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Abstract— In the present scenario of “green” and “sustainable” HVAC design approaches and solutions, integrated & hybrid system 
design is one of the most preferred technique that are important for achieving good indoor air quality with respect to thermal comfort 
and energy efficiency.  In this paper, design & development of experimental setup of hybrid air-conditioning system is carried-out and 
the results are analyzed and compared with the conventional VCRS based air-conditioning system. It is observed that, hybrid air-
conditioning system can handle the latent load very efficiently without burdening the total load over the cooling coil of air-conditioning 
system.  The cop of the hybrid system was found to be 1.13.  The conventional vapour compression based air-conditioning system 
consumes high grade electricity power.  Under high ventilation loads or low sensible heat ratio conditions, the conventional system is 
not designed to handle the continuous supply or increased volume of outdoor air necessary to comply with minimum ventilation 
standards as recommended by ASHRAE. 

INDEX TERMS—     Air handling units, desiccants, dehumidifier wheel, green & sustainable system, heat exchanging wheel, hybrid air- 

conditioning system, Psychrometric analysis. 

——————————      —————————— 

1. INTRODUCTION 
 

 Conventional vapour-compression cooling systems 

are not designed to handle temperature and humidity 

loads separately. Consequently; larger capacity of air 

handling units (AHU’s) are installed with oversized com-

pressors, to dehumidify the incoming air and are often 

operated for longer durations at low temperatures.  Due 

to these factors the efficiency of the system reduces and 

requires reheating for the dry & cold air, to achieve re-

quired degree of comfort. Both consequences are costly. 

Desiccant systems, however, can supplement convention-

al air conditioners. Incorporating vapour compression re-

frigeration system (VCRS) along with desiccant system 

can tackle the temperature and humidity loads separately 

and more efficiently. The compressor size reduces and 

eliminates excess chilling capacity. Desiccant cooling sys-

tems are energy efficient and environmentally benign.   

The work has been carried-out in two stages:  Design of 

Air-conditioning system based on Psychrometric load calcula-

tions and the development of experimental setup by prioritiz-

ing the appropriate assembly of the equipments.  With the 

increase in supermarkets, convention centres, corporate build-

ings etc. use of air-conditioning has resulted in appreciable 

demand for electricity; that is generated by conventional pow-

er plants.  The conventional vapour compression based air-

conditioning system consumes high grade electricity power.  

Under high ventilation loads or low sensible heat ratio condi-

tions, the conventional system is not designed to handle the 

continuous supply or increased volume of outdoor air neces-

sary to comply with minimum ventilation standards as rec-

ommended by American Society of Heating Refrigeration Air-

conditioning Engineer’s (ASHRAE).  For the development of 

hybrid air-conditioning system, sufficient data was generated 

in setting the input parameters. 

2. LITERATURE REVIEW 
 

Burns et al. [01] carried out comprehensive studies on sol-

id desiccant based hybrid cooling system for Supermarket 

application having high latent heat load.  They compared the 
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performance of three hybrid air-conditioning systems with the 

conventional air-conditioning system.  The three hybrid air-

conditioning cycles were termed as Ventilation-Condenser 

cycle, Recirculation-Condenser cycle and Ventilation-Heat 

Exchanger cycle.  Singh et al. [02] carried out the modelling of 

the dehumidifier using the performance data from a manufac-

turer.  They analyzed the performance of afore-mentioned 

three hybrid cycles for Indian climatic conditions.  They re-

ported around 30 to 50% of energy savings at higher latent 

heat load applications.  P L Dhar & S K Singh [03] evaluated 

the performance of the above mentioned Ventilation-

Condenser cycle, Recirculation-Condenser cycle and Ventila-

tion-Heat Exchanger cycle along with proposed hybrid air-

conditioning cycle. 

Jain et al. [04] also investigated four cycles; termed as the 

Ventilation cycle, Recirculation cycle, Dunkle cycle and Wet-

surface heat exchangers cycle, for various outdoor conditions 

of many cities in India. Their study was aimed at evaluating 

the influence of the effectiveness of heat exchangers and evap-

orative coolers on the cooling coefficient of performance 

(COP) as well as on the air volumetric circulation rate in dif-

ferent climatic conditions. They found the Dunkle cycle to 

have better performance compared to recirculation and venti-

lation cycles in all climatic conditions. But the cycle using wet 

surface featured the best performance with respect to all the 

three other cycles investigated. 

Mavroudaki et al. [05] and Halliday et al. [06] conducted 

independently two feasibility studies of solar driven desiccant 

cooling in diverse European cities representing different cli-

matic zones on the continent. The conclusion reached by the 

authors revealed that primary energy savings were achieved 

in all climatic conditions. A decline in energy savings were 

noticed in highly humid zones. This decline was attributed to 

the high temperature required to regenerate the desiccant in 

the climates of high humidity.  The development of hybrid air-

conditioning system and its performance evaluation has been 

described in this technical paper. 

3. DEVELOPMENT OF HYBRID AIR-
CONDITIONING SYSTEM 

 

Experimental setup was designed and developed for in-

vestigating the performance of solid desiccant assisted hybrid 

air-conditioning system by expanding the facility of the solid 

desiccant dehumidifier wheel, heat recovery wheel, conven-

tional vapour compression cooling coil and conditioned space.  

Photographic view of the solid desiccant assisted hybrid air-

conditioning system for 100% ventilation cycle is shown in 

Figure.1.  

 
Figure: 1. Photographic View of Solid Desiccant assisted Hybrid Air-

Conditioning System setup 

 

In this system the outside hot & humid process air ‘ODC’ 

is passed through the desiccant dehumidifier wheel.  The sys-

tem is designed for 100% ventilation cycle.  The principle of 

operation and its working is explained with respect to the pro-

cesses shown on Psychrometric Chart. Refer. Figure: 2. 

The description of the notations used on the chart is as fol-

lows. 

ODC - Outside Design Condition 

IDC - Inside Design Condition 

2 - Condition of Process air leaving Desiccant wheel  

3 - Condition of Process air leaving heat Recovery wheel  

ADP - Apparatus dew point temperature/Temperature main-

tained in Evaporator (cooling) coil  

4 - Condition of air leaving Evaporator (cooling) coil  

5 – Room/Conditioned space dew point temperature 
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Figure: 2    Psychrometric process plot on chart 

  The desiccant dehumidifier wheel removes the mois-

ture from the process air and the heat of adsorption gets re-

leased in the process air, thereby increasing the temperature of 

process air leaving the desiccant wheel, point ‘2’.  The process 

air leaving the desiccant wheel is sensibly cooled by the re-

generation air stream (outside air) in the heat recovery wheel.  

Heat recovery wheel is an air-to-air heat exchanging wheel, 

where the process air gets sensibly cooled by exchanging heat 

with the regeneration air stream.  The high temperature re-

generation air stream; which is preheated in the heat recovery 

wheel and heater section, is passed through the desiccant de-

humidifier wheel to remove the adsorbed moisture for reacti-

vation.  The sensibly cooled process air in heat recovery wheel 

‘3’ is then passed over the cooling coil; maintained at requisite 

apparatus dew point temperature as per the sensible heat fac-

tor ratio, to maintain the conditioned space as per the comfort 

conditions to be achieved. The condition ‘4’ represents the 

condition of air entering the conditioned space i:e point of in-

tersection of “3 – ADP line” and the Room Sensible Heat Fac-

tor (RSHF) line. 

Sensible heat factor (SHF) is defined as the ratio of sen-

sible heat load to the total heat load.  

 

 
With the increase in latent heat load; the SHF decreases, thus 

decreasing the room ADP.   

 
Figure: 3 RSHF line on Psychrometric Chart 

 

From the Figure.3, it is observed that; for the value of 

SHF=0.7, the RSHF line meets the saturation curve at 70 C and 

with SHF=0.65, the RSHF line meets the saturation curve at 

200 C.  When the SHF=0.6 or below, the RSHF line meets the 

curve well below 00C and thus the load on cooling coil in-

creases. 

Series of experiments were carried out for different out-

door conditions for maintaining the temperature and relative 

humidity of the conditioned space as 240C to 260C dry bulb 

temperature (DBT) and 50% Relative Humidity (RH or Ø) as 

per the ASHRAE specified standards for comfort zone.  Re-

sults were analysed for 100% ventilation cycle for different 

outdoor conditions to measure the performance of the system 

and; are compared with the stand alone conventional VCRS 

based Split type air-conditioning system 

4. ANALYSIS OF RESULTS OF HYBRID AIR-CONDITIONING 
SYSTEM 

The analysis is carried out for the below mentioned outside 

condition and the processes are shown on Psychrometric chart 

as shown in Figure.4. 

Outside Design Condition,   

ODC  = 380 C &,  Ø=57% 

Inside Design Condition,  

IDC = 250 C &  Ø=50%  

Condition of Process air leaving Desiccant wheel, 2:  

DBT = 490 C & Ø = 26.2% 

Condition of Process air leaving heat Recovery wheel, 3:  
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DBT = 430 C & Ø = 35.8%  

Apparatus dew point temperature   

ADP = 50 C  

(Temperature maintained in Evaporator (cooling) coil)   

Condition of air leaving Evaporator (cooling) coil, 4  

DBT = 110 C & Ø = 93% 

The results obtained are tabulated in the following table 1 as 

follows: 
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Figure:4. Psychrometric Plot of Process 

TABLE 1:  
LOAD CALCULATIONS RESULTS FROM PSYCHROMETRIC CHART 

Description about various loads Value in KW
Sensible heat load of infiltrated outside 

 i  
13.74

Latent heat load of infiltrated outside process 
i  

36.23
Sensible heat load of infiltrated outside 
process air using Desiccant wheel

17.74

Latent heat load of infiltrated outside process 
air using Desiccant wheel

25.8

Sensible heat load on cooling coil 38.39

Latent heat load on cooling coil 36.8

Total heat load on cooling coil 75.19
Sensible heat load on cooling coil stand alone 
VCRS system

34.39

Latent heat load on cooling coil stand alone 
VCRS system

47.23

Total heat load on cooling coil stand alone 
VCRS system

81.62

Room sensible load to be handled 15

Room latent load to be handled 6.26

Room total load 21.26  

5. CONCLUSION 
 

From the results obtained, it is observed that the sensible 

load on the cooling load with the hybrid air-conditioning sys-

tem increases but the latent heat load to be handled by the 

system decreases.  Thus, overall load to be handled by the hy-

brid system decreases than that of the conventional vapour 

compression air-conditioning system.  The cop of the system 

was found to be 1.13.  With the increase in supermarkets, con-

vention centres, corporate buildings etc. use of air-

conditioning has resulted in appreciable demand for electrici-

ty; that is generated by conventional power plants.  The con-

ventional vapour compression based air-conditioning system 

consumes high grade electricity power.  Under high ventila-

tion loads or low sensible heat ratio conditions, the conven-

tional system is not designed to handle the continuous supply 

or increased volume of outdoor air necessary to comply with 

minimum ventilation standards as recommended by 

ASHRAE. 
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