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A model was es tab lished for so lar ejec tor-com pres sion re frig er a tion sys tem. The
in flu ence of gen er a tor tem per a ture, mid dle-tem per a ture, and evap o ra tor tem per a -
ture on the per for mance of the re frig er ant sys tem was an a lyzed. An op ti mal gen er a -
tor tem per a ture is found for max i mal en ergy ef fi ciency ra tio and min i mal power
con sump tion. 
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In tro duc tion

With rise of en vi ron men tal pol lu tion and cost of con ven tional en ergy, the uti li za tion
of re new able en ergy such as so lar en ergy and geo ther mal en ergy has been caught more and
more at ten tion. The so lar-as sisted ejec tor re frig er a tion sys tem has been used pop u larly for its
sim ple struc ture, few mov ing parts and low cost [1]. So, ejec tor re frig er a tion sys tem has be come 
a ma jor topic in re cent years. Alexis et al. [2] stud ied the per for mance of an ejec tor cool ing sys -
tem driven by so lar en ergy and R134a as work ing fluid. Ersoy et al. [3] stud ied the per for mance
of so lar pow ered ejec tor cool ing sys tem with an evac u ated tube col lec tor for some cit ies lo cated
in the south ern re gion of Tur key. Pollerberg et al. [4] in ves ti gated the per for mance of so lar
driven steam jet ejec tor chiller that had a cool ing ca pac ity of 1 kW. How ever, some newly de vel -
op ing trends cur rently ob served are di rected to ward re duc ing the use of ab sorp tion chill ers. 

As pre vi ously de scribed, the per for mance of ejec tor re frig er a tion sys tem driven by so -
lar en ergy is di rectly de pend ent on so lar ra di a tion and am bi ent tem per a ture in the day time.
Thus, Hernandez et al. [5] pro posed a hy brid com pres sor and ejec tor re frig er a tion sys tem,
which uses a me chan i cal com pres sion sub sys tem to in crease the co ef fi cient of per for mance of
ejec tor re frig er a tion sys tem. Zheng et al. [6, 7], and Tian et al. [8] stud ied the dy namic ther mal
be hav ior of so lar ejec tor-com pres sion re frig er a tion sys tem. How ever, in the lit er a ture re lated,
such a sim u la tion model about so lar ejec tor-com pres sion com bined re frig er a tion sys tem has just 
a few, and the scanty study on the op ti mi za tion of the gen er a tor tem per a ture and mid dle-tem per -
a ture was found. So, in this pa per, a steady-state sim u la tion model was es tab lished, and the in -
flu ence of the gen er a tor tem per a ture and mid dle-tem per a ture on so lar ejec tor-com pres sion
com bined re frig er a tion sys tem has been stud ied.
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Sim u la tion model

The fol low ing as sump tions are made to sim plify anal y sis. 
– The exchange of heat between the system and the environmental atmosphere is ignored.
– The system is in steady-state operation.
– The refrigerant is in saturation state at the outlet of the condenser.
– The pressure drop and the resistance of the system are negligible.

The cool ing ca pac ity can be de ter mined:

Q m h he e= -( )9 8 (1)

where me [kgs–1] is the re frig er ant mass flow of evap o ra tor side, h8 and h9 [kJkg–1] – the im port
and ex port enthalpy of evap o ra tor side.

The elec tri cal power of the re frig er ant pump is de fined by:
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where mg [kgs–1] is the re frig er ant mass flow of gen er a tor side, h5 [kJkg–1] – the re frig er ant in -
let-enthalpy of gen er a tor, h4 [kJkg–1] – the re frig er ant out let-enthalpy of con denser, hp – the
pump ef fi ciency, 0.8 was se lected.

The elec tri cal power of com pres sor can be ex pressed:
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where, mcom [kgs–1] is the re frig er ant mass flow rate of com pres sion sys tem, h10 [kJkg–1] – the re -
frig er ant in let-enthalpy of con denser,  hcom – the com pres sor ef fi ciency.

The over all me chan i cal power con sump tion of the sys tem is:

W W W= +p com (4)

The en ergy ef fi ciency ra tio (EER) can be ex pressed:

EER
Q

W
= e (5)

Based on the pre vi ous anal y sis, a sim u la tion pro gram was de vel oped by us ing the soft -
ware of en gi neer ing equa tion solver. The sim u la tion flow di a gram of the com pu ta tional pro ce -

dure can re fer to the lit er a ture [9].

Re sults and dis cus sion

Fig ure 1 shows the val i da tion of the math e -
mat i cal sim u la tion model car ried out to ob tain
EER, un der the con di tion of evap o ra tor tem per -
a ture –5 °C, mid dle-tem per a ture 10 °C, and the
con denser tem per a ture 35 °C. The sim u lated re -
sults are found to be in good agree ment with the
ex per i men tal data, and the de vi a tions is no
more than 18.7%. 

Fig ure 2 il lus trates the EER against the gen -
er a tor tem per a ture un der the con di tion of Te =
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Figure 1. Validation of simulation model



=i–5 °C, –10 °C, –15 °C, Tint = 10 °C and Tc =
=i35 °C. It is ev i dent that the max i mum EER are 
ob tained when the op ti mal gen er a tor tem per a -
ture is be tween 78 °C and 80 °C. The vari a tion
of power con sump tion with gen er a tor tem per a -
ture is shown in fig. 3. 

Fig ure 4 pres ents the vari a tion of sys tem
EER with mid dle-tem per a ture be tween 2 °C
and  20 °C  un der  the  con di tion  of  Tc  =  35 °C,
Te = –5 °C, and Tg = 75 °C, 80 °C, and 85 °C, re -
spec tively. It is in di cated that the sys tem EER
in creases ini tially and then de creases with mid -
dle-tem per a ture in creas ing, un der the con di tion 
of evap o ra tor tem per a ture –5 °C. It can be seen
that the max i mum EER is ob tained (EER can
reach 3.39), when the op ti mal mid dle-tem per a ture is be tween  7 °C and 10 °C.

Con clu sion

A model was es tab lished for so lar ejec tor-com pres sion com bined re frig er a tion sys tem,
and the in flu ence of gen er a tor tem per a ture and mid dle-tem per a ture on the re frig er ant sys tem per -
for mance was stud ied ex per i men tally. The main con clu sions de rived from the study can be sum -
ma rized: the gen er a tor tem per a ture has in flu enced deeply on the sys tem per for mance. It in di cated
that the EER in creases ini tially and then de crease with the gen er a tor tem per a ture in creas ing, while
the trends of power con sump tion is op po site. The max i mum EER and min i mum to tal power con -
sump tion are ob tained when the op ti mi za tion mid dle-tem per a ture is be tween 7 °C and 10 °C. In
con se quence, the op ti mal gen er a tor tem per a ture and mid dle-tem per a ture have been achieved. 
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Figure 2. Variation of EER with Tg

Figure 3. Variation of power consumption 
with Tg

Figure 4. Variation of EER with Tint (Te = –5  °C)
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