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Performance Analysis
of a Reciprocating Compressor using a CFD
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ABSTRACT

This paper presents numerical method of investigating flow characteristics of reed valves of reciprocating
compressors. The numerically determined effective flow areas agreed within 54% of those obtained from
experimental measurements. Reasonably good agreements between the experimental and numerical results
have been found, implying that the effective flow and force areas of reed valves could be obtained by CFD
alone with enough accuracy. A computer simulation of reciprocating compressor has been performed using a
numerical results of reed valves. The calculated P-V diagram shows a good agreement with experimental

result.
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Table 1 Input data for Compressor simulation

Data Value Unit
Geometric Data
* Crank radius 9.0 mm
« Cylinder daimeter 230 mm
» Clearance volume 0.0876 cC
Gas Propertv
- Refregerant R-12
- Adiabatic constant(r) 1.137
- Gas constant(R) 68762 | J/ke-K
o ing Conditi
- Suction pressure 0132 MPa
+ Suction temperature 3490 K
- Discharge pressure 1.352 MPa
- Rotating speed 3500 DM
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Fig. 1 A schematic of control volume




At

n=v+

HDZRI &
1 [1+cost9(t)+ R,

2
i)
a3 2 AR delg Agnayds o
g AYAe Agaa ke 2

oY)

dam _
“at

"-l: - "-zd (2)
(550

v

ar _ @ o hom Gl (5])

“ (7)., ‘(‘3—?)

AN FEF BANES & BAAY F
#, U, 9484, 49, $39484
I FEHEYE 71802 FYJ }‘?‘; 25 2709 27
Ar e A 1749 174 An2 o2 A
+ 3ok e Agd oAl A}%Q d=719 AL
% edzd 18% 718 dAHolHE Tale 19
JERIAT®.

Z2aYPL F19709] duR WA
TRz FAg= glon, WA
7} 9138 4% Runge-Kutta'}d&
AHAH 3] AR

Urrlov

Moo

43 ool o

4o} g 74
o8t 7
F BAY, 48 2 exug w

A 223 dEe] SFHAAS] A2 Aol

g o] FAHANEY &= FAd Faor drh A
T4 Z2ode FEg ZRE 47 984 HW
cycleF & WHEA A o] Q).

3. gHsiy

25T 45719 AN ABdHoHdAE Hu
o FESAT T4 U Aot YEARE &
7o PrY {EEA A3 A5 {rEREE
A PAAHL ARFAGE S o} & FHHHoz
TEen, ¥Be FEA B3} A58 2AIF
= {FI2AY ALZTzade ANSYSE HA st
o wlolagER 2eHUANAE o8 HPAH
g vl - FEdtS SN Ao B4 E AFE
o Hgich

-443-

3.1 &S
3.1.1 rERsy

WHE FRs 32E F5L 1Y SAdERT)
FELE TRt oY WnE Fhs Ah
Fe AANAG BE ALNBANCE ¥H Qe
AYE 0§35 YA chest 2L o4A B
AglA HEE JENE BAHE AREIW
g o gstect

- ok [ 3 #
m=Plo\ G DRT, V7T

BN

=2

4)

AN FHAE =5 2A o] A& 2AHA &
& s zE £ Detzad ganw ¢

_k_
stk PAFEY Al r=r=(FED !

2, A R oldART da FI kAN A

ey stubel At HH, F-EuE gAA
vk 42 o 5L &3 olelF 2 YEIA
o gRAgRe 4a3t 2o
' r‘——‘ 2 A1

'rhvvm-,g= Pu-Aep —(k___21—1§R7-\—u' ‘rck—rc k- (5)

FERFTARNE FAH2Z AF 3 FFdHe
ANE FHFE AEst] HG)ZFH AZHUT

ddlolel2 Folzob e FARTHAY A,E
Woo dygele] we WHstE Ao Wpd g
Agolt wre eEuAAonsY A4E.

3.1.2 REgHy

Audst ggael 48R 4P A g8 AdHE
Yoo $5& WuIE FHo Aol YFW 1A%
Ee] AX-ARAZ DFHE G&F LS LFY
AAoz yehd & Ytk

4P
ef m,

v+ 2w, y+ iy=A (6)



Fig. 2 Valve Configuration
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Generation of Valve
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Fig. 4 Comparison of predicted effective flow area
to the experimental data
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Fig. 5 Velocity Vectors in Valve Plate Region
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Fig. 6 Effective flow area and effective force area vs. valve lift
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Fig. 7. Mode shapes of Valve
{top:1st mode, bottom:2nd mode)
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Fig. 8 Comparison of P-V diagram
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Table 2 Results of Experiment and FEM Analysis

Experiment] FEM " Error

1st mode(Hz)

4375

431.63 1.3%

2nd mode(Hz)

2220.0

24224 9%

Table 3 Comparison of Indicated work (Unit:Watt)

Experiment|Simulation|  Error

Indicated work

126.2

122.6 3%




Agkol Adgkel Wig Aol tha WA Yeid AL
AYsns ¥ A7t 2 YAEE ¢ 5 Aok PV
MEZRE gojxle Ardzke] A$ Table 30 1}
RSl AAd#e] FAAN dide AFAH
)3} o 3%9) 242 Yl gl

Fig9e %4%719] & cycle¥dol] dojue 92
Bet $E3Ee $FE BT Ut} Figloe 4
402 FY5E 7t29 FUAFAEY AUy
B S5t 7tae $2A3RTY das 43719
& cycleol s vehd Aolch WHe) 2E A
AFFFY E594¥] & AXNTE ¢ & Yok

588

2 dFdME FEFT 4F79 AEdHo|HdA
¥ F8F FES AAse WY F5EAY F
549 Helelg 47 FaAx S Py e o
4% F3 4L FYPslo FEPoH, o] ¢ o
&3 FETF A&719 JeAME FPsigo)

AN ANgdolAdNe UG oh} ¢
g4, 5 AAAY oz 5l AFREY
Az AP AS Hedozy ¢F7) 72 RE
AA Dol k29 FEHEEE P92 £ st

7|&9] WHo i +554 2 55N B
e AP =d S 23 GA o)yl AFME
FAHNoZE wny AEF AAE de & Yo
o|Z2 e A4S dFsch wely Y=
B B4 dxe A¥S AAA ¥ F3AHY 2
FEALYE 18T ANHY oz A 437
AN 2o R 5EY AEE A4S 5 A
oa geEch

oz E AFgA Agd wioz fE7) AT
A AEgold Z2ayg Adgd, g9
AUt B A7 &) TR a9 A
Al F&EA AgEe] A £ glg Aeiny

2

_447_

&nEs

(1) Soedel, W., 1934, Design and Mechanics of
Compressor  Valves, Ray W. Herrick
Laboratories, Purdue  University, @ West
Lafayette, Indiana 47907
Schwerzler, D.D., Hamilton, JF., 1972, “An
Analytical Method for Determining Effective
Flow and Force Areas Refrigerant
Compressor Valving System,” Proc. of the
1972 Purdue  Compressor  Technology
Conference, Purdue University, pp.30-36.
Deschamps, C.J., Ferreira, RT.S., Prata, AT,
1988, “The Effective Force and Flow Areas
in Compressor Valves,” Proc. of the 1986 I
CEC, Purdue University, pp.104-111.
Price, GR., Botros, KK,1992, “Numerical and
Experimental  Anaysis of the Flow
Characteristics through a Channel Valve,”
Proc. of the 1992 LCE.C., Purdue University,
pp.1215-1225.
AAS, ¥, wrelg, 1992, “2HE $EFL
%709 elmiy FEAd I AT IR
3l - YEZI=24, Vol4, No3, pp.163-174.
Lal, DN, 1978, “The Use of Finite Element
Methed for Stress Analysis of Compressor
Vavves,” Proc. 1978 Purdue
Technology Conference, pp.203-208.
McLaren, R.JL. Papastergioy, S. 1982
“Analysis of Bending Stresses in Cantilever
Type Suction Valve Reeds,” Proc. 1982 Pur-
due Compressor Technology Conference, pp.
89-97.
AR, 1993 “4Hy GEF 4EF7V]9) A5
Mo #3 A7, FFdgtn A=
Boswirth, L. 1982 “Theoretical and Expe-
rimental Study on Flow in Valve Channels,”
Proc. of the 1982 Purdue
Technology Conference, pp.38-53.

for

3

@

®)

6

Compressor

M

9

Compressor



