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TOM TAT

Viéc lyva chon va ap dung may bom — tuabin thudan nghich (Pump as Turbine — PAT) tram
thity dién tich ndng cé hai vin dé Iém can dwoc gidi quyét. Vin dé dau tién lién quan dén vin hanh
mueot va on dinh cia hé théng, déng thoi mo rong pham vi lam viéc ma van dam bao su thay doi tai
nhanh chong gitra cac ché dp bom va tuabin. Van dé thir hai lién quan dén hiéu sudt, on dinh va do
bén ciia may. Piéu nay lién quan dén cdc cong nghé thiét ké bién dang canh, cdc van dé vé xam thuc
va ddc biét la sw két hop giita khoi bom — tuabin thudn nghich véi khoi mdy phat — déng co thudn
nghich. Bai bdo nay tdp trung vao viéc thong ké va phan tich nhitng thach thire trong thiét ké va vin
hanh mét t6 mdy thudn nghich. Pong thoi, tdc gid sé tém gon cdc cong nghé tién tién nhat trén thé
gidi dwoc g dung dé gidi quyét cac van dé ton dong trén. Qua dé, nguoi doc sé dwoc cung cdp
cdi nhin tong quan vé thi truong phat trién t6 hop mdy bom — tuabin va mdy phadt — dong co thudn
nghich hién nay trén thé gici.

Tw khéa: Thuy dién tich nang; Bom — tuabin thuan nghich; May phdat — dong co thuan nghich.
ABSTRACT

When selecting and applying Pump as Turbine (PAT) in pumped storage hydropower, there
are two major issues that need to be addressed. The first issue relates to the smooth and stable
operation of the system, as well as expanding the working range without worrying about quick
load changes between pump and turbine modes. The second issue is related to the performance,
stability, and durability of the machine, which includes advanced design technologies, issues related
to cavitation, and especially the combination of the pump-turbine with the generator-motor. This
paper focuses on statistically analyzing the challenges in the design and operation of a reverse unit
of PAT. Additionally, the author will summarize the most advanced technologies applied worldwide
to solve these persistent issues. As a result, readers will gain an overview of the current development
market for PAT and generator-reverse motor combinations around the world.

Keywords: Pumped storage hydropower;, Pump as Turbine (PAT) reverse; Generator-
motor reverse.
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1. PAT VAN PE

Céac nghién ctu trude day di khing
dinh ring, tit ca cac loai bom tir truc dumg hay
truc ngang, tir ly tAm hay hudéng truc déu c6 thé
van hanh duoc dudi dang tuabin [1]. Tuy nhién,
bom ly tim cho hiéu suét cao hon va dugc tmg
dung nhiéu nhét trong thyuc t& ngay nay. Mot
cau hoi dugc dat ra 1a phai chon vung lam viéc
ctia bom va tuabin nhu thé nao dé thich tng
t6t nhat cho ca hai qué trinh bom va phat dién?
Thay vi kiém tra tat ca cic bom, cac nha nghién
ctru dd c¢b ging du doan hiéu suit va ving van

hanh ctia bom khi 1am viéc & ché do cua tuabin.
Dé tién so sanh giita cac nghién ctru, ta sir dung
céc chi s6 tuong dbi vé cot nude h, luu lwong q
va hiéu sudt n nhu sau:

H
h= g =2y T M

-q
Hp Op np

Nhin vio bang 1 ta thy, c6 nhiéu du
doan duoc dua ra va khong thong nhat. Vi vay,
mot dé xuat duoc dua ra 1a bom phai dugc kiém
tra dé chic chin dat duoc nhitng déc tinh tuabin
trude khi 1ap dat.

Bdng 1. Tong hop cdc két qua nghién ciru dé diw dodn diém lam viéc q, h ciia PAT [2]
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Nhin vao bang 1 ta théy, ¢6 nhiéu du
doan dugc dua ra va khong théng nhat. Vi vay,
mot dé xuét duoc dua ra 1a bom phai dugc kiém
tra dé chic chan dat dugc nhimng dic tinh tuabin
trude khi lap dat. Mot vai nghién ctru trong cac
tai lidu [3, 4, 5] da duoc thyc hién dé xay dung
cac duong cong dac tinh cua tuabin dya trén
hiéu suat bom 16n nhét (Best Efficiency Point
— BEP), hoac dya trén céac thong s6 hinh hoc
c6 san cua bom [6, 7, 8]. Cac nghién ctru trong
cac tai liéu [9, 1] da sir dung cac két qua thuc
nghiém dé v& cac duong cong tuong ddi q(h),
n(q) cua tuabin tir cac dir li€u ciia bom cho cac
mdy ¢6 n_khac nhau. Két qua da dua ra duoc
mot bang vé cac ty 16 h va n ung voi cac ty 1€
q khac nhau theo n_. Cac két qua trén sau do
c6 thé dugc ap dung rat don gian cho cac may
c6 n_tuwong tu nhung do chinh xac khong cao
do mdi may s& co nhitng dic tinh riéng ctia no.
Céc nam sau do, cac nghién cuu trong cac tai
lidu [5, 7, 10, 11] dd cb gang du bao cac duong
cong nang lugng do6 tir viéc tinh toan chinh xac
nhat cac thanh phin cot nudc 1y thuyét, cac
thanh phan ton that va cac van dé thiy luc theo
dang cac dac tinh hinh hoc cua may.

Nhu vay, rat kho dé xac dinh mot quan
hé toan dién, co thé bao phu dugc tat ca cac loai
bom khi van hanh trong ché do nghich. Giilich
[7] va Chapallaz [9] d4 két luan ring, khong c6
mot mbi quan h¢ nao cé thé du doan duoc dic
tinh cua tat ca cac may PAT, nhung nhiing quan
h¢ nay phu thugc vao mo hinh may dugc thé
hién qua s6 vong quay dic trung n_va cac mo
hinh ton thét cua no.

Van dé tht hai lién quan dén hiéu sut,
6n dinh va do bén ciia may. Diéu nay lién quan
dén cac cong nghé thiét ké bién dang canh, cac
véan dé vé xam thuc va dic biét 1a su két hop gitra
khéi bom — tuabin thuan nghich véi khdi may
phat — dong co thuan nghich. Nhiing nghién

ctru cua cac nha khoa hoc va tir nhiing hang san
xuat may canh noi tiéng trén khip thé gidi [3,
8, 4] cho théy, cac may thuédn nghich da co thé
lam viéc 1én dén 700m cot nude, cong suat trén
500MW va hiéu suit thuy luc trung binh cua
banh cong tac (BCT) dat téi 91%. Derakhshan
va Nourbakhsh [4] d3 nghién ctru 1y thuyét t6i
vu két hop v6i phan mém FINETURBO V.7
thiét ké lai mot bién dang canh bom c6 s6 vong
quay dic trung 14 23,5. Két qua chi ra rang hiéu
suat dugc ting cuong tir 3+5% tai xung quanh
diém thiét ké trong ché d6 tuabin. Nam 2014,
Xuhe va dong nghiép [12] ciing da thiét ké
bién dang canh tdi wu PAT cho thity dién tich
nang co cot nu’éc bom 1én dén 298m cong suat
trén truc 1én gan 270MW va sb vong quay 300
Vong/phut Bing viéc két hop 1y thuyét thiét
ké canh bom, 1y thuyét tdi wu va cac ky thuat
mo phong. Két qua trén 1000 phuong 4n bién
dang canh banh cong tac khac nhau da cho ra
dugc phuong 4n toi wu nhat. Khi d6, hiéu suét
tuabin va bom lan lugt 12 91% va 90,8%. Céc
nghién ctru tuong tu dugc trinh bay trong cac
tai liu [13] trén cac may PAT co n_ thip cho
thay hiéu suit cta ca bom va tuabin di dugc
tang cudng dang ké tir 1-3%. Cac nghién ciru
[14, 15] da sir dung 1y thuyét toi wu dé diéu
chinh cac thong s6 hinh hoc canh PAT. Cac két
qua cho théy, bién dang canh da duogc cai thi¢n
hiéu suat ting 2,91%, khi d6 hiéu suét hé thong
dat 78,7%.

Co thé thay, do su khac nhau vé ché do
thuy luc gitra bom va tuabin, cung vdi sy khac
biét dang ké vé hinh hoc BCT va cac bd phéan
cOt try va canh hudéng, dong chay cua bom
thudn nghich thuong bi xdo dong nhiéu hon so
v61 bom thuong. Ngoai ra, viée két hop dong
co va may phat véi nhau cting 1a mét thach thuc
d6i voi cac nha san xuat va nghién ciru. Bai bao
nay tap trung tong hop va phan tich sau sic cac
van dé nay, dong thoi gidi thiéu cac giai phap
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k¥ thuét va cong nghé tién tién nhat hién nay dé
giai quyét nhiing thach thuc trén.

2. QUA TRINH PHAT TRIEN MAY PAT

Cong trinh thu}"/ dién tich nang tich nang
lu:ong nude khi nhu cu dién thip va st dung
nguon nang luong tich dugc nay dé phat dién
vao khung gid cao diém. Thiét bi quan trong
nhit cho qua trinh van hanh hiéu qua ciia nha
may thuy dién tich ning (TDTN) la hé thong
bom; tuabin; bom — tuabin thuan nghich (PAT)
va dong co — may phat. Lan ddu tién vao nim
1931, khi Thoma va Kittredge [16] da nghién
ctru va hoa nhap may bom va tuabin thanh mot
may lam viéc & ca hai ché d6 bom va tuabin
(goi 1a Bom Tuabin thuan nghich — Pump as
Turbine PAT). Céac nghién cuu sau do [3, 17]
cling dé chi ra ring mot may bom c6 thé van
hanh t&t nhu mot tuabin ma khong co bat ctr
mot van dé co khi nao xay ra.

Hinh 1 va bang 2 cho thdy qua trinh
phat trién va ung dung cua may PAT theo thoi
gian. Trong thoi gian dau phat trién bom —

tuabin thuan nghich dang ly tdm — francis mot
cép, pham vi lam viéc con hep, cong suét nho
(thuong tir S0MW dén 100MW), cot nude 1on
nhét ciing chi dat gan 130m. Trong vong 15 nim
sau (nhitng nim 1985), cot nude 16n nhit co
thé van hanh 1én dén 559,2m, cong suit 1én t6i
412MW. Vuot bac hon cd 1a dén nam 1999, cot
nudc bom trong md hinh PAT d3 dat dén 728m
do hang Hitachi cong bd va dugc lép dat tai
TTPTN Kazunogawa ctia Nhat Ban. TTDTN
ctia Trung Qudc theo thoi gian luc dau c¢6 cong
sudt lap may 1a 300MW, cot nudc cao nhat trén
600m, sau d6 mot sd Tram nhu Yangjiang, Jixi,
Pingjiang, va Wulongshan c6 ¢t nude dat gan
700m.

Hinay (m)

Hinh 1. Sw phdt trién ciia mdy PAT [14]

Bdng 2. Thong ké mot s6 tram thity dién tich nang I6m trén thé giGi sir dung mdy PAT

TénT,;%\,Inéy Quéc gia Van hanh tuabin Ché d) bom
P (MW) H (m) n (v/p) H (m) Q (m¥/s)

Helms USA 414 531,6 360 517 73,6
Kazumogawa Japan 412 500 778 50,3
Samrangjin Korea 370 300 355 103,3
Ludington USA 343 107,7 113 113,6 314
Okawachi Japan 331 415,6 330+390 432 81,7
Bear Swamp USA 320 228,6 225 240,8 1254
Rocky Mt USA 320 210,3 225 218,5 146,4
Nabara Japan 318 317,5 257 340,5 110
Omarugawa Japan 310 671,8 576+624 720,4 441
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3. NHUNG THACH THUC TRONG VAN
HANH VA THIET KE TO MAY

3.1. Khéi dong may PAT

Khoi dong PAT c6 thé gip nhiéu thach
thirc do mot s6 1y do:

(1) Luu luong: Yéu cau luu luong khac
nhau cho hai ché do bom va tuabin. Trong qué
trinh khoi dong cua ca hai ché do, luu luong
can phai dam bao dung thiét ké dé tranh hu hai
cho hé thong. Néu luu lugng qué cao, né cé thé
gy ra hién tuong khi thuc, dan dén hu hong
ctia canh BCT va cac bd phan khac. Néu luu
luong qua thap, PAT c6 thé bi dimg va khong
hoat dong nhu mdt tuabin.

(2) Chiéu quay: PAT van hanh thuin
nghich theo hai chiéu khac nhau. Trong qué
trinh khoi dong, rat quan trong dé dam bao rang
PAT quay theo hudng ding dé ngin ngira hu
hong cho hé thong.

(3) Luc co hoc: Do su thay doi dot ngot
clia ap suat va luu luong. Luc nay co thé dan
dén hu hong cho cic 6 d& va cac thanh phan
khac cua hé théng.

(4) Dleu khién va on dinh: PAT yéu cau
diéu khién va 6n dinh chinh xac trong qua trinh
khoi dong dé dam bao hé thong van hanh an
toan va hiéu qua. Piéu nay c6 thé rat kho dé dat
duoc, dic biét 1a dbi véi cac hé thdng 16n hon
hodc c6 luu luong khac nhau.

(5) Hiéu suit thap: Diéu nay 1a do hé
thong PAT dang van hanh & ché do chuyén tiép,
nhiéu hién tuong thiy luc xay ra, ton that ting
dan dén hiéu suit giam.

Tom lai, khoi dong PAT c6 thé 1a mot
qua trinh phtre tap doi hoi quy trinh, tuan thu

diung cac khuyeén nghi cua nha san xuat va tiéu
chuan nganh dé tranh hu hdng cho h¢ thong va
dam bao do tin cay lau dai cua no.

3.2. May dién — dong co 1am viéc hai chiéu

Trong hé thong PAT, may phat dién —
d6ng co hai chiéu (BMG — Bidirectional Motor-
Generator) duoc str dung dé chuyén doi tir ning
lugng co hoc (quay cua PAT) thanh nang lugng
dién. Téc do6 cia BMG 1a mot thong sO quan
trong trong hoat dong cua hé théng PAT. Trong
ché d6 bom, PAT duoc st dung dé bom nudc,
va BMG hoat dong nhu mot dong co. Trong
ché d6 nay, toc d6 cuia BMG dugc diéu khién
boi bo bién tan (VFD — Variable Frequency
Drive) dé dat duoc luu lugng mong mudn. Toc
d6 cia BMG can duoc giit trong khoang an
toan dé tranh hu hong cho hé thong. Trong ché
do tuabin, BMG hoat dong nhu mot may phat
dién. Trong ché do nay, téc do cia BMG can
duoc giir 6n dinh dé duy tri mot dién ap va tan
s6 dau ra 6n dinh. Téc d6 ctia BMG trong ché
do tuabin thuong cao hon so véi ché d6 bom,
vi BMG dang tao ra di¢n nang chtr khong phai
la bom nudc.

Pé dam bao hoat dong toi uu cua td
may, viéc c6 mot hé théng diéu khién tdc do
dang tin cay va chinh x4ac cho BMG la rat quan
trong. Pidu nay c6 thé lién quan dén viéc sir
dung cac cam bién dé do téc do cua BMG va
cac hé théng diéu khién phan hdi dé diéu chinh
tdc do khi can thiét. Ngoai ra, viéc lya chon
mot BMG voi du tde do va cong suat phi hop
dé phu hop v6i yéu cau ctia hé théng PAT ciing
1a rat quan trong.

3.3. Pham vi vin hanh cia ché d§ bom va
che do phat dién phai phu hop véi nhau

Pham vi hoat dong trong hai ché o
bom va tuabin lién quan dén pham vi luu lugng
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nudc va cot nudc ma ¢ do hé théng 6 thé bom
va phat dién nang luong hi¢u qua. Néu pham vi
hoat dong qua hep, hé thong c6 thé khong dap
mg du nhanh véi cac thay doi theo yéu cau.
Nguoc lai, néu pham vi hoat dong qué rdng,
hiéu suit cua hé théng c6 thé giam va chi phi
hoat dong cua hé théng cling co thé tang.

Viéc chon phu hop vung hoat dong bom
va phat dién 1a rat quan trong dé dat duoc hiéu
qua toi da ctia may. Piéu nay c6 thé dugc dat
dugc thong qua ké hoach va thiét ké can than,
cling nhu thong qua viéc st dung cac hé thong
diéu khién va giam sat tién tién dé t6i wu hoa
hiéu suit cta hé thong trong thoi gian thuc.

4. NHUNG GIAI PHAP CONG NGHE
NANG CAO HIEU SUAT TO MAY

4.1. Cong nghé thiét ké bom — tuabin thuén
nghich

4.1.1. Théng sé cdnh

Dé tbi wu hoa hinh hoc, cac nghién ctru
chu yéu tap trung vao thiét ké mot sé thong so
quan trong ctia canh nhu s canh (Z), goc dat
canh (B), duong kinh (D), chiéu rong méng
canh (b), va goc tdi (8). Bang cach két hop cac
két qua nay voi mot sd ki thuat thiét ké canh
nhu bo tron mép canh, mo rong ving mat that,
hiéu suat cua thiét bi dugc cai thién tir 1% lén
dén 2,5% trong pham vi hoat dong cua thiét ké.
V& mit hinh hoc, diém khac nhau nhiéu nhat
giita bom va tuabin c6 thé ké dén 1a su chénh
léch vé duong kinh ngoai D,, s6 canh Z va
bién dang canh banh cong tac. Theo Stelzer va
Walters [18], v6i cing cac théng sb dau vao,
trong khi duong lfinh tai mép vao bom D, trong
hai m6 hinh 1a xap xi nhau thi D, trong tuabin

lai kha nho hon so véi bom,D; =~ 0,83D;.
Su khac nhau dang ké nay gay ra sy kho khan
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khi tinh toan thiét ké D, trong mo hiph PAT.
Stelzer va cong su cling da xay dung do thi xac
dinh D,, D, trén co s¢ 25 két qua thuc nghiém
cua céc cong trinh khac. Cac nghién ctru cling
dé xuét rang dé d& dang dap ung dugc cac yéu
cau thuy luc trong cd hai ché do, thiét ké PAT
s& vu tién gan duong cong ctia bom hon so véi
tuabin.

Anh huéng cua D, dén dic tinh ning
lwong trong hai ché do bom va tuabin da dugc
Yang va cac cong su [19] nghién ctu thuc
nghiém trén 03 bom ly tdm. Két qua chi ra
rang, hiéu suit ciia PAT giam véi su giam cua
duong kinh. Khi duong kinh gidm tir 255mm
dén 215mm thi hiéu suat giam 4,11% tai diém
thiét ké; duong cong Q(H) cuia PaT cang dbc
nhanh con Q(P ) tr¢ nén tuwong dbi phing. Cac
nghién ctru ndm 2014 cua Sanjay [20] cling cho
thdy theo xu hudng tuong tu.

Trong nghién ctru cua Olimstad va céac
dong nghiép [21], 05 mau canh khac nhau da
duoc khao sat. Cac mau canh duge diéu chinh
bang cac thay d6i quy luat dit goc dat canh
B, va bé’n kinh Cé}lh trong khi gifrq nguyén cac
thong s0 khac. Bé PAT van hanh 6n dinh hon,
nghién ctru di dé xuat nén tang goc dat canh tai
mép vao bom B, .. Cac nghién ctru twong tu cua
Li [22] ciing dd duoc tién hanh trén cic may
PAT n thap. Tir cac diéu kién ban dau cta tam
giac toc do tai mép vao bom, mdt quy luat goc
dat canh theo chiéu dai canh ciing duoc thiét
lap dé tao nén cac bién dang canh khac nhau.
Sau d0, két hop voi 1y thuyét t6i wu, mo phong
s6 CFD va cac nghién ctru thyc nghiém, cac
mau canh da duoc tdi uvu dan dan. Két qua hiéu
sudt duoc ting cudng 5% tai diém thiét ké va
9% tai cac diém ngoai diém thiét ké.

Goc tdi o 1a goc 1éch gitra goc dat canh

& 161 vao B, vOi goc ctua dong hudng kinh tinh &
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toan B, (khi d6 ¢, = 0), khi d6 B,, = B,, + o.
Theo nghién ctru cua tac gia Tran Van Cong
[23], gbc t6i anh huéng nhiéu dén bién dang
canh, cot ap hat, dac tinh Q(H) va n(Q). Két
qué chi ra rang, khi & ting tir 0° dén 4° thi goc
6m 0 va mat do canh (I/t) giam lan luot 1a 4%
va 5%. Pong thoi, tac gia ciing chi ra rang, goc
toi & = 2+3° s& 1 tét nhat cho bom, khi 6 bom
s& dat dugc kha nang hit cao va hiéu sut tot
nhit.

S canh Z, goc dat canh B, B, va
duong kinh ngoai D, canh va chiéu rong mang
canh b, khong thé lya chon mot cach doc lap
ma chang phai ¢6 quan hé dé dam bao dat duoc
cot nudc yéu cau va duong cong Q(H) 1am viée
6n dinh. Theo Giilich [24], véi gid tri Z, D, va
B, xac dinh, H s€ tang theo chiéu tdng cua b, va
quan hé Q(H) trd nén phang hon. Pic biét véi
may PAT c6 n_ thap, mot gia tri b, du lon la can
thiét dé dam bao cac yéu cau thay luc cho ca
hai mo6 hinh. Viéc x4c dinh ly thuyét b, 1a kho
nén thong thuong xac dinh qua thuc nghiém,
Stelzer va Walters [18] da tong hop va dua ra
cac duong cong xac dinh D, va b, cho mo hinh
PaT n_thap.

Ngoai ra, mot sb két qua nghién ctru
trong thiét ké bién dang canh lién quan dén
D,, Z, B, B, duoc trinh bay trong céc tai ligu
[25, 26, 27, 28]. Trong nghién clru cia Yang va
cac cong su [19], 3 mau canh véi duong kinh
D, khac nhau da dugc thi nghi¢m. Két qua chi
ra rang, hi¢u suat PAT gidm vdi su giam cia
duong kinh. Khi duong kinh giam tr 255mm
dén 215mm thi hiéu suat giam 4,11%. Trong
ché d6 bom, dudng cong Q(H) trd nén doc hon
va Q(P) tré nén gan nhu 13 cac parabol c6 xu
huéng di xubng. Trong ché d6 tuabin, dudng
cong Q(H) cang dbc nhanh con Q(P) tré nén

tuong dbi phang. Mot nghién ctru sau d6 [20]
cling d kiém chimg véi cac két luan cua Yang.
Mot s nghién ctru lién quan dén hiéu chinh
hinh hoc va két cdu banh cong tac nhu bo tron
mép canh, mo rong vung mat that da dugc trinh
bay trong cac tai liéu [21], [19], [29], [30]. Két
qué cho thay hiéu suat duoc ting cudng tir 1%
dén 2,5% trong ving van hanh thiét ké.

4.1.2. Bién dang canh

y /,/"F _h"\ . -
f/ / \ . -
2 |II { _h\\ I : -
—— Cédnh ban dau —— Cdnh sau 16i uu

a) Hinh hoc
Hinh 2. Hinh hoc va hiéu sudt ciia cde mé hinh
PAT ban dau va sau téi wu [13]

— Canh ban dau - Canh sau toi wu
b) Hiéu sudt
Hinh 3. Tac dong cua viéc bo tron mép canh [31]

Miao d4 t6i uu hoa hinh dang canh bang
thuat toan di truyén [32]. Hinh 2 so sanh giita
hinh dang canh va dudng cong hiéu suit cua
md hinh PAT ban dau va t6i wu. Hiéu suét tdi da
cta PAT dugc cai thién thém 2,91% sau khi t6i
uu hoa vi ton that thay luc trong bo phan canh
banh da dugc giam.
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Hinh 4. Pac tinh nang luong vé H(Q), P(Q) va
n(Q) ciia cac mau canh [33]

bdi véi mot may bom ly tdm cu thé,
ky thuat bo tron canh banh dé tranh céac canh
sdc ctia bo phan canh da dugc gidi thiéu dé cai
thién hiéu suat PAT. Ban kinh bo tron bang mot
ntra d§ day cua canh dugc su dung trong bay
may bom dong ly tdm hodc dong hdn hop. Két
qua cho thiy hiéu suit may duoc ting cuong tir
1-3% trong cac diéu kién hoat dong khac nhau
[31]. Hinh 3 minh hoa co ché lam tron canh
banh tai ctra vao (ra) cua PAT. Sau khi bo tron
canh, khu vuc bung canh do cac canh sdc duoc
giam nén ton that thuy luc dwoc giam, dan dén
hiéu suit cao hon.

Wang da dé xuat mot phuong phap thiét
ké cho bd phén canh dac bi¢t cong vé phia trude
dua trén dinh luat bao toan mo-men goc va st
dung diéu kién dau vao téc do khong va va didu
kién dau ra toc do binh thuong dé xac dinh goc
dau vao va dau ra cua canh quat [33]. Hinh 4
mo ta duong hiéu suit ctia PAT voi canh dugc
thiét ké dic biét cong vé phia trudc so vdi cac
thiét ké ban dau. Hiéu suat PAT duoc cai thién
dang ké voi canh quat cong vé phia trudc va
pham vi hi¢u suét cao cling dugc mo rong. So
sanh ba may bom ly tim v&i céc ti tdc khac
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nhau (n_= 18,1, 36,4 va 52,8) cho thy su ting
trung binh 13 7,15% vé hiéu suit, diéu nay
chtng minh sy vu viét ctia phuong phap thiét
ké dé xuat. Phan tich thém vé goc dau vao cua
canh cho thay khoang tir 70° dén 135° duoc
khuyén nghi cho may bom ly tdm toc n thé
thap, va goc dau vao 16n hon s& phu hop véi
luu lugng cao hon.

4.1.3. Hé thong cdnh hwdng va cét tru

B0 phan cdt try va canh hudng trong
bom gay ra su xdo dong dang ké trong dong
chay so v6i bom thong thuong. Véi mot toe do
quay ¢b dinh, bom chi co6 thé hoat dong hicu
qua & mot vi tri cu thé cta cot nude (H) va luu
luong (Q). Khi bom hoat dong & ngoai diém
thiét ké, nhiéu hién twong dong chay va van dé
thity luc xdy ra, gdy giam manh hiéu suét trung
binh ctia may. Viéc x4c dinh cac thanh phan van
tdc tai mép ra banh cong tac [34] co thé gitp
xac dinh gié tri nay. Hai nghién ctru [35, 36] da
thao luan vé anh huong ciia d6 mé canh huéng
dén cac dic tinh ciia may PAT trong hai ché do.
Nghién ctru d6 tap trung vao co ché hinh thanh
va phat trién khong 6n dinh cua dong chay, lién
quan giita phan bd van tdc tai bién ngoai banh
cong tac va phan bd cuong do xdo dong ap suit
theo thoi gian va khong gian va tac dong cua
tai dong 1én banh cong tac va canh hudng trong
diéu kién thét tdc. Cudi cung, cac phuong an
gdc mo tdi uu ctia canh hudng duoce dé xuat dé
dua ra goi ¥ cho quy trinh van hanh cua may
sau nay.

4.2. Cong nghé thiét ké dong co — may phat
thuan nghich

Loai may phét dién pho bién nhat cho
nha may thuy dién tich nang la loai c6 thé dao
chiéu, goi 1a may phat dién dong co. Voith,

Andritz, Toshiba, GE Renewable Energy [37, &
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38] dd c6 nhiéu thanh tyu san xuit trong hon
120 ndm qua va di cung cip cac loai may phat
dién — dong co voi cong suét tr 10 MW dén
1.200 MW, mot sd cong nghé vuot trdi nhu
hinh 5. M¢t trong nhitng uu viét chinh cua viéc
su dung BMG co6 tdc do bién thién cua GE la
ching c6 thé hoat dong trong mot pham vi toc
do va tai rong, cho phép tdi wu hiéu suét & cac
muc dong khac nhau. Ngoai ra, cac may BMG
nay duoc thiét ké dé rat dang tin cdy va bén,
didu nay 14 rit quan trong ddi voi cac tmg dung
yéu cau hoat dong lién tuc trong thoi gian dai.

Lm 3 pha: K§ thufl dbe

tin g trye ciza khe g mm v
win rotor. Dby ndy s& tng higu sl vi
r.'n'lllunh deberg truc.

i tho cia ding oo dsén
r Vi thiing: b Kai v Ting dis tm ciy
Vit lifu eiich dim die

| wua may. |I|. |hm w
it D 104 wu vib kiém .
tra o dim bdo ob thd [
chiu dugc mc di sing

T e

B difu H|| in dl.n. :m.l

cun bae dan chiu i

| tromg trpe vil cic b phan lign quan

Kb, g gUY 0 qu Nitng v ting
tink ding tin céy cim hé thing.

BMG

B{ chuyén dbi
Momen xodn

wt,  PAT nhiéu cip

Hinh 6. B¢ chuyén doi mé-men xodn

Bo chuyén d6i mé-men xoan (hinh 6 —
Torque Converter) hd tro qua trinh khai dong
va tit may mot cach hiéu qua nhat. Trong vai
gidy, to may c6 thé dugc két nbi hodc téch khoi
hé théng truc. B6 chuyén d6i nay truyén dong
mo-men Xodn hoac cong suét tir dong co— may
phat dén truc PAT bang cach duoc 1ap day bang

nude xt 1y. Qua trinh khoi dong cua PAT bit
dau ngay trong qua trinh d6 nudc. Kh1 muc ap
suit ctia nude db tang 1én, m6-men xodn dau ra
ctia bo chuyén d6i ciing ting 1én va do do day
nhanh qua trinh van hanh may. Md-men xoin
tang dot ngot luc dau, nhung s& giam dan khi
tde do thir cép tang l1én. Khi dat tde do déng bo,
mo-men xoan dau ra cia bd chuyén do6i twong
g véi mo-men xoan khai dong cia may. Do
qué trinh tuong tac tron tru cuia cidc qud trinh
nay, may PAT c6 thé duoc khoi dong nhanh
chong. Khong c6 sy dot ngot tai trén ludi dién
Xay ra.

Toshiba [39] gidéi thi€u nhitng BMG
¢6 tée do diéu chinh duge. Pac diém vuot troi
trong viéc diéu chinh cung cau dién bao gdm:
Chtrc ning tu dong diéu chinh tan s trong qua
trinh bom nuéc; Hiéu suat cao va pham vi hoat
dong mo rong trong cad qua trinh phat dién va
bom nudc; Cai thién sy 6n dinh cta ludi dién;
Chtrc ning dé duy tri dién ap cua ludi dién.

Ny bils dp m:. bl kg
b

¥
Miy hilw dp chish

- FAT

Hinh 7. Nhitng cdi tién trong thiét ké BMG ciia
Toshiba [39]

5. KET LUAN

Céac nghién cru vé& anh huong cua céac
tham s6 hinh hoc chu yéu tip trung vao dudng
kinh va hinh hoc bién dang canh hién nay. Viéc
giam duong kinh canh s& din dén giam hi¢u
suat, nhung lai hitu ich dé diéu chinh diém hiéu
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suat toi da. Cac nghién ctru cho thay rang ton tai
gdc bao canh, sb ludi canh, vi tri mép sau cua
canh va s canh c6 thé nang cao hi¢u suat may.
So véi viée cat giam duong kinh ctia BTC, viée
bo tron ludi canh dang tin cdy hon vi hiéu sut
PAT c6 thé dugc cai thién hon. Ngoai ra, tdi uu
héa hinh dang ludi canh ciling dang thuc hi¢n.

Khong ¢6 mdt mdi quan hé nio co
thé du doan dugc dic tinh cua tit ca cac may
PAT, nhung nhiing quan hé nay phu thudc vao
mo hinh may duoc thé hién qua s6 Vong quay
dac trung n_ va cac mo6 hinh tén that cua nod.
Bom phai duo’c kiém tra dé chic chén dat dugc
nhitng dic tinh tuabin trude khi lap dat. <

Ngay nhan bai: 26/4/2023
Ngay phan bién: 18/5/2023
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