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This pa per pres ents an ex per i men tal study on the re place ment of CFC12 and
HFC134a by the new R290/R600a re frig er ant mix ture as drop-in re place ment re -
frig er ant with and with out the ef fect of mag netic field. With out any mod i fi ca tion to
the sys tem com po nents drop-in ex per i men tal tests were per formed on a vapour
com pres sion re frig er a tion sys tem with a re cip ro cat ing com pres sor, which was
orig i nally de signed to op er ate with CFC12.The test re sults with no mag nets showed 
that the re frig er ant R290/R600a had 19.9-50.1% higher re frig er at ing ca pac ity
than R12 and 28.6-87.2% than R134a. The mix ture R290/R600a con sumed 6.8-
-17.4% more en ergy than R12. The co ef fi cient of per for mance of R290/R600a mix -
ture in creases from 3.9-25.1% than R12 at lower evap o rat ing tem per a tures and
11.8-17.6% at higher evap o rat ing tem per a tures. The ef fect of mag netic field force
re duced the com pres sor en ergy con sump tion by 1.5-2.5% than with no mag nets.
The co ef fi cient of per for mance of the sys tem was higher in the range 1.5-2.4% with
the ef fect of mag netic field force. The R290/600a (68/32 by wt.%) mix ture can be
con sid ered as an ex cel lent al ter na tive re frig er ant for CFC12 and HFC134a sys -
tems. 

Key words: hydrocarbon mixture, alternative refrigerants, ozone layer depletion,
global warming, magnetic field

In tro duc tion

The re frig er ants chloro fluoro carbon (CFC) and hydrochlorofluorocarbon (HCFC)
both have high ozone de plet ing po ten tial (ODP) and global warm ing po ten tial (GWP),  and con -
trib utes to ozone layer de ple tion and global warm ing. There fore these two re frig er ants are re -
quired to be re placed with en vi ron men tally friendly re frig er ants to pro tect the en vi ron ment. The 
hydrofluorocarbon (HFC) re frig er ants with zero ozone de ple tion po ten tial have been rec om -
mended as al ter na tives. Devotta et al. [1] have sug gested that R134a is the long-term re place -
ment re frig er ant for R12 be cause of hav ing fa vour able char ac ter is tics. The ODP of R134a is
zero, but it has a rel a tively high global warm ing po ten tial. The is sues of ozone layer de ple tion
and global warm ing have led to con sid er ation of hy dro car bon re frig er ants such as pro pane, iso -
bu tene, n-bu tane or hy dro car bon blends as work ing flu ids in re frig er a tion and air-con di tion ing
sys tems. Hy dro car bons are des ig nated as A3 (highly flam ma ble) re frig er ants by ASHRAE stan -
dard 34, the in dus try stan dard for re frig er ant clas si fi ca tion. Hy dro car bon (HC) re frig er ants have 
sev eral pos i tive char ac ter is tics such as zero ozone de ple tion po ten tial, very low global warm ing, 
non-tox ic ity, high mis ci bil ity with min eral oil, good com pat i bil ity with the ma te ri als usu ally
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em ployed in re frig er at ing sys tems. The main dis ad van tage of us ing hy dro car bon as re frig er ants
is their flammability [2, 3]. If safety mea sures are taken to pre vent re frig er ant leak age from the
sys tem then a flam ma ble re frig er ant could be as safe as other re frig er ants.

The ef fect of mag netic field is not still con sid ered as a well-known sub ject. It is be -
lieved that mag netic field could have an en hance ment ef fect on heat trans fer prop er ties. Sev eral
stud ies have been re ported on the use of mag netic el e ments in en hanc ing the per for mance in
many ap pli ca tions such as oil, nat u ral gas fur naces, die sel en gines, fuel lines, and also in wa ter
treat ment. 

Many stud ies have been con cen trated on the re search of sub sti tutes for CFC12. Rich -
ard son et al. [4] have in ves ti gated the per for mance of HC290/HC600a mix ture in a vapour com -
pres sion re frig er a tion sys tem. It was shown that pro pane and pro pane/iso bu tane mix tures may
be used in an un mod i fied R12 sys tem and gave better co ef fi cients of per for mance (COP) than
R12 un der the same op er at ing con di tions. Mix tures of around 50% pro pane and 50% iso bu tane
have very sim i lar sat u ra tion char ac ter is tics to R12 but COP would seem to im prove as the pro -
por tion of pro pane is in creased. Jung et al. [5] have tested the per for mance of R290/R600a mix -
ture in the com po si tion range of 0.2 to 0.6 mass frac tions of R290 yields an in crease in COP of
1.7 to 2.4% as com pared to R12. R290/R600a mix ture at 0.6 mass frac tion of R290 showed a 3
to 4% in crease in en ergy ef fi ciency and a faster cool ing rate as com pared to R12. Baskin [6] has
stud ied dif fer ent mix tures of HC600a/HC290 per for mance in res i den tial re frig er a tor/freez ers.
The 60/40% and 70/30% (iso bu tane/pro pane) were the best over all mix tures. Kuijpers et al. [7]
have the o ret i cally showed that 21/79 wt.% pro pane/iso bu tane mix ture should be con sid ered as a 
sub sti tute to CFC12. This com po si tion has an evap o ra tion pres sure and vol u met ric re frig er a tion 
ca pac ity com pa ra ble to CFC12. Hammad et al. [8] have car ried out ex per i men tal study with
four ra tios of pro pane, bu tane and iso bu tene as pos si ble al ter na tive to R12 in an un mod i fied R12 
do mes tic re frig er a tor. The hy dro car bon mix ture with 50% pro pane, 38.3% bu tane, and 11.7%
iso bu tene showed better per for mance among all other hy dro car bon mix tures in ves ti gated. Ex -
per i men tal re sults of Jung et al. [9] have in di cated that the mix ture of pro pane and iso-bu tane
with 60% mass frac tion of pro pane has higher COP, faster cool ing rate, shorter com pres sor
on-time and lower com pres sor dome tem per a tures than R12. Akash et al. [10] have con ducted
per for mance test with LPG (30% pro pane, 55% n-bu tane and 15% iso-bu tane by mass frac tion)
as a pos si ble sub sti tute for R12 in do mes tic re frig er a tor. The cool ing ca pac ity and COP were
com pa ra ble to those of R12. 

Sami et al. [11] have pre sented the test re sults of the per for mance of new al ter na tive
re frig er ants such as R410A, R507, R407C, and R404A un der var i ous con di tions of mag netic
field. They re ported that the in crease in mag netic field force, in creases com pres sor head pres -
sure and dis charge tem per a ture slightly as well as less liq uid re frig er ant was boil ing in the com -
pres sor shell. The mag netic field was ap plied to the work ing fluid in the liq uid phase to dis rupt
intermolecular forces in the work ing fluid and en hance ex pan sion of the work ing fluid mol e -
cules. This re duces the amount of re sid ual liq uid that is boiled in the com pres sor shell, low er ing
the power con sump tion of the com pres sor and im prov ing the per for mance of the sys tem. They
also re ported that the increase in the mag netic field force (Gauss level) en hances the COP of the
sys tem. Sami et al. [12] have pre sented the test re sults of the per for mance of new al ter na tive re -
frig er ants such as R410A, R507, R407C, and R404A un der var i ous con di tions of mag netic
field. They re ported that the ef fect of mag netic field on re frig er ant mix ture var ies from one mix -
ture to an other de pend ing upon the mix ture’s com po si tion, boil ing point, and thermo phys i cal
prop er ties. They also re ported that the use of mag netic fields have in flu ence on ther mal ca pac i -
ties of the con denser and evap o ra tor. 
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Fig ure 1 shows the sat u rated vapour
pres sure vs. tem per a ture for R12, R134a,
and R290/R600a (68/32 by wt.%) mix ture.
It was ob served from fig. 1 that the sat u rated 
vapour pres sure curve for pro pane/iso bu -
tane mix ture of pro pane con cen tra tion equal 
to 68% is very close to the vapour pres sure
curves of the re frig er ant R12 and R134a,
and can be used as a po ten tial ret ro fit re frig -
er ant. The R290/R600a (68/32 by wt.%) is a 
zeotropic blend with tem per a ture glide of
7.6 °C  at 101 kPa and it shows dif fer ent
vapour and liq uid com po si tions when in
equi lib rium. Mix tures with tem per a ture
glide about 5 °C or larger of fer a the o ret i cal
po ten tial to im prove the per for mance of the vapour com pres sion sys tems. In this work the re -
frig er ant R290/R600a (68/32 by wt.%) was se lected and stud ied in a vapour com pres sion re frig -
er a tion sys tem with and with out the ef fect of mag netic field force and com pared with R12 and
R134a. The re frig er ant pro pane/iso bu tane mix ture is be ing sold un der dif fer ent brand names as
sub sti tutes for CFC12. But this R290/R600a (68/32 by wt.%) mix ture is a new HC blend com -
posed of pro pane 68% and iso bu tane 32% on mass ba sis and per formed better than other pro -
pane/iso bu tene mix tures. Ini tially the sys tem was checked for leak age and then the re frig er ant
R290/R600a (68/32 by wt.%) mix ture was charged in the liq uid state to as sure proper mix ture.

Ex per i men tal ap pa ra tus

An ex per i men tal setup of a vapour com pres sion re frig er a tion sys tem was built to in -
ves ti gate the per for mance R12, R134a, and R290/R600a (68/32 by wt.%) mix ture. A sche matic
di a gram of the ex per i men tal setup is shown in fig. 2. It con sisted of two loops; a main loop and a
sec ond ary loop. The main loop was com posed of com pres sor, con denser, a fil ter-drier, re frig er -
ant flow me ter, sight glass, ex pan sion valve, and evap o ra tor. The com pres sor was an open, re -
cip ro cat ing type. The ro tat ing speed of the com pres sor was 855 rpm and its speed could be
changed by a vari able di am e ter belt pul ley of the elec tri cal mo tor.
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Fig ure 1. Vapour pres sure curves for R12, R134a,
and R290/R600a (68/32)

Figure 2 . Schematic diagram of the experimental setup



The con denser and evap o ra tor were of both cop per dou ble tubes. In the dou ble tube
con denser, the re frig er ant flows through the in ner tube while the cool ing wa ter flows through
the an nu lar space be tween the in ner and outer tubes. In the dou ble tube evap o ra tor the brine so -
lu tion (cal cium chlo ride/wa ter so lu tion) flows through the in ner tube and the re frig er ant flows
through the an nu lar space be tween them. For min i miz ing the heat loss, the outer tube was well
in su lated. Two sight glasses were in cor po rated into the sys tem, one in the liq uid line at the con -
denser out let and an other in the vapour line at the evap o ra tor out let in or der to give a vi sual in di -
ca tion of the re frig er ant cir cu la tion. The sec ond ary loops were com posed of a pump, a flow me -
ter, and an elec tri cally heated unit within the in su lated tank. One tank was filled with cool ing
wa ter and cir cu lated through the con denser tubes while the other tank was filled with brine so lu -
tion and cir cu lated through the evap o ra tor tubes. The hot wa ter com ing out of the con denser
tube was sup plied to a cool ing tower to be cooled. This cooled wa ter was pumped to the cool ing
wa ter tank via a sep a rate pump. Six mag netic el e ments with a Gauss level of 4000 each were em -
ployed in this study. The di men sions of the mag nets are 25 ´ 25 ´ 10 mm. These mag nets were
placed on the re frig er ant full liq uid line at con denser out let. This is con firmed by ob ser va tion
through the sight glass.

Ex per i men tal pro ce dure

The main ob jec tive of this study is to com pare the com pres sor en ergy con sump tion
and sys tem co ef fi cient of per for mance with and with out the ef fect of mag netic field. Rotameters 
were used to mea sure the flow rates of the cool ing wa ter and brine so lu tion with an ac cu racy of
±0.05 L per minute. The re frig er ant flow me ter was used to mea sure the re frig er ant flow rate
with an ac cu racy of ±0.0125 kg per min ute. RTD type thermocouples were used to mea sure the
tem per a tures with an ac cu racy of ±0.1 °C and pres sures were mea sured us ing cal i brated pres -
sure gauges with an ac cu racy of ±1 psi. Each sen sor was cal i brated to re duce ex per i men tal un -
cer tain ties. The range and ac cu racy of equip ment used in the ex per i men tal test setup are sum ma -
rized in tab.1. The tem per a tures and pres sures of the re frig er ant and sec ond ary fluid
tem per a tures were mea sured at var i ous lo ca tions in the ex per i men tal setup as shown in fig. 2.
The com pres sor power con sump tion was mea sured us ing a wattmeter. The ac cu racy of ro ta tion
of wattmeter disc was ±1 s for 10 rev o lu tions. An ex pan sion de vice was used to reg u late the
mass flow rate of re frig er ant and to set pres sure dif fer ence. The re frig er ant was charged af ter the
sys tem had been evac u ated.

     Ta ble 1. Range and ac cu racy of the measuring equip ment used in the test setup

Mea sur ing equip ment Range Ac cu racy

Tem per a ture sen sor

Pres sure gauge 1

Pres sure gauge 2

Re frig er ant flow me ter

Rotameter

Wattmeter disc ro ta tion

Elec tronic bal ance weight

–100 to 100 ºC

0-300 psi

0-150 psi

0-2.3 kg per min ute

0-5 L per minute

10 revolutions

0-50 kg

±0.1 ºC

±1 psi

±1 psi

±0.0125 kg per min ute

±0.05 L per minute

±1 s

±1 g
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The work ing flu ids were R12, R134a, and R290/R600a (68/32 by wt.%). Drop-in ex -
per i ments were car ried out with out any mod i fi ca tions to the ex per i men tal ap pa ra tus. The ex per -
i ment was started with R12 to set up the base ref er ence for fur ther com par i sons with the other
two re frig er ants. The de sired evap o rat ing tem per a tures (Te) and con dens ing tem per a tures (Tc)
were ob tained by ad just ing all the other pa ram e ters in the sys tem such as cool ing wa ter flow rate
and its tem per a ture, re frig er ant flow rate, and brine so lu tion flow rate, and its tem per a ture. The
ther mo dy namic prop er ties of the re frig er ants were taken from the NIST [13] REFPROP da ta -
base. The read ings were taken af ter the sys tem had reached steady-state con di tions. The ab so -
lute er rors in the refrigerating ca pac ity (RC), com pres sor en ergy (CE), and COP es ti mated by
the sin gle sam ple anal y sis ac cord ing to ASHRAE Guide line 2 [14] were ±0.044, ±0.015, and
±0.123, re spec tively.

Re sults and dis cus sion

The ex per i men tal re sults of the re frig er ants with no mag nets were used as a base line
for this study. When a test with one par tic u lar re frig er ant was com pleted, the sys tem was evac u -
ated and then re charged with the pre ferred re frig er ant. This pro ce dure was fol lowed for ev ery
al ter na tive re frig er ant. The per for mance was cal cu lated us ing the cool ant brine mass flow rate
and the dif fer ence of cool ant tem per a tures across the evap o ra tor coil.

Re frig er at ing ca pac ity

The figs. 3, 4, and 5 show the vari a tion of re frig er at ing ca pac ity against evap o rat ing
tem per a ture for the con dens ing tem per a tures (Tc) of 35, 40, and 45 °C, re spec tively, with and
with out mag netic field ef fect. The re duced spe cific vol ume of the re frig er ant vapour in creases
the re frig er ant cir cu lated per unit of time. As a re sult, the re frig er at ing ca pac ity ob tained from all 
the re frig er ants in creases with in creas ing evap o ra tor tem per a ture. It was ob served that the re -
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     Fig ure 3. RC vs. Te with (M) and with out 
     mag netic field ef fect for Tc = 35 °C

      Fig ure 4. RC vs. Te with (M) and with out 
      mag netic field ef fect for Tc = 40 °C



frig er ant mix ture R290/R600a (68/32) had a
higher re frig er at ing ca pac ity than R12 and
R134a due to its higher la tent heat of evap o ra -
tion. 

The re frig er at ing ca pac ity of R290/R600a
(68/32) mix ture was 19.9-50.1% higher than
R12  and 28.6-87.2% higher than R134a for the 
lower evap o rat ing tem per a tures while
21.2-28.5% higher than R12 and 30.7- 41.3%
higher than R134a for the higher evap o rat ing
tem per a tures with and with out mag nets. R134a 
showed a slightly lower re frig er at ing ca pac ity
than R12 for all the op er at ing con di tions. There 
was no sig nif i cant change in the re frig er at ing
ca pac ity with mag netic field ef fect. It can be
seen from these fig ures that the re frig er at ing
ca pac ity de creases with in creas ing con dens -
ing tem per a ture for the mix tures, R12 and
R134a due to their re duced mass flow rate.

Com pres sor en ergy

Fig ures 6, 7,  and 8 show that the en ergy con sumed by the com pres sor in creases as the
evap o rat ing and con dens ing tem per a ture in creases with and with out the ef fect of mag netic field. 
It is found that when the evap o ra tor tem per a ture in creases the power con sumed by the com pres -
sor in creases for all the se lected re frig er ants. This is due to the in creased mass flow rate of the re -
frig er ants at higher evap o rat ing tem per a tures. It can be seen from these fig ures that the in crease
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Fig ure 6. CE vs. Te with (M) and with out mag netic
field ef fect for Tc = 35 °C

Fig ure 7. CE vs. Te with (M) and with out mag netic 
field ef fect for Tc = 40 °C

     Fig ure 5. RC vs. Te with (M) and with out 
     mag netic field ef fect for Tc = 45 °C



of con dens ing tem per a ture causes the in crease
of com pres sor energy due to the in crease in the
work of com pres sion per unit mass. Test re sults
showed that the en ergy con sumed by the sys tem 
with R290/R600a (68/32) mix ture was higher
by 6.8-17.4% than R12 and 8.9-20% higher
than R134a for all the op er at ing con di tions
with out the mag netic field ef fect. The en ergy
con sumed by the sys tem with R134a was
slightly lower than R12 at higher evap o rat ing
tem per a tures while at lower evap o rat ing tem -
per a tures both R12 and R134a con sumed nearly 
the same en ergy with no mag nets. For a spe cific 
evap o rat ing tem per a ture the R290/R600a mix -
ture con sumes more power than that of R12 and
R134a due to its higher la tent heat of evap o ra -
tion. 

The vapour com pres sion re frig er a tion sys -
tem con sumes a sig nif i cant amount of en ergy.
The en ergy con sumed by the com pres sor in a
vapour com pres sion re frig er a tion sys tem is of ten lim ited by in com plete or in ef fi cient evap o ra -
tion and con den sa tion of the re frig er ant. When evap o ra tion of the re frig er ant is in com plete,
some of the re frig er ant en ters the com pres sor in the liq uid phase. The com pres sor must con sume 
ad di tional en ergy to boil the liq uid re frig er ant that en ters the com pres sor. The ap pli ca tion of
mag netic field to the work ing fluid in a vapour com pres sion re frig er a tion sys tem dis rupts the
intermolecular forces in the work ing fluid. The mag netic field is ap plied to the fluid be fore the
fluid is con veyed through an ex pan sion valve to en hance va por iza tion of the fluid. This re duces
the en ergy con sump tion of the com pres sor. Ex per i men tal re sults with the ef fect of mag netic
field force showed that the com pres sor con sumed 1.5-2.5% less en ergy than that with no mag -
nets for all the op er at ing con di tions. Pre vi ous stud ies have shown that the de crease of the power
con sump tion was around 8% [11]. It is ob served that the mag nets re duce slightly the power con -
sump tion of the com pres sor and it de pends on the im pact of the Gauss lev els of the mag nets. It is
ob served that in creas ing Gauss lev els de creases the com pres sor power and there fore en hance
the COP. The be hav iour of re frig er ants var ies from one re frig er ant to an other de pend ing upon
the mix ture’s com po si tion and its boil ing point.

Co ef fi cient of per for mance

The figs. 9, 10, and 11 show the COP for R12, R134a, and R290/R600a (68/32 by
wt.%) mix ture for var i ous evap o rat ing tem per a tures with con dens ing tem per a ture of 35, 40, and
45 °C, re spec tively, with and with out mag netic field ef fect. The COP of all the se lected re frig er -
ants in creases with in creas ing evap o rat ing tem per a ture. This is be cause the in crease of re frig er -
a tion ca pac ity is more than that of the com pres sor work. It was ob served that the COP of
R290/R600a (68/32 by wt.%) mix ture was 3.9%-25.1% higher than R12 at the lower evap o rat -
ing tem per a tures while 11.8-7.6% higher than R12 at the higher evap o rat ing tem per a tures with -
out mag netic field ef fect. The COP of R134a was lower than R12 for all the op er at ing con di -
tions. It can be seen from the fig ures that the in crease of con dens ing tem per a ture causes the
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       Fig ure 8. CE vs. Te with (M) and with out 
       mag netic field ef fect for Tc = 45 °C



re duc tion of COP of R12, R134a, and
R290/R600a (68/32). This is due to the in -
creased work of com pres sion at higher con -
dens ing tem per a tures.

For a spe cific evap o rat ing tem per a ture the
R290/R600a (68/32) mix ture re frig er ant shows 
higher COP than that of R12 and R134a. This is 
due to the rate of in crease in re frig er at ing ca -
pac ity of R290/R600a (68/32) mix ture re frig er -
ant is higher than the rate of in crease of com -
pres sor work than that of the re frig er ants R12
and R134a. The ef fect of mag netic field force
in creased the COP of the sys tem in the range
1.5-2.4% for all the op er at ing con di tions due to
the re duced work of com pres sion than that with 
no mag nets.

Con clu sions

An ex per i men tal study on a vapour com -
pres sion re frig er a tion sys tem with the new pro pane and iso-bu tane mix ture as sub sti tute for
CFC12 and HFC134a was made un der the ef fect of mag netic field force and com pared with that
of no mag netic field con di tion.

The pro pane-iso bu tane mix ture has been iden ti fied as a drop-in re place ment re frig er -
ant for con ven tional CFC12 and HFC134a.
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     Fig ure 11. COP vs. Te with (M) and with out 
     mag netic field ef fect for Tc = 45 °C

     Fig ure 9. COP vs. Te with (M) and with out 
     mag netic field ef fect for Tc = 35 °C

   Fig ure 10. COP vs. Te with (M) and with out 
   mag netic field ef fect for Tc = 40 °C



Re frig er at ing ca pac ity of R290/R600a (68/32 by wt.%) mix ture was higher in the
range 19.9-50.1% in the lower evap o rat ing tem per a tures and 21.2-28.5% in the higher evap o rat -
ing tem per a tures than R12 with out mag netic field ef fect.

Re frig er at ing ca pac ity of R290/R600a (68/32 by wt.%) mix ture was higher in the
range 28.6-87.2% in the lower evap o rat ing tem per a tures and 30.7- 41.3% in the higher evap o -
rat ing tem per a tures than R134a with out the ef fect of mag netic field. There was no sig nif i cant in -
flu ence of mag netic field force on the re frig er at ing ca pac ity.

The power con sumed by R290/R600a (68/32) mix ture was lower in the range
1.5-2.5% for all the op er at ing con di tions with the ef fect of mag netic field force.

The COP of R290/R600a (68/32 by wt.%) mix ture was 3.9-25.1% higher than R12
with out mag netic field ef fect. The ef fect of mag netic field force in creased the COP of the sys -
tem in the range 1.5-2.4% for all the op er at ing con di tions.

The mag netic field force had no sig nif i cant in flu ence on dis charge tem per a ture and
dis charge pres sure for all op er at ing con di tions.

Dur ing the ex per i men tal test R290/R600a mix ture were found to be safe. How ever
care should be taken when us ing R290/R600a mix ture in a re frig er a tion/heat pump sys tem.
From the two ma jor en vi ron men tal im pact (ozone layer de ple tion and global warm ing) point of
view this R290/R600a (68/32 by wt %) mix ture can be used as a drop-in re place ment re frig er ant
for CFC12 and HFC134a.
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