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Abstruc't-*- In this paper, a theoretical study of the
thermal performance for hybrid solar air contlitioning
systeur tvas presented to investigate the systcm
perlbrmance and suitability for the hot climate with a
new control system strategy. The system consists of a
vapor compression unit combined with evacuated tubes
solar collector and water storage tank. A three-way
valve is controlled by a proportional integral derivative
(PID) controller to regulatc thc 3-way valve opening
towards thc solar system to achieve thc minimum
tcmpcrature of rcfrigcrant lcaving thr condenscr (dcgrcc
ot'subcooled), in ordcr to cnhancc thc ovcrall COp of the
unit. 'Ihc govcrning thcrmal cquations conccrning the
hybrid snlar air conditioning systcm was applicd and
solve d using engineering equation solver (EES)
Sof'tware. Thc rcsults showed that the compression ratio
of'the uncontrollcd hybrid solar system is lower than the
conrprcssinrt ratio of the conventioual oue try 5 06, and
tlris ratio could lrc increasrd to ZB o/o when thc control
svstcnr has becn used. Also, the minimunr valuc of the
po\\rr consumption is 830 W at R:0,1 and Tanrrr =45,,C,
n'hile the maximum value is 994 W at R=l for the same
couditions. The power consumption of the uncontrolled
systcm is lowcr than thc powcr consumption of the
convcntional one by 7 oh and increases to 23 o/o by using
tlrc control systcm. An acceptable agreemcnt can bc
achicvcd whcn yalidating the theorctical modcl resutts
rvith crpcrintcntal results.
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I. INTRoDUCTIoN

[lcaring, vcntilation and air conditioning (HVAC) sysrcm
arc liabk: tirr rrrorc than 509i: of thc total cncrgy consumption
irr the building. Wlrich led ro deurancl of fossit fuel and the
rurain causcs of' thc grccnlrousc gascs and ozonc laycr
dcpletion (ODP) [l]

Tlre demand of A/C systems has been increased in last
few years, due to the requirements for. better comfort
conditiorrs inside buildings, tlrc greenhouse effcct of the
world and global warrning porenrial (GWp). This has led to a
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dramatically increasecl in use of air conditioning systems
based on traditional vapor compressicln technolclgy, therefore
significant exptrnded of energy consumptir:n in summer
season, and frequently the upper limits of electric system
capacity could be reach [2].

Comparing with conventional energy solar energy has
many advantages, such as cleanness and cheapness, ancl
simplicity. Recently decision-makers, governors, ancl
engineers have become interested in solar energy systems.
There are a wide range of solar colleoting systems. tike flat
plate type, double Rrbe vacuum type, concentrated fype, heat
pipe type, etc. have been available in market. It is
appreciated that this source of energy can at best be
aomplementary rather than being competitive with
conventional energy sources [3].

Mustafa (2006) [4] analyzed and studied the efl-ect ol
outdoor air tenrperatures on the instrumentetl air-conditioner
unit perfbmrance. The rnain prograul was tbrmulated in
FORTRAN language to simulate a vapor-coulpression
relrigeration cycle with a real condensing ancl evaporating
temperatures. R l34a was used as a refrigerant

Saaed (2006)t5] developed a compurer program to srudy
and simulete the working and performance of un oi,
conditioning system, two types of refrigcrant R-22 and R-
407C were used. The effect of varying design paranreters ol
Plate-Fin-and-Tube heat exchanger working as a condenser
and dircct cxpansion cvaporator was covercd. Loss and
efficiency rnodel werc used to sirnulate the cornprcssor. iin
elen:ent by elenrent scheme was used to simulate the
condcnscr, cvaporator and capillary t'ubc. Thc variation in irir
side hcat transfer coefficient and air temperature fionr row to
row was considered. The studied parametors were facing air
velocity over condenser, evaporator and degrec of supcrheat
of refrigerant, tube diameter, transverse tube spacing,
longitudinal tubc. spacing and fins per inch. Thc tesr showc.d
a good agreentcnt with thc thcorctical progrant for ditl'crorr
ambient temperatures, and the maximum deviation in ClOp
was 7. | %. Thc thcorctical results cxhibitcd that thc COp tbr
the system of R-407C was less by (5% - Z0%) of that of R-
22 for the range of ambient temperature of (35-47 ,,C),

rcspectively.

Khalifa et al. (2017) [6]focused on rhe condenscr dcsign
to t'ind an optimum air conditioning unit at thc lowcst crisr


