LAEHUT RO RN B AT i

" 4 R HAEFEH 1980 4 09 H ZINTAERE | 2004 4 08 A
WL F) 7K B 22 f ;
AN N E|\ —doa V), ) 275 Inm ey
IFTERA | MURSHE TR | By ALt *%ggﬁ* e
lzj_,.E N
2 - B2 [T 12461 BEEWEAR
fﬂ S B 3 A—l»—r:v!b 1 .
AR B ) oz MUBE 2 B Bl B K B[] _2018 # 03 A 2% B[] _2015 % 01 H
T8 T 2% OfWHERK__ 7 % OF#EK 6 %
P H 3 X fr (U B B AL BT 20T R B V %) el a3 (HERWIIERD
%ﬁ&%%&%%%&&W%ﬁﬂ%(ﬂ%%AﬁEE) %P3 Oo#&/
A EIiH: _ I
1) mwﬁ%ﬂ%%:%“+5£”ﬁ§ﬁ#&¥maqgm%nm,lﬁﬁﬁﬁﬂ
u&@ﬁ?ﬂﬁ%%ﬂzﬂ&@%ﬁﬁ%%%mﬁ,mwmammzzﬁ,iﬁ.
2) mn$§%ﬂﬁ“+5£”E%#ﬁ*%ﬁ%ﬂ%%A%ﬁﬁ%,mmﬁﬁﬁﬁ,
BRIH: 2 7 2017-2020, 2 Ji/%E, FE:.
8
D) 2019 SFHHTE K EANMOIFZH TR (A %) =% B S¥AHL 12
2) 2017 SFHHL AR ZENMOIF IR ER (A %) —&% BSEEHL 12
3)%EK,W%§,%%ﬁ,ﬂ$m.E&%%%%@ﬁ%%%%ﬁﬁ&ﬁ&ﬁ%ﬁ%
PIRLHBEER, 2020.51 (04): 411-417. [E]] —RHT, B =X mHEER T
EIER (B 4)&%%,ﬂmm,Mﬁ,W%ﬁ.%ﬁEWHm%ﬁ%ﬁ%ﬁ%%w[u&ﬂmm%
%) PIskEAE . 2019, 50(4) : 453-459. [EN] —HITI, RHLE “SHERBR T
N%5 5)%Em,Mﬁ,m%ﬁ.%ﬁﬁm%@EW#@&%%%%%%#?%E&#E@%
wﬁmﬂﬂmméﬁ.mw,mm:4%4u.wu —RT, BHER ‘=XERE
CEWH: 6w | &%

6) 2msﬁ§%ﬂ%£%ﬁﬁﬁﬁﬁﬂmﬁ(ummmwmm,amﬂ&%ﬁﬁ%w
ﬁ%&@ﬁﬁ*&k%%ﬁﬁ%&ﬁﬁﬁﬁ,wmmammzlsﬁ,iﬁ.

12

V255 %= N} 20




A NKE

ANFE CHEDH RIS SHENE) . (RS TR ST 38) (VT KR K ey « =
RE” JiR (2020 BOY . CHIUHKIRIIBE TR R) S E FIE 80 GBI BRI
HTR. KAUAS, SEESERFHERNKAL. &i:

I BLEPTRM AR LR, i i A AR & R — ) 5T,

2. SEUSRIALIAIE, eSS RAT AR OGS BER B 58 B 3 005 0 B R B 5

wnse 4B

M'/_E L Ajn

LRSS B A, RIS, TS (1) AEERS HARESRSNE.

JREAZ R OF& ORE &
B (Hl%E)
£ ___H H
1. &9, BIEAFEAE: OB OB
NI AT (G 2. REMEABERMIEREE: O%FEs OGS
D BEERL 3. REFEBMARBRERMT:. OFE OARR
G &)
£ A H
EEHIT
MEHZE G
-9 THEIBTKRMUEAZRR ST EREREZL:
£ A H

EE: RIGER A4 SRITEN, 5 RA RIEIEMEIE .




2019448 Zzﬂkmmﬁ?& B0EEIH

doiZ10.6041/j. issn. 1000-4298. 2019. 04. 047

7= 18 IR 8 0 5% 5 4 X % 26 45 1 Y 52

wEw BER N K HRE

(HIKF) K BRI 58 E TR, HM 310018)

BE BEMHFRSRRINERREAB TR TERENAPEIENR, MESHERSTEE. HEAEE
RETERYE, FREETENRERS, SARIERRYETEER, I ARETE SN E R RRIHARE
FEERFITREBSIHE. HHLRKY £RRER HBRIALERE MR EERERTHE, TERE
MRS H O RABIT BB T KERRL . H I, 325 R 50 10 5t T B fa i 1L 4 B U AL iR
BEER. FEERER HMRMRLEOMABBAREEERTIEEE VA EIE 21.58%, BER HREENS 5
EAs. @RBNRIE RETHUEEREERTEAELAYES. 2 MHBRUEHERKXTLIBEE EY MR
51.20% . LERFRY, ZRRITLIDEITHEEFER B KR, HERIDE ML R TR BN R R E M i 541 3k
BHEM.

Xa2iA: JEEER R Mk &4 8

FE %S TH32: TH132. 424 MHEKFRIRAS: A XEHS ' 10004298 (2019) 04-041347

Effect of Impeller Edge Structure on Torque Characteristics
of Differential Pump

XU Gaohuan ZHAO Huacheng LIU Wu XIE Rongsheng
(School of Mechanicaland Automotive Engineering, Zhejiang University of Water Resources and Electric Power,
Hangzhou 310018, China)

Abstract: The differential pump driven by Fourier non-circular gears has obvious periodic impact
phenomenon under load condition, but it does not exist under no-doad condition. In order to reduce the
impact under load conditions and improve the stability of differential pump, a numerical calculation model
of differential pump was established, and the fluid-solid coupling calculation of flow field and driving non—
circular gear of differential pump was carried out by numerical calculation method. The calculation results
showed that there was a sudden change in the impellers torque at the instant of alternating suction and
discharge conditions of differential pump. The main reason was the water hammer effect formed when the
blade rotated to the inlet and outlet and closed or opened. In order to reduce the impact, micro-rounded
edges of differential pump blades were processed to form a flow field transition zone. The simulation
results showed that the periodic torque mutation of the input shaft of the optimized blades was reduced by
at least 21. 58% , and the pressure distribution of the suction and drainage chambers was more uniform.

By verification, it was confirmed that the edge of the differential pump blade had a great influence on the
torque characteristics. The maximum variation of the two impellers” torque was decreased by 51.20% on
average. And the optimization of the edge roundness had a great effect on reducing the water hammer
effect and improving the impeller torque characteristics.

Key words: non-circular gear; differential pump: impeller edge: structure; torque
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Design and Experiment of Six-blade Differential Pump Driven by
Denatured Higher Order Ratio Fourier Non-circular Gear Pairs

XU Gaohuan LIU Wu XIE Rongsheng
(School of Mechanical and Automotive Engineering, Zhejiang University of Water Resources and Electric Power,
Hangzhou 310018, China)

Abstract: In order to improve the performance of differential pumps, a six-blade differential pump driven
by denatured higher order ratio Fourier non-eircular gear pairs was proposed. The denatured Fourier non—
circular gear transmission model and the performance calculation model of the six blade differential pump
were established, and the differential pump performance analysis software was compiled. The differential
pump displacement, flow rate and pulsation rate were calculated at different order ratios and different
denaturalization coefficients. The results showed that high order ratio was beneficial to improving the
performance of six-blade differential pump, and the change of denaturation coefficient was beneficial to
reducing the pulsation rate of single pump. The performance of the six-blade differential pump proposed
was better than that driven by the ordinary Fourier non-circular gear pairs. In the same pump shell size
and pipeline environment, the micro-strain of input shaft of the first impeller of single pump was reduced
by 35.2%. Tt was indicated that the pulsation rate of differential pump would be decreased. The
maximum modulus was increased by 27. 7%, the displacement of the differential pump was reduced by
1.2%. The design was more conducive to low pulsation and large load conditions.

Key words: Fourier non-circular gear; denatured; high order ratio; differential pump; design;
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Fig. 1  Diagrams of six-blade differential pump driven
by denatured 6:3 ratio Fourier non-circular gear pairs
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Fig.2  Design and performance analysis software of

differential pump driven by Fourier non-circular gear
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Tab.1 Comparisons of effects of different order ratios of curves on pulsation rate, displacement and maximum

modulus of single and double pumps

Rl BR R B VRHF  TIROBK  BIHE

EMsH T B £ A
i . Uik BXBI% /% BKENE/% BEHEB/mL  EE/mm ER/(°)
ay=35:a, =10, n =1 T30
I a, =5:b, =0.02; n, =3 s 155.6 25.0 8224.6 1. 62 2
by =0. 15 (MEBAEE)
ap =35:a, =10:
2 ay =5:b, =0.02; —ian igjg 161.3 16. 4 5563.8 0.68 14
by =0. 15 n; 3
4 =35ia, =5: (&R EE) o
3 a; =1:b, =0,02; Mﬁ]ﬂ 158.0 31.1 5563.8 1.98 14
b, =0. 15
ag =35.a, =5; 30
4 ay =1:b, =0.02; Sl Mz‘fﬁm 159. 6 29.9 459.2 1.29 22
by =0. 15 :
n, =3
ay =35la, =2: (ZBrEL)
5 ay =1:b, =0.02; igg 158.3 32,1 459. 1 2.01 2
b, =0. 15
ag =35ia, =2; e
2 =1ib, =0.02; ' , _ 991.
6 a, 1 il Mz B 119. 1 24,7 3991.4 1.47 27
b, =0. 15
n, =3
ay =35ia; =2; (€=1/13"9 3o
7 ay =0.5:b, =0.02; Ma}j " 118.2 26.7 3991.4 1.95 27
b, =0.15
ag =35ia, =2, e
»=0.5:6, =0.02; - ! : ; ’
8 a, by ny =5 M B 9.6 20. 1 3991.4 1.51 27
b, =0. 15
n, =3
a9 =35:a, =1; (EmrEe) T,
9 ay =0.5:b, =0.02; S 93.5 21.6 3991.4 1.97 27
b, =0. 15
ay =35:a, =1, =6 =
10 ay =0.2:b, =0.02; n, =3 i’;’] E 77.4 18.9 3749.5 2.26 29
b, =0. 15 (SHrte)
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Fig.4  Pitch curves with different denatured coefficients
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Tab.2 Comparisons of effects of denatured coefficients
on pulsation rate, displacement and maximum modulus
of non-undercutting of single and double pumps
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% % mm &
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Design and Experiment of Differential Pump Driven by Non-circular
Gear with Free Pitch Curve

XU Gaohuan XIE Rongsheng SUN Peifeng ZHAO Huacheng
( School of Mechanical and Automotive Engineering, Zhejiang University of Water Resources and Electric Power,
Hangzhou 310018, China)

Abstract: In order to further improve the performance of differential pump, a four blade differential pump
driven by non-circular gear with free pitch curve was proposed. The performance calculation model of
differential pump driven by non-circular gear with free pitch curve was established. The performance
analysis software of differential pump was compiled to analyze the performance of differential pump under
different control points, such as displacement, flow and pulsation rate. The results showed that the free
pitch curve was better than the optimal Fourier curve. The pitch curve had better local optimization
ability, which can effectively improve the maximum modulus of non-circular gear without undercutting
and the displacement, reduce the pulsation rate of differential pump, and improve the comprehensive
performance of differential pump. Through experimental research, under the same pump size and pipeline
environment, the displacement of the differential pump driven by non-circular gear with free pitch curve
was increased by 6. 6% compared with the optimal Fourier non-circular gear, and the maximum module
without undercutting was increased by 18.7%. The bearing capacity of the non-circular gear was
effectively improved, and the pulsation rate of the single pump of the differential pump was reduced by
8.3%. It can be seen that the free pitch curve non-eircular gear was more conducive to improving the
performance of the differential pump.

Key words: free pitch curve; non-circular gear; control point; differential pump; design; experiment
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Tab.2 Effects of change of control point on pulsation rate, displacement and maximum modulus without

undercutting of single and double pumps
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K11( -22.84,8.99)
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Tab.3 Performance comparison between Fourier and free
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