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Tém tit: Bai bao trinh bay vé phuwong phdp sit dung mét sé6 phan mém nhw Ansys,
Astra trong tinh todn mé phong qua trinh hoat dong dong co tuabin phan lyc ¢ nho.
Bang viéc sir dung phan mém ansys va astra ching ta mé phong dwoc dong chay trong
ddng co, dong thoi xdc dinh dwgc sw anh hudng ciia cdc cdc yeu 16 vé kich thuée hinh hoc
cua cac bo phan khac nhau lén dong chay trong dong co. Két qua tinh todn giip qud trinh
thlet ké dwoc rit ngdn dong thoi téi wu héa két qua tinh todn va lam gidm chi phi ché tao
mau va thir nghiém déng co.

Tiwr khéa: Dong co tuabin phan luc; Pong co phan luc.
1. MO PAU

Pong co tuabin phan lyc (hinh 1) 1a mgt dang don gidn ctia ddng co tuabin khi, n6
gém 1trucval luéng. Két cAu dong co tuabin phan lyc nay thuc hién qua trinh lam viéc
nhu mot dang ctia may nhiét, ma trong d6 hiéu suét ctua dong co 1a gia tri dic trung cho
tinh kinh té, hiéu qua lam viéc cta dong co cling nhu gia thanh ché tao va khai thac cua
dong co. Day cling chinh la nguyén nhin cho viéc phai nghién ctru qua trinh lam viéc
cua dong co.

Thiét bi vao May nén Bubng dbt

Phén méat Phén néng

Hinh 1. Két cau dong co tuabin phdn liwc dang 1 truc.

Céc thanh phan chinh cia dong co tuabin phan lyc bao gém: thiét bi vao, may nén,
budng dét, tuabin, loa phut. Thong thudng cac thanh phan nay s& duoc thiét ké ché tao
doc lap ¢ nha may ché tao dong co. Nén viéc danh gid su anh hudng 1é€n nhau cling nhu
su déng bd cua cac by phan nay chi co thé thuc hién thong qua con duong thir nghi¢m.
Day 1 cach rat ton kém, phirc tap va mat nhiéu thot gian. Boi vi né khong cho phép
danh gia dugc sy anh huong 1én nhau cua cac chi tiét nay trong giai doan thiét ké. Nén
lam giam chat lugng ché tao mau lam ting chi phi khac phuc cac van d& da néu trén.

Su phat trién cac phuong phap tinh toan dong lyc hoc khi dong trong nhiing ndm gan
day co thé thay thé mot phan dang ké cac bai thtr nghiém bang cac phép tinh nhanh va r¢
c¢6 kha nang du doan cac dic diém va két cdu ciia dong chay trong cac cum chi tiét riéng
biét cua dong co tuabin khi.

Dua trén nhitng kha ning nay nhom tac gia da gia dinh duoc dua ra rang viéc 1ap mo
hinh CFD dong thoi cua cac qua trinh lam viéc duoc két ndi cua tat ca cac chi tiét cia
ddng co tuabin khi s& cho phép thu dugc d6 tin cdy cao hon mé hinh phan b cac thong
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s6 doc theo duong khi dong, c6 xét dén anh huong 13n nhau cta cac cum chi tiét ngoai ra
né con cho phép danh gid cac tac dong ciia cac yéu t6 bén ngoai va bén trong vé dic tinh
cua dong co tuabin khi va cac mo hinh hoat dong chung cua n6 cling nhu dé mo phong
su thay ddi cac thong sb ctia dong co khi thay doi didu kién 1am viéc cia no.

2. CAC GIA THIET KHI MO PHONG TINH TOAN BANG ANSYS VA ASTRA

Nhu da biét, ddi v6i mot dong co tuabin khi hoat dong ¢ trang thai dung, ba dinh luat
bao toan phai duoc dap Gmg d6 1a dinh luat bao toan khéi lwong, cong suit va tée do roto
[1]. Vi ly do nay, trong md hinh CFD cua qua trinh lam viéc trong dong co tuabin khi
phai dam bdo cac cac quy luat co ban sau day:

- Téc 6 dong chay khdi lugng ciia chéat 1ong 1am viéc tai ranh gidi ciia cac khu vuc
thiét ké lién ké phai giéng nhau;

- Gia tri ctia tong khdi lwong trung binh entanpi ctia dong chéy tai ranh gidi ctia cac
vung thiét ké lién ké phai duoc giir khong doi;

- Céc gia tri cua ap suét, nhiét do va toc do, cling nhu sy phan bd cua chung tai ranh
gidi cac khu thiét ké phai tring nhau;

- Toc do quay cua may nén va roto tuabin phai trung nhau;

- Cong : suat (momen) trén roto ciia md hinh may nén va tuabin phai tring nhau ¢ moi
diéu kién 6n dinh.

Céc tac gia dd dua ra hai cach tiép can dé lap mo hinh CFD ciia mét qué trinh lam
viéc trong dong co tuabin phan lyc [3]:

- Céch 1: Sir dung mét s6 chuwong trinh chuyén biét, mdi chuong trinh phil hgp nhét
dé mé ta qua trinh lam viéc ctia mdt by phan riéng biét cia dong co (nhu may nén,
budng ddt, tuabin, loa phut);

- Cach 2: Sir dung trong mot chuong trinh duy nhét cho phép lap mé hinh dong thoi
Ccac qua trinh cung mot lic cua ca khéi dong co.

Dit liéu diu vao
¥
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[ Tinh toin budng dot ]
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Tinh toin tuabin

Xic dinh lvu lrgng
khi quan tuabin

Tinh lai lvu lwong
khi qua may nén

Tinh lai téc 46 vong Sai Céng suit may nén Ding Két thiic
quay hoiic lvu lrong Gt biing céng suit tuabin tinh toin

Hinh 2. Trinh tu tinh toan sy anh huong lén nhau cia cac bo phdn
trong quda trinh lam viéc trong dong co khi sit dung cac chwong trinh chuyén biét.
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Cach tiép can dau tién cho phép ban tinh toan quy trinh 1am viéc tai mi bo phan
trong chuong trinh phi hop nhét véi cai dat mo hinh va bo gii t6i wu va sir dung cac mo
hinh vat 1y thich phu hop nhat. Pidu nay dam bao mé hinh héa cac quy trinh tét hon va
yéu cAu it tai nguyén tinh toan hon, vi cac phan tir cia dong co dugc tinh toan riéng biét.
Nhuoc diém ctia phuong phép nay 1a can té chire trao doi dit liéu giita cac bo phan, ma
duoc mo hinh hoa trong cac chuong trinh khac nhau, didu nay phic tap do chung thudng
st dung cac dinh dang khac nhau dé mo ta dir liéu dau vao/dau ra va céc tinh chit cia
dbi tugng hoat dong. Ngoai ra, mdt bat lgi khac 1 anh hudng mot chiéu cta cac tham sd
ctia phan tir dén nut duoc phan bd phia dudi. Pé mo phong chinh thirc qua trinh 1am viéc
trong dong co trong cac chuong trinh khic nhau, can phai to chitc mot loat cac phép tinh
1ap di lap lai véi su tinh chinh 13p lai cac diéu kién bién [3].

Céch tiép can thir hai khong c6 nhitng nhuoc diém nay. Trong mot géi phan mém
CFD chung duy nhat, mot mé hinh tinh todn duoc tao, bao gdbm mdt s6 nut va trao do6i dir
lidu giita chung duoc to chirc dé dang bang cach st dung cac cong cu tiéu chuan cua
chuong trinh. Tuy nhién, trong trudng hop nay, cai dit moé hinh va doéi khi khong toi wu
cho méi nut [4].

Mot trong nhitng van dé chinh trong viéc 1ap mé hinh dong co 14 rang cac chuong
trinh CFD khong cung cip cic phuong tién tiéu chuan dé tu dong dam bao can bang
cong sudt trén roto clia dong co tuabin khi. Vi Iy do nay, can thiét, mot cach doc 1ap, thi
cong hodc sir dung mot chuong trinh con thuc hién thuat toan diéu khién, dé dat dugc sy
cén bang Ve cong sut clia may nén va tuabin bang cach hiéu chinh mirc tiéu thy nhién
liéu hodc téc do roto. Lua chon cua phuong phéap hi€u chinh mé phong dugc xac dinh
boi tity chon mé phong (mé phong hoat dong cia hé thdng diéu khién dong co): ¢d dinh
lru lugng nhién liéu khi thay do6i téc d6 vong quay hodc ¢ dinh vong quay khi thay doi
luu luong nhién ligu.
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Hinh 3. Trinh tu tinh toan sy anh huong lén nhau cia cac b phdn
trong qua trinh lam viéc dong co khi sur dung trong mot chuwong trinh.

Céc tham sb co ban cua dong co ding dé nghién ciru (day 1a dong co da duoc thiét ké
ché tao tai vién tén lira do phong dong co tuabin phan luc nghién ctru thiét ké va ché tao)
hinh 4. Bong co nay c6 cac thong so dac trung sau:
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- Ty sb nén, nk * =4,5;

- Nhiét do cua khi ¢ phia trude tuabin, Tg
*=1100 K;

- Luu luong khong khi GB = 0,756 kg / s;

- Luu luong nhién liéu G;= 0,013 kg / s;

- Toc d6 vong quay roto n = 72600 phut

- Puong kinh ngoai cua banh may nén
D2k =135 mm,;

- Buong kinh ngoai cua banh tuabin D2t -
=116 mm. Hinh 4. M6 hinh dong co tuabin c6 nho.

Viéc mo phong qua trinh lam viéc cua
dong co dugc thuc hién béng phﬁn mém ANSYS CFX, thuc hién theo so d6 mé ta & hinh
3. M6 hinh tinh toan bao gém cac mé hinh ludi duoc chuan bj trude cta thiét bi dau vao,
nén ly tdm, bd khuéch tan, buéng dot, tz‘ing chinh dong tuabin, tﬁng tuabin lam viéc va
loa phut. M6 hinh da khong tinh sy ton that chat long hoat dong va bd qua su truyén
nhiét giita dong chdy va thanh cuia duong dan dong.

Budng d6t

vao

Tuabin
May nén Loa phut
Hinh 5. Mdt cat ngodi ciia mé hinh tinh todn déng co.

Qua trinh d6t chay duoc mo phong bang cach sir dung mo hinh ti€u tan xody (Eddy
Dissipation), dua trén gia dinh ring phan tmg hoa hoc dién ra nhanh hon nhiéu so v&i
cac qua trinh chuyén giao trong dong chay. Sau khi nhién li¢u va khong khi dugc tron
lan, chung ngay lap tirc tao thanh cac san pham phéan Uig hoa hoc. Phan Umg chay chay
dua vao phuong trinh phan tng héa hoc sau:

JetA+17,750,=12C0O, + 11,5 H,0 + Q

Ap dung céc diéu kién bién sau d6i véi mo hinh dong co:

- O ctra vao ctia thiét bi vao — ap suét toan phan va nhiét d¢ 14 ciia huéng dong chay
truc giao; ) )

- Ap sudt ¢ cura ra cua loa phut 1a ap suat tinh;

- Téc d6 vong quay cua may nen va tuabin la mot;

- Luu luong nhién li¢u vao budng dot ¢ dang khi.

O giai doan dau tién, dong chay thu dugc trong dong co ma khong co nhién liéu dbt
chay trong buong dot. Sau do, gidi phap nay dugc s dung d€ khoi tao tinh toan cua qua
trinh c6 tinh dén qua trinh dot chay.

3. KET QUA TINH TOAN

M6 hinh dugc mo ta ¢ trén dugc st dung dé tinh toan dic tinh tiét luu cua dong co
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tuabin phan lyc trong diéu kién khi quyén tiéu chuan. Két qua cua viéc tinh toan, thu
duoc su Hhu thudc cua lyc day P, luu lugng khi qua dong co Gv va suat ti€u hao nhién
liéu cu thé Crieng, duoc trinh bay trong hinh 6.
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Hinh 6. Ddc tinh hoat dong cua dong co.

Qua trinh 1am viéc ctia cung mot dong co tuabin phan luc ché do bay dugc s dung
bang mo hinh nhiét dong khi dong duoc tao trong chuong trinh ASTRA [3]. Chuong
trinh nay cho phép ban danh gia cac tham s6 cua dong co dya trén cac dinh luét bao toan
va phan tich chu trinh nhiét dong luc hoc dong co [4]. Cac gia tri cua hé sb ton that va
hiéu suét cua cac nut trong tinh todn nhiét dong luc hoc duoc léy b'flng cac hé sb duoc
tinh bang cach sir dung CFD model.
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Hinh 7. Sw bién doi dp sudt toan phan theo dong chay.
Két qua tin,h todn nhiét dong luc hoc trong chuong trinh ASTRA duogc chi ra trén hinh
6. So sanh kég ql;é cua Rhép tinh nhiét dong luq hoc v&i dir 1i€u cua phép tinh CFD
chung ta co6 thé két luan rang két qua kha twong dong voi nhau. Chénh 1éch gitra cac két
qua thu dugc bang cac phuong phap khac nhau khong vugt qua 7%. Trén hinh 8 cho
thiy cac biéu do cta su thay ddi ap suat toan phan va nhiét do doc theo dong chay, thu
duoc bang cach stir dung cac mo hinh nhiét dong luc hoc va CFD.
Ttr d6 ching ta c6 thé két luan rang két qua ciia phép tinh CFD khong mau thuan VOl
ly thuyét lam viéc ctia dong co tuabin phan luc va mo hinh d6 co6 thé duoc str dung dé
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tinh toan cac tham sb ctia nd va mod phong trong trong cac diéu kién khac nhau. Tuy
nhién, so v61 m6 hinh nhiét dong luc hoc cho phép ban giai quyét cac van dé tuong tu,
mo hinh s dau cubi cia qua trinh lam viéc trong dong co cho phép ban tim gi4 tri cua
cac thong s6 luu luong tai tat ca cac diém ctia mién tinh toan, va khong chi trong cac
diém kiém tra (hinh 9, hinh 10). Ngoai ra, md hinh CFD cho phép tinh dén anh huong
ctia bat ky thong sé hinh hoc nao den cac déc tinh cua dong co.

™K
200 —
700 e ==
'

500 ¢ ] -
400 - 4 ( L“= = A

4 1

S L
300 — s T —]
200 — =S ===
100 —
0
B K r T C
= & = Theo tinh toin nhigt khi déng —=— Theo mé phing CFD

Hinh 8. S bién d6i Nhiét dj theo dong chay dong co.
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Hinh 10. S phdn bé nhiét dg trong dong co & ché do bay.
4. KET LUAN

Bai bao da trinh bay trinh tw cic budc ciia mot hudng tinh todn dong co khi tmg dung
cac phan mém nhu ansys va astra. Két qua tinh toan di chi ra ring vé6i viée st dung mod
hinh tinh to&n trén cac phan mém ansys va astra phu hop voi ban chat chat vat 1y va ly
thuyét tinh toan nhiét khi dong co. Két qua tinh toan sai léch khong qua 7% so v6i mod
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hinh tinh toan 1y thuyét. Tuy nhién, trong qué trinh tinh toan con st dung cac gia dinh.
Qua trinh sur dung va khoi tao phan mém Astra con gip nhidu kho khin. Mic du vay, tir
két qua m6 phong qua trinh lam viéc cua dong co tuabin khi cho ta thiy huéng di c6
nhiéu trién vong vi no cho phép ban mé phong anh huong 1an nhau cac bd phan dong co
lén nhau va kiém tra sy tac dong cua bat ky diéu kién hoat dong nao ciing nhu thay doi
hinh dang cta cac phan tir duong din dong chay trén cac dic tinh ciia dong co tuabin khi
va tat ca cac chi tiét thanh phan cta no. Tir 46, giup chung ta rat gon duoc qua trinh thiét
ké, giam chi phi ché tao mau va thir nghiém dong co.
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ABSTRACT

APPLICATION OF ANSYS AND ASTRA SOFTWARE IN CALCULATION
AND SIMULATION OF SMALL JET TURBINE ENGINE EQUIPPED
ON UNMANNED AERIAL VEHICLE

In the article, the method of using some software such as ansys, astra in
calculating and simulating the operation of small turbojet engines is presented. By
using ansys and astra software, we can simulate the flow in the motor, and at the
same time determine the influence of geometrical dimensions of different parts on
the flow in the motor. Calculation results help shorten the design process, optimize
calculation results, and reduce the cost of prototyping and engine testing.

Keywords: Jet turbine engine; Jet engine.
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