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Nomenclature 
 

A   Cross sectional Area (ft
2
) 

Co   Pressure Loss Coefficient 

D   Diameter (in.) 

g   Force due to gravity ( ) 

hcold   enthalpy of cold air ( ) 

hdiffuser   enthalpy of air exiting diffuser ( ) 

hhot   enthalpy of hot air ( ) 

   mass flow rate of cold air ( ) 

  mass flow rate out of the diffuser ( ) 

   mass flow rate of hot air ( ) 

   mass flow rate into junction ( ) 

   mass flow rate out of junction ( ) 

Pv,o   Initial Pressure at velocity, v ( , psi) 

Q   Volumetric Flow Rate ( , CFM) 

r   Radius (in.) 

Red   Reynoldôs Number 

T   Temperature (°F, °C, and K) always noted after reading 

v   Velocity ( , fpm) 

 

Greek Symbols 

ȹPelbow  Change in pressure in the elbow 

ȹPfriction  Change in pressure due to friction 

ȹPtotal   Total Change in pressure throughout the system 

ȹPtransition  Change in pressure due to change in area 

ȹz   Change in height (ft) 

ȹPȹz   Change in pressure due to change in height 

ɛ   Viscosity ( ) 

ɟ   Density ( ) 

 

 



Abstract 
 

In order to test the claim of Larry Dill of Acoustical Ceiling Protection, that the ACP 2424 will 

stop all moisture from reaching the ceiling tiles and grid, a series of tests were performed.  The 

tests were conducted from a test setup created by the Penn State Design team.  The test setup 

consists of a 2ôx2ô ceiling diffuser surrounded by eight partial ceiling tiles held in place by a 

grid, which is hung from a wooden frame.  The diffuser is attached to ductwork leading to a 

blower that sits on top of the wooden frame.  A heat gun also enters the flow at the exit of the 

blower to provide heated air. 

The test setup was built with two main goals; recreate a section of ceiling including a 

diffuser and ceiling tiles and supply warm moist air at about 300 CFM to a cold environment.  

The first step was to perform preliminary calculations including Reynoldôs number, pressure 

drop, flow rate, and a mixing chamber calculation to make sure the setup would satisfy the goals.  

In order to supply a volumetric flow rate of 300CFM, which is standard in HVAC systems, the 

flow rate calculation determined that the flow velocity must be 1530
min

ft
 through the 6ò 

ductwork.  The mixing chamber calculation showed that with the desired flow rate an input 

temperature of 500°F was needed to achieve an exit temperature of approximately 90°F.   

Once the calculations were complete the team began building the test setup.  This 

involved creating a budget and buying the materials.  Materials were chosen based on the 

calculations.  Once all materials were obtained the test setup was constructed.  Finally, to make 

sure the setup worked as expected some experiments were conducted using a thermo-

anemometer with a vane probe attached.  These experiments confirmed the calculations and tests 

could now be conducted on the ACP 2424. 

 In order to thoroughly test the ACP 2424 a variety of tests were conducted. First we 

verified the test done by Acoustical Ceiling Protections and water was poured over the diffuser.  

The next tests are more applicable to the real world situations in which the product is used.  

Warm, moist air will be pumped through the diffuser and the open side will be exposed to a cold 

environment in order to cause condensation on the diffuser.  One test was conducted using dry 

ice to create the cold environment and the other used typical wet ice.  

With all of the testing complete the data was analyzed to determine the effectiveness of 

the ACP 2424.  Since all tests were conducted both with and without the ACP 2424 in place it 

was easy to determine the effectiveness of the product.  It was found that the ACP 2424, relative 

to without the ACP 2424, was more effective at preventing moisture from reaching the tiles. The 

results of all of the tests run prove the owners claim that the ACP 2424 does not allow moisture 

to reach the tiles to be true. 

  



Introduction  
 

A. Request by the Sponsor  

Moisture and dust from HVAC systems can lead to wet, dirty, and stained ceiling tiles. 

The goal of this project is to test the ACP 2424 to prove or disprove the claims that it prevents 

moisture from reaching the ceiling tiles and grid. Also, a cost analysis will be performed to 

compare the cost of the ACP 2424 versus the cost of maintaining an unprotected ceiling.  
 

B. Background  

Acoustical Ceiling Protection Inc. was started by Larry Dill in the early 90ôs. He was a 

Dennyôs Franchisee at the time and was very concerned about cleanliness in his restaurants. He 

noticed that after a few months that the ceiling tiles were getting stained and the grids were 

getting rusty. Because of these problems, he developed the ACP 2424; an injection molded 

ceiling tile protector that he claims prevents moisture from reaching the grid and tiles so that 

stains and rust cannot form. [2]  

This is a common problem that can be found in many buildings. It is especially common 

in restaurants which run hot air through the diffusers in the winter time. When cold air from the 

outside comes in contact with the hot air from the diffusers, condensation begins to form. This 

moisture on the ceiling tiles can lead to an unhealthy environment for anyone exposed.  

The ACP 2424 is the only patented product that claims to prevent dust and moisture from 

reaching the ceiling tiles. It received Patent Number 6435963 on August 20, 2002. [1] A similar 

product called AirTech CTP is available for purchase. It claims that it can reduce dust but cannot 

claim that it prevents moisture from reaching the grid and tiles. [7] There are other similar 

products that reduce condensation. Patent Number 5657636 is a heat transfer tape that goes 

around the outside of the diffuser. If conditions become too moist, a humidistat sends an 

electrical charge to the tape, thus heating it up and supplying heat to the grill. This prevents 

condensation from occurring. [1]  

Condensation is the most common form of dampness encountered in buildings. In 

buildings the internal air can have a high level of relative humidity due to the activity of the 

occupants (e.g. cooking, drying clothes, breathing etc...). [3] When this air comes into contact 

with cold surfaces such as windows and cold walls it can condense, causing dampness. The main 

problem that must be solved by our design group is to develop some way of simulating these 

conditions in order to test the ACP 2424. We must attempt to prove or disprove the claims that 

by using this product, moisture will not form on the ceiling tiles or grid.  
 

C. Contemporary, Economic, Global, Social, Ethical Issues  

The use of the ACP 2424 can reduce maintenance costs by eliminating the need to 

replace damaged tiles. Over the course of a year, the use of the ACP 2424 should save the user a 

considerable amount of money. In addition to the savings, it creates a cleaner and healthier 

environment for anyone exposed to the damaged tiles. Also, clean ceiling tiles are much more 

aesthetically pleasing than damp, stained tiles. This can be especially important in the restaurant 

business, where people want to feel safe and sanitary. 



Project Objectives 
The objective of this project is to prove or disprove that the use of the ACP 2424 will 

prevent moisture from reaching the acoustical ceiling tiles. In order to conduct the tests, the first 

objective is to build a test setup.  A variety of tests will then be performed, with and without the 

protector, that are discussed in a later section of this report. After testing, a cost analysis is to be 

performed that compares the cost of the ACP 2424 to the cost of maintaining a ceiling that is 

unprotected.  Also, the conductivity of heat through the diffuser and protector to the ceiling tiles 

is also of interest and will be determined if time permits. 

Results and Discussion 

Structural 

 Before the construction of the test setup began, some considerations needed to be made in 

order to mount the fan. First, was how heavy and where the fan would be mounted. This was the 

key structural consideration since the weight of the other parts, such as the ceiling tiles, is 

negligible compared to the weight of the fan. After some discussion between the group members, 

it was found that placing the fan, which is nearly 30lbs, over top of a vertical support would be 

the safest.  After the group came to this conclusion the design and construction could begin. 

 With the diffuser being 2ôx2ô and surrounded completely by tiles, the overall size of the 

structure needed to be larger than 4ôx4ô. The group decided to make the structure 4ô6òx4ô6ò. 

Next, the group decided to use 2òx3ò material for the top structure. This was done because it was 

lighter and more inexpensive. A heavier duty material was not needed because there is no real 

load on the structure. 2òx4ò material was chosen for the ñlegsò of the structure. This size material 

was chosen since the weight of the fan would be sitting on one of the legs. Also, the 2òx4ò cross 

section gave a larger area for the foot of the structure. The height of the legs and overall structure 

was decided upon as 4ô6ò so that the ceiling could be hung and the underside of the ceiling could 

still be easily accessible.  The overall goal was to create a setup that was small enough to be 

moved if needed, yet still get the job done correctly with easy access to the ceiling tiles. 

 All of the wooden materials were cut in the woodshop in Reber. After all materials were 

cut, the assembly began. Simple 3ò wood screws were used to fasten all of the materials together. 

Also, three screws were inserted along each side on the inner side of the framework. This was so 

that the ceiling grid could be hung by wires. Before the fan was fastened to the setup, the group 

realized that the structure was not quite as sturdy as needed.  This was easily fixed by using the 

spare material to make 45
°
 brackets on all four of the legs. This drastically increased the stability 

of the structure. Simple cross members were also placed on a 45°
 angle across the top of one 

corner in order to mount the fan more easily. Finally, the fan was placed on top of one of the legs 

with the output facing towards the opening of the diffuser. All of the ductwork was assembled 

and the fan was fastened to the assembly with wood screws. The final step in the assembly of the 

test setup was the placement of the heat gun. This was done by drilling a hole in the output of the 

large blower and simply placing the nozzle of the heat gun in it. After some testing in order to 

obtain the correct operating conditions, testing was able to begin.  Some photographs can be seen 

in the figures below detailing the key steps of building the setup. Figure 1 shows the construction 



of the frame work and Figure 2 shows the hanging of the grid.  The final test setup is shown in 

figures 3 and 4.  Figure 3 shows the view of the grid and diffuser from below the setup.  Figure 4 

shows the setup from above. 

 
Figure 1: Preparing wires to hang grid from 

 

 



Figure 2: View of frame with grid hung beneath 

 

Figure 3: View of ceiling tiles with ACP 2424 installed 
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