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Abstract: To enhance the lifespan of diaphragms in ultra-high-pressure (UHP) diaphragm compressors,
a transient simulation model is developed that couples gas-diaphragm-hydraulic oil interactions.
This model integrates the fundamental equations governing the compressor’s thermodynamic
processes, solid support circular plate deformation, and crank-connecting rod motion. By employing
simulated transient oil and air pressures, a numerical simulation method is utilized to explore the stress
distribution within the diaphragm at both 200 MPa and 45 MPa exhaust pressure levels and analyze the

impact of the diaphragm cavity profile on diaphragm stress and lifespan. The research results reveal that
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as the diaphragm undergoes less deformation, the stress gradient along its thickness direction decreases.
When the exhaust pressure reaches 200 MPa, even when the diaphragm is close to a horizontal position,
it remains pressurized, with compressive stress reaching 100 MPa. Additionally, the maximum
radial stress when the diaphragm is in close contact with the diaphragm chamber wall is lower
than the calculated results based on free deformation theory. Moreover, when the diaphragm
cavity profile, diaphragm radius, and thickness remain constant, the radial stress of the diaphragm under
200 MPa exhaust pressure decreases by 97 MPa compared to the 45 MPa condition. Hence, the
compressive stress induced by oil and gas pressure on the diaphragm in ultra-high-pressure
conditions is significant, with higher exhaust pressures leading to increased compressive stress.
In addition, under ultra-high pressure circumstances, the stress amplitude peaks at the edge of
the diaphragm’s air side. Elevating the profile deflection can mitigate edge radial stress and stress
amplitude, thereby prolonging the diaphragm’s lifespan. These research findings can serve as a
reference for designing diaphragm cavity profiles in ultra-high-pressure diaphragm compressors.

Keywords: ultra-high-pressure diaphragm compressor; transient oil and gas pressure; diaphragm

stress; membrane cavity profile generatrix
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Fig. 1 Schematic diagram of diaphragm compressor
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Fig. 3 Schematic diagram of diaphragm stress analysis
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Fig. 4 Transient simulation model of gas-diaphragm-oil

coupling in diaphragm compressor
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Fig. 5 Finite element geometric model of diaphragm
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A2k W, /mm z
A 1.9 8.93
B 2.0 6.56
C 2.1 5.10
D 2.2 4.11
E 2.3 3.40
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Fig. 15 Radial stresses in diaphragms under five sets of

membrane cavity profiles

YT e KAR W N S AR S MR T 5 4l
FR s YR 300 % b W9 - B R 0, 25 SRR O B2,
16 XfLb 1 5 AL B I i & i Ty . 25 SRR B,
R s R 2 e KPR W T /NS R 0 % A T
RN LR E e KB W, AH LRI LR COSEPRBIZR)
M 0. 2 mm, HLAL 0 R I IEFEAR T 17,97 %,

SiA 15 5B 16 HEAT 4 b . R e B B R 45
BUAT FE PR UE RS R O A2 [ 1o 3 36 A2 3/ FH I 7 1) i 4
T MR KRB WL HE T AT 8N B i 2k AL i AR
Tl [N F9 B Jo7 3 Wi » AT 2 85 A 34

http: // zkxb. xjtu. edu. cn

26 BILHE T g e v Y L R g W e O L T
Gk T EUAL R 5y 7 R 1R 7 IR o PRI i 75 A
ANAR i KA [ia) o7 7 i A 5 B A T8 T AT R K
BEJE W, LAB/INi S i R MRS, 4 vy I8 1y 3 i

e

(1] ffkzE. FBXEEIHEARFM (M dbad: YU T
M A, 2000 532-533.

WARNME, S b, E RN, S5 B0 A s R E 45 6L
AR R G ZE R 4 UL e AN R A AT L)), Tk
£ 5453, 2022, 59(6): 78-82.

HUANG Zhenhui, NIE Liansheng, WANG Xiangli,

(2]




114

Je Bk, 55 < ven R S 240 LT A0 o R R 25 0 L B R N g 4 B 145

[3]

[4]

[5]

[6]

[7]

(8]

[9]

et al. Performance and application analysis for hydrau-
lic driven piston compressor and diaphragm compressor
in hydrogen refueling station [J]. Process Equipment
&. Piping, 2022, 59(6) . 78-82.

EAE. R TR b B A AL AE A s g T (T R
PR, 2023, 21(6): 61-65.

HU Wei. Application of domestic produced large dia-
phragm compressor in hydrogenation station [J]. En-
ergy Science and Technology, 2023, 21(6): 61-65.
LEE SJ, SOHN Y, SEGU D Z, et al. An evaluation
of the tribological characteristics of diaphragm plates
for high-pressure hydrogen gas compressor applica-
tions [J]. Lubricants, 2023, 11(9): 411.

JedRgh, MBI, Bk, % RBEES PR PIP
Ab 3R P B ST (1] & R KA B 2022, 47 (7))
272-276.

LONG Liwei, DU Guixiang, LIAO Yunting. et al.
PIP treatment modification of diaphragm compressor [J].
Heat Treatment of Metals, 2022, 47(7) . 272-276.
FEE, LN, 2k, 5. IS o R 45 AL TC B
TEEHECE RS [T]. LM TR, 2023, 59
(22): 186-195.

LI Xueying, REN Peng, PENG Xueyuan, et al. Non-in-
vasive condition monitoring method and fault diagnosis
system for compressor in hydrogen refueling station [ J].
Journal of Mechanical Engineering, 2023, 59 (22):
186-195.

REN Shengdong, JIA Xiaohan, ZAHNG Jiatong, et
al. Diagnosis method to identify diaphragm state of di-
aphragm compressors for hydrogen refueling stations
based on dynamic oil pressure [J]. International Jour-
nal of Hydrogen Energy. 2024, 49 (Part D). 1043-
1055.

FME, R, B WEESNL AR KR 2
IR R34 (1], db a4 a4k T 4% B 2% 4, 2008, 16
(1) . 25-30.

WANG Xingguo, WU Lizhi, XIAO Yunfeng. Me-
chanical deformation analysis of diaphragm compressor
metal diaphragm []J]. Journal of Beijing Institute of
Petro-Chemical Technology, 2008, 16(1): 25-30.
Rordk, EXE, B . T ABAQUS 1Y bR 5 = 46
U R A BR oo o0 o [T, db o il Ak 2 B 2= 4k
2008, 16(4): 13-16.

WU Lizhi, WANG Xingguo, XIAO Yunfeng. FEA of dia-
phragm in diaphragm compressor based on ABAQUS []J].
Journal of Beijing Institute of Petro-Chemical Technol-

ogy, 2008, 16(4): 13-16.

[100 FEX¢F. bR M 4 HLRE i AL 26 /) 0 A BT (D], bt

http: // zkxb.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

xjtu. edu. cn

FERE LI, 2008,

MF. CHE. MD2. 5 B B IE 4 BLIBE - i A R OC 23
Br 00, JRAHLEAR . 2022(2): 21-25.

HAO Li, BA Peng. Finite element analysis of MD2. 5
diaphragm compressor diaphragm [ ] ].
Technology, 2022(2): 21-25.

FT. P B s 4 WL ik 3 43 55 168 R 2 45 4 A b i
WO (D] WM. PR B T RE, 2022.

R, Rorak. ECEL GE BRI PR kR
SIHTRTSE (1], TRAFHLECAR . 2008(4) : 1-4.

WU Bo, WU Lizhi. WANG Xingguo. et al. Analysis

Compressor

and study on the diaphragm cavity profile of diaphragm
compressors [ J]. Compressor Technology, 2008 (4)
1-4.

MEDusk. TKFFHT. WA YE, 5. kT 5 8 Ao b
FRAHUBE R s i [T, IRgiPLEe AR, 2024 (1)
20-24.

SUI Yuansheng, ZHANG Xiuhang, CAO Jiawei, et
al. Structure optimization of membrane cavity profile
of diaphragm compressor based on deflection index []].
Compressor Technology, 2024(1): 20-24.

ARSI, BIRAR, BUEHY, SF. bR R 46 Pl 48 Bk
LM i B T BT M SR I E [T, VE 22 A0 KA A
2014, 48(4) . 127-132.

LI Jiyang, ZHAQO Xiaohua, JIA Xiaohan, et al. De-
sign and experimental verification for diaphragm com-
pressor cavity profile by two exponential terms genera-
trix [J]. Journal of Xi’an Jiaotong University, 2014,
48(4) . 127-132.

ARSI, TTWRRG, TLAE B, L R E 4L =46 o
LRI RS B A AL i (7). R ALE R, 2013 (4):
6-10.

LI Jiyang. JIA Xiaohan, JIANG Ruomei, et al. Opti-
mization design of diaphragm compressor cavity con-
tour with new generatrix [ J]. Compressor Technolo-
gy, 2013(4) . 6-10.

LI Jiyang, JIA Xiaohan, WU Zhimin, et al. The cavi-
ty profile of a diaphragm compressor for a hydrogen re-
fueling station [J]. International Journal of Hydrogen
Energy, 2014, 39(8): 3926-3935.

CHEN Jiahao, JIA Xiaohan, XUE Chuang. et al. De-
sign and validation of new cavity profiles for diaphragm
stress reduction in a diaphragm compressor [ C]//IOP
Conference Series: Materials Science and Engineering.
Bristol, United Kingdom: IOP Publishing, 2015:
012083.

EEM, BRan g, B e, R R 4 LR R A
Higardr [1]. TR A%, 2015, 32(1): 192-197.




PN

2

O %58 %

[20]

[21]

[22]

(23]

LI Jiyang, CHEN Jiahao, ZHAO Hailong, et al. The-
oretical analysis of diaphragm fracture in diaphragm
compressor [ J]. Engineering Mechanics, 2015, 32
(1): 192-197.

JIA Xiaohan, CHEN Jiahao, WU Han, et al. Study
on the diaphragm fracture in a diaphragm compressor
for a hydrogen refueling station [J]. International
Journal of Hydrogen Energy, 2016, 41 (15): 6412-
6421.

JIA Xiaohan, ZHAO Ying, CHEN Jiahao, et al. Re-
search on the flowrate and diaphragm movement in a
diaphragm compressor for a hydrogen refueling station
[J]. International Journal of Hydrogen Energy, 2016,
41(33): 14842-14851.

HU Yuanlin, XU Xiaoying, WANG Wen. A new cav-
ity profile for a diaphragm compressor used in hydro-
gen fueling stations [J]. International Journal of Hy-
drogen Energy, 2017,42(38): 24458-24469.

BURENS . AR MR A R PR R IR 5 8 [T
A, 2023(0); 1-5.

JIA Xiaohan, REN Shengdong. Development status and

prospect of compressor for hydrogen refueling station

[J]. Compressor Technology, 2023(4): 1-5.

[24] F4k#f. 3T Matlab/Simulink #1358 =X % 45 WL T 4E

AR KB (D] kil £ARB TR
2, 2016.

[25] DAMLE R, RIGOLA J, PEREZ-SEGARRA C D, et

http: // zkxb. xjtu. edu. cn

al. Object-oriented simulation of reciprocating com-
pressors: numerical verification and experimental com-
parison [ J]. International Journal of Refrigeration.,

2011, 34(8): 1989-1998.

[26] HU Jian. YANG Liang, SHAO Liangliang, et al. Ge-

neric network modeling of reciprocating compressors [J].
International Journal of Refrigeration, 2014, 45;

107-119.

[27] LEEJ K, JUNG J K, CHAIJ B, et al. Mathematical

modeling of reciprocating pump [J]. Journal of Me-
chanical Science and Technology, 2015, 29 (8):

3141-3151.

(28] HA%. 70MPa g =R HLAC Lt (D] fRM .

T A, 2021,

(i A HFD




