BO GIAO DUC VA PAO TAO BO QUOC PHONG

HOQC VIEN KY THUAT QUAN SU

PHAM THANH BONG

'NGHIEN CUU XAC PINH PAC TRUNG KHI PONG LUC CUA
CANH QUAY TRUC THANG XET PEN SU TUONG TAC VOI THAN
VA MAT GIOI HAN

LUAN AN TIEN SI KY THUAT

HA NOI - NAM 2020




BO GIAO DUC VA PAO TAO BO QUOC PHONG

HOQC VIEN KY THUAT QUAN SU

PHAM THANH BDONG

'NGHIEN CUU XAC PINH PAC TRUNG KHI PONG LUC CUA
CANH QUAY TRUC THANG XET PEN SU TUONG TAC VOI THAN
VA MAT GIOI HAN

Chuyén nganh: Co k¥ thuat
M4 56:9.52.01.01

LUAN AN TIEN ST KY THUAT

NGUOI HUONG DAN KHOA HOC:
1. PGS.TS PHAM VU UY
2. PGS.TS PANG NGOC THANH

HA NOI - NAM 2020




LOI CAM POAN
T6i xin cam doan day 1a cong trinh nghién ctru cua riéng toi. Cac s6 liéu,
két qua va md hinh toan néu trong luan 4n 1a trung thuc. Nhiing két luan khoa
hoc cua lun 4n chua timg duoc ai cong bd trong bat ky cong trinh nao khac.

Tac gia luan an

Pham Thanh Péng



LOI CAM ON

Loi cam on chan thanh dau tién toi xin dwgc kinh gui t6i nguoi thay
PGS.TS Pham Vii Uy, PGS.TS Diang Ngoc Thanh d3 tin tinh huéng dan, chi
day, giup d& t6i trong sudt qua trinh thyc hién va hoan thanh luan 4n.

Xin chan thanh cdm on céc nha khoa hoc trong va ngoai Quan doi da cho
nhiing ¥ kién dong gdp quy bau gitip t61 hoan thién luan an. Téi tran trong cam
on Thu truong Hoc vién Ky thuat Quan sy, Bo mén Pong co phan luc - Khoa
Hang khong Vi try, Bo mén Co hoc vat ran - Khoa Co khi, Phong Sau dai hoc
- Hoc vién K§ thuat Quan su da tao moi diéu kién thuan lgi cho toi thuc hién
va hoan thanh luan an nay.

T6i chan thanh cdm on sy hd tr tir d€ tai ma s6 107.01-2018.05 thudc
Quy Phat trién khoa hoc va cong nghé Qudc gia (NAFOSTED), d4 tao cac diéu
kién thuan loi gip t6i tham gia, cong bd cac cong trinh nghién ctru lién quan
dén luan an tai cac hoi nghi khoa hoc uy tin trong nuéc va quéc té.

Cubi cung, toi xin bay t6 10ng cam on ddi vai ban bé, ddng nghiép va gia
dinh d4 quan tam, khich 1¢ tinh than, gitp d toi trong sudt thoi gian qua.

Tac gia luan an

Pham Thanh Pong



MUC LUC

LOT CAM DOAN .....coooiiiiiieeseeeeee ettt i
| 101 0N\ 10 ). T i
1YL 6O 510 TP iii
DANH MUC CAC KY HIEU, CAC CHU VIET TAT .....cccoooooovvvverrnnnn, vi
DANH MUC CAC BANG ..ottt viii
DANH MUC CAC HINH VE, PO THI .........cccoovirviererereeeeeeneeeeenenes iX
Y (O 1 37N 6 [T 1
Chwong 1. TONG QUAN NGHIEN CUU VE KHiI PONG CANH QUAY
TRUGC THANG.........c.ooevieeeeeeeeieesesese e ses s s s s sssss s ssses s ssssn s, 7

1.1. Tinh hinh nghién ctru trén the GiG1.......cccvvieereeeeeeeeeeeeee e 7

1.1.1. Khai quét chung cac cong trinh nghién ctru vé khi dong tryc thing
18N thE ZIOT ovvvvveeveeveeeeeee ettt sn sttt s et 7

1.1.2. Nhan xét chung vé cac phuong phap nghién ciru khi dong truc thing

TEC R (TR TC SO 11
1.1.3. Nghién ctru khi dong vat thé 3D ........cccceveveeeieeieeeeeeee e, 15
1.2. Tinh hinh nghién cru trong NUGC.......ccvvviiiiiiiiiie e 18

1.2.1. Khéi quat chung cac cong trinh nghién ctru trong nudc vé khi dong

EIUC tRANE. c.vvvie e ————— 18
1.2.2. Nhan xét chung vé cac phuwong phap nghién ctru khi dong truc thing
10402074 110 (0 /PP PPRT 20

KEt TUAN CHUONE 1 .o.vovicvicvceesese et 21
Chwong 2. NGHIEN CUU XAY DUNG MO HINH XAC PINH PAC
TRUNG KHI PONG LUC CQTT KHI XET PEN ANH HUONG CUA
THAN VA MAT GIOT HAN .........cooviiieieeieeeeeee s 23
2.1. Hé truc toa do va cac tham sd khi dong CQTT ..o 23
2.1.1. CACh€ t0a A0 ...uvviee i 23



2.1.2. Céc ddc tinh hinh hoc ctia canh quay .........ccccovvviveiiiiiiiiec e 26
2.1.3. Cac hé s6 khi dong ctia CQ.....oevevveeeeeeeeeeeeeeeeeee e, 31
2.2. Xay dung mé hinh xo4y canh quay phi tuyén khong dimg.................. 32
2.2.1. Cac gia thiét va dicu Kien DIt .......ocovveeeeeeeeeeeeeeeee e, 32
2.2.2. Xay dung mo6 hinh todn hQc ... 34
2.3. Xay dung mo hinh xoay CQ - Than truc thang ...........ccceeevvvviiiineennnn, 49
2.4. Xay dyng md hinh xo4y CQ va md hinh xoay CQ — Than TT trong diéu
kién c6 twong tac vai cac dbi trong KhAC .......ceveeeeeeeeeeeeeeeeeeeee e, 53
2.4.1. Xay dung md hinh xody CQ — Mat gidi han..........cccceeevveevinnnnen, 53
2.4.2. Xay dyng md hinh xody CQ — Than TT - Mat gidi han................ 56
K&t TUAN CRUONE 2 ...ttt 58
Chuong 3. NGHIEN CUU KIEM CHUNG CAC MO HINH TOAN ..... 60
3.1. Phuong phap kiém nghiém két qua ctia mo hinh tinh toan.................. 60
3.2. Kiém tra hoi tu mo hinh tOAN c...ovveeeeeeeeeeeeeeeeeee e 64
3.2.1. So dd thuat toan mo hinh X04Y CQ.....cevvvevveieeeeeeeeee e 64
3.2.2. Kiém tra hoi tu mO hinh tOAN ......ovoveveeeeeeeeeeeeeeeeee e 66
3.3. Nghién ctru kiém ching mo hinh x04y cAnh quay..........cccoevevvieenne, 67
3.3.1. Kiém chimg véi mé hinh CQ cua Kritsky B.S ..o, 67
3.3.2. Kiém chung v6i mé hinh CQ trong cong trinh ciia Moshar P.I [87]
VA VOlOdKO A.M [B7]..eeeivieiiiiiiiiieiee e 70
3.3.3. Kiém chimg v&i mé hinh CQ caa Juan D. Colmenares................ 73
3.4. Kiém ching mo hinh x0ay CQ — Than ........cooevvvereerrrireereses s, 77
3.4.1. Bu6c 1: Kiém chimg mé hinh xoay CQ — Mit gidi han............... 77

3.4.2. Budc 2: Kiém ching mé hinh xoay CQ — Than bang cach so sanh
v&1 mo hinh mO phong CED ... 80
KEt TUAN CHUTONE 3 ..ottt 92



Chuwong 4. TINH TOAN CAC PAC TRUNG KHI PONG LUC CUA CQ
XET PEN SU ANH HUONG CUA THAN TT VA MAT GIOI HAN .... 94
4.1. Tinh todan DPTKD ciia CQ & cac ché do bay khac nhau....................... 95
4.2. Tinh toan anh huéng cua khoang cach twong ddi gitta CQ va Than TT
dén DTKD €18 CQ oottt 102
4.3. Xac dinh DTKD ctia CQ xét dén anh huong ciia than TT trong diéu kién
cO trong tac vo1 mat @i han.........cooceiiiii 104

4.3.1. Xac dinh anh hudng ciia khoang cach ha canh dén DTKD cia CQ . 105

4.3.2. Khdo sat anh hudng cta di¢n tich mat gi61 han.............cceeee. 108
4.3.3. Khao sat anh hudng ctua hinh dang mat giéi han........................ 111
4.3.4. Xac dinh m6 men chuc ngoc tac dong 1én truc quay cia CQ khi TT

ha canh hanh tién theo phUoNg NEANG..........c.eveceeereeeeeeeeeeeeeeeeeeeeae, 115

KEt TUAN CHUONZ 4 ..ottt 120
KET LUAN VA KIEN NGHI .......coooiiiiiiieeieeeeeeeeeeeeeeeee s 122
DANH MUC CAC CONG TRIiNH PA CONG BO CUANCS.............. 127

TAI LIEU THAM KHAO ..........coooiiiieeieieeeeeeseeses s esasessn st 128



Vi

DANH MUC CAC KY HIEU, CAC CHU VIET TAT

1. Danh muc cac ky hiéu

Ky hi¢u

D
R

r

Mi
Ti

Cr
Ch

Y nghia

Puong kinh canh quay, [m].

Bén kinh canh quay, [m].

Ban kinh thanh phan 14 canh, [m].

Dién tich mit phing quay, [m?].

Dién tich 14 canh quay, [m?].

S6 14 canh ctia canh quay.

Hé s6 dién day canh quay.

Van toc cam tng, [m/s].

D0 co hep 14 canh.

Goc lap 14 canh, [°].

Goc tan canh quay, [°].

Goc phuong vi, [°].

Goc quay cua la canh quay, [°].

Tai trong riéng trén mat phang quay, [KG/m?].
Day cung 14 canh quay, [m].

Hé s6 dic trung cua ché do 1am viéc canh quay
Vin tdc goc canh quay, [rad/s].

M6 men khi dong, [N.m].

Luc khi dong, [N].

Hé s6 luc kéo canh quay.

Heé s6 luc phap tuyén trén cac 14 canh quay.

Mat do dong khi, [kg/m?®].



Vil

Sb xoay chia theo day cung 14 canh.

Sb dai xoay chia theo chiéu dai 14 canh.

S6 khung xody thay thé bé mat mot 14 canh quay.

Sb xo4y chia theo chiéu doc than truc thing.

S6 dai xo4y chia theo chiéu ngang than truc thing.

S6 khung xoay thay thé bé mat than truc thing.

S6 khung xody thay thé bé mat mat gi6i han.

Ban kinh 16i xo4y & thoi diém chwa khuéch tan.

Hé s6 trong hé phuong trinh x4c dinh cuong do phan tir xody
Luu sb téc do cia cac phan tir xody

Khoang cach tir mat phang quay dén mat phang co so cua
than truc thang, [m].
Khoang cach tor mdt phang quay dén mat gidi han, [m].

2. Danh muc cac chir viét tit

Chir viét tit Y nghia

CFD
CQ
CQTT
DTKD
KCB
KD
LCQ
MGH
PP XRR
TBB
TT
VLM

Computational fluid dynamics
Céanh quay

Canh quay truc thang
Dac trung khi dong

Khi cu bay

Khi dong

La canh quay

Mat gi6i han

Phuong phéap xody roi rac
Thiét bi bay

Truc thang

Vortex lattice method



viii

DANH MUC CAC BANG

Bang 3.1. Céc tham s trong mo hinh xody CQ cta Kritsky B.S .........ccceveneee. 68
Bang 3.2. Hé s luc kéo theo goc lip LCQ trong mo hinh xoay CQTT ctia Moshar
P.1[87] va VOIOUKO A.M [B7]...coivieiiiiieiiiieniicie e 71
Bang 3.3. Cac tham s6 dong hinh hoc trong mé hinh xoay CQ ctia Juan D.Colmenares... 74
Bang 3.4. So sanh hé s6 luc kéo CQ trung binh giira cac mo hinh xody........ 76
Bang 3.5. Cac tham s6 dong hinh hoc ctia CQ .....ovveeveeeeereeeeeeeeeee s 78
Bang 3.6 Cac tham s6 hinh hoc ctia m6 hinh CQ ......c.vvvvvveceeece e 85
Bang 4.1. Hé s6 luc kéo trung binh theo khoang cach Ny......cccocvveveveennene. 107

Bang 4.2. Hé s6 luc kéo trung binh ciia CQTT theo goc nghiéng 0 va khoang



DANH MUC CAC HINH VE, PO THI

Hinh 2.1. Cac hé toa dd cla TT .....cvveeeiiieeeee e e 24
Hinh 2.2. Cac h¢ t0a d0 clla CQ....oeovuveeeiiiiee e 24
Hinh 2.3. HE toa d0 cia LCQ....cccoiiiiiiiii e 25
Hinh.2.4. Hinh 4nh xac dinh duong kinh CQ ..o, 27
Hinh.2.5. GOC 1P LCQ ettt e et 29
Hinh 2.6. Goc tin va goc phuong vi trén CQ ......covevevveevevecerressesssseeseniesenes 29
Hinh 2.7. M6 hinh LCQ va phan b6 cac Khung X04Y ........ccceveevervnrninrieenns 34
Hinh 2.8. Phén tir X0y tr gidc trong Khong gian ............ccceveeveveereeesernens 35
Hinh 2.9. DPoan xoay trong khong gian.............ccccovviiiiiii i 36
Hinh 2.10. So d¢6 mo ta ban chat vat Iy ctua sy khuéch tan X04y .................... 39

Hinh 2.11. Bién thién toc d6 cam tng trong mo hinh khuéch tan xody Squire,

Bhagwat va Leishman [38] .....ccocuiiiiiiiiiiii e 40
Hinh 2.12. Biém kiém tra va véc to phap tuyén trén khung xody tir giac ...... 41
Hinh 2.13. Qua trinh hinh thanh vét xoay tai mép sau mdi LCQ................... 46
Hinh 2.14. M6 hinh CQ — Than .........cccvviiiiieiie e 50
Hinh 2.15. Nghién ctru hiéu tmg mat dét trén nguyén 1y dbi xing guong...... 54
Hinh 2.16. M6 hinh CQ - M@t gidi han..........cccceeiiiiiiiiii s 55
Hinh 2.17. M6 hinh CQ — Than TT —MGH ..., 57
Hinh 3.1. Mb hinh tryc thing Dauphine trong 6ng khi dong [26].................. 61
Hinh 3.2. M6 phong man xody sau CQ truc thing bang phuong phap CFD theo
ChUAN Q [34] ..ottt 62
Hinh 3.3 So sanh su thay doi ban kinh 15i xoay trong cac mé hinh khuéch tan
XOAY [ B3] coiiieieiitiee ettt e e e e nneas 63
Hinh 3.4. So d6 thuat toan xac dinh cac dic trung khi dong CQ .........c..... 64



Hinh 3.6. Phan bd cudng do xody trén LCQ & budc thoi gian tinh thir 50 trong

o TR TO 6T VA 1 =1 PR 68
Hinh 3.7. So sanh man xo4dy sau CQ tir mo6 hinh xody CQ cua luan an va cua
KIESKY B.S [78] oottt e 69
Hinh 3.8. Phan b hé s6 luc phap tuyén trén mat cat theo chiéu dai 14 canh voi
NE SO VAN 18C =0.262 ..ottt 70
Hinh 3.9. Bién thién hé sd luc kéo canh CQTT theo goc lap LCQ & ché do bay
treo trong mo hinh xody CQ ctla [udn an .........ccocoveviiviiiiiee e 71
Hinh 3.10. Man xo4y sau cac LCQ TT theo goc 1ap ¢ ché do bay treo ........ 72
Hinh 3.11. Phan b chénh ap trén cac LCQ TT theo goc 1dp & ché do bay
ETB0 ettt s 73
Hinh 3.12. Luc kéo CQTT theo goc lap LCQ trong ché do bay treo ............. 73
Hinh 3.13. M6 phong man xoay CQ sau 3 vong quay, goc lap LCQ=12°..... 75
Hinh 3.14. M6 phong man xoay CQ sau 6 vong quay, goc lap LCQ=12°..... 75
Hinh 3.15. Bién thién hé sd luc kéo véi cac goc lap LCQ khac nhau............. 76

Hinh 3.16. Bién thién hé s6 luc kéo cta CQ theo thoi gian v6i hidu tmg mit dat
0 €caC d0 ca0 KNAC NNAU ....cooooiiiiiiiieee e 79

Hinh 3.17. Ti s6 tang hé sb luc kéo khi ¢6 hiéu tng mit dat theo d6 16n khoang

CACH N R s 79
Hinh 3.18. M6 hinh CQ — Than ........ccccoiiiiiiiiiiin e 81
Hinh 3.19. Chia Tudi LCQ....cooiiiiiiiiiiee e 81
Hinh 3.20. Phan bd ludi khung xody mé hinh Than TT......ccccccevvvererercenees 81
Hinh 3.21. M6 phong phan bd cudng d6 xody trén Than TT va phan bd chénh
Ap trén CQ & ChE A0 DAY tI0....cvvvvievececeieeeeeeseseteeeeeeese s esesse st 82
Hinh 3.22. Man xo4y sau CQ tai budc tinh thir 100 & ché do bay treo .......... 83

Hinh 3.23. Bién thién hé s6 luc kéo CQ trong mé hinh xody CQ — Than sau 100
budc tinh (twong ing 1 s thot 1an) ..o 83



Xi

Hinh 3.24. Biéu kién bién cia mo hinh CQ — Than TT ¢ ché do bay treo..... 84

Hinh 3.25. Chia ludi cau triic CQ va cac mién tinh toAn..........ocovevvvververeneenns 86
Hinh 3.26. Chia Iudi Cau tric thAn TT....ocveveveeeeeeeeeeeeeeseeeesees e 86
Hinh 3.27. Qua trinh hdi tu tinh toan véi mé hinh CQ — Than TT xay dung
trong ANSYS FIUBNT .......eiieece s 87
Hinh 3.28. Phan bd ap suét trén mot mat cat ngang tiét dien LCQ................. 88

Hinh 3.29. Phan bd van tc (a) va dong chay bao qua md hinh CQ — Than TT
(b) trén cac mit phang di qUA tAM QUAY ...ceveveeeereeeeeers e 88

Hinh 3.30. Trudng véc to van toc trong md hinh xody CQ — Than (a) va trong

mo hinh CQ — Than Ansys Fluent (b,C) ....ccccoeviiiiiiiiiiiie e, 89
Hinh 3.31. Phan b6 cuong d6 xoay trong mo hinh CQ — Than ...................... 90
Hinh 3.32. Bién thién hé s6 lyc nang trong mo6 hinh CQ — Than.................... 91
Hinh 4.1. Man xo4y va phan bd chénh ap khi TT bay treo .........coccoevvrvrrrnnees 96

Hinh 4.2. Bién thién hé sb luc kéo theo thoi gian sau 150 budc tinh, TT hoat
AONE & ChE A0 DAY trCO «...vvvveveereeerecieesseess ettt ess s 96
Hinh 4.3. Vi tri LCQ tng véi s6 bude tinh toan trong vong quay th 5........ 97
Hinh 4.4. Phan b6 hé s6 luc phap tuyén trén LCQ theo sai 14 canh & cac budc

tinh khac nhau trong mot VONZ qUAY.........ccveiviiriiiiiieee e 98
Hinh 4.5. Bién thién hé sb luc kéo theo thoi gian sau 150 budc tinh, TT hoat
dong & ché do bay 1én thang dGng V,=10M/S. .....c.vcuveiereeeeeeeeeeeeseee s 99
Hinh 4.6. Bién thién hé sd luc kéo theo thoi gian sau 150 budc tinh, TT hoat
dong & ché d6 bay xudng thang dung Vo=—10M/S.......c.coeveeeeveeiisiserees 99
Hinh 4.7. Db thi hé sd luc kéo trung binh cua CQTT theo van tbc V, & ché do
thOT QUNE. ... 100



Xii

Hinh 4.9. Bién thién hé s luc kéo theo budc tinh thoi gian voi cac khoang cach
h khac nhau, TT hoat d0ng & ché d0 bay treo.........cocvvvvevvveieeecesieseeeias 102
Hinh 4.10. C4u tric man xody khi truc thing bay treo véi cac khoang cach h
khac nhau gitta CQ va than TT .......ccoocviiiiiii i 103
Hinh 4.11. M6 phong truong tée d6 cam tng khi tryc thing chuyén dong thang
dtng xudng dudi vOi tde d0 Va=-L0M/S ..o 104
Hinh 4.12. M phong truong tdc do cam ung khi truc thing bay treo.......... 104
Hinh 4.13. Bién thién hé s6 luc kéo CQ & cac khoang cach h, khac nhau... 106
Hinh 4.14. Hé s6 luc kéo trung binh tir mé hinh CQ khong c6 than TT va mo

hinh CQ ¢6 than TT & diéu kién c6 hiu tng mat dat.........c.ccovveevvrerreerennen. 107
Hinh 4.15. M6 hinh khao sat tham s6 dién tich mat giot han..........ceeeeeen. 108
Hinh 4.16. Bién thién hé s6 lyc kéo CQ truc thing khi bay treo gan cac mit gidi
han c6 kich thudc khac nhau............cccee e 110
Hinh 4.17. Mtrc tang hé s6 luc kéo CQ theo dién tich mat gioi han ............ 110
Hinh 4.18. Céc hinh dang khac nhau cia MGH ............ccoeiiiiiiiiiie 111
Hinh 4.19. Bién thién hé s6 luc kéo CQTT khi bay treo gan cac mit gidi han
CO NN dANEG 101 1Mttt 112
Hinh 4.20. D6 thi phu thudc cua ty sb ting hé sb luc kéo GE vao goc nghiéng
O CUA MGH ..o 114
Hinh 4.21. M6 hinh khao sat TT ha canh theo phuong ngang ..................... 116
Hinh 4.22. Bién thién hé sb luc kéo CQ theo khoang cach Lkc ...coovcvveeneen. 117

Hinh 4.23. TT lat nghiéng do tdc dong ciia m6 men chic ngoéc khi ha canh theo
PRUONE NZANE .....eiieie et 118
Hinh 4.24. Bién thién hé s6 mé men chiic ngc trong trudng hop PGE/Lkc=R
va treong hop OGE ..o 119

Hinh 4.25. Bién thién hé s6 mé men chiic ngoc theo khoang cach Lkc........ 119



MO DAU

Vi thé manh vé tinh co dong va kha nang hoat dong linh hoat trong moi
dia hinh thoi tiét, TT 1a thiét bj bay ngay cang dugc ing dung rong rii ¢ nhiéu
qudc gia trén thé gidi, trong nhiéu linh vuc, ca quan su va dan su. Hién nay &
Viét Nam ¢6 s6 lugng 16n cac loai TT dang hoat dong, phuc vu cho nhiéu muc
dich khac nhau nhu van tai, du lich, ctru hd ctru nan, phong chéng thién tai,
chay rimg, khai thac dau khi... Cac dong TT dang hoat dong tai Viét Nam nhu
UH-1, Mi-8, Mi-17, Mi-171, Mi-172, Mi-24, K28, K32, EC155, EC225,...Viéc
tham gia thuc hién nhiéu loai nhiém vy, ca vé hinh thtc va diéu kién moi truong
(mua bio, gid 10n, song bién, viung ddi nui...) ludn dit ra yéu cau cip thiét can
nang cao kha nang diéu khién, ddm bao an toan trong khai thac str dung TT.
Céc nghién ctru vé TT noi chung, vé khi dong truc thing néi riéng trong nhing
nhiém vu bay cu thé c6 ¥ nghia quan trong, 12 co s& khoa hoc dé dua ra cac
khuyén cao bay phti hop han ché anh hudng cta diéu kién dia hinh thoi tiét dén
qué trinh bay, nang cao tinh an toan, d¢ tin cay trong mdi chuyén bay. Trong
cac chuyén bay t6i cac gian khoan, t6i cac ving bién dao, trong cac diéu kién
gi6 16m, & cac vi tri cat ha canh phuc tap (ndc gian khoan, ndc toa nha, trén
tau...), d& hoan thanh nhiém vu can thiét phai c6 nhiing nghién ciru tinh toén
x€t anh huong cua gid, anh hudng ciia mat bién, dia hinh...Bé mit dia hinh c6
kich thudc va hinh dang khac nhau s& tao ra nhitng anh hudng khac nhau dén
dac trung khi dong ctua TT, tac dong truc tiép dén kha nang diéu khién va 6n
dinh TT khi cét ha canh.

Tt nhu cau st dung TT ngdy mot nhiéu hon, yéu cau dao tao phi cong
diéu khién TT cling tr¢ nén cép thiét. Viéc dau tu kinh phi phuc vu dao tao,
huan luyén phi cong va cac chi phi khac cho viéc van hanh TT (xang dau, vat
tu khi tai,...) 1a rat 16n. Pac biét qua trinh dao tao phi cong TT khoé khan, tai

nhiéu nude trén thé gidi thuong sir dung cac thiét bi tap 1ai huan luyén phi cong



ngay dudi mat dat (cach goi khac 13 hé théng mé phong 1ai). Cac thiét bi tap 1ai
theo timg loai TT mo phong dic diém hoat dong, mo ta cac bai bay caa TT
thong qua cac s6 liéu dong luc hoc va dac tinh khi dong cua CQTT. O Viét
Nam, budng tap lai TT chi yéu duoc nhap tir nude ngoai voi chi phi 16n va gip
nhiéu khé khin trong bao dudng, sira chita va thay thé thiét bi khi c6 hong hoc.
Hon ntta cac ky thudt quan sy cong nghé cao thuong khong ban hoac bi che
dau, rat kho tiép can. Vi 1y do d6 nén nhin chung, dé lam chu cong nghé, tu cha
trong khai thac van hanh khi tai cong nghé cao, chung ta can phai ty lyc nghién
ctru. Du 4n nghién ctru xdy dung hé théng budng tap 1ai dung cho TT Mi-8
bang ngudn luc khoa hoc va tai chinh trong nudc cua Vién ky thuat PKKQ,
Quan chung PKKQ (2013) 1a mot trong nhitng nd lyc ctia cac nha khoa hoc
Viét Nam trong ndm bat 1am chu vil khi, k¥ thuat cong nghé cao. Budng tap lai
nay da co thé cho phép phi cong tap luyén mot sd bai bay co ban, thoa man mot
vai yéu cau tbi gian trong qué trinh huan luyén, tuy nhién van chua dép tGng
duogc cac yéu cau tac chién hién dai véi cac nhiém vu bay ngay cang da dang,
phtrc tap.

Trong ung dung quan sy, TT thé hién 1a loai phuong tién chién déu wu
viét. Bén canh tinh co dong nhanh, vii khi héa luc manh, TT ¢6 thé chién dau
trén nhiéu khu vyc dia hinh, va dugc str dung nhu mdt phuong tién van chuyén
d6 bd chién truong hiéu qua. Tac chién khong — bd cua quin do6i My di coi do
bd duong khong bang TT 1a mot hinh thire tac chién co ban, mot thanh phan
khong thé thiéu trong chién tranh hién dai. Dé chéng lai loai hinh tac chién
bang TT ndy, nhiéu nuéc di chu trong nghién ctru cac loai min chong d6 bd
khéc nhau. O Viét Nam, trong nhirng nam 2006 - 2007, Hoc vién K¥ thuat Quan
su va Nha may Z117 — Tong cuc Cong nghiép Qudc phong da phdi hop thiét
ké ché thr ngoi min co khi dinh hudng theo nguyén 1y cam tng gié dé chng

TT d6 bo, di dua vao thuc nghiém. Tuy nhién dy an da khong thuc hién thanh



cong, mot trong cac nguyén nhan la chua khao sat dugc dinh lugng truong vat
1y ctia dong khi tao ra bén dudi TT; chua xac dinh dugc quan hé gitra tbc do
gi6, huong gid do TT tao ra khi ha canh dd bo & cac diéu kién khac nhau.

V&1 nhiing phan tich noéi trén, c6 thé théy réng, & diéu kién Viét Nam, nhu
cdu cai tién hoan thién cac thiét bi tap lai, bd sung cac tinh ning mé phong phuc
vu hiéu qua cong tac huin luyén phi cong thong qua viéc hoan thién mé hinh
tinh toan khi dong CQ ngay cang trd nén cap thiét. Yéu cau xac dinh chinh xac
bo dit lidu vén tée dong khi khi TT ha canh lam co s& dé hoan thanh cac du an
nhu thiét ké ché tao min chéng d6 bo van rat thoi sy, Dic biét bai toan dam bao
an toan bay khi TT cat ha canh trén tau, trén néc nha cao ting, hodc trén gian
khoan rat can c6 cac nghién ctru phan tich danh gia nang cao kha ning diéu
khién, dam bao an toan bay. Tir d6 thdy duogc rang viéc nghién ciru xdy dung
mo hinh CQTT c6 xét dén cac yéu t6 phi tuyén khong dimg dic trung cho
chuyén dong cia TT, c6 xét dén anh hudng cam tng tir cac thanh phan khéc
ciia TT va anh huéng cta bé mat dia hinh mang y nghia hét sitc quan trong.
Céc nghién ctru ké dén su tvong tac da thanh phan trong mot hé khi dong TT
(CQ- than, CQ- canh quat dudi, CQ- canh 6n dinh, CQ — mit giéi han...) cung
cap khéi dir liéu van toc cam ung chinh xac hon, gop phan bd sung thém cac
khéi chtrc ning va nang cao tinh chinh xac cta khoi dir lidu trong viéc mo
phong ctia budng tap 14i. M6 hinh tinh toan CQ cang hoan thién, cang linh hoat
thi két qua tinh toan thu dugc cang c6 do chinh xac cao, gia tri md phong céac
bai bay trong budng tap lai cang chan thyc.

Dbi vé6i thé gidi, tién bd khoa hoc k¥ thuat trong linh vuc nghién ctru vé
khi dong néi chung va khi dong CQTT néi riéng dang phat trién manh mé, kha
nang tinh toan mo phong hién tuong ngay cang tiém can dén cac qua trinh dién
ra trong thyc té. Cac cong trinh nghién ctru khi dong timg thanh phan riéng ré

ctiia TT nhu canh quay, canh quat dudi, than,...twong ddi da dang va phong ph,



dic biét c6 nhiéu cong trinh tinh toan dic trung khi dong CQTT bang nhiéu
phuong phap va theo nhidu cach. Tuy nhién cac cong trinh xét dén su twong tac
khi dong giita cac thanh phan cua TT, gitta TT véi dia hinh, xét dén su anh
hudng qua lai giita cac thanh phan két cau con chwa nhiu. Véi bai toan xét
riéng dac tinh khi dong cua than TT, bén canh su phu thudc vao hudng chuyén
dong va tbe do dong khi chay bao TT, con phu thudc kha nhiéu vao sy chay
bao ctia dong cam tmg tir canh quay thoi toi. Nhat 13 khi TT chuyén dong cham,
dong cam tng tir CQ tac dong kha nhiéu dén dong chay bao t6i than. Do viy,
néu chi tinh toan dic tinh khi dong riéng biét cua than, khong xét thém anh
hudng cta yéu td giao thoa khi dong gitta CQ va than TT thi mo hinh bai toan
nay khong sat gan véi thuc té. Qua do thdy dugc rang, xdy dung mé hinh xac
dinh cac dac tinh khi dong ctia CQ ¢ ké dén cac yéu td phi tuyén, khong dimng,
xét dén anh hudng tuwong tac ctia than va voi dia hinh (xét dén giao thoa khi
dong CQ-than-mit gidi han) co ¥ nghia hét sitc quan trong, lam cho mo hinh
tinh toan hoan thién hon, cung cp cac bo hé s6 khi dong tin cdy, dap tng duoc
yéu cau clia cac bai toan thuc tién. Tir nhitng van dé phan tich néi trén, tac gia
da xay dung Luan an “Nghién ciru xac dinh dac trung khi dong lyc cua canh
quay triec thang xét dén sw tuwong tdc voi than va mdt giGi han”, dam bao tinh
méi, tinh thyc tién va c6 y nghia khoa hoc.

i. Muc dich, d6i twong va pham vi nghién ciru ciia dé tai luin an

Muc dich nghién civu ciia dé tai ludn dn

- Muyc dich cua dé tai luan 4n 14 xay duyng mé hinh toan va phuong phap
xac dinh cac dac trung khi dong cia CQTT khi xét dén anh huong cua than va
mat gidi han; Khao sat bai toan tuong tac khi dong gitta CQ, than TT va mat
gidi han, nghién ctru mo phong su bién doi clia cac dic tinh khi dong CQ khi
xét dén twong quan vi tri gitra CQ v&i than TT; Nghién ctru anh hudng cta hinh

dang, kich thudc cia mat gigi han trong mét sb truong hop TT ha canh.



Déi twong nghién civu ciia ludn dn

- CQTT c6 mét hay nhiéu 14 canh.

- Than TT ¢6 hinh dang 3D;

- Mat gidi han ¢ kich thudce va hinh dang tuy y;

Pham vi nghién ciru ciia dé tai ludn dn

- Dé tai tip trung nghién ctru xay dung mé hinh xody CQTT c6 xét dén su
anh huong cdm tng cua than va mat gidgi han t61 cac dic trung khi dong cua
CQ (kha nang tao luc nang), khong di sau nghién ctru dong chay bao than 3D
cua TT.

- M6 hinh CQ dugc xét co cac 14 canh gan cing, khong xét dén cac khop
chuyén dong va do vian cia LCQ; Ché do bay dugc ap dung tinh toan khao sat
chu yéu 1a ché do thoi ding (bay treo, bay 1én va xudng thang ding).

- Than TT xé&t trong mo hinh toan ctia Luan an c6 dang than doc 1ap, khong
bao gom canh quat dudi va cac thanh phan khac gin trén Than TT.

ii. Phwong phap nghién ciru ctia dé tai luin an

- Két hop gitra nghién ctru xay dung mé hinh tinh toan theo Iy thuyét xody
va mo phong s6. Cu thé sir dung phuong phap xody roi rac véi phan tir dang
khung xody tir giac dé xay dung mé hinh canh quay phi tuyén khong dung.

- Ap dung md hinh canh quay tinh toan cho tirng bai ton véi cac diéu kién
bay cu thé; Kiém chting mé hinh toan bang cach so sanh cac két qua tinh toan
nhan dugc voi két qua clia cac cong trinh nghién ctru nude ngoai da cong b,
hodc so sanh voi két qua cta cach tinh khac (mé phong ao CFD), lam co sé
kh?mg dinh tinh chinh x&c, tin cdy ctia mé hinh.

- Phat trién xay dung md hinh xody CQ - than TT, mé hinh xo4y CQ - than
TT — mit gidi han, xdy dung thuat toan, tao ra cong cu dé nghién ctru xac dinh
sy a&nh huéng cdm Ung tir than TT va anh huong cua hinh dang, kich thudc mat

gidi han dén cac dic trung khi dong ctia CQTT.



iii. Y nghia khoa hoc va thue tién ciia dé tai luin an

- C6 nhiing déng gdp mai trong viéc xay dung mé hinh toan nghién ctru
tuong tac khi dong gitra cac thanh phan trong hé da vat bang phuong phap xody
roi rac. Ap dung mé hinh xoay khuéch tan vao mé hinh xody canh quay, lam
cho mé hinh toan xay dung bang phuong phap xody tré nén hoan thién hon.

- Trén co s& md hinh toan, tao ra bd cong cu tinh toan linh hoat, ddm bao
d6 chinh xéac, gop phan nang cao hiéu qua qua trinh khai thac van hanh truc
thang trong nudc, phuc vu tdt cho céac du an nghién ctru khoa hoc nhu dy an
budng tap lai truc thing, du 4n ché tao san xuat min chéng d6 bo tir truc thing
va cac du an khac. ..

- Pé xuét cach tiép can str dung phuong phéap xody roi rac khung xoay kin
dé mo phong dong chay bao vat thé 3D.

iv. Cac ndi dung chinh trong dé tai luin an

- Xay dung mé hinh toan hoc phi tuyén khong dimg cia canh quay truc
thang theo 1y thuyét xody roi rac v6i phan tir xody khung kin t&r giac, xét dén
hién tugng khuéch tan xoay.

- Nghién ctru xac dinh céc dac trung khi dong ctuia canh quay truc thang.
Mo phong cic man xody thoat ra sau canh quay. Khao sat, so sanh voi cac két
qua ctia cac cong trinh di cong bd hodc cuia cach tinh khac.

- Xay dung mo hinh 3D than tryc thang stt dung phuong phap xody roi rac
v6i phan tir xody khung kin hinh tir gidc. Phat trién mo hinh canh quay phi
tuyén khong dimg xét dén sy anh hudng cua than va mat giéi han, lam co s
nghién ctru su tuong tac khi dong gitra canh quay, than TT va mat gié1 han.

v. B6 cuc, két cau ciia ludn an

Tong thé két cau Luan 4n bao gom phan M& dau, 4 Chuong ndi dung va
Phan két luan - kién nghi cua luan an; Danh muc céac cong trinh da cong bd cua

tac gid luan an, Tai li¢u tham khao va 02 Phuy luc.



Chuong 1. TONG QUAN NGHIEN CUU VE KHi PONG CANH QUAY
TRUC THANG

Truéc cac van dé khoa hoc dit ra trong ludn an, viéc xem xét khai quat
tinh hinh nghién ctru lién quan dén cc ndi dung cta luan an ¢ trong nude va
trén thé gidi c6 y nghia quan trong. Cac kién thirc tong quan vé khi dong luc
hoc truc thing, cac dinh hudng nghién ctru, phuwong phap nghién ctru, cac van
dé dang duoc nhiéu nha khoa hoc quan tdm nghién ctru, nhitng ton tai chua
duogc giai quyét. ..trong khi dong luc hoc TT 13 nén tang co s khoa hoc viing
chic dé tir 46 dua ra phuong phap nghién ctru va cach tiép can cac van dé cia

luan 4n mot cach phu hop.

1.1. Tinh hinh nghién ctru trén thé giéi

1.1.1. Khdi qudt chung cdc cong trinh nghién ciru Vé khi dong truee thing
trén thé Jioi

Trén thé gidi c6 rat nhidu cong trinh nghién ctru vé khi dong truc thiang
v6i nhidu hudng tiép can va bang nhiéu phuong phéap [10], [12], [21], [36],
[41], [74], [77], [86], [95]... Theo cach xac dinh téc dd cam tng nguoi ta chia
lam hai nhém phuong phép tinh toan khi dong canh quay truc thdng. Nhom
phuong phép thir nhat sir dung cac 1y thuyét cd dién, trong d6 su phan bd tdc
dd cam Ung trén dia canh quay dugc cho trudc va khong phu thude vao su tac
dong cua cac luc va mé men khi dong 1én phﬁn tur cua 14 canh quay. Gia tri tbe
d6 cam tng trung binh duoc xac dinh theo 1y thuyét dong luong. Di dau trong
nhom nay la céc tac gia Glauerta-Lokka tir nhitng ndm 1927, dugc gidi thi¢u
cu thé trong cac cong trinh [58], [71]. Két qua tinh toan theo cac phuong phap
trong nhom thir nhét c6 d6 chinh xac thép, dac biét 1a khong thé hién duoc su
phan bd chinh xac cua tbc do cam tng trén bé mit dia canh quay, va trong
khong gian chdy bao canh quay. Nhom phuong phap tinh toan khi dong canh

quay thr hai xac dinh tbc do cam Gng ctia mdi phan tir theo chiéu dai 14 canh,



dugc xem xét 1a ham todn hoc cua cac luc khi dong tac dong 1én tat ca 14 canh.
Phuong phap nay thuong dugc goi 1a phuong phap phan tir 14 canh quay. Dé
xéc dinh téc d6 cam g, nguoi ta két hop sir dung céc 1y thuyét xoay xay dung
mo hinh toan cho phép md phong dugc dong chay bao 14 canh quay vaoi do
chinh x4c khac nhau. Cing & nhom phuong phap thir hai, nhiéu cong trinh
thuong st dung 1y thuyét xung cta Iuriev va Sabina, thuyét xody canh quay cta
Zoukovsky [62], [67], [73] va cua Belasherkovsky cung cac hoc tro [59], [60],
[61], [63], [64], [65]. Mic du cung st dung Iy thuyét xody song trén thé gidi c6
rat nhiéu nha nghién ciru c6 nhiing cach tiép can da dang. Cac cong trinh nghién
ctru ctia Armatonov .B.L [55], [56], [57] dé xuét thay thé canh thiét bi bay bang
man xoay lién tuc (chtr khong phai khung xo4y, sgi1 xody hay doan xody) va co
cudng do thay d6i. Cuong d6 nay dugc gian déu gia tri theo mién dién tich phan
tr man xody (phan tir man xo0dy co thé 13 tam giac hodc ti giac), tir d6 thuc hién
tinh toan toc d6 cam Ung gy ra boi man xody va cac hé so khi dong khac cua
canh thiét bi bay. Mot s6 cach tinh khac gia thiét thay thé canh thiét bi bay bang
hé thdng ngudn-cuc, thong qua cac diéu kién bién ctia Neuman, Kutta dé xay
dung va giai hé phuong trinh tim ra cuong do cac ngudn- cuc [4], [29], [45],
qua do co thé xac dinh dugc cac dic trung khi dong khac cua canh thiét bi bay.
Du cach tiép can c6 khac nhau, nhung két qua tinh toan déu phu hop véi cac s6
liéu thuc nghiém. Viéc co nhiéu cong trinh nghién ctru vé khi dong luc hoc
canh quay truc thing bang nhiéu phuong phap goép phan thic day tién bo khoa
hoc, nang cao trinh d nang lyc nghién ctru trong linh vyc khi dong luc hoc.
Véi su phat trién nhanh caa nén khoa hoc k¥ thuat, bén canh viéc str dung
pho bién phuong phap xoay roi rac trén co so giai phuong trinh Laplace, mé ta
dong khi 1y tuong khong nén ap dung cho chuyén dong cua khi cu bay toc do
thap, ngdy nay chung ta con biét dén phuong phap tinh toan khi dong dwa trén
viéc giai phuong trinh Euler hoac Navier-Stock [20], [21], [36], [41], [74], [77]



(CFD). Phuong phap CFD c6 d6 chinh x4c cao, va thudng dugc nhiu tac gia
thuong sir dung nhu mot cach tinh khac dé kiém nghiém két qua ciia mo hinh
tinh toan. Piéu nay duoc thé hién qua cc cong trinh cua Ignatkin U. M [74],
[75], [76], [77].

Gan day trén thé giéi xuat hién cac cong trinh nghién ctru vé su tuong tac
khi dong giita cac thanh phan cua truc thing, cac két qua dat dugc c6 ¥ nghia
khoa hoc cao. Bang phuong phéap phan tich Iy thuyét sir dung cac phuong trinh
giai tich két hop két qua thuc nghiém trong 6ng khi dong [26], tac gia John
Berry va cong su da phan tich dugc tuong tac khi dong cua CQTT véi than TT
& cac ché do bay khac nhau. Sir dung phuong phap XRR, tac gia Liu Dawei
[31] ciing x4c dinh duoc phan bo ap sut trén than TT khi hoat dong dudi dong
khi thoi tir CQTT. Ngoai ra con rat nhiéu cac cong trinh khac sir dung cach tiép
can bang phuong phap CFD dé nghién ctru tuwong tac khi dong CQTT- Than
TT [14], [16], [40], [42], [43], [47], [51], [53]. Trong d6 cac cong trinh nghién
ctru [16], [51] cuia XU HeYong va Bum Seok Lee cung cac dong nghiép da sir
dung phuong phap CFD trén co sd chia ludi dong khong két cdu dé mo phong
tuong tac khi dong cta canh quay va than truc thang. Mot cach tuong ty Young
Min Park [53] ciing st dung phuong phap CFD dé nghién ctru twong tac khi
dong CQ- than TT, diém khéc 1a sir dung md hinh lu6i thich nghi. Cac cong
trinh ké trén déu tap trung khao sat tinh toan sy phan bd ap sut trén than truc
thing trong trudong hop than truc thing chuyén dong don 1¢ trong khong gian
hodc khi than tryc thang chuyén dong dudi dong khi thoi tir canh quay, khong
nghién clru tac dong cua than lén dac tinh khi dong ctia canh quay. Bén canh
nghién ctru tuong tac khi dong CQ —than TT, twong tac khi dong cua cac thanh
phan két cau khac ctia TT ciing dugc nhiéu nha khoa hoc quan tim nghién ctru
[22], [46], [76], [96]. Tuong tac cua cac LCQ vai chinh cac man xody ma no
tao ra dugc tac gia Farhan Gandhi md phong bang phuong phap XRR trong
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cong trinh [22]. Tac gia Ignatkin U. M va Sheglova V. M trong cac cOng trinh
[76], [96] nghién ctru tinh toan sy twong tac gilta canh quay chinh va canh quat
dudi cua tryc thang bang phuong phap xody roi rac, két hop xay dung mo hinh
mo phong sb bang Ansys Fluent. Mot vai cac nghién ctru khac xét dén tuwong
tac khi dong giita canh quay véi canh 6n dinh, twong tac khi dong giita canh
quay v6i canh nang bd sung... Nhitng nghién ctru nay c6 ¥ nghia rat 16n trong
thuce tién, giai quyét cac van dé phuc tap va thoi su trong linh vyuc twong tac khi
dong luc hoc trong h¢ nhiéu vat. Mic du vay, cho t&1 nay nhitng nghién ctu
nhu trén van chua nhiéu.

Bén canh bai toan tuong tac khi dong, xu hudng nghién ctru nang cao va
hoan thi¢n phuong phap tinh toan trong khi dong luc hoc cling duoc nhiéu nha
khoa hoc trén thé gi6i quan tam. Phuong phap XRR cd dién chi mo phong dugc
thiét bi bay chuyén dong téc d6 thap trong dong khi khong nén khong nhét, thi
gan day di c6 nhiéu nghién ciru bo sung tinh nhét cho phuong phap XRR thong
qua xét dén hiéu tng khuéch tan xoay [38], [39], [44], [90+94]. Céc nghién ctru
cua tac gia Sheglova V. M [90], [92+94] vé dic tinh khi dong canh quay xét
dén hiéu tng khuéch tan ciia xody, két qua tinh toan duoc so sanh véi thuc
nghiém, c6 tinh chinh xac cao. M6 hinh khuéch tan 1i xody cua Sheglova V.
M rat duoc quan tim, va dugc trich din tham khao trong rat nhiéu cong trinh
khoa hoc trong linh vyc khi dong tai Nga. Tuy nhién cac cong trinh cua nhom
tac gia Sheglova V. M chi tip trung nghién ctru sdu vé hién twong khuéch tan
16i xoay, ma chua c6 cac phat trién trong nghién ctru tuong tac khi dong.

Céc nghién ctru md phong khi dong trong hé thong budng tap lai [81],
[82], [83] c6 tinh (mg dung thyc té va co tinh thdi sy, xudt phat tir nhu cau st
dung truc thing ngay cang nhiéu. Cac cong trinh nghién ctru cia Mosha P.I
[87], [88], [89] co tng dung 16n trong du an x4y dung hé thong budng tap lai
KCB. Mosha P.I ciing nghién ctru khi dong truc thang ¢ nhiing ving bay téi
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han, nghién ctru anh hudng cua dia hinh dén dic tinh bay ctia TT, c6 ¥ nghia
thuc tién cao. Tuy nhién sy twong tac khi dong cua canh quay truc thing voi
cac dbi tuong dia hinh trong cac cong trinh ciia Mosha P.l méi dung lai ¢ viée
dua ra cac két qua vé su bién ddi cAu trac man x04y tu do, chua dua ra dugc
cac anh huong vé mit dinh luong cac hé s6 khi dong. Trong céac cong trinh
cong bd Mosha P.1 chua chi ra cach tiép can xay dung mo hinh toan, ma chi
dimg lai & viéc dua ra két qua mo phong man xoay.

C6 thé thay rang mic du bai toan thiét ké ché tao truc thing da xuat hién
va phat trién tir rat 1au, tuy nhién do tinh ung dung cua truc thiang 1am cho céc
van dé nghién ctu lién quan dén khi dong truc thing van khong ngung phat
trién. Cac nghién ctu vé khi dong truc thing ludn c6 tinh thoi sy, nhét 1a cac
bai toan tuong tac khi dong da vat, bai toan khao sat anh huaong cua bé mat dia
hinh va m6 phong dong chay bao vat thé 3D rat c6 tinh cap thiét.

1.1.2. Nhdn xét chung Vé cdc phwong phdp nghién ciru khi dpng truc thing
trén thé gioi

Nghién ctru khi dong luc hoc CQTT c¢6 vai trd quan trong trong tong thé
bai toan thiét ké ché tao TT. Cac dic trung khi dong luc hoc cua CQTT va dic
diém phan bd tai trén bé mit cac thanh phan cta TT (than, canh quay chinh,
canh dudi, canh 6n dinh...) rat can thiét cho bai toan thiét ké qui dao, bai toan
dong luc hoc chuyén dong cua TT, cling nhu giit vai tro nén tang cho viéc tinh
toan két cdu TT. Dé c6 dugc cac sb lidu khi dong cia CQTT ngay nay nguoi ta
str dung nhiéu phuong phép xac dinh. Mdi phuong phap phi hop véi cac nhém
bai toan khac nhau. Theo sy phat trién cua khoa hoc va k¥ thuét tinh toan, céac
nghién ciru vé khi dong truc thang st dung phuong phap gidi sé ngay cang
nhiéu, cho phép mé phong dong khi chay bao CQTT trén may tinh, va xac dinh

dugc s6 li¢u khi dong vo1 do chinh xac ngay cang cao.
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Phuong phép sb c6 thé xét dén tinh nén, tinh nhét ctia dong khi dang phat
trién manh trén thé gidi nhu cac mo dun CFD caa Ansys. Cac mo dun CFD ciia
ANsys c6 yéu cau twong ddi cao vé tai nguyén may va thoi gian tinh toan, hon
nita khong lam ndi bat dugc dic diém cta cc tuong tac cam ung. K§ thuat chia
lu6i anh huong nhiéu dén d6 chinh xé4c cta bai toan. Ngoai ra Iy thuyét thé tich
hitu han sir dung trong goéi phin mém Ansys c6 nhiéu han ché trong viéc mé
hinh hoa dong khi xody chay bao quanh CQTT. Mac du vay phuong phap tinh
toan khi dong bang CFD ciing ¢6 nhiéu wu diém ma nhd dé nd duoc st dung
pho bién ngay nay. Phuong phap CFD c6 cach xay dung mo hinh tuwong d6i
doc lap, khach quan, c6 cac méd dun tinh toan gia 1ap méi truong gan véi diéu
kién thyc té. Cac két qua dat dugc tir phuwong phap giai CFD kha truc quan, c6
dd chinh xac cao va phu hop voi s6 liéu thuc nghi¢m. Chinh bdi céc uu diém
nay ma trong nhiéu cong trinh, phuong phap CFD thudng dugc cac nha khoa
hoc str dung nhu mdt phuong phéap “thuc nghiém 40”, mot cach tinh doc 1ap
khac dé kiém chtng két qua, kiém ching mo hinh toan [20], [21], [36], [41],
[74], [77].

Phuong phap XRR 1a phuong phap sé duoc hinh thanh dua trén co s 1y
thuyét xoay ctia Zhukovsky .N.Y, cho phép mé hinh hoa dugc ban chit cua su
hinh thanh lyc nang (lyc phap tuyén do sy chénh léch ap suat) va luc can cam
tmg [18], [19], [29], [59], [63]. Pay 1a phuong phap rat wu viét trong viéc xac
dinh téc d6 cam tng va mod phong cac dong xody chay bao CQTT, dugc nhiéu
nha khoa hoc trén thé gidi nghién ctru phat trién (Belasherkovsky S. M, Ludwig
Prandtl, V.M. Falkner, Katz & Plotkin,...[37], [54], [55], [69], [85]).

Nhiéu nghién ciru d3 chi ra rang XRR 1a phuong phap rat hiéu qua trong
viéc tinh toan cac dic tinh khi dong CQTT va cac KCB toc do thap [27]. St
dung XRR, ngudi ta c6 thé nghién ciru duoc cac qua trinh sinh ra cia vét xody,

su phan bd chung trong khong gian va su phat trién cta chiing phia sau cac vt
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thé bay [17], [23], [25]. Bang phuong phap XRR, nhiéu tac gia ciing rat thanh
cong trong vi¢c nghién ctu cac dong chdy dung, dong chay khong dung ctua
moi chat 1y tuong [59], [60], [61], [64], [65]. Pic biét XRR rat ¢ hiéu qua
trong viéc nghién ctru tuong tac khi dong gitra cac vat trong h¢ khi dong da vat,
xac dinh riéng dugc thanh phﬁn cam Ung cua van tdc, cua luc can, hay cua mo
men khi dong [22], [31], [76], [96]. Mot s wu diém ndi bat khac cua phuong
phap XRR nhu khong yéu ciu cao vé cau hinh may tinh, thoi gian tinh toan
nhanh chéng, khong yéu cau cao vé chét lugng ludi va ki thuat chia ludi. XRR
cho phép nguoi ding ¢ thé kiém soat, can thiép va theo ddi qua trinh tinh toan.
Phuong phap XRR ciing khong nging phat trién, thay doi va ngay cang hoan
thién hon, dap (g giai quyét tét hon cac van dé khoa hoc phiic tap, tir d6 tro
thanh phuong phap thuc nghiém sb cho phép rit ngan cac qua trinh thiét ké,
tang tinh kinh t va tinh an toan cho qu4 trinh thir nghiém. Céc van dé khao sat
dong chay khong ding bao quanh cac vt c6 thé tich, c6 hinh dang phirc tap
trong khong gian [13], [23], [27], cac van dé nghién ctru vé dong chay co ké
dén do nhét hay do nén cia dong, ké dén yéu t6 ma sat giita cac 16p dong
chay..., ngdy cang duoc nhiéu tac gia tiép can bang phuong phap XRR [18],
[25], [37].

Céc phan tir xoay (mg dyung trong XRR da dang va linh hoat, pht hop véi
dic diém cta nhiéu dang bai toan, m6 phong dugc hinh dang phuc tap cua nhiéu
d6i twong nghién ctru. Cac phan tir xody diém, xody doan thing, xody mong
ngua [29], [59], [63]...thuong duoc dung dé mo phong thay thé cic mit ning
hay cac man xody tu do dang phiang, mong. Cac phan tir xo4y khung kin dang
hinh tron duge dung dé moé phong dong chay bén trong qua cac dong co phan
luc cia KCB, xody khung kin hinh tir giac thich hop va uu viét hon trong viéc
md phong thay thé cac bé mat cua vat thé 3D [23], [25], [27]. Su phong phu va

da dang cua cic phan tir xody lam cho XRR ngay cang trd nén kinh té va linh
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hoat hon trong qué trinh tinh toan. Trén thé gi6i dd c6 nhiéu tac gia sir dung
phuong phép xoay khung kin hinh tir gidc dé giai quyét cac bai toan phiic tap.
Tiéu biéu nhu cc cong trinh cia Mosha .P.1 [87], [88], [89]; c4c cong trinh cua
Jelanhiikov A.1[23], [72]; Liphanov I.K [84], [85],...Trong cong trinh [29] cta
J. Katz va A. Plotkin, mé hinh canh va canh quay duogc xay dung trén nén tang
phan tir xoay dang khung kin va mét sb kiéu phan tir xody khac. Két qua tinh
toan tur cong trinh cho do chinh xac tuong ddi cao, duogc nhiéu tac giad khac trén
thé gioi trich dan tham khao.

Bai toan nghién ctru khi dong canh quay truc thing bang phuong phéap
XRR, m6 hinh tinh toan cang gan v6i mé hinh vat 1y thuc, gan véi didu kién
hoat dong ctia CQTT s& cang cho két qua chinh xac. Vé mat két ciu, canh quay
tryc thang dugc gin voi truc quay trén than thong qua hé théng khép ndi phirc
tap. Ban than LCQ tryc thiang cung mot luc tham gia rat nhidu chuyén dong,
bao gdm chuyén dong tinh tién ctia truc thing, chuyén dong quay quanh truc
quay, chuyén dong vay quanh khép ban 1& ngang, chuyén dong lic xung quanh
khép ban 18 dung, chuyén dong xoay quanh truc cta chinh LCQ (dé thay doi
goc lap) [62], [67], [73]. Vé6i dic diém hoat dong nhu vay 1am cho diéu kién
dong chay bao cac LCQ thay dbi lién tuc,...va bai toan chay bao khi dong CQ
dic trung rat 1on béi tinh phi tuyén, tinh khong dimg. Hién tugng chay bao qua
mdi LCQ thudng xuyén cé sy anh hudng bdi man xody tir LCQ phia trude. Do
vy hudng tiép can phi tuyén khong ding cho mé hinh tinh toan khao sat khi
dong CQ 1a phu hop, cac két qua nhan dugc c6 do chinh xac cao. Bén canh d6
trong qua trinh hoat dong ctuia canh quay, su tuong tac khi dong qua lai gitra cac
LCQ ciing rat dang ké, khong duoc don gian hoa hay bo qua [22]. Pé mb ta
duoc hét tit ca cac chuyén dong, cac bac tu do cua LCQ trong cung mdt md
hinh toan 14 bai toan kho, ma chwa cé nhiéu cong trinh nghién ctru trén thé gidi

c6 thé 1am duoc. Thong thudng dé don gian héa mo hinh, nhiéu cong trinh
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nghién ctru chi xét dén mé hinh canh quay c¢6 cac LCQ duoc gin cing voi truc
quay, su chay bao CQ boi dong khi 1y tudng khong nén, khong xét dén gidi han
vé hinh dang va dic tinh bién dang dan hoi caa LCQ [10], [56], [81], [87],
[92],... Trong bai toan thuan khi dong luc hoc, khi biét truéc hinh dang cta cac
bé mit nang va cac tham sd dong hoc, thudng khong xét dén yéu té cong, vin
xoan ctia bé mat LCQ. Tuy cach lam nay don gian hoa mé hinh tinh toan, nhung
cac két qua tinh toan thu dugc du bdo kha chinh xac cac dac tinh khi dong cua
canh quay truc thing, nhit 1a & cac ché d6 bay co ban nhu bay treo, bay 1én
xudng thang dimg. Va ¢ muc do thiét ké so bd, md hinh nhu vay twong d6i phu
hop va cho két qua co do chinh xac c6 thé chap nhan duoc.

Qua nhiéu cac cong trinh nghién ctru va thyc té tinh toan da chimg minh
tinh hi¢u qua khi 4p dung phuong phap XRR vao céc bai toan khao sat cac dac
tinh khi dong cua thiét bi bay. Hiéu qua ndi bat cua phuong phap XRR con thé
hién & kha niang mo phong cac hiéu ung phi tuyén va khong ding xuat hién
trong qua trinh chay bao TBB. CQTT v61 nguyén ly hoat dong phtrc tap, cac
hién twong chay bao phi tuyén khong dimg thudng xuyén xuat hién. Qua do, co
thé thay rang lua chon sir dung phuong phap XRR dé nghién ctru khao sat cac
dic tinh khi dong ctia CQ khi xét dén anh hudng cia than tryc thing va bé mat
dia hinh (cdc mat giéi han) 1a budc tiép can phu hop.

1.1.3. Nghién civu khi djng vét thé 3D

Céc thanh phan ciu tao nén thiét bj bay (TBB) ludn duogc thiét ké voi yéu
cau t6i wu vé hinh dang khi dong. Piéu nay c6 y nghia quan trong ddi véi sy co
dong tu do ctia TBB trong khong gian. Chiing ta déu biét canh may bay (hoic
canh quay truc thang) 1a thanh phan quan trong va chii yéu duge dung dé tao ra
luc nang cho TBB. Vi mit cat ngang duoc thiét ké dang profile khi dong, canh
TBB (hodc LCQ) tao ra su chénh ap sut giita mit canh phia dudi va phia trén

trong khi di chuyén trong dong khi, qua d6 tao ra lyc nang cho TBB. Phan than
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TBB ngoai 1a noi dé gin canh va tich hop cac bo phan khac, than TBB con c6
vai tro van tai hang hoa, chd khach hay lam cac nhiém vu dac biét khac. O mot
s6 dong may bay chién d4u, phan than may bay con dugc thiét ké dic biét dé
hd trg va dong gdp dang ké vao kha ning tao luc nang ciia canh may bay. Kha
nang tao lyc nang 16n nhét cia than trong trudng hop nay 1 khi may bay chuyén
dong véi tde do cao, dudi gbc tan 16n. Vé mat két cAu, than TBB khi d6 thuong
c6 két ndi lién khdi v6i canh, c¢6 hinh dang khi dong det mong va thudn déu dé
tang dién tich trong hinh chiéu bang va giam can khi dong. Dang than TBB nhur
vay dugc goi 14 than tao nang (lifting body). Mot s6 dong may bay c6 than dang
than tao nang nhu tiém kich co B1, B2 cua My, dong Sukhoi va Mig cua Nga...

Than cia cac TBB thong thuong khac nhu than cliia cac may bay ché
khach, van tai hang hoa... it c6 tdc dung tao ra luc nang, thuong c6 hinh dang
khi dong thon tron va thudn dai dé giam can (duoc goi chung 1a than khong tao
nang/ non-lifting body [13]). Tuy it ¢6 tac dung tao ra luc nang cho TBB, nhung
viéc nghién ciru khi dong dong chay bao quanh than khong tao nang van c6 vai
trd quan trong. Nhat 13 trong bai toan nghién ctru to hop khi dong canh- than,
su c6 mit cua than gy ra nhitng anh hudng cam Gmg nhat dinh 1én cac dic tinh
khi dong cua canh, va cia TBB. Vi vay nhiéu nghién ctru trén thé gidi thudng
tap trung nghién ciru vat thé 3D dang than khong tao nang trong su tuong tc
cam tng v4i cac thanh phan khi dong khac hon 13 nghién ctru riéng 1€ vat thé
3D do [26], [31], [33], [34]...

Khi nghién ctru dong chay bao vat thé 3D (than tao nang va than khong
tao nang) cho dén nay c6 rat nhiéu phuong phap. Dé khao sat tinh toan cac dic
trung khi dong ctia mot vat thé 3D ngudi ta thuong st dung phuwong phap CFD
trén nén tang giai hé phwong trinh Navier-Stokes thong qua phan mém thuong
mai Ansys Fluent/ CFX [14],[16],[40]... Phuong phap nay c6 yéu cdu cao vé

cau hinh may tinh va thoi gian tinh toan. Ludi tinh toan trong phuong phap
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CFD ciing doi hoi k¥ thuat gia cong cao, ti mi va phai dam bao céac chi sd chat
luong nhét dinh thi m6 hinh toan méi hoi tu va dem lai két qua chinh x4c. Ngoai
ra trong qué trinh giai, ngudi dung bi han ché kha nang thay ddi va can thiép
vao thuat toan. Mot phuong phap khac ciing ¢ thé nghién ctru dic trung khi
dong vat thé 3D dya trén co s& giai phuong trinh Laplace 1a phuong phap Panel
[29],[45]. Thong qua viéc 4p dung cac diéu kién bién Dirichlet va diéu kién
Neumann, phuong phap panel xac dinh dugc gia tri chénh ap, cac luc va mo
men khi dong kha nhanh va dam bao tinh chinh xac. Phuong phap nghién ctru
thuc nghiém ciing 13 mot phuwong phap duoc dung dé nghién ciru khi dong vat
thé 3D. Trong phuong phap nghién ciru thuc nghiém sir dung hé thong éng khi
dong hoic tién hanh bay thi nghiém két hop sir dung cac thiét bi do luong dé
do cac thong s6 khi dong ciia dong chay va ctia TBB. Ong khi dong 1a mot cong
cu rat hitu hiéu va can thiét trong nghién ctru khi dong luc hoc, tuy nhién gia
thanh cho thiét bi ndy van & murc cao so véi diéu kién Viét Nam. Hon nita két
qua do thi nghiém phy thudc rat nhiéu vao cac diéu kién thir nghiém va d6 chinh
xac cua cac thiét bi do.

Bén canh céc cach tiép can ké trén, trong luan an trinh bay dudi day dé
cap mot cach tiép can khac st dung phuong phap xody roi rac khung xoay kin
hinh tt giac (vortex-lattice method/ VLM) dé nghién ctru dong khi chay bao
qua vat 3D [13]. Qua nhiéu cong trinh nghién ctru, VLM da duoc ching minh
1a phuong phap don gian, ton it tai nguyén, it thoi gian tinh toan va kinh té hon
so v6i nhitng phuong phap da néu trén. VLM c6 thé dung dé nghién ctru tinh
toan cac dac trung khi dong cua vat thé bay, nghién ctru qua trinh hinh thanh
va phat trién man x04y sau may bay. VLM dac biét uu viét trong viéc xac dinh
vén téc cam ing, mod phong cac trudong van toc cam Ung va tinh toan twong tac
khi dong giira cac thanh phan trong hé da vat. VLM duoc tmg dung hiéu qua
khi nghién ctru cac dong khi ly tudng trong céc bai toan dimg hay khong dung.
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1.2. Tinh hinh nghién ciru trong nwéc

1.2.1. Khdi qudt chung cdc céng trinh nghién civu trong nwéc Vé khi dong
truc thang

O Viét Nam, nghién ctru vé khi dong hoc néi chung va khi dong canh quay
tryc thing néi riéng ngay cang duoc quan tAm va phat trién. Nhiéu co so dao
tao va nghién ctru khi dong duoc thanh 1ap va thé hién vai tro ngdy cang quan
trong, nhu Truong Pai hoc Bach khoa Ha Noi, Hoc vién Phong khong Khong
Quan, Hoc vién Ky thuat Quan su... Trong nude, do1 ngii can by dugce dao tao
tai Nga va tai cac nudc TAy Au khac tré vé hoat dong trong linh vuc hang khong
vil try, khi dong luc hoc, dong luc hoc... dong vai tro chu chdt, gop phén quan
trong trong viéc thuc hién cac dé tai du an cai tién, cai hoan khi cu bay cua Nha
nudce va Quan ddi. Ngay cang c6 nhiéu cong trinh nghién ctru vé khi dong truc
thang duoc cong bd trén céc tap chi chuyén nganh uy tin.

Trong cong trinh [2], trinh bay ndi dung nghién ctru vé dic trung khi dong
ciia KCB hoat dong trong ving toc d6 thip. O day nhom tac gia d3 mé phong
dugc dong chdy bao qua KCB c6 than, canh, da xét dugc su anh hudng cam
g ctia than lén dic trung khi dong ciia canh. Tuy nhién phan than KCB dugc
thay thé ghép ndi bai cac bé mit nang phang, mong, chir khong phai 1a vat thé
hinh dang 3D nhu mé hinh thuc té.

Noi bat vé nghién ctru khi dong truc thang 1 nhém céac cong trinh sir dung
phuong phap xody roi rac dé tinh toan, md phong khi dong voi moé hinh xoay
tuyén tinh hodc phi tuyén, v6i phan tir xody hinh moéng ngua [2], [3], [5], [6],
[7], [8], [9]. Trong cong trinh [9] nghién ctru tong hop vé chuyén dong vy cia
LCQ TT, c6 sir dung XRR dé xé4c dinh trudng toc d6 cam tng, da xét dén tinh
phi tuyén ctia CQ, tuy nhién & day chi xdy dung mo hinh CQ don 1¢, chua thé
hién duogc su tuong tac khi dong gitta cac LCQ trong mo hinh. Cong trinh [5]

nghién ciru anh huong dong thoi clia chuyén dong lac, vay dén tinh 6n dinh va
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tinh diéu khién ctia TT. O day tac gia di xay dung duoc md hinh xéc dinh tai
khi dong bang XRR c6 xét dén tinh phi tuyén khong dimg, tuy nhién moé hinh
canh quay xét & dang don ¢, riéng ré. Cong trinh [6] xét twong tac khi dong
gitta CQ va canh, md hinh tinh toan khé phirc tap, dd tuan thu day du cac diéu
kién bién trong XRR. Tuy nhién trong cong trinh [6] khong xét anh hudng cua
cac phan tir xody trén canh trong hé phuong trinh xac dinh luu sé van tdc khi
dong ciia CQ (¢ ddy CQ va canh 1a mot t6 hop khi dong lién hop, cung chuyén
dong trong dong dudi am), d3 coi man xody ban dau trén canh va CQ 1a ¢b dinh
(thé hién qua so d6 tinh), qua d6 khong phan anh hét dugc twong tac khi dong
gilra cac dbi tuong. Trong cach quy dinh cac hé truc toa d§ va cong nghi¢m cac
hé phuong trinh luu sb van tc con nhiéu diém chua 3. Cong trinh [7] xy dung
mo hinh mé phong dong bao canh quay hai ting dong truc cta truc thang bang
phuong phap xody roi rac phi tuyén. Xac dinh dic trung khi dong ctia canh
quay dudi trong trudng toe dd cam Ung cua canh quay va xac dinh cac diéu kién
can bang va 6n dinh. Trong cong trinh nay, mé hinh toan duoc tac gia 1ap trinh
trén nén MS-DOS, do vay md hinh canh quay kha don gian, viéc chia luéi phan
tor 14 canh quay chua that phu hop. Trong nhém céc cong trinh nay, do duogc
xay dyng trén co sé XRR véi phan tir hinh mong ngwra nén cac mo hinh CQ chi
dinh hudéng dé giai quyét cac bai toan chay bao vat thé dang mong riéng ré, tach
r0i, khong linh hoat dé sir dung voi 16p bai toan co su chay bao vat c6 thé tich,
hinh dang phurc tap, va khong phu hop véi 16p bai toan tuong tac khi dong cua
hé khi dong lién hop nhu CQ - than, CQ chinh - CQ dudi, CQ - mat dat (mat
gi61 han)...

Vé mit phuong phép tinh toan bang xody rdi rac, cac cong trinh trong
nudc méi chi dimg lai & cac cach tinh ghép nhiéu tim méng dé tao hinh dang
ctia vat bay phurc tap hodc dé khao sat twrong tac to hop khi dong [2], [8], chua
khao sat duoc sy chay bao vat c6 thé tich (hinh dang 3D). Cong trinh [8] trinh
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bay cac noi dung nghién ctru tuong tac khi dong ctia 2 KCB trong giai doan
tach khoi nhau. Day 1a cong trinh tiéu biéu giai quyét tot bai toan twong tac khi
dong trong hé¢ da vat, tuy nhién tuong tu cong trinh [2], [3], m6 hinh than cac
KCB d3 duoc don gian hoa thay thé bang cdc mit ning phang mong ghép ndi
lai. Cong trinh [4] dung phuong phap xody panel, v6i cac phan tir xody dang
ngudn- cyuc thay thé cho bé mat canh 3D, tuy nhién cong trinh méi dung lai &
viéc nghién ctru canh 3D doc 1ap don gian, phin man xody tir 2 mép canh da
khong duogc xét dén.

Bén canh d6, dic diém ciia cadc man xoay tu do phat trién lién tuc vé phia
sau cac bé mat khi dong, hinh dang man xoay bién ddi mo rong theo thoi gian,
nghia 1a ludn c6 su khuéch tan xoay trong khong gian dong chay. Piéu nay
chua dugc dé cp t6i & cic cong trinh nghién ctru trong nude. Mic du vy co
thé thy rang, ¢ thoi diém k¥ thuat tinh toan chwa phat trién, phuong phép xoay
ro1 rac da dugc cac tac gia trong nudc ung dung rat hiéu qua, thé hién dugc
nhiéu vu thé trong giai quyét cac bai toan khi dong hoc, dap tmg duoc cac yéu
cau phat trién khoa hoc céng nghé ctia Nha nude va Quan doi.

1.2.2. Nhdn xét chung vé cdc phwong phdp nghién ciru khi dpng truc thing
trong nuoc

Cung su tién bo vé khoa hoc cong nghé, khoa hoc tinh toan, cac phuong
phap nghién ctru khi dong tryc thing lién tuc hoan thién, d6i mdi va phat trién.
O thoi diém khi k¥ thuat tinh todn cong nghé cao chua dugc ap dung phd bién,
phuong phap nghién ctru khi dong truc thing trong nudc chi yéu dya trén 1y
thuyét xoay roi rac. Ngay nay, co hoi tiép can v6i khoa hoc may tinh ngay cang
nhiéu, song song véi viéc str dung phuong phap XRR, nhiéu nha khoa hoc ciing
lwra chon cac phuong phap khac dé nghién ctru khi dong CQTT. D6 1a phuong
phap bay thir nghiém, phuong phép thuc nghiém trong 6ng khi dong [6], [9]
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hoic phuwong phap mé phong CFD duya trén cac phan mém mé phong khi dong
Ansys Fluent/CFX [1], [4].

M0di phuong phap nghién ciru néi trén déu c6 nhiing wu nhugc diém nhét
dinh theo timg diéu kién hoan canh cy thé. Phuong phap bay thir nghiém thuc
té cho két qua co do chinh x4c cao va tin cdy, tuy nhién ddy 1a phuong phap
yéu cau ngudn luc kinh té, kho khian trong td chirc thyc hién. Phuong phéap xay
dung mo hinh déi twong va tién hanh thi nghiém trong 6ng khi dong tuong ddi
hiéu qua va cho két qua tin cdy. Vi phuong phéap ndy, qua trinh thyc hién phu
thudc nhiéu vao diéu kién thi nghiém (mién van téc hoat dong) va hé théng
thiét bi do. Phuong phéap nghién ctru khi dong bang cac phan mém mé phong
CFD nhu Ansys Fluent/CFX mang hiéu qua kinh té cao, dam bao d6 chinh xac,
tuy nhién c6 yéu cau cao vé ki thuat chia ludi, 6 yéu cau cao vé ciu hinh méy
tinh, can nhiéu thoi gian tinh toan. Mdc du vay, véi su phat trién ctia cudc cach
mang 4.0, phuong phap mo phong CFD dang 1 xu hudng nghién ciru phat trién
manh, dang dugc st dung nhu mét cong cu “thuc nghiém a0” dé kiém chiing

cac md hinh 1y thuyét [4].

K¢ét luan chwong 1

Trén co s& phan tich khai quat vé tinh hinh nghién ctru va cac phuong
phap nghién ctru khi dong truc thing trong nudc va trén thé gioi, NCS nhan
thay rang:

* Nghién ctru xay dung cdc mo hinh tinh toan khi dong CQTT van la dé
tai dugc quan tdm, xuat phat tir nhu cau nghién ctru Gng dung thyc tién. Co
nhiéu phuong phép, nhiéu cong cu nghién ctru dugc Gng dung, tuy nhién
phuong phép xody van dang 1a mot trong cac huéng nghién ciru chinh va dang
dugc phat trién manh. Sir dung phuong phap xody trong nghién ciru tuong tac

khi dong CQTT 1a phu hop va hiéu qua, theo dung xu thé phat trién chung cta
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thé giéi. Ngoai ra, c6 thé ké thira duge kinh nghiém nghién ctu da dugce tich
Iy tir cac cong trinh nghién ctru theo phuong phdp xody trong nudc trude do.

* Huéng nghién ctru cta ludn an vé tuong tac khi dong luc hoc canh quay
— than TT va xét dén sy anh hudng cua bé mat dia hinh 1a mot huong nghién
cuu mdi, co tinh thoi su va tinh cép thiét, duoc nhiéu nha khoa hoc quan tam.

* Pé hoan thién m6 hinh tinh toan, can két hop sir dung 1y thuyét xody roi
rac v6i cac phuong phap hiéu chinh dé xét dén anh hudng cua tinh nhét moi
truong nhu cac mé hinh khuéch tan xoay.

* Céc cong trinh nghién ctru vé khi dong CQTT trong nudc da dat duoc
mot sd két qua nhét dinh, va c6 mot sd diém chung nhu: dung lai & nghién ctru
canh quay doc lap; déu dya trén nén xo0ay ro1 rac sir dung dang phﬁn tir co ban
1a xoay hinh méng ngua; ddi tugng tinh toan mo phong déu dudi dang ban
mong; chua ap dung nghién ctru hién twong khuéch tan xody vao mé hinh toan.
Piéu nay cho thiy cic hudng nghién ciru dua ra trong luan an 1a hop 1y, co su

ke thtra va phat trién cac cong trinh nghién ctru trong nudc cung linh vuc.
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Chwong 2. NGHIEN CUU XAY DUNG MO HINH XAC PINH PAC
TRUNG KHi PONG LUC CQTT KHI XET PEN ANH HUONG CUA
THAN VA MAT GIOI HAN

Trong chuong 1 cuia Luén an, tac gia luan an da khai quat tinh hinh nghién
ctru vé khi dong luc hoc TT trong nudc va ngoai nudc, dua ra dugce hudng tiép
can va phuong phap nghién clru giai quuyét cic van dé cua luan an. Trong
chuong 2, tac gia luan an tap trung trinh bay co so 1i thuyét xdy dung mé hinh
toan mo ta cac van dé nghién ctru cua luan an. Pay 1a nén tang khoa hoc cho
viéc van dung céc phﬁn mém, cic phuong tién tinh toan, tao ra cac cong cu va
chuong trinh thuét toan dé nghién ctru cic van dé dit ra trong luan an. Bén canh
d6 xét thdy bai toan tuong tac khi dong gitta canh quat dudi va CQTT la mot
bai toan riéng, da dugc nhiéu nha khoa hoc trén thé giéi nghién ctru, cong bd
[76], [96]. Do vay trong mo hinh toan cua Luén an dugc xay dung dudi day,
chi ¢o cac thanh phan 1a CQ, MGH va than TT doc 1ap, khong co su tham gia
ctia canh quat dudi. Diéu nay gitp don gian héa mé hinh, giam thiéu thoi gian
tinh toan, dap ing yéu cau giai quyét cac bai toan thuc tién (TT ha canh xubng

cac bé mat dia hinh dac biét), dat dugc cac muc ti€u Luén an dé ra.

2.1. Hé truc toa d6 va cac tham so khi dong CQTT

2.1.1. Cac hé toa do

Trong mo hinh tinh toan khi dong lyc hoc CQTT bang phuong phéap xoay
TT st dung cac hé toa d co ban 1a hé toa do lién két va hé toa do van toe (Hinh
2.1). Goc cac hé toa do dit tai vi tri tim quay ctia CQTT.

Hé toa do lién két TT OXYZ: truc OX ¢6 phuong ngang, c6 hudéng nguoc
v6i chiéu chuyén dong cia TT va nam trén miat phang dbi xtimg cua TT; truc
OZ vudng goc véi truc OX, hudng 1én trén va co chiéu duong tring véi hudng
duong cua luc kéo CQ; Truc OY hop véi hai truc OX va OZ tao thanh hé toa
d6 thuan phai.
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Hinh 2.1. Cac hé toadd cuna TT
Hé toa do van toc TT OX,YaZa: Truc OX, hudng theo véc to toc do dich

chuyén tinh tién ctia TT Uo; Truc OZ, huéng 1én trén va nam trong mit phang
ddi xtmg cua TT; Truc OY, cung vai hai truc OX, va OZ, tao thanh hé toa do
thuan phai.

Ngoai ra trong mé hinh TT véi hai thanh phan két cdu CQ va than, con
gom hé tryc toa do lién két riéng ctia CQ (OcqXeqYeqZeq) Va hé truc toa do lién
két riéng cua than (OnXunYnZm) nhur thé hién trén hinh 2.1. Gbc hé truc toa d6
O nam tring voi trong tdm cta than TT, truc OpXy co phuong ngang, nam
trong mat phang d6i xtimg TT, va c6 huéng nguoc véi chiéu chuyén dong cua
TT. Truc OmnZ trung voi truc OZ trong hé toa dg lién két TT, truc O Y vudng
g6c vO1 mat phrfmg OmnXinZn tao thanh hé toa do thuan phai.

Hinh 2.2. Cac hé toa d6 cua CQ
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Khi khao sat dac tinh khi dong cua riéng CQ, stir dung hai hé toa do 1a h¢
toa do ban lién két va hé toa do van tdc (Hinh 2.2). H¢ toa do ban lién két cua
CQ la hé toa dd vudng co géc toa do dat tai tim quay cua CQ; truc O¢gXcq vudng
gdc voi truc quay CQ c6 hudng nguoc véi hudng hinh chiéu cta van toe chuyén
dong 1én miat phang quay; truc OgZeq tring véi truc quay CQ va co hudng
duong theo chiéu cua lyc kéo CQ; truc OcqY g VuOng gdc voi mat phang OcgXcq
Z¢q tao thanh hé toa d§ thuan phai.

Hé toa d6 vén toc cua CQ O¢gXcqaY cgaZega (Hinh 2.2) dugce xac dinh tuong
tu hé toa do van téc cia TT OX,YaZ, (Hinh 2.1).

CQTT cAu tao tlr cac LCQ, do vay khi khao sat khi dong hoc CQ thuong
dua trén viéc nghién ctru khi dong hoc ciia mdi LCQ va su anh huong qua lai
gitta chung. LCQ ciing c6 céac hé toa do riéng. V6i mdi LCQ xem xét hai hé toa
d6 12 OXi¢qYicqZicq VA OXuieqY 11cqZ11cq- GOc toa dd ctia hai hé toa do nay nam
trén LCQ; truc OXjeq va OXyieq trung véi truc doc cua LCQ; truc OY 1ieq nam
trong mit phang chtra day cung cia mat cat LCQ & vi tri bang 0,7 ban kinh CQ
tinh tir tryuc quay va hudng vé phia mép sau ctia mit cit; truc OY g vudng goc
vOi truc OXjeq va niam trong mit phang quay ctia CQ; Cac truc OZicq va OZyeq

hqp Vé’l CéC tI'U,C OX|cq, OY|cq, OX1|cp, Y1|cq hé toa dé thuﬁn trél (hinh 2.3)

Hinh 2.3. Hé toa do cua LCQ
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Trong ludn 4n tap trung nghién ctru xac dinh DTKD cta CQ khi xét dén
anh huong ctia than TT va mat gioi han, do vay hé toa do lién két ctia TT duoc
xay dung trung véi hé toa do lién két cua CQ. Tét ca toa do cua cac phén tur
xo04y trén than TT va trén mat gio1 han trong hé toa do lién két cua riéng than
va riéng mat gioi han sé dugc chuyén ddi vé hé toa do lién két ctia TT trude khi
thuc hién cac budc xay dung md hinh toan.

2.1.2. Cac dic tinh hinh hoc Ciia canh quay

Pé nghién ctru cac ché d6 1am viéc chinh cta canh quay va cac yéu té anh
huong dén luc kéo ciia nd, can nghién ctru cac thong sb hinh hoc ctia canh quay
anh huong dén cac dic trung khi dong. S6 luong céc thong sé anh huong dén
cac ché do 1am viéc cua canh quay rat nhiéu, vi vay o day chi nghién ctru mot
s6 thong s6 quan trong nhat anh hudng nhiéu hon dén sy lam viéc cua canh
quay nhu dudng kinh canh quay, dién tich mit phang quay, s6 14 canh quay, hé
s6 dién ddy, bién dang profin 14 canh, goc tin 14 canh, goc phuong vi va tai
trong riéng trén mat phang quay [62], [67],[73].

Pwong kinh canh quay D: Duong kinh canh quay la duong kinh cua
duong tron do mut cac 14 canh vé ra khi canh quay lam viéc tai mat dat (hinh
2.4). Mit phang chira dudng tron do mat 14 canh vé ra trong khi canh quay 1am
viéc dugc goi 1a mit phang quay cta canh quay.

Ban kinh canh quay 1a ban kinh duong tron do mut 14 canh vé ra trong khi

~ D
quay khong vay: R= >

Vi tri cua tiét dién 14 canh (vudng goc véi truc doc 14 canh) duoc dic trung

bdi ban kinh r. Ngoai ra vi tri cua thiét dién 14 canh con duoc dic trung boi gia tri

o r — . .
ban kinh twong doi I' = R’ ¢ day r thay doi trong khoang tir 0 dén 1.
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Hinh.2.4. Hinh dnh xac dinh duong kinh CQ
Dién tich mit phang quay F: Dién tich mat phang quay F ctia canh quay
13 dién tich ctia hinh tron do mut cac 14 canh vé ra khi quay khong vay, F = zR?

7D?
hay F = )
ay 1

Dién tich mit phang quay c6 thé xem nhu mot bé mit chiu luc vand ¢ ¥
nghia twong tu nhu dién tich canh ctia may bay.

S6 14 canh ciia canh quay Ke: CQ thong thudng duoc cau tao tir cac 14
canh quay gan véi truc quay qua cac khdi néi ban 18. Trén phuong dién khi
dong hoc, canh quay c6 mot 14 canh dugc cho la c6 hi¢u suat khi dong tdt nhat
do khong c6 su anh huong qua lai giita cac 1a canh. Nhung thuc té canh quay
co 1 14 canh do1 hoi ¢co phéi trong va & mot s6 ché d6 lam viéc caa canh quay,
luc khi dong cua canh quay phu thudc vao vi tri cua 14 canh. Hién tugng nay
chi bién mét khi canh quay c6 3 14 canh tro 1én. Vi vy trong thiét ké TT, nguoi
ta thuong st dung canh quay c6 3 dén 5 14 canh, d6i khi ngudi ta ciing st dung
canh quay c6 2 14 canh (thudng cho céc truc thing hang nhe). Cho du s6 14 canh
Keq clia canh quay 1a bao nhiéu, thi & mdi 14 canh ctia canh quay déu duoc b tri

can doi, va c6 cung goc lap 1a canh.
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H¢é so dien day o: H¢ so dién day 1a ti so tong di¢n tich mat bang tat ca

kc I:L

q

cac 14 canh va dién tich mat phang quay cua canh quay, 0 =

Hinh chiéu bing ciia 14 canh quay: Hinh dang cta 14 canh 1a hinh chiéu
cta 14 canh 1én mat phang quay cta canh quay. Hinh chiéu bang cua 14 canh
xac dinh su phan bd van téc cam tmg V;, nghia 1a van tdc sinh ra khi 14 canh
tuong tac v6i khong khi. Thong thuong chon hinh chiéu bang cia 14 canh sao
cho van toc cam ung doc theo truc 14 canh hau nhu khong ddi.

Hinh chiéu bang 14 canh pho bién nhat 14 hinh thang va hinh chit nhat. Doi
khi nguoi ta cling str dung 14 canh ¢6 hinh dang mai chéo, ma tau..., |4 canh
thuong c6 dang hep dan vé phia miii canh. P§ co hep cua 14 canh dugc dac

by

trung boi ti s6: 7 = 0
k

Gia sir ta cit canh quay bang hai mit tru gin nhau tily ¥ v6i 2 ban kinh I,
va I, tirc 13 Ar =1, —1 nhé tuy y. Nhu vy ta nhan duoc phan tb 14 canh c6 do

dai Ar nho tuy y. Phan tb 14 canh noéi trén duoc goi la thanh ph?m 14 canh. V1 tri

cua thanh ph?m 14 canh theo truc doc 14 canh dugc dac trung bdi ban kinh r hay
e §
ban kinh tuong doi I = R (hinh 2.4).

Profile 14 canh: Profile 14 canh 14 mit cit ngang theo chiéu dai cta 14 canh
tai vi tri ¢6 ban kinh r dugc thé hién trong mat phang khai trién. Profile 1 canh

c6 ban kinh r. Tuong tu profile canh, profile 1a canh cling dugc dac trung béi

day cung b, do day twong ddi C va do cong twong dbi ¥ . Cac thong sb hinh
hoc profin 14 canh, cling nhu hinh dang ciia cac profin canh thuong cé dang 16i
khong d6i xing, 161 ddi xtmg, hodc hinh thau kinh..., phu thudc vao van tdc

hoat dong ciia n6. Vi du néu profile 14 canh hoat dong véi van toc dudi am thi
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n6 c6 dang 16i khong dbi xtimg, do day tuong d6i va dé cong twong ddi 1omn.
Con néu profile 14 canh hoat dong v&i van tdc can 4m va trén 4m thi né c6 dang
d6i xtmg, 6 day tuong dbi va do cong twong dbi nho.

Géc lip hay sii ciia 14 canh @: 1a goc gitta day cung profile 14 canh & vi

tri mat cit dic trung r=07 v6i mit phang quay cua CQ (hinh 2.5).

¢

Mait phang quay cia cdnh quay

Hinh.2.5. Géc lap LCQ
Géc tan ciia canh quay: Goc tan cia canh quay oL 12 goc gilia vec to
van toc dong khong nhifu va mit phang quay cta canh quay (Hinh 2.6).
Theo quy udc o, O gia tri duong néu van toc dong khong nhidu théi tir
dudi Ién, o, €O gia tri &m néu van téc dong khong nhiéu théi tir trén xudng.

Khi véan téc dong khong nhidu song song v4i mit phang quay cta canh quay

thi goc tan canh quay bang khong.

Hinh 2.6. Géc tin va goc phuong vi trén CQ
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Khac v6i goc tin ctia canh (thuong co gia tri thay d6i khong nhiéu), goc
tan canh quay c6 thé thay doi tir 0°dén 360°. Vi du, khi tryc thang bay 1én bay
xubng thang dimg goc tan cua canh quay 1a +90°.

Goéc phwong vi y: Goc phuong vi y cia la canh 1a géc gitra truc doc 14
canh va hinh chiéu vecto van tbc dong khong nhiéu 1én mit phang quay cta
canh quay. Géc phuong vi dugc tinh theo chiéu quay cta canh quay, goc 0° &
phia sau (hinh 2.6).

Tai trong riéng trén mit phiang quay P: Tai trong riéng trén mit phang

quay P 1a ti s6 giita trong lwong cua truc thang va dién tich mat phing quay, va
, 5 : G
dugc tinh theo cong thirc: P = rE

Pbi véi cac truc thang hang nhe tai trong riéng P tir 10 dén 20 kG/m?.

Déi véi cac truc thang hang ning tai trong riéng P tir 25 dén 40 kG/m?.

Khi khao sat tinh toan khi dong hoc TT, thong thuong st dung cac dai
lugng khong thir nguyén:

T=r/R;b=b/R; T, =t /R; x=x,/R; y=Y,/R; 2=7,/R (2.1)

Trong 6 xo, Yo, Zo 13 toa do cac diém.

H¢é s6 dic trung cho ché d9 1am viéc ciia canh quay: Hé sé dic trung
cho ché d6 1am viéc cua canh quay p 1a ti s6 giita hinh chiéu vén toc bay cia
tryc thang 1én mat phang quay ctia canh quay va van toc dai ciia mit 14 canh
theo chuyén dong quay ctia canh quay. Hé sb dic trung cho ché do lam viéce

V cosa,

cua canh quay dugc tinh theo cong thirc sau: x = R
@

Néu goc tan canh quay nho thi p nhén gia tri tir 0 dén 0.4.

Céc dai lugng khong thtr nguyén tuong ing st dung trong tinh toén:

— @,y U (wR)? U cosa
WOxyz = Y ;u:_o; :'0—; __0 9y =tw 2.2
e w R 2 # wR v (22)
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2.1.3. Cdc hé sé khi dpng ciia CQ

Luc khi dong toan phan R duge sinh ra trong sy tuong tac giita CQ va
dong khi. Xem xét cac hinh chiéu cua luc nay trong h¢ toa do ban lién két
OcqXeqYeqZeq va hé toa dd van tdc OcqXegaY cqaZeqa (hinh 2.2) nhur sau:

R, =Huoq+T.j, +SKeg =Tican + T, joge + T, Keaa (2.3)

Trong do icq,]Cq,Ecq,icqa,]an,Ecqa - ]a cac véc to don vi cua hé toa do ban
lién két va hé toa d0 van tdc. Cac hinh chiéu H, T, S lan luot 1a cac luc doc truc,
luc kéo va lyc canh trong hé toa d6 ban lién két. Cac hinh chiéu T, ,Ty , T, trong
hé toa do van toc 1an luot 13 luc déy, luc nang va luc canh.

M6 men quay My 12 md men khi dong, bao gom hai thanh phan: thanh
phan My, dung dé khic phuc luc can quay khi luc kéo bang khong va thanh

phan m6 men do cam tmg My khi luc kéo trén cac LCQ khéac khong.

M, =My, +My (2.4)
Cac hé s6 khi dong twong tng dugc xac dinh nhu sau [29],[63]:
Cr R L M, y M =My + M (2.5)

TaF TR T oRR

Céc luc va hé s6 khi dong 1a két qua ctia sy phan bd tong hop tai khi dong
tac dong 1én LCQ. O day tai khi dong Ap duoc xac dinh 1a hiéu 4p suat phan
b trén bé mat phia trén va phia duéi cua LCQ.

p+—p,_2 P, —P_
- 2
q p(wR)

Trong @6 p,, p_- lan luot 13 ap suét trén bé mat phia trén va phia dudi

Ap=p,-p.=

LCQ; p - 1a mat d6 dong nhiéu.



32

2.2. Xay dung md hinh xody cianh quay phi tuyén khong dirng

2.2.1. Cic gid thiét va diéu ki¢n bién

Xét chuyén dong ciia CQTT trong hé truc toa do OXYZ véi van toc U,
dudi goc tan acq theo hudng am cia truc OX. CQ quay xung quanh truc OZ véi
van toc gbc @, truc OY vudng goc véi mit phang OXZ tao thanh hé truc toa
d6 thuan phai OXYZ véi goc toa d6 O nam tai tim quay ctia CQ (hinh 2.2). CQ
chuyén dong theo quy luat bat ky va cau tao tir hitu han s6 LCQ Keq. Cac LCQ
dugc gan cing vai truc quay CQ (khong xét chuyén dong vay, lic) va khong
xét dén @6 vin LCQ. V& kich thude hinh hoc, LCQ c¢6 ban kinh R, day cung b
dugc md hinh bang cac mat phang chiu tai S;, va duoc thay thé bang cac man
x04y lién két véi cac phan tir xody dang khung kin hinh t&r giac (hinh 2.7). CQ
hoat dong trong moi trudng chat luu 1a dong khi khong nhét, khong nén. Khi
dong khi chay bao qua CQ, phia sau cac 14 canh hinh thanh vét xody c6 dang
man mong, chuyén dong tu do cing cac phan tir cia dong khi. M6 hinh xody
CQ x4y dung trén co so théa min cac diéu kién bién vé tinh chay déu va lién
tuc cta dong, diéu kién khong chay thdm (thanh phan phép tuyén cia dai luong
tbc do twong ddi tai cac diém trén bé mat tai bang khong). Bén ngoai CQ, dbi
Vé6i cac phan tir khi théa méan quy luat bao toan khoi luong thong qua phuong
trinh chuyén dong (phuong trinh Euler). Trén cic man xoay hinh thanh sau CQ
thoa man diéu Kién lién tuc cia ap suat, nghia 1a cac phan tr clia man xody
chuyén dong cting véi moi trudng. Diéu kién nay cho phép xac dinh hinh dang
khéng gian ciia cac man xody. O khoang cach rat xa tir CQ, van téc chuyén
dong cua cac phan tir nhiéu tat dan. Trong bai todn nay van can bo sung diéu
kién bao toan luu s tée do tai cac mat cat ngang theo chiéu dai LCQ, va gia
thuyét Traplugin- Joucopski - Kutta vé tinh hitu han cua van téc tai vi tri thoat
dong trén bé mit LCQ, nghia 13 cudng do cia cac xody lién két tai cac mép

thoat ra trén LCQ bang khong [63]. Cu thé & khia canh toan hoc, tinh toan khi
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d6ng CQTT bang phuong phap XRR hudng dén viéc xac dinh truong toc do
W( r ,t) va truong ap suat p( r ,t) trong hé toa do khong gian thoa man cac diéu
kién va gia thiét sau [23], [72]:
Thé van téc nhidu &( r ,t) tai mdi thoi diém & bén ngoai cac bé mat xody
(cac bé mit xody lién két va xody tu do) phai thoa man phuong trinh Laplace:
AD =0; (2.6)
Trén bé miat LCQ duoc thay thé boi cac man xoay lién két phai thoa man

diéu kién chay khong tham:

oo —-
—=-U;n; 2.7
=4, @)
Trén cic man xody ty do can thoa mén diéu kién khong c6 su chénh ap:
P =p (2.8)

O day p*, p~ - lan luot 13 ap suét trén va dudi bé mat man xody tu do.
Trén vi tri dong khi thoat ra khoi bé mat LCQ (¢ day 1a mép sau 14 canh
quay) phai thoa man diéu kién Traplugin- Jucépski-Kutta vé van téc hitu han

va man xody thoat ra c6 phuong tiép tuyén véi bé mit 1a canh:

W (Ft)—0 (2.9)

Téc do nhidu tat dan khi do dai man xody tién xa vo cung;
AD —>0 khi I = (2.10)
Str dung phuong trinh Becnuli 1am mdi lién hé tinh toan giita van toc va

ap suat:
2 2
oD

p=pw+pu°—pw + (2.11)

2 2 ot

Trong cong thirc (2.11), P,, va p 1a ap suat va mat do moi truong.
Viéc giai s6 bai toan dugc quy thanh qua trinh roi rac hoa khong gian va
thoi gian theo phuong phap XRR [29],[59],[63]. Tét ca cac diéu Kién bién va
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gia thiét ké trén can duoc thoa min trong mdi budc thoi gian tinh toan, qua d6
dap Gmg yéu cau mo ta duoc cac chuyén dong khong dimng dic trung ctia CQ.

2.2.2. Xdy dung mé hinh todn hoC

Cac bé mit 14 canh va hé théng man xody tu do thoat ra sau céc 1a canh
duogc thay thé boi cic man xoay khung kin hinh tt giac (vortex panel). Thay
LCQ bé'mg man xody lién tuc, thuc hién ro1 rac hoa man xody theo kich thude
ctia LCQ. Cu thé chia mdi 14 canh cua canh quay theo hudng sai canh thanh N
dai xoay va theo hudng diy cung 14 canh thanh n khung xody. Nhu vay moi
LCQ s& duoc thay thé boi man xoay lién két co m=nx N khung xody tir giac.
Céc diém kiém tra (duoc danh dau bang ki hiéu “+” nhu trén hinh 2.7) ma tai
d6 thuc hién diéu kién khong chay tham, dugc b tri tai tAm ctia mdi khung
xody. Cac vét xoay hinh thanh sau LCQ ciing duoc mo phong bang hé thong
cac khung xody tir giac chuyén dong ciing véi cac phan tir ctia dong khi, va con
duoc goi la cac man xoay tu do.

+ - diém kiém tra Y ¢ man xody lién két man xody trr do
m - chi s0 khung xoay

;ﬁzdniin& kiém tra, /{, A+ /5&/
/ L70
o wed LLLS

chisbn
O -
X

Hinh 2.7. M6 hinh LCQ va phan bd cac khung xoay
Phan tir xoay khung dang tir giac duoc cau tao tir 4 doan xody thanh phan,

do vay viéc xac dinh toc do cam tmg gy ra bai khung xody tir giac tai mot
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diém bét ki trong khong gian chinh bang tong téc 6 cam tmg giy boi cac doan
xody thanh phan [29],[63] (hinh 2.8).

4 {Xq,, Y4, 24}
3(x3,¥3,23)
2 2 (x3, ¥2, 22)
1(xy, ¥1,21)
y
op
(Xps Yps 2p)

:
Hinh 2.8. Phan tir xody tir giac trong khong gian
Nhu trén hinh 2.8, toc d6 cam ing tai diém P(x,,y,,z,) gay bai khung
x04dy 1234 duogc xac dinh nhu sau:
qP—1234(u’V’W) = qu(ul’Vl’ Wl ) + q23(u2 ’V2’W3 )+ q34(u3,V3,W3 )+ q41(u4,V4,W4 ) ,
Trong do:
Oy (Uy,Vy, W, ) - La tde dd cam ung tai diém P gay boi doan xody 12;
Uys(Uy,V,, W, ) - La tdc do cam ung tai diém P gy bai doan xody 23;
Oy (Us, V3, W5 ) - La t6c d6 cam Gng tai diém P gay boi doan xody 34;
04, (U, VW, ) - La tée do cam Gng tai diém P gay boi doan xody 41;
M®i thanh phan (U;,V,,W,),i =1+4 qugc xac dinh dua theo dinh luat Biot-
Savart [29],[63]. Poan xody 12 c6 luu s toe d6 I” gy ra téc do cam Gng tai

diém P(X,.Y,.2,) trong khong gian 1a:

I rxr r or.
S L -[—1——2] (2.12)

12_47r‘r1xr2‘20 Lo
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P(xp.¥p.zp)

X
Hinh 2.9. Poan xo04dy trong khong gian

Trong hinh 2.9, ba doan xoay nbi tir diém l(Xl, yl,zl), diém 2(X2, Y, 22)
va diém P(X,.Y,.2,)ta0 ra cac véc to ror, .

D¢ I6n clia cac thanh phan véc to tich ¢6 huéng r, = r, dugc xac dinh
theo cac biéu thuc:

(rxr), :(yp - yl)'(zp - 22)_(ZP _Zl)'(yp B yz);
(hxn), =—(%—%)(2,—2)+(2, - 2)- (X, = %) ;
(rxt), =(% =%)- (Yo = ¥2) = (Yo = ¥1)- (%, = %)
Vé do 16n:
r, < r2|2 =(r, x rz)i + (1, x rz)j +(r, x rz)j

Gi4 tri cua cac khoang cach r; , r, dugc xac dinh:
=) 4w (2,2
r, =\/(xp —x2)2 +(y, - y2)2 +(z, —22)2 ;

M6 hinh khuéch tan xoay: Qua biéu thuc (2.12) ta thay rang néu diém

can tinh toc do cam (ng nam trén Soi X04y (tic 12 P nadm trén doan xody 12), s&

ngay lap tirc xuat hién diém ky di va khong thé xac dinh duoc gié tri toc do cam
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g tai diém d6 (do mau sé bang 0). O trudng hop khac khi diém can tinh toc
d6 cam g nam gan soi xody, trong qua trinh tinh toan dé& xay ra hién tuong
phan ky, tran 6 nhd may tinh. Dé giai quyét van dé nay khi sir dung phuong
phap XRR, nhiéu tac gia di dé cap t6i cac cach tiép can khac nhau. Theo
Belosherkovski va cac dong nghiép [54], [59], [61], [63], [74]..., str dung khai
niém khoang cach tdi thiéu A , khoang cach nay khong nhé hon mét don vi roi
rac, va thuong lay bang khoang cach ngan nhat tir doan xoay dén diém kiém tra
xét trén toan bo CQ. Piéu d6 c6 nghia 1a biéu thic (2.12) chi xac dinh gia tri
dung cta tbe 6 cam tng tai cac diém c6 khoang cach dén doan xody 16n hon
A (r = A). Trong qu4 trinh tinh toan, khoang cach A dugc chinh xac hoa dan
theo phuong phap khao sat [63]. P6i v6i nhitng diém nam gan hoic trén doan
xody (I <A), van téc cam ng tai do co thé truc tiép gan bang khong hoic
nhan cac gia tri giam dan vé khong theo mot quy luat xac dinh nao d6. Cach
lam nay cua Belosherkovski dugc goi la phuong phap cut-off. Phuong phap
cut-off stir dung phu hop trong céac bai toan durng hoac bai toan khong dirng cua
canh khi dong don 1¢ khi ma bé mit tao nang ctia canh khong va cham véi hé
théng xody ma nd tao ra.

Déi vai cac bai toan phi tuyén caa mot hé khi dong (CQTT c6 nhiéu LCQ
cling dugc coi 1a mot hé khi dong), co su twong tac khi dong gitta man xoay va
cac bé mat tao nang cua hé khi dong, nguoi ta giai quyét van dé diém ky di
bang cach dwa vao khai niém “ban kinh 15i xoay hitu han” thong qua viéc sir
dung mé hinh khuéch tan xoay. Ung dung mé hinh khuéch tan xo4y, mé hinh
toan CQ c6 thé khao sat duoc hién tugng khuéch tan xoay va phan nao ké dén
anh huong cua tinh nhét moi truong [15], [25], [38], [44], [91]. B6 sung cac
mo hinh khuéch tan xoay khi sir dung phuong phap XRR ngoai ¥ nghia dé tién

gan hon t6i diéu kién thuc té, con cho phép giam thiéu thoi gian va tai nguyén
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tinh toan. M6 hinh khuéch tan xody chi 4p dung tinh toan cho cac khung xoay
mo phong man xoay tu do.

Xay dung mo hinh xoay CQ xét dén sy anh huéng khi dong cua than truc
thang c6 hinh dang 3D la bai toan xét twong tac khi dong kha phuc tap, cé su
tham gia caa nhiéu thanh phan khi dong (Than va cac LCQ). Trong qua trinh
CQ hoat dong, luoén c6 su va cham va tuong tac gitta cac man xody voi cac
LCQ, giira man xoay tir LCQ Véi than truc thing. Dé sir dung phuong phap
XRR giai quyét van dé nghién ctu cua luan an, can phai ap dung cac mé hinh
khuéch tan X04y dé thé hién tot hon cac diéu kién hoat dong thuc técua TT.O
day, mo hinh khuéch tan st dung trong mé hinh xody canh quay 1a mé hinh
khuéch tan xody ctia Squire, Bhagwat va Leishman vai ti s6 thay d6i do nhét
o =8 [38], [39], [44]. Trong md hinh cua minh, cdc nha nghién cttu Squire,
Bhagwat va Leishman dua ra cach xac dinh quy luat khuéch tan xody (quy luét
tang cua ban kinh 15i xody theo thoi gian), quy luat nay phu thudc vao sd
Reynolds cua dong khi moéi truong.

Mot yéu té quan trong trong mé hinh khuéch tan xody can duoc xem xét
d6 1a du doan xu hudng phat trién hudng kinh cua 161 xody theo thoi gian. Can
ctr quan trong dé xac dinh gia tri ban kinh 13i xody ban dau (khi chua khuéch
tan) 1a do 16n cua van téc cam tng dat gia tri 16n nhat G, tai bé mat cua mat
tru ban kinh I tinh tir tim xo4y (hinh 2.10). Va gia tri van téc nay giam dan
vé 0 khi khoang cach téi tim xoay cach xa ti vo cung. Sy khac biét caa moi

Vmax

mo hinh khuéch tan xody con thé hién qua dai luong - 1a téc do cua qua

trinh giam van tdc cam ung tir gia tri Vg — 0. Theo nhiéu cong trinh thi toc
d6 lan truyén xoay phu thudc vao ban chat méi truong 1a dong chay tang hay

dong chay roi. Néu moi truong 1a dong chay rdi, trang thai dong chay luén hon
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loan lam tang luu luong hoa tron va 1am ting kha nang truyén dong luong qua
cac 10p xoay. Piéu nay lam cho kich thudc 16i xody c6 kha nang phét trién
nhanh hon, dic biét 1a kha nang lan truyén theo hudng kinh tinh tir truc chinh.
Trong dong chay ting, xody chi c6 thé truyén dong luong bai su khuéch tan
phan tr, 36 1a mot qué trinh twong ddi cham.

Toc d&
SOl X0ay ™

™ Tbdec dd
SQi Xoday

Hinh 2.10. So d6 mo ta ban chat vat Iy cua su khuéch tan xody
Véi I, I, - 12 ban kinh 16i xody ¢ thoi diém ban dau to (thoi diém man
X04y vira thoat ra tir mép sau bé mit khi dong va bat dau khuéch tan) va thoi
diém t. Gia tri I, thuong duogc xac dinh trén co so kich thudce hinh hoc cua
khung xody thanh phan, va ludn nhé hon hoic bang khoang cach nho nhat tir
diém kiém tra t6i cac canh cia khung xody t&r giac. Trong mé hinh xody CQ

ctia luan an, ban kinh 156i xoay ban dau c6 gia tri khong thi nguyén bang

o = R M6 hinh khuéch tan xoay cua Squire, Bhagwat va Leishman [38],

[39], [44] x4c dinh ban kinh 13i xody tuc thai 1a:

r=yho’ +4-0 V-5t (2.13)
O day o 1ahé s Lamb, dugc xac dinh bang thuc nghiém, ¢ =1.25643;

S l1a ti s6 thay doi do6 nhot theo thoi gian; va theo cach tinh cua Squire
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T, _ Sy .
5:1+a1(7):1+a1 Re., voi @ 1a hang so thuc nghiém nam trong khoang

5x107%+4x107* Re,- s Reynolds cia moi truong xung quanh doan xoay. Doi
v6i moi trudng co sd Reynolds thap, gia tri hé s6 & gan bang 1, khi 6 mé hinh
xody khuéch tan ciia Bhagwat va Leishman s& suy giam tré vé mé hinh chay
tang nhu cua Lamb va Oseen [37]. V&i cac gia tri & 16n hon tuong ang Vi
muec ting kha ning chay rdi bén trong mdi xody, va két qua 1a 1am cho tdc do

Mo rong cua ban kinh 161 xody tang 1én nhanh chong (hinh 2.11).

1 T T T T T T T T

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

Toc d6 cam tng khong thit nguyén, Ve/ Vemax

0.1

U 1 1 1 1 1 1 1 1 1
O 1 2 3 4 5 6 7 8 9 10

Khodang cach khong thi nguvén dén 16i o4y, r/re

Hinh 2.11. Bién thién tbc do cam wng trong mé hinh khuéch tan xo4y Squire,
Bhagwat va Leishman [38]
Khi xét dén yéu t6 ban kinh 15i xody, cong thirc xac dinh téc d6 cam tng
tai mot diém gy boi mot doan xoay trong khong gian cho bai dinh luat Biot -

Savart ciing s& thay doi [29], [92], [93]:

q = I rxr, . r I,
- a . _
2 Az |rxr 41l r? \/rlz +17 \/rzz +r?

(2.14)

Biéu thire xac dinh céc tich vo hudng:
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ro'rlz(xz_Xl)'(xp_X1)+(y2_yl)'(yp_y1)+(zz_21)'(zp_z1);
ro'rz:(Xz_x1)'(xp_Xz)"'(yz_yl)'(yp_yz)"‘(zz_zl)'(zp_Zz);
Thanh phan téc d6 cam ¢ng tai diém P gay bai doan xody c6 16i xody khi
do s€ duoc xac dinh nhu sau:
u, = K'(rlxrz)x;
v, =K-(rp,xr,),;
W, = K'(r1xr2)z;

r r-n, r,-r,
2 2 .2 2 2 2 2
47z‘r1><r2‘ + 1y - T \/rl +, \/rz +,

Trongdo K=

Téc do cam ung gy boi cac doan xody 23, 34, 41 ctia khung xoay 1234
1én diém P (hinh 2.8) dugc xac dinh twong tu nhu voi doan xoay 12.

Toa d6 cac diém kiém tra trén mdi khung xody dugc xac dinh tir toa do
cua cac dinh t& gidc tao nén khung xody. Trong trudng hop tong quat khi 4
diém dinh cua khung xody 1234 khong nam trén mot mat phang, dé xac dinh
diém kiém tra trudc hét can chia khung xody 1234 thanh cac tam giac phang
123 va 134. Diém kiém tra trén timg tam giac phang chinh 13 trong tim ctia tam giac,
va khi d6 can sur dung thuat toan chuyén tiép dé thuc hién cac diéu kién bién

cho khung xody hinh tam giac.

i+ 2

Hinh 2.12. Diém kiém tra va véc to phap tuyén trén khung xody tr gidc
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Tuy nhién dé don gian hon khi lap trinh tinh toan, & cong doan mo phong
chia ludi bé mat vat thé nén kiém soat dé cac khung xody déu c6 hinh tir giac
va c6 cac dinh cing nam trén mot mat phang. O diéu kién khung xody thanh
phan 1234 cung nam trong mit phang va khung xody c6 hinh dang tt giac nhu
trén hinh 2.12, toa do cua diém kiém tra C(x., Y., Z. ) trén khung xoay dugc tinh

nhu sau:

_(x1+x2+x3+x4)_ _(y1+y2+y3+y4)_ _(zl+zz+z3+z4)_
Xe = Yo T Lo = 1

4 4 4

Dién tich khung xoay 1234 twong tu cling dugc xac dinh tir biéu thirc tich
co huong cua hai duong chéo khung xody tir gidc. Ki higu A, va B, 1a cac véc
to duong chéo cua tir giac 1234, khi do dién tich khung xody la:

_|AxBy.
81234_ 2 )

Va véc to phap tuyén ne trén khung xody 1234 tinh theo cong thuc:

n — A x By
K
|AK><BK|

LCQ duoc thay thé boi tong s6 khung xody 1a m=nx N , mdi khung xoay
x4c dinh duoc mot diém kiém tra, do vay so téng sé diém kiém tra trén mdi
LCQ ciing 1a m.

Piéu kién bién theo Iy thuyét XRR vé tinh chay khong thim cta dong trén
mdi LCQ 1a co sa dé thiét 1ap hé phuong trinh tuyén tinh vai an s 1a cuong do
cta cac khung xody. Ap dung diéu kién bién tai diém kiém tra thir k bat ky, k
=]-+m, ta nhan duoc:

+[Ut+uW’Vt+VW’Wt+VVVV]K . nK :O
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Nhu vay tong hop véi tat ca cac diém kiém tra trén cac khung xody cua
LCQ thu dugc hé phuong trinh gdm m phuong trinh véi m an I, viét duéi dang

ma tran nhu sau:

) m | (17 RHS,
a,, a,, - a r RHS
21 "2 7 Fam | T2 || RT2 (2.15)
a1 &no 7 @mm) (Um RHS,

Vé phai cua hé phuong trinh (2.15) 13 tong dai s6 ctia van tdc khong nhiéu
va van toc cam ang boi cac man xoay tu do xét tai diém kiém tra tha k chiéu
theo phuong phap tuyén:

RHS, =—[U,+u,,.,V,+v, W,+w, ], -n.,

Trong d6 (U, .V, ,Wt)k - 14 van té¢ dong khong nhiéu tai diém kiém tra tha
K, k =I+m. Van téc dong khong nhiéu tai mdi vi tri 1a dai lwong duoc xac dinh
bang tong dai s6 cua van toc chuyén dong quay cua CQ xung quanh truc véi
van tdc dai Up ctia TT tai vi tri diém kiém tra dang xét.

UV, ,V\/t)k =U,+oxr,

(U Vi Wyy )y - 12 vAn toc cam tng tai diém kiem tra thu k gay ra boi céc
khung xo04y trén man xody tu do thodt ra tir cac mép LCQ;

I',- 14 cudong do cua cac khung xody lién két trén LCQ.

Trong hé (2.15), cac hé s6 a,, véi k, I=1+m, dugc xac dinh tai vi tri diém
kiém tra thu k ciia khung xody tir giac theo dinh luat Bio - Savar (tinh bang céc
biéu thirc (2.12) va (2.14)). Cu thé, hé s6 a,, chinh 1a thanh phan phap tuyén
ctia van toc cam ing tai diém kiém tra thir k, gay boi khung xody tht | nam trén
14 canh quay, c6 luu sd toc 46 I'=1I:

Ay = Ay (UV, W) - Ny
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0, (U,v,w) 1a van toc cam Gng tai diém kiém tra thir k, gay béi khung
xody thir | nam trén 14 canh quay. gy (u,v,w)dugc xac dinh tuong tu

Op_1554(U,V,W) trén hinh 2.8. N, 13 véc to phap tuyén don vi tai diém kiém tra
thu k, dugce xac dinh nhu trén hinh 2.12.

MJdi phuong trinh cua hé (2.15) 1a két qua cua qua trinh 4p dung diéu kién
bién vé tinh khong chay tham tai mot diém kiém tra. Phuong trinh nay c6 thé
viét gon ¢ dang tong caa cac thanh phan dai sb. Dbi véi diém kiém tra tha k
trén LCQ, phuong trinh thir k caa hé (2.15) c6 thé viét:

m
Y a,[, =RHS,
I=1

Néu CQ c6 s6 LCQ la kg >1, tong sb xody thay thé cac bé mat LCQ trong
CQ s& 1a m.ke. Do vy sé phuong trinh va sé an caa hé phuong trinh (2.15)
cling sé& tang 1én kg lan. Khi d6 hé phuong trinh tuyén tinh x4c dinh luu s6 tc

d6 ctia cac phan tir xoay trén CQ co ke LCQ viét & dang ma tran sé la:

an Qo vt gyt Ay I, RHS,
8y  8yp vt Byt Ao I RHS,
S{ I (2.16)
Am1 Am2 Amm a‘mmkcq Fm RHSm
r RHS
amkcq 1 a'mkcq 2 amkcqm o a'mkcqucq Meq Mkeg

So sanh hé phuong trinh (2.15) va (2.16) ta thay rang & CQ c¢6 nhiéu LCQ,
khéi luong tinh toan tang 1én rat nhiéu. Hé phuong trinh (2.16) duoc thiét 1ap
trén co so tuan tha chat ché cac diéu kién bién va cac gia thiét trong 1y thuyét
xody, dong thoi phan anh dugc sy twong tac khi dong qua lai gitra cac LCQ voi
nhau trong moé hinh xoay CQ, gitra LCQ v&i cac man xoay. Theo d6, hé phuong

trinh (2.16) chi ra rang, tai mot thoi diém trén mdi diém kiém tra cua phan tir
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xody tht ij, thudc 14 canh thit Ky, V6i céc chi $6 i=1+n, j=1=N, k, =1+k, luon
c6 su tac dong cam ng gay ra bai m phan tir xoay trén chinh 14 canh thi ky, va
M- (K,, —1) phan tir xody khéc trén cac LCQ con lai ciia CQ. V6i cach thiét 1ap
nhu vay, hé phuong trinh (2.16) thé hién duoc 13 rang ban chat cua su twong
tac giira cac thanh phan khi dong trong mé hinh xody CQ, va ¢ thé phat trién
dé xay dung mé hinh tinh toan cho hé khi dong nhiéu vat.

Tir nguyén 1y thiét 1ap hé phuong trinh (2.16) cho ta thay du ddi tuong
tinh to4n 1a canh nang don gian, 14 CQ c6 nhiéu LCQ hay hé khi dong nhiéu
vat, dbi voi 1y thuyét xody luon chi dung ra duoc mot hé phuong trinh tuyén
tinh duy nhét x4c dinh cac luu s toc do cua tat ca cac phan tir xody cau tao nén
hé khi dong. S6 lugng phuong trinh, sb luwong an trong hé phuong trinh myén
tinh c6 thé thay doi nhiéu hay it tiy thudc dbi twong tinh toan, tiiy thudc sd
luong thanh phan trong hé vat dang xét.

Qua trinh thiét lap va giai cac hé phuong trinh (2.15), (2.16) trong bai toan
khong dumg dugc thiét 1ap sau mdi budc thoi gian. Sang budc thoi gian tiép
theo qua trinh d6 14p lai cho dén khi bai toan dat dugc diéu kién két thic tinh
toan dat ra.

Sau khi giai hé phuong trinh (2.15) hoac (2.16), xac dinh dugc cac gia tri
cuong do cuia mdi khung xoay lién két thanh phan, day 1a co s¢ dé tinh toan cac
dac tinh khi dong cua mo hinh canh quay, nhu chénh &p, hé sb luc nang, luc
can cam tng, cac hé s6 mé men hay mé phong cac trudng van téc cam ang,
truong ap suét. Theo Iy thuyét ciia Kutta—Joukowski, luc ap suat trén mdi khung

xo4y lién két ij dugc xac dinh nhu sau [29]:
ATij =,0~th (Fl,j _Fi—l,j )Ayu , voi i >1

(khung xoay khong nam gan ké mép trudc cia LCQ).
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O day Q,p, ld van téc nhiéu tai diém kiém tra caa khung xoay lién két
dang xét. AY; j la 6 dai trung binh canh doc theo LCQ cua khung xoay lién
két ij.

Déi véi cac khung xody nam tai mép truéc cia LCQ thi:

ATij =£-Qnh 1 j - Aij » Vol 1=1;
Tir d6 xac dinh dugc chénh ap trén khung xody lién két ij dang xét:
AT,

=
APjj AS;

AS;; 1a dign tich phan tir khung xody va duogc tinh tuong tw S,,,, trinh
bay & trén. Vé6i dac diém hoat dong ciia CQ TT ludn nam trong dong khong
dirng, moi tinh toan nam trong mdi budc thoi gian At , theo d6 sau budc thoi
gian thi nhat, tir mép sau ciia 14 canh bat d¢au hinh thanh dai xoay tu do dau tién

trugt ra phia sau theo van téc cia dong (hinh 2.13).

Mép sau canh

Ciic diém dinh
khung xoay tr do

Ciic diém dinh
khung xoay tir do

Hinh 2.13. Qua trinh hinh thanh vét xoay tai mép sau mdi LCQ
Cu thé, & budc tinh dau tién, voi mdi khung xoay lién két nam ngay tai

mép sau la canh s& hinh thanh 2 diém dinh méi ciia khung xoay tu do, 2 diém
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dinh méi nay cach mép sau canh mot khoang bang Q- At, va két hop véi 2 diém
dinh cua khung xody lién két nam tai mép sau 14 canh tao thanh khung xody tu do
d4u tién truot khoi bé mit canh.

Sang budc tinh thir hai (t-2 At ), khung xoay tu do vira hinh thanh & buéc
tinh thtr nhét s& truot vé phia sau véi van téc chuyén dong cua dong, dong thoi
tir mép sau canh ciing hinh thanh khung xoay tu do khac va bat dau thoat ra thé
vao vi tri cuia khung xody tu do thir nhat vira trugt di. Qu4 trinh nay ctr dién ra
lién tuc theo khdi lugng thoi gian tinh toan.

Pé dam bao diéu kién Traplughin — Zhukovsky - Kutta [29], cuong d6 cua
khung xo4y tu do vira thoat ra & budc tinh t bang cuong do cua khung xoay lién
két nam tai mép sau LCQ ¢ budc tinh trude do t- At :

I W, = I

T.E-At
Cong thire tinh chénh 4p trén mdi khung ludi t giac & dong khong dirng
khi d6 c¢6 thém thanh phan cuong d6 phu thudc vao thoi gian:

I .-1T.

I,J |_11-
Apjj = p [Ut+UW’Vt+VW’Wt+WW]ij i Acj J
r- .—I. .
i, ,j-1_©
+[Ut+uW,Vt+VW’Wt"'WW]ij ] JAb-- J Tal (247
ij

Trong do 7 ,7; - a cac véc to don vi tiép tuyén véi khung xoay lién két

Ij dang xét theo huong i va j cia khung xody;
Acij Abjj -12d6 dai céc canh cta khung xody lién két ttr giac theo hudng i va j;

0

af ij” 1a sy thay ddi cudong d6 cua khung xody ttr giac ij theo thoi gian;

Dai lugng nay duogc xac dinh theo cong thure nhu sau:
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t t—At
o i

ot Y At

Biét dugc gia tri chénh ap trén khung ttr giac, s& xac dinh dwoc luc ap sut

tac dong 1én bé mat khung, va tir gia tri caa luc ap suat, xac dinh dugc cac dic
trung khi dong khéc cua canh quay:
AT, = —(Ap-AS)ij N

Luc khi dong tao bai CQ 1a tong cua cac luc thanh phan tao boi cac khung
ludi tr giac.
Keg N n

T= Z ZZATUKX

ky=1i=1 j=1
Hé sb luc kéo CQ Cr duge xac dinh tir thanh phan theo hudng Z cua luc
khi dong T:
T
C =1
T 27R?

Doi vaoi sy hinh thanh ctia cac man xody tu do, nhu da noéi ¢ trén, cac

khung xody tu do s& chuyén dong cung véi cac phan tir cia dong véi van téc
bang van toc cuc bo tinh tai mdi diém dinh goc ctua khung xoay tu do trong hé
toa do toan cuc OXYZ. Va nhu vay sau mdi budc thoi gian, phan tir xody sé
chuyén dong mot quing duong bang:
(AX, Ay, Az), = (u,v,w), - At (2.18)
Trong mdi budc thoi gian, cac xody tu do cii (& budc tinh thoi gian trudc)
mét di, man xoay tu do mai (& budce tinh thoi gian hién tai) dugc hinh thanh.
Qua trinh dién ra lién tuc va lip lai lam cho vi tri tuong dbi gifra cac man xody
tu do va cac diém tinh toan dang xét cling lién tuc thay d6i. Do vay cac yéu cau
tinh toan cac hé s6 va cac gia tri bén vé phai cta cac hé phuong trinh (2.15) va
(2.16) sau mdi budc thoi gian 13p lai lién tuc. DAy chinh 13 nguyén nhan lam

khéi lwong tinh toan cua bai toan ting nhanh theo cip sé nhan.
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Céc két qua dua ra qua cac tinh todn tir mod hinh xoay CQ dua trén céc

kich thuéc tham chiéu 13 ban kinh R cua LCQ, van toc dau mut LCQ wR va
dién tich quét CQ, F=1R’.

2.3. Xay dung m6 hinh xoay CQ - Than truc thing

Khi nghién ctru dong chay bao mot vat thé 3D c6 hinh dang bat ky bang
cach tiép can sir dung phuong phap xody roi rac v6i phan tir xody co dang
Khung kin tur giac, bé mat vat thé dugc chia nhé va dugc thay thé béng cac
khung xody lién két c6 cuong do thay d6i. Moi trudng xung quanh vat thé 1a
truong thé. O day, mo hinh than truc thing 3D duoc chia ludi theo cac gan doc,
gan ngang, tao ra cac ludi t giac (hinh 2.14). Cac luéi t giac dugc thay thé
bang cac cung xody lién két nam cung vi tri vi cac 1udi tir gidc. Theo nguyén
tac cta 1y thuyét xody, trén bé mit cua than truc thing 3D can thoa man diéu
kién bién vé tinh khong chay thau:

V(®, +¢,)-n=0 (2.19)

Trong d6 @, 1a thé cua dong chay toi, ¢, 1a thé ciia dong nhiéu, va n
1a véc to phap tuyén voi bé mat vat thé.

Mo hinh xody CQ — Than TT gdm hai thanh phan chinh 1a CQ va than TT,
do vay ciing bao gdm hai hé théng xody lién két hinh tir giac thay thé cho bé
mit LCQ va bé mat than TT. Hai hé thong xody nay tac dong qua lai 1dn nhau
thé hién sy anh huéng cam tng khi dong giita CQ va than TT. Tai mdi diém
trén bé mat than TT dong thoi thoa man quy tic khong chay thau tuong ty nhu
d3 ap dung trén bé mit cac LCQ trong cung mdt thoi diém. Trong khuon khod
luadn an dinh hudéng nghién ctru danh gia anh hudng tuong tac cam Umg tur than
1én CQ ma khong nghién ctru truc tiép dong chay bao than TT. Do vay ¢ day
str dung gia thiét khong c6 sy hinh thanh man xo4y tu do khi dong khi chay bao
qua than TT. Nhin chung trén thé gi6i, khi nghién ctru dong chay bao vat thé
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c6 thé tich bang phuong phap xody, cac tac gia cling dung lai ¢ gia thiét nay.
Trong truong hop can xét dén su hinh thanh man xoay ty do sau than TT, mot
bai toan kho dat ra d6 1a xac dinh vi tri thoét ra cia man xoay tu do trén bé mat
than TT. Pay 1a van dé phuc tap, va cho t6i nay co rét it cic cong trinh nghién
ctru trén thé giGi lién quan dén van dé nay dugc cong bd. Cach tiép can chu yéu
dé du doan vi tri thoat ra cia man xoay hién nay 1a tién hanh thtr nghiém hozc
str dung phuong phap “thoi 40” trén phan mém Ansys. Trong nhiéu nghién ctu
khi dong luc hoc bang phuong phap xody, céc tac gia thuong sir dung gia thuyét
da biét trudc vi tri thoat ra cia man xoay ty do. Boi voi ddi tuong tinh toan 13
canh ning, thong thudng vi tri tach dong duoc gia thiét 1a cac mép cia canh.

Trong mé hinh xody CQ — Than TT cuia luén &n, mé hinh than TT 3D dugc
md hinh hoa boi M khung xody lién két, M=ng, X Ngq, Ngn 12 s6 khung xoay chia
theo hudng truc y va Ngq 12 s6 khung xoay chia theo huéng truc X (hinh 2.14).
S6 luong cac khung xody tir giac thay thé bé mit than TT dugc 1dy dya trén co
sO can bang cac yéu to vé diéu kién hoi tu va giam thiéu khéi lugng tinh toan
[63]. Than TT nam bén dudi mit phang canh quay, vi tri twong dbi gitta CQ va
than TT duogc xac dinh bang khoang cach h tinh tir bé mat co sé trén than TT
dén mit phang quay ctia CQ, va khoang cach L1 tinh tir tim CQ dén dau mii
trudc cua than.

L1

Canh q.u ay A

Than Truc thang
|

-0.5 0 0.5 1
X

Hinh 2.14. M6 hinh CQ — Than

0.4




o1

Than tryc thing nam trong hé khi dong CQ - Than dugc tip trung xem xét
theo hudng gay anh huong cam ung 1€n sy lam viéc cua CQ. Cac khung xoay
lién két thay thé bé mit than truc thing s& tao ra cac tuong tac cam tng vdi cac
khung xo4y niam trén céc 14 canh cua CQ. Tuong tmg véi sd luong khung xody
lién két, trén bé mat than TT cling co6 M diém kiém tra, duoc xac dinh vi tri dua
trén nguyén tic tuong tu nhu dbi véi cac diém kiém tra trén CQ. Nhu vay voi
viéc CQ dugc thay thé boi m khung xody tir gidc nhu mé ta & muc 2.2, mod hinh
xoay CQ — Than TT c6 tong s6 khung xoay 1a m+M . Pay ciing 14 s6 luong
diém kiém tra ciia mo hinh xody CQ — Than TT.

Ap dung diéu kién bién theo 1y thuyét XRR vé tinh chay khong tham cua
dong tai diém kiém tra thir k bat ky trong mé hinh xody CQ — Than TT, véi k
=1+m+M, ta nhan duoc:

— cQ cQ cQ CcQ

Th
+..+akmem |

Th
+ mal | m+M

m+3

Th
+ ymol |

m+2

Famiad mi
+[Ut+uW’Vt+VW’Wt+VVVV]K : nK == O
Khi d6 hé phuong trinh tuyén tinh xac dinh cuong d6 ctia cac xody trong

hé khi dong da vat CQ — Than viét & dang ma tran sé dugc mo rong rat nhiéu:

{(Anmm (Azw} (7). _{(Blm} (.20

(A3)Mxm (A4)M><M (FTh)Mxl (Bz)Mxl

ay, a, - A Fl RHSl
V6i Al= Ay Ay Ay, . 0 _ Fz . Bl= RHSz .

A Qny Ay Fm RHSm

Trong hé phuong trinh (2.20), cic ma tran hé sb Al, B1 thé hién cac tac
dong cua cac xody lién két trén bé mit CQ tai cac diém kiém tra nam trén chinh

CQ. Ma tran 4n 7 1a luu s6 toc d6 ctia cac xody lién két thay thé bé mit CQ.
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Cac ma tran hé s6 A2, A3, A4, '™ B2 md ta cac tac dong khi dong lién quan
dén cac xoay lién két trén bé mat than TT. Cu thé A2 1a ma tran hé s tao ra boi
cac khung xoay lién két trén than TT gy ra van tbc cam ng tai cac diém kiém
tra nam trén CQ. A3 1a ma tran hé sb ctia cac khung xody lién két trén CQ gy
ra van toc cam Ung tai cac diém kiém tra nam trén than TT. A4 13 ma tran hé sd
ctia cac khung xody lién két trén than TT tao ra van tdc cam tmg tai chinh cac
diém kiém tra nam trén nd. 7™ 1a ma tran luu s6 toe d6 cac khung xody lién két
thay thé bé mit than, va B2 1a ma tran hé sd xac dinh béi cc thanh phan phap
tuyén cua tong van toc khong nhidu véi van tde cam Gmg tir cac xoay tu do tai
cac diém kiém tra nam trén than TT.

Cach xéac dinh chi tiét cac ma tran hé s6 A2, A3, A4, I'™, B2 duoc trinh
bay trong Phu lyc 1. R rang khi xét dén sy anh hudng cta than TT toi dic tinh
khi dong ctiia CQ, hé phuong trinh tuyén tinh xac dinh cuong do xoay di mo
rong ra rat nhiéu. Piéu d6 co nghia 14 khdi luong tinh toan trong mo hinh khi
dong da vat so vdi mo hinh toan cia doi twong don 1¢ ciing ting 1én nhiéu lan.

Hé phuong trinh (2.20) m6 ta hé khi dong hai thanh phan 1a CQ truc thing
c6 mot LCQ va Than tryc thang 3D. Dbi véi CQ co nhiéu LCQ (s6 LCQ 14 Keq)
thi cac thanh phan trong hé (2.20) mé ta tac dong cam tng cua cac xody trén
CQ (A1, BI va 1) s& duogc thay thé boi cac phan tir 14y tuwong Gng tir hé
phuong trinh (2.16).

Sau khi giai hé phuong trinh (2.20), xac dinh duoc cac luu s6 toc do cua
cac khung xody lién két trén than TT va trén CQ. Dé xac dinh cac dic trung khi
dong cua CQ nhu chénh ap, cac luc khi dong va hé s6 khi dong, vi tri cic man
xoay tu do sau LCQ,... st dung cac biéu thuc tinh toan tuong ty nhu trong mo

hinh xody CQ & muc 2.2.
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2.4. Xay dung mo hinh xoay CQ va mo hinh xoay CQ — Than TT trong
diéu kién cé twong tac véi cac doi twong khac

Trong thyc té hoat dong, TT thudng xuyén c6 cac chuyén bay bén trong
thanh phd, bén canh cac nha cao tang, bay trong cac ving ddi nui, thung ling
va chiu tac dong cam Gng tir cac bé mat dia hinh 16i 16m phuc tap. Khi bay
trong d6i hinh hoic bay trong cac nhiém vu hon hop, TT ciing chiu tac dong
cam &ng tir cac khi cu bay khac. Dé nghién ciru céc tac dong tuong tac tir bén
ngoai nhu vay d6i véi DTKD ciia TT, chi sir dung mo hinh todn CQ don 1é
hoic mé hinh toan CQ — Than TT 1a khong du. Véi cach tiép can xay dung mé
hinh bang phuong phap XRR c6 cac phan tir xody dang khung tir giac da trinh
bay & trén, c6 thé xay dung duoc nhiéu mo hinh cho nhiéu bai toan twong tic
da vat khac nhau, nhu mé6 hinh CQ — Than — Toa nha, CQ — Than — Khi cu bay,
CQ — Than — Mat giai han...

Céc mo hinh xoay CQ — Mt gi61 han va mo6 hinh xody CQ — Than — Mt
gidi han xay dung trong cac phan dudi ddy 13 mot trong cac mé hinh nhu vay.
Trong d6 mit gidi han dong vai tro dai dién cho cac dbi twong twong tac bén
ngoai khac d6i voi TT. Cac mé hinh lién hop nay thé hién kha ning phat trién
mod hinh xoay CQ va mé hinh xody CQ — Than TT dé giai quyét cac bai toan
nghién ctru anh huong cua cac doi tugng bén ngoai toi PTKD ctia TT trong cac
diéu kién bay cuy thé.

2.4.1. Xdy dung mo hinh xody CQ — Mgt gioi han

Khi TT bay gan mat dat ving khong khi ¢ dudi CQ bi don ép, dong khi
sau khi va dap vao cac bé mit cia canh quay, bé mat caa than truc thang, s¢€
huéng xudng dudi bé mat dia hinh (mat dat hay mat nuée), sau do6 lai phan xa
1én va tuwong tac v&i bé miat canh quay va than vo truc thing tao ra mot ving
dém khi cao 4p ma tai d6 truc thing dugc bd sung thém mot luong luc ning

tuong d6i lon. Do chinh 1a co ché hoat dong cua hiéu ung mat dat (Ground
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effect) va hiéu tmg nay chi c¢6 xuat hién khi TT hoat dong trong khoang d6 cao
nhat dinh.

C6 thé nghién ctru hiéu ng mat dat bang nhiéu phuong phap, tuy nhién
str dung phuong phap xoay 1a mot trong nhiing cach tiép cin kha phd bién. Vi
mo hinh CQ hoat dong & gr?m mit dat hodc cic mit gi61 han, hi€u tng mat dat
c6 thé duoc tinh toan bang phuong phap xody roi rac theo 2 cach:

Céch tiép can thir nhét: Str dung phuong phap dbi xtmg guong, ddy 1a mot

phuong phap kinh dién, duoc dé cap nhiéu trong rat nhiéu cac tai liéu vé ly
thuyét xoay cua Belasherkovsky S. M [63],[64],[65]. Khi d¢6 mdi doan xoay,
khung xoay md phong canh nang va vét xody cua né sé duoc ly dbi xing
guong qua bé mat gidi han. Nhu trong hinh 2.15 md ta nguyén tac 1ay d6i xtng

guong clia canh nang qua mit gidi han 1a mat phang Oxy.

z A

py P Anh d6i ximg
/s i cia cinh ning

Hinh 2.15. Nghién ctru hiéu tmg mit dét trén nguyén 1y dbi ximg guong
Véi cach 1am nay, tham gia vao qua trinh tinh toan s& bao gdm cé hé xoay
ctia canh nang thyc va hé xody ciia canh nang anh. Tuy nhién cach tiép can sir
dung phuong phap ddi xting guong chi st dung duoc khi mit gii han ¢ hinh

dang phang, va c¢6 chiéu rdng vo han (mat dat, mat nudc). Con do1 véi cac mat
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gidi han c6 hinh dang phire tap (gd gé, 16i 16m) hodc co kich thude hiru han
nhét dinh thi cach tiép can nay s€ khong thyc hién dugc.

Céch tiép can tha hai: Hién nay dang duoc dung phd bién hon, khic phuc

dugc cac thiéu khuyét ciia cach thtr nhit, md phong cic bé mit gii han bang
hé thdng cac doan xoay, hay khung xody gidng nhu cac canh quay nang [63].
Khi d6 trén cic bé mat gi61 han can bo sung thém cac diém kiém tra, ma tai d6
thoa mén diéu kién khong chay thim. Véi cach 1am nay c6 thé mé phong va
x€t anh hudng duoc tat ca cac bé mit g161 han c6 hinh dang tor don gian dén
phtc tap, co kich thudc tir nhé dén 16m. Tuy nhién thuc hién theo cach thir hai
nay s& lam ting kich thudc hé phuong trinh can giai, qua d6 ting khéi luong
tinh toan 1én rat nhiéu lan.

Ngay nay vdi sy phat trién ctia khoa hoc cong nghé, cic may tinh c6 kha
ning dam nhiém tinh toan cho nhimg khéi cong viéc rat 1on, va dap tng yéu
cau mo phong sb cho nhitng bai toan phirc tap. Viéc sir dung cach thi 2 nhu
noi trén dé giai cac bai toan khi dong c6 hiéu tng mat dat, khao sat anh hudng
clia cac bé mit gidi han dang 13 xu thé tat yéu.

Mo hinh CQ xét t&1 anh hudng ctia hi€u ing mat dat s& c6 su tham gia clia

hé thdng xody md phong hinh dang ctia mit gidi han (hinh 2.16).

h2 —

Hinh 2.16. M6 hinh CQ - Mit gi61 han
O day tac gia luan an sir dung cach tiép can thir hai nhu phan tich & trén
dé nghién ctu anh hudng cua dia hinh (mat gioi han) dén dac trung khi dong
cua CQTT. Nhu vay mat gi61 han trong moé hinh khao sat s€ dugc thay thé boi

hé thdng cac khung xoay lién két twong Gmg. Mit giéi han trong mo hinh ¢6 vi
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tri trong ddi véi CQ duoc xac dinh thong qua tham sé khoang cach hy, tinh tir
mit phang canh quay dén mat giéi han va c6 dién tich Spgh.

Bﬁng cach tiép can va xay dung cac ma tran hé s6 mot cach tuong tu mo
hinh xody CQ — Théan TT, hé phuong trinh tuyén tinh xac dinh cuong do cua
cac xody trong hé khi dong da vat CQ - Mat gidi han nhu sau:

{(Al)mxm (cz)m}X (7)., _{(Bl)mxl} (2.21)

(C3), (€4, | () |7L(B3)

Lxm LxL Lx1

Lx1

Trong biéu thirc (2.21) cac ma tran C; (i=2+4), 77, B3 dugc tinh toan
tir cac phan tir xody mo phong mat gidi han. Chi s L thé hién sb luong cac
phan tir xoay thay thé cho kich thudc cta mit gidi han. Cach xac dinh cac ma
tran hé sé C; duoc trinh bay cu thé trong Phu luc 1.

Péi véi CQ c6 nhicu LCQ (s6 LCQ 1a kyq) thi cac thanh phan trong hé
(2.21) mé ta tdc dong cam Ung cua cac xody trén CQ (A1, BI va I"?) s€ dugc
thay thé bai cac phan tir 1y twong tng tir hé phuong trinh (2.16).

Giai hé phuong trinh (2.21), xac dinh dugc cac luu sé toe do ciia cac khung
xody lién két thay thé MGH va thay thé CQ. Pé xac dinh cac dic trung khi
dong cua CQ nhu chénh 4p, céac luc khi dong va h¢ s6 khi dong, vi tri cac man
xoay tu do sau LCQ,... sir dung cac biéu thirc tinh toan tuong tu nhu trong mo
hinh xody CQ xay dung ¢ muc 2.2.

2.4.2. Xay dung mo hinh xody CQ — Thin TT - Mat gio1 hgn

Trong muc 2.4.1 tac gia luan an da xay dung mo hinh tinh toan anh huéng
cua hiéu tng mat dat vai TT chi ¢6 CQ. Tuy nhién hiéu tng mit dat trong mo
hinh TT ¢6 ca CQ va than c6 thé tao ra sy khac biét trong su chuyén dong cua
dong khi bén dudi CQ, gay anh huéng téi dac trung khi dong cua CQ. Trong
mo hinh TT c¢6 than bén duéi CQ, khi TT bay gan MGH, dong khi phan xa tir
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MGH ngoai viéc twong tac voi mat phang quay caa CQ, con va dap véi bé mat
than TT, tao ra hiéu rng dém khi khac so véi mo hinh TT chi c6 CQ.

— Thin TT

h2 /dM.;itgié‘i han

Hinh 2.17. M6 hinh CQ — Than TT — MGH

Trong muc ndy, trén co s& md hinh xody CQ — Than TT d4 xay dung, tién
hanh phat trién thanh mé hinh CQ — Than — Mt gidi han dé nghién ctru khao
sat anh huong cua hiéu tng mat dat, va anh hudng cia cac tham sb hinh dang
dia hinh dén dic trung khi dong ctia CQTT khi ha canh. M6 hinh CQ va Than
TT c6 kich thude hinh hoc tuong tu trong muc 2.3 cia chuong nay, Than TT
dat dudi CQ 6 khoang cach h=0.35R (hinh 2.14). Khoang cach tir mat gidi han
(MGH) t6i mit phang quay ctia CQ ki hiéu 14 h,.

Puoc phat trién va két hop tir hai mé hinh xody CQ — Than TT va mé hinh
xoay CQ — Mt gidi han, do vay h¢ phuong trinh tuyén tinh x4c dinh luu sb toc
do cua cac xoay trong h¢ khi dong da vat CQ — Than - Mat gidi han dugc xay
dung tuong tu biéu thire (2.20), (2.21). Theo d6 cic ma tran hé s6 A2, A3, A4
va B2 dugc tinh todn tir hé xo0dy trén than TT va sy tuong tac gitra hé xoay trén
than véi cac hé xoay trén CQ, trén MGH. Céc ma tran hé s6 Ci (i=1+5) va B3
dugc xac dinh bdi h¢ xoay mo td MGH va sy tuong tac ciia n6 voi cac hé xoay
trén CQ, trén than TT. Cac ma tran an IR, ™, ™ 13 Tuu sb toc do cua cac
phz‘in tir xody trén cac h¢ xody thay thé bé mat CQ, bé mat than TT va bé mit
MGH. Cach xéc dinh chi tiét cac hé sb trong cac ma tran dugc trinh bay trong

phu luc 1.
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(A1), (A2 (€] |l [(e1),.

( 3)M><m (A4)M><M (Cl)MxL X (rTh)Mxl - (BZ)Mxl (2.22)
(CB)Lxm (CS)LXM (C )L><L ([‘Mgh)LXl (BB)Lxl

Péi véi CQ ¢6 nhidu LCQ (s LCQ 1a Keq) thi cac thanh phan trong hé

prg
N

(2.22) mo ta thc dong cam g cua cac xody trén CQ (AL, BI va I"°%) s& duoc
thay thé bai cac phan tir ldy twong tmg tir hé phuong trinh (2.16).

Giai hé phuong trinh (2.22), xac dinh dugc cac luu sé toe d6 ciia cac khung
xody lién két trén CQ, trén than TT va cac khung xoay lién két thay thé MGH.
Pé xac dinh cac dic trung khi dong cuia CQ nhu chénh ap, cac luc khi dong va
hé s6 khi dong, vi tri cac man xody tu do sau LCQ,... st dung cac biéu thirc tinh

toan tuong tu nhu trong mo6 hinh xody CQ xay dung ¢ muc 2.2.

K¢ét luan chwong 2

- Chuong 2 trinh bay khai quat nguyén 1y hoat dong va cac tham so khi
dong chinh cua tryc thing. Trén co so khéi kién thuc vé 1y thuyét xoay, tién
hanh xay dung mé hinh xody CQ c¢6 mét hay nhiéu LCQ, xay duyng md hinh
x0dy CQ c6 xét dén anh hudng cua than truc thang dang 3D va anh hudng cua
mat giGi han. Phuong phép sir dung dé xay dung mé hinh 1a XRR véi phan tir
xody dang khung ttr gidc, c6 xét dén cac hiéu tng khuéch tan xody trong khong gian.

- M6 hinh xo0ay CQ - Than duoc xay dung bang phuong phap XRR khung
xoay kin, trén co s mo6 hinh xoay CQ, phan anh duoc Su tuong tac cam ung
qua lai gitra cac LCQ trong CQ, gitra man xoay tu do véi cac LCQ, gitra CQ
Véi than va gitra cac man xoay tu do vai than truc thang.

- M6 hinh x0dy CQ — MGH va mo6 hinh xoay CQ — Than — MGH duoc
xay dung véi cac muc dich khao sat anh hudng cia mat gidi han toi BPTKD cua
TT, dong thoi dung dé hd tro kiém ching cac md hinh toan di xdy dung. Vi

cach tiép can xay dung mé hinh bang phuong phap XRR khung xo4y kin nhu
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trong luan 4n, co thé xay dung dugc mé hinh toan ctia mot hé khi dong da vat
bat ky vai nhiéu thanh phan, twong ty nhu hé CQ — Than — MGH.

- Qua viéc mo6 phong hinh dang cuda than truc thang va cta mat gidi han
bang cac khung xoay lién két tir giac va nghién ctru xac dinh dugc tac dong anh
huong cua cac khung xody lién két nay dén kha nang tao luc nang cua CQ, cho
thay rang phuong phap XRR véi khung xoay kin hoan toan cé thé dung dé

nghién cttu, mdé phong dong chay bao vat thé 3D.
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Chuwong 3. NGHIEN CU'U KIEM CHUNG CAC MO HINH TOAN

Trong chuong 2 da trinh bay co so 1i thuyét va phuong phap xay dung mo
hinh toan mé ta cac van dé khoa hoc dit ra trong luan an. Pay 1a nén tang khoa
hoc viing chéc, tir d6 tao ra duoc cong cu tinh todn phuc vu cdc muc tiéu nghién
ctru trong ludn an. Pé st dung cac mo hinh toan hoc nay cho céc tinh toan khao
sat van dé cta ludn an, viée kiém chimg dg chinh x4c ctia mo hinh toan hoc la
can thiét va c6 ¥ nghia quan trong. Noi dung nay duoc xéac dinh 1a van dé trong
tam ma chuong 3 hudng téi giai quyét. Phuong phap kiém chimg ma tac gia
luan &n lya chon 1a 4p dung tinh toan vai cac bai toan riéng 1€, ing véi cac diéu
kién hoat dong khac nhau cua TT. Qua trinh kiém chirng d6 chinh xac duogc
thuc hién qua viéc so sanh két qua tinh toan voi sb lidu tir cac cong trinh da
cong bd trén céc tap chi khoa hoc uy tin, hodc stir dung phuwong phép tinh toan
song song, qua d6 khang dinh db tin cdy cua cac mo hinh va cong cu tinh toan

da xay dung.

3.1. Phwong phap kiém nghiém két qua ciia mé hinh tinh toan

Trong linh vyc nghién ctru khi dong luc hoc, viéc xay dung cac mo hinh
toan hoc dé mo ta hoat dong cua cac KCB dugc rat nhiéu cac nha khoa hoa trén
thé gi6i thuc hién. Pong thoi cling ¢6 nhiéu phuong phap dé kiém ching tinh
dung dan ciia cac mo hinh toan. Cac phuong phép truyén thong duoc st dung
tuong dbi phé bién la phuong phap thuc nghi¢m hodc ban thyc nghi€ém. Trong
phuong phap thuc nghiém nguoi ta tién hanh truc tiép cac thi nghiém trén ddi
tugng nghién ctru, dong thoi str dung hé thong do luong dé thu cac sd liéu can
thiét. Tur s6 liéu do trén d6i tuong thuc, ddi chiéu kiém tra véi cac dir liéu co
dugc tir md hinh tinh toan 1y thuyét. Bang cach nay c6 thé danh gia duoc tinh
chinh x4c cua mo hinh toan da xay dung.

Phuong phap ban thuc nghiém can xdy dung mot mé hinh ¢6 quy mé nho

hon, don gian hon md hinh thuc song can dap Gng céc yéu cau twong duong
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theo cac chuén nhat dinh nao d6 va tién hanh cac thi nghiém do dac tham 36
trén mo hinh nay (hinh 3.1). Pdi voi linh vuce khi dong lyc hoc, mo hinh thu
nhé cua KCB thuc s€ dugc dat vao trong thiét bi 6ng khi dong va st dung cac
thiét bi do, theo mot phuong phap do xac dinh dé léy s6 liéu. Pdi chiéu sb liéu
¢6 duge tir mod hinh thu nho véi cac két qua tir mo hinh tinh toan 1y thuyét, trén
co s¢ d6 dua ra cac danh gia d6i v6i mé hinh toan hoc da xay dung. Cac phuong
phap truyén thdng dugc rat nhidu cac nha khoa hoc trén thé gidi sir dung, tiéu

biéu nhu trong cac cong trinh [26],[33],[78],[90]...
. I -

Hinh 3.1. M6 hinh truc thing Dauphine trong ng khi dong [26]

Song song voi phuong phap kiém chimg két qua truyén thong, ngay nay
cing voi su phat trién cua khoa hoc cong nghé xuét hién nhiéu cach tiép can
khac dé kiém chimg mé hinh toan. Sir dung phuong phap mé phong CFD 1a
mot trong s6 cac cach tiép can hién nay duoc nhiéu khoa hoc tmg dung (hinh
3.2). CFD - Computational Fluid Dynamics: Pay 1a mét linh vuc khoa hoc st
dung phuong phép s6 két hop véi cong nghé md phong trén méy tinh dé giai
quyét cac bai toan lién quan dén dic tinh chuyén dong, dic tinh Iy hoa, dic tinh

bén, dic tinh nhiét dong, dac tinh dong hoc, ddc tinh dong luc hoc hay dac tinh
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khi dong Iuc hoc, dac tinh luc va md men tuong tac ctia moi truong. Viéc ap
dung phuong phap kiém chimg CED phu thudc vao timg dbi tuong va pham vi
cu thé cua tung van dé, tung linh vuc khoa hoc. Pé kiém chirng mo6 hinh toan
1y thuyét, CFD duoc dung nhu mot phwong phap “thuc nghiém a0”, mot cach
tinh khac, doc 1ap va khach quan dé so sanh két qua. Pay ciing 1a cach tiép can
ma cac tac gia cia cac cong trinh [32],[33],[34],[75]... sit dung va ngay cang

trg thanh xu thé nghién ctru hién nay.

Hinh 3.2. M6 phong man xody sau CQ tryc thing bang phuong phap CFD
theo chuan Q [34]

Ngoai cac phuong phap ké trén, mot phuong phap kiém ching mé hinh
toan khac ciling dugc nhiéu nha khoa hoc ap dung. 6 1a so sanh ddi chiéu két
qua tinh toan tir md hinh 1y thuyét mudén kiém chtng voi két qua dat dugc tir
cac cong trinh khoa hoc dd cong bd trén cac tap chi khoa hoc uy tin trén thé
gidi. Mot cong trinh nghién ctru duoc cong bb trén cac tap chi khoa hoc uy tin
diéu d6 ddng nghia voi viée ndi dung khoa hoc trong cong trinh d6 duoc cong
déng céc nha khoa hoc kiém ching, chép thuén, va thé hién ré‘mg mo hinh toan

trong cong trinh d6 ddm bdo tinh chinh xac, khoa hoc. Khi mt mo hinh tinh
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toan 1y thuyét méi duoc xay dung ma két qua tinh toan tir d6 c6 su tuong dong
v6i két qua tinh toan tir cong trinh da duoc kiém ching, duge chap nhén (cong
trinh da cong bd trén céc tap chi khoa hoc uy tin), thi cling c6 thé két luan vé
tinh chinh x4c va do tin cdy ctia mé hinh tinh toan 1y thuyét muén kiém chimg
(hinh 3.3). Pay ciing 14 cach tiép can cta nhiéu nha khoa Nga nhu Ignatkin
U.M [74],[75],[76]..., Moshar P.1 [87],[88],[89]..., va Sheglova V. M [92+96].

McAlister, 2003
Martin, 2001
~——— \I6 hinh Lamb-Oseen
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Goc quay, [do]
Hinh 3.3 So sanh sy thay doi ban kinh 15i xody trong cc mo hinh khuéch tan
xoay [33]

Trén co sé nghién ctiru vé& xu hudng st dung phuong phap kiém chimg mo
hinh toan hoc trén thé €161 hién nay va cac diéu kién thyc tién khéc, trong luan
an nay, tac gia luan an dinh hudéng sir dung phuong phap CFD két hop véi
phuong phép so sanh d6i chiéu véi moé hinh toan cta cac cong trinh di duoc
cong bo trén tap chi khoa hoc uy tin dé kiém ching cdc mé hinh toan xay dung
dugc trong chuong 2. M6 hinh xody canh quay phi tuyén khong dimg sau day
goi 1a mo hinh xoay CQ va mé hinh xody canh quay phi tuyén khong dimg xét

dén anh huong cua than tryc thiang sau ddy goi 1a mé hinh xody CQ — Than.



64

3.2. Kiém tra hdi tu mé hinh toan

3.2.1. So dé thudt todn mé hinh xody CQ

Trén co s& 1y thuyét XRR khung xody kin va md hinh toan xay dung &
Chuong 2, thuc hién viét chuwong trinh tinh toan khi dong CQTT trén nén phan

mém Matlab 2016 véi so do thuat toan chuong trinh nhu sau:

/ Piéu kién bay /

v

/ Nhip s liéu /

Xic dinh toa d6 cdc la cinh quay, toa d6 cac diém
kiém tra, toa d0 cic xoay lién ket va ty do

Tinh toan cic hé sé vé trai va vé phai cia hé phwong trinh
xdc dinh hea s6 toc d6 caa cic xody lien két va twe do

¥

Giai hé phwong trinh tim hea so toc 36 cia
cdc xody lién két va twe do

¥

Xic dinh tai khi d6ng, cic hé s hye va mé
men khi ding

t+At

Sai

Hinh 3.4. So d6 thuat toan xac dinh cac dic trung khi dong CQ
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Trong so dd tinh toan hinh 3.4, khdi Iénh “Piéu kién bay” bao gdém céc
lénh nhap théng tin vé van téc chuyén dong cia CQ, goc va hudng chuyén
dong, khai bao tham sé van tdc goc, cac tham sd diéu kién moi truong. . .;

Khdi 1énh “Nhap s6 liéu” thuc hién cac chtc ning khai bao cac tham sb
hinh hoc ctia CQ nhu ban kinh LCQ, s6 LCQ, goc 1ap LCQ, day cung LCQ,
ban kinh truc quay, sé dai xody va sb xody qui dinh theo sai va theo day cung
LCQ; Tién hanh dinh nghia thoi gian tinh toan thong qua viéc khai bao s6 budc
tinh va gia tri thoi gian trong mdi budc tinh. Trong khdi Iénh nay ciing thuc
hién cac cong viéc nhap dit liéu toa d caa cac nat xody lién két trén cac LCQ,
toa d6 cac diém kiém tra, toa do véc to phap tuyén don vi tai mdi diém kiém
tra cta cac khung xody lién két & budc thoi gian tinh trude do.

Khéi lénh “Xac dinh toa do céac 14 canh quay, toa do cac diém kiém tra,
toa d§ cac xoay lién két va ty do” dung dé tinh toan céc toa do cua céc X04y
trén mdi LCQ va trén cic man xoay trong budc thoi gian dang xét. Cac diém
kiém tra dugc xac dinh trén co sé cac toa do xody lién két da biét.

Trén co s& cac toa dd xoay lién két va tu do, két hop véi cac tham sb khai
bao trong khoi 1énh “Nhap s6 liéu”, qua trinh tinh todn cac hé s6 vé trai va vé
phai caa hé phuong trinh co ban xac dinh luu sb toe do cac xoay duoc thé hién
trong khoi 1énh “Tinh toan cac hé s6 vé trai va vé phai ciia hé phuong trinh xac
dinh luu sb tdc do cua cac xoay tu do va lién két”. Cac hé sb cua hé phuong
trinh dugc xac dinh dya trén diéu kién bién vé tinh khong chay thiu cia dong
tai mdi diém kiém tra trén cac bé mat ca cac LCQ.

Khéi lénh “Giai hé phuong trinh tim luu s6 toc do ciia cac xoay lién két
va ty do” tién hanh cac budc giai hé phuong trinh tuyén tinh nhiéu an. Luu s
tdc do cua cac x04y tu do dugc xac dinh thong qua luu sb toc do cua cac X04y
lién két da biét nho diéu kién Traplughin — Zhukovsky - Kutta ap dung tai mép

sau moi LCQ, vi tri ma cic man xoay tu do thoét ra.
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Khéi Iénh “Xac dinh tai khi dong, cac hé s6 luc va mdé men khi dong”
dong vai tro tinh toan cac két qua dau ra can thiét theo yéu cau cua timg bai
toan. Biét dugc luu sd toc do cua cac x04ay, co thé tinh toan duoc cac dic trung
khi dong khac nhau cua canh quay, bao gdm ca viéc tinh toan truong toc do
cam ung, mo phong cac man xody...

“Piéu kién hoi tu” dugc thyuc hién théng qua tham sd Ae 1a ti s6 giita hiéu
cua tham s khi dong tinh & cac budc thoi gian lién ké va tham sé khi dong &
Ci-C*

—— . Trong cidc md hinh cua luin én,
-

budc thoi gian trude d6, As =

chuong trinh tinh toan dugc cho 1a hoi tu khi Ae<0.001.

3.2.2. Kiém tra h@i tu mé hinh todn

Khi sir dung phuong phap sé dé xdy dung mé hinh tinh toan cho mot doi
tugng nao do6 trén co sd Iy thuyét xody roi rac thi viéc khao sat kiém tra do hoi
tu ctia md hinh 1a mot trong nhirng ndi dung quan trong can thuc hién. Déi voi
m6 hinh xody CQ, theo Belosherkovsky S. M [63], kiém tra hoi tu mé hinh
dugc thuc hién trén co s& danh gia mat do chia ludi LCQ va danh gia do 1on
budc thoi gian tinh toan. Va béng cac tinh toan khao sat voi diéu kién cu thé
Belosherkovsky S. M da chimg minh duoc rang d6i véi mat do ludi LCQ ¢6 sd
dai xody N>8 va s6 xoay n>4+5 (N, n nhu mo ta trén hinh 2.7) thi mé hinh xoay
CQ c6 su hoi ty tét. Sy hoi tu theo mat do chia lugi khong phu thudc nhidu vao
s6 luong LCQ trong mé hinh CQ. Nguoc lai danh gia hoi tu theo d6 16n bude
thoi gian tinh toan phu thudc sé luong LCQ trong mo hinh CQ. Theo d6 véi
mo hinh CQ ¢6 2 LCQ, Ay <60° (4 la goc LCQ quay dugce sau 1 budce tinh
thoi gian deltaT, Ay =deltaT -) s& cho sy hoi tu tét. Tuy nhién v6i mé hinh CQ
¢6 5 LCQ, Ay < 20° mdi c6 sy hoi tu tot.

Trong md hinh xody CQ x4y dung trong luén an, s6 dai xody theo hudng

chiéu dai LCQ N=15, s6 xoay theo hudng day cung LCQ n=7. B¢ 16n mdi
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budc thoi gian tinh toan ap dung trong mo hinh phu thudc timg truong hop
khao sat va phu thudc vao sb luong LCQ trong mé hinh, Ay <12°. D6 thi hé
sb luc kéo thu duoc tir mo hinh xoay CQ trong luan an dat sy hdi tu sau 3+4
vong quay, tuong ting véi timg trudng hop tinh toan. Két qua ny twong dong
v6i cac két luan trong cong trinh cua Belosherkovsky S. M [63].

Péi voi md hinh xody CQ — Than TT va mé hinh xoay CQ — Than TT —
Mit giéi han, sy ¢c6 mat cia Than TT hay Mat giéi han khong lam thay doi
nhiéu dic tinh hi tu cua chuong trinh tinh toan. Do thi hé sb luc kéo CQ trong
mo hinh xody CQ — Than TT va mo hinh xody CQ — Than TT — Mat gi61 han

cling dat hoi tu sau 3+4 vong quay tuong tu nhu trong mo hinh xody CQ.

3.3. Nghién ctru kiém chitng mé hinh xody canh quay

Pé kiém chimg mé hinh xoay CQ da xdy dung, tac gia luan an sir dung
cac mo hinh CQ di dugc cong bd trén céc tap chi khoa hoc uy tin dé lam mau
so sanh, kiém ching. Cac mau mo hinh CQ dung dé kiém chimg da dang vé
kiéu loai CQ (khac nhau vé s luong LCQ, kich thudc LCQ, toc do quay...) va
khac nhau vé diéu kién hoat dong (bay treo, bay hanh tién...).

3.3.1. Kiém chizng véi mé hinh CQ ciia Kritsky B.S

Trong cong trinh [78], Kritsky B.S xay dung mo hinh canh quay c6 mot
14 canh bang phuong phap xoay roi rac, dong thoi sir dung phuong phép thuc
nghiém két hop véi phan mém mé phong s6 Ansys Fluent dé so sanh kiém
ching mé hinh xody canh quay. Cong tac thuc nghiém, do dac tham sé duoc
thuc hién trén hé théng dng khi dong (ADT) T-105 ctua SAGI.

Mo hinh xoay CQ cua Kritsky B.S [78] ¢6 cac kich thudce hinh hoc cua CQ
va LCQ cu thé duoc thé hién trén bang 3.1 va hinh 3.5. Mo hinh tinh toan cta
Kritsky B.S chi c6 01 LCQ, duoc khao sat lam viéc trong 2 ché do, ché do bay
treo (U,=0) va truong hop bay hanh tién véi téc do bay U,=11.5 [m/s]. Két
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qua trich xuat ch yéu dugc 13y tai 2 vi tri cua LCQ & cac goc phuong vi y=180°
va y=270°,
Bang 3.1. Cac tham s trong mo hinh xoay CQ cua Kritsky B.S

Kich thudc hinh hoc
Ban kinh CQ, [m] R=1.2
Day cung LCQ, [m] b=0.15
Goc lap LCQ =80

biéu kién hoat dong
Van toc goc quay, [rad/s] | =36.5

Ché d6 bay a) Bay treo
b) Bay hanh tién
J S L))
-
1

006| |

Hinh 3.5. M6 hinh canh quay ctua Kritsky B.S
Thay thé cac kich thudc hinh hoc va diéu kién tinh toan nhu trong bang

3.1 vao mo hinh CQ cua luén 4an, ta nhan duoc mot s6 két qua nhu sau:

Hinh 3.6. Phan b cuong do xody trén LCQ & budc thoi gian tinh thir 50 trong
ché d6 bay treo
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0) y=270°, 1=0262, NCS  d) y=270°, u=0.262, Kritsky B.S [78]

Hinh 3.7. So sanh man xoay sau CQ tir mé hinh xody CQ cua luan an va caa
Kritsky B.S [78]

Hinh 3.7 thé hién hinh anh man xody sau LCQ & cac vi tri goc phuong vi
1a y=180° (hinh 3.7-a,b) va y=270° (hinh 3.7-c,d) tinh tir m6 hinh x0dy CQ cua
luan an va cua Kritsky B.S [78]. Theo d6 man xody thu dugc sau canh quay
trong md hinh cua luan an kha twong dong véi hinh anh man xody tir mé hinh
cua Kritsky B.S khi ap dung cing mot bo tham sé dau vao.

Gia tri cac hé s6 luc phap tuyén C, tinh toan tir mo hinh CQ cua Kritsky
B.S va cua luan an thé hién trén hinh 3.8. Trong cong trinh cta Kritsky B.S, dé
kiém ching m6 hinh ctia minh, Kritsky B.S xay dung phuong phép tinh toan
song song cho cuing mot ddi turong (CQ c6 modt LCQ) bang 3 phwong phap khac
nhau. Cac phuong phap Kritsky B.S str dung dé kiém chitng mé hinh bao gém
phuong phap CFD xiy duyng md hinh trén phan mém Ansys Fluent, phuong
phap xay duyng mé hinh thu nho dé thi nghiém do dac trong ong thoi (ADT) T-
105 ctia SAGI, va mo hinh 1y thuyét sir dung phuong phap XRR. Cac gia tri hé
s6 lyc phéap tuyén theo chiéu dai LCQ dat duoc tir mo hinh xoay CQ cua luan an
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va tir cac md hinh cua Kritsky B.S kha gan nhau. Cu thé, hé sé luc phap tuyén
tir mo hinh xody CQ cua luan an c6 hinh dang bién thién twong dong véi két
qua tir cic md hinh tinh toan bang phuong phap xody va bang phuong phap
CFD Ansys fluent hon 1a cac két qua tha nghiém. Ving sai 1éch gid tri 16n nhat
khoang 10%, va nam & vi tri gan dau mat canh, c6 thé 1a do su anh huéng cua
hién tuong xody dau mit ma trong cac mo hinh Iy thuyét va mé hinh mé phong

CFD khong xét toi.

0.6 : : ; ; ; ; 035
——[78]-Ansys
—4—[78]-Thuc nghiem
[78]-Mo hinh xoay
-+ NCS

—&—[78]-Ansys
—4—[78]-Thuc nghiem
[78]-Mo hinh xoay

4
0.3|/#=Ncs

0.5

0.4

0.2

0.1

I . I I I I i i i I i i
03 0.4 05 0.6 07 0.8 09 1 0.3 04 05 0.6 0.7 0.8 0.9 1
r/R /R

Hinh 3.8. Phan b hé s6 luc phap tuyén trén mat cat theo chiéu dai 14 canh véi
hé sb van toc u=0.262

3.3.2. Kiém cheng véi mé hinh CQ trong cong trinh ciza Moshar P.1 [87] va
Volodko A.M [67]

Kich thudc hinh hoc CQ trong cong trinh cia Moshar P.I va Volodko A.M
nhu sau: CQ c¢6 kich thudc hinh hoc phong theo canh quay truc thang Mi-8,
bao gdm 5 LCQ c¢6 hinh dang chir nhat véi kich thudc bxR=0.52x10.6, [m],
trong d6 ban kinh phan tryc canh quay Ry=0.25R. Van toc quay cta CQ,
©=20.096, [rad/s]; goc lap LCQ ¢=[2°, 4°, 6°, 8°, 10°, 12°, 14°] & cong trinh
cua Moshar P.1, va ¢=[3° 5° 7°, 9°, 11° 13° & cong trinh cua Volodko A.M
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(Bang 3.2). CQ hoat dong & ché do bay treo va c6 chiéu quay nguoc chiéu kim
d6ng hd (nhin tir phia trén).

Bang 3.2. Hé s6 luc kéo theo goc 1ap LCQ trong mo hinh xody CQTT ctia Moshar
P.1[87] va Volodko A.M [67]

Moshar P.I [87] Volodko A.M [67]
o, [°] T, [N] ¢, [°] T, [N]
2 19100 3 30880
4 41550 5 51650
6 65120 7 76900
8 88700 9 103300
10 110600 11 131930
12 133600 13 163370
14 158300
0.03 T T T T T T
—— Géc lipLCQ 2°
——GéclipLcQ 4°
00255, e GoclapLcQ 6’ |

- Gdc lipLCQ 8

-~ GéclipLCcQ 10°
GéclapLcQ 12| |
Géc lap LCQ 147

0.02 |

]
S 0.015

0.01[

0.005 -

1 1 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600 1800
Gébc quay, dd

Hinh 3.9. Bién thién hé s6 luc kéo canh CQTT theo goc lap LCQ & ché do
bay treo trong mo hinh xoay CQ cua luan an
Véi cac thong sé dau vao tinh toan nhu trén, stir dung mé hinh xoay CQ
da xay dung trong chuong 2 ctia luan 4n, thu duoc két qua thé hién sy bién thién

ctia hé s luc kéo CQ theo goc quay ciia LCQ ting véi cac truong hop goc lap
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LCQ khac nhau nhu trén hinh 3.9. Theo d6 thiy rang hé sé luc kéo CQ ting
dan theo chiéu ting do 10n cia goc lap LCQ. Cac man xody sau cac LCQ c6
goc lap 10n ciing c6 kich thude 16n hon nhu thé hién trén hinh 3.10. Biéu dién
phan b chénh ap trén cac LCQ voi cac goc lap khac nhau duoc thé hién trén
hinh 3.11. Trong mdi trudng hop ctia goc lap va trén cing mot mit cat ngang
LCQ, chénh ap phan bd ting dan tir mép sau dén mép truéec LCQ, va dat cac
gia tri 16n nhét tai khu vie mép truée LCQ. Pidu ndy phu hop véi két luan
trong céc tai liéu vé khi dong truc thang va phu hop voi két qua ciia nhiéu cong
trinh [67], [87].

Goc lap L Goc lap LCQ 6

ca4

-1 -0.5 0 0.5 1
Yy

Goc lap LCQ 14’

Hinh 3.10. Man xo4y sau cac LCQ TT theo goc 1ap ¢ ché do bay treo

So sanh cac két qua tinh toan gia tri lyc kéo dat dugc tir mo6 hinh xoay CQ
cua luan an vai cac so lidu lay tir cac cong trinh caa Moshar P.1 [87] va Volodko
A.M [67] thé hién qua céc d6 thi trén hinh 3.12. Céc gia tri hé s6 luc kéo trung
binh theo cac goc lap khac nhau tinh toan duoc tir cac md hinh rat twong dong
vé qui luat bién d6i va co gia tri gén nhau vé mit dinh lugng. Két qua hé s6 luc
kéo trung binh tinh tir mé hinh xody CQ cua ludn an c6 su tiém can gan hon
v&i mo hinh xody CQ cua Moshar P.I, béi cung dugc xay dung trén co sé St

dung 1y thuyét xody roi rac.
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Goc lipLcQ 4’ Géc lipLcQ6’

Hinh 3.11. Phan b6 chénh 4p trén cac LCQ TT theo goc 1ap & ché do bay treo

4
1810 . | .

--NCS

16| ---- Moshar [87] i

- - Volodko [67] A

0 1 1 1 | 1
2 4 6 8 10 12 14

Géclap LCQ, °

Hinh 3.12. Luc kéo CQTT theo goc lap LCQ trong ché do bay treo

3.3.3. Kiém cheeng véi mé hinh CQ ciia Juan D. Colmenares
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Trong cong trinh [28] cong bd nam 2015, Juan D. Colmenares va cac cong
su da xdy dung mo hinh canh quay bang phuong phap xody roi rac khong dimg,
tinh toan dugc anh hudng cta hiéu img xody gbc canh t6i cac dic tinh nang cua
CQ. M6 hinh CQ cua Juan D. Colmenares c¢6 2 LCQ, c6 kich thudc hinh hoc
va cac diéu kién hoat dong thé hién nhu trén bang 3.3.

Bang 3.3. Céc tham s dong hinh hoc trong m hinh xoy CQ ctia Juan D.Colmenares

Kich thwdc hinh hgc
Bén kinh canh quay, [m] | R=1.143
Day cung LCQ, [m] b=0.1905
Goc lap LCQ =5, 80, 120

Piéu kién hoat dong
Van tc goc quay, [rad/s] | w=180.33
Ché do6 bay Bay treo

Thiét 1ap cac thong sd tinh toan dau vao nhu & Bang 3.3 cho chuong trinh
tinh toan viét dya trén mo hinh xoay CQ cua luan an, thu dugc cac két qua tinh
toan mo phong man xoay sau hé théng LCQ va d6 thi bién thién hé sd lyc kéo
CQ theo tirng truong hop.

Hinh 3.13 va 3.14 thé hién man xoay CQ sau khi quay dugc 3 vong (hinh
3.13) va 6 vong (hinh 3.14) dugc md phong tir mé hinh xoay CQ trong luan an
va md hinh CQ cua Juan D. Colmenares. O cung mot diéu kién dau vao tinh
toan, cac man xody md phong duoc tir cac mo hinh c6 su twong dong vé hinh

dang va kich thudc.

" 05
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oay CQ

a) Man xody trong khong gian — md hinh x

b) Hinh chiéu canh man xody — Mé  ¢) Hinh chiéu canh man xody— Mb hinh
hinh xody CQ CQ cta Juan D. Colmenares
Hinh 3.13. M6 phong man xoay CQ sau 3 vong quay, goc lap LCQ=12°

b) Hinh chiéu canh man xody — Mé  ¢) Hinh chiéu canh man xoay— Mb hinh
hinh xoay CQ CQ cua Juan D. Colmenares
Hinh 3.14. M6 phong man xoay CQ sau 6 vong quay, goc lip LCQ=12°

Qua trinh bién thién hé sb luc kéo CQ dugc thé hién nhu trén hinh 3.15 &
cac truong hop goc lip LCQ khac nhau. Két qua duoc 1ay tai thoi diém CQ
quay duogc 6 vong quay. Theo d6 hé s6 luc kéo tinh toan bang mo hinh xoay
CQ xay dung trong chuong 2 cua luan an va moé hinh CQ cua Juan D.

Colmenares & cac goc lap LCQ 5°, 8°va 12° ciing hoi tu vé cac gia tri gan nhau
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nhu sb liéu thé hién trén bang 3.4. Sai 1éch h¢ s6 luc kéo 16n nhat gilta hai mo

hinh & truong hop goc lap LCQ 12° 14 8.5%, nam trong gidi han cho phép.

0.014
Juan D). Colmenares [28]
0.012 = =NC3
0.01
""""""" =12¢
0.008 ¢
S
0.006
------------ q):Sﬂ
0.004
=&0
0.002 — o=
0
0 2 4 6 8 10 12 14

S6 vong quay
Hinh 3.15. Bién thién h¢ s6 luc kéo véi cac goc lap LCQ khac nhau

Bang 3.4. So sanh hé s6 luc kéo CQ trung binh giita cac mo hinh xody

’ Hé s6 luc kéo Cr
Goc lap LCQ A ps . Mb hinh CQ ciia Juan | Sai léch, %
Mo hinh xody CQ D. CoImenQares [28]
120 0.0089 0.0082 8.5
80 0.0050 0.0048 4.1
50 0.0024 0.00245 2.1

Trong mo hinh xoay CQ cua luan 4n, mdi budc thoi gian cé gia tri bé“mg
0.001 s, trong g sau mdt budc thoi gian, CQ quay dugc mot goc 10.3%. Gia
tri nay da duoc kiém tra dam bao su hoi tu cho chuong trinh tinh todn nhu trinh
bay trong muc 3.2. Su twong dong vé hinh dang man xody CQ va su phu hop
clia cac gia tri hé s lyc kéo tinh tir cac mo hinh & cac trudng hop goc lap LCQ
khéac nhau 1a co s& khoa hoc ching minh dg tin cay va tinh chinh xac cua mo

hinh xody CQ da xay dung ¢ chuong 2.
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3.4. Kiém chirng mé hinh xoay CQ — Thén

Mo hinh xo4y CQ — Than TT dugc phat trién trén co s& md hinh xoay CQ,
1a mé hinh xét twong tac khi dong bang phuong phép xody, chua c6 mé hinh
toan nao tuong tu da cong bd dé so sanh truc tiép. Do vay & ddy tac gia luan an
str dung phuong phap “so sanh kép” dé tién hanh kiém chimg mé hinh xoay
CQ — Than. Phuong phap “so sanh kép” dugc thuc hién qua 2 budc:

Budc 1: Kiém chung cach tiép can xay dung md hinh xoay CQ - Than.
Xay dung mot mo hinh ddc 1ap (mo hinh xody CQ — Mat gidi han xay dung &
muc 2.4 — chuong 2) da dugc nhiéu nha khoa hoc nghién ctru cong bd. M6 hinh
nay st dung cach tiép can va nguyén 1y xay dung twong ty mé hinh xody CQ —
Than TT, nghia l1a h¢ xoay lién két trén bé mat Than TT duoc thay thé béng hé
xody lién két mo ta bé mat mat giéi han. Khi mo hinh xody CQ — Mit gidi han
duogc kiém chimg d6 tin cdy, day chinh 1a co s& dé két luan vé tinh dung dan
ctia cach tiép can xay dyng mo hinh xoay CQ — Than.

Budc 2: Kiém chimg két qua tinh toan truc tiép tir mo hinh xoay CQ —
Than véi két qua tinh toan tir mé hinh dugc xay dung bang phuong phap tinh
toan song song. O day tac gia lun 4n x4y dung mo hinh CQ — Than c6 kich
thude twong doéng va sit dung phuong phap “thdi a0” CFD trén phan mém
Ansys fluent dé tinh toan so sanh.

3.4.1. Buéc 1: Kiém chitng mé hinh xody CQ — Mt gidi han

Nhu da néi ¢ trén, mo hinh toan ctia hé CQ — Mat gidi han xay dung dugc
trong chuong 2 c6 cach tiép can twong ty md hinh toan ctia hé CQ — Than TT.
Trong muc nay, tac gia luan an tién hanh kiém chimg mé hinh todn CQ — Mat
gi61 han dé 1am co so két luan vé cach tiép can xay dung mo hinh cua h¢ CQ —
Théan TT.

CQ trong m6 hinh xody CQ — Mt gidi han dung dé tinh toan so sanh c6
cac kich thudc hinh hoc co ban nhu trong Bang 3.5.
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Bang 3.5. Cac tham s dong hinh hoc cia CQ
Kich thwée hinh hoc

Ban kinh canh quay, [m] | R=10.6
Day cung LCQ, [m] b=0.5
Goc lap LCQ =120

S6 LCQ Keq=2
Ban kinh truc quay Ry=0.25R

Pic¢u kién hoat dong
Van toc goc quay, [rad/s] | @=20.1
Ché d6 bay Bay treo
Budce thot gian At=0.01s

Mat gidi han trong mé hinh xody CQ — Mat gidi han c6 kich thudc co ban
1a Smgh =12R X 12R, dugc thay thé boi 25X 25 khung xody lién két. Khoang
cach h, tir mit phang quay cua CQ téi mit giéi han 1an luot 1a 0.5R, R va 1.5R
(hinh 2.16). Sau khi viét chuong trinh tinh todn trén co sé mé hinh CQ — Mt
gidi han da xay dung, két qua tinh toan tir chuong trinh tinh thu dugc su bién
thién hé so luc kéo ciia CQ theo vong quay thé hién trén hinh 3.16. Theo d6
truong hop TT khong nim trong ving cd hiéu ung mat dat (Out ground
effect/OGE), gia tri hé s6 luc kéo hoi tu vé gia tri trung binh Croee=0.0085, tuy
nhién khi TT trong ving c6 hiéu tng mat dat (In ground effect/IGE) va tmg véi
cac khoang cach h,;=0.5R, h,=R va h,=1.5R thi céc gia tri ctia hé sd luc kéo hoi
tu vé cac gia tri trung binh lan luot 13 Crige 05r=0.0104, Crice g=0.0092 va
Crice 15:=0.0089. Goi GE la ti s ting hé sb luc kéo giira trudng hop TT bay
trong vung c6 hi¢u ing mat dat va khong c6 hi€u trng mat dat, GE= Crie/
Croce, thi ing vai dai khoang cach h,=0.5R, h,=R va h,=1.5R ta c6 cac gia tri
GE =1.22, GE =1.082 va GE =1.047 nhu trén hinh 3.17.
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Hinh 3.16. Bién thién hé s luc kéo cua CQ theo thoi gian véi hiéu tng mat

1.24
1.22
1.2
1.18
1.16
1.4
C1.12
1.1
1.08
1.06
1.04
1.02

dat ¢ cac do cao khac nhau

== =M hinh xoay CQ-Mait gi¢i han

—e—Zorana Trivkovié [50]

0.6 0.8 1.2 1.4 1.6

1
h2/R

Hinh 3.17. Ti s6 tang hé s6 luc kéo khi c6 hiéu ing mit dat theo do 16n

khoang cach hy/R

Céc két qua tinh toan cho thdy khi TT ha canh tir d6 cao h,=2R dén mat

dat, cang xudng thap thi hiéu tmg mit dat cang tic dong manh, nghia 1a mirc
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bu thém luc kéo caa CQ TT do anh hudng ctia hidu tmg mit dat cang ting. Cu
thé, khi CQTT hoat dong bay treo gr?m mat gidi han:

- O khoang cach h,=0.5R, hé sd luc kéo CQ ting thém 22%;

- O khoang cach h,=R, hé s luc kéo CQ ting thém 8.2%;

- O khoang cach h,=1.5R, hé s6 luc kéo CQ tang thém 4.7%;

So sanh két qua ctia md hinh xody CQ — Mit gidi han v6i két qua tir mo
hinh toan trong cong trinh ctia Zorana Trivkovi¢ [50] (hinh 3.17) cho thiy su
tuong dong gitra hai mo hinh. Piéu nay cho thay két qua tinh toan tir mo hinh
x0dy CQ — Mat gidi han c6 do tin cdy va do chinh xéac cao. Pay chinh la co s&
khoa hoc quan trong két luan vé tinh diing dan ciia cach tiép can xay dung mo
hinh x0dy CQ — Than & chuong 2.

3.4.2. Buoc 2: Kiém chitng mé hinh xody CQ — Thén bang cdch so sdnh véi
mé hinh mé phong CFD

M hinh xo4y CQ — Thén: Cac kich thudc hinh hoc va tham s6 1am viéc

ctia md hinh CQ — Than duoc ldy dua trén co so cac sb liéu trong bang 3.6, va
thé hién trén hinh 3.18. CQ trong mé hinh CQ — Than bao gdm 5 LCQ (keg=5),
mdi LCQ duoc chia ludi khung xo4y theo diy cung 7 xody (n=7), chia theo
chiéu dai LCQ 1a 15 dai xoay (N=15) (hinh 3.19). Than TT c6 hinh dang giot
nudc phé bién cuia nhiéu loai TT hién nay, bé mat than TT dugc chia ludi va
thay thé bai 540 khung xo4y (30 khung xoay theo chiéu doc va 18 xoay theo
chiéu ngang), hinh 3.20. S6 lugng khung xo4y thay thé CQ va than TT duoc
liy can ctr trén co s khao sat kha nang hoi tu ciia mo6 hinh va kha ning giam
thiéu tai nguyén tinh toan. Nhu vy tong s6 phan tir xody sir dung dé mé phong
bién dang hinh hoc cua CQ va Than tryc thang trong mé hinh xody CQ — Than
1065 phan tir.
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Hinh 3.18. M6 hinh CQ — Than
N=15

NI 4

Hinh 3.19. Chia luéi LCQ

Phan than chinh . Phan duéi than

—
-‘_._--\_

/]

= D .

I\
|

Hinh 3.20. Phan b6 ludi khung xo4y mé hinh Than TT
Sau khi thiét 1ap cac diéu kién bay, viét chuong trinh tinh toén trén nén
phan mém Matlab 2016 theo mé hinh xoay CQ — Thén da xay dung, thu duoc
cac két qua mo phong céc dic trung khi dong cia CQTT c6 xét dén anh hudng
cam tng tir than TT nhu trén cac hinh 3.21, hinh 3.22. Cac két qua tinh doan
duogc 1dy & bude tinh thir 100, twong tmg CQ quay duoc 3.2 vong.
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Hinh 3.21. M6 phong phan bd cudng d6 xody trén Than TT va phan bd chénh
ap trén CQ & ché do bay treo

Trén hinh 3.21 mé phong phan bd cuong do xody trén bé mat than tryc
thang va phan bd chénh ap (biéu d6 miii tén) trén cac LCQ. Theo d6 ta thay
rang cuong do xody c6 do 16n tap trung & phan dau than truyc thing va 2 bén
suon phan ndi gitra than chinh véi truc dudi ctia than. Phan chop dudi than va
phan dinh than chinh c6 cudng d6 xody nho hon do khong nam truc tiép dudi
dong chay bao thdi tir CQ. Chénh ap trén cac LCQ c6 d6 16n khac nhau theo
chiéu dai mdi LCQ. Gia tri chénh 4p 16n nhét dat duoc tai vi tri meép trudc ph?m
dau mat cua LCQ.

Hinh 3.22 thé hién sy hinh thanh man xody sau mdi LCQ & budc tinh thu
100 (twong tmg v6i 1 s thoi gian). Hinh anh mé phong cho thdy man xody sau
khi thoat ra tir mép sau méi LCQ, c6 xu hudng dich chuyén xubng phia dudi
va hinh thanh cc cudn xoay & phia cac ddu mat LCQ. O khu vuc gbe cac LCQ

cac phan tir xody bi hut 1én tao thanh 6ng xody tai trung tam CQ.
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Hinh 3.22. Man xo4y sau CQ tai budc tinh thir 100 ¢ ché do bay treo

Bién thién hé s6 luc kéo ctia CQ trong mé hinh xody CQ — Théan duoc thé
hién trén db thi cta hinh 3.23. Gia tri hé s6 luc kéo CQ ¢6 xu hudng hoi tu dan
theo chiéu ting goc quay ciia CQ (goc quay ting dan).

0.02

0.019
0.018
0.017
© 0.016
0.015
0.014

0.013

0-01 2 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Thoi gian, s
Hinh 3.23. Bién thién hé sd luc kéo CQ trong mé hinh xody CQ — Than sau
100 budce tinh (twong g 1 s thoi gian)
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Mo hinh CO — Than trong Ansys-Fluent: Song song viéc nghién ctru

dong chay qua hé khi dong CQ - Than TT bang phuong phap XRR phi tuyén
khong dirng véi phan tir xody dang khung kin & trén, trong luan an dong thoi
st dung phuong phap CFD, xay dung mo6 hinh mo phong h¢ lién hop CQ -
Than bang phan mém Ansys - Fluent nhu mot cach tinh khac dé so sanh, kiém
chang. M6 hinh 3D ctia CQ va Than TT duogc xay dung bang phuong phap
CFD c6 kich thudc hinh hoc twong dong véi mé hinh xody CQ - Than TT. Cac
tham s hinh hoc cu thé duoc lay tir s6 liu c6 trong bang 3.6. Di voi phuong
phép phan tich CFD, vat thé duoc dat trong mot khong gian moi trudng lién tuc
goi 1a mién tinh toan, day 14 noi s& ap dung céac diéu Kién bién phuc vu cho qua
trinh tinh toan va biéu dién két qua. O ddy bai toan chi tap trung tinh toan trudng
hop bay treo do vay mién tinh toan duoc xay dung c6 dang hinh try véi cac
kich thuéc cu the nhu trén hinh 3.24.

cQ

Mién quay

Than TT

Hinh 3.24. Diéu kién bién ctia mé hinh CQ — Than TT & ché do bay treo
Bén canh mién tinh toan, dé thé hién chuyén dong quay cua CQ, domain

quay (mién quay) dugc xay dung bao bén ngoai CQ va khong cat cac phan két



85

c4u cua than TT. Tham sd kich thudc dudng kinh va d6 day cua domain quay
c¢6 anh huong rat 16n ddi vai két qua tinh toan PTKD ctia CQ. Bang phuong
phap khao sat nhiéu treong hop, thu dugc bo théng s kich thudce hinh hoc cac
domain trinh bay trong bang 3.6.

Bang 3.6 Cac tham s6 hinh hoc cia mé hinh CQ

Dién tich CQ, [m?] S =355.7
Puong kinh CQ, [m] D =21.29
S6 LCQ Keq=5

Tiét dién ngang LCQ NACA 23012M
Day cung LCQ, [m] b=0.52

Goc lap LCQ 10°

Van toc goc CQ, [rad/s] | ©®=20.094
Hé s6 dién day CQ 6=0.0777
Domain quay:

- Buong kinh, [m]: | 23.32
- Chiéu cao, [m]: 0.6
Domain tinh toan:
- Puong kinh, [m]: | 50
- Chiéu cao, [m]: 70

Domain dugc xay dung trong moi truong ANSYS Workbench 16.1, viéc
chia lu6éi mo6 hinh va ving khong gian tinh toan thuc hién trén goéi cong cu
ANSYS ICEM CFD 16.1. Theo d6 cac ddi tuong tinh toan s& duoc chia nho
thanh cac phﬁn tir khac nhau véi cac thanh bién nhu Inlet, Outlet, Wall...Hinh
anh chia luéi mé hinh CQ va Than TT duoc thé hién nhu trén hinh 3.25, hinh
3.26. Phan than TT duoc phan tach thanh cac khu vuc, va tién hanh chia luéi
cdu tric. Trén CQ ludi duge chia day hon & khu ve mép trude va mép sau cac
LCQ. Trong giai doan sau khi chia ludi ciia CQ va than TT, chét lugng ludi s&
dugc phan mém kiém tra, danh gid dwa trén céac tiéu chi ludi cu thé (chi s6

Skewness, Orthogonal quality, hay Aspect ratio). Cu thé tong sé nut luéi cua
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mo hinh 1a 1.7 triéu, tong sé phan tir dat 1.85 triéu, chi s6 Skewness 13 0.74 va
chi s6 Orthogonal 13 0.28. Sau khi c6 dugc chéat luong luéi dam bao yéu cau,
thuc hién cac budc thiét 1ap tiép theo, nhu gan cac thudc tinh méi chat tinh toan
va dit cac diéu kién bién. Cu thé, sir dung mé hinh nhét k-, day 1a mé hinh
nhét hai phuong trinh, phuong trinh dong nang rdi (k) va phuong trinh phan

tan r6i (). Moi chat cong tac trong bai toan 1a khong khi véi mat do khong doi.

Hinh 3.25. Chia luéi ciu trac CQ va cac mién tinh toan

Hinh 3.26. Chia luéi cAu tric than TT
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O ché @6 bay treo, dong khi s& ty dong duoc hit vao do hiéu tmg quay ctia
CQ véi toe d6 goc w=20.94 rad/s. Cac diéu kién bién nhu dau vao (inlet) va
dau ra (outlet) déu duoc thiét 1ap véi ap suat du véi gia tri 1a 0 Pa. Cac mat bao
quanh mdi truong tinh toan duoc dit 1a tuong (Wall), co nghia 1a cac diéu kién
dong chay khong ap dung cho ving tiép giap va bén ngoai twong, hinh 3.24.

Mo hinh CQ — Than TT xay dung trong g6i phan mém Ansys Fluent va
duoc tinh toan phén tich ¢ diéu kién khong ding, twong Gng véi diéu kién hoat
dong thuc caa TT va diéu kién khao sat trong mo hinh xoay CQ — Théan TT.
Sau khi thiét 1ap mo hinh va dit cac diéu kién tinh ton, tién hanh qua trinh giai
bai toan Vi cac tham sd budc thoi gian At=0.005 s, s6 lan lap trong mot buéc
thoi gian 12 50. Qua trinh tinh toan dat duoc hoi tu sau gan 3000 vong lip, tuong
ung voi 1381 budce tinh toan (hinh 3.27).

Residuals
—Ccongnul
*X:&%%&%
—Z-velocl 1e+00
—enpsilon 1 H
1e-01
1e-02
1e-03
1e-04
1e-05 3 |
1e-06  [f[ A TTHH"
1607 + |||/
19-03 x T X T X T X T ) T y 1
0 500 1000 1500 2000 2500 3000
Iterations
Scaled Residuals (Time=6.9100e+00) Mar 19, 2019
ANSYS Fluent Release 16.1 (3d, dp, pbns, rke, transient)

Hinh 3.27. Qua trinh hoi tu tinh toan vdi mo hinh CQ — Than TT xay dung
trong Ansys Fluent
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Hinh anh két qua mo phong cac truong tham sé cu thé nhu 4p suat, van

tdc chay bao moi truong xung quanh CQ va Than TT duoc trinh bay trong cac
hinh 3.28, hinh 3.29 va hinh 3.30.

Pressure
Contour 2

1.662e+004
1.436e+004
1.210e+004
9.840e+003
7.579e+003
5.319e+003
3.058e+003
7.967e+002
-1.464e+003
-3.725e+003
-5.986e+003
-8.247e+003
-1.051e+004
-1.277e+004
-1.503e+004
-1.729e+004
-1.955e+004
-2.181e+004
-2.407e+004
[Pa]

Hinh 3.28. Phan b6 ap suat trén mot mat cat ngang tiét dién LCQ

a) )
Hinh 3.29. Phan b6 van téc (a) va dong chay bao qua moé hinh CQ — Than TT

(b) trén cac mat phang di qua tam quay
Trén hinh 3.28 thé hién phan bd tham s ap suét trén mat phang cit ngang
tiét dien LCQ. Ap suét 16n nhat dat duoc tai vi tri phia dudi mép truéc cua
LCQ, gia tri nhd nhat nim & phia trén mép trude LCQ, nghia 1a chénh ap trén

bé mat LCQ dat gia tri 1on nhét tai khu vuc gan mép truée LCQ, va giam dan
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vé phia mép sau mdi 14 canh. Pay ciing 12 két qua nhan duoc khi tinh toan voi
mo hinh xoday CQ — Than TT (hinh 3.21).

Truong véc to van tde trén cac mat phang doc va cac mat phang ngang di
qua tam CQ dugc thé hién nhu trén hinh 3.29 va hinh 3.30. Cac hinh anh cho
thay rd dong khi bi hut boi CQ va dugc day xudng phia dudi véi toc do dat gia
tri 16n nhat 27.8 m/s (hinh 3.29-a).
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i
La
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h
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-

¢/ Truong van tc trén mét phang ngang qua tam quay
Hinh 3.30. Trudng véc to van tdc trong mo hinh xody CQ — Thén (a) va trong
mo hinh CQ — Than Ansys Fluent (b,C)



90

Xay dung cac mit phang song song cach déu nhau mot khoang cach khong
tht nguyén 5 =1.0, ki hiéu 1a MP1, MP2, MP3 nhu thé hién & hinh 3.30-a,b.
Céc hinh anh véc to van tdc trén cic mat phrfmg MP1, MP2, MP3 1a két qua tinh
toan tir mo hinh xody CQ — Than va mé hinh CQ — Thén trong Ansys fluent. O
day trén cac mat phang MP1, MP2, MP3 thé hién rat rd xu huéng chuyén dong
xudng dudi cia cac phan tir dong khi khi CQ lam viéc ¢ ché do bay treo. Trong
hinh 3.30-b va 3.30-c thé hién két qua mé phong tir mé hinh CQ — Than xay
dung bang Ansys Fluent, theo d6 véc to van tdc caa cac phan tir dong khi cling

¢6 xu hudng bién doi twong tu nhu trong mé hinh xody CQ — Than.

Hinh 3.31. Phan b cudng do xody trong mo hinh CQ — Than

Phan b Vorticity (cuong do xody) trén bé mat CQ va Than TT duoc thé
hién nhu trén hinh 3.31. Viéc xac dinh vi tri tich dong trén bé mat cua vat thé
3D 1a bai toan twong dbi kho khan. Trong nhiéu cic cong trinh nghién ctu
nguoi ta thuong sir dung thi nghiém mo phong dong chay bao qua mé hinh dé
xéac dinh vi tri tach dong trén bé mit mo hinh. Tuy nhién trong mét 6 trudng
hop, 6 thé str dung phuong phap CFD dé hd trg dy doan vj tri tach dong trén
bé mat vat thé. Trong mo hinh CQ - Than TT nay, két qua phan b Vorticity da
c6 thé cho chiing ta thay twong ddi rd vi tri duong tach dong tai cic mép sau

ctia cac LCQ. Than TT c6 két cAu thudn tron va udn cong hinh giot nudc cho
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nén hinh anh phan b cuong d6 xody hinh 3.31 chua thé hién rd duoc vi trf tach
dong trén than TT.

Hinh 3.32 thé hién sy bién thién ctia hé s lyc kéo CQ trong md hinh CQ
- Than TT tinh bang phan mém Ansys Fluent, theo d6 hé sb luc nang theo budc
tinh toan hoi tu vé gia tri 0.013. Tir két qua tinh toan voi mo hinh xody CQ —
Than nhu trén hinh 3.23, hé s6 luc kéo CQ hdi tu vé gia tri 0.0123. Di chiéu
cac két qua, co thé thiy duoc su sai khac vé gia tri tinh toan hé s6 lyc kéo CQ
trong mo hinh CQ — Than tinh bang 2 phwong phap khac nhau (XRR va CFD)
tuong doi nho, khoang 5.7%. Diéu nay chi ra raing moé hinh xody CQ — Than
TT duoc xay dung trong chuong 2 c6 tinh dung dan, cung cap cac két qua co

tinh chinh x4c cao, huéng tiép can xay dung mé hinh khoa hoc va tin cay.

Cl Monitor ‘
—cd

0.0200 —
0.0190 —
0.0180 —
0.0170 —
Cl  0.0160 —
0.0150 —

0.0140 |

0.0130 |

0.0120_'"|"'|"'|"'|"'|"'|"‘\
0 1 2 3 4 5 6 7

Flow Time

cl-cq Convergence History (Time=6.9100e+00) Mar 19, 2019
ANSYS Fluent Release 16.1 (3d, dp, pbns, rke, transient)

Hinh 3.32. Bién thién hé s6 luc ning trong mé hinh CQ — Than
Bang hai phuong phap khac nhau (XRR va CFD) cung tinh toan mé hinh
CQ — Than TT da cho thay su phu hop va twong dong vé két qua. Tuy nhién
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thoi gian tinh toan va toc do hoi tu lai khac nhau. Trong mé hinh CQ — Than
TT bang phan mém Ansys Fluent, sau thoi gian tinh toan 3s, twong ¢ng Vi 8
vong quay, d thi hé s6 luc kéo bat dau hoi tu (hinh 3.32).

Trong md hinh xody CQ — Than TT bang phuong phap XRR, sau thoi gian
tinh toan 1s, twong tng khoang 3 vong quay, dd thi hé sb luc kéo CQ bat dau
hoi ty (hinh 3.23). Nhu vay mé hinh xody CQ — Than xay dung biang phuong
phap XRR c6 thoi gian tinh toan ngan, cho ra két qua nhanh hon so véi mé hinh
xay dung bang phan mém Ansys Fluent. Mat khac cac két qua tinh toan bang
XRR dugc luu duéi dang file dix liéu dung lugng nho, c6 thé luu gitt, trich xuat

cac tham s6 tinh toan dé dang, thuan tién cho cong doan khai thac, xir 1y s6 liéu.

Két luan chuwong 3

- Trén co so nghién ctru phén tich cac phuong phap kiém chang két qua
duoc str dung nhiéu trén thé gidi, trong luan an da lya chon ap dung phuong
phap kiém chiing cho cac mo hinh xody CQ va md hinh xody CQ — Than mot
cach phu hop. Vi kich thudc chia ludi LCQ va d6 16n budc thoi gian tinh toan
d3 lwa chon dua trén co so khao sat, chuong trinh tinh toan viét theo mé hinh
xody CQ di xay dyng dam bao do hoi tu tot.

- M6 hinh x0dy CQ duoc kiém ching tinh dang dan va tinh chinh xac qua
viéc ap dung tinh toan cho nhiéu truong hop cu thé. Két qua tinh toan tir mo
hinh xo4y CQ thé hién su twong dong véi cac két qua cong b trong cac cong
trinh ctia cac tac gia nudc ngoai.

- Stir dung phuong phap XRR xay dung m6 hinh xoay CQ — Than TT trén
co s& md hinh xoay CQ d3 kiém chung 1a cach tiép can dung dan. So sanh truc
tiép cac két qua tinh toan tir mé hinh xoay CQ — Than TT véi mé hinh CQ —
Than TT x4y dung bang phuong phap CFD la phuwong phap kiém ching phu

hop. Su tuong dong vé két qua tinh toan va cac hinh anh mé phong trong céc
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truong hop so sanh kiém chtng 13 co so khoa hoc dé két luan vé tinh chinh xac
va do tin cay ctia mo hinh xody CQ — Than TT.

- Céc két qua kiém chimg xac minh d6 tin cdy va tinh chinh xac ctia mo
hinh toan va cong cu tinh todn ma luan an da xay dung, dap ing duoc muc ti€u

nghién ctru ma luén an da deé ra.
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Chuwong 4. TINH TOAN CAC PAC TRUNG KHi PONG LUC CUA CQ
XET PEN SU'ANH HUONG CUA THAN TT VA MAT GIOI HAN

Viéc x4c dinh dic trung khi dong cua CQ khi c¢6 xét dén sy anh huong cua
than TT va mat gidi han 1a bai todn co tinh dac thu va dac bi¢t co y nghia khi
gén voi dbi tuong, diéu kién hoat dong cu thé cua TT. Vi vay trong chuong 4
nay, luan 4n s& str dung cac mo hinh toan va cong cu tinh toan da kiém chimg
trong cac chuong trudc dé tinh toan khao sat cac bai toan cu thé. Pay la nhiing
bai toan mang tinh thuc tién trong nghién ctru, tinh toan thiét ké, va dic biét 1a
kha dién hinh trong khai thac van hanh tryc thiang (xét tir khia canh nang cao
d6 an toan bay) trong thoi gian gan day. Cac bai toan lua chon tinh toan gdm:

+ Bai toan “Tinh toan DPTKD ctia CQ & cac ché do bay khac nhau” ¢6
nghia quan trong, phan anh sy khac biét vé PTKD ctia CQ tinh tir mo hinh xody
CQ doc 1ap va mo hinh xody CQ c6 than TT. Cac két qua, s6 liéu thu duogc tir
bai toan c6 thé tmg dung cho cac du an khoa hoc lién quan dén budng tap 1ai
TT, du an thiét ké min chéng d6 bo TT...

+ Bai toan “Tinh toan anh hudng cua khoang cach twong ddi gitra CQ va
Than TT dén PTKP cta CQ” ¢6 ¥ nghia truc tiép cho bai toan thiét ké, phdi tri
va ché tao TT. Céc két qua nhan dugc tu bai toan 1a co s¢ khoa hoc dé duara
khuyén céo khi can gin gian phun nuéc (hoic thude trir sau), can gan binh dau
phu 1én than TT.

+ Bai toan “Xac dinh DTKD ciia CQ xét dén anh huong cta than TT trong
diéu kién co tuong tac voi mat gidi han” tinh todn cho cac truong hop TT chiu
anh huong ctua hiéu ng mat dAt khi hoat dong & nhitng vung diéu kién dja hinh
phtrc tap. Pé xét anh hudng cia cac bé mat dia hinh c6 kich thudc va hinh dang
bat ky dén DPTKP cua TT, ding cic phuong phép tinh toan c6 dién nhu ddi
xtng guong [63] 1a khong thé thuc hién. Tuy nhién véi cach xay dung mé hinh

toan nhu trong ludn 4n, cac van dé dic thu lién quan dén hoat dong thyc tién
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cua TT nhu ha canh trén tau, trén gian khoan, trén néc nha cao tﬁng hoan toan
c6 thé giai quyét. Cac két qua nhan duogc tir bai toan nay 13 co so khoa hoc viing
chéc, 1a cin cr dé dua ra cac khuyén cdo an toan bay khi TT hoat dong ¢ nhiing

diéu kién tuong ung ké trén.

4.1. Tinh toan PTKD ciia CQ ¢ cac ché @ bay khac nhau

Véi mo hinh xoday CQ — Than TT da duoc kiém ching, trong phan nay s&
nghién cttu khao sat dic tinh khi dong caa TT trong mot s6 diéu kién bay cu
thé. Bé giam thiéu khdi lwong va tai nguyén tinh toan, mé hinh tinh toan c6 thé
don gian hoa bang cach giam sb lwong LCQ trong md hinh xody CQ — Than.
Cu thé, CQ trong md hinh c6 2 LCQ, kich thudc cac LCQ va than TT duoc lay
tuong tu nhu trong md hinh canh quay muc 3.4.2 va bang 3.5. Két qua dat dugc
1a cac dic trung khi dong cua CQ, truong véc to van toc va hinh anh mé phong
su hinh thanh man xody sau CQ & cac truong hop TT bay treo, TT bay 1én va
bay xuéng thang duang véi téc do khac nhau.

Trong moé hinh tinh toan, budc thoi gian c6 d6 16n deltaT=0.01 s (twong
ting CQ quay dugc mdt goc bang 11.5%) di duoc kiém tra dam bao d6 hoi tu
ctia chuong trinh tinh. Trong tat ca cac ché do bay khao sat, két qua tinh toan
duoc trich xuat ¢ bude tinh thir 150, khi CQTT quay duoc 4.8 vong quay va dd
thi hé s luc kéo ¢ do hoi tu tot. Khoang cach twong ddi gitra CQ va Than TT

_ h ,
h =0.35 (h = > hinh 2.20), goc 1ap LCQ ¢, = 12°,

Hinh 4.1 thé hién cac hinh anh khong gian va hinh anh nhin tir phia bén
cuia Cau trac man xo0day hinh thanh khi TT hoat dong ¢ ché do bay treo. Gia tri
chénh 4p trén cac LCQ ciing duoc thé hién qua do 16n cua véc to phan bd trén
bé mit 14 canh. Theo day cung 14 canh, dai lwong chénh ap dat gia tri lon nhat
tai mép trude cac 14 canh va giam dan vé phia mép sau mdi 14 canh. Theo chiéu

dai 14 canh, dai luong chénh ap dat gia tri 16n nhat tai cac dau mat 14 canh va
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giam dan vé phia gbc 14 canh. Quy luat bién doi chénh ap thu duoc phu hop véi
cac tinh toan trong nhiéu tai liéu chuyén nganh [62],[63],[671,[73].
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Hinh 4nh khong gian Hudng nhin tr phia bén
Hinh 4.1. Man xo04y va phan bd chénh 4p khi TT bay treo

Hé s luc kéo tinh toan trong md hinh xoay CQ va mé hinh xoay CQ —
Than TT & ché do treo duoc thé hién trong hinh 4.2.
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Hinh 4.2. Bién thién hé s luc kéo theo thdi gian sau 150 budc tinh, TT hoat
dong & ché do bay treo
Do thi bién thién hé sb luc kéo trén hinh 4.2 cho thay su sai khac vé hé s6
luc kéo & ché do bay treo giita mo hinh xody CQ va md hinh xoay CQ — Than

khong 16n. Tuy nhién khi ¢ than trong mé hinh tinh toan, d6 thi hé s6 luc kéo
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trong mo hinh xody CQ — Than TT xuat hién cac “Peak” gia trj twong ddi dang
ké, sai khac véi mo hinh xoay CQ khoang 2%.

O ché do bay treo, sau khoang 4 vong quay, dd thi hé sb luc kéo tinh toan
& ca hai mo hinh dat su hoi tu tét. Va tir vong quay thr 5 c6 thé coi CQ da hoat
dong 6n 1ap. Thay rang trong mot vong quay khi CQ di hoat dong 6n 1ap, hé
s6 luc kéo CQ trong md hinh xody CQ hoi tu V& gia tri nam trong dai
0.00845+0.00865, sai léch giita gia tri 16n nhat va nho nhat chi khoang 2.3%.
Tuy nhién & mo hinh xody CQ — Than TT, do sy c6 mdt cua than TT ma xung
dong hé sé luc kéo CQ trong pham vi mot vong quay nam & dai gia tri rong
hon, tir 0.00845+0.00875 (hinh 4.2). Sai léch giita gia tri 16n nhat vai gia tri
nhé nhat cua hé so luc kéo trong md hinh xody CQ — Than TT dat muc cao hon
la 3.5%. RS rang vdi sy ¢6 mat cua than TT trong mo hinh, da lam cho bién d0

xung dong cua hé s6 luc kéo CQ tang 1én dang ké.

Hinh 4.3. Vi tri LCQ tng véi s6 bude tinh toan trong vong quay thir 5
Vong quay thtr 5 bat dau tir budc tinh thir 125, ¢t sau 8 budc tinh, LCQ
c6 cac vi tri twong tng nhu thé hién trén hinh 4.3. Trong ca 2 mé hinh xody CQ
va xoay CQ — Than TT, tién hanh xac dinh hé sb lyc phap tuyén trén mat cat
LCQ dau tién ctia CQ theo chiéu dai sai canh. Ung véi mdi vi tri LCQ trong
vong quay thit 5 nhu trén hinh 4.3, thu dugc d6 thi phan bd hé sé luc phap tuyén
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trén mdi LCQ cua ca 2 mo hinh toan nhu thé hién & hinh 4.4. Thiy rang tai 2
Vi tri ing Véi cac budc tinh tht 125, 141, do thi hé sb luc phéap tuyén trén LCQ
thir nhat trong ca 2 md hinh xoay CQ va xody CQ — Than TT gan nhu trung 13p
hoan toan, khong c6 su sai 1éch. Tai vi tri LCQ wrng vai bude tinh thir 133, khi
LCQ di qua phan dau phia trudc than TT, phat hién c6 su sai léch nho hé sb luc
phap tuyén giita 2 mo hinh xody CQ va xody CQ — Than TT (khu vuc 3/KV3,
hinh 4.4). Sy sai léch nam ¢ phan géc LCQ quét qua phan dau than TT. Trong
khi d6 ¢ budc tinh thir 149, vong quay thtr 5, khi ma LCQ quét qua phan dudi
than TT, quan sat thay co su sai léch rd rét hé s6 luc phap tuyén trén LCQ gitta
2 mo hinh tinh toan. Su sai Iéch nay tap trung tai khu vuc 1 (KV1, hinh 4.4) va
khu vuc 2 (KV2, hinh 4.4), tirc 1a phan dau mut va phan goc 14 canh
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Qua phan tich, c6 thé két luan ring nhitng xung dong bién d6 hé s luc
kéo CQ hinh thanh trong mé hinh xody CQ — Than TT hau hét dugc tao thanh
do cac LCQ quét qua phan dudi than TT va sy phan bd xung dong hé sé luc
nam chi yéu ¢ phan dau mut va phan gdc 14 canh.

O ca hai m6 hinh tinh toan ( mé hinh xoay CQ va xody CQ — Than ), trong
ché d6 bay 1én thang dung voi van toc V,=10m/s (hinh 4.5), hé s6 luc kéo c6
Xu huéng hoi tu vé gia tri nhé hon so véi hé s6 luc kéo trong ché do bay treo.
Va trong ché do bay xudng thang ding véi van téc V,=-10m/s ( hinh 4.6), hé
s6 luc kéo ¢ xu hudng hoi tu vé gia tri on hon so véi hé s6 luc kéo trong ché
do bay treo. Quy luat nay phu hop véi céc tinh toan trinh bay trong cac cong
trinh [63],[67].
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Hinh 4.5. Bién thién hé s luc kéo theo thoi gian sau 150 budc tinh, TT hoat
doéng & ché do bay 1én thang dimg V,=10m/s.
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Hinh 4.6. Bién thién hé sb luc kéo theo thoi gian sau 150 budc tinh, TT hoat

dong & ché d6 bay xudng thang dung V,=—10m/s.
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Ngoai ra, so v6i ché do bay treo, trong cac ché d6 bay 1én, bay xudng thang
dung, sai khac vé gia tri hé s6 luc kéo dat duoc tir cic mo hinh xoay CQ va md
hinh xody CQ — Than TT Ion hon, khoang 3.4%. Cac “Peak” gia tri hé s6 luc
kéo hinh thanh trong mé hinh xody CQ — Than TT & cac ché d6 théi dtng ciing
c6 do rong va chiéu cao I6n hon.

Tinh toan hé sé luc kéo cua canh quay theo hai mé hinh xoay CQ va mo
hinh xo4y CQ — Than TT trong ché d6 thoi dang véi cac van toc V, khac nhau,
ta thu dugc do thi nhu trén hinh 4.7:

-3
9.2 10 : : :

=6—Mo hinh xoay CQ
—+—Mo hinh xoay CQ-Than TT ||

9

8.8
b=
(&)
8.6
D
8.4
8-2 1 1 1
-10 -5 0 5 10
Vz, m/s

Hinh 4.7. D6 thi hé s6 luc kéo trung binh cia CQTT theo van téc V, & ché do
thoi dung

Tir d6 thi trén hinh 4.7, thdy rang khi TT chuyén dong trong ché do thoi
dtng, quy luat bién thién cta hé s6 luc kéo trung binh tinh toan dugc & ca hai
mo hinh xody CQ va mé hinh xoay CQ — Than TT twong ddi tuong déng nhau.
Cu thé, khi TT bay lén thang dting, hé s6 luc kéo trung binh giam theo chiéu
tang cua gia tri van téc chuyén dong (V). Khi TT bay xudng thang dtng, hé sé
lyc kéo trung binh tang 1én theo chiéu ting cua gia tri van téc chuyén dong.
Diéu nay phu hop véi nhan xét tir nhiéu cong trinh nghién ciru khi dong luc hoc
TT trén thé gi6i [63],[88]. Tuy nhién, két qua tinh toan ciing da boc 16 rd anh
huong cua than 1én dic tinh nang cua CQ, anh huong nay cang 16n khi toc do
chuyén dong 1én xubng cang tang. Diéu nay c6 ¥ nghia thuc tién rat I6n trong

truong hop TT ha canh khan cp & ché do tu quay/ autorotation). Hé sb luc kéo
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trung binh tinh tir hai m6 hinh xo4dy CQ va mé6 hinh xody CQ — Than TT c6 su
sai khac nhat dinh. Trong mé hinh xody CQ — Than TT, hé s luc kéo trung
binh giam nhanh hon khi TT bay 1én thang diing va tang nhanh hon khi TT bay
xuéng thang dung. Xuat hién sy sai khac nay c6 thé 1a do sy c6 mat cua than
trong mdé hinh xoay CQ — Than TT lam cho dong khi chay bao CQ bj thay d6i
vé tinh chat, vé sy phan b, 1am bién d6i kha ning tao luc nang ctia CQ.

Trén cac hinh 4.8 md phong cdu tric man xody trong cic md hinh xody
CQ va mo hinh xoay CQ - Than TT. Do khong cé vat can phia sau cho nén
trong mo hinh xody CQ (khéng c6 than TT), man xody tu do phét trién xubng
dudi nhanh hon. O ca hai mé hinh déu quan sét thiy cudn xody hinh thanh phia
gbc canh (6 trung tim CQ) tuy nhién kich thudc cudn xody trong cac mo hinh
c¢6 sy khac nhau. Theo d6 & md hinh xody CQ — Than cudn xody gbc canh cé
kich ¢& nho hon, dong nghia téc do cam tmg khu vuc gbc canh nho hon. Pay
1a hiéu tmg cho thy su khac biét ctia mé hinh xody CQ c6 than TT va mé hinh

x04ay khong c6 than TT.

a) mo hinh xody CQ b) m6 hinh xody CQ - Than
Hinh 4.8. Cau tric man xody hinh thanh khi TT bay 1én thang dimg voi van

tde V,= 10 m/s
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4.2. Tinh toin dnh hwéng ciia khoang cach twong doi giira CQ va Than TT
dén PTKD ciia CQ
Trong mé hinh xody CQ — Than TT, vi tri tvong ddi gitta CQ va Than TT

h

. — — L1 .
dugc dic trung bdi cac tham so khong thir nguyén h = 2 va L= R nhu thé

hién trén hinh 2.14, chwong 2. Than TT nam dudi CQ ¢ cac khoang cach h khac
nhau s& gay ra anh huong cam tng khac nhau dén dic trung khi dong caa CQ.
Pé lam 16 sy tac dong khac nhau d6, dudi day tac gia luan an sir dung mo hinh
xoay CQ — Than da xay dung duoc, tinh toan cho cac cau hinh CQ — Thén c6
khoang cach h khéc nhau, h=0.28R, h=0.35R, h=0.4R va h=0.5R.

Sau 150 budc tinh (mdi budc tinh twong tng CQ quay dugc mot goc bang
11.5% TT hoat dong & ché do bay treo) thu duoc két qua bién thién hé s luc
kéo voi cac khoang cach h khac nhau nhu thé hién trén hinh 4.9. Tir két qua
tinh toan hé sb luc kéo thay rang & khoang cach h cang nho (Than TT cang gan
CQ), h¢ s6 luc kéo CQ dat dugc cang 1on, tuc 1a &nh huéng cua Than TT 1én
dac trung khi dong CQ cang 16n. Nguoc lai, khi khoang cach h 16n (Than TT
nam cach xa CQ), anh huéng cam tmg ctia Than 1én CQ giam dan va gan nhu
khong con anh hudng khi h> 0.5R.
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cach h khac nhau, TT hoat dong & ché do bay treo
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h=0.28R

h=0.4R

Hinh 4.10. C4u tric man xo4y khi tryc thing bay treo v6i cac khoang cach h
khéac nhau gitra CQ va than TT
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Trén hinh 4.10 mo6 phong hinh dang man xo4y ctia cau hinh CQ — Than &
cac khoang cach h khac nhau khi TT hoat dong & ché do bay treo. Tl hinh anh
thu dugc ta thiy rang cu triic man xody & cac truong hop khong c6 nhiéu khac
biét. O truong hop khoang cach h nhé (Than TT gan CQ), cudn xody gbc canh
c6 kich thudc nhoé hon, man xody tir CQ di chuyén xubéng duéi mot khoang

ngin hon so véi cac truong hop h 1on (hinh 4.10, h=0.28R).

Hinh 4.11. M6 phong trudng tdc do cam tng khi truc thang chuyén dong

thang ding xudng dudi véi tée do v,=-10m/s

Hinh 4.12. M6 phong trudng toc do cam tng khi truc thing bay treo
V61 mo hinh xody CQ — Than da xay dung, con c6 kha nang tinh toan mo
phong céac truong toc dd cam tng trong ving khong gian xung quanh CQ va

Than TT. S6 liéu truong téc d6 cam tng cia ving khong gian bén dudi TT
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phuc vu truc tiép nhiém vu thiét ké ché tao min chéng dd bo truc thang. Hinh
4.11 va 4.12 m6 phong trudng toc do cam Gng khi TT chuyén dong thang dtng
xubng dudi (truc thang d6 bd) va khi TT & ché do bay treo.

4.3. Xac dinh PTKD ciia CQ xét dén anh hwong ciia than TT trong diéu
kién c6 twong tac véi mat gidi han

Khi TT thuc hanh ha canh, tiy theo tinh chét, kich thudc va hinh dang dia
hinh noi ha canh ma hién twong hiéu tng mat dat c6 nhirng anh huong khac
nhau t6i DPTKD cta TT. Dién tich khu vuc ha canh to hay nho, bé mit dia hinh
khu vuc ha canh phang hay 16i, 16m s& gay ra mutrc 6 anh hudng khac nhau lén
dic tinh khi dong cia CQ. Vi nhiing véan dé thyc té nay chua cé nhiéu cong
trinh nghién ctru trén thé gidi cong bd. Trén co sé md hinh xody CQ — Than TT
— MGH va mb hinh xody CQ — MGH d4 xay dung trong chuong 2, viét chuong
trinh tinh toan st dung cac tham s6 va diéu kién hoat dong cua TT nhu trong
bang 3.5. Két qua tinh toan khao sat cac truong hop cu thé dugce trinh bay trong
cac phan dudi day.

4.3.1. Xdc dinh dnh hwéng cia kKhodng cdach ha canh dén PTKP ciia CQ

Mo hinh tinh toan duoc xay dung trong diéu kién TT thuc hanh ha canh
trén bé mat bai d6 (MGH) c6 dién tich Smgn= 2R X 2R. DPic diém cua cac bai
toan 1a MGH co6 kich thudc nho hep, dién tich MGH ¢6 dd 16n twong duong
voi dign tich quét caa CQ. Truong hop nay thuong gip khi TT ha canh trén
boong tau, trén ndc nha cao tang hay trén gian khoan. Véi bai toan nhu vay, sir
dung cac phuong phap dbi ximg guong kinh dién hodc phuong phap xody véi
phan tir xoay dang mong ngua khong giai duoc hodc cho sai sb 16n. Bang
phuong phap tiép can xay dung mé hinh toan nhu trong luan 4n trinh bay trong
chuong 2, hoan toan c6 thé giai quyét dugc bai toan nay. Mo ta cac mat gidi

han bang cac khung xoay tir gidc, dua chiing vao mé hinh toan va tinh toan



106

duogc su twong tac gitra cac hé xody trong mo hinh tong thé. Cu thé qué trinh
thiét 1ap bai toan va cac két qua tinh toan thu dugc nhu sau:

Khoang cach h; tir mit phang CQ xudng bé mit MGH nhén cac gia trj 1an
lrot 13 0.5R, R va 1.5R. Bién thién hé s6 luc kéo CQTT véi timg khoang cach
h, dugc tinh ¢ ca hai moé hinh xoay CQ — Mat gidi han (khong c6 than TT) va
mo hinh xody CQ — Than — Mdt gidi han (c6 than TT) (hinh 4.13).
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Hinh 4.13. Bién thién hé s luc kéo CQ ¢ cac khoang cach h, khac nhau

Ki hiéu OGE/Out of ground effect thé hién truong hop TT hoat dong ngoai

ving c6 hiéu tmg mat dat (h,>2R). Ki hiéu IGE/In ground effect thé hién trudong
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hop TT hoat dong trong diéu kién c6 hiéu ung mat dat (h,=0.5R; h,=R;
h,=1.5R). Hinh 4.13 cho thiy & tit ca truong hop hy, sy c6 mit than TT trong
mo hinh lam gidm anh huong cia hi¢n tugng hi€u rng mat dat, cac gia tri cu
thé duoc trinh bay trong bang 4.1.

Bang 4.1. Hé s6 luc kéo trung binh theo khoang cach h,

) CQ-Mit | CQ— Than— Mit | Sai léch,%
? gi6i han gi6i han
h,=05R| 0.0103 0.0098 4.8
IGE | h>=R 0.0091 0.0088 3.3
h,=15R| 0.0088 0.0087 1.1
OGE, h,>2R 0.00865 0.00865 0.2
104 x10° . . . . . . .
—-IGE, CQ
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Hinh 4.14. H¢ s6 luc kéo trung binh tir md hinh CQ khong cé than TT va mo
hinh CQ ¢6 than TT & diéu kién c6 hiéu tng mat dat
O ca mo hinh xody CQ — Mit gidi han (khong c6 than TT) va mo hinh
x0dy CQ — Than — Mt giéi han (c6 than TT), hé s6 luc kéo CQ tang khi khoang
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cach hy giam dan. Mirc ting hé sb luc kéo CQ trong md hinh xody CQ — Théan
— Mt gidi han (c6 than TT) nhé hon mirc ting hé s luc kéo CQ trong md hinh
x0ay CQ —Mat gidi han (khong ¢6 than TT) tr 1+5% tuy thude gid tri khoang
cach h; (hinh 4.14).

4.3.2. Khdo sdt anh huwong cua dién tich mdt gidgi han

Khi TT thyc hanh ha canh, dién tich bai dd (mit giéi han) c6 anh huong
nhat dinh d6i véi DPTKPD cua TT. Bai dd c6 dién tich nhé hep (gian khoan,
boong tau, ndc nha cao tang...) s& c6 tac dong khac véi bai dd c6 bé mit rong,
khong han ché. Trong muc nay sé& trinh bay cac két qua tinh toan 1am rd cac tac

dong khac bi¢t gilra cac mdt gidi han ¢6 dién tich khac nhau do.

6 6

C) Smgh =12R X 12R d) Smgh =18R X 18R
Hinh 4.15. Mb hinh khao sat tham s6 dién tich mat gi61 han
Mo hinh MGH trong bai toan nay c6 dang mit phing va c6 khoang cach
h, tir MGH dén mit phang quay dugc 1y ¢ dinh, h,=R. Cac MGH dung trong

khdo sat c6 kich thudc khac nhau, va c6 dién tich 1an Iugt 1a Spgh =R X R, Smgn
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=6R X 6R, Spgh =12RX 12R va Spgh =18R X 18R (hinh 4.15). Céc tinh toan
trong muc nay déu duoc thuc hién khi TT hoat dong & ché o bay treo va TT
nam & vi tri trung tAm phia trén MGH.

Do thi bién thién hé s6 luc kéo véi céc kich thuéc MGH khac nhau duoc
thé hién nhu trén hinh 4.16. Theo d6 hé s6 luc kéo cua CQTT bién thién theo
thoi gian tinh toan va hoi tu dén cac gia tri trung binh khac nhau theo timg
truong hop kich thudc cta cac mit gidi han. Ung véi cac kich thuéc MGH nhur
trén hinh 4.15-a, 4.15-b, 4.15-c va 4.15-d, hé s luc kéo hoi tu vé cac gia tri
trung binh 1an luot 14 0.0088, 0.0091, 0.0092, 0.0093. O trén trudng hop khong
c6 hiéu tmg mit dat (OGE), hé sé luc kéo trung binh cua CQTT dat gia tri
Croee=0.0085. Tir cac gid tri trung binh ctia hé s6 luc kéo, c6 thé thay khi bay
trong diéu kién c6 hiéu tmg mat dat (IGE), hé s6 luc nang cua CQ ting lén dang
ké, tuy nhién muc ting nay con phu thudc vao kich thude ctia mit gidi han.
Kich thuéc mit gidi han cang 16n, hiéu himg mat dat cang rd rang, muc ting
hé sd Iuc kéo cang 1on.

Goi ¢ (%) 1a mtrc ting hé sb luc kéo ctia CQ khi c6 hiéu tmg mit dat.
Tuong quan ti 1¢ Sygn/F va mitc ting hé s6 luc kéo ¢ dugc thé hién nhu trén
hinh 4.17. Theo do, vdi dién tich médt gi61 han nhé hon di¢n tich CQ (hinh 4.15-
a) hé s luc kéo chi ting khoang 4%. Khi ting dién tich mit gidi han 16n hon
dién tich CQ dén kich thuéc nhu trudng hop trén hinh 4.15-b, thi murc ting cua
hé s luc nang dat khoang 7% (ting 1én so vé6i truong hop 4.15-a 1a 3%). Tiép
tuc tang kich thudc ctia mat gioi han dén cac gia tri 16n hon thi tbc do thay doi
ctia hé sb luc kéo thay ddi khéng nhiéu. Nhu & truong hop trén hinh 4.15-c mirc
tang hé s luc kéo 1an lugt dat 8.2% (tang 1én so véi truong hop 4.15-b 13 1.2%)
va & truong hop hinh 4.15-d murc tang 1a 8.9% (tang 1én so voi truong hop 4.20-
c 1a 0.7%). V&i dién tich mat giéi han 16n hon truong hop trén hinh 4.15-d da

c6 thé coi mat gio1 han 1a rong td1 vo cung, muc tang hé so luc kéo dy doan hoi
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tu vé cac gia tri 9+10%. DO thi trén hinh 4.17 cho thay khi dién tich mait gidi
han cang 16n thi mtrc tang hé s6 luc kéo CQ do tac dong cua hi€u tng mat dat

cang lon.
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Hinh 4.16. Bién thién hé sd luc kéo CQ truc thang khi bay treo gén cac mat

gi61 han c6 kich thude khac nhau
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Hinh 4.17. Mrc tang hé s6 luc kéo CQ theo di¢n tich mat gidi han
Thuc té dé xay dung bii dd c6 dién tich 16n cho TT trong nhiéu trudng
hop khong thé dap tmg duogc (trén gian khoan, trén tau chién, hay trén néc cac

nha cao tang). Va khi d6 trén co s céc tinh toan khao sat khi dong CQ c6 anh
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huong cua than va cia mit gidi han nhu & trén, c6 thé dua ra cac khuyén céo
bay, x4y dung cac qui dinh sir dung bai @6 cho timg loai TT, trong ting trudng
hop cu thé. Céc tinh toan khao sat trong muc nay c6 nhiéu y nghia quan trong
trong viéc khai thac str dung va diéu khién TT khi ct ha canh tai khu vuc gian
khoan, trén tau chién, hay trén ndc cic nha cao tang.

4.3.3. Khdo sdt dnh hwong cia hinh dang mat giol hgn

Trong thuc tién hoat dong chap hanh nhiém vy, & rat nhiéu trudng hop TT
khéng c6 diéu kién dé ha canh xudng dia hinh c6 bé mat bang phang. Khi thuc
hién nhiém vu ctru nan trong ving d6i nii, dia hinh gb ghé, 161 16m hay cac mit
nghiéng cua suon nli s€ tac dong manh téi kha nang tao luc nang cia CQTT,
qua d6 anh huong tryc tiép téi tinh diéu khién cua TT. Do nghiéng, d6 doc cua
suon nui hay cia dia hinh khac nhau s€ c6 cac tdc dong khac nhau t61 TT. Bai
toan trong muc nay s¢€ tap trung tinh toan va lam rd muc d¢ anh hudng cua goc

nghiéng dia hinh t&i sy hinh thanh luc kéo cua CQTT.

ih2

b-mat gidi han dang 16m

Hinh 4.18. Cac hinh dang kh4c nhau cia MGH
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Trong mé hinh tinh toan, ngoai cac tham s6 mé ta CQ va than TT, MGH
¢6 hinh dang nhu mot bé mat trai, c6 phan 16i (hoic 16m) ¢ khu vuc gitra va dac
trung bdi gbc nghiéng 6.

Hinh 4.18 m6 phong cac hinh dang khac nhau cia MGH, MGH c¢6 hinh
dang 161 hay 16m phu thudc vao gia tri ciia goc 0 16n hon hay nhé hon 0. Khoang
cach h; tir mit phang canh quay dén mit giéi han s& nhan cac gia tri khao sat 1a
0.5R, R va 1.5R. Goc 4 trong ca hai truong hop trén hinh 4.18-a va 4.18-b sé&
duogc khao sat nam trong dai gia tri 10°, 20°, 30°, 40° va -10°, -20°, -30°, -40°.
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Hinh 4.19. Bién thién hé s luc kéo CQTT khi bay treo gﬁn cac mat gioi1 han
¢6 hinh dang 16i 16m

Sau khi thiét 1ap cac tham s tinh toan va diéu kién bay cua TT, chuong
trinh tinh toan viét ra tir mé hinh xody CQ — Than TT — Mgh xay dung & chuong
2 cho ra mot s6 cac két qua khao sat mé ta nhu trén hinh 4.19, 4.20 va thé hién
gia tri cu thé trong bang 4.2. S6 liéu duoc trich xuat & thoi diém CQTT quay
duoc 4.8 vong quay.

Bién thién hé s luc kéo ctia CQTT khi bay treo gan cac MGH c6 hinh

dang 16i, 16m, ¢ kich thudc Spgh= 12RX 12R, h,=R, duoc thé hién nhu trén



hinh 4.18. P thi bién thién hé s6 luc kéo cho thiy khi bay gan MGH 16i véi
goc nghiéng khong 16n (9=10°), hiéu tng mat dat giam so véi truong hop MGH
dang mit phang (mp, =0°). Nguoc lai khi MGH c6 dang 1dm véi goc nghiéng
0=-10°, hiéu (rng mat dat tac dong 1én CQTT lai tang 1én. Tiép tuc tinh toan hé

s6 luc kéo CQ véi cac gia tri khac nhau ciia goc nghiéng 6 va & cac khoang
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cach h, khac nhau, thu dugc bang s6 liéu 4.2.

Bang 4.2. Hé s6 luc kéo trung binh cia CQTT theo goc nghiéng 0 va

khoang cach h;

MGH Iom
. O a0 | 300 | 200 | a0 | o0
h,=0.5R | 0.0096 | 0.0099 | 0.0101 | 0.0108 | 0.0105
h,=R 0.0084 | 0.0087 | 0.0092 | 0.0096 | 0.0093
h,=1.5R | 0.0071 | 0.0078 | 0.0084 | 0.0089 | 0.0089

MGH 16i
h, 0 Q0 10° 20° 30° 40°
h,=0.5R | 0.0105 | 0.0097 | 0.0094 | 0.0091 | 0.009
h,=R 0.0093 | 0.0091 | 0.0089 | 0.0088 | 0.0087
h,=1.5R | 0.0089 | 0.0088 | 0.0087 | 0.0087 | 0.0086

Tu bang s6 liéu 4.2, xay dung dd thi phu thudc cua ti s6 GE (ti $6 tang h¢
s6 luc kéo giita truong hop TT bay trong ving c6 hiéu ung mat dat va khong
c6 hiéu ung mit dat, GE= Crice/ Croce,) va goc nghiéng MGH 6 mg véi cac

gia tri khoang cach h; khac nhau (hinh 4.20 a, b).
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Hinh 4.20. P4 thi phu thudc cta ty s6 ting hé sé luc kéo GE vao goc nghiéng
6 cuia MGH

Tir d0 thi trén hinh 4.20, nhan thiy déi voi trudng hop MGH 16, mic du
hiéu Gmg mit dat giam dan (GE giam) khi ting goc nghiéng MGH 6, tuy nhién
ludn ton tai hiéu tng mit dat (GE ludn 16n hon 1) ké ca khi goc 6 co gia tri
twong ddi 16n. Piéu nay ding voi cac khoang cach h, khac nhau, hinh 4.20 —a.

Trong truong hgp MGH c6 hinh dang 16m, khi géc nghiéng MGH nhd
(0=-10°), hiéu tmg mat dat c6 xu hudng ting 1én. Tuy nhién khi ting dan goc
nghiéng MGH, hiéu ung mit dat giam dan. Dic biét khi goc nghiéng MGH c6
gia trj 16n (0=-30°-40°), va TT bay & khoang cach h,=R+2R, hé sd luc kéo
giam manh, khoang 10%. Két qua nay phu hop vé6i hién tugng trong thuc té,
khi TT hoat dong gan thung liing, c6 hai bén suon dbc c6 goc nghiéng 16n, hodc
khi TT bay giita cac tda nha cao tang, s& hinh thanh cac cudn xody cam tng, co

xu huéng hit TT xudng dudi, 1am giam luc kéo tao ra tir CQ.
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Két qua tinh toan trong muc ndy 1a co s& khoa hoc tin cay dé dua ra cac
khuyén cao bay khi TT hoat trong ving d6i nui, thung liing, dic biét khi TT
bay qua céac khe nui sau, c6 d6 nghiéng bé mit 16n.

4.3.4. Xdac dinh mo men chiic ngoc tac dong lén truc quay cua CQkhi TT ha
cdnh hanh tién theo phwong ngang

Khi TT ha canh trén dét lién, khu vuce ¢6 dién tich rong, & khoang céach ha
canh nho hon 2R, TT sé& chiu tic dong cua hiéu tng mat dat. Hiéu Gmg mit dat
khi toan bo mat phéng canh quay phu trén bé mit khu vue ha canh nhu noi trén,
duogc goi 1a hiéu ung mat dat toan phan/ full ground effect (FGE). Tuy nhién
trong qué trinh khai thac sir dung, c6 nhiéu truong hop TT can thyc hién cong
tac ctru ho hodc cac nhiém vu dic thu, can ha canh Xuéng khu vuc c6 dién tich
nho hep nhu gian khoan, ndc cac tda nha hay trén boong tau. Tai mdt sd thoi
diém, chi mot phan mat phang canh quay quét phi trén bé mit khu vuc ha canh.
Khi d6 TT ciing chiu tdc dong cua hi¢u rng mat dat, nhung duoc goi 1a hi¢u
mg mat dat timg phan/ partial ground effect (PGE). Dudi su tac dong khong
d6i xtng cua hién twong hiéu tng mat dat timg phan, khong chi 1am thay doi
gia tri va su phan bd cta tbe d6 cam ung duoi CQTT, ma con lam thay ddi do
16m va sy phan bd ctia cac lye, cac md men khi dong tac dong 1én CQ. Dac biét
trong truong hop tinh toan dudi day (hinh 4.21), su xuét hién ciia thanh phan
md men chic ngoc bd sung AM, (do hién tugng hidu tmg mit dat timg phan),
tac dong 1én truc OY cua CQ, gay ra xu hudng 1at TT, truc tiép uy hiép an toan
bay. Day 1a van dé thuc tién c6 tinh cap thiét, dit ra yéu cau xay dung mé hinh
nghién ctru tinh toan, tir d6 dua ra cac khuyén cdo ning cao hiéu qua khai thac
str dung va an toan bay cho TT trong céac trudng hop cu thé.

Hién nay trén thé gidi chua c6 nhiéu cong bd nghién ctru vé hién tugng
hiéu tng mat dat timg phan (PGE). Mot sé phuong phap tinh toan khi dong
CQTT duoc tac gia luan an khai quat trong chuong 1, gip nhiéu khé khan trong
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xay dung mé hinh toan khao sat bai toan dang PGE. Tuy nhién véi cach tiép
can xay dyng mo hinh toan trong luan an (chuong 2), phu hop nghién ctru cac
anh huong tuong tac cam Gng gitta cac thanh phan trong hé da vat. Trén co so
phuong phap XRR véi cac phan tir xody hinh ttr giac, cach tiép can cua luén an
¢ thé mo phong cac bé mit vat thé theo moi kich thudc va hinh dang. M6 hinh
bai toan dang PGE nhu thé hién trén hinh 4.21 dugc xay dung trén co s s

dung 1y thuyét theo cach tiép can cta ludn an.
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Hinh 4.21. M6 hinh khao sat TT ha canh theo phuong ngang
Mo hinh m6 phdéng qua trinh TT ha canh trén boong tau, trén ndc nha cao
tang hodc trén gian khoan. TT chuyén dong hanh tién theo phuong ngang véi
tbc d6 cham Up=>5 m/s tiép can bai dd (bé mit bai d6 dugc mo phong bai MGH
kich thuéc 2R X 2R, hinh 4.15-a). Khoang cach tir mit phang CQ dén MGH
dugc lay h,=R.
Khoang cach tir mép bén phai cia MGH va dau mut phia trudc mit phang

quay ctia CQ theo hudéng chuyén dong ctia TT duoc ki hiéu 1a Lkc (hinh 4.21-



117

b, Lkc >0). Ving dién tich ctia mién CQ bao chum 1én ving MGH duoc ky hiéu
1a KVA (phan gach chéo). Mién dién tich KVA c6 gia tri ting dan theo chiéu
tang cua khoang cach Lgc.

Tién hanh tinh toan hé s6 luc kéo CQ trong cac trudng hop tmg voi khodng
cach Lc 1an luot 12 0, 0.5R, R, 1.5R va 2R. Bién thién hé s lyc kéo trung binh
ctia CQ Cry theo timg gid tri khoang cach Lyc thé hién trén do thi hinh 4.22.
Theo d6 hé sd luc kéo trung binh Cry ting dan theo chiéu ting cta khoang cach
Lkc, dong nghia véi chiéu ting cua dién tich mién KVA.
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Hinh 4.22. Bién thién hé s luc kéo CQ theo khoang cach Lkc

TT ha canh ¢ khoang cach chiu anh hudng cuia hiéu ing mit dt timg phan
PGE (¢ day h,=R), cho nén luc kéo CQ duoc bo sung mot luong luc kéo AT do
anh huong cta dong khi phan xa tit MGH (4T thé hién trén hinh 4.23). Mién
dién tich bao chum KVA cang 16n thi dong khi phan xa tr MGH tac dong lén
CQ cang nhiéu, va luong luc kéo bd sung cho CQ AT cang 16n. Piéu nay cho
thay rang lugng luc kéo bd sung AT phéan bd chu yéu trén mién dién tich KVA.
AT nam 1éch so voi truc toa do ngang OY cua CQ mot khoang ry, [am xuét hién
lwong mo men chiic ngdc bod sung AMy cd xu hudng lat ngira TT vé phia phai
cia MGH mot goc g, (hinh 4.23), ddng thoi 1am tang tai 1én 6 truc cua CQ.
Do vay, trong bai toan hiéu irng mat dat dang PGE, ngoai viéc nghién ctru anh

huodng cua viéc tang luyc nang cho CQ, con can xem xét dén su thay doi cua céc
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thanh phan mo6 men, va dac biét trong bai toan nay, mo men chiic ngdc ¢ tac

dong 16n dén TT, uy hiép truc tiép an toan bay.
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Hinh 4.23. TT lat nghiéng do tdc dong cua m6 men chiic ngdc khi ha canh
theo phuong ngang

Str dung cong cu tinh toan ciia mo hinh xody CQ — Than TT — MGH, xac
dinh duoc cac hé s mdé men chic ngoc Mypce Va Myoge cua CQTT trong céc
truong hop khac nhau. Hé s6 Mypge Ung voOi1 truong hgp hiéu tmg mat dat ting
phan PGE ¢ khoang cach Lxc=R va hé s6 myoce tmg véi truong hop TT khong
chiu 4nh huéng cia hiéu ung mit dat OGE dugc thé hién trén hinh 4.24. Su
thay d6i ctia hé s6 mo men chuc ngoc trung binh duogce tinh theo cong thic sau:

Aam

e = Mywpce — Mypoce -

Hinh 4.25 thé hién su bién thién cta luong ting hé s6 mé men chic ngoc
trung binh Am . khi chiu tac dong cua hiu Gmg mit dét timg phén theo cac
khoang cach Lkc khac nhau. Qua db thi cho thiy luong ting hé sé mé men chiic
ngoc trung binh Am,,¢. dat gié tri 16n nhat khi Lkc ndm trong khoang R +1.5R
va c6 gia tri nho hon khi TT it chiu anh huong cta hiéu ung mat dat (Lkc=0)

hodc chiu anh hudng cta hiéu tng mat dat toan phan FGE (Lkc=2R).
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Hinh 4.24. Bién thién hé s6 mdé men chiic ngdc trong trudng hop PGE/Lkc=R
va truong hop OGE
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Hinh 4.25. Bién thién hé s6 mé men chiic ngéc theo khoang cach Lkc
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Qua tinh toan & trén c6 thé thiy rang khi TT ha canh theo hudng chuyén
dong ngang trén cac bai @ nho hep (trén ndc cac toa nha, trén gian khoan hoic
trén boong tau) s& 1am xuat hién lugng luc kéo bd sung cho CQ do anh hudng
ctia hiéu ing mat dat A7. Lugng md men chic ngdc bo sung AM, sinh ra do
anh huong cta hiéu Gtmg mit dat timg phan PGE uy hiép an toan bay cua TT,
khuyén cdo phi cong can c6 cac bién phéap diéu khién phu hop dé 6n dinh can
b::ing cho TT, tri¢t ti€u sy tac dong x4u do AM, gay ra.

Ngoai ra trén co sO cac tinh toan néu trén, ¢ thé dua ra cac khuyén céo
khi TT thyc hién ha canh trén cac khu vuc c6 bai @6 nho hep. Dé loai bo dugc
su xudt hién ctia md men chuc ngéc gay mat an toan cho TT, trong giai doan
thyc hanh ha canh nén dua tryc thang bay cao trén khoang cach 16n hon 2R so
v6i mat phang bai d (tranh hiéu Gng mat dat), sau d6 di chuyén TT vao tim

bai d6 va thuc hién ha canh théng ding.

K¢ét luan chwong 4

- Trén co s& cac mo6 hinh xody CQ — Than TT, mé6 hinh xody CQ — Than
TT — MGH da duoc xay dung va kiém chirng, luan an tao ra dugc mot cong cu
tinh todn linh hoat va hiéu qua. Céng cu tinh toan c6 kha nang tinh toan moé
phong dic trung khi dong CQ xét dén anh hudng cta than va ctia mat giéi han
& nhiéu ché do, nhiéu diéu kién hoat dong ctia TT.

- Viéc ¢6 mat than TT trong md hinh xody CQ — Théan khéng tao ra nhiéu
thay ddi cta cac PTKD CQ, nhung lam xuét hién cac dao dong cua h¢ s6 luc
kéo v&i bién do dang ké. Cac dao dong cua hé s6 luc kéo CQ trong mo hinh
x04y CQ — Than chil yéu xuat hién khi cac LCQ quét qua phan dudi than TT,
va phan bd & phan dau mut va phan gbc 14 canh.

- Khoang céch giita than TT va CQ cang gan thi anh huéng cam tng cia

than TT lén BTKD cua CQ cang rd. Tuy nhién vé mit dinh luong, cac anh
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huong nay khong qua 16n, do vay trong bai toan thiét ké phdi tri vi trf than TT
nén chu trong yéu to on dinh va bén két cau hon 1a anh hudéng khi dong.

- Cac mo hinh xoay duogc xay dung va cac cong cu tinh toan dugc tao ra
tir cac mo hinh c6 kha ning thay dbi, diéu chinh dé nghién ctru cac bai toan
tuong tac khi dong véi cac ddi tuong khac nhau. Mt gidi han (bao gom céc
thay doi vé tinh chat, hinh dang, kich thudc...) duoc lay 1am vi du dbi tuong
tinh toan chimg minh nhan xét trén. Két qua tinh toan véi cac trudmg hop khac
nhau lién quan dén mit gidi han va hiéu Gmg mat dat co y nghia quan trong

trong hoat dong thuc tién khai thac st dung va van hanh diéu khién TT.
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KET LUAN VA KIEN NGHI

Tir nhitng yéu cu cua hoat dong thuc tién va trén co so phan tich tinh hinh
nghién ctru khi dong truc thang trong va ngoai nudc, luén an da chi ra nhiing
van dé con ton tai, nhirng ndi dung khoa hoc chua dugc giai quyét, tr d6 dé
Xuat hudng nghién ctou, hudng tiép can céac van dé cua luan 4an. Muc dich dé ra
cua luan an la xay dung dugc moé hinh todn xac dinh céc dac trung khi dong
ctia canh quay truc thiang xét dén anh hudng cua than va mat giéi han. Khao sat
dugc cac bai toan tuong tac khi dong gilra canh quay va than truc thang trong
nhiéu ché d6 khac nhau, nghién ctru m6 phong dugc su bién d6i cua cac dic
tinh khi dong canh quay khi xét dén twong quan vi tri gitta canh quay, than truc
thang va mat gidi han. Mét gidi han duge moé phong trong luan an c6 kich thude
va hinh dang phtc tap, thé hién dugc kha nang tng dung linh hoat ctia mo hinh
toan trong ludn 4n d6i voi cac bai toan trong thuc tién. Véi cac ndi dung khoa
hoc va céc két qua trinh bay trong cic chuong ciia luan an, c¢6 thé khang dinh
luan 4n d3 dat dugc muc tiéu dé ra.

Bang viéc nghién ctru cac phuong phap nghién ciru khi dong truc thing
trong nudc va trén thé gidi, luan an lwa chon cach tiép can st dung phuong
phap xoay 10i rac dé xay dung md hinh toan cho ddi twong nghién ctru. Khac
v6i nhiéu cong trinh khoa hoc trong nude chil yéu st dung phan tir xody mong
ngua, trong luan 4n da phat trién mo hinh tinh toan hoan toan méi dya trén nén
phan tir xoay khung hinh tir giac. Va c6 thé noi chinh nhd ap dung phan tir xody
khung tr gidc, ma mo hinh toan xay dung dugc trong luan an c6 nhiéu uu viét,
c6 thé mo phong duoc vat thé 3D, dua vat thé co thé tich vao trong mot mo
hinh xody, qua d6 xem xét danh gia dugc anh hudng tuong tac trong hé nhiéu
vat, nhu CQ, Than TT va mat giéi han.

Céac md hinh xoay phi tuyén khong dung trong luin an dugc 4p dung bod

sung thuyét ban kinh xody hiru han, lam cho mé hinh toan dugc xay dung ngay
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cang hoan thi¢n, sat gﬁn v6i thue tién. Tir cac md hinh toan d6 tao ra dugc mot
cong cu tinh toan khi dong va tuong tac khi dong twong ddi hoan chinh. Cong
cu tinh toan duoc nghién ctru kiém chimg khang dinh d6 tin ciy trong nhiéu
truong hop. Két qua tinh toan tir cong cu duoc so sanh véi nhiéu mo hinh toan
trong cac cong trinh di cong bd cua cac nha khoa hoc trén thé gidi, dam bao
tinh chinh xac, tinh khoa hoc va ¢6 dg tin cay cao. Vi cong cu xay dung duoc,
c6 thé ap dung tinh toan mod phong cho nhiéu d6i twong, co thé thay ddi tuy
chinh va phat trién linh hoat dé thich tmg v6i nhiéu dang bai toan khac nhau.
Vi céac thuat toan chuong trinh trong luan an, co thé tinh toan khao sat va danh
gid dugc anh huong cua Than TT va ctia mat gidi han 1én kha nang tao nang
ctia CQ, ciing nhu nhiing thay d6i trong qua trinh hinh thanh man xoay. O day
do gi6i han vé thoi gian va khuon kho dung luong luan an ma dic tinh khi dong
dugc nghién clru chi tap trung vao kha nang tao nang cua CQ, duogc tinh toan
chu yéu trong diéu kién cac bai bay co ban (bay treo, bay 1én xudng thang
dung). Mic du vay nhitng két qua dat duoc c6 ¥ nghia quan trong, 13 co sé khoa
hoc tin ciy dé dua ra cac khuyén cdo trong qua trinh khai thac van hanh TT.

Duya trén cac két qua nghién cru anh hudng ciia Than TT trong mé hinh
xoay CQ — Than TT cua luén 4n, ¢ thé dua ra cac két luan chung trong tng
dung thuc tién. Kha ning tinh toan dinh luong duoc su phan b tai trén LCQ
quét qua phan dudi than TT c6 ¥ nghia khao ctru quan trong cho cac bai toan
tinh toan thiét ké LCQ, bai toan kiém bén moi LCQ. Cung cip sb liéu tham
khao dé x4y dung mo hinh gia tai trong mé phong thir nghiém LCQ. Tir két qua
nghién ctru vé tuong tic CQ — Than TT cho thiy nhitng cai tién, thay doi lién
quan dén két cau gin trén than TT (g4 lap gia, thiét bi, gian phun nudc...) khong
gy anh hudng 16n dén kha ning tao nang cta CQ.

Két qua khao sat voi mit gi6i han trong mé hinh xoay CQ — Than - MGH

cho thay rang sy tuong tac khi dong véi cac vat thé xung quanh gy anh huéng
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rd rét téi kha ning tao nang cua CQ, dic biét khi TT bay gan cac bé mit gidi
han. Mtrc d6 anh huong nay twong dbi 10n va khong thé boé qua trong qua trinh
tinh todn cling nhu khai thac sir dung. Tuy thudc vao tinh chét, hinh dang va
kich thudc mat gié1 han ma muc d6 anh hudng cé gia tri khac nhau. Cac két
qua tinh todn tir cac nghién ctru tuong tac gitta CQ, Than TT va MGH 1a co so
khoa hoc dua ra cac khuyén cdo an toan bay cho TT, ¢6 ¥ nghia tmg dung thuc
tién gop phan giai quyét cac dang bai toan thyc té moi ndi 1én gan day (TT ha
canh trén néc toa nha cao tﬁng, trén gian khoan hodc trén boong tau; TT hoat
dong trong ving c6 dia hinh d6i ndi, thung ling...).

Nhirng dong gép méi cia ludn an

- Xay dyng md hinh toan phi tuyén khong ding xéac dinh dic trung khi
dong cuia canh quay bang phuong phap xoay roi rac (md hinh xody CQ). Trong
mo hinh do:

+ Phan tir xody str dung trong mo hinh xoay CQ c6 dang hinh tir gidc.

+ C6 ap dung md hinh khuéch tan xody, qua d6 mé ta dugc qud trinh
khuéch tan ciia man xody trong khong gian, 1am cho mé hinh toan hoan thién
hon, sat gan hon véi cac qua trinh trong thuc té.

- Xay dyng md hinh toan phi tuyén khong dimg xac dinh dic trung khi
dong cua canh quay xét dén anh huéng cta than tryc thing va mat giéi han
bang phuong phap xody roi rac:

+ Cach tiép can xay dung mo hinh toan mdi, khoa hoc va chit ché, thé
hién duoc sy twong tac qua lai gitta cac thanh phan khi dong trong mot hé da
vét bang mo hinh toan hoc. Céch tiép can nay mé rong kha ning ap dung diéu
kién chay khong tham ciia phuong phap xody roi rac trong linh vuc khi dong
luc hoc hé da vat.

+ Trong mo hinh toan xay dung mo phong dugc hinh dang 3D cua than

TT va cac hinh dang phtc tap ctia mat gidi han bang phuong phap XRR. Qua
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d6 dua duoc than TT va cac ddi twong khac (mit gisi han) vao trong mé hinh
x0dy CQ, thé hién dugc sy anh hudng qua lai gitta ching rd rang va chinh xAc,
khic phuc dugc nhitng han ché cta cach tiép can truyén thong trudc day.

- Chuong trinh thuat toan dya trén cac mo hinh da xay dung 1a mot bo
cong cu tinh toan tin cay, dugc kiém chung & nhiéu truong hop. Voi cong cu
tinh toan nhu vay, co thé nghién ctru, khao sat nhiéu bai toan khi dong, dac biét
1a nghién ctru tuong tac hé da vat.

Kién nghi vé huwéng nghién ctru tiép theo

Qua thuc tién nghién ciru vé khi dong canh quay tryc thang va 16p cac bai
toan tuong tac khi dong trong h¢ nhiéu vét, tic gid luan an théy ré“mg con ton tai
mot 86 van dé co tinh img dung thyc tién cao tuy nhién chua c6 nhiéu nha khoa
hoc trén thé gidi quan tim nghién ctru nhu:

- Nghién ciru vé tuong tac khi dong gitra cac canh quay trong mé hinh 6
t6 bay: Nghién ctru phoi tri khi dong giita cac canh quay cua 6 to bay dé giam
thiéu cac ton that luc kéo; Nghién ciru tdi wu vé hinh dang khi dong ciia than 6
t6 khi hoat dong trong cac dong khi hdn loan théi tir nhiéu canh quay...

- Cac nghién ctru vé khi dong luc hoc canh vay ctia mot s6 mo hinh cén
trung, mo hinh dong luc hoc cua cac loai chim. Canh V?ly khac vdi canh quay
vé quy luat chuyén dong va quy luat thay d6i goc tin, do vy can co cac nghién
ctru cu thé hon nira, dé khai quat, xdy dung md hinh toan.

- Nghién ctru khi dong luc hoc céc loai truc thang c6 tinh co dong cao,
bay véi toc do 16n. Khi ¢6 mo hinh nghién ctru can xét dén anh hudéng cia tinh
nén, tinh nhdt ctia dong khi va cac ton that tai ddu mat 14 canh quay. M6 hinh
canh quay c6 nhiéu khop dé thé hién cac chuyén dong lac, chuyén dong vay va

do van cua cac la canh.
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Céc bai toan ké trén 1a nhitng van dé con ton tai, c6 tinh cap thiét va tinh
thoi sy trén thé gidi. Do vay tac gid luan an xac dinh day s¢€ l1a cac hudng nghién

ctru, phat trién tiép theo sau khi luan 4n duoc hoan thanh.
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PHU LUC 1



PL1.1. Ma tran xac dinh cuong dd cac xoay lién két trong mé hinh

x0ay CQ — Thén:

{(Al)mxm (AZ)mXM}>< (7). :{(Bl)mxl} (2.20)

(A8) (M) ]| () [7L(B2),.,

Céc hé sb ciia ma tran Al, B1, 1°° duoc xé4c dinh nhu trinh bay trong muc

Mxm M xM

2.2, chuong 2. Cac ma tran hé s A2, A3, A4 xac dinh theo nguyén tic tuong tir
Al, ma tran B2 xac dinh tuong tu B1. Ma tran an I™ 1a ma tran cot kich thudc

Mx1, gdm cac phan tir 1a cuong do cac xoay lién két trén than TT.

Diém kiém tra
thir &2

Bé miat LCQ

Hinh PL1.1. Nguyén tic xac dinh hé s6 A,

a;, A
v A2=| .. a v | VOL ko=1+m, lb,=1+-M;

ml mM



a,, =q,, (U,v,w)-n, , 1a thanh phan phap tuyén ctia van téc cam tng tai

2
diém kiém tra thir k trén LCQ, gy bai khung xoay thit I; nam trén than TT, ¢6
luu s6 tdc d6 I'=1 nhu thé hién trén hinh PL1.1. Céc biéu thuc tinh toan véc to
Oy, (U,V,W) va N, duge xac dinh tuong tw Gpyp va Ny, da trinh bay trong

chuong 2, muc 2.2.2.

a, . a,
v A3=| .. ak3,3 o | VO ks=I+M, ls=]1+m:

a'Ml a'Mm

a, =0y, (u,v,w)- N, , la thanh phan phap tuyén cua van téc cam ung tal
diém kiém tra thir ks trén thén TT, gdy boi khung xoay thtr I3 nam trén 14 canh

quay, c6 luu sb téc d6 I'=1. Céac biéu thirc tinh toan véc to g e, (U VW) va Ny
dugc xac dinh tuong ty (p_yy5, va Ny, da trinh bay trong chuong 2, muc 2.2.2.

a'll alM

v M= .o, v6i ke=1+M, [,=1+M;

4

a a

M1 MM

a,,, =0, (U,v,W)-n, , 1a thanh phan phap tuyen ctia van toc cam ung tai
diém kiém tra thir ks trén than TT, gy boi khung xody thir |4 cling nam trén
than TT, c6 luu sb toc 6 I'=1.

bll

v B2=|b,, | v6i ke=1+M;




b, =—-[U+u, Vi+v, Wtw, ] -n, 1a tong dai s6 cua van téc khong
nhidu va van téc cam @ng boi cac man xody tu do xét tai diém kiém tra thir ke
trén than TT:

UV W), =g,

(Uy Vs W,, ), =My, - 12 van toc cam tng tai diem kiem tra thr ks trén
than TT, gay ra boi cac khung xody trén man xoay tu do thoat ra tur cdc mep
LCQ.

Hé phuong trinh (2.20) ¢6 m+M phuong trinh va m+M an (m an 1a cudng
d6 cua cac khung xody lién két trén CQ, M an la cuong do xoay cia cac khung
xody lién két trén than TT). Hé phuong trinh (2.20) c6 thé viét dudi dang:

m M

lzllaklrlCQ +IZ;ak2I2+mrl?jrm =—(Uy +oxr, +Vwk )
- =

k=k,=1+m

m M

IZ;ak3|3F|SQ + ;ak4l4+mrlzim = _(Uo +Vwk3 )

= =

Ky=k,=m+1+m+M

(2.20.PL1)

PL1.2. Ma tran xac dinh cuwong dd cac xody lién két trong md hinh

xoay CQ — Mat giéi han:

{(Al)mxm (CZ)M}>< (7)., _{(Bl)mxl} (2.21)

(€3) (C4). ][ (r), | L(B3)

Trong biéu thuc (2.21) cac ma tran hé s6 Al, B1, r°® da duoc xac dinh

Lxm LxL Lx1

trong chuong 2, muc 2.2. Ma tran hé s6 C; (i=2+4), 77", B3 dugc tinh toan tir
cac phan tir xody mo phong mit gidi han. Chi sé L thé hién sé lugng phan tir

x04y lién két thay thé cho kich thudc cia mit gidi han.



Ciy CiL
v C2=| ... ¢ v | VO Keo=1-m, lco=1+L;

kCZICZ

C

mL

=0, U,v,w)-n,_, 1a thanh phan phap tuyén caa van toc cam

I(CZICZ
ng tai diém kiém tra thi kez trén LCQ, gy boi khung xody tht Ic; ndm trén

mat gigi han, c¢6 luu sd tbe @6 I'=1. Cac biéu thirc tinh toan véc to Ok..,i., (u,v,w)

va Ny dugc xac dinh tuong tu (p_y5 va Ny, dé trinh bay trong chuong 2, myc

2.2.2.

v C3=| ... ¢ o | VoL kc3:]+|_, Icg:]+m;

kC3IC3

C, - C

m

=0, (U;v,w)-n,_,1a thanh phan phap tuyén cua van toc cam ing

kC 3|C3
tai diém Kiém tra thir kea trén mat gidi han, gay bai khung xody thir lc nam trén

CQ, ¢6 luu 56 toc do I'=1. Cac biéu thie tinh toan véc to d,_,_(U,V,W) va n,
dugc xac dinh twong ty (p_j55 va Ny, da trinh bay trong chuong 2, muc 2.2.2.

Cy CiL
v C4= ... ¢ o | VOI kc4=]+|_, Ic4=I+L;

kC4IC4

CLl CLL

keales :ch4lc4(us’W)'nkC4 , 1a thanh phan phap tuyén cta van téc cam
ing tai diém kiém tra thi ks trén mit giéi han, gay boi khung xody thir Ics nam
trén chinh mat gisi han, co luu s6 téc do I'=1. Céc biéu thirc tinh toan véc to

Ok e, (u,v,w) va N, , duoc xac dinh tuong tu (p 15 va Ny, da trinh bay trong

chuong 2, muc 2.2.2.



b11

vOi kc3=]+ L;

kesl

bLl
b, =—[U+u, Vi+v, W+w, ], -n_ la tong dai s6 cua van toc khong
nhidu va van téc cam ang boi cac man xody tu do xét tai diém kiém tra thir Kes
trén mat gidi han:
(U VoW, )kC3 -

(Up Vs W, ), =iy, - 12 VAN téc cam tng tai diém kiém tra thir kes trén

kc3
mat gioi han, gay ra boi cac khung xoay trén man xoay tu do thoat ra tir cac
mép LCQ.
Hé phuong trinh (2.21) ¢c6 m+L phuong trinh va m+L an (m an la cudng
d6 cua cac khung xody lién két trén CQ, L 4n 13 cudng d6 xoay ctia cac khung

xody lién két trén mit gisi han). Hé phuong trinh (2.21) c¢6 thé viét dudi dang:

CcQ Mh _
Zaklf +Zakm2+m Y =—(Uy +oxrn +V, ),

o RRall
k = kC2 = 1-7-n1

- (2.21.PL1)
Z kesles |c3 + Z a Kealcg+m |2A4grm - _(UO +Vch3 )’
lcs=1 lcs=1

Keg =Koy =m+1+m+L

PL1.3. Ma tran xac dinh cuwong dd cac xody lién két trong md hinh
xo0ay CQ — Than - Mat giéi han:

(A (A2),0 (C2),, ma || (BL),,
( 3)M><m ( 4)M><M (Cl)MxL X (rTh)Mxl (BZ)Mxl (2.22)
(CB)Lxm (CS)LXM (C4)L><L ([‘Mgh) (BB)Lxl

>
>




Trong biéu thirc (2.22), ma tran h¢ s6 C1 va C5 thé hién su tac dong cam ing
qua lai gitra cac xoay trén than TT va cac xody trén mat gidi han. Cac ma tran
hé sb con lai cua biéu thirc (2.22) déu da duoc xac dinh trong muc 1, 2 cua Phy

luc 1 va trong chuong 2, muc 2.2.

C'11 e C1L

4 Cl=| .. ¢\, - | Vi kei=1+M, ley=1+L;
Cy; - Cy

C. s, = Ay, (U, V, W) -1y, 12 thanh phan phép tuyén cua van toc cam tng

tai diém kiém tra thi kes trén than TT, gay boi khung xoay thit Ic; nam trén mat

gidi han, co luu s toc do I'=1. Cac biéu thirc tinh toan véc to Oy, (U, V, W) va

N, , duoc xac dinh twong tu p_1p va Ny, da trinh bay trong chuwong 2, muc
2.2.2.

Cll ClM

v Cs5=| ... ¢ o | VOL Kes=1+L, lcs=1+-M;

kC5|C5

CLl CLM

eelos = Ok, (U VW) -1y, 14 thanh phan phap tuyén cua van toc cam ang

tai diém kiém tra tha kes trén mat gisi han, gay boi khung xody thar lcs nam

trén than TT, ¢6 luu s6 toe 4o /'=1. Céc biéu thirc tinh toan véc to g, _,_ (U, V, W)

va Ny dugce xdc dinh tuong tu (p_y5 va Ny, dé trinh bay trong chuong 2, myc
2.2.2.

Hé phuong trinh (2.22) ¢6 m+M+L phuong trinh va m+M+L an (m an la
cuong do cia cac khung xoay lién két trén CQ, M an 1a cuong do xody cua cac
khung xody lién két trén than TT, L 4n 1a cuong do xody cia cic khung xoay

lién két trén mat gidi han). Hé phuong trinh (2.22) ¢6 thé viét dudi dang:
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PHU LUC 2



PL2.1. Phwong trinh chinh:

3%%%%%%———-Main programma <<MH xoay CQ>>-----%%%%%%%%%%%
clear all;

clc;

delta t=0.01;

step=150;

b=0.5;% m day cung

R=10.6;

omega=20.1;% rad/s;
ro=1.225; %Smat do khong khi o do cao 0 km
g=ro* (omega*R) "2/2;
Are=pi*R"2;% dien tich canh
hstn2=2*pi*R"2;
U0=10./omega/R;% toc do di chuyen cua helicopter
alpha cg=90.*pi/180;% radian,
vinf=[-UO*cos (alpha cq);0;U0*sin(alpha cq)]; %$free stream
velocity
$Specify wing geometry
X canh=load('Input\canhl X.txt');
Y canh=load('Input\canhl Y.txt');
Zz canh=load('Input\canhl 7Z.txt");
xktra canh=load('Input\toadoXktra canh.txt');
yktra_canh=load(’Input\toadontra_canh.txt’);
zktra canh=load('Input\toadoZktra canh.txt');
sl=2;
n=size (xktra canh,1)/sl;
N=size (xktra canh, 2);
A=matran hsA(sl,n,N,X canh,Y canh,Z canh,xktra canh,yktra can
h, zktra canh);
B=matran hsB(sl,n,N,vinf,X canh,Y canh,Z canh,xktra canh, yktr
a_canh, zktra canh);
X=A\-B;
cdo=cdo_canh (X,sl,n,N);
gx=zeros (1l,N+1) ;gy=zeros(l,N+1);gz=zeros(l,N+1);
cdo mxT=[];
for ib=1l:step

cdoT{ib, : }=cdo;

gocxoay=omega*delta t;

for i=1:(n+1)*sl
for j=1:N+1



X canh(i,J)=X canh(i,Jj)-(ib-1)*vinf (1, :)*delta t;
Y canh(i,J)=Y canh(i,Jj)-(ib-1)*vinf (2, :)*delta t;
Zz canh(i,j)=Z canh(i,j)-(ib-1)*vinf (3,:)*delta t;

toado canh=xocayquanh trucoz (gocxoay,X canh(i,Jj),Y canh(i,3),2
_canh(i,3));
X canh(i,j)=toado canh(1l,:)+ib*vinf (1, :)*delta t;
Y canh(i,Jj)=toado canh (2, :)+ib*vinf (2, :) *delta t;
Zz canh(i,j)=toado canh (3, :)+ib*vinf (3, :)*delta t;
end
end
for i=1l:n*sl
for j=1:N
xktra canh(i,j)=xktra canh(i,Jj)- (ib-
1)*vinf (1, :)*delta t;
yktra canh(i,Jj)=yktra canh(i,Jj)-(ib-
1)*vinf (2, :) *delta t;
zktra canh(i,Jj)=zktra canh(i,Jj)- (ib-
1) *vinf (3, :) *delta t;

toado ktra=xoayquanh trucoz (gocxoay,xktra canh(i,]j),yktra can
h(i,Jj),zktra canh(i,J));

xktra canh (i, j)=toado_ktra(l, :)+ib*vinf (1, :)*delta t;
yktra canh(i,J)=toado ktra(2,:)+ib*vinf (2, :)*delta t;

zktra canh (i, j)=toado _ktra(3,:)+ib*vinf (3, :)*delta t;
end
end
Toado canh{ib, :}={X canh,Y canh,Z canh};
Toado ktracanh{ib, :}={xktra canh,yktra canh, zktra canh};
for 1 sl=1l:sl

if ib==
cdo mxT{ib,1 sl}=cdo(n*i sl,:);
for j=1:N+1
hh=xoayquanh trucoz (-
gocxoay,X canh((n+l)*i sl1,3J),Y canh((n+l)*i sl,J),Z canh((n+l
)*1i_s1,3))i
x pelTl (ib, j)=hh (1, :)-vinf (1, :) *delta t;
y pelTl (ib, j)=hh (2, :)-vinf (2, :) *delta t;



z pelTl (ib,j)=hh(3,:)-vinf (3, :) *delta t;
end
x pelT{ib,i sl}=[X canh((n+l)*i sl,:);x pelTl];
y pelT{ib,i sl}=[Y canh((n+l)*i sl,:);y pelTl];
z pelT{ib,1i sl}=[Z canh((n+l)*i sl,:);z pelTl];
else
cdo mxT{ib,i sl}=[cdo(n*i sl,:);cdo mxT{ib-
1,1 sl1}];
for ibb=1:1ib
for jl1=1:N+1
x _tinh=x pelT{ib-1,1i sl} (ibb,jl);
y _tinh=y pelT{ib-1,1i sl} (ibb,Jl1);
z tinh=z pelT{ib-1,1 sl} (ibb,jl);

vV _cu tong=vantoc cu tongT(sl,n,N,cdoT,cdo mxT,X canh,Y canh,?Z
_canh,x pelT,y pelT,z pelT,x tinh,y tinh,z tinh);
tocdo tongT=v_cu tong;
x pelT{ib-1,1 sl} (ibb,jl)=x pelT{ib-
1,i sl}(ibb,jl)+tocdo tongT(1l,1) *delta t;
y pelT{ib-1,1 sl} (ibb,jl)=y pelT{ib-
1,1 sl}(ibb,jl)+tocdo tongT(2,1) *delta t;
z pelT{ib-1,1i sl} (ibb,Jjl)=z pelT{ib-
1,1 sl}(ibb,jl)+tocdo tongT(3,1) *delta t;
end
end
x pelT{ib,i sl}=[X canh((n+l)*1 sl,:);x pelT{ib-

1,1 s1}];
y pelT{ib,1 sl}=[Y canh((n+l)*1i sl1,:);y pelT{ib-
1,1 s1}];
z pelT{ib,1i sl}=[Z canh((n+l)*1i sl,:);z pelT{ib-
1,1 s1}];
end
end

lucFl=tinhluckd(sl,n,N,vinf,delta t,cdoT,cdo mxT,ib,X canh,Y
canh, Z canh,xktra canh,yktra canh, zktra canh,x pelT,y pelT,z
pelT);

dP{ib,1}=1lucF1{1,1};

lucFx (ib, :)=1lucF1{2,1}(1,1);

lucFy (ib, :)=1lucFl1{2,1}(2,1);

lucFz (ib, :)=1lucF1{2,1} (3,1);



A=matran hsA(sl,n,N,X canh,Y canh,Z canh,xktra canh,yktra can
h, zktra canh);

B=matran hsBT(sl,n,N,vinf,ib,cdo mxT,X canh,Y canh,Z canh, xkt
ra canh, yktra canh, zktra canh,x pelT,y pelT,z pelT);
X=A\-B;
cdo=cdo_canh (X,sl,n,N);
end
for 1 sl=l:sl
n0=(i sl-1)*(n+l)+1;
nl=(n+l)*i sl-1;
k2=(i sl-1)*n+1;
for i=n0:nl
for j=1:N
x1=X canh (1

J)s
).

yl=Y canh (1

z1=Z canh(i,]j);
x2=X canh (1 j+l)
y2=Y canh(i,3j+1);
z2=7 canh(i,Jj+1);
x3=X canh (i+1,J+1);

(1
(1
(1
(1
(1
(1
(
y3=Y canh (i+1,j+1);
z3=7Z canh(i+1,3+1);
x4=X canh (i+1,7]);
y4=Y canh (i+1,3);
z4=7 canh (i+1,73);
norm mp=norm matphang(x1l,yl,zl,x2,y2,22,x3,y3,23,x4,y4,24);

norm mpx (k2,J)=norm mp (1,1);

norm mpy (k2,J)=norm mp (2,1);

norm mpz(k2,j)=norm mp(3,1);

end
k2=k2+1;
end

end
cx=lucFx/hstn2;
cz=lucFz/hstn2;
save ('Results\heso cx.txt','cx','-ascii')
save ('Results\heso cz.txt','cz','-ascii')
cdo cg=cdoT{step, :};
cdo mx=[cdo mxT{step,1l};cdo mxT{step,2}];



dPx step=dP{step,1l}.*norm mpx;
dPy step=dP{step,1l}.*norm mpy;
dPz step=dP{step,1l}.*norm mpz;
save ('Results\cdo cqg.txt','cdo cqg', '-ascii')
save ('Results\cdo mx.txt', 'cdo mx', '-ascii')
save ('Results\ch apCOX.txt', 'dPx step', '-ascii')
save ('Results\ch apCQY.txt',6 'dPy step','-ascii')
save ('Results\ch apCQZ.txt',6 'dPz step','-ascii')
figure (1)
plot([l:step]l,cz(l:step)','r");
xlabel ('x"'");ylabel ('y');zlabel('z');title('He so luc (cx-mau
xanh; cz-mau do) ') ;
grid on
for 1 sl=1l:sl
Mx=X canh((i sl-1)*(n+l)+1:(n+l1)*1i sl,:);
My=Y canh((i sl-1)*(n+l)+1:(n+l)*1i sl,:);
Mz=7Z canh((i sl-1)*(n+l)+1:(n+l)*1i sl,:);
Mxk=xktra canh((i sl-1)*n+l:n*i sl,:);
Myk=yktra canh((i sl-1)*n+l:n*i sl,:);
Mzk=zktra canh((i sl-1)*n+l:n*i sl,:);
Hx=x pelT{step,i sl};
Hy=y pelT{step,i sl};
Hz=z pelT{step,i sl};

save ('Results\XtoadoCQ.txt', 'Mx', '-ascii', '-append')
save ('Results\YtoadoCQ.txt', 'My', '-ascii', '-append')
save ('Results\ZtoadoCQ.txt', 'Mz"', '-ascii', '-append')

save ('Results\XtoadoktraCQ.txt"', 'Mxk', '-ascii', '-append"')

(
(
(
(
save ('Results\YtoadoktraCQ.txt', '"Myk', "-ascii', '-append’')
(
(
(
(

save ('Results\ZtoadoktraCQ.txt', '"Mzk', "-ascii', '-append")
save ('Results\XtoadoMX.txt', '"Hx', '-ascii', '-append')
save ('Results\YtoadoMX.txt', 'Hy', '-ascii', '-append')
save ('Results\ZtoadoMX.txt', 'Hz', '-ascii', '-append')
end

Mxl=load('Results\XtoadoCQ.txt");Myl=1load('Results\YtoadoCQ.t
xt');Mzl=load ('Results\ZtoadoCQ.txt") ;

Mxkl=load ('Results\XtoadoktraCQ.txt'"') ;Mykl=load('Results\Ytoa
doktraCQ.txt') ;Mzkl=1load ('Results\ZtoadoktraCQ.txt"');
Hxl=load ('Results\XtoadoMX.txt");Hyl=load('Results\YtoadoMX.t
xt');Hzl=1load ('Results\ZtoadoMX.txt");

figure (2)

surf (Mx1(l:n+1,:),Myl(1l:n+1,:),Mz1(1l:n+1,:), " 'facecolor','z',"
edgecolor', 'b'");



xlabel ('x'");ylabel ('y');zlabel ('z"),;title('canhl");

axis equal

hold on

surf (Mx1 (1*(n+l)+1: (n+l)*2,:), Myl (1*(n+1l)+1: (n+tl)*2,:),Mz1 (1*
(nt+1)+1: (n+l1)*2,:), " 'facecolor','r', 'edgecolor', 'b");

hold on

mesh (Hx1 (1l:steptl,:),Hyl (l:steptl,:),Hz1l(l:steptl,:));

hold on

mesh (Hx1 (1* (steptl)+1l: (step+l)*2,:),Hyl (1* (step+l)+1l: (step+l)
*2,:),Hz1 (1* (steptl)+t1l: (steptl)*2,:));

hold on

figure (3)

surf (Mx1(1l:n+1,:),Myl(l:n+1,:),Mz1(1l:n+1,:), " 'facecolor','r',’
edgecolor', 'b'");

xlabel ('x'");ylabel ('y');zlabel('z"');title('canhl'");

axis equal

hold on

surf (Mx1 (1* (n+1)+1:(n+1)*2,:), Myl (1*(n+1)+1: (n+l)*2,:),Mz1 (1*
(n+l)+1: (n+1)*2,:), 'facecolor','r', "edgecolor','b");

hold on

Rx=3.0*R/R;
Rz=2.*R/R;
scale0=0.02*omega*R;
size mp=0.25;
[Xmp, Zmp]=meshgrid (-Rx:size mp:Rx,-Rz:size mp:Rz);% mp doc
Ymp=zeros (size (Xmp)) ;
[Ympl, Zmpl]=meshgrid (-Rx:size mp:Rx,-Rz:size mp:Rz);% mp
ngang
Xmpl=zeros (size (Ymp) ),
Xmp2=ones (size (Ymp)) ;
Xmp3=-1.*ones (size (Ymp)) ;
for ix=1l:size(Ymp, 1)
for jy=l:size(Ymp, 2)

v_cul=vantoc cu tongT(sl,n,N,cdoT,cdo mxT,step,X canh,Y canh,
Zz canh,x pelT,y pelT,z pelT,Xmpl (ix,Jy),¥mpl (ix,Jy), Zmpl (ix, J
v)) i



v _cumpl=[0.;v cul(2,1);v cul(3,1)];

quiver3 (Xmpl (ix, Jjy),¥Ympl (ix,Jy),Zmpl (ix,Jy),v_cumpl (1,1),v cu
mpl (2,1),v _cumpl(3,1),scale0, "'LineWidth',2);
hold on
end

grid on
axis equal

PL2.2. Cac function:

- - - - - - _ 2

function
A=matran hsA(sl,n,N,X canh,Y canh,Z canh,xktra canh,yktra can
h,zktra canh)
k1=1;k3=1;
for 1 sl=l:sl
n0=(i sl-1)*(n+l)+1;
nl=(n+l)*i sl-1;
for i=n0:nl
for j=1:N
x_tinh=xktra canh(k3,7j);
y tinh=yktra canh(k3,3);
z tinh=zktra canh(k3,3);
mx11=X_canh(' 3)
myll=Y canh(i,J);
i) ;
,J+1)
i,3+1);
mz22=% canh(i,J+1);

(1

mzll=Z_canh(
(1
(1
(1

mx33=X canh (i+1,J+1);
(
(
(
(
(

mx22=X canh (1
my22=Y canh

my33=Y canh (i+1,J+1);
mz33=7Z canh (i+1,J+1);
mx44=X canh (i+1,3);
my44=Y canh (i+1,J);
mz44=7 canh (i+1,7);

norm mp=norm matphang (mxll,myll,mz11l,mx22,my22,mz22,mx33,my33
,mz33,mx44,my44,mz44) ;
k2=1;



for 1 sll=1l:sl
n0l=(i sl1l1-1)*(n+1)+1;
nll=(n+l)*i sl1-1;
for ii=n01l:nl11
for 3j=1:N
mx1=X canh(ii,JjJj);
myl=Y canh(ii,jj);
mzl=Z canh(ii,jj);
mx2=X canh (ii, jj+1);
my2=Y canh(ii,jj+1);
mz2=7 canh(ii,jj+1);
mx3=X canh (ii+1,Jj+1);
my3=Y canh(ii+1,Jj+1);
mz3=7Z canh (ii+1,jJ+1);
mx4=X canh (ii+1,3J);
my4=Y canh (ii+1,3J);
(

mz4=7 canh (ii+1,33);

A lkll=vantoc cu lkhungXLK(x tinh,y tinh,z tinh,mxl,myl,mzl,m
X2,my2,mz2,mx3,my3,mz3,mx4,my4,mz4) ;

A 1kl (k2)=chieuVlxuongVv2 (A 1k11(1,1),A 1k11(2,1),A 1k11(3,1),
norm mp (1,1),norm mp(2,1),norm mp(3,1));

k2=k2+1;
end
end
end
A 1k(kl,:)=A 1kl1;
kl=kl+1;
end
k3=k3+1;
end
end
A=A 1k/4/pi;
function

B=matran hsB(sl,n,N,vinf,X canh,Y canh,Z canh,xktra canh, yktr
a_canh, zktra canh)
k2=1;
for 1 sl=1l:sl
n0=(i sl-1)*(n+1)+1;



nl=(n+l)*i sl-1;
for i=n0:nl
for j=1:N
x_tinh=xktra canh(k2,3);
y tinh=yktra canh(k2,3);
z tinh=zktra canh (k2,3);
vtocl=vinf;

vtocZ=vantoc quay inCQ(x tinh,y tinh,z tinh);

vtoc=vtocl+vtoc2;
mx11=X_canh(',j);
J)
).

myll=Y canh (i
mzll=Z canh (i

mx22=X canh (1 j+l)
my22=Y canh(i,3j+1);
mz22=7 canh(i,3j+1);

my33=Y canh (i+1,J+1);
mz33=7Z canh (i+1,J+1);
mx44=X canh (i+1,]);
my44=Y canh (i+1,]);

(1

(1

(1

(1

(1
mx33=X canh (i+1,J+1);
(

(

(

(
mz44=7 canh (i+1,7);

norm mp=norm matphang (mxll,myll,mz11l,mx22,my22,mz22,mx33,my33

,Mz33,mx44,my44,mz44) ;

U norml (k2, j)=chieuVlxuongV2 (vtoc(1l,1),vtoc(2,1)

rm mp(1l,1),norm mp(2,1),norm mp(3,1));
end
k2=k2+1;
end
end
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function

,vtoc(3,1),no

B=matran hsBT (sl,n,N,vinf,ib,cdo mxT,X canh,Y canh,Z canh, xkt
ra canh,yktra canh, zktra canh,x pelT,y pelT, z pelT)

k2=1;

for 1 sl=1l:sl
n0=(i sl-1)*(n+l)+1;
nl=(n+l)*i sl-1;
for i=n0:nl



for j=1:N
vantoc cu mx1=[0;0;0];
x_tinh=xktra canh(k2,3);
y tinh=yktra canh(k2,3);
z tinh=zktra canh (k2,3);
vtocl=vinf;
vtocZ=vantoc quay inCQ(x tinh,y tinh,z tinh);
mx11=X canh(i,J);
J)i
9 ;
,j+l)
i,J3+1);
mz22=7 canh (i,j+1);

myll=Y canh (i,
(1
(1
(1
(1

mx33=X canh (i+1,J+1);
(
(
(
(
(

mzll=Z canh (i
mx22=X canh
my22=Y canh

my33=Y canh (i+1,J+1);
mz33=Z canh (i+1,J+1);
mx44=X canh (i+1,7);
my44=Y canh (i+1,3);
mz44=7 canh (i+1,3);

norm mp=norm matphang (mxll,myll,mz11l,mx22,my22,mz22,mx33,my33
,mz33,mx44,my44,mz44) ;
for 1 sll=1:sl
for 11=1:1ib
for jl=1:N

mxl=x pelT{ib,1 s11}(il,3j1);
il,31);
il,31);
il,31+1);
my2=y pelT{ib,i sl11} (il,J1+1);

(
myl=y pelT{ib,1i sl11} (
(
(
(
mz2=z pelT{ib,i sl11} (il,J1+1);
(
(
(
(
(
(

mzl=z pelT{ib,1 sl1l}
mx2=x pelT{ib,1i sll}

mx3=x pelT{ib,i s11} (il+1,31+1);
my3=y pelT{ib,1i s11} (i1+1,J1+1);
mz3=z pelT{ib,i s11} (il+1,31+1);
mx4=x pelT{ib,i sl11} (il+1,31);
myd4=y pelT{ib,1i sl11} (il1l+1,31);
mz4=z pelT{ib,i sl11} (il+1,31);

vantoc cu mxl=vantoc cu mxl+vantoc cu_ lkhungMX1 (ibl,x tinh,y
tinh,z tinh,mx1,myl,mzl,mx2,my2,mz2,mx3,my3,mz3,mx4,my4,mz4) *
cdo mxT{ib,i sl1}(il,31)/4/3.14;

end



end
end
vtoc=vtocl+vtocZ+vantoc cu mx;

U norml (k2,j)=chieuVlxuongV2 (vtoc(1l,1),vtoc(2,1),vtoc(3,1),no
rm mp(1l,1),norm mp(2,1),norm mp(3,1));
end
k2=k2+1;
end
end

function cdo=cdo canh(X,sl,n,N)
XX=X";
for ig=l:n*sl

X1k (ig, :)=XX (1, (ig-1) *N+1:ig*N) ;
end
cdo=X1lk;

function xoay oz=xoayquanh trucoz(gocxoay,x1,yl,zl)

A=[x1 vyl z1 17;

Tz=[cos (gocxoay) sin(gocxoay) 0 0;-sin(gocxoay) cos(gocxoay)
0 0;0 01 0;000 11,

B=A*Tz;

function

vtoc cu=vantoc cu ldoanMXl (ib,x tinh,y tinh,z tinh,x dau,y da
u,z dau,X cuoi,y cuoil,z cuoi)
x1=x cuoi-x dau;

x2=xX_ tinh-x cuoi;

x3=x tinh-x dau;

yl=y cuoi-y dau;

y2=y_ tinh-y cuoi;

y3=y_ tinh-y dau;

zl=z cuoi-z_ dau;

z2=z_ tinh-z cuoi;

z3=z tinh-z dau;
r12=[x1;yl;z1];



rO=sqgrt(rl2(1,1)"2+rl12(2,1)"2+r12(3,1)"2);
rl1=[x3;vy3;z3];
r2=[x2;vy2;z2];
rll=sqrt (x3*x3+y3*y3+z3*z3);
r22=sqrt (x2*x2+y2*y2+z2*z2) ;
tich cohuongl2=[y3*z2-y2*z3;z1*x2-22*x3;x3*y2-y3*x2];
as=sqrt ((y3*z2-y2*z3) "2+ (23*x2-22*x3) "2+ (x3*y2-y3*x2)"2);
tich vohuongl2=r1(1,1)*r2(1,1)+rl(2,1)*r2(2,1)+rl(3,1)*r2(3,1
) ;
tich cohuong0l=[yl*z3-y3*zl;z1*x3-2z3*x1;x1*y3-yl*x3];
asl=sqrt ((yl*z3-y3*z1l) "2+ (z1*x3-23*x1) "2+ (x1*y3-y1*x3)"2);
h=as1/r0;
r c=bankinhloixoayT (ibl);
K=h"2/sqrt(r c”4+h"4);
if h==0]||rll==0]|r22==

vtoc cu=[0.;0.;0.];
else

vtoc_cu=K*(r11+r22)*tich_cohuong12/(rll*r22*(rll*r22+tich_voh
uongl?2));

end
e 2% 5%%5%%%5%%%%
%

function

vtoc cu=vantoc cu ldoanXLK(x tinh,y tinh,z tinh,x dau,y dau,z
_dau,x cuoi,y cuoi,z cuoi)

x1=x cuoi-x dau;

x2=xX_ tinh-x cuoi;

x3=x_tinh-x dau;

yl=y cuoi-y dau;

y2=y tinh-y cuoi;

y3=y tinh-y dau;

zl=z cuoi-z dau;

z2=z_ tinh-z cuoi;

z3=z_ tinh-z dau;

r12=[x1;vy1l;z1];
rO=sqgrt(rl2(1,1)"2+rl2(2,1)"2+rl2(3,1)"2);
r1=[x3;vy3;z3];

r2=[x2;vy2;z2];

rll=sqrt (x3*x3+y3*y3+z3*z3);

r22=sqrt (x2*x2+y2*y2+z2*22) ;

tich cohuongl2=[y3*z2-y2*2z3;23*x2-22*x3;x3*y2-y3*x2];



as=sqrt ((y3*z2-y2*z3) "2+ (23*x2-22*x3) "2+ (x3*y2-y3*x2)"2);
tich vohuongl2=r1(1,1)*r2(1,1)+rl(2,1)*r2(2,1)+rl(3,1)*r2(3,1
) ;

tich cohuong0l=[yl*z3-y3*zl;z1*x3-2z3*x1;x1*y3-yl*x3];
asl=sqrt ((yl*z3-y3*z1l) "2+ (z1*x3-2z3*x1) "2+ (x1*y3-y1*x3)"2);
h=as1/r0;

if h>=0.001

vtoc cu=(rll+r22)*tich cohuongl2/ (rl1l*r22* (rll*r22+tich vohuo
ngl2));
else

vtoc cu=[0.;0.;0.];

function
vtoc cu=vantoc cu lkhungMXl (ib,x tinh,y tinh,z tinh,x1,yl,zl,
xX2,v2,22,x3,y3,23,x4,y4,2z4)

vtoc cul=vantoc cu ldoanMXl (ib,x tinh,y tinh,z tinh,x1,yl,zl,
X2,Y2,22);

vtoc cu2Z2=vantoc cu ldoanMXl (ib,x tinh,y tinh,z tinh,x2,y2,z2,
x3,vy3,23);

vtoc cu3=vantoc cu ldoanMXl (ib,x tinh,y tinh,z tinh,x3,y3,z3,
x4,vy4,24);

vtoc cud4=vantoc cu ldoanMXl (ib,x tinh,y tinh,z tinh,x4,y4,z4,
x1l,yl,21);
vtoc cu=vtoc cul+vtoc cuZ+vtoc cu3+vtoc cuié;
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function
vtoc cu=vantoc cu lkhungXLK(x tinh,y tinh,z tinh,x1,yl,zl,x2,
v2,22,%x3,y3,23,x4,y4,z4)

vtoc cul=vantoc cu ldoanXLK(x tinh,y tinh,z tinh,x1,yl,zl,x2,
y2rZ2);



vtoc cu2Z2=vantoc cu ldoanXLK(x tinh,y tinh,z tinh,x2,y2,z2,x3,
v3,23);

vtoc cu3=vantoc cu ldoanXLK(x tinh,y tinh,z tinh,x3,y3,z3,x4,
vé4,z4);

vtoc cud4=vantoc cu ldoanXLK(x tinh,y tinh,z tinh,x4,vy4,z4,x1,
vl,z1);
vtoc cu=vtoc cul+vtoc cuZ+vtoc cu3+vtoc cuéd;

U ———— > GO T T

function vtoc=vantoc quay inCQ(x tinh,y tinh,z tinh)
omega=20.1;

Uox=-y tinh;

Uoy=x_tinh;

Uoz=0.;

vtoc=[Uox;Uoy;Uoz] *omega;

U ———— > GO T T

function
v_cu_tong=vantoc cu tongT(sl,n,N,cdoT,cdo mxT,X canh,Y canh,?Z
_canh,x pelT,y pelT,z pelT,x tinh,y tinh,z tinh)
vantoc _cu 1k=[0;0;0];
vantoc cu mx1=[0;0;0];
for 1 sl=1l:sl

n0=(i sl-1)*(n+1)+1;

nl=(n+l)*i sl-1;

k2=(1i_sl-1)*n+1;

for i=n0:nl

for j=1:N
mx1=X canh (1

J) s
J) s
).

myl=Y canh (1
mzl=7 canh (1

mx2=X canh (i ,j+1)
my2=Y canh(i,J+1);
mz2=7 canh(i,J+1);

mx3=X canh (i+1,J+1);
my3=Y canh (i+1,3j+1);
mz3=7Z canh (i+1,3j+1);
mx4=X canh (i+1,73);

(1
(1
(1
(1
(1
(1
(
(
(
(



my4=Y canh (i+1,7);
mz4=7 canh (i+1,7);

vantoc cu lk=vantoc cu lk+vantoc cu lkhungXLK(x tinh,y tinh,z
_tinh,mx1l,myl,mzl,mx2,my2,mz2,mx3,my3,mz3,mx4,my4,mz4) *cdoT{1i
b,:}(k2,3)/4/3.14;

end
k2=k2+1;
end
end
for 1 sl=1l:sl
if ib<=50
ib_endvortex=ib;
else ib endvortex=50;
end
for il=1:ib endvortex
for j1=1:N
mxl=x pelT{ib endvortex,i sl} (il,jl);
myl=y pelT{ib endvortex,i sl} (il,jl);
mzl=z pelT{ib endvortex,i sl} (il,J1);
mx2=x pelT{ib endvortex,i sl} (il,J1+1);
my2=y pelT{ib endvortex,i sl} (il,Jj1+1);
il,31+1);
i1+1,31+1);
my3=y pelT{ib endvortex,i sl} (il+1,J1+1);

mz2=z pelT{ib endvortex,i sl}
mx3=x pelT{ib endvortex,i sl}

(
(
(
(
(
(
(
(
mz3=z pelT{ib endvortex,i sl} (il1+1,J1+1);
mx4=x pelT{ib endvortex,i sl} (il+1,31);
my4=y pelT{ib endvortex,i sl} (il+1,3j1);
(

mz4=z pelT{ib endvortex,i sl} (il+1,3j1);

vantoc cu mxl=vantoc cu mxl+vantoc cu lkhungMXl (ib endvortex,
x _tinh,y tinh,z tinh,mx1l,myl,mzl,mx2,my2,mz2,mx3,my3,mz3,mx4,
my4,mz4) *cdo mxT{ib endvortex,i sll1}(il,jl)/4/3.14;
end

end
end
v_cu_tong=vantoc cu lk+vantoc cu mx1;
end
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function
norm mp=norm matphang(x1l,yl,zl,x2,y2,22,x3,y3,23,x4,vy4,2z4)
$tim vecto duong cheo thu nhat
al=x3-x1;
a’z=y3-yl;
a3=z3-z1;
as=sqgrt (al*al+az2*a2+a3*a3);
al=(x3-x1)/as;
a2=(y3-yl) /as;
a3=(z3-z1) /as;
%$tim vecto duong cheo thu hai
bl=x4-x2;
b2=y4-vy2;
b3=z4-22;
as=sqgrt (b1l*bl+b2*b2+b3*b3) ;
bl=(x4-x2)/as;
b2=(y4-y2)/as;
b3=(z4-z2) /as;
% nhan hai vecto de tim vec to phap tuyen
gc_a=(az2*b3-a3*b2);
gc_b=(a3*bl-al*b3);
gc_c=(al*b2-a2*bl);
%tim vecto phap tuyen don vi
as=sqgrt (gc_a*gc_atgc _b*gc b+gc c*gc c¢);
gc_a=gc_a*l/as;
gc_b=gc b*1l/as;
gc_c=gc_c*1l/as;
tich vh=gc a*0.+gc b*0.+gc _c*1.;
if tich vh>0
norm mp=[gc_a;gc_b;gc c];

else
norm mp=[gc _a;gc b;gc cl.*(-1);
end
% ____ 9999090909900 00
[¢) O 0O 00000 O0OOOO0O
9
[¢)
function

lucF=tinhluckd(sl,n,N,vinf,delta t,cdoT,cdo mxT,X canh,Y canh
,Z_canh, xktra canh,yktra canh,zktra canh,x pelT,y pelT, z pelT
)

ro=1.225;

F=0.;

for 1 sl=l:sl



z2)*

z2)

z3)*

zl)*

z1)

cdo lalk=cdoT{ib, :};
if ib==

cdo_lalk l=zeros(sl*n,N);

else

cdo lalk 1=cdoT{ib-1,

o,

en
no

(1 sl1-1)*(n+1)+1;

nl=(n+l)*i sl-1;

k2=(i _sl-1)*n+1;

for i=n0:nl

for j=1:N
x1=X canh (1

J)
J)s

t )

yl=Y canh (1

z1=72 canh(i,Jj);
x2=X canh (1 j+l)
y2=Y canh(i,j+1);
z2=7 canh(i,j+1);
x3=X canh (i+1,j+1);

y3=Y canh (i+1,J+1);
z3=7Z canh(i+1,3j+1);

x4=X canh (i+1,]);

y4=Y canh (i+1,3J);

z4=7 canh(i+1,3);

al=sqgrt ((x1-x2)*
(z1-22));% AB

aZ=sqrt ((x3-x2)*

(1
(1
(1
(1
(1
(1
(
(
(
(
(
(

*(z3-22));% BC

a3=sqgrt ( (x4-x3) *
(z4-23));% CD

ad=sqgrt ((x4-x1)*
(z4-2z1));% DA

(x1-x2)+(yl-y2)*(yl-y2)+(zl-

(x3-x2)+(y3-y2) * (y3-y2)+(z3-

(x4-x3)+(y4-y3) * (y4-y3) +(z4-

(x4-x1)+(y4-y1)* (y4-y1l)+ (z4-

cheo=sqgrt ((x3-x1)* (x3-x1)+ (y3-y1l)*(y3-yl)+(z3-

*(z3-z1));%AC

p=(al+a2+cheo) /2.;

sl=sqgrt (p* (p-al) *

(p-a2) * (p-cheo) ) ;

p=(a3+ad+cheo) /2.;

s2=sqrt (p* (p-a3) *

(p—a4) * (p—cheo) ) ;

s=sl+s2;% dien tich tu giac ABCD
x_tinh=xktra canh (k2,7);
y tinh=yktra canh(k2,3j);
z tinh=zktra canh (k2,3);



vtocZ=vantoc quay inCQ(x tinh,y tinh,z tinh);
norm mp=norm matphang(x1l,yl,zl,x2,y2,22,x3,y3,23,x4,vy4,24);

v_cu_tong=vantoc cu tongT(sl,n,N,cdoT,cdo mxT,X canh,Y canh,?Z
_canh,x pelT,y pelT,z pelT,x tinh,y tinh,z tinh);

tocdo tongT=vinf+vtoc2+v_cu tong;

tao j=[(x2-x1)/al; (y2-yl)/al; (z2-z1) /all;
tao i=[(x4-x1)/ad; (y4-yl)/ad; (z4-z1)/ad]l;
tocdo tongT j=chieuVlxuongV2 (tocdo tongT(1l,1),tocdo tongT (2,1
) ,tocdo _tongT(3,1),tao j(1,1),tao j(2,1),tao J(3,1));

tocdo tongT i=chieuVlxuongVZ2 (tocdo tongT(1l,1),tocdo tongT (2,1
), tocdo _tongT(3,1),tao i(1,1),tao i(2,1),tao 1(3,1));

if k2==1] |k2==n+1
hieul=cdo lalk (k2,3j)/a2;
tongl=cdo lalk(k2,3)/2;
tong2=cdo lalk 1(k2,3)/2;

else
hieul=(cdo lalk(k2,Jj)-cdo lalk(k2-1,3))/az2;
tongl=(cdo_lalk(k2,j)+cdo lalk(k2-1,3))/2;
tong2=(cdo lalk 1(k2,j)+cdo lalk 1 (k2-

1,3))/2;
end
if j==1]|j==
hieu2=cdo lalk(k2,3j)/al;
else
hieu2=(cdo lalk(k2,Jj)-cdo lalk(k2,j-1))/al;
end

deltaG tao=(tongl-tong2)/delta t;

dP (k2,j)=ro* (tocdo tongT i*hieul+tocdo tongT j*hieuZ+deltaG t
ao);
dF=dP (k2, J) *s*norm mp;
F=F+dF;
end
k2=k2+1;
end
end
lucF={dP;F};





