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Valve Dynamics and Gas Pressure Pulsation of

a Reciprocating Compressor

EET TS

°Sung-wook Lee", Sung-chul Hong™", Jae-man Joo™™ and Chol-hui Pak

ABSTRACT

The Reciprocating compressor are widely used in the refrigeration field for
its simplicity in principle and high efficiency. In this work, we developed a
mathematical model of a reciprocating compressor. The suction and discharge
valves are modeled by the spring-mass-damper systems. The working fluid
flow is derived from unteady Bernoulli’s equation. With the design parameters,
the valve motions and pressure fluctuations are studied numerically and

experimentally.

1. A & Adorzt A= 93, AUy dzde FYW
{suction chamber}¥ ¥ &4 (discharge chamber)©]
Qeon, EUAS7|(suction muffler)} EELE7]
#E71e dHer HuHE7)(dynamic machine)  (gischarge muffler)® E3be] Q1% 9%z A2
o 849 %7|(positive displacement machine) gjoj gio}.
Z YHd =Y, HRgE7 e & /58S dae

=
St hagd Bobo) F2 AR, $49 4F 2|
9 BuE GaoE A5t gudn aeel ool 1 ” copecig
£7) WPl YFAPel F2 AgA pttar = ot /
O O
SEFA g2r|e AP §7)¢ HaEY pische oo

Discharge Dixhlrno“ Di

ATy

23 1. A schematic view of a reciprocating
compressor unit.

Piston

« detdistn osy s AT
o HeERNE 7 AT 05
oee A ABAZY AT
exen QJaiOita 7] AF e @

-130 -



FJAYAHAAM | 2Fo] FAIH(Top Dead Center)
ol A a72stH Welrt &< #(suction pipe)oll A &
P2 719 FYHS AXA FYMUBE(suction valve)

WA HUr WREE S, AN
7] 2~ Eo] 3lA}d (Bottom Dead Center)oll A A&
Add JiFe Wejzt 18- gt w YEHH
= B (discharge valve)® 91 E&ZW3 EE4
7% EZ&3Hdischarge pipe) .2 w3z} 3ic}
FEF2 AZvloA WHY AFL FAWH
EZdA %}a""%—(pressure fluctuation)& 4
&} 11 Fd#Y EEFHE 7F2(excite)

0“ 3 J ”E‘
sol WF 2 £SS FUI

o & rulm

iy e
djo

7)

Hel Wojo] A3zbas Yehle
‘il% Fx3t7] Y8 F Y F(suction port)} EEF
(discharge port)el A ] & & g 2o
WA ALS ALEITH

A
e

_,-{I H:

2.1. FA4% 9 4513 nwd=)

H] A 4Hunsteady),
s w20 Wy

A (streamline) & u}&k
v} 2 (frictionless) & & &l
e e gl

aP

: d+ + VdV+gdz=10 (1)

8

A7l Ve g€ we
= R 9Y, g

A 45 (flow elevation)g ERATH
ZAALE W (control surface) D3 @ Abolol &4
o] A1, FANTES FAA HEYHE e
A oo 2o
f aw(s z‘)d+ Py(t)— P,
O
(2)
+ wz(t);wlz(t) =0

LR PR
os) e ol mEE + AUtk

FEET wis, t)E

(o

X

2 Wy

Als
C,-

%)

w(s,t) (
3)

[\Dv

7ry - x(t) wo (£)
A(s)

o 71 A HAR A 7ﬂ-’v‘—(a‘lrea correction
factor) 2X FAHF5ol BrAE T3 XEE
w2 12 “0‘62}"1 ”4011]{— kg el

!
o, A& 98 2oAM #F¥e wHeln, A(s)E

&AM A4 (loss factor) £9] AHoe o g3

AP = %Epwz (4)

714 wes F AEY dEHAE Q] @A

9 $EEE0T WYRAASE GeH ol
gl gt

_ 1

c= 7 5)

Gep HEUNE A, = C-As Lo EdLG

B =Ry HABAASE o3 e A

. 0.003
C(8) = ~5170.0035 ®
Q714 6% ollm] ©elel Brwelolo
2 (2)% g f5o o

SEEIE-CIEER
a1t

g Aupg e d& F

-131-



Pl_PQ(t) _ wzz—-wlz
Ps - 2 o
+ Jip(x) Cxawy + x ws)

4714 Pk Pt 9% 499 el
o Yol ot FARE FHE Wole UE
24 A9% 289 dggssd gl e 2
o] ERET

Py
RT] ,w2>0
Ps = () (8)
ﬂg_ w <0
Vo(t) » 72

AN Pt T, F9dtelAe ¢tes 2%
ol3, mgyet Vo(t)e AW W¥9 7=
A A o]},

% a

S= r

|

1]
I8
1
ibl
I

r
o
|

[}

Valve

7/ e
t: x

2% 3. Approximation of mean streamline
of suction port.

A7 B iAol FUHF HEY 1/39 4L
gz 7Hgstd FAFF 9893y AG)E 92
2ol & F 9t

_ [ ,a<s<b
Als) = {CS]- 2rxs ,c<s<d ©)

FAFAM fAe A e OEFH 2o

C,-2nm,
A(s)

{H+(1~C))x}

Je(x) = ds

2C,
8}

 2ofurn S

- nfur (1=

A7l e FYRY AL, v FYER
o W7AE vepdo,
L] a9 2048 2ol 1AFEAY
F-22d-Z4Az MY U8 AFe
g Zol vEr ¥ 4
ml;fc+ CI.X:'+ k,x = 7T7’12{P1_P2(t)}
(11
@4, x>0
o714 my, C; 2 k]’g‘ e g
FAAT L ARVRAATI T WLATE
Yo} Pgol FUUR} FUF Alole] wrLag
Fadts 7rA s FASAT

22. EEHe] %4 wdg

FU4s wRAAE EE R b
PobE FASE U@ Wz role WHAE o
o), dAT HESEA W AMARAL §
39 ohew o

Py(1)—P;  wi—w!
ey o 2 ‘ (12)
+ Ju(¥) (ywy+ywy)
Q714 Py EEelAe 4w, o= E

A=z Augn g
o] ¥ ¥

2
=
&
2
o
o
i

7{; Ef? , Wy > 0
={ 2 (13)
Od P,
RT3 , Wy <0

-132 -



4714 Pyot Ty E&dolN ez exolg,

E2RoN #49 BAY L(»)E B
2t

R = L6 +0-Coy)
+ %[ln{t2+m—%+(1—~cé1)y} (14)

C
~ mf{e+{1-F )]

A7 e EEFR ubAE,
o] W3 & verdn

ESUBE 03¢ 4.9 o] 1ARTAY F-
zy-ZAAR A3, 4 A9 oY ¥
ZFAl(stopper)oll s e 4] APz &
EZWHo A%E o&y o] vehd £ ot

myy+ G(y)y+ H(y)y =

i {Py(t)—P3} @, y>0

G(y)={ €2 Y=Y (15)

cate , ¥y ¥

— ky YW
H(y) = {k2+k3 LY %

A7 gyt WEBH P3A Apole) Ao,
ke E29ne) REaE ZHAS
2 AYSAATIT, 3% ke BEA 2
& % AYed ATl

IAE EZWBst EER xold wAlsE
e g FA 3

my, Co gl

23. 499 Y 4% s2A%

(I+e-ecos0 esing)

%g\
z ]
o‘—_» w

2@ 5. Piston position.

V2EY ¥ 2zt RE Fo] YW BEE
2 3¥3 1, 719" 2 =(connecting rod)e] ¥y L
2AEE Bed gk

z2(0) = e{l—cosb
+ 4 (1-VT-Fsin%))

= £
/1——1,

(16)
6= 8t

714 & AYYR e Zojola, ek FY
g2 =9 HA(eccentricity) 2831 2% RElS9
A&z HdE YR AHL Ff2E ¥Y
of 2% MM PBr W] T AH o }L
7 o] EHHT,

Vg = V0+7FRC_ZV1Z(0)

(17)
- zrlz- 7 x+ 7r7'22 C Yy

A1 Vo' H2Eo] AR e 9 Ay
(clearance volume)eli, R 2 HAEQ W7o
N, nd rne BEAFE FARI G483 24
2 (sharp edge) 2§+ T3 2ol EHH.

(2 71,'5)2_ (2 ) )2

N = 1+ (21’1)2 Cs(x)
(2ru)?= (27" e
72 = 1+ (272)2 Cd(y)

Y R gEe Wzt ol 47]As ol
HepastE B3 94Uy WEe eE7 9WsYw
ARse tew 2

p, = M (RT;
, =

v, (19)

FUS EF % 4AY R xR
Mg e e 2o

rr;g(t) = 271’{Cs(x)rlps(t)x(t)wz(t) (20
= Cy(¥)r0,() y(t)wy(2)}

3. £A 84

28N dFFH 45L& 4% Runge-Kutta @

-133 -



Wg olgsted FAANE AT

FAANE Fsted ALY ¢E7)9 BEA 00 | — xorrot
e g3 2o 80 —— Discharge Port

R | 81486 [J/kg K] | m; | 133.593e-6 [kgl 5 60

T 3365 [K] mz | 83.8447e-6 [kgl 8 50

T 368.0 [K] k: | 83496 [N/m] > 40

Ts | 4017 [K) kz | 7800 [N/m] 34

Py 0.11525e6 [Pa] k3 2.0edb [N/m] 8 20

Ps | 146840e6 [Pal | ¢ |0.021829 [kg/sec]| © 10

Vo 9.0e-8 [m’] cz | 0.1053 [kg/sec] o

ri 0.00285 [m] cs | 15.099 [kg/sec] o

rz 0.0025 [m] t 0.00272 [m] °R9888R983888388888¢83¢8

Tos 0.00475 [m] tz 0.00178 [m] Angle of Crank Shaft [Degree]

Tod 0.00345 [m] ] 37.312e-3 [m]

Vo 0.001 [m] e 7.6455e-3 [m] a9 7. Gas flow velocities in suction

and disharge port.

x 2. FAHAA A AR EEV]e] E4A
0020 2046 30e-5
2.8e-5
0018 —— Suction Valve - 236 S 2 5: s
—— Discharge Vaive N o= U7
0018 —— Inthe Cylinder 28 § 5 23e5
T E g 2.0e-5 A
E. £ 3 18es
£ § £ 1505
= £ c
2 £ g %
§ . g é 1.0e-5
a < 756
[l ©
& O 50e6
2.5¢-6
0.0 ———— . . .
©R 988889888838 8858¢8
rrrrr N N NNNHOm o
Angle of Crank Shaft [Degree] Angle of Crank Shaft [Degree]
I 6. Valve motion and pressure in the 23 8 Gas mass in the cylinder.

cylinder. 2 mRoA A9 thRg T Wpr

29w owzirol PANY S4Y FAY FE5}

FAFAANA F2Ee] AAATDONNN 3t FAs Zss= RS 2 2 9ok AAANAE

ARBDCOICRE o]F3H HAUG WFe dEHol wus 28 w §27 FolAWA Ao npEd

vold FUwEs A Jud 28 60 B o] A st WEy o AL $EL I A

= ouhg} gol Wy LA o H8H UFd o=z A
<4 ¥ (fluttering).
EZRHAM 32Eo] sARAH FAPOR 4 WHAEI] ol ulE s

olF3tH, A WRe o] FopAn YA
o]do] HW E&FWHI A AUy e 4
Aord o) 2eprtA @A dvh EEdEE

N (stopper)oll ol&] 1 EFo] AJH FUH

93, FUMRel AFS Wuel Bywe AE

oM suE EEE A ad. QA AolAUe skl Yo, 4w
9 TN S3RAN ST GT0 Bl U no qeue wwd w=st ¥ valve plate)
= o Z ol (=) 5 ol &

B (_)]Z\L _Ei dne B F¥ A o FHE& Fol ¢¢HA(pressure gage)E M

Aolm avlel Bee Wolmelr ANGl B 4 xagan



Gap Sensor Proximitor
& Encoder
o
D I] Analyzer
Strain Gage

Pressure
Gage

Conditioning Amplifier

Charge Amplifier

¥ 9. A schemetic experimental setup.

Y

1.0

o.8

M

N P e, 2 P,
T V

0.8

1.D.C B.D.C

Ll

(a) Suction Valve Motion

1.0
-

s DA WA

" Nl ]

-tom]

(b) Pressure in the cylinder

2% 10. Experimental results.
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