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MO HINH BOM HUONG TRUC CHIM Ns>1750 PHUC VU
CHO GIAI PHAP CAP NUOC BE HUI' VAO MUA KIET

GS.TS Lé Danh Lién, Th.S Kiéu Tién Manh
Th.S Nguyén Ngoc Thing
Vién Bom va Thiét bi Thiiy loi

Tém tit: Bai bdo nay gioi thiéu nhu cau thuc té doivéiloai bom hueong truc chim ty toc lén,
phuong phdp lua chon thong sé mé hinh phii hop voi dic tinh ciia m Gy thue, tinh todn va thiét ké
mo hinh theo phutmg phdp cia cac nha bdac hoc Vézonhexenski - Pékin. Két qua tinh todn t6n
that va hiéu sudt mé hinh cho thdy, mé hinh thiét ké méi dip img dwoc cdc yéu cau ky thudt va
cho hiéu sudt tuong immg voi muc tiéu dé m.

Tir Khoéa: Bom, huong truc, chim, ty toc, luu lwong, cot dp, vong quay, ton that, hiéu sudt.

Summary: In this paper, the actual needs for subm ersible axial pump with great specific speed, the
m ethod of selection suitable model parameters with the characteristics of the real pum p, caculation

anddesigning of the m odel given by the method of Vozonhexenski-Pelin are presented. According to
the result of caculation of loss and of model productivity, the new-designed model successfully meets
the demands of technical requirements and shows target productivity.

Key words: Pum ps, axial, subm ersible, specific speed, flow, head, rotation, loss, perform ance.

I. TONG QUAN VE NHU CAU BOM NUOC céc loai bom huéng truc chim cot nudc thap,
HUONG TRUC Ns CAO' luu lugng 16m lam nhiém vu bo sung nuoc cho
bé hit vao mua kiét. Cic bom nay thuong co

Nén néong nghiép nudc ta phu thudc rat nhidu T P
ty toc ng rat 1on toi trén 1500v/ph.

vao hé théng kénh va cip nude thuy loi. Pa sd
cac may bom va tram bom sir ding trong tusi  Bom hudng truc chim co ty téc cao con dirge
tiéu cho noéng nghiép tap trung & cac ving sir dung rong rii trong mot s6 cac linh vuc
déng béng song H6ng va ven bién mién Trung. khac, dac biét 1a ti€u thoat nudc & cac do thi,
Nhimg nim gin ddy muc nuée séng Hong vao  cac khu odng nghiép, khu vuc dong bing ven
mua kho thuong xubng thdp drdi ca myc nudc bién, hoic & chuyén nudc trong cic luu
thép nhat thiét ké cua bé hut & cic tram bom  vuc... tuy nhién hau hét céc loai bom hudng
tudi ven song va ¢ kha ning van contiép dién  truc chim nay hién nay déu phai nhap ngoai.
trong nhitng nam t6i. Thong ké so bo hién nay
cho th?iy, c6 506 tram bom léy nude tudi duoc
lip & ven song Hong v&i luu lugng trén
7000m¥h. O Ha Noi 06 33 tram, chua tinh &n
rat nhiéu cic tram bom nho dréi 7000m*/h va _ ,
cac tram bom do cic hop téc xa ty lam. Mot Il. LUA CHON THONG SO NGHIEN CUU
trong nhing gidi phap tinh hudng l& st dung CUA BOM MO HINH

Vién Bom va Thiét bi Thity Loi dang thuc
Nguoi phin bién: PGSTS Nguyén Ding Cubng hién @& tai nghién ciru khoa hoc cap Nha nudc:
Ngay nhan bai: 19/3/2013 -Ngdy thong qua phan bién:  “Nghién cru gidi phdp nham dam bao lay
20/5/2013 - Ngay duyé& dang: 20/6/2013

Chinh vi véy, can nghién ctu thiét ké, ché tao
cac loai bom hudng truc chim cé luu lugng
16n, cot ap thap voi ng cao hon 1500v/ph dé co
thé chii dong vé thiét bi ¢ trong nudc.
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nudc tuoi chu dong cho hé théng cac tram
bom ¢ ha du hé thong song Hong - Thdi Binh
trong diéu kién muc nude song xuong hdp”.
Mot trong cac nhiém vu chinh cua dé tai la:
Nghién ctru thiét ké, ché tao bom huéng truc
chim ¢6 lwu lugng Q = 8000m’/h, ¢t 4p H =
1,7 m, sb vong quay n = 485 vg/phit, ty tdcng
= 1770 vgphut véi hidu sudt 1 >72%. Pay la
bom hudng truc chim co ty tbc rit cao, & Vit
Nam chua ché tao duoc.

Trudc khi ché tao bom thyuc (ky hiéu HT8000-
1.7) can thiét ké, ché tao va nghién ctu thir
nghi€ém mo6 hinh dé lua chon dugc mauthoéa mén
cac yéucauky thuat va dat hiéusuat du kién.

Bom mé hinh va bom thuc s€ twong tu nhau
khi ching ¢o cac thong s6 lam viéc khong thi
nguyén nhu nhau dic trung bodi cac hé s6 khong
thirnguyén vé hru luong Ky vacot ap Ky:

Hé 5 luu luong KQ:%,
n

Hé 6 cdt ap:

Trong do:

Q 1a luu luwong don vi m*/s, H — cot ap, - m
cOt nudc, n - vong quay, — vg/s D - duong
kinh, —m.

Bom thuc vé6i luu lupng Q = 8000 m’/h =
2,222 m’/s, vong quay n =485 vg/ph. Bom co
ty toc tng:

s = 3,65;1/2{6 _ 3,65.4853.7/42,222 —1772ve/ph.
H 1,7

Chon dirdng kinh bdu twong ddi dy bing 0,4
(theo m&u OIT6 [5] 1a mau o6 ty tdc ng tuong
ddi cao) ta s& co duong kinh binh cong tac
bang

D=(4+4,6) L 3J§=
1-d; {n

1 2222

=@+4®J 3

1-0,4>\ 485

=0,725+ 0,834m

Lay gia tri trung binh cta dudng kinh tinh toan
D = 0,78m, ta c6 cac hé so khéng thir nguyén
bang;

8,083.0,78
Ky = % =0,0428.
8.0832.0,78

Trén duong dic tinh mo hinh OII6 cac thong
sO ndy ung voi diém c6 goc dat canh bang +1°
véi hiéu sudt mo hinh bang 72%. Song hiéu
sudt ndy chua ké t&i hiéu suit co khi ciia md
hinh. T6n thét co khi cé gi4 tri bang khoang 2
+ 3% cong sudt cua may. Nhu vdy, hiéu suat
m6 hinh OIT6 tai diém nay chi bang 69 + 70%.

Vin @& dit ra 1a néu dra theo mé hinh OIT6 thi
phai dra vao cic cai bién nhu thé nao d6 dé
tang kha ning thoat va ting hiéu sudt ctia mo
hinh. Hiéu swdt mo hinh phai bang hodc 1on
hon 72% ké ci ton that co khi.

Ngoai ra, can tinh téi kha ning nghién ciu
thyc nghiém trén ga thi nghiém cta Vién
Bom va Thié bi Thay loi. Voi gia thi nghiém
hién ¢ cta Vién Bom va Thiét bi Thuy loi co
thé thi nghiém moé hinh bom hudng truc véi
duong kinh banh cong tic D < 350mm, cdng
sudt 22kW, vong quay 750 + 1450vgph.

Chon dudng kinh mé hinh Dy, = 300mm (dé
phu hop véi gid thi) va voi vong quay 1450
v/ph (= 24,167 vg/s) ta 5 c6 cac thong sd lam
viéc cta mo hinh nhu sau
Luu lugng bom mo hinh:
Q = KonD’ =0,579.24,167.0,3" = 0,3778 m’/s
~ 0,378 m’/s ~ 1360m*/h;

Cot ap cua bom mo hinh:
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H = Kgn’D’ =0,0428.24,167°.0,3" = 2,2497m
~225m.

III. TINH TOAN THIET KE BOM MO HINH
3.1 Tinh todn thiét ké banh céng tic

Bénh cong tac ctia bom hudng truc cé thé thiét
ké bang cic phuwong phdp khic nhau, nhung
rong pham vi nghién ciru cia dé tai chi sit dung
phuong phip phd bién nhit hién nay trong
nghién ctru va san xuit va c6 nhiéu wu diém so
voi cac phuong phap khac. D6 1a phuong phap
thié ké cta Vozonhexenski - Pékin, phuong
phép dugc st dung pho bién ¢ Nga va cac nudc
SNG [3, 4, 5].

Noi dung co ban ciia phuong phap nay la thay
thé tac dong cia prophin n dong chat long boi
céc xody phan b trén duong nhan prophin theo
mot quy ludt xac dinh. Dong tdnghop chay bao
prophin nhén dirge 13 tong cla dong song phang
khong nhiéu va dong cdm g tao boi cac xody
trén tat ca cic prophin trong ludi.

[ KHOA HOC

| CONG NGHE

Phuong trinh ham dong cia ddngtong hop diroc

viét dudi dang;
A

w(T)=y,o (T)+ I@ln £(S,T)dS = const.
0 4T

Trong d6: W, (T) 1a ham dong cta dong song
phing khong nhidu tai diém co toa do T cua
duong nhan prophin;

%y(S) . \ .
\|/1(T):j2—nln r(S,T)dS- ham dong cua cac
0

xody lién hop tmng voi diém c6 toa do T cia
dudng nhén; y(S) — cuong & xoay; r(R,T) —
khoang cach tur diém khao sat toi diém phan
bd xody; dS — phéan té chiéu dhi dwong dng
(dudng nhan prophin).

Néu diém S xac dinh bdi toa do o, Yo, diém T
xéc dinh bdi toa & x,y thi ham dongtaidiém T
cua chuoi vo tan cac xoay duge xac dinh bing

B 1 ¢ .2 T ) T
T)—zn‘([y(S)ln{sm T (X—Xo)+Sh T (y—yo)}dS

[0}

Trong &, T, =t/l 1a budc Iudi tuong doi.

Do Iuéi prophin cia canh cong tac bom
huéng truc c6 thé coi la ludi thang vo tén

w(T) =y, (T)+ ;—nlv(s)ln{sinz TL(X

o

Trong phuong phép tinh cua Vozonhexenski —
Pékin duong nhan (duong trung binh) cua
prophin canh dugc coi A cung cong c6 ban
kinh khéng doi. Nho vy c6 thé giai phuong
trinh tich phin bing phuong phap giai tich.

Giai phuong trinh nay ta tim dugc cuong do
xody y(S), do vay xé4c dinh duoc van tdc tuong
dbi trong chéy bao prophin. Tt d@ ta xéc dinh
dugc luu so véan téc I'; bao quanh prophin. Khi
biét lwu s6 van tde T ta s& xac dinh duge d
cong cta dirong nhan prophin va goc va cia

nén cudi cing ta nhan dugc phuong trinh
ham dng tong cdng cua dudng nhin king

X, )+ sh2 (y-vy, )}ds = const .

prophin trong ludi. Khi do ludi prophin da
dugc xac dinh. Phuong phap giai cia bai toan
nay dugc gioi thi€u trongtailiéu [4, 5].

Dé thuin tién cho viéc tinh toan thiét ké,
ching toi dd xdy dung phin mém thiét ké canh
bom hudéng truc va canh hudng dong theo
phuong phéap ctia Vozonhexenski-Pékin [1].
Cic s0 liéu chinh cua file diéu kién vao gom:
Cong suat dong co, kW 12

S5 vong quay cua dong co, vg/ph 1450
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Cot nudc tinh toan, m 2.25
Luu luong tinh todn, m’/h 1360
S5 tiét dién tinh toan. 5
Bén kinh tuong dbi tai 5 tiét dén  0.200

0.275 0.350 0.425 0.500

Khi tinh toan d¢ thufn tién cho viéce thiét ké
cac may dong dang (bom mé hinh va nguyén
hinh), thong s tinh toan dirgc quy vé thong sd
quy dan Q'I- lvu lwong quy dan va n'l- sb
vong quay quy dan. P6 1a luu luong va sd
vong quay cua banh cong tac c6 dudong kinh
bang Im va cot ap bang Im. Cac théng b quy
dan duoc xéc dinh bang

&
Mat dong 1

Mt dong IIT

' nD

. Q  __mD
QI DZ—\/ﬁ > | \/ﬁ .
Vi vay théng sb ban kinh trong file diéu kién
vao & trén liy tuong tmg cho banh cdng tac
duong kinh bang 1m.

Déi véi cic may tuong tu véi dudng kinh khéac
Im ta chi viéc nhan ty 1€ gilia dirong kinh may
thyc va may méau voi cic thong sb hinh hoc
nhan dirgc qua tinh toan.

Ké& qua tinh toén ta nhan duoc dudi dang file
(KQ1.KQ) va cic ban v& hinh dang prophin
tai cac ti& dién va ban v& xdu canh trén mat
chiéu dirg vachiéu bang (hinh 1 va?2).

Mat dong V

Hinh 1. So'do dic hii prophin canh trén cdc mit dong mé hinh MHOI

i

Hinh 2,a. Sodo hinh chiéu dimg binh cong tdc
bom huéng truc mo hinh MHOI

Hinh 2,b So do hinh chiar bang binh cong tic
bom huong truc mé6 hinh MHOI

Cac thong s6 chinh cta Iudi canh voi banh cong tic (v6i dirdng kinh bang 1m):

Bdng 1. Cdc théng sé chinh cia he6i canh voi banh cong tic (Wi diong kinh bang 1m):
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Cac tiet dien tinh toan 1 2 3 4 5

Ban kinh tai céc tiet dién R, m 0.200 0.275 0.350 0.425 0.500
Chiéu dai duong nhan, m 0.341 0.404 0.475 0.547 0.613
Triso chieu day max, m 0.027 0.027 0.023 0.022 0.017
Triso goc dat canh, d 42.446 31.904 25513 21.407 18.415
Triso goc bao canh, d 42.525 55.619 63219 67.858 71.121
D0 cong tuong doi cta prophin, % 5.868 3.973 2.538 1.797 1.328

Banh cong tac md hinh MHO1 thiét ké mai cd
céc thong sd hinh hoc va dong hoc nim trong
pham vi thich hop cuia bom hudng truc:

- Goc dat cta canh:

Tiét dién gbe: By = 42°446,
Tiét dién bién: Bv = 18°415.
- D6 vin cénh: AB =24°031.

- Goc va cua canh:
Tiét dién gbc: oy = 0°416;
Tiét dién bien: oy = 0°006;

Tiét dién bién: /1= 1,328%.

- (¢ bao cua céanh:

Tiét dién gde: 0, = 42°525 ;

Tiét dién bién: Oy = 71°121.

Dé danh gia so b ton that va hiéu sut thiy
lyc cta lugi canh chung t61 da tinh todn chay
bao va hiéu sudt thiy luyc cia ludi canh ting
phuong phap 1y thuyét [2]. Két qua nhan dirgc
tong ton that trong chdy bao banh cdng tac va
qua khe ddu mut canh bang (xem bang 1):

- Do cong tuong ddi cua prophin tai cac tiét dién: (s = (o + Cmu =0,1901 +0,0114 =0,2015.

Tiét dién gbc: /1 =5,868%;

Bdng 2. Két qua tinh todn ton thit trong chdy bao hedi canh va qua khe dau miit canh

Tié dién thu 1 C,, = 0.0125 Jeta =0.0342
Tiét dién thir 2 C,, = 0.0102 Jeta=0.0506
Tict dién thir 3 Cxn =0.0382 Jeta=0.3310
Tiét dién thir 4 C,, = 0.0102 Jeta=0.1425
Tiét dién thir 5 C,, = 0.0076 Jeta=0.1589
Tri s6 ton that banh cong tac 0.190093
Tinh tonthatmu
Tri1s6 Lamda: 0.489708
Triso C,: -0.173224
Trisd Cy 0.000548
Tri s6 ton that qua khe diu mut canh: 0.011432

Bénh cong tacs& o6 hiéu suat thuy lyc bing:

Mg =1—-Cs=1-(0.1901+ 0.0114) = 0,7985.
Néu coi hiéu sudt co khi ng = 0,97 va higu
sudt luu luong g = 0,95 ta 06 hi¢u sudt ching
ctia bom bang;

N ="NgNoNek = 0,798.0,95.097 = 0,735 .

Nhu vdy, hiéu suét tinh toan Iy thuyét cia mé
hinh phii hop v&i muyc tiéu clia d& tai 1a can tao
rabom mau c6 hiéu suat n > 72%.

3.2, Thiét ké két ciu bom mé hinh.
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Hinh 3 : So dokét cau bom mé hinh
huong truc dum

Bom mdé hinh o6 dang capsue. Mdy dat
ngang, khi lam viéc £ dt chim trong nudc.
Do dong co dién céd kich thudc 16n nén canh
hudng c6 dang loe, vdi gc loe 16n hon 30°.
Trong trudng hop nady canh huéng khong thé
tinh toan nhu canh hudng dang try ma phai
tinh todn thiét ké theo phwong phap canh cong
hai chiéu (cong khong gan). Dong chdy qua
canh huong theo mé hinh dong dang tdc. Canh
huéng duge thiét ké theo phwong phap bién
hinh bio gidc (BHBG) trén mat tru voi O tiét
dién tinh toan bing 5. Trén hinh 3 1a so & két
cau bom mo hinh.

Bom mé hinh di dugc ché tao va dua vao
nghién ctru thyc nghiém. Trén hinh 4 la banh
cong tac mo hinh duong kinh D = 300mm, sd
canh z = 3. Két qua nghién ctru thuc nghiém
ctia bom mo hinh nay s€ gigi thi€u trong cong

TAI LIEU THAM KHAO

nh 4: Mau banh cong tic huomg truc chim
logi 3 canh , D = 300mm

trinh tiép theo.

IV. KET LUAN

Viéc nghién ciru thiét ké ché tao bom hudng
tric chim ty tdc cao co ¥ nghia thyc tién va y
nghia khoa hoc rit quan trong, gitp ching ta
thuc hién gidi phap cip nudc cho bé hut cac
tram bom vao mua kiét khong tiéu hao nhiéu
ning lrong. Bom hudng truc chim luu lugng
16n con drge sir dung trong linh vuc cép thoat
nudc cho cac thanh phd va dng bang ven
bién, cic khu cong nghiép... Ngoai ra viée
nghién ctu thinh cong miu canh bom ty tdc
cao giip chung ta o6 thé gam ding ké kich
thudc ctia to may bom, gidm gia thanh san
phim, chi dong vé thiét bi, dng thoi gam
kich thudc cong trinh tram dan dén giam chi
phi chung trong linh vuc cdp thoat nudc.
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