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DU POAN PAC TINH THUY LUC BOM VAN HANH NGUQC
TRONG CHE PQ TUABIN TU DU LIEU THUC NGHIEM CUA BOM

Nguyén Thi Nhé
Truong Dai hoc Thuy loi

Tém tit: Nghién citu ndy dé xudt mot quy trinh du bdo 10 bude nham xdy dung nhanh cdc dwong
ddc tinh H(Q) va P(Q) ciia bom khi vdn hanh & ché dé tuabm (Pump as Turbine — PAT), dya trén dir
liéu thiee nghiém ciia bom. Phirong phdp sir dung hé s6 chuyén déi cét nude (Cr), heu heong (Co) va
cdc do thi da dwoc chuan héa tiv bé dir liéu thuc nghiém cua 80 bom ly tam. Mau bom KL-ISO
80x65-160 dwoc hra chon dé kiém chitng d tin cdy. Két qua cho thay, tai diém thiét ké (Or.sep), mo
hinh dy bao hiéu suat dat 75%, thcfp hon 2,8% so voi gia tri thuc nghiem (77,8%). Trong dai
(0,8+1,2)OrpEp, sai sé cot mede chi 1,8+3,3% va sai sé cong sudt trong khodng 6,1+9,7%. Tuy vdy,
mé hinh con han ché trong viéc mé td dwong cong hi¢u sudt n(Q) trén toan dai va do chmh xac suy
gidm tai cac bién luu lirong. Do d6, bai bdo khuyén nghi nén két hop thém mé phong s6 CFD va thir
nghiém nham ndng cao dé tin cdy va mé réng pham vi img dung.

T khoa: Pump as Turbine (PAT); diém thiét ké (BEP), hé so chuyén doi Cu, Co; duw bdo dirong
dac tinh.

Summary: This study proposes a ten-step predictive procedure for rapidly constructing the
characteristic curves H(Q) and P(Q) of a pump operating in turbine mode (Pump as Turbine — PAT),
based on experimental pump data. The method employs conversion coefficients for head (Cn) and
discharge (Cp), together with standardized charts derived from an experimental dataset of 80
centrifugal pumps. The KL-ISO 80%65-160 pump was selected as a case study to verify model
reliability. Results indicate that, at the best efficiency point (Qr1sEep), the predicted efficiency is 75%,
only 2.8% lower than the measured value of 77.8%. Within the range of (0.8+1.2)Qrsep, the
prediction error for head remains between 1.8% and 3.3%, while the power error lies between 6.1%
and 9.7%. Nevertheless, the model shows limitations in reproducing the efficiency curve n(Q) over
the entire operating range, with reduced accuracy at flow rate boundaries. Therefore, this paper
recommends integrating computational fluid dynamics (CFD) simulations with experimental
validation to enhance reliability and extend the scope of application.

Keywords: Pump as Turbine (PAT), Best Efficiency Point (BEP), conversion coefficients Chp,
Co, characteristic curve prediction.

1. PAT VAN PE

Viéc sir dung cac bom ly tdm san c6 van hanh
nguoc chiéu nhu tuabin (Pump as Turbine —
PAT) dugc xem nhu giai phap thay thé kha thi
cho tuabin truyén thdng trong cic hé thong
thay dién nho va siéu nho [1, 2]. Uu diém nbi
bat ctia PAT 1a chi phi dau tu thap, tinh sin c6
cao va kha nang Gng dung linh hoat [3]. Tuy
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nhién, thach thirc 16n nhat trong thuc tién 1a
thiéu cac duong dic tinh thiay lyc tiéu chuan
khi bom hoat dong & ché do tuabin, gay ra kho
khan trong viéc lya chon, thiét ké va van hanh.
Ngoai ra, viéc du bao va danh gid hi€u qua lam
viéc khi bom van hanh trong ché dd tuabin con
rat han ché [4, 5].

Khong c6 mot cong thirc chung nao c6 thé du
doan chinh xac dac tinh van hanh ctia moi loai
may PAT. DPiéu nay la do dic tinh caa PAT
phu thudc vao ting moé hinh cy thé, dac biét 1a
s6 vong quay dic trung (specific speed — ng)
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va cac yéu tb ton that trong hé thong [6, 7].
Phuong phap phd bién hién nay 1a du doan
hiéu sudt t6i wu trong ché do tuabin (Best
Efficiency Point - BEPT) tir diém hiéu suét tdi
wu ctia bom (BEPp) hoic tir cac thong sé hinh
hoc va cac dic tinh thuy luc c6 san [4, 8]. Co
s0 khoa hoc cho cac phuwong phap nay la gia
dinh vé& mdi quan hé giira hiéu suit cta bom va
tuabin trong cung mot mo hinh, véi yéu tb
trung gian 1a nq.

DPé so sanh gitta cac md hinh khac nhau,
nghién ctru str dung céc chi s6 twong ddi (hé sd
chuyén d6i) gom cot nudc (Cu) va luu luong
(Cq), duoc thé hién nhu phwong trinh (1).
G2t
Qp

Trong d6 O, H lan luot 1a luu luong va cot
nuoc tai dieém thiét ké (diém BEP). Cac chi s6
T va P tuong tng véi tuabin va bom.

Béng 1 tong hop cac két qua du bao hé sé Cn
va Cq tir nhirng nghién ctru tiéu biéu trén thé
gidi. Sau d6, Williams (2015) [9] d4 tién hanh
so sanh cac 1y thuyét nay bang bo dit liéu thi
nghiém cua 35 loai bom khac nhau. Két qua
cho thiy cong thirc ciia Sharma cho két qua t6t
nhét, trong khi cac phwong phap cua Alatorre-
Frenk, Stepanoff, Hergt va Hancock van dam
bao muc sai s6 chip nhan duoc. Tuy nhién,
khoang 20% truong hop van vuot ngudng sai
s6 cho phép, tor do nhin manh khuyén nghi
nén tién hanh thir nghiém thyc té trude khi lip
dat, nham dam bao lua chon thiét bi va du
doédn duong déc tinh véi do tin cay cao.

Bang 1: Tong hop cic két qua nghién ctru dé dy doan hé s6 Cu va Cq [6, 5, 3]

Tén tac gia Tiéu chuin Cu Co
Stepanoff BEP 1 1
e VTP
Childs BEP 1 1
Mp Mp
Hancock BEP 1 1
Nt nr
Grover ng 2,693 — 0,0229n, 2,379 — 0,0264n,
6 1,6
Hergt fq 13— 13—
ng—3 ng—5
Sharma BEP 1 1
i 2,5 2,4
Schmiedl BEP 14422
Mp p
Alatorre-Frenk BEP 1 0,8573 + 0,385
0,857; + 0,385 2n2° + 0,205
Yang BEP 1,2 1,2
11 0,55
Np P
McClaskey BEP 1 1
Np Np
Williams BEP 1,65 2

Nguyén Thi Nhé (2020) [10] va Giilich (2010)
[11] 43 dua ra mo hinh du bao 1y thuyét dua
trén quan hé giita cac thong sd hinh hoc cua
canh va cic mo hinh ton thit trong timg ché do
bom va tuabin. Két qua duoc kiém chung thuc

nghiém cho thay sai sb dudi 10%, tuy nhién
phuong phap nay doi hoi mot lwong 1on cac
tham s k¥ thuat, dan dén kho khan trong thu
thap dir liéu va giam tinh kha thi khi &p dung
trong thuc té. Cac nghién ctru [6, 7] d4 str dung

106  TAP CHi KHOA HOC VA CONG NGHE THUY LOI SO 93 - 2025



cac k¥ thuat mé phong sb CFD két hop véi thi
nghi¢ém nhung van chua khac phuc duoc han
che¢ trén.

Trong bdi canh do, nghién ctru nay duoc thyuc
hién nhdm xay dung mot quy trinh dy bao 10
buéde co tinh minh bach va dé 4p dung, cho
phép udc lugng dic tinh van hanh cua PAT
truc tiép tir dir liéu bom géc. Co s& dir liéu sur
dung bao gébm 80 bom ly tdm thuong mai da
dugc thtr nghiém ¢ ca hai ché d6 bom va
tuabin, bao quat dai thong sd dién hinh cho
thiy dién nhd va si€u nho: luu luong
0,005+0,35 m%/s, ¢t nuéc 5+120 m, hiéu suat
16n nhét 0,55+0,88, s6 vong quay dic trung nq
trong khoang 10+80. Tur co s¢ dit li¢u nay cho
phép xay dung nén cac bang tra tir Hinh 3 dén
Hinh 8 [1, 4, 6]. Sau d6, d&é kiém chimg md
hinh, bom KL-ISO 80x65-160 duoc Iwa chon
lam mau dbi chiéu nho co sin dir liéu do & ca
hai ché do.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén tic tinh toan

- Bom va tuabin van hanh theo nguyén ly dao
nguoc: bom chuyén co ning thanh thiy ning,
tuabin chuyén thily ning thanh co ning. Do
d6, can quy doi cac thong s thiét ké gitra hai
ché d6 nay dé lwa chon thiét bi phu hop.

- Quy d6i duoc thuc hién qua cac hé sb hiéu
chinh luu lugng Cq va cot &p Cu, cho phép
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chuyén tir diéu kién thiét ké tuabin sang diéu
kién thiét ké bom, va ngugc lai.

- Quy trinh tinh toan dam bao lya chon bom
hoat dong gan diém hiéu suit t6i wu (BEP)
trong ché do tuabin, déng thoi kiém tra téc do
16ng dé dam bao an toan co hoc.

2.2. Cac bwore tinh toan

Quy trinh du bao P(Q) va H(Q) ciia PAT gdém
10 budc, minh hoa trong Hinh 1.

Bwoc 1o xic d arg n

Quy irien
au doan dac
tnh PAT
Busde & Chyyin @

« Butch O

Bude ® Xac d

Hinh 1: Quy trinh cdc budc dy dodn dac tinh
cua bom khi van hanh trong ché d¢ tuabin

PAT by then
T
ey ven
(hei midog)
4
T
PAT 1y thin
mot cap

Q (')

b)

Hinh 2: Pham vi lam viéc cua cac loai PAT (9, 11]
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Buwéc 1: Xac dinh cac thong so thiét ké

- Xac dinh luu luong thiét ké Qr va cot ap
thiét ké Hy trong ché do tuabin.

- Su dung biéu dd Hinh 2 dé lua chon loai
bom phu hop, c6 thé hap thu O va H nay trong
ché d6 tuabin. Néu Hinh 2 chi ra rang cin st
dung mot bom nhiéu cdp (dbi voi cot nude
cao) hoac mdt bom dong kép, thi cdt nudc
thiét ké va luu luong phai duoc quy dbi vé mot
banh cong tac don cip va don dong, sau do
tinh lai s6 vong quay dic trung cua tuabin cho
mot banh cong tdc nhu budc 2.

Buéc 2: Xac dinh s6 vong quay dic trung
trong ché d¢ tuabin

Jor 2)

Ngr =Ny —=71
q,
F, 3/4

Trong d6: n — s6 vong quay (vong/phut).

Luweu ¥ khi chon sé vong quay nt: nt nén dugc
chon cang cao cang tot dé giam kich thudc
PAT. Tuy nhién, cin luvu y trong ché do
tuabin, PAT co thé dat toc do quay long, dé
vuot qua giol han co hoc va gay hu hong. Vi
véy, phai dam bao toc d6 16ng khong vuot quéa
téc do t6i da cho phép cta bom, thuong dugc
quy dinh trong thong s6 k¥ thuat. Ngoai ra,
néu két hop v6i may phat dién, nén chon toc
do dong bo phu hop (750, 1000, 1500 hodc
3000 vong/phut). Trong thuc té, tbc do tdi da
phé bién 13 3000+3600 vong/phut.

Buéc 3. Xac dinh sé vong quay dic trung
trong ché d9 bom
Két qua thir nghiém cho thay ty 1& sd vong
quay dic trung cua tuabin so v6i bom kha on
dinh, khoang 0,89 (Hinh 3). Do do:

ngp =gk ()
Luu y rang cac bom c6 ngp < 15 khong nén
ding 1am tuabin do hiéu suét thap, canh hep
gy ton that 16n, va kho dy doan chinh xac
hiéu suat & ché d¢ tuabin.
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Hinh 3: Twong quan vé s6 vong quay
ddc trung cua tuabin va bom [1]

Buéc 4. Xac dinh hiéu suét ciia bom

Viéc chuyén dbi cac diéu kién thiét ké cua
tuabin thanh diéu kién thiét ké cua bom phu
thudc vao hiéu suat cia may. Hinh 4 minh hoa
hiéu suit bom t6i da c6 thé dat dugc ddi véi
céc diéu kién cot nudc va luu lwong nhat dinh.
Tl Qpva ngp, tra dd thi duge Np gy

Vi luu lwong dinh murc ndy van chua duoc xac
dinh, nén ta c6 thé udc tinh so bd theo phuong
trinh 4:

Qr

— o 4
0r=2 )

0 0 i T W g

T ve —

) 1 1 1 11 1 1 4 ra L
¢ L 11 \ AW AW AN -~

(N YINRYINY \‘—V,

4 \\\\\\ \\ &\ 0308 1 17
AWM N /
£ AU NN =
E 06 N— ek ——

S o N\ AY AY AVAYAN 1 . 4
NN
] —
1 NSNS =25
> o | AN T A1
§ e e —
= Qos A ———— —
LR — x
m\ MHidw sudt iom nhdt bom w075 —1
oo S ‘\‘ g"///
:P ? f - >
Y S . s = ‘l%
n s 2 s & SO & M o

86 vong quay d§c trung cda bom n,,.

Hinh 4: Xéc dinh hiéu sudt lén nhat ciia bom [1]
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Buwéc 5. Chuyén d6i didu kién thiét ké
tuabin sang di€u kién thiét ké bom

Heé sb chuyén d6i cot nude Cy va luu luong Co
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Hinh 5: Hé s6 chuyén Cy [1]

Khi ap dung cac hé s chuyén doi nay, cot
nudc va luu lugng thiét ké bom & toc do
tuabin n; dugc xac dinh nhu phuong trinh 5:

Hr Qr (&)
Hpnpy = G Qpny) = Co

Budéc 6. Chuyén déi diéu kién thiét ké bom
tir toc do tuabin sang toc d§ ctia bom

Thong thudng, s6 vong quay dong bo (tbc do

Nnp 2 Np
Hpnpy = Hp(ny) (Tl_T) Qr(np) = QP(nT)< )

Buéc 7. Khuyén nghi lya chon PAT

Dua trén cac thong s Q va H tinh dugc &
bude 6, lya chon bom tiéu chuin c6 thong $6
gan nhit yéu cau thiét ké. Néu khong co6 bom
phtl hop ¢ tdc d6 dinh danh, can tinh toan lai
tlr bude 2 véi toc do tuabin khac hodc chon
bom c6 sd tang canh hodc ctra vao khac.

Khi dung bom nhu tuabin, nén dé n6 van hanh
vuot nhe so voi tai du kién, tirc O thuc té 16n
hon gia tri tinh todn tai BEP. Nguyén nhan la
trong ché do tuabin, hiéu suat khong suy giam
nhanh khi luu lugng tang, do cot ap cling tang
theo. Vi vay, diém van hanh nén nam trong
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duoc dinh nghia nhu phuong trinh 1 va dugc
bi€u thi theo n,p va hi¢u suat 16n nhat cua
bom nhu hinh 5 va 6.
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Hinh 6: Hé 56 chuyén doi Cy [1]

danh dinh) ctia bom n, khong tring véi sd
vong quay cua tuabin n;. Do d6, cac gia tri cot
nudc va luu lugng theo cong thuc (5) phai
duoc chuyén ddi theo toc dd danh dinh cua
bom np.

Ap dung dinh luat dong dang (Affinity Laws),
khi d6 cot nudc Hp va luu lugng Qp cua bom
tai toc do nyp 1a:

(6)

ving hiéu suit on dinh, thay vi ding tai BEP
ly thuyet ‘Nguoc lai, néu luu luong va cot ap
thuc té thap hon dy doan, hiéu suit van khong
giam nhiéu, tham chi c6 thé gén hon BEP.
Budc 8. Chuyén déi diém hiéu suit tét nhat
ciia bom di chon sang ché d$ tuabin

a) Tinh todn s6 vong quay ddc trung ciia bom
da chon

Sau khi d3 chon duoc bom chudn, tinh toan sb
vong quay déc trung cua bom:

Jer

HP3 /4

(7

nq’p =MNp
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Luu y Ia tinh toan n, p cia mot banh cong tac
cua mdy bom dé chon (luu luong, cot nude va
hiéu sudt tot nhit ciia mot cap va mot ctra vao).

b) Xac dinh cdc hé s6 chuyén doi cho cét mede
va luvu lwong

Tra ctru Hinh 5 va 6 dé lay hé sb chuyén doi
cho cot ap (Cu) va luu luogng (Cq) dua trén
hiéu suét toi da cua bom di chon. Tuy nhién,
dd chinh xac cia qué trinh chuyén ddi hiéu
suét bom sang ché d6 tuabin bi gidi han. Hi¢u
sudt thuc té ciia PAT c6 thé khong hoan toan
khép véi gia tri tinh toan duoc. Pé ude tinh

Chmax =

1,1Cy; Camim =

pham vi hi¢u sudt co thé co trong ché do
tuabin, can thuc hién chuyén déi hai 1an, diéu
nay giup dua ra khoang du doan hgp 1y hon
trong qua trinh van hanh.

+ Str dung hé s chuyén dbi nho nhat
+ Str dung h¢ s6 chuyén doi 16mn nhat

Cic h¢ s6 phén tan dwoc dé xuit:
+Hé sb chuyén ddi cho cot nude: £ 10%
+ Hé s6 chuyén d6i cho luu luong: + 7,5%

Khi d6 h¢ s6 chuyén ddéi ¢t nudc va luu
luong 1a:

0,9Cy (8)

CQmax = 1, 07SCQ, Clem = O,9ZSCQ
¢) Tinh toan diém hiéu suat tot nhat cia tuabin (BEPt) cho ca hé so toi da va toi thiéu
Cot nwée va luu lwgng tuabin tai toc d¢ bom np

H Tmax(np)

= CHmaxHp; HTmin(np) = CyminHp )

) QTmax(np) = CQmaxQP; QTmin(np) = CQminQP
d) Chuyén doi dieu kién BEPr nay sang toc dé tuabin nt
Ap dung dinh luat dong dang dé chuyén doi cot nudc va luu lugng tir toc d6 bom n, sang toc do

tuabin ny:

nr
Hrp) = HT(,,,,)( )i

Buéce 9. Xac dinh cong suit diu ra trong
ché d§ tuabin tai diém hi¢u suat tot nhat

Céc két qua thir nghiém trén 70 bom hoat dong
trong ché d6 tuabin da chi ra rang hiéu suat t6i
da trong ché do tuabin thuong thap hon mot
chut so voi ché 46 bom, khoang 3% [4].
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Hinh 7: Puong cong quan he [1]

nr 10

Qrim = Qo (3) (10)
Khi do, cong suit dau ra cua PAT la:

Pruyy = P9QrHr(1pmax — 0,03)  (11)

Budc 10: Du doan hiéu suit PAT khi van
hanh ngoai diém hiéu suat tot nhat
(BEPr)

Siad B 00 12
:

.
| -
. ) - .
30 0 T
. L g Vet
- | 33t R T
i
Sl L L L I A OJ0, oap
s
® 00, 0
- » * * + . . . ‘ -
Rl S TN
-
'.'.N\'.g

Low A=l Min,
L R Sy S SR P G—— a

S .

Hinh 8: Buong cong quan he [1]
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Dua trén cac két qua thir nghiém, cac Hinh 7 cua sé vong quay dic trung. Tir Qrep va
va Hinh 8 thé hién mot phuong phap xap Xi  Hrpgp va nq da co, tién hanh tinh toan va xay
cac duong dac tinl} v€ ¢t nuGe va cong suat  dyng cac quan hé H(Q)r, P(Q)r nhu Bang 2.
cua PAT trong ché do tuabin dudi dang ham

Bang 2: Bang quan hé H(Q) va P(Q) ciia bom khi van hanh trong ché d¢ tuabin

Qr Hr Pr
Qr,sep Hrpep Prgep Or Hr Pt
(1) (2) 3) “4) ) (6)
1,2
1,1 Tra do thi Tra d6 thi
1,0 Hinh 7 Hinh 8
0,9
0,8
3. KET
(LT QUA AT DU o = 102~ 3000, Y00 _ 3019
Mau bom KL-ISO 80x65-160 dugc lya chon @ H 3 763/%

tur tai liu thuc nghlem cta Heng (1992) [12],
trong d6 da cong bd ddy du cac thong s ky .
thuat va cac duong cong nang luong ¢ cd hai chon mot tang canh.
ché d6 bom va tuabin. Bo dit liéu nay la co s¢
dé so sanh va danh gia do tin cdy ciia mo hinh
du bao 1y thuyét ciia nghién ciru.

- Cot nudc va luu luwgng nhu bai ra (hinh 2),

Buéc 3: S0 vong quay dic trung trong ché
do bom

Ngr 20,19
089 089

Buéc 4: Hiéu suit ciia bom

Buéc 1: Xac dinh thong s6 dau vao ché do Ngp =
tuabin

- Luu lugng thiét ké tuabin:

Qrpep = 0,03 m3/s - Luu lwong ctia bom

- Cot nudc thiét ke tuabin: Hy ggp = 76 m 0y = Qr _003 _ 0,023 m3/s

Khi d6, cong suét thuy luc cia PAT la: Ls 13—

P = ngTHT =1. 9,81 0,03 76 - Tu QP va nqp, tra do thl Hinh 4, duOC Np =
= 22,36 kW 0,7

Bud6c 2. Tinh sé vong quay dic trung cia Bude 5: Chuyén ddi cac didu kién thiét ké

tuabin tuabin sang cac diéu kién thiét ké bom

- S6 vong quay dinh mirc theo diéu kién thuc
nghiém cua PAT la 3000 vong/phut [12]. Khi
do, so vong quay déc trung cia tuabin la:

- Hé s6 chuyén ddi cho ¢t nude va luu (tra do
thi Hinh 5 va 6).

Hr Qr
Cy=5-=16 Co=—=146
! Hp ¢ Qp
Cot nudc va luu lugng thiét ké ctia bom & tdc _Qr 003 ;
d6 tuabin ny Qpnp) = Co " 146" 0,02m3/s

Hpgnry = ? =75 4rsm Budc 6: Chuyén doi cac diéu kién thiét ké bom &
H

1,6 s6 vong quay dinh murc tuabin thanh ctia bom:

TAP CHi KHOA HOC VA CONG NGHE THUY LQI SO 93 - 2025 111



|__CONG NGHE |

Trong diéu kién thuc nghi¢m, nt= np; do do
Hp, Op tai np gilt nguyén céc gia tri da tinh ¢
Budc 5.

Budc 7: Lua chon PAT

|  KHOA HOC

V6i cac thong sb6 vé O va H ciia bom nhu di
tinh trong budc 6, bom ti€u chuan duoc lua
chon c6 céc thong sb sau:

Loai: KL-ISO 80x65-160 c6 Hp= 43 m; Qp=
0,021 m*/s va 1p max =0,72

Bud6c 8: Chuyén d6i hiéu suit 16n nhit ciia
bom da chon sang ché dd tuabin

a) Tinh todn sé vong quay ddc trung ciia mdy
bom dd chon:

J@s V0,021
Ngp = Np 37z = 3000.= 7 = 25,89
4

b) Xdc dinh cdc hé sé chuyén doi doi: tir

Hinh 5 va 6 6 trén bang cach sir dung hiéu suét
toi da ciia may bom da chon, ta c6:
CH = 1,52, CQ = 1,4‘
¢) Cot nwdc va lwu lwong tuabin tai téc dp
bom n,
Hr,y = CyHp =1,52.43 = 65,36 m
QT(np) = CQQP = 1,4 .0, 021
=0,029m3/s

- Trong diéu kién thyc nghiém, nt= np; do d6
Hp, Op tai n, gilt nguyén.
Budére 9: Xac dinh cong suit tuabin tai diém
BEP

Pr = ngT(nT)HT(nT) (Mpmax — 0,03)

=1.9,81.65,36

.0,029.(0,72-0,03) =13 kW

Budc 10: Dy doan dwong cong nang lugng

Qrpep = 0,029 m3/S

HT,BEP = 65,36 m

Bang 3: DPudong cong nang lwong

PT,BEP = 13 kW

Qr Hr Py Qr Hr Pr
QrsEP Hr pep Prgep (I/s) (m) (kW)
1) (2) 3) “4) (%) (0)
1,2 1,34 1,53 35,28 87,58 19,90
1,1 1,16 1,27 32,34 75,82 16,52
1,0 1,00 1,00 29,40 65,36 13,01
0,9 0,88 0,89 26,46 57,52 11,58
0,8 0,77 0,58 23,52 50,33 7,54
— n‘"‘ “:"‘:':"'":‘:"‘"':l"‘z‘::”"“ Sai s0 dy bao so vai thuc nghiém theo % QT,BEP
e WOIT_TN - BYUT_TH 15} = Sai st H ’,a
:. g . “: v s /"/
f - Z £ 0 —»* RS
w 2 w; .é o o
v Ela=T o E 10
w w0 -
T _",.,-""' 3 -20
l: ST ol am =25
T A T R e O T 80 85 90 95 100 105 110 115 120

QT so vai QT,BEP (%)

Hinh 9: So sanh dwong cong du bdo
voi cac ket qua thuc nghiém
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Hinh 10: Sai s6 ciia dwong cong dw bdo
voi cac ket qua thuc nghiém
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Cac duong nét lién biéu dién dir liéu thuc
nghiém ciia mau KL-ISO 80x65-160 [12],
trong khi cac duong nét dit biéu dién két qua
dur béo 1y thuyét tir mé hinh dé xut.

Tai diém higu suat t6i wu (Qr ggp = 30 I/s), mod
hinh du bao hiéu sudt 75%, thap hon 2,8% so
voi thuc nghiém 77,8%; déng thoi cho H =
65,36 m va P = 13,01 kW so véi gia tri do
duoc H = 64,2 m va P = 14,4kW, tuong ung
sai sO 1,8% vé cot nudc va 9,7% vé cong suat.

Trong dai van hanh 0,8< O1/QOrper <1,2
(twong ng 23,5+35,3 I/s), mo6 hinh ly thuyet
va thuc nghiém thé hién sy twong hop vé xu
hudng va gié tri: sai 5O cOt nudc H nam trong
khoang 1,8%=+3,3% va sai s6 cong suét P trong
khoang 6,1%+9,7%. Pay 1a vung tin cdy cao
nhit ciia mo hinh, phu hop véi co sé 1y thuyét
rang ciu tric dong chay 1an can diém BEP it
bién thién, nhd d6 cac hé sé chuyén doi va luat
dong dang dwoc mo ta chinh xac nhét.

Nguoc lai, khi ra khoi ving nay, sai sb ting
dang ké: & bién du6i (nho hon 0,80r, BEP), sai
sO H dat khoang 5,0% va sal sO Ptang
to1 35,1%, phan anh rd rét cac tén thit do ma
sat, nhiéu loan va hién tuong tach dong giy ra
boi goc toi bat loi trong ché d6 non tai. O bién
trén (I6n  hon 1,2Q0tpee), sai s6 H ting
t6i 15,4% trong khi sai s6 P khoang 5,3%.
Nhiing két qua nay cho thdy mo hinh du béo
kém tin cay khi roi xa diém BEP.

Vé mit thuy luc, khi bom van hanh ¢ ché do
tuabin, hudng dong chay va trudng van toc bi
dao chiéu, dan dén sy thay doi dang ké trong
phan bd ton that so v6i ché d6 bom [13, 14].
Hasatuchi (2012) [15] cho thiy hién tuong
tach dong xuat hién tai ctra vao mang dan banh
cong tac khi thiét bi hoat dong ngoai vung
thiét ké. O cac ché d6 xa diém BEP, dong tuan
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