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Abstract— The air to air rotary heat exchanger is a 

regenerative type heat exchanger used for preheating the 

combustion air or regeneration air, mainly in HVAC or steam 

power plant. The warm gas and cool air ducts are arranged to 

allow both the flue gas and inlet air to flow simultaneously 

through the air pre-heater. The hot flue gas heats the rotor 

material and as the rotor rotates, the hot rotor section moves 

into the flow of the cold air and preheats it. If the incoming 

air is not preheated, then some additional waste heat energy 

must be supplied to heat the air to a temperature required to 

facilitate combustion. Due to this, more fuel will be 

consumed which decreases overall efficiency of the power 

plant. The present review consist of different techniques used 

to study the process parameters of rotary regenerator are 

discussed. 

Key words: Rotary Heat Wheel, Heat Recovery, 

Effectiveness 

I. INTRODUCTION 

Rotary heat wheel is the device used to heat the air supplied 

for the combustion with the help of hot flue gases. The 

purpose of the air pre-heater is to recover the heat from the 

boiler flue gas which ameliorates the thermal efficiency of the 

boiler by reducing the heat lost in the flue gas. As a result, the 

flue gases are finally transfers to the chimney at a 

comparatively lower temperature, allowing simplified design 

of the conveyance system. It also provide good control over 

the temperature of gases leaving the chimney to meet the 

emission standard. There are two types of air pre-heater 

usually used in thermal power stations. In recuperative air 

pre-heater the heat exchange between the carrier and the air 

to be heated takes place constantly through the walls of the 

heating surface that separate them. In regenerative air pre-

heater the heat exchange is accomplished by the alternate 

heating and cooling metallic or ceramic fixed or rotating 

surfaces of the pre-heater. 

 Rotary air to air heat exchanger is one of the 

important energy recovery systems in the steam power plant 

or in HVAC devices which was first introduced in 1920 by 

Ljungstrom [1]. Warren published his studies on Ljungstrom 

air pre-heater and base on the experimental results confirmed 

a minimum reduction of 10% in power plants fuel 

consumption [2]. 

 Thermal comfort is determined by both the 

temperature and the humidity of the air, and for this reason 

air-conditioning operations involve both heat and mass 

transfer mechanisms in conventional air-conditioning 

devices. These operations are either cooling and 

dehumidification or heating and humidification. It is possible 

to decrease the amount of energy required to condition an air 

stream that is ventilated into a building by using air to air 

rotary regenerators that allow to recover energy from the 

exhaust air stream which is then disposed into the 

environment. If these regenerators are made out of a desiccant 

material that is able to transfer mass (water) as well as heat 

between the air streams, the two air-conditioning mechanisms 

can be combined in one device. Typically rotary regenerators 

are used in commercial buildings, where high fresh 

ventilation air flow rates are required, rather than in 

residential buildings, because the relatively high first cost of 

this equipment has to be recaptured by significant energy 

savings in traditional air conditioners [3-5]. 

 In order to reduce the electricity consumption of 

buildings used more and more solutions are aimed at storage 

and heat recovery for air-conditioning purpose. This motive 

also becomes energy obtaining from renewable sources like 

solar energy such as wind or solar energy using solar 

collectors or heat pumps. An analysis of the energy 

consumption of buildings is apparent that a considerable 

amount of energy is allocated to the so called ventilation 

losses in HVAC. In existing and operated buildings in Poland, 

this value ranges from 20 to 40% of the total energy 

consumption of buildings during obtaining required thermal 

comfort. These losses are a result of fresh ventilation air for 

hygienic reasons demand. It is worth noting that in future 

coming years the percentage of that portion of the losses will 

increase in the total balance, because the buildings are built 

with more and better materials to reduce losses through the 

walls and windows and other building structure. In contrast, 

the quantity of fresh air supplied to the buildings cannot be 

reduced below this predetermined level. For this reason, a 

very serious issue becomes a heat recovery process in 

ventilation and air conditioning systems. From a technical 

point of view, there are several solutions that enable the 

reception of heat from the exhaust air stream and transport it 

to the fresh air stream: 

 Rotary heat exchangers; 

 counter current heat exchangers; 

 Heat pumps; 

 Integrated two-factor intermediate exchangers. 

 The rest of the work will focus on rotating 

regenerators, because it is their own people is attributed to the 

highest heat recovery rates in excess of 90% [6-9]. 

II. WORKING PRINCIPLE OF ROTARY HEAT EXCHANGER 

In rotary heat exchangers, heat is transferred from the hot 

fluid to a solid energy carrier (the matrix) during the first 

rotation period, and, during the second rotation period, from 

the solid to the cold stream. Continuous operation is 

permitted by rotating the matrix cyclically from one air 

stream to the other (Fig.1). Rotary heat exchangers also allow 

mass (water vapor) transfer between the two air streams if the 

matrix contains a water adsorbing desiccant. In this case the 

heat exchangers exchange both sensible and latent energy, 

and at operating conditions where the total amount of 

transferred energy is at its maximum, they are referred to as 

rotary enthalpy exchangers. The matrices of the rotary 

regenerators investigated in this study consist of an aluminum 

foil that is coated with a desiccant material in the case of an 

enthalpy exchanger. As shown in below Fig. 1, one layer of 

folded aluminum foil is positioned between two layers of flat 

foil in order to form small triangular passes through which the 
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air flows during operation. Spokes provide stability for the 

structure and assure that the aluminum foil does not vibrate 

when air is made to blow through the rotating matrix between 

to air streams [10-12]. 

 
Fig. 1: Schematic Layout of Working of Rotary Heat 

Exchanger 

 As compared to rotary heat wheel that transfer 

sensible heat only, rotary enthalpy exchangers have several 

further advantages. The most important among them are of an 

enthalpy exchanger is that the total amount of energy that can 

be recovered from the exhaust air stream is significantly 

higher due to the contribution of latent heat. Furthermore, 

enthalpy exchangers can be run at lower outdoor 

temperatures in the winter without ice blocking the matrix 

channels, because water is transferred in the adsorbed phase 

rather than the condensed phase as it is done in sensible heat 

exchanger matrices. Fig. 2 shows a typical application of a 

sensible heat exchanger or an enthalpy exchanger in a space-

conditioning system, which will be used to briefly discuss the 

basic performance differences between these two exchangers. 

In both cases, the hot outdoor air (state 1) is pre-cooled by the 

colder exhaust air (state 5) through the regenerator during the 

summer, while it is preheated by the exhaust air in a winter 

application. The remaining part of the cooling/heating load 

has to be made up by conventional cooling or heating 

equipment for either regenerator type [13-14]. 

 
Fig. 2: Schematic Layout of Heat Recovery in Air-

Conditioning 

 In another second case, the rotary heat exchanger is 

used to dry the air. The air-conditioning systems over the 

years used to dry the air coolers. The use of refrigeration 

equipment for drying is extremely expensive operationally. 

This is due to the fact that energy must be supplied firstly to 

cool the air below its dew point, and then needs to be heated, 

to return to an appropriate comfort cooling temperature. In 

the case of rotors amount of energy used for drying is much 

less, since the construction of the rotor the sorbent materials 

are used as shown in Fig. 3. In which 1 is rotary, 2 is shutter 

to prevent the ingress of exhaust air to the supply air duct and 

3 is some fresh ventilated air cleans the rotary wheel while 4 

is heater one [15-18]. 

 
Fig. 3: Use of Rotary Heat Exchanger in Drying Process 

 Rotors used in heat wheel are usually built as shown 

in Fig. 4. These are alternately wound layers of smooth and 

corrugated metal sheets. Since the rotary heat exchangers are 

very popular not only in ventilation and air conditioning of 

residential and commercial buildings, but also in the chemical 

industry there is a great variety of materials from which the 

rotor is made. For building ventilation systems the most 

popular material is aluminum, but for a special purpose are 

also found 1.46 or 1.47 steels. Sheet thickness is from 0.072 

to 0.21 mm. The amount of corrugated layers is from 1.92 to 

2.51 mm. In order to improve the water vapor sorption 

properties, the metal are coated with the special layers. The 

most popular are layers made of silica gels and molecular 

sieves [19-21]. 

 
Fig. 4: Cross Sectional View of Heat Wheel Rotor 

III. PERFORMANCE PARAMETERS OF ROTARY 

REGENERATORS 

Effectiveness of heat or energy wheel is the most important 

parameter for quantifying the performance of energy 

exchangers. It is the prime factor that determines the 

economic viability or feasibility of an energy or heat 

exchanger. Since the inlet operating conditions (temperature, 

humidity, and pressure and air flow rate) usually change quite 

slowly in typical cooling and other industrial applications, the 

effectiveness, determined at steady-state test conditions, is 

used to characterize the performance of energy exchangers. 

The effectiveness can be measured using steady-state or 

transient test methods but care must be taken to ensure that 

the uncertainty in the reported effectiveness value is low. The 

following equations define the three different effectiveness 

values for heat/energy wheels, which can range from 50 to 

85% for commercial wheels [22-25]. 
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 The sensible effectiveness for heat or energy wheel 

can be given as follows 

 

 
 Effectiveness while transferring moisture in energy 

wheel can be given as following 

 

 
 Total energy transfer effectiveness in case of any 

energy wheel can be given as following 

 

 
 As depicted in Fig. 5 there was presented the 

dependence of heat recovery efficiency as a function of the 

temperature difference between the temperature of the fresh 

air and the temperature of the exhaust air. There is a clear 

correlation, the smaller the temperature difference in the 

effectiveness of the regenerator less [26]. 

 
Fig. 5: Effect of Air Temperature difference on Rotary Heat 

Wheel Efficiency 

 As shown in the Fig. 6 was presented dependence 

regenerator efficiency as a function of the rotational speed of 

the rotor of the regenerator for typical speeds encountered in 

ventilation systems [26]. 

 
Fig. 6: Effect of Wheel Speed on Rotary Heat Wheel 

Efficiency 

 

 The amount of energy recovered by a rotary heat 

exchanger depends on the condition of outside air and exhaust 

air. Outside air temperature and humidity content change 

daily, and over a year the differences can be very large. Air 

temperature is expressed over a full year by means of the 

duration graph. Areas 1 and 2 show (Fig. 7) heat exchange by 

the rotor. Areas 3 and 4 show necessary external heat and 

cooling requirement to reach the required supply air 

temperature. Time period A shows winter and time interval C 

describes summer. During these periods, the rotor is driven at 

maximum rpm for maximum energy recovery. Time period B 

shows the intermediate months during spring and autumn. 

During these periods rotor speed is adjusted downwards, 

which means maximum efficiency is not exploited to reach 

the required supply air temperature. When rotor rpm 

decreases in relation to maximum rpm, temperature 

efficiency and humidity efficiency are reduced. Temperature 

efficiency is reduced significantly from 5 rpm and lower. 

Humidity efficiency is reduced more constantly than 

temperature efficiency as a function of rpm [26]. 

 
Fig. 7: Performance Curve of Rotary Heat Exchanger 

1) Heat recovery 

2) Cooling Recovery 

3) Re heating 

4) Re Cooling 

a) Maximum rpm 

b) Regulated rpm 

c) Maximum rpm 

IV. CONCLUSIONS 

It is seen that the rotary heat recovery units are working with 

a very large variability in efficiency. The most important 

parameter derived from its performance study is that the 

influence of the air temperature difference. Clearly, the 

smaller the temperature difference at the inlet between the 

two streams, the less the possibility of heat recovery. This is 

due to the fact that part of the heat is exchanged directly 

through the heat conduction in regenerator construction. And 

at the moment when the temperature difference is small heat 

transfer by conduction decreases. For the modeled change in 

the efficiency of the heat exchanger has changed from 55 to 

85%. At the same time it must be remembered that the 

temperature difference of 40 K in hot and humid conditions 

is several to tens of hours in a year. Furthermore, it is found 

that the standard differential temperature for the heating 

period is about 14–18 degrees. 
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V. NOMENCLATURES 

 ε: Effectiveness 

 T: Temperature [K] 

 m: Mass flow rate of air [kg/hr] 

 h: Enthalpy [kJ/kg] 

 W: Moisture content [gm/kgda] 

 DBT: Dry Bulb Temperature [K] 

 WBT: Wet Bulb Temperature [K] 
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