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DONG HOC TAO HINH BIEN DANG CUNG TRON CHO BANH
RANG ROTOR U’'NG DUNG TRONG BOM CANH KHE

DYNAMICS OF GENERATION CIRCULAR GEAR ROTOR APPLY FOR
LOBE PUMP
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TOM TAT

Noi dung bai bdo tdp trung phan tich dong hoc tao hinh bién dang bdanh rang rotor to1 kha
ndng lam viéc, dwa trén ddc diém bién dang hinh hoc rotor va mé hinh toan hoc cua cung tron, tdac
gid da xdy dung diroc mé hinh todn va bién dang hinh hoc rotor kiéu cung tron véi 6 truong hop
khdc nhau, ing véi ti 1¢é khodng cdch (e) khdc nhau. Két qua phan tich cho thdy, ti 1é khodng cdch
anh huéng ddng ké t&i hinh déang rotor va qud trinh lam viéc ciia bom canh khé. Cét dp va vin toc
dong chay dau ra c¢é xu hwéng tiang 1én khi ting ti 1é khoang cdach. Ti 1é khoang cdch trong khoang
0,9 t6i 0,95 c6 nhiéu wu diém hon so véi cdc trieong hop con lai vé hiéu qua lam viéc. Nghién ciru
ciing chi ra rotor kiéu 3 canh khéng lam tang hiéu sudt bom nhing cung cap dong chay én dinh hon
rotor kiéu 2 cdnh.

T khéa: Bom cdnh khé; Ti Ié thé tich; Bién dang cung tron.
ABSTRACT

The paper is mainly focused on analysis dynamics in characteristics of lobe pump with
circular gear rotor profile. Based on the geometric analysis and mathematical circular model, the
tooth profile is generated with six different distance ratio (e). The results shows that distance ratio
affects significantly to the shape of tooth profile and pump performance. The output pressure and
velociy increase when the distance ratio increases. Distance ratio between 0.9 and 0.95 provides a
much advantage than each others. The study also illustrates that three lobe rotor does not increase
pump performance but it provides a more stable flow than two lobe rotor.

Keywords: Roots lobe pump, Volumetric efficiency, Circular profile.
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1. MO PAU

Bom cénh khé thudc dong bom thé tich
nhu bom banh ring. C4u tao co ban cia canh
khé (hinh 1) bao gdm 2 rotor, vo bom, cira vao
va ctra ra. Két cAu bom don gian, bom lam viéc
6n dinh, hiéu sut va tudi tho cao. Hai rotor nhan
truyén dong truc tiép tir cap banh an khop ngoai
nén ching quay doc 1ap, nguoc chidu nhau véi
ti s6 truyén bang 1. Diém dic biét 14 hai rotor
khong tiép xtic voi nhau va luén dam bao khe ho
bién dang nho. Do vy, né cho phép lam viéc 6n
dinh trong diéu kién bé mat 1am viéc khong dugc
boi tron hoac boi tron khé khin.
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Hinh 1.Bom canh khé
2. MO HINH TOAN CHO BIEN DANG CUNG TRON BANH RANG ROTOR
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Uu diém ndi bat ctia bom cénh khé chu
yéu dugc hinh thanh tir bién dang ciia cip rotor.
Trong cac nghién ctru gan ddy, mot s6 nhom tic
gia chil yéu tap trung vao thiét k& bién dang rotor
va phan tich dong chay qua bom. T4c gia Nguyén
Hong Théi [1] da dua ra bién dang rotor dua trén
luu lugng riéng va da xay dung dugc chuong trinh
deé thiét ké bién dang hinh hoc rotor bom trén co s&
duong cong epicycloid. Litvin [2,3] dua bién dang
rotor bom cénh khé 13 cung tron két hop véi duong
cong epicycloid. P-Y Wang, Z-H Fong, H S Fang
[4] dua ra két cAu rotor duoc hinh thanh tir ndm doan
cung cong nham t4i uu héa khe ho bién dang rotor.
Céc nghién ciru trén chu yéu dé cap téi phuong phép
thiét ké téng thé bién dang rotor, chua dé cap 10 toi
anh hudng ctia vi tri cung tron dinh t6i sy hinh thanh
bién dang rotor bom. Viéc phan tich két qua dong
chay qua bom chit yéu dua trén phan tich 1y thuyét
nén qua trinh thuc hién phic tap.

Trong nghién ctru nay, nhdm tac gia tap
trung vao nghién ctiru anh hudng cua vi tri tam cung
tron dinh rotor t6i sy hinh thanh bién dang rotor.
Nghién ctru ¢6 str dung phuong phép dong luc hoc
mo phong dong chay CFD (Computational Fluid
Dynamics) va modul FLUENT trong phan mém
ANSYS dé phan tich dong chay qua bom canh khé,
tlr d6 lua chon dugce bién dang rotor t6i wu hon.

Yrd f

Hinh 2: Hé toa do xdy dung bién dang rotor
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Trong qué trinh lam viéc,, phﬁn dinh
ctia rotor 1 s& ddi tiép véi phan 16m cuia rotor 2
va nguoc lai. Pinh rotor 1 1a cung tron c6 ban
kinh p phén 16m trén bién dang rotor 2 ddi tiép
v6i phan dinh rotor 1 ciing ¢6 ban kinh p. Chon
hé true toa d9 O,X,Y, va O,X,Y, (Hinh 2) gin
trén rotor 1 va rotor 2; chon hé truc toa dd co
dinh O XY, c6 tam Of tring O1; goi rp 1a ban
kinh duong tron chia; cung tron dinh cia rotor
1 ¢6 tam Oc; goia =0 0,; goi e la ti 1€ khoang

cach e=i , theo [2]: 0,5<e<1,0; nla sb

canh hay 56 thily cua rotor. Céc thong s p, a, r
thoa man phuong trinh [2]:

2 2 2 T
p =r,ta —2a.rpc052—n (1)
biém M (x,yl) trén cung tron S ¢
dinh rotor 1 ¢6 dugc xac dinh boi phuong trinh:

) a+peosf)|
X, =a+ peos
n=es hay | y, |=| psind @)

L] 1

¥, =psingd

Trong qua trinh 1am viéc, phan 16m ctia
rotor 2 ddi tiép v6i phan dinh cia rotor 1 nén
toa d0 diém Mz(xz’yz) > 1om
dinh thong qua ma tran chuyén d6i M21, ta co:

trén cung 16m S2 dugc xac

M,=M, .M, =M, .M, M, 3)

Trong do: M, 1a ma trén chuyén doi tir
hé toa d6 O XY, sang h¢ toa d6 O X.Y
M,,1a ma tran chuyén doi tir h¢ toa do O X.Y,
sang h¢ toa d6 O, X)Y,.
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Toa do diém M, trén cung 16m cua rotor
2 dugc xéc dinh theo phuong trinh:

pes(B-19) acos2g-Dr s

5

7| psin(0-1¢)-asn 20+ 2rc0sf | s)
Lyl 1

Trong d6:  1a tham sé chuyén dong cia
hé toadd; latham so hinh hoc cua duong cong.
Moi quan hé gitta va thoa man phuong trinh

[3]:

f(6,¢)=r,sin(0 —¢)—a.sind=0 (6)

Dua trén phuong trinh (2), (5) va diéu
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kién (1), (6) tac gia viét chuwong trinh xdy dung
bién dang rotor trén phan mém Matlab. Dit liéu
thu dugc tir qua trinh chay chuong trinh duoc
chuyén thanh dit lidu diém dé hinh thanh bién

dang rotor trong phan mém AutoCAD. Két qua
thu dugc 6 md hinh bién dang rotor bién dang
bom kiéu 3 canh (Hinh 3) véi 6 trudng hop
khéc nhau cua ti I¢ khoang céch.

a'e=106

ble=107 c/e=08

de=09 e/e=1095 fle=10

Hinh 3. 6. Kiéu bién dang hinh hoc cua bom canh khé

3. THIET LAP MO PHONG CFD, KET
QUA VA PHAN TIiCH

Dua trén mo6 hinh bién dang 2D cua
bom canh khé két hop vé6i ly thuyét mé phong
CFD, tac gia tién hanh thiét 1ap cac diéu kién dé
mo phong dong chay qua bom.

3.1. Diéu Kkién mé phong CFD danh gia anh
hwéng cia banh rang rotor téi kha ning lam
viéc ciia bom

CFD la phuong phap dong luc hoc dong
chdy dya trén co so nang lugng la dinh luat bao
toan khdi lwgng, bao toan nang luong va dinh
luat Newton II. Dong chay qua bom dugc xay
dung tir phuong trinh lién tuc va phuong trinh
dong luong [5]. Rotor bom canh khé ¢é duong
sinh thing nén két qua trén mo hinh 3D va 2D
tuong tu nhau. Do vay, tac gia st dung mo hinh
rotor 2D dé phan tich dong chay qua bom canh
khé. Chia lu6i phan tir 2D 1a ludi tam gidc ¢
kich thudc canh 0.4 mm (Hinh 4).
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b) Rotor 3 cinh ) Hinh dng phin ti huoi
Hinh 4. M6 hinh luoi

a) Rotor 2 canh

Thong sé hinh hoc co ban cua bom
trong mo phong nhu sau: Kich thudce cua vao

@25mm ; kich thudc ctra ra ¢25mm ; ban kinh
vong chia rotor r = 30 mm; khoang cach tim
hai rotor 60 mm; khe h¢ bién dang hai rotor
0,2 mm; khe ho dinh rotor véi thanh trong cua
vé bom 0,1 mm; kich thuéc vo bom trong céac
trudng hop déu twong tu nhau. Thong s cua
dong van chuyén: chat 1ong Newton khong nén
dugc; do nhét 0.001003kg/m-s; khéi luong
riéng 998.2 kg/m?; toc do rotor quay tir 500 +
1500 vong/phut; bom chay & ché do khong tai.

3.2. Két qua mé phéng va phan tich

Sau khi thiét lap diéu kién bién va tién
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hanh mé phong theo phuong phap CFD. Két qua md phong dong chay duoc dénh gia thong qua hai

chi ti€u chinh la ap suat va van tdc dong chay.

3.2.1. Phan tich anh hwéng ciia bién dang rotor téi dp sudt va vin toc dong chdy

0.025s 0.05s

0.075s 0.1s

Hinh 5. Phdn b6 dp sudt bom canh khé véi e = 0.9 & toc dé 1000 vong/phiit

Bom canh khé thugc dong bom thé tich
nén bién dang rotor anh huéng nhiéu téi kha
nang hinh thanh cdt &p bom, dac biét 1a khe ho
gitra hai rotor va khe ho rotor véi vo bom. Hinh
5 thé hién anh phan bd ap suét trong bom ¢ thoi
diém 0,025s = 0,1s ciia bién dang ciing tron véi
hé s6 e = 0,9. Hinh anh biéu thi su bién ddi ap
sudt théng qua mau sic. Tai ving hai rotor bt
dau vao d6i tiép c6 mau do dam chimg t6 ving
ndy 4p suét Ion, tai ctra ra ap suat kha on dinh
va trong vung dién tich khoang chtra c6 nhiing
vi tr bi tut 4p (nhitng diém xanh dam). Diéu
nay pht hop véi 1y thuyét tao ap suat ciia bom
thé tich. Hinh 6 thé hién su bién d6i ap suét cira
ra khi ti 1¢ khoang céach tang tr 0,6 t6i 1,0.
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Hinh 6. S bién doi dp sudt dong chay & cira ra
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e=0.6 e=0.7 e=0.8 =09 e=0.95e=0.10

Hinh 7. Cot ap trung binh o cira ra

Trong giai doan dau (0+0,04s) thi ap
sudt bién ddi khong 6n dinh ¢ hau hét cac
truong hop va sau d6 né 6n dinh dan véi tan
s6 twong ty nhau. Cot ap 16n nhat dat khoang
20 kPa va nho nhat khoang 5 kPa véi e = 1,0.
Dbi vai e = 0.6 thi gia tri tvong tng 1a khoang
2,0 kPa va 1,4 kPa. bo thi ciing cho théiy bién
d6 dao dong ti 1€ vai ti 1€ khoang cach, bién do
16n nhat khi e = 1,0 va gép khoang 25 lan so
voi truong hop e =0,6. Khi ti 1¢ khoang cach
tang thi cOt ap trung binh tang tuadn theo quan
hé gan tuyén tinh (Hinh 7). Két qua nay c6 thé
suy luan khe ho bién dang dugc cai thién theo
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hudng déu hon.

Hinh 8 biéu thi su bién d6i van toc ¢ dau
ra cta bom ¢ téc do 1000 vong/phut. Van tdc
dong chay bién ddi véi tan sé tuong duong va
bién dg tang khi ti 1¢ khoang céch tdng. Cling
nhu &p suat thi van toc bién déi chua 6n dinh &
giai doan dau va sau d6 né 6n dinh hon & giai
doan tiép theo. Két qua ciing thé hién vén tdc
bién dbi tuong ddi 6n dinh véi gia tri 16m khi e
=0,9 vae= 0,95, kém 6n dinh trong cac truong
hop con lai. Tuy khong tao duoc ap suat va van
tdc 16n nhit nhung véi bién d6 dao dong cia
van toc nho va ap sudt 6n dinh nén dong chay
qua bom co nhiéu wu diém khi e =0,9 + 0,95 so
voi cac truong hop con lai.

6
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Hinh 8. Sy bién doi van toc dong chay o cira ra
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Hinh 9. Vin téc trung binh
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(")

3.2.2. Phin tich danh huong ciia sé cdnh ciia
rotor (so thity) toi vin toc va dp suat dong chdy
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Nhu da phan tich ¢ trén, khi ti 1€ khoang
cach ¢ = 1,0 thi van tc va ap sudt 16n nhét.
Do vay, tac gia tdp trung phan tich anh huong
ctia s& canh rotor bom téi 4p suit va van tdc
dong chay. Hinh 10 thé hién sy bién d6i tudn
hoan ciia cot 4p bom & ctra ra véi rotor kiéu 2
canh va 3 canh & téc d6 1000 vong/phit. Rotor
kiéu 3 canh c6 cot dp dao dong véi tan s6 gip
khoang 1,6 1an so v&i rotor kiéu 2 canh va ép
suat dao dong vai bién do nho nén cdt ap ¢ cira
ra bién ddi twong d6i 6n dinh. Twong ty nhu ap
sudt, van téc dong chét long & cira ra ciia bom
canh khé rotor kiéu 3 canh dao dong véi tin sd
16n hon va bién d6 nhé hon bom canh khé rotor
kiéu 2 canh (Hinh 11). Diéu nay duoc giai thich
khi s6 canh tang tir 2 canh 1én 3 canh thi ving
thé tich bom dugc chia thanh nhiéu khoang hon
(tr 2 khoang Ién 3 khoang), chu ky dao dong
ctia phan tir chat long giam dan t6i tan so ting.
Thoi gian va luc tuong tac cua canh rotor 1én
céc phan tir chét 1ong giam dan t&i bién do dao
dong cua phén tor giam. Qua két qua bién ddi
dong chay qua bom, ta thiy cot ap va van tdc
ctia bom canh khé rotor kiéu 3 canh nho hon
bom canh khé rotor kiéu 2 canh nhung tan sé
dao dong 16n hon, ddng thoi bién do dao dong
nho hon nén dong chay qua bom 6n dinh, qua
trinh 1am viéc ém. Day 1a wu diém ndi bat cia
bom canh khé kiéu 3 cénh.
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Hinh 10. Sy bien doi ap suat cua bom cdnh
kheé 2 va 3 canh
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Hinh 11. Sw bién doi van toc cua bom cdanh
khé 2 va 3 canh
4. KET LUAN

Nghién ctru st dung cac cong cu bién
d6i toan hoc két hop vé&i phuong phap mod
phong CFD dé thiét 1ap bién dang rotor va phan
tich anh huéng cua bién dang rotor bom canh
khé t6i ap suat, van toc dong chay qua bom.
Qua trinh md phdng va phan tich dua trén sau
mo hinh bién dang rotor kiéu 3 canh va mot mo
hinh bién dang rotor kiéu 2 canh. Két qua cia
nghién cuu dugc thé hién & cac khia canh sau:

- Qua trinh mé phong cung cap nhiéu
thong tin vé dong chay nhu dai bién doi ap suat,
vén toc; thong tin vé gia tr tie thoi cta ap sut,
van téc dong chay & cac vi tri khac nhau trong
vung lam vi¢c, nho do viée quan sat dong chay
qua bom duoc thuc hién dé dang;

- O téc @6 rotor 1000 vong/phut, dac
tinh cot 4p va van toc dong chay qua bom ti 1&
voi ti 1€ khoang cach va dat gia tri trung binh
16n nhat khi e = 1,0; két qua nghién ctru cling
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cho thdy cot ap va van téc dong chay 6n dinh
v61 dd 16n cao khie =0,9 vae=0,95;

- Nghién ciru ciing chi ra rotor kiéu 3
canh cho cot ap va toc do dong chay thap hon
rotor kiéu 2 canh nhung tan s6 dao dong cuia cot
ap, van toc 16n hon va bién do nho hon.
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