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NGHIEN CUU TRUONG UNG SUAT BANH CONG TAC
TANG PAU TIEN MAY NEN PONG CO TUA BIN KHI TV3-117
BANG MO PHONG SO

Lé Tién Dwong'”, Vii Pirc Manh®, Nguyén Qudc Quan’, Lwong Pinh Thil
Wién Co khi dong luc, Truong Pai hoc Ky thudt Lé Quy Don

Tém tit

Bai bao trinh bay két qua tinh toan truong Ung sudt banh cong tic tang may nén bang
phuong phép tuong tac chat lvu-két cau mot chidu (FSI), tir d6 xac dinh ving tap trung tmg
sut va hé sb an toan bén ciia banh cong tac. Két qua tinh toan bang phin mém Ansys xéac
dinh dugc tai khu vuc lung gﬁn chén canh, khu vuc khéa cénh va dia 1a noi tép trung ung
suét. Tai cac khu vuc tap trung tng suat nhu phan khoa ¢ dia va phan lung canh c6 hé s an
toan bén nho nhat nhung déu dat trén 2,27. Két qua tinh toan 1a co so tiép tuc nghién ciru vé
truong (mg sudt banh cong tac bang phuong phap FSI hai chiéu va dwa ra khuyén cao dé t6i
wu trudng Gmg suét tap trung trén dia may nén.

Tir khéa: May nén; canh cong tac; banh cong tac; van téc; dp sudt; img sudt.

1. Mé dau

bong co TV3-117 1a dong co tua bin khi (BPCTBK) dugc sir dung rong rai trén cac
bién thé ctia dong truc thang Mi do Nga san xuat. PCTBK lam viéc trong diéu kién khac
nghiét véi toc do quay 16n, nhiét do cao, tai trong I6n. May nén 1a mét trong cac thanh
phan dic biét quan trong cia DPCTBK.

Hinh 1. May nén doc truc dong co TV3-117
1 - dia banh cong tac tang dau; 2 - canh cong tac tang dau.
Véi cac dong co hién dai ngay nay nhu dong co TV3-117, trong qué trinh khai thac,
may nén co thé dat téi van téc quay ti 20000 vong/phut [1], do vay cac banh cong tac
may nén phai chiu lyc ly tam rat I6n. Ngoai ra, cac canh cong tac cia may nén ciing phai
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chiu tic dong bai dong khi luu thong, chiing gay nén cac mé men udn va méd men vin tac
d6ng 1én than canh cong tac, tir d6 tac dong 1én dia may nén, tao nén trudng tng sut phic
tap cua banh cong tac may nén.

Nghién ctru cia Melvin Preetham Samson [2] da st dung phuwong phéap phan tir hitu
han dé tinh toan &ng suat trén canh may nén khi quay vai cac tbe do khac nhau, tuy nhién
tac gia chi tinh trudng ng suat cia riéng canh ma chwa tinh téi phan dia banh cong tac.
Trong [3], Rakesh da nghién ciu treong ¢ng suat véi mé hinh banh cong tac tua bin, &
day tac gia da coi canh tua bin duoc gan lién voi dia tua bin (blisk), nhu vay tng suit &
céc khu vuc lién két gitra canh va dia d bi bo qua.

Trong cac nghién ciu caa Witek va ddng nghiép [4, 5], ta thiy trong qua trinh hoat
dong cua dong co co thé xay ra cac hu hong, khuyét tat do su tac dong cia cac vat thé la
lén canh may nén tang dau tién. Cac hu hong nay co thé 1a vét 1I6m & mép dau vao, vét
rach & dau ra hay cac dau vét hu hong hinh dang phuc tap & trén than canh. Cac hu hong
nay anh hudng truc tiép toi sw phan bd tng sut trén than canh, anh huong t6i tan sé dao
dong riéng caa canh cdng tac, tir d6 anh huong ti do bén caa canh. Trong cac nghién ctu
nay, C&c tac gia chi thuc hién thuc nghiém vé rung dong va mé phong riéng canh cong tac

ma chua c6 vai tro cia dia banh cong tac.

vét nirt

Hinh 2. Mét s6 huw hong canh may nén tang dau tién PCTBK [4, 6].

Trong cac nghién ciru cia Mokaberi [6], Kwon [7], Park [8] va cac dong nghiép, ta
thdy cac nghién ctiru dut gay canh cong tic may nén & cac vi tri khac nhau, dién hinh 1a
khu vyc dut gdy canh ¢ khoang 1/4 t6i 1/3 do dai than cénh tinh tir chan. Ngoai ra, cac
nghién ctiu cAu trdc té vi cho ta thiy trong qué trinh hoat dong cua canh may nén, xuat
hién cac hu hong & cac khu vuc trén bé mat. Diéu nay rd rang s& anh huong toi do bén
cua canh néu cac khu vuc hu hong cau tric té vi nay 1a cac khu vuc tap trung (g suat
nhu céac tac gia da chi ra trong nghién ctu ctia minh khi c6 cac dat gdy canh cong téac,
canh din huéng ¢ cac ting phia sau ciia may nén.
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Bai bao hudng téi md phong nghién ctru truong Gng suat cua banh cong tac may
nén dudi tc dung cua luc khi thé cua dong khi chay trong phan luu théng cia may nén va
lyc ly tdm do téc do quay cua béanh cong tac, khi tinh t6i khu vuc lién két gitra canh va
dia. Viéc tinh toan moé phong nay giup xac dinh cac khu vuc tap trung Gng suat trén than
canh cong tac va trén dia, qua d6 phén tich két qua va xac dinh duoc hé sb an toan bén
ctia banh cong tic may nén trong diéu kién tinh toan tinh. Ngoai ra, trong nghién cau nay
sir dung phuong phép tinh toan tuong tac chit luu-két cAu mot chiéu FSI (Fluid-Structure
Interaction) [9] dé x4c dinh truong Gng suat, hé s6 an toan bén banh céng tdc may nén
dong co TV3-117. Pay l1a phuong phap rat hiru ich trong viéc tinh toan truong tng suat
Cta banh cong tac may nén, khi nd cho phép cung lic tinh toan tic dong kép cua luc khi
thé va luc ly tdm tac dung 1én canh cong tac. Thong thuong trong cac nghién ctiu khac,
theo md hinh kinh dién thi viéc tinh toan truong (g suat banh céng tac may nén chi do
tac dung cua luc ly tam; hodc do tac dung cua luc ly tam va luc khi thé phan bb déu trén
bé mat canh cong tac (tinh luc khi thé theo ly thuyét va liy lam diéu kién bién). Trong khi
d6, ap suat cua dong khi chay qua banh cong tac tc dung 1én canh thay doi theo chiéu cao
canh va theo bién dang canh, nhu vay ap luc cua khi thé 1én canh & cac vi tri khac nhau 13
khong nhu nhau. Viéc ¢ng dung FSI gitp xac dinh trudng &p suat tac dung lén céanh tai
moi Vi tri trén canh (tong hop lai 12 luc khi thé), khi d6 cung véi luc ly tam quay caa banh
cong tac tao nén truong &g sut thuc cia banh cong tac. Piéu nay giup ngudi nghién ciu
c6 cé&i nhin khach quan, téng thé hon vé truong (ng suat cua banh cong tac, dac biét tai
C4cC Vi tri c6 tap trung tng suat. Ngoai ra, FSI hai chiéu con xac dinh duoc chuyén vi caa
canh cdng tac, chuyén vi nay tac dung nguoc lai téi cac théng sb cua dong luu thong qua
may nén (bao gom 4&p suat khi thé) va lai mot lan nita phan bd &p suat méi anh huong téi
truong tng suat caa banh cdng tac. Tuy nhién, trong bai bao nay, cac tac gia chi ding lai
& viéc sir dung FSI mot chiéu nghién ciru tredng ang suat banh cong tac, cac nghién cau
tiép theo vé banh cong tdc may nén s& duoc sir dung FSI hai chiéu.

2. Xay dwng mo hinh mé phéng
2.1. Xay dwng mo hinh hinh hec banh cong tdc may nén

Hinh 3 thé hién md hinh ciia banh cong tac tang may nén dong co TV3-117, bao
gom 37 canh cong tac lap trén dia. Dé thuan tién cho tinh toan, mé phong thi banh cong
tac dugc cit ra theo cung voi mot canh cong tac gén trén phan dia twong ng [9], véi gia
thiét rang dong khi luu thong qua banh cong tac chay déu qua cac canh va vai tro ciia cac
canh trong banh cong tac 13 nhu nhau, ddng déu vé khdi lugng va cac thdng sé hinh hoc
khéc. Viéc nay van dam bao viéc tinh todan md phong céc thong sé cua dong khi chay
trong phan luu théng ciia banh cong tac, cac luc khi thé tac dung 1én canh (4p suét caa
dong khi 1&n cac bé mat canh). Khi ndy 2 bé mit phan cung cia dia bi cat s& duoc coi nhu
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la 2 mat bién chuyén tiép, dugc gan véi hé truc toa do tru, véi truc quay cua toa do tru
tring Véi truc caa dong co va 2 bé mit ¢ sy chuyén vi nhu nhau [9]. Nhu vay, viéc tinh
toan truong (ng suét trén cung 1/37 banh cong tac twong dwong viée tinh toan truong tng
suét trén banh cong tac ddy du (véi cac gia thiét nhu & trén).

0.050 0.100(m)
—

Hinh 3. M6 hinh banh cong tac tang mdy nén déng co TV3-117
a) Mat trudc; b) Mat sau; ¢) 1/37 banh cong tac.

2.2. Xay dwng md hinh mé phéng

Hinh 4 thé hién phuong phap tinh toan mé phong FSI mét chidu trong méi truong
Ansys Workbench, tinh toan khi dong hoc dwoc thyc hién trong phan mém CFX. Phan b
&p suat cua dong khi trén bién dang canh 1a két qua cua tinh toan khi dong 1a diéu kién
bién v& lyc khi thé cua tinh toan truong &ng suat banh cong tac may nén trong phan mém
Static Structural.

- A v| B lV| C v D
2 |m Geometry v a2 |m TuboMesh + - a2 |a setp v ?|Q Engincoring Data
Geometry TurboGrid 3 | Solution 4 _3 |m Geametry v d
4@ ress v, N/ 4|@ odd v .
CFX ~a5 |§8 senp ¥ d
8 |@3 Solusen 4
7@ Results v .

Static Structural

Hinh 4. M6 hinh tinh toan FSI trong Ansys Workbench.

Trong tinh todn mod phong khi dong hoc, mé hinh dwogc chia ludi cau tric dang
0-H-0 véi luéi luc dién (Hinh 5) vi c6 wu diém so vai cac dang ludi con lai 1a giam duoc
s6 lugng phan tir, s6 lugng duong va mit khi chia ludi, cac phan tir di theo mot dong nhat
dinh, chat luwong hinh hoc ludi t6t hon, nhd d6 c6 thé giam dwoc thoi gian tinh toan va
giam sai s6 trong qua trinh tinh toan [9]. Phan ludi st bién dang canh duoc chia nho hon
cling véi cac 1p bién dé dam bao d6 chinh xéac cia mod phong.
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b)
Hinh 5. M6 hinh chia luéi cdnh céng tAc may nén TV3-117
a) Ludi tong the; b) Ludi tai mat cat va tai ving bién dang cénh.

Céc diéu kién bién duoc thiét 1ap tuong Gng voi cac vi tri thé hién & hinh 6.
Thiét lap diéu kién bién md phong & ché do ct canh, day 1a ché do hoat dong cuong do
cao nhat ciia dong co, khi dugc lya chon cho tinh toan 1a khong khi ¢ 20°C, véi 4p suat
toan phan, nhiét d6 toan phan tai dau vao, van tdc quay cua may nén twong (ng Véi
19762,16 vong/phut, Iuu lugng khdng khi Gk = 8,85 kg/s tai dau ra ciia tang may nén. Mo
hinh ri SST k-¢ (shear stress transports). Piéu kién giai dugc dat véi budc thoi gian tu
dong; diéu kién hoi tu 1.e-4 hoac trung binh binh phuong RMS = 1% (root mean square)
hoic sai $6 luu luong khdng khi 1%, tiy thude vao didu kién nao téi trudc.

oL

= = o 4
O

Hinh 6. Cdc diéu kién bién cia bai toan mé phéng khi dong
1 - Pau vao may nén; 2 - Pau ra may nén; 3 - Vanh ngoai phan lueu thong (mdt dinh cénh);
4 - Vanh trong phan heu théng (mat goc canh); 5 - Hai mat bién chuyén tiép (doi ximng).
Dé dam bao két qua tinh toan dat chat luong, c4c tac gia da tién hanh nghién cau
anh huong cua s luong ludi t6i két qua tinh ton. Két qua thé hién nhu ¢ hinh 7.
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Hinh 7. Anh hurong ciia sé lwong i t6i &p sudt toan phan tai dau ra canh cong tac.

Nhu vay, ta thdy khi s6 luong luéi dat toi trén 100000 téi gan 230000 thi &p suat
toan phéan sau canh cong tac may nén thay doi rat it, dé thuan tién cho tinh toan, nhém tac
gia lya chon s6 lugng Iudi cho tinh toan 1a 137662, tuong tng Véi s6 ndt chia 125754,

(@) (b)

Hinh 8. M6 hinh chia hedi va diéu kién bién trong Static Structural.

Trong tinh toan trudng Gng suat, md hinh nay lva chon dang lugi ta dién
(tetrahedral) (Hinh 8a), s6 phan tir 14 182918 va sé nut chia 1a 298223. Piéu kién bién:
Phan bd ap suat trén canh may nén (C la két qua cua tinh toan CFX); van téc quay
n = 19762,16 vong/phut; ¢ dinh dia, gin véi hé truc toa do tru tuan hoan (B) (Hinh 8b),
nhu d noi & trén, viéc nay dam bao viéc tinh toan trudng ang suit trén cung 1/37 tuong
duong viéc tinh toan trén toan bo banh cdng tac. Vat liéu ché tao banh cong tac 1a cac
hop kim titan: vat liéu canh 12 VT-5, vat liéu dia 1a VT-8. Céc tinh chét caa vat liéu nay
duogc dua ra trong bang 1.
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Bang 1. Tinh chdt cua hop kim VT-5 va VT-8 [10-12]

STT Vit liéu VT-5 VT-8
1 | Khéi lugng riéng (kg/m?) 4425 4520
2 | Ung suat bén (MPa) 735 930
3 | Gisi han nhiét (°C) 450 480

3. Két qua tinh toan md phéng

Trén hinh 9 thé hién phan bd van téc dong chay bao quanh canh may nén & giira
canh, nhan thiy dong khi chay bao déu phan bién dang canh, khong c6 hién tugng v
dong, diéu nay dam bao hiéu suét ciia may nén.

. 4.293e+02
3.220e+02
2.147e+02

- 1.073e+02

I '
0.000e+00 .,

[m s-1]

Hinh 9. Phan bé vdn toc dong chay quanh canh méy nén.

Phan b &p suat trén bé mat canh va trong phan luu thong thé hién trén hinh 10.

. 1.554e+05
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+1.257e+05
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Hinh 10. Phan bé &p sudt trén bé mdt canh va ap suat dong khi tai mdt cat trung binh cuia canh.
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Hinh 11. Phan bé &p sudt theo bién dang ¢ giiza canh.

Theo hinh 11, ta thdy 4p suat cia dong khi tao ra ddi véi canh may nén thay doi
theo bién dang cua canh. Tai vi tri mat phia trudc canh may nén, noi tiép xuc véi dong khi
dau tién, s& co ap suat 16n nhat va s& giam dan theo bién dang vé phia cudi canh, ap suét
dong khi & mat bung cénh cao hon phia mit lung canh, phan b nay hoan toan phi hop
vai cdc nghién ctru dugc dua ra trong [10-12].

0,55597
0,37065
0,18532

Hinh 12. Bién dang banh cong tac may nén.

Ta nhan thay bién dang chu yéu xuat hién & canh cong tac, bién dang nay c6 dang
tuyén tinh, tang dan tir chan canh Ién téi dinh canh (Hinh 12). Do déy 1a bai toan tinh nén
bién dang canh cha yéu l1a do lyc ly tam tac dong Ién canh, bién dang nay rat quan trong
12
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cho viéc tinh toén, thiét ké vo may nén dé kiém soét ro lot khi qua phan khe hé giira vo va
dau mat canh trong qua trinh hoat dong cia dong co, khe hé nay anh huéng rat 16n toi
hiéu suat caa may nén va anh huong toi hiéu suit caa ca dong co [11, 12].

408,42 Max

. 363,05
317,68

mm 27231

226,94
o 181,57
136,2
90,825
I 45,454
0,082717 Min

MPa

Hinh 13. Ung sudt tai mét phan cuia banh cong tac va ing sudt tap trung tai dia mdy nén.

295,76 Max
2629
230,05
1972

164,35
131,49
98,641
65,788
32,935
0,082717 Min
MPa

a) b)
Hinh 14. Ung sudt trén canh may nén tai bung canh (a) va lung canh (b).

Theo hinh 13 va 14 ta thiy, khi may nén hoat dong tai ché do tinh toan tng suét l6n
nhét tap trung tai phan lién két giita dia cd dinh canh may nén, phan lung phia gan chan
canh va phan dudi én cuia canh, tai dia Gng suat tap trung 16n nhat dat duoc 408,42 MPa
va phan lung phia gin chan canh dat duoc 12 295,76 MPa. Ung suét tap trung tai khu vuc
ranh khoa cua banh cong tac, ca tir phia dia va phan dudi én, & ddy @ng suat tap trung tai
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céc khu vuc cd su chuyén tiép véi céc ban kinh cong. Tur két qua nay c6 thé tién hanh cac
bién phap téi wu ng suat tap trung & céc khu vuc bang cch ting ban kinh goc luon cua
cac mién chuyén tiép dé giam wng suét tap trung va ting hé s6 an toan bén. Trén cénh
may nén, tng suit tap trung ¢ phan giita cua lung, noi gan véi gbc canh, chiém toi
khoang 1/4 chiéu cao cuia canh va giam dan tir gitra ra hai bén va tir dui 18n phia trén.

Két qua hé s6 an toan bén banh cong tac thé hién trén hinh 15 va 16 cho thay tai cac
noi tng suét tap trung thi hé s an toan bén 1a nho nhit, dién hinh 1a tai phan khda & dia
va phan lung canh, hé sb an toan bén dat mac tir 2,27 & dia va dat tir 2,3 & canh cong tac.
Pay ciing 1a khu vuc can tap trung nghién ciru dé cai thién do bén cua banh cong tac.

15 Max
10

2,3 Min

Hinh 15. Hé s¢ an toan bén banh cong tac.

F: Stress blades
Safety Factor disk
Type: Safety Factor
Time: 1

15 Max
m.

2,2771 Min
0

Hinh 16. Hé so an toan bén dia banh céng tdc.
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4. Két luan

Nghién ctru da thuc hién tinh todn mé phong twong tic mot chiéu FSI, xac dinh
truedng van toc, truong &p suat dong khi chay bao quanh canh may nén va trudng tng suat
banh cong tac may nén DPCTBK TV3-117. Pay la phuong phap mo phong tinh toan phu
hop dé thuc hién tinh toan cho céc thanh phan stato va ré-to cia DPCTBK.

Két qua md phong khi dong hoc 14 dau vao cua tinh toan trudng @ng suat banh cong
tac, qua tinh toan do bén béanh cdng tac thi hé sé an toan bén banh cong tac dat 2,27 tro
1én, hé s6 nay dam bao d6 bén theo cac gi4o trinh [10, 11] la trén 1,5.

Két qua md phong da xac dinh dwoc vi tri tng suat tap trung tai dia may nén, gidp
ich cho viéc cai tién va tdi vu két cAu dia, tir d6 tdi vu héa hé sb an toan bén dia banh
cong tac va banh cong tac may nén. Can tang ban kinh goc luon tai vi tri khoa trén dia.

M6 phong nay cd thé sir dung dé tinh todn md phong anh huéng cua bién dang,
khuyét tat t6i truong Gng suat banh cong tac. Ngoai ra, md phong nay 1a co so dé tinh
toan tuong tac FSI hai chidu va t6i vu truong van toc, trudng ap suat va trudng ang Suat
banh cbng tac may nen.
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THE STRESS FIELD OF THE FIRST STAGE COMPRESSOR
IMPELLER OF THE TV3-117 GAS TURBINE ENGINE
USING NUMERICAL SIMULATION

Abstract: This article presents the results of stress field calculations for the first stage
compressor impeller using the one-way fluid-structure interaction (FSI) method, which helps
determine stress concentration zones and safety factors. Numerical analysis conducted with
Ansys software reveals that stress concentration occurs near the blade root on the suction side
and within the blade lock-disc zone. In these stress concentration zones, such as the blade lock-
disc zone and blade suction side, the minimum safety factor is found to be above 2.27. These
findings serve as a foundation for future research on impeller stress fields using two-way FSI
methods and for providing recommendations to optimize the stress concentration field in the
compressor disc.

Keywords: Compressor; rotor blade; impeller; velocity; pressure; stress.
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