NGHIEN CU’U - TRAO BOI

XAC PINH BPUONG PAC TiNH TONG HOP CUA NHIEU BOM LY
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SELECTION OF PUMPS AND OPTIMAL OPERATION METHOD
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TOM TAT

Khi thiét ké va lia chon mdy bom cho mét tram bom tiéu nuéc moong trong cong nghiép
khai khodng hodc cap nwée di xa véi leu leong 1om, et dp cao, nguoi ta thuong sir dung bom ly tam
hiit 2 phia véi s6 lwong nhiéu méay bom ldp song song, xa chung vao mét tuyén ong. Viéc lya chon
mdy bom véi thong sé thity lwc phiv hop va phwong dn vin hanh kinh é la rat quan trong, givip cho
tram bom hoat dong on dinh, hiéu qud va giam chi phi nang luong. Trén thuc té, lra chon mdy bom
va phwong dn vin hanh khéng phit hop da lang phi nang lwong dén 15-20% va nhitng tram bom
hoat dong lién tuc véi cong sudt I6n cé thé lang phi dén hang ti dong/nam. Pé cé co sé lira chon
théng sé thity lwe mdy bom, kich thuée éng day va phwong dn vin hanh téi wu rdt can dén viée xdc
dinh dwong ddc tinh va diém lam viéc ciia cdc bom ldp song song trén tuyén éng da chon, sao cho
mdy bom luén lam viéc & viing hiéu sudt cao nhat.

Tw khéa: Bom ly tam; Bom hut 2 phia; Bom cot dp cao.
ABSTRACT

When designing and selecting pumps for a drainage pumping station in the mining industry
or supplying water away with large flow and high head, people usually choose centrifugal double
suction pumps with a large number of pumps installed in parallel on a discharge pipeline. It is
very important to choose the pump with the right hydraulic parameters and economic operation
plan, to help the pumping station operate stably, efficiently and reduce energy costs. In reality, the
incorrect selection of pump and operating plan waste energy up to 15-20%, and pumping stations
operating continuously with large capacity can waste billions of dong/year. In order to have a basis
for selecting pump hydraulic parameters and discharge pipe sizes and optimal operating plan, it is
necessary to determine the characteristic curves and working points of pumps installed in parallel
on the selected pipeline route, so that the pump always works in the highest efficiency zone.

Keywords: High pressure pumps, Double suction pumps, Centrifugal pumps.
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1. PAT VAN PE

Khi thiét ké cac tram bom, ngoai viéc
Iira chon may bom va hé thong duong éng, dam
bdo cho cac may bom hoat dong on dinh, dap
ung cac yéu cau vé luu luong, cot ap, thi viéc
tinh toan sao cho chi phi vong doi cua toan bd
thiét bi thip nhit 1a rat quan trong, nd quyet
dinh hiéu qua kinh té ciia mot dy 4n vé tram
bom. Hang bom Flowserve di tong két chi phi
vong doi trung binh ciia mot may bom dién
hinh bang biéu d trong hinh 1 [4].

V. . 2 773 Chi phi mua va lipdat  17%

4 7] Chi phi nang luong 44%
;@326' Lt 7 Chi phi v¢é sinh han gi 2%
fou i ™ % Chi phi vin hanh 9%

‘%ggay/ Chi phi dimg sén xuit 16%

6% 12% ' Chi phi bio tri sira chira  12%
Hinh 1. Chi phi vong doi cia mot mdy bom
dién hinh

Theo biéu d6 hinh 1 thi chi phi mua sim
va lap dat ban dau chi chiém 17% chi phi vong
doi cia mot may bom dién hinh. Nhur vay, giam
cac chi phi khac nhu chi phi nang lugng, chi
phi bao tri, chi phi van hanh s€ mang lai hi¢u
qua cao cho mot tram bom. Céc chi phi nay phu
thudc rat nhiéu vao viéc lua chon chat lugng va
thong s6 thuy luc ciia cac may bom, kich thude
duong dng, va phuong phap van hanh.

Trong thuc té, khong it cac tram bom
tiéu va cip nude véi luu luong 1on va cot ap
cao, sir dung nhiéu bom ly tdm hat 2 phia lip
song song, xa chung vao mot tuyén dng day, do
nhiéu nguyén nhan khic nhau nhu: Chon bom
VUI thong sO thuy luc khong phu hop hoac nhu
cau vé luu luong va cot ap can bom khéac nhau
trong ngdy v.v... din dén cac may bom hoat
dong trong ving hiéu suat thap hodc phai dong
b6t van trén duong dng dy dé tranh xam thuc,

gdy tang chi phi dién ning, hoat dong khong 6n
dinh, ting chi phi bao tri may bom va céc thiét b
phu tro. Dé viéc lya chon may bom vai thong )
thiy luc phu hop va khai thac hiéu qua khi van
hanh thi viéc xac dinh duong dac tinh thuy luc
tuyén dng, ddc tinh tong hop ciia nhiéu bom lap
song song va diém hoat dong cua cic may bom
& cac sb vong quay khac nhau 13 rat quan trong.

Dbi voi nhitng tram bom khong co su
thay ddi 16n vé luu lugng, cot ap trong ngdy va
theo mua thi viéc xac dinh duong dic tinh tong
hop va diém hoat dong cua cac may bom ly tam
lip song song, xa chung vao mot tuyén ong s&
gitp ta lya chon théng s thuy lyc may bom va
kich thude tuyén 6ng phit hop ngay tir khi thiét
ké tram bom, mang lai kinh té cho dau tu ban
dau va hiéu qua trong khai thac van hanh.

Péi véi nhitng tram bom c¢6 su thay doi
16n vé luu luong, cot 4p trong ngdy va theo mua
thi viéc xac dinh duong dac tinh téng hop va
diém hoat dong ciia cac may bom ly tdm lip
song song sé& gitp ta xac dinh van toc quay phu
hop cho timg thoi diém dé cac may bom ludn
hoat dong ¢ vung hié¢u suit cao nhét, giam chi
phi ning lugng va chi phi bao tri, bang cach sir
dung cac thiét bj phu tro nhu: Bién tan, khép
ndi thuy luc, v.v...

Noi dung bai bao gidi thiéu két qua
nghién ctru xdy dung dudng dac tinh thuy luc
tuyén ong, dudng dic tinh tong hop cta nhiéu
may bom ly tdm ldp song song & cac van tdc
khéc nhau va diém 1am viéc cua chiung véi mot
tram bom cu thé d3 duoc xay dung, van hanh,
khai thac trong thyc té.

2. XAY DUNG DPUONG PAC TINH THUY
LUC CUA TUYEN ONG

Dé ¢ co s lua chon thong sb thuy luc
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may bom cho mdt tram bom, can thiét phai
xéac dinh duge chiéu cao dia hinh bom (tr mtrc
nude bé hat dén mirc nude bé xa) va tong ton
that cot 4p trén toan bo hé théng duong ong
(6ng hat, éng day va cac thiét bi phu tro trén
duong 6ng). Tong ton that cot ap phy thude vao
& Ong, chét lugng dudng dng va s6 luong thiét
bi phu trg lép kém.

DPéi voi mot tuyén 6ng cu thé, viéc tinh
toan 1y thuyét cac ton that cot ap theo cac luu
luong bom khac nhau cho phép ta xay dung
dudng dic tinh thay lyc cia toan bo tuyén éng
d6. Puong dic tinh thiy luc cta tuyén 6ng
(dudong Q-H) 1a mot dudng cong Pa ra bon, biéu
thi mbi quan hé giita ton that cot ap (H) trén toan
b tuyén dng véi luu lwong (Q) chay qua.

Diém lam viéc ctia bom sé 1a giao diém
gitta duong dac tinh lam viéc cia mdy bom
(Q,-H) hoég duong dic tinh tong hop cua nhiéu
may bom ldp song song (Qtr-’H) ,Vél duong dac
tinh thuy luc (Q-H) cua tuyén o6ng. Nhu vay,
néu xac dinh dugc duong cong dic tinh tuyén
ong va luu luong cua tram (Q,), ta s€ xac dinh
dugc cot ap hoat dong ctua bom (H,). Tu do, ta
chgn duoc pléy bom c6 ¢ot ap H, & ving hi¢u
suat cao nhat, ddm bao cho bom luén hoat dong
hiéu qua, tiét kiém nang luong.

2.1. Tinh toan ton that cdt ap trén toan bd
tuyén ong

Tram bom nghién ctru gdbm mot 4 may
bom ly tdm hat hai phia kiéu 300LHP780
gidng nhau, ldp song song, trong d6 c¢6 3 may
bom hoat dong va luén c6 1 may du phong.
Luu lugng thiét ké cua tram 1a 1,0 m%/s, chiéu
cao dia hinh la H, = 150m; toan b tuyén 6ng
x4 chung ®0,6m dai 2500m, vai 25 thiét bi phu
trg (Cut, t&, van...) lap kém. So d6 lap dat may
bom va hé thdng duong dng duoc gisi thiéu
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Hinh 2. So do ldp dat may bom va tuyén ong tai
tram bom nghién ciru

Tén that cot ap trén toan bo tuyén 6ng
vo1 mot luu lugng cu thé cua tram bom dugc
tinh bang tong cac ton that thanh phan sau:

a/ Ton that cdt ap dwong dai trén cic doan
ong hit va ong x4 riéng:

Ong hut va dng xa riéng 1a cac doan éng
tru ngan nén ton that cdt 4p duoc tinh theo cong
thire Darcy-Weisbach: AH = A(L/d)(v*/2g) [2].

Trong do:

- A 12 hé s6 ma sat, d6i v6i dng thép
A =1,5(0,0144+9,5/1000v°);

- L va d 12 chiéu dai va duong kinh doan
ong (m);

- v 1a van tdc trung binh dong chay
trong 6ng (m/s).

b/ Tén that cot ap dwong dai trén dwong dng
xa chung:

Ong x4 chung 13 tuyén 6ng tru dai, tén
that cot &p duogc tinh theo cong thirc Hazen-
William: AH_ = 10666.L.Q"*/(C"*.D**") [2].

Trong do:
- C la hé s6 dong chay phu thudc vao
vat li¢u va do nhan cua ong;
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- L va D 1a chiéu dai va duong kinh
tuyén 6ng (m);
- Q la luu lugng tram bom (m?/s).

¢/ Toén that cdt 4p cuc bd ciia cac phu kién
lip trén toan bj tuyén ong

Céc phu kién lap trén tuyén dng bao
gom: Ro loc rac trén ong hit, cac cut chuyén
huodng, 6ng con, 6ng loe, té ndi va céc loai van,

v... Ton thit cuc bd duoc tinh theo cong thuce:
AH = {.v?/2g [2].

Trong do:
- {1a hé so ton that cuc bo trén timg phu kién;
- v 1a van toc dong chay qua céc phu kién.

d/ Ton thét cot ap dong du:

T6n that cot ap dong du 1a v3/2g, trong do:

- v 1a van toc dong chay ra khoi dng xa
(m/s);

- g 1a gia toc trong trudng, g =9,81m/s2.

2.2. Xay dung dwong dac tinh thiy luwc cua
toan b0 tuyen ong

Tén thit cot ap dudng dai va ton that cot
ap cuc bo 1a do ma sat cua cac phan tr nude voi
nhau va voi thanh dng hodc thiét bi phu trg, nén
ddi voi mot loai duong 6ng va cac phu kién cu
thé né chi phy thudc vao van tdc dong chay. Vi
vay, néu cho cac gid tri Q, bién thién (tr Q, = 0
dén Q_ 16n nhat), ta tinh todn dugc tong ton that
cot &p (H) tuong Ung.

Xay dung d6 thi mbi quan hé giira luu
luong Q_va té{lg ton that cot ap (H), trong do:
"l:mc hpénh biéu thi Q_ va truc tung bi€u thi
ton that cot ap (H), ta nhan du:oc duong dac
tinh thuy luc cua tuyén dudng ong. H1nh 3 gioi
thiéu duong dic tinh thay lyc tuyén dng cua

tram bom nghién ctru, xac dinh voi luu lugng
tr Q.= 0den Q_=1,2m%s.

140 Qenmijs)
001 0203 04 05 06 07 08 09 1.0 11 12 13

Hinh 3. Puong ddc tinh thiy hee tuyén ong ciia
tram bom nghién ciru

DPuong dic tinh tuyén 6ng trong hinh 3
dugc xay dung v6i van xa mé hoan toan. Néu
ta diéu chinh (dong bét) do mé cua cac van xa
nay thi ton that cot ap trén toan tuyén ong ting
lén, ta s€ nhan dugc dudng dac tinh thuy luc
moi (hinh 4).

Him'{

AH (T 80 thdt cdt dp do Sdng van xd
P

Dic tinh tuyén én
180 (Bdng bot van xd)

L9

L{m

c tinh tuyén dn
ol m o)

160 |

150 -
{1 dia hinh

140

001 0203 p4 05 06 07 08 09 1.0 11 12 13 Qu(m3/s)

Hinh 4. Duong ddc tinh thuy lyc tuyén éng thay
doi khi déng bét van xa

3. XAC PINH PIEM LAM VIEC CUA
NHIEU BOM LAP SONG SONG
3.1. DPuong dic tinh cia bom ly tim hit 2
phia, & cac vong quay khac nhau

Hinh 5 giéi thi¢u dac tinh may bom ly
tam hut 2 phia 300LHP780 cia HAPUMA (Q
= 1000m’h, H = 192m; n = 1460vg/ph; N, =
1000kW).
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Hinh 5. Puong dac tinh cia may bom ly tam hut 2
phia 300LHP780

Khi thay doi sb vong quay cua mot
may bom canh dn thi cac thong s thuy luc va
nang luong cua bom thay déi theo luét tuong

ty nhu sau: Q* = Q.E;H* = H(]L*]2
T mn

T %
Ne=Ne*.() 3: NPSHy" = NPSHg (%) 2

Trong do:

- Q H Vél,Ntr la Iuu lugng, cot ap va
cong suat truc ¢ sO vong quay n;

- Q* H* va N * l1a luu lugng, cdt ap va
cong suit truc & s6 vong quay n*.

Theo quy luét trén, néu biét cac duong
dic tinh 1am viéc cua mot hodc nhiéu may bom
lap song song & s6 vong quay dinh mirc, ta cd
thé xay dung dugc duong dac tinh lam viéc
ctia chung ¢ cac sé vong quay khac nhau. Doi
vo1 mdy bom lép truc tiép v6i dong co dién, sb
vong quay cua bom sé& ty 18 thuan véi tan sd
dién vao.

Trén hinh 6, cac duong nét dut 1a cac
duong dac tinh cia may bom 300LHP780 van
hanh & tan s 45Hz (s6 vong quay n= 1314 v/ph).

N kW4, '
1200 (m):
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1oo| 220 | Y e | %)
Q-H(50Hz) |Q-N(50Hz)
1000|210 + | ' v B D — & 8D
Q-n(45Hz) ==t
Q00 ¢ + _— - 4 - 0
200 ] L BEP
800 (190 |1 | 24 | I ¥ S | @
Q-Nt (50Hz)
700 | 180 —t—f 1 .V G B, G | 50
-H(45Hz) t
s 158 e
600 | 170 R P . —NPSH(m)
' N Q-Nt (45Hz) 10
! + L . 4 > | {
500 | 160 | Q-NPSH(45HF)
y | N D Za BN
200 | 150 — O-RPSH{50Hz)7.__1
00 | 140 T -1 0
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Hinh 6. Duong dac tinh may bom 300LHP750 o

cac tan so khac nhau

3.2. X4y dung dwong dic tinh tong hop cia
nhiéu bom lip song song

Trong mot tram bom véi nhiéu may
bom lip song song (xa vao mot duong dng
chung), néu cac bom dang hoat dong & chiéu
cao cot ap (H), luu luong cua ca tram (Q,) sé
bang tong luu luogng cua ting bom (Q,=2Q,)
tai cot ap do [1].

Trong trudng hop cac bom lip song
song gidng nhau, luu luong cua ca tram bang
lwu luong ctia mdi bom nhan véi sé bom hoat
dong. Néu ta c6 duong dic tinh thiy lyc cua
mot bom, ta c6 thé xay dung duong dac tinh
tong hop ciia nhiéu bom lip song song bang
cach: ing véi mdi cdt ap H,H,H...H, taxac
dinh duoc mot diém hoat dong vé6i luu luong
cua ca tram Q_, Q,...Q, . Noéi cac diém hoat
dong co cot ap H khac nhau ta sé dugc dudong
dic tinh tong hop ctia cic bom lip song song
(xem hinh 7).
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Hinh 7. Duong dac tinh cia mot, hai va ba may
bom 300LHP780 lap song song ¢ tdn sé khdc
nhau (50Hz va 45Hz)

3.3. Xac dinh diém lam viéc ciia nhiéu bom
lip song song

Néu ta xay dung duong dic tinh lam
viéc va dic tinh tong hop cua nhiéu bom lip
song song cung véi dudng dic tinh tuyén dng
trong mot h¢ toa do, thi diém giao nhau gitra
cac duong dic tinh tuyén dng véi dic tinh lam
viéc va dic tinh tong hop cla cic may bom
1a diém lam viéc cta mot hodc nhiéu bom xa
chung vao mot tuyén ong d6. Trong hinh 8:
P (Q,. H),P(Q, H,) vaP,(Q, H,) la cic diém
lam viéc khi mot bom, hai bom va ba bom cung
hoat dong, xa chung vao mot tuyén 6ng [1].

[]
H(m)}

T e e e | S N —
Q-H (03 bom) | ~
200 | S m—
\ Ny LPYQIHI)
wo |1 | [N I Y . .
" Q-H (01 bom)| ™ g |
180 | hee—" N ol N S -
PHOLHLY N Q-H (02 bom)
170 — 1 N e T S - "
BDéc tinh luyén 6r_|g E‘ T 1002
160 | — T |
150 L— 1 \,
Haanon| | | | I T &5 1 | 1
140 | .
001 0203 04 05 06 07 08 09 10 L1 L2 L3 Quim3/s)

Hinh 8: Cdc diém lam viéc cia mét, hai va ba may
bom 300LHP780 ldp song song

3.4. Lwa chon phwong phap van hanh t6i wu

Do6i voi tram bom nghién ctru, gom 4

may bom 300LHP780 c6 duong dac tinh nhu
hinh 5, lip song song va x4 chung vio mot
tuyén 6ng nhu so do hinh 2 v6i dudng dic tinh
thuy luc toan tuyén ong nhu hinh 3, cac may
bom déu duoc trang bi bién tin dé khoi dong va
diéu khién sb vong quay.

Thoi gian ban ngay, luu luong yéu cu
cua ca tram la 1m%/s, nhung dén dém, luu luong
yéu cAu cta tram chi con 0,5m%/s. Dé tiét kiém
dién ning va giam chi phi bao hanh, can thiét
phai dua ra phuong phap van hanh téi wu ca
ban ngay va ban dém cho tram, sao cho céac
may bom ludn hoat dong & ving hiéu suét cao
nhat.

Khi luu lugng yéu ciu cia tram la
1,0m?/s, ta c6 thé van hanh ca 03 may bom véi
van xa mé hoan toan ¢ tan s6 50Hz (s6 vong
quay n = 1460v/ph), cac bom s& hoat dong on
dinh & diém P, (hinh 8) véi cot ap H, = 192m
va hi¢u suat n, = 80% (hinh 5 - duong cong dac
tinh may bom 300LHP780).

Khi lvu luong yéu ciu cua tram la
0,5m?/s, thi c6 thé van hanh theo 03 phuong an
(PA) nhu sau:

+ PA1: Van hanh 02 méay bom véi van
x4 dong mot phan dé luu lugng cia tram 1a Q,*
=0,5m?/s (hinh 9). May bom s& lam viéc ¢ diém
P_* v6i luu lugng ciia mdi bom Q,* = 0,25m’s,
cOt ap cuia bom la H* = 203m va theo dac tinh
ctia bom 300LHP780 (hinh 5), hiéu suit cta
bom la n,* = 76%; cong sudt trén truc bom
N* = 654,5 kW. Tong cong suit trén truc cua
2 may bom 1a 1309kW. Phuong an nay tiéu ton
dién nang vi vura hoat dong tai diém hiéu suét
thip (76% so v6i 80%), vira ton ning lugng
cho cot ap ton that do dong van (AH = 23m).
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Hinh 9. Biém van hanh 2 mdy bom voi van xa

doéng mét phan, Q,=05ms

+ PA2: Van hanh 01 bom vé&i van xa
mé hoan toan, khi éy ta c6 diém vén hanh tai
P (hinh 8), Iuu lugng ctia bom 1a Q, = 0,5m’/s;
cot ap H = 161m, hi¢u suatn, = 70% (hinh 5)
va cong suit tryuc N, = 1100kW. Phuong an nay
khong kha thi vi cong suat truc bom cao hon
cong suét dong co, bom hoat dong s€ bi xam
thuc do NPSH, cao (>10m) va hiéu suit cua
bom thap (70% so véi 80%).

+ PA3: Van hanh 02 may bom véi sb
vong quay thip dé giam luu lugng theo yéu cau
(Q, = 0,5m’/s). Day la phuwong 4n vira kinh té,
vira an toan cho thiét bi, su dung bién tan dé
thay d6i duong dic tinh lam viéc cua bom, sao
cho bom ludn hoat dong & ving hiéu suat cao
nhat (gan diém BEP - diém c6 hiéu sudt cao
nhit) ma khong phai déng mot phan van xa.

Néu xiy dung cac duong dic tinh cua
mot, hai va ba may bom 300LHP750 & tan s
45Hz (n = 1314 v/ph) cung véi dudng dic tinh
tuyén 6ng trén cung mot hé toa do, ta s€é nhan
duogc cac diém hoat dong cua mot, hai va ba
bom véi tan s 45Hz (Hinh 10).
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Hinh 10. Cac duwong ddc tinh cua cac bom
300LHP780 (véi s6 vong quay n = 1314 v/ph) lam
viéc ghép trong hé thong.

Theo cac duong dac tinh trén hinh 10,
khi nhu cau luu lugng ctia tram bom 1a 0,5m3/s,
ta c6 thé van hanh 02 may bom song song, & tin
s6 45Hz. Khi 4y, ca 02 may bom s& hoat dong
on dinh & diém P **, voi luu lugng cua tram
Q,** = 0,5m’/s, cOt 4p sz** = 161’m va trén
hinh 4, n** = 78% va tong cér}g suat trén truc
bom N** = 506kW. Cong suﬁ‘g trén truc cua
ca 02 may bom la 1012 kW, thap hon khoang
22,7% so v6i PA1 (phuong an van hanh 02 may
bom va dong bdt van xa).

Nhu vay, tur viéc xay dung duong dac
tinh tuyén 6ng, cac duong dic tinh may bom
van hanh doc lap hodc song song nhiéu bom, &
cac vong quay khac nhau, cho phép ta lya chon
may bom co thong sd thay lyc phu hop, hoat
dong ¢ vung hiéu suit cao nhét. Pac biét, ddi
v6i nhu cau luu lugng bién d6i trong ngay, cho
phép ta lya chon s6 vong quay pht hop véi luu
luong can bom (sir dung bién tin hodc khép ndi
thuy luc), ddm bao cho bom ludén hoat dong &
ving hiéu suét cao va tiéu thu ning luong thap
nhat.

4. KET LUAN

Trong qué trinh thyc hién Dé tai nghién
ctru khoa hoc cap Nha nudc“Nghién ctru thiét

ké, ché tao va lap dit may bom ly tim mét cap &
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hut hai phia cot &p cao tdi 200m phuc vu thoat
nudc trong khai thac mo”, thugc “Chuong trinh
khoa hoc va cong nghé trong diém cap qudc gia
phuc vu ddi moi, hién dai hoa cong ngh¢ khai
thac va ché bién khoang san dén nim 2025”
do B0 truong Bo Khoa hoc va Cong nghé phé
duyét, ngoai viéc nghién ciru cac ndi dung vé
khoa hoc, cong nghé dé thiét ké, ché tao may
bom, Dé tai da di sdu nghién ctru ca vé tng
dung cac loai bom nay mot cach c6 hi¢u qua
nhat cho cac cong trinh thoat nudc mo ndi riéng
va cap, thoat nudc nodi chung. Noi dung cia bai
bao thé hién mot phan két qua nghién ctru Gmg
dung bom ly tdm hat 2 phia cot ap cao, dong
thoi ciing c6 thé ing dung cho cac cong trinh
tram bom voi luu lugng 16n st dung cac loai
bom canh khéc lip song song nhu: Bom hdn
lru hodc bom ly tim nhiéu cip, lam co so cho
viéc lua chon thong s6 ki thuat may bom, c&

tuyén dng va phuong phap van hanh hiéu qua
nhat, nham muc dich giam chi phi vong doi cta
cac may bom va nang cao hiéu qua du an tram
bom. <
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