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h€ ng qua | 4Yi gi_a c8c th” nh phfn Kk
ri °ng LHc t2nAT, kb nl cHgp hc _sa tphOn t hu,
L ng v™ g kh2 d@W[yc bnaoph, hitQw,6 v~ & hg,
bao c,a d,ng c[m _ng t TTcBouywWgquByngh
d, ng c[m _ ng t. CQ t8c L, ng khs8 nhi ¢
nJju ch” t2nh to&8n LHc t2nh kh2 L ng
h€ ng uc_.tda ygJ ao thoa kH7Tt i3 nm?® gh3 mh C
n"y ksh&thig v, i th, c¢c tJ]. Qua L- thbly I
L " nh c¢c8c LHc t2nh kh2 L ng c,a CQ c-
X®t LJ/Jn [nh he€e ngvtitiehbga®Bthdifnpnagt ho
L ngtB@Rt g),.  c-hfinnghoa hJt s ¢ qua
t2nhhdofnthicanbhaoblp c§¢immLEPY on'g K
y°u cfu c_,a c8c T inht enBg® nvhbtnprcEh@ d oni [
L« xOyudn mNggmiiffn cou x8c LTlinyecv Al € 8
guay trxc thtng x®tv ™ Am’l ts gdifan_ bHornt € 1

m i ,th2ahti_ h mghoa khoa h c
i. M, c L2ch, L i t€ ngltidhUmnvi
MAc L2ch nghi lnuocnowncva LZ t 7
-M, ¢ L2ch c¢c_,a LQ t i |l udn Pphe€ehhgxf
X8c L nh c¢c8c L HeQTTkrh@n gx &th 2L /I'n nl[gn hc . ha€
mHt gi. KhfFdns8t b~"i to8@QtthHNVg tmid
gi. i, mMyrmi°n ¢c. u m* ph, ng s. ©6QKkRin L’

X®t LJjn t<€hn@Qwtida®myv Ngthri ngic_a [ nh I
didng, k2ch th€e ¢ c_,a mHt gi,i. hdn tr



nXi tnghnig n cou c¢cva |l uoan 8n
-CQTTc - m t hay nhiQu | 8 c8nh.
-Th@hc- h3nh d4ng 3D;

-MHt gi. i h4l4n ¢- k2ch th€e ¢ v~™ hs3n
Phu m vi nghi °nduoonu 8ava LZ t i
-nQ t"i1 tdp trung nghiCQITcc: ux &tOyL JHr

Fnh h€ ng clm” myut ctg ai, th&@BI Nl Hlc t r €n ¢
CQ(kh[ ntng kKHblhig egomi ©mg )c, u d, ng ch
c. M.

-M* hGQLhe ¢ x®t c¢c- c8c | § c8&nh gdn

chuyWn L ngl@Q IICh/Jvin bday L€ ¢ §p d,
ch, yJu | chJj L, tvhxua tilg3ngg. (Lb anyg )t r e

-TheOn TT x®t trong m* h®nhlLfo8hdp,
bao g° m c&nh quit Lu!'i v~° c¢c8&8c th”nh

ii. Ph€ehng pb8p LHL@Qht°n ¢tudn 8n
-KJJt h° p gi.a nghi®°n ¢ u x©y d. ng
v: m! ph Ohg tshw s d_, ng pwEahnmghfprh 8tp
hungt xoBW8r©y d, ng m! h3nh c8nh quea
-Cp d_ng m* h3nh cnhgguwag8§a2lhihQu ok
bay ¢Ki WhWh ng m? h3ophs&aBrk Jd3ma [c §
hdn L€tcqu[ickf c8c cne@gc tlirggachi nngg hb
oHc so s8nh v, i k]t qul CED,h" m8ch ¢
h3ng L nh t2nh ch2nh x8c, tin cdy c
-Ph8t xOyi Whnig3 nh -xlo®y @Y h3 nt hxn§y
TTimHt gix @y hddnng ttlou dta tcot8ing, ¢, LW n
s [nh h€ ngTe¥mMnhng€tngt b©a hmhh dUu
gi . iL/Jn9nc8c LHc tEhg kh2 L' ng c. a

=~

X OO S



iii. h nghoa khqogqa H Q tvi tlhdn t8in r

-C-hnng L-ngrenm mii ¢ x©@yndhngyn mé_
t €hng t8c kh2 L ng gi. b3Jbp§echnlg ap8nys ph
r* i.CpYd, ng m* h3nh xo08y khuJjch t &n
cho m? Kk®wyhdt o§n b3Jng SyhehmyYynph@&pn xt |

-Tr°n c¢ch s’ ,tYot rha nbh, tc!8mg c, t2nh
L ch2aglp »hdn n©ng cao hivdngblnbug
thtng trpohngec nvg, ct, t c ho kch8ca dh  c¢§ nn hn&
bu“ng tdp | 8i tr ¢ thtng, d §n chl]
v’ c¢c8c @& 8n khs§8gc

-nQ xublt c8&8ch tiJp cdn s d_, ng phe
LW m* ph, ng d, ng chly bao vdt thW 3I

iv. C8c¢c n,i dunbuedh2g8h trong LQ t°
-X0y d. ng mt h3nh to8n h ¢ phi tuy
thbkng theo | T thuy/Jt xo8y r° i x@®&ltc v/

hi " n t€ ng khuJjch t&n xo08y
-Nghi°n ¢c_.u x8c L nh c¢c8c LHc tr€ng
Mt ph, ngncXe8yn tho8§t ra sau c8nh qua

qul c¢c,a c8c clng tr3*nh L« cltng b hc
-X®y d . ng mt h3nh 3D tho©n tr ¢ tht
Vo, o phfn t x08y khung k2 n lganghi t

tuy/n khtng d. ng x®t vl/JmHg ,lgli mh c h@s
nghi °n ¢c_. u s, t €ehng t&Hddmk vz ImHit g gg i .|
v. B c¢,c, kJt cblu c_.,a ludn §&n
T"ng thWuknbasgobhu phfn M LFfu, 4 Ch
Phfn k-Jkti Jinuchngh ;Danph mMuenc8&ao clng tr:
t8c gil ludn &n, T i |i u tham khTlo



Ch€ehng 1. T° NG QUAN NGHI g8CRBHUQUAYKI
TR- C THI NG

Trec&cbln L Q &kKHbaréa trong |l udn 8&n,
t3nh h3nh nghi °crgcc nucil ad°umugdm a&nwl/ntr
tr°n thJ gi. i cG8kli Jmghca oq@ akrhgt rd uragr
h ¢ tr,c8lctmhnig© ng nghi °nmghd _°wn, cp u€hr
LQ Illa@gc nhi Qu nh” khoa,hnt_ggan’ noOr
L€ ¢ gi fir oy kthé L] hn@n ldH ngdh  ck hToTa h'
chdda LW- Le€ea ra phehng ph8p nghi °n
| udn Soh mph¥%cl’ p.

11. T3nh h3nh nghi°n c¢c._u tr°n thlJ]] gi,

11. 1. Kh§8i qgqa8ng ontghti guwidk8cingttxce t hitng
t r °Agiait h

Tr°n thJ] gi.i c¢- rblt nhiQu ctng t
v. i nhiQu h€e ng tilJlpphb8lg [M] [21p[36g nh
[41], [74],[77],[86],[95].. Theo c8ch x8c L nh t ¢
| " m hai nh-m ph€hng ph8p t2nh to8n
ph€hngt ph&phbtt, ng c¢c8&c | T thuy/Jt c¢c° L
L cfmrlem@g c8§nh quay L€ ¢ cho tr+€ c

L ng c,a ¢c8c | ¢ v m* men kh2 L ng
L c¢cIm _ng trung b3 nhgtl € cnox§lce€ Ln ogn.h
nh-m n"y |~ «c8lcokk8c tgi [nhGlndjueernrdt nag il 9iz

c, thW tronp8,§7/8lc KAMmgqulr3:mhnh to8&§n t
trongthh-cmhblt, ch2nh x8c thblp, 4 Hc b
ph©nche2nic,w8ada ¢ L, c¢cIm _ng tr°n bQ
khlng gian chly bao c8nh quay. Nh- m
quayhatxlEc L " nh t ¢ L, ¢cIm _ng c¢c_,a m,



L€ ¢ xletmi mo®8ncgh cc8§c | . ¢ kh2 L, ng t§c
Ph€hng pthiEe mgyL®e ph®€hng ph8§&p piWn t
x8c L nh t/ng€li damk/angh p s d, ng ¢
m: ht3mého ph®p Ln&dcprhg ngh [y gbuaaoy Iv§ ic !
chz2nh x8cCkh@gadd -phe&€bngt lphs8pahi Qu ¢t n

th€ ng s d_ng |IT thuyJ/Jt xung c_,a |lu
Zoukovsky p2], [67],[73]v" c¢c, a Bel asher k o59s[@0ly c Y%r
[61],[63],[64],[65]. MHc d¥% c¥%ng s d, ng | 1T thu

rblt nhi Qu nh” nghi®°n ¢c.u ¢c- nh_ng c8§
c _u Ammatanov .BL[55],[56],[57] L Q xublt thay thJ c

m'n xo08y |i°n khoangchoSkhisgiphkpigy
c€ ng L, thay L i. C€ ng L, n"y L€ c
t m" n xo08y (phfn t m"n xo08y c¢c- thW

t2nh to8n t ¢ L, cIm _ ng gloly2 ria g ik
c8nh thiJt b bay. M t s° iclgtchb't 2may
h™ th ng enguifmtng qua c¢c8c LiQu ki n
d. ng v° gili h° ph€ehng tcr 36 [H9],{45m r a
qua L:- ¢+ thW x8c L nh L€ ¢ c8c L Hc
D¥% c¢c8ch tiJJp ¢cdn c¢c- kh8c nhau, nh¥€eng

i u th, ¢ nghi m. Vi ¢ ¢- nhiQu c¢tn
c8nh quayb Tmd ipuchinrgg -pph 8pph £ n t h¥%%c L Xy
h ¢, n©ng cao tr3nh L, ntkng | ¢ nghi

V. i s pharga_ rdhr ik Woka: ht cudt, b°n c¢Un
ph” biJn ph€hng ph&g %o $y @hhig Lrathc atcr
d,ng kh2 | T §@ dgnghéehg aoa®oyWn L, ng

t hblpng "y nay ¢ hnYnpgh ‘@han gc ,pnh 8bpi /lit2 alhf it O
vi ¢ gi i ph€hng -Stockpa i21]H36], [41], [74h [@Huc N a



(CFD) PheheCgDcph&p ch2nb x8b€ha@Qul €8c
th€ ng s d,ng nh€© m t c8ch t2nh khti
t2nh to&n. niQu n"vy L€ dgnatkihWf 74, n q
[75], [76], [77].

GFn LOY] tgddhit tHeit' nng ct&c2 nh nghi °n c.
kh2 L, ng gi_.a c8§8c jtchcnhijdh fqdi¥dec o hom,
khoa h 2engcegh.€mh®nph8&8pgh | T thuy/Jt s
gi i t2ch KMt ch'nmhk Alkrh 2q uBhrggt §c  gi
Berry v° ¢, ng s L« pho©n t2ch L€ ¢ t
“"c8xch/bdy kh8c npba®hnXRRUSmg gi [ Liwu
[Bl]c I x§c L nh L€ ¢ ph©n b° &p sublt tr
kh2z th i t. CQTT. Ngo i ra c¢,n rblt n
cdn b3ng ph€ehng ph8p CFD LW nrRho©AnN
TT [14], [16], [40],[42], [43], [47], [51],[53]. Tr ongcL -ctacng tr 3 nt
c. u6,p1 KUa HeYong v° Bum Seok Lee c¥
d. ng pphh&pn gCFD t r€ni clh ®g khimag |l kIt
tehng t8c kh2 L ng c¢c, @M d8rl8 cddoanghwng
Min Park s[53phn@hmg ph&§p CFD LW nghi
L ng-t@@nLiTWm ksh8cd_Ing m! hs3nGclitag t
trkmh tQeantdp trung khlo s8t t2nh to
thbtkng trong tr<€ ng h p tho©n tr ¢ th-
hoMet h©n tr ¢ thktng chuyWn L, 6 ng d<€, i
nghi°n ¢c_.u t8c LI 2mcg &ha tlth@rB°lsc° ra UlbH
nghi°n c¢c. u t<ehhntgh®r§ cdhknhg?2 tl8cn k h@@di h n
phfn kJt c bBtul nkgh 8lc€ cg an hTiTQu nh~ khoa
[22], [46], [76],[96]. T€hng t&8c c. a c8&8c LEQMV. n-
t90 ra L€ ¢ t8&c gil[ Farhan Gandhi m
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clng t rB8nchiggatkifJ][. v SheglovaV.[f t r ong c8c <c!?
[76],[96]ngh € °tn2 nh to8n s, t<€hng ¢8&chgdqu4
Lutja trbanh@mrmomxpBgpr i xr&yc,d kgt nht
m: ph, ng s b33bng Ansys Fluent. M t

t8c kh2z L ng gi.a ¢c8nh quay v,8nhc8n
quay V. i c¢8nh .n®rg ntg nxghnld nn gch gua nr byt
th, ¢ ti_.n, gili quy/Jjtt rcodcg M g i@ ¢ .
L dghc toongh' nhiMHic vdd# v dy, nalonh_ ng r
nhtervXn ch€ea nhi Qu.

B°n cUYnh b~ i to&nxu&ehgl8gingrg cc kith2ndn
ho"n thi n ph€hng ph&8p t2nh to§n troc
khoa h ¢ tr°nPh#®Angi ph8guXRRt ©m. Li Wn
thi/JJt b baycclhtwoggWhblg, khp2 khilng n®n
gfh©®y L« ¢- nhi Qu nghi®°n ¢c.u b" sung
qua X ®t Lk/hnu Jheih (BSE [39]gid4].§ Y 0 6O@&dg.hi ° n ¢ _
c., a tSheglogiV[ [90],[92094] WKKc t2nh kh2 L ng
L/Jmi  ukhwfBch t8&n c,a xo08y, kJt qufl
nghi m, c- t2nh c¢ch2?2nh x8c &leglovavM? h-
[ rblt L€ ¢ quam dtedm,t hvam Lké&[co trong r
khoa h ¢ trong | onthy vnici krh2c 8¢ nay? rt ¢H i
t 8§ c Shgdlofav.[ ch”™ tdp trung nghi®°n c¢c_u s
| »i xo08y, m" ch€a c¢c- c¢c8c phg8t tri Wn

C8c nghi°n ¢c._u m* ph, ng kh?2]J[81,, ng
[82],[83]c - t2nh _~ng d, ng txuHkt tplh &t tc- r
d,. ng tr, ¢ thtng@8aogtyng thg3 mMosh@BIhi ° n
[87],[88],[89]c - . ng d, mig A8y drmggh th  ng
KCB.MoshaPlc T mghi °n ¢ _u kh2 L ng tr c t
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hdn nghi°n ¢. u [nh h€ ng c,a L a h3n
th acabi Tuy nhi °n s, t €hng t 8c kh? L
c8§c L i t€ ng L a hMosmPtm oingd. cn8gc |clir
L€a ra c¢c8c kAt qul vQ s. biJn L i ¢
c8§c [nh h€ ng vQ mHt L nhcB&€& ngngsgt
c ! ngMobhaPlc h€ar & hc §c hx @yi JJdo. ncgdnmin™ heé hh
d.ng 19vi ¢ L<€a ra kJt qul m* ph, ng

C- WhHyraagmb O %i thipkjawjttbtr ¢ t h & rbhi nl « X
v: phd§trdit  ©u, ttueymérding ¢latr cd @ h £ mgcc8hco
vbeh Qighi &ilni ©tn /pkimingttc t h¥ndoidigng ph§t
tid. CSm g hi BvQk h2ngttc t hiun g ¢his tnhkh hel §c
b"i to8n t®eongdt §ckh[olg st my€akQOmtL "al
h3mh mhgph [npowthWw8DrHic - tHdthih c

11.2.Nhon xhemgwZc8c ph_ _ ng mh §lpimgtgdh it°hnt ncg
t r °Agiait h

Nghi°n ¢ _u kh2 L ng | ¢ h ¢ CQTT «
b"i to8&n thi/Jt kJJ chJ tYYo TT. C8c Lt
Li Wn ph®im°bh bQ mphfons&c, ahTAh(thon,
c&nh Lu!i, c¢c8&8nh "n L nh...) rblt cfn
L ng | ¢ h>c chuyWn L, ng c,a TT, clr
to8&n kJt cblu TT. nW c- L€ yx mdyx g€l
s d,. ng nhi Qu ph€hng ph8&8p x8c L nh.
b"i to8&8n kh8c nhau. Theo s, phg8t tri
nghi °n ¢. u vQ kh? L. ng tr cng hyt nag” ns
nhiduag pth®&h mg d, ng kh2 chly bao CQ°
re ¢ s~ 1li"u kh2 L, ng v.,i L., ch2nh »
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Ph€hng ph8p s~ ¢ thW x®t Llajmnd §t2 nt

triWn minh tr°n thJ gi,i nh€ c8&g¢cam?
Ansysc Yy °u cfu cao®Qng "E"  inguy°n m8y v~ t|
n_.a khtng | "m n" i bdt L€ c KL Ha hlbhidWm c
| € i Inh h€ ng nhiQu Ngo" "L, rah? hht k8§

h. u hYn ong dg - -nig phfn mQm Ansys c- nt
h3nh h-a d,ng kh?2 xovHc cdhvt y doya op hg&ihann
to&§n kh2 L ng b33ng CHAD mh'nglLc-nnhlie€
ph” biJjn ng"y nay. Ph<€ehng mh8§peh@gDL
L c¢c | dp, khg8ch quan, ¢- ¢c8c m! Lun |
ki " n th ¢ tJ. C8c kJt qul LYt L€ c t
L ch2nh x8c cao v ph% h ' p v,i s’
n"y m" itQuoncg! nngh tr 3 nh, ph€ehng phs8p C
h ¢ s’ d. ng nh€ m t ph€ehng phgp dth
khg8c LW ki Wm ch_  ng k/J/tto Boy[RL], [3K,[4¥W}m c h
[74], [77].

Ph€hng ph8p XRR |~ ph€ehng phg8p s’
t huy /]t 2ZhukdvskyleY,a cho ph®p m®* h3nh h-.a
h3nh th"nh | ¢ n©ng (I ¢ ph8p tuy/n

n[d8],[19],[29],[59],[63]. nN©y ph€hng phs&p r Bt <€u
L " nh t"¢c L, ¢cIm _ng v’ mt ph, ng c8c
nh” khoa h ¢ tr °n t hBBglasherkovskg.n gfh,i °Llnu cw
Prandtl , V. M. Fal[&h[&4, [55], Ka]t85]). & Pl ot ki

Nhi Qu nghi°n &XRR L& ohehma phEp r
Vi ¢ t2nh to8n C@ETv t &cCBRB 2tn hc [RTh 2 $Lh bhp
d. ng XRR, ng€ i ta c¢c- thW nghi®°n c¢_u
S ph©n b" cdch¥gigarn rwngs khgm8t tr i Wn
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t h W[1B]d28],[25]. B3ng pmEEhXRR, nhi Qu t §c
clng trong Vvi ¢ nghi°n ¢c.u c8c d,ng
mt i ¢ h &t 69 [Bq], [61], [64], [65]. n HIXXRWRi rtblt ¢ - hi
trong vi ¢ nghi°n ¢ _u t€hng t&c kh?
Xx8c L B®thi hmgphfFn cm _ng c,a vdn
men k hPR2],[31],476],[96]. M, t s'n €k hl8itWm_ a ph
php§ XRR nh€ khl'ng y°u cfu cao vQ cblt
nhanh c¢ch-ng, kh*ng y°u cfu cao vQ ch
cho ph®p ng€ i d¥%ng c¢c- thW ki Wm soé§t
Ph€hng ph8pkdXReg ny phs§t tri Wn, thay
t hi o 8hphginfgi tgulynjtc8c vbin LQ khoa h’
th"nh ph€hng ph8p th, ¢ nghi m s° «c¢h
tbtbng t2nh kinh tJ] v®™ t2nh an to"n <ch
d. ng chlygkhamgguwamh c8ce® nkdtddngt pmh
trong kHi38|nN2g],[g7], ac8§c vbin LQ nghi®°n c.
Ln L. nh, t hay L, n®nmac _sa8td gnig,a kcV
chf,bwg y Lc€mg nhi Qu t8&c gil ti /), cdn
[25], [37].

Cs&ghfn t° xo08y _~ng d, ng tph¥gh XRRv
L Hic L inwWm Qup adiY mdo §pnh,, nhg® nthe dcl rg, e p Qu
L i mehmg.n @8cu phfn t  xo8y LiWm, X
ng [28],[59],[63]ét h€ ng L® en*d¥mgnly thay th
hay c8c m'n xo8y t do dUlng ph3ng, 1
h3nh tr ,n L€ ¢ d¥%ng LW m: ph, ng d,n
| ¢ ¢, a KCB, xo08y khung k2n h3nh t_
mi ph, ng thay thlJ] ¢28]d25b[Z7]. miBdt @ h& n\ygdfg
Lla d4ng c¢c., a c8c phfn txo08y | " m chi
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hoUdt hhn trong qu8 tr3nh t2nh togn.
ph€hng ph8p nxd®8&ywhkhungilx LW gili ¢
Ti °u bi Wu nh-€ Mosha.P.[87, [88],[89]r;2 nch8 cc _ca ng |
Jelanhiikov A.l[23], [72]; Liphanov |.K[84],[85],6 Tr ong ¢ 19 g ct ra3 r
J. Katz v~ A. Pl ot ki n, mt h3nh c¢c8nh
phfn t  xo8yvdUmgtkbBungi Wan pki/Ftn qu

tog8n t clng tr3nh cho L, ch2ntr X8c
t hJjtgi2,cthha™®nkh[ o.
B"i nglBinN°n c¢c. u kh2 L ng c¢c8nh quay

XRR, mt h3nh t2nh to8n c¢c"ng gfn v, i
hoUt L ngs&. rag CQirar kJt qul ch2nh x8c
tr ¢ thing _Llc€ gou agydnt rve. ni tthrén t hing q
t4p. BIn tho©n LCQ tr ¢ thtng c¥%ng m
bao g m chuyWn L ng t nh ti/Jln c_, a t
guay, chuyWn L,  ng vXy qguaghl d&kch, xpurbg n
kh, p bI'n I Q L. ng, chuyWn L ng xoay
g- c [62KUp7)],[73]. M. Hc Li Wm hoUYt L ng nhe
d. ng chl[y bao c8c vLICQ ttha§n Lch [y il ao
LHc trd€emg br blt t,tAhhpkhngyAnng. Hi n
m i LCQ th€ ng xuy®°n c¢c- s [Inh h€e ng
vdy h€, ng tiJ]]lp cdn phi tuy/Jn kh!'!ng
I ngl €%, h’&@¢t ndhdp clle cch2nh x8c cao.
trong qug8 tr3nh hoUt L ng c,a c8&8nh q
LCQ clng r blt LLiESlidgn koA, [ rk hit -[22). phvé ymb , t [
L€ ¢ hJjt tblt ¢l c8c chuyWn L, ng, c8§
h3nh bo&rkthb§ahmr€ar hd -Qu c!ng ttrrX°dmd] mghi
c- thw I "m L€ ¢. Thtng th€ ng LW Lh
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nghi°n ¢c_u ch" x®t LJjn m* h3nh c8nh
quay, s, chly bao CQ b"i d,ngikh?2 hIdl
vQ h3nh dlng v~ LHc t 2 nd,I[56]i[F1h[878 YUn g
[92],.. Trong bkh2td8ngt hudnh ¢, khi b i
bQ m&wvg c8c tham s L, ng h ¢, th+€ n
Xodin c,a BQymeBclHCG midnm?t h3mhengynh
c8§c kJJt qul t2nh to8§n &chul Hc€ tc2 ndh kbhe
c8nh quayntbltclthktngg8c chJj L, bay c
Xu ng thWBWng Immcg.l, thi/ft kJ sh b, , |
h p v° cho kJt qul c¢c- L, ch2nh x8c ¢

Qua nhi Qu3ireBcnghingnte, u v° th, ¢ t]
t2nh hi u qul khi 8p d, ng ph€ehng phé&
t2nh kh2 L, ng c_,a thi/Jt b" bacy thhh =~ U
hi khf ntng m: ph, ng c8énlgi dungngupl
trong qu8§ tr3nh chly bao TBB. CQTT
hi " n t€ ng chl[y bao phi tuy/nlkhtng
thwWwW thbly r3ung | a ch n s d_ng ph€ehr
LHec t2mhg kch2a ICQ khi x®t LJnv[inbQhafH
I a h3nh (cB¢ m#t cgtjilph8dh ph¥% h’ p.

1. 1. 3. ouN gkhihmglonth@dD

C8&8c th"nh phfn cblu tYo n°n thilJt

cFfu t hid n®ukd@@Prgg. ni Qu n"y c¢c- T nghoa
L. ng t, do c¢c,a TBB trong kh®'ng gi an.
c8nh quay tr ¢ thktng) |7 th”nh phfn

| ¢ nongV.cih omHitB Beeltc ntghagp/pt o fki/JJl e Ukchg2n hl
TBB(hoHc )ILL®Q ra s, ch°nh 8§p sublt gi_ a
trong khi di chuyWn trong d,ng kh?2,
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TBB ngo"i Il nhi LW gdn c8niBBo, -t 2 cll
vai tr, vdn t[i h"ng h-a, c¢ch kh8ch
s d,ng m8y bay chi/n Lblu, phfn tho
h, tr° v™ L-ng g-p L&ng &«kam@y ob &yh.[ K

ntng tYo | @, & ©nlgO©n _tnr mrhgltt r € ng h' p
L ng v,i t ¢ L, cao, d<€ i g-c tbn |,
C kJtkhviilec®nh, C - h3nh d4ng kh2 [

ttng di n t2ch tr ongkhh nth ncgh.i Jud nbguntg
vdy L€thom it(dHtogboddngM t s~ d,. ng m8y b
t hon tndho€ nt€in’gm k2 ch c¢ch B1l, B2 c¢. a M:
Th©n ¢, a c8c TBB tth@mc &cha@m§uy tkays
h 8 cdn, tvl | h“ ng h-a. .. 2t ¢- t8c d_n
h2 L' ng thon tr nl¥ ct lguitnhdahitim§loW g
© hngrtliftingbody [13). Tuy 2t c¢- t8c d_,ng tUYo
i ¢ nghi°n nag whkly? blajoh gnidgn INXemhgen v -
r, quan tr ng. Nhblt |~ trong-thon,t

< S X X

—

S c- mHt ¢, a tho©n g®©y ra nh_ng [nh
kh2 L ng c¢c,a c¢c8nh, v cuatidiBB.tNJF 9yt
tdp trung nghi°n hdhd n@dttnohiyg 3D dtU@h
clm vnig c8c th"nh ph¥fn kh2 L ng khs§c
3D L - [31] B8[34]...

Khinghi °n c¢_ u d.,tnh@@ich®ry tovdoh @@h gg
t Yo J)o®ogédygdn nblt nhi QuW pkhh&lon gs 8pth & ?.n h
treng kh2 L ng c¢c,a m t vdt thW 3D ng
tr°n nQn t[ng gilBtbkephtehhggtgaahph
mdi Ansys Fluent/ CFX [14],[16],[40]
cki h3nh m8y t2nh v° th™ i gian t2nh
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CFD clng L.,i h,i k: thudt gia clng ¢
| € ng nhblt LS8nhmth3hmt bh3nh " tbhem | Yi
ra trong qusg8 tr3nh gili, ng<€ i d¥%ng

v' o thudt to8&8n. M t ph€ehng ph8p khg
L. ng vdt thW 3D d a tréea Ich ph€gndgip
[29][45]. Th*ng qua vi ¢ 8§p d_, wg &8 Qul ik
Neumann, ph€ehng ph8p panel x8c L nh
men kh2 L ng kh8 nhanh v°™ LIm b[o t?
th cmnghing |~ m t ph€ehng phgp L€ c

thw 3D. Trong ph€ehng ph8p nghi °n c¢_ u
L ng hoHc tiJjn h"nh bay th2 nghi m |
Lo c8c thitng s kh2alLTBR. ¢ mg dk m2g Ic h
c, rblt h_u hi u v"™ c¢cfn thifJJt trong

th"nh cho thi/JJt b n"y v¥n °~ m ¢ cacf
ul Lo th2 nghi " m ph, thu, ¢ MLblt chBin®
Xx8c c¢c_.,a c¢c8c thiJjt b Lo.

B°n cUYnh c8c c8ch ti Ap3adn bKW Wdre°
dp, t c¢c8ch tiJ]]Jp cdn khg8c s d. ng phee€
S nh fvortexia8di ce met hod/ VLM) LW ngh
ua vdt 3D [13]. Qua nhiQu ctng tr?3r
ph€hng ph&p Lhpt#hi [n ,gitavnn tRimmnin ttio/]
o Vv, i nh_ ng phehngL M hs-p tLhkW nd¥ng LV
o8n c8c L Hcc tar @ndgt kthrPW Lbanyg, nghi °n

phg8t triWn mVlMLX*Ha§ywisau @u§wibay t
dn t" ¢ c¢cfm _ng, m! ph,wng tcBreh ttrosd8 mo
hz L' ng gi.a c8c thViiM _ phef rd_ tnrgo nhgi
khi nghi°n ¢c_.u c¢c8c d,ng kh2 1T t€ ng

0

- 0O T O

—~+ 0

~ < <
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122T3 nh h3nhu ntgrhaodqn €
12.1. Kh8i gqgao%nmng otgthii guhnc £ooovgk ming L
trxc thtng
Vi 't Nam, nghi°n ¢c.u vQ kh2 L ng
tr., c thtng n- i ri °ng ng” yNhci @QuglsToe ¢
t Yo v~ nghi e © u WKtmfw Lhdpgn vai tr |
tr ,mhg€ Tr<€ ng rhia H" c NB8ch Hk ¢ vi n F

Quoon, H ¢ vi n K: thudt Qu®n s ... -
t4i Nga v~ tYi c8c n€ ¢ TOyhAugkk8&en
vi kh2 , L ng | . c h c, L ng,lgephpbfn.

tr > ng trong vQ tc’ it hd c &n "l icctci Bay c.
n€e, ¢ v~ Nguoyn d’ " ng c¢- nhhii°Qu cc tun gv Q rkdhn
t htln@ c¢ bcttm°gn c §8c tndgp nnghh2 2 mhuy ° n
Trongct* ng tréenwhh[B]y n, i dung nghi °n
c.a KCB ho4Yt L, ng trong v%ng t ¢ L,
L€ ¢ d,ng chly bao qua KCB c¢:- thon,
~hg c,a thon | °n LHwuyt m@&ndg hiociph KIGBn ¢
thay thJ]] gh®p n"i b°i c8c bQ mHt nOr

h3nh d4ng 3D nh€ m: h3nh th c¢ t]J].
N i bdt vQ nghi®°n ¢c_u kh2 L[ ng tr,
ph€hng ph8&8p xo08y r i rYcv] W m2nh3thb:

tuyJn t2nh hoHc phi t uy JJn[2],[3],.[5], [6]p h £ n
[71,[8,[9. Trong @ mghtirsnnk [u t' mg h Xy «
LCQ TT, ¢+ s d,ng XRR LW x8c L nh t
phity Jn ¢, a CQ, tuy nhi°n °~ LO©®y ch"™ x
hi " n L€ ¢ s t€ehng t&c kh2 Ltmyntyil[ 5
nghi°n ¢c_.u [nh h€ ng L ng th i ¢, a ¢
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t2nh LiQu khiWn[ clwa XT@y d mrgyl € 8c gl
kh2 L ng b3uang XRR ¢ x®ttULylnnhihm m]
c8nh quay x®t ° dlng [BHN xI®L, tr&hhmgg t
gi.a CQ v c¢c8nh, m: h3nh t2lhh d®»&nLil
ki n Dbi °nTutyr onnhg XR& rtorkdyt m g[ &]®t [ nh |
c8c phfn t X088y tr°n c¢c8nh trong h'
L. ng c,a CQ (° Loy CQ v~™ c¢c8nh |~ m t
L. ng treo®gi dOm)g, L« coi m'n xXxo08y ban
(thW hi n qguid-skhthgtphhh, §gb hJt L+
gi.a c8c L°i t€ ng. Trong c8ch quy L
h™ ph€ehng tr3nh Il€Wns ¢chwahn rt».c Cc nng nt
mt h3nh m! ph, ng d,ng bao ¢c8nh quay
ph€ehng ph&p xo08y r i cr¥c eplgi khaylInan
quaylLu!i trong tr€ ng t ¢ L., climu kg a
cOn bykgnhTrong clnmth3nh no§gn L€ c
tr°n OB, M0 vd§Fnmiguédwnwhkh8g8alLh® gi ph

t" 1§ c8§nh quaylroogh®amt bdt phgeRtE 3N
xXOy d aagXRR°m, i phfn t° h3nh m-ng ng
L " nh h€© ng LW gili quy/Jt c8c b"i tos§
r' i, kh'ng linh hoU9t LW s dtmgvV ¢ 2icl

h3nh dUng phkhéngldphle ptIEhnighd 8§di, ag
h™ khtiBEnng pt m@dne C®QQc b & h-imHit Q Qniblit

gi . i..hdn)
VQ mHt ph€ehng ph8p t2nh to8n b3ung
n€ c¢c m i c¢ch” d.ng | 4i ° c8tcUa Skc3hnh 2d

c.a vdt bay ph_c tUp hoHc [PWSkh¢lo€a ¢
khlfo s8t L€ ¢ s chly bao vdt c¢c- th\
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by c¢c8c n_ i dung nghi°n c¢c. u t€ehng t
t 8ch hkahu.i nm©y | © ¢t ng tr3nh ti°u bi W
I ng trong h La vdt, [2i[8,yn:n Hhidnh tt @
KCB L« L€ ¢ Lhn giln h-a thagh®fmh//nbi
| i Ctng tr3nh [E4] xodoByg ppmhethngxwepdy cds
ngucnc thay thJ] cho b®Q mdlutt rc38mhh 1B, Di,
vi ¢ nghi°n c¢c_ u c8mhfmBDmLn ox®p&yp §tii h nZ
khing L€ ¢ x®t LI/n.

B°n c¢cUYnh L-, LHc LiWwmsgce | & f ev§@bh 2ima n
sau c8c bQ nhBtntk heUblig ongi 8" rik &y t h° |
nghoa | ° lu!tn c¢- S kK hw/]mhg . tc 3urfi yQxuo 8ny’
ch€a L€ ¢ LQ cdp t.i ° c8§MHc!d@g vdY
t tWibly “r gk : Lt Wimdt t 2 nh ph&mng hpeas p
r' i rYc L« L€ ¢ crhg d.&mg gi f@tutlr ord Wh
nhi Qu ©u thJ trong gili d8pJ/t ng§¢&€brt
cfu ph8t ttnWnnighoach@acNbh”™ n€ ¢ v = (

122.Nhon x ®t Zc8hcu npgh v ma@h min g lpimgtrxd. t htng
tronog n_

Clng s, tiJn b, vQ khoa h ¢ c¢clng n
ph8p nghi°n c¢_ ul kthac Lh ;my"gnLttwhjgdngtih g

t h® khikl:i Wnh udtc *tnzgn mgthol§8at @ o §ph€a ng r
ph€hng ph8p nghtir°e ¢ hdnighh?d r ¥ img de€ac
thuy/Jt xo8y r i rUYc.kMNgayhnenygisyg ht tm
nhisQysng wi ic P hehngg phBp QX RRh™ khoa
| a ch n c8c ph€ehng ph8EQTKkM-§ plhteWnmg t
ph&my th pmeghngtnp hes prirgng’i nlgrhlz 6§, [9]



21

hoHc ph@amngp GADEptar ° P hd8m nmQ@ ph, ng kh
Ansys Fluent/CFX1], [4].

M, i p h€hmgghip°hn8fpa °n m-Qu c¢c- nh_ng +<€u
" théot . g Qu ki rm, h.®Ph@halgnlphg§p bay th
t gho kgt cghw[nh x8c cabbuy "nhi ©hn cld®@y |
y°u cfu knigjukmt Jkikang t° ch_c¢c th c¢ hi
d ng mt h3nh L iz2ntg®ingn wkrhétniglemmg nth
hi u qul v~ cYoi kph€qugughdpemdhpyphh
thu, ¢ nhii Qw ki on( mih®n nwdiri tw ¢ hho Ytth "I
thi JtPhh€hngp ph&p nghi°n ¢c. u kh2z L ng
CFD nh€© Ansys Fluent/ CFX mnmdbnfgochiz nth o
tuy nhi°n c¢c- y°u cfauaytaacap® vk: nt8bhuu &t
t2,oAmMhitQd i gian t2nh to&n. MHc d¥% Vv
mdng 4.0, ph€ehng ph8&p m* ph, ng CFD L
mUntngl L€ ¢ s d,ng nh€ m t c¢ctng c,
c8§c mt h3@h |T thuy/t

KJt |l udn ch€ehng 1

Tr°n ghOms t2chQkm&i hdwn&ht myghicSa eh
ph8p nahikimgtrd t htng, ct wd nggirit NES rthdn
thby rng:

* Nghi °n c¢c. u xO©y d, kg2 clg cng¥rC QF N hi
t i duamxtu®nh ph&§t t. nhu cfu nglCi-°n
nhi Qu ph€ehng phsgp, nhi Qu clthgy cn hin
ph€hng ph8§p xo08y wo&®n Henmg |ng Ml a&mgt a_c
L €ph &t tr$Wnd mtighph€hng ph§p Shongy tt8
kh2 CQThlge ph¥% h° pt hvé o il Yapuh F{tudTh un WWn ¢,
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th/l.NNdgic - r R AWK & ki nrhg hnig°hHhi« cli @ ¢ t
Ty t. c8c clndetor Pphehmgh prhdg poe wms \ -
*HEe, ng ngbjanlw@ehB8g t8c kh?2 L ng
ithon TT v~ x®t [b/Pn e IMi# mnnh & dnhg@. °rrg ¢
c m i, c-st2wh thinhbipdut hktWeoa h' c ¢
* nW ho"n thi ©fm! kWinHhHTp2ahhuydds K,
rUc ceci ph€ehng ph&8p hi u ch nh LW x®

tr€ ng mh@elmdghch t8&n xo8y.
*C&8clng3*nh nghkih2n CQThRlgr @ QgL «1 € Wt L €
m t s° kJt vdeu-[T mmhtblts "L Lnichwm g cnihigdhii g° nn hc€
c8§nh qualQul dc al dp:°n nQn xo8y r i r g
| © xo08y h3nhi mt®€gnggtanh to&n bifin ph
m ngh€® dgrhg °n ¢ _u hi n v€nm! khufhl
nNi Qu n"y cho thbly c8c h<€ hg hghith,
kJ] th._ a v™ phs8t tri Wn c¢8x¥%rcd nlgonh 3w fF



23

Ch€hng 2. NGHI aN C U XAY D NG MD HCcC
TRhNBGHE n LNGCQTTKHI X£T neN 4NH Hh, N
THANEé MpT GI, 1 HYN

Trong chehngudre n L kh@dnga@t t 3 nh
c wQ kh2 L ntgrdng mhe icc A ad €Ace, nigl]p
cdn” phehnghiphgipti ugé&wbyn]tl Q c.Teongl udn
ch€ehng 2, t8&8c girBFBnhudrny8r®ydd thgumth
ofhh tNVbOBYRI o, & lundyn®Mfkboa h c
vivdn dS8oagphfnpm@mngciict ®lod Sohm gt "@§ n
c h€ehng htird*®8wWh n g hé 8vebinc LufonflHuit d B a&n ¢ Yn h
L x®W ttolbly t €hng t 8c kh2 [CQATd "gim 4
b i rit o8, L€ ¢ nhi Qu nh” khoachhg bT
[76],[96]. Do vdy trong. m* LudmhCBinod mh g¢ d €,
chc- c8&8c thCQ,h MGH nv | "t hkdn! nTgT c- cs | dtf
c.a c8&nh guidQu Lndhyi FTai %p aginfitth ihWinh gi a
t2nhLE&8p8&nng y°u cfFu gi [i(TOhuY Jct§ nchg cx ut
c§c bQ mHt LLHt héShaocl BHddhi §h)LQ r a

(o

21.H tr_c t a L, v CQTg§c tham s kh?

211.C8huM2a i L

Trongm! h3nh t2nh t CONbRNY bPhetphnlg @h
TT s c8e¢gng a L, ch bln I~ h° t a L,
21) . G ¢ c 8ct %hi t toguayc | GOTT Hut

H t  a ITTOXYZ:° nt rkc/et P X €©h ncgh @ gnegney ,c

V., i chu@Qwn OTng3Im, ar°n mHt cpR3ITF ;L ti
OZ vulng g-¢c v,i tr_,c OX, he ng | °n
d€hng c.,a | ¢ k®o CQ; Tr_ttddYhth® tpha,

L.t hupdhnl i .
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H®nhC8c Hh ca al TT
H  t vanlTIOXeYZe Tr oflt€ OXg theo v®c t
chuyWn t nhg tT]pohe& Odg TP nUtr°n v’ n?R

L i &, @agTT; acT¥8nogc vQYi .kai.Ofo, ¢ hOXh h’
t h updhnl i
Ngo " i ra tronfgamth?*nh GTfvn, kt/htO nc,

ao

g m h” tr_c t a L, 6 Xk¥eZedd WINttrjeényg a,
KJyti cnga tdX&uZoy)n®@€ thW hi @ ¢rhin &elhd

Onn3J1m tr¥ng v, i tr ngXptcOmphehngh@mgat
trong mHt ph3ng L°i x ng TT, v~ c¢- |
TT.Tr , &ZntOr ang Vv, i tr_,c OZ trog¥gvitht ng
g-c V., i @®MiZetpdo3inch " nh h t a L, thud
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Khi khlo s8t LHc t2nh kh?2 L ng c_
t > ab&mni °n kJt v~ h' 2 .a H! tV dd it ladpt§(r
CQ I~ h t a d& L vul’osg atgYic ga eG5u ttnrg, c
g-¢c v.i tr_,c muayc hicnh®@chinfohaysnv
L nddgd n mHt P h3ndqtqdanyy; vt ri, c cQhce, qawgay
d€ehng theo chi Qu f¢Vvau tlngc gklco p@Esp an 1O,
Zqt Yo th"nh h° t a L, thudn phrli

H tvanltf ac @QaY@Zea( HE L€ ¢ x8€htignl
t h” vdnat BOXT.Z.(H nH). 2.

CQTT cblu tYo t. <c8c LCQ, do vdy kt
d a trn°gnhivin cc_. u kh2 L, ng h ¢ c_,a m,
gi.a ch¥%ng. LCQ clng c- c¢c8c h t a L
L gY@V~ 1@W%ueZiee G- €t ahali, hc, an'?am L
tre°n; LCQge QAXr %ng . \w, id tc c,. augbQa t
trong mHt ph3ng ch_ a d©y cung c¢_, a mkF
t2nh t_. tr,c quay VvV~ h®€ ngivQlph2ag-1
V, I OXggy © nim trong mHt ph3ngv®hay c.
h p v, i 1&®Yg Wiy YohOX ti RULBiI 3 h3nh 2.

H3nBH2.t a L c¢c.a LCQ
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Trong ludn 8n tdp trung nghi°n c¢_

Fnh h<€ ng v amHth@pv dyT hdnt  a L, | i °n
x©y d ng tr¥ng v,i Wbittch t8xl Iphfak
Xo08yth©OMWNTTtr°n mhtongi hi HY9m L., i °1

V' ri°ng Ul @ic ic@®EpWnt Lajla, TITi T m €k
th ¢ hi ' n c8c b€ ¢ x©y d. . ng m: h3nh
212. Clgc tk nhkcola® g nth quay

nwWghi°n ¢c_.u c¢c8c chJ L, | "m vi ¢ c¢
h€ ng LJn | ¢ k®o c¢c_.,a n-, c¢cfn nghi®°n
[ne mg LJ/Jn c¢c8c LHc tr€eng kh2 L[ ng.
c8§c chJj L, | "m vi ¢ c¢c_,a c8&8nh quay r|

s thl'ng s~ quan tr ng nhblt [nh h¥€
quay nh€e L€ ng k22cnhh nekstn hp hgunagy , q wday ,n
s Li Qn, LbfiyYn d4dng profin |18 c¢c&nh, g-
tr ng ri°ng trege7]Bit ph33ng quay [
n€ ng k2nh crB@®@hnggulkdyynhD:c§8§nh quay
L€ ng tr,n ddd mEt ra§ ck hli § ¢ h nigbnsanghblit
24 . MHt ph33ng ch_a L€ ng tr,n do mYt
vi ¢ L€ c¢c g i |° mHt ph3ng quay c. a
B&§n k2nh c¢c8&8nh quay | b&8n k2nh L€

D
quayk h § n v R=y§.

V' tihi?¥tcda tn 1§ c8&nh (vulng g-c Vv,
b°i b&MNgkZnhra.v tr2 c¢c_,a thil/Jt di n

b §n k2nhF=tLRehthEKﬁ'3aiy L i trong kholng
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H3nWh.2H3nh [nh x8c L nh L€ ng
Di " n t2ch mHtDipm3Ing cohu amtt Fap cEmdr g
| = di m3thhgm o.oa m¥%t khgic dwBayw, §aprRe weE w

_pD?
F=
hay 1

Di " n t2ch mHt ph3ng quay c- thW xe
nghoa t€hng t nh€ di n t2ch c¢c8nh c,.

S I8 c8&8nh &gz@Qc€hhngualg€ ng L€ c
c 8nh ggdwna yv , i tr_c quay qumh<emlrcg kdi in
I ng,clBnd quay cl-€ng tchlohic&nhublt kho?
dokhtng c¢c- s [nh h<€ nNhenua tlhic giJ] ac
c- 1 |8 ¢c8&nh L,imht is c-chph L, tiIr® mgv i
| ¢ kh2 L ng c¢c,a c¢c8nh quay ph, t hu,
ch” biJjn mblt khi c¢c8&8nh guaggct mPEt §k g
ta th€nmggcEnhdquay d+i Fkgtehn 3 al &1 g
c8§nh quay c¢c- 2 |18 c8&nh (tCh®e nmd> shol &
kec. a c8nh quay |~ bao nhi°u, ths3 °

c©n vl ic,-g-ccenlgdbp | 8 c8&nh.



28

H  i'Qns:Hfylsi'Qnl Lsfty't " ng di n t2ch
k F

cq . L

c§c |8 c¢c8&nh v~ di n t2zesF—mHt ph3ng

H3 nchhib/Jung c, aquay:$*o®nkdidng c_. a | § c¢&
c.a |8 c8nh | °n mHt phaimhigp/Jrungags8ahas§
x8c L nh s phow,bnghdem t “"cvdhmt mg
t €hng t 8§c Mhindkht mg rkadh2io/Rung b3 ahl § ¢

cho vdn t"¢c ¢cIm _ng d ¢ theo tr_c | &
H3 b ib/Rung | 8 c¢c8&8nh ph” bi/Jn nhblt |~
khi ng€ i ta dlmrg sh3nd, dfdnlgs IBKEEE o h ~

th€ ng ¢ dUng hGp dfn vQ ph2a mli

tr€eng U7‘=%. t " s’

Gi[ s ta cdt c8&nh quay b33ng HBhai m
v, tDc¥irnh, t¥%y T. Nh® hvwediy§ttca8 mhh den-
dDnh, thYnhis&t c&nh n-i tr°n L€ ¢ g i
c.a th" nh phfn I8 c¢c8nh theo tr_c d c

b§n ko2 nthiRthsgn)n;’z.

Profilel 8 cHofilhl:8 c8nhnlganmHt hecdtac Hi8Q e §
t i cv' Dbt&n2 k2nh r L€ ¢ thwW bfilel 8 tcBom
c- b8&n k2nhoflec §pdieh § ©8&nprclng L€ ¢

d©y cung b, I_E,v"déligngehﬁlgngﬁﬁc' ith?ng

h ' c pritfinnh® kE&nh,ddhggth® of§ccpr 8¢t
khing L il % mg,ngl"~ ihoHcpHh? nthh o ddbluy ke
hoUt L ng c_poofilel-8& cv@nhd_hondfu L, ng Vv, i



29

ao

n c- ddng | i khtng L°"i x_.ng, L, d
C,n pofjal8 c¢c8&nh hoUt L, ng” vtrn°mwdamtt k3
L"i x_ ng, L, d°y t<€hng L i v~ L. cor

G-c hadyp sli dg;la ¢ 8c c@in_pafiled 8y cE&wrhg

tr2 mHt cfalﬁ.?vl;_ Huc mt-ut €pdp I n(gh3gdhay2 .c. a Ci

¢

Mt phing quay ciia cinh quay
H3nh. 2G-c¢c | up LCQ
G-c tbln c, & -c§ntblng uwasm, lcE§nd- guaiy a
vdn t ¢ d,ng khlng nbkbi&nh 9quaGhHi( HP hAr

Theo qayc®e ¢i 8 tr° d€ehng nJ/ju vdn t
de, i al,tn, gi § tr ©m nhhiydnth ¢ d, n.

Khi vdn t ¢ d,ng kh!'ng nhi_ u song s

5

t hs3 . c tbln ¢c8nh ua b Jn khlng.
g q y g g

¢ =780°

Y=20°7

H3 nhB 2G-c¢c t bln
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Khg&§c v,i g-c tblin c,a c8nh (th<€ ng
t binhcgmay c- toHwWntoB&W? Ld_i, tkhiO tr c
Xu'  ng th3ng L. ng g9k tbin ¢, a c8&8nh gl

G-¢c phenhégcvph®knpm M8 c8&nh |7 g-c
c8nh v° h3nh c¢chiJju vecth vdn t ¢ d,
c8§nh quay. G-c¢c ph€hng v L€,c gf2cnh f
ph?2 al hsta@h 2.

TFi tr ng ri°ng tTTn mKinmgogh/Arog gnHs
quay Psl " gti_a tr mg Iv€ mdg o, & 2tcrh, anHi

o G
L€ ¢ t2nh tHFq:—o clng th_ c:

n“i v.,i c¢c8c tr., c thtng hUYRGMnhG t |

n“i v.,i c¢c8c tr.,c thtng hUnkG/mnHng t

Khi kh[fo s8t t2nh to8n kh2z L ng h
| € ng khtng th.  nguy°®°n:

r=r/R;b=b/R T, =r, IR; x=x/R; y=y,/ R, z=2/ R (2.1)

Trong,ybzol x t° a L, c¢c8c Li Wm.

H s LHc tr€eng cho ch/JH L s’| "Imbevit
cho chJj L, | “mmmvli” ct "c_sa cg8in ha ghudaryh ¢
tr ¢ thtng I °n mHt ph3ng quay <c¢_, a c
theo chuyWn L, ng quay ¢, a c¢c8nh quay

V cosa,

c.a c8nh quay L€ c m .theo ctng tF

NJju g-c¢c tbin crEmhdmuagiy8 nthr * tth3 0 L J]
Cg&c LUi 1€ ng khtng th. nguy°n t €t

- M/x z U r LRZ U
Wx,y,z = Y2 ﬁg, gq= (2 ) , m:—OC;;acq;)/:t 7 (22)
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2.13. CI&¥k hhéng ®a CQ
L. ¢ kh2 I ng€e€ac mimmfmraRtrong s,
d, ng kh?2, Xem x®t c¢c8c h3nh chiJJu c¢,
OcXeg¥eZegV h' 17 a L Xl giMga(th'32®hONnh € s au:
Ry=Hic T.jyy Fka Tricm T, A To-ké (2.3)
Tronggjbkeaicmqkea-l = €c8§Cc v®c th Lhn v’

li°n kJt v h t a L, vdn t c¢c. C8c h

|l ¢ k®0 v™ | ¢ cUYnh trong TT,Titrong L,
h™ t a L, vdr ©Xy,!| fncl €ongl v 'l 1 ¢
M men @uaym'M men kh2 L ng, bao g
phMpgpd¥%ng LW khdc ph,c | ¢ cl[n quay
phinmd men doMg&hllmkc®iorg® n ck8hcg8 c CkGht ng
M, =M, M, (2.4)
C8§c h' s kh2 L ng t<€ehnag63d:ng L€ c
:3' :l' :Mk' = +M). 2.5
Cr qF’ C; qF y M qFR’ rn< nlo nﬂl ( )
C8c Ih'c sv” kh2 L ng |~ kJt qul c_ a

t§c L. ng | °n LCQpL€ LLOw) §tclil b2 | rh
b tr°n bQ mHt ph2a tr°n v~ ph2za de€

P.- P. 29+_p
q r( w?

Trong,, b-1 fn 1€t |~ 8&p sublt tr°n |
LCQ; r-1' 7 mdt L d, ng nhi _ u.

Dp =p, .
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22. X0y dnindghraem®¥nh quay phi tuy/n kh?t

221.C8 d thgtiv © Zukivh  bi ° n

X®t W hudgyaCQTTtrongh tr.cta , DXYZv ivchfcU,
d@ gt b e on gh €@ antr cOX CQquay xung quanh tc OZ v, |
vchic gW,acOYvutl ng.igphpgOXzZth t h''tmctah
L thuchphli OXYZv.igcta On3ntd t ©m,aq wCaQy A2hCQ h
chuyw g theo quy ldt bHIk8v “"Hitbt h uhths LCQk,C8&8c LCQ
L'@&ghcngvitrc quay CQ ( kihipwy, leb®t vE h tkyh ?
X ®Th WHLCQ.VQk 2 c hec t 3a@mhC @ bcgn KR 2 MOy cun
L'e m! Tyn kHphhgehutfiS, v cthédy@]bxg c8&§c m”
x 08y Jvii° nc §kd xphE%h gd k h un g kiz@k hDhE®2 .t
hot nlg tronagchit i | €u € kKhdngéhkhgkKhn ®n .
d. ng lWh»aohqua CQ, ph2a shuxo8ygg t 8§
m” n,ngnchuyd gt do c¢c ¥%ngntceg&ec dikthg. M h3 nh
CQ x@yg o r°tlpa ci« s Qkigne bLiQE A nfly Gthv ™~ | i °
tcgca d, @g,n Lkih {ntighh cht h¥nn p h@pg at Al y hge
tc, tehnigd Lc®c tir@Qmitlib;-ng khing). Bin ni
Vi ot kh2atmmen dbloy tlolin hight htng qua
tr3ni cilguy ph€ehng tr3nh Euler). Tr °n
tha m«@kitii | jcga ®H ,swmghofintlga ofon o §
chui g c%ngmivhngtQ@kien n~"y chonlpht@pnh §ct
khing @i@a®c cm’ kholxe 8§ gyHxah CQ, v { ¢ chuy
Lngga c §rct mhilutdbdin . Tr ong bXi dn bt sol8m@Qu nl iy
kinbfo t o "'ntcl €U s Bcdbngangtheockh d "~ i v L[CHi
thuy/ Traplugin Joucopski Kutta vQt 2 ninhthhg avehfctdv t r 2 t ho !
d, ng @Mt nL®Q, nolgoda I[¢c§acexfBly d§c nm&
t ho8&t r a3atgr krf63]Lgy®@W i h 2Uaht © 8 o,t hn hk t 20 § n
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L ngCQTTBlagph€hng ph&8pg/XRR Kk@db “"hofe L
Wrt vingt r&p(rsharonghta Khing ,gi manQbs§c
ki n v [ thifjgsau[23], [72]
Thjvehfcnhjuda(r Htdmithi Wh'ib°n ng @Qnibt «x®&yb
(c8&mHtb xo8% Ivi'° modkilyth @ m«n phe€ehng tr3
a =0 2.6
Tr°@mib LCQthiy@]bi c8c m® mjphottgay hdan
LQ@kinchly khng th

E: Y,n; 2.7)
Tr°n c8c dodnthmo &y@kimii kh:nghtnhs§gp
P =p° (28)
L Oy ', p -Ifn "t €l "H &§pr 8 obQwmth hen doo §y
Tr°nd?¢ ng kh? ibtQnmtd€Q(rlta©yk h = m®p s a

quay)phlith a m«Q ki i Traplugin Juc¢ pski-Kutta vQvdh £ ¢ h u hth
v’ m'n xo08y t h/payhvribOmil € miEhng t i
W (r,t)- 0 (2.9)
Tc  Hhiutbdin k hdii m”™ n /JjJx o8y wi ¢ %ng
DF- Okhif- @ (2.10)
Sdng ph€hng tr 3mnh | Bté2amhnl twdgirc moviin
8§ p Hts u
JUg W

= —+ 211

P=p *+5 2t (211)
Trong c@bly Ptvhr 1~ &p vebu it i ngr €
Vicglisb i to8§gulketh nilcgbhg&atkhhhgr

thi gi an t he XRR[2/I9](68]. THIL[E B cukim bi °n v
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gifth/TkW r Fm ‘lcBa m«n tirdmy ngi an t2nh t
L&§mg VWGunmE@&cgc Whuy khhgtpldr€68Q c

222.X©Owng m! h3xxmh to8&n h

C&cQmvb | § ¢ $mmhg vmi™ nh dxoo §tyhot§t ra s au
L'&thaytilbi c¢c8c m ' n xo8ygkBan@gvafdhag h3p
LCQ byxng m nthxt@&@ynlii t¥lct htelmeon n? xlo §t
c.,a LCQchia@,i tmBWac 8n&nhc qunayi tdh& miN hten”
dli X008y vng tdh@yo chuehgnk BurmcEg nmbhod yn.i nMh €
LCQ<EL ‘&thaytilbi m" " n xgG8ym=heNkrhukng . §D8y.t
C8§ cWwhkiwh t r'a (LISF@H% gd ke fh+#d nh€7)t reffi'n ths
L - chhn Qkin khimthiihe hebet r®  t_@mi khung
X08Yy./JC&®m8wWw h3nh th"nohmésmwhglhiOngc i ng
c8chungt goéegw hg c*%nog ud ¢cmh d, ng kh?2,
Legi |~ c8cdm" n xo08y t

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

Z]m:c‘l‘nlf:ml:I kiém tra, /_ A" /:_?/
o L
o i LTS
LS
LSS

Chl sOn
O -
X

H3nhA 2M! h3nh LE€EQcvkhph@nxbs§gy
PPnt x o8y Kkingiugg SaccHit®dt 4 Yo xo8§y f,h nh
dovdyvic x&kfcl Eflm_ ng go©y k& ubgg ixBdyt t
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LWhbdl k3 trong k3gingdcgtlmmge lgZdoryle Bic L o
X008y tfim[29),[B83](phs &h 2.

4 (X4, Y4, 2a)
3 {139 y3! 23)
2 2 (x3, ¥2, 22)
1(xy, y1, 21)
y
op
(X5, Yps 2p)

H3 nBPBfmxot8y t_ gi 8c trong kht?
Nhe tr °&fch?3tfmhng2d Wh P(x,y, z)9 ©yikhung
X088y LI®3480b Bhe€e sau

qP- 1234(u’v’ W): q12(u1’ Vl’ Wl )I- q 23(u2 V2 W3 )+q 34(u8 VB W3 ) q 41(u14 V14 VV“

Trong L - :

O,(U, VW, )-L ""ct &fm_ ngtd WikPgoOyi Bhoxo8§y 12;
Oha(Up Vo, W, -L "¢t €fm ngtd WHPg ©Oyillth xo8y 23;
Ogy(Us, Vo W )-L "¢t &m_ngtd WhPgOyi Bioxo§y 34;
Oy(Up VW, L ""ct &m ngtd WhPg ©yi WhoxoS§y 41 ;
M.i t hfndthV, Wh=1-4r'e¢ x'8hcdal t hnblod Biot-

Savart [29],[63]n &h x 08y 12 cc¢ {ig ®tucrllaclm_ ng td
LWh P(x,y,.z)t rong khfng gian

— L= B £ 2.12
q,= 4p‘r ogrl ; (2.12)



36

P(xp.¥p.zp)

X
H3 nBn®2dn xo08y trong khlng gi
Trong2%balhén x o Byl wh1(x,Y,z), LWwh 2(x,Y,,2)
v Vbhin'(xp,yp,zp)ttb rac § ¢ w®m, rt h
n lnga c8c finh'vi® ghngriscrhl & xhg@ L
t heo WitBec b
(ner) £, v) (20 2)-(2-9 (v ¥
(nora), =(% %) (202) {7 9 (x5 ¥
(r2r), % %) (v %) (v - (% o
VQL | n:
renl fror), frro)d e
Gi § tcr8§c ckhao F,ng Lece8 ch x:8¢c L° nh

rl:\/(xp 'Xl)2 ( P yl')z (Zp+ %)2';
n=y(x %) B ¥ (7 2)-

M1  h3 n/hhkh 8 nQuabivgtly c (2.12) ta thby rrag nu  Vthi
cn t2cnimtngmn tsixaBy(tc | Am R r¥hn xb& ¢ 12)
ngay tpt cxudlhin Wihk8d v ©  k hWwkrEgn hLhd €g'it § | ¢Im
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ngtd Whil- dsdbagn). t rM@hp khgovhdrhit 26nh t
L, cfm ngmngnsi xo8y, tronaqdxiyg hitnr 3ngeh t 2
pho8) KkKr m8y mnWiliquylveh Qb "khis dng ph€hnc
Phsp XRR,t FithdQ@ctpti c8c /padclhk hic nhau.
Bel os her kowngnghip [34];[59% [614, [63],[74]é ,s dng kh§i
ni mkhdn g ¢ §tlii Dtkhdng ¢ § ¢ h n,“hyh nkthmilAtgn nvh
rle , v hglBydRagkhdn g c ScnhEtnlgeh  x ofjg Wih Kivkh tra
X®t tr°QQ.tQriid- bc-bWthbh@®)chx §cnhl gi § t
L un@fac, €fm ngtd cW@c cl:inkh @ Bic Bholx o yh thn
D(r2 I). Trong qué§ [nrg3 reEBlcE? nchh 2tnoh§mx, § ck I
t heo phpkHogs6ghSifnminhngwWimngnhdd trhn La
X08y< D,vechfcdm ngtd L - Wcecti/ptgdhblng khtong h
nhdh c 8c gilgmdsrvQkrh ng tduelet nx 6b H~ " o L -
| ~ m pna Belosherkovski ‘& g i | © phehnfgf .phBlp€knug
cutoffs dng pph%thong c@&ghdd b it otSmBggak ht n
c8&nh rkh2lTRhi IQmtddh n©agc&nh kUmyrilg va
thng xo8ybm” n- t

nivi c¢c8c b” i/hgam8h kpBrigit(uUGQT@LEQ nh
cl ngc Lecoithkh2mgl) , t&©hng tnggiakmZ2nl xo8§y
c§ Qmtbttb n©alyg k b2n g, * itagi®quy] veh QL \h k8 d
bag c8ch L€m VWbBmKk kiI§»umMk d® 8y ng cgua Vv i
dng m! hEmMht Khnodo @y m* HEMht Khuxo8y,
to§n OMQ@h@ - £ Bthin "ng&huk h t § n phkno Snik'Vev I /] n
Fnh h€e ng c_. a t 625138 [¢4],[AN.B" a s a §c
mt h3nh khuJ/Jjch t8n xo08y khi s d_,ng
gFn hhn t, i Ejid®uo kph®@p tdi cmttJhi Wu t h
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t2nhMtoBAnh khuJ/Jch t8&8n xo8y ch™ 8p ¢
m: ph, ng mdo.xo8y t

X0y ndy m! h3nh /Jpe Biyh @@E Xf@gallt h®©n tr
thtng dhg33nhb'd to&n xnRg kthe€8Hpnpgh ct-§ cs
thamgiacanhid t h 'fm hk pgh(ThtOwn'c §c LTGAQ@)n.g qu§ t
CQhodt nlg, | uwvaciHon -v's t €haagc§&8cmgn xXHAY
LCQ,gia m" n _ x@Bwi tt hOnt iMMBg.ng phe€hng p
XRRgiliquyjveh Qi g hi Gmaleh ,gfmphi 8§mpg dc8c m! |
khwg h t §IBWhWho 8ty h hnQi ki 8lodd Lgthct]gaTT.,
LQy m! h/khhd Bhg trong m! h3nh XxX08y
knwugph t 8nax®@yimce, Bhagwtastt vdy LBt s h me
ad=81[38],[39],[44.Tr ong mla h#mh ,c c8cuSguré, ngl
Bhagwat v~ Le8shmih@glidhar hat 8n xd 8y (
ttng ©8n k2nh ligian), guydy bhyghaph@a™ o s
Reynoldsca d, ng khg mti tr€

Mtypuf quanfrng trong J/mh h&8hH kKEwxem x®
L. Il'o&n Ry pREtM@ ricahhi xo8iy dgihem. t(
c quanfrnglM\k §cnhl gb8ntk2nh Ifsi ( kb & yghb €a

t 8nl [h¢avdhfcdm ngQ L g il 6nhill G, t9 bQOmHug a ntb
tr b8 n KgtnthnhO©m >hé &PD). ( V™ vghit & n fydfng i
vQOkhikhndng c. §ch ©m x o 8iy wl§ cdiAngrt ¢ thsi) i
m? h 3 fichh kth§un X\bidy qd:}l,a°nmgﬁé9£‘ix-l tc €aqus

tr3 pmhvdhdedm ngt gi §8M,-r0. Theonhr cng ‘tcr 3 nh
L lantruyQr x o 8thu cp hv [nahtdb mY hgt t © [¥tfngliay c h
d, ngyré. NJu mtingt d € [gr,inéh gc b h §ily dl, urign chh
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loch | " m t’tnghy, tdn€w "1 @ " [ LintgQg nkghyngdda
c8cp Ixo&y .nmy | "m_, chb»k? gm&Emnge-pwhigh
nhanh Hbhtn ,ITitily I1Qant Hena yrke n lir ct 2crhi# nth .
Trong fyffng, ch'a§ Wtuyh g ngis khwgh t §n
pho©n t .-t gruBmht tickdm g L

Toc d&
SOl X0ay ™

™ Tbdec dd
SQi Xoday

H3 nk0. 2 Sm! Cbfnchlivd Jalskowk h t §n xo0 8y

Vilg,le-l = b&n k?Z thhi \b»iib donte(@y Whi m™ n
X088y MW ho@m®pr ®mb kh3y M fukurh t &hi) v-©
LWht. GilgtthMglLe® x@fet ri°n ket hs t h¥nga h
khung xo8m, th  nhitpibblaghkhdng c § afiit n h
L \Wwh kiwh tra f i clBhccac khunggix®&wyng m! h3nh
caluh 8n, Db8&n k2dth d»ilkix®nggnrgthhy fag L b

b
o =ﬁ' M:  hRhafhh t 8§ gaSqurgR®h a g w adishmar[38],

[39],[44]x §enhl b&n k2 mcHil:4i" xo08y t

=yro’ ¥ ad n (2.13
CLoeg l " shamb’c Ix@hbadth cnghim, & =1.25643;
dl st hay  IWhttheothi gi an; v~ _talSqure c §c
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G . .
d=1 -Iai(#) ¥ atRe, vi a | “7aghs th ¢ nghim n3n trong khdng

51 1560 47T R@®-s Reynoldsca mt ingt x&n g thg uxaonghy .L on
vi mingtcReynsldsthp, oghiSdogfnblag 1, khi L -
xo08y/crhhygas8nBltagwat VEsuygimirsvmianh3dph ct
tthg nh€Lamb v37].Wisee&®c ¥gns&hhn ng@hng
mc tEmge nkgairc h b°n trooa§Fyqulv’ IKm dho
mrngga b8n k2nh | »i xo@h32d®na. | °n nh

1

Q
()

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

° 1 2Kho:ing3 cach k:.f)ng thl’rsngu_\‘én ?Ii;n 16i xZé_\‘, r;’ch ° 1
H3 nhLBYh t had °@m mhgtrongmih 3 n h/k k h 1 § Bquire,0 8 y
Bhagwat v [38]Lei shman
Khix ®t yIJnt " b8&8n k2nh | »i xo08y, ctr
t49i m t LiWm g©y b i m t LoUnBisto8y t
Savar t€t b B g[20).[92], [93]:

o

_ G rer, a r
TS 2
24p|r3r,|” +, rb 39\/r +r° \/r

BiWthc x8bd €£&8ch_ ng! he€

q (2.14)
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n® B %) (x0x) (v, %) (v, WO(2z-3(+ E

o @, éxz X'l) (XPOX2) '(yz "'yl)(yp yZ)("D(zz— %("'% ;;
Th nfnf@ h&dfm ngtd WaPg ©Oyi BHox o8y c¢c- | »i
I -Els& x8b Bhh€e sau
u, = KQr, B,),
v, = KAr, B,),;

Wl = K C"er I82 )z’

o

":‘qerod’)1 e 1O

dplr3r,| 2 rcﬁge\/rlzﬂcz \/rzz P

Tc mng goOycBc xomw8y 2%, khangdXody
| °Mh LR (h3hnch x8¢B)L Ehch @iltth xo8y 12.

Ta ES§cwhKWwh tra. it rkhnunng c x o gt ilae L
ca c@rctgi & n°n khOmgn'golEpyf®@g qusgt kit
LWh thga khung x o8y 1t2r3¥milphRT g\ §renh L
LWhkish t r.ahjtfn€hi a khung xo8y 123 th-
123 viiWwhki@&d t rang rt°aanRtgi & trznpgh tl&@®&m &m gi ¢
vkhicrs dngtht t o 8wti/jeliMb ghinc §loc@ukin bi °n
chok hungh%XoByt.am gi 8c

Tr ong KE

H3 n b2 n2Whkivh t ra v~ v/Rc tkhHwunmpdt8gpd w y
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Tuy nWiknin gtch hnd kthri 3 n h' d 2mdh 1tnod Bgp,h
c hi abQmkvd thwh ° nwhk 8§ A8 8 c L k h u Qug cx-o0 8yt 8l t
v’ c-nl §cRig rntmuphfng., Liukknkhung xo8y
phfn 1234c Yan3n trong nkbph?n g kvhiungc x o BS%qithg id§ ¢ n h «€
tr°n ht#ahtae WK traC(x.,Y..z)t rRmMungl o &y nh

nh€ sau:

+X + + y)+ +
. =8 ><24x3 %),y {4 y&4se Wr L2 %4; 3

Din t2ch khung xd§yc I 28t biM@iha gt % ¢ h
c- ,fng€a harng Lcch®o Kkigu rkg .uwi§yB . t " c8c v

t h"nigé ca®gi €c 1234, tkhih K-huthig xo8§y

_|AC B
S1234 2 J
V' v®c thhnph8m tkhwng xo08y k234 t 2]
- A By
ne = ————~
[Ac® Byl

LCQ ¢taytibitngskhung moe@3N,mMi° khung X«
X §cn hl” ¢nt WHkiwhtra,dowys tngs L\Wsthkiwvh tra, itr °n
LCQ clmg |~

nQkin btifeo MNXRRVG @ wnly & Hnhga tch, ng tr
mi L CQ  LWhijJddhh ph€hng /Mr 1 ailstiv'y ncge L
ca c8c khun gg ukBny .b Frpn kitvkh tra th k bE k8, k
= 1§ tankh ‘lce

Qn &G B G & & ..+ ag

HU pruw Vv Wetwid ¢ @ O:
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Nheytinghpv itdic[c § cwhKWwhtrat r ¢ §ic k hugnag x o
LCQt hu cl h u hn g nmmp3hreh ng . i nX Gl vddéng

match nh+€ sau:

da; a, v a;, 0aG, & R
828y a12 alm q:Gl 9 F§§Sl
coe 0 O
o g LS oy
& . : : : Oe: 0 e

é%ml amz - anm %6y 9 Riis,

V/phlic ah ph€hng21B)r Simpud{cavhic kh!mg nh
v dhtcdm ngbi c¢c8c m'dno xko®R8Mi kivth trath k chi
theo ph€ehfjmg ph8§p tuy

RHS, = {U+u,V+v, W +w,], ¢

Tron@MW) -1 "chived, kdh * n gutth hab ki tra th
kk =1vdmfc d,  ng kulitmigtm &Y I'h € & ex'déc L
bagtngdd ¢awhfcchuyd  rgquayc a CQxung quanh frcv. i
vdhic dciaTTtUvt r whkidh t ra Lang x®t .

UV, W), =Uy+w ¥,

(U My Wiy ) -1 “chfedm_ ngtd Wi kiwhtrath kg ©y “ir ac $c¢
khung xm8ry xad®ytthocg88c rm®p L CQ;

G-1 ""ncg€gla c8§c khunpg o€y LCONn k
Trong h (2.15) c8 ¢ sha, v ik I=1m L ‘& x 8tUvlt r Wwh L i
kiwhtrath kca k h un gg ix@®lk8eyth ltdt Bio - Savar(t 2 iihg bc § ¢
bW th ¢ (212) v 14).G2thWHK S a,ch2 nh | fn tphh'§kph tpuh
cavhtfcdm ngtd Whkiwhtrath k, g ®y kihunglIngo §y °tnh

| 8 c &nchl Qutag 0 =:1

g =G (U W) B
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g,u,v,w)l "chivedm_ngtd Whkiwhtrath k, g @khun
X088y Imd tr°n | 8§ qaqiwnwml @uaxysch It €hng

Op. e U,V,W)t T N hBhh 2@®8. tfh LpHi¥E pAb kivth yra
th kL& x8b& Bbhe tr°n h3nh 2.12.

Mi ph€ehnah@tB3nhhuccek qusg§ tmrg@kingp d
bi °Qt 2w h k[ppthben¢d mcth Wb kiwh tra.Ph €hng tr 3Wh n°
viitgn dlhgtngga ¢ 8c finhUlsn h'inpih Wh kih tra th Kk
tr°n plh@&dh,ng _ kaga&hn(Al5h Wi
m
f':l'lak@:RH§

NJu CQ lLtCQlkl>1,tngsxo08y flchsa@mHILQEQ trong
CQ<l kg Dovdys ph€hng f Kgmh ph©ha g2l6)r 3 nh
cl n&g Lo gkglfn°.n Khiphehnly Hhridamhhxgul s
L ca c §ret xpoh8 y  t r RqhCQwI} dhg matehsEl ~

& a; Qo v Ay Ay Qé G 6 RHS
& Ox s
2 A Bn v By 02G, 3 RHS
& . . . R ¢ S :
& - O% | o= o (2.16)
;aml any Apm amngg 886 Gm o} @S‘ﬂ -

. . . . e - 0O &
&€ : . : . : Oxp - 0 o

Q> . 0 R

E;%mlgql a‘mlng amgqm anﬂg mk &; My + gs—nlﬁq

So s §pnhh€thn g2.16)r 2dé) taf(Bfrag CQ ¢ QLEQ, |
kni “hg€2 nh t o §Hinhiitthgh €8 mg 216)r ¢ @} I
tre°ntak®netbchEc §ocukim bi °n [thi} ctS&conggi | 1T
x 0 §yngthiphfn &nhbs t©hng tn§quatkgha €8cviLCQ
nhaut r ong m! h@ mhCQuo 8¢ 8§€EQmM” Theg@hiyehn gh
t r 32d6) ch(raraag, Um tthi Wit r § nWh Riwh tra ¢ a ptn t
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Xx0o8yij,thhc | & _ck§wih ¢&ci chdn, , ki=EKEN? n

c- ts8ongdm ngg ©y imphfrof x 08y tr °n ¢ kanrih | ¢
mQ@k, Yphfnt x o &N 8c tr °n %c8aCQLVCQ c&kkp It hi
nhay, v ph€hng2lBthivi h ‘[c€ r » [mchihcgash €hng

t 8cagdas8c finh kimhg pthr g hmX o8y WoR@sWvirct
Ik ©ynagl m! h3nh ‘tk2hrehgth@@®&n cho h

T nguy®° nlldh pthkihn g 216)rchonahtsy ( d 2 ~ tige
t2nh to&n | "[ng8&dh n@EEICH hdy mkhh yng thiQu
vd Jivl Iy tho§y ding! mr amith€ h<€hng JMr 3 nh
t2nh Hluy8iahe¢8'ctcl €atHs[c §pbfnt x o 88tth n ° n
hkh2nglS1®@g phe€ehnd @nrandhhp s€hng Mr 3 nh
t2ahW haynhi@ hay 2d "ilt Ay ttFinnh tossn, t
|'®@g t hfnttamghpvk L ang x ®t

Qu § t ¥¥dm hvlitchgdp h€hn g2.16)(216)hr ong b " i
khtngg det@®}ldbsaumi . b#®i gi an,ctBigamgtipb €
theo quéHléchiompkhii = i | tto8neQikink/f t h %c t
t o BHora.

Saukhiglih p h €hn g216)hér(2i6) ( m&c dlec §¢ gi §
ceg clami khung Jko&WFnnih°LpchykkW 2 nbiht ® §n
Ll t 2 nmgckah2mil h3nh c¢c&nh quesdy, n®©m€, ch
chdm ng, ‘cs8m! hmen hay mfSngpdt frc€m ng,
trén g &bThe o |/ aKitta Joukowski,|c§ p Hs o °, nkhumg
x08y flijiLen X860 Bh®W:sau |

DT;; :r(;(Rh(gz‘j) ig;I,j) }j,\(ii>1
(khung xo¥dghkim®m gacmaeCQ).
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Log | "dhtvenhjutd Whkiwhtraca khung Xo8y
Lang D%j®t", dii it r wmhgl cthéom®Qca k hunlgi °xro §

KT ij.
nivi c¢c8c kh3mtHg m®@@Bya meCQ t h3 :

DTij :rq"?h pp }j,\(ii=1;
T L. X8t 'dech°nh &p trnpijlkmgn g &t o8y

DTij
Dp. =2,
1) qu
DS 1~ dipmfrkhtwimg XSy w2 nig,Ltehnhmh t

by Vi kKW hdt ngcaCQTTl utmtrmng d, ng K
dngmi t2nRntrongfin . bWigianDt, t heo  &thi sau
gianth nhHlt mMm®p saa u Scdcf@h h3m h[it Kk odfuld t i ° n
t rt€ ra ph2dafcgau dt med3. 3 nh

Mép sau canh

Ciic diém dinh
khung xoay tr do

Ciic diém dinh
khung xoay tir do

H3 R”B3.Qu & t r 3 nh Jih 3 nth§ ymi@jpni ECOu
C thw b& t Fun ht ili°'mi, khung RKo@ggayti ° n
m®pP saufhBnk S mhmig al ik hungd o<, 088 i



a7

I'nhmi n"y c§ch  midgngsagOE e vhkpmi & L i
I'nhnga khung Jkmou88%) Im®pn skitu 1" rckg nkhbdatn g
Fu t i eknibOmHE c §nh .

Sangc bte2 haht2tDh) , khundpvao &8y nhb&h™ nh
t 2 n mhits8t rt@Qp h 2 a, iscaticchuyd ngca d “magthi L
t Mm@p sau c8nh cl ng  H3%nkhtéicfulivii hibBu n g
v ot ya &hungdothonBbjv a ‘ttr @i . Qu&S&dihm3 nh
| i °crthedkh’i "hg®hi gi an t2nh togn.

nWImblol @ki nTr a p | i€hukdvaky- Kutta [29, c€n g, cla
khung dow&y tthos®& tdm9 rmeLcla khung xo§
kKinmtd mepCQ b t 2. ch LDt €

G/Vtzqﬁ-ro

Clngc tthz nh ¢ hp’ikhbngl89®t gir€dn nng Kk hg ng
khi thth " nfh "@® pb thuc v igiant h

q;lj
D%

DpIJ = | gut+uW Vi v, W Wy |ﬁ tO

y
@ Ve Vi Wy 8 ) thj 1 %Gli; (2.17)

Trondg; -1~ c8dhn@ptugphyi khung Jo8y

jLangt keangivgca khung xo8y;
Dg; - Dhy; -l dri thhgx khung hhg ktElee ogin ©

EG|j'I "téhdy "B€ cla khungg ix ey thitgian;

nd "he n¥cy x'8&h L heoc crim@ g adu:
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t t- D
u. G %

ot i 3
BiJL& glich °tnth §p tgri °88x &ochhil/egl ct 8Kl s u
t §cn gl BQMHWk hung ,gi\BE atltc§ p Hix8 cn hi" ¢ €c®c L
trengnghkRmgac 8nh quay:
DT, =-( P ('S)Pr\j

L. kh2 ttYemgb i CQ |~ t° " ng c,a c8c |
e i t_ gi 8c.
kea N_n
T=a a @rijx
ky=1li 2 j &
Hslc k®orLE&ED <@kt tth”™ nfh  p h.egZ da€c
k h2ngT
_ T
CT_ZIORZ
nivis h3nh fah ;& c cm dho xoBly€tE&nn- ic&
khung xloosSchuyt g ¢ %ngc $ct ¢ah d | nvghfe
blagwhfcgch t 2 BimitWwilinhg - ca ck hun gdoxanghy t
fa to oOXYZ V~ dnshu@ iv lkb®igian, pint x 0 8§ s

chud  dgmt q u «mgdgagt €

Ox, O B (Bvyw (2.18)
Trong m i b€ ¢ th i gian, c8c Xxo08y
mblt Li, m'n xo8y tei dgii mnit @' c bhe rch
Qusg tr3nh di_n ra |li°n t_c v~™ | Hp I

tdo v™ c¢c8c LiWm tRinhntt8a t @8y ux ®itf. uc
t2nh to8§n c8&8cbhAn 87 phllt€kngit8r8xmfbh (
(2.16) sau mliHpb € Ydn @y’ °drh 2griphgmy ° n n h
kh” i 1€ ng t2nh naotEheo, ablp" s ' toad®nt &
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C8cdigqL€a ra qua _em8c he himmh xdo&tym°CiQ o
k2 chctham€hiu | ° DbRgnaLRG whfc Ui m¥st ¥ RvCQ

dn t2ch,Fglf®t COQ

23. X0y dindfmBy-TChQ&nr ., ¢ t hktng

Khi nghd °nng caom[ydb t hwW 3D c- -b3mgnh
c8ch tiJf]lp cdn s d,. ng, phehffgq phs8pox
khungk 2tn.  ,piQ§ ecmHt vdt thw L€ ¢ chia nh
khungx o 8y °rc - k Bt€trmayl IM!ii tg<€qungnhundt
tr€ ng, tn®y,3nh thon tcr chitahlieg i 3D hle:

goOn ntgthat@ice, i (thndd).®8c | € i t_  gi 8§c

b3Jyng ¢c8c cung xo08y |i°n kJJThed&amnglng/

tdbhc c. a | T thuy/Jt xo8y, trth, BQmmHLt L

ki n bi°n vQ t2nh khtng chl[y thblu:
B(F, #,) nOO (2.19)

Trondg.lL® thJ c, a/glng thqhlyx. ta rd, ng
| © v®c th ph8p tuy/]n v_i bQ mHt vdt

M h3nh ixa®y CPaig tmh " nh phFin©nc h2Th, h
do vdy cling bao d“inm nhaki/]thtHastnm] ntg h xgoil
mHt LCQ vh'Onb @ TmHitHati h  t h™ nd »wmo &yh an
t hWshi [nnhchm ngg kh2 L, ng.Tdii_, an, €Q Lv
tr°n bQTTmFMmgt h®&ni th, a m«nt @aprght €c |
L« 8§p d, ntg €M om@mmtientgh. Tir olhigWk h ut n
|l udii™ &, ng nghi °n ¢c. u L8&8nh gi 8 [nh
|l °n CQ m”™ khlng nghi®°n c¢_ uDot rvdey ti JI
s d. ngkhdginfg tchi /3t h3 nh kthh ™ ndh nng” rk hx?2o ¢
gua TrThNehm®* n chung tr°n thJj gi, B i, K hi
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c- thw t2ch b3ng ph€ehng ph8p xo08y,

Trongghpd® xQs hEnh th " nhdon” s1aTWatstyoOn

b"08&8n kh ral L nhvit'r 2x & c¢raol§1” nr aod® yOmkt b

t h®h nOM Qfictp, Vv i crhaoll tét r©8&c clng

cut r °Jjgiit h°n Jovisha @i "Ly’ cl €© Y n gC §ckh ch y/u

'M\d L o8&n thh 8§t _ar an"cnhixo & v ¥h |h™ nnlghi m hoHo

sdng ph<€hn’gloph & @nidn Andys TrongnhiQt ng hu ° n ¢

k h2ngllchcblag ph€hng phs8p hx@®sSdnggiahey} t §c

L «fbijtcv ©t ho &ta md nc doonSiyw itiL " me t2nh to

c §nh tnh@nnggugvithr&@ t § ¢ bigifthifh § & ©ca ne®pn he
Trong m! hPThhOncoEl dAOS§ rh 3 nTh 3 Delon

m: h3nhMihEn dl i O BWRS Ny, ngnl ~ kheingx o ghja

t heo h€vriNgl t rkimiagx o hiat he o h € (m3gntr2 c

S 1€ ng c8c khung xth®WLte cgi Hly thay
s° ¢c©n byng c&c yJu t° vQ LiQu ki n
[63. Thdfin3m b°n d<€ i mkKst pthrizngt €8md g'u

t h®hL € ¢ x §c kLo [hrhg hicREnabhQ o Htt sr't Im ©h
L /JnHitm ph3ng qguuavyk hco TedgC @@t LOMF u  ml i
tre thpna

_ L1
Canh quay A

h

Than Truc thang

0.4

-0.5 0 0.5 1

HS b4 MT h3AiAih©C@
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ThOon tr ¢ thtng n3™Mh©nob€e b tHph2teL
theo h€© ng g©y [nh h€ ng cIm _ng | °u
l i °nhlaejt thJj bQ mHt thon tr ¢ thitng =
khung xo8y n33m trT€hrec@c mh@& «8inhs'c,_ la€
i °n kJt, tr°n bMLimMh Kih®m tTrma' cdth®® «
tr°n nguy°n tdc t€hng t CQhEeNHEeivdy i
Vi ¢ CQ L€ mkhithraggy Xxh8W bt i gi §c nh€e m
X08yiTTQON TTsc:- kh'umgntM.o8§y©y “clng |~
Li Wm ké W mk aBynTh@n TT

Cp.ndgiQuikkin bi °n t/JhXxRBWt  nlyh &in ‘Bhga t h
d ., nylL wh kivh trath kbHIk8t r ong m! hBMMOmWTKYy CQ
= 1 &+M, tankh L &

QnK:aKlGlcQ B, G° & £ . g of

+aKr‘n+16r-:—:—1 -|aKm +2 C’:lz &Km 3 @-B .t aK-Il;‘l M 1;2';\“1
HU pruw Vv W twind ¢ @ O:

Khi lWph€hng tr3nh tuy/n t2moByx§c ol

h kh2 L ngh@®a Judt @&@Gng ma trdn sé&
&(A),, (A, S(GC v o 8(BY),
g A3 A4 ﬁ ™) U:j Bz (220
a )M3m ( )M:M u G M31 M31
aa, a, - a, geGl 4RHS
Vv A1=§.21 T B oo o ;Bl:g:%.|Sé ;
x: : . : e x
& 2
B Ao v B <G, eRHS,
Trong h° ph<€ekge tnrad ntAt, B2 hA0Rhs,” n ¢ ¢
L  ng c,a c8c xo08y li°n kJt tr°n bQ n

CQ. Ma GH%Idn IX3uw s~ t ¢ L, c¢c_,a c8c xo
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C&8c ma tAdMAHG",B2m: t[ c8c t&c L, ng K
L Jm§& ¢ Ixio8yrK Mt m®M C_A2lt hWma trdn h’ ¢
c8c khunig nxrokRBpITiglo®a vdn tf @i cd8c_ bhigW
tran vmr ° nA3CQ. ma trdn h  sli cn ak MISQK h
ra vdn tf @i cd $c  InigWm °knTWARIQr amna t r dn
c.a c8c khdmg K@ BRtyH®n ra vdn Ui cc he2[nnh
Li Wm kn mm rt-ngfain®  ma €tur dnc 8tc” & hlul ni g° nx ok8&/y
t hay t h/h ConBRl irFltma trdn h° s~ x8c L ' n
tuy/n c¢c,a t ng vdn t ¢ khlng nhi_  u \
c8c Li WmdrirWmTTtrhan

C&§ch x8c L nh chiA2®3 MG "cBRE€ma t r di
by trond®»Ph_“"nlg, «hi. x®t L Jnt si I kdh
kh2 L QQg k. aph€©hng tr3nh tuy/n t2nh
r  ngbltr an hri Qu . ni Qu L - C - nghoa | ° kh
I ng €@ vdt m: h3nh todhhng_ tabig il tnre

H  ph€hng tr3nh (2.20) mt t[ h K h
cm t LCQ v™ ThoOni tv, ic C@Ltan-g BDkPu L C
t hc38tch " nh phfn trong h (2.20) mt tT
CQ(AL,BL G¥)s€&€ L€ ¢ thay thA €hnigt c g p
ph€ehng tr3nh (2.16).

Sau khi git[ri3 mh (ph.€hn)g, x8&c L nh L
c8c khung xo08y | i°n kJt tr°n thon TT
L ng c.,a CQ nh€e ch°nh 8p, c¢c8c | =c¢ Kkt
xo08y t., do sau LCQ,. to8: tdehmg ¢8c nt
h3nh xo08y CQ ° m,c 2.2.

H
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24.X©y dmingh3*nh xo08wm! CRENATRO®BY TTQt r C
l'i Qu ki n c¢c- t<€hng t8&c v,i c8c L i t
TrongthctJhot ng TT “tnlp€ xaoy°n &/ bdlhyy b°n t
th " nhb°pthhc clgc fogoayt trongi cB®i v¥%hbult
vchu t $gdningt c 8§ OQmibla h¥in hl » stthpkhi bay
trong h®wbhbhy tronnghnchHcTTohmelgu t &g L
cflm_ngt c 8c _Kh?y d&Wh8gch.i_ Bnnc 8ltndg Stc€ehrbg nt §c
ngo i dynfiv& vnTKaTT,chs dng m!t 6 &E@®hLBn |
hob m! thE@hThon TT J.ViklkSwdn bxiGyg dm?
h3nhgbph€hng phs8§fitXRBBYgkidungtfd §mh L « t
b ‘ytr°nhW @yngl " ¢nBQ m! h3rmh khio nd§n t
Ladvkh8c nhau, Thh@&h md mHl Ninh® &2 bay,
CQi T h @ MHugi i hth...

C&m! h3nh iMe6LBY gO/Qi nttUrh3 niil hx@dvBty CQ
giihth x @wyg dt rcophfry @ L ©yt It'roomg ¢ 8ad. mt h
Tronghdiihbm - ng Udarn ahd&i dBge€hndp°nsgc
ngokhi€evi TT. C8&c ‘np' ntignrbki[h t h g bwh §t
mi h3nh xo08y CQ VThah WHiFquiil xo8y QI
nghi @nhcm€a c§chiE b°ningdkKin &l trong
I Qu ki n bayg, thw

241XO©Owng m! h3 niMlixgialBy CQ

Khi TTbay gnmu HIL v %ng kd@eQb&m2®p, d, ng
sau ké&i vvaoQrnttea b §8n MQntucay ,t hEnt & ng,
héhgxung i@k ‘all h 3 KHHbdymb e, sUpdnxd. |
l °n v~ ti®@GmHY ¢ rch vguatryc vt hthtmhgetnt wzn g
'm kh2 cdlo 18p tmhifalys Lregnmth ®*hg€c n©ng
t €hnidnl n- ¢ h?2Jhddt InGgcaditu ng b HKGround
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ef f ec'tu)n gv "n " ayixudthh n khi TT hdt  ngtrong khdn g, cho
nhil " niL
C- thW nghi®°n ¢_u hi u _ng mHt Lbl

sd, ng ph€ehng ph8p x08y I~ m t trong
m: hCQhm Yt L ng ° gfn mHt Lblt hoHc ¢
c- thw L€ ¢ t2nh to&8§n b3ng ph€hng pt

C8ch tilJlp:Scdd,_ hpp.  ph¥blhg ph8&p L i x
ph€ehng ph&p kinh LiWn, L€ c¢c LQ cdp
t huy /Jt Beldherkowskysal [63,[64],[65. Khi L. m i L

khung xo08y m! ph, ng c8nh noOkgivix. nf
g€ehng qua bQ mHt g215m! ht4Yn .n g\uhy€© nt rtodacg
g€ehng ¢, a ¢c8nh n®©ng qua mHt gi I hdr

z A

py P Anh d6i ximg
/s i cia cinh ning

H3 2B5Nghi °micuu_ ng mHt Lblt tr°n ngu

V.i ¢8ch I "m n"y, tham gia v 0 qus8
c.a c8nh n©ng th ¢ v° h° xo08y c_, a ¢c!¢
d. ng ph€ehng phg8p L i x.ng g€hng ch’

ddng ph3ng, v ' UYr -( mHti Qbltr, nmHtvin® c)
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gi.i h4n c¢c- hegh dOnhgdc o-» Pkpch t h
nhblt L nh th3 c¢c8ch ti/JJp cdn n"y s& k

C8§dh /g hcddthan nay Lang L€ ¢ d¥%ng p
L€ cthki8§Gu khuy/Jt c¢c.a c&ch th_  nhblt,
h th  ng c8c LoUn xo8y, hay khedng x
Khi L- tr°n c¢c8c bQ mHt gi. i hU4n cfn
th, a m«n LiQu ki in khémgl cmly”  y hdlm.
X®t [nh h€ ng L€ ¢ tblt c[ c8§c bQ mH
ph ¢ tUYp, c¢c- k2 ¢ Ttuhye, nchit° n nthh cl Jmni

n"y s€ | "m tktng k2ch th€e ¢ h'| @hn&hn
t2nh to8&8n | °n rblt nhiQu | fn.

Ng“"y nay v, i S phg8t tri Wn c¢c, a khrt
ntng LIm nhi " m t2nh to8n cho nh_ng
cfu m* ph, ng s’ cho nh_ ng b7 t o8n
nni tr°n LW gili ¢c8c b”"i to8n kh2z2 L
c.a c8c bQ mHt gi., i hdn Lang |~ xu t

M: h3nh CQ x®t t.i [nh h€ ng c¢c_, a h
h th  ng xo8y m! ph, ng h216h dUng c. &

— o Gl auay
— —h;? ;LAAA%
== =~
R —
H: 2h6. M! h3vHt @Q . i hUn

Ltog/c gi B | ddmtgi8/kpg bchdnhai nh€ phOoi
LW nghi®°n ¢c.u [nh h€ ng c¢c,a L a h3n
c.@TT.Nh¥edy mHt gi. i hddn trong m! h3n
h™ th ng c8d¢ °kih@hiidg x onSgy. t MBuh g g ¥ i h b H
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tr2 t<€ehng L i v hi! nQChgn® ' xkib B h he §
mHt ph3ng c8nh quayilA8&mENO gi ., i hUr

Bng ¢c8ch tiJ]lp cdn v"™ x©y d, ng ¢ 8¢
h3nh xbDBWYOICITTpPphE€hng tr3nh tuy/n t2r1
c8c xo08y trong hMHkhgi Lj ngUthank &€t s &

oA, (€2, 9467°),, 2481,
ges). (cd., Sgow)  uded),
Trong b23Wu ¢ &c cON#E208)rGMN, B3L€ténh tos§
t. c¢c8c phfn t xo08y miLtphNW hg mHc gl
phfn t  xo8y thay thJ] cCh8bhx & clh’ nth € §
trdnChh’'€ £  tr3nh giti,y Ilc_c thW tron

(2.21)

L31

n"i v,i CQ c¢c- nhkfQuth&€Qcgs thTOI
(2.21) mt t[ t8c L, ng ALBf &®)g <& al €&
thay t hpjhfon it c8lcbly t<€hng . ng t. h' p

G i h ph€ehng tr3nh (2.21), x8c L

X008y |li°n kJJtthhagQ.h AW MG vl nh ¢ §
L ng c.a CQ nh© ch°nh 8p,gc8¢ Itr2 kt
X008y t do sau LCQ, ... s d, ng c8c I

h3nh x©x®y «€Qmgc 2. 2.

242.X©yngtht h3 nh i X b ®n-MItQiai b n

Trongmc24.1t § fludhi 8§ m Oyrxgl m! h3 nfhhthgeh t
cahiu ngmb HIE i TTchc CQ. TuyiundgimurdlLht r ong 1
h3 dthc cf[CQ vk ©nhwebras k h ®idtrongs chupil, ngg a
d, ngbkmid@E doty mgei HL t r €nrm ¢ & @ Trokg
m: h3nh TT ciCQ,khhTdbaylj® nMGHS d .[mx§t k h 2
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MGH nga” it ©hinigntbph8hgquayca CQ, e vnbQmty L
t hon bTahiu ngml kh2 kihg&m?! stachwh .TD

— Thin TT

h2 /dM.;itgié‘i han

H3 nh7 2 M? h B Tnhh© nGC QIGH

Trongm, 0"y, tr°n chCE Th@WL k3 xOWX diyg
h" mh &t tri Wn thTmé&Mha: did, mhg FICWONn Lcw u
s§t [nh hhi€ ung ncy Amtht hr@o@gh amas™ h3 nt
L a h3nh LJn L HEQTTkrh@n gh Mhe2®@® hvg cT h ©
TT ¢- k2ch the€e ¢ h3283c_ ha cch&hmg n” vy,
LHt d€ i CQh=033Rhb¥ad .2&8b6b[ng c&ch t.
( MGH) t i mHt ph3ngh.quay c¢c, a CQ k2 F

n€ ¢ phv§t kt/jthamid ph3 nh iTb ®pv TOm: h3 n
Xo8yiMHg gi, L dohUYpl<e€hng tr3nhl ©uy§n t
L' c.a c8c xo08y trondgThONKth?2gil engh keoy
d ng t<€hng t (2B1). WuT htehg cc’ nfa2 .tR2043H,A4h~ s
vB2l€ ¢ tthh o8y tr°n thoen TT v~ s
thon v, i c8c,thMBKHoOSECE8tr MCiCQOdwBIO5)s’
L€ ¢ x8c L nh b°vsh t»xthéyg mMmSEctxf SYGH -
tr°ntrCOn t hon TTGR G8cGrhd tlredin sXn t ¢
phfn t° xo08y tr°n c8cb®@ mh®rE yor@ hneryt
MGH.C8§ch x8c Lcnh c&i tidhgc&8c ma tr
ph, I, c 1.
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\ e[ G g .
(A, (A (€2, 08T hes Be(e)
29, (A9, (Ch,, 446, HWed, . 2

83, (C3w (.. Hgow) u(Bh.
k1 U
n"i v,i CQ ¢c- nhkfQuth&€Qcgs thTOhI
22) m* t[ t8&8c L ng cl[mMLBlgd&®) as & §lcex
thay thJ] b"i c¢c&8c phfn t | bly t<€hng
G i h ph€ehng tr3nh (2.22), urg8c L
X008y | i CQ,kAgtr °wrtm®e Khung xo8y I i°

nNW x8c¢c L nhkhk28cl g d.ra&n@Q nh<€ ch®°nh
h s kh2 L ng, v tr2 c8c m'n Xo08y
to8n t<€hng t nhe€ex®©yomg mmec R3R2h xo08y

KJt |l udn ch€ehng 2

-Ch€hntgr 32nh b~ "y khgikd qlg§tv n gigkh 1t hla
Lng cha&tndh tchbtng. khTikifhth cov® Ts B hwxyw/ By, t
h " nh rR®y md h3nd:- XmEnMQUCQCQ, ngO©wm! dh?3n
X08y CQJ/nénh xp@ath'©nc t r hYg3®v fh h *ty€a
mHbgi ihth.Ph €hng s gimpPkloyn g mt XRRwn hphfn
x o 8Ugktdingt gi,8 € X®tc Sicngkhik h t 8tnr kg yk.ht ng

-M! h3nh -Yb@gxGC@yngdhng ph€hng ph8&p X
Xo8ytk2n,mth h$ nh plm§8n@®t €hngmtngc ¢
quaMHgia c8c LCQ _tar omiqg  @®yu§ygct8§c aCR, g
vith©On \va” c@ic m'doy ixho&nyc ttr ht ng .

-M? h3nh iXVoG8Hy vCQ m! h3idhoMGHY E&Q
Xx©Oyngdi c. &c Lkhlfoh§n h Mg€antbgi ihthti nTkKan ¢
TT ngthi dB®h gr kiwhch ngc §ne®  h 3 nlh« txoG8yW. id
c8c/hpcdixioyngl m! AWwg nimh®hng ph8&p XRR khi
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trongluh ,§ ncWk ©tyh gl "¢ €m! h3 mmth bBhngt #a v
bEHk8v. inhiQu t h Fm,h tp&hM@GCR® T h @ MGH.

-Quavic min@hhtagdga d h&nt Wk ragtbgiihth
blag c8c khuRggkd8&yvIiungBkeéd ¢ Bgnhl
hawgca c8c khunjg n/pBitindg! a Kk OQaCQ, aho
thby raagp h€hngXRRHEp khung xo§yc  -tkhwkdriznho “L'n
nghi 6m® ¢cph d, [ynhbpo\dthWsD.
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Ch€hng 3. NGHI aN C aC®DqMCREBCNG

Trong chHi€mhighbBbsy V2 phekhjg prhi8§p x
h3hb8&n m: t[ c8c vbln LQ khoa hkhoa L Hit
h> w. ng,tchtddo @@ ng ¢ oghapchSng, ¢ rtgHiu® n
c.u tuadmgdn.d, ng ¢c8c m! h3nh to8n h°
s8t vbin LQ c¢c.,a ludn 8&n, vi ¢ ki Wm cl
cfn thiJt quanch ril ndggipgp B € ¢ vxbnar BIQ n h
t ©om~ che€ehng @i hie, RhggHinhg8 p ki Wm ch_ ng
|l udh, &nc&p nd_Irng te&& ddh W oi&nt v8n ri °ng
ki ' n hoUt L ng kh§8cdckinNmu hc rap2ThTh. xGuw
th cquavi 90 «§nh qul t2nh to&n v[&k s’
cilng b" tr°n c8c,hoddc chz2ndk hptaemh gt B
song sonkgh,3nqgual Inh L, tin cdy ¢, a c8§
L« x©y d, ng

3.1.Ph€hng ph&p ki Wm nghi m kJt qul c.
Trongl onh v, ¢ nghi ° nc,wi uc kxh@y Ld nmgg |c
to8n h ¢ LW mt* t[ hoUt L,  ng c,6,areéeBec
thJ/tci ci hi n. @ nghit@Quipk€hmg phsp
LY%ng Ldn c,a c8c mg pR8a8Hh tognQn C8lk |

tehng L i ph” bi/Jn | ° ph€ehng phsg8p tF
ph€hng ph8&8p th, ¢ nghi m ng€ i ta ti]
t€ ng nghi°n ¢ u, L ng th i sucfpng
thi ¥’ 1 i " u Lo trl°ni Lchii Jtu€ knigWnt ht, rca,

L€ ¢ t. mt h3nhB3n2gn hc §tcoh§ nn "Iyl ct-h utyh/Ww .
ch2nh x8c¢c c¢c_, a mt! h3nh to8n L« xO©y d,

Ph€hng ph8&8p b&n th, ¢ nghci- ngucyF nmix «
hhn, Lhn gin hhn m! h3nh th,  c song
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theoc 8chuXn nhblt L  nh n"o L- v~ til/n

tr°n m! (lh®mih A Y)v,i |l onh v ¢ kh2 L
nh, c¢c.,a KCB<€tk ¢ H$ Vv ndghtc2r dnogt hvi'JJjts |
t hi Jt bm, plho&hntgh & & pLW mhbly o7 il ichd Ju
c- L€ c¢c t. mt h3nh thu nh, v, i, d&c nk

chls L€©a ra c8c! LiEhmhgi 8t h &, [ « mxC
ph&p truyQn th ng L€ ¢ rblt nhitQu° « §«
b i Nietrongc 8cct n g 46J[3B]n78],[90] é

~——

H3nh 3.1. M:!Dh#@phihe, trohgngng kh

Song song pw8ip kh®mg h. ng kJt qufl
c¥%ng v, i S . phg8t triwn c¢c,a khoa h c
kh&&W ki Wm ch. ndg& midhmShmlp tpdh&8m. mt” ph,
m t trong s c8c L& ch nthii Pu dxdrpdah ihh
3.2.CFD-Comput ati onal FIl uid Dynamics: I
d. ng ph€hng phg&p s kJt h'  p v.,i «c¢tn
qguyJjt c¢c8c b i Lo &E&th2uhyhWnn Lg unagn, LL/Hoc t 2 |
bQn, L Hct t2nthg,nhliFc t2nh L hayhl k¢



62

kh2 L ng | hlc wimic, me@tbn gt 28c cVYia ant §p
d. ng ph€ehng phs8ph_kitWm cch vigp GFDhgp L’
c, thW c,a t_ng vVvbin.nlW,kitwm gc hl. onngh ma,
| T thuy/Jt, CFD L€ ¢ dtithgc nhd@®hi it Pa§
t2nh kh&c¢, klh8x hl jmpan LW so s8&8nh kIt

m~ c¢c8c t8c gi [ 324[33%34[&c. .c.t ng ta3md V-
tr’ th> nh xu thJ] nghi®°n ¢c.u hi n na\y

H3nh 3.2. M! ph, ng mbRngoPhehag E0S
theo chuXn Q [ 34]

Ngo " i c8c phehng phs8pkikWntahl nng nmnm?
toBhg8dng L€ ¢ nhisu, mda. rktold” hs a hsi §r
qul t2nh to&n t. m* h3nh I T thuyl/t
c8c c¢cltng tr3nh khoa h ¢ L« ¢clng b’
gi.i. M t ctng tr3nh nghi°n ¢ u L€ ¢
L'i Qunly- nlghhoa v, i vi ¢ n,i dungnkhoa

I " ng c8c nh” khoa h ¢ kiWm ch ng, ct
trong c¢ctng tr3®nh L- LT Mhb [ on tt2 mi AR
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to8§n |I'T thuy/Jt m qull€ %nhk®otyo &n ntg. m’ -
Vo, kJt qul t2nh to8n t. clng tr3nh
tr3nh L« c¢clng b" tr°n c¢c8c tUYYp ch2 k
t2nh chZnhtx®&8ccdy c. a mima*nhkit Wmhecl
(h3nhn@y. 3l ng |~ c8ch ti/lp cldmatkic_ a
UM[ 7 4], [ 7 S\dshafP7[68]7¢],, [ 8 8 Bhegld®®\] &f, [ 9289
McAlister, 2003
Martin, 2001
——— Mo hinh Lamb-Oseen
© 0.25 77 {1 hink Squire vél 5= 8
= —-.-- M hinh Squire véi 5 = 16 _
= e Mo hinh Ramasamy va Leishmah, 2004 T
t 02 « MG hinh Cook - 1972 SR e
g 0.15 s ///o ~ -’-h=8"
E ../"/" i ] o
2 01 2 T
& ._.'//'.}'/ e ——b=2"
;g 0.05 ../): A o0 sl d = 1 (Lamb-Oseen)
B
P 0
= 0 180 360 540 720 900
Goc quay, [d9]
H®nhS®.K88nh s, thay L i b8n k2nh | »i
X 0 §39
Tr°n ch s nghi°n ¢c.u vQ xu h+€e ng
h3nh to&n h’ ¢ tvr° nc8chJ/ligdu ikihtmr etnhm ady
&§n n8c, gi [ ludm §mrphh@mhg hpchdmy CFD Kk
ph€hng ph8p so sBAhhLto8&8onht/a ¢8c m
cing b" tr°n tUYp ch?2 &8 a hB ndh uy §tn2 n
L€ ¢ chebhng! 2h3mh xo8y c8nh quwayyu plhdy
g i |7 m! WwihhhXxolByx€®y c8nh qoxa® ph
L'Jn [nh h€ ng esaay tgoGn Itr mnetiTh3emhg x o
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32.Ki Wm tra h, i t m: h3nh tos8hn

3.2. DthuotS_ t d8n ®WACQh3nh xo

Tre°n  lcTh sShuX)RR khung xo8y k2mg'v'™ m
Ch<€hntlgch2nvi;j ch<€hng tr3mhy COTIMEHME m In
mQn Matlab2016yi Sthudl t o§n ch€hng tr3nh nh

/ 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

H3 BA Studl toS§nhx&@ctllenmCRh? L
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Trong tgmhl t 8Bgkhilhmhn i@ hkin bayémba®c g
'nhrhdp t h?! mQgch fcichupw ngca CQ, g.ngchuii h-€
Lng, khai veh§o gham sl8Ekin hmmn gtér, €

Khilnh &NH uodo chhn c§c wmbhng khai bS§o
h3nkbgcdh CQ nh€e b8nL &Q,n PLLEANI, dsOY cung
b&n keéqudy, stdi xo8§yxo@winhtlieco§i v~ t heo d¢c
LCQ:TUh h "mhm rMmghogi ah t2nh d ok8na'ib f@ &ay s
t2nh vthigah®ongni b€t 2nh. ilThrhomg ykécl ng
hin c8c @ndongli vtia €a c8c n%ul xtor§8%n | d&m
fa 6 BE§cwhkiWhtra,ta 1 ®c t h Jjp hiBhtH nwu Wb kikh
traca c8c khurmbiotBiy gi anctEnh tr€

Khilnh @ XBia LE&§c | qayctg nk § cwh kikh tra,
tfa EBE8c xo&ytldod® nd MM nlh t @8 mac &Sty
tr°n MCOr ¢fim ecn§cxo 8y cthi omg almeQ8acidgl i x ®t
kih tra X®b tr'°crfa HKs8y /] i Pg ki

Tr tih cs8ca tko8y Jj i vdo,kkhpvi <c8&8c khaham -
b&8o triotmly ddEH uo, qus§ tr3n& vitarmh/] tvo §
phficah ph€©hng fm 3xnghd clh€a, &8 c x w8hi i €
trongkhilnh AT2 @kt stvi)8m § ig)phli & alvp h€hng tr 3 n
'nh I'€ou, Ba c8§c, ko 8w  JEloigt Bhkah ph€hng
tr Treh x'8fed al tlr@knn b iQf ink kinthehga cch, n g
tdmi Wikiwh t r a tOmtbqua cdS&Z b

Khillnh [MSph€ehngt 3tmeuthds, £a c8c xG8y |
v’ dtothh h~" nh cglBhcp b®hng Mmr 3 4 @bt ngui s
tc €a c8§c dxooStyexiad FEhingtquédal €8c sxo!
| i Jin Wnh B@kinTr ap | i€ukdvsky-Kut t ang8lp nm®p
saumiLCQ,vtr2c8&t m ndxot8lyogt r a.
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KhilnhiX8aohtii Kkm%y, L'cs§lecc hv™ m! mpn kh
L-ng vai tr Jjgqi Bfmdadntwg nt b &fa ¢ &t°nug cb " i
t oBf. ‘L€l e #a c8&§c xWEw,h dco Sbclt@®@ €ng
kh2ngl kh§8ca nh&muh cq malwi ¢ bta2on hgng fcg§n t r
clm ng, mlg pch§ c m" n xo08yé

fin @kinhitoL&thchin t ht ng “onlat stghahmu s
¢ athamsk h2n gl t & 8bhve thigianliQi kQv tham s k h 2ng’L

t t-1
b e thi gisa:n,tﬂg%. Trong c8c m!t h3n

ch€hng tr3n'kt tczhml kHi&O0L.L €

322.Ki@ntrahitAm! ht3angn

Khis dng phehnb®yg8g@ m* h3nh ft2'nth t c
t“@g n” o LU Tt oJptrmxia@ly strickhovis @t tkhai L
t ¢a m! h23tirdng nhiig nidung quantrngdnth chin . “iwi
m!l h3nh x oBeoshetkQusky[hle® 3] , ki Wm tra h
L€ ¢ th ¢ hi ' n tr°n ch s° L8nh gi §
be ¢ th' i ¢iamAngnic §cogrr.nh to&n kh[
BelosherkovskyS.f L'« c¢ch_ ng minh Lt€ [, rlR@gi LLC
dlfi NMOBEY s nO4qe88y, n nh<€ m% ttlhs3t rmin hhd3r

CQ ¢c- s, h i t_, t°t. S h,i t, theo
s 1€ ng LCQ trong m* h3nh CQ. Ng+¥€
t hgdnenh to8&8n ph, thu, c s~ 1€ ng LCQ
m: hCGQhc- Dyds®€®@yl ~ g-c LCQ quay L€ c
t h® i delggl, AyrdetaTO)s € cho s. h, i t, t t. T
c- 5 mpyoorm i c¢c- s, h i t, t t.

Trong m hx® xo8wdQEMGIi xo08y ¢t}
chi QUCQIN=15, s~ xo08y theo m€nng Iday nt
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Qa

b€, ¢ t h i gian t2nh tpdhhEmu8p d, ng trc
khl[o s&8t v° ph, thu, c v Dge1®. h'€ nly
s | ¢ k®o thuo&E@t comg Untutdms: &mh i t

V., ng tg@kmngngt ving tr<€ ng h'  p t2nh to§n
vV, | kd]§ ctiruochmt rcd nrikelosherkovskys. [ [63].

n" i v, i m! THhBhGnvxml8 yh3Cth iXThi®NT TQ
MHt gi,. is., h%n mHth ag, avHE hk@n! nigl FEm t h
nhi Qu LHc t2nh h i t c.a kE@ehe® tr 8

mi h3nh IX@Y v h3nh IXO®ONT KDt gi , | |
clng LYu3®4ivipngs@quay t<€hng t. nhe t

3. 3. Nghi °n ¢ ¢ nki W 8yh crBgh hmilguhay

nWkivhchng m! h3nh xoy, JQ&t «yrikrgy d
c8§c m! h3hch cCQt g «mYiceg & 2 tck huoydM t e nt
S0 s8hethng.®§cXimm? h3 nhWO)chhgn ghgliQd
kiWlod CQk h § ¢ v@shla@gLCQ k2 chCQtft€tuayév’
khg§c Q@akunhet nlg (bay traeé,).bay h” nh

3.3.1Ki@nclhongwim:  h 3 nvaKniskyB.&

Trong c 76,Kritsky BSxOyhgcht h3 nh c¢c8&8nm qgu
| 8 OBaghphehngr ip8pythic8yng phehng phs
nghimklhpviphfnm@n m! ngpshAnsys Msoaes®mb ki
chngm? h3nh xo8§yCt 8 ghnghiny a §ldpthath s L ‘&
th chin thrth ng ngk h 2ng( ®uv ) -105¢ aSH Gl.

Mt h3nh aKrigskyBS@S c c- c8c k2acmC@Oh-€
v  LCM &thwhin t fn°gn 3b. 1 vM! hBnmh 3ta%sn h
Kritsky B.Sch'c - 01 1lc®o d.8a ctrohng? chlj, ch]l, bay
treoU,=0) vrighp r ay /Jhvitd  bayU,=11.5 [m/s].KJ}
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quit r 2 &lbh wWlu lrtd2vt r,alC® c§c g - ¢ ygpl8®@hng
v y=270.

Bhg3.1.C8c t hamng xd &Ygakritsky B.S
Kz2chct h®&nh h

B8 n &G[mh R=1.2
DOy cunlg] L C|b=0.15
G- epLCQ (G =°8

n ki nhot  nf
Vdhic g- glradd{¥=36. 5

Ch/]L bay a)Bay treo
b) Bay/hh'
S
1
L~ 3

€

g
::E n"‘- _«!_ ez [
a8l ] f

! 12

H3 Bb. M1 h3nh, aKi@shyiB.Squay ¢
Thay thjc § ¢k 2cc hh 3tmhh@® G kihi t 2 nthh @ ot§mp ng |
31v" 0 m! héaledh 20khe @mts kjgqinh€ sau:

|
A
Wiy
e
A

\\\&‘ :
!

H3 88 Phewigbxlo§8y tr b@thhiCQ i ahn50ttréng h
ch/]L, bay treo
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e A A e el e M
sl Mg REad)
b M “‘m
5 Xs 3
. 3 Ea & "1 %
v e
= H 2= %
| ¥ |
¥
t*:..
e 1{'5&&4

b)y = 1%8£0= 0 ., Rrisidy B.S[78]
i = | ;ﬁ i J;,A". e
,/ T
II;' \ ‘L'
£ i

Qy =2%e0=0 . R@S2 dy=2% =0 ., Rri6ky B.S[78]
H3 BASo s&8mh xm€&Q@t mfauh3 nh awudQy g@Q@ c
Kritsky B.S[78]

H3 n37thwhin  hPhmh m"  n x o § ¢ §staru2 LgC-Qc’ p h €
| y=18F(h 3 n ha,bd/. yEZ27F(h 3 nhc,dd .2 nm! th3 nh _x@o8y
luch § n, a¥Xritsky®3.S[78. Theo L'- m ncxeB8vw tBohl
trong maludh3BE ct™@hwviig HH hhm” n mto §hy3 nth
¢ aKritskyB.Sk hi _r8gp dWbgthamslfu v~ o

Gi §c§cs hc ph gpCitt2uryh . ind § hCQI fa Kritsky
B.Sv galudh &Whin tr °38 hFmding caKntsgyBtSIL'Wn h ¢
kivhchng m!c d 3 miKrtdky BSx ©yngl ph€hng ph§8p
songsongcho ¥2n gl'm g€ Q c tLC@®bng 3 ph<€ehng pt
nhau. C8c KritskgB.8g d pgh\ekipkh ch ngm?!  hbamgm
ph€ehng ph8pngCFMD xhPPm intAnsys Fluentp h €hn g
ph8p  mgéy dtlumth LW mghi mL o &itong” ng th i (ADT) u-
105¢aSpGl, v~ mid RKhwlwg ph€ehng phg&ph XRR.
slc phgphedchly d 7 ilG&L'®@m! hx3onghyc auch§ n
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vt ¢ 8nel  h 3amtitskyeB.Sk h §nnpau. Cthwh s Il ¢ ph &§p t u)
t m: hxemdhyc@@h €En hthgh dt hi ° ingyi&iRFng L
gu 't ¢ 8m! h3 nh fa2gn hp ht@h8ng bp Fagp pxhocgyn gv p
CFD Ansys f | ujguith nghhm. |V Y%rcaghes ghiingHat r
kho[ngl 0 %,n%av vt gfhlfu mY&nh W ¢ - dibh shg€a

hin "h€ xPu§ym¥lt trong c8c/imv himahm§ghhttr
CFD kh'tmng x ®t

0.35

0.6

—&—[78]-Ansys
—4—[78]-Thuc nghiem

[78]-Mo hinh xoay
4 | | =>—NCs

——[78]-Ansys

—4—[78]-Thuc nghiem
[78]-Mo hinh xoay

-+ 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

H3 8B, Ph®©®ms llc phgp ttrdSedvthemchQy d " i vIi§ c §
hsvdhtc £€=0.262

3.32Ki@nchongwi M3 n ht rCOn g ¢ dvaMpshar P18k ~
Volodko¢ .f [67]

Kz2chct h&8n hC® t r on gaMosham.lv tVolddkolh.f c
nh€ sau: CQ@ ch-3 mphznghtheot i rieh  gcu atyh H8rg  Mi
baogm 5 L CQ Ehgchhnhdnvhi dk 2 ccho R$0/82@0.6 [m],
trong L- fm&c k2ZBmhR=@R Y fc quay ca CQ,
¥=20.096 [rad/d; g - ep LCQj =[2° 4° 6° 8%, 10°, 12,14 c* ng tr 3
¢ aMosha P., jw[3° 2, 7 &P 11°1F] ¢! ng _ tawvdlodko¢.fc
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( B[32gCQhdt n chjl, bay ta-e @dwiay coh§kim
F'ngh ( nhs3prh2ta tr°n).

Bhg32.H Slc k®o tpheloCQ -tcr olng m!_aMéshah x o0 ¢
P.1[87] v "Volodko ¢ .f [67]

Mosha P.I1[87] Volodko ¢ .f [67]
J [ T, [N] J [ T, [N]
2 191@ 3 3088
4 4155 5 5169
6 65120 7 769
8 887@® 9 1033®m
10 1106M 11 13193
12 1336M 13 16330
14 1583M®
0.03 T T T T T T
——GéclapLcQ 2’
——GéclapLcQ 4’
00255, e GoclapLcQ 6’ |

- Gdc lipLCQ 8
-~ GéclipLCcQ 10°
Géc I °
0.02| : :p Lca 127
’ Gdéclap LCcQ 14
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xung . i@ c &t dpohng KHWiI | “cnchili bay treoTrong
h3n30-b3 v30-ctBWhi nk/fquim? _pgit m* h3 i h@&@y
dngblng Ansys FIl uendif,cgct he §retldp, hnvg®ck ht2h
c- xogbin€il t €mmeE trong miiTh3®mh xo08y

H3 nBL 3PhO®igbxlo8y ong mtiTh3©mh CQ
Ph © n Vdticity ( ¢ ©g, xLo §tyr) °OmH®@ Q vh OTITL ‘& thw
hin nh€ t3BEVWchX®@ovtlr 2 t §c hQmibg agtthivr ° n
3DI © b7 t o 8§rk ht- €kkrhdg QL cT8rco ncgt nrghiw r 3 n 't
nge tagesdhreg t hh mgmghd mMgbad quav m!?
x§cnh¥tr2 dt 8gfQmtbb mt h3nh. Tugtnd@ °n
hp, Wsdn@§ phehnglWheg LOGBR t&Bch d, ng
bQmHivd thww T r o n gCQmTh @ m hy/}qul b h © nVorbicity L «
c-hwtho ch#¥ngt €rang hi'2nh g t §cth @& 8mg m®p
ca c8cTh@mx T/fidal t hu?l! n ntconghrd nUt” geicRo
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n°m3 fnhh phed@ gbxlo By n3lc B€WMhim hr' xvE €2 t §c
d, ng°n thon TT

H3 nB2thBhins bi/h t hakh$ile k®o CQ trong r
-T h @nt 2 rRdg pn mQn AnsysFluent t he®I| & -n@&ng.ct heo
t2nh ittov@ni §0.003rT k/fqut 2 nh it o®h K3 nh xo8
Th@rmter Bhn28,h3s.lc k®bwitCvQgi §0.002B n"ichi/u
C § €fquk,c - Whbhl ‘&s saik h§@yi 8 2tmrh "§68nk®o CQ
trong miliTh:Omh @@ B pbhe€ehng ph8p kh§gc
t ©€hnigh ,lkhdng5.®.n Q@ nchyaragm?: h3nh iXTh&En C
TT "E€x @ygtrodgch €hng 2 c -d, tuhgnghhc §kdhauige - L
t 202 nlagkh &gtipah x Gyg dm! khdatho hv "dy.t i n ¢

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)

H3 BB2.Bi/h t his? e mMOngng mti ThEmh CQ
Bag hai phehng( hBpv ¢ BRgD)nhalk t o8
CQiThOn TT Hxph®phth TngQupqul Tuy nhi
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thi gian t2cnhit HI§nklv§c tnhau. TTb®&g m
TT bRag pHn mQn Ansys Fluentsauth i giant 2 n h3 ¢ ,0 § m§\hin8g
v, ng Qqthays,| cl ké@dulbit ( h 333

Trong m! hPhhomnx &gy p@hng pth §gan XRR,
t2nhlg,o08mekhdmg 3 v . nth hgsulacy ,k ®ods UD b
hit (h3 ndH.NBEeRm? h3nh Xd&ydydghagp h€hng
ph&RRc thi gi an nddtchdvallf quErh anh hih nmts oh 3vn
X © y ngdRag pin mQn Ansys FluentMH, K &8d@ qut 2 n h go 8§ n
XRRL ‘&l €u iddhgfiled i ud u n gngmh© cWeut. hgr 2 &h xu
c§c fthamhdsdogmhtin cho htkpbaloi hsc, x

KJt |l udn ch€ehng 3

-Tr°n mghhistnpbh©n t2ch cWchnk@dng p
L‘&s dngnh t r]yin, troangluh Bd achn &pgph<€hng
ph8@whckingcho mi8§dhs3nh xo08y CQ VTha@mt h3n
c8§phiWi k2 acbhiat ®€LCQlu #Bi gian t2n
L «athnda tr ® khlfoc ks 8 h€hngt ¢ §Mtmdrinlt 2hn3hn h
X088y CQ dgkmk[@Lly h i, tt.

-M®  h@ @@L & kiwhch ngt 2 nh Jddwin3ya iz n quax § ¢
vic §pgdt2nh Qo §ngRplgahWKiRRigu't 2 nht mb §n
h3nh xt\hynsaQehnmyv L c/Bqick ngt rbong c§c
tr3aha&dnggi ngo’ i

-Sdng phehXRRx @Phg m?x &8 NiIMTChQAht r ° n
ch mt h3nh Lxodkeh n@ @ 8§ c/podtlivandgp. S stg a h
ti/pc 8kfqut 2 nht mb 8§ hdan&y T TTHREMY. imt h3nnh CQ
Thdmx ©yngdragp h€hng ph3pplC€bng ph@Bhp*L ki
hpS t€ehng L ng vQ kJt qul tt2romgt &
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tr€ ng h' p sol s 8dkthowl Wmkégh hgdn vQ t
v’ oL, tin cxdy&@i T dim® h3 nh

-C8c kJt qul ki Wm ch_tn’gntme&d miSmch cl
h3nh to§8§n v’ c¢clng &Oyt drEpgl @O c mt i P u
nghi °mladm 8n L« LQ r a.
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ChehnNHTOENCECNLC TRhNGn KNHL - . AQ
XET neN SHh GMG CIHANTVE MLT Gl | HYI

Vi ¢ x8c L  nh LHc tr€eng kh2 L ng c
thoen TT v~ 1| imHb " gi tlbHchvio - L Hu@ nthi ~ t ¢ -
gdin v, i L i t€ ng, LiQu ki n ho9t L
n“"hudms €8 c8&c¢ nng* h3nh to8&n v~ c¢clng c
trong c8c LcWi2erhingt a§re, lch o s8t c¢c8c b~

b ™ i t o8n maingn t2mdnd hnghi °n c¢_ u, t 2 n
khg LiWn h3nh trong khai th8c vdn h
L dam tay) trong th i giah2pgphiqpti®py.

+ B 8§ifiiT2tnoh ntTokénn €Q @ §c Lch/ay RBhE&cl nh
nghoa gpadfnt 8nmgs. kbSatB@RmMt ta®OnhTKao
CQ L, c I dp v™ m! h3Cl8h xd8y q@Q@ ,c s t H«
b ™ i to8n c- thW ng d, ng cho c¢c8c d.
TT,d. &8n thiJt kJ..m3n c¢ch  ng L~ b, TT

+ B iTi2whBnt d8nc [anhk hod ®mpng 8§k hi gi .
Th@nlL/Jn nTKno cc-a ICOngdnabd fjpt o&n t hi Jt
v’ ch/]. tCGloc TkT/Jt qul nlh'dnc H & “c Lkihao ab ah’
khuy/]n ¢80 khi c¢cfn gdn gi " n phun n<¥€,
p h, | °n t h©n TT.

+ B iX8o8lh Mh nTKn c,a CQ x®t L/n
L'i Qu ki n vemHtt €hin g nthE4nad§nsgc tr € ng |
[nh" mge ¢, a hi uho%Wty lmHtg L'bltntkhng v %n
ph_ cnWUp®t [nh BRemhyg €. a b&ohbc:- k2c
bblt LB nTKn,désang TBc phe€hng ph8p t2n
X ng g€hng [63] h, KhynghthWwW vhiccéc
toBh€e trong vibindibQ8n h%c 8d °n duwamr It An
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c.TaT nh€© h4 ¢c8&nh tr°n t u, tr°n gi " “n
c- thw gili quy/Jt. C8c kHts qgukwh orgdm
chdc, | L€eatmac c8laWkhoWMlinb&®FohoUt L n
Li Qu ki rkW®hrfqgn _ ng

41.T2nh nDKEm €Q a 8c chJ] L, bay kh8c nh

V.im! h3nh i¥Tbo&%L € Qtk@hchngtrongpfn n€y s
nghi bkhfoc €t t 2 ning ckafPtrodgm ts L Qi ki n bayg
thwnWgifmthWikn i " hg@ ™~ t 7 it 2nmghunyt°onB A n h ct- Mt th t
L hnfnghbag c §neshl @ig LCQ trongCQiThi®hnh
C thwCQt r ong ! BAXKR&QccE bCGBOV "™ t hiC&EIBT T
t €ehnmgh® trong m! mk342h VEE3IRK/Iquuiy & €
| © eb8ct renyc&CGQR "tigev &cfcv h Hrihnth  md
s h3nh th" ndauQQ 8§ & adshydT bay treg TT bayl °vn’
bay xu ngth?hgl. ngv. it clL kh&8c . nhau

Trong m2nbhddmhthiganc - [lhdeltaT=0.0ds (t €hn
ngCQ quaymtl @ugllB) L « ~dkixh t fmablol B it
ca chehng.Tongtdiclnc StcAlicbay kfo s Bguft 2knh t o §
L' trH'cohe xuhR 459, khi CQTCT 4q.u8 yvv.lneyl qu
thhslc k®ohid-tt.Khoflng c8chigt®h@@ WV~ Tho
ﬁ:o.35(ﬁ=%, h3 nh oPpl2@)) =12,

H3 nh Whinl ctshcnh3khing dnknnhpshe @t bR r
cgaddi tr¥%c m'n xo08y Uh:snip heh]t baryh t k keio . T
ch°nh &p tr°lh'@&tshcn LiCWQanclh ng®c f thr Pl Or
bOmHb | 8§ c8&nh. Thed "cth@y chwthd gl nkdisn h
tU mep tB€ | §gmdBv@ohh 2va mng®ip Is& uc §rQh . Tr
d” ic8n8HL he® ch°tbhhggpniitt cfBc mkt | § c§
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gimdnvQp h2’a B§ c §dbvh "iQuceh °lruh’ c§ phphith L €
c8c t2nh o &niitcrhounyg® nnhnig" nh [ 62], [ 63

A
A \
| vl

I\ N

" \TW M

. A A \

» - ( A, M
by o4
it {

H3 frhh kh!'ng ¢ Heng nipshr?t at b-°
H3 nh 4M”" nv X o@Bly©n bkhi Tcbay’traoh § p

Hslc k®o t2nm! thmh txo§yg CQ v~ mt?
Thdmh chjl, treol ‘&thwhin trong h3nh 4. 2.

0.013

0.012 'IIIIII

0,011 | ) |
5 —

0.01 - | | i
P |
0.009 - %\_L-_ﬂ“_,ﬂ
0.008 | : ; .

0 50 100 150
Buwrdc tinh thii gian

——

e — Mo hinh xoay CQ - Thin

== Mauo hinh xoday CQ 1

*****

120 125 130 135 140 145 150

H3nB 4Bi /Jn t hi °n h s |, c k®o theo
L, ng =~ ctted] L, bay

nthbi/p thisdle &k®o tr °n Bis3snahi 42§ cc hvo

l c K ®WL baytreogia m! h3nh xo08y CQi Tvh"©nm!

khtnngTuly nhi°n khi ¢c- thonhhsdogkm®b |
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trong m! hidTnhhO nxudi$iyn GridPe g k & @hnig LS ng
kw sai,i kim8ch¥#¥nh [mg@®y CQ kho

. chiL, baytreo,saukfmg 4 v,  ntphosulay K& mh t o§
“cfhai mtshBimgtit. V" ntg gbB& agWoiBQL kot
L'ng nid. Thefraagtrongmt v ., ng quayd kninldCI®Q L «
slc k®o CQ trong Mt v@gné nwuoddy di CQ
0.0084%0.00865sailchgia g'il & nmEr v, nhbhch’ kho[ng 2.3%.
Tuy nmt°h3nh iIXo®y G&QP,- Hgw t h©n TT m"
Lnghs lc k®o CQmwimangv migangdiay gindg tr
hhn,.0084% 0. Ghs*7d4.9). Sailchgia gil&nHrigi §8 tr
nh nhligahslc k®o trong mMFh@AAMTcx c&ypy OO
| 35%.R» r 'iag - - Wwqmath©n TT trong m! h3nh,
xunaggdahslc k®o CQ tMhg | °n L8&8ng k

H3nh 4r3. hgd@Q@ b& t2nh to8&n tH5ong Vv

V., ng qbdy futhbe t 2 ddpctshau .8 b®&nh, L
C- Ct8rc2 vin@hmihen tthr °n h3 B Mm:3h3Mhorg
V' X0BVh@URThxBbnhs |l c phgp ttrgss m
LCQful t ja°CQtheocly dfi i cgmhimivtr2 LCQ tr
v, mupyth5nh€ tr°n h3cithpsh B sl aup i &p t u:
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tr°nLC@cad2 m! h3nrhib@A © e n h ThEy rdgtd 2
Vtrgyi c¢c8ax th2ed B 5t hthdhls [ d ph §p ttrucyn L C
th nhHitrongd2 m! h3 nh xo08VTICQngHT TnxhoEHt rCLh
ho"n to" n,saikdhThwt rc2e HYQ . b€t 2 AIB, khi h
LCQ Li Ffngfugh2mhct t ®©n TnT,c spihs®bh hhd | ¢
ph8phdiay2 m! h3nh xoB8lyh @JkhwvV c3/K¥38y C(
h3nh.Sdsaibichmn’ poffngc L CQ q uf®tfl qtutaCmprgT T
khi & t2aAB9thv n§, guhaZCQmu®fn duwa ip
t hon TT, Blq wasailsshg tthshrc p h §p ttru’yn aL CQ
2 m! tRenmiStsail&ern  mptryngtikhuve 1 ( KV1, hs3nl
khuve 2 (KV2, chifnhfidm%)fngé bB c&nh

0.4 o — 0.4 . . ,
Buwdac tinh 125 Buwdc tinh 133
035 0351
0.3 0.3
0.25 0.25 =
- - ++++CQ -ThanTT
o
—ca
0.2 0.2+
0.15 0.5
0.1 0_»('
f | = KV3
0.05 : L L 0.05 | | . . . . .
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
saicanh saicanh
0.4 —— T 0.4 . ;
Buwée tinh 141 Buwée tinh 149
0.35

031

0.05 . L L L L . . | |
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
saicanh saicanh

H3 nBWPHAONh blc phgp ttrueyn [CQ § bcESonchh €
t2nh kh8c thhwundg rouagy m
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phon WWRledhragan gt i ungg blib® & | ¢

t r bThig© MmEahih 3 hit ¥t xho §ryh C
L CQfng w@t! i q uah ®m® AxTubnygig s | ¢

nnch y/u' phfn fll mYt fng &

b8

c8&nh.

o cfhai m® h3Mmhmit 2mM3hn h oX8m8iyT hGdRrong™ X O
ch]l, bay R°gnndt hvah t cV=10m/s( h 3 ®)hh &l c ke®o
xuh @hghit vQgi &nhthrhn _Bhos vc k ®o ALr mantego. ¢ h
V't echlnlgay xing thn g ngivivah £ cV=-10m/s( hz36ph 4.
slc k®o xuonghhtevQgi 8. nt rh hnihssolcv k®o A r on
I, baytreo.Quyld n~ ypph¥%c&c t2nh to&§n tr?3n
tr3nh [63],[67].
8.6 10 . ;
—— Mo hinh x04y CQ - Théan
8.5% —— Mb hinh xody CQ 1
84
o83l i
82 ->
81
?20 1‘25 11I30 11I35 1-‘1IIO 1:15 150
Buwéc tinh thoi gian
H3nB 4Bi Jjn thi°n h s | ¢ k®o theo
L. ng chJ] L, ¥=Om/sl °n t h3ng L
5,_3><10'3
—Mo hinh xody CQ - Than
9.2 —=»—M0o hinh x0ay CQ
~ 9.1
@] B
9_
8.9 | I I I | P
120 125 130 135 140 145 150
Budc tinh thoi gian
H3nB 4Bi JJn thi°n h” s~ |1 ¢ k®o theo
L ng ch/J] L, bay 16miss ng t h3Ing
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Ngo i _ichH] bsaoy @ r e o,/ tbraoggn d ° onggehdpgaly x
Lng, sadgi Bh& tckv®Bt "BEtec §c mlo &y ntQ xv °
h3nh xbdBYAMW@ hhring khodP e &iE& ¢ ¢
k®o h3nh th”nh tirTohn@h m% c/thih nigo &Y n@C
c:-, rlhg vQecaomi hhn.

T2nh to&8§n h' s | ¢ k®oxec&®W ©inmt
h®nh xioT8hy@h@réhgcH]l, thi ngvi cdBfccVvk h8c nhat
ta tthuthh®@<€ tr°n h3nh 4. 7:

-3
9.2 =10
=6—Mo hinh xoay CQ
9 —+—Mo hinh xoay CQ-Than TT ||
8.8
b=
(&)
8.6
8.4 A g
8-2 1 1 1
-10 -5 0 5 10
Vz, m/s
H3nh 4.7. n° th' &, a sGQleToc vIid® octh Jjc uliVe
th i L ng

T. LY th' tr°n h3nh 4.7, thbly r Jn
L ng, quy ludt DbiJn thi°n c¢c,a h s’
m: hx@onshy CQ v~ miThanthekiog ytl&nhgnbaul
Cthw khi TThogadhkin k®o t rlmihgoch@® nh ¢
ttng givd{dchuy g V,). Khi TT bayxingttn g nd, h s
lc k®o trung b3@httaonggivhtachuyt edg. c hi
niw mhypvinhdh x®@MiQu c*ngghi@nkmglchce
TT t g n[631[88.Tuy nRjgun 2nh t &&rcbc knhg
hawgca thoh I 2mhddQ@mly e n” ynkhitog L |
chui g | g xu nrgit bily rcg hegian rhtl m trong
t Tn@h pTThlc § n B dip'hch/]l, t quay/ aitorotation)H s | ¢ k ®o0
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trung b%hmh tMXOBYNEQ v ™ mIiThdmb: - x8 8y
sai kbBh&K nfr ong mCQhBMAm ke §g k®o tru
b3 niim gpihanh hhn Khg nTvbaythgnnhhnh |
xu ng tn g nd. Xudlhins s ai k h8dM n " dco cHegat ht h ©n
trong m! CQhBmM@TNIX ong yc ho dybaodgQkthi?a ic hl
vQt 2 nH,vQs p h ©nl “boith “ilkh[n £ ntgl ct n ©aCEQ. ¢

Tr°n c8cmth3pnthbnd.t r Y%4c m<T BEX oByNEtyr o r
CQ v’' mdo &P-mihon TT. Do kh'!ng c¢c- vdt
trong mdb&E&RP&KMAh Nng c ), tnhi'@n xTplBgtt t r dwn
de, i nhandhl hbhai. m* h3nh LQu quan s§t
g ¢ c&nhn¢g tOm CQ) tuy nhi°n k2ch t1}
c- s, kmBeonhHhau. mtiThP@n cxuw, 8y xCoBYy ¢
k2ch ¢, nth,nghhnghoa t ¢ L, ¢hmn, ngoOx
| © hi u _ng cho thbly s kh8c bi t c.
t hon TT.

a) mt h3nh b) m! h3nhh©as8y
H3 nB 4Cblu tr %c trh"mhx k&y H3Tntbay | °n

t "ve10m/s
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42.T2nh [thoh§ me agkhofimthng8§dh i gi Tla CQ
LJn nTKn c¢c, a CQ

Trong m! hihh@kwvtgy2 CiQ@hangCQ vTT ThOo
Le K t reng §lt’ kt hhtannmn gtul‘yﬁ":%v"[=%nh‘eNt h
hin tr ° M4 h<mEhh@n AT Tdi@®Q ¢ § ¢ [nkgh ohB h B ¢
nhau £g ©y[nha mg&m ngk h§c Mhut £ enge¢c&®R L
NW “m_,  t 8§cnsgl kh8c npihalu@yludpi § @€ng m! h3n
X08yiTChQOn L aglx®y2dh toSH bhdlTh®Q c -
kholn g d&d ¢ hrh28RIh=0.35R h=0.4Rv 'h=0.5R

Sau 150 be ¢ tratngC® g u'kcett @REn tb
11, TT hoUt L ngthuch® ¢ kBayguFebi

k®o v,i c8hkkBolmhaoS§aohe tShWThi kAt t
t2nh to&n h° s° | c¢ch&®ogthbly ¢(Th@n T
CQ), h” s~ |1 ¢ k®o CQ LUt L€ c c’'ng

LHc tr€eng kh2 L ng CQ c¢c nhl . In n(TMHNgne
nm c8ch KahCB¥ ng cIm ng . agfThh ©mh
k ht n gl nch, nhki@h>n0FbR

%107

8.9

T
—h=0.28R
—+—h=0.35R
-+—h=0.40R
——h=0.50R

8.8

s
8.7

—
o

8.6

85

8.4 1 | 1 1 1
120 125 130 135 140 145 150

Buwéc tinh thoi gian
H3 nB 4Bi JJjn t hi °n bhe cst'h2lnWwcgiika@®& ct kéd®
c8bkhh8c,nAd3uholt L, ng ° <chJ L,
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h=028R

h=04R

H3 mh0. Cblu tr %c m"n xo8y khhoffmg cc § dl
kh8c nhau gi_a CQ v~ thOoOn
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Tr°3nnMOm. ph, ng h3nh ding ni'Trh©no §y
c8c kholfknhg8§ cc 8chthau khi TT hoUt L, 6 ng
thu L€ ¢ ta thbly r3ng cblu tr¥%c m'n x
bi t. ., Kho mgnth§ b Thon TT gfn CQ),
c- k2zch the ¢ nh, hhm, xm" mgx @&y it _m,

ngdn hhn so vhli, © §clihs088RAN.g h’ p

H3 mh2. M! ph, ng tr € ng tthicnd  bay ntr
V. m* h3nhiXo®y CQ xO©y d nxgnh a8 rc -
ph, a§cr € ng t ¢ L, Khmngngi anC@&W nygY2m

H

Then TT. S 1i " u tr€ ng t ¢ L, clm
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ph,_c v, tr cififlb/]Jnbah]mtbYpe mhrmHH3ah n
411v " 24nt1ph, ng tr€ ng t ¢ L, c¢cIm _ng
Xu ng d€ i (tr. . c thtng L~ b, ) v~ khi

43.X8c L nh nTKn ¢, a CQ x®t tdond nlhi ¢
ki nehng. tigankt gi . i hUn

KhiTTth ¢ hHRUo B t H2y t h édo, tk2mchhvcthim@ alh d
h3nh Yodnhhim ng®iu ngnb HE - _nmghnh "t kh§c
nhauti n T KaTT.Di n  tkhuo/ke hYc § totmaynh ,bQmHs "all h 3 nh
khuv chlc § piing hayli , Egp@y scalnmh " kh&c nha
I t 2 nhgckalC®.V.inhngvah QthctJn"y cmhEm c! ng
tr3nh oghi/gin wH.Tg °m nith hs* nh ITd®n TO
I MGHvV ™ m! hEMMGKHIO® yx®g dr o n gvi/kchh&dimngg 2
tr3nh sdmly tc@&Snvt Makmnhdt ngcaTT nhe€ trc
bing 3.5K/Fqut 2 nh oo $®cknyhrp@ thW.'& t r Strony b "y
c §cfthop @ L ©y .

4.3.1.X § diahdln h ehgwakhds!n g di8cehim n TdaCQ

M2 h3nh ttnkiyg StnrQolkidy TTthic h "Uc g nih
t r °Qmkbb b, (iMGIH) ‘'t - tS¢&RRE 2R N HCc Li Wm ¢, a

tog8&n | ° MGH c- k2ch t hcE, cL tn@®hno Glpeh
v.i di' ' n t2d3h€qo®t hcpanC®. th€ ng gH
boongt “"u, tr°n n-c nh” cao tfng haywy tr
d, ng c8c ph€ehng phgp L' i x. ngygehng

phfn 8y ddong m-ng ng. . a khtng gili L
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nhau | i°mHguan, LJhYn vé- hl  oghog i
trong hoUYt L, ng thv'c vtdn nh krifiRil it Quw ck
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KeT LU&N KI e¢N NGH,

T. nh_ng y°u cfu c¢c_a hoUYt L, ng th
nghi °n ¢c_u kh2 L ng tr lcudrdh&sna tnrho nngg
vbin LQ ¢c.n t°n tY9 , nh_ng n,i dung
Xublt h<€ ng rmgehiinfpn 8ocd vchina LI QMda EB®c h a
c.a ludoysdeim h3nh to&§n x8c L nh ¢
c.a c8nh quay tr ¢ thivig mH@t.lgiJd E&lh
L€ cbti§cto8&n t€hng t&c kh2 L, nrognggi . @
nhi Qu chJ ,L ngkhhi§cn nciha®uscm! pfnmga ¢ §
t2nh kh2 L ng ¢c8nh quay khi ,x®O&nL{]n,
htvig mHt .MHt igihUin hdn L€ ¢ m! ph, ng
v’ h3nh d4rgV phhc ok hitMpntng o ga dmhghid
ofnong ludn 8&n L it hveivVtc 8o §b kdioantgo § 1
h w” c8ctk¥fnhqgbTy trong «©8c thMEHTR NG
udn 8n L« LUt L€ ¢c m c ti°u LQ ra.
Bung vi ccBghiphehgdhi pmM&pg_u kh2 L,
trong n€ ¢ vl'udnd °8&n ¢hJ/n gé8&cé¢h tiJp ¢
ph&p xo8y r’ i rdc LW x©y d, ng m! h3 |
V,i nhiQu c¢ctng tr3nh skhamhnflun ct 't rxomngy
ng taa,ong L« donhn88tm?t rhi*WdMh t2nh to8n ho-
phfn tkhunghd®yn t_  gi 8§c. V™ c¢c- thW n-i
khungt . giMc m®: h3nh ttorSmn o @yu dinhn&pul €u
c- mhWoh, ng L€ clve@dt tthWwWc3DthW t2ch
h3nh xo08y, p&ahll®[@EMnyg®t €hmggh Qu
vdt CREhOn mMALt vgi . i hUn

C8c m* h3nh xo08y phi tuy/]J&p kdh,*mg ©
sungt huyJJt b&n k2 nmh wbooShy3 mh ut h&m L€ ¢

—

(o
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c"h® " n thi n, s&t ¢fr wn!i th# bk dctoignnt
clng c¢c_, kthz2nh tmhg8w~~ tte@hmgg tiBci.Bhagnmh
c., t2nh ntgch§rf ki @mach ngl ki R drognghiyh inQiu

t r€ nigJth'tguTht ¢ o8Bk &€so® s&nh v, i nhi Qu
trong c8c clng,  far Tl b ckmgpabh c t
t2nh ch2nh x8c, t2nhVkhoal!mgccy x©y
c- §@mwt2nh to&n m! ph, ng cthloa yt HbyQiu
ch'vih ph8t triWn Ilvinhi oddUkwstchndaa

V., i c8c thudt to8n,chbe€hmtpWitoI3mhSknhh @n
gil8& [mh he€Th@We caa mHt I §n, khFYnktng
c.a,CQlngh mhg€ thay L° i trong gqu§& Gyr 3
dog. i h49n vQ th" iduqigath ©dimggliiut @ nkhh'k h 2

L€enghi °aht'dpu ¥ flemlig nthocgtg a, COtE2 kh t o §
ch, tyrjoung Lci8@uib &y afpaybdon bay | °n xu’
I ng)MHc nchie nwgd yk JJt cg-u [T Lndgth ot&€” qce &an st r 'l
h ¢ tinacdy ¢8&c LKhuy/Jn c8o0 trong qu8§

D a tr°n aqogdhci °KWhle € ng ¢, a Thon T
X008y T THOnc Td | ednli@aV, r al c §o thotgt m g
d, ng tHKhd tnitng t2nh to&n L nh | € ng
qu®t qua phfnl Lnughod @mF Fgc cho c&c |
t2nh to8&8n thiJJt kJ] LCQ, b"i to8n ki
khlfo LW x©y d togmm:pihs3md gIO[T_n dgkivit ng t
nghi°n c¢_. u viQ@ hto@h nTglT nclBhcon @ QicHyi It ii IJm ,
quanl JJknf] g bl tthr®TMhg 8§ | dp ,gig8," nt kpihfdn Bher
gO©ynh helhgkhl[ ontnfohgt &, a CQ.

KNt qul vkh[oHg 8§tgi ., i hUn tTrh®mGH m? h
cho rtrbly ts€hlnlyg2 tuW§ cingc §c v dt g©frvh xhu@ gn



124

r» trkihn [ ntngc._ taddC-g CkbigiTbtay cg8fcn b Q mHut
hdM ¢ Fnh h€tehpnl” Wkiving thwWolmg qué
t2nh to&n clng nh+4® hkuh adi 2vithd§&h Btvd @Wn @
k2ch thi€ ic minHum g L, Fnh kh@cn @&a uk g1
gul t2nh to&n t._ c8c nghi°n ¢c_u t<€hr
khoa h ¢ IL€a ra c¢c8c khuy/JJn ¢80 an toc
tignp phfn gi i quy/xt] cngci dndni@@TID i Ugt

c8nhntec°bh,a nh” cao tfng, tr°n gi " "n
L ng trong v%ng c¢c- L a h3nh LYi n%i,
Nh. ng L-ng g-p m i c¢_,a ludn §8&n

-X©y d, ng m* h3®nh to8n phi tkkfAn |
L ng c,a c8nh quay b3ng phe€ehndrongh§p
m!  hl®.n:h

+Phfn t xo08y s xd8ygCOQdWwmg hent 3tn

+ C: 8p d, ng mt? h3nh khuJ/fjch t8n xo
Kkhu/Jch t8n c, mhmig gio&y, thr'omgcho m?
hhn, s8t gfn hhn v, i c¢8c qus8§ tr3nh t

- Xy d., ng m* h3¥nh to8n phi tuy/ln |
L ng c¢c.,a c¢c8&8nh quay x®t LJ/yn [mHx bhe&  n
b3lng ph€ehng iph&Hcx08y

+ C8ch x@y]pd crdgt anfhn,ih3krhlba h' ¢ ¥ 'h Wc
hi n L€ ¢ s t€hng t&c qua | 49 gi . a
vdtiong m! h3nlC8tcd8&nitpccdn n"y m r
ki " n ch[BHmkdhahgpgt hh&8p xo8y r i r g
| ¢ h  c. h™ La vdt

+ Trongm? h 3 nxhOyt odBnngh, ng L€ ¢ h3nh d
TTv® c¢c8c h3nh ding ph3umcg t Hip€len.gupnHg p
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L. L<€ea ITEVTCT ¢h©nl i t<€hdg)bhgcofmHim?
X088y CQ, thW hi n L€ ¢ s» Fhihgh®" " ngt
khdc ph,c L€ ¢ nh._ng hUn chJ ¢, a c§c

-Ch€ehngt tudtBha a8m?n h3nh L« x®y d,
ctng ¢, t2nh to8n ‘trnmi Qudyt, rvg e gc tha igow
t2nhnh®8wdy, c¢- thW nghi°n ¢c_u, khTlo
| © nghi°n IlLa v&€hng t §c

Ki Jn ngh  vQ h€ ng nghi®°n c¢c_.u til]g

Qua th, ¢ tivOn krhghil® mgc _clBvn'h Ig upayc &c
tog8n t<€hng t&c kh2 L, ng trong h° nhi
m t s cwvbin2Z Q) ng d_, ng cthh€ahiQt in hi &aha
h tcr°n goAgngit ©m nghi °n ¢ u nhe:

-Nghi °n ¢c. u vQ t€ehng t8c kh?2 L, ng g
t1 :Dghi °nh’'ci. urpp kh2 L' ng gi_.a c¢c8c c
t hi Wu c8c tNognhit°hnbltcv Bub 3 k®odUng kh2 |
tt khi hoUt L, nhg nt rloontdgn ct8hc id.,tn g nkhhi2Q

-C8c nghi°n ¢c.u vQ kh2 L ng Inc h’
tr¥%ng, Lmhghdnka hc&c | oy khgen. v Ci&nhs
vQ quayhdwWrt L, ng v° quy |l udt t hia’yn L’
cC. u chhnt mya, LW kh8i qu8t, x©y d, ng

-Nghi °rkheé g, @ cl8cctlro%i thtng c- t2n
bay tvci Ln. Khi L- m! xx®tnhl Jhghlirfm hc€u
n®n, teén&d afjvn'g ck8hcz tI'Fru trmibHlt | t84ic A mhq
c8nh quay c¢c- nhiQu kh, p LW thW hi n
L, vHNn c¢c_,a c8c | 8 c8&8nh.
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CS8kk" i ktWw&nf °nh_ ng v Xnc-LQ 2cnhn ctbipn tth
th i s, to°wdyht]§gipifhl ué@yp &8 kS8 cc §
c ,u phstti JJpritWwneo sau khi ludn §n L€
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PL2.1.Ph€hng tr3nh ch?2nh

%%%%%%% 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; %mat 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" );
Z canh=load( ‘Input \canhl Z.ixt'" );

xktra_canh=load( ‘Input \ toadoXktra_canh.txt' );
yktra_canh=load( " Input \ toadoYktra_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(1,N+1);gy=zeros(1,N+1);gz=zeros(1,N+1);
cdo_mxT=[];
for ib=1: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,j) - (ib - 1)*vinf(1,:)*delta_t;
Y_canh(i,j)=Y_canh(i,)) - (ib - 1)*vinf(2,:)*delta_t;
Z_canh(i,j)=Z_canh(i,)) - (ib - 1)*vinf(3,:)*delta_t;

toado_canh=xoayquanh_trucoz(gocxoay,X canh(i,j),Y_canh(i,j),Z
_canh(i,j));
X_canh(i,j)=toado_canh(1,:)+ib*vinf(1,:)*delta_t;
Y_canh(i,j)=toado_canh(2,:)+ib*vinf(2,:)*delta_t;

Z_canh(i,j)=toado_canh(3,:)+ib*v inf(3,:)*delta_t;
end
end
for i=1l:n*sl
for j=1:N
xktra_canh(i,j)=xktra_canh(i,j) -(ib -
1)*vinf(1,:)*delta_t;
yktra_canh(i,j)=yktra_canh(i,j) -(ib -
1)*vinf(2,:)*delta_t;
zktra_canh(i,j)=zktra_canh(i,j) -(ib -

1)*vinf(3,:)*delta_t;

toado_ktra=xoayquanh_trucoz(gocxoay,xktra_canh(i,j),yktra_can
h(i,j),zktra_canh(i,j));

xktra_canh(i,j)=toado_ktra(1,:)+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 I
Toado_ktracanh{ib,:}={xktra_canh,yktra_canh,zktra_canh
for i_sl=1:sl

if ib==1
cdo_mxT{ib,i_sl}=cdo(n*i_sl,:);
for j=1:N+1
hh=xoayquanh_trucoz( -
gocxoay,X_canh((n+1)*i_sl,j),Y_canh((n+1)*i_sl,j),Z_canh((n+1
)Ai_sl.));

x_pelT1(ib,j)=hh(L,) _vinf(L,))*delta_t;
y_pel T1(ib,j)=hh(2,) - vinf(2,:)*delta_t;



z _pelT1(ib,))=hnh(3,:) - vinf(3,:)*delta_t;
end
x_pelT{ib,i_sl}=[X_canh((n+1)*i_sl,:);x_pelT1];
y_pelT{ib,i_sl}=[Y_canh((n+1)*i_sl,:);y_pelT1];
z_pelT{ib,i_sl}=[Z_canh((n+1)*i_sl,:);z_pelT1];

else
cdo_mxT{ib,i_sl}=[cdo(n*i_sl,:);cdo_mxT{ib -
1,i_sl};
for ibb=1:ib
for j1=1:N+1
x_tinh=x_pelT{ib - 1,i_sl}(ibb,j1);
y_tinh=y_pelT{ib - 1,i_sl}(ibb,j1);
z_tinh=z_pelT{ib - 1,i_sl}(ibb,j1);
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_t ongT=v_cu_tong;

x_pelT{ib - 1,i_sl}(ibb,j1)=x_pelT{ib -
1,i_sl}(@ibb,j1)+tocdo_tongT(1,1)*delta_t;

y_pelT{ib - 1,i _sl}(ibb,j1)=y pelT{ib -
1,i_sl}(ibb,j1)+tocdo_tongT(2,1)*delta_t;

z pelT{ib -1,i sl}ibb,j1 )=z_pelT{ib
1,i_sl}(ibb,j1)+tocdo_tongT(3,1)*delta_t;

end

end

x_pelT{ib,i_sl}=[X_canh((n+1)*i_sl,:);x_pelT{ib -
1,i_sl};

y_pelT{ib,i_sl}=[Y_canh((n+1)*i_sl,:);y_pelT{ib -
1,i_sl};

z_pelT{ib,i_sl}=[Z_canh((n+1)*i_sl,:);z_pelT{ib -
1,i sl};

end
end

lucF1=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}=lucF1{1,1};

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

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

lucFz(ib,:)=lucF1{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 i_sl=1:sl
nO=(i_sl - 1)*(n+1)+1;
nl=(n+1)*i_sl -1;
k2=(i_sl - 1)*n+1;
for i= n0:nl
for j=1:N

x1=X_canh(i,j);
y1=Y_ canh(i,j);
z1=Z_canh(i,j);
x2=X_canh(i,j+1);
y2=Y_canh(i,j+1);
z2=Z_ canh(i,j+1);
x3=X_canh(i+1,j+1);
y3=Y_canh(i+1, j+1);
z3=Z canh(i+1,j+1);
x4=X_canh(i+1,j);
y4=Y_canh(i+1,));
z4=Z_canh(i+1,));

norm_mp=norm_matphang(x1,y1,z1,x2,y2,z2,x3,y3,23,x4,y4,z4);
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' ' -asci' )
save( 'Results \ heso_cz.txt' ,'cz' ,'-ascii' )
cdo_cg=cdoT{step, :};
cdo_mx=[cdo_mxT{step,1};cdo_mxT{step,2}];



dPx_step=dP{step,1}.*norm_mpx;
dPy_step=dP{step,1}.*norm_mpy;
dPz_step=dP{step,1}.*norm_mpz;

save( 'Results \ cdo_cqg.txt' ,'cdo_cq'" ,'-asci' )
save( 'Results \cdo_mx.txt' ,'cdo_mx' ,'-ascii' )
save( 'Results \ch_apCQX.txt' ,'dPx_step’ ,'-ascii' )
save( 'Results \ch_apCQY.txt' ,'dPy _step’ ,'-ascii' )
save( 'Results \ch_apCQz.txt' ,'dPz_step’ ,'-ascii' )
figure(1)
plot([1:step],cz(1:step)’, ™)
xlabel(  'x' );ylabel( 'y );zlabel( 'z');title( 'He so luc (cx - mau
xanh; cz - maudo)' );
grid on
for i_sl=1:sl
Mx=X_canh((i_sl - 21)*(n+1)+1:(n+1)*i_sl,);
My=Y_canh((i_sl - 21)*(n+1)+1:(n+1)*i_sl,);
Mz=Z canh((i_sl - 21)*(n+1)+1:(n+1)*i_sl,);
Mxk=xktra_canh((i_sl - 1)*n+1:n*i_sl,:);
Myk=yktra_canh((i_sl - 1)*n+1:n*i_sl,:);
Mzk=zktra_canh((i_sl - 1)*n+1: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' ,'-asci’ ,'-append' )
save( 'Results \ ZtoadoCQ.txt" ,'Mz' ,'-asci’ ,'-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' ,'-asci’ ,'-append' )
end
Mx1=load( 'Results \ XtoadoCQ.txt" );Myl=load( 'Results \ YtoadoCQ.t
xt' );Mzl=load( 'Results \ZtoadoCQ.txt" );
Mxkl=load( 'Results \ XtoadoktraCQ.txt' );Mykl=load( 'Results \ Ytoa
doktraCQ.txt' );Mzkl=load( 'Results \ ZtoadoktraCQ.txt' );
Hx1=load( 'Results \ XtoadoMX.txt'" );Hyl=load( ‘'Results \ YtoadoMX.t
xt' );Hzl=load( 'Results \ ZtoadoMX.txt'" );
figure(2)
surf(Mx1(1:n+1,:),My1(1:n+1,:), Mz1(1:n+1,), ‘facecolor’ , !

edgecolor' ,'b' );



xlabel(  'x' );ylabel( 'y );zlabel( 'z );qtitle( ‘canhl’ );

axis equal

hold on
surf(Mx1(1*(n+1)+1:(n+1)*2,:),My1(1*(n+1)+1:(n+1)*2,:),Mz1(1*
(n+1)+1:(n+1)*2,:), 'facecolor’ , ', 'edgecolor' , b );
hold on

mesh(Hx1(1:step+1,:),Hy1(1:step+1,:),Hz1(1:step+1,.));

hold on
mesh(Hx1(1*(step+1)+1:(step+1)*2,:),Hy1l(1*(step+1)+1:(step+1)
*2,),Hz1(1*(step+1)+1:(step+1)*2,:));

hold on

Yp---------mmmm oo VE MAT CAT TREAMLI NE------------------
figure(3)

surf(Mx1(1:n+1,:),My1(1:n+1,:),Mz1(1:n+1,’), ‘facecolor’ '
edgecolor' ,'b" );

xlabel(  'x' );ylabel( 'y );zlabel( 'z );qtitle( ‘canhl' );

axis equal

hold on

surf(Mx1(1*(n+1)+1:(n+1)*2,:),My1(1*(n+1)+1:(n+1)*2,:),Mz1(1*
(n+1)+1:(n+1)*2,7), ‘facecolor’ , ', '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, -Rzisize_mp:Rz); % mp
ngang
Xmpl=zeros(size(Ymp));
Xmp2=ones(size (Ymp));
Xmp3= 1.*ones(size(Ymp));
for ix=1:size(Ymp,1)
for jy=1:size(Ymp,2)

v_cul=vantoc_cu_tongT(sl,n,N,cdoT,cdo_mxT,step,X_canh,Y_canh,
Z_canh,x_pelT,y_pelT,z_pelT,Xmp1(ix,jy),YmpZ1(ix,jy),ZmpZ1(ix,)
y));



v_cumpl=[0.;v_cul(2,1);v_cul(3,1)];

quiver3(XmpZl(ix,jy),Ympl(ix,jy),Zmp1(ix,jy),v_cumpl(1,1),v_cu
mp1(2,1),v_cumpl(3,1),scaleO, 'LineWidth' 2);
hold on
end
end

grid on
axis equal

PL2.2.C8c f uncti on

Ug------mmmmmmmmm oo %%%%%% %% %% %% %
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 i_sl=1:sl
no0=(i_sl - 1)*(n+1)+1;
nl=(n+1)*i_sl -1;
for i=n0:nl
for j=1:N
x_tinh=xktra_canh(k3,j);
y_tinh=yktra_canh(k3,j);
z_tinh=zktra_canh(k3,j);
mx11=X_canh(i,));
my11=Y_canh(i,));
mz11=Z canh(i,j);
mx22=X_canh(i,j+1);
my22=Y_canh(i,j+1);
mz22=Z_canh(i,j+1);
mx33=X_canh(i+1,j+1);
my33=Y_canh(i+1,j+1);
mz33=Z_canh(i+1,j+1);
mx44=X_canh(i+1,));
my44=Y _canh(i+1,));
mz44=Z_canh(i+1,));

norm_mp=norm_matphang(mx11l,myll,mz11,mx22,my22,mz22,mx33,my33
,mz33,mx44,my44,mz4 4);
k2=1;



for i_sl1=1:sl

n0l=(i_sl1 - 1)*(n+1)+1,;

nll=(n+1)*_sl1 -1

for ii=n01:n11

for jj=1:N

mx1=X_canh(ii,jj);
my1=Y_canh(ii,jj);
mz1=Z_canh(ii,jj);
mx2=X_canh(ii,jj+1);
my2=Y_canh(ii,jj+1);
mz2=Z_canh(ii,jj+1);
mx3=X_canh( ii+1,jj+1);
my3=Y_canh(ii+1,jj+1);
mz3=Z_canh(ii+1,jj+1);
mx4=X_canh(ii+1,jj);
my4=Y _canh(ii+1,jj);
mz4=Z_canh(ii+1,j));

A_lkll=vantoc_cu_lkhungXLK(x_tinh,y_tinh,z_tinh,mx1,myl,mz1,m
x2,my2,mz2,mx3,my3,mz3,mx4,my4,mz4);

A_Ik1(k2)=chieuVixuongV2(A Ik11(1,1),A 1k11(2,1),A_lk11(3,1),
norm_mp(1,1),norm_mp(2,1),norm_mp(3,1));
k2=k2+1;

end
end
end
A lk(k1,:)=A_Ik1;
k1=k1+1;
end
k3=k3+1;
end
end
A=A_Ik/4/pi;
Uf----mmmmmmmmmmmm e %%%%%% % %% %
function
B=matran_hsB(sl,n,N,vinf,X_canh,Y_canh,Z_canh,xktra_canh,yktr
a_canh,zktra_canh)
k2=1;
for i_sl=1:sl
no0=(i_sl - 1)*(n+1)+1;



nl=(n+1)*i_sl - 1;
for i=n0:nl
for j=1:N

x_tinh=xktra_canh(k2,);
y_tinh=yktra_canh(k2,));
z_tinh=zktra_canh(k2,));
vtocl=vinf;
vtoc2=vantoc_quay_inCQ(x_tinh,y_tinh,z_tinh);
vtoc=vtocl+vtocz;
mx11=X_canh(i,));
my11=Y_canh(i,));
mz11=Z_canh(i,j);
mx22=X_canh(i,j+1);
my22=Y_canh(i,j+1);
mz22=Z_canh(i,j+1);
mx33=X_canh(i+1,j+1);
my33=Y_canh(i+1,j+1);
mz33=Z_canh(i+1,j+1);
mx44=X_canh(i+1, j);
my44=Y_canh(i+1,j);
mz44=7_canh(i+1,j);

norm_mp=norm_matphang(mx11l,myll,mz11,mx22,my22,mz22,mx33,my33
,mz33,mx44,my44,mz44);

U_norm1(k2,j)=chieuV1xuongV2(vtoc(1,1),vtoc(2,1),vtoc(3,1),no
rm_mp(1,1),norm_mp(  2,1),norm_mp(3,1));
end
k2=k2+1;
end
end
B=reshape(U_norm1',n*N*sl,1);
D %%%%%%%% %% %% %
%
function
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 i_sl=1:sl
n0=(i_sl - 1)*(n+1)+1;
nl=(n+1)*i_sl -1;
for i=n0:nl



for j=1:N
vantoc_cu_mx1=[0;0;0];
x_tinh=xktra_canh(k2,j);
y_tinh=yktra_canh(k2,));
z_tinh=zktra_canh(k2,));
vtocl=vinf;
vtoc2=vantoc_quay_inCQ(x_tinh,y_tinh,z_tinh);
mx11=X_canh(i,j);
my11=Y_canh(i,j);
mz11=Z_ canh(i,j);
mx22=X_canh(i,j+1);
my22=Y_canh(i,j+1);
mz22=Z_canh(i,j+1);
mx33=X_canh(i+1,j+1);
my33=Y_canh(i+1,j+1);
mz33=Z_canh(i+1,j+1);
mx44=X_canh(i+1,j);
my44=Y_canh(i+1,j);
mz44=Z_canh(i+1,j);

norm_mp=norm_matphang(mx1l,myll,mz 11 mx22,my22,mz22,mx33,my33
,mz33,mx44,my44,mz44),
for i_sl1=1:sl
for i1=1:ib
for j1=1:N
mx1=x_pelT{ib,i_sI1}(i1,j1);
myl=y pelT{ib,i_sI1}(i1,j1);
mzl=z_pelT{ib,i_sI1}(i1,j1);
mx2=x_pelT{ib,i_sl1}(i1,j1+1);
my2=y pelT{ib,i_sl1}(i1,j1+1);
mz2=z_pelT{ib,i_sl1}(i1,j1+1);
mx3=x_pelT{ib,i_sI1}(i1+1,j1+1);
my3=y_pelT{ib,i_sI1}(il+1,j1+1);
mz3=z_pelT{ib,i_sI1}(i1+1,j1+1);
mx4=x_pelT{ib,i_slI1}(i1l+1,j1);
my4=y pelT{ib,i_sI1}(i1+1,j1);
mz4=z_pelT{ib,i_slI1}(i1+1,j1);

vantoc_cu_mxl=vantoc_cu_mxl+vantoc_cu_lkhungMXZ1(ib 1,x_tinhy_
tinh,z_tinh,mx1,myl,mz1,mx2,my2,mz2,mx3,my3,mz3,m x4,my4,mz4)*
cdo_mxT{ib,i_sl Hil,j1)/4/3.14 ;

end



end
end
vtoc=vtocl+vtoc2+vantoc_cu_mx ;

U_norm1(k2,j)=chieuV1xuongV2(vtoc(1,1),vtoc(2,1),vtoc(3,1),no
rm_mp(1,1),norm_mp(2,1),norm_mp(3,1));
end
k2=k2+1;
end
end
B=reshape(U_norm1',n*N*sl,1);
Qf---mmmmmmmmmmmm e %%%%0%%%%%% %% %
%
function cdo=cdo_canh(X,sl,n,N)

XX=X";
for ig=1:n*sl
Xlk(ig,:)=XX(1,(ig - 1)*N+1:ig*N);
end
cdo=XIk;
fp=-mmmmmmmmmmmmmeneeee %%%%%%%%%%%%%

%

function xoay_0z=xoayquanh_trucoz(gocxoay,x1,y1,z1)
A=[x1ylzl1];

Tz=[cos(gocxoay) sin(gocxoay) 0 0; - sin(gocxoay) cos(gocxoay)
00;0010;,0001J;

B=A*Tz;

xoay_o0z=[B(1,1);B(1,2);B(1,3)];

%6-------------mm- - %0%%%%%% %% %% %%
%

function

vtoc_cu=vantoc_cu_ldoanMX1(ib,x_tinh,y _tinh,z_tinh,x_dau,y da
u,z_dau,Xx_cuoi,y_cuoi,z_cuoi)

x1=x_cuoi -Xx_dau;

x2=x_tinh - X_cuoi;

x3=x_tinh - x_dau;

yl=y cuoi -y dau;

y2=y tinh -y_cuoi;

y3=y tinh -y dau;

z1=z cuoi -z_dau;

z2=z_tinh -z_cuoi,

z3=z_tinh -z_dau;

ri2=[x1; vyl;z1];



rO=sqrt(r12(1,1)"2+r12(2,1)"2+r12(3,1)"2);
r1=[x3;y3;z3];
r2=[x2;y2;z2];
r11=sqrt(x3*x3+y3*y3+z3*z3);
r22=sqrt(x2*x2+y2*y2+z2*z2);,
tich_cohuongl12=[y3*z2 -y2*23;z1 *X2 - z2*x3;x3*y2 - y3*X2];
as=sqrt((y3*z2 -y2*z3)"2+(z3*x2 - z2*x3)"2+(x3*y2 - y3*x2)"2);
tich_vohuong12=r1(1,1)*r2(1,1)+r1(2,1)*r2(2,1)+r1(3,1)*r2(3,1
)i
tich_cohuong01=[y1*z3 -y3*z1;z1*x3 - z3*x1;x1*y3 - y1*x3];
asl=sqrt((yl*z3 - y3*z1)"2+(z1*x3 - z3*1)M2+(x1*y3 - y1*x3)"2);
h=as1/r0;
r_c=bankinhloixoayT(ib 1);
K=h"2/sqrt(r_c"4+h"4);
if  h==0||r11==0||r22 ==
vtoc_cu=[0.;0.;0.];
else

vtoc_cu=K*(r11+r22)*tich_cohuong12/(r11*r22*(r11*r22+tich_voh
uongl2));

end

Yo------mmmmmmmmmmmneans %%%%%%%%%%%%%

%

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=x_tinh - x_cuoi;

x3=x_tinh - x_dau;

yl=y cuoi -y dau;

y2=y tinh -y _cuoi;

y3=y tinh -y dau;

z1=z _cuoi -z_dau;

z2=z_tinh -z_cuoi,

z3=z_tinh -z_dau;

r12=[x1;y1;z1];

rO=sqrt(r12(1,1)"2+r12(2,1)"2+r12(3,1)"2);

r1=[x3;y3;z3];

r2=[x2;y2;z2];

r11=sqrt(x3*x3+y3*y3+z3*z3);

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

tich_cohuong12=[y3*z2 -y2*z3;23*x2 - z2*x3;x3*y2 - y3*x2];



as=sqrt((y3*z2 -y2*z3)"2+(z3*x2 - z2*x3)"2+(x3*y2 - y3*x2)"2);
tich_vohuong12=r1(1,1)*r2(1,1)+r1(2,1)*r2(2,1)+r1(3,1)*r2(3,1

);

tich_cohuong01=[y1*z3 -y3*z1;z1*x3 - z3*x1;x1*y3 - y1*x3];
asl=sqrt((yl*z3 -y3*z1)"2+(z1*x3 - z3*X1)"2+(x1*y3 - y1*x3)"2);
h=as1/r0;

if h>=0.001

vtoc_cu=(rl1+r22)*tich_cohuongl12/(r11*r22*(r11*r22+tich_vohuo
ng12));
else
vtoc_cu=[0.;0.;0.];
end
U-------mmmmmm oo %%%%%%%%%%%%%
%
function
vtoc_cu=vantoc_cu_1khungMX21(ib,x_tinh,y tinh,z_tinh,x1,y1,z1,
x2,y2,z2,x3,y3,23,x4,y4,z24)

vtoc_cul=vantoc_cu_ldoanMX1(ib,x_tinh,y tinh,z_tinh,x1,y1,z1,
X2,y2,22);

vtoc_cu2=vantoc_cu_ldoanMX1(ib,x_tinh,y tinh,z_tinh,x2,y2,z2,
x3,y3,23),

vtoc_cu3=vantoc_cu_ldoanMX1(ib,x_tinh,y_tinh,z_tinh,x3,y3,z3,
x4,y4,z4);

vtoc_cud=vantoc_cu_ldoanMX1(ib,x_tinh,y tinh,z_tinh,x4,y4,z4,
x1,y1,21),
vtoc_cu=vtoc_cul+vtoc_cu2+vtoc_cu3+vtoc_cu4,

0f---=mmmmmmmmmmeeeeee %%%%%%%% %% %% %

%

function

vtoc_cu= vantoc_cu_lkhungXLK(x_tinh,y tinh,z_tinh,x1,y1,z1,x2,
y2,22,x3,y3,23,x4,y4,z4)

vtoc_cul=vantoc_cu_ldoanXLK(x tinh,y tinh,z_tinh,x1,y1,z1,x2,
y2,22);



vtoc_cu2=vantoc_cu_ldoanXLK(x_tinh,y tinh,z_tinh,x2,y2,z2,x3,
y3,23);

vtoc_cu3=vantoc_cu_ldoanXLK(x_tinh,y_tinh,z_tinh,x3,y3,z3,x4,
y4,z4);

vtoc_cud=vantoc_cu_ldoanXLK(x_tinh,y tinh,z_tinh,x4,y4,z4,x1,
y1,z1);

vtoc_cu=vtoc_cul+vtoc_cu2+vtoc_cu3+vtoc_cu4;
%6-------------mm--—- %0%%%%%% %% %% %%
%
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;
%6-------------mm--—- %0%%%%%% %% %% %%
%
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_lk=[0;0;0];
vantoc_cu_mx1=[0;0;0];
for i_sl=1:sl

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

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

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

for i=n0:nl

for j=1:N

mx1=X_canh(i,));
my1=Y_canh(i,);
mz1=Z_canh(i,j);
mx2=X_canh(i,j+1);
my2=Y_canh(i,j+1);
mz2=Z_canh(i,j+1);
mx3=X_canh(i+1,j+1);
my3=Y_canh(i+1,j+1);
mz3=Z_canh(i+1,j+1);
mx4=X_canh(i+1,j);



my4=Y_canh(i+1,));
mz4=Z_canh(i+1,));

vantoc_cu_lk=vantoc_cu_lk+vantoc_cu_21khungXLK(x_tinh,y tinh,z
_tinh,mx1,myl,mz1,mx2,my2,mz2,mx3,my3,mz3,mx4,my4,mz4)*cdoT{i
b,:}(k2,))/4/3.14;

end
k2=k2+1;
end
end
for i_sl=1:sl
if ib<=50

ib_endvortex=ib;
else ib_endvortex=50;
end
for i1=1:ib_endvortex
for j1=1:N
mx1=x_pelT{ib_endvortex,i_sl}(i1,j1);
myl=y pelT{ib_endvortex,i_sl}(i1,j1);
mzl1=z_pelT{ib_endvortex,i_sl}(i1,j1);
mx2=x_pelT{ib_endvortex,i_sl}(i1,j1+1);
my2=y pelT{ib_endvortex,i_sl}(i1,j1+1);
mz2=z_pelT{ib_endvortex,i_sl}(i1,j1+1);
mx3=x_pelT{ib_endvortex,i_sl}(il+1,j1+1);
my3=y_pelT{ib_endvortex,i_sl}(il+1,j1+1);
mz3=z_pelT{ib_endvortex,i_sl}(il+1,j1+1);
mx4=x_pelT{ib_endvortex,i_sl}(il1+1,j1);
my4=y pelT{ib_endvortex,i_sl}( i1+1,j1);
mz4=z_pelT{ib_endvortex,i_sl}(i1+1,j1);

vantoc_cu_mxl=vantoc_cu_mxl+vantoc_cu_lkhungMX1(ib_endvortex,
X_tinh,y_tinh,z_tinh,mx1,my1,mz1,mx2,my2,mz2,mx3,my3,mz3,mx4,

my4,mz4)*cdo_mxT{ib_endvortex,i_sl 1}(i1,j1)/4/3.14;
end
end
end
V_cu_tong=vantoc_cu_lk+vantoc_cu_mx1;
end

S %%6%%%%% %% %% %%



function
norm_mp=norm_matphang(x1,y1,z1,x2,y2,z2,x3,y3,23,x4,y4,z4)

%tim vecto duong cheo thu nhat

al=x3 - x1;

a2=y3-yl,;

a3=z3 - z1;

as=sqrt(a l*al+a2*a2+a3*a3);

al=(x3 - x1)/as;

a2=(y3 -yl)/as;

a3=(z3 - zl)/as;

%tim vecto duong cheo thu hai

bl=x4 - x2;

b2=y4 - y2;

b3=z4 - z2;

as=sqrt(b1*b1+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=(a2*b3 - a3*b2);

gc_b=(a3*bl -al*b3l);

gc_c=(al*b2 -a2*bl);

%tim vecto phap tuyen don vi

as=sqrt(gc_a*gc_a+gc_b*gc_b+gc_c*gc_c);

gc_a=gc_a*l/as;

gc_b=gc_b*1/as;

gc_c=gc_c*l/as;

tich_vh=gc_a*0.+gc_b*0.+gc_c*1.;

if tich_vh>0
norm_mp=[gc_a;gc_b;gc_c];

,X_canh,Y_canh

else
norm_mp=[gc_a;gc_b;gc_c].*( -1);

end
D %%%% %% %% %% %% %
%
function
lucF=tinhluckd(sl, n,N,vinf,delta_t,cdoT,cdo_mxT
,Z_ canh,xktra_canh,yktra_canh,zktra_canh,x_pelT,y pelT,z_pelT
)
ro=1.225;
F=0.;

for

i_sl=1:sl



cdo_lalk=cdoT{ib,:};
if ib==1
cdo_lalk_1=zeros(sl*n,N);
else
cdo_lalk_1=cdoT{ib -1}
end
no0=(i_sl - 1)*(n+1)+1;
nl=(n+1)*_sl -1;
k2=(i_sl - 1)*n+1;

for

22)*(z1
22)*(z3
23)*(z4
z1)*(z4

z1)*(z3

i=n0:n1l

for

- 22));
- 22));
- 23));
-Z1));

- z1));

j=1:N

x1=X_canh(i,j);

y1=Y_ canh(i,j);

z1=Z canh(i,));

x2=X_canh(i,j+1);

y2=Y_canh(i,j+1);

z2=Z_canh(i,j+1);

x3=X_canh(i+1,j+1);

y3=Y_canh(i+1,j+1);

z3=Z canh(i+1,j+1);

x4=X_canh(i+1,));

y4=Y_canh(i+1,));

z4=Z canh(i+1,));

al=sqgrt((x1 -x2)*(x1 -x2)+(yl
% AB

a2=sqrt((x3 - x2)*(x3 - x2)+(y3
% BC

a3=sgrt((x4 -x3)*(x4 -x3)+(y4
% CD

ad=sgrt((x4 -x1)*(x4 -x1)+(y4
% DA

cheo=sgrt((x3 - x1)*(x3 -x1)+(y3 -yl)*(y3

%AC

p=(al+a2+cheo)/2.;

sl=sqrt(p*(p -al)*(p -a2)*(p -
p=(a3+ad+cheo)/2.;

s2=sqrt(p*(p - al3)*(p -ad)*(p -
s=sl1l+s2; % dien tich tu giac ABCD
x_tinh=xktra_canh(k2,));
y_tinh=yktra_canh(k2,));
z_tinh=zktra_canh(k2,j);

- y2)*(yl
- y2)*(y3
- y3)*(y4

- y1)*(y4

cheo));

cheo));

-y2)+(z1
- y2)+(z3
-y3)+(z4

-y1)+(z4

- y1)+(z3



vtoc2=vantoc_quay_inCQ(x_tinh,y_tinh,z_tinh);
norm_mp=norm_matphang(x1,y1,z1,x2,y2,z2,x3,y3,23,x4,y4,z4);

v_cu_ tong=vantoc_cu_ton  gT(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 -zl)/al];
tao_i=[(x4 -x1)/ad;(y4 -yl)lad;(z4 -zl)lad ];
tocdo_tongT_j=chieuV1xuongV2(tocdo_tongT(1,1),tocdo_tongT(2,1
),tocdo_tongT(3,1),tao_j(1,1),tao_j(2,1),tao_j(3,1));

tocdo_tongT_i=chieuV1xuongV2(tocdo_tongT(1,1),tocdo_tongT(2,1
),tocdo_tongT(3,1),tao_i(1,1),tao_i(2,1),tao_i(3,1));

if  k2==1||k2==n+1
hieul=cdo_lalk(k2,j)/a2;
tongl=cdo_lalk(k2,))/2;
tong2=cdo_lalk_1(k2,j)/2;

else
hieul=(cdo_lalk(k2,j) - cdo_lalk(k2 - 1,))/az;
tongl=(cdo_lalk(k2,j)+cdo_lalk(k2 -1.0)/2;
tong2=(cdo_lalk_1(k2,j)+cdo_lalk_1(k2 -
1.))/2;
end
if j==1]|j==N
hieu2=cdo_lalk(k2,j)/a1,;
else
hieu2=(cdo_lalk(k2,j) - cdo_lalk(k2,j - 1))/al;
end

deltaG_tao=(tongl - tong2)/delta_t;

dP(k2,j)=ro*(tocdo_tongT_i*hieul+tocdo_tongT_j*hieu2+deltaG_t
ao);
dF=dP(k2,j)*s*norm_mp;
F=F+dF;
end
k2=k2+1,
end
end
lucF={dP;F};



