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PANH GIA PHAN BO TON THAT QUA CAC KHOI VUNG CUA TO MAY
THUAN NGHICH BOM -TUABIN BANG MO PHONG SO 3D

Nguyén Thi Nhé
Truong Dai hoc Thuy loi

Tém tit: Nghlen cuu Su dung phdn mém mé phong s6 ANSYS-Fluent dé phan tich va danh gla
phan bé ton that trong cac khoi ving ciia mét t6 may thudn nthch bom —tuabin trong hai ché dé
bom va tuabin. Bai todn én dinh 3 chiéu (3D) trén mo hinh roi k-¢ dwge sir dung. 76 mdy mo hinh
mé phong bao gom cdc khéi nhw buéng xodn,luéi canh hwéng, banh céng tic, ong it ra va
khoadng trong gitta cdc khoi. Két qua mé phong cho thdy trong van hanh bom, viing banh céng tac
chiém 56,2%, tiép sau la canh huong va 511g hit véi 18,56% va 12,87%, ton that ro ri luu luong
chiém ty I¢ thap nhdt vé6i 2,63%; trong van hanh tuabin, ty 1é ton that thily hee ciia banh céng tac
van chiém ty 1é nhiéu nhat la 59,13%, sau dé la vimg buong xodn véi 11,69%. Nhitng két qud nay
6 ¥ nghia trong viéc dir bdo cdc dic tinh thiiy lyc ciia dong chay va hiéu chinh thiét ké may.

Tw khéa: bom - tuabin, bom, tuabin, CFD, thuy dién tich nang.

Summary: This paper uses numerical simulation with ANSYS-Fluent software to analyze and
estimate the loss distributions in the cell-zones of a reversible hydraulic machine that is called
Pump as Turbine (PaT) in 2 modes: pump and turbine. The steady three-dimensional problem
(3D) is considered on k- turbulence model. The cell-zones consists of spiral casing (heas), guide
vanes (hvan), impeller (hin), a draft tube (hay) and a space between zones (hsgpa). Numerical results
show that in the pump mode, the impeller zone accounts for 56.2%, followed by the vanes and
draft tube with 18.56% and 12.87%. Leakage losses accounts for the lowest rate with 2.63%. In
the turbine mode, the ratio of hydraulic losses of the impeller still accounts for the largest
proportion of 59.13%, followed by the spiral casing zone with 11.69%. This is also the initial
results and has significant in predicting the hydraulic characteristic curves and designing of this
kind of machine in Vietnam.

Keywwords: Pump, Turbine, Pump as Turbine, CFD, Pumped-storage hydropower

1. GIOI THIEU CHUNG

Bom-Tuabin (Pump as Turbine, duoc viét tit 1
PaT) la thiét bi thay lyc c6 kha nang lam viéc &
hai ché 6 bom va tuabin, duoc g dung rong rii
trong cac nha may thuy dién tich nang tir nhitng
nam 1950. Cong trinh thuy dién tich nang tich
ning lwong nuée khi nhu cau dién thip vao ban
dém (ché d6 bom) va sir dung ngudn ning luong
tich dwoc nay dé phat dién, dap (mg nhu cau phu
dinh (ché d6 tuabin). Do d6, n6 ¢ thé diéu chinh
can bang gitta cung cdp - nhu cdu va giam di
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khoang cach giita nhu cau dinh va nhu cau thap
diém ctia bicu do phu tai.

Loai may PaT duogc dinh nghia 1an dau tién vao
nim 1931 khi Thoma va Kittredge [1] da két ndi
nhitng ddc tinh cua may bom, ho da nhan ra
rang may bom hoan toan c6 thé van hanh mot
cach hiéu qua trong ché do cua tuabin. Sau do,
mdt sd nghién ciru thuc nghiém ciing di duoc
tién hanh dé khao sat dic tinh ciia bom trong
ché d6 tuabin c6 sb vong quay dic trung s thap
[2, 3], két qua da chi ra ring mdt may bom c6

Ngay duyét dang: 02/6/2020

TAP CHi KHOA HOC VA CONG NGHE THUY LO'I SO 60 - 2020



thé van hanh t8t nhu mot tuabin ma khong cé
bat ctr mot van d& co khi nao xay ra. Tuy nhién,
khi bom van hanh trong ché d6 tuabin, chiéu
dong chay bi dao nguoc nén phan b ton thit
ciia PaT s& rat khic so véi cac bom thong
thuong.

Tén that thay luc ndi chung c¢6 quan hé truc
tiép véi hinh hoc, céu trac, kich thudce va phan
b6 dong chay trong mang canh. Nhin chung,
dé tinh toan ton that profile canh (gdm ton that
chay bao ludi canh boi dong chét 16ng thyc va
t6n that do lyc can ap sut sinh ra tir sy chén
dong ngoai ctia 16p bién) can phai giai bai toan
16p bién. Co nhiéu phwong phap tinh toan nhur
giai tich, tich phan, phuong phap sb va phuong
phap mo hinh rbi. Mdi phuong phéap ¢ cach
dat vin dé va giai quyét riéng, nhung muc dich
cudi cing 1a danh gia duoc ton that thuy luc
chinh xac nhat. Trong cac trudng hop khong
c6 san cac két qua thuc nghiém, cac dudng
cong dac tinh cia tuabin thudong dugc xac dinh
tir cac twong quan thong ké tir mod hinh bom [4,
5]. Céc nam sau dod, cac nghién clru trong céc
tai liéu [6-9] dd cd ging du bdo cac dudng
cong nang luong do tir vi€c tinh toan chinh xac
nhit cac thanh phan cot nude 1y thuyét, cac
thanh phan t6n that va cac van dé thuy luc theo
dung cac dic tinh hinh hoc ctia may. Cac két
qué cho thay, so sanh v&i ché d6 tuabin thi ché
d6 bom xuét hién nhiéu van dé thiy lyc hon
nhu vin dé& dong quan va dong xody & mang
canh khi 1am viéc xa diém thiét ké hay van dé
truot do chiéu day va sb canh hitu han. Thém
vao d06, do sy xuét hién ctia bd phan cdt tru va
canh hudng nén dong chay di ra ciia bom cling
bi x40 dong dang ké so vi bom thong thuong.
V&i mot tde do quay ¢ dinh, bom chi ¢6 thé
lam viéc hi€u qua tai mot vi tri ciia cft nudc
(H) va luu lvong (Q) nhit dinh. Khi lam viéc
ngoai diém thiét k&, mot loat cac hién tuong
dong chay va cac van dé thay lyc s& xay ra lam
giam manh hiéu suét trung binh ctia may.

Céac nghién ciru mo phong va thuc nghi¢ém trong
cac tai liéu [10, 11] ciing dd duogc thuc hién dé
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danh gia phan bd ton that trong cac ving khac
nhau. Két qua cho thiy ton that trong viing banh
cong tac va ving budng xodn chiém ti trong 16n,
trong khi ton thét trong phan 6ng hut phy thudc
vao diéu kién dong chay, gia tri ctia nd nhé va co
thé bo qua. Trong mdt nghién ciru khac cta
Jasmina va cac dong nghiép (Jasmina, Dragica,
& Dragan, 2014), mo phong s6 3D da dugc thuc
hién dé nghién ctru hién tuong ton that trong
vung canh huéng ctia mdt bom-tuabin mé hinh
hoat & ché d6 bom. Két qua tap trung vao co ché
hinh thanh va phat trién ciia su khong on dinh
dong chdy. Qua dé nghién ctru cling da danh gia
duogc anh huong cua ton that dén hiéu sudt may
PaT.

Nhin chung, vin @& tinh toan va danh gia phan bd
ton that trong timg khu vuc cta to may PaT khi
van hanh thuan nghich van 1a mot thach thirc 16n
v&i cac nha nghién ciru. Cac nghién ctru Iy thuyét
vé dang may nay chua dugc cong bd ddy du, rd
rang, va kho co thé ap dung véi dic th ciia timg
may. DPa s cac két qua trén thé gi6i vé loai may
nay déu dugc thuc hién bing moé phong s6 va thuc
nghiém. Tuy nhién, viéc nghién ctru thir nghiém
& Viét Nam ¢6 nhiéu kho khan.

Trong nghién clru nay, tac gia s€ sir dung phuong
phép md phong s 3D bang phan mém ANSYS-
Fluent dé tinh toan va danh gia ton that cac khoi
viing ctia mot may PaT co ty toc ns thap (hinh 1)
trong ca hai ché d6 bom va tuabin.

Cac khdi viing bao gom: (1) Viing budng xodn —
heas; (2) Vung ¢t tru va canh hudng nudc- Avan :
Pay la ving ma ning luong chuyén doi rat phirc
tap dudi nhitng anh huong ciia dong réi gy ra.
Vé két cau, viing khong gian nay 1a noi b tri cac
canh hudng nude va canh hudng dong. Céc gia tri
ton that cuc bd va ton that ky di 16n; (3) Ving
banh xe cong tac- /im: Ving niy lién quan dén ton
that doc dudng qua canh. Viée tdi uu viing nay c6
thé dat duoc théng qua khao sat hinh déng canh,
chiéu cao, chiu day ciia canh; (4) Ving dng hut
- har: Viing cira ra (trong ché d6 tuabin) va 1a viing
cira vao (trong ché do bom); (5) Khoang tréng
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gilra cac khoi /igpa.

KHOA HOC

CONG NGHE

Budng xodn

Canh huong

Hinh 1: Cdc khéi viing tinh todn
ton that trong PaT

2.THONG SO MAY VA PHUONG PHAP
NGHIEN CUU

2.1 Théng s6 hinh hoc ciia may thuin nghich
PaT

Trong nghién ctru nay, cac thong s6 ban dau
duogc lay theo cac thong sb ciia mo hinh thuc
nghi¢m tuong tu cho Tram thuy dién tich nang
Phu Yén Pong gém véi s6 vong quay dong bd
n=600 vong/phut, lvu luong thiét ké bom
0,067m*/s va ¢t nuée bom 1a 9m. Khi d6 s6
vong quay dac trung bom la 104. Sau do, céac
thong s6 hinh hoc may dugc thiét ké chi tiét
trong tai liéu [13], két qua duoc duoc thé hién
trén hinh 2 va bang 1. Trong d6 Z 13 s6 canh, D
1a duong kinh, b 13 bé rong mang canh, Sz goc
dit canh, e 1a chidu day canh, chi s6 1 13 vi tri
mép vao bom, chi s6 2 1a mép ra bom.

Bang 1: Cac thong s6 hinh hoc clia PaT

Di(m) | Dy(m) | bi(m)

by(m) | Bis(o) | Ps(o)

e1=e>(mm)

0,23 0,42 0,054

0,04 25 30 3

2.2. Phwong phap nghién ciru

Trong nghién cru ndy, tac gia sit dung phan
mém CFD (Computational Fluid Dynamics) —
tinh toan dong luc hoc chét luu ¢6 su tro giup
clia may tinh dé giai quyét bai toan. CFD 1a mot
cong cy hiéu qua dé dy doan hiéu suét, danh gia
phan bd vén tdc, ap sudt va d& dang xac dinh
dugc ton thit thuy luc qua cac bd phan dan
dong. Miao [14], Olimstad [15] va Xuhe [16] da
két hop cong cu CFD véi cac 1y thuyét tdi vu dé
thiét ké bién dang canh cho may PaT c6 n thap.
Két qua cho thiy hiéu sudt di duoc ting cudng
gan 3% trong ca hai mo hinh. Cac nghién ctru
ctia Yang [17], cac két qua trong tai liéu [18] da
md phong 3D dé phén tich va danh gia cac van
dé thuy Iyc xay ra khi PaT van hanh trong ca
hai mé hinh, dong thoi ciing dy bao duoc ty 18
va gi4 tri cac thanh phan ton that cua cac khdi
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viing trong tong thé hé thong PaT.
2.3 Thiét 1ap bai toan md phéng 3D
2.3.1 M6 hinh réi

Trong nghién ctru nay, md hinh rdi & -¢ duogc
Iwra chon dé tinh toan vi day 1a mo hinh day du
va tuong d6i don gian voi d6 chinh xac kha tét.
Day la mo6 hinh ban thyc nghiém dya trén céc
phuong trinh chuyén dong réi voi ning lwong
dong hoc 1di k va ty 16 khuyéch tan ctiia no &. Mo
hinh k -¢ sir dung hai gia thiét quan trong la
dong chay rdi hoan toan va bd qua anh hudng
ctia 6 nhét phéan tir. V6i dong rdi hai phuong
trinh, phuong trinh lién tuc va phuong trinh
dong luong duogc viét lai nhu sau [19]:

o(pu,) _
o 0 1)

1
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o ou, Ou; 2 ou .. 0 (2)
=— O Qi 25 Gy, O O
ox, o T o T 3%, T S

J i i J i J J

o(puu ;) __op

Vi u'i va u; 1 cac mach dong (chénh léch giita  quan dé khép kin thanh mot hé phwong trinh co
van tdc tirc thoi va van tdc trung binh). Hai thé giai dwoc. Trong mé hinh k-, cac phuong
phuong trinh nay khong dii kin dé giai tat ca cac  trinh thém vao theo gia thiét vé do nhét rdi cua
an do vy ta phai tim thém cac phuong trinh lién  Boussinesq ta dugc nhu sau:

A phu,; 3)
ox; 0x oy )Ox;
O(peu;) 0 My &2
apa) _ 9 +Cy 2(Gy +C3,Gy) —Copp"—+S
ox, o, Hﬂ ) 1e ( k+C3:Gy)—Cop p o 4)
Trong do:

Gr la hﬁng s6 thé hién su phu thudc cta sy hinh thanh nang lugng roi dong hoc (k) vao su bién
thién ctia van toc trung binh nhu sau:

ou; (5)
1 ! -]
Gv xac dinh nhu sau:
My aT (6)
G =
» =P Pr, ax
Trong do:

Pri - hiang s Prantl; G - thanh phan gia tdc trong truong theo phuong #; - hé s gidn no nhiét ciia
moi truong; Yum - hé so thé hién sy bién thién cia qua trinh gidn nd so véi gid tri trung binh.

Yy =2peM ? (7)

Mi-s6 Mach cua roi:

M, - \/Z ®)

a - van tdc Am thanh; - hé s6 nhot rdi
K’ 9)

=pC, —
&

Cac hEquation \* ARABIC \s | én cua qua trinh gidn nd so vdi g
C, =144;C,, =1,92;C, =0,09;0, =1,0;0, =13 (10)

Két hop cac phuong trinh (11)  2.3.2 Chia lwéi va cdc diéu kién bién

va (2) ta s& durgc mot he phu’orng trinh khép kin 1 65 ¢4 cu trac duoc str dung cho toan mién
du dé giai ra truong phan bd van tdc.
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tinh toan bao gdm vo (budng xoan), canh huéng
va canh tinh, banh cong tac va dng hit ra (Hinh
2). Tét ca cac phan dugc ndi v6i nhau thong qua
cdc mit phan cach chét long (interface). Dé
thong tin tinh toan gitra cac phan dugc truyén
tai chinh xac, ludi tai cdc mat phan cach dugc

Banh cong tac

Canh hudng

lam min. Toan b qué trinh xay dung ludi dugce
thyc hién boi phan mém TurboGrid. Bang 2 cho
thdy cac thong sd vé& ludi tai cac ving tuong
mg. Ludi duoc chon thong qua kiém tra do hoi
tu cua ludi.

Buong xodn

Hinh 2: Luw Hinh \* ARABIC 6 vé luviing tiéu bih
Bang 2. Thong s hinh h s lunh chia

Vung Banh cong | Canh huwéng va canh Bua Oua canh ¢ Tua
tac ¢6 dinh canh c
Suadiua 179732 865648 57565 43567 1146 512
Ph146 5 164754 814535 297722 174201 1451212
. Cura vao
Clrara
Budng xoin Mat phan cach

a. Ché d bom
Hinh 3: Diéu kién bién cho mé phong PaT

Hinh 3 m6 ta diéu kién bién duogc ap dit cho bai
todn mé phdong hoat dong & ché do bom va
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Cirara

\

b. Ché d¢ tuabin

tuabin. Picu kién bi€n “velocity inlet” dugc st
dung tai ctra vao cua ong hut (ché do bom) va
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clra vao ctia budng xodn (ché do tuabin). Diéu
kién bién “pressure outlet” dugc su dung tai
clra vao ciia budng xodn (ché d6 bom) va cira
vao cua Ong hat (ché do tuabin) voi ap suét
tinh dugc 4p dit bang khong (P = OPa). Piéu
kién bién lan khong truot dugc ap dat tai cac
twong ran va ham bién rin tiéu chuéan
(standard wall function) duoc sir dung dé tinh
toan ning lugng dong ning dong rdi va tan sd
tiéu tan dong rdi tai bién tudng rin. Lién két
van tdc — ap suat duoc giai thong qua thuat

| KHOAHOC  [EEele]N[eR\lely]

toan SIMPLE. Hang tir dbi lwu duoc xap xi
bi sai phén tién (upwind), va hang tir khuéch
tan dugc x4p xi boi sai phan trung tam bac 2.

2.3.3 Tinh todn cét nwéc ton thit qua cic khéi
viing tir két qui mé phong

Cot nudc cua banh cong tac trong hai mé hinh
dugc xac dinh tur sy chénh Iéch gilra ap suét
téng clia mit cit clra vao va clra ra ctia banh
cong tac nhu phuong trinh (11).

ny 2 ny n; 2 n; (11)
H=| Y| Ll caiSed | |3 L+ |4 /34
=\ pg 2g i i=l =\ pg 2g i i=1

out

Trong d6, n; va n, 1a cac s6 nit ciia ving tinh toan
tai mat cat cira vao va ra, A; (m?) 1a dién tich cua
nat thir 7, p (Pa) 14 tong ap sudt, ¢ (m/s) 13 van tbe
tuyét dbi, g (m/s?) la gia toc trong trudng, p
(kg/m®) 1a khdi lwong riéng ciia nudc.

in

3. KET QUA VA THAO LUAN

3.1 Két qua phan b dong chay trong ché do
tuabin

Hinh 4: Phén bé dwong dong va dp sudt trong t6 mdy PaT

Hinh 4a va hinh 4b thé hién phan b van toc va
truong dong trong ca hé thdng PaT tai luu lugng
thiét ké. Két qua cho thay dong chay thudn,
khong c6 dot bién, khong tao xody, dong chay
di vao va di ra thuan, van toc tang dan theo
chidu dong chay cho thiy sy bién ddi din ning
lwong tir thé ning sang dong ning trén bé mit
14 canh.

Hinh 4c¢ thé hién phan b ap suét tinh doc theo

cac by phan qua nudc cua tuabin va trong mang
canh. Nhin chung, phan b6 ap suét trong ving
BCT la twong dbi déu, chi c6 viing mép vao cot
try voi budng xodn c6 su va dap ciia dong chay
dan dén hinh thanh mot ving 4p sut ting cuc
b6. Khi van hanh & ving thiét ké, phan bd ap
sudt trong BCT kha déu va d6i ximg voi su
giam dan tir cac 4p sudt cao (mau do cam) tai
dau vao trong banh cong tac dén ap suat thap
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(mau xanh) tai ddu ra (miéng hat) cua banh
cong tac. Tai dau vao clia banh cong tac, gia tri
ap sudt trung binh P, = 100 690Pa va ap suét
trung binh tai mat cit crara P1 =7 417Pa.

Hinh 5 trinh bay chi tiét véc to van tdc trong
méng canh BCT, canh van va cira ra tuabin. Két
qua cho thay van tdc trong khu budng xoin kha
16m, dat xap xi 8m/s. Trong ving banh cong tac,

dd 16m van tc tuyét dbi cao nhat tai dau vao la
9,5m/s va tai dau ra 13 3,4m/s. So sanh phan bd
vén tdc trong cac ché do van hanh véi luu luong
thip va cao. Két qua cho thiy trong vang lru
luong thip xuét hién xody qua céc ving canh
huéng va cdt tru trong khi tai vung luu lugng
cao, dong bi tach thanh. Chinh diéu nay lam
tang ton that va dan dén hiéu suét bi suy giam.

Hinh 5: Phdn bé chi tiét vécto vén toc trong méang canh BCT, canh van va cira ra tuabin

3.2 Ktuabin phan bd rachi tivB trong chrachi ti

Hinh 7: Phén bé cdc thanh vin toc twong doi W va vin toc kinh tuyén Cy,
doc theo mang canh tai vi tri lat cat trung binh 50% tai diém thiet ke

Hinh 6a va hinh 6b thé hién sy phan bd ba chiéu
clia cac duong dong chét 1ong chay tir phan luéi
canh cta banh cong tac sang vung canh hudng.
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Nhin téng thé, sy phin b cho thiy cac dudng
dong bam tét theo bién dang canh va khong
xuat hién dong quan hay tach thanh. Diéu nay
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chirng t0, tai diém luu luong thiét ké Ou, PaT
khi hoat dong & ché d6 bom cho ché do dong
chay rat t6t. Hinh 6¢ cho thdy tai mat cat trung
binh (50% bé rong canh) cac véc to van toc
trong ving ludi canh déu c6 huéng vé phia
viing canh hudng (ndm phia bén phai luéi canh)
va khong xuét hién bat ctr véc to van tdc nao
chuyén dong nguoc lai. Piéu d6 ching t6 dong
chay trong ving banh cong tac 14 rat tot tai ving
trung gian nay.

Hinh 7 cho thiy phan bd va gia tri van tdc cua
cac thanh phan véan toc W va Cm. Két qua cho
théy van toe tuong ddi 16n nhat dat 6,8m/s va
van tdc kinh tuyén dat 2,2m/s trong ving canh

3.5 —— h-im —— h-cas
3.0 —0-—h-spa_ __--@=-h-van
e N~dr = 9= h-Sum

25 \- :
2.0

E15

=
1.0
0.5

- - -.--.--..— = =

0.0

0 02 04 06 08 1 12 14 16 18
q = 0/Oggp
a) Danh gia tan bhon tgia tan bhh hon
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banh cong tac. So sanh véi cac nghién ciru gan
day (Jasmina, Dragica, & Dragan, 2014; Xiao,
Zhu, Wang, & Zhang, 2016) cho théy phan bd
van tdc trong mang canh ciia nghién ctru 1a hop
ly. Khong gidng nhu hoat dong tuabin, bom
khong dugc thiét ké voi cac canh hudng dé dicu
chinh ché d6 dong chay vao banh cong tac.
Trong cac diéu kién l@)ng tdc hodc hoat dong
ngoai diém thiét ké, thanh phan van tdc tuong
d6i (cm) trd nén manh hon tai ving mép vao
canh, tao nén “vong nudc” va ngan can dong
chdy gitta banh cong tac va canh hudng.

3.3 Panh gia phan bd hon tgia phin bh hon
tgia phan bh h*v

Pon vi (%)

= h-cas
= h-dr

= h-im = h-spa

= h-van w h-Leg
b) Ty Ié phdn bé ton that trong tai diém
thiet ke (QOsep)

Hinh 8: Danh gid ton that trong ché do bom

—— h-cas
=t h-dr

—— h-im
30" 9--h-van

——0— h-spa
= 0=__h-Sum

04 05 06 07 08 09 10 11 1.2 13 14

q =0/ Ogep
a) Pdnh gid ton that trong ché dé bom

3.20 bon vi (%)

= h-cas
= h-dr

= h-im

= h-spa

= h-van " h- Leg

b) Ty Ié phdn bé ton that trong tai diém
thiet ke (QOsep)

Hinh 9: Danh gid ton that trong ché dé tuabin
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Hinh 8 va Hinh 9 so sanh phan b ton that trong
cac khbi ving khac nhau trong van hanh bom va

tuabin tai cic diém Q khac nhau ngoai diém
thiét k& Ogep. Nam thanh phin tén thit bao
gdm ton that thity luc trong budng x0an (Acas),
khéi van (hyan), khoang tréng (hspa) (khoang
trong gitra cac khdi), banh cong tac (him), va
dng hut (har) dugc thé hién. Két qua cho thiy:

Trong vin hanh bom (Hinh 8): Tdn thét
trong vung banh cong tac 13 16n nhat, chiém
gan 56,2%, tiép sau la canh hudng va dng hut
voi 18,56% va 12,87%. Ton that ro ri chiém
ty 1¢ thap nhat véi 2,63%. Nhitng két qua nay
1a twong ddi phu hop véi cac két qua da cong
bd cua Rawal va Kshirsagar [9], Li [11] va
Yang [21].

Trong van hanh tuabin (Hinh 9) dua ra cac két
qua so sanh ton thét trong cac khdi viing theo su
thay d6i ctia Iuu lwong va tai diém thiét ké. Ty
1 ton that thuy lyc ctia banh cong tac van chiém
ty 1& nhidu nhat 1a 59,13%, sau d6 1a ving
budng xoan voi 11,69%.

n
59.13

56.2

50

40

30

53 18.6

11.69

10 55 42674 7.92

3 im ml Il
Tr-im

h-cas

BPon vi (%)

129
11.31

fr-dr

h- loss (%)

2.6 3.20
- .
h-spa h-van

= Bom

h- Leg
® Tuabin

Hinh 10: So sanh ty 1é phdn bé ton that trong
vdn hanh bom va tuabin tai diém thiét ké

Hinh 10 so sanh ty 1& phan bd ton that qua cac
khdi ving trong van hanh bom va tuabin. Nhin
chung cho thay ton that thiy lyc trong viing banh
cong tac 1a 16n nhét, chiém hon 50% trong ci van
hanh bom va tuabin. Trong ché d6 bom, ton that
banh cong tac 14 16n nhat véi 56,2%, sau d6 13 ton
thit trong ving van (18,6%), ving 6ng hut 13
12,9%. Trong ché do tuabin, sau t6n that ving
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BCT 14 16n nhét véi 59,13% lai 13 viing budng
xodn véi 11,69%. Vung van chi chiém 7,92%
thdp hon nhiéu so v&i van hanh bom (18,6%).
Tén thit ro ri trong hai mé hinh 14 x4p xi nhau va
cting chiém ty 1¢ nho nht.

4. KET LUAN

Bai bao d sir dung md phong s6 3D dé tinh toan
va danh gid vé phan b ton that qua cac khdi
viing cho mot to may PaT c6 ns =104 tai diém
thiét ké trong ca hai ché d6 bom va tuabin, két
qué cho thiy:

Phén bd ton théat: Nhin chung, ton that thiy
luc trong viing banh cong tac 13 16n nhat, chiém
hon 50% trong ca hai ché d6 bom va tuabin.
Trong ché d6 bom, ton thit banh cong tac 14 16n
nhét v6i 56,2%, sau do 1a ton thit trong ving
van (18,6%), ving dng hut 1a 12,9%. Trong ché
d0 tuabin, sau tdn that vung BCT la 16n nhat véi
59,13% lai 13 ving budng xoin véi 11,69%.
Vung van chi chiém 7,92% thap hon nhiéu so
v6i van hanh bom (18,6%). Ton thét 1o ri trong
hai m6 hinh 1a xdp xi nhau va cing chiém ty 1¢
nho nhét.

Y nghia va dé xuét cho cac nghién ciru tiép
theo: Sir dung md phong sé 3D cho phép danh
gia nhanh va tryc quan cac van dé thiy luc
xay ra khi van hanh may PaT, diéu ma cac
nghién ctru 1y thuyét va thuc nghiém kho lam
duoc. Cac két qua trong nghién ctru nay c6 thé
duoc sir dung dé du bao kha niang lam viéc vé
cong suét, cOt nudce va hiéu suit cua may, diéu
nay s€ tao diéu kién thuan loi trong viéc lya
chon mdy PaT cho mét cong trinh cu thé.
Ngoai ra, cac két qua phan bd ton that da goi
¥ cho ta thiy rang viéc cai thién thiét ké bién
dang canh dé giam ton that 13 quan trong nhét
dé nang cao hiéu suit ctia may, nhung viéc
thiét ké bién dang canh huéng va budng xoin
cling c6 y nghia quan trong khong kém.
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