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Tém tit:

Dong co tua bin phan lywe mot truc, mét luong, co buong dét tang luc AL-21F dugc sir dung trén may bay chién diu
da lau, nhung & nwdéc ta cé it cac nghlen ciru vé dong co nay Bal bao tlep can tir ly thuyet hiéu chinh theo thuyet
minh ky thuat va thye té khai thac, két hop sir dung cac phan mém chuyén dung (Gasturb, GSP) dé tinh toan cac
thong so dgng co theo dic tinh toc d9, d cao va tiét lvu. Két qua thu dwgc cho thay, khi toc d9 bay ting Ién thi suit
tiéu hao nhién liéu ting lén tuyen tinh, trong khi lue day ciia dong co lic dau glam xuong va dat gia tri nhé nhit tai
M=0,3+0,5, sau do ting cho t6i gidi han toc d9. Khi ting dd cao, cac dic tinh toc do va tiét luu giir nguyén quy luit,
Iwe day giam xuong ciing nhw suit tiéu hao nhlen liéu tang l1én. Khi tang toc do quay roé to, luc day ting lén tuyen
tinh nhung suit tiéu hao nhién liéu giam dan va gan nhuw giir nguyen 6 vong quay trén 85%. Két qua tinh toan phu
hop voi khoang giéi han vin hanh thue té, cho phép hiéu sau vé qua trinh khai thac dong co' AL-21F néi riéng va
dong co tua bin phan lwe néi chung.

Tir khéa: dic tinh téc d9, dong co AL-21F, Gasturb, GSP, tiét Iuru.
Chi s6 phdn loai: 2.3

Mé dau v6i két cdu 1 truc nhung 2 may nén thap ap va cao ap cip
. . . en . \ ., khinén theo 2 ludng khac nhau téi budng ddt va budng tron
bong co AL-21F 1a loai dong co tua bin phan lyc c6 ‘h | g n & N | & d;
p e «en x L C £ ong tang luc) roi gdp chung qua miéng phun tao luc day.
buong dot tang luc va miéng phun di€u chinh ¢ moi ché do, ( £ ) & . ) ) g_pﬂ 7g q o £p P y
C A, Y S 2 Trong tinh toan ly thuyét chi cé cac tham so6 nhiét dong &
duogc lap trén may bay chién dau siéu am d¢ tao lyc day can R T ) o
2 n o ren A 2 o, ché d6 tinh toan tai mat dat (H=0) c6 su thay doi toc do
thiét. Tuy nhién, ¢ Viét Nam c6 khong nhiéu nghién ctru M<1). nh Kha han tich d h the do. d
\ <1), nhun on an tich dac tinh toc do, do cao va
ve ddc tinh van hanh cua dong co AL-21F phuc vu cho qua (, . ) g gkp . T L )
. L o tiét luu. Ngoai ra, phan mém dugc st dung 1a ASTRA cua
trinh khai thac cting nhu trong nghién cuu khoa hoc. ] P N N Lo .
Nga [2], chi cho két qua riéng phan buong dot ma khong cé
Cac dac tinh van hanh chinh cua dong co phan lyc bao  c4c thanh phan khac ciing nhu ctia ca dong co.
gdm tdc do, do cao va tiét luu, 1a cac thong tin quan trong N o o L P
. oz o o o Ngoai phuong phép tinh toan ly thuyét, trén thé gioi
hang dau dé di€u khién dong co. Pac tinh toc dg, do cao s R L N R
2 x R e L . ¢6 nhi€u phan mém tinh toan cac thong s6 nhiét dong, mo
biéu dién sy thay doi cac thong so chinh cua dong co vao , K oare A A R
s o o phong su bién doi cac thong so trong qua van hanh dong co.
dicu kién bay (van toc va do cao - nhiét do, ap suat va d6 am N L, ) o N ) L

Phan mém tinh todn, mdé phdng dong co tua bin khi hang

dau hién nay c6 thé ké toi nhu Gasturb (Dic), GSP (Trung
tam Hang khong Vi tryu Ha Lan), NPSS (NASA, M¥)... Mot
bdo céo tong quan ciia TH chirc nghién ctru va cong nghé

moi truong) tai mdi chuong trinh diéu khién dong co. Pic
tinh tiét luu 12 sy phu thudc céc thong s6 chinh cta dong co
(luc day, suat tidu hao nhién liéu...) vao cac thong s ché do

lam viéc (vi du tdc do quay 16 to).

Nghién ctru trong nudc co thé ké téi cong trinh cia
Bui Van Thuong (2016) [1], tac gia dd xay dung dac
tinh cac thanh phin dong co dua trén cic thong sé hinh
hoc bing phwong phap 1y thuyét va mé phong CFD
(Computational fluid dynamics). Mau dong co R95STM-300

*Tac gia lién hé: Email: thanhmbdc@gmail.com
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RTO (khdi NATO) vé linh vyuc md phong dong co tua bin
khi [3] ciing cho thiy su quan tam rat 16n cta cac nude tién
tién. Nhiéu phan mém chuyén dung déu c6 thé tinh toan tat
ca cac loai dong co, thong sb thiét ké hay dac tinh van hanh,
t6i wu hoa thiét k&, didu khién, chan doan, phan tich kiém tra
két hop cac thong s6 do dugc.
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Abstract:

The single-spool, single-thread, turbojet engine with
afterburner AL-21F has been used on fighter aircraft for a
long time, but there are few studies on this engine in Vietnam.
This article uses the theoretical approach, calibrates according
to the technical description and actual operation, combined
with specialised software such as GasTurb and GSP to
calculate engine thermodynamic parameters in some actual
flight conditions. The obtained results showed that, when the
flight speed increases, the specific fuel consumption increases
linearly, while the initial engine thrust decreases and reaches
the minimum value at M=0.3+0.5, then continue to increase
and reach the maximum at the speed limit. When increasing
the height, the speed and regulating spool speed of the engine
remain the same, the engine thrust decreases as well as the
specific fuel consumption increases. When increasing the rotor
rotation speed, the engine thrust increases linearly but the
specific fuel consumption decreases gradually and remains
almost the same at engine rpm above 85%. The results allowed
for a better understanding of the operating process of the AL-
21F engine in particular and turbojet engines in general or
used to build simulation models operating close to reality.

Keywords: engine AL-21F, Gasturb, GSP, off-design regime,
operating characteristics.

Classification number: 2.3

Bai b4o nay trinh bay két qua nghién ciru bang phwong
phap tinh toan 1y thuyét va img dung cac phin mém chuyén
dung (Gasturb, GSP) d& mé hinh hoa va mé phong dong co
AL-21F trong cac diéu kién van hanh khi c6 budng dt ting
lyc va khong tang luc.

Cau triic co ban cua dong co tua bin phan luc AL-21F

Pong co tua bin phan luc AL-21F (hinh 1) bao gf”)m 5
thanh phan chinh: may nén, budng ddt chinh, tua bin, budng
d6t tang lyc va miéng phun phan luc. Nguyén 1y lam viéc
nhu sau:
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- R6 to may nén, ro to tua bin kéo quay, hut khi vao may
nén, sau d6 cap khi vao budng dot chinh. Trong budng dot
chinh dién ra qua trinh chay lién tuc.

- Ludng khi chay c6 nhiét d6 cao, thdi tir budng dbt chinh
vao tua bin - hip thu mot phan dang ké ning lugng. Cong
ma tua bin nhan dugc duoc dung dé kéo quay may nén va
truyén cho cac may bo trg.

- Sau tua bin ludng khi chay, co ap suét 16n, théi vao
buong dot tang lyc va thoat ra khoi miéng phun voi toc do
vuot rat nhi€u so véi toc d khi vao dong co.

- Budng d6t tang lyc nam giita tua bin va miéng phun.
Khi bat ting lyc, nhién lidu cdp vao budng ddt ting luc,
chay bang 6xy co trong hdn hop khi chay sau khi ra khoi
tua bin. Khi d6 nhiét do trudc miéng phun tang 1én, lam
tang toc do dong khi khi ra khoi miéng phun va ting luc
day dong co.

Hinh 1. BPong co tua bin phan lwc AL-21F.

Tinh toan déc tinh van hanh cia déng co AL-21F
Tinh todn cdc thong sé vin hanh dong co theo Iy thuyét
Céc thong s s dung tinh toan (¢ ché do dinh mic)
dugc trinh bay ¢ bang 1.

Bang 1. Cac théng sé diu vao dé tinh toan cia déng co
AL-21F.

Théng s6 Gia tri
Nhiét ¢ moi truong tiéu chuin (K) T,=288
Ap sudt méi truong tidu chuén (Pa) p,=101.325
Ty s6 nén may nén n=14,5
Luong khi 16n nhit qua dong co (kg/s) G, =104
Ty s6 giam ap diu vao dong co p,/p,=0,99
Nhiét d sau budng dét (K) 1370
Hiéu Sult buﬁ”mg ddt 0,99

Hiéu suét tua bin 0,85

Hiéu suit may nén 0,85

Hiéu suét co gidi 0,99

Nhiét tri riéng (MJ/kg) 43

Nhiét d¢ sau tua bin (K) 1003-1043
Luc ddy & vong quay max (kG) 7800 (76,5 kN)
Suét tiéu hao nhién liéu (kg/kG.h) 0,88
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Céc cong thuc sir dung dé tinh toan tham khéo theo tai
lidu [4-8].

Nhiét do va ap suat moi truong: T, p,

Tai mat cét trude dong co:

-Ap suét toe‘mphﬁn: pu=puyx(1+02x MZ)% (1)
- Nhiét d¢ toan phan: T; = Ty x (1 + 0,2 x M?) )
Tai mit cét trudc may nén:

- Ap suét toan phén: p; = Ppi; X Orpy (3)
- Nhiét do toan phan: T; =Ty &)

Cong kéo quay may nén:

k-1
Lszfk1 x R x Tf x <—("") < 1> (5)

Nk
Vi T, Ny 1a ty sO nén va hiéu suat cua may nén.

Tai mat cét trude buf)ng ddt chinh:

- Ap suat toan phan: p; =p; X g (6)
- Nhiét d6 toan phin: T; = Ty + X (7)
m)(

Tai mit cit trudce tua bin:
- Ap suit toan phan: p3 = p5 X opp (®)
- Nhiét d6 toan phan: T; = 1370 K

Cong kéo quay tua bin:
_ Lk
T M X(1-gLm - gri) X (1 + gnL)

©)

trong do: n,, 1a hi¢u suét co gidi; g, 1a luu luong khi lam
mat twong ddi; g, 18 luu luwong trich khi twong dbi; g, la
lru lwong nhién liéu twong dbi.

Tai mat cét sau tua bin:

- Ap suét toan phan: p}, = :—§ (10)
- Nhiét d6 toan phan: T; = T3 - ATy (11)
Tai mit cat miéng phun:

- Ap suét tinh: Ps=Dpy (12)
-Ty sb gian no: Ty = E—Z X OBDTLKB (13)

voioy ., la ton that & buong dbt tang luc khi khong bat ting luc.

- Van tdc dong khi & miéng phun:

Cs =g X ZXV_leRth;x 1-— (14)
“MVF
trong d6, ¢, 12 h¢ s6 toc do ¢ miéng phun.

Luc day riéng cua dong co: P, = (1 + gy1) X Cs- Vi (15)

‘ LHORHOC [P

Luc diy cua dong co: P = P, X G

(16)
e on A A N ~ 3600XgNL
Suat tiéu hao nhién li€u cua dong co: C, = — (17)
Céc tham s6 chinh ctia dong co khi bat budng dét ting
luc:

- Tdc d6 thoat khi ra tir miéng phun:

;u (18)

[pZXGBDTL] ¥
PH

— Y *
Cor = @y, X 2><y_—1><Rt><TTL>< 1-

- Lyc day riéng tang luc: by, = (1+gy, +gun) X Cs- Vi (19)
(20)

- Suét tiéu hao nhién liéu tang luc: C,7=3600 X w (21)
TL

T.

- Lyc déy tang lyc: Pry =Py, X Gg

Tir cac cong thic trén, ing dung phan mém Mathcad dé
tinh toan cac thong s van hanh dong co AL-21F, sau d6
kiém chung va tiép tuc tinh toan bang cac phan mém chuyén
dung hi¢n dai trong linh vuc ddng co tua bin khi 1a Gasturb
va GSP dé tinh toan cac thong sb dong co theo déc tinh van
hanh, ché do diéu khién trong mot s6 diéu kién bay thuc té.

Tinh todan va mé phong bting phfin mém GSP

GSP 1a mot phin mém mé phong nhiét dong hoc tua bin
khi, thugc so hitu cta Trung tdm Hang khong Vi tru Ha
Lan. Nguoi ding c6 thé 1ap mo hinh hau nhu bat ky chu
trinh tua bin khi nao dé thiét ké, phan tich trang thai 6n dinh
hodc md phong khi diéu khién, bang cach sip xép két ndi
cac thanh ph?m dong co voinhau. GSP 1a mot cong cu manh
mé dé du doan hiéu suit va ca phéan tich diém thiét ké, cac
ché do van hanh va téi vu héa cac tham sé [9, 10].

Dé xdy dung mo hinh cta dong co tua bin phan luc
AL-21F trong GSP, trudc tién cic so d6 khdi riéng 1é ciia
céc thanh phan dong co tua bin phan lyc AL-21F (ctra nap,
may nén, buéng ddt, tua bin va voi phun) dugc lya chon
tuan tu theo cAu truc cua dong co.

Pé thuc hién hiéu suét nhiét dong va tham ) dong co,
cac phuong trinh tinh toan trudc do dugc thuc hién trong
c4c thanh phan tuong tng. Piu nay bao gdbm don vi va
mdi quan hé cua cac phwong trinh riéng 1é, thyc hién mo
hinh ddy du sau d6 ddu vao va diu ra cac bién da dugc
thiét 1ap, nhitng bién nay cudi cing can thiét cho mo
phong. Dit lidu lién quan st dung dé thiét 1ap mo phong
va tinh toan dugc thé hién ¢ bang 1. So db khdi ciia mo
hinh cudi cung thu duogc trong GSP dugc hién thi & hinh 2,
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Compressor ID stiing |c Unils|ﬁ|s Model ~ Calc.Nr. 2 ‘
Variable Geometry Deterioration Heat soak Heat sink Output Remarks
General Design Map Bleeds Vol.dynamics

Design rotor speed | 8400‘ [rpm] = [ 100.00‘ k4]
Design gear ralio 1.000| -]
Design pressure ratio -1
Design efficiency 0.840| [-] [ Polytiopic
Heat ransfer fraction -1 E xit static conditions
Specily | Area =
[] Disable massflow emor equation Area 5.0000 | [m?]

Hinh 2. M6 hinh GSP co’ ban ctia dong co tua bin phan lwc
AL-21F va vi du nhap théng sé vao khéi may nén Compressor.

Cancel Help

trong mdi khéi cac tham sb can thiét duge hiéu chinh phu
hop véi diéu kién dau vao.

Két qua tinh toan cac thong sd ciia dong co tua bin phan
luc AL-21F tai cidc mat cét bé‘mg phﬁn mém GSP duoc thé
hién ¢ bang 2.

Bang 2. Ifét qua tinh toan cac théng s6 nhiét dong dong co
AL-21F bang phan mem GSP.

) Thong s6 Luwulwong  Nhiét do Ap suit
Tiét dién (kg/s) X) (Pa)
Thiét bi vao 104,000 288,15 101.325
May nén 104,000 288,15 100.312
Trude budng dét 93,600 670,79 1.454.520
Sau budng ddt 95,507 1.370,00 1.338.159
Thiét bj ra 96,547 1.035,60 344775
Miéng phun 96,547 1.035,60 333.010

Tinh toan va mé phong b&ng phdn mém Gasturb

Phan mém Gasturb duoc phat trién boi J. Kurzke va 1.
Halliwell (2018) [11], 1 phan mém chuyén nghiép hang diu
dé tinh toan dic tinh tit ca cac loai dong co tua bin khi (tua
bin truc, phan lyc, phan lyc canh quat, dang 1-2 vién khi,
dang 1-3 truc, c6 hay khong co ting lyc...), ddng thoi c6 thé
giai quyét hau nhu moi bai toan tir thiét ké cho t6i van hanh,
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t6i uu hoa va diéu khién dong co. Gasturb duoc xay dung
cho cac ky su, nha quan ly, nghién clru va ca sinh vién nén
ciing rat thich hop 1am cong cu giang day trong méi truong
gi4o duc. Su khac biét chinh giita Gasturb v6i cac phan mém
tuong tu khac nam & giao dién dd hoa theo dinh hudng tac
vu va chét luong dd hoa vuot troi, tai liéu huéng dan ciing
nhu co so 1y thuyét c6 tinh hé théng cao. Diém khé khan khi
sir dung Gasturb ciing nhur GSP 13 toan bo hé thong ky hiéu
theo quy chuan My va phuong Téy, trong khi cac dong co va
ly thuyét hang khong ctia Viét Nam thuong theo chuin Nga
nén gay mot s6 kho khan ban dau khi st dung.

Khéc v6i GSP, ngudi dung lap ghép cac khdi thanh phan
khac nhau ctia mot dong co tiy ¥, Gasturb lai cung cip sin
hau nhu cac loai cdu hinh dong co trong thuc té. Doi véi
dong co phan lyc AL-21F 1a loai dong co mdt truc dugc
thé hién & hinh 3, cung voi cac vi tri mat cit duoc danh s
theo chuén qudc té, twong tng khi khong va co bat ché do

tang luc.
41
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Trich khi lam | Trich khi lam
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chiéu 5% quay 5%

(B) C6 bat tang lwc

Hinh 3. Mé hinh va cac tiét dién tinh toan thong sé bing
Gasturb.
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Bang 3. Két qua tinh toan thong s6 nhiét dong bang Gasturb.

) Thong s6 Luu lwong Nhiét do Ap suit
Tiét dién (kg/s) (K) (Pa)
Thiét bi vao 288,15 101.325
May nén 102,960 288,15 100.312
Sau méy nén 102,960 666,39 1.459.536
Trude budng dbt 92,664 666,93 1.459.536
Sau budng dot 94,536 1.370,00 1.357.368
Trude tua bin 99,684 1.336,50 1.357.368
Sau tua bin 104,832 985,43 303.767
Budng dét tang lyc 104,842 985,43 301.225
Thiét bi ra 105,578 2.000,00 293.041
Miéng phun 108,723 1.973,44 293.041

Sau khi chon cu hinh phu hop cua dong co, cac tham s6
trinh bay ¢ bang 1 da dugc nhdp vao chuong trinh. Sau do,
Gasturb tinh toan cac thong s6 van hanh (bang 3).

Két qua, cac thong sb tinh toan duoc kiém nghiém nhu
luc déy, suit tiéu hao nhién liéu, nhiét do sau tua bin béng
Mathcad theo 1y thuyét, bang cic phan mém chuyén dung
GSP va Gasturb déu phu hop véi tai liéu thuyét minh dong
co AL21-F (sai léch khong qué 5%). Trong d6, két qua tinh
bang Gasturb ¢6 phan chinh xac hon nén tiép tuc duoc st
dung tinh toan phan tich cac dac tinh van hanh dong co
(bang 4).

Bang 4. So sanh tham sé tinh toan va theo thuyét minh ky
thuat.

Mathcad GSP Gasturb
) Di léch Dj léch Di léch Thuyét
Thong so L. SOV . S0V . S0Vl minh ky
Gid thuyét minh Gid tr thuyét minh Gid tr thuyét minh thudt
K thugt T thugt ki thugt
Lyc ddy (kN) 7658 0,1% 8 225% 7673 03% 76,5
Sudt tiéu hao nhién ; . .
o (kghG 088 0% 087 1,14% 085 227% 0,38
Nigtdosa gy o1 - 667
may nén (K)
B L0025 0.48% L0356 325% 9854 175% 1003-1.043
tua bin (K)
Keét qua va ban luan

Tur d9 tin c@y cia mo hinh va cac két qua tinh toan, lya
chon phan mém Gasturb dé tiép tuc tinh toan, nghién ctru
cac dac tinh toc dg, do cao va tiét luu cua dong co.

O cac diéu kién bay khac nhau, thi luc day, luc day riéng
va suét tiéu hao nhién liéu s& khac nhau, do su thay ddi cua
luu lugng khong khi, mat do khong khi moéi truong thay
ddi. Hon nita, ngay ca khi dong co hoat dong ¢ téc do quay
c6 dinh, ty s6 T/T, s& thay doi theo huéng lam ting hiéu
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sudt dong co. Trén hinh 4 1a dd thi thé hién su phu thudc ctia
cac thong sb luc ddy, luc ddy riéng va sudt tiéu hao nhién
liéu ctia dong co AL-21F theo dd cao bay. Khi d§ cao bay
tang 1én H=0+8.000 m thi suat tiéu hao nhién liéu & budng
d6t chinh giam dén, khi tiép tuc ting d6 cao H>8.000 m thi
sudt tiéu hao nhién liéu ting chdm. Luc day riéng cia dong
co tang dan khi ting do cao. Lyc diy cua dong co giam gan
nhu tuyén tinh khi tang d¢ cao bay. Ngoai ra, trén hinh 5
cling thé hién chu trinh nhiét dong cua dong co tai do cao
10.000 m.
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Hinh 4. Sw thay déi ctia lwc day, lwc day riéng va suéat tiéu hao
nhién liéu ctia dong co’ theo dé cao bay (Gasturb).
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Hinh 5. Biéu dd T-s & 10.000 m (Gasturb).

Hinh 6 thé hién su phu thudc cia luc déy va suét tiéu
hao nhién li¢u theo nhiét 46 moi truong khi ting do cao bay.
Trong tang d6i luu khi d6 cao ting thi nhiét 46 méi truong
giam theo cong thirc (2). Trén dd thi hinh 6 cho thiy, khi
d6 cao bay ting thi suét tiéu hao nhién liéu giam dan va luc
day cuia dong co ting dan 1én, didu nay dic biét c6 loi dbi
voi linh vuc hang khong dan dung thuong bay & d6 cao phia
trén clia tang ddi luu it bi anh huong boi diéu kién khi hau
va tiét kiém duge lugng nhién li€u khi bay dudong dai trong
thoi gian lau.
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Hinh 6. Sy phu thugc cua lyc day dong co’ va suét tiéu hao
nhién liéu theo sw bién dbi cua nhiét do khi dé cao bay thay
déi (Gasturb).

Hinh 7 thé hién su phu thudc ctua cac thong sb ty )
giam ap trén tua bin, hiéu suét nhiét, luc déy va suit tiéu
hao nhién liéu cia dong co theo sy thay doi s6 Mach. Trong
qué trinh ting/giam tdc do bay theo ché do van hanh gia
dinh ndm trong giéi han an toan, cic thong sb cua dong
co thay ddi lién tuc va tuan theo quy luat. Khi téc do bay
tang 1én thi hiéu suét nhiét va ty sé giam ap trén tua bin déu
giam dan theo tc do bay. Khi tbc d6 bay ting 1én thi luc
day cta dong co lac ddu giam xudng va dat gia tri nho nhat
tai M=0,3+0,5. Sau d0, khi tiép tuc tang tde do bay thi lyc
day bat dau tang 1én va dat gia tri 16n nhét tai cac toc d6 bay
vuot am M=1,2. Suét tiéu hao nhién liéu & budng dbt chinh
tang 1én tuyén tinh khi ting toc do bay.
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Hinh 7. Sy phu thudc cta ty s6 giam ap trén tua bin, hiéu suat
nhiét, lwc day va suét tiéu hao nhién liéu déng co’ vao téc dd
bay (Gasturb).

Hinh 8 thé hién sy anh hudng cua toc do va do cao bay
t6i luc ddy cua dong co AL-21F. Khi téc do bay ting 1én
thi luc diy luc dau giam xudng va dat gia tri nho nhét tai
M=0,3+0,5. Sau dé, khi tiép tuc ting toc do bay thi luc diy
bt dau tang 1én va dat gia tri 16n nhét tai cac toc do bay vuot
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am M=1,2. Mic du hiéu suét nhiét cia dong co tang 1én khi
nhi¢t d6 moi truong giam theo do cao, nhung cang 1én cao
mat do khong khi cang giam, dan t6i luu lwong khong khi
vao dong co ciing giam theo hay luyc ddy ciing s& giam
xudng theo do cao bay.
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Hinh 8. Sw thay déi cta lwc day theo téc dé va doé cao bay
(Gasturb).

Hinh 9 thé hién dic tinh tiét luu, tic sy phu thudc cua
cac thong s6 suét tiéu hao nhién liéu, luc déy cua dong co va
ty s6 giam 4p sau tua bin cua dong co AL-21F theo su thay
d6i vong quay dong co. Khi vong quay dong co ting lén thi
suét tiéu hao nhién liéu giam dén theo sy ting toc do vong
quay dong co, thay doi rit nho khi vong quay 16n hon 85%
va suat tiéu hao nhién liéu dat nho nhét khi toc d6 vong quay
dong co & khoang 93%. Luc day ciia dong co ting dan theo
su ting ctia vong quay dong co. Ty sb giam ap sau tua bin
tang dan khi tang toc d6 dong co va khong thay doi khi vong
quay dong co dat gia tri 1én hon 85%.
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Hinh 9. Sv phu thudc cua suét tiéu hao nhién liéu, lwc day

dong co va ty s6 giam ap sau tua bin vao vong quay ctia dong
co (Gasturb).
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Hinh 10 thé hién biéu d0 dic trung ctia dong co 1a phy
thudc cuia luc déy dong co vao tde do may bay (M) va do
cao bay cho thdy cac giGi han thong sb dong co theo cac ché
d6 van hanh khac nhau. Trong diéu kién thyc té, bat cir ché
d6 bay nao déu phai ndm trong gidi han trong biéu do nay,
moi c¢b ging van hanh nim ngoai giéi han déu c6 thé khong
thuc hién duoc hodc din téi su cb.

Lurc déy [kN]
18000

16000

Do cao [m]

08 1,0
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Hinh 10. Biéu dé déc trwng cua dong co theo s6 Mach va do
cao bay (Gasturb).

Keét luan

Bai bdo da trinh bay cac két qua nghién ctru dic tinh
van hanh dong co tua bin phan lyc c6 budng ddt ting luc
AL-21F bang tinh toan ly thuyét va mé phong bang céac
phan mém chuyén dung. Cac két qua tinh theo cac phuong
phap khac nhau déu pht hop véi thuyét minh k¥ thuat, cho
thiy muc do tin cdy dam bao. Pay 1a tién d& va 1a co so dir
lidu dé phat trién mé hinh toan hoc cho phan mém va thiét
bi m6 phong dong co cho muc tiéu dao tao va huén luyén sat
v&i thue té van hanh trong cac diéu kién & cac moi truong va
quaé trinh khai thac van hanh khac nhau.

JHOAHOC . -

TAI LIEU THAM KHAO

[1] Bai Van Thuéng (2016), Nghién ciru xdc dinh cdc tham sé nhiét
dong luc hoc cua dong co tua bin phan luc trén co so xac dinh cdc kich
thude hinh hoc, Luan an tién sy ky thuat, Hoc vién Ky thuat Quan su,
132tr.

[2] .M. Kpynenuy, et al. (2006), Automated System of Gas Turbine
Engines Termogazdynamic Calculation and Analysis, Samara State
Aerospace University, Russia, 7pp (in Russian).

[3] North Atlantic Treaty Organisation (2002), RTO NATO Technical
Report 44 - Performance Prediction and Simulation of Gas Turbine
Engine Operation, 356pp.

[4] A.b. Aryneauk (2002), Thermogasdynamic Calculations and
Calculation of the Characteristics of Aviation Gas Turbine Engines,
Moscow Aviation Institute, 4pp (in Russian).

[5] B.W. bakynes (2000), Calculation of Altitude-Speed and Throttle
Characteristics of Turbojet Engines and Turbofan Engines, Moscow
Aviation Institute, 60pp (in Russian).

[6] AJL. Kustukun (1967), Performance Characteristics of Aircraft
Gas Turbine Engines, Transport Engineering, Transport Publishing
House, 196pp, https://www.studmed.ru/klyachkin-a-1-ekspluatacionnye-
harakteristiki-aviacionnyh-gazoturbinnyh-dvigateley e6fdla0alfd.html.

[7]1 A.I. Bonos, et al. (2007), Research of Operational Characteristics
of Gas Turbine Engines Part 2. Aircraft Power Plants - Collection of
Laboratory Works, Moscow Aviation Institute, 57pp (in Russian).

[8] A.A. I'puropbeB (2007), Theory, Calculation and Design of
Aircraft Engines and Power Plants, University of Perm, 368pp (in
Russian).

[9] E. Thirunavukarasu (2013), Modeling and Simulation Study of A
Dynamic Gas Turbine System In A Virtual Test Bed Environment, Master
thesis, The University of South Carolina, 123pp.

[10] H. Gazzetta Jr, C. Bringhenti, J.R. Barbosa, J.T. Tomita (2017),
“Real-time gas turbine model for performance simulations”, Journal of
Aerospace Technology and Management, 9(3), pp.346-356.

[11] J. Kurzke, 1. Halliwell (2018), Propulsion and Power - An
Exploration of Gas Turbine Performance Modeling, Springer Nature,
779pp.



