BAI BAO KHOA HQC

NGHIEN CUU THUC NGHIEM ANH HUONG CUA PQ MO
CANH HUONG PEN CAC PAC TINH NANG LUQNG CUA
MAY THUAN NGHICH BOM -TUABIN

Nguyén Thi Nhé'2, Trwong Viét Anh?

Tom tat: Bai bao nay trinh bay cac két qua thi nghiém dékhado sat anh hwong ciia @6 mo canh hirdng dén
cdc dwong cong ddc tinh vé ot nuée (H), cdng suat (P) va hiéu sudt () ciia mét t6 may thudn nghich bom —
tuabin khi vdn hanh trong hai ché dé bom va tuabin. Két qua cho thdy, khi d6 mé tang dan tir Smm dén
15mm, trong van hanh ché dg bom, heu heong tai diém c6 hiéu sudt lon nhat Qgep (Best Eficentcy Point-BEP)
tang tir 218,22 m*/h 1én 300 m*/h trong khi H giam tir 8,82m t6i 7,71 m. Trong vin hanh ché dé tuabin, Qgep
tang tir 270m3/h 18n 320,9 m*/h trong khi H giam tir 9,78 m téi 8,94 m. Xét vé mat hiéu sudt, phwong dn do
Mo canh hwong 10mm cho hiéu sudt cia ca bom va tuabin la tét nhat, bom dat 77,07%va tuabin dat 72,8%.
Pong thoi, bai béo ciing da xay dung va danh gia diroc vang véin hanh cia mdy da thiét ké. Pay 1a két qua

nghién citu dau tién, c6 y nghia trong thiét vé dang mdy canh ndy ¢ Viét Nam.

Twr khéa: Canh hudong, bom — tuabin, bom, tuabin.

1. GIOI THIEU CHUNG

Bom - Tuabin (Pump as Turbine, duoc viét tit 1a PaT)
la thiét bi thary Iuc c6 kha nang 1am viée ¢ hai ché d9 bom
va tuabin, dugc tmg dung rong réi trong cac nha may thuy
dién tich nang (NMTDTN) tir nhimg nam 1950. Cac
nghién ctu trude day d4 khang dinh rang tat ca cac loai
bom tir tryc dimg hay truc ngang, tir ly tdm hay hudng
truc déu c6 thé van hanh dugc dudi dang tuabin (Peter,
2014). Tinh t6i thoi diém hién tai, cac may PaT c6 thé
lam viéc tot duoc trong viing cot nude tir S0m dén 800m,
cong suat dau ra tir 10MW dén hon 500MW, hiéu suit
tuabin va bom Ién dén 91% va 90,8%.

Do sy xuat hién ctia bd phan cot tru va canh hudng
nén dong chay di ra cia bom ciing bi xdo dong dang
ké so voi bom théng thuong. Voi mot toe do quay
nhét dinh, bom chi ¢ thé 1am viéc hiéu qua tai mot vi
tri cia cot nude (H) va Iuu lugng (Q) nhét dinh. Khi
lam viéc ngoai diém thiét ké, mot loat cac hién tuong
dong chay va c4c van dé thay luc s& xay ra 1am giam
manh hi¢u sut trung binh cia may. Gia tri nay hoan
toan cd thé xac dinh dugc théng qua viée xac dinh cac
thanh phan van toc tai mép ra banh cong tac (Nho,
nnk 2018). Trong c&c nghién ciu (Jasmina, et al
2014) va (Hasatuchi, 2012), anh huong cia do mé
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canh hudng dén cac dic tinh ciia may PaT trong hai
ché d6 d4 duoc théo luan. Nghién ciru do tap vao co
ché hinh thanh va phét trién khéng 6n dinh dong
chay, méi lién h¢ giita phan bd van tdc tai bién ngoai
banh cong tac va phan bb cuong do xao dong ap suat
theo thoi gian va khong gian, va tac dong cua tai dong
1én banh cong tac va canh hudng trong diéu kién that
tdc. Cac phuong 4n goc mé tdi uu ciia canh hudng
sau d6 ciing duoc dé xudt dé dua ra nhimg goi y cho
quy trinh van hanh sau nay ciia may.

Theo quy hoach phat trién dién luc qubc gia co
diéu chinh thi Viét Nam s& c6 bay phuong an TDTN
dugc dua vao van hanh véi tong cong suit dat
2100MW. Cong trinh TBTN dau tién Bac Ai 1,2 s&
dugc dua vao van hanh nam 2023 véi cong sut lip
méay mdi t6 1 300 MW. Tuy nhién, t6i thoi diém
hién tai, van chua c6 bit ctr nghién ctru ndo vé dang
may nay duogc cong bd. Pay la mot 1a thach thirc 16n
cho céc nha khoa hoc trong nudc. Trong nghién ciru
nay, tac gia tap trung vao nghién ctru anh hudng cua
d6 mo canh huéng nuéc dén cic dic tinh ning
luong vé cot ap, cong suat va hiéu sudt may PaT
bang phuong phap thyc nghiém. Qua do, ciing danh
gia dugc phan ndo chat lugng may PaT da thiét ké
trong nghién ciu. Két qua dugc ap dung cho cac
may PaT cd s6 vong quay dic trung ns thap.
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2. THIET LAP HE THONG THU NGHIEM

2.1. Gi6i thiéu h¢ théng thir nghi¢m ciia Cong
ty CP ché tao bom Hai Dwong

Cong ty CP ché tao bom Hai Duong da xay dung
hé¢ thong thi nghiém bom méi tai Hai Duong véi
dung tich bé chira ngdm W = 2500 m?, c6 thé thir
bom cong suat Nmax = 1500 kW, Tuu lwong Qmax = 50
000 m¥h. Hé thdng duoc xay dung dong bd Vai cac
thiét bi do hién dai, c4c phan mém va phan ctng cua
hdng Siemens ¢6 d6 chinh xac va dong b cao. Quy
trinh thir nghiém dugc thuc hién dua trén céc tiéu
chuan qubc té vé thir nghiém may bom JIS G8301,
JIS G8302, 1S02858 va cac tiéu chuan Viét Nam.
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Tir cac két qua do ludng s& xac dinh cac thong sb ky
thuat: cong suat, cot ap, cong suét truc, hidu suat
bom va tuabin.

2.2. Thiét bi do va danh gia sai s6

Céc thiét bi do bao gom: do Iuu luong, do cot ap,
momen truc, dong dién va téc do quay déu 1a cac
thiét bi hién dai, chinh xac va duoc nhap khau tir cac
qudc gia tién tién nhu Ptic, Nhat hay Nga, dam bao
d6 chinh x4c va tin cay. Sai sb va gi¢i han sai sd
trong thi nghiém phai dat yéu cau cho phép theo tiéu
chuan Viét Nam TCVN 8639:2011 (Nguyén Minh
Tuan, 2016).

2.3. Thong sb hinh hoc ciia ciia t6 may thi nghi¢m

Hinh 1. Céc théng sé hinh hoc ciia mdy da ché tao, ldp rap phuc vu thi nghiém

Trong bai béo nay, cac théng s6 hinh hoc ctia banh
cong tic (BCT) PaT da thiét ké nhu trén hinh 1. Céc
théng sd hinh hoc ¢6 dugc tir cac nghién ciu thiét ké
mb hinh cia cling nhdm tac gia cho mau méy véi cic
thong s6 dau vaogdm: luu luong thiét ké bom (Q) 1a

a. Ché dg bom
Hinh 2. H¢ thong thi nghiém bom-tuabin
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0,067m%s, cot nuée bom (H) 12 9m va sé vong quay
dic trung nsla 104. Bac biét luu ¥ v6i hé thng 19 canh
huéng va hé thong tay quay diéu chinh luu lugng.

2.4. Thiét Iap phwong 4n thi nghi¢m

2.4.1 S0 do thi nghiém

Wy, i v UL

b. Ché dg tuabin
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Hinh 2 trinh bay so d6 b6 tri phuong an thir nghiém
PaT trong ché do bom va tuabin. D¢ thi nghiém cho
ché d6 tuabin, mot bom ly tim LT270-12/D205 ¢ céc
théng s tai diém thiét ké bao gdbm: toc d6 quay n =
1480 vong/phut; cong suat dong co 7,8kW; cot nudc
H=12m va luu luogng Q=320m*h phu hop véi cac yéu
cau thi nghiém dugc chon 1am bom tao tai va bom tai.
Trong thi nghiém tuabin, may bom tai s& dugc két ndi
vao hé thong tuabin nhu trén so d6 hinh 2b dé tao Q
va H theo céc yéu cau thi nghiém théng qua hé thong
6ng dan c6 duong kinh 250mm. Ngoai ra, do may
PaT c6 n=600 vong/phut trong khi bom tai lya chon
la 1480 vong/phit. Vi vy, b truyén dai tir PaT qua
bom tai da dugc str dung. Toan b qua trinh van hanh
thir déu dugc thao tac trong nha diéu khién. Luu
lwong may bom va tuabin s& duoc diéu chinh nho van
tiét luu. Cac thong s can do bao gdm cac tri s6 luu
lugng, cot ap hut, cot ap dong ho hdt, x4, dong dién
va cdng suat. Cudi cling, xir Iy cac s6 liéu do, danh
gié sai s6 va vé dudng cong dic tinh.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cia @6 mé cinh hwéng dén
dac tinh bom va tuabin

Hinh 3 va hinh 4 l1an luot thé hién cac két qua cta
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Hinh 3. Bac tinh cia bom véi cac phwong an do
Mo canh hwong 5mm; 10mm va 15mm

ba phuong an d6 mé lan Iugt 14 5mm; 10mm va
15mm. Nhin chung, 0 m& canh hudng apanh huéng
nhiéu nhit t6i hinh dang, gia tri va vi tri xuét hién
diém BEP, trong khi khong anh hudng quéa nhiéu
dén hinh dang cia cac duong cong vé cot nudc va
cong suét clia ca bom va tuabin. Cu thé, khi ting do
m& tir Smm dén 15mm thi cAc dudng cong hiéu suat
¢ xu thé dich chuyén vé phia bén phai (Qgep ting)
trong ca hai ché d6 bom va tuabin. Dic biét, khi do
m& tang dan, ving cho hiéu suat cao ctia bom rét
rong nhung gia tri hiéu suét lai giam.

Bang 1 so sanh chi tiét cac gia tri vé luu luong Q,
cot nude H, cong suat P va hiéu suat # tai diém BEP
ctia ba phuong an khao sat. Nhu c6 thé thay trong ca
vén hanh bom va tuabin, khi d0 mé ting dan tir 5Smm
dén 15mm do thi Qgep déu c6 xu thé tang trong khi
cot ap H déu c6 xu thé giam. Cu thé, trong van hanh
ché @6 bom, Qger ting tir 218,2 m¥h 1én 300 m¥h
trong khi H giam tr 8,82m t4i 7,71 m. Trong van
hanh ché d6 tuabin, Qgep ting tir 270m*h Ién 320,9
m*h trong khi H giam tir 9,78 m téi 8,94m. Xét vé
mat hiéu suét, phuong an d6 mé canh huéng 10mm
cho hiéu suit ciia ca bom va tuabin 1a t6t nhét, bom
dat 77,07% va tuabin dat 72,8%.
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Hinh 4. Bac tinh cua tuabin voi cac phwong dan do
Mo canh hwong 5mm; 10mm va 15mm

Bang 1. Két qua ciia bom va tuabin tai diém BEP ciia ba phwong 4n d9 mé cinh hwéng

Phuwong dan d) mé a5;=5mm

Van hanh Q (m’h) H (m) P (kW) (%)
Bom 218,22 8,82 6,83 76,69
Tuabin 270,00 9,78 4,99 70,30
Phuwong dan d) mé a;,=10mm

Van hanh Q (m’h) H (m) P (kW) H (%)
Bom 242,50 8,43 7,23 77,07
Tuabin 315,00 9,49 5,72 72,80
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Phuong dan d) mé a53=15mm

Van hanh Q (m*h) H (m) P (kW) H (%)
Bom 300,00 7,71 7,61 76,20
Tuabin 320,90 8,94 5,49 70,20

3.2. Panh gia vung vin hanh cia bom va
tuabin véi cac phwong an d¢ mé canh

Viéc thiét ké may PaT thuong gin lién véi mot
cong trinh thyc té, véi cac didu kién thyc té vé dao
dong muc nudc thuong va ha luu, cac yéu cau vé sb
gio phat dién cling nhuw bom nudc, dac biét 1a gid dién
theo timg khung gio. Diéu ndy s& lién quan dén ham
muc tiéu thiét ké cta cong trinh. Véi cac tram thuy
dién tich ning, ngoai yéu cau ving hiéu suét cao thi
c4c yéu cau vé cdt nude va cong sut rat quan trong,
ddm bao diéu kién van hanh cua ca ché do bom va
tuabin. Trong mot s truong hop, tuy diém 1am viéc co
hiéu suét rat cao nhung cot nude tuabin qua thap hodc
cot nudc bom qua cao thi PaT cling khong lam viée
dugc. Trong muc nay, tac gia danh gia vung van hanh
cua bom va tuabin véi ba phuong an do mo canh khac
nhau véi ¢ot ap tinh 16p nhat va nho nhat dugc lay theo
diéu kién van hanh di dugc quy doi vé mo hinh thi
nghiém cila cong trinh TDTN Phu Yén Pong. Két qua
duoc cho trén hinh 5, hinh 6 vahinh 7.

Ba phuong 4n d6 mé canh cho thiy thiy ving
lam viéc cua hai ché d6 bom va tuabin déu nim
trong ving hiéu sudt cao, nim xung quanh diém
thiét ké tir 85%+110% diém luu luong thiét ké. So
sénh ba vung lam viéc ciia bom va tuabin ung véi ba
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Hinh 6. Vung vdn hanh cia bom va tuabin vai
phuwong an do mo a02=10mm

KHOA HOC KY THUAT THOY LOT VA MOI TRUONG - SO DAC BIET (10/2019) - HOI NGHI KHCN LAN THU XIl - CLB CO' KHi - DONG LUC

phuong 4n canh khac nhau cho thdy phuong an do
M& a=10mm cho hiéu suét tai diém thiét ké 13 lén
nhét trong ca bom va tuabin nhung lai khong nam
trong viing c6 thé van hanh duogc do cot ap yéu cau
I6n hon cot 4p c6 thé tao duoc ciia tram. Trong khi
d6, phuong 4n d6 mé ag=5mm va ag=15mm déu
dam bao cac diéu kién van hanh cia bom va tuabin
vé cot ap nhung phuong 4n ag=5mm cho viing hi¢u
Suit cao hon, phuong 4n nay bao tron viing hiéu suat
cao cua ca bom va tuabin.
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Hinh 5. Vung vdn hanh cia bom va tuabin voi
phwong an do mo a0l=5mm
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Hinh 7. Vung vdn hanh cia bom va tuabin vai
phuwong an do mo a03=15mm
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4. KET LUAN

Bai bao da trinh bay cac két qua thi nghiém dé
danh gia anh hudéng cua d0 md canh hudng nudc
dén cac duong cong dic tinh ning lugng vé H, P va
n cua mot mod hinh may thuan nghich bom - tuabin
c6 sd vong quay dic trung ng =104 khi van hanh
trong ché d6 bom va tuabin. Pay 1a mé hinh thuén
nghich c6 két cdu méi, 1am viéc 6n dinh va chay ém,
dic biét day 1a két qua nghién ciru dau tién ¢ Viét
Nam dugc ché tao va lap dat thi nghiém. Két qua
cho thiy may PaT thiét ké c6 thé van hanh t6t trong

va cot ap (H) khac nhau ma khong c6 bat ky van dé
van hanh nao xay ra. Khi ting d6 md cua canh
hudng thi cac dudong cong hiéu sudt c6 xu thé dich
chuyén vé phia bén phai tirc 12 Qgep ting dan trong
khi gi4 tri ciia duong cong cot ap H déu ¢ xu thé
giam trong ca van hanh bom va tuabin. Xét vé mat
hiéu suat, phuong an d6 md canh hudéng 10mm cho
hiéu suat cua ca bom va tuabin 13 t6t nhat, bom dat
77,07% va tuabin dat 72,8%.50 véi ché do bom, PaT
hoat dong trong ché d6 tuabin cho H va Q cao hon
(9,49m cot nudc so véi 8,34m va 315m/h so véi

ca ché do bom va tuabin ¢ cac diém luu luong (Q)  242,5 m3/h) tai diém BEP.
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Abstract:
THE EXPERIMENTAL STUDY OF THE EFFECTS OF THE GUIDE VANES OPENING ON
ENERGY CHARACTERISTICS OF A REVERSIBLE PUMP AS TURBINE

This paper presents the experimental results to investigate the effects of the guide vanes opening on the
characteristic curves of a reversible turbomachine, so called Pump as Turbine (PaT) when operating in 2
modes: pump and turbine. When the guide vanes opening increases from 5mm to 15mm, in the pump mode,
Qsep (Best Eficentcy Point - BEP) increases from 218,22 m3/h to 300 m%h while H decreases from 8,82m to
7,71 m. In turbine mode, Qgep increases from 270m°/h to 320,9 m®/ h while H decreases from 9,78 m to 8,94
m. In the case of 10mm, the pump and turbine conduct the best performance with 77,07% and 72,8%
respectively.This study builds and evaluates the operating area for a PaT . This is also the initial resultsand
hassignificant in designing of this kind of machine in Vietnam.

Keywwords: Guide vane, Pump as Turbine, Pump, Turbine.
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