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Thiét 1ap phwong trinh giai tich mo ta sy bién doi thé tich trong khoang hiit

va khoang day cia mit loai quat Roots cai tién

Building a Mathematical Equation for Describing Volume Changes in Suction and Pumping Chambers
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Tom tat

Sw bién déi thé tich trong khoang hit va khoang day cta méy thiy luc thé tich dang Roots Ia yéu tb quan
trong quyét dinh dén kha nang lam viéc cia may. Chinh sw bién déi thé tich nay da tao ra 4p suét hut va ap
suét day khi may lam viéc. Vi vy, ma viéc thiét I4p mé hinh toén hoc dé mé td sw bién dbi thé tich cla
khoang hut/ ddy theo géc quay truc ddn déng Ia rét can thiét dbi véi bai toan thiét ké va téi wu may. Déy
chinh 14 néi dung nghién ctru cla bai bao nay, dé giai quyét van dé nay ching toi da tién hanh duwa bai toén
mé hinh héa thé tich vé viéc thiét Iap mé hinh toan mé ta sw bién déi dién tich tiét dién khoang hut/ day theo
géc quay cua truc dan dong déi véi mot loai quat thdi Roots méi duwoc dé xuét béi chinh nhém tac gid bai
viét nay. Ngoai ra, nghién ctru nay ciing da chi ra rdng khi tham sé thiét ké nhw i Ié giita béan truc nhé va
ban truc Ién cua duong elipse bién déi tir 1 vé 0.5 thi sw bién déi thé tich ting dan va lén t6i 26.77% khi
tham sé thiét ké béng 0.5.

Tir khoa: Quat thdi Roots, may thay lwc thé tich, banh réng elipse.
Abstract

The volume change in suction and pumping chambers of the roots type of hydraulic devices is an important
factor deciding machine performance. This volume change creates suction and pumping pressures when the
machine is working. Therefore, when designing and optimizing design of the machine, it is necessary to
build a mathematical model for describing those changes in relation with rotation angle of the driving shaft.
To reach this goal, the authors carry out volume modelling process by building mathematical model for
calculating the volume changes of the area of the suction/pumping chambers in relation with rotation angle
of the driving shaft of the specific type of Roots pump, which has been proposed by the authors. In addition,
this study also points out that when the designing parameter such as the ratio parameter between ellipse's
shorter axis and its larger axis changes from 1 to 0.5, the volume change gradually increases and reaches
26.77% when the design parameter equals to 0.5.

Keywords: Roots Blower, Hydraulic machinery, Elliptical gears.

den kha nang lam viéc cua quat. Vi vay, day 1a van dé
can duge quan tim dau tién khi thiét ke cac loai quat

Quat thoi Roots 14 mot loai may thity Iyc the theo nguyen ly cta Roots. bé giai quyet van dé nay,

tich lam viéc dua trén su bién ddi thé tich cua khoang
hut va khoang day dé tao ra ap luc hit & cira vao va
ap luc déy 0 cua ra. Loai quat ndy dugc phat minh lan
dau tién vao nam 1860 [1]. Trén nguyén 1y d6 cic nha
ky thuat, khoa hoc trén thé giéi da khong ngimg
nghién ctru, phat trién dé ngay cang hoan thién, nang
cao chat lugng ciing nhu hiéu suat. Theo thoi gian
clia sy phat trién, dd c6 thém nhiing phat minh sang
ché hay nhitng bién thé khac nhau cua loai quat ndy
voi tén goi khac 1a Lobe, nham dap ung cac yéu cau
k¥ thuat xuét phat tir thyc tién san xuat. Nhu di trinh
bay & trén sy bién doi thé tich cia khoang hut va
khoang ddy trong qua trinh lam viéc s& quyét dinh
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cho dén hién tai d4 c6 nhiéu giai phap khac nhau: nhu
tinh toan thu cong bang cach sir dung cac phan mém
CAD dé xac dinh, tinh toan mo phong sd bang cac
phan mém phan tich phan tir hiru han hay giai tich
hoa dbi véi timg thiét ké cu thé, trong do phai ké dén
Wang (2002) [2] da dua ra phuong an thiét ké tdi uu
nhét vé hiéu suét thé tich cho loai quat théi Lobe ¢o6
rotor 3 ring, bang phuong phép do thu cong cac mién
dién tich tiét dién cua khoang hit va ddy trén ban
thiét k& CAD 2D. Cung phwong phap ndy con co
Kang, Vu (2014) [3] nhung ap dung cho m{t loai quat
thdi Roots rotor ¢ 2 ring, voi bién dang rotor duoc
hinh thanh tir nhiéu cung tron. Diém khac cua Kang
va Vu so voi Wang la dung céc ban thiét ké 3D
nhiing trong phan mém mé phong sd dé xac dinh hiéu
suét thé tich. Ngoai phuong phap trén Ucer va cong
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su [4] da thiét 1ap phuong trinh giai tich mé ta sy bién
d6i thé tich khoang hut va khoang déy cho loai quat
thdi Roots duwoc dé xuat boi Litvin (1960) [5], tir d6
danh gia sy bién doi 4p sudt va luu lugng & cira ra cua
quat. Dé xac dinh hidu suat thé tich, kha nang hut va
day cho loai quat thdi Roots m&i ma Yang, Tong [6,

7] @& xuét, cac tac gia nay ciing di ap dung phuong
phap cua Ucer. Tur nhing phan tich trén day cho thy
c6 hai xu huéng nghién ciru vé sy bién doi thé tich
trong khoang quat kiéu Roots d6 la: (i) Su dung
phuong phap thu cong [2, 3] dé xac dinh duoc bd
thong s6 thiét ké, ¢ phuorng phap nay nguoi thiét ké
mét rat nhiéu thoi gian va phai ding dén cac phan
mém mo phéng s6 dé tdi wu cuc bd, dan dén kém hiéu
qua va chi phu hgp voi cac cong ty; (ii) Phuong phap
giai tich [4, 6, 7] toc do tinh toan nhanh hon, cho
phép khao sat va t6i uu cac thong sb thiét ké theo cac
ham muc tiéu khac nhau.

Mit khac, theo tim hiéu cua nhom tac gia bai
viét nay thi hau hét cac nghién ctru da cong bd cho
dén thoi diém hién tai vé may thuy luc thé tich dang
Roots va bién thé cua loai may nay déu theo nguyén
ly dan dong bang cdp banh ring try tron truyén thong
c6 ty sb truyén 1:1, con loai quat thdi Roots dugc
hinh thanh theo nguyén ly an khép cua cép banh rang
khong tron chua thiy duogc xuat hién. Vi vay, trong
nghién ctru nay cac tac gia tién hanh thiét 1ap phuong
trinh giai tich mé ta sy bién ddi thé tich cua khoang
hat va khoang ddy cho mét loai quat thdi Roots mdi
¢6 rotor duoc hinh thanh theo nguyén ly an khép cua
banh rang khong tron dugc Nguyén Hong Thai va
cong su dé xuat gan day (2018) [8, 9] dé nham muc
khao sat, danh gia kha nang hut va day cua loai quat
Roots theo nguyén ly moi nay.

Hinh 1. Nguyén ly hinh thanh bién dang rotor [8]

2. M6 hinh toan hoc bién dang rotor

Theo [8] bién dang rotor {I"} c6 phan dinh rotor
1a quy tich cia mot diém M cb dinh trén duong tron
sinh {Z°}, khi {£’}1an khéng trugt phia ngoai tdm
tich banh rang {=”}, con phan bién dang chdn rotor

la dudong cong dugc hinh thanh khi {Z°} lan khong
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truot phia trong tAm tich banh ring {=”} (xem Hinh
) va hai tim tich {Z”}1in khéng truot trén nhau
theo nguyén ly cua banh rang Elipse (xem Hinh 2) .

Véi nguyén ly hinh thanh bién dang nhu trén
phuong trinh bién dang rotor dugc cho boi:

(' (0,67)= (-1)"rcosy(8)+ (-1)"rcos&(6) + xb,(ﬁ):] )

reosy(6) +(-1)"rcos&(0) + y,, (6)
Trong d6:
X (0) =13,(0)cos O, y,,.(0)=r,.(0)sinf 1a toa do
(="} rla ban kinh =51
Oxp,.(0)/06
oy, (0)/00

cua cua Con

7(0)= ()" EO) +y(0); £(0) = tan ™! [—

19 (%j2+(ayb,.j22

re|\ oo 06

1, (0) dugc xac dinh tr phuong trinh (14) [10] va
duoc cho boi:

2ab

2
a+b—(a—-b)cos20 )

1y (0) =

voi: ala ban truc 16n; b 1a ban truc nho cia Elipse
{1 ;6 1a tham s cua {="} .

[0 khi: 0€[0+6,10l(x-0,)+(x+0,)]U[C27-06,) +2x]
1 khi: 0€l0, +(x-0)]Ul(x+6,)+ (27 -6,)]

6, (goc xac dinh gioi han phan dinh rotor va
phan chéan rotor tén {EP"}) (xem Hinh 1), khi d6

6, dugc cho boi:
9@ = lcos_l a__b (3)
2 a+b

Mit khéac, theo [8] dé phwong trinh (1) hinh
thanh bién dang rotor theo nguyén ly Roots, thi cac
thong s6 cua {£°} va {2} 1a r,a,b phai thoa
man:

vOi:

2 1
.[[(a(xbr (0))/00)* +(3(y,, (6))/80)2Fd9 =8m (4)
0

Ngoai ra, @& {I"} khong c6 hién tugng giao thoa
bién dang thi:

b>2r )

Néu dat A=b/a (tham sé thiét ké dic trung) thay
vao (4, 5) sau khi giai ta co:

05<A<l1 (©6)



Tap chi Khoa hoc va Céng nghé 141 (2020) 022-027

Nhu véy, kich thudc thiét ké long trong cua stator
(khodng cach truc E, kich thucc hwong kinh R)
duoc cho boi:

R=a+2r )

Tir bat phuong trinh (6) va phuong trinh (7) c6

thé khao sat lya chon bo thong s6 thiét ké (r,a,b)

t6i wu ma khong lam thay ddi kich thudc hudng kinh

R cua Stator theo cac yéu cau ky thuat ma quat phai
dap tng.

{E:a+b

3. Suw bién ddi thé tich khoang hit va khoang diy
theo goc quay truc dan dong

3.1. Thiét lgp mé hinh todn xic dinh thé tich
khoang hut va khoang day theo goc quay cua truc

| -\ (G

Khoang hut
Sh
T ‘",‘_?btor_Z
R Y \
: Na [/ A .
"""" S 0r N T o= |
: | K / R
Rotor 1 I \ ’
e H | s
| eI
Lanannnpy
Khoang day
L

Hinh 2. Dién tich khoang hut, khoang day

Néu goi V,(a)va V,(a) lan luot 1a thé tich cua
khoang hiit va khoang diy theo goc quay o cua truc
din dong. Khi d6, ta c6 sy bién doi thé tich cia
khoang hut va khoang day dugc cho bdi:

{Vd (@) = BS, ()
V,(a)=BS,(a)
trong d6: B la chiéu day rotor; S, (@), S, () lan lugt

®)

1a dién tich tiét dién khoang hiit va khoang diy trén
mit cit ngang vudng goc v6i truc quay (xem Hinh 2).
Nhu vay, bai toan thé tich duogc quy vé xac dinh dién
tich tiét dién khoang hiit va khoang day trén mat ct
vuong goc vai truc quay.

Tur Hinh 2 dién tich tiét dién khoang day S, (c)
trén mat cit ngang vuong goc voi truc quat dugc cho
boi:

Sd (a) = Sstatnr - Sh (a) - 2Sr0tor (9)

trong do6: S 1a dién tich tiét dién long trong cua

Stator
Stator trén mat cit ngang vudng goc véi truc quay va
duoc cho boi:

S aror = (@+29)[2(a+b)+0.57(a+2r)] (10)

con S, la dién tich tiét dién mit cat ngang cua

rotor dugc cho boi:

! 3
REAEAG) v Oxl(0)
S,W—!yd(é’)[—ae Jd9++4gjyc (9)[—59 Jdﬁ (1D

Trong phuong trinh (11) x;(é?), y;(é’) , x{(é’),
y!(#)1an lugt 1a toa do cac diém trén phan bién dang
dinh va chén rotor {/°}, khi xét trong hé quy chicu
$-{0"x"y"} gin trén rotor (xem Hinh I).

J L

b) Dién tich S

Hinh 3. Dién tich tiét dién mat cit ngang khoang hiit
Con S, (a)duoc xac dinh:
Sp(@) =5 (@)= S.() (12)

trong d6 S, (Hinh 3a) dugc cho béi:

Sy (@)= Si(@) +Sy(a) + S3(a) + S4(a) + S5(@) (13)
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Con S"(a) (Hinh 3b) duoc cho boi:
S (@)= %S (14)

Céc thanh phan dién tich trong phuong trinh (13)
duoc cho boi:

S 5 () + S pep (@)

stator

V4

Sie)= [ @ sinpla) + vb (@)cos ple)

-0,

r
o & O) oo
00

-0,

Sy@ = [BL@sin fe) + 3 (@) cos (@)

0,

0ox, )
00
7+6,

Sy(a) = I (xg (©)sin f(a) + v} (0)cos fa) )x
7-B(a)

NEAGN
00

r
P(a) —%sin ﬂ(a)jd@ (15a)

r
cos f(a) - P 29)

sin ﬂ(a)}d& (15b)

ayd()

os () - sin ﬁ(a)}d@ (15¢)

7/12+p(ax)

Sy(a) = {xf ©) sin[% - p (a)j +

os(% - B, (a)j -

( —pra )j:ldé’ (15d)

6,

e

r

+y1(0) cos[% - B, (Q)H{ ﬁxgéﬁ) c
ayc (9)

06

0,
Ss(a) = ﬂx? ©) sin(% i (a)j "

a(0)
00

+y50) cos[% s (a)ﬂ{ax OS(% iy (a>j -

ayd(e)
y: ( - pr(a )Hdﬁ (15¢)
trong do:
a khi 0<a <@,
ﬁ_j'—rb’(“) khi 0, <a <
2 JE—r () cT T2
Bla)=1, (16)
j”’r—(“)—ﬁ khi Z<a<n-0,
VE—r, () 2 2
T-a khi 7-0,<asrx
Bla)
. U _mB@)
Con:  fy(a)= j P (ﬂ(a))da (17

0
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Cac thanh phan dién tich S,z;va Spo trong
phuong trinh (14) dugc cho béi:

S upr = 0.5(a+2r)* ¢ (a) - 0.25(a + 2r)? sin(2¢ (@) ) (182)
Sper = 0.5(a+2r)? fla)-0.25(a +2r)* sin(24(a)) (18b)

Trong phuong trinh (18a) {'(«) dugc cho boi:

ﬁ—jM khi 6, <a <6,
a khi 0, <a<Z
¢la)= a (19)

E—IM khi£<aS7r—He
E—-r () 2
0 br

j‘ rbr(a) T .

—=l = khizn-6,<a<n

VE-r,(a) 2

Vi du: Tir mo6 hinh toan toe'n} hog dﬁr duoc thiét lap &
trén ap dung vdi bd thong so thiet ké quat thoi Roots
v6i duong tron sinh {X°} c6 ban kinh r =7.2940mm ;
Tam tich banh rang {Zb’} : c6 ban truc lon
a=35.4120mm , ban truc nho b =21.2472mm ; Kich
thudc hudng truc cua quat B = 50mm .

Hinh 4 trén day mo ta sy bién ddi thé tich trong
khoang hut va khoang day theo goc quay cuia truc dan
dong.

TU d6 thi Hinh 4 ta thiy rang V), — V), . (gid

tri 16m nhdt) khi a — kx/2 (k la so tw nhién), khi
a=kx/2thi V, >V, (gid tri nhé nhdr). Day
chinh 1a nguyén nhan giy ra rung dong do c6 sy bién
d6i thé tich dot ngodt. Tuy nhién, trong mot chu ky n
lai c6 hai 1an bién ddi thé tich: 1an @ (dwong cong
16i) 1an @ (dwong cong [6m) xem Hinh 4. Qua dé
cho thdy 1an @ bién d6i thé tich nhanh hon. Nguyén
nhén 1a do cdp rotor (1 va 2) cia quat dugc hinh
thanh theo nguyén ly an khép cua cdp banh ring
Elipse, dn dén goc quay a,(a) cua rotor 2 bién d6i
theo goc quay a cua rotor 1:

rbr(a)
E- rbr( )

() = J' da (20)

Khi goc quay « cua rotor 1 bién thién trong
khoang {kzﬁ (k gl)”}, néu k1¢ thi rotor 2 quay

cham hon rotor 1, con khi & chan thi rotor 2 quay
nhanh hon rotor 1, Pé rd hon xem Hinh 5 du6i day
mo ta sy bién doi cia «a, theo « . Ciing tir Hinh 5
cho thay cung @ trén Hinh 5 twong ting véi @ trén



Tap chi Khoa hoc va Céng nghé 141 (2020) 022-027

Hinh 4 va @ trén Hinh 5 twong (mg cung @ trén
Hinh 4. Day chinh 1a nhuoc diém cua loai quat nay
khi ing dyng trong mot 50 truong hop doi hoi vé on
dinh cao vé luu lugng va ap suat.

WV [em?] ==~ Chu ky bién di thé tich - -,
280 .
260 i [@
MRV R OV
200 / / i ,,,,,,,,,,,,,,, Q
180 / / / | / /
// // | /@3 /
RS
0 T w0 1% 1s0 225

a) thé tich khoang hit
2801 Va[em’] 1=~ Chu ky bién abi thé tich - - .
DD,
240 - .
220 \ \ i \ - i
o\ \ i \D i
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b) thé tich khoang day

Hinh 4. Thé tich khoang hiit va khoang day theo goc
quay truc dan dong

‘az[o]
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Hinh 5. Goc quay truc rotor az(@)
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b) thé tich khoang day
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Hinh 6. Th§ tich khoang hut va khoang day theo goc
quay truc dan dong
3.2 Anh hwdong ciia tham sé thiét ké dén s bién doi
the tich khoang hut va khoang ddy

Dé danh gia anh huong ciia thong s thiét ké diac
trung A dén sy bién doi V), V, trong phan nay lay
kich thu6c hudng kinh cua stator R = 50mm (cé dinh
R) con B =50mm ; Khao sait A theo bat phuong
trinh (6) voi gia s6 A1 =0.1. Trén co s d6 tinh cac
thong s6 a, b, r duoc tinh theo phuong trinh (7), sau
khi giai dir liéu khao sat dugc téng hop trong Bang 1.
Con d6 thi Hinh 6 1a su bién do6i V,,,V, theo céac gia
tri A trong Bang 1.

Tir Hinh 6 va Bang 1, d& dang nhan thiy thay:

Khi A bién d6i tir 1 v& 0.5 gié tri trung binh cuia
V,,V, ting dan diéu d6 c6 nghia khi A cang nho thi
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sw bién doi V,,V, cang 16n, quat c6 kha ning hat/
day 16n hon trong khi kich thuéc hudng kinh cua
stator khong doi. Tuy nhién, khi A=1 thi bién dang
rotor ctia quat suy bién Ve truong hop dé xuét cua
Palmer [11] (logi quat van dwoc ding phéd bién hién
nay trong cdc nha mdy nhiét dién). Ngoai ra, ta nhan
thay gia tri ¥, /V, 16n nhat ¥V, /V, = 272.96(cm’) tai
1=05, v, 1V, gia nhat
Vi ! Vyin =215.31(cm’) tai 2 =1. Nhu vdy, v6i cing

kich thu6c huéng kinh R quat duogc thiét ké theo dé
xuat moéi c¢6 sy bien doi ¥V, /¥, 16n hon 26.77% so

con co tri nho

v6i loai quat duge dé xudt boi Palmer [11].

Bing 1. Bo thong s6 thiét ké theo A

A=b/a  a[mm] b[mm] r[mm] R[mm] Vgfcm’]
0.5 35.8606 17.9303 7.0697 50  206.3008
0.6 354120 21.2472  7.2940 50 198.0553
0.7 349292 244504 7.5354 50  189.9271
0.8 344174 27.5339 7.7913 50 181.9397
0.9 33.8832 30.4949 8.0584 50  174.1317
1.0 33.3333 33.3333 8.3334 50 166.5441

Khi su bién doi ¥, /V,tang lén thi d6 doc cta
duong @ trong mot chu ky ciing sé tang 1én, din dén
su bién ddi thé tich dot ngot tang 1én dang ké lam
tang rung dong va tiéng on. Vi vay, khi mg dung
thyc té phai co giai phap gidm rung va giam tiéng on.

4. Két luan

Nghién ctru nay da thiét 1ap dugc mo hinh toan
hoc mé ta sy bién do6i thé tich trong khoang hat va
khoang day cua mot loai quat thdi Roots mai. Day 1a
két qua chinh ciia nghién ctru nay vi theo nhu nhém
nghién ctru tim hiéu thi cac nghién ctru dé cong bd vé
loai bom nay déu chi giai quyét v6i loai quat Roots
duoc dan dong bang cip banh ring try tron truyén
thong. Véi két qua ctia nghién ctru nay cho phép khao
sat cac tham s6 dé lua chon duoc thiét ké t6i wu cling
nhu viét phan mém tu dong hoa thiét ké loai quat thdi
nay. Ngoai ra, tr cac nhan xét va thao luan & muc 3
cho théy:

Khi Abién ddi tir 1 > 0.5 thi sy bién dbi thé
tich ¥, /¥, tang dan tir gi4 tri nho nhat dén gia tri 16n
nhét. Piéu d6 c6 nghia loai quat thdi méi co hiéu suat
16n hon 26.77% so v&i loai quat d& xuit bai Palmer
trong khi kich thudc hudng kinh khong d6i. Tuy
nhién, lai c6 nhuoc diém la tiéng on va rung dong lon
hon, do d6 chi phu hop véi cac ung dung khong doi
hoi vé chét lugng 1am viée (d6 on va rung déng) nhu
nha may nhiét dién, bom khi 6xi tuoi trong cac ham
10.
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Két qua nghién ciru nay cho phép tiép tuc cac
nghién ctru sau hon vé loai quat nay nhu dong lyc hoc
chat khi chay qua quat ciing nhu hién tuong tut ap va
t6n that luu lwong v.v..ddy 1a nhimg van dé ma ching
t6i tiép tuc nghién ctru dé danh gia va tdi wu thiét ké
nay.

Loi cam on

Nghién ctru ndy dugce tai trg boi truong Dai hoc
Bach khoa Ha Noi (HUST) trong d& tai ma sb:
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