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CALCULATE THE AERO-DYNAMIC CHARACTERISTICS AND STUDY OF
- STABILITY AT LANDING MODE OF JET ENGINE MILITARY TRAINING
AIRPLANE
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TOM TAT

Giai doan ha canh ciua mady bay la giai doan diéu khién phite tap va nguy hiém nhat. Giai
doan nay cé thé phan lam 4 buéc: O day, ta tap trung vao buréc hg do cao ti
danh heong nhiéu cia ddc tinh dong lic hoc may ba:y. Dé ¢6 duopc cac thén
thuoc hinh hoc, trong luong may bay khi ha canh bang phan mém AnsysFlu
DatCom théng qua phan mén AAA bdi béo dua ra dwgc cac hé 56 dao ham
Két qua giai tren Matlab cho phe:p danh gia tinh on dinh ¢ qud trinh ha do ca
phan hee hudn luyén qudn sw. Két qua ciia nghién ciru nay la co s¢ xdy
biét trong diéu kién méi trieong khéng khi ¢é6 nhiéu dong.

ép dat, bucc nay chiu
g 56 tinh toan, tir kich
ent két hop véi tai lieu
on dinh va diéu khién.
0-tiép ddt ciia may bay
dung cdc bai hudn luyén dac

T khoa: C!u.tyé’n dong doc truc; Chu ki ngcfn; Chu ki dai: Chdt leong bay; M6 phon g;
"CFD.

ABSTRACT

The aircraft's landing phase is the phase control the most dan
can be divided into four steps: here we focus on the approach step,
the dynamic characteristics of the aircraft. To get the parameters calculated from the geomeltry size,
the weight of the aircraft when landing by Ansys-Fluent software combined with the DatCom article
through AAA sofiware given the coefficient of stability and control derivatives. By using Matlab we
can evaluate the stability in the process of approach of Jet engine military train ing airplane. The

results of this research are the basis of building the documents of training especially when in the
environmental conditions of air turbulence.

gerous and complex. This phase
this step is much influenced by

Keywords: Longitudianal motion-short period, phugoid mode, flying qualities. sim ulation
CED.
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1. DAT VAN DE

May bay phan luc huén luyén loai nho
duoc dung rit phd bién ¢ Viét Nam. Dic diém
chung cua cc may bay ding trong huén luyén
la tAn xudt cAt canh va ha canh nhiéu. Theo
s6 liéu théng ké: Trong s 72 vu tai nan hang
khong giy tir vong xay ra tir ndm 2004 dén nim
2013, c6 10% cua tAt ca cAc vu tai nan hang
khéng gdy tir vong xay ra trong khi may bay
dang ¢ trén mat dét, 7-10% xay ra khi dang bay
& dé cao, 22% sb vu tai nan xdy ra khi may bay
¢ trong giai doan cAt canh, 58% sb vu tai nan
& giai doan ha canh. Vi vdy, viéc nghién clru
dong luc hoc bay va khao sat on dinh giai doan
cit/ha canh & may bay noi chung va ¢ may bay
luyén tp noi riéng la rat quan trong [2].

Bai bdo gidi thiéu nhitng budc co ban
dé danh gia chit lugng bay cua may bay ¢ giai
doan bay chira nhiéu rai ro va nguy hiém nhit,
d6 1a ché do ha canh. Budc dau tién phai xay
dung dugc cac hé s6 dao ham dn dinh cia may
bay théng qua phuong phap tinh CFD (st dung
phan mém thuong mai Ansys Fluent), két hop
voi cac cong thue trong tai liéu DatCom. Mot
$6 hé sd dao ham on-dinh ¢6 dai dao dong nho
(it phu thudc vao hinh déng), co thé tham khao
cdc loai may bay cung chung loai. Buoc tiép
theo, su dung hé per(mg trinh chuyen dong
cua may bay (chu yéu khao sat chuyén dong
doc truc ctua may bay, vi Vay chi quan tdm 3

phuong trinh: X, Z, va M). Béng phep bién doi
Laplace, ¢6 thé thanh 1ap ham truyén cho céc
thong sé chuyén dong. Tiép theo dung phan
mém Matlab khao sat 6n dinh/ diéu khién may
bay khi ¢6 tac dong cua ngoai luc. Cum cung
bai bao dé xuét giai phap ning cao tinh 6 6n dinh/
didu khién cho may bay muc dich giam tai cho
phi cong, gitp phi cong thuc hién thanh cong
cac bai huan luyén.
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2. TINH TOAN PAC TiNH KHi PONG
CUA MAY BAY

Str dung phan mém Ansys dé xac dinh
cac DTKD cua may bay trong dong chay bao
thure hién géom cac bude chinh nhu sau:

- Dit diéu kién bai toan;

- Chon linh vuc nghién ciru, xdy dung mé
hinh, chia ludi;

- Thiét 1ap thudc tinh dong chay va giai;

- Panh gi4 tinh chinh xéc cia két qua tinh va
danh gia phuong phap.

O day, ta st dung phan mém Ansys dé
xac dinh dic tinh khi dong voi d6i tuong nghién
ctru cu thé 14 may bay huan luyén L-39 - loai
may bay dang dugc sir dung nhiéu trong hang
khong quan su Viét Nam v6i day du cac thong
sb ky thuat dé thuan tién khi so sanh danh gia
tinh diing din cta phuong phap.

Méy bay huan luyén L-39 hoat dong ¢
dai van toc dudi Am (M <0.8) va thuc hién
cac ché do cét, ha canh bmh thuong ¢ viung van
tdc nho trong khoang M = (0.125-0.202), tirc 1a
khoang tur (155-252) km/h [6]. Nhu vay, dong
chay bao may bay khi cdt, ha canh cé thé coi
1a ¢6 van toc nho va chiu tadc dong cua dd nhat
dong v ctia khong khi. Lya chon diéu kién ban
dau cua bai toan khi dong;

- Van toc v = 180 (km/h) =164 ft/s, M = 0.145;
- Ap suét: p, =101325 (Pa);

- Nhiét dol =25{°C):

- Van tde am thanh: a = 346 (m/s);

- Mat do khong khi: p = 1.184 (kg/m?);

- M6 hinh chay r6i: k-¢, d6 nhét dong khong
khi v=1.553.10" [m?¥s];

- Piéu kién héi ty (sai s tinh toan): As <10,

Xdy dung mé hinh may bay trén“
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SolidWord va dua vao Ansys Fluent dé tinh, ta
¢6 két qua nhu sau:

e L5 7, et e 146

Hinh 1. M6 hinh mdy bay va chia heci mién tinh todn.

Bang 1. Thang tiéu chudn chi sé Skewness:

Statistics Values
Elements 1038024
\' Nodes 186701
| } Min 0.1493
| | Max 0.9987
! Orthogonal :
~quality | Average 0.7670
' Standard ‘
‘ |
;  Deviation 95220 ;
L | : |
5 ; Min 4.1372E-04 |
d . Max 0.8507 |
SHEVER | s erape | 02317 |
bl i______- I
|
|
 Standard 0.1220
. | Deviation '
I ]

-l

Hinh 2. Truong van téc va dp sudt chay bao mé
hinh may bay L-39
goc tin a = 10", géc truot canh f = (°
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Bang 2. Ket qua tinh todn hé s6 lic nang, hé so
lwc can va s6 liéu tr tai liéu ky thudt:

| Gée HE s6 lwe ning Cy | HE s6 lye edn Cx

% té{m‘u i

| (dd) TLKT ANSYS | TLKT | ANSYS

L 0 | -0.0564 | 0.0265 | 0.0175 | 0.0147

i‘skoszgz 0.3748 | 0.0336 | 0.0191

Qo 07077 | 0.7495 | 0.0562 | 0.0465

15 | 10769 | 1.1040 | 0.1116 | 0.1215

18| 12564 | 12660 | 0.1556 | 0.1623

| 20 | 13128 | 13270 | 019 | 0.2016 |
22 | 12821 | 1.1980 | 02462 | 0.236]

. Duya theo bang 2 ta xay dung duoc d6
thi dic tin’h hé so luc nang Cy va luc can Cx
theo goc tan a nhu hinh 3-

B4 thj Cy(a) D6 thj Cx(a)
15 3
5 .
v.0 ._
1‘_ )
J Goctana
—@—TLKT —@— ANS —8— LT —g—ANSYS
Hinh

; 3 Sf) sanh giita ket qua tinh toan va 14 liéu
K thudt ciia hé sé lire nang Cy va hé sé lwe can Cx
theo géc tan o

Sai Iéch 1a nho khi so sanh cac két qua
khao sat dc tinh khi dong [6] cuia may bay
L-39 bz”m‘g phucmg phip Ansys véi taj licu ky
thut. Bicu ndy khing dinh cac mé hinh toan ya
chuong trinh tinh to4n d3 duoc xay dung bing
phuong phép trén 13 dang tin cay. Tuorﬁg tu nhu

vay, tinh cho cdc hé sé dao ham 6n di A
cho 5 : inh kh
[4], [5] va két h "

(9. I OP Vo1 tai liéu Datcom ta co
woc ban - A A . 2 . o
; g cac thong s dao ham én dinh cua
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may bay phan luc huan luyén & ché d6 ha canh
(ki hidu Cx = C, va Cy = C,). Két hop mot sb
tai liéu k¥ thuat cua L-39, ta xdy dung duoc
bang cac hé s6 dao ham 6n dinh va diéu khién
ctia may bay hudn luyén L-39, nhu sau:

Bdng 3. Cac hé so dao ham on dinh va diéu khien

cua may bay hudn luyén L-39:

Ditu kién bay
gia dinh

Cic thong s6
hinh hoc ‘
' Altitude, h (ft) = 100

S (ftv)(;)')_o%/ - 1 Mach number, ‘

BTF?) =31 M=0.145 |

fusiiogps —o0 | Q (Ibs/ft*)=49.6 \
Xcg - . mean® 1 i TAS‘ UI (ﬁfS) =164

Cic thong sb ' H¢ 56 khi dong 5

khéi lwong (gée @=5") !

W(lbs)—19841 C,=03748 C =00 |

. (Slug ft*) = 6.636 C —00[97 C , = 0.00 |

s (Slug ft*) = 9.422 C =0.032 '

l (Slug ft’) = 13.769
Heé 56 dao ham chuyén ding doc truc

C,y=0.0270 | C, =00 C, =39 ‘c =343
C,=0121 |C, =44 C.=004  |C, =-124
C =009 |C,.=0307 |C.=00 1 C,., =00
Cp=00 | C, =17 C.=-0613 | C, =00

Du % ma mTa

Hé so dao ham dleu khién chuyén dong doc truc

=043 |C, =-1369

|
|
[

I_E_dm: = O " g

Bing phuong phap kich dong nho, hé
phuong trinh chuyén dong doc truc cua may
bay c6 thé viét dudi dang (1):

u=—glcos O +Xu+ Xpu+Xea + X5, 6,
Uya— U6 =—gBsind, + Zyu+Zza+Z_ a+ Z,0 +Zs5,6: (1)

G—Muu+M7u}M,,n+MTa+M (r+M6+M§é

Bing cach bién doi Laplace h¢ phuong
trinh (1) dugc thé hién dudi dang (2) nhu sau:
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(.\‘ - Xy - .\’Ii)u(s) - Xqa(s) = X5,0:(s)
~2u(s) {s (U, - 2_) - 2.} as) {((2, + U)s + g 5ind, )6 (s)
= Z5,0.(s) (2)
—(My + Mz )u(s) —{M s+ M. + M7 }a(s)
= M5, 6.(s)

gcos 8,6(s)

(57 = Mgs)6(s)

- H¢ phuong trinh (2) viét dudi dang
ma tran va rat ra ham truyén cua céac thong so
chuyén dong theo cac thong so dicu khién (3).

u(s)
{5 - Xu— “"T-"-} ~X, gcosd, [5,,‘;)]
~Z, (U~ Ze) - 22} (2 + Ui)s + gsing }[{ £ 1 =
—(My+ M) —(Mgs+ M, + M) (52 - M,s) la ]

X5‘
25, 0 (3)
Ms,

Ta sé khao sat phan ung cua cac théng
s0 chuyén dong, nhu vén téc bay u, gbe tin o,
géc bay 0 va van tdc goc q khi quay banh 14
mat goc de cua banh lai do cao.

3. KHAO SAT ON PINH DQC TRUC CUA
MAY BAY KHI HA CANH

Ta nhdn théy, khi khong co6 tac dong cua
banh lai, phuong trinh dac trung cua chuyén
dong trén co dang bac 4 nhu sau:

s* +2.328s% +2.57s%2 +0.1447s+0.1814 =0

Nghiém cua phuong trinh nay la:

( Chuven dong voi chu Chuyén dong chu ki dal
kl ngan (Short Penod) (Phugoid - long Pcrlod)

DRt s e e —

X,= 0.0047+02682i | X = -1.1686+1.0743i |
| X,= 00047-02682i | X,= -L1686-1.0743i

K ét qua chi ra chuyén dong doc truc cua
may bay la két hop 2 dao dong: 1 ¢6 chu ki dai
on 'dinh theo thoi gian va 1 1a dao dong chu ki
ngan, phéan ki theo thoi gian (vi phan nguyén
trong nghi¢m phurc c6 gia tri duong).

Ham truyén cua chuyén dong khi tac
dong cua banh l4i d cao quay mdt goc 9 :
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83.125% +158.65 + 75.5
s*+2328:% +2.5752 +0.14475+ 0.1814

u(f/s)=

0 -4.051s -146.6s% —10.91s—15.59
a(. )_ s? +2.3285% +2.57s2 +0.14475 +0.1814

0/ -1485% —129.85% +4.283s
q( Sj_ s +2328s% +2.575% +0.1447s +0.1814

5 0) —1485% —129.85+4.283
( ) s% 4232863 +2.57s% +0.14475 +0.1814

d.. ek 2 (-] oo SdL- 200 s

Sy chevsner cnpanan, MAY QAY LUVEN A9 L3, MACANM cumfipuruion)  Slupsloveiar mapenss, WAT BAY LUTEN FAP LIS, WA CASH _ suntiguration

Hinh 4. Phan ing cdc tham sé chuyén dong khi
banh ldi léch 1°

Hinh 4, cho thdy may bay s€ tro lai vi
tri 6n dinh sau khoang 20 gidy ké +ir khi phi
cong tac dong vao banh lai do cao, mic dau cac
thoéng sO nhu vén toc, goc toi s& ¢o gia tri moi,
xong vén toc goc va goc bay dat duoc gi4 tri
ban diu. Piéu nay phii hop véi may bay khi ¢
ché d6 tiép dit.

4. KET LUAN

Bai bdo da gioi thiéu cac bude co ban
khi nghién ciru tinh 6n dinh cua chuyén dong
may bay khi ha canh. Tan suit ha canh cia may
bay luyén tap rat 16n, ky thuat tiép dat dong
vai tro quan trong tdi tinh an toan ciing nhu t6i
quang duong dimg lai cia may bay khi chay
quan tinh trén duong bang. Bai bao ciing chi
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ra hinh dang khi dong hoc, trong luong may
bay c6 anh huéng t6i tinh 6n dinh khi ha canh.
O day véi cac théng s6 ban dau, may bay khi
tiép dat khong hoan toan 6n dinh, dic biét lién
quan dén dao dong co chu ki ngin. Pidu nay
s€ gay kho chiu cho phi cong va hoc vién khi
ha canh trong moi truong c6 gid xody. Trong
nhiing nghién ctu tiép theo, tap thé tic gid s&
de xuét thiét ké va lp thém b gia tang én dinh
voi hy vong gitip cho phi cong d& dang hon khi
ha canh [3].4
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