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                        INFORMATIVE ABSTRACT 
 

 

This report discusses in detail the need for an affordable compressed air dryer for 

home-use spray painting and covers the entire design, fabrication and testing sequence 

involved for the completion of a working prototype model.  The most common problems 

involved in the spray painting process are high levels of humidity in the compressed air 

and the high cost of equipment to eliminate it.  In order to achieve a quality paint job 

these problems need to be addressed and solved.  

The solution is to efficiently remove the bulk quantity of moisture from the 

compressed air by forcing the high temperature air from the air compressor to cold air at 

the outlet of the dryer therefore lowering its dew point temperature.  The simplistic yet 

functional design incorporates only a few main components such as the heat exchanger 

tube, insulated container, water separator, and quick disconnect fittings. An ice and water 

combination bath supplies enough cooling capacity for two to three hours of operation 

depending on the outside climate conditions.   

This report details the analysis at each stage of the design process from customer 

input, design, fabrication and assembly of the prototype and then to the final proof of 

design testing procedures.  Customer surveys supplied the overall design with three main 

customer requirements or objectives:  portability for easy storage, durability for long use, 

and low reasonable cost allowing the home user to easily afford.  The final prototype 

design proved to be an efficient device for eliminating moisture content in compressed air 

therefore allowing a high quality paint job at a low cost when spray painting. 
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PROJECT INTRODUCTION 
 
 The intended goal of this project was to design a prototype compressed air dryer 

that was both economical and adequate as compared to current equipment.  Dry air is the 

leading factor in spray painting.  The spray-painting process requires compressed air to 

be as dry as possible, but how dry?  The air should be dry enough so no moisture will 

condense in the airlines.  Whatever type of air dryer is selected the objective is the same – 

to prevent moisture from condensing in the airlines by removing large amounts of 

humidity from the air stream.  The main concern is the pressure dew point temperature 

level.  By lowering the dew point temperature of the compressed air it will efficiently 

lower the moisture content within the system.     

An air compressor aids as a powerful mechanical system in producing a large 

quantity of “on-demand” air.  However, in doing so, it consequently transfers oil deposits 

into the air stream as well as heating and cooling the air which causes high levels of 

condensation to form producing water.  Raw air from the air compressor is hot, dirty and 

loaded with moisture.  The extreme elevated temperatures cause the moisture content to 

become rather large (Appendix A, pg. 2).  This buildup of water can lead to catastrophic 

defects when spray painting a car.  

Most people are unfamiliar with the theory in which the spray painting process 

takes place.  Compressed air that is hot and saturated with moisture enters the spray gun 

and flows through a design of passageways.  The paint mixture is placed inside the 

canister and as the air travels through the guns passage ways the paint is siphoned out of 

the canister and mixed with the air stream.  The air paint mixture is then expanded 

through a tiny orifice in the gun where the atomization process occurs.  The atomization 

process, in theory takes a wet paint air stream and turns it into an extremely fine air mist 

of paint molecules.  However, if the initial compressed air stream is loaded with moisture 

then it makes the atomization process difficult to complete as the moisture slows down 

the process that ultimately leaves a heavier and thicker air mist of molecules rather than a 

fine mist.   

 However, the most vital concern of the compressed air is the percent level 

of compressed air humidity (CAH).  Levels exceeding 20% can often cause a list of 

several detrimental defects in the finished quality such as cloudy topcoats and discolored 
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base coats (See Appendix B).  The goal is to dry the air therefore lowering the percent 

level of CAH in the system.   

 

SCOPE OF THE SOLUTION 
Ensuring your quality of work in spray painting can be quite costly and could 

however be more economical to better meet the typical consumer.  The goal is dry air and 

the outcome is a higher level of paint quality for a significant lower over-all cost.  This 

goal can easily be executed with a simple, but extremely effective idea of basic 

compressed air logic.  When air is compressed it is heated to high temperatures, however 

when it is allowed to flow through the system and air-line hose it cools down the longer it 

travels (See Appendix A).  As it cools down it causes condensation to form producing 

water in the airlines.  However, this water can be efficiently eliminated from the system 

by forcing the hot air to cold air in the very beginning of the process therefore allowing 

cold to moderately warm dry air to flow through the rest of the system.   

 

SCOPE OF THE PROJECT:  
This project will be successfully carried out through a detailed technical overview 

of the entire prototype design process.  First, a detailed project schedule was generated to 

allow for easy transition throughout each of the stages.  See Appendix C for an excel 

spreadsheet revealing the schedule used in this project.  A project budget was also created 

in order to record and keep an eye on how much money was being spent in certain areas.  

A detailed overview of the budget can be found in Appendix D. The getting started 

section will provide a general starting point in the design process.  This will lead to the 

voice of customer in order to collect and organize the type and style of product the 

customers desire to obtain.  The next section covers all of the technical analysis 

concerning the design of the prototype air dryer.  Each component of the assembly is 

carefully analyzed and selected based on various assumptions as well as economical 

means.  By analyzing and selecting each of the components the next section offers an 

overview of the detailed parts.  Now that the system has been designed the fabrication 

and assembly process is executed.  Once the prototype has become a working model a 

series of testing procedures and analysis is performed to determine the efficiency level of 
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the design.  The final section organizes and details all of the accomplishments, 

achievements and recommendations concerning the prototypes overall performance.  All 

of these sections combine to allow for a smooth, yet thorough transition throughout the 

project that will help in delivering the product to the customer a huge success as well as 

profitable. 

 
Section 1:  Getting Started 
 
Assumptions: 
 

To get started and successfully complete the prototype design of an air-drying 

device for the spray-painting process several assumptions must first be made in order to 

advance to the next section of the design process.  A complete list of all assumptions is as 

follows: 

 

 Inlet air from compressor is 120 degrees Fahrenheit 

 Pressure at the inlet of the spray gun is 45-PSI gauge 

 Operable painting conditions are above 50 degrees Fahrenheit and below 85%       
            relative humidity 

 Nominal size of heat exchanger tube is ½” 

 Compressor size is a 5 horsepower with a 20 to 60-gallon tank capacity 

 Paint spray gun ratings are not to exceed 5 CFM of flow rated at 40-PSI gauge 

  
Influential Design Factors: 
 

A list of several influential design factors was generated by customer observation 

in order to help focus on certain areas of the design.  These factors were considered to be 

persuasive in the sense that they will aid in the selection of the proper materials, as well 

as the machining and manufacturing processes that will be used for the final product. 

  
Weight  The weight of the system should be kept lightweight. 
 
Ease of Use  The product should require little effort to understand and operate. 
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Cost Cost should be kept reasonable with respect to quality and current 
equipment in the market. 

 
Maintenance  System should require little to know maintenance. 
 
Reliability  The system should perform in a consistent and repeated manner. 
 
Safety The system should be safe to use causing no harm. 
 
Production Part production and assembly must be able to be accomplished at a 

realistic cost. 
 
Summary:  
 
 To get started on an in depth project such as this it is often easy to begin with key 

assumptions, which ultimately dictate the design by stating all of the conditions that must 

be applied.  The influential design factors were listed to help focus in on some important 

aspects of the design.  These factors were kept in mind throughout the entire design 

process.    

 
SECTION 2:  Responding to Customer Needs 
 

This section involves and focuses heavily on several objectives, such as hearing 

the voice of the key customers, knowing the effect of all of the variables, prioritizing 

device features and criteria, and selecting the most economical and efficient of the three 

alternatives.  A customer survey was designed consisting of several short questions that 

allowed us to collect specific information about the high concerns and importance of dry 

air.  The key customer that was targeted was the homeowner and do-it-yourselfer.  This 

survey can be found in Appendix E as well as a summary of all of the numerical results 

can be found in Appendix F.   

All of the survey responses along with the Quality Functional Deployment 

method also known as the QFD analysis were utilized to build the house of quality.  A 

detailed structure of the House of Quality can be found in Appendix G.    Once the House 

of Quality was constructed the three alternative design configurations were determined 

and roughly designed.  Using the Pugh selection process method the three configurations 
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were eliminated down to one alternative that was ultimately the most attractive and 

appealing design of the three.   
 

House of Quality: 
The following sections are the WHATS, WHYS, and the HOWS that were collected, 
calculated and determined through the results of the customer survey (Appendix E). 
 
Voice of the Customer (WHATS) 

The following Customer Requirements (CR’s) were rated on a scale of 1 through 5, 5 
being the best (See Appendix G). 

 
•    Reliability: Must be able to perform properly with minimal to no malfunctions. 

 
• Quick Set-Up:  This product should allow for easy installation and disassemble. 

 
• Portability: The product should be compact in size as well as light in weight in 

order to make this an item that can easily be transported and 
moved from one point to another.  

 
• Safety: The product should be safe and meet all compliance standards to 

ensure the safety of the operator. 
 

• Storage: This product should be designed so that it can easily be put away 
in storage when not in use. 

 
• Durability: The air dryer will often be used in such environments as garages 

and local work areas.  The product must be durable enough to 
withstand human abuse that may be caused during storing as well 
as assembling and disassembling. 

 
• Ease of Serviceability: If perhaps there was a failure or malfunction concerning 

the air dryer, then the final design should allow for easy access to 
change out and replace parts easily and inexpensively.  Also the 
loading of ice and water and the emptying of the condensate 
should both be accessible.   

 
Air Dryer Characteristics (HOWS) 

The following Engineering Requirements (EC’s) have been chosen to become 
critical variables in attaining customer satisfaction through the customer 
requirements.  In the House of Quality, their importance is rated a 1 for weak, 3 
for medium and 9 for high (See Appendix G). 
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• Pipe Length (in):  The length of the pipe must be kept at a realistic 
value but long enough to properly cool the 
compressed air. 

 

• Pipe Diameter (in): The pipe diameter must be near or close to the rest 
of the piping sizes to reduce pressure drop in the 
airlines. 

 
 
• Pipe Material (lbs/in3): The pipe material must meet standards for 

compressed air as well as serve as the best possible 
heat exchanger. 

 

• Container Material (lbs/in3): The container material must be durable 
enough to withstand human abuse but light 
enough to easily be moved. 

 

• Container Size (gal.):  The size must be kept to a minimum due to the 
relationship of size and weight.  If it is larger in size 
then obviously it will weigh more.  However, the air 
dryer must be large enough to hold enough ice to 
properly cool the air to a certain degree, but small 
enough to be portable enough to carry or move from 
one place to another. 

 

• Cooling Capacity (btu/hr): This more or less refers to the amount of 
operation time with respect to amount of heat it 
is encountering.  The cooling capacity must be 
enough to allow for sufficient time to do the 
desired work. 

  

• Installation Time (min.):     Should be easy to install and disassemble. 
 

• Standard Parts:  Standard pipefittings with quick disconnect 
features should be included to allow for easy 
assembly and disassembly. 

 

•  Weight (lbs): The weight must be kept to a minimum in order to easily 
move the system from one point to another.   

 
Modified Importance (WHYS) 

 
In the House of Quality the following headings are the importance of each 
customer requirement, which were rated on a scale of 1 through 5, with 5 being 
the most important (See Appendix G). 

 
• Customer Importance: How important is the CR to the customer. 
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• Dryer in Market:  How do the CR’s of the dryer on the market rate to  
the customer? 
 

• Planned Dryer:  How would we like to rate with the customer? 
• Improvement Ratio:  Ratio of Planned Dryer to Dryer on Market. 
 
• Sales Point: Extras.  These are features about my dryer that can 

be used to sell customers my dryer and to show why 
it is adequate and economical than the competitors 
dryer. 

 
• Improved Ratio: This is the product of Planned Air dryer, 

Improvement Ratio, and Sales Point. 
 
• Relative Weight: Found by dividing the improvement ratio by the 

sum of all improvement ratios. 

Air Dryer Alternative Designs: 
  

Three alternative air dryer configurations were determined based primarily on 

data obtained from the House of Quality.  However, before any ideas were generated a 

better understanding of the air-drying process and desired functions of the prototype 

design were needed.  In order to achieve this aspect a detailed block diagram of the air 

drying process was developed (See Appendix H).  This diagram allows a better 

understanding of what the prototype will be designed to achieve.  The following sections 

include a brief description of each alternative design concept. 

 
Alternative #1: 

This concept entails an estimated 5-gallon round bucket container with coil tubing 

contained in it.  Standard connections of ½” NPT with quick connects for both the inlet 

and exit are included.  Ice is used to surround the coil of tubing, which cools the air as it 

passes through the container.  As the air is cooled the water vapor condenses into water.  

A water separator (trap) is installed to trap the condensed water from exiting the system 

and flowing through the rest of the airlines.    This concept would be designed to sit on 

the floor and would be portable enough to move from one place to another.  Refer to 

Appendix I for a visual image of an AutoCAD drawing. 
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Alternative #2: 

This concept would include a 4 to 8 inch diameter cylindrical container 6 feet in 

length.  The system would be a freestanding unit.  Inside the container would include a 

straight piece of tubing to serve as the “heat exchanger.”  Both the inlet and outlet will 

include standard ½” NPT fittings with quick connect adaptors.  A water separator (trap) 

will be included at the base of the container.  Refer to Appendix J for a visual image of an 

AutoCAD drawing. 
 
Alternative #3: 

This concept is made up of a rectangular container in which a straight piece of 

tubing is ran through one end of the container, bends at 180 degrees and comes right back 

out the same end two times.  Both the inlet and outlet have standard ½” connections with 

quick connects.  A water separator will be included at the outlet of the air stream.  

Container dimensions range from 10 to 20 inches in height and width and 20 to 40 inches 

in length.  Refer to Appendix K for a visual image of an AutoCAD drawing. 

 
Selection Process: 
 To determine which alternative concept was the most appealing design the Pugh’s 

selection process chart was used to compare each of the three alternatives to the original 

or datum concept.  The datum concept chosen for this application was a refrigerated air 

dryer similar in size.  The specifics of this product can be found in Appendix L.  

 Pugh’s Selection Process Chart  
     

Criterion Alt. #1 Alt. #2 Alt. #3 Original 
Height S - S DATUM 

Width S + S DATUM 

Weight + + + DATUM 

Ease of serviceability + + + DATUM 

Easy storage + - S DATUM 

Quick set-up + + S DATUM 

Product Cost + + + DATUM 

Σ+ 5 5 3 DATUM 

Σ- 0 2 0 DATUM 

ΣS 2 0 4 DATUM 
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From the results obtained on the previous page, alternative# 1 seemed to be the 

best choice for the design approach for this prototype air dryer.  Alternative# 2 was close 

by having the same amount of pluses as alternative# 1, however it concluded with two 

negatives where as alternative# 1 had two of the sames.  The new design would be better 

off with a couple of sames rather than a couple of negatives.  For this design, alternative# 

1 was the chosen design concept.   

 
SECTION 3:  Technical Analysis 
 
 Based on the assumptions made in the earlier section of this report several 

calculations were further developed to determine the details of each component design 

that make up the prototype layout.  The series of calculations were based on a constant 

airflow of 5 standard cubic feet per minute (scfm) at a pressure of 55 pounds per square 

inch (psig).  The 55 pounds per square inch specification came from a product 

information sheet for a particular base coat paint (refer to Appendix M).  Most paints are 

rather similar concerning the rating of pressure to use when spray painting.   The 5-scfm 

assumption was based on a wide range of non-professional spray guns.  The analysis 

calculations have been split up into different sections relating to each of the main 

components of the design. 
Heat Exchanger Tube Length: 
 
  To gain a better understanding or visual image of this calculation refer to 

Appendix N for a complete detailed analysis of the equations and calculations that were 

made concerning the tube length.  To determine the length of the heat exchanger tube 

various equations from heat transfer methods were compiled and used to calculate the 

minimum length required to lower the temperature of the compressed air from 120ο F to 

40ο F.   

The system was assumed to be a forced convection application where at no time 

were there any signs of any temperature induced gradients in either the liquid used to 

cool the system or in the heat exchanger tube itself.  The tube would be ultimately 

exposed to a uniform wall temperature of relatively 32οF.  The properties of the air 

stream were obtained from a handbook using the inlet and outlet average temperature.  
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From this the amount of heat removed from the air could be determined.  However, two 

additional types of heat needed to be determined.  The change in enthalpy from the inlet 

temperature to the outlet temperature equals the heat removed from the water vapor.  And 

the enthalpy of the outlet temperature multiplied by the theoretical amount of water that 

was collected equals the amount of heat removed from the water.  These three heat rate 

values were then summed to get a final value of heat removed from the air stream.  The 

log mean temperature difference was then calculated.  The Reynolds #, friction factor and 

nusselt # were also calculated.  Using the nusselt#, thermal conductivity of the air and the 

inner diameter of the pipe, the heat transfer coefficient (h) could be determined.   

Then the basic heat transfer equation Q = h A Delta T was used in which all 

values were known except for the surface area which was solved for.  Knowing the 

surface area of the pipe the length was determined.  So in order to reduce the inlet 

temperature of 120οF to an outlet temperature of 40οF under the specified design 

parameters the length of the pipe should be at least 14.7 feet long.  However this is not 

the final length.  Since the coil tube has a specified starting and ending point a helical coil 

equation was used to determine the final length.  Using this equation a total of 10 coils at 

a 6” pitch diameter was to be used.  Performing the rest of the calculations led to a final 

length of 14.891 feet. 

 
Heat from atmosphere:  
 
  The heat from the atmosphere that enters the container needed to be 

calculated next.  The processes of both heat convection for the inside and outside 

container walls and heat conduction through the material were analyzed to calculate the 

amount of ice that is melted due to the outside temperature conditions.  The outside 

conditions of the container were assumed to be at 90οF with an R-value of 0.25 for 

moving air in the summer.  The inside conditions of the container were assumed to be 

relatively 32οF with a heat transfer coefficient of 25.78 BTU/hr ft2  οF.  The container 

material selected has an R-value of 7 and a thickness dimension of 1 inch.  The three 

equations led to three unknowns in which were solved simultaneously to derive the inside 

and outside surface temperatures.  These two values were then substituted back into any 

one of the three equations to determine the heat transfer rate through the container.  It 
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was determined on a 90οF day that 66.5 BTU’s/HR was being transferred through the 

container.  A detailed description of the analysis and equations used can be found in 

Appendix O. 
 
Required Amount of Ice for Operation: 
 
 To determine the amount of ice required to do the job, the numerical results from 

the survey responses, which can be found in Appendix E, were used to set a specific time 

of operation.  From the survey results, to apply one base coat of paint it took nearly 

anywhere from a half an hour to one hour to complete.  From this information the 

intended goal of the prototype air dryer was to deliver dry air for at 2.5 hours, which 

allowed for multiple coats.   

 Certain values from the previous sections of calculations were used to determine 

the amount of ice needed, for example, the amount of heat produced by the compressed 

air through the heat exchanger tube and the amount of heat transferred through the 

container was added.  The operational time was set at one hour and the enthalpy value of 

ice was obtained from a handbook.  The mass of ice was calculated to be 7.843 pounds 

per hour.  So in order to run the prototype for 2.5 hours approximately 20 pounds of ice 

was needed.  Ice is sold in standard bags of 7 and 22 pounds, which can be found at most 

grocery stores as well as local gas stations and food marts.  So, by using a standard 22-

pound bag of ice the prototype will operate properly for 2.8 hours.  For further details and 

information of this calculation refer to Appendix P.   

 
Container Size: 
 
 To determine the container size in terms of gallons the amount of ice calculated in 

the previous section must be used.  Using the 22 pounds of ice and the density value of 

ice a value in cubic feet can be calculated and then converted into gallons.  However, the 

value given for the density of ice is in terms of a solid block and the ice being used will 

be in various sized cubes.  A size factor of cube to solid ice was determined in order to 

relate the two in terms of displaced volume.  An assumption of 50% was first used in the 

earlier calculations.  However, an actual test of two 7-pound bags in a 5-gallon water 
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cooler determined the size factor to be precisely 46%.  The cubed ice has a displaced 

volume of 46% more than solid ice.   

Knowing the mass of the ice, density of ice, size coefficient and cubic foot to 

gallon conversion factor the size of the container was calculated to be 4.197 gallons.  A 

final size of a 5-gallon container would be used in the design.  For the prototype model 

this value was efficient because of its easily availability, however, for the final product 

the container size should be kept as close to the 4.197 gallons as possible.  So perhaps 

using a 4-gallon container would make more sense in terms of performance and 

economical means.  For more specific information of the container size calculations refer 

to Appendix Q for a complete analysis of all equations and values used. 

 
Water Separator Cup Size: 
  

 The water separator cup size is referring to the capacity in fluid ounces of 

the cup that holds the condensate.  To determine the cup size other calculations were first 

made for example, the amount of water being condensed and removed from the system in 

a one-hour operating period directly dictated the size of the cup.  The prototype in theory 

was cooling 120 οF compressed air to 40 οF.  From this assumption the water vapor 

content in the air stream was calculated there for deriving the amount of water that was 

condensed in the process.  The calculations state the amount of water removed within a 

one-hour period was 8.647 ounces.  For more specific information concerning these 

calculations refer to Appendix R for a complete analysis of all equations and values used 

to determine the cup size of the water separator. 

 
Expanded Air Properties: 
  

This calculation refers to the properties of the air just before and after the air is at 

the expansion nozzle of the spray gun.  The compressed air expands rapidly causing 

atomization of the paint to occur.  This atomization process is dependent upon the 

moisture content of the air as well as the temperature of the air.  The desired temperature 

of the air is to be high enough so that when expanded it does not drop below the dew 

point therefore condensing water into the air stream.  Calculations concerning this can be 
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found in Appendix S, which is a detailed analysis of the air properties at the expansion 

chamber.   

 
SECTION 4:  Detailing the Design 

 
This portion of the project was based on using the previous calculated design 

values to create the final design.  After the materials were selected, dimensioned detailed 

drawings were created for each of the component parts including various compression 

fittings, insulated container, heat exchanger tube, water separator, and sealing washers.  

A mechanical assembly drawing can be found in Appendix T, which refers each of the 

individual drawings. The following sections will discuss in detail the selection process of 

the key components. 

 
Heat Exchanger Tube: 
 
 In the previous sections the length of the heat exchanger tube was calculated to be 

14.891 feet long.  This amount of tubing is a rather large amount of tubing that must 

somehow be arranged to minimize the space that it takes up.  According to other previous 

sections such as the alternative selection section the arrangement design was determined 

to be a coil of tubing.  This design allowed compacting 14.891 feet of tubing into a 6-inch 

diameter by 7-inch high volume space.  The inlet side would be of course the higher point 

of the two openings, which in sense gravity is utilized in pulling water down the spiral of 

tubing and out the exit into a water separator.  Refer to Appendix U for a detailed 

drawing of the heat exchanger tube. 

 Copper tubing was selected to be the material due to its excessively high heat 

transfer rate.  Type ACR copper tubing was selected which stated by the copper tube 

handbook is often used in compressed air applications as well as in refrigeration 

processes.  The tube contained a .44-inch inner diameter and a .5-inch outer diameter.  

This particular specification was chosen due to the size of the airline coming out of the 

air compressor.  More times than often the average size outlet port on an air compressor 

will be 0.5 inches. The rule of thumb in compressed air line plumbing is to be consistent 

throughout the system with the same size lines to reduce pressure drop.  For more 
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information concerning the specifications of the copper tube chosen for this design refer 

to Appendix V. 

Container: 
 
 The size of the container was already calculated in previous sections in which a 5-

gallon size was chosen.  However, the style and type was primarily based on the 

influential design factors stated in the beginning of the design process.  The container 

needed to be small, appealing, durable, safe and lightweight.  In considering these 

characteristics the best place to begin the search was a particular style of water cooler.  A 

water cooler serves as a great container that will insulate the ice on the inside to 

maximize the time of operation.  It is also small in size, appealing to the eye, lightweight 

in structure and safely built to specific design standards.   

 From this information, a 400 series igloo cooler model number 451-5 gallon  was 

chosen as the container to use in the design.  It is a 5-gallon size capacity container with 

side handles and a pressure fit lid.  A lid keeper chord is included to ensure it from ever 

being lost.  The container is durable in construction with two layers of polyethylene 

material and a layer of polyurethane foam insulation between them.  This provides 

adequate insulation for the prototype to work properly.  The thermal conductivity value 

of polyurethane foam was determined to be .14285.  This value is the inverse of the R-

value of polyurethane foam, which is a 7 to 10 R.  Refer to Appendix W for 

specifications on polyurethane foam.  For more specific information on this particular 

container refer to Appendix X for products specifications or Appendix Y for a general 

AutoCAD drawing. 

  

Water Separator/Filter: 
 
 Previous calculations such as the cup size dictated the selection of a water 

separator or filter suitable for this application.  The previous calculations stated a cup size 

of roughly 8.647 fluid ounces.  However, due to high cost a filter with a smaller cup size 

of 7 fluid ounces was chosen instead.  A Campbell Hausfeld filter number PA2121 was 

selected.  This component incorporates a 5-micron  filter that removes dirt particles and 

condensed water.  The filter is equipped with a see through bowl for easy viewing with a 
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metal guard around it to protect it from impact.  The bowl can easily be taken off for 

discarding collected waste and is equipped with a quarter turn valve to drain the bowl 

frequently.  For more information or specifications concerning this product refer to 

Appendix Z.  

Compression Fittings & Seals: 
  
 The selection of compression fittings came from both product catalogues of 

Campbell Hausfeld and Parker Pneumatics.   To implement a sufficient seal at the 

sidewalls of the container bulkhead fittings were selected.  From the Parker Pneumatic 

company bulk head fittings include both external and internal National Pipe Threads with 

a self-locking washer and nut to ensure proper sealing.  A .375-inch to .25-inch reducer 

adaptor and .375-inch by 2 inches long pipe nipple were also selected to allow for proper 

assembly.  These fittings were assembled on the outer side of the container while the 

inside contains 45ο flared fittings.  These are .5 inch to .375-inch male fittings at a 45ο 

angle.  The 45ο specifications refer to the angle of the flared end.  A short flaring nut was 

used to tighten the tube to the fitting.  More specific information and specifications on all 

of these fittings that were used can be found in Appendix AA. 

 From Campbell Hausfeld, two components were selected based upon the 

customers needs.  From the House of Quality in previous sections it was noted that quick 

disconnect couplings used for easy assemble and disassemble were a customers high 

concern.  To meet the request of the customers an industrial style .25 inch disconnect 

coupler and plug were selected.  Specific information concerning these disconnect 

couplings can be found in Appendix AB. 

 Both the inlet and outlet container ports are potential areas of leaking water 

therefore needing special seals to provide a tight fit against the inner wall of the 

container.  The seals for the design were selected from the McMaster-Carr catalogue.  

These seals consisted of a neoprene-bonded washer in which the neoprene rubber 

material is rigidly attached to a galvanized steel washer.  This type of seal will provide a 

sufficient seal therefore avoiding leaks.   More information about this style of bonded 

washer can be found in Appendix AC.  
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SECTION 5:  Build & Test 
 
Fabrication & Assembly: 

 
The next step was to build a working prototype model.  The coiled tube heat 

exchanger was first constructed.  This was achieved by wrapping it around the 

appropriate size piece of round steel stock.  Each of the ends then needed to be flared in 

order to mate up with the flare fittings.  A flared fitting was chosen due to its high sealing 

capabilities in which the tube was to be immersed in ice water.  This was achieved by 

using a small hand-flaring tool. 

 Next the container selected for the design needed to be adjusted.  Both the inlet 

and outlet ports were drilled through the containers walls.  A 1 ¾” inch hole was drilled 

through the outer wall and polyurethane insulation.  A 1” hole was drilled through inner 

wall.  This configuration allowed the brass bulkhead fitting to be rigidly attached.   

Once fabrication was completed the prototype was assembled.  The coiled tube 

heat exchanger and all necessary fittings were assembled outside the container and then 

placed into the container where a nut and lock washer were placed on the bulkhead 

fittings and gently tightened down.  Next the water separator was attached completing the 

assembly.  Refer to Appendix AD for an assembly schematic of the prototype. 

 
Testing the Prototype Design: 
 
 Once the assembly was completed, the testing phase began.  In order to test the 

prototype certain environmental conditions were first applied.  For example, the 

prototype was to be tested precisely in a 90οF controlled environment with a level of 85 

percent humidity.  A green house was used to replicate these extreme conditions.  For 

clarification a detailed schematic showing the complete test set-up can be found in 

Appendix AE  

The use of both a 20 gallon capacity, 5 horsepower air compressor provided by 

Campbell Hausfeld was used as the air source.  An airline hose ½ inch in nominal 

diameter and 6 feet in length was connected to the prototype and to the air compressor.  A 

25-foot air hose with ½ inch nominal diameter was connected to the outlet of the 

prototype.  At the end of that air hose is where the paint gun was attached.  Between the 
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coupler of the hose and the spray gun a flow valve was used.   This valve helped to 

control the pressure at the desired level, in this case at the maximum of 45 psi.  A dew 

point monitor was installed directly after the outlet of the prototype to carefully monitor 

the dew point range of the system.   

Several thermal couples were used in various places to obtain useful data for 

experimental calculations.  For instance, a thermal couple was placed on the inside and 

outside of the container to accurately measure the amount of heat being transferred 

through the container.  Other thermal couples were placed on the wall surface of the heat 

exchanger to measure the wall temperature.  Temperature data was also gathered using 

temperature probes in which were placed at both the inlet and outlet of the prototype as 

well as at the spray gun and flow meter.   

All measurements were recorded every 5 minutes for one hour.  All of the 

information and specifications concerning all of the equipment and instruments used in 

the testing procedure can be found in Appendix AF.   

 
Experimental Test Results: 

The proof of design testing was conducted in a green house where a high 

temperature and humidity range could be achieved.  The air pressure through the air dryer 

was carefully maintained at 55 psig.  An inlet temperature of 114°F was achieved and 

reduced down to 42°F.  The air properties at the spray gun expansion valve were 

measured using a sling psychrometer, which obtained the dry and wet bulb temperatures 

of the air stream.  A pressure dew point of 52°F was achieved.  The airflow was 

calculated to be 6.708 actual cubic feet per minute, which was slightly higher than the 

design value of 5 scfm.  This was due to the fact that in order to achieve the desired 

pressure of 45 psig at the spray gun the flow was unable to be restricted to the design 

value of 5 scfm.  Temperature values received from the thermal couples on the heat 

exchanger exceeded the assumed constant wall temperature of 32°F.  These values led to 

the source of error in which is discussed in the next section.   For further detail the proof 

of design test results can be found in Appendix AG. 
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Section 6:  Final Analysis       
 
Material Cost:          

 Insulated Container  $32.00 
 Water Separator  $24.00 
 Copper Tubing  $16.00 
 Various Fittings  $24.00 
 Sealing Washers  $2.50 

 
The total cost of the prototype design was calculated to be $98.50.   

Efficiency Rating:         
To determine the efficiency of the prototype, the results from the proof of design 

test were used to calculate the true heat transfer coefficient value and the design values 

were used to determine what the h-value needed to be in order for the prototype to meet 

up to the designed parameters.  The efficiency of the prototype was calculated to be 93.92 

percent.  The reason being is that in the beginning stages of the project an assumption of 

the constant wall temperature of the heat exchanger was to be 32°F.  From the 

experimental test data the wall temperature was found to be not constant.   

 
Humidity Level:         

The humidity level of the compressed air as it exits the spray gun expansion valve 

was calculated using two different methods.  Method one uses the pressure dew point 

value achieved in the testing procedures along with the gauge pressure of the prototype to 

determine the atmospheric dew point of the air stream using a dew point conversion 

chart.  Then the dry bulb temperature of the exiting air along with the atmospheric dew 

point was used to calculate the percent level of relative humidity in the compressed air.  

These calculations can be found in Appendix AH.   

Method two used both the wet and dry bulb temperatures that were measured in 

the proof of design test.  These values were used to graphically determine the percent 

level of humidity in the compressed air using a psychometric chart.  These calculations 

can be found in Appendix AI. 
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Recommendations: 
In order to take this prototype air dryer to the next stage and introduce it to the 

market a punch list of several recommendations was generated.  Further testing and 

analysis needs to be performed in order to cover a wide range of air compressor types and 

sizes.  Unnecessary fittings should be eliminated to reduce cost and increase profit.  A 

new container design needs to be sought.  High areas of concern are the holes for the inlet 

and outlet that are to be drilled through the sidewalls therefore having a large stress 

concentration in that particular area.  These walls will perhaps take an every day abuse 

due to the location of the disconnect couplings.  Moreover, the water separator will be 

hanging in mid air with only it being attached through the bulkhead fitting therefore 

causing high stress on the inner wall at that point.  For the final product a special 

designed container would meet these specific requirements to allow for a better sealing 

and durability design.    The lid is currently a pressure fit style in which brings up safety 

concerns if air were to leak inside the container which could blow the lid off causing 

operator injury.  An alternative water separator could offer a larger cup size to collect the 

discarded water or perhaps even contain an automatic drain. 

 
Accomplishments and Conclusions: 
 
The intended goal of this project has been successfully met in designing a working 

prototype model of a compressed air drying system that is both economical and adequate 

to similar equipment.  The prototype consisted of a 93.92 percent efficiency rating.  It 

successfully reduced high levels of humidity in the compressed air to well below 20%.  

And it successfully met customer requirements.
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MONTH OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY MARCH APRIL MAY JUNE 
Week 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

ITEMIZED TASK                                                                   
Design Research                                                                   
Preliminary Budget                                                                   
Project Schedule                                                                   
Survey created                                                                   
Survey info received                                                                   
QFD chart generated                                                                   
Proof of Design                                                                   
Proposal Due                                                                   
Design Research                                                                   
Design Concepts                                                                   
Weighted Objective Selection                                                                   
Detailed Design - Mechanical                                                                   
Detailed Design - Thermo                                                                   
Component Layout                                                                   
Plan for Design/Build                                                                   
Final Design Review                                                                   
Interim Design Report                                                                   

*Design Freeze*                                                                   
Interim Design Report Due                                                                   
Order Final Parts                                                                   
Fabricate Parts                                                                   
Assemble Fixture                                                                    
Test of Product                                                                   
Write Report                                                                   
Oral Presentation                                                                   
Tech Expo                                                                   
Graduation                                                                   
                                  
                                  
                                  

APPENDIX C 
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Appendix D
      

ITEM SOURCE DONATED LOANED PURCHASED SERVICES IN KIND 
        
Prototyping Testing Campbell Hausfeld X   $0.00 Providing Testing facility &
               test equipment 
            
Air Compressor Campbell Hausfeld   X $0.00   
            
Pneumatic Fittings Parker Hannifan     $20.00   
            
Copper Tubing McMaster Carr     $30.00   
            
Insulated Container To be Determined     $65.00   
            
User Interface/Temp. Radio Shack     $30.00   
    control system           
            
Misc. Items Various     $50.00   
        
       Total Dollar Amount: $195.00   
            
      
      
      

  Up-To-Date Budget  
      

ITEM SOURCE DONATED LOANED PURCHASED SERVICES IN KIND 
        
Prototyping Testing Campbell Hausfeld X   $0.00 Providing Testing facility &
Air Compressor Campbell Hausfeld   X $0.00 use of all test equipment. 
            
Pneumatic Fittings Campbell Hausfeld X   $0.00   
            
Copper Tubing Campbell Hausfeld X   $0.00   
            
Insulated Container Igloo Cooler      $32.00   
            
Air Filter Campbell Hausfeld X       
            
Bonded Seal Washer McMaster-Carr     $12.59   
            
Misc. Items Various     $50.00   
        
        
       Total Dollar Amount: $94.59   
            



Appendix E 
 

User Survey – Spray Painting 
 The following survey is being conducted to collect customer data in aspects of  
 the spray-painting process and air-drying equipment.  This information will be 
 used to design a prototype model of an air drying device in conjunction with a 
 air compressed system.  
 

1.) Have you ever used a paint sprayer with an air-compressed system?  

  

If no, disregard the rest of the survey and please list any contact information, 

such as name, phone number and email of any friends and family that have had 

previous experience in spray painting.       

       

                                                                

             
 

2.) How often do you spray paint? (e.g. once a year, twice a month)     
 

3.)  What type, model and/or style of air compressor do you use?      
                   
 

4.)  Do you use a water catcher/separator to collect the moisture and condensation buildup? 
  

5.)  Do you use any additional equipment or air drying devices such as coalescing and 
desiccant air drying filters?     

  
       
6.) About how much did the equipment and items from questions 4 and 5 cost total?  $    

7.)  Do you think the dollar amount in question 6 is relatively cheap or expensive?   

8.)   Are these devices easy to use and control?        

10.)  Have you ever encountered troubles with water inside the air lines when spray painting? 

11.) How often does water become an issue? (Every time you spray paint, or every other time) 

               



Please rate the following characteristics in terms of an air-drying device. 
Rating scale:  NI – Not Important, I – Important, EI – Extremely Important 

 

 
      Quick Set-Up                

Portability            
Storage                           
Durability           
Ease of Serviceability         
 

 
12.) In your own opinion, how long in terms of minutes or hours does it take to apply one coat 

of paint considering the surface has been prepared prior to painting.    
  
13.) Please List any other characteristics that you feel are important qualities concerning an 

air-drying   device. 
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Appendix F 
           

       
       

    

      Numerical Results from Survey 
    

The following results were obtained from the survey and summarized in the following columns     
A total of 10 different people were surveyed.  5 average consumers & 5 body shop employees 
       

    

Question # Consumer Consumer Consumer Consumer Consumer Body Shop Body Shop Body Shop Body Shop Body Shop 
1 Yes      Yes Yes Yes Yes Yes Yes Yes Yes Yes
2 1/year          2/year 1/year 2/year 1/year 4/year 6/year 4/year 4/year 1/year
3 Ingersol Rand     CH CH Devilbiss CH Ingersol Rand Ingersol Rand CH Ingersol Rand Devilbiss 
4 Yes Yes     Yes Yes Yes  Yes Yes Yes Yes Yes
5 Coalescing      No Coalescing Coalescing No Refrigeration Dessicant Refrigeration Coalescing No
6 $250        $100 $300 $280 $80 $600 $450 $750 $160 $75
7 No          Yes No Yes Yes No Yes No No Yes
8 Yes          Yes Yes Yes Yes No No Yes No Yes
9 Yes          Yes Yes No No No No Yes Yes Yes
10 Yes          Yes Yes Yes Yes Yes Yes Yes Yes Yes
11 Every time Every time Every time Every time Every time Some times Never Never Every time Every time 
12 1 hour 45 min 45 min 30 min 1 hour 30 min 25 min 40 min 30 min 50 min 
13 Cost          Cost Cost Cost Cost Cost Cost Cost Cost Cost

 Safety Safety Easy to Use Reliable Safety Easy to Use Safety Easy to Use Safety   
           Reliable Reliable Consistent Consistent   
           

Characteristic Rating scale:  NI – Not Important, I – Important, EI – Extremely Important    
Ratings           

Quick Set-Up EI        I EI EI NI I I I EI I
Portability I          I EI I I I EI EI I NI
Storage I          NI NI I EI NI EI I I NI

Durability I          I EI EI NI I NI NI I I
Ease of Serviceability NI          NI I EI I NI NI NI I NI



Appendix G 
HOUSE OF QUALITY 

 
             

            
            
            

             
 

9 = Strong 
3 = Moderate 

1 = Weak 
 
 
 
 
 

PI
PE

 L
EN

G
TH

 

PI
PE

 D
IA

M
ET

ER
 

PI
PE

 M
AT

ER
IA

L 

C
O

N
TA

IN
ER

 M
AT

ER
IA

L 

C
O

N
TA

IN
ER

 S
IZ

E 

C
O

O
LI

N
G

 C
AP

AC
IT

Y 

IN
ST

AL
LA

TI
O

N
 T

IM
E 

W
EI

G
H

T 

ST
AN

D
AR

D
 C

O
N

N
EC

TI
O

N
S 

C
U

ST
. I

M
PO

R
TA

N
C

E 

D
R

YE
R

 IN
 M

AR
KE

T 

PL
AN

N
ED

 D
R

YE
R

 

OPERATION                         
QUICK SET-UP         9   3 3 9 5 3 5 
RELIABILITY 9 9 3 9 9 9       4 5 5 
SAFETY     3 3 1 3   1 3 5 4 4 
FEATURES                         
PORTABILITY 3 3     9 3 3 9   3 2 4 
STORAGE         9 3   9   2 2 4 
DURABILITY 3 9 3 9 3 3   3 3 5 4 4 
MAINTENANCE                         
SERVICABILITY - EASE OF 3 3 3 3 1 3   3 3 4 2 5 
ABS. IMPORTANCE 2.

2 

3.
0 

1.
7 

2.
9 

5.
5 

2.
9 

1.
0 

4.
0 

3.
2 

26.4   

REL. IMPORTANCE 0.
08

 

0.
11

 

0.
06

 

0.
11

 

0.
21

 

0.
11

 

0.
04

 

0.
15

 

0.
12

 

   
COMP. ON MARKET 5 5 5 

  

2 5 1 1 3    
TECH DIFFICULTY 3 

  

1 2 2 

  

3 4 

     

TARGET VALUE 

20
 

0.
50

 

C
op

pe
r 

Pl
as

tic
 5 

  

5 30
 

0.
50

 

   

UNITS 

In
ch

es
 

in
ch

es
 

lb
s/

cu
bi

c 
in

. 

lb
s/

cu
bi

c 
in

. 

ga
llo

ns
 

bt
u/

hr
 

m
in

ut
es

 

lb
s 

qt
y.

 &
 s

iz
e 

   



 1







 1



Appendix L 

 
 

 2



Appendix M 

 

 3



Appendix N 
Convection Heat Transfer: Technical Analysis – Forced Convection 

 
METHOD # 1: 
 
This problem is solved by calculating the heat generated by the air only using 

the mass flow rate of the 5 scfm.  Then the heat for the water vapor is calculated 
using the change in its enthalpy values.  The sum of the two is the total amount of 
heat required to change the inlet air mixture conditions to the outlet air mixture 
conditions.   
 
Objective: 

Air at 55 PSI (3.062 atm) flowing at a rate of 5 scfm (.002818 kg/s) is to be 
cooled from 120 οF (322 οK) to 40 οF (277.59 οK) in a .375 inch (.9525 cm) inner 
diameter tube with uniform wall temperature of 32 οF.  The length needs to be 
determined. 
 

Assumptions/Conditions 
 Forced Convection 
 Negligible entrance effects on h bar 
 Moderate property variation 
 Standard conditions 
 
Properties: Air at the average inlet and outlet temperature of 297.59 οK and 3.062 
atm. 

The following properties were obtained from air saturation tables. 
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µ = 1.947 x 10^ -5 kg/m*s 
 Cp = 1.0072 kJ/(kg οC) 
 k = .0279 W/(m οC) 
 Pr = .7032  
 
Analysis: Noting that the specific heat is essentially uniform over the temperature 

range from 322 to 273.15 the following equation can be used to determine 
the heat generated. 

 

qc  =  mass flow rate * Cp * (T2 – T1)  =  .002818 kg/s * 1.0072 * kJ/kg K * (273.15 – 
322) = -.12615 kW 
Convert to English units to obtain,  -430.4865 BTU/hr 
 

The heat Qc generated above is just the amount of heat taken out by the air only.  Now 

calculations need to be made to determine the heat required for the water vapor as well 

as the liquid water produced.  To do this certain values were used from the water 

separator cup size calculations which can be found in Appendix R. 

The change in enthalpy of the water vapor from the inlet to the outlet is the heat required.   

@ 40 F  h = 1078.9 BTU/lb  ,  @ 120 F h = 1113.5 BTU/lb 

 

The enthalpy value at each of the inlet and outlet multiplied by the amount of water vapor 

in pounds at the inlet and outlet. 

 

1078.9 BTU/lb * .001091656 Lbs w / Lbs da  =  1.177787658 BTU/Lb 

1113.5 BTU/lb * .026268568 Lbs w / Lbs da  =  29.25005047 BTU/Lb 

 

The difference between the two is  28.07226281 BTU/Lb.  Now the inlet stream of dry air 

is calculated. 

5 scfm * .07455 LBS/FT3 = .37275 LBS/Min  * 60 Min  =  22.365 Lbs of dry air / Hr 
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22.365 Lbs of dry air / Hr  *  28.07226281 BTU/Lb  =  - 627.8361578 BTU/HR 

 

Enthalpy of the water produced which is relatively close to the temperature of the air 

stream of 40 F is h = 8.02 BTU/Lb.  If 8.6476 ounces of water is produced every hour = 

.563562293 Lbs/Hr 

8.02 BTU/Lb * .563562293 Lbs/Hr  =  4.5197 BTU/Hr for the liquid water 

 

This heat values generated for the air, water vapor and liquid water are added together 

to reach a final total of heat required to change the inlet conditions to the outlet 

conditions.   

 

Since the both the inlet and outlet temperatures are known the log rhythmic mean 

temperature difference LMTD relationship can be used.           qc  =  h bar * As * LMTD 

LMTD  =  ∆T1 - ∆T2 / ln (∆T1 / ∆T2)  = ( (32–120)-(32-40)) / (ln( (32–120)/(32-40)))  =  -
33.3626οF 

 

To obtain h bar the Reynolds number Re is calculated using the following equation. 

 

G = mass flow rate / A  =  ..002818 kg/s / π(.009525 m)2 /4  =  39.5529 kg/(m2 s) 

 
Re = GD/µ  =  39.5529 kg/(m2 s) * (.009525 m) / 1.947 x 10^ -5 kg/m*s  = 19,350.48 
 

The flow is greater than 10,000 so it is considered to be turbulent.  The next equations are 

used to determine Nusselt number Nu for uniform property conditions. 

 
fcp = (1.58 ln Re – 3.28)-2  =  (1.58 ln 19,350.48 -  3.28)-2  =  .00659 

 
Nucp =  (f/2) Re Pr  /  1.07  +  12.7 (√ f/2) (Pr 2/3  -  1)  =  48.8939 
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h bar = Nu * k/D  =  48.8939* (.0279 W/(m οC)/.009525 m)= 143.27 W/(m2 οC)  = 
25.233 BTU/Hr2 οF 

As = qc / h bar * LMTD  =     -1062.842BTU/hr  / (25.233  BTU/Hr2 οF * -33.3626 οF) = 
1.2625 ft2

 

L = As /  π(D)  =  1.2625 / π(.375/12)  = 14.71 feet         
 
*Refer to the following page for an Excel Spreadsheet Progra 
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Appendix N 
 Air Dryer Calculation Program  
                                 Heat Transfer - Forced Convection Method  
METHOD # 1:      
      

Variables Assumptions Units Assumptions Units  
Inlet Temp. 120 F 322.0389 K  
Outlet Temp. 40 F 277.5944 K  
Surrounding Temp. 32 F 273.1500 K  
Tube Inner Dia. 0.440 inches 1.1176 Centimeters  
Flow Rate 5 STD. cubic ft/min 0.002359782 cubic meter/sec  
Operable Pressure 55 psi 3.742528 ATM  
     
These values below correspond with the average inlet and outlet temperatures  
that were calculated in degrees Kelvin in the above columns   
U 1.94694E-05    
Cp 1.007154567    
K 0.027910549    
Pr 0.703151442    
     

CALCULATIONS:    
      
Air Density 1.194337 kg/cubic meter    
      
Mass Flow Rate 0.002818375 kg/sec    
      
Qc = -0.126157286  -430.4865058 BTU/Hr Air only 
   -627.8361578 BTU/Hr Water vapor 
Qc=h*As*LMTD      only 
   -4.519769588 BTU/Hr Liquid Water
  Sum of All -1062.842433 BTU/Hr   
     
LMTD =  -33.3626  -33.3626 F  
      
G= 28.73002874     
      
Re= 16491.88492     
      
fcp= 0.006872342     
      
Nu= 43.58596204     
      
h= 108.8500474  19.17067034 BTU/Hr^2F  
      
As=   1.661773428 Sq. Feet  
      
Length=   14.42615212 Feet  
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Appendix O 
 
Heat from atmosphere: 
 To determine the amount of heat that is going into the container from the 
atmosphere both concepts of heat conduction and heat convection were used.  Heat 
convection occurs from the atmosphere to the container then is conducted through the 
material and again heat convection takes place to the surrounding temperature inside the 
container.  The following equations were used to determine the amount of heat going into 
the system. 
 
 
Qo/Ao = ho (T∞  - Two)  Qo =amount of heat convected outside of the container = 
unknown 
    Ao = surface area of outside of the container = 4.95 Sq. Ft. 
    ho = heat transfer coefficient of outside air film = 4 BTU/hr 
ft2  οF 
    Two = Temperature of outside wall = unknown 
    T∞ = outside atmosphere temperature = 90 οF 
 
Qi/Ai = hi (Twi - T∞)   Qi = amount of heat convected inside of the container = 
unknown 
    Ai = surface area of inside of the container = 4.95 Sq. Ft. 
    hi = heat transfer coefficient of inside fluid = 25.78 BTU/hr 
ft2  οF 
    Twi = Temperature of inside wall = unknown 
    T∞ = inside fluid temperature = 32 οF 
 
 
Qm/Am = km/Xm (Two – Twi) Qm = amount of heat conducted through container = 
unknown 
        Am = surface area of conductive material = 4.95 Sq. Ft. 
        km=thermal conductivity of the material=1/R=1/7=.143 
BTU/hr ft2  οF 
         Xm = thickness of material = 1 inch of polyurethane 
only 
                                                     Twm = Temperature of outside wall = unknown 
          Twi = Temperature of inside wall = unknown 
 
 

Now there are three equations and three unknowns.  The values for Two and Twi 

can be calculated by equating all three equations.  Once these values are determined they 

can simply be substituted back into each of the three equations and they should all equal 

one another therefore obtaining the amount of heat going into the container.   
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Performing the calculations above determines the following: 
 
 Two = 73.3742 οF 
 Twi = 34.5796 οF 
 
Q = 66.5 BTU/hr 

Appendix P 
 

Required Amount of Ice for Operation Calculations 
 
 

To determine the required amount of ice needed for operation the total heat inside 
the container needed to be determined.  This value was determined by adding the heat 
produced by the airflow plus the heat going into the container from the atmosphere.  
Refer to Appendix_ for the heat quantity from the atmosphere and Appendix_ shows the 
calculations concerning the heat removed from the airflow.  With these values and the 
assumption of a 1 hour operating time the required amount of ice can be determined.  The 
following equation was used to determine the amount of ice needed. 
 
 
Qt * T = mh  Qt = heat removed from air flow + heat going into the container 
   T = Operational Time in hours 

m = mass of the ice in pounds 
   h = Enthalpy of ice = 144 BTU/lb 
 
From previous calculations the heat removed from airflow was determined to be       and 
the heat going into the container determined to be     Furthermore, the total heat inside the 
container calculates to be           
 
 

(1062.842 BTU/hr + 66.5 BTU/hr) * 1 hour  =  m * 144 BTU/lb 
 

m = 7.84265 pounds of ice required to cool the air properly for at least one hour 
 

A standard 7 pound bag of ice will give an operation time of  .89255 hours. 
As for 14 pounds of ice the operation time is 1.78511 hours. 
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Appendix Q 
 

Container Size Calculations 
 
 
 

To determine the size of the container a couple of different factors were used.  For 
example, the solid to cubed ice size factor was determined through physical tests to be 
approximately 46%.  This meaning that the cubed ice takes up precisely 46% more 
volume than the solid ice.  An assumption of two 7-pound bags of ice was used to 
determine the volume displaced.  From this assumption and the size coefficient the 
container size could be calculated in terms of gallon capacity.  The following equation 
was used to determine the size. 
 
 

((Mass of the ice / density of ice) * size coefficient) / .1336802 ft3/gallon 
 

For one 7 pound bag of ice 
 

7 Lbs / 57.24644 Lbs/ ft3 *1.46 / .1336802 ft3/gallon  =  1.33547 gallons 
 
 

For two 7 pound bags of ice 
 

14 Lbs / 57.24644 Lbs/ ft3 *1.46 / .1336802 ft3/gallon  =  2.6709 gallons 
 

 
For 22 pound bag of ice 

 
22 Lbs / 57.24644 Lbs/ ft3 *1.46 / .1336802 ft3/gallon  =  4.197 gallons 
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Appendix R 
 

Water Separator Cup Size Calculations 
 
 

The following equations were used to determine the amount of water that would 
be condensed out of the air in a given one hour of operation.   Assumptions made 
concerning this calculation are that the system is initially in an 85% relative humidity 
environment with an air temperature of 90 οF 
 
First before any moisture calculations are made the 5 standard cfm must be converted to 
pounds of dry air.   
 
Standard air is defined as air at 36% relative humidity, 68 F, and 14.696 psia. 
 
Pv @ 68  =  .33893 
Pv @ 36% R.H. = .12201 
 
W = PV/RT  =  (14.696-.12201)(144)(1) / (53.34)(68+459.67)  =  .07456 pound per cubic 
foot 
This value is then multiplied by 5 scfm to give a total delivery rate of .372816864 pounds 
per minute 
 
Pv @ 90 οF = .69816 psi 
Pv @ R.H. = 85% = .593436 
 
Inlet water vapor per pound of dry air: 
 
Wp 0 psi = (Pv at %humidity*.62443) gauge pressure + atmospheric pressure - Pv at % 
humidity 
Wp 0 psi  = (.593436 * .62443) / (55 + 14.7 – .593436) = .026268568  Lbs w / Lbs da 
 
Water content after compressing and cooling: 
 
Wp 55 psi = (Pv at % humidity *.62443) gauge pressure+atmospheric pressure-Pv at % 
humidity 
Wp 55 psi = (.12164 * .62443) / (55 + 14.7 – .12164) = .001091656  Lbs w / Lbs da 
 
 
Ounces of water removed =  (Wp 0psi -  Wp 55psi) * mass flow rate of 5 scfm * 60 min * 
15.355 
 
=  (.026268568  – .001091656  ) * .372816864  * 60 min * 15.355   
 
=  8.647669477 ounces of water removed per hour. 
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Appendix S 
 
Air Properties at the Expansion Nozzle: 
 
 If saturated air at 50οF., 55 psig, and local barometric pressure of 14.7 psia were 
allowed to expand such as in a paint spray gun nozzle until its total pressure were the 
same as the local barometric pressure, what would be the vapor pressure? 
 
Solution: The vapor pressure can be determined by using the following equation. 
 
  Pv2 = Pv1 * (P2/P1)  
  
  Pv1 = saturated water vapor pressure at 50οF (from air saturation tables) 
  P v2 = vapor pressure when the air has expanded to a total pressure of 14.7 
psia. 
 
  P1 = (55 + 14.7) = 69.7 psia 
 
  P2 = (0 + 14.7) = 14.7 psia 
 
  Pv2 = (.17798) * (14.7/69.7) 
 
  Pv2 = .037536 psi 
 
Now, what would the temperature have to be in order for the dew point to be reached? 
 
Solution: The vapor pressure has been calculated above which corresponds directly 

with a temperature in the air saturation tables.  The temperature at which 
the vapor pressure of .037536 psi is located is at about 12οF. 
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Appendix AH 
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Appendix AH 
 
 
 

From Experimental Data 
 

70 °F Dry Bulb 
15 °F  Atmospheric Dew Point 
 
From saturation temperature tables.  
70 °F = Pws = .36297,   15 °F = Pw = .043384  
 
Relative Humidity(RH) = Pw/Pws*100 = (.043384 / .36297) * 100  
 

= 11.95%  
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