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Abstract.
In the present paper, a Visual Basic program was developed by describing the set of equations required to determine the value of seven different psychrometric properties (partial pressure of water vapor, absolute humidity, percentage humidity, relative humidity, dew point temperature, humid heat, humid volume or adiabatic saturation temperature) for mixtures of water vapor in air given the dry bulb temperature, the total atmospheric pressure and one additional parameter. Eight different cases are studied according to the corresponding input parameters. 
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Introduction 
Psychrometry referes to the study of the thermodynamic properties of moist air. The understanding and estimation of the thermodynamic properties of air-water vapor at different conditions of temperature and pressure is essential in many industrial applications [1], particularly in processes involving unit operations that require the determination of the properties of mixtures of water vapor and air, as it is the case for example of a drying process, air conditioning, humidification, dehumidification, or technologies and procedures used in post-harvest handling, namely conservation and storage of food products, among others. For example, the drying rate at low temperatures depends upon the air capacity to evaporate humidity, and the control of air relative humidity is essential in the conservation processes of fruits, vegetables, and meat. Both properties are determined by psychrometry. When the dry bulb temperature (Tdb) and the total atmospheric pressure (Pt), normally 101.325 kPa, are known variables, it is only necessary to know another independent psychrometric property such as partial pressure of water vapor (Pa), absolute humidity (Ha), percentage humidity (Hp), relative humidity (Hr), dew point temperature (Tdp), humid heat (cs), humid volume (vh) or adiabatic saturation temperature (Tsatad) to know the value of the rest of the parameters. Once the dry bulb temperature and atmospheric pressure are given, the present program developed in Visual Basic 6.0 calculates the rest of the psychrometric parameters.
In all cases, Antoine equation can be calculated for the determination of the vapor pressure of water (Pv) in kPa, since it relates the value of temperature and vapor pressure as expressed in (1) or (2):
 					(1)
						(2)
Equation (1) is used when 0≤Tdb>60. For higher values of Tdb, Pv is calculated according to equation (2).  The second step consists in the determination of the saturation humidity value (Hs), using Pv and Pt according to equation (3)[2]:
								(3)
Next, the procedure for the calculation of the psychrometric parameters for the different cases is presented. It is assumed that the values of Tdb, Pt, Pv and Hs are known by previous use of equations (1) – (3).

Case 1. Partial pressure of water vapor (Pa) is given 
The absolute humidity (Ha) in units of kg water/ kg air can be determined by equation (4) since it is function of partial pressure (Pa) of water vapor in the air and total pressure (Pt) [3]. Similarly, Hr can be calculated using equation (5) since it express the amount of saturation of a mixture of air-water vapor in percentage [4].
 							(4)
										(5)
With the determination of Ha, three parameters can be calculated: Hp, cs and vh using equation (6), (7) and (8) respectively[2]:
 									(6)
 									(7)
						(8)
In order to know the value of Tdp, it is necessary to have the value of the vapor pressure at dew point (Pvdp) in mm Hg. Therefore, equation (9) is used firstly to transform from kPa to mm Hg: 
										(9)
After, two relationships derived from equations (1) and (2) can be used according to the value of Tdb, in case that 0≤Tdb>60 equation (10) is used, otherwise, (11) is employed.
  				          (10)
			   	          (11)
In order to find the value of saturation temperature in an adiabatic process (Tsatad) an enthalpy balance of the process should be performed, leading to the adiabatic saturation line expressed in (12)
  						         (12)
Where λs represents the latent heat of vaporization at saturation temperature. After mathematical arrangement, this parameter can be calculated as:
    					 	         (13)
considering a value of T0 of 40 °C, λ0 equal to 2406.73 kJ/kg and Tc = 374.1 °C leading to 
    				 	         (14)
After substituting λs into equation (12), the equation contains the parameter Tsatad in both sides of the equation. In order to approach the solution, a Tsatad value was proposed, followed by the calculation of the difference of both terms. The value of Tsatad is found when the difference corresponds to a zero value or when multiplication of the previous and last proposed value is negative.  

Case 2. Absolute humidity (Ha) is given
Considering equation (4) Pa parameter can be determined as presented in equation (15)
  				         (15)
After, as described in case 1, equations from (5) to (12) and (14) are used to determine Hr.  Hp, cs, vh, Pvdp, Tdp, and Tsatad. 


Case 3. Percentage humidity (Hp) is given
From equation (6), the parameter Ha can be calculated as given next:
 										          (16)
As the previous case, equation (12) is used to know Pa. Using equations (5), (7) to (12) and (14) is possible to calculate Hr. cs, vh, Pvdp, Tdp, and Tsatad.

Case 4. Relative humidity (Hr) is given
Using equation (5), Pa can be determined as:
 										          (17)
After, Ha, Hp, cs, vh, Pvdp, Tdp and Tsatad are calculated according to equations (4), (6) to (12) and (14).

Case 5. Dew point temperature (Tdp) is given
Similarly to the description of equations (1) and (2), the value of Pvdp is calculated using the value of Tdp as it is presented next:
 		    	 	    	 (18)
		     		   	  (19)
After, Pa parameter is determined by equation (20):
  										        	  (20)
The use of (4) to (8) leads to the determination of Ha, Hr, Hp, cs, vh. Tsatad is known by using the process described previously with equations (12) and (14).

Case 6. Humid heat (cs) is given
From equation (7), the parameter Ha can be calculated by:
 								      	    (21)
Then, following procedures are to use equation (15) to calculate Pa, (5) to (11) to know Hr, Hp, cs, vh, and Pvdp. Tdp and Tsatad are calculated by the procedure described previously with equations  (12) and (14).

Case 7. Humid volume (hv) is given
From equation (8) it is possible to determine Ha parameter as shown in equation (22):
					(22)
After, the value of absolute humidity is used to calculate subsequent parameters like Pa, Hp, Hr, cs, Pvdp, Tdp and Tsatad using equations (15), (5) to (7), (9) to (12), and (14).


Case 8. Adiabatic saturated Temperature (Tsatad) is given
The Tsatad corresponds to the calculation of wet bulb temperature (Twb). As described in all previous cases, the key parameter is the absolute humidity (Ha). In this case, equation (12) described a relationship between Tsatad and Ha. After a mathematical arrangement and substitution of cs in terms of Ha we get (23):
      (23)
For this, firstly it is necessary to calculate λs. Therefore, the next relationships can be used according to the value of Tsatad:
 	300 < Tsatad ≤ 374.14 °C       (24)
 				200 < Tsatad ≤ 300 °C	          (25)
 				100 < Tsatad ≤ 200 °C	          (26)
 				    0 < Tsatad ≤ 100 °C	          (27)
The value of λs is substituted in (23), in addition to Hs, Tsatad, and Tbs to calculate Ha. After, from equations (1) and (2), the corresponding Psat is calculated as shown in (28) and (29):
 		   		       (28)
				       (29)
Similarly to previous cases, equations (15) and (5) to (11) are used to determine Pa, Hp, Hr, cs, vh Pvdp, and Tdp.

Example:
Program interface: The user writes the information related to the dry bulb temperature, (K or °C), then the total pressure (in bar or kPa) and one additional value from the rest of the psychrometric properties. Finally by pressing “calculate” the results are generated in the list.
As an example, table 1 shows the results of the psychrometric parameters for several cases and Figure 1 depicts the output of the program given the input of three different parameters.  

Students feedback.
The described program has been used at the Faculty of Chemical and Food Engineering in Lac Hong University to help teaching the topic of drying and psychrometry when studying unit operation courses. The program was easily used by the students as it is a user-friendly program. Firstly, the students learn the basic concepts of the different parameters and the relationship between them, following by the use of the program to calculate quickly all the psychrometric properties. Finally the students locate the respective parameters in the psychrometric chart.

Conclusion.
The present paper reports a program developed in Visual Basic 6.0 helping in the understanding of the equations required to determine the value of seven psychrometric properties for mixtures of water vapor in air when dry bulb temperature, total atmospheric pressure and one additional psychrometric property is given. Eight different cases were studied according to the corresponding input parameters. Satisfactory results have been obtained when using this software in the teaching process.
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