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Abstract
In this paper, heat pump timber dryer has been utilized at different ambient air temperature, relative humidity and recirculation air ratio by computer modeling. Indeed, the base model has been experimentally prepared by the others. For this system, energy and exergy analysis was accomplished to determine the best irreversibility of timber dryer. It was obtained at, far from[image: image2.wmf]c
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, that occur  in relative humidity at 0.6 and 0.8 respectively. Also, recirculation air ratio was changed in range of 0.6 to 0.9. 
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1. Introduction
Timber has been exploited for centuries as a structural material because of the unbeatable combination of its physical properties, availability, workability, and relatively low cost. More recently, environmental concerns have also contributed towards a stronger global interest in the use of timber as a sustainable structural material. Repairing and upgrading of timber structures for over 20 years. They have also been successfully exploited for well over 50 years in the aircraft and general transport industries, therefore, well established both in terms of their mechanical performance and their durability [1].

   Drying of timber is one of the most important industrial processes in timber manufacturing. Drying influences the mechanical properties of timber namely through the direct effect of moisture loss. This process effect the internal drying stresses and strains in the timber. Almost all mechanical properties of timber can be improved [2].

   Indeed, drying means the fluid extraction in a material. In technical drying outer intervention is applied to the drying operation and the moisture in the material is removed with the use of various methods. Therefore, drying is described as the mitigation of the moisture of the material to be dried to the desired drying values within a particular period and which comprise various components (heating, moisture extraction) are referred to as the drying system. Drying operation comprises the evaporation of the water and an extraction phase of water evaporating from the system. During evaporation there is a need for high energy. Therefore, drying operations are those in which high energy is used [3].

   There are many works in the literature about heat pumps for drying. A forced convective, was developed for drying of timber. The hot air was transferred to drying chamber by means of forced air blower [4].

In this research, different ambient temperatures and relative humidity on irreversibility of timber dryer are investigated using a developed computer program. In the data processing of this work the variations of Recirculation Air Ratio (RAR) in the timber dryer is also considered.

2. Timber dryer assisted heat pump system
A heat pump is essentially an air-condition system operated in reverse. Unlike normal air conditioning systems, the heat exchanger in focus is the condenser. The basic components of the heat pump system comprise an expansion valve, two heat exchangers (evaporator and condenser) and a compressor. The principal advantages of Heat Pump dehumidified Dryers (HPD) emerge from the ability of heat pumps to recover energy from the exhaust as well as their ability to control the drying air temperature and humidity [5].

Indeed, a heat pump consumes less energy than other drying techniques and will ensure significant energy savings [4].

In this work a normal timber dryer assisted heat pump shown in Fig.1 was used which explain as follow:
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Figure 1: Schematic diagram of assisted heat pump

   Dryer makes use of the condenser (8) of the heat pump as an energy resource. As the temperature of the drying air temperature increases, heat extraction by the condenser (8) gets harder. When the temperature suitable for drying has been achieved, it has stopped the fan of the process control equipment compressor. The energy input from the condenser (8) to the drying air, has been extracted from water in the evaporator of the water pump system (14). When the heat being extracted from the water through the evaporator of the heat pump system achieved a particular level, thermostat has operated the pump (13). Heat pump dryer mixed the drying air and the ambient air with low relative and specific moisture as it got some fresh air with the damper (11). Decrease in temperature was at a compensatory level in condenser (8). Air at the amount of the air inlet from the condenser opening was let out from the mixed air through the damper (5).Dryer is composed from four main parts and three cycles. These include: drying chamber, heat pump system, sensor connections, ducts and connection pipes. Cycles are refrigerating fluid, air and water cycles [7].

In the computer modeling a timber dryer assisted heat pump with the input power of the devices was used that is given in Table 1.

Table 1: Description of heat pump dryer components

	Number of components
	Components
	Power (kW)

	21
	Compressor refrigeration R-404A
	1.1*

	9
	Circulation fan
	0.37

	1
	Axial fan
	0.17

	18
	Axial fan of assistant condenser
	0.06

	13
	Pump
	0.04


*- Maximum power

2. Computer Modeling
2.1. Modeling assumptions
1- Mass flow rate of ambient air inlet assume to be equal to mass flow of exhaust air[image: image6.wmf])
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2-The channels of RAR and heat pump assume to be adiabatic[image: image7.wmf])
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3- The humidity ratio of air flow from evaporator outlet to the timber dryer assumes to be constant ([image: image8.wmf]ea
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4- The mass of timber dehumidifying is equal to condensated water[image: image9.wmf])
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5- The drying air temperature assumes to be constant by controlling with thermocouple [image: image10.wmf]).
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6- The relative humidity of outlet air assumes to be a little more than relative humidity of inlet air[image: image11.wmf]).
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7- The outlet pressure of circulation fan assumes to be 2 percent higher than inlet pressure.[image: image12.wmf]).
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8-Process in circulation fan assume to be isentropic[image: image13.wmf]).
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2.2. Energy analysis
For energy and exergy analyses of drying process, the following equations are generally employed to compute the mass conservation of drying air and moisture, irreversibility, energy and the exergy balance rate of the process [6,8].

General equation of mass conservation of drying air:
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General equation of mass conservation of moisture:

[image: image15.wmf](

)

å

å

=

+

o

oa

mp

i

ia

m

m

m

w

w

&

&

&

                                                                                                                 (2)

General equation of mass conservation of condensated water and moisture product in drying chamber respectively:
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  With using assumption (7) mo total could be calculated by following equations:
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Considering ideal gas treated for working fluid we have:                                                                                               [image: image19.wmf]ò
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 According to assumption (4) and bearing in mind Eqs. (4 and 5) the total relative humidity can be calculated as follow:
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According to Fig.1 the general equation of mass conservation of moisture used in control volume C of following equation:
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Comparing to the result of Eqs. (8 and 9):
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Absolute humidity could be calculated by Eq. (11):
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If using assumption (6) and substituting relative humidity with absolute humidity the following equation to be achieved:
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By using Eqs. (9 - 12) in different temperatures and relative humidity, the absolute humidity in RAR channel can be estimated as follow:
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 The humid air enthalpy of each state can be calculated by Eq. (14).
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According to Fig.1 the energy equation used in control volume A to the form of Eq. (15).
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According to definition for RAR (recirculation air ratio) of following equation:
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  Knowing the total enthalpy, the channel RAR enthalpy was estimated by Eq. (17). 

The absolute heat value in the condenser and evaporator by using general equation of energy conservation was estimated of the following items as:
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The compressor work by using Clasious law for cycle was estimated by Eq. (20).
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 2.3. The second law analysis: energy analysis
In the scope of the second law analysis of thermodynamics, total exergy inflow, outflow and losses of the heat pump dryer were estimated. The basic procedure for exergy analysis of the chamber is to determine the exergy values at steady-state points and the reason of exergy variation for the process. The exergy values are calculated by using the characteristics of the working medium from a first law energy balance. For this purpose, the following equation was employed [8]. Exergy inlet to the drying chamber as follow:
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   The equation of exergy outflow can also be written as follows:
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Eq. (22) is achieved. Also the Eq. (23) is achieved similarly
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   The quantity of the exergy loss is calculated by applying Eqs. (21) – (23). 

   According to the exergy in comparing with ambient condition is defined zero, thus the exergy for liquid could be calculated by following Eq as:
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   The irreversibility for control volume A, B and totally (according to fig.1) was estimated by using the second law analysis of thermodynamic of following items as:
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  Where Wof,9, Wof,18, Wof,1, Wop and Woc  are  component’s work of the devices functioning in heat pump dryer is given in Table 1. According to the result of irreversibility from Eq. (25) the best thermodynamic condition could be obtained.    
2.3. Computer program
According to the above analysis a computer program was written for the processing the result. The flowchart diagram (1) shows the calculation procedure in the computer program.


Flowchart 1: Calculation procedure in the computer program

3. Result and Discussion
   As expected, the moisture content of timbers in the dryer decrease, the moisture diffusion from the timber to the air decreases as well. [7] Thus, the relative humidity in the channel of RAR increases in accordance with the moisture content in timbers. During the drying period, the drying air temperature was maintained at a mean of 40
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. The change of temperature of the external air in the course of drying the timbers was in range of 15 to30
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 for the relative humidity mean was 60% and in range of 7 to34
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 for the relative humidity mean was 80%. 

   Rate of heat transfer was calculated by FORTRAN code in terms of the RAR and shows in Fig. (2 and 3). The change of the irreversibility in terms of the ambient air temperature was shown in Fig. (4 and 5). Change of exhaust air temperature by ambient air temperature is shown in Fig.6. As the increasing of RAR, the irreversibility would be enhanced in relative humidity mean are 60% and 80%, the maximum irreversibility occurs in25
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   As the result, the minimum irreversibility are  in 15
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 and  30
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 for relative humidity mean is 60%  and this would be occurred in7
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and34
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 for relative humidity mean is 80%  is shown in Figs.4&5. At the same ambient air temperature, increasing relative humidity causes to that the exhaust air temperature went up, also these graphs have same slope, is shown in Fig.6.
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Fig2: Variation of Qo at [image: image49.wmf]6
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Fig.3. Variation of Qo at [image: image51.wmf]8
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Fig 4: Variation of irreversibility with Taai and[image: image54.wmf]6
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Fig.5: Variation of irreversibility with Taai and [image: image56.wmf]8
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Fig 6: Variation of Taai with Tea
4. Conclusion

Thermodynamic analyses of the drying process of timbers were performed.

Taking into consideration the results from these analyses, the following remarks may be concluded: The ambient relative humidity and temperature are very significant factors for the RAR. 

 In addition, the ambient air temperature and RAR are very significant factors for the irreversibility.

By increasing RAR, irreversibility would grow up. As the result, the maximum irreversibility occurs at the 25
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 of ambient air temperature. This is the critical temperature, because the lowest temperature variation and subsequently the lowest enthalpy variation between inlet and outlet of evaporator compare with condenser occurs at this temperature. Therefore, it causes to enhancing the variation heat transfer between evaporator and condenser. Thus, according to the Clasious law, minimum work, irreversibility and the best condition for this process suggest by away from this critical condition. 
When RAR is constant, by increasing ambient air temperature to25
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, irreversibility increases, and then with more increasing in ambient air temperature, irreversibility decreases. 

When relative humidity is constant, by increasing ambient air temperature, exhaust air temperature increases.

In this study, the drying air temperature was kept at a mean of 40
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with no need of additional source. Furthermore, moisture condensing operation was performed through the pump’s circulation of water cooled by the evaporator.
Thus, drying timber types could do better at far from critical temperature by the lowest value of RAR.
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