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BACK~-FRESSURE MECHANISM OF SCROLL COMFRESSOR

Qian Zhongliang i Zhang Zhihengs
Xi'an Jisotong University General Machinery Remearch Institute
Xi'an, Shaanxi, China s Anhui, China '
ABSTRAGT

On the principle of changeable manma thermodynamics, a thermodynamic model
of working process for seroll compressor with Welf-ad jueting back-preesure me-
chanism is established in this paper., General motion law of back-pressure ports
position is developed by Bolving thermod ynamieg mode] of compressor and CATTYing out
dynamical eomputation. In this method, the guarantee of higher volumetrio and
mechani cal efficiency is Tegarded am the confined eonditien,

hot

dmj =

N

SYMBOLS

polar radius of the centre of the backpressure port, m
polar angle of the centre of the backpressure port, ("
eccentricity of the erank, m

angle of rotation (@)

radins of the backpressure port, m

chamber, m2
mass of the gas in the compression chamber, kg
specific interna)l energy of the gam in the compression chamber, kJ/kg

sp;cific enthélpy'of the gas flowing into the compreasion chamber,
kJ/kg

ap;cifio enthalphy of the gas flowing out of the compression chamber,
kI/kg .

angular veloeity, rad/s
mase of the gas microelement flowing into the compressor chamber,kg

mans of the £a8 microelement flowing out of the compreesion chamber |
ke

mass of the gas microelement flowing between the backpressure chamber
and compression chamber, kg

temperature of the €28 in the compreseion chamber, K
Zpecific volume of the €a8 in the compression chamber, m3/kg
pressure of the gas in the compression chamber, (1D5Pa)
predsure of the gas in the backpreseure chambey (105pa)
radius of basic circle for involute, m

expanding angle of point A on the Wrap, rad

starting angle of the invelute, rad

polar radius of the backpressure pPort tangential to the Wrap

increment of by, which ig chosen according to the machining require-
ments of backpressure port, m

inoluded angle between an arbitrary point on the circule of the back-
pressure port and the horizontal axis, rad
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INTROIUGTION

One of the key technologies of the seroll compressor ig the appropriate ba-
jance of the arial force, which not only gurantees that the mating acrolls do
not separate in the compregsion and prevents gas from radial leakage, ut aleo
ensures that the acting force on the contact surfaces of the mating merolla is
not too great, and prevents the mechanicel officiency decreasing. Currently »
there are mainly ghree methode to balance the axrial gas force, 1.0.y exerting
an axial bearing counter—force, a epring foroe or 8 backpressure gas force on
the back of the orbiting scroll. The last method can not only compensate auto-
matioally the wear petween the mating serolls, tut also ad just the pressure of
the backpressure gas whenever the working condition changes. Therefore it has
found wide application in scroll compressorS.

When the third method is adapted 1o balance the axial gas force, the central
compression’ chamber and backpressure chamber are sonnected by the backpressure
port on the orbiting seToll, and the backpreasure of the gas in the backpressaure
chamber depend2 wholly on the position and geometrical dimensions of the port.
This paperl geometrically atudies the orbii of the backpressure port relative to
the static scroll and the law of the flow area change of the port; it finds out
the relationship betwean the pressure in the backpressure chamber and the posi-
tion and flow area of the backpressure port by applying the pamic law of ther-
modynamics and the principle of mass conmervationy it almo carries out dynamic
computation to determine the optimal position and geometrical dimenaions of the
backpressure port with the confining condition of enough volumetric and mecha~
nical effeiency of the compreescr.

LAW OF MOTION OF THE ‘BACKPRESSUR PORT
AND CHANGE OF THE FLOW AREA

Mass exchange of the actuating medium between the compression shamber and
backpressure chamber of the seroll compressor is carried out through the back=
pregsure port. Mass flow Tate between the two chambers is mainly determined
by the pressure ratio 7;(0) and flow area s(e), and the pressure ratio Ti(€)
petween the two chambers i@ connected closely with the flow area (@) and the
pomition and diameter of the backpreassure port. To learn about the pressure
change in the backpreasure chamber when the compreasor ig working, we mast find
out the orbit of the backpressure port relative to the static acroll and solve
for the law of the flow area of the backpressure port changing with the orbit-
ing angle.

Usually, two backpressure porta are made in the end plate of the orbiting
gcroll in the acroll compressors with pelf-ad jueting ‘backpreassure mechanism
which have a diameter of 2 mm and are 1809 out of phase. During the operation
of the orbiting seroll, the motion of the backpressure port's center relative
to the static geroll is governed by the same law as the relative motion of an
arbitrary point on the orbiting scroll. The motion orbit is shown in Fig. 1. .

The ecoordinates of the port center on
the orbiting scroll are (bucoap,-bo;sinﬂ)
and (=bagcosP ,Dor8in B ) respectively.Now '
examine <the port in the fourth quadrant.
projected to the static aseroll,the orbit
of the port center is 2 circle whose cen<
ter im at (bor o8 Ps ~boginp ) and radius o ffa 0
equals the ecoentricity of the crank To.

Thus, the equation iss

x = Yo cosp + ryc08d

() : .

y= ~bgyeinp - To8in®

In addition, the orbit of an arbitrary

point on the boundary circle of the port Ple. 1 orbit of the center of
is also a circle of the same radive To » * the backpressure port
and only the centeT of the cirecle is 1B 1.orbiting seroll 2.static croll
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a different position, as shown in Fig. 2, The equation of itm orbit is,

X = Dp1CoBP + rpcomd + e cos
(2)

¥ ==barsinB - rqy8in® - ¢ sin

During the operation of the orbiting
scroll, the backpressura port may be covered
partially or totally by the wall of the Hrap
on the statio seroll (See the dash area in
Fig. 2), which may result in the change in
the flow ares 5(0) between the backpressure
chamber and compreesion chamber. It may be
acquired by eolving the inamolute equation of
the static meroll and Eq.(2) simultaneously,

Assume the port radius e and chambey
volume V4 conetant, The pressure in the
backpressure chamber is mainly determiined
by the position of the port. In a motion
period, the port does not move in one com=
pression chamber only, which is determined
by the characteristic of the backpressure Fig. 2 Orbit of the backpressure
chamber fop balancing the axial foroe.If the port and ‘law of the flow
backpressure port moves in the first compre= arta change
3sion chamber or the mecond compresesion cham=
ber,the gas pressure in the backpressure ghamber,

Pp(@) has a range of P2(@) < Pu(8) <Pg; and such a high backpressure would jp-
crease the contact wear between the eénd surfaces of the mating scrolls, and
fail to ensure a high mechanical efficiency, If the port moves in the outer—
most compression chamber, then P3(8) < Pp(0)< P»(8); aid euch a low backpres-
Bure could not ensure the fit of the orbiting scroll to astatie seroll in opera-
tion and could hardly ensure the volumetric efficiency. Therefore,the back-
pregsure port ¢an only move in the second or third compression chambers. Thus,
with B determined, selection of b should satiefy the followin conditionss

1. static scroll

A. When 059:5}3, the port is in the second compression chamber, or is eo-
vered By the static scroll

B. When PB£6<£21 the port is in the third compression chamber, or is co-
vered by the static seroll .

The position of the backpressure port in the compreseion chamber with dif-
ferent angle of rotation © is shown in Fig. 3.

It can be meen from Fig. 3 that given B,b is
bebg+ &
where bo-/]_-n-goA* ~To+ e

and can be gained by

B . QOA(cos( CPA+0L) - sin (?A + )
4Bin (5DA +ol) + °°“(5°A +,)

ANALYSIS OF THE THERMODYNAMIC FROCESS

In order to determine the optimal position apd geometric dimensions of the
backpresmre port, it is necessary to find out the pressure of the gas in the
compression and backpressure chambers and law of itg change, and analyze the
arial force and overturning moment on the orbiting scrolil. Therefore the ther~
modynamic mode] of the chambers mugt be established and 8olved,
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a) Pomition of the port b) Position of the port
when ©<P when © =P

1. Thermodynamic Model of the Compression

Chamber

The compression chamber connectsd with (O],
t+he backpressurs chamber is taken &as the
control volume, the connected system im @
shown in Fig. 4. Amsume that the volumes
of the suction and discharge chambers are
indefinitely great, and gae flow in the
suction, discharge and leakage process and D
uaes exchange between the two chambers is
all steady flow, and ignore the effect of , \‘
the lubricating oil om the performance of ;
the actuating medium and potential energy [
and kinetic energy of the medium,then, we
have the following equation by applying
the first law of thermodynamioss

b=

.¢) Position of the port
when © >B

- - o N

d(m) =eq adp - Hdmp + hidmi Fig. 3 Analytical gragh of the

= hgdmg ~ dw (3) reletionghip between D
and P

where de% iam the heat transfer microele — 1. orbiting acroll

ment betwaen the compreasion chamber and

‘backpressure chamber. 2, static aeroll

d@. im the heat transfer microelement between the compresgion chamber and
the outside system.

n* ie the specific enthalpy of the gaB flowing between the two chambers.

dmp is positive, and 1= hj when P(8)=Py(O),
dmp is negative, and N+ hpe when P(@)< Pb(a),

dw ie the compression microelement work.
dw = — PdVg ,
and Vg is the volume of the compreswion chamber.

When the rotating velacity of the crank is constant, © =T, 40 el
Hence Eq.{3) can also be expressed as the following differential form of B,

du am de , agh _ e dmp oy Smi dmg_ o Ve
wi+uggmaeta O @ + by gg - Po e Pde()
4
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a8 A (] dm;

Apply the total derivative relationship: r—-— _—— TiCQ,
@ E. O oy om '
a0 " \oT'v g5 * av)'rd,e an o = B en dw | Compression |
. .,+- chamber
E9.(4) can be converted inte: . - TV |
» ha o m.oh 12 |
40 (dQ , 48% vamb, | dmi_ | dm, dve el |
e [de Y46 "M 3e * Pige - b 3o- PRp- Teari=— =3 T_m__l
dm su, dy JP— inleeding
oo Ve ag]/(n@)y,) (s | |
[| Backpressure cacmser |
v _ ldve ve dm B
viere e~ 4(ve/m)/de - L S2e. m2’ 36 (5) | PoULT l
| my , f“ . Ug I
dm _ dmi_ dmo_ dmy It A
de@ " de ~ de - a8 ~——— . _l
dd‘
= ® (dm Pig, Thermodynamic model
and m m(°)+5 (38 ) d0 g 4 ¥
(=]

The above Eq.(5) is thus the basic equation of the thermodynamic model of
the compreesion chamber,

2. Thermodynemic Model of the Backpressure Chamber

Here the backpressure chamber indicated in Fig. 4 "ie taken as the control
volume for 2nalysing the thermoedynamic Procesm of the backpressura chamber. Ap~
Ply the firet law of thermodynami ea. Then,

a4 (mpup) = dQy -3 aQh + Kdm, (6)
where dQ, is the heat transfer microelement between the backpressure chamber
and system. When the chamber absorbs heat, day is positive; otherwise, it ig
negative,

Apply the total derivative Telationship. Then En.(6) can be written

4o (4o ;agh, j« dmb | dan_  oup, vy 2up
e '[d_g' -2‘58‘ *RE8 Ub 3 -mb Vo) a8 3/ [ S vp J (7

where dvp, d{vy/mp)  -vy dmp
o 4 me ae !

]
my = o)+ dmo,q

where vq im the volume of the backpreasure chamber.
Ignore the effect of oil deposition on the volume, then
Vd e ¢

Eq, (7) is thua the basio equation of the thermodynamic model of the back-—
preasure chamber.

The scroll compressor is c¢haracteriged with the continuous multi-chamber
compression, and the parameters of the &as condition in the backpras_sure chamber
are in periodical variation.Therefore the compreseion procese must satisfy  the
following convergence conditionm:

m3(360°) e my (0°)
T3(360°) = 1, (0°)
Pp(0%) = Py(360°)

T5(0°) « Ty(360°)

(8)

where m3.’1‘3 are the masa and tempera‘tu_re of the gas in the third compression
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chamber respectively. mg and T, are the mass and temperature of the gas in the
second compression chamber respectively.

Combining the squations (5)y (1) and (B), we oblain the basic equations of
the thermodynamic model of the scroll compresscT with oelf-adjusting backpres-
aure mechanism. Solving them, we can find out the preesure of the gas in the
compression and backpressure chambera and law of ite change.

DETERMINATION OF THE QPTIMAL POSITION
OF THE BACKPRESSURE PORT

1. Minium Backpressure Pbmin *to Ensure the Mating Scrolls do not

Separate
et et

Prerequisites of determination of the port position ia the calculation of
the minimum backpressure Fymin which engure the mating serolls do not separate
jn the operation, %o test whether the parameters of the poeition (b,B) meet
the requirements or not. Therefore the axial gas force Fy and overturning mo-—
ment exerted on the orbiting soroll should be salved for from the pressure dis-—
¢ritution in the compression chamber obtained by solving the above thermodynamic
model. Then Pppiy ocon Pe obtained from the balance of the axial forces on -

the orbiting scroll.

The preasure digtribution on orbiting mcroll and gelf-ad justing backpres—
sure mechanism is shown in Fig. 5. Since
the contact surfaces of the mating scrolle Discharge prasjure
are mot very wide, we can consider it to be  es prassurt "","5'.3}_';:}‘.'“"'“'
linear distribution of pressure here. Then il

1
Foo * 3 (Pp + Pa) (Ap = Ac) (9)
where Ay ig the axial projected area of the 181
orbiting scroll. 4Ab = IL'p? (where D is e
the diameter of the end $1ate of orbiting
scroll. )

And Ag is the axial projected area of the p
siction pressure, compression chamber pre= / v _/A
mgure, and central chamber pressure acting

on the orbiting scroll. - Me

Asgume that the backpressure chamber pre- Py max
sgure is just in equilibrium with the axial A
foree and overturning moment at a instant. X )
Then the axisl force equilibrium equation of Fige 5 Sketch of the self-adjust-
the orbiting acroll is ing backpreseure mechaniem
is and pressuTe distribution
2Ny on orbiting seroll

Pomin® 40 = Fy + Fpo + (10) n oTbiting
Theiubstitute Bq.(9) into Eq. (10), and note that at the moment, Pu=Pumins

,

2P, Ap—Ae M

Pomin © Tbﬂ:' * hpthe T 7 nf Ap+Ac) ..
From BEq.(11), under given working comditions, with Ay and Ay constant and My
only varying slightly, the veriation of th is mainly affected by the
arial f°£“ Fy. When Fg increanes, Ppmin B :ncreases as well. When © =
(where 87 is the exhaust angle of the compressor), and Fy is the maximum,Pyp;
resches its maxisum es well. ’ i

2, Determination Method of the Port Pomition

Minimum backpressure Pbmin provides the baeis for testing whether the cho-—

sen port position (b,p) meets the requirements or not. If with the firgt cho—

sen P, the thermodynamic and dynamie computations prove that Pu(@)in greater
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than P, . the determination of the pemitien is then reasonable, Otherwise,

B shau?‘&ln"be increased until the above requirements are met, However it
should be noted that too high a chamber preasure Py( @ ) would inerease the frie—
tion between the contaoct surfaces of the mating serolls and reeult in the de-
cline in the mechanical efficiency of the compressor N me

Thersfore the determination of the port position should conform to the fol-
lowing principle,

When selecting the proper P, we should firgt guarantee Py(8)> Pimin 20d

the volumetric efficiency v » and at the eame time restrict P (9), 1o prevent
the apparent decline in the mechanical efficiency N ms+ The rela:Eionuhip between
the polar angle of the port P and the efficiency of the compressor is shown
in Fig. 6. It would be most ideal if the chosen B ecould alwayes ensure Pb(e)-
=Pbmin; however, it is impossible to do 50 because Pb(e) and thin both vary
with 8, and their variastiona are both very complex. Therefore, the following
condition should be satimfied in the determi=
m)a,tian of the backpressure popt position (b, 7
Pe no

Pn'u'.l'x £P< Jamta::

ad v
where Bmin iz the minimum B +to ensure the 0.6 Tm
mating scrolls do not geparate, o ) H
and Bm” is the maximum P to ensure +the e
mechanical wear will not be too great. Bui Brway
¢ X ® M 2 o5 N
CABE ANALYSIS Ty T ITT oM

The rbove method ham been applied +to Pig. 6 Relationship between the
analyme ‘the backpressure port position in polar angle of the port
our soroll compressor, and the result is shown and efficiency

in Pig. 7.

From Pig. 7, when P = 30° or 459 , it

cannot be ensured that Pb(e);Pbmin; there -

fore it is not reamonable that Be 30° or

459, when B 60°, it ig ensured that Pp(0)z
. - ;

Fyminj therefore Pmin = 60° ie appropriate

to choose. When PB contimues to inerease,
Pb(e)-Pbmin will increase a= well.From Fig.

8, we know N m Wwill decrease, and when B

= 105° , 7lm will have had an apparent de—
crease. Therefore the selection of B should
ratinfy: 60°< P < 105°, Considering the
reliability of the compressor, it ia proper
to melect P = 750. Analyeis and computation
show that the proper positiona of the pair Figs 7 Law of Py(®), P . and
of backpressure port centers on the orbiting P
seroll are at 01(34mm,75°) and 0, (34mm,255°)

respectively, as shown in Pig. 9,

oo changing with +the

angle of retation ©
(Pm i® the average gas pressure

in the compresgion chamber con-
CONGLUSION nected with the backpressure

1. Backpressure mechanism is widely ap~ ©DBWDer in a cycle)

plied to balance the axial gas force in seroll
compressors, which guarantees the compressors ability to adjust to the chang-
ing working conditions.

2. Reagonableness of the backpressure mechanism ia mainly demonstrated in
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0} Nm
0.50 '
.35
o, 125

o FIg I L 135 140

Pig. 8§ Effect of B on the volu-
metric efficiency and me—

n fiei
chaaical efficiency Pig. 9 Position of the backpres-—

sure port in the speciman
the ability of the preasure in backpressure compreasor
ohamber to balance the arial gas force
sxzerted on the orbiting acroll. .

1. orbiting scroll
3. With the given chamber” volume and

port radiue e, the gas pressure in the backpressure chamber depends on the
poaition of the port (by, B).
<B =<

4., b is determined by P , which has a proper range of pmin 3max

t{hu= ensuring the great volumetric and mechanical efficiency of the oompressoT.

¥
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