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P R ATFTRER, RATHER, mm,
Note: Ry isthetip radius; R;isthe pitch radius, mm.
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Fig.1 Rotor profile of rotary lobe pump

1.2 ORFETEELRE
AR R e TR AL 1 I R AR
BT AR R A Bl R, AR R T BRI

AR A TG, RIR AR ™ 50 R 1 Jis R T AR
REPS

_(2Z+DR,” (3)
2(z+1)?
TEARE BRI T, R4 AR M R SR
HQNAN
Q=n-(nR*n+2aR, - 2S)L (4
o n ONEEE, riming LONEE TR, mm; o NPT
RO EE, mm.
1.3 HEREEN
NI FAEIE AR RS IR U R R s e R, 4l
TR E A 73 0°, 20°, 30°. 40°. 45°. 50°. 60°.
70°. 80°. 90°HIMALIE =4EIT IR, HAUESECN: Al
SERHE n=400 r/min, FUETE Q=42 m’h, FiEIE T
P=0.8 MPa, HWi i H=8m. M1 % N
MR, #7iE. %r5FEkE. BT 5HneiRe [
TERUINEIRRE, H iR BEA 0.1 mm, 1 5Rp R
¥ 0.05 mm, 4 4] 7] R 9 0.05 mm, 1K L 113.5 mm,
Hprhula i a 120 mm, HIAAE R, 80 mm, BRTEf AN
0~90°% PHMACTEHA I REE IR s, Wk DRI
80 mm, &K I A 75 mm, &l 2 75N B RS AR A A
FIREE 71 45° A Fe AR

a HEM AR FEET
a Straight vane rotary lobe
pump model

B2 Wkt
Fig.2 Computational domain of rotary lobe pump

1.4 WJ#%&IJﬁa\&ité'%%ﬁ
K] 3a y ICEM CFD M #% fif kb BE 25 15 21 1 W2 e ™ 6
fi%ﬁ%%@(u A=45°941), & 3b g 2 ANET-aN Ak

b. WRES F9 45° 1N e A
b.Spiral angle of 45° rotary lobe
pump model

PR o3 S TR o L P R s B - IX 3 X A 2R Sy 7S T
PR, 5 A% E Ry 360, i Mk EECN 120, 2
NGB B 16 Z A E S 8 T IIER R
PS5 R BUB S, KRS E il 63.8 Ji. 141 T35
1 153.9 Ji T ESGEAT T ERE TN, AR R KIREN
0.78 %, i Kix#H 0.13 m, %%ﬁﬁﬂzmnm&aﬁ
SEA 141 Ji. FEN R EAERE K, G OvIG
J& 7175 101.325 kPa, 1% /14 506.625 kPa, %1% v 400
r/min, 73 APEZEEEE . T A A B R S Y I A

a WRIE MR S
a. Spiral rotary lobe pump grid

b. T - A1 50 b Do A% 3 3 JEOKC &
b. Loca magnification of grid
between two rotors

B3 DR MAEER
Fig.3 Grid model of rotary lobe pump

2 WEHERZE

ESTAHXT AL bR RN B VAR 35 N-S 7772, 22T RNG ke
HEARIFN SIMPLEC 3%, SR A B XUk =3 s il g 72
HIHFFAT AR, REOTFEERRITAS M, WEIR
SRS EN 107%, [ BE TR N O I RS BETHT, I BE T 42 b vl B
T PR BUEAL R o RNG k- A58 38 o 42 TF g iRl BEAG 1E 34
BN B RN, e B A i A B 9 AR R R i £ S
FREERE KRR . T FLUENT SRR BOR I 5 A
B, WA IR T AT = 4R S BUE T, i EE
KEUR 4.167x10*s, THiH% N-S TFEA

_ o op 07 o J—

U —=pF u'u (5
P p.ax1 ﬂaz aXj(|J)

— (o 8U,- 2 0w,
Rl p MWL —puu] A FEWN AT p AR
FvERY Zimshhe kﬁ/ﬂﬁ%fﬁﬁ%iﬁiﬁe MG BN
R, U u MR, mis: u . IR
BkahME, TN 6 N NI RE.
KM RNG k-g BB -8 7R ], HIEAON

d 0 ok 5_
—_—=— +2 @),
P ot aXJ— (akﬂeﬂ 5X]J MS] X pE

a 2

d og
:_(agﬂdfa J Clg VtSJ__R CZS
j X

d
Pt ox,
( J Heit = L + 1 €°))

C,pn [ ”J %
Re—— — <2 np=— (10

1+ 72 K £



64 geolk THRE2AAR Chttp://www.tcsae.org)

2018 4F

ﬁ*s%?ﬁ&%%%%%ﬁ%;%ﬁ&%%%%wm
NATRCKYE BB v NIBEhREE, mPs; u NEhSIEE,
N-s/m? n NLEE: K NEhHE, kgmis; RA e JiFE
) BROINVR T, 7T 35 AR 2850 & RIS s A3 2240 C,.
Cin Con s 0 o BIABRIE P, Horr C,=0.084 5,
C,=0.42, C,=168, =10, ¢,=0.769, 5,=4.377;
K 7244 p=0.012.

3 BUESHR

3.1 HFREHORERSH

da. Kl 4b 535 A E IR 400 r/min, i3 07
101.325 kPa. ! [1)E /7 506.625 kPa 2614 1, 12JEf. &
H PR E AR OB R E S e R R 4R
T BT A AR O ksl R R,
BT R AR, TR PN e R AR A
WAL, il i N AR AR B R AR 2 ), (R
O A AR R KA R . S E MR AL, iR
P AR R Aoy s TR ER S, SEGREY
PR B, BRI 900 2 ik sh i {8 5 3 PR B g
BB A (A 0 HKZE 90°) , 7E 20°F1 90°HEiE f
22 P A A IME, 60°HEUIE £ B 2 HE 1P 8
Bk . BB MIE WG R (L OB RZ 90°) ,
H OBER R KSR 2 TR . BE 4 1T, 130E
fiN 45°~60°H), R EAR AR T, T
CFSR RO, e 60°~90°K, H P&
BTG, BN da. B 4b LR R AR H IR B X
Wk R kS, HUEEMAN 45°~60°KT, ZRH MiEIA
BONE, HAENEM 7 ORER 97%; & H DB
Ui Bk S R A A B B /ME, A 9 BT Rk S IR AE 1
60%, % i N BB R R I R

B4 ¥npbRboigzlmexs
Fig.4 Relationship between spiral angle and outlet flow of pump
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Numerical analysis and verification of flow characteristics of
rotor cavity of spiral rotary lobe pump

Li Yibin>?, Zhang Xiaoze', Guo Dongsheng®, Wang Xiaofei*
(1.College of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou 730050, China;
2. Key Laboratory of Fluid machinery and Systems, Gansu Province, Lanzhou 730050, China)

Abstract: With the wide application of the rotary lobe pump, the rotary lobe pump rotor presents the development trend
of being multi-leaf and spiral. In order to elucidate the influence of rotor spiral angle on the flow characteristics in the
rotor cavity of rotary lobe pump, and reveal the quantitative relationship between the spiral angle and the characteristic
curve of the lobe pump, based on FLUENT dynamic mesh and Renormalization Group k-¢ turbulence model, the
numerical calculation of 3D (three-dimensiona) transient flow in the rotor cavity of rotary lobe pump is carried out. The
internal flow characteristics in the rotor cavity of rotary lobe pump with 9 kinds of spiral angles are compared, and the
mechanism of the influence of the spiral angle on the transient flow structure in the rotor cavity is revealed. Meanwhile,
through theoretical calculation, numerical simulation and experimental verification, the comparative analysis of
numerical prediction shows that the relative error isin the range of 2.5% - 5.7%, and the numerical simulation has higher
accuracy. Research results prove that the periodic changes of the volume of the pump cavity at the high pressure side and
the low pressure side make the velocity of the fluid in the gap region suddenly rise or fal, which is accompanied by the
wall jet effect of the fluid in the clearance area. During the rotation of the rotor of the straight blade rotary lobe pump,
the end wall secondary flow and the periodic flow pulsation appear at the outlet of the pump, the velocity increases
abnormally at the rotor edge, and the local vortex structure appears in the rotor cavity. Compared with the rotor with
straight blade, the spiral rotor can effectively suppress the secondary flow in the rotor cavity, the sudden change of the
occurrence of the vortex structure and the velocity in the rotor clearance region. When the spiral angle is 45°-60°, the
above flow phenomenon is obviously improved. The spiral angle has a significant effect on the flow pulsation at the
outlet of the rotary lobe pump. Compared with the rotor with straight blades, the outlet flow rate of the spiral rotor
decreases, and the amplitude of the outlet flow pulsation of the spiral rotor is also obviously decreased. When the spiral
angle is 45°-60°, the flow pulsation amplitude at the outlet of the rotor cavity is only 60% of that of the rotor with
straight blade, and the outlet flow rate of the pump reaches the maximum value, which is 97% of the outlet flow rate of
the rotor, indicating that the optimum spiral angle of the rotor cavity of the rotary lobe pump is 45°-60°. Under the
condition of variable rotational speed and variable outlet pressure, the performance tests of straight blade and rotary lobe
pump with spiral angles of 45° and 60° are carried out because the axial leakage amount inside the rotor cavity is not
taken into account in the numerical calculation. The numerical simulation and the experimental results are in good
agreement with each other. At the same time, by using the theoretical calculation and the numerical calculation, the
experiments are compared. The result shows that: because of the inlet and outlet pressure and the axial leakage are not
considered in the theoretical calculation, there are some errors between them. But there is till a good degree of
agreement. To sum up, through theoretical calculation, numerical simulation and mutual verification of experiments, it is
shown that the rotary lobe pump has good performance when the spiral angle is 45°-60°, which provides a certain
reference for the optimization design of rotary lobe pump rotor.
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