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ABSTRACT

Based on the energy conservation and environmental protection, the refrigerant
substitution and high efficiency cooling equipment research & development are the
key technologies which should be solved in the field of refrigeration and air
conditioning. So researches about the natural refrigerant—CQ, receive more concerns
by international society and the development of CO, compressor is more important
for the application of CO; transcritical cycle. In this thesis, studies focus on the CO;
two stage rolling piston compressor from theory analysis and computer simulation.

The theoretic and performance analysis about different type two-stage systems
are presented in this study based on the thermodynamic theory. The optimal two stage
system 1is selected by analyzing the impact to optimal high pressure and middle
pressure. By referenced the compressor design method and property of transcritical
system, the basic parameter of two-stage compressor is selected for the following
calculation.

Dynamic analysis on the main moving parts of two stage compressor are given in
this paper and the various forces on moving parts at different rotational angle are
calculated. Based on the quality and energy conservation laws, volume control
equation of the suction and exhaust chamber are established. With the help of EULER
numerical methods, CO; physical parameters and the thermodynamic properties of the
compressor at different rotational angle are obtained. The impact of relative height of
cylinder and relative eccentric distance on design of compressor are analyzed .All
these provide a theoretical reference for the design and improvement of the
COmpressor.

By using of elastic mechanics theory and finite element, the deformation and
stress field of CO, compressor moving parts under the big pressure difference are
analyzed with Ansys software. The deformation size and stress field image of the
high-level sliding vane, low-level sliding x;ane, rolling piston and eccentric shaft are
obtained in this study. 38CrMoAIA and 40CrNiMo are selected as the manufacture
material and the results will provide a theoretical reference for design of compressor

and manufacture.

Key words: CO; transcritical cycle; two stage compression; finite element analysis;
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22 REERBEANANFHEREHEER

REH R E DI COB s R BT AR AR T ERREFERM
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M ) BE 5 TR P AR 2 B 18I R ) 55 AR I P 5 72 MR B Th R ]
., WMRERMABRAEC, BEELTFERE, WERCBRER, ST
REAL# ERETHE TR AN RN I ENE LI ET) . EE T RSB/ HES
BATE BT ZNE— B HES T S BEAT SRR, N FRSEERRF S
W BB LB U R A AAREE,

HRE R Th [ B W] &1

U, +U, =V, +V, +V, (4-36)

U, U, BIRRETTA N 7= I B T B T o R N 3R = A T B T o
Vi Vys VARRAEAHERESE T EFERED. BAERERT E=E
) AT 1k AR B TT B A 1 e Th ™),

{o)=[Dke?} ANSYS #iihih S
E)=le}+ "} BIRMAMMTRE ANSYS %t % EPEL
'} fmnE ANSYS #iti4 EPTH
{e}={"}+[0]' (o} (437
{"}=ATla, a, a, 0 0 0] C(4-38)
AT=T-T, (4-39)

R T HEXAMEE
T, ZEEE
a. a,v a, FAFRTEX. y. z TR EFHAEKRE
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ot F & 1 A
E,=E,=E =E

[A+2G 2 A 0 0 0]

A A+2G A 0 0 0

D)= A A A+2G 0 0 0

0 0 0 G 00

0 0 0 0G0

|0 0 0 0 0 Gj
Eu

STy =)

(gx = %[o-x - ,U(O'y to. )]

3 Ey =_;:—[o.y -—/l(o-x +o-:)]

o= Lo slo, o)

[, 2+u),

¥ v

E s
_ 201+ p) .

E X
_21+p)
0T

=x

E
G=———
2(1+ p)

o =L pes L s s, + Eprr
o, =§(ﬂ+p2)gx +%(1—,u2)5y +%(,u+,uz)s:

o~ Elusb sk oo, £l

o, =Ge,
o,.=G¢,
L o_=Ge_

(4-40)

(4-41)

(4-42)

(4-43)

(4-44)

(4-45)

(4-46)

(4-47
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SBINE DR T EBILSE BT A AHE BT

423 HRF4E

AR FAERBRAELT EABRAREN N RRALZEHXR BRFHT
B4 %17
1. frBaFf&L: MikELTLR VB LEEM
u, =u(x,y,2) v, =vx,»,z) w, =wx,,2)
RFu, v v« w REBMARE, ulvyz). vxyz). wxyz)REM
) A A o 3
2. NAHFGFAF:
cos(N,x)e,), +cos(V, y\r,. )s +cos(N,z)r..).
cos(V, yX::,r’r )s +cos(N, er:_v )s +cos(N, xszy)
cos(N, z)o. ), +cos(NV,x)z_ )s + cos(N 5 yXfF )s
N R FRBISNESR .
3. BRI MEN—BIUFAAUBARFF. H—HrARNEE
Iabribi e

(™

X
2 § (4-48)
Z

424 EFHBENNT. HHITE

4.2.4.1 TEHBEEHNTE
PR TEHEVNESBERERER. BFEE. RO, BRARO®
B2 WA 4-27 FE 4-28.

A
RN

RO
N AN

AN

N
)

) NN RN
")

URETARIN R

AR AR

e

B 4-27 s HE



ST NRRBN T EBHIZZHT4Z A HTHE RTHT

B 4-28 fWLHgE B

1. BRYEE ST
REREHETEENNTWSRIERT, BHA. & BFERIARTHME
piiP
3. @ 7—'5% gl{[‘i&@,ﬂ)]
B, HTFEREE. BENAEMTSRTEMTNEETS, XL
KRAREAE MR 5, HETLR A Quad 4node 42 F1 Brick 8node 45 ZS ¥

Ju

3. ARl fEs1525
& 4-1 B BHFTEMEMER
HHEE E FRE
HR SRR N AL
kg / mm® kg ! mm’
iR RhiEEMN
38CrMoAIA 20.39x10* 0.007854 0.3
Lo

4. HF &4
' BRAESMER N E R, EshidE, EZMEHARFARRMER
—H AL BB KM, BHAATHENRANERNN R H RN TR A
R, AIOCHEN=ATHAEBOHAT S 2K AR
FATH: EELRER, 6. XN, KREERK. RERET
ey 161°MIEEX— T8, BELHETHA 106 AEIX—TH: BRZHE:
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FUE NFRHETEEYIESHBEZNHIERTHH

EE S SEES . BES . Bt RN SR 5B ERMAES ZRBSEENK
fefl, XMAENBREEAKEHNEENDELNTN; BRLETESHREF
72 B IR B

BOATR: HTFHMA180° EX— TR TERZBENERHAIEE) &
K, AEBREEKEBIEMNNENERK. RHHFRAL—TRAR, BE
KA FHEEN; BEREFEEERNE, NEERK.

BE=ATH: ARRZHTEERMABANES, BRZHFRAEL, BH
KA FRRERL: BFRS EFEEERMER. BdxX=ATRHKE
AU EHEREENBRZN S FFAENTHEARE. EHAEEEDER
4-2 Bi7Ro

R 42 BRATROE
AR REZBR mERER
HTHA 161° 180° 330° 106° 180° 329°
fr#x (m)  0.0039 0.004  0.0003078 0.002628  0.004  0.0003108

EE vim/s)  0.04709 1.243¢-8 0.08664 0.1474 1.243e-08 0.0579

yiipry; 3

) 10.84 11.3 11.05 4.268 11.3 12.34
P, (MPa) 3.485 3.485 3.485 72 72 72
F,(MPa) 72 7.2 7.2 10 10 10
F, (MPa) 10 10 10 10 10 10
Fpy(N) 673.1 707 35.76 132.6 2312 4.977
Fr,M) 130.6 137.5 93.79 29.51 65.42 13.08
Foa ) 134.6 141.4 7.153 26.52 4623 0.9954
Fra M) 26.12 27.5 18.76 4.103 1308 2615
F,.®N) 174.8 172 368 13.84 11.37 5547

E®) 34.96 3432 73.6 2.768 2.74 11.94
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FE QWERHTEBIEHBMZ NI TRITIT

¥ w0 RS Z 2%, A S0 vHE AR AT R ) R AR 37 s HoE AR — A
¥k, WWHIBEERE 1500 %, BRAEN. &KREE). BRREMHFRET
AT BENEFHONS MRS, KEREARNERER. BN B

ZHBEKR/PIR 43 Fiw.
K43 EHEESROBIZHAR
EE
LR P, (MPa)  P.(MPa) EFEN) F®N Fg(N) F(N)
(rad/s)
RELR WL
3.485 72 78.5 368 73.6 6420 6389
MEE
BES WO
10 78.5 55.47 11.94 2016 2018
g

4.2.4.2 Ansys HRTTIEIMBRBIL S HESH

B 4-29~4-64 RFHEFHETFEEHE. REZERE=ZMARLHTHNES
W47, B 4-29~4-37 HIREZBRAEREA 161°, 180° 330°MHIZHE
FtEm, BHRx. yhR ERERERA 180°RERIRAME, xHn EFRNER
M EZTEE M, BREENFEEOMNETHEKN, B3 3.35um; yhHLE
WBBERRD, BRECTEEHHEUELER, MERFOEED, BKN
2K 0.796 pm . BIRERN )= B 4-47~4-55 i RIEZIG RN HEERE A 180°HS
HAREKR, KEZRREH A EZBKBRKRI N 45MPa, BKENHH
22.6MPa, BRZERECH 3, MB KR FN 135MPa, B&KEN 1% 67.8MPa,
ey | LB KM S % 86.8MPa, B KIEMN f1% 72.0MPa, BXZEFRHE 3, WE
KPR K 260.4MPa, B KR 4 218.4MPa, BAZH 38CrMoAIATI E AT
AZHBR AN R 980MPa™), B AKER f1% 835MPa, IXEAAEFAZNTE
FN. B 4-38~4-46, B 4-56~4-64 HEREZBREZFH IR THNE. NAE
B, MAMNEHRAERERIE 1CEANME, xR ERRNER
226 um, yHFEBRNEER 0.55 um, x77 BN S K 30.4MPa, BKEN S
A 25.1MPa, yHE_EBAKNR A 62.6MPa, B KERN 14 41.1MPa, [FFEEL
REFEH 3, BREEMNRARSRANEHTT T LRI AZIH
HRES . IS4 T RERRE TR FHTH, ERETHHFASTE
BRAFERORRDARES, FFUEFESTHPARAKREZNERSBGE
T TEEN
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BNE DGR FETFEBIIED BRI RARTHHT

4.2.4.3 Ansys BRI EMRFENR ORI D24

R EEBNTRAERHH IR T TR, 50 RIEs 7

BATHAEF LB K ETE .

NODAL SOLUTION

SUB =1
TINE=1
m (AVC)
RETE=0

DEX =.278E-05
SMN =-_B40E-06
SEX =.Z16E-05

- SMEE-08 - ATIE-08 SST-06
= SUFE-T5 LLELE-06

AT

11
LFHC-98

ANSYS

MAY 18 ZO0o®
13:30:22

-LEIE-08

ALET-45

Bl 4-65 WBNFTHE x T30 ERINZE

0B =1
TINE=1
oY 1AVEG)
REYS=0

DX = 278E-05
5MN =.295X-06
SHY =.216E-05

1548-05

~-0& -11ZE-05 =
. 916K-06 -133E-05

ANSYS
HAY 18 2008
13:31:18

-
-1958-05 I
4E-05 - Z16X

B 4-66 ¥ THE y 77 LRI %E
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BNE NGRS F RIS B Z AT RAR T

woDAL soLOTION ANSYS

SUB =1 HAY 18 Z008
TINE=1 13:31:47
oz (AVG)

REYS=0

DEX =.278E-0S
SHN =.370E-06
SHX =.165E-05

i E=w=e : oy J
.370E-08 .654E-06 . 938E-06 .122E-05 .151E-05
.512E-06 .796E-06 .108E-05 .136E-05 -165E-0
4-67 WY T 2 77 W LRI
™ 7
HODAL SOLUTION ANE).‘]. S
SUB =1 MAY 18 2008
TIME=1 13:32:08
UsSUH (AVG)
R3TS=0

DMK =.278E-05
SMN =.117E-05
SMX =.278E-05

= L E=m
- 1178-05 -153E-05 . 1B9E-05 .224K-08 .260E-08
.135E~05 -171E-0§ .2062-05 . 242E-05 2 2'?8!-!‘.!4

B 4-68 REHENFENE
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MR AW TFREIESHBAR NS HTHE R

NODAL SOLUTION

SUB =1
TIHE=l
SX (AVG)
REYS=0

DMX =.Z78E-05
SMN =-.424E+08
5MY =.756E+07

4I14D+00 =. 313408 - LOIEsdb

- .164C+0k L47Ta 0%

- LE4E+04

TSED+0T

Bl 4-69 MEHFELE x H I LHNHRHEE

KODAL SOLUTION

SUE =1
TIHE=1
57 {AVG)
BSYS=0
DY =.278E-05
SMN =-.362E+08
SMX =.112E+408

-~ 151T404 ATt
-~ FBIL+07

- 3GIEH0E - L5603

= . I0SE+08 = 10dEs0E

ES7961

AN

MAY 18 2008
13:33:22

CSIEEHNT

B 4-70 BB EE y 7 LN HHEE
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BUE NREETEBILERH TR DA TR RTHH

ANSTS
NODAL SOLUTION v A ud

SUB =1 MAT 18 ZooOs
TIME=1 12:34:06
34 (AVG)
REYS=0

DX =_Z7BE-05

SHN =-.224E+08
SHX =.42Z3E+07

| TR i
- IS ST ) BSTE 1 - ASSTHT LLTERT
- .194E+08 . LISE408 -, TEIEA0T - 159407 \4LIE+07

B 4-71 EIHFEE z R LN N EE

4-65~4-71 AEEEERRORER T LANEZE, B 4-67 HH#Ex
ERERR, BRAEREN216m, TERFESHREMOME L, HEHE
EENIDEGEHE /N B 4-68 Ryl EHERE, HETH, BATKREE
HPEREZEHDFEL, MAELFENHERERTRSENEE, BAEE
BIEB] 1.65 um . B 4-69 JzF MKINZE, HFAMRLOREZSENNFRT BE
B%, BENE. SENSBXNETEEW, WEHBARRREERE THIRR,
HEEZH T M EHZ N B 4-71~4-73 AESEERNRORHEX, y, zhH R EH
NAhZE, TUFHEAR SN 424MPa, BAESH 11.2MPa, &£&H
38CtMoAIATI & B2 (IR 11 % 980MPal®, B KN [E #1% 835MPa, BrbAxtF
RENEERNBR X BN EARANSX AR T 1. ERshiEENHRER
BRE M AR T, FIRMERRB TS M i . WRmS, FNsE
ERMARRR RS, URTHTEHE. BT, BT UESEEIEHER
Bk, N EERSH AT U HARES TR —SMAREEL. KEETHE
%, ERNTHE —ZERERV, HUTREES, EETD, FIUNESIL
TR HEFRE AR AN A LM N, 38CtMoAIA, ERIBRNN N
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BNE NRRDFETFEBVIESHMEZ N INERITHH

980MPa, B AN IE S 835MPa, FIigN: SE4F. BIKEH. ¥EL®L. HEEF.
KHEE%, 40CiNiMo, BB KRN /7 980MPa. B KFEMN /7 835MPa, = BRI
h: BAsEA. BR%E,

4.3 KB

AEF ARSI BEAFELNFRTYE, R ITH_ENEHRE
EHVEFHEEREZ. REE THAT THA%EBETERNFRITH T, &
HHETER., BHEE. MORKZHERURERER, IESFVKEIT. &
M. MIREFERSEKE. FENEELRUT:

1. ¥AREEINEHBHETTEARRWERRE. B TFREZEE
3.715MPa. REREE 2.8MPa, BEAMRABERELEA S HEZHEERK
xR BKELAZHHEXTEREZL.

2. SAEGHREETHRAT TRESMNFN S350 . MrFERTEZ MK
R RRMEFERER, WEE. MEE. E. RENERNNT, NAH%
W, 4 TEFHAEZHER TN REESAER, BEEREXEEN
3.35um, KNI SH 86.8MPa, B ANMES K 72MPa, HFRRLOFBEAE
Tk 216 um, BRNIE S 42.4MPa , B KNH F14 11.2MPa. BREEER
1B 12 1A [ B AR FRAE 5~10 pom Z (8] X F EAEHLEI I TRATT DA K Bk
AT #%}: 38CrMoAIA. 40CrNiMo,
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BLE 4pAgE

FLE GFLHRE

5.1 4

AXUBERTRCOAMANE, EIHE R ENCOBE G F R RBEHFEIT
TEEBAAZEDT, FHXCOB MG FRIGH b B LRI F ERHHEIT TRAK
BT . ARIAREH RS4RI A FERE, REREH
AHHEEZEREBLETT:

1. XA SR SRS TR WA 7 AT T X 4T 4
R ARAPIRTEFRICO, RARCOPHTE 2.8~4.5 Z 1. X1 T RINFE.
BRALEEARESAR DS E ORE . ZRRBERAHRE, STRARKEE,
BMFEELEREEHELN. BITIR. REHEKIEX. EHREBLT,
EFRREIHBRMPEENRK, HREHEKYNEIASR AW EBEL, T
PR BHEFBROBARARMLPEENR/D  ZHERBETFEF T HRRE
FHIRREERK, EHRENBEK.

2. EEFNKRPRAZMEZNEERREEN IS ERE, HPXNE
R Y R A AR L BEAAR N D BE, B EA TR R e LR 48 R Ry
K. 2R, BTCOMERMILA, Bt AP EEERFR/MIARN WLEE.
3. B E RS RBERBARL S BT AN BN B BB R 1 LT
THHAMBRRE. HEERRAERITAT, KRELZSHHBHEZNEHEKR
FTREZEIHEME, [EHEK, BEHENERYUEHETRE T LR Z i
BHEEMREE .

4. 1id Ansys 3l UESFHETIRTRABRAGFEHEDHIMER. W
LR BHEEMTEENREST, SRERRABBERERHA 3.35 m,
BEEERREA 216 pm, BRUATRLERSBEOEBR, 2AE AR
FE 5~10pum 2 @ . RE\EXEEEFM4NHHH ST, KAER 38CrMoAIA,
40CiNiMo & &WIEN EFEMM IR AT LIS EN 1. MAENER.
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BLE 4ithEE

4N, BN ENEANRAREEENSS. MEALSEX. REEAREWR

SRMBERAEZ, KT EURAEERIS BRI EGUTILASE:

1. ERHESTIRYH —AUBRIRERARBERN, BAEMFEER
WRMANETE. ARTE. SR HHNRHFTEEREEN.

2. A BRI, NBSIFFER ST B4 LW DU E4EH
Rt R TR R TR R R X

3. MITH SR EEENRENL, Bt RELRIRE R AT LA RATH Ak
EFEHE R BUE L iR X ERMHE.
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