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NGHIEN CUU PAC TiNH KHi PONG CANH HAI TANG
DANG BUSEMANN CO CANH TA TAI VAN TOC DUOI AM

Nguyén Thai Dwong!”, Tran Thé Hung?
Yyung tam Hop téc quoc té Khoa hoc Cong nghé Viét - Nhét, Truong Bai hoc K5 thudt Lé Quy Pén
2Khoa Hang khong Vii tru, Truong Bai hoc K3 thudt Lé Quy Pon

Tém tit

Canh hai ting dang Busemann c6 thiét ké dac biét voi khoang cach giita hai tang canh duoc
tinh toan nham tan dung hiéu tmg giao thoa va triét tiéu séng xung kich, gitp giam luc can
va tiéng no khi bay vai toe do siéu am. O tdc do thap, do ciu tric canh mong nén khi cat va
ha canh, lyc ning cia canh con han ché. Cac nghién cuu dugc thyuc hién nhdm cai thién tinh
nang ct, ha canh cua canh Busemann & van téc dudi 4am bang céc thiét bi ting luc nang,
trong d6 c6 canh ta. Trong nghién ctru ndy, anh hudng ctia canh ta dén dic tinh khi dong tai
van téc dudi 4m cia canh hai tang Busemann dugc phan tich thong qua thuc nghiém va mo
phong s6. M6 hinh két hop canh ta trudc va canh ta sau duogc thiét ké voi khoang cach gap
tai vi tri 0,3 1an day cung tir trudc va sau dudi canh, goc 1éch ciia canh ta trude 1a 15°, goc
léch ciia canh ta sau 1a 30°. Van toc dong téi 1a 15 m/s, tuong tmg véi sb Reynolds 1a
2,1-10°. Khi két hop v6i canh ta sau, téng lyc nang va lyc can cta canh hai tﬁng Busemann
tang 1€n, hién tugng that tbc xuét hién va hé sb luc nang tdi da tang hon 1,3 14n so v&i canh
co ban, tir 1,6 1én hon 2,15. Ti 1é déng gbp ctia canh dudi phan bd vao tong luc nang va lyc
can ctia canh hai tng giam so véi canh co ban & cac goc tan trén 0°. Canh ta trude 1am ting
do déc luc nang va lyc nang tdi da, dap ung dugc yéu cAu vé hé sb luc nang can thiét cho
qué trinh cat, ha canh. Ciing v6i d6, canh ta trude lam giam su tach dong trén bé mit ciia
canh trén va canh dudi, gitip giam lyc can so véi mo hinh chi ¢6 canh ta.

Tir khéa: Canh Busemann; canh ta; RANS; dong chay téc do thép; hé sé liee ndng.

1. Mé dau

Viéc phat trién may bay thuong mai siéu &m thé hé tiép theo (Supersonic
Transport - SST) ¢6 y nghia quan trong trong kinh té va qudc phong an ninh. B¢ hién
thuc hoa diéu do, cac cong nghé méi gilp giam tiéng nd siéu am, tiéng on khi cat ha
canh va nhién liéu tiéu thu can duoc chl trong nghién ctiu phét trién. Trong dé, van dé
tiéng 6n do tiéng nd siéu am (sonic boom), tiéng no 1on phat ra khi mot vat thé di
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chuyén vuot qua téc d6 4m thanh, dang 1a rao can Ién nhat. Concorde, mau may bay
ting hoat dong trong khoang 30 nam va ngung bay hoan toan vao nam 2003, cling gap
phai van dé nay va bi han ché bay vai téc d6 dudi am trong pham vi 35 hai ly (khoang
64,8 km) tir cac khu dan cu trén dat lién [1].

Trong thoi gian gan déy, cac du an phat trién may bay cha khach siéu am thé hé
méi dang duoc trién khai manh mé [2]-[7]. Tai Nhat Ban, y twéng méi (mg dung canh
hai ting Busemann dé phét trién may bay van tai siéu am cua Dai hoc Tohoku nhan
dugc cha y [8]-[9]. Canh Busemann c6 ciu hinh dic biét véi khoang céch nhat dinh
gilp triét tiéu song xung kich sinh ra boi canh trén va canh dudi tai van toc siéu am.
Kusunose va cac cong su [8] di chi ra & s Mach thiét ké (M = 1,7), canh kép
Busemann c¢d thé giam luc can song t6i hon 80% so vai canh hinh kim cuong co ban
(canh Diamond) c6 cuing thé tich. Ngoai ra, bang cach triét tiéu séng xung kich giira hai
canh, gié tri dinh &p suat gan canh giam dang ké, 1am nhe tiéng nd xung kich truyén téi
mat dat. Gid tri nay chi bang khoang 1/10 so véi tiéng n tao ra bai may bay Concorde
khi dang bay tai van tc hanh trinh, chiing minh tiém nang wng dung canh Busemann
vao nghién cau phat trién may bay siéu am thé hé tiép theo [9].

Trong cac nghién ctru vé canh Busemann, cac van dé khi dong hoc tai van toc ngoai
thiét ké dugc chd y [10]-[12]. O van téc duéi am, ¥ tuong sir dung canh ta trudc (slat) va
canh ta sau (flap) nham nang cao dic tinh khi dong cia canh Busemann dd dugc dé
Xuét [13], [14]. Thong thuong, may bay phan lyc dan dung khi cat ha canh dugc thiét ké
hé s6 lyc nang tdi da tir 1,6 dén 2,2 khi cit canh va tir 1,8 dén 3,0 khi ha canh [15], [16].
Tuy nhién, canh kép Busemann véi d6 day canh mong khong dép g dugc yéu cau luc
nang can thiét cho cac giai doan cat, ha canh. Do d6, cic nghién ctu tap trung vao Viéc cai
thién tinh ning cat, ha canh cua canh Busemann ¢ van toc dudi &m bang céc thiét bi ting
luc néng [13], [14]. Maruyama va cac cong su [13] da st dung canh ta trudc va canh ta
sau dé cai thién hiéu suit khi dong hoc & van toc dudi am. Theo d6, canh Busemann két
hop canh ta dat duoc hé sb ec nang 2,025, vuot qua ngudng 2,0 can thiét cho ct ha canh.
Kashitani va cac cong su [14] d tién hanh céac thuc nghiém trong hé thong ong thoi khi
dong. Tuy nhién, anh huong cua canh ta trudc, canh ta sau chua dugce phan tich dinh
lugng [14]. Ti I phan b lyc giira canh trén va dudi trong cdu hinh canh hai tang va tinh
chat dong chay xung quanh cac mé hinh chua duoc lam rd. Do d6, can cac nghién ciu
chuyén sau dé lam r6 dic diém va tinh ning cu thé cua canh Busemann khi két hop canh
ta & mep trudc va mép sau canh.
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Trong cac nghién ciru trude [17]-[19], nhdm tac gia da 1am rd tinh chat khi dong
ctia m6 hinh co ban va hiéu qua cua phuong phép can chinh vj tri canh (Stagger - phéi tri
canh hai tang) trong ciu tric canh hai ting Busemann. Trong do, ti 1¢ phan bé luc cua
canh trén va canh dudi, tinh chat dong chay xung quanh cic mé hinh duoc xem xét phan
tich. Khi géc tin tang, luc nang va luc can cia canh co ban chu yéu dugc sinh ra tir canh
dudi. Gan 95% tng luc nang va 90% tong luc can cua mo hinh canh Busemann co ban
sinh ra boi canh dudi ¢ goc tan trén 20° [17], [18]. Khi cin chinh vi tri canh (md hinh
Stagger), tong hé s6 luc nang cai thién so véi canh co ban nhung chwa dap tmg duoc
trong qué trinh cat va ha canh. Tai géc tin 10°, md hinh Stagger (day tim cénh trén nho
vé phia truéc so v6i tim canh dudi trong dong chay téi) véi do léch bang 0,75 lan day
cung (0,75¢) 6 hé sb luc nang 1a 1,62. Khi d6, hién tuong tach dong va xody on trén bé
mat canh trén xuat hién [17]. Do dé, phuong phap két hop canh ta can dugc can nhic dé
nang cao tinh nang cia canh Busemann trong dong chay van téc dudi am.

Trong nghién ciru ndy, anh huong cia canh ta tredc va canh ta sau dén dac tinh khi
dong & van toc dudi &m caa canh Busemann duoc lam rd. Két qua thuc nghiém va mé
phong duoc phan tich, so sanh, tap trung vao ti I¢ phan b luc gitta hai canh va dic diém
dong chay xung quanh cac mé hinh. Két qua nghién ctu cung cap bo dir liéu quan trong
cho thiét ké téi uu tinh ning khi dong cia may bay siéu &m canh Busemann trong qué
trinh cét va ha canh.

2. Phuwong phap nghién ciru
2.1. Hé théng éng théi khi dgng va can luc

Hinh 1 biéu thi tong quan budng 1am viéc trong hé théng dng thoi khi dong duoc sir
dung trong thuc nghiém. Van tc duoc diéu chinh bing cach thay déi toc do quay cua
dong co, voi van toc ti da 1a 26 m/s. Budng lam viéc c6 kich thuéc cao 1500 mm, dai
2500 mm va rong 150 mm. Hé thong st dung dong khéi cho phép hinh anh héa dong
chay xung quanh mé hinh. Camera phia trude dugc thiét ké dé chup lai dong chay bén
trong budng lam viéc.

Hé théng can luc (Izumi Sokki, ML-3FM2) dugc dit trén thanh bén caa budng lam
viéc. Hé thdng can luc di kém voi mot thiét bi xoay dé diéu chinh goc tan cua hinh véi do
phan giai 0,01°. Dit liéu thu dugc tir cn dugc di qua bo khuéch dai DC (Unipulse,
AM32) va ghi lai bang hé théng thu thap dir liéu (KEYENCE, NR-500). B¢ phan giai caa
can 12 0,0025 N cho ca phép do luc nang va luc can. Hé thong 6ng thdi khi dong, can luc
va thiét ké duoc mo ta cu thé trong cac nghién ciru trude [17].
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Hinh 1. Hé thong thi nghiém (don vi mm).

2.2. M6 hinh

Hinh 2 mé ta md hinh cénh hai ting Busemann sir dung trong thi nghiém.
Mo hinh duoc lam bang acrylic, c6 do dai day cung canh ¢ = 200 mm, d6 day canh
t =10 mm (t/c = 0,05), khoang céch gitra hai cdnh G = 100 mm (G/c = 0,5). Khoang céch
gitta hai canh nay tuong Gng véi thiét ké tai sé Mach hanh trinh 12 1,7 (bang 1,7 1an toc d6
am thanh) [8], [9]. M6 hinh két hop canh ta truéc va canh ta sau duoc thiét ké vai khoang
cach gap la 0,3c tur trude va sau dudi canh, goc 1éch cua canh ta trudc 1a 5, = 15°, goc léch
cua canh ta sau la & = 30°. M0 hinh nghién ctru tuong tu nhu mo hinh trong cac nghién
chu trude day [12]-[14].

2.3. Phwong phap do

Céc diéu kién thi nghiém vé van tc, s Reynolds va goc tin caa mé hinh dugc tong
hop trong Bang 1. Van téc dong toi 1a 15 m/s, sé Reynolds dya trén day cung canh
¢ =200 (mm) la Re = 2,1-10°. GAc tan thay ddi trong khoang tir -10° dén 30° véi budc
trung binh 1a 1° trong qué trinh thi nghiém. Di vai cac phép do luc, dix liéu tir hé théng
can lyc duoc thu thap véi thoi gian do 20 gidy va tan sé ldy mau 5 kHz tai mdi diém. Hai
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canh duoc lap doc 1ap. Mot canh ndi truc tiép véi canh tay do luc cua can luc, canh con
lai ¢6 dinh vé6i bang xoay duoc thiét ké ¢ tuong hé théng ham gi6. Goc tin duoc diéu
chinh bai hé théng can luc va bang xoay. Dé giam anh huéng cua l6p bién & tuong hé
thong dng théi khi dong, gitra cac canh va tudng duoc thiét ké khe ho ¢ khoang cach 1a
1,5 mm. Cu thé vé diéu kién do va phuong phap phan tich duoc mé ta trong cac nghién
clru trude day [17], [19].

Céanh trén
¢ =200 L
0,3c (60) j ,/ 0,3c (60)

0,5¢ Cénh ta truée Cénh ta sau

N\
Canh dudi

Hinh 2. Cau hinh canh Busemann két hop cdnh ta trueée va canh ta sau (d@on vi mm).
Két qua hé sé luc nang va luc can cua canh hai tang 1a téng caa cénh trén va canh
duéi. Cu thé cong thire tinh nhur sau:

| upper (1)
d upper (2)

trong d6: Ci total VA& Cd totar 12 toNG hé s6 luc nang va luc can cia md hinh canh hai tang,
Ci upper VA Cd upper 12 hé s6 luc nang va luc can caa canh trén, Ciiower VA Ca tower 12 hé s6 luc
nang va lyc can cua canh dudi trong cdu hinh canh hai tang. Trong do, kich thudc dic
trung S khi tinh toan hé sé lyc nang va luc can 1a dién tich mit chiéu cua mot canh trong
hé théng cénh hai ting, tuong tu nhu cac nghién ciru trude [8]-[10], [17]-[19].

C
C

=C
=C

+C
+C

| total I lower

d total d lower

Bang 1. Piéu kién thi nghiém

STT Tham s6 Piéu Kkién thuc nghiém
1 | Van tdc dong t6i 15 m/s
2 | S Reynolds (Re) 2,1-10°
3 | Goc tan (a) -10° ~ 30°
4 | Dir liéu do Thoi gian do: 20 s/diém; Tan sb do: 5 kHz
6 | M6 hinh canh Busemann Canh hai ting (Hinh 2) (& = 0°,15°%; & = 30°)

57



Journal of Science and Technique - Vol. 20, No. 01 (Feb. 2025)

2.4. Phwong phdap mé phong

Dé so sanh va danh gia vai két qua thi nghiém, mé phong theo phwong phép trung
binh theo Reynolds (RANS) ciing duoc tién hanh. Ludi tinh toan dwoc tao ra bang phan
mém Ansys ICEM-CFD. Hinh 3 trinh bay mién tinh toan va ludi xung quanh mé hinh
canh. Trong md phong, goc tan duogc thay doi voi thay d6i goc hudng dong chay vao nén
hai mat (trén, dudi) mién tinh todn dugc dat diéu kién inlet. Vang md phong c6 kich
thudc dai x rong = 45¢ x 40c giup thu dugc toan bd céc hién twong quanh bé mat canh
khi thay ddi g6c tan. C6 400 phan tir ludi duoc dit trén bé mat canh, gia tri y+ tai bé mat
canh duoc thiét ké khoang ~ 1,0 va ranh gigi caa mién tinh toan dugc diéu chinh Ién hon
20 lan day cung canh.

Bang 2 trinh bay cac diéu kién md phong. M6 phong duoc tién hanh bang phan
mém Ansys Fluent (Ansys 2019 R3), véi md hinh dong nhidu Spalart-Allmaras (S-A),
tuong tu nhu cac nghién cuu trude [17], [19]-[21]. Tiéu chi hoi tu cho cac dai lugng nhu
du sai, van tc 1a 106, Cac diéu kién bién tinh toan duoc thiét 1ap twong tu nhu diéu kién
thi nghiém. Trong nghién ctru trude, tinh phy thude vao ludi tinh toan va do chinh xac
trong mé phong da dugc xem xét [17]. Do truong dong chay phic tap gitra hai canh cua
canh Busemann, sé diém luéi theo hudng thang dung giira cac canh duoc thay doi tir 120
dén 500 diém. Pdng thoi, s6 lugng phan tir ludi thay doi tir 2-10° téi 4-10°. Két qua cho
thiy, luéi tinh todn c6 400 phan tir luéi dugc dat trén bé mat canh véi téng s6 luong
287,295 phan tir 1a toi wu cho tinh toan [17].

Inlet
7Y
I 45¢
|
o000 | N
I
|
Un D 75 T~
ndl (5000)
Inlet I il
' Airfoil 4
! 1
: 40c : 20c
1 (8000) \ (4000)
| :
! 1
! 1
A 4 A 4
Inlet
(a) Mién tinh toan (dom vi mm) (b) Luéi tinh toan xung quanh mé hinh

Hinh 3. Mién tinh todn va lwéi xung quanh md hinh so.
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Bang 2. Thiét lap mé phong

STT Tham s6 Piéu kié¢n thiét 1ap

1 Phuong phap RANS

2 Thuét giai Pressure-based
3 | Mo hinh chay rdi Spalart-Allmaras
4 | Thuat toan Couple

Ap suat: Bac 2

5 Ro1i rac hoa dao ham theo khong gian | Mo men: Bac hai upwind

Su thay ddi dong nang chay rdi: Bac 1 upwind

3. Két qua va thao luan
3.1. H¢ sé dac tinh khi dpng hoc ciia md hinh canh hai tang

Hinh 4 va Bang 3 biéu thi két qua cac hé sb dic tinh khi dong cua mé hinh canh hai
tang. Két qua cua canh hai ting duoc tinh toan theo cong thuc (1) va (2) & Muc 2.3.

Hinh 4a biéu thi két qua hé sb luc nang Ci o Ciia cdc md hinh theo goc tan. Canh
co ban (& = 0°; & = 0°) khong b that toc va Ci ot ting déu téi goc tan o = 30°. Khi két
hop canh ta truéc va cénh ta sau, hé s6 luc nang tang va xuét hién hién tugng that toc. Véi
mo hinh két hop canh ta sau (& = 0°; & = 30°), gdc that tc 1a a = 7° va hé s6 luc nang toi
da 12 Cimax = 2,16. Gid tri lyc nang nay ting dang ké so Vi canh co ban. Két qua nay cho
thiy xu hudng tuong ty nhu két qua caa hinh dang canh don [22]. Khi két hop thém canh
ta trugc (o = 15°; & = 30°), hé s6 lyc nang ting dang ké so véi két qua cia canh co ban ¢
moi goc tan. Hé s luc nang t6i da dat Cimax = 2,39 tai a = 10°, dap g duoc yéu cau vé
hé sb luc nang Ci > 2,0 can thiét cho qua trinh cét va ha canh [15], [16]. Khi so sanh Vi
m6 hinh chi ¢6 canh ta sau, canh ta trudc gitp ting hé s6 luc nang & cac goc tan 16n hon
8°. i vai goc tan a > 17°, hé sb luc nang caa cac cau hinh khong cé su thay doi I6n khi

g6c tan tang.
Bang 3. H¢ déc luc nang (£10°)
Mb hinh MB& hinh két hop M& hinh két hop
Gia tri co ban [17] canh ta sau canh ta trwde va sau
(n=0° &=0°) (6n=0°; & =30°) (on =15°% & =30°)
Do dde lue nang
(dC/da) 0,129 0,124 0,14
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Hinh 4. Cac hé sé dac tinh khi dong ciia canh Busemann két hop cdnh ta truréc va canh ta sau.

Tir két qua & Bang 3, canh ta khong lam thay d6i do doc huc nang so véi canh co

ban, twong tmg 1a 0,124 va 0,129. Trong khi do, canh ta trudc lam tang dao ham luc nang

theo gdc tan 16n hon so véi canh co ban 1én 0,14. Xu hudng ting d6 doc luc nang cua

canh ta trugc cho cénh hai ting Busemann twong ty nhu tac dung cua cénh ta Fowler
(dang canh ta khi gap xudng cé khe ho giita canh ta va than canh) [23] dugc st dung cho

canh don. Két qua mé phong c6 su dong nhét véi két qua thuc nghiém.
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Hinh 4b m6 ta két qua hé sé luc can Cq totar theo goc tin. Canh co ban ¢d luc can ti
thiéu 1 Ca min = 0,035 tai o = 0°. Khi két hop canh ta truc va canh ta sau, goc tin c6 luc
can tbi thiéu giam di so v6i canh co ban. V6i md hinh két hop cénh ta sau (& = 0°;
& = 30°), hé s luc can tdi thiéu 12 Camin = 0,192 tai a = -8°. Khi gdc tin ting, hé s6 luc can
tang nhanh, chénh 1éch véi canh co ban do canh ta sau ciing ting 1én. M6 hinh két hop thém
canh ta trudc (& = 15°; & = 30°) ¢6 hé s luc can ting dang ké so véi két qua caa hinh dang
co ban & moi gac tan. Hé s6 luc can tdi thiéu 12 Ca min = 0,201 tai o = -6°. Khi so sanh voi
mo hinh chi c6 canh ta sau, canh ta trudc gidp giam hé sé luc can ¢ cac gdc tan trong
khoang do dac a = -6° ~ 30°. Két qua mo phong vé luec can téi thiéu nho hon so véi két qua
thuc nghiém va su chénh léch I6n hon khi goc tin ting. Nguyén nhan do canh ta trudc va
cénh ta sau tao ra cac viing xody l6n va tuong tac manh giita hai canh khién cac mé hinh
mo phong kho biéu hién diing hoan toan tinh chit ciia dong chay, tuong tu nhu két qua cia
mé hinh Stagger trong nghién ciru trude [17], [18]. Tuy nhién, két qua c6 sy tuong dong vé
khuynh hudng thay doi va tang dan gita md phong va thuc nghiém.

Hinh 4c trinh bay két qua chét luong khi dong (L/D) theo gdc tan. Khi két hop
canh ta (6 = 0° & = 30°), gbc tin twong (g Véi gia tri 16n nhét cua ti s6 luc nang trén
lyc can (L/D)max giam so véi hinh dang co ban. Cu thé tai goc tan o = -1°, gia tri
(L/D)max = 5,59 khi 50 Vi cita m6 hinh co ban 13 (L/D)max = 8,2 tai & = 3°. Vi md hinh
két hop canh ta trugc va canh ta sau (& = 15° & = 30°), goc tin twong ung Voi
(L/D) max = 6,43 & o = 4°. Khi a > 3°, chat luong khi dong cua mé hinh két hop canh ta
trudc va sau nho hon so véi canh co ban. Nguyén nhan do canh ta trudc va canh ta sau
lam ting dang ké tong hé sb lyc can cua md hinh canh hai ting Cq tota nhur két qua trén
Hinh 4b.

3.2. Ti 1¢ dong gép ciia canh dwéi trong hé théng canh hai tang

Céc nghién ciru trude [17], [19] 3 chi ra canh dudi dong gop ti 18 16n vé luc nang
va lyc can caa canh hai ting khi goc tan tang. Trong nghién ciru nay, ti 1& dong gop cua
canh trén va canh dudi trong moé hinh két hop canh ta trudc, canh ta sau dugc phan tich
lam rd.

Hinh 5 biéu thi ti I& lyc nang va luc can cia canh dudi phan bé vao téng luc cua cau
hinh canh hai tang.

Hinh 5a biéu thi ti 18 hé sé luc nang caa canh dudi so véi tong hé sé luc nang caa
cau hinh cénh hai tang Ci iow /Ci totat. O mé hinh canh co ban, khoang 95% tong hrc nang
duoc tao ra tir canh dudi & goc tan 1on hon 20° [17]. Khi két hop canh ta sau (& = 0°;

& = 30°), ti & luc nang cua canh dudi giam so véi canh co ban. O goc tan « = 20°, ti 18
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lyc nang Ci tow /Ci total = 0,73 giam dang ké so véi mo hinh co ban. Véi mé hinh két hop
canh ta trudc va canh ta sau (& = 15° & = 30°), ti I& luc nang gan nhu khong ddi & cac
goc I6n hon 20° bang 0,65, thip hon so vé6i cau hinh chi cd canh ta sau (& = 0°; & = 30°).
V6i t6ng luc nang Ci total ting nhanh khi goc tan ting nhu trong Hinh 4a, cho thdy cénh ta
trude va sau 1am ting ti 16 dong gép cua canh trén vao tong luc nang.

Hinh 5b biéu thi ti 1& luc can cua canh dudi phan bé vao tong luc can caa cau hinh
canh hai tang Cd 1ow /Ca total. Khi két hop cénh ta sau (6 = 0°; & = 30°), ti I& luc can giam
di so vi canh co ban. Vi md hinh két hop canh t trudc VA sau (& = 15°; & = 30°),
canh ta trude 1am giam ti s6 luc can & cac goc 1on hon 8° so véi cau hinh chi ¢d canh ta
sau (o = 0°; & = 30°). V&i goc tan a > 10°, ti I8 luc can ting theo duong tiép tuyén khi
goc tan ting. Tai goc tan a = 20°, ti 18 lyc can cua md hinh két hop canh ta sau (& = 0°;
& = 30°) 12 Cq 1ow /Cd total = 0,683. Trong khi ti & luc can cia md hinh két hop cénh ta
truée va sau (o = 15° & = 30°) 14 Cq tow /Ca total = 0,589, thap hon nhiéu so véi mé hinh
co ban 12 0,858. V&i tong hé s6 luc can Cq otal tang nhu trong Hinh 4b, diéu nay cho thay
lyc can sinh ra tir canh trén tang dang ké khi c6 canh ta.

Cf low / CI total

1.8 , - 1
—O— Cénh coban [17]
cP ——Cénh ta mépsau _Thuc nghiém
1.5 \ —&— Cénh ta trude + sau_Thye nghiém [ 0.8
® Cénh coban CFD [17]
1.2 B Cdnhta mép sau _CFD c 1
l\ A Cénh ta trudc +say_CFD 506 a2
o83 &
0.9 [t ¢H X
g :
S04 —0— Cinh co ban [17]
0.6 © —O— Canh ta mépsau _Thuc nghiém
e ool —4&— Canh ta trede + sau_Thue nghiém
03 1 ~ T 0.2 ® Cénh coban CFD [17]
B Canhta mépsau CFD
0 A (Cidnh ta truée +sau CFD
0 5 10 15 20 5 30 ’ 0 5 10 15 20 25 30
a () ()
(a) T7 l¢ lyc néng (b) TZ 1€ luc can

Hinh 5. Ti 1¢ ciia cdnh duwéi trong hé thong canh hai tang.
3.3. Trwong dong chay xung quanh cac mo hinh
Hinh 6 biéu thi truong dong chay xung quanh cac md hinh tai goc tin a = 10° thdng
qua dong khoi trén dng théi khi dong va két qua mé phong phan b &p suat.

62



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

Hinh 6a biéu thi truong dong chay xung quanh mé hinh canh hai tang co ban
(6 = 0% & = 0°). Dong chay xung quanh bé mat trén cua canh trén co hién tuong tach
dong va xuét hién viing &p suét cao phia dudi canh dudi. Ving &p suit cao bén duéi canh
trén nho hon so véi ving &p suat cao dudi canh dudi. Biéu nay giai thich két qua trong
Hinh 5a, khi canh dudi tao ra luc nang Ién hon do su chénh léch &p suat caa mat trén va
mit dudi clia canh dudi I6n hon nhiéu so véi canh trén.

Pressure
Contour 1

150,00
H 90.00
| 13000
3000
‘1 f -80.00
{ -150.00
| -210.00
”  -270.00
-330.00
-390.00

-450.00
[Pa]

Hwéng
dong chay

-

Pressure

Hwéng
dong chay

[ -150.00
‘ £ -210.00

+ -270.00
-330.00
-390.00

-450.00

[Pa]

Pressure
Contour 1
150.00

1 90.00
730.00
-30.00
[ -80.00
-150.00
{ -210.00
t -270.00
-330.00
-390.00
-450.00

Hwéng
dong chay

[Pa]

(c) M6 hinh két hop canh ta triede va canh ta sau

Hinh 6. Truong dong chay xung quanh cdac mé hinh.

Hinh 6b biéu thi truong dong chay xung quanh mé hinh cénh hai tang két hop canh
ta sau (o = 0° & = 30°). Hién tuong tach dong trén bé mit canh trén duoc quan sat véi
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dong khoi bi ddy Ién cao hon phia trén bé mit canh so véi mé hinh co ban. Nguyén nhan
do canh ta sau 1am dong chay phia sau md hinh sinh ra xody Ién va tang ap suit phia bé
mat trén cta canh ta sau. DOng chay trén bé mat cua canh dudi bi tach nhe & phia truéc
nhung cac dudng khoi bi ddy ép xudng bé mit khi di chuyén vé phia duéi canh do sy ton
tai cua canh trén. So vi md hinh co ban, viing &p suit cao dudi canh dudi va phia trude
canh trén duoc mo rong voi cuong do 16n hon. Biéu nay giai thich viéc luc nang bai canh
trén va dudi ting 1én nhu két qua trong Hinh 4a.

Hinh 6¢ biéu thi truong dong chay xung quanh mé hinh canh hai ting két hop cénh
ta trudc va sau (S = 15°; & = 30°). Khdng c6 su tach dong dugc quan sét thay & phia trén
canh trén khi c6 cénh ta trudc. So sanh vai két qua trong Hinh 6a va 6b, anh huong coa
canh ta trudc dbi vai viéc giam sy tach dong chay trén bé mit trén caa canh trén va canh
dudi duoc quan sat. VUng ap suat cao dudi canh dudi va canh trén tré nén rong hon so
véi hai md hinh co ban va chi ding canh ta sau. Diéu ndy giai thich két qua & Hinh 4a, khi
lyc nang sinh ra bai canh trén va dudi ting 1én tai goc tin a =10°. Tir cac két qua, canh ta
trude cho thay tac dung trong viéc giam sy tach dong chay trén bé mit trén caa ca canh
trén va canh dudi.

4. Két luan

Trong nghién ciru ndy, anh huong cia canh ta truedce va canh ta sau dén dac tinh khi
dong & van téc dudi &m cua canh Busemann duoc phan tich, 1am rd théng qua céc thuc
nghiém va mo phong.

Khi két hop véi canh ta sau, tong luc nang va luc can cia canh hai tang Busemann
tang 1én, hién tuong that tbc xuat hién va hé sb lyc nang tbi da tang hon 1,3 lan so voi
canh co ban, tir 1,6 1én hon 2,15. Tuy nhién, canh ta sau khong thay d6i dang ké do doc
lyc nang. Ti 1é dong gbp cua canh dudi vao tong lec nang va luc can cua canh hai ting
giam do céanh trén sinh ra nhiéu luc nang va lyc can hon.

Vé6i md hinh két hop canh ta trudc va canh ta sau, tong luc nang va lyc can cua
canh hai ting Busemann tang 1én. Céanh ta trude lam ting d6 doc luc nang va luc nang toi
da, dap tng dugc yéu cau vé hé sé luc nang can thiét cho qué trinh cit va ha canh. Bén
canh d6, canh ta trudc 1am giam sy tach dong trén bé mit trén cua canh trén va canh dudi.

Lol cam on

Bai béo la san pham cua dé tai thuong xuyén cap co sé cia Truong Pai hoc Ky
thuat Lé Quy Pon ma sé 24.1.33.
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INVESTIGATION OF AERODYNAMIC CHARACTERISTICS
OF BUSEMANN AIRFOIL INCORPORATING A FLAP AND SLAT
IN LOW-SPEED FLOW

Abstract: The Busemann biplane wing employs a unique design, with inter-wing spacing
optimized to suppress shock wave formation and minimize drag and noise at supersonic speeds.
However, the resulting thin profile leads to reduced lift, impacting takeoff and landing. The use
of slats and flaps is a promising approach to enhance takeoff and landing performance. In this
research, the low-speed aerodynamic characteristics of Busemann airfoil installed slat and flap
are investigated. The slat and flap are configured with hinge points located at 0.3c from the
leading and trailing edges. The slat and flap deflection angles are 15° and 30°, respectively.
The experiments are performed at a freestream velocity of 15 m/s, corresponding to a Reynolds
number of 2.1-10°. Results showed that the model incorporating flaps led to increases in both
total lift and drag. The maximum lift coefficient increased from 1.6 in the baseline configuration
to over 2.15 with the deployed flaps, while the lift curve slope remained relatively unchanged.
At positive angles of attack, the lower element's contribution to both total lift and drag
diminished compared to the baseline model. The slats effectively increased the lift slope and
maximum lift coefficient, fulfilling the lift coefficient requirements for takeoff and landing.
Additionally, the slats mitigated flow separation on both the upper and lower element surfaces,
resulting in a reduction in drag compared to the configuration with flaps only.

Keywords: Busemann biplane; flap and slat; RANS analysis; low-speed flow; lift coefficient.
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