Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

TOI UU HOA BIEN DANG CANH MAY BAY
TRONG DONG CHAY CAN AM

Pham Vin Khiém!”, Dinh Hoang Quéan'
'Dai hoc Ky thudt L& Quy Don
Tém tat
Bai béo trinh bay phwong phép tdi wu hoa bién dang canh may bay RAE2822 trong dong chay
can 4m bang phuong phép tdi ru md hinh thay thé (Surrogate-based model optimization). Bai
toan duoc giai cho bién dang canh tai dong chay can 4m véi cac thong s goc tan, sb Mach,
nhiét d6 ctia mdi truong xung quanh va sd Reynolds cho trudc bang phan mém mi ngudn mo
SU2 (Standford University Unstructured). Phuong phap mé hinh thay thé chi véi hai tham sé
ctia ham nhidu dua ra 10i giai cho viéc ting chét luong khi dong cua bién dang canh bang cach
giam lyc can va gitt luc nang 16n hon mot gia tri xac dinh. Két qua nghién ctru 13 co so dé tién

hanh ti uu hoa canh may bay trong giai doan thiét ké so bo.

Tir khéa: Toi wu héa; bién dang canh mdy bay; phwong phdp mé hinh thay thé; chat luong khi dong; SU2.

1. Mé dau

Trong ky thuat hang khdng, cac k¥ su thudng xuyén téi vu hoa cac thiét ké cua
minh dé nang cao hiéu qua vé mat ky thuat va giam gia thanh san xuat nham thu hat
duogc nhiéu khach hang hon. Khi thiét ké nhiing hé théng ky thuat phirc tap, d6i khi chi
mot vai thay d6i nho trong thiét ké co thé dem lai nhiing cai tién dang ké. Vi dy, chi mot
vai thay doi nho trong hinh dang bién dang canh may bay c6 thé 1am giam rd rét lyc can
xung kich khi bay & cac van toc can am.

Trong qua khtr, khi tién hanh thiét ké cac thiét bi bay, nguoi ta st dung cac phuong
phép ly thuyét, tirc 1a dwa ra cac phuong an thiét ké ti wu dua trén cac két qua giai tich.
Nhirng vi du dién hinh c6 thé ké dén 1 tinh toan su phan b t6i wu ciia lyc nang trén canh
va loi giai cua Sears-Haack trong viéc tdi thiéu hda luc can séng cia vat tron xoay trong
dong chay vugt 4m. Vao nam 1945, Lighthill [1] 1an dau tién sir dung phuong phap bién
d6i bao giac (conformal mapping) khi giai quyét nhitng bai toan khi dong luc hoc hai
chiéu nham thu dwoc hinh dang hinh hoc dap tng dugc phan bd tng suat dau ra cho
trude. Ban dau, phuong phap nay chi dung dugc dbi véi dong khi khéng nén duoc, nhung
sau d6 McFadden [2] da m& rong phuong phap nay cho dong khi nén dugc.

Van dé tim cyc tri co diéu kién trong khi dong luc hoc lan dau tién duoc dé cap téi
trong cong trinh cua Hicks va cac cong su [3]. Hicks str dung phuong phap phan tir hitu
han dé danh gia d6 nhay cua cac ham muc tiéu khi thay d6i cac tham sé cho trudc cua
bai toan. Jameson [4-6] 1a ngudi dau tién sir dung ly thuyét diéu khién dé giai quyét
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nhitng bai toan tbi uu trong dong chay can am [4-6]. Sau d6 Jameson clng cac cong su
[7-9] d& xuat phuong phap t6i wu khi giai cac hé phuong trinh Euler va Navier-Stokes
thong qua cac phuong trinh lién hop.

Véi su phat trién cua ky thuat tinh toan, trong giai doan thiét ké thiét bi bay ban
dau, nhimg phuong phap tdi wu hda tinh vi va hiéu qua hon dugc sir dung nhu cic
phuong phap t6i uu héa lién nganh (multidisciplinary optimization methods) [10-12],
phuong phap t6i wu mé hinh thay thé (surrogate-based optimization methods) [13-15]...
Nhitng phuong phap nay cho phép nguoi ki su xac dinh dugc nhitng tham s t6i wu cua
thiét bi bay mét cach chinh xac hon nhu d6 day cta canh, gbc miii tén cta canh... so véi
cac phuong phép giai tich trude do.

Trong bai b4o nay, nhom tac gia nghién ciu bai toan téi vu bién dang canh may
bay khi sir dung phuong phap téi vu mé hinh thay thé, két qua thu dugc chi ra tiém ning
cua phuong phap nay khi giai cac bai toan khi dong luc hoc thyc té.

2. Pat bai toan

Nhom téc gia nghién ciru giai bai toan ti wu bién dang canh RAE2822 trong dong
chay can am véi cac thong s6 nhur sau:

Goc tan o = 2.31°

Van téc dong khdng nhiéu dong M =0.729

Nhiét d6 dong khong nhiéu dong T = 288.15K

S6 Reynolds Re =6.5x10°

Bai toan dugc dit ra 1a toi thiéu hoa hé sb luc can khi dong C, (ham t6i wu cua bai
toan) trong khi gitt hé s6 luc néng khi dong C, lén hon mot gia tri nhét dinh C,,. O day
C,, thuong la h¢ s6 lre nang khi dong cua bién dang canh ban dau. Pé tinh toan cac hé
s6 lyc nang va luc can khi dong, nhom téc gia sir dung phan mém ma nguon mg SU2
[16]. SU2 la mot phan mém ma ngudn mé bao gdm nhiéu md-dun, dwoc phat trién dua
trén phuong phap phan tir hitu han trén ngén ngir lap trinh hudng dbi tuong C**. Trong
bai toan nay, md hinh réi k —@ SST (Shear Stress Transport) [17] duoc st dung dé mo
phong dong chay réi. Pay l1a mot mé hinh toéan rat phd bién dwoc sir dung trong nghién
ctru han 14m ciing nhu trong cac bai toan khi dong luc hoc thuc té. Bé mod phong hién
twong chay réi, ngudi ta bd sung thém hai phuong trinh vi phan dao ham riéng va hé cac
phuong trinh bao toan (phwong trinh Navier-Stokes), 2 bién trong hai phuong trinh b
sung lan Iuot 1a dong nang rdi k va mac do tan mat trén timg don vi dong niang rdi o .
Trong bai béo nay, nhém tac gia chinh sira mét phan trong code ma ngudn mo cua tac gia
Trent Lukaczyk [18] dé tién hanh ti huu hoa theo phuong phap mé hinh thay thé cho bai
toan t6i uru hoa bién dang canh may bay RAE2822 trong dong chay can am.
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3. Phwrong phap mé hinh thay thé (Surrogate-based optimization method)

Ta xét tap cac dir licu D = (X , )7)= {Xi Y = y(Xi )}i":l trong d6 cac diém X € X < R°
nam trong khong gian d chiéu va gia tri ctia ham y()_() 13 mot s thyc y(i) e R . Ta gia thiét
rang y(X)= f(X)+e&, trong d6 ham f(X) 14 mot ham c6 phan bd tuan theo dinh luat
Gauss, ¢ 1a mot tiéng On tring (white noise) ciing tudn theo dinh luit Gauss véi phuong sai
o?. Ta cin xay dung mé hinh thay thé xp xi ham muc tiéu f ()‘() cho toan bd mién khong
gian bao quanh cic mau dir lidu.

O day, dé xay dung mo hinh thay thé cho ham muc tiéu, ta xac dinh tham s higp

phuong sai € thong qua phuong phéap cuc dai hoa ky vong (maximization likelihood
estimation) [19]

log p(?/‘ X,0, 02) = —%(n log 27 + Iog|K|+y_TK‘1§) —> max (1)

trong d6: K - ma tran hiép phwong sai giita cac gia tri da biét cia ham y(X) tai cac

diém cua tap dir ligu,

K| - dinh thirc cua ma trén K.

Khi x4c dinh dugc 6 va o2, ta c6 thé du doan duoc gid tri cia ham y()_() trong
toan bo mién khong gian bao quanh cac mau dir liéu.

4. Két qua t6i wu bang phuong phap mé hinh thay thé

Pbi v6i bién dang canh ban dau, sir dung ludi bao quanh bién dang canh may bay
(Hinh 1) va thiét 1ap cac tham sd bai todn dd néu ra & phan dit bai toan
trong phan mém SU2, ta thu dugc két qua vé lyc can va lyc nang khi dong:
C, =0.01332, C, =0.71422. Do cac két qua thu duoc khép véi cac két qua cia céac tac
gia khic vé trudng véan tdc, truong ap suat (Hinh 2, hinh 3b) cling nhu két qua thi
nghiém (d6 thi phan bd 4p sut trén bién dang cianh may bay trén hinh 3a) nén nhom tac
gia khong tién hanh khao sat sy hoi tu ciia ludi khi tién hanh mo phong.

Khi so sanh trudng van toc thu duogc tir 101 giai s6 v6i trudng van tdc tir két qua
clia cc tac gia khac (Hinh 2), ta thay rang vé mit dinh tinh va dinh lwong chung déu
tuong déng v6i nhau. Vé mit dinh luong, van tdc cuc dai nhdm tac gia thu duoc tuong
tmg v6i s6 Mach M = 1.26 trong khi d6 s6 Mach cuc dai cua cac tic gia khac 1a
M = 1.21. V& mit dinh tinh, cac truong van toc déu mo ta hién tuong song kich trong
dong chay can 4m véi sy trong déng vé hinh dang ving van tdc trén 4m ¢ mat trén cta
bién dang canh (ving mau d6). Ngoai ra, cac két qua déu thdng nhat vé vi tri cua diém
xay ra hién tuong giam dot ngot thong s van tdc tir trén 4m xudng dudi am x ~ 0.55
cling nhu goc hop boi bé mit bién dang canh va song kich (gan 90°).
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Hinh 1. Ludi bao quanh bién dang canh mdy bay.

Hinh 2. Truong van toc thu duoc tir phan mém SU2 va truong vdn toc
cua céac két qua tinh todn twong tw [20].

Pé giai thich rd hon vé mit ban chat khi dong luc hoc, song kich 1a mot mat gian
doan lan truyén trong cac mdi truong vat chat (chat khi, chat long, plasma....) ma khi di
qua mat truyén song céac thong s6 khi dong nhu mat dg, ap suét, nhiét do, van tdc,
entropy... bi thay doi dot ngot véi cac budce nhay hitu han. Ddi v6i bién dang canh may
bay, hién tuong séng kich bat dau xuit hién & cac van toc dudi am khi s6 Mach cua
dong khong nhidu dong c6 gia tri M_ >0.7+0.8. Tai cic goc tin dwong, dong khi
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duoc ting tbc & mit trén cua bién dang canh nén xuét hién ving van tc trén Am (ving
mau d0) khi vén tdc ciia dong khong nhidu dong dat gia tri da 16n. Do van toc cta dong
khi ¢ phia sau dudi bién dang canh ciing phai xap xi bang véan téc dong khong nhidu
dong (dudi 4m) nén s& xuat hién mot co ché dé dong khi chuyén tir van tdc trén 4m
xubng dudi am. Tuy nhién, hién tuong giam tdc tir trén Am xudng dudi 4m khong xay ra
mot cach tir tir ma xudt hién mot cach dot ngot khi dong khi di qua mgt mat gian doan
ma ta goi la song kich nhu da noéi o trén.

Ngoai ra, trudng ap suat trén bé mat bién dang canh thu duoc tir o1 giai s6 pha
hop vai két qua thuc nghiém ciing nhu két qua caa cac tac gia khac (Hinh 3). V& co ban,
phan bé 4p suat rat pha hop voi két qua thuc nghiém, su sai khac gitra két qua tinh toan
va thuc nghiém xuit hién rd nhat & ving song kich do day 1a noi ma gradient ctia cac
thong sé nhu nhiét do, mat do, ap suat co gié tri rat 16n nén viéc moé phong cac hién
tuong khi dong tai khu vuc nay thuong kém chinh xac hon cac vi tri khac trén bién dang

canh may bay.
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Hinh 3. Phan bd &p sudt thu dwoc tir SU2 véi phan bo &p sudt
cua thire nghiém (a) va céc két qua tinh toan khac (b) [20].
Trong bai bao nay, nhom tac gia chi sir dung 2 tham sb dé thay ddi bién dang cénh
ban dau nham thu duoc bién dang canh téi wu. Toa d6 bién dang canh duoc biéu dién
dudi dang tong cua toa do bién dang canh ban dau va cac ham nhiéu:

Yo (9)= Your (X)+ 245, () @
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trong d6: A, - cac tham sb hinh hoc ctia ham nhiéu, cic tham s t6i wu thudng co gia tri
nho véi gid tri dao dong trong khoang 102 +1072, cac tham sb hinh hoc s& dugc thay
ddi sao cho bién dang canh tdi uu s& c6 hé sd luc can dat gia tri nho nhat ma hé sd luc
nang khoéng nhoé hon hé s luc nang cia bién dang canh ban dau, f, (X) - cac ham nhiéu,
chung thdéa man diéu kién sau dé dam bao tinh tron nhin cta bién dang canh tai hai dau
mat
f.(x)=0, f/(x)=0, f(x)=0;x=0,1 ©)
Thong thudng, trong cac bai toan tdi wu bién dang canh, ham Hicks-Henne
Sins(ﬂXa) v6i a 12 6 gia tri nim trong khoang tir 0 dén 1 [3], thuong déng vai tro 1a
ham nhiéu. Gia sir trong mién khong gian cua 2 tham s, ta chon ngiu nhién 10 cip gia
tri tham s6 (/7,l , ﬂz) theo phuong phép lay mau siéu 1ap phwong Latin (Latin Hypercube
Sampling) [21], gia tri cia ham muc tiéu dugc xac dinh tai 10 cdp gia tri tham $6 nay,
khi biét dugc gia tri ham muc tiéu tai mot s6 diém trong khong gian tham s, ta co thé
xay dung dugc mot ham xép xi v6i ham muc tiéu tai moi diém trong khong gian tham
s6 nhd phuong phap mé hinh thay thé. Tir d6 c6 thé tim dwoc cuc tri v6i nhimng didu
kién cho truée. Bién dang canh t6i uu co nhitng dic trung khi dong tot hon so véi bién
dang canh ban diu khi ma hién tuong song kich trén bién dang canh ti wu da duoc
giam di dang ké.

b)
Hinh 4. Trieong van toc cua bién dang canh trieéc va sau toi wu.
Trén hinh 4, mot thay d6i nho & mat trén cua bién dang canh ¢ thé gay ra su thay
dbi rat lon vé truong van tdc xung quanh bién dang canh (Bang 1).
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Hinh 5. Phan bé ap sudt trén bién dang cdanh trueéc Hinh 6. Bién dang cdnh truéc va sau toi wu
va sau toi uu. Puong mau xanh - truedc toi wu,
dwong mau do - sau 1oi uu.

Bang 1. Toa dg phan trén cua bién dgng canh may bay

X Y ban dau Y ti uu
0.0806 0.03653 0.03520
0.1169 0.04314 0.04181
0.1532 0.04808 0.04574
0.1895 0.05135 0.04802
0.2177 0.05464 0.05130
0.2460 0.05792 0.05459
0.2742 0.05954 0.05620
0.3064 0.06116 0.05782
0.3427 0.06276 0.05942
0.3790 0.06337 0.06103
0.4112 0.06231 0.06198

V6i bién dang canh ban dau (Hinh 4a) hién tuong thay dbi dot ngot van tée xay ra
rat rd rét, tai bé mat trén cua bién dang canh c6 toa do theo x xap xi 0.55, s6 Mach giam
dot ngot tir gia tri cuc dai 1.26 xudng gié tri khoang 0.8 chi trong mot khoang rat nho.
Hién tugng xung kich xay ra déi véi nhitng thiét bi bay tai cac van téc can am la mot
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hién tugng phuc tap va khdng mong mudn vi nd lam tang luc can song Ién thiét bi bay.
Mt khac, véi bién dang canh sau khi tdi wu (Hinh 4b), hién twong giam van téc khéng
xay ra dot ngot nhu hinh 4a, van tc giam tir mac cyc dai véi M = 1.26 xudng van tbc
dudi &m trong mot khoang rong hon, do cuong d6 cta séng xung kich giam di nén luc
can song tac dung Ién vat thé ciing giam di r6 rét.

Dé c6 thé hiéu rd hon vé hién twong nady, ta xem xét hinh 5. O day, dé cho thuan
tién, ta dao nguoc phan bd &p suat mat dudi bién dang Ién trén va phan bd ap suat mat
trén xubng dudi. Pudng mau xanh tuong ng véi phan bd &p suat trén bién dang canh
ban dau, con duong mau d6 tuong tng v6i phan bd ap suit sau téi vu. Véi dudng mau
xanh, & trong khoang x = 0.51+0.57 hé &p suét ting rat dot ngot tir gi tri -1.2 dén -0.5

2

(theo dinh luat Bernoulli £+V7 = const, khi van téc giam dot ngot thi &p suat sé ting
1én dot ngot). Mit khac, véi duong mau dé trong khoang x = 0.48+0.53, &p suét chi ting
tir -1.0 dén -0.75, tuc 1a & truong hop tha hai, hién twong xung kich da dwoc giam di rd
rét so véi truong hop dau tién. Piéu ndy co thé dugc giai thich vé mat vat Iy nhu sau, ¢
bién dang canh sau ti uu (dwdng mau do, hinh 6), phan dau phia trén cua bién dang canh
c6 toa do thap hon so véi bién dang canh ban dau, dong khi khong bi ting toc quéa nhanh,
dan t6i viéc giam tdc do sau hién twong xung kich bét rd rét hon so véi bién dang canh
ban dau. Két qua tdi wu cho thay, chi mot thay d6i nho & phan trén bién dang canh, lec
can da giam tir 0.013332 xudng con 0.01070, tic 1a giam 19.7% luc can do hién tuong
xung kich va lyc can song giam rd rét, trong khi d6 lyc nang hau nhu khong thay doi, véi
giatri lan luot 14 0.71422 va 0.71435.

5. Két luan

Trong bai bdo nay, nhém tac gia da trinh bay phuong phap téi uvu hoa bién dang
canh may bay trong dong chay c4n am bang phwong phap mé hinh thay thé (surrogate-
based optimization method). Vi bién dang canh sau toi wu, hién tugng xung kich da
duoc giam di déang ké, nén lyc can khi dong tac dung 1én bién dang giam 19.7%, trong
khi d6 Iyc nang gan nhu khong thay doi. Diém han ché trong bai bao nay 1a nhom tac gia
chi xét toi bai toan téi uu hoéa bién dang canh trong diéu kién goc tin va s6 Mach nhat
dinh, khi goc tan thay doi thi bién dang canh tdi uu c6 thé thay d6i, bién dang canh tdi wu
ma nhém tac gia nhan duogc co thé khong t6i wu trong cac diéu kién bay khac. Do d6, mot
trong nhimg huéng nghién ctru tiép theo 13 tdi vu hoa bién dang canh khi gbc tan thay doi
trong mot pham vi nhat dinh trong qua trinh bay. Ngoai ra, mot huéng nghién ciru nita 13
giai bai toan t6i wu d6i v6i cac mo hinh canh thuc té nhu ONERA M6.
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OPTIMIZATION OF WING PROFILE IN TRANSONIC FLOW

Abstract: This paper presents a method to optimize the wing profile RAE2822 in

transonic flow by a surrogate-based optimization method. The problem is solved for the profile
with given parameters of angle of attack, Mach number, ambient temperature and Reynolds
number using open source software SU2 (Stanford University Unstructured). The surrogate
based optimization method with only two parameters of perturbation functions provides a
solution for increasing aerodynamic quality of the wing profile by reducing drag and keeping
lift above a specified value. The obtained results are the basis for studying wing optimization in
the preliminary design stage.
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