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Review 

This paper presents the numerical and experimental investigation results on energy performance 

and exergy destruction analyses of a Condenser Outlet Split-Split Air Conditioning (COS-SAC) 

system. The work is interesting. However, the following comments should be addressed: 

1) This sentence "Second paragraph starts here" in the last paragraph of the introduction, 

meaning what?  

2) Can you explain physically the difference between the two types of the two-phase ejectors 

(constant pressure ejector and constant area ejector) 4th paragraph of the introduction? 

3) In the opinion of the authors, can explain the reason why the theoretical Coefficient of 

Performance of “the refrigeration system incorporated two-phase ejector” is twice that of 

experiment study? The increase in the COP was depending on the operating conditions, can you 

name them?  

4) Each technology has advantages and disadvantages. The advantages of two-phase ejectors 

are: low price, without moving parts, easy construction, and minimum maintenance constraints. 

Can you mention one or two disadvantages of these two-phase ejectors? 

5) In the section 2.1: The description of the COS-SAC system is clear, it’s better to use the 

colors for the Pressure-Enthalpy diagram (Fig. 1-b): first cycle 1-2-3-4-5-6 and second cycle 1-

2-3-7-8-5-6-1. 

6) In the section 2.2: What is the air flow-rate value set by the damper?  



7) In the Results and Discussion section: The authors are well presented the results and 

interpreted. But the part of the discussion is missing, i.e. to compare their results with other 

studies in the same research filed and show their scientific novelties!  

8) In the section 3.1.1: The authors said: “The primary and secondary coil evaporation 

temperatures of 11.4 °C and 7.8 °C respectively show that overall temperature evaporation of 

the COS-SAC system is significantly higher than SAC system which commonly ranges from 4 

to 6 °C”. Why the evaporation temperature of the SAC system is not shown in Fig. 3? 

9) In the section 3.1.2: The authors show that in COS-SAC R-290 case, the COP of the system 

decreases from 4.2 to 2.9 when the condensation temperature increases from 42.3 to 61.6 °C 

but the ejector efficiency slightly increases from 0.60 to 0.64. Is that you can have the same 

results in the case of COS-BAG R-22? The condensation temperature of the COS-SAC system 

decreases the COP value, is there a proposal to solve this problem? 

 



  
 

Response to Reviewers’ comments 
 
Title:   Exergy and Energy Analyses of Dual-temperature Evaporator Split AC 

System Incorporated a Capillary Tube and a Two-phase Ejector 
Authors:  Made Ery Arsana, I Gusti Bagus Wijaya Kusuma, Made Sucipta, I Nyoman 

Suamir 
Journal:  Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 
 
 
Dear Reviewers, 
 
Thank you very much for your valuable reviews. Please find our responses to your 
comments/suggestions/reviews. 
General comment: This paper presents the numerical and experimental investigation results 
on energy performance and exergy destruction analyses of a Condenser Outlet Split-Split 
Air Conditioning (COS-SAC) system. The work is interesting. 
Re: Thank you for the encouraging comment.  
Comment 1: This sentence "Second paragraph starts here" in the last paragraph of the 
introduction, meaning what? 
Re: The last two sentences of the paragraph are undeleted journal template. They are not 
part of the paper. The sentences have been deleted. 
Comment 2: Can you explain physically the difference between the two types of the two-
phase ejectors (constant pressure ejector and constant area ejector) 4th paragraph of the 
introduction? 
Re: Yes, we can. Our explanation is as shown below. We do not include the explanation in 
the manuscript. However, we have added an indication and a reference where the 
explanation of physical differences between the two ejectors can be found. A new reference 
has also been added as reference [9] Keenan, J.H., Neuman, E.P., Lustwerk, F.” An 
investigation of ejector design by analysis and experiment”. ASME Journal Applied 
Mechanics. 17 (1950): 299-309.  
The physical differences of the constant area and constant pressure ejectors have been 
explained by Keenan et al. (1950). The two ejectors have different mixing section. The first 
ejector has a constant area mixing section as shown in Fig. 1a, but the second ejector has a 
constant pressure mixing section (Fig. 1b).  
  a)       b) 
 
 
 
 
 
 
 
 
 

 
Fig. 1. a) Constant-area mixing ejector and b) Constant pressure mixing ejector 
(Keenan et al., 1950) 



  
 

Additionally, a constant area ejector (Fig. 1a) comprises three main sections which include: 
suction section, mixing section with constant area and diffuser. Mixing between high-
pressure primary flow and low-pressure secondary flow occurs in the constant mixing area. 
This is because the end of the nozzle is placed right on the inlet side of the constant section 
region so that the mixing of the refrigerant occurs in the constant region. While a constant 
pressure ejector (Fig. 1b) consists of four main sections, namely: suction section, mixing 
section with varied sectional area of constant pressure, constant area section and diffuser. 
The end of the nozzle is placed within the suction section. Mixing between high-pressure 
primary flow and low-pressure secondary flow, therefore, occurs in the mixing area which 
is part of the suction section.  
Comment 3: In the opinion of the authors, can explain the reason why the theoretical 
Coefficient of Performance of “the refrigeration system incorporated two-phase ejector” is 
twice that of experiment study? The increase in the COP was depending on the operating 
conditions, can you name them? 
Re: In our opinion, the theoretical COP of the refrigeration system incorporated two-phase 
ejector could reach twice that of experimental is mainly due to: some main assumptions of 
idealisation were made which include: steady state flow conditions; one dimensional flow 
for refrigerant inside tubes and air across the coil; negligible thermal losses to the 
environment; uniform temperature and air flow and negligible refrigerant pressure drops in 
the refrigeration circuit. In the actual conditions, however, such idealisation is very difficult 
if not impossible to achieve. Thermal losses, pressure drop, turbulence in the fluid flow can 
be minimised but they cannot be avoided. Measurement system and method can also cause 
the difference of the two COPs. 
The increase in the COP was depending on the main operating conditions, namely: lower 
condensing temperature and higher evaporating temperature. The effect of the parameters 
has been detailed in the paper (Section 3.1.1 and 3.1.2). 
Comment 4: Each technology has advantages and disadvantages. The advantages of two-
phase ejectors are: low price, without moving parts, easy construction, and minimum 
maintenance constraints. Can you mention one or two disadvantages of these two-phase 
ejectors? 
Re: Yes, we can. We have actually emphasized the disadvantages of the two-phase ejector 
system in the last two paragraph of the Introduction: (i) The liquid mass could cause 
inefficiency of about 15% due to the two-phase flow was difficult to come out properly at 
each port of ejector; (ii) The system cannot directly be implemented in the Split AC system 
due to the two-phase ejector system requires accumulator or gas separator to prevent liquid 
mass entering the compressor.  The size of the accumulator is commonly quite large. When 
such system is applied for a split AC unit, the installation of the accumulator can become a 
problem.  
The utilization of dual-temperature evaporator can replace the use of liquid accumulator or 
gas separator. The arrangement without liquid accumulator or gas separator can prevent the 
emergence of inefficiencies in two-phase ejector refrigeration systems.  
Comment 5: In the section 2.1: The description of the COS-SAC system is clear, it’s better 
to use the colors for the Pressure-Enthalpy diagram (Fig. 1-b): first cycle 1-2-3-4-5-6 and 
second cycle 1-2-3-7-8-5-6-1.   
Re: Pressure-Enthalpy diagram (Fig. 1-b) has been revised to use colors: red for the first 
cycle 1-2-3-4-5-6-1 and blue for the second cycle 1-2-3-7-8-5-6-1. 
   



  
 

Comment 6: In the section 2.2: What is the air flow-rate value set by the damper? 
Re: To achieve the test conditions, the damper was set at a position such that air flow rate 
across the condenser of 0.236 m3/s. It was obtained at average air velocity in the duct of 1.5 
m/s. The average air velocity in the duct was determined using Log-T Method. Normal air 
flow rate in the condenser duct without damper was 0.308 m3/s. A hot wire anemometer 
with ±2% of reading accuracy was used to measure the air velocity.  
The following text has been added in the paper: 
“To achieve the test conditions, the damper was set at a position such that air flow rate 
across the condenser of 0.236 m3/s. It was obtained at average air velocity in the duct of 1.5 
m/s. The average air velocity in the duct was determined using Log-T Method and a hot 
wire anemometer with ±2% reading accuracy was used to measure the air velocity. This 
arrangement could make the test system simulate condensing temperature in the range 
between 42 °C and 62 °C.” 
Comment 7: In the Results and Discussion section: The authors are well presented the 
results and interpreted. But the part of the discussion is missing, i.e. to compare their results 
with other studies in the same research filed and show their scientific novelties! 
Re: Following discussion has been added in the paper.  
(1) The last paragraph of section 3.1 
“These experimental results show that the COPs of the proposed COS-SAC arrangements 
(COS-SAC R-290 and COS-SAC R-22) have exceeded COP of SAC system recommended 
by ASHRAE of 3.5. The results are found in agreement with Zhang et al. [20] that stated 
the ejector expander refrigeration cycle (EERC) system with R-32 and R134a could 
perform better than basic SAC system with COP improvement respectively by 5.22-13.77% 
and 6.63-17.83%. The results are also in line with Bilir Sag et al. [18] that reported the COP 
of an ejector expander refrigeration cycle (EERC) R-134a system incorporated accumulator 
was higher by 7.34-12,87% than the COP of a basic SAC system.  and results.” 
(2) The paragraph 3 Section 3.2 have been revised 
“Table 1 also shows exergy efficiency of the investigated systems. It is found that the COS-
SAC R-290 system can provide better exergy efficiency in almost all of the system 
components. This certainly leads to a better overall exergy efficiency. The overall exergy 
efficiencies for COS-SAC R-290 and COS-SAC R-22 systems are 23.4% and 22.5% which 
are better than that of the SAC R-22 system which is only 20.6%. The overall exergy 
efficiency improvements are accounted for 13.9% and 9.2% respectively for the COS-SAC 
R-290 and COS-SAC R-22 systems. These results are found slightly higher than those 
reported in [18,20].” 
(3) One paragraph has been added in Section 3.2 as the last paragraph 
The overall results show that the innovated COS-SAC dual evaporator temperature 
proposed in this study can eliminate the use of accumulator in the two-phase ejector 
refrigeration system as well as improve the energy performance of the system. 
Comment 8: In the section 3.1.1: The authors said: “The primary and secondary coil 
evaporation temperatures of 11.4 °C and 7.8 °C respectively show that overall temperature 
evaporation of the COS-SAC system is significantly higher than SAC system which 
commonly ranges from 4 to 6 °C”. Why the evaporation temperature of the SAC system is 
not shown in Fig. 3? 
Re: Fig. 3 is intended to mainly illustrate the evaporation temperature variation of the dual 
evaporator temperature system. Therefore, the graphs can clearly show the difference 



  
 

between the primary and the secondary evaporator temperatures. Due to limitation of the 
space in the paper and also it has been a common sense that evaporation temperature of an 
SAC system for comfort purposes ranges from 4 to 6 °C. That is why the evaporation 
temperature of the SAC system is not shown in Fig. 3. For your information, the following 
graph shows the variation of evaporation temperature of the SAC R-22 system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comment 9: In the section 3.1.2: The authors show that in COS-SAC R-290 case, the COP 
of the system decreases from 4.2 to 2.9 when the condensation temperature increases from 
42.3 to 61.6 °C but the ejector efficiency slightly increases from 0.60 to 0.64. Is that you 
can have the same results in the case of COS-BAG R-22? The condensation temperature of 
the COS-SAC system decreases the COP value, is there a proposal to solve this problem? 
Re: We have found nearly similar trend between COS-SAC R-290 and COS-SAC R-22 
systems but the COP of COS-SAC R-22 system has lower value and the drop is slightly 
higher when the condensation temperature increases. We do not include the graph of COS-
SAC R-22 system because limited pages available for the paper.  
We can slightly maintain the COP system by reducing degree of superheat refrigerant 
entering the compressor. This results in lower discharge temperature and can maintain the 
efficiency of the compressor. The increase of condensing temperature, however, increases 
temperature lift of the system and finally boosts power consumption of the compressor. 
This certainly reduces the COP of refrigeration systems. The reduction of COP due to the 
increase of condensing temperature, thermodynamically, cannot be avoided. Practically, the 
way to maintain the COP is by keeping the condensing temperature within design range.   
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Dear Editor, 

Thank you for considering our paper to be published in your journal. 

As requested, we have revised our paper as below: 

1. The following sentences have been added on the last paragraph of section Introduction 

including 1 reference from Journal of Advanced Research in Fluid Mechanics and Thermal 

Sciences: 

“HCFC Refrigerant R-22 and hydrocarbon based refrigerant R-290 are considered in the 

analyses and evaluations. Refrigerant R-290 is substitute of R-22 for SAC applications due 

to environmental issues. R-290, which HCR-22 is one of its trade name, is an 

environmentally friendly refrigerant and it could perform better than refrigerant R-22 as 

reported by Aziz et al. [16].” 

[16] Aziz, A., Thalal, and Mainil, A.K. “Effect of Cooling Load on the Performance of R22 

Residential Split Air Conditioner when Retrofitted with Hydrocarbon Refrigerant 

(HCR22).” Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 48 

(2018): 100-108. 

2. The last paragraph of section 3.2 has been revised and one reference has also been 

added. 

“The overall results show that the innovated COS-SAC dual evaporator temperature 

proposed in this study can eliminate the use of accumulator in the two-phase ejector 

refrigeration system as well as improve the energy performance of the system. Further 

investigation will be required on the noise level of the COS-SAC system because noise could 

reduce efficiency and performance of a split air conditioner system as reported in [22].” 

[22] Mohd Sani, M.S., Zaman, I., and Rahman, M. “Analysis of Split Air Conditioner Noise 

using Sound Intensity Mapping.” Journal of Advanced Research in Fluid Mechanics and 

Thermal Sciences 9 (2015): 28-33. 

Best regards 

Suamir 
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Incorporated a Capillary Tube and a Two-phase Ejector," is complete. We are now sending it to production. Please
find the copy-edited manuscript for your perusal.
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