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TOM TAT

Bai bdo trinh bay phwong phdp ket hop bai toan déng lwc hoc chuyén dong cia khi cu bay
trong khong gian voi mgt so tham s6 hoat déng co ban ciia dong co turbine phan lic c& nhé lam
viéc & cdce ché do bay khac nhau. Két qua cua bai todn nay la mot trong nhitng buéc hoan thién
bai todan dong luc hoc, tiép cdn dén két qua thuc té chinh xac hon, ho tro hiéu qua trong cong tac
thiét ke hé thong, giam so lan thuc nghiém doi voi cac de tai thiét ké ché tao khi cu bay co sur
dung dong co turbine phan luc co nho.

Tiwr khoéa: Dong luc hoc chuyén dong; Dong co turbine phan luc; Khi cu bay.
1. PAT VAN BE

DPong co turbine phan lyc (TBPL) ¢& nho duogc phan loai 14 16p dong co ¢6 luc day dudi 100
(KG). Ching thuong dugc sir dung cho cac loai khi cu bay (KCB) khong nguoi 1ai ddm nhan cac
nhiém vy nhu do dac, quan tréc, chyp anh khong luu hay muc tiéu bay cho cac loai vu khi hang
khong. Hién nay, mdt s6 don vi nhu Vién Khoa hoc va cong nghé Viét Nam, Vién KV thuat
phong khong — khong quan di va dang thuc hién mot s6 dé tai nghién ciru, thiét ké, ché tao KCB
st dung dong co TBPL c& nho dé thuc hién cac nhiém vu noi trén, bude dau dat duoc nhiing
thanh cong nhét dinh. Trong qua trinh thiét ké, ché tao bt ky mét loai KCB nao, nguoi thiét ké
déu phai c6 ddy du nhimng thong tin, tham s6 ky thuat ma san pham c6 lién quan hay str dung.
Tuy nhién, cac loai KCB do Viét Nam ché tao van phai sir dung cac dong co TBPL mua tir nude
ngoai, chung chi c6 mot sb cac thong tin k¥ thuat co ban nhung han ché hoan toan nhiing thong
tin k¥ thuat chuyén sau, cu thé vé tham sd, dic tinh hoat dong cua dong co.

Pong co TBPL 1a tac nhan gy ra chuyén dong cho KCB (thé hién qua cac tham s toc do, do
cao) nhung chinh chuyén dong do6 lai tac dong dén ché do 1am viéc cia dong co TBPL (khong
phai do chinh ban than dong co TBPL ty x4c 1ap ma chung dugce quyét dinh boi diéu kién va
trang thai chuyén dong ciia KCB). Pay 13 quan hé rang budc cua hai dbi tuong.

Trong giai doan thiét ké so bo, bat budc phai giai quyét bai toan dong luc hoc chuyén dong
(PLHCP) ciia KCB trong khong gian [1]. Trong bai todn nay chua xut hién cac tham sb thé hién
tham sd hoat dong ctia dong co mot cach ddy di hodc c6 thé dugc biéu thi boi nhimg giai thiét.

Chinh vi thiéu cac tham s6 hoat dong cia dong co nén trong giai doan thiét ké so bo va giai
bai toan PLHCD cua KCB thuong gia thiét bo qua sy bién d6i nay hodc tuyén tinh hoa dé lam
cho bai toan don gian hon, tur do, két qua bai toan nhan dugc chua chinh xac.

Khi tién hanh thiét ké hé théng & murc sau hon, tirc 14 lip lai chu trinh thiét ké hé thong dé
chinh xac hoa cac tham s6 h¢ thong thi viéc giai quyét bai toan DPLHCD cta KCB khong thé bo
qua dugc nhiing dac tinh cua ctia dong co, ban chét cua chung duogc thé hién duéi su bién dbi va
rang budc cua cac tham sb luc day (P), khdi lugng (m), toe do (V).

Nhiém vy bai bdo nay néu ra va can giai quyét do la: xdy dung mot bai toan PLHCD ciia
KCB trang bi dong co TBPL & dang tong quat hon c6 xét dén mot s6 tham sb lam viéc cua
DCTBPL trong ting diéu kién bay cu thé.
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2. XAY DUNG BAI TOAN

2.1. Cac tham s ciia bai toan
2.1.1. Céc tham sé dong lec hoc ciia KCB

Bai toan PLHCD cua KCB trong khong gian duoc biéu dlen bdi hé gom c6 12 phuong trinh
vi phan cap 1[1]. Trong d6, cin quan tim dén phwong trinh toc do chuyén dong (s6 1, 2, 3) va do
cao cua KCB (s6 8). Cac phuong trinh nay c6 chira cac tham sb dong luc hoc chuyen dong cua
KCB bao gdm:

- Lyc ddy dong co P (N);

- Khéi lwong KCB m (kg);

- D) cao KCB trong hé toa do mat dat di dong y; tdc do chuyén dong cua KCB (sé M) hoac
gid tri cua vector khong tbe V' (m/s).

2.1.2. Cdc diéu kién hoat dong cua dong co TBPL

- Toc d6 dong khi ctra vao Vi (m/s);

- P cao bay ciia may bay (anh huong dén mat d6 khong khi trong tinh toan luu luong);

Dong thoi gia thiét dong co hoat dong & mot ché do: tire 1a khong xét qué trinh chuyén tiép
gitra 92’1(: ché d6 lam Viéq, hoac c¢o6 thé n(')’i cach khac 1a bo qua tac dong cua luat kiém soat dong
co thé hién trén hinh 1 d6i véi déc tinh tiét luu.

T cac tham s dong luc hoc ciia KCB va diéu kién hoat dong cua dong co TBPL, can xac dinh:

- Suét tiéu hao nhién liéu riéng Cud (kg/N.s) va c6 thé viét 1a (s/m);

- Lyc ddy cua dong co P (N).

Méi quan hé giita cac tham s6 BLHCD va céc tham s6 1am viéc ciia dong co TBPL trén thé
hién qua hinh 1. N6i chung, cac tham ) nay bién dbi lién tuc va rang budc vdi nhau kha phuc

tap. Mdi thoi diém trong chuyén dong ciia KCB xéc lap mot trang thai riéng, khi m6 ta bang
cong cu toan hoc, nhitng trang thai dugc thé hién bai cac tham sb, dic tinh.

______________________________________________________________

Van tiét
luu

Suit tiéu hao nhién liu riéng (Cyg) |«

Khdéi luong (m) [«

—

Téc do (V) > Tdc do dong khi cira vao (V) B diéu khién
i : s i_, va kiém soat
i N . . ! dong co

: Do cao (y) ; —> Luc day dong co (P) |
B |

Hinh 1. Méi quan hé gitta cdc tham sé.
2.2. Phwong phap xac dinh cac tham sb
2.2.1. Khoi lwong KCB m
) KCB trang bi dong co TBPL do c6 su dot chay ti€u hao nhién li¢u thi khdi lwong m cua KCB
bieén d6i theo thoi gian va dugc mo ta bdi phuong trinh vi phan:

an__P .
dt J (1)

e
Trong do:
+P (N): Lyc ddy dong co;
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+ Je (N.s/kg): Dac trung cho hiéu qua s dung nhién liéu cia dong co. Dbi véi dong co tén lira
nhién liéu ran hodc long cd thé xem J, 1a hang s0, nhung riéng voi dong co TBPL thi J, 1a ham
phu thudc rat nhiéu vao sé M (tdc do chuyén dong) va do cao y ctia KCB[1].

Je =J:(M,y) = Je(V, y) )

Vé y nghia, J, dugc st dung dé danh gia hiéu qua kinh té cho loai KCB va thuong duoc xac

dinh bdi mot gia tri trung binh cho mét loai KCB cu thé [1], dac biét cho cac loai may bay van

tai. Trong 1y thuyét tinh toan dong co TBPL [3] thi nghich d4o cta J. chinh 13 dic tinh tiéu hao
nhién liéu hay con goi 1a suat tiéu hao nhién liéu riéng Cyq (kg/N.s).

g
Cow =5 - 3)

P
J ==
e g (4)

Trong do:
+ 0 Suit tiéu hao nhién liéu twong dbi [3];
+ P, (N.s/kg): Luc day riéng ciia dong co.
Mait khéc:
P=PFqG, (®)
Trong d6, G, (kg/s) 1a luu lugng khi di vao dong co.

G, =m,.F, P, %i1a (6)

vvent va
’\/ I zv

+m,: Hé sO Iuu luong, phu thude vao chi sb doan nhiét va hing s khi;

Trong do:

+ F, o (M°): Dién tich tiét dién cira hut dong co;

+ p,, (N/m?): Ap suat toan phan tai ctra hat dong co (tong gid trj ciia dong ap va tinh ap),
tham s6 nay phu thudc vao toc do bay Yél d6 cao ciia KCB [2, 4]; '

+ 0,5, Ham mat d¢ dong twong doi cua dong khi, gia tri cia ham nay phy thudc vao toc do
chuyén dong ciia KCB [3];

+ T,, (K): Nhiét do cua dong khi.

Tur do:
dm
—=-0,G 7
dt g’[ v ( )
Hoac:
dm qﬁla
E = _gt 'mv'Fvvent . pzv' \m (8)
Mot phuong phap khac co thé xac dinh khéi lugng KCB tai ting thoi diém:
m=m, —Mg ©)
Trong do:

+ my, (kg): Khdi lugng ctia KCB tai thoi diém t = 0;
+ mg (kg): Luong nhién liéu da dét chay cho dén thoi diém dang khao st.
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Hoac:
t
=m, - j G, (t).dt (10)
0

Trong d6, G, (kg/s) 1a luu lugng nhién li¢u. Gid tri luu lugng nay thay doi va phu thudc vao
tin hiéu tir bo diéu khién cua dong co.
2.2.2. Luec ddy déng co P

Phuong trinh (5) d4 néu ra cong thic xéac dinh lyc diy ciia dong co.

Po =[1+9..(1-6,) | C. -V, (11)

Trong do:

+ O, Hé sb 1am mat ctia budng dot;

+ C, (m/s): Van toc dong khi ra khéi miéng phun;

+ V, (m/s): Téc @6 chuyén dong vao cua dong khi tai cira dong co. Trong hé phuong trinh
DLHCD ciia KCB, day 1a d6 16n V ciia vector khong toc V .

Viét lai cong thic tinh lyc dy:

P={[1+0:(1-6x)] C.~% } G, (12)

Trong chuyén dong ciia KCB c6 xay ra chuyén dong sinh ra do goc tan va goc trugt canh, vi
thé khong phai mat phang ctra vao cua dong co cing ludén luén vudng goc voi huong chuyén
dong. Do d6, téc do chuyén dong vao cia dong khi tai cira dong co va tbe do chuyén dong cua
KCB so v6i dong khi 1a khac nhau. Vi nhitng goc tin va goc truot canh 16n, can phai xét dén:

V, =V .cosa.cos (13)

Trong d6: a & goc tan; B 1a goc truot canh ciia KCB.

2.3. Bai to4n tong quat

Tu viéc khao sat cac tham sd hoat dong ctia bai toan nhiét dong luc hoc cia dong co turbinez
chung ta da mo rong dugce bai toan DLHCB cia KCB co S}’r dung dong co TBPL c& nho. Cu thé
1a mo rong thém 2 phuong trinh khoi luong (m) va luc day dong co (P). Co thé goi day 1a bai
todn tong quat.

Bai toan tong quat str dung phuong trinh vi phan (7), nhu vay, lac nay khdi 1u0’ng m cua KCB
khong duge xem la hing s6 hoidc bién thién gia dinh ma 1a mot ham vi phan, dugc giai dong thoi
v6i bai toan tong quat. Néu truong hop KCB c6 sy thay ddi khdi lugng do yéu té khac ngoai viée
tiéu thy nhién li€u (tha vi khi, phong thiét bi,.. -..) lam cho dao ham khdi lwong bién thién khong
lién tyc thi c6 thé st dung phuong trinh (10) dé thay cho phuong trinh (7).

Do da loai bo gia thiét dé lam don gian hoa cac tham s6 luc ddy va khéi lugng KCB, giai bai
toan tong quat, c}lﬁng ta xac dinh duoc cac tham s6 dong luc hoc, cac tham s6 chuyén dong cia
KCB mot cach day du, chinh xac hon.

3. BAI TOAN THUC TE
3.1. S6 liéu diu vao

Chuan bi s6 liéu va giai bai toan DLHCD cia KCB duoc nhiéu cong trinh nghién ctru, bai
bao d¢ cap kha r6 rang. Riéng doi voi KCB trang bi dong co TBPL thi c6 thém cdc thong tin vé
ki€u loai dong co va cac tham so ctia nha san xuat. Béi‘ bao lay vi du tinh toan cac tham s0 hoat
dong cho mot loai dong co TBPL may nén li tdm, mot tang turbine ¢6 cac tham so6 sau day:

- Lyc day: P = 600 (N);
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- Luu lugng nhién li¢u: G, =1.56 (kg/phut) = 0.026 (kg/s);

- Luu lugng khong khi: G, = 1.2 (kg/s);

- Ty s6 nén: 7z, = 3.9;

- Puong kinh 16n nhét ciia may nén: D = 205 (mm);

- Nhiét do 16n nhat trudce tuabin: T,= 1200 (K);

- Téc d6 vong quay 16n nhat: n = 65000 (vong/phut);
3.2. Phuwong phap gidi bai toan

Tir céc s6 lidu cua dong co, ching ta c6 thé ap dung cac cong thuce tinh toan cac tham s6 hoat
d(:)ng cua dong co trong tung ché dg, tir d6, xac dinh dugc khoi lugong KCB va luc day d(f)pg co
dé giai bai toan PLHCD. Noi chung viéc giai bai toan nay khong kho khan, tuy nhién, két hop
giai bai toan PLHCD dong thoi voi bai toan xac dinh cac tham s6 hoat dong cua dong co kha
phurc tap, phu hop véi nhiing ngudi c6 trinh d¢ 1ap trinh may tinh cao.
i Bai toan DPLHCD 1a bai toan trung t'{lrn, bén C'gmh 1~1(') con ¢6 céc bai toan didu khiép, khao sat
on dinh, q}l? dao, khi dong,... Vi vay, dé tre:mh nham lan, ngudi ta tch riéng thanh nhiéu bai toan
doc lap, ke ca bai todn x4c dinh cac tham s6 hoat dong ctia dong co.

Str dung ly thuyét tinh toan dong co tuabin phan lyc va ly thuyét may nén ly tim cing phan

mém tinh toan BCX ta nhan dugc nhiing k&t qua nhu cac do thi sau:

N.g 300

1.5
(kg/s)

Pud4 400f

0.1 02 03 0.4 05 o 0.1 02 gy 03 04 05

Hinh 2a. b6 th’.iphy thudc cua luu lwong Hinh 2b’. Fa%) thi phu thudc cia luc d‘cfy riéng
khong khi vao toc do bay o cac do cao khac vao toc do bay ¢ cac do cao khac nhau.
nhau.

(N kg mao 3
N.s

Pdv Cud 65%10 °

Pdvl 550

N
6x10 7

----- - s.5x10

B
510 Tk

430 4510”7
3 0

Hinh 2c. Pé thi phu thuéc lyc dcfy déong co Hinh 2d. b6 thi phu thudc sudt tiéu hao nhién
vao toc dé bay ¢ cac do cao khac nhau. liéu riéng vao téc do bay ¢ cac do cao khac
nhau.
Vi ly do cac tham sé hoat dong cuia dong co c6 tinh chét bién thién lién tuc va khong co
nhimng dic diém ky di nén két qua thuong biéu dién ¢ dang bang s hodc d6 thi. Ngoai ra, cac
dic tinh ctia dong co & mdi ché do bay thé hién theo ting diéu kién bay khac nhau (téc do, do
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cao) nén rat khé biéu dién dudi dang mot tham sb hodc phuong trinh cu thé. Do vay, tac gia di
biéu dién cac dac tinh nay trong hinh 2.

Trél} cac do thi nay: Gy, Pyg, Cug, Pav 12 gid tri 6 d0 cao y =0 m; Gy;, Pygi, Cugi, Pavi 1 gia tri cac
tham s6 ma dong co hoat dong & cac do cao tuong trng 1000 m, 2000 m, 3000 m va 4000 m.

Tir cc két qua trén, dé dang két hop véi viéc giai hé phuong trinh PLHCD cia KCB, tir do,
nhan dugc ket qua sau khi gidi chinh xac hon, gan thyuc t€ hon, phuong phép giai tudong minh va
viéc tinh todn cung véi tham s6 [am viéc khong lam bai toan phirc tap thém.

4. KET LUAN

Dua trén 1y thuyét tinh todn dong co TBPL va 1y thuyét tinh toan may nén ly tam, bai bao da
tinh toan dugc cac tham sd hoat dong chinh cua dong co TBPL & cac ché d6 bay khac nhau. Va
dé cap rd dén viéc két hop ket qua nay dé giai bai toan DPLHCP ciia KCB — mot bai toan quan
trong bat budc phai giai quyét nhiéu lan trong qua trinh thiét ké hé thong KCB. Nhiing két qua
nay dong vai trd quan trong trong viéc nghién ciru thiét ké ché tao KCB sir dung dong co TBPL
¢ nho trong giai doan tinh toan thiét ké so bo (trudc khi ché thir mau), dd mo ta duoc nhimng su
bién ddi cac dai lugng trong bai toan PLHCD mot cach thyc té nhat. Pay chinh la viéc loai bd
céc gia thiét lam don gian hod khi giai bai toan DLHCD. Tir d6, két qua bai toan PLHCD cua
KCB dat dugc két qua tin cdy va gan sat thuc t& hon. Khi bai toan DPLHCP cua KCB duoc
nghién ctru & mutc do sau hon, tong quat hon c6 xét dén cac tham sb 1am viéc cua dong co TBPL
trang bi cho chinh né thi két qua c6 d¢ chinh xac cao hon, gilip rat ngan qua trinh thir nghiém
trong linh vuc thiét ké hé thong.
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ABSTRACT

DYNAMICS EQUATIONS OF FLYING OBJECTS EQUIPPED
WITH A SMALL TURBINE ENGINE

The paper presents a method of resolving dynamics equations of flying objects by
combining them with some basic operating parameters of a small turbine engine working
in different flight modes. The result of this paper is one of the steps to complete the
dynamics equations, approach the actual results more accurately and effectively. That
supports the system design period and reduces the number of experiments for a project of
designing and manufacturing flying object using small turbine engines.

Keywords: Motion dynamics; Small turbine engines; Flying object.
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