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TOM TAT

Trong sdn xudt mudi, van dé bom nwéc bién tir cdc kénh, mwong, ho chiva 1én cdc 6 bay hoi dwroc xem
la khdu quan trong. Theo phwong thikc truyén théng, cdc t6 mdy bom ndy str dung ndng lwong dién, xdng
hodc ddu dé hoat déng. Tuy nhién, dé tiét kiém ndng lwong, gidm chi phi van hanh, cé thé tdn dung hiéu
qud ngudn ndng lwong gié rdt phong phui & cdc viing ven bién lam quay tuabin gié, ddn dong cho mdy bom
hoat déng. N6i chung, cdc mdy bom cdp nuwéc mdn cho cdc cdnh dong mudi ven bién trén pham vi cd nuéc,
thwong lam viéc véi cdt nwére thdp, khodng H = (0,5 - 1,5) m. Nghién ciru thiét ké, chétao mdy bom ly tdm
cét dp thdp (H < 2,0 m), chay bdng strc gid, phu hop vdi diéu kién thuwc té néu trén la rdt cdn thiét, chdc
chan sé déng gop t6t cho nhu cdu rdt Iém cia sdn xudt. Str dung phwong phdp tinh todn Iy thuyét truyén
théng dé xdc dinh cdc théng s6 hinh hoc co bdn ctia bdnh céng tdc, sau dé str dung chwong trinh phdn
mém mo phéng Pumpal dé€ mé phdéng dong chdy qua phédn dan dong véi sé'ld cdnh bdnh céng tdc da xdc
dinh theo ly thuyét. Trén co sé két qud moé phdng, cé thé ddanh gid dé chinh xdc ctia phwong phdp tinh todn
Iy thuyét truyén thong dé dp dung cho viéc tinh todn, thiét ké mdy bom ly tdm cét dp thdp, ddp tng cdc yéu
cdu ctia thuwe té trong sdn xudt mudi véi cdc quy mo khdc nhau. Bai bdo trinh bay két qud tinh todn, thiét
képhdn dan dong ctia bom ly tdm cét dp thdp H = (0,5-1,5) m, céng sudt 1,0 kW, trén co sé ly thuyét truyén
théng két hop véi phdn mém mé phdng sé.

Tir khéa: Mdy bom ly tdm cét dp thdp, phdn dan dong, sikc gié, ndng lwong gié, déng co gid.
bom van chuyén nwéc 1én bé xa. Két ciu cla té

hop may bom nuwéc man kiéu ly tAm cot nwéc
thap - tua bin gi6é dwgc trinh bay trén hinh 1.

1. M¢ dau

Trong may bom ly tam néi chung va bom ly
tAm cot nwdc thap ndi riéng, cac chi tiét chinh
phan dan dong ( banh cong tic, budng xoan,
miéng loe,...) s& quyét dinh hiéu suit, chat lvgng
1am viéc ciia bom. Tinh toan, thiét k€ bd phan dan
dong ctia bom ly tAm cdt 4p thip vAn dva trén co
s@ ly thuyét tinh todn ciia may bom ly tim thong
thwong, tuy nhién, c6 mét s6 diéu chinh dé phu
hop véi diéu kién cot nwde thap.

2.Két ciu may bom ly tim cgt nwérc thap chay
bang dong co gioé

May bom ly tim c6t nwéc thip dung bom
nudc bién dwoc din dong bang strc gio, thong
qua bo hop s6 tang toc banh rang con, chuyén tir
chuyén déng quay theo phwong ngang cuta truc
tuabin gi6 ( tuabin gi6 truc ngang) sang phwong
thdng ding cla truc may bom, tir d6, gitp cho
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PR A
Hinh 1. Két ciu t6 hop mdy bom ly tim cot
nuwoc thap - tua bin gio
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Ch thich: b) Xdc dinh cdc théng sé két cdu banh cong tac
1. Bé méng bé tong cot thép Cac thong s6 co ban banh céng tic may bom
2. Thap d& dang khung ly tAm cot nwédce thip dwoc xac dinh twong tw
3. Truc may bom d6i véi may bom ly tAm thong thwong (Chlnh 2).
4. Hé théng phanh ham
5. Banh cong tac tuabin gié rc'é.
6. HOp s6 tang toc banh rang con ” Uy
7. May bom ly tAm cot nwée thip

3. Tinh toan, thiét ké lwa chon thong sé tdi wu
ctia banh cong téc may bom ly tam

a. Thong so s ddu vdo [3]

Ttr y€u céu thuc té san xuat, lua chon cac
thong s0 k¥ thuat chinh ciia méy bom nhu sau:

- Congsuitdong co gi6: Nac= 1.0 kW

- S0 vong quay truc bom: n = 250 v/ph

- Hiéu suit co cau truyén dong & ché do
t6i wu: N = 0,35

- Cot nuwdc tinh toan thiét k€ ctia may
bom: Hi = 1,2m

- Hésé du trir an toan: K = 1,20

- Lwu lwong may bom tinh toan:
Qi =20m3/h = 0,0056 m3/s.

- Trong qud trinh tinh toan, 1y trong
lwong nuwéce bién pny, = 1.000 kg/m3 dé tinh
toan (trong lwong riéng thuwec té€ cia nwdc bién
pab = (1.020 - 1.030)kg/m3).

Trén co s& thong s6 ban dau, nhom tac gia
tién hanh tinh toan, thiét ké va lwa chon cac
thong s6 toi wu vé thong so6 hinh hoc, dang canh
(canh truc hay cong hai chiéu), s6 14 canh, bién
dang cta cac 14 canh... trén co s& ly thuyét tinh
todn truyén théng, sau khi da tinh toan, xac
dinh cac két cau thong so6 hinh hoc, bién dang
cia may bom sé tién hanh m6 phdong dé kiém
tra cac thong s6 ky thuit dic biét 1a hiéu suit
cia may bom, sé tién hanh diéu chinh cac théng
s6 két cdu banh cong tac néu can thiét.

a) S6' vong quay ddc trung

S6 vong quay dic trung cia may bom ly
tdm cOt nwdc thip dwoc xac dinh theo cong
thire (1) [1, 2, 4]:

_3,651,/0

s 3/4
H (1)

Trong dé:

n=250v/ph - sd vong quay cia truc may bom;
Qu«=20/3.600 = 0,0056 m3/s - Lwu lwgng tinh
toan ctia bom;

Hy = 1.2 m - Cot nwére thiét ké cia bom.

Thay s6 vao biéu thirc (1), gia tri cia s6 vong
quay dac trueng cia bom la: ns = 59,3.
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Hinh 2. Cdc kich thwdc co bdn phdn dan dong
cua bom ly tim

+ Xdc dinh dang /4 canh cia mdy bom

Véi s6 vong quay dac trung ns = 59,3
(ns < 100), bién dang 14 canh banh cong tac co6
dang hinh tru [1, 4].

+ Xdc dinh cdc thdong s chinh ciia 14 banh
céng tac

Cac thong s6 ctia banh cong tac dwoc tinh
toan theo phwong phap truyén thdéng, tir cac
théng s6 d6, nhém tac gia sé lwa chon phwong
an t6i wu nham dam bao may bom hoat dong
ding cac théng s6 ky thuat theo yéu cau va hiéu
suat tot.

- Toc dd dong chdy & civa vao ciia banh cong
tac (Vo):

T6c d6 dong chay & ctra vao ciia banh cong
tac c6 anh hwdng rat 16n dén chat lwgng xam
thwe va hiéu suat thiuy lwc cia bom. Téc do
dong chdy & ctra vao xac dinh theo (2) [1]:

V, = (0,06 = 0,08).3/Q;s.n? (2)

Thay cac gia tri twong rng vao biéu thirc
(2)tacéd: Vo= (0,478-0,637)m/s.

- Dwong kinh ngodi ciia ctta vao cua banh
céng tac (Dy):

boi véi may bom c6 Konson ta c6 [2]:

D, = /4Q“ +d2

O day: Qu = 0,0056 m3/s; Vo =
0,637)m/s; db = 65mm [3].

Thay s6 vao (3) ta co:

Do = (129 - 151,6)mm, chon Dy =
150mm dé tinh toan.

- Tri s6 bdn kinh trung binh cia mép vio
cdanh banh céng tac (Ry):

Tri s6 R1 dwgc xac dinh theo cdng thirc sau

3)
(0,478 -

[1]:
Rl = (017 -
Chon R; =

1,0) x 22 = (0,053 + 0,075),m (4)
0,075m =75mm
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- Tinh lai toc dd dong chdy & tiét dién clra
vao banh cong tac sau khi hiéu chinh kich
thwéece:

v Vo = % = 0,35m/s ~ (5)

O day: do = 0,03 mm [3] - dwong 16 truc
béanh cbng tac.

- Chiéu réng ranh & tiét dién kinh tuyén
ctva vao banh cong tac (b1):

Chiéu rong b1l dwgc xac dinh theo cong
thirc sau [1]:

_ . Do dp
b= (1+25.[2.0-2] (©

Thay s6 twong &ng vao (6) ta co:
b1 = (30,0 + 76)mm. Chon: b1= 60,0mm.

- Xdc dinh vin téc vong & ctta vao bdanh
cong tdc mdy bom

DE triét tiéu thanh phan van téc (V1 = 0),
phai thiét ké tiét dién kinh tuyén ctia banh céng
tac sao cho van téc (Vo) thay do6i déu & thanh
phan clra vao banh céng tac. Vin tdc vong & clra
vao banh cong tac (Uq) [1]:

Uy=wxR, = :—Z-Rl =196m/s  (7)

- Xdc dinh thanh phdn kinh tuyén ciia vin
tdc ¢ tinh toi swléch dong (Vimy):

Viny = ky X V)i = ky X Vg = 0,406m/s (8)

- Xdc dinh goc nghiéng Il canh

Chiéu day 1a cdnh banh cong tic va so
lwong canh hitu han lam 1éch dong chay nhwng
khong lam thay d6i mémen dong lwc ctia chit

— 4 _
léng. Khi dé, ta c6 Ln0 =V ya Vio =V (g

day “0” chi rd van toc twong ng v&i diéu kién
dong chay khong va & ctra vao banh cong tac).
Goc nghiéng cta canh twong wng véi dong
chay khong va tai ctra vao banh cong tac [4]:
!
tgPio = Vuill = K; X Vlr]nll )
Thay cac gia tri twong trng ta cé: B0 = 120

- Xdc dinh goc dong chdy bao I canh

Dong lién tuc bao quanh cac 14 canh véi van
téc twong d6i W1 ctia dong chay sau khi vao
khu virc canh sé c6 hwéng trung véi tiép tuyén
cda la canh tai ctra vao ngwoc chiéu véi van téc
vong (U1) tao thanh goc (1) (hinh 2):

P1=P1o+8 (10)
6 = (39 - 59): Goc tdi tai ctra vao.
Chon 6 = 59,
Tacé: B1 =170

- Xac dinh dwong kinh mép vao cta banh
cong tac
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V&i may bom ly tdm ns = 59,3. Do vay,
dwong kinh mép vao banh cong tac dwoc xac
dinh theo cong thic sau [2]:

D; = (1-1,05)Do

Chon D; = 160mm.

Trén day 1a nhitng thong s6 co ban va quan
trong ciia mép vao banh coéng tac. Can tiép tuc
tinh todn thong sé tai mép ra cia banh cong tac.

- Dwong kinh tai ctva ra banh cong tac [1]

D, =22=191(2%)  (12)
Thay cac gia tri twong Ung ta cé:
D2 = 473mm.
Chon Dz = 470mm.

- Vén téc dong chdy & civa ra

Thanh phan kinh tuyén ctia van tdc tuyét doi
¢ clra ra cia banh cong tic khéng tinh anh
hwdng cia sw 1éch dong do cé s6 canh hiru han
(V'm2) dwge xac dinh theo (13)/ [1]:

Vimz=0,8Vm1 (13)
VéiV,,; = 0,353m/s tacé: V,,, =0,28m/s

- Thanh phdn kinh tuyén co dnh hudng do

1éch dong
Viz = kaV'mz = 1,1*0,28 = 0,31 (m/s) (14)

- Xdc dinh kich thwoc bé rong cika ra banh

céng tac

(11)

b, ~ 0,09D, (%)4/3

Thay cac gia tri vao (15) tachon b, =

23mm.

- Goc ra cia canh banh céng tac (B2)

Goécra (B2) ctala canh banh cong tac dwoc
xac dinh t6i wu phu thudc vao ns.

V&ing = 59,3 dé ddm bao ton thit nhg, ta
1ay: B2 = 200 [1]

- Xdc dinh s6'14 cdnh banh céng tic

BB,

X 81

(15)

Z, S6,5><Rl R

2 Rl

(16)

Thay céc gia tri da biét vao cong thirc (16),
ta c6: Z; < 5,596 14 canh.

Theo ly thuyét vé may canh dan, hiéu suit
clia may canh dan 16n nhat khi sé 14 canh nhiéu
vO cung va chiéu chiéu day l4 canh mong vo
cung. Do d6, v&i ly thuyét trén, chon wu tién s
14 canh nhiéu nhit v4i tinh todn. Nhu vay, dé
t6i wu hiéu suit, véi may bom nwéc bién, chon
Z1 =514 canh dé nghién ctru.

Nhw vdy, sau khi tinh toan, lwa chon cac
théng s6 t6i wu dwa ly thuyét va kinh nghiém,
ta c6 cac thong sé két ciu chinh cia banh cong
tac may bom ly tAm cOt nwéc thap nhu sau:
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- Pwong kinh biu mai o banh cong tac:
dp = 65mm

- Pwong kinh ngoai ctra vao banh cong tac:
Do = 150mm

- Puvong kinh mép vao banh coéng tac:
D; = 160mm

- buong kinh mép ra banh coéng tac:
D, =470mm

- Chiéu rong tiét dién kinh tuyén tai ctra vao:
b;= 60mm

- Chiéu rong tiét dién kinh tuyén tai ctra ra:
bz=23 mm

- G6c nghiéng 14 canh B1,0 =120

Két cau banh cbéng tac va bién dang 14 canh
dugrc trinh bay trén hinh 3, 4.

50

%

Hinh 3. Kich thwoc co bdn ciia
bdnh céng tidc

Hinh 4. Bién dang 4 cdnh
bdnh céng tic 5 14 canh cdch déu

Hién nay, v&i trinh d6 phat trién nhanh, da
dang, v&i d6 chinh xac cao cia cac phan mém
mo phéng dong chay trong may canh dan noi
chung va may bom ly tAm ndi riéng, két qua mo
phdéng phan dnh dd chinh xac cua thiét bi khi
lam viéc thwec té rit cao ( sai dé dwdi 5%), do
dé, dé dam bao may bom lam viéc dam bao cac
thong s6 k§ thuit theo tinh toan ciing nhw thuc
té€ wu yéu ciu, giam thiéu rai ro sai so tir khiu
thiét ké dén ché tao rng dung san pham vao
thwc té. Xu hwéng chung, stt dung phan mém dé
mo phong dong chdy nham kiém tra lai cac
thong s6 két cau cia banh cong tac tinh toan
theo ly thuyét c6 dam bao hay khéng, tir két qua
mo phdng sé tién hanh phén tich, diéu chinh lai
cac thong so da tinh todn néu can thiét. Trong
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pham vi nghién ctru, nhém tac gid st dung phan
mém Pumpal dé thwc hién muc dich nay.

4. M6 phéng dong chay qua phan din dong
may bom ly tAm cot nwéc thap bang phan
mém Pumpal

4.1. Gi¢i thiéu vé phim mém moé phodng
Pumpal

Phin mém Pumpal 1a mét trong nhitng
phan mém mo phdéng dong chay thuy lwc cia
hang Concept Nrec (M¥), chuyén dung trong
viéc m6 phdéng dong chay trong may bom trong
d6 c6 may bom ly tam [3].

Phin mém Pumpal dwa trén nén tang CFD,
c6 kha nang giai quyét cac van dé lién quan dén
cac dong 2D, 3D déi xirng, toa do tru va dong
3D, dong tinh hay dong tirc thoi, m6é hinh quat,
bom nwéc, tuabin nwéc,.... Bén canh cac tinh
nang twong tw nhw phan mém Ansys Fluent la
mo phdng va phan tich tinh hinh dong chay
trong may bom, phidn mém Pumpal c6 kha
nang t6i wu hoa dé€ dwa ra thiét ké tdi wu nhit
ctia phan din dong may bom (kich thuéc, hinh
dang cta miéng loe, budéng banh céng tac,
profin 14 canh banh céng tac, caAnh hwéng dong
)

[Théng 56 thiét ké|

!

Thiét ké thuy lue banh cong tac
va canh hudng dong

!

Du doéan hiéu sudt thuy lue
bf‘"mg phfm mém Pumpal

Khong dat

" Kiémtra
~.__ suthoaman

Thir nghiém

l

Kétthic |

Hinh 5. So d6 kh6i qud trinh tinh todn, thiét
ké ché'tao va thiy nghiém mdy bom ly tim
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Phuc vu cho cdng tic md phdong can chd y:

+ Thong s6 dau vao (input): Cot 4p may
bom Hui (m), Iwvu lwong Qi (m3/h), cong suit
N (kW), s6 vong quay n (v/ph), s6 14 canh banh
cong tac (Z1).

+ Thong s6 dau ra (output): Hiéu suit cia
may bom np (%).

Tuy nhién, dé c6 dwoc két qua dau ra (hiéu
suit cia may bom) ctia méi trwong hop, phai
trdi qua qua trinh tinh toan rit phirc tap véi
nhiéu hé s6 lién quan. Trong pham vi bai bao
nay, nhom tac gia trinh bay vé cac tinh nang,
cébng dung va thuit todn clia phin mém
Pumpal.

So d6 khéi qua trinh tinh toan, thiét ké,
ché tao va thi nghiém hoan chinh 1 may bom
ly tdm dworc trinh bay tai hinh 5 [3].

4.2. Két qua md phong dong chay qua phan
dan dong may bom ly tAm cot nwérc thap voi
s6lacanhZ=5

Twr két qua tinh todn theo ly thuyét, tién
hanh st dung phidn mém pumpal dé€ mo6 phong
dong chay trong hé théng din dong clia may
bom, két qua cu thé nhan dwgc nhw sau:

nDES/3D

Hinh 6. Mé hinh 3D phdn din dong ciia
mdybomZ =5

Hinh 7. Trirong phin bé ap sudt trong hé
théng dan dong
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Hinh 8. Trirong phidn bé vin téc dong chit
Iong trong hé théng dan dong

ao0g 157 a3 P
1o —— e -
B ET) 0 10 2 £ )
Zimm

Hinh 9. Trwong phin bé vin téc dong chat
Iong trong hé théng din dong theo mat cit
kinh tuyén bdnh céng tic

Nhin xét:

DaGi voi treorng hop may bom ly tAm c6 s6 14
canh Z; = 5, thong qua két qua hinh anh mé
phong, ta thiy rang, dong chit 16ng phan bd
chwa dong déu, van xuit hién hién twong réi
dong tai vi tri chuyén ti€p ciia mang dan, khi 4y,
tai vi tri chuyén tiép, van téc dong chay rat
thép, v < 0,5 m/s, tao ra viing xody rong tai khu
vue chuyén tiép cua dong chay (hinh 9), ciing
twong tw hinh anh mo6 phdng trén hinh 8, cling
th4y ring, trweong van tdc cia dong chay gidm
din tir mép ra banh cong tac (van téc luc nay
khoang v = 3,2m/s - ving mau xanh la
cdy) va giam dan theo bién dang budng xoin,
trong pham vi dong chay trong budng xoan, van
tdc dong chay dat khoang v = 1,6m/s (ving
mau xanh lam), nhwng sau khi ra khéi buéng
x0dn vao miéng x4, van téc dong chay giam
nhanh chi dat khoang 0,5m/s (mau xanh luc),
cling twong &ng véi d6 1a treong van toc toc
trong ciing phan bd déu, hdu nhw khong thay
d6i trong pham vi budng xoan ciling nhw & phan
miéng xa cia may bom (hinh 7). Tir két qua nay
cho thdy rang, véi may bom stt dung dong co
gi6 véi toc do truc bom rat thip n = 250v/ph
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(nghia la van t6c géc w ciing thip), din dén van
tdc tuyét (V) & mép ra banh céng tac nhd, diéu
d6 cling dong nghia v&i viéc thanh phin van téc
Vy (hinh chiéu cta van toc V xudng phwong clia
thanh phan van toc U - van toc tuyén tuyén cla
banh cong tac) cling gidm, ma thanh phin V,
nay quyét dinh téi cot 4p ciia may bom. Pay la
nguyén nhan chinh din dén cot 4p clia may
bom ly tAm nay c6 cot ap thap hon nhiéu so v&i
may bom st dung téc d6 vong quay cao (n =
1450v/p hay n = 2900v/ph) va tir d6 cling dan
dén hiéu suit cia may bom nay thip. Theo két
qua mo phong, hiéu suit Ié¢n nhit cia may bom
trong treong hop 5 14 canh dat ny2 = 40,2%
(hinh 10). Néi chung, d6i véi may bom ly tam
céng suat nho, cot ap thip, s6 vong quay thap
va dac biét khéng tiéu tén dién nang thi hiéu
sudt nay c6 thé chap nhan dworc.

5.Kétluin

a) Bom ly tAm cdt nwéc thip chay bang
strc gio cd két ciu twong tw nhw may bom ly
tam thong thwong, tuy nhién, vi lam viéc & ché
dd s6 vong quay thap (s6 vong quay truc bom
tai diém thiét ké n, = 250 v/ph, véi toc do gié
v=7m/s), cot nwéc thip, do d6, hiéu suat bom
kha nhé Mb = (25 - 35)% (phu thudc vao
van toc gi6 cda tirng thoi diém), hon nira, 1y do

STEP RESIDUE

==== RMS MAX AT I J K
600 2.18e-07 1.06E-02 B 61 2
601 2.33e-07 1.08e-02 8 61 4
602 2.48BE-07 1.07E-02 8 61 2
603 2.62E-07 1.21E-02 7 61 9
604 2.77E-07 1.40e-02 7 61 7
605 2.97e-07 1.61E-02 7 61 7
606 3.21E-07 1.81E-02 7 61 7
607 3.51E-07 1.98E-02 7 61 7
608 3I_83IF-07  2_11F=02 7 61 7

fir

may bom ly tdm st dung dong co gié c6 hiéu
suat thap hon nhiéu so véi may bom dung dong
co dién 1a do mot phén 1a do hiéu suit truyén
dong tlr tuabin gié qua cac bd phan khac nhw
hop s, khép truyén dong ... kha thdp (nw =
0,35), ban than tuabin gi6 theo dinh luat Betz,
hiéu suit ly twdng ciia mot tuabin gi6 cling chi
dat t6i da 59,3%. Tuy nhién, may bom st dung
nang lwong gid, c6 thé hoat dong sudt ngay
dém, chinh vi vay, v&i loai bom nhé chay bang
strc gi6 dé dan dong 1a chdp nhan dworc.

b) So sanh két qua mo phdng cho thay,
v&i thong so két cdu cua banh cong tac da lua
chon, hiéu suit cia may bom c6 thé dat nm, =
40,2%, qua d6 thé thiy rang, phwong phap tinh
toan ly thuyét pht hop véi may bom ly tam cot
nwéc thip. Két qua dat dwoc da ap ing tét yéu
ciu dé ra ban diu cua san xuit mudi, két qua
nghién ctu da dwoc &ng dung tai Xi nghiép
mudi xuit khiau Ninh Diém, Ninh Hoa, Khanh
Hoa. Nhom tac gia sé tiép tuc thir nghiém hé
théng bom nwéc min - dong co gid trén thuc
té dé c6 dwoc nhirng s6 liéu day dd hon vai cac
tri s6 van tdc gié khac nhau, phuc vu cho viéc
so sanh, danh gia do chinh xac ctia tinh toan ly
thuyét, moé phong véi két qua thu dwoc trén
mo hinh vatly tai hién trudng.

MASS ERROR INLET EXIT
BLK % MASS Head(T) ETT%
6 9.80E+00 5.536E+00 2.071 40.2
6 &.34e+00 5.536e+00 2.072 41.5
6 6.74E+00 5.536E+00 2.074 42.7
6 5.03E+00 5.536E+00 2.075 43.9
6 4.66E+00 5.536E+00 2.076 45.1
6 6.84E+00 5.536E+00 2.076 46.4
6 9.06E+00 5.536E+00 2.077 47.6
6 1.13E+01 5.536E+00 2.077 48.9
6 1.36FE+01  5.53A6F+00 2?2.077 50.2?

Hinh 10. Két qud mé phong s6 voi hiéu sudt mdy bom voi Z; = 5
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