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Abstract—India is a tropical country with large humidity ratio 

in almost every part, more than half of the year. Demand for 

air-conditioning is rapidly increasing from last few years. 

Considering the demand and Indian climate, it is very necessary 

to develop sustainable air conditioning systems. 

 

Humid climate have very high latent load, due to infiltration 

and ventilation. In order to provide air-conditioning for such 

climate, apparatus dew point temperature (ADP) goes below 

zero degree, which decreases the efficiency of air conditioning 

system. Normal vapour compression system has ADP less than 

0°C, for such system a re-heat coil is used to heat the over cool 

air. A Hybrid air conditioning cycle can be designed that 

handles sensible and latent load separately. Latent load is 

handled by desiccant wheel; sensible load is handled by 

conventional air-conditioning system. Desiccant system can be 

powered by gas heater or solar energy or waste heat. A 

compression has been made for system with coupled desiccant 

wheel system. Calculations are based upon energy conservation 

equation and few softwares. This Compression will develop 

scope for modeling of such system 
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I. INTRODUCTION 

 

eed for domestic refrigeration is rapidly increasing in 

India. Power shortage and unstable power supply are 

serious problems in India. Conventional air conditioning 

systems utilize harmful refrigerants and cause peak load 

crisis during summer. As world struggles with energy and 

environmental crisis, there is urgent need to develop and 

promote sustainable air conditioning systems.  

 

A solar hybrid desiccant air conditioning system, which 

combines the technologies of two-stage desiccant 

cooling(TSDC) and air-source vapor compression air-

conditioning (VAC) together, has been configured, 

experimentally investigated and theoretically analyzed [1]. It 

is proved that the two-stage rotary desiccant cooling system 

is feasible for solar driven air-conditioning application. 

Being incorporated with vapor compression system, it can 

deal with most of the latent load and thus save electric power 

greatly. 

a solar driven two-stage rotary desiccant cooling system 

and a vapor compression system were simulated to provide 

cooling for one floor in a commercial office building in two 

cities with different climates: Berlin and Shanghai. [2] 

Comparisionof  the thermodynamic and economic 

performance of the two systems was made and to obtain 

useful data for practical application. Results show that the 

desiccant cooling system is able to meet the cooling demand 

and provide comfortable supply air in both of the two regions.  

some energy conservation and techno-economic 

assessment studies of a hybrid solar space-conditioning 

system consisting of conventional vapour-compression (V-C) 

and liquid desiccant cycles were made by Y. K. YADAV[3] 

 

Lots of work on the idea of separate latent and sensible 

load handeling has been made. A desiccant based 

Dehumidifier removes moisture form supplied fresh air; this 

handles most of outside latent load. Rest of load is handled 

by AC-coil. Desiccant wheel is a moisture adsorbent material 

packed on rotary wheel, which capture moisture form 

process air. As the wheel rotate and it passes through 

regeneration section where hot air is blown which removes 

captured moisture [4]. Dhar and Singh [5] summarized 

various systems based on separate latent and sensible cooling. 

They simulated a hybrid system and demonstrated that 

energy saving can be achieved. A separate latent and sensible 

cooling system based on vapour compression was designed 

where idea of divided condenser was implemented [6]. Here 

a part of air passed over a divided section of condenser was 

used to power desiccant wheel. Solar hybrid cooling system 

was designed for a high-tech office located in the subtropical 

Hong Kong (22.3_N and 114.2_E) [7].  

 

Here comparison with Conventional vapour compression 

system was made to analyze power saving.  

One main design consideration is to provide sufficient hot 

air for regeneration of Desiccant wheel. At same time the 

moisture content of regeneration air must also be considered. 

If moisture content of regeneration air is large then less 

dehumidification is achieved in process air. So to achieve 

high dehumidification humidity content of regeneration air 

must be controlled. One solution of this is to utilize less 

humid exhaust air from the AC space. But this add more 

heating load on regenerator-heating coil.  

N 
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Design of Hybrid cycle: Refer Fig.1; Atmospheric air 

(state O) is passed through desiccant wheel from process side. 

On other side dehumidified air at high temperature (state 1x) 

is obtained. As the temperature of this air is relatively higher 

than atmospheric air, Indirect Evaporative Cooling (IEC) can 

be used to cool this air (state 1). Efficiency of Evaporative 

cooler lies between 0.6-0.7. It must be noted that at (state 1), 

temperature of air is still higher than atmospheric air, but its 

moisture content is very less. Heat gain form fan/blower will 

be very small, it can be neglected. Re-circulated air form air 

conditioned space (state 4) is then mixed with air at state 1. 

This air is mixed to (state 2). Now it passed thorough 

Cooling coil of evaporator and comes out at (state 3); supply 

air to air-conditioned space.  

On the regeneration side, the exhaust gas at (state 4); 

which has low humidity ratio, is used for regeneration. This 

air is passed though a section of condenser (state 5) 

absorbing heat. By this some amount of exhaust (waste) heat 

form condenser is utilized for heating, but still to meet 

regeneration temperature this air is finally passed though 

heating coil. Regeneration air (state 6) is now suitable for 

regeneration of desiccant wheel. 

 A Simple air-cooled VCR system is considered in this 

design. Our main goal is to calculate thermal power 

consumption; hence we will not go in detail of VCR 

parameters and heat exchanger design. 

 

Approach:  

1. Load calculation: The load for system is 

calculated for a typical Lecture-hall located at PDPU, 

Gandhinagar, Gujarat.(23.2° N, 72.7° E). Semi-empirical 

methods were used to calculate load for the building. 

Dimension of hall is 4x10x15, with a glazed glass wall of  

 

36m2 facing N-E direction. Occupancy of 60 people, 

Overall heat transfer coefficient for walls was taken 1.1, 1.2, 

1.2 for N-E wall, rest of walls, roof-floors respectively. 

Effective Temp. Difference (ETD) was taken as 20°C. And 

solar heat gain factor of 450 W/m2. Room Design temp was 

kept as 25°C and 60% RH. Average condition as in month of 

june was kept for this calculation i.e. 35°C and 70% RH.  

 

2. Air Psychrometry: Fresh air requirement was kept 20% 

of total air circulated. Coil bypass factor was kept as 0.15. 

With Outside and inside design condition as input calculation 

was made.  

 

3. Desiccant wheel calculation: Energy and mass balance 

equation for desiccant are very complicated; to simplify the 

calculation simulation software of desiccant wheel 

manufacturer was used [8]. Here Input to process and 

regeneration side, heater  

 

4. Indirect evaporative cooler: following equations was 

used to calculate the achievable temperature.  

Temp drop achievable = (dry bulb of process air – wet 

bulb of atmospheric air) x (efficiency of indirect module).  

Achievable temp = dry bulb of process air – temp drop 

achievable  

Humidity ratio in whole process remains same. As 

temperature of air coming from desiccant wheel is high, it 

can be easily cooled by indirect evaporation & the power 

consumed can be neglected.  

 

5. VCR system: A simple air cooled VCR cycle was 

considered just to evaluate the total energy input required at 

generator. With compressor, condenser, evaporator, and 
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expansion valve temperature and pressure fixed according to 

requirement.  

 

 

Calculation: The load calculation for simple system with 

given conditions:  

Sensible load and Latent load are obtained as 20 and 25 

respectively. Here latent load is high due to infiltration. 

Firstly we try to design simple system psychrometry, with 

previously mentioned bypass factor and recirculation 

requirements. As Room Sensible Heat Factor (RSHF) line is 

so steep that it does not meet saturation line, refer Fig-2. So 

load cannot be balanced by simple system. 

Thus a Re-heat coil is added such that coil-ADP is 

maintained at 5°C, for same bypass and recirculation factor. 

This process is shown on psychrometric chart in Fig-3. Here 

load on  

evaporator coil (2-3) & re-heat load (3-3x) are 75.24 kW 

& 13.3 kW respectively. In order to calculate total energy 

required to obtain 75.24 kW (about 21.5 TOR) cooling, we 

need to calculate generator heat input in LiBr Absorption 

chiller. With temperature of evaporator, condenser, absorber, 

generator set as 5, 50, 55, 110 COP comes as 0.7542 and 

Heat input to generator is 99.87kW.  

Total thermal energy= heat input to generator + Re-heat. 

i.e. 99.87+13.3 = 113.17 

 

Calculation for Hybrid system:  

State wise calculation has been done for Hybrid system. 

Consider Fig-1 for reference. State O is the outside 

temperature. State 1x is obtained from desiccant wheel 

simulation software. 50-50 regeneration to process air ratio is 

taken, rotation was set at 24 rpm. In order to obtain State 1 

efficiency equation as mentioned in IEC section is used, with 

efficiency of 70%. State 2 is obtained by mixing of re-

circulated air and fresh air, taking fresh air requirement as 20% 

of total air passing over coil. Humidity ratio at state 2 is 

lower than room design condition state 4, RSHF line form 

State 4 is drawn. State 3 lies on intersection of RSHF line 

and Grand sensible heat factor (GSHF) line. 

ADP of evaporator coil is fixed as 5°C. Line joining ADP 

and state 2 cuts RSHF line at state 3. By balancing load in 

room, total air flow rate is obtained as 2.74 m3/s and fresh 

air flow rate as 0.548 m3/s. So total cooling load on coil (2-3) 

is obtained as 36.24 kW (10.3 TOR), with bypass factor as 

0.54. Consider Fig-4 for the process on psychrometric chart. 

Here also in order to calculate total heat requirement in 

chiller. A chiller with temperature of evaporator, condenser, 

set as -10, 55°C respectively COP comes as 4.22 and energy 

input to is 48.05kW. On regeneration side, energy is required 

to heat air up to 110°C. As air is passed over condenser, 

considering heat transfer efficiency of 80%, it is heated up to 

45°C absorbing 17.16 kW from condenser. Additional 

34.94kW heat is provided to reach upto regeneration temp of 

110°C. Energy obtained from gas is 3 times more than that 

obtained from electrical power, hence considering gas energy 

as 1/3 of electrical power 

 

Hence total energy consumed by this system system = 

Energy input to Chiller + Energy required for regeneration. 

i.e. 48.05 + 34.94(1/3) = 59.69 kW 

 

II. CONCLUSIONS 

We can see that saving of about 40% is obtained by hybrid 

system. Some heat rejected form condenser utilized for pre-

heating of regeneration air for desiccant wheel results in less 

heating load on regeneration heater. From result of this study, 

Conventional A/C & desiccant wheel system can be certainly 

applied for cooling of hot and humid climate. Since Air-

condition consume around 20-40 % of total power 

consumption of commercial building, such system working 

on renewable/waste heat must be developed. Today, there are 

not many installation of renewable/waste energy based air-

conditioning in India. Such system requires more effort 

during design phase but, there is still lack of standardized 

design set and operational skill for such system. Therefore 

field experiment of these systems is necessary to have better 

overview of performance such system in real operations. 
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