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TOM TAT

Nghién ciru trinh bay anh hwéng khi ddng cia cdu triic khoang 1om két hop gan dau miit ld
canh tuabin hwéng truc théng qua mé phéng CED sir dung mé hinh réi k- SST. Cdc tham sé hinh
hoc nhir chiéu sau khoang (h), dé day gan (w), va sé lwong gan (v) dwoc khdo sat dé danh gid hiéu
qua giam dong ro ri va cdi thién hiéu sudt doan nhiét. Két qua nghién civu cho thdy viéc sir dung
cdc cdu triic khoang 16m dau miit két hop gan mang lai sy cdi thién vé hiéu sudt tang tuabin, cong
sudt dau ra ciing nhuw giam thiéu heu lirong dong ro ri qua dau miit ld canh, lam giam bot ton that,

giam bot tai nhiét trén vung dau muit, giup lda canh hoat dong bén hon trong diéu kién nhiét do cao.

Tir khoa: Khoang lom; Gan dau mit; Tuabin hudng truc; Dong ro ri; CFD; k-w SST: Hiéu

suat; Cong sudt dau ra; Tdi nhiét.
ABSTRACT

The study presents the aerodynamic effects of concave cavity structures combined with
ribs of axial turbine blades through CFD simulation using k- SST turbulence model. Geometric
parameters such as cavity depth (h), rib thickness (w), and number of ribs (r) are investigated
to evaluate the effectiveness of reducing leakage flow and improving adiabatic efficiency. The
research results show that the use of concave cavity structures combined with ribbed tip brings
about improvement in turbine stage efficiency, output power as well as minimizing leakage flow
through blade tip, reducing losses, reducing heat load on the tip region, helping the blades operate
more durably under high temperature conditions.

Keywords: Gas turbine blades; Concave cavity structures; Leakage flow;, CFD; Turbine
stage efficiency,; Output power; Heat load.
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1. MO PAU

Trong dong co tuabin khi, khe hé gitra
dau mut 1a canh quay va vo ngoai 1a nguyén
nhan chinh gay ra hién tuong ro ri dong khi,
dan dén ton that ning lugng va giam hiéu suat
tong thé ctia dong co. Dong 10 ri nay hinh thanh
khi chénh 1éch 4p sut giita mat 4p va mat hat
day dong khi qua khe ho tai dau canh, tao nén
cac xody 10 lam bién dang truong dong chinh,
ting entropy va gy ton that doan nhiét nghiém
trong [17, [2].

Nhiéu nghién ctu tap trung vao viéc
giam ton that khi dong tai ddu mat 14 canh
tuabin bang cac phuong phap kiém soat bi dong,
trong dé co thiét ké dau mat dang khoang 16m
(cavity squealer). Cac nghién ctru cua Heyes
[3], Mumic [4], Key va Arts [5] cho thdy thiét
ké nay giup giam dang ké ton that khi dong, hé
sO truyén nhiét va luu luong dong ro i so voi
dau mut phang hodc ty do. Ngoai ra, mot sd
nghién ctu khac con mé rong sang cac dang
cai tién nhu két hop gan chan [6], winglet [7]
hay xtr Iy vo [8-9], cho thiy tiém ning ning cao
hiéu sut tuabin ma khong can str dung tim che
dau mut.

Nghién ctru nay tap trung khao sat anh
hudng cta hinh hoc ddu mut dang khoang 16m
két hop gan dén cau trac dong ro va hiéu suit
doan nhiét cua tang Rotor canh tuabin hudng
truc. Phuong phap mo phong s6 (CFD) sir dung
md hinh r6i SST k- duoc dp dung dé phan tich
chi tiét anh huong cua cac thong s6 hinh hoc
nhu chiéu sau khoang, 6 day gan, va sé luong
gan dén dic tinh xoay va thong sb hiéu suit.

¥

Hinh 1. Hinh hoc dwong bao dong chay [10]
2. MO HINH VA PIEU KIEN BIEN

Pbi tugng nghién ctru 1a mot hé thong
tuabin thtr nghiém mot tﬁng don doc truc can
am (Transonic) tai Pai hoc Cong nghé Graz,
Ao, gdm 36 14 canh dong (Rotor) va 24 1a canh
tinh (Stator). Puong bao dong chay (meridional
flow path) duoc thé hién trong Hinh 1. Vi
tri cac mat cat A, B, C chi cac vi tri dau vao
(inlet), mat giao rotor-stator (interface) va dau
ra (outlet). Moi 14 canh dong va 14 canh tinh
s& ¢o cac thong sb chi tiét [10] dé c6 thé thiét
ké. Nghién ciru nay st dung mo dun Design
Modeller trong ANSYS 2025 R1 [11] dé dung
bién dang 14 canh. Mdi 14 canh s& co ba bién
dang tmg v6i ba mit phing (theo chiéu cao) véi
toa do cho trudc, moi mot toa do s& cd nhitng
thong s tuong Gmg [10]. Hinh 2 mé ta 3 duong
bién dang (chan canh, gitra than, dinh cénh).
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Hinh 2. Ba duong bién dang la canh
rotor va stator
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Dya vao nhiing thong sé thiét ké va
nhitng dir liéu can thiét [10], hinh hoc 3D cua
cac 1a canh duoc thiét ké (Hinh 3).

el iy I_",
Hinh 3. Thiét ké la tinh va ld dong bang Design
Modeller trong ANSYS 2025 R1

Céc tham sd cua khoang 16m két hop
gan tai Rotor dugc mo ta boi Hinh 4, trong do6 3
tham s6 can khéo sét gém h, w, r, vdi h 1a d0 sau
khoang 16m (ty 1& theo khe h¢ dau mut t bang
Imm), w 12 d6 day cua thanh chan (ciing ty 18
theo khe hd dau mut 1), r 13 s6 luong gan. Céc
gan nam trong khoang 16m déu vudng goc véi
duong trung binh.

Hinh 4. Hinh hoc dau miit ld canh c6 khoang chita
ket hop gan tir hai huong

Vi tri gan dugc xac dinh nhu sau: tir
duong trung binh cia dau mut, ta chia déu
dudng nay ra 5 doan bang nhau, trong Gmg véi
n6 1a cac vi tri tir 0 dén 5 (Hinh 4b). Hinh 5 mo
ta cac dang dau mut 14 rotor khi khao sat su
thay ddi vé s lugng gan trong khoang 1dm. Do
rong gan c6 gia tri bang do day thanh chin (w),
d6 cao gan sé& bang do sau ciia khoang 16m (h).

i S~
i ",
Hinh 5. Cdc dang ddau miit lé canh khi s6 heong
gan thay doi

N

Y,
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Trong nghién ctru khao sat tham sd, chi
c6 mot tham sé duoc thay d6i con cac tham sd
khéc s dugc gitr nguyén. Dudi day la bang mo
ta tham s tham chiéu lam gdc va bang tham s6
thay d6i dé khao sat.

Bdng 1. Tham sé tham chiéu va sw thay doi tham

$6 khdo sat
Tham Téi
s6 tham .z Téida | Buée
K thiéu

chiéu
w/T 1 0,5 2 0,5
h/t 1,5 0,5 2.5 0,5

r 2 1 4 1

Khoang cach khe ho duge ¢b dinh tai
T = Imm trong moi truong hop khao sat. Toan
b6 mién tinh toan duoc chia lam 3 phan gom:
la canh tinh (stator), 14 canh dong (Rotor) va
khoang 16m dau mut két hop gan, s dung mo
dun Turbo Grid dé chia luéi cho 14 canh tinh va
14 canh dong. Riéng phan khoang 16m dau mut
két hop gan s& st dung mod dun ICEM dé tao
chat luong ludi cao, gitip khau tinh toan dong
phirc tap trén dau mut 1a Rotor cho ra két qua
t6t nhat. Ca hai mé dun chia ludi nay déu duoc
tich hgp san trong ANSYS 2025 R1, luéi duge
tao ra la ludi cau tric, phén tor luoi1 duoce tao ra
13 phan tr luc dién (hexahedral).
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(1]

Hinh 6. Ludi todn bg mién mé phong

O ca ba mién chia ludi, luéi dugc chia
sao cho kich thudc phan tir ludi dau tién cua
tuong phai rat nho, khoang 0,001 mm tir d6 s&
cho ra gia tri y+ phu hop véi mé hinh rdi k-
SST di chon, gitp két qua mo phong chinh xéac
va ¢6 d¢ tin cay cao hon.

M6 phong dugc thuc hién bang phan
mém ANSYS CFX 2025 R1 trong di¢u kién ba
chiéu, khong nén (incompressible) va trang thai
6n dinh (steady state). Diéu kién dau vao duoc
dat l1a ap suét téng 3,439 bar va nhiét do téng
454.4 K. Tai dau ra, ap sut tinh dugc thiét lap
1 1,102 bar. Cac bé mat tuong dugc gia dinh
khong trugt (no-slip), khong lam mat va khong
trao doi nhiét. Rotor véi khoang 16m c6 gan dau
mut dugc thiét 1ap chuyén dong quay véi van
toc 11000 vong/phut, voi diéu kién ndi ghép
(interface) voi stator kiéu frozen rotor. M6 hinh
r6i SST k-0 duoc lya chon nham két hop kha
ning md phong xoay dau mat va gradient van
tdc gan tuong.

3. KET QUA VA THAO LUAN
3.1. Khao sat anh hwéng cia lwdi

Su hoi tu cia ludi trong nghién ctru nay
duoc khao sat véi truong hop dau mut 14 rotor

phang (khong c6 khoang 16m két hop gan trén
dau mut 14). Sy doi chiu veé ti s6 nén, hi¢u suat

doan nhi¢t cho céac truong hop ludi khac nhau
dugc thyc hién. Ty s0 nén dugc bicu dién nhu
sau:

Pea

PR = (1

Ptﬂ

Trong d6, PR 1a ty s6 nén, P_, 1a ap suat
tong tai Inlet, P . 1a ap suat tong tai Outlet.
Hiéu suat doan nhiét duoc biéu dién nhu sau:

1— h
Tt-A
I = @

1 (ﬁ) Y
PtA
Trong do, n 1a hi¢u suét doan nhiét, T
va T , 1an luot la nhi€t d6 tong déu ra va dau

vao cua tuabin, y 14 hing s6 mil doan nhiét (y=
1.4).

5 truong hop ludi da dugce khao sat,
(Bang 2). Khi s6 lugng phan tir ludi vugt qua
ludi 4, su sai khac théy dugc nho nhét (sai khac
0,004% cho gia tri hi¢u suat doan nhiét gitra
ludi 4 va ludi 5), vi vay ludi 4 duge lya chon
lam co s& cho nghién ctru.

Bdng 2. Két qua tinh todn hedi

Sé Higu 1 1v 66
lwgng suat Ap suit

Luwéi x .. | doan X ymax*

phan tir nhiét n tong

luédi (%] (PR)
Ludil | 682994 | 89,101 | 2,7777 | 12,026
Ludi2 | 940350 | 89,112 | 2,7767 | 9,22215

Lué6i3 | 1218712 @ 89,126 | 2,7760 | 7,476

Ludi4 | 1549473 | 89,133 | 2,7758 | 2,87998
Ludi 5 | 1777101 | 89,136 | 2,7759 | 2,74389
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PE

Hinh 7. Két qua danh gia sy hoi tu luoi

V6i gia tri 16n nhat cia y+ nhé hon 3,
két qua mo phong s6 1a chap nhan duoc.

o gl g
L ||
Hinh 8. Phén bo y* ciia ludi 4

R

Két qua md phong sé ciing dugc so sanh
v6i dir liéu thuc nghiém tir [10] dé d6i chiéu
(gia tri IT: ty s6 gian). Hai thong s6 luu lugng
khéi ctia dong va cong suat ddu ra cia tuabin
duge sir dung dé so sanh. (Hinh 9) v6i cong
suat dau ra duoc tinh theo cong thirc sau:

Py = m(heg — heg) 3)

Trong do, P 1a cong suat dau ra, m la
1@ luqng khoi dong, h , 1a entanpy tong ‘Eai mé?
giao gilra Rotor-Stator, h . la entanpy tong tai
Outlet.

LT

Foamia Bormig
¥

Hinh 9. So sanh két qud mé phong va thiee nghiém

Hinh 9 cho thiy két qua mo phong
s6 cua luu lugng khdi dong chay tai cac didu
kién van hanh khac nhau gﬁn nhu khéop voi )
liéu thuc nghiém. Con gia tri cong suit tuabin
tai cac diéu kién van hanh thay ddi cho ra két
qua khé sat véi dir liéu thyc nghiém. Vi vay,
phuong phap s6 duge sir dung trong nghién ciru
cho thay kha ning du doan kha chinh xac hiéu

suét dong lyc hoc cua tuabin.

3.2. Khao sat dong qua dau mut 14 canh ap

dung khoang 16m két hop gan
3.2.1. Khdo sdt théng sé h

h 13 d6 sdu cua khoang 16m trén dau
mut va dugc khao sat ty 1¢ theo khe hé © & Hinh
10. 5 trudng hop thay doi 1an luot véi h = (0.5t,
It, 1.57, 21, 2.57). Hai gia tri w va r dugc gitr

nguyén theo thong sé tham chiéu.
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Hinh 10. Bién thién hiéu sudt doan nhiét, ty 56 leu
luong, cong suat dau ra khi thay doi do sau h

Hinh 10 cho théy hiéu suét doan nhiét
va cong suat dau ra déu ting khi 4p dung dau
mat khoang 16m két hop gan, dat gia tri cao
nhat tai d6 sau h = 1t véi hidu suit 89,171%
va cong suét 1,87005 MW, so véi 89,133%
va 1,86854 MW ¢ dau mat phang. Xu hudng
ctia biéu d6 hiéu suét 14 hiéu suit ting dan dén
khi d¢ sau khoang 10m dat gi4 tri h = 1t. Sau
mdc nay, cic gia tri bit dau giam nhe khi h tiép
tuc tang. Ty 1€ luu luong dong ro ri cling giam
rd rét, thap nhat tai h = 1t (1,90879%), so véi
2,04252% ban dau. Nhin chung, moi c4u hinh
khoang 16m déu cho hiéu qua hon so véi dau
mit phang.

3.2.2. Khdo sdt thong sé w

Do day thanh chan ciing duoc khao sat.
4 truong hop thay d6i w = (0.51, 11, 1.51, 27)

mg voi d6 day thanh chén ting dan duogc thé
hién ¢ Hinh 11.

= a
. R "
] s
] 2 w8 B
o L
— i L
L Th

Hinh 11. Bién thién hiéu sudt doan nhiét, ty 56 lwu
lwong, cong suat dau ra khi thay doi do day thanh

$ =

n

o T

=
r

chanw

C6 thé thay xu hudng giam dan gia tri
khi ting do day thanh chan. O truong hop thanh
chin mong nhét, hiéu suit dat duoc 1a 16n nhit
89,1765%, tuong g véi nod thi giad tri cong
sudt dau ra cling 16n nhat 1,8701 (MW). Khi do
day thanh chén 16n nhat, hiéu suét giam nhiéu
nhit nhung van cao hon gia tri hiéu suét ban
dau (89,133%). P9 day thanh chin ting lam
giam thé tich cac khoang chira, lugng dong trao
vao cac khoang giam di nén luong cac xody roi
dugc tao ra trong khoang cting s€ giam bdét, tur
d6 su can dong ro ri qua dau mut bi giam hi¢u
qud. Chinh vi vay, hi¢u suat dat duoc bi giam
khi chiéu day thanh chén tang.

3.2.3. Khdo sdt thong so r

r 1a s6 luong gan duoc sir dung dé két
hop véi khoang 16m dau mut. Co tat ca 4 truong
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hop can dugc khao sat voi sé lwong gin lan
luot lar=(1,2,3,4).

KRR T T

Hinh 12. Bién thién hiéu sudt doan nhiét, ti s6 luu
heong, cong sudt dau ra khi thay doi sé lwong gdn

Khi ting s6 luong gan, hiéu sudt va
cong suat dau ra c6 xu hudng ting 1én, va dat
gia tri cao nhat khi c6 3 gan duoc st dung
v6i hiéu suat dat 89,171%, cong suat dau ra
1,87045 (MW) day ciing 1a gia tri cong suit
dau ra cao nhat dat duoc trong tit ca trudng
hop khao sat. Khi ting s6 lugng gan, dong sau
khi vao khoang chtra dau mat chju su va dap
nhiéu hon khi thanh chin hay thanh tao ra boi
gan tang 1én, tir 46 cac xody rdi hon loan trong
khoang tao ra mot cach nhanh chéng hon so véi
truong hop it gan, gdy nghén khi dau mat va
hiéu suét ctia tuabin ting cao hon. Khi s6 luong
gan ting 1én 4 gan, hiéu suét hay cong suét co
giam mot chat nhung khong dang ké.

3.3. Cac phan tich hinh anh nghién ciru

Véi tua bin thtr nghiém doc truc can
am, su xuat hién cua song va la khong thé tranh
khéi. Hinh 13 thé hién sy xuét hién ciia hién
tuong song va.

g kYl

i Ehohe o ] mpr

» ay

b Ly mme ohersd ousng Bl et Bop il

Hinh 13. Phédn bé vén téc va dp sudt tai mdt phang
sdi gitta canh rotor

Hinh 13 cho thay vi tri va do day cua
16p song va qua sy phan bd sb Mach va ap suét
tai mat phang sai giita ctia 14 rotor. Qua do, ap
suat dd duoc gia ting con van tdc dong chay da
gidm mot cach dot ngdt. Tuy nhién khong co6 su
khac biét nhiéu ¢ ca truong hop dau mat phang
hay c6 st dung khoang 1om.

Hinh anh dong ¢ Hinh 14 m6 ta quy dao
dong chay qua khe hd hudng kinh trong truong
hop dau mut phang.

e

Hinh 14. Quy dao dong qua khe ho dau mit phang
nhin tir 2 phia
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Hinh 15. Puong dong qua dau miit 1a rotor khi
c6 dinh chiéu day thanh chdn (w = 1) va s6 lwong
gan (r=2)

Khi sir dung dau mut dang khoang 16m
c6 gan, dong chay qua khe ho bi thay ddi dang
ké so v6i dau mut phing. Dong sau khi vuot
qua thanh chan s& va dap vao cac gan va thanh
phia ap thap, tao ra cic xody rdi phirc tap trong
khoang, lam cham dong va giy hién tugng
nghén khi. Piéu nay khién téc do dong tran
qua khe ho giam, tir d6 giam luu luong dong
r0 ri. Ngoai ra, khi tang chiéu sau khoang, cac
cAu tric xody ndy trd nén rd rang va phat trién
manh hon, thé hién rd qua phan bd sb Mach &
Hinh 15.

N
=

Tt s s

> P

L]1= WIHIR?

Hﬂﬂﬁéé;&ﬁﬁ

bib

WIHL#K WIER WIHI R

Hinh 16. Phén bé dp sudt tinh gan vé khi thay déi
do sau h

Hinh 16 di kém véi hinh anh phéan b6 ap
sudt gan tuong trén cho thdy rd sy chénh léch
ap gitta hai mat 14 canh tai vung dau mat, gitp
giai thich huorng chuyén dong dong qua khe ho
(Hinh 14) O dau mut phang, ton tai ving sut ap
1d rét gan mép dudi canh do dong trao qua khe
ho ting téc manh. Khi ap dung khoang 16m két
hop gan, viing sut 4p ndy giam dan va bién mat
theo d6 sau khoang. Nguyén nhan la do dong
bi cham lai béi cac ciu tric x04y trong khoang,
dan dén ap suét tai ddu mut ting 1én.

Pé 1am rd su hinh thanh cua cac dong
x0dy tai gan dau mut gép phan dén ton that
khi dong hoc cua tang tuabin, sy phan b
entropy tinh va s6 Mach tai cac mit phing
cat lién tiép theo hudéng doc truc duge khao
sat trong Hinh 17.

Hinh 17. Phdn bé entropy tinh va sé Mach trong
truong hop dau mut phang

Hai dong xoay riéng biét da dugc nhan
dién 16 rang: xody ro ri ddu mat va xody tach
dong tir bé mat canh. Ca hai duoc thé hién qua
céc ving entropy tinh ting cao va ving van toc
thap trong hinh anh phan bd sé6 Mach. Xoay ro
ri dau mat hinh thanh tir dong ro ri tran qua khe
hé tir phia 4p sudt cao sang 4p suét thap, co van
toc rat thip va bat dau hoa vao dong chinh tir
som. Trong khi d6, dong xoay tach dong hinh
thanh gan bé mat canh, chuyén dong nguoc
chiéu véi xody ro ri. Hai dong xody nay cing
dong vai tro ti€u tdn nang lugng co hoc thanh
nhiét, thé hién qua su gia ting entropy & phia ap
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thdp cua 14 canh [12]. Khi xét phan bd entropy
tai mit ra cua tng tuabin trong cac trudng hop
stt dung khoang 16m két hop gan, cu thé 1a c6
su thay ddi sd lugng gan ngang dong & Hinh
18, gia tri entropy tinh tai cadc vung xody co su
giam nhe so v6i truong hop dau mut phing, dic
biét 1a truong hop co ba gan ngang dong ma tai
d6 gia tri hiéu suat doan nhiét 16n nhat. Pidu
nay chung to6 cac khoang chira nghén khi trén
dau mut da 1am suy yéu dong xody o ri, dan
dén sy phat trién ctia cac xody xung quanh.

LR IRUTY HL Y

Hinh 18. Entropy tinh tai mdt ra trong cdc truong

hop thay doéi sé lwong gdn
Tempermben .
LI ||

FRSP PP FPREPP

i, Ei vt fuir K Wi H.rhl;r.l,q..i“

a. Pdu mar phing

Hinh 19. Phén bé nhiét dé bé mat ld canh tinh

'frw:?l.-rt

-f' 'l'l'lfl.'ﬂ'

jl

[LETr Wit JhE

Hinh 20. Phén bé nhiét dé phdn vo la canh dong
khi thay déi d day thanh chdn w

Dua vao hinh anh phan bd nhiét d6 trén
bé mat 14 canh tinh Hinh 19 c6 thé thiy gan nhu
khong c6 sy khéc biét giira truong hop dau mit
14 canh dong phang véi cac trudong hop dau mut
ap dung khoang 16m két hop gan. Diéu nay c6
thé giai thich boi vi sy thay ddi cac kich thudce
hinh hoc trén khoang 16m tuong ddi nho nén
nhitng danh hudng nay lén 14 canh tinh tuong
d6i giéng nhau [12]. Xu huéng chung 1a dong
tir dau vao tuong tac truc tiép voi mép vao cua
14 nén nhiét d6 nhitng ving nay 1a cao nhét va
nhiét do co xu huéng giam dan khi di dan vé
phia mép ra cua 14, twong Gng véi su ting tdc
ctia dong chay trong kénh. Khi xét phan phan
b nhiét d6 trén vo 14 canh quay Hinh 20, c6 thé
théy nhi¢t do c6 xu hudng giam, dac bi¢t & viung
dinh 14 sat phia ap thap khi sir dung khoang 1dm
két hop gan. Nhiét do c6 xu hudng giam rd rét
nhét khi d6 day thanh chin khoang 16m méng.
Diéu nay gitip 14 canh dong, dic biét phan dau
mut giam thiéu tac dong boi nhiét, bao vé vat
liéu lam 14 canh.

4. KET LUAN

Nghién ctou da ndm bét duoc co ché,
dic trung dong trao qua ddu mut 14 canh ciing
nhu sy tao thanh cac loai xody réi khac nhau
va sy anh hudng cta né 1én ton that tong thé
clia tang tuabin. Sy anh hudng khi thay ddi cac
tham s6 hinh hoc khoang 16m da duoc lam rd,
cho thdy sy hiéu qua hon vé hiéu suét khi dong
hay su can dong 10 ri qua dau mut 14 canh khi do
day thanh chin giam di, va d6 sau khoang 16m
dat t6i mot gia tri nhat dinh. Str dung cac cau
trac khoang 16m dau muat két hop gan mang lai
su cai thién vé hiéu suét tz‘ing tuabin, cong suét
dau ra ciing nhu giam thiéu luu lugng dong ro
ri qua dau mut 1a canh, lam giam bét ton thét,
giam bot tai nhiét trén ving dau mat, gitp 14
canh hoat dong bén hon trong diéu kién nhiét
d6 cao. Tuy nhién, yéu t6 vé truyén nhiét trao
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d6i nhiét tai ving dau mat 14 canh dong can
duoc lam r6. Mo hinh tuabin doc truc can am
can t6i uu hon nita vé mit thiét ké va chia luéi
hay c6 thé ap dung mét sb cai tién méi vé hinh
dang tai dau mat 14 canh dong. Ngoai ra, su ap
dung cac dang 6ng dan khi lam mat hay nhimng
dang khe ranh trén v¢ ciing s€ dugc nghién ctru
trong tuong lai. <
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