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Influence of rotor diameter ratio on the performance of fuel cell gas

circulating pump

YANG Yuemin'?, ZHANG Zhiyu"?, LI Long"*, LIU Jianfeng®, LI Yibin"?

(1. School of Energy and Power Engineering, Lanzhou University of Technology, Lanzhou
730050, China;
2. Wenzhou Pump and Valve Engineering Research Institute, lanzhou University of Technolo-
gy, Wenzhou, Zhejiiang 325100, China;
3. Beijing Spacecrafts, Beijing 100094, China)

Abstract: In order to reveal the influence of the diameter—to— distance ratio on the aerody-
namic performance of the cam—type gas circulating pump, a three—lobe arc—involute—arc ro-
tor profile equation was derived through coordinate transformation, and 6 gas circulations with
different diameter ratios were established to compare and analyze the pump model. The Re—nor-
malization group x —e (RNG x—e) turbulence model was used to calculate the three—dimen-
sional unsteady numerical simulation inside the rotor cavity, and in combination with the dynam-
ic grid technology, the influence of the rotor diameter ratio on the flow characteristics of the gas

circulating pump and the velocity distribution of the rotor cavity was analyzed, and the results
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were compared with the experimental results. The results showed that the rotor diameter ratio
had a significant impact on the performance of the gas circulating pump. As the rotor diameter ra-
tio increased from 1.34 to 1.45, the average volume flow rate and instantaneous flow pulsation
at the outlet of the pump showed an upward trend,
1.38—1.40. The average flow increased by 0.001833m"/s (15.8% ) ;

ter—to—pitch ratio was 1. 38—1. 40,

and the changes were more obvious between
when the rotor diame-

the rotor received better force, the suppression of the ra-

XX 4

dial excitation force component F, of the rotor was more obvious,

radial excitation force component F, was not significant;

and the influence on the rotor

the vorticity distribution in the rotor

cavity changed significantly with the variation of the diameter—to— distance ratio. When the ro-

tor diameter— to— distance ratio was 1.40,

smaller,

the vorticity distribution in the rotor cavity was

which effectively suppressed gas backflow.

Key words: gas recycle pump; diameter— distance ratio; discharge characteristic;

velocity distribution; radial exciting force
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Fig.1 Arc— gradient—round arc rotor line
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Table 1 Diameter distance ratio parameters

K D/mm A/mm
1.34 90 67
1. 36 90 66
1.38 90 65
1.40 90 64
1.43 90 63
1.45 90 62
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Fig.3 Three—dimensional model of a leafy rotor
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Fig.5 Computational fluid domain grid diagram
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Fig.8 Comparison of the numerical simulation and the experimental results of the gas circulation pump
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Fig.11 Effect of the radial distance ratio k on the radial ex-

citation force of the rotor

F /N

-120 1 1 1 1 1 1 1 1
0.081 0.082 0.083 0.084 0.085 0.086 0.087 0.088 0.089

t/s

K12 RV LT A2 1 s J 43 i F kS 2e

Fig.12 F pulsation curve of the radial excitation force com-

ponent of the rotor under different radial distance ratios

AV B 32 A T il 3 e i R AR ALY 4
REW 5T 2 A2 0 FOf A v A2 e, H RS
AL RSG5 5 N F, 0 Jhk 2l iR (200 A7 A2
e A8 5 1B 12 AT HE, bk 20 iR (B 28 e /Dy, A2 B HE X
U 7 53 F B AN W



8 fii = 3

XX 4

F/N

1 1 1 |
0.080 0.084 0.088 0.092 0.096 0.100

240 . . . . . . . )
0081 0082 008 0084 008 0086 0087 0088 0089
tls

13 ANEAREE LN 5 742 10 R 1 43 i F ksl i 2k
Fig.13 F, pulsation curve of the radial excitation force

component of the rotor under different radial distance ratios

4.3 HFERESH

Ry 1k — A IF IR ARG B2 5 - I i S e TR
AN TF e AR BTG o T B AR AL, AR e 48T (R
14) % 7 B A7 35 3 5 40 AT

/ YA

14 yz T 0 B R B
Fig.14 Schematic diagram of the yz cross— section loca-

tion

B T V9 B A3 A AR A R B R S

— J o AEAE 3R AR AL, /15 Sy — A 4
A ] 5 20 R (0.095.,0.097 ,0.1s) AN [A] 42 #5 L (1
yzir“ﬁii}#i@o SESR R AR X T
R RE S AT 5 R B W G E AT R 2 R AR A A
XEAR, HOCA TSI 101 B 75 38 K . E =0.1s
B 20, 5 = T 2 56 — A SR, 2l o7 s = SR 58 2 HE
AR, a b R SR B R K . R I R
Sl 8 AT P T B O RE (] DN TR B A
T, A8 B A Rk B s /N (1.34 5 1.45) B 0] B it e
BERE B, FE b by AR BRI R R L AR R L
FE 1.38~ 1.A0 B, itk Y o 9 20, e 3 B0 IX 3 2 4

/INEI G B i B AR /S B X8
k=1.34 k=1.38 k=1.40 k=1.45

Velocity m/s
-24
-21
-18
-15
-12
-9

6
-3
0

k=1.34

(a) =0.095s

Velocity m/s

BAER
'!’»Vﬂ

k=1.34
(b) 1=0.097s
a
Velocity m/
‘elocl! ZT s \ -

-21
=
-15
-12
-9
-6 ‘i’
-3 /
-0

[ B . &
< ()
[l 15 AN [ A2 HE EE TRy 98 1T 3 0 A

(c) =0.1s

radial ratios

Fig.15 yz surface velocity distribution at different

&1 16 hy 0.1s I 2] A [ 48 B LU 1) % - s A 3
JET L B A R ok R vh B T I N ER AR
A A R f ] B A Ak A A T R DX 3 3 AR
JE e M g A AP it 2 T R DXk 114 BT B 558 9 358, il
A BAb B R E 8 A5 ) o

GERW B E R L kR (134 3 2
1.45) , A &b Jmy #5822 A0 35 S B 2, B A Jay # i 16
AAREL N, BLAE e=1.40 1} , A &b JRy B HE I 42 /0N ,
B 114538 AT, 5 FAE k=1.38~1.40 I} fif 2 42 |1
WO 180 DRI A JB A e 2R I T A2 3 ) Y
PN A BAL Ry F T B BN o R R R 2
*ﬂﬁ%Tu@ﬁ%Mﬁ%%%W%%%%%,
Pl /DA o 3 Ao A e B ) i e A K



P B A « B T AR B LU X 00 o Tt M7 1 1 Y T 9

Velocity m/s
-24
1 B B
-18 \
-15
-12
-9

6
-3
-0

k=1.34 k=1.38 k=1.40 k=1.45

Pl 16
Fig.16

5 & i

N T B R HE H e o A 2SR IE R A R
Bl Mk BE Y 5 e R AR SR R AU B 0L 5 SE 00 AH 45 A
14 7 32 ok [ 9K — 34 F 2 — B 92k 780 3 2 1 1k 47
WF5E A5 BN 458 F

D RGO E S5 FRIE
WM 5%, bl 25 47 B L K, 2R kA 3 2 Bk 3h 5
HAP s 2 BT a3, HAE 2 R 1.38~
LAOK AR AR A 1 5

2) B G AR BB LU 3G K T BTS2 4% ) Rl D 5
REAR i 386 K, 42 I U AE 1.38~1.40 B}, 4% [#) 84 il
1oy A A b, AR B X AR 1) 3 4y i F
0 5 A B, A ) Rl 0y d F RS RN

3)AMNRNE I T T W F = 8] S A
Z I AEFER/INE R, B T e s AT i R v, ZE SN ]
Bt A 25 ) B0 3 S R 4, L B S
7 A5 B LY BE AT 0 R B T R AR AR R LG
140 B i 4k B 42

CESY &

[1] ZHAO X, VACCA A. Numerical analysis of theoretical
flow in external gear machines[J]. Mechanism &. Machine
Theory, 2017, 108:41—56.

[2] SUNSK, ZHAO B, JIA X H, et al. Three—dimensional
numerical simulation and experimental validation of flows in
working chambers and inlet/outlet pockets of Roots pump
[J]. Vacuum, 2017, 137(1):195—204.

[3] XUHRME, =5 0], ¥4 . NURBS i 276 2 9 48 5 1 2%
Bk i RTIT]. £ 5 S L. 2019, 35(7 ): 110—116.
LIU Zhenchao, HE Xuemin, HUANG Hainan. Application
of NURBS curve in roots pump rotor profile design[J]. Food
and Machinery,2019,35(7 ): 110 —116. (in Chinese)

[4] KB, PRGE, IRrhHl . —FE 2 R i T B2k /9 H il s
B[] BB S HE AR, 2015, 35(12): 1449— 1452.
ZHU Chaoyin, LIN Jingdian, Su Zhongdi. A novel type of

roots rotor profile[J].Chinese Journal of Vacuum Science and

(7]

(8]

[10]

[11]

[12]

[13]

AN TRV AR LU A I A 3k R i 2k [

Internal velocity flow line diagram of rotor cavity under different diameter ratios

Technology,2015,35(12):1449—1452. (in Chinese)
FE e T B R T A A BN R R i T
BRI HEEHLAR TR 2440, 2021, 39(2): 116 — 121.

LI Yulong,ZANG Yong,ZHAO Yan,et al. General calcula-
tion model of effective volume utilization coefficient for rotor
pumps[J].Journal of Drainage and Irrigation Machinery Engi-
neering, 2021,39(2):116—121. (in Chinese)

X EAS . 9K — 1322k — Wi T 2 70 B R 48 AL 2k k& a3 BT (.
45 ,1995(6 ): 18—22

LIU Yudai. Meshing analysis for roots rotor profile of arc—
cycloid—involute type[J], VACUUM. 1995(6 ): 18—22.
(in Chinese)

W I & IR e T I i B 2k B Y 3 SR g A 2 B
FE[)]. B RS HEAR S, 2019,39(8 ):667—671.
YANG Xiangjun, SUN Fuchun. Universal solution to conju-
gated profiles of roots—pump rotor: a theoretical study[J].
Chinese Journal of Vacuum Science and Technology, 2019,
39(8 ):667—671. (in Chinese)

ZAtY, R, LA MR B2 A0 T R
gE[J]. Bas, 2014, 51(2 ): 9—12.

JIANG Xitong, SONG Yongxing, WANG Jun, et al. Study
on the optimized profile of curved claw type vacuum pump
rotor[J]. Vacuum,2014,51(2 ):9—12. (in Chinese)

HSIEH C F. A new curve for application to the rotor profile
of rotary lobe pumps[J]. Mechanism &. Machine Theory,
2015, 87(12):70—81.

HSIEH C F, DENG Y C. A design method for improving
the flow characteristics of a multistage roots pumps[J]. Vacu-
um, 2015, 121:217—222.

HSIEH C F, ZHOU Q J. Fluid analysis of cylindrical and
screw type roots vacuum pumps[J]. Vacuum, 2015, 121:
274—282.

IR, R, OB UG PR IR LA LA B A AR
IR AEEE 3 4%, 2020, 35(9): 1936 — 1942,

FENG Shiyu, ZHOU Libiao, et al. Basic geometric theory
and volume calculation of double—tooth gas circulation
pumplJ]. Journal of Aerospace Power, 2020, 35(9): 1936—
1942. (in Chinese)

L XA, HEACSE R RUG BUOIR B Rk e i LB S
Ko FAERE M BT (D). v IR A7 3 K 22 22 4 (H AR B2 i), 2018,
42(2 ): 136—141.



10

HY

.

g 1 %

XX 4

[14]

[15]

[16]

WAANG Jun, LIU Ruiqin, CUI Dong, alat. Geometric theo-
ry and performance of a novel elliptical arc roots rotor[J].
Journal of China University of Petroleum(Edition of Natural
Science) , 2018, 42(2 ): 136—141. (in Chinese)
RSO, 2 e, XA SRR L T AR PR 2 2 0 e T
JEE TR P RE BB AT 5T [T]. VY 22 38 3l K2 2441, 2021, 55
(3 ):46—56.

LI Yibin, LI Long, LIU Jianfeng, alat. Numerical study on
the aerodynamic performance of multi—blade rotor cavity in
the gas circulating pump of fuel cell[J]. Journal of Xi’an Jiao-
tong University, 2021,55(3 ):46—>56. (in Chinese)

JUNG S Y, HAN S M, CHO HY, et al. Automated de-
sign system for a rotor with an ellipse lobe profile[J]. Journal
of Mechanical Science and Technology, 2009, 23(11):
2928—2937.

JUNG S'Y, BAEJ H, KIM M S, et al. Development of a
new gerotor for oil pumps with multiple profiles[J]. Interna-

tional Journal of Precision Engineering and Manufacturing,

(18]

[19]

2011, 12(5):835—841.

HUANG Z F, LIU Z X. Numerical study of a positive dis-
placement blower[J]. Proceedings of the Institution of Me-
chanical Engineers Part C: Journal of Mechanical Engineer-
ing Science, 2009,223(10):2309—2316.

R HESCH] AR SE T CFD I B s R 1 Ik 45 i i
S5 MERE TR (1], PSR TR A R (H SRR ), 2019, 33
(2):62—66.

HUANG Si, KANG Wengmin, et al. Transient flow simula-
tion and performance prediction of roots vacuum pump based
on CFD[J].Journal of Chongqing University of Technology(
Natural Science) ,2019,33( 2) : 62— 66. (in Chinese)
AR ZE I LA A di D R B S J (D). AR AL
B4R, 2016,47(2 ):1— 14,

WANG Fujun. Research progress of computational model
for rotating turbulent flow in fluid machinery[J]. Transac-
tions of the Chinese Society for Agricultural Machinery,

2016,47(2 ):1—14. (in Chinese)



