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The rise in cri sis of power en thralls the world eco nom i cally and the op tions for con -
ven tional and non-con ven tional en ergy re sources have been searched out. No sys -
tem ex ists in this world with 100% ef fi ciency due to sev eral ir re vers ibil ity’s. If the
out put ob tained from the sys tem is max i mum for a given in put, max i mum amount of
en ergy can be saved glob ally. To un der stand the ther mo dy namic losses oc cur ring
in the sys tem and to pre dict the avail able en ergy that can be tapped from the sys tem, 
exergy plays a ma jor role. Ex per i men tal study on exergy in a sys tem can pave the
way to un der stand the com plete be hav ior of the sys tem exergually. Con cep tu ally
exergy stud ies are based on sim u la tion, to pro vide a new di men sion to the con cept
of exergy ex per i men tal val i da tion have been pro moted. The anal ogy of exergy anal -
y sis of three re frig er ants work ing in scroll com pres sors and their exergual fea tures
are ex plained in this pa per. The re frig er ants R22, R417A, and R407C and their
thermo dy nam i cal be hav ior, ir re vers ibil ity were ex per i mented in an air con di tion -
ing sys tem with three scroll com pres sors, in ter ac tion be tween the sys tem and the
re frig er ant in terms of pres sure drop and heat trans fer, fric tion has been im ple -
mented for the cal cu la tion of exergy. The en tire sys tem per for mance on the ba sis of
re frig er ant is val i dated in each part of the air con di tion ing sys tem. The re sul tant
co ef fi cient of performanace of R407C is 2.41% less than R22 in a R22 de signed
scroll com pres sor with min i mal exergy losses. The sec ond law ef fi ciency of 50 to
55% ob tained in R22 has fewer rules over R407C and R417A which has 48 to 52%.
The di min u tive de vi a tion of re sults en cour ages R417A re frig er ant to be used as a
sub sti tute for R22. Thus the exergual pre dic tion of per for mance of re frig er ant and
sec ond law ef fi ciency can iden tify the use of eco-friendly re frig er ant in scroll com -
pres sor.

Key words: exergy analysis, scroll compressor, alternate refrigerant, HVAC
system, eco-friendly refrigerant

In tro duc tion

Air con di tion ers are the ma jor con sum ers of power. In heat ing, ven ti la tion and air con -
di tion ing (HVAC) sys tem the com pres sor con sumes 85% of the to tal power in put and the re -
main ing 25% is uti lized by the other com po nents. Due to the sys tems ir re vers ibil ity, 15% of the
en ergy sup plied to the com pres sor is ther mo dy nam i cally trapped and con verted in to un avail -
able en ergy. Hence in the cur rent sce nario the study of com pres sor is im per a tive. In com pres sor
the exergual losses are due to pres sure drop and heat trans fer char ac ter is tics in a sys tem. The
tech ni cal in no va tions and the en ergy cri ses force the re search ers to in ten sify the sys tem with
min i mum exergual losses, which re sults in the de vel op ment of scroll com pres sor. The pre vi ous
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stud ies in scroll com pres sor fo cused ther mo dy namic anal y sis and op ti mi za tion. This in cludes
the study of exergy that can im prove the tech nol ogy to avoid exergy losses. Exergy anal y sis can
be ap plied to the op ti mi za tion and per for mance eval u a tion of en ergy sys tems. A ther mo dy namic 
model for a vari able speed scroll com pres sor with re frig er ant in jec tion was de vel oped and the
de vi a tions of the pre dicted from the mea sured value were within 10% for ap prox i mately 90% of
ex per i men tal data [1]. This model in cluded the en ergy bal ance in the low-pres sure shell com -
pres sor, suc tion gas heat ing, mo tor ef fi ciency, and vol u met ric ef fi ciency con sid er ing gas leak -
ages as a func tion of com pres sor fre quency. Ex cept us ing the gen eral de sign op ti mi za tion model 
in cludes multi-vari able, di rect search, in equal ity con straint shows that the max i mum de vi a tion
of cool ing ca pac ity, co ef fi cient of per for mance (COP) are be low 2.53 and 1.69% [2].The com -
pres sor com po nents are an a lyzed in terms of nine dif fer ent el e ments. Us ing sim u la tion pro gram
based on the over all com pres sor model, a para met ric study of the scroll com pres sor was per -
formed.

R22 has been widely ac cepted as the lead ing re frig er ant for higher COP, due to the en -
vi ron men tal is sue this re frig er ant has to be phased out. The iden ti fi ca tion of di rect sub sti tute for
this re frig er ant be comes an is sue. R407C heat pump hav ing a large tem per a ture dif fer ence
shows im prove ment in com pres sion pro cess for a steady op er at ing con di tion [3]. Thermo-eco -
nomic anal y sis on sec ond law based ther mo dy nam ics ap plied to evap o ra tive cool ing sys tem
cou pled to an ad sorp tion dehumidifier, with exergetic man u fac tur ing cost (EMC) ap pli ca tion to
dif fer ent con di tions for op ti mi za tion of op er at ing cost and pre dicted the ef fec tive ness of a di rect 
evap o ra tive cool ing as 90% and in di rect evap o ra tive cool ing is be tween 70 and 80% [4]. The
her metic scroll com pres sor with vari able speed scroll for dif fer ent work ing con di tion the sig nif -
i cant en ergy sav ing on av er age equal to about 20% by adopt ing a scroll com pres sor speed con -
trol al go rithm [5].

The math e mat i cal mod el ing of scroll com pres sor with steady-state en ergy bal ance
equa tion us ing lumped ca pac i tance method and the tem per a ture of com pres sor el e ments to get
power con sump tion and ef fi ciency of com pres sor and it is ex plained that the ra dial and flank
leak age gap size, the com pres sor ef fi ciency de creases from 49.20 to 38.51%, and 47.88 to
43.09% [6]. The exergy anal y sis of va por com pres sion re frig er a tion sys tem for in ves ti gat ing the 
ef fects of the evap o rat ing and con dens ing tem per a tures on pres sure loss, it was found that the
evap o rat ing and con dens ing tem per a tures have strong ef fects on exergy loss that af fects sec ond
law ef fi ciency and COP, the to tal exergy loss de creases with de creas ing tem per a ture dif fer ence
be tween evap o ra tor and re frig er ated space is also ver i fied [7]. The heat pump sys tem with
economizer cou pled scroll com pres sor can ex tend ef fec tively its op er at ing ranges and pro vide a
tech no log i cal method to en able the heat pump to run steadily in se vere weather con di tions, the
es sen tial pa ram e ter that af fects cru cially the per for mance of heat pump sys tem us ing ex per i -
men tal data of the heat pump pro to type the rel a tive in ter me di ate pres sure is also re ported to be
in-be tween 1.1 and 1.3, re spec tively [8]. Ther mo dy nam ics and heat trans fer mod el ing of scroll
pump, its func tion ing and com par i son of the per for mance of scroll pump with other pumps are
given in [9]. The exergy anal y sis of heat pump sys tem with economizer cou pled with scroll
com pres sor, a de scrip tive ap proach to exergual ef fects in heat pump sys tem are given in [10].
The ba sic heat trans fer mech a nism with the con cept of two phase heat trans fer and exergy losses
in terms the exergo-eco nom i cal pre dic tion for heat ex chang ing ma te ri als, the im per fec tions in
ma te ri als to avoid ir re vers ibil ity is con sid ered [11]. Two-di men sional model has been de vel -
oped to study the fluid flow and heat trans fer in the work ing cham ber of scroll com pres sor, the
un steady con ti nu ity, mo men tum, and en ergy equa tions for the gas flow in scroll com pres sor
were for mu lated, the curvilinear, mov ing and de form ing scroll cham ber were for mu lated, the re -
sults shows that avail able em pir i cal cor re la tions with lumped pa ram e ter ap proach are in ad e -
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quate in pre dict ing the heat trans fer within the scroll com pres sor cham ber, the op er at ing speed
of 3000 rpm and max i mum scroll an gle of 400° is con sid ered in [12]. The ex per i men tal study of
con vec tive heat trans fer in the com pres sor op er at ing, at vari able speeds, us ing 13
thermocouples in stalled in side the com pres sor and tem per a ture mea sured at the dis charge port,
has been per formed to ver ify sim u la tion re sult with rel e vant heat trans fer co ef fi cient. The whole
con sec u tive com pres sion pro cess in the scroll com pres sor is sim u lated in de tail by solv ing equa -
tions of mass and en ergy bal ance for the re frig er ant [13].

Meth od ol ogy

Sys tem de scrip tion

The sys tem con sists of three scroll com pres sors with in di vid ual oil sep a ra tors. The oil
sep a ra tor is con nected to the con denser which is fixed with a re ceiver for stor ing the liq uid re -
frig er ant. The sys tem ends with the evap o ra tor, called as in su lated room. There are four valves
(valve 1, valve 2, valve 3, valve 4) placed be fore the com pres sor and three valves af ter the com -
pres sor (valve A, valve B, valve C) for the op er a tion of re frig er ants in di vid u ally in each com -
pres sor. Sen sors were placed at each in let and exit of com pres sor and con denser. The sen sors are 
con nected to a 12 chan nel dis play to mon i tor the tem per a ture. The val ues ob tained from the sen -
sors are con nected to a data log ger through the dis play. The pres sure and tem per a ture gauges
were placed at each sec tion to ob tain the read ing si mul ta neously. The setup con tain ing com pres -
sor, con denser, and ex pan sion valve are placed out side the room to avoid the heat and noise lib -
er a tion from the in stru ments. The com pres sor used is of 1.5 TR ca pac ity with ra dial com pli ance; 
the de tails about the com pres sor are en crypted in tab. 1.The con denser and evap o ra tor used is

de signed to op er ate un der op ti mum con di tions for re frig er ants R22, R417A, and R407C. 

Ex per i men tal pro ce dure

The re frig er ants were charged in di vid u ally with min eral oil in each com pres sor, the
pre lim i nary leak test was con ducted and leak ages were com pletely con trolled since the exergy
ef fi ciency lies on less en tropy losses. The sche matic of the ex per i men tal plant lay out is de picted
in fig. 1. Ini tially the sys tem is op er ated with R22 with min eral oil. The sys tem is al lowed to run
for 45 min ute to 1 hour, dur ing which valve 1 is opened and valve 2, valve 3, and valve 4 are
closed. So the re frig er ant flows through com pres sor 1. The time taken to at tain 25 °C in the room 
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Ta ble 1. Spec i fi ca tions of the scroll com pres sor used in the ex per i men tal plant

No.
Com pres sor

types
Refrig-
erant

In put power
Lu bri cant

used
Mo tor out side

di am e ter
Ca pac ity

[W]

1. Com pres sor 1 R22
220 V,

three phase
Min eral

oil 
140 mm 5250 (1.5TR)

2. Com pres sor 2 R417A
220 V,

three phase
Min eral

oil
140 mm 5250 (1.5TR)

3. Com pres sor 3 R407C
220 V,

three phase
POE

(polyolester)
140 mm 5250 (1.5TR)



were cal cu lated for com pres sor 1. Sim i larly by vary ing the evap o ra tor tem per a ture as 2, 4, 6, 8,
and 10 °C. The cor re spond ing pres sure, and tem per a ture read ings are re corded in the data log -
ger. Af ter the op er a tion of a com plete cy cle with R22 valve A with valve 2, valve 3, valve 4 are
closed. The re frig er ant R22 is con tin u ously pumped into the com pres sor with out dis charge, till
the pres sure gauge shows neg a tive pres sure and the valve 2 is com pletely closed. The com pres -
sor 2 con tain ing re frig er ant R417A is switched on and the valve 1 and valve 3 is opened along
with valve B. A set of read ings were taken af ter 1 hour of the op er a tion of R417A at 25 °C. Now
the valve B is closed, it is con firmed from the neg a tive pres sure that all the re frig er ants were
pumped into the com pres sor and valve 3 is closed. 

Fi nally the sys tem with R407C is op er ated by open ing the valve C and valve 4 and the
com pres sor 3 is switched on. Sim i lar pro ce dure is re peated for R407C with var i ous evap o ra tor
tem per a tures of 2, 4, 6, 8, and 10 °C. All the re frig er ants were pumped into scroll com pres sor by
clos ing valve C and valve 4. Dur ing the op er a tion of sin gle com pres sor the valves per tained to
other com pres sors are closed so that no leak of re frig er ant from one cy cle to the other is en ter -
tained.

Ex per i men tal anal y sis

The anal y sis car ried out for a spe cific op er at ing con di tion by main tain ing the evap o ra -
tor coil tem per a ture as 10 °C the room main tained at 25 °C with con denser tem per a ture of 45 °C.

Heat trans fer loss be tween com pres sor wall and the sur round ings is:

Loss w
w

= -
æ

è
çç

ö

ø
÷÷Q

T

T
1 0 (1)

where Qw is the heat trans fer through the wall, TW – the wall tem per a ture, and T0 – the am bi ent
tem per a ture.

Due to mix ing of re-ex pan sion gases, the fresh charge which leads to the exergy loss:
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Figure 1. Experimental plant lay-out



Loss gen= T S0 (2)

The ir re vers ibil ity oc cur ring in a sys tem is mainly due to wire draw ing, dif fer ent
modes of losses in a scroll com pres sor is due to mix ing, fric tion, con duc tion, suc tion wire draw -
ing, and dis charge wire draw ing.

Exergy loss due to mix ing

The exergy de struc tion oc curs in side the com pres sor. This loss is due to mix ing of
re-ex pan sion of the com pressed re frig er ant va por and fresh charge at the time of ex pan sion:

I T m
Cp Q

TT

T

mix i
mixd

i

0

= +
æ

è

ç
ç

ö

ø

÷
÷ò0

q

q
(3)

Q m h hmix i i= -( ) (4)

The mix ing takes place in side the com pres sor, the loss in exergy mainly oc curs in-be -
tween the scroll mat ing parts. By vary ing the scroll an gle ac cord ing to the ar bi trary mo tion the
amount of loss in exergy can be pre dicted by us ing the for mula (3) where T0 is the ab so lute tem -
per a ture of the en vi ron ment, Ti – the ab so lute tem per a ture just down stream of an adi a batic throt -
tling pro cess, q – the an gle, and h – the enthalpy.

Exergy loss due to fric tion

The exergy de struc tion rate as so ci ated with a rate of fric tion work that is dis si pated as
a heat trans fer to cyl in der wall:

I T Sf gen= 0 (5)

where
S

m P

T
gen

in

=
D

r
(6)

Exergy loss due to con duc tion

This exergy loss oc curs by the con duc tion from the shell to the at mo sphere:

I Q
T

T
cond w

w

= -
æ

è
çç

ö

ø
÷÷1 0 (7)

Exergy loss due to suc tion wire draw ing

The fluid flow ing into the sys tem, the exergy de struc tion rate due to adi a batic throt -
tling is given by:

I T m S Ssuc i i
= -0

1( ) (8)

Exergy loss due to dis charge wire draw ing

I T m S Sdis i i
= -0

1 11( ) (9)
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Exergy loss due to con vec tion

I h hcon = -2 3 (10)

Work wasted in com pres sor

W I T S Sr con= + -0 3 2( ) (11)

Exergy loss in evap o ra tor

The en tropy gen er a tion in evap o ra tor is due to pres sure loss:

DP S S
h h

T T
evap = - -

-

+

æ

è
çç

ö

ø
÷÷1 4

1 4

4 1

2 (12)

Exergy loss in con denser

The en tropy gen er a tion due to pres sure loss in side the con denser is given by:

DP S S
h h

T T
C

T

T
cond pv= - +

-

+

æ

è
çç

ö

ø
÷÷ +3 2

2 3

2 3

2

2
1

2 ln (13)

To tal exergy loss in a sys tem is the sum ma tion of all exergy losses in var i ous aux il ia -
ries of the sys tem:

I I P P I I I Itotal mix cond evap con dis suc cond= + + + + + +D D (14)

Sec ond law ef fi ciency

hII
rev

ac

=
W

W
(15)

where Wac = Wrev + Wr

W Q
T

T
rev evap

evap

= -
æ

è

ç
ç

ö

ø

÷
÷

0 1 (16)

Work re jected in com pres sor

W T S Srej = -0 2 1( ) (17)

Work re jected in ex pan sion valve

W T S Srej = -0 4 3( ) (18)

Work re jected in evap o ra tor

W T S S T
Q

T
rej

b

space

= - -
æ

è

ç
ç

ö

ø

÷
÷0 1 4 0( ) (19)

Q T S Sb c= -( )1 4 (20)

Re sults and dis cus sion

The evap o ra tor pres sure loss as so ci ated with the con dens ing tem per a ture, shows the
in flu ence of con dens ing tem per a ture on evap o ra tor pres sure loss (fig. 2). Even though the pres -
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sure loss in side the evap o ra tor is very small,
the loss is ac counted since the con cept of
exergy de pends on pres sure loss and heat
trans fer. It is ob served that the pres sure loss
for re frig er ant R22 is 0.01% less com pared to
R417A and 0.04% less com pared to R407C.
As the tem per a ture of the re frig er ant in creases
to the in crease in length of the evap o ra tor the
pres sure drop crop up due to fric tion and heat
trans fer. The den sity de creases in each com po -
nent of mix ture re frig er ant is due to heat and
fric tion in side the tube which in flu ences more
pres sure loss for eco-friendly re frig er ants than
con ven tional re frig er ant.

The work re jec tion is fre quent with any
air-con di tion ing cy cle op er at ing at dif fer ent
tem per a tures. The in crease in evap o ra tor tem -
per a ture per suades the work re jec tion ca pa bil -
ity of the sys tem which is en crypted in fig. 3. It 
is ob served that as the evap o ra tor tem per a ture
in creases the mass flow rate through the sys -
tem is less, whereas if the evap o ra tor tem per a -
ture is low the mass flow rate in creases in the
sys tem which leads to more work re jec tion.
For the mix ture re frig er ants the en tropy losses
is more due to the prop erty of poor heat hold -
ing ca pac ity.

The in flu ence of evap o ra tor tem per a ture
on con denser pres sure is shown in fig. 4. The
pres sure loss oc cur ring in con denser is rel a -
tively high com pared to that in evap o ra tor.
This is due to the high pres sure and tem per a -
ture of the re frig er ant at the com pres sor dis -
charge, i. e. the con denser in let. De pend ing on  
the evap o ra tor tem per a ture the mass flow rate
in the con denser is in creased or de creased, so
the pres sure drop in side the con denser is de ter -
mined by the change in mass flow rate. Due to
high vapour pres sure, the pres sure drop for
mixed re frig er ants is high.

The in crease in COP de ter mines the per for -
mance of the sys tem. The ef fect of con denser
tem per a ture has the vari a tion in COP which is
shown in fig. 5. It is ob served that the in crease in
con denser tem per a ture de creases the COP for
con stant evap o rat ing tem per a ture of 10 °C.The
heat loss for R417A and R407C is larger than R22 which re sults in lower co ef fi cient of per for mance
for R417A and R407C.
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Figure 2. Influence of condensing temperature on
evaporator pressure loss

Figure 3. Percentage of work rejected for the
increase in evaporator temperature

Figure 4. The influence of condenser pressure loss
for the increase in evaporator temperature



The com pres sor con trib utes the ma jor work
re quire ment for the air con di tion ing sys tem, the
losses or leak age (ra dial leak age, ax ial leak age)
of re frig er ant in side the com pres sor causes the
loss in exergy of the sys tem which de creases the
en ergy ef fi ciency ra tio of the sys tem. It is ob -
served that as the com pres sor dis charge tem per a -
ture in creases the exergy loss in crease which is
shown in fig. 6. As the tem per a ture in creases in -
side the com pres sor the re frig er ants R417A and
R407C fol lows the same trend as R22.

The vari a tion in COP to the in crease in evap o -
ra tor tem per a ture has the better in flu ence than the 
tem per a ture vari a tion in con denser, there is a
drift in in crease of COP for the evap o ra tor tem -
per a ture of 4 and 7 °C as shown in fig. 7, and this

shows that if the cy cle is op er ated at 4 and 7 °C better COP can be ob tained.

The sec ond law ef fi ciency de ter mines the per -
for mance of the sys tem as show in fig. 8. It is ob -
served that the per cent age of sec ond law ef fi -
ciency is im proved to 55% for R22, 54% for
R417A, and 52% of R407C for the cy cle op er at -
ing at the max i mum evap o rat ing tem per a ture of
10 °C. To have better sec ond law ef fi ciency the
sys tem has to be op er ated at higher op er at ing tem -
per a ture. The to tal exergy loss oc curs at 50% of
the sec ond law ef fi ciency for R22, 48% of
R417A, and 46% of R407C. This shows that the
sec ond law ef fi ciency of R22 is more com pared to 
eco-friendly re frig er ants.  When the mix ture re -
frig er ant gets heated up due to com pres sion it dis -
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Figure 5. The variation of COP for increase in
condenser temperature

Figure 6. The influence of compressor
discharge temperature on exergy loss

Figure 7. The variation of COP for increase in
evaporator temperature

Figure 8. Influence of evaporator temperature 
on the percentage of exergy loss



si pates more heat en ergy due to the de crease in
den sity and vis cos ity of difluoromethane (R32),
pentafluoroethane (R125), and R134a which is a 
mix ture in R407C and R125. R134a and R600
mix ture in R417A makes the re frig er ant to lose
more heat in the form of exergy that re sults in
higher exergy loss which is re spon si ble for
lower sec ond law ef fi ciency in eco-friendly re -
frig er ants.

Exergy de struc tion starts from the com pres -
sor suc tion tem per a ture, de pend ing upon the
com pres sor suc tion tem per a ture and pres sure
drop in the suc tion tube for re frig er ants R22,
R417A, and R407C (fig. 9). If the suc tion tem -
per a ture is above 14 °C the exergy loss is en -
hanced, so as to min i mize the exergy loss, the
com pres sor has to be op er ated within the suc tion tem per a ture of 14 °C. Prac ti cally it is im pos si -
ble to op er ate the sys tem with a suc tion tem per a ture of 14 °C in an air-con di tion ing ap pli ca tion.
The exergy loss in the com pres sor suc tion has to be scar i fied.

Con clu sions

The re frig er ant based exergy anal y sis re veals the suit abil ity of re frig er ant for scroll
com pres sor. Com pres sors with in di vid ual re frig er ants and min eral oil can per form better
thereby ac cu rate pre dic tion of exergy can lead to ac cu rate re sults.

The to tal exergy losses for R22 is found to be 1% less than R417A and 1.5% less than
R407C.To con serve the exergy loss by us ing eco-friendly re frig er ant R417A can be used as an
al ter na tive than  R407C.

To ob tain good sec ond law ef fi ciency and min i mum exergy the sys tem has to be op er -
ated with 4 °C evap o ra tor tem per a ture, 35 to 40 °C con denser tem per a ture, within 65 °C of com -
pres sor dis charge tem per a ture, and 14 °C of com pres sor suc tion tem per a ture.

For the mix ture re frig er ant to have good per for mance and less exergy loss the air con -
di tion ing cy cle has to op er ate un der con stant tem per a tures (with fixed evap o ra tor and con denser 
tem per a ture).
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Figure 9. The variation in exergy loss for the
increase in compressor suction temperature

No men cla ture

Cp –  specific heat of constant pressure, 
–  [kJkg–1K–1]

I –  identifier for inlet flow stream
Icon –  convection loss
Icond –  conduction loss
m –  mass flow rate, [kgs–1]
mi –  mass flow inlet, [kgs–1]
DP –  pressure difference, [bar]
Qb –  heat rejected from evaporator, [kW]
Sgen –  entropy generation, [kJkg–1K–1]
Si –  specific entropy before throttling,

–  [kJkg–1K–1]
Si

1 –  specific entropy after throttling, [kJkg–1K–1]

Si
11 –   specific entropy at the discharge, [kJkg–1K–1]

S1 –  entropy at the compressor inlet, [kJkg–1K–1]
S2 –  entropy above saturation point, [kJkg–1K–1]
S2

1 –  entropy in saturation point, [kJkg–1K–1]
S3 –  entropy at the exit of condenser, [kJkg–1K–1]
S4 –   entropy at the inlet of evaporator, [kJkg–1K–1]
T –  apsolute temperature, [K]
Tc –  condenser temperature, [K]
Tw –  wall temperature, [K]
T0 –   absolute temperature of the environment, [K]
T1 –  temperature at the compressor inlet, [K]
T2 –  temperature above saturation point, [K]
T2

1 –  temperature in saturation point, [K]



Ref er ences

[1] Park, Y. C., Yongchan, K., Honghyun, C., Ther mo dy namic Anal y sis on the Per for mance of a Vari able
Speed Scroll Com pres sor with Re frig er ant In jec tion, In ter na tional Jour nal of Re frig er a tion, 25 (2002), 8,
pp. 1072-1082

[2] Tseng, C.-H.,  Chang, Y.-C.,  Fam ily De sign of Scroll Com pres sor with Op ti mi za tion, In ter na tional Jour -
nal of Ap plied Ther mal En gi neer ing, 26 (2006), 10, pp. 1074-1086

[3] Zogg, M., The Swiss Ret ro fit Heat Pump Programme, Pro ceed ings, 7th In ter na tional En ergy Agency Con -
fer ence on Heat Pump ing Tech nol o gies, Beijing, 2002, Vol. 1, pp. 209-218

[4] Camargo, J. R., Ebinuma, C. D.,  Silveira, J. L., Thermo-eco nomic Anal y sis of an Evap o ra tive Desiccant
air Con di tion ing Sys tem, Ap plied Ther mal En gi neer ing, 23 (2002), 12, pp. 1537-1549

[5] Aprea, C., Mastrullo, R., Renno, C., Ex per i men tal Anal y sis of Scroll Com pres sor Per for mances Vary ing
its Speed,  Ap plied Ther mal En gi neer ing, 26 (2006), 10, pp.  983-992

[6] Aprea, C., de Rossi,  F., Greco, A., Renno, C., Re frig er a tion Plant Exergetic Anal y sis Vary ing the Com -
pres sor Ca pac ity, In ter na tional Jour nal of En ergy Re search, 27 (2002), 7, pp. 763-774

[7] Yumrutas, R.,  Kunduz, M., Kanoglu, M., Exergy Anal y sis of  Va por Com pres sion Re frig er a tion Sys tems, 
In ter na tional Jour nal of  Exergy, 2 (2002), 4, pp. 266-272

[8] Ma, G., Li, X., Exergetic Op ti mi za tion of a Key De sign Pa ram e ter in Heat Pump Sys tems with
Economizer Cou pled with Scroll Com pres sor, En ergy Con ver sion and Man age ment, 48 (2007), 4, pp.
1150-1159

[9] Sun der, S., Ther mo dy nam ics and Heat Trans fer Mod el ing of a Scroll Pump, Ph. D. the sis, Mas sa chu setts
In sti tute of Tech nol ogy, 1996

[10] Ma, G., Li, X., Exergetic Anal y sis of Heat Pump Sys tem with Economizer Cou pled with Scroll Com pres -
sor, In ter na tional Jour nal of En ergy (ac cepted)

[11] Ozisik, M. N., Ba sic Heat Trans fer, Mc Graw-Hill, New York, USA, 1997
[12] Ooi, K. T., Zhu, J., Con vec tive Heat Trans fer in Scroll Com pres sor Cham ber: A 2-D Sim u la tion, In ter na -

tional Jour nal of Ther mal Sci ence, 43 (2004), 7, pp. 677-688
[13] Wark, K. J., Ad vanced Ther mo dy nam ics for En gi neers, McGraw-Hill, New York, USA, 1995

Authors' affiliations:

S. Kalaiselvam (corresponding author)
Refrigeration and Air Conditioning Division,
Department of Mechanical Engineering,
College of Engineering, Guindy,
Anna University, Chennai – 600 025
E-mail: kalai@annauniv.edu

R. Saravanan
Refrigeration and Air Conditioning Division,
Department of Mechanical Engineering
College of Engineering, Guindy,
Anna University, Chennai, India

Paper submitted: July 26, 2007
Paper revised: December 5, 2008
Paper accepted: January 1, 2009

184 Kalaiselvam, S., Saravanan, S.: Exergy Analysis of Scroll Compressors  ...

T3 –  temperature at the exit of condenser, [K]
T4 –  temperature at the inlet of evaporator, [K]
TR –  tonage of refrigeration
Wrej –  amount of work rejected, [kJs–1]

Greek let ters

q –  angle of rotation (deg.)
r –  density, [kgm–3]


