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Objective 
The purpose of this lab was to analyze the performance of a P.A. Hilton Air Conditioning 

Laboratory Unit based on experimental data collected once the unit reached steady state operation.  In 
the analysis, common air conditioning assessment and evaluation factors like Coefficient or Performance 
and the Refrigeration Capacity were calculated among other important information. 

Summary 
In this lab, a P.A. Hilton Air Conditioning Laboratory Unit was analyzed based on the 

experimental data collected for a dry run with no steam added, and a wet run with steam injected.  
Once the unit was running at a steady operating state data was collected in specific locations 
throughout the entire unit.  On the air side, the wet-bulb and dry-bulb temperatures were collected at 
four locations in order to analyze the processes through the air duct.  Data was collected in various 
locations in the refrigeration system to analyze how the vapor-compression refrigeration cycle was 
performing.  Putting these two components of the air conditioning unit together, the performance of 
the entire unit could be found.  Among the topics discussed in this report are the Coefficient of 
Performance, Energy Efficiency Ratio, Refrigeration Capacity, as well as a discussion in the difference in 
the wet run and dry run and the physical states of each data location on the air side and refrigeration 
cycle.  

At first glance the measurements that were taken for the wet and dry runs were as expected 
and none of them stood out to be odd or troubling.  This suggested that all of the measurements were 
realistic and would warrant analysis.  The analysis required some assumptions be made because some of 
the measurements that would be necessary and would be very hard to obtain given the equipment 
available.  An example of these assumptions is the formula used to find the mass flow rate of the dry air.  
Another assumption made was that there would be no pressure loss through the evaporator or 
condenser in the refrigeration cycle.  Theoretically these assumptions would be adding error to the 
analysis. 

Looking at the Coefficient of Performance (COPR), the wet and dry runs were fairly close to one 
another.  The COPR of the wet run was between 1.993 and 3.188 taking into account the possible range 
of power consumed by the compressor.  The COPR for the dry run was between 1.853 and 2.964, also 
taking into account the possible range of power consumed by the compressor.  It is important to realize 
that the actual COPR should be somewhere in between these values and most likely in the middle.  The 
Energy Efficiency Ratio (EER) for the dry and wet runs follow pattern because the EER and COPR are 
related by a constant.  Thus, the EER does not add any relative information to the evaluation of the wet 
and dry runs. 

Now comparing the refrigeration capacity, this analysis preformed resulted in a wet run 
refrigeration capacity of 0.6505 Tons of refrigerant while the dry run had a refrigeration capacity of 
0.619 Tons of refrigerant.  Based on the COPR calculated and the refrigeration capacities, it would seem 
that the wet run was slightly more efficient than the dry run.  The problem is that the values are fairly 
close to one another making it possible that it was just a fluke and not a consistent result. 
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Finally looking at the overall compressor efficiency, the calculations showed that the wet run 
had an efficiency range of 63% to 102%.  The dry run range was from 54% to 87%.  Once again this 
would add to the evidence that the wet run was more efficient than the dry run.  But again, these 
percentages are relatively close.  Although the wet run consistently performed slightly better than the 
dry run, these results should influence a definitive decision that the wet run is more efficient than the 
dry run because this was only one evaluation.  Many more experiments very similar to this one should 
be done before a decision can be made. 

Theory and Analysis 
The P.A. Hilton air conditioning system is composed of two main parts, the air flowing through 

the ducting also known as the air-side, and the refrigeration section.  These two processes are linked 
through the evaporator in the in the refrigerator that is basically a heat exchanger.  Taking 
measurements in strategic locations throughout the air-side and refrigerator side once the whole 
system was running at a steady state provided enough data to analyze the Coefficient of Performance 
(COPR), Energy Efficiency Rating (EER), Refrigerator Capacity, the state at each point in the  air and 
refrigerant cycles, as well as discuss the difference between the wet and dry runs. 

With the air conditioning unit running at steady state operation, many important assumptions could 
be made to make the analysis easier.  The first assumption made was that at steady state, the rate of 
mass of air and air/steam flowing into the air duct was the same as the mass flow rate of the air flowing 
out.  The air duct was the control volume for this assumption; a control volume is a region of interest 
within an open system that is used to help quantify flow of mass or energy through the boundary of the 
space.1   The next assumption was that the mass flow rate of refrigerant, R134a, was constant at steady 
state through the closed system.  R134a is a refrigerant that replaced R-12 refrigerant in the 1990s 
because of environmental concerns dealing with the ozone layer.  It is widely used in domestic and 
automotive applications with a boiling point of -26.5 degrees Celsius at atmospheric pressure.2   In most 
vapor-compression refrigeration cycles, like the one used on the Hilton Air conditioning unit, the 
refrigerant flows in a continuous and constant rate through the system.  During the wet run, when the 
steam was injected into the system, the mass of the steam and the mass of the condensed water were 
also considered in the mass flow into and out of the control volume.  

The first step in analyzing the system was to find the state, or condition of the air at each point 
throughout the air-side of the system.  It was assumed that the dry air and water vapor in the air would 
be treated as an ideal gas to simplify the analysis.  In the analysis of the air flowing through the air-side it 
must be taken into account that the gas is a mixture of air and water vapor, to do this a gravimetric 
analysis or molar analysis could be used.  A gravimetric analysis is based on the mass or weight, and a 
molar analysis is based on a molar basis.  These two analysis types are related with the following 
formula: 

              where,                                                     
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When dealing with a gas mixture, it is also important to use Dalton’s Rule of Partial Pressures which 
states that the total pressure of a gas mixture is the sum of partial pressures at the volume and 
temperature of the whole mixture.  It is based on the assumption that all of the individual components 
have no influence on any other components of the mixture.  It has been experimentally proven and is 
valid at relatively low pressures.  In the analysis of this lab, air is assumed to be composed of dry air and 
water-vapor.  The formula for Dalton’s Rule of Partial Pressure is: 

             ∑    
              

For this experiment:                

Where,                     and                        

Figure 1 shows a schematic of the air duct with the points A, B, C and D labeled.  At point A, the air 
was considered to be at ambient temperature and pressure. At point B, the air was preheated in the dry 
run and steam was injected in the wet run to heat the air up. Point C was located after the air was 
passed through the evaporator which cooled the air down and condensed some of the moisture out of 
the air in the wet run.  At point D, the air passed a re-heater which heated the air back up to the 
ambient room temperature. 

A B C D

Steam

Condensate

Refrigerant

     

Figure 1: Schematic of P. A. Hilton Air Conditioning Lab Unit 
Source: Moodle Psychrometrics Lecture Notes 

At each point in the air-side, the dry-bulb temperatures and the wet-bulb temperatures were 
taken to analyze the state at each point.  The dry-bulb temperature is a standard thermocouple in open 
air reading the temperature.  The wet-bulb temperature is the temperature read by a thermocouple 
that has a soaking wet cloth wrapped around the thermocouple.  From these two temperature readings, 
the specific humidity (ω), relative humidity (φ) and enthalpy (h) could be found using the Psychrometric 
Chart for the ambient pressure at which the temperature readings were taken.  The study of 
psychrometrics deals with the determination of thermodynamic and physical properties of gas-vapor 
mixtures; in most cases air and water-vapor.  The human body is very sensitive to temperature and 
humidity level in the atmosphere, thus the Psychrometric Chart is extensively used in the engineering 
field of Heating, Ventilation and Air Conditioning, (HVAC).3   The Psychrometric Chart shows the 
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relationship between: specific humidity (ω), relative humidity (φ), wet-bulb temperature (Twb), dry-bulb 
temperature (Tdb), enthalpy (h) and specific volume (ν).  Figure 2 is a Psychrometric Chart at a pressure 
of one atmosphere.  A Psychrometric Chart with the locations of the data points A-D plotted on it is 
presented in the appendix. 

 

Figure 2: Psychrometric Chart for Atmospheric Pressure 
Source: Cengel, Thermodynamics, An Engineering Approach. 

 Specific humidity ( ), also known as humidity ratio, is the ratio of the mass of water vapor in a 
given mixture volume to the mass of dry air in the same volume.  Specific humidity can also be found 
using these formulas: 

    
  
     
    

            Where, 

         
  

                         
  

          

 When moisture or water vapor is added to air, there is a limit to the amount of moisture that 
can be added based on the temperature of the air, once this limit is reached, it is called saturated air. 
Any amount of additional moisture added to the saturated air will be condensed out.  In general, air at 
lower temperatures can’t hold as much moisture as air at higher temperatures at the same pressure 
there is less energy available to keep the water vapor a gas/vapor.4   

Relative humidity is the ratio of the mass of water vapor in a given volume to the maximum 
mass of water vapor the volume can hold as saturated air at the same temperature.  Relative humidity 
can be found using the following formulas: 

    
   

   
   
   
  

            where,               (  )        
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The enthalpy (h) of the gas mixture can also be found using the Psychrometric Chart.  Enthalpy is 
defined as the thermodynamic potential or the total energy in a thermodynamic system.  The enthalpy 
of the mass of air flowing through the air duct was used to calculate the energy transfer to the 
evaporator in the vapor-compression refrigeration process.  The enthalpy of the air and air/water-vapor 
mixture can be found using the following formulas: 

              ,                 and                
  
          

 As previously stated, it was very important to select a control volume and collect data at steady 
state operation to assume a constant air mass flow rate through the duct.  Mass flow rate is defined as 
the mass that flows through a volume per unit of time.  Typically the mass flow rate of air is found using 
a function of the density, and volumetric flow rate or density, cross-sectional area and average velocity.  
The exit orifice of the Hilton air conditioning duct was calibrated and the mass flow rate of the dry air (C) 
could be found using the following formula: 

 ̇        √  
  

      where, 

                                (     ) 

                                     (
  
  ) 

 After the mass flow rate of the dry air and water-vapor mixture was calculated, the vapor-
compression refrigeration cycle analysis could begin.  The typical vapor-compression refrigeration cycle 
consists of four main components: a compressor, a condenser, an expansion valve and an evaporator.  
The figure below shows a schematic and T-s diagram of the components linked in the system of the ideal 
cycle with the direction of flow of the refrigerant. 

 

Figure 3: Ideal Vapor-Compression Refrigeration Cycle and Corresponding T-s Diagram 
Source: Cengel, Thermodynamics, An Engineering Approach. 
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The T-s diagram in figure 3 proved to be very helpful when evaluating the vapor-compression 
cycle and many other thermodynamic processes.  T-s diagrams show the relationship between 
temperature (T) and entropy (s) and have the flowing medium’s vapor dome plotted on them.  Entropy 
is commonly defined as the level of chaos or disorder in a thermodynamic process due to the second 
law of thermodynamics, stating that processes have direction and energy has a quality as well as a 
quantity.5  Although the entropy property is difficult to comprehend fully, understanding how to use it 
proves very beneficial in thermodynamics.   

 

To make the analysis of the vapor-compression refrigeration cycle easier, assumptions about the 
individual processes between each component of the cycle must be made.  The first assumption is that 
the compression process between points 1 and 2 on the schematic and T-s diagram is Isentropic.  This 
means that there is no change in entropy (s), which is signified by the vertical line in the T-s diagram 
where work is added to the system.  Between points 2 and 3 in the ideal cycle T-s diagram, a constant-
pressure heat transfer out process through the condenser is assumed. This is shown as a curved line on 
the right side of the vapor dome and a straight line through the vapor dome.  The process across the 
expansion valve, points 3 to 4, is assumed to be an adiabatic throttling process, which means that the 
enthalpy (h) is constant.  This is shown as the angled straight line inside of the vapor dome.  The final 
assumption across the evaporator is similar to the assumption across the condenser in that the process 
is a constant-pressure heat transfer into the system. 

 

 The actual vapor-compression refrigeration cycle acts as shown in the T-s diagram shown in 
figure 4 with a schematic of the cycle.  The differences in the T-s diagram are caused by physical 
differences like pressure drop due to fluid friction in the piping and heat lost to the surrounding 
environment.  The fact that the refrigerant flowing into the compressor is superheated moves it off of 
the vapor dome. In real life the compression process is neither reversible nor adiabatic, which means 
that the entropy is not constant and may increase or decrease.  Another departure from the ideal cycle 
is that the refrigerant flowing into the expansion valve is actually subcooled instead of a saturated liquid 
lying off of the vapor dome.  As always, with any physical or mechanical processes there are efficiency 
losses that can change the actual cycle from the ideal cycle.  These differences, although slight in some 
cases, makes the analysis much more difficult and is why it is simplified by making this assumptions. 
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Figure 4: Actual Vapor-Compression Refrigeration Cycle and Corresponding T-s Diagram 
Source: Cengel, Thermodynamics, An Engineering Approach. 

 A common attribute of vapor-compression refrigeration systems is the Refrigeration Capacity.  
The Refrigeration Capacity is the rate of heat transfer from the low temperature source, which is the 
rate of heat transfer to the refrigerant in the evaporator.  In general, this quantity is in terms of Tons of 
refrigerant.  One Ton of refrigeration is equal to 12000 BTU/hr and has the capacity to freeze one ton 
(2000 lbm) of liquid water at 0 (zero) degrees Celsius into ice in 24 hours6.  Since the Refrigeration 
Capacity is the heat transfer into the evaporator ( ̇ ), can easily be found using the T-s diagrams and 
refrigeration tables to find enthalpy values at each point in the cycle.  The formula for the rate of heat 
transfer into the evaporator is as follows: 

 ̇   ̇   (     )        where, 

 ̇                                          

                                  

                                

 Another common evaluation of a refrigeration cycle is the Coefficient of Performance (COPR).  
The COPR is basically a measure of the efficiency of the system, which is defined as the ratio of the 
refrigeration effect to the total net power input.  The following formulas can be used to calculate the 
COPR: 

     
              
               

                    
                 ̇ 

 ̇      
 

 In the vapor-compression refrigeration cycle analyzed in this lab, the formula above can be 
simplified to the following: 
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 ̇ 

 ̇      
  ̇   (     ) ̇   (     )

 (     )(     )
 

 Another measure of efficiency or evaluation of performance is the Energy Efficiency Ratio (EER).  
This is defined as the refrigeration effect in BTU per hour divided by the net power input in watts (W).  
This turns out to be the same efficiency as the COPR multiplied by a constant which comes from 
conversion of the units.  The formula shown below relates COPR and EER: 

              

This EER efficiency rating is the preferred listed efficiency on most air conditioners because it results in a 
larger number than the COPR efficiency for the same air conditioner.  A larger number implies a greater 
efficiency and hopefully greater sales.   

 A less common, but important efficiency to take into account when analyzing a refrigeration 
cycle is the overall compressor efficiency.  This shows how efficient the compressor itself is, and is fairly 
easy to calculate because the power input to the compressor can be calculated.  The compressor 
efficiency is the ratio of the power imparted to the fluid by the compressor to the total power supplied 
to the compressor. The formula below shows this: 

                                     ̇      
 ̇    

       Where, 

 ̇                                     and 

                                        , 

                                          

                                         . 

 

Equipment 
There were two pieces of equipment used in the Air Conditioning Lab. The P.A Hilton Air 

Conditioning Laboratory Unit A660 with optional Temperature Upgrade Kit A660A, and the Control 
Company Model No. 14-648-51 Aneroid Barometer. The A660A is the main piece of equipment; it 
provides the necessary tools to study the inner workings of an air conditioning system. More specifically, 
it allows study in the areas of heating, cooling, humidification and dehumidification, based on the speed 
and temperature of the air flow. The Aneroid Barometer was used to measure the atmospheric 
pressure. 
 

Refer to figure 5 and the associated key in the appendix, for the following process description. 
Section A is where the experiment starts. At point A, air is pulled into the unit by the supply fan at point 
9. The speed of the fan can be adjusted using the fan speed control, located on the control panel at 



 11 

point 10. By adjusting the voltage supplied to the fan the speed can be controlled and the air flow rate 
can be set and maintained at a constant value. Also regulated by the fan speed control is the pressure. 
The pressure is read on the inclined manometer in mm of H20 at point 14.  
 

Figure 5: Hilton Air Conditioning Unit schematic 
Source: Moodle Psychrometrics Lecture Notes. 

The air then flows through the steam injector at point 3. Only during a wet-run is this process 
active.  If the experiment is going to be a wet-run, there is a pressurized tank that needs to be filled and 
pressurized prior to the experiment.  Using the sight glass located at point 19, the proper fill level can be 
determined.  Using the water level control at point 16, the water in the tank can be regulated.  This is 
done by activating the solenoid valve at point 17 allowing water to enter the tank at the water inlet, 
point 18. The steam is then created using a water heater, point 21 in figure 5.  There is a vent at point 20 
to vent excess steam, and an overflow drain located at point 22.  There is also a steam generator tank 
drain valve to drain the tank after each experiment at point 31.  Once the air is passes the steam 
injector, it flows through the pre-heaters at point 4 to raise the temperature of the air.  
 

The air is now at section B, of the system and flows into the evaporator located at point 5. The 
evaporator reduces the amount of water vapor in the air and also reduces the temperature. It does this 
by compressing and condensing a working fluid, (this unit uses R134-a) then forcing it through a very 
small hole. The pressure drops greatly and the fluid begins to evaporate. As evaporation occurs, heat is 
extracted from the surrounding air.7 
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Once the vapor leaves the evaporator its pressure is monitored by the evaporator pressure 
gauge at point 11. There is a stop valve that will halt the flow when not in use at point 11. Then the fluid 
goes into the compressor at point 24, which compresses the vapor into a hot, high pressure gas.  At the 
condenser inlet there is a condenser inlet pressure gage located at point 27 to monitor the pressure. The 
vapor then enters the air condenser at point 25, which condenses the vapor back into a fluid and cools 
it. It then passes by the liquid receiver, point 26, another stop valve at point 13, the filler/drier at Point 
30 and through the condenser outlet pressure gage at point29.  
 

The fluid then flows thought point 28, the refrigerant flow meter also called a rotameter. The 
rotameter displays the mass flow rate of the fluid. It does this by applying the variable area principle and 
using a tapered tube, a float, and a scale. The fluid enters the system at the base; the float is moved 
upwards allowing the fluid to pass. As the float rises more and more fluid can pass, until all of the fluid 
can pass by the float. At this point the float is at rest and the position corresponds to a flow rate marked 
on the scale.8  The rotameter on this unit had a range of 2-20 grams per second.  Next the fluid passes 
another stop valve at point 13, and enters the thermostatic expansion valve at point 12. Then the fluid 
returns to the evaporator. 
 

After the Air exits the evaporator it is at a much lower temperature and is in section C. Here the 
air passes over the re-heaters at point 6 and enters section D. The pressure differential at the orifice is 
measured using an inclined manometer at point 14 the manometer on this unit had a scale of 0 to 15 
mmH2O . The air then exits the unit at the orifice at point 7.   
 

During this whole cycle there is a variety of measuring devices that collect data. There are two 
thermocouples at each of the points A, B, C, and D that measure the dry-bulb and wet-bulb 
temperatures. These points correspond to the fan inlet, after the pre-heater, after the evaporator, and 
after the re-heater. Temperatures can be read in Celsius on the digital temperature indicator at point 33 
by using the 15-way selector switch and selecting the corresponding numbers 1-8 located at point 33 in 
figure 5.  Also measured were the temperatures at the evaporator outlet and the condenser inlet and 
outlet, numbers 13-15 on the Selector. In addition, the pressures at the evaporator outlet, condenser 
inlet and outlet could be measured. These pressures were found by using the three bellows gages 
manufactured by REFCO, located just under the steam generator. Other measurements included the 
condensate collected into a beaker under the evaporator and the fan supply volts. 
 

The second piece of equipment used for this lab was the aneroid barometer. It was used to find 
the atmospheric pressure at the start and end of the experiment to verify that the pressure did not 
change during the experiment. The aneroid barometer works by utilizing a small metal cell, or a series of 
cells that are filled with a small amount of air as shown in Figures 6 and 7.  Any increase in pressure 
causes the cells to swell, which rotates the needle.9 

  
 
 
 
 
 

 
 
 

Figure 6: Aneroid barometer 
without swelling 
Source: Bureau of Meteorology 

Figure 7: Aneroid barometer with 
swelling 
 Source: Bureau of Meteorology 
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Manometer R134a Flow Meter 
switch 

Pressure Gages Compressor Steam Generator Tank

15-Way Selector Switch Control Panel Emergency Shut-Off Air Inlet Exit Orifice 

Figure 8: P.A Hilton Air Conditioning Laboratory Unit A660 with optional 
Temperature Upgrade Kit A660A 

Procedure and methods: 
This experiment consisted of taking two data sets, one for a dry-run and one for a wet-run.  In a 

wet-run steam is injected into the apparatus in section B.  The data set consisted of recording 19 
different data points at three 5 minute time intervals starting at time 0.  The data was then averaged for 
the final data set. When recording data, care was taken to ensure accurate readings with respect to the 
accuracy of the tools.  The accuracy of a gauge or a graduated cylinder can only be as accurate as one 
half the increment of the gage. For example, if a gage reads a pressure between the increments of 
100kpa and 101kPa it must be rounded to 100, 101, or 100.5 kPa; it cannot be rounded to 100.2, 
because that is implying the gage is more accurate than really it is. Also, all pressures are gage pressures 
and all temperatures are in Celsius.  Before starting the experiment it was important to become familiar 
with the major components and functions of the apparatus, figure 8 shows the full view of the A660 unit 
with the major components labeled. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
Starting on the left side is the air inlet which is controlled by the fan.  When running this and any 

piece of equipment, it is important to know the location of the emergency shut off switch, which is used 
to shut down the fan in the case of an emergency. The control panel is where the toggle switches for the 
heaters and boilers, as well as the voltmeter and fan speed control are located. The 15-way selector 
switch is how all the temperatures are read; by selecting the desired thermocouple using the dial. 
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Figure 9: Power connection 
 

 

 

 

 

 

 

 

 

 

 

Figure 10: Breaker Box 
 
 
The first step of the experiment was to power on the unit.  The power cord extends out the back 

of the unit and connects the fuse box on the back wall. Care was taken to ensure the cord was plugged 
in first and then the switch on the fuse box was put in the on or up position as shown in figure 10. 
Then the components were powered on. For the dry-run the fan, 1st pre-heater, 1st re-heater and 
compressor were powered on using the appropriate switches. For the wet-run, the fan, lower boiler 
heater, boiler heater, 1st re-heater, and compressor were energized.  Figure 11 shows the proper switch 
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configuration for both runs; also, the fan speed control and the supply volt toggle on the left side of the 
control panel which were used in both runs.   
 

 

Figure 11: Detailed view of the control panel 
 
 

The fan speed is selected using the fan speed control and setting it to a “medium” air flow rate 
as indicated by the inclined manometer in figure 12.  The inclined manometer was set to 7.5 mm H20; 
because it is inclined, the top of the meniscus is used as the point to properly read the value. This was 
checked periodically throughout the experiment and the fan speed was adjusted to maintain this value. 
 

 

Figure 12: Inclined Manometer 
 

Before the data could be taken, the unit needed to reach steady state operation. This meant all 
data points had to remain relatively constant. It took about 15 minutes to reach steady state; this was 

Switches activated for 
a “dry” run 

Switches activated for 
a “wet” run 
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verified by watching the temperature at position 5 as shown on the 15-way selector switch in figure 13 
until it stopped fluctuating. While waiting to reach steady state, the atmospheric pressure was taken 
using the aneroid barometer. Care was taken to look directly down on the gage as shown in figure14, to 
get the most accurate reading possible.  Special care was taken when reading the aneroid barometer 
because it has the units of hPa and all of the calculations required units of kPa. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 

 
 
 
Once steady state was reached, the data could then be gathered. One student was ran the 

timer, having a stopwatch he announce when to start the data collection at 0, 5, and 10 minutes. 
Another student recorded the results that the other students gathered. It was expected that there 
would be some condensation generated during the process, so another student was prepared to collect 
condensate in a beaker to be measured later.  The rest of the students prepared to record data. The 
temperatures for each location were gathered using the 15-way selector switch.  Numbers 1-8 and 13-
15 were selected one at a time and the values where recorded as displayed in figure13.   The evaporator 
outlet, condenser inlet and condenser outlet pressures were gathered as well and measured in bar, 
shown in figure 15.  Again, care was taken to read the gauges from directly above the gauge in question.  
The supply voltage and fan supply voltage were also collected by reading the voltmeter on the control 
panel and toggling the switch located a few inches below it.  The up position showed the fan supply 
voltage and the down position showed the supplied voltage, this can be noted from figure 11.  The final 
measurement taken was the mass flow rate of the refrigerant flowing through the rotameter shown in 
figure 16. 

 
 
 

Figure 13:  15-Way Selector Switch Figure 14: Aneroid Barometer 
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There were only two collection times for the condensate however, each lasted 5 minutes and 

the condesate was poured into a graduated cylinder each time and measured.  After the three data 
collection runs, the data was averaged to be used for later analysis.  The final step in the experiment was 
to take the atmospheric pressure again and shut down the unit.  The switches were toggled to the off 
position and the breaker was switched off before the unit was unplugged. 

 

Results and Discussion 
 

Determination of Air States:  
In this lab, the analysis of the Hilton Air Conditioning Laboratory Unit was based on 

experimental measurements under both a dry-run and wet-run process.  A single pre-heater was used in 
the dry-run and there was no steam injection for this section, while conditions were opposite for the 
wet-run process. With thermocouples located at different positions, all temperatures like both Dry-bulb 
and Wet-bulb ones at A, B, C, D shown on the schematic of AC unit and evaporator outlet, condenser 
inlet and outlet can be read from the digital screen and are list in the table shown below.  Once we have 
both Dry-bulb and Wet-bulb temperature, it is easy to find the vapor pressure, specific humidity, relative 
humidity and even enthalpy in dry air by two methods: a) using Psychrometric Chart and b) using 
equations. For more accuracy, we used equations and linear interpolation for all these data calculations. 
The following data tables are shown in green for the dry-run process. 

 

Figure 16: Rotameter Figure 15: Bellows Gages 
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Dry bulb 
temp (°C) 

Wet bulb 
temp (°C) Pgw (kPa) 

Vapor 
pressure 
Pv (kPa) 

Pg (kPa) 
Specific 

humidity 
ω 

Relative 
humidity ϕ 

(%) 

Mixture 
enthalpy h 

(kJ/kg) 

A 21.1 13.5 1.562 1.058 2.522 0.0065 41.953 37.637 
B 28.7 15.3 1.744 0.855 3.967 0.0053 21.544 42.103 
C 15.8 10.6 1.285 0.94 1.807 0.0058 52.03 30.423 
D 21.1 12.8 1.496 0.945 2.522 0.0058 37.458 35.849 

 

Table 1: Data Set One for the Dry-Run 
Where the Pgw is the saturation pressure at the wet-bulb temperature and Pg is the saturation pressure at the dry-bulb temperature. 

 

 

After obtained the value for the specific humidity (ω), the specific gas constant for the mixture 
(Rmix) can be found by sum of the weight percentage of air and water vapor. Rmix can also help us to find 

the specific volume. By using equation  ̇         √  
  
      , the mass flow rate of dry air in this 

Dry-run process can be obtained by knowing z value (calibrated orifice) which is 7.5 mmH2O and specific 
volume at position D, which turns out to be 0.155 kg/s. Multiplying dry air mass flow rate by (1 + specific 
humidity at each position), the total mass flow rate at specific point can be generated.  Data obtained in 
the dry run are list in table 2. 

 

 

 Specific humidity 
ω 

Specific gas constant Rmix 
(J/Kg*K) 

Specific Volume v (m3/kg) Total Mass Flow rate 
ṁtot 

A 0.0065 288.129 0.83 0.1564 
B 0.0053 287.911 0.851 0.1562 
C 0.0058 288.002 0.815 0.1563 
D 0.0058 288.007 0.83 0.1563 

Table 2: Data Set Two for the Dry-Run 
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For the wet-run process, we recorded the data in the same method and use the same equations 
as the dry-run process to calculate all the data needed, like specific humidity, relative humidity, mixture 
enthalpy, specific volume and so on which are shown in table 3. 

 

  Dry bulb 
temp (°C) 

Wet bulb 
temp (°C) 

Pgw (kPa) Vapor 
pressure 
Pv (kPa) 

Pg (kPa) Specific 
humidity 

ω 

Relative 
humidity ϕ 

(%) 

Mixture 
enthalpy h 

(kJ/kg) 

A 22.4 14.2 1.629 1.085 2.738 0.0067 39.633 39.381 
B 23.0 18.8 2.187 1.909 2.838 0.0119 67.272 53.13 
C 16.1 13.5 1.562 1.39 1.845 0.0086 75.328 37.818 
D 21.9 15.8 1.807 1.402 2.655 0.0087 52.825 43.907 

Table 3: Data Set One for the Wet-Run 
 

 The same was equation used for finding the mass flow rate of dry air, and it turns to be 0.155 
kg/s for the wet-run process, therefore, the total mass flow rate at each position can be calculated 
shown in the table as well and is shown in table 4. 

 

 Specific humidity 
ω 

Specific gas constant Rmix 
(J/Kg*K) 

Specific Volume v (m3/kg) Total Mass Flow rate 
ṁtot 

A 0.0067 288.158 0.834 0.1561 
B 0.0119 289.043 0.838 0.1569 
C 0.0086 288.484 0.817 0.1564 
D 0.0058 288.498 0.834 0.1564 

Table 4: Data Set Two for the Wet-Run 
 

 From the two sets of data from tables 1-4 for both dry-run and wet-run process, it can be 
observe that the stream injected caused some differences in the wet-run process and pre-heating for 
the dry-run. All wet-bulb temperatures in wet-run are higher than those in dry-run at same location. 
With more water vapor inside of the wet-run, it has higher vapor pressures and a higher specific 
humidity compared to the dry-run data, which caused it to have higher mixture enthalpy (h) value and 
specific gas constant.   
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Determination of Refrigerant States: 
 The closed loop refrigeration is defined as the vapor-compression refrigeration cycle, which can 
be analyzed by using the schematic below in figure 17 with some assumptions.  

 

Figure 17: Schematic of Vapor-Compression Cycle 
 

 The temperature at evaporator outlet, condenser inlet and condenser outlet are recorded as 
T13, T14 and T15. The pressures at these locations were also able to be measured by the pressure gages 
or corresponding P1, P2 and P3 values. For both dry-run and wet-run, the data are listed on the table 
below. 

 T13 (°C) T14 (°C) T15 (°C) P1 (bar) P2 (bar) P3 (bar) 
Dry-run 5.7 68.9 38.3 1.7 10.58 10.33 
Wet-run 9.8 76.1 40.9 1.9 11.3 11 

Table 5: Temperature and Pressure in Vapor-Compression Cycle 
 

 By knowing both pressure and temperature values for points 1 and 2, we can tell it is a 
superheated vapor and we have to use double linear interpolation for values found in the R-134a tables 
to determine h and s. For point 3, it can be found that it is a sub-cooled liquid, however it was 
approximated as a saturated liquid, so the tables could be used to determine the h and s values.  At 
point 4, there was not method of collecting data so it was assumed that there was no pressure drop 
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across the evaporator and can determine the point 4 value equals to point 3. The adiabatic throttling 
process from point 3 to point 4 can also be assumed to be a constant enthalpy process. Using this 
information; temperature, vapor percentage and entropy can all be obtained by linear interpolation, 
which is shown in the calculations in presented in the appendix.   In order to construct a familiar looking 
T-S diagram for the process, extra points needed to be added, such as 2a, 2b, 4a, where 2a has same 
pressure at point 2; 2b has same pressure and same temperature as point 2a does, a with points 4a and 
4. It is also known that point 2a is a saturated vapor, while point 2b is at saturated liquid, and point 4a is 
at saturated vapor. Thus, entropy at points 2a, 2b and 4a can be obtained by linear interpolation and 
using an equal relationship in temperature and pressure.  Using this method, data table 6 can be 
constructed. 

For dry-run, we are able to construct the data table like: 

Point T (°C) S (kJ/kg*K) 

1 5.7 1.753 

2 68.9 1.791 

2a 45.011 1.70981 

2b 45.011 1.2144 

3 38.3 1.183 

4 -2.004 1.199 

4a -2.004 1.727962 

 Table 6: Points for T-S Diagram for Dry-Run 
 

 

Figure 18: T-S Diagram for Dry-Run Process 
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Table 7 is the data table for the wet-run, and corresponds to the T-s diagram in figure 19. 

Point T (°C) S (kJ/kg*K) 

1 9.8 1.759 

2 76.1 1.806 

2a 47.347 1.70895 

2b 47.347 1.225 

3 40.9 1.195 

4 -0.064 1.212 

4a -0.064 1.726802 

Table 7: Points for T-S Diagram for Wet-Run 
 

 

Figure 19: T-S Diagram for Wet-Run Process 
 

 It can be seen that the T-S diagrams for the dry-run and wet-run are similar to each other. They 
have the same shape which proved that both the dry-run and wet-run are under the same principle of 
the process. Also, it is close to the ideal vapor compression cycle which is defined above. The only 
difference between the two diagrams is that each value of each point in the wet-run is higher because 
the steam injection increases the wet-bulb temperature. 
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Control-Volume Analysis: 
 

Mass and Energy Balance A to B 

 

Figure 20: Schematic for Process Between A and B 
 

 From point A to B, the mass conservation relationship is applied. Meaning that the mass flow 
rate in equals the mass flow rate out. For the dry-run, since there is no steam introduced into the 
process, the mass flow rate at point A is estimated to be the same as the mass flow rate at point B. The 
calculation however, shows that there is a difference of 0.00019 kg/s, it is positive which means there is 
mass flow rate out somewhere. This difference may be caused by many reasons like measurement 
inaccuracy, water retention on the equipment etc. For the wet-run, the difference of the mass flow rate 
of the steam was calculated to be 0.00080154 kg/s.  

The conversation of energy also can be used to find out the heat loss between A and B.  
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We are able to measure the fan supply voltage and using the fan power can be obtained by 
using the curve, which turned to be 162 W for both dry-run and wet-run as shown in figure 21. 

  

 

Figure 21: Fan Power vs. Supply Volts 
Source: Moodle Psychrometrics Lecture Notes 

 For the dry-run, there is no ṁstm*hstm term and the power is caused by the pre-heater and can 
be calculated from supplied voltage squared divided by its resistance that is 934.322 W.  By using the 
energy balance equation, the heat loss between A and B was estimated to be 402.304 W.  This result 
may vary for several different affects including heat loss through the duct walls, inaccurate 
measurements, inaccuracies in calculated values for the enthalpy of air, etc.  

 For the wet-run, there is no power in by the pre-heater but the steam enthalpy value is 
determined to be 2675.9044 kJ/kg by linear interpolation at P=102.1 kPa. The heat loss between A and B 
for the wet-run was calculated to be 174.756 W.  

 Both results for heat loss are positive, but less than the energy put into the system, and energy 
at point B is higher than that at point A. This can be used to explain the reason why dry-bulb, wet-bulb 
and mixture enthalpy values are higher in B than A. The specific humidity and relative humidity in the 
dry-run decrease from A to B since the pre-heater acts to move some water vapor away, while in the 
wet-run, the values increase because more steam is injected into the system.    
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Mass and Energy Balance B to C 

 

Figure 22: Schematic for Process Between B and C 
Source: Moodle Psychrometrics Lecture Notes 

 Between B and C, some energy is removed from the air and some energy is added to the 
refrigerant in the evaporator. It is important to notice that the refrigerant doesn’t interact with the 
condensate. Therefore, the mass conservation is applicable to this process. For the dry-run, estimated 
condensate flow rate, which is the difference of the mass flow rates between B and C, is very close to 0. 
That is verified by having no observed condensate.  For the wet-run, we are able to find the condensate 
mass flow rate to be 0.0005065 kg/s by subtracting the mass flow rate B by mass the flow rate C. The 
observed condensate volume flow rate was found to be 137 mL for 10 minutes that can be converted to 
2.283x10-7 m3/s. The density of condensate is assumed to be close to that of water’s (1000kg/m3). Thus, 
the observed condensate mass flow rate was calculated to be 0.0002283 kg/s. The difference between 
the estimated condensate flow rate and the observed rate are caused by many different effects 
including measurement errors, water retention on the evaporation fins, and re-entrainment of water 
into the air stream and so on.  

 For the energy balance from B to C, the issue of concern is the refrigerant entering at state 4 
and exiting state 1.  

 

 In the wet-run, it is assumed that the condensate is a saturated liquid at the dry-bulb 
temperature at point C side. Therefore, by interpolating the data from table A-4 in the Thermodynamics 
book, we found that the condensate enthalpy value is 67.587 kJ/kg at T=16.1 degree C. The refrigerant 
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flow rates were measured in both dry-run and wet-run, to be 14.5 g/s and 15.3 g/s, respectively. This 
leads to the calculation of heat loss between B and C, to be -363.532 W for dry-run and 52.617 W for 
wet-run.  The negative sign indicates heat transfer into control volume. 

 

 

Mass and Energy Balance C to D 

 

Figure 23: Schematic for Process Between C and D 
 

 Between C and D, energy is added to the air by the first re-heater, which is used in both the dry-
run and wet-run. Without any new mass flow in or out, the mass flow rate at C should be equal to the 
mass flow rate at D. By calculation, the flow rates are found to be 0.1563 kg/s for the dry-run and 0.1564 
kg/s for the wet-run. The conservation of mass shows that specific humidity should not change between 
C and D, which makes sense because there is no water adding or removed from the air. After 
calculation, there are some small differences between ωC and ωD, which were most likely caused by 
measurement error.  

 

 By finding out the power from the re-heater 942.308 W for dry-run and 897.97 W for the wet-
run, the heat loss between C and D can be obtained, and is 99.128 W for the dry-run and -46.276 W for 
the wet-run. 
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Refrigeration Effect/Capacity 
 The rate of heat transfer to the refrigerant in the evaporator is measured by  ̇ . By using the 
equation:   ̇      ̇ (     ), it has found to be 0.619 Tons for the dry-run and 0.6505 Tons for the 
wet-run after converting units from BTU per hour into Tons of refrigerant. 

 

Coefficient of Performance (COPR) 

 

             The net power input is generally based on the total electric power required to run the 
refrigeration cycle, which in this case would include the compressor power and the power for the 
condenser fan.  The condenser fan power was neglected because it could not be determined. The power 
imparted to the fluid in the compressor would be regarded as the net power input. The equation used 
for this power is            ̇      ̇ (     ). The results obtained from this are 3.389 for dry-run and 
3.125 for wet-run, which seemed to be high. The compressors line voltage, current and power factor (pf, 
which is provided by manufacturer) was used instead. The resulting real electric power can be calculated 
through this equation:      ̇         . It is stated that I = 7A and the pf ranges from 0.5 to 0.8. Then 
the upper limit and lower limit for the COPR, can be determined and is shown in table 8. 

 

 COP(high) COP(low) COP(netinfluid) 
Dry-run 2.964 1.853 3.389 
Wet-run 3.188 1.993 3.125 

Table 8: COP Tables for Both Dry-Run and Wet-Run 
 

EER 
EER is COPR times 3.413 with specific units, therefore, EER high and EER low can be obtained from COPR 
values and are shown in table 9. 

 EER(high) 
BTU/W*hr 

EER(low) 
BTU/W*hr 

Dry-run 10.117 6.323 
Wet-run 10.881 6.801 

Table 9: EER Tables for Both Dry-Run and Wet-Run 
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Overall Compressor Efficiency 
 The overall compressor efficiency is the ratio of the power imparted to the fluid by the 
compressor to the real electric power consumed by the compressor. Using the following equation, we 
are able to find the range of the compressor efficiency for both dry-run and wet-run. 

                    ̇
        ̇                          ̇

        ̇  

Therefore: 

For dry-run, the range is 54.659% to 87.454% 

For wet-run, the range is 63.766% to 102.026%. 

 We can tell that it is incorrectly to have the efficiency over 100%, this is not likely caused by 
measurement errors; the evaporator outlet temperature T13 in the wet run is much lower than the 
normal value, which will reduce the h1 value and increase the efficiency value to over 100%. The power 
factor provided by manufacturer is another important factor, which affects the final answer as well. If 
we reduce the range and let pf start from 0.55 instead of 0.5, then we would be able to get the max 
efficiency value could be 92.751%.   

 

Conclusion and Recommendation 
In this lab a Hilton air conditioning unit was run at steady state operation for a total of 10 

minutes taking readings every 5 minutes in order to analyze the unit and compare a wet-run, with steam 
added, to a dry-run, without steam added.  The raw data taken for each run, wet and dry, was averaged 
so that one set of data was analyzed for each run.  For the wet-run, the air pre-heater was turned off 
and pressurized water was injected into the boiler to create steam that was injected into the air flow 
behind the fan.  In the dry-run, no steam was injected but the first pre-heater was energized to heat the 
air. 

When looking at the just the measurements taken from the  air conditioning unit for the wet 
and dry runs, the measurements appear to be as expected.  There were no odd measurements that 
would throw the results and void the analysis.  All of the measurements were close enough to be 
considered realistic and different enough to show that there was in fact a distinct difference in the wet 
and dry run.   

 To make the analysis easier there were a few assumptions that had to be used because of a lack 
of possible measurements.  An example of one of these assumptions is the formula stated to calculate 
the mass flow rate of the dry air in the duct.  Mass flow rate can be somewhat of a challenge to measure 
experimentally and thus, the formula was used.  Further in the analysis, the assumption that the 
evaporator and condenser do not experience pressure loss is another example of an assumption that 
needed to be made to fully analyze the system.  A final example of an assumption made during the 
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analysis was that the process through the expansion valve was an adiabatic throttling process implying 
that the enthalpy is constant across the valve.  These were just a few of the assumptions that were 
implemented. 

 The Coefficient of Performance (COPR) for the dry and wet runs were very close to each other.  
With a net work imparted to the fluid of 642.79 Watts in the dry run and a net work imparted to the 
fluid of 732.033 Watts for the wet run, the COPR for the dry and wet runs were 3.389 and 3.125 
respectively.  This shows that the two runs were fairly similar.  If anything, this would suggest that the 
dry run was slightly more efficient than the wet run.  When considering the COPR electric power 
consumed by the compressor; the COPR range for the dry and wet runs were between 1.853and 2.964, 
and between 1.993 and 3.188, respectively.  This implies that the wet run was more efficient.  The 
change was due to a smaller supplied voltage to the compressor during the wet run.  The fact that the 
COPR for the dry and wet are not consistent would suggest that this is not enough information to come a 
final decision about which run is more efficient.  It is important to note that the actual COPR for the wet 
and dry runs should be somewhere in the middle of the range of values calculated, this holds for the 
further calculations with the given manufacturer’s power rating range. 

When comparing the Energy Efficiency Ratio (EER), the dry run EER was between 6.323 and 
10.117, and the wet run EER was between 6.801 and 10.881.  As discussed earlier, the EER and COPR are 
related by a constant due to the conversion of units, this means that the EER basically states the same 
thing as the COPR and doesn’t add any useful information to the evaluation of the wet and dry 
comparison. 

Looking at the refrigeration capacity of each run may have some relevance in comparing the wet 
and dry runs.  The refrigeration capacity for the dry run was calculated to be 0.619 Tons of refrigeration, 
while the refrigeration capacity for the wet run was 0.6505 Tons.  These numbers are fairly close to each 
other which does not suggest a confident decision can be made regarding efficiency.  Once again, if 
nothing else, this implies that the wet run was slightly more efficient than the dry run.   

One last evaluation that should be taken into account is the overall compressor efficiency.  The 
overall compressor efficiency of the dry run is somewhere between 54.659 % and 87.454%.  The overall 
compressor efficiency of the wet run is somewhere between 63.766% and 102.026%.  Once again, the 
wet run has a slightly greater efficiency range. 

It makes sense that the wet and dry runs would be similar and that is the main reason why one 
would be hesitant to jump to the conclusion that the wet run is more efficient than the dry run.  This 
should make sense when considering that the general intention of the air conditioning unit is to be able 
to adequately handle a full range of wet and dry conditions.  Performing more full experiments similar to 
this one and getting similar results may justify coming to the conclusion that a wet run is more efficient 
than a dry run.  

 As with any experiment, there is and always will be error of some kind. This error will cause the 
experimental data to not match the theoretical and expected values.  This experiment was no different.  
Because this lab was fairly involved, there were many places to make mistakes.  An obvious error could 
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be a student reading a gage wrong and possibly recording inaccurate data.  An easy mistake could be 
reading the gage at an angle.  The best way to read a pressure gage, or any gage with glass over it, is to 
read it from straight above.  Going along with this, having more than one person or student taking 
measurements and running the unit would be less desirable than a trained lab technician.  Also, there 
was some lag time in the process of reading off the temperatures in the 15-way selector.  If there were 
to be any fluctuation in the steady state operation during the data collection process it would skew the 
data collected.  Ideally, the data would be taken and logged instantaneously using digital instruments.   

 Another source of error could have come from natural fluctuations in the operation of the unit 
during steady state.  During the experiment, slight adjustments were made to keep the unit running at 
the specified parameters.  This would lead one to believe that the unit did have some natural 
fluctuations or drift.  If these fluctuations went unobserved, it could have caused undesirable results.  If 
the unit was allowed to run at steady state for longer before executing the data collection process, 
maybe the unit would have run at a steadier state.  Adjustments like these could easily be caused by 
changes in the environment around the unit in the laboratory.  If objects or students were too close to 
the inlet or outlet of the air duct, it would starve the fan or create back-pressure in the duct.  Either of 
these would have the potential to change the results of the data. 

 During the wet-run, there was a risk of losing a significant amount of pressure in the pressure 
vessel that forced water into the boiler.  This would only be likely to happen if the system was run for a 
longer time than expected and not checked frequently.  The slight pressure loss incurred between re-
pressurizing the vessel could cause minute changes in the amount of steam injected into the air-side 
cycle but is not likely to drastically change the overall results of the experiment.  Assuming that the 
evaporator within the air duct was dry before running the wet-run, is an example of another error .  
There is a chance that not all of the condensate made its way down the condensate tubing and into the 
collection beaker.  Water has a natural tendency to “hold on” to surfaces.  This property of water could 
have caused some of the water droplets to stay in the duct on the evaporator. Any water that did not 
make its way out of the system would not be measured and taken into consideration.  Again, unless 
there was a significant amount of water droplets trapped in the duct, this would only have minute 
influence on some of the results of this experiment. 

 It is probable that the most likely source of error in the analysis of the air conditioning unit came 
from the assumptions used to make the analysis possible and easier.  Basically, anytime an assumption 
is used, there is an instance for possible error.  There is a chance that the formula given by the calibrated 
exit orifice used to calculate the mass flow rate of the dry air is slightly inaccurate.  The best way to fix 
this possible source of error would be to re-calibrate the exit orifice and adjust the formula if necessary.  
Assuming that there is no pressure drop in the evaporator and that the adiabatic throttling process from 
points 3 to 4 on the T-s diagram are examples of assumptions made because there was no way to collect 
actual data.  Even the fact that linear interpolation was used to find the entropy values from the tables 
introduces error because the true functions that would give the exact values are not linear.  The reason 
linear interpolation in acceptable is because the intervals that are interpolated over, are so small that 
any error would be negligible, much like most of the small sources of error throughout the entire 
experiment. 
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 To get the best and most consistent results from this experiment would require running many of 
the same experiments.  The more sets of data that are the collected, the less variation one would hope 
to see in the results.  Even though there are many factors considered in this experiment, atmospheric 
pressure, ambient temperature, relative humidity… etc, if the unit continued to run in the same fashion, 
it would seem that data and results are sufficient enough to come to a definite decision comparing the 
wet and dry runs.  If this were the case, and the Hilton air conditioning unit had consistent results, this 
would indicate that the designers of the unit created a quality product that handled wet and dry 
applications very well. 
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Appendix 1 

Schematics and Specifications 
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SYSTEM HEATER RESISTANCES 
Boiler, Lower 2kW Rb 24.8 : 
Boiler, Upper 2kW Rb 24.8 : 
Boiler, 1kW Rb 59.0 : 
1st Pre-heater, 1kW Rp 47.2 : 
2nd Pre-heater, 1kW Rp 46.6 : 
1st Re-heater, 1kW Rr 46.8 : 
2nd Re-heater, 1kW Rr 47.1 : 
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SPECIFICATIONS 
 
Duct 
Centerline length: 2298 mm 
Material: Glass Reinforced Plastic (GRP) 
Thermal Conductivity: 0.16 W/m K 
Maximum Temperature: 70°C 
 
Air Throughput: 0.14 m/s (max) 
 
Pre-heater 
Extended fin electric heating elements: 2 x 1.0 kW (nominally) at 220V 
Effective length: 1.414 m 
Exposed tube surface area: 0.0355 m2 
Exposed fin surface area: 0.287 m2 
 
Evaporator 
Direct expansion, extended fin coil: Cooling rate approx. 2.0 kW 
5/8” o.d. copper tube, 20 swg. 
4 rows deep x 5 rows high: 0.253 m2 exposed to air flow 
61 fin plates: 4.227 m2 exposed to air flow 
 
Re-heater 
Extended fin electric heating elements: 2 x 1.0 kW (nominally) at 220V 
Effective length: 1.414 m 
Exposed tube surface area: 0.0355 m2 
Exposed fin surface area: 0.287 m2 
 
Fan 
Radial acting axial flow (variable speed): Power input approx. 210 W at 240 V 50 Hz 
R.P.M.: 0-2400  -  Power: 0-0.9 A, 210 W  -  Volts: 220-240 
 
Humidifier 
Electrically heated and working at atmospheric pressure 
Fitted with water level float switch and in line solenoid valve 
Heaters: 1 x 1.0 kW and 2 x 2.0 kW at 220 V (nominally) 
Volume: 2.5 liters (to mid-sight glass) under control of level control float switch 
Overflow protection: A second float valve will open circuit at 4 liters 
 
Refrigerator 
Hermetic unit with air cooled condenser 
Refrigerant: R134a Tetrafluoroethane CF3CH2F 
Compressor speed: 2700-3000 rpm at 50 Hz according to load, 3300-3600 rpm at 60 Hz 
Swept volume: 25.95 cm/revolution 
Nominal rating: 3/4 HP at 32°C ambient, 2171 Watts at +5°C evaporating temperature 
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Psychrometric Chart 
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Refrigeration Charts 
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Water Tables 
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