh k-g [10]. M6 hinh k-¢
dua trén h¢ phuong trinh Navier-Stokes v6i hai phuong
trinh b6 sung cho hai tham So la d6ng nang chay roi k va
do tiéu tan dong nang chay rdi ¢

Cac sé hang ngudn cua md hinh k-¢ la:

Qpk = P-pe (11)
2
& PE

Q,. =C1EP—CZ ” (12)

‘Trong d6: ¢1= 1,44 va ¢, = 1,92 la cac hang s6; P la dan
xuat déng nang chay roi, khi ap dung xap xi Boussinesq, P
¢6 dang:

— OU, 2. 0u
P=—pUu —t=| |25, —<5, 7% |-Z5,pk | = (13)
P o {‘h’[ N aka 3 }ax

]

~Trong mé hinh k-¢, d6 nhét chay réi duge xac dinh tir
biéu thirc:
kZ

L (14)
&

Trong do: ¢, = 0,09; ox = 1,0 va g.= 1,3 dugc coi la
khong doi.

Hién nay, viéc giai hé phuong trinh Navier-Stokes vdi
mo hinh chay rbi k-g co thé dwoc thyuc hién véi sy hd trg
cua cac phﬁn mém tinh toan khi dong luc hoc chuyén dung
nhu Ansys Fluent, COMSOL, OpenFOAM, FLOW-3D...
Trong d6, Ansys Fluent 1a phin mém mé phong CFD dugc
su dung rong rai hon ca bdi cod nhiéu vu diém vuot troi hon
cac phan mém cung loai khac. Phin mém nay con c6 thé
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khao sat da dang cdc hién tuong vat 1y phuce tap nhu' dong
chay da pha, truyén nhiét, tuong tac chat lwu-két cau (F SI)
va cung cap cho ngudi st dung mot sé tinh ning tién tién
nhu cai thién lu6i thich nghi, cho phép diéu chinh ludi tai
nhiing khu vuc cé hinh dang phuc tap. Ngoai ra, Ansys
Fluent con c6 mot giao dién théan thién voi nguoi dung va
cung cap nhiéu cong cu hiru dung dé xtr ly va phan tich két
qua sau md phong. Do do, Ansys Fluent khong chi dugc
ung dung rong rdi trong linh vyc cong nghiép ma con la
mdt cong cu déc luc trong nghién ctru khoa hoc. Vi vy,
trong bai bao nay sé& sir dung phdn mém Ansys Fluent dé
nghién ctru lyc can chinh dién tac dung 1én dau dan.

3. M hinh mé phéng s6

Mo hinh hinh hoc ctia dau dan M855 dung cho khao sat
duoc thé hién trén Hinh 1. Cac kich thudc cia dau dan dugc
lay tir [11]. Chiéu dai tong thé ctia dau dan 1a 23,06mm,
duong kinh phan try 13 5,69mm, goc vat phan dudi 1a 7,5°.
Miii dan hinh cung nhon va c6 chiéu dai la 13,44mm, phan
than hinh tru dai 6,83mm, phén duoi dai 2,79mm.

R50.18
0,74

5,69

/\‘7T7.5‘j

13.44 2,79

23.06

Hinh 1. Kich thuéc dau dan 5,56x45mm M855
(cac kich thuoc co don vi la mm)

MBS hinh 3D cua dau dan duogc xay dung trén phf?m mém
CAD Inventor Professional 2021 (Hinh 2) va dugc tich hgp
vao phan mém Ansys Fluent dé tién hanh khoi tao viing thé
tich tinh toan va chia luéi phuc vu qua trinh mé phéng tiép
theo.

Vung thé tich tinh toan hinh hop chir nhat v6i chidu dai,
chidu rong va chiéu cao tuwong tmg 1a 40L, 10L va 10L. O
day, L 1a chiéu dai téng thé ctia dau dan. Vung thé tich tinh
toan duoc khéi tao véi kich thude du 1ém dé co thé phan
anh duoc dﬁy du cac hién tugng khi dong hoc xay ra trudc
mili dan ciing nhu sau day dan. M6 hinh dau dan duoc dat
trén truc doc dbi xtmg ctia ving thé tich tinh toan va cach
mit bién Inlet mot khoang 1a 15L (Hinh 3). Dé ¢6 thé phan
anh dugc cdc hi¢n tuong xdy ra tai 16p bién, ludi tinh toan
dugc chia min nhét trén bé mit dau dan (Hinh 4) sau do
dén phan sat bé mit diu dan va thua hon & ving gan bién
tu do (Hinh 5).

Hinh 2. M6 hinh 3D cia dau dan M855

Tnlet Outlet
X > -
10L A e e e e e ] I
¢ 15L VL 24L
P P L - -
’
.

Hinh 3. Viing thé tich tinh toan

Hinh 4. LuGi trén bé mat dau dan M855

Hinh 5. Lu6i xung quanh dau dan

Dong chay bao quanh dau dan dwoc coi 1a dong chay
16i va nén dugce véi sd Reynolds cao, do d6 bo giai Density-
based solver dugc lya chon. M6 hinh khong khi dugc st
dung 1a khi 1y tuong (Ideal gas). M6 hinh nhét duge chon
12 mé hinh Sutherland ba hé sb. Cac tham s ctia dong chay
tu do 1a p, =101325Pava T, = 300K . Cac diéu kién tinh
toan cho mo6 hinh mé phéng duogc trinh bay trong Bang 1.
Pbi voi mod hinh chay 16i k-¢ thi 10 gidi dugc coi 1a hoi tu
néu cac phan du (Residuals) dat gia tri nho hon 1073 [12].

Bing 1. Cdc diéu kién tinh todn cho mé hinh mé phong
TT Tham s6 Gid tri

1 |[Inlet M =1,47; 1,68; 2,23; 2,46, 2,62
2 |Outlet Pressure Outlet

3 |Bién tu do No slip wall

4 |Bién thanh dan Ve=Vy=V:=0

4. Két qua va thao luin
4.1. Khdo sdt anh hwéng ciia kich thuwéc ludi t6i két qui
moé phong

Két qua nhan dugc cua cac phuong phap mé phong sb
thuong bi anh hudng bdi kich thudc ludi tinh toan. Ludi
cang min thi két qua cang chinh xac hon, tuy nhién, thoi
gian tinh toan lai tang 1én. Do @6, can tim duoc kich thude
ludi hop 1y cho két qua tinh toan véi d6 chinh xéac chép
nhan duoc va thoi gian tinh toan phi hop. Cu thé, trong bai
béo nay kich thude ludi duge ting tir 1,38 triéu phan tir dén
3,59 triéu phén ttr. Str dung mé hinh chay 161 k-¢ va céc tham
s6 thiét 1ap nhur duoc trinh bay ¢ trén dé tién hanh mo phong
trén phan mém Ansys Fluent vdi toc do dong chay 1a Mach
bang 2,23, goc tin bang 0°. Hé s6 luc can chinh dién (Cy)
nhan dugc ddi véi céc kich thude ludi khac nhau duge thé
hién trén Bang 2.
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Bing 2. H¢ $6 luc can chinh dién theo kich thuéc ludi

T Kich thuéc luo’l Hé s6 lyc cin | Chénh léch
(triéu phan tir) chinh dién (Cq) (%)
1 1,38 0,298 8,30
2 1,73 0,316 2,76
3 2,16 0,325 -
4 2,94 0,326 0,30
5 3,59 0,324 0,30

Xu hudng anh hudng cia kich thudc ludi toi gia tri hé
s6 luc can chinh dién Cd dugc thé hién trén Hinh 6. Tir
Bang 2 va Hinh 6 c6 thé rat ra nhan xét, ké tir kich thudc
ludi 2,16 triéu phan tir thi viée ting kich thudc ludi khong
lam thay d6i dang ké gia tri hé sd luc can chinh dién nhan
dugc. Do d6, tinh t6i yéu t6 d6 chinh xéac va thoi gian tinh
toan thi bai bao nay sé str dung ludi c6 kich thude 2,16 triéu
phan tir dé nghién ctru cac thanh phan luc can. Véi kich
thude ludi 2,16 triéu phan tir thi ludi trén bé mat dau dan
duoc chia min nhit véi cac phén ttr ¢6 kich thude 16n nhat
1a 0,3mm. Kich thudc cac phan tir ludi ving lan can than
dan va ving gan bién tu do ting dan theo ty 18 1,1 va kich
thudc t6i da ctia cac phan tir 1a 3,0mm. Trong trudng hop
nay, hé s6 luc can chinh dién nhan dugc bang md phong la
0,325, trong khi d6 hé s6 luc can chinh dién dugc xdc dinh
bang thuc nghiém trong [11]1a 0,32. Sai s6 gitra gia tri hé 50
lyc can nhan dugce béng phuong phap md phong so va gid tri
hé s6 luc can nhén dugc bang phuong phép thuc nghiém la
1,56%. Sai s6 nay 1a chdp nhan dugc dbi véi cac nghién ciru
tmg dung ky thuat. Nhu véy, c6 thé sit dung phuong phap
mo phong s6 dugc trinh bay ¢ trén dé nghién ciru cic thanh
phan luc can tac dung 1én dau dan sing bo binh trén quy dao
bay. Truong phan bd ap suat va van toc dong chay quanh
dau dan dugc thé hién trén Hinh 7 va Hinh 8. C6 thé nhan
théy, ap suit dat gia tri 16n nhat tai mili dan va nho nhat
tai vung khong gian sau ddy dan. Chinh sy chénh léch
phan b ap suét nay da sinh ra thanh phan lyc can 4p suét.
Ngoai ra, con c6 thé quan sat thiy sy hinh thanh cua cac
song xung kich tai miii dan cling nhu tai nhiing vi tri ma
than dan c6 su thay d6i hinh dang dot ngot.

0.34
. -+ Lo

0.32 //
=
S 03 i

0.28

1 1.5 2 2.5 3 3.5 4
Kich thwde hrdi tinh toan (triéu phan tir)

Hinh 6. Xu hudéng anh hudng cia kich thudc ludi t6i
gid tri hé so luc can chinh dién (Cd)

Hinh 7. Trurong phdn bé dp sudt quanh dau dan

Hinh 8. Phdn b6 vin toc dong chay quanh dau dan

4.2. Khdo sdt ty trong ciia cdc thanh phén lwc cin chinh
dién tic dung lén dau dan M855 tiéu chudin véi toc dp
dong chdy khdc nhau

Viéc chia lyc can chinh dién tdc dung lén dau dan
trong qué trinh bay trong khong khi thanh nhimng phan co
ban chat vat Iy khac nhau nhim muc dich tim ra nhiing
giai phap phu hop nhit dé giam cac thanh phan lyc cén
nay. Dé lam giam lyc can ma sat can gia cong bé mat dau
dan nhin hon hodc ¢ thé son bé mat diu dan. Dé giam
luc can song va luc can ddy can toi vu hinh dang mii dan
va duéi dan. Mdi giai phap dugc ap dung déu c6 thé anh
hudng t6i cac chi tidu chién-ky thuat va kinh té cua dan.
Do d6, dé dwa ra dugc nhing giai phap hiéu qua thi cén
phai biét duoc ban chét va ty trong dong gop cua moi
thanh phan trong tong gia tri lyc can. Pau dan sung bd
binh chuyén dong vai toc do trén am trén toan bo quy dao
bay. Do d6, dé danh gia ty trong cua cac thanh phan luc
can & cac toc do chuyén dong khéc nhau cua déu dan, tac
gia tién hanh mé phong dong chay quanh dau dan véi cac
s6 Mach dic trung cla dAu dan M855 1a 1,47; 1,68; 2,23;
2,46 va 2,62 [11]. Gia tri nhan dugc cua cac thanh phﬁn
lyc can song, lyc can ma sat va lyc can day duogc thé hién
trong Bang 3.

Bing 3. Cdc thanh phan lyc can chinh dién

T Sb L’l_l‘c cdn Ll_rc’cﬁn Luec cén | Téng lye
Mach | song (N) |[masat (N) | day (N) | can (N)
1 1,47 0,705 0,177 0,620 1,502
2 1,68 0,870 0,204 0,746 1,820
3 2,23 1,327 0,296 1,058 2,681
4 2,46 1,625 0,505 1,091 3,221
5 2,62 1,759 0,541 1,159 3,459

Ty trong cua cac thanh phﬁn Iwc can chinh dién duoc
the hién trong Bang 4.
Bing 4. Ty trong ciia cdc thanh phan lc can chinh dién

I R e e
1| 147 46,93 11,78 41,27
2 | 168 47,80 11,20 40,98
3| 223 49,49 11,04 39,46
4| 246 50,45 15,67 33,87
5 | 262 50,85 15,64 33,50

Tir két qua nhan dugc c6 thé thay, xu hudng chung: luc
can ma sat chiém ty trong nho nhat (tir 11,04% t6i 15,67%),
lyc can song chiém ty trong 16n nhit (tir 46,93% toi
50,85%), lyc can day chiém ty trong dang ké trong cac
thanh phan luc can (tur 33,50% dén trén 41,27%). Ngoaira,
ty trong cua cac thanh phan luc can con thay ddi theo tdc
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do chuyén dong cua dau dan. S6 Mach cang 16n, nghia 1a
toc do chuyén dong ctia dau dan cang cao thi ty trong ctia
luc can ma sat va lyc can song cang tang, ty trong cua luc
can day cang giam.

Do d6, ddi v&i cac loai ddu dan c6 hinh dang tuong tu
nhu ddu dan M855 (gdm miii dan hinh cung nhon, than dan
hinh tru va duéi dan hinh c6n), dé giam téng luc can chinh
dién tac dung lén dau dan thi nhat thiét can ap dung cac
bién phap nham lam giam thanh phan lyc can séng va thanh
phan lyc can day.

4.3. Khdo sdt ty trong ciia cdc thanh phén lwc cdn chinh
dién tic dung lén dau dan M855 cdi tién

Nhu da nhén xét & trén, trong s6 cac thanh phan luc can
chinh dién thi thanh phan luc can séng va thanh phan luc
can day chiém ty trong 16n nhét. Do d6, dé giam tong luc
can chinh dién tac dung 1én dau dan, sé tién hanh cai tién
dau dan M855 tiéu chuan dé lam giam thanh phan lyc can
song hodc thanh phan luc can day. Theo [1], luc can song
giam khi tang chiéu dai phan miii dau dan, con luc can day
giam khi tang chiéu dai va thay d6i goc vat phan dudi dan.
Tuy nhién, viéc ting chiéu dai phan miii dan va dudi dan
van phai dap tmg diéu kién 1a phan than dan hinh try c6
chiéu dai it nhat 1a 1D (D 1a duong kinh phan try, dbi véi
dau dan M855 thi D = 5,69mm) dé dam bao dan chuyén
dong 6n dinh trong nong sting [13]. Trong truong hop dau
dan M855 tiéu chudn, phan than hinh tru c6 chiéu dai 1a
6,83mm, do d6, van c6 thé ting chiéu dai phan mili dan
hodc phin dudi dan dé giam thanh phan luc can séng hodc
thanh phéan luc can day twong tmg. Trong bai bao nay s&
khao sat cac thanh phfin lyc can chinh dién tac dung lén dau
dan M855 v&i hai phurong 4n cai tién: phuong an thir nhét
1a tang chiéu dai phan miii dan nhung van dam bao chiéu
dai phan try 14 1D, chiéu dai phan dudi dan va cac tham s6
khéac cuia dau dan gilr nguyén khong doi (PA1); _phuong an
thir hai 1a tang chiéu dai phan dubi dan nhung van dam bao
chidu dai phan tru 13 1D, chidu dai phin miii dan va cac
tham s khac ciia dau dan giit nguyén khong dbi (PA2).
Tién hanh mé phong theo trinh ty cac bude dd duoc trinh
bay va kiém chimg & cac phan trude voi sb Mach 1a 2,23.
Két qua md phong va ty trong cac thanh phan lyc can chinh
dién tac dung 1én cac phuong 4n dau dan M855 dugc trinh
bay trong Bang 5 va Bang 6.

Bdng 5. Cdc thanh phc?n lic can chinh dién tdc dung lén cac
phwong an dau dan M855 o so6 Mach 2,23

T Déu dan L,l_rc cin Ll_rc’cﬁn Luwc cén | Téng lye
M855 song (N)ma sat (N) day (N) | cén (N)
Tiéuchuan | 1,327 | 0,296 | 1,058 | 2,681
PAl 1,118 0,295 1,059 2,472
PA2 1,367 0,290 0,892 2,549

Bang 6. Ty trong cdc thanh phan luc can chinh dién tac dung
lén cac phuong dan dau dan M855 ¢ so Mach 2,23

T Piu dan | Luwe cén séng Ll.rc/ cian ma [Luc cdn day
M855 (%) sat (%) (%)
Tiéu chuin 49,49 11,04 39,46
2 PAL 45,23 11,93 42,84
PA2 53,63 11,38 34,99

C6 thé thiy, d6i voi PA1 (tang chidu dai phan miii dan,
giit nguyén chiéu dai dudi dan), so voi dau dan tiéu chuan
thi lyc can ma sat va lyc can day hdu nhu khong thay ddi
(twong tng la 0,295N so vdi 0,296N va 1,059N so véi
1,058N), tuy nhién, luc can song giam dang ké (tir 1,327N
xudng 1,118N, nghia 1a giam 15,75%). Két qua 1a ty trong
ctia lyc can séng giam tir 49,49% xudng 45,23%, ty trong
ctia Iyc can ma sat va lyc can day déu ting, tuy nhién, ty
trong cua luc can ma sat ting khong dang ké (tir 11,04%
1én 11,93%). V6i PAL, té)ng lyc can chinh dién giam tir
2,681N xudng 2,472N (giam 7,8%).

Déi voi PA2 (tang chiéu dai phan duéi dan, gitr nguyén
chiéu dai phan miii dan), so v6i dau dan tiéu chuan thi luc
can ma sat ciing khong thay ddi dang ké (0,290N so véi
0,296N), lyc can song tang tir 1,327N t6i 1,367N (tang
3,01%), luc can day giam dang ké tir 1,058N xudng 0,892N
(giam 15,68%). Két qua 1a ty trong cua luc can ma sat ting
khong dang ké tur 1 1,04% 1én 11,38%, luc can song tang tr
49,49% 1én 53,63% con lyc can day giam tir 39,46% xuéng
34,99%. V&i PA2 thi tong luc can chinh dién giam tir
2,681N xudng 2,549N (giam 4,9%).

Tir két qua khao sat cac thanh phan lyc can chinh dién
tac dung 1én hai phuong an cai tién dau dan M855 c6 thé
riit ra nhan xét rang, thanh phan lyc can ma sat thay doi
khong dang ké trong ca hai phuong 4n cai tién dau dan.
Khi ting chiéu dai phan mili dan (PA1) thi thanh phan lyc
can song thay d6i dang ké (15, 75%) trong khi thanh phan
lyc can day hau nhu khong thay doi, tong luc can chinh
dién giam 7,8%. Con trong truong hop ting chiéu dai
phan duéi dan (PA2) thi luc can day ciing giam dang ké
(15,68%) nhung lyc can song lai tang 1én 3,01%, hé qua
1a tong luc can chinh dién chi giam 4,9%. Ngoai ra, viéc
tang chidu dai phan duéi dan c6 thé anh huong tiéu cuc
t6i on dinh cua diu dan trén duong bay [1]. Do do, dé
giam tong lyc can chinh dién tac dung 1én dau dan M 855
thi viéc sir dung phuong an ting chiéu dai phan miii dan
1a hop 1y hon ca.

5. Két luan

Bai bao da trinh bay phuong phép nghién ctru cac
thanh phén lyc can chinh dién tac dung lén dau dan sung
bd binh bing phuong phiap mé phong sb CFD trén
phin mém Ansys Fluent v6i mo hinh chay rdi k-e.
M6 hinh mé phong duge kiém chimg bang cach so sanh
hé s6 luc can chinh dién nhan duoc bang phwong phap mo
phong véi hé 6 luc can chinh dién nhan dugc bé‘mg do
dac thyc nghiém. Két qua so sanh cho théy, chénh 1éch
gitra cac hé¢ sb luc can chinh dién nhan duoc bé‘tng hai
phuwong phap chi 13 1,56%. Khao sat ty trong cac thanh
phan cho thay Iurc can song va luc can day chiém phan 16n
téng gia tri lyc can chinh dién. Lyc can song chiém
khoang 50%, luc can day chiém khoang 35% t&i 45%
va lyc can ma sat chiém khoang 10% téi 15% tong luc
can chinh dién. Dé tang tam bén cua dau dan thi cAn dic
biét chi ¥ 4p dung cic bién phap nhim giam cac thanh
ph?ln lyc can song va luc can day. bbi v6i dau dan
M855, phwong 4n giam thanh phan luc can song bing
cach tang chiéu dai phan miii dan co thé giam tong luc
can chinh dién khoang 7,8%, trong khi d6 phuong an
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giam thanh phan Iyc can day bang cich ting chidu dai
phan dudi dan c6 thé giam tong lyc can chinh dién khoang
4,9% & sb Mach 2,23. Phuong 4n giam thanh phéan luc
can song 1a hop 1y hon ca dé giam tong lyc can chinh dién
ctia diu dan M855. Phuong phap va cac két qua nghién
ctru dugce trinh bay trong bai bao c¢6 thé dugc ap dung
trong qua trinh cai tién ting tdm bian cho dau dan
M855 néi riéng ciing nhu trong qua trinh thiét ké, ché tao
va cai tién cac loai dau dan khac c6 hinh dang tuong tu
noi chung.
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