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Abstract— A chiller overall package system which removes 

heat from process water or liquid with help of vapour 

compression refrigeration cycle. The chilled water typically 

used in plastics industries, manufacturing processes or in 

HVAC. The basic components required for refrigeration are 

the compressor, evaporator, condenser and thermostatic 

expansion valve. The compressor used in this chilling plant 

is scroll compressor. The scroll chiller is compared with 

reciprcating chiller. The lower the condenser temperature 

greater the COP is discussed. Typically this chilling plant is 

used for mineral water application. This paper summarize to 

literature referred to performance and optimization of 

condenser design and performance of scroll and 

reciprocating chiller. 
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I. INTRODUCTION 

A chiller is a system that removes heat from a liquid via a 

vapor-compression or absorption refrigeration cycle. This 

refrigerant can be circulated through a heat exchanger to 

cool air or liquid as required. In other word it is a system 

which functions to chill or cool water to desired 

temperatures which is usually a temperature of about 10°C. 

Chillers range in thermal capacity from 

approximately 10 kW to exceeding 30 MW. The more 

common range is of 300 kW to 14 MW. 

A. Working and Refrigeration Cycle of Chiller: 

Air cooled chiller working on vapour compression 

refrigeration cycle. Four main components of refrigeration 

cycle. Compressor, condenser, evaporator and expansion 

device are the components of chiller system. In an ideal 

vapor-compression refrigeration cycle, the refrigerant enters 

the compressor as a saturated vapor and is cooled to the 

saturated liquid state in the condenser. It is then throttled to 

the evaporator pressure and vaporizes as it absorbs heat 

from the water.  

The refrigeration cycle of an air-cooled chiller 

includes two processes: 

1) The evaporation of the liquid refrigerant in the 

evaporator, which lowers the temperature of the 

chilled-water system by absorbing heat.  

2) The condensation of the refrigerant vapor in the air 

cooled condenser and rejection of heat to the 

atmosphere.  

The complete refrigeration cycle for chiller system 

are shown in figure 1. The chart is divided into three 

regions. The area to the left is sub-cooled region, the right is 

the superheated region, and in the middle is the wet region. 

The horizontal lines are constant temperature line and is the 

mixture region indicate that phase change occurs at constant 

pressure. The expansion is take place at constant enthalpy 

and compression is isentropic. The process from 4-1, the 

refrigerant absorbs heat from the process fluid in the 

evaporator, change the phase from liquid to gas and finally 

exit the evaporator as superheated vapor. 

 
Fig. 1: Standard vapour compression refrigeration cycle on a 

P-h chart 

The schematic diagram of air-cooled water chiller 

is shown in figure 2. The water coming from tank get cooled 

id discharge to tank and refrigerant get evaporate by taking 

heat from water. 

 
Fig. 2: Block diagram of experimental setup 

II. LITERATURE REVIEW 

This section summarizes the research literature related to 

air-cooled chiller scroll chiller. 

A. James M. Calm [1] (2001): 

In this paper the progression in refrigerants for chillers, from 

historical selections through current options and projections 

for the future. It examines the global environmental issues 

that catalyzed recent changes. According environmental 

regulations, they also should take all practical steps to 

reduce refrigerant releases and increase efficiency. The 

future refrigerant options for chillers, newer designs using 

R-134a, R-407C, R-410A, other blends, or R-717 will 

replace R-22 in coming years. R-134a will remain in use, 

and it will dominate in the limited market for very large 

capacities, chillers exceeding (4300 ton). Noting that there 
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are no ideal refrigerants and that none are likely to be found, 

it recommends scientific determination of acceptability 

rather than market manipulation. 

 
Fig. 3: 4 ODP and GWP for key single-compound 

refrigerants. 

Most chillers with scroll, piston, or screw (all 

positive displacement) compressors used R-22, a high-

pressure hydrochlorofluorocarbon (HCFC). This versatile 

refrigerant also dominated in the largest chillers-those 

exceeding 5 MW(1400 tons)- using centrifugal compressors. 

A comparatively small number of systems- less than 10% of 

the total-used R-717 (ammonia) or absorption-cycle chillers. 

The R-22 still dominates in smaller chillers using positive 

displacement compressors, that picture is changing. Designs 

using R-134a as well as R 407C and R- 410A (both blends 

of HFCs) are being introduced to replace those with R-22. 

B. T Kato, Y Shirafuji et al. [2] (1996): 

T The compressor efficiency between scroll and rotary type 

has the highest efficiency mechanism is designed, in the 

operation with R22 and its alternative refrigerants, R407C 

and R410A. The efficiency of rotary type is higher than that 

of scroll type, is about 8,000 Btu/h with R22 and R407C. In 

the case with R410A, rotary type is superior to scroll type in 

the range approximately up to 24,000 Btu/h. The rotary type 

operates more efficiently than scroll type will expand up to 

small capacity range of unitary air conditioners in the case 

with R410A. 

The analysis is done by calculating various 

efficiencies of both compressor and then various losses is 

calculated i.e. heat loss, reexpansion loss, overshooting loss, 

leak loss, mechanical loss, compression loss. Total loss ratio 

of mechanical loss and indicated loss at R407C is nearly 

equal to R22. The mechanical loss, leak loss and 

reexpansion loss of R407C are expected to increase in 

comparison with R22 mainly because of the increment of 

pressure difference between discharge gas and suction gas. 

The efficiency of rotary compressor is actually 

improved at R410A especially in large nominal output 

range. Rotary compressor is superior to scroll compressor in 

the efficiency at this condition with R22 currently. The 

mechanical loss of scroll compressor increases because of 

partial boundary lubrication at thrust bearing caused by the 

low sliding velocity, and leak loss also increases because 

radial force to keep blades contact is reduced by low 

pressure difference. Scroll type is estimated to be more 

effective than rotary type over 8,000 Btu/h with R407C 

same as R22 potentially. 

C. Grace, D. Datta et al. [3] (2002): 

The lightweight and compactness of scrolls along with 

apparent low sound and vibration level has made them very 

popular. One of the scroll compressor advantages is that the 

number of moving components is very low compared to 

reciprocating compressors. A simple water-water chiller 

facility was facilitate with testing of scroll and reciprocating 

compressors. The system is consist of plate heat exchangers 

for evaporator and condenser, thermostatic expansion valve 

and hermetic scroll or hermetic reciprocating compressor. 

The refrigeration system acted as the primary circuit and 

cooled a secondary glycol circuit to facilitate tests at 

evaporating temperature of below 0°C.  

At condenser temperatures of 30°C and 35°C, the 

scroll compressor produces cooling capacities between 1% 

and 12% greater than the reciprocating compressor. The 

compressor discharge temperature is considerably lower for 

the scroll compressor at both condenser temperatures. The 

scroll compressor produces slightly greater cooling capacity, 

approximately 0.1 kW or 2% higher than the reciprocating 

compressor and that the variation with respect to charge 

level is small. The performance of the scroll compressor 

improves relative to the reciprocating compressor at the 

higher condenser temperature. The scroll compressor 

produces slightly greater superheat and considerably greater 

subcooling than the reciprocating compressor. 

D. J.H Lee, S.W Bae et al. [4] (2000): 

The fin and tube condenser was performed using two 

different configurations of condenser paths (U and Z type) 

and two kinds of refrigerants (R-22 and R-407C) as working 

fluids. The section-by-section analysis scheme in which mal 

- distribution on the air side and temperature gliding on the 

refrigerant side could be considered along the tube-length 

direction. 

Capacity calculation is done –by- section by 

section. One section in a tube (segmented along the 

refrigerant flow direction) was used as a local heat transfer 

area to account for an air mal-distribution in the air side and 

temperature gliding effects by the zeotropic refrigerant 

mixture, R-407C, on the refrigerant side. Each tube was 

divided into 4 sections, giving a total of 48 sections along 

the refrigerant flow path. 

 
Fig. 4: Two different types of condenser path 

configuration:(a) Z-type, (b) U-type. 

At the beginning of the simulation, an initial inlet 

temperature and the velocity of the air side were assigned to 

all sections in the first and second rows. The refrigerant loop 
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was made up of a compressor, an oil separator, a receiver, a 

filter, a solenoid valve, a flow-meter, an expansion valve, an 

evaporator, and an accumulator. Discharged oil and 

refrigerant from the compressor was separated at the oil 

separator, and only pure refrigerant at high pressure and 

temperature flowed into a 2-row 12-step condenser coil. The 

temperature and pressure were used to determine the 

properties of superheated refrigerant. A uniform air flow 

was provided using an open-type wind tunnel that was 

equipped with a temperature control system. The U-type 

path configuration is better than the Z-type path 

configuration when R-407C refrigerant is used, and the Z-

type path configuration is better than the U-type path 

configuration for R-22 refrigerant. 

E. K .T Chan [5] (2005): 

In this paper the condenser fans are staged to enhance heat 

rejection air flow, the heat transfer coefficient of the 

condenser can be optimized, enabling the condensing 

temperature and chiller power to decrease considerably with 

less fluctuation. Chiller efficiency, can be improved by 4.4–

40.1%, depending on the load conditions and outdoor 

temperatures. An algorithm is introduced to compute the 

number of staged condenser fans based on a set point of 

condensing temperature for any given head rejection. These 

chillers have long been considered inefficient because they 

operate under head pressure control (HPC) where by the 

condensing temperature is kept high (by up to 52  ) in 

response to a designed outdoor temperature of 35   in the 

vapour compression cycle. 

The power consumption of an air-cooled chiller can 

fall by as much as 20% when the condensing temperature is 

set at a lower value under CTC in relation to HPC. The 

experimental setup consisted of an environmental chamber 

and an air-cooled reciprocating chiller. The chamber was 

used to simulate various outdoor temperatures from 15 to 

35  at 5   intervals. The chiller used the refrigerant R22 

and had a nominal cooling capacity of 120 kW. For the 

shell-and-tube liquid evaporator, the evaporating 

temperature was designed to be 3 . The temperature and 

flow of supply chilled water were controlled to be 7 ± 0.2   

and 5.2 ± 0.1 kg/s, respectively. The chilled water was 

warmed to between 8.4 and 12.5 . It was not desirable to 

use a thermostatic expansion valve for the experimental 

chiller. This was because a high pressure differential of at 

least 690 kPa had to be maintained across the valve in order 

to ensure proper compressor lubrication and adequate 

refrigerant flow control. The lowest condensing temperature 

is about be 33  in the situation. Heat rejection was 

regulated by staging three constant speed condenser fans, 

each of which consumed 1.1 kW and provided a constant 

flow of 5.5 m
3
/s. 

Depending on weather-load conditions, compressor 

power decreased by 2.2–19.8 kW under when compared 

with HPC. Despite a situation where more condenser fans 

were staged under CTC, chiller power was saved because 

condenser fan power increased by 2.2 kW at most. With a 

high outdoor temperature of 35  , chiller efficiency was 

improved by 4.7–12.9% when the part load ratio of the 

chiller lay between 0.25 and 0.75. When the outdoor 

temperature dropped to 15 , chiller efficiency was 

improved by 12.7–40.1%, depending on the chiller load. 

F. Sheng-Kai Wang et al. [6] (2010): 

The distribution of airflow is an important factor for the 

performance of air-cooled multi-coil air-cooled condensers. 

This study is an attempt to investigate the effects of different 

included angles between the coils of the condenser. It has 

been found that it can be a mean to improve the performance 

of multi-coil condensers without using larger heat transfer 

surfaces. A commercially used four-coil condenser of an air-

cooled water chiller was used as the base case in the tests 

and analysis. The results show that the variation with 

included angle can increase the airflow rate by 7.85%, 

which corresponds to 5.29% increase in heat transfer. The 

improvements were found to be due to the reduction of the 

stagnant flow regions of the heat exchanger coils, and more 

even flow distribution through the coils. The research results 

are important as air-cooled condensing units can be 

designed to better performance merely by changing the 

configuration of the coil arrangements. 

The study, a 3-D computer model was used to 

simulate the four-coil heat exchangers of the condenser of 

an air-cooled chiller. The computer model was verified with 

tested data. Different configurations of the heat exchangers 

as shown in figure were studied for the performance of the 

airflow distribution and the heat transfer. Cases 1 to 5 

correspond to the included angles   of about 40.5, 43.5, 

45.4, 46.6 and 47.1, respectively. 

 
Fig  5: The five coil configurations studied in the work 

Experimental verification of the CFD air 

distribution as computed was conducted using a nominal 

capacity 125 USRT (1.0 USRT = 3024 kcal / hr) air-cooled 

chiller. The condenser was made of three bays of flat plate 

finned tube heat exchangers The increment of air velocity 

due to variation of the included angle is more significant for 

coil 1. The average air velocity changes from 2.69 m/s for 

Case 1, to 3.08 m/s for Case 5. But for coil 2, the variation 

of average air velocity is smaller and for the five cases lies 

between 2.22 m/s and 2.27 m/s. The overall average air 

velocity increases from 2.48 ms for Case 1, to 2.68 m/s for 

Case 5.The average heat transfer for coil 1 increases from 

147.41 kW for case 1 to 162.44 kW for case 5. But for coil 

2, the heat transfer does not change significantly from case 1 

to case 5. 

G. F.W Yu, K.T Chan et al. [7] (2005):  

In this paper the air-cooled reciprocating chiller confirmed 

that the differential pressure requirements of thermostatic 

expansion valves restrict the reduction of condensing 

temperature to improve the chiller COP. A low set point of 

condensing temperature of 22     helps increase the heat 

rejection airflow required to meet any given cooling 
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capacity. Yet the high differential pressure across the TXV 

block the delivery of maximum heat rejection airflow 

required to allow the condensing temperature to hover 

closely above any given outdoor temperature. To fully 

utilize heat rejection capacity, the chiller should be able to 

work at a differential pressure of 290 to 900 kPa and this 

range can be met by using an electronic expansion valve. 

When the chiller operated with eight, rather than 

six, condenser fans at a part load ratio of 0.5 to 1, the 

condensing temperature could drop by 0.1–3.4  , 

depending on the chiller loads and outdoor temperatures. 

This could result in a decrease of up to 49.9 kW in the 

compressor power and a maximum of 28.7% increase in the 

COP. The potential savings of chiller power help decide 

whether it is financially viable to replace a TXV by an EXV 

with its controller in order to enhance the performance of 

air-cooled chillers. The results of this paper help engineers 

and manufacturers to understand criteria for developing 

more energy efficient air-cooled chillers. 

It uses the refrigerant R134a and has a nominal 

cooling capacity of 460 kW. The COP of the chiller at full 

load is 2.8 which complies with the performance data in the 

chiller specifications. The chiller consists of a shell-and-tube 

liquid evaporator, a TXV, two constant speed reciprocating 

compressors and an air-cooled condenser. The evaporating 

temperature of the evaporator is designed to be 3 . The 

temperature of supply chilled water is set at 7  , with a 

temperature rise of 5.5 , at full load. The chilled water 

flowing through the chiller is maintained at 20.1 kg/s. Each 

of the compressors has a nominal power of 162 kW and 

provides four capacity steps via unloading the cylinders. The 

condenser is equipped with eight constant speed condenser 

fans, each of which is rated at 1.6 kW and delivers heat 

rejection airflow of 3.9 m
3
/s. 

H. Jia Yang, K.T Chan et al. [8] (2012): 

The water mist evaporative pre cooling can be applied to 

air-cooled chillers to improve the chiller efficiency. The 

experiment was conducted on a chiller plant with water mist 

system in a subtropical climate. The experimental shows 

that the dry bulb temperature (DBT) of entering condenser 

air with water mist pre-cooling could drop by up to 9.4 K 

from the ambient air temperature, and the approach could be 

as low as 0.5 K. A thermal effectiveness of up to 0.91 was 

obtained in using the water mist system. The pre-cooled 

condenser air enabled a drop of the condensing temperature 

by up to 7.2 K, and the chiller coefficient of performance 

(COP) could be improved in varying degrees by up to 

18.6%.This system energy-efficient and environment 

friendly technique, which has significant potential to 

improve the efficiency of air-cooled chillers and reduce the 

electricity demand for the commercial and industrial sector. 

The high pressure pump can operate to deliver water at a 

high pressure of around 70 bars, and the water is forced 

through micro nozzles at very high pressure to create a 

water mist of 10 micron sized droplets. There are three 

identical screw chillers connected in parallel was 

investigated. Each chiller has two refrigeration circuits, 

namely circuit A and circuit B, using refrigerant R134a. The 

chiller is equipped with one compressor for circuit A and 

two compressors for circuit B. The nominal cooling capacity 

of the studied chiller is 705 kW, rated under the operating 

conditions of entering condenser air temperature at 35   

and entering/leaving chilled water temperatures at 12 and 

7 . The rated power of the studied chiller is 242 kW. The 

condensers comprise of 10 identical condenser fans arranged 

with a total airflow rate of 53.45 m
3
/s, including four fans 

serving circuit A and six fans serving circuit B. The fan 

speed is 15.8 r/s, and each fan consumes a power of 2.4 kW. 

It was suggested to operate the water mist system only when 

DBT is greater than 28   and RH is less than 75%. Under 

these criteria, the chiller efficiency could be improved. At 

RH of 80-90% and part load ratios of 0.9-1.0, the chiller 

COP could be improved by 6.6% and 9.8% when the chiller 

operated at ambient temperatures of 24   and 32 , 

respectively. Hence applying water mist pre-cooling could 

improve the chiller COP in various degrees up to 18.6%. 

Yet a 3.8% reduction of the COP could be resulted due to 

undesirable staging of constant speed fans under HPC. 

I. M.W Browne et al. [9] (2000): 

The paper presents a steady-state model or predicting the 

performance of vapour compression liquid chillers over a 

wide range of operating conditions. In particular, it employs 

an elemental NTU-  methodology to model both the shell-

and-tube condenser and evaporator. The approach allows the 

change in heat transfer coefficients throughout the heat 

exchangers to be accounted for, thereby improving both 

physical realism and the accuracy of the simulation model. 

The model predicts the electrical work input to the 

compressor, and the coefficient of performance (COP), and 

the condenser capacity to within ±10% for the majority of 

operating conditions for both chillers. The model is also able 

to predict the refrigerant temperatures in the condenser and 

the evaporator to within ±1% for the majority of operating 

conditions. 

The model is base around one centrifugal chiller 

and one twin-screw chiller. The design condition is 6  for 

the chilled water flow temperature and 29  for condenser 

water inlet temperature. The first single-screw compressor 

with 650kw cooling capacity use R22 and twin-screw chiller 

with cooling capacity 300kw use 134a refrigerant. The basic 

principle is to divide both the tube side region and shell side 

region into element to better predict the heat transfer. The 

total heat transfer and pressure drop is calculate. 

 
Fig. 6: Elemental approach for a shell-and-tube for (a)  

entire heat exchanger and (b) a single tube element. 
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The comparison between experimental and 

predicted COP versus part load fraction for chiller A and B, 

the COP of both chillers is increased with cooing capacity. 

The chiller B exhibits higher COP across whole operating 

range due to twin circuit machine. The peak COP for chiller 

A is greater than that for chiller B. 

J. Y Kim Lee, Chang et al. [10] (2001): 

The refrigerant R407C is performed in a commercial screw 

chiller with shell-and-tube heat exchangers  which originally 

designed for R22. The test results show a severe 

performance reduction when substituting the refrigerant 

from R22 to R407C. The reason for the performance 

reduction is analyzed comprehensively, and the influence of 

thermodynamic properties, compressor efficiency, and heat 

transfer is evaluated quantitatively. The major factor causing 

the performance reduction is assessed as the degradation of 

the heat transfer in using the mixed refrigerant, R407C. The 

heat transfer degradation in the evaporator is found to be 

larger and influences more on the chiller performance 

reduction. The performance reduction caused by the 

evaporator is approximately two times compared with that 

of the condenser. Among many candidates, the ternary 

mixture R407C is proposed as a strong candidate to 

substitute HCFC-22. 

The performance test is carried out for a 

commercial chiller with a nominal cooling capacity of 100 

kW. The chiller is equipped with a screw compressor, an 

electronic expansion valve, a condenser, and an evaporator. 

When the evaporator inlet temperature of the cooling water 

is 12 , the cooling capacity decreases by 12%, and the 

COP by 20%. When the temperature is 7 , the cooling 

capacity decreases by 20%, and the COP by 30%. Three 

factors which are thermodynamic properties, compressor 

efficiency, and heat transfer are investigated and the reason 

for the decrease is analyzed quantitatively. It is found that 

the main reason for the decrease in the chiller performance 

is the decrease in the heat transfer coefficient of R407C 

compared with that of R22. The heat transfer decrease in the 

evaporator is found larger, and influences more on the 

chiller performance degradation by approximately two times 

compared with that in the condenser. 

K. A Beghi, Luca Cecchinato [11] (2010): 

The designing advanced control algorithm for small capacity 

chillers is addressed. A detailed simulation environment has 

been developed, that is based on the Matlab/ Simulink 

platform. A relevant property of the model is that all of the 

dynamic behaviors that are relevant for controller design 

have been taken into account. To this regard, both a quasi 

steady-state model and a moving boundary model for the 

chiller refrigerant dynamics have been considered to 

evaluate the effect of energy losses during compressor start-

ups. The model has been satisfactorily validated in a state-

of-the-art experimental facility, by performing an extensive 

validation campaign. The simulation environment has been 

used to design an adaptive control algorithm for single and 

multiple scroll compressor, packaged air-cooled water 

chillers, which allows to increase both control accuracy and 

energy performance. 

The control algorithm has been designed in order to 

be applied to units with compressors of different size on the 

same refrigerant circuit. At the core of the proposed control 

algorithms there is a new load estimation scheme that is 

based on a Kalman filter. Knowledge of an estimate of the 

thermal load is used to derive information on the PLR value, 

that is then exploited for designing the different control 

strategies. In particular, to increase the system energy 

performance, chilled water temperature reset is performed as 

a function of the estimated PLR. The control algorithm 

performance assessment made in the simulation 

environment has been fully confirmed by experimental data. 

In particular, the experimental campaign confirmed that at 

low PLR values the proposed control algorithm grants a 0.6-

0.7 K improvement in the regulation performance in terms 

of supply water temperature standard deviation and mean 

supply water temperature deviation. For PLR<75%, the 

proposed algorithm grants 7.3-3.0% EER improvement with 

respect to supply water temperature control while it grants a 

remarkable ESEER improvement of 9.1%. 

III. CONCLUSION 

R-22 and R-123 are both scheduled for phaseout under the 

Montreal   Protocol and implementing national regulations. 

R-22 still dominates in smaller chillers using positive 

displacement compressors, that picture are changing. 

Designs using R-134a  and R-407C and R- 410A (both 

blends of HFCs) are being introduced to replace those with 

R-22. 

Scroll type is estimated to be more effective than 

rotary type over 8,000 Btu/h with R407C same as R22. 

The fin and tube condenser, U-type path 

configuration is better than the Z-type path configuration 

when R-407C refrigerant is used, and the Z-type path 

configuration is better than the U-type path configuration for 

R-22 refrigerant. 

The scroll and reciprocating compressors show 

similar characteristics for cooling capacity and COP with 

respect to system charge level. The volumetric and 

isentropic efficiencies of scroll are higher than similar sizes 

of reciprocating compressors. 

The condenser fan staging enhance the heat 

rejection air flow and Chiller efficiency, can be improved by 

4.4–40.1%, depending on the load conditions and outdoor 

temperatures. 

The changing in configuration of the included 

angles of the coils has significant effects on the airflow 

distribution and consequently the heat transfer performance. 

The air-flow rate can be increased by 7.85% by changing the 

included angle of the multi-coil condenser, in comparison 

with a commercial multi-coil condenser. 

The applying water mist pre-cooling could improve 

the chiller COP in various degrees up to 18.6%. Yet a 3.8% 

reduction of the COP could be resulted due to undesirable 

staging of constant speed fans under HPC. 

The performance reduction in commercial screw 

chiller when substituting the refrigerant from R22 to R407C 

in shell and tube heat exchanger due to decrease in the heat 

transfer coefficient of R407. 

Hence its conclude that the cooling capacity and 

COP is improve with proper selection of refrigerant and 

compressor. Sroll compressor is found to be best option for 

small capacity chiller. The proper design of fin and tube 

condenser improves the heat transfer and hence cooling 

capacity. 
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