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ABSTRACT (ENGLISH)

Full Name . Nasiru Ishaq [brahim

Thesis Title  : Performance Improvement of a Vapor Compression Air Conditioning
System by Condensate and Fresh Water Source.

Major Field : Mechanical Engineering
Date of Degree : Safar, 1435, December, 2013

Considerable amount of electrical energy produced in the Kingdom of Saudi Arabia is
consumed by air conditioning systems. In addition, water scarcity still exists in most of
the arid and semi-arid countries. This thesis presents the outcome of a study conducted to
bring down energy consumption and improve the performance of a vapor compression air
conditioning system using condensate that is generated by the system. The base system
used in the study is a 1.5 ton split type air conditioner. Three different options of system
modifications are adopted to improve its performance. The three options are: option ‘A’-
air precooling before entering the evaporator using condensate, option ‘B’- precooling the
air entering the condenser by condensate and option ‘C’- subcooling the refrigerant
exiting the condenser using the condensate. Comparative study of the base system and the
modified system is carried out. The results show that precooling the air entering the
evaporator and condenser using condensate lowers the compressor discharge pressure.
The discharge pressure also decreased significantly when subcooling is applied. The
decrease in the discharge pressure resulted in the decrease in compressor power
consumption to about 5% for option ‘A’, 4.8 % for option ‘B* and 3.7% for option ‘C’
from experiments conducted for severest weather conditions. The severest weather
conditions are 36 °C dry bulb temperature and 80% relative humidity obtained from the
climate data of four major cities of Saudi Arabia. By decreasing the discharge pressure,
the compressor’s life expectancy can be improved. The coefficient of performance, COP
is increased by about 30 %, 21% and 30% for options ‘A’, ‘B’ and ‘C’, respectively. The
increase in the second law efficiencies obtained for options ‘A’, ‘B’, and ‘C’ are 24.85,
23.51 and 21.53%, respectively. The overall assessment of the three options is that option

‘A’ gives better system performance improvement followed by option ‘B’, then option

xXxii



‘C’. The rate of condensate extraction from the air conditioning system is studied and
chemical analysis is carried out on the condensate sample to determine its quality. The
amounts of condensate collected in Dhahran from the base system during the humid and
hottest months of June, July, August and September are 1036, 1181, 2173 and 1781 kg,
respectively, and these amounts are obtained experimentally on hourly basis. Analytical
results of condensate extraction obtained by using hourly actual climate data are in good
agreement with the experimental results. Condensate chemical analysis is conducted and
the results are compared with the recommended guideline values of drinking water by
World Health Organization. The Chemical analysis reveals that the condensate can be
used as drinking water after undergoing simple bacterial removal process. It can also be
used to improve the performance air conditioning systems and other applications such as

cooling tower make up water and irrigation.
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ABSTRACT (ENGLISH)

Full Name . Nasiru Ishaq [brahim

Thesis Title  : Performance Improvement of a Vapor Compression Air Conditioning
System by Condensate and Fresh Water Source.

Major Field : Mechanical Engineering
Date of Degree : Safar, 1435, December, 2013

Considerable amount of electrical energy produced in the Kingdom of Saudi Arabia is
consumed by air conditioning systems. In addition, water scarcity still exists in most of
the arid and semi-arid countries. This thesis presents the outcome of a study conducted to
bring down energy consumption and improve the performance of a vapor compression air
conditioning system using condensate that is generated by the system. The base system
used in the study is a 1.5 ton split type air conditioner. Three different options of system
modifications are adopted to improve its performance. The three options are: option ‘A’-
air precooling before entering the evaporator using condensate, option ‘B’- precooling the
air entering the condenser by condensate and option ‘C’- subcooling the refrigerant
exiting the condenser using the condensate. Comparative study of the base system and the
modified system is carried out. The results show that precooling the air entering the
evaporator and condenser using condensate lowers the compressor discharge pressure.
The discharge pressure also decreased significantly when subcooling is applied. The
decrease in the discharge pressure resulted in the decrease in compressor power
consumption to about 5% for option ‘A’, 4.8 % for option ‘B* and 3.7% for option ‘C’
from experiments conducted for severest weather conditions. The severest weather
conditions are 36 °C dry bulb temperature and 80% relative humidity obtained from the
climate data of four major cities of Saudi Arabia. By decreasing the discharge pressure,
the compressor’s life expectancy can be improved. The coefficient of performance, COP
is increased by about 30 %, 21% and 30% for options ‘A’, ‘B’ and ‘C’, respectively. The
increase in the second law efficiencies obtained for options ‘A’, ‘B’, and ‘C’ are 24.85,
23.51 and 21.53%, respectively. The overall assessment of the three options is that option

‘A’ gives better system performance improvement followed by option ‘B’, then option

xXxii



‘C’. The rate of condensate extraction from the air conditioning system is studied and
chemical analysis is carried out on the condensate sample to determine its quality. The
amounts of condensate collected in Dhahran from the base system during the humid and
hottest months of June, July, August and September are 1036, 1181, 2173 and 1781 kg,
respectively, and these amounts are obtained experimentally on hourly basis. Analytical
results of condensate extraction obtained by using hourly actual climate data are in good
agreement with the experimental results. Condensate chemical analysis is conducted and
the results are compared with the recommended guideline values of drinking water by
World Health Organization. The Chemical analysis reveals that the condensate can be
used as drinking water after undergoing simple bacterial removal process. It can also be
used to improve the performance air conditioning systems and other applications such as

cooling tower make up water and irrigation.
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