CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

DAO DONG LUU LUGNG VA DONG LUC HOC LUU CHAT
TRONG BOM BOI TRON GEROTOR CUA MAY NONG NGHIEP

FLOW FLUCTUATIONS AND FLUID DYNAMICS IN GEROTOR LUBRICATION PUMPS

OF AGRICULTURAL MACHINERY

TOM TAT

Bom boi tron Gerotor la mot loai méy thiy luc thé tich banh rang xycloit an
khdp trong. Loai bom nay c6 uu diém luu lugng 16n hon cac loai bom khdc ciing
kich thudc va két cdu co khi don gian. Do dd, loai mdy nay dugc st dung phd bién
trong hé thong béi tron clia dong ca dot trong. Trong nghién clfu nay cac tac gia
tién hanh danh gid dao dong luu lugng va dong luc hoc luu chat khi bom hoat
ddng. M hinh todn hoc thiét ké bién dang réto va biéu thiic xac dinh luu lugng
thc thoi da dugc thiét 1ap. Mot bom Gerotor bdi tran dng co D20 clia mdy nong
nghiép da dugc thiét ké trén Solidworks. Trén ca s6 do tién hanh tinh toan ddng
luc hoc dong luu chat qua bom bang phuong phap s6 théng qua md dun CFX cla
phan mém Ansys.

Tir khéa: My thiy luc thé tich, bam Gerotor, dudng cong epyxycléit, tinh todn
sd, bién dang réto, luu luong, dao dong luu luong.

ABSTRACT

The Gerotor lubricating pump is a type of internal cycloid gear hydraulic
machine. This pump has an enormous flow rate advantage over other pumps of
the same size and simple mechanical structure. Therefore, this type of machine is
an ordinary application in the lubrication system of internal combustion engines.
In this study, the authors evaluate the flow fluctuations and fluid dynamics when
the pump is operating. The mathematical model for the rotor profile design and
the expression for determining instantaneous flow has established. A Gerotor
pump for lubrication of the D20 engine of the agricultural machine has designed
on Solidworks. On that basis, calculate the fluid dynamics through the pump by
the numerical method through the CFX module of Ansys software.

Keywords: Positive displacement blower, Gerotor pumps, epycloid curve,
computational, profile of rotor, massflow, fluctuating flow.
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1.DAT VAN BE

May thay luc thé tich kiéu réto xycl6it 1a loai may thé
tich banh rang c6 bién dang xycl6it. Tuy thuéc vao dac
diém cla an khép va ciu tao clia banh rang dugc dung lam
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roto cla mdy ma cé tén goi khac nhau. Bom roto xycloit an
khép trong dugc phan lam hai loai d6 la: (i) Gerotor néu
bién dang banh rang lam roto la dudng epixycléit [1, 2] va
(i) Hypogerotor néu bién dang banh rang la dudng
hyp6xycléit [3-7]. May thay luc thé tich roto xycl6it an khdp
ngoai dugc chia theo s6 rang trén réto: (i) May thay luc thé
tich kiéu Roots néu banh rang lam réto chi cé 2 rang [8-9]
va (i) May thay luc thé tich kiéu Lobe néu béanh rang lam
roto c6 tu 3 rang trd 1én [10, 11]. Ngoai ra, loai may nay con
dugc phan loai theo két cau cla réto la loai may truc thing
[12, 13] va truc xodn vit [14]. Cho dén gan day, ngoai viéc
Ung dung cac banh rang xycloit tru tron la réto cia may
con ¢6 cac nghién cdu vé banh rang khong tron bién dang
xycléit [15] va banh rang elip dé dan déng va lam bién
dang réto ctia may thuay luc [16, 17]. Tuy nhién, da phan cac
nghién ctu trudc ddy mai chi quan tam dén hinh déng hoc
va luu lugng ma chua nghién clu dén déng hoc, dong luc
hoc dong luu chat chdy qua may. Chinh vi vay ma trong
nghién clu nay cac tac gia dat ra van dé nghién ciu dac
tinh déng luc hoc dong luu chat chady qua may thay luc thé
tich Gerotor va dao dong luu lugng trong hé théng boi tron
clia may ndng nghiép. D€ dat dugc muc tiéu trén nodi dung
nghién ctru nay bao gom: (1) Mé hinh toan hoc thiét ké
hinh hoc ctia bom Gerotor dugc thiét lap; (2) Tinh todan moé
phong s6 dong luc hoc luu chat chdy qua méay bang mo
dun CFX cia phan mém Ansys.

2. MO HINH TOAN HOC THIET KE KiCH THUGC HiNH
HOC CUA BOM GEROTOR

2.1. Nguyén ly hinh thanh bom Gerotor

Bom Gerotor dugc hinh thanh trén co s& moét cdp banh
rang xycléit an khép trong. Trong dé banh rang trong la
banh rang cé bién dang rang la duong Epixycléit, con banh
rdng ngoai la banh rang cé bién dang cung tron. Cap banh
rang trén két hop véi Stato hinh thanh cac buéng bom nhu
dugc mo ta trén hinh 1a. Trong d6 banh rang trong déng
vai tro la banh rang dan déng con banh rang ngoai la banh
rang bi dong.

Tu hinh 1b ta c6 cac thong s6 thiét ké cia bom bao
gém: Do léch tam E gilra tdm quay cta banh rang trong va
banh rang ngoai; Budng kinh banh rang ngoai D; Ban kinh
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tdm cung tron dinh rang banh rdng ngoai R,; Ban kinh cung
tron dinh rang banh rang ngoai r,; Ban kinh dudng tron
chan rang cta banh rang ngoai R.. Cac thong s6 thiét ké
nay c6 mdi quan hé nhu sau:

R.=E+R, -, M

Cira huit

Bdnh ring ngoai

Bdnh rdng trong

Hinh 1. Bom Gerotor

a) Nguyén Iy hinh thanh bam Gerotor

b) Cac thong s6 thiét ké cia bom Gerotor
2.2. M6 hinh toan hoc thié€t ké hinh dang hinh hoc cua
bom Gerotor

Dé thiét 1ap phuong trinh toan hoc thiét ké kich thudc
hinh hoc cta bom. Goi 95(0;x;y;) la hé quy chiéu c6 dinh
gan lién vai gia (Stato), 3,(0,x,y,) l1a hé quy chiéu dong gan
trén banh rang trong bién dang Epixycléit (réto trong),
9,(0,x,Y,) la hé quy chiéu dong géan trén banh rang ngoai
c6 bién dang rang la cung tron (réto ngoai), (T';, T,) la cap
bién dang riang déi tiép; K, 1a diém tiép xuc cta cap (T, T,)
nhu dugc mo ta trén hinh 2.
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DPuong Epixycloit

X7

Hinh 2. Cap bién dang ddi tiép

Gia thiét cho trudc toa do diém K, trén I, va véi cac
dinh nghia nhu trén. Khi dé chuyén toa do diém K, tur hé
quy chiéu 3,(0,x,y,) vé hé quy chiéu 3,(0,x,y,) clia banh
rang trong ta cé phuong trinh bién dang rang cGia banh
rang trong [15]:

K, = M., (T, +M32r|<2i) (2)
Trong d6:
cosg, sin®d, O
M,, =| —sing, cosg, O[; T,=[-E O O]T;
0 0 1
cosy, —siny, 0
M, =| siny, cosy, O|;r =[R,—r,cosq, r,sing, of".
0 0 1

Sau khi khai trién va bién d8i phuong trinh (2) mé hinh
toan hoc bién dang rang c@ia banh rang trong dugc cho
bai:

R, cos(y, —¢,) —r cos(a, -y, +¢,) —Ecosy,
R, sin(y, —@,) +r,sin(a, =y, +¢,)—Esiny,
0

e, = (3)

Trong phuong trinh (3) mé&i quan hé gila ¢, va v, mo ta
bai [3]:

4y, @)

z,
z,+1

2 ZZ

VGi z,, z, lan lugt 1a s6 rang clia banh rang trong va
banh rang ngoai, con méi quan hé gida o va y dugc théng
qua dong hoc an khép dsi ti€p RV =0 [16, 17], sau khi
gidi ta co:

¢, =
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E(z, +1)sin( @ yiJ
z,+1

z
R, —E(z, +1)cos[ ;1 yi]

Z,

a(y,)=tan”

Trong dé,y,la géc quay cha hé 9,(0,x,y,) so véi hé
93(05%3Y3).
2.3. Thiét 1ap bi€u thuc giai tich xac dinh luu lugng cha
bom Gerotor

Luu lugng tic thai: 1a lugng luu chat chay qua bom
theo thai gian thuc. Néu gia thiét lugng chat 1dng ludn dién
day budng hut va khéng bi anh hudng ctia cadc dong xody
thi khi d6 luu lugng tic thai ctia bom la su bién thién thé
tich ciia khoang bom theo gé6c quay ¥ cua truc dan déng
theo thai gian. Xét trén mat cat vuéng goc vai truc dan
ddng clla bam nhu mo ta trén hinh 3.

X3

Hinh 3. Tiét dién khoang bom

Néu goi b la kich thudc hudng truc ctia bom,  la van téc
gbc cta truc dan dong gan vai banh rang trong, S(y) la dién
tich ti€t dién mat cat khoang bom vuéng goc véi truc dan
dong thi luu lugng tuc thoi ctia bom dugc cho béi [4, 51

bw z
qi (Y, ) = 71[{(O1Ki+1 )2 - (O1Ki )2 } - 2_1{(02Ki+1 )2 - (OzKi )2 }] (6)
2
Trong d6: O,K,,,, O,K, O,K.,,, O,K 1an lugt la ban kinh &n
khép O,K,,,, O,K;, O,K,,,, O,K, va dugc xac dinh:

OK, =/(PK, > =2rPA, +1? (7)
0,K, =[(PK,)* —26PA, +1,2 (8)
0K, =J(PK,,)? —2rPA, , +17 9)
0,K,, =[(PK,,,)? —25,PA, , +1,7 (10)
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Thay tUr phuong trinh (7) dén (10) vao phuong trinh (6)
va sau khi bién déi thi cong thiic xac dinh luu lugng tuc
thaoi dugc cho bai:

b
A (V) = = [(PK,,,)" = (PK,)’]
2(z, +1) an
bw, 2 2
= m[p}(m (v;) Pk, (v;)]

Luu luong trung binh ciia bom: Néu goi n la sé vong
quay cua truc dan déng gan véi banh rang trong, z, 1a s6
rdng clia banh rang trong, g, la luu lugng sau moét vong
quay cta bom thi khi d6 luu lugng trung binh clla bom
dugc cho bai:

Q=nzq, (12)

Véi luu lugng trén mét vong quay clia bom g, dugc cho
bai:

Yo,

2
b
av)= [ S=lek, (v)=pi (vldy
—VYz 1

2

(13)

3. THIET KE THU NGHIEM VA TINH TOAN DPONG LUC
HOC LUU CHAT CHAY QUA BOM

3.1. Thiét ké thir nghiém bom Gerotor

TU nhing lap luan & trén, mot bom Gerotor D20
trong mdy néng nghiép véi luu lugng trung binh
Q = 1389,25cm*/phut tai t6c dé quay cla truc dan déng
n, = 250vong/phut, kich thudc khe hé gitta dinh rang cda
banh rang trong véi long trong cla banh rang ngoai dugc
chon la A, = 0,05mm theo [18], da thiét ké& trén Solidworks.
Cac théng sé thiét ké sau khi tinh toan lua chon dugc téng
hop trong bang 1.

Bang 1. Céc thong 50 thiét ké bam Gerotor

Thong so thiét ké Ky hiéu Gia tri
Do léch tam (mm) E 3,0
Dudng kinh banh rang ngoai (mm) D 40,5
Ban kinh tam cung tron dinh rdng banh rang ngoai
R, 23,0

(mm)
Ban kinh con lan (mm) Iy 1,1
Ban kinh dutng tron chan rang clia banh rdng

A R, 17,9
cung tron (mm)
S0 rang clia banh rang trong Z, 4,0
S0 rang clia banh rang ngoai 7 50
Chiéu day banh rang (mm) b 14,0
Dudng kinh truc (mm) d 13,0

3.2. Thiét 1ap cac diéu kién cho bai toan tinh toan sé

Phuong phap tinh toan moé hinh tinh toan dugc
nghién ctu s dung la mo6 hinh bién nhing trong médun
CFX ctia méi trudng Ansys. Diéu doé c6 nghia la banh rang
trong dugc coi la vat ran quay trong méi trudng chat léng
dién day long trong clia banh rang ngoai.

Chia luéi mé hinh tinh toan dé tang d6 chinh xéac két
qua tinh toan mo hinh tinh toan sé dugc chia lusi bang
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cong cu ICEM CFD vdéi phan ti ludi la phan ti hinh luc dién
nhu mo ta trén hinh 4. S6 lugng nut ludi va phan ti luéi clia

md hinh tinh toan s6 dugc téng hgp trong bang 2.
Bang 2. S6 niit |udi va phan tl ludi cia mo hinh

Théng sé Banh ring Banh ring Pudng 6ng
trong ngoai vaora

S0 nit 117040 157976 24238

S0 phan t& 124033 167185 124368

0

Hinh 4. Chia lugi cho mé hinh tinh toan bang cong cu ICEM CFD véi a) chia
[udi banh réng trong, b) chia Iudi bdnh rang ngoai va ¢) dong luu chat trong bom
Cai dat dac tinh dong luu chat ap suat dat tai cra vao
la P, = 1atm, ap suat dat tai clra ra la P, = 2atm, luu chat
dugc nghién ctiu st dung trong mé phong sé cé théng sé:
khéi lugng rieng d = 875kg/m3 d6 nhdét déng luc hoc
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u = 0,86kg/ms, nhiét dung riéng ¢ = 2625J/kgK tai nhiét do
40°C va &p sudt 1atm. M6 hinh chay réi st dung la mé hinh
k-g v6icachdngsé C,=144; C_=192;0,=10;0,=13.

Cai dat théng sé déng hoc ciia mé hinh tinh toan: dat
téc d6 quay cla truc dan dong gan vai banh rang trong la
n, = 250 (vong/phut), con téc dé quay clia banh rang ngoai
n, dugc dat theo moi quan hé dong hoc:

n,=—2n

= (14)
2z 41

1

Cai dat thai gian tinh va sé diém trich mau tu t6c do
quay cda truc dan déng la n, = 250 (vong/phut) ta xac dinh
dugc thai gian cho mbi vong quay clia truc dan dong la
t, = 60/n, = 60/250 = 0,24s. Do d¢, ta dat thaoi gian trich
mau cho méi vong quay cla truc dan déng la 0,24s va moi
vong quay ldy 180 diém tinh.

4. THAO LUAN PANH GIA KET QUA TiNH TOAN MO
PHONG
4.1. Luu lugng va ap suat

TU cac dinh nghia va thiét lap tinh toan mé phéng s6 &
trén, dudi day la két qua tinh toan luu lugng tuc thai va ap
suat tuc thoi cia moé hinh dugc méd td trén hinh 5 va 6.
Trong d6, ta nhan thay bat dau ti vong quay thi 4 trg di thi
bom bét dau hoat ddng 6n dinh.

2
2

Qy [em'fs]

Tilg3,.2:1

0,853 s 1O e 11335t [s]
72 0,80 0.88 0,96 1,04 Li2 1,20

s
0,

Hinh 5. Luu lugng tdc thai cda bom Gerotor véi a) ndm vong quay cla truc
dan ddng con b) la phdng to vong quay thir 4 va thi 5
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:,Mﬁjl - -
b
= 1
= i
& :
2,0160 )
1
1
1
1
2,0155 i j
2.0150
1
OHONOMNOMNO,
I
1 t[s5)
20145 e
0 024 0,48 0,72 0,96 1,20
a)
2:016%
= Tilg2.5:1
g
o,
2.0160
2.0155
20150
iPn-m 7
20146 0.853s) | 1,153 5| 11s]
072 0,80 0,58 .96 1.04 1,12 1,20
b)

Hinh 6. Ap suat tai ctia ra cia bom Gerotor v6i a) ndm vong quay clia truc
dan ddng con b) la phong to vong quay thir4 va thi 5

TU d6 thi hinh 5b va 6b ta nhan thdy chu ki clia bién ddi
cda luu lugng tuc thoi va ap sudt tdc thoi la T = 1,153s -
0,853s = 0,3s khac véi thaoi gian trén moét vong quay cua
truc dan déng la 0,24s. Bén canh dé, tir téc d6 quay cuda truc
dan déng n, = 250 (vong/phut) ta xac dinh dugc téc do
quay cla banh rdng ngoai tir cong thuic (14) la n,=250*4/5
= 200 (vong/phut) (trong nghién cdu nay z, = 4 dugc cho &
bang 1) va thaoi gian trén mét vong quay cla banh rdang
ngoai la t, = 60/200 = 0,3s. Do vay, chu ki bién dé&i cta luu
lugng tuc thai T bang véi thai gian trén mét vong quay cla
banh rang ngoai (banh rang bi déng).

Tu hinh 5b néu goi Qumay » Qumin 18N lugt 1a gid tri luu
lugng tuic thai I6n nhat va nhoé nhat dugce xac dinh tir d6 thi
luu lugng tic thai trén hinh 4b va Q, la gia tri trung binh
cla théng s6 luu lugng cta bom. Tir d6 ta xac dinh dugc
gia tri luu lugng trung binh cdia bom Qy, = (Qumax + Qttmin)/2
= 21,426¢cm’/s = 1285,56cm?/phut. Ta thay gia tri luu lugng
trung binh Q,, clla bom dugc tinh todn mé phong s6 nhé
hon 103,69cm?/phat tucng ting vai 7,46% so véi luu lugng
trung binh dugc tinh toan thiét ké & trén la Q =
1389,25cm?/phut. Co su chénh léch la do trong tinh toan ly
thuyét thiét ké da bo qua anh huéng cta khe hé trong bam
va anh hudng ctia d6 nhét luu chat so vdi tinh toan moé
phong sé.
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4.2, Hé s8 dao ddng luu lugng va ap suat

DPé danh gia chat lugng dong chay sau bom ta xét dén
hai hé s6 d6 la hé s6 dao dong luu lugng 8Q va hé s6 dao
doéng ap suat 8P, theo [12] thi hé s6 dao dong luu lugng va
hé s6 dao dong ap suat dugc cho bai:

8Q = Qttmax — Qttmin

Qo (15)
8P = Pttmax _Pttmin

Peo

Trong d6: Q. =(Qumax + Qurmin) /27 Py =Prrne HPoirmin) / 2
VO Qo Qumin 180 lUot la gid tri luu lugng tdc thai I6n
nhat va nhé nhat & cra ddy clia bom dugc xac dinh ti hinh
5b con Py, .+ Py lan luot la gia tri ap suat tdc thoi Ion
nhat va nhd nhat tai ctia ddy cia bom dugc xac dinh tu
hinh 6b.

Tu cdng thic (15) két hgp véi hinh 5b ta xac dinh dugc
hé s6 dao dong luu lugng la 8Q = 0,266 va tU hinh 6b cling
xac dinh dugc hé sé dao dong ap suat la 8P = 0,0006896. Ta
thdy rang hé s6 dao déng ap sudt cia mé hinh bom
Gerotor dugc thiét ké la rat nho, diéu dé cho thdy dong
chay sau bom c6 bién d6 dao déng ap suat la rat nho. Do
vay, loai bom nay phu hgp véi nhiing (ing dung yéu cau ap
suat dau ra 6n dinh, dao dong nho.

4.3. Trudng véc to van tdc va dudng dong

Trudng véc to van téc va dudng dong la hai tinh nang
thé hién chiéu clia dong luu chat chdy trong bom. Dé danh
gia cu thé chi tiét hon vé dac tinh dong chdy trong bom,
hinh 7 va 8 thé hién trudng véc ta van téc va dudng dong
cUa luu chat trong bom vai cac vi tri dugc xét la cac vi tri cd
ap suat tuc thoi dat cuc tri bat dau tir vong quay tha 4 clia
truc dan déng cho dén hét mot chu ki bién déi ap suat
trong bom.

ke
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I == e -
oo ' 2 C-
vz : e
B I
1) e E?/ mant|
e) f)
Hinh 7. TruGng véc to van toc clia dong luu chét trong bom

v

e) f)

Hinh 8. Duting dong cla dong luu chét trong bom

Tu hinh 7a va 8a la vi tri bat dau vong quay thi 4 cua
truc dan déng la vi tri xuat hién khoang dong trong bom.
Khi bom ti€p tuc quay dén vi tri hinh 7b va 8b thi khoang
dong théng véi khoang day, & vi tri nay thé tich khoang day
¢6 xu hudng gidm dan tao ap luc nén ddy chat Idng ra phia
clia ddy va c6 xuat hién xody & vi tri dudng éng vao (viing
khoanh tron) do tai vi tri dé dong chat léng dang co xu
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huéng di vao dién day thé tich tuy nhién lai chiu anh
hudng cla luc hat tir phia khoang hat dan dén xuat hién
X04dy va xo0dy nay tén tai cho dén khi bom quay dén vi tri
hinh 7d va 8d. Khi bam quay dén vi tri hinh 7e va 8e ta thay
xuat hién xody & phia dudng 6ng ra (ving khoanh tron),
nguyén nhan xuat hién do chat 16ng tai vi tri ddy luén cé xu
huéng bi ddy ra phia clfa ra tuy nhién ltc d6 khoang nén
day chat 16ng ra vdi &p luc cao hon can lai lugng chat 1dng
dé dan dén xoay.

5. KET LUAN

T nhing két qua tinh todn mo6 phéng, thao luan trén
day, nghién ctru nay dat dugc mot s6 két qua sau:

(1) M6t chuong trinh tinh toén s6 thiét ké bién dang
bang Matlab da dugc thiét lap.

(2) K&t qua mod phdng cho thay: (i) phan tram sai s6 luu
lugng trung binh gitra tinh toan ly thuyét va tinh toan mé
phong so la 7,46%. Day la sai s6 chap nhan dugc, ching toé
nhiing két qua tinh toan ly thuyét la dang dan phu hgp; (ii)
dao dong ap suat clia bom Gerotor nay la rat nho, diéu dé
cho thay chat lugng dong chdy sau bom rat tét vé mat ap
suat phu hop véi nhitng ting dung yéu cau ap suat dau ra
6n dinh, dao dong nha.

Nhiing két qua trén day c6 y nghia thuc tién trong viéc
thiét ké va ché tao cac loai bom béi tron kiéu Gerotor.
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